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397. Transplantation V .................................................. 1475
398. Stress, hormones and the autonomic nervous

system II.............................................................. 1480
399. Neuroendocrine control: other II.......................... 1485
400. Neuropeptides and behavior I I .............................  1489

Session
Number and Title Page

Special Lecture—4:00 p.m.
401. Calcium channels in neurons and muscle cells.

R. W. Tsien........................................................  1493

FRIDAY

Symposia—8:30 a.m.
402. The neurobiology of sleep: implications for sleep

disorders. Chaired by: W. C. Dement.............. 1493
403. Spinal cord nociceptive pathways.

Chaired by: G. J. Giesler, Jr.............................. 1493

Slide Sessions—8:30 a.m.
404. Physiological effects of peptides I V ....................  1494
405. Visual cortex VI.....................................................  1497
406. Synaptic structure and function I I .................... 1500
407. Development and plasticity: process

outgrowth V I ..................................................... 1503
408. Cell biology: axonal transport I ...........................  1506
409. Development and plasticity: aging I I I .................  1507
410. Action potentials and ion channels X I.................  1510

Poster Sessions—8:30 a.m.
411. Dopamine neurons: electrophysiological

studies.................................................................  1513
412. Neuroendocrine control: pituitary VII.................  1519
413. Limbic system and hypothalamus I I I ................... 1524
414. GABA pathways...................................................  1532
415. Interhemispheric relations I I ................................  1535
416. Motor systems and sensorimotor integration:

sensory integration............................................  1538
417. Motor systems and sensorimotor integration:

basal ganglia VI.................................................. 1540
418. Spinal cord and brainstem V ................................  1545
419. Feeding and drinking V.........................................  1549
420. Feeding and drinking VI.......................................  1553
421. Nutritional and prenatal factors...........................  1558
422. Effects of chronic drug administration and

neurotoxicology III............................................  1561
423. Cell biology: staining and tracing......................   1565
424. Cell biology: axonal transport II ..........................  1569
425. Development and plasticity: regeneration IV —  1574
426. Development and plasticity: aging I V .................  1579
427. Cell lineage, differentiation and

development IV .................................................. 1582

x



Thematic List of Sessions
(Includes slide and poster sessions, symposia, and workshops only.)

Theme A: Development and Plasticity

Session
Number Session Title Type

Day and 
Time

234. Autonomic nervous system Poster Wed a m

8 6 . Biochemical and pharmacological correlates of development I Poster Mon p m

335. Biochemical and pharmacological correlates of development II Poster Thu AM

52. Cell lineage, differentiation and development I Slide Mon p m

2 1 2 . Cell lineage, differentiation and development II Slide Wed a m

305. Cell lineage, differentiation and development III Poster Wed p m

427. Cell lineage, differentiation and development IV Poster Fri a m

75. Development and plasticity: aging I Poster Mon p m

395. Development and plasticity: aging II Poster Thu p m

409. Development and plasticity: aging III Slide Fri a m

426. Development and plasticity: aging IV Poster Fri a m

304. Development and plasticity: motor systems Poster Wed p m

56. Development and plasticity: process outgrowth I Slide Mon p m

137. Development and plasticity: process outgrowth II Poster Tue a m

303. Development and plasticity: process outgrowth III Poster Wed p m

331. Development and plasticity: process outgrowth IV Poster Thu AM

365. Development and plasticity: process outgrowth V Slide Thu p m

407. Development and plasticity: process outgrowth VI Slide Fri a m

103. Development and plasticity: growth cones Slide Tue a m

7. Development and plasticity: regeneration I Slide Mon a m

76. Development and plasticity: regeneration II Poster Mon p m

190. Development and plasticity: regeneration III Poster Tue p m

425. Development and plasticity: regeneration IV Poster Fri a m

371. Developmental disorders Poster Thu p m

332. Endocrine control of development I Poster Thu AM

333. Endocrine control of development II Poster Thu AM

2. Ganglioside facilitation of neuronal plasticity and repair Symp. Mon a m

252. Invertebrate neurodevelopment I Poster Wed a m

318. Invertebrate neurodevelopment II Slide Thu AM

374. Limbic system Poster Thu p m

85. Morphogenesis and pattern formation I Poster Mon p m

238. Morphogenesis and pattern formation II Poster Wed a m

33. Neural plasticity in adult animals I Poster Mon a m

1 1 0 . Neural plasticity in adult animals II Slide Tue a m

138. Neural plasticity in adult animals III Poster Tue a m

319. Neural plasticity in adult animals IV Slide Thu AM

348. Neural plasticity in adult animals V Poster Thu AM

239. Neuronal death I Poster Wed a m

272. Neuronal death II Slide Wed p m

28. Neurotoxicity I Poster Mon a m

29. Neurotoxicity II Poster Mon a m

59. Neurotoxicity III Slide Mon p m

421. Nutritional and prenatal factors Poster Fri a m

46. Of mice and men: the neurobioiogy of Down Syndrome Symp. Mon p m

35. Sensory systems I Poster Mon a m

262. Sensory systems II Slide Wed p m

288. Sensory systems III Poster Wed p m

XI



146. Specificity of synaptic connections Poster Tue a m

139. Sprouting and sprouting mechanisms Poster Tue a m

54. Synaptogenesis I Slide Mon p m

147. Synaptogenesis II Poster Tue a m

106. Transmitter phenotypic plasticity I Slide Tue a m

278. Transmitter phenotypic plasticity II Poster Wed p m

155. Transplantation I Slide Tue p m

269. Transplantation II Slide Wed p m

349. Transplantation III Poster Thu AM
396. Transplantation IV Poster Thu p m

397. Transplantation V Poster Thu p m

219. Trophic agents I Slide Wed a m

300. Trophic agents II Poster Wed p m

299. Trophic agents: nerve growth factor Poster Wed p m

111. Trophic agents: nerve growth factor receptors I Slide Tue a m

298. Trophic agents: nerve growth factor receptors II Poster Wed p m

163. Trophic interactions I Slide Tue p m

301. Trophic interactions II Poster Wed p m

302. Trophic interactions III Poster Wed p m

218. Visual system: cortical development and plasticity I Slide Wed a m

373. Visual system: cortical development and plasticity II Poster Thu p m

34. Visual system: development and plasticity of retina and optic 
nerve Poster Mon a m

122. Visual system: subcortical development and plasticity I Poster Tue a m

164. Visual system: subcortical development and plasticity II Slide Tue p m

Theme B: Cell Biology

Session
Number Session Title Type

Day and 
Time

293. Blood brain barrier I Poster Wed p m

342. Blood brain barrier II Poster Thu AM

257. Brain spectrin: structure, location and function Symp. Wed p m

408. Cell biology: axonal transport I Slide Fri a m

424. Cell biology: axonal transport II Poster Fri a m

423. Cell biology: staining and tracing Poster Fri a m

393. Cell-surface macromolecules Poster Thu p m

73. Cellular aspects of disease I Poster Mon p m

74. Cellular aspects of disease II Poster Mon p m

15. Cellular aspects of disease: general Slide Mon a m

43. Functions of glia I Poster Mon a m

45. Functions of glia II Poster Mon a m

112. Functions of glia III Slide Tue a m

44. Glial and neuronal membranes Poster Mon a m

189. Metabolic studies Poster Tue p m

4. Molecular biology of gene expression and nucleic acids I Slide Mon a m

62. Molecular biology of gene expression and nucleic acids II Poster Mon p m

102. Molecular biology of gene expression and nucleic acids III Slide Tue a m

188. Molecular biology of gene expression and nucleic acids IV Poster Tue p m

271. Molecular biology of gene expression and nucleic acids V Slide Wed p m

379. Molecular biology of gene expression and nucleic acids VI Poster Thu p m

392. Molecular biology of gene expression and nucleic acids VII Poster Thu p m

311. Structure and function of identified cells Poster Wed p m

Xll



Theme C: Excitable Membranes, Transduction and Synaptic 
Transmission

Session 
Number Session Title Type

Day and 
Time

17. Action potentials and ion channels I Poster Mon a m

18. Action potentials and ion channels II Poster Mon a m

49. Action potentials and ion channels III Slide Mon p m

154. Action potentials and ion channels IV Slide Tue p m

211. Action potentials and ion channels V Slide Wed a m

261. Action potentials and ion channels VI Slide Wed p m

327. Action potentials and ion channels VII Poster Thu AM

328. Action potentials and ion channels VIII Poster Thu AM

367. Action potentials and ion channels IX Poster Thu p m

368. Action potentials and ion channels X Poster Thu p m

410. Action potentials and ion channels XI Slide Fri a m

99. Biosynthesis and localization of ion channels and pumps Symp. Tue a m

235. CNS neurons: vertebrates and invertebrates Poster Wed a m

294. Drug effects on receptors I Poster Wed p m

295. Drug effects on receptors II Poster Wed p m

185. Pharmacology of synaptic transmission I Poster Tue p m

197. Pharmacology of synaptic transmission II Poster Tue p m

312. Phosphoinositide hydrolysis, protein kinases and synaptic 
transmission Symp. Thu AM

174. Photoreceptors Poster Tue p m

8 . Postsynaptic mechanisms I Slide Mon a m

196. Postsynaptic mechanisms II Poster Tue p m

198. Postsynaptic mechanisms III Poster Tue p m

199. Postsynaptic mechanisms IV Poster Tue p m

12. Presynaptic mechanisms I Slide Mon a m

227. Presynaptic mechanisms II Poster Wed a m

228. Presynaptic mechanisms III Poster Wed a m

195. Synaptic structure and function I Poster Tue p m

406. Synaptic structure and function II Slide Fri a m

153. The neurobiology of epilepsy Symp. Tue p m

Theme D: Neurotransmitters, Modulators, and Receptors
Session  
Number

Session Title

Type
Day and 
Time

158. Acetylcholine Slide Tue p m

245. Acetylcholine: behavior Poster Wed a m

244. Acetylcholine: presynaptic mechanisms Poster Wed a m

246. Acetylcholine: receptor actions Poster Wed a m

394. Adrenergic receptors Poster Thu p m

79. Anatomical localization of peptides I Poster Mon p m

80. Anatomical localization of peptides II Poster Mon p m

81. Anatomical localization of peptides III Poster Mon p m

157. Anatomical localization of peptides IV Slide Tue p m

47. Ascorbate: a vitamin as neuromodulator Wksh. Mon p m

248. Behavioral pharmacology I Poster Wed a m

249. Behavioral pharmacology II Poster Wed a m

250. Behavioral pharmacology III Poster Wed a m

251. Behavioral pharmacology IV Poster Wed a m

Xlll



326. Behavioral pharmacology V Slide Thu AM

108. Catecholamine receptors Slide Tue a m

38. Catecholamines I Poster Mon a m

314. Catecholamines II Slide Thu AM

37. Catecholamines: dopamine release and metabolism Poster Mon a m

378. Catecholamines: effects of toxins Poster Thu p m

377. Catecholamines: electrophysiological studies Poster Thu p m

209. Catecholamines: metabolism of dopamine and effects of MPTP Slide Wed am

167. Catecholamines: synthesis and metabolic enzymes Poster Tue p m

134. Characterization of cholinergic receptors I Poster Tue a m

265. Characterization of cholinergic receptors II Slide Wed p m

40. Characterization of nicotinic cholinergic receptors I Poster Mon a m

67. Characterization of nicotinic cholinergic receptors II Poster Mon p m

247. Cholinergic anatomy Poster Wed a m

173. Coexistence of transmitters Poster Tue p m

276. Cyclic nucleotides Poster Wed p m

411. Dopamine neurons: electrophysiological studies Poster Fri a m

55. Dopamine receptors I Slide Mon p m

133. Dopamine receptors II Poster Tue a m

273. Dopamine receptors III Poster Wed p m

107. Excitatory amino acid mechanisms Slide Tue a m

264. Excitatory amino acid receptors: pharmacology Slide Wed p m

92. Excitotoxins Poster Mon p m

9. GABA and benzodiazepine receptor mechanisms Slide Mon a m

53. GABA and benzodiazepine receptors: autocoid interactions Slide Mon p m

181. GABA and benzodiazepine receptors: behavioral studies Poster Tue p m

182. GABA and benzodiazepine receptors: molecular characterization Poster Tue pm

183. GABA and benzodiazepine: physiology Poster Tue p m

180. GABA and benzodiazepine: receptor binding Poster Tue p m

414. GABA pathways Poster Fri a m

118. Glutamate pathways Poster Tue a m

2 0 . Glutamate receptor physiology Poster Mon a m

93. Glutamate receptors Poster Mon p m

14. Interactions between neurotransmitters I Slide Mon a m

6 6 . Interactions between neurotransmitters II Poster Mon p m

277. Interactions between neurotransmitters III Poster Wed p m

225. Localization: acetylcholine, amino acid and neuropeptide
receptors Poster Wed a m

39. Localization: catecholamine and serotonin receptors Poster Mon a m

376. Localization: opiate, benzodiazepine, steroid and other receptors Poster Thu pm

350. Metabolism of biogenic amines Poster Thu AM

243. Metabolism of neurotransmitters and modulators Poster Wed a m

223. Modulators I Poster Wed a m

274. Modulators II Poster Wed p m

214. Motor systems and sensorimotor integration: vestibular system II Slide Wed am

226. Muscarinic receptor characterization and purification Poster Wed a m

2 1 .  NMDA: receptors Poster Mon a m

357. Neuronal acetylcholine receptors Symp. Thu p m

48. Opiates, endorphins and enkephalins: anatomy and chemistry I Slide Mon p m

115. Opiates, endorphins and enkephalins: anatomy and chemistry II Poster Tue a m

116. Opiates, endorphins and enkephalins: physiological effects I Poster Tue a m

215. Opiates, endorphins and enkephalins: physiological effects II Slide Wed a m

279. Opiates, endorphins and enkephalins: physiological effects III Poster Wed p m

320. Opiates, endorphins and enkephalins: physiological effects IV Slide Thu AM

375. Opiates, endorphins and enkephalins: physiological effects V Poster Thu p m

XiV



100. Opioids in hippocampus Wksh. Tue a m

210. Peptide biosynthesis and metabolism I Slide Wed a m

286. Peptide biosynthesis and metabolism II Poster Wed p m

287. Peptide biosynthesis and metabolism III Poster Wed p m

104. Peptide receptors I Slide Tue a m

229. Peptide receptors II Poster Wed a m

230. Peptide receptors III Poster Wed a m

41. Physiological effects of peptides I Poster Mon a m

63. Physiological effects of peptides II Poster Mon p m

359. Physiological effects of peptides III Slide Thu p m

404. Physiological effects of peptides IV Slide Fri a m

11. Receptor modulation: up and down regulation I Slide Mon a m

83. Receptor modulation: up and down regulation II Poster Mon p m

117. Receptor modulation: up and down regulation III Poster Tue a m

170. Receptor modulation: up and down regulation IV Poster Tue p m

364. Regional localization of receptors and transmitters Slide Thu p m

101. Serotonin I Slide Tue a m

159. Serotonin II Slide Tue p m

336. Serotonin III Poster Thu AM

120. Serotonin and histamine Poster Tue a m

119. Serotonin receptors Poster Tue a m

337. Serotonin: electrophysiological studies Poster Thu AM

123. Transmitter cytochemistry I Poster Tue a m

281. Transmitter cytochemistry II Poster Wed p m

213. Transmitter cytochemistry and immunohistochemistry Slide Wed a m

156. Transmitters and receptors in disease I Slide Tue p m

338. Transmitters and receptors in disease II Poster Thu AM

339. Transmitters and receptors in disease III Poster Thu AM

340. Transmitters and receptors in disease IV Poster Thu AM

68. Transmitters in invertebrates I Poster Mon p m

69. Transmitters in invertebrates II Poster Mon p m

260. Transmitters in invertebrates III Slide Wed p m

224. Uptake, storage and secretion I Poster Wed a m

275. Uptake, storage and secretion II Poster Wed p m

Theme E: Endocrine and Autonomic Regulation

Session  
Number

Session Title Type Day and  
Time

144. Cardiovascular regulation: CNS pathways I Poster Tue a m

315. Cardiovascular regulation: CNS pathways II Slide Thu AM
266. Cardiovascular regulation: agonists, receptors and postganglionic Slide Wed pm

142. Cardiovascular regulation: blood pressure I Poster Tue a m

161. Cardiovascular regulation: blood pressure II Slide Tue p m

143. Cardiovascular regulation: heart, cerebral flow and postganglionic Poster Tue am

145. Cardiovascular regulation: hypothalamus Poster Tue a m

82. Endocrine and autonomic regulation: respiratory regulation I Poster Mon p m

135. Endocrine and autonomic regulation: respiratory regulation II Poster Tue a m

91. Neural control of immune system I Poster Mon p m

291. Neural control of immune system II Poster Wed p m

168. Neuroendocrine control: other I Poster Tue p m

399. Neuroendocrine control: other II Poster Thu p m

5. Neuroendocrine control: pituitary I Slide Mon a m

124. Neuroendocrine control: pituitary II Poster Tue a m

217. Neuroendocrine control: pituitary III Slide Wed a m

XV



282. Neuroendocrine control: pituitary IV Poster Wed p m

322. Neuroendocrine control: pituitary V Slide Thu AM
382. Neuroendocrine control: pituitary VI Poster Thu p m

412. Neuroendocrine control: pituitary VII Poster Fri a m

208. Regulation by brain of its own blood flow and metabolism:
intrinsic neural control of the cerebral circulation Symp. Wed a m

178. Regulation of autonomic function I Poster Tue p m

289. Regulation of autonomic function II Poster Wed p m

321. Regulation of autonomic function III Slide Thu AM
360. Regulation of autonomic function IV Slide Thu p m

Theme F: Sensory Systems

Session  
Number

Session Title Type Day and Time

216. Auditory system I Slide Wed a m

361. Auditory system II Slide Thu p m

344. Auditory system: cochlear nucleus Poster Thu AM
346. Auditory system: cortex and systems Poster Thu AM
347. Auditory system: evoked potentials Poster Thu AM
345. Auditory system: higher centers Poster Thu AM
343. Auditory system: periphery Poster Thu AM
370. Chemical sensory systems: CNS Poster Thu p m

323. Chemical sensory systems: olfaction Slide Thu AM
369. Chemical sensory systems: sense organs Poster Thu p m

236. Invertebrate sensory processing Poster Wed a m

64. Pain modulation I Poster Mon p m

105. Pain modulation II Slide Tue a m

171. Pain modulation III Poster Tue p m

280. Pain modulation IV Poster Wed p m

13. Pain: central pathways I Slide Mon a m

65. Pain: central pathways II Poster Mon p m

57. Retina I Slide Mon p m

114. Retina II Slide Tue a m

175. Retina III Poster Tue p m

176. Retina IV Poster Tue p m

177. Retina V Poster Tue p m

89. Somatic afferents I Poster Mon p m

90. Somatic afferents II Poster Mon p m

8 8 . Somatic afferents: nociceptors Poster Mon p m

222. Somatosensory cortex and thalamocortical relationships I Slide Wed a m

386. Somatosensory cortex and thalamocortical relationships II Poster Thu p m

387. Somatosensory cortex and thalamocortical relationships III Poster Thu p m

172. Spinal cord Poster Tue p m

403. Spinal cord nociceptive pathways Symp. FH AM
87. Subcortical somatosensory pathways I Poster Mon p m

263. Subcortical somatosensory pathways II Slide Wed p m

6 . Subcortical visual pathways I Slide Mon a m

283. Subcortical visual pathways II Poster Wed p m

284. Subcortical visual pathways III Poster Wed p m

285. Subcortical visual pathways IV Poster Wed p m

36. Visual cortex I Poster Mon a m

121. Visual cortex II Poster Tue a m

162. Visual cortex III Slide Tue p m

324. Visual cortex IV Slide Thu AM
372. Visual cortex V Poster Thu p m

405. Visual cortex VI Slide Fri a m

XVI



Theme G: Motor Systems and Sensorimotor Integration

Session  
Number

Session Title Type Day and  
Time

129. Control of arm and hand movements I Poster Tue a m

353. Control of arm and hand movements II Poster Thu AM

187. Control of posture and movement I Poster Tue p m

268. Control of posture and movement II Slide Wed p m

385. Control of posture and movement III Poster Thu p m

72. Cortex Poster Mon p m

354. Disorders of motor systems and neural prostheses Poster Thu AM

330. Invertebrate motor systems Poster Thu AM

241. Locomotion Poster Wed a m

60. Motor systems and sensorimotor integration: basal ganglia I Slide Mon p m

179. Motor systems and sensorimotor integration: basal ganglia II Poster Tue p m

240. Motor systems and sensorimotor integration: basal ganglia III Poster Wed a m

334. Motor systems and sensorimotor integration: basal ganglia IV Poster Thu AM

362. Motor systems and sensorimotor integration: basal ganglia V Slide Thu p m

417. Motor systems and sensorimotor integration: basal ganglia VI Poster Fri a m

127. Motor systems and sensorimotor integration: cerebellum I Poster Tue a m

160. Motor systems and sensorimotor integration: cerebellum II Slide Tue p m

383. Motor systems and sensorimotor integration: cerebellum III Poster Thu p m

126. Motor systems and sensorimotor integration: oculomotor system IPoster Tue am

297. Motor systems and sensorimotor integration: oculomotor system IIPoster Wed pm

325. Motor systems and sensorimotor integration: oculomotor system IIISlide Thu AM

416. Motor systems and sensorimotor integration: sensory integration Poster Fri am

71. Motor systems and sensorimotor integration: vestibular system I Poster Mon pm

3. Multidimensional analyses of sensorimotor systems Wksh. Mon a m

128. Muscle I Poster Tue a m

296. Muscle II Poster Wed p m

352. Postural control Poster Thu AM

186. Reflex function Poster Tue p m

70. Spinal cord and brainstem I Poster Mon p m

109. Spinal cord and brainstem II Slide Tue a m

242. Spinal cord and brainstem III Poster Wed a m

384. Spinal cord and brainstem IV Poster Thu p m

418. Spinal cord and brainstem V Poster Fri a m

Theme H: Structure and Function of the CNS
Session  
Number

Session Title Type Day and  
Time

50. Brain metabolism I Slide Mon p m

125. Brain metabolism II Poster Tue a m

380. Brain metabolism III Poster Thu p m

381. Brain metabolism IV Poster Thu p m

306. Clinical CNS neurophysiology: epilepsy Poster Wed p m

307. Clinical CNS neurophysiology: evoked potentials Poster Wed p m

31. Comparative neuroanatomy I Poster Mon a m

32. Comparative neuroanatomy II Poster Mon a m

94. Cortical and subcortical organization I Poster Mon p m

95. Cortical and subcortical organization II Poster Mon p m
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388. Cortical and subcortical organization III Poster Thu PM

259. Diseases of the nervous system: Alzheimer Slide Wed PM

30. Diseases of the nervous system: dementia Poster Mon AM

24. Diseases of the nervous system: epilepsy I Poster Mon AM

25. Diseases of the nervous system: epilepsy II Poster Mon AM

23. Diseases of the nervous system: epilepsy, kindling Poster Mon AM

26. Diseases of the nervous system: myelin, neuron, synapse P-oster Mon AM

267. Diseases of the nervous system: trauma, tumor, basal ganglia Slide Wed PM

27. Diseases of the nervous system: trauma, tumor, infection Poster Mon AM

22. Diseases of the nervous system: vascular, ischemia Poster Mon AM

341. Limbic system and hypothalamus I Poster Thu AM

363. Limbic system and hypothalamus II Slide Thu PM

413. Limbic system and hypothalamus III Poster Fri AM

358. Neuroglia: function, development and diversity Wksh. Thu PM 

Theme I: Neural Basis of Behavior 

Session Day and 
Number Session Title Type Time 

19. Alcohol: behavioral studies Poster Mon AM

78. Alcohol: metabolic aspects Poster Mon PM

77. Alcohol: molecular and genetic studies Poster Mon PM

130. Antidepressants Poster Tue AM

132. Anxiolytics Poster Tue AM

61. Biological rhythms I Slide Mon PM

148. Biological rhythms II Poster Tue AM

166. Biological rhythms III Slide Tue PM

233. Biological rhythms IV Poster Wed AM

292. Biological rhythms V Poster Wed PM

152. Cellular substrates of learning: vertebrate and invertebrate 
mechanisms compared. Symp. Tue PM 

96. Circuitry and pattern generation I Poster Mon PM

220. Circuitry and pattern generation II Slide Wed AM

169. Effects of chronic drug administration and neurotoxicology I Poster Tue PM

329. Effects of chronic drug administration and neurotoxicology II Poster Thu AM

422. Effects of chronic drug administration and neurotoxicology III Poster Fri AM

165. Feeding and drinking I Slide Tue PM

221. Feeding and drinking II Slide Wed AM

351. Feeding and drinking III Poster Thu AM

391. Feeding and drinking IV Poster Thu PM

419. Feeding and drinking V Poster Fri AM

420. Feeding and drinking VI Poster Fri AM

231. Hormonal control of behavior I Poster Wed AM

232. Hormonal control of behavior 11 Poster Wed AM

316. Hormonal control of behavior III Slide Thu AM

317. Human behavioral neurobiology Slide Thu AM

389. Human behavioral neurobiology: disorders Poster Thu PM

390. Human behavioral neurobiology: methods Poster Thu PM

194. Interhemispheric relations I Poster Tue PM

415. Interhemispheric relations II Poster Fri AM

16. Invertebrate learning and behavior I Slide Mon AM

113. Invertebrate learning and behavior II Slide Tue AM

237. Invertebrate learning and behavior III Poster Wed AM

366. Invertebrate learning and behavior IV Slide Thu PM

10. Learning and memory: anatomy I Slide Mon AM

xviii



200. Learning and memory: anatomy II Poster Tue PM
201. Learning and memory: anatomy III Poster Tue PM
202. Learning and memory: anatomy IV Poster Tue PM
270. Learning and memory: anatomy V Slide Wed PM
191. Learning and memory: pharmacology I Poster Tue PM
192. Learning and memory: pharmacology II Poster Tue PM
193. Learning and memory: pharmacology III Poster Tue PM
51. Learning and memory: physiology I Slide Mon PM

140. Learning and memory: physiology II Poster Tue AM
141. Learning and memory: physiology III Poster Tue AM
149. Learning and memory: physiology IV Poster Tue AM
313. Mechanisms of neuropeptide actions on behavior Symp. Thu AM 
308. Monoamines and behavior I Poster Wed PM
309. Monoamines and behavior II · Poster Wed PM
310. Monoamines and behavior III Poster Wed PM
253. Motivation and emotion I Poster Wed AM
254. Motivation and emotion II Poster Wed AM
255. Motivation and emotion III Poster Wed AM
151. Multidisciplinary approach to neural function in the 

hypothalamic paraventricular nucleus Symp. Tue PM 
355. Neural basis of behavior: aging I Poster Thu AM
356. Neural basis of behavior: aging II Poster Thu AM
58. Neuroethology I Slide Mon.PM
84. Neuroethology II Poster Mon PM

136. Neuroethology III Poster Tue AM
131. Neuroleptics Poster Tue AM
184. Neuropeptides and behavior I Poster Tue PM
400. Neuropeptides and behavior II Poster Thu PM
258. Physiological controls of mammalian vocalization Symp. Wed PM 
42. · Sleep Poster Mon AM

290. Stress, hormones and the autonomic nervous system I Poster Wed PM
398. Stress, hormones and the autonomic nervous system II Poster Thu PM
402. The neurobiology of sleep: implications for sleep disorders Syni:p. Fri AM 
207. The new pharmacology of anxiety: looking beyond the 

benzodiazepines Symp. Wed AM 
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201.11 PARVALBUMIN IN DEVELOPING AVIAN VISUAL, AUDITOR AND VOCAL MOTOR 
n u c l e i.  K. Br a u n* 1 ;  H.S ch e i c h 1 ;  C.W. Heizm ann* 2 .  ( s p o n : E uropean  
Ne u r o s c i e n c e  A s s o c i a t i o n ) .1 D e p t.Z o o lo g y . T e c h n .U n iv .D a rm s ta d t ,F R G . 

2In s t .P h a rm a c o l .B io c h e m , U n iv . Z u ric h ,C H .

The C a -a n d  M g -b in d in g  p r o t e i n  p a rv a lb u m in  (PV) h a s  b een  
im m u n o c y to c h e m ic a lly  l o c a l i z e d  in  a n e u ro n a l  p o p u la t i o n  and 
n e u r o p i l  o f  t h e  v i s u a l ,  a u d i t o r y  and  v o c a l  m o to r  sy s te m  o f  a d u l t  
z e b ra  f in c h e s  (B raun  K. e t  a l , C e l l  T is s u e  Res 2 4 0 :1 0 1 + 1 1 7 ,1 9 8 5 ) . 
The p o s t n a t a l  d ev e lo p m e n t o f  t h e s e  sy s te m s  was i n v e s t i g a t e d  u s in g  
an  a n t i s e ru m  a g a i n s t  c h ic k e n  PV a s  a  n e u ro n a l  m a rk e r .

At h a tc h in g  day  (d ay  0 ) ,  i n  th e  t e l e n c e p h a l o n  th e  v i s u a l  
e c to s t r i a tu m  an d  th e  a u d i t o r y  f i e l d  L show a h ig h  d e n s i t y  o f  PV- 
p o s i t i v e  so m a ta  s u r ro u n d e d  by d e n se  n e u r o p i l .  A t a b o u t  day  2 , t h e  
a u d i t o r y  n u c le u s  m e s e n c e p h a l ic u s  l a t e r a l i s ,  p a r s  c a u d a l i s  s t a r t s  
t o  e x h i b i t  some im m u n o re a c tiv e  som ata  and  n e u r o p i l  t h a t  i n c r e a s e  
in  num ber an d  d e n s i t y  u n t i l  a d u l th o o d .  A t a b o u t  d ay  5 , in  t h e  
th a la m ic  v i s u a l  n u c le u s  r o tu n d u s  (R t)  and  t h e  a u d i t o r y  n u c le u s  
o v o i d a l i s  (Ov) show P V -p o s i t iv e  p u n c ta t e  and  f i b r o u s  v a r i c o s e  
n e u r o p i l ;  i n  th e  t e l e n c e p h a l i c  v o c a l  m o to r  n u c le u s  RA 
im m u n o re a c tiv e  so m ata  and  n e u r o p i l  a p p e a r  an d  in c r e a s e  in  
d e n s i t y  u n t i l  a d u l th o o d .  In  R t t h e  f i r s t  P V - p o s i t i v e  so m ata  
a p p e a r  a ro u n d  d ay  12 , t h e i r  num ber i n c r e a s e s  u n t i l  a b o u t  day  28 , 
when R t h a s  r e a c h e d  i t s  a d u l t  a p p e a r a n c e .  From d ay  10 on Ov can  
be s u b d iv id e d  i n t o  a m e d ia l  p a r t ,  c o n ta in in g  a h ig h e r  d e n s i t y  o f  
P V -p o s i t iv e  n e u r o p i l  th a n  t h e  l a t e r a l  p a r t .  A t a l l  s t a g e s  t h e  
som ata  i n  Ov rem a in  u n l a b e l e d .  S t a r t i n g  a ro u n d  day  8 
t e l e n c e p h a l i c  v o c a l  m o to r HVc shows P V -p o s i t iv e  so m ata  and  some 
n e u r o p i l  c o n s i s t i n g  m a in ly  o f  d e n d r i t i c  p r o c e s s e s  ( Z u s c h r a t t e r  W. 
e t  a l .  C e l l  T i s s u e  Res 2 4 1 ,  7 7 ,1 9 8 5 ) .  The m ark ed  in c r e a s e  o f  
im m u n o re a c tiv e  n e u r o p i l  o b s e rv e d  b e tw een  d ay  14 an d  28 p a r a l l e l s  
t h e  l a r g e  volum e in c r e a s e  o f  HVc d u r in g  t h a t  t im e .  A t t h a t  s ta g e  
P V -p o s i t iv e  f i b r o u s  s t r u c t u r e s ,  in te r m in g le d  w i th  some 
im m u n o re a c tiv e  so m ata  c an  be o b s e rv e d  i n  t h e  n e o s t r ia tu m  
m e d ia tin g  b e tw e en  th e  d o r s a l  t i p  o f  f i e l d  L an d  th e  d e v e lo p in g  
HVc.

In  R t t h e  a p p e a ra n c e  o f  P V -p o s i t iv e  so m a ta  o c c u rs  s h o r t l y  
a f t e r  e y e -o p e n in g  and  c o r r e l a t e s  w ith  t h e  t im e  o f  m axim al 
s e n s i t i v i t y  f o r  v i s u a l  im p r in t in g  b e tw een  d ay  1 3 -1 5  (Immelmann 
K .. ,P roc .X V . I n t .Q r n i t h .C o n g r .1 9 7 2 .3 1 7 ) .  The a u d i t o r y  and  v o c a l  
m oto r n u c l e i  r e a c h  a h ig h  d e n s i t y  o f  P V - p o s i t i v e  som ata  and  
n e u r o p i l  d u r in g  th e  tim e  o f  song  l e a r n in g  w h ich  re m a in s  u n t i l  
a d u lth o o d .  T h e r e f o r e  i t  may be s p e c u la te d  t h a t  P V -c o n ta in in g  
n e u ro n s  p o s s e s s  C a-and  M g-d ep en d en t m ech an ism s in v o lv e d  in  
im p r in t in g  an d  l e a r n in g .
S u p p o rte d  by D e u tsch e  F o rs c h u n g s g e m e in s c h a f t  ( DFG) Sche 1 2 3 /1 2 -2 .

201.12 LESIONS IN THE DENTATE-INTERPOSITUS REGION OF THE RAT CEREBELLUM 
FAIL TO DISRUPT EITHER LEARNING OR RETENTION OF ONE-WAY ACTIVE 
AVOIDANCE. R. W. S k e lto n , Department of Psychology, U n iv e rs ity  
of V ic to r ia ,  V ic to r ia ,  B .C ., Canada, V8W 2Y2.

The d e n ta te - in te r p o s i tu s  (DI) reg io n  of the  ce rebellum  is  
e s s e n t i a l  fo r both  a c q u is i t io n  and re te n t io n  of c l a s s i c a l l y  
co n d itio n e d  ey eb link  and leg  f le x io n  resp o n ses  in  th e  r a b b i t  but 
is  not e s s e n t i a l  fo r h e a r t r a te  c o n d itio n in g . A lthough th i s  
reg io n  may be th e  locus of th e  memory t r a c e  fo r many d i f f e r e n t  
d i s c r e te  ad a p tiv e  responses  in  many d i f f e r e n t  an im als, n e i th e r  
of th e se  p ro p o s itio n s  have been te s t e d .  The p re se n t study  
examined th e  e f f e c t s  DI le s io n s  on a c q u is i t io n  and perform ance 
of an a c t iv e  avoidance response by r a t s .

Under Nembutal a n e s th e s ia ,  16 male hooded r a t s  were given  
b i l a t e r a l  e l e c t r o l y t i c  le s io n s  of th e  DI reg ion  of th e  deep 
c e re b e l la r  n u c le i .  C on tro l an im als (n=8) were sham o p era ted  (no 
c u r re n t  was passed  through  a c u te ly  im planted e le c t r o d e s ) .  A fter 
recove ry  from su rg e ry , a l l  an im als were te s te d  in a s tan d a rd  
one-way a c t iv e  avoidance paradigm  (10 sec tone p recedes a 0 .6  mA 
foo tshock ) in  which anim als could avoid  or escape the  shock by 
jumping up 2 cm to  th e  " sa fe "  h a l f  of th e  box. C r i te r io n  
perform ance was 9 avoidance responses  in  10 co n secu tiv e  t r i a l s .

The f i r s t  12 anim als were o p era ted  a f t e r  le a rn in g  th e  
re sp o n se , and th e  le s io n s  had no e f f e c t  on r e te n t io n .  
Perform ance in  th e  le s io n e d  anim als was id e n t ic a l  to  both p re 
le s io n  and c o n tro l le v e l s .  H is to lo g ic a l a n a ly s is  showed th a t  6 
of th e  8 le s io n ed  anim als had com plete , b i l a t e r a l  d e s tru c t io n  of 
th e  DI re g io n . (The d a ta  from the  o th e r two anim als were 
inc luded  w ith  th e  c o n tro l d a ta . )

The second 12 an im als were o p era ted  p r io r  to  any exposure to  
th e  avoidance paradigm and subsequent le a rn in g  proceeded a t  
e x a c tly  the  same r a t e  fo r le s io n ed  and un le sioned  an im als. 
H is to lo g ic a l a n a ly s is  showed th a t  com plete b i l a t e r a l  DI le s io n s  
were produced in  7 of the  8 ex perim en ta l an im als. (The d a ta  
from th e  o th e r anim al was inc luded  w ith th e  c o n tro l d a ta . )

These r e s u l t s  sug g est th a t  n e i th e r  the  l a t e r a l  p o r tio n  
in te r p o s i tu s  nucleus nor th e  m edial p o r tio n  of th e  d e n ta te  
nucleus  a re  e s s e n t i a l  fo r th i s  form of le a rn in g  in th e  r a t .  
Perhaps a d i f f e r e n t  reg io n  of th e  deep c e re b e l la r  n u c le i encodes 
th e  le a rn in g  of th e  avoidance resp o n se , or a l t e r n a t iv e l y ,  t h i s  
form of le a rn in g  might no t involve th e  ce rebellum  a t  a l l .

(This work was suppo rted  by ah Canadian NSERC g ra n t U0362.)

201.13 EFFECTS OF LESIONS OF THE DORSAL AND MEDIAL CORTEX ON THE ACQUI
SITION EXTINCTION AND REACQUISITION OF A DISCRETE TRIAL OPERANT 
IN TURTLES. W. G risham * 1 & A .S .P o w e rs2 . B ryn Mawr C o l le g e ,  Bryn 
Mawr, PA 19010.

P re v io u s  r e s e a r c h  i n  t h i s  l a b o r a to r y  h a s  shown t h a t  l e s i o n s  o f  
th e  d o r s a l  c o r t e x  (DC) i n  t u r t l e s  r e s u l t  in  a d e f i c i t  i n  th e  r e 
v e r s a l  o f  a s im u lta n e o u s  p a t t e r n  d i s c r im i n a t io n .  The r e v e r s a l  o f  
a s im u lta n e o u s  d i s c r im i n a t io n  in v o lv e s  s e v e r a l  e le m e n ts :  th e  new 
S+ m ust a c q u ir e  s t im u lu s  c o n t r o l  p r o p e r t i e s ,  re s p o n d in g  to  th e  
fo rm er S+ m ust be  e x t i n g u i s h e d ,  and a p a r t i a l l y  e x t in g u i s h e d  b e 
h a v io r  m ust be a c q u ir e d .  A d e f i c i t  i n  any one o f  th e s e  e le m e n ts  
c o u ld  c o n t r i b u t e  to  a r e v e r s a l  d e f i c i t .  A ccord ing ly , th e  e f f e c t s  o f  
DC l e s io n s  w ere ex am in ed  on  th e  a c q u i s i t i o n ,  e x t i n c t i o n ,  and r e a c 
q u i s i t i o n  o f  a d i s c r e t e - t r i a l  o p e r a n t .  M ed ia l c o r t e x  (MC) l e s i o n s  
were in c lu d e d  as a c o n t r o l .

T u r t l e s  w ere g iv e n  l e s i o n s  a im ed a t  th e  DC (n = 7 ) o r  MC (n = 3 ) o r  
s e rv e d  as c o n t r o l s  (n = 7 ). A c q u i s i t io n  t r a i n i n g  was g iv e n  u s in g  a 
re s p o n s e  r e q u ir e m e n t  o f  one p r e s s  on a p l a s t i c  key (FR1) f o r  a 
rew ard  o f  b e e f  baby fo o d . T r a in in g  c o n tin u e d  u n t i l  th e  a n im a ls  
re sp o n d e d  w ith  a mean l a t e n c y  o f  10 se co n d s  o r l e s s  f o r  a d a i ly  
s e s s io n  o f  20 t r i a l s .  The re s p o n s e  r e q u ir e m e n t  was th e n  r a i s e d  to  
FR2 u n t i l  th e  same c r i t e r i o n  was m et o r  u n t i l  80 days o f  a c q u i s i 
t i o n  t r a i n i n g . h a d  b een  c o m p le te d . E x t in c t io n  th e n  b eg an  and con
t in u e d  u n t i l  th e  a n im a ls  resp o n d e d  on two o r  few e r t r i a l s  i n  two 
c o n s e c u t iv e  2 0 - t r i a l  s e s s i o n s .  R e a c q u is i t i o n  t r a i n i n g  was th e n  
begun and c o n tin u e d  u n t i l  th e  t e r m in a l  l e v e l  o f  o r i g i n a l  a c q u i s i 
t i o n  p e rfo rm a n c e  was a t t a i n e d .

Damage to  th e  DC p ro d u ce d  a d e f i c i t  i n  o r i g i n a l  a c q u i s i t i o n  o f  
th e  r e s p o n s e .  Spearm an r a n k - o r d e r  c o r r e l a t i o n s  show ed t h a t  DC 
damage was s i g n i f i c a n t l y  c o r r e l a t e d  w ith  th e  num ber o f  days in  
a c q u i s i t i o n  w h ereas  MC damage was n o t .  T h is  r e s u l t  i s  s i m i l a r  to  
t h e  p re v io u s  f in d in g  from  t h i s  l a b o r a to r y  t h a t  DC l e s i o n s  p ro d u ce  
an a c q u i s i t i o n  d e f i c i t  on a g o -n o -g o  d i s c r im i n a t io n  due to  a r e 
t a r d a t i o n  i n  th e  a c q u i s i t i o n  o f  s t im u lu s  c o n t r o l  p r o p e r t i e s  by th e   
S+. N e i th e r  DC n o r  MC damage was fo u n d  to  be s i g n i f i c a n t l y  c o r r e 
l a t e d  w i th  th e  num ber o f  days i n  e x t i n c t i o n  o r  r e a c q u i s i t i o n .

I t  was c o n c lu d e d  t h a t  th e  d e f i c i t  on th e  r e v e r s a l  o f  a s im u l
ta n e o u s  d i s c r im i n a t io n  was due n o t  to  a d e f i c i t  on e x t i n c t i o n  o r  
r e a c q u i s i t i o n  b u t  r a t h e r  to  a r e t a r d a t i o n  i n  th e  o r i g i n a l  a c q u i s i 
t i o n  o f  s t im u lu s  c o n t r o l  p r o p e r t i e s  by th e  new S+ c o u p le d  w i th  a 
p r e p o te n t  te n d e n c y  to  r e s p o n d  to  th e  fo rm e r S+. The r e s u l t s  a ls o  
s u g g e s t  t h a t  th e  DC and MC a re  f u n c t i o n a l l y  d i f f e r e n t .

1 P r e s e n t  a d d re s s :  D e p t . o f  P sy c h o lo g y , N o r th e a s te r n  U n i v e r s i ty ,  
B o s to n , MA 02115

2 P r e s e n t  a d d r e s s :  D e p t . o f  P sy c h o lo g y , S t .  J o h n 's  U n iv e r s i ty ,  
J a m a ic a ,  NY 11439

201.14 THE RELATIVE ROLE OF ENTORHINAL AND PREFRONTAL CORTICAL SYSTEMS IN 
SPATIAL AND NONSPATIAL REFERENCE LEARNING. M. R asm ussen* , 
C .A . B a r n e s , an d  B .L . McNaughton (SPON: G. R a o ) . B e h a v io ra l  N euro
s c ie n c e  P ro g ram , D ep artm en t o f  P s y c h o lo g y , U n iv e r s i ty  o f  C o lo ra d o , 
B o u ld e r ,  CO 80 3 0 9 .

A m a jo r  t h e o r y  o f  h ip p o ca m p a l f u n c t io n  i s  t h a t  i t  s p e c i f i c a l l y  
i n v o lv e s  th e  s to r a g e  o f  s p a t i a l  in fo r m a t io n  (O 'K eefe  and  N a d e l ,  
1 9 7 8 ) . The p r e f r o n t a l  sy s te m  h a s  a l s o  b e e n  im p l ic a te d  a s  im p o r ta n t  
f o r  a c c u r a te  p e rfo rm a n c e  on s p a t i a l  t a s k s  (K o lb , S u th e r la n d ,  and  
W hishaw, 1983) .

As a  p a r t  o f  a  c o m p re h e n siv e  l e s i o n  by  t a s k  i n v e s t i g a t i o n  o f  
t h e  r e l a t i o n s h i p  b e tw een  th e  h ip p o ca m p a l fo rm a tio n  an d  th e  p r e 
f r o n t a l  c o r t e x ,  a  c o m p le te ly  b e tw e en  s u b je c t s  d e s ig n  i s  b e in g  u se d  
t o  a s s e s s  a c q u i s i t i o n  o f  s p a t i a l  an d  n o n s p a t i a l  v e r s i o n s  o f  t h r e e  
t a s k s :  r e f e r e n c e  memory, w o rk in g  memory and  s h o r t - l a t e n c y  a l t e r 
n a t i o n .  F iv e  l e s i o n  g ro u p s  ( e n t o r h in a l ,  m e d ia l  p r e f r o n t a l  c o r t e x ,  
m e d io d o r sa l  th a la m u s ,  an d  two t y p e s  o f  c o n t r o l s )  a r e  b e in g  t e s t e d ,  
h o ld in g  v a r i a b l e s  su ch  a s  a p p a r a t u s ,  r e i n f o r c e r ,  d i s t a l  s e n s o ry  
c u e s ,  s t r a i n  an d  ag e  o f  r a t s ,  an d  p r e l im in a r y  t r e a tm e n t  c o n s t a n t .  
We r e p o r t  h e r e  t h e  r e s u l t s  f o r  a l l  l e s i o n  g ro u p s  on th e  s p a t i a l  
and  n o n s p a t i a l  r e f e r e n c e  memory p ro b le m s .

A t l e a s t  9 a n im a ls  i n  e a c h  l e s i o n  g ro u p  w ere t e s t e d  f o r  a c q u i 
s i t i o n  o f  two t a s k s  r e q u i r in g  e i t h e r  s p a t i a l  o r  n o n s p a t i a l  r e f e r 
e n c e  memory. A r a d i a l  maze w i th  one o f  e i g h t  arm s b a i t e d  was u s e d .  
F o r t h e  s p a t i a l  v e r s i o n ,  h a l f  o f  t h e  a n im a ls  w ere r e q u i r e d  t o  
l o c a t e  t h e  g o a l  on th e  b a s i s  o f  d i s t a l  c u e s  a lo n e .  I n  t h e  n o n sp a 
t i a l  v e r s i o n ,  h a l f  o f  th e  a n im a ls  w ere r e q u i r e d  t o  l o c a t e  t h e  g o a l  
u s in g  a  v i s u a l - t a c t i l e  cue  p l a c e d  on one o f  t h e  a rm s , c h o se n  a t  
random  f o r  e a c h  t r i a l ,  m aking  d i s t a l  c u e s  i r r e l e v a n t .

F o r t h e  c o n t r o l ,  p r e f r o n t a l  an d  th a la m ic  g r o u p s ,  t h e  a v e ra g e  
e r r o r s  t o  a c q u i s i t i o n  w ere e q u iv a l e n t  f o r  t h e  two t a s k s  an d  d id  
n o t  d i f f e r  among g r o u p s .  T h is  i n d i c a t e s  t h a t  t h e  t a s k s  w ere 
e q u a te d  f o r  d i f f i c u l t y  l e v e l .  The e n to r h i n a l  g ro u p  was a b le  t o  a c 
q u i r e  t h e  n o n s p a t i a l  v e r s i o n  a s  r e a d i l y  a s  t h e  o t h e r  g ro u p s  b u t  
made 3 t im e s  a s  many e r r o r s  d u r in g  a c q u i s i t i o n  o f  t h e  s p a t i a l  
v e r s i o n .  The d a ta  i n d i c a t e  t h a t  t h e  d e f i c i t  s e e n  in  e n to r h i n a l  
r a t s  may d e r iv e  from  t h e i r  i n a b i l i t y  t o  a s s o c i a t e  p l a c e s  w i th  r e 
in fo rc e m e n t  c o n t in g e n c ie s  o r  t h a t  th e y  a r e  u n a b le  t o  d i f f e r e n 
t i a t e  b e tw e en  th e  arm s on th e  b a s i s  o f  d i s t a l  c u e s .

T h is  s t r o n g l y  s u p p o r t s  c o n c lu s io n s  draw n fro m  p r e v io u s  s t u d i e s  
t h a t  t h e  r o l e  o f  t h e  e n to r h i n a l  c o r t e x  in  r e f e r e n c e  l e a r n in g  i s  
i n t r i n s i c a l l y  s p a t i a l .  F u r th e rm o re ,  t h e  r e s u l t s  s t r o n g l y  s u g g e s t  
t h a t  t h e  m e d ia l  f r o n t a l  c o r t e x  an d  m e d ia l  d o r s a l  th a la m u s  do n o t  
p l a y  an  im p o r ta n t  r o l e  i n  s p a t i a l  o r  n o n s p a t i a l  r e f e r e n c e  l e a r n in g  
on t h i s  t a s k .

S u p p o r te d  by  AG-00376 an d  N S -20331.
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201.15 SIMULTANEOUS TEMPORAL PROCESSING AND THE BASAL 
FOREBRAIN CHOLINERGIC SYSTEM. W.H. Mec k , R.M. C h u rch , 
G .L . Wenk an d  D .S . O lt o n . D e p ts .  o f  P s y c h . ,  C o lum bia 
U n iv . ,  New Y ork , NY 10027, Brown U n iv . , P r o v id e n c e ,  RI 
02912 & The J o h n s  H opk ins U n iv . ,  B a l t im o r e ,  MD 21218 .

The e f f e c t s  o f  b i l a t e r a l  i b o t e n i c  a c i d - in d u c e d  
l e s i o n s  o f  t h e  n u c le u s  b a s a l i s  m a g n o c e l lu l a r i s  (NBM) 
and  m e d ia l s e p t a l  a r e a  (MSA) on d iv id e d  a t t e n t i o n  and  
te m p o ra l  memory w ere  s t u d i e d  in  th e  r a t . S u b je c t s  w ere  
t r a i n e d  b o th  p r e -  and  p o s t o p e r a t i v e l y  on a  d i s c r e t e -  
t r i a l s  t im in g  p ro c e d u re  in  w h ich  a u d i t o r y  and  v i s u a l  
s t i m u l i  s i g n a l l e d  two d i f f e r e n t  f i x e d - i n t e r v a l  
s c h e d u le s  o f  fo o d  r e in f o r c e m e n t  (10 & 20 s ) . T h ese  two 
s i g n a l s  c o u ld  be p r e s e n te d  one a t  a  tim e  o r  
s im u l ta n e o u s ly  i n  a  h i e r a r c h i c a l  f a s h io n  s u c h  t h a t  th e  
1 0 -s  s i g n a l  was i n i t i a t e d  a t  a  random  tim e  d u r in g  th e  
2 0 -s  s i g n a l .  L i g h t ,  s o u n d , and  l ig h t+ s o u n d  t r i a l s  
o c c u r r e d  ran d o m ly  w i th  e q u a l  p r o b a b i l i t y  and  fo o d  was 
made a v a i l a b l e  on a  random  h a l f  o f  t h e s e  t r i a l s .  On 
p e ak  t r i a l s ,  no fo o d  was g iv e n  and  th e  s i g n a l  c o n t in u e d  
f o r  120 s .  D u rin g  p eak  t r i a l s  t h e  r a t ' s  r e s p o n s e  r a t e  
i n c r e a s e s  a s  a  f u n c t io n  o f  t im e  s i n c e  s i g n a l  o n s e t ( s )  
u n t i l  th e  t im e ( s )  t h a t  fo o d  i s  so m etim es  made a v a i l a b l e  
and  th e n  i t  d e c l i n e s  in  a  f a i r l y  s y m m e tr ic a l  f a s h io n .  
The tim e  o f  th e  r e s p o n s e  f u n c t io n  mode d u r in g  a  p eak  
t r i a l  i s  r e f e r r e d  to  a s  th e  p e ak  t im e  an d  i t  s e r v e s  a s  
an  i n d i c a t o r  o f  when th e  r a t  m a x im a lly  e x p e c t s  fo o d . 
When s i g n a l s  a r e  p r e s e n te d  one a t  a  tim e  r a t s  n o rm a lly  
p l a c e  t h e i r  p eak  t im e s  n e a r  th e  p h y s i c a l  t im e s  o f  
r e in f o r c e m e n t .  S i m i l a r l y ,  when s i g n a l s  a r e  p r e s e n te d  
to g e t h e r  th e y  tim e  b o th  i n t e r v a l s  s im u l ta n e o u s ly  and  
show b im o d a l re s p o n s e  f u n c t io n s  t h a t  a r e  a l l i g n e d  w i th  
th e  c o r r e c t  t im e s  o f  r e in f o r c e m e n t .  I f  s i g n a l s  a r e  
i n t e r r u p t e d  by a  g a p , r a t s  n o rm a lly  r e t a i n  th e  d u r a t i o n  
o f  th e  s i g n a l  b e f o r e  t h e  g ap  and  add  i t  t o  th e  d u r a t io n  
o f  th e  s i g n a l  a f t e r  th e  g a p . In  c o n t r a s t ,  a l th o u g h  r a t s  
w i th  l e s i o n s  o f  th e  NBM a r e  a b l e  to  t im e  s i g n a l s  
p r e s e n t e d  one a t  a  tim e  an d  a r e  a l s o  a b l e  to  b r id g e  
g a p s  i n  t h e  s i g n a l  p r e s e n t a t i o n s ,  th e y  a r e  u n a b le  to  
tim e  two s i g n a l s  s im u l ta n e o u s ly .  On th e  o t h e r  h a n d , 
r a t s  w i th  l e s i o n s  o f  th e  MSA a r e  a b l e  t o  tim e  s i g n a l s  
p r e s e n t e d  one a t  a  tim e  and  a r e  a l s o  a b l e  to  t im e  two 
s i g n a l s  s im u l ta n e o u s ly ,  b u t a r e  u n a b le  t o  b r id g e  g a p s  
in  th e  s i g n a l  p r e s e n t a t i o n s .  T h ese  r e s u l t s  s u g g e s t  a  
b e h a v i o r a l  d i f f e r e n t i a t i o n  o f  t h e  b a s a l  f o r e b r a i n  
c h o l i n e r g i c  s y s te m  s u c h  t h a t  th e  NBM i s  in v o lv e d  in  
d iv id e d  a t t e n t i o n  and  r e f e r e n c e  memory w h i le  th e  MSA i s  
p r i m a r i l y  in v o lv e d  in  w o rk in g  memory.

201.16 LONG-LASTING INCREASES IN THE METABOLISM OF CORTICAL AREAS 
DURING MEMORY CONSOLIDATION IN MICE. C. D e s t ra d e ,  J .  S i f  * and 
M. M eun ier * . Lab. P s y c h o p h y s io lo g ie ,  UA CNRS 339 , U n iv . 
B ordeaux  I ,  33405 T a le n c e  Cedex FRANCE.

In  p r e v io u s  b e h a v io r a l  s t u d i e s  u s in g  o p e ra n t  c o n d i t i o n in g  
t a s k s  i n  m ic e , we have shown t h a t  memory c o n s o l i d a t i o n  
p r o c e s s e s  may be d e f in e d  a s  n e u r a l  e v e n ts  o c c u r in g  d u r in g  th e  3 
h o u rs  w hich  fo l lo w  l e a r n in g  (D e s tra d e  e t  a l . ,  N e u ro s c i .  L e t t . ,  
7 , 239 , 1978) . In  t h e  p r e s e n t  e x p e r im e n t t h e  14 C -2 -d eo x y -D - 
g lu c o s e  (2DG) te c h n iq u e  was u se d  t o  d e f in e  i n  v i v o , t h e  n e u r a l  
s t r u c t u r e s  w hich  may m e d ia te  memory c o n s o l i d a t i o n .  R e g io n a l  
b r a in  u p ta k e  o f  2DG was a s s e s s e d  b o th  im m e d ia te ly  and  3 h r  
a f t e r  th e  l e a r n in g  s e s s i o n .

M ale m ice o f  t h e  BALB/c s t r a i n  w ere im p la n te d  w i th  a  p o ly 
e th y le n e  c a t h e t e r  i n  t h e  j u g u la r  v e in .  One week a f t e r  s u rg e r y  
th e y  w ere s u b je c t e d  t o  a  fo o d  d e p r i v a t i o n  p ro c e d u re  and 
m a in ta in e d  a t  83% o f  t h e i r  ad l ib i tu m  body w e ig h t .  The l e a r n in g  
t a s k  was an o p e ra n t  l e v e r - p r e s s  c o n d i t i o n in g  w i th  fo o d  rew ard  
in  a S k in n e r  b o x . The a n im a ls  w ere  random ly  a s s ig n e d  t o  c o n t r o l  
( " q u ie t "  (n=2) and  "sham c o n d i t io n e d "  (n = 3 )) o r  e x p e r im e n ta l  
g ro u p s .  The m ice o f  th e  e x p e r im e n ta l  g ro u p s  w ere s u b m itte d  t o  a 
f i r s t  l e a r n in g  s e s s io n  (20 l e v e r - p r e s s e s  on c o n tin u o u s  r e i n f o r 
cem ent s c h e d u le )  fo llo w e d  24 h r  l a t e r  by a r e t e n t i o n  s e s s io n  
(40 l e v e r - p r e s s e s ) . They w ere g iv e n  a s in g l e  i n t r a j u g u l a r  d o se  
(5 μC i) o f  14C-2DG e i t h e r  im m e d ia te ly  a f t e r  (g ro u p  A, n=3) o r  3 
h r  a f t e r  (g ro u p  B, n=3) th e  end o f  th e  r e t e n t i o n - l e a r n i n g  
s e s s i o n .  F o r ty  min l a t e r  t h e  a n im a ls  w ere s a c r i f i c e d  and  th e  
b r a i n  p r o c e s s e d  f o r  a u to r a d io g r a p h y .  L o c a l c e r e b r a l  g lu c o s e  
u t i l i z a t i o n  (LCGU) v a lu e s  f o r  d i s c r e t e  b r a i n  r e g io n s  from  X -ray  
a u to r a d io g r a p h s  w ere o b ta in e d  u s in g  a  d i g i t a l  im age p r o c e s s in g  
s y s te m  ( P e r i c o lo r  2000, Num elec) and  s u b je c t e d  t o  s t a t i s t i c a l  
a n a l y s i s .

Com pared t o  t h e  v a lu e s  o b s e rv e d  in  c o n t r o l  a n im a ls ,  LCGU was 
s i g n i f i c a n t l y  i n c r e a s e d  in  m ice o f  b o th  e x p e r im e n ta l  g ro u p s  in  
th e  m e d ia l  sep tu m , d ia g o n a l  b a n d , h ippocam pus (CAl, CA3, DG), 
th a la m u s  (MD, CL, MV), m am m illary  b o d ie s  and c i n g u l a t e  c o r t e x .  
How ever, co m p arin g  th e  2 e x p e r im e n ta l  g ro u p s ,  a f u r t h e r  i n c r e a s e  
i n  LCGU in  th e  s u b ic u lu m , e n t o r h i n a l ,  p r e f r o n t a l  and  p i r i f o r m  
c o r t e x ,  was o b s e rv e d  o n ly  in  t h e  a n im a ls  o f  t h e  g ro u p  B, 
i n j e c t e d  w i th  2DG 3 h r  a f t e r  t h e  r e t e n t i o n  s e s s i o n .

T hese  r e s u l t s  i n d i c a t e  a f u n c t i o n a l  a c t i v a t i o n  o f  t h e  P apez 
c i r c u i t r y  a s  a c o n seq u e n c e  o f  t h e  a c q u i s i t i o n  o f  an  o p e ra n t  
l e a r n in g  t a s k  i n  m ic e , and  p ro d u ce  d i r e c t  e v id e n c e  f o r  a  lo n g -  
l a s t i n g  a c t i v a t i o n  o f  th e  s u b ic u lu m  and c o r t i c a l  a r e a s  d u r in g  
memory c o n s o l i d a t i o n .

S u p p o rte d  by CNRS, MRI and  MEN g r a n t s .

201.17  [ 14c ] 2-DEOXYGLUCOSE MAPPING OF REGIONAL BRAIN ACTIVITY DURING 
RETENTION OF RADIAL ARM MAZE TRAINING. R. F. Bermanl . 
R. P . K esner2 . L. M. P artlo w 3 , L. H. Bush3*. R. W. Campbell4* , 
and L. J .  S ten saa s5 . l D ept. P sychology, 4D ept. P hysio logy ,  
Wayne S ta te  U n iv ., D e tro i t ,  MI; 2Dept. Psychology, 3Dept. 
Pharmacology, 5Dept. P hysio logy , U n iv e rs ity  o f U tah, S a lt  
Lake C ity , U tah.

R e g io n a l  m apping o f  [ 14C] 2 -d eo x y g lu c o s e  (2-DG) u p ta k e  d u r in g  
r e t e n t i o n  o f  r a d i a l  arm  maze p e rfo rm a n c e  was s tu d i e d  in  r a t s  in  
o r d e r  to  exam ine s e l e c t i v e  a c t i v i t y  i n  s p e c i f i c  b r a i n  r e g io n s  
d u r in g  an  e x te n d e d  1 h o u r r e t e n t i o n  i n t e r v a l .  S p e c i f i c a l l y ,  we 
u se d  a  r a d i a l  arm  maze t a s k  i n  w hich  r a t s  w ere r e q u i r e d  to  r e t a i n  
i n fo r m a t io n  a b o u t e a ch  s p e c i f i c  d a i l y  maze t r i a l  f o r  1 h o u r . 
B r i e f l y ,  r a t s  w ere t r a i n e d  to  e n t e r  4 arm s o f  an  8 arm  r a d i a l  arm 
maze a t  random  i n  o r d e r  to  o b t a i n  fo o d  r e in f o r c e m e n t .  One h o u r 
l a t e r  a n im a ls  w ere p la c e d  b a c k  on th e  maze and r e q u i r e d  to  e n t e r  
th e  rem a in in g  4 arm s o f  th e  maze in  o r d e r  to  o b t a i n  a d d i t i o n a l  
fo o d . A n im als w ere t r a i n e d  f o r  a p p ro x im a te ly  16 w eeks t o  a 
c r i t e r i o n  o f  3 c o n s e c u t iv e  d ay s  o f  e r r o r l e s s  p e r f o r m ance. They 
w ere th e n  p la c e d  on th e  m aze, a g a in  a llo w e d  to  e n t e r  4 arm s a t  
random , and w ere im m e d ia te ly  i n j e c t e d  w i th  25 uC i o f  [ 14C] 2 -d e o x y -  
g lu c o s e  v i a  a  c h r o n i c a l l y  im p la n te d  j u g u la r  c a t h e t e r .  A nim als 
w ere s a c r i f i c e d  a f t e r  a  45 m in i s o to p e  i n c o r p o r a t i o n  p e r io d  and 
th e  b r a i n s  rem oved , co d ed  and  f r o z e n .  C o n tro l  r a t s  w ere s i m i l a r l y  
a llo w e d  to  e n t e r  4 arm s o f  th e  m aze, b u t  w i th  fo o d  a v a i l a b l e  from  
a l l  arm s when th e y  w ere r e t u r n e d  to  th e  maze one h o u r l a t e r .  T h u s, 
c o n t r o l  a n im a ls  w ere n o t  r e q u i r e d  to  r e t a i n  in fo r m a t io n  a b o u t  arm s 
v i s i t e d  ( o r  n o t  v i s i t e d )  one h o u r  e a r l i e r ,  w h ile  t r a i n e d  a n im a ls  
w e re . A f t e r  r e a c h in g  c r i t e r i o n  on th e  maze c o n t r o l  r a t s  w ere 
i n j e c t e d  w i th  [ 14C]2-DG and s a c r i f i c e d  u s in g  p ro c e d u re s  i d e n t i c a l  
to  th o s e  d e s c r ib e d  f o r  t r a i n e d  a n im a ls .  The f ro z e n  b r a i n s  w ere 
s e c t i o n e d ,  m ounted on s l i d e s  and  ex p o sed  to  X -ray  f i lm .  The 
s u b s e q u e n t  a u to ra d io g ra m s  w ere a n a ly z e d  by c o m p u te r iz e d  d e n s i t o 
m etry  f o r  d i f f e r e n t i a l  u p ta k e  o f  2-DG. F i f t e e n  b r a i n  r e g io n s  w ere 
e x am in ed , i n c lu d in g  sep tu m , c a u d a te ,  m e d ia l  p r e f r o n t a l  c o r t e x ,  
h ip p o cam p u s , th a la m u s ,  h y p o th a la m u s , p a r i e t a l  c o r t e x ,  a m y g d a la , 
c e n t r a l  g r a y ,  d o r s a l  r a p h e ,  r e t i c u l a r  f o rm a t io n ,  s u p e r i o r  c o l l i c u 
l u s ,  o c c i p i t a l  c o r t e x ,  e n to r h i n a l  c o r t e x  and lo c u s  c o e r u l e u s .  The 
r e s u l t s  d e m o n s tra te d  i n c r e a s e d  2-DG u p ta k e  i n  th e  r e t i c u l a r  form 
a t i o n  o f  t r a i n e d  a n im a ls  r e l a t i v e  to  c o n t r o l s  ( p < .0 1 ) ,  w i th  s im i l a r  
i n c r e a s e s  n o te d  in  n e ig h b o r in g  s t r u c t u r e s ,  i n c lu d in g  c e n t r a l  g ra y  
and  d o r s a l  r a p h e .  No s i g n i f i c a n t  c h a n g es  i n  2-DG u p ta k e  w ere n o te d  
in  o th e r  b r a i n  r e g i o n s ,  i n c lu d in g  th e  h ip p o cam p u s. T hese d a ta  
p o in t  to  th e  in v o lv e m e n t o f  th e  r e t i c u l a r  f o rm a tio n  and  o th e r  
b r a in s te m  s t r u c t u r e s  i n  e x te n d e d  r e t e n t i o n  o f  maze l e a r n in g ,  and 
s u g g e s t  t h a t  th e  r e t i c u l a r  fo rm a tio n  may p la y  a  r o l e  i n  c o n t r o l l e d  
memory p r o c e s s in g  and  s e l e c t i v e  a t t e n t i o n .

201.18 IPSILATERAL DECREMENT IN LATERAL HYPOTHALAMIC SELF
STIMULATION AFTER UNILATERAL NEUROTOXIC LESION OF THE 
PREOPTIC AREA. J . P .  H u s to n , C. Munoz* and  S . K ie f e r * . 
P s y c h o lo g y  I I I ,  U n iv . o f  Dü s s e l d o r f ,  4000 Dü s s e l d o r f ,  
F e d e r a l  R e p u b lic  o f  Germ any.

We h av e  p r e v io u s ly  r e p o r t e d  (Muñoz e t  a l .  B ra in  R e s . ,  
3 5 8 :8 5 -9 5 ,  1985) a l a t e r a l i z e d  d e c re m e n t o f  l a t e r a l  
h y p o th a la m ic  s e l f - s t i m u l a t i o n  (LH-SS) a f t e r  u n i l a t e r a l  
r a d io f r e q u e n c y  l e s i o n s  in  th e  p r e o p t i c  a r e a  (POA) o f  
r a t s .  The p u rp o s e  o f  th e  p r e s e n t  i n v e s t i g a t i o n  was to  
exam ine  w h e th e r  th e  l e s i o n  e f f e c t s  w ere  due to  damage 
t o  th e  POA p r o p e r  o r  i n s t e a d ,  t o  damage t o  th e  f i b e r s  
o f  p a s s a g e ,  su ch  a s  th o s e  o f  t h e  m e d ia l  f o r e b r a i n  
b u n d le .

F o u r te e n  m ale  a lb in o  r a t s  w ere  b i l a t e r a l l y  im p la n te d  
w ith  b i p o l a r  s t i m u l a t i o n  e l e c t r o d e s  in  t h e  LH and  w ith  
c a n n u la e  in  th e  POA. They w ere  t e s t e d  f o r  SS in  th e  LH 
a t  two d i f f e r e n t  c u r r e n t  i n t e n s i t i e s  (low  and  h i g h ) . 
When th e  r a t e  o f  re s p o n d in g  was s t a b i l i z e d ,  th e y  
r e c e i v e d  a u n i l a t e r a l  i n j e c t i o n  o f  i b o t e n i c  a c i d  (5 μg /  
1 μl  p h o s p h a te  b u f f e r ,  pH =7.4) th ro u g h  th e  c a n n u la  
im p la n te d  in  t h e  POA. The a n im a ls  w ere  f i r s t  t e s t e d  f o r  
SS 24 h o u rs  p o s t - i n j e c t i o n ,  and  th e n  d a i l y  o v e r  th e  
f o l l o w in g  21 d a y s  a t  th e  two c u r r e n t  i n t e n s i t i e s  t h a t  
w ere  u s e d  b e f o r e  t h e  l e s i o n  was m ade.

The i b o t e n i c  a c i d  d e s t r o y e d  m ost o f  th e  c e l l s  o f  th e  
POA in  9 r a t s  ( l a r g e  l e s i o n  g ro u p ,  LPOA) w h ile  in  th e  
re m a in in g  5 , th e  a r e a  o f  n e u ro n a l  d e p l e t i o n  was s m a l le r  
( s m a ll  l e s i o n  g ro u p ,  SPOA). The r a t e  o f  SS in  th e  
h e m is p h e re  i p s i l a t e r a l  t o  t h e  s id e  o f  th e  l e s i o n  was 
d e c r e a s e d  in  b o th  g ro u p s ,  t o  l e v e l s  o f  27-30% o f  th e  
p r e o p e r a t i v e  l e s i o n  r a t e  in  th e  LPOA g ro u p , and  48-60% 
in  th e  SPOA g ro u p . S e l f - s t i m u l a t i o n  d id  n o t  r e c o v e r  to  
t h e  p r e - l e s i o n  v a lu e s  d u r in g  th e  21 d a y s  f o l lo w in g  th e  
n e u r o to x in  i n j e c t i o n ,  u n l ik e  in  o u r  p r e v io u s  e x p e r im e n t 
w i th  r a d io f r e q u e n c y  l e s i o n s  in  t h e  POA. The r a t e  o f 
re s p o n d in g  in  t h e  i n t a c t  h e m is p h e re  in c r e a s e d  above  th e  
p r e - l e s i o n  l e v e l s .

T h ese  r e s u l t s  s t r e n g th e n  th e  v iew  o f  a c r i t i c a l  r o l e  
o f  t h e  POA in  LH-SS, and  s u p p o r t  th e  h y p o th e s i s  t h a t  
th e  p a th  n e u ro n s  o f  th e  POA r e g io n  a r e  p a r t  o f  a 
s u b s t r a t e  f o r  LH-SS.

S u p p o r te d  by  G ra n t HU-2-4 from  th e  D e u tsc h e  
F o r s c h u n g s g e m e in s c h a f t .
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201.19 THALAMIC LESIONS AND REGIONAL BRAIN MONOAMINERGIC ALTERATIONS 
FOLLOWING AN ACUTE BOUT OF THIAMINE^ DEFICIENCY IN THE RAT. 
P . J .  L a n g l a i s ,  R.G . M a ir ,  C .D . A n d e rso n , and W .J . M cE n tee . 
R e se a rc h  S e r v ic e  (1 5 1 C ), V.A. M e d ic a l C e n te r ,  B ro c k to n , MA 02401 .

The n e u r o b i o l o g ic a l  s u b s t r a t e s  im p l ic a te d  in  th e  l e a r n in g  and 
memory d e f i c i t s  o f  K o r s a k o f f 's  d i s e a s e  in c lu d e  m e d io d o r s a l  n u c le u s  
o f  th e  th a la m u s ,  m am m illa ry  b o d ie s ,  and c e n t r a l  m o n o am in erg ic  
a c t i v i t y .  In  a r a t  m odel o f  K o r s a k o f f 's  d i s e a s e ,  in d u c e d  by a two 
week b o u t o f  th ia m in e  d e f i c ie n c y  and d a i l y  p y r i t h ia m in e  i n j e c t i o n s  
( 0 .5  m g/kg , i . p . ) ,  we o b s e rv e d  b o th  l e a r n in g  and p e rfo rm a n c e  
d e f i c i t s  and a s i g n i f i c a n t  and l o n g - l a s t i n g  r e d u c t io n  in  th e  
n o r e p in e p h r in e  (NE) c o n te n t  o f  c o r te x -h ip p o c a m p u s  (M air  e t  a l . ,  
B ra in  R es. 3 6 0 ; 2 7 3 -2 8 4 , 1 9 8 5 ) . P a th o lo g ic a l  e x a m in a tio n  o f  
a n o th e r  g ro u p  o f  t r e a t e d  r a t s  d e m o n s tra te d  c o n s i s t e n t  l e s i o n s  in  
th e  m e d ia l  th a la m u s .

We r e p o r t  h e re  e x a m in a tio n s  o f  th e  p a th o lo g ic  c h a n g es  in  l e f t  
h e m isp h e re  and r e g i o n a l  monoamine c o n c e n t r a t i o n s  in  r i g h t  hem i
sp h e re  o f  r a t s  s u b je c t e d  to  a s im i l a r  b o u t  o f  th ia m in e  d e f i c i e n c y .  
T hese s tu d i e s  w ere c o n d u c te d  on an e x p e r im e n ta l  (ExpA, N=17) and 
a c o n t r o l  (CONT, N=12) g ro u p  o f  r a t s  t e s t e d  on a num ber o f  
b e h a v io r a l  t a s k s  o v e r  a p e r io d  o f  7 m onths fo llo w in g  t r e a tm e n t .
The r e s u l t s  o f  th o s e  b e h a v io r a l  s t u d i e s  a r e  d e s c r ib e d  in  th e  
accom panying  a b s t r a c t  (M air e t  a l . ,  N e u ro s c ie n c e  A b s t r a c t s ,  1 9 8 6 ). 
A seco n d  g ro u p  (ExpB, N=8 ) o f  m ore s e v e r e ly  im p a ire d  and no n - 
b e h a v io r a l l y  t e s t e d  e x p e r im e n ta l  a n im a ls  w ere a l s o  s tu d i e d  b i o 
c h e m ic a l ly .  T hese s tu d i e s  p ro v id e d  an o p p o r tu n i ty  to  (1 )  d e t e r 
m ine th e  n a tu r e  and d i s t r i b u t i o n  o f  l e s i o n s ;  ( 2 ) exam ine th e  
monoamine c o n te n t  o f  e ig h t e e n  b r a i n  a r e a s  i n c lu d in g  th e  h ip p o 
cam pus, am y g d a la , and i n d iv i d u a l  c o r t i c a l  and s u b c o r t i c a l  
s t r u c t u r e s ;  and (3 )  e x p lo r e  p o s s ib l e  r e l a t i o n s h i p s  b e tw een  b e h a v 
i o r a l  d e f i c i t s ,  s i t e s  o f  p a th o lo g ic  c h a n g e , and m on o am in erg ic  
a l t e r a t i o n s  in  d i s c r e t e  b r a i n  a r e a s .

R e s u l ts  o b ta in e d  in  th e  ExpA g ro u p  show: (1 )  a h ig h  in c id e n c e  
(94%) o f  th a la m ic  l e s i o n s ,  s p e c i f i c a l l y  w i th in  t h e  i n t r a l a m in a r  
n u c le i  and v e n t r a l  p a r t s  o f  th e  m e d io d o r sa l  n u c le u s ;  ( 2 ) a b sen c e  
o f  d e t e c t a b l e  c h a n g es  i n  th e  m am m illa ry  b o d ie s ,  h ip p o cam p u s , 
c o r t i c a l  a r e a s  o r  lo c u s  c o e r u l e u s ;  and (3 )  s i g n i f i c a n t  r e d u c t io n  
in  e n to r h i n a l  NE c o n c e n t r a t i o n .  T hese f in d in g s  i m p l ic a te  damage 
to  i n t r a la m in a r  and v e n t r a l  m e d io d o r s a l  r e g io n s  o f  th e  th a la m u s  in  
l e a r n in g  and memory d e f i c i t s  p ro d u ce d  by th ia m in e  d e f i c i e n c y .  
Reduced e n to r h i n a l  NE may a l s o  c o n t r i b u t e  to  th e  b e h a v io r a l  
d e f i c i t s  and r e s u l t  from  e i t h e r  th a la m ic  l e s i o n s  a n d /o r  c h an g es  
in  l o c a l  p h y s io l o g ic a l  r e g u l a t i o n .  S i g n f i c i a n t  NE r e d u c t io n s  w ere 
o b se rv e d  in  h ip p o cam p u s, e n to r h i n a l  c o r t e x  and o l f a c t o r y  b u lb  o f  
ExpB a n im a ls .  T hese c h an g es  may r e f l e c t  m ore w id e s p re a d  mono
a m in e rg ic  c h an g es  in  s e v e r e ly  a f f e c t e d  a n im a ls  o r  may be th e  
r e s u l t  o f  a l a c k  o f  b e h a v io r a l  t r a i n i n g .
S u p p o rte d  by th e  V e te ra n s  A d m in is t r a t io n .

201.20 RELATIVE REGIONAL METABOLIC CHANGES IN THE BRAINS OF NEONATAL RATS 
DURING APPETITIVE OLFACTORY LEARNING.
D. K ucharsk i* , J .A . Browde, J r . * ,  and W.G. H a ll .  Departm ent of 
P sychology, Duke U n iv e rs ity , Durham, NC 27706.

The [14C] 2-deoxyglucose au to rad io g ra p h ic  te chn ique has been 
used in  developm ental s tu d ie s  to  map n eu ra l e f f e c t s  o f e a r ly  
ex p e rien ce  (Coopersm ith & Leon S c i . ,  225:849, 1984; T e ic h e r , e t  
a l .  B rain  R es. , 194:530, 1980) and to  t r a c e  in g e s t iv e  response 
system s in  in f a n t  r a t s  (H a ll ,  su b m itte d ) . In  th e  p re se n t 
experim en t, DG methods were used to  id e n t i f y  b ra in  system s showing 
a l te r e d  m etabo lic  a c t i v i t y  during  c l a s s i c a l  c o n d itio n in g  o f an 
a s s o c ia t io n  between a novel odor and an in g e s t iv e  m ilk rew ard . In  
th i s  a p p e t i t iv e  le a rn in g  paradigm , r a t  pups ex p ress  co n d itio n ed  
resp o n ses  to  th e  odor ( e .g .  m outhing, a c t iv a t io n ,  and p rob ing) 
s im i la r  to  th o se  th a t  occur to  m ilk . In  a d d i t io n ,  a f t e r  j u s t  a few 
o do r/m ilk  p a i r in g s ,  pups come to  p re fe r  th e  o r ig in a l ly  av e rs iv e  
odor.

During a 1 h r DG in c o rp o ra tio n  p e r io d , t r a in e d  pups (n = 8) 
rece iv ed  forw ard p a i r in g s  o f cedar odor w ith  in t r a o r a l  in fu s io n  o f 
m ilk , w hile  c o n tro ls  (n = 7) rece iv ed  backward p a i r in g s  o f th e  
same s t im u l i .  Because both groups rece iv ed  e q u iv a le n t odor 
exposures and m ilk in fu s io n s ,  d if f e re n c e s  in  th e  DG au to rad iogram s 
r e f l e c t  only  th e  10-sec d if fe re n c e  d is t in g u is h in g  forw ard 
c o n d itio n in g  ( fo r  which le a rn in g  o cc u rs ) from backward 
c o n d itio n in g . Pups were s a c r i f i c e d  and b ra in  s e c t io n s  were 
p repared  fo r  au to rad io g rap h y  by s tan d a rd  m ethods. F o r ty -e ig h t 
f r o n ta l  s e c t io n s  ( o lf a c to ry  bu lbs through m edulla) from each b ra in  
were matched to  a s e t  o f re fe re n c e  s e c t io n s .  In  th e se  s e c t io n s ,  
140 neuroana tom ical reg io n s  were defin ed  (each  on 3-10 s e c t io n s )  
and th e i r  o p t i c a l  d e n s i t i e s  m easured. M easurements were 
transfo rm ed  to  s tan d a rd  sc o re s  and averaged between b ra in s  to  
p rov ide  an index o f r e l a t i v e  o p t ic a l  d e n s ity  fo r  each re g io n . 
These ave rages  could  be used fo r  betw een-group com parisons. 
Comparisons between a d d i t io n a l  groups provided in fo rm a tio n  on th e  
n eu ra l response  to  o lf a c to ry  and in g e s t iv e  s tim u la t io n .

Changes in  n e u ra l a c t i v i t y  during  le a rn in g  appeared  in  c e n tr a l  
am ygdaloid n u c leu s , CA2 reg io n  of th e  hippocampus, th e  p o s te r io r  
reg io n  o f th e  caudate-pu tam en , and o l fa c to ry  tu b e rc le .  A c tiv ity  in  
th e  a n a to m ic a lly - re la te d  tu b e rc le  and caudate-putam en may 
re p re s e n t motor a s p e c ts  o f th e  t r a n s i t i o n  from a v e rs iv e  to  
a p p e t i t iv e  re spond ing . Changes in  lim b ic  reg io n s  a re  c o n s is te n t  
w ith  f in d in g s  from n e u ra l an a ly se s  o f le a rn in g  in  a d u l ts  and 
in d ic a te  a r o le  fo r  hippocampus and amygdala in  i n f a n t i l e  le a rn in g  
even though th e se  reg io n s  may no t be f u l l y  m ature.
Supported by NICHD G rant HD-17457.
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202.1 THE INFRAPYRAMIDAL MOSSY FIBER PROJECTION IN THE HIPPOCAMPUS OF 
THE MOUSE: A POSITIVE CORRELATION WITH Y-MAZE AVOIDANCE LEARNING 
H.-P. Lipp, H. Schwegler*, and Z. Hausheer-Zarmakupi*. I n s t . of 
Anatomy, Univ. of Zurich, CH-8057 Zürich, Switzerland, and Inst. 
of Human Genetics, Univ. of Heidelberg, FRG.

The capacity of two-way avoidance (shuttlebox) learning in mice 
and ra ts  c o r re la te s  negatively  with the extensiveness of the 
infrapyramidal mossy fiber  projection (IIP-MF) on the basal dend
r i t e s  of the pyramidal neurons in the hippocampal region CA3 
(Schwegler H. e t  a l . ,  Science, 214: 817,1981; Lipp H.-P. e t  a l . ,  
Science, 225: 80, 1984). This study tested whether the individual 
variability  of the IIP-MF might be related to a genuine learning 
capacity. If  i t  were so, one would also expect negative corre la
tions of the IIP-MF with learning scores obtained in other devi
ces. Twenty random-bred mice, taken from the F3-generation of a 
5x5 d ialle i cross (progenitor s trains BALB/c, C56BL/6, BA, DBA/2, 
C57BR), were tested for the performance of discrimination learn
ing in a computer-controlled Y-maze. Wrong choices were punished 
by means of a i r  puffs. The discriminanda, placed in the walls of 
the choice arms, had d i s t i n c t  visual and v i b r i s s o t a c t i l e  cues. 
The mice were t ra ined  for  5 consecutive days, the main measure 
being the number of correct choices (total 144 t r ia ls ) .  Comple
mentary measures were side b iases ,  choice s trategies, decision 
time, number of comparisons, and one-way avoidance. Morphometry 
of hippocampal terminal f i e l d s ,  as visualized by Timm's silver 
su lf ide  s t a in ,  was performed on 10 sec tions taken from a mid- 
septotemporal level. The correlations between volumes of terminal 
f i e ld s  and behavior scores were analysed by means of mult ip le  
regression. The number of correct choices was strongly correlated 
with the extensiveness of the IIP-MF projection: the more IIP-MF, 
the b e t t e r  d isc rim ina t ion  (r  = 0.75, p < 0.001). The IIP-MF 
correlated similarly, though weaker, with two joint  measures, the 
number of comparisons between choice arms (r = 0.53, p < 0.05), 
and, more puzzling, with a side preference to the r ig h t  (r  = 
0.62, p < 0.01). These results show that correlations of the IIP- 
MF and behavior are not restr ic ted to tasks involving electr ical 
shock, and th a t  the behavioral processes co r re la te d  with the 
IIP-MF are unrelated to learning capacity  per se. However, i t  
might be that the IIP-MF are associated with behavior related to 
hesitation and doubt, mice with more IIP-MF being more hesitant 
in making decisions, and, perhaps, adhering more tenaciously to a 
particular behavioral strategy. This would be beneficial in s i 
tuations of discrimination learning but disadvantageous in two- 
way avoidance. The data s t i l l  f i t  several theories of hippocampal 
function. Current studies may rule out some of them. Supported by 
Swiss National Foundation fo r  S c ie n t i f i c  Research, SNF 3.041, 
3.516 (Van der Loos), and by the Deutsche Forschungsgemeinschaft.

202.2 DISRUPTION OF ACQUISITION AND RETENTION OF THE CLASSICALLY 
CONDITIONED EYEBLINK RESPONSE IN RABBITS WITH ALUMINUM INDUCED 
NEUROFIBRILLARY TANGLES. P . R. Solom on, T. P in g re e * , 
A. S ch w en tk er*  and W. W. P e n d le b u ry . D e p t. o f  P sy c h o lo g y , 
W ill ia m s  C o l le g e ,  W ill ia m s to w n . MA 01267 , and D e p t. o f  P s y c h o lo g y , 
U n iv . o f  V erm ont, B u r l in g to n ,  VT 05405.

Aluminum e x p o s u re  o f  th e  r a b b i t  c e n t r a l  n e rv o u s  sy s te m  p ro d u c e s  
w id e s p re a d  n e u r o f i b r i l l a r y  t a n g l e  f o rm a tio n  i n  t h e  c o r t e x ,  
h ip p o cam p u s , b r a i n  s te m , and s p i n a l  c o rd .  A lth o u g h  th e s e  t a n g l e s  
h av e  b e e n  w e l l  c h a r a c t e r i z e d  m o rp h o lo g ic a l ly  and b io c h e m ic a l ly ,  
l i t t l e  i s  known a b o u t  t h e i r  e f f e c t s  on l e a r n in g  and memory.

In  E x p erim en t I ,  r a b b i t s  w ere  c l a s s i c a l l y  c o n d i t io n e d  to  e m it 
an  e y e b l in k  c o n d i t io n e d  r e s p o n s e  (CR) i n  r e s p o n s e  to  to n e  CS 
(500  m sec , 85dB) p a i r e d  w i th  a  c o rn e a l  a i r  p u f f  (100 m sec , 3 P S I) 
UCS u n t i l  th e y  a t t a i n e d  a  c r i t e r i o n  o f  two c o n s e c u t iv e  s e s s io n s  
(100 CS-UCS p a i r i n g s )  o f  g r e a t e r  th a n  90% CRs. They th e n  r e c e iv e d  
v i a  th e  i n t r a v e n t r i c u l a r  r o u t e ,  1% A IC I3 (100 μl ) ,  HCL (100 μl ,  
to  c o n t r o l  f o r  pH) o r  n o rm a l s a l i n e  (100 μl ) .  Ten d a y s  p o s t 
i n j e c t i o n ,  th e y  w ere  t e s t e d  f o r  r e t e n t i o n  o f  th e  c o n d i t io n e d  
r e s p o n s e .  R e l a t i v e  t o  s a l i n e  and HCL c o n t r o l s ,  A IC I3 a n im a ls  
showed s i g n i f i c a n t  d e f i c i t s  i n  r e t e n t i o n .  S u b se q u e n t t e s t s  
i n d i c a t e d  t h a t  t h e s e  d e f i c i t s  w ere  n o t  due to  c h a n g es  i n  s e n so ry  
o r  m o to r p r o c e s s e s ,  n o r  w ere  th e y  c o r r e l a t e d  w i th  i l l n e s s .  T hese  
c o n d i t i o n in g  d e f i c i t s  w e re , h o w ev er, c o r r e l a t e d  w i th  th e  d e g re e  
o f  p a th o lo g y  ( i . e . ,  num ber o f  ta n g le d  c e l l s ) .

In  E x p e rim e n t I I ,  r a b b i t s  w ere  f i r s t  e x p o sed  to  i n t r a v e n t r i c u l a r  
A IC I3 , HCL o r  s a l i n e .  F iv e  d a y s  p o s t - i n j e c t i o n ,  th e y  w ere  g iv e n  
100 to n e  -  a i r  p u f f  c o n d i t i o n in g  t r i a l s  ( a s  i n  E x p erim en t I )  p e r  
day  f o r  5 d a y s .  W hereas s a l i n e  and HCL r a b b i t s  r e a d i l y  a c q u ir e d  
th e  e y e b l in k  CR d u r in g  t h i s  t im e ,  A1C13 a n im a ls  w e re  s e v e r e ly  
r e t a r d e d .  As i n  E x p erim en t I ,  t h e s e  c o n d i t i o n in g  d e f i c i t s  d id  
n o t  a p p e a r  to  b e  s e n s o ry  o r  m o to r i n  n a tu r e ,  n o r  w ere  th e y  r e l a t e d  
t o  i l l n e s s .  A g a in , t h e r e  was a  c o r r e l a t i o n  b e tw een  c o n d i t i o n in g  
d e f i c i t  and  e x te n t  o f  p a th o lo g y .

N e u r o p a th o lo g ic a l  e x a m in a tio n  o f  t h e  t i s s u e  r e v e a le d  w id e s p re a d  
n e u r o f i b r i l l a r y  t a n g l e  f o rm a tio n  in v o lv in g  d o r s a l  c o r t e x ,  v e n t r a l  
h ip p o cam p u s , m u l t i p l e  b r a in s te m  n u c l e i ,  and  c e r v i c a l  s p in a l  c o rd  
a n t e r i o r  h o rn  c e l l s .  In v o lv e m en t o f  t h e  c o r t e x  showed a  s t r i k i n g  
la m in a r  d i s t r i b u t i o n ,  p r im a r i ly  in v o lv in g  d eep  l a y e r s .

S u p p o rte d  by th e  S h e rm a n -F a ir c h ild  F o u n d a tio n  (PRS) and NIA 
g r a n t  #K08 AG00258 (WWP).
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202.3 LOCALIZATION OF NEURAL SUBSTRATES FOR VISUAL MEMORY WITH 
2-DEOXYGLUCOSE REGIONAL METABOLIC ACTIVATION OF VISUAL AND 
LIMBIC STRUCTURES AND LATERALIZATION OF LEARNING EFFECTS. 
F. Gonzalez-Lima, I. Steele Russell* and E.M. Gonzalez-Lima*. 
Dept. of Anat., Coll. of Med., Texas A&M Univ., College Station, 
TX 77843 and Dept. of Anat., Univ. Coll. London, London WC1E 
6BT, U.K.

The 14C-2-deoxyglucose (2DG) autoradiographic method was 
used to examine the functional activity in all structures of the 
rat brain following visual Pavlovian conditioning. The 
conditioned stimulus (CS) was a light flash (3 times/s) and the 
unconditioned stimulus (US) consisted of foot shock. Normal and 
split-chiasm hooded rats were conditioned monocularly with 
paired CS-US presentations. Control rats received either  
unpaired CS-US presentations or no stimulation. The rats were 
deprived of water overnight and tested for conditioned 
suppression of drinking. Then they were injected with 2DG and 
stimulated binocularly with the CS alone for 1 hr. Thus both 
eyes were equally stimulated during 2DG testing, but only one 
eye was previously stimulated during pre-training. Differences 
in 2DG uptake were examined quantitatively in each brain 
(interhemispheric comparison) and between brains (group 
comparison). The major findings consisted of specific patterns 
of metabolic activation observed in conditioned rats. The 
changes included the visual midbrain and limbic structures. In 
chiasm-cut rats, the side ipsi la teral  to the "trained" eye 
showed a str iking enhancement of 2DG uptake in visual 
structures, including the pretectum (olivary and posterior 
nuclei) and superior colliculus (intermediate layers).  The 
largest increase was observed in the olivary pretectal nucleus. 
Associative structures such as the hippocampal subiculum and the 
retrosplenial cortex showed dramatic enhancements restricted to 
the pretrained side of the brain. Similar changes were found in 
normal animals, but were restricted to the contralateral side. 
No significant changes were observed in the visual 
thalamocortical pathway (lateral  geniculate, areas 17, 18, 18a) 
of split-chiasm ra ts .  But in normal animals a sensitization 
effect was observed. The changes revealed by 2DG represent the 
f i r s t  anatomical demonstration of brain substrates with 
localized metabolic alterations produced by visual 
conditioning. They may provide a useful approach to the study 
of visual memory localization and p las tic i ty  in two ways. 
F irs t ,  by identifica tion of structures normally involved in the 
learned response to conditioned light;  and second, by 
identifica tion of structures showing the lateralized effects of 
conditioned light  in the lesioned brain.

202.4  PARASAGGITAL KNIFE CUTS THAT INTERRUPT SUBLENTICULAR AND POSTERIOR 
INTERNAL CAPSULE IMPAIR CARDIAC CONDITIONING BUT HAVE NO EFFECT ON 
CONCOMITANT EYEBLINK CONDITIONING. D. A. P o w e l l , D ianne L ev in e*  
and L is a  Ja m e s* . N e u ro s c ie n c e  L a b . ,  WJB Dorn VA H o s p i ta l  and 
U n iv . o f  S ou th  C a r o l in a ,  C o lu m b ia , SC.

P re v io u s  e x p e r im e n ts  i n  s e v e r a l  l a b o r a t o r i e s  h av e  d e m o n s tra te d  
t h a t  f o r e b r a in  ( i . e . ,  am ygdala  and p r e f r o n t a l  c o r t e x )  m echanism s 
a re  i n t i m a t e l y  in v o lv e d  in  th e  b r a d y c a r d ia  p ro d u ce d  by c l a s s i c a l  
c o n d i t i o n in g  c o n t in g e n c ie s .  We h av e  p r e v io u s ly  found  t h a t  p a r a -  
s a g g i t a l  k n i f e  c u ts  j u s t  m e d ia l  to  th e  am y g d a la , w h ich  i n t e r r u p t  
th e  d e s c e n d in g  e f f e r e n t s  from  th e s e  s t r u c t u r e s ,  a b o l i s h  l e a r n e d  
b r a d y c a r d ia ,  and d im in is h  th e  b r a d y c a r d ia  a s s o c i a te d  w i th  th e  
o r i e n t i n g  r e f l e x  (OR) i n  th e  r a b b i t .  In  th e  p r e s e n t  e x p e rim e n t 
r a b b i t s  w i th  s im i l a r  k n i f e  c u t s  w ere e x p o sed  to  c l a s s i c a l  c o n d i
t i o n i n g  p a ra m e te r s  t h a t  a r e  o p t im a l  f o r  e y e b lin k  c o n d i t i o n in g  ( i . e .  
450 msec I S I ) . A 500 m sec , 1216 Hz, 75 db to n e  s e rv e d  a s  th e  co n 
d i t i o n a l  s t im u lu s  (CS) , and a 250 m sec , 3 mA p a r a o r b i t a l  e l e c t r i c  
sh o ck  t r a i n  was th e  u n c o n d i t i o n a l  s t im u lu s  (UCS). HR c o n d i t i o n in g  
was g r e a t l y  d im in is h e d  i n  th e s e  a n im a ls  b u t  EB c o n d i t i o n in g  a p p e a r 
ed n o rm al com pared to  sham a n im a ls  and a p s e u d o c o n d i t io n in g  sham 
c o n t r o l  g ro u p . H ow ever, s i g n i f i c a n t  b r a d y c a r d ia  o c c u r r e d  a f t e r  CS 
o f f s e t  on t e s t  t r i a l s  d u r in g  w hich  th e  UCS was n o t  p r e s e n t e d .  The 
c a r d i a c  com ponent o f  th e  OR was how ever n o t  d im in is h e d  i n  th e  
l e s io n e d  a n im a ls .  In  a seco n d  e x p e rim e n t r a b b i t s  w ith  c o ro n a l  
k n i f e  c u t s ,  w h ich  i n t e r r u p t  th e s e  d e s c e n d in g  t r a c t s  a s  th e y  p a s s  
th ro u g h  th e  l a t e r a l  h y p o th a la m u s , and sham c o n t r o l  a n im a ls ,  r e 
c e iv e d  a s in g l e  s e s s io n  o f  d i f f e r e n t i a l  c a r d i a c  c o n d i t i o n in g  w ith  
a 4 s e c  I S I .  No d i s c r im i n a t iv e  c a r d i a c  re s p o n d in g  was o b ta in e d  in  
any e x p e r im e n ta l  a n im a l.  T hese f in d in g s  a r e  c o m p a tib le  w i th  o u r 
o r i g i n a l  s tu d y  in  w hich  p a r a s a g g i t a l  k n i f e  c u t s  v i r t u a l l y  e l i m i 
n a te d  d i f f e r e n t i a l  c a r d i a c  re s p o n d in g  when a  4 s e c  IS I  was em ployed 
A nim als w i th  k n i f e  c u t s  i n  b o th  th e  p r e s e n t  e x p e r im e n ts  showed n o r 
m al c a r d i a c  r e s p o n s e s  to  th e  u n c o n d it io n e d  s t im u lu s ;  how ever o n ly  
th e  c o ro n a l  c u t s  d e c re a s e d  r e s p o n s e s  to  a  n o v e l  u n r e in f o r c e d  to n e .  
T hese f in d in g s  s u g g e s t  t h a t  a sy s te m  c o u rs in g  th ro u g h  th e  l a t e r a l  
h y p o th a la m u s  from  u p p e r  f o r e b r a in  a r e a s  i s  n e c e s s a r y  f o r  le a r n e d  
b r a d y c a r d ia  b u t  n o t  f o r  le a r n e d  so m atom otor c h a n g e s . H ow ever, 
h y p o th a la m ic  m echanism s a re  a p p a r e n t ly  n o t  n e c e s s a r y  f o r  th e  con
t r o l  o f  le a r n e d  b r a d y c a r d ia ,  s in c e  h y p o th a la m ic  c e l l s  w ere i n t a c t  
i n  a l l  o f  t h e s e  e x p e r im e n ts .  The l a t t e r ,  h o w ev er, may c o n t r i b u t e  
t o ,  b u t  n o t  be c o m p le te ly  r e s p o n s i b le  f o r  th e  b r a d y c a r d ia  a s s o c i 
a te d  w i th  o r i e n t i n g .  The f a c t  t h a t  s i g n i f i c a n t  b r a d y c a r d ia  o c c u r -  
ed on t e s t  t r i a l s  i n  l e s io n e d  a n im a ls  when s h o r t  I S I s  w ere em ploy
ed i n  e x p e r im e n t 1 may r e f l e c t  a  n o n - a s s o c ia t iv e  p r o c e s s  s im i l a r  
to  o r i e n t i n g  in  r e s p o n s e  to  th e  o m is s io n  o f  th e  UCS on th e s e  t r i a l s

S u p p o rte d  by VA I n s t i t u t i o n a l  R e se a rc h  Funds

202.5 HRP-WGA STUDIES OF PREMOTOR CEREBELLAR-BRAIN STEM PATHWAYS FOR 
THE CLASSICALLY CONDITIONED NICTITATING MEMBRANE RESPONSE. M.E. 
R o s e n f ie ld  and J.W . M oore. D e p t. P s y c h o lo g y , U n iv e r s i ty  o f  
M a s s a c h u s e t t s ,  A m h ers t, MA 01003 .

L e s io n s  o f  c e r e b e l l a r  a n t e r i o r  n u c le u s  i n t e r p o s i t u s  (Y eo, C .H ., 
e t .  a l . ,  Exp. B ra in  R e s . ,  6 0 :  8 7 , 1 9 8 5 ) , b rac h iu m  c o n ju n c tiv u m  
(M cCorm ick, D .A ., e t .  a l . , B ra in  R e s . , 244: 4 7 , 1 9 8 2 ) , r e d  
n u c le u s  ( R o s e n f i e ld ,  M.E. and M oore, J .W .,  B ehav. B ra in  R e s . ,  
10: 398 , 1 9 8 3 ) , o r  th e  r u b r o b u lb a r  t r a c t  ( R o s e n f i e ld ,  M .E ., e t .  
a l . ,  P h y s io l .  B ehav . ,  34: 751 , 1985) d i s r u p t  o r  p r e v e n t  c l a s s i c a l  
c o n d i t i o n in g  o f  th e  r a b b i t  n i c t i t a t i n g  membrane (NM) r e s p o n s e .  
L e s io n s  o f  th e  s u p r a t r i g e m in a l  r e t i c u l a r  fo rm a tio n  a l s o  d i s r u p t  NM 
c o n d i t io n e d  r e s p o n s e s  (Desmond, J .E .  and M oore, J .W .,  P h y s i o l . 
B ehav . 28: 1029, 1 9 8 2 ). S u b se q u e n t a n a to m ic a l  (Desmond, J . E . ,  
e t .  a l . ,  B ra in  R es. B u l l . ,  10: 747 , 1983) and p h y s io l o g ic a l  
(Desmond, J .E .  and M oore, J .W .,  B ra in  R es. B u l l . ,  10: 765 , 1983) 
a l s o  im p l ic a te  th e  s u p r a t r i g e m in a l  r e t i c u l a r  fo rm a tio n  in  NM con
d i t i o n i n g :  N eurons i n  t h i s  r e g io n  (a )  p r o j e c t  b i l a t e r a l l y  to  th e  
a c c e s s o r y  a b d u cen s  n u c l e i ,  l o c i  o f  r e t r a c t o r  b u l b i  m o to n eu ro n s 
t h a t  m e d ia te  th e  c o n d i t io n e d  r e s p o n s e ,  and (b) f i r e  in  r e l a t i o n  to  
c o n d i t io n e d  r e s p o n d in g .

In  o r d e r  to  i n v e s t i g a t e  w h e th e r  th e  s u p r a t r i g e m in a l  r e t i c u l a r  
fo rm a tio n  i s  i n n e r v a te d  d i r e c t l y  by th e  c e re b e llu m  v i a  a  d e s c e n d 
in g  lim b  o f  b rac h iu m  c o n ju n c tiv u m  (W oodson, W. and A n g a u t, P . ,  
Exp. B ra in  R e s . ,  56 : 167, 1 9 8 4 ) , WGA-HRP was im p la n te d  i n to  
c e r e b e l l a r  deep  n u c l e i  d e n ta t e  a n d /o r  i n t e r p o s i t u s ,  r e d  n u c le u s ,  
o r  th e  s u p r a t r i g e m in a l  r e t i c u l a r  f o rm a tio n  o f  10 r a b b i t s .  TMB 
r e a c t e d  t i s s u e  r e v e a l s  no e v id e n c e  o f  a  d e s c e n d in g  lim b  p r o j e c t i o n  
( te r m in a ls )  to  s u p r a t r i g e m in a l  r e t i c u l a r  fo rm a tio n  from  c e r e b e l 
lum . Nor have  we o b s e rv e d  e v id e n c e  o f  p r o j e c t i o n s  to  s u p r a t r i g 
e m in a l r e t i c u l a r  fo rm a tio n  from  re d  n u c le u s .  G e n e r a l ly ,  o b s e rv e d  
p a t t e r n s  o f  a n t e r o -  and r e t r o g r a d e  l e a r n in g  c o n f irm  p r e v io u s ly  
p u b l is h e d  HRP d a ta  from  o u r  l a b o r a to r y .

S u p p o rte d  by NSF g r a n t  BNS 85-06989  and AFOSR g r a n t  8 3 -0 2 1 5 .

202.6  AMYGDALA LESIONS BLOCK FEAR-ENHANCED STARTLE USING EITHER VISUAL OR 
AUDITORY CONDITIONED STIMULI. J .M . H itc h c o c k  and  M. D av is  D ep ts . 
o f  P sy c h o lo g y  and  P s y c h ia t r y ,  Y a le  U n i v e r s i t y ,  Conn. M en ta l H e a lth  
C t r . ,  R i b i c o f f  R es . F a c . ,  34 P a rk  S t . ,  New H aven, CT 06508.

C o n s id e ra b le  e v id e n c e  i n d i c a t e s  t h a t  th e  am ygdala  i s  in v o lv e d  in  
i n n a t e  and  c o n d i t i o n e d  f e a r .  L e s io n s  o f  th e  am ygdala  re d u c e  in n a te  
an d  c o n d i t i o n e d  f e a r ,  s t i m u l a t i o n  o f  th e  am y g d ala  e l i c i t s  s p e c i e s - 
t y p i c a l  f e a r  an d  d e fe n s e  r e a c t i o n s ,  and  o p i a t e s  o r  b e n z o d ia z e p in e s  
i n j e c t e d  d i r e c t l y  i n to  th e  am ygdala  h av e  a n x io l y t i c  e f f e c t s .  
C o n s i s te n t  w i th  t h i s ,  we h a v e  fo u n d  t h a t  l e s i o n s  o f  th e  am ygdala 
b lo c k  p o t e n t i a t e d  s t a r t l e  (H i tc h c o c k  & D a v is ,  B eh . N e u r o s c i . , 100, 
1986) , a  m easu re  o f  f e a r  c o n d i t i o n in g  i n  w h ich  a  l i g h t  t h a t  h as  
p r e v i o u s ly  b e e n  p a i r e d  w i th  sh o c k  e n h a n ce s  th e  a m p l i tu d e  o f  th e  
a c o u s t i c  s t a r t l e  r e f l e x .  B ecau se  a  l i g h t  was u s e d  a s  th e  
c o n d i t i o n e d  s t im u lu s  (CS) i n  t h a t  s tu d y ,  i t  i s  p o s s ib l e  t h a t  th e  
e f f e c t  o f  am ygdala  l e s i o n s  on p o t e n t i a t e d  s t a r t l e  i s  l im i t e d  to  
s i t u a t i o n s  i n v o lv in g  v i s u a l  i n f o r m a t io n .  T h e r e f o r e ,  th e  p r e s e n t  
s tu d y  e v a lu a t e d  th e  e f f e c t  o f  am ygdala  l e s i o n s  on p o t e n t i a t e d  
s t a r t l e  u s in g  an  a u d i t o r y  CS.

I n  a  p r e l im in a r y  e x p e r im e n t ,  we r e p l i c a t e d  and  e x te n d e d  e a r l i e r  
f i n d i n g s  (G a lv a n i ,  B eh . R e s . M e th . I n s t r u . , 2 , 1970; S i e g e l ,  J . 
Comp. Phy s . P s y c h . ,  64 , 1967) t h a t  a  to n e  i s  an  e f f e c t i v e  CS f o r  
p o t e n t i a t e d  s t a r t l e .  I n  a  s e c o n d  e x p e r im e n t ,  r a t s  w ere g iv e n  10 
to n e - s h o c k  p a i r i n g s  on 2 s u c c e s s iv e  d a y s . A t 2 4-48  h r  fo l lo w in g  
t r a i n i n g ,  th e  r a t s  r e c e iv e d  b i l a t e r a l  e l e c t r o l y t i c  l e s i o n s  o f  th e  
c e n t r a l  n u c le u s  o f  th e  am ygdala  o r  sham o p e r a t io n s .  T e s t in g  f o r  
p o t e n t i a t e d  s t a r t l e  o c c u r r e d  4 -5  d ay s  l a t e r .  The am ygdala  l e s io n s  
im p a ire d  p o t e n t i a t e d  s t a r t l e  u s in g  an  a u d i t o r y  CS, c o n s i s t e n t  w ith  
p r e v io u s  f in d i n g s  u s in g  a  v i s u a l  CS. I n  a  t h i r d  e x p e r im e n t ,  r a t s  
w ere  g iv e n  10 l ig h t - s h o c k  p a i r i n g s  an d  10 to n e - s h o c k p a i r in g s  i n  th e  
same t r a i n i n g  s e s s i o n  on 2 s u c c e s s iv e  d a y s . A t 2 4-48  h r  fo l lo w in g  
t r a i n i n g ,  th e  r a t s  r e c e iv e d  am ygdala  l e s i o n s  o r  sham o p e r a t io n s .  
F iv e  d ay s  l a t e r  th e y  w ere t e s t e d  f o r  p o t e n t i a t e d  s t a r t l e  u s in g  
v i s u a l  an d  a u d i t o r y  CSs i n  th e  same t e s t  s e s s i o n .  The s h a m -o p e ra te d  
r a t s  showed p o t e n t i a t e d  s t a r t l e  w i th  e i t h e r  th e  v i s u a l  o r  a u d i to r y  
CS . A m ygdala l e s i o n s  b lo c k e d  p o t e n t i a t e d  s t a r t l e  u s in g  b o th  v i s u a l  
an d  a u d i t o r y  C S s.

T h ese  d a ta  i n d i c a t e  t h a t  th e  e f f e c t  o f  am ygdala  l e s i o n s  on 
p o t e n t i a t e d  s t a r t l e  i s  n o t  s p e c i f i c  t o  one s e n s o r y  m o d a l i ty ,  
c o n s i s t e n t  w i th  th e  h y p o th e s i s  t h a t  th e  am ygdala  i s  in v o lv e d  in  
p r o c e s s in g  m u ltim o d a l in fo r m a t io n  r e l a t e d  to  f e a r .  C u r r e n t ly ,  we 
a r e  a t t e m p t in g  to  d e l i n e a t e  th e  v i s u a l  an d  a u d i t o r y  p a th w ay s n eed ed  
to  s u s t a i n  e a c h  ty p e  o f  p o t e n t i a t e d  s t a r t l e  b y  u s in g  th e  t r a i n i n g  and 
t e s t i n g  p a ra d ig m  t h a t  em ploys b o th  v i s u a l  and  a u d i t o r y  CSs i n  th e  
same s e s s i o n .  We a r e  a l s o  i n v e s t i g a t i n g  p o s s ib l e  c o n n e c t io n s  from  
th e s e  s e n s o r y  p a th w ay s t o  th e  am y g d a la , and  th e  p a th w ay  from  th e  
am ygdala  t o  th e  s t a r t l e  r e f l e x  p a th w ay .
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202.7 MULTIPLE VISUAL PATHWAYS CAN MEDIATE NICTITATING 
MEMBRANE CONDITIONING TO A VISUAL CS. O. 
K o u ta l i d i s * ,  A. Fo s t e r *  and  D .J .  W eisz . D e p artm en t o f 
P sy c h o lo g y , Y ale  U n i v e r s i t y ,  New H aven, CT 06520 .

We i n v e s t i g a t e d  th e  CS p a th w ay  n e c e s s a r y  f o r  
a c q u i s i t i o n  o f  th e  c o n d i t io n e d  n i c t i t a t i n g  membrane 
r e s p o n s e  (NMR) in  r a b b i t  u s in g  a v i s u a l  CS. B i l a t e r a l  
l e s i o n s  u s in g  a s p i r a t i o n  and  ib o t e n i c  a c i d  w ere  made 
s i n g l y  and  in  v a r io u s  c o m b in a t io n s  t o  d o r s a l  and  
v e n t r a l  l a t e r a l  g e n i c u l a t e  (LGd and  LGv) ,  s u p e r f i c i a l  
and  d eep  l a y e r s  o f  s u p e r i o r  c o l l i c u l u s  (SCs and  SCd) ,  
th e  n u c l e i  o f  th e  p r e t e c t a l  a r e a  (PTA ), and  v i s u a l  
c o r t e x  (V C). A ll  o f  t h e s e  r e c e i v e  d i r e c t  r e t i n a l  
in p u t  e x c e p t  f o r  VC and  SCd. F o r t e c h n i c a l  r e a s o n s  
i b o t e n i c  a c i d  l e s i o n s  o f  LGd w ere com bined  w ith  
a s p i r a t i o n  o f  VC to  rem ove th e  LGd o u tp u t .  A n im als 
w ere t r a i n e d  w ith  a  600 ms l i g h t  (2 8 1 x ) a s  t h e  CS and  
a 100 ms a i r  p u f f  to  th e  c o rn e a  a s  th e  UCS (IS I= 5 0 0  
m s e c ) . F o llo w in g  r e c o v e r y  from  s u r g e r y ,  a n im a ls  w ere 
t r a i n e d  f o r  100 t r i a l s  p e r  d a y  e i t h e r  t o  a c q u i s i t i o n  
c r i t e r i o n  o r  a  maximum o f 14 d a y s .  A n im als n o t  
a c q u i r in g  by Day 14 w ere t r a i n e d  w ith  an  a u d i t o r y  CS 
to  c r i t e r i o n ,  and  th e n  g iv e n  7 a d d i t i o n a l  d a y s  o f 
v i s u a l  t r a i n i n g .

L e s io n s  r e s t r i c t e d  t o  s i n g l e  s t r u c t u r e s  (LGv+LGd, 
PTA, S C s , VC) d id  n o t  r e t a r d  a c q u i s i t i o n  o f  c o n d i t io n e d  
NMRs. Combined l e s i o n s  o f  SCs+PTA and  LGv+LGd+PTA 
a l s o  d id  n o t s lo w  th e  r a t e  o f  c o n d i t i o n i n g .  L e s io n s  
o f  th e  LGv+LGd+SCs (mean t r i a l s  t o  c r i t e r i o n = 9 8 0 ) 
r e t a r d e d  c o n d i t i o n in g  (p < .0 5 )  when com pared  to  
c o n t r o l s  (m ean= 530), s u g g e s t in g  t h a t  t h e  PTA was l e s s  
e f f e c t i v e  in  m e d ia t in g  NMR c o n d i t i o n in g  th a n  w ere th e  
l a t e r a l  g e n i c u l a t e  (LG) o r  SCs. L e s io n s  o f  th e  
SCs+SCd a l s o  s lo w ed  c o n d i t i o n i n g  w ith  no a n im a l 
a c q u i r in g  by Day 14 (o r  1400 t r i a l s ) .  The SCd 
r e c e i v e s  in p u t  from  th e  LGd v i a  th e  VC and  from  th e  
LGv, and  i t  i s  p o s s i b l e  t h a t  th e  com bined  SCs+SCd 
l e s i o n  d i s r u p t e d  th e  p r o j e c t i o n s  t o  th e  c o n d i t i o n in g  
c i r c u i t  o f  t h e  SCs d i r e c t l y  and  o f  th e  LGd and  LGv 
i n d i r e c t l y  v i a  SCd. As e x p e c te d  l e s i o n s  o f  th e  
PTA+SCs+LGv+LGd p r e v e n te d  c o n d i t i o n in g  o v e r  21 d ay s  
o f t r a i n i n g  w ith  th e  v i s u a l  CS b u t  n o t  w ith  th e  
a u d i t o r y  CS. T hese  d a t a  i n d i c a t e  t h a t  m u l t i p l e  
p a th w ay s can  c a r r y  in f o r m a t io n  from  th e  r e t i n a  t o  th e  
c i r c u i t  m e d ia t in g  NMR c o n d i t i o n i n g ,  and  th e y  s u g g e s t  
t h a t  th e  PTA may be l e s s  im p o r ta n t  th a n  LG o r  SCs.

202.8 STIMULATION OF RED NUCLEUS AS UNCONDITIONED STIMULUS DOES NOT LEAD 
TO CLASSICAL CONDITIONING OF EYEBLINK RESPONSE IN RABBIT. P. F. 
Chapman*, and R. F. Thompson (SPON: L. Ganz) Department of Psych. 
Stanford University, Stanford, CA 94305

The importance of the olivocerebellorubral system, as well as the 
pontocerebellar mossy fiber system to the conditioned eyeblink 
response in the rabbit has been well documented. Lesions of the 
cerebellar nuclei permanantly abolish the conditioned response 
(CR) (McCormick et  al . Science, 1982) as do lesions of the red 
nucleus (Haley et al . Neuro. Abst., 1983). Furthermore, the use 
of direct  stimulation of the climbing fiber system originating 
in the inferior olive as an unconditioned stimulus (US) and 
the mossy fiber  system from the pontine or reticular nuclei as 
the conditioned stimulus (CS) will produce normal conditioning, 
indicating the sufficiency of transmitting this information to 
the cerebellum. Conversely, while stimulation of the anterior 
interpositus as the US will produce eyelid closure, the UR, i t  will 
not lead to the expression of conditined responses (CR), implying 
the necessity of processing the information in the cerebellum. 
In this study, we demonstrate that the red nucleus (RN) is involved 
in the expression of the conditioned response, but not necessary 
for the development or maintenance of learning related p las tic i ty .

Subjects were male albino rabbits weighing between 2 and 3 kg. 
Electrodes were placed stereotaxically in the caudal RN, under 
asceptic conditions, and halothane anaesthesia. Following 
recovery (one week), electrode placement was tested by stimulating 
using 30 ms. trains of 0.2 msec pulses (200 ua) at 200 Hz. If 
stimulation produced closure of the contralateral eye, subjects 
exposed to paired presentations of a 1 kHz tone and stimulation of 
the RN, following the standard tone and a ir  puff eyelid paradigm. 
Following five days of trainng, the animals exhibited no CRs.
Subjects were then switched from stimulation to air  puff training.

Animals that were trained with stimulation of the RN as the 
US failed to acquire CRs in the five training days. Animals 
learned normally, as compared to controls when air  puff was 
substituted for stimulation. The normal acquisition of CR to a ir  
puff following RN stimulation is  in contrast to significantly 
faster acquisition following stimulation of interpositus (Chapman, 
Neur. Abst., 1985).

Supported by NSF (BNS-8106648), ONR (N00014-83-K-0238) and the 
Mcknight Foundation to RFT.

202.9 LESIONS IN THE PONTINE NUCLEAR REGION SELECTIVELY ABOLISH CLASSI
CALLY CONDITIONED EYELID RESPONSES IN RABBITS. J . E. Steinmetz, 
C.G. Logan, D.J. Rosen*, D.G. Lavond and R.F. Thompson. Department 
of Psychology, Stanford University, Stanford, CA, 94305.

Recent studies have demonstrated that mossy fibers project 
sufficient and necessary information to the cerebellum concerning 
occurrence of the conditioned stimulus (CS) during classical  con
ditioning (Solomon et a l . ,  Bull. Psychon. Soc., 24, 1986; Steinmetz 
et  a l . ,  Bull. Psychon. Soc., 23, 1985). In the present study, 
electrolytic lesions were placed in lateral regions of the pontine 
nuclei, an area that appears to receive auditory input, in hopes of 
selectively abolishing conditioned eyelid responses (CRs) estab
lished with an acoustic CS. Under halothane anesthesia, 28 albino 
rabbits were chronically implanted with bilateral lesioning elec
trodes into the region of the dorsolateral and lateral pontine 
nuclei. The animals were then classically  conditioned with daily 
training sessions (108 tr ia ls /session) by pairing a tone CS with an 
airpuff unconditioned stimulus (US). After conditioning criterion 
was reached with the tone CS, the animals were trained to criterion 
using a light CS and the airpuff US. Bilateral e lectrolytic  
lesions were then placed into the lateral pontine nuclear region 
through the previously implanted lesioning electrodes. Twenty-four 
hours after  lesioning, paired CS-US training was reinstated and 
continued for 8-12 days (4-6 days of tone training and 4-6 days of 
light  training). Our results indicate that lesions placed in 
regions of the caudal dorsolateral and lateral pontine nuclei 
selectively abolish CRs established with the acoustic CS while 
leaving in tact the light CR. Lesions placed in other regions of 
the pontine nuclei and in brainstem regions caudal to the pontine 
nuclei were not effective in abolishing the acoustic CR. These 
data support the possibili ty  that information concerning the 
occurrence of the acoustic CS is relayed to the cerebellum via 
mossy fibers that originate in the region of the caudal pontine 
nuclei .

This research was supported by an NIMH fellowship (F32-MH08994) 
to JES, a NINCDS New Investigator Research Award (1-R23-NS21853-01) 
to DGL and by grants from NSF (BNS-8106648), ONR (N00014-83-K-0238) 
and the Mcknight Foundation to RFT.

202.10 RETENTION OF CLASSICAL CONDITIONING AFTER REMOVAL OF CEREBELLAR 
CORTEX. D.G. Lavond, J.E. Steinmetz, M.H. Yokaitis*, J.  Lee*, & 
R.F. Thompson. Dept of Psych, Stanford Univ, Stanford, CA 94305.

Lesions of the cerebellar interpositus nucleus prevent learn
ing and retention of a classically conditioned eyeblink without 
affecting the unlearned reflex (Clark, McCormick, Lavond & 
Thompson, Brain Res. , 291:125-136, 1984) whereas large lesions of 
the cerebellar cortex alone do not abolish the learned behavior 
(McCormick & Thompson, Science, 223:296-299, 1984). However, 
lesions of Larsell 's  hemispheral lobule VI are said to abolish 
the learned response (Yeo, Hardiman & Glickstein, Exp. Brain 
Res., 60:99-113, 1985). In several subsequent studies we removed 
HVI without abolishing the learned response when using our t r a in 
ing paradigms (Woodruff-Pak, Lavond & Thompson, Brain Res., 348: 
249-260, 1985; Woodruff-Pak, Lavond, Logan, Steinmetz & Thompson, 
Neurosci. Abstr. , 11:333, 1985).

The current study is our las t attempt to substantiate the 
claim that cerebellar HVI is essential for classical condi
tioning. We replicated the paradigm used by Yeo et a l . (91 dB 
SPL white noise CS; light CS; 2 mA, 60 Hz face-shock UCS; 550 ms 
CS; 50 ms UCS; 15 sec in te r tr ia l  interval; 100 white-noise CS & 
100 light CS t r i a l s  per day; 5 days of training, cerebellar 
aspirat ion, 1 week recovery, 5 days of retraining). We retrained 
for 5 more days, then trained to cr iterion on our usual paradigm 
using f i r s t  white noise then light CS (350 ms CS; 100 ms 2.1 
N/cm2 corneal airpuff; 108 t r ia l s  per day; 20-40 sec in te r tr ia l  
in terval).  We present coronal sections of the cerebellum and 
inferior olive as used by Yeo et a l . ,  along with views from 
Larsell 's  monograph and Brodal's surface diagram, and figures of 
daily CR amplitude and percent of the behavior.

All rabbits relearned following the lesion. Four rabbits had 
complete HVI removal and 6 more rabbits had lesions comparable to 
a composite of the common area of lesion (cf.  Lashley) derived 
from Yeo et a l . ' s  published data. The pattern of inferior olive 
degeneration includes and exceeds that seen after  injection of 
HVI with HRP (Yeo, Hardiman & Glickstein, Exp. Brain Res., 60: 
114-126, 1985) but does not include the rostral 10 seen in Yeo et 
a l . ' s  lesion study. Stimulation of the rostral 10 is an effec
tive UCS (Steinmetz, Lavond & Thompson, Neurosci. Abstr. , 11:982, 
1985).

Our evidence indicates that complete removal of HVI, per se, 
does not permanently abolish the eyelid conditioned response.

Supported by a NINCDS New Investigator Research Award to DGL 
(1 R23 NS21853-01), and by grants from the National Science 
Foundation (BNS-8106648), the Office of Naval Research (N00014- 
83-k-0238) and the Mcknight Foundation to RFT.
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202.11 PRELIMINARY EVIDENCE FOR A PROJECTION FROM THE COCHLEAR NUCLEUS 
TO THE PONTINE NUCLEAR REGION. J.K. Thompson*, D.G, Lavond and 
R.F. Thompson. Department of Psychology, Stanford University, 
Stanford, CA 94305.

Current findings from lesions suggest that the pontine nuclei 
may serve as a relay for auditory CS information to the cere
bellar memory trace circuit  in eyelid conditioning in the rabbit 
(Solomon et a l . ,  Bul l . Psychon. Soc. , 24:75-78, 1986; Steinmetz 
et a l . ,  Neurosci. Abstr. , in press, 1986).

In the present experiment we explore possible direct 
anatomical connections from auditory nuclei to the pontine 
nuclei, using retrograde transport of a fluorescent tracer .  
Injections were made in the lateral  pontine nuclei and control 
injections in surrounding regions. The rabbits were anesthe
tized and stereotaxically injected (0.2 u l ) with the fluorescent 
tracer  Fast Blue. Click-evoked potential recordings from the 
injection needle t ip  were used to guide localization of the 
injection s i tes .  Survival time was 8 days, at which time the 
rabbits were perfused with a paraformaldehyde-phosphate buffer 
solution. The brains were sectioned within 1-3 days.

Injections in the lateral  pontine nuclear region resulted in 
marked labeling in the contralateral ventral cochlear nucleus, 
lesser labeling in the contralateral dorsal cochlear nucleus 
and some labeling (mostly ip s i la te ra l)  in the superior olivary 
nucleus. Control injections in the ventral nucleus of the 
lateral  lemniscus resulted in labeling in contralateral dorsal 
cochlear nucleus and less in ventral cochlear nuclues, in 
agreement with earl ier  l i te ra tu re .  These results suggest there 
may be a direct projection from the ventral cochlear nucleus to 
the contralateral lateral pontine nuclear region.

Supported by grants from the National Science Foundation 
(BNS-8106648), the Office of Naval Research ( N00014-83-K-0238) 
and the Mcknight Foundation to  RFT, and the National In s t i tu te
of Nervous and Communicative Disorders and Strokes (1 R23 
NS21853-01) to DGL.

202.12 ACOUSTIC RELATED RESPONSES RECORDED FROM THE REGION OF THE PON
TINE NUCLEI. C.G. Logan*, J.E. Steinmetz and R.F. Thompson (SPON: 
N.H.Donegan). Department of Psychology, Stanford University, 
Stanford, CA 94305.

One requirement for a s i te  of plas tic i ty  in Pavlovian condition
ing is that i t  receive input about both the conditioned stimulus 
(CS) and the unconditioned stimulus (US). The cerebellum has 
been found to be essential for the rabbit conditioned eyeblink 
response, and there is strong evidence that  the dorsal accessory 
olive (DAO) provides the cerebellum with US information via 
climbing fiber input. Recent studies indicate that mossy fiber 
input is  both necessary and sufficient for relaying CS infor
mation to the cerebellum. Lesions of the middle cerebellar 
peduncle (MCP) abolish conditioned responses to tone, l igh t ,  and 
ta c t i le  CSs, and stimulation of pontine nuclei can serve as an 
effective CS. The source of auditory CS input to the cerebellum, 
however, remains unknown. Since the pontine nuclei are the rich
est source of mossy fiber input projecting to the cerebellum via 
the MCP, we mapped the pontine nuclei and more caudal brainstem 
regions for auditory potentials evoked with a click stimulus.

New Zealand white rabbits were acutely maintained under halo- 
thane anesthesia (2-3%) throughout the mappings. A click was 
produced by passing a voltage pulse through a speaker which was 
located approximately 6 inches from the animal's ear. Evoked 
potentials were recorded at 1 mm increments in an area extending 
from 9.5-14.5 mm posterior to bregma, 18-24 mm ventral to bregma 
and 0-4 mm from midline. Auditory EPs with an onset latency of 
3.5-5 msec were recorded in the ventrolateral region of the 
pontine nuclei and in a somewhat more rostral midline region of 
the pontine nuclei. Additionally, potentials were recorded from 
classic auditory areas including the superior olive,  ventral 
nucleus of the lateral  lemniscus and nucleus of the trapezoid 
body. Multiple and single unit recordings were also made in a 
group of awake, behaving rabbits through electrodes lowered 
through previously implanted manipulator bases. Units in the 
ventrolateral pontine region were found to respond with short 
latency to acoustic stimulus onset (to both a 1 kHz tone and 
white noise). Histological reconstruction for both groups was 
done on the basis of marking lesions placed in some of the 
auditory-responsive areas.

Together with lesion data involving ventrolateral regions of 
the pontine nuclei (Steinmetz et  a l . ,  Neurosci. Abstr. , 1986), 
these data suggest that this area may serve as an important relay 
to the cerebellum for acoustic CSs used during classical condition
ing.
Supported by an NSF predoctoral fellowship to CGL, an NIMH fellow
ship (F32-MH08994) to JES and by grants from NSF (BNS-8106648), 
ONR (N00014-83-K-0238) and the Mcknight Foundation to RFT.

202.13 EFFECTS OF ASPIRATION OF CEREBELLAR CORTEX ON RETENTION OF 
EYEBLINK CONDITIONING USING STIMULATION OF DIFFERENT MOSSY FIBER 
SOURCES AS CONDITIONED STIMULI. B. Knowl ton, G. Beekman*, 
D. Lavond, J .  Steinmetz & R. Thompson. Dept. of Psychology, 
Stanford University, Stanford, CA 94305.

Lesion, recording, stimulation and pharmacological studies 
have identified the essential involvement of the cerebellar 
interpositus nucleus in the acquistion and retention of the 
classically conditioned eyeblink in the rabbit. Lesion 
studies have less clearly demonstrated the essential involve
ment of the cerebellar cortex. This may be due to the nature 
of a peripheral CS. A tone or l ight CS probably reaches the 
cerebellar  cortex and interpositus nucleus in parallel and 
terminates over a widespread area. The activation of a CS 
pathway that terminates primarily in a resticted area of 
ei ther  structure may provide a solution. Recently, rapid and 
robust associative conditioning has been demonstrated when 
electrical stimulation of 2 mossy fiber  sources, the dorso
lateral  pontine nucleus (DLPN) or the lateral  reticular  nuc
leus (LRN) has been used as a CS. These brainstem nuclei differ 
in their  cerebellar projections. The LRN projects predomin
ately to the interpositus nucleus, while the DLPN project 
primarily to the cerebellar cortex. In the present study, stim
ulation of the DLPN or LRN was used as a CS to investigate 
the effect of unilateral aspirations of cerebellar cortex on 
retention of the CR. Adult male New Zealand rabbits were im
planted with bipolar stimulating electrodes in the DLPN or 
LRN. Training consisited of 108 t r i a l s  per day over 4 or 5 
consecutive days with stimulation in the LRN or DLPN (both 
200 Hz, 350 ms, 60-120 ua), paired with a coterminating a ir -  
puff (100 ms, 2.1 N/cm2). Unilateral aspiration of the anso- 
paramedian lobe resulted in an immediate and permanent abol
i tion of the CR for all DLPN trained animals. All LRN 
trained animals relearned the task after  surgery. These 
results suggest that the cr i t ica l  loci in the cerebellum for 
lesion abolition of the conditioned eyelid response depend on 
the patterns of projections of mossy fibers activated by the CS.

Supported by an NSF predoc. fellowship to BK, an NIMH predoc. 
fellowship to GB, an NINCDS Award (1 R23 NS21853-01) to DL, a 
NIMH fellowship (F32-MH08994) to JS, and grants from NSF (BNS- 
8106648), ONR (N00014-83-K-0238) and the Mcknight Found. to RT.

202.14 a COMPARATIVE BIOCHEMICAL STUDY OF THE SUPRA-AND 
SUBESOPHAGEAL DIVISIONS OF OCTOPUS BRAIN. J.D. Robertson and 
P. Lee*. Dept. of Anatomy, Duke Unlv. Sch. of Med., Durham, N.C. 
27710. J.Z. Young (The Anatomy of the Nervous System of Octopus 
vulgaris. Oxford Univ. Press, 1971) has shown that essentially all 
associative learning functions in the Octopus brain take place in 
the supraesophageal mass. Based upon extirpation experiments, the 
vertical lobe is considered essential for visual and the posterior 
buccal lobe for tactile learning. We have conducted an analysis of 
the proteins present in the two main divisions of the brain by SDS- 
polyacrylamide gel electrophoresis with the aim of identifying 
proteins that are peculiar to the supraesophageal division and 
hence possibly related to associative learning. Live specimens of 
Octopus vulgaris from the North Carolina coast were kept in 
running sea water tanks at the Duke Marine Laboratory in Beaufort 
until needed. All the tentacles of a live animal were rapidly 
severed with a scalpel. The supra- and subesophageal masses were 
then removed and homogenized separately on ice in 200 mM 
cacodyl ate buffer at pH 7.4 with or without protease inhibitors (0.1 
mM PMSF, EDTA and a 1:10000 dilution of a stock solution of 
leupeptin, chymostatin, pepstatin A and antipain 25 mg/ml each). 
Protein concentration was determined by the method of Bradford. 
We found a group of four proteins with molecular weights in the 
range of 20000-30000 that are present in the supra- but weak or 
absent in the subesophageal homogenate. There is another group of 
three proteins in the 10000-20000 range that is very prominent in 
the supra- but weak in the subesophageal lobe. This latter group of 
proteins may include one considered to be histones by Gluditta  et 
al. (J. Neurochem., 29:235, 1977) and the 17000 d 0-1 Octopus 
brain specific protein described by Giuditta  et al. [Scand. J. 
Immunol. 15(Supp. 9):241, 1982]. Supported by a gift from R.J. 
Reynolds Industries. We acknowledge the technical assistance of 
Ms. Cheryl Bock.
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202.15 EFFECT OF ZONA INCERTA LESIONS ON TIMING: APPLICATION OF A NEW 
METHOD OF FUNCTIONAL MAPPING. J L. Eberling and S. Roberts. 
Dept. of Psychology, Univ. of California, Berkeley, CA 94720

One method of assigning functions to brain areas has been to 
study a variety of tasks. A given area will be used in some tasks 
but not others; the pattern of use and non-use should suggest the 
function of the area. This method has worked reasonably well with 
areas close to the input and output, but not with more central 
areas; two major problems have been finding an appropriate se t of 
tasks and deciding what processes two tasks have in common. 
Another method, used here on a small scale, avoids these problems. 
I t  begins with a purely behavioral re su lt—that two measures of a 
single response can be changed independently. This resu lt suggests 
that the response is generated by two d istin c t processes- -d istin c t 
in the sense that one can be changed without changing the other— 
and that the two measures are sensitive to d ifferen t processes. 
Determining which brain areas control each measure will suggest 
the location of the processes.

This experiment trained ra ts with the peak procedure, sim ilar 
to a d isc re te -tria ls  fixed-interval schedule. On some t r ia l s ,  the 
f i r s t  response (level-press) a f te r  40 s of signal (ligh t or sound) 
produced food and the tr ia l  ended; on other t r ia l s ,  the signal 
lasted at least 120 s and ended without food. After tra in ing , 
response rate reached a maximum about 40 s a f te r  the s ta r t  of the 
signal. Earlier work with th is procedure has shown that peak 
time-- the time of the maximum ra te , measured from the s ta r t  of the 
signal- - and peak rate (the maximum rate) are independent: Each 
can be changed without changing the other (Roberts, J. Exp. 
Psychol.: Anim. Behav. Proc. , 1981, 7, 242-268). This suggests 
that performance of th is  task depends on two d is tin c t processes, 
one that determines peak time and another that determines peak 
rate. To begin to locate these processes, we made radio-frequency 
lesions: b ila tera l zona-incerta (ZI) lesions in some ra ts (n = 5) 
and b ila teral lesions of sim ilar size in the frontal cortex of 
other rats (n = 8). Another group of ra ts (n = 18) received sham 
operations. The ZI lesions increased peak time about 10% 
(p < .05); the frontal lesions and the sham operations did not 
reliably change peak time. This agrees with e a r lie r  work 
suggesting that the ZI is  important for timing. Because ZI lesions 
had the same effect on timing ligh t and timing sound, they 
probably did not change a sensory pathway. Neither ZI nor frontal 
lesions reliably  changed peak ra te ; however, peak rate was 
measured much less precisely than peak time. The main conclusion 
is that the ZI is part of the process that determines peak time 
and that some of the frontal cortex (the region that we lesioned) 
is not.

Supported by NIMH grant MH38358.

202.16 THE ROLE OF CORTICAL AND THALAMIC AUDITORY REGIONS IN 
DIFFERENTIAL BRADYCARDIAC CONDITIONING TO ACOUSTIC STIMULI IN 
RABBITS. T. W. J a r r e l l * ,  C. G, G e n ti le * , L. M. Romanski*, 
B. J .  Rose*, P. M. McCabe, and N. Schneiderm an. D ep t. of 
P sy c h o l.,  Univ. of Miami, C oral G ab les, FL 33124.

The r e s u l t s  of a p rev io u s  s tudy  ( J a r r e l l  e t  a l . ,  S oc. 
N eurosci . A b s t r . , 1 1 :1 1 1 1 , 1985) in d ic a te  th a t  e l e c t r o l y t i c  
le s io n s  in  th e  m edial d iv is io n  of th e  m edial g e n ic u la te  
nuc leus  (mMGN) p reven t th e  a c q u is i t io n  o f d i f f e r e n t i a l  
b rad y ca rd iac  co n d itio n e d  resp o n ses  (CRs) to  a c o u s t ic  
co n d itio n e d  s t im u li  (C S s). The purpose of th e  p re se n t study  
was to  examine f u r th e r  th e  ro le  of mMGN in  b rad y ca rd iac  
c o n d itio n in g . In  a d d i t io n , th e  p re se n t experim ent examined 
th e  p o s s ib le  c o n tr ib u t io n s  of th e  v e n tra l  d iv is io n  of th e  
m edial g e n ic u la te  nucleus  (vMGN) and a u d ito ry  c o rtex  to  
d i f f e r e n t i a l  co n d itio n in g  of b rad y ca rd ia  to  to n a l s t im u li .

E le c tro d e s  were c h ro n ic a lly  im plan ted  b i l a t e r a l l y  in  mMGN, 
vMGN, or a u d ito ry  c o r te x . A fte r 7 days of recovery  from 
su rg e ry , each anim al rece iv ed  one d i f f e r e n t i a l  P avlovian  
c o n d itio n in g  se s s io n  in  which one tone (CS+) was p a ired  w ith 
e y e lid  shock, and a second tone was p resen ted  a lone  (C S -) . At 
th e  end o f t h i s  s e s s io n , e l e c t r o l y t i c  le s io n s  were produced 
through th e  im plan ted  e le c t ro d e s .  On th e  fo llow ing  day, th e  
anim als rece iv ed  an o th er c o n d itio n in g  s e s s io n .

L esions had no e f f e c t  on b a s e l in e  h e a r t  r a t e  or th e  
b rad y ca rd iac  o r ie n t in g  re sp o n se . Each group of an im als 
dem onstrated  d i f f e r e n t i a l  b rad y ca rd iac  c o n d itio n in g  during  th e  
p re le s io n  s e s s io n . During th e  p o s tle s io n  s e s s io n , anim als 
w ith le s io n s  in  vMGN con tinued  to  dem onstrate  d i f f e r e n t i a l  
CRs. However, an im als w ith  mMGN or au d ito ry  co rte x  le s io n s  
f a i le d  to  dem onstra te  d i f f e r e n t i a l  co n d itio n in g  during  th e  
p o s tle s io n  s e s s io n  due to  th e  f a c t  th a t  th e  p o s tle s io n  
response  to  th e  CS- was s ig n i f i c a n t ly  l a r g e r .

The r e s u l t s  of t h i s  s tudy  confirm  our p rev ious f in d in g  
th a t  mMGN le s io n s  a f f e c t  d i f f e r e n t i a l  b rad y ca rd iac  CRs to  
a c o u s t ic  CSs. The f a c t  th a t  e i th e r  a u d ito ry  c o rtex  or mMGN 
le s io n s  enhanced resp o n ses  to  th e  CS- su g g es ts  th a t  a 
c o r t ic o th a la m ic  pathway may be involved in  th e  in h ib i t io n  of 
resp o n ses  to  th e  CS-.

Supported by NIH HL07426.

202.17 IBOTENIC ACID LESIONS IN AMYGDALOID CENTRAL NUCLEUS PREVENT 
THE ACQUISITION OF DIFFERENTIALLY CONDITIONED BRADYCARDIAC 
RESPONSES IN RABBITS. C.G. G e n ti le * , L.M. Romanski*, T.W. 
J a r r e l l * ,  P.M. McCabe and N. Schneiderm an. (SPON: W. H. Evoy) 
D ept. of P sy c h ., Univ. o f Miami, C oral G ab les, FL 33124.

P revious work in  our la b o ra to ry  in d ic a te d  th a t  b i l a t e r a l  
e l e c t r o l y t i c  le s io n s  of th e  am ygdaloid c e n tr a l  nucleus (ACE) 
a b o lish  d i f f e r e n t i a l l y  co n d itio n e d  h e a r t  r a t e  (HR) resp o n ses  
but do not a b o lish  d i f f e r e n t i a l  c o rn e o - r e t in a l  p o te n t ia l  (CRP) 
responses (G e n ti le , e t .  a l . ,  Behav. B rain  R es. ,  in  p r e s s ) .  I t  
has a lso  been dem onstrated  th a t  ra d io  frequency  le s io n s  of ACE 
produce an im pairm ent in  th e  a c q u is i t io n  o f th e  co n d itio n ed  
b radycard iac  response  (Kapp, e t .  a l . ,  P h y s io l.  B ehav ., 
23:1109, 1979). The p re se n t study  sought to  determ ine w hether 
prev ious r e s u l t s  were due to  d e s tru c t io n  of c e l l  bod ies in  ACE 
or f ib e r s  of p assag e .

Ib o te n ic  a c id , a su b stan ce  th a t  s e le c t i v e ly  d e s tro y s  c e l l  
bodies but sp a re s  f ib e r s  of p assag e , was in je c te d  b i l a t e r a l l y  
in to  ACE or c o n tro l s i t e s .  A fte r app rox im ate ly  7 days of 
recovery , an im als were exposed to  d i f f e r e n t i a l  Pav lov ian  
co n d itio n in g  in  which one tone  (CS+) was p a ired  w ith  e y e lid  
shock and an o th er tone  (CS-) was p re sen ted  a lo n e . Each anim al 
rece ived  one c o n d itio n in g  s e s s io n  per day fo r  7 d a y s .

ACE and c o n tro l le s io n s  had no e f f e c t  on HR b a s e l in e ,  
o r ie n tin g  resp o n se , uncond itioned  re s p o n se , or CRP 
c o n d itio n in g . Animals w ith  c o n tro l le s io n s  showed 
d i f f e r e n t i a l l y  co n d itio n e d  b rad y ca rd iac  re sp o n se s . However, 
anim als in  th e  ACE le s io n  group d id  n o t dem onstrate  
d i f f e r e n t i a l  b rad y ca rd iac  resp o n ses  to  th e  a c o u s t ic  s t im u l i .  
In a d d itio n , th e  b rad y ca rd iac  response  m agnitude to  both th e  
CS+ and the  CS- was a t te n u a te d  in  th e  ACE le s io n  group 
r e la t iv e  to  c o n t ro ls .

These fin d in g s  in d ic a te  th a t  i n t r i n s i c  neurons in  ACE and 
not f ib e r s  o f passage p lay  an im portan t r o le  in  d i f f e r e n t i a l l y  
cond itioned  b rad y ca rd iac  resp o n ses  bu t n o t CRP co n d itio n e d  
responses .

Supported by NIH HL07426.

202.18 DESTRUCTION OF INTRINSIC NEURONS IN THE MEDIAL GENICULATE 
NUCLEUS PREVENTS THE ACQUISITION OF DIFFERENTIAL PAVLOVIAN 
CONDITIONING OF BRADYCARDIA IN RABBITS. L.M. Romanski*, T.W. 
J a r r e l l * ,  C.G. G e n ti le * , P.M. McCabe, and N. Schneiderm an. 
D ept. of P sy c h ., Univ. o f Miami, Coral G ables, FL 33124.

P rev ious  f in d in g s  in  our la b o ra to ry  ( J a r r e l l ,  e t .  a l . ,  
N eu ro sc i. A b s t r . , 1 1 : 1111,1985) in d ic a te  th a t  e l e c t r o l y t i c  
le s io n s  o f th e  m edial component of th e  m edial g e n ic u la te  
n ucleus  (mMGN) p reven t th e  a c q u is i t io n  of d i f f e r e n t i a l  
b rad y ca rd iac  co n d itio n e d  resp o n ses  (CRs) to  a c o u s t ic  
co n d itio n e d  s t im u li  (C Ss), bu t do no t p reven t th e  a c q u is i t io n  
o f d i f f e r e n t i a l l y  co n d itio n e d  c o rn e o - r e t in a l  p o te n t ia l  
resp o n ses  to  th e  same CSs. The purpose of the  p re se n t study 
was to  determ ine w hether th e  r e s u l t s  o f our p rev ious  
experim ent were due to  d e s tru c t io n  o f i n t r i n s i c  neurons in  
mMGN or f ib e r s  o f p assag e .

I n je c t io n s  of 2-4 ug of ib o te n ic  a c id  (IA ), a substance  
t h a t . s e le c t i v e ly  d e s tro y s  c e l l  bod ies w ithou t damaging f ib e r s  
o f passage , were made b i l a t e r a l l y  in  mMGN (n=6) or in  c o n tro l 
s i t e s  (n= 7). In  a d d i t io n ,  c o n tro l in je c t io n s  o f 2% pontamine 
sky b lue  (400 n l )  were made in  mMGN (n=5). A fte r 7 days of 
reco v e ry , an im als were su b je c te d  to  d i f f e r e n t i a l  P avlovian  
c o n d itio n in g  in  which one tone (CS+) was p a ired  w ith  e y e lid  
shock and an o th er tone (CS-) was p resen ted  a lo n e . Each 
anim al rece iv ed  one 60 t r i a l  co n d itio n in g  se s s io n  per day fo r 
4 days.

IA le s io n s  had no e f f e c t  on b a s e l in e  h e a r t  r a t e  (HR) , HR 
o r ie n t in g  resp o n ses  (OR), or HR uncond itioned  responses  (UR). 
In  th e  c o n tro l le s io n  and c o n tro l in j e c t io n  group, th e  CS+ 
e l i c i t e d  a la r g e r  b rad y ca rd iac  response  than  th e  CS-. 
However, an im als w ith  le s io n s  in  mMGN d id  no t dem onstrate  
d i f f e r e n t i a l  b rad y ca rd iac  resp o n ses  to  th e  CS+ and CS-. In  
th i s  group , b rad y ca rd iac  resp o n ses  to  th e  CS+ and CS- were 
s im i la r  in  m agnitude due to  a re d u c tio n  in  th e  m agnitude of 
th e  response to  th e  CS+.

The major f in d in g  o f th e  p re s e n t study  was th a t  b i l a t e r a l  
IA le s io n s  in  mMGN preven ted  th e  a c q u is i t io n  of d i f f e r e n t i a l  
b rad y ca rd iac  CRs but d id  no t a f f e c t  th e  HR OR, UR or 
b a s e l in e .  These d a ta  suggest th a t  c e l l  bodies in  mMGN were 
re s p o n s ib le  fo r  th e  observed e f f e c t ,  no t f ib e r s  o f passage . 
S ince b rad y ca rd iac  resp o n ses  were s t i l l  p re se n t a f t e r  th e  
l e s io n ,  o th e r  a u d ito ry  re g io n s  may be invo lved  in  th e  
m ed ia tion  of th e  b rad y ca rd iac  CR.

Supported by NIH HL07426.
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202.19 OPERANT CONDITIONING OF PRIMATE SPINAL REFLEXES: THE 
H-REFLEX. J .R .  Wolpaw . W adsw orth L a b s , NYS D ept H l th ,  
and  D e p t3 N e u ro l & A n a t,  A lb  Med C o l l ,  A lb a n y , NY 12201.

S tu d y  of p r im a te  memory s u b s t r a t e s ,  CNS a l t e r a t i o n s  
w h ich  p r e s e r v e  c o n d i t io n e d  r e s p o n s e s ,  r e q u i r e s  an  
e x p e r im e n ta l  m odel f u l f i l l i n g  two c r i t e r i a .  The 
a l t e r a t i o n s  m ust be  in  an  a c c e s s i b l e  l o c a t i o n  and  m ust 
p e r s i s t  w i th o u t  in p u t  from  o th e r  r e g io n s .  The s p i n a l  
c o rd  i s th e  m ost a c c e s s i b l e  and  r e a d i l y  i s o l a t e d  p a r t  
o f th e  p r im a te  CNS. Our r e c e n t  w ork ( J  N e u ro p h y s io l  
5 0 :1 2 9 6 -1 3 1 9 , 1983 ; C e l l  M olec N e u ro b io l  5 :1 4 7 -1 6 2 ,  
1985) 3hows t h a t  th e  l a r g e l y  m o n o s y n ap tic  s p i n a l  
s t r e t c h  r e f l e x  (SSR) c an  be  o p e r a n t ly  c o n d i t i o n e d ,  and  
s u g g e s t s  t h a t  c o n d i t i o n in g  c a u s e s  i n t r i n s i c  s p i n a l  
a l t e r a t i o n .  T h is  s tu d y  t r i e d  to  c o n d i t i o n  th e  
H - r e f l e x ,  th e  S S R 's  e l e c t r i c a l  a n a lo g .  G o a ls  w ere  to  
show t h a t  s p i n a l  r e f l e x  c o n d i t i o n in g  d o e s  n o t  n e ed  th e  
m u sc le  s p in d le  an d  t o  show c o n d i t i o n in g  in  th e  
lu m b o s a c ra l  c o rd  w h ich  i s  p r e f e r a b l e  t o  th e  c e r v i c a l  
f o r  s t u d i e s  o f  n e u ro n a l  and  s y n a p t i c  m ech an ism s.

N ine M acaca n e m e s t r in a  w i th  t r i c e p s  s u r a e  EMG 
e l e c t r o d e s  l e a r n e d  to  m a in ta in  a  g iv e n  l e v e l  o f  
back g ro u n d  EMG. A t random  t im e s ,  a  n e rv e  c u f f  s t im u lu s  
e l i c i t e d  t h e  H - r e f l e x .  In  c o n t r o l  mode, re w a rd  a lw ay s  
f o l lo w e d .  In  HR↑ o r  HR↓ m ode, i t  f o l lo w e d  o n ly  i f  th e  
H - r e f l e x  was above  (HR↑ ) o r  b e lo w  (HR↓ ) c r i t e r i o n .  
Monkeys w orked  3 ,0 0 0 -6 ,0 0 0  t r i a l s / d a y  f o r  2 -3  m o n th s . 
B ackground  EMG and  M re s p o n s e  w ere  s t a b l e  th r o u g h o u t .  
The H - r e f l e x  was s t a b l e  i n  th e  c o n t r o l  m ode.

In  HR↑ o r  HR↓ m ode. th e  H - r e f l e x  ch an g ed  
a p p r o p r i a t e l y  o v e r  a t  l e a s t  6 w eek s . Change a p p e a re d  
to  o c c u r  in  two p h a s e s :  an  a b r u p t  ch an g e  on d ay  1 , and
much s lo w e r  ch an g e  w h ich  c o n t in u e d  i n d e f i n i t e l y .  In  
HR↑ m ode, th e  H - r e f l e x  r o s e  to  an  a v e r a g e  o f  213% o f 
c o n t r o l .  In  HR↓ m ode, i t  f e l l  to  an  a v e r a g e  o f 68%.

The r e s u l t s  show t h a t  th e  H - r e f l e x  can  be  o p e r a n t ly  
c o n d i t io n e d .  The r e f l e x  b y p a s s e s  th e  m u sc le  s p i n d l e ,  
th u s  th e  s p in d le  i s  n o t  th e  s i t e  o f c h a n g e . The m ost 
p ro b a b le  s i t e ( s )  a r e  th e  l a  sy n a p s e  on th e  a lp h a  
m o to n e u ro n , th e  m o to n eu ro n  i t s e l f ,  and  p o s s i b l y  o th e r  
o l i g o s y n a p t i c  p a th s  from  l a r g e  a f f e r e n t s .

The s a l i e n t  f e a t u r e s  o f  H - r e f l e x  c h a n g e , com bined 
w i th  o th e r  c l i n i c a l  an d  l a b o r a t o r y  d a t a  on s p i n a l  c o rd  
p l a s t i c i t y ,  s u g g e s t  t h a t  ch an g e  i s  due  to  i n t r i n s i c  
s p i n a l  a l t e r a t i o n .  I f  s o ,  t h i s  a l t e r a t i o n  i s  a  memory 
s u b s t r a t e  w h ich  s h o u ld  be a c c e s s i b l e  to  d e t a i l e d  
p h y s io lo g ic ,  a n a to m ic ,  and  b io c h e m ic a l  s tu d y .
( S u p p o r te d  by  NIH NS22189 and  U n ite d  C e r e b r a l  P a l s y . )

202.20 AN AUTORADIOGRAPHIC ANALYSIS OF THE EFFERENT 
PROJECTIONS OF THE TEMPORAL POLE (AREA TG) OF THE 
MONKEY BRAIN. R. Insausti and D.G. Amaral. The Salk Institute, 
La Jolla, CA 92037 and the Dept. of Anatomy, Univ. of Navarra, 
Pamplona (Spain).

Area TG forms the ventromedial cap of the monkey temporal lobe 
and can be divided, on cytoarchitectonic grounds, into medial and 
lateral subdivisions. Because it is surrounded by the sphenoidal ridge of 
the temporal fossa, few studies have been carried out on its 
connectivity. However, by means of a transorbital approach, we have 
placed injections of 3H-amino acids into different areas of the temporal 
pole of four macaque monkeys (Macaca fascicular is). The animals 
survived for two weeks and the brains were processed for the auto
radiographic demonstration of the anterogradely transported tracer.

Projections to the frontal lobe were heaviest to the medial and 
orbital surfaces including areas 10, 14, 32, 25, 11, 13 and 12. There was 
only a minor projection to the dorsolateral frontal cortex which 
terminated primarily in area 46 at the fundus of the principal sulcus. 
Labeling was also observed at all levels of the cingulate cortex. In the 
temporal lobe, projections were heaviest to rostral levels of 
inferotemporal cortex (area TE) and to the superior temporal gyrus 
(area TA). At more caudal levels, the projections were confined 
primarily to the parahippocampal gyrus (areas TF and TH) and to the 
dorsal bank of the superior temporal gyrus. Areas 35 and 36 received 
prominent inputs as did the entorhinal cortex, presubiculum and 
subiculum of the hippocampal formation. The amygdaloid complex was 
also heavily innervated, especially the lateral, accessory basal and 
central nuclei. The rostral extent of the insular cortex received a 
projection which terminated in each of its major subdivisions. The 
injections of area TG also demonstrated several subcortical projections. 
There was particularly heavy labeling in the olfactory tubercle which 
continued into the dorsomedial aspect of the caudate nucleus. The 
region of heavy terminal labeling also continued caudally into the 
substantia innominata and covered the large cells of the basal nucleus 
of Meynert. In the hypothalamus, projections were most consistently 
observed to the lateral hypothalamic area. In the thalamus, the 
heaviest projections were directed to the medial nucleus of the pulvinar 
though the medial or magnocellular division of the mediodorsal nucleus 
also received a prominent projection. There were also lighter 
projections to several components of the midline thalamic nuclei. In 
the brain stem, projections were observed to the dorsolateral central 
gray and to the reticular formation. These data demonstrate that the 
temporal polar cortex gives rise to widespread cortical and subcortical 
structures many of which have been implicated in memory processing.

These studies were supported, in part, by NIH grants 16980, 20004 
and by the Clayton Foundation for Research-California Division.
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207 SYMPOSIUM. TH E NEW PHARMACOLOGY OF ANXIETY: LOOKING BEYOND THE 
BENZODIAZEPINES. D.A. Bennett, CIBA-GEIGY Corporation and S. 
Cooper, univ . of Birmingham (C hairpersons); D.P. T aylor, B r is to l  
Myers Co.; F. C olpaert*, Janssen Pharmaceutics; D.E. Redmond, 
J r . ,  Yale u n iv .; G.F. Koob, Scripps C lin ic ; S.E. F i le , U n iv . of 
London.

For many y ears , benzodiazepines have been a mainstay in  the  
treatm ent of anx iety , a d isease  s ta te  w ith increasing  incidence. 
Recent concern has focused a tte n tio n  on th e i r  dependence 
l i a b i l i t y  and o ther side  e f fe c ts  th a t  d e tra c t  from th e i r  
the rap eu tic  usefu lness. At the same time, new research  find ings 
have c la r i f ie d  the various ac tio n s  produced by p a r t ia l  
benzodiazepine receptor agonism and have h igh ligh ted  the  ro le  of 
o ther b ra in  neurotransm itter/neurom odulator systems in  anx ie ty . 
This symposium w ill give an overview of these research  advances.

In the l a s t  two years w ith the development of s p e c if ic  
sero ton in  modulating drugs, i t  has become possib le  to  study the 
ro le  of sero ton in  in  anx iety . Colpaert (se ro ton in  an tag o n ists) 
and Taylor (sero ton in  agon ists) w ill  focus on th is  issu e  and on 
the  drugs cu rren tly  in  c l in ic a l  t r i a l s .

Bennett (p a r t ia l  agon ists  of benzodiazepine recep to rs) w ill  
focus on novel non-benzodiazepine drugs th a t  in te ra c t  w ith 
benzodiazepine recep to rs, y e t do not produce the  side  e f fe c ts  
a ssoc iated  w ith the benzodiazepine compounds.

Redmond (noradrenergic mechanisms in  anxiety) and Koob (CRF, 
pep tides and anxiety) w ill  rep o rt on o ther neuronal systems 
involved in  anx iety . Redmond w ill update the  re la tio n s h ip  of 
norepinephrine modulation to  anx iety , while Koob w ill  p resen t 
evidence fo r a major involvement of CRF in  anx ie ty . Both 
th e o re tic a l im plications and p ra c tic a l  aspects  o f th is  research  
w ill be d iscussed .

F in a lly , F ile  w ill  give an overview and w ill  specu late  on the 
th e rap eu tic  p o te n tia l fo r non-benzodiazepine approaches to  the  
treatm ent of anx iety .

208 REGULATION BY BRAIN OF ITS OWN BLOOD FLOW AND METABOLISM: 
INSTRINSIC NEURAL CONTROL OF THE CEREBRAL CIRCULATION. 
D .J. R eis, Cornell Univ. Med. Sch., New York, NY 10021.

The tra d i t io n a l  view of the  cereb ral c irc u la tio n  i s  th a t 
lo ca l blood flow is  t ig h t ly  coupled to  metabolism, in  tu rn  
re f le c tin g  lo ca l neuronal a c t iv i ty .  New evidence ind ica tes  
th a t  s p ec if ic  neuronal pathways, tra n sm itte rs  and neural 
networks in tr in s ic  to  b ra in  p a r tic ip a te  in  regu la ting  flow 
and metabolism, o ften  independently and e ith e r  lo c a lly  or 
g lo b a lly . Recent developments are reviewed.
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209.1 MASSIVE, RAPID, SPECIFIC DEGENERATION OF NIGRAL COMPACTA NEURONS 
INDUCED IN MICE BY INJECTION OF À 2' METHYL ANALOG OF MPTP. 
Arthur Hess, S.K. Youngster*and R.E. Heikkila. Departments of 
Anatomy and Neurology, Rutgers Medical School, University of 
Medicine and Dentistry, Piscataway, NJ 08854.

Administration of MPTP resu lts in loss of dopamine in the neo
striatum and reduction in neuronal cell number in the zona compacta 
of the substantia nigra of man, monkey and mouse. A methyl analog 
of MPTP (1-methyl-4 -(2‘methyl phenyl)-l, 2 , 3 , 6-tetrahydropyridine) 
is more potent and causes an even more severe loss of dopamine in 
the neostriatum than that induced by MPTP (Youngster e t a l , Eur. J. 
Pharmacol., 122, 283-287, 1986).

After 10 daily injections of 2 'methyl-MPTP, the histofluores- 
cence of the caudate was v irtua lly  depleted. The nucleus accumbens 
appeared unaffected. The zona compacta of the substantia nigra 
appeared severely depleted of dopaminergic c e lls , while the ventral 
tegmental area (A10) and the locus ceruleus appeared unaffected. 
Counts of neuronal cell number in the nigral compacta were 
performed:

No. injections No. cells-12 20μm sections
Mouse Male-C57 Black----- 0 500

4 (15mg/kg) 151
9 (15mg/kg) 171
5 (20mg/kg) 40

Mouse Female-C57 B lack-- 0 500
1 (20mg/kg) 28

Rat Male-Sprague-Dawley- 0 1419- 15 sections
14 (20mg/kg) 1377- 15 sections

Behavior was assessed subjectively by the investigator, as well 
as by allowing the animals to run on an ac tiv ity  wheel for one hr. 
Control mice made from 70-120 turns/15 min, reduced most frequently 
to 0-14 turns/15 min a fte r  one injection of 2 'methyl-MPTP. An ani
mal with 23 turns/15 min had 28 neurons in the compacta, one with 
194 neurons performed a t 84 turns/15 min. Inevitably, there were 
mice which did not react behaviorally to multiple doses of 2 '-  
methyl -MPTP or which recovered from an in it ia l  d e f ic it or which did 
not show decreases in neuronal number even a fte r  multiple in jec
tions. Animals showing behavioral d e fic its  a f te r  9 injections were 
s t i l l  affected 50 days a fte r the la s t injection and showed sharp 
decreases in neuronal number.

Insight into the mechanism of action of 2'methyl -MPTP and i ts  
apparent specific effec t on nigral compacta neurons should prove 
of value in leading to an explanation of the mechanism whereby 
dopaminergic neurons degenerate spontaneously in human diseases.
Supported by NIH grant NS21469

209.2 EFFECTS OF MPTP ON CENTRAL MONOAMINE SYSTEMS IN YOUNG 
AND AGED MICE. M. Gupta and D.L. Felten. Dept. of Neurobiology and 
Anatomy, Univ. of Rochester Sch. of Med., Rochester, NY 14642.

MPTP (l-methyl-4-phenyl-l,2,3,6-tetrahydropyridine) has been shown 
to affect the nigrostriatal dopamine system in humans, non-human 
primates, and in rodents. Although Parkinson's disease in humans is 
characterized by degeneration of the nigrostriatal dopaminergic system, 
other monoamine systems also are known to be affected. Furthermore, 
the disease is a slowly progressive neurodegenerative disorder, and rarely 
occurs below the age of fifty. The present studies were undertaken to 
investigate if treatment of aged mice with MPTP affects monoamine 
systems in addition to the nigrostriatal dopaminergic system. Young adult 
(2 months old) and aged (21 months old) mice were given multiple 
injections of MPTP over a period of 2 days. Control animals received 
vehicle injections. All the control and treated animals were sacrificed 
either 2 or 3 days after the last injection. Brains were taken out and 
processed for fluorescence histochemistry of catecholamines or 
immunocytochemical staining for tyrosine hydroxylase (TH). Aged mice 
treated with MPTP showed severe physical symptoms characterized by 
marked akinesia, rigidity of hind-limbs, and an initial resting tremor of 
the whole body. These physical symptoms were less evident in the young 
adult mice treated with MPTP. Neuroanatomical studies using 
fluorescence histochemistry showed reduced numbers of fluorescent 
profiles and reduced intensity of fluorescence in the ventral tegmental 
area and in the locus coeruleus in the aged mice treated with MPTP, in 
addition to the nigrostriatal dopaminergic system that also was damaged 
in the young adult group treated with MPTP. These results show that 
aged mice are more sensitive to MPTP treatment than their younger 
counterparts, and more closely resemble the neuroanatomical and physical 
features seen in clinical Parkinson's disease.

Supported by PHS grant MH-41435 to M.G., and a MacArthur 
Foundation Prize Fellowship to D.L.F.

209.3 E f f e c t s  o f  MPTP on Some R ed u c in g  sy s te m s  in  th e  Mammalian B ra in .  
R.G. F a r i e l l o ,  G .T . G o ld en , T .N . F e r r a r o ,  M. D e M a tte i* . N eu ro lo g y  
and R e s e a rc h , VAMC C o a t e s v i l l e  PA 19320 and Thomas J e f f .  Med. 
C o l le g e ,  P h i la .  PA 19107.

One o f  th e  p o s tu l a te d  m echanism s o f  MPTP t o x i c i t y  im p l ie s  th e  
fo rm a tio n  o f  h ig h ly  r e a c t i v e  o x i d a t i v e  i n te r m e d ia t e s  t h a t  c a u se  
damage to  e i t h e r  m em branes a n d /o r  c y to s k e l e t o n .  T h e r e f o r e  we have 
s tu d ie d  th e  e f f e c t s  o f  MPTP on s e v e r a l  re d u c in g  compounds in  th e  
s u b s t a n t i a  n i g r a  (S N ), n e o s t r ia tu m  and c e re b e llu m  o f  m ic e , r a t s  
and cynom olgus m onkeys. A f t e r  d a i l y  s y s te m ic  a d m i n i s t r a t i o n  o f  
v a r io u s  d o se s  o f  MPTP, lo n g  enough  to  c a u se  n e o s t r i a t a l  dopam ine 
(DA) d e p le t io n  ( a c c o r d in g  to  a  p r e v io u s ly  e s t a b l i s h e d  p r o to c o l ) ,  
r o d e n ts  w ere d e c a p i t a t e d  and m onkeys had t h e i r  b r a i n  rem oved u n d e r  
heavy b a r b i t u a t e  a n e s t h e s i a .  B ra in  r e g io n s  w ere d i s s e c t e d  on ic e  
and im m e d ia te ly  f ro z e n  a t  70°C. Reduced and o x id iz e d  u b iq u 
in o n e s ,  to c o p h e r o ls  and re d u c e d  g l u t a t h io n e  (GSH) w ere m easu red  by 
HPLC w ith  e le c t r o c h e m ic a l  d e t e c t io n  and com pared  to  v a lu e s  ob 
ta in e d  from  non MPTP t r e a t e d  a n im a ls .  N e o s t r i a t a l  c a te c h o la m in e s  
w ere a l s o  m easu red  by HPLC. O nly GSH was found  to  be s i g n i f i c a n t l y  
d e c re a s e d ,  s p e c i f i c a l l y  in  th e  SN, w h e re a s  v a lu e s  o f  th e  o th e r  
compounds d id  n o t  d i f f e r  from  c o n t r o l s .  F u r th e rm o re  GSH d e p le t i o n  
c o r r e l a t e d  w i th  th e  d e g re e  o f  n e o s t r i a t a l  DA d e p le t i o n .  We 
p o s tu l a t e  t h a t  GSH n i g r a l  d e p le t i o n  i s  th e  m ost s e n s i t v e  in d e x  o f  
MPTP t o x i c i t y  a n d  can  be a s i g n i f i c a n t  p a th o g e n ic  f a c t o r  in  th e  e x 
p r e s s i v i t y  o f  su c h  n e u r o t o x i c i t y .  S u p p o rte d  by VA fu n d s .

209.4  C h ro n ic  MPTP in  r a t s :  E f f e c t s  on fo o d , w a te r ,  body w e ig h t and 
s p o n ta n e o u s  m o to r a c t i v i t y .  G .T . G o ld en , R.G. F a r i e l l o ,  T.N . 
F e r r a r o ,  M. D eM atte i*  and P .F . R e y e s* .N eu ro lo g y  & R e s e a rc h , VAMC, 
C o a t e s v i l l e  PA 19320 and Thomas J e f f .  Med. C o l le g e ,  P h i l a .  PA 
19107

MPTP c a u s e s  d e s t r u c t i o n  o f  d o p a m in e rg ic  n e u ro n s  in  hum ans, mon
k e y s ,  and m ice and p ro d u ce s  n e u ro c h e m ic a l,  p a th o l o g i c a l  and 
b e h a v io r a l  symptoms s im i l a r  to  i d io p a t h i c  p a rk in s o n is m . P re v io u s  
e x p e r im e n ts  have b een  u n a b le  to  d e m o n s tra te  MPTP in d u ce d  im p a ir 
m ent o f  lo c o m o tiv e  f u n c t io n  in  th e  r a t .  We have c h r o n i c a l l y  
t r e a t e d  r a t s  w i th  h ig h  d o s e s  o f  MPTP, d e te rm in e d  c a u d a te  l e v e l s  o f  
dopam ine (DA), n o re p in e p h in e  (NE) and s e r o to n in  (5HT) and m oni
to re d  d a i l y  fo o d , w a te r ,  body w e ig h t  and s p o n ta n e o u s  m o to r 
a c t i v i t y  i n c lu d in g  s te r e o p a th y  and r o t a t i o n a l  b e h a v io r .

R a ts  had d a i l y  fo o d , w a te r  and body w e ig h ts  r e c o r d e d .  A n im als 
w ere t e s t e d  f o r  s p o n ta n e o u s  m o to r a c t i v i t y ,  s t e r e o p a th y  and 
r o t a t i o n a l  b e h a v io r  u n d e r  b o th  l i g h t  and d a rk  c y c le s  p r i o r  to  
b e g in n in g  MPTP t r e a tm e n t  and a g a in  a t  15 and 30 d ay s  p o s t  MPTP 
t r e a tm e n t .  E x p e r im e n ta l  g ro u p  (N=11 ) was t r e a t e d  w i th  MPTP by 
d a i l y  i n j e c t i o n  o v e r  a p e r io d  o f  42 d a y s . Each r a t  was i n j e c t e d  29 
t im e s  w i th  35 m g/kg d a i l y  w i th  a 2 day  b re a k  a f t e r  e v e ry  5 
i n j e c t i o n s .  The c o n t r o l  g ro u p  (N=6) was k e p t  u n d e r  i d e n t i c a l  
c o n d i t i o n s  b u t  w ere i n j e c t e d  w i th  v e h ic l e  o n ly .  L e v e ls  o f  NE, DA, 
5HT, DOPAC, HVA and 5HIAA w ere d e te rm in e d  by r e v e r s e  p h ase  HPLC 
w i th  e le c t r o c h e m ic a l  d e t e c t io n .

C h ro n ic  MPTP t r e a tm e n t  r e s u l t e d  in  a 45% m o r t a l i t y .  MPTP 
t r e a t e d  a n im a ls  p r o g r e s s iv e l y  l o s t  body w e ig h t ,  e v e n tu a l ly  s t a 
b i l i z i n g  a t  82% o f  c o n t r o l .  C o n s i s te n t  w i th  p r o g r e s s iv e  l o s s  o f  
body w e ig h t ,  MPTP g ro u p  a l s o  d e m o n s tra te d  c o rr e s p o n d in g  r e d u c t io n s  
in  d a i l y  food and w a te r  i n t a k e s ;  h o w ev er, by th e  end o f  th e  
e x p e r im e n t mean d a i l y  food  and w a te r  i n ta k e s  o f  MPTP and c o n t r o l  
a n im a ls  w ere s im i l a r .

MPTP a n im a ls  s p e n t  l e s s  tim e  in  a m b u la to ry  b e h a v io r  when t e s t e d  
a f t e r  15 and 30 d a i l y  i n j e c t i o n s .  A f t e r  15 i n j e c t i o n s  MPTP t r e a t e d  
a n im a ls  showed a s l i g h t  i n c r e a s e  in  tim e  s p e n t  r e s t i n g ,  how ever 
a f t e r  30 MPTP i n j e c t i o n s  th e r e  was a d e c re a s e  in  tim e  s p e n t  r e s t i n g  
in  b o th  l i g h t  and d a rk  c y c le s  w hich  was c o r r e l a t e d  w i th  an i n c r e a s e  
in  tim e  s p e n t  in  s te r e o ty p i c  a c t i v i t y  u n d e r  b o th  l i g h t  and d a rk  
c o n d i t i o n s .  R o ta t i o n a l  b e h a v io r ,  a m easu re  o f  dopam ine asym m etry 
in  th e  n i g r o s t r i a t a l  p a th w ay , a l s o  showed a b n o r m a l i t i e s .  Com
p a r i s o n  o f  s t r i a t a l  b io g e n ic  am ine n e u r o t r a n s m i t t e r s ,  r e v e a le d  
t h a t  c h ro n ic  MPTP t r e a tm e n t  s i g n i f i c a n t l y  red u c e d  th e  l e v e l s  o f  
DA, NE, 5HT, DOPAC and in c r e a s e d  l e v e l s  o f  T y ro s in e  & T ry p to p h a n .

The p r e s e n t  e x p e r im e n t r e v e a l s  t h a t  c h ro n ic  s y s te m ic  adm in
i s t r a t i o n  o f  MPTP p ro d u ce s  n e u ro c h e m ic a l  c h a n g es  in  s t r i a t u m ,  
d i s t u r b a n c e s  in  fo o d , w a te r  & body w e ig h t r e g u l a t i o n  & s p o n ta n e o u s  
lo co m o to r  d i s tu r b a n c e s  in  th e  r a t .  S u p p o rte d  w i th  VA fu n d s .
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209.5 STRIATAL DOPAMINE DEPLETION BY AN AMINATED ANALOG OF MPTP. J.N . 
Johannessen . J .P .  Bacon . C .J . Markey* , C.C. Chiueh , and S.P. 
Markey*. Lab. o f  C lin ic a l Science, NIMH, Bethesda, MD 20892.

The dopaminergic neurotoxin  l-m ethy l-4 -phenyl-1 , 2 ,3 ,6- t e t r a -  
hydropyridine (MPTP) has generated  considerab le  s c ie n t i f i c  cu rio s
i t y  because o f  i t s  a b i l i t y  to  mimic th e  n a tu ra l le s io n  seen in  
Parkinson’s  d isea se . We a re  c u rre n tly  examining th e  to x ic i ty  of 
MPTP analogues con ta in ing  amine groups a t  th e  2 ',  3 ' ,  and 4 ' 
p o s itio n  fo r  two reasons. F i r s t ,  in form ation  on th e  s tru c tu re  
a c t iv i ty  re la tio n s h ip s  o f  MPTP analogues i s  va luab le  in  de linea
t in g  th e  mechanism o f  to x ic i ty .  Second, we would l ik e  to  have an 
a c t iv e  MPTP analogue which can be bound to  b ra in  t i s s u e  using 
aldehyde f ix a tio n  fo r  use  in  anatom ical s tu d ie s .

Prelim inary  screen ing  was performed in  C57BL mice. While the  
3'-NH -MPTP had a  considerab le  degree o f  acu te  to x ic i ty  (most 
anim als d ied  a t  doses h ig h e r th an  10 mg/kg) and th e  2 '-N H 2-MPTP 
produced ak in e sia , only th e  4'-NH2 -MPTP caused th e  lo s s  of 
s t r i a t a l  dopamine. Expressed a s  moleur MPTP eq u iv a len ts , 4 in je c 
t io n s  o f  30 mg/kg a t  two hour in te rv a ls  re s u lte d  in  a  45% deple
t io n  1 week l a t e r ,  w hile 4 x  50 mg/kg produced an 80% d ep le tion . 
The dopamine lo s s  was prevented  by p a rg y lin e  p re trea tm en t.

To examine th e  e f f e c ts  o f  4 '-N H 2-MPTP in  a  more sen s itiv e  
sp ec ie s , 3 doses (molar eq u iv a len ts  t o  2 .5 , 5 .0 , and 10 mg/kg of 
MPTP) were in je c te d  in to  beag le  dogs. The h ig h e s t dose produced a 
t r a n s ie n t  motor d e f i c i t  s im ila r  t o  th a t  seen w ith  MPTP, b u t slower 
in  o n se t (3 days). S a c rif ic e d  1 month a f t e r  in je c tio n , th e  two 
h ig h e s t dose groups ex h ib ited  s t r i a t a l  dopamine lo s se s  o f 53% and 
60%, re s p e c tiv e ly , one animal from each group showed > 90% 
dopamine d ep le tio n  and lo s s  o f  s t r i a t a l  ty ro s in e  hydroxylase 
a c t iv i ty ,  in d ic a tin g  d e s tru c tio n  o f  DA te rm in a ls  in  th e se  anim als. 
N europathological e v a lu a tio n  o f  th e se  anim als t o  determ ine i f  
n ig ra l  c e l l  lo s s  has occurred i s  in  p ro g ress.

The 4'-NH2 d e r iv a tiv e  o f  MPTP i s  e f fe c t iv e  in  producing 
dopamine d e p le tio n  and th e  lo s s  o f  ty ro s in e  hydroxylase a c t iv i ty  
from th e  s tria tu m  o f  th e  C57BL mouse and th e  dog, and should be a 
u se fu l to o l fo r  studying  th e  mechanism o f  MPTP n eu ro to x ic ity .

C.J.M. was supported by th e  N ational Parkinson Foundation.

209.6 PRELIM INARY STRUCTURAL OBSERVATIONS MADE IN  THE HUMAN 
CAUDATE  NUCLEUS, FROM A PA TIEN T WITH A JU V EN ILE AND 
DRUG-REFRACTORY FORM OF PA R K IN S O N 'S  D IS E A S E . 
M a c h a d o - S a l a s , J . P . ,  M a d r a z o ,  I *, E s p i n o s a ,  J *, D r u c k e r , R *. 
a n d  C o l i n ,  L*. N e u r o m o r f o l o g í a , N e u r o c i e n c i a s ,  U I I C S E ,  ENEP 
I z t a c a l a ,  UNAM,  T l a l n e p a n t i a 5 4 0 3 0 .  E s t a d o  d e  Mé x i c o . S e r v .  
N e u r o c i r u g í a , L a R a z a ,  IM S S , a n d  I n s t i t u t o  d e  F i s i o l o g l a  
C e l u l a r , UNAM. M EXICO.

We h a v e  s t u d i e d  so m e  f r a g m e n t s  o f  h u m an  c a u d a t e  n u 
c l e u s ,  w h i c h  w e r e  t a k e n  d u r i n g  t h e  a u t o l o g o u s  i m p l a n t  
o f  a d r e n a l  g l a n d  i n  t h e  n e o s t r i a t u m  o f  a  p a t i e n t  w i t h  
P a r k i n s o n ' s  d i s e a s e . T h s i  p a t i e n t ,  a  3 4 - y e a r s - o l d  w h i t e  
m a n ,  h a d  d e v e l o p e d  a  b i l a t e r a l  r i g i d i t y  a n d  a  5 c p s  r e s 
t i n g  t r e m o r ,  w i t h o u t  a n  a p p a r e n t  c a u s e  a n d  a  r a t h e r  f a s t  
e v o l u t i o n .  M o re  r e c e n t l y  h e  h a d  sh o w n  a  s e v e r e  a k i n e s i a .  
S e v e r a l  p h a r m a c o l o g i c a l  t h e r a p e u t i c  s c h e m e s  w e r e  u s e d  
w i t h o u t  s u c c e s s ;  f u r t h e r m o r e ,  h e  d e v e l o p e d  s e v e r e  s i g n s  
o f  i n t o l e r a n c e  t o  t h e .  O ne  o f  u s  ( J . P .  M -S ) d i s c a r d e d  
h im  a s  a  c a n d i d a t e  f o r  s t e r e o t a c t i c  b r a i n  s u r g e r y ,  d u e  
t o  h i s  a d v a n c e d  s t a t e  o f  a k i n e s i a .  F a c i n g  t h i s  d i f f i c u l t  
s i t u a t i o n  a n d  b a s e d  i n  p r e l i m i n a r y  o b s e r v a t i o n s  m ad e  b y  
t h e  S w e d i s h  g r o u p ,  i t  w a s  d e c i d e d  , p r e v i o u s  w r i t t e n  
c o n s e n t ,  t o  i m p l a n t  h i s  r i g h t  a d r e n a l  m e d u l l a  i n  a  s u r 
g i c a l  b e d  m ad e  i n  t h e  h e a d  o f  h i s  r i g h t  c a u d a t e  n u c l e u s .

Som e p i e c e s  o f  t i s s u e  w e r e  e x p o s e d  t o  f o r m a l d e h y d e  
v a p o r s  t o  i n d u c e  h i s t o f l u o r e s c e n c e , so m e  o t h e r  f o r  r a p i d  
G o l g i  s t a i n i n g ,  a n d  so m e  s a m p l e s  m o re  f o r  l u x o l - f a s t  
b l u e  a n d  p o s i t i v e  s t a i n  f o r  e l e c t r o n - m i c r o s c o p y .

W i th  t h e  r o u t i n e  h i s t o l o g i c a l  s t a i n s ,  we o b s e r v e d :  
g l i o s i s , w h i c h  w a s  m o re  p r o n o u n c e d  i n  t h e  m y e l i n i z e d  
t r a c t s  o f  t h e  c a u d a t e ,  s a t e l l i t o s i s  a n d  n e u r o n o p h a g i a , 
d a r k  n e u r o n s . T h e s e  c h a n g e s  w e r e  m o d e r a t e  i n  d e g r e e .  
T h e  r a p i d  G o l g i  s h o w e d :  S p i n y  n e u r o n s  ( 1 2 - 2 5  m i c r o n s )  
w i t h  s o m a t o d e n d r i t i c  d i s t o r t i o n ,  a b u n d a n t  d e n d r i t e s  
s h o w i n g  m i c r o n o d u l a t i o n , m a i n l y  i n  t h e i r  d i s t a l  p a r t ,  
a n d  n o n - u n i f o r m  l o s s  o f  s p i n e s .  No a x o n l e s s  n e u r o n s  
w e r e  o b s e r v e d ;  f u r t h e r m o r e ,  a s p i n y  l a r g e  n e u r o n s  w e r e  
n o t  a l s o  o b s e r v e d  i n  t h i s  s a m p le .W e  w e r e  s t r u c k  b y  t h e  
f l u o r e s c e n c e  sh o w n  b y  t h e  d o p a m i n e r g i c  t e r m i n a l s  a n d  
p r e t e r m i n a l s  o f  t h i s  c a s e ,  w h i c h  a p p e a r e d  t o  b e  r a t h e r  
n o r m a l . T h e s e  o b s e r v a t i o n s  s h a l l  b e  c o m p l e m e n t e d  w i t h  
o u r  E/M  s t u d i e s .

T h u s  f a r ,  we h a v e  t h e  i m p r e s i o n  t h a t ,  a t  l e a s t  i n  
t h i s  p a r t i c u l a r  c a s e ,  t h e  P a r k i n s o n i c  s y n d r o m e  t h a t  h e  
s u f f e r s  s e e m s  t o  b e  c o r r e l a t e d  w i t h  a  POSTSYNAPTIC 
i m p a i r m e n t  o f  t h e  n i g r o s t r i a t u m  s y s t e m ,  r a t h e r  t h a n  w i t h  
a  p r e s y n a p t i c  o n e ,  w h i c h  i s  t h e  c l a s s i c a l  v i e w .

209.7 TEMPORAL RESOLUTION OF DOPAMINE RELEASE IN THE RAT STRIATUM.R. 
Mark Wigh tm an , Werner G. Kuhr* and L e s l ie  J .  May* . D epartm ent o f 
C hem istry , In d ia n a  U n iv e r s i ty ,  B loom ington, IN 47405.

R elease  o f  dopamine in  th e  r a t  s t r ia tu m  d u rin g  m edial fo r e b ra in  
s t im u la t io n  has been measured w ith  f a s t  scan  c y c l ic  vo ltam m etry . 
The w orking e le c tro d e  i s  f a b r ic a te d  from a  s in g le  carbon f ib e r  and 
co a ted  w ith  N afio n . In d iv id u a l voltammograms, w hich a r e  reco rd e d  
in  10 ms and re p e a te d  a t  50 ms i n t e r v a l s ,  p ro v id e  a  c h a r a c t e r i s t i c  
" f in g e r p r in t "  f o r  th e  i d e n t i f i c a t i o n  o f dopam ine. D uring s tim u la 
t i o n  o f  th e  m ed ia l fo r e b ra in  bundle w ith  60 Hz, 2ms, b ip h a s ic  
p u ls e  t r a i n s ,  dopamine i s  d e te c te d  in  th e  e x t r a c e l lu l a r  f l u i d .  
The r a t e  o f d a ta  a c q u is i t i o n  i s  s u f f i c i e n t l y  f a s t  th a t  tem poral 
p r o f i l e s  o f  th e  dopamine c o n c e n tra t io n  a r e  o b serv ed . The maximum 
c o n c e n tra t io n  observed  v a r i e s  w ith  w orking e le c tro d e  p o s i t io n  b u t 
i s  betw een 1 and 5 μM f o r  a  s t im u la t io n  o f 2 s d u ra t io n .  At a 
f ix e d  an a to m ica l l o c a t io n ,  th e  r e le a s e d  amount v a r i e s  in  a  l i n e a r  
manner w ith  s tim u lu s  d u ra t io n  (0 .2 5  to  5 a ) .  When th e  s tim u lu s  
t r a i n  i s  te rm in a te d , th e  dopamine c o n c e n tra t io n  ra p id ly  f a l l s  to  
i t s  i n i t i a l  c o n c e n tra t io n .  The tim e co u rse  o f  th e  d isap p e a ran ce  
o f  dopamine fo llo w s  th e  tim e co u rse  expec ted  f o r  M ich a e lis-Men ton  
k i n e t i c s .  Uptake I n h ib i to r s  such  a s  nom ifensine  (20 mg kg- 1 ) 
in c re a s e  th e  amount o f  dopamine r e le a s e  and d ec re a se  th e  r a t e  o f 
d isap p e a ran ce  o f  dopam ine.. In  a d d i t io n ,  r e le a s e  fo llo w in g  up take  
in h i b i t i o n  can  be observed  fo llo w in g  a  s in g le  b ip h a s ic  p u ls e .  The 
t r a n s i e n t  d u ra t io n  o f  e le v a te d  dopamine c o n c e n tra t io n  in  th e  
e x t r a c e l lu l a r  f l u i d  and i t s  s e n s i t i v i t y  to  up tak e  in h ib i t i o n  
c l e a r ly  in d i c a t e  t h a t  c e l l u l a r  u p take  o f dopamine in  th e  s tr ia tu m  
i s  a  m ajor r e g u la to ry  f a c t o r  on th e  f r e e  d i f f u s io n  o f dopam ine.

209.8  THE EFFECT OF DOPAMINE (DA) SYNTHESIS INHIBITION ON DOPAMINERGIC 
NEUROTRANSMISSION IN RABBIT STRIATAL SLICES. E.M. P a r k e r  and  L .X . 
C ubeddu. D iv . o f  C l i n i c a l  P h a rm a c o lo g y , D e p t . o f  P h a rm a c o lo g y , 
U n iv . o f  N o rth  C a r o l in a ,  C h ap e l H i l l ,  N .C . 27514 .

I n t r a n e u r o n a l  DA i s  th o u g h t  t o  b e  c o m p a r tm e n ta l iz e d  i n t o  a  fu n c 
t i o n a l ,  r e a d i l y  r e l e a s a b l e  p o o l  o f  new ly  s y n th e s i z e d  t r a n s m i t t e r  
and  a  r e l a t i v e l y  i n e r t  s to r a g e  p o o l  o f  t h e  am in e . H ow ever, i t  i s  
d i f f i c u l t  t o  i n t e r p r e t  u n a m b ig u o u s ly  much o f  t h e  p r e v io u s  d a ta  
t h a t  h a v e  b e e n  u s e d  t o  s u p p o r t  t h i s  n o t io n .  The g o a l  o f  t h e  p r e 
s e n t  s tu d y  was t o  t e s t  t h e  im p o r ta n c e  o f  new ly  s y n th e s i z e d  DA to  
t h e  b a s a l  and  e l e c t r i c a l l y - e v o k e d  o v e r f lo w  o f  t h e  t r a n s m i t t e r .  
S u p e r fu s e d  r a b b i t  s t r i a t a l  s l i c e s  w ere  u s e d  in  a l l  e x p e r im e n ts .  
I n h i b i t i o n  o f  DA s y n th e s i s  by  a - m e th y l - p - t y r o s i n e  (αMPT; 100 μM) 
o r  3 - io d o t y r o s i n e  (3 IT ; 100 μM) r e d u c e d  th e  b a s a l  e f f l u x  o f  en d o 
g en o u s  DA and  d ih y d ro x y p h e n y la c e t ic  a c id  (DOPAC) by  60%. 3IT  r e 
d u ced  th e  e l e c t r i c a l l y - e v o k e d  o v e r f lo w  (3 Hz) o f  DA (60% d e c re a s e )  
and  DOPAC (70% d e c r e a s e ) . H ow ever, αMPT i n c r e a s e d  DA o v e rf lo w  2 -  
f o ld  a l th o u g h  DOPAC o v e r f lo w  was s u b s t a n t i a l l y  re d u q e d  (80% r e 
d u c t io n )  . B o th  s y n th e s i s  i n h i b i t o r s  a l s o  red u c e d  t i s s u e  DA l e v e l s  
by  35%. αMPT an d  3 IT  (1 -1 0 0 0  pM) had  no  e f f e c t  on m onoamine o x i 
d a s e  (MAO) a c t i v i t y  i n  r a b b i t  b r a i n  h o m o g en a te s  ( 0 .1  μM 14C-DA a s  
s u b s t r a t e ) ;  t h e r e f o r e ,  t h e  a b i l i t y  o f  t h e s e  a g e n ts  t o  re d u c e  DOPAC 
e f f l u x  and  o v e r f lo w  was n o t  due t o  i n h i b i t i o n  o f  MAO. A lth o u g h  
a g e n ts  w h ich  i n t e r f e r e  w i th  s t r i a t a l  d o p a m in e rg ic  t r a n s m is s io n  g e n 
e r a l l y  i n c r e a s e  e l e c t r i c a l l y - e v o k e d  3H-ACh r e l e a s e ,  n e i t h e r  αMPT 
n o r  3IT  a l t e r e d  t h e  e l e c t r i c a l l y - e v o k e d  o v e r f lo w  o f  3H-ACh. How
e v e r ,  t h e  a b i l i t y  o f  t h e  DA r e c e p t o r  a n t a g o n i s t  s u l p i r i d e  (1 uM) 
to  e n h a n ce  e l e c t r i c a l l y - e v o k e d  3H-ACh r e l e a s e  a t  3 Hz o r  10 Hz was 
d e c re a s e d  by  47% i n  t h e  p r e s e n c e  o f  e i t h e r  s y n th e s i s  i n h i b i t o r .  
I n  o r d e r  t o  d e te rm in e  th e  e f f e c t s  o f  t h e  s y n th e s i s  i n h i b i t o r s  on 
t h e  r e l e a s e  o f  p re fo rm e d  DA, t h e  e f f e c t s  o f  αMPT and 3IT  on t r a n s 
m i t t e r  r e l e a s e  w ere  exam ined  i n  s l i c e s  p r e lo a d e d  w i th  3H-DA. Both  
3 IT  and  αMPT re d u c e d  th e  e l e c t r i c a l l y - e v o k e d  o v e r f lo w  (3 o r  10 Hz) 
o f  3H-DA by  20-40% . αMPT a l s o  i n c r e a s e d  b a s a l  3H-DA e f f l u x  by 30%, 
Our r e s u l t s  i n d i c a t e  t h a t  DA s y n th e s i s  i n h i b i t o r s  d e c r e a s e  s tim u 
l a t i o n - e v o k e d  DA r e l e a s e  from  s t r i a t a l  s l i c e s .  A lth o u g h  t h i s  
phenom enon may b e  due i n  p a r t  t o  d e p le t io n  o f  a  f u n c t i o n a l ,  new ly  
s y n th e s i z e d  t r a n s m i t t e r  p o o l ,  d e p l e t i o n  o f  t i s s u e  DA s t o r e s  a s  
w e l l  a s  a  d i r e c t  e f f e c t  o f  t h e  s y n th e s i s  i n h i b i t o r s  on th e  r e l e a s e  
p r o c e s s  may a l s o  c o n t r i b u t e .  F u r th e rm o re ,  t h e  p o s t s y n a p t i c  co n 
s e q u e n c e s  ( i . e .  d o p a m in e rg ic  m o d u la t io n  o f  3H-ACh r e l e a s e )  o f  
d e p le t i o n  o f  t h e  p u t a t i v e  f u n c t i o n a l  p o o l  a r e  n o t  m ark ed .

S u p p o r te d  by  PHS F e l lo w sh ip  #1 F31 DA05285-01 t o  E .M .P . an d  NIH 
G ra n t #NS 2 1 6 4 5 -0 1A1 t o  L .X .C .



WEDNESDAY AM CATECHOLAMINES: METABOLISM OF DOPAMINE AND EFFECTS OF MPTP 759

209.9 PHORBOL ESTERS ENHANCE CATECHOLAMINE SYNTHESIS IN RAT STRIATAL 
SYNAPTOSOMES. P. O nali and M.C. O lianas. I n s t i tu te  of Pharmacology 
U niversity  of C ag lia r i,  I ta ly .
Phorbol e s te r s ,  Which are  po ten t a c t iv a to rs  of Ca2+ -phospholip id- 
dependent p ro te in  kinase (p ro te in  kinase C), have been used as a 
to o l to  in v e s tig a te  the possib le  involvement o f th is  phosphoryla- 
tin g  enzyme system in  the reg u la tio n  of dopamine (DA) sy n th esis  in  
r a t  s tr ia tu m . DA sy n thesis  was assayed by using to ta l  homogenates 
as synaptosomal source and measuring the re le a se  of 14CO2 from L- 

[ l-14c] ty ro s in e . 4β-Phorbol 12-m yristate 13-aceta te  (PMA) (1 μM) 
increased  the conversion of ty ro sin e  to  dopamine by approximately 
20%. No s ig n if ic a n t stim ula to ry  e f f e c t  was observed when L-[l-14c] 
DOPA was used as s u b s tra te , suggesting th a t  PMA increased  ty rosine  
hydroxylase (IH) a c t iv i ty .  Like PMA, 4 β -phorbol 12 , 13-d ibu tyrate  
increased  DA sy n th esis  whereas 4β -phorbol and 4β -phorbol 13-ace
ta te ,  two b io lo g ic a lly  in a c tiv e  compounds, were in e ffe c tiv e . KCl 
(60 mM) stim ula ted  DA sy n th esis  by approximately 25%. Exposure of 
synaptosomes to  PMA p r io r  to  KCl  ad d itio n  re su lted  in  a more than 
ad d itiv e  increase  (80%) o f DA s y n th es is . This s y n e rg is tic  e f f e c t  
was dependent upon the concen tration  o f PMA with an EC50 value of 
about 40nM and was a lso  observed when PMA treatm ent was followed by 
e i th e r  v e ra tr id in e  (48 μM) o r d-amphetamine (10 μM). However, s t i 
m ulation o f DA sy n th esis  by fo rsk o lin  (10 μM), a po ten t a c t iv a to r  
of adenylate cyclase , was ad d itiv e  w ith th a t  produced by PMA.To 
determ ine whether phorbol e s te r  treatm ent a ffec ted  the k in e tic  pro
p e r tie s  of s t r i a t a l  TH, synaptosomes were incubated w ith PMA, ly 
sed by son ica tio n  and TH a c t iv i ty  was assayed in  the  supernatant 
f ra c tio n  w ith d if f e r e n t  concen trations o f  the p te r id in  co fac to r 6- 
m ethy l-5 , 6 ,  7 , 8 - te trah y d ro p te r in . PMA pretreatm ent produced an a c t i 
vation  of TH w ith an approximately twofold increase  o f the  enzyme 
a f f in i ty  fo r  the  co fac to r. These r e s u l ts  in d ica te  th a t a c tiv a tio n  
o f p ro te in  k inase C by phorbol e s te r s  enhances s t r i a t a l  DA synthe
s i s  by s tim u la tin g  TH a c t iv i ty .  The s y n e rg is tic  in te ra c tio n  betwe
en PMA and DA-releasing agents in  increasing  DA sy n th esis  may re 
s u l t  from the combination of p ro te in  kinase C-induced a c tiv a tio n  
o f TH and decreased end-product in h ib itio n  o f the enzyme.

209.10 PERIPHERAL PLASMA HVA AND DOPAC CAN REFLECT DRUG-INDUCED CHANGES 
IN CENTRAL DOPAMINERGIC NEUROTRANSMITTER ACTIVITY. T.M. Abou- 
N ader*, R.W.von B o r s te l , R .J . Wurtman. (SPON: H. L ieb e rma n ,)  D ept. 
o f B rain  and C o gn itive  S c ien ce , MIT, E25-604, Cambridge MA 02139.

We examined th e  plasm a c o n c e n tra t io n s  o f th e  dopamine (DA) 
m e ta b o lite s , hom ovanilic  ac id  (HVA) and D ihy d ro x y -p h en y l-ace tic  
a c id  (DOPAC), as in d ic a to r s  of CNS DA tu rn o v e r , s in c e  some 
ex p e rim en ta l tre a tm e n ts  which change b ra in  HVA and DOPAC le v e ls  
( e .g .  H a lo p e rid o l) , a ls o  have been found to  cause p a r a l l e l  changes 
in  plasm a c o n c e n tra t io n s  of th e se  m e ta b o l ite s . The r e l a t i v e  
c o n tr ib u t io n  o f th e  CNS to  th e  plasm a changes could  not be 
determ ined from th e se  e a r l i e r  s tu d ie s  s in c e  th e  t e s t  tre a tm e n ts  
a l s o  in h i b i t  t r a n s p o r t  of HVA and DOPAC out o f the b r a in .  We 
measured plasm a HVA and DOPAC u sing  HPLC-EC d e te c t io n ,  in  3 blood 
com partm ents: a r t e r i a l ,  p e r ip h e ra l  venous, and CNS venous. 400 gm 
male Sprague-Dawley r a t s  were a n e s th e tiz e d  and trach eo sto m ized ; 
th e  C a ro tid  A rte ry  (CA), em oral Vein (FV), and R etro g len o id  
Vein (R V ), (w hich c o l le c t s  on ly  CNS b lo o d ) , were c a n n u la te d .

B ase lin e  HVA c o n c e n tra t io n s  were (n g /m l): RV=2.49± .39 , 
CA= 1.93± .3 4 , and FV=1.87± .27 w ith  s ig n i f i c a n t  d if f e re n c e s  between 
th e  R e tro g len o id  and th e  c a ro t id  o f the  fem o ra l. (RV-CA)= .5 3 + .15 , 
(RV-FV)= .62± .2 3 ] ,  and no d i f fe re n c e  between th e  c a ro t id  a r t e r y  and 
th e  fem oral v e in , [ (FV-CA) =.095± . 15].

Subcutaneous in j e c t io n  o f h a lo p e r id o l [ 1mg/kg] in c re a se d  HVA by 
2-3 fo ld  and DOPAC by 1 .5 -2 .0  in  th e  3 blood com partm ents, w ith  a 
s ig n i f i c a n t  2-3 fo ld  in c re a s e  in  the  c o n c e n tra t io n  d if fe re n c e  
between th e  re t ro g le n o id  and e i t h e r  th e  c a ro t id  or th e  fem oral.

HVA (ng /m l) DOPAC (ng/m l)
Time P o st I n je c t io n
(h r s ) 0 1 2 0 1 2
RV -  CA .53± .15 2 .50± 1.00 1.77± .26 .51± .09 1.60± .37 1.60± .62
RV -  FV .62± .23 2 .21± .50 1.30± .90 .27± .17 .99± .33 1.0± .11

The r a t i o  between th e  d i f f e r e n t  com partm ents how ever, d id  no t 
show any s ig n i f i c a n t  change and rem ained fo r  RV/CA and RV/FV a t  
1 .2 -1 .5 ,  f o r  bo th  HVA and DOPAC.This su g g es ts  th a t  th e  r e l a t i v e  
c o n tr ib u t io n  o f th e  b ra in  to  th e se  m e ta b o lite s  in  th e  p e r ip h e ra l 
blood rem ains c o n s ta n t a f t e r  h a lo p e r id o l ,  r e f l e c t i n g  in c re a s e s  in  
t h e i r  p ro d u c tio n  w ith in  bo th  th e  CNS and th e  p e r ip h e ry .

With an e s tim a te d  blood flow  th rough  th e  re t ro g le n o id  v e in s  o f 
10 m l/mn , i t  i s  p o s s ib le  to  c a lc u la te  th e  CNS o u tp u t of th e se  
m e ta b o lite s  in  u g /h r :  B rain  Output o f HVA and DOPAC (m g/hr)
Time P o st I n j . (h r s ) 0 1 2

HVA .30 1.2 .90
DOPAC .30 .90 .90

These o b s e rv a tio n s  in d ic a te  th a t  measurement of p e r ip h e ra l 
plasm a HVA and DOPAC may p rov ide  a u s e fu l  index of c e n tr a l  
dopam inergic n e u ro tra n sm iss io n .
(D r. Abou-Nader ho ld s  a  W hitaker H ea lth  S cience Fund F e llo w sh ip .)

209.11 ROTEIN INGESTION RAISES TYROSINE LEVELS AND STIMULATES 
DOPA SYNTHESIS IN THE LIGHT-ADAPTED RAT RETINA. M.H. 
Fernstrom, E .A . Volk*, and 3.D . Fernstrom. Department of Psychiatry 
and Center for Neuroscience, University of Pittsburgh, Pittsburgh PA 
15213.

Tyrosine hydroxylase activity in retina increases rapidly when rats 
are  exposed to light. In such light-exposed, but not in dark-adapted 
ra ts , tyrosine (TYR) injection rapidly increases retinal TYR level and 
stimulates in  vivo TYR hydroxylation ra te  ( i . e . ,  dopa accumulation 
ra te ) .  When  f asting rats consume a high-protein meal, brain TYR 
levels are known to  rise rapidly. We therefore wondered if ingestion of 
a protein meal by rats would similarly elevate retinal TYR levels, and 
if so, if such an increase would stimulate in vivo TYR hydroxylation 
ra te  in the light-adapted retina.

Groups of 6 male Sprague-Dawley ra ts , fasted overnight, were given 
free  access a t 9 am to  either nothing, a carbohydrate meal (100% 
carbohydrate, 0% protein) or a 40% protein meal (60% carbohydrate, 
40% protein). Ninety min la te r, the food was removed, and each 
animal received m-hydroxybenzylhydrazine (100 mg/kg ip) and was 
killed 30 min la te r. Retinas were removed for determination of TYR 
and dopa by HPLC. Serum TYR was assayed fluorimetrically. Ingestion 
of the protein meal produced large increases in serum and retinal TYR 
levels, and a significant rise in dopa accumulation ra te . When rats 
consumed the carbohydrate meal, no increases in serum or retinal TYR 
level, or in dopa accumulation ra te  occurred. Moreover, when the 
study was repeated in the dark,. to cause TYR hydroxylase activity to 
be low, increments in serum and retinal TYR level occurred, but no 
increase in dopa accumulation ra te  was observed. These results suggest 
that a physiologic phenomenon, ingestion of a protein-containing meal, 
can produce a rise in retinal TYR level sufficient to stimulate TYR 
hydroxylation ra te . The effect on hydroxylation rate occurs only under 
conditions in which the hydroxylase is activated. And, the effect 
cannot be ascribed simply to  the act of consuming a meal, since no 
increases were observed when animals consumed the carbohydrate meal. 
Hence, TYR hydroxylase in this set of central nervous system dopamine 
neurons shows precursor dependence in a physiologic range of local TYR 
concentrations.

Treatment 
Group

Serum 
Tyrosine

R etinal 
Tyrosine

R etinal dopa 
Accumulation

(m o l /ml) (m o l/n g  p ro t) (mol/mg p ro t)
F asting 123 ± 6 1.60 ± 0.18 1.28 ± 0.04
Carbohydrate Meal 115 ± 5 1.23 ± 0.04 1.63 ± 0.18
P ro te in  Meal 327 ± 27* 5.73 ± 0.75* 2.57 ± 0.24*

Data a re  means ±  sem; * P < 0.01 conpared to  fa s tin g  values.

209.12 THE EFFECTS OF HIGH DOSES OF ALPRAZOLAM AND ADINAZOLAM ON DOPAMIN 
METABOLISM IN THE RAT. P.S.McQuade, T.K. Hilborn.*J.W .Richard* and 
M.Thakur*. Douglas H ospital Research Centre and Dept. of 
P sych iatry , McGill U niversity , Verdun, Quebec H4H 1R3 Canada.

Large doses of diazepam are  reported  to  be b e n ef ic ia l in  the 
treatm ent of schizophrenia (Beckmann, H ., and Haas, S ., Psycho- 
pharmacol. 71: 79, 1980). One of the  problems w ith the  use of 
diazepam, however, is  the  development of park in son ian -like  symp
toms in  p a tie n ts  on th is  regimen (Suranyi-C adotte, B ., Nestoros, 
J . ,  N air, N ., Lal , S . ,  and G authier, S ., B iol. P sychiat. 20: 455, 
1985). Therefore high doses of the  triazo lobenzodiazep ines, 
alprazolam  or adinazolam were adm inistered to  the  r a t  in  order t o 
determine i f  they had dopaminergic e f fe c ts  s im ila r to  those of 
high doses of diazepam. Male Sprague Dawley r a ts  (170-190 g) wet 
in je c ted  i ntra p e r ito n e a lly  w ith 10 mg/kg of alprazolam and adina
zolam e ith e r  acu tely  or ch ro n ica lly  once dai ly  fo r twenty-one 
days. The animals were microwaved, th e  various t is s u e s  were 
d issec ted  and the  concen trations of dopamine (DA), homovanillic 
acid  (HVA), dihydroxyphenylacetic acid  (DOPAC) and 3-methoxytyr- 
amine (3-MT) were measured using c a p illa ry  column negative 
chemical io n iza tio n  gas chromatography-mass spectrom etry. In the 
s tria tu m  a f te r  acute in je c tio n , alprazolam  a t  doses of 1 and 10 
mg/kg was w ithout e f fe c t  on the  concentrations of DA and i t s  
m e tabo lite s . In  c o n tra s t , diazepam a t  a dose of 10 mg/kg 
decreased HVA and 3-MT concen trations in  the  s tria tu m . A fter the 
chronic adm in istra tion  of alprazolam  and adinazolam, no changes 
were observed in  3-MT concen trations in  the  s tria tu m  but DA, HVA 
and DOPAC were a l l  decreased ( to  approximately 60% of con tro l) 
thus suggesting th a t  these  agents were in h ib itin g  DA syn thesis  but  
not a ffe c tin g  DA re le a se . In co n tra s t the  chronic ad m in is tra tio n 
of diazepam reduced both 3-MT and HVA concen trations. Challenging 
the  ch ro n ica lly  tre a te d  animals w ith an acute dose of e i th e r  
alprazolam  or adinazolam ( lb  mg/kg; 60 m inutes) re su lte d  in  a 
decrease in  DOPAC, HVA and 3-MT concen trations. The acute 
challenge w ith diazepam of those animals th a t  were ch ron ica lly  
tre a te d  w ith diazepam produced a 50% decrease in  3-MT 
concen tra tions. Diazepam e f fe c ts  on the  dopaminergic system 
appear to  be mediated by i t s  p o te n tia tio n  of GABAergic mechanism: 
while the  triazolobenzodiazepines appear to  be le ss  e f fe c tiv e  in 
p o te n tia tin g  these  e f f e c ts ,  thus requ iring  very high doses before 
DA re le a se  i s  a ffec ted . These re s u l ts  suggest th a t  alprazolam or 
adinazolam might be u sefu l fo r e i th e r  ad junctive  or primary 
treatm ent of schizophrenia s ince these  high doses of alprazolam or  
adinazolam appear to  Be more se le c tiv e  fo r syn thesis  modulation 
ra th e r  than fo r re le a se  modulation. (Supported by the  Medical 
Research Council of Canada and the  Upjohn Company of Canada).
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210.1 PURIFICATION AND SEQUENCE DETERMINATION Of VARIOUS MOLECULAR FORMS 
OF DYNORPHIN A AND BOMBESIN-RELATED PEPTIDES IN BOVINE ADRENAL ME
DULLA. S. Lem aire, L. Chouinard* and P. M erc ie r* . Departm ent o f 
Pharmacology, School o f  M edicine, U n iv e rs ity  o f O ttawa, O ttawa, 
O n ta rio , Canada, K1H 8N5.

The m edullae o f  fo u r  hundred bovine ad rena l g lands were d is s e c 
ted  im m ediately a f t e r  removal from th e  animal and frozen  in  dry 
ic e .  The t i s s u e  was allow ed to  p a r t i a l l y  d e f re e z e , and i t  was cu t 
in to  sm all p ie c e s  (1-2 mm) b e fo re  adding 10 vol o f  a s o lu tio n  o f 
0 .1  M HCl - 0.01% th io d ie th a n o l a t  95°C. The tem p era tu re  was 
m ain ta ined  a t  95°C fo r  15 min and th e  m ix tu re was homogenized w ith  
a Waring b le n d e r  (30 s) b e fo re  n e u t r a l i z a t i o n  and c e n tr if u g a t io n .  
The c le a r  su p e rn a ta n t was ly o p h i liz e d , d is s o lv e d  in  a s o lu tio n  o f 
0.1% t r i f l u o r o a c e t i c  ac id  and passed  th rough Sep Pak C18 c a r t r i d 
ges (W a te rs ) . P ep tid es  were then  e lu te d  w ith  a s o lu tio n  o f ac e 
t o n i t r i l e  (35% in  0.1% t r i f l u o r o a c e t i c  a c id ) ,  l y o p h iliz e d  and sub
m itte d  to  chrom atography on a p re p a ra t iv e  h igh  perform ance l iq u id  
chrom atography (HPLC) column (SP - 5PW, c a tio n  exchanger, W a te rs ) . 
The e lu t io n  and s e p a ra t io n  o f p e p tid e s  was achieved w ith  a g r a 
d ie n t o f ammonium a c e ta te  (from 0.01 M to  1.4 M) w ith  re s p e c t to  
pH (from 4 .5  to  6 .5 ) .  The e lu te d  m a te r ia l  was m onitored fo r  i t s  
con ten t in  dynorphin A and b o m b e sin -re la ted  p e p tid e s  by r a d io 
immunoassay. Im m unoreactive-(ir) bombesin and dynorphin were s e 
p a ra te d  in to  two d i s t i n c t  f r a c t io n s .  Each one o f them was re su b 
m itte d  to  s u ccess iv e  a n a ly t ic a l  HPLC on SP-5PW and μ -bondapak C18 
columns (W ate rs ) . These l a t e r  chromatograms y ie ld e d  two peaks 
of ir -d y n o rp h in  and th re e  peaks o f ir-b o m b esin . The s t r u c tu r a l  
sequences of th e  dynorphin-im m unoreactive m a te r ia ls  corresponded 
q u ite  c lo s e ly  to  th a t  o f  dynorphin A w hile  th a t  o f one o f  th e  i r -  
bombesin peaks was id e n t ic a l  to  neuromedin C. These r e s u l t s  d e 
m onstra te  th a t  bombesin and d y n o rp h in -re la te d  p e p tid e s  in  bovine 
ad rena l m edulla e x i s t  under b io lo g ic a l ly  a c tiv e  form s.
(S upported by th e  Canadian H eart Foundation and th e  Medical 
R esearch Council o f C anada).

210.2 IDENTIFICATION AND SEQUENCE DETERMINATION OF A  cDNA 
CLONE FOR AN OCTADECAPEPTIDE THAT INHIBITS BENZODIAZE
PINE BINDING. A. K. Sinha, J . M. Sikela*, G. Owens* and W. E. Hahn. 
Dept. of Physiology & Biophysics, Rutgers Med. Sch., Univ. of Med. & 
Dent. of NJ. Piscataway, NJ 08854 and Dept. of Cellular & Structural 
Biology, Univ. of Colorado Health Sci. Ctr., Denver, CO 80262.

Several laboratories, including our own, have reported the existence of 
endogenous proteins and peptides in brain that inhibit benzodiazepine 
ligand binding to membrane receptor. Partial amino acid sequence of one 
such protein, called diazepam binding inhibitor (DBI), is known (Ferrero, 
P. et al., Proc. Natl. Acad. Sci. USA 83: 827-831, 1986). An intriguing 
property of this protein is that it elicits "proconflict" responses in 
rodents.

In order to begin molecular characterization of this protein, we have 
used polyclonal antibody raised against a synthetic octadecapeptide (Gln- 
Ala-Thr-Val-Gly-Asp-Val-Asn-Thr-A sp-Arg-Pro-Gly-Leu-Leu-Asp-Leu-Lys) 
fragment of DBI, to screen a λgt 11 expression library representing mRNA 
from the mouse cerebellum. A cDNA clone was isolated from an 
immunoreactive plaque, recloned into the plasmid pGEM-3, and 
sequenced. A nucleotide (nt) sequence encoding the octadecapeptide was 
identified within the 114 nt open reading frame of the cDNA. However, 
comparison of the cDNA sequence to the partial amino acid sequence of 
DBI (Alho, H. et al., Science 229: 179-182, 1985) shows no codon 
alignment in the amino acid sequences flanking on either side of the 
octadecapeptide. Since studies on fragments of DBI suggest that more 
than one copy of the octadecapeptide may be present, it is possible that 
our cDNA represents a region of DBI containing a second copy of the 
octadecapeptide flanked by different sets of amino acids. It is also 
possible that lack of correspondence between codons and amino acids 
flanking the octadecapeptide is attributable to species differences (amino 
acid sequence data for DBI is from the rat), but we think this is unlikely 
due to virtually complete lack of homology. As a third alternative our 
cDNA might correspond to a gene other than that representing DBI, which 
also shares the octadecapeptide sequence. This might very well be so if a 
family of DBI genes exists.

Northern blot analysis shows the cDNA is complementary to several 
brain mRNA species, ranging in size from 0.8 to 2 kilobases. In an 
attempt to determine if other biologically active peptides occupy the 
flanking regions of the octadecapeptide, we have undertaken a search for 
a clone containing a full length coding sequence.

210.3 SUBSTANCE F AND SUBSTANCE K BIOSYNTHESIS: EFFECTS OF 
METHAMPHETAMINE
P . J . E l l i o t t *  an d  M .J . B annon . D e p ts . o f  P s y c h ia t r y  and  
P h a rm aco lo g y , Y a le  U n iv . Sch . o f  M e d ., New H aven, CT 06508

S u b s ta n c e  P (SP) c o n ta i n in g  c e l l  b o d ie s  i n  th e  s t r i a t u m  
i n n e r v a te  th e  s u b s t a n t i a  n i g r a  (S N ). M ic r o in f u s io n s  o f  SP i n to  th e  
SN a c t i v a t e  b o th  dopam ine (DA) an d  n o n -d o p a m in e rg ic  n e u ro n s .  The 
DA c e l l  b o d ie s  i n  th e  SN, i n  t u r n ,  p r o j e c t  fo rw a rd  an d  te r m in a te  
i n  th e  s t r i a t u m .  P e r ip h e r a l  a d m i n i s t r a t i o n  o f  d o p a m in e rg ic  d ru g s  
h a v e  b e e n  r e p o r t e d  t o  ch n ag e  SP l e v e l s  i n  th e  SN and  th e  s t r i a tu m ,  
th e  d i r e c t i o n  an d  m ag n itu d e  o f  th e  ch an g e  d e p e n d in g  upon th e  d ru g  
u s e d  an d  th e  e x a c t  d o s in g  re g im e n .
The p r e s e n t  s tu d y  i n v e s t i g a t e d  th e  e f f e c t s  o f  m etham phetam ine on 
th e  l e v e l s  o f  SP and  th e  new ly  d i s c o v e r e d  t a c h y k i n in ,  s u b s ta n c e  K 
(S K ), i n  th e  r a t  s t r i a t u m  an d  SN. SP an d  SK a r e  c o t r a n s m i t t e r s  
e n c o d ed  by  th e  same g e n e . C hanges i n  th e  l e v e l s  o f  s t r i a t a l  
p r e p r o t a c h y k in in  (PPT) mRNAs w ere  a l s o  a s s e s s e d .
Results indicate that subchronic administration (15mg/kg, ip. 
every 6h for 24h) of methamphetamine increases SP levels in both 
th e  SN an d  s t r i a t u m  by  50% an d  30% r e s p e c t i v e l y ,  r e p l i c a t i n g  
p r e v i o u s ly  p u b l is h e d  d a t a .  SK l e v e l s  w ere  a l t e r e d  i n  an  i d e n t i c a l  
f a s h io n  i n  b o th  t i s s u e s . SP an d  SK l e v e l s  w ere fo u n d  to  be 
u n ch an g ed  i n  th e  SN Up to  6h  a f t e r  a  s i n g l e  d o se  (15m g/kg) o f  
m eth am p h etam in e. H ow ever, i n  th e  s t r i a t u m  th e  c o n c e n t r a t i o n s  o f  
b o th  t a c h y k in in s  w ere d e c re a s e d  by  30% w i t h in  3h . A l l  o f  th e s e  
a l t e r a t i o n s  w ere p re c e d e d  by  an  i n c r e a s e  (80-100% ) i n  th e  l e v e l s  
o f  PPT mRNAs i n  th e  s t r i a t u m .  I n  co m p le m e n ta ry  s t u d i e s  th e s e  
c h a n g es  c o u ld  be  b lo c k e d  by  s im u lta n e o u s  a d m i n i s t r a t i o n  o f  
h a lo p e r id o l  ( 1m g /k g ) , s u g g e s t in g  t h a t  th e  m e th a m p h e ta m in e-in d u c ed  
c h a n g e s  i n  p e p t id e  an d  PPT l e v e l s  w ere DA d e p e n d e n t .  
M etham phetam ine e l i c i t s  o p p o s i t e  e f f e c t s  t o  th o s e  o b t a in e d  u s in g  
th e  DA a n a t a g o n i s t  h a lo p e r id o l  a lo n e  i n d i c a t i n g  f u r t h e r  t h a t  th e  
c h a n g e s  s e e n  a r e  DA r e c e p t o r  m e d ia te d .  I n  c o n c lu s io n ,  th e  ch an g es  
i n  t a c h y k in in  l e v e l s  i n  th e  SN and  s t r i a t u m  o c c u r  a s  a  c o n seq u en ce  
o f  an  a l t e r e d  b i o s y n t h e s i s .

210.4 ASSAY AND CHARACTERIZATION OF TRH PRECURSOR PEPTIDES IN 
RAT BRAIN
P.Wu*. R.M.Lechan# and I.M.D.Jackson. Division of Endocrinology, Brown 

University, Rhode Island Hospital, Providence RI 02902. #Division of 
Endocrinology, New England Medical Center, Boston MA.
To determine whether the precursor for thyrotropin releasing hormone 

(preproTRH) is processed to peptides other than TRH we have raised antisera 
and developed radioimmunoassays for synthetic peptides corresponding to 
sequences within the cDNA deduced amino acid (aa) sequence of preproTRH. 
The predicted primary structure of preproTRH consists of a 255 aa sequence of 
which the amino terminal 24 aa form a probable signal peptide. The remaining 
proTRH sequence of 231 aa (MW=26,299) contains 5 putative TRH sequences 
(Gln-His-Pro-Glv) flanked by paired basic aa residues.

The 3 antisera used in this study were raised against 3 synthetic peptides, 
pCC(10), corresponding to a potential TRH sequence flanked by cysteine 
residues, pYT(22) and pYS(23), N-tyrosyl analogs of N-terminal and central 
sequences respectively. For RIA the pCC(10) and pYS(23) antisera were used 
with 125I-pYS(23) tracer and pYS(23) standards. The pYT(22) RIA used 125l- 
pYT(22) tracer and pYT(22) standards. These assays do not cross-react with
T R H  o r other neural

Adult rat hypothalami and olfactory lobes were extracted at 95 C, pH 7, in the 
presence of protease inhibitors. Assay of these crude extracts showed 
immunoreactivity in all 3 RIA's . On Sephadex G-75, pH 7.4, rat hypothalamic 
extracts contained peaks of immunoreactive pCC(10) (ipCC) and 
immunoreactive pYS(23) (iPYS) coeluting at a position corresponding to a MW 
~6,000 daltons as well as a peak of immunoreactive pYT(22) (ipYT) of MW 
~4,500 daltons. After purification on Baker C4 wide pore cartridges, reverse 
phase HPLC of these peaks showed that the 6kD iPCC/ipYS and 4.5kD ipYT 
each chromatographed as single distinct, baseline resolved, peaks of 
immunoreactivity. In contrast, G-75 chromatography of olfactory lobe extracts 
revealed two peaks of ipCC. One eluted in the same position as a peak of ipYS 
and the hypothalamic 6kD ipCC/ipYS. The other peak fractions, at a position 
suggesting a MW of -22-26kD, also contained a coeluting peak of ipYT.
We conclude: 1 . ProTRH is processed to peptides other than TRH. 2. Rat 

olfactory lobe and hypothalamus may each process proTRH differently. The 
larger ~22-26kD MW form observed in olfactory lobe may be intact or nearly 
intact proTRH. 4. The smaller 6kD MW ipCC/ipYS and 4.5kD ipYT forms may 
represent partially processed proTRH.
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210.5 Mesencepalic Dopamine Neurons Control The 
Expression Of Neuropeptide mRNAs In The Rat 
Forebrain. M.R. Brann*, T.I. Bonner* and W.S. Young (SPON: M. 
Freed) Lab. of Cell Biology NIMH, Bethesda, M D 20892.

Substance P (SP), met-enkephalin (ENK) and dynorphin (DYN) are 
synthesized from the larger precursors preprotachykinin, preproenkephalin 
A, and preprodynorphin in distinct neuronal systems in the striatum, ventral 
striatum (olfactory tubercle) and nucleus accumbens. These forebrain 
structures are densely innervated by dopamine (DA)-containing neurons, 
and the peptide neuronal systems have been postulated to play a role in 
DA-mediated behavior. Many neurons within the striatum which synthesize 
ENK project to the globus pallidus and many neurons which synthesize SP 
and DYN project to the substantia nigra. However, the precise anatomy of 
these peptide systems is complex and only partly understood. To examine 
the interaction of mesencephalic DA neurons and these neuropeptide 
systems, we made unilateral lesions o f mesencephalic DA neurons with 
6-OH-DA, and localized and quantitated levels of mRNAs which encode 
ENK, SP and DYN in the forebrain via in situ hybridization histochemistry 
(Young et al., Neurosci Lett., 1986).

Male sprague-dawley rats were injected with 8 μg o f 6-OH-DA or 
vehicle into their left substantia nigrae. Two weeks later the rats were 
sacrificed and 12 μm frozen sections were obtained from several levels of 
the forebrain and substantia nigra. These sections were hybridized with 
probes to SP (complementary to the base sequence encoding the first 16 
amino acids of exon 3 in rat, Bonner e t al., in preparation), ENK 
(complementary to bases 388-435, Yoshikawa et al., JBC, 1985), DYN 
(complementary to bases 862-909, C ivelli et al., P N A S , 1985), and 
tyrosine hydroxylase (complementary to bases 1441-1488, Grima et al., 
PNAS, 1985). The probes were labeled by tailing the 3' end with alpha 
35S-dATP and terminal deoxynucleotidyl transferase.

The pattern of distribution o f mRNAs encoding SP, ENK and DYN in 
the striatum, vental striatum and nucleus accumbens was strikingly similar 
to the distribution o f dopamine-D2 receptors. Animals with complete 
6-OH-DA lesions were devoid o f mesencephalic neurons which express 
tyrosine hydroxylase mRNA on the injected side. In these animals, the 
striatum, vental striatum and nucleus accumbens on the lesioned side 
expressed lower levels of SP mRNA and higher levels of ENK mRNA than 
the contralateral side. These effects reflected changes in the amount o f 
mRNA expressed by individual cells and not in the number of detectable 
cells. The effect on DYN mRNA was less robust. Initial studies revealed 
an increase only in the rostral striatum.

These data complement and extend the work o f others examining the 
influence of DA on levels of neuropeptides and neuropeptide mRNAs. Our 
data suggest that SP and ENK neurons in the forebrain are regulated in an 
opposite fashion by mesencephalic DA neurons. Currently, we are 
examining the characteristics of the DA receptors which modulate the 
neuropeptide mRNAs.

210.6 CHARACTERIZATION OF A PURIFIED PAIRED BASIC RESIDUE-SPECIFIC, 
PROHORMONE CONVERTING ENZYME FROM BOVINE PITUITARY INTERMEDIATE 
AND NEURAL LOBE SECRETORY VESICLES

Y.P. Loh, D.C. P arish *  and R. T u te ja*  (SPON: L. C harnas). Lab. 
o f  N eurochem istry and Neuroi mmunology, N ational I n s t i t u t e  of 
C hild  H ealth  and Human Development, N ational I n s t i t u t e s  o f H ea lth , 
B ethesda, MD 20892

P ep tide  hormones a re  sy n th es iz ed  from la rg e r  prohormones by 
lim ite d  p r o te o ly s is ,  g e n e ra lly  a t  p a i r s  o f b a s ic  re s id u e s  which 
f la n k  th e  b io lo g ic a l ly  a c t iv e  p e p tid e  sequences. Cell b io lo g ic a l 
s tu d ie s  have in d ic a te d  th a t  th e  prohormones a re  converted  to  
a c t iv e  hormones w ith in  s e c re to ry  v e s ic le s  and th e re fo re  th e  p ro 
ce ss in g  enzymes should  be lo c a l iz e d  in  th e se  o rg a n e l le s . We have 
re c e n tly  p u r if i e d  from bovine in te rm e d ia te  and neural lobe s e c re 
to ry  v e s ic le s  an en d opep tidase  t h a t  i s  s p e c i f ic  fo r  p a ire d  b as ic  
re s id u e s  o f prohormones. The prohormone co n v e rtin g  enzyme (PCE) 
from both lobes  was shown to  c leav e  p ro -op iom elanoco rtin  to  y ie ld  
a d re n o c o r tic o tro p in , β- l i p o t r o p in  and β-endo rph in ; and p ro - in s u 
l i n  to  y ie ld  th e  A and B ch a in s  o f in s u l in .  Neural lobe d eriv ed  
PCE cleav ed  p ro -v a so p re ss in  to  y ie ld  vasop ress in -G ly -L ys-A rg . 
PCE from both lobes  a re  g ly c o p ro te in s  o f ~70,000 mol. w t . ;  have 
an a c id ic  pH optimum, and an in h ib i t io n  p r o f i l e  c h a r a c te r i s t i c  o f 
a s p a r ty l p ro te a s e s . The s im i la r i ty  o f th e  p ro p e r t ie s  o f PCE from 
both lobes  su g g es ts  th a t  they  may be th e  same o r c lo se ly  r e l a te d  
enzymes. The a b i l i t y  o f PCE to  p rocess  d i f f e r e n t  prohormones 
r a i s e s  th e  p o s s ib i l i ty  th a t  a fam ily  o f enzymes s im i la r  to  PCE 
may e x i s t  in  o th e r  endocrine  c e l l s  and p e p tid e rg ic  neurons fo r  
p ep tid e  p re c u rso r  p ro c e ss in g .

210.7 NONCOORDINATE POSTTRANSLATIONAL PROCESSING OF ALPHA-MELANOTROPINS 
AND BETA-ENDORPHINS IN PERIFUSED RAT NEUROINTERMEDIATE LOBE CELLS. 
R.G. A l le n ,  J .  S ta c k * ,  B .E . Adams*, and J.M . H a t f i e ld * .
D ep artm en ts  o f  M ed ic in e  and  P h y s io lo g y ,  O regon H e a l th  S c ie n c e s  
U n iv e r s i ty ,  P o r t l a n d ,  O regon 97201 .

We have u sed  c e l l  p e r i f u s i o n ,  r e v e r s e - p h a s e  h ig h  p e rfo rm a n c e  
l iq u i d  ch ro m a to g ra p h y , r a d i o l a b e l l i n g ,  and  im m unoassay t o  s tu d y  
th e  b io s y n th e s i s  and a c e t y l a t i o n  o f  β- e n d o r p h in s  and α -m e la n o -  
t r o p in s  ( α -M S H 's), i n d e p e n d e n t ly ,  i n  p e r i f u s e d  r a t  n e u r o i n t e r 
m ed ia te  lo b e  (NIL) c e l l s  im m e d ia te ly  (0 -5  h r )  a f t e r  d e n e r v a t io n  
from th e  h y p o th a la m u s . We fo u n d  t h a t  a f t e r  5 h r  o f  s te a d y  l a b e l 
l in g  w i th  e i t h e r  35S -m e th io n in e  o r  3H - a c e t i c  a c id  m a tu re  α -MSH- 
r e l a t e d  p r o d u c ts  w ere p ro d u ce d  w h i le  o n ly  v e ry  s m a l l  am ounts o f  
p u t a t i v e  β- e n d o r p h in ( 1- 3 1 ) - r e l a t e d  p r e c u r s o r s  w ere p ro d u ce d  
d u r in g  th e  same p e r i o d .  The m o la r  r a t i o  o f  α -MSH’ s t o  β- e n d o r -  
p h in s  s y n th e s iz e d  i n  5 h r  was 2 6 0 :1 .  The m o la r  r a t i o  o f  α -MSH's 
a c e ty l a t e d  to  α -MSH's s y n th e s i z e d  was 8 :1 .  A f t e r  5 h r  o f  l a b e l 
l i n g ,  90% o f  th e  n ew ly  p r o c e s s e d  35S - c o n ta in in g  α -MSH's e lu t e d  
w ith  d e s a c e ty l  α -MSH, w h i le  70% o f  t h e  3H - a c e ty l a t e d  m a t e r i a l  
e lu t e d  w ith  d i a c e t y l  α -MSH. V i r t u a l l y  no new ly  s y n th e s i z e d  
ACTH(1-3 9 )  was d e t e c t a b l e .  The p a t t e r n  o f  new ly  s y n th e s i z e d  o r  
a c e ty l a t e d  α -MSH's a p p e a r s  w e l l  b e f o r e  s y n th e s i z e d  a c e t y l a t e d  
β- e n d o r p h in ( 1- 3 1 ) - r e l a t e d  m o le c u le s .  H ow ever, new ly  s y n th e s i z e d  
α-MSH's c o n t r i b u t e  n e g l i g i b l y  t o  a v a i l a b l e  s t o r e d ,  o r  s e c r e t e d  
p o o ls  o f  p e p t id e  horm one. The f a c t  t h a t  th e  m a jo r i t y  o f  th e  
35S CPM e lu t e d  w i th  d e s a c e t y l  α -MSH and th e  m a j o r i t y  o f  3H CPM 
c o u n ts  c o - e lu te d  w i th  d i a c e t y l  α -MSH im p l ie s  t h a t  two p a th w ay s 
a re  a t  w ork. One, th e  b i o s y n t h e t i c  p a th w ay  in  w hich  th e  new ly  
s y n th e s iz e d  α - m e la n o t r o p in s  a r e  c le a v e d  from  th e  p r e c u r s o r  and 
a c e t y l a t e d  and  a m id a te d .  And, a n o th e r  w here o l d ,  s t o r e d  mono- 
a c e t y l a t e d  (α - N - a c e t y l a t e d ) , α - m e la n o t r o p in s  a r e  f u r t h e r  d i a c e -  
t y l a t e d ,  p re su m a b ly  a t  th e  s e r i n e  p o s i t i o n  1 o f  ACTH(1-13)NH2 
th ro u g h  th e  CoA p a th w a y . F u r th e r  s tu d i e s  w i l l  be  r e q u i r e d  to  
d e te rm in e  a t  w h ich  s i t e  t h e  3H - a c e ty l a t e d  α -MSH's w ere l a b e l l e d .  
I t  i s  p o s s ib l e  t h a t  n ew ly  s y n th e s i z e d  and c le a v e d  α -M S H -sized  
p r e c u r s o r s  do n o t  h av e  th e  same a c c e s s  t o  t h e  a c e t y l t r a n s f e r a s e  
enzyme a s  o t h e r  s to r e d  p o o ls  o f  α - N - a c e t y la t e d  α -MSH. β- e n d o r -  
p h in s  w ere n e v e r  a c e t y l a t e d  a f t e r  5 h r  o f  l a b e l l i n g  u s in g  
3H - a c e t ic  a c id .  I n  5 h r  o f  s te a d y  l a b e l l i n g  o f  f r e s h l y  
d i s p e r s e d  NIL c e l l s ,  t h e  f i r s t  c le a v a g e  p r o d u c ts  d e r iv e d  from  
POMC a re  α -MSH's and n o t  0-LPH and ACTH. (S u p p o rte d  by  NIH 
G ran t # N S 19397-02)

210.8 BRAIN ENDO- OLIGOPEPTIDASE A, A PUTATIVE ENKEPHALIN CONVERTING 
ENZYME. J. Rossier+, K.M. Metters+, E.B. Oliveira° , 
M.S. Medeiros° , O. Toffoletto° and A.C.M. Camargo° . 
+Laboratoire de Physiologie Nerveuse, CNRS, 91190 Gif-sur-Yvette. 
°Universidade de Sao Paulo, Brazil.

Biologically active peptides are in i t ia l ly  synthesised as part 
of large inactive precursors and subsequently generated by 
proteolytic cleavages.

The observation tha t many biologically active peptides are 
bracketed by pairs of basic aminoacids has led to the proposal 
that these peptides are liberated by the action of a trypsin -like 
endopeptidase followed by a carboxypeptidase B-like exopeptidase. 
However, in th is  study, we provide evidence th a t th is  combination 
of trypsin -like and Carboxypeptidase B-like enzymes may not be the 
only mechanisms for liberating  enkephalin from low molecular weight 
precursors. Our data demonstrates th a t braig endo-oligopeptidase 
A can produce, by a single cleavage, Leucine -enkephalin (LE) and 
Methionine5 -enkephalin (ME) from small enkephalin-containing 
peptides.

Endo-oligopeptidase A has been highly purified from the cytosol 
of bovine brain. This th io l peptidase, known to cleave the Phe5 - 
Ser6 bond of bradykinin and the Arg8 -Arg9 bond of neurotensin has 
been shown to produce by a single cleavage LE from Dynorphin B 
(DYN-B). The specific ity  constants (Kcat/Km) obtained for hydro
ly sis  of bradykinin, neurotensin and DYN-B were of the same order, 
indicating tha t the substrate aminoacid sequence is  not the only 
factor determining the cleavage s i te  of th is  enzyme. The quantity 
of LE released was equal to the amount of DYN-B hydrolysed during 
the reaction. LE formation was inhibited in a concentration 
dependent manner by the alternative substrate bradykinin. Simi
la r  re su lts  were obtained for DYN-A1-8 , α-neoendorphin (NEO) and 

β -NEO. The related peptides DYN-a1-13, DYN-A1-17 and DYN-A1-6 
were not detectably cleaved while DYN-A1-7 was nyorolysed to f orm 
Tyr-Gly-Gly-Phe but not LE. This general pattern of size dependent 
cleavage was also observed with proenkephalin derived peptides. 
Hydrolysis of ME-Arg6-Gly7 and ME-Arg6-Phe7 liberated only Tyr- 
Gly-Gly-Phe whereas the octapeptide ME-Arg6-G ly 7-Leu0 released both 
Tyr-Gly-Gly-Phe and ME in a 1:2,5gratio . When the octapeptide was 
extended to form ME-Arg6 -Gly7 -Leu8 -Lys9 the major product was ME 
and using BAM 12P as substrate th is  was the only product formed. 
The hexapeptide ME-Arg6 was re s is tan t to cleavage as were the 
larger peptides E, F, B and BAM 18P as well as the higher molecular 
weight (8.6-23.3kDalton) enkephalin-containing peptides purified 
from bovine adrenal medulla. From these resu lts  the optimum sub
s tra te  size for hydrolysis by endo-oligopeptidase A seems to be 
between 8 and 13 amino acid residues, with enkephalin the only 
product released from precursors where th is  sequence is  
immediately followed by a pair of basic residues.
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210.9 EFFECT OF CYSTEAMINE ON THE BIOSYNTHESIS- AND DEGRADATION OF RAT HY
POTHALAMIC L-[35S]CYS-VASOPRESSIN, -OXYTOCIN, AND -SOMATOSTATIN, 
MEASURED AFTER S-CARBOXYMETHYLATION. R. E. Franco-Bourl and* and A.O. 
Rodrí guez-Hernández* (SPON: J . V illa rrea l). Dept. of Biochemistry, 
Inst. Nal. Nutrición, SZ, México, D.F. CONACYT-MEXICO: PCCBBNA- 
001716.

The f i r s t  reports on the in vivo effec t of cysteamine (CSH) to 
selectively deplete immunoreactive somatostatin (SRIF) from vari
ous tissu es, and adenohypophyseal prolactin (PRL), suggested, based 
on in v itro  analysis, that the mechanism of action did not involve 
the formation of mixed disulfides between the peptides and the 
drug. Accordingly, in our in i t ia l  in vivo studies, we interpreted 
the absence of L-[35S]Cys-SRIF in the hypothalamic extracts from 
CSH-treated ra ts , determined by HPLC, as proof of the inhibition 
of biosynthesis (Soc Neurosci Abstr 9:746,1983) or the activation 
of degradation (Soc Neurosci Abstr 10:284,1984) of SRIF, and pro
posed them as mechanisms for SRIF depletion in rats given CSH. L- 
[35S]Cys-OT was also absent in the hypothalamic and neurohypo
physeal extracts of these ra ts . Recently, however, Lorenson (Endo
crinology 115:728,1984) has shown th a t, the depletion of immuno
reactive PRL is ,  in fac t, due to the in vivo, possibly enzyme- 
linked, formation of mixed disulfides between PRL and CSH. In the 
ligh t of Lorenson's data, our afore mentioned resu lts could now a l
so be attribu ted  to the formation of mixed d isu lfides, unidentifia
ble in our HPLC system, calibrated , using only native peptide stan
dards. In order to te s t th is p o ss ib ility , we have repeated our ex
periments using the methodology described previously to th is Socie
ty (see above), except that here, we have S-carboxymethylated (S- 
CM) the pre-purified labeled AVP, OT, and SRIF before HPLC analy
s is ,  thereby disrupting any mixed disulfides that might have been 
formed between the peptides and CSH. The HPLC column was c a li
brated th is time using S-CM-peptide standards. In th is  way, any 
a ltera tions in the levels of the labeled peptides in hypothalamic 
or neurohypophyseal extracts should now accurately re flec t changes 
in the ir biosynthesis or degradation. After S-CM, S-CM-SRIF was 
recovered with a 60% y ie ld , and S-CM-AVP and -OT with only a 15% 
y ield . HPLC analysis of the hypothalamic extracts from ra ts given 
CSH sc 4h before icv L-[35S]Cys (Exp. I) showed the absence of L- 
[35S]Cys-S-CM-SRIF, thereby proving the inhibition of SRIF biosyn
thesis (possibly by inhibiting post-translational processing). In 
the hypothalamic extracts from ra ts given the label 4h before the 
drug (Exp. I I ) ,  L-[35S]Cys-S-CM-SRIF was clearly  demonstrated, d is
proving an effect of CSH on i ts  degradation. In both Exp. I and II 
the levels of accumulation of neurohypophyseal L-[35]Cys-S-CM-OT 
and -AVP were unaffected by CSH. Thus, the absence of L-[35S]Cys- 
SRIF and -OT in our former experiments, was probably due to the 
formation of mixed disulfides lo st in the HPLC analysis.

210.10 RAPID DEGRADATION OF NEUROTENSIN BY NEUROBLASTOMA CLONE N1E-1I5. 
J. A . G ilbert and E . R ichelson. M ayo Foundation, Rochester, MN 5 5 9 0 5 .

Murine neuroblastoma clone N1E-115 possesses receptors which 
specifically  bind the tridecapeptide neurotensin (NT) and mediate 
the formation of in tracellu lar cyclic GMP and the stimulation of 
inositol phospholipid hydrolysis. These in tact ce lls  also 
rapidly degraded radiolabeled neurotensin (pGlu-Leu-Tyr-Glu-Asn- 
Lys-Pro-Arg-Arg-Pro-Tyr-Ile-Leu). [Tyrosyl3,11-3H]Neurotensin, 
at a concentration of 0.1 μM, began degrading at 37°C as soon as 
10 sec after exposure to in tact N1E-115 ce lls at a level of 1 × 
106 cells/m l, and 96% of the radiolabeled peptide was degraded 
(n=2) after 5 min of exposure. Six major t r it ia te d  products were 
formed over a period of 20 min, with the degradation products 
formed and the degree of proteolysis of [3H]neurotensin being 
dependent upon the length of exposure and the number of cells/m l. 
The t r it ia te d  degradation products were analyzed by high pressure 
liquid chromatography (HPLC) employing a Waters μ-Bondapak C18 
column and a series of gradients in a range of 10%-40% aceto
n i t r i le  in 10 mM trifluo roacetic  acid. Two of the in itia l pro
ducts formed eluted with the same retention times as the stan
dards NT(9-13) and NT(11-13). These products, in turn, were each 
degraded to 33% of the original level by 5 min and completely de
graded upon 20 min of exposure to ce lls  (n=2). The corresponding 
amino-terminal remnants of the NT structure were also among the 
f i r s t  products formed; in p articu lar, a peptide with the elution 
time of standard NT(1-8 ) was only sligh tly  degraded at 5 min 
a fter formation and was degraded by about 50% at the end of 20 
min (n=2). The major radiolabeled product a fter 20 min of degra
dation of [3H]neurotensin under these conditions eluted on HPLC 
with a retention time identical to that of standard tyrosine. De
gradation studies of [3H]neurotensin performed in the presence of 
specific protease inhibitors suggested that at least three pep
tidases appeared to be involved in a sequential fashion in the 
degradation of radiolabeled neurotensin by in tact NlE-115 ce lls . 

[Tyrosyl11-3H]NT(8-13), the carboxyl - terminal portion of 
neurotensin for which the neurotensin receptors on th is neuronal 
cell type have a higher a ffin ity  and a greater responsiveness, 
was more rapidly degraded under identical conditions than neuro
tensin i t s e l f .  [3H]NT(8-13), at a concentration of 0.1 μM, was 
degraded to 10% of its  original level upon 60 sec of exposure at 
37°C to 1 × 106 cells/ml (n=2). Two of the three in i t ia l  radio- 
labeled products formed eluted from HPLC with the same retention 
times as the standards NT(9-13) and NT(11-13), and the single, 
final radiolabeled product found afte r 5 min of degradation of 
[ 3H]NT(8-13) eluted with the same retention time as that of stan
dard tyrosine. (Supported by Mayo Foundation and U.S.P.H.S. 
grant MH27692).

210.11 HIGH-AFFINITY, SPECIFIC INACTIVATION OF ANGIOTENSIN I I I  BY 
MEMBRANE-BOUND PEPTIDASES OF RAT BRAIN. C a r lo s  G. Cá m ara and 
Jo se p h  W. H a rd in g . D ep a r tm e n ts  o f  P h a rm aco lo g y , U n iv e r s i ty  o f  
V i r g in i a  S ch o o l o f  M e d ic in e , C h a r l o t t e s v i l l e ,  V i r g in i a  22908 , and 
VCAPP, W ash in g to n  S t a t e  U n i v e r s i ty ,  P u llm a n , W ash in g to n  99164 .

A n g io te n s in s  a r e  r a p i d l y  i n a c t i v a t e d  i n  a  n o n - s p e c i f i c  m anner 
by s o lu b le  p e p t id a s e s  p r e s e n t  i n  c i r c u l a t o r y  f l u i d s  and c ru d e  
t i s s u e  e x t r a c t s .  T e rm in a tio n  o f  th e  a n g io t e n s in  m essage  in  
t a r g e t  c e l l s  h a s  b e e n  assum ed t o  o c c u r  i n  a  s i m i l a r  n o n - s p e c i f i c  
m anner a s  a  r e s u l t  o f  th e  a c t i o n  o f  ly so so m a l p e p t i d a s e s  fo l lo w 
in g  e n d o c y to s i s  o f  th e  r e c e p t o r - a n g io t e n s in  com plex . We now 
r e p o r t  th e  r e s u l t s  o f  o u r  p r e l im in a r y  c h a r a c t e r i z a t i o n  o f  
m em brane-bound a n g io t e n s in a s e s  o f  r a t  b r a i n .  S y n ap to so m al 
f r a c t i o n s  from  th e  com bined  h y p o th a la m u s , th a la m u s ,  sep tu m  and 
a n t e r o v e n t r a l  t h i r d  v e n t r i c l e  o f  r a t  b r a i n  w ere w ashed tw ic e  i n  
i s o t o n i c  medium and a s sa y e d  f o r  t h e i r  a b i l i t y  t o  m e ta b o liz e  1 2 5
I -A  III when t h i s  was added  e i t h e r  a lo n e  o r  t o g e t h e r  w i th  a g o n is t  o r  
a n ta g o n i s t  a n g io t e n s in  a n a lo g s ,  o r  w i th  v a r io u s  u n r e l a te d  b u t  
b i o l o g i c a l l y  a c t i v e  p e p t i d e s .  D e g ra d a tio n  o f  125I -A  m  by 
m em brane-bound p e p t id a s e s  was d e f in e d  a s  th e  d i f f e r e n c e  b e tw een  
th e  d e g ra d a t io n  p ro d u ce d  by th e  t o t a l  sy n a p to so m al hom ogenate  
and  th e  d e g ra d a t io n  p ro d u ce d  by th e  3 6 ,0 0 0  x g s u p e r n a t a n t  o f  
t h a t  h o m o g en a te . A l l  a s s a y s  w ere  p e rfo rm e d  a t  22°C and i n i t i a l  
r a t e  c o n d i t i o n s .  A f t e r  q u e n c h in g , th e  r e a c t i o n  medium was 
e x t r a c t e d  w i th  a c e t o n i t r i l e  and th e  e x t r a c t s  w ere ta k e n  to  d ry 
n e s s ,  made up i n  e l u t i o n  b u f f e r ,  and a n a ly z e d  by HPLC. The 
r e s u l t s  i n d i c a t e  t h a t  125I-A  I I I  i s  s e q u e n t i a l l y  d e g ra d e d  from  
th e  a m in o te rm in u s  by m em brane-bound a m in o p e p t id a s e s . At low 
s u b s t r a t e  c o n c e n t r a t i o n s  t h e  f i r s t  r e a c t i o n  in  t h i s  s e q u en c e  
( 125 1-A I I I  = Arg + 12 5 I - d e s  Arg A I I I ) i s  c a ta ly z e d  by a 
s in g l e  enzym e. T h is  a n g io t e n s in a s e  i s  h ig h ly  s p e c i f i c  f o r  A I I I  
r e l a t i v e  to  a l l  o t h e r  p e p t i d e s  t e s t e d  and d i s p l a y s  a  v e ry  h ig h  
a f f i n i t y  f o r  t h i s  s u b s t r a t e  (Km = 75 nM ).

210.12 NEUTRAL METALLOENDOPEPTIDASE (ENKEPHALINASE) ACTIVITY IS 
LOCALIZED IN ENKEPHALIN-RICH REGIONS OF RAT SPINAL CORD. 
Stephen A. Back and Charles G orenstein. D epartm ent of Pharmacology, 
University of California, Irvine CA 92717.

We have examined the distribution of neutral m etalloendopeptidase 
(enkephalinase) in rat spinal cord and brain stem by fluorescent histochemistry. 
Nitrosalicylaldehyde was used to localize the enzyme's reaction product resulting 
from cleavage of the synthetic peptide substrate, glutaryl-Ala-Ala-Phe-4-methoxy- 
2-naphthylamide. Enzyme distribution was examined in spinal cord segments 
from high and low cervical, thoracic, lumbar, and sacral regions from rats which 
had received 100 μg of colchicine i.c.v. prior to perfusion. The specificity of the 
staining pattern observed was demonstrated using the "enkephalinase"-specific 
inhibitor thiorphan at 30 nM concentration. At this concentration, thiorphan 
completely inhibited all staining observed. Cellular staining was verified by a 
fluorescent counterstain with ethidium bromide.

The enzyme was found to be richly and highly localized at all levels of the 
spinal cord examined. The reaction product was heavily localized within the 
substantia gelatinosa as a very finely dispersed yellow fluorescent precipitate. 
Somata lightly filled with fluorescent precipitate were occasionally observed in 
this area. A very similar pattern of reaction product was observed more rostrally 
in the medulla, pars caudalis in the homologous spinal tract of the trigeminal 
nerve. Throughout the cord the enzyme was localized to the central cervical 
nucleus and to lamina X. Appreciable staining was also observed in the ventral 
horn. In this region cellular staining was largely associated with intemeurons and 
medium-sized motoneurons, as well as with some selected populations of alpha 
motoneurons. At thoracic and lumbar levels, staining was associated with the 
medium-sized cells of lamina IV. Laminae V and VII and the intermediolateral 
cell column were extensively stained, and the gray-white borders of laminae V 
and VII were associated with staining of distinctive small-to-medium-sized cells.

The spinal cord constitutes an important region of the nervous system where 
enkephalins are associated both with central and peripheral pain pathways, as well 
as with pathways which do not appear to subserve a role in the modulation of 
nociceptive information. The localization of neutral metalloendopeptidase in the 
present study to regions of spinal cord shown to contain enkephalin-like 
immunoreactivity suggests a possible role for the enzyme in modulating the 
activity of enkephalinergic pathways in spinal cord.

Supported by NIDA DA03031 and NIDA predoctoral PHS fellowship 
DA05255.
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210.13 DIFFERENTIAL CARBOXYPEPTIDASE H ACTIVITY IN NERVE FIBERS AND 
TERMINAL OF THE RAT HYPOTHALAMO-NEUROHYPOPHYSIAL SYSTEM. 
V.Y.H. Hook and M. Palkovits*. Dept. of Biochemistry, Uniformed 
Services University of the Health Sciences, Bethesda, MD., and 
*Laboratory of Cell Biology, NIMH, Bethesda, MD. 20892.

Carboxypeptidase H (CPH) is one of several processing enzymes 
required for the conversion of neuropeptide precursors into th e ir 
smaller biologically active forms. (CPH has been refered to as 
'carboxypeptidase B-like' and 'enkephalin convertase '). Recent 
studies (1) show that CPH released from chromaffin ce lls by nico
tin ic  receptor stimulation is more active than CPH in secretory 
granules isolated from bovine adrenal medulla tissue . Nicotinic 
receptor stimulation of chromaffin ce lls  releases the contents of 
mature granules containing small enkephalin pentapeptides (2), 
whereas granules from medulla tissue includes immature granules 
that also contain precursor forms of enkephalins. These data 
suggest that CPH may be more active in mature than in immature 
granules. To te s t th is hypothesis, we have compared the sta te  of 
activation of CPH in p itu itary  stalk  and posterior p itu itary  of 
the ra t hypothalamo-neurohypophysial system. CPH in posterior p i
tu itary  was six times more active than in p itu ita ry  s ta lk . P itu i
tary stalk  transection nearly abolished CPH ac tiv ity  in posterior 
p itu itary . These data demonstrate that CPH must undergo a process 
of activation as i t  is  transported along the axons of the p itu i
tary stalk  to nerve terminals in posterior p itu ita ry . Thus, matur
ation of secretory vesicles during axonal transport may include 
mechanisms for the activation of processing enzyme a c t iv i t ie ( s ) . 
(1) V.Y.H. Hook and L.E. Eiden. BBRC 128, 563-570,(1985). 
(2) Chaminade et a l . J . Physiol 353, 317-320,(1984).

ACTION POTENTIALS AND ION CHANNELS V

211.1 SLOWLY ACTIVATING K+ CURRENT IN XENOFUS OOCYTES INJECTED WITH 
POLYA+ RNA FROM RAT UTERUS. M.B. Boyl e .  E.M. Azhder i an*. N. J.  
Maclusky* , F. N a f t o l i n *, and L.K. Kaczmarek. Depar tments  of 
Pharmacology,  Physiology,  and O b s t e t r i c s  and Gynecology,  Yale 
Un i ve r s i t y  School of Medicine,  New Haven, CT 06510.

To a s s a y  mRNA c o d in g  f o r  io n  c h a n n e ls  from  t h e  u t e r u s ,  we 
have  u sed  th e  Xenopus o o c y te  t r a n s l a t i o n  s y s te m . E s tro g e n  
t r e a tm e n t  o f th e  a d u l t  u t e r u s  c a u s e s  h y p e r p l a s t i c  g ro w th  and a 
p ro fo u n d  i n c r e a s e  in  t h e  e l e c t r i c a l  e x c i t a b i l i t y  o f  t h e  sm ooth 
m u sc le . We h av e  i n j e c t e d  polyA + RNA from  th e  u t e r i  o f e s t r o g e n -  
p rim ed  r a t s  i n t o  Xenopus o o c y te s  and fo u n d  t h a t  th e y  e x p r e s s  a 
new v o l ta g e -d e p e n d e n t  p o ta s s iu m  c u r r e n t .  T h is  c u r r e n t  i s  u n u su a l 
in  two w ays: 1) i t  a c t i v a t e s  v e ry  s lo w ly  y e t  d o e s  n o t  a p p e a r  t o  
be a c t i v a t e d  by c a lc iu m  e n t r y ,  and 2 ) i t s  a c t i v a t i o n  upon 
d e p o la r i z a t i o n  i s  s t r o n g l y  r e d u c e d  by p r e - h y p e r p o la r i z a t i o n  o f 
t h e  membrane p o t e n t i a l .  PolyA + RNA was o b ta in e d  from  w hole  u t e r i  
o f o v a r ie c to m iz e d  a d u l t  r a t s  im p la n te d  w ith  e s t r a d i o l - f i l l e d  
s i l a s t i c  c a p s u le s  and s a c r i f i e d  a f t e r  3 d a y s . E x p e r im e n ta l  
o o c y te s  w ere i n j e c t e d  w ith  50 n l  o f  a  4 u g /u l  RNA s o l u t i o n  and 
in c u b a te d  a t  room t e m p e ra tu re  f o r  2 t o  3 d a y s . V o lta g e -c la m p  
d e p o la r i z a t i o n s  from  a h o ld in g  p o t e n t i a l  of -4 0  mV e l i c i t e d  a 
v o l ta g e -  and t im e -d e p e n d e n t  o u tw ard  c u r r e n t  in  R N A -in je c te d  
o o c y te s  (9 o u t  o f 12 c e l l s  from  5 f r o g s ) .  S im i la r  c u r r e n t s  w ere 
n e v e r  o b s e rv e d  in  water—i n j e c t e d  o r  no n i n je c te d  c o n t r o l  o o c y te s  
(n=21 and 1 2 4 ) . M oreover, t h e  c u r r e n t s  in d u ce d  by u t e r i n e  RNA 
d i f f e r e d  from  t h o s e  se e n  in  c e l l s  i n j e c t e d  w ith  RNA from  o th e r  
e x c i t a b l e  t i s s u e s  (n = 1 2 8 ). R e s t in g  p o t e n t i a l s  and in p u t  
r e s i s t a n c e s  w ere n e a r  -4 5  mV and 0 .5  MΩ in  b o th  RNA- and water— 
i n j e c t e d  o o c y te s .  The u te r in e -R N A -in d u c e d  c u r r e n t  to o k  more th a n  
2 s e c o n d s  t o  a c t i v a t e  f u l l y  a t  +50 mV from  a h o ld in g  p o t e n t i a l  of 
-4 0  mV. From a h o ld in g  p o t e n t i a l  o f  -1 0 0  mV, t h e  c u r r e n t  a p p e a re d  
t o  a c t i v a t e  a b o u t 2 .5  t im e s  more s lo w ly .  No i n a c t i v a t i o n  was 
a p p a re n t  d u r in g  2 -se c o n d  d e p o la r iz i n g  s t e p s .  A s lo w ly  d e c a y in g  
o u tw ard  t a i l  c u r r e n t  o f 227 ± 66 nA (SEM) was se e n  fo l lo w in g  a  2 -  
seco n d  s te p  t o  +50 mv from  -4 0  mV; o n ly  in w ard  t a i l  c u r r e n t s  w ere 
o b s e rv e d  in  c o n t r o l  o o c y te s .  The t a i l  c u r r e n t s  r e v e r s e d  n e a r  EK; 
t h e  r e v e r s a l  p o t e n t i a l  s h i f t e d  a s  p r e d i c te d  by t h e  N e rn s t 
e q u a tio n  t o  m ore p o s i t i v e  p o t e n t i a l s  w ith  e l e v a t io n  o f [ K] 0 , b u t  
was i n s e n s i t i v e  t o  r e d u c t io n  o f [ Cl ] 0 . The c u r r e n t  was re d u c e d  by 
10-20  mM TEA in  t h e  b a th  (n = 2 ) . The c u r r e n t  was n o t  re d u c e d  ( n=3) 
by up t o  1 5-20  min o f e x p o s u re  t o  a  0 Ca2+ , 0 .1  mM EGTA b a th in g  
s o lu t io n  (w hich b lo c k e d  a  0 Ca2+- in f lu x - d e p e n d e n t  com ponent o f t h e  
en d o g en o u s Ca2+- a c t i v a t e d  Cl -  c u r r e n t ) , im p ly in g  t h a t  t h e  K+ 
c u r r e n t  i s  n o t  d i r e c t l y  d e p e n d e n t  on Ca2+ e n t r y .  The s im p le s t  
e x p la n a t io n  f o r  t h e  a p p e a ra n c e  o f t h e  new c u r r e n t  in  t h e  o o c y te s  
i s  e x p re s s io n  o f a  K+  c h a n n e l  coded  f o r  by t h e  u t e r i n e  RNA. Such 
a s lo w ly  a c t i v a t i n g  c h a n n e l  may p la y  a  r o l e  in  t h e  slow  
e l e c t r i c a l  b u r s t i n g  o f t h e  m yom etrium .

211.2 FOUR DISTINCT CLASSES OF VOLTAGE-DEPENDENT K CHANNELS 
IN PC-12 CELLS. T. Hoshi* and R. W. A ldrich. Dept. Neurobiology, 
S tanford Univ. School of Medicine, Stanford, CA 94305.

Voltage-dependent K channels in clonal PC-12 cells grown in the 
absence of nerve growth factor (NGF) were characterized using whole-cell, 
inside-out, and outside-out configurations of patch clamp technique. The 
internal solution contained (mM) 140 KCl, 2 MgCl2, 1 CaCl2, 11 EGTA (10 
nM free Ca++), 10 HEPES, pH 7.2 with N-methylglucamine (NMG). The 
external solution contained (mM) 145 NMGC1, 2.8 KCl, 2.8 MgCl2, 10 
HEPES, pH 7.2 w ith HCl.

At least four types of voltage-dependent K channels could be easily 
distinguished on the basis of their unitary  current amplitudes; (1) a large 
Ca++-dependent K channel (60 to 80 pS or 180 to 250 pS in symmetrical K 
solutions), (2) a 17 pS channel, (3) an 11 pS channel, and (4) a 7 pS channel 
(conductance values are based on the unitary  current amplitudes in voltage 
range of -10 to 60 mV. Open channel I(V)’s are not necessarily linear). In 
addition, very small outward channels (3 to 4 pS) were occasionally 
observed. All of the channels are activated by depolarizing pulses. Only 
the large Ca++-dependent K channel is blocked by charybdotoxin. 
Tetraethylam monium (TEA) and 4-am inopyridine (4-AP) block all four 
types of channels.

In response to depolarizing step pulses, the 7 pS channels activate 
slowly and the probability of being open does not decline during a pulse 
lasting up to 500 msec or more. However, the channels are typically (but 
not always) inactivated at holding voltage of -70 mV and require 
hyperpolarizing prepulses to more negative voltages to remove inactivation. 
Open time histograms can be fitted  by a sum of two exponentials and 
closed time histograms by a sum of three exponentials.

Channels w ith 11 pS conductance activate faster than the 7 pS channels. 
The probability of being open declines during a pulse with a time constant 
of about 300 msec at +40 mV. Open time histograms can be fitted  by a 
sum of two exponentials and closed time histograms by a sum of three 
exponentials. Sweeps w ithout openings were observed clustered together in 
time, suggesting presence of a very slow inactivation process.

The 17 pS channels show the most transient behavior among the four 
channel types. The probability of being open typically declines with a 
time constant of 40 msec at 20 mV. The 17 pS channels also show 
significant steady-state inactivation. However, holding voltages more 
positive than -20 mV are often required to totally inactivate 17 pS 
channels. Open time histograms are reasonably well f itted  by a single 
exponential.

Effects of both short- and long-term pharmacological treatm ents, such 
as NGF application, on properties of the four classes of K channels are 
now being investigated (Supported by NS23294 and Searle Scholars 
Program/Chicago Community Trust to R.W.A. and by American Heart 
Assoc. Postdoctoral fellowship to T. H.).
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211.3 PROPERTIES OF VOLTAGE-ACTIVATED POTASSIUM CURRENTS IN ISOLATED, 
IDENTIFIED MAMMALIAN CORTICAL NEURONS. J.M. Nerbonne1 and A. 
Burkhalter2, Departments of Pharmacology1 and Neurosurgery2 ,  
Washington University School of Medicine, St. Louis, MO 63110.

Mechanistic studies of cortical information processing are 
complicated by the inherent complexity of the cortex i ts e l f ;  i t  
is  d if f ic u lt  to identify particular "types" or "classes" of 
cortical neurons and to evaluate the re la tive  roles of in trin s ic  
membrane properties and synaptic connections in determining the 
overall properties of cortical c irc u its . In order to circumvent 
these d if f ic u ltie s , with the long-term aim of studying defined 
cortical c ircu its , we are investigating the physiological 
properties of isolated, identified  cortical neurons.

Neurons are identified  (based on the ir projection targets) in 
v itro  following retrograde labelling in  vivo with rhodamine- 
TabeTled latex microspheres (beads). In neonatal Long Evans ra t 
pups (3-12 days), bead injections are made into either the 
primary visual cortex (C), area 17, or the superior colliculus 
(SC). Following 2-15 days survival, tissue  pieces are dissected 
from the contralateral (C) or ip sila te ra l (SC) area 17,
enzymatically dissociated and ce lls  are plated on monolayers of 
primary astrocytes. As our previous physiological studies 
revealed differences in the properties of isolated cortical 
neurons (Nerbonne et a l . ,  Neurosci. Abs., 11:149), we have 
focussed on potassium (K+) currents. Using the whole-cell 
variation of the patch clamp recording technique with 140 mM KC1 
in the reco rd in g  pipettes, voltage-activated outward K+ currents 
are evoked by depolarizations to potentials positive to -30 mV 
from holding potentials (hp) -50 to -90 mV; 1 μM Tetrodotoxin 
and 5 mM Co  ++ (with 1 mM Ca++) are added to the bath to supress 
inward Na+ and Ca++ currents. In a ll C-projecting ce lls , a t 
least two K+ currents are revealed: a rapid, transient (It ) and 
a slower, non-inactivating, steady-state (IS) K+ current; these 
currents can be separated based on d iffering voltage-dependence 
and pharmacology. In contrast, It  does not appear to be present 
in a ll SC-projecting neurons. With Ca++ in the bath, an 
additional component of K+ current (Ic ), of variable amplitude 
in d ifferen t c e lls , is revealed. Hyperpolarizations to 
potentials negative to -90 mV from hp -50 to -90 mV evoke small 
inward K+ currents (I i ) in a ll C- and SC-projecting cells but 
not in all cortical neurons. Experiments under current clamp 
reveal differences in the amplitudes and durations of action 
potentials and the firing  patterns of identified  ce lls , perhaps 
owing to differences in K+ currents. The effects of a variety 
of putative cortical neurotransmitters on action potentials and 
K+ currents in identified ce lls are under investigation. 
Supported by the Epilepsy Foundation of America.

211.4 EVIDENCE THAT C-CURRENT AND A-CURRENT CONTRIBUTE TO REPOLARIZATION 
OF THE ACTION POTENTIAL IN CA1 PYRAMIDAL CELLS OF RAT HIPPOCAMPUS. 
J .F .S to r m * (SPON: P .R .A d am s). D e p t . o f  N e u ro b io lo g y  & B e h a v io r ,  
SUNY a t  S tony  B rook , S tony  B rook , NY 11794.

S p ik e  r e p o l a r i z a t i o n  ( s . r . )  m echanism s a r e  im p o r ta n t  e .g .  f o r  
c o n t r o l  o f  r e p e t i t i v e  f i r i n g  and t r a n s m i t t e r  r e l e a s e .  Y et l i t t l e  i s  
known a b o u t s . r .  m echanism s in  th e  v e r t e b r a t e  b r a i n .  In  s q u id  axons 
th e  d e la y e d  r e c t i f i e r ,  I K,  i s  th e  m ain  r e p o l a r i z i n g  c u r r e n t ,  b u t  
d a ta  from  au to n o m ic  g an g l i a  s u g g e s t  t h a t  C a - a c t iv a t e d  and t r a n s i e n t  
K - c u r r e n ts  may b e  im p o r ta n t  i n  v e r t e b r a t e s .  The p r e s e n t  s tu d y  aim ed 
a t  t e s t i n g  w h e th e r  s im i l a r  m echanism s o p e r a t e  i n  th e  mammalian CNS.

CA1 c e l l s  (n=76) w ere s tu d i e d  in  s l i c e s  (2 8 -3 7 ° C ) . S p ik e s  w ere 
e l i c i t e d  by b r i e f  ( 1-3m s) c u r r e n t  p u l s e s .  As shown b e fo r e  (S to rm , 
N e u r o s c i .A b s t r .1 1 :1 1 8 3 )  C a - f r e e  medium o r  th e  C a -c h an n e l b lo c k e r s  
Cd, Co and Mn slow ed  s . r .  and b lo c k e d  th e  f a s t  a f t e r h y p e r p o la r i z a 
t i o n  (fA HP). T e trae th y lam m o n iu m  (TEA, 0.5-2mM) o r  c h a ry b d o to x in  
(CTX, 30nM) had  s im i l a r  e f f e c t s ;  and th e  e f f e c t s  o f  TEA and Cd (o r  
Mn) showed m u tu a l o c c lu s io n .  N o re p in e p h r in e  (NE,5μ M) d id  n o t  a f f e c t  
s . r .  o r  th e  fAHP, a l th o u g h  i t  b lo c k e d  th e  s lo w  C a -d e p en d e n t AHP 
(sAHP). R a is in g  th e  e x t e r n a l  K - c o n c e n tr a t io n  a l s o  slow ed  s . r .  and 
red u c e d  th e  fAHP, w h e re a s  Cl- - lo a d in g  o f  th e  c e l l  was i n e f f e c t i v e .  
T hese r e s u l t s  s u g g e s t  t h a t  a  C a - a c t iv a t e d  K - c u r re n t  o f  th e  f a s t ,  
T E A -s e n s it iv e  k in d  ( I C) c o n t r i b u t e s  to  s . r .  and fAHP, w h e re a s  th e  
s low  N E -s e n s i t iv e  C a -d e p en d e n t c u r r e n t  ( I AHP; L a n c a s te r  & Adams, 
N e u r o s c i .A b s t r . 1 0 :8 7 2 ) d o es  n o t .

The t r a n s i e n t  K - c u r r e n t ,  IA, seem s a l s o  to  c o n t r i b u t e  to  s . r . ,  
b e c a u s e :  (1 ) 4 - a m in o p y rid in e  ( 4-AP; 0 . 1mM), w h ich  b lo c k s  I A, slow ed 
s . r . ;  ( 2 ) d e p o la r iz i n g  p r e - p u l s e s ,  w h ich  i n a c t i v a t e  1A, h ad  a  s im i 
l a r  e f f e c t ;  (3 ) h y p e r p o la r i z in g  p r e - p u l s e s  sp e ed e d  up s . r . ;  (4) th e  
e f f e c t s  o f  4-AP and p r e - p u l s e s  r e s i s t e d  C a -b lo c k a d e  ( l i k e  IA) ;  (5) 
d e p o la r iz in g  p r e - p u l s e s  red u c e d  th e  e f f e c t  o f  4-A P; (6 ) 4-AP o r  
p r e - p u l s e s  b ro ad e n e d  th e  s p ik e  l e s s  and i n  a  d i f f e r e n t  way th a n  
0 Ca, Cd, Co, Mn, TEA o r  CTX; th e  fo rm er b ro a d e n in g  was u n ifo rm , 
w i th  l i t t l e  e f f e c t  on th e  fAHP, w h e re a s  th e  l a t t e r  a f f e c t e d  m o s tly  
th e  l a s t  2 /3  o f  th e  s . r .  and a b o l i s h e d  th e  fAHP. [ In  M n/4-AP-medium, 
4-30mM TEA slow ed  th e  s . r .  f u r t h e r ,  s u g g e s t in g  t h a t  a t h i r d  c u r r e n t  
( I K ?) p la y s  a  r o l e  when th e  s p ik e  i s  b ro a d e n e d .]

in  a d d i t i o n  to  o u tw ard  c u r r e n t s ,  an  in w ard  C a - c u r r e n t  seem ed to  
be  a c t i v e  d u r in g  th e  f a l l i n g  p h a se  o f  th e  s p ik e .  T h u s, i n  2-5mM TEA 
th e  s p ik e  d e v e lo p e d  a  ' s h o u l d e r ’ ( s )  w hich  was b lo c k e d  by Cd o r  Mn. 
(S u p p o rte d  by a  F o g a r ty  f e l lo w s h ip  and by NIH g r a n t  N S18579.)

211.5 MUSCARINIC MODULATION OF IONIC CURRENTS IN ISOLATED MAMMALIAN 
CENTRAL NEURONS. W .J. Wadman * , R .K .S . Wong and  M .J . G u tn ic k * . 
(SPON.: D. E a to n ) .  D e p t . o f  P h y s i o l . and B io p h y s ic s ,  UTMB, 
G a lv e s to n ,  TX 77550 .

N eu ro n s w ere d i s s o c i a t e d  from  b r a i n s  o f  a d u l t  g u in e a  p ig s  
u s in g  th e  m ethods d e s c r ib e d  e ls e w h e re  (Kay and Wong, J .  N e u r o s c i .  
M e th .,  1 9 8 6 ) . A f t e r  rem o v in g  th e  b r a i n  t h e  r e l e v a n t  a r e a s  w ere 
d i s s e c t e d  o u t  (R eg io n  CA1 and  F a s c ia  D e n ta te  from  t h e  h ippocam pus 
a s  w e l l  a s  t h e  m e d ia l  and l a t e r a l  H ab en u la). D i s s o c i a t i o n  was 
a c c o m p lish e d  u s in g  an e n z y m a tic  t r e a tm e n t  ( t r y p s in )  f o r  one  and  a 
h a l f  h o u r  fo l lo w e d  by m e c h a n ic a l  d i s s o c i a t i o n  s h o r t l y  b e f o r e  t h e  
c e l l s  w ere u s e d .  D i s s o c i a te d  c e l l s  r e t a i n  t h e i r  p ro x im a l  d e n 
d r i t e s ,  so  t h a t  t h e i r  m orpho logy  can  be  com pared  t o  th o s e  
d e s c r ib e d  i n  G o lg i  p r e p a r a t i o n s .

V o lta g e -c la m p  r e c o r d in g s  w ere made w i th  p a tc h  c lam p e l e c t r o d e s  
(2 MOhm) u se d  i n  t h e  w hole  c e l l  c o n f i g u r a t i o n .  E x t r a c e l l u l a r  

medium in c lu d e d  2 μM TTX t o  b lo c k  Na c u r r e n t s .  We s tu d i e d  th e  
m o d u la t io n  o f  v a r io u s  in w a rd  and  o u tw a rd  c u r r e n t s  by p r e s s u r e  
a p p l i e d  m u sc a r in e  ( c o n c e n t r a t io n  ra n g e  10-6 M t o  10-4 M ). R eco rd 
in g  e l e c t r o d e s  c o n ta in e d  e i t h e r  K -p h o sp h a te  o r  T r is - p h o s p h a te  t o  
exam ine K and Ca c u r r e n t s  r e s p e c t i v e l y .

D e p o la r i z a t i o n  from  a h o ld in g  p o t e n t i a l  m ore h y p e r p o la r i z e d  
th a n  -6 0  mV e l i c i t e d  a  t r a n s i e n t  o u tw a rd  c u r r e n t  (1A) fo l lo w e d  by 
d e la y e d  com ponen ts w i th  - s lo w e r  k i n e t i c s .  M u sca r in e  re d u c e d  th e  
a m p l i tu d e  o f  t h e  d e la y e d  c o m p o n en ts ; i t  c a n ,  h o w e v e r , b o th  
i n c r e a s e  and  d e c re a s e  I A f o r  d i f f e r e n t  c e l l s .  A n a ly s is  o f  th e  
t a i l  c u r r e n t s  r e v e a l e d  two com ponen ts  t h a t  d e c ay e d  w i th  t im e  
c o n s ta n t s  o f  a b o u t  50 and  300 m s; t h e  l a t t e r  one h a s  b e e n  d e t e r 
m ined  t o  b e  c a lc iu m  d e p e n d e n t .  M u sca r in e  s u p p re s s e d  b o th  
c u r r e n t s .

When o u tw a rd  c u r r e n t s  a r e  b lo c k e d  by  i n t r a c e l l u l a r  T r i s  o r  C s, 
t h e  c a lc iu m  c u r r e n t  c a n  b e  s tu d i e d .  T h is  Ca c u r r e n t  c o n s i s t e d  o f  
a  t r a n s i e n t  and  a  p e r s i s t e n t  co m p o n en t, p r e s e n t  i n  d i f f e r e n t  
r a t i o s  i n  d i f f e r e n t  r e g i o n s .  B o th  com ponen ts w ere s u p p re s s e d  by  
m u sc a r in e  (10-6 M). T h is  im p l ie s  t h a t  th e  r e d u c t io n  i n  o u tw a rd  
c u r r e n t  by  m u sc a r in e  c a n ,  a t  l e a s t  i n  p a r t ,  b e  a s c r i b e d  t o  i t s  
a c t i o n  on th e  c a lc iu m  c u r r e n t .

A d d i t io n a l  e x p e r im e n ts  w here t h e  c a lc iu m  c u r r e n t  was b lo c k e d  
by 1 mM e x t r a c e l l u l a r  Cd show ed t h a t  m u sc a r in e  s t i l l  r e d u c e d  th e  
d e la y e d  o u tw a rd  c u r r e n t .  M oreover th e y  r e v e a l e d  t h a t  m u sc a r in e  
i n v a r i a b l y  s u p p re s s e d  th e  A - c u r r e n t ,  s u g g e s t in g  t h a t  th e  v a r i 
a b i l i t y  o b s e rv e d  i n  n o rm a l s o lu t io n  a r o s e  from  th e  summed e f f e c t  
o f  m u sc a r in e  on th e  in w a rd  an d  o u tw a rd  c u r r e n t s .

(S u p p o rte d  by a  NATO G ra n t  t o  WJW and  NS-1 8 4 6 4 ) .

211.6  MOLECULAR ANALYSIS OF SHAKER, A GENETIC LOCUS THAT AFFECTS 
A-CURRENT. D.M. P a p a z ia n * ,  T .L . S ch w arz* , B .L . T em pel, Y .N . J a n ,  
and L .Y . J a n .  (SPON: D ale  B r e d e s e n ) . Howard Hughes M ed ica l 
I n s t i t u t e  and  D ep artm en t o f  P h y s io lo g y ,  U n iv e r s i ty  o f  C a l i f o r n i a ,  
San F r a n c i s c o ,  CA 94143.

M u ta tio n s  o f  t h e  S h ak e r lo c u s  i n  D ro s o p h ila  m e la n o g a s te r  h av e  
b e e n  shown to  a l t e r  a  p o ta s s iu m  c u r r e n t ,  th e  A - c u r r e n t ,  in  
n e rv o u s  t i s s u e  and  m u sc le . O ver a  d o zen  a l l e l e s  o f  t h i s  gene 
h av e  b e e n  i s o l a t e d  and a n a ly s i s  by g e n e t i c  and  e l e c t r o -  
p h y s io l o g ic a l  t e c h n iq u e s  h av e  i n d i c a t e d  t h a t  t h e  lo c u s  i s  l i k e l y  
t o  code  f o r  a  s t r u c t u r a l  com ponent o f  th e  A -c h a n n e l ( S a lk o f f  
and  Wyman, N a tu re  2 9 3 ,2 2 8 ;  S a l k o f f ,  Cold  S p r in g  H arb o r Symp. 
Q u a n t. B i o l .  4 8 ,2 2 1 ;  J a n  e t  a l . ,  C old  S p r in g  H arb o r Symp. Q u an t. 
B i o l .  4 8 ,2 3 3 ) .

T h is  g ene  i s  l o c a t e d  a t  band  16F on th e  X chromosome (Tanouye 
e t  a l . ,  PNAS 78,6 5 4 8 ) .  To c lo n e  th e  l o c u s ,  we i n i t i a t e d  a  
re c o m b in a n t  λ -p h a g e  w a lk  from  a  p i e c e  o f  c lo n e d  DNA t h a t  
f o r t u i t o u s l y  h y b r id i z e d  to  t h i s  b a n d . The w a lk  now c o v e rs  200kb 
o f  DNA i s o l a t e d  i n  14 phage  s t e p s .  I n  d e te r m in in g  w h ere  w i th in  
t h i s  DNA th e  S h ak e r lo c u s  l i e s ,  f o u r  chrom osom al b r e a k p o in t  
m u ta t io n s  h av e  b e e n  c r u c i a l .  T h ese  a r e  T(X ,Y )B 55, w hich  g r e a t l y  
r e d u c e s  A - c u r r e n t  and  m arks th e  d i s t a l  b o u n d ary  o f  th e  g e n e , 
and  T(X,Y)W 32, T (X ,3 )S h LC and ShK 82a, a l l  o f  w h ich  a b o l i s h  th e  
A - c u r r e n t .  Each o f  t h e s e  chrom osom al r e a r r a n g e m e n ts  h a s  b een  
c o v e re d  by th e  w a lk  and  th e  p o s i t i o n  o f  th e  b r e a k p o in ts  
d e te rm in e d  by a n a ly s i s  o f  S o u th e rn  b l o t s  o f  th e  DNA from  th e s e  
m u ta n t f l i e s .  In  s i t u  h y b r id i z a t i o n  o f  c lo n e d  DNA to  s a l i v a r y  
g la n d  g i a n t  chrom osom es h a s  c o n firm e d  th e  p o s i t i o n  o f  th e  
b r e a k p o i n t s .  They a r e  s p re a d  o u t  o v e r  a p p ro x im a te ly  60kb and 
o c c u r  i n  th e  o r d e r  ( d i s t a l  t o  p ro x im a l r e l a t i v e  to  th e  
c e n tr o m e r e ) :  B55, LC, K 82a, W32. In  one o t h e r  a l l e l e  o f  S h ak e r 
an  a l t e r a t i o n  i n  th e  DNA h a s  b een  fo u n d  w hich  may be  r e s p o n s i b le  
f o r  i t s  p h e n o ty p e :  t h e  m u ta n t K 8 3 f, a  m u ta n t p ro d u ce d  i n  a  
d y s g e n ic  c r o s s ,  c o n ta in s  an  i n s e r t  o f  2kb b e tw een  th e  B55 and 
th e  LC b r e a k p o i n t s .

In  summ ary, b e c a u s e  s e v e r a l  m u ta t io n s  map to  th e  r e g io n  we 
h a v e  c lo n e d ,  i t  i s  l i k e l y  t h a t  we h a v e  i s o l a t e d  a t  l e a s t  p a r t  
and  p e rh a p s  a l l  o f  t h e  gene  e n c o d in g  th e  S h ak er p r o d u c t .

(The a u th o r s  w ould  l i k e  t o  th a n k  D r. B. G an e tsk y  f o r  g e n e ro u s ly  
p r o v id in g  m u ta n t s t r a i n s  K82a and  K 8 3 f .)
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211.7 TRANSCRIPTION FROM THE SHAKER LOCUS. T .L . S ch w arz* , B .L . T em pel, 
D.M. P a p a z ia n * , K .J .  L e e * , Y .N . J a n  and L .Y . J a n .  (SPON: K. 
B u c k le y ) . Howard H ughes M e d ic a l I n s t i t u t e  and D ep artm en t o f  
P h y s io lo g y , U n iv e r s i ty  o f  C a l i f o r n i a ,  San F r a n c i s c o ,  CA 94143 .

The S h ak er lo c u s  i s  th o u g h t  to  en co d e  a  s t r u c t u r a l  com ponent 
o f  a  p o ta s s iu m  c h a n n e l ,  th e  A -c h a n n e l.  200kb o f  genom ic DNA from  
t h i s  r e g io n  h av e  b een  c lo n e d  and  5 m u ta t io n s  h av e  b e e n  mapped 
(se e  P a p a z ia n  e t  a l . ,  t h i s  v o lu m e ) . L o c a tio n s  o f  th e  DNA r e 
a rra n g e m e n ts  a s s o c i a t e d  w i th  t h e s e  m u ta t io n s ,  h o w ev er, a r e  s p re a d  
o u t o v e r  60kb o f  DNA. T h is  m ig h t im ply  t h a t  th e  S h ak e r gene  i s  
l a r g e ,  w i th  w id e ly  s e p a r a te d  e x o n s . A l t e r n a t i v e l y ,  th e  c o d in g  
re g io n  i t s e l f  may b e  com pact and  th e  re a r r a n g e m e n ts  in  th e  DNA 
may have  lo n g - r a n g e  e f f e c t s  t h a t  d i s r u p t  th e  f u n c t io n  o f  th e  
g en e . One a p p ro a c h  t h a t  we h av e  ta k e n  in  o r d e r  to  d e te rm in e  
where w i th in  t h i s  e x p a n se  o f  DNA th e  r e g io n s  t h a t  code  f o r  th e  
Shaker p ro d u c t  a r e ,  i s  to  i d e n t i f y  t r a n s c r i p t s  w i th  N o r th e rn  
b l o t s  o f  p o ly -A + RNA from  l a r v a e  and p u p a e . To do t h i s ,  90kb o f  
genomic c lo n e s  w ere  su b c lo n e d  i n  25 p i e c e s  t o  be  u se d  a s  p r o b e s .

The m ajo r t r a n s c r i p t  from  th e  a r e a  d e l i n e a t e d  by th e  m u ta t io n s  
i s  1 .3 k b  in  l e n g th  and  i s  p r e s e n t  i n  RNA from  b o th  l a r v a e  and 
p u p ae . The t r a n s c r i p t  i s  d e te c t e d  by p ro b e s  from  7 d i f f e r e n t  
re g io n s  t h a t  a r e  s p re a d  o v e r  50kb o f  th e  genom ic map. The m ost 
p ro x im a l o f  th e s e  r e g io n s  i s  a b o u t  10kb p ro x im a l t o  th e  W32 
b re a k p o in t ,  th e  m ost p ro x im a l m u ta t io n  we h av e  m apped. The m ost 
d i s t a l  o f  th e  r e g io n s  t h a t  s e e  th e  t r a n s c r i p t  i s  w i th in  20kb o f  
th e  B55 b r e a k p o in t ,  th e  d i s t a l  b o u n d ary  o f  th e  g e n e . Some, b u t  
n o t  a l l ,  o f  th e  r e g io n s  im p l ic a te d  by t h i s  a n a ly s i s  to  be c o d in g  
r e g io n s  w ere p r e d i c te d  to  c o n ta in  ex o n s by th e  cDNA d e s c r ib e d  
below  (Tempel e t  a l . ,  t h i s  v o lu m e ) . B ecau se  th e  1 .3 k b  t r a n 
s c r i p t  seem s to  sp an  th e  W32, LC, and  K82a b r e a k p o i n t s ,  i t  i s  
c o n s i s t e n t  w i th  th e  o b s e r v a t io n  t h a t  th e s e  m u ta t io n s  l a c k  a l l  
A- c u r r e n t .

O th er t r a n s c r i p t s  h av e  a l s o  b een  s e e n .  In  b o th  p u p a l  and 
l a r v a l  RNA a w eaker 1 .5 k b  band i s  s e e n  by a l l  th e  s u b c lo n e s  t h a t  
d e te c t  th e  1 .3 k b  t r a n s c r i p t .  On lo n g e r  e x p o s u re s  o f  t h e s e  b l o t s ,  
a d d i t i o n a l  t r a n s c r i p t s  o f  0 . 8 ,  2 .3 ,  and 4kb can  be s e e n .  A l l  o f  
th e  t r a n s c r i p t s  seem to  be r e l a t e d  b e c a u s e  1) th e y  a r e ,  f o r  th e  
m ost p a r t ,  d e te c t e d  by th e  same f ra g m e n ts  o f  genom ic DNA and 2) 
a  s in g l e  cDNA from  t h i s  r e g io n  (Tem pel e t  a l . ,  b e lo w ) d e t e c t s  th e  
e n t i r e  fa m ily  on N o r th e r n s .  We a r e  c u r r e n t l y  i n v e s t i g a t i n g  th e  
p o s s i b i l i t i e s  t h a t  th e  l e s s  p ro m in e n t  b an d s  r e p r e s e n t  d i f f e r e n t l y  
s p l ic e d  p ro d u c ts  o f  th e  m ajo r t r a n s c r i p t  o r  c lo s e l y  hom ologous 
t r a n s c r i p t s  from  e ls e w h e re  i n  th e  genom e.

211.8  ISOLATION OF cDNAs IN THE SHAKER REGION; APPROACHED THROUGH CROSS
HYBRIDIZATION  B .L . T em pel, D.M. Papazian* , T .L , Schwarz*, Y.N. J a n  
and L .Y . J a n . Howard H ughes M e d ic a l I n s t i t u t e  and D e p t. o f  
P h y s io lo g y ,  UCSF, San F r a n c i s c o ,  CA. 94143.

S equence hom ology h a s  a llo w e d  th e  c lo n in g  th ro u g h  c r o s s - h y b r i d 
i z a t i o n  o f  p r o t e i n s  c o n s e rv e d  among d i f f e r e n t  s p e c i e s .  DNA se q u en c e  
c o m p a riso n s  r e v e a l  t h a t  e v o lu t io n a r y  d r i f t  o c c u rs  th ro u g h o u t  th e  
p r o t e i n  w i th  f u n c t i o n a l l y  im p o r ta n t  dom ains c h a n g in g  l e s s  ( B o u l te r ,  
J . ,  e t . a l . ,  J .  N e u r o s c i . ,  5 :2 5 4 5 , 1 9 8 5 ). I n  some c a s e s  a s i n g l e ,  
h ig h ly - c o n s e r v e d  dom ain h a s  b een  u se d  in  th e  c lo n in g  o f  g en es  w i th  
l i t t l e  o t h e r  s e q u en c e  hom ology ( e . g .  hom eo-box g e n e s ,  F jo s e ,  A . ,  e t  
a l . ,  N a tu re  3 1 3 :2 8 4 , 1 9 8 5 ). I f  se q u en c e  c o n s e r v a t io n  e x i s t s  among 
c h a n n e l  g e n e s  ( e . g .  b e c a u s e  o f  th e  s t r u c t u r a l  c o n s t r a i n t s  o f  form 
in g  an  a q u eo u s p o re  i n  a  l i p i d  m em brane), t h i s  c o n s e r v a t io n  m ig h t 
h e lp  u s  l o c a t e  c h a n n e l  c o d in g  s e q u e n c e s  i n  th e  S h ak er w a lk .

U sin g  f ra g m e n ts  d e r iv e d  from  th e  membrane sp a n n in g  r e g io n s  1-3 
and th e  a m p h ip a th ic  r e g io n  o f  th e  mouse Ac e t y l c h o l in e  Re c e p to r  
α- s u b u n i t  ( k in d ly  p ro v id e d  by J .  P a t r i c k ) ,  we h av e  p ro b ed  DNA from  
th e  ph ag e  c lo n e s  o f  t h e  S h ak e r w a lk  and i d e n t i f i e d  two r e g io n s  o f  
c ro s s -h o m o lo g y . T h ese  r e g io n s  a r e  s e p a r a te d  by >20Kb o f  genom ic 
DNA; one i s  p ro x im a l and th e  o th e r  d i s t a l  to  b r e a k p o in ts  t h a t  e l im 
i n a t e  A - c u r r e n t  (K82a and T (X ;3 )S h LC , s e e  P a p a z ia n ,  e t . a l .  t h i s  
v o lu m e ) . We p ro b ed  D ro s o p h ila  cDNA l i b r a r i e s  (p ro v id e d  by L . K uvar) 
w i th  f o u r  d i f f e r e n t  p r o b e s :  two from  th e  mouse AChR cDNA a t  lo w er 
s t r i n g e n c y  and two from  th e  c r o s s - h y b r i d i z i n g  r e g io n s  o f  th e  f l y ' s  
genom ic DNA a t  n o rm a l s t r i n g e n c y .  S e v e ra l  c l a s s e s  o f  cDNAs w ere 
r e c o v e r e d :  1 . cDNAs hom ologous o n ly  to  th e  two f l y  p r o b e s ;  2 . cDNAs 
hom ologous o n ly  to  th e  mouse AChR p r o b e s ; 3 . cDNAs hom ologous to  
th e  d i s t a l - m o s t  f l y  p ro b e  and th e  membrane p a s s in g  f ra g m en t o f  th e  
AChR; and 4 . cDNAs hom ologous to  th e  p ro x im a l-m o s t  f l y  p ro b e .

We h a v e  fo c u s e d  o u r  a t t e n t i o n  on c la s s e s  I and  3 . One cDNA from  
c l a s s  3 , c5A, was p a r t i a l l y  se q u e n c e d . I t  c o n ta in s  a  se q u en c e  
h ig h ly  hom ologous to  th e  t h i r d  membrane p a s s in g  dom ain o f  th e  mouse 
«<-AChR. I n t e r e s t i n g l y ,  a l th o u g h  c5A h y b r id i z e s  to  th e  S h ak e r w a lk , 
th e  hom ology i s  n o t  p e r f e c t .  In  f a c t ,  by i n  s i t u  h y b r id i z a t i o n  i t  
a p p e a r s  t h a t  c5A i s  e n co d ed  by a  r e g io n  on th e  t h i r d  chrom osom e.

B ased  on v e ry  h ig h  s t r i n g e n c y  w a sh e s , cDNAs from  c l a s s  1 a r e  
en co d ed  a t  th e  S h ak e r l o c u s ,  n e a r  th e  r e g io n s  o f  c ro s s -h o m o lo g y  
w i th  th e  mouse AChR. To d a t e ,  h o w ev er, no d i r e c t  hom ology to  th e  
AChR p ro b e s  h a s  b een  s e e n  among th e s e  cDNAs. M apping a  cDNA o f 
a b o u t  700 bp b a c k  to  t h e  genom ic w alk  r e v e a l e d  t h a t  i t  was encoded  
by a t  l e a s t  3 e x o n s s p a n n in g  >45Kb. T hese  exons b r a c k e t  th e  two 
b r e a k p o in t s  m en tio n ed  ab o v e  and  l i e  n e a r  a  t h i r d ,  T(X;Y)W 32, t h a t  
a l s o  e l i m in a t e s  A - c u r r e n t .  N o r th e rn  a n a ly s i s  u s in g  th e s e  e x o n -  
c o n ta in in g  genom ic f ra g m e n ts  c o n f i rm s  t h a t  each  o f  t h e s e  w id e ly  
sp a c e d  f ra g m e n ts  h y b r id i z e s  to  th e  same s i z e  m essage  ( s e e  S chw arz , 
e t . a l . ,  t h i s  v o lu m e ) .

We a r e  c u r r e n t l y  se q u e n c in g  cDNAs from  c l a s s  1.

211.9 SLOW CHANGES IN MEMBRANE POTASSIUM CONDUCTANCE CONTRIBUTE TO 
POSTINHIBITORY REBOUND AND SPIKE ADAPTATION IN APLYSIA BUCCAL 
NEURONS. B.R. Jones and S.H. Thompson*. Hopkins M arine S ta t io n ,  
S tanfo rd  U n iv e rs ity , P a c i f ic  G rove, CA 93950.

Is o la te d  neu ronal som ata from th e  B -c e l l  group of th e  buccal 
gang lia  of Aplys i a  c a l i f o r n ic a  w ere s tu d ie d  u s in g  i n t r a c e l l u l a r  
reco rd ing  and t wo -m ic ro e le c tro d e  v o lta g e  clamp. Many of th e se  
c e l ls  e x h ib it  p o s t in h ib i to ry  rebound (PIR) fo llo w in g  a 
h y p e rp o la riz in g  c u r re n t in j e c t io n ,  sp ike  a d a p ta tio n  du rin g  a 
d ep o la riz in g  c u r re n t i n j e c t io n ,  and p o s tb u rs t  h y p e rp o la r iz a tio n  
(PBH) a t  th e  te rm in a tio n  o f a d e p o la r iz in g  c u r re n t  in j e c t io n .

Membrane c u r re n t re sp o n ses  w ere m easured from  t a i l  c u r re n ts  
which had been d i g i t a l l y  p ro cessed  to  e l im in a te  components w ith  
rap id  k in e t ic s .  V oltage clamp s te p s  betw een -80 and -20 mV w ith  
d u ra tio n s  of 1 to  30 sec e l i c i t e d  t a i l  c u r re n ts  o f l e s s  th a n  5 nA 
in  most c e l l s  s tu d ie d .

Graphs of t a i l  c u r re n t m agnitude as  a fu n c t io n  o f c o n d itio n in g  
p o te n tia l  r e f l e c t  th e  v o lta g e  dependence of a c t iv a t io n  of the slow 
io n ic  c u r re n ts . These cu rv es  e x h ib i t  c h a r a c t e r i s t i c  shapes w hich 
can be d iv id ed  in to  th re e  r e g io n s . The f i r s t  re g io n  re p re s e n t s  
th e  outw ard t a i l  c u r r e n ts ,  a c t iv a te d  by d e p o la r iz in g  c o n d itio n in g  
p u lses , which a re  r e l a t e d  to  sp ik e  a d a p ta tio n  and PBH. The second 
reg io n  re p re s e n ts  th e  inw ard  t a i l  c u r r e n t s ,  a c t iv a te d  by 
h y p e rp o la riz in g  c o n d itio n in g  p u ls e s  in  the p h y s io lo g ic a l range o f 
membrane p o te n t ia ls ,  which a re  r e l a te d  to  PIR. The th i r d  r e g io n  
re p re s e n ts  inw ard  t a i l  c u r r e n t s ,  a c t iv a te d  by c o n d itio n in g  p u ls e s  
to  more n eg a tiv e  membrane p o te n t ia ls  (-70  and -80 mV), which l i m i t  
the  m agnitude of p h y s io lo g ic a l h y p e rp o la r iz a tio n s  i n  th e se  c e l l s .

S everal l in e s  o f ev idence in d ic a te  th a t  th e  slow c u r re n ts  
rep re sen ted  by th e  f i r s t  two re g io n s  a re  caused by changes in  
membrane K conductance. This ev idence in c lu d e s : 1) th e  h o ld in g  
p o te n tia l  dependence of th e  t a i l  c u r r e n t s ,  2) th e  conductance 
change and r e v e r s a l  p o te n t ia l  a s s o c ia te d  w ith  th e  t a i l  c u r r e n t s ,  
3) the s e n s i t i v i ty  of th e  t a i l  c u r re n ts  to  i n t r a c e l l u l a r  in j e c t io n  
of TEA and Cs io n s , and 4) th e  s e n s i t i v i t y  of th e  t a i l  c u r r e n t s  to  
changes in  the  e x t r a c e l lu la r  c o n c e n tra t io n  o f K, Na, Cl and Ca 
ions. The Ca dependence of th e  K -conductance v a r i e s  from  c e l l  to  
c e l l ,  and some c e l l s  e x h ib i t  d i s t i n c t l y  C a-independent slow K 
c u rre n ts . The slow c u r re n t re p re s e n te d  by th e  th i r d  re g io n  
e x h ib its  more co m plica ted  b eh a v io r, and i s  ap p a re n tly  due, in  
p a r t ,  to  an in c re a s e  in  Na conductance.

In  A plysia  bucca l B -c e l ls :  1) sp ik e  a d a p ta t io n  and PBH a re  
caused by an in c re a s e  in  K conductance a c t iv a te d  by d e p o la r iz a t io n ,  
2) PIR i s  caused by a d ec re a se  in  to n ic  K conductance r e s u l t i n g  
from h y p e rp o la r iz a tio n , and 3) a  r e l a t i v e l y  n o n s p e c if ic  inw ard  
cu rren t in f lu e n c e s  th e  low er l i m i t  of the  p h y s io lo g ic a l range of 
p o te n t ia ls .  (S upport: USPHS NS 14514).

211.10 SEROTONIN-MODULATED MEMBRANE CURRENTS IN APLYSIA TAIL SENSORY 
NEURONS. D.A. Bax t e r  & J .H . Byrne, D ept. o f  P h y sio l. & Cell 
B io l . ,  Univ. o f  Texas Med. S ch ., Houston, TX 77225.

We have u t i l i z e d  th e  te ch n iq u es  o f  tw o -e le c tro d e  v o lta g e -  
clamp and com puter s u b tra c t io n  in  o rd e r  to  examine th e  c u r r e n t ( s )  
m odulated by 5-HT in  th e  t a i l  sen so ry  neurons o f  Aplys i a . 
C lu s te rs  o f  senso ry  neurons were bathed  in  ASW and TTX a t  15°C. 
Membrane c u r re n ts  were a c t iv a te d  by 200 ms d u ra t io n  v o ltag e  
s te p s  (-30  to  50 mV) from a 25 s p re p u lse  to  -70 mV. C e lls  were 
held  a t  th e  r e s t in g  p o te n t ia l  between s te p s  and th e  v o ltag e  
s te p s  were se p a ra te d  by 80 s .  At l e a s t  3 resp o n ses  a t  each 
v o lta g e  were averaged b efo re  and a f t e r  5-HT a p p l ic a t io n  (10 to  
100 uM). Only c e l l s  w ith  s ta b le  s te p  and ho ld ing  c u r r e n t s ,  
membrane p o te n t ia ls  g r e a te r  than  -40 mV (mean = -43 ± 3 ) ,  and 
in p u t r e s is ta n c e s  g r e a t e r  than  15 MΩ (mean = 34±  9) be fo re  
5-HT a p p l ic a t io n  were ana lyzed .

The is o la te d  5-HT c u r re n t  had a complex tim e- and v o lta g e -  
dependence. With sm all d e p o la r iz a t io n s  (up to  -10 mV), th e  
i s o la te d  5-HT c u r re n t  appeared to  have on ly  one component th a t  
was r e l a t i v e ly  l i n e a r  w ith  re s p e c t  to  v o lta g e  and had a f a i r l y  
c o n s ta n t t im e -to -p e a k  o f  about 130 ms. With g r e a t e r  
d e p o la r iz a t io n s  (0 to  50 mV), th e  i s o la te d  5-HT c u r re n t  began to  
in c lu d e  o th e r  components th a t  were h ig h ly  v o ltag e -d ep e n d en t, 
in c lu d in g : i )  a f a s t  component th a t  peaked a t  about 20 ms and 
r e f l e c te d  a s ig n i f i c a n t  d ec re a se  in  th e  outw ard c u r re n t  e a r ly  in 
th e  v o lta g e  s te p ,  and i i )  a s low er component in  s te p s  above 20 
mV th a t  r e f l e c te d  an in c rea sed  outward c u r r e n t .  The in c rea sed  
outw ard c u r re n t  was a t te n u a te d  by Co+2 and Ni2+ b u t was r e l a t i 
ve ly  u n a ffe c te d  by low c o n c e n tra t io n s  o f  TEA (0 .5 , 2 and 5 mM). 
Both v o ltag e-d ep e n d en t components were blocked by 100 mM TEA. 
The 5-HT m odulated c u r re n t rem aining  in  100 mM TEA was s im i la r  
to  th e  c u r re n t  m odulated a t  small d e p o la r iz a t io n s  (see  above). 
While o th e r  in t e r p r e ta t io n s  a re  p o s s ib le ,  th e  component blocked 
by 100 mM TEA may r e p re s e n t a slow ing o f  th e  a c t iv a t io n  and 
in a c t iv a t io n  k in e t ic s  o f  th e  delayed  K+ c u r re n t  ( I k,V ) by 5-HT.

A p p lic a tio n  o f  f o r s k o lin  (100 uM) d id  n o t mimic th e  5-HT 
re sp o n se . For exam ple, f o r s k o lin  r e l i a b l y  reduced th e  f a s t  K+ 
c u r re n t  ( I k ,A) (B ax ter and Byrne, 1985), b u t 5-HT appeared to  
reduce I k, a  in  on ly  6 o f  35 p re p a ra t io n s .

The component o f  5-HT m odulated c u r r e n t  rem aining  in  100 mM 
TEA has p ro p e r t ie s  c o n s is te n t  w ith  p rev io u s  d e s c r ip t io n s  o f  th e  
S -c u rre n t (K le in  e t  a l ,  1982) w h ile  th e  o th e r  com ponent(s) has 
n o t been d e sc r ib e d  p re v io u s ly . These r e s u l t s  and o th e rs  (Boyle 
e t  a l ,  1984; Walsh and Byrne, 1985), in d ic a te  th a t  th e  e f f e c t s  
o f  5-HT/cAMP on m odulating  c e l l u l a r  p ro p e r t ie s  o f  th e se  neurons 
a re  r a th e r  complex. While complex , a l l  th e  e f f e c t s  may a c t 
s y n e r g i s t i c a l ly  to  modify sy n a p tic  tra n sm is s io n  a t  th e  
senso ry -m o to r neuron synapse. Supported by AFOSR g ra n t 84-0213.
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211. 11 PHARMACOLOGICAL CHARACTERIZATION OF THE S POTASSIUM 
CHANNEL OF APLYSIA SENSORY NEURONS. M.3. Shuster* and 
S.A. Siegelbaum (SPON: L. Simmons). Howard Hughes Medical Instit., 
D ept. of Pharmacology, C tr. for Neurobiol. & Behav., Columbia Univ., 
College of P &S, and NYS Psychiat. Instit., New York, NY 10032.

Serotonin (5-HT) closes a specific potassium channel ('S' channel) in 
Aplysia sensory neurons through cyclic AM P-mediated protein phosphory
lation, resulting in a slow depolarization and increase in action potential 
duration. We have used the patch clam p technique to  cha rac te rize  the 
pharm acological properties of the S channel to  allow comparison of this 
channel with other known K channels and to  assess the role of S channel 
closure in the overall response of the sensory neurons to  serotonin.

External 4-am inopyridine, barium or cobalt (10 mM) have no e ffe c t on 
S channel ac tiv ity  when applied to  outside-out patches (N=4). External 
5-HT (100 uM) also has no e ffe c t on S channels in outside-out patches, 
confirm ing the im portance of in tracellu lar messengers for the action of 
this tran sm itte r (N=3). Tetraethylam m onium  ions (TEA) reduce the 
apparen t single S channel unitary cu rren t, i, in a dose-dependent manner 
when applied to  the outside (Kd  = 80 mM; N=6) or inside (Kd = 40 mM; 
N=3) of the m em brane. The block by TEA shows little  or no voltage 
dependence, indicating th a t there are two d istinct TEA binding sites 
located  near the internal and ex ternal mouths of the S channel pore. The 
blockade by TEA is consistent with a model where the drug rapidly binds 
to and d issociates from a site within the channel pore on a microsecond 
tim e scale, leading to the apparent decrease in open channel cu rren t.

TEA, a t both internal and ex ternal binding sites, is a selective open 
channel blocker, binding to  open channels 10-100 fold more strongly than 
to closed channels. This suggests a model for S channel gating th a t 
involves a global change in channel struc tu re , ra ther than a localized 
m ovement of a discre te  gate . As a result of the selective open channel 
block by TEA, the fractional reduction (F) in mean curren t flow through 
the S channels, <I>, depends on the initia l S channel open probability, po, 
according to the relation: F = l /(1+po • (TEA)/K d). Since TEA, a t  concen
tra tions several tim es Kd, has little  e f fe c t on the m acroscopic S cu rren t 
(which is proportional t o < I > ), the S channels appear to be prim arily in a 
low open probability mode of gating in the in tac t cell. The relative 
insensitivity of the S channel to  ex ternal TEA, Ba, and 4-AP is consistent 
with the pharm acological properties of the m acroscopic S cu rren t 
obtained from voltage clamp experim ents (Klein e t  al., 1982, PNAS 
79:5713).

211. 12 FMRFamide DEPRESSES TRANSMITTER RELEASE AND INCREASES 
THE OPENING PROBABILITY OF THE S K+ CHANNEL IN APLYSIA 
SENSORY NEURONS. F. B elardetti* , T.W. Abrams, V.F. C astellucci, 
E.R. Kandel and S.A. Siegelbaum. Howard Hughes Med. Instit., C tr. for 
Neurobiol. & Behav., Columbia Univ., College of P &S, and NYS Psychiat. 
Instit., New York, NY 10032.

By ac tiva ting  a cAMP cascade, serotonin produces prolonged a ll-o r- 
none closures of the S potassium channels in Aplysia sensory neurons (SN), 
resulting in an apparent decrease in the number of functional S channels 
(Nf) in the SN membrane (Siegelbaum e t  al., 1982, N ature 299:413). This 
slows the repolarization of the AP and contributes to facilita tion  of 
tran sm itte r release. It has recently  been reported th a t a macroscopic K+ 
cu rren t, sim ilar to  the S cu rren t, present in several identified Aplysia 
neurons, is enhanced by the endogenous te trapep tide  FMRFamide 
(Erxleben e t  a l., 1985; Soc. Neurosci. A bstr. 11:710). Since the same 
peptide shortens the duration of AP in the SN (Abrams e t  al., 1984, PNAS 
812:7956), we have investigated the actions of FMRFamide on tran sm itter 
output and S channel ac tiv ity  in Aplysia SN.

Bath application of FMRFamide (1-100 uM) leads to three electrophys- 
iological changes: 1) hyperpolarization of the resting potential and a 
decrease in input resistance in the SN; 2) shortening of the spike duration 
of the SN; and 3) depression of the EPSP in the postsynaptic m otor neuron 
in response to stim ulation of the presynaptic SN. To study the mechanism 
of action of the peptide, whole-cell patch-clam p recordings were obtained 
from dissociated SN in cu ltu re. FMRFamide produces changes in both 
inward and outw ard cu rren ts. We have here only focused on a slow 
transien t outw ard curren t th a t FMRFamide e lic its  a t holding potentials 
(Vh) betw een -50 and 0 mV. This cu rren t reverses direction a t  a Vh of 
around -80 mV, consistent with an increased K+ conductance. In some 
cells this cu rren t is followed by a slow inward curren t.

To te s t if S channel modulation plays a role in the action of 
FM RFamide, single S channel cu rren ts were recorded from ce ll-a ttached  
patches. When applied to the bath, FMRFamide (2-20 uM) gradually 
increased the average cu rren t (<I >) carried  by the S channels (in six out of 
seven experim ents), consistent with the observed increase in outward 
cu rren t in the m acroscopic records. Binomial analysis of single channel 
records shows th a t this e ffe c t is due to  an increase in the probability of a 
channel being open (p) and is not due to  an increase in Nf or in single 
channel conductance. On average p increases by 475 ± 214% (s.e.m ., N=6) 
a f te r  addition of the peptide. Since bath application of FMRFamide opens 
S channels under the patch p ipe tte , the peptide probably ac ts  through a 
second m essenger. However, FMRFamide must recru it a second m es
senger system d istinct from cAMP, since the peptide does not a ffec t 
e ith e r the level of cAMP (Ocorr & Byrne, 1985, N eurosci. L e tt . 55:113) or 
the cyclase ac tiv ity  in the SN. M oreover, a depression of cAMP would be 
expected  to increase Nf (the converse of serotonin's action) ra ther than to 
increase p.

CELL LINEAGE, DIFFERENTIATION AND DEVELOPMENT II

212.1 ISLET CELLS OF MOUSE AND RAT PANCREAS CONTAIN 
PHENYLETHANOLAMINE N-METHYLTRANSFERASE. G. Teitelm an, M. 
Evinger, J.K . Lee, T.H. Joh  and D .J. Reis. D ept. of Neurology, Cornell 
Univ.  Med. Coll., N.Y., N.Y. 1 0 0 2 1 .

We have previously reported  th a t cells transiently  expressing tyrosine 
hydroxylase (TH), the f irs t enzyme of the catecholam ine (CA) 
biosynthetic pathway, are  presen t in pancreas of mouse embryos from 
p renata l day 11 (E ll) . A t E12 some of the TH cells also contain glucagon 
while a t  E14.5 some TH cells contain insulin. In postnatal and adult m ice 
all is le ts contain few TH cells and these cells always co-expressed insulin. 
These findings suggested tha t, during embryonic developm ent, TH cells of 
pancreas are  the precursors of glucagon (A) and insulin (B) cells of adults 
and the TH-insulin cells presen t in is le ts  a f te r  b irth  may represen t a 
reservoir of B -cell precursors.

In this study we sought to  determ ine w hether: 1) is le t cells of mouse 
contain phenylethanolam ine N -m eth ltransferase (PNMT), the CA enzyme 
responsible for the conversion of norepinephrine into epinephrine, during 
pre and/or postnatal developm ent; 2) PNMT is expressed by the TH cells 
of the pancreas or by a d iffe ren t population of cells; and 3) PNMT is also 
expressed by isle t cells in ra t . Finally, we used m olecular biological 
techniques to  confirm  the presence of PNMT mRNA in the mouse 
pancreas.

P ancrea ta  were rem oved from E17 to  adult m ice and from E14 to  
adult ra ts , sectioned and processed for im m unocytochem ical staining 
using newly developed antibodies against PNMT and an improved PAP 
com plex. In co n tras t to  previous reports  (Teitelm an e t al., P.N.A.S. 78: 
5225, 1981) few PNMT cells w ere seen in mouse pancreas a t  a ll stages 
examined. In adults, 20% of all is le t cells contained PNMT. These cells 
w ere localized in the periphery of the is le ts and w ere lightly stained. 
Using im m unohistochem ical techniques to  label two antigens in the same 
histological section, TH and PNMT w ere localized in d iffe ren t populations 
of pancreatic  is le t cells of adult mouse. Cells containing PNMT w ere also 
found in ra t  pancreas a t  a ll s tages exam ined. The distribution and number 
of PNMT cells in ra t  islets was sim ilar to  mouse.

Additional confirm ation th a t the pancreatic  antigen recognized by 
im m unohistochem istry is PNMT was provided by the detection  of PNMT 
mRNA in poly A+ RNA prepared from mouse pancreas. PNMT antiserum  
im m unoprecipitated PNMT following translation  in v itro  of pancreatic  
poly A+ RNA. Furtherm ore, the full-length PNMT cDNA probe (Baetge e t 
a l., PNAS, in press) hybridized to  a  single RNA band of approxim ately the 
sam e size (1100 ntd) as adrenal PNMT mRNA.

In conclusion, we have shown th a t d iffe ren t populations of is le t cells 
of mouse and ra t  pancreas express TH and PNMT. These findings raise 
the possibility th a t, while is le t ce ll precursors expressing TH give rise  to 
the A and B cells of pancreas, o ther is le t cells orig inate from precursor 
cells containing PNMT.

212.2  EXPRESSION OF BRAIN SPECTRIN SUBTYPES DURING MAMMALIAN BRAIN 
DEVELOPMENT. B.M. Ri e d e r e r * ,  I . S .  Zagon and S .R . Goodman* 
(SPON: R .B . H a m il to n ) .  D e p ts .  o f  P h y s io lo g y  and A natom y, M. S. 
H ersh ey  Med. C t r . ,  P en n . S t a t e  U n iv . ,  H e rsh e y , PA 17033.

Mouse b r a i n  c o n ta in s  a t  l e a s t  two s p e c t r i n  s u b ty p e s  w hich  
b o th  c o n s i s t  o f  two 240 k D al and 235 k D al s u b u n i t s .  They a r e  
d e te c t e d  w i th  two d i f f e r e n t  a n t i b o d i e s ,  one r a i s e d  a g a in s t  
sy n a p to so m al b r a i n  s p e c t r i n  and th e  o th e r  a g a in s t  r e d  b lo o d  c e l l  
s p e c t r i n  ( R ie d e r e r  e t  a l . ,  J . C e l l  B i o l . ,  i n  p r e s s ) .  I n  t h i s  
s tu d y  we i n v e s t ig a t e d  th e  a p p e a ra n c e  o f  t h e s e  two s u b ty p e s  in  
t h e  b r a i n  a t  e m b ry o n a l day  15 and 1 8 , b i r t h ,  and  th ro u g h o u t  
p o s t n a t a l  d e v e lo p m e n t. The b r a i n  s p e c t r i n  a n tib o d y  r e a c t s  w i th  
t h e  240 kD al s u b u n i t  o f  b r a i n  s p e c t r i n ( 2 4 0 /2 3 5 ) . T h is  s u b ty p e  i s  
p r e s e n t  i n  em b ry o n ic  b r a i n  t i s s u e  and in c r e a s e s  g r a d u a l ly  
th ro u g h o u t  o n to g e n y . From b i r t h  to  a d u l t ,  b r a i n  
s p e c t r in ( 2 4 0 /2 3 5 )  c o n c e n t r a t i o n  d o u b le s  a s  e s t im a te d  by 
q u a n t i t a t i v e  immunodot a s s a y  and im m u n o b lo ts . T h is  su b ty p e  i s  
e x p re s s e d  i n  g e rm in a l  c e l l s  and  i s  p r e s e n t  i n  many n e u r a l  
p r o c e s s e s  and  c e l l  b o d ie s ,  a s  d e te c t e d  by i n d i r e c t  
im m u n o flu o re sc e n c e . L a t e r  i n  o n to g en y  th e  im m u n o flu o re sc e n t 
s t a i n i n g  d e c r e a s e s  i n  t h e  soma b u t  i s  p ro m in e n t  i n  a x o n a l  
p r o c e s s e s .  The e r y t h r o c y t e  s p e c t r i n  a n tib o d y  r e a c t s  w i th  b r a i n  
s p e c t r in ( 2 4 0 /2 3 5 E )  s u b ty p e  and  i s  m ore s p e c i f i c  f o r  th e  235 kD al 
s u b u n i t .  T h is  s u b ty p e  i s  n o t  fo u n d  i n  e m b ry o n a l t i s s u e .  A f t e r  
th e  f i r s t  p o s t n a t a l  week i t  a p p e a r s  i n  n e u ro n s  and g l i a l  c e l l s  
and  i n c r e a s e s  g r a d u a l ly  i n t o  a d u lth o o d .  I t  i s  fo u n d  i n  c e l l  
b o d ie s  and d e n d r i t e s  d u r in g  d i f f e r e n t i a t i o n .  A s i m i l a r  o n s e t  o f  
im m u n o sta in in g  i n  m ost b r a i n  r e g io n s  i n d i c a t e s  t h a t  th e  p r o t e i n  
i s  e x p re s s e d  a t  th e  same t im e  i n  th e  m a jo r i t y  o f  n e u r a l  
e le m e n ts .  The m ost i n te n s e  s t a i n i n g  was s e e n  in  g r a n u le  c e l l s  o f  
t h e  c e re b e llu m  and  h ip p o cam p u s . The d i s t i n c t  a p p e a ra n c e  o f  t h e s e  
two m am m alian s p e c t r i n  s u b ty p e s  and  t h e i r  d i f f e r e n t  d i s t r i b u t i o n  
w i th in  n e u r a l  c e l l  s t r u c t u r e s  th ro u g h o u t  d e v e lo p m en t s u g g e s t s  
t h e i r  in v o lv e m e n t i n  d i f f e r e n t  c e l l u l a r  f u n c t i o n s .  T h is  w ork was 
s u p p o r te d  by  N a t io n a l  I n s t i t u t e s  o f  H e a l th  G ra n ts  NS-19357 and 
HL-26059 to  S .R .G  and NS-21246 to  I .S . Z .  and S .R .G .
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212.3 INTERCLONAL VARIATION IN OLIGODENDROCYTE DIFFERENTIATION. 
M. D u b o is -D a lc q . D ep a rtm en t o f  Z o o lo g y , U n i v e r s i ty  C o lle g e  
London, WC1E 6 BT

The s e q u e n t i a l  e v e n ts  le a d in g  to  th e  m o rp h o lo g ic a l  and 
a n t ig e n ic  d i f f e r e n t i a t i o n  o f  o l ig o d e n d r o c y te s ,  th e  
m y e lin -fo rm in g  c e l l  o f  CNS, can  be s tu d i e d  in  a  m ic r o c u l tu re  
sy stem  w here i n d iv i d u a l  c lo n e s  can  be f o l lo w e d .  A s in g l e  
b ip o la r  p r o g e n i to r  c e l l  from  7 day  o ld  r a t  o p t i c  n e rv e  ( t h a t  
was i d e n t i f i e d  by a n t i b o d i e s  to  s u r f a c e  g a n g l i o s id e s  A2B5 ) 
can  g e n e ra te  a  c lo n e  o f  m u l t ip o l a r  o l ig o d e n d r o c y te s  w i th in  
8 -1 0  days when c u l t u r e d  i n  d e f in e d  medium ( w i th  0.5% serum )  
and in  th e  p re s e n c e  o f  a  m ito g e n  p ro v id e d  by a s t r o c y t e s  ty p e  
I (Tem ple and R a f f ,  C e l l ,  in  p r e s s ) .  C lo n a l  s i z e  was 
fo llo w e d  f o r  up to  25 d ay s  and c e l l  p o p u la t io n  a n a ly s e d  by 
i mm u n o la b e ll in g  f o r  th e  c e l l  s p e c i f i c  m ark e rs  A2B5 , GC 
( g a l a c to c e r e b r o s id e ,  a  m ark e r f o r  d i f f e r e n t i a t e d  
o l ig o d e n d r o c y te s ) ,  GFA (an  a s t r o c y t e  s p e c i f i c  i n te r m e d ia t e  
f i l a m e n t  p r o te i n )  and O4 , an  o l ig o d e n d r o c y te  s p e c i f i c  
s u l f a t i d e  t h a t  a p p e a r s  b e f o r e  GC (Sommer and  S c h a c h n e r , 
D e v .B io l.  83, 3 1 1 , 1 9 8 1 ) . Two ty p e s  o f  c lo n e s  w ere 
i d e n t i f i e d :  (1 )  th e  f i r s t  g ro u p  c o n ta in e d  o n ly  GC + A2B5-  
o l ig o d e n d r o c y te s .  T hese  had b een  g e n e ra te d  d u r in g  th e  seco n d  
week in  c u l t u r e .  S u b s e q u e n tly  su ch  c lo n e s  showed a  d e c re a s e  
in  s i z e  due to  th e  r e s t r i c t e d  l i f e s p a n  showed by 
o l ig o d e n d r o c y te s  form ed i n  v i t r o  (3 -1 2  d a y s ) .  ( 2 )  The seco n d  
g roup  o f c lo n e s  showed no d e c r e a s e ,  o r  a m o d era te  i n c r e a s e  in  
c lo n a l  s i z e  d u r in g  th e  t h i r d  week i n  v i t r o  ( i . e .  31→5 0 , 
56→8 8 ,7 9 →9 0 ) .  The m a jo r i t y  o f  th e  c e l l s  in  su ch  c lo n e s  a r e  
i d e n t i c a l  to  th o se  s e e n  in  th e  f i r s t  ty p e  o f  c lo n e s  and 
c o n s i s t  o f  GC+ , 04+ , GFA- , A2 B5- o l ig o d e n d r o c y t e s . However th e  
rem a in in g  2 t o  38% o f  o l ig o d e n d r o c y t e - l i k e  c e l l s  a r e  A2 B5+ , 
04+ , GFA-  b u t  s t r i k i n g l y  GC n e g a t i v e .  T h u s, a  b i p o l a r  
n e o n a ta l  p r o g e n i to r  c e l l  o f  o p t i c  n e rv e  can  g e n e ra te  c e l l s  
w ith  an i n te r m e d ia t e  p h en o ty p e  a lo n g  th e  pathw ay o f 
o l ig o d e n d r o c y te  d i f f e r e n t i a t i o n .  T hese A2 B5+ , 04+ , GC-  c e l l s  
c lo s e l y  re se m b le  th e  p r o g e n i to r  c e l l  found  i n  a d u l t  r a t  o p t i c  
n e rv e  ( f f r e n c h - C o n s t a n t  and  R a f f ,  N a tu re  3 1 9 , 4 9 9 , 1986) i n  
t h e i r  a n t i g e n ic  p h en o ty p e  and m orp h o lo g y ; su ch  c e l l s  have a 
lo w er p r o l i f e r a t i o n  and d i f f e r e n t i a t i o n  a b i l i t y  th a n  th e  
n e o n a ta l  p r o g e n i to r  c e l l  (Wolswyk and N o b le , p e r s o n a l  
c o m m u n ica tio n ). W hether t h e s e  c e l l s  h ave  th e  p o t e n t i a l  to  
r e p a i r  m y e lin  a f t e r  a  d e ra y e l in a t in g  p r o c e s s  rem a in s  to  be 
d e te rm in e d .

212.4 GENERATION OF IMMUNOCYTOCHEMICALLY IDENTIFIED CHOLINERGIC NEURONS 
IN RAT CERVICAL SPINAL CORD. P.E. Phelps, R.P. Barber*, and J.E. 
Vaughn, Division of Neurosciences, Beckman Research Institu te  of 
the City of Hope, Duarte, CA 91010.

Previous immunocytochemi cal studies identified the following 
four groups of choline acetyltransferase-positive (ChAT+) neurons 
in the developing cervical spinal cord: motoneurons, partition  
ce lls that divide dorsal and ventral gray matter, small neurons 
scattered in laminae I I I - VI of the dorsal horn, and central canal 
c luster cells (Phelps et  al. , J. Comp. Neurol. 229:347-361). The 
existence of four d ifferen t ChAT+ populations that varied in both 
somal size and location within the spinal cord provided an oppor
tunity to examine whether neurons with the same transm itter pheno
type would be generated simultaneously or, conversely, according 
to previously described general gradients of spinal cord neuro
genesis. The methods of 3H-thymidine autoradiography were com
bined with those of ChAT immunocytochemistry to examine the gen
eration of these populations. Pregnant ra ts were given a single 
intraperitoneal injection of 3H-thymidine on one of the following 
embryonic days: E10-16. Sections of spinal cords (C6- 8) from iso- 
topical ly labeled progeny were processed f i r s t  for ChAT localiza
tion and then for autoradiography. CHAT+ neurons with d is tin c t 
nuclear p rofiles were iden tified , counted, and classified  as to 
the amount of s ilver grains overlying their nuclei.

Embryonic day 11 was the e a r lie s t time that neurons within the 
cervical enlargement were produced. Large and small ChAT+ moto
neurons were generated during the E11-12 period, with the major
ity  of both populations being formed on E11. ChAT+ partition  
cells were generated from Ell-13, with the peak occurring on E12. 
Approximately three quarters of both ChAT+ central canal cluster 
ce lls  and immunoreactive neurons in the dorsal horn were 
generated on E13, with the remainder of each of these populations 
being born on E14. ChAT+ neurons appeared to be among the e a r l i
e s t cells generated within the ventral, intermediate and dorsal 
subdivisions of spinal cord. The sa lien t finding of th is study 
was that a ll neurons of the cholinergic phenotype are not gener
ated simultaneously. Rather, they appeared to follow the general 
ventrodorsal sequence of neuron formation previously described 
for spinal cord. Although ChAT+ neurons with larger somal sizes 
generally originated before those with smaller somata, large and 
small motoneurons were simultaneously generated in similar pro
portions. In combination, these findings suggest that location 
within the spinal cord is more closely associated with the re la 
tive timing of cell generation than either somal size or trans
m itter phenotype. Supported by NSF grant BNS-8219831.

212.5 MICROTUBULE-ASSOCIATED PROTEIN 2 (MAP2) IMMUNOREACTIVITY IN HUMAN 
FETAL NEOCORTEX. K .B .S i m s*, J .E .  C r a n d a l l ,  K .S . Kosi k* and 
R .S .W ill ia m s . E .K .S h r iv e r  C e n te r ,  W altham , MA and D ep artm en t o f  
N e u ro lo g y , H a rv a rd  M ed ica l S c h o o l,  B o s to n , MA

In  m atu re  n e u ro n s  MAP2 i s  c o n c e n t r a te d  s e l e c t i v e l y  i n  d e n d r i t e s  
and p e r i k a r y a l  c y to p la s m . We i n v e s t ig a t e d  th e  d i s t r i b u t i o n  o f 
m o n o clo n a l MAP2 im m u n o re a c tiv i ty  i n  human f e t a l  c o r t e x  (1 9 -2 2  wk8 
g e s t a t i o n ) .  T is s u e  from  f r o n t a l  and m o to r r e g io n s  was im m ersio n  
f ix e d  in  2% PLP 30-90  m in u te s  p o s t  m ortem . C o ro n a l 20-40um  
v ib ra to m e  s e c t i o n s  w ere  p ro c e s s e d  f o r  im m u n o cy to ch em is try  u s in g  a  
p e r o x id a s e - c o n ju g a te d  s e c o n d a ry  a n tib o d y  and d ia m in o b e n z id in e  a s  
c h rom agen. The m orpho logy  and d i s t r i b u t i o n  o f M A P 2-im m unoreactive 
n e u ro n s  was com pared i n  com panion s e c t i o n s  s t a i n e d  w i th  N i s s l ,  
N A D PH -diaphorase and r a p id  G o lg i m eth o d s.

N eu ro n a l so m ata  and d e n d r i t e s  i n  a l l  c o r t i c a l  l a y e r s  and in  th e  
i n te r m e d ia t e  zone  w ere  s t a i n e d  w i th  MAP2 a n t ib o d y .  C a ja l - R e tz i u s  
c e l l s  o f  l a y e r  I ,  l a r g e  p y ra m id a l  n e u ro n s  o f  th e  i n n e r  c o r t i c a l  
p l a t e  and i n t e r s t i t i a l  n e u ro n s  i n  th e  i n te r m e d ia t e  zone w ere m ost 
s t r o n g l y  im m u n o re a c tiv e . Com panion G o lg i m a t e r i a l  c o n firm e d  t h a t  
th e  d e n d r i t i c  m o rpho logy  o f  th e  l a r g e  n e u ro n s  i n  t h e  i n n e r  c o r t i c a l  
p l a t e  was l i k e  t h a t  o f  p y ra m id a l  c e l l s  i n  f u tu r e  l a y e r  V, and t h a t  
th e  d e n d r i t e s  o f  s u b p la t e  and i n t e r s t i t i a l  n e u ro n s  w ere  h ig h ly  
v a r i c o s e .  A p ic a l  d e n d r i t e s  o f  t h e s e  p y ra m id a l  n e u ro n s  f a s c i c u l a t e d  
i n t o  p ro m in e n t  b u n d le s  t h a t  c o u rs e d  r a d i a l l y  th ro u g h  th e  c o r t i c a l  
p l a t e  and te r m in a te d  a s  f i n e l y  b ead ed  t u f t s  i n  l a y e r  I .  A d en se  
c o a r s e ly  g l o b u la r  s t a i n i n g  p a t t e r n  i n  t h e  s u b p la t e  r e s u l t e d  
p re su m a b ly  from  s t a i n i n g  o f  th e  d e n d r i t i c  v a r i c o s i t i e s  o f  n e u ro n s  
i n  th e  s u b p la t e  and u n d e r ly in g  i n te r m e d i a t e  z o n e , and p e rh a p s  th e  
b a s a l  d e n d r i t e s  o f  p y ra m id a l  n e u ro n s  i n  th e  a d ja c e n t  c o r t i c a l  
p l a t e .  M A P2-im m unoreactive i n t e r s t i t i a l  n e u ro n s  w ere m ost p r e v a l e n t  
i n  th e  o u t e r  h a l f  o f  th e  i n te r m e d ia t e  z o n e . In  g e n e r a l  i n t e r s t i t i a l  
n e u ro n s  w ere  s m a l le r  and m ore d e n s e ly  p a c k e d , and b i p o la r  form s 
p re d o m in a te d  s u p e r f i c i a l l y  n e a r  th e  s u b p la t e .  L a rg e r  p y ra m id a l  and 
p o ly m o rp h ic  n e u ro n s  w ere  s c a t t e r e d  more d e e p ly .  P y ra m id a l  and 
b i p o la r  n e u ro n s  u s u a l l y  w ere a l i g n e d  r a d i a l l y ,  b u t  n e u ro n s  w i th  
o b l iq d e  o r  h o r i z o n t a l  d e n d r i t e s  a l s o  w ere  s e e n .  The s to u t  d e n d r i t e s  
o f  th e  l a r g e r  d eep  n e u ro n s  w ere  o f t e n  e x c e p t i o n a l l y  lo n g ,  e x te n d in g  
f o r  s e v e r a l  h u n d red  m ic ro m e te r s .  The NADPH-d m ethod s t a i n e d  o n ly  a 
s m a l l  su b g ro u p  o f  i n t e r s t i t i a l  n e u ro n s ,  w h ich  in c lu d e d  a l l  m orpho
l o g i c a l  s u b ty p e s  b u t  p r e d o m in a n t ly  th o s e  c l o s e r  t o  t h e  s u b p la t e .

In  summ ary, m ost i f  n o t  a l l  n e u ro n s  i n  th e  c e r e b r a l  c o r t e x  o f  th e  
19-22  wk human f e t u s  a r e  MAP2 im m u n o re a c tiv e . MAP2 im m unocytochem 
i s t r y  p e rm i ts  an  in c o m p a ra b le  s u rv e y  o f th e  te m p o ra l  and s p a t i a l  
g r a d i e n t s  o f  d e n d r i t i c  d i f f e r e n t i a t i o n  among c o r t i c a l  n e u ro n s .  I t  
a l s o  a llo w s  a  b e t t e r  a s se s s m e n t  o f  th e  m o rp h o lo g ic a l  d i v e r s i t y ,  
d e n s i t y  and r e g i o n a l  d i s t r i b u t i o n  o f  i n t e r s t i t i a l  n e u ro n s  i n  th e  
i n te r m e d ia t e  z o n e .
S u p p o rte d  i n  p a r t  by NIH g r a n t s  HD07251,NS20213.

212.6 CHOLINERGIC AND OTHER NEURONAL CHARACTERISTICS OF 
PERMANENT CELL LINES DERIVED FROM THE SEPTAL REGION. 
D.N. Hammond. B.H. Wainer and J.H. Tonsgard.* The University of 
Chicago, Chicago, IL 60637.

Cholinergic neurons of the mammalian basal forebrain play an 
important role in learning and memory, and are prominently affected in 
Alzheimer's disease. In order to more fully study the properties of 
these cells, we generated clonal hybrid lines derived from cells of the 
septal region which constitutively express properties typical of 
cholinergic neurons.

Septal cells from E-14 C57BL/6 mouse embryos were fused in a 
monolayer using polyethylene glycol with cells of the murine 
neuroblastoma, N18TG2. The latter cell line does not express a 
cholinergic phenotype and is deficient in hypoxanthine-guanine 
phosphoribosyl transferase (HGPRT). The fusion products were 
plated in medium containing hypoxanthine, aminopterin, and 
thymidine (HAT), which selects against HGPRT-deficient cells. 
Individual hybrid colonies were isolated using cloning cylinders, 
subcultured, and expanded in medium without HAT. Primary septal 
cells or N18TG2 cells alone were treated in a similar manner and 
produced no viable colonies. Nine cell lines were isolated and 
screened for choline acetyltransferase (ChAT) activity by a 
radiochemical assay. Two lines, SN5 and SN6, showed significant 
ChAT activity (100-200 pmol acetylcholine formed/min/mg protein), 
and were further evaluated. The hybrid nature of these cholinergic 
lines was verified by karyologic and isoenzyme analysis. In addition 
to ChAT activity, SN5 and SN6 cells display other characteristics 
typical of septal cholinergic neurons, but not of the neuroblastoma 
parent. In monolayer culture, the cells elaborate neuritic processes 
which stain immunocytochemically for neurofilament protein, using 
antibody TA.51. The cells also express ChAT immunoreactivity, but do 
not visualize with an antibody against the glial astrocytic marker, 
GFAP. Finally, SN6, and to a lesser extent SN5, aggregate in rotation- 
mediated culture, a feature also expressed by normal septal cells, but 
not by N18TG2 cells.

The nine cell lines isolated from the fusion are the first permanent 
lines to be derived from a specific region of the basal forebrain. SN5 
and SN6 are especially interesting because they express properties 
characteristic of a particular neuronal subset of that region, and could 
therefore be used to study the factors influencing septal cholinergic 
neuron development, selective synapse formation and maintenance. 
(Supported by grants NS-07195, NS-17661, HD-04583, and MH- 
28942.)
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212.7 REGULATION OF CELL PRODUCTION IN DEVELOPING RETINA. T. Reh 
Dept. Medical Physiology, Univ. Calgary, Calgary, AB Canada T2N 1N4

During the development of the vertebrate CNS a large number of 
d ifferen t types of neurons are generated in precise ra tio s . We 
have previously postulated the existence of a feedback mechanism 
from already d ifferen tiated  neurons that regulates the production 
of new neurons. Evidence for such a regulatory feedback role 
comes from experiments in which dopamine containing amacrine ce lls , 
ablated in the developing retina by 6-hydroxydopamine, (6-OH-DA) 
were up-regulated in th e ir  production. To determine i f  th is is a 
general phenomenon of the developing re tina , other cell types were 
also examined for th e ir  ab ility  to respond to selective ablation 
byup-regulation in th e ir  production. To th is  end, the neurotoxin 
kainic acid, known to produce se lective lesions of certain  cell 
types in other species, was injected intraocularly (1-2 μl of 1 × 
10-2 M) in midlarval staged Rana pipiens tadpoles. After periods 
of 1-21 days, the animals received I.P. injections of H3-thymidine 
(1 μl/body wt of 20 Ci/mmol e , 1 μCi/μ l). Animals were then allow
ed to survive for periods of up to three weeks and were then f ix 
ed in Bouin's solution, the eyes embedded in p la s tic , sectioned at 
3 μm, and processed for autoradiography by standard methods.

The kainic acid (KA) produced a ce ll-sp ec ific  lesion in R. 
pipiens sim ilar to that observed in other species. At the dosage 
used there was no decline in the density of ce lls in the outer 
nuclear layer (ONL) or retinal ganglion cell layer (RGC), but 
there was a dramatic decline in the cell density and to tal th ick
ness of the inner nuclear layer (INL). In addition, in animals 
fixed within 4 days of the KA adm inistration, numerous pycnotic 
nuclei were observed in the INL.

The H3-thy allowed us to detect any changes in the numbers of 
new ce lls  added to the retina a f te r  the KA lesion. Within the 
f i r s t  week a fte r  the KA in jection , there was a marked decrease in 
the number of H3-thymidine labelled ce lls  in the INL of the 
lesioned eye as compared with the control re tina . However, th is  
decrease in the number of H3-thy labelled ce lls  was not observed 
in the other RGC or ONL. This suggests that INL neuroblasts ac
quire kainate receptors prior to th e ir  final division.

Following one week, the pattern of H3-thy labelling changed: 
in animals that received H3-thy injections more than one week 
a fte r  the KA lesion, the number of labelled ce lls  in the INL was 
sign ifican tly  increased over that in control eyes, while the num
ber of label l ed cel l s in the ONL and RGC was not. Thus, one week 
following the loss of INL c e lls , the production o f new ce lls  in 
th is  layer was specifically  increased. This is sim ilar to the up- 
regulation observed for DA-amacrine ce lls  following 6-OH-DA tre a t
ment, and indicates that feedback regulation of neuron production 
is a general phenomenon of retinal histogenesis.

Supported by Alberta Heritage Foundation and MRC (Canada).

212.8 IN VITRO DIFFERENTIATION OF QUAIL NEURAL CREST CELLS INTO 
SENSORY-LIKE NEUROBLASTS. M. Sieber-BIum 1), S. R. Patel*2) and 
D.A. Riley1). 1) Dept. of Anatomy and Cellular Biology, Medical 
College of Wisconsin, Milwaukee, WI 53226, and 2) The Johns 
Hopkins University, Baltimore, MD 21205.

The neural crest of the vertebrate embryo gives rise  to most of 
the neurons and nerve supporting ce lls of autonomic and sensory 
ganglia, to pigment c e lls , to endocrine ce lls , and to cephalic 
mesectodermal derivatives of the mature organism. So fa r, the 
d ifferen tiation  of neuroblasts in vitro  has been limited to the 
autonomic phenotype. In the present study, we report the 
d ifferen tiation  of cultured quail neural crest ce lls  into 
sensory-like neuroblasts. Their identity has been established by 
the following c r ite r ia : 1. Morphological features: Sensory-like 
neuroblasts were rounded, dipolar or pseudounipolar with large 
diameter long processes that lacked varicosities . 2 . 
Neurotransmitter content: Cells with the sensory-like morphology 
reacted with antibodies directed against the peptide transm itters, 
vasoactive in testinal polypeptide (VIP) and substance P (SP). 
Some multipolar neuroblasts of the autonomic type that were 
present in the same cultures also bound anti-VIP or anti-SP 
antibodies. 3. Histochemical staining for carbonic anhydrase 
(CA): A number of the ce lls  with the typical morphologic 
appearance of sensory neuroblasts contained CA activ ity ; all other 
neural crest ce lls  were non-reactive. We verified with aldehyde 
perfused material from adult quails that in th is  species a 
subpopulation of spinal sensory neurons has CA activ ity  in vivo, 
whereas ventral root axons and neurons in sympathetic ganglia are 
negative. 4. Neurofilament content: Sensory-type neuroblasts 
bound antibodies against the 68K neurofilament polypeptide. 5. 
Sensitivity to nerve growth factor (NGF): Addition of NGF to the 
culture medium caused an increase in the number of sensory-like 
neuroblasts with SP-like immunoreactivity. The sensory 
neuron-like cell type characterized in th is study should prove 
useful in the future analysis of the interrelationship of 
progenitor ce lls of the autonomic and sensory cell lineages. 
Supported by USPHS grant HD21423 and a research grant from the 
Dysautonomia Foundation to M. S.-B., and by grant NCC-2-266 from 
NASA to D.A.R.

212.9 PATHWAYS FOLLOWED BY CREST CELLS MIGRATING FROM DEVELOPING QUAIL GUT 
BACK-GRAFTED INTO YOUNGER CHICK EMBRYOS: COMPARISON OF VAGAL AND TRUNCAL 
GRAFTS. T. P. Rothman. N.M. Le Douarin*. and M.D. Gershon. Dept. of Anat. and Cell 
Biol., Columbia Univ. P&S and l'lnst. d’Embryol., CNRS and Coll, de France, Nogent- 
sur-Marne, France.

The enteric nervous system ( ENS) is the largest and most complex portion of the PNS. 
It is formed by precursor cells that migrate to the bowel from "vagal" and sacral 
regions of the neural crest. Following its colonization the gut retains cells that are able 
to regain their ability to emigrate when the gut is transplanted into a neural crest 
migration pathway of a younger host embryo (back-graft). When a back-graft of 
embryonic quail bowel that contains crest cells (4  day) is made into the trunk region, 
both neural and mesenchymal structures of the host embryo become populated by donor 
cells from the back-grafted gut. The fate of cells leaving a back-grafted bowel can be 
followed when quail gut is transplanted into chick embryos because the quail cells of the 
donor are stably marked by a distinct clump of nucleolar-associated heterochromatin. 
Migration of cells from back-grafted bowel that has been colonized by neural crest is 
more extensive than from control hindgut transplanted prior to colonization. 
Nevertheless, cells emigrate even from back-grafts of aneuronal gut; however, in the 
absence of crest only mesenchymal structures are colonized by cells from the donor’s 
bowel. Back-grafted bowel containing crest will, when placed into truncal pathways, 
colonize sympathetic ganglia, the adrenal medulla, as well as spinal roots and 
peripheral nerves. In contrast, truncal back-grafts never provide emigres that 
migrate to enteric ganglia, although donor cells may be found in the vagus nerves. On 
the other hand, if "vagol" creṡt (level of somites 5 -6 ) is replaced at stage 11, when 
migration of crest cells from this region has begun, quail cells do reach the host gut. 
The donor cells extend from just above the proventriculus to the cloaca, but they are 
restricted in the enteric wall to the the myenteric and submucosal plexuses. In addition 
to the gut, these "vagol" back-grafts also colonize the petrosal ganglion and contribute 
large numbers of Schwann cells to cranial nerves IX-XII. In contradistinction to 
truncal back-grafts, “vagal" back-grafts do not colonize sympathetic ganglia or the 
adrenal medulla. These experiments confirm that even after the colonization of the 
early bowel and the beginning of the formation of enteric ganglia the gut contains 
precursor cells that can migrate along pathways in younger embryos normally 
traversed by crest cells. Moreover, the route taken by these precursor cells is 
appropriate for the host location into which a back-graft of gut is placed, rather than 
for the enteric origin of the migrating cells. Thus, previous migration of cells to the 
gut does not ensure they will again migrate there; instead cells from the bowel will 
migrate along pathways defined by the host embryo into which they are placed. 
Supported by grants HD 21032 and NS 15547 ( NIH) and INT 8413816 ( NSF).

212.10 PERTURBATION OF CRANIAL NEURAL CREST DEVELOPMENT IN 
VIVO BY ANTIBODIES TO CELL SURFACE MACROMOLECULES. 
M arianne B ronner-Fraser, Developm ental Biology C en ter and D epartm ent 
of Developm ental and C ell Biology, University of California , Irvine, Ca. 
92717

Previous studies from this laboratory  (B ronner-Fraser, J . Cell Biol, 
101: 610, 1985) have dem onstrated  th a t an antibody to  a ce ll surface 
recep to r com plex caused a ltera tions  in avian neural c res t cell m igration. 
Here, these observations are  extended using two monoclonal antibodies: 
the CSAT antibody, which recognizes a  cell surface recep to r for 
fibronectin  and laminin, and the HNK-1 antibody, which recognizes a 
carbohydrate m oiety on the neural c res t cell surface. E ither CSAT or 
HNK-1 antibodies w ere injected la te ra l to  the m esencephalic neural tube 
a t the onset of cranial neural c re s t m igration. Injected antibody 
molecules did not cross the midline, but appeared to  diffuse throughout 
the in jected  half of the mesencephalon, w here they rem ained detec tab le  
by im m unocytochem istry for about 22 hours. The CSAT antibody 
appeared to  bind to  all cells on the in jected  side, w hereas HNK-1 
antibody was observed prim arily around the neural tube and on neural 
c res t cells.

CSAT tre a te d  em bryos w ere exam ined e ith e r during neural c rest 
m igration (up to  24 hours a f te r  injection) or a f te r  form ation of neural- 
c res t derived s tructu res  (36 -  48 hours a f te r  injection). In those embryo 
fixed w ithin the f irs t 24 hours, the  major defec ts  w ere: a reduction in 
the neural c re s t cell number on the in jected  side, a  build up of neural 
c res t cells within the lumen of the neural tube, and ec topica lly  localized 
neural c re s t cells. These e ffec ts  appeared to  be dose-dependent. In 
embryos allowed to  survive for 36 to  48 hours a f te r  injection, the neural 
c res t derivatives appeared norm al on both the in jected  and control side, 
suggesting th a t the  em bryos com pensated fo r the reduction in neural 
c res t cell number on the in jected  side. However, the em bryos often  had 
severely deform ed neural tubes and ec topic aggregates of neural c res t 
cells.

Embryos in jected  with the HNK-1 antibody w ere exam ined during the 
period o f neural c res t migration (up to  24 hours a f te r  injection). The 
HNK-1 tre a te d  embryos o ften  had sim ilar defec ts  to  those observed 
a f te r  injection of the CSAT antibody. Some em bryos had reduced 
numbers o f neural c res t cells on the in jected  side as well as ectopic 
neural c re s t cells e ith e r ex ternal to  or w ithin the neural tube. The 
percentage of embryos with ec top ic neural c res t cells was, however, 
considerably higher for HNK-1 tre a te d  than CSAT tre a ted  embryos. In 
con trast, several control antibodies had no e ffe c t. These findings 
suggest th a t both the CSAT recep to r com plex and the  HNK-1 antigen 
a re  im portant in neural c res t morphogenesis.
(supported by USPHS HD-15527 and March of Dimes G rant 1-896)
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212.11 A COMBINED GENETIC AND PHYSIOLOGICAL STUDY OF NEURONAL SPECIFICITY 
IN MOUSE: DOES PURKINJE CELL LINEAGE PLAY A ROLE IN ESTABLISHING 
PROJECTION PATTERNS IN CEREBELLAR CORTEX? K. H erru p  and J .  B ow er. 
Y ale Med. S c h . ,  Hew Haven; C a l te c h ,  P a s a d e n a . (S pon: R . J .  M u llen )

I n c r e a s in g  a t t e n t i o n  i s  b e in g  p a id  t o  th e  r o le  t h a t  i n t r i n s i c  
( c e l l  au tonom ous) f a c t o r s  p l a y  i n  th e  e s ta b l i s h m e n t  o f  th e  
s p e c i f i c i t y  o f  n e u ro n a l  c o n n e c t io n s  w i th in  th e  CNS. We have 
i n v e s t i g a t e d  t h i s  i s s u e  a s  i t  a p p l i e s  t o  th e  e s ta b l i s h m e n t  o f  th e  
t a c t i l e  p r o j e c t i o n s  t o  th e  c e r e b e l l a r  g r a n u le  c e l l  l a y e r  u s in g  
e x t r a c e l l u l a r  r e c o r d in g s  from  c h im e r ic  m ic e . The s p a t i a l  
o r g a n iz a t io n  o f th e  m ossy f i b e r  t a c t i l e  p r o j e c t i o n s  have b een  w e l l  
d e s c r ib e d  (Sham bes e t  a l . ,  B ra in  B ehav. E v o l.  15, 9 4 ) .  The map o f  
th e s e  p r o j e c t i o n s  i s  h ig h ly  d i s j u n c t i v e  su ch  t h a t  s h a rp  b o u n d a r ie s  
be tw een  p r o j e c t i o n s  from  d i f f e r e n t  body r e g io n s  can  be d e f i n e d .  
D e s p i te  t h i s  p a tc h y ,  m o sa ic  o r g a n i z a t i o n ,  th e  r e s u l t i n g  map i s  
rem a rk a b ly  i n v a r i a n t  from  a n im a l t o  a n im a l.

S e v e ra l  d e v e lo p m e n ta l  o b s e r v a t io n s  s u g g e s t  t h a t  th e  a r r i v i n g  
m ossy f i b e r  sy s te m  m ig h t u s e  i n t r i n s i c  f e a t u r e s  o f  th e  o v e r ly in g  
PCs to  h e lp  t o  e s t a b l i s h  t h e i r  p a t t e r n s  o f  c o n n e c t io n s .  The m ossy 
f i b e r s  a r e  p r e s e n t  e a r l y  i n  p o s t n a t a l  d e v e lo p m e n t i n  th e  r o d e n t ,  
a t  a  tim e  when th e  P u r k in je  c e l l s  a r e  p r e s e n t ,  b u t  th e  g r a n u le  
c e l l s  a r e  s t i l l  b e in g  g e n e r a t e d .  F u r th e r ,  r e c e n t  r e s u l t s  by Mason 
& G regory  ( J .  N e u r o s c i . 4 , 1715) have  shown t h a t  t h e s e  f i b e r s  make 
t r a n s i e n t  c o n n e c t io n s  d i r e c t l y  w i th  th e  o v e r ly in g  P C s. To 
d e te rm in e  i f  t h e r e  i s  a  r e l a t i o n s h i p  b e tw een  th e  p h y s io l o g ic a l ly  
d e f in e d  map and th e  l in e a g e  o f  th e  PCs, we have  mapped th e  t a c t i l e  
p r o j e c t i o n s  t o  th e  s u r f a c e  o f  C rus I I  i n  s e v e r a l  mouse c h im e ra s  
and r e c o n s t r u c t e d  a  " l i n e a g e  map" o f  th e  PCs o v e r ly in g  th e s e  
i n p u t s . β - g lu c u r o n id a s e  h i s t o c h e m i s t r y  was u se d  t o  r e v e a l  th e  
g e n o ty p e  o f  th e  c e l l s ,  and a  c o m p u te r iz e d  m ic ro sc o p e  was u se d  to  
r e c o n s t r u c t  th e  tw o -d im e n s io n a l  map. As r e p o r t e d  by o t h e r s ,  t h e r e  
i s  in te r m in g l in g  o f  PCs o f  th e  two g e n o ty p e s  i n  th e  c h im e ra  w hich  
g iv e s  th e  im p re s s io n  o f  o v e r a l l  ran d o m n e ss , e s p e c i a l l y  when v iew ed 
in  s in g l e  s e c t i o n s .  S e r i a l  r e c o n s t r u c t i o n s ,  h o w ev er, r e v e a l  
r e g io n s  w here th e  r a t i o  o f  th e  P C  g e n o ty p e s  i s  s t r i k i n g l y
d i f f e r e n t  from  th e  r a t i o  i n  s u r ro u n d in g  a r e a s .  F u r th e rm o re ,  we 
have  found  t h a t  th e  l o c a t io n  o f  t h e s e  r e g io n s  i s  s i m i l a r  from  one 
c h im e ra  t o  th e  n e x t .  F i n a l l y ,  th e  l o c a t io n  o f  one su ch  l a r g e
re g io n  in  C rus I I a  c o n s i s t e n t l y  c o r r e s p o n d s ,  a t  l e a s t  r o u g h ly ,  to  
th e  p h y s io l o g ic a l ly  d e f in e d  map p o s i t i o n  o f  th e  l a r g e  C rus I I a  
u p p e r  l i p  p r o j e c t i o n .  T h is  a p p a re n t  c o r r e l a t i o n  b e tw een  a  
p h y s io l o g ic a l ly  d e f in e d  p r o j e c t i o n  a r e a  and  PC l in e a g e  i n  th e  
a d u l t  a n im a l s u g g e s t s  t h a t  in fo r m a t io n  o f  a  c e l l -a u to n o m o u s  n a tu r e  
may be u se d  to  h e lp  e s t a b l i s h  th e  p a t t e r n  o f  c o n n e c t io n s  i n  t h i s  
s y s te m .

KH s u p p o r te d  by  NS 18381 , M arch o f  D im es, W iersma V i s i t i n g  
S c i e n t i s t  p ro g ram  and  JB by NS 22205, BRSG g r a n t  RR07003.

212.12 'REGULATED' VISUOTECTAL PROJECTIONS IN YOUNG ADULT 
XENOPUS RAISED FROM EMBRYONIC STAGES WITH A 
GENETICALLY MARKED 'COMPOUND EYE'. R.K. Hunt,J. 
Kilty and S. O’Gorman (SPON: F. Crick). The Salk Institute, La Jalla,CA 

92037
When embryonic half-eye rudiments are grafted together (in non- 

complementary pairings) in 20% 'rearing' saline at stages 31-36 in 
Xenopus, the resulting adult eyes usually show a (normal or 'double
nasal' twinned) retinotectal projection whose polarity and topographic 
order do not match the starting polarities of the grafted half-eye (Hunt 
and Frank: Science 189:563, 1975; Gaze and Straznicky: J. Embryol. 
Exp. Morph.  55:143, 1980; O'Rourke and Fraser, Develop. Biol., in 
press). We prepared four types of these so-called 'compound eyes', by 
replacing the posterior half of the right eye of albino X. laevis host 
embryos with a half-eye graft from pigmented X. borealis (or X. 
borealis/X. laevis hybrid) donor embryos: grafted half-eyes included the 
posterior half of the donor's right eye (Type I) or left eye (Type II); the 
dorsal half of the donor's right eye (Type III), or the anterior half of the 
donor's left eye (Type IV). The pigment marker enabled us to 
photograph graft and host fragments during healing, and their 
derivatives at regular intervals through metamorphosis. At 1-3 months 
after metamorphosis, detailed (80-100 point; 100-125 μm resolution) 
electrophysiologic maps were made of the visual field projections of 4-6 
individuals with each type of 'compound eye'. The eye was then 
removed and fixed in Carnoy's; and 6 or 8 μm serial wax sections were 
cut in a plane perpendicular to the optic axis and stained with 
quinacrine. X. borealis neurons were readily identifiable in all layers 
of the neural retina; and graft and host territories were digitized with 
an Apple computer to make reconstructions of the ganglion cell layer. 
All Type I (control) and Type III eyes (and a minority of Type II eyes) 
formed a single, continuous normal visuotectal projection; in each case, 
the posterior retina showed a coherent sector territory, some 120-220 
degrees in angular extent in individual cases, of graft-derived neurons 
in all three retinal layers. All Type IV and most Type III eyes formed a 
twinned 'double-nasal' (occasionally 'double-nasoventral') projection, 
with each half-field projecting over most of the tectal surface. In each 
case, the posterior retina showed a coherent sector territory similar in 
size and form to those described earlier. We infer that the 'regulated' 
maps do not reflect loss of the graft (and its covert replacement by 
regenerated host tissue). Rather these 'regulated' maps must reflect 
either a reprogramming of positional labels on ganglion cell axons 
(perhaps confined to new ganglion cells arising on the eye rim at later 
larval stages), or an altered deployment of these labels in the search- 
and-find interactions by which the growing fibers select their axonal 
neighbors and tectal targets. Supported by NSF PCM-83 11082 to 
R.K.H.; NIH 5F32 EY-05853 to S. O'G.
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213.1 HYPERINNERVATION OF THE RAT THALAMUS FOLLOWING NEONATAL 6-HYDROXY- 
DOPAMINE TREATMENT, DEMONSTRATED BY DOPAMINE-BETA-HYDROXYLASE 
IMMUNOHISTOCHEMISTRY. E .L . G u s ta fs o n  and  R .Y . M oore. D e p ts .  o f  
N e u ro lo g y , N e u ro b io lo g y  and  B e h a v io r  an d  P s y c h o lo g y ,  SUNY a t  S tony  
B ro o k , S to n y  B ro o k , NY 11794.

N e o n a ta l  a d m i n i s t r a t i o n  o f  t h e  n o r a d r e n e r g i c  (NA) n e u ro to x in  
6-OHDA r e s u l t s  i n  d r a m a tic  c h a n g es  i n  t h e  NA i n n e r v a t i o n  o f  th e  
b r a i n .  The m ost s t r i k i n g  o f  t h e s e  a r e  a  t o t a l  d e n e r v a t io n  o f  n eo 
c o r t e x  and  h ippocam pus and  a  c o n c u r r e n t  h y p e r in n e r v a t io n  o f  th e  
c e re b e llu m  and  some b r a in s te m  n u c le i  (S a c h s  and  J o n s s o n ,  1974; 
S chm id t and  B h a tn a g a r ,  1979; L e v i t t  and  M oore, 1 9 8 0 ) . T h is  h a s  
b e e n  i n t e r p r e t e d  a s  a  " p r u n in g "  e f f e c t  b u t  t h i s  e x p la n a t io n  i s  un
c e r t a i n  b e c a u s e  o f  a  l a c k  o f  i n f o r m a t io n  c o n c e rn in g  th e  n a tu r e  and  
t im e  c o u rs e  o f  t h e  i n i t i a l  e v e n ts  f o l lo w in g  n e o n a ta l  6-OHDA adm in
i s t r a t i o n  and  a b o u t  t h e  e f f e c t s  o f  th e  t o x in  on d i e n c e p h a l i c  NA 
i n n e r v a t i o n .  The p r e s e n t  s tu d y  was p e rfo rm e d  to  r e s o l v e  t h e s e  
i s s u e s .  On t h e  d ay  o f  b i r t h  (P 1) and  P 2 , r a t  p u p s  w e re  i n j e c t e d  
s u b c u ta n e o u s ly  w i th  100 m g/kg o f  6-OHDA HCl , w i th  a n  e q u a l  num ber 
o f  l i t t e r m a t e s  i n j e c t e d  w i th  t h e  same volum e o f  s a l i n e .  A n im als  
w ere  p e r f u s e d  a t  P 5 , P 1 0 , P20 and P180 and b r a i n s  w ere  p r o c e s s e d  
f o r  DBH im m u n o h is to c h e m is try  u s in g  a  m o d if ie d  a v i d i n - b i o t i n  p ro 
c e d u re .

The e f f e c t s  o f  n e o n a ta l  6-OHDA a d m i n i s t r a t i o n  o b s e rv e d  i n  t h e  
a d u l t  b r a i n  a r e  a s - f o l l o w s .  T h e re  i s  a  t o t a l  l o s s  o f  NA i n n e r 
v a t i o n  i n  n e o c o r te x  and  h ippocam pus and  a  n e a r  t o t a l  l o s s  i n  th e  
re m a in in g  b a s a l  f o r e b r a i n .  I n  c o n t r a s t ,  t h e r e  i s  a  s t r i k i n g  
h y p e r in n e r v a t io n  o f  th e  d o r s a l  th a la m u s ,  p r im a r i l y  a f f e c t i n g  th e  
a n t e r i o r ,  l a t e r a l ,  v e n t r a l  and m e d ia l  n u c le a r  g r o u p s ,  and  th e  
l a t e r a l  and  m e d ia l  g e n ic u l a t e  n u c l e i .  E ach  n u c le u s  i s  i n n e r v a te d  
i n  p r o p o r t io n  t o  i t s  n o rm a l i n n e r v a t i o n ,  m o re o v e r t h e  p a t t e r n  o f  
h y p e r in n e r v a t io n  i s  i d e n t i c a l  t o  t h a t  o f  th e  n o rm a l i n n e r v a t i o n .  
The h y p o th a la m u s  e x h i b i t s  no a l t e r a t i o n  i n  NA i n n e r v a t i o n .  A t P 5 , 
f o l lo w in g  n e o n a ta l  6-OHDA a d m i n i s t r a t i o n ,  NA f i b e r s  a r e  l o s t  from  
a l l  a r e a s  o f  th e  b r a i n  b a c k  to  m a jo r  f i b e r  b u n d le s  w i th  th e  e x c ep 
t i o n  o f  t h e  h y p o th a la m u s  w h ere  t h e  i n n e r v a t i o n  i s  l a r g e l y  u n a f f e c 
t e d .  By P10 h y p e r in n e r v a t io n  o f  t h e  th a la m u s  i s  a p p a re n t  and  t h i s  
i s  l a r g e l y  c o m p le te  by  P 20 .

The p r e s e n t  s tu d y  i n d i c a t e s  t h a t  t h e  e f f e c t  o f  n e o n a ta l  6-OHDA 
i s  a  " d y in g -b a c k "  o f  NA a x o n a l  a r b o r i z a t i o n s  i n  a l l  a r e a s  e x c e p t  
t h e  h y p o th a la m u s . As th e  ax o n s  grow and r e - i n n e r v a t e  t e r m in a l  
a r e a s  th e y  p r e f e r e n t i a l l y  e n t e r  th a la m u s ,  b r a in s te m  and  c e re b e llu m .  
The r e s u l t a n t  i n n e r v a t i o n  i n  t h e s e  a r e a s  i s  i n c r e a s e d ,  i n d i c a t i n g  
a  " p r u n in g "  e f f e c t .  S in c e  t h e  i n n e r v a t i o n  i s  n o rm a l i n  p a t t e r n  i n  
e a c h  a r e a ,  t h i s  e f f e c t  m u st r e p r e s e n t  th e  i n t e r a c t i o n  o f  two 
d e v e lo p m e n ta l  p r o c e s s e s ,  t h e  g e n e t i c a l l y  d e te rm in e d  c a p a c i ty  o f  NA 
n e u ro n s  t o  p ro d u c e  an  e x te n s i v e  b u t  l im i t e d  am ount o f  t e r m in a l  and 
a x o n a l  a r b o r i z a t i o n  and  th e  c a p a c i ty  o f  t h e  a r e a s  b e in g  i n n e r v a te d  
t o  d e te rm in e  t h e  p a t t e r n  o f  i n n e r v a t i o n .  S u p p o rte d  by  N S -16304.

213.2 HISTAMINE-IMMUNOREACTIVE NEURONAL SYSTEMS IN THE HYPO
THALAMUS OF NORMAL AND BRATTLEBORO RATS. P.  P a n u l a , 
R. K.  T u o m i n e n * ,  T.  Wa t a n a b e *  and  L.  T u o m i s t o * .  D e p t .  
A n a t o my ,  U n i v .  H e l s i n k i ,  00 1 7 0  H e l s i n k i ,  F i n l a n d ;  D e p t .  
P h a r m a c o l o g y  a nd  T o x i c o l o g y ,  U n i v .  H e l s i n k i ,  00 1 7 0  H e l 
s i n k i ;  D e p t .  P h a r m a c o l o g y  I I ,  Os a k a  U n i v e r s i t y ,  Os a ka  
5 3 3 ,  j a p a n ;  D e p t .  P h a r m a c o l o g y  and  T o x i c o l o g y ,  U n i v .  
K u o p i o ,  K u o p i o ,  F i n l a n d .

B i o c h e m i c a l ,  p h a r m a c o l o g i c a l  and  i m m u n o h i s t o c h e m i c a l  
s t u d i e s  h a v e  i n d i c a t e d  t h a t  h i s t a m i n e  may a c t  a s  n e u r o -  
t r a n s m i t t e r  i n  t h e  h y p o t h a l a m u s .  N e u r o n a l  c e l l  b o d i e s  
and  f i b e r s  h a v e  b e e n  l o c a l i z e d  i n  s e v e r a l  n u c l e i  u s i n g  
a n t i b o d i e s  a g a i n s t  h i s t a m i n e  and  i t s  s y n t h e s i z i n g  e n 
zyme,  L - h i s t i d i n e  d e c a r b o x y l a s e  (HDC) .  H i s t a m i n e  may be 
i n v o l v e d  i n  t h e  r e g u l a t i o n  o f  v a s o p r e s s i n  r e l e a s e ,  and  
h i s t a m i n e  c o n c e n t r a t i o n s  i n  t h e  h y p o t h a l a m u s  o f  v a s o 
p r e s s i n - d e f i c i e n t  h o m o z y g o u s  B r a t t l e b o r o  r a t s  (BB r a t s )  
a r e  c o n s i d e r a b l y  h i g h e r  t h a n  t h o s e  o f  n o r m a l  L o n g - E v a n s  
r a t s  ( LE r a t s ) .

LE a n d  BB r a t s  w e r e  p e r f u s e d  w i t h  4% p a r a f o r m a l d e h y d e  
a nd  30 μm t h i c k  c r y o s t a t  s e c t i o n s  o f  t h e  b r a i n s  w e r e  i n 
c u b a t e d  w i t h  a n t i s e r a  a g a i n s t  HDC o r  h i s t a m i n e .  Some 
r a t s  h a d  r e c e i v e d  a s i n g l e  i n t r a c e r e b r o v e n t r i c u l a r  i n 
j e c t i o n  o f  c o l c h i c i n e  t o  i n h i b i t  t h e  a x o n a l  t r a n s p o r t .  
The c a u d a l  m a g n o c e l l u l a r  n u c l e u s  (CMC) o f  15 n o r m a l  r a t s  
was  l e s i o n e d  w i t h  a r a d i o  f r e q u e n c y  l e s i o n  g e n e r a t o r  14 
d a y s  b e f o r e  k i l l i n g .  A11 o p e r a t i o n s  we r e  c a r r i e d  o u t  
u n d e r  s o d i u m  p e n t o b a r b i t a l  a n e s t h e s i a .  The p e r o x i d a s e -  
a n t i p e r o x i d a s e  m e t h o d  was  u s e d  i n  t h e s e  s t u d i e s .

D i s t r i b u t i o n  o f  HDC- a nd  h i s t a m i n e - i m m u n o r e a c t i v e  
n e u r o n a l  c e l l  b o d i e s  was  r e s t r i c t e d  t o  t h e  s ame n u c l e i  
i n  t h e  p o s t e r i o r  h y p o t h a l a m u s  i n  LE and  BB r a t s .  C e l l s  
w e r e  s e e n  i n  t h e  t u b e r a l ,  c a u d a l  a nd  p o s t e r i o r  c a u d a l  
m a g n o c e l l u l a r  n u c l e u s .  The d e n s i t y  o f  h i s t a m i n e - i m m u n o -  
r e a c t i v e  n e r v e  f i b e r s  and  t e r m i n a l s  i n  t h e  SO o f  BB r a t s  
was  c o n s i d e r a b l y  h i g h e r  t h a n  t h a t  o f  LE r a t s .  L e s i o n s  o f  
t h e  CMC c a u s e d  a l m o s t  t o t a l  d i s a p p e a r a n c e  o f  h i s t a m i n e -  
i m m u n o r e a c t i v e  n e r v e  f i b e r s  and  t e r m i n a l s  i n  i p s i l a t e r a l  
SO.  The r e s u l t s  s u g g e s t  t h a t  t h e  h i s t a m i n e - i m m u n o r e a c -  
t i v e  f i b e r s  i n  t h e  SO o r i g i n a t e  a t  l e a s t  i n  p a r t  f r o m 
t h e  CMC, a n d  t h a t  t h e  l a c k  o f  v a s o p r e s s i n  i n  BB r a t s  i s  
a s s o c i a t e d  w i t h  an i n c r e a s e  i n  h i s t a m i n e - i m m u n o r e a c t i v e  
f i b e r s  i n  t h e  s u p r a o p t i c  n u c l e u s  ( S O ) .

S u p p o r t e d  by g r a n t s  f r o m t h e  U n i v e r s i t y  o f  H e l s i n k i  
and  t h e  F i n n i s h  M e d i c a l  R e s e a r c h  C o u n c i l  ( 0 1 / 2 0 6 ) .
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213.3 CENTRAL CHOLINERGIC INNERVATION OF THE LOCUS COERULEUS. B.K. 
Hartman, C. Cozzari1*, A. Berod2*, S .J. Kalmbach*, P.L. Faris*. 
Dept. of Psychiatry, Washington Univ. Sch. Med. ,  St.  Louis, MO 
63110, 1Is titu to  Di Biologia C ellulare, Roma, Ita ly , 2Inserm U 
171, Lyon, France.

A major hypothesis of th is laboratory has been that the central 
noradrenergic system represents a part of a in tra-axial autonomic 
system serving the same function as the sympathetic system in the 
periphery. An important corre llary  of th is hypothesis is that 
cholinergic afferents should provide an important input to this 
system analgous to the cholinergic preganglionic neurons. 
Although indirect evidence for innervation of noradrenergic 
neurons of the locus coeruleus (LC) exists ( i . e . ,  LC neurons are 
stimulated by cholinergic agonists and the nucleus exhibits high 
levels of cholinesterase and choline acetyl transferase ac tiv itie s)  
no d irect anatomical demonstration of cholinergic innervation has 
been reported.

A double label immunohistochemical technique was developed for 
the simultaneous visualization of tyrosine hydroxylase (TH) and 
choline acetyl transferase (CAT) in ra t brain. Brains were 
pressure perfused with 2% para formal dehyde/0.03% gluteraldehyde at 
two different pHs (6.5 followed by 8.5). F irs t, CAT localization 
was accomplished using the peroxidase-anti peroxidase (PAP) 
technique with nickel-cobalt enhanced diaminobenzadine reaction 
product. Sections were then processed for TH localization using 
PAP with alpha-napthol as substrate and differentiated  with the 
dye pyronin-B. The jet-black CAT positive perikarya and axon 
fibers contrasted well with the bright magenta staining of TH- 
positive soma and dendrites of the LC neurons making resolution of 
interactions between these two transm itter systems feasible at the 
ligh t microscopic level.

The cell bodies of the rostral LC were observed to overlap with 
the caudal extent of the ponto-mesencephal ic cholinergic group of 
neurons. Furthermore, cholinergic neurons from th is group were 
dispersed deep within the LC. In coronal sections CAT-positive 
axons were observed coursing dorsal-medially into the dendritic 
fie ld  of the LC. Intensely stained black varicosities were in 
apparent contact with many red, TH-immunolabeled dendrites. 
Though less frequent in number, CAT-containing varicosities were 
observed in clear association with TH-positive soma. In some 
cases cholinergic axon fibers could be observed outlining the 
surface of TH-containing the surface of TH-containing dendritic 
p ro files . This pattern of staining is interpreted as axo
dendritic and axo-somatic contacts between these two neuronal 
systems and may provide an anatomical basis for the hypothesized 
cholinergic control of central noradrenergic function.

Supported by NS12311, MH70451 (BKH), RSDA MH00595 (PLF).

213.4  CHOLINERGIC INNERVATION OF HIPPOCAMPAL COMMISSURAL NEURONS 
IMMUNOREACTIVE FOR GAD AND SOMATOSTATIN ( S S )   E M  DOUBLE 
IMMUNOSTAINING COMBINED WITH RETROGRADE TRACER TECHNIQUE 
C .L e ra n th *  and M .F ro tsc fa e r*  (SPON: L .H e im er) Y ale  U n i v e r s i ty ,  
S c h o o l o f  M e d ic in e , S e c t io n  o f  N euroanatom y and D e p t. o f  
O b s t e t r i c s  and  G y n eco lo g y , New H aven, CT. and M.F. I n s t i t u t e  o f  
Anatom y, Jo h a n n  W olfgang  G o e th e  U n i v e r s i ty ,  F ra n k fu r t /M .F .R .G .

We h a v e  h y p o th e s iz e d  t h a t  t h e r e  i s  a  f u n c t i o n a l  c o n n e c t io n  
b e tw een  th e  s e p to -h ip p o c a m p a l c h o l i n e r g i c  a f f e r e n t s  and th e  
h ip p o ca m p a l GABA and ST in te r n e u r o n s  a s  w e l l  a s  co m m issu ra l GABA 
and ST n e u ro n s ,  b a sed  on  th e  f o l lo w in g  o b s e r v a t io n s :  1 . F o rn ix  
t r a n s e c t i o n  a n d /o r  h ip p o cam p a l com m issurotom y a l t e r  s p a t i a l  
d i s c r im i n a t io n  and  w o rk in g  memory p r o c e s s e s .  2 .  A lz h e im e r 's  
d i s e a s e  i s  a s s o c i a te d  w ith  a  l o s s  o f  s e p t a l  c h o l i n e r g i c  n e u ro n s ,  
and a  m arked  d e c re a s e  i n  h ip p o cam p a l SS and GABA l e v e l s .  3 . Our 
own o b s e r v a t io n s  h av e  d e m o n s tra te d  t h a t  c h o l i n e r g i c  ax o n s 
s y n a p se  on  h ip p o cam p a l n o n - p r in c ip a l  n e u ro n s ,  i n  a d d i t i o n  to  
p y ram id a l o r  g r a n u le  c e l l s .  4 .  A p o p u la t io n  o f  h ip p o cam p a l 
c o m m issu ra l n e u ro n s  a r e  im m u n o re a c tiv e  f o r  SS and GAD.

T h is  h y p o th e s i s  was t e s t e d  i n  r a t s  u s in g  a  c o m b in a tio n  o f  
EM d o u b le  im m u n o s ta in in g  and r e t r o g r a d e  HRP t r a c e r  t e c h n iq u e .  
Two d a y s  p r i o r  t o  s a c r i f i c e  HRP was i n j e c t e d  i n t o  th e  d e n ta t e  
h i l a r  a r e a .  The r e t r o g r a d e ly  t r a n s p o r t e d  HRP was v i s u a l i z e d  by a  
g lu c o s e  o x id a s e  r e a c t i o n  i n  V ib rato m e  s e c t i o n s  p re p a re d  from  th e  
c o n t r a l a t e r a l  h ip p o cam p u s. S e c t io n s  w ere th a n  d o u b le  
im m u n o sta in e d  f o r  c h o lin e  a c e t y l t r a n s f e r a s e  (ChAT) and GAD, o r  
f o r  ChAT and SS u s in g  im m u n o p ero x id ase  and a v id in a te d  f e r r i t i n  
a s  c o n t r a s t i n g  e l e c t r o n - d e n s e  im m u n o la b e ls . Im m u n o re a c tiv i ty  f o r  
ChAT was l a b e l e d  w i th  im m u n o p ero x id ase  w h i le  GAD o r  SS n e u ro n s  
w ere  im m u n o lab e led  w i th  a v id i n a te d  f e r r i t i n .  EM a n a ly s i s  o f  th e  
d e n ta t e  h i l a r  a r e a  A m a ra l 's  zone  4 r e v e a l e d  sy m m etric  s y n a p t i c  
c o n ta c t s  o f  im m u n o p ero x id ase  l a b e l e d  ChAT axons on  a v id i n  
f e r r i t i n  im m u n o lab e led  GAD and SS i n te r n e u r o n s ,a n d  on GAD and SS 
co m m issu ra l n e u ro n s  c o n ta in in g  r e t r o g r a d e ly  t r a n s p o r t e d  HRP 
g r a n u l e s .  A sym m etric  s y n a p t i c  c o n n e c t io n s  w ere  o b s e rv e d  b e tw een  
m ossy axon c o l l a t e r a l s  and th e  com plex s p in e s  o f  th e  co m m issu ra l 
GAD and SS n e u ro n s .

B ased  on  th e s e  o b s e r v a t io n s ,  on p re v io u s  r e p o r t s  o f  th e  
c o - e x i s te n c e  o f  GAD and SS i n  h ip p o cam p a l n e u ro n s  and on  th e  
s u g g e s te d  d i s i n h i b i t o r y  a c t i o n  o f  a c e t y l c h o l i n e  on  h ip p o cam p a l 
p r i n c i p a l  n e u ro n s ,  we p ro p o se  t h a t :  1 ) c h o l i n e r g i c  a c t i o n  c o u ld  
l e a d  to  d i s i n h i b i t i o n  o f  b o th  i p s i  -  and c o n t r a l a t e r a l  
h ip p o ca m p a l n e u ro n s  by i n h i b i t i n g  l o c a l  and c o m m issu ra l GABA 
n e u ro n s ;  2 ) T h is  d i s i n h i b i t i o n  i s  a n ta g o n iz e d  by m ossy axon 
c o l l a t e r a l s  o f  th e  i p s i l a t e r a l  e x c i t a t o r y  g r a n u le  c e l l s .
S u p p o r te d  by G ra n t  1 POl NS 22807-01  S e n a to r  J . J a v i t s  C e n te r  o f  
E x c e lle n c e  i n  N e u ro s c ie n c e  and a  M ello n  F o u n d a tio n  F e l lo w s h ip .

213.5  PRELIMINARY DATA ON THE ULTRASTRUCTURAL FEATURES OF DOPAMINE TER
MINALS IN ADULT RAT CEREBRAL CORTEX. P h i l i p p e  Séq u é l a * ,  K enneth  
C . W atk in s*  an d  L a u re n t  D e s c a r r i e s . C e n tre  d e  r e c h e r c h e  en  
s c ie n c e s  n e u ro lo g iq u e s  (Dé p .  p h y s i o l o g i e ) , U n iv e r s i ty  de 
M ontré a l , M ontré a l  (Qué . ) , Canada H3C 3 J 7 .

In  c o n t r a s t  w i th  t h e  d e t a i l e d  know ledge o f  i t s  to p o g ra p h ic  
d i s t r i b u t i o n ,  l i t t l e  i s  known a b o u t  th e  u l t r a s t r u c t u r a l  f e a t u r e s  
o f  t h e  dopam ine (DA) i n n e r v a t i o n  i n  c e r e b r a l  c o r t e x .  We t h e r e 
f o r e  u se d  a  h ig h ly  s p e c i f i c  a n t i s e ru m  d i r e c t e d  a g a i n s t  C A -g lu ta -  
r a ld e h y d e - l y s y 1 - p r o t e in  c o n ju g a te  (G e f fa rd  e t  a l . ,  B r a in  R es . 
2 9 4 :1 6 1 , 1984) t o  i d e n t i f y  and  exam ine  DA t e r m in a l s  (a x o n a l  v a r i 
c o s i t i e s )  i n  two r e g io n s  o f  a d u l t  r a t  c o r t e x  known t o  r e c e i v e  a  
r e l a t i v e l y  d e n se  DA in p u t .  The t i s s u e  was f ix e d  by p e r f u s io n  
w i th  3.5% g l u t a r a l d e h y d e , i mm u n o s ta in e d  in  t h e  p r e s e n c e  o f  0.025% 
s a p o n in  u s in g  th e  p e r o x i d a s e - a n t i p e r o x id a s e  t e c h n iq u e ,  p o s t f i x e d  
w i th  o sm ic  a c id  and  embedded in  Epon. U l t r a t h i n  s e c t i o n s  w ere 
o b t a in e d  from  l a y e r s  V and  VI o f  t h e  a n te ro m e d ia n  " p r e f r o n ta l "  
c o r t e x  and  l a y e r s  IV t o  VI o f  t h e  d o r s a l  i n s u l a r  a g r a n u l a r  c o r t e x  
( s u p r a r h in a l  DA f i e l d ) .  Im n u n o re a c tiv e  p r o f i l e s  o f  DA v a r i c o s i 
t i e s  w ere  d e f in e d  a s  su c h  b y  th e  p r e s e n c e  o f  a g g re g a te d  s y n a p t i c  
v e s i c l e s .  In  b o th  r e g i o n s ,  t h e  DA t e r m in a l s  showed m a in ly  s m a ll  
an d  c l e a r ,  ro u n d  s y n a p t i c  v e s i c l e s  (3 0 -5 0  nm) o c c a s i o n a l l y  a s s o 
c i a t e d  w i th  s e v e r a l  l a r g e r  e l e c t r o n  l u c e n t  v e s i c l e s  (9 0 -1 5 0  nm ). 
The mean d ia m e te r  ( a v e ra g e  o f  l e n g th  and  b r e a d th  ± SEM) o f  th e  
im m u n o sta in ed  p r o f i l e s  m ea su red  0 .7 2  ± 0 .1 6  μ m in  t h e  a n te ro m e 
d ia n  c o r t e x  and  0 .7 4  ± 0 .1 9  μm in  t h e  s u p r a r h in a l  c o r t e x .  In  a n 
te ro m e d ia n  c o r t e x ,  19 o f  53 p r o f i l e s  (36%) fro m  ran d o m ly  s e l e c t e d  
i irm u n o s ta in e d  v a r i c o s i t i e s  e x h ib i t e d  a  j u n c t i o n a l  com plex  o f  m or
p h o l o g ic a l l y  d e f in e d  s y n a p t i c  d i f f e r e n t i a t i o n .  T h ese  s y n a p se s  
w ere  made on d e n d r i t i c  b r a n c h l e t s  o r  s p in e s .  None w ere  fo u n d  on  
n e u ro n a l  p e r i k a r y a .  The j u n c t i o n a l  co m p lex es  a v e ra g e d  0 .2 7  ± 
0 .0 7  μ m in  w id th ,  and  a l l  b u t  one  a p p e a re d  t o  b e  sy m m e tr ica l . In  
t h e  s u p r a r h in a l  c o r t e x ,  t h e  im m u n o p o sitiv e  DA t e r m in a l s  showed 
s i m i l a r  v e s i c u l a r  c o n te n t  and  m em branous s p e c i a l i z a t i o n s .  The 
w id th  o f  t h e i r  j u n c t i o n a l  c o m p lex es  was 0 .3 1  ± 0 .0 6  μm. H ow ever, 
t h e  l a t t e r  w ere fo u n d  on  o n ly  16% o f  exam ined  p r o f i l e s  ( 8 /4 9 ) .  
C o n s id e r in g  th e  s i z e  o f  t h e s e  v a r i c o s i t i e s ,  t h e  w id th  o f  t h e  o b 
s e rv e d  j u n c t i o n s  and  th e  s e c t i o n  t h i c k n e s s ,  t h e  p r o b a b i l i t y  o f  
s e e in g  th e  j u n c t i o n a l  com plex  in  s in g l e  t h i n  s e c t i o n s  c o u ld  be 
e s t im a te d  a t  37% and 39% f o r  t h e  a n te ro m e d ia n  an d  t h e  s u p r a r h in a l  
c o r t e x ,  r e s p e c t i v e l y .  Frcm t h e s e  d a t a ,  tw o m ain  c o n c lu s io n s  
c o u ld  be  d raw n : 1) t h e  DA in n e r v a t i o n  o f  t h e  a n te ro m e d ia n  " p r e 
f r o n t a l "  c o r t e x  i s  e s s e n t i a l l y  j u n c t i o n a l ;  2 ) l e s s  th a n  h a l f  o f  
DA t e r m in a l s  i n  th e  s u p r a r h in a l  DA f i e l d  a p p e a r  t o  be  en g ag ed  in  
s y n a p t i c  c o n t a c t .  E x a m in a tio n  o f  o t h e r  i n n e r v a t i o n  f i e l d s  com
p le m e n te d  by  s e r i a l  s e c t i o n in g  s h o u ld  r e v e a l  t h e  e x t e n t  o f  
i n t e r r e g i o n a l  v a r i a t i o n s  i n  t h e  i n c id e n c e  o f  s y n a p t i c  j u n c t i o n s  
made by  c o r t i c a l  DA v a r i c o s i t i e s .  (S u p p o rte d  b y  MRC an d  FRSQ).

213.6  IMMUNOCYTOCHEMICAL LOCALIZATION OF ARPP-21, A SUBSTRATE FOR 
CAMP-DEPENDENT PROTEIN KINASE ENRICHED IN DOPAMINE-INNERVATED 
BRAIN REGIONS C.C. O uim et. H .C. Hem mings. J r .  and  P. G re e n y a rd . 
L a b o r a to r y  o f  M o le c u la r  and  C e l l u l a r  N e u ro s c ie n c e .  The 
R o c k e f e l l e r  U n i v e r s i t y ,  1230 Y ork A venue, New Y ork , NY 10021

ARPP-21 (c AMP-r e g u la t e d  ph o s ph o p r o te i n  Mr = 2 1 ,0 0 0 ) i s  a 
n e u ro n a l  p h o s p h o p ro te in  w i th  an  a p p a re n t  m o le c u la r  w e ig h t  o f  21 
kDa t h a t  i s  p h o s p h o ry la te d  by  cA M P-dependent p r o t e i n  k in a s e .
I t  h a s  b e e n  i d e n t i f i e d  i n  h o m o g en a te s  o f  th e  r a t  an d  b o v in e  
b a s a l  g a n g l i a  an d  p u r i f i e d  to  h o m o g en e ity  from  b o v in e  c a u d a te  
n u c le u s  c y to s o l  (Hemmings e t  a l . ,  s e e  accom pany ing  
a b s t r a c t ) .  M o n o c lo n a l a n t i b o d i e s  s p e c i f i c  f o r  ARPP-21 have 
b e e n  p r e p a r e d  an d  u s e d  i n  th e  p r e s e n t  s tu d y  f o r  
im m u n o cy to ch em ical l o c a l i z a t i o n  o f  ARPP-21 i n  th e  r a t  b r a i n .  
I m m u n o re a c tiv i ty  f o r  ARPP-21 was o b s e rv e d  in  n e u ro n a l  c e l l  
b o d ie s ,  d e n d r i t e s ,  s p in e s ,  a x o n s an d  t e r m in a l s  o f  l a b e l e d  
n e u ro n s .  T h is  i s  c o n s i s t e n t  w i th  th e  o b s e r v a t io n  t h a t  ARPP-21 
i s  a  c y t o s o l i c  p r o t e i n .  S t ro n g ly  l a b e l e d  n e u ro n a l  so m ata  and 
d e n d r i t e s  w ere  p r e s e n t  th ro u g h o u t  th e  c a u d a to p u ta m e n , n u c le u s  
accum bens, and  o l f a c t o r y  t u b e r c l e .  W ith in  t h e s e  r e g io n s ,  
l a b e l i n g  was m ost i n te n s e  i n  p a tc h e s  i n  th e  n u c le u s  accum bens 
an d  a lo n g  th e  m e d ia l  edge  o f  th e  c a u d a to p u ta m e n . Im m unolabe led  
n e rv e  t e r m in a l s  may a l s o  h a v e  b e e n  p r e s e n t  i n  t h e s e  n e o s t r i a t a l  
r e g io n s  b u t  w ere  d i f f i c u l t  to  o b s e rv e  a g a i n s t  a  b a c k g ro u n d  o f  
h e a v i l y  l a b e l e d  n e u r o p i l .  A t th e  e l e c t r o n  m ic ro s c o p ic  l e v e l ,  
s e v e r a l  im m u n o lab e led  n e rv e  t e r m in a l s  w ere  fo u n d  and  th e s e  w ere 
u s u a l l y  i n  c o n ta c t  w i th  l a b e l e d  n e u ro n s ,  s u g g e s t in g  t h a t  th e y  
may h a v e  b e e n  r e c u r r e n t  c o l l a t e r a l s .  B o th  l i g h t  an d  e l e c t r o n  
m ic ro sc o p y  d e m o n s tra te d  t h a t  ARPP-21 i s  p r e s e n t  i n  medium s p in y  
n e u ro n s  i n  t h e  n u c le u s  accum bens an d  i n  th e  c a u d a to p u tam e n . In  
t h e  r e g io n s  t h a t  r e c e i v e  th e  n e o s t r i a t a l  p r o j e c t i o n  ( th e  g lo b u s  
p a l l i d u s ,  e n to p e d u n c u la r  n u c le u s ,  v e n t r a l  p a l l id u m  and  
s u b s t a n t i a  n i g r a ) ,  l a b e l e d  n e rv e  t e r m in a l s  w ere  o b s e rv e d .  
L a b e le d  a x o n s w ere p r e s e n t  a lo n g  th e  r o u t e s  t a k e n  by  th e  
n e o s t r i a t a l  f i b e r s  to  t h e i r  t a r g e t s  i n  th e  p a l l id u m  and 
s u b s t a n t i a  n i g r a .  B ecau se  ARPP-21 i s  p r e s e n t  i n  medium s p in y  
n e u ro n s  an d  b e c a u s e  t h e s e  n e u ro n s  c o n ta i n  D - l  r e c e p t o r s  (w hich  
g e n e r a t e  cAMP i n  re s p o n s e  t o  DA a c t i v a t i o n ) , i t  i s  l i k e l y  t h a t  
ARPP-21 i s  a  t h i r d  m esse n g e r  f o r  d o p am in e . I t  i s  a l s o  l i k e l y  
t h a t  ARPP-21 c o e x i s t s  w i th  DARPP-32, a  t h i r d  m esse n g e r  f o r  
dopam ine (W alaas e t  a l . , N a tu re  3 0 1 :6 9 , 1983) t h a t  h a s  b e e n  
shown t o  b e  a  p o t e n t  p r o t e i n  p h o s p h a ta s e  i n h i b i t o r  i n  i t s  
p h o s p h o ry la te d  form  (Hemmings e t  a l . , N a tu re  3 1 0 :5 0 3 , 1 9 8 4 ) .
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213.7 CORRELATED LOCALIZATION OF CHOLINE ACETYLTRANSFERASE AND GLUTAMIC 
ACID DECARBOXYLASE IMMUNOREACTIVITY IN RAT CEREBRAL CORTEX. 
D.R. Brady and J .E .  Vaughn. D iv is io n  o f N eu rosciences, Beckman 
Research I n s t i t u t e  of the C ity  of Hope, D uarte , CA 91010.

Although the  n e u ro tra n sm it te r  s y n th e s iz in g  enzymes cho line  
a c e ty l t r a n s f e r a s e  (ChAT) and g lu tam ic  ac id  decarboxy lase  (GAD) 
p rev io u sly  have been lo c a liz e d  in  a v a r ie ty  of CNS re g io n s , th e i r  
r e s p e c t iv e  immunocytochemical d is t r i b u t io n s  have n o t been c o r re 
la te d .  In t h i s  s tu d y , th e  lam inar d i s t r i b u t io n  o f ChAT and GAD 
im m unoreactiv ity  was compared in  17 d i f f e r e n t  c y to a rc h i te c to n ic  
a re a s  com prising  lim b ic  and nonlim bic reg io n s  o f r a t  c e re b ra l 
c o r te x . The s p e c i f i c i t y  o f the  ChAT an tibody  and GAD an tiserum  
along w ith  the  genera l immunocytochemical methods have been 
re p o rte d  p re v io u s ly . The r e l a t i v e  im m unoreactive i n t e n s i t i e s  
w ith in  the  c o r t ic a l  m antle were a s se s se d  q u a l i t a t i v e l y ,  and 
measured q u a n t i ta t iv e ly  w ith  dark f i e ld  o p tic s  and an image ana
ly s i s  system .

This study rev ea led  d i s t i n c t  d i s t r i b u t io n  p a t te rn s  fo r  ChAT 
and GAD im m unoreactiv ity  in  th e  cerebrum . In g e n e ra l, lim b ic  co r
t i c a l  reg io n s  d isp la y ed  g re a te r  in t e n s i ty  o f both ChAT and GAD 
im m unoreactiv ity  than  n eo c o rtex . For exam ple, ChAT immuno
r e a c t iv i t y  in  p ir i fo rm  and r e t r o s p le n ia l  c o r t ic e s  was 25% and 14% 
g re a te r  re s p e c t iv e ly  than  in  n eo c o rtex , and GAD im m unoreactiv ity  
in  th e  same c o r t ic a l  a re a s  was 4.5% and 19% g r e a te r ,  r e s p e c t iv e 
ly .  In a d d itio n  to  th e se  genera l d if f e re n c e s ,  th e re  were marked 
v a r ia t io n s  i n the  lam inar d i s t r i b u t io n  o f im m unoreactiv ity  s p e c i
f i c  f o r  th e se  two n e u ro tra n sm it te r  s y n th e s iz in g  enzymes. The 
lam inar p a t te rn  and r e l a t i v e  in t e n s i t i e s  of ChAT and GAD immuno- 
s ta in in g  were s im i la r  in  la y e rs  of e n to rh in a l c o r tex  and hippo
campus, b u t the d e n ta te  gy rus , subiculum  and r e t r o s p l e n ia l  co rtex  
showed vary ing  deg rees  o f r e c ip ro c i ty  in  t h e i r  d i s t r i b u t io n s  of 
ChAT and GAD. For example in  r e t r o s p l e n ia l  c o r te x , ChAT immuno
r e a c t iv i t y  in  la y e r s  I I / I I I  was 13% le s s  in te n s e  t h a n  th a t  in  
l ay e rs  I and IV/V, w hereas GAD-positiye s ta in in g  in  la y e rs  I I / I I I  
was 5-9% more in te n s e  than  in  la y e rs  lb  and IV/V. In summary, the 
h ig h e s t c o r t i c a l  le v e ls  of both ChAT and GAD a re  found in  s p e c i
f i c  la y e rs  o f lim b ic  c o r te x , and th e se  reg io n s  have been im p li
ca ted  in  th e  l in k in g  o f a f f e c t iv e  and memory fu n c tio n s  w ith 
env ironm ental cues o f n e o c o rt ic a l and s u b c o r tic a l o r ig in .  
Supported by NIH g ra n t  NS 18858.

213.8 THE I M M U N O C Y T O C H E M I C A L  D E M O N S T R A T I O N  OF 
S MAL L  T R A N S M I T T E R M O L E C U L E S :  V I S U A L I Z A T I O N  
OF G L Y C I N E  I N I N H I B I T O R Y  NE URONS .  J. Storm-Mathisen*, 
O.P. Ottersen* and S. Davanger* (SPON: ENA). Anat. Inst., Univ. of Oslo, 
Karl Johansgt. 47, N-0162 Oslo 1, Norwey.

Glycine (Gly) is thought to be an inportant inhibitory transmitter. A method for 
direct visualization of putative glycinergic neurons is clearly needed. We have 
previously shown that specific antibodies can be produced that recognize 
transmitter amino acids in tissue fixed by glutaraldehyde (G) (Storm-Mathisen et 
al. 1983 Nature 301:517-20). The reaction of G with amino acid yields complexes in 
which several amino acid residues are linked together side by side radiating from a 
pyridiniun core (Hardy et al. 1976 J.Chem.Soc. Perkin Trans. 9:958-62). This makes 
i t  posible to envisage how even such a small molecule as Gly could give rise to 
characteristic antigens against which specific antibodies could be raised.

Gly was conjugated to carrier proteins by G and injected in rabbits. The carrier 
was changed (Seguela et a l. 1984 PNAS 81:3888-92) for each inmunization, 7 dif
ferent carriers being used. The crude serum was absorbed with Sephanose-BSA-G, 
-BSA-G-glutamate and -carriers-G. The antibodies were tested for specificity 
against various compounds fixed by G to a total macromolecular extract from rat 
brain. The conjugates were spotted on to 13nm cellulose ester filters and processed 
together with the tissue sections (Ottersen & Storm-Mathisen 1984 J.comp.Neurol. 
229:374-92). At serum concentrations giving strong staining of the Gly spots there 
was no significant staining of other spots, comprising those of GABA, Tau, B-Ala, 
phosphoethanolamine, Ala, Val, Leu, Pro, Ser, Lys, Asp, Glu, Gin, GSH, carnosine, 
spermine and "0" (i.e. macromolecules fixed with G alone). Solid phase absorption 
of the serum with Gly fixed by G to ovalbumin or lys abolished staining of test 
spots and tissue sections, and so did absorption with 100uM Gly-G conplexes (Gly:G 
= 1:2, excess ethanol amine added before mixing with serum), whereas G complexes of 
B-Ala, GABA, Tau, GSH, Asp, Glu, Gin or Ser (300uM) did not.

Gly-like immunoreactivity (Gly-LI) was studied in G perfused rat, cat and monkey 
in 3 regions known to be rich in Gly and likely to contain Gly-ergic neurons: In 
cerebellun Gly-LI was localized in Golgi cells, and in fibres and nerve terminal
like dots. Golgi cells are inhibitory and were the only neurons to be stained. 
Stained dots formed rosettes resembling Golgi terminals in glomeruli. This distri
bution was distinct from those of GABA-LI, Tau-LI, Asp-LI, Glu-LI and Gln-LI. GABA- 
LI was abundant in cells and terminals in the molecular layer and in baskets around 
Purkinje cells, but like Gly-LI also ocurred in Golgi cells and in rosettes. Stain
ing alternate 7um sections (facing surfaces) revealed that some Golgi cells con
tained GABA-LI as well as Gly-LI. In autoradiograms of slices incubated with 
(3n)Gly or (3h)GABA the distributions of labelled terminals corresponded to those 
in sections stained for Gly-LI and GABA-LI, respectively. In retina Gly-LI was 
localized in cells restricted to the inner nuclear layer and in dots in the inner 
plexiform layer (PL) forming 2 dark subzones. GABA-LI occurred in cell bodies on 
both sides of the IPL; IPL had 3 dark sibzones. In the spinal cord the Iocalization 
of Gly-LI again contrasted with that of GABA-LI and suggested Gly to be con
centrated in propriospinal neurons. (Pourcho & Goebel (1985 Brain Res. 348:339-42), 
using modifications of our methods, have also raised antibodies to Gly.)

Supported by the Norwegian Research Council for Science and the Humanities.

213.9 GLYCINE IMMUNOREACTIVE NEURONS AND PRESYNAPTIC BOUTONS IN THE 
SPINAL CORD. A.N. v a n  den  P o l an d  T .G o re s * S e c t .N e u r o s u rg e r y , 
Y ale  U niv . S ch . M ed., New H aven, C t .  06510 an d  U .S .- J a p a n  
Biomed. R e s .C n t r . ,  T u la n e  U n iv . ,  B e l le  C h a sse , LA, 70037.

G ly c in e  h a s  b e e n  p o s t u l a t e d  a s  a  m a jo r  i n h i b i t o r y  
n e u r o t r a n s m i t t e r  i n  th e  s p in a l  c o rd .  To s tu d y  th e  l o c a l i z a t i o n  
o f  g l y c i n e - l i k e  im m u n o re a c tiv i ty ,  a n t i s e r a  w ere  r a i s e d  in  
r a b b i t s  a g a in s t  g ly c in e  c o n ju g a te d  w i th  g l u ta r a ld e h y d e  to  e i t h e r  
t h y ro g lo b u l in  o r  k e y h o le  l im p e t  h e m o cy an in . A n tise ru m  
s p e c i f i c i t y  was t e s t e d  w i th  am ino a c id s  c o n ju g a te d  to  b o v in e  
serum  a lb u m in  on n i t r o c e l l u l o s e  b l o t s  w i th  p e ro x id a s e  
h i s to c h e m is t r y ,  an d  on  96- w e l l  p l a s t i c  p l a t e s  w i th  ELISA. 
A n t i s e r a  bound to  im m o b il iz e d  g ly c in e  s e l e c t i v e l y ,  w i th  l i t t l e  
a p p a re n t  c r o s s - r e a c t i v i t y  w i th  o t h e r  am ino a c id s ,  in c lu d in g  
s e r i n e ,  g lu ta m a te ,  a s p a r t a t e ,  t a u r i n e ,  an d  g lu ta m in e .  A 
p o t e n t i a l  c r o s s - r e a c t i v i t y  o f  t h e  a n t i s e ru m  w i th  GABA and 
a la n in e  was r e d u c e d  b y  a f f i n i t y  c h ro m a to g ra p h y  p u r i f i c a t i o n .

Im m unocytochem ical s t a i n i n g  o f  a ld e h y d e - f ix e d  r a t  c e r v i c a l  
and lum bar s p in a l  c o rd  w i th  f l u o r e s c e n t ,  g o ld ,  an d  s i l v e r  
i n t e n s i f i e d  g o ld  im m u n o lab e ls  r e v e a l e d  g ly c in e  im m u n o reac tiv e  
axons th ro u g h o u t  a l l  la m in a e  o f  t h e  c o rd ,  w i th  l a r g e  num bers in  
th e  d e e p e r  l a y e r s  o f  th e  d o r s a l  h o r n .  G ly c in e  im m u n o reac tiv e  
n e u ro n s  w ere fo u n d  i n  b o th  d o r s a l  an d  v e n t r a l  h o r n s .  C o n tro l  
s t a i n in g  o f  th e  h ipp o cam p u s w i th  g ly c in e  a n t i s e ru m  showed l i t t l e  
im m u n o re a c tiv ity  com pared  w i th  t h e  s p i n a l  c o rd ,  w h i le  GABA 
a n tis e ru m  s t a i n e d  l a r g e  num bers o f  ax o n s  i n  b o th  c o rd  and 
h ippo cam p u s. The a n a to m ic a l  o v e r la p  o f  g ly c in e  an d  GABA 
im m u n o re a c tiv ity  i n  th e  c o rd  s u g g e s t s  a  c o n v e rg e n c e  o f  th e  two 
s u b s ta n c e s :  t h e  p o s s i b i l i t y  o f  c o - l o c a l i z a t i o n  o f  th e  two amino
a c id s  r e q u i r e s  f u r t h e r  a n a l y s i s .  I n c u b a t io n  o f  t h e  g ly c in e  
a n tis e ru m  w ith  g ly c in e  c o n ju g a te d  to  BSA b lo c k e d  s p e c i f i c  
im m u n o re a c tiv ity .

U l t r a s t r u c t u r a l l y , g ly c in e  im m u n o re a c tiv e  b o u to n s  l a b e l e d  
w i th  c o l l o i d a l  g o ld  w ere  fo u n d  to  make s y n a p t i c  c o n ta c t  w ith  
many d e n d r i t e s  an d  p e r i k a r y a  i n  b o th  d o r s a l  an d  v e n t r a l  g ra y  
m a t t e r ,  in c lu d in g  l a r g e  n o n - im m u n o re a c tiv e  m o to r  n e u ro n s  i n  th e  
v e n t r a l  h o r n .  P r e s y n a p t ic  g ly c in e  im m u n o re a c tiv e  b o u to n s  
c o n ta in e d  p re d o m in a n t ly  s m a l l  c l e a r  v e s i c l e s ;  r e g io n s  o f  h ig h
v e s i c l e  d e n s i t y  w ere  s t r o n g l y  im m u n o lab e led .

Taken t o g e t h e r  w i th  p r e v io u s  e l e c t r o p h y s i o l o g i c a l  and
p h a rm a c o lo g ic a l  w o rk , t h e s e  im m u n o cy to ch em ical d a ta  s u g g e s t  t h a t  
i f  g ly c in e  i s  r e l e a s e d  fro m  l o c i  c o n ta i n in g  im m u n o re a c tiv e  
t e r m in a l s ,  th e  am ino a c id  may h a v e  w id e s p re a d  f u n c t io n s  i n  th e  
s p in a l  c o rd ,  r e l a t e d  b o th  t o  c o n t r o l  o f  m ovement and  to  
m o d u la t io n  o f  s e n s o r y  in p u t  fro m  th e  p e r i p h e r y .

S u p p o r te d  by  NIH NS 10174 an d  NS 16296.

213.10 RECYCLING OF VESICLES AT SYNAPTIC SITES IN LEECH NEURONS IN 
CULTURE. D.P. Kuffler and P. Drapeau. Dept. ob Pharmacology, 
Biocenter, Univ. of Basel, 4056 Basel, Switzerland.

Well-defined synapses develop between pairs of Retzius ce lls  
and P sensory ce lls  in culture, with clu ste rs of clear vesicles 
apposed to  thickenings of the presynaptic membrane. These clear 
vesicles are capped by a layer of dense core vesicles tha t have 
no contact with the presynaptic membrane. Antibody to  serotonin 
labelled with collo idal cold showed serotonin, the transm itter of 
the Retzius c e ll  (Henderson, 1983), to  be localized in the dense 
core vesicles. 95% of the Retzius dense core vesicles were 
labelled with 1 to  20 gold p a rtic le s . Studies were made to 
determine whether vesicles a t the synaptic s i te s  were recycled 
during synaptic transmission. Pairs of synaptically coupled 
c e lls  were stimulated by high K in  the presence of extracellu lar 
markers. Colloidal gold coated with protein A, was taken up by 
coated vesicles adjacent to  the synaptic s i te s .  Gold was also 
found in both the dense core and clear vesicles a t the synaptic 
s i te s .  F e rritin  was found in cisternae, dense core and clear 
vesicles. HRP was detected in  cisternae and clear vesicles.

These studies show that transm itter release leads to  turnover 
of dense and clear vesicles a t serotonergic synapses (Henderson, 
L ., 1983, J . Physiol. (Lond.) 339: 311-326).
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214.1 TOPOLOGY OF THE SEM ICIRCULAR CANAL CUPULA IN THE 
GUITARFISH. S .L .  G u th * 1 a n d  D .P .  O 'L e a r y .  D e p t . 
o f  O to l a r y n g o lo g y  -  H ead  & N eck  S u r g e r y ,  U n i v e r s i t y  
o f  S o u th e r n  C a l i f o r n i a ,  S c h o o l  o f  M e d ic in e ,  L o s  An
g e l e s ,  CA, 9 0 0 3 3 .

T h e  c u p u l a  o f  t h e  s e m i c i r c u l a r  c a n a l  i s  a  
t r a n s p a r e n t  s t r u c t u r e  w h i c h  c o u p l e s  t h e  
h y d ro d y n a m ic  f o r c e s  g e n e r a t e d  b y  r o t a t i o n  o f  t h e  
s e m i c i r c u l a r  d u c t  t o  t h e  h a i r  c e l l s  i n  t h e  s e n s o r y  
e p i t h e l i u m  ( c r i s t a ) .  T he s h a p e ,  m ode o f  d e f o r m a 
t i o n ,  a n d  e l a s t i c i t y  o f  t h e  c u p u l a  a r e  m a jo r  e l e 
m e n ts  i n  t h i s  t r a n s d u c t i o n  p r o c e s s .  T he p u r p o s e  o f  
t h i s  s t u d y  i s  t o  c o n s t r u c t  t o p o g r a p h i c  m a p s  o f  
c u p u l a e  f ro m  t h e  g u i t a r f i s h ,  R h in o b a to s  p r o d u c t u s .

T he u n f i x e d  a m p u l la  w as  e x c i s e d ,  a n d  o r i e n t e d  i n  
a  b a t h .  M i c r o s c o p i c  g l a s s  r e f l e c t i v e  b e a d s  
( d i a m e t e r  2 0  m i c r o n s )  w e r e  p o s i t i o n e d  o n  t h e  
c u p u l a r  s u r f a c e .  P r e p a r a t i o n s  w e re  n o t  u s e d  w hen  
t h e  c i r c u m f e r e n t i a l  a t t a c h m e n t  b e tw e e n  t h e  c u p u l a  
a n d  t h e  a m p u l l a r  w a l l  w as o b s e r v e d  t o  b e  r u p t u r e d .  
D am age w as i n d i c a t e d  i f  t h e  c u p u l a  e i t h e r  o s c i l 
l a t e d  a s  a  " s w i n g i n g  g a t e "  o r  w a s  d i s p l a c e d  b y  
g r a v i t y .

A s e r i e s  o f  p h o t o m i c r o g r a p h s  w a s  t a k e n  o f  t h e  
b e a d s  l y i n g  o n  t h e  c u p u l a  w i t h  t h e  b a t h  c o n t a i n i n g  
t h e  p r e p a r a t i o n  t i l t e d  a c r o s s  t h e  Y a x i s  a t  s e v e r a l  
a n g l e s  ( a p r o x  8 °  i n c r e m e n t s ) . T h e  Z c o o r d i n a t e  
( d e p t h )  w as  c a l c u l a t e d  f ro m  t h e  a n g l e  o f  t i l t  a n d  
t h e  t r a n s l a t i o n  o f  t h e  im a g e s  o f  i n d i v i d u a l  b e a d s  
o r t h o g o n a l  t o  t h e  t i l t  a x i s  (X c o o r d i n a t e ) .  
T o p o g r a p h ic  a n d  3 - d i m e n s i o n a l  p l o t s  o f  t h e  s u r f a c e  
o f  t h e  c u p u l a  w e re  g e n e r a t e d  a n d  d i s p l a y e d  w i t h  a  
m ic r o c o m p u te r .

P r e l i m i n a r y  r e s u l t s  i n d i c a t e  t h a t  t h e  c u r v a t u r e  
o f  t h e  c u p u l a  a t  t h e  b a s e  o f  t h e  h o r i z o n t a l  c r i s t a  
i s  s h a l l o w ,  c o n c a v e  a n d  s y m m e t r ic .  T he c u r v a t u r e  
b e c o m e s  d e e p e r  a n d  n a r r o w e r  to w a r d  t h e  f a r  w a l l  o f  
t h e  a m p u l l a .  T h e s e  q u a n t i t a t i v e ,  3 - d i m e n s i o n a l  
r e s u l t s  e s t a b l i s h  n e c e s s a r y  b o u n d a r y  c o n d i t i o n s  f o r  
d e t e r m i n i n g  m e c h a n ic a l  p r o p e r t i e s  o f  t h e  c u p u l a .  
( S u p p o r t e d  b y : 1NIH F e l l o w s h i p  N S 0 7 7 9 1 -0 2  a n d  NIH
G r a n t  N S -1 2 4 9 4 )

214.2  PER SISTEN C E OF PRESYNAPTIC BODIES IN  SACCULAR HAIR 
CELLS OF AGED C 5 7 B L /6 N N ia  M IC E . J . C .  P a r k  a n d  A .D . 
W o o d s * .  D e p t . o f  B i o l o g i c a l  S c i e n c e s ,  F l o r i d a  
I n s t i t u t e  o f  T e c h n o l o g y ,  M e l b o u r n e ,  FL  3 2 9 0 1 .

P r e s y n a p t i c  b o d i e s ,  c o m p o s e d  o f  a n  e l e c t r o n  d e n s e  
f o r m  s u r r o u n d e d  b y  c l e a r  v e s i c l e s ,  a r e  c h a r a c t e r i s t i c  
o f  s e n s o r y  c e l l s  i n  m an y  s p e c i e s .  B e c a u s e  o f  t h e i r  
p r e s u m e d  r o l e  i n  s y n a p t i c  t r a n s m i s s i o n ,  a n d  l a c k  o f  
i n f o r m a t i o n  o n  t h e  c o n t r i b u t i o n  o f  t h e  p e r i p h e r a l  
v e s t i b u l a r  o r g a n s  t o  a g e - r e l a t e d  f u n c t i o n a l  d e c l i n e  i n  
e q u i l i b r i u m ,  t h e  o r g a n i z a t i o n  a n d  u l t r a s t r u c t u r e  o f  
p r e s y n a p t i c  b o d i e s  w a s  e x a m i n e d  i n  s a c c u l e s  o f  y o u n g  
a n d  v e r y  o l d  C 5 7 B L /6 N N ia  m i c e .

B o t h  s a c c u l e s  f r o m  s i x ,  6 - 8  w e e k  o l d  a n d  s i x ,  2 9 - 3 2  
m o n th  o l d  C 5 7 B L /6 N N ia  m ic e  w e r e  l o c a l l y  p e r f u s e d  w i t h  
g l u t a r a l d e h y d e ,  d i s s e c t e d  f r e e  f r o m  t h e  b o n e ,  
r o u t i n e l y  p r e p a r e d  f o r  e l e c t r o n  m i c r o s c o p y ,  a n d  
s e r i a l l y  s e c t i o n e d .

U n e x p e c t e d l y ,  s y n a p t i c  b o d i e s  w e r e  f o u n d  i n  e q u a l  
a b u n d a n c e  i n  y o u n g  a n d  o l d  m i c e .  T h e  tw o  h a i r  c e l l  
t y p e s  c o n t a i n e d  d i s t i n c t l y  d i f f e r e n t  f o r m s .  T h e  
t y p i c a l  s h a p e  o f  t h o s e  i n  y o u n g ,  T y p e  I  h a i r  c e l l s  w a s  
a n  e l o n g a t e d  b a r .  B a r s  w e r e  a l s o  p r e s e n t  i n  t h e  T y p e  
I  h a i r  c e l l s  o f  o l d  m i c e ,  b u t  m an y  c r e s c e n t  o r  r o u n d  
p r o f i l e s  w e r e  s e e n .  R e g a r d l e s s  o f  o r i e n t a t i o n  t o  t h e  
p l a s m a  m e m b r a n e ,  o n l y  o n e  e n d  o f  t h e  b a r  w a s  i n v o l v e d  
w i t h  t h e  s y n a p t i c  m e m b ra n e  s p e c i a l i z a t i o n  f r e q u e n t l y  
f o u n d  a s s o c i a t e d  w i t h  i t .  B o t h  y o u n g  a n d  o l d  T y p e  I  
h a i r  c e l l s  c o m m o n ly  h a d  o n e ,  tw o ,  o r  t h r e e  p r e s y n a p t i c  
b o d i e s  i n  a  s e t .  A l t h o u g h  p r e v i o u s l y  t h o u g h t  t o  b e  
p e c u l i a r  t o  d e v e l o p i n g  h a i r  c e l l s ,  c l u s t e r s  o f  f i v e  o r  
m o re  w e r e  n o t  u n co m m o n  e v e n  i n  v e r y  o l d  m i c e .  W hen 
p r e s y n a p t i c  b o d i e s  w e r e  c l u s t e r e d ,  e a c h  b o d y  h a d  a  
s e p a r a t e  h a l o  o f  v e s i c l e s .  I n  T y p e  I I  h a i r  c e l l s  o f  
y o u n g  a n d  o l d  m i c e ,  t h e  p r e s y n a p t i c  b o d i e s  w e r e  
s m a l l e r ,  s p h e r i c a l  a n d  a l w a y s  f o u n d  s i n g l y .

T h e  p e r s i s t e n c e  o f  p r e s y n a p t i c  b o d i e s  s u g g e s t s  t h a t  
f u n c t i o n a l  i n t e r a c t i o n  b e t w e e n  s y n a p t i c  b o d i e s  a n d  
s y n a p t i c  m e m b r a n e s  d o e s  n o t  c h a n g e  w i t h  a g e  i n  t h e  
s a c c u l e s  o f  C 5 7 B L /6 N N ia  m i c e .

( S u p p o r t e d  b y  N IA  G r a n t  1R 01  AG0 4 8 8 9 - 0 1 A 1 . )

214.3  RESPONSE OF VESTIBULAR HAIR CELLS TO ROTATIONAL STIMULI BEFORE 
AND AFTER TTX ADMINISTRATION. H .P .W it*  and B .J .T id e m a n *  (SPON: 
A .B .A .K ro e se ) . D e p t .o f  E x p .O to rh in o la r y n g o lo g y , U n iv .o f  G ro n in g en , 
P o s tb o x  3 0 .0 0 1 , 9700 RB G ro n in g en , The N e th e r la n d s .

H igh f re q u e n c y  ( a c o u s t i c a l )  s t i m u l a t i o n  th ro u g h  th e  e a r  c a n a l  
e v o k e s  a  v e s t i b u l a r  m ic ro p h o n ic  p o t e n t i a l  i n  c o c h le a  d e p r iv e d  
p ig e o n s .  The a m p li tu d e  o f  t h i s  AC p o t e n t i a l  i s  m o d u la ted  by 
r o t a t i o n a l  s t i m u l a t i o n  o f  th e  a n im a l . The p o t e n t i a l  i s  m easu red  
w i th  d i f f e r e n t i a l  t h i n  w ire  e l e c t r o d e s .  One e l e c t r o d e  c o n ta c t s  
p e r i ly m p h  th ro u g h  a  s m a ll  h o le  in  th e  to p  o f  t h e  h o r i z o n t a l  
a m p u lla ;  th e  o th e r  i s  p la c e d  in  a  h o le  in  th e  v e s t ib u lu m . 
A c c e le r a t i o n  in d u c e d  c h a n g es  c an  w e l l  be  d e s c r ib e d  w i th  a  m odel 
t h a t  i n c o r p o r a t e s  an a sy m m etric  h a i r  c e l l  i n p u t - o u tp u t  c u rv e  and 
a s im p le  s a t u r a t i n g  r e l a t i o n  b e tw een  a c c e l e r a t i o n  and  h a i r  b u n d le  
d e v ia t i o n .  The in p u t - o u tp u t  c u rv e  f o r  th e  h a i r  c e l l  h a s  b e e n  g iv e n  
a  s i m i l a r  sh a p e  a s  th e  c u rv e  m easu red  by H u d sp e th  and  Corey 
(P ro a .N a tl.A cad ..So i. U .S.A ., 7 4 :2 4 0 7 , 1977) f o r  h a i r  c e l l s  in  th e  
s a c c u lu s  o f  th e  b u l l  f r o g .  E x p e r im e n ta l  r e s u l t s  a r e  in  good 
a g re e m en t w i th  E w a ld 's  se co n d  law . A p p l ic a t io n  o f  t e t r o d o to x i n  
(TTX) to  th e  p e r i l y m p h a t ic  s p a c e  h a r d ly  ch an g ed  th e  a m p l i tu d e  o f  
t h e  r e s p o n s e  t o  th e  h ig h  f re q u e n c y  (300  Hz) s t im u lu s .  H ow ever; th e  
m o d u la t io n  o f  t h i s  a m p l i tu d e  by r o t a t i o n a l  s t i m u l i  chan g ed  
d r a s t i c a l l y .  T h is  r e s u l t  can  t e n t a t i v e l y  be e x p la in e d  by assu m in g  
e f f e r e n t  c o n t r o l  o f  th e  v e s t i b u l a r  h a i r  c e l l  t r a n s d u c t i o n  p r o c e s s .

214.4  ADENOSINE HAS A NEUROMODULATORY ROLE IN AFFERENT TRANSMISSION IN 
THE SEMICIRCULAR CANAL OF THE FROG. P .S .  G u th , G.M. B r y a n t , 
G .C. S p ra g u e* , and C.H. N o r r i s . D e p t. o f  P h a rm aco lo g y , T u lan e  
M e d ic a l S c h o o l, New O r le a n s ,  LA 70112.

A d en o s in e  h a s  b e e n  im p l ic a te d  i n  n e u ro m o d u la t io n  in  th e  cen 
t r a l  n e rv o u s  sy s te m  (S n y d e r , S . ,  Ann. R ev. N e u ro s c i .  8 :1 0 3 ,  
1 9 8 5 ) . I t s  mechamism o f  a c t i o n  i s  th o u g h t to  be by  p r e s y n a p t ic  
i n h i b i t i o n  o f  t r a n s m i t t e r  r e l e a s e ,  a  r e c e p to r  m e d ia te d  phenom enon. 
The p r e s y n a p t ic  a d e n o s in e  r e c e p t o r  c a n  be b lo c k e d  by μM 
c o n c e n t r a t i o n s  o f  th e o p h y l l in e  (o r  o th e r  a lk y l  x a n th in e s )  
r e s u l t i n g  i n  an i n c r e a s e  i n  t r a n s m i t t e r  r e l e a s e  and c o n c o m ita n t  
i n c r e a s e  i n  f i r i n g  r a t e .  To a s s e s s  a d e n o s in e ’ s  r o l e  a s  a  
n e u ro m o d u la to r  i n  th e  v e s t i b u l a r  p e r ip h e r y ,  an  i n  v i t r o  w hole 
l a b y r i n th  p r e p a r a t i o n  ( V a l l i ,  e t  a l . ,  B ra in  R e se a rc h  3 3 0 :1 , 1985) 
was u s e d  i n  w hich  sp o n ta n e o u s  a c t i v i t y  o f  th e  a f f e r e n t  f i b e r s  i n  
th e  a m p u l la r  n e rv e  o f  th e  p o s t e r i o r  s e m i c i r c u la r  c a n a l  can  be 
m e a su re d . A f f e re n t  f i r i n g  h a s  b e e n  shown to  depend  on t r a n s m i t t e r  
r e l e a s e  by th e  h a i r  c e l l s  ( V a l l i ,  e t  a l . ,  A cta  O to la r y n g o l . 84: 
3 4 4 , 1 9 7 7 ) .  A n ta g o n is t s  w ere  a p p l i e d  b y  b a th  s u b s t i t u t i o n  and 
a g o n i s t s  by c lo s e  i n j e c t i o n .  A d o se  r e s p o n s e  c u rv e  f o r  
th e o p h y l l in e  showed t h a t  th e  d ru g  c a u se d  a  23% in c r e a s e  in  
sp o n ta n e o u s  a c t i v i t y  a t  a  c o n c e n t r a t i o n  o f  500μM ( p < 0 .0 1 ) .  
T h e re  was a  22% in c r e a s e  i n  th e  f i r i n g  r a t e  a t  50 μM th e o p h y l l in e  
a l th o u g h  i t  was n o t  s i g n i f i c a n t .  The a p p l i c a t i o n  o f  a d e n o s in e  
c a u se d  a  m axim al d e c re a s e  o f  28% in  th e  f i r i n g  r a t e  (p<0 . 01 ) .  
T h is  m axim al e f f e c t  w as a c h ie v e d  w ith  6μl  o f  a  5 mM s o lu t io n  
i n j e c t e d  i n t o  a  15 ml b a th .  O th e r  a g o n is t s  a r e  u n d e r 
i n v e s t i g a t i o n .  To t e s t  w h e th e r  en d ogenous a d e n o s in e  i s  r e l e a s e d  
and e x e r t s  a  n e u ro m o d u la to ry  e f f e c t ,  a d e n o s in e  d eam in ase  was 
a p p l i e d ,  a g a in  by  c lo s e  i n j e c t i o n ;  0 .2 2  enzyme u n i t s  ca u se d  a 
100% i n c r e a s e  i n  sp o n ta n e o u s  a c t i v i t y .  The e f f e c t  o f  a d e n o s in e  
d e an im ase  i n h i b i t o r s  a r e  a l s o  b e in g  s tu d i e d  a s  w e l l  a s  th e  e f f e c t  
o f  th e  b reakdow n p r o d u c ts  o f  t h e  r e a c t i o n ,  i n o s in e  and NH3. 
D ip y r id a m o le , an  a d e n o s in e  u p ta k e  b lo c k e r  d e c re a s e d  th e  
sp o n ta n e o u s  a c t i v i t y  and  p o t e n t i a t e d  th e  e f f e c t  o f  ex o genous 
a d e n o s in e .  E x p e r im e n ts  a r e  underw ay to  m easu re  th e  am ount o f  
a d e n o s in e  r e l e a s e d  i n to  t h e  b a th  f l u i d  d u r in g  evoked r e s p o n s e s  
o f  an  i s o l a t e d  c a n a l  p r e p a r a t i o n .

S u p p o rte d  by NIH P r e d o c t o r a l  P h a rm a c o lo g ic a l  T r a in in g  G ra n t,  
T32GM07177; NIH-NINCDS R e se a rc h  G ra n t NS 2 2 0 5 1 -0 1 ; a  B io m e d ic a l 
R e s e a rc h  S u p p o rt G ra n t ,  T u lan e  M e d ic a l S c h o o l; and  a  g r a n t  from  
th e  S o u th e rn  H e a r in g  and S peech  F o u n d a t io n ) .
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2 1 4 . 5  RESPONSE PROPERTIES OF HORIZONTAL SEMICIRCULAR CANAL AFFERENTS 
IN THE RABBIT. Jo h n  S . S ta h l*  an d Jo h n  I .  S im pson . 
D ep t. P h y s io l .  & B io p h y s .,  New York U n iv . Med. C t r . ,  NY, NY 10016

The r a b b i t  i s  a  p o p u la r  a n im a l f o r  t h e  s tu d y  o f  v e s t i b u l a r -  
o c u la r  c o o r d in a t io n ,  b u t  t o  d a te  no  q u a n t i f i c a t i o n  o f  th e  
p r o p e r t i e s  o f  i t s  s e m i c i r c u l a r  c a n a l  a f f e r e n t s  h a s  b e e n  a v a i l 
a b le .  We re c o rd e d  from  e ig h t h  n e rv e  a x o n s  i n  s i x  a n e s t h e t i z e d ,  
p igm ented  r a b b i t s .  R e sp o n se s  w ere  o b ta in e d  d u r in g  s i n u s o i d a l l y  
v a ry in g  a n g u la r  a c c e l e r a t i o n  and  v e l o c i t y  s t e p s  a b o u t  th e  
v e r t i c a l  a x i s .  The h ead  was p o s i t io n e d  t o  m in im iz e  s t i m u l a t i o n  
o f  th e  v e r t i c a l  c a n a l s .  The p o p u la t i o n  (N=41 ) h i s to g ra m  o f  
v e lo c i ty  s e n s i t i v i t i e s  t o  s in u s o i d a l  s t i m u l i  o f  0 .3  Hz, ±10 d e g . 
su g g e s te d  th e  p re s e n c e  o f  two r e s p o n s e  c l a s s e s  -  one c lu s t e r e d  
a t  low s e n s i t i v i t i e s  and  th e  o t h e r  s p re a d  more b r o a d ly  a t  h ig h e r  
s e n s i t i v i t i e s .  T h is  d i s t i n c t i o n  c o r r e l a t e d  w i th  t h e  Bode p l o t s .  
U n its  from  th e  low  s e n s i t i v i t y  c l a s s  had  v i r t u a l l y  f l a t  s e n s i 
t i v i t y - f r e q u e n c y  r e l a t i o n s  i n  t h e  ra n g e  .0 5  -  0 .3  Hz, w h i le  
th o se  from  th e  o t h e r  c l a s s  had  more v a r i a b l e  s e n s i t i v i t i e s ,  
g e n e r a l ly  i n c r e a s i n g  w i th  s t im u lu s  f r e q u e n c y .  A c c o rd in g ly ,  a  
c l a s s i f i c a t i o n  was d e f in e d  on th e  b a s i s  o f  s e n s i t i v i t y  a t  0 .3  
Hz, w i th  a  d e m a rc a t io n  c r i t e r i o n  o f  0 .9  s p ik e s / s e c / d e g / s e c  
( s p s / d p s ) .  The c e l l s  f a l l i n g  b e lo w  th e  c r i t e r i o n  (LO c e l l s ,  
N=32) had a  s e n s i t i v i t y  o f  .3 7  ± .1 5  s p s /d p s  ( a l l  v a lu e s  a r e  
a v e ra g e s  ± SD ). Those ab o v e  th e  c r i t e r i o n  (H I c e l l s ,  N=9) had  a  
s e n s i t i v i t y  o f  2 .0 1  ±  .7 6  s p s /d p s .  T hese  v a lu e s  a r e  s i g n i f i 
c a n t ly  d i f f e r e n t  (p  < .0 0 1 ) .  S p o n ta n eo u s  d i s c h a r g e  r a t e s  a r e  n o t  
s i g n i f i c a n t l y  d i f f e r e n t  f o r  t h e  two c l a s s e s  (LO=78 ± 23 s p s ,  
HI=63 ± 26; p < 0 .2 ) .  V a r i a b i l i t y  o f  d i s c h a r g e  (CV, m easu red  by 
sp o n ta n e o u s  r a t e  S D /sp o n tan e o u s  r a t e )  a l s o  d id  n o t  d i f f e r  
s i g n i f i c a n t l y ,  (LO c l a s s  CV= .0 9  ± .0 6 ,  N=2 6 ; HI c l a s s  CV= .2 3  ± 
.1 8 , N=8 ; p < 0 . 1 ) .  Time c o n s ta n t s  w ere  m easu red  by f i t t i n g  
s in g l e  e x p o n e n t ia l  c u rv e s  to  t h e  r e s p o n s e s  t o  v e lo c i t y  s t e p s  o f  
12-20  d e g /s e c .  F o r th e  LO c l a s s ,  t h e  tim e  c o n s ta n t  o f  t h e  d ecay  
from  e x c i t a t i o n  was 4 .0  ±  2 .0  s e c s  (N=9 ) .  F o r  t h e  HI c l a s s  th e  
v a lu e  was 2 .8  ± .9  s e c s  (N=4 ) .  F o r  t h e  r e c o v e r y  from  s u p p re s 
s io n ,  th e  LO an d  HI c l a s s  tim e  c o n s ta n t s  w ere  3 .8  ± 1 .1  s e c s  
(N=10) and  2 .8  ± 0 .5  s e c s  (N=3 ) ,  r e s p e c t i v e l y .  Com bining th e  LO 
and HI c l a s s e s  y i e l d e d  an  e x c i t a t i o n  t im e  c o n s ta n t  o f  3 .6  ± 1 .8  
s e c s ,  and a  s u p p r e s s io n  tim e  c o n s ta n t  o f  3 .5  ± 1 .0  s e c s .  F o r 
many c e l l s  t h e  e x p o n e n t i a l  f i t s  w ere  g o o d , p a r t i c u l a r l y  f o r  
th o s e  o f  t h e  HI c l a s s .  N e v e r th e l e s s ,  f o r  an y  one c e l l  t h e  tim e  
c o n s ta n t  v a r i e d  b e tw e en  t r i a l s ;  ev en  th o s e  w i th  t h e  b e s t  f i t s  
gave e s t im a te s  d i f f e r i n g  by 12-50% o f  t h e  a v e ra g e .  F u r th e rm o re , 
f o r  some c e l l s  i n  some t r i a l s ,  t h e  v a lu e  o f  t h e  t im e  c o n s ta n t  
was l a r g e  enough so  t h a t  t h e  re s p o n s e  t o  th e  v e l o c i t y  s te p  
a p p e a re d  m ore l i n e a r  th a n  e x p o n e n t i a l .  S u p p o r te d  by N S-13742.

214.6  RELATION BETWEEN THE MORPHOLOGY AND PHYSIOLOGY OF SEMICIRCULAR 
CANAL AFFERENTS IN THE CHINCHILLA. J. M. Goldberg. C. Fernandez. 
G. Desmadryl* and R. A. Baird. Dept. Pharm. & Physiol. Sci., Univ. of Chicago, 
Chicago IL, 60637.

There are three kinds of axons ending within the cristae (Soc. Neurosci. Abstr. 9: 
738). Some fibers give rise only to calyces; others only to boutons; and still others, 
so-called dimorphic units, to both kinds of endings. In the present study, we have 
related the physiological properties and peripheral terminations of 50 fibers that were 
injected with HRP. Axons could be classified as calyx or dimorphic units. Only one 
bouton unit w as recovered. Calyx units were found in the central zone of the cristae; the 
bouton unit was in the peripheral zone. Dimorphic units were found in all parts of the 
epithelium.

Units were characterized in terms of their discharge regularity, their sensitivity to 
galvanic currents, and the phase and gain of their response to 2 Hz sinusoidal head 
rotations. Discharge regularity; All calyx units were irregular. The bouton unit was 
regular. Dimorphic units could be regular or irregular. There was a tendency for the 
regularity of dimorphic units to be related to their location in the cristae: the proportion of 
regular units w as higher in the peripheral zone than in the central zone. Galvanic 
sensitivity was related to discharge regularity and not to the morphology of the terminal 
per se . Thus, regular dimorphic units and the regular bouton unit had low sensitivities, 
whereas irregular calyx and dimorphic units had high sensitivities. Response phase: 
The response dynamics should be reflected by the phase of the response to sinusoidal 
rotations. Response dynamics were related to discharge regularity and not to 
morphology as such. The responses of regular units were close to being in phase with 
head velocity. Irregular dimorphic and calyx units both had phase leads near 30°. 
Response gain: Irregular dimorphic units had gains that were 3x higher than those of 
calyx units, which, in turn, had gains that were only slightly higher than those of regular 
units.

The findings can be interpreted as follows. The similarity of the irregular dimorphic 
and calyx units in their discharge regularity and galvanic sensitivity is consistent with the 
conclusion that these discharge characteristics are largely determined by properties of 
the postsynaptic axon. The similarity in the response dynamics of the two groups of 
irregular fibers implicates presynaptic factors other than the kinds of hair cells innervated. 
The afferents innervating the cristae can be divided into three classes: 1) regular, 
low-gain units corresponding to dimorphic (and bouton) fibers; 2) irregular, high-gain 
dimorphic units; and 3) irregular low-gain calyx units. Another interpretation is that the 
first two classes form a  continuum ranging from regular, low-gain units to irregular, 
high-gain units. The calyx units, since they are distinctive in both their physiology and 
morphology, definitely form a separate group. Type I hair cells and calyx endings are a 
relatively late phylogenetic acquisition. This suggests that these structures play a  
distinctive role in vestibular function. One notion is that the calyx unit, because it has a 
low gain, will have an extended dynamic range and not become saturated by the large 
angular velocities characterizing the head movements made by terrestial vertebrates.

Supported by NIH Grant NS 01330 and by NASA Grant NAG 2-148.

214.7 DETERMINATION OF PRIMARY VESTIBULAR AFFERENT INPUTS TO THE 
VESTIBULO-OCULAR REFLEX. L.B. Minor and J.M. Goldberg. Dept. Pharm. & 
Physiol. Sci., Univ. of Chicago, Chicago, IL 60637.

We have developed a  paradigm that can be used to study the discharge of neurons 
monosynaptically or polysynaptically related to the vestibular nerve as well as to 
investigate the afferent input to entire reflex pathways. The method is based on the 
differences in the electrical sensitivity of irregularly (1) and regularly (R) discharging 
afferents (Brain Res. 252:156). 1 afferents have a  m ean sensitivity to dc currents of 3 
spikes s -1/μA. The sensitivity of R  afferents averages 0.3 spikes s1 /μA . R  afferents in 
the monkey have a  resting discharge of around 100 spikes/s whereas that of 1 afferents 
may be somewhat lower. An anodal (inhibitory) current of 100 μA is presented to both 
ears. This current should silence 1 afferents to the extent that they no longer respond to 
natural stimulation. The background discharge of R  afferents will be reduced by the 
current, but R  afferents should not be silenced and should still respond to head 
rotations. In short, the currents should produce a selective and reversible ablation of 1 
afferents.

The horizontal and vertical vestibulo-ocular reflex (VOR) were studied in three alert 
squirrel monkeys. Labyrinthine stimulating electrodes were implanted bilaterally. In each 
ear, one electrode was placed in the perilymphatic space of the vestibule and a  second 
electrode was placed in the middle ear. A scleral search coil technique w as used to 
monitor eye movements. Anodal currents delivered through the perilymphatic 
electrode in either ear evoked a  horizontal nystagmus with a slow phase velocity near 
25°/s. Bilateral anodal galvanic stimulation, as  expected, reduced the slow phase 
velocity to 0-5°/s. Remarkably, the same bilateral galvanic stimulation caused, at most, a 
small reduction in the gain of the VORs evoked by sinusoidal or by transient head 
rotations. The results indicate that it is mainly R  afferents that contribute to VOR 
pathways. This conclusion is in agreement with the results of unilateral galvanic 
stimulation. Were the horizontal VOR entirely due to an R  input, the horizontal 
nystagmus predicted from the responses of vestibular afferents to galvanic and 
rotational stimuli would have a  slow phase velocity near 30°/s, close to the value that we 
observed. Alternatively, an exclusive ⊥  input should lead to a  slow phase velocity of 
approximately 200°/s.

Evidence that the currents are acting in the way we have predicted has been 
obtained by recording field potentials in the vestibular nerve and vestibular nuclei. The 
thresholds of fields evoked by 100-μsec  cathodal shocks delivered to the ipsilateral 
labyrinth ranged from 50-100 μA. Superimposing a  100 μA anodal dc current raised the 
field potential threshold by a  factor of 4x. Since the cathodal shock thresholds of the 
most sensitive R  afferents are 4x greater than those of the most sensitive ⊥  afferents, this 
electrophysiological result is entirely consistent with the notion that the anodal currents 
result in a  selective ablation of ⊥  afferents.

There are two limitations to this polarization paradigm. First, the paradigm cannot 
distinguish the contributions of ⊥  afferents to direct and indirect VOR pathways. Second, 
⊥  afferents from all five vestibular end organs will be functionally ablated by the current. 
This may not be serious since there is evidence that the horizontal VOR is mainly 
influenced by the horizontal semicircular canals and that there is a  similar relation 
between the vertical VOR and the vertical canals.

Supported by NIH Grants NS 01330, F32 NS 07560 and by NASA Grant NAG 2-148.

214.8  ACTIVITY IN THE VESTIBULAR NUCLEI DURING OFF-VERTICAL AXIS ROTATION 
(OVAR). H. R e i s in e ,  T . Raphan & B. C ohen. D e p ts .  o f  N e u ro lo g y , 
M t. S i n a i ,  N .Y ., N .Y. & CIS B ro o k ly n  C o l le g e ,  B ro o k ly n , N.Y.

OVAR in  d a rk n e s s  in d u c e s  c o n tin u o u s  h o r i z o n t a l  ny stag m u s w ith  
su p e rim p o se d  o s c i l l a t i o n s  in  slo w  p h a se  v e l o c i t y  r e l a t e d  to  h ead  
p o s i t i o n .  T h e re  a r e  a l s o  o s c i l l a t i n g  v e r t i c a l  and r o l l  eye 
p o s i t i o n  c h a n g e s .  The o t o l i t h s  p la y  th e  key  r o l e  i n  g e n e r a t in g  
ny stag m u s d u r in g  OVAR, b u t  l i t t l e  i s  known a b o u t how i t  i s  p ro d u ced  
c e n t r a l l y .  E x t r a c e l l u l a r  a c t i v i t y  was r e c o rd e d  in  th e  v e s t i b u l a r  
n u c l e i  o f  2 r h e s u s  m onkeys d u r in g  OVAR. Eye p o s i t i o n  was m o n ito re d  
w i th  f r o n t a l  p la n e  and r o l l  s c l e r a l  s e a r c h  c o i l s .  Slow p h ase  
v e l o c i t y  was o b ta in e d  by rem oving  s a c c a d e s  and d i g i t a l l y  
d i f f e r e n t i a t i n g  eye  p o s i t i o n .  Im p u lse  r a t e s  w ere o b ta in e d  by 
c o u n tin g  th e  num ber o f  s p ik e s  in  a 192 msec window and u p d a tin g  th e  
c o u n t  e v e ry  1 .6  m sec . W ith th e  h ead  f ix e d  a n im a ls  w ere g iv e n  OVAR 
a t  20 deg  t i l t  and a c o n s ta n t  v e l o c i t y  o f  60 d e g /s e c .  S e v e n te e n  
u n i t s  had  r e s p o n s e s  to  yaw r o t a t i o n  a b o u t a sp a ce  v e r t i c a l  a x i s ,  
b u t  n o t  to  p i tc h i n g  o r  r o l l i n g  a b o u t a h o r i z o n t a l  a x i s .  They a l l  
re sp o n d e d  d u r in g  h o r i z o n t a l  OKN and OKAN. E ig h t  o f  th e  17 n e u ro n s  
re sp o n d e d  p r im a r i ly  to  h o r i z o n t a l  a n g u la r  h ead  a c c e l e r a t i o n  (V e s t ,  
u n i t s ) .  The o th e r  9 had  com ponen ts in  t h e i r  im p u lse  r a t e s  r e l a t e d  
to  o c u lo m o to r  a c t i v i t y  (O m -V est. u n i t s ) .  Of th e  8 V e s t ,  u n i t s  7 
i n c r e a s e d  t h e i r  d i s c h a r g e  r a t e  d u r in g  OVAR when th e  yaw was in  th e  
e x c i t a t o r y  d i r e c t i o n  f o r  r o t a t i o n  a b o u t a v e r t i c a l  a x i s .  When 
t e s t e d ,  th e  a v e ra g e  r a t e s  d e c re a s e d  d u r in g  OVAR in  th e  o p p o s i te  
d i r e c t i o n .  A l l  8 n e u ro n s  w ere m o d u la ted  in  p h a se  w ith  h ead  
p o s i t i o n .  Two O m -V est. u n i t s  had r e s p o n s e s  t h a t  w ere d i f f i c u l t  to  
a s s e s s  due to  s t r o n g  eye  p o s i t i o n  s i g n a l s .  Of th e  o t h e r  7 Om -V est. 
u n i t s  w ith  weak o r  no eye  p o s i t i o n  s i g n a l s ,  5 in c r e a s e d  t h e i r  
a v e ra g e  d i s c h a r g e  r a t e  d u r in g  OVAR in  th e  e x c i t a t o r y  d i r e c t i o n  and 
5 w ere m o d u la ted  w ith  h ead  p o s i t i o n .  F o r b o th  V e s t . and O m -V est. 
u n i t s  th e  in c r e a s e  in  im p u lse  r a t e  p a r a l l e l e d  th e  in c r e a s e  i n  s lo w  
p h a se  v e l o c i t y  o f  th e  in d u ce d  n y s ta g m u s . I f  th e  a x i s  o f  r o t a t i o n  
was made v e r t i c a l  d u r in g  OVAR, im p u lse  r a t e s  d e c re a s e d  to  
s p o n ta n e o u s  l e v e l s  w ith  a  tim e  c o u rs e  s im i l a r  to  t h a t  o f  th e  
d e c re a s e  in  slo w  p h a se  v e l o c i t y  d u r in g  OKAN, r e l a t i n g  them  to  
v e l o c i t y  s to r a g e .  T h u s , c e n t r a l  v e s t i b u l a r  n e u ro n s  t h a t  re sp o n d  
d u r in g  yaw r o t a t i o n  a b o u t a v e r t i c a l  a x i s  a re  n o t  o n ly  a c t i v a t e d  by 
o p t o k in e t i c  s t i m u l i  b u t  a l s o  by OVAR. Many o f  th e s e  n e u ro n s  a re  
a l s o  m o d u la ted  in  a s s o c i a t i o n  w i th  ch a n g es  in  h ead  p o s i t i o n  
i n d i c a t i n g  an o t o l i t h  r e l a t e d  com ponent in  t h e i r  im p u lse  r a t e s .  
P re su m a b ly , th e y  a re  p a r t  o f  th e  n e tw o rk  t h a t  p ro d u c e s  OVAR 
n y s ta g m u s . The d a ta  a l s o  show t h a t  th e  c e n t r a l  v e s t i b u l a r  sy s te m  
u t i l i z e s  v e lo c i t y  s to r a g e  a s  a  fo c u s  f o r  co m b in in g  in fo r m a t io n  from  
a w ide v a r i e t y  o f  s e n s o ry  sy s te m s  a b o u t m o tio n .

S u p p o rte d  by NS00294, NASA NAG-2-336, EY0187, EY04148 and th e  
Young M en 's  P h i la n t h r o p i c  L eag u e .
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214.9  A PATTERN ANALYSIS APPROACH TO MODELLING VELOCITY GENERATION 
DURING OFF-VERTICAL AXIS ROTATION (OVAR). C. S c h n a b o lk *  and  T . 
R aphan . D e p t. o f  C IS , B ro o k ly n  C o l le g e ,  B ro o k ly n , New Y ork 11210 .

R o ta t io n  a b o u t  an  o f f - v e r t i c a l  a x i s  (OVAR) c a u s e s  c o n tin u o u s  
u n i d i r e c t i o n a l  h o r i z o n t a l  ny stag m u s i n  d a rk n e s s  (G u e d ry , 1 9 6 5 ) . A 
m a th e m a t ic a l  m odel h a s  b een  d e v e lo p e d  w h ich  shows how th e  
c o n tin u o u s  n y stag m u s d u r in g  OVAR m ig h t be g e n e ra te d  by e s t i m a t in g  
t h e  v e l o c i t y  o f  th e  h ead  from  c h a n g in g  p a t t e r n s  o f  o t o l i t h  
e x c i t a t i o n  and i n h i b i t i o n .  The e s t im a t io n  o f  v e l o c i t y  i s  b a sed  on 
a  " te m p la te  m a tc h in g "  a lg o r i th m .  I t  i s  assum ed t h a t  a  s ig n a l  
a r i s i n g  i n  e a c h  c e l l  o f  th e  m acu la  i s  d e la y e d  by a  c e r t a i n  tim e  
( T ) .  T h u s , a s  th e  h ead  r o t a t e s  i n  th e  g r a v i t a t i o n a l  f i e l d  a  
d e la y e d  p a t t e r n  r e p r e s e n t i n g  a  p r e v io u s  p o s i t i o n  o f  th e  h ead  i s  
a v a i l a b l e  a s  a  " te m p la te "  t h a t  c a n  be com pared to  th e  p a t t e r n  
a s s o c i a t e d  w i th  th e  p r e s e n t  p o s i t i o n  o f  th e  h e a d . B ecau se  th e  
g r a v i t y  v e c to r  s e q u e n t i a l l y  a c t i v a t e s  th e  c e l l s  o f  th e  o t o l i t h  
m a c u la , th e  d e la y e d  s ig n a l  l e v e l  f o r  e a ch  c e l l  can  be a p p ro x im a te d  
fro m  th e  p r e s e n t  p a t t e r n  by a  s p a t i a l  e x t r a p o l a t i o n  i n  p a t t e r n  
s p a c e  u s in g  in fo r m a t io n  from  th e  g iv e n  c e l l  and an a d ja c e n t  o n e . 
The v a lu e  o f  th e  d is p la c e m e n t  t h a t  m in im iz e s  th e  mean s q u a re  e r r o r  
b e tw een  th e  e x t r a p o la t e d  and th e  d e la y e d  s ig n a l  v a lu e s  o v e r  a l l  
c e l l s  g iv e s  a  b e s t  e s t im a te  o f  h ead  r o t a t i o n  ( d )  i n  tim e  T . By 
u s in g  a  l i n e a r  s p a t i a l  e x t r a p o l a t i o n  f u n c t io n  and a ssu m in g  a 
u n ifo rm  d i s t r i b u t i o n  o f  p o l a r i z a t i o n  v e c to r s  o v e r  360 d e g r e e s ,  
s in u s o i d a l  s p a t i a l  p a t t e r n s  a r e  o b t a in e d .  The fo rm u la  f o r  th e  
e s t i m a t e  o f  h ead  v e lo c i t y  (ŵ) re d u c e s  t o  a  s in u s o i d a l  f u n c t io n  o f  
a n g u la r  h ead  v e l o c i t y  (w) and  d e la y  tim e  ( T ) .  F o r T= 1 .1 5  s e c o n d s ,  
th e  m odel p r e d i c t s  t h a t  th e  s te a d y  s t a t e  e s t im a te  o f  h ead  v e lo c i t y  
w i l l  r i s e  a s  a  f u n c t i o n  o f  s t im u lu s  v e l o c i t y  (w) to  a  p eak  v a lu e  
a t  ŵ=50 d e g /s e c .  I t  th e n  d e c l i n e s  f o r  l a r g e r  v a lu e s  o f  s t im u lu s  
v e l o c i t y  (w ) . T h is  ty p e  o f  b e h a v io r  i s  o b s e rv e d  i n  th e  s lo w  p h a se  
v e l o c i t y  c h a r a c t e r i s t i c s  o f  OVAR i n  monkeys (R aphan e t  a l . ,  1 9 8 1 ) . 
I n  a d d i t i o n ,  th e  1 .1 5  s e c  d e la y  p r e d i c t s  t h a t  th e  e s t im a te  o f  h ead  
v e l o c i t y  f o r  a  s t e p  o f  r o t a t i o n  r i s e s  l i n e a r l y  f o r  th e  f i r s t  1 .1 5  
s e c .  I f  su c h  a  f u n c t i o n  a c t i v a t e s  th e  v e l o c i t y  s to r a g e  i n t e g r a t o r  
th e  r e s p o n s e  w ould  be p a r a b o l ic  i n  n a tu r e .  T h is  w ould a c c o u n t f o r  
th e  8 low co n v ex  b u i ld u p  d u r in g  th e  i n i t i a l  1 -2  se co n d s  when 
a n im a ls  a r e  t i l t e d  a f t e r  p ro lo n g e d  r o t a t i o n  a b o u t  a  v e r t i c a l  a x i s .  
Once a  s te a d y  s t a t e  e s t im a te  o f  h ead  v e lo c i t y  h a s  been  
e s t a b l i s h e d ,  th e  r i s e  i n  s lo w  p h a se  v e l o c i t y  i s  c o n s i s t e n t  w i th  
t h e  c h a rg in g  o f  th e  v e l o c i t y  s to r a g e  i n t e g r a t o r  i n  r e s p o n s e  to  a  
s t e p  i n  i n p u t  v e l o c i t y .  I f  th e  a x i s  o f  r o t a t i o n  i s  i n  th e  p la n e  o f  
t h e  m acu la  th e  m odel g e n e r a t e s  a  v e l o c i t y  e s t im a te  e q u a l  to  z e ro  
and  p r e d i c t s  t h a t  t h e r e  w ould  be no u n i d i r e c t i o n a l  h o r i z o n t a l  
n y s ta g m u s . T h u s , th e  m odel s u g g e s t s  a  s im p le  m echanism  w h ereby  th e  
v e s t i b u l a r  s y s te m  c an  e s t i m a t e  v e l o c i t y  from  p o s i t i o n  in fo r m a t io n  
from  th e  o t o l i t h s  and p r e d i c t s  many o f  th e  s te a d y  s t a t e  s lo w  p h a se  
v e l o c i t y  c h a r a c t e r i s t i c s  o f  h o r i z o n t a l  n y stag m u s d u r in g  OVAR. 
S u p p o r te d  by EY 0 4 1 4 8 , NS 0 0 2 9 4 , and PSC-CUNY Award 6 -6 5 2 3 7 .

214.10  ADAPTATION OF VESTIBULO- OCULAR REFLEX (VOR) DIRECTION IN CATS IS  
SPECIFIC TO ORIENTATION WITH RESPECT TO GRAVITY. J .F .  B a k e r ,
C .R . W ick lan d * , R. H a r r is o n ,  and B.W. P e t e r s o n .  D e p t. P h y s io lo g y ,  
N o r th w e s te rn  U n iv e r s i ty  M e d ic a l C t r . ,  C h ic a g o , IL 60611 .

The VOR can  a d a p t  i t s  a m p l i tu d e  and d i r e c t i o n  to  re d u c e  r e t i n a l  
im age s l i p p a g e  t h a t  o c c u rs  d u r in g  head  m o tio n . S c h u l th e i s  and 
R o b in so n  ( NYAS 3 7 4 : 5 01 , 1981) d e m o n s tra te d  t h a t  p i t c h  v e r t i c a l  
r o t a t i o n  c o u ld  be made to  p ro d u ce  h o r i z o n t a l  VOR e y e  m ovements 
a f t e r  p a i r i n g  i t  w i th  h o r i z o n t a l  o p t o k in e t i c  m o tio n . R e c e n tly ,  we 
h ave  shown t h a t  th e  d ynam ics o f  t h i s  c r o s s - a x i s  c o u p lin g  o f  
v e s t i b u l a r  s t i m u l a t i o n  to  eye m ovem ents d i f f e r  d e p e n d in g  on w h e th e r  
o r  n o t  o t o l i t h s  a r e  s t im u la te d  by th e  r o t a t i o n s  d u r in g  a d a p ta t i o n .  
I n  t h i s  a b s t r a c t  we e x te n d  t h a t  f in d i n g  and a l s o  d e s c r ib e  th e  
d ep en d en ce  o f  a d a p t iv e  VOR d i r e c t i o n  ch an g e  on th e  o r i e n t a t i o n  o f  
th e  c a t  d u r in g  th e  t e s t i n g  a f t e r  a d a p ta t i o n .

F o u r c a t s  w ere e x p o sed  to  two h o u rs  o f  0 .2 5  Hz r o t a t i o n  c o u p le d  
w i th  o p t o k in e t i c  m o tio n  in  an  o r th o g o n a l  d i r e c t i o n  u n d e r  f o u r  
c o n d i t i o n s .  U p r ig h t  s a g i t t a l  (U S): th e  a n im a l i n  an  u p r ig h t  
p o s i t i o n ,  r o t a t e d  i n  a  p i t c h  v e r t i c a l  p l a n e ,  h o r i z o n t a l  im age s l i p .  
On s id e  s a g i t t a l  (S S ): th e  a n im a l l y in g  on i t s  s i d e ,  r o t a t e d  i n  a
h o r i z o n t a l  p la n e  ( c a t ' s  s a g i t t a l  p l a n e ) ,  h o r i z o n t a l  im age s l i p  ( r e  
c a t ) .  U p r ig h t  h o r i z o n t a l  (UH): th e  a n im a l u p r ig h t ,  h o r i z o n t a l  
p la n e  r o t a t i o n ,  v e r t i c a l  im age s l i p .  On s id e  h o r i z o n t a l  (SH ): th e
a n im a l on i t s  s i d e ,  p i t c h  r o t a t i o n  ( c a t ' s  h o r i z o n t a l  p l a n e ) ,  
v e r t i c a l  im age m o tio n  ( r e  c a t ) .  We made h o r i z o n t a l  and v e r t i c a l  
e le c t r o o c u lo g r a p h ic  r e c o r d in g s  d u r in g  r o t a t i o n s  i n  th e  d a rk  a t  
f r e q u e n c ie s  fro m  0 .0 2  to  2 .5  Hz, b e fo r e  and a f t e r  a d a p ta t i o n ,  in  
u p r ig h t  and on s id e  t e s t i n g  p o s i t i o n s .  S a c c ad e s  w ere rem oved from  
r e c o r d s  and a d a p t iv e  VOR was ta k e n  to  be th e  v e c t o r i a l  d i f f e r e n c e  
i n  VOR g a in s  and p h a s e s  b e fo r e  and  a f t e r  a d a p ta t i o n .

A ll  f o u r  c o n d i t i o n s  p ro d u ce d  a d a p t iv e  VOR in  th e  d i r e c t i o n  o f 
r e t i n a l  s l i p .  SS and  UH c o n d i t i o n s ,  w h ich  s t im u la te d  v e r t i c a l  and 
h o r i z o n t a l  s e m i c i r c u l a r  c a n a l s ,  r e s p e c t i v e l y ,  p ro d u ced  a d a p ta t io n  
w ith  p eak  g a in  and c o m p e n sa to ry  p h a se  a t  th e  0 .2 5  Hz a d a p ta t io n  
f re q u e n c y .  US and SH c o n d i t i o n s ,  w hich  s t im u la te d  c a n a ls  and 
o t o l i t h s ,  p ro d u ce d  a d a p t iv e  VOR t h a t  had in c r e a s i n g  g a in  a t  
f r e q u e n c ie s  below  0 .2 5  Hz. I n  a l l  f o u r  c o n d i t i o n s ,  a d a p t iv e  VOR 
g a in  to  th e  same c a n a l  s t im u lu s  was red u c e d  when t e s t e d  in  th e  
o r i e n t a t i o n  o f  th e  c a t  n o t  u sed  f o r  a d a p ta t i o n .  The r e d u c t io n  was 
a b o u t  50%, w i th  a g r e a t e r  r e d u c t io n  a t  low f r e q u e n c ie s  when th e  
ch an g e  i n  o r i e n t a t i o n  rem oved r o t a t i o n a l  s t i m u l a t i o n  o f  o t o l i t h s .  
When t e s t e d  on th e  s id e  o p p o s i t e  th e  o r i e n t a t i o n  d u r in g  a d a p ta t i o n ,  
g a in  was l e s s  th a n  t h a t  m easured  on th e  a d a p ta t io n  s id e  o r  u p r i g h t .

T h ese  r e s u l t s  show t h a t  a d a p t iv e  change  in  VOR d i r e c t i o n  can  
o c c u r  u n d e r  s e v e r a l  s t im u lu s  c o n d i t i o n s ,  t h a t  o t o l i t h s  p ro b a b ly  
p a r t i c i p a t e  i n  VOR a d a p ta t i o n  w henever r o t a t i o n  m o d u la te s  p o s i t i o n  
w i th  r e s p e c t  t o  g r a v i t y ,  and t h a t  a d a p ta t io n  i n  VOR d i r e c t i o n  i s  i n  
p a r t  s p e c i f i c  to  th e  o r i e n t a t i o n  o f  th e  a n im a l d u r in g  a d a p ta t i o n .

S u p p o rte d  by NIH g r a n t s  EY04058 and EY05289.

214.11 DIFFERENTIAL CANAL-CANAL CONVERGENCE IN SECOND-ORDER VESTIBULO- 
OCULOMOTOR NEURONS IN THE CAT. W. G ra f. J .F .  B aker. B.W. P ete rson  
and C.R. W ickland*. The R o c k e fe lle r  U n iv e rs ity , New York, NY 
10021, and D ept. P h ysio logy , N orthw estern  U n iv e rs ity , Medical 
S choo l, Chicago, IL 60611.

C oord ina te  tra n sfo rm a tio n  from v e s t ib u la r  i n to  oculom otor 
re fe re n c e  fram es i s  re q u ire d  to  produce com pensatory eye movements 
in  l i g h t  o f th e  d i f f e r i n g ,  a lthough  s im i la r ,  p e r ip h e ra l geometry 
o f  th e  s e m ic irc u la r  ca n a ls  and th e  e x t ra o c u la r  m uscles. This 
tra n s fo rm a tio n  re q u ire s  convergence o f c a n a l - s p e c i f ic  s ig n a ls  a t  
some le v e l i n th e  v e s t i b u lo -o c u la r  r e f l e x  a r c .  In  o rd e r to  
i n v e s t ig a te  th e  p o s s ib le  p o in ts  o f such convergence , we recorded  
in t r a - a x o n a l ly  from seco n d -o rd er v e s tib u lo -o cu lo m o to r  neurons in 
th e  ascend ing  MLFs o f p r e c o l l i c u la r ly  d e c e re b ra te  c a t s .  Neurons 
were id e n t i f i e d  by t h e i r  m onosynaptic p o te n t ia l s  fo llow ing  
e l e c t r i c a l  la b y r in th in e  s tim u la t io n .  Responses to  n a tu ra l 
v e s t i b u la r  s t im u la t io n  were reco rded  du rin g  r o ta t io n s  in  th e  
h o r iz o n ta l p lan e  and 6-20 v e r t i c a l  p la n e s . In  a d d i t io n ,  s e le c te d  
neurons were s ta in e d  i n t r a c e l l u l a r l y  w ith  h o rs e ra d is h  perox idase  
(HRP) fo r  s in g le  c e l l  morphology.

A n te r io r  (AC) and p o s te r io r  canal (PC) r e l a te d  neurons f e l l  
in to  two c la s s e s  o f  s in g le  canal and co n v e rg e n t-ca n a l re sp o n ses . 
In  th e  group o f  c o n t r a l a t e r a l l y  p ro je c t in g  neu ro n s , 11/26 had 
s in g le  can a l re sp o n ses  and 15/26 (n in e  AC and seven teen  PC) had 
convergen t v e r t i c a l  canal in p u t which s h i f te d  t h e i r  b e s t  response 
p la n es  tow ard th e  i p s i l a t e r a l  o r c o n t r a la t e r a l  o b liq u e  eye muscle 
p la n e s . Of fo u r  i p s i l a t e r a l l y  p ro je c t in g  n eu ro n s , th r e e  had s in g le  
can a l p lan e  resp o n ses  (AC and PC), and one AC neuron had i t s  
resp o n se  p lan e  s h i f te d  tow ards th e  i p s i l a t e r a l  v e r t i c a l  r e c t i  
p la n e . Our r e s u l t s  d em onstra te  s in g le  can a l re sp o n ses  and s p e c i f ic  
c a n a l-c a n a l convergence w ith in  th e  p o p u la tio n  o f v e r t ic a l  
v e s tib u lo -o cu lo m o to r n eu rons . T h is convergence may p a r t i c i p a te  in 
th e  c o o rd in a te  tra n sfo rm a tio n  from v e s t ib u la r  i n to  oculom otor 
re fe re n c e  fram es w ith in  th e  c h a r a c t e r i s t i c  geom etry o f th e  
v e s t ib u lo -o c u la r  r e f l e x  system . At t h i s  p o in t ,  th e  d a ta  su g g es t a 
c o o rd in a te  tra n sfo rm a tio n  to  occu r in  a t  l e a s t  two s ta g e s :  a t  th e  
le v e l o f  seco n d -o rd er v e s t i b u la r  neurons by converg ing  canal 
s ig n a l s ,  and a t  th e  le v e l o f  oculom otor neurons v ia  axon 
c o l l a t e r a l s  o f  seco n d -o rd er v e s t i b u la r  neurons to  n o n -p rin c ip a l 
eye movers as dem onstrated  by H R P-labelled  s in g le  c e l l  morphology.

In a d d i t io n  to  v e r t i c a l  canal convergence , 12/30 AC and PC 
neurons a ls o  re c e iv e d  h o r iz o n ta l can a l (HC) in p u t s u f f i c i e n t  to  
s h i f t  t h e i r  b e s t  re sp o n se  p la n es  tow ards th e  h o r iz o n ta l p lane  by 
10-30 deg . P o s i t iv e  and n e g a tiv e  HC re sp o n ses  tended  to  average 
o u t ,  su g g es tin g  th a t  th e  HC in p u t to  th e  v e r t i c a l  system  may not 
n orm ally  be ex p ressed  b u t i n s tea d  may p ro v id e  a neuronal s u b s t r a te  
f o r  a d a p tiv e  changes in  v e s t ib u lo -o c u la r  r e f l e x  d i r e c t i o n a l i t y .

Supported  by NIH g ra n ts  EY04613, EY05289, EY04058.

214.12  ROLL OKN AND OKAN: EFFECTS OF HEAD POSITION ON VELOCITY STORAGE 
IN THE MONKEY. D. S c h i f f * ,  B. Cohen and T . R aphan. D e p a rtm e n ts  
o f  N e u ro lo g y , Mount S in a i  S ch o o l o f  M e d ic in e , N .Y ., N .Y. and 
Com puter & I n fo r m a t io n  S c ie n c e ,  B ro o k ly n  C o l le g e ,  N.Y.

T o r s io n a l ,  o r  r o l l  ey e  p o s i t i o n  can  be r e c o rd e d  by im p la n tin g  a 
m a g n e tic  s e a r c h  c o i l  on to p  o f  th e  e y e ,  in  a p p ro x im a te ly  th e  
a n im a l’ s h o r i z o n t a l  p l a n e .  The c o i l  i s  f ix e d  to  th e  s c l e r a  b e h in d  
th e  a t ta c h m e n t  o f  T e n o n 's  c a p s u le ,  and i t s  p o s t e r i o r  p o r t i o n  l i e s  
u n d e r  th e  s u p e r i o r  r e c t u s  m u sc le .  A seco n d  c o i l  ly in g  in  th e  
f r o n t a l  p la n e  r e c o r d s  h o r i z o n t a l  and v e r t i c a l  eye  p o s i t i o n .  T hese 
c o i l s  w ere u se d  to  s tu d y  t o r s i o n a l  o p t o k in e t i c  ny stag m u s (OKN) and 
o p t o k in e t i c  a f t e r  ny stag m u s (OKAN). W ith  a n im a ls  u p r ig h t ,  OKN 
in d u ce d  by f u l l  f i e l d  movement a b o u t th e  r o l l  a x i s  was w eak, and 
th e r e  was l i t t l e  OKAN. I n  c o n t r a s t ,  when a n im a ls  w ere s u p in e  o r  
p ro n e ,  r o l l  OKN and OKAN w ere s t r o n g .  At th e  o n s e t  o f  s t i m u l a t i o n  
t h e r e  was a  sm a ll  r a p id  r i s e  i n  s lo w  p h a se  v e l o c i t y ,  and th e  r i s e  
t o  th e  s te a d y  s t a t e  l e v e l  was s lo w . Peak  s te a d y  s t a t e  v e l o c i t i e s  
w ere  in  th e  ra n g e  o f  40  to  60 d e g /s e c .  A f t e r  s t i m u l a t i o n  t h e r e  was 
t y p i c a l  OKAN, w i th  a s lo w  d e c l in e  i n  s lo w  p h a se  v e l o c i t y  t o  z e r o .  
R o ll  OKAN c o u ld  l a s t  f o r  s e v e r a l  m in u te s  in  d a rk n e s s  i n  n a iv e  
m onkeys and was s y m m e tr ic a l  f o r  v i s u a l  f i e l d  movement in  e i t h e r  
d i r e c t i o n .  R o l l  OKAN was f r e q u e n t l y  fo llo w e d  by se c o n d a ry  a f t e r  
n y s ta g m u s . I f  a n im a ls  w ere ex p o sed  to  a s t a t i o n a r y  v i s u a l  su rro u n d  
d u r in g  OKAN o r  p o s t - r o t a t o r y  n y s ta g m u s , ey e  v e l o c i t i e s  d e c re a s e d  
m ore r a p i d l y  th a n  in  d a rk n e s s .  S t a t i c  p o s i t i o n s  o p tim a l f o r  
p ro d u c in g  r o i l  OKN and OKAN w ere t e s t e d  by g iv in g  th e  a n im a l s te p s  
o f  r o l l  su rro u n d  v e l o c i t y  w h i le  i n  d i f f e r e n t  i n i t i a l  p o s i t i o n s .  I f  
a n im a ls  w ere m ore th a n  30 deg  from  th e  s u p in e  to w ard  th e  90 deg  
r o l l  p o s i t i o n  o r  to w ard  th e  u p r i g h t ,  t h e r e  was a s te e p  f a l l - o f f  in  
th e  p eak  v e lo c i t y  o f  OKN and OKAN. T h u s, t h e r e  was a r e l a t i v e l y  
n a rro w  ra n g e  o f  p o s i t i o n s  w i th  r e g a r d  to  g r a v i t y  in  w hich  r o l l  OKAN 
c o u ld  be in d u c e d .  T h e re  was p o w e rfu l  c o u p lin g  from  h o r i z o n t a l  OKAN 
to  r o l l  ny stag m u s u n d e r  a p p r o p r i a t e  c i r c u m s ta n c e s .  W ith  a n im a ls  
s u p in e  i f  h o r i z o n t a l  OKN was to  th e  r i g h t ,  a  c o u n te r c lo c k w is e  
com ponent o f  OKAN was in d u c e d , fo llo w e d  by  se co n d a ry  c lo c k w is e  
n y s ta g m u s . The r e v e r s e  was t r u e  i f  th e  OKN and OKAN w ere  to  th e  
l e f t .  The c r o s s  c o u p lin g  te n d e d  to  b r in g  th e  a f t e r  ny stag m u s to  
th e  e a r t h  h o r i z o n t a l  p l a n e .  In  c o n c lu s io n ,  t h e r e  do n o t  a p p e a r  to  
be  s i g n i f i c a n t  p a th w ay s f o r  r a p i d  c h a n g es  i n  t o r s i o n a l  s lo w  p h a se  
ey e  v e l o c i t y  from  th e  v i s u a l  sy s te m  in  th e  m onkey, and p ro b a b ly  
l i t t l e  o r  no r o l l  p u r s u i t .  I t  i s  l i k e l y  t h a t  th e  m ain  p r o c e s s in g  
o f  r o l l  OKN and OKAN i s  th ro u g h  th e  v e s t i b u l a r  n u c l e i  and th e  
v e l o c i t y  s to r a g e  m echan ism . The d a ta  shows t h a t  r o l l  OKN and OKAN 
i s  s t r o n g l y  d e p e n d en t on h ead  p o s i t i o n  w i th  r e g a r d  to  g r a v i t y .
They s u p p o r t  th e  id e a  t h a t  v e l o c i t y  s to r a g e  h a s  a  3 d im e n s io n a l  
r e p r e s e n t a t i o n .

S u p p o rte d  by NS00294, EY02296, EY04148, EY08167 and NASA 
NAG-3-336 and th e  Young M en 's  P h i la n t h r o p i c  L eag u e .
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215.1 EFFECTS OF TRANSIENT ISCHEMIA ON DYNORPHIN IMMUNOREACTIVITY AND 
PRODYNORPHIN mRNA LEVELS IN HIPPOCAMPUS T. S. Nowak J r .*  C. J. 
Molineaux, D. R. Schoenberg* and B.M . Cox, Lab. of Neuro
pathology and Neuroanat. S c i., NINCDS, NI H, Bethesda, MD 20892; 
Dept. of Pharmacology, Mt. Sinai School of Medicine, New York, NY 
10029; and Department of Pharmacology, USUHS, Bethesda, MD 20814.

Recent studies have demonstrated a lasting  depletion of hippo
campal dynorphin follow ing tra n s ie n t  ischemia in th e  g e rb il  
(Nowak, T. S ., Or. and Fried, R. L. (1986) Trans. Am. Soc, Neuro
chem. 17, 290). Dynorphin A immunoreactivity was reduced by 30 % 
at 1 and 6 hr recircu la tion , returned to control levels by 24 hr, 
and subsequently declined to 60 % of control lev e ls  by 2-4 days. 
Met-enkephalin im m unoreactivity tended to increase after 12 hr. 
Similar changes in hippocampal peptides have been described by 
o th e rs  fo llo w in g  a s e r i e s  of e le c tro c o n v u ls iv e  shocks or 
chemically induced se iz u re s . Ischemia and prolonged se izu res 
re su lt  in s im ila r patterns of cell loss in hippocampus, although 
the dynorphin-containing dentate granule cells remain in tac t.

These resu lts can be interpreted to r e f le c t  i n i t i a l  dep le tion  
due to increased re le a se  and a biosynthetic response leading to 
transient recovery of peptide lev e ls , suggesting an increase in 
dynorphin turnover in hippocampus after ischemia. To the extent 
that th is re flec ts  increased ac tiv ity  of den tate  granule c e l l s ,  
these re s u l ts  suggest a role for th is component of the in trin s ic  
hippocampal c i r c u i t ry  in proposed "ex c ito to x ic"  mechanisms of 
cell death for hippocampal neurons.

An increase in prodynorphin mRNA lev e ls  would be expected to 
precede th e  in term edia te  recovery of peptide le v e ls . Recent 
re su lts  have shown th a t the tra n s ie n t  recovery of dynorphin  
im m unoreactivity is not c o n s is te n tly  observed. Since peptide 
level re f le c ts  a p rec ise  balance between precursor sy n th e s is / 
processing and peptide re lease /d e g rad a tio n , mRNA induction may 
provide a more re liab le  index of increased peptide turnover.

Female g e rb ils  (3 mo old, 50-70 gm) under h a lo th an e /n itro u s 
oxide anesthesia were subjected to 5 min b ila tera l common carotid 
artery occlusion. Hippocampal mRNA was prepared from contro l 
anim als and a f te r  6 hr and 24 hr re c irc u la tio n  (n=4/group), 
separated by gel electrophoresis, transferred to n itro c e llu lo s e , 
and hybridized with a 32p- l a belled plasmid containing sequences 
complementary to ra t prodynorphin mRNA. Preliminary re su lts  have 
fa ile d  to  r e l ia b ly  d e tec t hybrid izab le  sequences in the gerbil 
RNA preparations. This may simply r e f le c t  inadequate lev e ls  of 
prodynorphin mRNA in the experimental samples. A lternatively, 
there may be problems with the use of a heterologous probe, since 
com parative  s tu d ie s  have shown l i t t l e  conservation of pro
dynorphin sequence outside of the opioid peptide coding reg ions. 
Continuing effo rts are expected to resolve these d if f ic u ltie s .

215.2 EFFECTS OF CHRONIC NALTREXONE ADMINISTRATION AND WITHDRAWAL ON 
BRAIN GLUCOSE METABOLISM. Roy D. V in g a n * , D ian a  L . Dow -Edw ards, 
a n d  Thom as H. M i l h o r a t .  L a b o r a t o r y  o f  C e r e b r a l  M e t a b o l i s m ,  
D e p a r t m e n t  o f  N e u r o s u r g e r y ,  SUNY H e a l th  S c i e n c e s  C e n t e r  a t  
B ro o k ly n , B ro o k ly n , NY 11203 .

C h ro n ic  a d m i n i s t r a t i o n  o f  t h e  o p i a t e  a n t a g o n i s t ,  n a l t r e x o n e ,  
h a s  b e e n  show n t o  u p r e g u l a t e  c e n t r a l  o p i a t e  r e c e p t o r s  b y  a b o u t  
100% (Z u k in  e t  a l .  B r R es  2 4 5 :2 8 5 ,  1 9 8 2 ) .  W ith d r a w a l  o f  t h e  
o p i a t e  a n t a g o n i s t  h a s  b e e n  show n t o  r e t u r n  o p i a t e  r e c e p t o r s  to  
b a s e l i n e  l e v e l s  a t  6 d a y s  and  th e n  i n c r e a s e  th em  40% a t  10 d a y s  
( T e m p e l  e t  a l .  L i f  S c i  3 1 : 1 4 0 1 ,  1 9 8 2 )  T h e  f u n c t i o n a l  
c o n s e q u e n c e s  o f  t h i s  u p r e g u l a t i o n  a r e  n o t  f u l l y  u n d e r s t o o d .  
P r e v io u s  s t u d i e s  h a v e  show n t h a t  t h e s e  r e c e p t o r  c h a n g e s  a r e  
r e f l e c t e d  in  s p e c i f i c  b e h a v io r a l  and  n e u ro c h e m ic a l  c h a n g e s .  In  
o r d e r  t o  d e te r m in e  w h ich  s p e c i f i c  b r a i n  s t r u c t u r e s  m ig h t m e d ia te  
t h e s e  c h a n g e s ,  t h e  d e o x y g lu c o s e  m e th o d  o f  S o k o l o f f  w as c a r r i e d  
o u t  on  a n im a l s  d u r i n g  n a l t r e x o n e  p e l l e t  im p la n ta t i o n  a s  w e l l  a s  
f o l lo w in g  p e l l e t  r e m o v a l.

Tw enty a d u l t  fe m a le  S p rag u e-D aw ley  r a t s  w e ig h in g  b e tw e e n  175 
a n d  2 4 9  g  w e re  h o u s e d  u n d e r  s t a n d a r d  l a b o r a to r y  c o n d i t i o n s  and 
u n d e rw e n t c h lo r o p e n t  a n e s t h e s i a  (0 . 2m l /100g b ody  w e ig h t)  f o r  t h e  
i n s e r t i o n  o f  n a l t r e x o n e  (2X30 mg) o r  p la c e b o  p e l l e t s .  E ig h t  d a y s  
l a t e r  h a l f  o f  t h e  a n i m a l s  u n d e rw e n t  t h e  d e o x y g lu c o s e  (DG) 
p r o c e d u r e  w i t h  t h e  p e l l e t s  i n  p l a c e  a n d  t h e  r e m a in d e r  o f  t h e  
a n im a ls  had  th e  p e l l e t s  rem oved . T h is  se co n d  g ro u p  u n d e rw e n t t h e  
DG m e th o d  10 d a y s  l a t e r .  The n i g h t  p r i o r  t o  t h e  DG m eth o d , th e  
a n i m a l s  w e r e  f a s t e d .  I n  t h e  m o r n i n g ,  t h e  a n i m a l s  w e r e  
a n e s t h e t i z e d  w i t h  a  m i x t u r e  o f  h a l o t h a n e ,  N2O a n d  O2 f o r  t h e  
p la c e m e n t o f  a r t e r i a l  and  v e n o u s c a t h e t e r s .  Fol l o w in g  a  2 h o u r  
r e c o v e r y  p e r i o d ,  125  u C i /k g  b o d y  w e i g h t  o f  [14C] d e o x y g lu c o s e  
w ere  i n fu s e d  and  tim e d  a r t e r i a l  b lo o d  sa m p le s  t a k e n  f o r  t h e  n e x t  
45 m i n u t e s .  T he  a n im a ls  w ere  k i l l e d  w i th  p e n to b a r b i t a l  and  th e  
b r a i n s  rem oved and p r o c e s s e d  f o r  q u a n t i t a t i v e  a u to r a d io g r a p h y .

The r e s u l t s  w i l l  b e  d i s c u s s e d  in  te rm s  o f  t h e  a l t e r a t i o n s  i n  
b e h a v io r  and  n e u ro c h e m is t ry  r e p o r t e d  b y  o t h e r s .

215.3 FOCAL BRAIN STIMULATION ATTENUATES MORPHINE WITHDRAWAL BEHAVIORS. 
B .E . Tho rn  and C .L . B e a u l ie u * . Ohio S t a t e  U n i v e r s i t y ,  Colum bus, 
Ohio 43210 .

In  t h e  p r e s e n t  s tu d y ,  we i n v e s t i g a t e d  w h e th e r  FBS i n  a  s i t e  
im p l ic a te d  in  a  d e s c e n d in g  o p i a t e r g i c  p a in  i n h i b i t o r y  sy s te m  
c o u ld  a t t e n u a t e  some o f  th e  b e h a v io r s  a s s o c i a t e d  w i th  n a lo x o n e -  
e l i c i t e d  m o rp h in e  w i th d ra w a l .  M ale a lb in o  r a t s  w ere  s t e r e o 
t a x i c a l l y  im p la n te d  w i th  a  b i p o l a r  s t i m u l a t i n g  e l e c t r o d e  in  
th e  p e r i a q u e d u c t a l  g r a y  and  a l s o  r e c e iv e d  a  s u b c u ta n e o u s  s u r g i c a l  
i m p la n ta t i o n  o f  a  72 mg m o rp h in e  o r  a  p la c e b o  p e l l e t .  S e v e n ty -  
two h o u r s  fo l lo w in g  p e l l e t  i m p l a n ta t i o n ,  n a lo x o n e  p r e c i p i t a t e d  
w i th d ra w a l  was in d u c e d .  O p ia te  w i th d ra w a l  b e h a v io r s  w ere 
o b s e rv e d  and q u a n t i f i e d  u s in g  a  b e h a v io r a l  c h e c k l i s t  w h ich  
i n t e g r a t e d  th e  o b s e r v a t io n s  o f  p r e v io u s  i n v e s t i g a t o r s .  A n im als 
th e n  r e c e iv e d  f o c a l  b r a i n  s t i m u l a t i o n  f o r  30 m in u te s  a f t e r  w h ich  
th e y  w ere  a g a in  o b s e rv e d  f o r  o p i a t e  w i th d ra w a l  b e h a v io r s .  The 
d a ta  s u g g e s t  t h a t  f o c a l  b r a i n  s t i m u l a t i o n  a t t e n u a t e s  m o rp h in e  
w i th d ra w a l  b e h a v io r s ,  s p e c i f i c a l l y  some r e c e s s iv e  b e h a v io r s  
a s s o c i a t e d  w i th  au to n o m ic  c h a n g e s . A t t e n u a t io n  o f  w i th d ra w a l  
b e h a v io r s  may d ep en d  on th e  t im in g  and  d u r a t i o n  and  i n t e n s i t y  
o f  s t i m u l a t i o n .  T h ese  f i n d i n g s  a r e  c o n s i s t e n t  w i th  o t h e r  
s t u d i e s  w h ich  s p e c u la te d  t h a t  m ore th a n  one sy s te m  i s  in v o lv e d  
i n  t h e  m e d i a t i o n ,o f  o p io id  d e p e n d en c e  and a n a lg e s i a .

215.4  EFFECTS OF BENZOMORPHAN ENANTIOMERS ON EEG, EEG POWER 
SPECTRA AND BEHAVIOR IN THE RAT. G. A. Young. D. 
Calligaro*. O. Hong* and N. Khazan. Univ. of Maryland 
Sch. of Pharm., Baltimore, MD 21201.

(+)-Cyclazocine, ( + ) -SKF-10,047 (N-allyl-normetazo- 
cine) and (+)-pentazocine a t doses of 2, 2.5 and 5 
mg/kg, i .v . ,  respectively, but neither (+)-keto- 
cyclazocine nor (+)-ethyl ketocyclazocine (EKC) a t a 
dose of 2.5 mg/kg, i .v . ,  produced desynchronized EEG 
and an aroused or "psychotomimetic" s ta te  for 20-30 min 
tha t was not blocked by naltrexone pretreatment.

(- ) -Ketocyclazocine and (-)-EKC at a dose of 2.5 
mg/kg, i .v . produced high-voltage EEG slow-wave bursts 
tha t were associated with dose-related increases in 
spectral power in the 5-8 Hz band. These EEG slow-wave 
bursts were correlated with behavioral stupor lasting  
for 30-45 min, followed by EEG and behavioral arousal 
for another 30-45 mi n. ( - ) -Cyclazocine, ( - ) -SKF-10,047 
and (- ) -pentazocine a t doses of 2, 2.5 and 2 mg/kg, 
i . v . ,  respectively, produced 20-30 min of 
desynchronized EEG and behavioral arousal followed by 
the delayed emergence of co rtica l EEG slow-wave bursts 
associated with both predominant spectral peaks in the 
5-8 Hz band and behavioral stupor for another one to 
two hrs . The delayed emergence of EEG slow-wave 
bursts may be due to a masking psychotogenic e ffec t of 
the ( - ) -enantiomers. For example, when naltrexone 
treatment preceded (- ) -cyclazocine adm inistration, the 
"psychotomimetic" behavioral p ro file  emerged tha t was 
sim ilar to tha t produced by (+)-cyclazocine.

Benzomorphan-induced EEG slow-wave bursts and 
associated behavioral stupor are produced only by the 
(- ) -enantiomers. EEG power spectra derived from these 
EEG slow-wave bursts are qualita tive ly  d ifferen t from 
those produced by morphine or methadone (mu opioid 
ag on ists). Naltrexone pretreatment blocked the 
appearance of these benozomorphan-induced EEG slow-wave 
bursts, but higher doses were needed than in the case 
of morphine or methadone. Thus, benzomorphan-induced 
EEG slow-wave bursts represent kappa agonistic e ffec ts . 
Furthermore, "psychotomimetic" behaviors were produced 
by some of the (+)-enantiomers, and were not blocked by 
naltrexone pretreatment. These behaviors represent 
sigma agonistic e ffec ts . Therefore, i t  may be assumed 
tha t d if fe re n tia l pharmacological p ro files  of the 
benzomorphans are dependent on the re la tiv e  kappa and 
sigma potencies and k inetics of the enantiomers.

(Supported by NIDA grant DA-01050.)
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215.5 ENDOGENOUS OPIOID PEPTIDE-LIKE ANTICONVULSANT SUBSTANCE: 
PHYSIOLOGICAL AND MOLECULAR CHARACTERIZATION OF ITS 
PROPERTIES. F.C. Tortella, J.B, Long and D.R. Liston, Neuropharm. 
Branch, Div. of N europsychiatry, Walter Reed Army Inst. Res., Washington, 
DC 20307 and Dept. Chem., Univ. Oregon, Eugene, OR 97403.

A unique pathophysiological consequence of a seizure is its  ability to  
a rre s t spontaneously and abruptly, and to  m aintain a prolonged period of 
postictal refrac to riness. Since opioid peptides appear to  be ac tivated  by 
seizures and display marked anticonvulsant ac tiv ity , Tortella and coworkers 
(Life Sci. 29 & Eur. J. Pharmacol. 76, 1981) proposed th a t seizu re-ac tiva ted  
endogenous opioid system s decrease the probability or severity  of 
subsequent seizures. This proposal has been supported by recent studies 
from several groups dem onstrating th a t endogenous opioids play a selective 
role postic tally  in seizure arres t and refrac to riness.

Recently, it  was observed th a t cerebrospinal fluid (CSF) collected from 
the cisternal space of rats following an MES seizure and injected icv to  
naive recipient ra ts  increased the seizure threshold to  flurothyl convulsions 
in the recipients (Tortella & Long, Science 228, 1985). The anticonvulsant 
ac tiv ity  of the CSF was antagonized by prior tre a tm en t of recipient rats 
with naloxone or the selective delta opioid receptor antagonist ICI 174,864, 
and was enhanced by the peptidase inhibitors aprotinin and bacitracin. 
These results suggest tha t the anticonvulsant substance may be an opioid 
peptide. In the present study , we define additional physiological and 
molecular characte ristic s of this substance, providing supportive evidence 
of its opioid peptide-like nature.

The anticonvulsant substance is heat (90°C) labile and is inactivated  by 
trypsin. It appears to  be unrelated to  the enkephalins or dynorphin A (mws 
of 574 and 2148, respectively) as its  ac tiv ity  is unaffec ted  by thiorphan and 
besta tin , inhibitors of enzymes principally involved in the degradation of 
these molecules. Consistent w ith this, the anticonvulsant substance fails to  
pass thru Amicon u ltrafiltra tion  membranes with 1K and 5K mw cut-o ffs , 
while com plete anticonvulsant ac tiv ity  is recovered following 
u ltrafiltra tion  thru 10K mw membranes, indicating tha t bioactivity  is 
associated with a higher mw opioid. M easurements of opioid peptide-like 
im m unoreactivity  in CSF following an MES seizure in rats  have revealed 
marked increases in beta-endorphin-like, but not dynorphin-, m et- or leu- 
enkephalin-like im m unoreactivity . M et-enkephalin-like im m unoreactivity 
is increased however following exposure of the CSF to  trypsin and 
carboxypeptidase B, suggesting the seizure-induced release into the CSF of 
a larger mw form of m et-enkephalin not recognized immunologically prior 
to  digestion. Preliminary results using gel exclusion chrom atography 
(Sephadex G-75) reveal a mw of 8700 daltons for the  major species yielding 
m et-enkephalin-like im m unoreactivity .

These results indicate th a t the anticonvulsant substance is heat labile, 
sensitive to peptidase degradation and exhibits specific opioid receptor 
ac tiv ity . Collectively, the results of the im m unoreactivity , u ltrafiltra tion  
and chrom atography experim ents suggest th a t the anticonvulsant substance 
is an opioid peptide with a mw between 5K and 10K daltons.

215.6  MICROINFUSION OF MORPHINE ONTO THE AREA IN THE DEEP PREPIRIFORM 
CORTEX INDUCES ANALGESIA IN THE RAT. M .M a sso tti , L ab . d i  Farm aco- 
l o g i a ,  I s t i t u t o  S u p e r io r e  d i  S a n i t à , 00161 Roma, I t a l y .

P h a rm a c o lo g ic a l  s t u d i e s  h ave  c l e a r l y  e v id e n c e d  a f u n c t i o n a l  
i n t e r a c t i o n  b e tw e en  o p io id  and GABA sy s te m s  in  s e v e r a l  b r a i n  
a r e a s ,  i . e . , s e n s o r im o to r  c o r t e x  ( S p i l l a n t i n i  and M a s s o t t i ,  
P h a rm .B io ch e m .B e h av ., 2 5 :1 ,1 9 8 6 ) ,  p e r i d u c t a l  g re y  a r e a  (Z a m b o tti  e t  
a l . ,N a u n -S c h m .A rc h .P h a rm a c o l.,3 1 8 :3 6 8 ,1 9 8 2 )  and s u b s t a n t i a  n ig r a  
(G a ra n t  and G a l e , J .P .E . T . ,2 3 4 :4 5 ,1 9 8 5 ) .  An a r e a  in  th e  deep  
p r e p i r i f o r m  c o r t e x  (DPC) h a s  b e e n  r e c e n t ly  i d e n t i f i e d ,  w h ich  i s  
s e n s i t i v e  to  v e ry  low d o se s  o f  GABAmimetic d ru g s  ( P ir e d d a  and 
G a le ,N a tu r e ,3 1 7 :6 2 3 ,1 9 8 5 ) . T h is  p rom pted  u s  to  e x p lo r e  w h e th e r  DPC 
was a l s o  s e n s i t i v e  to  m a n ip u la t io n  o f  o p io id  sy s te m . To exam ine 
t h i s  p o s s i b i l i t y ,  m orph ine  s u l f a t e  (MS) was i n j e c t e d  d i r e c t l y  o n to  
DPC o f  r a t s .

Deep c a n n u la s  w ere s t e r e o t a x i c a l l y  im p la n te d  u n i l a t e r a l l y  u n d e r 
Na p e n to b a r b i t a l  a n e s t h e s i a  u s in g  th e  f o l lo w in g  c o o r d in a te s :  
A-P,+4.0m m  from  b regm a; M -L ,+ 3 .5  mm from  l o n g i t u d in a l  s u tu r e ;  
D-V ,-6.5m m  from  d u r a .  S o lu t io n s  o f  b i c u c u l l i n e  m e th io d id e  (BM) and 
o f  MS w ere in fu s e d  o n to  DPC by s lo w  sp e ed  (7 n l / m in , f o r  5 m in ) .  
Tw elve h o u r s  a f t e r  s u r g e r y ,  th e  a n im a ls  w ere c h a lle n g e d  w i th  
i n f u s i o n  o f  BM (30  n g / r a t ) .  The a n im a l showed c lo n ic  c o n v u ls io n s  
( s c o r e  1 -5 , a c c o rd in g  to  P i re d d a  and G a le , 1 9 8 5 ).

A t l e a s t  6 h o u rs  l a t e r ,  th e  a n im a ls  w ere t e s t e d  w i th  MS. At 
v a r io u s  t im e s  a f t e r  th e  end o f  MS i n f u s i o n ,  th e  h o t  p l a t e  (5 5 .4 °  
C) t e s t  was c a r r i e d  o u t ,  m ea su r in g  s e p a r a t e l y  th e  r e a c t i o n  t im e s  
o f  th e  r i g h t  and  l e f t  fo re p a w s .

The d o se  o f  1 n g / r a t  o f  MS (5 r a t s )  r e s u l t e d  i n  a  s i g n i f i c a n t  
(p<0 . 01) i n c r e a s e  in  th e  l a t e n c y  to  re sp o n d  to  th e  h o t  p l a t e  
s t im u lu s  on th e  s id e  c o n t r a l a t e d  to  i n j e c t i o n  ( 1 7 .4  s e c )  i n  
r e s p e c t  to  th e  i p s i l a t e r a l ,  w h ich  rem a in e d  a t  t he  c o n t r o l  v a lu e s  
( 7 .4  s e c ) .  T h is  e f f e c t  was p r e s e n t  a t  th e  1st and 5th m in and 
d is a p p e a re d  a t  th e  15th m in . The d o se  o f  10 n g / r a t  o f  MS (10 r a t s )  
i n c r e a s e d  th e  l a t e n c y  in  th e  c o n t r a l a t e r a l  s id e  (2 4 .5  s e c ;  p< 
0 .0 0 1 )   f rom th e  1st to  th e  30th m in . T h is  e f f e c t  d i s a p p e a re d  a t  
th e  60 m in . The a n im a ls  w ere  s e d a te d  w i th  a m ild  c a ta l e p s y  o f 
th e  c o n t r a l a t e r a l  l im b s  th ro u g h o u t  th e  p e r io d  o f  a n a lg e s i a .  At th e  
end o f  th e  e x p e r im e n ts ,  g r o s s  h i s t o lo g y  c o n firm e d  th e  r i g h t  
l o c a l i z a t i o n  o f  th e  t i p  o f  th e  c a n n u la .

N e i th e r  BM -induced c o n v u ls io n s  n o r  M S -induced a n a lg e s ia  w ere 
n o t ic e d  when th e  d ru g s  w ere in fu s e d  1 .2  mm more r o s t r a l l y  o r  
c a u d a l ly  from  DPC (9 r a t s ) .

T hese d a ta  s u g g e s t  t h a t  a l s o  DPC c o n ta in s  b o th  GABA and o p io id  
r e c e p t o r s .
CNR CONTRACT N° 8 5 .0 0 6 6 2 .5 6

215.7  CLONIDINE BLOCKS THE EFFECT OF MORPHINE ON INTRACRANIAL SELF-STIMU
LATION RATES FROM THE MEDIAL FOREBRAIN BUNDLE AND THE LOCUS COERU- 
LEUS. Gi m ino , F . ; V i l l e g a s ,  F . ; M urphy, P . ;  O c h e re t ,  D . ; B a s h i r ,  
T . ; A lv a re z ,  R . ; A b ru e , J . ; S t e i n e r ,  S .S .* ;  and E llm a n , S . J . *  
D e p t. o f  P s y c h o lo g y , C i ty  U n iv e r s i ty  o f  New Y ork , N.Y. 10031.

I n t r a c r a n i a l  s e l f - s t i m u l a t i o n  (IC SS) b e h a v io r  i s  b e l ie v e d  to  be 
m e d ia te d  by b o th  th e  c a te c h o la m in e s  and th e  endogenous o p i a t e  
n e u r o p e p t id e s .  The e f f e c t s  o f  e th a n o l ,  am phetam ine, m o rp h in e , 
c h lo r o d ia z ip o x id e ,  and p e n to b a r b i t a l  on ICSS can  be b lo ck e d  by i n 
j e c t i o n s  o f  t h e  o p i a t e  a n ta g o n i s t  n a lo x o n e .  The p r e s e n t  s tu d y  i n 
v e s t i g a t e d  i f  th e  a lp h a -2  a d r e n e r g ic  a g o n is t  c lo n id in e  w ould a l t e r  
m o rp h in e 's  e f f e c t  on ICSS r e s p o n s e  r a t e s .

N in e te e n  m ale a lb in o  S p rag u e-D aw ley  r a t s  w ere im p la n te d  w ith  
p a i r s  o f  s t i m u l a t i n g  e le c t r o d e s  aim ed a t  th e  m ed ia l f o r e b r a in  
b u n d le  (MFB), th e  lo c u s  c o e ru le u s  (L C ), K2 f i e l d s  o f  F o r e l  (F F ) , 
and th e  c ru  c e r e b r i  (CC). A f t e r  Ss d e m o n s tra te d  s t a b i l i z e d  r a t e s  
o f  l e v e r  p r e s s in g  f o r  i n t r a c r a n i a l  s t i m u l a t i o n ,  th e y  w ere a d m in is 
t e r e d  a s e r i e s  o f  d ru g  i n j e c t i o n s  w hich  c o n s i s t e d  o f  e i t h e r  .9  p e r 
c e n t  s a l i n e ,  c lo n i d i n e  NCL ( 0 .5 ,  . 1 ,  o r  .5  m pk), o r  m o rp h in e  s u l 
p h a te  ( 1 .2 5  mpk) a lo n e  o r  i n  c o m b in a tio n  w ith  c lo n i d i n e .  S u b je c t s  
r e c e iv e d  th e s e  d ru g s  u n d e r two ICSS c o n d i t i o n s .  I n  one c o n d i t i o n  
e l e c t r i c a l  s t i m u l a t i o n  was d e l i v e r e d  s o l e l y  to  one ICSS a r e a ,  w h ile  
i n  a seco n d  c o n d i t i o n  th e  s t i m u l a t i o n  was " s p l i t "  b e tw een  two ICSS 
s i t e s .

C lo n id in e  p ro d u ce d  a s y s te m a t i c  d e c re a s e  i n  ICSS r e s p o n s e  r a t e s  
i n  a n im a ls  w i th  LC and MFB e l e c t r o d e  p la c e m e n ts .  T h is  d ru g  a c te d  
l i k e  n a lo x o n e  in  t h a t  i t  b lo c k e d  th e  e f f e c t s  o f  m o rp h in e  on ICSS. 
C lo n id in e  a l s o  d e c re a s e d  ICSS r e s p o n s e  r a t e s  i n  th e  " s p l i t "  p u l s e  
c o n d i t i o n .  T h is  e f f e c t  was a g a in  o n ly  o b se rv e d  i n  t h o s e  a n im a ls  
w i th  LC and MFB p la c e m e n ts .  C lo n id in e  a l s o  b lo c k e d  th e  e f f e c t  o f  
m orp h in e  on ICSS in  th e  " s p l i t "  p u l s e  c o n d i t i o n ,  b u t  o n ly  when th e  
lo c u s  c o e ru le u s  and n o t  th e  m e d ia l  f o r e b r a in  b u n d le  was s t im p la te d  
f i r s t .  A nim als w i th  e l e c t r o d e s  l o c a l i z e d  in  th e  FF and CC showed 
no r e l i a b l e  e f f e c t  to  c lo n i d i n e  i n  e i t h e r  ICSS c o n d i t i o n .

The d a ta  from  th e  p r e s e n t  s tu d y  s u g g e s te d  a  n o r a d r e n e rg ic  m ed i
a t i o n  o f  m o rp h in e 's  e f f e c t s  on ICSS r e s p o n s e  r a t e s .  I t  f u r t h e r  
i n d i c a t e s  t h a t  th e  a d re n e r g ic  and n o r a d r e n e rg ic  sy s te m s  i n t e r a c t  
s y s t e m a t i c a l l y  w i th  th e  endogenous o p io d  n e u ro p e p t id e s .

215.8 MULTIPLE O PIO ID  MODULATION OF THE HYPOTHALAMIC- 
PITUTARY- ADRENOCORTICAL (HPA) A X IS: SUB-CHRONIC 
TOLERANCE STUDIES OF ENDOGENOUS O PIO ID  PEPTID ES. S . 
I y e n c r a r .  H .S .  Kim a n d  P .L .  W ood. N e u r o s c i e n c e  R e s e a r c h ,  
P h a r m a c e u t i c a l s  D i v . , C ib a - G e ig y  C o r p . , S u m m it, NJ 07901

We r e c e n t l y  sh o w e d  u s i n g  v a r i o u s  o p i a t e  a g o n i s t  
d r u g s  t h a t  t h e  HPA a x i s  i s  u n d e r  c e n t r a l  s t i m u l a t o r y  
c o n t r o l  o f  m u l t i p l e  o p i o i d  r e c e p t o r s  a n d  t h a t  k a p p a  
o p i o i d  a g o n i s t s  s t i m u l a t e  t h i s  s y s t e m  p o t e n t l y .  O p ia t e  
a n t a g o n i s t s ,  n a l o x o n e  a n d  WIN 4 4 4 4 1 - 3 ,  p o t e n t l y  i n h i 
b i t e d  t h i s  a x i s  i n  op i a t e - n a i v e  a n i m a l s  s u g g e s t i n g  a  
r o l e  o f  e n d o g e n o u s  o p i o i d  p e p t i d e s  o n  p la s m a  c o r t i c o s 
t e r o n e  r e l e a s e .  We now r e p o r t  f u r t h e r  s t u d i e s  w i t h  i c v  
a d m i n i s t r a t i o n  o f  e n d o g e n o u s  p e p t i d e s  i n  o p i a t e - n a i v e  
a n d  s u b - c h r o n i c  t o l e r a t e d  r a t s .  D y n o rp h in  (1 -1 3 )  
(DYN), B - e n d o r p h i n  (END) a n d  DADLE p o t e n t l y  r e l e a s e d  
c o r t i c o s t e r o n e  i n  a  d o s e - d e p e n d e n t ,  n a l o x o n e - r e v e r s i b l e  
m a n n e r .  END w as  t h e  m o s t  p o t e n t  a n d  e f f i c a c i o u s  o f  t h e  
p e p t i d e s ,  w h i l e  DYN a l s o  i n c r e a s e d  c o r t i c o s t e r o n e  p r o 
f o u n d l y .  T h e s e  p e p t i d e s  w e re  t h e n  i n j e c t e d  i n t o  
a n i m a l s  m ade s u b c h r o n i c a l l y  t o l e r a n t  t o  mu , d e l t a  an d  
k a p p a  a g o n i s t s ,  t o  c h a r a c t e r i z e  t h e i r  i n  v i v o  a c t i o n s  
o n  t h e  HPA a x i s .  T o l e r a n c e  w as  a c h i e v e d  b y  i n j e c t i n g  
e i t h e r  m o rp h in e  o r  t h e  k a p p a  a g o n i s t ,  U 50488H , e v e r y  12 
h o u r s  w i t h  1 0 ,1 5 , 2 3 , 3 4 , 5 5  a n d  71  m g /k g ,  i . p .  o f  e i t h e r  
d r u g  a n d  t r e a t e d  a c u t e l y  12 h o u r s  l a t e r .  M o rp h in e  t o l e 
r a n t  a n i m a l s  sh o w e d  t o l e r a n c e  t o  a c u t e  m o rp h in e  a n d  
U 50488H  t o l e r a n t  a n i m a l s  t o  a c u t e  U 50488H . T h e r e  w as no 
c r o s s  t o l e r a n c e  b e tw e e n  m o r p h in e  a n d  U 50488H , 
i n d i c a t i n g  t h a t  t h e  tw o  d r u g s  w e re  a c t i n g  a t  in d e p e n 
d e n t  r e c e p t o r s .  T h e  e f f e c t s  o f  DADLE a n d  DYN w e re  n o t  
i n h i b i t e d  i n  t h e  m o r p h in e  t o l e r a n t  r a t  w h i l e  t h o s e  o f  
END w e re  p a r t i a l l y  i n h i b i t e d .  I n  U 50488H  t o l e r a n t  r a t s  
END a n d  DADLE s t i l l  e l e v a t e d  c o r t i c o s t e r o n e  l e v e l s  
w h i l e  t h e  a c t i o n s  o f  DYN w e re  c o m p l e t e l y  i n h i b i t e d .  
T h e s e  d a t a  c o n f i r m e d  e n d o g e n o u s  k a p p a  o p i o i d  
s t i m u l a t i o n  o f  t h e  HPA a x i s  a t  a n  i n d e p e n d e n t  r e c e p t o r  
s i t e  a n d  t h a t  END h a d  e f f e c t s  b o t h  a t  a  mu o p i o i d  s i t e  
a s  w e l l  a s  p o s s i b l y  a  s e p a r a t e  s i t e .  T h e  e f f e c t  o f  
DADLE a l s o  se e m s  t o  b e  a t  a  s i t e  s e p a r a t e  f ro m  t h a t  o f  
m o r p h in e .  I n  e x p e r i m e n t s  w h e re  a n i m a l s  w e re  m ade t o l e 
r a n t  t o  b o t h  m o rp h in e  a n d  DADLE t h e  e f f e c t s  o f  b o th  
a c u t e  m o rp h in e  a n d  DADLE w e re  f u l l y  i n h i b i t e d ,  END w as 
p a r t i a l l y  i n h i b i t e d  a n d  DYN w as  n o t  i n h i b i t e d  a t  a l l .  
We t h u s  c o n f i r m  in d e p e n d e n t  m u, d e l t a  a n d  k a p p a  o p i o i d  
m o d u l a t i o n  o f  t h e  HPA a x i s .  B e s i d e s  h a v i n g  e f f e c t s  a t  
mu a n d  d e l t a  o p i o i d  s i t e s ,  t h e r e  m ay b e  END m o d u l a t i o n  
a t  a  u n i q u e l y  s e p a r a t e  " e p s i l o n "  o p i o i d  s i t e .
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215.9 OPIOIDS DO NOT MODULATE BASAL AND NOREPINEPHRINE-INDUCED RELEASE 
OF GnRH FROM RAT HYPOTHALAMIC CELL CULTURES. 
F. P e t r a g l ia ,  A.T.W. Lim and W.Vale (SPON: P .M .P lo tsk y ) . The 
C layton  F oundation  L a b o ra to r ie s  f o r  P ep tid e  B io logy , The S alk  
I n s t i t u t e ,  La J o l l a ,  CA 92037.

We have r e c e n tly  shown th a t  n o rep in ep h rin e  (NE) and a d e n y la te -  
eyclase-cAMP system  a re  invo lved  in  th e  r e le a s e  o f im m unoreactive 
( i r )  GnRH from c u l tu r e s  o f  r a t  hypothalam ic c e l l s .  In  v ivo  
ev idence su g g es t t h a t  endogenous o p io id  p e p tid e s  (EOP) e x e r t  an 
in h ib i to ry  a c t io n  on LH s e c r e t io n ,  and th a t  t h i s  e f f e c t  may be 
due by opposing th e  s tim u la to ry  a c t io n  o f NE on GnRH. However, 
i t  rem ains u n c le a r  w hether th e  EOP e x e r t  th e  n e g a tiv e  e f f e c t  
d i r e c t l y  o r  i n d i r e c t ly  on GnRH producing  neu ro n s . In  th e  p re s e n t 
study  we e v a lu a te d  th e  e f f e c t s  o f EOP and v a r io u s  o p ia te  re c e p to r  
a g o n is ts  and a n ta g o n is ts  on b a s a l and NE-induced ir-GnRH r e le a s e  
in  v i t r o . Prim ary c u l tu r e s  o f hypothalam ic c e l l s  w ere p repared  
from 2-3 days o ld  Sprague-Dawley r a t s .  Follow ing enzym atic d is 
p e rs io n , c e l l s  w ere resuspended  in  10% f e t a l  c a l f  serum en rich ed  
B-PJ medium and p la te d  a t  5×10° ce l l s / w e l l ,  f o r  te n  days. 
C u ltu re s  w ere p r e t r e a te d  24 h w ith  f o r s k o l in  (10- 6 M) and 
e s t r a d io l  (10-8  m) p r io r  th e  s t im u la t io n .  I r - G nRH re le a s e  was 
measured by doub le -an tib o d y  RIA (u s in g  an  N -te rm in a l d ir e c te d  
a n t is e ru m ) , in  m edia c o l le c te d  fo llo w in g  1 hour in c u b a tio n  w ith  
v a r io u s  s e c re tag o g u es . A cute s t im u la t io n  w ith  NE (from  10- 9 M to  
10- 5 M) and f o r s k o l in  (from  10-7 M to  10-4  M) c o n s is ta n t ly  
induced a d o s e - r e la te d  s e c r e t io n  o f i r  GnRH (from  10.5+2.3 to  
27 .7+ 3.9  p g /w e ll and from 9 .7+1.9 to  23 .7+ 3 .5  p g /w e ll, n=4 , 
m ean+ s.e .m ., r e s p e c t iv e ly ;  c o n tro l 6 .2+ 1 .5  p g /w e l l) .  The EOP 
(b e ta -e n d o rp h in , dynorphin  o r  m e t-e n k e p h a lin ) , th e  o p ia te  
r e c e p to r  a g o n is ts  (m orphine and FK33-284. on m u /epsilon  sub ty p es , 
o r  U-50,488H, on kappa su b ty p e s ) , o r  a n ta g o n is ts  (na loxone, on 
m u /ep s ilo n , Mr1452 BS, on kappa, o r  ICI 154 ,129 , on d e l ta ) ( f ro m  
10-9  M to  10-5 M) f a i l e d  to  modify bo th  th e  b a sa l s e c r e t io n  and 
th e  d o s e - re la te d  r e l e a s e  o f ir-GnRH induced by NE o r  f o r s k o lin .  
These r e s u l t s ,  showing th e  la c k  o f d i r e c t  e f f e c t  of EOP, o p ia te  
re c e p to r  a g o n is ts  o r  a n ta g o n is ts  on NE-induced ir-GnRH re le a s e  
from hypothalam ic neurons in  v i t r o , su g g es t t h a t  in  v ivo  EOP may 
a c t i n d i r e c t ly  on GnRH neu rons , p robab ly  through  s u p p re ss in g  th e  
a c t i v i t y  o f NE neu rons .

215.10  NOVEL FRAGMENTS OF PROENKEPHALIN A STIMULATE MOTILITY IN THE SMALL 
INTESTINE. T .P . D a v is ,  T . J .  G i l l e s p i e * ,  J .E .  S hook* , and T .F . 
B u rk s . D e p t . o f  P h arm aco lo g y , U n iv . o f  A r iz o n a , C o lle g e  o f  
M e d ic in e , T u cso n , AZ, 85724.

P e p t id e  E i s  a 25 amino a c id  o p io id  p e p t id e  d e r iv e d  from  
p ro e n k e p h a l in  A which c o n ta in s  m e t- e n k e p h a l in  (m e t-E ) a t  i t s  amino 
(N) te rm in u s  and l e u - e n k e p h a l in  ( le u - E )  a t  i t s  c a rb o x y l(C )  
t e r m in u s .  Based on i n  v i t r o  b in d in g  s t u d i e s ,  th e  N - te rm in a l  
t y r o s i n e  i s  v e ry  im p o r ta n t  in  o p i a t e  p e p t i d e - r e c e p to r  i n t e r a c t i o n s .  
P r e v io u s ly  we r e p o r t e d  t h a t  p e p t id e  E, and s e q u e n t i a l  f ra g m e n ts ,  
BAM-22P and BAM-12P in d u ce  n a lo x o n e  s e n s i t i v e  c h a n g es  i n  i n t e s t i n a l  
m o t i l i t y  ( H i rn in g ,  L .D .,  e t  a l . .  G a s t ro e n te r o lo g y  8 6 ;1 3 5 1 , 1 9 8 4 ). 
We now r e p o r t  t h a t  a new f ra g m en t w i th o u t  an N - te rm in a l  t y r o s in e  
shows p ro n o u n ced  o p io id  a c t i v i t y .  The p u rp o se  o f  th e s e  e x p e rim e n ts  
w ere ( 1 ) t o  d e te rm in e  i f  a s e l e c t i v e  d i f f e r e n c e  e x i s t s  in  o p io id  
a c t i v i t y  b e tw een  N- and C - te rm in a l  e x te n d e d ,  p r o c e s s in g  f ra g m en ts  
o f  p e p t id e  E and (2 )  to  t e s t  w h e th e r  th e  r e s p o n s e  n o te d  i s  d ep en d en t 
on th e  p r e s e n c e  o f  an N - te rm in a l  t y r o s i n e .  P e p t id e  E 1-18  c o n ta in s  
m et-E  a t  i t s  N -te rm in u s  and p e p t id e  E 2 -1 8  i s  th e  d e s -T y r  m e ta b o l i t e .  
P e p t id e  E 15-25  c o n ta in s  l e u -E  a t  i t s  C - te rm in u s  b u t  does n o t  c o n ta in  
an  N - te r m in a l  t y r o s i n e .  T h ese  f ra g m e n ts  w ere s y n th e s iz e d  in  o u r 
l a b o r a to r y  by s o l i d  p h ase  m e th o d o lo g y . P u r i f i c a t i o n ,  amino a c id  
a n a l y s i s ,  and f a s t  atom bom bardm ent/m ass s p e c t r o m e t ry  (FAB/MS) 
c o n f i r m a t io n  were c o m p le ted  p r io r  t o  t e s t i n g .  The e f f e c t s  o f  th e s e  
p e p t i d e s  on i n t e s t i n a l  m o t i l i t y  w ere exam ined  i n  i s o l a t e d ,  
v a s c u l a r l y  p e r fu s e d  segm ents o f  c a n in e  s m a ll  i n t e s t i n e  (D a v is , 
T . P . ,  e t   a l . ,  J .  P h a rm a c o l. Exp. T h e r . 22 7 : 4 99 , 1 9 8 3 ) . P e p t id e s  
w ere a d m in is te r e d  by i n t r a a r t e r i a l  b o lu s .  C o n t r a c t i l e  a c t i v i t y  
was m easu red  a s  i n c r e a s e s  in  i n t r a lu m in a l  p r e s s u r e  (mm Hg) above 
b a c k g ro u n d , and was r e c o rd e d  from  a l a t e x  b a l lo o n  s e c u re d  in  th e  
lu m en . P e p t id e  E 1 -18  ( 0 .1 - 5 0  nm ol) in d u c e d  i n t e s t i n a l  
c o n t r a c t i o n s  ra n g in g  from  16-56 mm Hg, w hich  w ere a n ta g o n iz e d  by 
n a lo x o n e .  P e r f u s io n  w ith  d e s -T y r  1 -1 8  d id  n o t  c a u se  an in c r e a s e  in  
s m a ll  i n t e s t i n e  m o t i l i t y  a t  any d o se  t e s t e d  ( 0 .1 - 5 0  n m o l) . 
P e r f u s io n  o f  p e p t id e  E 15-25  ( 0 .3 - 2 5  nm ol) c a u se d  a s i g n i f i c a n t  
i n c r e a s e  i n  c o n t r a c t i l e  a c t i v i t y  r a n g in g  from  6 to  28 mm Hg and was 
a n ta g o n iz e d  by n a lo x o n e . S in c e  p e p t id e  E 1 5 -2 5  d o es  n o t  c o n ta in  
m et-E  o r  an N - te rm in a l  t y r o s i n e ,  o p io id  a c t i v i t y  was c o n firm e d  u s in g  
th e  c l a s s i c a l  mouse vas  d e fe r e n s  (MVD) and g u in e a  p ig  ileu m  (GPI) 
a s s a y s .  The MVD-IC50 was 589 nM v e r s u s  1 0 ,0 0 0  nM i n  th e  GPI a s sa y  
( e f f e c t  was n a lo x o n e  r e v e r s i b l e )  y i e l d i n g  a 17 f o ld  d e l t a  
s e l e c t i v i t y  b a sed  on th e  GPI (mu) t o  MVD ( d e l t a )  r a t i o .  A lthough  
p e p t id e  E 1 5 -2 5  la c k s  ty r o s in e  and m et-E  a t  th e  N -te rm in u s  i t  does 
p o s s e s s  o p io id  a c t i v i t y  which i s  more d e l t a  r e c e p t o r  s e l e c t i v e .  
(S u p p o rte d  by NIH G ran t AM3628901 from  NIADDK.)

215.11 COUPLING OF THE SYNTHESIS AND RELEASE OF METHIONINE- 
ENKEPHALIN IN THE GUINEA PIG ENTERIC NERVOUS SYSTEM. 
A.R. G intz ler, WjC. Chan* and J . Glass*. D ept. of Biochemistry, 
SUNY H ealth Science C enter a t  Brooklyn, Brooklyn, NY 11203.

The in  v itro  release of methionine-enkephalin (m et-enkephalin) from 2 
longitudinal muscle myenteric plexus (LMMP) strips from guinea pig ileum 
has been obtained during continuous superfusion and quan tita ted  d irec tly  
using a radioimmunoassay specific for this opioid peptide. E lec trica l 
stim ulation (5-80 Hz) produced a significant increase in the  ra te  of 
release of m et-enkephalin the  magnitude of which was not dependent on 
the  frequency of stim ulation; re lease was inversely proportional to  the 
frequency of stim ulation. E lectrically  evoked release (40 Hz) of m et- 
enkephalin was reduced by g re a te r  than  80% by substitu ting  CoCl2 for 
CaCl2 o r by p retreatm en t with te trodo tox in  (TTx; 1 ug/ml for 15 min). 
Evoked release was also substan tially  reduced by pretreatm en t with 
morphine (1 uM, 3.0 min). A lternatively , pretreatm en t of naive LMMP 
strips with the  opia te  an tagonist ( - )  naloxone caused a  significant 
increase in th e  ra te  of m et-enkephalin release in th e  absence of e lec trica l 
stim ulation. In c o n tra s t, (+)-naloxone was devoid of any ac tiv ity . 
These d a ta , in combination with ind irec t pharm acological experiments, 
strongly  indicate  th a t m et-enkephalin functions as a neurotransm itter in 
th e  en teric  nervous system. M oreover, th e  ac tiv ity  of neurons th a t 
transm it via m et-enkephalin  appear to  be under tonic opioid regulation.

This laborato ry  recen tly  reported  th a t perturbations th a t increase 
th a t ra te  a t  which enkephalin is released from myenteric neurons also 
increase the con ten t of th is opioid peptide in th e  m yenteric plexus (Glass, 
e t  a l., Brain R es. in p ress). Thus, as has been dem onstrated for the 
conventional, small molecule neurotransm itters th e  synthesis and release 
of enkephalin appear to  be events th a t a re  close ly  coupled and 
coordinated with each o the r. (Supported by gran t DA 02893 to  A.R.G. 
from th e  N ational In s titu te  on Drugs of Abuse.
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216.1 MOSSBAUER MEASUREMENT OF MIDDLE EAR FUNCTION IN THE CHINCHILLA. 
M.A. Ruggero, J.A. Costalupes and N.C. Rich*. Dept. of Otolaryn
gology, Univ. of Minnesota, 2630 University Ave. S.E., 
Minneapolis, MN 55414.

The chinchilla basilar membrane (BM) response has been recorded 
at a s i te  3.5 mm from the round window as a function of the acous
t ic  pressure at the external auditory meatus [L. Robles et a l . , 
in: Peripheral Auditory Mechanisms, edited by J .  B. Allen et a l . , 
Springer Verlag, Berlin, 1986], In order to distinguish between 
cochlea-specific properties and properties of the middle ear i t  is 
necessary to determine the response of the ossicular chain as a 
function of the acoustic stimulus. In addition, i t  is  of interest 
to explore the effect of opening the bulla on middle ear function 
in order to relate primary afferent responses, which are usually 
recorded under closed-bulla conditions, with BM behavior, which 
must be studied with the bulla widely open. Therefore, we have 
applied the Mössbauer technique to the measurement of the vibra
tion of the malleus at i t s  attachment to the umbo of the tympanic 
membrane. Under open-bulla conditions, the malleus velocity re
sponse at a sound pressure level of 100 dB is relat ively invariant 
at -1-2 mm/sec for frequencies from 100 Hz to at leas t 8 kHz, thus 
approximating the velocity of a i r  particles (2.5 mm/sec). At 
frequencies lower than 100 Hz the malleus velocity response rolls  
off at a rate of about 8 dB/octave. Under closed-bulla conditions, 
approximated by venting the bulla by means of a 25-cm length of 
0.3-mm-inner-diameter tubing, the velocity response is similar to 
that for open bulla for frequencies above 500 Hz. As stimulus 
frequency is decreased below 500 Hz, however, the response rapidly 
diminishes so that at 200 Hz the closed-bulla response is smaller 
than the open-bulla vibration by some 15 dB. This 15-dB difference 
persis ts relatively unchanged for frequencies as low as 30 Hz. The 
malleus response phases for open- and closed-bulla conditions are 
similar below 100 Hz and above 2 kHz but d if fer  substantially in 
the intermediate frequency range. At the lowest stimulus frequen
cies (30-60 Hz) the malleus moves nearly in phase with rarefaction 
in the ear canal. As stimulus frequency is raised, the malleus 
response progressively lags a i r  rarefaction so tha t ,  at 8 kHz, i t  
lags by some 200 degrees, irrespective of whether the bulla is 
open or closed. At frequencies between 100 Hz and 2 kHz the open- 
bulla malleus response lags the closed-bulla response by as much 
as 90 degrees (at 700-800 Hz). Comparison of the response phases 
of the malleus with those of the BM reveals different behavior at 
frequencies below and above 125 Hz. At frequencies 100 Hz and 
below, the BM response is uniformly out-of-phase (180 degrees) 
with the malleus; at frequencies between 150 Hz and 1 kHz the BM 
leads the malleus by a constant amount of about 90 degrees ( i . e . ,  
i t  is in phase with malleus velocity).

(Supported by NSF Grant BNS-8304587 and NINCDS Grant NS-12125).

216.2 MECHANICAL RELAXATION OF THE HAIR BUNDLE CORRELATES WITH ADAPTA
TION IN THE MECHANOELECTRICAL TRANSDUCTION PROCESS OF A HAIR 
CELL. J . Howard* and A. J . H udspeth. Department of Physio logy , 
U n iv e rs ity  of C a l if o rn ia ,  San F ran c isc o , CA 94143-0444.

H air c e l l s  in  the  b u l l f r o g ’s saccu lu s  can d e te c t o s c i l l a to r y  
a c c e le r a t io n s  as  sm all as  100 μm /s2 in  th e  frequency  band 50-250 
Hz, w hile  la rg e ly  r e je c t in g  a s t a t i c  g r a v i ta t io n a l  in pu t 10s tim es 
as  la rg e .  This d i f f e r e n t i a l  s e n s i t i v i t y  comes about th rough the 
a c t i v i t y  of an a d a p ta tio n  mechanism th a t c o n tin u o u s ly  r e s e t s  the 
s e n s i t iv e  range of th e  h a i r  bundle to  accord  w ith  th e  p o s i t io n  in  
which the  bundle i s  he ld  by to n ic  s t im u la t io n  (R. A. Eatock e t  
a l .  , Soc. N eurosc i. A b s tr . 5: 19, 1979).

To t e s t  the  p o s s i b i l i t y  th a t a d a p ta tio n  ensues from m echanical 
rearrangem ents in  th e  h a i r  bundle , we made measurements of the 
b u n d le ’s m echanical p ro p e r t ie s  w ith  s u f f ic i e n t  tem poral re s o lu t io n  
to  d e te c t t r a n s i e n t  changes in  s t i f f n e s s .  In  each experim en t, a 
s in g le  h a i r  bundle in  the  is o la te d  sa c c u la r  ep ith e liu m  was de
f le c te d  w ith  th e  t i p  of a  f le x ib le  g la s s  f ib e r  rough ly  250 nm in  
d iam eter and 80 μm in  le n g th . The h o r iz o n ta l  m otion of the f i b e r ’s 
t i p  was m onitored  by p ro je c tin g  i t s  image onto  a dual photodiode; 
the  roo t-m ean -square  background n o ise  in  the  5-1000 Hz frequency 
band was 300 pm.

The s te a d y - s ta te  s t i f f n e s s  of the  b u l l f r o g ’s h a i r  bundle i s  ap 
p rox im ate ly  600 μN/m. The s t i f f n e s s  i s  tim e-dependen t: a fo rce  
s tim u lu s  produces an immediate d isp lacem ent rough ly  70% of the 
s te a d y - s ta te  v a lu e , to  w hich the  d isp lacem ent then  re la x e s  w ith  a 
tim e co n s ta n t of 11 to  77 ms. The h a i r  bund le , in  o th e r  w ords, i s  
i n i t i a l l y  about 50% s t i f f e r  than  i t  becomes in  th e  s tea d y  s t a t e .  
This r e la x a t io n  occu rs  on ly  along  th e  b u n d le 's  a x is  of m orphologi
c a l symmetry; o rthogona l s t im u li  e l i c i t  n e g l ig ib le  r e la x a t io n .

The r a t e  of m echanical r e la x a t io n  of the h a i r  bundle c o r r e la te s  
w ell w ith  the r a t e  of a d a p ta tio n  in  the  same c e l l ’s m echanoelectr- 
i c a l  tra n sd u c tio n  p ro c e ss . Whether measured d i r e c t l y  in  
tw o -e le c tro d e  v o ltage-c lam p  experim en ts or in fe r re d  from s in g le 
e le c tro d e  v o lta g e  re c o rd in g s , th e  tra n sd u c tio n  c u r re n t decays from 
i t s  value s h o r t ly  a f t e r  the o n se t of a s tim u lu s  w ith  a tim e con
s ta n t  s im i la r  to  th a t of th e  b u n d le ’s m echanical r e la x a t io n .

Because the s t i f f n e s s  of th e  h a i r  bundle i s  c o r re la te d  in  
o r ie n ta t io n  and tim e cou rse  w ith  the  tra n sd u c tio n  c u r re n t ,  i t  i s  
l i k e ly  th a t  r e la x a t io n  of the bundle i s  a s s o c ia te d ,  perhaps 
c a u s a l ly , w ith  a d a p ta tio n  of th e  m e ch an o e lec tr ica l t r a n sd u c tio n  
p ro c e ss . More s p e c i f i c a l ly ,  th e  p o la r i ty  of the  m echanical r e la x a 
t io n  i s  c o n s is te n t  w ith  the  id ea  th a t  a d a p ta tio n  to  a p o s i t iv e  
s tim u lu s  r e s u l t s  from a re d u c tio n  in  the te n s io n  in  an e l a s t i c  
elem ent th a t g a te s  the  t ra n sd u c tio n  channel.

This re se a rc h  was suppo rted  by g ra n t NS20429 from the N ationa l 
I n s t i t u t e s  of H ealth  and by th e  System Development F oundation .

216.3 THE VOLTAGE DEPENDENCE OF HAIR-CELL TRANSDUCTION. T . H olton  and 
A. J . H udspeth . D epartm ent of P hysio logy , U n iv e rs ity  of C a l i f o r 
n ia  School of M edicine, San F ran c isc o , CA 94143-0444.

Recent th e o r e t i c a l  (W eiss, T. F . ,  H earing Res.,  7 :353 , 1982) 
and expe rim en ta l (C raw ford, A. C. and F e t t ip la c e ,  R .,J . P h y s io l .,  
364:359, 1985) r e s u l t s  suggest th a t  th e re  i s  a r e c ip ro c a l  coup ling  
between the re c e p to r  p o te n t ia l  g en e ra ted  in  a h a i r  c e l l  and the 
fo rce  on th e  c e l l ’ s h a i r  bund le , im plying th e  e x is te n c e  of a v o l
tage-dependen t fo rc e -g e n e ra tin g  mechanism in  th e  c e l l .  We have 
te s te d  th e  p o s s ib l i t y  th a t  th e  t r a n sd u c tio n  ch an n e l, w hich i s  
ga ted  by m echanical s tim u lu s , i t s e l f  shows v o ltag e  s e n s i t i v i t y .

Using th e  w h o le -c e ll vo ltage-c lam p  te ch n iq u e , we p re v io u s ly  
measured the re c e p to r  c u r re n t evoked from s in g le  h a i r  c e l l s  in  the 
b u l l f ro g  saccu lu s  by s tim u la t in g  th e i r  h a i r  bundles (H olton , T. 
and H udspeth, A. J . ,  J . Phys i o l . , in  p r e s s ) .  These r e s u l t s  show 
th a t  th e  r e l a t i o n  between th e  e q u ilib r iu m  re c e p to r - c u r r e n t  am p li
tude ( I )  and h a ir -b u n d le  d isp lacem en t ( x )  a t  a  membrane p o te n t ia l  
( VN) of -73 mV i s  w e ll f i t  by th e  fu n c tio n :

I ( x )  = Nr (VN-VREV)p MAX/ [ 1+e(G -zx)/R T ] ,
where N i s  th e  number of tra n sd u c tio n  channels per c e l l ,  r  i s  the  
s in g le -c h a n n e l conductance , VREV i s  th e  re v e r s a l  p o te n t ia l  of the 
tra n sd u c tio n  c u r re n t ,  pMAX i s  th e  maximum p ro b a b i l i ty  of a 
c h a n n e l’ s being  open, and G and Z a re  r e s p e c t iv e ly  th e  d is p la c e 
m ent-independen t and -dependent f r e e  e n e rg ie s  of g a tin g  th e  chan
n e l .  E nsem ble-variance a n a ly s is  of the  r e c e p to r -c u r re n t  f lu c tu a 
t io n s  shows th a t  N  can be a s  la rg e  as  280, r  i s  abou t 13 pS a t  
10°C, and pMAX i s  app ro x im ate ly  one. The re v e r s a l  p o te n t ia l  (VREV) 
i s  nea r 0 mV, c o n s is te n t  w ith  th e  view th a t  th e  channel i s  a  r e l a 
t i v e ly  n o n -s e le c t iv e  aqueous p o re .

We have now employed s im i la r  te ch n iq u es  to  examine th e  e q u i l i 
brium dependence of I  upon VN . When reco rded  w ith  e x te rn a l and 
in t e r n a l  s o lu t io n s  of s im i la r  c o n d u c tiv i ty , th e  r e l a t i o n  between 
re c e p to r -c u r re n t  m agnitude and VN i s  e s s e n t i a l l y  l in e a r  fo r va lues  
of p o te n t ia l  rang ing  from -90 to  +40 mV. A n a ly s is  of 
r e c e p to r -c u r re n t  f lu c tu a t io n s  recorded  a t  v a rio u s  va lues  of VN 
shows th a t  N , r , and p MAX a re  n o t v o ltag e -d ep e n d en t. F i t s  o f th e  
fu n c t io n  I ( x )  to  r e c e p to r - c u r r e n t  d a ta  in d ic a te  th a t  G and Z a re  
a l s o  e s s e n t i a l l y  independen t of VN.

This re s e a rc h  was su ppo rted  by N a tio n a l I n s t i t u t e s  of H ealth  
g ra n ts  NS-22536 and NS-20429 and by th e  System Development Founda
t io n .

216.4  CORRELATION BETWEEN THE KINETIC PROPERTIES OF ION CHANNELS AND THE 
FREQUENCY OF MEMBRANE-POTENTIAL RESONANCE IN HAIR CELLS OF THE 
BULLFROG. W. M. R o b e r ts ,  L . R o b les*  and A. J .  H u d s p e th . D e p a r t 
m ent o f  P h y s io lo g y ,  U n iv e r s i ty  o f  C a l i f o r n i a  S c h o o l o f  M e d ic in e , 
San F r a n c i s c o ,  CA 9 4 1 4 3 -0 4 4 4 .

H a ir  c e l l s  o f  b u l l f r o g  a u d i to r y  and  v e s t i b u l a r  o rg a n s  e x h ib i t  
an  e l e c t r i c a l  re s o n a n c e  t h a t  c o n t r i b u t e s  to  t h e i r  f re q u e n c y  s e l e c 
t i v i t y .  T h is  re s o n a n c e  p e r s i s t s  i n  e n z y m a t ic a l ly  i s o l a t e d  c e l l s .
I t  a r i s e s  from  th e  i n t e r a c t i o n  b e tw een  a  v o l ta g e - g a t e d  c a lc iu m  
c u r r e n t  and a  c a lc iu m - a c t iv a t e d  p o ta s s iu m  (KCa) c u r r e n t  (L ew is and 
H u d sp e th , N a tu r e , 3 0 4 :5 3 8 , 1 9 8 3 ) . I n  o r d e r  to  i n v e s t i g a t e  how 
d i f f e r e n t  c e l l s  a r e  tu n e d  to  s t i m u l i  o f  d i f f e r e n t  f r e q u e n c ie s ,  we 
h av e  com pared k i n e t i c  p a ra m e te r s  o f  c u r r e n t s  i n  h a i r  c e l l s  from  
th e  s a c c u lu s ,  w h ich  re sp o n d  to  low  f re q u e n c y  s u b s t r a t e  v i b r a t i o n s ,  
to  th o s e  i n  th e  am p h ib ian  p a p i l l a ,  w h ich  re sp o n d  to  h ig h e r  f r e 
quency  a u d i t o r y  s t i m u l i .

W h o le -c e l l  r e c o r d in g s  w ere  o b ta in e d  from  c e l l s  i s o l a t e d  from  
Rana c a te s b e ia n a  by p a p a in  d i g e s t i o n .  E l e c t r o d e s  w ere  f i l l e d  w i th  
152 mM K+ , 77 uM Ca2+ , 2 .2 7  mM Mg2+ , 60 mM SO42 - , 10 mM Cl - , 
1 mM ATP, 10 mM EGTA and 10 mM HEPES. A l l  r e c o r d in g s  w ere  made 
i n  th e  p r e s e n c e  o f  10 mM e x t r a c e l l u l a r  4 -a m in o p y r id in e  to  b lo c k  
t r a n s i e n t  K+ c u r r e n t s .  Ca2+ c u r r e n t s  and KCa c u r r e n t s  w ere  s e p a r 
a te d  by s u b t r a c t i o n  o f  v o l ta g e -c la m p  r e c o r d s  o b ta in e d  b e fo r e  and 
a f t e r  a d d i t i o n  o f  10 mM te trae th y la m m o n iu m  to  t h e  b a th .

C e l l s  from  b o th  o rg a n s  d i s p la y e d  damped m e m b ra n e -p o te n t ia l  
o s c i l l a t i o n s  a t  th e  o n s e t  o f  d e p o la r iz i n g  c u r r e n t  s t e p s .  P a p i l l a r y  
c e l l s  o s c i l l a t e d  a t  h ig h e r  f r e q u e n c ie s  th a n  s a c c u l a r  c e l l s  and 
d i s p la y e d  a  w id e r  ra n g e  o f  r e s o n a n t  f r e q u e n c ie s .  Ca2+ c h a n n e ls  
had th e  same c u r r e n t - v o l t a g e  r e l a t i o n  in  a l l  c e l l s  s t u d i e d ,  b u t  
th e y  a c t i v a t e d  m ore r a p i d l y  i n  p a p i l l a r y  th a n  s a c c u l a r  c e l l s  a t  
a l l  p o t e n t i a l s .  E v id e n t ly ,  Ca2+ c h a n n e ls  i n  c e l l s  from  th e  two 
o rg a n s  d i f f e r .  KCa c u r r e n t s  l ik e w i s e  a c t i v a t e d  m ore r a p i d l y  in  
p a p i l l a r y  th a n  s a c c u l a r  c e l l s ,  and  a l s o  showed a  f a s t e r  d e c l in e  
o f  t a i l  c u r r e n t s .  T h ese  d i f f e r e n c e s  c o u ld  r e f l e c t  d i f f e r e n c e s  
i n  t h e  KCa c h a n n e ls  th e m s e lv e s ,  o r  i n  t h e  k i n e t i c s  o f  i n t r a c e l u l a r  
Ca2+ m ovem ent. S e v e ra l  f a c t o r s  a r e  t h e r e f o r e  in v o lv e d  i n  d e t e r 
m in in g  a  c e l l ' s  r e s o n a n t  f re q u e n c y .  T hese  r e s u l t s  a r e  c o n s i s t e n t  
w i th  th e  p r e d i c t i o n s  o f  a  m odel t h a t  i n c o r p o r a t e s  c h a n n e l  k i n e t i c s ,  
Ca2+ b u f f e r in g  and c e l l  c a p a c i ta n c e .

S u p p o rte d  by  NIH NS22389 and NS07904.
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216.5 ULTRASTRUCTURAL OBSERVATIONS OF A PREVIOUSLY UNIDENTIFIED SPECIFIC 
SURFACE COAT ON COCHLEAR HAIR CELLS. P.A. Santi, C.B. Anderson*, 
and B.N. Lakhani*. Dept. of Otolaryngol ogy, Univ. of Minnesota 
Med. School, Minneapolis, MN 55455.

The anatomy of hair cell ste reo c ilia  has recently received 
considerable attention due to physiological evidence which 
suggests that the s te reo c ilia  are the primary s i te  of auditory 
transduction. Recent anatomical studies have shown that the 
ste reo c ilia  consists of a core of actin filaments. While sparse, 
discrete strands of extracel l ular material have been observed on 
th e ir plasmalemma, l i t t l e  or no surface coat has been observed 
using conventional transmission electron microscope (TEM) methods. 
Unfortunately, complex carbohydrates such as those associated with 
the glycoconjugates (e .g ., glycoproteins, glycolipids and proteo
glycans) are poorly preserved and stained by routine TEM methods. 
In other tissu es, i t  has been shown that these carbohydrates, 
which have a strongly anionic character, can be simultaneously 
s tab ilized , fixed and stained i f  the primary fixative contains a 
cationic agent. In order to determine whether a significant 
surface coat exists on cochlear c e lls , we fixed normal chinchilla 
cochleas with a mixture of glutaraldehyde and the cationic dye 
Alcian Blue (AB). AB consistently stained the tec to ria l membrane, 
the outer hair cell (OHC) apical plasmalemma, and a portion of the 
basilar membrane. The most strik ing  finding was that of a surface 
coat on the endolymphatic surface of the OHCs. This coating was 
approximately. 90 nm in thickness, homogeneous and occurred on the 
apical plasmalemma of the OHCs and along the length of the stereo
c i l ia .  A sim ilar surface coat occurred on the inner hair ce lls  
(IHCs) in the middle and apical portions of the cochlea. No 
surface coat appeared on adjacent supporting c e lls . In some 
cochleas a prominent band of ace llu lar, AB stained material 
separated the pillar/OHC region from the IHC/internal sulcus 
region of the organ of C orti. Preliminary observations of th is 
band of material suggest a flu id  separation (by the lack of AB 
staining) in the subtectorial space between the IHCs and OHCs in 
the basal turn of the cochlea. We cannot yet identify the type of 
glycoconjugate which constitu tes the surface coat. However, pre
vious biochemical studies have revealed a sign ifican t quantity of 
sulfated proteoglycans in cochlear tissu es . Several functions may 
be served by the glycoconjugates in cochlear tissu es . In other 
tissu es, these molecules provide mechanical functions and have 
been linked to ac tin . They also sequester cations and influence 
the chemical environment surrounding c e lls . Now that a specific 
surface coat has been identified  on cochlear hair c e lls , i t s  
possible role in sensory cell transduction, ototoxicity  and sound- 
induced hearing dysfunction may be investigated.

(Supported by NINCDS Grants NS16799 and NS12125.)

216.6 AXON MORPHOLOGY OF TYPE I I  SPIRAL GANGLION CELLS IN CATS. 
D.K. Ryugo, L.W. Dodds* and N .Y.S. K lang. D ep t. o f  Anatomy and 
C e l lu la r  B io logy , H arvard Med. Schoo l, B oston, MA 02115, and 
Eaton-Peabody L a b ., Mass. Eye & Ear In f irm a ry , B oston, MA 02114.

The coch lea  o f c a ts  c o n ta in s  two types  o f re c e p to r  c e l l s  and 
two ty p es  o f s p i r a l  gan g lio n  neu rons . The la rg e ,  u s u a lly  b ip o la r  
( ty p e  I )  g a n g lio n  c e l l s  c o n ta c t in n e r  h a i r  c e l l s  (IHCs) and th e  
sm a ll, u s u a lly  pseudomonopolar ( ty p e  I I )  gan g lio n  c e l l s  c o n ta c t 
o u te r  h a i r  c e l l s  (OHCs, Kiang e t  a l . ,  S c ie n ce , 217:175, 1982). 
These o b s e rv a tio n s  e s ta b l i s h  th a t  th e  two h a i r  c e l l  system s have 
s e p a ra te  a f f e r e n t  pathw ays. Most o f our ana tom ica l and 
p h y s io lo g ic a l knowledge o f a u d ito ry  nerve f ib e r s  a re  of type I  
neu ro n s .

In  th e  p re s e n t s tu d y , e x t r a c e l lu la r  in j e c t io n s  o f h o rs e ra d is h  
p ero x id ase  (HRP) in to  th e  a u d ito ry  nerve  (2-36  h r  s u rv iv a l )  
la b e l l e d  th ic k  (2 -4  urn), th in  (~ 0 .3  um), and very  th in  (~ 0 .1  um) 
f i b e r s .  A lthough la b e l le d  f ib e r s  cou ld  be tra c e d  bo th  c e n tr a l l y  
and p e r ip h e ra l ly ,  no la b e l le d  f ib e r  cou ld  be tra c e d  th rough th e  
in j e c t io n  s i t e .  T hick f ib e r s  were shown to  a r i s e  from type  I  
neu rons . Very th in  f ib e r s  b ranched , had fre q u e n t v a r i c o s i t i e s ,  
and were assumed to  be o f autonomic o r ig in .  Thin f ib e r s  (n=40) 
were re c o n s tru c te d  p e r ip h e ra l ly  th rough  s e r i a l  s e c t io n s  o f th e  
nerve  and found to  be r e l a t i v e ly  uniform  in  d ia m e te r, unbranched, 
and alm ost always w ith o u t v a r i c o s i t i e s .  These th in  f ib e r s  a l l  
a ro se  from c e l l  bod ies  th a t  were ty p i c a l  of type I I  neu rons; th a t  
i s ,  th e  c e l l  bod ies  were sm all in  s iz e  and pseudomonopolar in  
shape . Some (n=9) were even tra c e d  out to  t h e i r  te rm in a tio n s  
under OHCs. These o b se rv a tio n s  im ply th a t  th e  th in ,  unbranched 
f ib e r s  o f th e  a u d ito ry  nerve  a re  th e  axons o f type  I I  gan g lio n  
c e l l s .

C e n tra l  to  th e  I n je c t io n  s i t e ,  th in  f ib e r s  were tra c e d  th rough 
th e  nerve  and in to  th e  co c h le a r  nucleus  (n=18 ). Two th in  f ib e r s  
examined w ith  th e  e le c tro n  m icroscope were found to  be 
unm yelina ted . Thin f ib e r s  branched upon e n te r in g  th e  c o c h le a r  
n u c leu s  b u t th e  degree of b ranch ing  v a r ie d  g r e a t ly .  The HRP 
re a c t io n  p ro d u c t d id  n o t s t a i n  th e se  f ib e r s  beyond 2 mm in to  th e  
n u c le u s , so d a ta  a re  a v a i la b le  only  f o r  th e  reg io n  su rround ing  
th e  nerve  r o o t .  C o l la te r a ls  were n e a rly  always th in n e r  in  
d ia m ete r than  th e  p a re n t f i b e r  and cou ld  be long o r  s h o r t ,  
b ranched o r unbranched. D arkly s ta in e d  b ranches te rm in a ted  w ith  
a sw e llin g  a t  th e  t i p .  En p a s s a n t and te rm in a l sw e llin g s  were 
m ostly  found in  n e u ro p i l .  In  t h i s  reg io n  of th e  co c h le a r  
n u c le u s , n e a r ly  h a l f  of th e  th in  f ib e r s  were a s s o c ia te d  w ith  
c a p i l l a r i e s .  The p o s s i b i l i t y  th a t  type  I I  neurons can in f lu e n c e  
blood v e s s e ls  makes i t  e s s e n t i a l  to  e s ta b l i s h  th e  v a l id i t y  o f 
th e se  p re l im in a ry  o b s e rv a t io n s .

S upported by NIH g ra n t NS 13126.

216.7 ONTOGENY OF SINGLE UNIT RESPONSES IN THE AUDITORY NERVE OF THE 
MONGOLIAN GERBIL: NORMAL DEVELOPMENT. N igel K . Woolf and A lle n  
F. Ryan*. D iv is io n  o f O to la ryngo logy . Departm ent of S urgery . 
UCSD M edical School. San D iego. CA 92093. and V eterans Adminis
t r a t i o n  M edical C en te r. La J o l l a .  CA 92161.

S in g le  a u d ito ry  nerve  f ib e r s  o f m ongolian g e r b i ls  (M erio n es  
u n g u ic u la tu s ) were reco rd ed  a t  p o s tn a ta l  ages 10, 12 , 14 , 16 , 18 , 
30 and 90 days a f t e r  b i r t h  (DAB). This range of ages in c lu d e s  
th e  o n se t of n e o n a ta l h ea rin g  th rough  achievem ent of m ature a u d i
to ry  system  c h a r a c t e r i s t i c s .

At 10 DAB none of th e  VI I I th  n erve  f ib e r s  encoun tered  were 
re sp o n s iv e  to  a u d ito ry  s t im u l i .  At 12 DAB on ly  a sm all percen 
tag e  of th e  neurons i s o la te d  were r e s p o n s iv e . For s u b je c ts  14 
DAB, o r o ld e r ,  th e  g re a t  m a jo r ity  o f neurons were re sp o n s iv e  to  
a c o u s t ic  s t im u la t io n .  Based upon d a ta  taken  from re sp o n s iv e  neu
ro n s . i t  was ev id en t th a t  w ith  in c re a s in g  age : f i r s t ,  n e u ra l
th re sh o ld s  r a p id ly  and m ono to n ica lly  d ec re a sed ; second , th e  
a b s o lu te  frequency  range of th e  n e u ra l c h a r a c t e r i s t i c  frequency  
v a lu es  in c re a s e d ; and t h i r d ,  mean spontaneous d isc h a rg e  r a t e  
in c re a s e d . Most of th e  n e u ra l p aram ete rs  examined ach ieved  a d u l t  
c h a r a c te r i s t i c s  by 18 DAB.

In  c o n t r a s t  w ith  th e  r e s u l t s  of p rev io u s  s in g le  u n i t  s tu d ie s  
o f th e  e a r l y  developm ent of a u d ito ry  fu n c t io n  in  o th e r  mammals 
and b i r d s ,  g e r b i l  a u d ito ry  nerv e  f ib e r s  w ere found to  have su s
ta in e d  re sp o n ses  to  long d u ra t io n ,  g a ted  to n e  b u r s t s ,  th roughou t 
th e  s tim u lu s  p e r io d . No ev idence  of "p h a s ic " o r  " b u rs t in g " tem
p o ra l p a t te r n s  w ith in  th e  PST h is to g ram s were observ ed . Even a t  
12 DAB, th e  e a r l i e s t  age a t  which re sp o n s iv e  a u d ito ry  nerve  
f ib e r s  were i s o la te d ,  u n i t s  d id  n o t e x h ib i t  s ig n s  o f h a b i tu a t io n  
o r in t e r m i t te n t  re sp o n s iv en ess  d u rin g  500 msec to n e  b u r s t s .

R egard less o f age . a l l  o f th e  a u d ito ry  nerve  f ib e r s  reco rded  
e x h ib ite d  p r im a ry - lik e  p o s t-s tim u lu s - tim e  (PST) h is to g ra m s. 
However, w h ile  PST h is tog ram s f o r  m ature s u b je c ts  e x h ib ite d  w e ll 
d e f in ed  o n se t p eak s, th e  g r e a t  m a jo r ity  of PSTs fo r  neona tes  d id  
n o t .  This r e f l e c te d  g r e a te r  v a r i a b i l i t y  in  i n i t i a l  sp ik e  la te n c y  
and a le s s  pronounced i n i t i a l  r a t e  of f i r i n g  f o r  n eo n a ta l 
resp o n ses  th a n  w ere c h a r a c t e r i s t i c  o f m ature s u b je c t re sp o n se s .

The m a tu ra tio n  o f VI I I th  n erv e  f i b e r  d isc h a rg e  p a t te rn s  i s  
w e ll c o r r e la te d  w ith  our p rev io u s  r e p o r t s  on th e  ontogeny o f th e  
endococh lear p o t e n t i a l ,  co c h le a r  m icro p h o n ic s. N1 compound a c t io n  
p o te n t i a l s ,  a u d ito ry  b ra in s tem  resp o n ses  and v e n t r a l  c o c h lea r 
nucleus s in g le  u n i t  re sp o n ses  in  t h i s  s p e c ie s .

Supported by G rant NS14945 from th e  NIH/NINCDS and th e  
R esearch  S erv ic e  of th e  V ete rans A d m in is tra tio n .

216.8 A DUAL EFFERENT GABAERGIC PROJECTION TO THE RAT COCHLEA.
D.E. Vetter, J.C. Adams, and E. Mugnaini. Lab. of Neuromorphology, 
Univ. of Connecticut, S torrs, CT 06268 and ENT Dept., Medical 
University of South Carolina, Charleston, SC 29425.

Recently, i t  has been shown that the efferent olivo-cochlear 
system is not homogeneous and contains both cholinergic and GABA- 
ergic components. GABAergic terminals have been observed immuno- 
cytochemically in the guinea pig inner spiral bundle and in 
re lation  to outer hair ce lls  (Fex e t a l . ,  1984, 1986). Also, uptake 
of exogenous tr i t ia te d  GABA has been demonstrated in the organ of 
Corti by several authors. Using single and double labeling 
procedures, we have analyzed the peripheral cochlear GABAergic 
projection and the origin of such fibers in adult ra ts .

GABAergic boutons and cell bodies were detected immunocytochem- 
ica lly  using a sheep antiserum to glutamic acid decarboxylase (GAD) 
(Oertel e t a l . ,  1981). In order to identify  efferent GABAergic 
projection neurons, the round and oval windows were u n ila tera lly  
exposed and opened. The cochlea was then perfused with 5-15 μ l  of 
10% WGA-HRP through the round window, afte r which both windows were 
sealed. The animals were transcard ially  perfused 48 hrs la te r with 
a zinc-aldehyde fix a tiv e , pH 6.5. Serial frozen sections of the 
acoustic brainstem were cut and reacted for the presence of re tro - 
gradely transported HRP using either cobalt-nickel intensified DAB 
or 4-chloro-1-naphthol as the chromogen. The sections were then 
processed for immunolocalization of GAD with DAB as the chromogen.

Double labeled neurons, with HRP positive (dark) granula in a 
GAD positive (diffuse brown) cytoplasm, were observed in the 
la te ra l superior olive (LSO) ip sila te ra l to the injection and in 
the ventral nucleus of the trapezoid body (VNTB) b ila te ra lly . 
Non-GABAergic ce lls  that were labeled by HRP granula alone and 
possibly representing cholinergic efferent neurons, were present 
ip s ila te ra lly  in LSO and VNTB, and b ila te ra lly  in a region of the 
olivary complex medial to MSO and in the trapezoid body. More of 
these HRP labeled neurons were present ip s ila te ra lly  than contra
la te ra l ly.

GAD immunoreactive terminals were located in the organ of Corti 
of untreated animals. The GABAergic boutons were localized at the 
base of the inner hair ce lls  and a t the level of the nucleus of the 
outer hair c e lls . Cholinergic boutons, as seen by immunostaining 
with an ti-calciton in  gene-related peptide (CGRP), represent a 
separate population of efferent boutons.

Thus, these studies demonstrate that in ra t the efferent 
cochlear bundle is not homogeneous. Moreover, GABAergic boutons 
(presumably inhibitory) are associated with both inner and outer 
hair ce lls  and derive from at least two major pools of GABAergic 
neurons. Preliminary comparative studies suggest that a dual 
GABAergic efferent cochlear system is present also in gerbil, 
guinea pig, and cat. [Supported by PHS grants NS9904 and NS21307.]
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216.9 ORIGINS OF INPUTS TO CHOLINERGIC LATERAL OLIVOCOCHLEAR 
SYSTEM. J.C . Adams. D ept. of O tolaryngology and Com m unicative 
Sciences, Med. Univ. of S.C., C harleston, SC 29425.

GABAergic e ffe ren t term inals in the cochlea (as shown by 
im munostaining against g lu tam ate decarboxylase (GAD)) form a 
population of te rm inals separa te  from cholinergic term inals and both have 
the ir origins in the superior olivary complex (V etter e t  al., th is meeting). 
In c a t the  locations of the cholinergic olivocochlear neurons th a t a re  
origins of term inals beneath  inner hair cells a re  sufficiently  d istinct from 
those of GABAergic neurons to  perm it observations on the neuropil 
surrounding many of the cholinergic cells. A high concentration  of these 
cells is consistently  found along the la te ra l border of the dorsal hilus of 
the la te ra l superior olive. These cells have been recognized by a  number 
of investigators using acety lcho linesterase, an ti-cho lineacety ltransferase, 
anti-enkephalins, and an ti-calciton in  gene-re lated  peptide (CGRP). This 
investigation describes possible inputs to  these cells by visualizing 
term inal plexuses th a t surround them . A plexus along the la te ra l border 
of the hilus is seen with cholinesterase stains and w ith an tisera  to  
enkephalins and CGRP. A sim ilar plexus is dem onstrated  by all th ree  
m ethods. It is possible th a t the plexus, a t  le as t in part, consists of 
recu rre n t co llaterals  of axons th a t p ro ject to  the cochlea. One or perhaps 
severa l o ther plexuses a t  the sam e location  can be visualized with 
an tisera  to  GAD, substance P, and neuropeptide Y. The source(s) of these 
fibers can a t  presen t only be inferred  from the  locations of ce ll bodies 
th a t a re  stained  with the an tisera. If it is assumed th a t the fibers arise 
from  auditory s tructu res  then  the possible sources becom es quite lim ited  
for the case of the peptides. To date  cell bodies th a t a re  immunostained 
against substance P and neuropeptide Y have been located  only in the  
ex ternal portions of the inferior colliculus. GAD im m unostained cells are 
also found th e re , so it is possible th a t an tisera  to  substance P, 
neuropeptide Y and GAD are  staining one term inal plexus. There are  
many other possible origins of the  GAD im m unostained fibers, however, 
including co llaterals  of GABAergic olivocochlear cells. The present 
results suggest th a t cholinergic la te ra l olivocochlear cells have complex 
innervation and th a t inputs may include recu rren t co lla tera ls  from th a t 
system , descending inputs from the  inferior colliculus, and possibly 
recu rren t co lla tera ls  from th e  GABAergic la te ra l e ffe re n t system . 
Supported by PHS g ran t NS21307.

216.10 AN ANTI-GABA ANTIBODY LABELS SUBPOPULATIONS OF AXONAL TERMINALS 
AND NEURONS IN THE GERBIL COCHLEAR NUCLEUS AND SUPERIOR OLIVARY 
COMPLEX. I .R . Schwartz and S.-M. Yu* , Head & Neck S urgery , UCLA 
School o f  M edicine, Los A ngeles, CA 90024.

A n tib o d ie s , produced in  r a b b i t  a g a in s t GABA con jugated  to 
bovine serum album in by g lu ta ra ld e h y d e  and a f f i n i t y  p u r if ie d  
a g a in s t a number of amino ac id s  (W enthold e t  a l . , B rain  
Res. 1986), have been u t i l i z e d  to id e n tif y  p resum ptively  GABA 
c o n ta in in g  c e l l  b o d ie s , te rm in a ls  and p ro cesse s  in  th e  co c h lea r 
nucleus  (CN) and su p e rio r  o l iv a ry  complex (SOC) in  frozen  s e c t io n s  
o f mixed aldehyde fix ed  b ra in s  o f M ongolian g e rb i I s  (Meri ones 
ungi c u la tu s )  rang ing  from 7 days to  15 months in  age.

At th e  l i g h t  m icroscop ic le v e l  c o n s is te n t  la b e lin g  p a t te rn s  
were observed over a  range o f  f ix a t io n  and i n cu b a tio n  c o n d itio n s . 
F ind ings  in  th e  g e r b i l  were s im i la r  to  th o se  rep o rted  in  th e  
gu inea  p ig  (Thompson e t  a l . , B rain  Res. 1985; Wenthold e t  a l . , 
B rain  Res. 1986). In  young a d u lt  an im als th e  most in te n s e ly  
s ta in e d  neurons were observed in  th e  CN. Three c e l l  groups were 
h e a v ily  s ta in e d :  sm all oval neurons (L=20.0um, s =4 .3 ,  W=13.4um, 
s - 4 .3 )  in  th e  m olecu lar and fu s ifo rm  c e l l  la y e r s  o f th e  d o rs a l CN 
(DCN); l a r g e r ,  more i r r e g u la r  neurons (L=30.0um, s =5 .3 ,  W=18.4um, 
s =3 .5 )  in  th e  deep DCN; and neurons in  th e  s u p e r f ic i a l  la y e r  o f 
th e  a n te ro v e n tra l  CN (AVCN). A nother group o f neurons in  th e  DCN 
m olecu lar and fu s ifo rm  la y e r s  la rg e r  and rounder (L=24.2um, s =4 .7 ,  
W=17.7um, s=5 .2 )  th a n  th e  sm all oval neurons were m oderately  
s ta in e d .  Prom inent te rm in a l s ta in in g  was observed in  th e  DCN 
m olecu lar la y e r ,  th e  p o s te ro v e n tra l  CN (PVCN), and around 
s p h e r ic a l  c e l l s  in  th e  AVCN. Very marked te rm in a l la b e lin g  was 
observed along  th e  v e n t r a l  s u r fa c e  o f  th e  b ra in s tem  in  th e  f ib e r  
t r a c t s  p ass in g  th rough the v e n t r a l  and l a t e r a l  n u c le i  o f  th e  
tra p e z o id  body. Many neurons in  th i s  reg io n  were a lso  m oderately 
s ta in e d  and a  few were h ea v ily  s ta in e d .  A few neurons la b e led  
w ith  vary ing  in t e n s i ty  were a lso  observed between th e  m edial 
nuc leus  o f th e  tra p e z o id  body and the  m edial s u p e r io r  o l iv e  (MSO), 
between th e  MSO and l a t e r a l  s u p e r io r  o l iv e  (LSO), and around the 
LSO. N e ith e r  prom inent neuronal nor te rm in a l la b e l in g  were 
observed in  th e  MSO or LSO, a lth o u g h  la b e le d  f ib e r s  were observed 
p ass in g  th rough bo th  n u c le i .  W ithin neu ronal somata in  th e  MSO 
and LSO, m odera te ly  s ta in e d  bod ie s  were observed which became more 
prom inent w ith  in c re a s in g  age. E le c tro n  m icroscop ic a n a ly s is  i s  
underway to  id e n t i f y  th e  u l t r a s t r u c t u r a l  c h a r a c t e r i s t i c s  o f 
la b e le d  e lem en ts .

Supported by NIH g ra n ts  NS14503 & NS14945.

216.11 NIPECOTIC ACID: PREFERENTIAL RETROGRADE LABELING OF A SUBPOPULA
TION OF OLIVOCOCHLEAR NEURONS FOLLOWING ACCUMULATION BY GABA UPTAKE 
SYSTEMS IN THE COCHLEA. A .F. Ryan*. I .R . Schwartz and R.H. 
H e lf e r t  (SPON: E. K e i th le y ) . D iv is io n  of O to la ryngo logy , VA Med
ic a l  C en ter & UCSD School of M edic ine, La J o l l a , . CA 92093 and 
D iv is io n  of Head & Neck S u rgery , UCLA School of M edicine, Los 
A ngeles, CA 90024.

Two p o p u la tio n s  o f e f f e r e n ts  endings in  th e  g e r b i l  coch lea  can 
be d i f f e r e n t ia te d  based upon th e i r  amino a c id  up take  c h a ra c te r is 
t i c s .  One p o p u la tio n  p r e f e r e n t ia l ly  accum ulates a s p a r t i c  a c id ,  and 
can  be s e le c t i v e ly  la b e le d  w ith  3 H -d -a s p a rtic  a c id  (D-ASP). A 
second p o p u la tio n  can be s e le c t iv e ly  la b e le d  by 3H-GABA. We have 
shown p rev io u sly  th a t  3H-D-ASP taken  up by e f f e r e n ts  in  th e  coch lea  
i s  re t ro g ra d e ly  t r a n s p o r te d  to  th e  b ra in s tem  and s e le c t i v e ly  la b e ls  
th e  f i b e r s ,  c o l l a t e r a l s  and c e l l  b od ie s  of a subpo p u la tio n  o f th e  
o liv o c o c h le a r  e f f e r e n t s .  The c e l l  bod ies of th e se  neurons a re  p r i 
m a rily  i p s i l a t e r a l  to  th e  in je c te d  co c h le a , and a re  lo c a te d  w ith in  
th e  c e l l u l a r  reg io n  o f th e  l a t e r a l  s u p e r io r  o liv a ry  nucleus (LSO). 
This co rresponds to  th e  lo c a t io n  o f l a t e r a l  system  e f f e r e n ts  in  th e  
g e r b i l .  However, fo llo w in g  3H-GABA up take  in  th e  co c h le a , la b e l is  
only  weakly tra n s p o r te d  to  th e  b ra in s tem , presum ably because th e  
GABA i s  m e tabo lized  and th e  la b e l  i s  l o s t .

N ip ec o tic  a c id  (NIP) i s  a GABA ana log  which appears to  be accu
m ulated  by th e  same up take  system s as  GABA, and to  be much more 
slow ly m e tabo lized  in  n e u ra l t i s s u e .  The up take of NIP by GABA 
up take  system s in  th e  coch lea  and i t s  re t ro g ra d e  t r a n s p o r t  to  
b ra in s tem  were e v a lu a te d  u s in g  a u to rad io g rap h y . 3H-NIP p erfu sed  
in to  th e  coch lea  a t  probe c o n c e n tra t io n s  was r a p id ly  and s e le c t i v e 
ly  accum ulated w ith  a p a t te r n  i d e n t ic a l  to  th a t  seen  w ith  probe 
c o n c e n tra t io n s  o f 3H-GABA. This in c lu d ed  a sub p o p u la tio n  of th e  
co c h lea r  e f f e r e n t s .  When 3H-NIP was p e rfu sed  in to  th e  coch lea  and 
anim als were allow ed to  su rv iv e  fo r  6 h o u rs , la b e lin g  o f o liv o c o 
c h le a r  f ib e r s  in  b ra in s tem  was n o te d . A fte r  24 hours 
p o s t-p e r fu s io n  s u rv iv a l ,  la b e lin g  o f o liv o c o c h le a r  f ib e r s  and c e l l  
b od ie s  in  th e  s u p e r io r  o liv a ry  complex was observed . Labeled c e l l  
b od ie s  were lo c a te d  in  th e  l a t e r a l  and v e n t r a l  n u c le i  of th e  t r a 
pezo id  body, and in  th e  re g io n  between th e  m ed ia l nucleus o f th e  
t ra p e z o id  body and th e  m ed ial s u p e r io r  o liv a ry  n u c le u s , th e  m a jo ri
ty  c o n t r a l a t e r a l .  This co rresponds to  th e  lo c a t io n  o f m edial 
system  e f f e r e n ts  in  th e  g e r b i l .  No neurons were la b e le d  in  th e  
c e l l u l a r  reg io n  o f th e  LSO. In  some NIP an im als , c e l l s  were a lso  
la b e le d  in  th e  n e u ro p il su rround ing  th e  LSO, su g g es tin g  th a t  some 
l a t e r a l  system  e f f e r e n ts  may accum ulate NIP.

The r e s u l t s  in d ic a te  th a t  NIP can be used to  s e le c t i v e ly  la b e l 
by re t ro g ra d e  tr a n s p o r t  neurons whose te rm in a ls  p r e f e r e n t ia l ly  
accum ulate GABA.

Supported by th e  R esearch S erv ic e  of th e  VA and by NIH/NINCDS 
g ra n ts  NS14945, NS09823 and NS14503.

216.12 A SYSTEM TO RECORD FROM FREELY MOVING ANIMALS IN A 
CONTROLLED ACOUSTIC ENVIRONMENT.
K.M. Mudry, Departm ents o f Biom edical and E le c t r i c a l  
E ng ineering , The U n iv e rs ity  of Akron, Akron, OH 44325.

P ro cess in g  o f senso ry  in fo rm ation  th roughou t c e n tra l  n e r
vous system  pathways can be a f fe c te d  by many f a c to r s  in c lu d 
ing  a n e s th e s ia  and a t te n t io n .  In o rd e r to  s tudy  h ig h e r le v 
e l  sen so ry  p ro c e ss in g , reco rd in g  tech n iq u es  us ing  awake and 
free ly -m o v in g  anim als have been developed fo r  some system s, 
in c lu d in g  th e  v is u a l system  (B orchers , J .  T heo re t. 
N eurob io l. 1 , 1982). A ud ito ry  n e u ro p h y s io lo g ica l s tu d ie s  
have been rep o rted  on awake re s tr a in e d  an im als. The complex 
te c h n ic a l problems associaed  w ith c o n t ro l l in g  and/or 
c a l ib r a t in g  a u d ito ry  s tim u li  a t  an animal moving about an 
a ren a  have delayed  th e  developm ent of s im i la r  experim en ta l 
paradigms f o r  a u d ito ry  n e u ro p h y s io lo g ica l s tu d ie s .

A system  has been developed to  reco rd  from free ly -m ov ing  
an u ran s , w eighing between 20 to  40 grams. Since s te r e o ta x ic  
placem ent o f e le c tro d e s  i s  not p o s s ib le ,  ch ro n ic  m icrod rives  
w eighing le s s  than  3 grams were designed to  allow  th e  
placem ent o f e le c tro d e s  v i s u a l ly .  D if f e r e n t ia l  reco rd in g s  
a re  o b ta in ed  as th e  animal moves about a sem i-anecho ic room. 
The chamber i s  n o n re f le c t iv e  over th e  audio range above 
about 200 Hz. However, s in c e  th e  sound p re s su re  in  a room 
does n o t e x a c tly  d ec re a se  by 6dB w ith a doub ling  o f th e  
d is ta n c e  from th e  so u rc e , to  de term ine  th e  sound in t e n s i ty  
in  th e  room th e  chamber was c a l ib r a t e d .  Over a . 1m square 
g r id  p a t te rn  th e  in t e n s i ty  o f  tones  was measured a t  1/3 
o c tav e  f re q u e n c ie s  between 100 and 5000 Hz fo r  each o f th e  
two sp eak ers  lo c a ted  a t  o p p o s ite  ends o f th e  room. A b e s t 
f i t  p lane  is  used to  in t e r p o la te  th e  sound in t e n s i ty  between 
any fo u r  p o in ts  on th e  g r id .  The an im a l 's  lo c a tio n  in  th e  
room i s  tra c k e d . Knowing th e  an im a l 's  lo c a tio n , an a u d ito ry  
s ig n a l o f a s p e c i f ie d  in t e n s i ty  can be genera ted  a t  th e  
an im al. A l te rn a t iv e ly ,  th e  sound in t e n s i ty  a t  th e  animal 
can be determ ined when th e  s ig n a l from th e  sou rce  is  held 
c o n s ta n t .  Since th e  sound s y n th e s is  equipment is  under 
com puter c o n tro l d u rin g  th e  experim ent th e  t e s t  s ig n a ls  can 
be randomized and changed very  ra p id ly .  Audiograms can a lso  
be ob ta in ed  and s ig n a ls  from  th e  two sp eak ers  can be 
a l te rn a te d  f o r  sound d is c r im in a tio n  expe rim en ts.
Supported by NINCDS G rant NS 16949.
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217.1 THE PITUITARY GLAND MODULATES THE RELEASE OF ATRIAL NATRIURETIC 
PEPTIDES FROM THE CARDIAC ATRIA. N. Zam ir*, M. Haass * , J .R . Dave* 
and Z. Zukow ska-G rojec*. (SPON: P .L . K o rn b lith ) H y pertension - 
Endocrine Branch, NHLBI, NINCDS and NIAAA, DICBR, NIH, B ethesda, 
MD 20892.

Evidence su g g es ts  th a t  th e  raammilian a tr iu m  i s  an endocrine  
organ th a t  may be invo lved  in  th e  c o n tro l o f  blood p re s su re  and 
e x t r a c e l lu la r  f lu id  volume. A group o f  p e p t id e s ,  which appear to  
be a s s o c ia te d  w ith  s p e c i f ic  a t r i a l  s e c re to ry  g ra n u le s  have p o te n t 
n a t r i u r e t i c ,  d i  u r e t i c  and smooth muscle r e la x a n t  a c t i v i t i e s .  The 
a t r i a l  p e p tid e s  a re  term ed a t r i a l  n a t r i u r e t i c  p e p tid e s  (ANP). 
L i t t l e  i s  known abou t th e  ex a c t s t im u li  re g u la t in g  th e  s e c r e t io n  
o f ANP in to  c i r c u la t io n .  The p re s e n t study  examines th e  ro le  o f 
the p i t u i t a r y  gland in  b a s a l and s tim u la te d  (a c u te  volume expan
sio n ) r e le a s e  o f  ANP in  th e  r a t .

Blood sam ples were o b ta in ed  from r a t s  w ith  in d w e llin g  c a th e te r s  
and a l iq u o ts  o f  plasm a were e x tra c te d  fo r  im m unoreactive (ir)-A N P 
w ith an 80% re co v e ry . Blood p re s s u re  and h e a r t  r a t e  were 
m onitored co n tin u o u s ly  th roughou t each expe rim en t. B asal plasm a 
c o n c e n tra tio n s  o f ir-ANP in  male Sprague-Dawley r a t s  were 8 0 ± 15 
pg/ml (mean ± SEM, n=10). Acute volume expansion  (in trav en o u s  
in fu s io n  o f 20 ml o f  5% g l ucose/kg  body w eight over 1 min) 
in c reased  ir-ANP 2-3 fo ld  in  plasm a w ith in  2 m inu tes . In  th e  
p ith ed  r a t  p r e p a ra t io n ,  which produced a com plete c a rd ia c  d ene rva
tio n  and removed humoral in f lu e n c e s  o f  b ra in  o r ig in ,  th e  s tim u la 
ted r e le a s e  o f ANP was b lo ck ed . The r e s u l t s  su g g es t th a t  humoral 
and /o r neu ronal in f lu e n c e s  p lay  a r o le  in  s tim u la te d  re le a s e  o f  
ANP. B i l a te r a l  c a ro t id  a r te r y  o cc lu s io n  in  p e n to b a rb i ta l  a n e s th e 
tiz e d  r a t s  a t te n u a te d  markedly (more than  50%) s tim u la te d  re le a s e  
o f ANP fu r th e r  s u p p o rtin g  th e  involvem ent o f  humoral f a c to r s .  In  
a d d i t io n , hypophysectomy in  r a t s  (2 and 8 days a f t e r  o p e ra t io n )  
markedly reduced b a s a l and s tim u la te d  r e le a s e  o f  ANP. In  d iv e rse  
experim en ta l groups s tu d ie d ,  a l t e r a t i o n s  in  h e a r t  r a t e  and mean 
a r t e r i a l  p re s s u re  were no t c o r r e la te d  in  any c o n s is te n t  
d i r e c t io n a l  manner w ith  changes in  ANP r e le a s e .

I t  seems th a t  p i t u i t a r y  g la n d -d e riv e d  hormones p rov ide  a 
p h y s io lo g ic a l m ilie u  a t  th e  s e c re to ry  a t r i a l  myocytes fo r  s e c re 
t io n  o f ANP.

217.2 EFFECTS OF BARORECEPTOR DENERVATION ON GLUCOSE UTILIZATION IN THE 
SUBFORNICAL ORGAN DURING ADMINISTRATION OF ANGIOTENSIN I I .  M.  
K ad ek a ro , M. C r e e l ,*  M.L. T e r r e l l , *  H.M. E is e n b e r g .  D iv . o f  N euro
s u r g e r y ,  U n iv e r s i ty  o f  T exas M ed ica l B ran ch , G a lv e s to n  77550.

N e u ra l r e g u l a t i o n  o f  body f l u i d  h o m e o s ta s is  i s  m e d ia te d  o v e r  a 
c i r c u i t  o f  c e r e b r a l  s t r u c t u r e s  l o c a t e d  p r im a r i l y  in  th e  f o r e b r a in  
n e a r  t h e  v e n t r i c u l a r  sy s te m . T h is  c i r c u i t  in c lu d e s  th e  s u b f o r n i c a l  
o rg a n  (SFO) and  i t s  c o n n e c t io n s  w ith  t h e  sep tu m , p r e o p t i c  a r e a ,  
h y p o th a la m u s , organum  v a scu lo su m  o f  t h e  lam in a  t e r m in a l i s  and  th e  
p i t u i t a r y  n e u r a l  lo b e  (N L). The a c t i v i t y  o f  s t r u c t u r e s  w i th in  t h i s  
c i r c u i t  i s  s t im u la te d  by p lasm a  and c e r e b r o s p in a l  f l u i d  h y p e ro sm o l
a l i t y ,  h ig h  p la sm a  l e v e l s  o f  a n g io t e n s in  I I  ( A l l)  and d e c re a s e d  i n 
p u t  from  b a ro -  and  v o lu m e - re c e p to r s .  T h e re  i s  e v id e n c e  s u g g e s t in g  
t h a t  t h e  SFO i s  th e  s i t e  o f  i n t e g r a t i o n  o f  s t i m u l i  a r i s i n g  from  
c i r c u l a t i n g  A l l ,  o s m o re c e p to rs  and  vo lum e- and b a r o r e c e p to r s .  We 
showed p r e v io u s ly  t h a t  g lu c o s e  m e ta b o lism  o f  t h e  SFO i s  c lo s e l y  
a s s o c i a t e d  w ith  c i r c u l a t i n g  l e v e l s  o f  AI I . I n tr a v e n o u s  i n f u s io n  o f  
AI I  in d u c e d  p r e s s u r e  and  d r in k in g  re s p o n s e s  and  s t im u la te d  g lu c o s e  
u t i l i z a t i o n  in  t h e  SFO (+52%) and NL (+81%) com pared to  s a l i n e -  
i n f u s e d  a n im a ls .  B ecause  AI I  i n c r e a s e s  a r t e r i a l  b lo o d  p r e s s u r e ,  we 
i n v e s t i g a t e d  th e  i n f l u e n c e  o f  b a r o r e c e p to r s  on t h e  g lu c o s e  m eta 
b o l i c  r e s p o n s e  o f  SFO to  AI I , w i th  t h e  q u a n t i t a t i v e  [ 14c ] d e o x y g lu -  
c o se  (2-DG) m eth o d .

A d u lt  m ale  S p rag u e-D aw ley  r a t s  w ere a n e s t h e t i z e d  w ith  E q u i th e s in  
and  t h e  s i n o - a o r t i c  b a r o r e c e p to r s  d e n e rv a te d .  S h a m -o p e ra te d  
a n im a ls  h ad  th e  same s u r g i c a l  i n c i s i o n  b u t  t h e  b a r o r e c e p to r s  w ere 
l e f t  i n t a c t .  The 2-DG e x p e r im e n ts  w ere p e rfo rm e d  7 -1 0  d ay s  a f t e r  
s u r g e r y .  F our g ro u p s  o f  a n im a ls  w ere s tu d i e d ,  two sham and two w ith  
b a r o r e c e p to r  d e n e r v a t io n ;  each  g roup  was i n t r a v e n o u s ly  in fu s e d  w ith  
s a l i n e  o r  AI I . Mean a r t e r i a l  b lo o d  p r e s s u r e  b u t  n o t  h e a r t  r a t e  was 
s i g n i f i c a n t l y  h ig h e r  i n  b a r o r e c e p to r - d e n e r v a t e d  r a t s  th a n  in  sham - 
o p e ra te d  a n im a ls .  AI I  in d u ce d  a  s i g n i f i c a n t  b r a d y c a r d ia  in  sham- 
o p e ra te d  r a t s  b u t  had  no e f f e c t  on b a r o r e c e p to r - d e n e r v a t e d  r a t s .
AI I  s t i m u l a te d  d r in k in g  in  s h a m -o p e ra te d  and d e n e rv a te d  r a t s  w ith  
l a t e n c i e s  and t o t a l  am ount o f  w a te r  consumed t h a t  w ere n o t  s t a t i s 
t i c a l l y  s i g n i f i c a n t l y  d i f f e r e n t  ( l a t e n c i e s  o f  4 .3 ± 0 .9  and  4 .7 ± 0 .7  
m in and  w a te r  i n ta k e s  o f  4 .1 ± 0 .7  and 5 .0 ± 0 .8  m l, r e s p e c t i v e l y ,  f o r  
sham and d e n e rv a te d  r a t s ) .  A c c o rd in g ly ,  t h e  r a t e s  o f  g lu c o s e  u t i 
l i z a t i o n  ( μm o le s /lO O g /m in , m eans±SEM) in  t h e  SFO and NL in  r e s p o n s e  
t o  AI I  w ere  n o t  d i f f e r e n t  in  t h e s e  a n im a ls ,  a s  shown in  t h e  t a b l e  
b e lo w .

Sham + S a l in e Sham + AI I D e a f f .  + S a l in e D e a f f .  + AI I
(n=9) (n=8) (n=6 ) (n=8)

SFO 36 ± 2 48 ± 6 37 ± 4 59 ± 3
NL 26 ± 2 49 ± 3 30 ± 5 58 ± 7

T h ese  r e s u l t s  s u g g e s t  t h a t  t h e  i n f lu e n c e  o f  b a r o r e c e p to r s  on 
th e  f u n c t i o n a l  a c t i v i t y  o f  t h e  SFO i s  to o  s m a ll t o  b e  d e te c t e d  by 
t h e  2-DG m eth o d .

217.3 NALOXONE DOES NOT PREVENT GABA-INDUCED INHIBITION OF THE 
RELEASE OF VASOPRESSIN AND OXYTOCIN BY ANGIOTENSIN I I .
J .Y . Summy-Long, L.M Rosella-Dampman and R.D, Hartm an*, 
M.S. Hershey M edical C en te r, D ept. Pharm acology, The Pennsy
lv a n ia  S ta te  U n iv e rs ity , H ershey, PA 17033.

Endogenous o p io id  p e p tid e s  (Summy-Long e t  a l . ,  J .  Pharm acol. 
Exp. T her. 217: 619, 1981) and gam ma-am inobutyric ac id  
(GABA, Unger e t  a l . ,  Eur. J .  Pharm acol. 9 0 :1 , 1983) i n h i b i t  
th re e  o f  th e  c e n tr a l  a c t io n s  o f  a n g io te n s in  I I  (AI I ) to  
r a i s e  blood p re s s u re  and a f f e c t  h y d ra tio n  (d r in k in g , r e le a s e  
o f  v a s o p re s s in ) . An in t e r a c t io n  between GABAergic and o p io id  
p ep tid e  system s in  th e  CNS has a ls o  been documented (Wood 
e t  a l .  N euroscience 4: 1479, 1979; Sawynok and L a b e lla , 
Eur. J .  Pharm acol. 70: 103, 1981). We th e r e fo r e  i n v e s t i 
g a ted  i f  th e  in h ib i t i o n  o f  AI I - s tim u la te d  re le a s e  o f  v a so p re s 
s in  (VP) and o x y to c in  (OT) by GABA could  be p reven ted  by 
an o p ia te  r e c e p to r  a n ta g o n is t ,  naloxone (NAL). A dult male 
Sprague Dawley r a t s  were a n e s th e tiz e d  w ith  p e n to b a rb i ta l  
and th e  l a t e r a l  c e re b ro v e n tr ic le  was ca n n u la te d . Three 
days l a t e r  an im als rec e iv e d  th re e  in j e c t i o n s ,  one every  
5 min: f i r s t ,  s a l in e  (SAL; 1 m l/kg) o r  NAL (5 m g/kg), s c . ;  
second , a r t i f i c i a l  c e re b ro sp in a l f lu id  (CSF; 5 u l )  o r  GABA 
(500 μg /5 u l ) ,  in t r a c e r e b r o v e n tr ic u la r ly  (IVT); and t h i r d ,  
CSF (5 u l )  o r AI I  (100 ng /5  u l ) ,  IVT. R ats were d e c a p ita te d  
1 min l a t e r .  VP and OT were e x t ra c te d  from plasm a and q u a n ti
f ie d  by RIA. D ata , exp ressed  a s  pg/m l (mean ± SEM) were 
analyzed by 3-way AOV. AI I  (SAL-CSF-CSF vs SAL-CSF-AII) 
e lev a te d  (p < 0 .05 ) plasm a [VP] (1 ± 0 .5  vs 6 4 ± 5) and 
[OT] (9 ± 2 vs 65 ± 9 ) . GABA a t te n u a te d  (p < 0 .05 ) th e  
AI I  (SAL-CSF-AII vs SAL-GABA-AI I ) s t im u la te d  r i s e  in  [VP] 
(64 ± 5 vs 2 ± 0 .6 )  and [OT] (65 ± 9 vs 23 ± 4) in  plasm a. 
Endogenous o p io id  p e p tid e s  in h ib i te d  re le a s e  o f  OT by AI I  
as  naloxone (SAL-CSF-AII vs NAL-CSF-AII) e le v a te d  (p<0.05) 
[OT] (65 ± 9 vs 367 ± 51) b u t n o t [VP] (64 ± 5 vs 57 ± 8) 
in  p lasm a. However, GABA IVT in  th e  p resen ce  o f  naloxone 
in h ib i te d  (p<0.05) A ll-in d u ced  (NAL-CSF-AII vs NAL-GABA- 
AII) r e le a s e  o f  VP (57 ± 8 vs 2 .5  ± 0 .2 )  and OT (367 ± 51 
vs 50 ± 10 ). Naloxone a ls o  in c re a s e d  (p<0.05) plasm a [OT] 
(CSF-CSF: 9 ± 2 vs 23 ± 6; GABA-CSF: 14 ± 4 vs 26 ± 3; 
CSF-AII: 65 ±  9 vs 367 ± 50; GABA-AII: 23 ± 4 vs 50 ±  10) 
b u t n o t [VP] in  plasm a o f  a l l  an im als  r e g a rd le s s  o f  treatm ent*. 
T h e re fo re , o p io id  p e p tid e s  do n o t appear to  m ediate  GABA- 
induced in h ib i t i o n  o f  A ll- s tim u la te d  r e le a s e  o f  VP and OT 
from th e  hypo tha lam o-neurohypophysial sy stem , (suppo rted  
by g ra n t R01 HL32826).

217.4 NEUROHYPOPHYSEAL BLOOD FLOW AUTOREGULATORY RESPONSE TO HYPOTENSION.
D.A. W ilson, D.F. Hanley and R .J . Traystman (SPON: R.L. S ch n aa r) . 
D epartm ent o f A nesthesio logy  and C r i t i c a l  Care M edicine, The Johns 
Hopkins M edical I n s t i t u t i o n s ,  B a ltim o re , MD 21205

A r te r i a l  hypo tension  i s  a p o te n t s tim u lu s  fo r  the r e le a s e  of 
a rg in in e  v a so p re ss in  (AVP). The e n try  r a t e  o f th i s  p e p tid e  in to  
the  sy stem ic  c i r c u la t io n  i s  dependent in  p a r t ,  upon the n e u ro sec re 
to ry  r a t e  of the m agnocelluar neurons of the s u p ra o p tic  nucleus  and 
in  p a r t ,  upon neurohypophyseal blood flow  (NHBF). In  o th e r  b ra in  
reg io n s  i t  i s  c l e a r  th a t  blood flow i s  a u to re g u la te d , p rovided 
a r t e r i a l  blood p re s su re  (AP) does n o t f a l l  o u ts id e  of the low er 
l im i t s  o f the  a u to re g u la to ry  cu rv e . However, l i t t l e  i s  known abou t 
neurohypophyseal p re s su re -f lo w  r e l a t i o n s h ip s .  In  th i s  s tudy  we 
have examined the in t e r e l a t io n s h ip s  between AP, NHBF, and AVP.

R egional c e re b ra l  blood flow  (rCBF) and re g io n a l neurohypophy
s e a l  blood flow  (NHBF) was measured by the r a d io la b e l le d  m icro
sphere  techn ique in  5 sodium p e n to b a rb i ta l  a n e s th e t iz e d  dogs. 
M icrospheres were in je c te d  under c o n tro l c o n d itio n s  and a t  3 ,5 ,1 0 , 
15 and 30 m inutes a f t e r  reducing  AP to  80 mmHg. S im ila r  m easure
ments were made in  5 an im als tr e a te d  w ith  10 ug/kg d(CH2 ) 5 Tyr (Me) 
AVP. Plasma AVP le v e ls  were determ ined by radioim m unoassay. In  
no c e re b ra l  reg io n  (cerebrum , caudate  n u c le u s , w hite  m a tte r , hypo
thalam us, ce rebellum  and b ra in  stem ) was th e re  a change from con
t r o l  blood flow  le v e ls  a t  anytim e du rin g  hypo tension . However, 
w ith in  the f i r s t  th re e  m inu tes , n e u ra l lobe blood flow  (NLBF) in 
c rea se d  from 5 .9  ml/mln/gm to  18 ml/min/gm. Follow ing the i n i t i a l  
s p ik e , NLBF re tu rn e d  to  i t s  c o n tro l  l e v e l .  Comparison o f the NLBF 
and AVP t r a n s ie n ts  dem onstrated  th a t  NLBF was in c re a s in g  as  AVP 
was being  r a p id ly  s e c re te d  in to  the system ic c i r c u la t io n .  Whereas 
AVP was 2 pg/ml in  the c o n tro l s t a t e  and 52 pg/m l a f t e r  30 m inutes 
o f s u s ta in e d  h y po tension , NLBF was s im i la r  a t  the two AP le v e l s .  
Thus, NLBF and AVP were n o t c o r r e la te d  in  the s tead y  s t a t e .  AVP 
re c e p to r  b lockade had no e f f e c t  on e i t h e r  the r e l a t i v e  h e ig h t o f 
NLBF sp ik e  or the time cou rse  o f the NLBF response  to  hypo tension .

We conclude th a t  NHBF i s  a u to re g u la te d . The p h as ic  c h a r a c te r is 
t i c s  o f  the com pensatory ad ju stm en ts  appear to  r e f l e c t  s im u ltan e
o u sly  induced changes in  AVP n e u ro se c re to ry  r a t e .  I t  does n o t 
ap p ear th a t  VI v a s c u la r  re c e p to rs  a re  invo lved  in  the non stead y  
s t a t e  NLBF response  o r th a t  the NLBF response  i s  the r e s u l t  o f  
lo c a l  m e tabo lic  e v e n ts . The t r a n s i e n t  n a tu re  o f the response  
su g g es ts  involvem ent o f a n e u ra l mechanism.
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217.5 DECREASED VASOPRESSIN AND OXYTOCIN CONTENT AND RELEASE IN 
CULTURED HYPOTHALAMIC EXPLANTS FROM SPONTANEOUSLY HYPERTENSIVE 
RATS (SHR). B .A. B e n n e t t , J . C lo d f e l t e r *  and  M. M o rr is * .
Bowman G ray  S ch . M ed ., W in s to n -S a le m , NC 27103
The p a r a v e n t r i c u l a r  (PVN) and s u p r a o p t ic  (SON) n u c l e i  c o n ta in  
n e u ro n s  w h ich  s y n th e s i z e  t h e  p e p t id e  h o rm o n es, v a s o p r e s s in  (VP) 
and o x y to c in  (O T). T h e re  a r e  v a r io u s  t h e o r i e s  l in k i n g  
a l t e r a t i o n s  in  c e n t r a l  n e u ro p e p t id e  s e c r e t i o n  w i th  t h e  p r e s e n c e  
o f  h y p e r t e n s io n .  T h ese  e x p e r im e n ts  w ere  d e s ig n e d  t o  i n v e s t i g a t e  
t h e  CNS c h a n g es  in  t h e  SHR u s in g  t i s s u e  c u l t u r e  m eth o d o lo g y , 
m o n ito r in g  n e u ro c h e m ic a l  and  m o rp h o lo g ic a l  p a ra m e te r s .  T h i r t y  
day  o ld  SHR and W is ta r-K y o to  (WKY) r a t s  w ere s a c r i f i c e d  and 
m ic r o d is s e c t e d  n u c le a r  r e g io n s  w ere c o l l e c t e d .  F o u r PVN o r  SON 
e x p la n t s  w ere  p la c e d  in  e a c h  t i s s u e  c u l t u r e  w e l l .  P e p t id e  
s e c r e t i o n  i n to  th e  m ed ia  was a s sa y e d  a t  3 and  7 d ay s  o v e r  a  24 
h o u r  p e r i o d .  R e s u l t s  show t h a t  b o th  VP and OT c o n te n t  and  
r e l e a s e  w ere  d e c re a s e d  in  t h e  SHR a t  b o th  t im e  p o i n t s .  T a b le  1 
shows t h a t  VP s e c r e t i o n  from  th e  PVN i s  s i g n i f i c a n t l y  lo w er in  
SHR a t  b o th  3 and 7 d a y s . A lth o u g h  n o t  shown, SON VP r e l e a s e  i s  
a l s o  s i g n i f i c a n t l y  r e d u c e d  in  t h e  SHR.

TABLE 1-VP R e le a s e  ( p g s /w e l l )  TABLE 2-VP C o n te n t(p g /u g  p r o t e i n )

SHR W KY SHR W KY
3 d . 1 0 .7 ±4 .5* 3 7 .3 ± 7 .8 0 d . 2 1 .6 ± 9 .2 3 3 .7 ± 5 .7
7 d . 5 . 1±1 .2* 3 2 .6 ± 7 .7 7 d . 9 .8 ± 2 .1* 2 7 .1 ± 8 .4

n=8 ;*  = p < .03 n = 4 ; *  =  p  <  . 0 2

C o n te n t  o f  VP and OT in  t i s s u e  was m easu red  a t  0 tim e  and a f t e r  
7 d ay s  i n c u b a t io n  (T a b le  2 ) .  The d i f f e r e n c e  in  VP c o n te n t  was 
s e e n  a t  0 t im e  and was s i g n i f i c a n t l y  r e d u c e d  a f t e r  7 d ay s  in  
c u l t u r e .  S im i la r  r e s u l t s  w ere  fo u n d  f o r  OT s e c r e t i o n  and 
c o n te n t .  I n i t i a l  OT c o n te n t  i s  s i g n i f i c a n t l y  lo w e r ,  a s  i s  
r e l e a s e ,  b u t  t h a t  e f f e c t  i s  m ore p ro n o u n ce d  a f t e r  7 d a y s  o f  
c u l t u r e .  Im m unocy tochem ica l (IC C ) d a ta  w ere  o b ta in e d  from  13 
day  h y p o th a la m ic  c u l t u r e s  o f  SHR and WKY n e o n a te s  (3 -5  d a y ) .  
ICC s t a i n i n g  f o r  n e u ro p h y s in  showed t h a t  t h e r e  w ere many more 
p o s i t i v e  f i b e r s  and  c e l l s  i n  t h e  SHR h y p o th a la m ic  c u l t u r e s  th a n  
in  t h e  WKY. T h is  w ould i n f e r  t h a t  t h e r e  i s  a  d i f f e r e n c e  i n  th e  
m anner i n  w hich  th e  p e p t id e  p r e c u r s o r s  a r e  p r o c e s s e d  in  v i t r o  
be tw een  SHR and WKY r a t s .

I n  summ ary, t h e  PVN and  SON o f  SHR r a t s  c o n ta in  and  s e c r e t e  
l e s s  VP and  OT in  v i t r o  th a n  do WKY r a t s  a t  t h e  tim e  p o i n t s  we 
e x am in ed . T h ese  f i n d i n g s  c o n f irm  p r e v io u s  work in  w hich  
d i f f e r e n c e s  w ere  fo u n d  in  c e n t r a l  p e p t i d e r g i c  s y s te m s  in  t h e  SHR 
and a l s o  r e v e a l  t h a t  t h e s e  c h a n g es  a r e  p r e s e n t  ev en  a f t e r  lo n g  
te rm  c u l t u r e .

217.6  ACTH r espo n se  to  s t r e s s  a ft e r  continuous in tra v en tr ic u la r  
ADMINISTRATION OF CORTICOSTERONE ANTISERUM. J .E .  Van Z u y le n * , 
A.N. T a y lo r ,  S . Gholam i* and  E. R e d e i*. D e p t . o f  Anatomy, UCLA 
and W est LA /B rentw ood VAMC, Los A n g e le s , CA 90024.

The p r e s e n t  s tu d y  a t te m p ts  t o  c h a r a c t e r i z e  th e  r o l e  o f  g lu c o 
c o r t i c o i d  n e g a t iv e  f e e d b a c k  a t  s u p r a p i t u i t a r y  s i t e s  i n  t h e  r e g u l a 
t i o n  o f  ACTH s e c r e t i o n .  C o n tin u o u s  rem o v al o f  f r e e  c o r t i c o s t e r o n e  
(CS) from  th e  b r a i n  by c o r t i c o s t e r o n e  a n ti s e ru m  (a n ti-C S )  s e r v e s  a s  

a  m odel o f  s i t e - s p e c i f i c  a d re n a le c to m y  and  a l t e r s  ACTH s e c r e t i o n  
p resu m a b ly  w i th o u t  d i r e c t  ch a n g es  i n  e i t h e r  c o r t i c o t r o p e  re sp o n s iv e 
n e s s  o r  o t h e r  g l u c o c o r t i c o id  a c t i o n s .  C e r e b ra l  c a n n u la e  w ere 
s t e r e o t a x i c a l l y  im p la n te d  i n to  th e  l a t e r a l  v e n t r i c l e  o f  fem a le  
S p rag u e-D aw ley  r a t s  (230±5(SEM) g) and  jo in e d  t o  s u b c u ta n e o u s  
o s m o tic  m inipum ps f i l l e d  w i th  a n ti -C S  o r  no rm al r a b b i t  serum  (NRS) 
(mean f i l l  v o lu m e= 2 5 0 .0 ± 1 .9  mg, f lo w  r a t e = 0 .4 6  μ l / h r ) . The ju g u la r  

v e in  was c a n n u la te d  f o r  r e p e a t e d  b lo o d  s a m p lin g  from  f r e e ly - m o v in g ,  
a c c l im a t iz e d  r a t s .  On d a y s  1 , 3 and  7 a f t e r  s u r g e r y ,  b lo o d  sam p les  
w ere ta k e n  p r i o r  t o  ( t= 0 ) , 10 and  40 m in a f t e r  t h e  o n s e t  o f  i n t e r 
m i t t e n t  fo o ts h o c k  (1 m in , 1mA) s t r e s s .  Serum ACTH m easu red  by RIA.

P r e -  and  P o s t  F o o tsh o c k  ACTH ( p g /m l) , ±SEM, (n)
day  1 day 3 day  7

Treatment t =0 t =10 t= 4 0 t =0 t = 10 t= 4 0 t =0 t =10 t= 40
1 5 7 .3 2 8 6 .9 2 2 3 .6 4 7 .9 3 3 1 .2 ** 9 2 .5 6 6 .0 2 9 4 .5 * 9 5 .6

NRS ± 3 9 .0 ± 5 1 .2 ± 2 8 .9 ± 8 .5 ± 6 8 .3 ± 1 7 .5 ± 1 7 .9 ± 8 2 .4 ± 2 4 .1
(9) (7) (9) (7) (8 ) (8 ) (7) (8 ) (7)

1 2 7 .4 401.4** 1 5 7 .6 5 2 .4 188 .9**++  5 6 .9 1 4 4 .7 6 0 4 .0**+1 7 2 .4a n t i -  
CS ± 3 0 .4 ± 6 9 .1 ± 3 1 .0 ± 7 .8 ± 3 3 .9 ±6 .6 ± 4 9 .2 ±245.4 ± 7 3 .6

(7) (8 ) (7) (8 ) (8 ) (8 ) (6 ) (3) (3)
*= (p< 0 .0 5 ) ;  * * = (p < 0 .0 1 ) d i f f e r s  from  t= 0  w i th in  t r e a tm e n t  g ro u p ; +=

(p< 0 .0 5 ) ;+ += (p < 0 .0 1 ) d i f f e r s  from  NRS c o n t r o l s
On day  1 fo o ts h o c k  p ro d u ce d  s i g n i f i c a n t  ACTH re s p o n s e  i n  a n ti -C S  

b u t  n o t  i n  NRS r a t s ,  w h ile  th e  day 3 r e s p o n s e  was s i g n i f i c a n t l y  lo w er 
i n  a n ti -C S  th a n  in  c o n t r o l s .  B a s a l  ACTH l e v e l s  r e tu r n e d  to  norm al 
by day  3 in  b o th  g ro u p s  b u t  by day  7 te n d e d  t o  be h ig h e r  (p= 0 .06) 
i n  a n ti - C S  th a n  in  NRS r a t s .  S i m i l a r ly ,  t h e  s t r e s s  r e s p o n s e  a t  10 
min was h i g h e r  (p < 0 .0 1 ) on  day  7 th a n  on day  3 i n  a n ti -C S  r a t s  b u t  
d id  n o t  d i f f e r  i n  c o n t r o l s .  In  summary, t h e  c o n tin u o u s  rem o v al o f  
f r e e  CS by a n ti - C S  te n d e d  t o  i n c r e a s e  b a s a l  ACTH l e v e l s  and m ark e d ly  
i n c r e a s e d  th e  s t r e s s  r e s p o n s e  on day  7 . P re su m a b ly  th e  l a c k  o f  g lu 
c o c o r t i c o i d  i n h i b i t i o n  a t  s u p r a p i t u i t a r y  s i t e s  l e d  t o  i n c r e a s e d  CRF 
o u tp u t  i n  a n ti - C S  r a t s .  H ow ever, b e c a u s e  t h e s e  r a t s  h ad  a d r e n a l s ,  
in c r e a s e d  s e c r e t i o n  o f  CS in  r e s p o n s e  t o  th e  p r e v io u s ly  e le v a t e d  
ACTH on day  1 a c te d  t o  d e c re a s e  t h e  ACTH r e s p o n s e  t o  s t r e s s  a t  th e  
c o r t i c o t r o p e  w hich  may h ave  c a u se d  th e  d e c re a s e d  r e s p o n s iv e n e s s  
s e e n  on day  3 . By day  7 t h e  d i s i n h i b i t i o n - i n d u c e d  in c r e a s e  i n  CRF 
may h av e  overcom e th e  g l u c o c o r t i c o id  n e g a t iv e  fe e b a c k  a c t i o n  on th e  
p i t u i t a r y  and  may h av e  p ro d u c e d  th e  r e s u l t i n g  h ig h e r  b a s a l  and 
s t i m u l a te d  ACTH s e c r e t i o n .  (S u p p o rte d  by NSF: PCM-8416845)

217.7 ADRENERGIC AND NEUROPEPTIDE Y SYSTEMS IN THE HYPOTHALAMIC 
PARAVENTRICULAR NUCLEUS AFFECT CIRCULATING LEVELS OF CORTICOSTERONE 
AND GLUCOSE. S a rah  F . L e ib o w i tz ,  S o n ia  D iaz*  and L a u r i  S p e n c e r* . 
The R o c k e f e l l e r  U n i v e r s i ty ,  New Y o rk , N.Y. 10021.

Monoamine and p e p t id e  sy s te m s  in  th e  p a r a v e n t r i c u l a r  n u c le u s  
(PVN) and  o t h e r  h y p o th a la m ic  a r e a s  w ere  exam ined  w i th  r e s p e c t  to  
t h e i r  r o l e  i n  th e  c o n t r o l  o f  c i r c u l a t i n g  l e v e l s  o f  c o r t i c o s t e r o n e  
(CORT) and g lu c o s e  (GLUC). S prag u e-D aw ley  m ale  r a t s  (350g) w ere 
s t e r e o t a x i c a l l y  im p la n te d  w i th  K h a v a r i- ty p e  s w iv e l  c a n n u la s  aim ed 
a t  s p e c i f i c  h y p o th a la m ic  s i t e s .  The r a t s  w ere a d a p te d  to  th e  t e s t  
p a ra d ig m , w hich  in v o lv e d  th e  a t ta c h m e n t  o f  a  PE-20 tu b in g  c o n ta i n 
in g  f r e s h  s o l u t i o n  to  th e  im p la n te d  s w iv e l  a n d , two h o u r s  l a t e r ,  a 
slo w  rem o te  d ru g  i n f u s i o n  i n to  th e  h y p o th a la m u s  ( 0 . 5 u l /3 0 s e c ) ,w i th  
no d i s tu r b a n c e  to  th e  a n im a l.  On th e  a c tu a l  t e s t  day (w ith  fo o d  
and w a te r  a b s e n t ) ,  t h i s  p ro c e d u re  was p e rfo rm e d  w i th  e i t h e r  d ru g  o r  
s a l i n e  v e h ic l e ,a n d  15 m in a f t e r  i n f u s i o n ,  th e  r a t s  w ere r a p i d l y  
s a c r i f i c e d  and t ru n k  b lo o d  c o l l e c t e d  w i th in  40 s e c  o f  th e  i n i t i a l  
d i s tu r b a n c e  to  th e  a n im a l.  Serum CORT was m easu red  v i a  rad io im m uno
a s s a y ,  and g lu c o s e  a s sa y e d  v i a  a  YSI G lu c o se  A n a ly z e r .

R e l a t i v e  t o  th e  b a s e l i n e  l e v e l s  ( a p p ro x im a te ly  3.5ug% f o r  CORT 
and 135mg/dL f o r  GLUC) o b s e rv e d  a f t e r  s a l i n e  a d m i n i s t r a t i o n ,  n o r 
e p in e p h r in e  (NE) i n j e c t i o n  d i r e c t l y  i n t o  th e  PVN d o s e -d e p e n d e n tly  
i n c r e a s e d  serum  CORT l e v e l s ,  up t o  11 .0±1.2ug%  (p < 0 .0 0 1 ) w i th  an 
NE d o se  o f  4 0 n m o les . A s im u lta n e o u s  i n c r e a s e  i n  GLUC l e v e l s  (150± 
6 .2 m g /d L , p < 0 .0 5 )  a l s o  o c c u rre d ;. A s im i l a r  e f f e c t  o f  CORT l e v e l s  
was o b s e rv e d  w i th  NE i n j e c t i o n  i n t o  t h e  d o rso m e d ia l  n u c le u s .  How
e v e r ,  l i t t l e  o r  no e f f e c t  was s e e n  a f t e r  NE s t i m u l a t i o n  o f  e i t h e r  
t h e  v e n t r o m e d i a l . p o s t e r io r  o r  s u p r a o p t ic  n u c l e i  o r  t h e  p e r i f o r n i c a l  
l a t e r a l  h y p o th a la m u s . PVN i n f u s i o n  o f  s e r o t o n in  (4 0 n m o le s)p ro d u ce d  
a  s m a ll  i n c r e a s e  i n  serum  CORT l e v e l s  ( t o  7 .0 ± 0 .6 u g % , p < 0 .0 5 ) ,  
w h e re a s  dopam ine (4 0 n m o les)  h ad  no e f f e c t .  E p in e p h r in e  (E P I , 40 
n m o les) i n  th e  PVN was ev en  m ore p o te n t  th a n  NE, i n  r e l e a s i n g  CORT 
( to  1 8 .9 ± 3 .2 u g % ,p < 0 .0 0 1 )an d  in d u c in g  a  r i s e  i n  serum  GLUC l e v e l s  
( to  2 10± 26 .2  m g/dL , p < 0 .0 1 ) .

N e u ro p e p tid e  Y (N P Y ,0 .156nm oles) i n f u s e d  d i r e c t l y  i n t o  th e  PVN 
a l t e r e d  CORT l e v e l s  i n  a  s i m i l a r  m anner to  NE and E P I, w i th  w hich  
NPY i s  known to  c o e x i s t  e n d o g e n e o u s ly . Serum CORT was r a i s e d  to  
1 4 .1±1. 7ug% (p < 0 .0 0 1 )  w i th in  15 m in o f  i n f u s i o n .  H ow ever, i n  co n 
t r a s t  to  NE and E P I, NPY h ad  no e f f e c t  on serum  GLUC l e v e l s  i n  
th e s e  same a n im a ls  (1 3 9 ± 2 .7  m g /d L ).

H ence , we p ro p o se  t h a t  t h e  a d r e n e r g ic  and  n e u ro p e p t id e  Y sy s te m s  
w i th in  th e  PVN, w here  c o r t i c o t r o p h i n - r e l e a s i n g  f a c t o r  c e l l  b o d ie s  
a r e  known to  be  p a r t i c u l a r l y  d e n s e ,  h a v e  a  p o t e n t  s t i m u l a to r y  r o l e  
in  th e  c o n t r o l  o f  CORT r e l e a s e .  I n  l i g h t  o f  t h e i r  s i m i l a r  e f f e c t s  
a f t e r  a d m i n i s t r a t i o n  i n to  th e  PVN, i t  i s  p o s s ib l e  t h a t  e n d o g en eo u s 
c a te c h o la m in e s (N E  and EPI) and NPY,known to  c o e x i s t  w i t h in  th e  same 
PVN n e u ro n s ,m a y  i n t e r a c t  i n  a  p o s i t i v e  m anner i n  t h i s  p r o c e s s .

217.8  EFFECTS OF ORCHIDECTOMY ON THE PULSATILE RELEASE OF CORTISOL IN 
ADULT MALE RHESUS MACAQUES. C. J .  S m ith*  and R. L. Norman. D e p t. 
o f  C e l l  B i o l o g y  a n d  A n a to m y , T e x a s  T ech  U n i v e r s i t y  H e a l th  
S c ie n c e s  C e n te r ,  L ubbock, TX. 79430

U l t r a d i a n  p a t t e r n s  o f  serum  c o r t i s o l  w e re  a s s e s s e d  i n  a d u l t  
m ale  R hesus m acaques (M acaca m u la t ta )  a t  th e  tim e  o f  o rc h id e c to m y  
an d  c o m p a re d  w i th  c o r t i s o l  p a t t e r n s  i n  c o n t r o l s  and a n im a ls  t h a t  
e x p e r ie n c e d  sham s u rg e r y .  S e q u e n t i a l  b lo o d  s a m p le s  w e re  d raw n  
e v e r y  1 5 ' f o r  2 8 h ( h o u r s )  b e g in n in g  a t  0800h and serum  c o r t i s o l  
c o n c e n t r a t i o n s  w ere d e te rm in e d  by RIA. O r c h id e c t o m i e s  an d  sham  
s u r g e r i e s  w e re  p e r f o r m e d  4 . 0 - 6 . 0  h o u r s  a f t e r  t h e  f i r s t  b lo o d  
sa m p le s  w ere c o l l e c t e d .  F o r  p u r p o s e s  o f  d a t a  a n a l y s e s ,  g r o u p  
c o r t i s o l  m e a s u r e m e n t s  w e r e  c o l l a p s e d  i n t o  s e v e n  b l o c k s  
r e p r e s e n t i n g  m ean c o r t i s o l  c o n c e n t r a t i o n s  a c r o s s  4 h o u r  t im e  
i n t e r v a l s .  T h e s e  d a t a  w e re  s u b m i t t e d  to  s p l i t - p l o t  f a c t o r i a l  
ANOVA, and p a i r w is e  c o m p a r is o n s  b e tw e e n  m ean s w e re  d e te r m in e d  
u s in g  n o n - d i r e c t i o n a l  t - t e s t s .  The p u ls e  f re q u e n c y  o f  c o r t i s o l  
r e l e a s e  a c r o s s  th e  28h sa m p lin g  p e r i o d  was d e te r m i n e d  f o r  e a c h  
s u b je c t  u t i l i z i n g  PULSAR a n a l y s i s .

A - d i u r n a l  p a t t e r n  o f  c o r t i s o l  s e c r e t i o n  was docum ented in  th e  
c o n t r o l  and sham s u rg e r y  g ro u p s .  C o r t i s o l  c o n c e n t r a t i o n s  p e a k e d  
d u r i n g  t h e  e a r l y  m o rn in g  h o u rs  (0 4 0 0 -0 8 0 0 h ) and r e a c h e d  a  n a d i r  
i n  l a t e  a f t e r n o o n  (1 60 0 -2 0 0 0 h ) w i t h  m ean f r e q u e n c y  o f  c o r t i s o l  
p u l s e s  e q u a l  2 0 /2 8 h  v s  1 7 /2 4 h .  No s i g n i f i c a n t  d i f f e r e n c e s  
b e tw een  th e  c o n t r o l s  and th o se  a n im a ls  u n d e rg o in g  a n e s t h e s i a  and  
s u r g i c a l  cu tdow n (sham  s u rg e r y )  w ere d e te c t e d  th ro u g h o u t th e  28h 
sa m p lin g  p e r io d .  How ever, s i g n i f i c a n t  b u t  s h o r t - l i v e d  e le v a t io n s  
i n  c o r t i s o l  l e v e l s  w e r e  o b s e r v e d  i m m e d i a t e l y  i n  a n i m a l s  
s u b j e c t e d  t o  c a s t r a t i o n .  M ean c i r c u l a t i n g  l e v e l s  o f  c o r t i s o l  
w ere s i x - f o l d  g r e a t e r  ( 1 2 .9  u g / 1 0 0 m l)  t h a n  l e v e l s  d i s p l a y e d  by 
i n t a c t  a n im a ls  ( 2 .2 7  u g / 100m l) and tw o - fo ld  g r e a t e r  th a n  l e v e l s  
d i s p la y e d  by th e  sham s u rg e r y  g r o u p  ( 4 .9 6  u g / 1 0 0 m l)  f ro m  1 2 0 0 -  
1 9 4 5 h . C o r t i s o l  e l e v a t i o n s  r e t u r n e d  to  no rm al i n  th e  c a s t r a t e  
g ro u p  a t  2000h and rem a in ed  a t  b a s e l i n e  th ro u g h o u t  th e  r e m a in d e r  
o f  t h e  sa m p lin g  p e r io d .  The p u ls e  f re q u e n c y  o f  c o r t i s o l  r e l e a s e d  
t h r o u g h o u t  t h e  s a m p l in g  p e r i o d  d id  n o t  d i f f e r  b e tw een  c o n t r o l ,  
sham , and c a s t r a t e  g ro u p s .

T hese f i n d i n g s  c o n c e r n i n g  t h e  e f f e c t s  o f  sham  s u r g e r y  an d  
o r c h i d e c to m y  on  t h e  p u l s a t i l e  r e l e a s e  o f  c o r t i s o l  i n  th e  R hesus 
m acaque d e m o n s tra te ;  l ) t h a t  t h e  a c t u a l  r e m o v a l  o f  t h e  t e s t e s  
r e s u l t s  i n  a  s i g n i f i c a n t  e l e v a t i o n  i n  se ru m  c o r t i s o l  l e v e l s  
com pared to  t h a t  o b s e rv e d  i n  s h a m s ,  an d  2 ) t h e  a c u t e  r i s e  i n  
c o r t i s o l  i n  th e  c a s t r a t e  g ro u p  i s  t r a n s i e n t ,  i . e . ,  o n ly  l a s t s  8 h . 
T hese d a ta  a r e  c o n s i s t e n t  w i th  p r e v io u s  f in d i n g s  t h a t  s u g g e s t  th e  
e x i s t e n c e  o f  a d i r e c t  n e u r a l  c o n n e c t io n  be tw een  th e  t e s t e s  and 
th e  c e n t r a l  n e rv o u s  s y s te m .
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217.9 MATURATION OF THE ACTH SECRETORY RESPONSE TO CENTRAL NICOTINIC 
CHOLINERGIC STIMULATION. S.G. MATTA*, H.S. BEYER* K. MC ALLEN* 
AND B. SHARP* (Spon.: R. P h illip s ) . Minneapolis Medical Research 
Foundation and Dept. of Medicine, Hennepin County Medical Center, 
University of Minnesota, Minneapolis, Minnesota 55415.

Nicotine is a potent stimulator of ACTH release in the adult 
r a t .  The present study was undertaken to assess the development 
of responsiveness to nicotine and to determine if the effect is 
mediated by central or peripheral mechanisms. Nicotine (N) (1 or 
2 mg/kg BW, free base, IP) or saline were administered to 
neonatal ra ts and trunk blood for ACTH by RIA was collected 7.5 
min afte r the final injection. All comparisons were by ANOVA. 
Nicotine significan tly  elevated (p < 0.05) plasma ACTH (pg/ml, 
mean ± se) a t a ll ages and the response increased markedly with 
age (p < 0 . 01):

S N 1.0 N 2.0
d1 2 9 ± 4 6 2 ± 5 65±6
d4 23± 6 7 1 ± 6 103± 14
d7 2 7 ± 4 1 2 5 ± 2 6 160± 16
dl5 98± 13 712±104 900± 153
d25 5 1 ± 6 --- 1172± 80

By 15d, ACTH levels were sim ilar to those in adults. To 
investigate n ico tine 's  s ite  of action, 26d rats were injected ip 
with 0.25 mg/kg BW N 10 min afte r the administration of saline 
(S) or 2.0 mg/kg BE nicotinic cholinergic antagonist: Hexametho- 
nium (H) which does not cross the blood-brain barrie r, or 
mecamylamine (M), which does. ACTH levels were: S/S 84 ± 8 ; S/N 
738 ± 87; M/N 136 ± 22; H/N 519 ± 51 (S/S = M/N < H/N = S/N, p < 
0.01). Other experiments compared equimolar concentrations of N 
with cytisine (C), a potent agonist which does not cross the 
blood brain barrier, administered iv in the same adult animal on 
separate days via chronic jugular cannulae. Neither C nor 3x C 
affected ACTH at any time point, whereas N e lic ited  peak 
elevation by 7 min (562 ± 124 vs baseline: 28 ± 7). Studies on 
the effec t of centrally  administered nicotine were conducted on 
adult ra ts with ICV cannulae. On separate days in each animal, 
2.5 ul buffer (pH 7.3) or 10 ug N in buffer was injected over 30s 
into IIIV and blood was drawn via jugular cannulae. Four out of 
five ra ts responded with peak ACTH levels by 7 min (p < 0.01), in 
the absence of v isib le  behavioral change. Thus, i t  appears that 
a nicotinic cholinergic mechanism for ACTH secretion is present 
on d1 and rapidly matures, reaching levels sim ilar to adult by 
dl5. The selective blockade by mecamylamine in contrast to 
hexamethonium, the lack of responsiveness to cytisine and the 
efficacy of ICV nicotine indicate that a central mechanism is 
operative. (Supported by DA03977).

217.10 EFFECTS OF CHRONIC BEHAVIORAL STRESS ON CORTICOTROPIN
RELEASING HORMONE ( CRF) AND ITS CO-EXPRESSION WITH OXYTOCIN 
(OT) IN THE RAT PARAVENTRICULAR NUCLEUS ( PVN). A. Hou- Yu, 
D.D. K e l l y + and A-J,  S i lv e rm a n .  D e p a r tm e n ts  of Anatomy & C e l l  
B io l. , and P s y c h i a t r y + ,  Columbia  Univ. , N. Y., N. Y. and NYS 
P s y c h i a t r i c  I n s t + .  10032

The 41 amino a c i d  p e p t i d e ,  CRF, i s  t h e  m ajo r  r e g u l a t o r  of  
ACTH r e l e a s e .  In  a d d i t i o n  b o th  OT and v a s o p r e s s i n  ( VP) can  
p o t e n t i a t e  t h e  a c t i o n  o f  CRF and have  been  found  i n  c e l l s  
w i th  CRF. The p r e s e n t  e x p e r i m e n t s  a d d r e s s  t h e  q u e s t i o n  of  t h e  
e f f e c t  o f  c h r o n i c  b e h a v i o r a l  s t r e s s  on t h e  CRF n e u ro n s  of  t h e  
PVN and t h e i r  a b i l i t y  t o  c o - e x p r e s s  n e u r o h y p o p h y s i a l  p ep
t i d e s .  A du l t  male H i s t a r  r a t s  were exposed  t o  72 h r  o r  10 
days  ( n=3 p e r  group) of a l t e r n a t i n g  30-min s e s s i o n s  of 92 db 
w h i t e  n o i s e  and of c o n d i t i o n e d  e m o t i o n a l  r e s p o n s e  t r a i n i n g  
which c o n s i s t e d  of i n t e r m i t e n t  p a i r i n g s  of a u d i t o r y  warning 
s t i m u l i  and b r i e f  i n e s c a p a b l e  f o o t s h o c k s .  Normal,  no s t r e s s  
c o n t r o l s  ( n=3) rem a in e d  i n  t h e i r  i n d i v i d u a l  home cag es .  All 
a n im a l s  were p e r f u s e d  u n d e r  p e n t o b a r b i t a l  a n e s t h e s i a  w i th  

p a r a f o r m a ld e h y d e  f i x a t i v e ,  b r a i n s  p o s t - f i x e d  a t  rm temp f o r  
24 h r  and 25 um v i b ra t o m e  s e c t i o n s .  S e c t i o n s  t h r o u g h  PVN were 
f i r s t  s t a i n e d  f o r  CRF u s in g  a r a b b i t  a n t i s e r u m  ( g i f t  o f  C. 
H o l l a n d e r ) ,  an a v i d i n - b i o t i n - H R P  k i t  and DAB a s  t h e  chroma-  
gen. A l t e r n a t e  s e c t i o n s  were t h e n  d o u b le  s t a i n e d  w i th  a 
s p e c i f i c  mon oclona l  a n t i b o d y  t o  e i t h e r  OT o r  VP which was 
v i s u a l i z e d  w i th  an a v i d i n - f l u o r e s c e i n  marker.

F o l lo w in g  e x te n d e d  e x p o s u re  t o  t h e  s t r e s s  pa ra d igm  s e v e r a l  
r e l i a b l e  ch a n g es  o c c u r r e d  i n  t h e  PVN n e u ro n s  o f  t h e s e  p h y s i o 
l o g i c a l l y  i n t a c t ,  n o n - c o l c h i c i n e  t r e a t e d  s u b j e c t s .  (1 ) A f t e r  
72 h r s  o f  s t r e s s  t h e r e  was a s i g n i f i c a n t  i n c r e a s e  i n  t h e  num
b e r  of n e u ro n s  e x p r e s s i n g  b o th  CRF i m m u n o r e a c t i v i t y  ( CRF-ir )  
and OT. In  t h e  u n s t r e s s e d  a n im a l  CR F- ir  was found p red o m in 
a t e l y  i n  t h e  m ed ia l  a s p e c t  of t h e  p a r v o c e l l u l a r  s u b - p o p u l a 
t i o n  o f  t h e  m id d le  PVN and a l s o  i n  l a r g e  c e l l s  i n  t h e  r o s t r a l  
and m id d le  PVN t h a t  f l u o r e s c e d  i n t e n s e l y  f o r  OT. C o - e x p r e s s i n g  
c e l l s  r e p r e s e n t e d  12% of  a l l  C R F - ir  n e u ro n s  i n  t h e  normal  
PVN. T h i s  i n c r e a s e d  t o  27% ( p = 0 . 032) f o l l o w i n g  72 h r  s t r e s s  
and t h e  i n c r e a s e  o c c u r r e d  p r e d o m i n a t e ly  i n  t h e  m id d le  PVN. 
He saw no e v id e n c e  f o r  c o - e x p r e s s i o n  o f  CRF and OT i n  
p a r v i c e l l u l a r  n e u ro n s  i n  n o n - c o l c h i c i n e  t r e a t e d  a n im a ls .  Nor 
d i d  we o b s e r v e  CRF/VP c o e x p r e s s i o n  i n  t h e  PVN. (2 ) A f t e r  10 
d ays  o f  s t r e s s  t h e r e  was an i n c r e a s e  i n  t h e  number o f  c e l l s  
making CRF (p=. 06).  CRF n e u ro n s  a l s o  i n c r e a s e d  i n  s i z e  ( 1 0 2 .7  
um vs 183 .6  um, p<.001) and i n  s t a i n i n g  i n t e n s i t y  (Ch i  sq.  6, 
p = . 0137).  These  d a t a  i l l u s t r a t e  t h a t  an o r g a n i s m ' s  p r i o r  
h i s t o r y  o f  e x p o s u re  t o  s t r e s s  can  in d u c e  p l a s t i c  ch a n g es  i n  
n e u r o s e c r e t o r y  n e u ro n s  r e s p o n s i b l e  f o r  t h e  c o n t r o l  of t h e  
p i t u i t a r y - a d r e n a l  a x i s .

217.11 PERMANENCE OF CHANGES IN CORTICOTROPIN RELEASING HORMONE 
(CRF) NEURONS IN THE RAT PARAVENTRICULAR NUCLEUS (PVN) IN 
RESPONSE TO CHRONIC BEHAVIORAL STRESS. A. J.  S i lv e r m a n ,  A. 
Hou-Yu and D. D. Ke l ly + ,  Dep ts  o f  Anat & C e l l  B i o l ,  and 
P s y c h i a t r y + ,  Columbia Univ. , N. Y., N. Y. and NYS P s y c h i a t r i c  
I n s t + . , NY NY, 1 0 0 3 2 .

He have  found  t h a t  f o l l o w i n g  10 days  o f  e x p o s u re  t o  
c h r o n i c  b e h a v i o r a l  s t r e s s  CRF n e u ro n s  i n  t h e  PVN of  i n t a c t  
r a t s  i n c r e a s e d  i n  number,  i n  s i z e  and i n  s t a i n i n g  i n t e n s i t y ,  
p a r a m e t e r s  i n d i c a t i v e  o f  i n c r e a s e d  n e u r o s e c r e t o r y  a c t i v i t y .  
To d e t e r m i n e  t h e  r e l a t i v e  perm ane nce  o f  t h e s e  ch a n g es ,  a d u l t  
male r a t s  were s t r e s s e d  f o r  10 days  and t h e n  r e t u r n e d  t o  
t h e i r  home c a g e s  ( v a c a t i o n )  f o r  21 a d d i t i o n a l  days  b e f o r e  
p r e p a r i n g  t h e  b r a i n s  f o r  imm unocy to chemica l  d e t e c t i o n  of 
CRF. The s t r e s s  p a rad ig m  c o n s i s t e d  o f  a l t e r n a t i n g  30-min 
e x p o s u re  t o  l o u d  w h i t e  n o i s e  and t o  c o n d i t i o n e d  e m o t i o n a l  
s t i m u l i .  No s t r e s s  c o n t r o l  s u b j e c t s  rem a in e d  i n  t h e i r  
i n d i v i d u a l  home c a g e s  and were m a i n t a i n e d  on a 1 2 :12  LD. 21 
d a y s  f o l l o w i n g  t h e  c o n c l u s i o n  o f  t h e  s t r e s s  pa ra d igm ,  a l l  
a n i m a l s  were p e r f u s e d  u n d e r  p e n t o b a r b i t a l  a n e s t h e s i a  w i th  4% 
p a r a f o r m a ld e h y d e ,  t h e  b r a i n s  p o s t - f i x e d  a t  4C f o r  24 h r  and 
75 um f r o z e n  s e c t i o n s  c u t .  S e c t i o n s  t h r o u g h  t h e  r o s t r a l -  
c a u d a l  l e n g t h  o f  t h e  PVN were s t a i n e d  f o r  CRF u s i n g  a r a b b i t  
a n t i s e r u m  ( g i f t  o f  C. H o l l a n d e r ) ,  an a v i d i n -  b io t in -H R P  k i t  
and DAB a s  t h e  chromagen . C e l l  s i z e  was measured  w i t h  t h e  
a i d  o f  a c o m p u t e r i z e d  image  a n a l y s i s  sys te m .  S t a i n i n g  
i n t e n s i t y  was r a t e d  on a p s y c h o p h y s i c a l  s c a l e  by an o b s e r v o r  
who was u n in fo rm e d  a s  t o  t h e  b e h a v i o r a l  h i s t o r y  o f  t h e  
s u b j e c t s .

CRF c e l l s  i n  p r e v i o u s l y  s t r e s s e d  a n im a l s  r em a in e d  
s i g n i f i c a n t l y  l a r g e r  t h a n  c o n t r o l s  ( two t a i l e d  ' t '  t e s t ,  
p < 0 . 00 1) .  Moreover,  t h e  s t a i n i n g  i n t e n s i t y  o f  CRF n e u ro n s  i n  
t h e s e  p r e v i o u s l y  s t r e s s e d  b u t  v a c a t i o n e d  a n im a l s  was e n 
ha nced  i n  t h e  same manner a s  i n  s u b j e c t s  s a c r i f i c e d  immed
i a t e l y  f o l l o w i n g  10 d a y s  o f  s t r e s s  e x p o s u re .  S t a i n i n g  i n t e n 
s i t y  i n  t h e  v a c a t i o n e d  s u b j e c t s  d i f f e r e d  s i g n i f i c a n t l y  from 
c o r r e s p o n d i n g  c o n t r o l s  on a non p a r a m e t r i c  median t e s t  (Chi  
sq.  6 . 0 ,  p=0. 0137 ) .  These  e x p e r i m e n t s  d e m o n s t r a t e  t h a t  p l a s 
t i c  c h a n g e s  i n  CRF n e u ro n s  i n d u c e d  by s t r e s s  a r e  m a i n t a i n e d  
f o r  a t  l e a s t  3 wks a f t e r  e x p o s u r e  t o  t h e  s t r e s s o r  h as  ended. 
He a c k now ledge  t h a t  w h e th e r  t h e  i n c r e a s e d  s i z e  and p e p t i d e  
c o n t e n t  r e f l e c t  a c o n t i n u e d  h y p e r s e c r e t i o n  o f  CRF c a n n o t  be 
a s c e r t a i n e d  from o u r  d a t a .  N e v e r t h e l e s s ,  t h e s e  q u a n t i t a t i v e  
a n a t o m i c a l  o b s e r v a t i o n s  r a i s e  t h e  p o s s i b i l i t y  t h a t  l o n g  
a f t e r  an  e x t e n d e d  e x p o s u r e  t o  s t r e s s  t h e  h y p o th a l a m u s  of 
o n c e - s t r e s s e d  a n im a l s  m ig h t  r e m a in  c a p a b l e  o f  r e s p o n d i n g  i n  
a v i g o r o u s  o r  e x a g g e r a t e d  f a s h i o n  t o  n o v e l  s t r e s s o r s .

217.12 BEHAVIORAL CORRELATES OF A CHRONIC STRESS PARADIGM THAT ALTERS 
HYPOTHALAMIC CRF NEURONS. D enn is D. K e l ly  ( a ) ,  A n n - J u d ith  
S ilv e rm a n  and Anna Hou-Yu. New York S t a te  P s y c h ia t r i c  I n s t i 
t u t e  ( a ) ,  and D e p a r tm e n ts  o f  P s y c h ia t r y  ( a )  and Anatomy & C e l l  
B io lo g y ,  Colum bia U n i v e r s i ty ,  New Y ork , NY 10032.

We have  o b s e rv e d  t h a t  when a p h y s io l o g ic a l ly  norm al r a t  i s  
s t r e s s e d  f o r  72 h r s  by e x p o s u re  to  a l t e r n a t i n g  30-m in  p e r io d s  o f  
w h i te  n o i s e  and o f  c o n d i t io n e d  e m o t io n a l  s t i m u l i ,  th e  num ber o f  
c e l l s  in  th e  h y p o th a la m ic  p a r a v e n t r i c u l a r  n u c le u s  t h a t  c o -e x p r e s s  
b o th  c o r t i c o t r o p i n  r e l e a s i n g  horm one (CRF) and o x y to c in  i n 
c r e a s e s .  A f t e r  10 d ay s  o f  s im i l a r  e x p o s u re ,  th e  num ber, s i z e  and 
s t a i n i n g  i n t e n s i t y  o f  CRF n e u ro n s  a l s o  i n c r e a s e ,  and th e  l a t t e r  
ch a n g es  e n d u re  f o r  a t  l e a s t  t h r e e  w eeks a f t e r  th e  e n v iro n m e n ta l  
dem ands upon th e  o rg an ism  h av e  r e tu r n e d  to  n o rm a l.

To c h a r a c t e r i z e  th e  b e h a v io r a l  c o n seq u e n c e s  o f  e x p o su re  to  th e  
same c h ro n ic  s t r e s s  p a ra d ig m , 48 a d u l t  m ale r a t s  w ere ex p o sed  in  
w e ig h t-  and a g e -m a tc h e d  g ro u p s  (n =6 e a c h )  to  72 h r s  o r  240 h r s  o f  
s t r e s s ,  o r  to  c o r r e s p o n d in g  n o - s t r e s s  c o n t r o l  c o n d i t i o n s .  N o c icep 
t i v e  t a i l - f l i c k  t h r e s h o ld s  w ere  s y s t e m a t i c a l l y  t r a c k e d  in  h a l f  o f  
th e  g ro u p s  b e f o r e ,  d u r in g  and a f t e r  s t r e s s  e x p o s u re .  In  th e  o th e r  
h a l f  a c o u s t i c  s t a r t l e  r e s p o n s i v i t y  was m o n ito re d .  D a i ly  w a te r  i n 
ta k e  and body w e ig h t w ere m easu red  in  a l l  s u b j e c t s .

The te m p o ra l  p a t t e r n  o f  a d a p ta t io n  to  c o n tin u o u s  s t r e s s  expo
s u re  d i f f e r e d  m ark e d ly  among th e  b e h a v io r s .  W ater i n ta k e  d e 
c re a s e d  by a lm o s t  50 % d u r in g  th e  f i r s t  24 h r s  o f  s t r e s s  ex p o 
s u r e ,  w h ich  r e f l e c t e d  p r i n c i p a l l y  a  d e c l in e  i n  p r a n d i a l  d r in k i n g .  
R eco v e ry  o f  no rm al consum m atory b e h a v io r  i n  m ost s u b je c t s  was r a p 
i d ,  r e t u r n in g  to  n o rm a l w i th in  th e  7 2 -h r  p a ra d ig m . W eight d e 
c re a s e d  s t e a d i l y  th ro u g h o u t  th e  7 2 -h r  s t r e s s  p a rad ig m  and th ro u g h  
th e  i n i t i a l  5 -7  d ay s  o f  th e  1 0 -d ay  p a ra d ig m , r e c o v e r in g  s lo w ly  
t h e r e a f t e r .  N o c ic e p t iv e  t h r e s h o l d s : W hile  a c u te  e x p o s u re  to  n e i 
t h e r  s t r e s s o r  a lo n e  ( n o is e  o r  CS-US p a i r i n g s )  in d u c e d  a n a lg e s i a ,  
c h ro n ic  a l t e r n a t i n g  e x p o s u re s  to  b o th  r e s u l t e d  i n  a  s lo w  d e v e lo p 
in g ,  y e t  p ro fo u n d  a n a lg e s ic  s t a t e  w hich  p eak ed  a t  2 4 -32  h r s  a f t e r  
s t r e s s  o n s e t  and w h ich  was m a in ta in e d  th ro u g h o u t  th e  7 2 -h r  p a ra 
d igm . S t a r t l e  R e s p o n s iv i ty : In  c o n t r a s t  to  th e  d e c l in e  i n  n o c i 
c e p t iv e  r e f l e x  s e n s i t i v i t y ,  p ro lo n g e d  c y c le s  o f  h y p e r r e s p o n s lv i ty  
t o  th e  a c o u s t i c  s t a r t l e  s t im u lu s  a l s o  acco m p an ied  c h ro n ic  s t r e s s  
e x p o s u re .  T h is  s u g g e s t s  t h a t  th e  d e c re a s e d  n o c ic e p t iv e  t h r e s h o ld s  
d id  n o t  r e s u l t  from  a g e n e r a l  m o to r d e f i c i t .  M ost i n t e r e s t i n g  in  
l i g h t  o f  th e  r e l a t i v e  perm anence o f  th e  s t r e s s - i n d u c e d  ch an g es  i n  
h y p o th a la m ic  CRF c e l l s  d e s c r ib e d  i n  th e  p r e c e d in g  a b s t r a c t ,  th e  
c y c l i c  p e r io d s  o f  e n h an ced  s t a r t l e  r e s p o n s i v i t y  t h a t  d e v e lo p e d  
d u r in g  10- d a y  s t r e s s  e x p o s u re  w ere m a in ta in e d  i n  many s u b je c t s  
th ro u g h o u t  th e  2 1 -d ay  p o s t - s t r e s s  b e h a v io r a l  v a c a t i o n .  W hether 
th e  s t r e s s - i n d u c e d  p l a s t i c i t y  d i s p la y e d  by h y p o th a la m ic  n e u ro 
s e c r e to r y  n e u ro n s  i s  r e l a t e d  to  t h e  r e g u l a t i o n  o f  b e h a v io r  u n d e r  
s t r e s s  rem a in s  to  be d e te rm in e d .  (USPHS G ran t NS 18822)
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218.1 POSTNATAL DEVELOPMENT OF AXONAL BIFURCATION IN THE AFFERENTS TO THE 
VISUAL AREAS OF THE TWO CEREBRAL HEMISPHERES OF THE RAT. J .  
B u l l i e r * ,C .  Dehay* and B. D re h e r* (SPON: E u ro p ean  N e u ro sc ie n c e  
A s s o c ia t io n )  INSERM U94, 69500 B ron , F r a n c e ,  and D e p t. o f  Anatomy, 
U n iv . o f S ydney , A u s t r a l i a .

I t  i s  known t h a t ,  d u r in g  th e  f i r s t  two w eeks o f p o s tn a t a l  l i f e  o f  th e  
r a t ,  many n e u ro n s  in  th e  p a r i e t a l  c o r t e x  sen d  one a x o n a l b ran c h  in  th e  
i p s i l a t e r a l  c o r t e x  and a n o th e r  in  th e  c o n t r a l a t e r a l  h e m isp h e re  
( Iv y ,G .O . and K i l la c k e y ,  H .P . , J .  N e u r o s c i . , 2 :7 3 5 -7 4 3 , 1 9 8 2 ). The 
num ber o f  su ch  n e u ro n s  w i th  b i l a t e r a l  c o n n e c t io n s  d e c re a s e s  
d r a m a t i c a l l y  d u r in g  th e  p o s tn a t a l  d e v e lo p m e n t. We have  t e s t e d  th e  
g e n e r a l i t y  o f  th e  r e t r a c t i o n  o f b i l a t e r a l  c o r t i c a l  a f f e r e n t s  by 
i n j e c t i n g  th e  v i s u a l  c o r t e x  o f  each  h e m isp h e re  w i th  one o f  two 
d i f f e r e n t  r e t r o g r a d e  f l u o r e s c e n t  t r a c e r s .  T h ese  i n j e c t i o n s  w ere 
p e rfo rm e d  a t  d i f f e r e n t  ag e s  and we e s t im a te d  th e  p r o p o r t io n s  o f  
d o u b ly  l a b e l l e d  n e u ro n s  i n  th e  a f f e r e n t  s t r u c t u r e s .  An e x te n s iv e  
i n j e c t i o n  o f th e  f l u o r e s c e n t  t r a c e r  d ia m id in o  y e llo w  was p la c e d  in  
th e  v i s u a l  a r e a s  o f  one h e m isp h e re  w h i le  a s m a ll i n j e c t i o n  o f a n o th e r  
f l u o r e s c e n t  d y e , f a s t  b l u e ,  was made in  a r e a  17 o f  th e  o th e r  
h e m is p h e re . I n  th e  th a la m u s ,  th e  l a b e l l i n g  was s t r i c t l y  i p s i l a t e r a l  
a t  a l l  a g e s  e x c e p t  f o r  a  sm a ll  amount o f  m ix in g  o f  th e  two p o p u la t io n s  
o f  l a b e l l e d  c e l l s  in  th e  m id l in e  n u c le i  o f  a n im a ls  aged 10 d ay s  o r  
l e s s .  The c la u s t ru m  c o n ta in e d  a m ix tu re  o f  i p s i  and c o n t r a l a t e r a l l y  
l a b e l l e d  n e u ro n s  and a  s m a ll p e rc e n ta g e  (a b o u t  1%) o f b i l a t e r a l l y  
l a b e l l e d  n e u ro n s .  The p e rc e n ta g e  o f su ch  n e u ro n s  w i th  b i l a t e r a l  
p r o j e c t i o n s  d id  n o t change w i th  a g e . I n  th e  c o r t e x ,  a l l  a r e a s  
c o n ta in e d  some d o u b ly  l a b e l l e d  n e u ro n s .  The p r o p o r t io n s  o f  
b i l a t e r a l l y  p r o j e c t i n g  n e u ro n s  w i th  r e s p e c t  t o  i p s i l a t e r a l l y  
p r o j e c t i n g  c e l l s  v a r i e d  be tw een  8 and 30% f o r  d i f f e r e n t  c o r t i c a l  
a r e a s  in  th e  a d u l t  a n im a l.  T h is  p r o p o r t io n  was u nchanged  w i th  age  in  
a r e a  8 w h e re a s  in  o t h e r  c o r t i c a l  a r e a s  (1 8 a ,  18b, 29 , 35) i t  was 
h ig h e r  (50-60% ) in  a n im a ls  aged  10 day s  o r  l e s s  th a n  in  th e  a d u l t .  
T h e se  r e s u l t s  d e m o n s tra te  t h a t ,  in  c e r t a i n  v i s u a l  c o r t i c a l  a r e a s ,  
th e  p r o p o r t io n  o f b i l a t e r a l l y  p r o j e c t i n g  n e u ro n s  d e c re a s e s  a f t e r  10 
d a y s  o f  a g e ,  s u g g e s t in g  t h a t  th e  r e d u c t io n  o f  c a l l o s a l  c o n n e c t i v i t y  
known to  o c c u r  a t  t h a t  age in v o lv e s  th e  r e t r a c t i o n  o f  axon 
c o l l a t e r a l s .  On th e  o th e r  h an d , in  s t r u c t u r e s  su c h  a s  a r e a  8 , th e  
c la u s t ru m  o r  th e  th a la m u s , th e  l a t e r a l i t y  o f  th e  c o r t i c o p e t a l  
c o n n e c t io n s  a p p e a r s  t o  be a l r e a d y  e s t a b l i s h e d  a t  b i r t h .

218.2 POSTNATAL DEVELOPMENT OF CORTICO-CORTICAL CONNECTIONS. 
T.A. COOGAN* AND A. BURKHALTER. D ept. Neurosurgery and the 
M cDonnell C en ter for Studies of Higher Brain Function, Washington 
U niversity Medical School, St. Louis, MO 63110.

It is well known th a t d iffe ren t types of co rtico -co rtica l connections 
orig inate from differen t layers with d iffe ren t com positions of pyram idal 
and nonpyramidal neurons. To provide a  c learer understanding of the 
processes th a t underlie the form ation of th is organization, we began to  
study the postnatal development of the projection from prim ary (area 17) 
to  secondary (area 18a) visual co rtex  in the hooded ra t .

Injections of rhodam ine labelled beads were made into a rea  18a a t 
postnatal day P 1, P6, P16 and P30. Animals in jected  a t P 1, P6 and P16 
survived until P20, when m igration of co rtica l cells is com plete. Young 
adult anim als survived for one week. The brains were sectioned and the 
lam inar distribution of retrogradely  labelled cells in area  17 analyzed and 
com pared.

A fter injections a t  P 1, the  m ajority (80%) of labelled s tr ia te  co rtica l 
cells a re  located  in low er layers, 5 and 6. In con tras t, the proportion of 
labelled layer 4 (9%), layer 2/3 (6%) and layer 1 (5%) cells was low. In P6 
animals the percentage of labelled cells in granular (19%) and 
supragranular layers (18%) is increased, while the percentage of cells in 
layers 5 and 6 was decreased  (63%). The projection in P16 animals 
resem bled th a t of adults, in th a t i t  originated predom inately from layers 
2/3 (52%) and the contribution of layers 4 (8%), 5 and 6 (40%) was 
diminished. In order to  quan tita te  the changes within a single layer we 
ca lcula ted  the  density of labelled cells. Between P 1 and P6 the density 
increased in layers 2-6. This trend  continued in layers 2/3 betw een P6 and 
P16. In con tras t, betw een P6 and P16 the density of layer 4 and upper 
layer 6 labelling decreased. A sim ilar decrease was found in layer 1 
labelling betw een P 1 and P6. The density of labelled cells in layer 5, 
however, did n o t change appreciably.

To investigate  possible explanations which could account for these 
developm ental changes, we perform ed double-labelling experim ents. A rea 
18a was in jected  with beads a t P6, and the sam e site  was re in jec ted  with 
F ast Blue (FB) a t  P16. In such eases, m ost FB labelled cells were found in 
layers 2/3 w here bead labelling was sparse. Conversely, bead labelling 
was re s tr ic ted  to  layers 4 to  6, where FB cells were ra re . Double labelled 
cells w ere found in layers 5 and 6 only. This indicates th a t the  fibers 
from layer 2/3  develop a f te r  P6 and destruction  of fibers cannot account 
for the absence of labelling a t  P6. In addition, cells in layer 4 do not die 
or m igrate into upper layers, ra th er they  withdraw the ir axons.

These resu lts  provide for two conclusions: 1) The layers in a rea  17 are 
labelled in the  inside-out order they a re  genera ted , thus, axons arrive in 
a rea  18a in the order in which the cells of origin are  born, and; 2) The 
m ature p a tte rn  of connections is produced by re trac tion  of axons from 
the ir in itia l ta rg e ts . (Supported by NIH grant EY05935).

218.3 THE POSTNATAL DEVELOPMENT OF THE POSTERO—MEDIAL SUPRASYLVIAN AREA 
OF THE CAT; A QUANTITATIVE ELECTROPHYSIOLOGICAL STUDY. C o lin  
B lakem ore, D.J. P r ic e *  and T.J. Zumbroich*. U n iv e rs ity  L abo ra to ry  
o f P hysio logy , P arks Road, O xford 0X1 3PT, U.K.

A lth o u g h  th e r e  h ave  been  a num ber o f  s t u d i e s  o f  th e  n o rm a l 
p o s t n a t a l  m a tu r a t io n  o f  th e  p r im a ry  v i s u a l  c o r t e x  o f  th e  c a t ,  
l i t t l e  i s  know n a b o u t  t h e  t i m e - c o u r s e  o f  d e v e lo p m e n t  o f  
e x t r a s t r i a t e  a re a s . In  th e  a d u l t  c a t  one such a re a , th e  p o s te ro 
m ed ia l l a t e r a l  s u p ra s y lv ia n  a re a  (PMLS), c o n ta in s  a p a r t i c u l a r ly  
h ig h  p ro p o r tio n  o f c e l l s  th a t  a re  s e le c t i v e  fo r  th e  d i r e c t i o n  o f 
s tim u lu s  m otion , and w hich g e n e ra lly  have low s p a t i a l  r e s o lu t io n  
compared to  neurons in  a re a  17. We w ere in t e r e s te d  in  s tu d y in g  th e  
t im e - c o u r s e  o f  d e v e lo p m e n t o f  d i f f e r e n t  r e s p o n s e  p r o p e r t i e s  in  
PMLS.

We have reco rded  from  PMLS in  k i t t e n s  aged betw een 9 days and 8 
weeks as w e ll  as in  a d u l t  c a ts .  Amongst th e  p ro p e r t ie s  we asse sse d  
q u a l i t a t i v e l y  w ere response  s tr e n g th ,  o c u la r  dominance and degree 
of h a b i tu a t io n  to  re p e a te d  v i s u a l  s t i m u l a t i o n .  F o r q u a n t i t a t i v e  
m easurem ents, h ig h -c o n tr a s t  d r i f t i n g  o r s ta t io n a r y ,  f la sh e d  s in e -  
w ave g r a t i n g s  w ere  p r e s e n te d  on a d i s p l a y  s c r e e n  and s p ik e s  
c o l l e c t e d  u n d e r  th e  c o n t r o l  o f  a c o m p u te r  to  a s s e s s  th e  
s e l e c t i v i t y  f o r  th e  d i r e c t i o n ,  th e  o r i e n t a t i o n ,  th e  s p a t i a l  
f re q u e n c y  and th e  te m p o ra l  f r e q u e n c y  o f  th e  s t im u lu s  (u s in g  a 
s t a t i s t i c a l  response  c r i t e r io n ) .

At 9 days many c e l l s  w ere v i su a l ly  u n resp o n s iv e , bu t a t  12 days 
u n i t s  responded p r e f e r e n t i a l l y  to  moving s t im u l i  and 25 % of the  
c e l l s  showed c l e a r  d i r e c t i o n  s e l e c t i v i t y ,  bu t were more b road ly  
tu n e d  (m ean h a l f - w i d t h  a t  h a l f  a m p l i tu d e :  3 2 .8 ° )  th a n  in  a d u l t  
PMLS. In  th e  1 2 -d a y -o ld  k i t t e n  77% o f n e u ro n s  show ed r a p id  
h a b i tu a t io n  to  rep e a te d  v i s u a l  s t i m u l a t i o n ,  b u t t h i s  p e r c e n ta g e  
d e c re a s e d  w i th  age  to  13 % in  a d u l t  c a t s .  The m a jo r i t y  o f  
r e s p o n s iv e  u n i t s  a t  a l l  a g e s  c o u ld  be d r iv e n  in d e p e n d e n t ly  from  
e i t h e r  eye.

At th e  end o f  th e  3 rd  week o f  p o s t n a t a l  l i f e ,  d i r e c t i o n  
s e l e c t i v i t y  seemed to  have m atured com p le te ly : 79 % of u n i t s  were 
c l e a r ly  d i r e c t i o n  s e le c t i v e  ( th e  same p ro p o r tio n  as in  a d u l t  c a t)  
and  th e  mean h a l f - w i d t h  w as 2 3 .9 °  ( i n  a d u l t  a n im a ls :  2 3 .1 ° ) . In  
a l l  a n im a ls  o ld e r  th a n  9 d a y s , t e s t s  w i th  s t a t i o n a r y  f l a s h e d  
g r a t i n g s  o f  v a ry in g  o r i e n t a t i o n  r e v e a le d  t h a t  a s u b s t a n t i a l  
p r o p o r t i o n  o f  c e l l s  w as o r i e n t a t i o n - s e l e c t i v e .  The m a jo r  
im provem ent o f s e l e c t i v i t y  f o r  s p a t i a l  and tem poral frequency  a ls o  
occu rred  du rin g  th e  f i r s t  3 weeks o f p o s tn a ta l  l i f e .

A c o m p a r is o n  o f  o u r  d a t a  from  PMLS w ith  th o s e  o f  p r e v io u s  
s tu d ie s  on s t r i a t e  c o r te x  su g g es ts  th a t  developm ent of re c e p tiv e  
f i e l d  p ro p e r t ie s  i s  com parable in  many r e s p e c ts  to  th a t  in  s t r i a t e  
c o r te x , b u t, i f  an y th in g , PMLS m atu res  more ra p id ly .

S upported by g ra n ts  from MRC, SERC and Wellcome T ru s t.

218.4 BINOCULAR INTERACTION IN YOUNG KITTENS.
R.D. Freeman and I .  Ohzawa*, N eurobiology Group, 360 Minor H a ll , 
U n iv e rs ity  o f  C a l i f o rn ia ,  B erke ley , CA 94720.

N early  a l l  neurons in  th e  s t r i a t e  c o r te x  o f  th e  c a t  e x h ib i t  
some d eg ree  o f  b in o c u la r  in t e r a c t io n .  S u g gestions  have been made 
th a t  th e se  c e l l s  s ig n a l  d i f f e r e n t  b in o c u la r  d i s p a r i t i e s  and hence 
form the  s u b s t r a te  f o r  d ep th  d is c r im in a t io n .  These neurons have 
a l s o  been examined in  young k i t t e n s  in  r e l a t i o n  to  q u e s tio n s  o f  
normal and abnorm al developm ent, and r e s u l t s  appear to  be somewhat 
c o n f l i c t in g .  I t  i s  im p o rtan t to  e s t a b l i s h  i f  v is u a l  co n n e c tio n s  
a re  fu n c t io n a l d u rin g  th e  s u b s t a n t i a l  changes th a t  occu r in  e a r ly  
p o s tn a ta l  weeks o f  th e  k i t t e n .  In  th e  s tu d y  re p o r te d  h e re , we 
have focused  on b in o c u la r  fu n c t io n .

We use a ro b u s t tech n iq u e  to  s tu d y  b in o c u la r  in t e r a c t io n  in  
s in g le  c e l l s  o f  v is u a l  c o r te x .  Two s in u s o id a l g r a t in g s ,  under 
independen t c o n t r o l ,  a re  p re se n te d  to  l e f t  and r i g h t  e y e s , re sp e c 
t i v e ly ,  such th a t  one s tim u lu s  i s  p h a s e - s h if te d  w ith  r e s p e c t  to  
th e  o th e r .  A sequence o f  phase v ary in g  s t im u li  i s  used to  t e s t  a 
g iv en  c e l l ,  a f t e r  op tim al p a ram ete rs  o f  o r ie n ta t io n ,  s p a t i a l  f r e 
quency and v e lo c i ty  have been determ ined  m onocu larly . A ll s tim u
lu s  p r e s e n ta t io n  and d a ta  a c q u is i t i o n  i s  under com puter c o n t ro l .

We s tu d ie d  k i t t e n s  a t  2 ,3 ,  and 4 weeks p o s tn a t a l .  A s u rp r is in g  
degree  o f  b in o c u la r  s p e c i f i c i t y  was found in  a l l  th re e  age g roups. 
At 2 w eeks, around h a l f  th e  c e l l s  e x h ib i t  p h a s e - s p e c i f ic  b in o c u la r  
i n t e r a c t io n .  For some r e l a t i v e  p h ases , resp o n ses  a re  
s u b s t a n t i a l l y  la r g e r  than  e i t h e r  monocular response  and fo r  o th e r  
p h ases , response  was supp ressed  m arkedly . T h is  k ind  o f  b in o c u la r  
in t e r a c t io n  i s  seen  even f o r  c e l l s  w hich appear to  be m onocular, 
when te s te d  a l t e r n a t e ly  th rough  e i t h e r  ey e . A much sm a lle r  
p ro p o rtio n  o f  c e l l s  e x h ib ite d  non-phase s p e c i f i c  b in o c u la r  
i n t e r a c t io n .  Only abou t 25% d is p la y e d  no in te r a c t io n  and were 
a p p a re n tly  m onocular.

By 3 w eeks, a  la rg e  m a jo r ity  o f  c e l l s  show p h a s e - s p e c i f ic  
b in o c u la r  in t e r a c t io n  o f  th e  type  d e s c r ib e d  above. Once a g a in , 
r e l a t i v e l y  sm all p ro p o r tio n s  e x h ib i t  non-phase s p e c i f i c  b in o c u la r  
in t e r a c t io n .  The p ro p o r tio n s  o f  c e l l s  which were m onocular and 
d is p la y e d  no in t e r a c t io n  were r e l a t i v e l y  s m a ll, around 15%. An 
a d d i t io n a l  group was observed  fo r  which a  s u p p re ss iv e  in f lu e n c e  i s  
seen  from an  eye th a t  ap p e a rs  s i l e n t  based  on m onocular t e s t s .  At 
4 w eeks, s p e c i f i c i t y  i s  v e ry  c lo s e  to  t h a t  found in  a d u l t s .

These r e s u l t s  in d ic a te  a  h ig h ly  developed  b in o c u la r  o rg a n iz a 
t io n  o f  re c e p tiv e  f i e ld s  o f  s t r i a t e  c o r t i c a l  c e l l s  in  v e ry  young 
k i t t e n s ,  in  s p i t e  o f  th e  c o n s id e ra b le  changes in  in te ro c u la r  
a lignm en t th a t  o ccu r in  e a r ly  p o s tn a ta l  w eeks. (EY01175)
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218.5 BINOCULAR DEPTH PERCEPTION AND PUPILLOGRAPHIC CHANGES IN KITTENS 
REARED WITH INTEROCULAR TORSIONAL DISPARITY. P a u l  G. S h inkm an , 
B rian  T im ney, and  M ich ae l R. I s l e y * . U n iv . N o rth  C a r o l in a ,  C h ap el 
H i l l ,  NC 2 7 514 , and  U n iv . W este rn  O n ta r io ,  London, C anada N6A 5C2.

We s tu d i e d  th e  r e l a t i o n  b e tw een  th e  p h y s io l o g ic a l  and  b e h a v io r 
a l  e f f e c t s  o f  r e a r i n g  k i t t e n s  w i th  i n t e r o c u l a r  t o r s i o n a l  d i s p a r i t 
i e s .  D uring  th e  f i r s t  s e v e r a l  w eeks o f  l i f e  k i t t e n s  w ore g o g g le s  
f i t t e d  w ith  p r is m s  t h a t  i n t r o d u c e d  r o t a t i o n a l  d i s p a r i t i e s  b e tw een  
th e  im ages i n  th e  l e f t  and  r i g h t  e y e s .  Each k i t t e n  e x p e r ie n c e d  one 
o f t h r e e  d i s p a r i t y  v a lu e s :  1 6 ° , 3 2 ° , o r  0° ( c o n t r o l ) .  We h av e  r e 
p o r te d  p r e v io u s ly  t h e  p h y s io l o g ic a l  e f f e c t s  o f  t h e s e  r e a r i n g  p r o 
c e d u re s .  W ith r e s p e c t  t o  v i s u a l  c o r t i c a l  b i n o c u l a r i t y , l a r g e  (3 2 °) 
d i s p a r i t i e s  p ro d u c e  s e v e r e  d i s r u p t i o n  w h i le  s m a l l  (1 6 ° )  d i s p a r i t i e s  
do n o t .  T hese f in d i n g s  w ere  v e r i f i e d  f o r  k i t t e n s  i n  t h e  p r e s e n t  
e x p e rim e n ts  a t  th e  c o n c lu s io n  o f  b e h a v io r a l  t e s t i n g .

S ix te e n  k i t t e n s  w ore g o g g le s  f o r  s e v e r a l  h o u rs  d a i l y  b e tw een  th e  
ages o f  4 -1 2  w eeks and  w ere  k e p t  o th e r w is e  i n  th e  d a r k .  A t a g e  3 
m onths th e  k i t t e n s  w ere  s e n t  t o  t h e  U n iv e r s i ty  o f  W e ste rn  O n ta r io  
f o r  b e h a v io r a l  t e s t i n g .  U s in g  th e  jum ping  s ta n d  p r o c e d u r e ,  a l l  
k i t t e n s  w ere t e s t e d  f o r  b in o c u l a r  and  m o n o cu la r  d e p th  p e r c e p t io n ,  
and th r e e  w ere a l s o  t e s t e d  f o r  a c u i t y .

B e h a v io ra l  r e s u l t s  from  th e  0° and  32° g ro u p s  w ere  r e l a t i v e l y  
s t r a ig h t f o r w a r d .  32° k i t t e n s  had  p o o r  b i n o c u l a r  d e p th  p e r c e p t io n ,  
c o n s i s t e n t  w i th  th e  l a c k  o f  b i n o c u l a r  n e u ro n s ,  w h e re a s  c o n t r o l  ( 0 °) 
k i t t e n s ,  w i th  a  s i n g l e  e x c e p t io n ,  e x h ib i t e d  good b i n o c u l a r  d e p th  
p e rc e p t io n ;  t h a t  i s ,  p e rfo rm a n c e  u n d e r  b in o c u l a r  t e s t i n g  c o n d i t i o n s  
was d i s t i n c t l y  s u p e r i o r  t o  m o n o cu la r  p e rfo rm a n c e .  T h is  f in d i n g  was 
n o t due to  d i f f e r e n c e s  i n  a c u i t y ,  s in c e  k i t t e n s  i n  b o th  g ro u p s  
showed a c u i t y  i n  th e  low  n o rm al r a n g e .  The 16° g ro u p  y i e ld e d  m ixed  
r e s u l t s .  T h ree  k i t t e n s  showed c l e a r  s u p e r i o r i t y  o f  b i n o c u l a r  o v e r  
m onocu lar d e p th  p e r c e p t io n ,  and  f i v e  d id  n o t .  T h is  w i th in - g ro u p  
d i f f e r e n c e  a p p e a re d  t o  be d u e  t o  p u p i l l o g r a p h i c  c h a n g es  t h a t  o c c u r 
re d  in  some k i t t e n s  a s  m ea su red  by v e rg e n c e  r a t i o s .  T h ree  k i t t e n s  
in  th e  16° c o n d i t i o n  and one  in  t h e  0 ° c o n d i t i o n  t h a t  d id  n o t  p e r 
form w e l l  w ere t e s t e d  a f t e r  an i n t e r v a l  o f  s e v e r a l  w eeks i n  t h e  
l i g h t ,  d u r in g  w h ich  t im e  g r a d u a l  c h a n g es  in  ey e  p o s i t i o n  o c c u r r e d  
and th e  k i t t e n s  becam e e s o t r o p i c .  The o t h e r  two 16° k i t t e n s  t h a t  
f a i l e d  t o  show b in o c u l a r  d e p th  p e r c e p t io n  w ere  fo u n d  t o  h av e  a b n o r 
mal o c u la r  a l ig n m e n t  a t  th e  end  o f  g o g g le  r e a r i n g ,  b e f o r e  b e h a v io r 
a l  t e s t i n g  was i n i t i a t e d .

We c o n c lu d e  t h a t  b in o c u l a r  d e p th  p e r c e p t io n  i s  d i s r u p t e d  in  g o g 
g l e - r e a r e d  k i t t e n s  e i t h e r  by  l a r g e  i n t e r o c u l a r  t o r s i o n a l  d i s p a r i t y  
l e a d in g  t o  a  l o s s  o f  b i n o c u l a r  n e u ro n s  i n  v i s u a l  c o r t e x ,  o r  by 
c h an g es  i n  o c u la r  p o s i t i o n  c o n s e q u e n t  upon v i s u a l  d e p r i v a t i o n  f o l 
lowed by r e t u r n  t o  a  no rm al v i s u a l  e n v iro n m e n t . S m a ll r o t a t i o n a l  
d i s p a r i t y  e x p e r ie n c e d  e a r l y  i n  l i f e ,  h o w ev er, d o e s  n o t  by i t s e l f  
i n t e r f e r e  w i th  t h e  n o rm a l d e v e lo p m e n t o f  b in o c u l a r  d e p th  p e r c e p 
t i o n .  (S u p p o rte d  by USPHS g r a n t  HD-03110 and MRC g r a n t  MA7125)

218.6 EFFECT OF DARK REARING ON DEVELOPMENT OF MYELINATION IN CAT 
VISUAL CORTEX. N.W. Daw, D ept. o f  C e ll B io logy, W ashington U niv. 
Med. S chool, S t.  L ou is, MO 63110.

M yelination  in  th e  c a t  v is u a l  c o r te x  develops over th e  f i r s t  
fo u r  months o f l i f e  (Haug; H ., Kӧl l n ,  M. and R as t, A ., C e ll T i s s .  
R es. 167: 265, 1976). T his co rresponds to  th e  c r i t i c a l  p e r io d  
fo r  th e  developm ent o f  th e  v is u a l  c o r te x  in  c a t s .  R earing  c a ts  
in  th e  dark  p ro longs  th i s  c r i t i c a l  p e r io d  (Cynader, M. and 
M itc h e ll ,  D .E ., J .  N eu rophysio l. 4 3 : 1026, 1980). We th e r e fo r e  
d ec ided  to  in v e s t ig a te  w hether dark  re a r in g  would a l s o  p ro long  
th e  developm ent o f m y e lin a tio n .

Two l i t t e r s  o f  k i t t e n s  (born  th re e  days a p a r t )  were re a re d , 
one in  th e  l i g h t  and one in  th e  d a rk . K itte n s  from each l i t t e r  
were s a c r i f i c e d  a t  64, 84, 105 and 168 days o f  age , and p e rfu se d  
w ith  10% fo rm a lin . T he ir c o r t ic e s  were se c t io n e d  and s ta in e d  
w ith  a  s i l v e r  s t a i n  (G a liy a s , F. N euro l. R es. 1: 203, 1979). 
T issu es  from an im als o f th e  same age were p ro cessed  a t  th e  same 
tim e . A d i s t i n c t  d if f e re n c e  was n o tic e d  in  th e  84d an im a ls . 
There was l e s s  m y e lin a tio n  in  la y e r s  IV, V and VI o f  th e  v is u a l  
c o r te x  o f  th e  dark  rea re d  an im al. Comparing th e  c o r t i c e s  o f  th e  
105d an im als, two h o r iz o n ta l bands were n o tic e a b le  in  a re a  17 o f  
th e  l i g h t  re a re d  anim al b u t n o t in  a re a  17 o f  th e  dark  re a re d  
an im al. M yelination  in  th e  v is u a l  co r te x  o f  th e  64d d a rk - re a re d  
anim al was a l s o  l e s s  prom inent than  in  th e  l i g h t  re a re d  anim al o f  
th e  same age .

As a  c o n tro l ,  s e c t io n s  were a l s o  taken  from a u d i to ry ,  
som atosensory  and motor c o r t i c e s .  There was l i t t l e  d if f e re n c e  in  
th e  m y e lin a tio n  o f l i g h t  and dark  re a re d  an im als in  th e se  a re a s :  
i f  an y th in g , th e  m y e lin a tio n  was h e a v ie r  in  th e  d a rk - re a re d  
a n im a ls .

In  a d d i t io n ,  an 86d anim al w ith  b in o c u la r  e y e l id  s u tu re  was 
compared w ith  an 87d normal l i t t e r m a t e .  M yelination  in  th e  
normal anim al was h e a v ie r  th an  th a t  in  th e  b in o c u la r ly  d ep riv ed  
an im al.

We conclude th a t  dark  re a r in g  and b in o c u la r  d e p r iv a tio n  d e la y  
th e  m y e lin a tio n  o f v is u a l  c o r te x , and th a t  th e  e f f e c t  i s  n o t th e  
r e s u l t  o f  a  g en e ra l d e lay  in  m y e lin a tio n , s in c e  i t  i s  s p e c i f i c  to  
th e  v is u a l  system .

218.7 PROGRESSIVE EFFECTS OF DARK-REARING ON THE RESPONSE PROPERTIES OF 
CELLS IN THE VISUAL CORTEX OF THE CAT. A .S. Ramoa* and R.D. 
Freeman (SPON: T .E . Cohn). N eurobio logy Group, 360 Minor H a ll ,  
U n iv e rs ity  o f  C a l i f o r n ia ,  B e rk e ley , CA 94720.

C ats t h a t  a r e  d ep riv e d  o f  l i g h t  d u rin g  e a r l y  p o s tn a ta l  d ev e lo 
pment, e x h ib i t  sev e re  v is u a l  a b n o rm a li t ie s .  In  th e  v is u a l  c o r te x  
o f  th e se  a n im a ls , e . g . ,  s u b s t a n t i a l  p ro p o r tio n s  o f  neurons a re  
u n s e le c tiv e  fo r  o r ie n ta t io n  o r  a r e  un resp o n siv e  to  v i s u a l  s t im u la 
t i o n .  The abnorm al v is u a l  p r o p e r t ie s  co u ld  be due to  a  developm e
n ta l  f a i l u r e  o r  a  p ro g re s s iv e  d e g e n e ra tio n  o f  norm al pathw ays, o r  
a  com bination  o f  b o th  p ro c e s s e s . In  an a t te m p t to  s e p a ra te  th e se  
p o s s i b i l i t i e s ,  we have s tu d ie d  two g roups o f  c a t s  t h a t  were d a rk -  
re a re d  from b i r t h .  One group was s tu d ie d  a s  k i t t e n s  (1 month 
p o s tn a ta l )  and th e  o th e r  a s  a d u l t s .  Our q u e s tio n s  were a s  
fo llo w s . F i r s t ,  do th e  r e l a t i v e  p ro p o r tio n s  o f  c e l l s  w hich a re  
u n responsive  o r  w eakly re sp o n s iv e  in c re a s e  in  lo n g -te rm  d a rk -  
re a re d  c a ts ?  Second, a r e  th e r e  unusual o r  abnorm al response  
p r o p e r t ie s  t h a t  a r e  e x p re ssed  in  one group b u t n o t th e  o th e r?  To 
a tte m p t to  answ er th e se  q u e s t io n s ,  we used  s ta n d a rd  e x t r a c e l lu l a r  
re c o rd in g  te c h n iq u e s  coup led  w ith  a  m ic ro io n to p h o re tic  m ethod. 
T h is  l a t t e r  p rocedu re  a llo w s  us to  s tu d y  c e l l s  w hich a r e  f i r s t  
c la s s e d  a s  v i s u a l ly  u n re sp o n s iv e , by a p p l ic a t io n  o f  an  e x c i ta to r y  
am ino -acid  (DL-Homocystate o r  DLH). DLH r a i s e s  n eu ro n a l a c t i v i t y  
o f  th e se  c e l l s  to- above th re s h o ld .

Our r e s u l t s  a r e  a s  fo llo w s . At 3 weeks p o s tn a t a l ,  p r o p e r t ie s  
o f  c o r t i c a l  c e l l s  a r e  g e n e ra l ly  com parable in  norm al and d ep riv ed  
k i t t e n s ,  a s  shown in  p re v io u s  w ork. The same com parison in  
a d u l t s ,  norm al o r  d a rk - re a re d ,  shows g ro s s  d i f f e r e n c e s ,  a s  expec
te d ,  and th e  fo llo w in g  d i s t i n c t i v e  f e a tu r e s  in  d a rk - re a re d  a d u l ts  
a s  compared to  k i t t e n s .  1) A du lts  e x h ib i t  g r e a t e r  p ro p o r tio n s  o f  
c e l l s  w hich a r e  v i s u a l ly  u n re sp o n s iv e . 2) W ith a p p l ic a t io n  o f  
DLH, some o f  th e se  v i s u a l ly  un resp o n siv e  c e l l s  d is p la y e d  o n ly  
su p p re ss io n  o f  m ain ta in ed  d is c h a rg e  in  resp o n se  to  v is u a l  s tim u 
l a t i o n .  T h is  ty p e  o f  resp o n se  was n ev e r found in  k i t t e n s ,  normal 
o r  d a rk - r e a r e d ,  and i t  may r e p re s e n t  a  g ro u p 'o f  neurons re c e iv in g  
r e l a t i v e l y  s tro n g  in h ib i to r y  in p u t .  3) A g r e a t e r  p ro p o r tio n  o f  
o r ie n ta t io n  u n s e le c t iv e  c e l l s .  4) Some o f  th e se  c e l l s  d is p la y e d  a  
v e ry  s tro n g , o r ie n ta t io n  u n s e le c t iv e  resp o n se  from a  la rg e  a re a  o f  
th e  v is u a l  f i e l d .  A gain, t h i s  was o n ly  found in  a d u l t  c a t s .

These r e s u l t s  show th a t  c o n s id e ra b le  d e t e r io r a t io n  o c c u rs  p rog
r e s s iv e l y  in  d a rk - re a re d  c a t s .  T here i s  an  a p p a re n t d e g e n e ra tio n  
o f  c o r t i c a l  co n n e c tio n s , w hich p ro b ab ly  ac co u n ts  f o r  th e  g r e a t e r  
p ro p o r tio n s  o f  v i s u a l ly  u n resp o n s iv e  c e l l s  in  d a rk - re a re d  a d u l t s .  
In  a d d i t io n ,  th e r e  ap p e a rs  to  be an  unbalanced developm ent o f  
e x c i ta to r y  and in h ib i to r y  c o n n e c tio n s , c a u s in g , in  some c a s e s ,  a  
predom inance o f  in h ib i to r y  ( f in d in g  2) o r  e x c i ta to r y  ( f in d in g  4) 
r e s p o n s e s . (EY01175)

218.8 SPLIT BRAIN INDUCES MONOCULAR DOMINANCE OF CELLS IN THE VISUAL 
CORTEX OF ADULT CATS. U. Y in o n * , M. Chen* and A. Hammer* 
(SPON: Z. W o llb e rg ) . P h y s i o l .  L a b . ,  G o ld s c h le g e r  Eye I n s t . ,  
T e l-A v iv  U n iv . S a c k le r  F a c . o f  M ed ., Sheba Med. C t r . , 
T e l  H ashom er, 52 6 2 1 , I s r a e l .

Our p r e v io u s  s tu d y  (Y inon and Hammer, E xp . B ra in  R e s . ,  5 8 : 5 5 2 , 
1985) showed t h a t  c a n c e l l a t i o n  o f  t h e  d i r e c t  t h a l a m o c o r t i c a l  
i n p u t  fo l lo w in g  s u r g i c a l  ch ia sm  s p l i t  p r e v e n t s  th e  a p p e a ra n c e  o f  
b i n o c u l a r i t y  i n  th e  m a jo r i t y  o f  t h e  c o r t i c a l  c e l l s .  The p r e s e n t  
s tu d y  was c a r r i e d  o u t  i n  o r d e r  t o  f i n d  a  p o s s ib l e  s u p p le m e n ta ry  
e f f e c t  r e s u l t i n g  from  i n t e r r u p t i o n  o f  th e  c a l l o s a l  i n p u t ,  
a ssu m in g  t h a t  i t  h a s  a l s o  an  e f f e c t  on b i n o c u l a r i t y  o f  c o r t i c a l  
c e l l s .

S in g le  u n i t  r e c o r d in g  was made in  c o r t i c a l  a r e a e  17 ,1 8  b o u n d a ry , 
t h e  c a l l o s a l  p r o j e c t i o n  z o n e , fo l lo w in g  o p t i c  ch ia sm  and c o rp u s  
c a llo s u m  s a g i t t a l  t r a n s e c t i o n  b o th  i n  a c u te  and  i n  c h ro n ic  a d u l t  
a n im a ls  (6  c a t s ;  311 c e l l s ) .  I n  t h e s e  e x p e r im e n ta l  c a t s  98.2% 
o f  t h e  c e l l s  r e c o rd e d  i n  b o th  h e m is p h e re s  w ere  i p s i l a t e r a l l y  
d r iv e n  and  1.8% w ere  b i n o c u l a r l y  d r iv e n .  I n  s i m i l a r l y  s tu d i e d  
s p l i t  ch ia sm  c o n t r o l s  (10 c a t s ;  550 c e l l s ) , s i m i l a r  p r o p o r t io n s  
o f  i p s i l a t e r a l l y  (95.7% ) and  b i n o c u l a r l y  (2 .8% ) d r iv e n  c e l l s  
w ere  fo u n d . When o n ly  t h e  c o rp u s  c a llo s u m  was s e c t io n e d  i n  su c h  
c a t s  f o r  co m p a riso n  (14 c a t s ;  653 c e l l s ) ,  th e  p r o p o r t io n  o f  
i p s i l a t e r a l l y  d r iv e n  c e l l s  was 29.7% ; 43.8% o f  th e  c e l l s  w ere 
b i n o c u l a r l y  d r iv e n .  I n  t h e  n o rm a l c o n t r o l s  (16 c a t s ;  625 c e l l s )  
t h e  p r o p o r t io n  o f  th e  i p s i l a t e r a l l y  d r iv e n  c e l l s  was 14.1% ; 72.7% 
o f  th e  c e l l s  w ere  b i n o c u l a r l y  d r iv e n .

I t  i s  c o n c lu d e d  t h a t  from  p o i n t  o f  v iew  o f  th e  v i s u a l  c o r t e x ,  
e l i m in a t i o n  o f  t h e  d i r e c t  t h a l a m o c o r t i c a l  and i n d i r e c t  c a l l o s a l  
i n p u ts  s im u la t e  a  c o n d i t i o n  o f  s p l i t  b r a i n .  T h is  i s  m a in ly  
e x p re s s e d  by  th e  a lm o s t  c o m p le te  d is a p p e a ra n c e  o f  i n t e r -  
h e m is p h e r ic  i n t e r a c t i o n  in  t h e  e x p e r im e n ta l  c a t s .
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218.9 CHEMICAL AND SURGICAL LESIONS OF THE ANTERIOR 
INTRALAMINAR THALAMUS YIELD DIFFERENT EFFECTS 
ON OCULAR DOMINANCE PLASTICITY IN KITTEN STRIATE 
CORTEX. M.F. Bear. A. Kleinschmidt* and W. Singer. Max-Planck- 
Instiut fur Hirnforschung, 6000 Frankfurt 71, FRG.

Cat visual cortex receives a direct projection from the anterior 
intralaminar thalamus, including the central lateral (CL), para-central 
(PC) and central (CE) nuclei. Electrical activation of this region elicits 
conjugate saccadic eye movements and enhances the potentials 
evoked in visual cortex by stimulation of the optic nerves. Previous 
work in this laboratory has shown that electrical stimulation of the 
intralaminar thalam us will also facilitate ocular dominance 
modifications in anesthetized kittens (Exp. Brain Res. (1982) 47 : 223- 
233). Moreover, the surgical removal of the anterior diencephalon was 
shown to severely retard ocular dominance (OD) plasticity, even after 
periods of monocular deprivation (MD) in excess of 6 months (Exp. 
Brain Res. (1982) 47 : 209-222). Together, these data suggested that 
the intralaminar projections to striate cortex play an essential role in 
modulating visual cortical plasticity. However, a viable alternative 
interpretation is that both effects were due to an involvement of fibers 
passing through the thalamus. To examine this possibility, we 
produced lesions in the anterior dorsal thalamus by injecting the 
excitotoxin N-methyl aspartate (NMA), which destroys neurons but 
spares axons of passage, and then tested for a deficit in OD plasticity.

At approximately 4 weeks of age, 3 light-reared and 3 dark-reared 
kittens received unilateral thalamic injections of 50-75 μg of NMA 
through a microliter syringe. The needle tip was positioned 
stereotaxically to lie in the internal medullary lamina (A7, L3, D12.5). 
At the same time, one eyelid was sutured closed. 7 to 10 days later, we 
performed a standard OD assay in area 17. This revealed an 
apparently normal OD shift to the open eye in all cases. Subsequent 
histology confirmed that the anterior intralaminar nuclei had been 
destroyed. The lesions involved all of CL, PC and CE as well as 
portions of the medial dorsal, reticular, anterior medial, ventral lateral, 
ventral medial, lateral posterior and habenular nuclei. Therefore, the 
NMA lesions included all the structures that had been removed in the 
previous study.

Thus, while the intralaminar projections to area 17 may contribute to 
the modulation of cortical plasticity, they apparently are not essential 
for synaptic modifications to occur. These data suggest that the 
surgical lesions were effective in preventing normal OD plasticity 
because they interrupted pathways that traverse the thalam us.

218.10 INFUSION OF AN NMDA RECEPTOR ANTAGONIST 
DISRUPTS OCULAR DOMINANCE PLASTICITY IN KITTEN 
STRIATE CORTEX. W. Singer. A. Kleinschmidt* and M.F. Bear 
(SPON: L.N Cooper). Max-Planck-institut fur Hirnforschung, 6000 
Frankfurt 71, FRG.

Glutamic acid or a closely related substance is thought to be the 
transmitter of excitatory axo-spinous synapses at many locations in the 
forebrain, including the visual cortex. It appears that two broad 
categories of glutamate receptor coexist postsynaptically: "NMDA" (A1) 
receptors and "non-NMDA" (A2/A3) receptors. A2/A3 receptors are 
thought to mediate "classical" synaptic excitation. A1 receptors, on the 
other hand, appear to be linked to non-selective cation channels which 
pass Ca++, but only when the membrane is depolarized. Thus, Ca++ 
entry through A1 -linked channels requires contingent pre- and post- 
synaptic activity. Previous work in this laboratory has suggested that 
pre- and post-synaptic coactivation is also a necessary condition for 
synaptic modification to occur in the striate cortex. Our present working 
hypothesis is that the experience-dependent modification of cortical 
synapses depends on A1 receptor activation. To test this hypothesis, 
we infused the A1 receptor blocker D,L-2-amino-5-phosphonovaleric 
acid (APV) into the striate cortex of monocularly deprived kittens, and 
then tested for a deficit in the ocular dominance (OD) shift.

Osmotic minipumps were connected to cannulae that were inserted in 
the striate cortex of 4-5 week old kittens. One hemisphere was infused 
with 50 mM APV at a rate of 1μl per hour; the other hemisphere 
received vehicle solution (saline). At the time of implantation, one 
eyelid was sutured closed. 7 days later we performed a standard OD 
assay in striate cortex near the cannula site. As expected, neurons in 
area 17 of the control hemispheres were tuned normally for stimulus 
orientation and their OD was shifted strongly to the non-deprived eye. 
In contrast, neurons in the APV-infused cortex displayed a striking 
decrease in orientation selectivity and their OD appeared to be 
unaffected by the MD. In some animals the pumps and cannulae were 
left in situ during recording. Visual cortical neurons still responded 
vigorously to light under these conditions, thus indicating that the APV 
had not caused an overt disruption of excitatory transmission.

These data are consistent with the hypothesis that A1 receptor 
activation is necessary for the expression of OD plasticity in the visual 
cortex. We suggest that the effects of APV on OD plasticity relate 
specifically to a blockade of postsynaptic Ca++ entry through gates 
linked to the A1 receptor. These results support the notion that 
changes in the efficacy of excitatory synapses in area 17 depend 
upon the postsynaptic activation of cortical neurons.

218.11 THE EFFECT ON MONOCULAR DEPRIVATION ON THE ULTRASTRUCTURE OF 
FUNCTIONALLY IDENTIFIED GENICULOCORTICAL CIRCUITRY IN THE CAT. 
M .J . F r i e d l a n d e r ,  K .A .C . M a rt in  and V. A lo n es  D e p t . o f  P h y s io lo g y  
and B io p h y s ic s ,  U n i v e r s i ty  o f  Alabam a a t  B irm ingham , B irm ingham , 
AL and D e p t . o f  E x p e r im e n ta l  P sy c h o lo g y , O xford  U n i v e r s i ty ,  
O x fo rd , U.K.

The n e u ro n s  o f th e  v i s u a l  c o r t e x  o f  th e  c a t  u n d e rg o  p ro fo u n d  
c h a n g es  i n  t h e i r  r e c e p t iv e  f i e l d  p r o p e r t i e s  due to  u n e q u a l  v i s u a l  
i n p u t  ( a s  i n  m o n o cu la r  e y e l i d  s u tu r e )  to  th e  two e y e s  d u r in g  th e  
c r i t i c a l  p e r io d  o f p o s t n a t a l  d e v e lo p m e n t. The m ost s t r i k i n g  
ch an g e  i s  th e  r e d u c t io n  i n  n e u ro n s  a c t i v a t e d  by v i s u a l  s t i m u l a t i o n  
o f  th e  p r e v io u s ly  s u tu r e d  e y e . A t l e a s t  2 h y p o th e s e s  h av e  b een  
s u g g e s te d  to  e x p la in  t h i s  f i n d i n g :  1) The g e n i c u l o c o r t i c a l  axon 
a r b o r i z a t i o n s  from  th e  LGNd l a y e r s  i n n e r v a te d  by th e  ey e  w hich  was 
s u tu r e d  make few e r  a n d /o r  l e s s  p o t e n t  s y n a p t i c  c o n n e c t io n s  w i th  
c o r t i c a l  n e u ro n s ,  2) T h ese  s y n a p t i c  c o n n e c t io n s  a r e  p r e s e n t  in  
n e a r  n o rm a l d e g re e  and  f u n c t i o n ,  b u t  a r e  s u b je c t e d  to  an 
i n t r a c o r t i c a l  i n h i b i t i o n .  T h is  e f f e c t  may r e s u l t  from  an  
i n c r e a s e d  in n e r v a t i o n  o f  GABAergic c o r t i c a l  n e u ro n s  by 
g e n i c u l o c o r t i c a l  a x o n s from  th e  n o n -d e p r iv e d  ey e  ( t h a t  
s u b s e q u e n t ly  re d u c e  th e  e f f e c t i v e n e s s  o f  s y n a p t i c  i n p u ts  from  
ax o n s in n e r v a te d  from  th e  d e p r iv e d  e y e ) . We h av e  begun a  s e r i e s  
o f  s t u d i e s  to  exam ine th e s e  h y p o th e s e s .  I n d iv i d u a l  
g e n i c u l o c o r t i c a l  ax o n s i n  c a t s  r e a r e d  to  one y e a r  o f  age  w i th  
m o n o cu la r  e y e l id  s u tu r e  ( s u t u r in g  done a t  6 -9  d ay s  o f  ag e )  w ere 
p h y s io l o g ic a l ly  c l a s s i f i e d  a s  to  c e l l  ty p e  (X- o r  Y - ) , r e c e p t iv e  
f i e l d  l o c a t i o n  and o r g a n i z a t i o n ,  n o rm a lcy  o f  r e s p o n s e  to  v i s u a l  
s t i m u l i  and o c u la r  dom inance  by r e c o r d in g  in  th e  o p t i c  r a d i a t i o n s  
w i th  H R P - f i l l e d  m ic r o p ip e t t e s .  Axons w ere  i n t r a c e l l u l a r l y  f i l l e d  
by io n o p h o re s is  o f  HRP. P e r f u s io n  was w i th  2.0% G lu te ra ld e h y d e  
and 1.0% p a ra fo rm a ld e h y d e .  S e c t io n s  w ere  v ib ra to m e d  a t  80um. The 
v i s u a l  c o r t i c e s  w ere p r o c e s s e d  f o r  HRP h i s t o c h e m i s t r y  (m o d if ie d  
H a n k e r-Y a te s  r e a c t i o n ) , o s m ic a te d  and embedded in  p l a s t i c  
(D u rc u p a n ) . U l t r a t h i n  s e c t i o n s  w ere  ta k e n  f o r  a n a ly s i s  o f  
d iv e r g e n c e  p a t t e r n s  and s t r u c t u r e  o f  s y n a p t i c  b o u to n s  o f  
g e n ic u l o c o r t i c a l  ax o n s in n e r v a te d  by th e  d e p r iv e d  and n o n d e p riv e d  
e y e .  S e m ith in  s e c t i o n s  w ere  t r e a t e d  w i th  G A BA -antiserum  (p ro v id e d  
by P r o f .  P . Som ogyi and P . G a b b o t t ,  O x fo rd  U n iv e r s i ty )  w i th  th e  
p o s t- im b e d d in g  m ethod o f  Som ogyi. I n d iv i d u a l  s y n a p t i c  b o u to n s  
from  ax o n s in n e r v a te d  by th e  d e p r iv e d  ey e  a r e  s m a l le r  th a n  n o rm al 
and h av e  a  lo w e r th a n  n o rm a l s y n a p t i c  d e n s i t y .  To d a t e ,  no 
d i f f e r e n c e s  h av e  b een  n o te d  in  i n n e r v a t i o n  o f  GABAergic c o r t i c a l  
n e u ro n s  by ax o n s i n n e r v a te d  by th e  d e p r iv e d  o r  n o n d e p r iv e d  e y e s  
when com pared  to  ax o n s i n  n o rm a l a n im a ls .

S u p p o rte d  by NIH EY05116 and th e  S lo a n  F o u n d a t io n .

218.12 THE CONDITIONS REQUIRED FOR OPTIMAL RECOVERY FROM THE BEHAVIORAL 
EFFECTS OF MONOCULAR DEPRIVATION IN KITTENS, D.E. Mitchell, K.M. 
Murphy*, H. Dzioba* and J.A. Horne*. Psychology Dept., Dalhousie 
Univ., Halifax, N.S. B3H 4J1 Canada.

Current procedures for inducing visual recovery from the severe 
visual d efic its  caused by an early extended period of monocular 
occlusion in kittens are unsatisfactory. The effects they promote 
upon the vision of the deprived eye are neither complete nor perma
nent, and frequently they cause deleterious changes in the vision 
of the other eye. We describe a procedure that w ill, in certain 
conditions, induce complete and long-lasting recovery of vision of 
the in i t ia l ly  deprived eye of monocularly deprived kittens without 
impact upon the vision of the other eye. The procedure combines 
two commonly investigated recovery conditions, namely reverse occlu
sion where the formerly nondeprived eye is occluded, and the s itua
tion where both eyes are open following the period of deprivation.

Thirteen kittens were monocularly deprived until 6 weeks of age 
a t which time various regimens of part-time reverse occlusion were 
imposed for 6 weeks. During the la t te r  period, and for the next 5 
weeks, the kittens were housed in complete darkness for a ll but 7 
hours each day. The in it ia l ly  nondeprived eye was occluded by an 
opaque mask that was worn for e ither 0 ,1 ,2 ,3 .5 ,5 ,6  or 7 hours from 
the beginning of the 7 hours of daily visual exposure. Themaskwas 
removed to allow visual input to both eyes for the rest of the ex
posure period. Measurement of the visual acuities of the two eyes 
for square-wave grating were made a t frequent intervals by use of a 
jumping stand.

Kittens that received 0,1 or 2 hours of daily occlusion showed 
only very limited recovery of vision in th e ir in i t ia l ly  deprivedeye. 
The substantial recovery exhibited by the animals that received e i
ther 6 or 7 hours daily occlusion was merely temporary and virtually 
disappeared within a month following cessation of the 6 weeks of 
daily occlusion. By contrast, those kittens that received daily 
occlusion for e ither 3.5 or 5 hours (50% or 70% of each day), while 
exhibiting less recovery during the 6 week occlusion regimen, con
tinued to improve afterward and eventually attained normal grating 
and vernier acuities as well as contrast sen sitiv ity  functions in 
both eyes. Control experiments performed in kittens that wore prisms 
(that introduced a binocular vertical d isparity  of 10 prism diopters) 
during the daily periods of binocular visual exposure revealed that 
sim ilar substantial recovery could occur in th is s itua tion , a find
ing which suggests that the visual input to the two eyes need not be 
concordant. These various findings have important implications for 
patching therapy in certain  forms of amblyopia.
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219.1 AN IN VITRO ANALYSIS OF PROCESSING OF THE NGF PRECURSOR. R.H. 
E dw ard s* , M .J . S e lb y *  and  W .J. R u t te r *  (SPO N :J. D ay ). Hormone R es. 
I n s t i t u t e  & D ept o f  B io c h e m is try  & B io p h y s ic s ,  U n iv  o f  C a l i f o r n i a ,  
San F r a n c i s c o ,  CA 94143

The m a tu re  NGF p o ly p e p t id e  h a s  a  m o le c u la r  w e ig h t  o f  1 2 ,5 0 0  
and r e s u l t s  from  th e  p r o c e s s in g  o f  a  l a r g e r  p r e c u r s o r  p r o t e i n .  We 
h ave  shown t h a t  s e v e r a l  d i s t i n c t  NGF p r e c u r s o r s  a r e  p r e d i c t e d  from  
cDNA c lo n e s  d iv e r g e n t  a t  t h e i r  5 '  e n d s . To s tu d y  th e  b i o l o g i c a l  
s i g n i f i c a n c e  o f  t h e s e  d i f f e r e n t  p r e c u r s o r s ,  we h av e  u se d  an in  
v i t r o  sy s te m  to  exam ine prohorm one p r o c e s s in g .

The NGF g en e  en c o d es  s e v e r a l  mRNA t r a n s c r i p t s .  The two m a jo r  
t r a n s c r i p t s  d i f f e r  a s  a  r e s u l t  o f  a l t e r n a t i v e  RNA s p l i c i n g .  The 
l a r g e r  t r a n s c r i p t ,  w h ich  p re d o m in a te s  i n  t h e  m ouse s a l i v a r y  g la n d ,  
p r e d i c t s  a  34 kd p r e c u r s o r ,  w i th  a  s i n g l e ,  i n t e r n a l  h y d ro p h o b ic  
dom ain. The s h o r t e r  t r a n s c r i p t ,  p re d o m in a n t i n  v i r t u a l l y  a l l  o t h e r  
t i s s u e s ,  p r e d i c t s  a  27 kd p r e c u r s o r ,  w i th  th e  i n i t i a t o r  m e th io n in e  
lo c a t e d  j u s t  u p s tre a m  o f  th e  h y d ro p h o b ic  dom ain . We th u s  f i r s t  
in q u ir e d  w h e th e r  t r a n s l a t i o n  o f  t h e s e  two t r a n s c r i p t s  w ould  r e s u l t  
in  p r e c u r s o r s  w i th  d i f f e r e n t  c e l l u l a r  l o c a l i z a t i o n .

To s tu d y  th e  q u e s t io n  o f  a  d i f f e r e n t  f a t e  w i th in  th e  c e l l  f o r  
th e  two p r e d i c te d  p r e c u r s o r s ,  we h av e  u se d  an  i n  v i t r o  c o u p le d  
t r a n s l a t i o n - t r a n s l o c a t i o n  sy s te m . The two cDNAs ( r e p r e s e n t in g  th e  
lo n g  and s h o r t  t r a n s c r i p t s )  w ere  c lo n e d  i n to  t h e  SP6 v e c to r  and SP6 
p o ly m e rase  u se d  t o  g e n e r a t e  t h e  a p p r o p r i a t e  RNAs. In  v i t r o  t r a n s l a 
t i o n  p ro d u ce d  th e  c o r r e s p o n d in g  p r e c u r s o r  p r o t e i n s .  A d d i t io n  o f  
dog p a n c re a s  m ic ro so m es to  t h e  m ix tu re  h a s  r e s u l t e d  i n  f u l l  t r a n s 
lo c a t io n  o f  b o th  p r e c u r s o r s ,  w i th o u t  c o n c o m ita n t  p r o t e o l y t i c  c l e a 
vage o f  t h e  p u t a t i v e  s i g n a l  p e p t i d e .  A d d i t i o n a l ly ,  t h e  s h o r t  p r e 
c u r s o r  was g ly c o s y la te d  i n  t h e  m ic ro so m e s , w h i le  th e  lo n g  was n o t . 
We th e n  i n q u i r e d  w h e th e r  p r o t e o l y t i c  p r o c e s s in g  a l s o  d i f f e r e d  in  
th e  two p r e c u r s o r s .

The s h o r t  p r e c u r s o r  l a c k s  60 am ino a c id s  a t  th e  N H -te rm in u s o f  
th e  lo n g  p ro h o rm o n e . S e v e ra l  s e t s  o f  b a s i c  r e s i d u e s  e ls e w h e re  in  
th e  p r e c u r s o r  s u g g e s t  p o t e n t i a l  s i t e s  f o r  p r o t e o l y t i c  c le a v a g e .  
C le a v ag e  o f  t h e  s h o r t  p r e c u r s o r  w ou ld  th u s  y i e l d  a  s i g n i f i c a n t l y  
t r u n c a te d  N H -te rm in a l p e p t i d e .  To s tu d y  p r o t e o l y t i c  p r o c e s s in g ,  we 
added  th e  g am m a-su b u n it o f  NGF, a  known p r o te a s e  and a b le  a t  l e a s t  
p a r t i a l l y  to  p r o c e s s  an  NGF p r e c u r s o r ,  t o  t h e  t r a n s l a t i o n  m ix tu re .  
I n c r e a s in g  am ounts o f  gamma-NGF r e l e a s e  s e v e r a l  p e p t id e s  from  th e  
N H -te rm in u s o f  t h e  p r e c u r s o r ,  w i th  t h e  e x p e c te d  d i f f e r e n c e  i n  s i z e  
b e tw een  th e  lo n g  and s h o r t .  We h av e  shown t h a t  t h e s e  p r o t e i n s  a r e  
n o t  r e l a t e d  t o  m a tu re  NGF ( lo c a te d  a t  t h e  C - te rm in u s  o f  t h e  p r e c u r 
s o r )  b y  2D g e l  e l e c t r o p h o r e s i s ;  and by  u s in g  t r u n c a te d  SP6 RNAs 
t h a t  y i e l d  o n ly  t h e  N H -term in u s o f  t h e  p r e c u r s o r .  A n tib o d y  t o  NGF 
a l s o  d o es  n o t  r e c o g n iz e  t h e s e  p o ly p e p t id e s .  Gamma-NGF th u s  a p p e a r s  
a b le  t o  p r o c e s s  t h e  non-NGF m o ie ty  o f  t h e  NGF p r e c u r s o r  and th e  
lo n g  and s h o r t  p r e c u r s o r s  t h e r e f o r e  g e n e r a t e  d i f f e r e n t  N H -te rm in a l 
p e p t i d e s .

219.2 C o rtiso n e , A ld o ste ro n e , and T e sto s te ro n e  Reduce L evels o f mRNA 
Coding For Nerve Growth F a c to r  (NGF) in  C u ltu red  L 929 
F ib ro b la s ts  K. S im inosk i, P. R ennert* , R.A. Murphy, and G. 
H ein rich * . D ept. o f  Anatomy and C e l lu la r  B io logy, H arvard 
Medical S chool, Boston, MA 02115, and Howard Hughes I n s t i t u t e ,  
M assachusetts  General H osp ita l and H arvard Medical School, 
B oston, MA 02114.

Nerve growth f a c to r  (NGF) i s  produced in  p e r ip h e ra l t a r g e t  
t i s s u e s ,  in  b ra in ,  and in  mouse subm andibular g la n d s . NGF 
p ro d u c tio n  i s  re g u la te d  by m u ltip le  f a c to r s  in c lu d in g  d e n s ity  
o f in n e rv a tio n  and hormones, b u t th e  m o lecu lar mechanisms th a t  
u n d e r l ie  re g u la tio n  o f NGF gene ex p re ss io n  a re  la rg e ly  
unknown. F ib ro b la s ts  in  c u l tu r e  produce NGF and may be an 
a p p ro p r ia te  model in  which to  in v e s t ig a te  th e  re g u la t io n  o f NGF 
gene e x p re ss io n . P rev ious  s tu d ie s  from our la b o ra to ry  in d ic a te  
t h a t  c o r t is o n e ,  a ld o s te ro n e , and te s to s te ro n e  reduce NGF 
c o n c e n tra t io n s  in  medium c o n d itio n e d  by L 929 f ib r o b la s t s  in  
c u l tu r e  (E ndocrin . 118:1417, 1986). To determ ine th e  le v e ls  a t  
which in h ib i t i o n  o f NGF p ro d u c tio n  o c c u rs , we examined th e  
e f f e c t s  o f hormones on le v e ls  o f th e  mRNA t h a t  encodes NGF. 
C o n fluen t c u l tu r e s  o f L 929 c e l l s  were in cuba ted  th re e  days in  
se ru m -free  medium in  th e  p resence  o r absence o f hormones. NGF 
and p ro te in  c o n c e n tra t io n s  were measured in  co n d itio n e d  
medium. T otal RNA was e x t ra c te d  and ana lyzed  fo r  NGF mRNA 
c o n te n t by N orthern  b lo t  h y b r id iz a t io n  u sing  a 32p la b e le d  
NGF cRNA as th e  h y b r id iz a t io n  probe.

C o rtiso n e  and te s to s te ro n e  d ec reased  NGF c o n c e n tra t io n s  in  
co n d itio n e d  medium w ith  ED50 o f 7 × 10-9  M and 4 × 10-9  M 
re s p e c t iv e ly .  A ldosterone  (10-6 M) had s im i la r  e f f e c t s  w hile  
T3 and p ro g es te ro n e  (10-6 M) had no e f f e c t .  E s tra d io l 
reduced NGF c o n c e n tra t io n s  by 50% (10-6  M). NGF mRNA was 
reduced by up to  90% in  c u l tu r e s  t r e a te d  w ith  c o r t is o n e  w ith an 
ED50 o f  (9 × 10-9  m) and by up t o 80% in  c u l tu r e s  t r e a te d  
w ith  te s to s te ro n e  w ith  an ED50 o f 4 × 10-9  m. A ldosterone  
a ls o  dec reased  NGF mRNA by 70% (10-6  M). T3 , p ro g es te ro n e  
and e s t r a d io l  had no e f f e c t .  F u rth e r  a n a ly s is  rev ea led  th a t  
h y d ro co rtiso n e  reduced NGF mRNA le v e ls  w ith in  3 hours o f 
tre a tm e n t and th e  e f f e c t s  o f a 2-day exposure to  th e  hormone 
were com plete ly  rev e rse d  12 hours a f t e r  hormone rem oval. These 
s tu d ie s  dem onstrate  t h a t  s te ro id  hormones re g u la te  NGF gene 
e x p re ss io n  in  f ib r o b la s t s  a t  th e  le v e l o f NGF mRNA, and suggest 
t h a t  re d u c t io n s  in  NGF le v e ls  p rev io u sly  d esc rib ed  a re  m ediated 
in  p a r t  by re g u la t io n  o f NGF mRNA.

219.3 CONTINUOUS INFUSION OF NGF PREVENTS NON-CHOLINERGIC AS WELL AS 
CHOLINERGIC NEURONAL DEATH IN THE MEDIAL SEPTUM AFTER FIMBRIA- 
FORNIX TRANSECTION. L .R . W il l ia m s 1 , G.M. P e t e r s o n 2 , S . V aron2 , and 
F.H . G age1 . D e p ts .  o f  N e u r o s c ie n c e s 1 and B io lo g y 2 , S ch o o l o f  Med. 
U niv . o f  C a l i f .  San D ie g o , La J o l l a ,  CA 92093.

N eurons in  th e  r a t  m e d ia l  sep tu m  (MS) u n d e rg o  a  r a p i d  c e l l  d e a th  
a f t e r  t r a n s e c t i o n  o f  th e  i p s i l a t e r a l  f im b r i a - f o r n ix  (Gage e t  a l .  
N eu ro sc i. in  p r e s s ) . By one week p o s ta x o to m y , t h e r e  i s  a l o s s  o f  
40% o f  th e  t o t a l ,  N i s s l - s t a i n e d  n e u ro n s ,  70% o f  th e  c h o l i n e r g i c  
n e u ro n s ,  20% o f  th e  GABAergic n e u ro n s ,  and a v i r t u a l l y  co m p le te  
l o s s  o f  th e  s u b s ta n c e  P - c o n ta in in g  n e u ro n s  com pared  to  th e  num ber 
o f  n e u ro n s  s u r v iv in g  on th e  c o n t r a l a t e r a l ,  c o n t r o l  s i d e .  In  v iew  o f  
r e c e n t  r e p o r t s  t h a t  th e  MS c h o l i n e r g i c  n e u ro n s  a r e  r e s p o n s iv e  to  
Nerve Grow th F a c to r  (NGF), we h y p o th e s iz e d  t h a t  exo g en o u s NGF m ig h t 
p ro v id e  t r o p h ic  s u p p o r t  to  th e  MS c h o l i n e r g i c  n e u ro n s .  Exogenous 
7S NGF ( 11μg /m l i n  a r t i f i c i a l  c e r e b r o s p in a l  f l u i d )  was i n fu s e d  i n to  
th e  r i g h t  l a t e r a l  v e n t r i c l e  th ro u g h  a  p e rm a n e n tly  im p la n te d ,  p r e 
form ed c a n n u la  d e v ic e  u s in g  an  A lz e t  pump ( f lo w  r a t e  o f  0 .5  μl / h r ;  
NGF do se  = 1 μg /w k ) . C ytochrom e c was u se d  i n  th e  c o n t r o l  i n f u s a te .  
T hree day s  a f t e r  c a n n u la  i m p la n ta t i o n  and c o n tin u o u s  d e l i v e r y  o f  
e x p e r im e n ta l  i n f u s a t e ,  a l l  a n im a ls  r e c e iv e d  a  c o m p le te  u n i l a t e r a l  
a s p i r a t i o n  o f  th e  f im b r i a .  Two w eeks a f t e r  th e  f im b r i a  t r a n s e c t i o n  
and 17 days a f t e r  th e  s t a r t  o f  th e  c o n tin u o u s  i n f u s i o n ,  th e  a n im a ls  
were p re p a re d  1) a c c o r d in g  to  th e  m ethod o f  B u tc h e r  (1983) f o r  th e  
v i s u a l i z a t i o n  o f  c h o l i n e r g i c ,  i . e . ,  A C h E -p o s it iv e , c e l l  b o d ie s ,  o r  
2) f o r  th e  im m u n o h is to ch e m ic a l v i s u a l i z a t i o n  o f  G A D -p o s itiv e  and 
s u b s ta n c e  P - p o s i t i v e  c e l l  b o d ie s .  A l t e r n a te  s e c t i o n s  w ere s t a i n e d  
w ith  c r e s y l  v i o l e t .  T o ta l  N i s s l - s t a i n e d  n e u ro n a l  n u m b ers , and cho
l i n e r g i c ,  GABA, and  s u b s ta n c e  P n e u ro n a l  num bers w ere d e te rm in e d  by 
d i r e c t  c o u n t i n  c o ro n a l  s e c t i o n s  o f  th e  MS on b o th  th e  s id e  i p s i -  
and c o n t r a l a t e r a l  to  th e  t r a n s e c t i o n .  In  c o n t r o l - i n f u s e d  a n im a ls ,  
a s p i r a t i o n  o f  th e  f im b r i a  r e s u l t e d  i n  th e  l o s s  o f  50% o f  th e  t o t a l  
and 60% o f  th e  c h o l i n e r g i c  n e u ro n s .  I n f u s io n  o f  NGF re d u c e d  th e s e  
l o s s e s  to  20% t o t a l  n e u ro n s  and  25% c h o l i n e r g i c  n e u ro n s  w h ich  r e 
p r e s e n t s  a  s p a r in g  o f  50% and 60%, r e s p e c t i v e l y  (p 0 .0 0 2 ) .  Compar
is o n s  o f  th e  n e u ro n a l  num bers sam pled  i n  c o n t r o l  and  N G F -tre a te d  
a n im a ls  i n d i c a t e d  t h a t  n o n -c h o l i n e r g i c  n e u ro n s  c o m p rise  th e  m a jo r 
i t y  (80%) o f  th e  n e u ro n s  t h a t  w ere s p a re d  by th e  NGF t r e a tm e n t .  
These r e s u l t s  p ro v id e  a  q u a n t i t a t i v e  v a l i d a t i o n  o f  th e  n e u ro n o -  
t r o p h ic  h y p o th e s i s  w i th  r e g a r d  to  a d u l t  m am m alian CNS n e u ro n s  i n  
v iv o  in  t h a t  NGF p ro m o te s  th e  s u r v i v a l  o f  m ost o f  th e  n o n - c h o l in e r 
g ic  and c h o l i n e r g i c  n e u ro n s  i n  th e  MS w hich  w ould d ie  fo llo w in g  
t r a n s e c t i o n .  Work i s  now in  p r o g re s s  to  d e te rm in e  i f  th e  n o n - 
c h o l i n e r g i c  n e u ro n s  s p a re d  by NGF t r e a tm e n t  in c lu d e  GABAergic a n d /  
o r  s u b s ta n c e  P n e u ro n s .
S u p p o rte d  by NSF No . BNS 8 5-01766  and NIA No . AG 06088 .

219.4 SUSTAINED INCREASE IN NGF-LIKE ACTIVITY IN MEDIUM CONDITIONED BY 
HIPPOCAMPAL SLICES FROM SEPTAL-LESIONED RATS. F. C o llin s  and K.A. 
C rutcher. Dept. of Anatomy, U n iv ers ity  of Utah School of Medicine, 
S a l t  Lake C ity , UT 84132.

We have p rev io u sly  shown th a t  m edial s e p ta l  le s io n s , which 
e l i c i t  th e  growth of sym pathetic axons in to  th e  hippocampal 
fo rm ation  in  vivo, a lso  r e s u l t  in  in c reased  NGF-like a c t iv i ty  in  
medium cond itioned  by hippocampal s l i c e s  in  v i t r o  ( J. N eurosci. 
5:2809, ' 85). In th a t  s tudy growth-promoting a c t iv i ty  was e lev a ted  
a t  4 weeks a f t e r  a s e p ta l  le s io n  but longer s u rv iv a l tim es were not 
examined. In th e  p re sen t study we measured NGF-like a c t iv i ty  in  
medium cond itioned  by hippocampal s l i c e s  taken from r a t s  4 weeks to  
a year fo llow ing  a m edial s e p ta l  le s io n . T issue from c o n tro l 
(un lesioned ) r a t s  was run a t  th e  same time. The Wilcoxon 
m atched-pairs  signed-rank  t e s t  was used to  determ ine s t a t i s t i c a l  
s ig n if ic a n c e .

S lic e s  which inc luded th e  d en ta te  gyrus and CA3 region  of th e  
hippocampus were incubated  fo r  48 h rs  in  Ham’s F12 medium. The 
r e s u l t in g  "cond itioned  medium" was then  assayed fo r  sym pathetic 
growth-promoting a c t iv i ty  by adding i t  to  embryonic (9-day o ld ) 
ch ick  sym pathetic gang lia  and q u an tify in g  n e u r i te  outgrowth 48 h rs  
l a te r .  The s im i la r i ty  of th e  a c t iv i ty  to  NGF was determ ined by 
te s t in g  cond itioned  medium in  th e  p resence and absence of 
a f f in i ty - p u r i f i e d  a n tib o d ie s  to  NGF.

Sym pathetic grow th-prom oting a c t iv i ty  was g re a te r  in  medium 
cond itioned  by hippocampal s l i c e s  from anim als rece iv in g  s e p ta l  
le s io n s  4-12 weeks e a r l i e r  when compared w ith p a ired  c o n tro l t i s s u e  
(p < .0 1 ). In ad d itio n , a lthough only a few samples have been run 
to  date , in c reased  a c t iv i ty  appears to  be p re sen t even a t  longer 
su rv iv a l tim es (24 wks to  a y ea r) . As found p rev iously , th e  
m a jo rity  of a c t iv i ty  i s  antagonized  by a f f in i ty - p u r i f e d  a n tib o d ie s  
to  NGF.

These r e s u l t s  a re  p a r t ic u la r ly  in te r e s t in g  in  l ig h t  of th e  
evidence th a t  sym pathetic sp ro u tin g  may con tinue fo r  se v e ra l months 
a f t e r  a s e p ta l  le s io n  (Madison and Davis, Exp. N eurol. 80:157, ' 83) 
and th a t  s e p ta l  c h o lin e rg ic  re in n e rv a tio n  of th e  hippocampal 
fo rm ation  occurs over se v e ra l months fo llow ing  f im b ria -fo rn ix  
tr a n s e c tio n  (Gage e t  a l . ,  B rain  Res. 268:27, ' 83). Taken to g e th e r, 
th e se  o b serv a tio n s  a re  c o n s is te n t w ith th e  hypo thesis  th a t  
sym pathetic f ib e r s ,  although responsive  to  th e  hippocampal growth 
s ig n a l, may not re g u la te  th e  le v e l of grow th-prom oting a c t iv i ty .  
The f a c t  th a t  sympathohippocampal f ib e r s  appear to  be r e s t r i c te d  to  
th e  p e r iv a s c u la r  reg ion  may a lso  be re le v a n t to  th i s  suggestion  
(C ru tcher and M arfurt, th i s  m eeting). In  ad d itio n , th e  prolonged 
tim e course of septohippocam pal re in n e rv a tio n  may r e f l e c t  th e  
response of s e p ta l  c h o lin e rg ic  neurons to  th e  same hippocampal 
growth s ig n a l . (Supported by NIH g ran t #NS-17131.)
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219.5 NERVE GROWTH F A C T O R - L I K E . IMMUNOREACTIVITY IN THE RAT 
P I TUI TARY GLAND.  S .  S o i n i l a ' ,  J .  L a k s h m a n a n * ' ' ,  T . 
L a h t i n e n * ° , H . R a u v a l a * °  ° , O . H ä p p ӧ l ä ° , H . P ä i v ä r i n t a ° , L .  
E r ä n k ӧ ° .
1N e u r o b i o l o g i c a l  R e s e a r c h  U n i t ,  D e p a r t m e n t s  o f  ° A n a to m y  
a n d  ° ° M e d i c a l  C h e m i s t r y ,  U n i v e r s i t y  o f  H e l s i n k i ,  F i n l a n d  
" G r o w th  F a c t o r  L a b o r a t o r y ,  C e n t e r  f o r  N e u r o l o g i c  S t u d y  
S a n  D i e g o ,  CA 9 2 1 2 1 .

T h e  n e r v e  g r o w t h  f a c t o r  ( NG F) i s  s y n t h e s i z e d  b y  t h e  
p e r i p h e r a l  s y m p a t h e t i c  t a r g e t  t i s s u e s ,  a s  w e l l  a s  by  
t h e  b r a i n  r e g i o n s  i n n e r v a t e d  b y  t h e  s e p t a l  c h o l i n e r g i c  
n e u r o n s .  NGF h a s  a n  e s s e n t i a l  r o l e  a s  a  t r o p h i c  s u b 
s t a n c e  r e q u i r e d  b y  d e v e l o p i n g  s y m p a t h e t i c  n e u r o n s .  I t s  
i m p o r t a n c e  f o r  t h e  c e n t r a l  n e u r o n s  u n d e r  p h y s i o l o g i c  
c o n d i t i o n s  i s  n o t  c l e a r .  S e ru m  c o n t a i n s  NGF, t h e  s o u r c e  
o f  w h i c h  h a s  n o t  b e e n  e s t a b l i s h e d .  T h e  p r e s e n t  s t u d y  
w a s  u n d e r t a k e n  t o  e x a m i n e  t h e  p r e s e n c e  o f  NGF i n  t h e  
e n d o c r i n e  o r g a n s  o f  t h e  r a t .

U s i n g  t h e  i n d i r e c t  i m m u n o h i s t o c h e m i c a l  t e c h n i q u e  o f  
C o o n s ,  i t  w as  d e m o n s t r a t e d  t h a t  t h e  i n t e r m e d i a t e  l o b e  
o f  t h e  p i t u i t a r y  g l a n d  e x h i b i t s  i n t e n s e  r e a c t i v i t y  t o  
b e t a - N G F ,  w h i l e  t h e  a n t e r i o r  a n d  n e u r a l  l o b e s  a r e  n o n -  
r e a c t i v e .  D u r i n g  t h e  p o s t n a t a l  d e v e l o p m e n t ,  NGF im m u n o -  
r e a c t i v i t y  a p p e a r s  i n  t h e  i n t e r m e d i a t e  l o b e  f i r s t  on  
d a y  21 a n d  i s  f u l l y  d e v e l o p e d  b y  t h e  a g e  o f  60  d a y s .  
T h e  i m m u n o r e a c t i v i t y  w a s  t o t a l l y  i n h i b i t e d  a f t e r  p r e 
a b s o r p t i o n  w i t h  1 μ M b e ta - N G F ,  b u t  n o t  w i t h  2 . 5 S  NGF.

H o m o g e n a te  o f  i n t e r m e d i a t e  l o b e s  f r o m  10 r a t s  w as 
d r i v e n  t h r o u g h  S D S - p o l y a c r y l a m i d e  g e l  b y  e l e c t r o p h o r e 
s i s  a n d  t r a n s f e r r e d  o n  n i t r o c e l l u l o s e  f o r  i m m u n o b l o t -  
t i n g .  B e ta - N G F ,  b u t  n o t  2 . 5 S  NGF, p r o d u c e d ,  i n  a d d i t i o n  
t o  t h e  e x p e c t e d  13 kD b a n d ,  a  s m a l l e r  b a n d  a t  45 kD .
T h e  i n t e r m e d i a t e  l o b e  d i d  n o t  p r o d u c e  a n y  r e a c t i v i t y  
a t  13 kD . I n s t e a d ,  a  b a n d  w a s  o b s e r v e d  a t  45  kD .

C o c u l t u r e  o f  n e w b o r n  r a t  s u p e r i o r  c e r v i c a l  g a n g l i a  
w i t h  p i e c e s  o f  t h e  i n t e r m e d i a t e  l o b e  r e v e a l e d  a  m a r k e d  
s t i m u l a t i o n  o f  f i b e r  g r o w t h ,  w h i c h  w a s  t o t a l l y  i n h i b i t 
e d  by  NGF a n t i s e r u m .

T h e  p r e s e n t  r e s u l t s  s u g g e s t  t h a t  t h e  r a t  p i t u i t a r y  
i n t e r m e d i a t e  l o b e  c o n t a i n s  a  s u b s t a n c e  t h a t  ( 1 ) i s  
i m m u n o l o g i c a l l y  c l o s e l y  r e l a t e d  t o  b e t a - N G F ;  ( 2 )  h a s  
t h e  b i o l o g i c a l  e f f e c t  o f  NGF, b u t-  ( 3 )  w h ic h  m ay be  
c h e m i c a l l y  d i s t i n c t  f ro m  t h e  c l a s s i c a l  NGF m o l e c u l e .

219.6 PARTIAL PURIFICATION OF A PARASYMPATHETIC NEUROTROPHIC FACTOR. 
Thomas L. W allace and Eugene M. Johnson, J r . ,  Department o f 
Pharmacology, Washington U n iv e rs ity  School o f M edicine, S t. Louis, 
MO 63110

P rev ious  work has shown th a t  p ig  lung, among a number of 
t i s s u e s  examined, con ta ined  r e l a t i v e ly  high amounts o f s u rv iv a l -  
prom oting and ch o lin e  a c e ty l t r a n s f e r a s e  (C hA T)-sustain ing  
a c t i v i t i e s  fo r  pa rasy m p ath e tic , c i l i a r y  gang lion  neurons from 
ch icken  embryos. The b ioassay  was one in  which d is s o c ia te d  
embryonic day 9 c i l i a r y  g an g lia  neurons were incubated  in  t i s s u e  
c u l tu r e  media co n ta in in g  10% serum and 35mM KCl on a double la y e r  
o f a i r - d r i e d  co lla g e n . A fte r 36 to  48 h r s ,  su rv iv a l was ev a lu a ted  
m ic ro sco p ica lly  and, on r e p l ic a t e  sam ples, ChAT a c t iv i ty  was 
measured using  a radiochem ical method. A 25,000 X g s u p e rn a tan t 
f r a c t io n  o f pig  lung had EC50s fo r  th e se  two a c t i v i t i e s  o f 55 
μg/ml and 50 μg/ml r e s p e c t iv e ly ,  in d ic a t in g  th a t  they were 
r e la te d .  I t  i s  re p o rte d  here th a t  th e se  two a c t i v i t i e s  have been 
p a r t i a l l y  p u r if i e d  and shown to  c o e lu te  from sev e ra l 
ch rom atographic columns, in d ic a t in g  th a t  th e  a c t i v i t i e s  probably 
re s id e  in  th e  same m olecule. Three sp ec ie s  were d e tec te d  w ith 
ap p a re n t m olecu lar w eights (MW) o f over 100 kD, 40 kD, and 3 kD, 
and th e  two high MW sp ec ie s  converted  in to  th e  low MW sp e c ie s . 
Al l  sp e c ie s  had both su rv iv a l-p ro m o tin g  and C hA T-sustaining 
a c t iv i t y ,  w hereas only th e  high MW sp ec ie s  were a s s o c ia te d  w ith 
n e u r i t i c  outgrow th . The low MW form was p u r if i e d  over 2 ,0 0 0 -fo ld  
by Amicon f i l t r a t i o n ,  and gel s ie v in g  and c a tio n  exchange 
chrom atography. This p a r t i a l l y  p u r if i e d  form had EC50s fo r 
su rv iv a l-p ro m o tin g  and C hA T-sustaining a c t iv i t y  between 100 and 
150 ng p ro te in /m l, again  in d ic a t in g  th a t  both a c t i v i t i e s  probably 
re s id e  in  th e  same m olecule. The low MW sp ec ie s  was hea t and ac id  
s ta b l e ,  and r e s i s t a n t  to  p ro te a s e s , d eoxy ribonuc lea se s, 
r ib o n u c le a s e s , and neuram in idase . As p rev io u sly  found w ith th e  
25,000 X g su p e rn a ta n t f r a c t io n  o f p ig  lung, th e  tro p h ic  e f f e c ts  
were s p e c i f ic  fo r  parasym pathetic  neu rons; n e i th e r  sym pathetic  nor 
p e r ip h e ra l sensory  neurons were a f f e c te d .  In a d d itio n , th e  low MW 
sp e c ie s  d id  not in c re a se  ChAT a c t iv i t y  in  e i th e r  sym pathetic  
neurons o r PC12 c e l l s .  These fin d in g s  in d ic a te  th a t  th e  pig  lung 
f a c to r ( s )  has a more s p e c i f ic  t a r g e t  spectrum  than  p rev io u sly  
re p o r te d  c i l i a r y  neuron su rv iv a l f a c to r s ,  su g gesting  th a t  i t  may 
be a novel and im portan t n eu ro tro p h ic  su b stan ce .

219.7 ENDOGENOUS OPIOIDS CONTROL NEUROGENESIS AND SYNAPTOGENESIS IN THE 
CEREBELLUM AND CEREBRAL CORTEX. K .F . H a u s e r , P . J .  M cL aughlin  and 
I . S . Z ag o n . D e p t . o f  Anatom y, The M .S. H e rsh e y  Med. C t r . , Penn 
S t a t e  U n i v . , H e rsh e y , PA 17033.

Our l a b o r a to r y  h a s  p r e v i o u s ly  d e m o n s tra te d  t h a t  endogenous 
o p io id  s y s te m s  ( i . e . ,  en d o g en o u s o p io id s  an d  o p io id  r e c e p t o r s )  
r e g u l a t e  s o m a tic  an d  n e u r o b i o l o g ic a l  d ev e lo p m e n t ( S c ie n c e  
2 2 1 :1 1 7 9 , 1983; L i f e  S c i .  3 5 :2 0 5 7 , 1 9 8 4 ) . F o r e x am p le , c o n 
t in u o u s  b lo c k a d e  o f  end o g en o u s o p i o id - o p io i d  r e c e p t o r  i n t e r a c t i o n  
r e s u l t s  i n  a  d r a m a tic  a c c e l e r a t i o n  i n  b o d y , b r a i n ,  an d  b e h a v io r a l  
m a tu r a t i o n .  I n  th e  p r e s e n t  s tu d y  we so u g h t t o  exam ine  w h e th e r  
n e u ro n a l  s t r u c t u r e ,  p a r t i c u l a r l y  a s  r e l a t e d  to  s y n a p se  c o n c e n t r a 
t i o n  an d  c o n te n t ,  i s  i n f lu e n c e d  by  e n d o g en o u s o p io id  sy s te m s .

B e g in n in g  a t  b i r t h ,  r a t s  r e c e iv e d  d a i l y  s . c .  i n j e c t i o n s  o f  50 
m g/kg  n a l t r e x o n e  (NTX), a  d o sa g e  w h ich  b lo c k e d  o p i o id  r e c e p t o r s  
f o r  th e  d u r a t i o n  o f  e a c h  i n j e c t i o n  p e r i o d .  A t 10 d ay s  o f  a g e , 
t h e  b r a i n s  o f  r a t s  (m a le s )  w ere  im p re g n a te d  u s in g  th e  G o lg i- 
K opsch m eth o d , and  s a g i t t a l  an d  c o ro n a l  s e c t i o n s  o f  th e  c e r e b e l 
lum  an d  c e r e b r a l  c o r t e x  w ere  e x am in ed . The d e n d r i t e s ,  soma, and 
d e n d r i t i c  s p in e s  from  P u r k in j e  n e u ro n s  i n  c e r e b e l l a r  l o b u le  V I I I ,  
an d  from  p y ra m id a l  c e l l s  o f  l a y e r  I I I  o f  t h e  s o m a tic  m o to r c o r te x  
i n  th e  f r o n t a l  l o b e ,  w ere  e v a lu a t e d .  I n  th e  c e re b e llu m , th e  
t o t a l  a r e a  o f  P u r k in j e  c e l l  d e n d r i t e s  was s i g n i f i c a n t l y  in c r e a s e d  
(30%) from  c o n t r o l  l e v e l s .  T h is  e f f e c t  a p p e a re d  to  b e  due to  a  
c o r r e s p o n d in g  i n c r e a s e  i n  t h e  num ber o f  t e r m in a l  s p in y  b ra n c h e s .  
The num ber o f  P u r k in j e  c e l l  d e n d r i t i c  s p in e s / μ m d e n d r i t e  was 
c o m p a ra b le  i n  NTX an d  c o n t r o l  r a t s ,  a l th o u g h  th e  s p in e s  i n  th e  
NTX g ro u p  a p p e a re d  m ore d i f f e r e n t i a t e d .  I n  t h e  c e r e b r a l  c o r t e x ,  
t h e  m o st n o t i c e a b le  c h a n g e s  w ere  t h a t  th e  s e c o n d  o r d e r ,  b a s i l a r  
d e n d r i t e s  o f  p y ra m id a l  c e l l s  i n  N T X -tre a te d  r a t s  w ere  s i g n i f i 
c a n t l y  lo n g e r  th a n  i n  c o n t r o l  a n im a ls ,  an d  t h a t  th e  num bers o f  
s p in e s / μ m d e n d r i t e  on th e  b a s i l a r ,  o b l iq u e ,  an d  a p i c a l  d e n d r i t e s  
o f  NTX r a t s  w ere a p p ro x im a te ly  d o u b le  t h a t  o f  c o n t r o l s .

T h ese  f i n d i n g s ,  u t i l i z i n g  th e  n a l t r e x o n e - in d u c e d  r e c e p t o r  
b lo c k a d e  p a ra d ig m , i n d i c a t e  t h a t  n e u ro g e n e s is  an d  s y n a p to g e n e s is  
a r e  c o n t r o l l e d  b y  en d o g en o u s o p i o id - o p io i d  r e c e p t o r  i n t e r a c t i o n .  
Our d a t a  s u g g e s t  t h a t  en d o g en o u s o p io id s  a r e  t r o p h i c  f a c t o r s  in  
n e u ro -o n to g e n y .  I n t e r e s t i n g l y ,  t h e  i n c r e a s e  i n  n e u ro n a l  d e v e lo p 
m en t d o cum ented  i n  t h i s  s tu d y  i s  c o r r e l a t e d  w i th  p r e v io u s  e v i 
d e n c e  t h a t  c o n tin u o u s  o p i o id  r e c e p t o r  b lo c k a d e  i s  o f  f u n c t i o n a l  
im p o r ta n c e  s in c e  50 m g/kg NTX t r e a t e d  a n im a ls  h a v e  a c c e l e r a t e d  
sp o n ta n e o u s  m o to r an d  s e n s o r im o to r  d e v e lo p m e n t.

S u p p o r te d  b y  NIH g r a n t  NS-2 0 5 0 0 .

219.8 MORPHOLOGICAL, METABOLIC AND BEHAVIOURAL EVIDENCE FOR INCREASED 
DOPAMINERGIC NIGRAL AND STRIATAL FUNCTION FOLLOWING GANGLIOSIDE 
GMI TREATMENT IN THE PARTIALLY HEMITRANSECTED RAT. K. F u x e , L .F . 
A g n a t i* ,  I .  Z i n i* ,  G. T o f fa n o ,  M. Z o l i* ,  P . D a v a l l i * ,  A. C o r t i* ,  
A. D e c id e r io * ,  N. D iem er* , C. Owman*, M. G o ld s te in . D e p t . o f  
Human P h y s io lo g y ,  U n iv e r s i ty  o f  M odena, M odena, I t a l y

C h ro n ic  t r e a tm e n t  w i th  GMI (10 m g /k g , i . p . )  i n c r e a s e s  th e  
s u r v i v a l  o f  n i g r a l  dopam ine (DA) c e l l  b o d ie s  w i th  t h e i r  d e n 
d r i t e s ,  an a c t i o n ,  w h ich  may b e  r e s p o n s ib le  f o r  th e  enhancem ent 
o f  c o l l a t e r a l  s p r o u t in g  i n  s t r i a t u m  a s  r e v e a l e d  by im age a n a ly s i s  
o f  s e c t i o n s  s t a i n e d  f o r  t y r o s i n e  h y d ro x y la s e  (TH) im m u n o re a c ti-  
v i t y  ( I R ) . The l e s i o n  u se d  was a  p a r t i a l  u n i l a t e r a l  h e m i t r a n -  
s e c t i o n .  U sin g  th e  r a d i o a c t i v e  d e o x y g lu c o se  (DG) te c h n iq u e  to  
s tu d y  s t r i a t a l  e n e rg y  m e ta b o lism  and r a d i o l a b e l l e d  i o d o a n t ip y r in e  
t o  s tu d y  th e  s t r i a t a l  b lo o d  f lo w , GMI was found  to  c o u n te r a c t  th e  
im b a lan c e  i n  s t r i a t a l  e n e rg y  m e ta b o lism  and in  s t r i a t a l  b lo o d  
f lo w  fo u n d  b e tw een  th e  s t r i a t a  o f  th e  l e s io n e d  and u n le s io n e d  
s i d e .  GMI p ro d u ce d  e x c i t a t o r y  e f f e c t s  on th e  l e s io n e d  s id e  and 
i n h i b i t o r y  e f f e c t s  on th e  u n le s io n e d  s i d e .  S tu d ie s  on c y c l i c  AMP 
(cAMP) and Ca2+ in d u c e d  p r o t e i n  p h o s p h o ry la t io n  p r o c e s s e s  i n  th e  
s t r i a t a l  P2 f r a c t i o n  o f  e x p e r im e n ta l  r a t s  d e m o n s tra te d  t h a t  on 
th e  l e s io n e d  s id e  th e  a c t i o n s  o f  a c u te  a n d  c h r o n ic  GMI t r e a tm e n t  
a r e  to  s u b s t a n t i a l l y  r e s t o r e  cAMP and Ca2+ p r o t e i n  p h o sp h o ry 
l a t i o n  on th e  l e s io n e d  s i d e .  B io c h e m ic a l s t u d i e s  on o r n i t h in e  
d e c a r b o x y la s e  (ODC) a c t i v i t y  and on p o ly am in e  l e v e l s  a s  w e l l  a s  
p h a rm a c o lo g ic a l  t r e a tm e n t  w i th  α -DFMO (α - d i f lu o r o m e t h y l o r n i th i n e )  
h av e  g iv e n  e v id e n c e  t h a t  i n c r e a s e s  i n  ODC a c t i v i t y  and i n  p u t r e -  
s c in e  l e v e l s  r e p r e s e n t  a  c o n d i t i o n  n e c e s s a r y  b u t  n o t  s u f f i c i e n t  
f o r  sp o n ta n e o u s  o r  GMI p ro m o ted  r e g e n e r a t i o n  o f  m e s o s t r i a t a l  DA 
n e u ro n s .  T h u s , p o ly am in es  r e p r e s e n t  p e rm is s iv e  f a c t o r s  i n  g ro w th  
m ech an ism s. S tu d ie s  on i p s i l a t e r a l  b i a s  and on r o t a t i o n a l  
b e h a v io u r  in  p a r t i a l l y  h e m i t r a n s e c te d  r a t s  h av e  g iv e n  e v id e n c e  
t h a t  c h ro n ic  t r e a tm e n t  w i th  th e  g a n g l io s id e  GMI c an  in c r e a s e  
s t r i a t a l  f u n c t io n  on th e  l e s io n e d  s i d e .  T hese  r e s u l t s  a r e  
p ro b a b ly  r e l a t e d  t o  t h e  a b i l i t y  o f  GM1 t r e a tm e n t  t o  i n c r e a s e  DA 
s y n a p t i c  f u n c t io n  in  t h e  s t r i a t u m  o f  th e  l e s io n e d  s i d e .  Both  
a c u te  and c h ro n ic  GM1 t r e a tm e n ts  w ere found  to  im prove w a te r  
in ta k e  i n  p a r t i a l l y  h e m i t r a n s e c te d  r a t s .  The im provem ent o f  w a te r  
in ta k e  o b se rv e d  a f t e r  c h ro n ic  t r e a tm e n t  may be  r e l a t e d  to  i n 
c re a s e d  o u tg ro w th  o f  h y p o th a la m ic  a f f e r e n t s  o r  to  enhancem ent o f  
c o l l a t e r a l  s p r o u t in g  i n  th e  h y p o th a la m u s  and th e  b a s a l  f o r e b r a in .  
I n c r e a s e s  i n  n o r a d r e n a l in e  r e i n n e r v a t io n  o f  th e  h y p o th a la m u s  w ere 
i n  f a c t  o b se rv e d  a f t e r  GM1 t r e a tm e n t  i n  p a r t i a l l y  h e m i t r a n s e c te d  
r a t s .  Taken to g e t h e r  v a r io u s  a p p ro a c h e s  d e m o n s tra te  t r o p h i c  
a c t i o n s  o f  g a n g l io s id e  GM1 t r e a tm e n t  on DA n e u ro n s  i n  m ech an ic 
a l l y  l e s io n e d  r a t s .
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219.9 MONOSULOGANGLTOSIDE GM1 POTENTIATES THE NEURITOGENIC RESPONSES 
OF PERIPHERAL AND CENTRAL NEURONS TO CONDITIONED MEDIA. P .E .  
S p o e r r i*  an d  F . J .  Roi s e n * * , D e p a rtm e n t o f  N e u ro s u rg e ry , 
U n iv e r s i ty  o f  G o t t in g e n ,  Gӧ t t i n g e n ,  FRG and  D e p a r tm e n t o f  
Anatomy, R u tg e rs  M e d ic a l S c h o o l,  U n i v e r s i ty  o f  M e d ic in e  and  
D e n t is t ry  o f  New J e r s e y ,  P i s c a ta w a y ,  NJ 0 8 8 5 4 .

P r e v io u s ly  we found  t h a t  g a n g l i o s id e s  s t i m u l a t e  th e  i n  v i t r o  
n e u r i t o g e n e s i s  o f  N e u ro -2 a  N e u ro b la s to m a  and c h ic k  em b ry o n ic  
d o r s a l  r o o t  g a n g l i a  (DRG). They h ave  b een  shown a l s o  to  
p o t e n t i a t e  th e  a c t i o n  o f  N erve  G row th F a c to r  (NGF). I n  t h i s  
s tu d y , th e  a b i l i t y  o f  g a n g l i o s id e s  t o  p o t e n t i a t e  non-NGF t r o p h i c  
a g e n ts  was d e te rm in e d  by e x a m in in g  th e  c a p a c i ty  o f  ex o g en o u s  
m ix tu re s  o f  b o v in e  b r a i n  g a n g l i o s id e s  (BBG) and th e  
r a o n o s ia lo g a n g l io s id e  GM1 to  e n h a n ce  th e  n e u r i t o g e n i c  a c t i o n  o f  
c o n d it io n e d  m edia (CM). CM w ere p r e p a r e d  w i th  c u l t u r e s  o f  
n e o n a ta l  mouse g l i a l  c e l l s ,  C6 g lio m a , c h ic k  e m b ry o n ic  s k e l e t a l  
o r  c a rd ia c  m u sc le , r a t  L6 m y o b la s ts  and RN22 Schwannoma. A 
v a r i e ty  o f  c h ic k  e m b ry o n ic  n e u ro n a l  t i s s u e s  w ere em ployed a s  
n e u r i t o g e n ic  m o d els  in c lu d in g :  8 1 /2  day  DRG, 11 day  c i l i a r y  
g a n g lia  and  8 day  s p in a l  c o rd  e x p la n t s .  The n e u r i t o g e n i c  
re s p o n s e s  o f  co d ed  ran d o m ly  s e l e c t e d  c u l t u r e s  w ere e v a lu a t e d  
m ic r o s c o p ic a l ly  on th e  b a s i s  o f  n e u r i t e  l e n g t h ,  num ber and  th e  
d e g re e  o f  n o n -n e u ro n a l  r a d i a l  m ig r a t i o n .  The n e u r i t e  p ro m o tin g  
a c t io n  o f  th e  f a c t o r s  c o n ta in e d  in  th e  v a r i o u s  CMs was 
p o t e n t i a t e d  by e i t h e r  BBG (150 u g /m l)  o r  GM1 ( 15 0 u g /m l) .  BBG o r  
GM1 en h an ced  th e  num ber and  le n g th  o f  DRG n e u r i t e s  p ro d u c e d  by 
48 h r  e x p o s u re  t o  m edia  c o n d i t i o n e d  by e i t h e r  c a r d i a c  o r  
s k e l e t a l  m u sc le . The g a n g l i o s id e s  a l s o  p o t e n t i a t e d  t h e  e f f e c t  
o f  c a r d i a c  and  s k e l e t a l  m u sc le  CM on th e  d ev e lo p m e n t o f  c i l i a r y  
g a n g l i a .  S p in a l  c o rd  e x p la n t s  grow n i n  th e  p r e s e n c e  o f  s k e l e t a l  
m uscle  o r  RN22 Schwannoma CM and  e i t h e r  BBG o r  GM1 c o v e re d  5 -6  
f o ld  g r e a t e r  a r e a s  th a n  e x p la n t s  grown i n  t h e  a b s e n c e  o f  
g a n g l io s id e s .  T h ese  s tu d i e s  d e m o n s tra te  t h a t  g a n g l i o s id e s  
p o t e n t i a t e  t h e  n e u r i t o g e n i c  and  n e u ro n o t r o p h ic  a c t i o n s  o f  
s e v e r a l  N G F -in d ep en d en t t r o p h i c  a g e n ts .  The a b i l i t y  o f  
g a n g l io s id e s  t o  e n h a n ce  a  v a r i e t y  o f  t r o p h i c  a g e n ts  s u g g e s t s  
t h a t  th e y  p la y  a  fu n d a m e n ta l  r o l e  i n  n e u ro n a l  d e v e lo p m e n t. 
S u p p o rte d  by DFG g r a n t  SP237/21 and  NIH g r a n t  NS11299.

**c u r r e n t  a d d r e s s :  D e p a r tm e n t o f  Anatomy, S c h o o l o f  M e d ic in e ,
U n iv e r s i ty  o f  L o u i s v i l l e ,  L o u i s v i l l e ,  KY 4 0 2 9 2 .

219.10 MONOCLONAL ANTIBODIES AGAINST GM1 GANGLIOSIDE BLOCK THE 
NEURITOGENIC ACTION OF CONDITIONED MEDIA ON SENSORY GANGLIA. 
M.M. R a p p o r t,  P .E .  S p o e r r i*  and  F . J .  R o isen * * . D iv i s io n  o f  
N e u ro s c ie n c e ,  NY S t a t e  P s y c h i a t r i c  I n s t i t u t e ,  NY, NY, 10032; 
D e p a rtm e n t o f  N e u ro s u rg e ry , F a c u l ty  o f  M e d ic in e , U n iv e r s i ty  o f  
G o t t in g e n ,  G o t t in g e n ,  F e d e ra l  R e p u b lic  o f  Germany and th e  
D e p a rtm e n t o f  Anatomy, R u tg e rs  M ed ica l S c h o o l,  U n iv e r s i ty  o f  
M ed ic in e  and  D e n t i s t r y  o f  New J e r s e y ,  P is c a ta w a y ,  NJ 08854*

The m o n o s ia lo g a n g l io s id e  GM1 p o t e n t i a t e s  N erve Grow th 
F a c to r - m e d ia te d  n e u r i t o g e n e s i s  i n  v i t r o .  R e c e n tly ,  we found 
t h a t  GM1 can  a l s o  p o t e n t i a t e  th e  n e u r i t o g e n i c  a c t i v i t y  o f  m edia 
c o n d i t i o n e d  by n e o n a ta l  g l i a ,  C6 g lio m a , th e  r a t  m yogenic l i n e  
L6 and em b ry o n ic  c h ic k  h e a r t  o r  s k e l e t a l  m u sc le . To p ro b e  
f u r t h e r  t h e  n e u r i t o g e n ic  a c t i v i t y  o f  c o n d i t io n e d  m edia (CM), 
f i v e  mouse m o n o clo n a l a n t i b o d i e s  (mAbs) a g a i n s t  GM1 d e s ig n a te d  
B6 , C3, C4h2, D1 and D3 w ere i n c o r p o r a t e d  i n d iv i d u a l l y  i n t o  
n u t r i e n t  medium (NM) s u p p le m e n te d  w i th  CM p r i o r  t o  i n c u b a t io n  
w i th  s e n s o ry  g a n g l i a .  8 1 /2  day  em b ry o n ic  c h ic k  d o r s a l  r o o t  
g a n g l i a  (DRG) w ere e x p la n te d  o n to  c o l l a g e n - c o a te d  c o v e r s l i p s  
and in c u b a te d  a t  35 °C f o r  5 h r  in  NM su p p le m e n te d  w i th  150 
u g /m l GM1. F o llo w in g  w ash in g  w i th  NM, th e  e x p la n t s  w ere r e f e d  
w i th  NM + CM c o n ta in in g  20% Ab and c u l t u r e d  f o r  an  a d d i t i o n a l  
48 h r .  The r e s u l t a n t  n e u r i t o g e n e s i s  was e v a lu a t e d
m ic r o s c o p ic a l ly  by d e te r m in in g  mean n e u r i t e  l e n g th  and  num ber 
o f  coded ran d o m ly  m ixed c u l t u r e s .  The d e g re e  o f  n o n -n e u ro n a l  
r a d i a l  m ig r a t io n  was a l s o  m ea su red . The f i v e  mAbs d i f f e r e d  in  
t h e i r  c a p a c i t i e s  t o  i n h i b i t  CM -m ediated n e u r i t o g e n e s i s  o f  th e s e  
p rim ed  c e l l s .  D1 and D3 w ere m ost e f f e c t i v e  in  re d u c in g  
n e u r i t e  l e n g th  and num ber f o r  a l l  s o u rc e s  o f  th e  CM. C3 and 
C4h2 w ere m ost e f f e c t i v e  i n  b lo c k in g  n o n -n e u ro n a l  m ig r a t i o n ,  
w h i le  B6 was i n te r m e d i a t e .  The a b i l i t y  o f  t h e s e  mAbs to  
i n h i b i t  n e u r i t o g e n i c  a c t i v i t y  o f  CM d e r iv e d  from  b o th  p r im a ry  
and  e s t a b l i s h e d  g l i a l  and  m yogenic t i s s u e  s u g g e s t s  t h a t  
g a n g l i o s id e s  p la y  a  b a s ic  r o l e  in  n e u ro n a l  d e v e lo p m e n t. The 
d i f f e r i n g  r e s p o n s e s  e l i c i t e d  by th e  i n d iv i d u a l  mAbs may r e f l e c t  
a  r e l a t i o n s h i p  b e tw een  th e  s t r u c t u r a l  c o m p le x ity  o f  t h e  GM1 
m o le c u le  and th e  n e u r i t o g e n ic  m echan ism s. S in c e  th e  v a r io u s  
CMs may c o n ta in  s e v e r a l  s p e c i f i c  g ro w th  f a c t o r s ,  th e  
p o t e n t i a t i o n  o f  su c h  f a c t o r s  by r e g io n s  o f  th e  GM1 m o le c u le  may 
f u r t h e r  r e g u l a t e  th e  c h a r a c t e r  o f  th e  n e u r i t o g e n ic  r e s p o n s e .  
S u p p o r te d  by NIH g r a n t  NS 1 1 2 9 9 .

** c u r r e n t  a d d r e s s :  D ep a rtm en t o f  Anatomy, S ch o o l o f  M e d ic in e , 
U n i v e r s i ty  o f  L o u i s v i l l e ,  L o u i s v i l l e ,  KY 4 0 2 9 2 .

219.11 THYROTROPIN RELEASING HORMONE DECREASES NEURONAL ATROPHY 
FOLLOWING PERIPHERAL NERVE SECTION. R.W. B anda* . P . F i s h e r * 
and E.D . M eans, D e p a r tm e n t o f  N e u ro lo g y , V e te ra n s  A d m in is t r a t io n  
M e d ic a l C e n te r  and  U n i v e r s i ty  o f  C i n c in n a t i  M e d ic a l C e n te r ,  
C i n c in n a t i ,  O hio 45267

C e n t r a l  c h ro m a to ly s is  i s  a  r e g e n e r a t i v e  r e s p o n s e  w hich  
fo l lo w s  axotom y to  p e r i p h e r a l l y  p r o j e c t i n g  n e u ro n s .  T h is  
i n v o lv e s  h e ig h te n e d  p r o t e i n  s y n th e s i s  to  m ee t th e  r e g e n e r a t i v e  
dem ands. F a i l u r e  o f  t h i s  p r o c e s s  c an  l e a d  to  n e u ro n a l  a tro p h y  
and d e a th .  " T ro p h ic "  s u b s ta n c e s  can  c o n c e iv a b ly  p r e v e n t  t h i s  
o c c u r r e n c e .  T h y r o tr o p in  r e l e a s i n g  horm one (TRH) was fo u n d  to  
e x e r t  a  n e u r o t r o p h ic  e f f e c t  on v e n t r a l  h o rn  n e u ro n s  i n  c u l t u r e .  
I t s  s a l u t o r y  e f f e c t s  i n  e x p e r im e n ta l  s p i n a l  c o rd  i n j u r y  h av e  
b e e n  d e s c r ib e d .  The p r e s e n t  s tu d y  was u n d e r ta k e n  to  exam ine 
a  p o s s ib l e  r o l e  f o r  TRH i n  p r e v e n t in g  n e u ro n a l  a tr o p h y  f o l lo w in g  
axotom y.

U n i l a t e r a l ,  p ro x im a l  s c i a t i c  n e rv e  s e c t i o n  was p e rfo rm e d  
u n d e r  N em butal a n e s t h e s i a  on  t e n  F i s c h e r  r a t s  (w t. 2 0 0-250  gm s); 
t h e  c o n t r a l a t e r a l  s i d e s  a c t i n g  a s  s h a m -o p e ra te d  c o n t r o l s .  F iv e  
a n im a ls  w ere  g iv e n  TRH d a i l y  (S ig m a ), 1 .6  mgm/kg i n t r a p e r i -  
t o n e a l l y .  The re m a in d e r  w ere  g iv e n  v e h ic l e  o n ly .  B o th  g ro u p s  
w e re  a l lo w e d  fo o d  and  w a te r  ad l i b .  A f t e r  3 w eeks th e y  w ere 
p e r f u s e - f i x e d  w i th  p a ra fo rm a ld e h y d e  and  th e  s p i n a l  c o rd s  
rem oved . C ro ss  s e c t i o n s  o f  t h e  a p p r o p r i a t e  l e v e l s  w ere  s t a i n e d  
w i th  c r e s y l  v i o l e t  and  n e u ro n a l  s i z e  ( c r o s s  s e c t i o n a l  a r e a )  was 
d i g i t i z e d  u s in g  a  Z e is s  V id e o p la n  s e m ia u to m a tic  im age 
a n a ly z e r .  T h e re  was a  s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e  
b e tw e en  th e  n e u ro n a l  a r e a  on th e  a x o to m ize d  s id e  i n  t h e  TRH 
g ro u p  com pared  to  t h e  v e h ic l e  c o n t r o l s  (1 9 2 .3  ±  9 .3  v s .  
1 5 2 .7  ±  6 . 6 , m ean ±  SEM r e s p e c t i v e l y ,  p <  0 .0 1 ) .  No su c h  
d i f f e r e n c e  was fo u n d  on  th e  s h a m -o p e ra te d  s i d e (1 9 7 .5  ±  v s .  
2 0 3 .0  ± 8 . 8 , p = .1 5 )  -  u n i t s  e x p re s s e d  i n  um2.

T h ese  r e s u l t s  s u g g e s t  t h a t  TRH p la y s  a  r o l e  i n  p r e v e n t in g  
n e u ro n a l  a t r o p h y  f o l lo w in g  axotom y by  unknown m ech an ism s. T h is  
o b s e r v a t io n  h a s  im p o r ta n t  i m p l i c a t i o n s  f o r  t h e  p o t e n t i a l  t h e r a p y  
o f  p e r i p h e r a l  n e rv e  i n j u r y .

219.12 EFFECTS OF AGENTS (PHORBOL ESTERS, ADRIAMYCIN, POLYMIXIN 
B, E T C .), WHICH ALTER PROTEIN KINASE C ACTIVITY, ON THE 
SURVIVAL AND GROWTH OF SYMPATHETIC NEURONS MAINTAINED 
IN CULTURE. A.R. Wakade and T .D . W akade*. D e p t. o f  
P h a rm aco lo g y . S t a t e  U n iv . o f  New Y ork , B ro o k ly n , NY 11203.

P h o rb o l  e s t e r  h ave  become p o w e rfu l  t o o l s  to  i n v e s t i g a t e  
a  w ide v a r i e t y  o f  c e l l u l a r  f u n c t io n s  (N is h iz u k a ,  N a tu re  
308: 6 93 , 1 9 8 4 ) . We h av e  i n v e s t i g a t e d  th e  e f f e c t s  o f  
p r o t e i n  k in a s e  C a c t i v a t o r ,  p h o rb o l  1 2 ,1 3 - d ib u ty r a te  
(P dbu) and 1 2 - 0 - t e t r a d e c a n o y lp h o r b o l  1 3 - a c e t a t e  (TPA) 
on th e  s u r v i v a l  o f  s y m p a th e tic  n e u ro n s  d e r iv e d  from  
p e r i p h e r a l  g a n g l i a  o f  10- 12- d a y - o ld  c h ic k  embryo in  th e  
a b se n c e  o r  p re s e n c e  o f  n e rv e  g ro w th  f a c t o r  (NGF). We 
d e m o n s tra te  t h a t  Pdbu (3  to  100 nM) and TPA ( 0 .3  to  10 
nM) s u p p o r te d  a maximum o f  a b o u t 30% o f  p l a t e d  n e u ro n s  
in  a  s e ru m -f r e e  c u l t u r e  medium . The num ber o f  s u r v iv in g  
n e u ro n s  rem a in e d  v i r t u a l l y  unch an g ed  f o r  o v e r  2 w eeks. 
The e f f e c t  o f  TPA and Pdbu was o b s e rv e d  in  th e  a b sen c e  
o f  NGF and p re s e n c e  o f  a n t i s e r a  t o  NGF. A n o n a c t i v a to r  
o f  p r o t e i n  k in a s e  C, p h o rb o l  1 3 - a c e t a t e ,  (10  to  1000 nM) 
was t o t a l l y  i n e f f e c t i v e  in  s u p p o r t in g  th e  n e u ro n s .  A 
c o m b in a tio n  o f  su p ram ax im a l c o n c e n t r a t i o n s  o f  Pdbu and 
NGF d id  n o t  p ro d u ce  a d d i t i v e  e f f e c t s .  N eurons i n i t i a l l y  
s e l e c t e d  in  c u l t u r e  by NGF ( o r  Pdbu) f o r  2 day s  w ere 
s u c c e s s f u l l y  s u p p o rte d  by Pdbu ( o r  NGF) f o r  s e v e r a l  day s  
w i th o u t  a s i g n i f i c a n t  l o s s  in  t h e i r  num ber. I n a c t i v a t o r s  
o f  p r o t e i n  k in a s e  C, su ch  a s  p o ly m ix in  B, a d r ia m y c in ,  
e t c .  (W ise e t  a l . ,  J .  B io l .  Chem. 2 5 7 :8 4 8 9 , 1982) c a u se d  
a c o n c e n t r a t i o n  d e p e n d en t r e d u c t io n  in  th e  num ber 
N G F -supported  n e u ro n s  o v e r  a  2 -d ay  p e r io d .  E x p e r im e n ts  
a r e  in  p r o g re s s  to  d e te rm in e  w hether; t o x i c  e f f e c t s  o f  
th e s e  a g e n ts  c o u ld  be p re v e n te d  by TPA o r  P dbu . From 
th e  above d a ta  i t  i s  c o n c lu d e d  t h a t  p r o t e i n  k in a s e  C may 
be in v o lv e d  in  th e  s u r v i v a l  and n e u r i t e  o u tg ro w th  o f  c h ic k  
s y m p a th e tic  n e u ro n s  in  c u l t u r e .

(S u p p o rte d  by G ra n ts  from  NSF, BNS8409685 and NIH, HL18601)
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220.1 OPTICAL DETECTION OF SINGLE UNIT ACTIVITY IN THE ISOLATED SPINAL 
CORD OF THE LAMPREY, PETROMYZON MARINUS. Avis Cohen, J i l l  
London, Lawrence Cohen, and H arry O rbach. M arine B io lo g ic a l 
L ab o ra to ry , Woods H ole, MA; N eurobiology and B ehav io r, C o rnell 
U n iv e rs ity , I th a c a ,  NY; Department o f P hysio logy , Yale U n iv e rs ity  
School of M edicine, New Havern, CT.

To u n d e rs ta n d  th e  o r i g i n  o f  any b e h a v io r ,  one s h o u ld  m o n ito r  
s im u l ta n e o u s ly  th e  i n d iv i d u a l  a c t i v i t y  o f  a  l a r g e  num ber o f  
n e u ro n s .  Through th e  u s e  o f  v o l ta g e  s e n s i t i v e  d y es  and o p t i c a l  
r e c o r d in g  te c h n iq u e s  t h i s  h a s  b een  a c h ie v e d ,  b u t  o n ly  In  
i n v e r t e b r a t e  p r e p a r a t i o n s .  In  t h i s  r e p o r t  we d e s c r ib e  i n  a 
v e r t e b r a t e  p r e p a r a t i o n  o p t i c a l  r e c o r d in g s  o f  i n d iv i d u a l  u n i t  
a c t i v i t y .

P ie c e s  o f i s o l a t e d  lam p rey  s p in a l  c o rd ,  12-13  seg m en ts  lo n g ,  
w ere s t a i n e d  w i th  e i t h e r  WW376, (0 .3 7 m g /m l, f o r  5 -8  h o u r s ) ,  o r  
RH155, ( 1 mg/ml f o r  5 h o u r s ) .  The p r e p a r a t i o n  was k e p t  c o o l  
( a p p r o x .  10°C) a t  a l l  t im e s .  N eu ra l a c t i v i t y  was e l i c i t e d  w ith  
e l e c t r i c a l  s t i m u l a t i o n  o f th e  c o rd  s u r f a c e .  An im age o f  t h e  a r e a  
o f  th e  c o r d ,  1 -3  seg m en ts  from  th e  s t i m u l a t i o n  s i t e ,  v iew ed 
th ro u g h  a  32X o b j e c t i v e ,  was fo c u s e d  on a 12X12 p h o to d io d e  a r r a y .  
Each p h o to d io d e  r e c o rd e d  a b s o r p t io n  c h a n g es  from  a  50μ2 a r e a  o f  
s p in a l  c o rd .

A lo n g  (100m s) j u s t  t h r e s h o ld  p u ls e  evoked a  s m a ll  d e p o la r 
i z i n g  s ig n a l  i p s i l a t e r a l  to  t h e  s t i m u l a t i o n  s i t e .  At th e  same 
s t im u lu s  s t r e n g t h ,  a  h y p e r p o la r i z in g  s ig n a l  was d e te c t e d  on th e  
c o n t r a l a t e r a l  c o r d .  The h y p e r p o l a r i z a t i o n  fo llo w e d  th e  d e p o la r i 
z a t i o n  a f t e r  a  b r i e f  d e la y ,  s u g g e s t in g  t h a t  i t  was p o s t s y n a p t ic  
to  th e  i p s i l a t e r a l  e x c i t a t i o n .  W ith i n c r e a s i n g  s t im u lu s  s t r e n g th  
t h e  r e s p o n s e  I n c r e a s e d  i n  a m p li tu d e  and becam e m ore co m p lex . A 
b r i e f , l a r g e  a m p li tu d e  s t im u lu s  t r i g g e r e d  a  lo n g  b u r s t  o f  a c t i o n  
p o t e n t i a l s  t h a t  was m a in ly  d e te c t e d  on 2 d io d e s .  We th in k  t h a t  
t h i s  s i g n a l  r e p r e s e n t s  s p ik e  a c t i v i t y  i n  an  i n d iv i d u a l  n e u ro n .

The p h a rm a c o lo g ic a l  e f f e c t s  o f  th e  dye RH155 w ere t e s t e d .  
Tw elve segm ent p i e c e s  o f  th e  c o rd  w ere ex p o sed  to  2mM 
D - g lu ta m a te , a  d ru g  w hich  h a s  been  shown to  in d u c e  f i c t i v e  
swimming (A . C ohen, & P . W allé n , 1 9 8 0 ) . The c o rd s  w ere th e n  
s ta i n e d  f o r  5 h o u r s  and r e t e s t e d  f o r  a b i l i t y  to  g e n e r a t e  f i c t i v e  
swim m ing. F i c t i v e  swimming c o u ld  be in d u ce d  i n  p r e p a r a t i o n s  
s t a i n e d  w i th  0.5m g/m l o f  RH155. I t  may t h e r e f o r e  be p o s s ib l e  to  
m o n ito r  t h e  n e u r a l  a c t i v i t y  d u r in g  f i c t i v e  swimming in  t h i s  
s im p le  v e r t e b r a t e .

S u p p o rte d  by g r a n t s  NS08437 and NS16803.

220.2 SYNAPTIC CONNECTIONS BETWEEN THE MAUTHNER AXONS AND IDENTIFIED 
MOTONEURONS AND INTERNEURONS IN THE CAUDAL SPINAL CORD OF 
GOLDFISH. J.R . F e t c ho and D.S. F a b e r . D iv . o f  N e u ro b io lo g y , SUNY 
a t  B u f f a lo ,  N.Y. 14214.

The m ost d ram a tic  component o f  th e  escape response  i n i t i a t e d  
by th e  M au thner c e l l  ( M -c e l l )  in  t e l e o s t s  i s  a r a p i d ,  f o r c e f u l  
t a i l - f l i p  which i s  most l i k e ly  m ediated by s y n a p tic  con n ec tio n s  
betw een th e  M authner axons (M -axons) and s p in a l  motoneurons and 
in te rn e u ro n s . To study  th e se  co n n e c tio n s  we have recorded  i n t r a -  
c e l l u l a r l y  from  one o r  b o th  M -axons in  g o l d f i s h ,  and a c t iv a t e d  
them u sin g  c u r r e n t  in j e c t io n  w h ile  s im u ltan e o u sly  reco rd in g  from 
p o s ts y n a p tic  s p in a l  neurons th a t  we su b seq u en tly  f i l l e d  w ith  HRP 
f o r  m o rp h o lo g ic a l  s tu d y .  We have i d e n t i f i e d  tw o c l a s s e s  o f  
neurons t h a t  re c e iv e  s h o r t  la te n c y , e x c i ta to ry  conn ec tio n s  from 
th e  i p s i l a t e r a l  M -axon, and lo n g e r  la te n c y  in h ib i t i o n  from th e  
c o n t r a la t e r a l  M-axon.

The f i r s t  c la s s  o f  c e l l s  co rresponds to  th e  prim ary  motoneurons 
i d e n t i f i e d  in  o th e r  s t u d i e s .  The 13 o f  th e s e  we f i l l e d  w ith  HRP 
had : 1) l a r g e ,  d o r s a l  c e l l  b o d ie s ,  n e a r  th e  c e n t r a l  c a n a l ,  2) 
ro s tro -c a u d a l  d e n d r i te s  l a t e r a l  to  th e  c e l l  body, and 3) a la rg e , 
v e n t r a l  p ro c e s s  t h a t  p a s s e d  m e d ia l ly  a ro u n d  th e  M -axon, and 
e x i t e d  in  a v e n t r a l  r o o t .  The mean s y n a p t i c  d e la y  b e tw e e n  th e  
fo o t  o f  th e  sp ik e  in  th e  i p s i l a t e r a l  M-axon and th e  EPSP in  th e se  
c e l l s  was .52 m sec (s .d .= .1 9 ,N = 8 ); th e  d e la y  o f  th e  i n h i b i t i o n  
from th e  c o n t r a la t e r a l  M-axon was 1.03msec (s.d.=.46,N=5).

C e lls  in  th e  second c l a s s  a re  in te rn e u ro n s . The 15 o f  them we 
f i l l e d  w i th  HRP h a d : 1 ) d o r s a l  c e l l  b o d i e s  l i k e  p r im a r y  
m otoneurons, 2)a few d e n d r i te s  d o r s o la t e r a l  to  th e  c e l l  b o d ie s , 
and 3) a  la rg e  axonal p ro cess  t h a t  ran  v e n t r a l ly  to  a reg io n  n ea r  
th e  i p s i l a t e r a l  M -axon, th e n  c a u d a l ly ,  b ra n c h in g  p r o f u s e ly  
th ro u g h o u t  th e  i p s i l a t e r a l  m o to r co lum n and fo rm in g  s y n a p t i c  
boutons on many p robab le  a x ia l  motoneurons sp read  lo n g i tu d in a l ly  
o v e r  th e  e q u i v a l e n t  o f  ro u g h ly  one body se g m e n t. The axon th e n  
c o n t in u e d  d o r s a l l y ,  and c a u d a l ly  in  th e  d o r s o -m e d ia l  w h ite  
m a tte r . The mean s y n a p tic  d e lay  o f  th e  e x c i ta t io n  o f  th e se  c e l l s  
by th e  i p s i l a t e r a l  M -axon was .43 msec (s .d .s .0 9 ,N = 8 ); th e  
i n h i b i t o r y  d e la y  from  th e  c o n t r a l a t e r a l  axon was .52 msec 
(s .d .s .0 6 ,N = 4 ). T hese i n t e r n e u r o n s  w e re  n o t  i d e n t i f i e d  in  
p rev io u s  s tu d ie s  o f  th e  s p in a l  c i r c u i t r y  o f  th e  M -ce ll, a lthough  
th e y  a r e  p h y s io lo g i c a l ly  s i m i l a r  to  w h a t w ere  c o n s id e r e d  
re c o rd in g s  from c o l l a t e r a l s  o f  p rim ary  m otoneurons.

These o b s e rv a tio n s  r e q u ire  a  r e v is io n  o f  p rev io u s  accoun ts  o f 
th e  M -c e l l  c i r c u i t r y .  They i n d i c a t e  t h a t  th e  l a t e n c i e s  o f  
e x c i ta t io n  and cro ssed  in h ib i t i o n  o f  m otoneurons a r e  lo n g e r than  
p r e v io u s ly  th o u g h t ,  and in t r o d u c e  a c l a s s  o f  i n t e r n e u r o n s  t h a t  
may e x e rc is e  segm en ta l c o n tro l o f  a x ia l  m otoneurons. (Supported 
by an  NIH P o s t d o c to r a l  F e l lo w s h ip  to  J.R . F e tc h o  and NIH g r a n t  
N S-15335 to  D.S. F a b e r .)

220.3 COACTIVATION OF TWO MOTOR SYSTEMS IN THE ZEBRAFISH. D en n is  L iu*  
and Monte W e s t e r f i e l d . I n s t i t u t e  o f  N e u ro s c ie n c e ,  U n iv e r s i ty  
o f  O regon , E ugene , OR 97403.

Lower v e r t e b r a t e s  have two d i s t i n c t  m oto r sy s te m s  t h a t  a r e  
th o u g h t  t o  m e d ia te  d i f f e r e n t  b e h a v io r s .  We h ave  s tu d i e d  th e  
f u n c t io n  o f t h e s e  sy s te m s  by c o r r e l a t i n g  th e  a c t i v i t y  o f  m u sc le s  
and s p e c i f i c  m o to n e u ro n s.

In  th e  z e b r a f i s h  two d i s t i n c t  c l a s s e s  o f  m o to n e u ro n s, p r im a ry  
and  s e c o n d a ry ,  have  b e e n  i d e n t i f i e d .  B o th  c l a s s e s  i n n e r v a te  
th e  w h i te  a x i a l  m u sc le s  u se d  f o r  swimming and th e  s t a r t l e  
r e s p o n s e .  I n d iv i d u a l  m u sc le  f i b e r s  r e c e iv e  i n p u t s  from  p r im a ry  
and se c o n d a ry  m o to n e u ro n s. The p r im a ry  m o to n eu ro n s have la r g e  
a x o n s , l a r g e  p e r i p h e r a l  f i e l d s ,  p ro d u ce  l a r g e  e n d p la t e  p o t e n t i a l s  
(E P P s ) , and p ro b a b ly  r e c e iv e  d i r e c t  i n p u t  from  th e  M authner 
n e u ro n . S e c o n d a ry  m o to n eu ro n s  h ave  s m a l le r  a x o n s , s m a l le r  
p e r i p h e r a l  f i e l d s ,  p ro d u ce  s m a l le r  EPP s, and p ro b a b ly  do n o t 
r e c e i v e  d i r e c t  i n p u t  from  th e  M authner n e u ro n . T hese  o b s e r v a t io n s  
s u g g e s te d  t h a t  p r im a ry  m o to n eu ro n s f u n c t io n  i n  th e  s te r e o ty p e d  
s t a r t l e  r e s p o n s e  w h e re a s  s e c o n d a ry  m o to n eu ro n s  a r e  u se d  f o r  
n o n - s t a r t l e  swimming b e h a v io r s .  We exam ined t h i s  h y p o th e s i s  
by s tu d y in g  m u sc le  a c t i v i t y  d u r in g  swimming.

To d i s t i n g u i s h  mu s c l e  a c t i v i t y  (EMGs) p ro d u ce d  by p r im a ry  
m o to n eu ro n s  and s e c o n d a ry  m o to n eu ro n s  we s im u l ta n e o u s ly  r e c o rd e d  
EPPs and EMGs from  th e  same m u sc le . Z e b r a f i s h  w ere  r e s t r a i n e d  
and  EMGs r e c o r d e d  w i th  f i n e  b ip o l a r  e l e c t r o d e s .  N earby  m u sc le  
f i b e r s  w ere im p a led  w i th  f l o a t i n g  t i p  g l a s s  m ic r o e l e c t r o d e s .
We fo u n d  a c o r r e l a t i o n  b e tw een  th e  s i z e  o f  EPPs and EMGs; t h e r e  
w ere two c l a s s e s  o f  r e s p o n s e s  w hich  d i f f e r e d  by more th a n  tw o fo ld .  
P r e v io u s  s t u d i e s  h av e  shown t h a t  EPPs p ro d u ce d  by p r im a ry  
m o to n eu ro n s a r e  t y p i c a l l y  more th a n  tw ic e  a s  l a r g e  a s  EPPs 
p ro d u ce d  by s e c o n d a ry  m o to n e u ro n s. T h is  s u g g e s t s  t h a t  th e  l a r g e  
a m p l i tu d e  EMG s p ik e s  r e p r e s e n t  m u sc le  a c t i v i t y  evoked  by p r im a ry  
m o to n eu ro n s w h i le  s m a l le r  s p ik e s  o c c u r  when s e c o n d a ry  m o to n eu ro n s 
a r e  a c t i v e .

U sin g  th e s e  c r i t e r i a  we h ave  a n a ly z e d  EMGs from  swimm ing, 
t e t h e r e d  f i s h .  P a i rw is e  r e c o r d in g  from  d o r s a l  and v e n t r a l  m u sc le s  
on one s id e  o f  th e  same body segm ent showed t h a t  b o th  l a r g e  and 
s m a l l  EMG s p ik e s  o c c u r r e d  d u r in g  a b o u t  o f  swimming. S p ik e s  
i n  m u sc le s  on o p p o s i t e  s id e s  o f  a segm ent w ere  a n t i p h a s i c .  
M o reo v e r, l a r g e  EMG s p ik e s  w ere  r e c o r d e d  d u r in g  a v a r i e t y  o f  
swimming m odes. T h ese  r e s u l t s  d e m o n s tra te  t h a t  p r im a ry  and 
s e c o n d a ry  m o to n eu ro n s  c a n  be s im u l ta n e o u s ly  a c t i v e  d u r in g  swimming 
and s u g g e s t  t h a t  t h e  p r im a ry  m o to r sy s te m  i s  in v o lv e d  i n  b e h a v io r s  
i n  a d d i t i o n  to  th e  s t a r t l e  r e s p o n s e .
S u p p o rte d  by NIH NS21132, NS17963, and  MH17148.

220.4 MOTOR PATTERNS DURING ROSTRAL SCRATCHING AND FORWARD SWIMMING 
IN THE TURTLE. Paul S.G. S te in  and K athryn M. Jo h n sto n e* . 
B iology D epartm ent, W ashington U n iv e rs ity , S t. L ou is, MO 63130.

The re d -ea red  t u r t l e ,  Pseudemys s c r ip t a  e le g a n s , u ses  i t s  
h indlim bs to  perform  many ta s k s , in c lu d in g  both forw ard swimming 
( J .  N europhysio l. 40: 768-778, 1977) and r o s t r a l  s c ra tc h in g  ( J . 
N europhysio l. 537 1501-1534, 1985). We compare the  tim ing  and 
in t e n s i ty  o f motor a c t i v i t y  du rin g  th e se  two beh av io rs  u s in g  
e lec trom yograph ic  (EMG) reco rd in g s  from th re e  h indlim b m uscles: 
VP-HP (v e n t r a l  pub o isch io fem o ra lis  in te rn u s ; a h ip  p r o t r a c to r ) ,  
HR-KF ( f le x o r  t i b i a l i s  in te rn u s ; a h ip  r e t r a c t o r ) ,  and FT-KE 
( f e m o ro t ib ia l is ;  a knee e x te n s o r) . We use two p re p a ra t io n s :  an 
in t a c t  t u r t l e ,  and a s p in a l  t u r t l e  w ith  a com plete t r a n s e c t io n  
o f the  s p in a l  cord j u s t  p o s te r io r  to  th e  fo re lim b  en largem en t. 
An in t a c t  t u r t l e  produces forw ard swimming spo n tan eo u sly ; 
e l e c t r i c a l  s t im u la t io n  a p p lied  w ith  co n s ta n t frequency to  a s i t e  
in  the  d o r s o la te r a l  fu n ic u lu s  produces a forw ard swimming motor 
p a t te rn  in  a  s p in a l  t u r t l e .  T a c t i le  s t im u la t io n  o f th e  s h e l l  
b rid g e  evokes a r o s t r a l  s c ra tc h  in  both  p re p a ra tio n s .

The r e l a t i v e  tim ing  of muscle a c t i v i t y  i s  s im i l i a r  fo r  
forw ard swimming and r o s t r a l  s c ra tc h in g . For both  b e h a v io rs , 
VP-HP and HR-KF d is p la y  rhythm ic a l t e r n a t io n  o f a c t i v i t y .  The 
te rm in a tio n  o f FT-KE a c t iv a t io n  occu rs nea r the  end o f VP-HP 
a c t iv i t y  o r near the beginn ing  o f HR-KF a c t i v i t y .

The am plitude (p eak -to -p eak  v o lta g e )  of muscle a c t i v i t y  i s  
d i f f e r e n t  fo r  each b eh a v io r. The am plitude o f VP-HP d u rin g  th e  
r o s t r a l  s c ra tc h  i s  always la rg e r  than  du rin g  the  forw ard swim. 
In  some forw ard swim c y c le s , VP-HP a c t iv i t y  i s  a b s e n t . The 
am plitude o f FT-KE d u ring  the r o s t r a l  s c ra tc h  i s  u s u a lly  la r g e r  
than du rin g  the  forw ard swim. The am plitude o f HR-KF d is p la y s  
co n s id e ra b le  v a r ia t io n ;  in  g e n e ra l,  du rin g  th e  forw ard swim i t s  
am plitude i s  la rg e r  than du rin g  the r o s t r a l  s c r a tc h .  In  some 
r o s t r a l  s c ra tc h  c y c le s , HR-KF a c t iv i t y  i s  a b se n t.

These am plitude d if fe re n c e s  a re  understood  by c o n s id e r in g  
which phase o f the  movement cy c le  i s  the  "pow erstroke" o f each 
b eh a v io r. VP-HP and FT-KE a re  a c t iv e  d u rin g  th e  rub phase of 
th e  r o s t r a l  s c ra tc h ,  i . e . ,  th e  "pow erstroke" o f th e  s c r a tc h .  
HR-KF i s  a c t iv e  du rin g  th e  h ip  r e t r a c t i o n  phase o f th e  forw ard 
swim, i . e . ,  the "pow erstroke" o f the  swim.

In  our e a r l i e r  work, th re e  d i f f e r e n t  s c ra tc h  forms were 
d is tin g u is h e d  ac co rd ing  to  the  r e l a t i v e  tim ing  o f muscle 
a c t i v i t y  p a t te r n s .  In  th e  p re se n t s tu d y , two d i f f e r e n t  
beh av io rs  th a t  show s im i la r  r e l a t i v e  tim ings  o f muscle 
a c t iv a t io n  a re  d is tin g u is h e d  ac co rd ing  to  th e  r e l a t i v e  in t e n s i ty  
o f muscle a c t iv a t io n .

Supported by NIH G rant NS-15049 to  PSGS.
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220.5 THE MOTONEURON POPULATION AND THE ACTIVITY PATTERNS OF THE GUINEA 
PIG DIGASTRIC MUSCLE. M. Tal and A. Lev-Tov, Dept. of Anatomy, The 
Hebrew University Medical School, Jerusalem, I s rae l .

The d ig a s t r i c  (DG) i s  a jaw opener muscle, comprised of two 
be l l ie s  which are  jo ined by a centra l tendon. The present study 
was aimed a t charac te r iz ing  the  organization of the  motoneuron 
pools and the  a c t iv i ty  pa t te rns  of the  an te r io r  and pos te r io r  DG 
be l l ie s  (ADG and PDG).

Experiments were performed on ketamine anes thetized male albino 
guinea pigs weighing about 500 gr .  In jec tions  of HRP to  the 
mechanically separated DG b e l l i e s  revealed two d i f f e ren t  
motoneuron pools in the brainstem. The pool of ADG contained a 
maximum of 68 motoneurons with somatic diameters of 16-52 μm. This 
pool was located within the  motor nucleus of the trigeminal (V) 
nerve. The pool of PDG contained a maximum of 54 motoneurons with 
somatic diameters of 16-53μm, and was located within the motor 
nucleus of the fac ia l  (VII) nerve.

The a c t iv i ty  pa t te rn  of DG was studied using simultaneous EMG 
recordings from i t s  an te r io r  and pos te r io r  b e l l i e s .  We found tha t  
during spontaneous rhythmic jaw movement (spontaneous RJM), and 
during RJM evoked by r e p e t i t iv e  s timula tion of the   masticatory 
area of the  cerebral cortex ,  the  a c t iv i ty  in ADG and PDG  was 
highly synchronized, with r e la t iv e ly  few d i f f e r en t ia l  bu rs ts .  
Despite the synchronism, the de ta i led  temporal a c t iv i ty  patterns  
of the two b e l l i e s  exhibited s ig n i f ic an t  d if fe rences .  The a c t iv i ty  
in PDG preceded th a t  of ADG and out las ted  i t  in most of  the 
rhythmic cycles ,  as demonstrated in the  f igure  below. The 
deta iled  mechanisms and the  func tional implications  of these  
di fferences are  not known a t  the  moment. I t  is  tempting however, 
to  consider the ear ly  a c t i v i t y  in PDG as a fa c to r  which may 
optimize the  passive tension in the  more massive ADG, p r io r  to  and 
during i t s  act ive  s t a t e .

220.6 SEPARATE GENERATION OF OSCILLATION AND M OTOR BURST 
PATTERN FOR M AM M ALIAN RESPIRATION: IN VITRO STUDIES. 
J.L. Feldman & J.C. Sm ith*. Dept. of Physiology, Northwestern University, 
Chicago, EL 60611, Dept. of Kinesiology, UCLA, Los Angeles, CA 90024

We have hypothesized a timer model for respiratory pattern generation 
in mammals (Feldman, F ed .P roc.40:2384,1981). In this model, separate 
neural networks generate: i) the oscillatory command ("timer") and; ii) the 
motor burst patterns for each phase. Considerable evidence obtained in vivo is 
consistent with this hypothesis (Feldman,In: Handbook of Physiology, 1986). 
W e have exploited a novel in vitro m am m alian brainstem -spinal cord 
preparation [Smith & Feldman, Soc. Neurosci. Abs. 11:24, 1985] to test the 
role of Cl--dependent synaptic inhibition in pattern generation; the results 
provide further support for our model. M otoneuronal activity in vitro was 
recorded from spinal ventral and cranial nerve roots. The in vitro bath was 
partitioned at the spinomedullary junction so that we could selectively change 
the medium bathing the brainstem from a mock brain extracellular fluid (ECF) 
to a Cl--free ECF, or to ECF containing Cl- channel blockers/antagonists to the 
inhibitory neurotransmitters gamma-aminobutyric acid (GABA) or glycine 
(G ly). Concentrations o f  antagonists used  [p icro toxin  (0.1- 1mM ), 
benzylpenicillin (3-5mM), bicuculline (0.1-1mM) and strychnine (0.1-1mM)] 
were sufficient to block inhibitory actions of bath-applied GABA and Gly. 
N one o f  the antagonists, nor C l--free fluid disrupted the rhythm  of 
spontaneous respiratory motor bursts recorded on cranial nerves (IX,X,XII) 
and spinal cervical (C4, C5) and thoracic ventral roots. However, blocking 
synaptic inhibition increased burst durations and amplitudes. These results 
indicate that Cl--dependent inhibition is not essential for the generation of 
respiratory rhythm in the in vitro mammalian neonatal brainstem-spinal cord, 
but contributes to the shaping o f the motor burst pattern. The results are 
consistent with our hypothesis that the generation o f rhythm and burst pattern 
are functionally [ibid.] and anatomically [Speck & Feldman, J. Neurosci. 
2: 744, 1982; Feldman et al., J. Physiol. 347: 241,1984.] separate. Although 
our results obtained in vitro pertain to Cl--dependent inhibition, we hypothesize 
that inhibitory interactions are not necessary for generation of respiratory 
rhythm ; termination o f phase bursting by disfacilitation is sufficient for 
rhythmogenesis in vitro. (The role of inhibition in controlling burst duration 
may be to assure burst termination in intact animals where ill-timed sensory 
inputs might lead to spurious phase reactivation). If this latter hypothesis were 
correct, neural pacemaker activity should underlie mammalian respiratory 
rhythm ogenesis. SUPPORTED BY NIH GRANT HL-23820. JCS IS A P.B. 
Fran cis Fou ndation  fello w .

220.7 OCTOPAMINE STIMULATES A CENTRAL PATTERN GENERATOR FOR FEEDING IN 
LIMULUS. H.M.Lee* and G.A.Wyse. D ep t. o f  Zoology, U niv. o f  
M assach u se tts , A m herst, MA 01003.

The n e u ra l b a se s  o f c e n t r a l l y  g en e ra ted  rhy thm ic beh av io r 
p a t te rn s  have been c h a ra c te r iz e d  in  many s p e c ie s ;  in  s e v e ra l o f  
th e se  c a se s  b io g e n ic  am ines and p e p tid e s  may m odulate  th e  
g e n e ra tio n  o f th e  b e h a v io ra l rhythm . We p re s e n t  ev idence  fo r  a 
neurom odulatory r o le  o f  th e  monoamine octopam ine in  th e  g e n e ra tio n  
o f  c e n t r a l ly - p a t te r n e d  rhythm ic feed in g  in  th e  h o rseshoe c ra b ,  
Limulus polyphem us.

Lim ulus i s  a  c h e l ic e r a te  a rth ro p o d  th a t  la c k s  jaws and 
s p e c ia l iz e d  feed in g  appendages. The b a s a l (coxal) segm ents o f  th e  
w alking le g s  b ea r  in w a rd ly -d ire c te d  gnathobase  sp in e s  t h a t  
surround th e  mouth; rhythm ic t r a n s v e rs e  movements o f  th e  coxae a r e  
used to  sh red  and in g e s t  food . The p a t te r n  o f  co x a l m uscle 
a c t i v i t y  d u rin g  feed in g  has  been d e s c r ib e d  (Wyse and Dwyer, B io l .  
B u ll .  144: 567-579, 1973). A djacen t le g s  a r e  adducted  w ith  a  phase 
d e la y  o f  0 .5  (ou t o f  p h a se ) ; o p p o s ite  le g s  a re  adducted  in  p h ase . 
These phase r e l a t i o n s h ip s  a r e  d i s t i n c t l y  d i f f e r e n t  from th o se  in  
swimming and w alk ing . Because im pulse b u r s ts  in  en to co x a l ne rv es  
( to  coxa l ad duc to r m uscles) p a r a l l e l  coxa l ad d u c tio n , we can 
r e l i a b l y  id e n t i f y  feed in g  p a t te r n s  o f  m otor o u tp u t in  th e  i s o la te d  
Limulus CNS. We reco rded  w ith  s u c tio n  e le c tro d e s  from a n te r io r  and 
p o s te r io r  en to co x a l n e rv es  in  i s o la te d  p re p a ra t io n s  o f  th e  
prosom al (cep h a lo th o ra c ic )  CNS. The is o la te d  CNS norm ally  
g e n e ra te s  o n ly  u n p a t te rn e d  a c t i v i t y .  P e r fu s io n  o f  octopam ine (1 to  
10 μM) e l i c i t e d  rhythm ic m otor a c t i v i t y  in  th e  en to co x a l n e rv e s . 
The phase r e l a t i o n s h ip s  w ith in  a  le g  segment and betw een le g  
segm ents and th e  frequency  o f  th e  induced rhy thm ic a c t i v i t y ,  were 
c o n s is te n t  w ith  and c h a r a c t e r i s t i c  o f  th e  feed in g  p a t te r n  in  
in t a c t  an im a ls .

We have a ls o  ex p lo red  th e  pharm acology o f  o c to p am in e 's  
s t im u la t io n  o f  th e  feed in g  c e n t r a l  p a t t e r n  g e n e ra to r  (CPG). A lpha
a d re n e rg ic  a g o n is ts  such a s  c lo n id in e ,  n ap h a zo lin e  and to l a z o l in e  
had no e f f e c t  on th e  feed in g  CPG. Dopamine and n o rep in ep h rin e  
s tim u la te d  th e  feed in g  CPG, b u t a t  c o n c e n tra t io n s  c a .  te n  tim es 
g r e a t e r  th an  octopam ine. (These ca tech o lam in es  a r e  s t r u c t u r a l l y  
s im i la r  to  octopam ine and may s t im u la te  th e  same r e c e p to r s .)  A lpha
a d re n e rg ic  a n ta g o n is ts  such a s  c lo z a p in e , m etoclopram ide and 
phen to lam ine  w eakly an tagon ized  o c to p am in e 's  s t im u la t io n  o f  th e  
CPG. The octopam ine a g o n is t  NC-5 and th e  d i te rp e n e  fo r s k o lin  were 
a s  e f f e c t i v e  a s  octopam ine in  s t im u la t in g  feed in g  m otor o u tp u t .

We have p re l im in a ry  imm unocytochem ical ev idence  in d ic a t in g  th e  
p re sen ce  o f p a ire d  c l u s t e r s  o f  oc top am in erg ic  c e l l s  in  th e  v e n t r a l  
p o r t io n s  o f  th e  circum esophageal r in g  o f  fu sed  th o ra c ic  g a n g l ia .  
We su g g es t t h a t  such  c e l l s  may r e l e a s e  octopam ine o n to  c e l l s  
in vo lved  in  g e n e ra tin g  th e  rhy thm ic m otor o u tp u t ,  th e  octopam ine 
a c t io n  presum ably bein g  m ediated  by an a d e n y la te  c y c la s e .

220.8 SELECTIVE AND INDEPENDENT ACTIVATION OR SUPPRESSION OF SUBUNITS OF 
THE CENTRAL PATTERN GENERATOR UNDERLYING FEEDING IN HELISOMA. 
A. D. Murphy. Dept. of Biol. S c i . ,  Univ. of I l l i n o i s  a t  Chicago, 
Chicago, IL 60680.

Feeding in Hel isoma, like  many other rhythmic behaviors, is  
la rge ly  timed and driven by a group of neurons cal led a centra l 
pattern  generator (CPG). In the 1970s Rater and colleagues de
scribed the basic behavior, many of the muscles and motor neurons, 
and some aspects  of the CPG underlying feeding.  Rater described a 
2-phase p ro t rac t io n / r e t ra c t io n  feeding cycle and showed tha t  a 
network of e l e c t r i c a l l y  coupled interneurons could generate a 
se r ie s  of burs ts  of act ion p o ten t ia ls  following a b r ie f  ( i . e .  a 
few msecs) depolariz ing pulse into a s ingle  in terneuron.  These 
interneurons evoked suprathreshold exci ta tory  pos t-synapt ic  
p o ten t ia ls  in " re t rac to r"  motor neurons and, simultaneously, 
evoked inhib i to ry  post-synaptic po ten t ia ls  in "p ro tr acto r"  motor 
neurons. Following the synaptic barrage the r e t r a c to r  motor 
neurons would become s i l e n t  and the p ro trac to r  motor neurons would 
generate  a burs t of act ion po ten t ia ls  from pos t- inh ib i to ry  
rebound. This was correc t  insofa r as i t  went, but as Rater 
reported (Am. Zool. 14, 1017-1036, 1974) feeding behavior in 
Helisoma is  variable  and complex, and his  analysis  was an over
s im p l i f ica t ion .  Nonetheless, recent reviews of gastropod feeding 
have indicated tha t  the behavior in Helisoma is simpler than in 
most other gastropods,  which typ ica l ly  have at leas t  three  phases 
of synaptic  a c t iv i ty  per feeding cycle. In f a c t ,  the patterned 
motor a c t iv i ty  (PMA) in Helisoma is  remarkably sim ilar to tha t  of 
another basommatophoran s n a i l ,  Lymnaea. Each cycle can be divided 
in to  three  major barrages of synaptic a c t iv i ty  (N1 , N2, and N3) 
and a fourth phase which, fo r  most e f fec to r  neurons, represents  an 
inactive  period ( I ) .  Furthermore, while the N1, N2, and N3 phases 
of a c t iv i ty  in Helisoma are often phase-linked, the N3 phase, 
( i . e .  the N3 subunit o f  the CPG) is  r e la t iv e ly  independent of the 
other two. The N1 and N2 phases may be o b l iga to r i ly  locked 
to ge ther ,  but e i the r  the N1/N2 phases or the N3 phase can occur 
independently. Also, both the onset and durat ion of N3 synaptic 
a c t iv i ty  during PMA is  quite  variable  and th i s  v a r ia b i l i ty  
profoundly influences the action potentia l burs t configuration in 
p a r t i c u la r  iden t i f ied  e f fec to r  neurons. In addit ion ,  s timulation 
of  small cardioactive  peptide B immunoreactive neuron VB1 in 
quiescent  ganglia can e l i c i t  N3-like synaptic a c t iv i ty  in 
iden t i f ied  follower neurons, and hyperpolarization of neuron VB1 
during PMA can eliminate the N3 phase of synaptic a c t iv i ty .  
F ina l ly ,  st imula tion of an iden t i f ied  inhib i tory  neuron, which is  
normally inac tive  during PMA, can se lec t ive ly  e liminate  the N3 
synaptic  a c t i v i t y .  Thus, subunits of a CPG underlying re la t iv e ly  
stereotyped,  but s t i l l  va r iab le ,  PMA and, hence, oral behaviors, 
can be selec t ive ly  and independently act ivated or suppressed.
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220.9 EVIDENCE FOR AN EXCITATORY EFFECT OF GABA ON FEEDING PATTERNED 
MOTOR ACTIVITY (PMA) OF HELISOMA TRIVOLVIS. J .E .  R ichm ond, A.D. 
M u r p h y ,  A . G . M .  B u l l o c h  a n d  K .  L u k o w i a k . D e p t .  
P h y s i o l o g y ,  U n i v e r s i t y  o f  C a lg a ry ,  HSC, 3330 H o s p i ta l  D r . N .W ., 
C a lg a ry ,  AB, C anada T2N 4N1 .

T he f e e d i n g  s y s te m  o f  H e l is o m a  t r i v o l v i s  i s  o n e  o f  a few  
sy s te m s  i n  w hich  we c an  b e g in  to  e x a m in e  t h e  n e u r a l  b a s i s  o f  a 
d i s c r e t e  b e h a v i o r  a t  t h e  l e v e l  o f  i d e n t i f i e d  n e u r o n s .  The 
c y c l i c a l  p a t t e r n e d  m o to r  a c t i v i t y  (PMA) o f  b u c c a l  n e u r o n s  i s  
s u b j e c t  t o  v a r i a b i l i t y  p r e s u m a b ly  r e f l e c t i n g  t h a t  s e e n  in  
th e  f e e d in g  b e h a v io r  o f  th e  i n t a c t  a n im a l.  Our o b s e r v a t io n s  le a d  
u s  t o  p o s t u l a t e  t h a t  th e  r e g u l a t i o n  o f  PMA i s  u n d e r  th e  c o n t r o l  
o f  s e v e r a l  d i s t r i b u t e d  s y s t e m s  i n v o l v i n g  a  n u m b e r  o f  
n e u r o t r a n s mi t t e r s /  n e u r o m o d u l a t o r s .  T h e s e  in c lu d e  s e r o t o n in ,  
d o p a m in e ,  FMRFami d e ,  SCPB a n d  AVT. H e r e  we p r e s e n t  b o t h  
im m u n o h is to c h e m ic a l  and e l e c t r o p h y s i o l o g ic a l  e v id e n c e  t h a t  GABA 
i s  in v o lv e d  in  th e  r e g u l a t i o n  o f  PMA in  H e liso m a .

U s in g  a  GABA a n t i b o d y  we h av e  v i s u a l i z e d  a  n e tw o rk  o f  irGABA 
n e u ro n s  w i th in  t h e  CNS c o n s i s t i n g  o f  f i v e  p a i r s  o f  n e u ro n s  i n  th e  
b u c c a l  g a n g l i a  and s e v e r a l  c l u s t e r s  in  th e  c e r e b r a l  g a n g l i a  w ith  
m an y  c o m m u n i c a t i n g  irG A B A  f i b e r s  i n  t h e  c e r e b r o b u c c a l  
c o n n e c t i v e s .  T h e r e  a r e  no irGABA f i b r e s  i n  a n y  o f  th e  o th e r  
b u c c a l  n e rv e  t r u n k s  im p ly in g  a  CNS r o l e  f o r  GABA. An a d d i t i o n a l  
g ro u p  o f  4 n e u ro n s  i s  p r e s e n t  i n  e a c h  p e d a l  g a n g l io n .

B u cca l n e u ro n s  B5 (w h ich  i n n e r v a t e s  th e  g u t )  and B19 ( a  m o to r  
n e u r o n )  w e re  im p a le d  i n  o r d e r  t o  a s s e s s  t h e  e f f e c t s  o f  b a t h  

a p p l i c a t i o n  o f  GABA. W ith  t h e  c e n t r a l  r i n g  g a n g l i a  a t t a c h e d ,  
GABA a t  c o n c e n t r a t i o n s  o f  5× 10-5 M a c t i v a t e s  th e  CPG f o r  PMA in  
q u ie s c e n t  p r e p a r a t i o n s ,  and i n c r e a s e s  t h e  r a t e  o f  PMA i n  a c t i v e  
p r e p a r a t i o n s .

I o n to p h o r e s i s  o f  GABA o n to  n e u r o n  B19 i n  lo w  Ca2 + / h i g h  Mg2+ 
s a l i n e  p r o d u c e d  a  h y p e r p o l a r i z a t i o n  w h ic h  was r e v e r s e d  by Cl 
i n j e c t i o n .  T h i s  d i r e c t  i n h i b i t o r y  a c t i o n  on  n e u r o n  B19 w as 
b lo ck e d  by p i c r o t o x in  a t  a  c o n c e n t r a t i o n  o f  10- 4 M. T h ese  r e s u l t s  
i n d i c a t e  t h a t  t h e  GABA h y p e r p o l a r i z i n g  r e s p o n s e  i n  B19 i s  
m e d ia te d  by  C l c h a n n e l  a c t i v a t i o n .  G iv e n  t h a t  GABA h a s  been  
d e m o n s tra te d  to  i n h i b i t  B19, i t  i s  p o s s ib l e  t h a t  i t  b r i n g s  a b o u t  
a n  i n c r e a s e  i n  PMA by d i s i n h i b i t i n g  th e  CPG. S u p p o r te d  by AHFMR 
and MRC (C a n a d a ) .

220.10 MODULATION OF NEUROGLANDULAR ACTIVITY BY PEPTIDES IN HELISOMA. 
A .G .M . B u l l o c h  an d  A .D . M u rp h y . D e p a r tm e n t  o f  P h y s i o l o g y ,  
U n iv e r s i ty  o f  C a lg a ry ,  H .S .C .,  C a lg a ry ,  A l b e r t a ,  C an ad a , T2N 4N1.

The p r e s e n t  s tu d y  i s  p a r t  o f  a  s e r i e s  i n  w hich  th e  r o l e  o f  
p e p t id e s  i n  r e g u l a t i n g  f e e d i n g  b e h a v io r  o f  H e l is o m a  i s  b e in g  
i n v e s t i g a t e d .  H e re  we f o c u s  on  a n e u r o g l a n d u l a r  s y n a p se  and 
i n v e s t i g a t e  t h e  m e c h a n ism s  by  w h ic h  t h e  mo l l u s c a n  p e p t i d e s  
FM RFam ide an d  SCPB c a n  m o d u la t e  n e u r o g l a n d u l a r  a c t i v i t y .  A 
p r e v io u s  s tu d y  h a s  c h a r a c te r i z e d  th e  b u c c a l  g a n g l i o n  -  s a l i v a r y  
g l a n d  s y n a p s e  a s  f o l l o w s :  t h e  m a g n i tu d e  o f  th e  g la n d  EPSP i s  
p r o p o r t io n a l  to  th e  s p ik e  w id th  o f  th e  i n n e r v a t in g  n e u ro n  ( b u c c a l  
n e u ro n  4 ) ,  an d  b o th  c a n  be r e d u c e d  by h y p e r p o l a r i z a t i o n  o f th e  
n e u ro n  4 so m a . F u r th e r m o r e ,  b a t h  a p p l i c a t i o n  o f  SC PB a n d  
FM RFamide t o  t h e  b u c c a l  g a n g l i o n / s a l i v a r y  g la n d  p r e p a r a t i o n  can  
m o d u la te  t h e  e f f i c a c y  o f  t h e  g l a n d  s y n a p s e  by  m o d u la t in g  th e  
m em brane  p o t e n t i a l  o f  n e u ro n  4 ( C o a te s  an d  B u l lo c h ,  1985 , J .  
N e u r o s c i . 5 : 2 6 7 7 -2 6 8 4 ). The p r e s e n t  s tu d y  a s k s  t h e  f o l l o w i n g  
q u e s t i o n s :  (1 )  Are irSC P and irFM RFamide f i b e r s  p r e s e n t  upon th e  
s a l i v a r y  g la n d ?  (2 )  Can i o n to p h o r e t i c  a p p l i c a t i o n  o f  p e p t id e s  a t  
tw o p o t e n t i a l  s i t e s  o f  a c t i o n  ( i . e . ,  n e a r  th e  n eu ro n  4 soma and 
n e a r  i t s  t e r m i n a l s  on t h e  g l a n d )  m o d u l a t e  n e u r o g l a n d u l a r  
a c t i v i t y ?

The H e liso m a  b u c c a l  g a n g l i a / s a l i v a r y  g l a n d  p r e p a r a t i o n  was 
e x a m i n e d  f o r  n e u r o n s  an d  f i b e r s  im m u n o re a c t iv e  t o  SCPB an d  
FMRFamide. E x te n s iv e  n e tw o rk s  o f  b e a d e d  im m u n o r e a c t iv e  f i b e r s  
w e re  r e v e a l e d  u p o n  t h e  g l a n d  by  b o th  a n t i s e r a .  In  th e  c a se  o f 
SCPB, th e  f i b e r s  o r ig i n a t e d  from  b u c c a l  n e u ro n  4 w h o se  som a and 
a x o n  a r e  a l s o  i m m u n o r e a c t i v e  f o r  SCPB. T he s o u r c e  o f  t h e  
irFMRFamide f i b e r s  h a s  n o t  a s  y e t  b e e n  i d e n t i f i e d .  G iv e n  t h a t  
im m u n o re a c tiv e  SCPB and FMRFamide f i b e r s  a r e  p r e s e n t  b o th  w i th in  
th e  g a n g lio n  n e u r o p i l  and upon th e  s a l i v a r y  g la n d ,  b o th  o f  t h e s e  
s i t e s  a r e  p o t e n t i a l  l o c i  f o r  a c t i o n  o f  th e  p e p t i d e s .

SCPB and FMRFamide w ere io n to p h o re s e d  e i t h e r  o n to  g la n d  c e l l s  
o r  o n to  t h e  som a o f  n e u ro n  4 .  I o n to p h o r e s i s  o f  FMRFamide upon 
th e  n e u ro n  4 soma c a u se d  a s u b s t a n t i a l  h y p e r p o l a r i z a t i o n  w h ic h  
w as d u e  t o  a  c o n d u c ta n c e  i n c r e a s e .  T h is  h y p e r p o l a r i z a t i o n  
s h u n te d  o n g o in g  rh y th m ic  s y n a p t i c  in p u t  and v i r t u a l l y  e l i m i n a t e d  
r h y th m ic  b u r s t i n g  i n  n e u ro n  4 and c o n c u r r e n t  a c t i v i t y  in  g la n d  
c e l l s .  I n  c o n t r a s t ,  i o n t o p h o r e s i s  o f  SCPB c a u s e d  n e u ro n  4 to  
d e p o l a r i z e  w h ic h  i n c r e a s e d  i t s  f i r i n g  f re q u e n c y  d u r in g  ong o in g  
a c t i v i t y  an d  c o n s e q u e n t l y  i n c r e a s e d  s p i k i n g  i n  t h e  s a l i v a r y  
g l a n d .  P e r i p h e r a l  a p p l i c a t i o n  o f  t h e  p e p t i d e s  to  g la n d  c e l l s  
m o d u la ted  th e  n e u ro n  4 g la n d  EPSP, FM RFamide c a u s i n g  r e d u c t i o n  
an d  SCPB en h an cem en t r e s p e c t i v e l y .  I t  i s  c o n c lu d e d  t h a t  r e l e a s e  
o f  p e p t id e s  a t  b o th  p o t e n t i a l  s i t e s  o f  a c t i o n ,  i . e . ,  w i t h i n  t h e  
g a n g lio n  and th e  t e r m in a l s  o f  n e u ro n  4 ,  can  m o d u la te  th e  e f f i c a c y  
o f  n e u ro g la n d u la r  a c t i v a t i o n .  S u p p o rte d  by MRC (C a n a d a ) .

220.11 PATTERNS OF REGENERATIVE ACTIVITY IN COMB PLATES DURING THE 
UNILATERAL FEEDING REVERSAL IN THE CTENOPHORE. A. G. Moss and 
S . L . Tamm* . Boston U n iv e rs ity  M arine Program, M arine 
B io lo g ic a l L ab o ra to ry , Woods H ole, MA 02543.

Feeding in  th e  cyd ipp id  ctenopho re  P le u ro b ra c h ia  i s  e f fe c te d  
by a  u n i l a t e r a l  r e v e r s a l  of comb p la te  b e a t d i r e c t i o n  on th e  
s id e  o f th e  p re y -c a tc h in g  te n ta c l e  (Tamm and Moss, 
J .  Exp. B io l . 114:443, 1985). R ev e rsa l o f th e  power s tro k e  
d i r e c t i o n  i s  a s s o c ia te d  w ith  r e g e n e ra tiv e  a c t i v i t y  (Moss and 
Tamm, J .  Comp. P h y s io l. 158 :in  p re s s ,  1986) in  reduced 
p r e p a ra tio n s  fo r  i n t r a c e l lu l a r  re c o rd in g . Because o f th e  unique 
s iz e  o f th e  p la te ,  e le c tro d e s  can be a t ta c h e d  e x t r a c e l lu la r ly  
d i r e c t l y  to  th e  c i l i a  (Moss and Tamm, su b m it te d ) . T h is method 
a llo w s  reco rd in g  o f in  v ivo  comb p la te  e l e c t r i c a l  a c t i v i t y  
d u ring  feed in g  o r evoked u n i l a t e r a l  r e v e r s a l .  E le c tro d e s  were 
a t ta c h e d  to  comb p la te s  o f 11 an im als on th e  s tim u la te d  o r 
c a tc h in g  s id e .  I n ta c t  an im als d isp la y ed  two ty p e s  o f 
p o s ts y n a p tic  a c t i v i t y  in  response  to  p u lse  t r a i n  s t im u la t io n .  A 
th rough -conducted  response  of sm all p o s ts y n a p tic  p o te n t ia l s  
fo llow ed  th e  s tim u lu s  a r t i f a c t  in  a  o n e -fo r-o n e  manner as  seen 
in  th e  reduced p re p a ra tio n  and was o f te n  a s s o c ia te d  w ith  an 
in c re a s e d  normal b e a t r a t e .  R ev e rsa l o f e f f e c t iv e  s tro k e  was 
a s s o c ia te d  w ith  v o lle y s  o f a c t io n  p o te n t ia l s  which occu rred  a t  a 
r a t e  ( -3  Hz) independen t o f th e  s tim u lu s  frequency  (4 -6  Hz). 
S u b te n ta c u la r  ( s t )  rows had very  s im i la r  e l e c t r i c a l  a c t i v i t y  
along  t h e i r  le n g th s  and between a d ja c e n t row s, and a c tio n  
p o te n t ia l s  occu rred  n e a rly  s im u ltan eo u sly  a t  a l l  s i t e s .  The la g  
between in d iv id u a l  p o s ts y n a p tic  ev e n ts  in  any two lo c a t io n s  on 
th e  same row o r between a d ja c e n t s t  rows was l e s s  than  60 ms; 
a c t io n  p o te n t ia l s  in  a d ja c e n t s t  rows reco rded  a t  th e  same 
o r a l - a b o ra l  p lacem ent had a  la g  o f l e s s  than  10 ms. A lthough 
s u b s a g i t t a l  rows responded w ith  r e v e r s a l  v o lle y s  in  about h a l f  
o f th e  c a se s , in d iv id u a l  e v e n ts  in  such v o lle y s  occu rred  a t  th e  
same r a t e  in  nea r synchrony w ith  a c t i v i t y  in  th e  s t  row s. In  
e i t h e r  row, th e  le n g th  o f th e  v o lle y  was d i r e c t l y  r e l a te d  to  th e  
le n g th  o f tim e r e v e r s a l  p e r s is te d  in  th a t  p la te  o r reg io n  of 
t h a t  row. However, p la te s  n ea r th e  o r a l  end o f th e  row were 
more l i k e ly  to  r e v e rs e  b ea t and began re v e rs e  b e a tin g  e a r l i e r  
than  more a b o ra l ly -p o s i t io n e d  p la te s  d e s p i te  very  s im i la r  
e l e c t r i c a l  a c t i v i t y ,  th u s  p ro v id in g  an e x p la n a tio n  fo r  o ra l-e n d  
i n i t i a t i o n  o f th e  re v e rs e  m etachronal wave in  th e  ap p a re n t 
absence  o f m echanical s t im u la t io n .  P re lim in a ry  r e s u l t s  su g g est 
th a t  th e  endogenous o s c i l l a t i o n  o f th e  r e v e r s a l  v o lle y  i s  
dependent upon th e  p resen ce  o f a  c r i t i c a l  amount o f th e  
ec toderm al nerve  n e t .
Supported  by NIH GM 27903 to  SLT and NIMH NRSA 09240-02 to  AGM

220.12 A NOVEL ROLE FOR CRUSTACEAN RED PIGMENT CONCENTRATING HORMONE: 
NEUROMODULATION OF THE PYLORIC CPG IN THE CRAB CANCER BOREALIS. 
M. P . Nusbaum & E . M a rd e r . B io lo g y , B ra n d e is  U n iv . ,  W altham , MA 
022 5 4 .

C ru s ta c e a n  Red P ig m en t C o n c e n t r a t in g  Hormone (RPCH) c a u s e s  th e  
a g g re g a t io n  o f  p ig m en t m o le c u le s  i n  c r u s t a c e a n  c h ro m a to p h o re s  and 
p ig m e n t - c o n ta in in g  o m m a tid ia l  c e l l s  (R ao, 1 985 , The B io lo g y  o f 
C r u s ta c e a , 9 :3 9 5 ) .  RPCH h a s  b een  l o c a l i z e d  p r e v io u s ly  to  a  
n e u ro h a e m al o rg a n ,  th e  s in u s  g la n d ,  and to  th e  CNS (Rao, 1 9 8 5 ) . We 
now r e p o r t  im m unocy tochem ical l o c a l i z a t i o n  o f  RPCH o r  an R PCH -like 
a n t ig e n  to  th e  s to m a to g a s t r i c  n e rv o u s  sy s te m , and e x c i t a t o r y  
e f f e c t s  o f  b a th - a p p l i e d  s y n th e t i c  RPCH on th e  p y l o r i c  c e n t r a l  
p a t t e r n  g e n e r a to r  i n  th e  i s o l a t e d  s to m a to g a s t r i c  g a n g lio n  (STG) o f 
th e  c ra b  C an cer b o r e a l i s .

Anti-RPCH a n tis e ru m  ( g i f t  o f  Madsen & E ld e :  M adsen e t  a l . ,  1985, 
Soc N e u ro sc i  A b s tr  1 1 :9 4 1 ) l a b e l s  f i n e  n e u r o p i l a r  p r o c e s s e s  in  th e  
STG and s e v e r a l  f i b e r s  i n  th e  s to m a to g a s t r i c  n e r v e ,  th e  n e rv e  by 
w hich  th e  STG i n t e r a c t s  w i th  th e  r e s t  o f  th e  CNS. Two som ata i n  th e  
u n p a ir e d  o e so p h a g e a l  g a n g lio n  (OG ), a s  w e l l  a s  n e u r o p i l a r  p r o c e s s e s  
and  a p p ro x im a te ly  t e n  som ata  i n  e a ch  o f  th e  p a i r e d  c o m m issu ra l 
g a n g l i a ,  a l s o  l a b e l .  P r e in c u b a t io n  o f  th e  an ti-R PC H  a n tib o d y  w ith  
10-5 M RPCH c o m p le te ly  b lo c k e d  s t a i n i n g .  In  c o n t r a s t ,  p r e in c u b a t io n  
w ith  e i t h e r  10- 4M a d ip o k i n e t i c  hormone (AKH), a  s t r u c t u r a l l y  
s im i l a r  a r th r o p o d  horm one, o r  t h y r o g lo b u l in  ( 1m g /m l), to  w hich  RPCH 
was c o n ju g a te d  i n  g e n e r a t in g  th e  a n t i s e ru m ,  d id  n o t  b lo c k  
l a b e l i n g .  The R P C H -like a n t ig e n  c o lo c a l i z e s  w i th  a  FM RFam ide-like 
m o le c u le  i n  th e  two s t a i n e d  OG so m a ta . L a b e lin g  o f  th e s e  som ata  
w a s  n o t  b lo c k e d  by p r e in c u b a t io n  o f  th e  an ti-R P C H  a n tib o d y  w i th  
10- 4 M FMRFamide, o r  p r e in c u b a t io n  o f  an  anti-FM R Fam ide a n tib o d y .  
(M a rd e r, C a la b re s e ,  Nusbaum & Trim m er, In  P r e p a r a t i o n )  w i th  10- 4M 
RPCH.

B a th - a p p l ic a t io n  o f  s y n th e t i c  RPCH to  th e  i s o l a t e d  STC i n i t i a t e d  
rh y th m ic  p y l o r i c  a c t i v i t y  i n  q u i e s c e n t  p r e p a r a t i o n s  (10- 8 -1 0 -6 M) 
and i n c r e a s e d  th e  p y l o r i c  f re q u e n c y  in  a l r e a d y  c y c l in g  p r e p a r a t i o n s  
(>10-1 0 M). F re q u en c y  i n c r e a s e s  w ere m axim al w i th  10- 7 M RPCH, 
a l th o u g h  10-6 M RPCH o f t e n  more s t r o n g l y  a f f e c t e d  th e  w aveform s and 
im p u lse  b u r s t s  o f  th e  com ponent p y l o r i c  CPG n e u ro n s .  10- 6 M RPCH 
som etim es c a u se d  p e r i o d i c  i n t e r r u p t i o n s  i n  th e  p y l o r i c  rhy thm  w hich  
w ere a p p a r e n t ly  due to  a c t i v a t i o n  o f  th e  g a s t r i c  m i l l  CPG, a l s o  
l o c a t e d  in  th e  STG.

B a th -a p p l ie d  AKH ( 1 0 -6 M) m im icked th e  e f f e c t s  o f  10 -6 M RPCH on 
th e  p y l o r i c  CPG. P r o c to l in  and  FMRFamide a l s o  i n c r e a s e  th e  
f re q u e n c y  o f  th e  p y l o r i c  rh y thm  (H ooper & M arder (1 9 8 4 ) , Br Res 
3 0 5 :1 8 6 ) ,  b u t  th e  p a t t e r n  o f  a c t i v i t y  e x p re s s e d  w i th  RPCH 
a p p l i c a t i o n  was d i f f e r e n t  from  th e  p a t t e r n s  p ro d u ce d  by th e  o th e r  
two n e u r o p e p t id e s .  P o s s ib l e  c o r r e l a t i o n s  be tw een  th e  h orm onal and 
n e u ro m o d u la to ry  r o l e s  o f  RPCH a r e  b e in g  s tu d i e d .

S u p p o rte d  by NRSA NS-07446 (MPN) and  N S-17813.
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221. 1 EVIDENCE FOR A PHYSIOLOGICAL ROLE OF ATRIAL NATRIURETIC FACTOR 
AND ANGIOTENSIN II IN THE CENTRAL REGULATION OF DRINKING. A. 
Negro-Vilar and C. Masotto (SPON: J .E . Wilson). Reproductive 
Neuroendocrinology Section, Lab. Reprod. Dev. Tox., NIEHS, NIH, 
Research Triangle Park, NC 27709.

The central regulation of t h i r s t  and drinking behavior is 
complex and mul t i f a c t o r i a l . Among the many facto rs  involved, 
d i f f e r en t  peptides have been shown to  a f fec t  drinking behavior 
in several species.  Angiotensin II (AI I ) has been shown to be 
a very potent dipsogenic agent,  and evidence has been presented 
tha t  indicates  tha t  AII neurons and receptors are located in 
brain areas  known to  be involved in the regula tion of t h i r s t .  
Recently, mapping of a t r i a l  n a t r iu r e t i c  fac tor  (ANF) neurons also 
showed a d is t r ib u t io n  consis tent with a role  of these peptides in 
the central regulation of flu id  homeostasis. We have presented 
evidence (Brain Res. Bull. 15: 523,1985) tha t  central admin is tra
tion  of a tr iopep t in  II I  re su l t s  in an inh ib i t ion  of spontaneous 
water drinking in the ra t and, moreover, tha t  a t r iopep t in  II I 
given in t rav e n t r ic u la r ly  ( iv t )  inhib i ted  the stimulatory e f fec t  
of AII on water ingest ion .  The present experiments were 
designed to determine whether the  endogenous AII and ANF brain 
neuronal systems are physio logically  involved in the regulation 
of water drinking in the r a t .  Adult male ra ts  bearing chronic 
l a te r a l  ven tr icu la r  cannula were used for all  experiments. After 
implantation of the  cannula, ra ts  were allowed to recover and 
water intake was measured da i ly .  Specif ic ,  high t i t e r  antibodies 
against  AII (Ab E-44), ANF (Ab R4B16, a g i f t  from Dr. De Bold) 
and arginine vasopressin (Ab E-291) were administered iv t ,  at the 
dose of 10 μl infused over several minutes. After admin is tra
t ion  of the d i f f e r en t  an t ibodies,  la te  in the  afternoon,  water 
intake was monitored at d i f f e r en t  times during the following 24 
h. Administration of ANF Ab iv t induced a s ign i f ic an t  increase 
in water ingest ion at 30 min, 3 h and 24 h. Conversely, iv t 
admin is tra tion of AII Ab, d ra s t i c a l ly  suppressed water intake 
and a reduced water ingest ion was s t i l l  apparent 24 h l a t e r .  On 
the other hand, iv t adminis tration of vasopressin Ab in a s im ilar 
regimen did not a f fec t  water drinking when compared with appro
p r ia te  con tro ls .  In an addi tiona l experiment, ANF-Ab was given 
iv t  followed 6 min l a t e r  by a dose of AII (25 ng) which produces 
submaximal increases in water in take.  The ANF-Ab greatly  poten
t i a t e d  the AI I -s timula ted water intake within the f i r s t  15 min. 
The re su l t s  of these experiments c lear ly  indica te  tha t  endogenous 
AII and ANF systems are involved in the physiological regulation 
of t h i r s t  mechanisms, evoking stimulatory or inhib i to ry  drinking 
behaviors, re spec t ive ly .  Lastly , an opposite in te rac t ion  between 
the AII and ANF systems, as suggested by our e a r l i e r  s tud ies ,  is 
fu r ther  supported by these data .

2 2 1 .2 CATECHOLAMINE METABOLISM IN THE LATERAL HYPOTHALAMUS IS RELATED TO 
SERUM OSMOLALITY AND NOT TO VASOPRESSIN SECRETION. P.A. Mason, 
J.A. D urr* , and C.R. F reed , Depts.  of  Med. and Pharm. , Univ. Colo. 
Heal th  Scie nces  Cen te r ,  Denver, CO 80262.

The l a t e r a l  hypothalamus (LH) p lay s  a ro le  in e a t i n g  and 
d r in k i n g .  We have s tu d ie d  th e  endogenous r e l e a s e  of  
n e u r o t r a n s m i t t e r s  from LH during  normal d r in k in g  b ehav io r .  Male 
Sprague-Dawley r a t s  300-325 g had carbon p a s te  i n  vivo 
e lec t ro c h em ica l  (EC) e l e c t r o d e s  implanted in t h e  LH. 72 hr a f t e r  
su rg e ry ,  animals  were water dep r ived  fo r  24 h r .  EC e l e c t r o d e s  
were scanned with l i n e a r  sweep voltammetry from -0.2V t o  +0.5V a t  
a r a t e  of  5 mV/sec. Sem ider iva t ive  s ig nal p ro cess in g  showed a 
ca techolamine  and and indoleamine peak a t  +0.11 V and +0.23 V, 
r e s p e c t i v e l y .  Rats  were then  given d i s t i l l e d  water or  0 .9 % NaCl . 
To co n t ro l  for th e  ac t  of  d r in k in g ,  o th e r  r a t s  were in j e c t e d  i . p .  
with 10 ml of  556 d e x t r o s e ,  0.356 NaCl , 0 . 9% NaCl or 4 ml of  \2% 
NaCl . N =  6 ,  a l l  t r e a tm e n t s .  T i ssue  monoamines were measured 
d i r e c t l y  in animals  s a c r i f i c e d  a f t e r  t r e a tm e n ts  as  d esc r ib ed  
above. Blood was assayed  for  o s m o la l i t y  (OSM) and v aso p ress in  
(VP). LH was assayed for  n orep inephr ine  (NE), dopamine (DA), 
DOPAC, s e r o to n in  (5-HT), and 5-HIAA us ing  HPLC with EC d e t e c t i o n .  
These s tu d i e s  were repea ted  in male homozygous B r a t t l e b o r o  r a t s  
325-350 g .  These animals  lack VP but p re se rv e  normal serum OSM 
with p ro d ig io u s  d r in k in g ,  and so prov id e  a way t o  d i s s o c i a t e  
n e u r o t r a n s m i t t e r  changes a s s o c ia te d  with  VP r e l e a s e  from changes 
r e l a t e d  t o  OSM. Water d e p r i v a t i o n  p e r s i s t e d  fo r  only  9 hr in th e  
B r a t t l e b o r o  r a t s  and then  th e  animals  had 10 hr of f r e e  access  t o  
w a te r .  In vivo EC reco rd in g s  were made b e f o r e ,  du r in g  and a f t e r  
water d e p r i v a t i o n .  R e s u l t s  in th e  Sprague-Dawley r a t s  a re  shown 
in th e  t a b l e  below:
Treatment % B ase l in e  EC Osmolal ity Vasopressin NE(nmole/gm)
Hyd. + 12% NaCl -- 324 ±  1 115 11.2±0.6
Dehyd. Control 100 301 ± 1 80 ± 10 13.9±0.7
0 .9 % NaCl i . p . 110 ±  2 294 ± 2 -- --
0 .9 % NaCl p .o . 120 ± 9 301 ± 3 34 ± 3 15.1± 1.3
0 . 3% NaCl i . p . 140 ± 6 293 ± 2 -- --
D5W i . p . 165 ± 10 281 ± 2 -- --
D i s t i l l ed H2O 200 ± 15 288 ± 3 41 ± 6 16.6± 1.5
There was a neg a t iv e  c o r r e l a t i o n  between th e  co n c e n t r a t io n  of  NE 
and serum OSM and VP. In B r a t t l e b o r o  r a t s ,  water d e p r i v a t i o n  led 
t o  a r ed u c t io n  in th e  EC s ig nal for  ca techo lamines  t o  40% of  
b a s e l i n e .  When animals were given d i s t i l l e d  w ate r , th e  ca techol 
s igna l  immediately inc reased  t o  i t s  pre -w ate r  d e p r iv a t io n  v a lu e .  
We conclude t h a t  changes  in th e  EC peak for c a te c h o l s  and changes 
in t i s s u e  NE in LH are  d i r e c t l y  r e l a t e d  t o  changes in serum OSM in 
both normal and VP d e f i c i e n t  an imals .

221.3 TASTE ACTIVITY IN THE NUCLEUS TRACTUS SOLITARIUS OF CHRONIC 
DECEREBRATE RATS. G. P . Mark* an d  T. R. S c o t t .  D e p t . o f  
P sy c h o lo g y  and  I n s t . f o r  N e u ro s c ie n c e ,  U n iv . o f  D e la w a re , New ark, 
DE, 19716 .

The i n g e s t i v e  b e h a v io r  o f  d e c e r e b r a t e  r a t s  h a s  b e e n  s tu d i e d  
e x t e n s i v e l y ,  b u t  l i t t l e  i s  known o f  i t s  n e u r a l  s u b s t r a t e s .  W hile  
t a s t e  a c t i v i t y  p r o c e e d s  from  h in d b r a in  t o  th a la m u s  an d  v e n t r a l  
f o r e b r a i n ,  t h i s  l a t t e r  r e g io n  a l s o  se n d s  c e n t r i f u g a l  f i b e r s  t o  t h e  
h i n d b r a i n ,  th e r e b y  d i r e c t l y  i n f l u e n c i n g  t a s t e  a c t i v i t y .  We 
exam ined  th e  e l e c t r o p h y s i o l o g i c a l  c h a r a c t e r i s t i c s  o f  t a s t e  n e u ro n s  
i n  t h e  n u c le u s  t r a c t u s  s o l i t a r i u s  (NTS) o f  c h ro n ic  d e c e r e b r a t e  
r a t s  i n  w h ich  t h i s  r e c i p r o c a l  c o m m u n ica tio n  was d i s r u p t e d .  W is ta r  
r a t s  (3 5 0 -4 5 0  gm) w ere  d e c e r e b r a t e d  a t  t h e  s u p r a c o l l i c u l a r  l e v e l  
a s  d e s c r ib e d  by G r i l l  and  N o rg re n . A f t e r  a  minimum o f  one week 
r e c o v e r y  th e y  w ere  im m o b il iz e d  w i th  f l a x e d i l ,  a d m in i s t e r e d  l o c a l  
a n e s t h e t i c s  and  p r e p a r e d  f o r  r e c o r d in g .  The r e s p o n s e s  o f  50 t a s t e  
c e l l s  w ere  i s o l a t e d  b i l a t e r a l l y  from  t h e  NTS. T a s te  s t i m u l i  
in c lu d e d  s e v e n  N a-L i s a l t s  ( i n c lu d in g  f o u r  c o n c e n t r a t i o n s  o f  NaCl ) , 
t h r e e  s u g a r s ,  N a S a c c h a rin  (tw o c o n c e n t r a t i o n s ) , HCl  and  c i t r i c  
a c id s  an d  q u in in e  HCl . Mean s p o n ta n e o u s  a c t i v i t y  was 6 .5 ± 5 .6  
s p i k e s / s e c ,  n o t  s i g n i f i c a n t l y  lo w e r  th a n  t h e  l e v e l  i n  i n t a c t  r a t s .  
C e l l s  w ere  b r o a d ly  s e n s i t i v e ,  w i th  a  mean b r e a d t h - o f - tu n i n g  m e t r ic  
o f  0 .8 0  (v s .  0 .7 7  i n  i n t a c t  r a t s ) .  As w i th  n o rm a l r a t s ,  m o st 
n e u ro n  r e s p o n s e  p r o f i l e s  c o u ld  b e  g ro u p ed  i n t o  t h r e e  lo o s e  
c l u s t e r s  w i th  p e a k  s e n s i t i v i t i e s  t o  a c i d - s a l t ,  s a l t  o r  s u g a r .  An 
a n a ly s i s  o f  s i m i l a r i t i e s  among s t im u lu s  r e s p o n s e  p r o f i l e s  i n d i 
c a te d  t h a t  N a-L i s a l t s  and  s we e t  s t i m u l i  te n d e d  t o  b e  a f f i l i a t e d ,  
a s  d id  a c id s  and  q u in in e .  In  i n t a c t  a n im a ls  t h e  p r im a ry  d i s t i n c 
t i o n  i s  b e tw e en  s w e e ts  and  n o n - s w e e ts .  I n t e n s i t y - r e s p o n s e  
f u n c t i o n s  g e n e r a t e d  from  t h e  f o u r  NaCl  c o n c e n t r a t i o n s  w ere  s i m i l a r  
t o  t h o s e  i n  n o rm a l r a t s .  T h u s, w h i le  t h e  d i s t i n c t i o n  b e tw e en  
sw e e t  and  s a l t y  s t i m u l i  may b e  p a r t i a l l y  o b s c u re d ,  t h e  o v e r a l l  
i n t e g r i t y  o f  t h e  t a s t e  s y s te m  a p p e a r s  t o  b e  m a in ta in e d  in  
d e c e r e b r a t e s .

S u p p o r te d  by r e s e a r c h  g r a n t  AM30964 from  th e  NIH.

221.4  ASSOCIATIVE CHANGES IN TASTE REACTIVITY DURING A LITHIUM-INDUCED 
INTERNAL STATE IN INTACT AND CHRONIC DECEREBRATE RATS. A.C. 
S p e c to r*  & H .J .  G r i l l . D e p t . o f  P s y c h o lo g y , U n iv e r s i ty  o f  
P e n n s y lv a n ia ,  P h i l a . ,  PA 19104.

G r i l l  and N o rg ren  (1 9 7 8 ) have shown t h a t  s u p r a c o l l i c u l l a r  
c h ro n ic  d e c e r e b r a t e  (CD) r a t s  a r e  u n a b le  to  d e m o n s tra te  
c o n d i t io n e d  t a s t e  a v e r s io n s  (CTA), even  a f t e r  8 t a s t e - L i C l  
p a i r i n g s ,  when t e s t e d  24 h o u rs  fo l lo w in g  a p a i r i n g .  In  
c o n t r a s t ,  i n t a c t  r a t s  r e q u i r e  o n ly  one t a s t e - l i t h i u m  p a i r i n g  to  
d e m o n s tra te  a  r e l i a b l e  CTA. We have  e x te n d e d  th e s e  f in d in g s  by 
ex a m in in g  how b o th  i n t a c t  and CD r a t s  re sp o n d  to  i n t r a o r a l  
s u c ro s e  i n f u s i o n s  d u r in g  th e  o n s e t  and i n i t i a l  p h a s e s  o f  a 
L iC l- in d u c e d  i n t e r n a l  s t a t e .  I n t a c t  r a t s  s y s t e m a t i c a l l y  change  
t h e i r  o ro m o to r b e h a v io r  to  s u c ro s e  from  an i n g e s t i v e  to  an 
a v e r s iv e  p r o f i l e  o f  r e s p o n s e s  d u r in g  th e  tim e  p e r io d - im m e d ia te ly  
fo llo w in g  L iC l i n j e c t i o n .  I n t a c t  r a t s  i n j e c t e d  w ith  NaCl  
m a in ta in  i n g e s t i v e  re s p o n d in g  th ro u g h o u t  th e  s e s s i o n .  R e s u l ts  
from  o th e r  e x p e r im e n ts  s u g g e s t  t h a t  t h i s  e f f e c t  i s  b a se d  on 
a s s o c i a t i v e  p r o c e s s e s .  At a  h ig h  do se  ( 3 .0  m Eq/kg) o f  L iC l ,  CD 
r a t s  s i m i l a r l y  d e c re a s e  t h e i r  i n g e s t i v e  o ro m o to r re s p o n s e s  to  
s u c ro s e  b u t  f a i l  to  show an  in c r e a s e  in  a v e r s iv e  o ro m o to r 
r e s p o n s e s .  When CD r a t s  a r e  i n j e c t e d  w ith  NaCl  th e y  m a in ta in  
i n g e s t i v e  re s p o n d in g  th ro u g h o u t th e  s e s s i o n .  T h is  r e s p o n s e  
p r o f i l e  to  s u c ro s e  w ith  h ig h  L iC l d o se s  in  CD r a t s  h as  b een  
shown by o th e r  e x p e r im e n ts  to  be c a u se d  by th e  g e n e ra l  
s u p p r e s s iv e  e f f e c t s  o f  t h i s  do se  o f  l i t h iu m  in  t h i s  p r e p a r a t i o n  
and i s  n o t  a t t r i b u t e d  to  a s s o c i a t i v e  p r o c e s s e s .  We t h e r e f o r e  
t e s t e d  b o th  i n t a c t  and CD r a t s  w ith  a  lo w er L iC l do se  ( 1 .0  
m E q /k g ). I n t a c t  r a t s  g r a d u a l ly  c h an g ed  t h e i r  o ro m o to r r e s p o n s e s  
to  0 .4  ml i n t r a o r a l  s u c ro s e  in f u s io n s  when th e s e  in f u s io n s  w ere 
d e l i v e r e d  f o r  30 sec  e v e ry  5 m in d u r in g  a 3 0 -m in u te  p e r io d  
im m e d ia te ly  f o l lo w in g  L iC l i n j e c t i o n .  T h a t i s ,  th e y  d e c re a s e d  
t h e i r  i n g e s t i v e  o ro m o to r b e h a v io r  and in c r e a s e d  t h e i r  a v e r s iv e  
r e s p o n s e s  to  s u c ro s e  a s  th e  t e s t  s e s s io n  p r o g re s s e d .  In  
c o n t r a s t ,  CD r a t s  m a in ta in e d  a h ig h ly  i n g e s t i v e  p r o f i l e  
th ro u g h o u t  th e  t e s t  s e s s i o n .  To th e  e x te n t  t h a t  th e  ch a n g es  in  
o ro m o to r b e h a v io r  d i s p la y e d  by th e  i n t a c t  r a t  a re  b a sed  on 
a s s o c i a t i v e  p r o c e s s e s ,  th e  f a i l u r e  o f  CD r a t s  to  a l t e r  t h e i r  
t a s t e  r e a c t i v i t y  p r o f i l e  to  s u c ro s e  fo l lo w in g  low  do se  L iC l 
i n j e c t i o n  s u g g e s t s  t h a t  th e  f o r e b r a in  i s  n e c e s s a r y  f o r  th e  
f o rm a tio n  o f  CTA in  r a t s .  F u r th e rm o re ,  b a sed  on th e s e  r e s u l t s ,  
th e  d e f i c i t s  in  CTA d e s c r ib e d  by G r i l l  and N o rg ren  c a n n o t be 
e a s i l y  e x p la in e d  by a memory d e f i c i t  
in  w hich  CD r a t s  do l e a r n  CTAs b u t f o r g e t  them  when t e s t e d  24 
h o u rs  l a t e r .
S u p p o rte d  by NIH-AM 21397 and M acA rthur P o s t d o c t o r a l  F e l lo w s h ip .
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221.5 Li Cl -INDUCED CONDITIONED TASTE AVERSION IS ASSOCIATED WITH 
CONDITIONED HEART RATE RESPONSES. T . K o s te n  an d  R .J .  C o n t r e r a s . 
D e p t . o f  P sy c h o lo g y , Y a le  U n i v e r s i t y ,  New H aven, CT 06520.

In  l a b o r a to r y  s t u d i e s ,  c o n d i t i o n e d  t a s t e  a v e r s io n  i s  an 
e a s i l y - in d u c e d ,  r o b u s t  phenomenon t h a t  r e f l e c t s  t h e  a n im a l 's  
a b i l i t y  t o  l e a rn  t o  a v o id  fo o d s  a s s o c i a t e d  w i th  i l l n e s s .  In  
t h e s e  s t u d i e s ,  t h e  t a s t e  s o lu t io n  i s  p a i r e d  w i th  an a g e n t  t h a t  
p re su m a b ly  c a u s e s  g a s t r o i n t e s t i n a l  m a la is e ;  d e c re a s e d  s o lu t io n  
i n ta k e  i s  u s a l l y  t h e  s o l e  m ea su re  o f  c o n d i t i o n in g .  T h is  i s  
p r o b le m a t ic  b e c a u s e  t h e  s t im u lu s  i s  c o n fo u n d e d  w i th  t h e  r e s p o n s e  
m e a s u re , w h ich  i t s e l f  i s  a  d e c r e a s e  in  p e r fo rm a n c e . We assum ed 
t h e r e  m u st b e  p h y s io lo g ic a l  r e s p o n s e s  a s s o c i a t e d  w i th  t h e  
u n c o n d it io n e d  s t i m u l u s ,  t h e  e f f e c t s  o f  t h e  d ru g .  C e r ta in  
p h y s io lo g ic a l  r e s p o n s e s  may become c o n d i t i o n e d  su c h  t h a t  t h e  
c o n d i t i o n e d  s t i m u l u s ,  t h e  t a s t e  s o l u t i o n ,  w ould  e l i c i t  
c o n d i t i o n e d  r e s p o n s e s .  We fo u n d  t h a t  ch a n g e  in  h e a r t  r a t e  was 
o n e  s u c h  r e s p o n s e .  T h is  i s  t h e  f i r s t  r e p o r t  o f  c o n d i t i o n e d ,  
d e c re a s e d  h e a r t  r a t e  r e s p o n s e s  in  c o n d i t i o n e d  t a s t e  a v e r s i o n .  
Two g ro u p s  o f  r a t s  w ere c o n d i t i o n e d  w i th  tw o d i f f e r e n t  d r u g s : 
L iC l ( 50 m g /k g ) , w h ich  lo w e rs  h e a r t  r a t e ,  an d  sc o p o la m in e  m ethy l 
n i t r a t e  (1  m g /k g ) , w h ich  r a i s e s  h e a r t  r a t e ,  w ere  s tu d i e d .  A 
c o n t r o l  g ro u p  h ad  t h e  c o n d i t i o n e d  an d  u n c o n d it io n e d  s t im u l i  
p r e s e n t e d  in  an u n p a ir e d  m an n er. The a n im a ls  w ere g iv e n  
d i s c r im i n a t io n  t r a i n i n g  su c h  t h a t  a  .001 M Na s a c c h a r in  s o lu t io n  
(CS+ )  was p a i r e d  w i th  t h e  d ru g  i n j e c t i o n  an d  a  .001 M HCl 
s o lu t io n  ( C S -) was p a i r e d  w i th  .1 5  M NaCl i n j e c t i o n s .  To t e s t  
f o r  c o n d i t i o n e d  t a s t e  a v e r s io n  b e h a v io r ,  we m ea su red  CS+ 
p r e f e r e n c e  in  a  tw o - b o t t l e  d r in k in g  t e s t  w i th  t h e  C S -. B o th  t h e  
LiC l and  s c o p o la m in e  g ro u p s  show ed a  s i g n i f i c a n t l y  lo w e r 
s a c c h a r in  p r e f e r e n c e  com pared  t o  c o n t r o l s  ( p < .0 0 0 1 ) .  We a l s o  
m ea su red  h e a r t  r a t e  r e s p o n s e s .  LiC l i n j e c t i o n s  a lo n e  e l i c i t e d  an 
u n c o n d i t io n e d ,  d e c r e a s e  in  h e a r t  r a t e  ( p < .0 0 0 1 ) ,  w h i le  
s c o p o la m in e  i n j e c t i o n s  e l i c i t e d  an u n c o n d i t i o n e d ,  i n c r e a s e  h e a r t  
r a t e  ( p < .0 0 0 1 ) .  Com pared t o  o t h e r  s o l u t i o n s ,  a  c o n d i t i o n e d ,  
d e c re a s e d  h e a r t  r a t e  r e s p o n s e  t o  t h e  CS+ s o l u t i o n  o c c u r r e d  f o r  
t h e  LiC l g ro u p . B o th  t h e  c o n tr o l  an d  sc o p o la m in e  g ro u p s  showed 
no c o n d i t i o n e d  h e a r t  r a t e  r e s p o n s e s .  T h e se  r e s u l t s  a r e  s u p p o r te d  
by t h e  s i g n i f i c a n t  s o l u t i o n  and  s o l u t i o n  x  g ro u p  e f f e c t s  
( p ’s < .0 0 0 1 ) .  T h u s , Li Cl an d  s c o p o la m in e  a r e  b o th  e f f e c t i v e  in  
i n d u c in g  a v o id a n c e  o f  s a c c h a r in ,  y e t  th e y  a r e  a s s o c i a t e d  w i th  
d i f f e r e n t  u n c o n d it io n e d  an d  c o n d i t i o n e d  p h y s io lo g ic a l  r e s p o n s e s .  
S tu d y in g  t h e  p h y s io lo g ic a l  r e s p o n s e s ,  w h ich  show b e t t e r  
d i s c r im i n a t io n  th a n  t h e  b e h a v io r ,  wi l l  a l lo w  u s  t o  b e t t e r  
u n d e r s ta n d  th e  b a s e s  o f  c o n d i t i o n e d  t a s t e  a v e r s i o n .

T h is  r e s e a r c h  was s u p p o r te d  by NIH G ra n t  HL-2 8 952 .

221.6 PERTURBATIONS IN GLUCOSE HOMEOSTASIS INITIATE FEEDING IN RATS: 
ALTERED TEMPORAL RELATIONSHIPS IN VMH OBESITY. F. J .  Smith* and 
L. A. Campfield (Spon: C. Enroth-Cugel l ) Depts of Physiology 
and Biomedical Engineering, Northwestern Univers ity , Chicago and 
Evanston, I l . 60611 and 60201

Our recent studies have shown tha t  t ran s ien t  decl ines in blood 
glucose are causally  re la ted  to meal i n i t i a t i o n  in free-feeding  
r a t s .  We have defined the temporal re la t ionsh ips  between t rans ien t  
decl ines  in blood glucose and meal i n i t i a t i o n  in in tac t  ra ts  (Brain 
Res. Bull. 14; 1985: 16, 1986). In order to t e s t  th is  hypothesis 
in ra ts  with a l te red  meal pa t te rn ,  hyperinsulinemia and obesi ty ,  
continuous monitoring of blood glucose and meal pa ttern  was per
formed in ventromedial hypothalamic (VMH) lesioned obese ra t s .

Female Wistar ra ts  tha t  received successful b i l a te r a l  lesions  
( t r an s ie n t  hyperphagia, increased body weight, and hyperinsuline
mia) were implanted with chronic cardiac cannulas 1 week before 
experimental s tudies .  Experiments were performed 4 weeks post 
lesion in awake, unstressed ra ts  in t h e i r  home cages. Studies 
were conducted in both the l ig h t  phase and across the l igh t /da rk  
t r a n s i t io n .  Continuous blood withdrawal (25μ l /min) fo r  blood 
glucose monitoring was begun 45 min. a f t e r  IV heparin (200 U).

In 7 experiments with VMH tran s ien t  decl ines in blood glucose 
with s im ila r  magnitude (-10%) and time course (19 min) as those 
seen in in ta c t  ra ts  occurred pr io r  to the 10 meals recorded. How
ever , the temporal re la t ionsh ips  between the decl ine in blood glu
cose and meal i n i t i a t i o n  was d i f f e r en t  in VMH lesioned and in tac t  
r a ts :  Meal i n i t i a t i o n  occurred sooner a f t e r  the nadir  of blood 
glucose (2.6 ± 2.1 vs. 8.7 ± 2.2 min. p < 0 .0 5 )  and the latency 
to meal i n i t i a t i o n  was shorte r  in VMH lesioned r a t s .  Meal s ize 
was a lso increased in VMH lesioned ra ts  (1.8 ± 0.6% vs. 0.7 ± 0.1 
gm p < 0.05).

The s im i la r i t i e s  observed in these studies suggest tha t  the cau
sal re la t ionsh ip  between t ra n s ie n t  perturbations in blood glucose 
homeostasis and meal i n i t i a t i o n  in in tac t  ra ts  was maintained in 
obese r a t s ,  while the d if ferences  in the temporal re la t ionsh ips  
may, in p a r t ,  explain the a l te red  meal pattern  observed in hypo
thalamic obesi ty .

We conclude tha t  these perturbations in glucose homeostasis are 
among the endogenous cues fo r  meal i n i t i a t i o n  in both normal and 
obese s ta t e s .

221.7 BLOOD GLUCOSE AND MEAL INITIATION: A ROLE FOR INSULIN? 
L. A. Campfield and F.J . Smith* Depts. of Physiology and Bio
medical Engineering, Northwestern Univers ity , Chicago and Evanston, 
I l . 60611 and 60201

In recent s tud ie s ,  we have provided evidence fo r  a causal r e 
la t ionsh ip  between t ra n s ie n t  decl ines  in blood glucose (BG) and 
meal i n i t i a t i o n  (MI) in f ree ly  behaving r a t s .  We have shown tha t  
these t ra n s ie n t  decl ines  are independent of the presence of food 
or feeding. The studies reported here represent our i n i t i a l  e f f 
o r ts  to determine the mechanisms responsible fo r  the t ran s ien t  
decl ines  in BG. We have determined the plasma concentration of 
insu l in  p r io r  to and during t ran s ien t  decl ines  in BG.

Six Wistar ra ts  weighing 200-300 gms were implanted with 
chronic cardiac cannulas and were allowed to recover fo r  4-7 days. 
Heparin (250U) was adminis tered~ 90 min before the next meal 
was expected (based on previously recorded meal pa t te rn s ) .  Blood 
withdrawal (25μ l/min) using a p e r i s t a l t i c  pump was begun~ 40 
min before expected meal. Blood was continuously collected  and 
pooled over 4 min in te rva ls  fo r  the next 40-100 min.

Seven experiments were conducted; 4 in the l ig h t  phase and 3 
across the l igh t /da rk  t r a n s i t i o n .  In two experiments in which 
feeding did not occur, plasma insul in  and glucose remained con
s tan t  (CV's were 13.8 ± 1.5% and 2.7 ± 0.1% re spec t ive ly ) .  In 
5 of the experiments in which feeding occurred, plasma insul in  
remained a t  base line concentrat ions (2.2 ± 0.6 ng/ml) unt i l  -14 
min (p r io r  to the meal), then increased rapid ly  to a peak (50 
± 7%) a t  -12.6 ± 1 . 1  min and then gradually  f e l l  reaching base
l ine  or f a l l in g  s l ig h t ly  below a t  meal i n i t i a t i o n .  Plasma glu
cose remained a t  base line  concentrations  (141 ± 9 mg/dl ) unti l 
-8 min and then f e l l  to a nadir ( -9 .8  ± 1.9%) a t  -3 .0  ± 2.4 min 
before meal i n i t i a t i o n .  The la tencies  from the in su l in  peak and 
the onset of the f a l l  in glucose to meal i n i t i a t i o n  were posi
t iv e ly  corre la ted  ( r  = 0.85) and indicated th a t  in 4 of 5 ex
periments, the in su l in  peak occurred (-12.6 ± 1 . 1  min) before 
the beginning of the decl ine (-7 .0  ± 2.4 min) or the nadir ( -3 .0  
± 2.4 min) in glucose.

Therefore, these studies have demonstrated th a t  a cons is ten t ,  
small peak in plasma in su l in  occurred p r io r  to or a t  the onset 
of the t ran s ien t  decl ine in BG tha t  precedes and s ignals  MI. They 
suggest th a t  th i s  r i s e  in in su l in  may be among the fac to rs  re 
sponsible fo r  the t ra n s ie n t  decl ine in BG. The hormonal and/or 
neural mechanisms underlying the observed r i s e  in in su l in  and 
the val ida t ion  of i t s  suggested ro le  in the orig in  of t ran s ien t  
decl ines  in BG and, thus ,  in the control of MI must await fu r ther  
experimental s tudies .

221.8 DECREASED CEREBROSPINAL FLUID INSULIN AND GLUCOSE IN RATS 
WITH DIETARY-INDUCED OBESITY. A. J. S ipols* , R. Mehiel*, D. P. 
F iglew icz*, D. M. Dorsa, D. Po rte , J r .*  and S. C. Woods. (SPON: E. C. 
Lotter). Depts. of Psychology, Medicine, and Pharmacology, Univ. of 
Washington and VA Medical Research Center, S ea ttle , WA 98195.

Animals offered s w e e t- ta s tin g  calorically  rich d ie ts  overeat and 
eventually become obese and have elevated plasm a insulin. Since we 
have found tha t cerebrospinal fluid (CSF) insulin is co rre la ted  w ith  
plasm a insulin, and since an elevated CSF insulin might be expected 
to decrease appetite , we determ ined plasm a and CSF insulin in ra ts  
fed the s tarch-derived  polysaccharide, Polycose. Male Long Evans 
ra ts  (N=9) w ere in itia lly  offered a 15% w /v  Polycose so lution ad lib 
for 10 days, followed by 10-day blocks w ith  access to 18.3%, 21%, 
and 25% solutions consecutively; subsequent 10-day blocks w ere 
assoc iated  w ith  5% increm ental increases up to a final maximum of 
65%. They also  had ad lib access to laboratory chow. In itial age- 
and w eight-m atched con tro ls  (N=6) w ere fed chow ad lib throughout 
the experiment. At the end of the experim ent body w eights and 
overn igh t-fasted  plasm a and CSF insulin and glucose levels w ere 
measured. Animals fed polysaccharide solution w ere s ign ifican tly  
heavier than controls, but there w ere no re liab le  d ifferences of 
plasm a insulin or glucose betw een the two groups. The levels of 
CSF insulin and glucose w ere significantly  decreased fo r the 
polysaccharide group. These findings are inconsisten t w ith  CSF 
insulin levels seen in genetic obesity , and may help explain the 
p e rs is ten t hyperphagia in ra ts  offered the polycose solution.

Experim e n ta l C o ntro l p
Body Weight (g); Mean (SEM) 471.8 (9.1) 434 .5 (15 .9 ) <.05
Plasma Insulin (μU/ml) 33.1 (7.0) 56 .7 (13 .0 ) n.s.
Plasm a Glucose (m g/dl) 117.4(9.3) 143.3 (20.0) n.s.
CSF Insulin (μU/ml) 0.35 (0.13) 0.88 (0.23) <05
CSF Glucose (m g/dl) 64 .4 (4 .2 ) 78.5 (3.5) <.03
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221.9 INTRACEREBROVENTRICULAR INJECTIONS-OF INSULIN-LIKE GROWTH 
FACTOR I I ,  BUT NOT INSULIN-LIKE GROWTH FACTOR I ,  DECREASE FOOD 
INTAKE AND BODY WEIGHT IN RATS. T . J .  L a u te r i o * ,  L . M a rso n * , W.H. 
D aughaday* and C.A. Bai l e . D e p t . o f  P r e v e n t iv e  M e d ic in e ,  W ash in g to n  
U n iv . S ch . o f  M ed ., S t .  L o u is ,  MO 63110

A r e c e n t  s tu d y  (Tannenbaum  e t  a l . ,  S c ie n c e  2 2 0 :7 7 , 1983) 
r e p o r t e d  t h a t  i n t r a c e r e b r o v e n t r i c u l a r  ( i c v )  i n j e c t i o n s  o f  
i n s u l i n - l i k e  a c t i v i t i e s  (IL A s, 106 ng e q u i v . / r a t )  r e d u c e d  fo o d  
in ta k e  by 60% and body w e ig h t  by  16% in  r a t s  o v e r  a 24 h o u r  
p e r io d  com pared  to  c o n t r o l s .  S in c e  ILAs a r e  c ru d e  p r e p a r a t i o n s  
c o n ta in in g  b o th  i n s u l i n - l i k e  g ro w th  f a c t o r  I  ( IG F -I)  a s  w e l l  a s  
i n s u l i n - l i k e  g ro w th  f a c t o r  I I  ( I G F - I I ) , i t  was o f  i n t e r e s t  to  
d e te rm in e  w hich  IG F, i f  a n y , was r e s p o n s i b le  f o r  th e  above 
r e s p o n s e s  u s in g  h ig h ly  p u r i f i e d  h o rm o n es. R adio im m unoassay  o f  th e  
IGFs in  s p e c i f i c  r e g io n s  o f  th e  h y p o th a la m u s  r e v e a l e d  l i t t l e  o r  
no IG F - I ,  b u t  IG F -I I  was p r e s e n t  i n s i g n i f i c a n t  c o n c e n t r a t i o n s .  
A reas  r i c h  i n  IG F - I I  w ere  th e  d o rso m e d ia l  h y p o th a la m u s  (428 ± 49 
p g /u g  p r o t e i n )  and s u p r a o p t ic  n u c le u s  (337 ± 86 p g /u g  p r o t e i n ) .  
The lo w e s t  c o n c e n t r a t i o n s  w ere  fo und  in  th e  v e n tr o m e d ia l  hypo
th a la m u s  (128 ± 28 p g /u g  p r o t e i n ) .  I n te r m e d ia t e  l e v e l s  o f  IG F -I I  
w ere p r e s e n t  i n  th e  l a t e r a l  and a n t e r i o r  h y p o th a la m i and th e  
p a r a v e n t r i c u l a r  n u c le u s .  R a ts  (2 5 0 -3 0 0  g) w ere  im p la n te d  w i th  
c a n n u la e  e x te n d in g  i n to  t h e  l a t e r a l  v e n t r i c l e  u n d e r  sodium  
p e n to b a r b i t a l  a n e s th e s ia a n d  a llo w e d  to  r e c o v e r  f o r  5 d a y s  p r i o r  
to  e x p e r im e n ta t i o n .  Food in ta k e  and body w e ig h ts  w ere  r e c o rd e d  
b e tw een  0930 and 1030 h  d a i l y  s t a r t i n g  5 d a y s  p r i o r  to  t h e  s tu d y ,  
e x te n d in g  th ro u g h  th e  i n j e c t i o n  p e r io d  and  5 d a y s  p o s t - i n j e c t i o n .  
A d m in is t r a t io n  o f  re c o m b in a n t ly  p ro d u ce d  IG F -I (Amgen) o r  
p u r i f i e d  IG F - I I  (Amano) was g iv e n  a t  100 n g / r a t  i n  a  10 u l  vo lu m e. 
C o n t r o ls  w ere  g iv e n  e i t h e r  v e h ic l e  ( s a l i n e )  o r  i n s u l i n  (100 ng) 
i n j e c t i o n s .  C an n u la  p la c e m e n t was v e r i f i e d  i n  t h e  e x p e r im e n ta l  
an im a ls  a f t e r  f o rm a l in  p e r f u s io n .  Food in ta k e  was red u c e d  in  
IG F -I I  i n j e c t e d  r a t s  by 21% and 19% com pared  to  s a l i n e  and i n s u l i n  
c o n t r o l s  r e s p e c t i v e l y  (P < 0 .0 1 ) 24 h o u r s  p o s t  a d m i n i s t r a t i o n .  Body 
w e ig h t d e c re a s e d  i n  IG F - I I  t r e a t e d  r a t s  by 4% (P < 0 .5 )  com pared  to  
r e s p e c t i v e  w e ig h ts  r e c o rd e d  im m e d ia te ly  p re c e d in g  i n j e c t i o n s .  
N e i th e r  fo o d  in ta k e  n o r  body w e ig h t  c h a n g es  in  IG F -I i n j e c t e d  
r a t s  d i f f e r e d  from  c o n t r o l s .  Food co n su m p tio n  was n o rm a l iz e d  by 
48 h o u r s  p o s t - i n j e c t i o n  i n  th e  IG F - I I  t r e a t e d  r a t s .  We p ro p o se  
t h a t  I G F - I I ,  b u t  n o t  IG F -I may h a v e  a r o l e  i n  th e  c o n t r o l  o f  fo o d  
in ta k e  and body w e ig h t  r e g u l a t i o n  i n  t h e  r a t .

221.10 DEFECTIVE GLUCOSTATIC REGULATION OF ANORECTIC DRUG 
RECOGNITION SITES AND NA+K+ATPase IN GENETICALLY OBESE 
MICE.

Itzchak Angel*, Mark E. Goldman and Steven M. Paul*, Clin ical  
Neuroscience Branch, National In s t i t u t e  of Mental Health, 
N.I .H.,  Bethesda, MD 20892, USA.

According to  the g lucosta t ic  theory of food-intake,  
glucose, which is  the principal  energy source of the bra in ,  is  
postulated to  d i rec t ly  modulate food intake through a central  
s a t i e ty  mechanism. In a previous study (Angel e t a l , Proc. 
Natl. Acad. Sci. USA, 82, 6320, 1985) we have demonstrated the 
functional coupling between an anorect ic  drug recognit iion 
s i t e  and Na+K+ATPase, in th e i r  st imula tion  by glucose. 
The anorect ic  drug recognition s i t e  was labeled in 
hypothalamic membranes using e i the r  (+)[ 3H]amphetamine or 
[3H]mazindol. [ 3H]ouabain binding was used to  
sp ec i f i ca l ly  label the  neuronal form of Na+K+ATPase. In 
the present study we have compared genet ica lly  obese mice 
(ob/ob) to  th e i r  lean l i t te rm ate s  (?/+) as to  the  level and 
response of [ 3H]mazindol and [3H]ouabain binding to  
exogenous glucose. Obese mice were found to  have 
s ig n i f ic an t ly  higher levels  of [3H]mazindol and 
[ 3H]ouabain binding in the hypothalamus and brainstem, which 
was highly corre la ted  with th e i r  blood glucose leve l .  No 
d if ferences  were observed in the cerebellum, striatum or 
cerebral  cortex. Using an in v i t ro  s l ic e  prepara tion,  both 
[ 3H]ouabain and [ 3H]mazindol binding were stimulated upon 
preincubation with physiological concentrations of glucose in 
the  hypothalamus and brainstem of lean mice. Obese mice, 
which already have elevated levels  of binding, f a i led  to  
respond fu r ther  following incubation with glucose. 
Furthermore, in preliminary experiments, ob/ob mice fa i led  to  
increase food intake following glucoprivic  challenge with the 
glucose antagonis t,  2-deoxy-D-glucose; a known st imula to r of 
carbohydrate intake.  Our re su l t s  suggest a defect ive  central 
g lucostat in obese mice which may be involved in the etiology 
and (or) pathophysiology of th e i r  obesi ty .

221.11 POLYUNSATURATED FAT DIETS INCREASE CARBOHYDRATE PREFERENCE IN 
RATS. C .E . Greenwood and S .B . C ran e* . D e p t.  N u t r i t i o n a l  
S c ie n c e s ,  U n iv e r s i ty  o f  T o ro n to ,  T o ro n to ,  O n ta r io  M5S 1A8.

D ie ta r y  f a t  s o u rc e  m o d if ie s  c e r t a i n  b e h a v io u r s  su ch  a s  p a in  
s e n s i t i v i t y  and  th e r m o re g u la t io n  (P h a rm .B io .B e h a v . 2 4 ( 6 ) ,  1 9 8 6 ). 
S in ce  b o th  b e h a v io u r s  a r e  i n  p a r t  u n d e r  m onoam inerg ic  c o n t r o l ,  th e  
p u rp o se  o f  t h i s  s tu d y  was t o  f u r t h e r  exam ine  th e  f u n c t i o n a l  co n 
se q u en c e s  o f  a l t e r e d  d i e t a r y  f a t  i n ta k e  on monoam ine f u n c t io n  by 
ex am in in g  fo o d  s e l e c t i o n  ( p r o t e in  (PROT) and  c a rb o h y d r a te  (CHO), a 
b e h a v io u r  m e d ia te d  by s e r o t o n in .  R a ts  s e l e c t e d  from  two d i e t s  
c o n ta in in g  th e  same d i e t a r y  f a t  (20% w/w l a r d  o r  so y b ean  o i l  (SBO) 
b u t  d i f f e r i n g  in  PROT and CHO c o n te n t  (5% PROT and 67.4%  CHO o r  
55% PROT and 17.4% CHO). W hile  t o t a l  c a l o r i c  i n ta k e  was u n a f 
f e c te d  (78±7 v s  77±1 k c a l / d  (mean±SEM,n=10) f o r  l a r d  an d  SBO, r e 
s p e c i t v e l y ) ,  a n im a ls  s e l e c t i n g  from  la r d - b a s e d  d i e t s  consum ed l e s s  
CHO and m ore PROT th a n  r a t s  s e l e c t i n g  from  SBO-based d i e t s  (CHO: 
7 .4 ± .4  v s  9 .0 ± .2  g /d ;  PROT: 4 .6 ± .2  v s  2 .9 ± .2  g / d ;  PROT/CHO r a t i o :  
.6 5 ± .0 6  v s  .3 3 ± .0 3 ) . T h a t i s ,  th e  s o u rc e  o f  d i e t a r y  f a t  f e d  had  a 
m arked im p ac t on PROT and CHO in ta k e  r e g u l a t i o n .  A seco n d  s tu d y  
was c o n d u c te d  to  exam ine th e  r o l e  o f  d i e t a r y  e s s e n t i a l  f a t t y  a c id  
i n ta k e  in  m e d ia t in g  th e  b e h a v io u r a l  c h a n g es  o b s e rv e d .  SBO i s  r i c h  
in  l i n o l e i c  and  l i n o l e n i c  a c id s  w h i le  l a r d  i s  a  r e l a t i v e l y  p o o r 
s o u rc e  o f  b o th .  T h e r e f o r e  we exam ined th e  e f f e c t  o f  s u n f lo w e r  o i l  
(SFO) s in c e  i t   i s  h ig h  in  l i n o l e i c  y e t  low  in  l i n o l e n i c  a c id  co n 
t e n t .  R a ts  s e l e c t i n g  fro m  SFO d i e t s  c h o se  a  PROT/CHO r a t i o  s im i l a r  
to  t h a t  o f  SBO f e d  a n im a ls  and  lo w e r th a n  t h a t  o f  l a r d  f e d  r a t s  
( .6 4 ± .12 , .3 3 ± .0 4  and  .3 8 ± .0 6  f o r  l a r d ,  SBO and SFO, r e s p e c t i v e l y ) .  
These r e s u l t s  s u p p o r t  and e x te n d  o u r  p r e v io u s  w ork d e m o n s tra t in g  
t h a t  q u a l i t a t i v e  ch a n g es  in  d i e t a r y  f a t  in ta k e  i n f lu e n c e  c e r t a i n  
b e h a v io u r s  and  fu r th e rm o re  s u g g e s t  t h a t  l i n o l e n i c  a c id  i n ta k e  may 
n o t  be  an im p o r ta n t  v a r i a b l e  m e d ia t in g  th e  e f f e c t s  o f  d i e t a r y  f a t  
on f e e d in g  b e h a v io u r  i n  r a t s .

To e x p lo r e  th e  p h y s io l o g ic a l  m echanism  w hereby  d i e t a r y  f a t  i s  
e x e r t in g  i t s  e f f e c t  on m o n o am in e-m ed ia ted  b e h a v io u r s ,  we m easu red  
th e  a c t i v i t y  o f  t h e  m em brane-bound c a t a b o l i c  enzym e, monoamine 
o x id a s e  (MAO) a f t e r  28 d ay s  o f  f e e d in g  20% l a r d  o r  SBO d i e t s .  
Vmax o f  b r a i n  m ito c h o n d r ia l  MAO was h ig h e r  i n  r a t s  f e d  l a r d  d i e t s  
com pared to  t h o s e  f e d  SBO d i e t s  (19±5 v s  14±4 nm oles/m g  p r o t / 2 0 ' ) .  
Km was u n a f f e c t e d .  A lth o u g h  th e  m ag n itu d e  o f  ch an g e  i n  MAO 
a c t i v i t y  was i n s u f f i c i e n t  t o  a l t e r  s te a d y  s t a t e  l e v e l s  o f  b r a i n  
stem  s e r o to n in  o r  i t s  m e t a b o l i t e ,  5- h y d ro x y in d o le  a c e t i c  a c id ,  th e  
r e s u l t s  p ro v id e  e v id e n c e  t h a t  th e  f u n c t io n in g  o f  t h e  s e r o t o n e r g i c  
n eu ro n  i s  m o d if ie d  by d i e t a r y  f a t  s o u rc e .  In  c o n c lu s io n ,  t h e  
r e s u l t s  o f  t h e s e  s tu d i e s  p r o v id e  e v id e n c e  t h a t  t h e  s o u rc e  o f  
d i e t a r y  f a t  i n f lu e n c e s  1) f e e d in g  b e h a v io u r  and 2 ) n e u ro n a l  
f u n c t io n  in  r a t s  (Human N u t r i t i o n  R e se a rc h  C o u n c il o f  O n ta r io  and 
M edica l R e s e a rc h  C o u n c il  o f  C a n a d a ) .

221.12 INTRAPORTAL ADMINISTRATION OF FATS FAILS TO ELICIT SATIETY. 
D.Greenberg*, D.C. Becker*, J .  Gibbs, and G.P. Smith. Dept. of 
P sychiatry , Cornell Univ. Med. C oll. Eating D isorders I n s t i tu te  
and Bourne B ehav ioral Research Laboratory, New York H ospital- 
Cornell Medical Center, White P la in s , NY 10605.

Intraduodenal in fusions of a mixture of f a ts  ( I n t r a l ip id ,  Kabi 
Vitrum I n c . ,C a . )  a t  p h y s io lo g ic a l ra te s  rap id ly  in h ib i t  sham 
feeding and e l i c i t  behaviors ty p ica l of s a t i e ty  in  r a t s  (Greenberg 
e t  a l . ,  Abstr. Soc. Neurosci. 10:531, 1984). To determine i f  f a t 
e l i c i t e d  s a t i e t y  i s  m ediated  by p re a b so rp tiv e  i n t e s t i n a l  
mechanisms or by postabsorptive  mechanisms we inv estig a ted  the 
s a t ia t in g  potency of in tr a p o r ta l  de livery  of the same loads of 
I n t r a l i p i d  th a t we had previously  found e l ic i te d  s a t ie ty  when 
i nfused in traduodenally .

Method: Nine male Sprague Dawley r a ts  (400-450g) were equipped 
with chronic S i la s t ic  c a th e te rs  th a t entered the p o rta l vein and 
were e x te r io r iz e d  a t  th e  in tra s c a p u la r  reg ion . A fter a 17h 
overnight food d ep riva tion , r a ts  were perm itted to  feed a high 
c a r b o h y d r a te  l i q u i d  fo o d  (B io S e rv  40% v :v )  fo r  30 min. 
In tra p o r ta l  in fusions  began 5 min p r io r  to  p resen ta tio n  o f the 
l iq u id  d i e t .  In fu sio n s  were given a t  the  ra te  of 1 ml/min. 
In fusions of In tr a l ip id  consisted  of 3 to ta l  c a lo ric  loads of f a t  
(1 .25 , 5 .0 , or 10.0 k c a l) , always a t  a concentration  of 2 kcal/m l, 
o r equivolum etric loads of 0 .15M NaCl. In takes were measured 
every 5 min.

R e s u l ts : I n t r a p o r ta l  In tr a l ip id  fa ile d  to  in h ib it  feeding 
[Table 1, F=0.87 (3,21) p> .4]. In  fa c t r a ts  a te  s l ig h t ly  more 
when In tr a l ip id  was infused than when sa lin e  was in fused . In  our 
previous study, using intraduodenal de live ry  of In t r a l ip id ,  these  
same c a lo ric  loads had a potent i nh ib ito ry  e ffe ct  on sham feeding 
[F=25.25 (4.25) p<.001, see tab le  1],

Mean Percent In h ib itio n  of In take
P orta l Infusion Duodenal Infusion

(re a l  in take) (sham in take)
C aloric Load

1.25 kcal -9 .2 29.9
5.0 kcal -17.4 67.1

10.0 kcal -9 .3 66.8
(Mean % in h ib itio n  calcu la ted  from 8-9 r a t s  fo r  p o rta l and 7-8 
r a t s  f o r  duodenal in fu s io n ;  n e g a tiv e  % in h ib it io n  in d ica te s  
g re a te r  in take  when In tr a l ip id  ra th e r  than sa lin e  was in fu sed .)

The fa i lu r e  of p o rta l in fusions of f a t  to  e l i c i t  s a t ie ty  i s  
s trong  evidence th a t  p reabsorptive in te s t in a l  mechanisms are  of 
prim ary  im portance  in  m ed ia tin g  th e  s a t ia t in g  e f fe ct  of f a t  
infused in to  the in te s t in e .

Supported by S t. Luke's Roosevelt I n s t . fo r  Health Soi. 6-21435 
and NIH NRSA AM07591 (DG); NIMH AM33248 and RSDA MH70874 (JG); 
NIMH MH15455, MH40010 and RSA MH00149 (GPS).
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221.13 ROLE OF CIRCADIAN TIMING IN HUMAN MEAL ONSET. J . G re e n * . C . P . 
P o l l ak* and G. P. S m ith . Wm. P a t e r s o n  C o l le g e  o f N . J . ,  Wayne, 
N .J .  0 7 4 7 0 , and I n s t .  C h ro n o b io lo g y  and E a t in g  D is o rd e r s  I n s t . ,  
D e p t .  P s y c h ia t r y ,  The New York H o s p .-C o rn e l l  Med. C t r . , W estch es
t e r  D i v . , W hite  P l a i n s ,  N .Y . 10605

The d e te r m in a n ts  o f  m eal o n s e t  a r e  p o o r ly  u n d e r s to o d .  As a 
p e r i o d i c  b e h a v io r  l in k e d  to  a c t i v i t y  c y c le s  i n  a n im a ls ,  m eal t im 
in g  may be r e g u l a te d  by th e  o s c i l l a t o r  t h a t  u n d e r l i e s  th e  s l e e p -  
wake c y c le .  I n  humans s tu d i e d  i n  tim e  i s o l a t i o n ,  A sc h o ff  e t  a l .  
(1 9 8 4 ) o b s e rv e d  t h a t  th e  l e n g th  o f th e  w a k e t im e - to - lu n c h  i n t e r v a l  
c o r r e l a t e d  p o s i t i v e l y  w i th  th e  s le e p -w a k e  p e r io d  (SWP), s u g g e s t 
in g  t h a t  lu n c h  o c c u rs  a s  p a r t  o f  th e  a r c h i t e c t u r e  o f  th e  w aking  
d ay .

We have e x p lo re d  c i r c a d i a n  i n f l u e n c e s  on m eal t im in g  i n  8 sub
j e c t s  who e x p e r ie n c e d  p e r io d s  o f  i n t e r n a l  sy n c h ro n y  and d esy n 
ch ro n y  w h i le  f r e e - r u n n i n g  i n  o u r  l a b o r a to r y .  The lo n g  s le e p -w a k e  
p e r io d s  i n  f r e e - r u n n i n g  d e sy n ch ro n y  (FRD, 34± 3 h r s )  a s  com pared 
t o  f r e e - r u n n i n g  s y n c h ro n y  (FRS, 25± 1 h r s ) ,  p e rm i t te d  u s  t o  exam
i n e  th e  r e l a t i o n s h i p  o f  m eal t im in g  to  t h e  two d i s t i n c t  te m p o ra l  
fram ew o rk s o f  t h e s e  c o n d i t i o n s  and r e l a t e  them  to  one o f th e  2 
m ajo r o s c i l l a t o r s  p resum ed t o  u n d e r l i e  c i r c a d i a n  rh y th m s i n  m an.

When th e  SWP le n g th e n e d  i n  FRD, th e  i n te r m e a l  i n t e r v a l  (IM I) 
in c r e a s e d  s i g n i f i c a n t l y .  I n  4 s u b j e c t s ,  th e  i n c r e a s e  i n  IMI was 
p r o p o r t i o n a l  t o  th e  i n c r e a s e  i n  SWP. We a l s o  fo u n d  s i g n i f i c a n t  
i n c r e a s e s  i n  p r e -  and p o s t lu n c h  in te r m e a l  i n t e r v a l s  d u r in g  FRD. 
More th a n  h a l f  o f  th e  s u b je c t s  who a t e  lu n c h  showed i n c r e a s e s  in  
th e s e  m ea su res  t h a t  w ere  p r o p o r t i o n a l  to  SWP, i n d i c a t i n g  t h a t  th e  
l e n g th e n in g  o f  th e  IMI d u r in g  FRD was co m p a ra b le  i n  e a r l y  and 
l a t e r  p a r t s  o f  s u b je c t iv e  d a y . C a l o r i c  a n a ly s i s  d e m o n s tra te d  
t h a t  th e  i n c r e a s e  i n  m eal s p a c in g  i n  FRD was n o t due to  i n c r e a s e d  
m eal s i z e :  th e  t o t a l  num ber and s i z e  o f  m ea ls  w ere s im i l a r  on FRS 
a nd FRD " d a y s ” . As a  r e s u l t  o f  t h e  le n g th e n e d  IM I, c a l o r i c  in ta k e  
d e c l in e d  d u r in g  FRD and w e ig h t  l o s s  o c c u r r e d .  The l a c k  o f p ro 
p o r t i o n a l  i n c r e a s e  o f  IMI w i th  SWC i n  4 s u b je c t s  c o u ld  be 
e x p la in e d  by a  m e ta b o lic  l i m i t  on IM I. The deep  c i r c a d i a n  o s c i l 
l a t o r  d id  n o t  a p p e a r  t o  a f f e c t  t h e  IMI i n  any s u b j e c t .

The f in d in g s  s u p p o r t  an  i n t e r p r e t a t i o n  o f  d u a l  r e g u l a t i o n  o f  
m eal t im in g .  P r o p o r t i o n a l  i n c r e a s e s  i n  IMI and SWP i n  th e  f a c e  
o f  a  c a l o r i c  d e f i c i t  s u g g e s t  t h a t  t h e  m echanism  t h a t  g o v e rn s  th e  
t im in g  o f  th e  SWP a l s o  g o v e rn s  m eal t im in g .  The l a c k  o f  p ro p o r 
t i o n a l  i n c r e a s e  i n  IMI i n  some c a s e s  s u g g e s t s  t h a t  an  a d d i t i o n a l ,  
p ro b a b ly  m e ta b o lic  m echanism  l i m i t s  th e  i n t e r v a l s  b e tw een  m e a ls .

A s c h o f f ,  J . ,  W ever, R . ,  e t  a l . , C i r c a d i a n  c o n t r o l  o f  m eal t im in g  
d u r in g  te m p o ra l  i s o l a t i o n .  N a tu rw is s e n s c h a f te n  71: 5 3 4 -5 3 5 , 198 4 .
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222.1 NEURODEGENERATIVE LESION OF THE RAT SOMATOSENSORY THALAMUS : 
BIOCHEMICAL AND METABOLIC ACTIVITY ALTERATIONS. M. Peschansk i , 
S .L . J u l i a n o, J .  W e il-F u g a z z a * , and  F. Godefroy* INSERM U 161, 2 
ru e  d 'A l e s i a ,  P a r i s  75014, F ra n c e  ; USUHS, Dept o f  Anatomy, 
B e th e sd a , MA 20814.
K a in a te  i n j e c t i o n  in  th e  i n t e r n a l  c a p s u le  a t  t h e  l e v e l  o f  th e  
th a la m ic  v e n tr o b a s a l  com plex  (VB) p ro d u c e s  a  c o m p le te  n e u ro n a l  
d e p le t i o n  in  th e  l a t e r a l  p a r t  o f  th e  n u c le u s .  The e n t i r e  l e s io n e d  
a r e a  show s an  e x te n s iv e  g l i a l  r e a c t i o n  and  g l i o s i s  i s  v i s i b l e  in  
p o r t i o n s  o f  th e  s o m a to s e n s o ry  c o r t e x .  L em n isca l a f f e r e n t  f i b e r s  
t e r m in a t in g  in  l a t e r a l  VB e x h i b i t  a p p a r e n t ly  norm al e le c t r o p h y 
s i o l o g i c a l  a c t i v i t y  s e v e r a l  m onths a f t e r  th e  e x c i t o to x i c  i n j e c t i o n  
(P e sc h a n s k i  e t  a l . ,  N eu ro sc . L e t t . ,  58, 198 5 ). A d d i t io n a l ly ,  
m o rp h o lo g ic a l  c h a n g e s  in  t h e  a f f e r e n t  f i b e r s  seem  t o  i n d i c a t e  
a t t e m p t s  a t  r e g e n e r a t i o n  (P e sc h a n s k i  e t  a l . ,  CRAS 301, 198 5 ). The 
p r e s e n t  s tu d y  was u n d e r ta k e n  a s  a p r e l im in a r y  s t e p  t o  a n a ly z e  lo n g  
te r ra  c h a n g e s  in  t h e  so m a to s e n s o ry  sy s te m  in d u c e d  by VB l e s i o n  
b e fo r e  a t t e m p t in g  t r a n s p l a n t a t i o n  o f em b ry o n n ic  n e u ro n s  i n  VB. 
To s tu d y  b io c h e m ic a l  c h a n g e s  o v e r  t im e , c o n te n t  i n  a m in e rg ic  
s u b s ta n c e s  was d e te rm in e d  in  l e s io n e d  (and  p a i r e d  c o n t r o l )  VBs 
u s in g  h ig h  p r e s s u r e  l i q u i d  c h ro m a to g ra p h y  and  e l e c t r o d e t e c t i o n .  A 
t r a n s i t o r y  i n c r e a s e  i n  5 HIAA and  u r i c  a c id  was o b s e rv e d  a t  d7 
b u t ,  a f t e r  d7, t h e  t o t a l  am ount o f  a l l  s u b s ta n c e s  a n a ly z e d  
( in c lu d in g  n o r e p in e p h r in ,  s e r o t o n in ,  dopam ine, 5 HIAA an d  u r i c  
a c id )  was u n ch an g ed  up t o  d 12 0 .
G lu co se  co n su m p tio n  was a n a ly z e d  u s in g  t r i t i a t e d  2 d e s o x y g lu c o s e  
a t  d7 , d30 and  d 120. At d7 and  d 3 0, h ig h  g lu c o s e  c o n su m p tio n  was 
o b s e rv e d  in  t h e  l e s io n e d  a r e a  and  in  p a r t s  o f  t h e  so m a to s e n s o ry  
c o r t e x ,  e s p e c i a l l y  i n  lam in a  IV ; t h i s  i n c r e a s e  was a p p a r e n t ly  due 
t o  g l i a l  a c t i v i t y .  At d 120 , t h e r e  was a  d e c re a s e  i n  m e ta b o lic  
a c t i v i t y  i n  th e  same s t r u c t u r e s .  Long te rm  c h a n g e s  w ere a n a ly z e d  
in  s t r u c t u r e s  o f  th e  so m a to s e n s o ry  sy s te m  r e l a t e d  t o  VB u s in g  
c y to ch ro m e  o x y d a se  (CO) h i s t o c h e m i s t r y  a t  d30 and  d60. Lam ina IV 
o f  t h e  s o m a to s e n s o ry  c o r t e x  d e m o n s tra te d  a  l o s s  i n  CO a c t i v i t y  in  
a r e a s  t o p o g r a p h i c a l ly  r e l a t e d  t o  t h e  e x t e n t  o f  t h e  th a la m ic  
l e s i o n .  N i s s l - s t a i n e d  s e c t i o n s  v e r i f i e d  t h a t  t h i s  l o s s  was n o t  due 
t o  a  t r a n s s y n a p t i c  d e g e n e r a t io n  o f  c o r t i c a l  n e u ro n s . In  p a r a l l e l ,  
th e r e  was a  d e c re a s e  i n  CO a c t i v i t y  i n  t h e  c o n t r a l a t e r a l  d o r s a l  
colum n n u c l e i .  D o rs a l  co lum n n u c le i  n e u ro n s  a p p e a re d , how ever, 
sh ru n k e n  b u t  n o t  d e c re a s e d  i n  num ber i n  N i s s l - s t a i n e d  s e c t i o n s .  
T h is  s tu d y  c o n f i rm s  th e  o b s e r v a t io n  t h a t  d e s p i t e  a  c o m p le te  
n e u ro n a l  l o s s  i n  VB le a d in g  t o  d e c re a s e d  a c t i v i t y  i n th e  
so m a to s e n s o ry  s y s te m  (a s  m easu red  by 2 DG and  CO), an  a p p a re n t  
s t r u c t u r a l  p r e s e r v a t i o n  o f  th e  a f f e r e n t  c i r c u i t r y  p e r s i s t s  ( a s  
i n d i c a t e d  by b io c h e m ic a l ,  e le c t r o p h y s i o lo g i c a l  and  a n a to m ic a l  
r e s u l t s ) . T h is  p r e s e r v a t i o n  may p e rm it  f u n c t i o n a l  r e c o v e r y  w ith  
n e u ro n a l  t r a n s p l a n t a t i o n .
S u p p o r te d  by INSERM an d  RO 7064.

222.2 PROJECTIONS FROM THE POSTERIOR NUCLEAR COMPLEX OF THE THALAMUS 
TO NON-PRIMARY SOMESTHETIC AREAS OF THE CEREBRAL CORTEX IN THE 
CAT. C. Avendaño and E. R a u s e l l * . Dept .  M o r f o l o g i a , F a c . 
M e d ic i n a , Univ .  Autonoma , 28029 M adrid .  S p a i n .

The p o s t e r i o r  n u c l e a r  Complex o f  t h e  t h a l a m u s  (PoC) i n c l u d e s  a 
number o f  n u c l e a r  s u b d i v i s i o n s , which p a r t i a l l y  s u r r o u n d  th e  
medial  g e n i c u l a t e  and t h e  v e n t r o b a s a l  c o m p le x e s .  S e v e ra l  
compon ent s  o f  t h e  PoC r e c e i v e  ab u n d an t  s p i n a l  p r o j e c t i o n s , and 
t h e i r  n e u ro n s  r e s p o n d  in d i f f e r e n t  ways t o  a v a r i e t y  o f  
s o m e s t h e t i c  s t i m u l i .  The c o r t i c a l  t a r g e t s  o f  t h e s e  ’ s o m e s t h e t i c ' 
compo nents  o f  t h e  PoC encompass a number o f  a r e a s , which c o u ld  
be c o l l e c t i v e l y  t e rm ed  ' n o n - p r i m a r y  s o m e s t h e t i c  c o r t e x ’ , in some 
o f  which c o m p le te  s o m a t o to p i c  maps have  been d e s c r i b e d .

Th is  work was aimed a t  i n v e s t i g a t i n g  t h e  o r g a n i z a t i o n a l  p l an  
o f  t h e  PoC p r o j e c t i o n s  t o  t h e s e  a r e a s .  Both r e t r o g r a d e  and 
a n t e r o g r a d e  t r a c i n g  t e c h n i q u e s  were u s e d .  R e t r o g r a d e  t e c h n i q u e s  
c o n s i s t e d  o f  c o r t i c a l  i n j e c t i o n s  o f  e i t h e r  f r e e  or whea t -g e rm  
a g g l u t i n i n - c o n j u g a t e d  HRP (WGA-HRP), a s  we ll  a s  f l u o r e s c e n t  
d y e s .  A n t e ro g r a d e  t e c h n i q u e s  i n c l u d e d  t h a l a m i c  i n j e c t i o n s  o f  
WGA-HRP and P h a s e o lu s  v u l g a r i s  l e u c o a g g l u t i n i n . In o r d e r  t o  ge t  
an a c c u r a t e  p i c t u r e  o f  t h e  a r r a n g e m e n t  o f  t h e s e  p r o j e c t i o n s ,  t h e  
c y t o a r c h i t e c t u r e  o f  t h e  c o r t i c a l  r e g i o n s  i n v o lv e d  was c a r e f u l l y  
analyzed ,  and f l a t  r e c o n s t r u c t i ons o f  the  co r tex  were ob ta ined ,  
on which e i t h e r  t h e  i n j e c t i o n s  or t h e  t e r m in a l  l a b e l i n g  were 
p l o t t e d .

P r o j e c t i o n s  from t h e  PoC r e a c h  t h e  whole b e l t  o f  c o r t e x  which 
s u r r o u n d s  c a u d a l l y S I .  From media l  t o  l a t e r a l , t h i s  b e l t  
i n c l u d e s  a r e a  5 , t h e  a n t e r i o r  s u p r a s y l v i a n  a r e a  ( S s A ) , S I I  - a  
d o r s a l  s e c t o r  o f  which c o u ld ,  p e r h a p s ,  be c o n s i d e r e d  a s  a 
s e p a r a t e  e n t i t y - ,  and SIV. The d i v i s i o n s  o f  PoC w i th  t h e  l a r g e s t  
p r o j e c t i o n  t o  t h e s e  a r e a s  a r e :  t h e  d o r s a l  and r o s t r a l  p a r t s  o f  
t h e  med ia l  d i v i s i o n  o f  t h e  p o s t e r i o r  grou p (PoM);  i t s  r o s t r a l  
c o n t i n u a t i o n ,  t h e  v e n t r o l a t e r a l - v e n t r o p o s t e r i o r  b o r d e r  zone (VL- 
VP), and t h e  v e n t r o p o s t e r o i n f e r i o r  n u c l e u s  ( V P i ) .  To a l e s s e r  
d e g r e e , p r o j e c t i o n s  a l s o  a r i s e  from t h e  l a t e r a l  d i v i s i o n  o f  t h e  
p o s t e r i o r  group (P o L ) , t h e  c au d al  s e c t o r s  o f  PoM, and t h e  
i n t e r m e d i a t e  d i v i s i o n  o f  t h e  p o s t e r i o r  group (P o I ) .  These 
p r o j e c t i o n s  e x h i b i t  a c ru d e  t o p o g r a p h i c a l  a r r a n g e m e n t ,  b u t , from 
d o u b le  l a b e l i n g  s t u d i e s , i t  seems t h a t  w id e s p re a d  p r o j e c t i o n s  
from t h e  same n e uro n  i n t o  t h e s e  a r e a s  a r e  t h e  e x c e p t i o n  r a t h e r  
th an  t h e  r u l e .  A n t e ro g r a d e  s t u d i e s  showed, however ,  t h a t  n e u ro n s  
c l u s t e r e d  in a sma l l  r e g i o n  w i t h i n  a s e c t o r  o f  t h e  PoC, may 
d i s t r i b u t e  p r o j e c t i o n s  t o  s e p a r a t e  l o c i  o f  t h e  c o r t e x .  The 
d e n s e s t  t e r m i n a l  ne tw ork c o n c e n t r a t e d  in l a y e r  IV and deep I I I .  
P r o j e c t i o n s  t o  l a y e r  I depended  on t h e  c e l l  g ro u p s  i n v o lv e d  by 
t h e  i n j e c t i o n ,  and on t h e  c o r t i c a l  a r e a  c o n s i d e r e d .

S u p p o r te d  by CAICyT Grant n° 0 5 1 2 -8 4 .  E.R.  i s  on r e c e i p t  o f  a 
FISSS F e l l o w s h i p ,  n° 1 8 3 /8 4 .
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222.3 CORTICOFUGAL INFLUENCES OF S I  CORTEX ON VENTROBASAL THALAMIC 
NEURONS IN THE AWAKE RAT. *B. Y uan , T . J .  M orrow , K .L . C a se y , 
D e p ts . o f  N eu ro lo g y  & P h y s io lo g y ,  U n iv . o f  M ic h . ,  and  N eu ro lo g y  
R e sea rch  L a b o r a to r ie s  (N e u ro p h y s io lo g y )  VA M e d ic a l C e n te r .

In  t h e  a n e s t h e t i z e d  r a t ,  f o c a l  s u p p re s s io n  o f  S I  c o r t e x  d e c re a s e s  
th e  r e s p o n s e s  o f  v e n t r o b a s a l  (VB) th a la m ic  n e u ro n s  t o  r e p e t i t i v e  
s o m a tic  o r  m e d ia l  l e m n is c a l  s t i m u l i  (Yuan e t  a l ,  J .  N e u r o s c i .  5: 
2971, 1 9 8 5 ). A co m p a riso n  o f  t h e  e f f e c t  o f  c o r t i c a l  s u p p r e s s io n  
on s o m a tic  and  d i r e c t  m e d ia l  l e m n i s c a l  i n p u ts  t o  VB s u g g e s te d  t h a t  
c o r t i c o th a la m ic  f a c i l i t a t i o n  d o m in a ted  t h e  c o r t i c o f u g a l  
i n f l u e n c e s .  B ecau se  g e n e r a l  a n e s t h e s i a  a f f e c t s  t h e  a c t i v i t y  o f  
c e r e b r a l  c o r t i c a l  n e u ro n s ,  t h e  re s p o n s e s  o f  39 v e n t r o b a s a l  (VB) 
th a la m ic  n e u ro n s  t o  r e p e t i t i v e  s t i m u l i  w ere  s tu d i e d  i n  awake r a t s  
by f o c a l ly  s u p p r e s s in g  th e  ev oked  and s p o n ta n e o u s  e l e c t r o c o r t i c a l  
a c t i v i t y  o f  p r im a ry  (S 1) so m a to s e n s o ry  c o r t e x  w i th  m agnesium  o r  
l id o c a in e  p lu s  m agnesium . S u p p re s s io n  o f  S1 c o r t e x  r e d u c e d  th e  
number o f  s p ik e s  d i s c h a r g e d  by 19 ( 66 %) o f  29 VB u n i t s  i n  re s p o n s e  
to  each  o f  25 e l e c t r i c a l  s t i m u l i  d e l i v e r e d  t o  th e  m e d ia l  
le m n is c u s ;  9 u n i t s  w ere  u n a f f e c te d  and  one showed an in c r e a s e d  
re s p o n s e  t o  1 t o  10 Hz s t i m u l i .  The r e s p o n s e s  o f  6 (38%) o f  16 
VB u n i t s  t o  e l e c t r i c a l  s o m a t ic  s t i m u l i  w ere  a l s o  r e d u c e d  
fo llo w in g  S I c o r t i c a l  s u p p r e s s io n ;  9 u n i t s  w ere  u n a f f e c te d  and 
one showed an  in c r e a s e d  r e s p o n s e  t o  20 t o  40 Hz s t i m u l i .  We 
d e te c t e d  no ch an g e  i n  a d e q u a te  s t im u lu s  o r  r e c e p t iv e  f i e l d s .  A 
co m p ariso n  o f  t h e  r e d u c e d  r e s p o n s iv e n e s s  o f  5 u n i t s  t o  b o th  
m ed ia l l e m n i s c a l  an d  s o m a t ic  s t i m u l a t i o n  d id  n o t  r e v e a l  any 
a d d i t i o n a l  r e s p o n s e  a t t e n u a t i o n  a t t r i b u t a b l e  to  s u b th a la m ic  
c o r t i c o f u g a l  i n f l u e n c e s .  We c o n c lu d e  t h a t ,  i n  t h e  awake r a t ,  S 1 
c o r t i c o t h a la m ic  n e u ro n s  f a c i l i t a t e  s o m a to s e n s o ry  t r a n s m is s io n  i n  
th e  VB th a la m u s  an d  t h i s  f a c i l i t a t i o n  a p p e a r s  t o  p re d o m in a te  o v e r  
o t h e r  i n h i b i t o r y  c o r t i c o f u g a l  i n f l u e n c e s .

(S u p p o rte d  by th e  V e te ra n s  A d m in is t r a t io n )

222.4 NEURONS IMMUNOREACTIVE FOR GLUTAMATE, GABA AND 
ASPARTATE IN THE RAT SOMATIC SENSORY CORTEX: A 
SINGLE- AND DOUBLE-LABELING STUDY.
F . Conti, A. Rustioni, P. Petrusz*. Departments o f Anatomy and 
Physiology, University o f North Carolina, Chapel Hill, N.C. 27514.

Using an approach similar to the one introduced by Storm-Mathisen et 
al. (1983), we have performed a quantitative study of glutamate (Glu)- 
positive neurons in the somatic sensory cortex o f rats (Conti et al., 1985) 
and monkeys (Conti et al., in preparation). Glu is known to be a precursor 
of GABA and, therefore, GABA-positive neurons might stain positively 
for Glu. Recent findings from our and other labs (Campistron et al.,1986) 
suggest that Aspartate (Asp)-positive neurons have a distribution similar to 
that of Glu-positive neurons. This finding raises the possibility that Glu 
and Asp might coexist in the same neocortical neurons.

To investigate these issues, rats were perfused transcardially using a 
fixative containing 4% paraformaldehyde in 0.1 M  phosphate buffer; 
blocks of cortex containing the first somatic sensory cortex were 
embedded in paraffin and 4 μm adjacent sections were processed 
immunocytochemically using the avidin-biotin (ABC) procedure: in one 
series adjacent sections were reacted alternately with Glu and GABA 
antisera; in another series, sections were alternately stained with Glu and 
Asp antisera. The antisera were used at the dilutions of 1: 6000 (Glu), 
1:4000 (Asp) and 1: 2000 (GABA).

In the series in which Glu and GABA were used, neurons stained by 
both antisera 1) were < 5% of both populations (and <10% of Glu-positive 
neurons); 2) were present in all cortical layers and 3) had mean cross- 
sectional areas similar to those of the largest neurons stained only by 
GABA. Neurons stained by both Glu and Asp 1) represented about 10% 
of the total population and about 20% o f Glu-positive neurons; 2) were not 
preferentially distributed throughout the cortical layers and 3) were not 
distinguishable on the basis of their soma size.

It is postulated that neurons that stain for both Glu and GABA represent 
a subset of large GABA-positive neurons with particular metabolic and/or 
functional properties. Neurons stained by both Glu and Asp might use a 
dipeptide, as recently shown for neurons of rat hippocampus and piriform 
cortex.

Supported by NIH grant # 16264.

222.5 LAMINAR POSITION OF CORTICOPONTINE CELLS IN THE 
BARREL FIELD OF RATS. B.E. Mercier* C.R. Legg* and 
M. G lickstein, MRC Unit on Neural Mechanisms of 
Behaviour, 3 Malet Place, London WC1E 7JG, Department 
of Anatomy, University College London, and Psychology 
Division, City University, London.

The barrel fie ld  of ra ts provide an opportunity to 
study the pontine projections from a defined region of 
somatosensory cortex with known sensory representation 
from the mystacial v ibrissae. We studied efferent 
projections from the barrel fie ld  using orthograde and 
retrograde transport of horseradish peroxidase. 
Alternate sections were processed for cytochrome 
oxidase. Confirming Mihailoff et a l . (M ihailoff, G.A., 
Lee, H., Watt, C.R. and Yates, R. J . Comp. Neurol. 
237:  251, 1985) there is  a dense projection from the 
barrel fie lds to the pontine nuclei. The great 
majority of these fibers terminate ip s ila te ra lly  with a 
small contralateral projection. Within the barrel 
f ie ld s , cytochrome oxidase staining reveals a striking 
laminar organization. In the infragranular layers, 
layer Va stains palely; layer Vb stains densely. 
Following pontine HRP injection labelled cortical ce lls  
were confined en tirely  to layer Vb of the barrel 
f ie ld s ; all layer Vb pyramidal ce lls  within the barrel 
fie ld s and no other ce lls  were retrogradely labelled. 
Control injections in the neighboring pontine and 
medullary re ticu lar formation or in the pyramidal trac t 
produced few or no labelled ce lls  in the barrel fie ld . 
Results show a highly precise sublaminar origin of 
efferent fibers to the pons. Since many Vb ce lls  in 
the barrel fie ld s are also labelled following thalamic 
in jections many, perhaps a l l ,  Vb ce lls  must bifurcate.

222.6 EFFECTS OF ACETYLCHOLINE ON NEURONAL RESPONSES TO SOMATIC STIMULI 
IN CAT SOMATOSENSORY CORTEX R. M e th e ra te ,  N. T rem b lay *  and R.W. 
D y k es D e p ts .  o f  P h y s i o lo g y ,  N e u r o lo g y  an d  N e u r o s u r g e r y  an d  
S u rg e ry ,  M cG ill U n i v e r s i ty ,  M o n tr e a l,  Q uebec, C anada.

I o n to p h o r e t i c a l l y - a d m in i s t e r e d  a c e t y l c h o l i n e  (ACh) h a s  b een  
sh o w n  t o  i n c r e a s e  t h e  f i r i n g  r a t e  o f  som e n e u r o n s  i n  c a t  
s o m a t o s e n s o r y  c o r t e x .  H o w e v e r, l i t t l e  i s  kn o w n  r e g a r d i n g  t h e  
e f f e c t s  o f  ACh on n e u r o n a l  r e s p o n s e s  t o  a f f e r e n t  i n p u t .

C a t s  w e r e  a n e s t h e t i z e d  w i t h  s o d iu m  p e n t o b a r b i t a l ,  a 
c r a n i o to m y  w a s  p e r f o r m e d  o v e r  t h e  s o m a t o s e n s o r y  c o r t e x  an d  
s t i m u l a t i n g  e l e c t r o d e s  w e re  i n s e r t e d  i n t o  t h e  v e n t r o p o s t e r i o r  
th a la m u s .  F i v e - b a r r e l  m i c r o p i p e t t e s  w e re  p u l l e d  a f t e r  a c a r b o n  
f i b e r  w as i n s e r t e d  i n t o  t h e  c e n t r a l ,  r e c o r d i n g  b a r r e l .  D rug  
b a r r e l s  w ere  f i l l e d  w i th  ACh c h lo r i d e  (1.0M ), g lu ta m a te  (0.5M) to  
f i n d  an d  s tu d y  q u i e s c e n t  n e u r o n s ,  a t r o p i n e  s u l p h a t e  (25mM) t o  
v e r i f y  t h e  m u s c a r i n i c  n a t u r e  o f  t h e  c h o l i n e r g i c  e f f e c t s ,  an d  
s o d iu m  c h l o r i d e  ( 3 . 0M) f o r  c u r r e n t  c o n t r o l s .  P r e c i s e  t a c t i l e  
s t i m u l i  w e re  a p p l i e d  t o  p e r i p h e r a l  r e c e p t i v e  f i e l d s  v i a  a 
c o m p u t e r - c o n t r o l l e d  e l e c t r o m e c h a n i c a l  d e v ic e ,  and q u a l i t a t i v e  
a s s e s s m e n t s  w e re  m ade u s i n g  h a n d - h e l d  g l a s s  p r o b e s .  N e u r o n a l  
r e s p o n s e s  t o  s o m a t ic  s t i m u l i  w ere  n o te d  b e f o r e ,  d u r in g  and a f t e r  
i o n to p h o r e t i c  a p p l i c a t i o n  o f  d ru g s .

I n  26 c a t s ,  233  s i n g l e  n e u r o n s  w e re  i s o l a t e d ,  an d  ACh 
a p p l i e d  t o  2 0 3 . E i g h ty  c e l l s  ( 3 9 .4 %) w e re  s e n s i t i v e  t o  ACh 
( c h o l i n o c e p t i v e )  i n  t e r m s  o f  c h a n g e s  i n  f i r i n g  r a t e  a n d / o r  
r e s p o n s e  t o  s o m a t i c  s t i m u l i .  T h e s e  w e re  fo u n d  a t  a l l  c o r t i c a l  
d e p th s  b e lo w  0 .2  mm. Of th e  35 c h o l in o c e p t iv e  n e u ro n s  t h a t  w ere  
a c t i v a t e d  f ro m  t h e  t h a l a m u s ,  7 7 .0% r e s p o n d e d  a t  l a t e n c i e s  l e s s  
t h a n  3 .0  m s, s u g g e s t i n g  a  m o n o s y n a p t ic  c o n n e c t i o n .  The m o s t  
common r e s u l t  (34 c a s e s )  o f  ACh a d m i n i s t r a t i o n  was an  i n c r e a s e  i n  
a  c e l l ' s  r e s p o n s e  t o  a  s o m a t i c  s t i m u l u s ,  a c c o m p a n ie d  by  a 
d e c r e a s e  i n  t h e  t h r e s h o l d  f o r  a c t i v a t i o n  by  t h e  s t i m u l u s .  
I n t e r e s t i n g l y ,  w h i l e  r e s p o n s e s  t o  s t i m u l i  w e re  e n h a n c e d  i n  26 
c e l l s  w i th o u t  an  i n c r e a s e  i n  f i r i n g  r a t e ,  a  f u r t h e r  8  c e l l s  w ere  
o v e r t l y  d r iv e n  by ACh w i th o u t  a  c h an g e  i n  th e  evoked re s p o n s e .  In  
9 c e l l s ,  a  r e c e p t iv e  f i e l d  a p p e a re d  d u r in g  ACh a p p l i c a t i o n  w here  
n o n e  e x i s t e d  p r e v i o u s l y .  A C h -d r iv e n  a c t i v i t y  w a s  o b s e r v e d  i n  
16.2% (33 / 203) o f  th e  c e l l s ,  i n  a g re e m e n t w i th  p r e v io u s  s tu d i e s .  
N eurons i n h i b i t e d  by ACh w ere  i n f r e q u e n t l y  s e e n ,  c o m p r is in g  o n ly  
5.4% (1 1 /2 0 3 )  o f  th e  p o p u la t i o n  s tu d i e d .

T h ese  d a ta  s u g g e s t  t h a t  ACh i s  a  n e u ro m o d u la to r  t h a t  s e l e c t 
i v e l y  m o d if ie s  d i f f e r e n t  c h a r a c t e r i s t i c s  i n  d i f f e r e n t  c e l l s  o f  
t h e  s o m a to s e n s o ry  c o r t e x .  P re su m a b ly , s e l e c t i v i t y  d e p en d s on th e  
d i s t r i b u t i o n  and ty p e s  o f  r e c e p t o r s  on th e s e  c e l l s .  T h is  may a l s o  
e x p la i n  why ACh p e r m i t s  l o n g - te rm  c h a n g es  i n  n e u ro n a l  r e s p o n s iv e 
n e s s  i n  so m e  n e u r o n s  an d  n o t  o t h e r s  ( M e t h e r a t e  e t  a l . ,  S o c . 
N e u ro s c i.  A b s tr .  11 :7 5 3 , 1985). (Funded by MRC, Canada and NIMH)
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222.7 THE SECOND SOMATOSENSORY AREA IN PRIMATES: SOMATOTOPIC 
ORGANIZATION, ARCHITECTURE, AND CONNECTIONS IN MARMOSETS 
(CALLITHRIX JACCHUS). L.A. Krubitzer and J .H. Kaas, 
Dept. Psychology, Vanderbilt  Univ., Nashvil le, TN 37240

Microelectrode mult iun i t  mapping methods were used to 
determine the somatotopic organization and boundaries of the 
second somatosensory area,  S - I I ,  in five marmosets. In the 
same animals, a rch i tecton ic  f i e ld s  and cor t ica l  and thalamic 
connections were re la ted  to phys iologically  defined areas .

S- II  occupied a portion  of the upper bank of the la te r a l  
sulcus and extended s l ig h t ly  onto the cortex of the adjoining 
gyrus to form pa r t  of the l a te ra l  border of S-I (area 3b) 
along the representa tion  of the face in S - I .  Much of the ex
posed portion  of S-II  along the S-I border and the ro s t ra l  por
tion  of S- II  in the  l a te r a l  sulcus represented the face and 
head. A la rge midportion of S - I I ,  la rgely  in the la te r a l  su l
cus,  was devoted to the hand. The representa tion of the fo re
limb adjoined th a t  of the hand deep in the sulcus. The most 
caudal portion of S- II  represented the hindlimb and t a i l .  The 
upper hindlimb and parts  of the trunk projected to cortex deep 
in the sulcus . Cortex ro s t ra l  and caudal to S-II  was unre
sponsive to t a c t i l e  s timulation in the anes thetized  marmoset.

Microlesions were placed a t  physiological boundaries during 
the recording experiments so th a t  re s u l t s  could be re la ted  to 
co r t ic a l  a rch i te c tu re .  S-I had arch i tecton ic  featu res  th a t  
are  c h a r ac te r i s t i c  of area 3b of primates. These featu res  
included densely packed and deeply stained  c e l l s  in layers  IV 
and VI, and dense oute r and inner bands of myelination. These 
fea tures  changed abruptly a t  the S- II  border so th a t  layer IV 
and espec ia l ly  layer  VI were le ss  densely packed with c e l l s ,  
and the myelination was le ss  dense.

An in jec t ion  of WGA-HRP re s t r i c te d  to the representa tion  
of  the hand in S-II  re su l ted  in label in the hand region of 
S- I ,  cortex deep in the l a te r a l  su lcus,  very l ig h t ly  in the 
lower bank of the la te ra l  sulcus, and in the ventroposte rior 
i n fe r io r  nucleus of  the thalamus.

Supported by NIH grant NS16446.

222.8 Som atic A c tiv a tio n  Of Neurons In  The S - I I  Region Of The Macaque 
Depends On P o s tc e n tra l  Som atosensory C ortex . T .P . Pons, D.P. 
Friedm an, P .E . G arragh ty , J .B . O 'N e ill , and M. M ishkin . 
L abo ra to ry  o f Neuropsychology, NIMH, B ethesda , MD 20892, 
N eurosciences B ranch, NIDA, R o ck v ille  MD 20857, and  S e c tio n  
Neuroanatomy, Y ale Univ. Sch. o f Med., New Haven, CT 06510.

Som atic a c t iv a t io n  o f neurons in  th e  second som atosensory  a re a  
( S - I I )  has long been th o u g h t t o  depend on a  d i r e c t  p ro je c t io n  from 
th e  v e n tro p o s te r io r  nuc leus  (VP). R ecent ana to m ica l ev id en ce , 
however, su g g es ts  t h a t  VP p ro v id e s  l i t t l e  o r  no in p u t t o  S - I I ,  
r a i s in g  th e  q u e s tio n  a s  t o  what reg io n  does c o n s t i tu te  S - I I 's  
m ajor sou rce  o f som atic  a c t iv a t io n .  One p o s s i b i l i t y  i s  th e  
p o s tc e n tr a l  som atosensory c o r te x , s in c e  i t  i s  known th a t  each  o f 
th e  f i e ld s  com prising  t h i s  c o r te x  (a re a s  3a, 3b, 1 and 2) 
p r o je c ts  d en se ly  t o  la y e r s  IV and low er I I I  o f S - I I .  To t e s t  t h i s  
p o s s i b i l i t y  we removed p o r t io n s  o f th e  body r e p re s e n ta t io n s  in  th e  
p o s tc e n tr a l  gy rus  and examined th e  re sp o n s iv en ess  o f S - I I  neurons 
t o  som atic  s tim u la t io n . S ix  t o  e ig h t  weeks fo llo w in g  th e  c o r t i c a l  
le s io n s ,  s in g le  o r  m u l tiu n i t  a c t i v i t y  was reco rd e d  w ith  tu n g s te n  
m ic ro e le c tro d e s  in  th e  S - I I  reg io n  o f 10 hem ispheres in  6 a d u l t  
macaques (4 Macaca m u la tta  and 2 Macaca f a s c i c u l a r i s ) a n e s th e t iz e d  
w ith  a  m ix tu re  o f n i t r o u s  ox ide  and h a lo th a n e . E le c tro d e  t r a c k s  
were v e r i f i e d  h i s to lo g ic a l ly  a s  hav ing  tr a v e r s e d  S - I I .

In  f iv e  unopera ted  hem ispheres, r e c e p tiv e  f i e ld s  o f re c o rd in g  
s i t e s  in  S - I I  in c lu d ed  a l l  o f  th e  m ajor body p a r t s ,  w ith  th e  
f i e ld s  fo r  rough ly  h a l f  o f th e  s i t e s  lo c a te d  on th e  g la b ro u s  
s u r fa c e  o f th e  hand. By c o n t r a s t ,  in  over 301 re c o rd in g  s i t e s  
th rough  th e  S - I I  re g io n  o f th r e e  hem ispheres in  which th e  
p o s tc e n tr a l  r e p re s e n ta t io n s  o f th e  hand were a b la te d ,  no re sp o n ses  
were o b ta in ed  t o  som atic s tim u la t io n  o f th e  g la b ro u s  s u r fa c e  o f 
th e  hand, a lthough  resp o n ses  were observed  t o  s tim u la t io n  o f a l l  
o th e r  body p a r t s .  To t e s t  th e  g e n e ra l i ty  o f t h i s  fu n c t io n a l  
dependency o f S - I I  on p o s tc e n tr a l  c o r te x , we examined th e  e f f e c t s  
o f two a d d i t io n a l  le s io n s .  In  one, th e  p o s tc e n tr a l  
r e p r e s e n ta t io n s  of a l l  body p a r t s  ex cep t th e  hand were removed, 
and in  t h i s  c a se  th e  r e c e p tiv e  f i e ld s  o f a l l  re c o rd in g  s i t e s  
re sp o n s iv e  t o  som atic  s tim u la t io n  in  th e  i p s i l a t e r a l  S - I I  re g io n  
were co n fin ed  t o  th e  hand. In  th e  o th e r  c a se , th e  p o s tc e n tr a l  
r e p re s e n ta t io n s  o f th e  e n t i r e  body s u r fa c e  were removed and no 
re so n se s  t o  s tim u la t io n  o f th e  body were found in  th e  i p s i l a t e r a l  
S - I I  re g io n . N is s l - s ta in e d  c o ro n a l s e c t io n s  th rough  th e  th a la m i 
i p s i l a t e r a l  t o  th e  p o s tc e n tr a l  le s io n s  re v e a le d  v i r t u a l l y  t o t a l  
re t ro g ra d e  d e g e n e ra tio n  w ith in  th e  a f f e c te d  zone o f VP, 
dem o n stra tin g  th e  la ck  o f e i t h e r  e x c lu s iv e  o r  s u s ta in in g  
c o l l a t e r a l  in p u t from VP neurons t o  S - I I .  The f in d in g s  su p p o rt th e  
su g g es tio n  t h a t  p o s tc e n tr a l  som atosensory c o r te x  c o n ta in s  th e  
e s s e n t i a l  r e la y  fo r  som atic  a c t iv a t io n  o f th e  S - I I  r e g io n . Funded 
in  p a r t  by NIH G ran ts  NS07704 and NS07497.

222.9 COMPARISON OF TACTILE LOCALIZATION CAPACITIES WITH 
SPATIAL ATTRIBUTES OF RECEPTIVE FIELDS IN THE 
SOMATOSENSORY CORTEX OF MONKEYS.
C.J. Vierck, Jr., B.W. Whitsel and O. Favorov*.
Dept. of Neuroscience and Center for Neurobiological Sciences, 
Univ. of Florida Col. of Med., Gainesville, FL 32610; and 
Dept. of Physiology, Univ. of North Carolina Sch. of Med., 
Chapel Hill, NC 27514.

Two monkeys were trained on a task requiring identification of 
stimulated locations on the glabrous skin of the feet. The 
monkeys pressed a lever to initiate 10 Hz stimulation at one of 
three sites on either foot. Food reinforcement was presented for 
releasing the lever and pressing a button located at the 
appropriate point on a figurine of two feet that faced the 
monkeys. Pressing any button other than the one corresponding to 
the stimulated point terminated the trial without reinforcement. 
With training and testing for months beyond the point of 
stabilized performance, an average of 24.9% of the trials 
involving distal stimulation of toe 4 were mislocalized to the tip 
of toe 2, and 5.5% of these trials were mislocalized to the base 
of toe 4.

In an attempt to account for the above findings, we have 
examined the receptive field (RF) properties and the spatial 
arrangement of single neurons having RFs in the postcentral 
cerebral cortex (S-I) of anesthetized and awake monkeys. In 
deeply anesthetized preparations, receptive fields (RFs) on 
glabrous skin for single S-I neurons are usually quite restricted. 
For example, digital RFs are typically confined to a single 
phalanx and rarely include regions on more than one digit. In 
addition, neurons in cell columns separated by more than 650 um 
have non-overlapping RFs in anesthetized animals. In contrast, 
RFs in S-I of awake animals commonly encompass large areas of 
glabrous skin that include more than one digit. For example, 
58.4% of a sample of units that responded to stimulation of the 
distal forefinger (digit 2) also were sensitive to light contact 
of the tip of digit 4, and 47.2% of these units were activated by 
touching the palmar pad at the base of digit 2. In addition, the 
S-I zone which receives input from a single skin point is 
extensive (typically 3-8 mm in the mediolateral dimension). Thus, 
tactile localization of a single point is subserved by 
neuroelectrical activity patterns which are widely distributed in 
the S-I cortex. (Supported by NINCDS grants NS 10321, NS 07261 
and NS 10865).

222.10 FACTORS INFLUENCING DISCRIMINATION OF DIRECTION OF MOTION ON THE 
HUMAN HAND. E.P. Gardner and B.F. Sklar* Dept. of Physiology and 
Biophysics, NYU School of Medicine, New York, NY 10016.

Dynamic t a c t i l e  displays  have been used in psychophysical and 
electrophysiological s tudies  to simulate motion across the skin. 
Using a PDP-11 contro lled  OPTACON s timula to r (144 miniature probes 
arranged in a 6 × 24 matr ix ) ,  th i s  laboratory has demonstrated 
th a t  stimulus temporal frequency and spacing have major e f fe c t s  on 
the f i r in g  pa t te rns  of SI co r t ic a l  neurons in monkeys. We now 
report  the  roles  of (1) spat ia l  frequency, (2) temporal frequency, 
(3) path length , and (4) to ta l  number of stimulated points  on the 
a b i l i t y  of 15 adults  and 2 children to  discr iminate  accura te ly  the 
d irec t ion  of apparent motion across the f in g e r t ip .  Single pulses 
were applied simultaneously to the centra l 4 columns of a single  
row on the OPTACON; the act ive  row was then sh if ted  proximally or 
d i s t a l l y  to the immediately adjacent  row (1.1 mm), or to  rows 2.2 
or 4.4 mm away, a t  in te rpu lse  in te rva ls  of 10, 20 or 40 ms. In 
sessions  of 256 t r i a l s ,  (a) the path length was kept constant,  and 
the spacing and timing between rows was varied,  or (b) the 
in te rpu lse  in te rval was constant,  and the to ta l  number and spacing 
of rows was varied. Subjects used a joys t ick  to indica te  the 
d irec t ion  of apparent motion on the skin.

Spatial fac to rs  proved to be the most important determinants of 
accurate d irec t ion  s e le c t iv i ty .  Discriminabil ity  (d ' ) increased 
monotonically as the path of motion was lengthened from 4.4 to 22 
mm, a t  a ll  pulse in te rv a ls .  Increasing the pulse in te rval from 10 
to 40 ms produced only a s l ig h t  decrease in performance accuracy. 
However, performance was s ig n i f ic an t ly  b e t te r  with more densely 
spaced s t im uli .  At the  sh o r te s t  path lengths (4.4 mm), only 
s timuli spaced 1.1 mm apar t could be discriminated a t  or above 
threshold (75% c o r re c t ) ,  while motion along intermediate paths 
(8.8 mm) could be discriminated a t  90% or be t te r  for 1.1 mm 
in te rv a l s ,  and a t  threshold a t  2.2 mm spacing. Motion along 17.6 
mm paths,  evoked 99% performance fo r  1.1 mm spacing, 90% for  2.2 
mm spacing, and threshold for 4.4 mm spacing. These changes i n 
performance were re la ted  not to the density of st imula tion on the 
skin, nor to the apparent velocity  of motion, but ra the r  to  the 
to ta l  number of act ivated  rows, d ' was random when only two rows 
were stimulated sequentia lly  a t  a ll spacing; threshold  occurred 
when 3-5 rows were ac t iva ted ,  and 99% performance was obtained 
when 8 or more rows were s timulated. Performance was independent 
of the spat ia l  separation of the act ivated  rows, suggesting th a t  
discr imination of d irec t ion  i s  a dynamic process, requir ing 
temporal i ntegra tion of a minimum number of inputs .  Although 
subjects  can c lear ly  d i f f e r e n t ia te  long and short  path lengths,  
they require a minimum number of sequential inputs i n order to 
in fe r  co rrec t ly  the d irec t ion  of motion. (Supported by USPHS 
Research Grants NS17973 and NS11862).
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223.1 MOLECULAR PROPERTIES OF A1 adenosine receptors in  rat brain. 
M. R e d d in g to n  and  S .P .  A le x a n d e r .* D e p t . o f  N eu ro m o rp h o lo g y , Max 
P la n ck  I n s t i t u t e  f o r  P s y c h ia t r y ,  8033 M a r t in s r i e d ,  F .R . Germany

A1 a d e n o s in e  r e c e p t o r s  a r e  l in k e d  i n  a n  i n h i b i t o r y  m anner t o  
a d e n y la te  c y c la s e  and  m e d ia te  t h e  d e p r e s s iv e  e f f e c t s  o f  t h e  n u c le o 
s id e  on s y n a p t i c  t r a n s m i s s io n  i n  t h e  c e n t r a l  an d  p e r i p h e r a l  n e rv o u s  
s y s te m s . The r e l a t i o n s h i p ,  i f  a n y , b e tw e en  th e s e  b io c h e m ic a l  and  
e l e c t r o p h y s i o l o g i c a l  e v e n ts  i s ,  h o w ev er, unknown. An im p o r ta n t  
s te p  to w a rd s  u n d e r s ta n d in g  th e  p h y s io l o g ic a l  m echanism s o f  a c t i o n  
o f  a d e n o s in e  i s  t h e  m o le c u la r  c h a r a c t e r i s a t i o n  o f  a d e n o s in e  r e c e p 
t o r - e f f e c t o r  s y s te m s .  We r e p o r t  h e re  s t u d i e s  on th e  b io c h e m ic a l  
p r o p e r t i e s  o f  A1 a d e n o s in e  r e c e p t o r s  i n  t h e  r a t  c e r e b r a l  c o r t e x .

The m o le c u la r  s i z e  o f  t h e  A1 a d e n o s in e  r e c e p t o r  h a s  b e e n  a p 
p ro ac h e d  u s in g  v a r io u s  m e th o d s . H igh  e n e rg y  i r r a d i a t i o n  i n a c t i v a 
t i o n  ( t a r g e t  s i z e  a n a ly s i s )  a l lo w s  an  e s t i m a t e  t o  be  made o f  m o le c 
u l a r  s i z e  i n  s i t u  w i th o u t  p r i o r  p r o t e i n  p u r i f i c a t i o n .  The fu n c 
t i o n a l  s i z e  o f  th e  A1 r e c e p t o r  was m ea su red  by th e  l o s s  o f  [3H ]cy
c lo h e x y la d e n o s in e  (CHA) b in d in g  on i r r a d i a t i o n  w i th  e l e c t r o n s .  I n 
a c t i v a t i o n  c u rv e s  w ere  n o n - l i n e a r  b u t  showed a  l i n e a r  p o r t i o n  w hich  
a llo w e d  an  e s t i m a t e  t o  be  made o f  th e  a p p a r e n t  m o le c u la r  s i z e  o f  
th e  A1 r e c e p t o r .  The v a lu e  o b ta in e d  was 7 9 ,6 0 0 ± 6 ,8 0 0  w h ich  i s  
a p p ro x im a te ly  tw ic e  t h e  s i z e  o f  th e  s u b u n i t  o b t a in e d  by  p h o to 
a f f i n i t y  l a b e l l i n g  (Choca e t  a l . ,  B iochem . B io p h y s . R e s . Comm. 1 3 1 , 
1 1 5 -1 2 1 , 1985; S t i l e s  e t  a l . ,  J .B io l .C h e m . , 2 6 0 , 1 0 8 0 6 -1 0 8 1 1 , 1985; 
K lo tz  e t  a l . ,  J .B io l .C h e m . , 2 6 0 , 1 4 6 5 9 -1 4 6 6 4 , 1 9 8 5 ) .

[3H]CHA b in d in g  s i t e s  c a n  be r e a d i l y  s o l u b i l i s e d  from  c e r e b r a l  
membrane f r a c t i o n s  u s in g  i o n i c  d e t e r g e n t s  su c h  a s  CHAPS o r  c h o l a t e . 
G el f i l t r a t i o n  o f  c h o l a t e - s o l u b i l i s e d  A1 r e c e p t o r s  on S e p h a c ry l  
S300 i n d i c a t e d  th e  d e t e r g e n t - r e c e p t o r  com plex  t o  h av e  a  m o le c u la r  
w e ig h t  >5×105 . N o n io n ic  d e t e r g e n t s  su c h  a s  T r i t o n  X100 d id  n o t  
s o l u b i l i s e  l ig a n d  b in d in g  a c t i v i t y .  CHAPS- o r  c h o l a t e - s o l u b i l i s e d  
membrane p r e p a r a t i o n s  r e t a i n e d  t h e i r  s e n s i t i v i t y  t o  m o d u la t io n  o f  
b in d in g  a c t i v i t y  by  f a c t o r s  su c h  a s  g u a n in e  and  a d e n in e  n u c l e o t id e s .  
F u r th e r ,  m agnesium  i o n s ,  w h ich  i n c r e a s e d  th e  Bmax v a lu e s  f o r  th e  
b in d in g  o f  t h e  A 1  r e c e p t o r  a g o n i s t s ,  [3H]CHA an d  [ 1 2 5 I ] io d o h y d ro x y 
p h e n y li s o p ro p y la d e n o s in e  and  an  a n t a g o n i s t ,  [3H ] d ie th y lp h e n y l 
x a n th in e  t o  E D T A -p re tre a te d  membrane f r a c t i o n s ,  i n c r e a s e d  a g o n is t  
b in d in g  s e v e r a l  f o ld  i n  C H A P S -so lu b il is e d  membrane e x t r a c t s .  In  
c o n t r a s t ,  t h e  b in d in g  s i t e s  re m a in in g  u n s o lu b i l i s e d  a f t e r  CHAPS 
t r e a tm e n t  w ere  n o t  s t i m u l a t e d  by  m agnesium  i o n s .  Taken t o g e t h e r ,  
th e s e  r e s u l t s  a r e  c o n s i s t e n t  w i th  t h e  v iew  o f  t h e  a d e n o s in e  r e 
c e p to r  a s  a  m u l t im o le c u la r  c o m p lex .

223.2 IDENTIFICATION AND LOCALIZATION OF ADENOSINE A1 AND A2 RECEPTORS 
IN THE RAT SPINAL CORD. J. I. Choca, H. K. P r o u d f i t ,  and R. D. 
Green*. Dept. of Pharmacology, U n iv e r s i ty  of I l l in o i s  a t  
Chicago, College of Medicine, Chicago, IL 60612.

D i f f e ren c e s  in  th e  bindi ng c h a r a c t e r i s t i c s  of [ 3H ] - N 6-(L- 
phenylisopropyl )adenosine ( [ 3H]-L-PIA)—an A1- s e l e c t i v e  agon is t— 
and [ 3 H]-N-ethyl carboxamide adenosine  ([ 3H]-NECA) — an agonist 
with near equal a f f i n i t i e s  at the  A1 and A2 s i t e s —suggests the  
e x i s t e n c e  of A1 and A2 r e c ep to r s  in th e  r a t  s p in a l  cord. 
B r i e f l y ,  [ 3H]-NECA binds to  tw ice  as many s i t e s  as [ 3H]-L-PIA, 
w h i le  r a d io l ig a n d  b ind ing  d isp lacem en t  by the  A1 s e l e c t i v e  
agonis t ,  N6 -(cyclopenty l )adenosine (CPA), i s  monophasic (nH=0.8) 
f o r  [ 3H]-L-PIA, but b ip h a s i c  (nH=0.5) fo r  [ 3H]-NECA (Choca e t .  
a l . ,  Neurosci.  Abstr.  11: 573, 1985).

We have performed [ 3H]-NECA:agonist inh ib i t ion  curves with six 
A1 s e l e c t iv e  agonists  to fu r ther  charac te r ize  the two components 
of [ 3H]-NECA binding. Al l  curves best  f i t  a two s i t e  model when 
ana lyzed  by LIGAND. L-PIA, CHA, and CPA were th e  most po ten t  
d isp lace rs  a t the  f i r s t  s i t e  (IC50=2-5nM), where L-PIA was 20-35 
fo ld  more potent than D-PIA. In contras t  L-PIA was only 4-6 fo ld  
more p o ten t  than D-PIA a t  the  second s i t e .  This d i f f e r e n c e  in 
s t e r e o s e l e c t i v i t y  i s  c o n s i s t e n t  with the  ass ignments  of A1 
receptor for the f i r s t  binding component and A2 receptor for the 
l a t t e r  s i t e .

A denylate  c y c l a s e  (AC) assays  of synaptosomal membranes 
provided fu r ther  evidence for A2 receptors in the ventra l and 
dorsal halves  of the cord. NECA maximally s timulated AC 12-15% 
above basa l  a c t i v i t y .  The adenosine re c e p to r  a n t a g o n i s t ,  8- 
phenyl theophy l l ine  a t t e n u a t e d  the  s t i m u l a t i o n  of  AC by NECA. 
Hence th i s  s timula tion  is adenosine receptor mediated.

Autoradiograms of [ 3H]-L-PIA and [ 3H]-NECA binding in s l i c e s  
ind ica te  th ree  d i s t in c t  areas of receptor densi ty—l is ted  here 
in  d e c rea s in g  o rd e r :  1) th e  s u b s t a n t i a  g e l a t i n o s a  (SG), 2) a 
th in  area extending along the medial dorsal horn from the SG to  
the cent ra l cana l ,  and 3) the remainder of the ventral and dorsal 
horns. In a l l  three  areas [ 3H]-NECA binds to approximately twice 
as many s i t e s  as [ 3H]-L-PIA. We conclude t h a t  both the  v e n t r a l  
and dorsal halves  of the spinal cord contain adenosine A1 and A2 
r e c e p t o r  s u b t y p e s .  S in c e  t h e  a n t i n o c i c e p t i v e  e f f e c t  of  
in t r a th e c a l l y administered NECA may be A2 mediated (Aran e t .  a l . ,  
Neurosci. Abstr. 12) c e l l u l a r  l o c a l iz a t io n  of adenosine receptor 
subtypes may eluci date the ro le  of adenosine in the modulation of 
pain transmission. (Supported by PHS grant DA03980.)

223.3 SPECIES DIFFERENCES IN STRIATAL ADENOSINE A-2 RECEPTORS. George A. 
Stone*, Elaine W. Snowhil l * ,  Barbara Weeks* and Michael Williams. 
Research Department. Pharma.Div., CIBA-GEIGY, Summit, NJ 07901.

Adenosine receptors  can be subdivided in to  A-1 and A-2 subtypes 
on the basis  of th e i r  pharmacology. Binding assays for  A-1 
receptors  have shown d i s t i n c t  species  d if ferences  in the pharmacol
ogy of th i s  receptor ,  e spec ia l ly  fo r  the xanthine adenosine 
an tagonis ts  (Murphy and Snyder, Mol. Pharmacol. ,  22:250 (1982); 
Ferkany e t  a l . ,  Drug Dev. R es . ,  in p res s ) .  Adenosine A-2 receptors  
in s t r i a t a l  t i s sue  can be labe led by the non-sel ect ive  agonist  
ligand [ 3H]NECA in the presence of the A-1 se lec t ive  ligand, CPA 
to block A-1 receptor binding (Bruns e t  a l . ,  Mol. Pharmacol.  29:331 
(1986)). Analysis of NECA binding in the s tr ia tum of s ix  species: 
r a t ,  mouse, guinea pig, rabb i t ,  man and c a l f  gave evidence fo r  two 
d iscre te  binding s i t e s ,  a high a f f in i t y  s i t e  with a Kd value of 
1.6 -10 nM and a lower a f f i n i t y  s i t e  with a Kd value of 13 - 245 nM. 
The order of a f f i n i t y  was r a t  > rabb i t  > guinea pig > mouse > calf> 
man. Pharmacological evaluation of the higher a f f i n i t y  s i t e  using 
2 nM [3H]NECA showed th a t  binding was consis ten t  with the labeling 
of an A-2 receptor:  NECA > 2-CADO > R-PIA > CHA > CPA >> S-PIA. 
In general ,  th is  p ro f i l e  was consis ten t  across the species.  With 
antagonists ,  PACPX was the most act ive  d isp lacer  with 8PT > DPX > 
8PST. Marked inter-species d if ferences  in a c t iv i ty  were observed. 
Sett ing the IC50 value fo r  PACPX in rab b i t  (13.6 nM) a t  unity ,  the 
r e la t iv e  values fo r  the other species  were: man, 1 . 1 ;  r a t ,  43; 
mouse, 35; guinea p ig ,  25 and c a l f ,  4. For NECA (rabb i t  IC50 = 5.4 
nM), the re la t ionsh ips  were rab b i t ,  1; man, 2; r a t ,  2; mouse, 2; 
guinea pig, 2.5 and c a l f ,  3.6. These data suggest th a t  the choice 
of species in regard to the evaluat ion of adenosine an tagonis ts  is  
of paramount importance. Furthermore, they are also suggest ive of 
the exis tence of te leo log ical  d if ferences  in the in te rac t ion  of 
antagonis ts  with the A-2 receptor .  This may have physiological 
s ignif icance .

223.4 ADENOSINE AGONISTS DO NOT INHIBIT THE POTASSIUM-STIMULATED RELEASE 
OF SUBSTANCE P FROM RAT SPINAL CORD SLICES 
M.R. V asko , S . C a r tw r ig h t ,*  H. Ono*, VA Med. C t r . ,  U niv  T exas 
H l th .  S c i .  C e n te r ,  D a l l a s ,  T exas 75216

R e c e n t e v id e n c e  s u g g e s t s  t h a t  a d e n o s in e  may be in v o lv e d  i n  r e g u 
l a t i n g  n o c ic e p t io n  a t  th e  l e v e l  o f  th e  s p i n a l  c o rd .  A d en o sin e  r e 
c e p to r s  h av e  b e e n  l o c a l i z e d  i n  th e  d o r s a l  s p i n a l  c o rd .  I n t r a t h e c a l  
i n j e c t i o n  o f  th e  a d e n o s in e  a g o n i s t ,  N -e th y lc a rb o x a m id e  a d e n o s in e  
(NECA), p ro d u c e s  a n t i n o c i c e p t io n .  I n  a d d i t i o n ,  a d e n o s in e  a g o n is t s  
re d u c e  c a lc iu m  c o n d u c ta n c e  i n  m ouse d o r s a l  r o o t  g a n g l i a  c e l l s  grown 
i n  c u l t u r e .  S in c e  a d e n o s in e  may b e  in v o lv e d  i n  a n t i n o c i c e p t io n  and 
s in c e  a d e n o s in e  h a s  b e e n  shown to  i n h i b i t  n e u r o t r a n s m i t t e r  r e l e a s e  
i n  v a r io u s  n e rv o u s  t i s s u e  p r e p a r a t i o n s ,  we s tu d i e d  w h e th e r  ad en o 
s in e  a g o n is t s  w ould  a f f e c t  th e  p o ta s s iu m  ( K + ) -s t im u la te d  r e l e a s e  o f  
s u b s ta n c e  P (SP) from  r a t  s p in a l  c o rd  s l i c e s .

M ale S p rag u e-D aw ley  r a t s  (250-400G ) w ere  d e c a p i t a t e d  and a 2cm 
seg m en t o f  lu m b o s a c ra l  s p i n a l  c o rd  was rem oved , chopped i n t o  0 .5 × 
0.5mm p i e c e s ,  w e ig h e d , p la c e d  i n  a p e r f u s io n  cham ber a t  37° C and 
p e r f u s e d  w i th  o x y g e n a te d  K re b s- b i c a r b o n a te  s o l u t i o n  (0 .5 m l/m in )  
c o n ta in in g  BSA (0 .5 % ), b a c i t r a c i n  (20μM) and d i t h i o t h r e i t o l  ( 6μM ). 
To evoke  SP r e l e a s e ,  50mM KCl was s u b s t i t u t e d  f o r  e q u im o la r  NaCl 
f o r  8 m ins d u r in g  th e  p e r f u s io n .  D rugs w ere  a d m in is te r e d  s t a r t i n g  
4 m ins p r i o r  to  50mM KCl and th ro u g h o u t  th e  h ig h  K+ p e r i o d .  P e r 
f u s a t e s  w ere  c o l l e c t e d  e v e ry  two m in u te s  i n to  tu b e s  c o n ta in in g  a c e 
t i c  a c id  su c h  t h a t  th e  f i n a l  c o n c e n t r a t i o n  o f  a c id  was 2N. Sam ples 
w ere  l y o p h i l i z e d  and a s sa y e d  f o r  SP u s in g  ra d io im m u n o a ssa y . The 
a n t i s e ru m  f o r  SP d id  n o t  c r o s s - r e a c t  w i th  num erous o th e r  p e p t id e s  
and th e  a s s a y  was n o t  a l t e r e d  by d ru g  m a n ip u la t io n s .  The immuno- 
r e a c t i v e  s u b s ta n c e  c o l l e c t e d  d u r in g  p e r f u s io n  c o -c h ro m a to g ra p h e d  
w i th  SP on t h i n - l a y e r  c h ro m a to g ra p h y  s u g g e s t in g  t h a t  th e  s u b s ta n c e  
a s sa y e d  was a u th e n t i c  S P .

E x p o su re  o f  s p in a l  c o rd  t i s s u e  to  50mM KCl f o r  8 m in s i g n i f i 
c a n t l y  in c r e a s e d  SP r e l e a s e  from  0 .0 8  p g /m in /m g t i s s u e  to  0 .2 4  p g / 
m in/m g t i s s u e  ( p < .0 0 1 ) .  A d en o s in e  (10- 3M ), N6- c y c lo h e x y la d e n o s in e  
(CHA, 10- 5M ), and NECA 10- 7M, 10- 5M d id  n o t  s i g n i f i c a n t l y  a l t e r  
th e  b a s a l  o r  evoked  r e l e a s e  o f  SP ( d e f in e d  a s  r e l e a s e  d u r in g  th e  10 
m in p e r io d  a f t e r  e x p o s u re  to  50mM KCl m inus th e  10m in p e r io d  p r i o r  
to  50mM KCl ) . Evoked r e l e a s e  o f  SP i n  t i s s u e s  ex p o sed  to  10- 3 M 
a d e n o s in e ,  10- 5m NECA and 10- 5M CHA was 1 .4 9 ± 0 .2 1 ,  1 .3 1 ± 0 .2 2  and 
1 .0 1 ±0 .2 4  p g /m g /10m in , r e s p e c t i v e l y .  P a i r e d - c o n t r o l  evoke r e l e a s e  
v a lu e s  f o r  a d e n o s in e ,  NECA and CHA w ere  1 .2 7 ±0 .1 5 ,  1 .6 5 ±0 .3 9  and 
1 .0 8 ±0 .1 1  p g /m g /10m in , r e s p e c t i v e l y .  U n lik e  a d e n o s in e  a g o n i s t s ,  
m o rp h in e  (10- 5M) s i g n i f i c a n t l y  re d u c e d  evoked r e l e a s e  o f  SP from  
1 .4 4 ±0 . 19 to  0 .8 8 ±0 .1 1  pg /m g/10m in  ( p < .0 1 ) .  T h is  i n h i b i t i o n  was 
u n a f f e c te d  by p r e t r e a tm e n t  w i th  10- 5 M t h e o p h y l l in e  (evoked  r e l e a s e  
1 .0 5 ±0 .2 0  p g /m g /10m in ) . T hese  r e s u l t s  s u g g e s t  t h a t  a d e n o s in e  i s  
n o t  an  i n h i b i t o r  o f  SP r e l e a s e  i n  th e  s p i n a l  c o rd  and i s  n o t  i n 
v o lv e d  i n  o p io id - in d u c e d  i n h i b i t i o n .  (S u p p o rte d  by NS21697-01)
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223.5 ADENOSINE ANALOGS MODIFY ICTAL AND POSTICTAL EVENTS IN AMYGDALA- 
KINDLED RATS. K.A. W hitcomb* and R .F . B erm an. (SPON: M.M. 
K i l b e y ) . D e p t . o f  P sy c h o lo g y  and  N e u ro s c ie n c e  P ro g ram , Wayne 
S t a t e  U n i v e r s i ty ,  D e t r o i t ,  M i. 48202.

The p u t a t i v e  n e u ro m o d u la to r ,  a d e n o s in e ,  i s  a  p o t e n t  a n t i 
c o n v u ls a n t  and s e d a t iv e  w hich  i n h i b i t s  n e u ro n a l  f i r i n g  and th e  
r e l e a s e  o f  n e u r o t r a n s m i t t e r s .  I t  h a s  b een  shown by t h i s  l a b  and 
o t h e r s  t h a t  a d e n o s in e  a g o n i s t s  s h o r t e n  a f t e r d i s c h a r g e  (AD) le n g th  
i n  a m y g d a la -k in d le d  r a t s .  R e c e n tly ,  t h i s  l a b  h a s  shown t h a t  th e  
a d e n o s in e  a g o n is t  L - p h e n y li s o p ro p y l  a d e n o s in e ,  m o d if ie s  p o s t i c t a l  
e v e n ts  a s  w e l l  by p r o lo n g in g  th e  d u r a t io n  o f  p o s t i c t a l  d e p r e s s io n .  
The p r e s e n t  s tu d y  e x te n d e d  th e s e  f in d i n g s  by ( 1) e x a m in in g  th e  
e f f e c t s  o f  N -e th y lc a rb o x a m id e  a d e n o s in e  (NECA) on b o th  AD and 
p o s t i c t a l  d e p r e s s io n  d u r a t i o n ,  and (2 ) i n v e s t i g a t i n g  th e  p o s s ib l e  
b lo c k a d e  o f  th e  a c t i o n s  o f  e n d o g e n o u sly  r e l e a s e d  a d e n o s in e  by th e  
a g o n is t  c a f f e i n e .

M ale Long-E vans r a t s ,  im p la n te d  in  th e  am ygdala  w i th  tw i s t e d  
b i p o la r  e l e c t r o d e s ,  w ere s t im u la te d  once  d a i l y  a t  a f t e r d i s c h a r g e  
t h r e s h o ld  l e v e l s  u n t i l  3 c o n s e c u t iv e ,  f u l l y  k in d le d ,  s ta g e  5 
s e i z u r e s  w ere e l i c i t e d .  Drug i n j e c t i o n s  ( i . p . )  a t  th e  fo llo w in g  
d o s e s  w ere g iv e n :  NECA a t  .01 and .1  m g/kg , c a f f e in e  a t  .1 ,  1 , 
10, and 32 m g/kg , and  NECA a t  .1  m g/kg a lo n g  w i th  c a f f e in e  a t  10 
m g/kg . Each a n im a l r e c e iv e d  e a ch  d o s e ;  d ru g  i n j e c t i o n s  w ere 
random ly  o r d e r e d .  NECA was i n j e c t e d  30 m in u te s  p r i o r  to  
s t i m u l a t i o n  and  c a f f e in e  5 m in u te s  p r i o r  to  s t i m u l a t i o n .

NECA was fo u n d  to  re d u c e  AD d u r a t i o n  and p r o lo n g  p o s t i c t a l  
d e p re s s io n  d u r a t io n  a t  b o th  .01  and .1  m g/kg . C a f fe in e  p ro lo n g e d  
AD d u r a t io n  a t  32 m g/kg and  s h o r te n e d  p o s t i c t a l  d e p re s s io n  
d u r a t i o n  a t  b o th  10 and 32 m g/kg . C a f fe in e  a n ta g o n iz e d  th e  
e f f e c t s  o f  NECA on b o th  AD and p o s t i c t a l  d e p r e s s io n  d u r a t i o n s .

T h is  s tu d y  s u p p o r t s  th e  h y p o th e s i s  t h a t  a d e n o s in e  may a c t  a s  
an  en d ogenous a n t i c o n v u ls a n t  w h ich  i s  r e l e a s e d  a s  a  r e s u l t  o f  
th e  s e i z u r e  s t a t e  i t s e l f .
(S u p p o rte d  by NIH G ra n t RR08167-08)

223.6 INTRASTRIATAL ADMINISTRATION OF QUINOLINIC ACID BUT NOT 
6-HYDROXYDOPAMINE ( 6 - OHDA) REDUCES ADENOSINE RECEPTOR DENSITY. 
M ich ae l F.  J a r v i s  and M ich ae l W il l ia m s . R e se a rc h  D e p a r tm e n t, 
P h a r m a c e u tic a l s  D iv i s io n ,  CIBA-GEIGY C o r p o r a t io n ,  
Sum m it, NJ 07901 .

Two w eeks fo llo w in g  u n i l a t e r a l  i n t r a s t r i a t a l  i n j e c t i o n  o f  6-OHDA 
(12 ug) o r  q u i n o l i n a t e  (QUIN, 150 m m o les) , apo m o rp h in e  ( 0 .5  m g/kg 
s . c . )  c a u se d  Q U IN -tre a te d  r a t s  to  t u r n  i p s i l a t e r a l  to  th e  
i n j e c t i o n  s i t e  w h i le  6-OHDA a n im a ls  r o t a t e d  c o n t r a l a t e r a l l y . 
A n a ly s is  o f  a d e n o s in e  b in d in g  u s in g  ( 3H)CHA to  l a b e l  A -1 
r e c e p t o r s  and ( 3H)NECA i n  t h e  p re s e n c e  o f  50 nM CPA to  l a b e l  A-2 
r e c e p t o r s  i n  i n d iv i d u a l  l e s io n e d  and c o n t r o l  s t r i a t a  from  
a n im a ls  e x h ib i t i n g  r o t a t i o n a l  b e h a v io r  showed no c h a n g es  in  CHA 
b in d in g  fo l lo w in g  6-OHDA t r e a tm e n t  b u t  a 38% r e d u c t io n  in  A -1 
r e c e p t o r s  fo llo w in g  QUIN t r e a tm e n t  ( c o n t r o l  Bmax = 550 fm oles/m g  
p r o t e i n ;  QUIN l e s i o n  = 339) w i th o u t  any ch an g e  in  K d .  NECA 
b in d in g  to  A-2 r e c e p t o r s  was a l s o  u n a f f e c te d  by 6-OHDA t r e a t 
m ent w h i le  a 52% r e d u c t io n  ( c o n t r o l  Bmax = 596 fm oles/m g  p r o t e i n ;  
QUIN l e s i o n  = 287) was o b se rv e d  in  Quin l e s io n e d  a n im a ls .  A gain  
th e  r e c e p t o r  a f f i n i t y  was u n c h a n g ed . 6-OHDA t r e a tm e n t  had no 
e f f e c t  on th e  b in d in g  o f  ( 3H) n i t r o b e n z y l th i o in o s i n e  (N B I) , a 
p u t a t i v e  l ig a n d  f o r  a d e n o s in e  u p ta k e  s i t e s ,  w h i le  QUIN l e s i o n s  
r e d u c e d  b in d in g  by 40%. T hese  r e s u l t s  i n d i c a t e  t h a t  A -1 and A-2 
r e c e p t o r s  a s  w e l l  a s  a d e n o s in e  u p ta k e  s i t e s  a r e  l o c a t e d  on 
s t r i a t a l  i n t r i n s i c  n e u ro n s  r a t h e r  th a n  on d o p a m in e rg ic  t e r m in a l s .

223.7 ANTICONVULSANT ACTION OF ENDOGENOUS ADENOSINE IN THE HIPPOCAMPAL 
FORMATION. B. A u l t* ,  M.A. O ln ey * , J .L .  J o y n e r* ,  C .E . B o y er* , F .E . 
S o ro k o * , an d  C.M. Wang. D e p t. o f  P h a rm a c o lo g y , B u rro u g h s  W ellcome 
C o . ,  R e s e a rc h  T r ia n g le  P a r k ,  NC 27 7 0 9 , U .S .A .

We h av e  p r e v i o u s ly  r e p o r t e d  t h a t  t h e o p h y l l in e  (THEO) (30 μM) 
was c a p a b le  o f  i n c r e a s i n g  th e  r a t e  o f  g e n e r a t io n  o f  s p o n ta n e o u s  
e p i l e p t i f o r m  a c t i v i t y  in d u c e d  i n  h ip p o ca m p a l s l i c e s  b y  th e  GABA 
a n ta g o n i s t  b i c u c u l l i n e  (A u l t  & Wang, B r . J .  P h a rm a c .,  8 7 , 6 9 5 -7 0 3 , 
1 9 8 6 ) . I n  a d d i t i o n ,  THEO (30  μM) o r  a d e n o s in e  d ea m in a se  (10  μg /m l)  
c o u ld  in d u c e  e p i l e p t i f o r m  a c t i v i t y  i n  t h e  a b s e n c e  o f  o t h e r  
c o n v u ls a n t  a g e n ts .  I n  t h i s  s tu d y  we h av e  exam ined  th e  a b i l i t y  o f  
THEO t o  e n h a n ce  th e  c o n v u ls a n t  a c t i o n  o f  k a in i c  a c id  (KA) and  
com pared  t h e  c o n v u ls a n t  e f f e c t s  o f  THEO and  c a f f e i n e .  H ippocam pal 
s l i c e s  o f  a p p ro x im a te ly  424 μm w ere s u p e r f u s e d  w i th  s ta n d a r d  
E l l i o t t ’ s  medium ( c o n ta in in g  1 .3  mM Ca2 + an d  3 .5  mM K + ), w h ich  
was warmed t o  31°C , a t  1 .2 - 1 .5  ml /m in . P o t e n t i a l s  w ere  r e c o r d e d  
e x t r a c e l l u l a r l y  fro m  s .  p y ra m id a le  i n  t h e  CA3 o r  CA1 r e g i o n s .  KA 
(10  nM) in d u c e d  s p o n ta n e o u s  b u r s t i n g  a c t i v i t y  i n  a r e a  CA3 a t  r a t e s  
fro m  3 -1 1 /m in . When a p p l i e d  i n  a d d i t i o n  t o  KA, THEO ( 0 .3 - 3 0  μM, 
N=4 ) and  c a f f e in e  (1 -1 0 0  μM, N=4 ) e n h a n ce d  th e  r a t e  o f  d i s c h a r g e  
i n  a  d o s e - r e l a t e d  m anner su c h  t h a t  t h e  h i g h e s t  d o s e s  p ro d u ce d  
a p p ro x im a te ly  a  3 - f o l d  e l e v a t i o n  i n  b u r s t i n g  f re q u e n c y .  I n  t h e  
a b s e n c e  o f  o t h e r  c o n v u ls a n t  t r e a tm e n t s ,  s l i c e s  s u p e r f u s e d  w i th  
THEO (1 -3 0  μM, N=17) o r  c a f f e in e  (3 -1 0 0  μM, N=12) d i s p l a y e d  
b u r s t i n g  in  a r e a  CA3, and  CD50 v a lu e s  o f  7 μM an d  17 μM 
r e s p e c t i v e l y  w ere  c a l c u l a t e d  fro m  th e  num ber o f  s l i c e s  b u r s t i n g  a t  
e a c h  d o s e  l e v e l .  I n  c o n t r a s t ,  THEO (100 μM) o n ly  in d u c e d  some 
s e c o n d a ry  f i r i n g  o f  CA1 c e l l s  i n  r e s p o n s e  t o  s y n a p t i c  s t i m u l a t i o n  
(N=4 ) . The r e l e v a n c e  o f  t h e s e  s tu d i e s  t o  e p i l e p t i c  a c t i v i t y  i n  
v iv o  was i n v e s t i g a t e d  i n  m o d els  o f  p a r t i a l  and  g e n e r a l iz e d  
s e i z u r e s .  When a d m in i s t e r e d  a lo n e ,  KA (3mg/Kg i . p . ,  N=4) o r  THEO 
(50  mg/Kg p . o . ,  N=4) h ad  o n ly  weak e x c i t a t o r y  e f f e c t s  i n  r a t s .  
C o - a d m in i s t r a t io n  o f  KA and  THEO, h o w ev er, in d u c e d  c l e a r  l im b ic  
s e i z u r e s  ( f r e e z i n g  an d  s t a r i n g ,  f a c i a l  a u to m a tis m s , f o re l im b  
c lo n u s  an d  r e a r i n g )  i n  4 o f  6 a n im a ls .  P r e l im in a r y  e x p e r im e n ts ,  
th o u g h , s u g g e s t  t h a t  THEO (50  m g/kg) d o e s  n o t  p o t e n t i a t e  th e  
a c t i o n  o f  M e tr a z o l .  T h ese  d a ta  i n d i c a t e  t h a t  en d o g en o u s a d e n o s in e  
e x e r t s  a n  a n t i c o n v u l s a n t  a c t i o n  t h a t  may b e  s e l e c t i v e  f o r  t h e  
l im b ic  s y s te m . Compounds t h a t  e n h a n ce  p u r in e r g i c  i n h i b i t i o n  may 
t h e r e f o r e  b e  u s e f u l  f o r  t h e  t r e a tm e n t  o f  l im b ic  s e i z u r e s .

223.8 EFFECTS OF CHRONIC ADMINISTRATION OF DIAZEPAM AND RO15-1788 ON 
ADENOSINE A1 AND A2 RECEPTORS IN THE RAT BRAIN. M.Hawkins*, 
M .Pravica*  and M .Radulovacki (SPON: T .J .M a rc z y n sk i) . Dept. 
Pharm acology, U niv. o f  I l l . ,  Chicago, IL  60612

I n h ib i t io n  o f  ad en o sin e  (ado) u p ta k e  by  b en zo -d iaze p in es  
(BZD) h as  been  p roposed  a s  a  c e n t r a l  mechanism f o r  s ome o f  th e  
a c t io n s  o f  th e s e  d ru g s  (Ph i l i s , J . W . , S iem ens,R .K ., and W u,P.H., 
B r i t .  J .  Pharm acol. 70: 341, 1980). R015-1788, a  CNS BZD 
a n ta g o n is t ,  e x h ib i t s  s im i la r  a c t io n s  t o  BZD a g o n is ts  on ado 
u p ta k e  (M organ ,P .F ., L loyd,H .G .E . and S tone ,T .W ., N eurosc. L e t t .  
41: 183, 1983). I f  th e r e  i s  an  i n t e r a c t io n  betw een BZDs and ado, 
th e n  we may ex p e c t t h a t  th e  c h ro n ic  a d m in is tr a t io n  o f  a  BZD 
a g o n is t  may m odify ado A1 and A2 r e c e p to r s .  Thus, th e  p re s e n t 
s tu d y  was u n d ertak en  t o  d e te rm in e  th e  e f f e c t s  o f  ch ro n ic  
a d m in is tr a t io n  o f  diazepam  and R015-1788 on ado r e c e p to r  b in d in g  
in  d i f f e r e n t  b r a in  r e g io n s .

One group  o f  m ale Sprague Dawley r a t s  (300-350gm) was 
im p lan ted  w ith  a  subcu taneous diazepam  p e l l e t  (5mg/kg/day) 
w hereas a n o th e r  g roup  re c e iv e d  R015-1788 (5m g/kg/day, i p ) . 
A nim als w ere s a c r i f i c e d  10 and 20 days  l a t e r  and lig a n d  b in d in g  
a s s a y s  w ere perform ed in  th e  c o r te x ,  ce re b e llu m , hippocampus and 
s t r ia tu m . A1 r e c e p to r  b in d in g  a s s a y  was m easured w ith  3H-L-PIA, 
w h ile  A2 r e c e p to r  b in d in g  was e s tim a te d  by  th e  NECA minus PIA 
b in d in g  a s s a y  perform ed in  th e  p re se n c e  o f  s a tu r a t io n  
c o n c e n tra t io n s  o f  3H-L-PIA and 3H-NECA (Yeung and G reen, Naunyn-  
Schm iedeberg ' s  A rch. Pharm aco l. 325: 218, 1984). BZD re c e p to r  
b in d in g  a s s a y  was m easured w ith  3H -F lun itrazepam . Diazepam 
d ec re a se d  A1 r e c e p to r  b in d in g  in  th e  hippocam pus (13%) and A2 
r e c e p to r  b in d in g  in  th e  s t r ia tu m  (47%) a f t e r  10 b u t  n o t a f t e r  
20 d ay s . No changes w ere o b served  on A1 o r  BZD r e c e p to r  b in d in g  
i n  th e  c o r te x  o r  th e  ce re b e llu m . RO15-1788 produced  no changes 
on e i t h e r  ado and BZD re c e p to r  b in d in g .

These r e s u l t s  a r e  i n  agreem ent w ith  th e  ev id en ce  su g g es tin g  
t h a t  BZDs in c re a s e  th e  l e v e l s  o f  ado in  th e  synapse  th ro u g h  th e  
i n h i b i t i o n  o f  ado u p ta k e . I t  ap p e a rs  t h a t  c h ro n ic  s t im u la t io n  o f  
ado re c e p to r s  by  in c re a s in g  endogenous ado le v e l s  dow nregu lates 
th e s e  r e c e p to r s .  (Supported  by  NIH fe l lo w sh ip  t o  M.H and g ra n t  
from AFOSR 85-0349)
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223.9 LOW DOSES OF CAFFEINE AFFECT SLEEP COMPOSITION IN A MANNER 
OPPOSITE TO THAT OF ADENOSINE ANALOGS IN RATS. S .R . Glaum, G.M. 
Y an ik , W. Pan* , P. Hajd uk* and M. R ad u lo v ack i. D ept. o f  
Pharmaco lo g y , U. o f  I l l . C o lleg e  o f  M edic ine, Chicago, IL  60612.

R ecen t work from o u r  la b o ra to ry  h a s  shown t h a t  a d m in is tr a tio n  
o f  0 .1 -0 .3  μm ol/kg  (ip ) d o ses  o f  th e  ad e n o sin e  (ado) an a lo g s  N6-  
p h e n y lis op r op y la d e n o s in e  (L-PIA ), N6-c y c lo h e x y l-a d e n o s in e  (CHA) 
and 5 '-N -e th y lca rto x a m id e  ad e n o sin e  (NECA) ca u se  a  s h i f t  in  
s le e p  com p o sitio n  from  l i g h t  slow -wave s le e p  (SWS1) in to  deep 
slow-wave s le e p  (SWS2) w ith o u t in c r e a s in g  s le e p  d u ra t io n  in  r a t s  
(R adu lovack i, M., e t  a l . ,  JFET 228: 268-274, 1984). These 
e f f e c t s  a r e  presum ed t o  o cc u r v i a  d ru g  in t e r a c t io n  w ith  ado A1 
and A2 r e c e p to r s .  I n  a d d i t io n ,  NECA, an  a g o n is t  w ith  s im i la r  
po tency  f o r  A1 and A2 r e c e p to r s ,  h a s  been  shown t o  d e c re a se  th e  
la te n c y  t o  o n s e t  o f  SWS2. M eth y lx an th in es  l i k e  c a f f e in e  induce 
a  b ip h a s ic  e f f e c t  on locom otor a c t i v i t y  i n  m ice, p roducing  a  
p a ra d o x ic a l d e c re a s e  a t  low d o ses  (Snyder, S . e t  a l . ,  P roc. 
N a tl .  Acad. S c i .  USA 78: 3260-3264, 1981). L a rg e r d o ses  o f  
c a f f e in e  have been  shown t o  a n ta g o n iz e  th e  e f f e c t s  o f  L-PIA on 
s le e p  in  r a t s  (R adu lovack i, e t  a l . ,  B ra in  R es. 246: 178-180, 
1982). The pu rp o se  o f  t h i s  s tu d y  was t o  in v e s t ig a t e  th e  e f f e c t s  
o f  c a f f e in e  o v e r  a  w ide d ose  ran g e  on s le e p  d u ra t io n  and 
com po sitio n .

Male Sprague-D aw ley r a t s  (300 gm) im p lan ted  w ith  EEG and EMG 
e le c tro d e s  w ere a c c lim a te d  t o  a  12 h  l i g h t /d a r k  c y c le  f o r  1 week 
p o s t- s u rg e ry .  A nim als w ere th e n  p o ly g ra p h ic a l ly  reco rd e d  f o r  6 h  
d u rin g  th e  l i g h t  c y c le  fo llo w in g  in j e c t i o n  o f  0 .1 2 5 , 1 .2 5 , 12.5 
o r  25 mg/kg (ip )  d o ses  o f  c a f f e in e .  R ecords w ere an a ly zed  fo r  
d u ra t io n  o f  w aking, SWS1, SWS2, REM and la t e n c i e s  f o r  a l l  s le e p  
s ta g e s .

C a ffe in e  a t  0 .125  and 1 .25  mg/kg p roduced  a  s ig n i f i c a n t  s h i f t  
in  s le e p  com po sitio n , re d u c in g  SWS2 and augm enting SWS1 w ith o u t 
d e c re a s in g  t o t a l  s le e p .  The 1 .25  mg/kg d o se  a l s o  s ig n i f i c a n t ly  
in c re a s e d  th e  la te n c y  o f  SWS2 o n s e t a s  com pared t o  c o n t ro l .  
C onversely , 1 2 .5  mg/kg c a f f e in e  d e c re a s e d  t o t a l  s le e p  w ith o u t 
a f f e c t in g  th e  r a t i o  o f  SWS1 t o  SWS2. The 25 mg/kg dose  o f  
c a f f e in e  g r e a t ly  augm ented w ak efu ln e ss  and th e  la te n c y  o f  o n s e t 
f o r  a l l  s le e p  s ta g e s .  These r e s u l t s  in d i c a t e  t h a t  low do ses  o f  
c a f f e in e  q u a l i t a t i v e l y  a l t e r  s le e p  co m p o sitio n , such  t h a t  deep 
s le e p  i s  a t te n u a te d  b o th  in  o n s e t  and d u ra t io n ,  w h ile  th e  
q u a n t i ty  o f  s le e p  i s  u n a l te r e d .  W ith in c r e a s in g  d o se s , c a f f e in e  
prom otes a ro u s a l  and d e p re s s e s  s le e p .  T hese r e s u l t s  lend  
a d d i t io n a l  su p p o r t t o  th e  co n c ep t o f  a  c e n t r a l l y  a c t iv e  
p u r in e rg ic  to n e  r e l a t e d  t o  r e g u la t io n  o f  CNS e x c i t a b i l i t y  
(Dunwiddie, T. and W orth, T . , JPET 220: 70-76, 1982). 
(Supported by  FED-AFOSR g r a n t  85 -0349).

223.10 DOWN REGULATION OF ADENOSINE A2 RECEPTORS IS ASSOCIATED WITH AN 
INCREASE IN DEEP SLOW WAVE SLEEP. N.M. P o r t e r ,  F.M. C la rk* ,  R. 
Trifunovic*, R.D. Green*, and M. Radul ovacki, Dept. Pharmacology, 
Univ. I l l inois  College of Medicine, Chicago, IL 60612.

We have p r e v i o u s l y  shown th a t  ch ron ic  i n t r a v e n t r i c u l a r  
a d m in i s t r a t i o n  of 5 ' -N -e thy l carboxamide adenosine (NECA, an 
adenos ine  A1/A2 ag o n is t )  and deoxycoformycin (dCF, an adenosine 
deaminase inh ib i to r )  produced a decrease in adenosine A2 binding 
s i t e s  in r a t  s t r i a tu m .  L-Phenyl is o p ro p y l adenosine (L-PIA), a 
s e l e c t i v e  Al a g o n i s t ,  d id  not a l t e r  A2 re c e p to r  b ind ing .  In 
addit ion ,  none of these  treatments a l te red  Al binding in e i th e r  
c o r te x  or s t r i a tu m .  The p re s e n t  s tudy was undertaken to  
determine the e f fec ts  of these treatments  on sleep.

Male Sprague-Dawley ra ts  were anesthetized and s te r eo tax ica l l y 
implanted with cannulae in to  the l a t e r a l  cerebral v e n t r i c le  and 
w i t h  e l e c t r o d e s  f o r  p o l y g r a p h i c  r e c o r d i n g  o f  t h e  
e lec t r o en c e p h a lo g ra m  (EEG) and electromyogram (EMG). ALZET 
osmotic pumps, implanted subcu taneous l y ,  were connected to  the  
c a n n u l a e  v i a  PE t u b i n g  and one o f  t h e  f o l l o w i n g  d ru g s  
administered ch ron ica l ly :  L-PIA (0.50 nmoles/hr for 2 wk), NECA 
(0.04 nm ole s /h r  fo r  2 wk) or dCF (5 nm oles /h r  fo r  1 wk). Each 
group had i t s  own veh ic le  con tro l .  Twenty-four hours a f te r  the 
termination of the in fusions ,  ra ts  were polygraphical ly recorded 
f o r  8 hours .  Records were ana lyzed  fo r  wakefulness  (W), l i g h t  
s low-wave s l e e p  (SWS1), deep slow-wave s l e e p  (SWS2) and REM 
sleep.

NECA and dCF trea ted  animals showed a s ig n i f ic an t  decrease in W 
with a concomitant in c re a s e  in SWS2 (p < 0.05, ANOVA). The 
portion of to t a l  s leep  occupied by SWS2 increased by 38 and 22% 

in th e  NECA and dCF groups,  r e s p e c t i v e l y .  This change was 
accompanied by a 30 and 10% in c re a s e  in t o t a l  s l e e p .  However, 
sleep-wake patterns  in L-PIA t rea ted  ra ts  were not a l te red .

Treatm ents  with NECA and dCF which produced d ecrea ses  in A2 
receptor binding a lso  produced an increase in SWS2. In con t ra s t ,  
L-PIA which did not a l t e r  A2 binding s i t e s  did not a l t e r  s leep-  
wake pa t te rns .  The r e s u l t s  suggest tha t  adenosine A2 receptors  
may be i n v o lv e d  in  th e  modula t ion  of th e  sleep-wake  c y c l e .  
(Supported by FED-AFOSR grant 85-0349).

223.11 CALCIUM DIFFUSION IN THE RAT CEREBRAL CORTEX. M.E. Rice* and C. 
Nicholson. Dept. Physio l. & Biophys., New York Univ. Med. C tr . ,  
New York, NY 10016.

The im portant ro le  Ca2+ plays in  neuronal and c e l lu la r  
function  can in  p a rt be a ttr ib u te d  to  i t s  d iv a len t charge. In  
add ition  to  i t s  in te ra c tio n s  w ith various calcium -binding pro
te in s ,  le s s  s p ec if ic  ion ic  a sso c ia tio n  w ith polyanionic compon
ents of the e x tra c e llu la r  m atrix has a lso  been suggested as a 
way in  which Ca2+ could influence neuronal communication 
(Nicholson; Neurosci. Res. Prog. B ull. 18: 177, 1980). As a 
consequence of such charge in te ra c tio n , the d iffu s io n  of Ca2+ 
in  the b ra in  might be slowed to  a g re a te r  ex ten t than th a t of 
monovalent io n s . Singly charged anions and ca tio n s  both m igrate 
free ly  through the  e x tra c e llu la r  f lu id  space w ith d iffu s io n  
modified only by the  r e s tr ic te d  space (e x tra c e llu la r  volume 
frac tio n ) and to r tu o s ity  (increased  path leng th  around c e l lu la r  
elements) of the  b ra in  m atrix  (Nicholson & P h il l ip s ;  J . Physiol. 
321: 225, 1981). Calcium, however, has been va riab ly  reported  
to  d iffu se  a t  ra te s  much slower than these  ions (Morris & 
K rnjevic; Can. J . Physiol. Pharmacol. 59: 1022, 1981) as w ell as 
a t s im ila r ra te s  (Nicholson, Fed. Proc. 39: 1519, 1980; Dingle
dine & Somjen, Brain Res. 207: 218, 1981). This discrepancy may 
be due to  tech n ica l d i f f i c u l t i e s ,  e sp ec ia lly  when iontophoresis 
i s  used to  re le a se  the  measured Ca2+.

We have developed a procedure using ion se le c tiv e  m icroelec
trodes (ISMs) and p ressure  e je c tio n  from a m icroelectrode which 
allows us to  measure re lia b ly  Ca2+ d iffu s io n  in  the cereb ra l 
cortex of the  r a t .  F i r s t ,  the  standard values fo r  volume frac 
tio n  and to r tu o s ity  In  the  cortex  were ex trac ted  from concen
t ra t io n  p ro f ile s  monitored during ion tophoresis  of the  ex tra 
c e l lu la r  marker tetramethylammonium (TMA+) . Then a mixture of 
Ca2+ and TMA+ was pressure  e jec ted  and the  concen tration  
p ro f ile s  fo r  both ions were recorded a t ISMs 100-300 micrometers 
away. Using the volume f ra c tio n  and to r tu o s ity  found e a r l ie r ,  
the volume of the  e jec ted  drop was determined. From these  d a ta , 
we evaluated the  d iffu s io n  parameters fo r  C a 2+. For 60 paired  
measurements in  8 r a t s ,  the  average volume f ra c tio n  fo r  TMA+ 
was 0.21, w hile th a t using Ca2+ was 0.26. T o r tu o sitie s  were 
1.5  and 1 .6 , re sp ec tiv e ly . From the to r tu o s ity ,  the  apparent in  
vivo d iffu s io n  c o e f f ic ie n t can be c a lcu la ted . For Ca2+ the 
value of 0.27 ×  10- 5  cm2/ s  i s  obtained from the so lu tio n  
d iffu s io n  c o e f f ic ie n t of 0.70 × 10- 5 cm2/s .  The s l ig h t 
d iffe ren ces  between the  Ca2+ and TMA+ param eters can be 
a tt r ib u te d  to  experim ental v a ria tio n  and to  low s ig n a l-to -n o ise  
r a t io  of the  Ca2+ measurements. We conclude, th e re fo re , th a t 
Ca2+ d iffu s io n  in  the  r a t  ce reb ra l cortex  does not d i f f e r  
s ig n if ic a n tly  from th a t  of monovalent ions. Supported by Grants 
NS-13742 and NS-07745 from NINCDS.

2 2 3 . 1 2  CALMODULIN, PH O SPH O LIPID , CYCLIC AMP AND pH DEPENDENT 
PHOSPHORYLATION OF P l e u r o b r a n c h a e a  CNS PR O TEIN S. L. L i p e s k i * , 
R. G i l l e t t e  and  M. U. G i l l e t t e . (SPON: D .J .  G re e n ) . D ep a rtm en t 
o f  P h y s io lo g y  & B io p h y s ic s ,  U n iv e r s i ty  o f  I l l i n o i s ,  U rb an a , 
I l l i n o i s  61801

Io n  c u r r e n t s  in  n e u ro n s  o f  P le u ro b ra n c h a e a  have b e e n  shown 
t o  be a c t i v a t e d  a n d /o r  m o d u la ted  by a  v a r i e t y  o f  i n t r a c e l l u l a r  
s e co n d  m esse n g e r p a th w a y s , i n c lu d in g  c y c l i c  AMP, Ca2 + , and 
i n t r a c e l l u l a r  pH. P u r s u a n t  t o  i d e n t i f y i n g  u n d e r ly in g  mecha
n ism s , we h av e  c h a r a c t e r i z e d  p r o t e i n  s u b s t r a t e s  in  th e  n e rv o u s  
sy s te m  w hich  a r e  p h o s p h o ry la te d  by end o g en o u s p r o t e i n  
k i n a s e s .  P h o s p h o p ro te in s  w ere i d e n t i f i e d  by s e p a r a t i o n  on 1 - 
d im e n s io n a l  SDS-PAGE g e l  e l e c t r o p h o r e s i s  a f t e r  in  v i t r o  [γ -  
32P] ATP l a b e l i n g .  C y c l ic  AMP n o ta b ly  s t i m u l a te d  
p h o s p h o ry la t io n  o f  9 0 , 51 an d  29 kD p r o t e i n s ;  p h o s p h o ry la t io n  
i s  s u p p re s s e d  by th e  s p e c i f i c  i n h i b i t o r y  p r o t e i n  o f  th e  
c a t a l y t i c  s u b u n i t  o f  th e  k in a s e .

A p h o s p h a t i d y l s e r i n e / d i o l e i n  m ix tu re  s t i m u l a te d  a p p r e c i a b l e  
p h o s p h o ry la t io n  o f  168, 1 48 , 135 , 90 , 7 6 , 5 7 , 16, and  10 kD 
p r o t e i n  b a n d s ; p h o s p h o ry la t io n  o f  th e  76 kD band was h ig h ly  
s p e c i f i c .  The d i o l e i n  com ponent was r e p l a c e a b l e  w i th  p h o rb o l-  
12- m y r i s t a t e - 13- a c e t a t e  w ith  no change  in  p h o s p h o ry la t io n  
p r o f i l e .  P h o s p h o l ip id  d e p e n d e n t  k in a s e  a c t i v i t y  was i n h i b i t e d  
by t r i f l u o p e r a z i n e  and  e n h a n ce d  by Ca2 + .

Ca2+ d e p e n d e n t  and  t r i f l u o p e r a z i n e  i n h ib i t e d  
p h o s p h o ry la t io n  w i th o u t  ad d ed  p h o s p h o lip id  was p ro m in e n t in  
1 08 , 105 , 9 0 , 57 an d  56 kD p r o t e i n s .  A d d i t io n  o f  ex o genous 
c a lm o d u lin  was i n e f f e c t i v e  in  s t i m u l a t i n g  f u r t h e r  p h o sp h o ry 
l a t i o n ,  s u g g e s t in g  s a t u r a t i n g  l e v e l s  o f  e n d o g en o u s ca lm o 
d u l i n .  To rem ove en d ogenous c a lm o d u lin  t h e  p r o t e i n  hom ogenate  
was p r e c i p i t a t e d  w ith  55% (NH4 ) SO4 . A d d i t io n  o f  c a lm o d u lin  t o  
th e  re s u s p e n d e d  p e l l e t  n o t a b ly  s t i m u l a te d  p h o s p h o ry la t io n  in  
108 , 57 and  56 kD p r o t e i n s ;  rem o v a l o f  (NH4) 2SO4 by d i a l y s i s  
c a u se d  a p p e a ra n c e  o f  l a b e l i n g  a t  105 and  90 kD and  d i s a p 
p e a ra n c e  o f  th e  band a t  108 kD.

Ca2+/c a lm o d u l in  d e p e n d e n t  p h o s p h o ry la t io n  o f  t h e  108 kD 
p r o t e i n  band was u n iq u e ly  s e n s i t i v e  t o  pH, s t e e p l y  d e c r e a s in g  
a s  pH in c r e a s e d  from  7 .0  t o  8 .0 .  The p o t e n t i a l  r e l a t i o n  o f  
t h i s  p r o t e i n  t o  Ca2+/c a lm o d u l in  d e p e n d e n t m o d u la t io n  o f  
n e u ro n a l  e x c i t a b i l i t y  by i n t r a c e l l u l a r  pH i s  u n d e r  s tu d y  ( s e e  
G i l l e t t e  & G re e n , t h i s  m e e t in g ) .
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223.13 VASOPRESSIN NEUROMODULATION IN THE HIPPOCAMPUS: 
CALCIUM/CALMODULIN OR PROTEIN KINASE C? R .E . B r in to n  
and  B .S . McEwen. L ab . o f  N e u ro e n d o c r in o lo g y , 
R o c k e f e l l e r  U n iv . 1230 Y ork A v e .,  New Y o rk , NY 10021- 
6399 .

V a s o p re s s in  p o t e n t i a t e s  n o r a d r e n e r g ic  s t im u la t e d  
a d e n y l a te  c y c l a s e  a c t i v i t y  (NASAC) i n  r a t  h ip p o c a m p a l 
s l i c e s  ( B r in to n  & McEwen, N e u ro s c i .  A b s . ,  1 9 8 5 ) . The 
AVP r e c e p t o r  i n  h ipp o cam p u s (B ieg o n  e t  a l . ,  N e u ro s c i .  
L e t t . ,  1984 ; B r in to n  e t  a l . ,  PNAS, 1 9 8 4 )  i s  o f  th e  
V1 ty p e  (S te p h e n s  & L ogan , J .  N eu ro c h em ., 1986) and  
v e ry  l i k e l y  m e d ia te s ,  i n  p a r t ,  t h e  b e h a v i o r a l  e f f e c t s  
o f  AVP (De W eid, N a tu r e ,  1971) w h ich  a r e  b lo c k e d  by  a 
V1 a n t a g o n i s t  (Koob e t  a l .  R eg. P e p . ,  1 9 8 1 ) .  We 
t h e r e f o r e  t e s t e d  w h e th e r  AVP m o d u la t io n  o f  NASAC was 
a l s o  b lo c k e d  by  th e  V1 a n t a g o n i s t .  R e s u l t s  o f  t h e s e  
e x p e r im e n ts  showed t h a t  t h e  V1 a n t a g o n i s t  
d(C H 2) 5Tyr(Me)AVP was a  p o t e n t  i n h i b i t o r  o f  AVP 
p o t e n t i a t i o n  o f  NASAC. F u r th e r  e x p e r im e n ts  showed 
t h a t  t h e  AVP n e u ro m o d u la t io n ,  b u t  n o t  t h e  NE in d u c e d  
a c c u m u la t io n  o f  c-AMP, was c a lc iu m  d e p e n d e n t .  I n  t h e  
a b s e n c e  o f  e x t r a c e l l u l a r  c a lc iu m  th e  n e u ro m o d u la to ry  
e f f e c t  o f  AVP was a b o l i s h e d  and  was r e s t o r e d  i n  t h e  
p r e s e n c e  o f  0 .8  mM e x t r a c e l l u l a r  c a lc iu m .  We th e n  
t e s t e d  w h e th e r  t h e  c a lc iu m  d e p en d e n c y  was l i n k e d  t o  a 
c a lc iu m - c a lm o d u l in  s y s te m . I n  t h e  p r e s e n c e  o f  50 uM 
t r i f l u o p e r a z i n e ,  a  c a lm o d u lin  a n t a g o n i s t ,  AVP 
p o t e n t i a t i o n  o f  NASAC was e f f e c t i v e l y  b lo c k e d .  T h is  
r e s u l t  s t r o n g l y  s u g g e s te d  a  d e p en d e n c y  o f  t h e  AVP- 
in d u c e d  n e u ro m o d u la t io n  upon c a lm o d u l in .  A n o th e r  
p o s s i b i l i t y  a l s o  e x i s t e d ,  h o w ev er, b e c a u s e  
t r i f l u o p e r a z i n e  w h i le  b e in g  p r i m a r i l y  a  c a lm o d u lin  
a n t a g o n i s t  c a n  a l s o  a n ta g o n iz e  p r o t e i n  k in a s e  C 
(N is h iz u k a ,  N a tu r e ,  1 9 8 4 ) .  We t h e r e f o r e  t e s t e d  
w h e th e r  a c t i v a t i o n  o f  p r o t e i n  k in a s e  C w ould  m im ic 
t h e  p o t e n t i a t i o n  in d u c e d  by  AVP. 4 -B -p h o rb o l  1 2 , 13 
d i b u t y r a t e  (PDBU) an  a c t i v a t o r  o f  p r o t e i n  k in a s e  C 
d id  n o t  p o t e n t i a t e  a c c u m u la t io n  o f  c-AMP in d u c e d  by 
NE. I n  c o n t r a s t ,  t h e  c a lc iu m  c h a n n e l  a c t i v a t o r ,  Bay K 
8 6 44 , p o t e n t i a t e d  NE in d u c e d  a c c u m u la t io n  o f  c-AMP by 
v e r y  l i k e l y  i n c r e a s i n g  th e  a v a i l a b i l i t y  o f  
i n t r a c e l l u l a r  c a lc iu m . T h ese  d a t a  s u p p o r t  o u r  
h y p o th e s i s  t h a t  AVP m o d u la t io n  o f  NASAC i s  d e p e n d e n t 
upon  c a l c iu m /c a lm o d u l in .  (We th a n k  D r. M. M anning f o r  
g e n e ro u s  g i f t s  o f  AVP & AVP a n a lo g u e s  an d  D r. A. 
S c r i a b in e  f o r  Bay K 8 6 44 . S u p p o r te d  by  NRSA MH09224 
t o  R .E .B . and  MH41256 t o  BMc)

223.14 EFFECTS OF PROTEIN KINASE-C ACTIVATION ON PROTEIN PHOS
PHORYLATION AND RECEPTOR-MEDIATED CYCLIC AMP ACCUMULA
TION IN RAT BRAIN TISSUE. S . S h e n o l ik a r ,* E.W. K arbon*  and 
S . J . Enna ( S p o n :S .J .S t r a d a )  D e p ar tm en ts  o f  P harm aco logy  
and N e u ro b io lo g y  and A natom y, U n iv e r s i t y  o f  T exas M ed ica l 
S c h o o l,  H o u sto n , Tx. 77025

E f f e c t s  o f  p h o rb o l  e s t e r s  a n d /o r  p r o t e i n  k in a s e -C  on 
r e c e p t o r - m e d ia te d  cAMP a c c u m u la tio n  and on p r o t e i n  p h o s 
p h o r y l a t i o n  in  r a t  b r a i n  c e r e b r a l  c o r t i c a l  t i s s u e  w ere  
ex am in ed . E x p o su re  o f  c o r t i c a l  s l i c e s  m e ta b o l i c a l l y  l a 
b e l l e d  w ith  32P - o r th o p h o s p h a te  to  p h o rb o l  1 2 - m y r i s t a t e ,  
1 3 - a c e t a t e  (PMA) r e s u l t e d  in  th e  in c r e a s e d  p h o s p h o r y la 
t i o n  o f  a l a r g e  num ber o f  p r o t e i n s ,  v a ry in g  b e tw een  10- 
8 0 %. In  c o n t r o l  m em branes p r e p a r e d  from  c o r t i c a l  s l i c e s ,  
a c t i v a t i o n  o f  endogenous p r o t e i n  k in a s e -C  le d  to  a g r e a t 
e r  i n c r e a s e  in  p r o t e i n  p h o s p h o r y la t io n  th a n  o b s e rv e d  w ith  
m em branes from  s l i c e s  p r e v io u s ly  e x p o sed  to  PMA.  T rea tm e n t 
o f  c o n t r o l  m em branes w ith  a p a r t i a l l y  p u r i f i e d  p r e p a r a 
t i o n  o f  r a t  b r a i n  p r o t e i n  k in a s e -C  p lu s  PMA en h an ced  
p h o s p h o r y la t io n  some 2 .5  f o l d ,  w ith  th e  m a jo r i ty  o f  p h o s 
p h a te  b e in g  in c o r p o r a te d  in  th e  s e lf s a m e  p r o t e i n s  w hich  
w ere  s u b s t r a t e s  f o r  endogenous k in a s e .  15 min e x p o su re  
o f  c e r e b r a l  c o r t i c a l  s l i c e s  to  PMA m a rk ed ly  en h an ced  cAMP 
a c c u m u la tio n  o b s e rv e d  in  r e s p o n s e  to  2 - c h lo r o a d e n o s in e ,  
w h ile  h a v in g  no e f f e c t  by i t s e l f .  H ow ever, p ro lo n g e d  
(3 h r )  e x p o su re  o f  t i s s u e  s l i c e s  to  PMA le d  to  a r e d u c 
t i o n  in  th e  a b i l i t y  o f  th e  p h o rb o l  e s t e r  to  augm ent c y c 
l i c  n u c l e o t id e  a c c u m u la t io n .  The a c t i v i t y  o f  p r o t e i n  
k in a s e - C ,  a s s e s s e d  by i t s  a b i l i t y  to  p h o s p h o r y la te  h i s 
to n e  H1 in  a Ca2+/p h o s p h o l ip id  d e p e n d e n t m anner was m ark 
e d ly  a t t e n u a t e d  when a s s a y e d  from  t i s s u e  s l i c e s  ex p o sed  
to  PMA f o r  3 h r s  a s  com pared  to  c o n t r o l  t i s s u e .  T h u s, in  
r a t  b r a i n  c e r e b r a l  c o r t e x ,  e x p o su re  to  p h o rb o l e s t e r s ,  
w hich  e l i c i t s  a p h o s p h o p ro te in  p r o f i l e  s i m i l a r  to  t h a t  
o b s e rv e d  w ith  i s o l a t e d  p r o t e i n  k in a s e - C ,  r e s u l t s  in  p r o 
t e i n  p h o s p h o r y la t io n  w h ich  may m e d ia te  th e  au g m en tin g  
e f f e c t  o f  PMA on 2 - c h lo r o a d e n o s i n e - s t im u l a t e d  cAMP accum 
u l a t i o n .  In  a d d i t i o n ,  th e  f in d i n g  t h a t  b o th  p r o t e i n  
k in a s e -C  a c t i v i t y  and th e  au g m en tin g  re s p o n s e  a re  a t t e n 
u a te d  fo l lo w in g  p ro lo n g e d  e x p o su re  to  PMA i s  c o n s i s t e n t  
w ith  t h i s  n o t io n .  M o reo v er , th e s e  l a t t e r  f i n d i n g s  may r e 
p r e s e n t  th e  f i r s t  d e m o n s t r a t io n  o f  a " d e s e n s i t i z a t i o n "  
o f  p r o t e i n  k in a s e -C  in  an  i n t a c t  t i s s u e  p r e p a r a t i o n .  
(S u p p o r te d  in  p a r t  by a g r a n t  from  th e  U .S . A ir  F o r c e ) .

223.15 CHANGES IN STRIATAL MEMBRANE-BOUND VS CYTOSOLIC DISTRIBUTION OF 
CaM IN AGED RODENTS. C.C. Loulli s , L. Antonian* and J. 
Sensenbach*. Molecular Neurobiology Group, Dept. of CNS 
Research, Medical Research Division of American Cyanamid Co., 
Lederle Laboratories, Pearl River, NY 10965.

Some of the actions of calcium as a second messenger in many 
physiological processes, including neurotransmission, are medi
ated by a group of calcium binding proteins, which include cal
modulin (CaM). In the brain CaM is d istributed  in particu late  
and cytosolic frac tions. In striatum the translocation of CaM 
between these two compartments can modulate the post-receptor 
signal. This occurs because CaM can a ffec t calcium dependent 
enzymatic changes in cAMP metabolism. Using specific binding 
of 3H-CaM to synaptic membranes as a too l, we investigated 
the d istribu tion  of CaM in the striatum of young vs old ra ts . 
Redistribution with age was evident and was demonstrated in two 
ways. F irs t, the heat-treated (90° C, 10 min) supernatants 
from a 100,000 xg centrifugation of s t r ia ta l  tissu e , from young 
and old animals, were assessed for th e ir  a b ility  to displace 
3H-CaM from synaptic membranes. The resu lts showed a sig n if
icantly  greater inhibition of 3H-CaM by the supernatants de
rived from old (31.8±6.2% per 100 μg protein; n=6) as com
pared to young animals (16.9+1.3% per 100/μg protein; n=6), 
indicating a higher amount of CaM in the cytosol of aged ra ts . 
The assumption that CaM, as opposed to other components in the 
supernatants, was responsible for the observed inhibition was 
supported by the fact that CaM can survive heat-treatment and 
the observation that a component in the supernatants co-eluted 
with authentic CaM when applied to a molecular sieving column. 
Second, specific binding of 3H-CaM to membranes from young 
and old animals (100,000 xg pelle t)  was assessed. Binding was 
s ign ifican tly  higher in aged (3.4±0.2 pmoles/mg protein; n=6) 
as compared to young animals (4.3±0.3 pmoles/mg protein; n=6), 
indicating a decreased amount of membrane-bound CaM with age. 
Taken together these findings suggest a translocation of CaM 
from the membrane to cytosol in the s tr ia ta  of aged animals and 
indicate that binding of CaM to synaptic membranes may be a 
useful tool in evaluating changes i n brain CaM distribu tion  
under various experimental conditions and/or manipulations.

2 2 3 .1 6  N EUROTENSIN ALTERS THE PHOSPHORYLATION OF CAUDATE NUCLEUS 
SYNAPTOSOMAL P R O T E IN S . S . T .  C a i n  a n d  C .B .  N e m e r o f f . D e p t s .  
P s y c h i a t .  a n d  P h a r m a c o l . ,  D u k e  U n i v .  M e d . C t r . ,  D u r h a m ,  NC 
2 7 7 1 0 .

N e u r o t e n s i n  (N T ) i s  a  b r a i n - g u t  t r i d e c a p e p t i d e  w h i c h  i s  
h e t e r o g e n e o u s l y  d i s t r i b u t e d  i n  b r a i n  ( f o r  a  r e v i e w  o f  N T , s e e  
N e m e r o f f ,  P s y c h o n e u r o e n d o c r i n o l o g y .  1 1 : 1 5 ,  1 9 8 6 ) .  NT d i s p l a y s  
m a n y  o f  t h e  c h a r a c t e r i s t i c s  o f  n e u r o t r a n s m i t t e r  s u b s t a n c e s  s u c h  
a s  s y n a p t o s o m a l  l o c a l i z a t i o n ,  c a l c i u m - d e p e n d e n t  r e l e a s e  a n d  
s p e c i f i c ,  s a t u r a b l e ,  h i g h  a f f i n i t y  b i n d i n g  t o  b r a i n  m e m b r a n e s .  
L i t t l e  i s  k n o w n ,  h o w e v e r ,  o f  t h e  i n t r a c e l l u l a r  a n d  m e m b ra n e  
e v e n t s  w h i c h  o c c u r  s u b s e q u e n t  t o  NT b i n d i n g  t o  i t s  r e c e p t o r ,  
i . e . ,  t r a n s d u c t i o n  o f  t h e  N T  s i g n a l .  I n  v i e w  o f  i t s  u b i q u i t o u s  
r e g u l a t o r y  r o l e  i n  c e l l u l a r  f u n c t i o n ,  w e h a v e  i n i t i a t e d  a  s e r i e s  
o f  s t u d i e s  d e s i g n e d  t o  e l u c i d a t e  t h e  p o t e n t i a l  r o l e  o f  p r o t e i n  
p h o s p h o r y l a t i o n / d e p h o s p h o r y l a t i o n  i n  m e d i a t i n g  t h e  NT s i g n a l .  
D u e  t o  t h e  r e l a t i v e l y  h i g h  p e r c e n t a g e  (3 0 % )  o f  n e o s t r i a t a l  NT 
r e c e p t o r s  l o c a t e d  o n  t h e  t e r m i n a l s  o f  n i g r o s t r i a t a l  d o p a m i n e  
(D A ) n e u r o n s ,  a n d  t h e  p o t e n t i a t i o n  b y  NT o f  b o t h  t h e  b a s a l  a n d  
p o t a s s i u m - s t i m u l a t e d  r e l e a s e  o f  DA f r o m  s t r i a t a l  s l i c e s ,  c a u d a t e  
n u c l e u s  s y n a p t o s o m e s  w o u l d  a p p e a r  t o  b e  a n  i d e a l  p r e p a r a t i o n  i n  
w h i c h  t o  s t u d y  N T - i n d u c e d  c h a n g e s  i n  p r o t e i n  p h o s p h o r y l a t i o n .

A s y n a p t o s o m a l  f r a c t i o n  f r o m  r a t  c a u d a t e  n u c l e u s  w a s  
p h o s p h o r y l a t e d  f o r  f i v e  m i n u t e s  i n  t h e  p r e s e n c e  o f  5 0 0 μM A T P . 
I d e n t i c a l  a l i q u o t s  o f  t h e  p h o s p h o r y l a t e d  s y n a p t o s o m e s  w e r e  t h e n  
i n c u b a t e d  f o r  1 5  m i n u t e s  i n  t h e  p r e s e n c e  o f  N T ( 1 . 8 μM) o r  
H2 O . U s i n g  t h e  s a m e  e x p e r i m e n t a l  p a r a d i g m ,  w e  h a v e  r e c e n t l y  
r e p o r t e d  ( C a i n  a n d  N e m e r o f f ,  N . Y . A c a d .  S c i . , i n  p r e s s )  t h a t  NT 
a l t e r s  t h e  a m o u n t  o f  r a d i o a c t i v e  p h o s p h a t e  i n c o r p o r a t e d  i n t o  a  
T C A - p r e c i p i t a t a b l e  p r o t e i n  f r a c t i o n .  I n  t h e  p r e s e n t  
e x p e r i m e n t s ,  a t  v a r i o u s  i n t e r v a l s  a f t e r  t h e  a d d i t i o n  o f  N T o r  
H 2 O , a l i q u o t s  w e r e  r e m o v e d  a n d  p r o c e s s e d  f o r  S D S  
p o l y a c r y l a m i d e  g e l  e l e c t r o p h o r e s i s .  S a m p l e s  w e r e  r e s o l v e d  o n  
10%  g e l s .  A u t o r a d i o g r a p h s  w e r e  o b t a i n e d  b y  e x p o s i n g  t h e  d r i e d  
g e l s  t o  X - r a y  f i l m  a n d  r a d i o a c t i v e  p h o s p h a t e  i n c o r p o r a t i o n  i n t o  
i n d i v i d u a l  p r o t e i n s  w a s  q u a n t i t a t e d  b y  m i c r o d e n s i t o m e t r y .

N T s e l e c t i v e l y  a c c e l e r a t e d  t h e  r a t e  o f  d e p h o s p h o r y l a t i o n  o f  a  
4 9 , 0 0 0  MW p r o t e i n .  W i t h i n  t h e  f i r s t  2 . 5  m i n u t e s  a f t e r  t h e  
a d d i t i o n  o f  N T , t h e  p h o s p h o r y l a t i o n  o f  t h i s  p r o t e i n  w a s  
d e c r e a s e d  2 1 . 4  ±  4 . 8 6 %  r e l a t i v e  t o  c o n t r o l  ( p  < . 0 1 ,  n = 4 ) .  I n  a  
s e p a r a t e  e x p e r i m e n t ,  i t  w a s  d e t e r m i n e d  t h a t  t h e  p h o s p h o r y l a t i o n  
o f  t h e  4 9 , 0 0 0  MW p r o t e i n  i s  c a l c i u m - d e p e n d e n t .  P r o t e i n  
p h o s p h o r y l a t i o n  m u s t  n o w  b e  c o n s i d e r e d  a s  a  c a n d i d a t e  m e c h a n i s m  
f o r  N T s i g n a l  t r a n s d u c t i o n .  ( S u p p o r t e d  b y  NIMH M H -3 9 4 1 5  a n d  
M H - 1 5 1 7 7 - 0 9 . )
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2 2 3 .17 NEUROTRANSMITTER regulation  of p h o s p h o t id y l in o s it o l  metabolism  
IN EMBRYONIC SENSORY AND SYMPATHETIC NEURONS O .H a r is h * ,  K. D unlap 
and L .R o le . A n a t .  & C e l l  B i o l ,  C tr  N e u r o b io l .& B e h a v .,  C olum bia 
P&S, NY,NY 10032 & D e p t .P h y s i o l . , T u f ts  Med S c h . ,B o s to n ,  Ma 02111 .

The m o d u la t io n  o f  v o l t a g e  an d  c h e m i c a l l y  g a t e d  c h a n n e l s  by  
n e u r o t r a n s m it t e r s  c an  in v o lv e  th e  a c t i v a t i o n  o f  seco n d  m esse n g e r  
sy stem s. R ecen t s tu d i e s  on th e  m o d u la t io n  o f  Ca c u r r e n t  by n o re 
p in e rp h r in e  (NE) s u g g e s t  an  in v o lv e m e n t o f  p r o t e i n  k in a s e  C (PKC) 
a c t i v a t i o n  in  em bryon ic  s e n s o ry  n e u ro n s  (Rane & D u n la p , PNAS 8 3 : 
184 1 9 8 6 ). To exam ine a p o s s ib l e  r o l e  o f  p h o s p h o t i d y l i n o s i t o l  (P I ) 
tu rn o v e r  in  n e u r o t r a n s m i t t e r - m e d ia t e d  a c t i v a t i o n  o f  PKC we have 
m easured th e  g e n e r a t io n  o f  th e  i n o s i t o l  s u g a rs  I P ,  IP2 and I P 3 
in  s e n so ry  and s y m p a th e tic  n e u ro n s  in  r e s p o n s e  to  v a r io u s  s t i m u l i .

Whole g a n g l i a  o r  d i s p e r s e d  n e u ro n s  in  c u l t u r e  w ere p r e - l a b e l e d  
w ith  3H i n o s i t o l  and th e n  in c u b a te d  w ith  t e s t  a g e n ts  f o r  15 m in in  
th e  p re s e n c e  o f  10mM L i C l . The c e l l s  w ere th e n  e x t r a c t e d  and th e  
l a b e le d  s u g a rs  s e p a r a te d  by  colum n ch ro m a to g ra p h y  a c c o rd in g  to  th e  
method o f  Downes & M ic h e l l ,  Biochem  J .  1 9 8 :1 3 3 , 1981 . I n i t i a l  ex
p e rim en ts  i n d ic a te d  6 f o ld  h ig h e r  i n c o r p o r a t i o n  o f  3H - i n o s i t o l  
in to  c u l tu r e d  n e u ro n s  a f t e r  4 d ay s  v s  1 day  o f  l a b e l i n g .  S in ce  
th e  p e rc e n t  o f  t h i s  p r e c u r s o r  p o o l t h a t  was s u b s e q u e n t ly  c o n v e r te d  
to  I P 's  was a ls o  in c r e a s e d  to  10%, we a d a p te d  t h i s  l a b e l in g  p ro 
to c o l  to  p e rm it d e te r m in a t io n  o f  P I  t u rn o v e r  i n  sm a ll  q u a n t i t i e s  
o f  t i s s u e .  S i m i l a r y ,  i n t a c t  g a n g l i a  w e re  i n c u b a t e d  w i th  3H 
i n o s i to l  fo r  3 h r s  o r  o v e rn ig h t  w hich in c r e a s e d  th e  in c o r p o r a t io n  
by 2 f o ld .

In 5 o f  8 e x p e r im e n ts  on s e n s o ry  g a n g l i a  and on c u l t u r e d  s e n s o ry  
neurons d e p o la r iz a t io n  w ith  56mM K+ c a u se d  s i g n i f i c a n t  in c r e a s e s  
( 2  to  13 f o ld )  in  th e  l e v e l  o f  t o t a l  i n o s i t o l  s u g a r s .  S e p a ra t io n  
of th e  s u g a rs  r e v e a le d  t h a t  t h i s  was a s e l e c t i v e  i n c r e a s e  in  IP 3. 
NE had no e f f e c t  on b a s a l  I P 's  and c o m p le te ly  i n h i b i t e d  th e  depo
l a r i z a t io n - d e p e n d e n t  in c r e a s e  in  th e  g e n e r a t io n  o f  th e  s u g a r s .  The 
K+  induced  in c r e a s e  in  I P 's  was o n ly  p a r t l y  C a -d e p en d e n t and NE i n 
h ib i t e d  b o th  th e  C a -d e p en d e n t and in d e p e n d e n t  co m p o n en ts . T h u s, NE 
m o d u la tio n  o f  Ca c u r r e n t  in  t h e s e  n e u ro n s  may in v o lv e  a c t i v a t i o n  
o f PKC in d ep e n d e n t o f  P I t u r n o v e r ,  p e rh a p s  by th e  h y d r o ly s i s  o f  
some o th e r  p h o s h o g ly c e r id e . NE b lo c k  o f  th e  d e p o l a r i z a t i o n - i n 
d u ced  i n c r e a s e  i n  IP 3 i s  c o n s i s t a n t  w i th  NE' s i n h i b i t i o n  o f  
s e c r e t i o n  from  t h e s e  n e u r o n s  ( s e e  D u n la p  e t  a l ,  t h i s  v o lu m e ) .

In  6 o f  6 e x p e r im e n ts  on s y m p a th e tic  g a n g l i a  m u sc a r in e  i n c r e a s e d  
t o t a l  I P 's  by 3 .5  ±  0 .5  f o ld  r e f l e c t i n g  an  i n c r e a s e  in  b o th  IP 2 and 
IP 3 . S u b s tan c e  P a l s o  in c r e a s e d  I P 's  by 85%. The e f f e c t  o f  mus
c a r in e  i s  do se  d e p e n d en t and b lo c k e d  by a t r o p i n e .  A lth o u g h  VIP 
had l i t t l e  e f f e c t  on P I tu rn o v e r  by i t s e l f ,  t h i s  p e p t id e  g r e a t l y  
p o t e n t i a t e d  th e  e f f e c t s  o f  subm axim al c o n c e n t r a t i o n s  o f  m u s c a r in e .  
These e f f e c t s  on IP s  may u n d e r l i e  th e  r e p o r t e d  m o d u la to ry  a c t i v 
i t y  o f th e s e  a g e n ts  on s y m p a th e tic  n e u ro n s .  T h is  work was su p 
p o r te d  by aw ards from  th e  S lo a n  F d n . (L R ), th e  K l in g e n s t e in  F d n . 
(LR & KD) and NS22061 (LR).

223.18 THE EXTRINSIC AND INTRINSIC MEMBRANE PROPERTIES OF CALCIUM-DEPEN
DENT PHOSPHOPROTEINS IN RAT STRIATUM. Y.S. Lau, C. Runice*, F. 
Dowd* and M. O'Hara*. Depts. of Pharmacology and Medical Micro
b iology, Creighton U niversity  School of Medicine, Omaha, NE 68178.

Calcium (Ca)-calmodulin (CaM)-dependent and C a-phosphatidylser
ine (PS)-dependent p ro te in  kinases in the brain have been exten
sively  stud ied . These kinases share many common c h a ra c te r is t ic s  
including th e ir  ubiquitous d is tr ib u tio n , Ca requirement and in h i
b itio n  by the phenothiazine drugs. In r a t  s tria tum , we observed 
th a t  the endogenous su b stra te s  fo r CaM and PS-dependent phosphor
y la tio n  were d if f e r e n t .  In th is  study, the endogenous s t r i a ta l  
prote in  phosphorylation was carried  out in a medium containing 
32P-γ-ATP (25 μM, 1 μC i), EGTA (0.24 mM), Ca (0.5 mM) and CaM 
(1 μg) or PS (5 μg ). The phosphoproteins were analyzed by SDS- 
polyacrylamide e lec tro p h o resis  and autoradiography. Ca-CaM stimu
la ted  the phosphorylation of two major p ro te in s a t  M.W. 40-60 
KD. Ca-PS stim ulated the phosphorylation of two other pro te ins 
a t  M.W. 14-20 KD, which are id en tic a l to the myelin basic p ro te ins 
shown by o ther in v e s tig a to rs . When the s t r i a ta l  preparation  was 
i n i t i a l l y  washed 3 times with an EGTA (1.2 mM)-containing b u ffer, 
the phosphorylation of Ca-PS-dependent p ro te in s was inh ib ited  
whereas the phosphorylation of Ca-CaM-dependent p ro te ins could 
s t i l l  be fu lly  demonstrated.

We fu rth e r studied the c h a ra c te r is t ic s  of CaM- and PS-dependent 
phosphoproteins th a t  were obtained from the non-EGTA tre a te d  pre
paration  by using the Triton X-114 phase separation  technique 
(B ordier, C ., J . B iol. Chem., 256:1604, 1981). The CaM-dependent 
phosphoproteins were to ta l ly  recovered in the detergen t (amphi
p h ilic )  phase, however the PS-dependent phosphoproteins were not 
seen in e ith e r  detergen t or aqueous (hydrophilic) phase. Fur
thermore, when the s t r i a ta l  preparation  was f i r s t  p a rtitio n ed  
by phase separation  and phosphorylation was then performed with 
each phase, the CaM-dependent p ro te in  phosphorylation could be 
fu lly  demonstrated in the detergen t phase only. The PS-dependent 
p ro te in  phosphorylation was not shown in e ith e r  phase.

These r e s u lts  suggest th a t  in r a t  s tria tum  CaM-dependent 
phosphoproteins are in tr in s ic  ( in teg ra l)  membrane p ro te in s since 
they are not ex trac ted  by chelating  agents such as EGTA and they 
are associated  with the amphiphilic phase of Triton X-114. On 
the o ther hand, PS-dependent phosphoproteins are e x tr in s ic  
(loosely  bound) membrane p ro te in s . We have previously observed 
th a t  dopamine recep tor up-regulation  is  associated  with an in 
creased s e n s i t iv i ty  of CaM-dependent p ro te in  phosphorylation in 
r a t  stria tum  (Lau, Y .S., Brain R es., 307:181, 1984; Lau, Y.S. 
e t  a l . ,  J . Pharmacol. Exp. T her., 229:32, 1984; Lau, Y.S. and 
Fung, Y.K., Brain R es., 369:311, 1986), therefo re  the phosphor
y la tio n  of these in teg ra l membrane p ro te in s by Ca-CaM may have 
a functional ro le  in the s tria tum .

223.PO GUANYL NUCLEOTIDES INDUCE A REVERSIBLE INHIBITION OF HIGH 
AFFINITY [3H]SPIROPERIDOL BINDING IN HUMAN CAUDATE AND PUTAMEN BY 
A NOVEL EFFECT VIA LIPID PEROXIDATION. A. C. A n d o rn * , J .  M. 
S t i t t s * , and B. R. B acon* (SPON: V. R o w lan d ). D e p ts .  o f  
P s y c h ia t ry  and M e d ic in e , C ase W e ste rn  R e se rv e  U n iv e r s i ty  S ch o o l o f  
M edic ine  and Cl e v e . M e tro . Gen. H o s p .,  C le v e la n d ,  O hio  44109

GTP (10- 3M) i n  t h e  p r e s e n c e  o f 0 .1  mM a s c o r b a te  p ro d u c e s  a 
l o s s  o f  h ig h  a f f i n i t y  (KD =20 pM) s p e c i f i c  [ 3H ] s p i r o p e r id o l  
b in d in g  i n  human c a u d a te  o r  p u tam en . T h is  l o s s  o f  b in d in g  i s  
n e a r ly  c o m p le te  by 60 m in a t  37°C . The l o s s  o f  b in d in g  can  be 
t o t a l l y  r e c o v e r e d  by e x te n s i v e  w a sh in g  o f  th e  p a r t i c u l a t e  
membrane f ra g m e n ts  p r e v io u s ly  in c u b a te d  i n  GTP and a s c o r b a te .  
GTP d o es  n o t  c a u s e  t h i s  l o s s  o f  b in d in g  i n  th e  a b s e n c e  o f 
a s c o r b a te .  A s c o rb a te  i t s e l f  ( 0 .1  mM) in d u c e s  a  l o s s  o f  low  
a f f i n i t y  (Kd =200 pM) [ 3H ] s p i r o p e r id o l  b in d in g  i n  th e s e  t i s s u e s ,  
b u t  t h i s  l o s s  o f  b in d in g  b e g in s  a t  60 m in and i s  c o m p le te d  by 120 
m in . F u r th e rm o re ,  t h i s  l o s t  b in d in g  c a n n o t b e  re c o v e re d  by 
e x te n s iv e  w a s h in g . T h e re  i s  a l s o  a  tim e  r e l a t e d  i n c r e a s e  i n  
m alo n a ld e h y d e  (MDA) s u g g e s t in g  t h a t  th e  a s c o r b a te  e f f e c t  may be 
m e d ia te d  by l i p i d  p e r o x i d a t i o n .  A g en ts  t h a t  d e c re a s e  l i p i d  
p e r o x id a t io n  ( i r o n  c h e l a t o r s ,  a n t i o x i d a n t s )  a l s o  p r e v e n t  th e  
a s c o r b a te  in d u c e d  l o s s  o f  b in d in g .  GTP i t s e l f  c a u s e s  no l i p i d  
p e r o x id a t io n  a s  m easu red  by MDA p r o d u c t io n .  H ow ever, GTP p lu s  
a s c o r b a te  c a u s e s  a  m ore r a p i d  i n c r e a s e  i n  MDA p r o d u c t io n .  The 
a b i l i t y  o f  v a r io u s  n u c l e o t id e s  t o  in d u c e  MDA p r o d u c t io n  i n  th e  
p r e s e n c e  o f  a s c o r b a te  i s  GTP > GDP > ITP > IMP = GMP > ATP > 
cAMP. A s im i l a r  p r o f i l e  i s  o b s e rv e d  i n  th e  a b i l i t y  o f  t h e s e  
n u c le o t id e s  to  in d u c e  th e  l o s s  o f  th e  h ig h  a f f i n i t y  b in d in g  s i t e .  
I n c u b a t io n  o f  p a r t i c u l a t e  mem brane f ra g m e n ts  from  c a u d a te  o r  
putam en i n  GTP p lu s  a s c o r b a te  f o r  120 m in r e s u l t s  i n  a  c o m p le te  
l o s s  o f  s p e c i f i c  [ 3H ] s p i r o p e r id o l  b in d in g  i n  t h e s e  t i s s u e s .  We 
c o n c lu d e  t h a t  b in d in g  a t  th e  h i g h e s t  a f f i n i t y  s i t e  may b e  
i n h i b i t e d  by a  p r o d u c t  o f  l i p i d  p e r o x id a t io n  t h a t  i s  fo rm ed  i n  
th e  p r e s e n c e  o f  GTP p lu s  a s c o r b a t e ,  b u t  t h a t  i s  n o t  fo rm ed  i n  th e  
p r e s e n c e  o f  a s c o r b a te  a lo n e .  B in d in g  a t  t h e  lo w e r  a f f i n i t y  s i t e ,  
h o w ev er, a p p e a r s  t o  b e  i r r e v e r s i b l y  l o s t  due t o  th e  e f f e c t s  o f  
a s c o r b a te  m e d ia te d  i r o n  in d u c e d  l i p i d  p e r o x i d a t i o n ,  e i t h e r  
d i r e c t l y  on th e  b in d in g  s i t e ,  on t h e  a d ja c e n t  m em brane, o r  due to  
th e  t o x i c i t y  o f  one o f  t h e  p r o d u c ts  o f  t h i s  r e a c t i o n .
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224.1 RAPID REGULATION OF [ 3H]-HEMICHQLINIUM-3 ([ 3H]HCh-3) BINDING 
SITES IN VITRO IN RAT STRIATUM. M.D. Sal t a r e l l i ,  P.R. Lowenstein 
and J.T.  Coyle. Dept. of Neuroscience, The Johns Hopkins Univer
sity  School of Medicine, B alto., MD 21205.

Studies utilizing both in vivo and in vitro paradigms indicate 
that the velocity of choline transport is directly related to the 
immediately antecedent activity of cholinergic neurons. Depolari
zation of synaptosomes or slices, via elevated [KCl ], veratridine- 
stimulated sodium flux, or direct electrical stimulation have been 
shown to increase the velocity (Vmax) of choline transport. 
[3H]HCh-3, a potent, specific, and reversible inhibitor of choline 
uptake has recently been utilized to label the choline carrier in 
brain membrane preparations. Studies in our laboratory reveal 
that drugs capable of altering cholinergic activity in vivo cause 
rapid changes in the number of specific [3H]HCh-3 b inding sites 
measurable in cortical and striatal membrane preparations.

We have now examined changes in specific binding of [3H]HCh-3 
resulting from exposure of rat striatal tissue to buffers with 
depolarizing concentrations of KCl in vitro. Striatal slices (300 
um) were incubated in Krebs bicarbonate buffer containing various 
concentrations of KCl (4.2 to 62 mM), after which specific 
[3H]HCh-3 binding was measured in washed membrane preparations. 
When slices were incubated in normal Krebs buffer (4.2 mM KCl ), 
specific binding gradually diminished during the initial 20 min 
from 470 ± 50 to 280 ± 30 fmole/mg protein (x̄ ± S.E.M.), a 40% 
reduction when compared to un-incubated tissue. No significant 
changes in binding were observed after 60 min additional incuba
tion. Twenty min after high KCl (40 mM) Krebs buffer was added to 
slices pre-incubated for 20 min in normal Krebs buffer, specific 
binding increased by 60% over binding measured in slices incubated 
for 40 min in normal Krebs. Specific binding gradually increased 
during the 20 min exposure to high K+, then remained stable for at 
least 20 min. Additional experiments revealed that these changes 
in specific binding are directly proportional to [KCl ]. Further
more, changes in [ 3H]-choline uptake parallel these changes in 
[ 3H]HCh-3 binding. Scatchard analysis of saturation isotherms 
of [3H]HCh-3 binding to membranes prepared under various incuba
tions revealed that these changes result from increases or 
decreases in the number of binding sites (Bmax), not alterations 
in the affinity of the binding site (KD; 2 nM).

These studies imply that changes in external potassium con
centration are capable of rapidly and significantly altering the 
velocity of choline transport into cholinergic neurons via altera
tions in the actual number of active or available carrier sites.

224.2  ENRICHMENT OF HIGH AFFINITY [ 3H]-DIHYDROTETRABENAZINE BINDING IN 
A SYNAPTIC VESICLE FRACTION FROM BOVINE CORPUS STRIATUM. Jo sep h  
A. N e a r  a n d  S a s s a n  M e sh g i n - A z a r i a n * . M e d ic a l S c ie n c e s  Program  
a n d  D e p a r tm e n t  o f  P h a r m a c o lo g y ,  I n d i a n a  U n i v e r s i t y  S c h o o l  o f  
M e d ic in e , B lo o m in g to n  IN 47403.

The b e n z o q u i n o l a z i n e s  t e t r a b e n a z in e  and d ih y d r o t e t r a b e n a z in e  
a r e  p o t e n t  i n h i b i t o r s  o f  A T P -dependent c a te c h o la m in e  and s e r o to n 
in  u p ta k e  by a d r e n a l  c h ro m a ff in  g r a n u le s  and s y n a p t i c  v e s i c l e s  
f ro m  t h e  CNS. The b i n d i n g  o f  [ 3 H ] - d i h y d r o t e t r a b e n a z i n e  to  
c h r o m a f f i n  g r a n u l e  m em b ran es  h a s  b e e n  d e s c r i b e d  p r e v i o u s l y  
(S c h e rm a n , D., J a u d o n ,  P. an d  H e n ry , J .P . ,  P r o c . N a t .  A cad. S c i .  
U.S. 8 0 :5 8 4 ) ,  a n d  o c c u r s  w i th  h ig h  a f f i n i t y .  B e c a u s e  [3 H ]- 
d ih y d r o t e t r a b e n a z in e  i s  n o t  a  t r a n s p o r t  s u b s t r a t e ,  and  i t s  b in d 
in g  i s  n o t  a f f e c t e d  by th e  p r e s e n c e  o f  a tran sm em b ran e  e l e c t r o 
c h e m ic a l  p r o to n  g r a d i e n t ,  we h a v e  i n v e s t i g a t e d  i t s  b i n d in g  to  
v a r i o u s  s u b s y n a p t i c  f r a c t i o n s  p r e p a r e d  fro m  t h e  b o v i n e  c o r p u s  
s tr ia tu m .

[ 3H ] - d ih y d r o te t r a b e n a z in e  b in d s  to  a  s i n g l e  c l a s s  o f  s i t e s  in  
s t r i a t a l  s y n a p t i c  v e s i c l e s  w ith  an  a p p a re n t  d i s s o c i a t i o n  c o n s ta n t  
o f  2nM. T h is  i s  c o m p a ra b le  t o  t h e  i n h i b i t o r y  p o te n c y  o f  d ih y d ro  
t e t r a b e n a z in e  in  c a te c h o la m in e  t r a n s p o r t  a s s a y s .  In  c o n t r a s t  to  
t h e s e  r e s u l t s  [ 3 H ] - d i h y d r o t e t r a b e n a z i n e  b i n d s  t o  a t  l e a s t  two 
c l a s s e s  o f  s i t e s  in  a l l  o th e r  f r a c t i o n s  i n v e s t i g a t e d ,  a s  r e v e a l e d  
by c o m p u t e r i z e d  n o n l i n e a r  l e a s t  s q u a re s  c u rv e  f i t t i n g  a n a ly s i s  
(M u n so n , P .J .  a n d  R o d b a rd , D., Anal . B io ch em . 1 0 7 :2 2 0 ) .  The 
h ig h e r  a f f i n i t y  c l a s s  o f  s i t e s  i s  c o m p a ra b le  in  a f f i n i t y  t o  t h a t  
o f  s y n a p t i c  v e s i c l e s ,  w h ereas  th e  lo w er a f f i n i t y  s i t e s  e x h ib i t  an 
a p p a re n t  d i s s o c i a t i o n  c o n s ta n t  o f  100-300nM . The h ig h e r  a f f i n i t y  
c l a s s  o f  s i t e s  i s  m ost a b u n d a n t in  th e  s y n a p t i c  v e s i c l e  f r a c t i o n ,  
f o l l o w e d  by a f r a c t i o n  e n r ic h e d  in  c o a te d  v e s i c l e s  and a m ic ro 
som al f r a c t i o n .  E n ric h m e n t o v e r  hom ogenate  i s  a l s o  o b s e rv e d  in  
s y n a p to s o m a l  a n d  s y n a p t i c  p l a s m a  m em brane  f r a c t i o n s .  L i t t l e  
h i g h e r - a f f i n i t y  b in d in g  was o b s e rv e d  in  m ito c h o n d r ia l  and m y e lin  
f r a c t i o n s .  T h e s e  r e s u l t s  a r e  c o n s i s t e n t  w i th  t h e  e x p e c t a t i o n  
t h a t  t h e  h i g h e r  a f f i n i t y  s i t e s  a r e  p r i m a r i l y  a s s o c i a t e d  w i th  
s y n a p t i c  v e s i c l e s  and  o th e r  n e u ro n a l  e n t i t i e s  t h a t  a r e  in  commu
n i c a t i o n  w i th  t h e s e  o r g a n e l l e s .

Lower a f f i n i t y  b in d in g  o f  [ 3H ] - d ih y d r o te t r a b e n a z in e  i s  a b s e n t  
in  s y n a p t i c  v e s i c l e s ,  and  th e  g r e a t e s t  e n ric h m e n t i s  o b s e rv e d  in  
a  m ic ro so m a l f r a c t i o n .  A lth o u g h  th e  n a tu r e  o f  th e  lo w e r a f f i n i t y  
c l a s s  o f  s i t e s  i s  n o t  y e t  u n d e rs to o d ,  i t  i s  u n l i k e l y  to  be a s s o 
c i a t e d  w i th  t h e  c a te c h o la m in e  and s e r o t o n in  t r a n s p o r t e r  b ecau se  
o f  i t s  r e l a t i v e l y  low a f f i n i t y  and th e  l a c k  o f  any  e v id e n c e  fo r  
i t s  p r e s e n c e  in  th e  s y n a p t i c  v e s i c l e  f r a c t i o n .

S u p p o r te d  by NIH g r a n t  NS 20784

224.3 EFFECT OF ASCORBIC ACID ON THE SYNAPTOSOMAL UPTAKE OF [ 3H]MPP+ , 
[ 3H]DOPAMINE, AND [ 3H]GABA. H. S e r s h e n * ,  E .A . D e b le r* ,  and A. 
L a j th a  (SPON: G.M. L e h r e r )  C e n te r  f o r  N e u ro c h e m is t ry ,  N athan  S. 
K l in e  I n s t i t u t e ,  W ard 's  I s l a n d ,  NY 10035

The e f f e c t  o f  a s c o r b i c  a c id  on th e  s y n a p to so m al u p ta k e  o f 
[ 3H]MPP+ , [ 3H ]dopam ine , and [ 3H]GABA was exam ined in  an  a t t e m p t  to  
u n d e rs ta n d  th e  m echanism  o f a s c o r b i c  a c id  a t t e n u a t i o n  o f MPTP 
n e u r o t o x i c i t y  ( S e rs h e n  e t  a l . ,  N eu ro p h arm aco lo g y  1 2 :1 2 5 7 , 1 9 8 5 ) . 
I t  h a s  b een  s p e c u la te d  t h a t  th e  a c t i o n  o f a s c o r b i c  a c id  c o u ld  be 
r e l a t e d  t o  i t s  a n t i o x i d a n t  p r o p e r t i e s  i n v o lv in g  h y d ro x y l  
r a d i c a l s .  A l t e r n a t i v e l y ,  a s c o r b i c  a c id  m ig h t i n h i b i t  th e  u p ta k e  
o f  MPP+ , th e  a c t i v e  t o x i n ,  by th e  dopam ine t e r m in a l s .  
S ynap tosom es w ere p re p a re d  from  a d u l t  BALB/cBy mouse s t r i a t u m .  
T is s u e  was hom ogenized  i n  0 .3 2  M s u c ro s e  (pH 7 . 4 ) ,  and th e  P2 
p e l l e t  was u sed  f o r  th e  u p ta k e  e x p e r im e n ts .  The u p ta k e  o f  0 .1  uM 
[ 3H]MPP+ , 0 .1  uM [ 3H ]dopami n e ,  o r  2 uM [ 3H]GABA was d e f in e d  a s  
t o t a l  u p ta k e  m inus th e  u p ta k e  i n  t h e  p re s e n c e  o f 10 uM m az in d o l 
f o r  [ 3H]MPP+ and [3H ]dopam ine , and 200 uM GABA f o r  [3 H ]GABA. 
M embranes ( 0 .1 5  mg p r o t e i n )  w ere  in c u b a te d  f o r  2 m in a t  37°C i n  50 
mM T r i s  b u f f e r  pH 7 .4  c o n ta in in g  120 mM NaCl , 4 mM KCl , and  11 mM 
g lu c o s e .  A s c o rb ic  a c id  ( 0 .0 1 - 1 0  mM) was added c o n c u r r e n t ly  w ith  
l a b e l e d  s u b s t r a t e ,  o r  t o  th e  S1 s u p e r n a t a n t  f o r  th e  w ash o u t 
e x p e r im e n ts .  The S 1  f r a c t i o n  was in c u b a te d  w i th  0 .1  o r  10 mM 
a s c o r b i c  a c id  f o r  2 min a t  37°C , and c e n t r i f u g e d  a t  1 4 ,0 0 0  g f o r  
10 m in . The r e s u l t i n g  P2 p e l l e t  was u sed  f o r  u p ta k e .  U ptake was 
te r m in a te d  by f i l t r a t i o n  on Whatman g l a s s  f i b e r  f i l t e r s  (G F /B ). 
A s c o rb ic  a c id  i n h i b i t e d  t h e  u p ta k e  o f [ 3H]MPP+ w i th  an  IC 50 = 0 .1  
mM and o f  [ 3H]GABA w ith  an  IC 50 = 10 mM. [ 3H]Dopamine u p ta k e  was 
in c r e a s e d  by 30% by 0 .0 1  mM a s c o r b i c  a c i d ,  and d e c re a s e d  65% by 10 
mM a s c o r b i c  a c i d .  The e f f e c t  o f  a s c o r b i c  a c id  on u p ta k e  was 
re d u c e d  by a  w ash o u t s t e p .  In  th e  [ 3H]MPP+ and [3H]GABA u p ta k e  
e x p e r im e n ts  n o n s p e c i f ic  u p ta k e  was l e s s  th a n  10% o f  th e  t o t a l  
u p ta k e  i n  th e  a b s e n c e  o r  p r e s e n c e  o f a s c o r b i c  a c id .  In  th e  
[ 3H ]dopam ine u p ta k e  e x p e r im e n ts  n o n s p e c i f ic  u p ta k e  was 30% o f  
t o t a l  u p ta k e  i n  th e  a b s e n c e  o f a s c o r b i c  a c id ,  and 42%, 30%, <5%, 
<5%, and  27% o f th e  t o t a l  u p ta k e  in  th e  p re s e n c e  o f  0 . 0 0 1 , 0 . 0 1 , 
0 . 1 ,  1 .0 ,  and 10 mM a s c o r b i c  a c id  r e s p e c t i v e l y .  In  th e  w ashou t 
e x p e r im e n ts ,  n o n s p e c i f ic  u p ta k e  in c r e a s e d  i n  th e  S1 c o n t r o l  
m embrane ( i n c u b a t i o n  a t  37°C w ith o u t  a s c o r b i c  a c id )  to  50% o f 
t o t a l  u p ta k e ,  and was 10% o f  t o t a l  u p ta k e  in  th e  p re s e n c e  o f  10 mM 
a s c o r b i c  a c id  o r  a f t e r  a s c o r b i c  a c id  w a sh o u t. The r e s u l t s  s u g g e s t  
t h a t  a s c o r b i c  a c id - in d u c e d  l i p i d  p e r o x id a t io n  was n o t  in v o lv e d  i n  
th e  e f f e c t  on u p ta k e .  A lth o u g h  we c a n n o t r u l e  o u t  an  e f f e c t  o f 
a s c o r b i c  a c id  on f r e e  r a d i c a l  m e d ia te d  e v e n ts  r e l a t e d  to  MPTP 
n e u r o t o x i c i t y ,  i t  i s  p o s s ib l e  t h a t  a s c o r b i c  a c id  h a s  a  d i r e c t  
e f f e c t  on dopam ine t r a n s p o r t e r  f u n c t i o n .

S u p p o r te d  by a  g r a n t  (1630M) from  th e  C o u n c il f o r  Tobacco  
R e s e a rc h ,  I n c .  USA

224.4 METAPHIT: AN IRREVERSIBLE INHIBITOR OF METHYLPHENIDATE BINDING 
AND DOPAMINE UPTAKE. M.M. S c h w e ri* , A .E . J a c o b s o n * , R .A . L e s s o r* , 
and K .C. R ic e * . (S p o n so r: C.H. H ockm an). M ercer U. S ch o o l o f  
M e d ic in e , M acon, GA 31207 and NIADDK, B e th e sd a ,  MD. 20892.

M e ta p h it  ( 1- [ 1- ( 3 - i s o t h io c y a n a to p h e n y l ) c y c l o h e x y l ] p ip e r id i n e ) , 
a  d e r i v a t i v e  o f  p h e n c y c l id in e  form ed by a d d in g  an  i s o th io c y a n a te  
g ro u p  to  th e  m eta  p o s i t i o n  o f  th e  p h e n y l  p o r t i o n  o f  t h e  p a r e n t  
com pound, was o r i g i n a l l y  c o n c e iv e d  a s  a  p ro b e  w h ich  w ould c o v a l 
e n t l y  b in d  to  th e  phen c y c l id in e / s ig m a  o p i a t e  r e c e p t o r .  I n d e e d , 
s t u d i e s  u s in g  th e  r a d i o r e c e p t o r  b in d in g  a s s a y  f o r  p h e n c y c l id in e  
showed t h a t  t h i s  compound i r r e v e r s i b l y  b in d s  to  p h e n c y c l id in e  r e 
c e p to r s  i n  b o th  t h e  s t r i a t u m  and h ippocam pus ( R a f f e r ty  e t  a l ,  
1 9 8 5 ).

In  v iew  o f  th e  f a c t  t h a t  p h e n c y c l id in e  i s  known to  r e v e r s ib l y  
i n h i b i t  dopam ine t r a n s p o r t ,  i t  was p o s tu l a t e d  t h a t  th e  c l o s e l y -  
r e l a t e d  M e ta p h it  w ould i r r e v e r s i b l y  i n t e r a c t  w i th  t h e  u p ta k e  s y s 
tem  f o r  t h i s  n e u r o t r a n s m i t t e r .  M o reo v e r, i t  was a l s o  p r e d i c te d  
t h a t  M e ta p h it  w ould b in d  c o v a le n t ly  to  th e  r e c o g n i t i o n  s i t e  f o r  
t h e  s t im u la n t  d ru g  m e th y lp h e n id a te , w h ich  a p p e a r s  to  b e  a  p a r t  o f ,  
o r  c lo s e l y  a s s o c i a t e d  w i th ,  th e  dopam ine t r a n s p o r t  com plex 
(S c h w e ri e t  a l ,  1 9 8 5 ). D a ta  show ing t h a t  m ic ro m o la r c o n c e n t r a 
t i o n s  o f  M e ta p h i t  i r r e v e r s i b l y  i n h i b i t  b o th  s y n a p to so m al dopa
m ine u p ta k e  and  m e th y lp h e n id a te  b in d in g  to  r a t  s t r i a t a l  membrane 
p r e p a r a t i o n s  w i l l  b e  p r e s e n te d .  T hese  f in d i n g s  s u g g e s t  t h a t  
M e ta p h it  and th e  m e th y lp h e n id a te  r a d i o r e c e p t o r  a s s a y  may p ro v e  
to  b e  u s e f u l  t o o l s  i n  t h e  s tu d y  o f  th e  s t r u c t u r e  and f u n c t io n  o f 
th e  dopam ine t r a n s p o r t  co m p lex . S u p p o rte d  by NIH G ra n t NS- 
22546
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2 2 4 .5  PROLACTIN STIM ULATES MESOLIMBIC AND NIGROSTRIATAL DOPAMINERGIC 
NEURONS: IN  VIVO AND IN  VITRO S TU D IE S . J .C .  Chen* and  V.D. 
Ram irez (SPON: A. F e n g ) . D ep a rtm en t o f  P h y s io lo g y  and  B iophy
s i c s ,  U n iv e r s i ty  o f  I l l i n o i s ,  U rb an a , I l l i n o i s  61801 .

H e re in  we r e p o r t  th e  e f f e c t  o f  oPRL o n : (1 ) th e  in  v iv o  
a c t i v i t y  o f  m eso lim b ic  d o p a m in e rg ic  n e u ro n s  i n n e r v a t i n g  th e  
n u c le u s  accum bens (NA) in  f r e e l y  m oving r a t s ,  and  (2 )  th e  in  
v i t r o  DA a c t i v i t y  from  c o rp u s  s t r i a t a l  (CS) f ra g m e n ts  s u p e r 
fu se d  w ith  o r  w i th o u t  t e t r o d o t o x i n  ( TTX) .  F or t h e  i n v iv o  
s tu d y ,  a d u l t  m ale  r a t s  w ere im p la n te d  w ith  p u s h - p u l l  c a n n u la s  
and p e rfu s e d  w i th in  30 d ay s  p o s t - i m p l a n ta t i o n .  DOPAC, HVA and 
5-HIAA w ere d e te rm in e d  w ith  HPLC e v e ry  20 m in u te s .  We 
p re v io u s ly  r e p o r t e d  a  s p o n ta n e o u s  r i s e  in  b a s a l  DOPAC o u tp u t  
d u r in g  th e  e a r l y  a f t e r n o o n  h o u rs  r e a c h in g  p l a t e a u  l e v e l s  d u r in g  
th e  ev e n in g  h o u rs  w h ile  HVA and  5-HIAA o u tp u t  rem a in e d  
unchanged. In  a n im a ls  sh ow ing  t h i s  p a t t e r n  o f  DOPAC o u t p u t ,  
i n a c t iv e  PRL (10  n g /  μ l , b o i le d  f o r  30 m in) p e r f u s e d  a t  1700 h 
(14 μl /m in  f o r  20 m in) d id  n o t  ch an g e  th e  r e l e a s e  r a t e  o f  DOPAC 
from 1720 to  1900 h w h i le  n a t i v e  PRL (10  n g /  μ l ) p e r f u s e d  a t  
1900 h f o r  20 min in  t h e  same g ro u p  o f  r a t s  s i g n i f i c a n t l y  
in c re a s e d  DOPAC o u tp u t  from  1920 t o  2040 h ( x̄ = 174 ± 5% v s .  
p la te a u  l e v e l ,  α < 0 .0 5 ) .  HVA and 5-HIAA v a lu e s  rem a in e d  
c o n s ta n t  and no s p e c i a l  b e h a v io r s  w ere r e c o r d e d  d u r in g  th e  
n a t iv e  o r  i n a c t iv e  PRL p e r f u s io n s .  T hese  r e s u l t s  w ere o b s e rv e d  
in  an im n a ls  b e a r in g  PPC in  th e  A 9.8 -  9 .4  r e g io n  o f  th e  NA 
( d e G ro o t 's  R at A t l a s ) .  F or t h e  i n v i t r o  s tu d y ,  i s o l a t e d  CS 
fra g m en ts  w ere p e r f u s e d  w ith  m o d if ie d  KRP medium c o n ta in in g  
0 .1 8% g lu c o s e  and  10 mM m o ly b d a te . A f te r  45 m in u te s  
e q u il ib r iu m  t im e ,  e v e ry  15 m in u te s  sa m p le s  w ere a s sa y e d  by 
HPLC. oPRL (1 0 - 7M, 10- 6M and  10- 5M p e r f u s e d  f o r  30 m in) 
s ig n i f i c a n t l y  i n c r e a s e d  DA r e l e a s e  a t  30 m in u te  o r  60 m in u te  
post-PR L i n f u s io n s  b u t  t h e r e  was n o t  a  d o s e -d e p e n d e n t  
r e l a t i o n s h i p .  H ow ever, w ith  s u p e r f u s io n  medium c o n ta in in g  TTX 
(10- 6M), oPRL i n c r e a s e d  DA r e l e a s e  In  a  d o s e - r e s p o n s e  m anner 
( 10-7 M, 5 .5  ± 1 .4  v s .  7 .3 2  ± 2 .3 ;  10- 6 M, 4 .6  ± 0 .7  v s .  1 0 .5  ± 
2 .6 ;  10- 5 M, 2 .9  ± 0 .5  v s .  1 7 .5  ± 5 .7  p g /m in /m g t i s s u e ,  p r e -  
v s . post-P R L  i n f u s i o n ,  r e s p e c t i v e l y ) .  DOPAC o u tp u t  rem a in e d  
r e l a t i v e l y  c o n s ta n t  d u r in g  th e s e  e x p e r im e n ts .  T hese r e s u l t s  
su g g e s t  t h a t  in te r n e u r o n s  i n  t h e  c o rp u s  s t r i a t u m  c a n  i n t e r f e r e  
w ith  P R L -e l ic i te d  DA r e l e a s e  from  CS f ra g m e n ts .

The PR L-evoked c h a n g e s  i n  i n  v iv o  DOPAC o u tp u t  from  th e  NA 
and in  in  v i t r o  DA r e l e a s e  from  th e  CS i n d i c a t e  t h a t  PRL can  
a c t i v a t e  d o p a m in e rg ic  t r a n s m is s io n  in  b o th  t h e  m eso lim b ic  and  
n i g r o s t r i a t a l  d o p a m in e rg ic  s y s te m s .

224.6  EFFECT OF ALPHA-METHYL-P-TYROSINE TREATMENT ON STIMULATION-EVOKED 
ENDOGENOUS DOPAMINE RELEASE FROM RAT STRIATAL SLICES. L.P. Dwoskin*, 
G.A. Gerhardt and N.R. Zahniser (SPON: L. Gronke). Depts. Phamacol .  and 
Psychiat., Univ. Co. Hl t h .  Sci. C tr .,  Denver, CO 80262.

Despite a  marked decrease (84%) in  s t r i a t a l  dopamine (DA) content 
following treatment with alpha-methyl-p-tyrosine methyl e s te r  HCl  (AMPT; 
300 mg/kg, i .p . ,  16 hr prio r to  sa c r if ic e ) ,  release  evoked by e le c tr ic a l 
stim ulation f rom s t r i a ta l  s lic e s  preloaded with 3H-DA was not d iffe ren t 
in  trea ted  and control r a ts .  The question remained whether AMPT 
pretreatment depleted the endogenous pool of releaseable DA. Therefore, 
the amount of endogenous DA and dihydroxyphenylacetic acid (DOPAC) were 
measured in  the superfusate from s t r i a ta l  s lic e s  from these groups using 
HPLC-EE. Superfusion chambers contained a single  s t r i a ta l  s lic e  (0.5 mm 
thick) which was superfused a t  a  ra te  of 1 ml /min with Krebs' buffer. 
Nomifensine (10 uM) was included in  the superfusion medium in h a lf of the 
s lic e s  from control or AMPT trea ted  ra ts  to  in h ib it the reuptake of DA. 
E lectrica l stim ulation (60 pulses a t  1 Hz or 300 pulses a t 5 Hz) occurred 
a f te r  70 min. One-min sample co llection  began 2 min p rior to  and u n til  10 
min a fte r  the stim ulation. Ascorbic acid oxidase (0.08 mg) was added to  
each sample, and subsequently 50 u l was in jected  d irec tly  in to  the HPLC-EC 
system, which consisted of a  3 micron ODS Ultrasphere reverse phase column 
and an ESA 5100A Coulochem detector with a model 5011 dual-detector 
ana ly tica l c e ll .  The detection lim it was approximately 15 pg/ml 
superfusate. Complete separations and reequ ilib ration  of the system took 
4-5 min.

DA was not detected in  the superfusate in  the absence of nomifensine. 
In the presence of nomifensine, the amount of DA in  the superfusate 
increased immediately a fte r  the stimulus and returned to  spontaneous 
lev e ls  (0.15 ng/ml) during the co llection  period. Lesser amounts of DA 
were collected in the superfusate when 60 ra ther than a fte r  300 pulses 
were delivered (0.6 and 2.4 ng per stim ulation, respectively ). In both 
the absence and presence of nomifensine, the stimulus evoked a delayed (2 
min) increase in  the amount of DOPAC collected . Peak overflow of DOPAC 
(0.9 ng/ml) occurred 4 min a f te r  the 60 pulse stim ulation and 6 min a fte r  
the 300 pulse stim ulation and did not return  to  baseline lev e ls  (0.15 
ng/ml) during the co llection  period. AMPT pretreatment did not decrease 
the amount of endogenous DA collected  in  the superfusate a fte r  60 pulses 
of stim ulation; however, a fte r  300 pulses overflow of both DA and DOPAC 
were moderately decreased (38% and 32% during the co llection  period, 
respec tive ly ). In co n tra s t , a f te r  60 pulses, the presence of endogenous 
DOPAC in  the superfusate during the co llection  period was markedly 
decreased (82%). Therefore, the amount of both DA and DOPAC collected 
must be taken in to  consideration when quantitating  release in  th is  
system. Our re su lts  emphasize th a t DOPAC re f le c ts  released DA th a t has 
been metabolized. Additionally, releaseable pools of DA were not depleted 
to  the same extent as DA content in  the striatum  following th is  AMPT 
treatm ent. Supported by USPHS grants NS 09199 and AM 07391.

224.7 A MODEL OF THE DYNAMICS OF DOPAMINE RELEASE, UPTAKE, AND 
METABOLISM IN RAT NEOSTRIATUM, J .  B. J u s t i c e ,  J r . , * 
A. C. M ichael, L. C. N ico laysen  and W. H. Church, 
Department o f C hem istry , Emory U n iv e r s ity , A tla n ta ,  GA 
30322.

In  v ivo  voltam m etry  and o n - l in e  m icrodi a ly s i s have been 
used to  examine th e  dynam ics o f th e  dopam inergic nerve 
te rm in a l. The r e s u l t s  a re  in te r p r e te d  w ith  a model o f th e  
nerve te rm in a l composed o f  a s e t  o f n o n - l in e a r  o rd in a ry  
d i f f e r e n t i a l  eq u a tio n s  w hich d e s c r ib e  dopamine (DA) syn
th e s i s ,  com partm en ta tion , r e l e a s e ,  up take and m etabolism . 
The model i s  compared w ith  d a ta  o b ta in ed  from experim en ts on 
the  s tim u la te d  r e le a s e  o f  dopam ine. The am plitude  and tim e 
cou rse  o f r e le a s e d  DA in  th e  e x t r a c e l lu l a r  f lu i d  a re  mea
sured  by in  v iv o  vo ltam m etry . S tim u la tio n  o f  th e  MFB a t  
i n t e r v a l s  o f 20 m inu tes (80 μA rm s, 100 Hz, b ip o la r  square 
waves) g e n e ra te s  re p ro d u c ib le  amounts o f  re le a s e d  DA. As 
th e  i n te r v a l  i s  sh o rten e d  to  5 , 2 , o r  1 m inu tes th e  re le a s e d  
DA d e c re a se s  over s u c c e ss iv e  s t im u la t io n s .  A lpha-m ethy l- 
p a ra - ty ro s in e  a l s o  cau ses  a  d e c re a se  in  r e le a s e d  dopamine 
over s u c c e ss iv e  s t im u la t io n s  u s in g  a  20 m inute i n t e r v a l .  
The model in d ic a te s  th a t  r e le a s e d  DA i s  r a p id ly  taken  up 
in to  th e  c y to s o l ic  poo l where i t  i s  slow ly  in c o rp o ra te d  in to  
th e  r e le a s a b le  p o o l. T his re c y c le d  DA appears  to  be a 
sou rce  o f  r e le a s a b le  DA, in  a d d i t io n  to  newly sy n th e s iz e d  
DA, f o r  r e le a s e  by e l e c t r i c a l  s t im u la t io n .  At s tim u la t io n  
in t e r v a l s  o f 5 m in u te s , th e  r e le a s a b le  poo l has n o t had tim e 
to  be re p le n is h e d  from th e  c y to s o l ic  DA.

The model rep roduces  th e  i n a b i l i t y  o f e x t r a c e l lu l a r  DA to  
rem ain e le v a te d  du rin g  a 40 second s tim u la t io n  o f th e  MFB, 
and th e  m etabolism  o f DA to  DOPAC fo llo w in g  s tim u la te d  
re le a s e  (N eu ro sc i. L e t t . ,  56, 365-369, 1985).

D ata on e x t r a c e l lu l a r  dopamine o b ta in ed  w ith  o n - l in e  
m icrod la lysls/L C E C  in d ic a te  an i n i t i a l  r i s e  to  8 tim es b ase 
l i n e  in  40 m inu tes a f t e r  10 mg/kg n o m ifen s in e , an up take  
b lo c k e r . T his i s  fo llow ed  by a d e c lin e  to  4 tim es b a s e l in e  
over th e  n ex t s e v e ra l  h o u rs . The model in d ic a te s  th a t  th e  
d e c lin e  in  e x t r a c e l lu l a r  DA fo llo w in g  th e  i n i t i a l  r i s e  to  a 
maximum tra c k s  a s im i la r  d e c lin e  in  c y to s o l ic  DA, in d ic a 
t in g  a  ra p id  com munication between re le a s e d  and c y to s o l ic  
DA.

The model has been used  to  p r e d ic t  th e  e f f e c t  o f  i n h i 
b i t i o n  o f  ty ro s in e  h y d ro x y la se , MAO and COMT, th e  e f f e c t  o f 
r e s e r p i n e , and th e  e f f e c t  o f  GBL on com partm ents o f DA and 
on th e  m e ta b o lite s  DOPAC, HVA and 3MT. I t  may a l s o  be used 
to  fo llo w  th e  passage  o f  r a d i o a c t i v i ty  through  th e  system , 
s t a r t i n g  from la b e le d  ty ro s in e .

224.8 OUABAIN STIMULATES DOPAMINE RELEASE FROM TUBEROINFUNDIBULAR NEURONS 
IN A SODIUM- AND CALCIUM-DEPENDANT MANNER. L .A n n u n z ia to , S .A m oroso,* 
F .M aurano ,* G .K ap aro s ,* M .T a g l ia la te la * a n d  G .F .D i Renzo*.
D e p t. P h a rm aco lo g y , 2nd S ch o o l o f  M e d ic in e , U n iv e r s i ty  o f  N a p le s , 
V ia S .P a n s in i  5 , 80131 N a p le s , I t a l y .

I t  i s  now w id e ly  re c o g n iz e d  t h a t  membrane Na+-K+-ATPase i n h i b i 
t i o n  in d u c e d  by d i g i t a l i s  c an  a f f e c t  c a te c h o la m in e  r e l e a s e  from  
c e n t r a l  n e u ro n s ,  a l th o u g h  th e  m echanism  by w hich  d i g i t a l i s  e x e r t s  
t h i s  a c t i o n  i s  n o t  y e t  c o m p le te ly  e lu c i d a t e d .  T hese s tu d i e s  w ere 
u n d e r ta k e n  i n  o r d e r  t o  i n v e s t i g a t e  th e  membrane p r o c e s s e s  and th e  
i o n i c  e v e n ts  in v o lv e d  in  d i g i t a l i s  a c t i o n .

T u b e r o in f u n d ib u la r  d o p a m in e rg ic  n e u ro n s  w ere in c u b a te d  in  200 u l  
p a r a l l e l  cham bers and s u p e r f u s e d  a t  a f lo w  r a t e  o f  500 u l /m in  w ith  
a K re b s -R in g e r  B ic a rb o n a te  b u f f e r .  R e le a s e  o f  3H-DA "new ly  ta k e n  
up" was e v a lu a t e d  i n  2 m in . f r a c t i o n  e l u a t e s .  In  a d d i t i o n  en d o g e
nous DA r e l e a s e d  from  th e  same n e u ro n s  was s tu d i e d  in  a s t a t i c  i n 
c u b a t io n  sy s te m  and a s sa y e d  r a d io e n z y m a t ic a l l y .

O uabain  (0 .1 - 1  mM) s t i m u l a te d  e i t h e r  endogenous o r  "new ly  ta k e n  
up" DA r e l e a s e .  T h is  e f f e c t  was c o m p le te ly  a b o l i s h e d  in  p r e s e n c e  o f  
t e t r o d o to x i n  (10 uM), a h ig h ly  s e l e c t i v e  b lo c k e r  o f  sodium  perm ea
b i l i t y  th ro u g h  i t s  s p e c i f i c  c h a n n e ls .  T h is  f in d in g  may i n d i c a t e  
t h a t  o u a b a in - in d u c e d  DA r e l e a s e  r e q u i r e s  Na+ e n tr a n c e  i n to  th e  c e l l s  
th ro u g h  i t s  s p e c i f i c  c h a n n e ls .  F u r th e rm o re , s in c e  L anthanum  (1 mM), 
a  w e l l  known b lo c k e r  o f  c a lc iu m  c h a n n e ls  and o f  th e  a n io n ic  b in d in g  
s i t e s  on th e  s u r f a c e  o f  c e l l  m em brane, m ark ed ly  s u p p re s s e d  o u a b a in -  
in d u c e d  3H-DA r e l e a s e ,  e x t r a c e l l u l a r  Ca++ i n f l u x  may be a n o th e r  im
p o r t a n t  i o n i c  e v e n t  c o n s e q u e n t  to  th e  i n h i b i t i o n  o f  Na+-K+-ATPase 
i n  c e n t r a l  n e u r o n s .  The r e l e a s e  o f  c a lc iu m  from  i t s  i n t r a c e l l u l a r  
s t o r e s  d o es  n o t  a p p e a r  to  p la y  a  r e l e v a n t  r o l e  s in c e  th e  p u t a t i v e  
i n t r a c e l l u l a r  Ca++- a n t a g o n i s t  8 - ( N ,N - d ie th y la m in o ) - o c ty l - 3 ,4 , 5 - t r i 
m eth o x y b en zo ate (T M B -8 )(50  u M )fa ile d  to  p r e v e n t  o u a b a i n - e l i c i t e d  
3H-DA r e l e a s e .  F i n a l l y  n o m ife n s in e  (10 u M ), a DA t r a n s p o r t  i n h ib i to r ,  
d id  n o t  i n t e r f e r e  w i th  o u a b a in  s t im u la te d  3H-DA r e l e a s e ,  s u g g e s t in g  
t h a t  t h i s  e f f l u x  i s  n o t  m e d ia te d  by a c a r r ie r - d e p e n d e n t  p r o c e s s .

A l l  t o g e th e r  th e s e  r e s u l t s  seem  to  s u g g e s t  t h a t  h ig h  d o s e s  o f  
d i g i t a l i s  s t i m u l a te  th e  r e l e a s e  o f  n e u r o t r a n s m i t t e r  by c a u s in g  Na+ 
i n f l u x  and c o n s e q u e n t ly  Ca++ e n t r y  i n to  th e  c e l l s .

I t  re m a in s  to  be c l a r i f i e d  w h e th e r  Ca++ e n tr a n c e  e l i c i t e d  by 
o u a b a in  o c c u rs  th ro u g h  Na+-C a++-ex c h a n g e  sy s te m  o r  i t s  s p e c i f i c  
V o lta g e  O p e ra te d  C h an n e ls  (VOC). (M .P .I .  40 and 60% g ra n ts  to  L .A .)
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224.9 VESICULAR UPTAKE OF DOPAMINE AND METABOLISM OF L-DOPA IN THE RAT 
BRAIN. N .T . Buu and M. A n g e rs * , C l i n i c a l  R e se a rc h  I n s t i t u t e  o f  
M o n tr e a l,  M o n tr e a l,  Q uebec, Canada (H2W 1R 7).

T h e re  i s  s t i l l  no s a t i s f a c t o r y  e x p la n a t io n  f o r  th e  a b se n c e  o f 
change in  th e  b r a i n s  o f  r a t s  i n j e c t e d  w i th  L -d o p a , in  c o n c e n t r a 
t io n s  o f  n o r e p in e p h r in e  (NE) and 3 -m e th o x y ty ra m in e  (3-M T ), a  m ar
k e r  o f  dopam ine (DA) r e l e a s e .  T h is  la c k  o f  r e s p o n s e  o c c u rs  d e s 
p i t e  th e  m an y fo ld  i n c r e a s e s  in  DA c o n c e n t r a t i o n  in  b r a in s  f o l 
low ing  L -dopa a d m i n i s t r a t i o n .  P re v io u s  s tu d i e s  have  shown t h a t  
n e i t h e r  th e  tu rn o v e r  r a t e  o f  DA n o r  th e  s y n th e s i s  r a t e  o f  NE 
(F re e d  and M urphy, 1978) was a f f e c t e d  by th e  ex p an d ed  L-dopa/DA 
p o o l .  On th e  o th e r  hand s y n th e s i s  o f  NE and r e l e a s e  o f  DA r e q u i r e  
t h a t  DA e n te r s  th e  c a te c h o la m in e  (CA) s to r a g e  v e s i c l e  w here d opa
m in e-β -h y d ro x y la s e  (DβH) i s  l o c a l i z e d ,  and from  w here CA can  be 
r e l e a s e d  by e x o c y to s i s .  T h is  s tu d y  d e te rm in e d  th e  v e s i c u l a r  co n 
t e n t  o f  DA in  th e  b r a in  o f  r a t s  and a n a ly s e d  p o s s ib l e  r e l a t i o n s h i p  
b e tw een  th e  v e s i c u l a r  u p ta k e  o f  DA and th e  c e n t r a l  m e ta b o lism  o f  
L -d o p a .

S prag u e-D aw ley  r a t s  (1 7 5 -2 0 0  g ) w ere i n j e c t e d  i n t r a p e r i t o n e a l l y  
( i . p . )  w i th  L -dopa (100 m g /k g ) . O th e rs  w ere  t r e a t e d  w i th  p a rg y 
l i n e  (8 0  m g /k g , i . p . )  1 h o u r p r i o r  to  L -d o p a . A ll  th e  r a t s  w ere 
k i l l e d  by d e c a p i t a t i o n  1 h f o l lo w in g  L -d o p a . The v e s i c u l a r  f r a c 
t i o n  was p r e p a r e d  from  w hole  b r a i n  h o m o g en a te s . CA and CA m etab o 
l i t e s  w ere a n a ly z e d  by HPLC w ith  e le c t r o c h e m ic a l  d e t e c t i o n .

In  th e  r a t s  i n j e c t e d  w i th  L -dopa  t h e r e  was s i g n i f i c a n t l y  l a r g e  
i n c r e a s e s  o f  DA in  a l l  a r e a s  o f  th e  r a t  b r a in  b u t  th e r e  was no 
in c r e a s e  i n  NE, 3-MT and n o rm e ta n e p h r in e  ( NMN) .  The b r a i n  v e s ic u 
l a r  c o n te n ts  (ng/m g p r o t e i n  ± SEM) o f  DA ( 1 .3  ± 0 .2 )  and NE ( 4 .7  ± 
0 .4 )  o f  th e  L - d o p a - in je c t e d  r a t s  w ere s im i l a r  t o  th o s e  o f  c o n t r o l  
s a l i n e - i n j e c t e d  r a t s  ( 0 .8  ± 0 .2  f o r  DA and 4 .5  ± 0 .3  f o r  N E), 
i n d i c a t i n g  t h a t  th e  i n c r e a s e d  DA p o o l d id  n o t  e n t e r  th e  s to r a g e  
v e s i c l e s .

In  c o n t r a s t  in  th e  b r a in s  o f  r a t s  p r e t r e a t e d  w i th  p a r g y l in e  th e  
l a r g e  a c c u m u la t io n s  o f  DA f o llo w in g  L -dopa a d m i n i s t r a t i o n  w ere 
acco m p an ied  by l a r g e  i n c r e a s e s  in  NE, 3-MT and NMN. At th e  same 
tim e  th e  v e s i c u l a r  f r a c t i o n s  from  th e s e  b r a in  h om ogenates showed 
s i g n i f i c a n t  i n c r e a s e s  in  DA (2 7 .5  ± 2 .9  ng/mg p r o t e i n )  and NE ( 7 .1  
± 0 .6  ng/mg p r o t e i n ) .  T h e re  was no d e t e c t a b l e  3-MT o r  NMN in  th e  
v e s i c u l a r  f r a c t i o n .

The d a ta  d e m o n s tra te d  t h a t  in  norm al r a t s  th e  expanded  DA poo l 
fo llo w in g  L -dopa  a d m i n i s t r a t i o n  d id  n o t  e n t e r  a p p r e c i a b ly  i n to  th e  
CA s to r a g e  v e s i c l e s .  T h is  f a c t  may a c c o u n t  f o r  th e  a b se n c e  o f  any 
ch an g e  in  NE and 3-MT. On th e  o th e r  hand in  p a r g y l i n e - p r e t r e a t e d  
r a t s  DA in c r e a s e d  s i g n i f i c a n t l y  in  th e  v e s i c u l a r  f r a c t i o n .  T h is  
may e x p la in  th e  i n c r e a s e  in  NE, 3-MT and NMN fo llo w in g  L -d o p a . 
(S u p p o rte d  by MRC o f  C a n a d a ).

224. 10 CHARACTERIZATION OF SEROTONIN UPTAKE SITES WITH [3H]CITALOPRAM 
AND DIFFERENTIATION OF MULTIPLE [3H] IMIPRAMINE BINDING SITES. 
B rian  L. L arge n t , R obert J .  D'Amato* , Adele M. Snowman* , and 
Solomon H. Snyd e r . D epartm ent o f N euroscience, The Johns Hopkins 
U n iv e rs ity  School of M edicine, B altim o re , Maryland 21205.

[3H ]C italopram  dem onstra tes s a tu ra b le ,  r e v e r s ib le  b ind ing  of 
h igh  a f f i n i t y  (Kd = 0 .7  nM) in  r a t  b ra in  membranes. Under the 
assay  c o n d itio n s  u sed , b in d in g  of [3H ]cita lop ram  is  l i n e a r  w ith  
re s p e c t to  t i s s u e  and ra d io lig a n d  c o n c e n tra t io n . The b ind ing  is  
s e n s i t iv e  to  tem pera tu re  and pH, and dependent upon s a l t  concen t
r a t io n  in  a s im i la r  fa sh io n  to  o th e r  uptake in h ib i to r s .  The drug 
s p e c i f i c i t y  fo r  [3H ]cita lop ram  b ind ing  in  r a t  b ra in  membranes fo r  
v a rio u s  s e ro to n in  uptake in h ib i to r s  c o r r e la te s  c lo s e ly  w ith  th e i r  
a b i l i t y  to  in h ib i t  synaptosom al uptake o f [3H ]se ro to n in . I n h ib i
t io n  o f [3H]c ita lo p ra m  b ind ing  by b o th  s e ro to n in  and im ipram ine 
is  c o n s is te n t  w ith  a com p etitiv e  in te r a c t io n  in  bo th  eq u ilib r iu m  
and k in e t ic  a n a ly s e s . Thus, B i l l  p lo t s  fo r  co m p etitio n  curves of 
im ipramine o r se ro to n in  v s . [3H ]cita lop ram  in d ic a te  a H il l  co e f
f i c i e n t  of e s s e n t i a l l y  u n i ty .  E q u ilib r iu m -s a tu ra t io n  a n a ly s is  of 
[3H ]cita lop ram  b ind ing  in  the  p resence  o f 100 nM im ipram ine o r 
200 nM s e ro to n in  dem onstra tes a s h i f t  in  the  apparen t Kd fo r  [3H]-  
c ita lo p ra m , w ith o u t an e f f e c t  on the  Bmax, c o n s is te n t  w ith  a compe
t i t i v e  in t e r a c t io n .  A d d itio n a lly , im ipram ine o r se ro to n in , up to  
co n c e n tra t io n s  o f 50 μM, does no t a f f e c t  the  d is s o c ia t io n  r a t e  of 
[3H ]cita lo p ram , su g g estin g  a la ck  o f a l l o s t e r i c  r e g u la t io n  of [3H]- 
c ita lo p ram  b ind ing  by im ipram ine o r se ro to n in .

This a p p a re n tly  co m p etitiv e  in t e r a c t io n  o f im ipram ine w ith  se ro 
to n in  uptake s i t e s ,  as la b e le d  w ith  [3H ]cita lop ram , c o n t r a s ts  w ith  
e a r l i e r  s tu d ie s  su g g estin g  p r im a r ily  a l l o s t e r i c  in te r a c t io n s  o f 
im ipram ine w ith  s e ro to n in  uptake s i t e s .  To ad d ress  th i s  apparen t 
in c o n s is te n c y , we examined [3H]imipramine b ind ing  to  d i r e c t l y  com
pare w ith  th a t  o f [3H ]cita lop ram . Thus, s e ro to n in  on ly  p a r t i a l l y  
in h ib i t s  's p e c i f i c '  b in d in g  o f [3H]imipramine (d efin ed  w ith  a 100 
μM im ipram ine 'b la n k ')  -  w hile  f u l l y  in h ib i t in g  s p e c i f ic  [3H ] c i t a l 
opram b ind ing  -  and th i s  amount v a r ie s  (20-80%) among b ra in  reg 
io n s . D e ta ile d  e q u i l ib r iu m -s a tu ra t io n  a n a ly s is  o f [3H ]imipramine 
b ind ing  re v e a ls  two b ind ing  com ponents. At h igh  a f f i n i t y  s i t e s  fo r 
[3H]imipramine (Kd ≅  10 nM), which by sev e ra l c r i t e r i o n  (drug spec
i f i c i t y  and Bmax) seem to  r e p re s e n t the same s i t e s  la b e le d  w ith  
[3H]c ita lo p ra m , se ro to n in  and c ita lo p ram  e x h ib i t  a H i l l  c o e f f ic ie n t  
o f approx im ate ly  u n i ty .  The s e ro to n in - in s e n s i t iv e  p o r tio n  o f b in d 
ing corresponds to  th e  low a f f i n i t y  b ind ing  o f [3H ]im ipram ine. No 
s ig n if i c a n t  e f f e c t  was seen on th e  d is s o c ia t io n  o f  [3H]imipramine 
by in f i n i t e  d i lu t io n  in  the presence  o f up to  10 uM c ita lo p ram  or 
se ro to n in . Thus, im ipram ine appears to  b ind  c o m p e titiv e ly  w ith  
se ro to n in  uptake s i t e s ,  w h ile  a lso  b ind ing  to  lower a f f i n i t y  s i t e s  
which are in s e n s i t iv e  to  se ro to n in  and c u r r e n t ly  u n c h a ra c te r iz e d .

224.11 REGULATION OF NEUROTENSIN RELEASE FROM CANINE ENTERIC NEURONAL 
CULTURES. D.L BARBER*, A.M.J. BUCHAN*, S.E. LEEMAN and A.H. 
SOLL * (SPON: D. P o llen ). Dept. of Physio l. Univ. Mass. Med. C tr . ,  
W orcester, MA. Dept. of Physio l. U. B ritish  Columbia, Vancouver, 
BC and CURE, VA Wadsworth Medical Center, Los Angeles, CA.

Neurotensin (NT), although loca lized  w ithin the cen tra l 
nervous system and e n te ric  endocrine c e l l s ,  has not previously 
been demonstrated in c e l ls  of the e n te ric  nervous system. We 
have recen tly  id e n tif ie d  NT-immunoreactivity w ithin neurons of 
the  canine submucosal plexus. Canine ileum (n=5) was fixed in 
Bouin's so lu tio n , embedded in wax and 5 μm sections immunostained 
with monoclonal antibodies to NT using the PAP method. At le a s t 
60 % of the id e n tifie d  submucosal neurons demonstrated 
NT-immunoreactivity, however, in the  myenteric plexus only 
occasional c e ll bodies were observed. We have subsequently 
developed an e n te ric  ganglion ce ll cu ltu re  system to  study 
d ire c tly  the regu la tion  of NT re le a se . C ells were dispersed from 
canine i le a l  submucosa by sequential incubation in collagenase 
and EDTA. C entrifugal e lu tr ia t io n  separated nerve c e l ls  from 
f ib ro b la s ts  and enriched NT-containing neurons as determined by 
immunohistochemistry and radioimmunoassay. Cell f ra c tio n s  
enriched fo r NT were cultured  in Dulbecco's modified Eagles' 
medium supplemented with growth fa c to rs  and 5 % dog serum. A fter 
48 h, en te r ic  submucosal cu ltu res  contained 575 ± 30 fmol 
NT/106 c e l ls  (mean ± SE, n=5) and re leased  NT in a time 
dependent manner. High pressure liq u id  chromatographic analysis 
of c e ll e x tra c ts  characterized  NT(1- 13) as the primary molecular 
form in these  neuronal c u ltu re s . Basal NT re lease  a f te r  60 min 
was 1.6 ± 0.1 % of NT ce ll con ten t. Forskolin (10μm), an 
adenylate cyclase a c tiv a to r , the phorbol e s te r ,  β-TPA (10 nM), 
and the calcium ionophore A23187 (100 nM) increased  NT re lea se  to 
4.1 ±  0.3 %, 6.3 ± 0 .5 % , and 4.8  ± 0.4 %, re sp ec tiv e ly  (n=4). 
Substance P (SP, 0.1-100 nM) stim ulated  a dose-dependent increase 
in NT re lea se  with a maximal response of 5.7 ± 0.3 % with 100 nM 
SP (n=3). Somatostatin (100 nM) in h ib ited  maximum SP-stim ulated 
NT re lea se  by 62% and in h ib ited  NT re lea se  in response to  a 
combination of β-TPA and A23187 from 8.5 ± 0.6% to  3.3 ± 0.3% 
(n=3). In these c e ll c u ltu re s , degradation of added 
[ 3H]-NT(1-13) was minimal over 60 min. This primary cu ltu re  of 
submucosal ganglion c e l ls  provides a model fo r studying the 
regu la tion  of e n te ric  neuropeptide re le a se . In c u ltu re , NT 
re lease  was stim ulated by receptor-independent mechanisms and by 
SP and was in h ib ited  by som atosta tin .

224.12 RELEASE OF VASOACTIVE INTESTINAL PEPTIDE (VIP) FROM MOUSE 
CEREBRAL CORTICAL SLICES. P.J. Magistretti and J.L. Martin*, Dept. of 
Pharmacology, Centre Medical Universitaire, Geneva 1211, Switzerland.

A sensitive radioimmunoassay (RIA) for the detection of small quantities of 
VIP (lower limit of detection 3 pg/tube, i.e. 1 fmol/ml) has been used to 
examine the regulation of VIP release from mouse cerebral cortical slices. For 
such a RIA a commercially available antiserum (Amersham Int. plc N. 1581) was 
used in combination with a highly purified and characterized molecular form of 
125I-VIP, monoiodinated on Tyr10 and oxidized to Met-sulfoxyde on Met17 
(Martin e t a l . , J .  B io l .  C h e m . 261, 5320, 1986). This [mono(125I)iodo-Tyr10, 
MetO17JVIP displays the following characteristics : (1) It possesses a high specific 
activity (2050 Ci/mmol); (2) It maintains the biological activity of native VIP, 
and (3) it binds to antibody and membrane recognition sites in a specific, 
saturable and reversible manner. Two types of experimental paradigms have been 
used to assess VIP release : (1) static and (2) superfusion conditions. For the 
release under static conditions, mouse cerebral cortical slices (250 × 250 μm × 
~ 1 mm, i.e. cortical thickness, 1-2 mg prot) are incubated for 2 min at 37° in 
450 μl of previously oxygenated Krebs-Ringer bicarbonate buffer (KRG) pH 7.4 
containing (mM) : NaCl 120; KCl 3; CaCl2 2.6; MgSO4 0.67; KH2PO4 1.2, 
NaHCO3 27.5 and glucose 3 mM. Drugs are added as 50 μl. At the end of 
incubation, tubes are centrifuged and VIP released is assayed by RIA in the 
supernatant. VIP tissue content is assayed in the pellet after extraction with 1 M 
CH3COOH. The effect of preincubation (P) time on basal and K+-evoked VIP 
release has been examined. Results are as follows (VIP release ± SEM expressed 
as % of tissue content; n=3 separate determinations) : 0 min P : Basal = 3.21± 
0.37, 25 mM K+ = 10.01±2.2; 15 min P : Basal = 0.83±0.14, 25 mM K+ = 5.71± 
2.1; 30 min P : Basal = 0.41±0.03, 25 mM K+ = 2.68±0.37; 60 min P : Basal = 
0.18±0.03, 25 mM K+ = 1.37±0.15. The decrease in basal and K+-evoked release 
as a function of P time is not the consequence of a decrease in VIP tissue content 
as indicated by the following values (VIP content in pg/mg prot ± SEM; n=17) : 
0 min P = 3001.5±110; 15 min P = 3097±137.1; 30 min P = 2876±71.8; 60 min 
P = 3371± 177.5. For further experiments a P time of 30 min has been used. 
Under these conditions, a 2 min exposure of the slices to 20 or 25 mM K+ 
elicits an increase of VIP over basal levels of 367±11 % and 681.7±58 % 
respectively. Preliminary results indicate that norepinephrine at 100 μM does not 
affect VIP release. For superfusion conditions, slices are prepared as for static 
conditions, distributed into individual chambers (1.5 mg prot/chamber) and 
superfused at a rate of 400 μl/min with KRG containing 30 ug/ml bacitracin 
and 0.05 % BSA. Slices are equilibrated for 1 hr before stimulation. Fractions 
(800 μl) are collected every 2 min, lyophilized and VIP released is assayed by 
RIA. Under these conditions basal VIP release is 4.49±0.31 pg/mg prot (n=9) and 
is increased by 334.96 % in the presence of 25 mM K+ for 2 min. This K+- 
evoked release is markedly decreased in the absence of Ca++ in the medium : 
Basal VIP release : 4.06±0.17, increased by 183.8 % in the presence of 25 mM 
K+. We are currently examining the potential stimulatory or inhibitory effect of 
cortical neurotransmitters on VIP release.
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224.13 MECHANISM OF NOREPINEPHRINE RELEASE ELICITED BY RENAL NERVE 
STIMULATION, VERATRIDINE AND POTASSIUM IN THE ISOLATED RAT 
KIDNEY: ROLE OF CALCIUM AND SODIUM. M.M. Mohy El -Din* and K.U. 
Malik. Dept. of  Pharmacol.,  Univ. o f  Tenn., Memphis, TN 38163.

E l e c t r i c a l  s t im u la t i o n  of  p o s tg a n g l io n ic  sym pathe ti c  nerves , 
v e r a t r i d i n e  (Vt) or  potassium c h l o r id e  (K+) which cause d e p o l a r i 
z a t io n  of  nerve t e r m in a l ,  r e s u l t  in r e l e a s e  of  no rep in ep h r in e  
(NE) in  s e v e r a l  t i s s u e s .  D e p o la r iza t io n  of the  ad ren e rg ic  nerve 
te rm in a l  by th e se  s t i m u l i  which is  a s s o c ia te d  with in c reas ed  i n 
f lux of  ca lc ium (Ca++) i s  co ns id ered  a key s t e p  in r e l e a s e  of NE. 
However, th e  mechanism by which Ca++ e n t e r s  the  nerve te rm in a l  in 
response  to  var ious  d ep o la r iz in g  s t i m u l i  i s  not well  unders to od .  
Ca++ may e n t e r  t h e  nerve te rm in a l  th rough v o l tage-dependen t  Ca++ 
channels  or  by a mechanism invo lv ing  Na+-Ca++ exchange. To e l u 
c i d a t e  th e  c o n t r ib u t i o n  of  one o r  more o f  th e se  mechanisms to  
r e l e a s e  of  NE caused by e l e c t r i c a l  s t im u la t i o n  of sym pathe ti c  
f i b e r s ,  Vt and K+, we have in v e s t i g a t e d  th e  e f f e c t  of  Ca++ d e p le 
t i o n ,  the Ca++ channel  b lo cker  n i f e d ip in e ,  sodium (Na+)channel 
b lo c k e r  t e t r o d o to x i n  and d i f f e r e n t  co n c e n t r a t io n s  of Na+ in  th e  
i s o l a t e d  r a t  kidney perfused  with Tyrode 's s o lu t i o n  and p r e l a b e l 
ed with  [ 3H]NE. Renal nerve s t im u la t i o n  (RNS) ( 1- 4Hz), Vt (10- 
60μM) or  KCl  (40-100 mM) produced re n a l  v a s o c o n s t r i c t i o n  and i n 
c rea se d  p e r f u s io n  p re s s u re  and over f low of  t r i t i u m  in a freguency 
and c o n c en tra t io n -d ep e n d en t  manner r e s p e c t i v e l y .  Omission of  
Ca++ (1 .8  mM) from th e  p e r fu s io n  f l u i d  ab o l ish ed  the  r e n a l  vaso
c o n s t r i c t i o n  and th e  in c r e a s e  in  t r i t i u m  overflow e l i c i t e d  by RNS 
and K+ and s u b s t a n t i a l l y  reduced t h a t  caused by Vt. N ifed ip in e  
(1.4  μM) a t t e n u a t e d  the  ren a l  v a s o c o n s t r i c t i o n  but enhanced t r i 
tium over f low e l i c i t e d  by RNS, Vt and K+. Te trodotoxin  (0 .3  μM) 
abo l ish ed  th e  e f f e c t  of RNS and Vt but not t h a t  of K+ to produce 
r e n a l  v a s o c o n s t r i c t i o n  and to  in c r e a s e  t r i t i u m  overf low.  Lower
ing th e  Na+ c o n c e n t r a t io n  in  the  p e r fu s io n  medium (from 25 to  150 
mM) reduced th e  overf low of  t r i t i u m  and th e  r e n a l  v a s o c o n s t r i c 
t i o n  caused by RNS or  Vt (p<0 .05) ; th e  in c r e a s e  in t r i t i u m  o ver
flow and th e  r e n a l  v a s o c o n s t r i c t i o n  in  response  t o  t h e s e  s t i m u l i  
was p o s i t i v e l y  c o r r e l a t e d  with e x t r a c e l l u l a r  Na+ (25-150mM). In 
c o n t r a s t ,  K+-induced  t r i t i u m  overf low and th e  a s s o c i a t e d  r e n a l  
v a s o c o n s t r i c t i o n  was enhanced by about 3 - fold by lowering e x t r a 
c e l l u l a r  Na+. These d a t a  su g g es t  t h a t  1) Ca++ i s  e s s e n t i a l  fo r  
r e l e a s e  o f  NE e l i c i t e d  by RNS, Vt and K+ whereas Na+ i s  r eq u i red  
fo r  NE r e l e a s e  caused by RNS and Vt but not by K+, 2) v o l t a g e -  
dependent Ca++ channe ls  a re  not involved  in  th e  r e l e a s e  of NE 
e l i c i t e d  by RNS, Vt or  K+ and t h a t  3) RNS and Vt appears  t o  cause  
r e l e a s e  of  NE by enhancing en t ry  of Ca++ in to  the  nerve te rm in a l  
consequent t o  d e p o l a r i z a t i o n  caused by in f lu x  of Na+ whereas K+- 
induced NE r e l e a s e  might be due to  i n f l u x  of Ca++ through s p e c i 
f i c  K+- a c t i v a t e d  Ca++ channe ls .  (Supported by USPHS-NIH Grant 
19734).

224.14 EFFECTS OF VESICULAR ACH UPTAKE BLOCKER AH5183 ON ACH 
RELEASE AT TORPEDO ELECTROPLAQUES. M. Murawsky*, R. Manalis 
and J. Suszkiw. Depts. Physiology & Biophysics, Univ. Cincinnati Coll. of 
Medicine, Cincinnati, OH 45267 and Biol. Sciences, Indiana Univ.-Purdue 
Univ. at Fort Wayne, Fort Wayne, IN 46805

The compound 2-(4 phenylpiperidino)cyclohexanol (AH5183) is a po tent  
inhibitor of ACh uptake into synaptic vesicles isolated from Torpedo 
e lect r ic  organ (Anderson, King & Parsons, 1983). We have investigated the 
ef fec ts  of AH5183 on vesicular uptake and release of ACh in the elec tric 
organs of Torpedo marmorata,  stimulated via the a t tached elec tromotor 
nerves. Tissue blocks together with the segments of electromotor nerve 
were dissected out, perfused with 100 μ Ci (3H)a c e ta t e  and 0.1 mM Ch for 
2 hrs, and then ac tivated  by the application of suprathreshold square wave 
pulses delivered to the nerve a t  1 Hz for 2 min. Afte r additional 2 hrs of 
perfusion, the tissue was washed for 1 hr with Ringer's solution containing 
20 μ M paraoxon and then restimulated at  1 Hz for 15 min. Tissue 
e lect rica l response and (3H)ACh release were measured. Afte r the 
experiment , tissue was frozen in liquid N2 for subsequent extract ion of 
synaptic vesicles. Inclusion of 10 μ M AH5183 in the perfusion had no 
e f fec t  on tissue response, which declined in a character is tic  fashion in both 
the presence and absence of the drug. The incorporation of (3H)ACh into 
vesicles and its release were depressed by 90% in the  presence of the drug, 
although to ta l tissue level of (3H)ACh was unaffected. These observations 
suggest th a t  under the conditions of these experiments (1) the drug did not 
in ter fere with the mobilization of preformed vesicular ACh for release, 
and 2) synthesis and uptake of ACh into so called ac tive vesicles (Suszkiw, 
Zimmerman and Whittaker, 1978) did not detectably contribute to the 
pat te rn  of tra nsm it ter  release. Consequently, the kinetics of ACh release 
a t  these synapses ref lec t primarily the mobilization and depletion of pre
formed quanta in the depot pool of synaptic vesicles. Supported in pa r t by 
NIH Grant NS 20786.

224.15 EFFECT OF AH5183 ON ACETYLCHOLINE RELEASE DURING REPETITIVE 
ACTIVITY AT THE FROG NEUROMUSCULAR JUNCTION. R.S. Manalis and 
J .B . Suszkiw. Indiana-Purdue U niv., F o r t Wayne, IN 46805 and 
Univ. C inci. Sch. Med., C inc innati, OH 45267.

R ecen t n e u ro ch em ica l s t u d i e s  have shown t h a t  2 - ( 4 -  
phenylpiperidino) cyclohexanol (AH5183) s e le c tiv e ly  blocks the 
tra n sp o rt o f ACh in to  synaptic  v e s ic le s . In  f a c t ,  Van der K loot 
(P flugers Arch. , 406:83, 1986) has j u s t  shown th a t  the  quantal 
s iz e  a t  the  neuromuscular ju n c tio n  i s  reduced by the drug. We 
have used AH5183 fo r  two reasons. F i r s t ,  to  de te rm ine  i f  
f a c i l i t a t io n  i s  dependent on the ra te  o f v e s ic u la r tra n sp o rt of 
ACh. Second, we hoped to  gain  in s ig h t in to  the  re la t iv e  amount 
o f  ACh a v a i la b le  fo r  re le a se  by noting  the  to ta l  number of 
transm issions which occur p r io r  to  the  d e tec tio n  o f the  i n i t i a l  
e f f e c t  o f the drug. S c ia tic  n e rv e -sa r to riu s  muscle p repara tions 
o f  the  frog  (Rana p ip ien s) were bathed in  normal Ringer so lu tio n  
contain ing  ( in  mM): NaCl  (111); KCl  (2 .5 ) ; CaCl2 (2 .0 ); t r i s  
m aleate (4) (pH = 7 .1 -7 .2 ; temp. = 15° C). Endplate p o te n tia ls  
(EPPs) were recorded from cura rized  p rep a ra tio n s  ( [dTC] = 4.31 
μM ) . T rains o f r e p e ti t iv e  s tim u li were app lied  to  the nerve. 
For a given t r a in ,  the stim ulus frequency was con stan t and was 
w ithin the range o f .5-36 Hz. T rains la s ted  4 sec each and were 
applied  once every 5-8 min. Changes in  ACh re lea se  were measured 
e lec tro p h y sio lo g ica lly  as  v a ria tio n s  in  EPP am plitudes. Control 
data obtained a t  stim ulus frequencies o f 18 or 36 Hz showed an 
ea rly  and rap id  f a c i l i t a t io n  which was followed f i r s t  by a  rap id  
decay phase and then b y  a slow decay phase. The following data 
were obtained from a s in g le  neuromuscular ju n c tio n  a t  a  stim ulus 
frequency o f 256 Hz. Three successive measurements o f normalized 
EPP a m p litu d es  gave c o n s is te n t values fo r  f a c i l i t a t io n ,  the 
rapid decay time constan t, and the  in flex io n  p o in t, a s  ex trapo la ted  
to  the Y-axis (normalized EPP) ,  between the  rap id  and slow decay 
phases. Another stim ulus t r a in  was n o t app lied  u n t i l  11 min 
a f te r  the a d d itio n  o f 15 μM AH5183. The f a c i l i t a t i o n  r a t io  
changed s l ig h t ly  from 1.88 to  1 .94 . However, the rap id  decay 
time constan t decreased from 512 to  464 msec and the  in flex io n  
p o in t decreased from .43 to  .36. AH5183 began to  cause th is  
e f f e c t  immediately follow ing the peak f a c i l i ta t io n  which corresponds 
to  the  5 th  EPP in  the t r a in .  At 32 min in to  the drug exposure, 
the time constan t was 300 msec and the  in flex io n  p o in t was .19. 
I t  i s  concluded th a t  f a c i l i t a t io n  i s  n o t due to  an increase  in  
the  ra te  o f tra n sp o rt o f ACh in to  v e s ic le s , th a t  the re ad ily  
re leasab le  pool o f ACh i s  re la t iv e ly  sm all, and th a t  th is  pool 
i s  rep lenished during the rap id  decay phase. (AH5183 k ind ly  
supplied by Dr. S.M. Parsons.)

224.16 GABA-UPTAKE INHIBITION: PHARMACOLOGICAL CORRELATES 
E .B . N ie l s e n ,  P.H A n d e rse n * , C. B ra e s tru p *  and K.H. 
W o lf f b r a n d t* . P h a r m a c e u t ic a ls  R & D, NOVO I n d u s t r i  
A /S , D e p ar tm e n t o f  P h a rm aco lo g y , DK-2880, 
B a g s v a e rd , D enm ark.

The r e c e n t  a v a i l a b i l i t y  o f  d ru g s  w h ich  i n h i b i t  
th e  u p ta k e  o f  GABA i n  s y n a p s e s  h a s  p ro m p ted  an  
i n t e r e s t  i n  th e  p o t e n t i a l  o f  s u ch  d ru g s  i n  d i s e a s e s  
and  s t a t e s  in v o lv in g  G A B A -re la ted  d y s f u n c t io n ,  
e . g . ,  e p i l e p s i a  and  a n x i e t y .  Exam ples o f  su ch  
d ru g s  a r e  SKF 100330A and  SKF 100561 , s u b s t i t u t e d  
d e r i v a t i v e s  o f  n i p e c o t i c  a c id  and h o m o -b e ta 
p r o l i n e ,  r e s p e c t i v e l y .

In  t h e  p r e s e n t  e x p e r im e n ts ,  we h ave  
c h a r a c t e r i z e d  th e  e f f e c t s  o f  th e s e  two com pounds i n  
a s e r i e s  o f  i n  v iv o  and  i n  v i t r o  t e s t s ,  p r e d i c t i v e  
f o r  a n t i c o n v u l s a n t ,  a n x i o l y t i c  and  s e d a t i v e  
a c t i o n s .  In  v i t r o , w ith  IC50 v a lu e s  o f  0 .3 5 μM and 
0 . 2 μM, r e s p e c t i v e l y  SKF 100330A and  SKF 100561 
i n h i b i t e d  GABA -uptake. T h is  i n h i b i t o r y  e f f e c t  
o c c u r r e d  i n  a n o n - c o m p e t i t iv e  f a s h io n .  In  v iv o ,  
th e  com pounds w ere  p o t e n t  i n h i b i t o r s  o f  s o u n d - 
in d u c e d  c o n v u ls io n s  i n  DBA/2 m ice  w ith  ED50 v a lu e s  
o f  4m g/kg and  3m g/kg ( I P ,  t - 3 0  m in ) , r e s p e c t i v e l y .  
Some s e d a t i o n  was n o te d  in  th e  r o t a r o d  and t r a c t i o n  
t e s t s .  H ow ever, c o n s o n a n t w ith  an  i n h i b i t o r y  
e f f e c t  on G A BA-uptake, w here  a c e i l i n g  l e v e l  o f  th e  
n e t  i n c r e a s e  i n  GABAergic f u n c t io n  can  be e x p e c te d ,  
th e  d ru g s  o n ly  p a r t i a l l y  c o u n te r a c t e d  th e  
c o n v u ls io n s  in d u c e d  by p e n t y l e n e t e t r a z o l  and  by 
b i c u c u l l i n e .

In  t e s t s  p r e d i c t i v e  f o r  a n x i o l y t i c  a c t i o n ,  
p o s i t i v e  r e s u l t s  h av e  b een  o b ta in e d  i n  some m o d e ls .

T h ese  r e s u l t s  s u g g e s t  t h a t  GABA-uptake 
i n h i b i t o r s  may e x e r t  a n t i e p i l e p t i c  and  p o s s ib ly  
a n x i o l y t i c  a c t i o n .
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224.17 NUCLEOSIDE TRANSPORT IN SYNAPTONEUROSOMES. P .F .  MORGAN* AND P . J . 
MARANGOS. U n it  on N e u ro c h e m is try , B io lo g ic a l  P s y c h ia t r y  B ran ch , 
NIMH, B e th e sd a , Md. 2 0 8 9 2 .

S y n ap to n eu ro so m es  have  been  em ployed w ith  much s u c c e s s  to  s tu d y  
b io p h y s i c a l  phenom ena, su ch  a s  th e  cAMP second  m essen g e r sy s te m , 
t h a t  r e q u i r e  a  h ig h  d e g re e  o f  p h y s io l o g ic a l  i n t e g r i t y  ( H o l l i n g s 
w o r th , E .B . e t  a l ,  J .  N e u r o s c i .  5 ,  2 2 4 0 , 1 9 8 5 ) . N u c le o s id e  t r a n s 
p o r t  i s  a l s o  su ch  a  phenomenon t h a t  i s  d e p e n d en t on su ch  f a c t o r s  as 
t i s s u e  v i a b i l i t y ,  c e l l u l a r  u l t r a s t r u c t u r e  and th e  c y to p la s m ic  
m i l ie u .  We h a v e , t h e r e f o r e ,  made i n i t i a l  a s se s s m e n t o f  s y n a p to n e u 
rosom es a s  a  s tu d y  sy s te m  f o r  e x am in in g  n u c le o s id e  a c c u m u la t io n  v i s  
a  v i s  o th e r  p a r t i c u l a t e  p r e p a r a t i o n s ,  p a r t i c u l a r l y  sy n a p to so m al 
p r e p a r a t i o n s .  A d en o sin e  a c c u m u la t io n  i n to  r a t  sy n ap to so m es was 
s tu d i e d  u s in g  [ 3H ] -a d e n o s in e  as  p r e v io u s ly  d e s c r ib e d  (M organ, P .F .  
e t  a l ,  E u r . J .  P h a rm a c o l.  8 7 , 1 2 1 , 1 9 8 3 ) . T h is  m eth o d o lo g y  was 
a l s o  em ployed to  s tu d y  a d e n o s in e  a c c u m u la t io n  in  a w hole  b r a in  
hom ogenate  p a r t i c u l a t e  p r e p a r a t i o n ,  u n f i l t e r e d  sy n a p to n e u ro so m e s  
and f i l t e r e d  sy n a p to n e u ro so m e s  p re p a re d  as  p r e v io u s ly  d e s c r ib e d  
( H o l l in g s w o r th ,  E .B . e t  a l ,  J .  N e u r o s c i .  5 ,  22 4 0 , 1 9 8 5 ) .

A d en o s in e  a c c u m u la t io n  was e s t im a te d  a f t e r  a 1 m in u te  e x p o su re  
to  1 uM [ 3H ] - a d e n o s in e . A l l  o f  th e  p a r t i c u l a t e  p r e p a r a t i o n s  c i t e d  
above  e x h ib i t e d  a  s im i l a r  a c c u m u la t io n  o f  3 H -a d e n o s in e  p e r  i n i t i a l  
m in u te , nam ely w i th in  th e  ra n g e  6 .5 - 7 .5  p m o l / i n i t i a l  m in ./m g  
p r o t e i n .  The t o t a l  [ 3H ] -a d e n o s in e  a c c u m u la t io n  in  a l l  o f  th e  
p a r t i c u l a t e  p r e p a r a t i o n s  s tu d i e d  was a ls o  e q u a l ly  s u s c e p t ib l e  to  
i n h i b i t i o n  by 10- 3M h ex o b en d in e  ( c i r c a  78-83% i n h i b i t i o n  in  a l l  
c a s e s ) .  H ow ever, a  v e ry  s a l i e n t  f e a t u r e  o f  th e  d a ta  was th e  
ex trem em ly  low  i n t e r -  and i n t r a -  e x p e r im e n ta l  v a r ia n c e  ( a s  r e f l e c t 
ed in  low s ta n d a r d  e r r o r  o f  th e  mean e s t i m a t io n s )  o f  th e  f i l t e r e d  
sy n a p to n e u ro so m e s  p r e p a r a t i o n ,  e s p e c i a l l y  when c o n t r a s te d  to  t h a t  
o f  th e  sy n a p to so m a l p r e p a r a t i o n .

B in d in g  o f  th e  r a d i o n u c le o t id e s  [ 3H ] -c y c lo h e x y la d e n o s in e  
( 3H-CHA) and 3H - N it r o b e n z y l th io in o s in e  (3H-NBI) to  a d e n o s in e  
r e c e p t o r s  and n u c le o s id e  t r a n s p o r t e r  s i t e s  r e s p e c t i v e ly  in  th e  
above  p a r t i c u l a t e  p r e p a r a t i o n s  w ere a d d i t i o n a l l y  exam ined u s in g  
m e th o d o lo g ie s  p r e v io u s ly  d e s c r ib e d  (M aran g o s, P . J .  e t  a l ,  J .  
N eurochem . 3 9 , 1 8 4 , 1 9 8 2 ) . B in d in g  o f  [ 3H]-NBI was n o t 
s i g n i f i c a n t l y  d i f f e r e n t  be tw een  any o f  th e  p a r t i c u l a t e  p r e p a r a 
t i o n s  a l th o u g h  [ 3H]CHA b in d in g  was g r e a t e r  to  s y n a p to so m al 
m em branes when com pared to  any o f  th e  o th e r  p a r t i c u l a t e  p r e p a r a 
t i o n s  ( p 's < 0 .0 5 ,  a n a ly s i s  o f  v a r i a n c e ) .

I t  i s  c o n c lu d e d  t h a t  th e  a d v a n ta g e s  o f  em p lo y in g  sy n ap to so m es to  
s tu d y  n e u ro n a l  f u n c t io n  d e s c r ib e d  a re  u n l ik e l y  to  be o f f s e t  by th e  
d i s a d v a n ta g e s  o f  p o o r t i s s u e  y i e l d ,  l e n g th y  p r e p a r a t i o n  tim e s  and 
po o r t i s s u e  v i a b i l i t y  o f  th e  sy n ap tosom e p r e p a r a t i o n  com pared to 
th e  sy n a p to n e u ro so m e s  p r e p a r a t i o n .

224.18 A PURIFIED SYNAPTONEUROSOME PREPARATION FROM RAT NEOCORTEX. I. 
Reynolds-Niesman and W.T. Greenough Departments of  Psychology and 
Anatomical S c i . ,  U n iv e r s i t y  of I l l i n o i s ,  Champaign, IL 61820

To prepare  very pure "synaptoneurosomes"; a complex of a 
p re s y n ap t ic  bouton, a s y n ap t i c  c o n ta c t ,  and a r e s e a l e d  
p o s t s y n a p t i c  membrane, we modif ied the  method of Holl ingsw orth  
e t . a l .  ( J .  Neurosci .  1985, 5) fo r  r a t  neocortex .  Cerebra l co r tex  
was d i s s e c t e d ,  a t  4° C, in to  b locks  w ith  a minimum of  white 
m a t te r .  The b lo cks ,  approximately  500 mg/brain, were 
homogenized, w ith  a g l a s s - g l a s s  homogenizer, in 7 ml modif ied  
Kreb’s - H e n s e l i e t  b u f f e r  (KRBS), fo r  10-12 s t r o k e s .  The KRBS 
c o n s i s te d  of  118 .5mM NaCl, 4.7mM KCl , 3mM MgSO4,2.5mM CaCl2, 
1 .1 8Mm KH2PO4, 24.9mM NaHCO3, and 1 0 mM g lucose , and was a e ra te d  
with O2/CO2 (95:5)  to  pH 7 .4 .  Mg+2 c o n c e n t r a t io n  was inc reased  
from 1 . 18mM to  3mM to  d e t e r  ag g reg a t io n  of  p a r t i c u l a t e s ,  
s im pl fy ing  the p u r i f i c a t i o n  and s e p a r a t io n  of the homogenate. The 
homogenate was d i l u t e d  w i th  35ml  KRBS, and p res su re  f i l t e r e d  
th rough a p r e f i l t e r  of  3 l a y e r s  of  20um nylon mesh. Remaining 
homogenate was again  p re s s u re  f i l t e r e d  th rough  a 3um 47mm 
M il l ip o re  membrane. The f i l t e r e d  homogenate was d iv ided  in to  10 
tubes  and spun a t  1000 × g fo r  15 minutes a t  4o C. P e l l e t s  were 
suspended in th e  a p p r o p r i a te  b u f f e r  fo r  as say s ,  or  f ix e d  in  2 . 5% 
gluteraldehyde/KRBS fo r  LM/TEM p r e p a r a t io n .  P e l l e t s  were 
processed  in  a r o u t i n e  manner fo r  TEM, and 1um s e c t io n s  th rough 
th e  e n t i r e  p e l l e t  were s t a i n e d  w i th  1% to l u id in e  b lu e .  Thin 
s e c t i o n s  were cu t from th e  s id e ,  middle , and ce n te r  of each 
p e l l e t ,  and viewed on a JEOL 100C.

With a 20um p r e f i l t e r i n g  mesh, no whole n u c le i  appeared in 
1um s e c t i o n s ,  and DNA was reduced by 67% from o r i g i n a l  homogenate 
to  f i n a l  p r e p a r a t i o n .  (537ug± 14.5 to  175.5ug ±5.0)  Remaining 
DNA i s  probab ly  m i to ch o n d r ia l  or n u c lea r  DNA in  s o lu t i o n .  Most 
mi tochondria  were in  b o u to n - l ik e  s t r u c t u r e s .  Free mitochondria 
were s c a t t e r e d  th rough th e  p r e p a r a t io n .  Cytochrome oxidase  
a c t i v i t y  was reduced by 95% from o r i g i n a l  homogenate to  f i n a l  
p re p a r a t i o n .  (207.6 ±42.7 to  19.7 ± 4.4 umol/min/mg p ro te in )

E lec t ro n  mic roscopic  examinat ion r ev ea led  many 
synaptoneurosome p r o f i l e s .  S ec t ions  a l s o  con ta in ed  many f r e e  
synaptosomes and neurosomes; many with  remnants of  a sy n ap t ic  
c o n t a c t - l i k e  a re a .  Measured d ia meters  a re  in c lo se  agreement 
with  p r e p a r a t io n s  from guinea p ig  co r tex .  (J Neurosci .  1985 5 ) 
Synaptoneursome combined d ia m ete r : 1.02um ±0.31; bouton: 0.56um 
±0 . 23; neurosome: 0.47 ± 0 .1 9 ; f r e e  synaptosomes: 0.66um ± .25. 
Very few c o n ta im in a t in g  elements  appear ,  and a r e  d i s t r i b u t e d  
uniformly  th rough th e  p e l l e t .  However, a q u a l i t a t i v e l y  g r e a t e r  
co n c e n t r a t io n  of  synaptoneurosomes is  found nea r th e  bottom of 
the p e l l e t .  The refo re ,  f u r t h e r  p u r i f i c a t i o n  procedures  may yet 
be p o s s i b le .
S u p p o rte d  by NIMH 35321

LOCALIZATION: ACETYLCHOLINE, AMINO ACID AND NEUROPEPTIDE RECEPTORS

225.1 IMMUNOHISTOCHEMICAL LOCALIZATION IN RAT BRAIN OF AN ANTIGEN 
DETECTED WITH A MONOCLONAL ANTIBODY GENERATED AGAINST THE TORPEDO 
NICOTINIC ACETYLCHOLINE RECEPTOR. J .  H o l l id a y * ,  A.Y. D e u tc h , R.H. 
R o th , and  E. Haw rot (SPON: C .F . S t e v e n s ) .  D e p t . o f  P h a rm aco lo g y , 
Y a le  U n iv . S ch o o l o f  M e d ic in e , New H aven, CT 06510 .

M o n o clo n a l a n t i b o d i e s  (mAb) h av e  now b e e n  g e n e ra te d  a g a in s t  
p u r i f i e d  T o rpedo  n i c o t i n i c  a c e t y l c h o l i n e  r e c e p t o r  (AChR), and t h e i r  
b in d in g  p r o p e r t i e s  h av e  b e e n  c h a r a c t e r i z e d  ( 1 ) .  One su ch  a n t ib o d y ,  
d e s ig n a t e d  1 2 .1 8 , was fo u n d  to  c r o s s - r e a c t  w i th  p e r i p h e r a l  g a n g l i a  
and s c i a t i c  n e rv e  i n  r a t  ( 1 ) .  T hese  t i s s u e s  a r e  n o t  known to  
c o n ta in  n i c o t i n i c  AChR o f  th e  m u sc le  ty p e ;  h o w ev er, th e y  do c o n ta in  
o t h e r  t y p e s  o f  r e c e p t o r s  t h a t  re s p o n d  to  ACh. An a n t ig e n  d e te c t e d  
by t h i s  mAb h a s  now b een  l o c a l i z e d  i n  r a t  b r a i n  u s in g  im m unoper
o x id a s e  t e c h n iq u e s .

1 2 .1 8  im m u n o re a c tiv i ty  was o b s e rv e d  i n  a  num ber o f  t e l e n c e p h a l i c  
s i t e s ,  i n c lu d in g  th e  o l f a c t o r y  t u b e r c l e ,  t h e  d ia g o n a l  band com plex 
and  th e  m e d ia l  sep tu m . A lam in a  s p e c i f i c  p a t t e r n  o f  s t a i n i n g  
o c c u re d  in  s e v e r a l  m id b ra in  s i t e s ,  i n c lu d in g  th e  i n t e r p e d u n c u la r  
n u c le u s  ( e s p e c i a l l y  th e  l a t e r a l  s u b n u c le u s ) , th e  supram am m ilary  
n u c le u s ,  and  th e  s u p e r i o r  c o l l i c u l u s .  In  th e  lo w e r  b r a i n  s te m , 
d e n se  f i b e r  s t a i n i n g  was n o te d  in  th e  d o r s a l  p a r a b r a c h ia l  r e g io n .  
The t r i g e m i n a l  c o m p lex , th e  c o c h le a r  n u c le u s ,  and th e  s u p e r i o r  
o l i v e ,  a s  w e l l  a s  t h e  c e re b e llu m  w ere  a l s o  l a b e l e d .  The s t a i n i n g  
p a t t e r n  o b ta in e d  w i th  mAb 1 2 .1 8  was c r i t i c a l l y  d e p e n d e n t upon 
p r e c i s e  p a ra m e te r s  o f  t h e  im m u n o p ero x id ase  p r o to c o l .

The p a t t e r n  o f  mAb 1 2 .1 8  s t a i n i n g  was com pared  to  p r e v io u s ly  
d e s c r ib e d  p a t t e r n s  o f  l ig a n d  b in d in g  a s  r e v e a l e d  by a u to r a d io 
g ra p h y . B ased  on p r e l im in a r y  c o m p a riso n s  w i th  t h e  d i s t r i b u t i o n  o f  
b in d in g  o f  v a r io u s  c h o l i n e r g i c  l i g a n d s ,  th e  p a t t e r n  o f  immuno
r e a c t i v i t y  o b ta in e d  w i th  mAb 1 2 .1 8  may c o rr e s p o n d  m ost c lo s e l y  to  
th e  l o c a l i z a t i o n  o f  th e  M2 m u s c a r in ic  r e c e p t o r .  H ow ever, th e  
s e n s i t i v i t y  o f  th e  d i f f e r e n t  m eth o d s em ployed may b e  d i f f e r e n t ,  and 
th u s  some d i s c r e p a n c i e s  may e x i s t .

In  o r d e r  t o  d e f in e  th e  a n t ig e n  w i th  w hich  mAb 1 2 .1 8  i s  r e a c t i n g ,  
c u r r e n t  e f f o r t s  a r e  b e in g  d i r e c t e d  to w a rd s  im m u n o p re c ip i ta t in g  
c r o s s - r e a c t i n g  a n t ig e n  from  s o l u b i l i z e d  l ig a n d - l a b e l e d  b r a i n  
r e g i o n s .

T h ese  s tu d i e s  s u g g e s t  t h a t  an  a n tib o d y  g e n e ra te d  a g a in s t  th e  
T orp ed o  n i c o t i n i c  ACh r e c e p t o r  may r e c o g n iz e  a  f u n c t i o n a l l y  r e l a t e d  
and  p h a rm a c o lo g ic a l ly  d i s t i n c t  b r a i n  a n t i g e n ,  su c h  a s  t h e  M2 
m u s c a r in ic  ACh r e c e p t o r .

1. H aw ro t, E . , H o l l id a y ,  J . ,  S c h w e i tz e r ,  B . ,  and Chun, L .L .Y . 
(1 9 8 3 ) . S oc . N e u r o s c i .  A b s t .  9 :5 7 7 .

S u p p o rte d  by NIH GM-32629, t h e  M u scu la r  D y s tro p h y  A s s o c ia t io n ,  
MH-09156, MH-14092, th e  A m erican  P a rk in s o n  D is e a s e  A s s o c ia t io n ,  
and th e  T o u r e t t e  Syndrome A s s o c ia t io n .

225.2 ELECTRON MICROSCOPIC LOCALIZATION OF ALPHA BUNGAROTOXIN BINDING 
SITES IN RAT SUPRACHIASMATIC NUCLEUS. M.M.Miller, A. Beaudet and 
R.B. B i l l i a r .* Departments o f  O b ste tr ic s  and Gynecology, and 
Neurology and Neurosurgery, McGill University, Montreal, Canada 
H3A2B4.

T h e  u l t r a s t r u c t u r a l  d i s t r i b u t i o n  o f  l a b e l e d  a l p h a  b u n g a r o t o x i n  
( α - B T X )  b i n d i n g  s i t e s  w a s  e x a m i n e d  b y  e l e c t r o n  m i c r o s c o p i c  
a u t o r a d i o g r a p h y  i n  t h e  s u p r a c h i a s m a t i c  n u c l e u s  o f  t h e  a d u l t  
f e m a l e  r a t .  ( 1 2 5 I )α - B T X  w a s  i n f u s e d  i n t o  t h e  t h i r d  v e n t r i c l e  a n d  
2 4  h o u r s  l a t e r  t h e  a n i m a l s  w e r e  p e r f u s e d  w i t h  a  m i x t u r e  o f  
a l d e h y d e s  a n d  t h e  d o r s a l - l a t e r a l  a s p e c t  o f  t h e  S C N,  p r e v i o u s l y  
s h o w n  t o  c o n t a i n  h i g h  l e v e l s  o f  α - B T X  b i n d i n g  s i t e s  ( M i l l e r  e t  
a l ,  1 9 8 2 ) ,  w a s  p r o c e s s e d  f o r  a u t o r a d i o g r a p h y .  I n  e l e c t r o n  
m i c r o s c o p i c  a u t o r a d i o g r a p h s ,  s i l v e r  g r a i n s  o v e r l a i d  e i t h e r  s i n g l e  
( e x c l u s i v e  g r a i n s )  o r  m u l t i p l e  ( s h a r e d  g r a i n s )  n e u r o n a l  a n d / o r  

g l i a l  p r o f i l e s .  T h e  u l t r a s t r u c t u r a l  d i s t r i b u t i o n  o f  s i l v e r  g r a i n s  
w a s  a n a l y s e d  b y  l i n e  s o u r c e ,  d i r e c t  p o i n t  c o u n t ,  a n d  50%  
p r o b a b i l i t y  c i r c l e  m e t h o d s .  T h e  d i s t r i b u t i o n  o f  g r a i n s  e v a l u a t e d  
b y  b o t h  d i r e c t  p o i n t  c o u n t  a n d  50% p r o b a b i l i t y  c i r c l e  a n a l y s e s  
w a s  c o m p a r e d  w i t h  t h e  d i s t r i b u t i o n  o f  r a n d o m l y  g e n e r a t e d  
h y p o t h e t i c a l  g r a i n s .  T h e  d i s t r i b u t i o n  o f  r e a l  g r a i n s  w a s  
s i g n i f i c a n t l y  d i f f e r e n t  f r o m  t h a t  o f  h y p o t h e t i c a l  g r a i n s .  N o n 
s p e c i f i c  b i n d i n g  w a s  a s s e s s e d  i n  r a t s  i n f u s e d  w i t h  ( 1 2 5 I ) α - B T X  o f  
a  1 0 0 0  f o l d  l o w e r  s p e c i f i c  a c t i v i t y  ( b y  a d d i t i o n  o f  r a d i o i n e r t  α -  
B T X ) .  I n  t h e s e  l a t e r  c o n t r o l s ,  t h e  l a b e l i n g  w a s  n o t  s i g n i f i c a n t l y  
a b o v e  b a c k g r o u n d  l e v e l s .  I n  t i s s u e s  i n f u s e d  w i t h  ( 1 2 5 I ) α - B T X  
a l o n e  l i n e  s o u r c e  a n a l y s i s  d e m o n s t r a t e d  t w o  p o p u l a t i o n s  o f  
s o u r c e s :  a  p o p u l a t i o n  a s s o c i a t e d  w i t h  m e m b r a n e s  a n d  a  s e c o n d  
p o p u l a t i o n  i n s i d e  n e u r o n a l  s t r u c t u r e s .  P r o b a b i l i t y  c i r c l e  
a n a l y s i s  o f  s h a r e d  g r a i n s  i n d i c a t e d  t h a t  m e m b r a n e  b o u n d  
r a d i o a c t i v e  s o u r c e s  w e r e  m a i n l y  a s s o c i a t e d  w i t h  a x o - d e n d r i t i c ,  
a x o - s o m a t i c ,  a n d  d e n d r o - d e n d r i t i c  a p p o s i t i o n s .  A x o - d e n d r i t i c  
a p p o s i t i o n s  s h o w e d  t h e  h i g h e s t  f r e q u e n c y  o f  l a b e l i n g .  O n l y  a  
s m a l l  p r o p o r t i o n  o f  l a b e l e d  n e u r o n a l  i n t e r f a c e s ,  h o w e v e r ,  
e x h i b i t e d  s y n a p t i c  d i f f e r e n t i a t i o n s  i n  t h e  p l a n e  o f  s e c t i o n .  
P r o b a b i l i t y  c i r c l e  a n a l y s i s  o f  e x c l u s i v e  g r a i n s  d e m o n s t r a t e d  
t h a t  s o u r c e s  t h a t  w e r e  n o t  l i n k e d  t o  n e u r o n a l  p l a s m a  m e m b r a n e s  
w e r e  l i k e l y  t o  b e  a s s o c i a t e d  w i t h  n e r v e  c e l l  b o d i e s  a n d  
d e n d r i t e s .  I n  c o n c l u s i o n ,  t h e  p r e s e n t  s t u d y  s u g g e s t s :  ( 1 )  t h a t  
t h e  m a j o r i t y  o f  s p e c i f i c a l l y  l a b e l e d  α - B T X  b i n d i n g  s i t e s  i n  t h e  
S C N  i s  m e m b r a n e  b o u n d ;  ( 2 )  t h a t ,  a s  i n  s y m p a t h e t i c  g a n g l i a ,  
o n l y  a  s m a l l  p r o p o r t i o n  i s  a c t u a l l y  a s s o c i a t e d  w i t h  s y n a p t i c  
j u n c t i o n s ;  a n d  (3 )  t h a t  a  s i g n i f i c a n t  p r o p o r t i o n  o f  t h e  l a b e l i n g  
i s  l o c a t e d  i n s i d e  t h e  s o m a  a n d  d e n d r i t e s  o f  s u p r a c h i a s m a t i c  
n u c l e u s  n e u r o n s ,  s u g g e s t i n g  a n  i n t e r n a l i z a t i o n  w i t h i n  t h e s e  t w o  
c o m p a r t m e n t s .  S u p p o r t e d  b y  N I H  R 0 1 -  HD 1 9 4 3 1  a n d  MRC.
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225.3 DISTRIBUTION OF MUSCARINIC CHOLINERGIC RECEPTORS IN THE BRAIN 
OF A NEWBORN RHESUS MONKEY. J . B .  O 'N e i l l* ,  D .P . F ried m an , 
J .  B a c h e v a lie r  and L .G . U n g e r le id e r . L a b o ra to ry  o f  
N eu ro p sy c h o lo g y , NIMH, B e th e sd a ,  MD 20892 and N e u ro s c ie n c e s  
R e se a rc h  B ra n c h , NIDA, R o c k v i l l e ,  MD 20857.

The d i s t r i b u t i o n  o f  m u s c a r in ic  c h o l i n e r g i c  b in d in g  s i t e s  in  
th e  b r a i n  o f  a new born rh e s u s  monkey was s tu d i e d  by in  v i t r o  
a u to r a d io g r a p h ic  l o c a l i z a t i o n  o f  [ 3H] q u i n u c l i d in y l  b e n z i l a t e  
(QNB). C r y o s ta t - s e c t i o n e d  (25 μ m ), u n f ix e d ,  thaw -m ounted  t i s s u e  
from  th e  b r a i n  o f  a  o n e -d a y -o ld  monkey was in c u b a te d  f o r  2 h r s  
a t  room t e m p e ra tu re  in  0 .0 1  M p h o s p h a te - b u f f e r e d  s a l i n e  ( PBS), 
pH 7 .4  w i th  0 .6  nM [ 3H] QNB, r in s e d  3 t im e s  f o r  5 min  e ach  in  
PBS, and d r i e d  i n  a  s tr e a m  o f  c o o l  a i r .  N o n s p e c if ic  b in d in g  was 
d e te rm in e d  in  th e  p r e s e n c e  o f  1 μM a t r o p i n e  s u l f a t e .  The 
s e c t io n s  w ere th e n  ap p o sed  to  t r i t i u m  s e n s i t i v e  LKB f i lm  and 
exp o sed  f o r  2 w eeks a t  20°C b e fo r e  b e in g  d e v e lo p e d .  The 
a u to r a d io g r a p h s  a t  s e l e c t e d  l e v e l s  th ro u g h  th e  new born b r a in  
were com pared  to  th o s e  from  two a d u l t  monkey b r a i n s  t h a t  had  
been  p ro c e s s e d  in  th e  same way.

As p r e v io u s ly  d e s c r ib e d  ( O 'N e i l l  e t  a l . ,  S o c . N e u ro s c i.  
A b s t r . , 1 1 :1 0 5 3 , 1 9 8 5 ) , QNB b in d in g  in  th e  n e o -  and a l l o c o r t e x  
o f  th e  a d u l t  b r a i n s  was c h a r a c t e r i z e d  by a b ro a d  ra n g e  o f  
d e n s i ty  v a r i a t i o n s ,  b o th  a c r o s s  c o r t i c a l  f i e l d s  and a c r o s s  
lam in ae  o f  a g iv e n  f i e l d .  T hese v a r i a t i o n s  w ere v e ry  d i s t i n c t ,  
i n d i c a t i n g  th e  s p e c i f i c  l o c a l i z a t i o n  o f  m u s c a r in ic  c h o l i n e r g i c  
r e c e p t o r s .  QNB b in d in g  in  th e  new born b r a i n ,  by c o n t r a s t ,  
showed a much n a rro w e r  r a n g e  o f  d e n s i t y  v a r i a t i o n s ,  w i th o u t  
s h a rp  b o r d e r s  e i t h e r  b e tw een  c o r t i c a l  f i e l d s  o r  b e tw een  lam in ae  
w i th in  a f i e l d .  No c o r t i c a l  f i e l d  in  th e  i n f a n t  d i s p l a y e d  an 
a d u l t - l i k e  p a t t e r n  o f  b in d in g ,  a l th o u g h  in  many f i e l d s ,  su ch  a s  
th e  p r im a ry  v i s u a l  c o r t e x ,  th e  a d u l t  p a t t e r n  a p p e a re d  to  be 
e m e rg in g . S i m i l a r ly ,  in  th e  th a la m u s ,  th e  d i s t r i b u t i o n  o f  QNB 
b in d in g  in  t h e  new born  b r a i n  r e se m b le d  t h a t  in  th e  a d u l t  b r a i n s ,  
b u t  a g a in  d e n s i t y  d i f f e r e n c e s  be tw een  n u c l e i  in  th e  i n f a n t  w ere 
n o t  a s  d i s t i n c t  a s  i n  th e  a d u l t s .  T h u s , s p e c i f i c  l o c a l i z a t i o n  
o f  m u s c a r in ic  c h o l i n e r g i c  r e c e p t o r s  in  th e  c o r t e x  and th a la m u s  
i s  n o t  c o m p le te  a t  b i r t h  b u t  h a s  b e g u n . In  c o n t r a s t  to  th e  
d e la y e d  m a tu r a t i o n  o f  m u s c a r in ic  c h o l i n e r g i c  r e c e p to r  
l o c a l i z a t i o n  in  th e  c o r t e x  and th a la m u s ,  th e  p a t t e r n  o f  QNB 
b in d in g  in  b o th  th e  h ippocam pus and s t r i a t u m  o f  th e  new born 
b r a in  a p p e a re d  to  be i d e n t i c a l  to  t h a t  o f  th e  a d u l t  b r a i n s .

The f in d in g s  s u g g e s t  t h a t  th e  d i s t r i b u t i o n  o f m u s c a r in ic  
c h o l i n e r g i c  r e c e p t o r s  in  th e  m acaque b r a i n  i s  a d u l t - l i k e  a t  
b i r t h  in  l im b ic  s t r u c t u r e s  and s t r i a t u m  b u t  i s  n o t  f u l l y  
d e v e lo p e d  in  c o r t i c a l  a r e a s .  T h u s, l i k e  many o t h e r  a s p e c t s  o f  
n e o c o r t i c a l  m a tu r a t i o n ,  th e  d i s t r i b u t i o n  o f  m u s c a r in ic  
c h o l i n e r g i c  r e c e p t o r s  c o n t in u e s  to  d e v e lo p  p o s t n a t a l l y .

225.4 MUSCARINE RECEPTOR DISTRIBUTIONS WITHIN ARCHITECTONIC 
SUBREGIONS OF THE PRIMATE CORTEX. D.C. Mash and M-M 
Mesulam. Harvard Medical School, Boston, MA.

The regional variations in M1 and M2 muscarine receptors  in the 
macaque brain were investigated by in vitro receptor  
autoradiography. Unfixed, slide-mounted sections were labelled 
with a saturat ing concentrat ion  of 3H-quinuclidinyl benzilate in the 
presence of sufficient cold pirenzepine or carbachol to occlude Ml 
or M2 sites, respectively. In an adjacent series of sections, the Ml 
subtype was labelled directly with 3H-pirenzepine. Dried, labelled 
sections were apposed to tritium sensitive LKB Ultrofilm for 4-8 
weeks. Alte rnate sections were stained with thionine for 
correlation of the receptor pat terns  with cytoarchitectonics . The 
results show that M1 and M2 muscarine receptors  displayed marked 
regional heterogenei ty which respected archi tec tonic boundaries.

M2 receptor subtype. In the cerebral cortex,  regions with the 
heaviest M2 receptor densities included the visual (area 17, VI), 
auditory (A1), and somatosensory (3b, S 1) primary koniocortical 
sensory areas, the hippocampal formation, and the parahippocampal 
region. The premotor  and motor regions (areas 6 and 4) had a 
pat te rn  of labelling of intermediate intensity. In the 
parahippocampal region, M2 receptors  were heaviest in the ventral 
entorhinal (area 28) and prorhinal cort ices, and the parasubiculum. 
M2 receptors  in the hippocampal formation were densest in the CA3 
subfield of Ammon's horn and the subiculum.

M1 receptor subtype. M1 receptors  were widely distributed 
throughout most cort ical areas. In contras t to the hippocampal 
distribution of M2 receptors, M1 receptor labelling was most intense 
over the molecular layer of the den tate gyrus and was markedly 
reduced in the subiculum. While M2 receptors  were heaviest over 
the deeper cort ical layers, M1 receptor labelling was generally more 
intense in superficial layers. The motor-premotor regions contained 
relatively low levels of M1 receptors.

These observations demonstrate  th a t putative  muscarine 
receptor  subtypes exhibit a heterogeneous distribution in the 
prim ate cortex.  Therefore , M1 and M2 selective agonists can 
potentially have effec ts  tha t are ta rgeted  to archi tec tonic 
subregions of the cerebral  cortex.

Supported by NS 20285, NS 029211, NS 17661, AG 05134, and the 
McKnight Foundation.

225.5 BOVINE BRAIN COATED VESICLES DISPLAY HETEROGENEITY FOR MUSCARINIC 
ACETYLCHOLINE RECEPTORS. W a lte r  S i lv a *  and  S a u l P u sz k in *  (SPON: 
J .  G o ld f a r b ) . D e p a r tm e n ts  o f  P h arm aco lo g y  and  P a th o lo g y ,  Mount 
S in a i  S c h o o l o f  M e d ic in e , C .U .N .Y ., New Y ork , NY 10029.

C o a ted  v e s i c l e s  g a in e d  r e c e n t  a t t e n t i o n  b e c a u se  th e y  p a r t i c i p a t e  
i n  t h e  p r o c e s s  o f  r e c e p to r - m e d ia te d  e n d o c y to s i s .  The b i o l o g i c a l  
r e c e p t o r s  f o r  many l ig a n d s  h av e  b een  r e p o r t e d  i n  c o a te d  p i t s  and 
c o a te d  v e s i c l e s  su c h  a s  i n s u l i n ,  e p id e rm a l  g ro w th  f a c t o r ,  immuno
g l o b u l i n ,  m an n o se -6- p h o s p h a te ,  t r a n s f e r i n ,  a s i a l o g l y c o p r o t e i n s ,  
b io g e n ic  a m in e s , e t c .  The e x p e r im e n ta l  e v id e n c e  so  f a r  p r e s e n t e d  
i s  b io c h e m ic a l  and  m o rp h o lo g ic a l  i n  n a tu r e .  F o r o t h e r  r e c e p t o r  
sy s te m s  l i k e  th e  m u s c a r in ic  a c e t y l c h o l i n e  r e c e p t o r  (mAchr) and 
th e  β- a d r e n e r g i c  r e c e p t o r ,  p h a rm a c o lo g ic a l  d a ta  s u g g e s t  i n t e r n a l i 
z a t i o n  and  r e c y c l in g  s in c e  no d i r e c t  e v id e n c e  d e m o n s tra te d  th e  
e x i s t e n c e  o f  e i t h e r  r e c e p t o r  m o le c u le  i n  c o a te d  v e s i c l e s .

In  th e  p r e s e n t  s t u d i e s  we exam ined  th e  b in d in g  o f  3H( - ) q u i n u c l i 
d y n y lb e n z i la t e  a s  th e  l a b e l i n g  l ig a n d  and  u se d  a t r o p i n e  a s  th e  
m ask in g  l ig a n d  t o  d e f in e  s p e c i f i c  b in d in g  on c o a te d  v e s i c l e s  
o b ta in e d  from  b o v in e  b r a i n  t h a t  w ere o f  h ig h  p u r i t y  a f t e r  b e in g  
e lu t e d  by tw o p a s s a g e s  th ro u g h  S e p h a c ry l  S -1000 colum n c h ro m a to 
g ra p h y .  The c o a te d  v e s i c l e s '  m u s c a r in ic  r e c e p t o r  d i s p l a y e d  a  Kd 
o f  25 pM an d  a  Bmax o f  a b o u t  190 fm ol/m g p r o t e i n .  To c e r t i f y  
t h a t  b in d in g  a c t i v i t y  was a s c r i b e d  t o  c o a te d  v e s i c l e s ,  im m u n o ti tr a 
t i o n  d e te r m in a t io n s  w ere p e rfo rm e d  w i th  p o ly c lo n a l  a n t i b o d i e s  t o  
c o a te d  v e s i c l e  c o a t  p r o t e i n s  bound t o  h e a t - i n a c t i v a t e d ,  fo rm a ld e 
h y d e - f ix e d  S ta p h y lo c o c c u s  a u re u s  c e l l s  and  e v a lu a t e d  them  m orpho
l o g i c a l l y  and  b i o c h e m ic a l ly .  U l t r a s t r u c t u r a l l y ,  o n ly  c o a te d  
v e s i c l e s  w ere o b s e rv e d  a t t a c h e d - t o  th e  c e l l s  i n  th e  im m u n o p re c ip i
t a t e  w hich  d i s p l a y e d  o v e r  80% o f  th e  o r i g i n a l  mAchr b in d in g  
a c t i v i t y .  In  a d d i t i o n ,  i n c r e a s e d  v a lu e s  o f  mAchr b in d in g  (150- 
160%) w ere o b ta in e d  a f t e r  rem o v a l o f  th e  c o a t  p r o t e i n s  from  th e  
e x t e r n a l  s u r f a c e  o f  c o a te d  v e s i c l e s .

C o m p e ti tio n  e x p e r im e n ts  u s in g  a t r o p i n e ,  N -m e th y lsc o p o la m in e , 
o x o tre m o rin e  and  c a rb a m y lc h o l in e  c o n f irm e d  th e  m u s c a r in ic  n a tu r e  
o f  th e  b in d in g  s i t e .  The c o m p e t i t io n  r a n k in g  was t y p i c a l  o f  
mAchr w i th  a t r o p i n e  >N-MS > o x o tre m o rin e  > c a rb a c h o l .  C o m p e ti tio n  
c u rv e s  f o r  a l l  com pounds e x c e p t  a t r o p i n e  d i s p l a y e d  H i l l  s lo p e s  
s i g n i f i c a n t l y  d i f f e r e n t  from  u n i t y .  The p r e s e n c e  o f  500 μM GTP 
d id  n o t  a f f e c t  th e  c o m p e t i t io n  c u rv e  f o r  o x o tre m o r in e .  A n a ly s is  
o f  d a t a  u s in g  a  t w o - s i t e  m odel r e v e a l e d  13% o f  h ig h  a f f i n i t y  
s i t e s  f o r  o x o tre m o rin e  and  d im in is h e d  t o  9% w ith  GTP. T w o -s i te  
a n a l y s i s  showed 6 6 % h ig h  a f f i n i t y  s i t e s  f o r  c a r b a c h o l .  The 
a n t a g o n i s t  N-MS d i s p l a y e d  62% o f  h ig h  a f f i n i t y  s i t e s .  The d a ta  
s u g g e s t  t h a t  t h e  c o a te d  v e s i c l e  p o p u la t i o n  i s  m ic ro h e te ro g e n e o u s  
an d  t h a t  a  p o r t i o n  o f  c o a te d  v e s i c l e s  may c o n ta in  an  i n t e r n a l i z e d  
form  o f  th e  r e c e p t o r .

S u p p o r te d  by N .I .H .  g r a n t  NS12467

225.6 STRIOSOMAL ORGANIZATION OF HUMAN STRIATUM: RELATIONSHIP BE
TWEEN PRE- AND POST-SYNAPTIC ELEMENTS OF THE DOPAMINERGIC 
AND CHOLINERGIC SYSTEMS. J .N . Jo y ce1* , P .R . L o w e n s te in 2, 
J .T . Coy le 2 and J .F .  M arsh a ll1 (SPON :J . Fernandez P a r d a l ) .

Departm ent o f Psychob io logy , Univ. C a l if o rn ia ,  I r v in e ,  CA, 
92717 and Departm ent o f N eu roscience , The Johns Hopkins 
U n iv e rs ity  School o f M edicine, B a ltim o re , MD, 21205.

The dopamine (DA) D2 re c e p to rs  in  th e  s tr ia tu m  o f human 
p o s t mortem m a te r ia l  show a patchy  d i s t r i b u t io n  when examined 
w ith  q u a n t i ta t iv e  au to rad io g rap h y  o f [3H ]sp iro p e rid o l b ind ing  
(M arsh a ll , Joyce and Sapp, N e u ro sc i, A b s tr . 11 :207 ,1985 ). 
T his pa tch y  p a t te r n  appears to  b ea r an im portan t r e la t io n s h ip  
to  th e  s tr io so m a l o rgan - iz a t i o n  o f the  s tr ia tu m , s in ce  the 
p a tch es  form la b y r in th e s  in  th e  ro s t r a l - c a u d a l  ax is  t h a t ,  in  
g e n e ra l,  a l ig n  w ith  th e  a c e ty lc h o lin e s te r a s e  (AChE) s ta in e d  
s tr io s o m e s . We have examined the  r e la t io n s h ip  between dopa
m inerg ic  and c h o lin e rg ic  system s in  more d e t a i l  by comparing 
th e  au to ra d io g ra p h ic  d i s t r i b u t io n  o f bo th  DA re c e p to r  sub
types  (D1 and D2 ) , th e  DA uptake s i t e s ,  th e  h ig h - a f f in i t y  
ch o lin e  uptake s i t e s ,  AChE, and th e  c h o lin e rg ic  M1 and M2 
re c e p to rs  in  th e  s tr ia tu m  of human p o s t mortem m a te r ia l .

AChE h is to c h em ica l s ta in in g  fo r  d e f in i t i o n  o f s trio som es 
showed AChE-rich and -p o o r zones a lig n ed  w ith , r e s p e c t iv e ly ,  
D2 h ig h -d e n s i ty  and lo w -d en s ity  reg io n s  in  a d ja c e n t s e r i a l  
s e c t io n s .  The D2 b ind ing  ( [3H]SCH 23390, Dawson e t  a l ,  E u r . 
J .  Pharmacol 108:323, 1985) was homogeneous. In  g e n e ra l,  th e  
AChE/D2 - r i c h  and -p o o r zones were a lso  a lig n ed  w ith , r e s 
p e c t iv e ly ,  zones r ic h  and poor in  [3 H]HC-3 b ind ing  ( c h o l i
n e rg ic  uptake s i t e ,  Coyle e t  a l ,  th i s  m eeting) and 
[3H]mazindol b ind ing  (DA uptake s i t e ,  J a v i tc h  e t  a l ,  
J .N e u ro sc i.  5 :1513, 1985). The p a t te rn in g  o f th e  M1 s i t e s ,  
d e fin ed  using  [3H ]p irenzep ine  o r 1 nM N-[3H ]m ethylscopolam ine 
p lu s  100 uM ca rbacho l (C o rtés e t  a l .  B rain  Res 362: 239, 
1986), i s  being  examined f u r th e r .

These fin d in g s  suggest th a t  th e re  i s  an im portan t r e l a t i o n 
sh ip  between th e  o rg a n iz a tio n  o f s tr io s o m e s , as d e fin ed  w ith  
c h o lin e rg ic  m arkers, and m arkers o f b o th  p re sy n a p tic  and 
p o s ts y n a p tic  dopam inergic system . A d d itio n a lly , th e  d i s t r i 
b u tio n  o f DA D2 s i t e s  is  more c lo s e ly  a lig n ed  w ith  the  
d e n s ity  of DA uptake s i t e s  th an  is  th e  p a t te rn in g  of D1 
re c e p to r  s i t e s .

*p re s e n t add ress  fo r  JNJ is  Departm ent o f Pharm acology, 
C o llege o f M edic ine, U n iv e rs ity  o f P en n sy lv an ia , P h ila d e lp h ia , PA
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225.7 VISUALIZATION OF CHOLINERGIC PROCESSES IN THE RAT AND MONKEY 
FOREBRAIN: [ 3H]HEMICHOLINIUM-3 ( [ 3H]HCH-3) AUTORADIOGRAPHY IN 
RELATION TO ACHE HISTOCHEMISTRY AND CHAT IMMUNOCYTOCHEMISTRY. 
J .T . Coyle, P.R. Lowenstein, C. Hohmann, C. K itt ,  D. P rice and E. 
DeSouza. Depts. of Neuroscience and Pathology, The Johns Hopkins 
U niversity  School of Medicine, Baltimore, MD 21205, and NIDA.

[ 3 H]HCh-3, a potent in h ib ito r  of high a f f in i ty  choline uptake, 
lab e ls  the high a f f in i ty  choline c a r r ie r  on cho linerg ic  neurons. 
We compared the anatomical d is tr ib u tio n  of [ 3 H]HCh-3 binding s i te s  
with AChE histochem istry  and ChAT immunocytochemistry. Standard 
techniques were used fo r the autoradiographic v isu a liza tio n  of the 
d is tr ib u tio n  of [ 3 H]HCh-3 binding s i te s ;  a m odification of the 
procedure of Karnovsky and Roots was employed fo r the AChE h is to 
chem istry; and a mouse monoclonal antibody against ChAT was used 
fo r  the immunocytochemistry.

In the adult r a t ,  [ 3 H]HCh-3 binding to the caudate-putamen pre
sen ts  a la te ra l  to medial g rad ien t, co n sis ten t with the AChE 
histochem ical s ta in ing  but not with the uniform d is tr ib u tio n  of 
ChAT p o s itiv e  ce ll bodies. In the ra t  thalamus, areas of dense 
binding included the antero v en tra l, antero do rsa l, r e t ic u la r ,  
la te ra l  geniculate  and habenular nuc le i, while the ventrobasal 
complex was almost devoid of lab e l. This pa tte rn  co rre la ted  with 
the  in te n s ity  of AChE histochem ical s ta in in g . In the hippocam
pus, the dentate gyrus had higher lev e ls  of [ 3 H]HCh-3 binding than 
the CA1 -CA3 regions; and the subiculum had higher lev e ls  than the 
enthorhinal cortex . In the amygdala, d iffe re n t subnuclei were 
c le a r ly  de lineated , with higher lev e ls  of [ 3 H]HCh-3 binding in the 
b a so la te ra l, cen tra l nuclei and the amygdalo-hippocampal area. 
Cholinergic term inals v isualized  by CAT immunocytochemistry and 
AChE histochem istry  are concentrated in the baso la te ra l nucleus. 
The cerebral cortex had a uniform level of binding across d i f 
fe re n t c o rtic a l areas, with a s l ig h t ex ternal to  in te rn a l gradient 
and somewhat lower binding to layer IV. Both [ 3 H]HCh-3 au to ra
diography and AChE histochem istry  c o rre la te  very well in d iffe re n t 
regions of the ra t  b rain , including the la te ra l  habenula and the 
fim bria  fo rn ix , where only cho linerg ic  f ib e rs ,  but no ce ll bodies, 
have been described. The same general p a tte rn  of d is tr ib u tio n  
of [ 3 H]HCh-3 binding is  apparent in the cynomolgus fo reb ra in . In 
the caudate and putamen, however, [ 3H]HCh-3 binding is  best 
described as consis ting  of patches of higher density  in a la te ra l  
(high) to  medial (low) g rad ien t of the surrounding areas. In the 
la te ra l  gen icu late , the m agnocellular layers show higher lev e ls  of 
[ 3 H]HCh-3 binding than the pa rv o cellu lar ones, a p a tte rn  a lso con
s is te n t  with the AChE histochemical s ta in in g .

Our re s u lts  demonstrate th a t the [ 3 H]HCh-3 autoradiography is  a 
useful presynaptic marker fo r v isu a liz in g  the d is tr ib u tio n  of cho
lin e rg ic  c e ll processes in the brain .

225.8 SUBSTANTIA NIGRA DOPAMINERGIC NEURONS MAY RECEIVE A CHOLINERGIC 
INNERVATION FROM THE PERIBRACHIAL AREA. P.B .S.C larke, D.W. Hommer, 
A .Pert and L .R .S k irb o ll. B iological Psychiatry and C lin ical 
Neuroscience Branches, NIMH, Bethesda, MD 20205.

Dopaminergic (DA) neurons of the substan tia  nigra pars compacta 
(SNC) possess high a f f in i ty  t r i t i a t e d  n ico tine  binding s i te s  and 
are excited  by n ico tine  (Clarke and P ert 1985; Clarke e t  al 1985). 
The most lik e ly  source of cho linerg ic  innervation  is  the p e r i
brachial region s itu a ted  in and around the tegmental pedunculo
pontine nucleus, but such a p ro jec tion  is  con troversia l (Sugimoto 
and H attori 1984).

Anatomy Male ra ts  (200g) received u n ila te ra l in jec tio n s  of the 
flu o rescen t re trograde label Fast Blue centred in the SNC, and 
were sac rif ic ed  several days l a te r .  Tegmental brain  sections were 
processed fo r choline acetyl tran sfe ra se  (ChAT) immunohisto
chem istry (fo r method see Skirboll e t  al 1984) or fo r histochemical 
v isu a lisa tio n  of NADPH-diaphorase a c t iv ity  (Vincent e t  al 1986); 
the l a t t e r  is  a convenient marker fo r cho linerg ic  neurons in the 
caudal column. Fast Blue lab e lled  somata formed a d iffu se  
population almost exclusively  ip s i la te r a l  to the dye in je c tio n , 
and a su b stan tia l proportion possessed ChAT immunoreactivity or 
in tense NADPH-diaphorase a c t iv i ty .

Electroohysiology One id e n tif ie d  SNC DA neuron was recorded in 
each chloral hydrate anaesthe tised  r a t  (see Clarke e t  al 1985), 
and kainic acid ( KA) was infused a f te r  a baseline  period in to  the 
perib rach ia l area in order to produce a local ex c ita tio n  of c e ll 
bodies. KA (5 pmol - 1.6 nmol in 0.5 u l ) ,  m icroinjected in to  the 
ip s i la te r a l  perib rach ia l a rea , produced an immediate and dose- 
re la ted  ex c ita tio n  of DA neurons s itu a ted  several m illim etres 
d is ta n t in  the SNC. In a second experiment, ra ts  were pre trea ted  
in travenously with physiological sa lin e  or with the n ico tin ic  
an tagon ist mecamylamine (2 mg/kg) and 5 min la te r  received vehicle 
or KA (0.5 nmol) in to  the perib rach ia l area ip s i la te r a l  or con tra
la te ra l  to the recording s i t e .  C onsistent with our anatomical 
f ind ings, ip s i la te r a l  KA in je c tio n  again markedly excited  SNC DA 
neurons, whereas c o n tra la te ra l KA in je c tio n  was in e ffe c tiv e . 
Intravenous mecamylamine prevented the KA-induced remote ex c ita tion  
of SNC DA neurons.

These re s u lts  suggest th a t cho linerg ic  neurons in  and around 
the pedunculopontine nucleus provide an ex c ita to ry  input to DA 
neurons o f the substan tia  n ig ra .

P.B .S.Clarke & A .Pert (1985) Brain Res 348, 355-358.
P.B .S.Clarke e t  al (1985) Br J Pharmac 85, 827-835.
L.R .Skirboll e t  al (1984) Brain Res Reviews 8 ,99-127.
T.Sugimoto & T .H attori (1984) Neurosci 11 ,931-946.
S.R.Vincent e t  al (1986) Neurosci 17, 167-182.

225.9 DISTRIBUTION OF GLUTAMATE BINDING IN PRIMATE BRAIN. G.W. D auth, I .  
Shimoyama*, Z. H ollingsw orth* , J .B . Penney, S. Gilman, J.W. 
A ldridge  and A.B. Young. D ept. of N eurology, Univ. o f M ichigan, 
Ann A rbor, MI 48109.

G lutam ate i s  thought to  be an im portan t n e u ro t ra n s m it te r  in  th e  
c e re b ra l c o r te x , c e re b ra l c o r t ic o fu g a l  p ro je c t io n s ,  and the  c e re 
bellum . The d is t r i b u t io n  o f g lu tam a te  re c e p to rs  in  p rim ate  b ra in  
i s  no t com pletely  known. Ve examined the  d i s t r i b u t io n  o f g lu tam a te  
re c e p to r  b ind ing  in  s e le c te d  a rea s  o f the  normal p rim ate  b ra in .

M. f a s c i c u la r i s  monkeys were used . As p a r t  o f a s e p a ra te  s tu d y , 
th e  monkeys were in je c te d  IV w ith  14C-2-deoxyglucose p r io r  to  
d ea th . The deoxyglucose d a ta  a re  not rep o rte d  h e re . The an im als 
were k i l l e d  w ith  an IV overdose o f sodium p e n to b a rb i ta l  fo llow ed 
w ith  5cc o f s a tu ra te d  KCl . The b ra in  was removed, fro zen  q u ic k ly  
and s to re d  a t  -70° C. S ec tio n s  were cu t on a c ry o s ta t  a t  20 μm and 
thaw mounted on to  s l id e s .  S ec tio n s  were p rocessed  fo r  g lu tam a te  
b ind ing  as d e sc rib ed  p rev io u sly  (Greenamyre e t  a l . ,  J .  Pharm. Exp. 
T her. , 223:254, 1 9 8 5 .) . The 14C-2-deoxyglucose was e f f e c t iv e ly  r e 
moved by p re in cu b a tio n  washes in  b u ffe red  s o lu t io n s .

S catchard  an a ly se s  rev ea led  Bmax v a lu es  which ranged from 0 .3  
pmol/mg p ro te in  in  th e  f a s t i g i a l  nucleus to  2 .5  pmol/mg p ro te in  in  
la y e r s  1 & 2 o f th e  supplem entary motor a re a . S tru c tu re s  were com
pared  a t  30 nmol g lu tam ate  c o n c e n tra tio n  and p o rtra y ed  as  a p e r 
cen tage  o f b ind ing  in  the  supplem entary motor a re a  (0 .1771 pmol/mg 
p ro te in ) .  When analyzed in  th i s  fash io n  the  d a ta  could be s e p a r a t 
ed in to  two g roups. In  the f i r s t  group s p e c i f ic  b in d in g  ranged be
tween 51% -  86% of th a t in  the  supplem entary motor a re a : g ra n u la r  
la y e r  (51.4%) and m olecu lar la y e r  (64.2%) o f c e re b e l la r  c o r te x , 
putamen ( 6 8 . 8%), caudate (69.7% ), and Brodmann's a re a s  3 (76.1% ), 
4 (83.8%) and 6 (85.7%) o f c e re b ra l c o r te x . In  th e  second group 
s p e c i f ic  b ind ing  was le s s  then 29% of th a t in  th e  supplem entary  
motor a re a : f a s t i g i a l  nucleus (4.7% ), in te rp o se d  n u c le i  (5 .9% ), 
red  nucleus ( 6 . 0%), d e n ta te  nucleus ( 8 . 1%), sub thalam ic  nuc leus  
(9.2% ), in t e r n a l  g lobus p a l l id u s  (9.4% ), v e n t r a l  a n t e r io r  thalam us 
(12.2% ), s u b s ta n t ia  n ig ra  p ars  compacta (13.2% ), s u p e r io r  c o l 
l i c u lu s  (14.5% ), v e n t r a l  l a t e r a l  thalam us (17.2% ), e x te rn a l  g lobus 
p a l l id u s  (25.1%) and s u b s ta n t ia  n ig ra  p ars  r e t i c u l a t a  (28.9% ).

The d a ta  show a marked h e te ro g e n e ity  in  th e  re g io n a l d i s t r i b u 
t io n  o f g lu tam a te  re c e p to rs  in  the  p rim ate  b ra in .  In  th e  c e re b ra l  
c o r te x , c a u d a te , putamen and ce rebellum  th e  d e n s ity  o f re c e p to r  
d i s t r i b u t io n  p a r a l l e l s  th a t  of su sp ec ted  g lu t a ma t e r g ic  a f f e r e n t  
in p u t . In  o th e r  reg io n s  re c e p to r  d e n s i t ie s  were low er than  ex p e c t
ed: red  n u c leu s , v e n t r a l  l a t e r a l  and v e n t r a l  a n t e r io r  tha lam us. 
The reason  fo r  th i s  mismatch might be the  r e s u l t  o f  quenching due 
to  h igh  l i p id  co n ten t o r to  a d i f f e r e n t  than  expected  d i s t r i b u t io n  
o f g lu tam a te  re c e p to r  su b ty p es . Supported in  p a r t  by NIH g ra n t No. 
NS-19613.

225.10 ’TRANSMITTER SPECIFIC’ INPUTS TO THE MEDIODORSAL THALAMIC 
NUCLEUS (MD) IN THE RAT. J . P .  Ray*, F .T . R u ssch en * , T .A . F u l l e r  
& J .L .  P r i c e . D e p ts . o f  Anatomy & N e u ro b io lo g y  and  P s y c h ia t r y ,  
W ash in g to n  U niv . S ch . M ed., S t .  L o u is ,  MO 63110 .

3H - D -a s p a r ta te  ( 3H-D-Asp) and  3H -g am m a-am in o b u ty ric  a c id  ( 3H- 
GABA) h av e  b een  u se d  a s  ' t r a n s m i t t e r  s p e c i f i c '  r e t r o g r a d e  t r a c 
e r s  t o  i d e n t i f y  p r o j e c t i o n s  t o  MD t h a t  may u se  g lu ta m a te  a n d /o r  
a s p a r t a t e ,  o r  GABA a s  t h e i r  n e u r o t r a n s m i t t e r .  F o llo w in g  i n j e c 
t i o n s  o f  th e  'n o n - s p e c i f i c '  t r a c e r  WGA-HRP i n t o  MD, r e t r o g r a d e ly  
l a b e l e d  c e l l s  a r e  fo u n d  i n  a w ide v a r i e t y  o f  f o r e b r a in  and  
b r a in s te m  a r e a s ,  i n c lu d in g  l a y e r  VI o f  t h e  f r o n t a l  an d  a g r a n u la r  
i n s u l a r  c o r t e x ,  t h e  th a la m ic  r e t i c u l a r  n u c le u s ,  th e  v e n t r a l  p a l 
l id u m  ( in c l u d in g  th e  p o ly m o rp h ic  zone  o f  th e  o l f a c t o r y  t u b e r 
c l e ) ,  th e  d e e p e s t  l a y e r s  o f  t h e  p i r i f o r m  c o r t e x ,  p e r ia m y g d a lo id  
c o r t e x  an d  e n t o r h i n a l  c o r t e x ,  t h e  a m y g d a lo id  co m p lex , t h e  su p e 
r i o r  c o l l i c u l u s ,  s u b s t a n t i a  n i g r a  an d  d o r s a l  ra p h e  n u c le u s .  
F o llo w in g  i n j e c t i o n s  o f  3H-D-Asp o r  3H-GABA, d i f f e r e n t  s u b s e t s  
o f  t h e s e  c e l l s  a r e  l a b e l e d .

I n j e c t i o n s  o f  3H-D-Asp i n t o  MD r e s u l t  i n  s u b s t a n t i a l  num bers 
o f  l a b e l e d  c e l l s  i n  l a y e r  VI o f  t h e  f r o n t a l  and  a g r a n u la r  i n 
s u l a r  c o r t e x .  W ith i n j e c t i o n s  i n  t h e  m e d ia l  p a r t  o f  MD c e l l s  
a r e  a l s o  l a b e l e d  i n  t h e  p i r i f o r m  and  e n to r h i n a l  c o r t i c e s  and  in  
t h e  a m y g d a lo id  co m p lex , w h i le  i n j e c t i o n s  i n  t h e  m ore l a t e r a l  
p a r t  o f  MD p ro d u c e  l a b e l e d  c e l l s  i n  t h e  s u p e r i o r  c o l l i c u l u s .  
L a b e le d  c e l l s  a r e  a l s o  fo u n d  i n  t h e  n u c le u s  t r i a n g u l a r i s  o f  th e  
se p tu m , p o s s ib l y  due t o  in v o lv e m e n t o f  t h e  m e d ia l  h a b e n u la r  
n u c le u s  i n  t h e  i n j e c t i o n s  ( e . g . ,  Swanson and  Cowan, J .  Comp. 
N e u ro l .  1 8 6 :6 2 1 -6 5 6 , 1 9 7 9 ).

In  c o n t r a s t ,  t h e  o n ly  p r o j e c t i o n  t o  MD t h a t  was d e f i n i t e l y  
l a b e l e d  by i n j e c t i o n s  o f  3H-GABA a r i s e s  from  th e  r e t i c u l a r  t h a 
la m ic  n u c le u s .  I n j e c t i o n s  t h a t  in v o lv e  t h e  h a b e n u la r  n u c le i  
a l s o  p ro d u c e  some l a b e l e d  c e l l s  i n  t h e  n u c le u s  t r i a n g u l a r i s  o f 
t h e  se p tu m , and  i n  th e  e n d o p e d u n c u la r  n u c le u s  and  a d ja c e n t  p a r t s  
o f  t h e  h y p o th a la m u s . A lth o u g h  a  few , s c a t t e r e d  c e l l s  a r e  a l s o  
l a b e l e d  i n  t h e  v e n t r a l  p a l l id u m  i n  some c a s e s ,  su ch  c e l l s  a re  
much m ore num erous f o l lo w in g  i n j e c t i o n s  i n  w hich  th e  h a b e n u la r  
n u c l e i  a r e  h e a v i ly  in v o lv e d ,  and  a r e  n o t  fo u n d  a f t e r  i n j e c t i o n s  
r e s t r i c t e d  t o  MD. T h e r e f o r e ,  t h e s e  c e l l s  a p p e a r  t o  be r e l a t e d  
t o  t h e  e n d o p e d u n c u la r  n u c le u s  an d  t o  p r o j e c t  t o  t h e  h a b e n u la r  
n u c l e i  i n s t e a d  o f  MD.

A few  c e l l s  i n  t h e  p o s t e r i o r  h y p o th a la m u s  a r e  a l s o  l a b e l e d  
f o l lo w in g  i n j e c t i o n s  o f  e i t h e r  D-Asp an d  3H-GABA.

S u p p o r te d  by NIH g r a n t s  NS09518 and  AG05681. TAF i s  a l s o  
s u p p o r te d  by RSDA MH00330, and  JPR i s  s u p p o r te d  by GM08151.
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225.11 HIGH AFFINITY NEUROTENSIN BINDING TO AFFERENT AND 
EFFERENT COMPONENTS OF THE VAGAL COMPLEX. J .P. K essler*, P. 
Kitabgi* and A. B eaudet. (SPON: G. K arpati). Neuroanatomy Laboratory, 
Montreal Neurological Institu te , 3801 University S tree t, M ontreal, Quebec, 
H3A 2B4, Canada and C entre de Biochimie du CNRS, Parc Valrose, 06034 
Nice, France.

The cellular localization of specific neurotensin (NT) binding s ites was 
investigated by radioautography in the ra t nucleus trac tu s  solitarius (NTS) 
and dorsal motor nucleus (DMN) of the vagus. C ryostat sections (5-20 μm- 
thick) from the medulla were incubated 1 h a t  4°C w ith 0.1 nM 125I-NT 
(2000 Ci/mmol) in th e  presence (non specific binding) or th e  absence (to tal 
binding) of 5 × 10- 7M non radioactive NT. A fter several buffer washes, the 
sections were e ither air-dried  and exposed to LKB Ultrofilm  or fixed with 
4% glutaraldehyde and processed for radioautography using conventional 
dipping techniques. High labeling densities w ere measured by com puter 
assisted densitom etry throughout the rostro-caudal ex ten t of the  DMN. 
Moderate to  high labeling densities w ere also present w ithin th e  NTS. In 
the la tte r , th e  labeling was heterogeneous and heaviest ro s tra l to  the 
opening of the fourth ven tricle , w ithin the m edial subdivision of the 
nucleus. To investigate  the relationship of NT binding s ite s  w ith affe ren t 
(terminals localized w ithin the  NTS) and e ffe re n t (preganglionic cell bodies 
of the DMN) com ponents of the vagus, sectioning of the vagus nerve was 
performed im m ediately above th e  nodose ganglion (which contains the  cell 
bodies of vagal afferen ts). U nilateral vagotomy resulted in a  marked 
decrease (↓ 40%) in labeling density w ithin the  ipsilateral DMN w ithout any 
significant m odification in the co n tra la te ra l DMN. DMN perikarya showed 
increased cytoplasm ic basophilia, suggesting th a t the  decrease in NT 
binding was due to re trograde  changes within e ffe ren t DMN neurons and 
therefore th a t NT binding s ites might be localized on th e  soma and/or 
dendrites of these cells. U nilateral vagotom y also resulted in a significant 
decrease (↓20%) in NT binding within th e  ipsilateral NTS. This decrease 
was uniform along the rostro-caudal ex ten t of the  nucleus. No significant 
modification of NT binding was found in the con tra la te ra l NTS when 
compared to  sham lesioned animals. These results indicate th a t a small 
proportion of the labeled binding sites may be localized on vagal a ffe re n t 
terminals. Indeed, in sections of the nodose ganglion incubated with 125I- 
NT, up to 15% of ganglion cells showed in tra-perikaryal accum ulations of 
specific NT binding s ites suggesting th a t some vagal a ffe ren ts  are  able to 
synthesize NT binding sites. In conclusion, the presen t results suggest th a t 
neurotensin recep to r s ite s are  present on both a ffe ren t and e ffe ren t 
components of the vagal com plex. Supported by the MRC and a F rance- 
Quebec exchange program .

225.12 REGIONAL AND LAMINAR DISTRIBUTION OF SOMATOSTATIN-LIKE 
IMMUNOREACTIVITY IN NINE REGIONS OF HUMAN NEOCORTEX. R.G. 
S tru b le , R.E. Powers*, L.C. Walker, P .J . Bruha*, R.L. Shockett* 
and D.L. P r ic e . Neuropathology Laboratory, The Johns Hopkins 
U niversity  School of Medicine, Baltimore, Maryland 21205-2182.

Q uan tita tive  neurochemical s tud ies of som atostatin in human 
brain have disclosed  regional v a ria tio n s  in the amount of th is  
neuropeptide in neocortex. Concentrations are highest in temporal 
and c ingu late  c o rtic e s ; o cc ip ita l cortex appears to have lower 
le v e ls . To assess the d is tr ib u tio n s  of som atosta tin -like  
immunoreactivity in fib e rs  and perikarya in neocortex, we 
examined, at autopsy, these parameters in the co rtic e s  of three 
humans (46-64 years of age) free  of neurological d isease. Fresh 
samples from m ultip le  neocortical gyri were immersion fixed in 5% 
a c ro le in , cryoprotected , cut at 40 μm, and stained  by the in d irec t 
antibody technique with polyclonal an tibodies to som atostatin 14. 
Adjacent N issl-s ta in ed  sections were used to determine c o rtic a l 
laminae.

Among neocortical reg ions, there  were marked d ifferences in 
d e n s it ie s  of f ib e rs  and perikarya. Cingulate cortex contained 
more than fiv e  times as many labeled perikarya as did o cc ip ita l 
co rtex . C ingulate and temporal c o rtic e s  showed dense fib e r 
p lexes, while o cc ip ita l cortex displayed few f ib e rs .  The 
d is tr ib u tio n  of fib e rs  tended to  vary among d iffe ren t laminae, 
with deeper neocortical laminae usually  showing the highest 
concentration of f ib e rs .  The number of immunoreactive f ib e rs  in a 
p a rtic u la r  neocortical region appeared to p a ra lle l the number of 
s ta ined  perikarya present in deeper laminae in th a t part of 
cortex . However, the number of stained  perikarya in the subjacent 
white m atter did not always correspond to the density  of 
immunoreactive f ib e rs  in grey m atter. For example, in motor 
co rtex , most som atosta tin -like  immunoreactive perikarya were found 
in the grey m atter, w hile, in o cc ip ita l co rtex , the m ajority  of 
s ta ined  perikarya were located in white m atter.

While generally  agreeing with neurochemical stud ies of the 
d is tr ib u tio n  of som atostatin , the observation th a t immunoreactive 
perikarya occur in white m atter emphasizes th a t care must be taken 
in d issec tio n s  of human cortex fo r assays of som atostatin and 
o ther neu ro transm itte rs .

225.13 VAGAL AFFERENTS IN THE SOLITARY TRACT NUCLEUS CONTAIN 
ANGIOTENSIN I I  RECEPTOR BINDING SITES. S .L . S to n e* , T .T . Din h * , 
S. R i t t e r  and R.C. Speth  (SPON: R. A bhold). D ep t. o f  VCAPP, 
Washington S ta te  U n iv ., Pullm an, Wash. 99164-6520.

R eceptor b in d in g  s i t e s  fo r  a n g io te n s in  I I  (AI I ) a re  p re s e n t in  
the nucleus  o f  th e  s o l i t a r y  t r a c t  (NTS) in  th e  b ra in  o f  th e  
r a t .  These b in d in g  s i t e s  may be p re s e n t on d e n d r i te s  and nerve 
c e l l  b o d ie s , axon te rm in a ls  from o th e r  b ra in  n u c le i  o r axon 
te rm in a ls  o f  a f f e r e n t  c r a n i a l  ne rv es  which in n e rv a te  t h i s  
n u c leu s . To determ ine  w hether a f f e r e n t  te rm in a ls  o f  th e  vagus 
nerve in  th e  NTS o f  th e  r a t  c o n ta in  AI I  r e c e p to r s ,  th e  l e f t  
nodose gang lion  was s u r g ic a l ly  removed. A fte r  a 6 week s u rv iv a l  
tim e, th e  r a t s  were a n e s th e tiz e d  w ith  sodium p e n to b a rb i ta l ,  
p erfu sed  in t r a c a r d i a l l y  w ith  ic e -c o ld  0.9% s a l in e  and th e  
b ra instem s were removed, f ro z e n , s e c t io n e d  on a c ry o s ta t  a t  a 
th ick n ess  o f  20 m icrons in  th e  co ro n a l p la n e , and thaw mounted 
onto  m icroscope s l i d e s .  The s e c t io n s  were in cu b a ted  w ith  0 .25  
nanomolar 1 2 5 -I -S a rc o s in e -1 , I s o le u c in e -8 -a n g io te n s in  I I  in  th e  
presence and absence o f  1 m icrom olar AI I  to  r a d io la b e l  AI I  
rece p to r b ind ing  s i t e s .  The s e c t io n s  were apposed to  LKB 
u lt r o f i lm  fo r  4-7 days to  a u to ra d io g ra p h ic a i ly  v is u a l iz e  th e  
d i s t r i b u t io n  o f  AI I  re c e p to r  b in d in g  s i t e s  which were d e f in ed  as 
film  a re a s  in  which th e  exposure exceeded th a t  seen  in  f ilm  

areas from th e  co rrespond ing  a re a  o f  an a d ja c e n t s e c t io n  
incubated w ith  one m icrom olar AI I . A group o f  u nopera ted  
con tro l r a t s  were a ls o  ev a lu a te d  fo r  b ra in s tem  AI I  re c e p to r  
binding in  p a r a l l e l  w ith  th e  u n i l a t e r a l l y  nodose le s io n e d  r a t s .  
Autoradiograms o f  s e c t io n s  from th e  u n i l a t e r a l l y  nodosectom ized 
r a t s  revea led  a d ram atic  re d u c t io n  in  AI I  re c e p to r  b in d in g  in  
the NTS i p s i l a t e r a l  to  th e  le s io n .  The d e n s i ty  o f  AI I  re c e p to r  
binding s i t e s  in  th e  i p s i l a t e r a l  NTS was ap p rox im ate ly  50% o f  
th a t seen in  th e  c o n t r a la t e r a l  NTS. The re d u c t io n  in  AI I  
rece p to r b ind ing  s i t e s  o ccu rred  p r im a r ily  in  th e  m edial th i r d  o f  
the NTS, j u s t  r o s t r a l  to  th e  obex. AI I  re c e p to r  b in d in g  in  th e  
c o n t r a la t e r a l  NTS was n o t s ig n i f i c a n t ly  d i f f e r e n t  from th a t  seen  
in  the  NTS o f  i n t a c t  r a t s  in d ic a t in g  th a t  th e  f ib e r s  c o n ta in in g  
AI I  r e c e p to rs  p redom inan tly  in n e rv a te  th e  i p s i l a t e r a l  NTS. 
These r e s u l t s  in d ic a te  th a t  A ll r e c e p to r s  in  th e  NTS a re  
p r e s y n a p t ic a l ly  lo c a liz e d  on v aga l a f f e r e n t s  and su g g es t th a t  
AI I  may fu n c t io n  a s  a  m odulator o f  vaga l in p u t to  th e  b r a in .

NIH g ra n t RO1 NS21086.

225.14 CAPSAICIN ATTENUATES ANGIOTENSIN BINDING IN THE BRAINSTEM AND 
SPINAL CORD OF ADULT RATS.
S. R i t t e r ,  S .C . W eatherfo rd , and R.C. S p e th . D ep t. o f  VCAPP, 
W ashington S ta te  U n iv ., Pullm an, Wash. 99164-6520.

C ap sa ic in  i s  a p o te n t n eu ro to x in  which damages f in e  d iam eter 
a f f e r e n t  n eu rons . R ecen tly  we dem onstrated  th a t  sy stem ic  
c a p s a ic in  in j e c t io n  in  a d u lt  r a t s  produces ex te n s iv e  
d eg e n e ra tio n  o f  nerve  te rm in a ls  and incoming f ib e r s  in  a re a s  
a s s o c ia te d  w ith  known p ro je c t io n s  o f  sm all d iam eter a f f e r e n t  
n eu rons , as  d e sc r ib e d  p re v io u s ly  in  th e  n eo n a ta l r a t .  R eceptor 
a u to ra d io g ra p h ic  te ch n iq u es  have dem onstrated  a n g io te n s in  I I  
(AI I ) b in d in g  in  reg io n s  in n e rv a te d  by c a p s a ic in - s e n s i t iv e  
a f f e r e n t s .  These a re a s  in c lu d e  th e  d o rs a l horn o f  th e  s p in a l 
co rd , th e  s p in a l  tr ig e m in a l n u c leu s , and th e  nu c leu s  o f  the  
s o l i t a r y  t r a c t  (NST). The purpose o f  th i s  experim ent was to  
determ ine  w hether any o f  th e se  AI I  b in d in g  s i t e s  a re  p re s e n t on 
c a p s a ic in - s e n s i t iv e  a f f e r e n t  neu rons .

A dult male Sprague-Dawley r a t s  w eighing 325-350 g were 
in je c te d  in t r a p e r i t o n e a l ly  w ith  a s e r ie s  o f  3 c a p s a ic in  doses 
(25, 50 and 50 mg/kg, r e s p e c t iv e ly )  o r th e  c a p s a ic in  v e h ic le  
(10% a lc o h o l /10% Tween 8 0 ). I n je c t io n s  were g iven  d u rin g  a 36 
h r p e r io d . Subsequent b eh a v io ra l t e s t s  dem onstrated  fu n c t io n a l 
d e f i c i t s  r e f e r r a b le  to  tr ig e m in a l and vaga l a f f e r e n t  damage, 
r e s p e c t iv e ly :  c a p s a ic in - in je c te d  r a t s  f a i l e d  to  e x h ib i t  th e  
eyewipe response  to  c o rn e a l i r r i t a t i o n  (1% NH4OH a p p lie d  to  
th e  co rn ea l s u r fa c e )  and d id  no t su p p ress  t h e i r  food in ta k e  in  
response  to  ch o le c y s to k in in  (2 and 4 μg /k g , i . p . ) .  S ix  wks 
a f t e r  c a p s a ic in  in j e c t io n ,  r a t s  were s a c r i f i c e d  and p e rfu sed  
t r a n s c a r d ia l ly  w ith  ic e -c o ld  0.9% s a l in e .  B ra in s  and s p in a l 
co rd s  were removed and fro z e n . C ry o s ta t s e c t io n s  (20 μm 
th ic k )  were c u t and thaw-mounted on to  m icroscope s l i d e s .  
S ec tio n s  were then  in cuba ted  w ith  0 .25  nanom olar 
125I - s a r c o s in e - 1 , is o le u c in e -8 -a n g io te n s in  I I  in  th e  p resen ce  
and absence o f  1 m icrom olar AI I  to  r a d io la b e l  AI I  re c e p to r  
b in d in g  s i t e s .  The s e c t io n s  were apposed to  LKB U ltro f i lm  fo r  
4-7 days to  a u to ra d io g ra p h ic a l ly  v is u a l iz e  th e  d i s t r i b u t io n  o f  
AI I  re c e p to r  b in d in g  s i t e s  which were d efin ed  as  f ilm  a re a s  in  
w hich th e  exposure exceeded th a t  seen  in  f ilm  a re a s  from th e  
co rrespond ing  reg io n  o f  an a d ja c e n t s e c t io n  in cu b a ted  w ith  one 
m icrom olar AI I . A utoradiogram s o f  c a p s a ic in - t r e a te d  r a t s  
rev e a le d  s ig n i f i c a n t  a t te n u a t io n  o f  AI I  re c e p to r  b in d in g  s i t e s  
in  th e  NST and s p in a l  co rd . A sm all re d u c t io n  was a l s o  appa ren t 
in  th e  s p in a l  tr ig e m in a l n u c leu s . These r e s u l t s  sug g est th a t  a 
s u b s t a n t i a l  p ro p o r tio n  o f  th e  AI I  r e c e p to r  b in d in g  s i t e s  in  
th e se  reg io n s  a re  lo c a te d  p re s y n a p tic a l l y on sm all d iam eter 
a f f e r e n t  neu rons .

NIH g ra n t RO1 NS21086.
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225.15 DEVELOPMENTAL CHANGE ON DISTRIBUTION OF SUBSTANCE P AND ITS 
RECEPTORS IN  RAT EMBRYO AND UTERUS. M.L . Sw enberg* , R. L iu 1 , 
and L. Chang* 1. NIH H y p e r te n s io n  and E n d o c r in o lo g y  B ra n c h , 1USUHS 
G ra n t No. R 07058, D e p t . o f  Anatomy, B e th e sd a , MD 20892

The d i s t r i b u t i o n  o f  s u b s ta n c e  P (SP) and  i t s  r e c e p to r  b in d in g  
s i t e s  w ere o b s e rv e d  in  t h e  d e v e lo p in g  w hole  embryo and u t e r u s  a t  
v a r io u s  d ay s  o f  g e s t a t i o n .  Im m u n o h is to ch em ica l m ethods w ere used  
f o r  d e t e c t io n  o f  SP d i s t r i b u t i o n  w h i le  th e  a u to r a d io g r a p h ic  
t e c h n iq u e  was u sed  f o r  l o c a l i z a t i o n  o f  th e  SP r e c e p t o r s .

Im m u n o re a c tiv e  s u b s ta n c e  P ( i r - S P )  was d e te c t e d  in  b o th  c e n t r a l  
and p e r i p h e r a l  n e rv o u s  s y s te m s  in  d e v e lo p in g  em bryoes a s  e a r l y  a s  
day 5 o f  g e s t a t i o n .  R e c e p to r  b in d in g  s i t e s  o f  SP a r e  f i r s t  
d e te c t e d  by day 17 in  th e  f o l lo w in g  a r e a s :  m id l in e  s t r u c t u r e s  o f  
t h e  b ra in s te m  and s p in a l  c o rd ,  m u s c le s ,  to n g u e ,  s a l i v a r y  g l a n d s ,  
lu n g s ,  i n t e s t i n e s ,  b lo o d  v e s s e l s ,  and  th e  u r in a r y  b l a d d e r .

I r - S P  and r e c e p t o r  b in d in g  s i t e s  a r e  c o m p a ra b le  in  d i s t r i b u t i o n  
and d e n s i t y  i n  th e  endom etrium  o f  b o th  c o n t r o l  and p re g n a n t  
u t e r i .  I n  th e  p re g n a n t  u t e r u s ,  t h e  r e c e p t o r s  a r e  c o n d en sed  in  th e  
lu m in a l  s id e  o f  th e  endom etrium  a s  a  r i n g - l i k e  s t r u c t u r e .  D u rin g  
th e  c o u rs e  o f  p re g n a n c y , t h e  num ber o f  b in d in g  s i t e s  p e r  gram 
w e ig h t o f  t i s s u e  d e c re a s e d  in  p r o p o r t io n  t o  t h e  g ro w th  o f  th e  
u t e r u s .

The f o l lo w in g  c o n c lu s io n s  a r e  draw n b a se d  on t h e s e  s t u d i e s :  
The p r e s e n c e  o f  i r - S P  in  t i s s u e s  in  a d d i t i o n  t o  th e  n e rv o u s  sy s te m  
th ro u g h o u t  t h e  c o u rs e  o f  em b ry o n ic  d e v e lo p m en t s u g g e s t s  t h a t  SP 
may f u n c t io n  a s  m ore th a n  a s  a  n e u r o t r a n s m i t t e r . The f a c t  t h a t  
th e  SP b in d in g  s i t e  f i r s t  a p p e a re d  a t  day 17 o f  g e s t a t i o n  s u g g e s t s  
t h a t  th e  s e n s o ry  sy s te m  may be f u l l y  d i f f e r e n t i a t e d  a t  t h a t  
t im e .  The d e c re a s e d  d e n s i t y  o f  b in d in g  s i t e s  i n  th e  p re g n a n t  
u t e r u s  may c o n t r i b u t e  t o  th e  l e s s e n in g  o f  p a in  p e r c e p t io n  a s  t h e  
p reg n a n c y  p r o g r e s s e s  and th e  u t e r i n e  c a v i t y  i s  d i s t e n d e d .

225.16 AUTORADIOGRAPHIC LOCALIZATION OF CCK RECEPTORS USING 125I-BOLTON- 
HUNTER CCK8 . D .L . N ie h o ff  and J .K . Z w em er-C olli n s * . D e p t. 
N e u ro s c ie n c e ,  A b b o tt L a b o r a t o r ie s ,  A b b o tt P a rk , IL 60064

The p re s e n c e  o f  th e  g u t  p e p t id e  c h o le c y s to k in in  (CCK) h as  been  
d e m o n s tra te d  i n  th e  CNS o f s e v e r a l  mammalian s p e c i e s ,  w here i t  
e x i s t s  p r i n c i p a l l y  as  CCK8 . A u to ra d io g ra p h ic  te c h n iq u e s  have 
u t i l i z e d  1 2 5 I-CCK33 (Z a rb in  e t  a l .  J .  N e u r o s c i . 3 :8 7 7 , 1983) o r  
3H-CCK8 (Van D i jk  e t  a l .  J .  N e u ro sc i 4 :1 0 2 1 , 1984) to  l o c a l i z e  
r e c e p t o r s  f o r  CCK in  b r a i n .  In  o r d e r  to  exam ine CCK r e c e p to r  
d i s t r i b u t i o n  u s in g  th e  o c ta p e p t id e  fra g m en t m ost p r e v a l e n t  in  
b r a i n ,  w h i le  r e t a i n i n g  th e  a d v a n ta g e s  o f  an i o d in a t e d  l ig a n d  f o r  
a u to r a d io g r a p h y ,  we have u t i l i z e d   125I-B o lto n -H u n te r-C C K 8 
( 125I-BH-CCK8 ; L in  and M il le r  J . P h a rm a c o l. Exp. T h e r . 2 3 2 :7 7 5 , 
1985) to  l o c a l i z e  CCK r e c e p t o r s  in  r a t  and g u in e a  p ig  b r a in  by 
a u to r a d io g r a p h y .

S e c tio n s  o f  r a t  o r  g u in e a  p ig  b r a in  (8 -1 0  m ic ro n s )  w ere l a b e le d  
w i th  80 pM 125I-BH-CCK8 u s in g  a m o d if ic a t io n  o f  th e  p ro c e d u re  
em ployed by M oran, e t  a l .  ( B ra in  Res 3 6 2 :1 7 5 , 1 9 8 6 ). B lanks were 
g e n e ra te d  by th e  s im u lta n e o u s  a d d i t i o n  o f  1uM CCK8 to  a l t e r n a t e  
s e c t i o n s .  L a b e le d  s e c t i o n s  w ere ex p o sed  to  t r i t i u m - s e n s i t i v e  f i lm  
to  p ro d u ce  a u to r a d io g r a m s .

In  p r e l im in a r y  b io c h e m ic a l  s t u d i e s  i n  g u in e a  p ig  f o r e b r a in  
s e c t i o n s ,  125 I-BH-CCK8 rea c h e d  e q u i l i b r iu m  by 2 .5  h r .  and 
d i s s o c i a t e d  s lo w ly  (K-1 = 0 .0 0 4 0  m in- 1) .  The b in d in g  was s a t u r a b l e ,  
o f  h ig h  a f f i n i t y ,  and th e  r a n k  o r d e r  o f  p o te n c y  f o r  C C K -derived 
p e p t id e s  was c o n s i s t e n t  w ith  r e s u l t s  o b ta in e d  in  membrane s t u d i e s ,  
b io c h e m ic a l  s t u d i e s  in  s e c t i o n s ,  o r  by a u to r a d io g r a p h y .  BSA 
red u c e d  s p e c i f i c  b in d in g  by 65%; and was t h e r e f o r e  
e x c lu d e d  d u r in g  in c u b a t io n  w i th  th e  l ig a n d  w i th o u t  d e t r im e n ta l  
e f f e c t .  HPLC a n a ly s i s  r e v e a le d  t h a t  no s i g n i f i c a n t  d e g ra d a t io n  o f 
125I-BH-CCK8 o c c u r r e d .  A u to r a d io g r a p h ic  s tu d i e s  d e m o n s tra te d  a 
h ig h  d e n s i t y  o f  b in d in g  s i t e s  f o r  125I-BH-CCK8 in  c e r e b r a l  c o r t e x ,  
o l f a c t o r y  a r e a s  ( e . g .  o l f a c t o r y  b u lb  and p r e p i r i f o r m  c o r t e x ) ,  
l im b ic  s y s te m , and t e r m in a l  a r e a s  o f  m id - b ra in  dopam ine n e u ro n s  
( e . g .  n u c le u s  accum bens) in  b o th  s p e c i e s .  We a l s o  o b se rv e d  
m o d era te  to  h ig h  l e v e l s  o f  b in d in g  in  s e v e r a l  r e g io n s  w hich  w ere 
n o t  a p p r e c i a b ly  l a b e l e d  u s in g  125I-BH-CCK33 o r  3H-CCK8 , su ch  as  
s u b s t a n t i a  n ig r a  and l a t e r a l  se p tu m .

The o b se rv e d  d i s t r i b u t i o n  o f  125I-BH-CCK8 b in d in g  s u p p o r ts  
p u t a t i v e  r o l e s  f o r  CCK in  o l f a c t o r y  r e l a t e d  b e h a v io r s ,  m o d u la t io n  
o f  d o p a m in e rg ic  a c t i v i t y  and c o r t i c a l  f u n c t i o n .  D i f f e r e n c e s  in  
th e  l o c a l i z a t i o n  p a t t e r n  w i th  125I-BH-CCK8 and t h a t  found  in  
p r e v io u s  s tu d i e s  c o u ld  r e f l e c t  o v e r la p p in g  s u b p o p u la t io n s  o f  
r e c e p t o r s  re c o g n iz e d  by th e s e  l i g a n d s .

225.17 AUTORADIOGRAPHIC LOCALIZATION OF [MONO(125I)IODO-Tyr10, 
MetO17]-VASOACTIVE INTESTINAL PEPTIDE (M-125I-VIP) BINDING SITES 
IN THE RAT BRAIN. J.L. Martin*1, P. Hof*1, M. Dietl*2, J.M. Palacios2 and 
P.J. Magistretti1 (SPON : M. Schorderet). 1Dept. of Pharmacology, Centre 
Medical Universitaire, Geneva 1211 and 2Preclinical Research, Sandoz Ltd., 
Basel 4002, Switzerland.

M-125I-VIP prepared and purified by HPLC as recently described (Martin e t  
a l ., J .  B io l .  C h e m . 261, 5320, 1986), has been used in biochemical and auto
radiographic studies of VIP receptors in slide-mounted sections of rat brain. This 
form of VIP which is monoiodinated on Tyr10 and oxydized on Met17 has a high 
specific activity (2050 Ci/mmol) and maintains the biological activity of native 
VIP. A series of kinetic and pharmacological experiments were first carried out 
to define conditions for incubation and to characterize the properties of VIP 
receptors. Slide-mounted sections were incubated for 90 min (except for kinetic 
experiments) at 22° in 50 mM Tris-HCl buffer (pH 7.4) containing 5 mM 
MgCl2, 2 mM EGTA, 0.2 % BSA, 0.1 mM bacitracin and 60 pM M-125I-VIP. 
Non-specific binding was determined in the presence of 1 μM unlabeled VIP and 
corresponded to approximately 50 % of total binding. Total binding was generally 
between 8000-9000 cpm/20 μm thick sections. After two 4 min washes in ice
cold buffer, sections were either wiped off the slide and counted in a gamma 
counter (biochemical experiments), or dried, exposed to 3H-Ultrofilm (LKB) for 
3 days and autoradiograms developed as previously described (Palacios e t  a l ., 
N e u r o s c i .  L e t t .  25, 101, 1981). Association of M-125I-VIP specific binding was 
time-dependent with maximal binding reached within 90 to 120 min. Half-time 
for dissociation, assessed by adding after 90 min of incubation 1 uM unlabeled 
VIP, was approximately 4 min. Unlabeled VIP as well as PHI and secretin, two 
peptides structurally-related to VIP, competed in a concentration-dependent 
manner for specific binding sites labelled by M-125I-VIP with the following 
rank-order of potencies : VIP>>PHI>secretin. Autoradiographic studies (on 10 μ m 
thick sections) revealed the highest density of VIP receptors in the following 
areas : olfactory bulb (except the int. granular layer), ant. olfactory n., dentate 
gyrus, the amygdaloid complex (particularly the basolateral n.), the n. accumbens, 
the lat. septal nn., the bed n. of stria terminalis, the med. and lat. habenula and 
various thalamic nn., including the vent. post. med. n., lat. dors, n., paraventric
ular n., parafascicularis n., lat. and med. geniculate. An extremely high density 
was observed in the superior colliculus. VIP receptors were seen throughout the 
entire neocortex, with a laminar distribution (densest in layer IV). Regionally, the 
highest density was observed in primary olfactory, ant. cingulate and entorhinal 
cortices. In the hypothalamus, the suprachiasmatic, paraventricular, inter- 
penduncular and arcuate nn. are rich in VIP receptors. In the brain stem, the 
central grey, dorsal raphe, parabrachial n., vestibular n., cochlear n. and superior 
olive contain a high density of VIP receptors. VIP receptors were not visualized 
in the cerebellum. Thus it appears that VIP receptors are particularly dense in the 
limbic system and in areas of the brain involved in the processing of sensory 
inputs. Furthermore, a considerable matching exists between the distribution of 
VIP receptors and the presence of VIP profiles as revealed by indirect immuno
histochemistry (Lorèn e t  a l ., N e u r o s c i . 4, 1953, 1979).

225.18 AUTORADIOGRAPHIC LOCALIZATIION OF SEROTONERGIC, 
ADRENERGIC, CHOLINERGIC, HISTAMINERGIC AND SUBSTANCE P 
RECEPTORS IN THE CAT NUCLEUS SOLITARIUS. B. E.  Maley an 
V. S.  Sey b o ld .  (SPON:G.E. GOODE), D ept. of  Anatomy, Univ. 
Kentucky Med. C t r . , Lexington, Ky 40536 and Dept. of  
Cell Biology and Neuroanatomy, Univ. Minnesota Med. Sch 
M inneapolis ,  Mn. 55455

The c a t  nuc le us  s o l i t a r i u s  i s  lo ca ted  in th e  d o rsa l  
b ra in s te m  and i s  involved in  th e  r e g u l a t i o n  of  th e  
c a rd io v a s c u la r  and r e s p i r a t o r y  systems.  Using re c e p to r  
au to rad io graphy  the  d i s t r i b u t i o n  o f  a lp h a 1-a d re n e rg ic  
( [3H] p r a z o c in ) ,  H1-h is ta m in e rg ic  ([3H] p y r i la m in e ) ,  
s e r o to n e rg ic  ( [ 3 H ]  ly s e rg ic  ac id  d ie thy lamide(LSD )) , 
m uscarin ic  c h o l in e r g ic  ([3H] q u in u c l id in y l b e n z i l a t e  
(QNB)) and su b s tan ce  P (I125 su b s tan ce  P) r e c e p to r s  in 
th e  c a t  nucleus  s o l i t a r i u s  was examined.

Adult c a t s  were a n e s th e t iz e d  with sodium p en to 
b a r b i t a l  (38mg/kg) and pe rfused  t r a n s c a r d i a l l y  with 
0.1% paraformaldehyde.  The b r a in  was r a p id ly  removed 
and f ro z e n .  S e c t io n s  were cu t on a c r y o s t a t  and 
p re - in c u b a te d  in  th e  a p p ro p ia te  b u f fe r  p r io r  to 
in t r o d u c t io n  o f  th e  r a d io la b e le d  l ig an d .  Each of  the  
lig a n d s  was used a t  or below i t s  c a l c u la t e d  KD fo r  
th e  au to rad iogram s.  Adjacent s e c t i o n s  were incubated 
fo r  t o t a l  and n o n sp e c if ic  b ind ing  in order  to dete rmine 
s p e c i f i c  b in d in g .  Following in cu b a t io n  in l igands  
th e  s e c t io n s  were r i n s e d ,  d r i e d ,  and placed a d ja c e n t  to 
emulsion coated  c o v e r s l i p s .

R e su l t s  of  th e  s tudy  i n d ic a te  th a t  th e re  was a 
d i f f e r e n t i a l  d i s t r i b u t i o n  of  l igand  b inding in  the  
nuc le us  s o l i t a r i u s .  The most s t r i k i n g  p a t t e r n  was seen 
with subs ta nce  P. I t s  d i s t r i b u t i o n  was s im i la r  to th a t  
r e p o r te d  fo r  th e  immunohistochemical l o c a l i z a t i o n  th e  
o f  p e p t id e .  P razoc in  bind ing  was more uniform in  i t s  
d i s t r i b u t i o n  throughout th e  n u c leu s ,  while  LSD binding  
was lo ca ted  in  th e  medial and l a t e r a l  p o r t io n s  o f  th e  
nuc le us  s o l i t a r i u s .  Binding fo r  QNB was most prominent 
in  l a t e r a l  and p a r v o c e l lu l a r  a r e a s .  Pyrilam ine 
l o c a l i z a t i o n  was l e s s  than th e  o th e r s ;  however some 
b inding  was p re s e n t  in  the  p a r v o c e l lu l a r  r e g io n .

R e su l t s  of  t h i s  study i n d ic a te  d i s t i n c t  p a t t e r n s  fo r  
th e  l o c a l i z a t i o n  of  r e c e p to r  l ig an d s  in th e  nucleus 
s o l i t a r i u s .  The p resence  of  th e  bind ing  s i t e s  i n d i c a t e  
t h a t  th e  endogoenous n e u r o t r a n s m i t t e r s  fo r  th e se  ligand , 
a re  a c t in g  a t  th e  leve l o f  the  nucleus  s o l i t a r i u s .
Supported in  p a r t  by NIH g r a n t s  HL30702 and NS 19312 to 
th e  a u th o r s .
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225.19 REGIONAL BIOCHEMICAL SPECIFICITY IN HUMAN AND ANIMAL QUANTITATIVE 
AND QUALITATIVE EEG K en n eth  A. B o n n e t , New Y ork U n iv e r s i ty  S c h o o l. 
o f  M ed.,New Y o rk , NY 10 0 16

S e v e ra l  g ro u p s  o f  i n v e s t i g a t o r s  h av e  r e p o r t e d  th e  p a t t e r n s  o f  d ru g s  
a f f e c t i n g  s p e c i f i c  c l a s s e s  o f  f e a t u r e s  i n  e le c t ro p h y s io lo g ic a l ( E E G )  
re c o rd s  i n  hum an, and a n im a l s u b j e c t s .  Many s tu d i e s  h av e  fo c u se d  
upon c l a s s i f i c a t i o n  o f  d ru g  t y p e s ,  o r  upon s e l e c t i v e  e f f e c t s  i n  a  
sm a ll e le c t r o d e  a r r a y  o r  evoked  p o t e n t i a l .  R e c e n t s t u d i e s  i n  o u r  
l a b o r a to r y  h ave  a d d re s s e d  th e  q u e s t io n  o f  th e  b io c h e m ic a l  s p e c i f i c 
i t y  o f  i n d iv i d u a l  n e u r o t r a n s m i t t e r  s y s te m s  c o n t r i b u t i n g  to  s e v e r a l  
p a ra m e te rs  o f  EEG a c t i v i t i e s  i n  28 e l e c t r o d e s  s im u l ta n e o u s ly  in  
human c o n t r o l  s u b je c t s  u n d e r  c o n d i t i o n s  o f  s ta n d a r d iz e d  EEG r e c o r d  
ta k in g ,  and w i th  s ta n d a r d iz e d  evoked  p o t e n t i a l s  r e c o r d e d  i n  th e  
a u d i to r y  and v i s u a l  m odes. S e l e c t iv e  c h a l l e n g e s  t h a t  i n c r e a s e  th e  
a c t i v i t y  o f  t h e  d o p a m in e rg ic ,  s e r o t o n e r g i c ,  GABAergic and c h o l i n 
e rg ic  sy s te m s  o f  c e n t r a l  n e rv o u s  s y s te m . C o m p u te r-b ased  a n a ly s i s  
o f  a l l  r e c o r d s  (and to p o g ra p h ic  m a p p in g )p e rm its  th e  r e g i o n a l  d i s c 
r im in a t io n  o f  n e u r o t r a n s m i t t e r - s p e c i f i c  e f f e c t s  t h a t  a r e  i n d iv i d u a l  
and t h a t  a r e  d i s c r im i n a b l e  from  l o c a l  c e r e b r o v a s c u la r  e f f e c t s .

S e le c t iv e  n e u r o t r a n s m i t t e r  c h a l l e n g e s  to  a n im a ls  h a s  shown good 
homology w ith  human i n  many, b u t  n o t  a l l  r e g io n s  and  E E G -s p e c if ic  
p a ra m te r ic  e f f e c t s .  S e l e c t iv e  s t i m u l a t i o n  o f  i n d iv i d u a l  n e u ro 
t r a n s m i t te r  sy s te m s  h av e  b een  s y s t e m a t i c a l l y  s tu d i e d  in  d r u g - f r e e  
s c h iz o p h r e n ic ,  G i l l e s  de  l a  T o u r e t t e ,  d e p re s s e d  and c l i n i c a l l y  
d e p re s se d  i n d i v i d u a l s .  R e l a t i v e  c h a n g es  w i t h in  i n d iv i d u a l s  in  
th e s e  d i a g n o s t ic  g ro u p s  t h a t  a r e  in d u c e d  by n e u r o t r a n s m i t t e r  
c h a lle n g e  ( i . e . , b y  i n c r e a s i n g  t h e  a c t i v i t y  o f  t h e  i n d iv i d u a l  n e u ro 
t r a n s m i t te r  sy s te m ) a p p e a r  t o  h av e  some u t i l i t y  i n  p r e d i c t i n g  d ru g  
re sp o n se  in  t h e r a p e u t i c  re g im e n . P h a rm a c o lo g ic a l  t r e a tm e n t  h as  been  
fo llo w ed  in  s e v e r a l  o f  t h e s e  i n d iv i d u a l s  w i th  r e p e a t  s e r i e s .  The 
p a rm a c o lo g ic a l  s p e c i f i c i t y  o f  d i f f e r e n t  c l a s s e s  o f  a n t i p s y c h o t i c s , 
n o o tro p ic s  and a n t i d e p r e s s iv e s  w i l l  b e  p r e s e n te d  a s  s tu d i e d  i n  
r e l a t i o n s h ip  to  n e u r o t r a n s m i t t e r  s y s te m s  i n  c o n t r o l s ,  and in  
p a t i e n t  s t u d i e s .

Supported  by th e  C o u rtn ey  B lo ck  Fund f o r  B ra in  C h e m is try  R e se a rc h

MUSCARINIC RECEPTOR CHARACTERIZATION AND PURIFICATION

226.1 PURIFICATION AND MOLECULAR CHARACTERIZATION OF MUSCARINIC
CHOLINERGIC RECEPTORS: COMPARISON WITH ADRENERGIC RECEPTORS. A.R. 
Kerlavage*, S.P. Fracek, J.Y.-W. Lai*, C.M. Fraser*, S.M. Shreeve* 
and J.C. Venter*. Section of Receptor Biochemistry, Laboratory of 
Neurophysiology, NINCDS, National In stitu te s  of Health, Bethesda,
MD 20892.

Two molecular forms of the muscarinic cholinergic receptor have 
been consistently observed in pig heart as well as in brain and 
heart tissue from trou t, frog, tu r tle ,  chicken and ra t. In these 
tissues, two proteins having Mrs of ~94,000 and ~80,000 on 
SDS-PAGE were specifically  labeled with [ 3H]propylbenzilylcholine 
mustard ( [3H]PrBCM). We have developed a purification procedure 
which yields each of these proteins in a homogeneous form suitable 
for structural analysis. The four step procedure involves a ffin ity  
chromatography on 3-(2'-aminobenzhydryloxy)tropane-Sepharose, 
concentration on hydroxyl ap atite , preparative SDS-PAGE and 
extraction of individual bands from the gel.

We have also developed a methodology for the unambiguous 
identification of neurotransmitter receptor proteins and comparison 
of their structural features. The method involves comparative 
peptide mapping of to tal proteolytic digests of purified receptor 
proteins by microbore reverse-phase high-performance liquid 
chromatography (RP-HPLC) in conjunction with covalent modification 
by specific receptor ligands or [1 2 5 I]- labeling. Chemical 
modification and digestion procedures can be carried out on one 
picomole of protein and several femtomoles of digested protein can 
be detected on microbore RP-HPLC. Cyanogen bromide digestion of 
partially  purified [3H]PrBCM-labeled muscarinic receptor from ra t 
brain and subsequent analysis by HPLC revealed a single major 
[3H]PrBCM-labeled CNBr fragment. The purified 94,000 Da and 
80,000 Da [3H]PrBCM-labeled proteins from ra t brain were labeled 
with 125I, digested with trypsin and also analyzed by th is 
method. The two proteins exhibited very sim ilar but clearly  
distinct tryptic maps. Most peaks which eluted in the hydrophobic 
region of the maps overlap for the two proteins while the 94,000 Da 
protein contained several additional peaks of low apparent 
hydrophobicity, raising the poss ib ility  that the 80,000 Da protein 
is a fragment of the 94,000 Da protein. Purified α2-adrenergic 
receptors from human p la te le ts  and purified β2-adrenergic 
receptors from guinea pig lung were sim ilarly mapped. All of the 
receptors examined had unique tryp tic  digest maps although all were 
similar in the very hydrophobic region of the maps. Thus, th is 
technique can be used to positively identify  and characterize 
receptor proteins using very small amounts of m aterial.

226.2 SIZE AND STRUCTURE OF PURIFIED MUSCARINIC CHOLINERGIC AND BETA 
ADRENERGIC RECEPTOR PROTEINS DETERMINED BY ELECTRON MICROSCOPY. 
C.M. Fraser*, A.P. Mariani*, A.R. Kerlavage*, J.Y.-W. Lai*, D. 
Robinson* and J.C. Venter* (SPON: T. Smith). Section of Receptor 
Biochemistry, Laboratory of Neurophysiology, NINCDS, National 
In stitu tes  of Health, Bethesda, MD 20892.

Purified ra t brain muscarinic cholinergic receptors and guinea 
pig lung beta2 - adrenergic receptors were negatively stained 
with uranyl acetate or ammonium molybdate and examined by 
electron microscopy in order to determine size, shape and 
quaternary structure. Muscarinic receptors were preparatively 
purified to apparent homogeneity by sequential a ffin ity  
chromatography on 3-(2'-aminobenzhydryloxy)tropane-Sepharose, 
hydroxylapatite chromatography and size exclusion HPLC. When 
purification  was performed using buffers containing digitonin the 
majority of the muscarinic receptor proteins appeared to be 
p a rtia lly  embedded in digitonin micelles with one to two receptor 
molecules per micelle. Approximately 50 percent of the receptor 
mass protruded from detergent micelles in agreement with known 
r eceptor topography (J.C. Venter, J.Biol.Chem. 258:4842, 1983). 
The majority of muscarinic receptor molecules appeared to be 
monomeric, cylindrical proteins with dimensions of 4.2 × 14.9 nm 
although occasional dimers were seen. The monomeric nature of 
the receptors agrees with target size analysis of membrane bound 
receptors (J.Biol.Chem. 258:4842, 1983). The size of the 
receptor determined by electron microscopy is in agreement with 
hydrodynamic data indicating a Stokes radius of 6.8 nm and an 
axial ra tio  of 1.95 (T. Haga, FEBS Letts. 113:68, 1980).

Guinea pig lung beta2 - receptors were purified to apparent 
homogeneity by sequential a ffin ity  chromatography on 
alprenolol-Sepharose, ion exchange chromatography and size 
exclusion HPLC. Beta-adrenergic receptors were shown to be 
proteins with dimensions of 3.4 × 13.0 nm and the majority were 
present in dimeric structures. These data are in agreement with 
target size data indicating a dimeric form for the membrane bound 
beta-receptor (C.M. Fraser and J.C. Venter, BBRC 109:21, 1982), 
and with hydrodynamic data indicating a Stokes radius of 5.8 nm 
and an axial ra tio  of 2.0. The sligh tly  smaller size of the 
beta2 -adrenergic receptor re la tive  to the muscarinic receptor 
is  in agreement with the respective SDS-PAGE molecular sizes of 
68,000 daltons and 80,000 daltons.

Receptor monomer Stokes radius EM radius SDS-PAGE

Muscarinic 6.8 nm 7.4 nm 80,000 Da
Beta2 -Adrenergic 5.8 nm 6.5 nm 68,000 Da
Ratio Adrenergic/Muscarinic 0.85 0.88 0.85
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226.3 RECONSTITUTION OF AERIAL MUSCARINIC RECEPTOR. J .S .  A guilar*. 
(SPON: W.L. Klein) I n s t i tu te  de B iologia C elu lar, Facultad  de 

Medicina  (U.B.A.) ,  Bs As. A rgentina.
The re c o n s ti tu tio n  o f th e  ch o lin e rg ic  m uscarinic binding  

s i t e s  (m uscarinic recep to rs) f r om bovine a t r i a l  membranes in to  
a s o le c tin  v e s ic le s  have been c a r r ie d  c u t by polyethyleneglycol 
p re c ip ita tio n  (1 ). This procedure causes th e  form ation o f 
v e s ic le s  con ta in ing  th e  m uscarinic re cep to r (2). The k in e t ic  and 
pharm acological p ro p e rtie s  o f  [3H] -N-methyl-scopolamine ( [3H]NMS) 
binding  to  t h i s  re c o n s ti tu te d  m uscarinic re cep to r were s tu d ied . 
This binding  i s  l in e a r  w ith  th e  amount o f p ro te in , sa tu rab le  and 
re v e rs ib le .  The apparent d is so c ia tio n  o f (Kd ' )constan t 
determ ined by sa tu ra t io n  experiments a t  equ ilib rium  i s  0.46 nM. 
By k in e t ic  experiments an a sso c ia tio n  r a te  constan t (kon) o f 0.58 
min- 1×nM-1 and a d is so c ia tio n  r a te  constan t (kof f ) o f  0.17 min-1 
were ob tained , whose r a t i o  koff/kon=0.30 nM i s  in  good agreement 
w ith  ka ’ . The potency o f a range o f m uscarinic ligands  in  
d isp lac in g  [H]NMS i s  atropine>  m ethylatropine> scopolamine> 
pirenzepine>  exotremorine> gallamine> p ilocarp ine>  
carbamylcholine> bethanechol. The H ill  c o e f f ic ie n ts  fo r  th e  
an tag o n is ts  a tro p in e , m ethy l-a trop ine, scopolamine and 
p irenzep ine  a re  near to  1 in d ic a tin g  a  s in g le  c la s s  o f  non
in te ra c tin g  binding  s i t e s  fo r  th e se  ligands . In  c o n tra s t , th e  
H ill  c o e f f ic ie n ts  fo r  th e  agon ists  and th e  ca rd io se le c tiv e  
an tag o n is t gallam ine a re  ca 0 .5  suggesting  a  more complex b inding 
mechanism. The binding  o f  th e  carbam ylcholine b u t n o t o f th e  
[3H]NMS i s  modulated by guanine nu c leo tid es . These r e s u l t s  
in d ic a te  th a t  a so le c tin  f u l f i l l s  th e  l ip id  requirem ents o f  th e  
re cep to r re la te d  w ith  i t s  binding  p ro p e rtie s . Thus a s o le c tin  can 
be used as  a s ta r t in g  l ip id  m ixture to  determ ine a  more s p e c if ic  
l i p id  requirem ent fo r  th e  m uscarinic func tion .

(1) J .S .  A guilar and E.L.M. Ochoa (1986) Neurochem. I n t .  8:47-52
(2) A. P e lleg rin o  de I r a ld i ,  J .S .  A guilar and E.L.M. Ochoa

(1986) Neurochem. Res. (in  p re s s ) .

* P resen t address Department o f Neurobiology & Physio logy 
Northwestern Univ e r s i ty ,  Evanston, IL 60201 U.S.A.

226.4 DISCRETE POPULATIONS OF AFFINITY-PURIFIED MUSCARINIC 
RECEPTOR BINDING ACTIVITY IDENTIFIED USING KINETIC STUDIES. 
G.R. Luthin and B.B. Wolfe. D ept. of Pharmacology, Univ. of Pa. Sch. 
Med., Philadelphia, Pa., 19104.

M uscarinic recep to r binding ac tiv ity  was purified >1000-fold from ra t 
forebrain using chrom atography over 3-(2'-am inobenzhydryloxy)-tropane 
Sepharose and BioGel HTP (HTP fraction). The binding ac tiv ity  in the HTP 
frac tion  was fu rther enriched following chrom atography over DEAE- 
Sephacel (DEAE fraction). The association kinetics of (3H)-QNB binding 
w ere followed a t  25°C using the  HTP and DEAE fractions. At all ligand 
concentrations te sted  (0.1-30 nM) association k inetics w ere biphasic, and 
w ere modelled to  an in itia l fast-binding com ponent (0-40 minutes) and a 
subsequent slow-binding com ponent (40-120 minutes). The pseudo-first 
order ra te  constant of association for the fast-binding com ponent was 
p lo tted  as a  function of QNB concentration . The da ta  thus obtained were 
non-linear, suggesting th a t the  fast-binding com ponent may involve a  2- 
step  binding mechanism (Model 1). K inetic constants for the firs t (k-1/k 1) 
and second (k-2/k2) steps were 3 nM and <0.008, respectively . The 
association k inetics for the slow-binding com ponent, on the  o ther hand, 
w ere best described using a  firs t-o rder model, as the binding constant for 
the slow com ponent was independent of ligand and recep to r 
concentration . D issociation kinetics w ere extrem ely  slow for both 
com ponents and could not be resolved into 2 phases. A tropine, pirenzepine 
and oxotrem orine inhibited both fa s t-  and slow-binding com ponents with 
equal potencies. The hypothesis th a t the  fast-binding com ponent was 
derived from isom erization of the  slow-binding component was te sted  by 
incubating HTP frac tion  with unlabelled QNB (1 μ M) for 20 m inutes, then 
rem oving unbound QNB by de-salting over Sephadex G50 and examining the  
binding properties using (3H)-QNB. The fast-binding com ponent did not 
spontaneously appear, but a  slow increase in binding ac tiv ity  was observed 
only in the  presence of ligand. From the  above studies i t  appeared th a t 
although a single model cannot explain the results, a  com bination of Models 
1 and 2 is consistent w ith all the da ta . The experim ents suggest th a t the re  
a re  2 form s of recep to r. One form can rapidly bind ligand and then 
isom erize to  a  highly stab le  binding s ta te  (Model 1). The o ther form can 
slowly isom erize into a s ta te  capable of binding ligand (Model 2). Most 
im portantly  more than  half of th e  detec tab le  binding ac tiv ity  is in the  
slow-binding form , and this com plicates accu ra te  assessm ent of to ta l 
binding ac tiv ity .

Model 1: L + R ⥊  LR⥊ LR'

Model 2: R ⥊ R’ + L⥊ LR’

(Supported by GM 09991 and GM 31155).

226.5 EFFECTS OF TEMPERATURE ON SUBPOPULATIONS OF MUSCARINIC RECEPTORS 
DEFINED BY QUATERNARY ANTAGONISTS. John E l l i s  and R o b e rt H. Lenox 
N e u ro s c ie n c e  R e se a rc h  U n i t ,  D e p t . o f  P s y c h ia t r y ,  U n iv . o f  Vermont 
C o lle g e  o f  M e d ic in e , B u r l in g to n ,  VT 05 4 0 5 .

I t  h a s  been  r e p o r te d  by s e v e r a l  l a b o r a t o r i e s  t h a t  q u a te r n a ry  
m u s c a r in ic  l ig a n d s  l a b e l  few er s i t e s  w ith  h ig h  a f f i n i t y  th a n  do 
t h e i r  t e r t i a r y  a n a lo g s .  T h u s, [3 H ]N -m eth y lsco p o lam in e  (NMS) does 
n o t  l a b e l  a s  many s i t e s  a s  [ 3H] QNB do es  in  r a t  b r a i n ,  w h ile  
u n la b e le d  NMS, N -m e th y la t r o p in e , and g a lla m in e  com pete  f o r  th e  
b in d in g  o f  [ 3H]QNB in  a b ip h a s i c  m an n er. T h ere  i s  some e v id e n c e  
to  s u g g e s t  t h a t  th e  s i t e s  t h a t  have  lo w er a f f i n i t i e s  fo r  
q u a te r n a r y  l ig a n d s  r e p r e s e n t  d e s e n s i t i z e d  r e c e p t o r s .  We have 
begun to  i n v e s t i g a t e  t h e  s u b c e l l u l a r  d i s t r i b u t i o n  o f  t h e s e  s i t e s  
and have  found t h a t  f r e e z in g  o r h e a t in g  v a r io u s  membrane 
p r e p a r a t i o n s  can  a l t e r  th e  p r o p o r t io n s  o f  th e  s i t e s .

N e u ra l m em branes a r e  p re p a re d  by h o m o g en iz in g  r a t  f o r e b r a in s  in  
30 v o ls  o f  40 mM NaK p h o sp h a te  b u f f e r ,  1 mM EDTA, pH 7 . 4 .  The 
hom ogenate  i s  c e n t r i f u g e d  a t  3000xg f o r  10 min ( " p e l l e t  1 " , 40 mg 
p r o t e i n  p e r  g w et w t) and th e  s u p e r n a t a n t  from  t h a t  c e n t r i f u g a t i o n  
i s  sed im e n te d  a t  5 0 ,0 0 0 x g  f o r  20 min ( " p e l l e t  2 " ,  10 m g /g ) .  Both 
p e l l e t s  a re  re s u s p e n d e d  in  40 mM NaK p h o sp h a te  b u f f e r  w i th o u t  
EDTA. The o v e r a l l  r e c e p t o r  d e n s i t y ,  m easured  a s  th e  b in d in g  o f  
[3H]QNB, d o es  n o t  d i f f e r  d r a m a t i c a l l y  b e tw een  th e  two f r a c t i o n s .  
When f r e s h l y  p r e p a r e d ,  p e l l e t  1 h as  v e ry  few r e c e p t o r s  w ith  low 
a f f i n i t y  f o r  q u a te r n a ry  l ig a n d s  (c a  5%), w h ile  20- 30% o f  th e  s i t e s  
in  p e l l e t  2 have low a f f i n i t y  f o r  q u a te r n a ry  l i g a n d s .  F re e z in g  
p e l l e t  2 d o e s  n o t  a p p r e c i a b ly  a l t e r  th e  b in d in g  p r o p e r t i e s  w ith  
r e g a r d  t o  q u a te r n a r y  l ig a n d s .  On th e  o th e r  h a n d , f r e e z in g  and 
th a w in g  p e l l e t  1 p ro d u c e s  an i n c r e a s e  in  th e  p r o p o r t io n  o f  s i t e s  
w ith  low a f f i n i t y  to w ard  q u a te r n a r y  l ig a n d s  ( t o  ca  20% ). T h at i s ,  
a f t e r  f r e e z in g ,  p e l l e t  1 more c lo s e l y  r e s e m b le s  p e l l e t  2 .  We have 
n o t  y e t  d e te rm in e d  w h e th e r  th e  a p p e a ra n c e  o f  th e s e  l o w - a f f i n i t y  
s i t e s  i s  due to  c o n v e rs io n  o f  h i g h - a f f i n i t y  s i t e s  o r  t o  unm ask ing  
o f  s i t e s  t h a t  were p r e v io u s ly  u n d e te c t a b l e .

We h ave  p r e v io u s ly  shown t h a t  th e  s u b p o p u la t io n s  o f  m u s c a r in ic  
r e c e p t o r s  d e f in e d  by g a lla m in e  and o th e r  q u a te r n a r y  l ig a n d s  a re  
s t a b l e  and do n o t  i n t e r c o n v e r t  u n d e r o u r norm al a s s a y  c o n d i t i o n s  
o v e r  p e r io d s  o f  h o u r s .  How ever, when p e l l e t  2 m em branes a r e  
p re in c u b a te d  to  50°C f o r  2 m in , th e  s i t e s  t h a t  have low a f f i n i t y  
f o r  q u a te r n a ry  l ig a n d s  d i s a p p e a r ,  w h ile  t h e  b in d in g  o f  [3H]QNB 
d e c re a s e s  o n ly  s l i g h t l y .  Under t h e  same c o n d i t i o n s ,  t h e  b in d in g  
o f  [3H]NMS i s  i n c r e a s e d  by th e  h e a t in g  p r e i n c u b a t i o n .  T hus, i t  
a p p e a r s  t h a t  a t  e le v a t e d  te m p e ra tu re s  th e  s i t e s  w ith  low a f f i n i t y  
f o r  q u a te r n a r y  l ig a n d s  a r e  c o n v e r te d  i n to  s i t e s  w ith  h ig h  a f f i n i t y  
f o r  q u a te r n a ry  l i g a n d s .

S u p p o rte d  by PHS R01 0 5 2 1 4 -0 2 .

226.6 Thermodynamic Characterization of Muscarinic Agonist and Antagonist Interactions In 
The Bovine Hippocampus. J. A. Schoenheimer*, L. Antonian* and A. S . Lippa*. 
(SPON: C. A. Klepner). Matrix Research Laboratories Inc., New York, N.Y. 10031.

Studies concerning the multiplicity of agonist binding sites/states of the muscarinic 
acetylcholine receptor (mAchR) suggest that class A muscarinic agonists (e g. 

carbamylcholine) inhibit antagonist binding in a complex manner revealing at least two 

sites/states and class B agonists (e.g. oxotremorine) recognize only a single site/state. 
Although the distinction between class A and class B agonist interactions with the 
mAchR has been demonstrated using a variety of biochemical and pharmacological 
techniques, the thermodynamic parameters of the mAchR have not been reported. We 
therefore chose to further characterize the multiple sites/states of the bovine 
hippocampal mAchR by defining thermodynamic parameters using mAchR antagonists 

as well as class A and class B agonists.
In this study the binding of the potent muscarinic antagonist 3H-QNB and the class B 

agonist oxotremorine were examined at 4 °C, 15 °C, 25 °C, and 37 °C. Scatchard 
analyses at each temperature revealed a ten fold increase in the kD value when the 

incubation temperature was lowered from 37°C to 4°C; indicating a large decrease in 
the affinity of the receptor for 3H-QNB. The inhibition constant (Ki) for oxotremorine 
increased by a similar magnitude over the temperature range, suggesting a decreased 

affinity at lower temperatures. The thermodynamic factors Δ H, Δ G and Δ S were 
calculated for oxotremorine and 3H-QNB binding: the change in enthalpy (ΔH Kcal/mol) 
was determined by Van’t Hoff analysis. Similar results were obtained for both the class 
B agonist oxotremorine and the antagonist 3H-QNB. In both cases the Δ  G increased 
at lower temperatures, representing thermodynamically, the same decrease in affinity 

seen in the Ki and kD. The calculations also indicated that the interactions of 
oxotremorine and of 3H-QNB with the mAchR were primarily entropy driven(Δ S values 
were approximately 30 cal/mol deg and 45 cal/mol deg respectively), with negligible 

change in enthalpy (ΔH≈0 Kcal/mol). The thermodynamic parameters of class A agonist 

interactions with the mAchR are presently under investigation.
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226.7 AMITRIPTYLINE DISPLAYS SELECTIVITY AS AN M2 MUSCARINIC RECEPTOR 
ANTAGONIST IN BRAIN. S. Nomura*, S .H . Zorn and S . J .  Enna (SPON: 
G.A. R o b iso n ). D ep a rtm en ts  o f  P h arm aco lo g y  and N e u ro b io lo g y  and 
Anatomy, U n iv e rs i ty  o f  T exas M e d ic a l S c h o o l, H o u s to n , TX 77025.

C h o lin e rg ic  m u sc a r in ic  r e c e p t o r s  have b e e n  s u b d iv id e d  on th e  
b a s is  o f  t h e i r  a f f i n i t i e s  f o r  p i r e n z e p in e ,  an  a n t i c h o l i n e r g i c  d ru g . 
Those r e c e p to rs  h a v in g  a  h ig h e r  a f f i n i t y  f o r  t h i s  a g e n t  a r e  
c l a s s i f i e d  a s  M1, w h ereas  t h o s e  h a v in g  a  lo w e r  a f f i n i t y  a r e  d e 
s ig n a te d  M2 . A m i t r ip ty l in e ,  and o t h e r  t r i c y c l i c  a n t i d e p r e s s a n t s ,  
a re  known to  p o s s e s s  a n t i c h o l i n e r g i c  p r o p e r t i e s .  W hile  r e c e p t o r  
b in d in g  a s sa y s  have s u g g e s te d  th e y  may b e  n o n s e l e c t i v e  w i th  r e g a r d  
to  c h o lin e rg ic  r e c e p t o r s ,  t h e  p r e s e n t  s tu d y  was u n d e r ta k e n  to  
examine t h i s  i s s u e  u s in g  f u n c t i o n a l  m ea su res  o f  c h o l i n e r g i c  r e 
c e p to r  r e s p o n s iv e n e s s  in  b r a i n .  C a r b a c h o l- s t im u la te d  i n o s i t o l  p h o s
p h a te  a c cu m u la tio n  in  r a t  b r a i n  c e r e b r a l  c o r t i c a l  s l i c e s  was u se d  
as an a s sa y  f o r  m ea su r in g  M1 a c t i v i t y ,  w h e re a s  c a rb a c h o l- in d u c e d  
in h ib i t i o n  o f  G T P -s tim u la te d  a d e n y la t e  c y c la s e  in  r a t  b r a i n  
s t r i a t a l  membranes was ta k e n  a s  a  m easu re  o f  M2 r e c e p t o r  a c t i v i t y .  
Whereas a m i t r i p ty l in e  was somewhat m ore p o te n t  th a n  p i r e n z e p in e  in  
com peting f o r  3H - q u in u c l id in y l  b e n z i l a t e  b in d in g  s i t e s  in  r a t  b r a i n  
membranes, p i r e n z e p in e  was fo u n d  to  be  10- f o l d  m ore p o te n t  th a n  
th e  a n t id e p re s s a n t  a s  an  i n h i b i t o r  o f  c a r b a c h o l - s t i m u la t e d  i n o s i t o l  
ph o sp h ate  a c c u m u la t io n . C o n v e rs e ly , a m i t r i p t y l i n e  was 15 t im e s  
more p o te n t  th a n  p i r e n z e p in e  in  b lo c k in g  th e  i n h i b i t o r y  e f f e c t  o f  
ca rb a c h o l on a d e n y la te  c y c la s e  a c t i v i t y  in  b r a i n  m em branes. A tro 
p in e , a n o n s e le c t iv e  m u s c a r in ic  r e c e p t o r  a n t a g o n i s t ,  was s u b s ta n 
t i a l l y  more p o te n t  th a n  p i r e n z e p in e  in  b o th  a s s a y s .  G iven  th e  
c u r r e n t  c l a s s i f i c a t i o n  o f  m u s c a r in ic  r e c e p t o r s ,  t h e s e  f in d i n g s  
su g g est t h a t  a m i t r i p t y l i n e  d i f f e r s  from  p i r e n z e p in e  and  a t r o p i n e  
w ith  re g a rd  to  i t s  s e l e c t i v i t y  a s  a  c h o l i n e r g i c  a n t a g o n i s t .  W hile  
i t  would a p p e a r  t h a t  a m i t r i p t y l i n e  h a s  some a f f i n i t y  f o r  b o th  M1 
and M2 s i t e s ,  t h e  a n ta g o n i s t  p r o f i l e  d i s p l a y e d  w i th  t h e s e  two b io 
c hem ical a s sa y s  s u g g e s ts  a  much g r e a t e r  a f f i n i t y  f o r  t h e  M2 r e c e p 
to r  su b ty p e . A c c o rd in g ly , a m i t r i p t y l i n e ,  and  p e rh a p s  o t h e r  t r i 
c y c lic  a n t i d e p r e s s a n t s ,  may be u s e f u l  f o r  d i s t i n g u i s h i n g  and 
d e f in in g  th e  p h a rm a c o lo g ic a l  and  b io c h e m ic a l  p r o p e r t i e s  o f  mus
c a r in ic  r e c e p to r s  i n  b r a i n .  (S u p p o rte d  in  p a r t  by USPHS g r a n t s  
MH-36945 and MH-00501).

226.8 THE STRUCTURE— ACTIVITY PROFILE OF COMPOUNDS RELATED TO NIPECOTIC 
ACID ETHYL ESTER, A CHOLINERGIC AGONIST THAT APPEARS SELECTIVE FOR 
A SUBCLASS OF MUSCARINIC SITES. S .H . Z o rn , P . K ro g s g a a rd -L a rs e n *, 
H. H je d s* , and  S . J .  E n n a . D e p a r tm e n ts  o f  P h a rm aco lo g y , N euro
b io lo g y  and Anatomy, U n iv e r s i ty  o f  T exas M ed ica l S c h o o l,  H o u s to n , 
TX 77025 and D ep artm en t o f  C h e m is try , R oyal D an ish  S ch o o l o f  
P harm acy, C openhagen, Denmark.

N ip e c o tic  a c id  e th y l  e s t e r  (NAEE) d i s p l a y s  c h o l i n e r g i c  a g o n is t  
p r o p e r t i e s  i n  a  v a r i e t y  o f  b e h a v io r a l ,  b io c h e m ic a l ,  and p h y s io 
l o g i c a l  t e s t s  (Z o rn , S . ,  e t  a l . ,  F ed . P ro c .  4 5 :9 2 2 , 1 9 8 6 ) . The 
r e s p o n s e s  to  NAEE s u g g e s t  t h a t  i t  may be  m ore s e l e c t i v e  f o r  a  su b 
g ro u p  o f  m u s c a r in ic  r e c e p t o r s  in  b r a i n ,  p o s s ib ly  th e  M2 s i t e .  The 
p r e s e n t  s tu d y  was u n d e r ta k e n  to  com pare th e  c h o l i n e r g i c  a g o n is t  
a c t i v i t y  o f  NAEE a n a lo g s  and r e l a t e d  compounds i n  an  a t t e m p t  to  
i d e n t i f y  t h o s e  s t r u c t u r a l  p r o p e r t i e s  t h a t  a r e  r e s p o n s i b le  f o r  th e  
s e l e c t i v i t y  o f  t h i s  a g e n t .  F or t h e  s tu d y ,  c h o l i n e r g i c  M1 r e c e p to r  
a c t i v i t y  was a s s e s s e d  by m e a su r in g  i n o s i t o l  p h o s p h a te  ( IP )  accum u
l a t i o n  in  r a t  b r a i n  c e r e b r a l  c o r t i c a l  s l i c e s ,  w h i le  M2 r e c e p t o r  
f u n c t io n  was exam ined by s tu d y in g  th e  i n h i b i t i o n  o f  G T P -s t im u la te d  
a d e n y la t e  c y c la s e  i n  r a t  b r a i n  s t r i a t a l  m em branes. W hereas NAEE 
and o t h e r  e s t e r s  o f  n i p e c o t i c  a c id  w ere  in c a p a b le  o f  s t i m u l a t i n g  
th e  p r o d u c t io n  o f  IP  a t  c o n c e n t r a t i o n s  up to  1 mM, b o th  g u v a c in e  
e th y l  e s t e r  and  a r e c o l in e  w ere  a c t i v e  in  t h i s  r e g a r d .  In  con
t r a s t ,  NAEE and i t s  e s t e r  a n a lo g s  w ere  fo u n d  to  be  p o t e n t  i n h i b i 
t o r s  o f  G T P -s t im u la te d  a d e n y la t e  c y c la s e ,  a s  w ere  g u v a c in e  e th y l  
e s t e r  and a r e c o l in e .  T hese f in d in g s  i n d i c a t e  t h a t  w h ereas  g u v a c in e  
e th y l  e s t e r  and a r e c o l in e  a r e  a g o n i s t s  f o r  th e  m u s c a r in ic  r e c e p to r s  
m e d ia t in g  IP a c c u m u la t io n  and  i n h i b i t i o n  o f  a d e n y la t e  c y c la s e ,  
NAEE and i t s  e s t e r  a n a lo g s  a p p e a r  to  be s e l e c t i v e  f o r  th o s e  
a s s o c i a t e d  w i th  th e  c y c la s e  sy s te m . T hus, w h i le  i t  h a s  b een  found  
t h a t  t h e  e s t e r  m o ity  i s  e s s e n t i a l  f o r  im p a r t in g  c h o l i n e r g i c  a g o n is t  
a c t i v i t y  to  n i p e c o t i c  a c id ,  i t  w ould a p p e a r  t h a t  th e  e s t e r a t i c  
p o r t i o n  o f  th e  m o le c u le  i s  n o t  r e s p o n s ib le  f o r  th e  s e l e c t i v i t y  o f  
t h i s  compound. On th e  o t h e r  h a n d , g u v a c in e  e th y l  e s t e r  d i f f e r s  
from  NAEE o n ly  i n  t h a t  th e  fo rm e r p o s s e s s e s  a double bound in  th e  
r i n g  s t r u c t u r e ,  s i m i l a r  to  a r e c o l in e .  I t  w ould  a p p e a r ,  t h e r e f o r e ,  
t h a t  t h e  a b s e n c e  o f  t h i s  d o u b le  bond may be a  c r i t i c a l  f a c t o r  w i th  
r e g a r d  to  t h e  s e l e c t i v e  a c t i o n  o f  NAEE on a  s u b c la s s  o f  m u s c a r in ic  
s i t e s .  (S u p p o rte d  in  p a r t  by a  g r a n t  from  th e  U .S . A ir  F o r c e ) .

226.9 MUSCARINIC RECEPTOR BINDING IN SUBCELLULAR FRACTIONS OF RAT 
FOREBRAIN. G. D o h a n ic h , S . H a lp a in ,  and  B .S . McEwen. D e p t . o f  
P sy ch o lo g y , T u la n e  U n i v e r s i t y ,  New O r l e a n s ,  LA 70118 and The 
R o c k e f e l le r  U n i v e r s i t y ,  New Y o rk , New Y ork , 10021

M u s c a r in ic  r e c e p t o r s  e x h i b i t  h e t e r o g e n e i t y  i n  t h e  b in d in g  o f  
b o th  a g o n is t s  and  a n t a g o n i s t s .  We exam ined  th e s e  p r o p e r t i e s  o f  
h e te r o g e n e i ty  i n  v a r io u s  s u b c e l l u l a r  f r a c t i o n s  from  r a t  f o r e b r a i n .  
S u b c e l lu l a r  f r a c t i o n a t i o n  was c a r r i e d  o u t  by  p r o c e d u r e s  m o d if ie d  
from  p r e v io u s ly  p u b l is h e d  r e p o r t s  (Cotman and  T a y lo r ,  1972 , 
J .  C e l l  B i o l .  55: 6 9 6 ) .  A "P2" f r a c t i o n  was p r e p a r e d  an d  l a y e r e d  
o n to  a  d i s c o n t in u o u s  s u c ro s e  d e n s i t y  g r a d i e n t  t o  s e p a r a t e  m ito 
c h o n d r i a l ,  s y n a p t i c  p la sm a  membrane (SPM), l i g h t  SPM, and  m y e lin  
f r a c t i o n s .  A s y n a p t i c  j u n c t i o n  (S J) f r a c t i o n  was p r e p a r e d  from  
SPM by  t r e a tm e n t  w i th  0.3% T r i t o n  fo l lo w e d  by  c e n t r i f u g a t i o n  
th ro u g h  1 M s u c r o s e .  B in d in g  o f  [3H ]N -m e th y lsc o p o la m in e  (NMS) and 
[3H ] q u in u c l id in y l  b e n z i l a t e  (QNB) was a s s a y e d  by  i n c u b a t in g  th e  
t i s s u e  sa m p le s  f o r  90 m in a t  room t e m p e ra tu re  w i th  s a t u r a t i n g  
c o n c e n t r a t i o n s  o f  r a d i o l ig a n d ,  fo l lo w e d  by  r a p i d  f i l t r a t i o n  o v e r  
g l a s s  f i b e r  f i l t e r s .

B in d in g  o f  b o th  [3H]NMS and  [3H]QNB was e n r i c h e d  i n  SPM, l i g h t  
SPM, an d  m ic ro so m a l ("P 3 ") f r a c t i o n s  a s  com pared  t o  t h e  c ru d e  
h o m o g en a te . The P 1 p e l l e t ,  m y e l in ,  and  m ito c h o n d r i a l  f r a c t i o n s  
showed s u b s t a n t i a l l y  l e s s  m u s c a r in ic  b in d in g  r e l a t i v e  t o  t h e  
h o m o g en a te .  I n  c o n t r a s t  t o  o t h e r  n e u r o t r a n s m i t t e r  r e c e p t o r s  ( l i k e  
t h o s e  f o r  e x c i t a t o r y  am ino a c id s )  m u s c a r in ic  b in d in g  was n o t  
e n r ic h e d  i n  SJ f r a c t i o n s ,  i n d i c a t i n g  t h a t  m u s c a r in ic  s y n a p se s  
p ro b a b ly  a r e  n o t  a s s o c i a t e d  w i th  t h e  a sy m m e tr ic  s y n a p se s  ("G ray  
Type I " )  w hich  p r im a r i l y  a r e  i s o l a t e d  i n  S J  p r e p a r a t i o n s  by  th e  
m ethods em ployed h e r e .  T h ese  r e s u l t s  a g re e  w i th  a  m o rp h o lo g ic a l  
s tu d y  w hich c o n c lu d e d  t h a t  m u s c a r in ic  s y n a p se s  w ere m o s t ly  
sy m m e tr ica l, a l th o u g h  some a s y m m e tr ic a l  s y n a p se s  c o u ld  a l s o  be 
found (W ainer e t  a l ,  1 9 8 4 , B r a in  R e s . 3 0 8 : 6 9 ) .

In  ag reem en t w i th  p r e v io u s  r e p o r t s ,  [3H]QNB bound t o  40-60% 
more s i t e s  th a n  [3H]NMS. F u r th e rm o re ,  n e a r l y  e v e ry  f r a c t i o n  
showed a  s im i l a r  b in d in g  r a t i o  o f  [3H]QNB:[3H]NMS. E x p e r im e n ts  
in  w hich a  s in g l e  c o n c e n t r a t i o n  o f  e i t h e r  c a rb a c h o l  (25 uM) o r  
p i r e n z ip in e  (1 uM) was in c lu d e d  i n  t h e  i n c u b a t io n  w i th  [3H]NMS 
showed t h a t  a l l  f r a c t i o n s  e x h ib i t e d  s i m i l a r  d e g re e s  o f  c o m p e t i t io n  
by th e s e  two com pounds. A n o ta b l e  e x c e p t io n  was t h e  S J f r a c t i o n ,  
where c a rb a c h o l  was s i g n i f i c a n t l y  m ore e f f e c t i v e  and  p i r e n z ip i n e  
l e s s  e f f e c t i v e  i n  c o m p e tin g  f o r  [3H]NMS b i n d in g .  D e t a i l e d  compe
t i t i o n  c u rv e s  f o r  b o th  c a rb a c h o l  and  p i r e n z ip i n e  on S J an d  SPM 
f r a c t i o n s  c o n firm e d  a  s u b s t a n t i a l  d i f f e r e n c e  i n  t h e  n a tu r e  o f  
m u sc a r in ic  r e c e p t o r  b in d in g  t o  t h e s e  two t y p e s  o f  membrane 
p r e p a r a t i o n s .

226.10 TWO PHARMACOLOGICALLY DISTINCT CLASSES OF CHOLINERGIC 
RECEPTORS IN NEMATODES. M .A .S eg erb erg *  and A .O .W .S tr e t to n .  
(SPON: F ra n k  L . S i e g e l ) .  N e u ro s c ie n c e s  T r a in in g  P r o g . ,  
Un i v .  W is e . ,  M ad ison , WI 53706 .

T h e re  i s  e v id e n c e  t h a t  e x c i t a t o r y  n e u ro m u s c u la r  t r a n s m is s io n  
in  t h e  l a r g e  p a r a s i t i c  nem atode  A s c a r is  i s  b lo c k e d  by c h o l in 
e r g i c  a n t a g o n i s t s  and p o t e n t i a t e d  by a n t i - c h o l i n e s t e r a s e s  (D el 
C a s t i l l o ,  J . ,  e t  a l . ,  ARCH.INT.PHYSIOL.BIOCHIM. 7 1 :7 4 1 -7 5 7 , 
1 9 6 3 ) . F u r th e rm o re ,  e x c i t a t o r y  m o to rn e u ro n s  c o n ta in  c h o l in e  
a c e t y l t r a n s f e r a s e ,  th e  s y n t h e t i c  enzyme f o r  a c e t y l c h o l i n e  
( Jo h n s o n , C.D. and  A .O .W .S tr e t to n ,  J.NEUROS C I. 5 :1 9 8 4 -1 9 9 2 , 
1 9 8 5 ) .

A lth o u g h  e a r l i e r  p h a rm a c o lo g ic a l  e x p e r im e n ts  s u g g e s te d  t h a t  
c h o l i n e r g i c  m echanism s w e re  n i c o t i n i c ,  we now p r e s e n t  b io 
c h e m ic a l an d  e l e c t r o p h y s i o l o g i c a l  e v id e n c e  t h a t  t h e r e  a r e  a l s o  
m u s c a r in ic  r e c e p t o r s  p r e s e n t  i n  n e m a to d e s .  The m u s c a r in ic  
a n ta g o n i s t  N -m e th y l-sc o p o la m in e  (NMS) b in d s  w i th  h ig h  a f f i n i t y  
to  ho m o g en ates  o f  C. e l e g a n s , t h e  s m a l l ,  f r e e - l i v i n g  s o i l  nema
to d e .  The e q u i l i b r iu m  d i s s o c i a t i o n  c o n s ta n t  f o r  t h i s  b in d in g  
i s  4 .6  ±  0 .6  × 10- 1 0 M. The fo rw a rd  r a t e  c o n s ta n t  i s  6 × 106 L/ 
m o l- s e c ,  and  th e  r e v e r s e  r a t e  c o n s ta n t  i s  2 .3  × 10- 3/ s e c .  The 
maximum num ber o f  r e c e p t o r s  i s  1 5 .8  ± 1 .3  pm ole/gm  p r o t e i n .  
T hese r e s u l t s  a r e  in  a g re e m en t w i th  p r e v io u s ly  r e p o r t e d  f i g u r e s  
( C u l o t t i ,  J .G .  and W .L .K le in , J.NEUROSC I. 3 :3 5 9 -3 6 8 , 1 9 8 3 ) .

We f in d  t h a t  l a r v a l  A s c a r is  (L1-L2 s ta g e )  a l s o  h a s  NMS- 
b in d in g  a c t i v i t y ,  a p p ro x im a te ly  5 pm ole/gm  p r o t e i n ,  s u g g e s t in g  
t h a t  m u s c a r in ic  r e c e p t o r s  a r e  a l s o  p r e s e n t  i n  A s c a r i s . B ecause  
o f  t h e  s m a ll s i z e  o f  C. e le g a n s , i t  i s  n o t  y e t  p o s s ib l e  to  u s e  
e l e c t r o p h y s i o l o g i c a l  t e c h n iq u e s  t o  i n v e s t i g a t e  th e  f u n c t io n  o f  
NM S-binding s i t e s  i n  t h i s  o rg a n is m . How ever, A s c a r i s  h a s  n e rv e  
and  m u sc le  c e l l s  w h ich  a r e  l a r g e  enough f o r  i n t r a c e l l u l a r  r e 
c o rd in g .  T h e re  a r e  t h r e e  c l a s s e s  o f  d o r s a l  e x c i t a t o r y  m o to r-  
n e u ro n s  i n  a d u l t  A s c a r i s : DE1 , DE2, and DE3. Two o f  t h e s e  
c l a s s e s ,  DE1 and  DE3, p r o j e c t  a n t e r i o r l y  i n  t h e  d o r s a l  n e rv e  
c o rd ,  w h ere  th e y  fo rm  s y n a p se s  w i th  m u sc le  c e l l s .  The t h i r d  
c l a s s ,  DE2, p r o j e c t s  p o s t e r i o r l y .  The d i r e c t i o n  o f  p r o j e c t i o n  
i s  r e l e v a n t  t o  t h e  p ro p o se d  m odel f o r  a n t e r i o r -  and  p o s t e r i o r -  
p r o p a g a t in g  lo c o m o to ry  w aves ( s e e ,  e . g . ,  C h a l f i e ,  M ., e t  a l . ,  
J.NEUROSCI. 5 :9 5 6 -9 6 4 , 1 9 8 5 ) .

I n t r a c e l l u l a r  r e c o r d in g s  made from  th e s e  c e l l s  h av e  r e v e a le d  
t h a t  s y n a p t i c  o u tp u ts  to  d o r s a l  m u sc le  o f  a l l  t h r e e  c l a s s e s  a re  
b lo c k e d  by d - tu b o c u r a r i n e .  NMS, h o w ev er, b lo c k s  o n ly  t h e  an 
t e r i o r - p r o j e c t i n g  m o to rn e u ro n s . We a r e  c u r r e n t l y  i n v e s t i g a t i n g  
w h e th e r  m u s c a r in ic  r e c e p t o r s  a r e  a l s o  p r e s e n t  a t  s p e c i f i c  sub
s e t s  o f  n e u ro n -n e u ro n  s y n a p s e s .

T h is  w ork  was s u p p o r te d  by  NIH G ra n t A I15429.
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226.11 MEDIATION OF NEURALLY-EVOKED SECRETION BY MUSCARINIC RECEPTORS 
IN GUINEA PIG DISTAL COLON. A. Kuwahara and H.J. Cooke. 
Department o f Physiology, The Ohio S ta te  U niversity , Columbus, 
Ohio 43210.

The colonic  epithelium  i s  supplied  by e n te r ic  neurons whose 
c e l l  bodies p ro je c t to  the  mucosa p rim arily  from the submuco
s a l  g ang lia . S tim ulation  of submucosal neurons in  the  guinea 
p ig  d i s ta l  colon evokes a  te tro d o to x in -se n s itiv e  increase  in  
r e s tin g  s h o r t- c ir c u i t  cu rren t (Isc ) th a t  i s  due p rim arily  to  
ch lo rid e  sec re tio n . The aim o f the  p resen t study was to  
in v e s tig a te  the  co n trib u tio n  of cho line rg ic  submucosal neurons 
to  colonic  sec re tio n . M uscle-stripped p repara tions  co n sis tin g  
of submucosal gang lia  and mucosa were s e t  up in  Ussing flu x  
chambers. Sem i-circu lar aluminium f o i l  e lec tro d es  were placed 
on the  submucosal su rface  and rec tan g u lar , b ip o la r stim ulus 
pu lses were passed re p e t i t iv e ly  fo r 2 minutes in  the  plane of 
the  t is s u e  (0.5ms; 8Hz; 25V). E le c tr ic a l  f ie ld  s tim u la tio n  
evoked an increase  in  re s tin g  Isc  of 222±22 uA.cm-2 ; (n=8). 
A tropine (10-8 -10- 5M) evoked a  dose-dependent decrease in  the  
neural response to  a  minimal o f 20-30% o f c o n tro l. M uscarinic 
recep to r subtypes were in v estig a ted  in  the  presence o f the  
an tag o n ists  p irenzepine (M1) and 4-diphenyl-acetoxy-N-m ethyl
p ip e rid in e  (4-DAMP;M2) and compared to  a tro p in e  (M1,M2) . At < 
1×10-7M, 4-DAMP and a tro p in e  decreased the  n eu ra l response to  
40% of c o n tro ls , whereas p irenzepine was le s s  po ten t (83% of 
c o n tro l). Carbachol (2.5×10-5M) increased  re s tin g  Isc  to  a 
magnitude s im ila r  to  the neurally-evoked response. The in 
crease  in  re s tin g  Isc  evoked by carbachol-was reduced by 10-7M 
te tro d o to x in , 10-4M hexame thonium and 10-6M a tro p in e . Betha
nechol (2.5×10-7 -7.5×10- 4M) evoked a  dose-dependent increase  
in  re s tin g  Isc , but i t  was le s s  po ten t and le s s  e f fe c tiv e  than 
carbacho l. In  the  presence of te tro d o to x in , bethanechol 
(5×10-4M) evoked a  35±5 uA.cm-2 maximal increase  in  re s tin g  
Isc  due to  d ir e c t  a c t iv a tio n  o f the  en te ro cy tes . A ddition of 
the  M 1  ag o n ist, McNeil-A343, (5×10-5 M) evoked a  37.2±21.2 
uA.cm-2 increase  in  re s tin g  Isc . These r e s u l t s  suggest th a t 
e le c t r ic a l  s tim u la tio n  of submucosal neurons evokes colonic 
ch lo rid e  s ec re tio n  th a t  i s  m ediated, in  p a r t ,  by acety lcho
l i n e 's  in te ra c tio n  w ith  M2 m uscarinic recep to rs  on en tero 
cy tes. The magnitude of the  sec re to ry  response evoked by 
a c t iv a tio n  of m uscarinic re cep to rs  on en terocy tes can be fu r
th e r  enhanced by in te ra c tio n  w ith  M2 m uscarinic recep to rs  
loca ted  on neurochem ically u n id e n tifie d  submucosal neurons 
th a t  innervate  the  guinea p ig  mucosa. (Supported by NIH 
Grants K04-AM01642;R01-AM37240).

226.12 DIFFERENTIAL PRESYNAPTIC AND POSTSYNAPTIC EFFECTS OF ACETYL-AF64A, 
AN IRREVERSIBLE MUSCARINIC LIGAND WITH AGONIST PROPERTIES. S .P . 
B a k e r , P. P o s n e r* , and E.M. M eyer. D e p ts .  o f  P h arm aco logy  and 
P h y s io lo g y ,  U n iv . F l o r i d a ,  G a i n e s v i l l e ,  FL, 32610.

R ecen t e v id e n c e  s u g g e s t s  t h a t  th e  t r a n s d u c t i o n  o f  m u s c a r in ic  
r e c e p t o r - a c t i v a t i o n  i n to  p h y s io l o g ic a l  r e s p o n s e s  may in v o lv e  a  v a r 
i e t y  o f  seco n d  m esse n g e r  sy s te m s  d e p e n d in g  on th e  s y n a p t i c  l o c a 
t i o n  and t i s s u e .  We t h e r e f o r e  i n v e s t i g a t e d  th e  p r e s y n a p t ic  and 
p o s t s y n a p t ic  e f f e c t s  o f  a  m u s c a r in ic  a g o n is t ,  a c e t y l e t h y l c h o l in e  
m u s ta rd  (ac e ty l-A F 6 4 A ) , w h ich  b in d s  i r r e v e r s i b l y  to  m u s c a r in ic  r e 
c e p to r s .  A cety l-A F64A  in d u ce d  a  d o se  d e p e n d en t (0 .1 -1 0  uM) l o s s  
o f  c a r d i a c  and b r a i n  m u s c a r in ic  r e c e p t o r  b in d in g  to  s e v e r a l  l ig a n d s  
t h a t  was t im e -d e p e n d e n t ,  b lo c k e d  by a t r o p i n e ,  and a t t e n u a te d  by 
g u a n in e  n u c l e o t id e s .  P r e s y n a p t i c a l l y , t h i s  a g o n is t  p ro d u ced  a p ro 
t r a c t e d  (up t o  60 m in) m o d u la t io n  ( i n h i b i t i o n )  o f  ACh r e l e a s e  from 
r a t  c o r t i c a l  sy n ap to so m es v i a  m u s c a r in ic  a u to r e c e p to r s  w i th  a po
te n c y  s i m i l a r  to  t h a t  o f  o x o tre m o r in e .  O x o trem o rin e  i n h i b i t e d  ACh 
r e l e a s e  f o r  a  s h o r t e r  d u r a t i o n ,  s u g g e s t in g  t h a t  a g o n is t - in d u c e d  
r e c e p t o r - d e s e n s i t i z a t i o n  may in v o lv e  p r e v io u s ly  a c t i v a t e d ,  unbound 
r e c e p t o r s .  The ACh r e l e a s e - i n h i b i t i o n  in d u ce d  by 50 uM a c e t y l -  
AF64A was b lo c k e d  o n ly  t e m p o r a r i ly  by 1 uM a t r o p i n e ,  was o b se rv e d  
a f t e r  w ash o u t o f  th e  a g o n i s t ,  and was n o t  due to  i n h i b i t i o n  o f 
c h o l in e - u p ta k e  o r  a c e t y l a t i o n .  T hese  p r e s y n a p t ic  e f f e c t s  on ACh 
r e l e a s e  w ere  c o m p a t ib le  w i th  th e  o b se rv e d  t im e -d e p e n d e n t  IC50 (9 
uM a f t e r  5 m in a t  3 7 °) and i r r e v e r s i b l e  b in d in g  c h a r a c t e r i s t i c s  
o f  th e  d ru g  in  s y n a p to so m al m em branes.

In  c o n t r a s t  to  i t s  p r e s y n a p t ic  e f f e c t s  on ACh r e l e a s e ,  a c e t y l -  
AF64A (1 0 -1 0 0  uM) p ro d u ced  o n ly  a  t r a n s i e n t  d e c re a s e  i n  th e  a t r i a l  
b e a t in g  r a t e  a s  com pared to  c a rb a c h o l  o r  ACh. A f te r  p r e t r e a tm e n t  
o f  a t r i a  w i th  100 uM a c e ty l-A F 6 4 A , t h e r e  was a 2 0 - fo ld  i n c r e a s e  
i n  th e  c a rb a c h o l  EC50 v a lu e  f o r  i n h i b i t i o n  o f  th e  a t r i a l  b e a t in g  
r a t e .  In  a d d i t i o n ,  t h e r e  was a 50% l o s s  o f  a t r i a l  m u s c a r in ic  
r e c e p t o r  b in d in g  to  l a b e l l e d  q u i n u c l i d in y l  b e n z i l a t e  o r  o x o trem o 
r in e -M . The d a ta  s u g g e s t  t h a t  a ce ty l-A F 6 4 A  a c t s  p r e s y n a p t i c a l l y  
a s  an  i r r e v e r s i b l e  a g o n is t  and p o s t s y n a p t i c a l l y  a s  an a g o n is t  f o l 
low ed by an  a n t a g o n i s t .

226.13 COMPETITION STUDIES OF MUSCARINIC RECEPTORS ON DENDRITES AND SOMATA 
OF ISOLATED CORTICAL PYRAMIDAL NEURONS. B.A. V o g t, D .L . B u rn s*  and 
E. T o w n es-A n d erso n . B o s to n  U niv . S ch . M ed., B o s to n , MA 02118 and 
C o r n e l l  U n iv . Med. C o l l . ,  N .Y ., N.Y. 10021.

L ig h t  m ic ro s c o p ic  a u to r a d io g r a p h ic  te c h n iq u e s  f o r  s l i d e  m ounted  
s e c t i o n s  a r e  now a  p o w e r fu l  a d ju n c t  t o  r e c e p t o r  s u b ty p e  a n a l y s i s ,  
b o th  i n  te rm s  o f  l o c a l i z a t i o n  and  b in d in g  p r o p e r t i e s .  We h a v e  
r e c e n t l y  e x te n d e d  t h i s  te c h n iq u e  f o r  u s e  w i th  d i s s o c i a t e d  c e l l s .  In  
a d d i t i o n  to  h a v in g  s p e c i f i c  m u s c a r in ic  a c e t y l c h o l i n e  recep to r(A C h R ) 
b in d in g ,  t h e s e  c e l l s  w ere  u se d  i n  c o m p e t i t io n  s tu d i e s  t o  c a l c u l a t e  
IC 50 v a lu e s .  T h is  a p p ro a c h  p r o v id e s  th e  f i r s t  d i r e c t  e v id e n c e  f o r  
s p e c i f i c  AChR b in d in g  t o  i d e n t i f i e d  n e u ro n s  and d i f f e r e n c e s  i n  
b in d in g  p r o p e r t i e s  a t  d i f f e r e n t  p a r t s  o f  th e  c o r t i c a l  n e u ro n .

N eurons w ere  d i s s o c i a t e d  fro m  c i n g u l a t e  c o r t e x  ( a r e a  29c) o f  
h o o d e d , L ong-E vans r a t s  u s in g  e n z y m a tic  and m e c h a n ic a l  p r o c e d u r e s .  
The c e l l s  w ere  p l a t e d  o n to  c o n c a n a v a l in  A -c o a te d  s l i d e s  and e i t h e r  
p r o c e s s e d  f o r  e l e c t r o n  m ic ro sc o p y  o r  a c c o r d in g  to  a  r a d i o l ig a n d  
b in d in g  a s s a y .  In  th e  l a t t e r  i n s t a n c e ,  c e l l s  w ere  in c u b a te d  i n  3H-  
p r o p y lb e n z i l y l c h o l in e  m u s ta rd  (PrBCM, 2 .4 × 10- 9 M) w i th  o r  w i th o u t  
a t r o p i n e  (10-6  M ). O th e r  c e l l s  w ere  c o in c u b a te d  i n  c o ld  p i r e n z e p in e  
(PZ, 10- 4 - 10-9  M) and 3H-PrBCM. A u to ra d io g ra p h e d , s m a l l  p y ra m id a l  
n e u ro n s  w ere  draw n an d  g r a i n s  w i t h in  3 μm o f  e a ch  p r o c e s s  p l o t t e d  
on th e  d ra w in g s . The mean num ber o f  g r a in s  p e r  10 μm o f  d e n d r i t i c  
l e n g th  o r  som al p e r im e te r  w ere  c a l c u l a t e d  f o r  t o t a l  and a t r o p i n e -  
b lo c k e d  PrBCM b in d in g  and  th e s e  v a lu e s  s u b t r a c t e d  to  d e te rm in e  
s p e c i f i c  b in d in g .

E le c t r o n  m ic ro sc o p y  o f  d i s s o c i a t e d  n e u ro n s  d e m o n s tra te d  t h a t  
th e y  w ere  f r e e  o f  a d h e r in g  p r e s y n a p t ic  e le m e n ts  and  t h a t  c y to p la s m ic  
o r g a n e l l e s  and  p o s t s y n a p t ic  d e n s i t i e s  w ere  i n t a c t .  No d e n d r i t i c  
s p in e s  w ere  p r e s e r v e d  in  th e s e  d i s s o c i a t i o n s .

S p e c i f i c  PrBCM b in d in g  was o b s e rv e d  t o  a l l  so m a ta  and  d e n d r i t i c  
p r o c e s s e s .  A n a ly s is  o f  v a r i a n c e  i n d i c a t e d  t h a t  t h e r e  w ere  no s i g n i f 
i c a n t  d i f f e r e n c e s  In  b in d in g  by o r d e r  o f  d e n d r i t e  ( i . e .  1 ° ,  2 ° ,  3 ° ) .  
N o n s p e c if ic  b in d in g  was an  a v e ra g e  o f  33% o f  t o t a l  b in d in g .  B oth  
s o m a t ic  and  d e n d r i t i c  PrBCM b in d in g  was a n ta g o n iz e d  by PZ, h o w ev er, 
PZ a p p e a re d  to  b e  m ore e f f e c t i v e  a t  d e n d r i t i c  s i t e s .  T h u s, th e  IC50 
v a lu e  f o r  so m a ta  was 1 .5 × 10- 6 M w h i le  t h a t  f o r  a p i c a l  and  b a s a l  
d e n d r i t e s  was b e tw een  1 .2 × 10- 7 and  1 .9 × 10- 7 M.

P i r e n z e p in e  s e n s i t i v i t y  i s  c h a r a c t e r i s t i c  o f  b in d in g  t o  th e  h ig h  
a f f i n i t y  o r  M1 m u s c a r in ic  r e c e p t o r  and  i s  p r e s e n t  on b o th  so m ata  
and  d e n d r i t e s  o f  p y ra m id a l  n e u ro n s .  H ow ever, c h o l in e  a c e t y l t r a n s 
f e r a s e  (ChAT) h i s t o c h e m i s t r y  s u g g e s t s  t h a t  no c h o l i n e r g i c  s y n a p se s  
a r e  fo rm ed  b e tw een  ChAT+ t e r m in a l s  and so m ata  o f  p y ra m id a l  n e u ro n s ,  
b u t  r a t h e r ,  t h a t  th e y  a r e  a s s o c i a t e d  w i th  sm ooth  d e n d r i t e s .  I t  i s  
p o s s i b l e ,  t h e r e f o r e ,  t h a t  lo w e r  a f f i n i t y ,  s o m a t ic  r e c e p t o r  b in d in g  
i s  a s s o c i a t e d  w i th  e x t r a j u n c t i o n a l  r e c e p t o r s .

S u p p o r te d  by  NIH g r a n t s  NS18745 and EY06135.

226.14 HIGH AFFINITY AGONIST BINDING TO BRAINSTEM MUSCARINIC RECEPTORS IS 
ELIMINATED BY LOW PH. B .L . A nthony* and R .S . A ro n s ta m (SPON: B.B. 
G a l la g h e r ) .  D ep a rtm en t o f  P h arm aco lo g y  & T o x ic o lo g y , M edica l 
C o lle g e  o f  G e o rg ia ,  A u g u s ta , GA 20912 .

The e f f e c t s  o f  h y d ro g en  io n  c o n c e n t r a t i o n  on h ig h  a f f i n i t y  
a g o n is t  b in d in g  to  m u s c a r in ic  r e c e p t o r s  w ere d e te rm in e d  i n  mem
b ra n e s  i s o l a t e d  from  r a t  b r a in s te m  u s in g  [ 3H]o x o tre m o rin e -M  a s  a 
p ro b e .  [ 3H]O xotrem orine-M  bound w i th  h ig h  a f f i n i t y  to  a s u b p o p u la 
t i o n  o f  b r a in s te m  m u s c a r in ic  r e c e p t o r s  (< 10% o f  th e  r e c e p to r s  
i d e n t i f i e d  w i th  [3H]m e th y lsc o p o la m in e  w ere l a b e l l e d  w i th  3 nM 
[3H] o x o tre m o rin e -M ) . [3H]O xotrem orine-M  b in d in g  was c o n s ta n t  
b e tw een  pH 7 .0  and 9 .0 ;  th e  num ber o f  h ig h  a f f i n i t y  s i t e s  d e c re a s e d  
be low  pH 7 .0  and a t  pH 5 .0  no b in d in g  was d e t e c t e d .  T h is  d e c re a s e  
was i r r e v e r s i b l e ;  when b r a in s te m  m em branes w ere in c u b a te d  f o r  1 
h o u r a t  low  pH and th e n  r e tu r n e d  to  pH 8 .0 ,  [3H ]o x o trem o rin e -M  
b in d in g  was n o t  r e s t o r e d .  I n  c o n t r a s t ,  th e  t o t a l  num ber o f  r e c e p 
t o r s  ( i . e . ,  th e  num ber o f  [3H ]a n ta g o n i s t  b in d in g  s i t e s )  was n o t  
a f f e c t e d  by p ro lo n g e d  in c u b a t io n  a t  low  pH. A g o n is t  a f f i n i t y  f o r  
th e  s u r v iv in g  [3H ]ox o tre m o r in e  b in d in g  s i t e s  and  th e  s e n s i t i v i t y  o f  
a g o n is t  b in d in g  to  g u a n in e  n u c le o t id e  w ere n o t  a l t e r e d  i n  m edia o f  
low pH (pH 5 . 5 ) .  T hese  f in d in g s  i n d i c a t e  t h a t  [3H ]o x o trem o rin e -M  
b in d s  o n ly  to  r e c e p t o r s  w h ich  a r e  f u n c t i o n a l l y  c o u p le d  to  g u a n in e  
n u c le o t id e - d e p e n d e n t  r e g u l a to r y  p r o t e i n s ,  and  t h a t  t h i s  c o u p lin g  i s  
i r r e v e r s i b l y  i n a c t i v a t e d  i n  m ed ia  o f  low  pH.

T a b le  1 . INFLUENCE OF PH ON THE CONCENTRATION OF [3H ]OXOTREMORINE 
BINDING SITES IN RAT BRAINSTEM MEMBRANES

PH Bmaxa
[3H]O xotrem orine-M  B in d in g  

%High A f f i n i t y b

8 .0 34 ± 0 .7 5.5%
5 .5 18 ±  2 .7 3.0%
5 .5  → 8 .0 C 25 ±  2 .7 4.0%

a  D e n s i ty  o f  [3H ]o x o tre m o rin e -M  b in d in g  s i t e s  i n  fm oles/m g  
p r o t e i n ;  m eans ±  S .D . ,  n = 4 .

b [3H ]O xotrem orine-M  (3  nM) b in d in g  s i t e s  e x p re s s e d  a s  p e rc e n t  
o f  t o t a l  [3H ]a n ta g o n i s t  b in d in g  s i t e s  a t  pH 8 .0  (0 .6 2  
±0 .0 8  pmol/mg p r o t e i n ) .

c  M embranes w ere i n c u b a te d  a t  pH 5 .5  f o r  1 h o u r  b e fo r e  b in d in g  
was m easu red  a t  pH 8 .0 .
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227.2 BLOCK OF DEPOLARIZATION-INDUCED C a 2+ UPTAKE INTO SYNAP
TOSOMES BY ANTIBIOTICS. W.D. Atchison and C.M. Beaman* (SPON: 
T.M. Brody). D ept of Pharmacology/Toxicology, and Neuroscience Pro
gram, Michigan State Univ., E. Lansing, MI 48824.

Antibiotics of the aminoglycoside, lincosamide, tetracycline and poly
myxin classes block neuromuscular transmission by a combination of pre- 
and postjunctional effects. The prejunctional effects in many cases are 
thought to involve competitive block of Ca2+ entry into the nerve ending. 
This has never been tested directly, however. The goal of the present 
study was to determine if several antibiotics known to block neuromuscular 
transmission would impair depolarization-dependent uptake of calcium into 
isolated nerve terminals (synaptosomes). Forebrain synaptosomes were 
prepared from male Sprague-Dawley ra ts  by conventional methods. Anti
biotics tested for potential block of Ca2+ uptake included the aminoglyco
sides streptomycin and neomycin, the lincosamide clindamycin, and poly
myxin B. Drugs were applied in concentrations which ranged from 1-1000 
μM. Uptake of 45Ca was determined during depolarization induced by an 
elevated K+ concentration (77.5 mM). Influx of 45Ca during 1 and 10 sec 
of depolarization was used to assess Ca2+ uptake via a "fast, inactivating 
path", and total uptake, respectively Clindamycin (1-100 μM) had no 
effec t on either component of Ca2+ uptake following 1 or 10 sec of 
depolarization (n=3). Within the concentration range of 1-100 μM strepto
mycin (n=10) also produced no appreciable reduction in either total uptake 
or "fast" uptake. However, a t 500 and 1000 μ M, streptomycin caused a 
17% and 19% reduction, respectively, in total 45Ca uptake. Block of "fast" 
uptake was more pronounced; a t  1000 μM streptomycin caused a 30% 
reduction in fast uptake. Neomycin which is believed to be a more potent 
neuromuscular blocker, did indeed cause a more pronounced reduction in 
the "fast" phase of uptake; a t concentrations of 500 and 1000 μM, 
neomycin caused a 34% and 46% reduction, respectively (n=7). However, 
neomycin had no effect on total uptake of Ca2+. Polymyxin B (5 μM) 
caused an 85% increase in uptake during the "fast" phase. Polymyxin B a t 
500 and 1000 μM caused a 25% and 26% reduction in total uptake, 
respectively (n=8). These results indicate that several antibiotics which 
cause neuromuscular block can alter depolarization-induced calcium uptake 
into presynaptic nerve terminals. (Supported by BRSG funds from the 
College of Veterinary Medicine and by NIH grant NS20683.)

227.3 EXOGENOUS CALCIUM BUFFER REDUCES SYNAPTIC TRANSMITTER RELEASE AND 
FACILITATION. M il to n  P. C h a r l to n ,  G eorge J . Iwanchyshyn* D ept. 
of Physio logy, Univ. o f T oron to , O n ta r io , Canada M5S 1A8

The d if fu s io n  o f  ca lc iu m  io n s  in s id e  nerve  te rm in a ls  c o n tro ls  
the  i n i t i a t i o n  and te rm in a t io n  o f  t r a n s m i t t e r  r e le a s e  and shou ld  
depend on th e  c o n c e n tra t io n  and a f f i n i t y  o f i n t r a c e l l u l a r  ca lc ium  
b u f f e r .  To ex a m in e  th e  r o l e  p la y e d  by c a lc iu m  b u f f e r s  in  
t r a n s m it te r  s e c r e t io n ,  we added exogenous ca lc iu m  b u f fe r  to  nerve  
te rm in a ls  and de te rm in ed  changes in  s y n a p tic  perfo rm ance.

The c ra y f is h  opener m uscle p re p a ra t io n  was p e rfu se d  w ith  a 50 
uM s o l u t i o n  o f  t h e  a c e to x y m e th y l  t e t r a e s t e r  o f  b i s ( o -  
a m in o p h e n o x y )e th a n e -N ,N ,N ',N '- te tr a a c e t ic  a c id  (BAPTA-AM), a 
membrane-permeable ca lc iu m  b u ffe r . The am p litu d e  o f th e  s ix th  
e x c ita to ry  p o s t sy n a p tic  p o te n t ia l  (EPSP) in  a s ix  s tim u lu s  100 
Hz t r a i n  Was re d u c e d  by 83%+-8% (n=12) a t  25C and  by 57%+-9% 
(n=6 ) a t  15C. The f i r s t  EPSP in  t h e s e  t r a i n s  w as re d u c e d  by 
63%+-22% a n d  18%+-13% r e s p e c t i v e l y .  T h u s ,  E P S P 's  an d  
f a c i l i t a t i o n  w ere bo th  reduced.

When 50 uM BA PTA -tetrapotassium  s a l t ,  a membrane im perm eant 
fo rm  o f  th e  c a lc iu m  b u f f e r ,  w as a p p l ie d  t h e r e  w as no e f f e c t .  
This arg u es  a g a in s t  n o n s p e c if ic  e f f e c t s  o f BAPTA-AM. The e f f e c t  
o f  BAPTA-AM d o es  n o t  depend  on r e d u c t io n  o f  m u sc le  in p u t  
r e s is ta n c e  because re d u c t io n s  in  e x c i ta to r y  p o s ts y n a p tic  c u r r e n t s  
(EPSC's) s im i la r  to  th o s e  fo r  EPSP's w ere seen  when m uscles w ere 
v o ltag e  clam ped a t  r e s t  p o te n t ia l .  To check w hether p ro d u c ts  o f 
c le a v a g e  o f  th e  AM e s t e r  c a u se d  th e  e f f e c t s  o f  BAPTA-AM, we 
a p p l ie d  2 ' , 7 '- b i s - ( 2  c a r b o x y e th y l ) -  5 ,6  -  c a r b o x y f l u o r e s c e i n ,  
te tra -a c e to x y m e th y l e s t e r  (BCECF-AM). T h is pH in d ic a to r  had, on 
th e  av e rag e , no e f f e c t  on EPSP's. BAPTA-AM caused  no s ig n i f i c a n t  
changes in  th e  am p litu d e  o r d u ra t io n  o f  i n t r a c e l l u l a r l y  reco rded  
p re s y n a p tic  a c t io n  p o te n t ia l s  (experim en ts  by Don Dixon). When 
B A PTA -tetrapotassium  s a l t  was in je c te d  in to  th e  p re s y n a p tic  axon 
n e a r  t h e  r e c o r d in g  s i t e ,  t h e r e  w as a d r a m a t i c  d e c r e a s e  in  EPSP 
a m p li tu d e .  B ec au se  th e  BAPTA s a l t  i n j e c t e d  p r e s y n a p t i c a l l y  
e x e r t s  a n  e f f e c t  s i m i l a r  t o  t h a t  o f  BAPTA-AM a p p l i e d  
e x t r a c e l l u l a r l y ,  i t  i s  u n l i k e l y  t h a t  th e  a c t i o n  o f  BAPTA-AM i s  
s o l e l y  p o s t s y n a p t i c .  T h e re  w as l i t t l e  reco v e ry  o f t r a n s m i t t e r  
r e l e a s e  when BAPTA-AM w as rem oved  o r  when s a l i n e  w i th  tw ic e  
n o rm a l c a lc iu m  c o n c e n t r a t i o n  w as s u b s t i t u t e d .  H ow ever, w ith  
p ro lo n g e d  h ig h  f re q u e n c y  s t i m u l a t i o n ,  EPSP 's f a c i l i t a t e d  t o  an  
a m p litu d e  g r e a te r  th a n  th e  le v e l  b e fo re  t r e a tm e n t w ith  BAPTA-AM.

These d a ta  in d ic a te  th a t  BAPTA p ro b ab ly  w orks p r e s y n a p t ic a l ly  
t o  a f f e c t  t r a n s m i t t e r  r e l e a s e  by in c r e a s in g  b u f f e r i n g  o f  
i n t r a c e l l u l a r  c a lc iu m . C a lc iu m  b u f f e r in g  s u f f i c i e n t  to  reduce 
t r a n s m i t t e r  r e l e a s e  ca n  be o v erw h elm ed  d u r in g  r e p e t i t i v e  
s t im u la t io n .  The s i t e  o f  a c t io n  o f  ca lc iu m  m ust be some d is ta n c e  
from  th e  ca lc iu m  channel. (Supported by MRC o f Canada).

227.4 REGULATION OF VOLTAGE-DEPENDENT CALCIUM CHANNELS IN PC12 CELLS BY 
CHRONIC CHANGES IN MEMBRANE POTENTIAL.E.M. DeLorme* and 
R. McGee (SPON:P.E.Gallant). Dept. of Pharmacology, 
Georgetown Univ.School of Medicine, Washington, D.C. 20007

Voltage-dependent Ca2+ channels (VDCC) play a c r i t i c a l  ro le  
in the functioning  of both neuronal and muscle c e l ls .  Upon de
p o la riza tio n  these  channels are responsib le  fo r the  in flux  of 
Ca2+ which u ltim a te ly  leads to  neuro transm itter re lease  and muscle 
con trac tio n . However, l i t t l e  is  known concerning the  long-term 
regu la tion  of VDCC in response to  changes in c e l lu la r  a c t iv ity .  
The e ffe c ts  of chronic changes in membrane po ten tia l on the  VDCC 
of a model neuronal c e ll were examined using pheochromocytoma 
c e l l s ,  clone PC12. VDCC number in PC12 c e l ls  was measured using 
3H -nitrendipine binding to  PC12 ce ll membranes. Exposure of the  
c e l ls  to  growth medium containing 50 mM K+ (Na+ reduced to  
m aintain osm olarity) depolarized the  c e l ls  from the re s tin g  mem
brane po ten tia l of -65.4 mV to  -40.1 mV as determined by the 
d is tr ib u tio n  of 14C-triphenylphosphonium ( 14 C-TPP). Depolariza
tio n  was maintained up to  4 days without to x ic ity .  Graded eleva
tio n s  of K+ caused graded decreases in 3H -nitrendipine binding 
with a 45% loss a f te r  3 to  4 days of dep o la riza tio n . Scatchard 
analysis revealed a decrease in Bmax with no change in the Kd for 
n itren d ip in e . R epolarization  of the c e l ls  produced a re tu rn  to  
control binding values w ithin 1 - 2  days. In order to  provide a 
functional c o rre la te  to  the  demonstrated changes in 3H-n it re n d i
pine binding, depolarization-dependent uptake of 45Ca2+ was 
measured. Decreases in 4 5 Ca2+ uptake of 40% were observed in 
ch ron ica lly  depolarized c e l ls  which had been allowed to  repo la rize  
fo r 1 hr p rio r to  a c tiv a tio n  of VDCC by exposure of the  c e l ls  to 
50 mM K+. Both the  time course of decreases in 45Ca2+ uptake and 
the  concentration-dependence of th is  e ffe c t corresponded with 
changes in 3H -nitrendip ine binding. As with binding s tu d ie s , re 
p o la riza tio n  of the  c e l ls  fo r 1 - 2  days caused a re tu rn  to  control 
values fo r 4 5 Ca2+ uptake. These re s u lts  suggest th a t changes in 
neuronal c e l lu la r  a c t iv ity  leading to  changes in the average mem
brane po ten tia l may cause changes in the  number of VDCC expressed 
by the  c e l l .  Supported by NSF Grant # BNF 82-16306.
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227.5 INOSITOL-1 , 4 , 5 -TRISPHOSPHATE INDUCED MOBILIZATION OF Ca++ FROM 
RAT BRAIN SYNAPTOSOMES. C .R .G an d h i*  and  D.H. R oss (S p o n . D. 
J o n e s ) , D iv i s io n  o f  M o le c u la r  P h a rm aco lo g y , U n iv e r s i ty  o f  T exas 
H e a l th  S c ie n c e  C e n te r ,  San A n to n io , T exas 7828A.

R e c e p to r  s t i m u l a t i o n  by a  v a r i e t y  o f  a g o n i s t s  h a s  b een  shown 
t o  p ro d u c e  a  r a p i d  p h o s p h o d ie s te r a s e - d e p e n d e n t  h y d r o ly s i s  o f  
p h o s p h a t i d y l i n o s i t o l - 4 ,5 - b i s p h o s p h a t e  t o  IP 3 and  1 ,2  d i a c y l g l y 
c e r o l  (1 ,2-D G ).  T h is  i s  s u b s e q u e n t ly  a n d  r a p i d l y  fo l lo w e d  by 
r e l e a s e  o f  Ca++ from  i n t r a c e l l u l a r  e n d o p la sm ic  r e t i c u lu m  l i ke 
s to r a g e  s i t e s .  R e c e n t s tu d i e s  h av e  shown t h a t  IP 3 m o b il iz e d  Ca++ 
from  a  v a r i e t y  o f  c e l l  ty p e s  i s  r e c e p to r - d e p e n d e n t  p r o v id in g  a 
l i n k  b e tw een  r e c e p t o r  m e d ia te d  P IP 2 breakdow n and Ca++ r e l e a s e .  
S in c e  n e rv o u s  t i s s u e  c o n ta in s  h ig h  c o n c e n t r a t i o n s  o f  PIP 2  t h e  
p r e s e n t  s tu d y  h a s  c h a r a c t e r i z e d  t h e  I P 3 r e l e a s e  o f  Ca++ from  
s a p o n in  t r e a t e d  sy n ap to so m es  from  r a t  b r a i n .

I n o s i t o l  1 , 4 , 5 - t r i s p h o s p h a t e  ( I P 3 ) was f ound to  r e l e a s e  Ca++ 
from  p r e s y n a p t ic  n e rv e  e n d in g s  made p e rm e a b le  w i th  s a p o n in .  The 
Km f o r  I P 3 r e l e a s e  o f  Ca++ was 0 . 4 μM w i th  Vmax 3 -4  μM. Ca++ 
ta k e n  up i n to  e n d o p la sm ic  r e t i c u lu m  l i k e  s to r a g e  s i t e s  wa s  
A T P -d ep en d en t. A d d i t io n  o f  I P 3 p ro d u ce d  a  r a p i d  r e l e a s e  o f  Ca++ 
fo llo w in g  e q u i l i b r iu m  o f  u p ta k e ,  w h ich  was c o m p le te  w i th in  60 
s e c .  C a++ r e a c c u m u la t io n  o c c u re d  t o  o r i g i n a l  l e v e l s  i n  5 -7  m in . 
No Ca++ r e l e a s e  was d e t e c t a b l e  in  a b s e n c e  o f  ATP. Ca++ r e l e a s e  
by I P 3 was n o t  s e e n  in  a b s e n c e  o f  m ito c h o n d r ia l  i n h i b i t o r s  
o l ig o m y c in  and  sodium  a z id e .  R e a c c u m u la tio n  o f  Ca++ f o l lo w in g  
I P 3 a d d i t i o n  was  p re v e n te d  by v a n a d a te  a  p o t e n t  i n h i b i t o r  o f  
A T P -dependen t Ca++ u p ta k e .  C h o l in e r g i c  r e c e p t o r  a c t i v a t i o n  w i th  
m u sc a r in e  p ro d u ce d  r e l e a s e  o f  Ca++ w h ich  c o u ld  be r e p e a t e d  5 -7  
m in l a t e r  by a d d i t i o n  o f  I P 3 .

T h e s e  s t u d i e s  d e m o n s tra te  a  v i a b l e  IP 3 -d e p e n d e n t  r e l e a s e  o f  
Ca++ from  e n d o p la s mi c  r e t i c u l u m - l i k e  s t o r e s  in  s a p o n in  t r e a t e d  
sy n a p to so m e s . Ca++ r e l e a s e  was n o n m ito c h o n d r ia l  and  was d e p e n 
d e n t  on th e  i n t e g r i t y  o f  t h e  s to r a g e  s i t e s ,  A23187 made th e  s i t e s  
i r r e v e r s i b l y  p e rm e a b le  t o  Ca++. R e c e p to r  s t i m u l a t i o n  and  r e l e a s e  
o f  Ca++ i s  c o n s i s t e n t  w i th  a g o n is t  a c t i v i t y  in  o th e r  c e l l  p r e p a 
r a t i o n s .  T h is  s tu d y  p r o v id e s  a  s im p le  m odel w i th  w h ic h  to  
exam ine  t h e  e f f e c t s  o f  a g o n is t s  on I P 3 m o b i l i z a t i o n  o f  Ca++ in  
sy n a p to s o m e s .
S u p p o r te d  by N e u ro s c ie n c e  P rogram  F 3 3 6 1 5 -8 3 -C -0 6 2 4 .

2 2 7 . 6  G T P  A N A L O G U E S  M O D U L A T E  C A L C I U M  C U R R E N T S  AND  T H E I R  
IN H IB IT IO N  BY BACLOFEN IN CULTURED RAT SENSORY NEURONES 
A .C . D o lp h in *  a n d  R .H . S c o t t * , D e p t . o f  P h a rm a c o lo g y ,  
S t  G e o r g e ' s  H o s p i t a l  M e d i c a l  S c h o o l ,  L o n d o n  S W 1 7  O R E ,  
U K .  ( S P O N  E u r o p e a n  N e u r o s c i e n c e  A s s o c i a t i o n ) .

A c t i v a t i o n  o f  GABAB r e c e p t o r s  r e d u c e s  c a l c i u m  
c u r r e n t s  ( I C a ) i n  c u l t u r e d  r a t  d o r s a l  r o o t  g a n g l i o n  
( D R G )  n e u r o n e s .  T o  i n v e s t i g a t e  t h e  r o l e  o f  g u a n i n e  
n u c l e o t i d e  b i n d i n g  ( N )  p r o t e i n s  i n  t h e  m e d i a t i o n  o f  
t h i s  r e s p o n s e ,  t h e  e f f e c t  o f  i n t r a c e l l u l a r  
n o n h y d r o l y s a b l e  g u a n i n e  n u c l e o t i d e  a n a l o g u e s  h a s  b e e n  
s t u d i e d  o n  I C a  a n d  i t s  i n h i b i t i o n  b y  b a c l o f e n .  T h e  
w h o l e  c e l l  r e c o r d i n g  t e c h n i q u e  w a s  u s e d  w i t h  p a t c h  
p i p e t t e s  c o n t a i n i n g  C s  a c e t a t e .  A T P  ( 2 m M )  w a s  p r e s e n t ,  
e i t h e r  w i t h  o r  w i t h o u t  t h e  G D P  a n a l o g u e  g u a n o s i n e  
5 ' - 0 - 3 - t h i o d i p h o s p h a t e  ( G D P - β - S )  o r  t h e  G T P  a n a l o g u e  
g u a n o s i n e  5 ' - 0 - 2 - t h i o t r i p h o s p h a t e  ( G T P - γ - S )  ( 5 0 0 μ M ) .  
I n  t h e  a b s e n c e  o f  e i t h e r  a n a l o g u e  t h e  m a x i m u m  I Ca 
e v o k e d  a t  b e t w e e n  - 2 0  a n d  + 1 0 m V  f r o m  a  h o l d i n g  
p o t e n t i a l  o f  - 8 0 m V  c o n s i s t e d  o f  t w o  c o m p o n e n t s  o n e  o f  
w h i c h  w a s  r a p i d l y  i n a c t i v a t i n g ,  a n d  t h e  o t h e r  s l o w l y  o r  
n o n - i n a c t i v a t i n g .  I n  t h e  p r e s e n c e  o f  G T P - γ - S ,  I Ca 
c o n s i s t e d  l a r g e l y  o f  t h e  n o n - i n a c t i v a t i n g  c o m p o n e n t  a n d  
t h e  I C 5 0  f o r  i t s  i n h i b i t i o n  b y  ( - ) - b a c l o f e n  w a s  2 μ M 
( n = 8 ) .  I n  t h e  p r e s e n c e  o f  G D P - β - S ,  t h e  f a s t  

i n a c t i v a t i n g  c o m p o n e n t  ( T i n a c t . =  8 . 5 ± 1 . 2 m s ,  n = 1 0 ) w a s  
m o r e  p r o n o u n c e d ,  a n d  t h e  p o t e n c y  o f  b a c l o f e n  w a s  
r e d u c e d  w i t h  t h e  I C 5 0  f o r  b a c l o f e n  b e i n g  a b o u t  5 0 μ M 
( n = 8 ) .  T h e  f i g u r e  s n o w s  t h e  e f f e c t  o f  5 0 μ M b a c l o f e n  o n  

t h e  m a x i m u m  I Ca i n  b o t h  c a s e s .

I t  i s  u n l i k e l y  t h a t  i n h i b i t i o n  o f  I Ca b y  b a c l o f e n  i s  
d u e  t o  i n h i b i t i o n  o f  a d e n y l a t e  c y c l a s e  s i n c e  t h e  e f f e c t  
w a s  n o t  d i m i n i s h e d  b y  1 μ M f o r s k o l i n  o r  i n c l u s i o n  o f  
5 0 μ M c y c l i c  AMP  i n  t h e  p a t c h  p i p e t t e .  T h e s e  d a t a  
s u g g e s t  t h a t  G T P  b i n d i n g  t o  a n  N  p r o t e i n  i s  i n v o l v e d  i n  
m e d i a t i n g  i n h i b i t i o n  o f  ICa b y  b a c l o f e n .

2 2 7 . 7  SPONTANEOUS, CALCIUM-INDEPENDENT QUANTAL TRANSMITTER 
RELEASE AT THE FROG NEUROMUSCULAR JUNCTION. K. A. Alkadhi, 
Departm ent of Pharmacology, University of Houston, Houston, TX 
77004.

Infrequent, giant m iniature endplate p o ten tia ls  (gMEPPs) can be 
recorded a t untreated  endplates of both mammalian and amphibian 
m uscle. The frequency of these  abnormally large gMEPPs has been 
reported  to increase in the presence of certa in  drugs and toxins (e.g. 
Kim e t a l., J . Physio l., 356: 587, 1984). In the p resen t investigation, 
the nature  and c h a rac te ris tic s  of gMEPPs in the normal untreated  and 
em e tin e-tre a ted  cutaneous pecto ris  m uscle of the frog. A fter a 
latency of 20 min, em etine ( 10-5M), an antiam ebic drug, increased the 
frequency of gMEPPs by 10-fold w ithout s ign ifican tly  a ffecting  the 
frequency of the normal MEPPs. High Mg2+ (10 mM) or te trodo tox in (1 
μ M) had no e ffe c t on the frequency of gMEPPs in absence or presence 
of emetine. The frequency of gMEPPs in un treated  preparations is 
0.016±0.002 Hz and has a slow er ris e  tim e (0.693±0.38 ms) than the 
normal MEPPs (0.372+0.04, ms). No correla tion  w as found between 
the frequency of gMEPPs and the frequency of normal MEPPs. Various 
procedures and drugs th a t increase or decrease in trace llu la r Ca2+ 
concentration  a t the nerve te rm ina ls  w ere te s ted  in the presence and 
absence of em etine. The presence of ethanol (0.5 M), ouabain (0.2 
mM), 10 mM Ca2+, 10 mM Mn2+ or 7.5 mM K+ although markedly 
increased the frequency of normal MEPPs had no sign ifican t e ffe c t on 
gMEPPs frequency, but when em etine w as introduced in the presence 
of these  agents i t  consisten tly  increased the gMEPP frequency. 
Absence of Ca2+ in the bathing so lution (0 Ca2+ + EGTA) decreased the 
frequency of normal MEPPs w ithout a ffec ting  gMEPPs frequency. 
Emetine increased gMEPPs frequency even in Ca2+-fre e  solution. 
Hypotonic so lution which markedly decrease normal MEPPs frequency, 
w ithou t affec ting  gMEPPs frequency prevented the em etine-induced 
increase in gMEPPs frequency. These re su lts  indicate th a t gMEPPs are 
d iffe ren t from normal MEPPs in many ch a rac te r is tic s  but 
sign ifican tly  in being Ca2+-independent.

227.8 INTERACTIONS BETWEEN MEPPS PRODUCED IN A REGION OF THE 
FROG NEUROMUSCULAR JUNCTION. J . P .  T r e m b l a y ,  R. 
R o b i t a i l l e  an d  G. G r e n o n * ,  L a v a l  U n i v e r s i t y ,  Q u e b e c ,  
C a n a d a ,  G1K 7 P 4 .

E x p e r i m e n t s  w e re  made on c u t a n e o u s  p e c t o r i s  m u s c l e  
o f  s m a l l  Rana p i p i e n s  i n  o r d e r  t o  s t u d y  p o s s i b l e  
i n t e r a c t i o n s  b e t w e e n  MEPPs. F i v e  t h o u s a n d  MEPPs w ere  
r e c o r d e d  i n  low c a l c i u m  s o l u t i o n  w i t h  tw o i n t r a c e l l u 
l a r  e l e c t r o d e s  l o c a t e d  a t  e a c h  d i s t a l  en d  o f  t h e  n e u 
r o m u s c u l a r  j u n c t i o n .  The e l e c t r o d e s  w e r e  p o s i t i o n e d  
u n d e r  N o m a r s k i  o p t i c s .  A f t e r  t h e  e x p e r i m e n t ,  t h e  
p r e p a r a t i o n s  w e r e  f i x e d  and  n e u r o m u s c u l a r  j u n c t i o n s  
s t a i n e d  by NBT/ChE t e c h n i q u e  ( L a t i n s k y  and D e c i n o ,  J .  
N e u r o c y t o l .  9 ,  3 0 3 ,  1 9 8 0 ) .

We h a v e  c a l c u l a t e d  t h e  p r o b a b i l i t y  o f  o c c u r r e n c e  o f  
a MEPP p e r  s e c o n d  p e r  μ m o f  n e r v e  t e r m i n a l .  The a v e r 
a g e  p r o b a b i l i t y  was c a l c u l a t e d  f o r  t h e  w h o le  j u n c t i o n  
an d  f o r  t h e  w h o le  d u r a t i o n  o f  t h e  e x p e r i m e n t .  R e g i o n 
a l  p r o b a b i l i t i e s  w e re  a l s o  c a l c u l a t e d  f o r  d i f f e r e n t  
3 5 - μm - r e g i o n s  o f  t h e  j u n c t i o n .  T h e se  a v e r a g e  r e g i o n a l  
p r o b a b i l i t i e s  a r e  much l o w e r  i n  d i s t a l  r e g i o n s  o f  
n e u r o m u s c u l a r  j u n c t i o n  t h a n  i n  t h e  p r o x i m a l  r e g i o n s  
( i . e .  n e a r  t h e  l a s t  m y e l i n a t e d  s e g m e n t ) .  In  o r d e r  t o  
s t u d y  t h e  p o s s i b l e  i n t e r a c t i o n s  b e t w e e n  MEPPs, we h a v e  
a l s o  c a l c u l a t e d  t h e  p r o b a b i l i t y  o f  MEPP o c c u r r e n c e  
d u r i n g  d i f f e r e n t  i n t e r v a l s  a f t e r  a MEPP. F o r  s h o r t  
i n t e r v a l s  ( 0 - 2 0 m s )  t h i s  p r o b a b i l i t y  i s  l o w e r  t h a n  t h e  
a v e r a g e  p r o b a b i l i t y .  F o r  t h e  i n d i v i d u a l  r e g i o n s ,  t h e  
p r o b a b i l i t i e s  a t  s h o r t  i n t e r v a l s  a r e  a l s o  l o w e r  t h a n  
t h e i r  r e s p e c t i v e  a v e r a g e  r e g i o n a l  p r o b a b i l i t y .  T h e r e 
f o r e ,  i t  s e e m s  t h a t  t h e  o c c u r r e n c e  o f  a MEPP i n h i b i t s  
f o r  a s h o r t  p e r i o d  o f  t i m e  t h e  o c c u r r e n c e  o f  a n o t h e r  
MEPP. The d e g r e e  o f  i n h i b i t i o n  v a r i e s  i n  t h e  d i f f e r 
e n t  r e g i o n s .  At l o n g e r  i n t e r v a l s  a f t e r  a MEPP ( i . e .  
20 t o  50 ms) t h e  r e l e a s e  p r o b a b i l i t y  i n c r e a s e s  t o w a r d  
n o r m a l  v a l u e  and a s m a l l  f a c i l i t a t i o n  o c c u r s  o c c a s i o n 
a l l y .  The s h o r t  t e r m  i n h i b i t i o n  c l e a r l y  i n d i c a t e s  
t h a t  t h e r e  a r e  i n t e r a c t i o n s  b e t w e e n  MEPPs. S i n c e  
r e g i o n a l  i n h i b i t i o n s  a r e  a l s o  o b s e r v e d ,  t h i s  s u g g e s t s  
t h a t  s u c h  i n t e r a c t i o n s  a l s o  o c c u r  w i t h i n  i n d i v i d u a l  
r e g i o n s .
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227.9 INTERVALS BETWEEN MEPPS PRODUCED IN A REGION OF THE 
FROG NEUROMUSCULAR JUNCTION ARE NOT RANDOMLY D ISTRIB
UTED. R. R o b i t a i l l e ,  J .P. T r e m b l a y  a n d  G. G r e n o n * ,  
L a v a l  U n i v e r s i t y ,  Q u e b e c ,  C a n a d a ,  G1K 7 P 4 .

The e x p e r i m e n t s  w e re  p e r f o r m e d  on c u t a n e o u s  p e c t o r i s  
m u s c l e  o f  s m a l l  f r o g s .  F i v e  t h o u s a n d  MEPPs w ere  r e c 
o r d e d  i n  lo w  c a l c i u m  s o l u t i o n  ( 1 mM Ca+ + , 10mM Mg+ + ), 
w i t h  tw o i n t r a c e l l u l a r  e l e c t r o d e s  p o s i t i o n e d  a t  t h e  
d i s t a l  e n d s  o f  t h e  j u n c t i o n  u n d e r  N o m a r s k i  o p t i c s .  At 
t h e  en d  o f  t h e  e x p e r i m e n t ,  m u s c l e s  w e r e  f i x e d ,  t h e  
n e r v e  t e r m i n a l s  w e r e  s t a i n e d  w i t h  NBT ( L e t i n s k y  and 
D e c i n o ,  J .  N e u r o c y t o l .  9 ,  3 0 3 ,  1 9 8 0 )  and  t h e  p o s t s y n 
a p t i c  AChE was r e v e a l e d  by  t h e  m e th o d  o f  K a r n o v s k y  
( J . C e l l  B i o l .  2 3 ,  2 1 7 ,  1 9 6 4 ) .

The d i s t r i b u t i o n  o f  MEPP i n t e r v a l s  i s  s i g n i f i c a n t l y  
d i f f e r e n t  f rom  a f i t t e d  e x p o n e n t i a l  d i s t r i b u t i o n  
( c h i - s q u a r e d  t e s t ,  p < . 0 0 1 ) .  T h i s  c o n f i r m s  t h e  r e s u l t  
o f  Cohen  e t  a l .  ( J .  P h y s i o l .  2 3 6 ,  3 2 7 - 3 6 1 ,  1 9 7 4 ) .  
T h i s  r e s u l t  i n d i c a t e s  t h a t  MEPPs do n o t  o c c u r  r a n d o m l y  
and  s u g g e s t s  t h a t  t h e r e  a r e  i n t e r a c t i o n s  b e t w e e n  th e m .

S i m u l t a n e o u s  i n t r a c e l l u l a r  r e c o r d i n g  w i t h  tw o e l e c 
t r o d e s  p e r m i t s  t o  e v a l u a t e  t h e  p o s i t i o n  o f  t h e  r e l e a s e  
s i t e  p r o d u c i n g  e a c h  MEPP ( T r e m b l a y  e t  a l . N e u r o s c . 
L e t . ,  5 1 ,  2 4 7 ,  1 9 8 4 ) .  The a c t i v i t y  o f  t h e s e  r e l e a s e  
s i t e s  i s  n o t  u n i f o r m  a l o n g  t h e  f r o g  n e u r o m u s c u l a r  
j u n c t i o n .  T h i s  c o n f i r m s  o u r  p r e v i o u s  r e s u l t s .  The 
NMJ was d i v i d e d  in  10 e q u a l  r e g i o n s  o f  a b o u t  3 5 μ m. I t  
was t h e n  p o s s i b l e  t o  m e a s u r e  t h e  t i m e  i n t e r v a l  b e t w e e n  
MEPPs p r o d u c e d  i n  one  o f  t h e s e  r e g i o n s .  The d i s t r i b u 
t i o n  o f  t h e s e  t i m e  i n t e r v a l s  i s  al so  s i g n i f i c a n t l y  
d i f f e r e n t  f rom a f i t t e d  e x p o n e n t i a l  d i s t r i b u t i o n  (p<  
. 0 0 5 ) .  T h i s  c o n f i r m s  t h e  r e s u l t s  o f  Cohen  e t  a l . 
( B r a i n  R e s .  2 2 1 ,  3 8 2 ,  1 9 8 1 )  o b t a i n e d  w i t h  e x t r a c e l l u 
l a r  r e c o r d i n g  o f  n e u r o m u s c u l a r  j u n c t i o n  s e g m e n t .  In  
ou r  e x p e r i m e n t a l  d i s t r i b u t i o n s  o f  MEPP i n t e r v a l s  f o r  
t h e  w hole  n e u r o m u s c u l a r  j u n c t i o n  a s  w e l l  a s  in  i n d i 
v i d u a l  r e g i o n s ,  t h e r e  a r e  l e s s  s h o r t  i n t e r v a l s ( < 20 ms) 
t h a n  p r e d i c t e d  by t h e  t h e o r e t i c a l  e x p o n e n t i a l  d i s t r i 
b u t i o n .  H owever  t h e r e  a r e  m ore  2 0 - 5 0  ms i n t e r v a l s  
t h a n  p r e d i c t e d  by t h e  e x p o n e n t i a l  d i s t r i b u t i o n .  T h e s e  
r e s u l t s  s u g g e s t  t h a t  t h e  o c c u r r e n c e  o f  a MEPP i n  a 
r e g i o n  o f  t h e  n e u r o m u s c u l a r  j u n c t i o n  r e d u c e s  t h e  p r o b 
a b i l i t y  o f  o c c u r r e n c e  o f  a n o t h e r  MEPP i n  t h e  same 
r e g i o n  f o r  a s h o r t  p e r i o d  and i n c r e a s e s  i t  s l i g h t l y  a t  
l o n g e r  i n t e r v a l s .

227.10 QUANTAL NEUROTRANSMITTER RELEASE FROM THE LARVAL HOUSEFLY (Musca 
dom estica): THE EFFECTS OF NERVE TERMINAL DEPOLARISATION AND 
CALCIUM. G.R. Seabrook* , I.R . Duce* and S.N. Irving* (SPON: M.B.A. 
Djamgoz). Dept. o f  Zoology, U niversity  of Nottingham, U niversity  
Park, Nottingham NG7 2RD, U.K.

The d isrup tion  of neuro transm itter re lease  processes in la rva l 
housefly muscles has been suggested to be involved in pyrethroid 
in sec tic id e  to x ic ity  (Salgado V .L., Irving S.N. and M iller T.A ., 
P e s tic . Biochem. and Physiol. 20: 169, 1983). The mechanisms 
underlying neuro transm itte r re lease  in th is  and o ther in sec t neuro
muscular synapses are as ye t not fu lly  understood.

A fter removal of the  ven tra l ganglion, spontaneous and evoked 
e x tra c e llu la r  post synaptic curren ts  (EPSCs) were recorded from 
v e n tro la te ra l body wall muscles 6a and 7a of prepupal larvae using 
a s ing le  e x tra c e llu la r  m icroelectrode and patch clamp am plifie r. 
The e x tra c e llu la r  calcium concen tration , [Ca2+] 0 , was manipulated 
by changing the  bathing sa lin e  calcium content between 0.1μ M and 
10mM. Evoked EPSCs were inh ib ited  in sa lin e  containing <10μM 
[Ca2+] 0 ; above th is  concentration the quantal content of the 
response was p o s itiv e ly  corre la ted  with [Ca2+] 0 . Increasing 
[Ca2+] 0 was a lso  corre la ted  with an increase in the ra te  of decay 
of these cu rren ts ; th is  was a ttr ib u te d  to block of the glutamate 
recep to r channel by calcium ions. The frequency of spontaneous 
m iniature EPSCs in normal ( 1mM Ca2+) sa lin e  (ca. 0.4Hz) was not 
s ig n if ic a n tly  a ffec ted  when sa lin e  containing 0.1μ M or 10mM Ca2+ 
was perfused. Nerve term inal s tim ulation  (10 mins a t 1Hz) supp
ressed the frequency of spontaneous re le a se , but immediately 
following an EPSC (10-20ms a f te r  the stim ulus) the p ro b ab ility  of 
spontaneous re lease  was increased 100 fold (ca. 43Hz). This 
"delayed re lease" increased with elevated  [Ca2+]0 (four fo ld  
increase from 0.1 to  10mM Ca2+) suggesting th a t i t  re su lted  from a 
tra n s ie n t increase in in tra te rm inal calcium concentration . 
E lec tro ton ic  hyperpo larisa tion  (200ms duration) of nerve term inals 
inh ib ited  spontaneous re lease  during the pulse. A depolarising  
curren t s u f f ic ie n t to e l i c i t  an EPSC produced a p ro f ile  of spont
aneous re lease  s im ila r to  delayed re lea se . Increasing the depolar
is ing  pulse po ten tia ted  m iniature EPSC frequency. The frequency 
reached 80Hz before declin ing  with la rg e r dep o la rizatio n s. This 
may be due to e ith e r  suppression of calcium conductance, or 
d isrup tion  of some other process which modulates tran sm itte r 
re le a se .

These data demonstrate th a t recording individual synaptic 
curren ts  can provide useful in s ig h t in to  neuro transm itter re lease  
mechanisms in in s e c ts , and they have fu r th e r  e lucidated  the ro le  of 
Ca2+ in these processes.

GRS is  an SERC/Wellcome P estic ides  CASE studen t.

227.11 EVIDENCE FOR ANION CHANNELS IN SECRETORY VESICLES. E.F . S t a n l e y 1 , 
G. E h re n s t e in *1, and J . T .  R u s s e l l2 . 1Lab. o f  B iophys ic s , NINCDS 
and 2Lab. o f  Dev. N eurob io l ,  NICHHD, Bethesda Md 20892.

We have r e c e n t l y  proposed an " ion  channel"  model f o r  
ex o c y to s is ,  wherein  ca lc ium t r i g g e r s  th e  i n f l u x  o f  ions  from the  
cy to so l  th rough channels  i n t o  the  s e c r e t o r y  v e s i c l e s ,  l e a d in g  to  
an in c r e a s e  i n  v e s i c l e  o s m o la r i ty ,  water  e n t r y ,  v e s i c l e  expansion 
and f i n a l l y  f u s io n  (S tan ley  and E h r e n s t e in ,  L i f e  S c i .  
37 :1985-1995).  In  t h i s  model, th e  opening o f  a c a l c iu m - a c t iv a t e d  
potassium channel  a l low s  potass ium ions  t o  e n t e r  th e  v e s i c l e ,  and 
an anion  channel  a l lows  an ions  to  e n t e r .  We now p r e s e n t  ev idence  
f o r  th e  presence  o f  an an ion  channel  in  s e c r e t o r y  v e s i c l e s  
i s o l a t e d  from bovine neurohypophysis .

The v e s i c l e s  were in c o r p o r a te d  i n t o  l i p i d  b i l a y e r s ,  which 
were v o l t ag e  clamped. We observed  s in g l e  channe ls  t h a t  were 
i d e n t i f i e d  a s  ch lo r id e -p e rm eab le  on th e  b a s i s  o f  r e v e r s a l  
p o t e n t i a l s  in  asy m e tr ic  Cl- s o l u t i o n s . These channe ls  had a 
maximum conductance o f  85 pS in  a 1 :0 .02  M T r i sC l  g r a d i e n t ,  were 
s l i g h t l y  v o l t a g e  s e n s i t i v e ,  and were blocked by DIDS in  a dose 
dependent manner.

These f i n d i n g s  i n d i c a t e  t h a t  th e  anion  p e r m e a b i l i ty  of  
s e c r e t o r y  v e s i c l e s  can be accounted f o r  by an an ion  ch an n e l .  In  
a d d i t i o n  they  l end su p p o r t  t o  th e  " io n  channel"  model o f  v e s i c l e  
e x o c y to s i s .

227.12 THE EFFECT OF CHLORIDE SUBSTITUTION ON AGONIST INDUCED AUTORECEPT
OR ACTIVATION IN SUPERFUSED STRIATAL SLICES. L .X . Cubeddu and P .A . 
D i l i b e r t o * . (SPON: R .L . G la s s e r )  D iv . o f  C l i n i c a l  P h a rm aco lo g y , 
D e p t . o f  P h a rm aco lo g y , U n iv . o f  N o rth  C a r o l in a ,  C hapel H i l l ,  N .C. 
27514.

The m echanism  o f  a u to r e c e p to r -m e d ia te d  i n h i b i t i o n  o f  n e u r o t r a n 
s m i t t e r  r e l e a s e  i s  n o t  f u l l y  u n d e r s to o d .  A u to r e c e p to r  a c t i v a t i o n  
by a g o n i s t s  h a s  b e e n  a s s o c i a t e d  w i th  a  d e c re a s e  i n  t h e  e l e c t r i c a l  
e x c i t a b i l i t y  o f  monoamine t e r m in a l s  th o u g h t  t o  b e  due to  h y p e r 
p o l a r i z a t i o n  o f  t h e  p r e s y n a p t ic  m embrane (T e p p e r , J .M . ,  T ren d s  
P h a rm a c o l. S c i . 6 :2 5 1 ,  1985). The o p e n in g  o f  a u to r e c e p t o r - l i n k e d  
c h lo r i d e  c h a n n e ls  h a s  b e e n  p ro p o se d  a s  a  p o s s ib l e  m echanism  f o r  
r e c e p to r - m e d ia te d  h y p e r p o l a r i z a t i o n  (V odyanoy, V .,  N e u r o s c i .  L e t t . 
6 2 :1 0 3 , 1 9 8 5 ). P r e s e n t  e x p e r im e n ts  w ere  d e s ig n e d  to  e v a lu a t e  th e  
C l- -d ep e n d e n c y  o f  a g o n is t  in d u c e d  i n h i b i t i o n  o f  s t im u la t io n - e v o k e d  
(SE) r e l e a s e  o f  dopam ine (DA) and a c e t y l c h o l i n e  (ACh) from  s u p e r 
fu s e d  r a b b i t  s t r i a t a l  s l i c e s .  S l i c e s  w ere  l a b e l e d  w i th  3H-DA and 
14C-ACh and s u p e r f u s e d  a t  a  r a t e  o f  1 m l/m in  i n  K re b s -R in g e r  b i 
c a rb o n a te  s o lu t io n  c o n ta in in g  e i t h e r  1 2 5 .4  mM C l- (KRB) o r  7 .4  mM 
C l- (Low C l- ) . I n  Low C l-  medium , 118 mM NaCl was s u b s t i t u t e d  w ith  
118 mM N a i s e t h i o n a t e .  C l-  s u b s t i t u t i o n  u n d e r  t h e s e  c o n d i t i o n s  
r e s u l t s  i n  an  i n c r e a s e  i n  s p o n ta n e o u s  3H-DA e f f l u x  w hich  d e c re a s e s  
w i th  t im e  ( D i l i b e r t o ,  P .A . ,  N e u r o s c i .  A b s t r a c t , t h i s  m e e t in g ) .  
T h e r e f o r e ,  a g o n is t  a c t i o n  was a s s e s s e d  a f t e r  95 m in o f  s u p e r f u s io n  
in  Low C l-  when t o t a l  3H e f f l u x  had  r e tu r n e d  to  c o n t r o l  l e v e l s .  
E l e c t r i c a l l y  s t im u la te d  (1 Hz, 120 p u l s e s )  r e l e a s e  was m easu red  in  
t h e  a b s e n c e  and  p r e s e n c e  o f  a g o n i s t s .  Apom orphine (30 nM ), a  DA 
r e c e p t o r  a g o n i s t ,  i n h i b i t e d  t h e  r e l e a s e  o f  3H-DA and 14C-ACh in  
KRB by 67% and  38%, r e s p e c t i v e l y .  I n  Low C l-  r e l e a s e  was i n h i b i t 
ed by 40% (3H-DA) and  25% ( 14C-A C h). C a rb a c h o l  (10 μM ), a  m u sc a r
i n i c  r e c e p t o r  a g o n i s t ,  i n h i b i t e d  14C-ACh r e l e a s e  by 50% and 63% in  
KRB and  Low C l“ , r e s p e c t i v e l y .  C a rb a ch o l en h an ced  th e  r e l e a s e  o f  
3H-DA by 65% i n  b o th  m ed ia . SE r e l e a s e  o f  b o th  DA and ACh in  th e  
a b s e n c e  o f  a g o n is t s  i s  lo w e r  i n  Low C l-  th a n  in  KRB. T h is  i n h i b i 
t i o n  o f  r e l e a s e  i s  r e v e r s e d  by  s u l p i r i d e ,  a  D2- r e c e p t o r  DA a n ta g o n 
i s t ,  s u g g e s t in g  t h a t  s y n a p t i c  DA l e v e l s  in  Low C l-  a r e  e le v a t e d  
an d  t h a t  DA a u to r e c e p t o r  and  h e te r o r e c e p to r - m e d ia te d  i n h i b i t i o n  i s  
a l r e a d y  a c t i v a t e d .  T h is  may e x p la in  th e  a p p a re n t  d e c re a s e  i n  a p o 
m o rp h in e  e f f e c t s  i n  Low C l- . T h u s , we b e l i e v e  t h a t  a u to r e c e p t o r -  
m e d ia te d  i n h i b i t i o n  o f  DA an d  ACh r e l e a s e  i s  a c h ie v e d  by a  C l- -  
in d e p e n d e n t  m e c h a n ism (s ) .

S u p p o r te d  by  NIH G ra n t #NS21645-01A1 t o  L .X .C .
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227.13 THE EFFECTS OF CHLORIDE SUBSTITUTION ON SPONTANEOUS DOPAMINE EFFLUX 
AND ELECTRICALLY-EVOKED RELEASE OF DOPAMINE AND ACETYLCHOLINE IN 
SUPERFUSED STRIATAL SLICES. P.A. Di l i b e r to *  and L.X. Cubeddu. 
(SPON: A.K. Salm) D iv . o f C l in ic a l  Pharm acology, D ep t. o f Pharma
co logy , U niv. o f N orth C a ro l in a , Chapel H i l l ,  N.C. 27514.

Removal o f c h lo r id e  (C l- ) from th e  su p e rfu s io n  medium r e s u l t s  
in  in c re a se d  spontaneous e f f lu x  o f 3H-dopamine (3H-DA) from r a b b i t  
s t r i a t a l  s l i c e s  p re lo ad ed  w ith  3H-DA and 14C - a c e ty l c h o l in e  ( 14C- 
ACh). Reducing C l-  from 125.4 mM (KRB medium) to  7 .4  mM (Low C l- ) 
o r nom inally  ze ro  C l-  (0 Cl- ) by i s e th io n a te  s u b s t i tu t io n  re s u l te d  
in  la rg e  in c re a s e s  in  3H e f f lu x  th a t  peaked a t  5-15 min and r e tu r n 
ed to  n ea r c o n tro l  le v e ls  60 min a f t e r  th e  medium change. 14C-ACh 
r e le a s e  was n o t a f f e c te d .  At peak e f f lu x ,  Low C l- and 0 C l-  induc
ed in c re a s e s  o f 4 and 6 f o ld ,  r e s p e c t iv e ly ,  in  t o t a l  3H o verflow . 
T h is e f f lu x  was n o t Ca2+ dependent. A n a ly sis  of th e  com position  
o f th e  3H e f f lu x  in  term s o f DA and m e ta b o lite s  rev e a le d  a concen
t r a t i o n  dependent in c re a s e  in  3H-DA in  th e  s u p e r fu s a te . At peak 
e f f lu x ,  3H-DA was in c re a se d  by 18 and 41 fo ld  in  Low C l-  and 0 C l - , 
r e s p e c t iv e ly ,  3H -d ihyd roxypheny lacetic  ac id  (3H-DOPAC) e f f lu x  in 
c rea se d  by on ly  3 .5  and 5 fo ld  in  Low C l- and 0 C l - , r e s p e c t iv e ly .  
At 50-60 min, 3H-DA le v e ls  in  Low C l- and 0 C l-  were 4 and 13 tim es 
KRB v a lu e s , r e s p e c t iv e ly .  3H-DA e f f lu x  was a ls o  examined in  s l i c e s  
d ep le te d  o f endogenous v e s ic u la r  DA by re s e rp in e  p re tre a tm e n t and 
superfu sed  in  th e  p resen ce  o f p a rg y lin e  and U-0521, in h ib i to r s  of 
MAO and COMT, r e s p e c t iv e ly .  Under th e se  (RPU) c o n d i tio n s , Low C l” 
in c re a se d  3H-DA e f f lu x  from RPU s l i c e s .  C l-  s u b s t i tu t io n  a ls o  
a f f e c te d  th e  s tim u la tio n -ev o k ed  (SE) r e le a s e  o f 3H-DA and 14C-ACh. 
S l ic e s  were e l e c t r i c a l l y  s tim u la te d  (1 Hz, 120 p u ls e s )  95 min and 
145 min a f t e r  su p e rfu s io n  was begun in  e i t h e r  KRB, Low C l-  o r  0 C l-  
medium. Low C l- reduced SE r e le a s e  o f 3H-DA and 14C-ACh by 21 and 
52%, r e s p e c t iv e ly ;  w h ile  0 C l-  in h ib i te d  60 and 80%. I n h ib i t io n  
was rev e rse d  by s u lp i r i d e ,  a D2- r e c e p to r  DA a n ta g o n is t .  S im ila r  
in h ib i t i o n  (50%) of 14C-ACh r e le a s e  in  Low C l-  o ccu rred  w ith  RPU 
s l i c e s .  Thus, C l-  rem oval s t im u la te s  DA e f f lu x .  D ata from r e s e r 
p in iz e d  s l i c e s  suggest th a t  e f f lu x  can occur from e x t r a v e s ic u la r  
so u rc e s . E lev a ted  DA le v e ls  may then  be m ain ta ined  by in h ib i t io n  
o f a C l” -dependen t DA up take  p ro c e s s . The r e s u l t in g  in c re a s e  in  
s y n a p tic  DA e x p la in s  th e  s u lp i r i d e  s e n s i t i v e  in h ib i t i o n  o f th e  SE 
r e le a s e  o f DA and ACh.

Supported  by NIH G rant #NS21645-01A1 to  L.X.C.

227.14 ELECTROPHYSIOLOGICAL CORRELATES OF PRESYNAPTIC ALPHA-2 RECEPTOR- 
MEDIATED INHIBITION OF NOREPINEPHRINE RELEASE AT LOCUS COERULEUS 
SYNAPSES IN THE DENTATE GYRUS. H.C. M oises and R. C arlso n .* 
Departm ent of P hysio logy , U n iv e rs ity  o f M ichigan, Ann A rbor, MI 
48109.

D esp ite  an abundance o f ev idence th a t  p re sy n a p tic  a lp h a 2 
a d re n e rg ic  re c e p to rs  m ediate in h ib i to ry  c o n tro l  o f th e  r e le a s e  
o f n o rep in ep h rin e  (NE) from th e  te rm in a ls  of locus  co e ru leu s  
(LC) neu rons , few s tu d ie s  have dem onstrated  th e  p h y s io lo g ic a l 
s ig n if ic a n c e  of t h i s  ' a u to re c e p to r ' -m ed iated  in h ib i t i o n  on 
NE-mediated s y n a p tic  a c t i v i t y  w ith in  th e  mammalian b ra in .  This 
q u e s tio n  was add ressed  in  th e  p re se n t study  by examining the  
e f f e c t s  of system ic a d m in is tr a tio n  of a lp h a 2 re c e p to r  a g o n is ts  
and a n ta g o n is ts  on th e  a b i l i t y  o f LC s tim u la t io n  to  augment th e  
p o p u la tio n  sp ik e  response evoked in  th e  d e n ta te  gyrus by 
p e r fo ra n t p a th  (PP) s tim u la t io n .

S in g le  o r two b a r re l - s ta g g e re d  g la s s  m ic ro e lec tro d e s  (1 -2  M 
r e s is ta n c e )  were used to  reco rd  th e  e x t r a c e l lu la r  f i e ld  
p o te n t ia ls  evoked by s in g le  p u lse  (0 .2  ms d u ra t io n )  PP 
s t im u la t io n  in  th e  c e l l  body and d e n d r i t ic  la y e r s  of th e  d e n ta te  
gyrus in  h a lo th a n e -a n e s th e t iz e d  r a t s .  The PP was s tim u la ted  
once every  15 s and th e  evoked responses  d ig i t i z e d  and s to re d  on 
d i s k e t te  f o r  o f f - l i n e  a n a ly s is  by com puter. In  each experim en t, 
th e  in t e n s i ty  o f PP s tim u la t io n  was a d ju s te d  to  e l i c i t  a 
p o p u la tio n  sp ik e  o f half-m ax im al am plitude to  en su re  a c le a r  
enhancement of th e  response  d u rin g  p a i r in g  w ith  LC s t im u la t io n . 
S tim u la tio n s  of th e  LC c o n s is te d  of 5 c u r re n t p u lse s  of 0 .2  ms 
d u ra t io n  a t  300 Hz, and were p a ire d  w ith  two o f every  fo u r  PP 
t e s t  s t im u li  d e l iv e re d .

LC s tim u la t io n  d e l iv e re d  35 ms p r io r  to  PP a c t iv a t io n  
c o n s is te n t ly  produced a s h o r t- te rm  enhancement o f th e  d e n ta te  
p o p u la tio n  sp ik e  (6 2 .4  ± 7.2%, N=1 2 ) , but d id  no t s ig n i f i c a n t ly  
a l t e r  p o te n t ia ls  measured in  th e  d e n d r i t ic  la y e r .  In  5 o f 7 
anim als te s t e d ,  a d m in is tr a tio n  o f c lo n id in e  (3 .7 5  ng/kg  -  3 .75  
ug /kg , i . v . )  r e v e r s ib ly  a b o lish ed  th e  enhancement induced by LC 
s tim u la t io n .  The e f f e c t  of c lo n id in e  was dose-dependent ( e s t .  
EC50 o f 0 .125 ug/kg) and was b locked by i . v .  a d m in is tr a tio n  of 
th e  a lp h a 2 a n ta g o n is t  idazoxan (0 .125  -  0 .875 u g /k g ), which 
r e s to re d  th e  p o te n t ia t iv e  e f f e c t s  of LC c o n d itio n in g . N e ith e r  
of th e se  d rugs in  th e  dose ranges a d m in is te red  had a s ig n i f i c a n t  
e f f e c t  on th e  p o te n t ia ls  evoked in  th e  d e n d r i t ic  o r c e l l  la y e r  
by c o n tro l  p re s e n ta t io n s  of PP s t im u l i .

To our knowledge, th e se  r e s u l t s  p rov ide  one o f th e  f i r s t  
d em o n stra tio n s  of a f u n c t io n a l  blockade o f LC-medi a ted  
p h y s io lo g ic a l a c t io n  on p o s ty s n a p tic  ta r g e t  c e l l s  as a r e s u l t  of 
p re s y n a p tic  a lp h a 2- a u to re c e p to r  a c t iv a t io n .  (Supported  by 
NIDA G rant DA-03365 and The Chicago Community T ru s t/S e a r le  
S ch o la rs  Program ).

227.15 THE EFFECT OF QUINOLINIC ACID INJECTED INTO THE NUCLEUS BASALIS 
MAGNOCELLULARIS ON CORTICAL HIGH AFFINITY CHOLINE UPTAKE. 
R . H .  M e t c a l f * ,  R . J .  B o e g m a n ,  R . J .  R i o p e l l e ,  a n d  S . K .  L u d w i n . 
D e p a r t m e n t s  o f  P h a r m a c o l o g y  a n d  T o x i c o l o g y ,  M e d i c i n e ,  a n d  
P a t h o l o g y ,  Q u e e n ’ s  U n i v e r s i t y ,  K i n g s t o n ,  O n t a r i o ,  C a n a d a ,  
K7L 3N6.

The mechanism by which c e n tr a l  c h o l in e rg ic  neurons re g u la te  
t h e i r  a b i l i t y  to  s y n th e s iz e  a c e ty lc h o lin e  has been th e  focus  o f 
in te n s e  in v e s t ig a t io n .  I t  has been suggested  th a t  th e  supply  
o f th e  p re c u rs o r , c h o lin e , i s  a p o s s ib le  s i t e  in  re g u la t in g  th e  
s y n th e s is  o f  a c e ty lc h o lin e .  S tim u la tio n  o f  c h o l in e rg ic  neurons 
r e s u l t s  in  an in c re a se d  up take o f  c h o lin e  by th e  sodium -dependent 
h igh  a f f i n i t y  uptake system , as  in d ic a te d  by changes in  th e  
Vmax o f up take (Simon and Kuhar, J .  Neurochem. 27: 93, 1975). 
We now r e p o r t  th a t  changes in  uptake c a p a c ity  o f b a sa l fo re b ra in  
c h o l in e rg ic  neurons p ro je c t in g  to  th e  f r o n ta l  c o r te x  o f  th e  
r a t  fo llo w  a s p e c i f ic  tim e cou rse  a f t e r  s t im u la t io n  w ith  th e  
endogenous e x c i to to x in ,  q u in o l in ic  a c id .  Male Sprague-Dawley 
r a t s  (250-275 g) were a n e s th e tiz e d  w ith  h a lo th an e  and p laced  
in  a N arashige sm all an im al s te r e o ta x ic  a p p a ra tu s . Using th e  
a p p ro p r ia te  c o o rd in a te s , an in j e c t io n  cannu la  was p laced  
in to  th e  r ig h t  nucleus  b a s a l i s  m a g n o c e llu la r is  and 120 nM o f 
q u in o l in ic  ac id  in  1 μl  s a l i n e  was slow ly  in fu s e d . At s p e c i f ic  
tim es fo llo w in g  in j e c t io n ,  an im als were s a c r i f i c e d  and syn ap to 
somes from th e  f r o n ta l  c o r te x  were p rep a re d . Synaptosomal 
up take  o f 3H -cho line c h lo r id e  by th e  i p s i l a t e r a l  f r o n ta l  co r te x  
was determ ined  and compared to  up take in  th e  c o n t r a la t e r a l  
hem isphere, sh am -in jec ted  an im als (1 μl ,  0 . 9% s a l i n e ) ,  and normal 
an im a ls . When h igh  a f f i n i t y  up take was perform ed in  normal 
an im a ls , no d i f fe re n c e  was seen  between l e f t  and r ig h t  c o r t i c i e s .  
However, in  sh am -in jec ted  an im als th e re  was approx im ate ly  
a 4% (n=5) d ec re a se  in  up take in  th e  i p s i l a t e r a l  c o r te x . 
Three hours p o s t - in j e c t io n ,  a maximal in c re a s e  o f  45% in  h igh  
a f f i n i t y  ch o lin e  up take  was seen  in  th e  i p s i l a t e r a l  c o r te x . 
The q u in o l in ic  a c id -in d u ce d  in c re a s e  in  h igh  a f f i n i t y  uptake 
decayed w ith  tim e such th a t  by 9 hours p o s t - in j e c t io n ,  uptake 
in  th e  i p s i l a t e r a l  c o r te x  re tu rn e d  to  b a s a l l e v e l s .  By 1 day 
p o s t - in j e c t io n ,  up take in  th e  i p s i l a t e r a l  c o r te x  had d ec reased  by 
25%, in d ic a t in g  th a t  th e  to x ic  e f f e c t s  o f  q in o l in a te  had a lre a d y  
become e v id e n t. T his lo s s  o f up take a c t iv i t y  p ro g re sse d , and by 
7 days p o s t - in j e c t io n  a maximal dec re a se  o f 45% (n=5) in  up take 
a c t i v i t y  was observed . S to rage  o f  synaptosom es on ic e  r e s u l te d  
in  a lo s s  o f  induced h igh  a f f i n i t y  ch o lin e  up take  such th a t  by 
6 hours synaptosom al up take from i p s i l a t e r a l  and c o n t r a la t e r a l  
hem ispheres were i d e n t i c a l .  Thus, s t im u la t io n  o f  c h o l in e rg ic  
neurons in  th e  b a s a l fo re b ra in  r e s u l t s  in  a tim e-dependen t 
change in  h igh  a f f i n i t y  c h o lin e  up take in  th e  f r o n ta l  c o r te x . 
(S upported  by th e  M edical R esearch Council o f  Canada, #MA9118)



WEDNESDAY AM PRESYNAPTIC MECHANISMS III 821

228.1 PRESYNAPTIC MECHANISM OF KINASE C  ACTIVATORS AT THE SQUID GIANT 
SYNAPSE. G.J. A u g u s t in e , L.R. O ss e s * , S.R. B a rry  and M.P. 
C harlton . Dept. B io lo g ic a l S c ie n ces , Univ. S outhern  C a l ifo rn ia , 
Los A ngeles, CA 90089, Dept. P h y sica l M edicine, Univ. M ichigan, 
Ann A rb o r , MI 481 0 9 , D ep t. P h y s io lo g y , U niv . T o ro n to , O n ta r io  
M5S 1A8 and MBL, Woods Hole.

I t  h a s  b ee n  p ro p o s e d  t h a t  th e  c a lc iu m -  and p h o s p h o l ip id -  
s e n s i t iv e  p ro te in  k in a se , k in a se  C, may p lay  a r o le  in  m e d ia tin g  
or m o d u la tin g  s y n a p t i c  t r a n s m is s i o n .  C o n s is te n t  w i th  t h i s  
p roposal, phorbo l e s te r s  and o th e r  ag en ts  which a c t iv a t e  k in a se  
C p ro fo u n d ly  i n c r e a s e  t r a n s m is s i o n  a t  th e  s q u id  g ia n t  sy n a p se  
(O sses e t  a l . ,  B iophy s. J .  4 9 :1 7 9 a . 1986) and  k in a s e  C i s  fo u n d  
in  s q u id  sy n a p to so m e s  (U nver e t  a l . ,  Soc. N e u ro s c i.  A b s t r .  1 2 . 
1986). We h av e  f u r t h e r  e x p lo r e d  th e  p o s s i b l e  r o l e  o f  k in a s e  C 
a t  th e  s q u id  g i a n t  s y n ap se  by e v a lu a t i n g  th e  p h y s io lo g i c a l  
mechanisms w hich u n d e r l ie  th e  in c re a s e s  in  tra n sm is s io n  caused 
by th e  p h o rb o l e s t e r  1 2-deoxyphorbo l 1 3 - is o b u ty ra te  2 0 -a c e ta te  
(DPBA). E nhancem ent o f  t r a n s m is s i o n  by DPBA i n v a r i a b l y  i s  
a s s o c ia te d  w i th  a s l i g h t  b ro a d e n in g  o f  th e  p r e s y n a p t ic  a c t i o n  
p o t e n t i a l .  F or e x a m p le , 2 uM DPBA i n c r e a s e s  a c t i o n  p o t e n t i a l  
d u r a t io n  by 15% w h i le  e n h a n c in g  p o s t s y n a p t i c  r e s p o n s e s  by 
a p p ro x im a te ly  400%. T h is  s m a l l  change in  p r e s y n a p t ic  a c t i o n  
p o te n t ia l  d u ra t io n  a p p a re n tly  is  n ec essa ry  fo r  DPBA to  in c re a se  
t r a n s m is s i o n ,  b e c a u se  DPBA d oes  n o t  en h a n ce  t r a n s m is s i o n  i f  
p r e s y n a p t ic  t e r m in a l s  a r e  v o l ta g e  clamped and s tim u la te d  w ith  
d e p o la r iz a tio n s  o f co n s ta n t d u ra t io n . We have a ls o  in v e s t ig a te d  
th e  b a s is  f o r  DPBA -induced in c r e a s e s  in  a c t i o n  p o t e n t i a l  
d u ra tio n . Because p re s y n a p tic  Na c h a n n e ls  i n a c t i v a t e  r a p i d l y ,  
broadening i s  l i k e ly  to  be due to  an in c re a s e  in  p re s y n a p tic  Ca 
c u r r e n t  a n d /o r  a d e c re a s e  in  p r e s y n a p t ic  K c u r r e n t .  Ca and  K 
c u r r e n t s  w ere  i n d i v i d u a l l y  exam ined  u n d e r p h a rm a c o lo g ic a l  
c o n d i t io n s  w h ich  e l im i n a t e  c u r r e n t s  f lo w in g  th ro u g h  o th e r  
p re sy n ap tic  channels. DPBA (2 uM) produced no d e te c ta b le  change 
in  Ca c u r r e n t  m a g n itu d e  in  6 e x p e r im e n ts .  H ow ever, in  2 
e x p e rim e n ts  th e  sam e c o n c e n t r a t i o n  o f  DPBA p ro d u ced  a 15% 
d e c re a s e  in  K c u r r e n t s  f lo w in g  th ro u g h  d e la y e d  r e c t i f i e r  
c h a n n e ls . In  sum m ary, ou r r e s u l t s  s u g g e s t  t h a t  DPBA e n h a n ces  
t r a n s m is s io n  by d e c r e a s in g  a p r e s y n a p t ic  K c u r r e n t ,  w h ich  
prolongs th e  p re s y n a p tic  a c t io n  p o te n t ia l  and le a d s  to  in c re a s e s  
in  p r e s y n a p t ic  Ca i n f l u x  and r e s u l t a n t  t r a n s m i t t e r  r e l e a s e .  
This mechanism i s  c o n s is te n t  w ith  k in a se  C a c t in g  in  a pathway 
which m odu la te s, r a th e r  than  m e d ia te s , t r a n s m i t t e r  r e le a s e  a t  
the  squ id  synapse. Supported by NIH g ra n t NS21624 to  GJA, G rass 
and F o g a r ty  F e l lo w s h ip s  to  LRO, an  NSF g r a n t  to  SRB and  an  MRC 
(Canada) g ra n t to  MPC.

228.2 KINASE C (Ca++-PHOSPHOLIPID-DEPENDENT PROTEIN KINASE) IN SQUID 
OPTIC LOBE SYNAPTOSOMES. E. U nver* , G.J. A u g u s t in e , S . B a r ry+ , 
G.P. M ilj a n ic h *  (SPON: W.O. M cC lure ). N eu ro b io lo g y  S e c t io n ,  
U n iv e r s i t y  o f  S o u th e rn  C a l i f o r n i a ,  Los A n g e le s , CA 90089 and 

+D ep a rtm en t o f P h y s ic a l  M e d ic in e , U n iv e rs ity  of M ichigan, Ann 
A rbor, MI 48109.

P r o t e i n  k in a s e  C (PKC) may p la y  a r o l e  in  t r a n s m is s i o n  a t  
chem ical synapses. At th e  squ id  g ia n t synapse, phorbol e s te r s  
and o th e r  PKC a c t i v a t o r s  p ro d u ce  a d r a m a t ic  enhancem en t o f 
s y n ap tic  tra n sm is s io n  (Osses e t  a l . ,  Biophys. J .  4 9 :179a, 1986). 
T h is  e f f e c t  may be due to  a r e d u c t io n  in  a p r e s y n a p t ic  K+ 
c u rre n t and subsequent sp ike  broadening (A ugustine e t  a l . , Soc. 
N e u ro s c i.  A b s t r .  12 . 1986). In  t h i s  s tu d y  we have a sk ed  w h e th e r  
PKC i s  p re se n t in  squ id  p re s y n a p tic  te rm in a ls , u s ing  squ id  o p tic  
lobe synaptosom es as a c lo s e ly  r e la te d  and conven ien t system  fo r 
b iochem ical i d e n t i f i c a t i o n  and c h a ra c te r iz a t io n  o f PKC.

D ia c y lg ly c e r o l  (DAG) c a u se d  a s e v e r a l - f o l d  s t i m u l a t i o n  o f 
t r a n s f e r  o f r a d i o a c t i v e  p h o s p h a te  from  ATP to  th e  exogenous 
s u b s t r a t e ,  h i s to n e ,  in  o p t i c  lo b e  h o m ogenate  and in  a c ru d e  
o p t i c  lo b e  s ynap to so m e p r e p a r a t io n .  The s p e c i f i c  a c t i v i t y  o f 
DAG -dependent p h o s p h o ry la t io n  was 0.75 nmol P /m g -p ro te in /m in  in  
hom ogenates and 3.1 nm olP /m g-pro te in /m in  in  synaptosom es. This 
4 - f o l d  in c r e a s e  in  a c t i v i t y  s u g g e s ts  t h a t  PKC i s  e n r ic h e d  in  
n e rv e  t e r m in a l s .  T hese l e v e l s  o f  a c t i v i t y  a r e  co m p a ra b le  to  
th o se  observed in  mammalian b ra in  p re p a ra tio n s .

P o lyacry lam ide  gel e le c tro p h o re s is  and au to rad iog raphy  o f the 
c y t o s o l i c  s u b f r a c t i o n  o f d i s r u p te d  synaptosom es rev ea led  n in e  
endogenous p o ly p e p t id e s  o f  a p p a re n t  m o le c u la r  w e ig h ts  o f 
a p p ro x im a te ly  20 , 40 , 4 5 , 50, 52, 55, 65 , 160, and 220 k d a l to n s  
w hose p h o s p h o r y la t io n  was in c r e a s e d  two to  s e v e n - f o ld  by DAG. 
The p h o s p h o r y la t io n  o f  one endogenous s u b s t r a t e ,  w i th  an 
ap p a ren t m o lecu la r w eigh t o f 100 k d a lto n s , was decreased  3 - fo ld  
by DAG. A s i m i l a r  a n a ly s i s  o f  th e  p a r t i c u l a t e  sy n a p to s o m a l 
s u b f r a c t i o n  was p re c lu d e d  by h ig h  l e v e l s  o f D A G -independent 
p h o sp h o ry la tio n .

T hese r e s u l t s  d e m o n s tr a te  th e  p re s e n c e  o f  PKC in  s q u id  
neu ronal t i s s u e  and suggest i t s  en richm ent in  p re sy n a p tic  nerve 
te rm in a ls ,  c o n s is te n t w ith  a p o te n t ia l  r o le  fo r  th i s  k in a se  in  
r e g u la t in g  s y n ap tic  tra n sm iss io n . The r e l a t i v e ly  h igh  s p e c i f ic  
a c t i v i t y  of PKC in  squ id  o p tic  lobes  shou ld  p e rm it p u r i f i c a t i o n  
o f th i s  enzyme and i t s  s u b s t r a te s  fo r  b iochem ical a n a ly s is  and 
m ic ro in je c t io n  expe rim en ts.

Supported by NIH g ra n ts  NS21624 to  GJA and NS20138 to  GPM.

228.3 STIMULATION-DEPENDENT PHOSPHORYLATION OF CHROMAFFIN CELL 
PROTEINS: IDENTIFICATION AND IN SITU PHOSPHORYLATION OF SUBSTRATE 
PROTEINS. J.W. Hayco c k , M.P. Browning and P. G reengard . 
L aboratory  o f  M olecular & C e l lu la r  N eu roscience , The R o ck e fe lle r  
U n iv e rs ity , NY, NY 10021.

Treatm ent o f  ch rom affin  c e l l s  w ith  sec re tag o g u es  has 
p rev io u sly  been  shown to  in c re a s e  th e  p h o sp h o ry la tio n  o f two 
p ro te in s  (Mr ≈ 60,000 and Mr ≈ 95 ,000) which a re  e v id e n t in  SDS-PAGE 
of t o t a l  c e l l  e x t r a c ts  ( I ) . In  th e  p re s e n t  s tu d ie s  we o b ta in ed  
evidence th a t  a c e ty lc h o lin e  (ACh) in c re a s e d  th e  p h o sp h o ry la tio n  
of f iv e  p ro te in s  in  i n t a c t  ch ro m affin  c e l l s . Two o f the se  
p ro te in s  (Mr ≈ 60,000 and Mr ≈ 100,000) a re  e v id e n t in  SDS-PAGE of 
t o t a l  c e l l  e x t r a c ts  and a re  presum ably id e n t ic a l  to  those 
p rev io u sly  d e sc r ib e d  ( 1) .  Whereas th e  Mr ≈ 60,000 p ro te in  has been 
p rev io u sly  i d e n t i f i e d  as ty ro s in e  hyS roxy lase  (TH, 2) ,  the 
Mr ≈ 100,000 p ro te in  i s  shown to  be id e n t ic a l  to  100K (a  Mr -100,000 
s u b s tra te  fo r  C a+ + /calm odulin-dependent p r o te in  k in a se  I I I  ( 3 ) ) .  
The th re e  o th e r  p ro te in s  p h o sp h o ry la ted  by ACh a re  p ro te in  I I I a 
and p ro te in  I I I b (two s y n a p tic  v e s ic le - a s s o c ia te d  phosphop ro te in s  
o f Mr ≈ 74,000 and 55,000 r e s p e c t iv e ly  (4 ))  and 87K (an  a c id ic ,  
87 , 000 Mr s u b s t r a te  f o r  p r o te in  k in a se  C ( 5 ) ) .

In  ce l l s  p re la b e le d  w ith  32PO4, a d d i t io n  o f  ACh or e le v a te d  K+ 
ra p id ly  in c re a s e d  th e  p h o sp h o ry la tio n  o f  a l l  f iv e  s u b s t r a te s  in  a 
ca lcium -dependent manner. In  th e  co n tin u ed  p resen ce  o f  ACh, 
a d d itio n  o f  EGTA ra p id ly  d im in ished  th e  p h o sp h o ry la tio n  o f 100K, 
p ro te in s  I I I a and I I I b , and 87K, b u t n o t TH, in  c o n c e rt w ith  a 
d im inu tion  o f  ca techo lam ine  r e l e a s e .  A d d itio n  o f  fo r s k o lin  
in c rea sed  th e  p h o sp h o ry la tio n  o f  TH, 100K, and p ro te in s  I I I a and 
I I I b , b u t n o t 87K, w hereas a d d i t io n  o f  p h o rbo l 1 2 ,1 3 -d ib u ty ra te  
in c rea sed  th e  p h o sp h o ry la tio n  o f  TH, p ro te in s  I I I a and I I I b , and 
87K, b u t n o t 100K.

The d a ta  su g g es t t h a t  s e v e ra l  d i f f e r e n t  p r o te in  k in a se  system s 
a re  a c t iv a te d  by ACh s tim u la t io n .  The d a ta  a ls o  r a i s e  the 
p o s s i b i l i t y  t h a t  th e  p h o sp h o ry la tio n  o f  100K, p ro te in s  I I I a and 
I I I b , and 87K may be in v o lv ed  in  m e d ia tin g  some o f the 
p h y s io lo g ic a l e f f e c t s  o f  ca lc ium  on s e c r e t io n .

[(1 ) Amy & K irsh n e r (1981) J .  Neurochem. 36, 847-854; (2) 
Haycock e t  a l .  (1982) J .  B io l. Chem. 257, 12632-12640; (3) N airn  
e t  a l .  (1985) PNAS 82, 7939-7943; (4) Huang e t  a l .  (1982) J .  
B io l. Chem. 257, 6524-6528; (5) Wu e t  a l .  (1982) PNAS 79, 5249- 
5253]

228.4 PHOSPHORYLATION OF A 96 kDa SYNAPTOSOMAL PROTEIN BY PROTEIN 
KINASE C: INHIBITION BY BAY K 8644 . P . J .  R ob inson* and 
W. Lovenberg* (SPON: S.H. Buck). M erre ll Dow R esearch I n s t i t u t e ,  
2110 E. G a lb ra ith  Road, C in c in n a t i ,  OH 45215.

P r o te i n  p h o sp h o ry la tio n  i s  an im portan t mechanism by which 
v a r io u s  hormones and n e u ro tra n sm it te rs  ach iev e  th e i r  p h ysio log 
i c a l  re sp o n se s . P ro te in  k in a se  C (PKC) i s  one of fou r major 
p ro te in  k in a se  (PK) system s in  b ra in  and i s  reg u la te d  by ca lcium  
and p h o sp h o lip id s . There a re  s e v e ra l s p e c i f ic  neuronal sub
s t r a t e s  fo r  PKC. Most a re  lo c a liz e d  in  th e  c y to s o l ,  w h ile  two 
membrane s u b s t r a te s ,  termed B-50 and th e  "87K" p ro te in ,  have been 
c h a ra c te r iz e d .  In  th i s  study  we c h a ra c te r iz e d  th e  phosphory la
t io n  by PKC o f s e v e ra l synaptosom al p ro te in s  and dem onstrated  an 
in h ib i t i o n  of p h o sp h o ry la tio n  by th e  ca lcium  channel a g o n is t BAY 
K 8644.

A c ru d e  synaptosom al f r a c t io n  (P2 p e l l e t )  was p repared  from 
r a t  s tr ia tu m  ly sed  by re su sp en s io n  in  hypo ton ic medium (con
t a i n i n g  5 mM T r i s  pH 7 .4 ,  5 μg /m l l e u p e p t i n ,  p e p s t a t i n  and 
ch y m o sta tin , and 5 M PMSF) and c e n tr ifu g e d  a t  25000xg fo r  10 min 
to  s e p a ra te  cy top lasm ic  and membrane f r a c t i o n s .  Samples were 
in cu b a ted  w ith  30 mM T r is  pH 7 .4 , 1  mM Mg2+ , 1 mM EGTA, and 40 μ M 
[γ - 32P]ATP, w ith  o r w ithou t I I  mM Ca2+ and 20 μg/m l p h o sp h a tid y l-  
s e r in e  (P S), and th e  s o lu b il iz e d  p ro te in s  se p a ra ted  on p o ly a c ry l
amide g e l s .  Many p ro te in s  were phosphory la ted  in  th e  p resence  of 
Ca2+ /PS in  both  membrane and cy top lasm ic  f r a c t io n s .  A phospho- 
p ro te in  of 96,000 MW, term ed P96, was l o c a liz e d  to  the  cy top lasm , 
and was e n t i r e ly  dependent on both Ca2+ and PS or la b e lin g  P96 
was not phospho ry la ted  in  th e  p resence  of Ca2+ a lo n e , Ca2+ and 
c a lm o d u l in ,  cAMP o r  cGMP, i t  th u s  a p p e a re d  to  be a s p e c i f i c  
s u b s t r a te  of PKC. P96 was m aximally phospho ry la ted  a f t e r  60 sec  
in c u b a tio n  and slow ly  dephosphory la ted  over th e  nex t 5 min.

A range of drugs th a t  a f f e c t  ca lcium  channels  were examined 
fo r  e f f e c ts  on th e  la b e l in g  of P96. At 10 μ M, verapam il and 
n if e d ip in e  had no e f f e c t  on P96 o r th e  la b e l in g  of any o th e r  
p r o te in s .  However, BAY K 8644 caused a s ig n i f i c a n t  in h ib i t io n  of 
P96 la b e l in g  a t  10 μM, w ith  50% in h ib i t i o n  a t  19 μM. BAY K 8644 
a ls o  in h ib i te d  C a/PS-dependent p h o sp h o ry la tio n  of o th e r  p ro te in s  
( in c lu d in g  B-50 and "87K "), but had no e f f e c t  on ca lm odu lin - or 
cA M P-dependent PK ( e x c e p t  a t  > 100 μ M ). BAY K 8644 d id  n o t 
d is p la c e  b ind ing  o f t r i t i a t e d  phorbol e s te r s  in  ly sed  P2 
f r a c t i o n s .  H ow ever, i n h i b i t i o n  o f PKC was in c r e a s e d  as  PS 
c o n c e n tra t io n s  were reduced , su g g es tin g  th a t  th e  mechanism of 
a c t io n  o f BAY K 8644 i s  c o m p e titiv e  i n h ib i t i o n  of PS in t e r a c t io n  
w ith  PKC r a th e r  than  an e f f e c t  on th e  phorbol e s te r  b ind ing  s i t e .  
A p o s s ib le  r e la t io n s h ip  between PKC in h ib i t i o n  and a c t iv a t io n  of 
ca lcium  channels by BAY K 8644 appears u n l ik e ly ,  but cannot be 
d is c o u n te d .
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228.5 PHORBOL ESTERS POTENTIATE RAPID DOPAMINE RELEASE FROM MEDIAN 
EMINENCE AND CAUDATE NUCLEUS SYNAPTOSOMES. C. Shu* and M. 
S elm anoff. Departm ent o f P hysio logy , U n iv e rs ity  of M aryland, 
School of M edicine, B a ltim o re , MD 21201.

Recent ev idence in d ic a te s  th a t  phorbol e s te r  a c t iv a t io n  of 
p ro te in  k in a se  C in  th e  s y n ap tic  te rm in a l m odulates subsequent 
n e u ro tra n s m it te r  r e le a s e .  In th e  p re s e n t study  we in v e s t ig a te d  
th e  a b i l i t y  o f phorbo l e s te r s  to  p o te n t ia te  Ca++-dependent, 
d e p o la r iz a tio n - in d u c e d  re le a s e  of p reaccum ulated  3H-dopami ne (DA) 
from median eminence (ME) and cau d a te  nuc leus  (CN) synaptosom es. 
Synaptosomes were p repared  from ME and CN t i s s u e  d is s e c te d  from 
a d u l t  male r a t s  and were loaded by in c u b a tio n  in  O .1μM -3H-DA fo r  
30 m inu tes a t  30° C. F r a c t io n a l r e le a s e  was subseq u en tly  
measured in  a 5 second tim e in t e r v a l  u s in g  a ra p id  f i l t r a t i o n  
te ch n iq u e .

P horbol e s te r s  were d isso lv e d  and s to re d  (2 × 10-2 M) in  100% 
dim ethy l su lfo x id e  (DMSO). The f i n a l  DMSO c o n c e n tra t io n  used 
was 0.0005% which was n o t found to  a l t e r  b a s a l (5mM K+o) o r evoked 
r e le a s e .  P horbol e s te r s  p o te n t ia te d  DA r e le a s e  in  a c o n c e n tra t io n -  
dependent manner w ith  th e  potency s e r ie s  (determ ined a t  10- 7m) 
being  phorbol 1 2 -m y ris ta te  1 3 -a c e ta te  (PMA,TPA)=phorbol 1 2 ,1 3 -d i
b u ty ra te  (PDBu)>>phorbol 1 2 ,1 3 -d ia c e ta te  (PDA)=12-deoxyphorbol 13- 
is o b u ty ra te  (DPB)=12-deoxyphorbol 1 3 -p h en y lace ta te  (DPP)=phorbol 
(PHR) being s im i la r  to  th a t  observed in  o th e r  system s.

The a b i l i t y  o f th e  p o te n t phorbol e s te r  PMA to  augment K+-  
evoked DA re le a s e  was c h a ra c te r iz e d  a t  a c o n c e n tra t io n  of 10-7 M. 
P re in c u b a tio n  of ME o r CN synaptosomes fo r  10 m inu tes w ith  PMA 
re s u l te d  in  an in c re a s e  in  th e  K+-s t im u la te d ,  Ca++-dependen t 
r e le a s e  of 3H-DA. The p o te n t ia t io n  averaged 39% w ith  a range of 
24-70% between expe rim en ts. The p o te n t ia t io n  seen w ith  K+ (75mM)- 
evoked re le a s e  in c rea sed  a s  th e  e x te rn a l Ca++ was in c rea sed  from 
0.01 to  3.0mM. When r e le a s e  was s tu d ie d  a t  0.2mM Ca++o, th e  
phorbol p o te n t ia t io n  was found to  be d e p o la r iz a tio n -d e p e n d e n t in  
th a t  a c o n s is te n t  phorbo l e f f e c t  was n o t seen a t  low (5-20mM) but 
was seen a t  h ig h e r (30-75mM) K+ c o n c e n tra t io n s .

These d a ta  su p p o rt th e  h y p o th e sis  th a t  p ro te in  k in a se  C 
a c t iv a t io n  p o te n t ia te s  th e  in trasy n ap to so m a l s tim u lu s - s e c re t io n  
coup ling  mechanism (s) and th a t  both  n i g r o s t r i a t a l  and tu b e ro -  
in fu n d ib u la r  dopam inergic nerve  te rm in a ls  a re  a f fe c te d  by phorbol 
e s te r s  in  a s im i la r  manner. (Supported by NIH g ra n t HD-21351 and 
RCDA NS-00731 awarded to  MS).

228.6 DOPAMINE RELEASE FROM RABBIT PREFRONTAL CORTEX IS MODULATED BY D2 
DOPAMINE AUTORECEPTORS. R.K. Talm aciu*, I .S .  Hoffmann* and L.X. 
Cubeddu. D ep t. o f Pharmacology, School o f Pharmacy, C en tra l Univ. 
o f V enezuela and D iv. o f C lin . Pharmacology, School o f M edicine, 
Univ. o f N orth C a ro lin a , Chapel H i l l ,  N.C. 27514.

Experim ents were designed  to  in v e s t ig a te  w hether dopamine (DA) 
re le a s e  from p r e f r o n ta l  co r te x  DA te rm in a ls  was modulated by p re -  
s y n a p tic  DA re c e p to r s .  S l ic e s  o f r a b b i t  p r e f ro n ta l  co r te x  were 
incuba ted  fo r  30 m inutes w ith  3H-DA (0 .2  uM; SA: 26 Ci/mmol) in  
th e  p resen ce  o f 10 uM desip ram ine . The l a t t e r  drug was used to  
p rev en t up take  o f DA in to  n o rep in ep h rin e  te rm in a ls . S l ic e s  were 
su p erfu sed  a t  1 ml/min w ith  K rebs-R inger b ic a rb o n a te  s o lu tio n  
(d e s ip ra m in e -fre e )  f o r  60 min b e fo re  th e  sample c o l le c t io n .  De
p o la r iz a t io n  was evoked by e l e c t r i c a l  s t im u la t io n . Two s tim u la 
t io n s  were a p p lie d  on each experim ent (S1 and S2) .  The r a t i o  3H 
overflow  evoked by S2/S 1 averaged 0.94  fo r  s t im u la t io n s  a t  0 .1  Hz. 
N early  3.5% of t i s s u e  3H was re le a s e d  by S1 a t  1 Hz, 120 p u ls e s . 
The t i s s u e  co n ten t a t  th e  end o f th e  experim ent averaged 64 ± 4 
n C i / s l ic e .  A ca lcium -dependent overflow  of 3H was e l i c i t e d  by 
s tim u la t io n s  a t  0 .3 ,  1 o r 10 Hz (120 p u ls e s ) .  Comparable ov er
flow s were o b ta in ed  a t  0 .3 ,  1 and 10 Hz, th u s  f l a t  frequency - 
r e le a s e  cu rves were observed . Apomorphine and LY-171555 in h ib i te d  
in  a c o n c en tra tio n -d ep e n d en t fash io n  th e  s tim u la tio n -ev o k ed  over
flow  o f 3H. Apomorphine EC50 and Emax fo r  in h ib i t i o n  o f 3H-DA 
re le a s e  averaged 64 nM and 85% in h ib i t i o n ,  r e s p e c t iv e ly .  The 
e f f e c t s  of th e se  a g o n is ts  were an tagon ized  by h a lo p e r id o l (30 nM). 
H a lo p e rid o l (30 nM) produced a 4 0 -fo ld  s h i f t  to  th e  r ig h t  of th e  
apomorphine do se-resp o n se  curve fo r  in h ib i t i o n  o f s t im u la t io n -  
evoked 3H-DA overflow . H alo p e rid o l p e r  se  enhanced th e  s tim u la 
tion -evoked  overflow  o f 3H. G rea te r f a c i l i t a t i o n  was observed a t  
10 Hz (+70%) than  a t  1 Hz (+30%). S tim u la tio n  fre q u e n c ie s  com
p a ra b le  to  normal f i r i n g  r a t e s  o f m e so c o rtica l neurons (10 Hz) 
m arkedly reduced ag o n is t- in d u c e d  in h ib i t io n  o f 3H overflow . Apo
morphine (100 nM) in h ib i te d  DA re le a s e  by 34% a t  10 Hz and by 64% 
a t  1 Hz. These r e s u l t s  in d ic a te  th a t  m e so c o rtica l DA neurons 
p ro je c t in g  to  th e  p r e f r o n ta l  c o r te x  have r e le a s e  m odulatory r e 
c e p to rs  o f th e  D2 sub type . P a r t  o f th e  re p o rte d  reduced " in  vivo" 
e f f ic a c y  o f DA a g o n is ts  in  in h ib i t in g  DA tu rn o v e r and f i r i n g  ra te s  
may be due to  th e  h ig h e r  f i r i n g  r a t e s  of th e  m eso p ro fro n ta l DA 
n eu ro n s .

Supported by g ra n ts  from CONICIT S1-1425 to  I .S .H .;  CDCH #F -0 2 .3 / 
81 to  R.K.T. and NIH #NS21645-01A1 to  L.X.C.

228.7 PRESSURE EFFECTS ON SYNAPTIC INTEGRATIVE FUNCTIONS. 
J .  J .  K endig  and Y. Grossman. D ept. o f  A n es th es ia , S tan fo rd  
U niv. School o f M ed ic ine , S ta n f o r d ,  CA 94305 and D e p t. o f  
P hysio logy , Ben-Gurion Univ. o f  th e  Negev, Beer-Sheva, I s r a e l .

There i s  as y e t no conv incing  mechanism to  account fo r  th e  
h y p e r e x c i t a b i l i t y  a s s o c ia te d  w ith th e  h igh  p re s su re  nervous 
syndrome (HPNS). P re ssu re  in  th e  range o f te n s  o f atm ospheres 
c a u s e s  c o n v u l s i o n s ,  y e t  d e p r e s s e s  e x c i t a t o r y  s y n a p t i c  
tra n sm is s io n . The p re s e n t experim en ts were designed to  examine 
w h e th e r  th e  s y n a p t i c  i n t e g r a t i v e  p ro p e r t ie s  o f in h ib i t i o n ,  
f a c i l i t a t i o n ,  summation and te ta n i c  p o t e n t i a t i o n  re sp o n d  to  
p re s s u re  in  a manner which could e x p la in  an in c re a s e  in  neuronal 
e x c i t a b i l i t y .  The deep e x ten so r m uscles from lo b s te r  (Homarus 
am ericanus or P an u liru s  in te r r u p tu s )  were is o la te d  and arranged 
to  perm it s e le c t i v e  s tim u la t io n  o f s in g le  motor neurons. Muscle 
c e l l s  were im paled by a 3 M K a c e t a t e - f i l l e d  m ic ro e lec tro d e  
m ounted on a r e m o t e - c o n t r o l l e d  m i c r o m a n i p u l a t o r .  The 
p re p a ra tio n  was c o n s ta n tly  perfu sed  by a p p ro p r ia te  oxygenated 
a r t i f i c i a l  sea w ater s o lu t io n ,  m ain ta ined  a t  19°C, and enclosed  
in  a h y p e r b a r ic  cham ber. I n h i b i t i o n  was d e t e r m i n e d  by 
s tim u la t in g  th e  common in h ib i to r  (CIn) motor neuron and th e  L2 
e x c i t o r  (L2EX) s e p a r a t e l y  and t o g e t h e r .  F a c i l i t a t i o n  was 
examined by a p a ire d -p u ls e  p ro to c o l o f s t im u l i  to  a s in g l e  
e x c i to r ,  and summation by s tim u la t in g  each o f two e x c i to r s  over 
a range o f in te r s t im u lu s  in t e r v a l s .  P o te n t ia t io n  was examined 
by r e p e a te d  t r a i n s  o f  s t im u l i  to  a s in g le  e x c i to r .  A fte r 
c o n tro l reco rd in g s  were made, helium  was adm itted  to  th e  chamber 
to  p rov ide  h y p e rb a ric  p re s su re  up to  100 atm ospheres (a tm ). The 
r e s u l t s  showed t h a t  p r e s s u r e  d e p r e s s e d  th e  i n h i b i t o r y  
p o s t  ju n c t io n a l  p o te n t ia l  and th e  in h ib i t io n  produced by i t  to  
approx im ately  th e  same e x te n t as th e  e x c i ta to ry  p o s t  ju n c tio n a l 
p o t e n t i a l .  S e l e c t i v e  p r e s s u r e  s e n s i t i v i t y  o f GABA-mediated 
in h ib i t io n  th u s  can be ru le d  ou t as a ca n d id a te  mechanism fo r  
HPNS. P r e s s u r e  a t  100 a tm o sp h e re s  s ig n i f i c a n t ly  enhanced 
f a c i l i t a t i o n  a t  in te rp u ls e  i n t e r v a l s  s h o r t e r  th a n  40 m sec . 
T h e re  was no s i g n i f i c a n t  e f f e c t  on sum m ation . T e ta n ic  
p o te n t ia t io n  was s ig n i f i c a n t ly  enhanced  a t  b o th  50 and 100 
a tm ospheres. P ressu re -in d u ced  enhancement o f  sy n a p tic  e f f ic a c y  
th ro u g h  an in c r e a s e  in  f a c i l i t a t i o n  and p o t e n t i a t i o n  can 
c o u n t e r a c t  th e  d e p r e s s a n t  e f f e c t  o f p re s s u re  on th e  s in g ly  
evoked sy n a p tic  re sp o n se . Under c o n d itio n s  o f  s u i ta b le  neuronal 
c i r c u i t r y  and im pulse p a t te r n ,  t h i s  mechanism could c o n tr ib u te  
to  th e  in c re a s e  in  neu ronal e x c i t a b i l i t y  o f  HPNS.

228.8 THE EFFECT OF DIFFERENTIATION ON GUANYLATE CYCLASE ACTIVITY AND 
cGMP LEVELS IN PC 12 CELLS. Erica Euqster*, Kathryn Sandberg and 
Terry B. Rogers, Dept. Biological Chemistry, University of Maryland 
School of Medicine, Baltimore, MD., 21201.

We are Interested in the possible role of guanylate cyclase 
and cGMP in the mechanism of neurotransmitter release. Guanylate 
cyclase a c tiv ity  was measured in PC12 ce lls  (a cell line estab
lished from a ra t adrenal pheochromocytoma) that were grown under a 
variety of d ifferen tia tion  conditions. PC12 ce lls  offer a partic
u larly  interesting model for th is  study, in light of th e ir  highly 
d ifferen tia ted  transm itter synthesis and release systems.

PC 12 ce lls  were grown under the following conditions; sparse 
undifferentiated, which were grown to  a density of about 1×104 
cells/cm2, dense autodifferentiated , which were grown to  8×105 
cells/cm2; and cholinergic d ifferen tia ted , which were sparse cells 
cultured with 50ng/ml nerve growth factor (NGF) for 7-10 days. 
After culturing, to ta l cell homogenates were prepared for each cell 
type and separated into soluble and particu late  fractions by 
d iffe ren tia l centrifugation a t 150,000×g for 1 hr. Guanylate 
cyclase ac tiv ity  was determined by quantitating the formation of 
[32P]cGMP from [α-32P]GTP.Under the assay conditions used, 
guanylate cyclase ac tiv ity  was linear with respect to tissue  (up to 
30μg protein) and time (up to  30 min). Considerable enzyme 
ac tiv ity  was observed in a ll the soluble and particu late  fractions; 
however, d ifferen tiated  ce lls  showed a marked decrease of activ ity  
in the particu late  frac tions. The specific a c tiv itie s  of guanylate 
cyclase (pmol cGMP formed /mg of protein /min a t 37°C) In soluble 
and particu la te  fractions were respectively: sparse- 375 and 244; 
dense- 483 and 139; NGF- 414 and 143. Guanylate cyclase ac tiv ities  
in d ifferen tia ted  PC12 ce lls  were sim ilar to  ra t brain synaptosomes 
In tha t the la tte r  preparations showed much higher specific 
ac tiv ity  in the soluble fraction  (253) when compared to the 
particu late  (115).

These studies suggest tha t guanylate cyclase may play a role in 
some d ifferen tia ted  systems in the PC 12 c e lls . Accordingly, basal 
levels of cGMP were measured in d ifferen tia ted  PC12 ce lls . The 
resu lts (in pmol cGMP/mg of protein) were: sparse-15; dense-2; and 
NGF-7. Under conditions shown to  evoke the release of neurotrans
m itter in these ce lls  (Sandberg and Rogers, Soc. Neurosci. Abstr. 
12, in press), increases in cGMP levels have been observed. In 
ce lls  treated  with 100uM v e ra tr idine a t 37°C for 5 mins we found 
increases above control levels ranging from 67% in sparse to  46% in 
dense and 69% in NGF. Further experiments are needed to  explore the 
possible correlation between stimulated cGMP levels and evoked 
neurotransmitter release in th is  system.(Supported in part by 
USARMDC contract DAMD-17-86-C6160.)
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228.9 MECHANISMS OF PRESYNAPTIC FACILITATION AT CRAYFISH OPENER NEURO
MUSCULAR JUNCTIONS. S .S ivaram akrishnan  and G .D .B ittn e r . D ept. of 
Zoology, Univ. o f Texas a t  A u stin , A u stin , TX 78712.

The p ro b a b i l i ty  o f  t r a n s m it te r  r e le a s e d  by a s in g le  im pulse in  
a p re sy n a p tic  axon i s  g r e a t ly  in c re a se d  i f  th e  im pulse i s  preceded 
by one o r  more c o n d itio n in g  p u ls e s .  T his in c re a se d  p ro b a b i l i ty  of 
re le a s e  i s  known as  f a c i l i t a t i o n .  F a c i l i t a t i o n  i s  a form of 
sy n ap tic  p l a s t i c i t y  th a t  has been observed a t  many chem ical 
synapses in  bo th  p e r ip h e ra l  and c e n tr a l  nervous sy stem s. I t  i s  w e ll 
known (B.K atz & R .M iled i, J .  P h y s io l . ,  1967, 192, pp 407-436), th a t  
the amount o f t r a n s m it te r  r e le a s e d  by a s in g le  im pulse in  th e  p re 
sy n ap tic  te rm in a l o f an axon depends on th e  amount o f ca lcium  th a t  
e n te rs  th e  te rm in a l du rin g  th e  im pulse. I t  has been suggested  
(B.Katz & R .M iled i, J .  P h y s io l. 1968, 195, pp 481-492), th a t  a 
c o n s ta n t, sm all f r a c t io n  o f th e  ca lcium  th a t  e n te r s  du rin g  an 
im pulse rem ains behind  in  th e  te rm in a l. T his ' r e s id u a l  ca lc iu m ' i s  
thought to  combine w ith  th e  ca lcium  brought in  by th e  nex t im pulse 
le ad ing  to  an in c re a se d  p ro b a b i l i ty  of r e le a s e  (R .S .Z ucker & 
L . O .L a ra -E s t re lla , J .  Gen. P h y s io l . ,  1983, pp 355-372 ; and 
M. P .C h a rlto n , S .J .S m ith  & R .S .Z ucker, J .  P h y s io l . ,  323, pp173-193).

However, a l t e r n a t e  th e o r ie s  have been proposed (D .A .B axter & 
G .D .B ittn e r, B rain  R e s .,  1981, 223, pp422-428 ; J .D ude l e t  a l ,  
P flu g ers  A rch ., 1983, 399, pp1-10) to  e x p la in  f a c i l i t a t i o n  a t  the  
c ra y fish  opener neurom uscular ju n c t io n s .  I t  has been claim ed th a t  
the le v e l  o f p re s y n a p tic  d e p o la r iz a t io n  may d i r e c t l y  a f f e c t  
f a c i l i t a t i o n .

Proponents o f bo th  th e o r ie s  o f f a c i l i t a t i o n  in  th e  c r a y f is h  
have been hampered by a m ajor ex p e rim en ta l d i f f i c u l t y ,  namely th e  
in a b i l i ty  to  m easure p re s y n a p tic  d e p o la r iz a t io n  a c c u ra te ly .  We have 
been ab le  to  overcome th i s  drawback in  th e  c r a y f is h  opener m uscle.

As a p re lu d e  to  an exam ination  o f th e  r e s id u a l  ca lcium  th eo ry  
a t opener neurom uscular ju n c t io n s  in  th e  c r a y f i s h  w alk ing  le g ,  
d e p o la r iz a t io n - re le a s e  c h a r a c t e r i s t i c s  o f  th e  e x c i to r  axon have 
been examined. Two m ic ro e le c tro d e s  have been in s e r te d  in to  a 
secondary b ranch o f th e  e x c i to r  axon and one e le c tro d e  in to  a 
muscle f ib r e .  In  th e  p resen ce  o f te tro d o to x in  in  th e  b a th , th e  
e x c ito r  axon i s  d e p o la r iz e d  to  d i f f e r e n t  e x te n ts  by p ass in g  
a r t i f i c i a l  c u r re n t p u ls e s  o f 1 msec d u ra t io n  th rough one 
in t r a c e l lu la r  e le c tro d e .  The second in t r a c e l l u l a r  e le c tro d e  
measures th e  amount o f d e p o la r iz a t io n  in  th e  axon. P o s t-sy n a p tic  
re le a se  can be measured w ith  a th i r d  e le c tro d e  p laced  in t r a -  
c e l lu l a r ly  in  a m uscle f ib r e  c lo se  to  th e  s i t e  o f c u r re n t in je c t io n  
in  the axon.

In o rd er to  t e s t  th e  r e s id u a l  ca lcium  h y p o th e s is , th e  e x c i to r  
axon i s  a r t i f i c i a l l y  d e p o la r iz e d  w ith  tw in p u ls e s  and t r a n s m it te r  
re le a se  measured in t r a c e l l u l a r l y  in  a m uscle f i b r e .  The amount of 
f a c i l i t a t i o n  th a t  o ccu rs  in  th e  p resen ce  and absence o f e x te rn a l  
calcium i s  being  determ ined .

228.10 NON-LINEAR BEHAVIOR OF THE GABA-MEDIATED INHIBITORY 
POST-SYNAPTIC CONDUCTANCE IN RAT HIPPOCAMPAL NEURONS IN 
CULTURE. J.L .B arker, N.L.Harrison* and S.V icini1* 
(SPON: H.G.  Wagner). Laboratory of Neurophysiology, NINCDS, 
NIH, Bethesda, MD 20892 and 1FIDIA Georgetown In s t i tu te  for 
the Neurosciences, 3900 Reservoir Rd. N.W. Washington D.C. 
20007.

Embryonic r a t  hippocampal neurons grown in d issocia ted  
cu ltu re  form functional synaptic con tacts , the in h ib ito ry  
synaptic tran sm itte r being γ-aminobutyric acid (GABA) 
(M.Segal and J.L .B arker, J.N europhysiol. 52: 469, 1984). We 
have studied  the in h ib ito ry  post-synap tic  curren ts (IPSCs) in 
these neurons under 'p h y s io lo g ica l' conditions of low 
in te rna l [cl-]. The w hole-cell patch-clamp technique was 
used to record from ra t  hippocampal neurons of c e ll body 
diameter 10-20μm; patch p ip e tte s  were f i l le d  with 145mM K 
gluconate. The bathing medium contained 4mM Ca2+/8mM 
Mg2+. IPSCs were evoked by stim ulation  of a presynaptic 
neuron, e ith e r  by in tr a c e llu la r  curren t in jec tio n  or by 
pulses of 20μM L-glutamate to the cell body. We have made the 
following observations: 1 . IPSCs had a rapid growth phase 
(2-3ms.) and decayed as a s in g le  exponential, having a time 
constant of 10-40ms.(mean 24ms a t -40mV). 2. The IPSC 
reversed in p o la rity  between -55 and -75mV (mean -69mV); th is  
was coincident with the reversal po ten tia l for curren ts  
evoked by exogenously applied GABA. 3. IPSC decay time 
constant was v o ltag e -sen s itiv e  in some of the recordings, 
increasing  with d ep o la riza tio n . 4. Measurements of peak IPSC 
amplitude revealed non-linear behavior of the synaptic 
conductance (gIpsc)- When gIPSC a t a given membrane 
po ten tia l was expressed re la tiv e  to th a t a t - 100mV (= 1.0), 
giPSC a t -40mV was 1.7 ±  0.2 and gipsc a t -20mV was 2.5 ± 
0.5 (mean ± S.E.mean, n=6-10 c e l ls ) .  The net e f fe c t  of th is  
voltage-dependent behavior would be to increase the 
e ff ic ien cy  of GABA-mediated in h ib itio n  a t depolarized 
membrane p o te n tia ls .

F ig .l A p lo t of IPSC amplitude over a range of membrane 
p o ten tia ls  in one c e ll shows the marked non-linear behavior 
of the  synaptic conductance.

228.11 DUAL ELECTRICAL RECORDINGS FROM SYNAPTICALLY COUPLED RAT 
HIPPOCAMPAL NEURONS IN TISSUE CULTURE G.D.Lange, 
V.Smallwood*,N.L.Harrison* and J .L .B arker. Laboratory of 
Neurophysiology, NINCDS, NIH, Bethesda MD 20892.

We have made long-term  s tab le  recordings from p a irs  of 
synaptically-coupled hippocampal neurons in d issoc ia ted  
tissue cu ltu re  using the  whole-cell recording technique. 
Patch p ipe ttes  were f i l l e d  with (mM): 145 K gluconate or KCl , 
1.1 EGTA/0.1 CaCl 2 , 2 MgCl 2 - In current-clam p or vo ltage- 
clamp recording from the postsynaptic elem ent, postsynaptic 
potentia ls (PSPs) or cu rren ts  (PSCs) were evoked by a s ing le  
action po ten tia l in the presynaptic elem ent. Inh ib ito ry  
events were e a s ily  id e n tif ie d  by v irtu e  of th e ir  re la tiv e ly  
long time-course and s e n s i t iv i ty  to b icu cu llin e  and, in K 
gluconate recordings, by th e ir  reversal po ten tia l (-60mV). 
Both EPSCs and IPSCs’ could be evoked a t  low frequency (0.5Hz) 
for 30-40 minutes before appreciable 'run-down' of the 
synaptic signals became apparent. Synaptic transm ission was 
depressed in low Ca2+/high Mg2+ so lu tio n s , and fa ilu re s  
of transm ission were c le a r ly  apparent under these conditions 
(F ig .1), co n sis ten t with the  'q u a n ta l ' hypothesis of synaptic 
transm ission. The amplitude d is tr ib u tio n s  of the synaptic 
signals under these  conditions should allow us to estim ate 
the quantal s ize  fo r these two types of synapse in hippo
campal c u ltu re . In ad d itio n , the a b i l i ty  to  c lo se ly  control 
presynaptic e le c tr ic a l  a c t iv i ty  w ill allow study of post
synaptic responses to d iverse  pa tte rn s of input in th is  
simple model system, using an a ly tica l methods previously 
applied to  in v e rteb ra te  preparations (e .g . Krausz, B io l. 
Cybernetics 19: 217, 1975).

F ig .1 F a ilu re  of synaptic transm ission a t a GABAergic 
synapse. Two sequen tia l records in 0.5mM Ca2+ are shown; in 
one the  presynaptic action  po ten tia l f a i l s  to evoke an IPSC. 
Such fa ilu re s  o f transm ission were not seen in high Ca2+.

228.12 EFFECTS OF THE CALCIUM CHANNEL AGONIST BAY K 8644 ON 
SPONTANEOUS AND NERVE-EVOKED RELEASE OF TRANSMITTER AT 
THE NEUROMUSCULAR JUNCTION. S.M. O 'Leary* and W.D. Atchison. 
D e p t of Pharmacology and Toxicology and Neurosciences Program, Michi
gan S tate  University, East Lansing, MI 48824.

Whereas the e ffec ts  o f the dihydropyridine calcium channel agonist 
Bay K 8644 have been studied extensively on card iac and smooth muscle, 
its  e ffec ts  on tran sm itter release from som atic m otor nerve term inals 
rem ain to be elucidated. The goal of the p resen t study was to cha racte rize  
the p o ten tia l e ffec ts  of Bay K 8644 on tran sm itter release a t  the 
mam m alian neurom uscular junction. Conventional in tracellu lar m icroelec
trode recording techniques were used to m easure the e ffec ts  of Bay K 8644 
on m iniature end-plate po ten tia l (MEPP) am plitude and frequency, and end- 
p la te  po ten tia l (EPP) am plitude from myofibers o f the isolated hem idia- 
phragm of the ra t . Muscle contractions due to e lec trica l stim ulation  of the 
phrenic nerve were blocked using a  modified "cu t fiber" prepara tion . A t a 
concen tration  of 750 nM, Bay K 8644 caused an increase in EPP am plitude 
within m inutes o f application into the bath . The increase in EPP am plitude 
was due to prejunctional e ffec ts  since mean quantal con ten t, as determ ined 
by the mean value m ethod, was increased by Bay K 8644. N either mean 
am plitude of MEPPs nor the am plitude distribution histogram s were altered  
by Bay K 8644. Conversely, frequency o f occurrence o f MEPPs was 
increased following Bay K 8644 (650-750 mM). A t these concentrations of 
the drug, MEPP frequency was elevated  from 4-10 times pre-Bay K 8644 
contro l values. Increased MEPP frequency typically occurred a f te r  15-25 
m inutes of continuous exposure to Bay K 8644. Surprisingly, an increase in 
MEPP frequency in response to Bay K 8644 was also observed in 3 of 4 
prepara tions trea ted  w ith solutions to which no calcium was added. 
Results o f the p resen t study suggest th a t the calcium  channel agonist Bay 
K 8644 is e ffec tiv e  a t  increasing nerve-evoked and spontaneous quantal 
release of acetylcholine from the mammalian motor nerve term inal a t  
concentrations less than 1 μ M. Bay K 8644 was generously provided by 
Miles Institu te  for P reclinical Pharmacology. (Supported by NIH grants 
NS20683 and ES03299.)
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228.13 THE EFFECT OF BayK 8644 ON SYNAPTIC 'TRANSMISSION BETWEEN MAMMAL
IAN SPINAL NEURONS IN CELL CULTURE. C. Yu* and P . G. Nelson. 
Lab. of Dev. Neurobiology, NICHD, NlH; Bethesda, MD 20892.

There is  evidence from several systems th a t the agent BayK 
8644 acts  as a calcium channel agon ist. I t  a c tiv a te s  elements 
in the card iovascu lar system and o ther tis su e s  and enhances the 
p ro b ab ility  of opening of one type of calcium channel (the L 
channel) in chick sensory ganglion neurons (Nowycky e t a l . Nature 
316:440-443,1985). In view of th is  s p e c if ic i ty  fo r one species of 
calcium channel (BayK 8644 does not a ffe c t  N or T calcium channel 
a c t iv a tio n ) ,  we have evaluated the e f fe c t  of BayK 8644 on synap
t i c  transm ission .

Mixed spinal cord (SC) and dorsal roo t ganglion (DRG) neuronal 
c e ll cu ltu re s  were prepared from c e l ls  d isso c ia ted  from 12-14 d. 
fe ta l  mice. The cu ltu res  were about 4 weeks old when used in 
physiological experim ents. P a irs  of SC neurons were impaled and 
in tr a c e l lu la r  s tim ulation  of one cell used to evoke monosynaptic 
responses in the o th e r. We evaluated the e ffe c ts  on such respon
ses of m iniperfusion (from 3-5 μ p ip e tte s) of BayK 8644 (1-5 μM) 
or n itren d ip in e  (1 μM) vehicle control (DMSO corresponding to 
concentration  p resen t in the BayK 8644 so lu tio n s; th is  concentra
tion  of DMSO was also  included in the bathing so lu tio n ) , high 
calcium so lu tion  (10-20 mM) and cobalt-con tain ing  so lu tions (10 
mM). The bath so lu tion  contained 3 mM of calcium and magnesium. 
In o ther voltage-clamp experiments we confirmed th a t BayK 8644 
did increase  calcium cu rren ts  in DRG neurons.

With most synap tica lly  coupled SC-SC ce ll pa irs  (63%) BayK 
8644 decreased the amplitude of the PSP or had no e ffe c t  (17% of 
c e ll p a irs  te s te d ) .  In p a r tic u la r ,  with in h ib ito ry  connection, 
88% (15 out of 17) showed dim inution, 1 of 17 no e f fe c t ,  and only 
1 of 17 showed some increase . N itrend ip ine, by c o n tra s t , which 
has l i t t l e  demonstrable e f fe c t  on neuronal calcium channels, in 
creased synaptic p o te n tia ls  in 43% of cases and in some of these 
the augmentaton was over 300%. On average in 28 ce ll p a irs ,  NTP 
augments synaptic response le ss  than 15%, a s ta t i s t i c a l l y  non
s ig n if ic a n t amount. As expected, high calcium increases t ra n s 
mission su b s ta n tia lly  (69% augmentation by perfusing 10 or 20 mM 
calcium so lu tion ) and output was e s s e n tia lly  blocked by co b alt.

Synaptic connections between d if fe re n t c e ll p a irs  were a ffec ted  
in a heterogeneous manner by BayK 8644 and NTP (although con
s is te n t  e f fe c ts  were produced by calcium and c o b a lt) .  We hypo
th esize  th a t  d if fe re n t cell types may have d if fe re n t types of 
calcium channels involved in the tran sm itte r re lease  process.

228.14 TETANUS TOXIN INHIBITS THE EVOKED RELEASE OF ACETYLCHOLINE IN PC12 
CELLS DIFFERENTIATED BY NERVE GROWTH FACTOR. Kathryn Sandberg and 
Terry B. Rogers, Dept. Biological Chemistry, University of Maryland 
School of Medicine, Baltimore, MD., 21201.

Tetanus toxin (T.T.) is a potent neurotoxin which binds selec
tive ly  to neuronal tissue and inhibits release of neurotransmitters 
in  v i v o .  In order to investigate the poorly understood mechanism 
of neurotransmitter release, T .T .'s effects were examined in a rat 
pheochromocytoma cell line (PC 12). Previously, we have shown that 
T.T. binds to and is internalized by PC12 cells (Soc. Neurosci. 
Abstr. ,  11:1184, 1985). In order to  examine T .T .'s effects on 
neurotransmitter release from PC12 c e lls , we have developed an 
acetylcholine (ACh) release assay that is a modification of a 
previously reported method (Green, L.A. and G. Rein. Nature 268: 
349, 1977). PC12 ce lls , grown in 35 mm tissue culture dishes, 
were incubated overnight in choline free DMEM media containing 
[ 3H]Choline (50 μCi/m l/dish). The following morning, these ce lls 
were preincubated with T.T., washed extensively and incubated under 
various conditions for 5 min. The supernatant was gently removed 
and microfuged for 5 min a t 12000 × g. An aliguot of th is  super
natant was then incubated for 20 min in the presence of ATP (10 
mM), MgCl2 (10 mM) and choline kinase (0.01 units/ml) in order to 
convert a ll of the spontaneously released choline to phosphoryl- 
choline. After the choline kinase reaction, the ACh was separated 
from the phosphorylcholine by an extraction with tetraphenylboron 
in 3-heptanone (10 mg/ml). The heptanone layer was reextracted 
with 0.4 N HCl to bring the ACh into the aqueous layer. This 
aqueous layer was then counted by liquid sc in tilla tio n  spectrome
try . Typically, 1200 dpm of ACh were released per dish under 
depolarizing conditions (100 μM veratridine or 60 mM KC1) whereas 
only 400 dpm were spontaneously released in control dishes (Low Ca, 
High Mg).

We have found that T.T. (50 nM) inhibits evoked release by 90% 
but has l i t t l e  effect on spontaneous ACh release in PC 12 cells 
which have been d ifferen tiated  with nerve growth factor (NGF). At 
T.T. concentrations near the Kd (5.6 nM), th is  inhibition of ACh 
release occurred within the time frame of toxin binding to PC12 
ce lls  (3 hrs). Moreover, T.T. inhibited evoked release in 10 day 
old but not 5 day old NGF treated  c e lls . Thus, i t  appears that the 
a b ility  of T.T. to inhibit release depends upon the c e l l 's  sta te  of 
d ifferen tia tio n . Horse anti-T.T. neutralized the inhibitory effects 
of T.T. which suggests T.T. inhibited ACh release in a manner 
pharmacologically analogous to the effects seen in vivo. Thus the 
PC12 ce lls  offer an excellent system for studying the d eta ils  of 
T .T .'s mechanism of action. Hopefully, these studies will provide 
insights into mechanisms of neurotransmission in general.

Support by USARMDC contract DAMD17-86-C6160.

228.15 PRESYNAPTIC ACTION OF HISTAMINE AT NICOTINIC CHOLINERGIC SYNAPSES 
IN MYENTERIC GANGLIA OF GUINEA-PIG SMALL INTESTINE. K. Tamura*, 
J.M. Palmer*, M. Schemann* and J.D . Wood (SPON: A. Humbertson). 
Dept. of P h y s io l., College of Medicine, Ohio S ta te  U niversity , 
Columbus, Ohio 43210

Histamine i s  a p u ta tiv e  neu ro transm itte r o r modulator in  the  
nervous systems of a v a r ie ty  of v e rte b ra te  and in v e rte b ra te  
sp ec ies. There i s  evidence th a t  histam ine functions as  a 
n eu ro transm itte r in  the  cereb ra l ganglia  of Aplysia (Mc Caman and 
W einreich. 1982. J . P h y sio l. 328: 485-506); however, le ss  i s  known 
about h istam inerg ic  ac tio n s  in  autonomic gang lia  of v e rte b ra te s . 
The postsynap tic  a c tio n s  of histam ine on myenteric neurons o f the  
guinea-pig  small in te s t in e  mimic slow synaptic  e x c ita tio n  (Nemeth, 
Ort and Wood. 1984. J .  P hysio l. 355: 411-425). Presvnaptic in 
h ib ito ry  ac tio n s  o f histam ine were reported  re cen tly  to r  an inve r
te b ra te  species (Kretz e t  a l .  1986. J . Neurophysiol. 55: 131-146). 
We now re p o rt on the  presynap tic  actions  of histam ine a t  n ic o tin ic  
ch o lin e rg ic  synapses in  Auerbach's plexus o f th e  guinea-pig  small 
in te s t in e .  In tr a c e l lu la r  methods were used to  record  e le c t r ic a l  
behavior of myenteric ganglion c e l l s  in  v i t r o . F ast e x c ita to ry  
post-sy n ap tic  p o te n tia ls  (EPSPs) were evoked by e le c tr ic a l  
s tim u la tio n  of p resynap tic  f ib e rs  in  the  in te rg an g lio n ic  connec
tiv e s  o r by focal, e le c t r ic a l  s tim u la tio n  app lied  a t  the  ganglionic  
su rface . A cetylcholine (Ach) or histam ine were app lied  f r om fin e  
p ip e tte s  by m icroejection  w ith n itrogen  p ressu re  pu lses of con
t r o l le d  am plitude and d u ra tio n . E le c tr ic a l  s tim u la tio n  evoked f a s t  
EPSPs in  S/Type 1 and AH/Type 2 neurons. These were id e n tif ie d  as 
n ic o t in ic ,  ch o lin e rg ic  EPSPs by th e i r  su sc e p tab ility  to  blockade 
by hexamethonium o r cu ra re . A pplication  of histam ine by p ressure  
m icroejection  o r in  th e  superfusion so lu tio n  re v e rs ib ly  reduced or 
abolished  th e  EPSPs in  both types of neurons. M icropulses o f Ach 
app lied  during histam ine blockade of neurotransm ission were 
id e n tic a l  to  Ach responses in  th e  absence o f histam ine. This sug
gested  th a t  th e  mechanism of synap tic  blockade was p resynap tic  in 
h ib it io n  of th e  re le a se  of Ach. The presynap tic  h istam inerg ic  
recep to rs  were unaffected  by th e  H1 an tag o n ist, pyrilam ine, and 
th e  H2 an tag o n ist, c im etid ine. Dimaprit, which i s  a s e le c tiv e  H2 
ag o n ist, and 2-m ethylhistam ine, which i s  a H1 ag o n ist, d id  no t a f 
f e c t  th e  EPSPs. This suggests th a t  the  p resynap tic  h istam inerg ic  
recep to rs  a re  n e ith e r  th e  H1 nor H2 subtype. They appear to  be of 
another subtype which re ta in s  to  be id e n tif ie d  fo r  th e  e n te r ic  
nervous system. (Supported by Tokai U niversity  Overseas Research 
Program stipend  to  K .T ., NRSA AM07308 to  J .M .P ., DRG award 
Sche-267/1-1 to  M .S., and NIH g ran t R01-AM26742 to  J.D .W .)

228.16 THE SENSITIVITY OF AFTER HYPERPOLARIZATION IN RABBIT VAGUS NERVE 
TO THE TEMPORAL ORGANIZATION OF NERVE IMPULSES. D. Jeandupeux* 
and R .I. B irks. Physiology Department, McGil l  U niversity , 
M ontreal, Canada H3G 1Y6.

Synthesis and re lease  of acety lcholine  (ACh) in the cat 
superior cerv ical ganglion are markedly po ten tia ted  when tonic 
s tim ulation  (2.5 Hz) is  switched to a bu rst patterned (BP) form 
(40 Hz fo r 0.5 sec every 8 sec) (B irks, R .I .,  J .  P hysio l., 
P a ris , 78, 417-419, 1982). ACh synthesis is  also augmented when 
Na pump ra te  is  increased (B irks, R .I .,  J .  Physiol. 367, 
401-417, 1985), and re lease  is  augmented when in te rna l Na is 
increased (B irks, R .I . ,  in p rep a ra tio n ). I f  Na a t the 
unmyelinated nerve term inals were to r is e  to a higher level 
during BP than during tonic stim ulation  th is  could account for 
the increase in ACh synthesis and re lease .

The question was approached using sucrose-gap recording from 
unmyelinated fib e rs  of rab b it vagus nerve. In ise th io n a te  
Locke, nerve a c t iv i t y  i s  fo llow ed by a la rg e  a f t e r  
hyperpolarization  (AHP) which co n sis ts  of a slow e lectrogen ic  Na 
pump component and a fa s t  gK component (Rang, H .P., & R itch ie, 
J .M ., J .  Physiol. 196, 183-221, 1968; S iegel, R.M., McGill 
U niversity  PhD Thesis, 1984). Since the amplitude of the pump 
component of the AHP is  considered to  be approximately 
proportional to in te rna l Na (Thomas, R.C., Physiol. Rev. 52, 
563-594, 1972), we compared the AHP following 3 min tonic and BP 
stim ulation  in nerves bathed in physiological ch loride  Locke 
so lu tion  a t  37°C. In 12 experiments, in which 25 comparisons 
were made, the amplitude of the pump component, measured 20 sec 
a f te r  the s tim u la tion , was 1.4 ± 0.06 (mean ± sem) times la rg e r 
a f te r  BP than following tonic stim u la tion . The pump component 
following both types of stim ulation  was abolished by 1 mM 
ouabain.

In a second group of experiments the method developed by Rang 
and R itchie (1968) to se lec tiv e ly  a c tiv a te  the Na pump component 
of the AHP, while avoiding in te rference  by the gK or accumulated
K, was used. The nerves were stim ulated as above, but in K-free 
Locke. One or five  min a f te r  the end of the stim ulation  the 
so lu tion  was changed to normal Locke so lu tion  containing 5.6 mM 
K, which rapid ly  reac tiv a ted  the Na pump to produce a tra n s ie n t 
hyperpolarization  as the accumulated Na was extruded. In 7 
experiments in which 20 comparisons of the K-activated response 
were made the amplitude of the response following BP was 1.3 ± 
0.09 times th a t following tonic stim u la tion . Ouabain reversib ly  
blocked the K -activated response. This evidence suggests th a t 
increased in te rna l Na con tribu tes to the p o ten tia tion  by BP of 
ACh synthesis and re lease  in ganglia.
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228.17 ELECTRICALLY-INDUCED RELEASE OF CHOLECYSTOKININ-LIKE 
IMMUNOREACTIVE MATERIAL FROM SLICES OF RAT CEREBRAL CORTEX. 
T.W. Vickroy and E.D. Cadman* . Abbott L aborato ries, Neuroscience 
Research D ivision , Abbott Park, IL 60064

Cholecystokinin (CCK) is  a family of b ioac tive  "gut-brain" 
peptides which are present in unusually high concentrations w ithin 
several fo rebrain  s tru c tu re s .  Previous stud ies with CNS tis su e s  
have demonstrated th a t a calcium-dependent e fflu x  of CCK-like 
immunoreactivity (CCK-IR) occurs in response to  chem ically-induced 
depo larization . In the s tud ies described here , a superfusion 
method has been developed in order to  evaluate mechanisms which 
regulate e lec tr ica lly -ev o k ed  CCK-IR re lease  from ra t co rtic a l 
s lic e s .

Cerebral co rtic e s  from adult male albino Sprague Dawley ra ts  
were removed and s l ic e s  were prepared and mounted between two 
copper e lectrodes in d isposable polypropylene chambers. 
Superfusion of the s l ic e s  with an oxygenated phosphate/ 
bicarbonate-buffered s a l t  so lu tion  containing peptidase in h ib ito rs  
was carried  out a t 37°C and superfusate frac tio n s  (4 min.) were 
co llected . Following a 30 min washout period , e le c tr ic a l  f ie ld  
stim ulations were applied to the s l ic e s  by means of square wave 
pulses (i=2mAmp; duration=2msec; variable  frequency) at t=6 min 
(S1) and approximately 30 min la te r  (S2). T hereafte r, s l ic e s  were 
removed from the chambers and CCK-IR was ex tracted  in 90% methanol 
as previously described ( J .  Neurochem. 42:1515, 1984). 
Quantitation of CCK-IR in superfusate  frac tio n s  and tis su e  
extracts was accomplished by radioimmunoassay and values are 
expressed as frac tio n a l re lease  ra te s .

In it ia l s tud ies with th is  technique demonstrate several 
s im ila r itie s  between the re lease  of CCK-IR and th a t reported for 
other c en tra lly  active  substances. The basal ra te  of CCK-IR 
release from ra t c o rtic a l s l ic e s  is  s tab le  and re la tiv e ly  low 
(fractional re lease  ra te  = 0.05-0.1% / 3 min). In response to  
e le c tr ica l f ie ld  s tim u la tio n , the CCK-IR concentration in 
superfusate fra c tio n s  increases in a frequency-dependent manner 
(7-12 fold elevation  above baseline  a t 10 Hz) and re lease  ra tes  
return to basal values following the stim ulation  period . CCK-IR 
release of s im ila r magnitude is  e l ic i te d  during the S2 period . 
Release (above baseline) does not occur during e le c tr ic a l  f ie ld  
stim ulation when the superfusion medium is  replaced by a calcium- 
free medium containing EGTA.

In summary, th is  technique provides a re lia b le  method for 
monitoring e lec tr ica lly - in d u ced  CCK-IR re lease  from superfused 
s lices of ra t cerebral co rtex . Prelim inary s tud ies ind ica te  th a t 
the predominant form of CCK-IR which is  released during 
depolarization is  the su lfa ted  octapeptide CCK-8. This procedure 
should be useful in de lineating  the mechanisms which regu late  the 
neuronal re lease  of th is  neuromodulatory peptide .

228.18 ARACHIDONIC ACID METABOLISM IN ISOLATED CEREBELLAR GLOMERULI. 
M.A. Schwartz* and R.V. Dorman* (SPON: D.M. T e r r i a n ) . D ept. B io l. 
S c i . ,  Kent S ta te  U n iv ., K ent, OH 44242.

C e re b e lla r  g lo m e ru li , in c lu d in g  mossy f ib e r  te rm in a ls , were 
i s o la te d  from r a t  ce r e b e l la ,  in  o rd e r to  determ ine the  e f f e c ts  
of membrane d e p o la r iz a t io n  and ca lcium  in f lu x  on th e  r e le a s e  of 
a ra c h id o n ic  a c id  from s y n ap tic  membrane p h o sp h o lip id s . The 
cerebellafrom  10 male Sprague-Dawley r a t s  were pooled p r io r  to  
i s o la t io n  o f th e  c e re b e l la r  g lom eru li by d i f f e r e n t i a l  c e n t r i f u 
g a t io n  The p u r i f i e d  g lo m eru li f r a c t io n  was la b e le d in  v i t r o  
w ith  [3 H] a rac h id o n a te  p r io r  to  exposure to  45 mM K+ , in  the  
p resence  and absence o f e x te rn a l ca lcium . The p re la b e le d  
g lo m eru li were a lso  exposed to  5 μM A23187 in  th e  p resence  and 
absence of ca lcium . T o ta l l i p id s  were e x tra c te d  fo llow ing  15 min 
in c u b a tio n s  a t  37°C and th e  f r e e  f a t t y  ac id s  were i s o la te d  by 
th in - la y e r  chrom atography.

There was an 88% in c re a s e  in  f r e e  [3H] a rac h id o n a te  in  p re p a r
a t io n s  in cu b a ted  fo r  15 min in  K rebs-R inger b u f fe r  co n ta in in g  
5 mM KC1. The la b e lin g  of th e  f r e e  f a t t y  a c id  pool in c rea sed  to  
190% over 0 tim e c o n tro ls  when th e  K+ co n c e n tra t io n  was 
in c re a se d  to  45 mM. This d e p o la r iza tio n -e v o k ed  accum ulation  of 
a rac h id o n a te  was com pletely  p reven ted  when Ca2+ was om itted  
from th e  in c u b a tio n  medium. The involvem ent o f calcium  in  
a rac h id o n a te  r e le a s e  was fu r th e r  ev idenced by th e  in c lu s io n  of 
th e  Ca2+ ionophore A23187 to  in c u b a tio n s  th a t  con ta in ed  5 mM K+ , 
s in c e  th e re  was an in c re a s e  in  f r e e  a rac h id o n a te  th a t  was 
dependent on th e  co n c e n tra t io n  o f e x te rn a l  ca lcium . We suggest 
th e re  i s  a c o r r e la t io n  between Ca2+ in f lu x ,  accum ulation  of 
u n e s te r i f ie d  a rac h id o n a te  and n e u ro tra n sm it te r  r e le a s e  
mechanisms in  th e  mossy f ib e r  te rm in a ls  is o la te d  from c e re b e l la r  
c o r te x .

This work was suppo rted  by AFOSR g ra n t #86-0045.

228.19 AMMONIA DECREASES EXCITATORY SYNAPTIC TRANSMISSION IN CAT SPINAL 
CORD. W. Raabe. D epts. N eurology, VA Med. C tr . and Univ. of 
M innesota, M inneapo lis , MN 55417.

P rev io u s ly , i t  was re p o r te d  th a t  ammonia in to x ic a t io n  d ep re sse s  
the s p in a l m onosynaptic r e f le x  ( N eu rosci. A b str. 11:855, 1985). 
The c u r re n t study  in v e s t ig a te s  th e  mechanisms by which ammonia 
a f f e c ts  e x c i ta to ry  s y n a p tic  tra n sm is s io n  in  th e  s p in a l  mono
syn ap tic  r e f l e x .  C a ts , a n e s th e tiz e d  w ith  p e n to b a rb i ta l  and p a ra 
lyzed w ith g a llam ine  t r i e th io d id e  were used . E x t r a c e l lu la r  r e 
cordings were o b ta in ed  from th e  L7 o r S1 d o rs a l r o o t s ,  th e  c u t L7 
or S1 v e n tra l  ro o ts  and from motoneuron n u c le i .  I n t r a c e l l u l a r  
reco rd ings  were o b ta in ed  from m otoneurons. The nerves to  th e  
PBST, MG and LG m uscles as w ell as th e  L7 o r S1 v e n t r a l  r o o ts  were 
s tim u la ted  a t  0 .5  to  1 Hz. Ammonium a c e ta te  (NH4Ac), 20% s o lu t io n  
in  H2O, ad ju s te d  to  pH 7 .4 , was given  i . v .

NH4Ac i . v .  had no s ig n i f i c a n t  e f f e c t  on th e  r e s t i n g  membrane 
p o te n t ia l ,  th e  rheobase  and th e  an tid ro m ic  a c tio n  p o te n t ia l  o f 
motoneurons. NH4Ac d ec reased  th e  i n t r a c e l lu l a r ly  reco rd ed  EPSP. 
The EPSP d ecreased  a f t e r  a s h i f t  o f  e q u ilib r iu m  p o te n t ia l  o f th e  
IPSP to  th e  r e s t i n g  membrane p o te n t ia l ,  i . e .  a f t e r  th e  i n a c t i 
v a tion  o f C l- -e x t ru s io n  by NH4+. NH4Ac i . v .  a ls o  dec reased  th e  
motoneuron pool EPSP reco rded  from th e  v e n tra l  ro o t and th e  EPSP 
p a r t of th e  fo c a l sy n a p tic  p o te n t ia l  reco rded  e x t r a c e l lu la r ly  from 
a motoneuron n u c le u s . When NH4Ac dec reased  th e  motoneuron pool 
EPSP recorded  from th e  v e n t r a l  r o o t ,  th e  e f f e c t s  o f g lu tam a te  
io n to p h o re s is  on th e  e x t r a c e l lu l a r ly  reco rded  an tid ro m ic  
motoneuron sp ik e  were unchanged. When NH4Ac d ec reased  th e  EPSP in  
the fo c a l s y n a p tic  p o te n t ia l ,  th e  sp ik e  g en e ra ted  by th e  in v a sio n  
of p re sy n a p tic  te rm in a ls  o f I a a f f e r e n t s  was unchanged o r s l ig h ly  
in c re a s e d .

These o b s e rv a tio n s  su g g es t th a t  NH4+ d ec re a se s  e x c i ta to ry  
sy n ap tic  tra n sm iss io n  by an a c tio n  a t  a p re s y n a p tic  s i t e ,  e i th e r  
by in h ib i t io n  o f th e  r e le a s e  o f t r a n s m it te r  o r by d e p le tio n  o f 
t r a n s m it te r .  NH4+ in h i b i t s  g lu tam in ase , th e  key enzyme fo r  th e  
u t i l i z a t i o n  of g lu tam ine  as a p re c u rso r  f o r  ( t r a n s m i t t e r - )  
g lu tam a te . NH4+ a l s o  in h i b i t s  th e  Na+-dependen t uptake of 
g lu tam ate in to  synaptosom es (Exp. N euro l. 89:259, 1985). By 
e i th e r  one o r both  o f th e se  mechanism, NH4+ may d e p le te  I a 
a f f e r e n ts  o f t h e i r  presumed tr a n s m it te r  g lu tam a te  and d ec re ase  
e x c i ta to ry  s y n a p tic  tra n sm iss io n  from I a a f f e r e n ts  to  m otoneurons.

The o b s e rv a tio n  th a t  NH4Ac i . v .  a f f e c t s  th e  e q u ilib r iu m  po ten 
t i a l  o f th e  IPSP b e fo re  a f f e c t in g  th e  EPSP in d ic a te s  th a t  NH4+ 
t i s s u e  l e v e ls  s ig n i f i c a n t ly  h ig h e r than  1 mM a re  re q u ire d  to  de
c re a se  th e  EPSP ( c f .  B rain  Res. 303:67 , 1984).
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229.1 HETEROGENEITY OF OPIOID RECEPTORS IN HUMAN NEUROBLASTOMA SH-SY5Y 
CELLS. S .M .I. Kazmi*, L.K. S r iv a s ta v a*  and R.K. M ishra, Neuro
pharm acology L a b o ra to ry , D epts. o f P sy c h ia try  & N eurosciences , 
McMaster U n iv e rs ity , H am ilton, O n ta r io , Canada, L8N 3Z5.

R ecep to r b in d in g  s tu d ie s  w ith  r e l a t i v e ly  s e le c t iv e  and h ig h ly  
p o te n t o p io id  a g o n is ts ,  coupled  w ith  t h e i r  d i f f e r e n t i a l  pharma
c o lo g ic a l a c t io n ,  have e s ta b l is h e d  th e  m u l t ip l i c i ty  of o p io id  
re c e p to rs  ( μ ,δ ,κ ) in  b ra in  and a s in g le  c la s s  of enkepha lin  ( δ) 
re c e p to r  in  mouse neurob lastom a and mouse neurob lastom a x r a t  
gliom a h y b rid  (NG108) c e l l s .  Recent s tu d ie s  w ith  human neuro
b lastom a c e l l  l in e s  d e riv ed  from m e ta s ta se s  of p e r ip h e ra l prim ary 
neu ro n a l tumors have in d ic a te d  th e  e x is te n c e  of fu n c t io n a l o p io id  
re c e p to r  s i t e s ,  which may no t be e s s e n t i a l l y  homogeneous 
(Sonnenfeld  e t  a l . , A nal. N.Y. Acad. S c i . ,  435, 208, 1984; Yu 
e t  a l . ,  J .  B io l. Chem. 261, 1065, 1986). In  th e  c u r re n t s tu d y , we 
have c h a ra c te r iz e d  th e  o p io id  b in d in g  s i t e s  in  human neuroblastom a 
SH-SY5Y c e l l s  u s ing  v a r io u s  lig a n d s  showing s e l e c t i v i t y  fo r  
s e p a ra te  types of o p io id  r e c e p to r s .

S a tu ra tio n  b in d in g  experim en ts w ith  ( 3H )-(2 -D -P en ic illam in e , 
5 -D -P e n ic illa m in e )-e n k e p h a lin  (D-Pen2-D -Pen5, δ- s e le c t iv e )  and 
( 3H )-dihydrom orphine (μ- s e le c t iv e )  showed h igh  a f f i n i t y  s a tu ra b le  
b in d in g  to  SH-SY5Y c e l l  membranes, which could be re a d i ly  d is 
p laced  by u n la b e lle d  DTLET ( δ ) and FK-33824 (μ) , r e s p e c t iv e ly ,  
S catchard  a n a ly s is  of the  b in d in g  d a ta  rev ea led  the  e q u ilib r iu m  
d is s o c ia t io n  c o n s ta n t (KD) and re c e p to r  d e n s ity  (Bmax) as 1.4 ± 
0 .4  nM and 85 ± 12 fmoles/mg p ro te in  fo r  ( 3H)-D-Pen2-D -Pen5 , and 
1.7 ±  0 .3  nM and 118 ± 16 fmoles/mg p ro te in  fo r  ( 3H )-d ihyd ro - 
morphine. The p ro p o rtio n  o f d i f f e r e n t  types o f o p io id  b in d in g  s i t e s  
was e s tim a te d  u t i l i z i n g  th e  s e le c t iv e  in h ib i t i o n  of ( 3H )-d ip re -  
norph ine  b in d in g  by D-Pen2-D -Pen5, D-Pro4-m o rp h icep tin  and 
U-50488H. V arious com binations o f th e  th re e  s p e c i f ic  lig a n d s  
y ie ld e d  55%:45% p o p u la tio n  o f μ and δ s i t e s ,  U-50488H (κ- s e le c t iv e )  
was r e l a t i v e ly  in e f f e c t iv e .  FK-33824 and naloxone appear to  have 
h ig h e r  a f f i n i t y  than  DTLET and D-Pen2-D -Pen5 in  d is p la c in g  ( 3H)- 
d ip re n o rp h in e  (0 .5  nM) b in d in g  to  SH-SY5Y c e l l  membranes. Guanine 
n u c le o tid e s  and sodium c h lo r id e  s ig n i f i c a n t ly  reduced th e  potency 
of μ and δ- s e le c t iv e  a g o n is ts  in  d is p la c in g  ( 3H )-d ip ren o rp h in e  
b in d in g . The observed h e te ro g e n e ity  o f o p io id  r e c e p to rs  w ith  the 
c h a r a c t e r i s t i c  r e g u la t io n  by guanine n u c le o tid e s  and Na+ should  
o f f e r  a s u i ta b le  model system  to  s tudy  th e  c e l l u l a r  and m olecu lar 
mechanisms o f the a c t io n  of o p io id s .

Supported by N .C .I . Canada.

229.2 ANGIOTENSIN I I  RECEPTORS IN THE LUMBAR SPINAL CORD OF THE RAT. 
J .D. Penner* , S .R. White and R.C. Speth (SPON: R .J . B u ll ) .  
D ep t. o f  V et. Comp. A n a t., P harm aco l., P h y s io l . ,  W ashington 
S ta te  U n iv ., Pullm an, WA 99164.

A ng io tensin  I I - l i k e  im m unoreactiv ity  has been found in  f ib e r s  
in  th e  s u b s ta n t ia  g e la t in o s a  reg io n  o f  th e  r a t  s p in a l  co rd  by 
s e v e ra l in v e s t ig a to r s  (Ganten e t  a l . ,  F ro n tie r s  in  
N euroendocrinology, 1978; B row nfield e t  a l . ,  N euroscience , 1982; 
Lind e t  a l . , N euroendocrinology, 1985) and in  te rm in a ls  
o u t l in in g  la rg e  somata in  th e  human v e n t r a l  s p in a l  cord  (de 
L a n e ro lle  & Coen, Soc. N eurosci . A b s t r . ,  1984). In  is o la te d  
am phibian s p in a l  c o rd s , b a th  a p p l ic a t io n  o f  a n g io te n s in  I I  (AI I ) 
caused weak d e p o la r iz a t io n  o f  bo th  d o rs a l and v e n t r a l  ro o ts  
( P h i l l i s  & K irk p a tr ic k , Can. J .  P h y s io l. P harm aco l., 1979). In  
th e  p re s e n t s tu d y , we examined th e  lumbar s p in a l  cord  o f  th e  r a t  
fo r  th e  lo c a tio n  o f AI I  re c e p to r  b ind ing  s i t e s  d e te c te d  by 
au to rad io g rap h y  and fo r  the  lo c a tio n  o f  c e l l s  resp o n s iv e  to  
io n to p h o re t i c a l ly  ap p lied  A II .

Twenty μm th ic k  h o r iz o n ta l  s e c t io n s  o f  r a t  lumbar s p in a l 
cord  were mounted on m icroscope s l id e s  and incu b a ted  w ith  
[ 125 I ] -S a r1 , I l e 8-A II fo r  60 min, d r ie d  and apposed to  LKB 
U ltro f i lm  fo r  a 3-9 day exposure p e r io d . C o n tro l s e c t io n s  were 
incu b a ted  in  media c o n ta in in g  an excess  o f  u n la b e led  A ll .  
S p e c i f ic  b in d in g  o f  [ 125I ] -A I I  was in te n s e  in  th e  most d o rs a l 
reg io n  o f  th e  d o rs a l horn (p r im a r ily  lam inae I  and I I ) .  
A u to rad iog raph ic  g ra in  d e n s i t i e s  in  th e  rem aining  p o r tio n s  o f  
the  lumbar s p in a l  cord  gray  m a tte r  were low bu t d e te c ta b ly  
h ig h e r than  in  the  su rro u n d in g  w h ite  m a tte r  o r  in  ad ja c e n t 
s e c t io n s  Incubated  w ith  excess  u n la b e led  A ll .

In  lam inae I - I I I  o f  th e  s p in a l  co rd , io n to p h o re t ic a l ly  
a p p lie d  A ll (45-90 nA, 30-90 sec ) f a c i l i t a t e d  th e  e x c i t a b i l i t y  
o f  a l l  c e l l s  te s te d  (2 5 ) . More v e n t r a l ly  in  th e  d o rs a l horn 
(lam inae IV and V) A ll f a c i l i t a t e d  e x c i t a b i l i t y  o f  70% (14/20) 
o f  th e  c e l l s  examined. (S ev e ra l c e l l s  in  th e  d o rs a l horn  were 
excluded from th e  a n a ly s is  because c u r re n t a p p l ic a t io n  to  th e  pH 
4 c o n tro l  s o lu t io n  a l s o  enhanced th e  e x c i t a b i l i t y  o f  th e  
c e i l s ) .  In  th e  v e n t r a l  ho rn , AI I  (30-90 nA, 45-90 sec ) enhanced 
g lu tam ate-evoked  f i r i n g  o f  n e a r ly  every  motoneuron te s te d  
(1 3 /1 4 ) . These r e s u l t s  in d ic a te  th a t  a lthough  Al l  re c e p to r  
b in d in g  d e te c ta b le  by a u to ra d io g ra p h ic  te ch n iq u es  i s  
co n c e n tra te d  w ith in  th e  d o rs a l p a r t  o f  th e  d o rs a l horn o f  th e  
s p in a l  co rd , c e i l s  th a t  respond to  lo c a l a p p l ic a t io n  o f  A ll a re  
found in  abundance in  bo th  th e  d o rs a l and th e  v e n t r a l  horn . 
(Supported  by th e  WSU R esearch and A rts  C om m ittee.)

229.3 SOMATOSTATIN (SRIF) INHIBITION OF BASAL AND BIOGENIC AMINES, VA- 
SOINTESTINAL POLYPEPTIDE (VIP) AND FORSKOLIN STIMULATED ADENYLATE 
CYCLASE ACTIVITY IN DIFFERENT BRAIN AREAS. T .F lo rio * .O .M eu cc i* , 
E .L ando lfi* ,M .G rim ald i* ,G .M agri*  and G .S c h e tt in i .  (SPON: M.Cronin) 
Departm ent o f  Pharm acology, I I  School o f  M edicine, U n iv e rs ity  o f  
N ap les, v ia  P a n s in i 5, 80131 N ap les, ITALY.

SRIF re c e p to r s  have been c h a ra c te r iz e d  in  d i f f e r e n t  b ra in  a r e 
a s . T h e ir  co u p lin g  w ith  ad e n y la te  c y c la s e  (AC) a c t iv i t y  has been 
shown in  prim ary  c u l tu r e  o f  neu ro n a l and g l i a l  c e l l s ,  and a n t e r i 
o r p i t u i t a r y  c e l l s ,  w h ile  l e s s  d e sc r ib e d  i s  t h e i r  a c t io n  on AC 
a c t iv i t y  in  th e  b ra in .  Given th e  grow ing bu lk  o f  ev idence  o f  SRIF 
involvem ent in  r e g u la t in g  b ra in  fu n c t io n s , we have u n dertaken  th e  
p re s e n t s tudy  to  c h a ra c te r iz e  th e  SRIF e f f e c t  on AC a c t i v i t y  in  
f r o n ta l  c o r te x  (FC), hippocampus (H IPP), s tr ia tu m  (ST) and hypo
thalam us (HYPO), b ra in  a re a s  d ep u ta ted  to  r e g u la te  d i f f e r e n t  ce 
r e b r a l  fu n c t io n s .
SRIF in h ib i te d  b a sa l AC a c t i v i t y  in  a l l  b ra in  re g io n s  s tu d ie d  
showing th e  h ig h e s t degree o f  in h ib i t i o n  a t  100 uM c o n c e n tra t io n  
(-42% FC, -35% ST, -28% HYPO, -24% HIPP). In  b a sa l c o n d itio n s  was 
p o s s ib le  to  show a dose depeden t (100 nM to  100 uM) in h ib i t i o n  
o f  AC a c t iv i t y  only  in  ST t i s s u e s .  Both n o rep in ep h rin e  (NE) 
(10 uM) and dopamine (DA) (10 uM). s tim u la te d  AC a c t i v i t y  in  th e  
b ra in  re g io n s  s tu d ie d .  While in  ST, HIPP and HYPO t i s s u e s ,  SRIF 
(1 uM to  100 uM) showed a s l i g h t  dose dependent in h ib i t i o n  o f  both 
NE o r DA s tim u la te d  AC a c t i v i t y ,  in  FC t i s s u e ,  th e  s lo p e  o f  th e  
dose response  curve o f  SRIF in h ib i t i o n  was more s t i p  and pronoun
ced . SRIF (100 uM) a ls o  in h ib i te d  VIP (1 uM) s tim u la t io n  o f  AC 
a c t i v i t y  in  a l l  b ra in  a re a s  s tu d ie d ,  be ing  le s s  e f f e c t iv e  a t  th e  
low er c o n c e n tra t io n s  (1 and 10 uM) te s t e d .  The g r a t e s t  degree o f  
SRIF in h ib i t i o n  o f  AC a c t i v i t y  was observed  under f o r s k o lin  s t i 
m ulated c o n d i tio n s . SRIF (100 uM) reduced abou t o f  50% f o r s k o lin  
(10 nM to  10 uM) s tim u la t io n  o f  FC and HYPO AC a c t i v i t y ,  and o f  
20% HIPP AC a c t i v i t y ,  showing a non c o m p e titiv e  p a t te r n  o f  in h i 
b i t io n .
These r e s u l t s  show th a t  b ra in  SRIF re c e p to r s  a re  coupled  w ith  AC 
a c t i v i t y ,  which may r e p re s e n t  th e  p o s t- r e c e p to r  mechanism re g u la 
t in g  S R IF -c o n tro lled  b ra in  fu n c t io n s .
(S upported  by g ra n ts  from I t a l i a n  M .P .I. 60% and 40%).

229.4 A COMPARISON OF THE STIMULATION OF INOSITOL PHOSPHOLIPID 
HYDROLYSIS AND OF CYCLIC GMP FORMATION BY NEUROTENSIN AND ITS 
ANALOGS IN NEUROBLASTOMA CLONE NlE-115. K. S. Kanba* and E. 
R ichelson. The Departments of Psychiatry and Pharmacology, Mayo 
C lin ic  and Foundation, Rochester, MN 55905.

Neurotensin, a tr idecapep tide  o r ig in a lly  iso la ted  from bovine 
hypothalamus (Carraway and Leeman, J .  B io l. Chem. 248:6854, 
1973), is  a p u ta tive  neuro transm itter and has various b io log ical 
a c t iv i t ie s  in the cen tra l nervous system. Neurotensin stim ulates 
not only the formation of in tra c e l l u la r cyclic  GMP (G ilbert and 
Richelson, Eur. J . Pharmac. 99:245, 1984) but also  in o s ito l 
phospholipid  metabolism (Snider e t  a l . ,  manuscript submitted fo r 
pub lica tion ) in neuroblastoma clone NlE-115 c e l l s .  Although i t  
has been reported th a t many neuro transm itters  which stim ulate  
cy c lic  GMP formation a lso  s tim ulate  in o s ito l phospholipid hydro
ly s is ,  the re la tio n sh ip  between these two biochemical events is  
unclear. We determined the EC50's  fo r neurotensin and several 
re la te d  peptides a t s tim ulating  in o s ito l phospholipid hydrolysis 
and a t s tim ula ting  in tr a c e l lu la r  cyclic  GMP formation in 
neuroblastoma clone NlE-115 c e l ls  under very s im ila r experimental 
cond itions.

Neurotensin(8-13) and acety lneurotensin(8-13) had the highest 
potencies fo r the s tim ulation  of the hydrolysis of in o s ito l 
phosphates, which were about 3 times as potent as neurotensin 
(EC50=0.9 nM). On the o ther hand, fragments of the amino- 
term inal portion  of neurotensin , such as neuro tensin (1-6 ) , 
neu ro tensin (1-8) and neuro tensin (1-11) had no a b i l i ty  to  stimu
la te  th is  hydro lysis . These re s u lts  support our previous study 
(G ilbert e t a l . ,  Biochem. Pharmac. 35:391, 1986) in which several 
neurotensin analogs were compared fo r th e ir  a b i l i ty  to  in h ib it 
[ 3H] neurotensin binding and stim ula te  in tra c e l l u la r cyclic  GMP 
formation in in ta c t  NlE-115 c e l ls  and o ther s t ru c tu re -a c tiv ity  
s tud ies  of neurotensin in various species in terms of receptor 
binding, pharmacology, e lectrophysio logy and behavior; th a t i s ,  
the carboxy-terminal portion  of neurotensin played an important 
ro le  in i t s  b io log ica l a c t iv i t i e s .

A strong c o rre la tio n  ( r 2=0.97) was obtained between the EC50's  
fo r neurotensin and several analogs in the stim ulation  of the 
re lease  of in o s ito l phosphates and the EC50's  fo r the peptides in 
the stim ulation  of cyclic  GMP formation in neuroblastoma clone 
NlE-115 c e l l s .  These two d if fe re n t biochemical e ffe c ts  of neuro
tensin  and i t s  analogs appear to  be mediated by the same receptor 
s i t e .  (Supported by Mayo Foundation and U.S.P.H.S. grant 
MH27692.)
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229.5 NEUROBLASTOMA MODEL SYSTEM FOR STUDYING VASOPRESSIN RECEPTOR 
FUNCTION. P. D av ies*,1 R. E. B r in to n ,2 and B. S. McEwen.2 (SPON: 
C. S. RAINE). D epartm ents of P atho logy  and N eu roscience ,1 A lb ert 
E in s te in  C o llege of M edicine, Bronx, NY, 10461, and L abo ra to ry  o f 
N eu ro-endocrino logy ,2 R o c k e fe lle r  U n iv e r s ity , New York, NY, 10021.

We a re  in t e r e s te d  in  deve lop ing  neu ro n a l model system s to  
in v e s t ig a te  th e  e f f e c to r  mechanisms of v a s o p re s s in  r e c e p to rs  in  
b ra in . Towards th a t  end , we ex p lo red  th e  f e a s i b i l i t y  of u sing  
human neurob lastom a c e l l  l i n e s .  In  a c lone  of th e  c h o lin e rg ic  
c e i l  l i n e ,  SK-N-MC-IXC, we found a d i r e c t  s t im u la t io n  of a d e n y la te  
cy c lase  by a rg in in e  v a s o p re s s in  (AVP). This s tim u la t io n  was b o th  
c o n c en tra tio n  and time dependen t. At a c o n c e n tra t io n  of 500 nM 
AVP c y c l ic  AMP accum ula tion  was 50% above b a s e l in e  l e v e ls  w h ile  
lμM AVP produced a g re a te r  th a n  100% in c re a s e .  S tim u la tio n  o f 
adeny la te  c y c la s e  in c re a se d  sh a rp ly  w ith in  5 min and reached 
asymptote a t  15 min w ith  c y c l ic  AMP le v e ls  d e c lin in g  fo llo w in g  30 
min of in c u b a tio n . The v a s o p re s s in  analogs Phe2Or n 8VT and VDAVP 
in c reased  c y c l ic  AMP le v e ls  w ith  approxim ate ep ip o ten cy  w h ile  
dVDAVP had no e f f e c t .

pinole c y c l ic  AMP/mg p ro te in /m l
CONDITION MEAN ± S.D.
B ase lin e 115 ± 7
10 nM AVP 113 ± 7

100 nM AVP 7 5 ± 5
250 nM AVP 6 9 ± 5
500 nM AVP 169 ± 30

1 μM AVP 232 ± 13
50 nM Phe2Or n 8VT 164 ± 11

100 nM Phe2Or n 8VT 163 ± 31
100 nM VDAVP 144 ± 34
500 nM VDAVP 163 ± 31
250 nM dVDAVP 112 ± 0

I n i t i a l l y  we exp lo red  w hether th e  AVP re c e p to r  m odulated n o r
ep inephrine s tim u la te d  c y c la s e . These experim en ts showed th a t  both  
NE and AVP induced accum ula tion  of c y c l ic  AMP and th a t  when p re 
sen t in  com bination  th e  accum ula tion  o f c y c l ic  AMP was a d d i t iv e .

The a b i l i t y  of v a s o p re ss in  to  induce accum ulation  of c y c l ic  AMP 
is  strong  ev idence in  su p p o rt o f a V2 type re c e p to r  and i s  c o n s is 
ten t w ith th e  f in d in g s  o f Abe, e t  a l .  ( J .  P h y s io l . ;  337:665-685, 
1983) fo r  th e  e x is te n c e  of a v a s o p re s s in  r e c e p to r  in  b ra in  which i s  
d ire c tly  coupled to  ad e n y la te  c y c la s e . We a re  c u r r e n t ly  ex p lo r in g  
the ex is ten ce  o f V1 type AVP re c e p to rs  in  o th e r  human c e l l  l i n e s .

We thank M. Manning fo r  generous g i f t  o f AVP and AVP a n a lo g s , 
and J .  L. B e id le r  fo r  p ro v id in g  the  c e l l  l i n e  f o r  th i s  s tu d y . 
Research suppo rted  in  p a r t  by NIH-AG#02478 to  P .D ., and by a NRSA 
(MH#09224) to  R .E.B.

229.6 ONTOGENIC CHANGES IN VASOPRESSIN BINDING SITE CHARACTERISTICS IN 
RAT BRAIN: A QUANTITATIVE AUTORADIOGRAPHIC STUDY. F. Petracca* , 
D. Baskin, J .  D iaz, and D. Dorsa (SPON: W. Stahl ) .  GRECC, VA 
Medical Center, and Depts. of Pharmacology, Psychology, Bio
lo g ica l S tructu re  and Medicine, Univ. of Washington, S e a tt le ,  WA 
98195

We have previousl y reported th a t the  d is tr ib u tio n  of 3H-argi- 
n ine8-vasopressin  (3H-AVP) binding s i te s  in the  Long-Evans ra t 
b ra in  changes markedly during postnatal development. Several 
regions of the neonatal ra t b ra in , including the c ingu late  gyrus, 
e x h ib it in tense AVP binding which does not p e rs is t in to  ad u lt
hood. This tra n s ie n t AVP binding is  sa tu rab le  and demonstrates 
s p e c if ic i ty  fo r neurohypophyseal pep tides. The aim of the pres
ent study was to  measure the a f f in i ty ,  number, and s p e c if ic i ty  of 
AVP binding s i te s  in the developing ra t b ra in .

For sa tu ra tio n  s tu d ie s , day 7 Long-Evans ra t pups were s a c r i
f i c e d ,  and 10-micron sections of brain were cut a t the level of 
th e  c in g u la te  gyrus and dorsal hippocampus. The slide-mounted 
sec tio n s  were i ncubated in Tris bu ffer so lu tion  containing con
c e n t r a t io n s  of 3H-AVP (40 Ci/mmol) ranging from .5 nM to  10 nM, 
in  th e  presence or absence of 1 μM unlabeled AVP. For d isp lace 
ment s tu d ie s ,  s e r ia l sec tions of day 7, day 8 , and day 12 Long- 
Evans pup b ra ins were incubated in bu ffer so lu tion  containing 
e i t h e r  2 .5  nM 3H-AVP alone or in the presence of unlabeled AVP, 
oxytocin (OXY), arg in ine-vaso tocin  (AVT), lu te in iz in g  hormone re
le a s in g  hormone (LHRH), or vasopressin p ressor an tagonist [1 - ( β- 
mercapto-β- ,  β-cyclopentamethylene proprionic a c id ) , 2-(0-methyl ) 
ty ro s in e ]-a rg in in e  -vasopressin  (M-AVP) . Concentrations of un
labeled  peptides te s ted  ranged from 10-9M to  10- 5 M. S lides were 
apposed to  LKB U ltrofilm  fo r  30-90 days. Films were developed 
and analyzed by computer densitom etry.

S a tu r a t io n  a n a ly s is  in  th e  c in g u la te  gyrus re s u l te d  in  a 
l in e a r  Scatchard p lo t ,  ind ica ting  a s i ngle c la ss  of s i te s  with a 
Kd o f 1.7 nM, and Bmax of .1 fmol/mm2 of t is s u e .  S p e c ific ity  
s tu d ie s  in the cingu la te gyrus resul ted in the  following rank 
o rd e r  o f potency in displacement of 3H-AVP: O XY = AVT > M-AVP = 
AVP > > LHRH.

Data from sa tu ra tio n  analyses were co n sis ten t with previously 
reported values fo r AVP binding in regions of the adult b ra in . 
However, the  re la tiv e ly  high potency of OXY in d isp lacing  3H-AVP 
in  the  neonatal brain  suggests th a t s p e c if ic i ty  of th is  develop
mental s i t e  is  d if fe re n t from th a t reported in the adult b ra in . 
Thus, i t  may be th a t vasopressin recep tor s p e c if ic i ty ,  as wel l  as 
anatomical d is tr ib u t io n , changes over the course of development.

Supported by NIH Grant NS 20311.

229.7 LIGHT MICROSCOPIC AUTORADIOGRAPHIC LOCALIZATION OF VASOPRESSIN 
PRESSOR ANTAGONIST BINDING SITES IN THE RAT BRAIN, PITUITARY AND 
KIDNEY. F.W. van Leeuwen, E.M. v .d . Beek*, J . J .  van Heerikhulze* 
and Y.P. Wan1. Netherlands In s t i tu te  fo r Brain Research, Meiberg- 
dreef 33, 1105 AZ Amsterdam, The Netherlands; 1 Dupont-NEN. 
Boston, MA, USA.

At p re s e n t a rg in in e  v a s o p re s s in  (AVP) m eets n e a r ly  a l l  c r i t e r i a  
to  be con sid e red  as  a n e u ro t ra n s m it te r .  One o f  th e  l a s t  c r i t e r i a  
to  be f u l f i l l e d  was th e  dem o n stra tio n  o f  s p e c i f i c  r e c e p to r s  in  
the  b ra in  in  c lo se  p ro x im ity  to  sy n a p tic  s t r u c t u r e s .  L a te ly  in te n s e  
AVP la b e l l in g  was found in  th e  l a t e r a l  septum , c e n t r a l  amygdala, 
v e n tra l  hippocam pus, n u c leu s  o f  th e  s o l i t a r y  t r a c t ,  o l f a c to r y  
nucleus and n e u ra l lobe ( fo r  re fe re n c e s  see 1 ) . For s e v e ra l 
reasons in c lu d in g  th e  f a c t  t h a t  a p o te n t p re s s o r  a n ta g o n is t ,  
d(CH2) 5Tyr(Me)AVP, d isp la y e d  a h ig h  a f f i n i t y  fo r  c e n t r a l  AVP 
b inding  s i t e s ,  i t  was concluded t h a t  AVP b in d in g  s i t e s  in  c e r t a in  
b ra in  a rea s  (e .g .  th e  v e n t r a l  hippocampus) resem ble th e  V1 
vascu lar re c e p to r  type  (1 ) . [3h] avp w i l l  most p robab ly  la b e l  bo th  
AVP and oxy toc in  b in d in g  s i t e s  (2 ) . T h e re fo re , a more s e le c t iv e  
la b e l i s  needed. The p re s s o r  a n ta g o n is t  d (CH2) 5Tyr(Me)AVP p a r t ly  
meets t h i s  need . R ecen tly  t h i s  a n ta g o n is t  was t r i t i a t e d  (S.A. 56.2 
Ci/mmol) and l i g h t  m icro scop ic  au to rad io g rap h y  was perform ed on 
a number o f  t i s s u e s  known to  c o n ta in  V1 o r  V2 r e c e p to r s .

The t r i t i a t e d  p re s s o r  a n ta g o n is t  s e le c t i v e ly  la b e l le d  a la rg e  
number o f  b ra in  a r e a s .  Dense la b e l l in g  was o b ta in e d  in  th e  l a t e r a l  
septum, nucleus  accumbens, a n t e r io r  am ygdala, r o s t r a l  p a r t  o f  th e  
c e n tra l  am ygdala, d o r s a l  hippocampus (gyrus d e n ta tu s )  and n ucleus  
of th e  s o l i t a r y  t r a c t .  M oderate la b e l l in g  was o b ta in ed  in  th e  
sup rach iasm atic  and dorsom edial hypothalam ic n u c leu s  and v e n t r a l  
hippocampus. L a b e llin g  was ab se n t in  th e  o l f a c to ry  n u c leu s , v e n tro 
medial nucleus and n e u ra l lo b e . In  a re a s  known o r  assumed to  con
ta in  a d i f f e r e n t  AVP re c e p to r  type  no (s u p ra o p tic  n u c leu s , adeno
hypophysis) o r  o n ly  minimal (kidney) la b e l l in g  was seen .

The la b e l l in g  o f  th e  d o rs a l hippocampus i s  in t r ig u in g  s in c e  
th i s  a re a  i s  h a rd ly  in n e rv a te d  by AVP f ib r e s .  T h is mismatch o f  
f ib r e s  and b in d in g  s i t e s  can be ex p la in e d  in  v a r io u s  ways (1 ) . One 
o f  th e  e x p la n a tio n s  i s  t h a t  th e  immunocytochemical methods a p p lie d  
fo r  th e  v is u a l iz a t io n  o f  AVP f ib r e s  cou ld  s t i l l  n o t be s e n s i t iv e  
enough. Indeed th e  in n e rv a tio n  a re a s  o f  v a r io u s  AVP s y n th e t iz in g  
n u c le i  ( e .g .  th e  lo c u s  co e ru leu s) have n o t y e t  been d eterm ined .

In  c o n c lu s io n , i t  seems p o s s ib le  to  o b ta in  a  more s e le c t i v e  
l a b e l l in g  o f  AVP b in d in g  s i t e s  w ith  th e  use o f  th e  t r i t i a t e d  
p r e s s o r  a n ta g o n is t .

(1) Van Leeuwen, F.W ., In :  V aso p re ss in , p r in c ip le s  and p ro p e r t ie s  
(Gash, D.M. and B oer, G .J . ,  e d s . ) ,  Plenum P re s s , in  p r e s s .

(2) A udiger, S . ,  and C. B a rb e ris , EMBO Jo u rn a l 4 , 1407-1412, 1985.

229.8 SPECIFIC BINDING OF 125I-desaminoTYR-PHE-nLEU-ARG-PHE-amide TO 
FMRFamide RECEPTORS IN THE BRAIN AND HEART OF HELIX ASPERSA. 
K. Payza* and M. J .  G reenberg . (SPON: D. A. P r ic e ) .  Whitney L a b ., 
U niv. o f F lo r id a ,  S t.  A ug u stin e , FL 32086.

We have sy n th es iz ed  an analog  of FMRFamide,1 2 5 I-desam inoT yr- 
Phe-nLeu-Arg-Phe-NH2 ( 125I-daYFnLRFamide), th a t  b inds r e v e r s ib ly  
and s p e c i f i c a l ly  to  re c e p to rs  in  t o t a l  p a r t i c u l a te  su spensions  of 
n e u ra l and c a rd ia c  t i s s u e s  taken  from th e  pulm onate s n a i l ,  H elix  
a s p e r s a . At e q u ilib r iu m , s p e c i f ic  b ind ing  i s  d i r e c t l y  
p ro p o r tio n a l to  t i s s u e  c o n c e n tra t io n . S catchard  an a ly ses  show an 
ap p a ren t KD of 10-20 nM in  both h e a r t  and b ra in  p re p a ra tio n s , and 
a Bmax of 100-200 fm oles p er mg p ro te in .

S ev era l c a rd io e x c i ta to ry  te t r a p e p t id e s  d is p la c e  bound 
ra d io lig a n d : FMRFamide, FLRFamide, D-Phe-MRFamide, and a c e ty l -  
FnLRFamide have IC50s c lo se  to  1 μM, w hereas daYFnLRFamide and 
daYFLRFamide a re  more p o te n t (IC50s a t  about 20 nM).

The endogenous h e p ta p e p tid e s  of pulm onate gastropod  m olluscs 
(pGlu-DPFLRFamide, GDPFLRFamide and SDPFLRFamide) a re  weaker 
d is p la c e r s  than  th e  t e t r a p e p t id e s ,  so they  may be a c tin g  a t  a 
d i f f e r e n t  re c e p to r  s i t e .  N e ith e r  M et-enkephalin , nor naloxone 
(100 μM), nor o th e r  p ep tid e s  u n re la te d  to  FMRFamide, d is p la c e  the 
ra d io lig a n d .

We have developed an I s o la t e d ,  pe rfu sed  p re p a ra tio n  of th e  
H elix  h e a r t  which c o n tin u es  b e a tin g  and rem ains pharm aco lo g ica lly  
resp o n s iv e  fo r  more than  72 h o u rs . We have used th i s  p re p a ra tio n  
to  c o r r e la te  re c e p to r  b in d in g  w ith  b io lo g ic a l  a c t i v i t y .  For 
exam ple, th e  te t r a p e p t id e  acetyl-FnLRFamide i s  a very  e f f ic a c io u s  
e x c i ta to ry  a g o n is t on th e  H elix  h e a r t .  I t s  b io lo g ic a l  d ose- 
response  curve i s  p a r a l l e l  to  i t s  ra d io lig a n d  d ip lacem ent curve 
(H i l l  c o e f f i c ie n t  = 0 .9 ) ,  but i s  s h i f te d  one lo g -u n i t  to  the l e f t .  
This s h i f t  im p lie s  th e  e x is te n c e  of spare  r e c e p to r s ,  o r of an 
a m p lif ic a tio n  s te p  between re c e p to r  occupancy and th e  p h y s io l
o g ic a l resp o n se .

T h is dem onstra tion  o f FMRFamide re c e p to r -b in d in g  c o n tr ib u te s  to  
our und ers tan d in g  of th e  mechanisms u n d e rly in g  the  pharm aco log ical 
a c tio n s  of th e  FM RFam ide-related p e p t id e s .  (Supported  by NIH 
g ra n t HL-28440.)
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229.9 BRAIN OPIATE RECEPTOR BINDING IN DEVELOPING SPONTANEOUSLY 
HYPERTENSIVE AND NORMOTENSIVE RATS. M.D. C a r r i th e r s *  and J .A . 
Weyhenmeyer, (SPON: A. Appelbaum) N eural and B eh av io ra l B iology 
Program and C ollege  o f  M edic ine, U n iv e rs ity  o f  I l l i n o i s ,  U rbana, 
I I . ,  61801.

I t  has been su ggested  th a t  o p ia te s  a re  invo lved  in  th e  cen
t r a l  r e g u la t io n  o f  blood p re s s u re ; however, th e  ex a c t r o le  o f 
th e  o p io id  p e p tid e s  in  t h i s  c o n tro l system  has no t been e l u c i 
d a te d . T h e ir  e f f e c t s  appear to  be dependent on s e v e ra l  f a c t o r s ,  
in c lu d in g  th e  ana tom ical s i t e  and th e  type o f lig an d  used . 
U nderstand ing  o f th e se  mechanisms has been com plica ted  by th e  
e x is te n c e  o f  m u ltip le  o p ia te  r e c e p to r  su b ty p es . The purpose o f 
t h i s  s tu d y  was to  in v e s t ig a te  th e  b ind ing  c h a r a c t e r i s t i c s  o f 
o p ia te  r e c e p to r s  in  th e  deve lop ing  spon taneously  h y p e rten s iv e  
(SH) r a t  and i t s  norm otensive c o n t r o l ,  th e  W ista r Kyoto (WKY) 
r a t .

Male SH and WKY r a t s  were s a c r i f i c e d  by d e c a p ita t io n  a t  fo u r , 
e ig h t ,  and s ix te e n  weeks o f age w hile  under CO2 a n e s th e s ia .  
Whole b ra in  minus the  ce rebellum  was removed a t  4°C. T issu es  
were homogenized in  app rox im ate ly  te n  volumes o f  50 mM T ris  
b u f f e r ,  pH 7 .4 , and c e n tr ifu g e d  x 2 a t  50,000 x g fo r  30 min. 
The f i n a l  p e l l e t  was resuspended in  T r is  b u f f e r .  Homogenates 
were in cu b a ted  in  th e  p resence  o f .08 to  10 nM o f t r i t i a t e d  
d ip re n o rp h in e , a g en e ra l o p ia te  a n ta g o n is t .  Naloxone (10 μM) 
was used as a co ld  i n h ib i to r  to  de term ine n o n s p e c if ic  b in d in g . 
Membranes were in cu b a ted  fo r  60 min a t  25°C and th en  f i l t e r e d  
under vacuum. F i l t e r s  were washed tw ice w ith  5 ml o f  ic e  co ld  
b u f f e r ,  d is so lv e d  in  a to lu e n e -T r i to n  based s c i n t i l l a t i o n  f l u i d ,  
and counted w ith  an e f f i c ie n c y  o f  app rox im ate ly  48%.

In  a l l  g roups , l i n e a r  S ca tchard  b ind ing  was observed  in  th e  
c o n c e n tra t io n  range o f t r i t i a t e d  d ip re n o rp h in e  u sed . There was 
no s ig n i f i c a n t  d if f e re n c e  between s t r a i n s  in  th e  d is s o c ia t io n  
c o n s ta n t (Kd ) a t  any age o r in  th e  b in d in g  c a p a c ity  (Bmax) a t  4 
and 8 weeks o f  age . However, an e le v a te d  b in d in g  c a p a c ity  was 
observed in  th e  16-week o ld  SH r a t  a s  compared to  i t s  normo
te n s iv e  age-m atched c o n tro l (WKY). These r e s u l t s  su g g es t th a t  
c e n t r a l  o p ia te  r e g u la to ry  system s may p lay  a r o le  in  th e  main
tenance  o f  h y p e rten s io n  in  th e  SH r a t .

T his work was suppo rted  by NIH HL27757 and Amer. H eart A ssoc. 
(IL ) g ra n ts  to  J.A.W . and a March o f  Dimes fe llo w sh ip  to  M.D.C.

229.10 REDUCTION OF CCK8 BINDING IN THE NUCLEUS OF THE SOLITARY TRACT 
OF CAPSAICIN PRETREATED RATS. E.E . Ladenheim, R.C. Speth and 
R.C. R i t t e r . D ept. o f  VCAPP, C o llege o f V e te rin a ry  M edicine, 
W ashington S ta te  U n iv e rs ity , Pullm an, WA 99164 and WOI Regional 
Program in  V e te rin a ry  M edical E ducation , U n iv e rs ity  o f Idaho, 
Moscow, ID 83843.

High a f f i n i t y  b ind ing  s i t e s  fo r c h o le c y s to k in in  (CCK) have 
been d e te c te d  in  the  nucleus o f the s o l i t a r y  t r a c t  (NST), a rea  
postrem a (AP) and s p in a l tr ig e m in a l complex (SP5) (Z arb in  e t  
a l . ,  1983). These s t r u c tu r e s  rec e iv e  the  te rm in a ls  o f sm all, 
unm yelina ted , prim ary  senso ry  neurons which a re  d estro y ed  by the 
n e u ro to x in , c a p sa ic in  (Dinh and S. R i t t e r ,  1985). To in v e s t ig a te  
the  p o s s i b i l i t y  th a t CCK b ind ing  i s  lo c a ted  on c a p sa ic in  
s e n s i t i v e  senso ry  te rm in a ls , we have examined h igh  a f f i n i t y  
b ind ing  o f 125I B olton-H unter la b e led  s u lf a te d  CCK o c ta p e p tid e  
(CCK-8 ) in  the  b ra in s  o f c a p s a ic in - t r e a te d  and c o n tro l r a t s .  
A dult male r a t s  were a n e s th e tiz e d  and tr e a te d  in t r a p e r i t o n e a l ly  
w ith  n a tu ra l  o r s y n th e t ic  c a p sa ic in  or the  in je c t io n  v e h ic le , 
ac co rd ing  to  p re v io u s ly  rep o rted  p rocedures ( R i t te r  and 
Ladenheim, 1985; South and R i t t e r ,  1985). At l e a s t  30 days 
a f t e r  c a p sa ic in  trea tm en t the  anim als were a n e s th e tiz e d  w ith  
p e n to b a rb i ta l  and perfu sed  w ith  ic e  co ld  0.9% s a l in e .  B ra ins 
were removed and fro zen , and 20 μm co ronal s e c t io n s  were cu t 
in  a c ry o s ta t  a t  -20°C. B rain  s e c t io n s  were thaw mounted to  
s l id e s  and incubated  w ith  44-88 picom olar 125I CCK 8 in  the 
p resence  o r absence o f 200 nanomolar un lab e led  CCK-8 . The 
s e c t io n s  were exposed to  LKB U ltro f i lm  fo r 5 - 9  days a f t e r  
which the  t i s s u e  s e c t io n s  were s ta in e d  w ith  th io n in .  V isual 
in s p e c tio n  and m ic ro d en s ito m e tric  measurements o f b ra in s  from 
v e h ic le - t r e a te d  r a t s  in d ic a te d  th a t  the  d i s t r i b u t io n  o f CCK- 8 
b ind ing  was s im i la r  to  p a t te rn s  p re v io u s ly  rep o rted  fo r normal 
an im als u s ing  B olton-H unter 125I CCK-33 (Z arb in  e t  a l . ,  1983). 
This b in d in g  inc luded  in te n s e  la b e lin g  o f the  AP, and moderate 
la b e lin g  o f  th e  NST and p a r t s  o f  SP5 (Moran, 1985). in  
c a p s a ic in - t r e a te d  r a t s ,  however, CCK- 8 b ind ing  in  the  AP and 
m edial NST was v i r t u a l l y  e l im in a te d , w hile  b ind ing  in  SP5 was 
m inim ally  reduced. These r e s u l t s  suggest th a t NST CCK-8 
re c e p to rs  may be lo c a ted  on c a p sa ic in  s e n s i t i v e  prim ary sensory  
te rm in a ls . The CCK-8 re c e p to rs  in  SP5 presum ably a re  lo c a ted  on 
te rm in a ls  o r c e l l  bod ies which a re  no t damaged by c a p sa ic in . 
Our d a ta  suggest the p o s s i b i l i t y  th a t c e n t r a l ,  p re s y n a p tic  CCK 
re c e p to rs  may m odulate the  a c t i v i t y  o f  some vaga l a f f e r e n t  
neu rons . Supported in  p a r t  by DHHS g ra n ts  NS20561 and NS21805.

229.11 CROSS-LINKING OF ATRIAL NATRIURETIC PEPTIDE TO BINDING SITES IN 
RAT OLFACTORY BULB MEMBRANES. G.M. W ildey* and C.C. G lem botsk i. 
D epartm ent o f Pharm acology, U n iv e rs ity  of P ennsy lvan ia  School 
o f M edicine, P h ila d e lp h ia , PA 19104.

B inding s i t e s  fo r  [125I ] - a t r i a l  n a t r i u r e t i c  p e p tid e  (ANP) in  
r a t  o lf a c to ry  bulb  membranes have been s tu d ie d  using  
pharm aco log ica l and b iochem ical m ethods. V arious u n la b e led  ANP- 
r e l a te d  p e p tid e s  were te s te d  fo r  the  a b i l i t y  to  in h ib i t  the  
b ind ing  o f th e  r a d io lig a n d  in  membrane b ind ing  a s s a y s . ANP(92- 
126) and ANP(99-126) were the  most p o te n t in h ib i to r s  t e s t e d ,  
bo th  e x h ib itin g  an IC 50 value of 0 .40  nM. ANP(103-126) and 
ANP(103-123) were 3-tim es and 70-tim es le s s  p o te n t, 
r e s p e c t iv e ly .  ANP(111-126) was unable to  in h ib i t  th e  b ind ing  
o f the ra d io lig a n d  a t a c o n c e n tra tio n  o f 1 μM. S evera l 
p e p tid e s  u n re la te d  to  ANP were unable to  in h ib i t  the  b ind ing  of 
the  ra d io l ig a n  t o r a t  o l f a c to ry  bulb  membranes. Membranes 
la b e le d  w ith  [125I]ANP were incubated  w ith  c ro s s - l in k in g  agen ts 
and s u b jec ted  to  SDS-PAGE follow ed by au to rad io g rap h y . A band 
p o sse ss in g  an apparen t m o lecu lar mass of 116 kDa was 
i d e n t i f i e d .  The la b e lin g  o f th i s  band was p ro g re s s iv e ly  
d ecreased  by in c re a s in g  c o n c e n tra t io n s  o f u n la b e led  ANP(99-126) 
(IC 50 = 0 .6  nM) and by s e v e ra l o th e r  A N P-related p e p tid e s  a t 
nanomolar c o n c e n tra t io n s . These r e s u l t s  in d ic a te  th a t  th e  ANP 
b ind ing  s i t e  in  r a t  o l f a c to ry  bulb  membranes d is p la y s  
pharm aco log ica l and b iochem ical p ro p e r t ie s  s im i la r  to  
p e r ip h e ra l  ANP re c e p to r s .  Supported by American H eart G ra n t- in -  
Aid 84 653.

229.12 INSULIN RECEPTORS IN THE PERIPHERAL NERVOUS SYSTEM: A FUNCTIONAL 
AND STRUCTURAL ANALYSIS. Robert J.  W a ld b illig  and Derek L eR oith , 
D iabe tes  Branch, N a tio n a l I n s t i t u t e  of A r t h r i t i s ,  D iab e te s , 
D ig e s tiv e  and Kidney D iseases , B ethesda, MD 20892

U nlike th e  v a s c u la tu re  o f th e  CNS and p e r ip h e ra l nerve  tru n k s , 
c a p i l l a r i e s  o f p e r ip h e ra l nervous system  g an g lia  a re  f e n e s t ra te d .  
This r a i s e s  th e  p o s s i b i l i t y  th a t  autonomic and sensory  g an g lia  
may be exposed to  b lood -bo rne  in s u l in .  D esp ite  t h i s ,  th e re  
has been no exam ination  o f th i s  t i s s u e  fo r  in s u l in  r e c e p to r s .  
The purpose o f t h i s  s tudy  th e r e fo r e ,  was to  c h a ra c te r iz e  in s u l in  
b in d in g  in  bov ine autonom ic and sensory  g a n g lia .

I n s u l in  r e c e p to rs  from s u p e r io r  c e rv ic a l  and tr ig e m in a l gan g lia  
were s o lu b il iz e d  (1.0% T rito n )  and p u r i f i e d  on wheat-germ  a g g lu tin 
in  columns. The a f f i n i t y  and s p e c i f i c i t y  o f th e se  re c e p to rs  were 
determ ined by th e  co m p e titiv e  in h ib i t i o n  o f A14, 125I-p o rc in e  in 
s u l in  b in d in g  by v a r io u s  c o n c e n tra tio n s  o f u n la b e led  pork in s u l in  
o r  human p ro in s u l in .  The ty r o s in e - s p e c i f ic  k in a se  a c t i v i t y  o f 
th e se  r e c e p to rs  was e v a lu a te d  by a s s e s s in g  an in s u l in - s t im u la te d  
in c o rp o ra tio n  o f 32P in to  exogenous s u b s t r a te  p o ly (G lu ,T y r)4 :1 . 
To determ ine th e  m o lecu lar w eight of th e  r e c e p to r ’s b in d in g  α-  
su b u n it ,  d isu c c in im id y l s u b e ra te  was used to  c ro s s l in k  125I - in s u l in  
to  th e  su b u n it. F ollow ing s o lu b i l i z a t io n  w ith  1.0% SDS con ta in ing  
5.0% m ercap to e th an o l, th e  sample was analyzed  u sin g  SDS-gel e le c 
tro p h o re s is  and au to rad io g rap h y .

The bovine s u p e r io r  c e rv ic a l  and tr ig e m in a l g an g lia  were 
found to  c o n ta in  s p e c i f i c ,  h igh  a f f i n i t y  b in d in g  s i t e s  fo r  
125I - in s u l i n  (IC 50= 0 .5 n g /m l). As i s  th e  case  w ith  o th e r  
in s u l in  r e c e p to r s ,  p ro - in s u l in  was found to  be 200 tim es le s s  
p o te n t than  in s u l in  in  com peting w ith  125I - in s u l i n  fo r  b in d in g . 
A lso , as i s  th e  ca se  w ith  o th e r  in s u l in  r e c e p to r s ,  re c e p to rs  
from th e  p e r ip h e ra l  nervous system  were found to  po sse ss  in s u l in  
s t im u la ta b le  ty ro s in e  k in a se  a c t i v i t y .  The in s u lin - in d u c e d  in 
c o rp o ra t io n  o f 32P in to  exogenous s u b s t r a te  was bo th  tim e and 
dose-dependen t. The ap p a ren t m o lecu lar w eigh t o f th e  r e c e p to r 's  
b in d in g  subcomponent was found to  be approx im ately  130,000 kDa. 
In  th i s  reg a rd  th e  p e r ip h e ra l  nervous system  in s u l in  re c e p to r  
i s  s im i la r  to  th e  h e p a tic  r e c e p to r  b u t i s  la r g e r  than  th e  b ra in  
in s u l in  r e c e p to r  (MW=120,000 kDa). In  c o n c lu s io n , th e  p e r ip h e ra l 
nervous system  was found to  c o n ta in  h ig h ly  s p e c i f ic  re c e p to rs  fo r  
p a n c re a t ic  in s u l in .  The c h a r a c te r i s t i c s  of th e se  re c e p to rs  a re  
v i r t u a l l y  i d e n t ic a l  to  in s u l in  re c e p to rs  found in  c l a s s i c a l  
t a r g e t  t i s s u e .
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229.13 BATCH VARIABILITY AS A SOURCE OF DPDPE ANAMALOUS BINDING. L. 
Taylor*, A. M ansour, S. J .  Watson and H, A k il , (SPON. S .J .  
Watson), M ental H ea lth  R esearch  I n s t i t u t e ,  U n iv e rs ity  of M ichigan, 
Ann Arbor, MI 48109-0720, U.S.A.

The s y n th e t ic  p ep tid e  [2 -D -p e n ic illa m in e , 5 -D -p e n ic illa m in e ] 
enkepha lin  (DPDPE) i s  a d e l t a  s e le c t iv e  a g o n is t .  The b ind ing  of 
[3 H]DPDPE to  s t r i a t a l  and m id -b ra in  s e c t io n s  was examined. S lide  
mounted 10 u t i s s u e  s e c t io n s  were incubated  a t  25°C w ith  vary ing  
c o n c e n tra t io n s  of [ 3H]DPDPE in  50 mM T ris  b u f f e r ,  pH 7 .5 . A fte r  
in c u b a tio n , th e  s l id e s  were washed, d r ie d  and th e  b ind ing  
q u a n t if ie d  u s ing  l iq u id  s c i n t i l l a t i o n .  N o n -sp e c ific  b ind ing  was 
ev a lu a te d  in  p a r a l l e l  experim en ts in  th e  p resence  of 1 uM DSLET. 
The Kd and Bmax v a lu es  were determ ined w ith  th e  LIGAND program 
(Munson and Rodbard, A nal. Biochem. 107, 220-229, 1980). The 
observed b ind ing  was c o n s is te n t  w ith  a s in g le  re c e p to r  s i t e  having 
Bmax = 1 7 2 pM and a Kd = 8 .3  nM. However, one commercial 
p re p a ra tio n  (Araersham, batch  8 ) suggested  a tw o -rece p to r  model 
( c u r v i l in e a r  S ca tch ard ) w ith  a Bmax = 58 pM and a Kd = 3 .5  nM as 
w ell as a Bmax2 = 116 pM and a Kd2 = 181.9 nM. A naly sis  of th i s  
ba tch  by HPLC in d ic a te d  the p resence  of a second ra d io la b e l le d  
component. Removal of t h i s  m a te r ia l  e l im in a te d  the c u rv i l in e a r  
b ind ing  re sp o n se . I n v e s t ig a to r s  us ing  DPDPE a re  cau tio n ed  to  
check the p u r i ty  of t h e i r  p re p a ra tio n s  by HPLC.

229.14 CHARACTERIZATION OF μ AND δ OPIATE RECEPTORS. S.McLeant*, J .C a r c i l l o #* 
and B .Roth# (SPON: D. C. H i l t ) .  †L abora to ry  of N europhysio logy, 
NIMH and #Naval M edical R esearch I n s t i t u t e ,  B ethesda, MD 20892.

S ev e ra l la b o ra to r ie s  have re c e n tly  re p o rte d  th e  p u r i f i c a t i o n  and 
c h a ra c te r iz a t io n  o f b ra in  o p ia te  r e c e p to rs  (G ioann in i e t  a l . ,  J .  
B io l . Chem. 260: 15117-15121; M aneckjee e t  a l .  PNAS 82: 594-598; 
Simonds e t  a l .  ib id :  4974-4978). F o llow ing v a rio u s  p u r i f i c a t i o n  
schemes and SDS g e l e le c tro p h o re s is  s e v e ra l p ro te in  bands have been 
d e sc r ib e d  th a t  m ig ra te  w ith  Mr  v a lu es  rang ing  from 31,000 to  93 ,000 . 
We re p o r t  th e  c ro s s l in k in g  of human 125I-b e ta -e n d o rp h in  to  crude 
b ra in  membranes u s ing  th e  b ifu n c t io n a l  rea g e n ts  BSOCOES (B is [2- 
(succin im idooxycarbony loxy) e th y l]  s u lfo n e  and DSS (D isuccin im idy l  
s u b e r a te ) .

R ats were s a c r i f i c e d ,  t h e i r  b ra in s  r a p id ly  removed (minus the 
ce rebe llum ) and homogenized by hand, in  50 mM K2HPO4 , pH 7 .4 , 25°C 
w ith  1-10 μ g/m l b a c i t r a c in .  T issu e  was in cuba ted  fo r  1 h r  a t  25°C 
w ith  2nM 125I-b e ta -e n d o rp h in  in  t h e  p resence  o r absence of μ M b re -  
m azocine. In cu b a tio n s  were te rm in a ted  by th e  a d d i t io n  of 1 ml ic e  
co ld  b u ffe r  and c e n tr i f u g a t io n .  The s u p e rn a ta n t was d isca rd ed  and 
th e  t i s s u e  resuspended in  0 .2  ml of f r e s h  b u f f e r .  BSOCOES o r DSS 
f r e s h ly  p rep ared  in  DMSO were added to  a f i n a l  c o n c e n tra t io n  of 1mM 
and allow ed to  r e a c t  f o r  15 min a t  0°C. C ro ss lin k in g  was te rm in a ted  
by th e  a d d i tio n  of an excess o f 50 mM T r is  and 1 ml K2HPO4 , th e  t i s 
sue c e n tr ifu g e d , th e  s u p e rn a ta n t d is c a rd e d , th e  sample s o lu b il iz e d  
in  SDS-PAGE b u f fe r  and then  p rocessed  fo r  g e l e le c tro p h o re s is  u s ing  
a 10% acry lam ide s e p a ra t in g  g e l and a 4.5% s ta c k in g  g e l .  Radio
a c t iv e  g e ls  were p laced  in  x -ra y  c a s s e t te s  w ith  Kodak XAR-5 f ilm  
and exposed fo r  7-14 days.

S im ila r  r e s u l t s  were o b ta in ed  u s in g  e i t h e r  BSOCOES o r DSS as  the  
c ro s s l in k in g  a g e n t. M ajor r a d io a c tiv e  bands were found m ig ra tin g  
to  ap p a ren t Mr s o f 67 ,000 , 58 ,000, 45,000 and 33 ,000 . A 110,000 
band was o c c a ss io n a lly  seen . L abeling  of a l l  bands was reduced in  
th e  p resence  of 1 μM brem azocine. The 67,000 band i s  s o lu b il iz e d  
by low c o n c e n tra t io n s  of d e te rg e n ts  su g g es tin g  i t  i s  n o t an i n t e g r a l  
s y n a p tic  membrane p r o te in .  The 58,000 band o v e r l ie s  a m ajor p ro 
t e in  band. Two d im ensional g e l e le c tro p h o re s is  suggested  an a c id ic  
pI  fo r  a l l  m ajor bands.

We have dem onstrated  th a t  a f f i n i t y  c ro ss  l in k in g  of crude r a t  
b ra in  membranes produces 4 m ajor bands of s p e c i f i c a l ly  la b e le d  p ro 
t e in .  Because b e ta -en d o rp h in  b inds to  bo th  μ and δ s i t e s  i t  i s  no t 
p o s s ib le  to  de term ine w hether th e  4 bands re p re s e n t s u b u n its  of an 
" in te rc o n v e r t in g "  re c e p to r , p r o te o ly t i c  d e g ra d a tiv e  p ro d u c ts  o r sep
a r a t e  re c e p to r  com ponents. Work i s  c u r r e n t ly  underway to  re s o lv e  
t h i s  i s s u e .

229.15 AFFINITY CROSSLINKING OF 125I-HUMAN BETA-ENDORPHIN TO CELL LINES 
POSSESSING EITHER MU OR DELTA TYPE OPIOID BINDING SITES. O. Keren , 
T.L. G ioann in i* , J.M. H il l e r*  and E .J .  Simon. D ep ts. o f P sy c h ia try  
and Pharmacology, New York U n iv e rs ity  Med. C t r . , New York, NY 
10016.

We have used a f f i n i t y  c ro s s l in k in g  tech n iq u es  to  dem onstra te  
th a t mu and d e l ta  o p io id  b in d in g  s i t e s  c o n ta in  m ajor p e p tid e  
sub u n its  th a t  d i f f e r  in  m o lecu la r s iz e  (Howard, A.D. e t  a l .  J .B io l .  
Chem. 260:10833, 1985; Howard, A.D. e t  a l .  B iochem istry  25 :357 ,1986 ). 
Here we p re s e n t a d d i t io n a l  ev idence  to  su p p o rt t h i s  f in d in g . The 
NG108-15 c e l l  l i n e  which c o n ta in s  e x c lu s iv e ly  d e l ta  s i t e s  and the  
human neuroblastom a c e l l  l i n e  (SK-N-SH) which p o sse sse s  predom i
n an tly  mu s i t e s  (Yu, V.C. e t  a l .  J .  B io l. Chem. 261:1065,1986) 
were bound and c ro s s lin k e d  w ith  125I-hum an-beta-endorph in  and 
su b jec ted  to  sodium dodecyl - s u lfa te -p o ly a c ry la m id e  g e l  e l e c t r o 
p h o re s is . A u toradiography o f th e se  g e ls  re v e a le d  d i f f e r e n t  la b e l 
ing p a t te rn s  f o r  th e se  two c e l l  l i n e s .  NG108-15 c e l l s  showed 
bands consonant w ith  p e p tid e s  of Mr  53K and 25K. SK-N-SH c e l l s  
dem onstrated th re e  bands o f Mr  92K, 65K and 25K. A ll la b e le d  
bands were o p ia te  r e c e p to r - r e l a te d  s in c e  they  were e l im in a te d  
when b in d in g  was c a r r ie d  ou t in  th e  p resen ce  of excess o p ia te s .  
Com petition fo r  b in d in g  re v e a le d  th a t  th e  53K and 25K bands from 
NG108-15 c e l l s  were s e le c t i v e ly  reduced o r e l im in a te d  by the  
h igh ly  s e le c t i v e  d e l ta  l ig a n d , DPDPE, b u t n o t by th e  h ig h ly  s e le c 
t iv e  mu lig a n d , DAGO. In  c o n t r a s t ,  bands o f Mr  92K and 65K from 
the mu s i t e - b e a r in g  l i n e ,  SK- N-SH, were reduced o r e l im in a te d  by 
DAGO, b u t n o t by DPDPE.
Funded by NIDA g ra n t DA-00017

229.16 PHOTO-INDUCED INACTIVATION OF NEUROPEPTIDE RECEPTORS WITH 
PEPTIDES CONTAINING p-BENZOYLPHENYLALANINE. W. F. H erbli n , J . C. 
K auer, and S. W. Tam*. E. I .  du Pont de Nemours and C o ., C en tra l 
Research and Development Department and Biom edical P roducts 
D epartm ent, E xperim en tal S ta t io n ,  W ilm ington, DE 19898.

The benzophenone chromophore has been in c o rp o ra te d  in to  a 
s y n th e t ic  amino ac id  (p -b e n zo y l-p h en y la lan in e ; Bpa) to  produce a 
chem ica lly  s ta b le  p h o to - a f f in i ty  probe fo r  la b e l in g  re c e p to r s .  
The benzophenone group i s  e s p e c ia l ly  advantageous s in c e  i t  i s  
a c t iv a te d  by long-w ave UV which i s  le s s  damaging to  r e c e p to r s .  
Two model p e p tid e s  co n ta in in g  Bpa have been shown to  be p o te n t ia l  
p h o to - a f f in i ty  probes fo r  th e  o p io id  and n e u ro te n s in  r e c e p to r s ,  
r e s p e c t iv e ly .

A m orph icep tin  ana log  was p repared  in  which th e  C -te rm ina l 
p r o l i n e  was r e p l a c e d  by L-Bpa am id e . The s y n t h e t i c  p e p t id e  
showed s u b s t a n t i a l  a f f i n i t y  fo r  th e  mu o p io id  re c e p to r  (IC 50= 
268 nM). IC50 v a lu e s  f o r  d e l t a  and kappa re c e p to rs  were 3670 nM 
and 8200 nM, r e s p e c t iv e ly .  I r r a d ia t io n  o f r a t  b ra in  membranes in  
th e  p resence  o f th e  p ep tid e  ( 2 .8  μm) induced app a ren t in a c t iv a 
t io n  of an o p io id  re c e p to r  as in d ic a te d  by a re d u c t io n  in  th e  
subsequen t b in d in g  o f bo th  3H -naloxone and 3H -e to rp h in e . The 
in h ib i t i o n  o f 3H-DADLE b in d in g  by naloxone in  c o n tro l and pho to - 
r e a c te d  membranes in d ic a te d  s e le c t i v e  in a c t iv a t io n  of a mu rece p 
to r  when th e  d a ta  were analyzed  fo r  m u ltip le  s i t e s .

C on tro l Ph o to re a c te d
S ite  1 S ite  2 S ite  1 S ite  2

Bmax (fmol/mg) 6.1 4 .6 --------------- 4 .6
Kd (DADLE) 2 .8  nM 1.2  nM -------------- 1.4 nM
Ki (N aloxone) 2 .0  nM 53 nM -------------- 12 nM

An analog  o f a n e u ro te n s in  fragm ent (NT 8-13) was p repared  in  
which th e  ty ro s in e  a t  p o s i t io n  11 was re p la c ed w ith  D-Bpa. This 
h exapep tide  was as p o te n t as an i n h ib i to r  o f 3H -n eu ro tensin  b ind 
in g  (K i=4 .4  nM) as was NT 8-13 i t s e l f  (K i=5 . 1 nM). I r r a d ia t io n  
of th e  recep to r-b o u n d  p e p tid e  induced a 75% re d u c tio n  in  th e  sub
sequen t b in d in g  o f 3H -neu ro tensi n as compared to  c o n tro l mem
b ran es  which were i r r a d ia te d  in  th e  absence of th e  p e p tid e  or 
incu b a ted  w ith  th e  p e p tid e  b u t n o t i r r a d i a t e d .
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230.1 INTERACTION OF 3H-GLYCYLGLUTAMINE WITH CELL MEMBRANES 
PREPARED FROM CNS AND LYMPHOID CELL LINES.
R. J .  P l i s h k a  and  J .  H. N e a le , D e p a r tm e n t o f  B io lo g y ,  
G eorge tow n U n i v e r s i t y ,  W a sh in g to n , D. C. 20057 .

G ly c y lg lu ta m in e  i s  t h e  t e r m in a l  d i p e p t i d e  o f  t h e  
POMC-gene p r o d u c t ,  β - e n d o r p h in - ( 1 - 3 1 ) .  B io c h e m ic a l 
e v id e n c e  s u g g e s t s  t h a t  t h i s  d i p e p t i d e  i s  p ro d u c e d  by 
p r o t e o l y t i c  c le a v a g e  o f  B - e n d o r p h in - (1 -3 1 )  i n  th e  
i n t e r m e d i a t e  p i t u i t a r y  and  s e v e r a l  b r a i n  r e g io n s  
( P a r i s h  e t  a l . ,  N a tu re  3 0 6 :2 6 7 ,1 9 8 3 ) .  We hav e  r e p o r t e d  
im m u n o h is to c h e m ic a l e v id e n c e  o f  e l e v a t e d  l e v e l s  o f  f r e e  
g ly c y lg lu ta m in e  w i th in  c e l l s  o f  t h e  i n t e r m e d i a t e  p i t u 
i t a r y  ( B ra in  R es . 3 6 0 :4 0 3 , 1 9 8 5 ) .  G iven  th e  p o s s i b i l i t y  
t h a t  t h i s  d i p e p t i d e  c o e x i s t s  w i th  β -e n d o r p h in  w i th in  
n e u r o n a l  and  in t e r m e d i a t e  p i t u i t a r y  s e c r e t o r y  v e s i c l e s ,  
we h av e  begun  t o  exam ine  th e  i n t e r a c t i o n  b e tw ee n  
3H -g ly c y lg lu ta m in e  (31 C i/m m ol, p ro v id e d  by  D r. Y. P . 
Wan, New E n g lan d  N u c le a r  R e s e a rc h  P r o d u c ts )  and  p la sm a  
m em branes p r e p a r e d  from  s e v e r a l  d i f f e r e n t  t i s s u e s  and  
c o n t in u o u s  c e l l  l i n e s .

I n i t i a l  d a t a  from  e q u i l i b r iu m  b in d in g  a s s a y s  o f  
m em branes p r e p a r e d  from  s p l e e n ,  th y m u s , l i v e r ,  lu n g ,  
k id n e y  and  b r a i n  i n d i c a t e  t h a t  r a d i o l i g a n d  i n t e r a c t i o n  
c an  be d e t e c t e d  w i th in  th e s e  t i s s u e s  and  t h a t  t h i s  
p r o c e s s  i s  b lo c k e d  by  th e  p r e s e n c e  o f  5 0 0 - f o ld  e x c e s s  
u n la b e le d  d i p e p t i d e .  F o c u s in g  upon th e  l i g a n d  i n t e r 
a c t i o n  w i th  t h e  n e rv o u s  and  immune s y s te m s ,  we f i n d  
t h a t  t h e  a p p a r e n t  r a d i o l i g a n d  b in d in g  t o  c e r e b e l l a r  
m em branes d o e s  n o t  s a t u r a t e  i n  an  a s s a y  r a n g e  o f  1 -75  
nM d i p e p t i d e ,  w h ile  t h e  i n t e r a c t i o n  w i th  a t r a n s f o r m e d  
B -ly m p h o cy te  c e l l  l i n e  h a s  an  e s t i m a te d  Kd o f  1 0 -15  
nM. B in d in g  o f  t h e  l i g a n d  t o  n e rv o u s  s y s te m  v e r s u s  
ly m p h o cy te  m em branes i s  f u r t h e r  d i s t i n g u i s h e d  by  th e  
i n s e n s i t i v i t y  o f  t h e  fo rm e r  t o  e x c e s s  u n la b e le d  g ly c in e  
o r  g lu ta m in e  w h ile  t h e  i n t e r a c t i o n  o f  10nM l ig a n d  w i th  
s e v e r a l  ly m p h o id  c e l l  l i n e s  i s  a f f e c t e d  by  a 5 mM 
c o n c e n t r a t i o n  o f  t h e s e  am ino a c i d s  i n  t h e  i n c u b a t io n  
medium .

D a ta  from  t h e  d e t a i l e d  c h a r a c t e r i z a t i o n  o f  t h e  
i n t e r a c t i o n s  b e tw ee n  3H -g ly c y lg lu ta m in e  and  c e l l  
s u r f a c e  m em branes s h o u ld  p r o v id e  a u s e f u l  fo c u s  f o r  
s u b s e q u e n t  a n a l y s i s  o f  t h i s  d i p e p t i d e 's  p o t e n t i a l  
f u n c t io n  w i th in  t h e  n e rv o u s ,  immune and  e n d o c r in e  
s y s te m s .

230.2 MONOCLONAL ANTIBODY TO SOMATOSTATIN EXHIBITS SIMILAR 
STR U C TU R A L REQ U IREM EN TS FOR PEPTID E BIN DIN G  AS 
PIT U IT A R Y  SOM ATOSTATIN RECEPTO R. S.B.Weissman* and 
L.L.Y.Chun* (SPON: V.T.Tran) Program in Neuroscience, H arvard Medical 
School, D epartm ent of Neurology, M assachusetts General H ospital, Boston, 
MA 02114

Somatostatin is widely distributed in peripheral organs and in the central 
nervous system  w here i t  exe rts  various  physio log ica l e ffec ts . In the 
p itu ita ry  it inhib its the release of grow th hormone via specific receptors. 
S tructure-function  studies of som atostatin binding to rat an terior pituitary 
cultures using alanine-substituted som atostatin analogs indicate that amino 
ac id  residues 6-9 are im portan t fo r the biologic ac tiv ity  of the peptide 
(Vale et al., 1978). To obtain probes which can be used to examine this and 
re la ted  pep tides , we have p roduced  m onoclonal an tib o d ie s  (mAb) to 
som atosta tin . The an tigen  recogn ition  site  of one o f these an tibodies 
exhibits a specificity similar to that of p itu itary  som atostatin receptors.

To prepare the mAbs (Balb/c x C57Bl/6)F1 mice were immunized thrice 
w ith cyclic som atostatin  coupled to bovine serum  album in. Spleen cells 
from  the anim al ex h ib itin g  the h ighest serum  ti te r  to the pep tide were 
fused  to the myeloma line, X63-Ag8.653, w hich does not itse lf  produce 
im m unoglobu lin . H ybridom a su p e rn a tan ts  w ere screened by single 
displacement radioimmunoassay with [125I-T yr1] somatostatin as tracer.

A lthough we have obtained several lines w hich secrete mAbs tha t bind 
som atostatin w ith high a ffin ity , only one antibody is discussed here. MAb 
1E9 bound to the p ep tid e  w ith  h igh a f f in i ty  (ID 50 fo r som atosta tin  is 
about 10 fm ol by RIA). Imm unologic cross-reactiv ity  studies w ith several 
som atostatin  analogs ind ica ted  th a t a lte ra tions  in the N -term inal of the 
pep tide did not a ffe c t an tibody  b ind ing  but m odifica tions in positions 6 
and 9 reduced it substantially. This is sim ilar to the structural requirements 
for peptide binding to ra t p itu itary  somatostatin receptors and suggests that 
tha t the binding specificity of this mAb may resemble that of the pituitary 
som atostatin  receptor. No c ro ss-reac tiv ity  was seen w ith  o ther peptides 
tested (angiotensin, b radyk in in , enkephalin-leu, grow th hormone releasing 
hormone, neuropeptide Y, neurotensin, secretin , substance P, thryro tropin  
releasing hormone, vasopressin). In im munohistochem ical studies this mAb 
was used to localize som atostatin in fibe rs of both ra t and mouse median 
eminence and in both fibers and cell bodies in human cortex.

These studies ind ica te  th a t the hybridom a approach is feasib le  for the 
generation of high a ff in ity  m onoclonal antibodies w hich can be used for 
both s tru c tu ra l and anatom ical studies. In add ition , the sim ilarity  of the 
antigen  recognition  site to th a t of the ligand b ind ing  site fo r a class of 
som atostatin receptors suggests tha t this reagent may also be useful for the 
generation of anti-idiotypic anti-receptor probes.

230.3 IMMUNOSTAINING OF MAGNOCELLULAR NEURONS OF SUPRAOPTIC AND 
PARAVENTRICULAR NUCLEI OF RAT HYPOTHALAMUS USING A VASOPRESSIN 
ANTI-IDIOTYPE ANTIBODY. D .J. Berlove*, D.T. Piekut and K.M. 
Knigge . Neuroendocrine U nit, Univ. of Rochester, Rochester, NY 
14642.

A primary an ti-v aso p ress in  (AVP) antibody was generated in a 
ra b b it and i t s  t i t e r  and c h a ra c te r is t ic s  determined by immuno- 
cytochemical methods. A second ra b b it was immunized with p u ri
fied  IgG of the primary vasopressin antiserum and i t s  t i t e r  was 
monitored with a p re c ip it in  t e s t  using p a r t ia l ly  p u rif ied  AVP- 
binding p ro te in  from r a t  neural membranes. Brains of normal 
and B rattleboro  animals were immunostained with a n t i 
vasopressin  and the vasopressin an ti- id io ty p e  antibody. Brains 
were fixed  by in traca rd iac  perfusion  of 100ml of sa lin e  
followed by 200ml of f ix a tiv e  containing 4% paraformaldehyde 
and 0.2% p ic r ic  acid in  0.025M PBS bu ffer (sodium phosphate 
with 0.9% sodium ch lo rid e ) , pH 8 .0 . The PAP or ABC method of 
immunocytochemistry was performed on s e r ia l  40μm vibratom e-cut 
sec tio n s  of brains and p i tu i ta ry  glands.

The an ti-id io ty p e  antibody immunostained neurons in supra
o p tic  and p a rav en tricu lar nuclei of the hypothalamus of normal 
and homozygous B ra ttlebo ro  r a t s .  The d is tr ib u tio n  of immuno
s ta ined  perikarya in these  hypothalamic nuclei toge ther with 
the  s ta in in g  of median eminence and neural lobe was s im ila r to  
th a t  observed in normal r a ts  using the primary vasopressin 
antiserum  and suggests th a t  vasopressinerg ic  magnocellular 
neurons are s ta in ed . The appearance of the perikarya of 
neurons immunostained with these two a n tise ra  was d is t in c t ly  
d if f e r e n t .  Immunostaining was not observed in the suprachias- 
matic nucleus using the a n ti- id io ty p e  antibody. Although the 
B ra tt l eboro r a t  does not synthesize  vasopressin , recep to rs  fo r 
th is  hormone are p resen t and i t  appears th a t these  neurons may 
be v isu a lized  by recognition  of vasopressin recep to rs  a sso c i
a ted with vasopressin neurons by a n ti- id io ty p e  an tibod ies. 
Absorption stud ies  with vasopressin and a vasopressin-b inding  
recep to r p ro te in  fu r th e r  suggests th a t  a recep to r associated  
with vasopressinerg ic  neurons is  recognized by the a n t i 
id io type  antibody. (Supported by g ran ts  NSF/BNS 83-10914, 
NIH/NS18626 and NIH/RCDA NS00869.)

230.4 CHOLECYSTOKININ RECEPTORS ARE LOCATED ON INTRINSIC STRIATAL 
NEURONES AND NOT ON STRIATAL DOPAMINERGIC AFFERENTS. 
C .R .C la r k , D. J .  S . S i r i n a t h s i n g h j i *+, N. Day* , I .  J .  
M. B e r e s f o r d *, J .  K. C ham bers* , J .  H ughes* . P a rk e -D a v is  
R e s e a rc h  U n i t ,  A d d en b ro o k e ' s  H o s p i ta l  S i t e ,  H i l l s  Road, 
C am b rid g e , CB2 2QB, U.K. + I n s t i t u t e  o f  Anim al P h y s io lo g y ,  
Babraham , C a m b rid g e , CB2 4AT, U.K.

C h o le c y s to k in in  (CCK) e x e r t s  a num ber o f  a c t i o n s  on 
th e  n i g r o - s t r i a t a l  dopam ine (DA) sy s te m , i n c lu d in g  a t t e n u a t i o n  
o f  1D A -d ep en d en t' b e h a v io u r  and m o d u la t io n  o f  s t r i a t a l  
D A ergic n e u ro t r a n s m is s io n .  How CCK e x e r t s  t h e s e  e f f e c t s  
i s  n o t  known, a l th o u g h  h ig h  c o n c e n t r a t i o n s  o f  CCK and 
i t s  r e c e p t o r s  h av e  been  l o c a l i z e d  i n  t h e  s t r i a t u m .  To 
f u r t h e r  e x p lo r e  t h e  n a tu r e  o f  t h e s e  CCK-DA i n t e r a c t i o n s ,  
s t u d i e s  w ere  u n d e r ta k e n  t o  i d e n t i f y  t h e  c e l l u l a r  l o c a t io n  
o f  CCK r e c e p t o r s  w i th in  t h e  s t r i a t u m .

Ra t s  w ere  u n i l a t e r a l l y  i n f u s e d  w i th  e i t h e r  6-OH DA 
(8pg) i n t o  t h e  n i g r o - s t r i a t a l  t r a c t  o r  i b o t e n i c  a c id  
(5 μg × 4 i n j e c t i o n  s i t e s )  i n t o  th e  s t r i a t u m .  A nim als 
w ere  s a c r i f i e d  10 d ay s  p o s t  d ru g  in f u s io n  and CCK r e c e p t o r s  
mapped by q u a n t i t a t i v e  d i g i t a l  s u b t r a c t i o n  a u to r a d io g r a p h y .  
S t r i a t a  w ere a l s o  d i s s e c t e d  and  CCK and DA c o n te n t  m easu red  
by r a d i o r e c e p t o r  a s s a y  and HPLC w ith  e le c t r o c h e m ic a l  
d e t e c t io n  r e s p e c t i v e l y .

I n f u s io n  o f  6-OH DA i n t o  th e  n i g r o - s t r i a t a l  t r a c t  
had  no e f f e c t  on e i t h e r  CCK c o n te n t  o r  CCK r e c e p t o r  num ber, 
a lth o u g h  dopam ine c o n te n t  was r e d u c e d  by >98% on th e  
l e s io n e d  s i d e .  A l l  a n im a ls  r e c e i v in g  6-OH DA showed 
> 20 i p s i l a t e r a l  r o t a t i o n s  p e r  m in u te  fo l lo w in g  i n j e c t i o n  
o f  am phetam ine (5m g/kg) c o n f i rm in g  th e  e f f e c t i v e n e s s  
o f  t h e  n i g r o - s t r i a t a l  l e s i o n .  D e s t r u c t io n  o f  s t r i a t a l  
i n te r n e u r o n e s  w i th  i b o t e n i c  a c id  i n  c o n t r a s t  r e s u l t e d  
i n  a  d r a m a tic  r e d u c t io n  ( i . e .  >50%) i n  CCK r e c e p t o r  num ber 
on th e  l e s io n e d  s id e  w i th  no d e t e c t a b l e  e f f e c t  on dopam ine 
c o n te n t .  B e h a v io u ra l  v e r i f i c a t i o n  o f  t h i s  l e s i o n  was 
e v id e n c e d  by i p s i l a t e r a l  b i a s  and h y p e r a c t iv i t y  1 -2  d ay s  
a f t e r  i b o t e n i c  a c id  i n f u s i o n .

T hese  s tu d i e s  s u g g e s t  t h a t  a l a r g e  p r o p o r t io n  o f  CCK 
r e c e p t o r s  w i th in  t h e  s t r i a t u m  a r e  lo c a t e d  on i n t r i n s i c  
n e u ro n e s  and n o t  on d o p a m in e rg ic  p r e s y n a p t ic  a f f e r e n t s .  
S tu d ie s  a r e  i n  p r o g re s s  t o  a s c e r t a i n  t h e  i d e n t i t y  o f  
th e  C C K -re c e p to r r i c h  s t r i a t a l  i n te r n e u r o n e .
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230.5 MAPPING OF SUBSTANCE P RECEPTOR SITES IN THE HUMAN BRAIN: HIGH 
DENSITIES IN THE SUBSTANTIA INNOMINATA AND EFFECT OF SENILE 
DEMENTIA. M . D ie t l1*, A. P ro b s t2*, and J.M. P a la c io s 1 (SPON: B. 
Gäh w ile r) . P r e c l in ic a l  R esearch , SANDOZ LTD., B asle ,2 Dept. 
N europ thato logy , I n s t . o f  P a tho logy , U n iv e rs ity  o f  B asle , B asle , 
S w itze rlan d .

Receptor a u to rad io g rap h ic  te ch n iq u es  were used to  s tudy  th e  
d is t r i b u t io n  o f  p u ta t iv e  substance  P (SP) re c e p to r  s i t e s  in  human 
postmortem m a te r ia ls .  SP r e ce p to r  s i t e s  were la b e le d  in  mounted 
t i s s u e  s e c t io n s  u s in g  [1 2 5 I ] -Boul to n -H un te r-S P . The pharm acolo
g ic a l c h a r a c te r i s t i c s  o f  SP b ind ing  to  human b ra in  t i s s u e  s e c t io n s  
were s im i la r  to  those  seen in  th e  r a t  b ra in .  The re g io n a l 
d is t r ib u t io n  o f  SP re c e p to r  s i t e s  in  th e  human b ra in  was h ig h ly  
heterogeneous. The h ig h e s t d e n s i t ie s  o f SP s i t e s  were a s s o c ia te d  
w ith b ra in  n u c le i known to  c o n ta in  th e  c e l l  bod ies o f neurons 
u t i l i z in g  a c e ty lc h o lin e , s e ro to n in  and n o rad re n a lin e  as neuro
t r a n s m it te r ,  b u t n o t th o se  u s in g  dopamine. Thus, th e  s u b s ta n t ia  
innom inata, in c lu d in g  th e  nucleus b a s a l is  o f  M eynert, p a r t s  o f  the  
raphe l i n e a r i s ,  b u t n o t th e  raphé d o r s a l i s  and th e  locus 
co e ru leu s , bu t n o t th e  s u b s ta n t ia  n ig ra  were en rich ed  in  SP 
re c e p to rs . SP s i t e s  were a lso  en riched  in  o th e r  b ra in  a rea s  
in c lu d in g  th e  nucleus cau d a tu s , putamen and accumbens, n eo c o rtex , 
the hypothalam us, th e  hippocampus, th e  p e r ia q u e d u c ta l g ray  and 
nucleus in te rp e d u n c u la r is  in  th e  m idb ra in , th e  in f e r io r  o liv e  and 
the  d o rsa l and v e n tra l  horn o f  th e  s p in a l co rd . The p a t te rn  o f 
d is t r i b u t io n  o f  SP re c e p to rs  in  th e  c o n tro l b ra in s  was com parable 
from case to  case and a p p a re n tly  independent o f postmortem delay  
and sex . Age, however, seems to  in f lu e n c e  SP re c e p to r  d e n s ity  as 
b ra in s  from p a t ie n t s  dying in  th e  f i r s t  decade o f  l i f e  p re sen ted  
h igher SP re c e p to r  d e n s i t ie s  than  p a t ie n t s  over 50 y ea rs  o f  age.

The h igh  d e n s i t ie s  o f SP s i t e s  observed in  c o n tro l b ra in s  in  
the  s u b s ta n t ia  innom inata led  us to  examine th e se  s i t e s  in  th e
b ra in s  o f  p a t ie n t s  dying from s e n i le  dem entia (SD), a d ise a se  
where c h o lin e rg ic  neurons in  th e  s u b s ta n t ia  innom inata a re  known 
to degenera te . The exam ination  o f  s e v e ra l cases  o f  SD rev ea led  a 
lo ss  o f SP re c e p to rs  only  in  ca ses  where a c le a r  c e l l  lo s s  was 
observed. In  co n c lu sio n  SP re c e p to rs  have been v is u a l iz e d  in  
human postmortem m a te r ia ls .  The lo c a l i z a t i o n  o f  th e se  s i t e s  in  
nuc le i where th e  c e l l  bod ies o f  neurons u s ing  w ell c h a ra c te r iz e d  
n e u ro tra n sm itte rs  a re  lo c a te d  in d ic a te s  th a t  SP can p lay  an 
im portant ro le  in  th e  re g u la tio n  o f  th e  ascend ing  pathways 
emanating from th e se  neurons. Our r e s u l t s  in  th e  b ra in s  o f SD 
p a t ie n ts  fu r th e r  sup p o rt th e  lo c a l iz a t io n  o f  SP re c e p to rs  to  
c h o lin e rg ic  c e l l  bodies in  th e  s u b s ta n t ia  innom inata.

230.6 AUTORADIOGRAPHIC LOCALIZATION OF LUTEINIZING HORMONE-RELEASING 
HORMONE (LHRH) BINDING SITES IN THE RAT BRAIN AND PITUITARY

M. Badr* and G. P e l l e t i e r  MRC Group Mol. E ndocrino l. CHUL, 
Quebec C ity , Que. CANADA

I t  has a lre a d y  been shown th a t  LHRH can induce some behavio
r a l  e f f e c t s  in  c a s t r a te d  male and female r a t s .  These e f f e c t s  
suggest th a t  LHRH might have a n eu ro tran sm itte r/n e u ro m o d u la to r 
ro le  in  th e  c e n tr a l  nervous system . In o rd er to id e n tif y  the  
p o s s ib le  s i t e s  of a c tio n  of LHRH in  the r a t  b ra in ,  we proceeded 
to  th e  lo c a l i z a t i o n  o f LHRH bind ing  s i t e s  using  slide-m ounted  
fro zen  s e c t io n s .  The p i t u i t a r y  which c o n ta in s  la rg e  amounts of 
w ell c h a ra c te r iz e d  LHRH re c e p to rs  was used as  a c o n tro l t i s s u e .  
The ra d io lig a n d  used was an io d in a te d  s ta b le  LHRH a g o n is t [D-Ser 
( tBU)6 , des-Gly-NH10] LHRH ethy lam ide ( [D-Ser6 ]LHRH-EA) (su p p lie d  
by Dr. J .  Sandow 2, Hoechst C o .) . In cu b a tio n  was c a rr ie d  out a t  
room tem peratu re  fo r  1 hr in  the  presence o f 105cpm io d in a te d  
[D -Ser6 ] LHRH-EA. To determ ine n o n -s p e c ific  b in d in g , 107 M/l  
u n lab e led  [D -Ser6 ] LHRH-EA was added to the in c u b a tio n  medium. 
L abeling  was lo c a liz e d  by exposing X -ray f ilm s  to  se c t io n s  and 
a ls o  by d ipp ing  s l id e s  in  l iq u id  pho tograph ic em ulsion (Kodak 
NTB-2). In the p i t u i t a r y ,  an in te n s e  and d if fu s e  la b e lin g  was 
observed th roughou t the a n te r io r  lo b e . The i n te rm ed ia te  and 
p o s te r io r  lobes  were f re e  o f any r e a c t io n .  In the b r a in ,  the 
s e p ta l  re g io n , hippocampus, l a t e r a l  and m edial n u c le i of the  amyg
d a la ,  and e n to rh in a l is  c o rtex  showed a s trong  to m oderate la b e l
in g . Only a weak re a c tio n  could be d e tec te d  in  the  hypothalam us. 
In  both  p i t u i t a r y  and b ra in , the la b e lin g  was com pletely  abo lished  
by co ld  [D-Ser6 ]LHRH-EA. Then the d i s t r i b u t io n  o f LHRH bind ing  
s i t e s  appears  to  be w ell c o r re la te d  w ith  the d i s t r i b u t io n  of immu- 
n o re a c tiv e  LHRH except in  the hypothalam us which c o n ta in s  h igh  
c o n c e n tra t io n  of LHRH and very  sm all amount of LHRH b ind ing  s i t e s .  
The p re sen t s tu d ie s  c l e a r ly  i n d ic a te  th a t  LHRH has m u ltip le  s i t e s  
o f a c tio n  in  the r a t  b ra in  and re in fo rc e  the h y p o th esis  th a t  th i s  
p ep tid e  could a c t as  a n eu ro tran sm itte r/n e u ro m o d u la to r in  the  
c e n tr a l  nervous system .

230.7 VIP RECEPTORS IN RAT BRAIN: CHARACTERIZATION BY BINDING AND 
COVALENT CROSSLINKING. J .  V a s i l o f f * ,  M .S B e a t t i e , L.B. 
Campol i t o * , T.M. O 'D o r i s i o * , J .C . B r e s n a h a n , an d  M.S. 
O'D o r is io *  (SPON: S. T j io e ) .  D ep ts . o f  M e d ic in e , S u rg e ry , 
A natom y, P e d i a t r i c s ,  an d  M i c r o b i o l . an d  Im m u n o l.,  and  
N eu ro sc ie n c e  P rogram , O hio S t a t e  U n iv . C o l l e g e  o f  Med., 
Columbus, OH 43210.

The m o le c u la r  components o f v a s o a c t iv e  i n t e s t i n a l  p o ly p e p tid e  
(VIP) b ind ing  were in v e s t ig a te d  u s in g  b o th  c o m p e titiv e  b ind ing  
and c o v a l e n t  c r o s s l i n k i n g  te c h n iq u e s .  F r o n ta l  c o r t e x  was 
h a rv e s te d  from a n e s th e t iz e d ,  d e c a p ita te d  r a t s ,  d is s e c te d  f r e e  o f 
c o n n e c t iv e  t i s s u e ,  and hom ogen ized  in  b u f f e r  A (20 mM H epes , 2 
mM MgCl2 , 5 mM EDTA, 1 mM 2 -m e rc a p to e th a n o  1 , 150 mM N aC l, 50 
ug/m l p h e n y lm e th y ls u l f o n y  1 f l o u r i d e ,  pH 7.4) and th e  membrane 
con ta in in g  f r a c t io n  s e p a r a te d  by d i f f e r e n t i a l  c e n t r i f u g a t i o n .  
B in d in g  a s s a y s  w ere p e rfo rm e d  by in c u b a t in g  500 ug membrane 
p r o te in  in  b u f f e r  A c o n t a in i n g  100-150  pM 125I-V IP  in  th e  
ab sen ce  o r  p re s e n c e  o f  u n l a b e l l e d  VIP o r  o th e r  c o m p e tin g  
p ep tid e s . 125I-V IP  bound to  membrane p ro te in  was s e p a ra te d  from 
fre e  125I-V IP  by f i l t r a t i o n  through  Whatman GF/C f i l t e r s  p re 
soaked  in  0.3% p o ly e th y le n im in e .  Time c o u rs e  and te m p e ra tu r e  
s tu d ie s  d e m o n s tra te d  s t e a d y - s t a t e  b in d in g  from  15-90  m in a t  
17°C. The p e r c e n ta g e s  o f  t o t a l  c o u n ts  t h a t  w ere bound to  
membrane p ro te in  ranged from 9.4-14% w ith  40-62% o f th e se  counts 
r e p r e s e n t in g  s p e c i f i c  b i n d i n g .  C o m p u t e r - a s s i s t e d  f i t  o f  
c o m p e titiv e  b in d in g  experim en ts was used to  c a l c u l a t e  a f f i n i t y  
co n s ta n ts  and maximum number o f b ind ing  s i t e s .  B inding a f f i n i t y  
f o r  VIP (Kd) was e s t im a te d  to  be 48 ± 21 nM w ith  a Bmax o f  12.4 
± 5 .8  nM (bound/ gm p r o te in ) .

125I-V IP  was c o v a le n t l y c ro ss  lin k e d  to  p u ta t iv e  b ind ing  s i t e s  
us ing  th e  b ifu n c t io n a l  re a g e n t, d is u c c in im id y l  s u b e r a t e  (DSS). 
A n a l y s i s  by s o d iu m  d o d e c y l  s u l f a t e - p o l y a c r y l a m i d e  g e l  
e l e c t r o p h o r e s i s  and a u to r a d io g r a p h y  d e m o n s tra te d  bands o f  Mr 
50000 and 75000. The l a b e l l i n g  o f  th e s e  b ands  was s p e c i f i c  as  
e v id e n c e d  by i n h i b i t i o n  o f  l a b e l l i n g  in  th e  p r e s e n c e  o f  1 uM 
u n la b e l l ed VIP. The 75000 Mr band does no t appear to  r e p re s e n t  a 
s p e c i f ic  VIP re c e p to r  because i t  was observed  when 125I-V IP  was 
t r e a t e d  w ith  DSS in  th e  a b s e n c e  o f  membrane p r o t e i n ;  i t  more 
l i k e l y  re p re s e n ts  b ov ine  serum album in p re se n t in  th e  com m ercial 
p r e p a ra tio n  o f 125I-V IP . These f in d in g s  p ro v id e  fu r th e r  ev id en ce  
f o r  t h e  p r e s e n c e  o f  V IP  r e c e p t o r s  i n  b r a i n  t i s s u e ,  and  
d e m o n s tra te  th e  p r e s e n c e  o f  a 47K (50K m inus VIP) p r o t e in  
com prising  o r  a s s o c ia te d  w ith  th e  p u ta t iv e  VIP re c e p to r  in  th i s  
t i s s u e ,  a s  w e l l  a s  in  human ly m p h o b la s ts  (Wood,C.L. and 
O 'D o r is io ,  S.M., J .  B io l .  Chem., 2 6 0 :1 2 4 3 , 1985).
(S upported  by CA29062 and NS10165 from th e  N .I .H .)

230.8 NPY-BINDING IN RAT BRAIN WITH RELATION TO CATECHOLAMINERGIC 
SYSTEMS. M. S c h u ltz b e rg , C. Kӧh l e r ,  T. Hӧk f e l t ,  L. T e ren iu s  and 
M. G o ld s te in  (SPON: C. H ild e b ran d ). A stra  P h a rm a ceu tica ls , S-151 
85 Sӧd e r t ä l j e ,  D ep t. of H is to lo g y , K aro lin ska  I n s t i t u t e t ,  
S tockholm , Sweden.

The occu rrence  of neu ro p ep tid e  Y -lik e  im m unoreactiv ity  (NPY-LI) 
in  ca techo lam ine (CA) neurones in  c e r t a in  n u c le i  in  th e  m edulla 
o b longa ta  has r e c e n tly  been d em onstra ted . NPY i s  p re s e n t in  the  
m a jo rity  o f a d re n a lin e  c e l l s  of th e  C1-C3 group, in  a sm a lle r  
p o p u la tio n  o f th e  n o rad ren e rg ic  lo cu s  co e ru leu s  c e l l s  (A6) , b u t 
no t in  th e  A2, A5 or A7 n o rad re n e rg ic  c e l l  g roups. NPY has not 
been found in  dopam inergic neu ro n es , b u t NPY neurones occur in  
e .g .  th e  c e re b ra l  c o r te x , s t r ia tu m , b a s a l fo r e b ra in ,  th e  su p er
f i c i a l  lam inae o f th e  s p in a l  cord and th e  s p in a l tr ig e m in a l 
n u c le i  (n tV ), and th e se  c e l l s  seem to  la ck  CA:s. However, in  
s e v e ra l  b r a in  reg io n s  e .g . m edulla o b lo n g a ta , hypothalam us and 
s tr ia tu m  o v erlap p in g  netw orks of NPY and ca tech o lam in e rg ic  nerve 
te rm in a ls  do e x i s t .  An a u to ra d io g ra p h ic  te chn ique  was employed to  
s tudy  th e  s p a t i a l  r e la t io n s h ip  between NPY re c e p to rs  and 
n o ra d re n a l in e /a d re n a l in e  r e c e p to r s .  The  b ind ing  o f t r i t i a t e d  NPY 
(o r io d in a te d )  and p -am inoclon id ine  (3H-PAC) a s e le c t iv e  α2- 
r e c e p to r  l ig a n d , was s tu d ie d  in  co n secu tiv e  s e c t io n s  o f th e  r a t  
m edulla  o b lo n g a ta , hippocampus and c e re b ra l  c o r te x . The b in d in g  
of la b e l le d  NPY and PAC e x h ib ite d  very  s im i la r  d i s t r i b u t io n  
p a t te rn s  in  th e  m edulla o b lo n g a ta , w ith  h igh  c o n c e n tra t io n s  
m ainly in  th e  s u p e r f ic i a l  lam inae o f th e  ntV and th e  d o rs a l  vag a l 
complex. Im m unohistochem ical s tu d ie s  of NPY and th e  CA 
s y n th e s iz in g  enzymes show o v e rlap p in g  d i s t r i b u t io n  only  in  th e  
l a t t e r  a re a .  In  th e  ntV , NPY-immunoreactive f ib r e s  a re  more 
numerous. In  th e  hippocam pus, h igh  g ra in  d e n s ity  i s  found in  
s t r a t a  o r i ens and rad ia tu m , a f t e r  i ncu b a tio n  w ith  la b e l le d  NPY, 
w hereas 3H-PAC-binding i s  low in  th e se  la y e r s ,  b u t h igh  in  
s tra tu m  m o lecu la re . F ib re s  w ith  NPY-LI a re  lo c a l iz e d  p r im a r ily  in  
th e  m o lecu lar la y e r ,  and th e  n o rad ren e rg ic  te rm in a ls  a re  
d i f f u s e ly  s c a t te r e d  th roughou t th e  s t r u c tu r e .  In  th e  c e re b ra l 
c o r te x ,  α2- r e c e p to r s  a re  p re s e n t in  a d i s t i n c t  band in  lam ina 1 
and in  low er number in  lam ina 4 . B inding s i t e s  f o r  NPY occurred  
in  a l l  la y e r s ,  in  p a r t i c u l a r  lam inae 1 -3 . NPY-immunoreactive and 
n o rad re n e rg ic  te rm in a ls , r e s p e c t iv e ly ,  a re  seen  in  a l l  la y e r s ,  
bu t most dense in  lam inae 1 and 4 -6 . 
From th e se  s tu d ie s  on a l im ite d  number of b ra in  r e g io n s , i t  can 
be concluded th a t  in  some a re a s  th e re  was a good o v erlap  between 
th e  d i s t r i b u t io n  of nerve te rm in a ls  co n ta in in g  endogenous 
m essenger and i t s  r e c e p to r s ,  w hereas o th e r  a re a s  do no t e x h ib i t  
such an overlap p in g  d i s t r i b u t io n .  With reg ard  to  te rm in a l f i e ld s  
of f ib r e s  w ith  c o e x is tin g  NPY and n o ra d re n a l in e /a d re n a l in e , th e re  
i s  a good c o r r e l a t i o n  betwen th e  d i s t r i b u t io n  o f th e  two re c e p to r  
ty p es  in  th e  d o rs a l  v ag a l complex.
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230.9 DISTRIBUTION OF TRH RECEPTORS AND TRH IN THE CAT CENTRAL 
NERVOUS SYSTEM. R. M. Bogin*, M.S. Kreider, S.B. Caine*, S.M anaker, 
A.I. Pack* and A. Winokur. Univ. of Pennsylvania, Philadelphia, PA 
19104.

In the cat, microinjection of thyrotropin releasing hormone (TRH) 
into certain areas of the central nervous system (CNS) changes 
ventilation and cardiovascular variables. To initiate a more systematic 
investigation of the effects, we undertook a study to determine the 
location of TRH and its receptors in the cat CNS. Using techniques 
previously described from our laboratory. quantitative 
autoradiograms for TRH receptors of the cat brain were produced; 
additional specimens were dissected, and radioimmunoassay for TRH 
was performed. Heterogenous distribution of receptors was observed 
in the cat brain. In the forebrain, large quantities of TRH receptors 
were found in the amygdala, hippocampus, claustrum, pyriform 
nucleus and tuberculum olfactorium. In the brainstem, high 
concentrations were localized to the dorsal motor nucleus of the vagus, 
the hypoglossal nucleus and the periaqueductal grey. The cerebellum 
contained few receptors. The largest quantities of the TRH tripeptide 
were noted in the hypothalamus and septum, with substantial 
amounts also obtained from olfactory bulb, corpus striatum and 
thalamus. Our results demonstrate that the distribution of TRH and 
TRH receptors in the cat brain is very similar to that previously 
described in the rat and human brain. They provide a basis for 
exploring the physiological and pharmacological effects of TRH in cats. 
(Supported by HL-08805 and NS-18332)

230.10 AUTORADIOGRAPHIC LOCALIZATION OF OPIATE BINDING IN RAT FOREBRAIN: 
EXAMINATION OF SPECIFICITY WITH A PHOTOAFFINITY-LABELLED ANAL
OGUE. C.B. Lacey*, W.G. Ta t ton ,  C.W.T. Yeung*, J .N. Nobrega, 
(SPON: J .  S tev e n s ) .  P l a y f a i r  Neuroscience U n i t ,  Toronto Western 
H o sp i ta l ,  Clarke I n s t i t u t e  of P sy c h ia t ry ,  U n iv er s i ty  of Toronto, 
Toronto, Canada, M5T 258.

The r e c o g n i t i o n  of op io id  p ep t id es  as p u t a t i v e  n e u ro t ra n s 
m i t t e r s  has prompted in v e s t i g a t i o n  of the reg io n a l  and sub- 
c e l l u l a r  d i s t r i b u t i o n s  of the se  p ep t id es  and t h e i r  r e s p e c t iv e  
r e c e p to r  s i t e s .  L o c a l i z a t i o n s  of 125I-DAGO (Tyr-D-Ala-Gly- 
NMe-Phe-Gly-ol) and 1 2 5 I-DADLE[D-Ala2 ,D-Leu5 ]-Enkephalin  
were examined fo llowing in  v i t r o  in cuba t ion  of s e r i a l  coronal  
s l i c e s  of f ro zen ,  unfixed r a t  f o r e b r a i n .  Recent evidence i n d i c 
a t e s  th e  p r e f e r e n t i a l  l a b e l l i n g  by these  substances  to mu and 
d e l t a  s i t e s ,  r e s p e c t iv e l y .

A p h o t o a f f i n i t y - l a b e l l e d  enkephal in  analogue,  [D-Al a2 ,p -  
N3-Phe4-Met5 ]-Enkephalin  (PAL-Enk), was u t i l i z e d  to  produce 
an i r r e v e r s i b l e  binding upon i r r a d i a t i o n  with UV l i g h t .  The PAL- 
Enk was incubated  with each of the two r a d io l ig a n d s ,  with and 
w ithou t UV l i g h t  a c t i v a t i o n ,  and i t s  e f f e c t s  observed on each 
l i g a n d ' s  c h a r a c t e r i s t i c  b inding . I n c u b a t i o n s  with i r r a d i a t e d  
PAL-Enk dem onst rated  marked i n h i b i t i o n  of 125I-DADLE binding  
in  a l l  major c o r t i c a l  s t r u c t u r e s  examined ( e .g .  the s t r i a tu m ,  
end o p i r i fo rm  nucleus , o l f a c to r y  t u b e r c l e ,  and deep la y e r s  of the 
n eo c o r t ex ) .  In c o n t r a s t ,  i n h i b i t i o n  of 125I-DAGO binding 
was not ev iden t ( e .g .  in s t r i a so m a l  p a tches  or in d i s c r e t e  por
t i o n s  of the tha lam us) . These r e s u l t s  sugges t a p r e f e r e n t i a l  
a f f i n i t y  of PAL-Enk for  d e l ta  binding s i t e s .

The in f lu e n c e  of d i f f e r e n t  b u f fe r  mediums on the binding  of 
each agent  i s  reviewed fo r  the purpose of s e l e c t i o n  of optimal 
b in d ing  c o n d i t i o n s .  The mechanisms of UV i r r a d i a t i o n - in d u c e d  
co m p e t i t iv e  binding  of PAL-Enk w i l l  be compared with the two 
o th e r  op io id  r a d i o l ig a n d s ,  to g e th e r  with an ev a lu a t io n  of recep
t o r  s p e c i f i c i t y  of the se  l ig an d s .
Supported by MRC gran t  MT5218 and Parkinson Foundation  of 
Canada.

230.11 MU OPIOID BINDING SITES IN HUMAN BRAIN TISSUES. C .P i la p i l ,  
S .W einer* , J.M agnan, N.Zamir and R .Q u irio n . Douglas H o sp ita l 
R esearch  C en tre , V erdun, Quebec H4H 1R3 Canada, D epartem ent de 
P harm acologie, F a c u lté  de Méd e c in e , U n iv e r s i té de Montré a l ,  
Quebec, Canada and NHLBI, NIH, B ethesda , MD, USA.

The p resen ce  o f v a r io u s  o p io id  re c e p to r  ty p es  in  human b ra in  
has been re p o r te d  by v a r io u s  in v e s t ig a to r s .  However, t h e i r  p re 
c i s e  c h a ra c te r iz a t io n  and r e s p e c t iv e  d i s t r i b u t io n  have n o t been 
s tu d ie d  in  d e t a i l .  As a f i r s t  s e r ie s  o f ex p e rim en ts, we dec ided  
to  in v e s t ig a te  th e  d i s t r i b u t io n  o f μ o p io id  re c e p to r  b ind ing  s i t e s  
in  human b ra in  u s in g  a h ig h ly  s e le c t i v e  lig a n d , [ 3H]DAGO, in  both  
membrane b ind ing  a ssay  and in  v i t r o  r e c e p to r  au to rad io g rap h y . 
Membranes and whole human b ra in  hem isphere s e c t io n s  were p repared  
as d e sc r ib e d  b e fo re  (Q u irio n  e t  a l , L ife  S c i . 33 (1 ):2 2 7 -2 3 0 , 1983; 
Q u irio n , E u r. J . Pharmacol . ,  117:139-142, 1985) and then  in cuba ted  
fo r  60 min a t  25°C in  50 mM T ris .H C l b u ffe r  in  p resen ce  o f v a r io u s  
c o n c e n tra t io n s  ( s a tu r a t io n  a n a ly s is )  o r 1 .0  nM (au to rad io g rap h y ) 
[ 3H]DAGO (4 4 .7  Ci/mmol). The s p e c i f ic  b ind ing  was c a lc u la te d  as 
th e  d if f e re n c e  in  r a d i o a c t i v i ty  bound in  th e  p resen ce  and absence 
o f 1 μM c y c la z o c in e . The r e s u l t s  show th a t  μ o p io id  re c e p to r  
b ind ing  s i t e s  a re  very  d i s c r e te ly  d i s t r i b u te d  in  norm al human 
b ra in .  High d e n s i t i e s  o f s i t e s  a re  found in  th e  p o s te r io r  
am ygdala, c a u d a te , putamen and c e r t a in  th a lam ic  and hypothalam ic 
n u c le i .  Much low er d e n s i t i e s  a re  p re s e n t in  v a r io u s  b ra in stem  
n u c le i  in c lu d in g  th e  p o n tin e , h y p o g lo ssa l and tr ig e m in a l n u c le i .  
In  th e  c o r te x ,  Brodmann a re a s  #23, 21, 4 , 6 , 24, 20, 9 , 22, 17, 30 
and 7 ( in  d ec re a s in g  o rd e r )  a re  e s p e c ia l ly  en rich ed  in  p o p io id  
b ind ing  s i t e s .  O ther a re a s  such as  th e  g lobus p a l l id u s ,  in t e r n a l  
c a p su le  and r e t i c u l a r  fo rm a tio n  c o n ta in  on ly  low d e n s i t ie s  o f 
s i t e s .  These r e s u l t s  re v e a l  t h a t  p o p io id  b ind ing  s i t e s  a re  d i s 
c r e t e ly  d i s t r i b u te d  in  v a r io u s  reg io n s  o f th e  human b ra in .  We a re  
c u r r e n t ly  in v e s t ig a t in g  th e  p o s s ib le  a l t e r a t i o n s  o f th e s e  p o p io id  
b in d in g  s i t e s  in  v a r io u s  n e u ro lo g ic a l and p s y c h ia t r ic  d is e a se s  to  
de term ine  i f  o p ia te s  cou ld  be invo lved  in  c e r t a in  a s p e c ts  o f th e  
e t io lo g y  o f th e se  d is e a s e s .

230.12 EFFECT OF CHRONIC HALOPERIDOL TREATMENT ON BRAIN CHOLECYSTOKININ 
RECEPTORS IN RAT. P. G audreau, J .N . Crawley and R . Q u ir io n . 
N euroendocrinology L a bo ra to ry , Notre-Dame H o sp ita l R esearch 
C en te r, M ontrea l, Canada; C l in ic a l  N euroscience Branch, N ational 
I n s t i t u t e  o f  M ental H ea lth , B ethesda, M aryland; and Douglas 
H o sp ita l R esearch  C en te r, Verdun, Canada.

The dopamine (DA) h y p o th e sis  in  sch iz o p h re n ia  r e l i e s  on th e  
p rem ise th a t  h y p e ra c t iv i ty  o f  th e  m esolim bic DA system  
c o n tr ib u te s  to  some o f  th e  symptoms a s s o c ia te d  w ith  t h i s  
d is e a s e . In th e  r a t ,  immunocytochemical s tu d ie s ,  combined w ith  
re t ro g ra d e  tr a c in g ,  have re v e a le d  th e  c o -e x is te n c e  o f  
c h o le c y s to k in in  (CCK)/DA neurons in  th e  v e n t r a l  tegm ental a re a  o f  
th e  m esencephalon, which p ro je c t  in to  lim b ic  s t r u c tu r e s  (nucleus  
accumbens, c e n t r a l  nucleus  o f  am ygdala, o l f a c to ry  tu b e rc le s ,  and 
p r e f r o n ta l  c o r te x )  (H o k fe lt , T. e t  a l . , N eu roscience . 5 , 
2093-2114, 1980). S ince  th e r e  a re  in d ic a t io n s  th a t  th e  
th e r a p e u tic  a c t io n s  o f  a n t ip s y c h o tic  drugs a r e  r e l a te d  to  a 
s e le c t i v e  re d u c t io n  o f  DA a c t i v i t y  in  m esolim bic and m e s o s tr ia ta l  
reg io n s  (W hite, F .J .  and Wang, R ., S c ie n ce , 221. 1054-1057, 1983) 
and ra d io a u to g ra p h ic  d a ta  dem o n stra tin g  th e  p resen ce  o f  h igh  
d e n s i t i e s  o f  CCK re c e p to r s  in  th e  te rm in a l f i e ld s  o f  th e s e  DA 
pathways (G audreau e t  a l . . Ann. N.Y. Acad. S c i . , 448 . 198-219, 
1985; Van D ijk  e t  a l . . J . N eu ro sc i. , 4 , 1021-1033, 1984), i t  was 
o f  i n t e r e s t  to  s tu d y  th e  e f f e c t  o f  c h ro n ic  h a lo p e r id o l tre a tm en t 
on th e  amounts o f  CCK re c e p to r s  in  th e s e  fo re b ra in  re g io n s . 
H a lo p e rid o l was ad m in is te re d  s . c .  (0 .5  m g/kg/day), i . p .  
( 2 .0  m g/kg/day) o r  v ia  osm otic  m ini pumps (e q u iv a le n t r a t e  to  
0 .1  m g/kg/day) to  groups o f  r a t s  f o r  24 h rs  o r  21 days. C on tro l 
groups re c e iv e d  0 .9 % s a l in e .  A ll an im als were s a c r i f i e d  24 h rs  
a f t e r  th e  l a s t  tre a tm e n t. In  v i t r o  CCK re c e p to r  rad io au to g rap h y  
was perform ed w ith  34 pM Nα[ 125I -  desam ino ty rosy l ] CCK-26-33, as  
p re v io u s ly  d e sc r ib e d  by Gaudreau e t  a l . , (Ann. N.Y. Acad. S c i , 
448, 198-219, 1985). Our d a ta  in d ic a te  th a t  n e i th e r  a c u te  nor 
c h ro n ic  (21 days) h a lo p e r id o l tre a tm e n t a l t e r s  CCK re c e p to r  
d e n s i t i e s  in  r a t  c in g u la te  c o r te x  (O p tic a l D en sity , 
c o n t r o l / t r e a te d :  0 .850 ± 0 .0 2 0 /0 .8 1 8  ± 0 .0 1 9 ) , fro n to -m ed ia l 
c o r te x  (0 .672 ± 0 .0 1 3 /0 .6 3 5  ± 0 .0 2 1 ) , o l f a c to ry  tu b e rc le s  
(0 .922  ± 0 .0 2 6 /0 .8 8 0  ± 0 .0 2 9 ) , nuc leus  accubens (0 .836  ± 
0 .0 5 5 /0 .8 1 0  ± 0 .034) and caudate-putam en (0 .880  ± 0 .0 4 0 /0 .7 9 9  ± 
0 .0 2 3 ) . These r e s u l t s  a re  a t  v a r ia n c e  w ith  th o se  re p o r te d  by 
Chang e t  a l . , (L ife  S c i . . 32 . 871-878, 1983) in  th e  g u inea  p ig , 
w here th e  maximal number o f  CCK re c e p to rs  was in c re a se d  in  th e  
o l f a c to ry  tu b e rc le s /n u c le u s  accumbens (29 ± 12%) ,  fro n to -m ed ia l 
c o r te x  (20 ± 8%) and a n t e r io r  c in g u la te  c o r te x  (21 ± 11%) . 
S p ec ies  d if f e re n c e s  cou ld  e x p la in  th e  observed  d is c re p a n c ie s .
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230.13 MODULATION OF ANGIOTENSIN II RECEPTOR EXPRESSION IN NEURONAL 
CULTURES BY PROTEIN KINASE C AGONISTS. C. Sumners, S.M. 
Fuentes*, F.T. Crews and M.K. Raizada*. Depts. of Physiology 
and of Pharmacology, Col l ege of Medicine, U niversity of F lo rid a , 
G ainesv ille , FL 32610.

In previous stud ies we have shown th a t s tim ulation  of 
alpha1-adrenergic  receptors (α1-R) by norepinephrine re s u lts  
in modulation of angio tensin  II recep tors  (AngI I -R), and a lso  
leads to  increased in o s ito l phospholipid hydro lysis. Since 
α1-R stim ulation  re s u lts  in ac tiv a tio n  of p ro te in  kinase C, 
these s tud ies led us to in v estig a te  a possib le  ro le  of th is  
enzyme in the regu lation  of AngI I -R expression . In the present 
study we have examined the e f fe c ts  of phorbol e s te rs  (PE) on 
AngI I -R in neuronal c u ltu re s . These drugs are pro te in  kinase C 
agonists and might be expected to mimic the e ffe c ts  of alpha1- 
adrenergic s tim ulation  on AngI I -R. Primary neuronal cu ltu res  
were prepared from the hypothalamus and brainstem of one day old 
Sprague-Dawley ra ts  as described previously (Sumners e t  a l . ,  Am. 
0. Physiol. 250, C236, 1986). C ultures were grown fo r 10-14 
days and consisted  of 75-80% neurons, with the remainder being 
non-neuronal c e l l s .  Binding of AngII to  neurons was assessed 
with the c e l ls  attached to the cu ltu re  d ish , using [ 125I]-AngII 
as the rad ioac tive  ligand (Raizada e t a l . ,  Brain Res. 297, 343, 
1981). Treatment of neuronal cu ltu res  with PE (500 ng/ ml ) fo r 
1-24 hours led to time dependent increases in [ 125I]-AngII spe
c if ic  binding (60-80%), which reached a maximum a t  4 hours. 
This increase was seen only with PE which stim ulate  p ro te in  
kinase C, i . e .  TPA (12-0-tetradecanoylphorbol - 13-acetate) and 
4-βPDD (phorbol 12,13 didecanoate) and not with inac tive  PE, 
e.g . 4-αPDD, and 4 -αPE. Incubation of cu ltu res  with d if f e r e n t 
concentrations of TPA or 4 -βPDD (1-1000 ng/ml) revealed th a t 
th e ir  stim ulatory action  on [ 125I]-AngII was dose dependent, 
with TPA being the more potent of the two. Maximal s tim ulation  
of [ 125I]-AngII binding was found a t 100 ng/ml (TPA) and a t 500 
ng/ml (4-βPDD). Saturation  and Scatchard analyses with TPA and 
with 4-βPDD (both a t  500 ng/ml, 4 h rs) revealed th a t both PE 
increase the number of AngII receptors with l i t t l e  e ffe c t on a f 
f in ity  (e .g . fo r TPA treatm ent: C ontrols, Bmax 164 fmol/mg pro
te in , Kd 1.26 nM; TPA, Bmax, 343 fmol/mg p ro te in , Kd, 2.06 nM).

In conclusion, p ro te in  kinase C agonists upregulate AngII 
receptors in neuronal c u ltu re s . These and o ther s tud ies suggest 
that phosphorylation may be important in the regu lation  of 
AngI I -R in neuronal c u ltu re s .

Supported by NIH gran ts NS-19441 and HL-33610.

230.14 INCREASED CORTICOTROPIN-RELEASING FACTOR (CRF) RECEPTORS IN RAT 
CEREBRAL CORTEX FOLLOWING CHRONIC ATROPINE TREATMENT. 
Errol B. De Souza and George B a ttag lia . Neuroscience Branch, ARC, 
National In s t i tu te  on drug Abuse, Baltim ore, MD 21224.

Recent anatomical and behavioral s tu d ies  have ind ica ted  
in te ra c tio n s  between CRF and acety lcho line  in the r a t  cerebral 
cortex  (Crawley e t  a l .  Peptides 6:891, 1985). S p ec if ic a lly , some 
b rain  stem cho linerg ic  neurons p ro jec ting  to  the fron tal cortex  
a lso  contain  CRF. In behavioral s tu d ie s , CRF in jec ted  in to  the 
r a t  fron tal cortex  does not i n i t i a t e ,  but s ig n if ic a n tly  in h ib i ts  
carbachol -induced "boxing" behavior. In ad d itio n , we have 
recen tly  found th a t  in Alzheim er's d isease , decreases in CRF-like 
immunoreactivity and recip rocal increases in CRF recep to r binding 
in  a ffec ted  cerebral c o rtic a l a reas c o rre la te  s ig n if ic a n tly  with 
decrements in choline acetyl tran sfe ra se  a c t iv i ty  (De Souza e t  a l .  
Nature 319:593, 1986). The present study was designed to  in v e s t i
gate the functional consequence of cho linerg ic  d e f ic ts  on the 
regu la tion  of brain  CRF neuronal a c t iv i ty .  Rats were chron ica lly  
tre a te d  with a trop ine su lfa te  (14 days, 20 mg/Kg/day s . c . ) and CRF 
recep to rs  and CRF-stimulated adenylate cyclase a c t iv i ty  were meas
ured in d isc re te  regions of b ra in . The e ffec tiv en ess  of the 
chronic a trop ine treatm ent was confirmed by demonstrating s ig n i f i 
can t increases in the concentration  (Bmax) of muscarinic ch o lin 
erg ic  recep to rs  as  measured by 3h- nMS binding s i te s  in  the 
fro n to p arie ta l cortex  (FPX) (30% increase) and hippocampus (20% 
increase) when compared to  s a lin e - tre a te d  control r a ts .  Chronic 
a trop ine  treatm ent did not a l t e r  the concentration  o f 125I- 
TyrO- r a t  CRF binding s i te s  in hippocampus, o lfac to ry  bulb, 
cerebellum , striatum  and brain  stem. In c o n tra s t , CRF recep to rs  
were s ig n if ic a n tly  increased in the FPX o f a tro p in e -tre a te d  r a t s  
(Bmax: 249 ± 18 fmol/mg p ro te in  mean ± SEM; n = 5) as  compared 
with saline-on jec ted  co n tro ls  (187 ± 6).  However, no s ig n if ic a n t 
changes in  the Vmax or EC50 of CRF-stimulated adenylate 
cyclase a c t iv i ty  were observed following a trop ine  treatm ent. In 
ad d itio n , a trop ine treatm ent had no e f fe c t  on the guanine nucleo
tid e  regu lato ry  p ro te in  (NS) or the c a ta ly tic  subunit a c t iv i ty  
as measured by GTP (100 uM)- and fo rsko lin  (100 uM)- stim ulated 
enzyme a c t iv i ty ,  re sp ec tiv e ly . In summary, our data demonstrate 
th a t  chronic a trop ine treatm ent r e s u l ts  in  se lec tiv e  increases in 
CRF recep to rs  in the cerebral cortex w ithout corresponding 
increases in CRF-stimulated cAMP production. These data suggest 
th a t  the newly synthesized CRF recep to rs: 1) have not y e t been 
fu n c tio n a lly  coupled to  the guanine nucleotide regu lato ry  pro te in  
(NS) 2) may rep resen t a subpopulation of recep to rs  th a t  are 
coupled to  an a lte rn a tiv e  second messenger, and/or 3) may 
rep resen t spare recep to rs . The data in d ica te  th a t  in te ra c tio n s  
between CRF and muscarinic recep to rs  may be of importance in 
regu la ting  cerebral co rtic a l a c t iv i ty ,  however, the functional 
consequence of th is  in te ra c tio n  remains to  be demonstrated.

230.15 CHARACTERIZATION OF AVP BINDING SITES IN THE VENTRAL 
SEPTAL AREA OF THE RAT BRAIN. P . P o u lin *  and  Q .J .  
P it tm a n . D e p t. o f  M e d ic a l P h y s io lo g y ,  U n iv e r s i t y  o f  
C a lg a ry , C a lg a ry , AB T2N 4N1, C anada .

A rg in in e  V a s o p re s s in  (AVP) m i c r o i n j e c t e d  i n t o  th e  
v e n t r a l  s e p t a l  a r e a  (VSA), b u t  n o t  o t h e r  n e a rb y  
re g io n s  o f  th e  r a t  b r a i n  e v o k e s  s e v e r e  m o to r 
d i s tu r b a n c e s ,  i n c lu d in g  b a r r e l  r o t a t i o n s  and  
m y o c lo n ic /m y o to n ic  m ovem ents. T h ese  A V P -induced  m o to r 
d is tu rb a n c e s  a p p e a r  t o  r e s u l t  from  an  i n t e r a c t i o n  o f  
AVP w ith  s p e c i f i c  r e c e p t o r s  i n  t h e  VSA and  in v o lv e  a 
" s e n s i t i z a t i o n "  p r o c e s s  w h e reb y  a f i r s t  e x p o s u re  t o  
AVP in c r e a s e s  th e  l i k e l i h o o d  o f  m ore s e v e r e  m o to r 
d is tu rb a n c e s  upon s u b s e q u e n t  AVP t r e a t m e n t .  The 
mechanism by w h ich  t h i s  s e n s i t i z a t i o n  p r o c e s s  o c c u r s  
i s  y e t  unknown, b u t  may be  r e l a t e d  t o  c h a n g e s  i n  
re c e p to r  p r o p e r t i e s .  To i n v e s t i g a t e  t h i s  p o s s i b i l i t y ,  
we have u t i l i z e d  r a d i o l i g a n d  b in d in g  s t u d i e s  t o  b e g in  
to  l o c a l i z e  and  c h a r a c t e r i z e  p u t a t i v e  AVP b in d in g  
s i t e s  in  th e  VSA. S u b c e l l u l a r  h om ogena te  f r a c t i o n s  
were p re p a re d  from  th e  VSA, l a t e r a l  sep tu m  (L S ), a s  
w e ll a s  th e  p r e v i o u s l y  s t u d i e d  h ip p o cam p u s. 
Homogenate f r a c t i o n s  w ere  in c u b a te d  i n  a  medium 
c o n ta in in g  T r is -H C l b u f f e r  (50  mM, pH 7 . 4 ) ,  3 mM 
MgC12, b o v in e  serum  album en  (1 m g/m l) b a c i t r a c i n  (1 
mg/ml) and v a r io u s  am oun ts o f  3H-AVP, AVP and  
membranes (5 0 -2 0 0  μ g / t u b e ) .  A f t e r  60 m in u te s  
in c u b a t io n  a t  22°C , t h e  r e a c t i o n  was t e r m in a te d  by  th e  
a d d i t io n  o f  5 ml s c o ld  T r is - H C l b u f f e r  an d  im m e d ia te ly  
f i l t e r e d  th ro u g h  Whatman GF/B f i l t e r s .  B in d in g  o f  
3H-AVP to  hom ogena te  f r a c t i o n s  was s a t u r a b l e ,  
te m p e ra tu re  and t im e  d e p e n d e n t ,  l i n e a r a l l y  r e l a t e d  t o  
p r o te in  c o n c e n t r a t i o n  and  r e v e r s i b l e .  S p e c i f i c  3H-AVP 
b in d in g  s i t e s  i n  VSA w ere  p r e f e r e n t i a l l y  l o c a t e d  in  
th e  s y n a p t ic  p la sm a  m embrane f r a c t i o n .  S c a tc h a r d  p l o t  
a n a ly s is  i n d i c a t e s  a hom ogeneous p o p u la t i o n  o f  b in d in g  
s i t e s  u n d e r t h e s e  c o n d i t i o n s  w i th  a n  a p p ro x im a te  Kd o f  
3 .5  nM. C om parab le  b in d in g  s i t e s  w ere  c h a r a c t e r i z e d  
in  th e  LS and  h ip p o c a m p u s , w i th  t h e  LS sh o w in g  th e  
h ig h e s t  c o n c e n t r a t i o n  o f  b in d in g  s i t e s .  3H-AVP 
s p e c i f i c  b in d in g  ra n g e d  b e tw ee n  30-65% o f  t o t a l  
b in d in g .

These d a t a  p r o v id e  t h e  b a s i s  f o r  f u r t h e r  
i n v e s t i g a t i o n s  e x a m in in g  p o s s i b l e  c h a n g e s  i n  r e c e p t o r  
p r o p e r t i e s  i n  t h e  VSA f o l lo w in g  p r e t r e a tm e n t  w i th  AVP.

P. P o u lin  was an  AHFMR S tu d e n t .  S u p p o r te d  by  MRC.

230.16 INACTIVATION BY PHENOXYBENZAMINE OF TACHYKININ BINDING SITES IN 
GUINEA-PIG BRAIN. M. T ib e r i * and J .  Magnan* (SPON: 
P .-A . L a v o ie ). Dép . de P harm acologie, Fac. de Méd ec in e , Univ. 
de Montréa l ,  Montréa l ,  Canada, H3C 3J7.

The a lp h a -a d re n e rg ic  a n ta g o n is t  Phenoxybenzamine (PBZ) i s  a 
r e l a t i v e l y  n o n -s e le c t iv e  a lk y la t in g  agen t which has been 
s u c c e s s fu l ly  used  to  c h a ra c te r iz e  d i f f e r e n t  types  o f r e c e p to rs  
( i . e .  dopam inerg ic, o p ia te :  Robson, L.E . and K o s t e r l i t z ,  H.W., 
P roc . R. Soc. Lond. B . ,  205:425-432, 1979). We have 
in v e s t ig a te d  th e  p o s s i b i l i t y  t h a t  PBZ m ight be a u s e fu l  to o l  to  
h e lp  in  th e  d is c r im in a tio n  o f th e  v a r io u s  p o s tu la te d  ta ch y k in in  
b in d in g  s i t e s .

3H -Substance P (SP) and 3H -E led o is in  (ELE) (New England 
N u clear, B oston) b o th  b ind  to  h ig h - a f f i n i t y  s i t e s  in  crude 
membrane p re p a ra tio n s  from th e  g u in e a -p ig  b r a in .  S catchard  
a n a ly s is  o f s a tu r a t io n  cu rves  re v e a l a  s in g le  c la s s  o f s i t e s  fo r  
SP w ith  an a p p a re n t KD o f 0 .68  ± 0 .07  nM and a s in g le  c la s s  of 
s i t e s  f o r  ELE w ith  a KD of 5 .0  ± 0 . 6  nM. PBZ (0 .1  to  32 μM) 
was p re - in c u b a te d  w ith  membranes a t  37°C fo r  20 min. A fte r  
e x te n s iv e  w ashing o f  th e  membranes to  remove excess u n reac ted  
PBZ, th e  s p e c i f ic  b in d in g  o f 3H-SP (1 nM) o r  3H-ELE (3 nM) 
was measured a t  25°C in  p resen ce  o f le u p e p tin  (2 μg /m l) , 
chym osta tin  (4 μg /m l) , b a c i t r a c in  (40 μg /m l) , MnCl 2 (3 mM) 
and bov ine  serum album in (0 . 1%).

R e s u lts  in d ic a te  th a t  PBZ produces a dose-dependan t d ec re ase  
in  th e  s p e c i f ic  b in d in g  o f bo th  3H-SP and 3H-ELE. IC50 
v a lu es  f o r  th i s  in h ib i t i o n  were 2.61  ± 0 .41  μM (n = 3) and 
5 .18  ± 1 .14  μM (n = 4) r e s p e c t iv e ly  fo r  th e  b in d in g  o f 3H-SP 
and 3H-ELE. The in a c t iv a t io n  produced by PBZ was n o t th e  
r e s u l t  o f  a d e c re a se  in  th e  a f f i n i t y  o f th e  lig a n d s  f o r  t h e i r  
r e s p e c t iv e  b in d in g  s i t e s  b u t r a th e r  was due to  a re d u c t io n  in  
th e  number o f a v a i la b le  s i t e s .  S tu d ie s  were th en  perform ed w ith  
u n la b e lle d  SP, ELE and o th e r  ta c h y k in in s  as  p ro te c t in g  agen ts  
a g a in s t  th e  in a c t iv a t io n  produced by PBZ to  t r y  and determ ine  i f  
th e  b in d in g  s i t e s  f o r  3H-SP and 3H-ELE could  be 
d i f f e r e n t i a l l y  p ro te c te d  from t h i s  a lk y la t io n .

The r e s u l t s  o f th e se  experim en ts p ro v id e  f u r th e r  ev idence  fo r  
th e  e x is te n c e  o f s e p a ra te ,  s e le c t i v e  b in d in g  s i t e s  f o r  3H-SP 
and 3H-ELE in  th e  g u in e a -p ig  b r a in .  The c a r a c t e r i s t i c s  o f 
th e se  m u l tip le  s i t e s  w i l l  a ls o  be d is c u sse d .

[Supported  by a g ra n t from th e  M edical R esearch  C ouncil o f 
Canada ( to  J .M .) and a F .R .S .Q . S tu d en tsh ip  ( to  M .T.) ] .
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230.17 RECEPTORS FOR THYROTROPIN-RELEASING HORMONE IN THE CNS: 
LACK OF A HIGH-AFFINITY BINDING SITE FOR THE ANALOG DN1417. 
E.F. Hawkins, R. Wade and W.K. Engel. USC Neuromuscular C enter, Los 
Angeles, Ca 90017 and CIBA-GEIGY, Horsham, Sussex, U.K.

Although TRH and its analog DN1417 both fac ili ta te  excitation  of spinal 
lower motor neurons (LMNs) in cordotom ized (T8-T9) ra ts , a more 
sustained response is produced by DN1417 (Beydoun e t a l. Ann Neurol. 
18:150, 1985), despite the much lower (m icromolar) affin ity  of the spinal 
TR H -receptor (assayed with [3H]M eTRH) for the analog (Hawkins and 
Engel, Life Sci. 36:601, 1985). Recently , Funatsu e t al (J. Neurochem. 
45:390, 1985) have claim ed identification  of a new TR H -receptor (TRH-R) 
in ra t limbic forebrain (LF) th a t binds DN1417 and TRH with high-affinity  
but does not bind MeTRH. Since such a site  could be responsible for the 
observed exc ita to ry  e ffec ts  of DN1417 (and TRH), we have a ttem p ted  to  
identify  this DN1417-high-affinity recep to r in ra t LF, lum bosacral spinal 
cord (LSC) and pyriform  cortex/am ygdala (PC/A), using recep to r assays 
w ith [3H] TRH and [3H] DN1417. Incubations with membrane suspensions 
of these tissues were perform ed for 2h a t  0°C in the presence of protease 
inhibitors (0.5mM EGTA, ImM iodoacetam ide, 180μ M bacitrac in) to 
minimize the peptide catabolism  found in the ir absence. Experiments were 
of two types, sa tu ra tion  and com petition isotherm s, and the da ta  were 
analysed by com puter program s (Lundon 1 and 2, Lundon Inc., Cleveland, 
OH). Saturation isotherm s with [3H] TRH (0.2-40nM) on PC/A and LF 
identified  only a single class of high-affinity  recep to r (PC/A:Kd=9±0.2nM, 
Bmax=93±6 fmol /m g ptn (n=2); LF:Kd=7±0.4nM, Bmax=27±3 fmol mg ptn 
(n=2) (mean± SEM). When the experim ents were repeated  with 
[3H] DN1417 and extended to  include all 3 CNS tissues, no saturable, high- 
affin ity  binding of the peptide was de tec ted . Using higher [3H]DN1417 
concentrations (up to  70 μ M, a low affin ity  s ite  was identified in PC/A 
(Kd=22±2 μM, n=2). C urrent studies are  examining w hether this represents 
DN1417 binding to the MeTRH recep to r. C om petition isotherm s were 
perform ed with LF and LSC, utiliz ing [3H] TRH a t 8nM and concentrations 
of unlabeled DN1417 from 5-6000 nM. The curves obtained with both 
tissues were monophasic (not biphasic for LF as found by Funatsu e t  al). 
Computed Ki values confirm ed the low -affin ity  of the binding site  for 
DN1417 a t 1 and 2.6 μ M respectively  for LF and LSC, values sim ilar to  
those obtained by us previously for DN1417 binding to  the [3H] MeTRH-R 
in PC/A and whole spinal cord (Hawkins and Engel, 1985). Thus, using the 
methods and tissues described here, we have been unable to identify  a 
DN1417-high-affinity recep to r th a t could be responsible for the neuro
tra nsm itter-like  exc ita to ry  ac tion  of DN1417 in the ra t  CNS. Our studies 
favor the view th a t the sustained spinal LMN exc ita to ry  response to  
DN1417 results from the low -affin ity  binding of the analog by a  single type 
of TRH-R, which also binds TRH and MeTRH but with high affin ity . 
(Supported by ALSA and the MDA)

HORMONAL CONTROL OF BEHAVIOR I

231.1 A POSSIBLE ROLE FOR VITAMIN D IN CONTROL OF A SEXUALLY DIMORPHIC 
NEURONAL OSCILLATOR IN WEAKLY ELECTRIC FISH. J .  Dye and C. K elle r. 
Neurobiology Unit, Scripps In s t . of Oceanog., La J o l l a , CA 92093 .

The pacemaker nucleus of the weakly e le c t r ic  f is h ,  
Apteronotus, is  a sen s itiv e  assay of neuromodulatory influences 
due to i t s  uniquely p recise  reg u la r ity  of d ischarge. In ad d itio n , 
the  behavioral and functional s ign ificance  of th is  s tru c tu re  is  
well understood. The medullary pacemaker nucleus con tro ls  the 
continuous, quasi-sinuso ida l e le c t r ic  organ discharge (EOD) of 
these  anim als. EOD frequencies vary among ind iv idua ls  and 
are segregated w ithin the sp ec ie s-sp ec ific  range (700 to  1200 Hz) 
by sex and age. Among sexually  mature ap te ro n o tid s , males have 
frequencies a t the high end of the spectrum and females a t the low 
end. These f is h e s ' EOD frequecies can be a lte re d  with implants of 
sex hormones; estrogen implants cause frequencies to  decline 
s ig n if ic a n tly  (Meyer,Leong & K e lle r,in  p re ss). That th is  is  a 
physio log ically  re levan t response is  ind ica ted  by both the  sexual 
appropria teness of the response and th a t s im ila r treatm ents with 
te s to s te ro n e  cause frequency drops in species where the sexual 
dimorphism is  reversed ( i . e .  in species where males are  of lower 
frequency than females; Meyer,J. comp. Physio l.,1982).

Despite these  suggestions of hormonal modulation of pacemaker 
frequency no sex hormone binding has been found in the pacemaker 
nucleus i t s e l f .  This negative evidence has l e f t  open the 
p o s s ib il i ty  th a t EOD frequency is  a lte re d  by a secondary agent 
which may be d ire c tly  a ffec ted  by estrogens. A ch ief candidate 
fo r th is  ro le  is  ( 1,25 )d ihydroxycholeca lc ife ro l, the active  form 
of vitamin D. The ra tio n a le  fo r suspecting th is  s te ro id  hormone 
l ie s  in i t s  documented control by estrogens in mammals and by 
immunohistochemical s tu d ies  done in Apteronotus which show high 
lev e ls  of vitamin D-dependent calcium binding p ro te in  in the 
pacemaker nucleus (M aler.Jande & Lawson, Br. R es .,1984).

We find th a t  100 ug implants of dihydroxy-vitamin D cause a 
s ig n if ic a n t decrease in EOD frequency comparable in degree and 
time course with th a t caused by e s tr a d io l .  Lower dosages seem to  
e l i c i t  declines in frequency only no ticeab le  in higher-frequency 
males. While the 100 ug dosages appear q u ite  high, they a re , in 
f a c t ,  sm aller than those used in e a r l ie r  sex hormone experiments 
which produce only moderate increases in serum lev e ls  of the 
hormone (Keller,Zakon & Sanchez,J. comp. Physio l.,1986 ). I t  
remains for us to  determine the serum e ffe c ts  of these  vitamin D 
im plants, both as regards e ffe c tiv e  leve ls  of the hormone and 
possib le  secondary consequences. N evertheless, th is  finding 
suggests a p o ss ib ile  in d irec t route fo r the control of pacemaker 
frequency by sex hormones and a neuromodulatory ro le  fo r 
dihydroxycholecalcifero l via vitamin D-dependent calcium binding 
p ro te in .

231.2 MELANOTROPIN IS ALTERED BY ACUTE AND CHRONIC SOCIAL STRESS 
IN LIZARDS

N. G reenberg , T . Chen* , and G. Vaughan*,
D epartm ent o f Zoology, U n iv e rs ity  o f Tennessee 

K n o x v ille , Tennessee 37996

The l i z a r d  A no lis  c a ro l in e n s is  ty p i c a l ly  has a g reen  body 
c o lo r .  However, when a male i s  " lo s in g "  in  an ep isode  of 
i n t r a s p e c i f i c  ag g re ss io n  and when p a r t i c ip a t in g  in  a 
su b seq u en tly  e s ta b l is h e d  s o c ia l  dominance h ie ra rc h y  as  a 
su b o rd in a te , i t  e x h ib i ts  body c o lo r  changes from green  to  
brown. The derm al m elanophores re s p o n s ib le  f o r  body c o lo r  
changes a re  known to  be devoid  o f sym pathetic  in n e rv a tio n  and 
a r e ,  th e r e f o r e ,  c o n tro l le d  by c i r c u la t in g  hormones. The 
a c t i v i t i e s  a s s o c ia te d  w ith  body c o lo r  change a re  s t r e s s f u l  in  
th e  sense  o f a d re n a l ca techo lam ine  and A CTH -corticosterone 
a c t iv a t io n  (G reenberg , Adv. V e r t . N eu ro e th o l. ,  Plenum P re s s , 
1983; G reenberg e t  a l . , Horm. and Behav. , 1984).

W hile th e s e  hormones can a f f e c t  body c o lo r ,  a p r in c ip a l  
hormonal in f lu e n c e  on m elanophores i s  th e  p i t u i t a r y  p e p tid e  
m e lano trop in  (MSH). To c l a r i f y  th e  p o s s ib le  r o le  of 
m e lano trop in  in  l i z a r d s  we employed radioimm unoassay to  
determ ine  i t s  c i r c u la t in g  le v e ls  im m ediately subsequen t to  th e  
r e s o lu t io n  o f an a g g re ss iv e  in t e r a c t io n  and s e v e ra l  hours 
l a t e r ,  as  s o c ia l  dominance r e la t io n s h ip s  were being 
c o n s o lid a te d .

Blood sampled from l i z a r d s  w ith in  f iv e  m inutes o f "w inning" 
a  f ig h t  had m elano trop in  le v e ls  s ig n i f i c a n t ly  reduced from th a t  
o f c o n tro l  an im als w h ile  " lo s e r s "  had on ly  s l i g h t ly  e le v a te d  
l e v e l s .  S ev e ra l hours l a t e r ,  however, m elano trop in  le v e ls  o f 
s o c ia l  dom inants (fo rm er w inners) was s im i la r  to  c o n tro l  
v a lu e s , w h ile  t h a t  o f s u b o rd in a te s  (fo rm er lo s e r s )  was 
s ig n i f i c a n t ly  e le v a te d .

The b e h a v io ra l concom m itants o f m e lano trop in  e le v a tio n  
observed  in  o th e r  sp e c ie s  in c lu d e  enhanced a t t e n t io n  and a re  
c o n s is te n t  w ith  th e  b ehav io r observed in  w inning/dom inant and 
lo s in g /s u b o rd in a te  l i z a r d s .  F u r th e r , one cou ld  p o s tu la te  an 
a d a p tiv e /s u rv iv a l  v a lu e  fo r  a body c o lo r  change in  s u b o rd in a te  
an im a ls , known to  s e le c t  low er p e r c h - s i t e s  th a n  dom inants.
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231 3 SEX DIFFERENCES IN THE MONOAMINE CONTENT OF THE PREOPTIC- 
HYPOIHALAMIC AREA IN THE RING DOVE. S.R . B arc lay  and M .-F. Cheng. 
I n s t i t u t e  o f  Animal B ehav io r,R u tge rs  U niversity ,N ew ark ,N J 07102.

The p reo p tic -h y p o th a lam ic  a re a , which c o n t ro ls  sexual b ehav io r 
and th e  p a t te r n  o f  gonado trop in  s e c r e t io n ,  i s  s e x u a l ly  
d i f f e r e n t ia te d  by gonadal hormones d u rin g  c r i t i c a l  p e r io d s  in  
developm ent. S ince  monoamines a re  invo lved  in  p ro c e sse s  m ed ia ting  
gonadotropin  s e c r e t io n  and sexual b e h a v io r , we examined t h i s  b ra in  
reg ion  fo r  sex d if f e re n c e s  in  monoamine c o n te n t. In  a d d i t io n ,  th e  
e f f e c t  o f  gonadectomy on monoamine c o n ten t was determ ined .

The monoamine co n ten t o f  fo u r b ra in  r e g io n s  was determ ined  by 
h igh-perform ance l iq u id  chrom atography w ith  e lec tro c h e m ic a l 
d e te c tio n . The a re a s  were th e  p re o p tic -h y p o th a lam ic  a re a  (HYP), 
the s tr ia tu m  (STR) c o n ta in in g  th e  p a r a o lf a c to ry  lobes  and 
h y p e rs tr ia tu m , th e  n e o s tr ia tu m  (NS) c o n ta in in g  th e  a r c h is tr ia tu m  
and n eo s tr ia tu m , and th e  o p tic  lobes  (OL). The minimal d e te c ta b le  
le v e l was 100 pg fo r  each  p rim ary  amine and i t s  m ajor m e ta b o lite :  
no rep ineph rine  (NE), and norm etanephrine  (NME); dopamine (DA), 
d ihyd roxypheny lace tic  a c id  (DOPAC) and h om ovan illic  a c id  (HVA); 
se ro to n in  (5HT), and 5 -h y d ro x y in d o leace tic  a c id  (5HIAA).

Most o f th e  s ig n i f i c a n t  sex d if f e re n c e s  were found in  th e  HYP. 
There were s ig n i f i c a n t ly  h ig h e r  le v e ls  o f  NE, DA, and 5HT in  th e  
fem ale 's  HYP compared to  th e  m a le 's  HYP. No s ig n i f i c a n t  d if f e re n c e s  
were found in  th e  HYP co n te n t o f  m e ta b o l i te s . A lso , h ig h e r  le v e ls  
o f 5HT in  th e  OL, and NE in  th e  NS, and low er le v e ls  o f  DA in  th e  
STR, were found in  th e  fem ale compared to  th e  m ale.

Another s ig n i f i c a n t  sex d if f e re n c e  was th e  e f f e c t  o f  gonadectomy 
on monoamine c o n te n t. O variectom y r e s u l t s  in  an in c re a se d  co n ten t 
o f DA in  th e  HYP, and a d ec reased  co n te n t o f  DA in  th e  OL. 
C a s tra tio n  r e s u l t s  in  an in c re a se d  c o n te n t o f  NE and 5HT in  th e  
HYP and OL. The c a s t r a te d  m a le 's  HYP monoamine co n ten t i s  
s im ila r  to  th e  monoamine c o n te n t in  th e  i n t a c t  f e m a le 's  HYP, 
suggesting  th a t  c i r c u la t in g  le v e ls  o f  androgen in  th e  i n t a c t  male 
r ing  dove c o n t r ib u te , in  p a r t ,  to  th e  observed sex d if f e re n c e s  in  
th i s  a rea .

I t  can be concluded from t h i s  s tudy  th a t  th e r e  a re  sex 
d iffe re n c e s  in  th e  monoamine co n te n t in  th e  p re o p tic -h y p o th a lam ic  
area  in  th e  r in g  dove. That monoamine c o n te n t in  t h i s  b ra in  a re a  
is  responsive  to  changes in  plasm a le v e ls  o f  gonadal hormones i s  
p a r t ic u la r ly  i n t e r e s t i n g  in  view  o f  our p rev io u s  f in d in g  th a t  male 
co u rtsh ip  behav io r i s  m odulated by th e  n o ra d re n e rg ic  system . This 
suggests th a t  th e  e f f e c t  o f  androgens on m onoaminergic a c t i v i t y  in  
the b ra in  may p la y  an im portan t r o le  in  th e  ex p re ss io n  o f  male 
co u rtsh ip  beh av io r.

231. 4 ACTIVATION OF MALE AND FEMALE SEXUAL BEHAVIOR WITH 
INTRACRANIAL SEX STEROID IMPLANTS IN THE JAPANESE QUAIL. 
James. T. Watson, Franses Teunis*, Arnaldo-Valedon*, and Elizabeth Adkins-Regan. 
Field of Neurobiology and Behavior and Department of Psychology, Cornell 
University, Ithaca NY 14853.

The Japanese Quail (Coturnix japonica) is an ideal model for studying the 
behavioral effects of sex steroid hormones. Treatment with testosterone propionate 
(TP) restores normal copulatory, courtship, and crowing behavior as well as cloacal 
foam gland development in castrated adult male quail. Estradiol benzoate (EB) 
treatment of male castrates activates male copulatory behavior as well as female 
receptivity, but does not activate courtship or crowing (Adkins & Pniewski, J. Comp. 
Physiol. Psychol., 92: 1169, 1977). Recent steroid autoradiographic studies by this 
lab have shown discrete populations of E-, T-, and dihydrotestosterone (DHT)- 
concentrating cells in the quail brain (Watson & Adkins-Regan, Soc. Neurosci. Abs., 
11: 740, 1985). Intracranial implantation of minute amounts of sex steroids has been 
undertaken to examine the behavioral roles of the steroid-binding cell populations 
revealed by autoradiography, and to determine the neuroanatomical basis of the 
specificity of steroid effects on behavior.

Experimental subjects were adult, castrated, male quail, chosen for high 
sexual activity in pretests with hens. Subjects were implanted according to the method 
of Morgantaler and Crews (Horm. Behav., 11: 61, 1978). The subjects were 
anesthetized with Forane and placed in a Kopf stereotaxic modified for quail. 21 g 
steel cannulae were used to place pellets consisting of EB, TP, or cholesterol (Chol) 
mixed with charcoal and bone wax into sites in the brain. Following implantation, 
subjects were pair-tested for social behaviors on alternate days with intact male and 
female quail for two weeks, and tested twice for vocalizations in a recording cage. 
After the last behavior test, subjects were anesthetized heavily, perfused, and checked 
for testicular remnants. Their brains were removed, post-fixed, embedded in 
albumin-gelatin, sliced at 40 μm, stained with cresyl violet, and examined to 
determine location of implants.

EB implants in the preoptic area (POA) consistently activated male copulatory 
behavior, including head-grabs, mounts, and cloacal contact movements, without 
concomitant activation of female-typical receptivity. EB implants in posterior 
hypothalamic area (PHA) stimulated female-typical receptivity, without activating male 
copulatory behavior. EB implants in adjacent nuclei which contain E-concentrating 
cells, the periventricular nucleus (PVN) and the lateral septal nucleus (LS), had no 
effect on male or female copulatory behavior. Control implants of EB into a brain 
region which contains no E-concentrating cells, lobus parolfactorius (LPO), and Chol 
implants into POA did not activate copulatory behavior. In agreement with Barfield's 
findings in the fowl (Horm. Behav., 1: 37, 1976), TP implants in the preoptic area 
consistently activated male copulatory behavior without stimulating crowing, 
strutting, or foam gland development. TP implants in adjacent nuclei containing T- 
concentrating cells, PVN, LS, PHA, and lateral forebrain bundle area, did not activate 
male or female copulatory behavior.

These results are the first report of the neuroanatomical localization of sites 
responsible for estrogen activation of male and female copulatory behavior in a bird. 
The similarity of POA-EB and POA-TP activation of male sexual behavior is 
consistent with the hypothesis that POA neurons aromatize T to E and E directly 
stimulates cellular processes leading to behavioral activation. Further studies are 
planned using aromatase inhibitor implants into the POA, and EB, TP, and DHTP 
implants into other forebrain and midbrain regions. Supported by NSF BNS84- 12083

231.5 CYTOSOL AND NUCLEAR ESTROGEN RECEPTORS IN THE MALE ZEBRA FINCH 
BRAIN. Michael J .  W alters and Cheryl F. Harding. Biopsychology 
Program, Hunter College, CUNY, New York, NY 10021.

There is a growing body of evidence which ind ica tes  th a t 
estrogens play an important ro le  in the a c tiv a tio n  o f many male 
zebra finch behaviors, including sp ec ie s-sp ec ific  vocaliza tions 
which are used to court fem ales. In the present study, we used 
a sensitive  in v itro  binding assay to  d e tec t the presence of 
estrogen receptors in various hypothalamic and vocal control 
nuclei.

Saturation assays were f i r s t  performed on cytosol from the basal 
hypothalamus-preoptic area (BH-POA) of c a s tra ted  males. Aliquots 
of cytosol were incubated with varying concentrations of 
3H-estradiol (0.01 - 2.7 nM) in the presence and absence of a 
100-fold molar excess of unlabeled DES. Scatchard analy sis  
indicated th a t estrogen recep tor binding in BH-POA cytosol was 
saturable and th a t only a s in g le , high a f f in i ty  component was being 
measured (Kd = 0.31 ± 0.06 nM, Bmax = 7.2 ± 0.6 fmol/mg p ro te in ) . 
Competition s tud ies ind icated  th a t  the assay was sp ec ific  for 
estrogen recep tors.

Individual nuclei from c a s tra ted  finches were m icrodissected 
from 0.2 mm th ick  frozen sec tio n s . Cytosol fra c tio n s  were then 
incubated with 1 nM 3H -estradiol in the presence and absence of 
100 nM unlabeled DES. Estrogen recep tors  were detected  in a ll  
hypothalamic nuclei examined: the preoptic  area (POA), the p e ri
ven tricu lar nucleus (PVM), and the infund ibu lar region (INF). 
Concentrations of bound 3H-e s tra d io l ranged from 4.0  fmol/mg 
protein in INF to 11.5 fmol/mg pro tein  in PVM. Low but s ig n if ic a n t 
receptor leve ls  were a lso  apparent in four of the five  vocal 
control nuclei examined: the magnocellular nucleus of the neo
striatum , (MAN), the caudal portion of the ventra l hyperstriatum  
(HVc), the robust nucleus of the a rch istria tu m  (RA), and the 
dorsomedial region of the in te rc o l l ic u la r  nucleus (ICo). Bound 
3H-estradiol lev e ls  ranged from 0.9 fmol/mg pro tein  in RA and HVc 
to 2.3 fmol/mg pro tein  in MAN and ICo. No sp ec ific  3H -estradio l 
binding was observed in Area X o f the paro lfac to ry  lobe.

Since we have subsequently found evidence of s ig n if ic a n t lev e ls  
of c ircu la tin g  e s trad io l in c a s tra ted  m ales, nuclear exchange 
assays were performed on BH-POA e x tra c ts  from c a s tra te s .  
Preliminary evidence in d ica tes  th a t  sa tu rab le , high a f f in i ty  
binding is  present in p u rif ied  nuclear ex tra c ts  obtained from 
castra ted  males (Kd = 0.43 nM, Bmax = 250.8 fmol/mg DNA).

These data suggest th a t  c a s tra ted  male zebra finches s t i l l  
possess su b stan tia l pools of endogenous estrogen which may account 
for the low lev e ls  of 3H-estrogen binding observed in cytosol 
receptor assays and autoradiographic s tu d ie s .

231.6 DOPAMINERGIC REGULATION OF MALE RAT COPULATORY BEHAVIOR: RELATIVE 
ROLES OF PRE- VS POSTSYNAPTIC DOPAMINE RECEPTORS IN THE MEDIAL 
PREOPTIC AREA. D. Bi tr a n * ,  G. Holmes*, E. H u ll, & K. L ook ing land . 
D ept. P sychology, S ta te  U niv. New York a t  B u ffa lo , A m herst, NY 
14226, and D ept. Pharm acol. T o x ic o l.,  M ichigan S ta te  U n iv ., E ast 
L ansing , MI 48224.

D opaminergic in f lu e n c e  on male r a t  c o p u la to ry  beh av io r i s  w e ll 
documented. D isagreem ent e x i s t s ,  how ever, as to  th e  proposed mech- 
an ism (s) by which dopamine (DA) a g o n is ts  a f f e c t  sex u a l perform ance. 
Improved sex u a l fu n c t io n  has r e s u l te d  from system ic  a d m in is tra tio n  
o f DA re c e p to r  a g o n is ts .  Because th e  doses th a t  f a c i l i t a t e  copu la
to ry  b eh a v io r a re  low er than  th o se  th a t  e l i c i t  s te re o ty p y  (a DA 
p o s ts y n a p tic  e f f e c t )  some re s e a rc h e rs  have proposed th a t  th e  f a c i l -  
i t a t i v e  e f f e c t s  o f low doses of DA a g o n is ts  r e s u l t  from p re fe re n 
t i a l  a c t iv a t io n  of p re s y n a p tic  a u to re c e p to r s . By c o n t r a s t ,  we have 
re c e n tly  re p o rte d  th a t  m ic ro in fu s io n s  of apomorphine (APO) in to  th e  
l a t e r a l  v e n t r i c l e  (LV) o r m edial p re o p tic  a re a  (MPO) a f fe c te d  
sex u a l behav io r in  a b ip h a s ic  dose-dependen t fa sh io n : low doses 
in h ib i te d ,  h ig h e r  doses f a c i l i t a t e d  many of th e  same co p u la to ry  

- param ete rs  (H ull e t  a l . ,  B ra in  R es. ,  370:73 , 1986). We h ypo thesized  
th a t  th e  low er doses im paired  c o p u la tio n  by s tim u la t in g  au to recep 
to r s  p r e f e r e n t i a l l y ,  w h ile  f a c i l i t a t i o n  was m ediated  by postsynap 
t i c  re c e p to r  a c t iv a t io n .

In  o rd e r  to  c l a r i f y  th e  ro le  o f p re s y n a p tic  DA re c e p to rs  in  male 
co p u la to ry  b eh a v io r , we in fu sed  6-OHDA in to  th e  MPO a f t e r  p r e t r e a t 
ment w ith  desip ram ine  ( to  sp a re  n o rad re n e rg ic  te r m in a ls ) . Compared 
to  sham c o n t r o ls ,  no d if f e re n c e s  were found in  th e  co p u la to ry  be
h a v io r  o f 6-OHDA-treated m ales . B iochem ical a n a ly s is  (HPLC-ED) 
rev ea led  a sm all (23%) b u t s ig n i f i c a n t  DA d e p le tio n  in  th e  MPO. 
DOPAC le v e ls  were unchanged su g g es tin g  th a t  th e  system  had compen
sa te d  fo r  th e  DA d e p le tio n  by in c re a s in g  tu rn o v e r .

We hyp o th esized  th a t  f u r th e r  in h ib i t i o n  of DA s y n th e s is  in  
6-OHDA-treated m ales would r e s u l t  in  c o p u la to ry  d e f i c i t s .  Indeed , 
a regim en of AMPT which d id  n o t a f f e c t  c o p u la to ry  b ehav io r in  
normal m ales produced d e f i c i t s  in  6-OHDA-treated m ales.

The f i n a l  experim en ts te s te d  w hether 6-OHDA had a l te r e d  th e  
b ip h a s ic  d o se-resp o n se  curve  o f APO found in  i n t a c t  m ales . Removal 
of p re s y n a p tic  r e c e p to r s  by 6-OHDA should  a t te n u a te  th e  im pairm ent 
produced by low doses o f APO. C onversely , s u p e r s e n s i t i v i ty  of p o s t
s y n a p tic  r e c e p to r s  should  enhance APO's f a c i l i t a t i v e  e f f e c t s .  
Indeed , th e se  r e s u l t s  were observed . In  c o n tro l m ales a v e ry  low 
dose o f APO (100 ng) in  th e  MPO s ig n i f i c a n t ly  reduced e ja c u la t io n  
frequency ; in  6-OHDA m ales no such in h ib i t i o n  occured . The a t te n u a 
t io n  o f sex u a l beh av io r p re v io u s ly  found w ith  200 ng APO in  th e  LV 
of norm als was n o t observed in  6-OHDA m ales. The f a c i l i t a t i v e  
e f f e c t s  o f 500 ng APO in  MPO o r LV were n o t a l t e r e d  by 6-OHDA.
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231.7 OPIATE REGULATION OF MALE SEX BEHAVIOR IN THE RAT: EFFECTS OF 
MORPHINE AND NALOXONE INFUSED INTO THE MEDIAL PREOPTIC AREA 
L. Band*, R. W arner*, E. Pehek*, D. B itra n * , G. Holmes* and 
E. H ull (SPON: C. Smith) SUNY a t  B u ffa lo , B u ffa lo , NY 14260

Both c l i n i c a l  and ex p e rim en ta l ev idence in d ic a te s  th a t  o p ia te s  
p lay  an in h ib i to ry  ro le  in  male sex b eh a v io r . However, because 
s tu d ie s  conducted to  d a te  have employed sy stem ic , i n t r a th e c a l  or 
in t r a v e n t r i c u la r  a d m in is tr a tio n  o f a g o n is ts  and a n ta g o n is ts ,  
s p i c i f i c  s i t e s  of a c t io n  have n o t been determ ined . The p re s e n t 
s tu d ie s  in v e s t ig a te d  th e  ro le  of an o p ia te  system  w ith in  th e  
m edial p re o p t ic  a re a  (MPOA) in  th e  re g u la t io n  of sex beh av io r in  
male r a t s .

Male r a t s  were im planted  w ith  in d w e llin g  cannu lae  p o s it io n e d  
1.0mm above th e  l e f t  MPOA and w ith in  th e  r ig h t  l a t e r a l  v e n t r i c l e  
(LV). Each weekly b e h a v io ra l t e s t  was preceded by an in fu s io n  of 
m orphine s u l f a t e  (0 , .2 , .5 or 2ug) in  .5 u l s a l i n e  v e h ic le  in to  
one of th e  two cannu la s i t e s .  F ive  m inutes fo llo w in g  each in fu 
s io n , m ales were p laced  w ith  a re c e p tiv e  fem ale and sex b ehav io r 
was observed . Using an id e n t ic a l  p ro ced u re , a second group of 
m ales were im planted  w ith  cannu lae and re c e iv e d  in fu s io n s  of 
naloxone h y d ro ch lo r id e  (0 , .2 , .5 o r lug) in  .5 u l s a l in e  v e h ic le .  
B ehav io ra l te s t in g  began f i f t e e n  m inutes fo llo w in g  each in fu s io n .

The .5 and 2ug doses o f m orphine in fu sed  in to  th e  MPOA reduced 
e ja c u la t io n  frequency  w h ile  th e  2ug dose in c re a se d  th e  p o s te ja c u -  
la to ry  i n t e r v a l .  These e f f e c t s  r e f l e c te d  a c e s s a t io n  of copu la
t i o n .  The lug dose of naloxone in fu sed  in to  th e  MPOA sho rtened  
e ja c u la t io n  la te n c y  and th e  p o s te ja c u la to ry  in t e r v a l .  The .5ug 
dose of morphine in fu sed  in t r a v e n t r i c u la r ly  leng thened  th e  i n t e r -  
c o p u la to ry  in t e r v a l  and reduced co p u la to ry  e f f i c ie n c y .  Both of 
th e se  e f f e c t s  may have been r e l a te d  to  in c re a se d  m ounting. I n t r a 
v e n t r i c u l a r  in fu s io n s  of naloxone produced no b e h a v io ra l change.

The opposing e f f e c t s  o f morphine and naloxone in fu sed  in to  th e  
MPOA on m easures o f c o p u la to ry  r a t e  in d ic a te  th a t  o p ia te s  endog
enous to  th i s  s t r u c tu r e  p lay  an in h ib i to ry  ro le  in  th e  re g u la t io n  
o f male sex b eh a v io r. F u r th e r  re se a rc h  i s  needed to  c l a r i f y  th e  
s i t e s  of a c tio n  fo r  th e  e f f e c t s  of in t r a v e n t r i c u la r ly  in fu sed  
o p ia te s .

231.8 ACTIVATION OF PENILE REFLEXES BY TESTOSTERONE IN RATS MAY NOT 
DEPEND ON PROTEIN SYNTHESIS. B. D. Sachs, R. E. Leipheimer*, and 
R. L. M eisel. Dept. of Psychology, U-20, Univ. of Connecticut, 
S to rrs , CT 06268.

In two se ts  of s tud ies we investigated  whether some behavioral 
e f fe c ts  of te sto ste ro n e  (T) might occur through rapid neuronal 
mechanisms not dependent on pro te in  syn thesis . Such short-la tency  
behavioral e ffe c ts  of progesterone (e .g . ,  sexual re c e p tiv ity  in 
ovariectomized female ra ts )  and o ther s te ro id s  have been 
described , but the latency of behavioral response to  T has been 
slow. For example, in long-term cas tra ted  male r a ts ,  re s to ra tio n  
of copulatory behavior is  measured in days, and re s to ra tio n  of 
pen ile  re flex es  in hours. These la ten c ies  are consis ten t with the 
assumption th a t p ro te in  synthesis in neurons underlies these 
e f fe c ts  of T. However, e lectrophysio log ica l s tud ies of the brain 
suggest the p o ten tia l fo r cen tra l neural e ffe c ts  of T measured in 
seconds or minutes, probably too f a s t  to  be accounted fo r by 
p ro te in  syn thesis . We inquired whether more sen s itiv e  measures 
of penile  re fle x  a c t iv i ty  might reveal sho rt-la ten cy  ac tiv a tio n  
by T, and also  investigated  the e ffe c ts  of p ro te in -syn thesis  
in h ib itio n  on the ac tiv a tio n  of penile  re flex es  by T. Tests for 
penile  re flex es  occurred with the male re s tra in ed  in supine 
position  with the penile  sheath re tra c te d .

In one study we monitored the penile  re flex es  of long-term 
c a s tra ted  ra ts  v isu a lly  and by EMG recordings from e lectrodes 
ch ron ica lly  implanted in the bulbocavernosus muscles (mBC). Tests 
s ta r te d  immediately a f te r  in jec tio n  of o il vehicle or of 250 ug T 
im (in to  th igh) and 250 ug T propionate sc, and te s t s  continued 
fo r 30 min a f te r  in jec tio n . Almost a l l  v is ib le  penile  responses 
were associated  with mBC b u rs ts , but many mBC bursts were 
accompanied only by tw itching of the mBC, v is ib le  under the shaved 
sc ro ta l sk in . Mean latency from sheath re tra c tio n  to f i r s t  EMG 
burs t was s ig n if ic a n tly  sho rte r a f te r  T than a f te r  o il  in jec tio n . 
Several males displayed EMG and pen ile  responses w ithin 6-8 min 
a f te r  T in je c tio n , a speed suggestive of a mechanism of s tero id  
action  o ther then pro te in  syn thesis .

In a separate  se t of s tu d ie s , anisomycin was in jec ted  into 
c as tra ted  ra ts  in doses and a t in te rv a ls  s u ff ic ie n t to  in h ib it 
p ro te in  synthesis by an estim ated 80% for about 6-8 h r. Anisomycin 
did not delay the re s to ra tio n  of re flex es  by in jec tio n  of T, did 
not in te rfe re  with the maintenance of re flexes  by sc-implanted 
S i la s t ic  capsules f i l l e d  with T, and did not acce le ra te  the 
decline in re flex es  a f te r  removal of the capsules. Therefore, 
p ro te in  synthesis may not be c r i t i c a l  to  the ro le  of T in 
a c tiv a tin g  penile re flex es  in the r a t .

(Supported by NIH grants HD-08933 to  BDS and HD-21478 to  RLM.)

231.9 OLFACTORY BULB REMOVAL DISRUPTS MASCULINE AND FEMININE 
REPRODUCTIVE BEHAVIOR IN MALE RATS. A.R. Lumia*, F .E . Solomon*, 
M.Y. M cGinnis*, B.D. S achs . (SPON: M. W ilson ), Psychology 
D epartm ent, Skidmore C o lleg e , S ara toga  S p rin g s , NY 12866,

B i l a te r a l  o lf a c to ry  bulbectom y has been shown to  d is ru p t  
m ascu line sex u a l b ehav io r and dec re a se  androgen re c e p to r  b ind ing  
in  th e  amygdala and hypothalam us in  m ales (Lumia, Zebrow ski, 
and McGinnis (1984) S o c ie ty  fo r  N euroscience 10 :826 ), In  c o n t r a s t ,  
o l f a c to ry  bulbectom y in  fem ales f a c i l i t a t e s  fem in ine sex u a l 
b ehav io r and i s  c o r r e la te d  w ith  in c rea sed  am ygdaloid es tro g e n  
re c e p to r  b ind ing  (McGinnis, Lumia, and McEwen (1985) B rain  R es, 
334, 19-25 ), The p re s e n t experim ent was undertaken  to  f u r th e r  
in v e s t ig a te  th e  ro le  of th e  o lf a c to ry  b u lb s  on gonadal s te r o id  
r e c e p to r  b in d in g  and co p u la to ry  b eh a v io r.

In  th i s  s tudy  we examined th e  r e la t io n s h ip  among o lf a c to ry  bulb  
rem oval, gonadal s te r o id  re c e p to r  b in d in g , and fem ale and male 
b e h a v io rs . S exually  experienced  male r a t s  were e i th e r  b u lb e c t-  
omized (BOB) o r sham o p era ted  (Sham), c a s t r a te d  and im planted  w ith  
e i th e r  10% o r 100% (10mm) e s tro g e n  f i l l e d  s i l a s t i c  c a p su le s . 
Animals were then  p a ire d  w ith  a s e x u a lly  v ig o ro u s  male and given 
a s e r ie s  of fo u r t e s t s ,  one every  th i r d  day , fo r  fem ale sex u a l 
b eh a v io r . Two t e s t s  were g iven  w ith  e s tro g e n  a lo n e  (E) o r in  
com bination  w ith  p ro g es te ro n e  (P , 500ug) on a l t e r n a t in g  t e s t s .  
Animals were then  te s te d  fo r  male co p u la to ry  a c t i v i t y  w ith  a 
se x u a lly  re c e p tiv e  fem ale. Males were te s te d  w ith  es tro g e n  a lone  
or in  com bination  w ith  d ih y d ro te s to s te ro n e  (DHT, two 100% 10mm 
s i l a s t i c  c a p s u le s ) ,

Our f in d in g s  dem onstra te  th a t  bu lbectom ized m ales d is p la y  
s ig n i f i c a n t  decrem ents of a l l  components of male co p u la to ry  
b eh a v io r; only  3/12 BOB m ales ach ieved  e ja c u la t io n .  The 
m agnitude o f th e  co p u la to ry  d e f i c i t s  was u n a ffe c te d  by hormonal 
tre a tm e n t. In  c o n t r a s t ,  Sham o p e ra te s  showed h igh  le v e ls  of 
e ja c u la t io n  th rough a l l  t e s t s ,  BOB m ales d isp la y ed  le s s  fem inine 
sex u a l beh av io r than  d id  Sham o p e ra te s . For BOB m ales th e re  was 
a f a c i l i t a t i v e  e f f e c t  of p ro g es te ro n e  and rep e a te d  t e s t i n g .  BOB 
m ales g iven  E + P d isp la y ed  LQs s im i la r  to  Sham o p e ra te s . In  sum, 
E a lone  o r in  com bination  w ith  DHT i s  in e f f e c t iv e  in  re v e rs in g  
th e  BOB male co p u la to ry  d e f e c ts .  In  c o n t r a s t  to  BOB fem ales , E 
d id  n o t f a c i l i t a t e  lo rd o s is  in  BOB m ales . However, i t  i s  
in t e r e s t i n g  to  n o te  th a t  BOB m ales were re sp o n s iv e  to  P.

Assay d a ta  a re  p re s e n t ly  being  com piled and e v a lu a te d ,
(S upported by a g ra n t from THE FREED FOUNDATION to  A, R, Lum ia).

231.10 HYPOTHALAMIC ANDROGEN RECEPTORS: EFFECTS OF CASTRATION AND 
HORMONE REPLACEMENT. N.G. Simon, M.P. P e r r y * , and L. E. 
H anninen*. D ept. o f  Psychology, Lehigh U n iv e rs ity , 
Bethlehem, PA 18105.

Changes in  th e  c o n c e n tra t io n  o f androgen re c e p to rs  (AR) 
have been no ted  in  p e r ip h e ra l ta r g e t  t i s s u e s  as a 
consequence o f  c a s t r a t io n .  Follow ing a sh o r t- te rm  in c re a se  
24-48 h r a f t e r  gonadectomy (due to  th e  d e p le tio n  o f 
endogenous s t e r o i d s ) ,  r e c e p to r  le v e ls  re p o r te d ly  d e c lin e  to  
u n d e te c ta b le  amounts in  androgen-dependent t i s s u e s  ( e .g . ,  
sem inal v e s ic le s ,  ep id idym is) and r e tu rn  to  normal le v e ls  
fo llo w in g  androgen rep lacem ent th e rap y . Whether th i s  same 
p a t te rn  o f change occurs in  n eu ra l ta r g e t  t i s s u e s ,  however, 
rem ains undeterm ined. This q u es tio n  i s  o f  i n t e r e s t  s in c e  a 
com parable d ec re a se  in  th e  b ra in  might p a r t i a l l y  ex p la in  th e  
r e l a t i v e  r e f r a c to r in e s s  o f  long -term  gonadectom ized m ales to  
th e  b e h a v io r -a c t iv a t in g  e f f e c t s  o f  s t e r o id  s tim u la t io n .

CF-1 male mice were m a in ta ined  in  th e  la b o ra to ry  in  
accordance w ith  F edera l g u id e lin e s  f o r  anim al c a re . They 
were gonadectom ized w h ile  a n e s th e tiz e d  w ith  nem butal between 
55-65 days o f  age. F o rty  days l a t e r ,  h a l f  began re c e iv in g  
d a i ly  in je c t io n s  o f  300 ug te s to s te ro n e  (Long-term  + T) and 
h a l f  were g iven o i l  v e h ic le  on ly  (Long-term  + O il) .  
T reatm ents were con tinued  fo r  10 days and hypothalam ic AR 
were assayed  (h y d ro x y la p a tite  method) u s in g  a 1-p o in t  
p rocedu re  (nom inal dose -  5nM) 48 h r a f t e r  th e  l a s t  
in j e c t io n .  C on tro l m ales were c a s t r a te d  a t  approx im ate ly  115 
days o f  age and AR were measured 48 h r l a t e r .

S p e c i f ic  AR b in d in g  in  c o n tro l m ales was 6 . 8 ±. 29 fmol/mg 
p ro te in  (6 r e p l ic a t io n s ) .  In c o n t r a s t ,  AR c o n c e n tra t io n  in 
Long-term + O il males was 4 .0 ±.21 fmol/mg p ro te in  (5 
r e p l ic a t io n s ) ,  a 41% re d u c tio n  in  com parison to  c o n tro ls .  
C a s tra te d  m ales given  10 days o f  T e x h ib ite d  5 .9 ±.36 fmol/mg 
p ro te in  o f  AR, a  13% re d u c tio n  v e rsu s  c o n tro ls .

W hile th e  p o s t - c a s t r a t io n  d ec re a se  in  AR may have occu rred  
d u rin g  th e  tre a tm e n t p e r io d , i t  appears more l i k e ly  th a t  
long -term  c a s t r a t io n  r e s u l te d  in  a d e c lin e  in  hypothalam ic AR 
which can be overcome by T rep lacem ent th e rap y . This 
co n c lu s io n  may p ro v id e  a p o s s ib le  b a s is  fo r  th e  d if fe re n c e s  
in  b e h a v io ra l s e n s i t i v i t y  to  androgens seen between long -term  
and s h o r t- te rm  c a s t r a te d  m ales.
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231.11 Al pha-adrenergic regu la tion  of nuclear androgen receptor number 
in male ra t  b ra in . Robert J . Handa, Henry L. Stadelman, John A. 
Resko. (SPON- T. Condon). Dept. of Physiology, Oregon Health 
Sciences U niversity , Portland , OR 97201. Div. of Reproductive 
Biology and Behavior, Oregon Regional Primate Research Center, 
Beaverton, OR 97006

Steroid hormones and catecholamines in te ra c t  in neural t is su e s  
to regulate reproductive func tions. In many cases, the e ffe c t  of 
stero id s appear to  be catecholamine mediated. In the present 
study, we te s ted  the hypothesis th a t adrenergic receptor 
antagonists a l te r  androgen action  on the brain by changing 
androgen receptor dynamics.

We trea ted  groups of in ta c t  male Sprague/Dawley ra ts  (250-300 
g) for two hrs with sa lin e  (c o n tro ls ) , prazosin (5 mg/kg BW), 
yohimbine (2 mg/kg BW) or propranolol (10 mg/kg BW). A fter 
sac rif ic e  we col l ected trunk blood and assayed brain  t is su e s  for 
androgen binding of cy to so lic  and nuclear fra c tio n s .  This assay 
u tiliz ed  the binding of the syn thetic  androgen 3H-R1881 and has 
been previously described in d e ta il (Handa e t  a l . B iol. Reprod. 
24:293, 1986). Less androgen receptor (p < 0.01) was detected  in 
nuclear frac tio n s  of preoptic  area a f te r  treatm ent with the 
a lpha-l-recep tor an tag o n ist, prazosin and the alpha-2-recep tor 
antagonist, yohimbine. There was no e f fe c t  of the b e ta -recep to r 
an tagonist, p ropranolol.

Treatment N Preoptic* 
Area

Basal 
Hypothal amus

Amygdala A nterior 
P itu ita ry

Saline 6 125.3±12.7 146.7±28.2 81.3±14.0 159.9±17.0
Prazosin 6 83.8±12.6** 154.9±12.4 103.3±21.4 132.6± 8.0
Yohimbine 6 59 .1± 8.6** 122.8±15.9 79 .5± 9.7 144.9±15.8
Propranolol 6 140.4±23.4 180.5±36.8 85.9±11.9 148.5± 7.3

* Data presented as fmoles 3H-R1881 bound/mg DNA.** p < 0.01

Saturation s tud ies revealed th a t  the a f f in i ty  of the androgen 
receptor for 3H-R1881 was unaffected by any of the drugs te s ted  
(Kd = 1.1 × 10- 9M in drug and control anim als). The addition  of 
excess amounts of rad io in e rt prazosin, yohimbine and propranolol 
to the incubation tube revealed l i t t l e  competition of these drugs 
with R1881 for the androgen recep tor.

These data show th a t  the number of androgen recep tors  can be 
affected by a lte ra tio n s  in the alpha-adrenergic system. This 
e ffect is  confined to the preoptic  area and suggests an add itiona l 
role for adrenergic agents in the control of s te ro id  mediated 
events. Supported by gran ts HD06731 and HD18196.

231 12 REQUIREMENTS FOR DAILY TESTOSTERONE EXPOSURE AND PROTEIN 
SYNTHESIS TO ACTIVATE COPULATORY BEHAVIOR IN MALE RATS. M.Y. 
McGinnis* , M.C. M irth* , A .F. Zebrowski* and R.M. D reifu ss*  
(SPON: J .E .  S h river). D ept. o£ Anatomy, Mt. S in a i School 
o f  M edic ine, CUNY, New York, NY 10029.

The purpose o f  t h i s  experim ent was to  e s ta b l i s h  th e  number 
o f  hours o f te s to s te ro n e  (T) exposure per day n ec essa ry  to  
r e s to r e  m ascu line  sexua l b ehav io r and to  determ ine  whether 
p ro te in  s y n th e s is  i s  req u ired  fo r e f f e c t iv e  c o p u la tio n . 
Long-Evans m ale r a t s  w eighing 200-250 g were screened  fo r 
co p u la to ry  b e h a v io r . Animals com pleting  two e ja c u la to ry  
s e r ie s  were c a s t r a te d  and g iven  a p o s t - c a s t r a t io n  t e s t  3-4 
weeks l a t e r  to  confirm  lo s s  o f  c o p u la to ry  b e h a v io r . On th e  
day  b e fo re  tre a tm e n t began an in c is io n  was made in  th e  f la n k  
reg io n  and an open pouch formed fo r th e  in s e r t io n  o f two 10 
mm T - f i l l e d  S i l a s t i c  c a p s u le s . This procedure  perm its  
in s e r t io n  and removal o f T ca p su le s  w ithou t a n e s th e s ia  and 
w ith  m inimal d is tu rb a n c e  to  th e  r a t s .  C apsules were in s e r te d  
and removed eve ry  day to  p ro v id e  d a i ly  T exposures o f 
4 ,8 ,1 2 ,1 4 ,1 6 ,1 8  and 24 h (c o n tin u o u s ) . A ll an im als were 
t e s te d  fo r  c o p u la to ry  b ehav io r on days 2 -3 , 4 -5 , 7-8 and 9-10 
o f  T tre a tm e n t.

R ats in  a l l  groups showed mounting b e h a v io r . However on ly  
con tin u o u s (24 h) T exposure was e f f e c t iv e  in  m a in ta in in g  an 
e j a c u la to ry  re sp o n se . The 14-18 h T exposu res were 
e q u iv a le n t and much weaker than  24 h T in  a c t iv a t in g  com plete 
c o p u la to ry  b e h a v io r . D aily  exposure to  T fo r  12 h o r l e s s  
f a i l e d  to  a c t iv a t e  c o p u la to ry  b e h a v io r .

In a second experim en t m ale r a t s  were te s te d  using  th e  
same paradigm  ex cep t th a t  on ly  th e  24 h T exposure was u sed . 
On th e  f i r s t  day o f  ca p su le  in s e r t io n  d a i ly  sc  in je c t io n s  o f 
2 o r 20 mg Anisomycin (ANI) o r s a l in e  were begun in  o rd e r  to  
b lo c k  p ro te in  s y n th e s is .  T e sts  fo r  c o p u la to ry  b ehav io r were 
conducted on days 3 ,7 ,1 0  and 14 o f  ANI tre a tm e n t. Only 0-40% 
o f  A N I-trea ted  r a t s  e ja c u la te d  on any t e s t  day , r e g a rd le s s  o f 
d o s e . in  c o n t r a s t ,  a l l  s a l i n e - t r e a te d  r a t s  com pleted two 
e ja c u la to ry  s e r ie s  by day 14.

The r e s u l t s  su g g es t th a t  1) a lm ost co n tinuous d a i ly  
exposure to  T i s  n ec essa ry  fo r  e f f e c t iv e  c o p u la tio n , 2) 
ongoing p ro te in  s y n th e s is  i s  re q u ire d  fo r  th e  ex p re ss io n  o f 
m ale sexua l b e h a v io r , and 3) c o p u la to ry  behav io r and LH 
s e c r e t io n  may be re g u la te d  by d i f f e r e n t  androgen ic 
mechanism s.

Supported by NSF g ra n t  BNS 83-12685 and NIH Summer 
R esearch F ellow sh ip  AM 07420-04.

231.13 FAILURE OF TESTOSTERONE TO REVERSE CONDITIONED AVOIDANCE OF 
COPULATION IN MALE RATS. G .J . Lawrence, S.W. K ie fe r  and C.W. 
M etzler* , D ep t. of Psychology, Kansas S ta te  U n iv ., M anhattan, KS 
66506.

Following 1-6 t r i a l s  in  which male r a t s  a re  made i l l  fo llo w in g  
copulatory  encounters w ith  e s tro u s  fem ales th a t  have been sprayed 
with a 2% almond s o lu t io n ,  m ales d is p la y  com plete avoidance of 
copu lato ry  b ehav io r (Lawrence & K ie fe r , 1984). P re s e n tly  the 
e f fe c t of te s to s te ro n e  p ro p io n a te  (TP) was examined in  male r a t s  
th a t had been tr a in e d  to  avo id  c o p u la to ry  b e h a v io r . P rev ious  
s tu d ie s  showed an in c re a se d  r a t e  of co p u la to ry  resp o n ses  (mount, 
in tro m iss io n , and e ja c u la t io n )  when in je c t io n s  of TP were g iven  to  
both co pu la ting  and n o n -co p u la tin g  male r a t s  (Beach & Fow ler, 
1959) .

Two groups of se x u a lly  n a iv e  male r a t s  were p re se n te d  w ith  an 
es trous  fem ale sprayed w ith  a 2% almond s o lu t io n ;  each tr a in in g  
t r i a l  was te rm in a ted  a f t e r  an e ja c u la to ry  response  o r a f t e r  20 min 
if  the male f a i l e d  to  e j a c u la te .  Follow ing each t r i a l  males were 
in tu b a ted ; r a t s  in  th e  E xperim ental group (n=19) were g iven  
lith iu m  c h lo r id e  (L iC l) (2% body w eigh t) to  produce i l l n e s s ,  and 
r a ts  in  the C on tro l group (n=19) were g iven  normal s a l in e  (N aC l). 
When an Experim ental male f a i l e d  to  e ja c u la te  on two co n secu tiv e  
t r i a l s ,  th a t  male was yoked to  a C on tro l r a t  and bo th  were 
assigned to  o n e  of fo u r subgroups: (a) Exp/TP (E xperim ental , TP), 
(b) Exp/SL (E xpe rim en ta l, s a l i n e ) ,  (c) Con/TP (C o n tro l, TP), or 
(d) Con/SL (C o n tro l, s a l i n e ) .  Assignm ent to  subgroups was made 
according to  the  number of c o p u la to ry  t r i a l s  re q u ire d  to  meet 
c r i te r io n .  D aily  0 .1  ml in j e c t io n s  of TP 1 mg (TP subgroups) or 
NaCl (SL subgroups) were g iven  fo r  seven days, a f t e r  which each 
male was te s te d  w ith  an almond s o lu tio n -s p ra y e d , e s tro u s  fem ale 
(Test 1). The seven d a i ly  in je c t io n s  were re p e a te d , and each male 
was again  p re sen ted  a n odorous, e s tro u s  fem ale (T est 2) .

A ll expe rim en ta l m ales showed p e r s i s te n t  avoidance of copu
la t io n ;  100% of th e se  m ales f a i l e d  to  e ja c u la te  in  bo th  T e sts  1 
and 2. Compared w ith  th e  Exp/SL m ales, how ever, th e  Exp/TP m ales 
showed a s ig n i f i c a n t  in c re a s e  in  th e  d is p la y  of mount resp o n ses  in  
both t e s t  t r i a l s  and a s ig n i f i c a n t  in c re a s e  in  in tro m is s io n  
responses in  T est 2. S ig n if i c a n t ly  d ec reased  la te n c i e s  to  mount, 
in t ro m it , and e ja c u la te  were no ted  in  bo th  t e s t  t r i a l s  in  th e  
Con/TP m ales. R e su lts  in d ic a te d  TP tre a tm e n t fo r  14 days was 
in e f f e c t iv e  in  r e v e rs in g  c o n d itio n e d  avoidance of c o p u la to ry  
b eh a v io r in  male r a t s .  However, TP d id  produce sex u a l a ro u s a l ,  as  
ev idenced by th e  s ig n i f i c a n t  in c re a s e  in  resp o n ses  to  i n i t i a t e  
co p u la to ry  a c t i v i t y .

231.14 A COMPUTER-BASED CORRELATIVE APPROACH FOR IDENTIFYING THE LOCUS 
OF ACTION FOLLOWING INTRACRANIAL TREATMENT WITH LIPOPHILIC 
COMPOUNDS. J .A . C zaja and P.C . B u te ra* . Miami U n iv ., O xford, 
OH 45056 and N iagara U n iv ., N iagara U n iv e rs ity , NY 14109.

The h ig h ly  l i p o p h i l i c  n a tu re  o f many p sy ch o ac tiv e  compounds 
a llow s them to  d i f fu s e  r e a d i ly  through  b ra in  t i s s u e .  T his 
c h a r a c t e r i s t i c  co m p lic a tes  e f f o r t s  to  use d i r e c t  i n t r a c r a n i a l  
tre a tm e n t a s  a te ch n iq u e  fo r  id e n tif y in g  th e  lo c i  a t  which such 
compounds a c t  to  produce p a r t i c u l a r  b e h a v io ra l and 
p h y s io lo g ic a l e f f e c t s .  We have developed a com puter-based 
c o r r e l a t i v e  approach which ta k e s  advan tage o f th e  expected  
d i f fu s io n  from in t r a c r a n i a l  im p lan ts  o f such su b stan ce s  in  
o rd e r  to  e s tim a te  p o te n t ia l  s i t e s  o f a c t io n .  T his approach i s  
based on th e  prem ise th a t  i f  th e  b ra in  c o n ta in s  s p e c i f ic  s i t e s  
a t  which a l i p o p h i l i c  compound a c ts  to  modify a v a r ia b le ,  then  
th e re  should  be a n e g a tiv e  c o r r e l a t i o n  between d is ta n c e s  from 
th a t  s i t e  to  in t r a c r a n i a l  im p lan ts  and th e  r e l a t i v e  e f f e c t s  o f 
th o se  im p lan ts  on th a t  v a r ia b le .  Im p lan ts  a re  f i l l e d ,  p laced  
a t  v a r io u s  b ra in  s i t e s ,  and o b se rv a tio n s  c o l le c te d  on changes 
in  dependent v a r ia b le s .  Im plant placem ents a re  then  confirm ed 
by h is to lo g y  and ex a c t lo c a t io n s  q u a n t if ie d  in  th re e  p la n e s . 
N ext, th e  e n t i r e  b ra in  i s  m athem atica lly  scanned a t  th e  chosen 
re s o lu t io n  (such  as  0 .1  mm). In d iv id u a l c o r r e la t io n  
c o e f f i c ie n t s  between th e  d is ta n c e  from each scann ing  s i t e  to  
th e  im p lan t lo c a t io n s  and th e  e f f e c t s  o f th e  v a r io u s  im p lan ts  
a re  then  c a lc u la te d  in  o rd e r  to  id e n t i f y  p o te n t ia l  s i t e s  of 
a c t io n .

To t e s t  th i s  approach , 60 o v ariec tom ized  fem ale gu inea p ig s  
were im plan ted  w ith  in t r a c r a n i a l  cannu lae co n ta in in g  
e s tr a d io l-1 7 8  and d a ta  c o l le c te d  on r e s u l t in g  changes in  food 
in ta k e .  T reatm ent s i t e s  ranged th rough  a b ra in  volume of 
app rox im ate ly  132 mm. H ighly s ig n i f i c a n t  c o r r e la t io n s  
(p < .001) were found between th e  e f f e c t s  o f e s t r a d io l  im p lan ts  
on food in ta k e  and th e i r  d is ta n c e  from an a re a  in  th e  v ic in i t y  
o f th e  p a r a v e n tr ic u la r  n u c le i .  Random reass ignm en t o f  th e  
feed in g  d a ta  among th e  im p lan t s i t e s  produced equa l o r g re a te r  
c o r r e la t io n s  in  9 o u t o f 1000 r e i t e r a t i o n s  o f th e  t o t a l  
b ra in -sc a n  p rocedu re , o p e ra t io n a l ly  producing an e s tim a ted  
va lue  o f p< . 01 fo r  th e  observed r e s u l t s .  T h is  c o r r e l a t i v e  
approach th e re fo re  appears  to  p rov ide  an e le g a n tly  sim ple 
procedure  by which one may u t i l i z e  r e s u l t s  from a r e l a t i v e ly  
l im ite d  number o f in t r a c r a n i a l  p lacem ents w ith  a  l i p o p h i l i c  
compound to  he lp  lo c a l i z e  th e  s i t e s  o f a c t io n  o f th a t  compound 
w ith in  th e  b ra in .
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232.1 ESTROGEN RECEPTORS IN HYPOTHALAMUS-PREOPTIC AREA OF MALE AND 
FEMALE GRAY SHORT-TAILED OPOSSUMS (MONODELPHIS DOMESTICA) .  B.H. 
Fadem* and A.M. Etgen (SPON: A. S ieg e l ) .  Dept. P s y c h ia t . ,  
U.M. D. N. J . -N. J . Med. S c h . , Newark, N.J.  07103 and Depts. P sy ch ia t .  
and N eu ro sc i . ,  A lb er t E in s t e in  Coll .  Med., Bronx, N.Y. 10461.

M arsup ials  provide  an ideal model fo r  s tu dy in g  th e  o r g a n iz a 
t i o n a l  ro le  of  gonadal hormones during  e a r l y  l i f e  on ad u l t  r e p r o 
d u c t iv e  behavio r  s in ce  they a re  born in a deve lopmen ts11y immature 
" f e t a l "  c o n d i t io n .  The study p resen ted  here  is  th e  f i r s t  o f  a 
s e r i e s  in which th e  presence  and development o f  hormone rece p to r  
systems in the  b ra in s  o f  gray opossums, sm al l ,  South American 
m a rsu p ia ls ,  w i l l  be examined. S p e c i f i c a l l y ,  the  p re s en t  e x p e r i 
ment was des igned to  determine  whether  the  hypo th a lam us-preop t ic  
a rea  (HPOA) of  a d u l t s  of  t h i s  sp ec ie s  co n ta in s  s p e c i f i c ,  high 
a f f i n i t y ,  s a tu r a b l e  e s t r a d i o l  binding s i t e s .

E s t ra d io l  b inding  s i t e s  were c h a ra c t e r i z e d  by incubating  HPOA 
c y to so l s  from gonadectomized male and female opossums with in 
c rea s in g  co n c e n t r a t io n s  o f  3H -e s t ra d io l  (0 .0 6 -6 .0  nM) in th e  
presence  or  absence of  excess  u n la beled  e s t r a d i o l .  Sca tchard 
a n a ly s i s  revea led  t h a t  th e  HPOA of  both males and females con ta in ed  
high a f f i n i t y  ( kd=0.08-0 .1 2  nM), s a tu r a b l e  e s t r a d i o l  binding s i t e s .  
There was a high c o n c en t ra t io n  of  binding s i t e s  (Bmax=20- 30 fmole/mg 
p r o t e i n ) ,  and th e r e  was no sex d i f f e r e n c e .  Binding s p e c i f i c i t y  was 
c h a ra c t e r i z e d  by in cubating  HPOA c y to so l s  from both sexes  with  
1 nM 3H - e s t r a d io l p lu s  100-fold  excess  un la beled  e s t r a d i o l ,  
d i e t h y l s t i l b e s t r o l (DES), 4 - OH-tamoxifen (TX), dimethyl s t i l b e s t ro l  
(DMS), t e s t o s t e r o n e ,  d ih y d r o t e s to s t e r o n e ,  p ro g es te ro n e ,  d e o x y c o r t i 
c o s te ro n e ,  or  c o r t i c o s t e r o n e .  The s y n th e t i c  e s t ro g e n  DES and the 
e s t ro g e n  a n t a g o n is t  TX competed fo r  3H -es t rad io l  binding  as 
e f f e c t i v e l y  as e s t r a d i o l  i t s e l f .  The weak es t ro g en  a n g o n i s t / a n -  
t a g o n i s t  DMS, th e  androgens and th e  adrenal c o r t i c o i d s  were 
between 5- and 10-fo ld  l e ss  e f f e c t i v e  a t  d i s p la c in g  r a d io lab e l ed  
e s t ro g en  than e s t r a d i o l ,  DES and TX. Unexpectedly , 100 nM p ro
g es te ro n e  d i s p la ced  approximate ly  40% of  th e  s p e c i f i c a l l y  bound 

3H - e s t r a d io l .  Thus th e  HPOA of  both mal e and female gray  opossums 
co n ta in  macromolecules with  s t e r o i d  b inding p r o p e r t i e s  c h a r a c t e r 
i s t i c  o f  e s t ro g e n  re c e p to r s .

L i t t l e  is known about th e  r o le  of  gonadal hormones in the  o r 
g a n iz a t i o n  and a c t i v a t i o n  of  behavio r  in m a rsu p ia ls .  Recent 
experiments  dem onst rated  t h a t  gray opossums a r e  b eh a v io ra l l y 
respons iv e  to  e s t ro g en  n e o n a ta l l y and in adu l th ood . The p o s s ib le  
r e l a t i o n s h i p  between th e  presence  of  e s t r a d i o l  b inding s i t e s  in 
the HPOA and th e  d i s p la y  of  r ep ro d u c t iv e  behavior  in gray opossums 
w i ll  be d i s c u s s e d .

Support by g ran t s  HD16018 to  B.H.F. and MH41414 to A.M.E.

232.2 ASYMMETRY OF NEURAL ESTROGEN ACTION. E. J .  Roy and D. M. Lynn* 
Departm ent o f Psychology, U n iv e rs ity  o f I l l i n o i s ,  Champaign, IL 
61820.

Asymmetries have been d iscove red  in  s u b c o r t ic a l  a re a s , 
in c lu d in g  the  hypothalam us. For example, G erendai e t  a l .  (1978) 
re p o rte d  th a t  th e  r ig h t  s id e  o f th e  hypothalam us has a h ig h e r LHRH 
c o n c e n tra t io n  than th e  l e f t  s id e .  Asymmetry o f hypothalam ic 
es tro g e n  s e n s i t i v i t y  was suggested  by work o f Nordeen and Yahr 
(1982), who found th a t  u n i l a te r a l  im p la n ta tio n  o f e s t r a d io l  in to  
th e  b ra in  o f n eo n a ta l r a t s  had d i f f e r e n t  consequences depending on 
th e  s id e  o f a p p l ic a t io n  o f th e  hormone. Exposure o f th e  l e f t  
hypothalam us to  e s tro g e n  defem inized  the  fem ales , w hereas exposure 
o f th e  r ig h t  s id e  m ascu lin ized  them. We examined the 
e f fe c t iv e n e s s  o f u n i l a te r a l  im p lan ts  of e s t r a d io l  a t  induc ing  
lo rd o s is  behav io r in  a d u l t  fem ale r a t s .  O variectom ized (OVX) 
anim als were im planted  w ith  b i l a t e r a l  s t a i n l e s s  s te e l  cannu las 
aimed a t  th e  r o s t r a l  hypothalam us. One s id e  o f th e  hypothalam us 
was exposed to  c r y s t a l l i n e  e s t r a d io l  ( d i lu te d  w ith  c h o le s te ro l 
1 :10) in  a 30 g cannu la f o r  5 min. S ix  h rs  l a t e r  a second 5 min 
exposure was a d m in is te red . T e stin g  fo r  sexual r e c e p t iv i ty  
occu rred  18 h rs  l a t e r ,  5 h rs  a f t e r  1 mg p ro g este ro n e  s . c .  One 
week l a t e r  th e  anim als rece iv ed  two p u lse s  o f e s t r a d io l  in  the  
o p p o s ite  s id e  o f th e  hypothalam us. O rder of tre a tm en t was 
co u n te rb a la n ced . A p p lic a tio n  o f e s t r a d io l  to  the  r ig h t  s id e  was 
more e f f e c t iv e  than  a p p l ic a t io n  o f e s t r a d io l  to  the  l e f t  s id e . 
The le v e l  o f r e c e p t iv i ty  induced by th i s  tre a tm en t v a r ie d , but 
w ith in  each anim al th e  l e f t  was never more e f f e c t iv e  than the 
r i g h t .  The mean lo rd o s is  q u o tie n t (LQ) was 80 when a p p lied  to  the 
r ig h t  s id e ,  v s . 49 when a p p lied  to  the  l e f t  (p < 0 .0 5 , n=8). In a 
between s u b je c ts  experim en ta l d e s ig n , a s in g le  5 min exposure to 
e s t r a d io l  was a lso  more e f f e c t iv e  when a p p lied  to  the  r ig h t  (Rt LQ 
= 53 .±.13, Lt LQ = 8 ± 4, p < 0 .0 2 , n ' s = 10 and 6 ) . H is to lo g ic a l 
exam ination  o f th e  b ra in s  rev ea led  no c o n s is te n t  d if f e re n c e  in  
p lacem ent o f th e  r ig h t  and l e f t  can n u las . We have a lso  examined 
th e  p o s s i b i l i t y  o f asymmetry in  th e  d i s t r i b u t io n  o f cy to so l 
e s tro g e n  re c e p to rs  in  the  b ra in  o f OVX r a t s .  In  th re e  s e p a ra te  
experim en ts w ith  n ’s o f 4-5 each , th e  p re o p tic  a re a  (POA) 
c o n s is te n t ly  had more e s tro g e n  re c e p to rs  on the  r ig h t  s id e  (19-26% 
m ore). The hypothalam us d id  n o t show any c o n s is te n t  asymmetry 
ac ro ss  r e p l ic a t io n s ,  and th e  amygdala showed no evidence of 
asymmetry in  any experim en t. Taken to g e th e r , th e se  r e s u l t s  
su g g es t th a t  asymmetry in  s e n s i t i v i t y  to  e s t r a d io l  may occur in  
a d u l t  r a t s ,  p o ss ib ly  r e la te d  to  an asymmetry o f e s tro g e n  rece p to rs  
in  the  POA. S upported by NIMH g ra n ts  MH33577 and MH00481.

232.3 SEX DIFFERENCES IN AROMATASE ACTIVITY IN MICRODISSECTED REGIONS 
OF THE MONKEY HYPOTHALAMUS AND LIMBIC SYSTEM. C.E. R oselli and 
J.A.Resko*, Dept. Physiology, Oregon Health Sciences Univ., 
Portland,OR 97201 and Reproductive Biology and Behavior, Oregon 
Regional Primate Research Center, Beaverton, OR 97006.

The conversion of androgens to  ac tiv e  estrogenic  m etabo lites  
by neural tis su e  i s  believed to  be an e ssen tia l component in the 
c e l lu la r  mechanism of androgen-induced neuroendocrine responses. 
The enzyme complex which i s  responsib le  fo r the syn thesis  of 
estrogens from c irc u la tin g  androgens i s  cal l ed aromatase. We 
previously reported  th a t te s t ic u la r  androgen, in addition  to  
being the su b stra te  fo r aromatase, a lso  appears to  be a major 
reg u la to r of brain aromatase a c t iv ity  in adu lt rodents and 
prim ates. In the  p resen t experiment we wished to  determine 
whether there  are sex d ifferences  in the lev e ls  of aromatase 
a c t iv i ty  in sp ec ific  regions of the primate b ra in . To do th i s ,  
we measured aromatase a c t iv ity  in ten nuclei and brain  regions 
from in ta c t  adul t  female (n=6) and male (n=5) cynomolgus 
monkeys. Individual nuclei were m icrodissected from 600 um 
frozen brain  sec tio n s . Aromatase a c t iv i ty  was measured in  
t is su e  homogenates by a radiom etric assay th a t uses the 
incorporation  of tr i tiu m  from [ l β- 3H]androstenedione in to  3H2O 
as an index of estrogen form ation. The females were obtained 
during the ear ly  f o l l ic u la r  phase of th e ir  menstrual cycles 
( i . e .  serum e strad io l = 20 ± 5(SE) pg/ml and progesterone = 0.2 
± 0.08 ng/ml). As expected serum testo s te ro n e  was s ig n if ic a n tly  
g rea te r in male than in female monkeys (15.7 ± 4.9 ng/ml vs. 0.7 
± 0 .2  ng/ml; p<.001). The g re a te s t lev e ls  of aromatase a c t iv i ty  
were measured in the medial amygdaloid nucleus (MA, 2.9 ± 0.2 
pmol•h- 1•mg p ro te in - 1 ); the ventromedial hypothalamus (VMH, 1.4 
± 0 .3  pmol• h-1 •mg- 1 ); and the medial preoptic  area - an te rio r 
hypothalamus (MPA/AH, 0.9 ± 0.1 pmol•h-1 •mg-1 ) of the male. 
S ig n ific an tly  lower lev e ls  of aromatase (p<.05) were detected  in 
these same areas in  females (MA = 1.5 ± 0.3 pmol• h-1 •mg-1 ; VMH = 
0.4 ± 0.06 pmol• h-1 •mg- 1 ; and MPA/AH = 0.5 ± 0.07 
pmol• h-1 •mg- 1 ) . Despite su b stan tia l capacity  to  arom atize, no 
s ig n if ic a n t sex d ifferen ces  were found in any o ther hypothalamic 
or limbic n u c le i. Thus, our re s u lts  in d ica te  th a t  the  areas 
contain ing  the g re a te s t lev e ls  of aromatase in  the monkey brain  
appear a lso  to  contain a sex d iffe ren ce  in  the a c t iv ity  of th is  
enzyme. These are the same areas th a t appear to  be of 
fundamental importance to  the expression of both the behavioral 
and neuroendocrine e ffe c ts  of androgens. Supported by NIH grant 
HD 18196.

232.4 MAINTENANCE OF PROGESTERONE-FACILITATED SEXUAL BEHAVIOR IN FEMALE 
RATS REQUIRES CONTINUED HYPOTHALAMIC PROTEIN SYNTHESIS AND NUCLEAR 
PROGESTIN RECEPTOR OCCUPATION. M .J. Moore* and J .D . B la u s te in  
(SPON: P. H erron ). D iv is io n  of N euroscience and B ehav io r, D ept. 
of Psychology, U n iv e rs ity  of M assa ch u se tts , Amherst, MA 01003

In  o v ariec tom ized  (OVX) r a t s ,  th e  s e q u e n t ia l  a d m in is tra tio n  of 
e s t r a d io l  and p ro g es te ro n e  r e s u l t s  in  sex u a l b e h a v io r, which 
beg ins w ith in  about 4 h and l a s t s  u n t i l  approx im ate ly  18 h a f t e r  
p ro g es te ro n e  in j e c t io n .  However, th e  c o n c e n tra t io n  o f hypotha
lam ic n u c le a r  p ro g e s tin  r e c e p to rs  (NPRs) r e tu rn s  to  b a s e l in e  by 
4 -  8 h a f t e r  in j e c t io n .  This p a t te rn  d i f f e r s  from gu inea p ig s  in 
which hypothalam ic NPR le v e ls  rem ain e le v a te d  fo r  th e  e n t i r e  dura
t io n  o f th e  p e rio d  of sex u a l r e c e p t iv i ty .  Experim ents were p er
formed to  determ ine th e  ro le  of ongoing p ro g e s te ro n e -d ire c te d  
p ro te in  s y n th e s is  and NPR o ccupa tion  in  m a in ta in in g  th e  f u l l  dura
t io n  of sex u a l r e c e p t iv i ty  in  r a t s .

OVX r a t s  were in je c te d  w ith  p ro g es te ro n e  (500 μg) 44 h a f t e r  
in j e c t io n  o f e s t r a d io l  benzoate (2 μg). I n je c t io n  of the  p ro te in  
sy n th e s is  in h i b i to r ,  anisom ysin (100 mg/kg b .w .) ,  2 o r 10 h l a te r ,  
caused th e  r a p id  in h ib i t i o n  of sex u a l b eh a v io r. This dose of 
anisom ycin d e c re a se s  p ro te in  sy n th e s is  in  th e  m ediobasal hypo
thalam us by 70% w ith in  2 h a f t e r  in j e c t io n .

Because th e se  r e s u l t s  suggested  th a t  a p ro te in  s y n th e s is  in 
h ib i to r  was capab le  o f b lo ck in g  sex u a l b ehav io r long a f t e r  NPRs 
were b e l ie v e d  to  have d ec lin e d  to  b a s e l in e  le v e l s ,  th e  e f f e c t s  of 
a p ro g es te ro n e  a n ta g o n is t  were s tu d ie d . OVX r a t s  were in je c te d  
w ith  p ro g es te ro n e  (500 μg) 44 h a f t e r  in j e c t io n  of e s t r a d io l  
b en zo a te . I n je c t io n  of th e  a n t ip ro g e s t in ,  RU 486 (5 mg) 2, 6 or 
10 h l a t e r  r e s u l te d  in  in h ib i t i o n  of sex u a l b ehav io r w ith in  8 h. 
In  f a c t ,  when RU 486 was in je c te d  10 h a f t e r  p ro g e s te ro n e , sexual 
beh av io r was in h ib i te d  w ith in  4 h .

Because th e  p rev io u s  experim ent suggested  th a t  s ex u a l behavior 
could  be in h ib i te d  by a p ro g es te ro n e  a n ta g o n is t  a t  a tim e by which 
NPRs were though t to  have dec reased  to  b a s e l in e  le v e l s ,  we modi
f ie d  th e  NPR assay  to  in c re a s e  i t s  s e n s i t i v i t y .  With th i s  assay 
we documented th a t  th e  c o n c e n tra t io n  of NPRs was s t i l l  e le v a te d  a t 
10 and 14, b u t n o t 18 h , a f t e r  p ro g es te ro n e  (500 μg) in j e c t io n .

These r e s u l t s  suggest th a t  p r o g e s te ro n e - f a c i l i t a te d  sexua l 
b ehav io r in  fem ale r a t s  r e q u ire s  an e le v a te d  le v e l  of hypothalam ic 
NPRs th roughou t th e  p e r io d  o f sex u a l r e c e p t iv i ty .  In  a d d i tio n , 
s ex u a l r e c e p t iv i ty  r e q u ire s  ongoing hypothalam ic p ro te in  sy n th e s is , 
a t  l e a s t  as l a t e  as  12 h a f t e r  p ro g es te ro n e  in j e c t io n .  The 
h y p o th e sis  th a t  ongoing p ro te in  s y n th e s is  and sex u a l b ehav io r are 
dependent on con tinued  NPR o ccupa tion  i s  te n a b le , because we have 
now shown th a t  th e  le v e l  o f NPRs rem ains e le v a te d  th roughou t the 
p e rio d  o f sex u a l r e c e p t iv i ty .

(Supported  by NIH NS 19327 and RCDA NS 00970.)
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232.5 CNS SITES FOR PROGESTERONE FACILITATION OF FEMALE SEXUAL 
BEHAVIOR. E.T . Pleim* and R .J . B a r f i e ld , D ep t. o f  B io lo g ic a l 
S c ie n ces , R u tgers U n iv ., New Brunswick, NJ

The i n t r a c r a n i a l  hormone im p lan t te ch n iq u e  has been u s e fu l  in  
in v e s t ig a t io n s  o f CNS s i t e s  o f hormone a c tio n  on fem ale sex u a l 
behav io r b u t d if f e re n c e s  in  te c h n iq u e s , dosag es , p rim ing  and 
te s t in g  paradigm s and s i t e s  o f  im p lan t have made th e  
i n t e r p r e ta t io n  o f t h i s  body o f  l i t e r a t u r e  d i f f i c u l t .  For 
example, w h ile  s e v e ra l  s tu d ie s  have found th a t  u n i l a t e r a l  
im plan ts o f  p ro g e s te ro n e  in to  s e v e ra l  m idbrain  a re a s  a f f e c t  
fem inine sex u a l beh av io r in  ro d e n ts , th e  most e x h a u stiv e  s tu d ie s  
have concluded th a t  b i l a t e r a l  p ro g es te ro n e  (p) s t im u la t io n  o f 
th e  CNS i s  most e f f e c t iv e  when a p p lie d  to  th e  v en trom ed ia l 
nucleus o f th e  hypothalam us (VMN).

I t  was re c e n tly  shown th a t  in  h am ste rs , a s p e c ie s  le s s  
re a d i ly  f a c i l i t a t e d  by in t r a c r a n i a l  p ro g e s te ro n e , c o n t r a la t e r a l  
VMN-VTN (v e n tra l  tegm en ta l nucleus) p ro g es te ro n e  p e l l e t s  were 
c le a r ly  more e f f e c t iv e  fo r  in d u c tio n  o f  lo rd o s is  t h a t  b i l a t e r a l  
p e l l e t s  to  e i t h e r  s i t e  a lo n e . To fo llow  up th i s  f in d in g , we 
decided  to  use c o n t r a la t e r a l  s t im u la t io n  o f  th e se  s i t e s  in  r a t s  
using  th e  te ch n iq u es  o f  th e  w orkers who found th e  VMN to  be th e  
s in g le  most e f f e c t iv e  s i t e  o f P f a c i l i t a t i o n  in  th a t  s p e c ie s .

O variectom ized r a t s  were s te r e o ta x ic a l ly  im plan ted  w ith  a 
u n i l a te r a l  guide tube  d ir e c te d  to  th e  VMN and a n o th e r gu ide  tube 
d ire c te d  to  th e  VTN o f th e  o p p o s ite  hem isphere. S u b je c ts  were 
primed w ith  8 μg EB in  o i l  sc  2 days p r io r  to  b e h a v io ra l 
te s t in g .  Follow ing a p r e t e s t  to  check fo r  re sp o n s iv en ess  to  EB 
prim ing a lo n e , r a t s  were s tim u la te d  w ith  a 28 ga i n s e r t  f i l l e d  
a t  the  lumen w ith  p u re  p ro g es te ro n e  in  each o f th e  c o n t r a la t e r a l  
ta rg e t  s i t e s .  S u b jec ts  were t e s te d  fo r  r e c e p t iv i ty  and 
p ro c e p t iv i ty  to  a s tu d  male 1  and 4 hours a f t e r  cannula 
low ering. P re lim in a ry  ev idence su g g es ts  t h a t  c o n s id e ra b le  
re c e p tiv e  b eh a v io r ( i . e .  lo rd o s is )  may be e l i c i t e d  in  r a t s  w ith  
th i s  s ta g g e re d , c o n t r a la t e r a l  im p lan t te c h n iq u e .

These r e s u l t s ,  taken  to g e th e r  w ith  p rev io u s  work em ploying 
s im ila r  methods a t  th e se  im plan t s i t e s ,  show th a t  b i l a t e r a l  VMN 
s tim u la tio n  w ith  P i s  s u f f i c i e n t  f o r  th e  f a c i l i t a t i o n  o f  fem ale 
sexual beh av io r in  r a t s ,  b u t n o t s t r i c t l y  n e c e ssa ry . In our 
hands, b i l a t e r a l  P a t  th e  m idbrain  (VTN) i s  n o t s ig n i f i c a n t ly  
f a c i l i t a t o r y . However, s t im u la t io n  o f  th e  VTN can sy n e rg iz e  
w ith su b th re sh o ld  a p p l ic a t io n  o f  P to  th e  c o n t r a la t e r a l  VMN to  
e f fe c t  fem ale sex u a l b eh a v io r in  r a t s ,  a s  w e ll as  in  h am ste rs . 
D espite sp e c ie s  d if f e re n c e s  in  th e  form o f  lo rd o s is  and 
c o n d itio n s  s u f f i c i e n t  f o r  i t s  e x p re s s io n , th e se  r e s u l t s  may 
in d ic a te  an a n a to m ica lly  d i f fu s e  p ro g es te ro n e  s e n s i t i v e  system  
forming th e  n e u ra l s u b s t r a te  fo r  f a c i l i t a t i o n  o f  fem ale sex u a l 
behavior in  mammals.

232.6 REGIONAL SEX DIFFERENCES IN PROGESTIN RECEPTOR (PR) INDUCTION IN 
THE HYPOTHALAMUS OF THE RAT: EFFECTS OF DIFFERENT ESTROGEN 
TREATMENTS. J.D . K ranzler, T .J. B row n, A.S. C la rk , N. J . 
MacLusky* and F. N a f to l in * . D ept. o f  OB/GYN, Yale U n iv e rs ity  
M edical S choo l, New Haven, CT. 06510.

In  the  r a t ,  sex d if fe re n c e s  in  b eh a v io ra l response  to  
e s tro g e n  and p ro g es te ro n e  have been c o r re la te d  w ith  a sexua l 
dimorphism in  e s tro g e n -in d u ced  PR sy n th e s is  in  th e  hypothalam ic 
v en trom ed ia l nucleus  (VMN; Rainbow e t  a l . ,  N ature 300:648, 
1982). R ec en tly , i t  has been suggested  th a t  th i s  dimorphism may 
depend on th e  e s tro g e n  dose used fo r  PR in d u c tio n , s ig n i f i c a n t ly  
h ig h e r  hypothalam ic PR le v e ls  being observed  in  fem ales than  in  
m ales a f t e r  h igh  dose (10μg /d a y , 3 days) b u t n o t a f t e r  low dose 
(2 o r  8 μg/200g body w eig h t, 48h befo re  s a c r i f i c e )  e s t r a d io l  
benzoate (EB) in j e c t io n s  (E tgen J .  N eu rosci. 5 :2439, 1985). We 
have re-exam ined th e  in d u c tio n  o f  PR in  m io ro d isse c te d  
hypothalam ic and p re o p t ic  a re a  n u c le i  from gonadectom ized male 
and fem ale r a t s ,  u s in g  th re e  d i f f e r e n t  es tro g e n  tre a tm en t 
paradigm s: [1] F o r ty -e ig h t h fo llo w in g  s . c .  i n j e c t io n  o f 20 
μg /k g . EB. [2] Three days a f t e r  s . c .  im p la n ta tio n  o f  S i l a s t i c  
ca p su le s  c o n ta in in g  10% e s t r a d io l  (E2 ) in  c h o le s te ro l  (McG inn is 
e t  a l . ,  Neuroendo 33 :158 , 1981). [3] Three days a f t e r  s . c .  
im p la n ta tio n  o f  S i l a s t i c  ca p su le s  c o n ta in in g  100% E2 . 

A lthough no sex d if fe re n c e  i n  PR in d u c tio n  in  th e  e n t i r e  
hypothalam us was observed a f t e r  EB in j e c t io n ,  measurements in  
in d iv id u a l n u c le i  re v e a le d  a s ig n i f i c a n t ly  h ig h e r  PR in d u c tio n  
in  th e  VMN o f  th e  fem ale than  in  th e  male fo llo w in g  th i s  
tre a tm e n t. No d if fe re n c e s  were observed  in  the  a rcua te -m ed ian  
eminence (ARC-ME) o r  m edial p re o p tic  a re a  (MPO) . With th e  10% E2 
S i l a s t i c  tre a tm e n t, s ig n i f i c a n t  sex d if fe re n c e s  i n  PR in d u c tio n  
were observed  in  both  th e  ARC-ME (m ale :16 .6  fmol/m g cy to so l 
p r o te in ;  fem ale :2 7 .1  fmol/mg p ro te in )  and VMN (m ale :6 .5  fmol/mg 
p ro te in ;  fem ale :1 2 .3  fmol/mg p r o te in ) ,  bu t n o t in  th e  MPO. In  
c o n t r a s t ,  a f t e r  th e  100% E2 S i l a s t i c  tre a tm e n t th e  sex 
d if fe re n c e  in  PR in d u c tio n  in  th e  ARC-ME was a b o lis h e d , w hile  
th a t  i n  th e  VMN was a t te n u a te d  below th e  l i m i t s  o f  s t a t i s t i c a l  
s ig n if ic a n c e  (p> 0.05; S tu d en ts  t  t e s t ) .  These r e s u l t s  co nfirm  
th e  e x is te n c e  o f  a  sex  d if fe re n c e  i n  PR response  to  e s tro g e n  in  
th e  VMN and in d ic a te  t h a t ,  a f t e r  low dose E2 S i l a s t i c  p rim ing , 
th e re  may a ls o  be a  sex d if fe re n c e  in  PR le v e l s  in  th e  ARC-ME. 
These d if f e re n c e s  a re  n o t s u f f i c i e n t l y  la rg e  to  be r e f l e c te d  in  
assay s  o f  the  e n t i r e  hypothalam ic PR c o n te n t. The r e s u l t s  from 
th e  two S i l a s t i c  E2 tre a tm e n ts  su g g es t th a t  th e  sex d if fe re n c e  
in  hypo thalam ic PR in d u c tio n  i s  l e s s  pronounced in  the  p resence  
o f  s u s ta in e d  h igh  c i r c u la t in g  E2 le v e ls  (S upported by NIH g ra n ts  
NS07724, NS07807 and HD 13587).

232.7 ESTRADIOL (E2 ) AND PROGESTERONE (P) EFFECTS ON PROTEIN 
SYNTHESIS IN THE VENTROMEDIAL HYPOTHALAMIC NUCLEUS (VMN) AND 
PREOPTIC AREA (POA) OF THE FEMALE RAT. K .J . Jo n e s , B.S. McEwen, 
and D.W. P fa f f .  The R o ck e fe lle r  U n iv e rs ity , New York, NY 10021.

We re c e n tly  provided ev idence th a t  s h o r t  exposures to  E2 
r e s u l t  in  changes in  p ro te in  s y n th e s is  in  the VMN and POA, 2 b ra in  
reg ions w ith fu n c t io n a l ly  opposed ro le s  in  lo rd o s is  behav io r 
(Jones e t  a l . ,  Soc. N eu rosci. A bs., 11, 738, 1985). These p ro te in  
sy n th e tic  changes were c o r re la te d  w ith  u l t r a s t r u c t u r a l  a l t e r a t i o n s  
induced by E2 in  c e l l  n u c le i w ith in  the  VMN (Jones e t  a l . ,  J .  
Comp. N eu ro l., 239, 255, 1985). In  th i s  s tu d y , we extended th i s  
an a ly s is  in  o rd er to  examine the  s y n e rg is t i c  and independent 
e f f e c ts  of E2 and P on p ro te in  s y n th e s is  in  th e  VMN and POA.

O variectom ized r a t s  ( OVX) were e i th e r  1) im plan ted  w ith  ,E2 
from time Oh to  6h, in je c te d  w ith  P a t  20h, and s a c r i f i c e d  a t  24h, 
2) im planted w ith  E2 from tim e Oh to  Óh, in je c te d  w ith  v e h ic le  
only a t  20h, and s a c r i f i c e d  a t  24h, 3) sham -im planted w ith  blank 
c a p su le s , in je c te d  w ith  P a t  20h, and s a c r i f i c e d  a t  24h, o r 4) 
sham-implanted and in je c te d  w ith  v e h ic le  o n ly , and s a c r i f i c e d  a t  
24h. Punches of VMN and POA n u c le i were c o l le c te d  and la b e le d  fo r  
4h in  v i t r o  w ith  35s-m eth ion ine  and - c y s te in e .  P ro te in s  were 
sep ara ted  by 2 -d im ensional g e l e le c t r o p h o r e s i s ,  f lu o ro g ra p h e d , and 
exposed to  a u to ra d io g ra p h ic  f i lm . The fluorogram s were q u a n t if ie d  
by com puterized scanning  d en s ito m etry  and n o rm a liz a tio n  
p ro ced u re s .

In  th e  VMN, la b e lin g  of c e r t a in  p ro te in s  was found to  be e i th e r  
in c reased  o r d ec reased  a f t e r  a d m in is tr a tio n  of E2 p lu s  P. 
Those p ro te in s  a l te r e d  by E2  and P were d i f f e r e n t  from those  
a l te r e d  by E2  a lo n e . A lso , e i t h e r  E2  o r  P g iven  a lone  
re s u l te d  in  changes in  la b e l in g  of s e v e ra l p ro te in s .  In a su b se t 
of those p r o te in s ,  th e  e f f e c t s  o f E2  on la b e l in g  were found to  
be co u n te rac ted  by P, and v ic e  v e r s a . These same 4 p o in ts  he ld  
tru e  w ith  reg ard  to  sex  s te ro id  e f f e c t s  on p ro te in  s y n th e s is  in  
the POA. However, the  p ro te in s  a f f e c te d  in  th e  POA by the  hormones 
d if f e re d  from th e  p ro te in s  a f fe c te d  in  th e  VMN.

Comparison w ith  our p rev ious  work su g g es ts  th a t  th e  p o p u la tio n  
of p ro te in s  a f f e c te d  a t  th e se  tem poral en d p o in ts  d i f f e r  from the  
p o p u la tio n  of p ro te in s  a f fe c te d  d u ring  the  very  e a r ly  phases of 
E2  ( i . e . ,  2 h ). The hormones appear to  a c t  w ith  re g io n a l 
speci f i c t y ,  s in c e  the  p o p u la tio n s  o f p ro te in s  a f f e c te d  in  th e  2 
b ra in  reg io n s  do no t o v e r la p . F in a l ly ,  the  r e s u l t s  a re  c o n s is te n t  
w ith  the h y p o th e sis  t h a t ,  under hormonal c o n d itio n s  s u f f ic i e n t  to  
induce lo rd o s is  b e h a v io r, p ro te in  s y n th e t ic  changes e x i s t  in  
v en trom ed ia l hypothalam us and p re o p tic  a r e a .  The s p e c i f ic  
fu n c t io n s  o f th e  a l te r e d  p ro te in s  a re  no t known and rem ain to  be 
d eterm ined . Supported by NS 07080 (BMc), HD 05751 (DWP), and MH 
15125 (K JJ ) .

232.8 INHIBITORY ACTION OF alpha-MELANOCYTE STIMULATING HORMONE ON 
LORDOSIS IN RATS: ROLE OF OVARIAN HORMONES. L.H. Rai b le * 1 and 
B.B. G orzalka*2 (SPON: R. T e es). 1D ept. Psychology, Kalamazoo 
C o lleg e , Kalamazoo, MI, 49007. 2D ept. Psychology, The U n iv e rs ity  
o f B r i t i s h  Colum bia, V ancouver, B .C ., V6T 1Y7.

P rev ious  re s e a rc h  in  our la b o ra to ry  has in d ic a te d  th a t  c e n t r a l l y  
ad m in is te red  alpha-m elanocy te  s tim u la t in g  hormone (MSH) e x e rts  
bo th  a s h o r t  (same day) and a  long (1 wk l a t e r )  term  e f f e c t  on 
sex u a l r e c e p t iv i ty  ( lo rd o s is )  in  r a t s .  The s h o r t  term  e f f e c t  
appears to  be m ed ia ted , in  p a r t ,  by MSH-induced a l t e r a t i o n s  in  
s e ro to n in  a c t i v i t y .  However, th i s  f a c to r  seems le s s  im portan t in  
th e  p ro d u c tio n  o f th e  long term  e f f e c t .  The p re s e n t s e r ie s  of 
experim en ts was designed to  examine th e  ro le  o f e s tro g e n  and p ro 
g es te ro n e  in  th e  ex p re ss io n  o f th e  in h ib i to ry  a c tio n s  o f MSH. In  
Experim ent 1, r e c e p t iv i ty  was induced by th e  a d m in is tra tio n  o f 
10 μ g e s t r a d io l  benzoate  (EB). R e su lts  in d ic a te d  th a t  MSH had no 
s ig n i f i c a n t  e f f e c t s .  T h is f in d in g  may have been due to  e i t h e r  th e  
la rg e  dose o f EB ad m in is te red  o r to  th e  absence o f p ro g es te ro n e  
(P ). In  a d d i t io n ,  th e  p o s s i b i l i t y  th a t  an e s tro g e n -p ro g e s te ro n e  
in t e r a c t io n  i s  re q u ire d  fo r  th e  e x p re ss io n  o f th e  long term  e f f e c t  
could  no t be e l im in a te d . In  Experim ent 2 , s u b je c ts  rece iv ed .8  o r 
2 μ g EB in  com bination  w ith  e i th e r  200 o r  500μ g P. The r e s u l t s  
o f th i s  s tudy  suggested  th a t  th e  in h ib i to ry  a c t io n  o f MSH was most 
n o tic e a b le  when 2 μ g EB was a d m in is te re d . F urtherm ore , i t  appeared  
th a t  th e  long term  a c t io n  o f MSH was a t te n u a te d  by th e  h ig h e r  dose 
o f P (500 μ g ) .  S u b jec ts  in  Experim ent 3 rec e iv e d  e i t h e r  1, 2 , 4 , 
o r  8 μ g EB p lu s  200 μ g P. R e s u lts  in d ic a te d  th a t  th e  in h ib i to r y  
a c t io n  o f MSH was most pronounced w ith  th e  h ig h e r  EB d o ses . When 
combined w ith  th e  r e s u l t s  o f  Experim ent 1, t h i s  su g g es ts  th a t  an 
e s tro g e n -p ro g e s te ro n e  in t e r a c t io n  may be invo lved  in  producing  th e  
in h ib i to ry  a c tio n s  o f MSH. S u b jec ts  in  Experim ent 4 rece iv ed  th e  
s tan d a rd  2 μ g EB p lu s  200 μ g P on th e  day o f MSH a d m in is tr a tio n . 
However, 1 wk l a t e r ,  one h a l f  o f th e se  s u b je c ts  rec e iv e d  500 μ g P 
r a th e r  th a n  th e  s tan d a rd  200 μ g P. The r e s u l t s  o f t h i s  experim ent 
in d ic a te d  th a t  500 μ g P s ig n i f i c a n t ly  a t te n u a te d  th e  long term  
a c t io n  o f MSH on r e c e p t iv i ty .  Thus, i t  i s  p o s s ib le  th a t  th e  long 
term  a c t io n  o f  MSH i s ,  in  p a r t ,  th e  r e s u l t  o f  an MSH-induced 
d ec re a se  in  th e  s e n s i t i v i t y  o f th e  anim al to  p ro g e s te ro n e . The 
mechanism by which EB may enhance th e  in h ib i to ry  a c t io n  o f  MSH 
when p ro g es te ro n e  i s  p re s e n t i s  under in v e s t ig a t io n .

Supported by a N a tu ra l S ciences  and E ng ineering  R esearch  C ouncil 
o f Canada G rant
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232.9 OPIOID-SEROTONERGIC INTERACTIONS IN THE CONTROL OF FEMALE SEXUAL 
BEHAVIOR D.L. A lle n , M. F ra n k fu r t ,  and V.N. Lu ine. 
L abora to ry  of N euroendocrinology, R o ck e fe lle r  U n iv e rs ity , N .Y., 
N.Y. 10021 and L abo ra to ry  of Neuroanatomy, M ontreal N eu ro log ica l 
I n s t i t u t e ,  M ontrea l, Quebec, Canada H34 2B4.

O p ia tes  and o p io id  p e p tid e s  have been shown to  a l t e r  lo rd o s is  
respond ing  in  th e  fem ale r a t .  System ic or in t r a v e n t r i c u la r  
morphine or b e ta -en d o rp h in  i n h i b i t  s ex u a l behav io r in  e s tro g e n  
and p ro g es te ro n e  primed r a t s .  C en tra l or p e r ip h e ra l o p ia te  
a n ta g o n is ts  f a c i l i t a t e  lo rd o s is  a f t e r  es tro g e n  p re tre a tm e n t. 
I n te r a c t io n s  w ith  monoaminergic system s may be im p ortan t fo r  th e  
e f f e c t s  o f o p ia te s  on sexua l b eh a v io r. P a rg y lin e , a monoamine 
o x idase  i n h i b i to r ,  b locks n a l t r e x o n e - f a c i l i t a t e d  b eh a v io r. 
N altrexone d ec re a se s  s e ro to n in  tu rn o v e r , as measured by th e  
in c re a s e  in  se ro to n in  le v e ls  a f t e r  p a rg y lin e , in  th e  p re o p tic  
a re a  of es tro g en -p rim ed  r a t s .  The p re se n t experim en ts f u r th e r  
in v e s t ig a te  th e  e f f e c t  of morphine on fem ale sexua l behav io r and 
p o s s ib le  in t e r a c t io n s  between o p ia te s  and se ro to n in  in  th e  
c o n tro l of lo r d o s is .

O variec tom ized r a t s  were primed w ith  e s t r a d io l  benzoate (EB, 
5 ug) and p ro g es te ro n e  (500 ug, 48 hours l a t e r ) .  A fte r th re e  
h o u rs , they  were in je c te d  w ith  s a l in e  or m orphine, and sexua l 
behav io r was t e s te d  10-20 m inutes l a t e r .  Morphine in h ib i te d  
l o rd o s is  q u o tie n ts  (LQ) in  e s tro g e n -p ro g e s te ro n e  t r e a te d  r a t s  
w ith  an ED50 o f 2 mg/kg.

In  o rd er to  study  in t e r a c t io n s  between o p ia te s  and s e ro to n in  
in  th e  c o n tro l o f lo r d o s is ,  th e  a b i l i t y  o f morphine to  i n h i b i t  
s ex u a l behav io r was te s te d  in  5 , 7 -d ihyd roxy tryp tam ine  (5,7-DHT) 
t r e a te d  r a t s .  L esion ing  hypothalam ic 5-HT te rm in a ls  w ith  
5 , 7 - DHT f a c i l i t a t e s  lo rd o s is  respond ing  in  E B -trea ted  r a t s .  
R ats were screened  48 hours a f t e r  EB. Morphine (2 mg/kg) was 
in je c te d  and behav io r was te s te d  10-20 m inutes l a t e r .  In
5 , 7 -  DHT le s io n e d  r a t s ,  morphine had a s l i g h t ,  bu t n o n s ig n if ic a n t 
e f f e c t  on LQ ( p r e t e s t :  98 ± 1, p o s t - t e s t :  81 ± 9 ) .  These da ta  
show th a t  system ic  a d m in is tr a tio n  of o p ia te s  i n h i b i t s  sexual 
b ehav io r in  fem ale r a t s ,  and su g g es t th a t  th e  in h ib i t i o n  
re q u ire s  an i n t a c t  hypothalam ic s e ro to n e rg ic  system .

Supported by USPHS G rant HD12011 (VNL) and NSF G raduate 
F ellow sh ip  (DLA).

232.10 HYPOTHALAMIC 5HT LESIONS FACILITATE LORDOSIS WITHOUT AFFECTING 
STEROID RECEPTOR LEVELS V.N. L uine, J .E .  Thornton , M. F ran k fu rt 
and N .J. MacLusky*. R o ck e fe lle r  U n iv e rs ity , N .Y ., N.Y.; I n s t i t u t e  
o f Animal B ehav io r, Newark, N .J . ;  N eu ro log ica l I n s t i t u t e ,  
M ontrea l, Canada; Yale U n iv e rs ity , New Haven, C t.

S ero to n in  endings in  th e  ven trom edial nucleus of the  
hypothalam us e x e rt  in h ib i to ry  re g u la tio n  on fem ale sexual behavior 
( l o r d o s i s ) .  D ep le tion  of se ro to n in  by in trah y p o th a lam ic  
5 , 7 - D ihydroxytryptam ine (5,7-DHT) a l t e r s  the  hormonal requ irem ents 
fo r  lo rd o s is  (F ra n k fu rt e t  a l ,  B rain Res. 340 127,1985). 
Follow ing 5,7-DHT, e s t r a d io l  a lone (E2) e l i c i t s  maximal 
lo r d o t ic  re spond ing . We examined w hether a l te r e d  b eh a v io ra l 
re s p o n s iv ity  to  E2 might be r e la te d  to  se ro to n in -d ep en d en t 
m odulation  of s te ro id  hormone re c e p to r  le v e ls  in  hypothalam us.

O variectom ized fem ale r a t s  rece iv ed  s te r e o ta x ic  in je c t io n s  of 5 
ug 5,7-DHT or v e h ic le  in to  th e  hypothalam us. L ordosis  q u o tie n ts  
(LQ) were te s te d  weekly a f t e r  5 ug of S.C. e s t r a d io l  benzoate 
(EB). 5,7-DHT t r e a te d  r a t s  d isp la y ed  L .Q .s > 88 w hile sham L .Q .s 
were < 6 . At 30-45 days po st 5,7-DHT, anim als were s a c r i f i c e d ,  
300 um b ra in  s e c t io n s  made and th e  m edial p re o p tic  (mPOA), 
p e r iv e n tr ic u la r  p re o p tic  (PVPOA), dorsom edial (DMN) and l a t e r a l  
ven trom ed ia l (VMN) n u c le i  and a rcua te-m ed ian  eminence a re a  (Ar-ME) 
were ob ta in ed  by m icropunch. For c y to s o l ic  p ro g e s tin  re c e p to r  
(PRC) m easurem ents, r a t s  rece iv ed  2 .5  ug EB fo r  two days p r io r  
to  s a c r i f i c e .  N uclei from 3 b ra in s  were pooled and PRC were 
measured w ith  3h-R5020 acco rd ing  to  th e  methods of Parsons e t 
a l .  ( J .  N eurosci. 2 1446, 1982). N uclear e s tro g e n -re c e p to r  
complexes (ERn ) in  n u c le i from one r a t  were measured by 
exchange assay  (K ranz le r e t  a l . ,  J .  Neurochem. 43 895,1984) 6 h rs . 
a f t e r  in je c t io n  of 10 ug of EB using  11-m ethoxy-16-(125I ) 
e s t r a d io l  ( s p e c i f i c  a c t i v i t y  1043 Ci/mmol ) as lig an d  (T. Brown e t 
a l . ,  N eu rosci. Abs. 1986).

No d if fe re n c e s  in  PRC le v e ls  were found between sham and 
5 , 7 -  DHT groups in  th e  n u c le i examined. L evels of PRC in  th e  
VMN and Ar-ME, 24 and 18 fmol/mg p ro te in ,  r e s p e c t iv e ly ,  were 
s im i la r  to  p rev ious  s tu d ie s  u t i l i z in g  h ighe r E2 do ses . Levels 
in  th e  POA and PVPOA, 20 and 12 fmol/mg p ro te in ,  r e s p e c t iv e ly ,  
were approx im ate ly  50% lower than  p rev ious  s tu d ie s .  This suggests  
th a t  maximal in d u c tio n  of PRC by E2 o ccu rs a t  lower doses 
in  hypothalam ic than  p re o p tic  s i t e s .  ERn were a lso  not 
d i f f e r e n t  between sham and 5,7-DHT tr e a te d  r a t s  in  th e  mPOA, Ar-ME 
or VMN. L evels ranged between 400 and 650 fmol/mg DNA.

These r e s u l t s  suggest th a t  s e ro to n e rg ic  r e g u la tio n  of lo rd o s is  
behav io r does not invo lve  m odulation of e s tro g e n  n u c lea r rece p to r  
le v e ls  or E2 in d u c tio n  of c y to s o l ic  p ro g e s tin  re c e p to r s .  Other 
s tu d ie s  suggest s e ro to n in  m odulates behavior through d i r e c t  
a c tio n s  on n eu ra l c i r c u i t s  re g u la tin g  lo rd o s is .

232.11 MEASUREMENT OF CELL NUCLEAR ESTROGEN RECEPTORS IN MICRODISSECTED 
RAT BRAIN NUCLEI USING A [125I ]  ESTROGEN LIGAND. T .J . Brown, 
N .J. MacLusky*, J .  Z e i l ln s k i*  and R.L. H o c h b e rg * D ept. o f  
OB/GYN, Yale Univ. Sch. o f  M ed., New Haven, CT 06510.

Measurement o f  n u c le a r  e s tro g e n  r e c e p to r s  in  reg io n s  o f  th e  
b ra in  d is s e c te d  u s in g  th e  P a lk o v its  te ch n iq u e  (B rain  Res. 
59 :449 , 1973) a llo w s c o r r e la t io n s  to  be made between th e  
b e h a v io ra l and neuroendocrine  e f f e c t s  o f  e s tro g e n s  and th e  
o ccu p a tio n  o f  e s tro g e n  re c e p to r s  in  s p e c i f ic  b ra in  s t r u c tu r e s .  
T his approach has been l im ite d  by th e  n e c e s s i ty  to  pool t i s s u e  
from s e v e ra l an im als to  o b ta in  m easurable le v e ls  o f b in d in g , 
u s in g  t r i t i a t e d  es tro g e n  l ig a n d s .  I t  h as th u s  been im p o ss ib le  to  
r e l a t e  th e  e s tro g e n  re sp o n s iv en ess  o f  an in d iv id u a l anim al to  
the  re g io n a l d i s t r i b u t io n  o f  c e l l  n u c le a r  es tro g e n  r e c e p to r s  
w ith in  i t s  b ra in .  In  th e  p re s e n t s tu d y , we have exp lo red  th e  
p o s s i b i l i t y  o f  u s in g  o f  an io d in a te d  analog  o f  e s t r a d io l ,  11β-  
methoxy-16α- [ 125I ]  io d o e s t r a d io l  (MIE2 ) ,  f o r  assay  o f e s tro g e n  
r e c e p to r s  in  m ic ro d is se c te d  a re a s  o f  th e  r a t  b ra in . Because o f  
th e  h igh  s p e c i f ic  a c t i v i t i e s  p o s s ib le  w ith  [125I ]  la b e le d  
s te r o id s  (up to  2 ,200  Ci/mmol), i t  seemed l i k e ly  th a t  use o f  
t h i s  compound m ight d ra m a tic a lly  improve th e  s e n s i t i v i t y  o f  th e  
a s say . MIE2 b in d s  to  e s tro g e n  r e c e p to r s  s p e c i f i c a l ly  and w ith  
h ig h  a f f i n i t y  (Kd 10-9  M). A sim ple  and ra p id  exchange assay  has 
been developed u s in g  [125I]  MIE2 , which i s  s u f f i c i e n t l y  
s e n s i t i v e  to  allow  measurement o f  c e l l  n u c le a r  e s tro g e n  
r e c e p to r s  in  m ic ro d is s e c te d  b ra in  n u c le i  from in d iv id u a l r a t s .  
T issu es  a re  homogenized in  200 μ l TEGD b u ffe r  (10 mM T r is —HCl , 
1 .5  mM Na2EDTA, 10% g ly c e ro l and 1 mM d i t h i o t h r e i t o l , pH 7 .4 )  
and c e n tr ifu g e d  a t  12,000 g f o r  1 min. The p e l l e t s  a re  washed 
tw ice by re su sp en s io n  in  200 μ l TEGD and c e n tr i f u g a t io n  a t  
12,000 g f o r  1 m in. The r e c e p to r s  a re  then  e x t ra c te d  w ith  0 .4  M 
KCl  in  TEGD b u f fe r  c o n ta in in g  0 .5  mM b a c i t r a c in .  F ollow ing 
ce n t r i f u g a t io n  a t  12,000 g f o r  5 m in, a l i q uot s  (75 μ l ) o f  th e  
n u c le a r  e x t r a c t s  a re  in c u b a ted  w ith  5 nM [125I ]  MIE2 + /-  10- 6 M 
d i e t h y l s t i l b e s t r o l  a t  25° C f o r  4 .5  h . Bound [125I ]MIE2 i s  
s e p a ra te d  from f r e e  on Sephadex LH-20 m inicolum ns. To m inim ize 
n o n s p e c if ic  b in d in g , th e  re c e p to r  complexes a re  p r e c ip i t a te d  
from th e  column e lu a te s  w ith  p ro tam ine s u l f a t e  in  th e  presence  
o f  'c a r r i e r '  u n la b e led  b ra in  c y to so l p ro te in  (200 μg) and 1% 
Tween 80. The p r e c i p i t a te s  a re  washed w ith  TEGD c o n ta in in g  1% 
Tween 80 and coun ted . R e su lts  u s in g  t h i s  method a re  
in d i s t in g u is h a b le  from th o se  o b ta in ed  u s in g  [3H] e s t r a d io l  (E2 ) 
and a  more r ig o ro u s  o e l l  n u c le a r  i s o l a t i o n  p rocedure (K ranzle r 
e t  a l , J .  Neuroohem. 43 :895 , 1984). M oreover, th e  number o f  
s p e c i f i c  bound coun ts  u s in g  MIE2 w ith  s in g le  an im als i s  more 
than  4 f o ld  h ig h e r  than  w ith  [3H]E2 in  t i s s u e  pooled  from 5 r a t s  
(Supported  by NIH g ra n ts  CA37799 and NS07807).

232.12 ACTIVITY OF SINGLE NEURONS IN LIMBIC STRUCTURES DURING THE 
ESTROGEN-PROGESTERONE INDUCTION OF LORDOSIS RESPONDING IN FEMALE 
GOLDEN HAMSTERS. James D. R ose. Departm ent of P sychology, 
U n iv e rs ity  o f Wyoming, L aram ie, WY 82071.

In  p rev io u s  in v e s t ig a t io n s ,  pronounced, ra p id ly -d e v e lo p in g  
changes in  th e  senso rim o to r p ro p e r t ie s  o f m idbrain  neurons were 
id e n t i f i e d  fo llo w in g  a lo rd o s is - in d u c in g  p ro g es te ro n e  (P) 
i n j e c t io n  in  es tro g en -p rim ed  ham sters (R ose, J .  D. P h y sio l. 
B ehav ., 1986 in  p r e s s ) .  The p re s e n t s tudy  examined th e  a c t i v i t y  
o f s in g le  neurons in  lim b ic  s t r u c tu r e s ,  p a r t i c u l a r ly  th o se  known 
to  have c o n c e n tra t io n s  o f e s tro g e n  and P re c e p to r s ,  du rin g  the 
hormonal in d u c tio n  o f  lo r d o s is .  S in g le  u n i t  a c t i v i t y  was 
reco rded  th rough  f in e  w ire  m ic ro e le c tro d e s  c h ro n ic a lly - im p la n te d  
in  th e  l a t e r a l  s e p ta l  r e g io n , m edial am ygdala, bed nucleus  o f the 
s t r i a  te r m in a l is ,  c in g u la te  gyrus and hippocampus. The anim als 
were g iven  a prim ing in j e c t io n  o f e s t r a d io l  benzoate (10 ug) a t  
th e  tim e o f e le c tro d e  im p la n ta tio n . A pproxim ately 40 h l a t e r ,  
s in g le  u n i t  a c t i v i t y  was reco rded  im m ediately p reced ing  and 
fo llo w in g  subcutaneous i n j e c t io n  o f P (500 u g ) . R ecording was 
con tin u ed  u n t i l  a f t e r  th e  an im als showed lo rd o s is  to  manual 
s t im u l i ,  app rox im ate ly  3 h l a t e r .  R ecordings were a l s o  ob ta in ed  
fo llo w in g  P in j e c t io n s  g iven  on th e  day a f t e r  lo rd o s is  in d u c tio n  
o r  in  o th e r  an im als which had n o t rec e iv e d  e s tro g e n  p rim ing . 
These in j e c t io n s  se rv ed  as c o n tro ls  f o r  P e f f e c t s  n o t s p e c i f ic  to  
lo rd o s is  in d u c tio n . Movement c o r r e l a te s  of u n i t  a c t i v i t y  were 
m onitored  w ith  an ac ce le ro m e te r mounted on th e  reco rd in g  cab le  
and from v ideo  ta p e s . B e h a v io r - re la te d  p ro p e r t ie s  o f th e se  
lim b ic  neurons c o n s is te d  o f changes in  f i r i n g  a s s o c ia te d  w ith  
s p e c i f ic  ty p es  o f movement, such as  head sw ings, s h i f t s  from one 
type o f movement p a t te r n  to  a n o th e r ( e .g .  from w alking  to  
r e a r in g ) ,  o r  in c re a s e s  o r d ec re a se s  in  f i r i n g  concom itant w ith  
changes in  movement v ig o r . In  com parison w ith  m idbrain  neu rons , 
th e se  m ovem ent-correla ted  p a t te rn s  o f f i r i n g  were l e s s  dynamic o r 
s p e c i f ic  to  p a r t i c u l a r  movement to p o g ra p h ie s . L o rd o sis  induc ing  
P in j e c t io n s  produced changes, o f te n  a d e p re s s io n , in  th e  o v e ra l l  
a c t i v i t y  l e v e l s ,  degree of m ovem ent-re lated  f i r i n g  and 
som atosensory re sp o n s iv en ess  o f lim b ic  neurons in  a l l  o f th e  
re g io n s  exam ined. As in  m idbrain  neu ro n s , th e se  P e f f e c t s  
f r e q u e n t ly  began w ith in  a few m inutes of hormone a d m in is tr a tio n  
and were most pronounced a t  th e  tim e lo rd o s is  was e l i c i t a b l e .  
U nlike p rev io u s  f in d in g s  fo r  m idbrain  n eu rons , th e  lim b ic  neurons 
d id  n o t ten d  to  deve lop  f i r i n g  p a t te r n s  c lo s e ly  a s s o c ia te d  w ith  
th e  m o to ric  elem ents o f  lo r d o s is .  These r e s u l t s  a re  c o n s is te n t  
w ith  p rev io u s  le s io n  and e l e c t r i c a l  s t im u la t io n  s tu d ie s  o f lim b ic  
s t r u c tu r e s  in  h am ste rs , which su g g es t a l e s s  c e n t r a l  r o le  o f 
th e se  b ra in  re g io n s  in  th e  c o n tro l  o f lo rd o s is  th an  th e  
m ediobasal hypothalam us o r m idb ra in . S upported by N .I.H . G rant 
NS13748.
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232.13 THE INFLUENCE OF INTRASTRIATAL ESTROGEN ON BALANCE BEAM PERFORMANCE 
IN OVARIECTOMIZED FEMALE RATS. Peter J .  Snyder, Sara A. Westgate*, 
Melissa M. Mill e r*, Michael J . Jenuwine*, and J i l l  B. Becker. 
Dept. Psychology and Neuroscience Lab, the U niversity of Michigan, 
Ann Arbor, MI 48104-1687.

There is  now considerable evidence th a t  estrogen can influence 
behaviors activated  by dopaminergic drugs in the  r a t .  These 
behavioral e f fe c ts  of estrogen have been co rre la ted  with changes 
in neurochemical indices of s t r i a ta l  dopamine (DA) a c t iv i ty ,  
including the  po ten tia tio n  of amphetamine-stimulated s t r i a t a l  DA 
re lease . However, lo c a liza tio n  of the  s i t e  of e stro g en 's  action  in 
th is  regard has been d i f f i c u l t ,  as e i th e r  the  hormone or the drug 
(or both) must usually  be adm inistered system ically . In an attempt 
to loca lize  the  e ffe c t of estrogen , we have examined the influence 
of in t r a s t r ia ta l  hormone treatm ent on locomotor behavior across 
a balance beam. This behavior does not requ ire  drug treatm ent to  
be e lic i te d  and i t  shows the same p a tte rn  of estrous cycle 
dependent v a ria tio n  as amphetamine-stimulated s t r i a t a l  DA re lea se .

Adult female Holtzman ra ts  were ovariectomized (OVX) and guide 
cannulae aimed a t the  s tria tum  were implanted b i la te r a l ly .  Animals 
were then tra in ed  to  walk across a suspended beam, 4 f t  long and 
0.5 inches wide. The bottoms of the  r a t s ' fe e t were painted with 
tempura pain t p rio r to  being placed on the beam and the fo o tp r in ts  
le f t  on the beam were used to  score fo o tf a u l ts .  On 3 consecutive 
days baseline behavior was recorded. After baseline  on the th ird  
day, c ry s ta llin e  hormones in 28 gauge cannulae were inserted  
b ila te ra lly  through the guide cannulae in to  the dorsal s tria tum . 
Animals received 1 of 4 trea tm ents: 1) 100% ch o leste ro l (CHOL); 
2) 30% 17 -beta-estrad io l (B-E2; 70% CHOL); 3) 30% 1 7 -a lpha -estrad i
ol (a-E2); or 4) 30% d ie th y ls t i lb e s te ro l  (DES). Implants remained 
in the striatum  fo r 6 hours. Behavior was te s ted  1 h r, 4 h r, 
10 hr and 24 hr a f te r  hormone in se rtio n  and then da ily  fo r 6 days.

At 4 and 10 hr following implants of e i th e r  B-E2 (the  active  
estrogen in the ra t)  or the  non-ste ro ida l estrogen agonist DES 
there was a s ig n if ic a n t improvement in balance beam performance, 
re la tiv e  to  implants of CHOL or the  inac tive  estrogen a-E2. At 
4 and 10 hr post-im plant of B-E2 or DES th e re  was a s ig n if ic a n t 
decline in the to ta l  number of fo o tfa u l ts  ( fo o tfa u lts  made with 
front fee t plus those made with back fe e t)  re la tiv e  to  co n tro ls . 
These re su lts  ind icate  th a t  estrogen acts  d ire c tly  in the  stria tum  
to influence balance beam performance and th a t th is  e ffe c t  is  
both stereospecific  and mimicked by an estrogen agon ist.

(Supported by NSF grant #BNS-8411763 to  JBB).

232.14 exa m in a tion  of sex  d if f e r e n c e s  in  the r espo n se  to frontal 
CORTICAL LESIONS. F.W. Schaerf*, T.H. Moran, J.R . Lipsey*, S. 
Ginsburg* and R.G. Robinson (SPON. G.McKhann). Department of 
Psychiatry , Johns Hopkins Univ. Sch. of Med., Baltimore, MD 
21205

Previous stud ies have demonstrated th a t r ig h t f ro n ta l 
c o r tic a l  suction  lesions re s u lt  in spontaneous hyperac tiv ity  in 
male but not in female ra ts  (Lipsey, e t  a l ,  L ife S c i., 38 , 2185, 
1 9 8 6 ) . The present experiments were undertaken to examine some 
possib le  bases for th is  sex d iffe ren ce . In an i n i t i a l  
experiment we examined the ro le  of s te ro id  hormones in mediating 
the response to c o r tic a l  les io n s . Female ra ts  were 
ovariectomized and following acq u isitio n  of preoperative running 
wheel a c tiv ity  b ase lines , divided in to  four groups: sham les ion , 
r ig h t  c o r tic a l  suction  les io n , sham lesion  receiving a s i l a s t i c  
tes to s te rone  implant, and lesion  with testosterone implant. 
Postoperative a c t iv ity  was monitored for 30 days. Neither 
ovariectomied, F(1 ,2 1 ) = 0 .6 4 8 ,  p > .1 ,  nor testosterone treated  
female ra ts , F(1 ,2 1 ) = 0 .1 6 7 , p > .1 ,  demonstrated increased 
a c t iv ity  in response to c o r tic a l  suction  les ions , although the 
testo ste rone  treatm ent i t s e l f  g rea tly  increased running wheel 
a c t iv i ty , F(1 ,2 1 ) = 9 .1 5 3 ,  p < .0 1 .  The re su lts  of th is  study 
indicated  th a t estrous cycling i t s e l f  was not preventing the 
response and simply providing the male s te ro id  testoste rone  to 
ovariectomized female ra ts  was not su ff ic ie n t  to induce the 
h yperac tiv ity  response to rig h t fro n ta l c o r tic a l  suction 
le s io n s .

In a second experiment, we examined the ontogeny of responses 
to lesions in male r a ts .  Twenty, 30, 50, 60 and postpuberta l 90 
day old male ra ts  received e ith e r  r ig h t fro n ta l c o r tic a l  suction 
lesions or sham su rg e ries . A ctiv ity  was monitored fo r 30 days 
following les io n s . Only 90 day old male ra ts  demonstrated the 
c h a ra c te r is tic  hyperac tiv ity  in response to les io n s , F ( 1 ,1 4 )  = 
8 .6 3 5 ,  p < .0 1 .  These re su lts  suggested th a t some m aturational 
process re la ted  to sexual m aturity may be playing a permissive 
ro le  in  the expression of hyperac tiv ity  in  response to c o r tic a l  
le s io n s . In order to  examine th is  p o ss ib il ity , we examined the 
response to  r ig h t hemispheric lesions in  ra ts  cas tra ted  p rio r to 
puberty. Rats were cas tra ted  on Day 55 and received e ith e r  
c o r tic a l  or sham surgery on Day 9 0 . C astration  elim inated the 
response to c o r tic a l  les io n s , i . e .  the postoperative a c t iv ity  of 
cas tra ted  animals receiving lesions or sham procedures did not 
d i f f e r ,  F ( 1 ,9 )  = 0 .0 3 1 ,  p > . 1 .  Together these re su lts  suggest 
th a t some aspect of male sexual m aturation is  playing a ro le  in 
mediating the hyperac tiv ity  response to r ig h t  fro n ta l c o r tic a l  
les io n s .

232.15 PREGNANCY-INDUCED AGGRESSIVE BEHAVIOR AND PLASMA LEVELS OF 
PROGESTERONE IN THREE INBRED STRAINS OF MICE. S. Ogawa and 
S.C. Maxson. Lab. of Behavioral G enetics, Univ. of Connecticut, 
S torrs, CT 06268.

Among various kinds of female socia l behavior, the mechanism 
of pregnancy-induced aggressive behavior (PIA) s t i l l  remains 
unknown. Previously, we found marked s tra in  d ifferences  in the 
levels of PIA among fiv e  inbred s tra in s  of mice (Ogawa & Makino, 
Behav. Neur. B io l. ,  40, 195, 1984). In ad d itio n , we have recen tly  
reported th a t the incidence and in te n s ity  of PIA in aggressive 
s tra in s  were associated  with the days of g e sta tio n  themselves and 
experien tial e ffe c ts  such as repeated te s t s  in e a r ly  pregnancy were 
re la tiv e ly  small (Behavior Genetics A ssociation meeting, 1986). 
Therefore, i t  is  assumed th a t genetically-determ ined d ifferences  
in pregnancy-associated fa c to rs  might e x is t  among the  s tra in s  with 
d iffe ren t leve ls  of PIA. In the present study, we assessed whether 
ind iv idual, s t r a in ,  and/or g esta tio n a l d ifferences  in PIA 
correlated with the v a ria tio n  in the plasma leve ls  of progesterone 
in three d iffe re n t s tra in s  of mice.

Nulliparous females from AKR/J, BALB/cN, and DBA/2J (10-11 
weeks of age) were mated with a CFW male during the  night of 
estru s  and placed in an indiv idual cage the  next morning i f  a 
vaginal plug was found (g esta tio n  day 0 ). Blood samples were 
taken from both  behav iorally  te s ted  and untested  mice 
(N =20/group/day/strain) during the  ea r ly  p a rt of the  dark phase of 
the lig h t cycle on 1, 3, 5 , 9, 13, or 17 days of g e s ta tio n . 
Behavioral te s t s  were conducted immediately before blood 
co lle c tio n  in the former group. Female aggressive behavior 
(defined as e ig h t d if fe re n t behavioral ac ts)  toward an unfam iliar 
o lfac to ry  bulbectomized, group-housed CFW male was recorded during 
a 10-minute observation period . Plasma leve ls  of progesterone 
were determined by radioimmunoassay.

Plasma leve ls  of progesterone tended to  be h ighest in the most 
aggressive AKR mice on a l l  days stud ied . The moderately aggressive 
DBA showed lower leve ls  of progesterone than the  AKR. Non- 
aggressive BALB mice showed the lowest leve ls  of progesterone on 
a l l  days. G esta tional changes of PIA co rre la ted  well with plasma 
leve ls  of progesterone in DBA but not in AKR.

These re s u l ts  suggest th a t  s tra in  d ifferen ces  in PIA might be 
due to  the  v a ria tio n  in the  leve ls  of plasma progesterone, and 
progesterone might have a f a c i l i t a t i v e  e f fe c t  on PIA. Whether 
these  th ree  s tra in s  are  d if fe re n t in neural s e n s i t iv i ty  to  
progesterone in add ition  to  the  periphera l c irc u la tin g  leve ls  of 
progesterone w ill be fu r th e r  in vestigated  in a supplemental 
progesterone treatm ent study to  determine the  mechanism of PIA.

This research  was supported by a grant from The U niversity  of 
Connecticut Research Foundation.

232.16 PRENATAL STRESS AND MATERNAL BEHAVIOR IN VIRGIN RATS: RESPONSE 
LATENCIES ARE DECREASED IN MALES AND INCREASED IN FEMALES. C raig  
H. K insley  and R obert S. B rid g e s , Departm ent o f Anatomy and 
C e l lu la r  B io logy , L abo ra to ry  o f Human R eproduction  and R eproductive 
B io logy , H arvard M edical School, 45 S ha ttuck  S t . ,  B oston, MA 02115.

P re n a ta l  s t r e s s  (PS) i s  a p o te n t d is ru p to r  of th e  normal co u rse  
o f sex u a l d i f f e r e n t i a t i o n .  E xam inations o f PS have d esc r ib ed  th e  
e f f e c t s  in  m ales as  com prising  a sp e c ts  o f fe m in iz a tio n  and 
d e m a s c u lin iz a t io n , w hereas in  fem ales , th e  e f f e c t s  a re  much le s s  
ap p a re n t and a re  more l i k e ly  to  a f f e c t  such p a r t i c u l a r  endpo in ts  
o f re p ro d u c tio n  a s  f e r t i l i t y  and fe c u n d ity . The rep ea ted  f in d in g s  
th a t  le v e ls  o f v a r io u s  m a le - ty p ic a l b eh a v io rs  ( e . g . ,  co p u la to ry  
behav io r and in te rm a le  ag g re ss io n )  a re  reduced in  PS m a le s , coupled 
w ith  th e  r e p o r t  th a t  PS dampens the in f a n t i c id a l  te n d e n c ie s  o f male 
m ice (vom S a a l, P h y s io l. Behav. 30 : 675, 1983) prompted us to  ex
amine th e  p o s s i b i l i t y  th a t  p r e n a t a l l y - s t r e s s e d  male r a t s  m ight d i s 
p lay  more fe m a le - l ik e  resp o n ses  to  young, v i z . ,  a reduced la te n c y  
to  respond m a te rn a l ly . C onversely , in  PS fem ales , where th e  e f f e c t s  
a re  more s u b tle  and w here, to  our know ledge, th e re  has been no r e 
p o r t  o f PS e f f e c t s  on m a te rn a l b ehav io r in  th e  n u l l ip a ro u s  fem ale, 
we w ished to  examine w hether m a te rn a l respond ing  would be d is ru p te d  
by PS, a s  suggested  by th e  r e s u l t s  in  th e  postpartum  anim al ( e .g . ,  
F r id e ,  e t  a l . ,  L i fe  S c i . 36 : 2103, 1985). Sprague-Dawley fem ale 
r a t s  w ere tim ed-m ated (+sperm = Day 0 ) . From days 14 through  21 of 
pregnancy one s e t  of fem ales was su b je c te d  to  a th r i c e - d a i ly  r e g i 
men o f h e a t and r e s t r a i n t  s t r e s s  (8 :30  am, 12:30 and 4 :30  pm). This 
tre a tm e n t c o n s is te d  of p la c in g  th e  r a t s  in to  a p le x ig la s  r e s t r a i n t  
tu b e  over which was po ised  two 100 w a tt f lo o d l ig h ts .  C on tro l f e 
m ales rem ained u n d is tu rb e d  th roughou t p regnancy. At p a r t u r i t i o n  a l l  
o f f s p r in g  were fo s te re d  to  u n tre a te d  dams and weaned a t  25 days of 
age . T e stin g  fo r  re sp o n s iv en ess  to  young o ccu rred  between 80- 100 
days of age . Follow ing 24 hours o f i s o la t io n ,  PS and C on tro l m ales 
and fem ales were exposed to  th re e  1-7 day o ld  r a t  pups. T e s ts  fo r  
m a te rn a l behav io r were conducted d a i ly  u n t i l  a c r i t e r io n  o f two 
co n se c u tiv e  days o f f u l l  m a te rn a l beh av io r (FMB: R e tr ie v a l  and 
g rouping o f ,  and crouch ing  o v e r , pups) was observed . PS m ales ex
h ib i te d  a s ig n i f i c a n t ly  s h o r te r  la te n c y  ( in  days) to  show FMB than  
C on tro l m a les , X̅ = 5 .4  v s . 7 .7 ,  r e s p e c t iv e ly .  PS fem ales , on th e  
o th e r  hand, took s ig n i f i c a n t ly  lo n g e r to  e x h ib i t  FMB th an  C on tro l 
fem ales , X ̅= 7 .0  v s .  3 .5 , r e s p e c t iv e ly .  These d a ta  dem onstra te  th a t  
p r e n a ta l  s t r e s s  e l im in a te s  th e  sex d if f e re n c e  norm ally  observed in  
m a te rn a l b eh a v io r ( i . e . ,  fem ales  > m a le s ) . M oreover, th e  d a ta  sug
g e s t th a t  p r e n a ta l  s t r e s s  may a c tu a l ly  fem in ize  th e  m a le 's  r e s 
po n siv en ess  to  young, w h ile  m a sc u lin iz in g  th e  response  o f th e  f e 
m ale. (S upported by NIH T ra in in g  G rant # 5T32-HD-07130, C.H.K 
t r a in e e ,  and g ra n ts  RSDA # K02-MH-00536 and NIH HD-19789 awarded to  
R .S .B .
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232.17 RELATIONSHIP BETWEEN MATERNAL BEHAVIOR AND NUCLEAR ESTROGEN 
RECEPTOR BINDING IN PREOPTIC AREA AND HYPOTHALAMUS DURING 
PREGNANCY IN RATS. A.L. G iordano and J .S .  R o se n b la tt* . 
I n s t i t u t e  o f  Animal B ehavior, R utgers U n iv e rs ity , Newark, NJ 07102

Female r a t s  whose p reg n an c ies  a re  te rm in a ted  (hy ste rec to m ized  
and ovariec tom ized ) on Day 16 and a re  in je c te d  w ith  e s t r a d io l  
benzoate (EB, 5ug/kg) a t  su rg ery  w i l l  e x h ib i t  m a te rn a l b ehav io r 
when te s t e d  48 h r l a t e r .  I t  has a ls o  been shown th a t  le s io n s  in  
th e  m edial p re o p tic  a re a  (MPOA) w ill  s e v e re ly  d is ru p t  t h i s  b ehav io r 
and th a t  e s t r a d io l  im p lan ts  in  th e  MPOA w il l  s t im u la te  m aternal 
beh av io r in  p reg n an cy -te rm in a ted  an im als. L esions and im p lan ts  
in  th e  ven trom ed ia l hypothalam us (VMH) o f  th e se  an im als have no 
e f f e c t  on th i s  b eh a v io r .

In  th e  f i r s t  experim en t, we examined n u c le a r  e s tro g e n  re c e p to r  
b in d in g  in  POA and hypothalam us (HYP) o f  Day 16 pregnancy- 
te rm in a ted  fem ales , 16 day hy ste rec to m ized  and o variec tom ized  
non-p regnan t fem ales , and d ie s t r u s  I fem ales h y s te rec to m ized  and 
o v a riec to m ize d . A ll groups re c e iv e d  e i th e r  5ug/kg EB o r  v e h ic le .  
R ecep to r le v e ls  were measured a t  0 (no su rg e ry  o r tr e a tm e n t) ,  6 , 
12, 24, and 48 h r a f t e r  su rg ery  and tre a tm e n t. In  anim als th a t  
rec e iv e d  EB, re c e p to r  c o n c e n tra t io n s  in  POA were s ig n i f i c a n t ly  
h ig h e r  th an  in  HYP a t 0 hr in  th e  p regn an cy -te rm in a ted  anim als 
o n ly . By 6 h r ,  no d if f e re n c e s  were found between th e se  b ra in  a re a s  
in  any group. W ith in  a l l  groups in  bo th  POA and HYP, re c e p to r  
l e v e ls  in c re a s e d  s ig n i f i c a n t ly  a t  24 h r and d ec reased  a t  48 h r . 
No d if f e re n c e s  were found among th e  groups a t  any in te r v a l  
fo llo w in g  tre a tm e n t w ith  v e h ic le  (6 to  48 h r ) .

In  th e  second experim en t, we examined th e  p r o f i l e  o f  e s tro g e n  
re c e p to r  c o n c e n tra t io n  on days 8 , 10, 13, 16, 19, and 22 (day o f  
p a r t u r i t i o n )  o f  pregnancy. R esu lts  showed th a t  re c e p to r  le v e ls  in  
POA were s ig n i f i c a n t ly  h ig h e r th an  in  HYP beg inn ing  on D10 and 
th e se  le v e ls  rem ained e le v a te d  th rough  D22. R ecep to r c o n c e n tra t io n  
in  HYP d id  n o t change from D8 th rough  D19 but then  s ig n i f i c a n t ly  
in c re a se d  on D22.

In o rd e r  to  a s s e s s  th e s e  changes in  e s tro g e n  re c e p to r  b ind ing  
w ith  g r e a te r  ana tom ical r e s o lu t io n ,  we measured n u c le a r  e s tro g e n  
re c e p to r s  in  m ic ro d is se c te d  b ra in  re g io n s  du rin g  pregnancy. 
N uclear e s tro g e n  re c e p to r  c o n c e n tra t io n s  were determ ined  in  th e  
m ed ial p re o p t ic  n u c le u s , p e r iv e n t r i c u la r  p re o p t ic  n u c leu s , 
ven tro m ed ia l n u c leu s , p e r iv e n t r i c u la r  a n t e r io r  hypothalam us, 
p a r a v e n tr ic u la r  n u c leu s , and arcu a te -m ed ian  eminence on days 
8 , 16, and 22 o f pregnancy. D iffe ren c es  between p re o p t ic  and 
hypothalam ic n u c le i  c o n c e n tra t io n s  o f  e s tro g e n  re c e p to r s  a re  
d isc u sse d  in  r e l a t i o n  to  i n i t i a t i o n  o f  m aternal b ehav io r and i t s  
developm ent d u rin g  pregnancy.

232.18 SERUM AND SALIVARY CORTISOL LEVELS IN THE DEXAMETHASONE 
SUPPRESSION TEST. D .M . M artin , D. C. B ernot* , D. R. Sweeney 
and M. L e h re r* . P s y c h ia t r ic  D iag n o s tic  L a b o ra to r ie s  of 
America, P r in c e to n , NJ 08540 and F a ir  Oaks H o sp ita l ,  Summit, 
NJ 07901.

H y p e rsec re tio n  of c o r t i s o l  and i t s  r e s i l i e n c e  to  su p p ressio n  
a f t e r  th e  a d m in is tra tio n  of dexamethasone has been s tro n g ly  
a s s o c ia te d  w ith  m ajor a f f e c t iv e  d is o rd e r s  in  hum ans.1 The 
Dexamethasone Suppression  T est (DST) has been s tan d a rd ized  
r e q u ir in g  th e  sam pling of serum c o r t i s o l  le v e ls  m inim ally a t  
4 p.m. and 11 p.m. a f t e r  one (1) mg of dexamethasone i s  taken  
a t  m idn igh t th e  p r io r  even ing . Recent s tu d ie s  suggest th a t  
in c re a s in g  th e  frequency  of c o r t i s o l  sam pling in c re a s e s  th e  
s e n s i t i v i t y  and the  d ia g n o s t ic  va lue  of th e  t e s t . 2 O bta in ing  
DST blood sam ples fo r  th e  minimum requ irem en t of two sam plings 
i s  d i f f i c u l t  even under th e  b e s t co n d itio n s  fo r  h o s p ita l iz e d  
p a t ie n t s  and extrem ely  inco n v en ien t fo r  o u tp a t ie n ts .  This 
r e s t r i c t i o n  has s ev e re ly  l im ite d  the  DSTs more w idespread  
a p p l ic a t io n  in  th e  d ia g n o s is  and tre a tm en t of a f f e c t iv e  
d is o rd e r s .  The le v e ls  of most b io lo g ic a l ly  a c t iv e  compounds, 
such as  s te r o id s  in c lu d in g  c o r t i s o l  in  s a l iv a  r e f l e c t  the  
n o n p ro te in  bound o r " f r e e "  le v e ls  found in  th e  serum 
com partm ent.3 I n i t i a l  re s e a rc h  on th e  DST measured to t a l  
c o r t ic o s te r o id s  by a com peta tive  p ro te in  b in d in g  te ch n iq u e . 
C u rren tly  a v a i la b le  com mercial methods a re  more s p e c i f ic  to  
c o r t i s o l  b u t m easure bo th  p ro te in  bound and f r e e  c o r t i s o l .  
The measurement of s a l iv a ry  c o r t i s o l  in  th e  f r e e  o r unbound 
form i s  n o t only a n a tu r a l  te c h n ic a l e v o lu tio n  of th e  DST bu t 
a l s o  y ie ld s  a more co n v e n ien t, p a t ie n t  o r ie n te d  p rocedu re . 
S a liv a ry  and serum c o r t i s o l  le v e ls  were measured by our group 
in  bo th  normal c o n tro ls  and dep ressed  h o s p ita l iz e d  p a t ie n t s  
by a m o d if ic a tio n  of a radioimm unoassay te ch n iq u e . The study 
dem onstrated  a s tro n g  c o r r e l a t i o n  between serum and 
s a l iv a ry  c o r t i s o l  d e te rm in a tio n s  (r= 0 .9 9 ) . These d a ta  w i l l  
be p re sen ted  su g g es tin g  th a t  s a l iv a ry  c o r t i s o l  a n a ly s is  
o f f e r s  a n o n traum atic  and c o n f id e n tia l  approach to  th e  DST 
e s p e c ia l ly  w e ll - s u i te d  fo r  o u tp a t ie n ts ,  a d o le s c e n ts , or 
in p a t ie n ts  w ith  poor venous s t r u c tu r e s .
1) C a r r o l l ,  B . J . ,  B r i t i s h  J .  P sy c h ia try  140, 292, 1982
2) Sherman, B ., e t .  a l . ,  Arch. Gen. P sy c h ia try  41, 271, 1984
3) S t a l l ,  F . ,  D orner, G ., E ndokrino log ie  80, 158, 1982

232.19 CONDITIONED AVOIDANCE AND PLASMA CORTICOSTERONE IN MICE 
WITH EXPERIMENTAL DIABETES MELLITUS.W.P. Meehan* and 

L.J. Leedom* (SPON: D .F .  L i n d s l e y ) .  D i a b e t e s  a n d  
C l i n i c a l  N u t r i t i o n ,  LAC-USC M e d ic a l  C e n t e r ,  L os 
A n g e le s ,  CA 9 0 0 3 3 .

I t  h a s  lo n g  b e e n  r e c o g n i z e d  t h a t  e x p e r i m e n t a l  
d i a b e t e s  m e l l i t u s  i s  a s s o c i a t e d  w i th  e l e v a t e d  p la s m a  
c o r t i c o s t e r o n e  a s  w e l l  a s  i n c r e a s e d  p la s m a  g l u c o s e .  
S in c e  d i s r u p t i o n s  in  t h e  p i t u i t a r y  a d r e n a l  a x i s  a r e  
th o u g h t  to  e f f e c t  a v o i d a n c e  l e a r n i n g ,  t h i s  s tu d y  
e x a m in e d  c o n d i t i o n e d  a v o i d a n c e  in  m ic e  w i t h  e x p e r i m e n 
t a l  d i a b e t e s  m e l l i t u s .  32 m a le  S w iss  W e b s te r  m ic e  (3  
m o n th s  o l d )  w e re  u s e d  in  t h i s  s t u d y .  23 m ic e  w e re  g iv e n  
180 m g /k g  o f  s t r e p t o z o t o c i n  f o r  t h e  i n d u c t i o n  o f  
d i a b e t e s  m e l l i t u s .  9 c o n t r o l  m ic e  r e c e i v e d  v e h i c l e .  3 
w e e k s  f o l l o w i n g  t h e  s t r e p t o z o t o c i n  i n j e c t i o n ,  a v o i d a n c e  
l e a r n i n g  w as a s s e s s e d  u s i n g  a  s t a n d a r d  2 c h a m b e r  
p a s s i v e  a v o i d a n c e  a p p a r a t u s .  B e h a v io r  o f  t h e  m ic e  w as 
o b s e r v e d  a n d  r e c o r d e d  in  c h a m b e r  1 a s  w e l l  a s  th e  
l a t e n c y  to  e n t e r  c h a m b e r  2 .  F o l lo w in g  a v o i d a n c e  
l e a r n i n g  t r i a l s ,  m ic e  w e re  b l e d  on  d a y  5 v i a  r e t r o -  
o r b i t a l  s i n u s  p u n c t u r e  t o  o b t a i n  p la s m a  f o r  b a s e l i n e  
g l u c o s e  a n d  c o r t i c o s t e r o n e  l e v e l s .  P la s m a  g l u c o s e  w as 
d e t e r m i n e d  u s i n g  a  B eckm an g l u c o s e  a n a l y z e r .  P la s m a  
c o r t i c o s t e r o n e  w as d e t e r m i n e d  u s i n g  a  c o m p e t i t i v e  
p r o t e i n - b i n d i n g  r a d i o a s s a y .  16 o f  t h e  23 m ic e  r e c e i v i n g  
s t r e p t o z o t o c i n  b ecam e d i a b e t i c  ( p la s m a  g l u c o s e  > 250 
m g / d l ,  m =694±18 s t d  m g / d l ) .  T he o t h e r  7 m ic e  w e re  
b o r d e r l i n e  d i a b e t i c  w i th  b a s e l i n e  p la s m a  g l u c o s e  < 250 
m g /d l  (m= 163± 21  m g / d l )  ( c o n t r o l s ,  m = 151± 18 m g / d l ) .  
P la s m a  c o r t i c o s t e r o n e  w as g r e a t e r  in  t h e  d i a b e t i c  m ic e  
th a n  in  t h e  b o r d e r l i n e  a n d  c o n t r o l  m ic e  ( 1 7 .8 ± 1 4 .3  v s  
4 . 3 7 ± 2 .5  v s  6 . 2 ± 4 .7  s t d  u g / d l , p < 0 .0 1 ) .  On d ay  1 o f  t h e  
a v o i d a n c e  l e a r n i n g  t r i a l ,  l a t e n c y  t o  e n t e r  c h a m b e r  2 
w as s i m i l a r  in  a l l  g r o u p s ,  h o w e v e r  2 4 ,  48 a n d  72 h r s  
f o l l o w i n g  t h e  s h o c k  t r i a l ,  d i a b e t i c  m ic e  l a t e n c y  to  
e n t e r  w as s i g n i f i c a n t l y  e l e v a t e d  a b o v e  t h a t  o f  c o n t r o l s  
a n d  b o r d e r l i n e  d i a b e t i c  m ic e  ( p < 0 .0 1 ) .  On d a y  2 ,  t h e  
d i a b e t i c  m ic e  w e re  a c t i v e  w h i l e  in  c h a m b e r  1 .  D i a b e t i c  
m ic e  n o t  f u l l y  r e e n t e r i n g  c h a m b er  2 ( 1 4 / 1 6 )  r e e n t e r e d  
a n d  w i th d r e w  f ro m  c h a m b e r  2 an  a v e r a g e  o f  15±1 t i m e s .  
In  c o n c l u s i o n ,  t h i s  s t u d y  d e m o n s t r a t e d  t h a t  d i a b e t i c  
m ic e  show  g r e a t e r  p a s s i v e  a v o i d a n c e  th a n  n o n d i a b e t i c  
a n d  b o r d e r l i n e  d i a b e t i c  m i c e .  S in c e  in  d i a b e t e s  
m e l l i t u s  b e h a v i o r a l  a l t e r a t i o n s  a r e  o b s e r v e d  a lo n g  w i th  
i n c r e a s e d  a c t i v i t y  o f  t h e  p i t u i t a r y  a d r e n a l  a x i s ,  i t  i s  
s u g g e s t e d  t h a t  t h e  m e t a b o l i c  s t a t e  o f  d i a b e t e s  m e l l i t u s  
h a s  o b s e r v a b l e  e f f e c t s  on th e  c e n t r a l  n e r v o u s  s y s t e m .

232.20 INCREASED PLASMA ALDOSTERONE DOES NOT ACCOUNT FOR THE ENHANCED 
SALT APPETITE OF THE RAT. R.R. S akai* , B. S tam outsos* and 
A.N. E p s te in . (SPON: S .P . Frankmann), Univ. of P ennsy lvan ia , 
P h ila d e lp h ia , Pa. 19104-6018.

The s a l t  a p p e t i t e  o f r a t s  i s  a roused  by th e  combined a c tio n s  of 
a n g io te n s in  I I  (ANG) and a ld o s te ro n e  (ALDO) on th e  b ra in  (S ak a i, 
NATO ARW, 1986) and can be supp ressed  by b lockade of bo th  hormones 
(S akai and E p s te in , AJP in  p r e s s ) .  In  a d d i t io n ,  s a l t  a p p e t i t e  th a t 
i s  induced by sodium d e p le tio n  i s  enhanced e i t h e r  by a p r io r  de
p le t io n  o r by tre a tm e n t of d e p le tio n -n a iv e  r a t s  w ith  ANG and ALDO 
one week p r io r  to  t h e i r  1 s t sodium d e p le t io n .  The enhancement 
occu rs  a b ru p tly  a f t e r  th e  second d e p le tio n  o r a f t e r  th e  1s t  d ep le 
t io n  in  th e  hormone p r e - t r e a te d  r a t ,  and i s  exp ressed  by a v i r t u a l  
d isap p e a ran ce  o f la te n c y  to  d r in k  and by in c rea sed  volume of 3% 
NaCl in ta k e  (10-12 ml vs 6-8 m l). We now re p o r t  th a t  changes in  
plasm a ALDO w ith  su cc e ss iv e  sodium d e p le tio n s  does n o t account fo r 
th e  enhanced s a l t  a p p e t i t e .

R ats (m ale, S-D) were sodium d e p le te d  a t  weekly in t e r v a l s  by 
com bining a n a t r i u r e t i c  d rug , furosem ide (10 m g /ra t ,  SC), w ith  
rem oval o f am bient sodium (home cage washed, rem oval o f 3% NaCl, 
and food re p la c e d  w ith  a sodium d e f i c ie n t  d i e t ) .  At l e a s t  18 hours 
a f t e r  th e  beg inn ing  o f th e  d e p le tio n  r a t s  were e i th e r  1) s a c r i f i c e d  
fo r  c o l le c t io n  of tru n k  b lood o r 2) were g iven  a c cess  to  3% NaCl 
fo r  2 hours and allow ed to  ex p ress  a s a l t  a p p e t i t e .  Some o f th e se  
r a t s  were then  g iven  ad l i b  a c cess  to  w a te r, 3% NaCl, and P u rina  
p e l l e t s  u n t i l  th e  fo llo w in g  week when they  were sodium d ep le te d  
a g a in  and s a c r i f i c e d .  Blood was c o l le c te d  from th e  rem aining  r a t s  
a f t e r  t h e i r  3rd o r 4 th  d e p le t io n s .  Trunk blood was ana lyzed  fo r  
plasm a ALDO c o n c e n tra t io n s  by radioim m unoassay (D iag n o stic  
P ro d u c ts ) .

Plasma ALDO le v e ls  w ere: 0 dep = 139.3 pg/m l (n=19) , 1 s t dep =  
846.9 pg/m l (n=1 6 ) , 2nd dep = 865 pg/m l (n=4 ) , 3rd dep = 953.3 
pg/m l (n=6) and 4 th  dep = 1726.6 pg/m l (n=6) . Sodium d e p le tio n  
m arkedly e le v a te d  plasm a ALDO b u t ,  excep t fo r  th e  fo u r th  d e p le tio n , 
su c c e ss iv e  d e p le tio n s  d id  n o t produce f u r th e r  e le v a t io n s .

These d a ta  show th a t  in c re a s e s  in  ALDO le v e ls  do n o t accoun t fo r 
th e  enhancement of s a l t  a p p e t i t e  th a t  i s  produced by a s in g le  p r io r  
d e p le t io n .  And because th e  enhancement can be produced by t r e a t i n g  
th e  non-depl e te d  r a t  w ith  ANG and ALDO, we b e l ie v e  they  mean th a t  
th e se  hormones o rg an ize  lo n g - la s t in g  changes in  th e  b ra in  th a t  in 
c re a se  th e  an im als a v id i ty  f o r  s a l t y  su b stan ce s  in  response  to  
subsequen t d e p le t io n s .

Supported by NS-03469-25 & The MacArthur Foundation  (ANE), NIMH 
ITG MH 17168-02 (RRS).
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233.1 PINEAL AFFERENTS IN THE RAT DEMONSTRATED BY RETROGRADE TRACING 
METHODS Laura S tan ley * , Kyoi Horikawa*, (SPON. D. D a v ie s ) . 
Departm ent o f  Anatomy, U n iv e rs ity  o f A rkansas f o r  M edical 
S c ien ces , L i t t l e  Rock, AR 72205, and D epartm ent o f N eurosurgery , 
U n iv e rs ity  o f th e  Rukyus, Okinawa, Jap an .

The in f lu e n c e  o f  l i g h t  and th e  rhythm ic n a tu re  o f p in e a l  
gland fu n c tio n s  h as  b ro u g h t abou t an assessm en t o f 
neuroana tom ical co n n e c tio n s  o f th e  g la n d . I n d i r e c t  ev idence from 
evoked p o te n t ia l  and h is to c h e m ic a l s tu d ie s  su p p o rt th e  id e a  t h a t  
the  p in e a l  g land  re c e iv e s  in n e rv a tio n  from th e  s u p e r io r  c e rv ic a l  
g ang lion . H is tochem ical m ethods, dem o n stra tin g  th e  absence o r 
d ec rease  in  n o rep in ep h rin e  in  th e  g land  fo llo w in g  s u p e r io r  
c e rv ic a l gang lionectom y, have been used to  c la im  t h i s  d i r e c t  
c o n n e c tiv i ty . However, no d i r e c t  an a tm ica l methods appear to  have 
been used to  dem onstra te  th e  c o n n e c tio n . Some w orkers have 
claim ed th a t  th e  on ly  in n e rv a tio n  o f th e  p in e a l  g land  o r ig in a te s  
in  th e  s u p e r io r  c e rv ic a l  g a n g lio n . T h e re fo re , t h i s  work was done 
to  p rov ide  ana tom ica l ev idence  to  confirm  th e  e x is te n c e  o f  such 
d i r e c t  co n n e c tio n s  and- to  de term ine  w hether th e r e  a re  any o th e r s . 
F as t b lu e  (lμ l  3% (n=3)] ,  rhodamine m icro spheres  [ l μl  100% (n = l) ] 
and h o rs e ra d is h  p e ro x id ase  [20% l μl  (n=4)] were used as  r e t ro g ra d e  
t r a c e r s .  One o f  th e  t r a c e r s  was in je c te d  in to  th e  p in e a l  g land  of 
a r a t  u s in g  a m ic ro sy rin g e  equipped w ith  a  sm all g la s s  cannu la  
(20-50 μ t i p ) .  A f te r  one to  f iv e  days s u rv iv a l  tim e , th e  b ra in  
and th e  s u p e r io r  c e rv i a l  g an g lio n  were removed, f ro z e n  and c u t  
in to  30 μ s e c t io n s  and mounted on s l id e s  f o r  m icro scop ic  study  
u sin g  f lu o re s c e n t  and l i g h t  m icroscopy . A ll th r e e  r e t ro g ra d e  
t r a c e r s  c o n s is te n t ly  la b e le d  neurons in  th e  s u p e r io r  c e rv ic a l  
g a n g ilio n . None were la b e le d  in  th e  thalam us o r  o th e r  s t r u c tu r e s  
o f th e  b ra in s te m , n o t even th e  habenu la o r  th e  s u p e r io r  s a l iv a to r y  
n u c leu s . I n je c t io n  o f  th e  sp h en o p a la tin e  g an g lio n  d id  la b e l  
neurons in  th e  s u p e r io r  s a l iv a to r y  n u c le u s . Only f a i n t  la b e lin g  
could be seen  in  th e  s u p e r io r  c e rv ic a l  gan g lio n  subsequen t to  
p la c in g  a f a s t  b lu e  soaked p ie c e  o f  gelfoam  around th e  p in e a l  
g land as compared to  an in j e c t io n  w ith in  th e  g la n d . I n je c t io n  o f 
f a s t  b lu e  (n= 5), rhodam ine m icro spheres  (n= 2), o r  h o rs e ra d is h  
p e ro x id ase  Sigma VI (n=5) in to  th e  subarachno id  space d id  n o t 
la b e l  neurons in  th e  s u p e r io r  c e rv ic a l  g a n g lio n  o r  any b ra in s tem  
n u c le i .  These r e s u l t s ,  f o r  th e  f i r s t  tim e , an a to m ica lly  confirm  
th e  e x is te n c e  o f a d i r e c t  p ro je c t io n  o f  th e  s u p e r io r  c e rv ic a l  
g ang lion  in to  th e  p in e a l  g la n d . The ev idence  does n o t 
s u b s ta n t ia te  th e  n o tio n  t h a t  in n e rv a tio n  o r ig in a te s  in  th e  
s u p e r io r  s a l i v a to r y  nu c leu s  o r  h ab e n u la r n u c le i .  A nother 
b ra in s tem  nuc leus  was re t ro g ra d e ly  la b e le d  (acc esso ry  f a c i a l ,  n=2) 
b u t on ly  by th e  f a s t  b lu e  t r a c e r .

233.2 INNERVATION OF THE PINEAL GLAND OF THE RAT. J.W. P a tr ic k so n  
and T. E. Sm ith* . D ep t. o f  Anatomy, Loma Linda U n iv e rs ity , Loma 
L inda, CA 92350.

The p in e a l g land  i s  a tta c h e d  to  th e  ep itha lam us by th e  
p in e a l s t a l k .  I t  has been shown th a t  th e  p in e a l s t a l k  c o n ta in s  
p in e a lo c y te s  and nerve  f i b e r s .  These f ib e r s  were though t to  be 
a b e rra n t com m issural f ib e r s  which formed " h a i rp in  loops" w ith in  
th e  s ta l k  and proxim al p o r tio n  o f th e  p in e a l g land (K appers, 
J .A . Z. Z e l lfo r s c h ,  52 :163-215, 1960). R ecent m orpho log ica l 
and e le c tro p h y s io lo g ic a l  s tu d ie s  have suggested  th a t  th e se  
f ib e r s  a re  n o t a b e rra n t f ib e r s  as f i r s t  th o u g h t; in s te a d  th ey  
re p re s e n t a f ib e r  t r a c t  th a t  p ro v id es  c e n t r a l  in n e rv a tio n  to  
th e  p in e a l g lan d .

The p re s e n t s tu d y  was designed  to  determ ine  th e  o r ig in  o f 
th e se  c e n tr a l  p in e a l f i b e r s .  The p in e a l g land o f p e n to b a rb i ta l  
a n e s th e tiz e d  Sprague Dawley r a t s  (250-310g) was in je c te d  w ith  
h o rs e ra d is h  p e ro x id ase  (HRP) and th e  con juga ted  form, w heat- 
germ a g g lu t in -h o rs e ra d is h  p ero x id ase  (WGA-HRP). The p in e a l 
g land  was approached by two methods: (a )  s t e r e o ta x ic a l ly  and 
(b ) d i r e c t l y ,  fo llo w in g  s u rg ic a l  exposure o f th e  g land . 
D is c re e t m ic ro p ip e t in je c t io n s  were made h y d ra u l ic a l ly  w ith  0 .5  
μ l  o f 30% HRP o r 2% WGA-HRP. The anim als were re a n e s th e tiz e d  
and p e rfu sed  24-48 h rs  p o s t in j e c t io n ,  and 30 μ m fro zen  sec io n s  
were made and p ro cessed  u s in g  th e  chromogen te tra m e th y l 
b en z id in e  as d e sc r ib e d  by Mesulam ( J .  H istochem . Cytochem. 
26 :106-117, 1978). R etrog rade  la b e l le d  neurons were id e n t i f i e d  
in  th e  s u p e r io r  c e rv ic a l  g a n g lia . A nterograde la b e l le d  f ib e r s  
were observed w ith in  th e  p in e a l s t a l k ,  lam ina in t e r c a l a r i s  and 
th e  m ed ial h ab en u la r n u c leu s . T erm inal f i e ld s  were id e n t i f i e d  
in  lam ina i n t e r c a l a r i s  and th e  m edial h abenu la r n u c leu s .

These r e s u l t s  would su g g es t t h a t  th e  p in e a l  g land o f th e  r a t  
i s  in n e rv a te d  s o le ly  by th e  sym pathetic  nervous system  and th a t  
some o f th e s e  f ib e r s  co n tin u e  r o s t r a l l y  v ia  th e  s ta l k  to  
in n e rv a te  components o f th e  ep ith a lam u s. We f u r th e r  conclude 
th a t  th e  rem aining  f ib e r s  o f th e  p in e a l g land do n o t communi
c a te  s y n a p tic a l ly  w ith  th e  p in e a l g land .

Supported  by Samuel F. Crooks C hair o f Anatomy Fund, Loma Linda 
U n iv e rs ity , Departm ent o f Anatomy.

233.3 EFFECTS OF PINEALECTOMY AND TIMED DAILY MELATONIN INFUSIONS ON 
WHEEL-RUNNING RHYTHMS IN DJUNGARIAN HAMSTERS. J.M. Darrow* and 
B.D. Goldman*. SPON: (R .J. O'Connell) Worcester Foundation for 
Experimental Biology, Shrewsbury, MA 01545.

Male Phodopus sungorus which were pinealectomized and 
c as tra te d  a t 36 days of age showed a slower adjustment of the 
wheel running rhythm a f te r  tra n s fe r  from long to  short days than 
did p inea l- in ta c t  c a s tra te d  con tro ls  (long days=16L:8D, lig h ts -o f f  
a t  1800 h rs ; short days= 10L:14D, l ig h ts -o f f  a t 1500 h rs ) . 
Whereas a c t iv ity  onset in the  p in e a l- in ta c t group had phase ad
vanced from 18.17 ± .05 hrs to 15.50 ± .19 hrs w ithin 15 days, the 
pinealectom ized group showed a s ig n if ic a n tly  la te r  mean onset of 
wheel running (17.16 ± .74 h rs , p<.05) 15 days p o s t- tra n s fe r . 
Also a t th is  tim e, the mean duration  of a c t iv ity  (a) was g rea te r 
in the in ta c t  than in the pinealectomized group (11.68 ± .30 vs. 
9.36 ± .64 h rs , p<.01). These re s u lts  suggest th a t the pineal 
gland may modulate the ra te  of adjustment of wheel-running rhythms 
to  changes in photoperiod.

To determine i f  the pineal hormone melatonin might influence 
locomotor a c t iv i ty  in Djungarian ham sters, ju v en ile  males were 
acclim ated to  running wheels, then pinealectomized and im
planted with a subcutaneous c a th e te r  connected to  an infusion  pump. 
From the  day of surgery on, hamsters were exposed to  constant 
l ig h t (22 lux)  and received 10 hr infusions of melatonin (100ng) 
or sa lin e  every 24.6 h rs . In the  melatonin tre a te d  group, the 
period of the wheel-running rhythm (24.79 ± .06 hrs) was s ig n if i 
can tly  g rea te r than fo r  the sa lin e  group (24.23 ± .07; p<.001), 
but not d if fe re n t from the infusion  T-cycle. A t ig h t  c o rre la tio n  
between d a ily  onset of wheel-running and hormone infusions was ob
served ( r  values from .86 to  .9 9 ), but c o rre la tio n  c o e ffic ie n ts  
fo r  the  sa lin e  tre a te d  animals ranged widely (from .05 to  .93). 
In te re s tin g ly , only 2 of 9 melatonin infused hamsters had re
gressed te s te s  by 20 days of in fusion . In c o n tra s t , wheel-running 
pinealectom ized males receiv ing  melatonin infusions on 16L:8D 
(10 hr d u ra tion , 100ng/day) had to ta l ly  regressed te s te s  a f te r  
15 days, whether m elatonin, was adm inistered during the  day or 
a t n igh t. No d iffe ren ce  in the phase of wheel-running a c t iv ity  
was observed in day vs. night infused ham sters. Taken to g e th e r, 
these  re s u lts  suggest a possib le  influence of m elatonin on loco
motor a c t iv i ty  rhythms when adm inistered under constant condi
t io n s ,  and may in d ica te  an e f fe c t  of constant lig h t to  slow the 
ra te  of melatonin-induced reproductive reg ression . Further 
s tu d ies  are  needed to  determine i f  the e f fe c t of melatonin observed 
here is  a c tu a lly  due to  entrainm ent of the  c ircad ian  rhythm of 
locomotor a c t iv i ty .

Supported by Grant HD15913 to  BDG.

233.4 TIMED MELATONIN INFUSIONS IN ADULT SIBERIAN HAMSTERS: EFFECTS ON 
BODY WEIGHT, BODY FAT, LIPID METABOLISM AND GONADAL ACTIVITY. T. 
J . B artness*  and B.D. Goldman* (SPON: F.R . Jackson) W orcester 
F oundation  fo r  Expt1 . B io l . ,  Shrew sbury, MA 01545

The change in  th e  d ay leng th  i s  th e  env ironm ental cue fo r  many 
p h y s io lo g ic a l ly  ad a p tiv e  sea so n a l changes. The neuroendocrine  
tra n sd u c e r  of th e  day len g th  cue i s  th e  p in e a l g land and i t s  
hormone m ela to n in  (MEL). P rev ious s tu d ie s  by th e  au th o rs  have 
shown th a t :  1) in  long day (LD )-housed a d u l t  S ib e r ia n  h am ste rs , 
tim ed a f te rn o o n  in j e c t io n s  of MEL th a t  ex tend th e  peak of c irc u 
la t i n g  n o c tu rn a l MEL mimic th e  s h o r t  day (SD )-induced gonadal 
r e g r e s s io n ,  body w eight and f a t  d e c re a se s , 2) p inealec to ray  (PINX) 
b lo ck s  a l l  SD re sp o n ses  in  ham sters moved from a LD to  a SD and 3) 
tim ed s . c .  MEL in fu s io n  s im u la tin g  th e  SD d u ra t io n  of th e  n o c tu rn a l 
peak of c i r c u la t in g  MEL in  LD -reared PINX ju v e n ile  ham sters mimics 
SD-induced gonadal re g re s s io n .  T h e re fo re , we wanted to  f u r th e r  
ex tend  th e  o b se rv a tio n  th a t  th e  d u ra t io n  of th e  c i r c u la t in g  
n o c tu rn a l MEL peak i s  th e  im portan t param eter f o r  th e  SD-induced 
re g re s s io n  of th e  gonads, and to  a ls o  a s s e s s  i t s  im portance fo r  
th e  SD-induced changes in  body w eight and l i p id  m etabolism . In  
c o n t r a s t  to  our p rev io u s  work, th e  in fu s io n s  were t o t a l l y  confined  
to  th e  l i g h t  p o r tio n  of th e  16:8 l i g h t r :dark  cyc le  and were 
perform ed in  a d u l ts  r a th e r  than  ju v e n i le s .  LD-housed male S ib e r ia n  
ham sters were PINX and g iven  a 12 h r in fu s io n  of 100 ng of MEL o r 
th e  s a l i n e  v e h ic le  each day fo r  5 wks. Hamsters were in fu sed  v ia  
a s . c .  c a th e te r .  In  a d d i t io n ,  sham PINX ham sters were moved from 
LD to  SD f o r  5 wks. R e la tiv e  to  s a l in e - in fu s e d  an im als, th e  
MEL-infused ham sters had f u l ly  reg re s se d  gonads (8 6 .8 ±7 .9  mg), 
d ec reased  body w eight r e f l e c te d  as decreased  ca rc a ss  l i p i d ,  
d ec re ased  subcutaneous w h ite  ad ipose  t i s s u e  (WAT) l ip o p ro te in  
l i p a s e  a c t i v i t y  (LPL) and in c re a se d  s te r n a l  brown ad ipose  t i s s u e  
cytochrome ox idase  a c t i v i t y .  Although SD-housed ham sters had 
d ec reased  body w eigh t, c a rc a ss  l i p id  and subcutaneous WAT LPL 
eq u a l to  th a t  of th e  MEL-infused h am ste rs , th e  t e s t e s  were not 
r e g re s s e d  a f t e r  5 wks of SD exposu re . Thus, in  a d u l t  S ib e r ia n  
ham sters  5 wks of a SD-type MEL d u ra t io n  mimics th e  e f f e c t s  of 
n a tu r a l ly -o c c u r r in g  changes in  body w eight ( f a t )  and l i p id  
m etabo lism , b u t a c c e le r a te s  th e  r a t e  of gonadal r e g r e s s io n .  These 
r e s u l t s  a l s o  su g g es t th a t  th e  n o c tu rn a l phase of th e  c irc a d ia n  
rhythm i s  n o t an o v e r r id in g  f a c to r  fo r  th e  e f f e c t s  of MEL on 
numerous sea so n a l changes, b u t th a t  th e  d u ra t io n  of MEL s e c r e t io n  
seems most i m po rtan t.

Supported by NIH g ra n ts  AM 35254 to  TJB and HD 15913 to  BDG.
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233.5 DEVELOPMENT OF CIRCADIAN CHANGES IN PINEAL AND RETINAL MELATONIN 
CONTENT IN THE EMBRYONIC CHICK. C.C.Chabot and M.Menaker, 
I n s t i t u t e  of N euroscience, Univ. of Oregon, Eugene, OR. 97403

In  th e  a d u lt  ch icken , c i r c a d ia n  rhythms of p in e a l and r e t i n a l  
m e la to n in  co n ten t p e r s i s t  in  c o n s ta n t d a rkness  (DD), w ith  a 
p e r io d  of approx im ate ly  24 hours, in d ic a t in g  r e g u la t io n  by a 
c i r c a d ia n  c lo ck . In  th e  embryonic ch ick , s ig n i f i c a n t  d a y /n ig h t 
d if f e re n c e s  in  m e la to n in  co n ten t have been re p o rte d  in  th e  r e t in a  
as e a r ly  as embryonic day (E) 19 and N A T -activ ity  d if fe re n c e s  in  
th e  p in e a l by E 16. We have examined th e  e a r ly  development of 
m e la to n in  rhythms in  p in e a l and r e t in a  in  o rd e r  to  determ ine when 
m e la to n in  p ro d u c tio n  comes under c lock  c o n tro l in  th e se  t i s s u e s .

Eggs w ere m a in ta in ed  in  an in c u b a to r in  a 12:12 l i g h t /d a r k  
c y c le , then  su b jec ted  to  DD s ta r t in g  a t  E 17 o r E 20. The 
p in e a ls  and th e  r  e tin a /p ig m en ted  e p i th e l iu m /v i t r e a l  (R/PE/V) 
complex of the  eye were removed du rin g  mid-day or m id -su b je c tiv e  
day or m id -n ig h t or m id -su b je c tiv e  n ig h t w ith  th e  a id  of an 
in f r a - r e d  v iew er. The samples were e x t ra c te d  and assayed  fo r  
m e la to n in  co n ten t by radioimmunoassay (R o llag  and N isw ender). 
The d a ta  were analyzed  using  ANOVA except f o r  E 19 r e t in a  
( T - t e s t ) .

PINEAL MELATONIN R/PE/V MELATONIN
E DAY LIGHT / DARK LIGHT / DARK

LD
15 13±2(4) / 67±16*(6)

19 35±5(5) / 581±104*(6) 54±4(11) /  112±6*(12)
DD

20 349±59(5) / 609±46(6) 84±3(9) / 86±3(11)
21 310±35(6) / 880±82*(6) 89±7(12) / 116±12(12)

Values= Mean±S. E. M. (n) * S ig n if ic a n t D ay/N ight D iffe ren c e  (p> .05)
In  a l i g h t  cy c le , s ig n i f i c a n t  d ay /n ig h t d if f e re n c e s  in  

m e la to n in  co n ten t a re  found by E 15 in  th e  p in e a l and by E 19 in  
th e  R/PE/V. In a d d i tio n , th e  p in e a ls  of embryonic ch icks in  DD 
showed s ig n i f i c a n t  s u b je c tiv e  d ay /n ig h t d if f e re n c e s  by E 21 but 
no t by E 20 w hile  th e  r e t in a e  showed no s ig n i f i c a n t  s u b je c tiv e  
d a y /n ig h t d if f e re n c e s  by E 21 . Thus in  th e  embryonic ch ick  th e  
p h o to re c e p tiv e  in pu t i s  coupled  to  m e la to n in  p ro d u c tio n  in  both  
th e  r e t in a  and p in e a l g land b e fo re  th e  c i r c a d ia n  c lo ck  known to  
d r iv e  th e se  rhythm s i s  e i t h e r  coupled to  m e la to n in  p ro d u c tio n  or 
i s  i t s e l f  f u n c t io n a l .  In  a d d i tio n , bo th  endogenously and 
exogenously d r iv e n  d a y /n ig h t m e la to n in  c o n ten t d if f e re n c e s  
develop  in  th e  p in e a l sev e ra l days b e fo re  they  can be observed in  
th e  r e t in a .  (Supported  by NIH HD13162 to  MM and PHS GM07257 to  
CCC)

233.6 EFFECT OF AGE ON NOCTURNAL MELATONIN LEVELS AT REST AND FOLLOWING 
EXPOSURE TO BRIGHT LIGHT IN SHEEP. J .  S egg ie , G.M. Brown and 
M.D. R o llag . D epartm ents o f  N euroscienoes and P sy c h ia try , 
McMaster U n iv e rs ity , H am ilton, O n ta rio , L8N 3Z5, Canada and 
Departm ent o f  Anatomy, Uniformed S e rv ic e s  U n iv e rs ity  o f  H ealth  
S c ie n ces , B ethesda , M aryland, U.S.A.

In  a l l  s p e c ie s  s tu d ie d ,  aged in d iv id u a ls  ev idence  reduced 
n o c tu rn a l m ela ton in  l e v e ls .  D epressed p a t ie n t s  ev idence a 24 
hour p a t te rn  o f  m ela ton in  th a t  i s  s im i la r  to  th a t  seen in  e ld e r ly  
humans. I t  h as been suggested  th a t  a common d e fe c t in  th e  
re g u la t io n  o f  c i r c a d ia n  rhythms may u n d e r l ie  bo th  o b s e rv a t io n s . 
M e la to n in  a t  v a r i o u s  l o c a t i o n s  a lo n g  t h e  
re t in a l -h y p o th a la m ic -p in e a l -a x is  has been im p lic a ted  in  th e  
r e g u la tio n  o f  c i r c a d ia n  rhythms th a t  cue to  l i g h t  and d a rk . A 
fu r th e r  abno rm ality  re p o rte d  in  d ep re ss io n  i s  a s u p e r s e n s i t i v i ty  
to  l i g h t  as  r e f le c te d  by th e  a b i l i t y  o f l i g h t  to  su p p ress  
n o c tu rn a l m ela ton in  le v e l s .  T h e re fo re , we q u estio n ed  w hether 
aged in d iv id u a l s ,  in  whom m ela ton in  le v e ls  p a r a l l e l  th o s e  seen in  
d e p re s s io n , might a ls o  e x h ib i t  m ela ton in  s u p e r s e n s i t i v i ty  to  
l i g h t .

The p re s e n t study  was undertaken  in  fem ale sheep to  determ ine 
th e  e f f e c t s  o f  age on serum m ela ton in  le v e ls  and see  i f  age 
m o d ifies  th e  a b i l i t y  o f l i g h t  to  su p p ress  n o c tu rn a l m elaton in  
l e v e l s .  In  two s tu d ie s  sheep m ain ta ined  on a 10 h l ig h t /1 4  h 
dark  l ig h t in g  regim e evidenced a c i r c a d ia n  rhythm o f  m elaton in  
w ith  low le v e ls  du rin g  th e  l i g h t  and h ig h e r le v e ls  du ring  th e  
dark  as m easured u s in g  e i th e r  th e  R o llag  o r CIDtech RIA. At two 
tim e p o in t s ,  8 and 11 hours in to  d a rk n ess , o ld  sheep , w ith  a mean 
age o f  8 .6  y e a rs  (range  6-11, N=6), ev idenced s ig n i f i c a n t ly  lower 
m e la ton in  le v e ls  (p < .05) than  young sheep , whose mean age was 
1.1 y e a rs  (range .9  -  1 .2 , N=5). Age and r e s t i n g  n o c tu rn a l 
m ela ton in  le v e ls  showed a s ig n i f i c a n t  l i n e a r  r e g re s s io n  
(r= -0 .7 5 ,  p < .0 1 , N=11).

In  th e  second h a l f  o f  th e  dark  p e r io d , anim als were exposed to  
b r ig h t  l i g h t  (1500 uW/cm2) and blood samples were taken  
a t  5, 10, 15 and 20 m inutes a f t e r  th e  o n se t of l i g h t .  Young 
sheep responded to  b r ig h t  l i g h t  w ith  a p r e c ip i to u s  d e c lin e  in  
m e la t o n in  l e v e l s  w i t h i n  5 m in u te s  o f  e x p o s u r e  
(113 ± 18 to  39 ±  11, pg /m l, p < .0 5 ) .  Old sheep , in  c o n t r a s t ,  
re q u ire d  20 m inutes o f  exposure to  l i g h t  b e fo re  ev idencing  a 
s ig n i f i c a n t  d e c lin e  in  n o c tu rn a l m ela ton in  le v e ls  in  response  to  
b r i g h t  l i g h t  (5 0  ± 9 t o  13 ±  2 p g /m l ,  p < . 0 5 ) .  T h e se  
o b s e rv a tio n s  h e ld  up when th e  response  was exp ressed  in  a b so lu te  
te rm s a s  w e ll as  when i t  was exp ressed  as a p e rce n tag e  o f  th e  
n o c tu rn a l r e s t in g  le v e l  f o r  an in d iv id u a l .  These d a ta  suggest 
t h a t  age r e l a te d  re d u c tio n s  in  serum m elaton in  le v e ls  a re  not 
a s s o c ia te d  w ith  s u p e r s e n s i t i v i ty  o f  n o c tu rn a l m elaton in  to  l i g h t .  
(Supported  by The O n ta rio  M ental H ealth  F oundation , M edical 
R esearch Council and USUHS P ro to co l No. C07049.)

233.7 3 h -M ELATON IN RHYTHM IN CULTURED CHICK PINEAL CELLS. 
M. Zatz and J.R . Moskal. Lab. of Cell Biology, NIMH, 
Bethesda, MD 20892

Several lab o ra to rie s  have demonstrated the persistence  of 
pho tosensitive  rhythms re la te d  to melatonin secre tion  in c u l
tured  chick pineal glands (or dispersed c e l l s ) .  In order to 
in v estig a te  the regu la tion  of such rhythms, we have developed 
a rapid  and sp ec ific  ex trac tio n  assay fo r the 3H-melatonin 
formed (from 3H-tryptophan) and secreted  by dispersed pineal 
c e l ls  in primary cell c u ltu re . Two hundred samples can be 
conveniently assayed in a day. Pineals from 75 one-day-old 
rooste rs  are dispersed by try p s in , p la ted  (in  Medium 199, sup
plemented with 10% h e a t-in ac tiv a ted  fe ta l c a lf  serum, p e n ic il
lin -strep tom ycin , and glutamine) in to  f i f ty  16mm w ells, and 
maintained (5% CO2 in a i r ,  37°C) under various lig h tin g  and 
drug regimens. A fte r  several days entrainm ent, media (con
ta in in g  5μCi/ml [2 ,3 - 3H]-tryptophan) are co llected  and re 
placed a t  fixed in te rv a ls .

[ 3H]-Melatonin rhythms p e rs is ted  in lig h t-d ark  cycles (LD 
12:12) fo r a t le a s t  two weeks, though often with declin ing  
amplitude. Under constan t red (R) l ig h t  (Kodak #92 f i l t e r ) ,  
the rhythm p e rs is ted  fo r 3 cycles. Four hour pulses of white 
l ig h t  (during the f i r s t  such cycle) reduced 3H-melatonin re 
lease  acu te ly , and caused phase-dependent phase s h if ts  com
pared to  the rhythm in constan t red l ig h t .  Cycles of red and 
white l ig h t  (LR 12:12 or LR 6:18, 2 phases) or red l ig h t  and 
darkness (DR 6:18, 2 phases) were s u ff ic ie n t to drive the 
3H-melatonin rhythm for a t  le a s t  5 cycles, with red l ig h t  
acting  as sub jec tive  n ight or as sub jec tive  day, re sp ec tiv e ly . 
Cycles with 18h periods (LR 6:12, DR 6:12) were a lso  followed, 
fo r a t  le a s t  7 cycles . Elevated potassium (constant or pulsed) 
increased the amplitude in a lig h t-d ark  cycle, and cycles of 
high and normal potassium could drive the rhythm (and d e te r
mine the phase) in constant red l ig h t .  S im ilarly , cyclic  
add ition  of norepinephrine (which acutely  lowers 3H-melatonin 
secre tion ) or of fo rsko lin  (which acutely  ra ise s  3H-melatonin 
secre tion ) could drive the rhythm (and determine the phase) in 
constant red l ig h t .

With th is  approach, constan t darkness cannot read ily  be 
used, and tru e  free-running  periods cannot be measured. Also, 
v a r ia b i l i ty  between preparations in amplitude and longevity  
remains a technical problem; the c e l ls  tend to  aggregate in to  
a ball in 6-7 days. In compensation, these primary, s ta t ic  
cu ltu re s  permit simultaneous comparisons of the e ffe c ts  of 
m u ltip le , independent p ertu rba tions  on v ir tu a lly  id e n tic a l ,  
cycling , pho tosensitive  c e l l s .

233.8 ENTRAINMENT BY PHOTOPERIODS OF ERG AND MOTOR ACTIVITY CIRCADIAN 
RHYTHMS IN CRAYFISH. B. F u e n te s -P a rd o  and E. M oreno-Sá e n z * . D epto. 
de F i s io l o g í a ,  F a c u l ta d  de M e d ic in a , UNAM. Apdo. P o s t a l  70250 , 
Mé x ic o  04510, D.F.

Long te rm  s im u lta n e o u s  r e c o r d in g  o f  e l e c t r i c a l  re s p o n s e  to  
l i g h t  ( e l e c t r o r e t i n o g r a m ,  ERG) o f  v i s u a l  p h o to r e c e p to r s  and  m otor 
a c t i v i t y  in  c r a y f i s h  d i s p l a y s  a c i r c a d ia n  p a t t e r n  f o r  e a ch  r e c o r d  
w ith  a  c o n s ta n t  r e l a t i o n s h i p  b e tw een  th e  c i r c a d ia n  rh y th m  p h a s e s .

C ir c a d ia n  rh y th m s a re  s u s c e p t ib l e  t o  be e n t r a in e d  by p e r i o d i c a l  
l i g h t  s t im u lu s  c h a n g in g  t h e i r  f re q u e n c y  j u s t  to  be th e  same o f  th e  
l i g h t  s t im u lu s .  We have a p p ro a c h e d . th e  p ro b lem  o f  c i r c a d ia n  rhythm  
e n tr a in m e n t  by l i g h t ,  by a n a ly z in g  th e  e f f e c t s  o f  th e  a p p l i c a t i o n  
o f  d i f f e r e n t  p h o to p e r io d s  on ERG and m o to r a c t i v i t y  rh y th m s in  
c r a y f i s h .  A nim als w ere k e p t  i n  c o n s ta n t  a m b ie n ta l  c o n d i t io n s  
r e q u i r e d  to  s im u lta n e o u s ly  o b t a i n  th e  ERG a t  3 m in . i n t e r v a l s  and 
th e  sp o n ta n e o u s  p e re io p o d s  m oto r a c t i v i t y  d u r in g  10 o r  more 
c o n s e c u t iv e  d a y s ,  tim e  n e c e s s a r y  t o  m a in ta in  th e  c r a y f i s h  4 days 
a t  l e a s t  in  two o f  e a c h  f o l lo w in g  l i g h t  reg im es  (L :D ): 0 :2 4 ,  2 4 :0 , 
1 2 :1 2 ,  2 0 :4 ,  4 :2 0 .  R e s u l ts  o b ta in e d  w ere : b o th  rh y th m s fo l lo w  th e  
A s c h o f f 's  r u l e  t o  n o c tu r n a l  s p e c i e s ;  i . e .  in  0 :2 4  o r  4 :2 0  p h o to 
p e r io d s  a r e  more c o n s p ic u o u s ;  ERG c i r c a d i a n  rh y th m  i s  more r o b u s t  
th a n  m oto r c i r c a d i a n  rh y thm  w ich  te n d  to  become from  b im o d a l to  
u n im o d a l and  even  to  damp in  c o s n ta n t  l i g h t ;  i n  1 2 :12  p h o to p e r io d  
b o th  rh y th m s a re  more e v id e n t  th a n  in  any o t h e r  s i t u a t i o n ;  when 
th e  c i r c a d i a n  sy s te m s  have b een  t r a s l a t e d  from  an i n i t i a l  p h o to 
p e r io d  t o  any o t h e r ,  b o th  rh y th m s m a in ta in  d u r in g  s e v e r a l  d a y s ,  
an  a t t e n u a t e  b u t  c l e a r  p h a se  r e l a t i o n s h i p  a s s o c i a t e  w i th  th e  
p r e v io u s  "o n " and  " o f f "  s i g n a l s .  T hese r e s u l t s  s u g g e s t  t h a t  in  
e a c h  rh y thm  o p e r a t e ,  a t  l e a s t ,  two d i f f e r e n t  o s c i l l a t o r s  w ith  
d i f f e r e n t  l i g h t  s e n s i t i v i t y ,  one a s s o c i a t e  w i th  th e  "on" l i g h t  
and  th e  o t h e r  one w ith  th e  " o f f "  l i g h t .
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233.9 PHASE s h if t  on electroretinogram  c ir c a d ia n  rhythm induced  by 
MONOCHROMATIC LIGHT STIMULUS IN CRAYFISH. V. I n c l án -R u b io *  and 
B. F u e n te s - P a rd o . (SPON: B. O r t e g a ) .  D ep to . de F i s i o l o g í a ,  F a c u l
t a d  de M e d ic in a , UNAM. Apdo. P o s t a l  70 2 5 0 , M exico 04 5 1 0 , D .F .

C i r c a d ia n  rh y th m  i s  s u s c e p t ib l e  t o  be e n t r a in e d  by s in g l e  o r  
p e r i o d i c a l  e x t e r n a l  s i g n a l s ,  c h a n g in g  p h a se  o r  p e r i o d ,  r e s p e c t i v e 
l y .  H ow ever, t h e r e  i s  n o t  know ledge a b o u t m echanism s in v o lv e d  in  
t h e s e  p r o c e s s .  We s tu d i e d  th e  e f f o r t  g e n e ra te d  by  s in g l e  mono
c h ro m a tic  l i g h t  s t im u lu s  on ERG c i r c a d i a n  rh y th m s in  c r a y f i s h ,  to  
a n a ly z e  th e  m echanism s u n d e r ly in g  th e  l i g h t  p h a se  s h i f t i n g  
phenom enon. A d u lt c r a y f i s h ,  P ro cam b aru s  b o u v ie r i  (O rtm ann) w ere 
k e p t  u n d e r  c o n s ta n t  e n v iro n m e n ta l  c o n d i t i o n s ,  a s  r e q u i r e d  to  
o b ta in  th e  ERG c i r c a d i a n  rh y th m  d u r in g  10 o r  more c o n s e c u t iv e  d a y s . 
Once th e  c i r c a d i a n  rh y th m  r e a c h e d  i t s  s te a d y  s t a t e ,  a 1000 lu x ,  
50 m in u te s  m o n o ch ro m atic  (4 7 0 ,  530 o r  630 nm) l i g h t  s t im u lu s  was 
a p p lie d  a t  d i f f e r e n t  c i r c a d i a n  t im e s  (C T ). At 6 th  d a y , th e  p h a se  
s h i f t  ( d e l a y  o r  a d v a n c e )  in d u c e d  by m o n o ch ro m atic  l i g h t  s t im u lu s  
was m ea su red . R e s u l ts  o b t a in e d  i n d i c a t e  t h a t  p h a se  s h i f t s  depend  
on b o th ,  CT o f  l i g h t  a r r i v a l  an d  w a v e le n g h t o f  s t i m u l u s ,  in  su ch  
a way t h a t  a t  12 CT, th e  b lu e  l i g h t  g e n e r a t e s  th e  g r e a t e s t  a d 
v a n c es  ( 9 .2 h )  w h i le  t h e  r e d  l i g h t  a p p l i e d  a t  th e  same CT in d u c e s  
m axim al d e la y s  ( 10h ) .  D e s p i te  th e  f a c t  t h a t  l i g h t  i n t e n s i t y  was 
th e  same f o r  a l l  th e  w a v e le n g h ts  em p lo y ed , ch a n g es  in  c y c le  a m p l i 
t u d e ,  o s c i l l a t i o n  l e v e l  an d  α : ρ r a t i o  w ere a l s o  o b s e rv e d ,  c o n s e c 
u t iv e l y  t o  m o n o ch ro m atic  l i g h t  s t im u lu s  an d  d e p e n d in g  on w a v e len g h t 
v a lu e .  T h u s, th e  r e d  l i g h t  s t im u lu s  in d u c e s  an i n c r e a s e  in  l e v e l  
o s c i l l a t i o n  d e t e c t a b l e  s in c e  t h e  f i r s t  day a f t e r  be a p p l i e d ,  and 
th e  g ree n  l i g h t  h a s  th e  o p p o s i t e  e f f e c t .  T hese r e s u l t s  s u g g e s t  
t h a t  th e  m echanism s in v o lv e d  in  ERG c i r c a d i a n  rh y th m  s h i f t i n g  
phase  by l i g h t  a re  i n i t i a t e d  w ith  a  v i s u a l  p h o t o r e c e p to r 's  d i f f e r e n  
t i a l  r e s p o n s e ,  a s s o c i a t e d  t o  th e  w a v e le n g h t  im p in g in g  on th em , 
w hich a l t e r s  t h e  o s c i l l a t o r s  o u tp u t  in v o lv e d  in  ERG c i r c a d i a n  
rhythm  in  c r a y f i s h .

233.10 effects of CALCIUM ON 2-DEOXYGLUCOSE uptake in  the suprachiasmatic 
NUCLEUS (SCN) IN VITRO. S.S h ib a ta *,G.C.Newman and R.Y.Moore.De p ts .  
of N eurology and Neurobiology,SUNY-Stony Brook,NY11794.

The SCN i s  a c i r c a d ia n  pacemaker in  th e  mammalian b r a in .  In  
v ivo  and in  v i t r o  experim ents have shown a c i r c a d ia n  rhythm in  
n e u ra l a c t iv i ty ( In o u y e  and Kawamura,1979;S h ibata  e t  a l ,1982) and in  
m e tab o lic  a c tiv i ty (S c h w a r tz  e t  a l ,1 981 ;Newman and Hospod,1986) in  
th e  SCN. P r io r  s tu d ie s  have a ls o  shown th a t  rep lacem ent of Ca++; by Mg++ 
in  medium a b o lis h e s  th e  c i r c a d ia n  rhythm of f i r i n g  of SCN neurons 
(S h ib a ta  e t  a l , 1985) and in t r a c e l l u l a r  inward Ca++ c u rre n t of SCN 
neurons(S ug im ori e t  a l ,1986 ).

To fu r th e r  e lu c id a te  th e  ro le  o f Ca++ in  c irc a d ia n  rhythm genera
t io n  in  v i t r o ,we measured 14C-2-deoxyglucose(2DG) uptake in to  SCN. 
Coronal hypothalam ic s l ic e s ,4 0 0 u  th i c k , t h a t  inc luded  th e  SCN and 
a n t e r io r  hypothalam ic a rea  (AHA) were p repared  from fem ale Sprague- 
Dawley r a t s  m a in ta ined  in  12:12 l ig h t - d a r k  cy c le  fo r  2 w eek s .S lic e s  
o b ta in ed  du rin g  th e  l i g h t  p o r tio n  of th e  cy c le  a re  r e f e r r e d  to  as 
s u b je c tiv e  day w hereas th o se  o b ta in ed  d u ring  th e  dark  a re  s u b jec 
t i v e  n ig h t .A f te r  1 h r o f p re - in c u b a tio n  a t  3 7 ° C .,s l ic e s  were 
incu b a ted  in  Krebs s o lu t io n  co n ta in in g  2DG(60uCi in  12ml) fo r  20 
min ( r e c i r c u la t in g  a t  4 .4  m l/m in) and then  r in s e d  fo r  30 min. The 
c o n c e n tra t io n  o f Ca++ was v a r ie d  du rin g  th e  in c u b a tio n  and r in s e .  
S lic e s  were c ry o s ta t- s e c t io n e d  a t  20u,and th e  s e c t io n s  exposed 
a g a in s t Kodak OM1 f ilm  fo r  2 w eeks, and then  s ta in e d  w ith  c re s y l 
v io l e t  fo r  h i s to lo g ic a l  a n a ly s is .

An e s tim a te  o f lo c a l  g lucose  u t i l i z a t i o n  (LGU,ug g lu c o s e /100g 
tis s u e /m in )  was o b ta in ed  u sing  d e n s ito m e try , 14C standards(Amersham ) 
and th e  in  v ivo  k in e t ic s  c o n s ta n t o b ta in ed  by S okoloff e t  a l . In 
normal Ca++ c o n c e n tra t io n  medium (1.5mM) LGU i s  3 9 .3 ± 2 .1(Mean±S.D. ) in  
SCN and 14 .8±0.9  in  AHA fo r  s u b je c tiv e  day s l ic e s ,a n d  22±1.8 in  SCN 
and 13 .3±1.8 in  AHA fo r  s u b je c tiv e  n ig h t s l i c e s . S lic e s  o b ta in ed  
du rin g  s u b je c t iv e  day and incubated  in  0 ,0 .3 7 5 ,0 .7 5  and 1.5 mM Ca++ 
medium e x h ib i t  LGU of SCN o f ,2 5 .4 ,3 1 .3 ,3 3 .1  and 39 .3  r e s p e c t iv e ly ,  
w h ile  LGU of AHA i s  1 4 .4 ,1 4 .1 ,1 1 .2  and 14.8 r e s p e c t iv e ly .  In  0 mM 
Ca++ medium th e  LGU of SCN i s  22 .1±2.5 and 17 .2±2.1 in  s u b je c t iv e  day 
and n ig h t , r e s p e c t iv e ly .

The p re s e n t r e s u l t s  in d ic a te  th a t  Ca++i s  im portan t fo r  m a in ta in 
ing  th e  rhythm in  m e tab o lic  a c t i v i t y  in  th e  SCN. When Ca++ i s  r e 
p laced  by Mg++, th e re  i s  a re d u c t io n  in  SCN LGU th a t  c o r r e la te s  w ith  
ab o lish e d  n e u ra l f i r i n g  a c t i v i t y  in  SCN. This can be in te rp r e te d  as 
r e s u l t in g  from e i th e r  a lo s s  o f Ca++ c u r re n t w ith in  SCN neurons o r 
th e  d isap p e aran ce  of sy n a p tic  a c t i v i t y .  S ince a rhythm i s  p re s e n t 
in  th e  f e tu s  a t  embryonic day 19 (R eppert and S chw artz ,1984) w e ll 
b e fo re  any rhythm in  f i r i n g  r a t e  i s  observed (S h ib a ta  e t  a l , 1983), 
th e se  a l t e r n a t iv e s  p o te n t ia l ly  could be t e s t e d .

Supported by NIH G rant NS-16304.

233.11 MECHANISMS UNDERLYING THE ACUTE A ND CIRCADIAN  
R ELEASE OF V A S O P R E S S IN  F R O M  P E R IF U S E D  R AT  
SUPRACHIASM ATIC EXPLANTS IN VITRO. D.J. Earnest and C.D . 
Sladek. Depts. of Neurobiology/Anatomy and Neurology, Univ. o f Rochester 
Sch. of Med., Rochester, NY 14642

In mammals, the suprachiasmatic nucleus (SCN) of the anterior hypothalamus 
is involved in the central neural control of circadian rhythms. In accord with its 
regulatory role in the circadian organization o f mammals, recent work suggests 
that measurable biological activities within the SCN oscillate with a circadian 
periodicity in vitro. Using a perifusion culture method, we have developed a 
system for studying circadian rhythm s in vasopressin (VP) release from 
individual rat SCN explants for at least four cycles. The present experiments 
were conducted to determine whether the acute and the circadian release of VP by 
SCN organ cultures represent physiological mechanisms of release, rather than 
hormone leakage from degenerating neurons.

SCN explants were dissected from the hypothalami o f male rats that had been 
maintained on LD 12:12. The explants included only the bilaterally paired 
suprachiasmatic nuclei, their rostral projections to the organum vasculosum of the 
lamina terminalis and the underlying optic chiasm. Individual explants were 
cultured under conditions o f constant darkness and perifused with medium at a 
rate o f  0.4ml/hr. Following a 6hr period o f equilibration, serial samples o f the 
perifusate were collected at 2hr intervals for 4 days, with the exception o f the 1hr 
samples taken before, during and after exposure to a test stimulus. VP 
concentration in the medium was measured by radioimmunoassay.

In the first study, the effect o f membrane depolarization on VP release was 
examined by exposing SCN explants to medium containing KCl (peak cone. = 
41mM) for 1hr near the onset o f the subjective night (i.e., when VP release is 
normally at a minimum) on days 2 and 4 in culture. Both of the KCl challenges 
induced a significant increase in VP release (1.3 - 2-fold) over that observed 
during the preceding intervals, suggesting that SCN neurons retained their 
capacity to release VP in response to membrane depolarization even on day 4 in 
culture. In addition to this acute effect on VP release, KCl exposure shifted the 
phase o f the peak o f the VP rhythm in the succeeding cycle relative to its temporal 
position prior to KCl stimulation and to its position in control explants.

In the second study, SCN explants were exposed to a low calcium - high 
magnesium media for 2hr near the onset o f the subjective day (i.e., when VP 
release is normally at its peak) on days 2 and 4 in culture. Treatment with low 
calcium media had a significant effect in blocking the daily increase in VP release 
that normally occurs during this portion o f the circadian cycle, suggesting that 
calcium -dependent synaptic transm ission is an integral com ponent o f the 
mechanism underlying VP release by SCN explants. It is noteworthy that VP 
release was not completely blocked during treatment. In fact, hormone output 
during treatment was similar to levels normally observed during the subjective 
night. It was not clear whether exposure to the low calcium media had a phase- 
shifting effect on the VP rhythm. These results provide evidence that the acute 
release o f VP by SCN explants is mediated by a calcium-dependent mechanism 
and that membrane depolarization alters VP release in an acute as well as a 
circadian fashion. Supported by M H-09129 (D.E.) and AM-19761 (C.S.).

233.12 CIRCADIAN PROTEIN AND PHOSPHOPROTEIN CHANGES IN THE 
SUPRACHIASMATIC NUCLEI: THE DIFFERENCE BETWEEN NIGHT AND 
DAY. M.U. G i l l e t t e ,  A.M. Reiman* and L.E. L ip e s k i* . D ept. o f 
P h y s io l. and Biophys. & N eural and B ehav io ra l Biology Program, 
U n iv e rs ity  o f I l l i n o i s ,  Urbana, IL 61801.

The c e n tr a l  r o le  o f th e  su p rach ia sm a tic  n u c le i (SCN) o f th e  
hypothalam us in  g e n e ra tin g  mammalian c i r c a d ia n  rhythm s i s  w ell 
e s ta b l is h e d .  Recent in  v i t r o  s tu d ie s  have dem onstrated  th a t  
th e  SCN a re  them selves i n t r i n s i c  pacem akers. C irc ad ian  p a t
te rn s  o f o s c i l l a t i o n  in  both n eu ronal f i r i n g  r a t e  and v aso p re s 
s in  s e c r e t io n  a re  m ain ta ined  by c u l tu re d  SCN. F u r th e r , cAMP 
ana logs  induce p h a s e - s h if t s  o f SCN rhythm s in  v i t r o  in d ic a t in g  
th a t  th e  en tra in m en t mechanism i s  a ls o  endogenous to  t h i s  t i s 
sue (see  P ro sse r and G i l l e t t e ,  t h i s  volum e). However, l i t t l e  
i s  known o f  th e  m e tab o lic  s u b s t r a te s  which compose th e  24-hr 
tim ekeeping  mechanism. In  o rd e r to  ga in  in s ig h t  in to  th e se  
p ro c e s s e s , we have examined th e  day vs n ig h t p ro te in  and phos- 
p h o p ro te in  com position  o f th e  SCN. P h o spho ry la tion  p ro cesses  
a re  m ajor e f f e c to r s  o f c e l l u l a r  change and m ight u n d e r l ie  d iu r 
n a l changes seen  in  th e  o s c i l l a t o r ,  e s p e c ia l ly  those  m odulated 
by cAMP.

H ypothalam ic b ra in  s l i c e s  co n ta in in g  th e  SCN were p repared  
from s ix  s ib l i n g  Long-Evans r a t s  (< 5 mo o ld ) two hours b efo re  
e i th e r  th e  peak o r trough  o f th e  c i r c a d ia n  o s c i l l a t i o n  in  neu
ro n a l f i r i n g  r a t e .  At th e  p re c is e  tim e th a t  th e  s l i c e s  had 
reached  th e  extrem es o f  t h i s  o s c i l l a t o r y  c y c le , they  were r e 
moved from c u l tu r e ,  fro z e n  on dry ic e  in  < 5 se c , and SCN were 
c o l le c te d  by micropunch (P a lk o v i ts ) .  The pooled SCN from each 
tim e p o in t were homogenized w ith in  1 hour and back-phosphory la - 
te d  by in c u b a tio n  a t  37°C fo r  2 min w ith  10 μM γ- 32P-ATP 
(10 μC i, Amersham). P ro te in s  were s e p a ra te d  by two d im ensional 
po lyacry lam ide  e le c tro p h o re s is  ( O 'F a r r e l l ) .

The s i l v e r  s ta in e d  g e ls  e x h ib i t  numerous c i r c a d ia n  d i f f e r e n 
ces in  p ro te in  p r o f i l e s .  The d if fe re n c e s  in c lu d e  q u a l i t a t iv e  
and w ell as q u a n t i ta t iv e  changes in  p ro te in  com position . Phos- 
p h o ry la ta b le  p ro te in s  appear to  co rrespond  to  p ro te in s  o f which 
th e re  a re  r e l a t i v e l y  few m olecules per SCN. D ensitom etric  
scans o f au to rad iogram s re v e a l th a t  a c id ic  p ro te in s  near 45 kD 
have more a v a i la b le  p h o sp h o ry la tab le  s i t e s  a t  n ig h t .  S evera l 
b a s ic  p ro te in s  w ith  m o lecu lar w eigh ts rang ing  from 28 kD to  110 
kD a re  lik e w is e  more open to  p h o sp h o ry la tio n  a t  th e  n ig h ttim e  
a c t i v i t y  tro u g h .

These r e s u l t s  dem onstra te  th a t  changes in  p ro te in s  and phos- 
p h o p ro te in s  accompany th e  c i r c a d ia n  o s c i l l a t i o n  in  f i r i n g  r a t e  
in  th e  i s o la te d  SCN. Whether they  a re  c r i t i c a l  to  pacemaker 
fu n c t io n  o r a re  p a r t  o f  o u tp u t pathways rem ains to  be d e te rm i
ned. S upported by NSF-BNS 84-19342 and PHS-BRSG RR-7030.
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233.13 LONG DAY LENGTHS INCREASE BRAIN WEIGHT AND DNA CONTENT IN THE 
MEADOW VOLE. J .  Dark, K.A. Dark and I .  Z ucker, D ept. o f Psychology, 
Univ. o f C a l if o rn ia ,  B erke ley , CA 94720 and B rain  Behav. Res. C t r . ,  
Langley P o r te r  I n s t . ,  Univ. o f C a l if o rn ia - - San F ra n c isc o , E ld r id g e , 
CA 95431

The w eight o f th e  b ra in  in  s e v e ra l ro d en ts  and in s e c t iv o re s  i s  
low er in  specim ens o b ta in ed  in  w in te r  than  in  th o se  c o l le c te d  in  
summer (M ezhzherin, A cta T h e r io l . 1964). P roxim ate f a c to r s  th a t  
m ed iate  such sea so n a l changes have n o t been id e n t i f i e d .

The meadow v o le , M icrotus p e n n sy lv a n icu s , undergoes s e v e ra l 
n o n -n eu ra l m orpho log ica l s ea so n a l changes which can be s im u la ted  
in  th e  la b o ra to ry  by v ary in g  th e  d u ra t io n  o f th e  d a i ly  p h o to p e rio d . 
We th e re fo re  e v a lu a te d  th e  e f f i c a c y  of day le n g th  in  a l t e r i n g  
n e u ra l developm ent in  th i s  s p e c ie s .

Male v o le s  g e s ta te d  and m ain ta ined  fo r  th e  f i r s t  70 days o f 
l i f e  in  a long day (LD) p h o tope riod  (14 h l i g h t /d a y )  had g re a te r  
b ra in  w eigh ts (5%; p<0.05) than  co rrespond ing  m ales housed in  a 
s h o r t  day (SD) p h o tope riod  (10 h l i g h t /d a y ) .  T o ta l b ra in  DNA con
te n t  was 7% g r e a te r  in  LD than  in  SD m ales (p< 0 .05 ). S im ila r 
changes were observed in  a second experim ent in  which anim als 
were p laced  in  LD o r  SD a t  b i r t h .

N e ith e r b ra in  mass nor DNA co n ten t of fem ale v o le s  were a f fe c te d  
by p h o to p e rio d . Male v o le s  had h e a v ie r  b ra in s  w ith  g r e a te r  DNA 
co n ten t than  th e i r  fem ale l i t t e r m a te s  in  long bu t n o t in  s h o r t  
p h o to p e rio d s . In c rea se d  androgen s e c r e t io n  in  LD m ales may c o n t r i 
b u te  to  th e  sea so n a l sex u a l dimorphism in  b ra in  morphology.

The in c re a se d  b ra in  mass o f male v o le s  re a re d  in  long day 
le n g th s  l i k e ly  r e f l e c t s  an in c re a s e  in  neuron o r g l i a  number, 
a lthough  p h o tope riod  a ls o  may a f f e c t  c e l l  c o n f ig u ra tio n  o r  chem ical 
c o m p o s it io n .

Supported by G rant HD 02982.

233.14 PHOTOPERIODIC INFLUENCES ON BRAIN DEVELOPMENT OF MEADOW VOLES. 
I .  Zucker and J .  D ark. D ep t. o f P sychology, Univ. o f C a l if o rn ia ,  
B erke ley , CA 94720.

Male meadow v o le s  m a in ta ined  from b i r t h  in  long p h o tope riods  (14 
h lig h t/d a y :L D ) have h e a v ie r  b ra in s  w ith  g r e a te r  DNA co n ten t in  
adu lthood  than  do th e i r  s h o r t  day c o u n te rp a r ts  (10 h lig h t/d a y :S D ). 
Y askin (W inter Ecology of Small Mammals, J .F .  M e r r i t t  ( e d . ) ,  1984) 
in  f i e ld  s tu d ie s  o f bank v o le s  re p o rte d  a 22% re d u c tio n  o f mass of 
th e  n eo co rtex  o f autumn as compared to  s p r in g  specim ens. E xperi
ments were done to  determ ine w hether pho to p e rio d  would s im i la r ly  
in f lu e n c e  b ra in  mass of s e v e ra l b ra in  reg io n s  (n eo co rtex , rem aining 
fo re b ra in  and h in d b ra in )  o f meadow v o le s . A second experim ent a s 
se sse d  w hether p h o tope riod  would in f lu e n c e  b ra in  mass in a d u l t  voles .

Male v o le s  m a in ta ined  from b i r t h  to  70 days o f age in  th e  long 
o r s h o r t  p h o tope riods  had th e i r  b ra in s  q u ic k ly  d is s e c te d  and to t a l  
b ra in  w eight was reco rd e d . The n eo co rtex  was s e p a ra te d  from th e  re 
m aining p o r t io n  o f th e  b ra in  which was subd iv ided  in to  fo re b ra in  
and h in d b ra in  reg io n s  by a co ro n a l cu t j u s t  r o s t r a l  to  th e  su p e rio r 
c o l l i c u l i ;  each b ra in  reg io n  was weighed s e p a ra te ly .

T o ta l b ra in  mass was s ig n i f i c a n t ly  g r e a te r  in  LD as compared to  
SD v o le s  m a in ta ined  in  th e  re s p e c t iv e  ph o to p e rio d s  from b i r t h .  
W eights o f in d iv id u a l  b ra in  reg io n s  were g re a te r  by 1.3-2.8%  in  LD 
than  in  SD v o le s  b u t none o f th e se  d if fe re n c e s  were s t a t i s t i c a l l y  
s ig n i f i c a n t .  Thus, changes in  n eo co rtex  were much sm a lle r  in  the  
p re s e n t s tudy  than  in  th e  r e la te d  experim en ts on bank v o le s .

Male meadow v o le s  p laced  in  long o r s h o r t  p h o tope riods  fo r  10 
weeks in  adu lthood  d id  n o t d i f f e r  w ith  r e s p e c t to  b ra in  mass even 
though body mass was reduced by 20% in  th e  SD an im als. Photoperiod 
th u s  a f f e c t s  b ra in  mass p e r in a ta l ly  b u t n o t in  ad u lthood .

Supported by G rant HD 02982

233.15 ALTERATION OF ADULT CIRCADIAN LOCOMOTOR RHYTHM EXPRES
SION BY REARING CONDITIONS IN LIMAX MAXIMUS. I .G .  W els
f o r d  and  D . J . P r i o r (Spon: P .S .  D ic k in s o n ) . P h y s io l .  G r p . , 
S c h o o l B io l .  S c i . , U n iv . o f  KY ., L e x in g to n ,  KY. 40506

In  o u r  i n i t i a l  s t u d i e s  o f  t h e  c i r c a d i a n  lo c o m o to r  
rh y th m  in  t h e  t e r r e s t r i a l  g a s t r o p o d ,  Lim ax m axim us, a  
s i g n i f i c a n t  d i f f e r e n c e  i n  rh y th m  e x p r e s s io n  was o b s e rv e d  
b e tw een  w i ld - c a u g h t  and  l a b - r a i s e d  a n im a ls .  E i g h t y - t h r e e  
p e r c e n t  (20 o f  24) o f  w i ld - c a u g h t  Lim ax e x p r e s s e d  a 
rh y th m  (m easu red  by e y e - f i t  and  p e rio d o g ra m ) w h i le  th e  
p e r c e n ta g e  e x p r e s s io n  f o r  l a b - r a i s e d  Lim ax was o n ly  33% 
(12 o f  3 6 ) .  D u rin g  l a b o r a t o r y  r e a r i n g  a n im a ls  w ere  k e p t  
i n  t h e  l a b  from  eg g  t o  tw o m on ths o f  a g e .  A f t e r  two 
m on ths  o f  ag e  th e s e  a n im a ls  w ere  t r a n s f e r r e d  t o  an 
e n v iro n m e n ta l  cham ber w here  th e y  w ere  h o u sed  u n d e r  L:D 
1 4 :1 0 ,  th e rm o p h a s e rc ry o p h a s e  1 8 C .:1 2 C . and  100% R.H. u n 
t i l  th e y  w ere  t e s t e d .  W hile  i n  th e  l a b o r a t o r y  t h e s e  a n i 
m a ls  w ere  e x p o se d  to  a  random  L:D c y c l e ,  c o n s t a n t  tem p
e r a t u r e  (20 ± 2 .5  C .) and  100%R.H. We i n v e s t i g a t e d  th e  
p o s s i b i l i t y  t h a t  e x p o s u re  t o  t h e  l a b o r a t o r y  c o n d i t i o n s  
d u r in g  d e v e lo p m e n t was r e s p o n s i b l e  f o r  t h e  o b s e r v e d  v a r 
i a t i o n  in  a d u l t  rh y th m  e x p r e s s io n  b e tw een  w i ld - c a u g h t  
an d  l a b - r a i s e d  a n im a ls .

S i x t y - n i n e  p e r c e n t  (20 o f  29) o f  t h e  Lim ax r a i s e d  
from  egg  t o  a d u l t  ( f i v e  m on ths  o ld  o r  r e p r o d u c t i v e l y  
m a tu r e ) in  t h e  e n v iro n m e n ta l  cham ber e x p r e s s e d  a rh y th m . 
In  c o n t r a s t ,  o n ly  14% (5 o f  36) o f  th e  Lim ax r a i s e d  from  
egg  t o  a d u l t  i n  t h e  l a b  e x p r e s s e d  a rh y th m . T w e n ty - f iv e  
p e r c e n t  (6 o f  24) o f  t h e  Lim ax r a i s e d  from  egg  t o  2 m os, 
o f  ag e  i n  t h e  l a b  th e n  t r a n s f e r r e d  to  t h e  e n v iro n m e n ta l  
cham ber e x p r e s s e d  a rh y th m . Two c l u t c h e s  o f  e g g s  w ere  
s p l i t ,  w i th  h a l f  r a i s e d  i n  t h e  l a b  and  h a l f  r a i s e d  in  
t h e  e n v iro n m e n ta l  ch am b er. The mean p r o p o r t i o n  o f  rh y th m  
e x p r e s s io n  in  t h e  l a b - r a i s e d  a n im a ls  was .2 5  ± .0 8  (X̅ ± 
S .D . ; 24 a n im a ls )  w h ile  th e  p r o p o r t i o n  o f  e x p r e s s io n  in  
th e  e n v iro n m e n ta l  c h a m b e r - r a is e d  a n im a ls  was .7 5  ± .1 2  
(23 a n i m a l s ) . S e v e n ty  p e r c e n t  (14 o f  20) o f  a d u l t  w i ld -  
c a u g h t  Limax k e p t  i n  th e  l a b  f o r  up t o  5 m on ths  e x p r e s s 
ed  a  rh y th m .

T h e re  w ere  no o b s e r v e d  d i f f e r e n c e s  i n  t h e  lo c o m o to r  
rh y th m s  o f  t h e  a n im a ls  t h a t  e x p r e s s e d  a  rh y th m  r e g a r d 
l e s s  o f  r e a r i n g  c o n d i t i o n s .  F u r th e r m o re ,  t h e r e  w ere  no 
o b s e r v a b le  d i f f e r e n c e s  b e tw ee n  any  g ro u p s  i n  th e  g e n e r a l  
lo c o m o to r  b e h a v io r  p a r a m e te r s .  T h ese  r e s u l t s  s u g g e s t  
t h a t  e x p o s u re  t o  random  l i g h t i n g  a n d /o r  c o n s t a n t  te m p e r
a t u r e  d u r in g  d e v e lo p m e n t a l t e r s  t h e  e x p r e s s io n  o f  th e  
lo c o m o to r  rh y th m  i n  a d u l t  Lim ax maxim us w i th o u t  a l t e r i n g  
th e  m echan ism s u n d e r ly in g  th e  p a t t e r n i n g  o f  t h e  rh y th m .
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234.1 SEROTONIN ONTOGENY IN THE SYMPATHETIC THORACOLUMBAR SPINAL CORD OF 
NEONATAL RAT: AN IMMUNOHISTOCHEMICAL STUDY. B.W. Newton, A.B. 
B urkhart* & R.W. Hami l l . Departm ent of N eurology, U n iv e rs ity  of 
R ochester/M onroe Community H o s p i ta l ,  R o ch este r, NY 14603

5HT i s  a n e u ro t ra n s m it te r  im p lic a te d  in  c o n tro l  of autonom ic 
fu n c t io n s , e.g . c a rd io v a s c u la r  and sym pathoadrenal fu n c t io n . The 
v a s t  m a jo r i ty  of s p in a l  5HT o r ig in a te s  from b ra in s tem  p ro je c t io n s  
which te rm in a te  upon sy m p ath e tic  p re g a n g lio n ic  neurons in  the 
autonom ic n u c le i  of lam ina V II and X: in te r m e d io la te r a l  n. p a rs  
f u n i c u l a r i s  and p r in c ip a l i s  ( I l f ,  I l p ), n. i n t e r c a l a tu s  (IC) 
d o rs a l  com m issural n. (DCN). A d d it io n a l ly ,  5HT f ib e r s  a re  d i s t r i 
bu ted  th roughou t lam ina X (X). 5HT f ib e r s  mimic th i s  n u c le a r  d i s 
t r i b u t i o n .  To s tu d y  th e  o n to g e n y  o f 5HT f i b e r s  0 , 2 , 4 , 8 , 12, 16, 
and 30 day (d) o ld  r a t s  were p e rfu sed  t r a n s c a r d i a l l y  w ith  Zam- 
b o n i's  f i x a t iv e  and p rocessed  fo r  the  PAP te ch n iq u e . S p in a l co rds 
were s e r i a l l y  s e c t io n e d  h o r iz o n ta l ly  a t  40-70um w ith  a v ib ra tom e. 
The 5HT an tib o d y  (Newton, e t  a l . ,  B rain  Res. 376:155,’86) was 
d i lu te d  1:5000 in  phosphate b u ffe re d  s a lin e /3 %  norm al sheep serum, 
0.3% T r i to n  and a p p l ie d  o v e rn ig h t a t  room tem p era tu re . A bsorp tion  
c o n tro ls  dem onstrated  p rim ary  a n tise ru m  5HT s p e c i f i c i t y .

A r o s t r a l - c a u d a l  d ev e lo p m en ta l g ra d ie n t was seen  w ith  a n e a r ly  
a d u l t  p a t te rn  e s ta b l is h e d  by 30d. An i n i t i a l  p a t te rn  was seen  in  
upper th o ra c ic  (UT) reg io n s  by Od, m idd le  th o ra c ic  (MT) by 2d, and 
low er th o ra c ic - lu m b a r  (LT) by 4d. In  a l l  c a se s  th e  UT and LT p a t -  

. te rn s  a re  more prom inent than  th e  MT p a t te r n .  A d d it io n a l ly ,  5HT 
puncta and f in e  f ib e r s  d ev e lo p  b e fo re  la rg e  5HT v a r ic o s e  f ib e r s  
a re  seen . As developm ent occurs numbers of v a r ic o s e  5HT f ib e r s  
in c re a s e  and th e i r  p a t te r n  w ith in  th e  autonom ic n u c le i  become more 
com plex. In  UT reg io n s  I l p , IC, DCN and X were e s ta b l is h e d  f i r s t  
(Od) w ith  I l f  fo llo w in g  (2d). In  MT l e v e l s  X (Od) was e s ta b l is h e d  
f i r s t  w ith  I l p (2 d ) and DCN (2d ) s e c o n d , th e n  IC (4d ) and I l f  ( 8d) 
fo llo w in g . At LT reg io n s  X (2d) was e s ta b l is h e d  f i r s t  w ith  I l p, IC 
and DCN fo llo w in g  (4d). I l f  (8d) dev e lo p ed  l a s t .  As r a t s  age the 
I l p becomes more com pact, d e l ta -s h a p e d  and in te rc o n n e c te d  and I l f  
in c re a s e s  in  s iz e  in  r e l a t i o n  to  I l p. A d d it io n a l ly ,  DCN becomes 
broad as  more IC 's reach  X. However, th e  number of IC 's d ec rease  
and become more compact w ith  age. X becomes f i l l e d  w ith  numerous 
la rg e  5HT v a r ic o s e  f ib e r s .  In  g e n e ra l ,  th e  5HT p a t te r n  i s  e s ta b 
l i s h e d  v e ry  e a r l y  p o s tn a t a l l y  but i t s  m a tu ra tio n  p ro cess  i s  p ro 
t r a c te d .  IC and DCN m ature most r a p id ly  w ith  I l f  a c h ie v in g  a d u l t  
s t a t u s  l a s t .  5HT neurons were seen a t  n e a r ly  a l l  tho raco lum bar 
l e v e l s  and in  a l l  autonom ic n u c le i  excep t I l f .  A du lt r a t  s p in a l  
5HT neurons have been d esc r ib e d  (Soc. N eurosci. A bst. 11:1018, 
’85). This s tu d y  r e v e a l s  th a t  s p in a l  sym p ath e tic  n u c le i  p re fe re n 
t i a l l y  r e c e iv e  a dense 5HT in n e rv a t io n  th a t  d i f f e r e n t i a l l y  
d e v e lo p s . E a r ly  s p in a l  5HT in n e rv a t io n  su g g es ts  5HT may be c r i t i 
c a l  in  autonom ic s p in a l  cord  o rg a n iz a tio n . Supported by U of R/MCH 
R esearch  Fund & N eu ro b io l. o f Aging T ra in in g  G rant AGT32107 to  BN.

234.2 IMMUNOHISTOCHEMICAL DISTRIBUTION OF SEROTONIN IN SYMPATHETIC 
NUCLEI OF RAT THORACOLUMBAR SPINAL CORD. M.A. Romagnano, B.W. 
Newton & R.W. Hamil l . Department of N eurology, U n iv e rs ity  of 
Rochester/M onroe Community H o s p i ta l ,  R ochester, NY 14603

5HT is  a n e u ro t ra n s m it te r  im p lic a te d  in  c o n tro l of autonomic 
fu n c t io n s , e.g . c a rd io v a s c u la r  and sym pathoadrenal fu n c tio n . The 
m a jo rity  of s p in a l  sym pathetic  5HT o r ig in a te s  from b ra in stem  p ro 
je c t i o n s  which synapse upon p re g a n g lio n ic  neurons in  autonomic 
n u c le i  of lam ina V II and X: in te rm e d io la te r a l  n. p a rs  f u n ic u la r i s  
and p ars  p r in c ip a l i s  (I l f ,  I l p ), n. i n t e r c a l a tu s  (IC) and d o rs a l 
com m issural n. (DCN). To study  the  d i s t r i b u t io n  of 5HT f ib e r s  in  
lam ina V II and X, 21 a d u l t  Sprague-Dawley r a t s  of e i th e r  sex were 
examined w ith  the  PAP method. Rats were p erfu sed  w ith  Zamboni's 
f i x a t iv e  and th e  s p in a l  co rds were s e c tio n e d  h o r iz o n ta l ly  a t  40um 
w ith  a v ib ra tom e. S ec tio n s  were in cuba ted  fo r  48 h rs  a t  4°C in  
an tise ru m  g en e ra ted  a g a in s t 5HT coup led  to  bov ine  serum album in 
(Newton, e t  a l . ,  B rain  Res. 376:155,' 86) d i l u te d  1:5000. A ll  
a n t ib o d ie s  were d i l u te d  in  phosphate b u ffe red  sa lin e /3 %  normal 
sheep serum w ith  0.3% T r i to n  X-100. A bsorp tion  c o n t ro ls  demon
s t r a t e d  prim ary  an tise ru m  5HT s p e c i f i c i t y .  Im m unoreactive 5HT 
f ib e r s  were found in  thoraco lum bar s p in a l  cord lo c a l iz e d  in  nuc
l e a r  reg io n s  c o n ta in in g  p re g a n g lio n ic  sym pathetic  neurons. Very 
dense numbers of 5HT f ib e r s  were seen  ex tend ing  from th e  d o rs a l 
l a t e r a l  fu n ic u lu s  connecting  w ith  5HT f ib e r s  in  I l p c e l l  c lu s t e r s .  
A m oderate to  dense band of 5HT f ib e r s ,  ad ja c e n t to  the  w h ite -g ray  
b o rd e r, connected  a d ja c e n t I l p 's .  I l p p e r io d ic i ty  s lo w ly  decreased  
from 460um in  upper th o ra c ic  reg io n s  to  200um in  lumbar reg io n s . 
Large numbers of I l f  5HT f ib e r s  ex tended from th e  p i a l  su rface  to  
th e  I l p and were o r ie n te d  p e rp e n d ic u la r  to  l a t e r a l  f u n ic u la r  
f ib e r s .  O ften I l f  f ib e r s  fo llo w e d  b lood v e s s e ls  to  I l p. Immuno
r e a c t iv e  5HT f ib e r s  in  m oderate numbers were lo c a te d  in  IC form ing 
a s e r ie s  of t r a n s v e rs e  bands l in k in g  I l p w ith  DCN. O ften m u l t ip le  
IC 's p ro je c te d  from one I l p in  upper th o ra c ic  re g io n s , w h ile  in  
th e  lum bar cord one I l p gave r i s e  to  a s in g le  IC. IC p e r io d ic i ty  
s lo w ly  decreased  from 420um in  upper th o ra c ic  reg io n s  to  240um in  
lum bar re g io n s . IC 's merged d o rs a l  to  th e  c e n tr a l  c a n a l to  jo in  
DCN. This dense band of DCN 5HT f ib e r s  was continuous throughou t 
th e  le n g th  o f th e  s p in a l  cord. In  a d d i t io n ,  the  rem ainder of lam
in a  X con ta ined  m oderate to  s c a t te r e d  5HT f ib e r s  a d ja c e n t to  th e  
c e n tr a l  c a n a l as  w e l l  as a s c a t te r e d  p le x u s  of f ib e r s  v e n t r a l  to  
th e  c a n a l. The d i s t r i b u t io n  of 5HT f ib e r s  in  th e se  lo c a t io n s  
co rresponds to  p rev io u s  r e p o r ts .  These d a ta  show th a t  s p in a l  
autonomic n u c le i  p r e f e r e n t ia l l y re c e iv e  a dense 5HT in n e rv a tio n  
in d ic a t in g  th e  im portance of 5HT in  autonom ic c o n t ro l .  A d d ition 
a l l y ,  r a t  lam ina X 5HT p a t te rn s  a re  d i f f e r e n t  as compared to  dog 
and monkey (Kojima, e t  a l . ,  C e l l  Ti s s . Res. 226:447,'82; 229:23, 
'83). Supported by U of R/MCH R esearch Fund & N eurobio logy of 
Aging T ra in in g  G rant AGT32107 to  BWN.

234.3  IMMUNOHISTOCHEMICAL DEMONSTRATION OF 5-HYDROXYTRYPTAMINE AND L-GLU- 
TAMIC ACID DECARBOXYLASE IN GLUCOCORTICOID-INDUCED SIF CELLS IN THE 
SYMPATHETIC GANGLION. L.Eränkӧ1, H.Päivär in ta 1 , O.Häppӧl ä1 ,S.Soini
la  ,H.Steinbusch2 and J.-Y. Wu3  Department of Anatomy, University 
of Helsinki. Siltavuorenpenger 20 A, 00170 Helsinki, Finland, 2De- 
partment of Pharmacology, Free University, 1081 BT Amsterdam, The 
Netherlands and 3Department of Physiology, Pennsylvania State Uni
versity  Milton S. Hershey Medical Center, Hershey, PA 170033, USA.

Formaldehyde-induced fluorescence method made possible the de
tection  of two ce ll types in sympathetic ganglia: principal nerve 
c e lls  (PN) and small intensely fluorescent (SIF) c e lls . I t  has been 
shown that PN c e lls  contain noradrenaline, while depending on the 
ganglion, dopamine, noradrenaline or adrenaline has been detected 
in SIF c e lls . Recently also 5-hydroxytryptamine (5-HT) and L-gluta- 
mic acid decarboxylase (GAD) has been immunohistochemically demons
tra ted  in SIF c e lls  in the superior cervical ganglion of an adult 
r a t .  Treatment of newborn ra ts  with glucocorticoids increases the 
number of SIF c e lls  and induces phenylethanolamine-N-methyltransfe- 
rase ac tiv ity  and appearance of adrenaline in them. On the other 
hand, sim ilar glucorticoid treatment, causes only minute changes in 
the amount of dopamine and noradrenaline in the superior cervical 
ganglion of the ra t . The aim of this study was to investigate the 
e ffec t of glucocortricoid on the number of 5-HT- and GAD-immunore
active c e lls .

In the superior cervical ganglia of early postnatal ra ts  5-HT 
immunoreactivity was localized in small c e lls  (5-15 um in diameter) 
c e lls  and large (15-30 um in diameter) c e lls , resembling in size 
SIF c e lls  and PN c e lls , respectively. The re la tiv e  number of 5-HT- 
immunoreactive PN c e lls  decreased a f te r  the f i r s t  postnatal week, 
and 5-HT immunoreactivity was localized only in SIF ce lls  of adult 
ra ts . GAD-immunoreactive c e lls  were not found in ganglia of newborn 
r a ts , but they were regularly observed in SIF c e lls  of adult ra t 
superior cervical ganglia, were they were found e ither so lita ry  or 
in small c lu s te rs . Newborn ra ts  were injected daily with hydrocor
tisone acetate for 5-7 days. Due to the glucocorticoid treatment, 
the number of 5-HT- and GAD-immunoreactive c e lls  increased dramati
ca lly . The immunoreactive c e lls  were quite evenly d istribu ted  in 
the ganglia, were mostly so lita ry  but also formed small c lu ste rs . 
The immunoreactive c e lls  were smaller than the nonreactive c e lls . 
On the basis of th e ir  high nucleus/cytoplasm ra tio  they were regar
ded to be SIF c e lls .

I t  has been suggested that glucocorticoids and the nerve growth 
factor have opposite e ffec ts on the developing primitive sympathe
t ic  precursor c e lls , the former favouring d ifferen tia tion  into SIF 
c e ll  type and the la t te r  into the PN c e ll type. The resu lts  of th is  
investigation suggests that glucocorticoids also favour 5-HT- and 
GABA-ergic d ifferen ta tion .

234.4  LOCATION OF THE NEURONS PROJECTING TO THE AGANGLIONIC BOWEL OF Is / ls  MICE. 
V.M. Tennyson. R.F. Payette*, T.D. Pham*, G. Mawe , T.P. Rothman and M.D. Gershon, 
Dept. of Anat. & Cell Biol. Columbia Univ. P&S, New York N.Y. 10032.

The enteric nervous system (ENS) is formed by the precursors of neurons and glia 
that migrate to the bowel from the neural crest. The ENS is abnormal in the lethal 
spotted (l s / l s ) mutant mouse in that the terminal portion of the colon is aganglionic. 
We have previously reported that components of basal laminae ( BL), including laminin 
and type IV collagen, are overproduced in the presumptive aganglionic bowel in ls/ls 
fetuses. In the adult ls/ls gut the muscularis mucosa of the aganglionic zone is 
thickened because the smooth muscle cells are hypertrophic and surrounded by 
reduplicated BL. We have postulated that the precursors of enteric neurons fail to 
colonize the affected region because the excessive BL favors neurite extension at the 
expense of precursor cell migration. We have now tested this hypothesis by examining 
the distribution of intrinsic enteric neurons of the submucosal and myenteric plexuses 
and the innervation of the gut by extrinsic axons. Our hypothesis predicts at least some 
penetration of the  a ganglionic bowel by the processes of intrinsic neurons and the 
growth of an abundant supply of extrinsic neurites into the aganglionic gut. Neurons and 
their processes were located by demonstrating acetylcholinesterase (AChE), classified 
as intrinsic or extrinsic by EM, and the location of perikarya was accomplished by 
retrograde tracing with True blue or WGA-HRP. Near the cecum the ls/ls colon 
contained both myenteric and submucosal ganglia, there were few extrinsic nerves, and 
the arrangement of the plexuses was sim ilar to that of control mice. More distally ( 8 -  
9 cm from the anus), a hypoganglionic zone was found in the mutant bowel, in which the 
numbers of submucosal ganglia gradually declined to reach 3 % of control (4  cm from 
the anus). Below this point the myenteric plexus also became hypogangl ionic while the 
submucosal plexus disappeared. The. number of myenteric ganglia then declined 
distally, persisting only along the mesenteric border, until the aganglionic region was 
reached 1 cm from the anus. Both the aganglionic and hypogangl ionic bowel contained 
large nerve trunks that were found by EM to have the structure of peripheral, not 
enteric, nerve. Peripheral ganglia, located just outside the intestinal musculature were 
attached to these nerves. Injections of tracers revealed that the longest intrinsic 
enteric neurltes of ls /ls  mice penetrated as far as 7 mm into the aganglionic colon, 
although they were slightly shorter (1 1 .4  ± 1.3 mm) than the longest neurltes of 
controls (1 4 .7  ± 0.6 mm); however, most of the neurltes in the aganglionic tissue were 
extrinsic axons. These axons were found to come from dorsal root and sympathetic 
ganglia. No retrograde labeling of the sacral parasympathetic nucleus was found in ls/ls 
mice, whereas it was observed in controls. Injection of the striated anal sphincter led 
to labeling of anterior horn cells in both ls/ls and control mice. These observations 
support the idee that the aganglionic bowel is a good substrate for axonal growth; 
intrinsic enteric neurltes enter its orad boundary and extrinsic neurites enter ft in a 
greater than normal abundance. On the other hand, the absence of target neurons is 
correlated with an evident failure of parasympathetic preganglionic fibers to innervate 
the aganglionic gut. Supported by grants NS 15547, HD 17736, BNS 09452 , HD 
21 0 3 2 , the MOD and the Dysautonomia Fdn.
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234.5 TRACER INFLUX FROM THE SUBARACHNOID SPACE INTO 
"PARAVASCULAR" FLUID PATHWAYS IN THE MAMMALIAN BRAIN IS 
INFLUENCED BY STIMULATION OF SYMPATHETIC NERVES TO 
CEREBRAL BLOOD VESSELS. M.L. Rennels, O.R. Blaumanis* and P.A. 
Grady, Depts. of Neurology and Anatomy, University of Maryland School 
of Medicine, Baltimore, MD 21201

After infusion into the subarachnoid space (SAS), horseradish 
peroxidase (HRP) enters the perivascular spaces (PVS) around 
penetrating arterioles and, within minutes, spreads longitudinally 
through the basal laminae enclosing their capillary branches throughout 
the CNS. Our recent hypothesis states that this unidirectional 
'paravascular' HRP influx reflects a fluid/tracer circulation through 
these pathways that is facilitated by pulsations of the penetrating 
arterioles within their PVS (Brain Res., 326:47). This concept raises the 
possibility that paravascular fluid/tracer movements may be affected by 
altering the functional status of intraparenchymal arterioles. Of 
particular interest was a possible influence of the sympathetic 
innervation of penetrating arterioles, which, in the cat, is derived 
ipsilaterally from the superior cervical ganglia (SCG). Adult cats were 
anesthetized and the SCG exposed; a needle was then inserted into the 
cisterna magna. Continuous unilateral electrical stimulation (SS) of the 
SCG was administered at an intensity just adequate to evoke 
pupillodilation and HRP (4% in buffer) was introduced into the SAS by 
gravity flow through the cisternal needle. The total tracer volume 
infused (0.5 - 0.75 ml) was equal to the CSF outflow measured after 
cisternal puncture. Control animals received HRP without SS. After 
HRP circulation and SS of 4 or 10 min. duration, brains were fixed by 
intravascular perfusion of aldehydes and HRP was localized in Vibratome 
sections of the neuraxis using tetramethylbenzidine or diaminobenzidine 
as chromogens. In all animals, a thin layer of HRP reaction product (RP) 
appeared bilaterally over the pial and ependymal surfaces. In control 
sections, paravascular RP was uniformly distributed within the 
neuraxis. After 4 min. SS, however, a localized zone of RP appeared in 
the ipsilateral thalamus. Constriction and sludging of small vessels and 
diffuse tracer spread into the adjacent parenchyma was also observed. 
Continued SS for 10 min. was accompanied by a generalized increase in 
paravascular RP density bilaterally within the forebrain; the localized 
thalamic tracer pool and microvascular changes seen after 4 min. SS 
were no longer apparent. Although the mechanism(s) of these effects is 
unknown, our results are consistent with a neurovascular influence on 
tracer influx through the PVS. The sympathetic system may play a role 
in regulating paravascular fluid movements in the brain. Supported by 
Grant No. 2P50 NS 16332-04A2, NINCDS, NIH.

234.6 EFFECT OF TARGET REMOVAL ON MIGRATION OF SYMPATHETIC 
PREGANGLIONIC NEURONS IN CHICK EMBRYO. Anita Prasad* and 
M argaret Hollyd ay (SPON: R.J. Dinerstein). Dept. Pharmacol. & Physiol. Sci., 
Univ. of Chicago, Chicago 60637.

The normal developm ent of sym pathetic preganglionic neurons ("Terni 
colum n" neurons) in the  chick em bryo w as first s tud ied  in detail by 
Levi-Montalcini in 1950 (J. Morphol.86 (2):253). W e (Soc. Neurosci. Abstr. 
11: 586, 1985) have recently confirmed and extended her observations. The 
Terni column is com prised of neurons within the  avian spinal cord which 
project to the sympathetic ganglia and w hose early development includes two 
migrations. Our primary focus has been  on the secondary  migration of these 
cells, from the ventral horn, to their adult position dorsom edial to the central 
canal. Experim ents w ere done to determ ine w hat role, if any, the synaptic 
targets of the Terni column cells play in this secondary migration.

We have observed axons of Terni cells in sympathetic ganglia at St. 26. This 
coincides with the onset of the secondary migration. Subsequent progress of the 
secondary  migration w as therefore studied in a  group of sym pathectom ized 
em bryos. Using an electrocautery, neural c res t (precursor of sym pathetic 
ganglia and other cell types) w as rem oved from the presum ptive thoracic 
regions of the neural tube prior to the initiation of neural crest migration. 
T h e se  crest rem ovals w ere done in St. 13 and St. 14 em bryos. After survival 
tim es of 5-7 days following the neural crest removal, the em bryos ranged in 
age from St.28 to St.35. At this time the embryos w ere removed from the egg, 
carefully eviscerated and laminectomized in order to expose the thoracic ventral 
roots. WGA-HRP w as then injected into the ventral roots to retrogradely label 
m otoneurons and any presum ptive Terni column cells. T issue  w as fixed, 
sectioned, and examined with the light microscope following a  DAB reaction and 
cobalt-intensification step  to visualize the HRP reaction product. Criteria for a 
successful c re s t removal included a  total ab sen ce  of dorsal root ganglia and 
sympathetic ganglia for at least three consecutive spinal segments.

Our results indicate that ta rget rem oval h as  no apparen t effect upon the 
development of the column of Terni. The time course of the secondary migration 
and the morphology of the migrating cells are  very similar to what is observed 
in normal em bryos. T herefore it would ap p ear tha t th e  p resen ce  of the 
sympathetic ganglia is not essential for either the initiation or completion of the 
secondary migration of Terni column cells.

Supported by the Brain Research Foundation, University of Chicago. A.P. is 
supported by PHS GM 07151.

234.7 THE ALLIANCE BETWEEN CHROMAFFIN TISSUE AND THE AUTONOMIC NERVOUS 
SYSTEM IN RABBITS: ANATOMICAL AND MORPHOLOGICAL DATA. J .A . 
M ascorro* (SPON: K .K ra tz ). Departm ent o f Anatomy, 
Tulane U n iv e rs ity  School of M edic ine, New O rlean s , LA 70112.

I t  i s  w e ll known th a t  a ca tech o lam in e rg ic  ch rom affin  sy s
tem e x i s t s  th roughou t th e  re tro p e rito n e u m  in  many s p e c ie s . The 
c e l l s  com prising  th i s  volum inous netw ork a re  laden  w ith  dense 
g ran u le s  and occupy in t r a a d re n a l  ( th e  ad re n a l m e d u lla ) , 
p a r a a o r t i c ,  p a rag a n g lio n  and in tra g a n g l io n  s i t e s .  The ad ren a l 
m edu lla  i s  known fo r  i t s  endoc rine  c h a ra c te r ,  how ever, th e  
fu n c t io n  of most e x tra a d re n a l ch rom affin  t i s s u e  i s  n o t known. 
T his ana tom ical and m orpho log ica l s tudy  examines ex tra -m e d u lla ry  
ch rom affin  t i s s u e  and i t s  a s s o c ia t io n  w ith  th e  autonom ic nervous 
system  in  o rd e r  to  e lu c id a te  th e  fu n c t io n a l  c h a ra c te r  of th i s  
unique t i s s u e .  Abdominal ch rom affin  t i s s u e  was lo c a te d  by 
u t i l i z i n g  a s o lu t io n  o f po tass ium  dichrom ate and g lu ta ra ld e h y d e . 
The in t e r a c t io n  between d ichrom ate and t i s s u e  ca techo lam ines  
produced a g ro ss  ch rom affin  r e a c t io n  which c l e a r ly  "mapped" th e  
e x tra -m e d u lla ry  ch rom affin  o rg an s , w h ile  g lu ta ra ld e h y d e  p rese rv ed  
th e i r  s t r u c tu r e  fo r  co n c u rre n t m orpho log ica l s tu d y .

D ichrom ate t r a c in g  re v e a le d  a c o n t in u i ty  between th e  
in t r a a d re n a l  and p a r a a o r t ic  components o f th e  ch rom affin  system . 
The p a r a a o r t ic  organs were e lo n g a ted  and b ifu rc a te d  tow ards th e i r  
cau d a l e x te n t where they  c lo s e ly  bo rdered  th e  i n f e r io r  m ese n te ric  
g an g lio n . Sm aller p a rag a n g lio n  b od ie s  as w e ll as s in g le  o r 
c lu s te r e d  in t ra g a n g l io n  chrom affin  c e l l s  a lso  were seen .

H is to lo g ic a l  e v a lu a tio n  showed th a t  th e  p arag a n g lio n  and 
g ang lion  sh a re d , and were s e p a ra te d  by , a ca p su le  r ic h  in  v a s c u la r  
and co n n e c tiv e  t i s s u e  e lem en ts . D is t in c t  ch rom affin  c e l l s  were 
seen  w ith in  th e  gan g lio n  p ro p e r , b u t a c o n t in u i ty  between 
p a rag a n g lio n  and in t ra g a n g l io n  chrom affin  c e l l s  o r accompanying 
b lood v e s s e ls  was n o t e v id e n t. A ll p a r a a o r t ic ,  p a rag a n g lio n  and 
in t ra g a n g l io n  chrom affin  c e l l s  co n ta in ed  numerous d ense-co red  
v e s ic le s  and o th e rw ise  d isp la y e d  f in e  s t r u c t u r a l  f e a tu r e s  u s u a lly  
a s s o c ia te d  w ith  ch rom affin  c e l l s  in  g e n e ra l.  Three ch rom affin  
c e l l s  were observed in  th e  m etaphase s ta g e  o f c e l l  d iv i s io n  and 
s e v e ra l  more in  v a ry in g  deg rees  of n e c ro s i s .  Synapses were no t 
observed upon p a r a a o r t ic  o r  p a rag a n g lio n  ch rom affin  c e l l s ;  
c h o l in e r g i c - l ik e  end ings d id  o c c u r, s p a r s e ly ,  on th e  in t ra g a n g l io n  
chrom affin  c e l l s .  The gan g lio n  ch rom affin  c e l l s  gave r i s e  to  
g r a n u le - r ic h  p ro c e sse s  which n e a re d , b u t d id  n o t a c tu a l ly  c o n ta c t ,  
th e  p r in c ip a l  neu ro n s . C onsidering  th e se  d a ta ,  i t  may be 
su ggested  th a t  ch rom affin  c e l l s  ju x ta p o s itio n e d  to  sym pathetic  
g a n g l ia , o r  r e s id in g  w ith in  th e  g an g lio n , perhaps r e le a s e  amine 
p ro d u c ts  in to  th e  gan g lio n  p ro p e r . C onverse ly , h ig h ly  
v a s c u la r iz e d  and a d re n a l m e d u lla ry - l ik e  p a r a a o r t ic  ch rom affin  
organs may subse rve  as an ex tra -m e d u lla ry  source  of 
ca tech o lam in es .

234.8 EVALUATION OF THE PARTICIPATION OF THE SYMPATHETIC NERVOUS SYSTEM 
IN THE PRESSOR EFFECT OF INTRACEREBROVENTRICULARLY INJECTED 
ANGIOTENSIN I I .  L.C.Lopes*, H.Milani*, W.A.Saad, L.A.A.Camargo*, 
J.V.Menani*, A.Renzi*, L.A. de Luca J r .*  and W. Abrao-Saad*. 
Departamento de F is io lo g ia  e P ato log ia , Faculdade de Odontologia, 
UNESP, Araraquara, SP. e Departamento de C iru rg ia , Faculdade de 
Medicina, USP, São Paulo, SP.

Central in jec tio n  of angiotensin II (AII) causes an increase in 
mean a r te r ia l  pressure (MAP) and in h eart ra te  (HR). The objective  
of the present in v estig a tio n  was to  study the e ffe c tiv e  ex ten t of 
p a rtic ip a tio n  of the sympathetic nervous system (peripheral 
adrenergic endings and adrenal glands) in the changes in MAP and 
HR produced by in trace reb ro v en tricu la r ( ic v ) in jec tio n  of A ll. 
Holtzman ra ts  weighing 280 g and implanted with delay cannulae in 
the l e f t  la te ra l  v e n tr ic le  a f te r  treatm ent with guanethidine or 
adrenodemedullation were in jec ted  icv with 12 ng AI I , and the 
changes in MAP and HR were recorded. Icv in jec tio n  of 12 ng AII 
into-normal ra ts  caused increases in MAP of 14 ± 3 mmHg. In 
previously adrenodemedul l ated  r a t s ,  th is  response was s ign ifican tly  
reduced (an increase  of only 5 ± 2 mmHg), but previous treatm ent 
with guanethidine did not change the increase in MAP due to  icv 
in jec tio n  of AI I , The increase in HR observed a f te r  icv AII in 
normal ra ts  (17 ± 6 bpm) was to ta l ly  abolished by previous 
treatm ent with guanethidine ( ∆ HR =-13 ± 12 bpm) but was not 
changed by previous adrenodemedullation ( ∆ HR = 15 ± 8 bpm). The 
re s u lts  suggest an im portant p a rtic ip a tio n  of the adrenal medulla 
in the increase  in MAP, whereas the peripheral sympathetic endings 
may play a more im portant ro le  in the change in HR caused by icv 
in jec tio n  of AI I .

(Supported by FAPESP - Grant 85/0861-4)
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234.9 EFFECTS OF AXOTOMY ON THE FIRING PROPERTIES OF BULLFROG SYMPA
THETIC GANGLION CELLS. P.A. Sm ith, M.E.M. K elly* and T. Gordon 
Department of Pharm acology, U n iv e rs ity  of A lb e rta , Edmonton, 
AB, T6G 2H7, Canada.

T ransec tion  of the  axons of v e r te b r a te  neurones r e s u l t s  in  a 
se rie s  of m o rpho log ica l, b iochem ical and p h y s io lo g ic a l changes 
which may be r e la te d  to  th e  n eu ro n e 's  a b i l i t y  to  reg e n e ra te  an 
axon and re in n e rv a te  i t s  t a r g e t  o rg an . We have shown th a t  axo
tomy of B c e l l s  in  b u ll f ro g  sym pathetic  g a n g lia  r e s u l t s  in  v a r
ious e le c tro p h y s io lo g ic a l changes in c lu d in g  an in c re a s e  in  sp ik e  
width and a re d u c tio n  in  th e  am plitude and d u ra t io n  of th e  a f t e r 
h y p e rp o la riza tio n  ( a .h .p . )  which fo llow s th e  a c tio n  p o te n t ia l  
( a .p . )  (K elly  e t a l . ,  N eu ro sc i. L e t t s .  1986, in  p r e s s ) .  These 
e f fe c ts  were a t t r ib u t e d  to  a f u n c t io n a l lo s s  of ca lcium  s e n s i t i v e  
potassium conductance( s ) (gKC a). S ince a .h .p .  d u ra tio n  and the 
underlying gKCa have been im p lic a te d  in  th e  r e g u la tio n  of the 
f ir in g  p ro p e r t ie s  of th e se  sym pathetic  neurones (P en n e fa th e r e t 
a l . ,  Soc. N eurosci. Abs. 11, 148, 1985) th e  response  of axo to 
mized c e l ls  to  d e p o la r iz in g  c u r re n t p u lse s  should resem ble th a t  
seen in  c e l l s  where gKCa is  blocked w ith  Cd 2+ or Mn2+ . We 
th e re fo re  used s tan d a rd  i n t r a c e l l u l a r  c u r re n t clamp reco rd in g  
techniques to  examine th e  response  to  d e p o la r iz in g  c u r re n t in  
co n tro l, axotomized and Cd2+ or Mn2+ t r e a te d  b u ll f ro g  sym pathetic  
neurones. C e lls  in  th e  IXth o r Xth p a ra v e r te b ra l  sym pathetic  
ganglia were axotomized by c u t t in g  th e  a p p ro p r ia te  s p in a l nerve 
about 1 cm from th e  g a n g lia  14-47 days b e fo re  e le c tro p h y s io 
lo g ica l in v e s t ig a t io n .  E x c ita t io n  of normal B c e l l s  by prolonged 
current pu lses evoked one to  f iv e  a . p . ' s  depending on th e  in te n 
s ity  of the s tim u lu s . The c e l l s  subseq u en tly  rem ained s i l e n t  
throughout the d u ra tio n  of th e  pu lse  ( a d a p ta t io n ) .  S uperfusion  
of R inger's  so lu tio n  co n ta in in g  200 μM Cd2+ or 10 mM Mn2+/ 0.18 mM 
Ca2+ had somewhat v a r ia b le  e f f e c t s  but a t l e a s t  in  some neu rones , 
f ir in g  was m ain ta ined  th roughou t the  e n t i r e  d u ra t io n  of a depo
la r iz in g  cu rren t p u ls e . In  the  l i g h t  o f th e se  f in d in g s ,  we a n t i 
cipated  th a t axotomized c e l l s  would adapt le s s  than  normal and at 
le a s t in  some c e l l s ,  f i r i n g  would be m ain ta ined  fo r  as long as 
the neurones were d e p o la r iz e d . We found however th a t d isch a rg e  
pa tte rn s  remained com parable between c o n tro l and axotom ized c e l l s  
desp ite  the a t te n u a t io n  of a . h . p . ' s .  This im p lie s  th a t  o th e r  
changes in  ion  channels must accompany th e  lo s s  of gKCa 
following axotomy and th a t  th e se  changes may serve  to  p rese rv e  
neuronal a c t i v i t y  w ith in  an a p p a re n tly  normal ran g e . Such 
changes may be m an ifes t in  th e  marked in c re a s e  in  rheobase which 
we found to  fo llow  axotomy. This in c re a s e  in  rheobase may p a r t ly  
o ffse t the lo ss  of gKCa. The m aintenance of r e l a t i v e ly  normal 
discharge p a t te rn s  may be condusive to  r e g e n e ra tiv e  p ro c e sse s .

Supported by AHFMR and th e  MRC of Canada.

234.10 α-ADRENERGIC CONTROL OF CARDIOVASCULAR FUNCTION IN THE NEONATAL RAT: 
EFFECTS OF PHENOXYBENZAMINE ON RESPONSES TO HYPOXIA. F .J . S e id le r* , 
K.K. Brown*, P.G. Smith* and T.A. Slo tk in  (SPON: A. Tadepal l i ) .  Dept. 
of Pharmacology, Duke Univ. Med. C tr . ,  Durham, NC 27710.

Stim ulation of peripheral α-adrenergic receptors by c irc u la tin g  
catecholamines derived from the adrenal medulla is  essen tia l fo r su r
viving acute neonatal hypoxia. We have evaluated the ro le  of 
α-recep to r mediated responses through assessment of the e ffe c ts  of 
phenoxybenzamine (PBZ) on card iovascular performance during hypoxic 
challenge in urethane-anesthetized  ra ts  a t two d iffe ren t developmen
ta l s tages: 1  day o ld , where sympathetic tone is  absent due to  the 
immaturity of sympathetic e f fe re n ts , and 8 days o ld , where sym
pa the tic  innervation  of card iovascular s i te s  has become fu n c tio n a l. 
In normoxic cond itions, PBZ did not a ffe c t mean a r te r ia l  pressure 
(MAP) or heart ra te  a t 1 day of age. Reduction of inspired  O2 to  9% 
caused an immediate fa l l  in MAP which was equivalent in con tro ls  and 
PBZ-treated r a ts .  However, control 1 day olds maintained normal 
heart ra te s  in 9% O2 whereas PBZ-treated ra ts  displayed fa l l ing heart 
ra te s  and a tr io v e n tr ic u la r  conduction abnormal i t i e s .  The l a t te r  were 
characterized  by a p rogressively  worsening A-V block with eventual 
junctional escape, without abnorm alities of v en tricu la r conduction 
(normal QRS complex). Eventually, death ensued from heart fa i lu r e .  
In 8 day old r a ts ,  PBZ adm in istra tion  caused a fa l l  in MAP in nor 
moxic cond itions; heart ra te s  were unaffected by PBZ. When inspired  
O2 was lowered to  9%, both MAP and heart ra te s  in control 8 day olds 
declined s u b s ta n tia lly ; the  l a t t e r  re fle c ted  changes in si n o -a tria l 
rhythm unaccompanied by a lte red  a tr io -v e n tr ic u la r  conduction. The 
adverse e ffe c t of PBZ on MAP was sustained throughout the hypoxic 
period , but no co n sis ten t exacerbation of the heart ra te  e ffe c t was 
noted. PBZ did not cause a tr io v e n tr ic u la r  conduction defects in 
hearts  of 8 day old ra ts  exposed to  hypoxia. These data support the 
view th a t the surge of catecholamines released by the adrenal medulla 
(1 and 8 day old ra ts )  and by sympathetic nerves (8 day old ra ts )  in 
response to  hypoxia, promotes survival through card iovascular a d ju st
ments mediated by α-adrenergic recep to rs. In the younger anim als, 
e f fe c ts  on the myocardium predominate and heart ra te  can be main
ta ined  fo r a prolonged period; α-recep to r blockade during hypoxia 
leads to  a slowing of the si n o -a tria l pacemaker and appearance of 
conduction d e f ic i t s ,  leading to  card iovascular co llapse . In older 
anim als, the con tribu tion  of α-adrenergic  s i te s  in susta in ing  myocar
d ia l function is  lo s t ,  and instead the vascular beds become a primary 
co n trib u to r to  catecholamine ac tio n . The spectrum of e ffe c ts  seen in 
the immediate postnatal period are commensurate with the unique 
requirements of the immature organism during the s tre s s  of b ir th  and 
i t s  associated  hypoxia. (Supported by USPHS HD-09713 and NS-06233)

234.11 EFFECTS OF UNILATERAL MEDIAN NERVE CRUSH ON THE POSTGANGLIONIC 
SYMPATHETIC NEURONS IN THE STELLATE GANGLIA OF THE MACAQUE 
MONKEYS (MACACA NEMESTRINA). S.K. LEONG*, W.C. WONG. 
Department of Anatomy, N atio n a l U n iv e rs ity  o f S ingapo re , Kent 
Ridge, Singapore 0511.

Two normal and f iv e  ex p e rim en ta l a d u l t  monkeys were 
in v e s tig a te d . In  two of th e  ex p e rim en ta l an im als th e  sympa
th e t ic  p o s tg an g lio n ic  neurons whose axons a re  p re s e n t in  th e  
median nerve were lo c a l iz e d  by th e  h o rs e ra d is h  pero x id ase  
method. In  th e  rem aining  th re e  ex p e rim en ta l an im a ls , th e  r ig h t  
median nerves were crushed a t  mid-arm l e v e l .  They were then  
perfused 5, 15 and 30 days r e s p e c t iv e ly  a f t e r  th e  o p e ra t io n . 
Perfusion  of th e  th re e  ex p e rim en ta l and two normal c o n tro l 
animals was preceded by a prewash w ith  R in g e r 's  s o lu t io n  and 
followed by a m ix tu re  o f 3% g lu ta ra ld e h y d e  and 2% p ara fo rm al
dehyde in  0.1M ca co d y la te  b u f f e r .  The r ig h t  and l e f t  s t e l l a t e  
ganglia were o b ta in ed  and p rocessed  fo r  e le c tro n  m icroscopy, and 
th e i r  lower p o r tio n s  examined w ith  a P h i l ip s  400T e le c tro n  
microscope. The h is to lo g y  of th e  normal s t e l l a t e  g ang lion  b ea rs  
much resem blance to  th a t  of o th e r  s p e c ie s  r e p o r te d . The 
ganglion c e l l s  d isp la y  a r ic h  v a r ie ty  o f s iz e  and shapes . T heir 
nu c le i a re  m ostly  e c c e n tr i c  in  p o s i t io n .  B in u c lea ted  neurons 
are  p re se n t, but uncommon. The o rg a n e l le s  and in c lu s io n  bod ies 
p resen t no s p e c ia l  f e a tu r e s .  Each g ang lion  c e l l  i s  surrounded 
by sheath  c e l l  cy toplasm  which i s  a rran g ed  in  one to  s e v e ra l 
lam ellae  around th e  neuronal  c e l l  body o r p ro c e s s e s . Small 
c e l l s  c o n ta in in g  la rg e  dense-co red  g ran u le s  a re  r a r e .  Synapses 
and m yelinated  and nonm yelinated  f ib r e s  a re  p l e n t i f u l .  
Macrophages, mast c e l l s  and o th e r  co n n e c tiv e  t i s s u e  c e l l s  a re  
p re s e n t .

A n o ta b le  f e a tu r e  in  th e  normal g ang lion  i s  th e  p resence  
of not a few darkened p r o f i l e s .  Many o f them could  be 
id e n t i f i e d  as  d e n d r i te s  by v i r tu e  of th e  p resence  w ith in  them 
of d eg e n era tin g  b u t re c o g n iz a b le  m itochond ria  and d if fu s e  
ribosom es. The darkened p r o f i l e s  a re  e i th e r  s t i l l  a t ta c h e d  to  
the  c e l l  b od ie s  o r com p lete ly  engu lfed  by th e  sh ea th  c e l l  
p ro cesse s . Some o f th e  neu ro n a l c e l l  bod ie s  w ith  a tta c h e d  
darkened d e n d r i te s  show ty p ic a l  c h ro m a to ly s is . In  a d d i t io n  to  
darkened p r o f i l e s ,  neurons showing dense cytoplasm  and 
deg en era tin g  m itochond ria  o r dead c e l l s  whose morphology - is  
beyond re c o g n itio n  a re  a ls o  p re s e n t .

F ive to  t h i r t y  days a f t e r  th e  median nerve c ru sh  th e  
in c id en ce  o f darkened p r o f i l e s ,  ch ro m a to ly tic  neurons and dead 
c e l l s  i s  g r e a t ly  in c re a se d  in  bo th  th e  r ig h t  and l e f t  s t e l l a t e  
g a n g lia . I t  i s  surm ized th a t  th e  p ro cess  o f d eg e n e ra tio n  th a t  
occu rs norm ally  in  th e  s t e l l a t e  g ang lion  i s  a c c e le ra te d  by 
damage to  axons of th e  g ang lion  c e l l s .

234.12 CAUDAL MESENTERIC GANGLION AND PLEXUS IN THE ALBINO RABBIT - 
TOPOGRAPHY AND COMMUNICATIONS. G. M. C o n s tan tin escu * , R. C. 
McClure and E.M.Brown* L abo ra to ry  o f Anatomy, D ept. o f V e te rin a ry  
B iom edical S c ie n ces , C o llege  o f V e te rin a ry  M edicine, U n iv e rs ity  o f 
M isso u ri, Columbia, MO 65211

The l i t e r a t u r e  concern ing  th e  caudal m e se n te ric  g ang lion  and 
p lexus  in  r a b b i t  i s  meager. S ince  1884, when K rause d esc r ib ed  
them, r e s e a rc h e rs  have focused  th e i r  a t t e n t io n  on sym pathetic  
g a n g lia  o th e r  th an  th e  cauda l m e se n te r ic . B r ie f  d e s c r ip t io n s  were 
made by C ra ig ie  (1931, 1951). Barone e t  a l  (1973 ), n e i th e r  
i l l u s t r a t e d  nor d e sc r ib e d  th e  cau d a l m ese n te ric  g ang lion  in  t h e i r  
"A tla s  o f R abb it Anatomy".

A ccording to  K rause th e  gan g lio n  i s  7 mm long , 3 mm wide and 
2 mm th ic k  and a n g u la r , and lo c a te d  c r a n i a l  to  th e  o r ig in  of th e  
cau d a l m e se n te r ic  A. A ccording to  C ra ig ie  in  1931, th e  same 
gan g lio n  i s  narrow  and curved . C ra ig ie  in  1951 d esc r ib e d  i t  as  a 
s le n d e r  and e lo n g a ted  body. In  1931 and 1951 C ra ig ie  lo c a te d  i t  
c r a n i a l  to  th e  caudal m e se n te r ic  A. Only Krause m entioned an 
ac cesso ry  caudal m e se n te ric  g g l. A ll th e  au th o rs  ag ree  u n a n i
mously w ith  th e  p resen ce  o f on ly  one cau d a l m e se n te ric  g g l. 
C ra ige  made a sim ple m ention about th e  p resen ce  o f th e  caudal 
m e se n te ric  p le x u s , from C ra ig ie . The p lexus  was d esc r ib e d  in  
d e t a i l  by K rause.

Based upon our re s e a rc h  on 25 A lbino R abb its  (20 fem ale , 5 
m ale, between 6-8 months o ld ) ,  we cou ld  f i r s t  e s ta b l i s h  t h a t  th e  
maximum le n g th  i s  3-4 mm. The w id th  and th e  th ic k n e s s  a re  d i f f i 
c u l t  to  e s ta b l i s h ,  because i t  looks l i k e  a f l a t  s t a r  w ith  many 
com municating b ran ch es. I t  re c e iv e s  a  d i r e c t  b ranch from th e  5 th  
and sometimes th e  6th  sym pathetic  lumbar g ang lion  v ia  th e  c o r r e 
sponding lumbar sp lan c h n ic  Nn.V and V I, r e s p e c t iv e ly ,  and in d i 
r e c t l y  from th e  o th e r  lumbar ly m p ath e tic  g a n g lia  v ia  th e  i n t e r 
m e se n te r ic  Nn. (K untz, 1956) o r  p lexus  (Barone e t  a l ,  1973). The 
g an g lio n  was lo c a te d  on th e  l a t e r a l  s id e  o r cauda l to  th e  o r ig in  
o f  th e  cauda l m e se n te ric  A ., neve r c r a n i a l  to  th e  A rte ry . The 
ac ce sso ry  cauda l m e se n te ric  g g l. was in c o n s ta n tly  observed ; when 
p re s e n t i t  was lo c a te d  c lo se  to  th e  o r ig in  o f th e  l e f t  o v a rian  A.

The communicating b ranches a re  p re -  and p o s tg a n g lio n ic . The 
p re g a n g lio n ic  b ranches come from th e  lumbar sym pathetic  g a n g lia  
and th e  abdom inal a o r t i c  ( in te rm e s e n te r ic )  p le x u s . The postgang 
l i o n ic  b ranches a long th e  r ig h t  and l e f t  o v a rian  Aa. and th e  
cauda l m e se n te r ic  A ., as  w e ll as th e  h y p o g a s tr ic  N ., which ends in  
th e  p e lv ic  p le x u s .

The cau d a l m e se n te ric  p lex u s  was p a r t i c u l a r ly  prom inent on 
th e  r ig h t  s id e  o f th e  abdom inal a o r ta .
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234.13 ASSESSMENT OF TACHYCARDIA DENSITY ACROSS SLEEP STATES IN NORMAL 
INFANTS. V.L. Schech tm an , K . A. K l u g e * , and  R. M. H a r p e r . 
Neuroscience Program, Dept. of Anatomy, and t h e  B r a in  R e s e a rc h  
I n s t i t u t e ,  UCLA, Los Angeles, CA 90024.

The i n c id e n c e  o f  t a c h y c a r d i a  i n i n f a n t s  p r o v i d e s  a u s e f u l  
i ndex o f  c e r t a i n  p a th o lo g ic a l  c o n d i t i o n s .  N o rm at iv e  v a l u e s  f o r  
o ccurrence  of  t a c h y c a r d i a  during development, how ever , have  y e t  
t o  be d esc r ibed  by s leep  s t a t e .  The d e f i n i t i o n  of  a t a c h y c a r d i a  
ep isode  must r e f l e c t  s t a t e ,  s in ce  b a s e l in e  h e a r t  r a t e  va lu es  vary 
co n s id e rab ly  with s t a t e .  Such s ta t e - d e p e n d e n t  v a r i a t i o n  mandates 
t h a t  a s i n g l e  th r e s h o ld  value  fo r  t a c h y c a r d i a  n o t  be u s e d .  The 
p r e s e n t  study  examines t h e  e f f e c t  of  s leep  s t a t e  on t a c h y c a r d i a  
d en s i t y  1n normal i n f a n t s .

Twelve-hour p h y s io lo g i ca l  r e c o r d i n g s  were made o f  25 normal 
i n f a n t s  a t  1 wk and a t  1, 2, 3 ,  4 , and 6 mo of  age. Each m in u te  
of  data was c l a s s i f i e d  as  waking (AW), q u i e t  s l e e p  (QS), r a p i d  
eye movement s leep  (REM), o r  i n d e t e r m i n a t e  s t a t e  (IN) b as ed  on 
EEG, EOG, EMG, and m o t i l i t y  c r i t e r i a .  T a c h y c a r d i a  d e n s i t y  was 
as s e s se d  us ing 4 methods: 3 a b s o lu t e  t h r e s h o l d s  (1 6 5 ,  180, and 
200 b e a t s  per minute) and s t a t e -  and a g e - d e p e n d e n t  t h r e s h o l d s  
e q u a l  t o  t h e  mean h e a r t  r a t e  + 2 s t a n d a r d  d e v i a t i o n s  
( i n t e r s u b j e c t  v a r i a n c e )  + 2 t i m e s  t h e  i n t e r q u a r t i l e  r a n g e  
( i n t r a s u b j e c t  v a r i a n c e ) .  In each ca se ,  an ep isode  of  ta c h y c a r d i a  
was def ined  a s  h e a r t  r a t e  ab ove t h e  t h r e s h o l d  f o r  10 o r  more 
c o n s e c u t i v e  b e a t s .  Mean t a c h y c a r d i a  d e n s i t y  1n s e c o n d s  p e r  
minute was determined f o r  AW, QS, and REM fo r  each reco rd in g .  An 
ANOVA was performed t o  a s s e s s  d i f f e r e n c e s  i n t a c h y c a r d i a  d e n s i t y  
ac ro s s  t h e  3 s lee p  s t a t e s  fo r  each age.

At each a g e ,  a l l  3 a b s o l u t e  t a c h y c a r d i a  t h r e s h o l d s  showed 
g r e a t e r  ta c h y c a r d i a  d en s i t y  in AW than  i n e i t h e r  QS o r  REM. In 
AW, h e a r t  r a t e  was f r e q u e n t ly  above 165 bpm, th u s  use o f  t h e  165 
bpm th r e s h o l d  showed mean waking t a c h y c a r d i a  d e n s i t i e s  r a n g i n g  
from 10 t o  over  30 sec/mi n depending on age. The 180 and 200 bpm 
th r e s h o l d s  showed l e s s  t a c h y c a r d i a  d u r in g  AW and c o r r e s p o n d i n g  
d ec reases  i n t a c h y c a r d i a  i n t h e  o t h e r  2 s t a t e s ,  r e s u l t i n g  i n 
s i g n i f i c a n t  s t a t e  d i f f e r e n c e s  f o r  each th r e s h o ld  a t  each age.

Use of  t h e  v a r i a b l e  ta c h y c a r d i a  t h r e s h o l d s  r e s u l t e d  i n mean 
ta c h y c a r d i a  d e n s i t i e s  of  1 t o  4 sec/mi n in each s t a t e  and a t  a l l  
a g e s .  At a g e s  2 mo and y o u n g e r ,  t a c h y c a r d i a  d e n s i t i e s  were 
comparable i n t h e  3 s t a t e s ,  but  t a c h y c a r d i a  d e n s i t y  was g r e a t e r  
i n AW than  i n QS or  REM i n i n f a n t s  o ld e r  than 2 mo.

These r e s u l t s  s u g g e s t  t h a t  any a s s e s s m e n t  o f  i n c i d e n c e  o f  
ta c h y c a r d i a  must p a r t i t i o n  t h e  e f f e c t  of  s lee p  s t a t e .  M oreover , 
s t a t e - s p e c i f i c  mean h e a r t  r a t e  v a lu es ,  combined with m e asu re s  o f  
i n t e r s u b j e c t  and i n t r a s u b j e c t  v a r i a t i o n ,  s h o u ld  be u s e d  t o  
de termine  ta c h y c a r d i a  th r e s h o l d s .

Supported by N01-HD-3 -2830 and a g i f t  from D i s t r i b u t e d  L o g ic  
Corpora t ion .

234.14 SPONTANEOUS EFFERENT CERVICAL SYMPATHETIC ACTIVITY IN NEONATAL 
SWINE. H.L. Cohen, A.L. S ic a , P.M. Gootman, P.G. G risw old*, M.R. 
Gandhi* , P .P . Rao* , Dept. P hysio logy , Downstate Med. C e n t .,  SUNY, 
Bklyn, N.Y. 11203 and Dept. Ped. C a rd io l. and Ped. Pulm. Div, 
S chneider C h ild re n 's  H osp., New Hyde P k ., N.Y. 11042

An e a r l i e r  paper re p o r te d  th a t  spontaneous e f f e r e n t  sp lan ch n ic  
a c t i v i t y  in  newborn swine (Gootman, e t  a l . ,  "C atecholam ines P a rt 
A: B asic  and P e r ip h e ra l M echanisms", Alan R. L is s ,  NY, 1984, 
p .369) was s im i la r  in  many r e s p e c ts  to  e f f e r e n t  sp lan c h n ic  a c t i v i t y  
in  a d u lt  mammals ( e . g . ,  Gootman, e t  a l . ,  B rain R es. , 1975, 
87 :395). R ecordings o f  spontaneous c e rv ic a l  sym pathetic  a c t i v i t y  
in d ic a te  f u r th e r  s im i l a r i t i e s  (Gootman & Cohen, M .I .,  Acta P h y s io l. 
P o lon ica  1973, 2 4 :9 7 ). In  th e  c u r re n t s e r ie s  o f  ex p e rim en ts, spon
taneous e f f e r e n t  c e rv ic a l  sym pathetic  d isch a rg e  was m onophasically  
reco rded  (bandpass 0 .3-1000 Hz) in  S a f fa n -a n e s th e tiz e d , p a ra ly zed  
(C -10), a r t i f i c a l l y  v e n t i la te d  (100% O2) p ig l e t s  (5-26 days o ld ) 
sim u ltan eo u sly  w ith  e f f e r e n t  p h ren ic  d isch a rg e  (bandpass 3-10 kHz) 
(m onitor o f  th e  r e s p i r a to r y  rhythm g e n e ra to r ) ,  EKG, a o r t i c  p r e s 
su re  and e n d - t id a l  CO2 . Body tem p era tu re  was m ain ta ined  a t  38.5°C. 
Blood gases and pH were m onitored  b e fo re  and a f t e r  each experim en
t a l  in te rv e n t io n  u s ing  a Corning m icrosystem . Power s p e c t r a l  a n a l
yses were c a lc u la te d  u s ing  1024 d a ta  p o in t FFTs; c e rv ic a l  sym pathet
ic  a c t i v i t y  was f i l t e r e d  between 1-128 Hz. Exam ination o f  power 
s p e c tra  rev e a le d  peak freq u e n c ie s  s im i la r  to  th o se  observed in  neo
n a ta l  sp lan ch n ic  a c t i v i t y  ca . 20 and 30 Hz. In a d d i t io n ,  in  some 
c e rv ic a l  sym pathetics a peak was d e te c te d  a t  ca . 10 Hz. O s c i l l a 
t io n s  in  phase w ith  bo th  th e  c e n tr a l  r e s p i r a to r y  cy c le  (maximum 
a c t iv i t y  in  in s p i r a t io n ,  minimum a c t iv i t y  in  e a r ly  e x p ira tio n )  and 
th e  c a rd ia c  cy c le  were a lso  observed . P e r io d i c i t i e s  in  c e rv ic a l  
sym pathetic  d isch a rg e  were e x q u is i te ly  s e n s i t iv e  to  bo lus in je c t io n  
o f  ep in ep h rin e  (0 .5  μ g /k g ) ; power s p e c t r a l  peaks were markedly a t 
te n u a te d  o r e l im in a te d . Hypoxia (15% in s p ire d  O2  in  N2 ) r e s u l te d  
in  an o v e ra l l  re d u c tio n  in  m agnitude o f  c e rv ic a l  sym pathetic  peak 
fre q u e n c ie s . The p re s e n t and e a r l i e r  r e p o r t s  re v e a l th a t  sp o n ta 
neous sym pathetic  a c t i v i t y  i s  p re s e n t in  newborn sw ine. Computer 
an a ly se s  o f  th i s  sym pathetic  d isch a rg e  in d ic a te  th a t  a t  le a s t  some 
o f  th e  p e r i o d i c i t i e s  p re s e n t in  a d u lt  mammals can be observed a t  
b i r t h .  (S upported by USPHS, NIH g ra n t #HL-20864 to  PMG & P arker B. 
F ran c is  g ra n t to  ALS)
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235.1 MEMBRANE IMPEDANCE MEASUREMENTS USING SINUSOIDAL AND 
WHITE NOI SE INPUT CURRENTS : EFFECTS OF ETHANOL. L. 
T a k e u c h i* , A. D Ag u a n n o * , B.L. B a r d a k j i a n * , a n d  P .L . 
C a r l e n .  (SPON: P.W. K u j t a n ) .  P l a y f a i r  N e u r o s c i e n c e  
U n i t ,  I n s t i t u t e  o f  B io m e d ic a l  E n g in e e r in g ,  D e p a r tm e n ts  
o f  E l e c t r i c a l  E n g in e e r in g ,  P h y s io lo g y , and  M e d ic in e , 
U n iv e r s i t y  o f  T o ro n to ; A d d ic t io n  R e s e a rc h  F o u n d a tio n ; 
O n ta r io ,  C anada.

I n t r a c e l l u l a r  r e c o r d in g s  from  d e n t a t e  g r a n u le  c e l l s  
o f  h ip p o c a m p a l  s l i c e s  ( W i s t a r  r a t s )  w e re  m ade i n  
n o rm a l and e th a n o l  c o n ta in in g  (50 mM) a r t i f i c i a l  CSF 
s o l u t i o n  ( p e r f u s i o n  r a t e  0 .5 - 0 .8  m l / m i n . ) .  M em brane 
im p e d a n c e  (Z) w as m e a s u re d  u s i n g  e i t h e r  s i n u s o i d a l  
c u r r e n t s  (5 - 5 0 0  Hz) o r  w h i t e  n o i s e  (2 0 - 6 0  pA p e a k  t o  
p e a k )  i n j e c t e d  t h r o u g h  t h e  r e c o r d i n g  e l e c t r o d e .  
S i n u s o i d a l  i n p u t  c u r r e n t s  w e re  u s e d  b e c a u s e  e a c h  
s i n u s o i d a l  s t im u lu s  i s  com posed o f  o n ly  one f r e q u e n c y , 
w h e r e a s  e a c h  w h i t e  n o i s e  s t i m u l u s  i s  c o m p o se d  o f  a 
r a n g e  o f  f r e q u e n c i e s .  A l l  |Z | m e a s u r e m e n ts  w e re  
n o rm a liz e d  w i th  r e s p e c t  t o  t h e  l a r g e s t  c o n t r o l  v a lu e .

T he a v e r a g e d  d i s t r i b u t i o n s  o f  Iz I i n  t h e  n e u r o n s  
u n d e r  e th a n o l  p e r f u s io n  d i f f e r e d  from  th o s e  r e c o rd e d  
i n  n o rm a l ACSF. IzI m e a su re m e n ts  c o u ld  b e  d i s t r i b u t e d  in  
t h r e e  f r e q u e n c y  r a n g e s : 1) i n  t h e  r a n g e  5 -1 0  H z, |z |  
w as  d i s t r i b u t e d  b e tw e e n  0 an d  -3  dB f o r  c o n t r o l s ,  
w h i l e  i t  i n c r e a s e d  f ro m  - 2  t o  0 dB i n  e t h a n o l ,  2 ) i n  
t h e  r a n g e  1 0 -2 0 0  Hz, Iz I d e c r e a s e d  f ro m  -3  t o  - 1 2  dB 
f o r  c o n t r o l s  and  d e c r e a s e d  fro m  0 t o  -7  dB in  e th a n o l ,  
3) beyond  300 Hz th e  I z l w as im p o s s ib le  t o  d i s t i n g u i s h  
d u e  t o  t h e  i n a d e q u a t e  c a p a c i t y  n e u t r a l i z a t i o n  o f  t h e  
i n t r a c e l l u l a r  a m p l i f i e r .  The s p e c t r a  o b ta in e d  from  th e  
w h i t e  n o i s e  s t i m u l i  w e re  a l m o s t  i d e n t i c a l  t o  t h o s e  
o b t a i n e d  fro m  t h e  s i n u s o i d a l  s t i m u l u s ,  a n d  c a n  be 
a p p r o p r i a t e l y  (b u t  n o t  u n iq u e ly )  m o d e lle d  by a p a s s iv e  
e l e c t r i c a l  n e tw o rk .

I n  su m m a ry : 1) s i n u s o i d a l  an d  w h i t e  n o i s e  i n p u t  
c u r r e n t s  p r o v i d e  a u s e f u l  a p p r o a c h  f o r  m em b ran e  
im p e d a n c e  m e a s u r e m e n ts ,  2) e t h a n o l  p e r f u s e d  c e l l s  
s h o w e d  a s m a l l e r  r a n g e  o f  Izl d i s t r i b u t i o n  f o r  b o th  
s i n u s o i d a l  an d  w h i t e  n o i s e  i n p u t s  t h r o u g h o u t  t h e  
s p e c t r a .  T h is  r e f l e c t s  a  d i f f e r a n c e  i n  t h e  s i g n a l  
p r o c e s s in g  c h a r a c t e r i s t i c s  ( i . e .  t r a n s f e r  f u n c t io n )  o f  
t h e  n e u ro n s  due t o  d e c r e a s e d  m em brane r e s i s t a n c e  and 
som e b a s i c  c h a n g e  i n  t h e  i n d u c t a n c e  o f  t h e  m e m b ra n e . 
T h e s e  d a t a  w i l l  b e  i n c o r p o r a t e d  i n t o  an  a l g o r i t h m  t o  
i d e n t i f y  t h e  m a th e m a t ic a l  t r a n s f e r  f u n c t io n  w h ich  w i l l  
e n a b le  th e  r e s p o n s e s  t o  be  m o d e lle d .

S u p p o r te d  by  th e  NSERC, MRC, ABMRF, and OMHF.

235.2 SQUID MEASUREMENTS OF MAGNETIC FIELDS GENERATED BY THE IN 
VITRO HIPPOCAMPAL SLICE. W.D. Knowles, 1 C.D. Tesche, 
L. Krusin-Elbaum,* and R.D. Traub. IBM Thomas J .  Watson 
Research Laboratory, Yorktown He ig h ts , NY 10598.

In te rp re ta tio n  o f SQUID (Superconducting Quantum 
In te rference  Device) measurements o f th e  magnetic f ie ld s  
generated by b ra in  tis su e  in  vivo is  impeded by poor 
th e o re tic a l understanding. This i s  due to  the  complex 
geometric and physio log ical configuration  in  v ivo . We have 
developed a method o f sim ultaneously recording the  e le c t r ic a l  
and magnetic f ie ld s  in the  sim p lified  in  v i t r o  hippocampal 
s l ic e  p repa ra tion . This p repara tion  i s  much more amenable to  
th e o re tic a l  a n a ly sis , and our computer model p red icted  
magnetic f ie ld s  s im ila r to  those observed experim entally; 
approximately 100 femtoTesla (100×10-15T)

Guinea pig  hippocampal s l ic e s  were maintained a t  th e  
su rface  of a s t a t i c  bath chamber a t  roan tem perature. The 
s l ic e s  re s ted  on a fixed  a rray  o f s tim ula ting  and recording 
e lec tro d es  which penetra ted  the  s l ic e  from below. Population 
f ie ld  p o te n tia ls  were measured in  CA1 near the  pyramidal 
lay e r in  response to  s tim u la tion  of stratum  radiatum near 
Schaffer c o l la te r a l s .  The bath contained 0.1 mM p ic ro to x in  
to  maximize synchronization , and thus amplitude, o f the 
neural s ig n a l. The chamber was then clamped on the  bottom o f 
a thin-w alled  t a i l  of a liq u id  helium dewar which contained a 
th in  film  DC SQUID w ith a 1 inch diam eter second o rder 
gradiom eter pickup c o i l .  The d is tance  from the s l ic e  to  the 
pickup c o il  was 17 mm. 500 to  3000 s tim u li were averaged.
The population  e le c t r ic a l  f ie ld  p o te n tia l was about 0 .5  mV in 
amplitude and had a s in g le  negative peak. The v e r t ic a l  
component of the  magnetic f ie ld  was approximately 100 
femtoTesla in  amplitude and consisted  o f two peaks. This 
approximately matched the r e s u l ts  of a computer model of an 
a rray  of 100 pyramidal neurons.

1 P resent address: Departments of Neurology and Brain & 
Vascular Research, Cleveland C lin ic  Foundation, Cleveland, OH 
44106
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235.3 ftnite difference modelling of neuronal potentials and current 
DENSITIES. A,S. F e rg u so n *  and D. D u ran d . A p p lie d  N e u ra l C o n tro l  
Laboratory, D epartm ent of B iom edical E n g in ee rin g , Case W estern 
Reserve U n iv e rs ity , C leveland , OH 44106.

F in i t e  d i f f e r e n c e  e q u a t io n s  p ro v id e  a f a s t  and a c c u r a te  
method fo r so lv in g  th e  ca b le  eq u a tio n  and P o isso n ’s eq u a tio n  fo r  
current flow  in  and around neurons. S o lu tio n s  by o th e r  m ethods, 
notably em p irica l s o lu t io n s ,  r e q u ire  g r e a te r  c o m p u ta tio n a l tim e 
and may be im p o ss ib le  to  so lv e  when complex boundary co n d itio n s  
are imposed on th e  conduc ting  reg io n .

I n t r a c e l l u l a r  p o t e n t i a l s  w ere  computed from  s o lu t io n s  to  
the p arabo lic  ca b le  e q u a tio n  u s in g  a f u l l y  i m p l i c i t  n u m e r ic a l  
scheme w hich  h as  be show n to  be s t a b l e  u n d e r  a l l  c o n d i t i o n s .  
Boundary c o n d itio n s  ( e i th e r  v o lta g e  o r c u r re n t )  a t  bo th  ends o f 
a f in i t e  cab le  may be fu n c tio n s  o f  t im e , a llo w in g  waveform s such 
as a c t io n  p o t e n t i a l s  o r  s y n a p t i c  in p u t  t o  d r iv e  p a s s iv e  
d en d ritic  c a b le s . Speed o f e x e cu tio n  is  much g r e a t e r  compared to  
so lv in g  w ith  o th e r  m e th o d s  s u c h  a s  F o u r i e r  t r a n s f o r m s ,  
convolution w ith  im pulse re sp o n se , o r u s in g  th e  method o f im ages 
with the in f i n i t e  ca b le  resp o n se .

E x tra c e l l u l a r  p o t e n t i a l s  and c u r r e n t  f lo w  w ere  com puted  
from so lu tio n s  to  P o isso n 's  e q u a tio n  in  c y l in d r ic a l  c o o rd in a te s . 
By u s in g  a x i a l l y  s y m m e tr ic  c o n d i t i o n s ,  a t h r e e  d im e n s io n a l  
problem can be re d u ce d  to  tw o d im e n s io n s .  An ADI ( A l t e r n a t in g  
D irection Im p l ic i t )  scheme is  used to  so lv e  P o is so n 's  e q u a tio n  
with boundary c o n d itio n s  e s ta b l is h e d  by neu ro n a l trans-m em brane 
c u r re n t f lo w . The m odel a l lo w s  th e  e x t r a c e l l u l a r  s p a c e  to  be 
an iso trop ic  and to  c o n ta in  " fo re ig n "  bo d ie s  such as nerve  c u f f  
e lec trodes and e x t r a c e l lu l a r  e le c tro d e s .  Neurons w ith  r e s t r i c t e d  
e x t r a c e l l u l a r  s p a c e  o r  n e u ro n s  s u r ro u n d e d  by s im u l ta n e o u s ly  
conducting neurons have a ls o  been m odelled  w ith  t h i s  method.

F in i te  d if f e re n c e  methods a llo w  th e  easy  in c o rp o ra tio n  o f 
a n i s o t r o p ie s ,  b o u n d a ry  c o n d i t io n s  and d i f f e r e n t  g e o m e tr ie s  
w ithin a model. Coupled w ith  a co m p u ta tio n a l scheme such as ADI, 
the  model can be d e s c r i b e d ,  m o d i f ie d ,  and s o lv e d  f a s t e r  th a n  
several methods (w hich may re q u ire  summing i n f i n i t e  s e r ie s  o f 
exponentials o r B essel fu n c t io n s )  w ith o u t any lo s s  in  accu racy .

Shown below  a r e  th e  i n t r a c e l l u l a r  p o t e n t i a l  ( l e f t )  and 
current (c a lc u la te d  by a f u l l y  impl i c i t  scheme) fo r  a sea led -en d  
d e n d r i te  d r iv e n  by an a c t i o n  p o t e n t i a l .  D e n d r i t e  le n g th  i s  0.6 
lambda, lambda is  0.1 cm, and ta u  i s  16 msec.

Supported by NSF Young I n v e s t ig a to r  P r e s id e n t ia l  Award and 
by the W hitaker F oundation .

235.4 ELECTRICAL AND GEOMETRICAL NON-UNIFORMITIES IN MOTONEURONE CABLE 
PROPERTIES, J .D .  C lem en ts*  an d  S . J .  Redman. E x p e r im e n ta l  N e u ro lo g y  
U n i t ,  Jo h n  C u r t in  S c h o o l o f  M e d ic a l R e s e a rc h ,  A u s t r a l i a n  N a t io n a l  
U n iv . C a n b e r ra ,  A .C .T . 2601

Two b a s i c  a s su m p tio n s  i n  t h e  Ral l  m odel o f  t h e  m o to n eu ro n e  axe 
t h a t  t h e  m embrane r e s i s t i v i t y  (Rm) i s  u n ifo rm  f o r  soma and 
d e n d r i t e s ,  and  t h a t  t h e  d e n d r i t e s  can  b e  c o l l a p s e d  t o  an e q u iv a l e n t  
c a b le  w i th  a  u n ifo rm  d ia m e te r .  The r e s p o n s e  o f  a  m o to n eu ro n e  t o  a  
b r i e f  c u r r e n t  p u l s e  c o u ld  n o t  a lw ay s b e  f i t t e d  u s in g  t h i s  c a b le  
m odel ( I a n s e k  & Redm an, J . P h y s i o l . , 2 3 4 :6 1 3 , 1973) and  i t  was th e n  
s u g g e s te d  t h a t  t h e  soma may b e  a  r e g io n  o f  lo w e r  Rm . H i s to l o g ic a l  
s t u d i e s  h av e  r e v e a l e d  some t a p e r in g  o f  d e n d r i t i c  b r a n c h e s  and 
u n e q u a l  e l e c t r o t o n i c  d i s t a n c e s  t o  d e n d r i t i c  t e r m in a t io n s  ( B a r r e t t  & 
C r i l l ,  J . P h y s i o l ., 2 3 9 :3 0 1 , 1 9 7 4 ; Ul f a k e  & K e l l e r t h ,  B ra in  R e s ., 
3 0 7 : 1 6 7 , 1984) s u g g e s t in g  t h a t  t h e  a s su m p tio n  o f  a  u n ifo rm  d ia m e te r  
d e n d r i t i c  c a b le  i s  i n c o r r e c t .  B o th  a s su m p tio n s  w ere  i n v e s t i g a t e d  in  
t h e s e  e x p e r im e n ts .

Lumbar m o to n e u ro n es  i n  c a t s  a n a e s t h e t i s e d  w i th  sodium  p e n to b a r b i 
to n e  w ere p e n e t r a t e d  w i th  d o u b l e - b a r r e l l e d  m ic r o e l e c t r o d e s . One 
b a r r e l  was f i l l e d  w i th  3KMC1, t h e  o th e r  w i th  10% HRP in  3MKC1. The 
v o l ta g e  r e s p o n s e  t o  a  b r i e f  p u l s e  o f  c u r r e n t  an d  t h e  c u r r e n t  re s p o n 
s e  t o  a  v o l ta g e  clam p s t e p  w ere  r e c o r d e d .  The m o to n eu ro n es  w ere sub
s e q u e n t ly  i n j e c t e d  w i th  HRP and t h e i r  m o rpho logy  was r e c o n s t r u c t e d  
from  s e r i a l  s e c t i o n s .  A c o m p a rtm e n ta l m odel o f  e a c h  n e u ro n e  was 
c r e a t e d  u s in g  t h e  r e c o n s t r u c t i o n .  S p e c i f i c  membrane c a p a c i ta n c e  was 
assum ed t o  b e  1 μ f /c m 2 and  s p e c i f i c  c y to p la s m ic  r e s i s t a n c e  was f i x 
ed  a t  70 Ωcm. I d e n t i c a l  c u r r e n t  p u l s e s  and  v o l ta g e  c lam p s te p s  t o  
t h o s e  u s e d  i n  t h e  e x p e r im e n t w ere a p p l i e d  t o  t h e  m o d e l, w h i le  Rm 
and  soma sh u n t  r e s i s t a n c e  ( r s h ) w ere  a d ju s t e d  t o  o b t a in  m odel Rm 
t r a n s i e n t s  w h ich  b e s t  f i t t e d  t h e  r e c o r d e d  t r a n s i e n t s .

C o n s i s te n t  r e s u l t s  w ere  o b ta in e d  from  6 /7  n e u ro n e s .  The v a lu e s  
o b ta in e d  f o r  Rm (KΩcm2 ) / r sh (MΩ) w ere 1 0 / 1 .9 ,  2 0 / 1 .5 ,  5 0 / 1 .9 ,  
1 7 / 2 .4 ,  50/ 1 . 9,  40 / 1 . 0 . i f  e l e c t r o d e  l e a k  i s  assum ed n e g l i g i b l e  and  
a l l  s h u n t  r e s i s t a n c e  i s  a t t r i b u t e d  t o  a  lo w e r  Rm f o r  so m a tic  mem
b r a n e ,  t h e  c o r r e s p o n d in g  v a lu e s  o f  Rm (som a) a r e  .2 0 ,  .1 0 ,  .1 6 ,  .2 7 ,  
.1 6 ,  .0 8  KΩ cm2 . The t im e  c o n s ta n t s  f o r  t h e s e  n e u ro n e s  w ere 5 . 4 ,
4 . 1 ,  4 . 3 ,  6 . 4 ,  4 . 6 ,  4 .0  m s. The e q u iv a l e n t  d e n d r i t i c  c a b le  h a d  a  
c o n s ta n t  d ia m e te r  f o r  t h e  f i r s t  1000 μm; th e n  an a p p ro x im a te ly  l i n 
e a r  t a p e r  t o  z e ro  d ia m e te r  o c c u r r e d  o v e r  t h e  n e x t  3000 μm. In  5 
n e u ro n e s  f o r  w h ich  s e c u r e  HRP s t a i n i n g  was a c h ie v e d ,  t h e r e  was 
l i t t l e  v a r i a b i l i t y  a b o u t t h i s  s ta n d a r d  p r o f i l e .  When t h e  d ia m e te r  
o f  t h e  e q u iv a l e n t  c a b le  was c a l c u l a t e d  a s  a  f u n c t io n  o f  e l e c t r o t o n ic  
d i s t a n c e  from  t h e  som a, t h e  d e n d r i t i c  d ia m e te r  t a p e r e d  a t  d i f f e r e n t  
r a t e s  f o r  d i f f e r e n t  n e u ro n e s ,  r e a c h in g  z e ro  a t  1 -3 λ from  th e  soma. 
T h ese  r e s u l t s  i n d i c a t e  t h a t  d e n d r i t i c  Rm w i l l  be  u n d e re s t im a te d  
from  t h e  m ea su red  t im e  c o n s ta n t  and  t h a t  t h e  c a b le  p a ra m e te r s  (L 
and  p ) c a l c u l a t e d  u s in g  a  u n ifo rm  d ia m e te r  d e n d r i t i c  c a b le  m odel 
w i l l  b e  i n c o r r e c t .

235.5 THE ROLE OF DENDRITIC DIAMETERS IN MAXIMIZING THE EFFECTIVENESS 
OF SYNAPTIC INPUTS. W.R. Holmes. M athem atical R esearch  Branch, 
NIDDK, NIH, B ethesda, MD 20892.

The e f fe c tiv e n e s s  o f an in d iv id u a l  s y n a p tic  in p u t in  changing 
the p o te n t ia l  a t  th e  soma depends s tro n g ly  on th e  d e n d r i t ic  
geometry and th e  p o s i t io n  o f th e  synapse w ith in  th e  d e n d r i t ic  t r e e .  
Given the d e n d r i t ic  b ranch ing  p a t te r n ,  th e  p a r t i c u l a r  w eig h tin g  
given an in d iv id u a l in p u t depends on th e  d is ta n c e  o f th a t  in p u t 
from the soma and in  p a r t i c u l a r  on th e  d ia m ete rs  o f th e  p ro cesse s  
in  the d e n d r i t ic  t r e e .  The purpose o f th e  p re s e n t s tudy  was to  
show how d e n d r i t ic  d ia m e te rs , a long  w ith  th e  s p e c i f i c  membrane and 
lo n g itu d in a l r e s is ta n c e s  Rm and Ri and th e  m agnitude o f th e  synap
t i c  conductance change, g , could  a f f e c t  th e  w eig h tin g  o f sy n a p tic  
inpu ts by determ in ing  th e  l o c i  o f in p u ts  o p e ra t in g  a t  maximal 
e f fe c tiv e n e s s . For th e  p re s e n t s tudy  a s y n a p tic  in p u t i s  con
sidered  to  be o p e ra tin g  a t  maximal e f f e c t iv e n e s s  when changes in  
d e n d r i t ic  d iam ete rs  w i l l  produce a  s m a lle r  p o te n t ia l  change a t  th e  
soma.

The s p e c ia l  r o le  o f  p ro cess  d ia m e te rs  was examined a n a ly t i c a l l y  
in  a s in g le  c y l in d e r  and n u m e rica lly  in  a model o f a re c o n s tru c te d  
c o r t ic a l  pyram idal c e l l .  For c u r re n t  in p u t in to  one end o f a 
cy lin d e r of le n g th  ℓ , th e  maximum p o te n t ia l  a t  th e  o th e r  end was 
obta ined  when th e  c y l in d e r  d ia m ete r was chosen so th a t  th e  e l e c t r o 
to n ic  le n g th , L, was 3 -(L=ℓ / λ , where λ i s  th e  space c o n s ta n t) .  For 
a co n s ta n t conductance in to  th e  end o f th e  c y l in d e r ,  maximal e f f e c 
tiv e n e ss  o ccu rred  fo r  a v a lu e  o f L le s s  th an  3; how much le s s  
depended on th e  m agnitude o f g . In  th e  re c o n s t ru c te d  c o r t i c a l  
pyram idal c e l l ,  th e  d ia m e te rs  o f a l l  p ro c e sse s  were in c re a se d  20 , 
50, o r 100% o r  d ec reased  20 o r  50% from th e  v a lu es  s p e c i f ie d  by th e  
re c o n s t ru c t io n .  The peak t r a n s i e n t  p o te n t ia l  change due to  p ro x i
m al, m id -d e n d r i t ic ,  and d i s t a l  sy n a p tic  in p u ts  was determ ined  in  
each case fo r  th re e  v a lu e s  o f Rm and two v a lu e s  o f g . The proxim al 
in p u t was most e f f e c t iv e  when p ro cess  d ia m e te rs  were reduced 50%. 
The m id -d e n d r it ic  and d i s t a l  in p u ts  w ere most e f f e c t iv e  w ith  in 
creases  in  d e n d r i t ic  d ia m ete rs  f o r  g=20nS, b u t w ith  d ec re a se s  in  
d iam eters f o r  g=2nS.

For each in p u t th e re  i s  a s e t  (p robab ly  non-un ique) of d e n d r i t ic  
d iam eters which maximizes th e  e f f e c t iv e n e s s  o f th a t  in p u t .  P ara
d o x ic a lly , a syn a p t ic  in p u t a t  a g iven  p h y s ic a l d is ta n c e  from th e  
soma may produce a l a r g e r  change in  soma p o te n t ia l  when i t  i s  a t  a 
la rg e r  e le c t r o to n ic  d is ta n c e  from th e  soma th an  a  s m a lle r  one. The 
d e n d r i t ic  d ia m e te rs  de term ine  which in p u ts  a re  o p e ra t in g  a t  maximal 
e f f e c t iv e n e s s .  Changes in  Rm o r Ri th a t  may occur w ith  le a rn in g  o r 
in  c e r t a in  d is e a se  s t a t e s  may s h i f t  th e  l o c i  o f in p u ts  o p e ra t in g  a t  
maximal e f f e c t iv e n e s s .  This would change th e  w eig h tin g  o f s y n a p tic  
in p u ts  and p o s s ib ly  a f f e c t  n eu ro n a l fu n c t io n .

(This work was su ppo rted  in  p a r t  by NS07845 and AFOSR).

235.6 SIMULATION OF ANODIC BREAK EXCITATION IN HIPPOCAMPAL GRANULE 
CELLS. G .L .F . Yuen and D. D urand. A pplied N eural C o n tro l 
L a b o ra to ry , D ep t. o f  B iom edical E n g in ee rin g , Case W estern Reserve 
U n iv e r s ity , C lev e lan d , OH 44106.

Hippocampal g ran u le  neurons were observed to  e x h ib i t  a v a r i e ty  
o f resp o n ses  in c lu d in g  anodal e x c i ta t io n  (s e e  fo r  example F r ic k e ,  
R.A. and P r in c e ,  D.A. J . N europhy. , 51: 195, 1984). To th e  b e s t 
o f our know ledge, th e  on ly  s u c c e s s fu l q u a n t i ta t iv e  d e s c r ip t io n  
fo r  th i s  phenomena was Hodgkin and H ux ley 's  model o f th e  squid  
axon (H odgkin, A .L. and H uxley, A .F . J .  P h y s io l . ,  117: 500, 
1952). In  th e  squ id  m odel, th e  p ro d u c tio n  o f th e  anodic b reak  was 
c o n tin g e n t upon p ro p e r tim ing  r e la t io n s h ip s  and conductance 
p r o f i l e s  o f th e  v a r io u s  v o ltag e -d ep e n d en t conductance g a te s  (m,h 
and n ) . C onverse ly , th e  a b i l i t y  o f a g ran u le  c e l l  model to  
produce anodal b reak  would a l s o  be an im portan t in d ic a t io n  o f th e  
v a l i d i t y  o f i t s  a c t iv e  p a ra m e te rs .

A 10-com partment model o f a g ran u le  c e l l  was implemented on a 
com puter w ith  one a c t iv e  som atic  compartment and n in e  p a ss iv e  
d e n d r i t ic  com partm ents. The p a ss iv e  param ete rs were a d ju s te d  to  
conform to  p u b lish e d  v a lu e s  o f c e l l  in p u t r e s is ta n c e  (65 Mohms), 
e le c t r o to n ic  le n g th  (0 .9 )  and tim e c o n s ta n t (25 msec) (D urand, 
D. and C a rle n , P . J .  N europhy ., 54: 807, 1985).

P i lo t  s im u la tio n s  u s in g  a s in g le  compartment w ith  a c t iv e  
p aram ete rs  from p rev io u s  models o f squ id  axon, hippocam pal CA1 
and CA3 neurons (s e e  T raub , R.D. N eu ro sc i. ,  7 : 1233, 1982) o r 
m odified  v e rs io n s  o f th e se  in d ic a te  th a t  a  low f i r i n g  th re sh o ld  
( l e s s  th an  10 mV) was necessa ry  fo r  g e n e ra tin g  an anodic b re a k . 
F u rtherm ore , when th e  p a s s iv e  d e n d r i t ic  com partm ents were 
a t ta c h e d  to  th e  v a r io u s  a c t iv e  com partm ents, th e  a c t iv e  
com partm ents lo s t  th e  a b i l i t y  to  produce any anodal e x c i ta t io n .  
This i s  p ro b ab ly  due to  th e  h ig h e r  th re sh o ld  r e s u l te d  from th e  
a t ta c h e d  d e n d r i t ic  t r e e  which a c ts  as  a lo a d .

Hippocampal g ran u le  c e l l s  were o f te n  observed to  have a 
th re sh o ld  o f g r e a t e r  th an  20 mV. However, r e s u l t s  from our 
s im u la tio n s  so f a r  p r e d ic t  th a t  no anodic b reak  is  p o s s ib le  a t  
th i s  h ig h  th r e s h o ld .  T h e re fo re , we suggest th a t  g ran u le  c e l l s  
which e x h ib i t  anodal e x c i ta t io n  p ro b ab ly  have low th re sh o ld  o f 
l e s s  th a n  10 mV.

The r e la t io n s h ip  between th re sh o ld  and anodal e x c i ta t io n  in  
g ran u le  c e l l s  w i l l  n ex t be a s se s se d  in t r a c e l l u l a r l y  u s in g  th e  
hippocam pal s l i c e  p r e p a ra tio n  .

We ex p ress  our g r a t i tu d e  to  D.H. P e rk e l f o r  p ro v id in g  th e  
s im u la tio n  so f tw a re . Supported by NIH g ra n t # IROI AA 06773 .01 .
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235.7  DYE AND ELECTROTONIC COUPLING BETWEEN HIPPOCAMPAL NEURONS IN 
CULTURE, M. O 'B e irn e  and B .A . M a cV ic a r. D e p t . o f  Med. P h y s i o l . ,  
U n iv . o f  C a lg a ry ,  C a lg a ry ,  A l b e r t a ,  T2N 4N1 , C anada.

E l e c t r o t o n i c  an d  dye c o u p lin g  h ave  b een  d e m o n s tra te d  in  b o th  
t h e  h ip p o c a m p a l  s l i c e  p r e p a r a t i o n  a n d  i n  t h e  i n  v iv o  
h ip p o c a m p u s .  Some c o n tr o v e r s y  s t i l l  e x i s t s  a s  to  th e  e x te n t  o f  
c o u p lin g  and many c h a r a c t e r i s t i c s  h a v e  n o t  y e t  b e e n  d e s c r i b e d .  
T h is  i s  p r im a r i l y  due to  th e  d i f f i c u l t y  i n  o b t a in in g  s im u lta n e o u s  
i n t r a c e l l u l a r  r e c o r d i n g s  i n  s l i c e  p r e p a r a t i o n s  an d  i n v i v o . 
D i s s o c i a t e d  c u l t u r e s  p r o v id e  a s im p le  sy s te m  in  w h ich  c o u p lin g  
b e tw een  CNS n e u ro n s  may be s tu d i e d .  D i s s o c i a te d  n e u ro n s  g ro w  i n  
a  m o n o la y e r ,  in  w hich  i n d iv i d u a l  c e l l  b o d ie s  a r e  v i s i b l e  and may 
be im p a led  w i th o u t  i n j u r i n g  any  s u r ro u n d in g  c e l l s .  T h e r e f o r e ,  we 
h a v e  e x a m in e d  t h e  i n c i d e n c e  a n d  p r o p e r t i e s  o f  e l e c t r o t o n i c  and 
dye c o u p lin g  b e tw een  h ip p o cam p a l n e u ro n s  in  d i s s o c i a t e d  c u l t u r e s .

H ippocam pi w ere  a s c e p t i c a l l y  rem oved from  r a t  f e t u s e s  (18 d ay s  
g e s t a t i o n ) .  A f t e r  m e c h a n ic a l  d i s s o c i a t i o n ,  th e  c e l l s  w ere  p l a t e d  
o n t o  p o l y l y s i n e  c o a t e d  g l a s s  c o v e r s l i p s .  C u l t u r e s  w e re  
m a in ta in e d  in  DMEM + 10% h o r s e  serum  a t  37° C f o r  up  t o  4 w e e k s .  
Some c u l t u r e s  w e re  e x p o s e d  t o  0 . 2 μg /m l  i n s u l i n  f o r  3 -4  d a y s  
b e fo r e  r e c o r d in g s  w ere  m ad e . N e u ro n s  w e re  im p a le d  w i t h  g l a s s  
m i c r o e l e c t r o d e s  f i l l e d  w i th  e i t h e r  4.5% L u c i f e r  Y e llo w  (LY) f o r  
s t a i n i n g ,  o r  w i th  0 .1 5  M KCl . L iv e  s t a i n e d  c e l l s  w ere v i s u a l i z e d  
u s i n g  e p i f l u o r e s c e n c e  o p t i c s  i n  t h e  r e c o r d i n g  c h a m b e r .  
S im u lta n e o u s  i n t r a c e l l u l a r  im p a lem e n ts  o f  p a i r s  o f  n e u r o n s  w e re  
o b t a i n e d  w i t h  KCl  e l e c t r o d e s  t o  d i r e c t l y  exam ine  e l e c t r o t o n i c  
c o u p lin g  b e tw een  n e u ro n s .

N e u ro n s  s t a i n e d  w i t h  LY i n  c u l t u r e  had d i v e r s e  m o rp h o lo g ie s  
p a r t i c u l a r l y  w i t h  r e s p e c t  t o  t h e i r  n e u r i t e s .  Some c e l l s  h ad  
p r o c e s s e s  e x t e n d i n g  400 μM w h e re a s  o t h e r  had  p r o c e s s e s  c o n f in e d  
t o  t h e  a r e a  im m e d ia te l y  a ro u n d  t h e  so m a . C e l l  b o d i e s  w e r e  
t y p i c a l l y  ro u n d  a l t h o u g h  som e w e re  p y r a m i d a l  i n  s h a p e .  Dye
c o u p lin g  was o b s e rv e d  in  5 o u t o f  33 n e u ro n s  (15%) i n j e c t e d .  Up 
t o  3 n e u r o n s  w e re  s t a i n e d  a f t e r  i n j e c t i n g  o n e  c e l l .  In  some 
c a s e s  so m as w e re  a p p o s e d  an d  i n  o t h e r  c a s e s  n e u r i t e s  w e r e  
a p p o se d .

E l e c t r o t o n i c  c o u p lin g  was d i r e c t l y  o b s e rv e d  b e tw e en  some p a i r s  
o f  s i m u l t a n e o u s l y  i m p a l e d  c e l l s .  T he c o u p l i n g  r a t i o  w as 
a p p r o x i m a t e l y  0 . 1  a n d  t h e  j u n c t i o n  w a s  n o n - r e c t i f y i n g .  
I m p o s i t i o n  o f  l a r g e  v o l t a g e  g r a d i e n t s  b e tw e e n  c e l l s  d id  n o t  
a p p e a r  t o  a l t e r  t h e  c o u p l i n g  b e tw e e n  c e l l s .  H ig h  f r e q u e n c y  
s i g n a l s  w ere  a t t e n u a t e d  by th e  j u n c t i o n .

T h e r e f o r e  e l e c t r o t o n i c  and d y e  c o u p l i n g  a r e  p r e s e n t  b e tw e e n  
h ip p o c a m p a l  n e u ro n s  i n  d i s s o c i a t e d  t i s s u e  c u l t u r e .  T h is  w i l l  be 
an  e x c e l l e n t  sy s te m  in  w hich  to  r ig o r o u s ly  a n a ly z e  th e  p r o p e r t i e s  
o f  e l e c t r o t o n i c  j u n c t i o n s  b e tw een  CNS n e u ro n s .

S u p p o rte d  by MRC C a n a d a  an d  a n  AHFMR s c h o l a r s h i p  t o  M .O 'B . 
B.A.M. i s  a  S lo a n  and an  AHFMR S c h o la r .

235.8 LOCAL CIRCUIT SYNAPTIC INTERACTIONS IN THE CA3 SUBFIELD OF DEVELO
PING HIPPOCAMPUS. J.W . Swann. S e c tio n  f o r  Dev. N e u r o p h y s io l . ,  
W adsw orth C t r .  f o r  Labs & R e s e a rc h , NYS D e p t. o f  H e a l th ,  A lbany 
NY, 12201.

I n t e r e s t  h a s  d e v e lo p e d  in  r e c e n t  y e a r s  i n  th e  r o l e  o f  l o c a l  
c i r c u i t  i n t e r a c t i o n s  i n  b r a i n  d y s f u n c t io n ,  p a r t i c u l a r l y  s e iz u r e  
g e n e r a t io n .  Our l a b o r a to r y  h a s  b een  s tu d y in g  th e  p h y s io l o g ic a l  
m echanism s r e s p o n s i b le  f o r  th e  p ro n o u n ced  c a p a c i ty  o f  th e  CA3 
s u b f i e ld  o f  h ippocam pus from  1 and 2 week o ld  r a t s  to  g e n e ra te  
p ro lo n g e d  s e i z u r e - l i k e  d i s c h a r g e s .  In  e x p e r im e n ts  r e p o r t e d  h e re  we 
h ave  em ployed d u a l  i n t r a c e l l u l a r  r e c o r d in g s  from  p a i r s  o f  n e u ro n s  
i n  th e  CA3 s u b f i e ld  to  s tu d y  s y n a p t i c  i n t e r a c t i o n s .

H ippocam pal s l i c e s  (500 μ t h ic k )  w ere t a k e n  from  r a t s  8 to  11 
d ay s  o f  ag e  and b a th e d  in  n o rm al a r t i f i c i a l  c e r e b r o s p in a l  f l u i d .  
I n t r a c e l l u l a r  r e c o r d in g s  w ere o b ta in e d  from  th e  soma o f 2 n e u ro n s  
i n  s t r a tu m  p y ra m id a le .  The t i p s  o f  th e  e l e c t r o d e s  w ere u s u a l l y  
w i th in  100 μm o f  e a ch  o t h e r .  I n t r a c e l l u l a r  c u r r e n t  p a s sa g e  v i a  
a c t i v e  b r id g e  c i r c u i t s  was u sed  to  g e n e ra te  t r a i n s  o f  a c t i o n  p o te n 
t i a l s  i n  one c e l l  w h i le  th e  o th e r  c e l l  was h e ld  a t  a f ix e d  membrane 
p o t e n t i a l .  R e s u l t in g  s y n a p t i c  e v e n ts  w ere s tu d i e d .

We h ave  found  t h a t  i n  1 week o ld  r a t  h ippocam pus v e ry  few  p a i r s  
o f  c e l l s  w ere s y n a p t i c a l l y  c o u p le d . Both e l e c t r i c a l  and c h e m ic a l  
s y n a p t i c  i n t e r a c t i o n s  w ere se e n  b u t  i n  l e s s  th a n  10% o f th e  p a i r s .  
T hese r e s u l t s  a r e  s im i l a r  to  t h e  f re q u e n c y  and ty p e s  o f  s y n a p t i c  
i n t e r a c t i o n s  r e p o r t e d  i n  CA3 s u b f i e ld  o f  m a tu re  s l i c e s .  How ever, 
d u r in g  th e  c o u rs e  o f  o u r  r e c o r d in g s  we h ave  fo u n d  t h a t  b e tw een  90 
to  100% o f  th e  p a i r s  o f  c e l l s  s p o n ta n e o u s ly  r e c e iv e d  sy n c h ro n o u s  
b u r s t s  o f  s y n a p t i c  p o t e n t i a l s .  T hese w ere c o n s id e r e d  s y n a p t ic  
e v e n ts  s in c e  t h e i r  p o l a r i t y  was r e v e r s e d  by membrane p o l a r i z a t i o n  
w h i le  t h e i r  f re q u e n c y  rem a in ed  u n a l t e r e d .  T hese  p o s t  s y n a p t ic  
p o t e n t i a l  (p sp )  b u r s t s  w ere s t r u c t u r a l l y  com plex and a p p e a re d  to  
c o n s i s t  o f  b o th  i n h i b i t o r y  and e x c i t a t o r y  s y n a p t i c  p o t e n t i a l s .  In  
some p a i r s  o f  c e l l s  th e  p sp  b u r s t s  w ere e x c i t a t o r y  i n  one c e l l  and 
t r i g g e r e d  a c t i o n  p o t e n t i a l s  and i n h i b i t o r y  i n  th e  o th e r  r e s u l t i n g  
in  c e s s a t io n  o f  r e p e t i t i v e  f i r i n g .  We h ave  b een  u n a b le  to  t r i g g e r  
th e s e  p sp  b u r s t s  by t r a i n s  o f  a c t i o n  p o t e n t i a l s  i n  i n d iv i d u a l  
n e u ro n s .  Each c e l l  a p p e a r s  to  r e c e iv e  s y n a p t i c  in p u t  from  a common 
s o u rc e .  The p sp  b u r s t s  a r e  e a s i l y  e l i c i t e d  by d i r e c t  e l e c t r i c a l  
s t i m u l a t i o n  o f p o p u la t i o n s  o f  p y ra m id a l  c e l l s  s e v e r a l  h u n d red  
m ic ro n s  from  th e  r e c o r d in g  s i t e .  When e l i c i t e d  th e y  had a  d i s c r e t e  
th r e s h o ld  and a t  th e s e  low s t i m u l a t i o n  s t r e n g th s  w ere n o t  g rad e d  in  
a m p l i tu d e  b u t  i n  f a c t  o c c u re d  in  an  a l l - o r - n o n e  f a s h io n .  Our r e c o r 
d in g s  d i f f e r  d r a m a t i c a l l y  from  p r e v io u s  r e p o r t s  o f  s y n a p t i c  i n t e r 
a c t i o n s  i n  th e  CA3 s u b f i e ld  o f  m a tu re  h ippocam pus in  w hich  s y n c h ro 
nous s y n a p t i c  e v e n ts  w ere r e c o rd e d  in  a  s m a ll  m in o r i ty  o f  n eu ro n  
p a i r s .  T hus, th e  p re s e n c e  o f  th e s e  s y n a p t ic  e v e n ts  may r e f l e c t  a 
fu n d am e n ta l d i f f e r e n c e  i n  l o c a l  c i r c u i t  f u n c t io n  in  im m ature  and 
m a tu re  h ip p o cam p u s. S u p p o rte d  by NIH G ra n t NS 18309.

235.9 IMMUNOCYTOCHEMICAL AND ELECTROPHYSIOLOGICAL CORRELATES 
OF DEVELOPING MAMMALIAN CEREBELLAR NEURONS IN VITRO. P. E. 
Hockberger, H. Y. Tseng*, and J. A. Connor. Dept. Molecular Biophysics, AT&T Bell 
Laboratories, Murray Hill, NJ 07974.

Development of the rodent cerebellum is a protracted process that begins prenatally 
and requires almost one month of additional postnatal development to reach maturity. 
We are currently analyzing various aspects of cerebellar differentiation using explant 
cultures from embryonic and postnatal rats. The explant cultures contain several key 
components of the intact, developing rat cerebellum: radiating glial processes, 
proliferation of granule cell neuroblasts, and progressive differentiation of both 
neuronal and glial cell types. We have concentrated our efforts so far on the analysis 
of two neuron types, granule and Purkinje cells.

Using immunocytochemical and electrophysiological methods, we have followed the 
differentiation of granule cells from neuroblast to relative maturity. These cells 
developed electrical excitability and immunoreactivity (to neuron-specific enolase 
antibodies) in vitro over a time period which corresponds to their migration into the 
(internal) granular cell layer in vivo - i.e., between postnatal days 5-20. Electrical 
excitability included synaptic potentials, overshooting action potentials, and 
spontaneous firing patterns. Iontophoretic application of GABA or glutamate evoked 
membrane potential responses on immature cells, and the GABA response (i.e. 
hyperpolarization) was present throughout the differentiation period. Glutamate 
responses, on the other hand, were rare in more mature granule cells. Kainate 
application mimicked the depolarizing effect of glutamate, but adenosine, NMDA, and 
quisqualate were ineffective agonists at all stages examined. After one month in 
culture, spontaneous excitability involved only slow, subthreshold depolarizations and 
overshooting action potentials could no longer be evoked with current stimulation. 
Voltage clamp records indicated that although somatic currents were now absent, 
axonal currents were present. The loss of somatic spike generation and response to 
glutamate are consistent with observations in adult cerebellum in vivo.

We have recently begun to analyze the differentiation of Purkinje cells in culture 
under similar circumstances (also see Gruol, D., Franklin, C., Soc. Neurosci. Abstr., 
11:149, 1985). At present, we have identified a population of cells which develops 
large apical dendrites, with some secondary branching, and which reacts positively 
with antibodies that stain Purkinje cells in vivo. These putative Purkinje cells develop 
electrical excitability only if the cerebellar tissue was removed from the animal prior 
to postnatal day 2. Since climbing fibers begin synapse formation around postnatal 
day 3 in vivo, differentiation in vitro may be impeded following this event. Cultured 
Purkinje cells of embryonic origin were hyperpolarized by GABA and depolarized by 
glutamate (typically eliciting a transient bout of spikes), but we have not as yet 
analyzed the development of these responses.

In the adjoining abstract (Connor, Tseng and Hockberger, these abstracts) we report 
on the use of Ca imaging techniques for analyzing short-term and persistent 
intracellular Ca2+ changes in granule and Purkinje-like cells exposed to local or bath 
application of various neurotransmitters.

That work not sponsored by AT&T Bell Laboratories was funded by AFOSR 
#F49620.

235.10 TRANSMITTER AND DEPOLARIZATION INDUCED CHANGES IN [Ca++] in 
GRANULE AND PURKINJE NEURONS FROM RAT CEREBELLUM 
MEASURED BY FURA-2 FLUORESCENCE IMAGING. J. A. Connor, H.-Y. 
Tseng* and P. E. Hockberger, Dept. of Molecular Biophysics, AT&T Bell 
Laboratories, Murray Hill, NJ 07974.

Digital imaging in conjunction with the fluorescent indicator fura-2 have been 
employed to examine intracellular Ca++ changes in cerebellar granule and Purkinje 
neurons from rat, grown in explant cultures. The system allows spatially resolved 
measurements to be made on a time scale of 2 to 3 sec. Responses of both cell types 
to glutamate and K-induced depolarizations have been assessed. Electrical correlates 
of the responses to these treatments have been measured by whole-cell patch 
recording.

Granule cells: K+ challenges of 15 and 25 mM (normal 4.7 mM) were given to cells 
at stages of development from 2 to 30 days in vitro (DIV). Changes in Ca++ were 
induced at all stages, but as cells matured and expressed higher densities of several 
types of membrane ion channels (Hockberger and Connor, Soc. Neurosci. Abst.,
11:508,1985), [Ca++] changes grew larger. Cells maintained over 10 DIV responded to 
25 mM K+ with a transient burst of action potential firing. During the first 30 s of 
such activity, [Ca++] rose to levels exceeding 1 μM  from resting levels of 60 to 80 nM. 
Peak responses were followed by rapid (60 to 90 s) decline to plateau levels ranging 
from 150 to 250 nM that were maintained for the duration of the high K exposure. 
Resting levels were restored within 2 or 3 min. in normal K. Blocking spike activity 
with TTX (300 nM) reduced the initial peak by 50% or more but had no effect on the 
plateau phase or on the steady depolarization (20 mV for 25 mM K, 10 mV for 15 
mM). TTX had no effect on the intrinsically smaller response of the less mature cells. 
Where Ca entry was restricted to moderate levels, the response showed pronounced 
facilitation for repeated exposures to high K even though resting levels of Ca++ were 
rapidly reestablished between challenges. The facilitated response was maintained for 
intervals as long as 4 to 7 minutes making it of potential interest as a mechanism of 
short term plasticity. Glutamate caused a transient depolarization and [Ca++] increase 
in the granule neurons during a 5-7 day window in their development, but they were 
unresponsive to focal applications at the soma after about 14 DIV.

Purkinje neurons. Cells were studied after 15-17 DIV when excitability was well 
established. Neurons were often spontaneously active and in such circumstances 
showed Ca++ levels in the 200-300 nM range. Application of current from an external 
patch electrode was sometimes capable of silencing a cell and reducing the levels. 
Brief (5-7 s), focal applications of glutamate (50-100 μM  in pipette) caused an 
increase in Ca++ to levels often > 500 nM that developed over a time course of 30 to 
60 sec. and persisted for periods as long as 5 to 8 minutes, far outlasting the electrical 
activity induced. Comparable Ca++ changes induced by transient exposure to high K 
in the same neurons recovered within 60 to 90 s (see Hockberger, et al, previous 
abstract). Therefore, fundamentally different mechanisms may be involved in 
generating the two responses.

That work not sponsored by AT&T Bell Laboratories was funded by AFOSR 
#F49620.
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235.11 SYNCHRONOUS ACTIVITY IN NEOCORTICAL EXPLANT CULTURES. B. W olfson  
M. J .  G utnick, and F . B a ld in o , J r .  C e n t r a l  R e se a rc h  and D ev elo p 
ment, E. I .  du Pont de Nemours and C o .,  E x p e r im e n ta l  S t a t i o n ,  
Wilmington, DE 19898

We have previously shown (W olfson  e t  a l . ,  N e u ro s c i ,  A b s t r a c t s  
1 1 :  508, 1985) t h a t  th e  e l e c t r o p h y s i o l o g i c a l  p r o p e r t i e s  o f  
n e u ro n s  in  n e o c o r t i c a l  e x p la n t  c u l t u r e s  a r e  e s s e n t i a l l y  th e  same 
a s  t h o s e  s e e n  i n  o t h e r  n e o c o r t i c a l  p r e p a r a t i o n s .  H o w e v e r, 
n e u ro n s  i n  t h e s e  c u l t u r e s  d i f f e r  from  th o s e  i n  n e o c o r t i c a l  b r a in  
s l i c e s  in  t h a t  th e y  s p ik e  s p o n ta n e o u s ly  and o f te n  d i s p l a y  sp o n 
ta n e o u s  e p i l e p t i f o r m  a c t i v i t y .  In  th e  p r e s e n t  s tu d y ,  we u sed  
i n t r a c e l l u l a r  r e c o r d in g  to  exam ine  th e  m echanism s r e s p o n s i b le  f o r  
th e  g e n e r a t io n  o f  s y n c h ro n o u s  a c t i v i t y  in  n e o c o r t i c a l  e x p la n t  
c u l t u r e s .

E x p la n t  c u l t u r e s  o f  p a r i e t a l  c o r t e x  w ere p re p a re d  u s in g  s t a n 
d a rd  t e c h n iq u e s .  I n t r a c e l l u l a r  r e c o r d in g s  w ere made w i th  m ic ro -  
p i p e t t e s  f i l l e d  w i th  4 M p o ta s s iu m  a c e t a t e  and p la c e d  v i s u a l l y  
w i th  th e  a id  o f  an i n v e r t e d  p h a s e - c o n t r a s t  m ic ro sc o p e . D u rin g  
r e c o r d in g ,  c u l t u r e s  w ere  m a in ta in e d  a t  36 + / -  0 . 5°C and s u p e r -  
f u s e d  w i t h  a  b a l a n c e d  s a l t  s o l u t i o n  (B S S ) o r  BSS c o n t a i n i n g  
p h a rm a c o lo g ic a l  a g e n ts .  F o c a l  e l e c t r i c a l  s t i m u l a t i o n  was 
ach ie v e d  w i th  a b i p o la r  e le c t r o d e  p la c e d  300-400  μ m d i s t a n t  from  
th e  r e c o r d in g  e l e c t r o d e .

M ost e x p la n t s  showed some fo rm  o f  sp o n ta n e o u s  sy n c h ro n o u s  
a c t i v i t y .  T h is  c o u ld  a p p e a r  a s  b u r s t s  o f  s p ik e s ,  a s  sh o w ers  o f  
p sp s , and in  some c u l t u r e s ,  a s  p r o lo n g e d ,  i c t a l  e p i s o d e s .  Spon
taneous and evoked e p i l e p t i f o r m  d e p o la r iz i n g  s h i f t s  (D Ss) wer e  
augmented by a d d i t i o n  o f  25 μ m b ic u c u l l in e  o r  rem o v al o f  Mg 
(norm ally  1.5 mM) from  th e  BSS. Low Mg++ a l s o  m ark e d ly  i n c r e a s e d  
spontaneous IPSP a m p l i tu d e  and f r e q u e n c y  Many n e u ro n s  showed 
evidence o f a t r a n s i e n t  l o w - th r e s h o ld  Ca++ c u r r e n t  m a n i f e s te d  a s  
a T T X -re s is tan t b u r s t  re s p o n s e  fo l lo w in g  a  h y p e r p o la r i z in g  p u l s e .  
In some c a se s  t h i s  b u r s t  r e s p o n s e  a p p e a re d  to  be t r i g g e r e d  by 
spontaneous IPSPS. The fo rm , b u t  n o t  th e  f re q u e n c y  o f  b i c u c u l -  
l in e - in d u c e d  DSs c o u ld  be m o d if ie d  by i n t r a c e l l u l a r l y  i n j e c t e d  
c u r r e n t ,  i n d i c a t i n g  a v o l t a g e - s e n s i t i v e  com ponen t. T h ere  was no 
ev idence o f v o lta g e -d e p e n d e n c e  o f DSs in d u ce d  by Mg++ w ith d ra w a l .  
Both ty p es  o f  DSs w ere red u c e d  by th e  NMDA r e c e p t o r  a n t a g o n i s t ,  
2-AVP (20 μ m).

T hese r e s u l t s  i n d i c a t e  t h a t  sy n c h ro n o u s  a c t i v i t y  i n  n e o c o r t i 
c a l e x p la n t  c u l t u r e s  r e f l e c t s  b o th  s y n a p t i c  and i n t r i n s i c  m echan
ism s. F u r th e rm o re , th e y  d e m o n s tra te  t h a t  NMDA r e c e p t o r s  p la y  an 
im p o rtan t r o l e  in  e p i l e p to g e n e s i s  i n  th e  c u l t u r e s .  F i n a l l y ,  th e  
d a ta  em phasize  t h a t  a l th o u g h  b lo c k a d e  o f  GABA-mediated i n h i b i t i o n  
i s  p o te n t ly  e p i l e p to g e n i c ,  s e i z u r e - l i k e  a c t i v i t y  can  a l s o  be s u s 
ta in e d  in  a l im i t e d  c o r t i c a l  c i r c u i t  in  w hich  i n h i b i t o r y  m echan
isms a re  i n t a c t .

235.12 ELECTRICAL RECORDINGS FROM SINGLE, ISOLATED VERTEBRATE CNS NEURONS 
CULTURED IN A THREE-DIMENSIONAL EXTRACELLULAR MATRIX. R i c h a r d  D. 
N a th a n  an d  P e n e lo p e  W. C o a t e s . D e p t s .  P h y s i o l .  & C e l l  B io l .  & 

A n a t . ,  T exas Tech U n iv . HSC, S ch . M ed., Lubbock, TX 7 9 430 .

We have  shown p r e v io u s ly  t h a t  s i n g l e  CNS n e u r o n s ,  w h ic h  a r e  
i s o l a t e d  from  em bryon ic  c h ic k  c e r e b r a l  h e m isp h e re s  o r  s p in a l  c o rd s  
an d  a r e  n o t  i n  c o n t a c t  w ith  o r  c o n ta c te d  by o th e r  c e l l s ,  r a p i d l y  
r e g e n e r a te  two m o rp h o lo g ic a l ly  d i s t i n c t  ty p e s  o f  p r o c e s s e s  -  axons 
an d  d e n d r i t e s  -  w hen c u l t u r e d  i n  a t h r e e - d i m e n s i o n a l  ( 3 - D )  
e x t r a c e l l u l a r  m a t r ix  (ECM) c o n s i s t i n g  o f  a h y d r a t e d  c o l l a g e n  
l a t t i c e  (C o ch ran  & C o a te s , SN A bs. 1 1 : 7 6 2 ,  1 9 8 5 ; C o a t e s ,  D ev . 
B ra in  R es. 2 5 :1 1 -2 0 ,  1 9 8 6 ) . We now d e m o n s tra te  th e  f e a s i b i l i t y  o f  
s t u d y i n g  t h e  e l e c t r o p h y s i o l o g i c a l  p r o p e r t i e s  o f  th e s e  n e u ro n s .  
C e l ls  w ere p l a t e d  a t  low  d e n s i t y  ( 1 0 5/ d i s h )  t o  a s s u r e  t h a t  t h e  
n e u ro n s  rem ain ed  i s o l a t e d .  The m a t r ix  was c a s t  to  a d e p th  o f  1-2 
mm in  p l a s t i c  c u l t u r e  d i s h e s  and was h y d ra te d  w ith  1 ml o f  Medium 
1 9 9  c o n t a i n i n g  10 % h e a t - i n a c t i v a t e d  f e t a l  c a l f  s e ru m  b u t  no 
a n t i b i o t i c s / a n t i m y c o t i c s .  A p a tc h - c la m p /w h o le - c e l l  v o l t a g e - c l a m p  
s y s te m  (D a g a n ,  m o d e l 8 9 0 0 )  w as u sed  to  r e c o rd  a) s in g l e - c h a n n e l  
c u r r e n t s  from  c e l l - a t t a c h e d  p a tc h e s ,  b) t ra n s m e m b ra n e  p o t e n t i a l s  
d u r i n g  t h e  i n j e c t i o n  o f  r e c t a n g u l a r  c u r r e n t s ,  and c) w h o le -c e l l  
c u r r e n t s  d u r in g  v o l ta g e  c lam p . M ic r o e le c t r o d e s  w e re  f i l l e d  w i th  
155 mM K -g lu c o n a te  o r  C sC l, and r e s i s t a n c e s  w ere 15-20  MΩ . The 
r e s i s t a n c e  o f  s e a l s  b e tw e e n  t h e  p a t c h  p i p e t t e  a n d  n e u r o n a l  
membrane ran g e d  from  10 to  20 GΩ . A f te r  2 -4  d ay s  i n  3-D c u l t u r e ,  
b o t h  c e r e b r a l  a n d  s p i n a l  n e u r o n s  e x h i b i t e d  s i n g l e - c h a n n e l  
c u r r e n t s .  A f t e r  o n ly  2 d a y s ,  t h e  l a t t e r  p r e p a r a t i o n  a l s o  
d i s p l a y e d  w h o l e - c e l l  c u r r e n t s  s i m i l a r  to  th o s e  o b se rv e d  in  s i t u . 
F o r  e x a m p le ,  we r e c o r d e d  a t r a n s i e n t  o u t w a r d  c u r r e n t  t h a t  
i n c r e a s e d  a t  p o s i t i v e  p o t e n t i a l s  and a t r a n s i e n t  in w ard  c u r r e n t  
t h a t  was c o m p le te ly  i n a c t iv a t e d  by h o l d in g  p o t e n t i a l s   ≤ - 4 0  mV. 
We h a v e  y e t  to  c h a r a c t e r i z e  t h e  i o n ic  n a tu r e  o f  th e s e  c u r r e n t s .  
W ith in  7 d a y s ,  r e c t a n g u la r  c u r r e n t s  i n j e c t e d  th ro u g h  th e  r e c o r d in g  
e l e c t r o d e  evoked a c t i o n  p o t e n t i a l s  i n  s i n g l e ,  i s o l a t e d  c e r e b r a l  
n e u r o n s .  T h e s e  r e s u l t s  d e m o n s t r a t e  t h a t  i n  3-D  ECM c u l t u r e ,  
s i n g l e ,  i s o l a t e d  CNS n e u ro n s  q u i c k l y  r e c o v e r  some p r o p e r t i e s  o f  
e x c i t a b i l i t y  d i s p l a y e d  by t h e i r  c o u n te r p a r t s  i n  v i v o . M o reo v er, 
n e u ro n  c e l l  b o d ie s ,  t h e i r  axons and d e n d r i t e s  a t t a c h  s t r o n g l y  to  
t h e  m a t r i x ,  s i m p l i f y i n g  m i c r o e l e c t r o d e  a t t a c h m e n t  and a l lo w in g  
s t a b l e  e l e c t r i c a l  r e c o r d i n g s  to  b e  m ad e . T h u s ,  t h i s  c u l t u r e  
s y s t e m  p r o v i d e s  a c o n v e n ie n t  m eth o d  to  i n v e s t i g a t e  i n h e r e n t  
e l e c t r i c a l  p r o p e r t i e s  o f  i n d iv i d u a l  n e u ro n s  from  d i f f e r e n t  r e g io n s  
o f  th e  v e r t e b r a t e  CNS. T e s t in g  th e  e f f e c t s  o f  e x t r i n s i c  f a c t o r s  
i n c l u d i n g  n e u r o t r a n s m i t t e r s ,  h o r m o n e s ,  o t h e r  c e l l s  a n d  
p h a rm a c o lo g ic a l  a g e n ts  on su ch  n e u ro n s  s h o u ld  a l s o  be f a c i l i t a t e d .  
(S u p p o rte d  in  p a r t  by TTUHSC BRSG.)

235.13 EFFECTS OF PHENCYCLIDINE AND OTHER K+ CHANNEL BLOCKERS: ELECTRO
PHYSIOLOGICAL STUDY OF SPINAL CORD NEURONS IN CELL CULTURE. L .G . 
Aguayo* and E .X . A lb u q u erq u e  (SPON: C.N. A l l e n ) .  D e p t. P h a rm a c o l. 
Exp. T h e ra p . , U n iv . M ary land  S ch . M ed., B a l t im o r e ,  MD 21201.

The p r o c e s s e s  by w hich  s p in a l  co rd  and o th e r  c e n t r a l  n e u ro n s  
r e g u la te  membrane e x c i t a b i l i t y  i n c lu d e  th e  t r a n s i e n t  and d e la y e d  
r e c t i f i e r  ou tw ard  c u r r e n t s .  The d e la y e d  o u tw ard  c u r r e n t  w hich  i s  
s im i la r  to  t h a t  s e e n  in  th e  p e r i p h e r a l  n e rv o u s  sy s te m  i s  a c t i v a t e d  
d u r in g  d e p o la r i z a t i o n  and does n o t  i n a c t i v a t e  when th e  membrane 
p o t e n t i a l  i s  h e ld  a t  p o s i t i v e  p o t e n t i a l s .  E a r l i e r  s t u d i e s  from  
t h i s  and o th e r  l a b o r a t o r i e s  have s u g g e s te d  t h a t  b lo c k a d e  o f th e  
de lay ed  c u r r e n t  c o u ld  form  th e  b a s i s  f o r  th e  p s y c h o p a th o lo g ic a l  
b e h a v io r  in d u ce d  by p h e n c y c l id in e  (PCP) (A lb u q u erq u e  e t  a l . , P ro c . 
N a t l .  A cad. S c i .  USA, 7 8 :7 7 9 2 , 1 9 8 1 ). R ecen t e v id e n c e  w i th  a 
p h o to la b i le  a n a lo g  o f PCP in d ic a te d  t h a t  th e  p u t a t i v e  PCP r e c e p to r  
may be a  K+ c h a n n e l  (S o re n s e n  & B l a u s te i n ,  S oc . N e u ro s c i .  A bs. 
1 1 :3 1 6 , 1 9 8 5 ). S in c e  PCP r e c e p to r s  a r e  known to  e x i s t  in  th e  
s p in a l  c o rd ,  we s tu d i e d  i t s  e f f e c t s  on th e  f a s t  t r a n s i e n t  and 
d e la y e d  ou tw ard  c u r r e n t s  r e c o rd e d  from  s p in a l  c o rd  n e u ro n s  grown 
(1 0 -2 0  d a y s )  in  c e l l  c u l t u r e .  Sodium c h a n n e ls  w ere b lo ck e d  w ith  
t e t r o d o to x i n  ( 1 μM) and s o lu t io n s  c o n ta in in g  lo w -c a lc iu m  i n  t h e  
p re s e n c e  o f Mg2+ o r  Co2+ (5mM) w ere u sed  to  b lo c k  Ca2+ c u r r e n t s .  
PCP d e c re a s e d  - th e  a m p l i tu d e  and  p ro lo n g e d  th e  d e c ay  p h a se  o f th e  
a c t i o n  p o t e n t i a l s  re c o rd e d  a t  h o ld in g  p o t e n t i a l  o f  -7 0  mV. PCP was 
more e f f e c t i v e  th a n  te tfa e th y la m m o n iu m  (TEA) o r  4 -a m in o p y rid in e  ( 4 -  
AP) i n  r e d u c in g  b o th  t r a n s i e n t  and d e la y e d  c u r r e n t s .  The tim e  
c o u rse  o f  th e  o n s e t  and r e c o v e ry  o f b o th  c u r r e n t s  i n  th e  p r e s e n c e  
o f  PCP (0 .1  -  0 .5  mM) d i s c l o s e d  t h a t  th e  t r a n s i e n t  c u r r e n t  was more 
s e n s i t i v e  t o  PCP b lo c k a d e  and re c o v e re d  more s lo w ly  when m ic ro -  
p e r fu s e d  to  th e  c e l l  som a. The a m p li tu d e  o f th e  t r a n s i e n t  c u r r e n t  
d u r in g  c o n t r o l  e x p e r im e n ts  was a lw ay s l a r g e r  th a n  t h a t  o f  th e  
d e la y e d  c u r r e n t .  In  th e  p r e s e n c e  o f PCP th e  t r a n s i e n t  c u r r e n t  
m easured  a t  12 msec had  th e  same a m p l i tu d e  a s  t h a t  m easu red  60 msec 
a f t e r  th e  p eak  o n s e t .  I t  a p p e a re d  t h a t  4-AP (5 mM) was more p o te n t  
i n  b lo c k in g  th e  f a s t  t r a n s i e n t  c u r r e n t  w h i le  TEA (1 0  mM) a f f e c t e d  
th e  d e la y e d  c u r r e n t  more e f f e c t i v e l y .  Both  c u r r e n t s  w ere a l s o  
red u c e d  by a b o u t 10% when th e  c e l l  soma was p e r f u s e d  w i th  Co2 + . 
T h is  s u g g e s te d  t h a t  a  s m a ll  f r a c t i o n  o f th e  t o t a l  o u tw ard  c u r r e n t  
i s  Ca +- a c t i v a t e d  K+ c u r r e n t .  The PCP b lo c k a d e  o f  K+ c u r r e n t s  i n  
c e n t r a l  n e u ro n s  may p ro v id e  th e  b a s i s  f o r  e x p la in in g  th e  p a th o 
p h y s io lo g y  o f  t h i s  h a l lu c in o g e n ic  a g e n t .  A d d i t i o n a l ly ,  su c h  
e f f e c t s  c o u p le d  w i th  th e  p ro fo u n d  a n t i c h o l i n e r g i c  e f f e c t s  o f th e  
d ru g  can  be o f  fu n d a m e n ta l  im p o r ta n c e  t o  th e  u n d e r s ta n d in g  o f th e  
s c h iz o p h r e n ic  p r o p e r t i e s  o f  t h i s  f r e q u e n t l y  a b u sed  d ru g .  (S u p p o rt :  
NIDA G ra n t DA02804).

235.14 VOLTAGE DEPENDENCE OF PATTERNED OUTPUT OF LATERAL HABENULA 
NEURONS. K. S . W ilc o x ,  M. J .  G u t n i c k ,  an d  G. R. C h r i s t o p h . 
C e n t r a l  R e se a rc h  and D evelopm ent D e p a r tm e n t, E. I .  du P on t 
de Nemours and Company, W ilm in g to n , DE 19898

We h av e  p r e v io u s ly  shown t h a t  n e u ro n s  o f  th e  l a t e r a l  h a b e n u la  
(LHb) n u c le u s  p o s s e s s  a t r a n s i e n t  low  th r e s h o ld  c a lc iu m  c o n d u c t
an ce  w h ic h , i n  p a r t ,  c o n t r o l s  th e  f i r i n g  p a t t e r n  o f  th e s e  n e u ro n s  
(W ilco x  e t  a l . ,  N e u ro s c i.  A b s t . ,  11: 509, 1 9 8 5 ). We now f u r t h e r  
exam ine th e  e l e c t r o r e s p o n s i v e  c h a r a c t e r i s t i c s  o f  LHb n e u ro n s  and 
d e s c r ib e  t h e i r  reb o u n d  r e s p o n s e s  t o  t r a n s i e n t  h y p e r p o l a r i z a t i o n .  
I n t r a c e l l u l a r  r e c o r d in g s  w ere made in  i n v i t r o  b r a in  s l i c e s  o f  
g u in e a  p ig  d ie n c e p h a lo n .  A n e s th e t iz e d  g u in e a  p ig s  w ere d e c a p i t a 
te d  and t h e i r  b r a i n s  w ere r a p i d l y  rem oved and im m ersed in  c o ld  
R in g e r  s o l u t i o n .  C o ro n a l s e c t i o n s  (400 μm t h i c k )  w ere c u t  w ith  a 
v ib ra to m e  and m a in ta in e d  in  o x y g e n a te d  R in g e r  a t  36°C.

The reb o u n d  r e s p o n s e s  o f  LHb n e u ro n s  t o  t e r m in a t io n  o f i n j e c t 
ed  h y p e r p o la r i z in g  c u r r e n t  p u l s e s  c o n s i s t e d  o f one o r  more o f  th e  
fo llo w in g  c h a r a c t e r i s t i c s .  In  some n e u ro n s ,  th e  tim e  c o u rs e  o f  
r e t u r n  t o  r e s t i n g  p o t e n t i a l  f o l lo w in g  th e  p u ls e  was m ark ed ly  
s lo w e d . T h is  r e s p o n s e ,  w h ich  p e r s i s t e d  i n  TTX, was b lo c k e d  by 4 -  
a m in o p y r id in e  s u g g e s t in g  t h a t  i t  r e f l e c t s  t r a n s i e n t  a c t i v a t i o n  o f  
a  v o l ta g e -d e p e n d e n t  K+ c o n d u c ta n c e  (A c u r r e n t ) .  In  many n e u ro n s ,  
th e  h y p e r p o la r i z in g  p u ls e  was fo llo w e d  by a dam pening s e r i e s  o f  
m embrane p o t e n t i a l  o s c i l l a t i o n s  (5 -7  Hz) w i th  su p e rim p o se d  b u r s t s  
o f  Na+ -d e p e n d e n t  a c t i o n  p o t e n t i a l s .  The o v e r a l l  d u r a t i o n  o f  t h i s  
o s c i l l a t o r y  r e s p o n s e  i n c r e a s e d  a s  a  f u n c t io n  o f  a m p li tu d e  and 
d u r a t io n  o f  th e  p r e c e d in g  h y p e r p o la r i z in g  p u l s e .  T h is  rh y th m ic  
o s c i l l a t i o n  p e r s i s t e d  i n  TTX and a p p a r e n t ly  r e f l e c t e d  an i n t e r 
p la y  b e tw een  Ca++ and K+ c o n d u c ta n c e s .  The m ost commonly en co u n 
t e r e d  reb o u n d  r e s p o n s e  t o  h y p e r p o la r i z in g  p u ls e s  c o n s i s t e d  o f  a 
s in g l e  c a lc iu m  s p ik e  fo llo w e d  by a  p ro lo n g e d  d e p o la r iz i n g  ( 10-  
15 mV) p o t e n t i a l  t h a t  o f te n  l a s t e d  lo n g e r  th a n  1 s e c o n d . T h is  
d e p o l a r i z a t i o n ,  w h ich  i t s e l f  i s  TTX r e s i s t a n t ,  c o u ld  s e rv e  a s  a 
g e n e r a to r  p o t e n t i a l  f o r  Na+ -d e p e n d e n t  a c t i o n  p o t e n t i a l s .  D u rin g  
t h i s  p ro lo n g e d  d e p o l a r i z a t i o n ,  th e  a p p a re n t  membrane r e s i s t a n c e  
was i n c r e a s e d .  In  n e u ro n s  h e ld  a t  a  s l i g h t l y  h y p e rp o la r iz e d  
l e v e l ,  t h e s e  r e s p o n s e s  c o u ld  be t r i g g e r e d  by s p o n ta n e o u s  PSPs.

A n a to m ic a l  e v id e n c e  s u g g e s t s  t h a t  th e  LHb s e r v e s  a s  a  r e l a y  
f o r  f lo w  o f  in fo r m a t io n  from  l im b ic  f o r e b r a in  s t r u c t u r e s  to  m id
b r a i n .  The p r e s e n t  d a ta  i n d i c a t e  t h a t  LHb n e u ro n s  g e n e r a t e  a 
v a r i e t y  o f  com plex o u tp u t  p a t t e r n s  w h ich  r e f l e c t  c o n d u c ta n c e  
m echanism s i n t r i n s i c  t o  t h e i r  m em branes. Our r e s u l t s  l e a d  u s  to  
p r e d i c t  t h a t  h y p e r p o l a r i z in g  i n f l u e n c e s  i n  th e s e  c e l l s  w i l l  s i g 
n i f i c a n t l y  a m p l i fy  t r a n s m is s io n  th ro u g h  t h i s  r e l a y .
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235.15 THE EFFECT OF MESENCEPHALIC RETICULAR STIMULATION ON THALAMIC 
RETICULARIS NEURONS. B. Hu, M. Steriade and M. Deschênes. Lab. 
Neurophysiol., School of Medicine, Uni v. Laval, Quebec, Canada 
GlK 7P4.

On the basis of anterograde and retrograde transport studies 
i t  has been shown that the re ticu la r thalamic complex, including 
its  visual sector, the peri geniculate nucleus, receives a strong 
input from the mesencephalic re ticu la r formation (MRF). This 
input originates from cholinergic and non-cholinergic neurons 
intermingled within the same mesencephalic region. The effect 
of MRF stimulation on re tic u la ris  thalami neurons was studied in 
cats under various types of anesthetic conditions. Cells were 
recorded in trace llu la rly  in the rostral pole of the re ticu la r 
complex and in the peri geniculate nucleus. In a ll re ticu la ris  
neurons MRF stimulation (2-5 shocks at 200 Hz) produced a tran
sient blockage of spontaneous or evoked spindle o sc illa tions . 
This was associated with a large and long-lasting (up to 2 
seconds) hyperpolarization. Hyperpolarizations decreased in 
amplitude when the resting potential was hyperpolarized and they 
were accompanied by a 30% to 40% decrease of input resistance. 
This phenomenon was observed under barbiturate anesthesia and in 
nonanesthetized deafferented preparations. Pretreatment of ani
mals with scopolamine (0.8 mg/kg) abolished th is  hyperpolariza
tion . In all re ticu la ris  neurons the hyperpolarization was pre- 
ceeded by a shorter-lasting  depolarization appearing a t la ten
cies of 7-10 msec. This depolarization was less prominent under 
barbiturate anesthesia and remained insensitive to scopolamine. 
I t  is  concluded that the MRF cholinergic input hyperpolarizes 
re tic u la ris  neurons. I t  remains to be demonstrated i f  the sco
polamine-resistant early depolarization is also cholinergic or 
i f  i t  resu lts from activation of a non-cholinergic but yet not 
chemically-defined input.

Supported by MRC grants MT-5877 and MT-3689.

235.16 THE EFFECT OF MESENCEPHALIC RETICULAR STIMULATION ON RELAY 
NEURONS OF THE DORSAL LATERAL GENICULATE NUCLEUS. M. Deschênes, 
B. Hu and M. Steriade. Lab. Neurophysiol., School of Medicine, 
Univ. Laval, Quebec, Canada GlK 7P4.

On the basis of retrograde transport studies, i t  has been 
shown that the la teral geniculate nucleus (LGN) receives a mas
sive input from the mesencephalic re ticu la r formation (MRF). 
This input originates from cholinergic and non-cholinergic neu
rons intermingled within the same mesencephalic region. The 
effect of MRF stimulation on LGN neurons was studied in deeply 
barbiturized cats and in unanesthetized encephale iso lé cats 
after destruction of trigeminal input. In addition, bilateral 
enucleation and visual cortex ablation were performed. Under 
barbiturate anesthesia, MRF stimulation (2-10 shocks at 200 Hz) 
blocked rhythmic spindle o sc illa tions in LGN neurons without any 
apparent effect on membrane po tential. Long tra in s of stimuli 
lasting  for 200 msec produced a slow depolarization and tonic 
spike discharges at a latency of about 2 seconds. In non-anes- 
thetized preparations, MRF stimulation also blocked spindle 
o sc illa tions but in addition i t  produced a slow depolarization 
with a latency of 8-10 msec tha t lasted for about 300 msec. 
This depolarization could trigger tonic spike discharges or 
generate spike bursts depending upon the cell resting potential. 
Yet, no clear change in membrane resistance has been detected 
during th is  response. Our resu lts strongly suggest that pre
vious fa ilu re  to observe change in LGN membrane potential fo l
lowing MRF stimulation was due to the use of anesthetics. I t  
remains to be demonstrated i f  these responses are cholinergic.

Supported by MRC grants MT-5877 and MT-3689.

235.17 GENERATION OF FOCAL SPINDLE WAVES BY FIELD EFFECT IN CAT ANTERIOR 
THALAMIC NUCLEI. L.Domich, D.Paré , G.Oakson*, M.Deschênes and M. 
Steriade. Lab. Neurophysiol. ,  School of Medicine, Univ.Laval, 
Quebec, Canada Gl K 7P4.

At odds with most thalamic nuclei, anterior thalamic nuclei of 
the cat do not receive inputs from the thalamic re ticu la r (RE) 
nucleus (J . Comp. Neurol. 1984, 229: 531-547). We confirm th is 
observation: a fte r injections of WGA-HRP into anteromedialis (AM) 
and anteroventralis (AV) nuclei, heavy retrograde labeling was 
obtained in mamillary nuclei whereas the RE nucleus was le f t  v ir 
tually  free of labeling. Recent evidence shows tha t the RE 
nucleus plays an essential role in the genesis of spindle rhythms. 
Spindle o sc illa tions are abolished in thalamic nuclei disconnected 
from the RE nucleus (J. Neurophysiol. 1985, 54: 1473-1497) while 
they are preserved in the deafferented RE nucleus (This meeting: 
Steriade e t a l . ) .  Since anterior nuclei are naturally deprived of 
RE inputs, i t  was expected that anterior nuclei would not display 
spindle rhythms.

Indeed, in trace llu la rly  recorded cortically-projecting  neurons 
in AV-AM nuclei did not exhibit spontaneous o sc illa tions of mem
brane potential within the frequency range of spindle waves, and 
these o sc illa tions could not be evoked by cortical stimulation. 
The absence of spontaneous and evoked spindle rhythms was observed 
in anterior thalamic ce lls  despite the fact tha t they displayed 
in trin s ic  membrane properties sim ilar to those described in other 
thalamic nuclei. In unanesthetized cerveau iso lé preparations, 
ex tracellu lar recordings of single neurons in AV-AM nuclei also 
showed lack of focal spindle o sc illa tions and spindle-related 
rhythmic spike bursts, thus contrasting with rhythmic spindle- 
burst events in simultaneously recorded intralaminar thalamic neu
rons. With barbiturate adm inistration, however, focal spindles 
appeared in AV-AM nuclei, but they were not associated with rhyth
mic bursting in anterior thalamic single c e lls .

Since spindle o sc illa tions did not appear in tra ce llu la rly , 
th e ir  presence in ex tracellu lar recordings a t high levels of EEG 
synchronization a fte r barbiturate administration was thought to be 
mediated by f ie ld  e ffec ts . To te s t  th is hypothesis, lesions of 
anterior nuclei were performed by means of H2O2 microinjec
tions. Such lesions did not in terfere  with the extracellu lar 
focal spindles induced by barbiturate administration whereas they 
suppressed the f ie ld  potential evoked synaptically by stimulation 
of mamillary bodies. These resu lts support the conclusion that 
spindle waves recorded from anterior thalamic nuclei are fie ld  
potential e ffects generated actively in neighboring thalamic 
nuclei.

Supported by MRC grants MT-3689 and MT-5877.

235.18 EFFECTS OF MICROWAVES ON MOUSE EEC’S AND EVOKED POTENTIALS. B. 
Pulford* and M.W. Luttges.(SPON:R.Gerren).Aeraspace Engineering 
Sciences, University of Colorado, Boulder, Colorado 80309

Enhanced microwave applications have led to increases in the 
type and amount of exposure experienced by b io lo g ical systems. 
The f u l l  impact of such exposures awaits more quan tita tive  
knowledge of microwave dosimetry and re la ted  b ioeffects. The 
U.S. microwave standard for human exposure recommends a lim it of 
10-3 W/cm2 re g a rd le s s  of exposure time. Eastern European 
countries base microwave exposure lim its on a reciprocal relation 
between time and in ten sity  of exposure. Few studies have been 
done to explore the b io lo g ica l consequences of such major 
differences in dosimetry. This report summarizes the differences 
in bra in  e le c tr ic a l  a c t iv ity  produced by a wide range of 
microwave time -  intensity reciprocities.

Several sources of CW microwave rad ia tion  a t a frequency of 
2450 MHz were used for exposures. Eight orders of magnitude of 
exposure times (.003 to 30,000 secs) and eight orders of specific 
absorption ra te  (SAR) values (10-6 to 10 W/g) were encompassed. 
Pre-trained mice, with chronically implanted carbon-loaded Teflon 
electrodes, were restrained and placed within a waveguide system 
that oriented the head such that an H-field maximum was produced 
in the c ran ia l region. Spontaneous e le c tr ic a l  brain a c tiv ity  
samples were recorded both before and immediately after exposure. 
A series of auditory evoked responses also were collected for the 
same time periods.

The spontaneous e lectrica l recordings indicated considerable 
brain sensitiv ity  to varied microwave durations in the absence of 
intensity changes. Brief duration exposures were correlated with 
low voltage, high frequency brain  recordings. As the duration 
increased, the recordings exhibited higher voltages and lower 
frequencies. The la te  components of the evoked response have 
shown the most s e n s it iv ity  to tim e-intensity changes. Voltages 
decreased as exposure time was increased, while the in ten sity  
was held constant.

This study suggests that, even at low levels of intensity, the 
length of time of microwave exposure needs to be taken into 
account when setting microwave exposure lim its.
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235 19 IN VIVO LABELING OF SEROTONIN CONTAINING NEURONS BY 
5, 7-DIHYDROXYTRYPTJAMINE IN APLYSIA. B. Jahan-Parwar, K. 
S.-Rozsa*, J . Salánki*, M. L. Evans and D.O . Carpenter. 
Wadsworth Laboratories, New York State Department of Health, 
Albany, NY 12201.

5-Hydroxytryptamine (5-HT) has been inplicated in the 
modulation of arousal s ta te , locomotion, feeding, and several 
simple reflexes in Aplysia. With the aim of elucidating the 
mechanisms by which 5-HT modulates arousal and locomotor 
behavior, we have labeled the 5-HT containing system of Aplysia 
neurons using the 5-HT analogue, 5,7 dihydroxytryptamine 
(5,7-DHT). This substance and the related  5,6 DHT have been 
shown to sp ecifica lly  label 5-HT neurons in the leech (Lent and 
Dickinson, Brain Res. 300: 167, 1984) and Helix neurons 
(K.S.-Rozsa e t  a l . Comp. Physiol. Biochem., in press) with only 
transien t modification of neuronal ex c itab ility . Eight Aplysia 
califo rn ica (200-300g) received an in trahemocoelial in jection  
of 5,7-DHT (10 mg/kg body weight) in  sea water containing 0.5 
mg/ml ascorbic acid. This treatment was repeated a week la te r .  
A control group received the vehicle solution only. Sixty days 
following the f i r s t  5,7-DHT in jection , the animals were d is
sected and the nervous system processed for electrophysiology 
and whole mount viewing. All 5 ,7-DHT treated  animals inked 
immediately a f te r  in jection  and displayed strong pedal waves 
for several hours following in jection . The behavior returned 
to  normal and no discernable sensory or motor d e f ic its  appeared 
subsequently. The cerebral, pedal, abdominal but not buccal 
and pleural ganglia of a l l  treated  animals showed c learly  
id en tifiab le , darkly brown pigmented c e lls  in  a d is trib u tio n  
pattern  sim ilar to tha t of serotonin neurons stained by immuno- 
histochemical method (Ono and NcCaman, Neurosci. 11: 549, 1984; 
Goldstein e t  a l . ,  Neurosci. 11: 535, 1984). Electrophysio- 
logical analysis of labeled neurons revealed normal values of 
resting  and action poten tials and synaptic input. The synaptic 
input from the serotonergic cerebral giant c e lls  to  th e ir  
buccal followers were functional. Labeled abdominal RB c e lls  
were voltage clamped and ACh and 5-HT applied by rapid 
perfusion. Responses to  both agonists were iden tica l to  those 
of untreated animals in terms of conductance change, voltage 
se n sitiv ity  and desensitization . These resu lts  suggest th a t 
5,7-DHT labels serotonergic neurons in vivo without long term 
a lte ra tio n  of neuronal physiology and behavior. The a b il i ty  to 
iden tify  the 5-HT containing neurons w ill considerably 
fa c i l i ta te  studies of synaptic and functional organization of 
the serotonergic system and i t s  role in  modulation of behavior.
(Supported by NSF grant BNS8313061 to  B. J-P .)

235.20 IN THE SNAIL A-CELL, THE SPONTANEOUS ACTION POTENTIAL AND THE 
STEADY STATE CURRENT-VOLTAGE RELATIONSHIP ARE MODIFIED BY 
FROLONGED FHYSICAL INACTIVITY. Kathleen Shaver Madden* 
(SPON: W. G. Van der KLoot). Department of Pharmacology, 
New York Medical College, Valhalla, New York 10595

When faced with reduced food supplies, the land sna il becomes 
quiescent and can remain immobile fo r months before resuming 
physical a c tiv ity . These experiments were done to  assess the 
e ffe c ts  of prolonged physical in ac tiv ity  on the frequency and 
duration of the action po ten tia l spontaneously f ired  by the 
A -cell. Then, ionic currents were studied in  the A-cell f rom 
active and inactive sn a ils .

Snails, Helix aspersa. were housed in  environmental chambers 
(ca. 20°C, 60-80% humidity). They were offered free access to  
water and e ith e r  fed o r unfed fo r a t  le a s t two months before 
experiments. Physiological sn a il sa lin e  contained (in mM): 80 
NaCl, 4 KCl , 7 CaCl2, 5 MgCl2, 5 TES (pH 7 .8 ). Low resistance 
(≤4 Mohm), g lass microelectrodes (3 M KCl ) and conventional 
methods fo r recording in tra c e llu la r  voltages and the re su lts  of 
two electrode voltage clamp experiments were used.

Prolonged in ac tiv ity  decreased the  f ir in g  frequency and 
duration of the action po ten tia l in  the A -cell and increased the 
a f te r- hyperpolarization. I t  also  increased the magnitude of the 
net ionic current determining the N-shaped configuration of the 
steady s ta te  (80 msec) current-voltage (I-V) relationship  and 
associated with a calcium-activated potassium current in  the 
A -cell. Exposing preparations to  the mixed oxygenase inh ib itor 
ETYA (5 ,8,11,14-eicosatetraynoate-K+, 12 uM, ≥45 min) tended to  
reverse the e ffe c ts  of prolonged in ac tiv ity  on the I-V 
relationsh ip .

The increased potassium conductance can account fo r effects 
on the action  po ten tia l and the  after-hyperpolarization in  the 
A-cell from inactive sn a ils . Certain other neurons in  snail 
ganglia may show sim ilar activity-dependent increases or de
creases in  ionic currents which may help to  explain some types 
o f adaptive behavior.

Snail ganglia contain oxygenases mediating the synthesis of 
prostaglandins and o ther eicosanoids. The e ffe c ts  of ETYA on 
ionic currents in  the A-cell implicate oxygenase a c tiv ity  as one 
process th a t  may be affected  by motor a c tiv ity . Extracellular 
ensembles of endogenous eicosanoids may be important factors 
modulating calcium and potassium currents in  the A -cell. 
(Supported by grant 20774 NINCDS)

235.21 INHIBITION OF THE LATERAL GIANT FIBER IN THE ISOLATED NERVE CORD 
OF Lumbr i cus  te r res t r i s .  J.L. Johnson. Dept. of Physiology & 
Pharmacology, USD School of Medicine, Vermillion, SD 57069

The dorsal giant fibers within the earthworm ventral nerve 
cord (VNC) mediate two independent escape responses. Conse
quently, i t  is  of in te re s t to c la r ify  how ac tiv ity  in the 
medial giant fib er and la te ra l giant fiber (LGF) i s modulated. 
The purpose of th is  study was to record the effec ts of the 
longitudinal l y projecting small fiber tra c ts  upon the LGF a t 
the ro stra l end of the isolated VNC. At th is  location , the 
LGF i s minimally responsive to segmental afferen t i nput. The 
smal l  fiber tra c ts  (maximal conduction velocity = 0.71 ± 0.05 
m/sec; M ± SEM; N = 11) f i r s t  of a ll i nduced a depolarization 
i n the LGF which lasted for 55-64 msec and had a maximal 
amplitude of 0.25-0.4 mV. These small fiber tra c ts  also 
induced a separate long latency hyperpolarization of the LGF 
which was graded in nature. The hyperpolarization ranged 
from 1-1.8 mV in amplitude and lasted for 120-160 msec. Sub
threshold e lec trica l depolarizations of the LGF were capable 
of in itia tin g  conducted action potentials when applied during 
the time of the small f ib er i nduced depolarization of the 
LGF, but fa iled  to do so when applied during the time of the 
small fiber induced hyperpolarization. The small fiber 
i nduced hyperpolari zation was not capable of blocking the 
conduction of LGF action p o ten tia ls once i n itia te d . On the 
other hand, the LGF depolarization i nduced by the small 
fib e r  tra c ts  a t the P2 stimulus was always blocked when 
applied during the time of hyperpolarlzation i nduced by a P1 
conditioning stimulus. This may be an effective means of 
LGF deafferentation a t the rostral end of the VNC. The 
massive a c tiv ity  induced within the segmental neuropile 
m icrostructure by the smal l  fiber tra c ts  of importance in 
generating these e ffec ts upon the LGF was readily obtained as 
well in each preparation. The maximal duration of such evoked 
ac tiv ity  ranged from 175-214 msec. Currently, e lec trica l 
stimulation of the smal l  fiber tra c ts  i s the only means of 
evoking LGF hyperpolari zation, since activation of segmental 
affe ren t i nput alone never evoked such an e ffec t (Smith, P.H. 
& M ittenthal, J .E ., J . Comp. Physiol., 140: 351, 1980). 
Even though the small fiber i nduced depolarizations and 
hyperpolarizations were shown to sign ifican tly  modify LGF 
ac tiv ity , the very low amplitude for these responses suggests 
tha t the small LGF co lla te ra ls  may be the primary s ite s  for 
input and not the LGF per se. This requires further study. 
SUPPORTED BY GRANT 202-4680-005 FROM THE UNIVERSITY OF SOUTH 
DAKOTA TO THE AUTHOR.

235.PO SYNCHRONOUS CONDUCTION IN SMALL GROUPS OF CNS FIBERS. A.L. Towe, 
D ept. o f  P hysio logy  and B io p h y sic s, Univ. o f  W ashington School o f  
M edic ine, S e a t t l e ,  WA 98195

Many p h y s io lo g ic a l o b s e rv a tio n s  imply th a t  sm all groups o f  CNS 
f ib e r s  a r i s i n g  from ne ig h b o rin g  neurons conduct a t  th e  same speed 
o ver long  d is ta n c e s .  Though how th i s  occu rs  in  u n c le a r , argum ents 
may be made t h a t  p o in t  to  a p o s s ib le  g e n e ra l mechanism. Most CNS 
f ib e r  s p e c t r a  range from 0 .5  to  3 um o r  more, w ith  modes n ea r 1 .0  
to  1 .5  um, im posing a  problem  fo r  synchrony o f  con d u c tio n . Recent 
EM s tu d ie s  show th a t  th e  e x t r a c e l lu l a r  c u r re n t -c a r ry in g  medium in  
CNS pathways i s  h ig h ly  l im ite d ;  th e  in te r p e r io d  l i n e  o f  m yelin  i s  
p r e s e n t  between th e  sh ea th s  o f  a d ja c e n t f i b e r s ;  each o ligo d en d ro 
c y te  w raps many d i f f e r e n t  axons; no basem ent membrane i s  p re s e n t ;  
nodes a re  lo n g , a l ig n  o ver sm all r e g io n s , and u s u a lly  do n o t have 
c e l l u l a r  m a te r ia l  in t ru d in g ,  as  in  PNS f ib e r s ;  m yelin  sh ea th s  a re  
h a l f  th e  th ic k n e s s  r e q u ire d  fo r  maximum conduc tion  speed and they  
show c e r t a in  p r e f e r r e d  v a lu e s . Taken to g e th e r ,  t he se  o b se rv a tio n s  
su g g es t t h a t  axons a r i s in g  in  sm all c l u s t e r s  o f  c e l l s  a re  wrapped 
by th e  same s e t  o f  o lig o d e n d ro c y te s , t h e i r  nodes a l ig n ,  and th e i r  
m yelin  sh e a th s  jo in  to  c lo s e ly  t h a t  e x te rn a l  c u r re n t  must flow  in  
th e  i n t e r i o r s  o f  ne ig h b o rin g  f i b e r s .  By sh a r in g  t h e i r  m ye lin , th e  
" sh ea th s"  th u s  formed a re  abou t th e  " r ig h t"  th ic k n e s s  f o r  optimum 
conduc tion  speed . At th e  same tim e , on ly  h a l f  as much m yelin  need 
be developed and m a in ta in ed , in  com parison w ith  th e  amount needed 
fo r  independen t f i b e r  co n d u c tio n . Thus, by in v o lv in g  th e  nodes o f  
a d ja c e n t f i b e r s ,  a c t io n  p o te n t ia l s  may be c lo s e ly  synch ron ized  to  
y ie ld  th e  optimum summation o f  in p u t to  t h e i r  t a r g e t  s i t e s ,  w h ile  
a t  th e  same tim e u s in g  th e  s m a l le s t  p o s s ib le  number o f  c e l l s .

A t r e s t ,  th e  energy in vo lved  in  charge s e p a ra t io n  a c ro ss  nodal 
membrane i s  m inim al, because th e  in t e r io r s  o f  a d ja c e n t axons have 
th e  same p o te n t i a l ,  and th e  "o u ts id e "  o f  one axon i s  th e  " in s id e "  
o f  n e ig h b o rin g  axons. Because th e  ca p a c ita n c e  ac ro s s  any a d ja c e n t 
nodes i s  low , th e  c a p a c i ta t iv e  b u rre n t r e q u ire d  to  b r in g  any node 
to  f i r i n g  le v e l  i s  m inim al, and may occur w ith o u t any s ig n i f i c a n t  
h y p e rp o la r iz a tio n  o f  a d ja c e n t nodes. Independen t f i b e r  conduc tion  
in  th e  PNS may re p re s e n t  an ad ju stm en t to  b o th  th e  m echanical and 
th e  th e rm al s t r e s s e s  to  which such nerves  a re  exposed. Asynchrony 
o f  tim in g  has been m inim ized in  th e  PNS by in c re a s in g  f ib e r  s i z e ,  
th e reb y  d e c re a s in g  conduc tion  tim e . By c o n t r a s t ,  CNS pathways a re  
p ro te c te d  from th e s e  s t r e s s e s  by an en casin g  body arm or, and have 
evo lved  a  mode o f  conduc tion  a llo w in g  p r e c i s e  tim in g  w ith  minimum 
m e tab o lic  c o s t .  This s o lu t io n  may be p re s e n t  n o t on ly  in  th e  CNS, 
b u t a l s o  in  p la c e s  where th e  m ye lina ted  f ib e r s  a re  n o t exposed to  
s ig n i f i c a n t  m echan ical s t r e s s e s .
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236.1 ORIGIN OF THE ELECTRORETINOGRAM AND DETERMINATION OF CONTRAST 
CODING IN THE COMPOUND EYE IN DIPTERA. L . J .  McCook*1 and S .B . 
L a u g h l in .* 2 (SPON: R. C r o l l ) . 1D e p t. o f  B io lo g y ,  D a lh o u s ie  
U n i v e r s i t y ,  H a l i f a x ,  N .S . Canada B3H 4 J1 ; 2D e p t. o f  Z o o lo g y , 
C am bridge U n i v e r s i t y ,  E n g la n d .

The e le c t r o r e t i n o g r a m  (ERG) p r o v id e s  a q u ic k ,  s im p le ,  
n o n - in v a s iv e  m eans o f r e c o r d in g  v i s u a l  r e s p o n s e s ,  e s p e c i a l l y  in  
i n s e c t s .  U n f o r tu n a t e ly ,  th e s e  b e n e f i t s  a r e  o u tw e ig h e d  by 
u n c e r t a in t y  a b o u t th e  e x a c t  c e l l u l a r  o r ig i n s  o f  th e  ERG. We have 
r e c o rd e d  th e  ERG o f  th e  compound eye i n  th e  sh e ep  b lo w f ly  L u c i l i a  
c u p r in a  i n  r e s p o n s e  to  1 seco n d  r e c t a n g u la r  p u l s e s  o f  l i g h t  o f  
v a r io u s  a m p l i tu d e s ,  u s in g  b o th  in c re m e n ts  and d e c re m e n ts  i n  l i g h t  
i n t e n s i t y ,  and u s in g  b o th  l i g h t - a d a p t e d  and d a rk - a d a p te d  a n im a ls .  
The w aveform  and s t im u lu s - r e s p o n s e  c h a r a c t e r i s t i c s  o f  th e  ERG 
r e c o r d in g s  w ere  com pared to  th o s e  o f i n t r a c e l l u l a r  r e c o r d in g s  o f  
t h e  p h o to r e c e p to r s  and th e  f i r s t  o r d e r  i n te r n e u r o n s ,  th e  l a r g e  
m o n o p o la r  c e l l s .

S i m i l a r i t i e s  i n  waveform  and r e s p o n s e  dynam ics s u p p o r t  a 
p r e v io u s  s u g g e s t io n  (M. H e is e n b e rg ,  19 7 1 , J .  Exp. B i o l .  55 : 85) 
t h a t  th e  s u s ta in e d  and t r a n s i e n t  com ponents o f  th e  ERG o r i g i n a t e  
i n  th e  r e s p o n s e s  o f  th e  p h o to re c e p to r s  and th e  l a r g e  m onopo lar 
c e l l s ,  r e s p e c t i v e l y .  The i n t e n s i t y  ra n g e  r e q u i r e d  f o r  ERG 
re s p o n s e  s a t u r a t i o n  and th e  t im e -c o u r s e  o f th e  ERG t r a n s i e n t  
com ponen ts a r e  s i g n i f i c a n t l y  d i f f e r e n t  from  th o s e  o f th e  
m o n o p o la r  c e l l s .  H ow ever, re s p o n s e  f re q u e n c y  d i s t r i b u t i o n s  
i n d i c a t e  t h a t  t h e s e  d i f f e r e n c e s  may a r i s e  b e c au se  th e  ERG i s  a 
lo w -p a s s  f i l t e r e d  v e r s io n  o f th e  i n t r a c e l l u l a r  r e s p o n s e s .  T h is  
lo w -p a s s  f i l t e r i n g  may a r i s e  from  th e  e l e c t r i c a l  p r o p e r t i e s  o f  
a d ja c e n t  c e l l  m em branes, th ro u g h  w hich  p h o to c u r r e n t  le a v in g  th e  
r e c e p t o r  t e r m in a l s  m ust p a s s  (S .R . Shaw, 198 4 , J .  Exp. B i o l .  1 1 2 : 
2 2 5 ) .  The id e a  t h a t  th e  ERG o r i g i n a t e s  in  a lo w -p a ss  f i l t e r e d ,  
e x t r a c e l l u l a r  e x p r e s s io n  o f th e  r e c e p t o r  and m onopo lar c e l l  
r e s p o n s e s  p ro v id e s  a d e t a i l e d  and t e s t a b l e  e x p la n a t io n  f o r  th e  
o r ig i n s  o f  th e  ERG. Such an  e x p la n a t io n  w i l l  g iv e  us  an  e s t im a te  
o f  th e  u s e f u ln e s s  o f  th e  ERG a s  an  i n d i c a t o r  o f  th e  r e s p o n s e s  o f 
t h e  v i s u a l  n e u ro n s .

The re s p o n s e  o f l a r g e  m o n o p o lar c e l l s  to  c o n t r a s t  i s  m atched  to  
th e  e n v iro n m e n ta l  c o n t r a s t  d i s t r i b u t i o n  n o rm a lly  e x p e r ie n c e d ,  
w h ich  m ax im izes th e  c e l l s  in fo r m a t io n  c a r r y in g  c a p a c i ty  (S .B .  
L a u g h l in ,  198 1 , Z. N a tu r f o r s c h .  3 6 c : 9 1 0 ) .  We a r e  i n v e s t i g a t i n g  
w h e th e r  t h i s  m a tc h in g  i s  g e n e t i c a l l y  h a rd - w ir e d ,  o r  i s  m o d if ia b le  
by th e  v i s u a l  e n v iro n m en t e x p e r ie n c e d  d u r in g  d e v e lo p m e n t. I n i t i a l  
r e s u l t s  f o r  f l i e s  r e a r e d  u n d e r  h ig h  c o n t r a s t  c o n d i t i o n s  
( s t r o b o s c o p i c  i l l u m i n a t i o n )  s u g g e s t  t h a t  t h e r e  may be some 
e n v iro n m e n ta l  m o d u la t io n  o f th e  m o n o p o lar c e l l  c o n t r a s t  r e s p o n s e .  
T h is  r e s u l t  i s  a r a r e  d e m o n s tra t io n  o f p l a s t i c i t y  i n  th e  n e u r a l  
d e v e lo p m en t o f  an i n v e r t e b r a t e ,  p a r t i c u l a r l y  u n e x p e c te d  in  su ch  a 
s h o r t  l iv e d  s p e c i e s .

236.2 EFFECT OF DEVELOPMENT STAGE ON SPECTRAL SENSITIVITY IN CRAYFISH. 
M.L. F a n ju l-M o le s *  and  B. F u e n te s - P a rd o . (Spon: G. M eza -R u iz ). 
D ep to . de F i s io l o g í a ,  D i v i s i ó n de I n v e s t i g a c i ó n , F ac . de M e d ic in a , 
UNAM. Apdo. P o s t a l  70250 , Mé x ic o  04510 , D.F.

M ic ro s o e c tro p h o to m e tr ic  and e l e c t r o p h y s i o lo g i c  s tu d i e s  a b o u t 
s p e c t r a l  s e n s i t i v i t y  in  c r a y f i s h  have b een  r e p o r t e d ,  how ever t h e r e  
a r e  some d i f f e r e n c e s  be tw een  r e s u l t s  a t t r i b u t a b l e s , p e rh a p s ,  to  
t e c h n iq u e ,  e m p lo y ed , s p e c i e s , g e o g ra p h ic  d i s t r i b u t i o n  and f u n c t i o n 
a l  s t a t e  o f  v i s u a l  sy s te m  a t  moment o f  e x p e r im e n t ;  m o re o v e r, 
s p e c t r a l  s e n s i t i v i t y  would change d ep e n d in g  on th e  a n im a l a g e . To 
d e t e c t  p u t a t i v e  c h an g es  in  s p e c t r a l  s e n s i t i v i t y  d u r in g  d eve lopm ent 
a f t e r  h a tc h in g ,  th e  e l e c t r i c a l  re s p o n s e  to  l i g h t  ( e l e c t r o r e t in o g r a m  
ERG) o f  c r a y f i s h v i s u a l  p h o to r e c e p to r s  was r e c o r d e d .  P ro cam b aru s  
c l a r k i i  j u v e n i l e  fo rm s , from  1 to  12 w eeks o l d ,  were a llo w e d  to  
d a rk  a d a p t  d u r in g  2 h o u r s ,  b e fo r e  b e in g  s t im u la te d  w ith  50 lu x ,
10 ms m onochrom atic  (300-400nm , 400-500nm , 500-600nm , 600-700nm ) 
l i g h t  f l a s h .  Im m e d ia tly  a f t e r  j u e v e n i le  fo rm s r e c e iv e d  a b a c k 
g round  a d a p t in g  m onochrom atic  l i g h t ,  w h ile  th e  ERG t o  a 100lu x ,  
100m s, t e s t  l i g h t  f l a s h  was r e c o r d e d .  D ata o b ta in e d  u s in g  b o th  
m ethods c o rr e s p o n d  to :  1 ) f u l l  d a rk  a d a p te d  ERG a m p li tu d e ;  2 ) tim e  
r e q u i r e d  to  r e a c h  th e  l i g h t - a d a p t a t i o n  s t a t e ,  i . e . ,  th e  r e q u i r e d  
tim e  f o r  ERG t o  d i s s a p e a r  a s  a c o n seq u en ce  o f  th e  m o nochrom atic  
l i g h t  s t im u lu s .  The m ost im p o r ta n t  r e s u l t s  a r e :  1 ) H ig h e s t  
r e s p o n s iv e n e s s  t o  u l t r a v i o l e t  (UV) l i g h t  i s  p r e s e n t  in  th e  young
e s t  a n im a ls  (1  t o  16 d ay s  o l d ) ;  2 ) In  t h e s e  s ta g e s  a h ig h  r e s p o n s e  
t o  b lu e  l i g h t ,  a low r e s p o n s e  t o  g re e n  l i g h t ,  and no r e s p o n s e  t o  
r e d  l i g h t  a r e  o b s e rv e d ;  3 ) O ld e r  a n im a ls  (4 -1 2  weeks o l d ) ,  
p r o g r e s s iv e l y  show a r e d u c t io n  in  t h e i r  UV re s p o n s e ;  4 ) In  t h i s  
g ro u p , a d e c re a s e  in  b lu e  l i g h t  r e s p o n s e ,  up to  10 t im e s  l e s s e r  
and a n o t ic e a b ly  i n c r e a s e  in  g re e n  l i g h t  r e s p o n s e ,  up to  50 t im e s  
th a n  o f  th o s e  o f  y o u n g e r a n im a ls ,  and th e  a p p e a ra n c e ,  f o r  th e  f i r s t  
t im e ,  o f  a r e d  l i g h t  r e s p o n s e ,  w ere s im u lta n e o u s ly  o b s e rv e d .  
R e s u l ts  s u g g e s t  t h a t ,  a  f i l t e r i n g  a c t i o n  o f  s c r e e n in g  p ig m e n ts  on 
i n c i d e n t  l i g h t ,  a s  w e l l  a s ,  f u n c t i o n a l  p h o to p ig m e n t ch an g es  a re  
p r e s e n t  d u r in g  c r a y f i s h  j u v e n i l e  form s d e v e lo p m e n t.

236.3 CARBONIC ANHYDRASE LOCALIZATION IN MOLLUSCAN PRIMARY SENSORY 
NEURONS. R.L. Ridgway and S.B. Moffett, Dept. of Zoology, 
Washington State University, Pullman, WA 99164-4220.

Carbonic anhydrase (CAH), an enzyme catalyzing the reversible 
hydration of carbon dioxide, is typically found at high levels in 
ion-transporting and secretory ce lls .  For many years th is  enzyme 
was thought to be restr ic ted  in neural t issues to g lia l  cel ls .  
However, CAH activ i ty  has recently been detected in dorsal root 
ganglion neurons and peripheral sensory nerves of the rat (Wong 
et a l . ,  J. Histochem. Cytochem. 31:293, 1983; Riley et  a l . ,  
Neurosci. 13:189, 1984). These reports led us to te s t  for the 
presence of CAH in invertebrates, where primary sensory neurons 
are often more amenable to experimental manipulation. We have 
used the histochemical method employed in the vertebrate studies 
to examine the distribution of CAH activ i ty  in cryostat sections 
of the eyes, tentacles, labia, and central nervous system (CNS) 
of the pulmonate snail Melampus bidentatus. Staining was absent 
from tissue sections exposed to 0.01 mM acetazolamide (a specific 
inhibitor of CAH), and from sections where the sodium bicarbonate 
substrate was omitted from the reaction medium.

In the eyes, CAH activ i ty  was localized to photoreceptor ce lls 
(the soma of which are interspersed between non-reactive pigment 
cells of the re t ina) .  Photoreceptor cell  axons containing the 
dense CAH reaction product converge to form the optic nerve and 
terminate within the ipsi la tera l  cerebral ganglion. CAH activi ty  
in the tentacles was restr ic ted  to a subset of primary sensory 
neurons having undetermined sensory function (the poss ib il i t ies  
include chemo-, mechano-, or photoreception). Axons from these 
neurons converge to form a single large fascicle within the 
tentacle nerve and terminate in varicosi ties within the neuropil 
of the ipsi la teral  cerebral ganglion. Many primary sensory cells 
of the labia also exhibit CAH activ i ty .  Axons from these cells 
form fascicles within the labial nerves and enter the ipsi la teral  
cerebral ganglion. Again, the specific function of these ce lls 
cannot be inferred from their  morphology alone. CAH-positive 
axons are discernible in nearly all  neural pathways. Many of 
these axons probably derive from sources (e.g. foot, heart, 
viscera, head skin) that have not yet been investigated. A small 
number of neuronal somata within the CNS also show CAH activi ty . 
The possibil i ty  exists that these cells are higher order sensory 
neurons. Interestingly, primary sensory cells of the statocyst 
organs did not show CAH activity .

While CAH activ i ty  appears in many primary sensory cells of 
Melampus, neither i t s  presence nor absence can at th is  time be 
directly  correlated to any specific structural  or functional 
characteristic (roles in intracellular  pH balance and/or 
transmitter  function are p oss ib i l i t ie s ) .  Supported in part by 
grant's from Sigma Xi and Wash. St. Univ. to RLR.

236.4  LIGHT ADAPTATION, SEROTONIN, AND EFFERENT NEURONES ALL MAY AFFECT 
VISUAL RESPONSIVENESS IN A CIRCADIAN-INSENSITIVE INSECT RETINA. 
L .A . Donovan*, P.M . Thompson* and S .R . Shaw, D ep artm en t o f 
P s y c h o lo g y , D a lh o u s ie  U n i v e r s i ty ,  H a l i f a x ,  N .S . ,  Canada B3H 4J1

Among th e  i n s e c t s ,  th e  d i p t e r a n  compound eye  i s  th e  c l a s s i c a l  
exam ple o f a  " f a s t "  r e t i n a ,  f o r  i t s  a b i l i t y  to  re sp o n d  to  200Hz 
f l i c k e r  and to  r e c o v e r  v e ry  r a p i d l y  ( i n  s e c o n d s )  from  l i g h t  
a d a p ta t i o n .  Nä s s e l  e t  a l  (1 9 8 3 , B ra in  R e s . 28 0 : 361) r e p o r t  t h a t  
an  e f f e r e n t ,  s e r o t o n e r g i c  n e u ro n e  TAN 3 h a s  e n d in g s  ra m ify in g  
w id e ly  be tw een  th e  r e t i n a  and f i r s t  s y n a p t i c  zone ( la m in a )  o f  th e  
b lo w f ly  C a l l i p h o r a , s u g g e s t iv e  o f  a  c e l l  ty p e  t h a t  i n  o th e r  
a r th r o p o d s  m e d ia te s  s low  c i r c a d i a n  c h an g es  i n  r e t i n a l  s e n s i t i v i t y .  
To i n v e s t i g a t e  th e  p o s s ib l e  r o l e  o f  t h i s  e f f e r e n t ,  we f i r s t  
exam ined th e  v i s u a l  sy s tem  o f C a l l i p h o r a  f o r  e v id e n c e  o f c i r c a d ia n  
r h y th m ic i ty ,  i n  lo n g - te rm  e l e c t r o r e t i n o g r a m  (ERG) r e c o r d in g s .  The 
ERG i s  r e a d i ly  i n t e r p r e t a b l e  i n  D ip t e r a  b e c a u se  i t s  p ro m in e n t ' ON' 
and ' OFF' L -w aves o r i g i n a t e  from  th e  l a r g e  s e c o n d - o r d e r  m onopolar 
(L ) c e l l s  o f  th e  lam in a  (H e is e n b e rg  1 9 7 1 , J .E x p .B i o l .  5 5 : 85; L. 
McCook & S . L a u g h l in ,  t h i s  m e e t in g ) .  L-w aves t h e r e f o r e  p ro v id e  an 
in d e x  o f any s e n s i t i v i t y  ch an g es  o c c u r r in g  e i t h e r  i n  th e  
p o s ts y n a p t i c  L n e u ro n s ,  o r  i n  th e  p h o to re c e p to r s  d r iv in g  them .

No c i r c a d i a n  c h an g es  i n  r e s p o n s iv e n e s s  w ere fo und  i n  th e  r e t i n a  
o r  lam in a  t e s t e d  i n  c o n s ta n t  d a rk n e s s ,  even  w i th  ERG m easurem ents  
a v e ra g e d  o v e r  s e v e r a l  day s  from  s t a b l e  p r e p a r a t i o n s .  S h o r t- t e r m  
f l u c t u a t i o n s  i n  s e n s i t i v i t y  o f  a b o u t  20% re m a in  u n e x p la in e d ,  b u t 
w ere  n o t  c i r c a d i a n .  Nor w ere c o n d i t i o n a l  c i r c a d i a n  ch an g es  
o b s e rv e d ,  t h a t  n eed ed  a  l i g h t  t r i g g e r  to  be m a n i f e s te d .  
B e h a v i o r a l ly , th e  f l i e s  w ere n o rm al i n  e x h ib i t i n g  a  p ro n o u n ced  
c i r c a d i a n  e c lo s io n  rh y th m , b u t  no c i r c a d i a n  c y c le  was e v id e n t  in  
th e  d i s t a l  v i s u a l  r e s p o n s e s .

Our a t t e m p ts  to  t r i g g e r  a  c i r c a d i a n  c y c le  w i th  l i g h t  p u ls e s  
r e v e a le d  an  u n a n t i c ip a t e d  a s p e c t  o f  v i s u a l  s e n s i t i v i t y ,  t h a t  th e  
p a c e  o f d a r k - a d a p ta t io n a l  re c o v e ry  i s  c o n t r o l l e d  n o t  by one b u t by 
a t  l e a s t  t h r e e  in d e p e n d e n t  p r o c e s s e s ,  d i s t i n g u i s h e d  by d i f f e r e n t  
t im e  c o n s t a n t s ,  T . The f a s t e s t  (T1≃  1 m in) o r i g i n a t e s  w i th in  
t h e  p h o to r e c e p to r s ,  and i n  i n t r a c e l l u l a r  r e c o r d in g s  i s  fo llo w e d  by 
a  h i t h e r t o  u n d e s c r ib e d  s lo w e r  e x p o n e n t ia l  p ro c e s s  (T2 = 10-30  
m in ) . A p r o c e s s  b e l ie v e d  to  be T2 a p p e a r s  a l s o  d u r in g  
p o s t s y n a p t ic  L -w ave r e c o v e r y ,  an d i s  fo llo w e d  t h e r e  by a n o th e r  
even  s lo w e r ,  so f a r  u n d e s c r ib e d  e x p o n e n t ia l  p r o c e s s ,  T3 =  
1 .5 - 3 h .  T3 i s  a b s e n t  from  p h o to r e c e p to r s ,  and t h e r e f o r e  m ust 
be a  p o s t s y n a p t ic  phenom enon, p o s s ib ly  added  th ro u g h  e f f e r e n t  
a c t i o n .  B o th  T2 and  T3 a l t e r  i n  d i f f e r e n t  l i g h t  a d a p tin g  
r e g im e s ,  i n  a  way t h a t  may p o in t  to  t h e i r  o r i g i n  i n  e f f e r e n t  
c o n t r o l .  P r e l im in a ry  t e s t s  show t h a t  5-HT i n j e c t e d  i n to  th e  r e t i n a  
d o es  change v i s u a l  s e n s i t i v i t y ,  p ro d u c in g  b o th  medium and lo n g  
te rm  e f f e c t s .  S u p p o rte d  by NSERC g r a n t  A9593 ( S .R .S ) .
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236.5 DIRECTION-SELECTIVE LISTENING IN THE CRICKET TELEOGRYLLUS 
OCEANICUS: POSSIBLE SYNAPTIC MECHANISM. G .S . P o l la c k . D e p t . o f 
B io lo g y , M cG ill U n iv . , M o n tr e a l ,  Q u eb ec , Canada H3A 1B1.

P a i r  fo rm a tio n  i n  c r i c k e t s  i s  m e d ia te d  by an a c o u s t i c  s i g n a l 
in g  sy s te m , i n  w hich  f e m a le s  a r e  a t t r a c t e d  to  th e  c a l l i n g  song 
p ro d u ced  by c o n s p e c i f i c  m a le s .  An im p o r ta n t  cue f o r  r e c o g n i t i o n  
o f th e  s ig n a l  i s  i t s  s p e c i e s - t y p i c a l  te m p o ra l  p a t t e r n .  F em ales 
o f te n  m ust d e t e c t  t h e i r  s p e c i e s '  p a t t e r n  u n d e r  a c o u s t i c a l l y  un
f a v o r a b le  c o n d i t i o n s ,  e . g . ,  when th e  te m p o ra l  s t r u c t u r e  o f  th e  
song o f an  i n d iv i d u a l  m ale  I s  o b sc u re d  by o v e r l a in  so n g s o f 
n e a rb y  s in g in g  m a le s ,  b o th  o f  th e  same and o f d i f f e r e n t  s p e c i e s .  
P re v io u s  work showed t h a t  th e  d i r e c t i o n a l i t y  o f  th e  a u d i to r y  
sy stem  may p la y  an  im p o r ta n t  r o l e  in  p e r m i t t in g  a  c r i c k e t  to  
d i s c e r n  s t im u lu s  te m p o ra l  p a t t e r n s  u n d e r  su ch  c o n d i t i o n s .  An 
i d e n t i f i e d  i n t e r n e u r o n ,  th e  omega n e u ro n ,  was shown to  encode  
s e l e c t i v e l y  th e  s t im u lu s  p a t t e r n  p la y e d  from  th e  so m a-i p i s l a t e r a l  
s id e  i n  p r e f e r e n c e  to  th e  p a t t e r n  p la y e d  from  th e  c o n t r a l a t e r a l  
s id e  when b o th  p a t t e r n s  w ere p la y e d  s im u l ta n e o u s ly ,  even  th o u g h  
th e  c o n t r a l a t e r a l  p a t t e r n  was enco d ed  when I t  was p la y e d  a lo n e .  
The p r e s e n t  work c o n c e rn s  th e  m echanism s t h a t  may be r e s p o n s i b le  
f o r  s i d e - s e l e c t i v e  e n c o d in g  o f  th e  s t im u lu s  te m p o ra l  p a t t e r n .

I n t r a c e l l u l a r  r e c o r d in g s  from  omega n e u ro n s  show t h a t  lo n g -  
d u ra t io n  s t i m u l i ,  i n c lu d in g  th e  s p e c i e s '  c a l l i n g  so n g , p ro d u ce  in  
a d d i t io n  to  EPSPs and s p ik e s  a  h y p e r p o la r i z in g  p o t e n t i a l ,  th e  
s t r e n g th  and d u r a t i o n  o f w hich  v a ry  d i r e c t l y  w i th  th e  s t r e n g th  
and d u r a t io n  o f th e  s t i m u l u s .  The h y p e r p o l a r i z a t i o n  a p p e a r s  to  
a c t  a s  an  a u to m a tic  g a in  c o n t r o l  w h ich  damps th e  n e u r o n 's  e x c i t 
a b i l i t y  a c c o rd in g  to  th e  i n t e n s i t y  o f  s t i m u l a t i o n .  T h u s, a l 
though  a c o n t r a l a t e r a l  s t im u lu s  o f  g iv e n  i n t e n s i t y  m ig h t be a b le  
to  d r iv e  th e  n e u ro n  when i t  i s  p r e s e n t e d  a lo n e ,  when a  d i f f e r e n t  
p a t t e r n  i s  p r e s e n te d  s im u l ta n e o u s ly ,  and a t  th e  same i n t e n s i t y ,  
from th e  i p s i l a t e r a l  s id e  th e  " a u to m a tic  g a in  c o n t r o l "  r e s u l t s  i n  
a d e c re a s e  in  e x c i t a b i l i t y  so t h a t  now, b e c a u se  o f  th e  n e u ro n 's  
d i r e c t i o n a l  s e l e c t i v i t y ,  o n ly  th e  i p s i l a t e r a l  s t im u lu s  i s  
s u f f i c i e n t l y  i n te n s e  to  b r in g  th e  n e u ro n  to  t h r e s h h o ld .  The 
in te n s i ty - d e p e n d e n c e  o f th e  h y p e r p o la r i z in g  p o t e n t i a l  a l lo w s  t h i s  
mechanism to  o p e ra te  o v e r  a  w ide ra n g e  o f  s t im u lu s  i n t e n s i t i e s .

P re l im in a ry  r e s u l t s  i n d i c a t e  t h a t  th e  h y p e r p o l a r i z a t i o n  i s  due 
to  a c o n d u c ta n c e - in c re a s e  IP S P . I t  shows f re q u e n c y  s e n s i t i v i t y ,  
be in g  in d u ce d  by 5 kHz ( c r i c k e t - l i k e )  so u n d s b u t  n o t  by u l t r a 
sound, d e s p i t e  th e  f a c t  t h a t  th e  omega n e u ro n  i s  s e n s i t i v e  to  
u l t r a s o u n d .  A lth o u g h  th e  IPSP h a s  a  lo n g  l a t e n c y  ( c a .  5 0 -7 0  m s) , 
l e s io n  e x p e r im e n ts  show t h a t  th e  c i r c u i t r y  n eed ed  to  g e n e ra te  i t  
i s  e n t i r e l y  w i th in  th e  p r o th o r a c i c  g a n g l io n .  The tim e  c o u rs e  o f 
th e  IPSP i s  s lo w , w i th  r i s e  and d e c ay  t im e s  o f up to  s e v e r a l
s e co n d s . I n v e s t i g a t i o n s  a r e  c o n t in u in g  on i t s  n a tu r e  and s o u rc e .

236.6  WIND-SENSITIVE HEAD HAIRS: A MECHANOSENSORY PATHWAY ACTIVATING 
FLIGHT IN THE HAWKMOTH MANDUCA SEXTA. Edmund A. A rbas and J .G . H i l 
d e b ra n d . A r iz o n a  R e se a rc h  L a b o r a t o r ie s ,  D iv i s io n  o f N e u ro b io lo g y , 
U n iv e r s i ty  o f  A r iz o n a ,  T u cso n , AZ 85721

To i n i t i a t e  s tu d i e s  o f  th e  o l f a c t o r y  c o n t r o l  o f  f l i g h t  i n  Manduca 
s e x ta ,  we have begun  to  c h a r a c t e r i z e  n e u r a l  p a th w ay s o f  v a r io u s  sen
s o ry  m o d a l i t i e s  t h a t  in f lu e n c e  f l i g h t  m o to r a c t i v i t y  i n  th e  CNS. Ob
s e r v a t io n s  w i th  r e s t r a i n e d  m oths i n d i c a t e  t h a t  m e c h a n ic a l  s t im u la 
t i o n  o f  th e  h ead  w i th  an  a i r  c u r r e n t  i s  a p o w e rfu l  s t im u lu s  f o r  a c 
t i v a t i n g  f l i g h t  m o to r a c t i v i t y .  I t  i s  w e l l  known t h a t  s i m i l a r  s t im 
u l i  a c t i v a t e  f l i g h t  i n  l o c u s t s  v i a  a c t i o n s  on th e  a n te n n a  and on a 
sy s te m  o f  m ech an o sen so ry  h ead  h a i r s .  L ik e  l o c u s t s ,  Manduca p o s s e s s 
e s  l a r g e  a n te n n a e  t h a t  a r e  ex p o sed  to  a i r  c u r r e n t s  d u r in g  f l i g h t ,  
b u t  i t s  h ead  i s  c o v e re d  w i th  num erous l a r g e  s c a l e s .  Removing th e  
h ead  s c a l e s  by g e n t l e  t e a s i n g  r e v e a le d  t h a t  th e  head  a l s o  b e a r s  100-  
200 c u rv e d  h a i r  s e n s i l l a ,  th e  l a r g e s t  o f  w h ich  m ea su res  200-300  μm 
i n  l e n g t h .  H a ir s  a r e  d i s t r i b u t e d  w i th  i r r e g u l a r  d e n s i ty  o v e r  th e  pos
t e r i o r  p a r t  o f  th e  h ead  c a p s u le ,  w h i le  d i s c r e t e  h a i r  p a tc h e s  a r e  
e v id e n t  a t  th e  m arg in s  o f  th e  f r o n s  n e a r  th e  e y e s .

C e n t r a l  p r o j e c t i o n s  o f  s e n s o ry  n e u ro n s  a s s o c i a te d  w i th  th e  h a i r s  
w ere r e v e a l e d  by f i l l i n g  c u t  h a i r s  w i th  c o b a l t - l y s i n e  fo llo w e d  by 
s ta n d a r d  h i s t o lo g y .  H a i r - c e l l  ax o n s e n t e r  th e  b r a i n  by 2 b i l a t e r a l l y  
sy m m e tr ic a l  p a th s :  v i a  th e  a n t e r i o r  te g u m e n ta ry  n e rv e  (ATN) and v i a  
a n o th e r ,  d i s t i n c t  te g u m e n ta ry  n e rv e  (TN ). The ATN j o i n s  th e  a n te n 
n a l  n e rv e  n e a r  th e  a n te n n a l  lo b e  (A L), and th e  h a i r - c e l l  ax o n s form  
a t h i n  t r a c t  t h a t  ru n s  l a t e r a l l y  a ro u n d  th e  AL and b ra n c h  in  th e  an
t e n n a l  m ech an o sen so ry  and m o to r c e n te r  (AMMC) o f  th e  d e u to c e re b ru m . 
F ib e r s  ru n n in g  in  th e  TN e n te r  th e  t r i to c e r e b r u m  n e a r  th e  f r o n t a l  
c o n n e c t iv e  and m a x i l l a r y  n e rv e  and form  b ra n c h e s  t h a t  m in g le  w i th  
f i b e r s  o f  th e  ATN in  th e  AMMC. F ib e r s  o r i g i n a t i n g  from  th e  2 p a th s  
th e n  p r o j e c t  t o g e t h e r  th ro u g h  th e  su b e so p h a g e a l  g a n g lio n  (SEG ), send
in g  b ra n c h e s  to w ard  th e  m id l in e  a t  s e v e r a l  l e v e l s  ( p o s s ib ly  confo rm 
in g  to  th e  m a n d ib u la r ,  m a x i l l a r y ,  and l a b i a l  n e u ro m e re s  o f  th e  fu se d  
SEG), and d e sce n d  in  th e  v e n t r a l  n e rv e  c o rd  to  th e  p r o -  and p t e r o -  
t h o r a c i c  g a n g l i a .

The r e s p o n s e s  o f  th e  h a i r  c e l l s  to  s t i m u l a t i o n  w ere exam ined by 
r e c o r d in g  e x t r a c e l l u l a r l y  from  th e  TN. P h a s ic  b u r s t s  o f  a c t i o n  po
t e n t i a l s  w ere r e c o rd e d  from  TN ax o n s i n  r e s p o n s e  to  a i r  puffs applied 
to  th e  h ead  o r  to  s t r o k i n g  o f  h a i r s .  S e n s i t i v i t y  i s  n o t  d im in is h e d  
when s c a l e s  a r e  l e f t  on th e  h e a d , and i t  a p p e a r s  t h a t  th e  s c a l e s  may 
a c t  a s  w ind  v a n e s  w h ic h , when d e f l e c t e d ,  bend th e  head  h a i r s  i n t e r 
s p e r s e d  among them .

The re m a rk a b le  s i m i l a r i t y  i n  th e  s t r u c t u r e s  o f  th e  h ead  h a i r s  o f  
Manduca and  th o s e  o f  l o c u s t s  and i n  th e  p a t t e r n s  o f  p r o j e c t i o n  o f 
th e  h a i r - c e l l  ax o n s in  th e  CNS o f  b o th  i n s e c t s  s u g g e s t s  t h a t  c e p h a l
i c  m ech an o sen so ry  h a i r s  r e p r e s e n t  a pa thw ay  o f  s e n s o ry  in p u ts  t h a t  
i s  h ig h ly  c o n s e rv e d  among p t e r y g o te  i n s e c t s .  [S u p p o rt :  NIH NS-23405]

236.7CENTRAL PROCESSING OF OLFACTORY INFORMATION IN THE BRAIN OF THE 
LARVAL TOBACCO HORNWORM MANDUCA SEXTA. H. I t a g a k i  and J .G . H i ld e 
b ra n d . A rizo n a  R e s e a rc h  L a b o r a t o r i e s ,  D iv i s io n  o f  N e u ro b io lo g y , 
U n iv e rs i ty  o f  A r iz o n a ,  T u c so n , AZ 85721 .

As p a r t  o f  o u r  c o n t in u in g  s tu d i e s  o f  th e  p r o c e s s in g  o f  c h e m ic a l-  
s e n so ry  in fo r m a t io n  i n  th e  i n s e c t  CNS, we have  begun  an  i n v e s t i g a 
t io n  o f c e n t r a l  o l f a c t o r y  p a th w ay s i n  l a r v a l  to b a c c o  hornw orm s, 
Manduca se x ta  ( L e p id o p te r a :S p h in g id a e ) . T hese  l a r v a e  o f f e r  s e v e r a l  
a d v a n ta g e s  t h a t  make them  f a v o r a b le  a n im a ls  f o r  th e  s tu d y  o f  o l f a c 
to ry  m echan ism s. (1 )  Schoonhoven and  D e th ie r  (1966) showed t h a t  
th e r e  a r e  o n ly  32 o l f a c t o r y  r e c e p t o r s  l o c a t e d  i n  th e  two a n te n n a e  
and s e v e r a l  m ore i n  th e  m o u th p a r ts .  T h is  s m a l l  num ber o f  o l f a c t o r y  
p rim ary  a f f e r e n t s  s i m p l i f i e s  o u r  i n v e s t i g a t i o n s .  (2 )  The c e n t r a l  
p r o je c t io n s  o f  th e  o l f a c t o r y  r e c e p t o r  ax o n s a r e  known from  th e  p r e 
v io u s  work o f K ent and H i ld e b ra n d  [P h il Trans Roy Soc (Lond) i n  
p re s s  (1 9 8 6 )] .  (3 ) The s e n s o r y  r e s p o n s e s  o f  th e  o l f a c t o r y  r e c e p t o r s  
to  a v a r i e ty  o f  n a t u r a l  p l a n t  o d o rs  and p u re  o d o r a n ts  h ave  b e e n  i n 
v e s t i g a te d  by D e th ie r ,  S choonhoven , H anson , and o t h e r s .  T h is  w e a l th  
of background in fo r m a t io n  h a s  a id e d  o u r  i n v e s t i g a t i o n .

We have a p p ro a c h e d  th e  l a r v a l  o l f a c t o r y  sy s te m  u s in g  p h y s io l o g i 
c a l  and n e u ro a n a to m ic a l  t e c h n iq u e s  i n  o r d e r  to  c o r r e l a t e  th e  p h y s i 
o lo g ic a l  p r o p e r t i e s  o f  o d o r - s e n s i t i v e  n e u ro n s  i n  th e  l a r v a l  b r a i n  
w ith  t h e i r  m o rp h o lo g y . I n t r a c e l l u l a r  r e c o r d in g s  w ere made from  d e -  
sh e a th e d  l a r v a l  b r a i n s  b a th e d  i n  p h y s io l o g ic a l  s a l i n e  s o l u t i o n ,  
by means o f b e v e le d  m ic r o e l e c t r o d e s  f i l l e d  w i th  a  s a l i n e  s o l u t i o n  o f  
L u c ife r  Y ellow  CH. M o s t 'o f  th e  r e c o r d in g s  h ave  b e e n  made from  n e u 
ro n a l  c e l l  b o d ie s ,  y i e l d i n g  a t t e n u a t e d  a c t i o n  p o t e n t i a l s ,  a l th o u g h  
s e v e r a l  n e u r o p i l  im p a lem e n ts  h ave  a l s o  b een  o b ta in e d .  C h em ica l s t im 
u l i  were d e l i v e r e d  v i a  an  o l f a c to m e te r  t h a t  a p p l i e d  a  c o n s ta n t  
s tre a m  o f c le a n  a i r  p a s t  th e  a n te n n a e ;  th e  a i r  was d i v e r t e d  th ro u g h  
a g l a s s  c a r t r i d g e  c o n ta in in g  o d o r a n t ( s )  i n  o r d e r  t o  s t i m u l a t e  th e  
a n te n n a l  r e c e p t o r s .  C e l l s  t h a t  r e sp o n d e d  to  e i t h e r  p u re  o d o r a n ts  
( e .g .  t r a n s - 2- h e x e n a l ) ,  o r  to  e x t r a c t s  o r  s q u a sh e s  o f  h o s t - p l a n t  
( to b a c c o  o r  to m a to )  l e a v e s ,  o r  to  b o th  p u re  and  p l a n t - d e r i v e d  o d o rs  
w ere s t a i n e d  i n t r a c e l l u l a r l y  w i th  L u c i f e r  Y ello w  by p a s s a g e  o f  hyper
p o l a r i z i n g  c u r r e n t  p u l s e s  th ro u g h  th e  d y e - f i l l e d  e l e c t r o d e .  The brains 
w ere th e n  f i x e d ,  d e h y d ra te d ,  and c l e a r e d  b e f o r e  t h e  c e l l s  w ere drawn 
w ith  th e  a id  o f  a  cam era  l u c i d a .  S e le c te d  b r a i n s  w ere f u r t h e r  p ro 
c e s s e d  by  em bedding  in  p a r a f f i n  and  s e c t i o n in g  a t  8 μm.

So f a r ,  we h av e  fo u n d  3 ty p e s  o f  r e s p o n s e s  to  o d o rs  i n  th e  CNS 
n e u ro n s .  (1 )  N o rm ally  q u i e s c e n t  CNS n e u ro n s  t h a t  re sp o n d  w i th  a 
p h a s ic  b u r s t  o f  s p ik e s  when th e  a n te n n a  i s  s t im u la te d  w i th  o d o r . ( 2 ) 
T o n ic a l ly  a c t i v e  n e u ro n s  t h a t  i n c r e a s e  t h e i r  f i r i n g  f re q u e n c y  i n  re s 
p o n se  t o  an  o d o r s t im u lu s .  (3 ) T o n ic a l ly  a c t i v e  n e u ro n s  t h a t  show a 
d e c re a s e  i n  f i r i n g  f re q u e n c y  o r  s to p  f i r i n g  in  r e s p o n s e  to  an  o d o r . 
[S u p p o rte d  by NIH g r a n t  A I-2 3 2 5 3 .]

236.8  SYNAPTIC RELATIONSHIPS BETWEEN LOCAL AND PROJECTION NEURONS IN THE 
ANTENNAL LOBE OF THE SPHINX MOTH MANDUCA SEXTA. T .A . C h r i s t e n s e n  and 
J .G . H i ld e b r a n d . A r iz o n a  R e se a rc h  L a b o r a t o r ie s ,  D iv i s io n  o f  N euro
b io lo g y ,  U n iv e r s i ty  o f  A r iz o n a , T u cso n , AZ 85721.

E x te n d in g  o u r  s tu d i e s  o f  th e  m echanism s u n d e r ly in g  o l f a c t o r y  i n 
f o rm a tio n  p r o c e s s in g  in  th e  b r a i n  o f  th e  s p h in x  m oth Manduca s e x ta ,  
we have r e c e n t ly  fo c u s e d  o u r  a t t e n t i o n  on th e  r o l e ( s )  o f  s y n a p t i c  
i n h i b i t i o n  i n  th e  a n te n n a l  lo b e  (A L), th e  f i r s t - o r d e r  o l f a c t o r y  c e n 
t e r  i n  th e  d e u to c e re b ru m . We a re  b e g in n in g  to  p ro b e  p a i r s  o f  n e u ro n s  
i n  th e  AL w i th  i n t r a c e l l u l a r  r e c o r d in g  and s t a i n i n g  te c h n iq u e s  i n  o r 
d e r  to  t e s t  f o r  s y n a p t i c  i n t e r a c t i o n s  b e tw een  o l f a c t o r y  i n fo r m a t io n 
p r o c e s s in g  CNS n e u ro n s .  T hese AL n e u ro n s  f a l l  i n to  two b ro a d  m orpho
l o g i c a l  c a t e g o r i e s :  lo c a l in te m e u r o n s  (L N s), w h ich  a r e  c o n f in e d  to  
th e  AL and have  a r b o r i z a t i o n s  i n  m ost o r  a l l  o f  th e  s p h e r o id a l  g lo 
m e r u l i  ( " k n o ts "  o f  s y n a p t i c  n e u r o p i l ) , and p r o je c t io n  neurons  (P N s) , 
w h ich  a r b o r i z e  i n  s in g l e  g lo m e r u li  and  p r o j e c t  ax o n s t o  o th e r  p a r t s  
o f  th e  b r a i n .

Im p a lin g  two AL n e u ro n s  s im u l ta n e o u s ly  (one  LN and one PN i n  m ost 
o f  th e  30 c a s e s  to  d a te )  h a s  p e r m i t t e d  th e  fo llo w in g  o b s e r v a t io n s :
(1 ) S p ik in g  a c t i v i t y  ( e i t h e r  sp o n ta n e o u s  o r  c u r r e n t - in d u c e d )  i n  an 
LN o n ly  o c c a s i o n a l l y  a p p e a r s  to  e l i c i t  a  p o s t s y n a p t ic  r e s p o n s e  i n  a 
PN im p a led  s im u l ta n e o u s ly .  S u b th re s h o ld  d e p o la r i z a t i o n  o f  an  LN h a s  
n e v e r  b e e n  c o r r e l a t e d  w i th  a  p h y s io l o g ic a l  re s p o n s e  i n  a  PN. Thus a  
g iv e n  LN seem s n o t  n e c e s s a r i l y  to  i n t e r a c t  s y n a p t i c a l l y  w i th  a l l  PNs 
i n  th e  AL. A l t e r n a t i v e l y ,  s p ik e s  g e n e ra te d  i n  one r e g io n  o f  th e  LN 
( n e a r e s t  th e  m ic r o e l e c t r o d e  im p a lin g  i t )  may n o t  p ro p a g a te  to  th e  
r e g io n  o f  s y n a p t i c  c o n ta c t  w i th  th e  PN im p a led  by th e  seco n d  e l e c 
t r o d e .  T h is  i s  c o n s i s t e n t  w i th  th e  id e a  t h a t  LNs may h ave  m u l t ip l e  
s i t e s  o f  s p ik e  i n i t i a t i o n  i n  p h y s io l o g ic a l ly  i s o l a t e d  c e l l u l a r  com
p a r tm e n ts  [M atsum oto & H ild e b ra n d  Proc Roy Soc  B213:249 ( 1 9 8 1 ) ] .  
(2 )  I n  c a s e s  i n  w h ich  a  d e f i n i t e  c o n n e c t io n  was e s t a b l i s h e d ,  LNs 
h ave  b e e n  shown to  i n h i b i t  PNs. T h is  o b s e r v a t io n  i s  c o n s i s t e n t  w i th  
p r e v io u s  e v id e n c e  t h a t  a  m a jo r i t y  o f  LNs a r e  GABAergic i n h i b i t o r y  
in te r n e u r o n s  [H o sk in s  e t  a l .  C ell T is s  Res i n  p r e s s  (1 9 8 6 ) , and 
C h r i s t e n s e n  e t  a l .  Soc Neurosci  A b s tr  1 1 :163  (1 9 8 5 ) ] .  (3 )  No r e c i p 
r o c a l  i n t e r a c t i o n s  (fro m  PN to  LN) h ave  b e e n  o b s e rv e d .

We h av e  a l s o  beg u n  to  exam ine th e  r e s p o n s e s  o f  p a i r s  o f  AL neurons 
to  s t i m u l a t i o n  o f  th e  a n te n n a  w i th  b e h a v io r a l l y  im p o r ta n t  o d o rs  su ch  
a s  s e x  p h ero m o n es. The se x  pherom one bom bykal can  h y p e r p o la r i z e  some 
LNs, and t h i s  i n  t u r n  may be fo llo w e d  by a  d e la y e d  d e p o la r i z a t i o n  in  
a p o s t s y n a p t ic  PN, s u g g e s t in g  t h a t  th e  PN may be d e p o la r iz e d  by d i s -  
i n h i b i t i o n .  As f u r t h e r  e v id e n c e  o f  t h i s ,  h y p e r p o l a r i z a t i o n  o f  th e  LN 
by c u r r e n t  i n j e c t i o n  can  le a d  to  s p ik in g  a c t i v i t y  i n  a  p r e v io u s ly  
q u i e s c e n t  PN. M ost p a i r e d  r e c o r d in g s ,  h o w ev er, do n o t  c l e a r l y  rev e a l 
s y n a p t i c  r e l a t i o n s h i p s .  Thus i t  a p p e a r s  t h a t  th e  com bined e f f e c t s  o f  
s e v e r a l  p r e s y n a p t ic  c e l l s  (p re su m a b ly  LNs) a r e  n eed ed  to  ch an g e  th e  
f i r i n g  o f  a  g iv e n  PN. [S u p p o rte d  by NIH g r a n t  A I-2 3 2 5 3 .]
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236.9 IDENTIFIED LOCAL INTERNEURONS OF THE CRICKET CERCAL AFFERENT 
SYSTEH AND THEIR POSSIBLE ROLE IN SENSORY PROCESSING. Deana A. 
Bodna r ,  Gwen A. Jacobs ,  and John P. Mi l l e r . G raduate Group in  
N eurobio logy, U n iv e rs ity  o f  C a l i f o rn ia ,  B erke ley , CA 94720.

The c e r ca l  a f f e r e n t  system  o f th e  house c r i c k e t ,  Acheta 
do m e sticu s , s e rv e s  a s  a nodal f o r  un d ers tan d in g  th e  fu n c t io n a l 
o rg a n iz a tio n  o f a f f e r e n t  in p u ts  and th e  p ro cess in g  o f senso ry  
in fo rm a tio n . We have begun to  s tudy  th e  in t e g r a t iv e  r o le  o f  lo c a l 
in te rn e u ro n s  in  t h i s  system . In  p rev io u s  work Rod Murphey and h is  
c o l la b o ra to r s  have c h a ra c te r iz e d  th e  d i r e c t i o n a l l y s e le c t i v e  
a t t r i b u t e s  o f  th e  wind s e n s i t i v e  e f f e r e n t s  and th e  g ia n t  ascend ing  
senso ry  in te rn e u ro n s  they  in e rv a te .  R ecen tly  we have i d e n t i f ie d  a 
p a i r  o f  lo c a l  in te rn e u ro n s  which a r e  a l s o  wind s e n s i t i v e .  These 
two c e l l s ,  r e f e r r e d  to  a s  9LD-1 and 9LD-2, have e x te n s iv e  
d e n d r i t ic  a rb o r iz a t io n s  which a re  co n fin ed  to  lo c a l iz e d  re g io n s  o f 
th e  f i l i f o r m  n e u ro p il and la ck  a p ro je c t in g  axon. T he ir 
s pontanenous  a c t i v i t y  i s  c h a ra c te r iz e d  by psp o s c i l l a t i o n s  a t  
ap p rox im ate ly  40 Hz. Both c e l l s  a r e  d i r e c t i o n a l ly  s e le c t i v e  in  
t h e i r  response  to  wind s t im u li  p roducing  a s u s ta in e d  EPSP in  t h e i r  
maximal wind o r ie n ta t io n .  These c e l l s  do n o t produce a c tio n  
p o te n t ia ls  e i t h e r  du rin g  spontaneous a c t i v i t y  o r evoked wind 
re sp o n se s . As would be p re d ic te d  from t h e i r  d e n d r i t ic  s t r u c tu r e ,  
9LD-1 responds b e s t  to  wind from th e  f r o n t  o f  th e  an im al, w h ile  
9LD -2's op tim al s tim u lu s  o r ie n ta t io n  i s  from th e  r e a r .  However 
each c e l l  p o sse sse s  a d e n d r i t ic  reg io n  which does n o t appear to  
r e c e iv e  s ig n i f i c a n t  sy n a p tic  in p u t . I t  i s  l i k e ly  t h a t  t h i s  branch 
s e rv e s  a s  an o u tp u t s i t e  o f  th e  c e l l .

One fo cu s  o f  ou r experim en ts i s  to  de term ine  what fu n c t io n a l 
r o le  th e s e  in te rn e u ro n s  p lay  in  t h i s  senso ry  system . I t  i s  known 
from p rev io u s  work th a t  th e  g ia n t  ascend ing  senso ry  in te rn e u ro n s  
re c e iv e  p o ly sy n a p tic  in h ib i t i o n  which sharpens  t h e i r  d i r e c t i o n a l  
s e n s i t i v i t y  to  w ind. The ana tom ical and p h y s io lo g ic a l 
c h a r a c t e r i s t i c s  o f  th e  lo c a l  in te rn e u ro n s  im p lic a te s  them a s  
p o s s ib le  in h ib i to ry  in te rn e u ro n s . One means o f  t e s t in g  t h i s  
h y p o th e sis  i s  to  remove one o f  th e  lo c a l  in te rn e u ro n s  from th e  
senso ry  c i r c u i t  and observe  th e  changes in  th e  resp o n se  to  wind 
s t im u li  o f  an ascend ing  in te rn e u ro n . T his was done by in je c t in g  
9LD-2 w ith  a f lu o re s c e n t  dye and th en  o b ta in in g  an in t r a c e l lu l a r  
reco rd in g  o f one o f  th e  ascend ing  in te rn e u ro n s ,10-3 . The 
d i r e c t i o n a l  s e n s i t i v i t y  o f  in te rn e u ro n  10-3 was measured b e fo re  
and a f t e r  9LD-2 was k i l l e d  by p h o to in a c t iv a t io n .  The r e s u l t s  o f 
t h i s  experim en t su g g es t t h a t  9LD-2 has an in h ib i to ry  in f lu e n c e  on 
10-3 .

R esearch i s  c u r r e n t ly  in  p ro g re ss  to  in v e s t ig a te  more d i r e c t l y  
th e  in t e g r a t iv e  c h a r a c t e r i s t i c s  and fu n c t io n s  o f  th e s e  lo c a l 
in te rn e u ro n s .

T his re se a rc h  i s  su ppo rted  by NSF G raduate F ellow sh ip  DAB and 
NSF G rant BNS-82-02416 JPM.

236.10 DIRECTIONAL PROPERTIES OF THORACIC INTERNEURONS IN COCKROACH 
GIANT INTERNEURON PATHWAYS J .  W e s t in , A .J .  P o l la c k .   
R .E . R itzm ann  and  R. Todd W ib l in . D e p t. o f  B io lo g y , Case W estern  
R e se rv e  U n i v e r s i ty ,  C le v e la n d ,  OH 44 1 0 6 .

Two s e t s  o f  t h o r a c i c  i n te r n e u r o n s  h av e  b een  i d e n t i f i e d  w hich  
r e c e i v e  i n p u ts  from  g i a n t  in te r n e u r o n s  (GI s )  and  e x c i t e  th o s e  
l e g  m oto r n e u ro n s  t h a t  a r e  e x c i t e d  by th e  GI pa th w ay s d u r in g  
e s c a p e .  T hese  h av e  b een  d e s ig n a t e d  a s  t h e  d o r s a l  p o s t e r i o r  g ro u p  
(DPG) i n t e r n e u r o n s ,  w h ich  r e c e iv e  i n p u ts  o n ly  from  th e  v e n t r a l  
G Is , and  th e  T c e l l  i n t e r n e u r o n s ,  w h ich  r e c e iv e  i n p u ts  from  th e  
d o r s a l  G Is . The p a t t e r n  o f  c o n n e c t io n s  t h a t  h av e  b een  
e s t a b l i s h e d  to  an d  from  t h e s e  in te r n e u r o n s  s u g g e s t  t h a t  th e y  may 
p la y  a  c r i t i c a l  r o l e  i n  t h e  e s c a p e  p a th w ay . One h y p o th e s i s  i s  
t h a t  t h e s e  in te r n e u r o n s  d e c ip h e r  th e  in fo r m a t io n  on w ind 
s t i m u l a t i o n  t h a t  i s  c o n ta in e d  i n  t h e  v a r io u s  G Is and  th e n  
u t i l i z e  t h i s  in fo r m a t io n  t o  c o n t r o l  th e  e s c a p e  t u r n  away from  
th e  w ind p u f f .

I f  t h i s  h y p o th e s i s  i s  c o r r e c t  one w ould e x p e c t  t h a t  th e  i n p u ts  
from  th e  G Is c o n fe r  d i r e c t i o n a l  b i a s e s  on a t  l e a s t  some o f  th e  
t h o r a c i c  i n t e r n e u r o n s .  I n  t h i s  s tu d y  we h ave  d e te rm in e d  th e  
d i r e c t i o n a l  s e n s i t i v i t y  o f  s e v e r a l  o f  t h e s e  t h o r a c i c  
in te r n e u r o n s  u t i l i z i n g  i n t r a c e l l u l a r  r e c o r d in g  and  dye 
i n j e c t i o n .  The m a jo r i t y  o f  t h e s e  c e l l s  show d i r e c t i o n a l  b i a s .  
F o r exam ple th e  R e v e rse  J  c e l l  r e c e i v e s  s t r o n g e r  e x c i t a t i o n  from  
w ind com ing from  t h e  s id e  c o n t r a l a t e r a l  t o  i t s  som a. S in c e  th e  
m oto r o u tp u t  i s  a lw a y s  s t r o n g e r  on th e  c o n t r a l a t e r a l  s id e  th e s e  
b i a s e s  sh o u ld  r e s u l t  i n  t h e  a p p r o p r i a t e  t u r n  away from  a  w ind 
d i r e c t e d  a t  t h e  c o n t r a l a t e r a l  s i d e .

In  o r d e r  t o  d e te rm in e  th e  b a s i s  o f  t h i s  b i a s  we a r e  co m paring  
th e  i n p u ts  from  th e  v a r io u s  i n d iv i d u a l  G Is t o  e a ch  t h o r a c i c  
i n t e r n e u r o n .  Some o f  t h e  in te r n e u r o n s  a r e  v e ry  a sy m m e tric  b o th  
i n  m orpho logy  and  GI i n p u t .  F o r exam ple C ro ss  c e l l  a p p e a r s  t o  
h av e  i t s  d e n d r i t i c  f i e l d  r e s t r i c t e d  t o  th e  s id e  i p s i l a t e r a l  t o  
t h e  c e l l ' s  som a. T h is  c e l l  h a s  shown p o s i t i v e  i n p u t s  o n ly  on 
t h a t  s i d e .  O th e r  DPG i n te r n e u r o n s  ( i n c lu d in g  R e v e rse  J  c e l l )  
h av e  m ore s y m m e tr ic a l  d e n d r i t i c  f i e l d s  and  c l e a r l y  r e c e iv e  
i n p u ts  on b o th  s i d e s .  I n  t h e s e  c a s e s  we w i l l  d e te rm in e  w h e th e r  
th e  d i r e c t i o n a l  w ind  p r o p e r t i e s  can  be a t t r i b u t e d  t o  
q u a n t i t a t i v e  d i f f e r e n c e s  i n  t h e  i n p u t s  from  v a r io u s  d i f f e r e n t  
G Is . A l t e r n a t i v e l y  th e y  may r e s u l t  from  m o rp h o lo g ic a l  p r o p e r t i e s  
o f  t h e  c e l l s .

S u p p o r te d  by NIH g r a n t  NS-17411 t o  RER.

236.11 CHARACTERIZATION OF PROPRIOCEPTIVE INPUTS TO DPG 
INTERNEURONS IN THE COCKROACH. M. M urrain  and R.E. 
R itzm ann. D epartm ent o f  B io lo g y , Case W estern 
R eserve  U n iv e r s i ty ,  C lev e la n d , OH 44106.

When th e  co ck roach  tu r n s  d i r e c t i o n a l l y  away from 
a wind s t im u lu s , th e  p o s i t i o n  o f  th e  le g s  i s  
p ro b a b ly  im p o rta n t in  d e te rm in in g  th e  m otor o u tp u t.  
We have in v e s t ig a te d  th e  r e sp o n se s  o f  a group o f  
c e l l s  t o  s t im u la t io n  o f  p r o p r io c e p to r s  on th e  le g s .  
These c e l l s ,  w hich a r e  c a l l e d  DPG o r  d o r s a l  
p o s t e r i o r  g roup in te r n e u ro n s ,  a r e  th o u g h t t o  p la y  an 
im p o rta n t r o l e  in  th e  e scap e  b e h a v io r .  They have 
been found to  r e c e iv e  m onosynaptic  in p u t  from 
v e n t r a l  g ia n t  in te rn e u ro n s  (v G Is ) , w hich c a r ry  
d i r e c t i o n a l  wind in fo rm a tio n  from th e  c e r c i  
(R itzm ann and P o lla c k , 1986, in  p r e s s ) . As w e l l ,  
th e s e  c e l l s  have d i r e c te d  m otor o u tp u t .

The p ro p r io c e p to r s  t h a t  were s t im u la te d  were th e  
t r o c h a n te r a l  cam paniform  s e n s i l l a  ( t rC S ) , th e  
t r o c h a n te r a l  h a i r  p l a t e s  ( trH P ) , and th e  fem oral 
c h o rd o to n a l o rgan  (feC O ). They w ere s t im u la te d  u s in g  
a p i e z o e l e c t r i c  c r y s t a l .  The c r y s t a l  was used  to  
e i t h e r  bend th e  h a i r s  o f  th e  HP, ap p ly  p r e s s u re  to  
th e  t r o c h a n te r a l  c u t i c l e  t o  e x c i t e  th e  CS, o r  l i f t  
th e  s t r a n d  o f  th e  feCO, t o  e x c i t e  th e  c e l l s  o f  th e  
CO. The DPG neuro n s w ere  im paled  i n t r a c e l l u l a r l y ,  
and f i l l e d  w ith  L u c ife r  Yellow f o r  i d e n t i f i c a t i o n .

A ll o f  th e  DPG's in v e s t ig a te d  so  f a r  r e c e iv e  
some in p u t  from p r o p r io c e p to r s ,  a lth o u g h  n o t a l l  
r e c e iv e  in p u t  from a l l  ty p e s  o f  p r o p r io c e p to r s  on 
a l l  l e g s .  A ll DPG in te rn e u ro n s  show some b ia s  in  th e  
re sp o n se  t o  p r o p r io c e p to r s .  T here a r e  th r e e  ty p e s  o f 
b ia s  seen  in  th e  r e sp o n s e s . The f i r s t  i s  a se n so ry  
b i a s ;  c e l l s  te n d  to  resp o n d  more s t r o n g ly  t o  one 
ty p e  o f  p r o p r io c e p to r  th a n  th e  o th e r  tw o. T here i s  a 
d e f i n i t e  l e f t / r i g h t  b ia s  se en  in  a l l  DPG's. A lso , 
t h e r e  i s  a segm ent b i a s ;  th e  re sp o n se  t o  s t im u la t io n  
o f  p r o p r io c e p to r s  in  th e  c e l l s  segm ent te n d s  to  be 
g r e a t e r  th a n  th e  re sp o n se  t o  p r o p r io c e p to r s  in  
a n o th e r  segm en t.

A model w i l l  be d e s c r ib e d  f o r  how th e s e  b ia s e s  
a c c e n tu a te  a lr e a d y  in h e re n t  b ia s e s  in  th e  
p r o p r io c e p to r s ,  and how t h i s  can  be u sed  by th e  
escap e  system  to  h e lp  in  d e te rm in in g  m otor o u tp u t.  
S upported  by NIH G ran t NS17411-01 t o  R .E .R .

236.12 ANATOMY AND PHYSIOLOGY OF SOUND SENSITIVE DESCENDING AND 
T-SHAPED INTERNEURONS IN THE PROTHORACIC GANGLION OF THE 
CRICKET TELEOGRYLLUS OCEANICUS. G. A tkins*  and G.S. P o llack  
(SPON: V. P a s z to r ) .  D ept. o f B iology, M cGill U n iv ., M ontrea l, 
Quebec, Canada H3A 1B1.

B ehav ioura l experim en ts have shown th a t  f ly in g  c r ic k e ts  
s t e e r  tow ards c o n s p e c if ic  c a l l in g  songs having c a r r i e r  
f re q u e n c ie s  o f 5 KHz (p o s i t iv e  phono tax is) and away from 
u l t r a s o n ic  s t im u li  (n e g a tiv e  p h o n o ta x is ) . A lthough much i s  
known about th e  p ro cess in g  of a u d ito ry  in fo rm atio n  w ith in  the 
p ro th o ra c ic  g an g lio n , where a u d ito ry  re c e p to rs  te rm in a te , 
l i t t l e  i s  known about how a u d ito ry  in fo rm atio n  i s  d e liv e re d  to 
th e  motor c i r c u i t r y  th a t  accom plishes s te e r in g ,  which i s  
lo c a te d  p r im a r ily  in  the  meso- and m e ta th o rac ic  g a n g l ia . We 
have begun to  sea rch  fo r  sound s e n s i t iv e  neurons th a t p ro je c t 
from the  p ro th o ra c ic  gan g lio n  to  low er g a n g lia .

Using i n t r a c e l l u l a r  reco rd in g  and s ta in in g  techn iques we 
have id e n t i f i e d  te n  such in te rn eu ro n s  in  th e  c r ic k e t  
T e lg o g ry llu s  o c e a n ic u s , a l l  o f which re c e iv e  au d ito ry  inp u t 
w ith in  th e  p ro th o ra c ic  g a n g lio n . Only 3 of th e se  have 
p ro cesses  th a t  ov erlap  w ith  th e  te rm in a l p rocesses  of a u d ito ry  
senso ry  neurons, and th e re fo re  may re c e iv e  d i r e c t  inp u t from 
re c e p to r  c e l l s .  The rem aining  7 in te rn e u ro n s  must re c e iv e  
t h e i r  a u d ito ry  in p u t in d i r e c t ly .  A ll but one of th e  
in te rn e u ro n s  e x h ib i t  branches w ith in  th e  p ro th o ra c ic  g ang lion  
w hich, based on ana tom ical ev id en ce , a re  l i k e ly  to  be ou tpu t 
te rm in a ls . M esothoracic  p ro je c tio n s  were s ta in e d  in  8 of th e  
n eu ro n s , and in  7 ca se s  were extrem ely  s im i la r  to  the  presumed 
o u tp u t branches w ith in  th e  p ro th o ra c ic  gan g lio n .

Exam ination of th e  n eu rons ' s p e c t r a l  s e n s i t i v i t i e s  
rev ea led  th a t  5 o f th e  in te rn e u ro n s  respond b e s t to  tones 
having c a r r i e r  fre q u e n c ie s  near 5 KHz w hile th e  rem ainder 
respond b e s t to  u lt ra s o u n d . Based both  on th e i r  responses to  
v a r io u s  sound s t im u li  and on th e i r  morphology in  the  
m eso thoracic  g an g lio n , a l l  5 of th e  u ltra so u n d -tu n ed  c e l l s  a re  
ca n d id a te s  fo r  p rov id ing  in fo rm atio n  to  motor c i r c u i t r y  
invo lved  in  f l i g h t  p h o n o ta x is . The 5 neurons tuned to  5 KHz 
a re  le s s  l i k e ly  to  p rov ide  d i r e c t  p h o n o ta c tic  in p u t to  f l i g h t  
motor c i r c u i t r y .

The p o te n t ia l  ro le s  o f th e se  in te rn e u ro n s  in  f l i g h t  
phono tax is  a re  being  examined by mapping th e  c o n n e c tiv i ty  
between th e  in te rn e u ro n s  and th e  motor system s fo r  f l i g h t .
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236.13 THE CRAYFISH HORSESHOE NEUROPIL IS THE HOMOLOGUE OF THE INSECT 
VENTRAL ASSOCIATION CENTERS. E.  M. L e ise  and B . Mul l oney. Dept. 
of Z o o l., U niv. o f C a l i f . ,  D a v is , CA 95616.

In the  v e n t r a l  re g io n s  of in s e c t  g a n g lia  a re  la rg e  a re a s  of 
neurop il th a t  c o n ta in  te rm in a l b ranches from prim ary  sensory  
a ffe re n ts . W ith in  th e se  n e u ro p i ls , th e  v e n t r a l  a s s o c ia t io n  
centers (VACs), some of th e  a f f e r e n t  p ro je c t io n s  a r e  known to  be 
som atotopically  arran g ed . A la rg e  v e n t r a l  n e u ro p il ,  th e  
horseshoe n eu ro p il (HN), a ls o  e x i s t s  in  c ra y f is h .  To f in d  ou t i f  
the HN i s  o rgan ized  s im i la r ly  to  th e  in s e c t  VACs we made a s e r ie s  
of axonal f i l l s  w ith  c o b a lt  c h lo r id e  of b ranches of th e  nerve 
tha t c a r r ie s  sensory  a f f e r e n t s  to  the  g ang lion . We then  s tu d ie d  
the c e n tra l p ro je c t io n s  o f th e se  f i l l e d  sensory  a f f e r e n t s  to  
determine where in  the  g a n g lio n ic  n e u ro p ils  they p ro je c t .

We f i l l e d  branches of one of th e  second p a i r  of nerves  (N2s) 
th a t e x i t  from each of th e  f i r s t  f iv e  abdom inal g an g lia . This 
pa ir of nerves c a r r i e s  th e  axons o f th e  slow and f a s t  abdom inal 
extensor motor neurons, th e  m uscle r e c e p to r  organs (MROs) and 
axons from a t  l e a s t  th re e  f i e ld s  o f sensory  h a i r s  on th e  
abdominal carapace . F ie ld  1 i s  a pa tch  of h a i r s  on th e  
ip s i l a te r a l  v e n tra l  r i b ,  in  th e  segment of o r ig in .  F ie ld  2 i s  a 
rec tangu la r a rea  on th e  i p s i l a t e r a l  p le u ra l  p la te ,  a l s o  in  th e  
segment of o r ig in . F ie ld  3 i s  an  a rc  o f h a i r s  on th e  a d ja c e n t 
caudal p le u ra l p la te .

We made two ty p e s  o f axonal f i l l s .  In  one, a window was cu t 
in  the v e n tra l  ca rapace  and th e  nerve  to  F ie ld  1 was d is s e c te d  
out and f i l l e d  in  v ivo . In  th e  second type  of f i l l ,  th e  a n t e r io r  
branch of one Nerve 2, w hich c a r r i e s  a l l  of th e  sensory  axons 
except those a s s o c ia te d  w ith  th e  MROs, was f i l l e d  in  an  is o la te d  
nerve cord. S hort f i l l i n g  tim es  (4 h r s  in  v i t r o  and 14-26 h r s  in  
vivo gave the b es t r e s u l t s .

The c e n tra l  p ro je c tio n s  of th e  f i l l e d  axons w ere s tu d ie d  in  
whole mounts and s e c t io n s . Axons from the sensory  a f f e r e n ts  
en ter the gang lion  in  Nerve 2 and bend a n t e r io r ly  to  branch in  
the i p s i l a te r a l  arm of th e  HN. No axons w ere found th a t  ex tended 
caudally, but many a f f e r e n ts  send axons to  a n t e r io r  g a n g lia  in  
the v en tra l in te rm e d ia te  t r a c t .  S ev era l a f f e r e n t s  a lso  send 
term inals to  th e  c o n t r a la t e r a l  hem igang lion  in  th e  curve of th e  
HN and in  DC6 and DC7, two com m issures in  th e  second com m issure 
layer. In  summary, th e  HN re c e iv e s  a few d e n d r i te s  from 
abdominal motor neurons, but i s  densely  in n e rv a te d  by th e  sensory  
a ffe re n ts  from h a i r s  on th e  d o rs a l and v e n t r a l  c a rap aces. This 
inform ation leads us to  sug g est th a t  th e  HN i s  th e  homologue of 
the in sec t VACs.

Supported by UPHS g ra n t BNS-1 NS07731-01 to  E. L e ise  and NSF 
grant BNS84-10516 to  B. M ulloney.

2 3 6 .14 PROPERTIES OF THE INTEGRATED CIRCUIT MEDIATING DIRECTIONAL 
SELECTIVITY IN A MOVEMENT SENSITIVE NEURON. N. F r a n c e s c h in ix , 
A. R ie h le x , A. Le N e s to u rx (SPON: J .  R eq u in ) L a b o r a to i r e  de 
N e u ro b io lo g ie  (C .N .R .S .)  13402 M a r s e i l l e  ( F ra n c e ) .

In  an a t t e m p t  t o  u n d e rs ta n d  th e  b a s ic  p r o c e s s  o f  
s e q u e n c e - d is c r im in a t io n  u n d e r ly in g  m o tio n  d e t e c t io n  in  a  v i s u a l  
sy s te m  we r e c o r d  th e  a c t i v i t y  o f  an  i d e n t i f i e d , s p ik in g  n eu ro n  
c a l l e d  HI (H ausen  K .,  Z . N a tu r f o r s c h .  3 1 c , 6 2 9 , 1976) p r e s e n t  
i n  t h e  t h i r d  o p t i c  g a n g lio n  ( t h e  l o b u la  p l a t e ) o f  t h e  f l y .  T h is  
u n iq u e  n e u ro n ,  w h ich  c h a r a c t e r i s t i c a l l y  re s p o n d s  t o  h o r iz o n t a l  
m o tio n  p r e s e n te d  from  back  t o  f r o n t  t o  th e  i p s i l a t e r a l  e y e , 
d i s p l a y s  a  huge r e c e p t iv e  f i e l d  and more o r  l e s s  d i r e c t l y  
i n t e g r a t e s  th e  r e s p o n s e s  o f  a  m u l t i t u d e  o f  E le m e n ta ry  Movement 
D e te c to r s  (EM D's) w h ich  a r e  w ire d  down w ith  f i n e  g r a i n  b eh in d  
th e  r e c e p t o r  m o sa ic .

Our s t r a t e g y  i s  to  make th e  r e s p o n s e  o f  a  s in g l e  EMD s ta n d  
o u t  from  th e  HI a c t i v i t y .  The m ethod c o n s i s t s  i n  a p p ly in g  a 
te m p o ra l  s e q u en c e  o f  e x c i t a t i o n  t o  o n ly  2 n e ig h b o r in g  r e c e p to r  
c e l l s  (R1 and R6 ) t h a t  a r e  s e l e c t e d  i n  v iv o  among th e  5 0 .0 0 0  
r e c e p t o r s  o f  t h e  r e t i n a l  m o sa ic  ( R ie h l e ,  A .,  F r a n c e s c h in i , N .: 
Exp. B r . R es . 5 4 , 3 9 0 -3 9 4 , 1984; F r a n c e s c h in i ,  N .,  N e u ro s c i .  
R e s . S u p p l .2 ,  1 7 -4 9 , 1 9 8 5 ) . O p t i c a l  mi c r o s t i m u la t i o n  o f  R1 and 
R6 — w hich  l i e  o n ly  3 .5 μm a p a r t —  in d u c e s  a v ig o ro u s  re s p o n s e  
( e . g .  100Hz) i n  H1 , p ro v id e d  th e  se q u en c e  o f  two f l a s h e s  
s im u la t e s  m o tio n  i n  th e  p r e f e r r e d  d i r e c t i o n  (R 1  th e n  R6 ) .  A 
b a s ic  r e q u ir e m e n t  f o r  a  r e s p o n s e  t o  o c c u r  i s  t h a t  th e  seco n d  
f l a s h  be p r e s e n te d  to  R6 w i th in  a  c h a r a c t e r i s t i c  " te m p o ra l  
window" t h a t  s t a r t s  a t  t 1 ≃  10ms and e n d s  a t  t 2 ≃  230ms 
fo llo w in g  th e  f i r s t  f l a s h .  W hereas t h i s  window s e t s  l i m i t s  to  
th e  ra n g e  o f  sp e ed  t h a t  can  be s e n se d  by th e  EMD u n d e r s tu d y  
( 3 6 0 ° /s e c  down to  1 6 ° / s e c ) ,  th e  e x i s t e n c e  o f  a  minimum d e la y  
( t 1 ≃  10ms) m akes th e  c i r c u i t  immune to  sy n c h ro n o u s  f l i c k e r .  A 
se q u en c e  o f  two s t e p s  ( o f  l i g h t  o r  d a rk n e s s )  in d u c e s  a 
p ro m in e n t r e s p o n s e  o n ly  i f  b o th  s t e p s  have  th e  same s ig n  ( e . g .  
an O N -step  on R1 fo llo w e d  by an O N -step  on R6 ) .  M oreover th e  
r e s p o n s e  to  a  s e q u en c e  o f  O F F -s te p s  d o es  n o t  show th e  same tim e  
c o u rs e  a s  th e  re s p o n s e  t o  a  s e q u en c e  o f  O N -s te p s . The fo rm er 
d i s p l a y s  a  c o n s p ic u o u s  " reb o u n d  e f f e c t "  t h a t  i s  n o t  s e e n  in  th e  
l a t t e r .  We c o n je c tu r e  t h a t  th e  f a c i l i t a t o r y  c o n t r o l  c o n c e a le d  
in  t h i s  h ig h ly  n o n - l i n e a r  m ic ro sy s te m  i s  s p l i t  i n t o  two 
in d e p e n d a n t  pa th w ay s r e s p o n s i b le  f o r  th e  ON- and O F F -resp o n se  
r e s p e c t i v e l y .

236.15 SOUND PRODUCTION IN ARCTIID MOTHS: RHYTHMIC BEHAVIOUR ELICITED BY -  
SIMPLIFIED AUDITORY INPUT. J .H .  F u l la r d  and J .  Y ack*. D ep artm en t 
o f  B io lo g y , E r in d a le  C o l le g e ,  U n iv e r s i ty  o f  T o ro n to ,  M is s i s s a u g a ,  
O n ta rio , Canada L5L 1C6.

C e r ta in  t i g e r  m oths (L e p id o p te ra :  A r c t i i d a e )  re sp o n d  to  h ig h -  
frequency  (30 k i l o h e r t z )  a c o u s t i c  s t i m u l i  by e m i t t i n g  t r a i n s  o f  
c l i c k s ,  p resu m ab ly  a s  a  d e fe n s e  a g a in s t  th e  a t t a c k s  o f  p r e d a t o r s ,  
in c lu d in g  e c h o lo c a t in g  b a t s .  The m o th s ’ so u n d s  a r e  p ro d u ce d  by 
a p a i r  o f  m e ta th o r a c ic  ty m b a ls  w h ic h , i n  Cycn ia  te n e r a ,  a p p e a r  to  
be a c t i v a te d  by s in g l e  l a r g e  p t e r o t h o r a c i c  m o to n eu ro n s w i th  t h e i r  
soma lo c a te d  n e a r  th e  a u d i to r y  i n p u t  o f  th e  m o th 's  two r e c e p to r  
c e l l s .  The moth p ro d u c e s  i t s  so u n d s  by  a l t e r n a t e l y  b u c k l in g  e a ch  
tym bal on e ach  s id e  o f  i t s  t h o ra x  th u s  th e  a c o u s t i c  r e s p o n s e  co n 
s t i t u t e s  a s t e r e o ty p e d ,  rh y th m ic  b e h a v io u r  o f  s i g n i f i c a n t  e th o l o 
g ic a l  im p o r ta n c e . A n a to m ic a l and b a c k f i l l i n g  s tu d i e s  (CoS and 
L u c ife r  Y ellow ) i n d i c a t e  t h a t  th e  m o to n eu ro n s i n n e r v a te  th e  tym bal 
m uscle ( b a s a l a r  c o x a l  b ra n c h )  v i a  th e  m o to r b r a n c h ,  I I I N 2 a .  E x t r a 
c e l l u l a r  r e c o r d in g s  s u g g e s t  a  l a r g e  u n i t  n e u r o g e n ic a l ly  a c t i v a t i n g  
th e  ty m b a ls .  D e - e f f e r e n t e d  p r e p a r a t i o n s  c o n t in u e  to  e x h i b i t  c y c l i c  
m otor o u tp u t  i n  i s o l a t e d  g a n g l i a  i n d i c a t i n g  th e  c i r c u i t r y  in v o lv e d  
l i e s  w i th in  th e  p t e r o t h o r a c i c  g a n g lio n  and t h a t  th e  b e h a v io u r  i s  
c e n t r a l l y - g e n e r a t e d .  S tu d ie s  w i th  m o n au ra l p r e p a r a t i o n s  s u g g e s t  
t h a t ,  in  C. te n e r a , t h e  ty m b a l m o to n eu ro n  may b e  a c t i v a t e d  by  th e  
seco n d , l e s s  s e n s i t i v e  a u d i t o r y  r e c e p t o r ,  th e  A2 c e l l  and may be 
m o n o sy n a p tic a l ly  c o n n e c te d .  Asymmetry i n  th e  m o to r o u tp u t  com bined 
w ith  w hat i s  known o f  th e  m o th 's  s e n s o r y  in p u t  h a s  r e s u l t e d  i n  a  
n e u ra l  m odel o f  t h i s  c e n t r a l  o s c i l l a t o r .  The e x i s t e n c e  o f  a  ran g e  
o f  b e h a v io u r a l  t h r e s h o ld s  i n  o t h e r  a r c t i i d  s p e c i e s  from  s e n s i t i v e  
to  n o n - a c o u s t ic  s u g g e s t s  t h a t  t h i s  c i r c u i t  may p ro v e  u s e f u l  i n  
n e u ro e th o lo g ic a l  s t u d i e s  o f  th e  e v o lu t io n  o f  rh y th m ic  b e h a v io u r s  
and th e  c e l l u l a r  b a s e s  f o r  a u d i to r y - b a s e d  b e h a v io u r a l  h a b i t u a t i o n .

T h is  r e s e a r c h  was s u p p o r te d  by th e  N a tu r a l  S c ie n c e s  and  En
g in e e r in g  R e se a rc h  C o u n c il  o f  C anada.

( l e f t )  T h o ra c ic  i n n e r v a t i o n  o f  a r c t i i d  tympanum and ty m b a l,  
( r i g h t )  t h r e e  m o to n eu ro n s from  L u c i f e r  Y ello w  b a c k f i l l  o f  ty m b a l 

n e rv e  i n  H a lys id o ta  t e s s e l l a r i s . S c a le  b a r  50 μm.

236.16 BAND-PASS FILTERING AND INTERVAL CODING AT A SENSORI-MOTOR 
SYNAPSE IN CRAYFISH BRAIN. R.M. G lantz and H.B. Nudelman, D ept. of 
Biology, R ice U niversity, Houston, TX 77005

It is widely held th a t impulse frequency is a universal code for inform ation 
transm ission in nervous systems. There are  however, numerous cases where 
sensory stim uli modify a  neuron's firing pa tte rn  or in terval distribution with 
only modest e ffec ts  on the mean ra te . The sustaining fibers (SF) of the 
crayfish optic nerve provide a  particu larly  striking example of this 
phenomena (G lantz and Nudelman, 1976 3. Neurophysiol. 39:1257). As the 
intensity of constan t, broad field illumination of the eye increases, the SF 
discharge exhibits an increasingly pronounced periodic com ponent and a 
higher proportion of interspike intervals of ~ 100 ms (range 60 to  180). Since 
the SFs m onosynaptically excite  oculomotor neurons (OMN) (Glantz, 
Nudelman and Waldrop, 1984) it is possible to assess the influence of 
interspike intervals on the efficacy  of synaptic transm ission.

Impulse tra ins of SFs and OMNs were recorded extracellu larly  for ex
tended periods (30-90 minutes) in constant broad field illumination. The 
impulse tra ins w ere digitized and the synaptic efficacy  was measured from 
the intensity of the cross-correlation  function between SF and OMN im
pulses. The possible role of the SF interspike in terval was assessed with two 
correlation  procedures:

If one looks backward in tim e from the occurrence of an OMN spike there 
is a  high probability of a  SF spike in the period 2-5 ms just preceding the 
OMN spike. This is the expected result for a  monosynaptic connection. In 
addition to  this narrow , short la tency peak, the OMN to SF correlations also 
reveal a  large but broad peak of SF ac tiv ity  a t 80 to  100 ms prior to  the 
OMN spike. The result indicates th a t in the period preceding an OMN spike 
the effec tiv e  SF pulse tra ins contain two spikes. One a t  the normal synaptic 
delay (2-5 ms) and a  second one about 100 ms earlier.

An a lternative  approach is to examine the intensity of cross-correlation  
function (from SF to  OMN) as the interspike in terval of the SF is system ati
cally varied. This analysis makes use of the standard correlation  p rocedure, 
but the reference event is defined as the second of a  pair of SF impulses 
separated  by a  range of intervals. The calculation of the correlation  is then 
repeated  for each in terval class in the SF discharge. The results indicate 
th a t if a SF spike is preceded by another a t  an in terval of about 100 ms, the 
spike is 50 to  150% more effec tiv e  in eliciting an OMN spike than a ran
domly selected  SF spike. The 100 ms intervals are  10 to  100x more e ffec tive  
than brief in tervals (3-30 ms) and 50 to  200% more e ffec tive  than long in
tervals (e.g. 200 ms). Thus the SF to OMN synapse is a  band-pass filte r  with 
maximal transm ission near 10 spikes/sec.

We conclude th a t SFs encode the intensity  of broad field illumination by 
the re la tive  preponderance of a  single interval class and th a t the  message is 
appropriately decoded a t  the SF to  OMN synapse. Supported by NSF G rant 
No. BNS 83-1229.
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236.17 BIFURCATIONS, PHASE-LOCKING AND INTERMITTENCY IN THE PERIODICALLY 
STIMULATED SLOWLY ADAPTING STRETCH RECEPTOR. R. B u d e l l i * ,  O. D ie z - 
M artí n e z * ,  H. Q u ijan o *  and R. Pé r e z - P a s c u a l * . (SPON: M. R. B ude
l l i ) .  D ep a rtam en to  de C ie n c ia s  F i s i o l ó g i c a s , U n iv e rs id a d  Autónoma 
de P u e b la ,  P u e b la ,  P u e . , D ep a rtam en to  de F i s io l o g í a ,  F a c u lta d  de 
M e d ic in a , UNAM; I n s t i t u t o  de Fí s i c a ,  UNAM. Mé x ic o ,  D. F . , 04510 , 
MEXICO.

T h is  p a p e r  d e a ls  w ith  th e  a p p l i c a t i o n  o f  d y n a m ic a l sy s tem s  
t e c h n iq u e s  t o  s tu d y  a  p e r i o d i c a l ly  s t i m u l a te d  b i o l o g i c a l  p acem ak er. 
We have u s e d  one o f  th e  m ost r e g u l a r  n e u r a l  o s c i l l a t o r s ,  th e  s lo w 
ly  a d a p t in g  s t r e t c h  r e c e p t o r  (SAR) o f  th e  c r a y f i s h ,  a s  a  m odel o f  
a  f o rc e d  n e u ro n a l  p acem ak er. A lth o u g h  i t  i s  w e l l  known t h a t  n e u r a l  
o s c i l l a t o r s  p h a s e - lo c k  to  p e r i o d i c  s t i m u l i  a t  some f r e q u e n c ie s ,  
th e  k in d  o f  b i f u r c a t i o n s  t h a t  o c c u r  when a s m a l l  f re q u e n c y  
v a r i a t i o n  c a u s e s  p h a s e - lo c k in g  d i s a p p e a ra n c e  o r  change h ad  n e v e r  
b een  e x p lo r e d  s y s t e m a t i c a l l y .

R e s u l ts  w ere r e p r e s e n te d  a s  P o in c a re  maps o f  t h e  c i r c l e  in  
i t s e l f .  T h is  a l lo w e d  a  s im p le  and  p r e c i s e  co m p ariso n  be tw een  
e x p e r im e n ta l  r e s u l t s  an d  m a th e m a tic a l  m odels d e r iv e d  from  d y n am ica l 
sy s te m s  th e o r y .  E x p e r im e n ts  w ere c a r r i e d  o u t  in  i s o l a t e d  ab d o m in a l 
SAR’ s .  The a c t io n  p o t e n t i a l  d i s c h a r g e  o f  t h e  SAR n eu ro n  was 
r e c o rd e d  e x t r a c e l l u l a r l y . T r a in s  o f  r e g u l a r  b r i e f  l e n g th e n in g s  
w ere a p p l i e d  t o  th e  r e c e p t o r  m u sc le . S tim u lu s  f r e q u e n c ie s  v a r i e d  
random ly  b e tw een  1 .6  and  1 .0  t im e s  th e  sp o n ta n e o u s  d i s c h a r g e  r a t e .  
When th e  s t im u lu s  f re q u e n c y  was c lo s e  t o ,  e i t h e r  th e  sp o n ta n e o u s  
d i s c h a r g e  r a t e ,  o r  i t s  s u b - m u l t i p le s ,  p h a s e - lo c k in g  be tw een  s t i m u l i  
an d  s p ik e s  o c c u r r e d .  P h a s e - lo c k in g  d i s a p p e a re d  th ro u g h  a ta n g e n c y  
b i f u r c a t i o n  w ith  i n t e r m i t t e n c y  a p p e a r in g  when s t im u lu s  f re q u e n c y  
e i t h e r  d e c re a s e d  o r  i n c r e a s e d .  F or i n te r m e d ia t e  f r e q u e n c ie s  o t h e r  
k in d s  o f  p h a se  lo c k in g  w ere o b s e rv e d  ( e . g .  4 : 3 ,  4 s p ik e s :  3 
s t i m u l i ) .  O th e r  t y p e s  o f  b i f u r c a t i o n  l e a d in g  t o  ch ao s  o r  b i s t a b i l i 
t y  w ere n o t  fo u n d . The P o in c a re  maps h e lp e d  to  u n d e rs ta n d  how 
p h a s e - lo c k in g  o c c u r s ,  b u t  a l s o  to  show th ro u g h  w hich  k in d  o f  
b i f u r c a t i o n  i t  d i s a p p e a rs .T h e  d a ta  o b ta in e d  a r e  c o n s i s t e n t  w ith  th e  
c o n c lu s io n s  o f  A rn o ld ’ s  th e o re m , so f o r  t h e  s t im u lu s  i n t e n s i t i e s  
em ployed th e  P o in c a re  map seem s t o  be a  d i ffe o m o rp h is m .
F u r th e rm o re , o u r  r e s u l t s  i n d i c a t e  t h a t  a  m odel w ith  o n ly  one 
v a r i a b l e  su c h  a s  th e  l e a k y  i n t e g r a t o r  i s  s u f f i c i e n t  t o  e x p la in  th e  
b e h a v io r  o f  t h i s  p e r i o d i c a l l y  s t im u la te d  p acem ak er.
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237.1 IN VITRO CLASSICAL CONDITIONING OF THE APLYSIA GILL WITHDRAWAL 
REFLEX INVOLVES MULTIPLE MECHANISMS. E l a i n e  C o l e b r o o k ,  Ken 
Lukow iak and G eorge M p its o s .  D e p a r tm e n t o f  M e d ic a l  P h y s i o l o g y ,  
U n i v e r s i t y  o f  C a lg a ry ,  C a lg a ry ,  A l b e r t a ,  Canada T2N 4N1 and Mark 
0 .  H a t f i e l d  M a r in e  S c i e n c e  C e n t r e ,  O re g o n  S t a t e  U n i v e r s i t y ,  
N ew p o rt, O regon 9 7 3 6 5 .

B o th  a s s o c i a t i v e  an d  n o n - a s s o c i a t i v e  c o n d i t i o n i n g  o f  a 
d e f e n s i v e  w i t h d r a w a l  r e s p o n s e  h a v e  b e e n  d e m o n s t r a t e d  i n  t h e  
i n t a c t  A p l y s i a  c a l i f o r n i c a  an d  i n  t h e  m o to r  n e u r o n s  o f  i t s  
i s o l a t e d  n e r v o u s  s y s t e m .  T he i n c r e a s e d  r e s p o n s e  h a s  b e e n  
a t t r i b u t e d  to  f a c i l i t a t i o n  a t  t h e  c e n t r a l  s e n s o r y / m o t o r  n e u ro n  
sy n a p se  (H aw k in s , R .D . e t  a l  (1 9 8 3 ) S c ie n c e  219 p .4 0 0 ) .

A s e m i - i n t a c t  i n v i t r o  p r e p a r a t i o n  o f  A.  c a l i f o r n i c a  w as u s e d  
t o  s i m u l t a n e o u s l y  m o n i t o r  t h e  r e s p o n s e s  o f  th e  g i l l  and a  g i l l  
m o to r  n e u r o n  (L7 o r  LDG1) d u r i n g  c l a s s i c a l  c o n d i t i o n i n g  o r  
s e n s i t i z a t i o n .  The c o n d it io n e d  s t im u lu s  (CS) c o n s i s t e d  o f  a t a p  
to  th e  s ip h o n  and d e p o la r i z a t i o n  o f  t h e  p e d a l  n e r v e s  s e r v e d  a s  
th e  u n c o n d it io n e d  s t im u lu s  (U CS). The CS p re c e d e d  th e  UCS by 500 
m secs i n  th e  e x p e r im e n ta l  g ro u p  ( c l a s s i c a l  c o n d i t i o n in g )  o r  by  3 
s e c o n d s  i n  t h e  c o n t r o l  g ro u p  ( s e n s i t i z a t i o n ) .  The re s p o n s e  o f 
b o t h  t h e  g i l l  an d  t h e  m o to r  n e u r o n ( s )  w e re  m e a s u r e d  b e f o r e ,  
d u r in g  and a f t e r  10 t r a i n i n g  t r i a l s .

B oth  c e l l  and g i l l  i n c r e a s e s  w ere  o b s e rv e d  a f t e r  t r a i n i n g  i n  
46% o f  c l a s s i c a l l y  c o n d i t i o n e d  (C C ) an d  27% o f  s e n s i t i z a t i o n  
c o n t r o l  ( s e n s )  p r e p a r a t i o n s .  T he  c e l l ,  b u t  n o t  t h e  g i l l ,  
r e s p o n s e  i n c r e a s e d  i n  32% o f  CC an d  27% o f  se n s  p r e p a r a t i o n s .  
O n ly  o n e  p r e p a r a t i o n  i n  e a c h  g r o u p  sh o w ed  a n  i n c r e a s e d  g i l l  
r e s p o n s e  i n  t h e  a b s e n c e  o f  an in c r e a s e d  c e l l  r e s p o n s e .  N e i th e r  
an  i n c r e a s e d  c e l l  o r  g i l l  r e s p o n s e  o c c u r r e d  i n  18.2%  o f  CC an d  
36 .4%  o f  s e n s  p r e p a r a t i o n s .  CC p r e p a r a t i o n s  w ere m ore l i k e l y ,  
t h e r e f o r e ,  to  show a f a c i l i t a t e d  r e s p o n s e  a f t e r  t r a i n i n g  t h a n  
s e n s  p r e p a r a t i o n s .  No c o r r e l a t i o n  e x i s t e d  b e tw een  th e  r e s p o n s e  
o f  th e  g i l l  m o to r  n e u ro n  and t h a t  o f  th e  g i l l .

When m o to r n e u ro n s  w ere d e p o la r iz e d  b e fo r e  and a f t e r  t r a i n i n g ,  
t h e  e l i c i t e d  g i l l  w i t h d r a w a l  t o  t h e  sa m e  n u m b e r  o f  a c t i o n  
p o t e n t i a l s  s i g n i f i c a n t l y  d e c re a s e d  i n  th e  s e n s  g ro u p .  T h e re  was 
no s i g n i f i c a n t  d i f f e r e n c e  i n  t h i s  g i l l  r e s p o n s e  b e fo r e  an d  a f t e r  
c l a s s i c a l  c o n d i t i o n in g .

I t  s e e m s ,  t h e r e f o r e ,  t h a t  som e h a b i t u a t i o n  o c c u r s  a t  t h e  
n e u ro m u s c u la r  s y n a p se  d u r in g  t r a i n i n g .  A f a c i l i t a t o r y  m echan ism , 
in  a d d i t i o n  to  and  d i s t i n c t  from  p r e s y n a p t ic  f a c i l i t a t i o n  a t  t h e  
c e n t r a l  s e n s o r y / m o t o r  s y n a p s e ,  o p p o se s  t h i s  h a b i t u a t i o n  and i s  
m ore l i k e l y  to  do so  f o l lo w in g  a s s o c i a t i v e  c o n d i t i o n in g  th a n  n o n - 
a s s o c i a t i v e  c o n d i t i o n i n g .  T h i s  m echanism  te n d s  to  o c c u r  l a t e r  
t h a n  p r e s y n a p t i c  f a c i l i t i o n  an d  may i n v o l v e  a  c h a n g e  i n  t h e  
p e r i p h e r a l  n e r v o u s  s y s te m  o r  i n  c e n t r a l  n e u ro n s  h a v in g  a  d i r e c t  
i n f lu e n c e  in  t h e  p e r ip h e r y .  (S u p p o rte d  by AHFMR).

237.2 LONG-TERM SENSITIZATION IN APLYSIA INCREASES THE TOTAL 
NUMBER OF VARICOSITIES OF SINGLE IDENTIFIED SENSORY NEU
RONS. C.H. Bailey and M. Chen. C tr. for Neurobiol. & Behav., Depts. 
A nat., Neurol. and Psychiat., Columbia Univ., P&S, and NYS Psychiat. 
Instit., N.Y., N.Y. 10032.

An issue cen tra l to  the study of learning and memory is the functional 
relationship between synaptic structu re and the persisten t changes in 
synaptic effec tiveness tha t accompany long-term  behavioral modifica
tions. We have addressed this issue by examining the fam ily of morpho
logical events a t  identified sensory neuron synapses th a t may underlie 
simple forms of learning and memory in the gill-w ithdrawal reflex of 
Aplysia ca liforn ica. In an ea rlie r study (Bailey and Chen, 1983), we 
combined in tracellu lar labeling techniques with serial reconstruction 
approaches to  analyze the fine s tructu re of identified sensory neuron 
presynaptic term inals (varicosities) in long-term  sensitized and control 
(untrained) anim als. Our results indicated th a t the number, size, and 
vesicle com plem ent of sensory neuron ac tive zones were larger in animals 
showing long-term  sensitization than in control anim als. To maximize the 
chances of finding labeled sensory neuron processes in thin sections, 
m ultiple cells in each animal were injected with horseradish peroxidase 
(HRP) and it was not feasible, the refo re , to examine if long-term 
sensitization had any e ffe c t on the to ta l number of presynaptic varicosi
ties per sensory neuron.

In the present study, we have addressed this question d irectly  by 
analyzing the to ta l axonal arbor of single HRP-filled sensory neurons from 
control (N=8) and long-term  sensitized animals (N=10; Pinsker e t  al., 
1973). Within 48 hrs of retention  testing , a single sensory neuron from 
each animal was in trasom atically  pressure-injected with HRP, incubated 
for 2 hours, fixed, histochem ically processed and embedded in Epon. Each 
ce ll was com pletely reconstructed  using serial 20μ m slab-thick sections 
and the to ta l number of HRP-labeled varicosities for each sensory neuron 
was counted through a blind procedure. We have found th a t long-term 
sensitized anim als have approxim ately tw ice as many varicosities per 
sensory neuron (2697 ± 277 S.E.M.) com pared to  control animals 
(1320 ± 99 S.E.M., t=4.25, p<.01).

These findings, combined with our ea rlie r u ltras tructu ra l observations, 
suggest th a t each m echanoreceptor sensory neuron in Aplysia possesses a 
profound presynaptic capacity  for s tructu ral p lasticity  following long
term  training. Using the slab-thick section approach, we now plan to 
exam ine which of these anatom ical changes are necessary for the 
m aintenance of long-term  memory by exploring the tim e course over 
which they occur and, in particu lar, the ir duration relative to  the 
persistence of the memory assessed behaviorally. In this fashion, we hope 
to  be able to establish a more causal relationship between synaptic 
a rch itec tu re  and the learning process as well as increase our understand
ing of the morphological mechanisms th a t may contribute to  the initiation 
and stabilization of a long-term  memory trace .
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237.3 HEMOLYMPH FROM SENSITIZED APLYSIA MODULATES BODY WALL TENSION AND 
HEART RATE. J.K. Krontiris-Litowitz, B.F. Cooper* and E.T. 
Walters. Dept. of Physiol. & Cell Biol. , Univ. Texas Med. Sch., 
Houston, TX, 77225.

Defensive behavior in Aplysia has proven useful for examining 
general cellular mechanisms of behavior and learning. I t  is not 
yet known, however, whether endocrine and paracrine signals play 
an important part during defensive stress in Aplysia. as they do 
in many other organisms. As a f i r s t  step in examining humoral 
contributions to defensive behavior in Aplysia we have withdrawn 
hemolymph from intact donors following sensitizing shock to the 
tail and applied i t  to 2 simple recipient preparations isolated 
from the CNS: the t ip  of the ta i l  and the heart. The shock 
parameters were the same as previously used to produce 
site-specific sensitization and associative LTP in Aplysia.

In the isolated ta i l  preparation perfused with a r t i f ic ia l  
seawater (ASW), 0.5 ml of hemolymph collected from the body wall 
of the neck of unshocked donors (control hemolymph, CH) always 
caused a small, long-lasting contraction (up to 10 min). In 6 
of 7 preparations hemolymph taken 5 min af ter  strong sensitizing 
shock of the ta i l  of the donor ("stimulated hemolymph", SH) 
produced a contraction (up to 23 min) that was larger than that 
produced by CH. SH withdrawn 10 or 20 min af ter  the 
sensitizing shock had l i t t l e  effect.

In the isolated heart preparation perfused with ASW, CH 
usually had no effect.  The effects of SH on heart ra te (HR) 
depended upon the s i te  of hemolymph collection and upon prior 
sensitizing experience of the donor. SH collected near the body 
wall in the neck of naive donors 5 min af ter  strong ta i l  shock 
did not increase HR (N=7). By contrast , SH collected from the 
anterior aorta 5 min af ter  shocking naive donors, increased HR 
in 4 of 6 preparations. Interestingly, SH collected from aortae 
of the 2 "ineffective" donors in th is  group increased HR when 
stimulated a second time 1 or 2 days af ter  the f i r s t  stimulus 
sequence. The possible contribution of previous sensitizing 
experience to modulatory activity  in the hemolymph received 
further support by the observation that HR was increased by SH 
from 4 of 4 donors previously parapodectomized and subjected to 
an aversive classical conditioning paradigm (see Erickson & 
Walters, this volume).

Hemolymph (SH) in recently sensitized Aplysia probably 
contains factors released from the body wall (Cooper et  a l ., 
this volume). The present results suggest that such factors may 
have endocrine functions, perhaps contributing to the general 
"balling-up" response and to the increased HR (Dieringer et a l ., 
1978) observed in Aplysia following noxious stimulation.

237.4 PROPERTIES OF HUMORAL FACTOR(S) RELEASED FROM APLYSIA BODY WALL 
BY SENSITIZING STIMULATION. B.F. Cooper* , J.K. Krontiris- 
Litowitz and E.T. Walters (SPON: A. Eskin). Dept. of Physiol. & 
Cell Biol., Univ. Texas Med. Sch., Houston, TX 77225.

Noxious mechanical or electr ical stimulation causes 
persistent local contraction of the body wall of Aplysia. Under 
natural conditions this response probably functions to seal 
wounds, preventing loss of hemolymph. We are investigating the 
properties of humoral factors released from the body wall that 
contribute to wound sealing and perhaps to other effects of 
noxious, sensitizing stimulation (see Krontiris-Litowitz et a l ., 
th is  volume).

Isolated body wall was stimulated e lec tr ica l ly  or 
mechanically and the inner surface washed with a small volume of 
a r t i f ic ia l  seawater (yielding "stimulated body-wall wash", SBW). 
Control wash (CBW) was obtained from unstimulated body wall. 
0.1 ml of SBW but not CBW always caused contraction (for up to 
45 min) of body wall from the t a i l ,  midbody, rhinophore, and 
tentacle, and of isolated columellar muscle. In addition, SBW 
increased the heart rate in 6 of 13 isolated heart preparations.

Release of the fac tor(s) was blocked by perfusing the donor 
body wall with 30mM Co2+. The possibili ty  that SBW has a direct 
effect  on muscle was indicated by i t s  ab il i ty  to cause (reduced) 
contractions in recipient body wall perfused with 30mM Co2+ (7 
of 8 preparations). SCP3 sometimes caused similar, long-lasting 
contractions in ASW, but never in 30mM Co2+. FMRFamide caused 
brief  contractions that  were blocked by Co2+. 5-HT, dopamine, 
and octopamine fai led to produce reliable contractions in ASW 
or Co2+.

SBW could potentiate the effects of small amounts of 10-8M 
SCP3 on body wall contraction; the combined effect  exceeded the 
sum of the individual effects (n=5). This synergism was not 
observed, however, in 2 preparations in which the SCPB alone 
caused a near maximal contraction (compared to 10-6M SCPB). 
Synergism was not observed between SBW and 5-HT.

Preliminary characterizations are consistent with the 
possib il i ty  that the factor(s) is a peptide. Activity is 
reduced by pepsin digestion. Activity is retained in 1000 MW 
cut-off  dialysis tubing, but passes through 3500 MW tubing. It  
survives heating to 100°C for 30 min and storage for 5-7 days in 
ASW or hemolymph at 4°C. Activity af ter  100-fold purification 
( f i l te r ing ,  boiling and centrifuging) remains for at least 6 
weeks when stored at -20°C.

In view of the common co-occurence of neuroendocrine 
substances in central and peripheral t issues in other animals, 
we were interested in examining possible effects of SBW on 
identifed central neurons. Perhaps surprisingly, we have not 
yet observed direct effects on sensory, motor, or interneurons.

237.5 STUDIES OF MOTOR CONTROL OF APPETITIVE FEEDING BEHAVIOR IN 
APLYSIA. G. Bablanian, K.R. Weiss and I . Kupfermann. Cntr. for 
Neurobiol. & Behav., Columbia Univ. and NYS P sy ch ia tric  In s t . ,  
New York, NY 10032.

We have been studying the motor con tro l of the ap p etitiv e  
phase of feeding behavior, in  the  gastropod, A p ly s ia  c a l i f o r n i c a ,  
u tiliz in g  a v a rie ty  of p rep ara tio n s. The ap p e titiv e  phase of 
feeding behavior co n sists  of head l i f t i n g ,  head waving and 
orientation of the head to  food. The muscles c o n tro llin g  th is  
behavior, located in the a n te r io r  do rsa l neck and la te r a l  tegu
ment of the animal, are innervated p rim arily  by p leu ra l nerve 1 
(PL1) and pedal nerves 2, 3 and 5 (P2, P3, P5). E le c tr ic a l 
stimulation of PLl and P3 caused l a te r a l  and long itud inal con
tractions of the loosely  overlapping neck musculature; while 
stimulation of the branches of P5 caused lon g itu d in a l contraction  
of the wide band of l a te r a l  tegumentary muscle. L atera l contrac
tion of the e n tire  head region occurred during stim ula tion  of P2.

Recordings from these nerves, in  free-moving animals, showed 
an increase in e x tra c e llu la r  a c t iv i ty  during head l i f t i n g ,  a t the 
onset of ap p etitiv e  feeding behavior. D irec tio n a lly  sp ec ific  in 
hib ition  and e x c ita tio n  in neural a c t iv i ty  occurred in  PLl, P3 
and P5 during leftw ard  and rightw ard movements of the head (head 
waving). Cobalt and n icke l b a c k f i lls  of these nerves revealed 
ce ll bodies in the  cereb ra l, pedal and p leu ra l gang lia . The neu
rons are therefo re  pu ta tiv e  motor neurons fo r the neck and tegu
mentary muscles involved in a p p e titiv e  behavior. This evidence 
suggests th a t ap p e titiv e  con tro l of feeding may involve the 
coordinated a c t iv ity  of several d if fe re n t  gang lia .

237.6 NEURAL CORRELATES OF CONDITIONING IN LATERAL AND MEDIAL B- 
PHOTORECEPTORS OF HERMISSENDA. M.S. Bridge* and T. Crow (SPON: 
F. Robinson). Dept. of Physiol. and Ctr. for Neurosci., Univ. of 
Pittsburgh School of Medicine, Pittsburgh, PA 15261.

A conditioning procedure consisting of pairing-specific 
stimulation of the visual system and gravity-detecting statocysts 
in the marine mollusk Hermissenda produces a long-term 
modification of normal positive phototactic behavior. The learning 
is expressed by a significant suppression of the in i t ia t ion  of 
locomotion in the presence of the CS (l igh t) .  Associated with the 
conditioned modification of phototaxis is a reduction in the 
amplitude of the generator potential in the primary sensory 
neurons (type-B photoreceptors) of the pathway mediating in the CS 
(Crow, 1985). Since each eye of Hermissenda contains three type-B 
photoreceptors, i t  is possible that the B-photoreceptors are not 
functionally equivalent in the expression of the cellular  changes 
produced by conditioning. In order to te s t  th is  hypothesis we 
have examined the light responses of B-photoreceptors in the 
medial and lateral position in the eyes of conditioned animals and 
random controls.

Previous work with the intact  nervous system revealed a 
signif icant overall reduction in the amplitude of the generator 
potential of conditioned animals (N=13) as compared to random 
controls (N=13)(p<.01). An analysis of the time course of 
adaptation revealed that the significant difference in the 
generator potential between groups was f i r s t  expressed 90 sec 
after  light onset (p<.05). In order to examine if  the change in 
the generator potential is in trins ic  to the B-photoreceptors the 
experiments were conducted with preparations where the 
photoreceptors were surgically isolated by cutting the optic 
nerve. B-photoreceptors in the lateral  (N=8 ) and medial (N=8 ) 
positions in the eyes of conditioned Hermissenda were compared to 
lateral  (N=14) and medial (N=6) B-photoreceptors of random 
controls. The mean amplitude of the generator potential at the 
offset  of a 2 min light step was not significantly different for 
lateral (X̄=26.5 mV) and medial (X̄=25.3 mV) B-photoreceptors from 
random controls. In contrast to the results from the random 
controls the generator potentials of medial B photoreceptors from 
conditioned Hermissenda were significantly smaller than the 
potentials from lateral photoreceptors (X̄=14.4 mV vs X̄=20.3 mV, 
p<.01). Light responses of lateral  and medial B-photoreceptors 
were significantly smaller (p<.05; p<.01) than the responses of 
lateral and medial B-photoreceptors from the random controls. 
These results indicate that the p las t ic i ty  in tr ins ic  to B- 
photoreceptors of conditioned Hermissenda is quantitatively 
different  for photoreceptors in different positions within the 
eyes. However, both medial and lateral  B-photoreceptors exhibit 
diminished responses to light af ter  conditioning.
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237.7 PAIRING- AND STIMULUS-SPECIFIC FOOD AVERSIONS IN HERMISSENDA. 
R.Wu, L.Grover, & J .F a r le y . Prog. in  N eurosci. & Behavior, 

P rinceton  U niversity , P rinceton , NJ 08544.
The reduction  o f  Hermissenda' s pho to tax ic  behavior by l ig h t -  

ro ta tio n  p a irin g s  has proven to  be a u sefu l p repara tion  fo r 
understanding the  c e l lu la r  bases o f some simple c h a ra c te r is t ic s  
o f  a sso c ia tiv e  lea rn in g . We are  in te re s te d  in  extending th is  
an a ly sis  to  seme o f the  more complex c h a ra c te r is t ic s  o f a sso c ia 
t iv e  lea rn in g , such as b locking, overshadowing, and h igher-o rder 
cond ition ing . Such experiments presuppose a cue, o th e r than 
l ig h t ,  which Hermissenda can le a rn  about. Thus, we have devel
oped a chemosensorv aversion -learn ing  paradigm using  the  same 
UCS (ro ta tion ) th a t  has been used in  cond ition ing  o f  pho to tax is . 
B ite  s t r ik e  la te n c ie s  to  two types o f food (se lec ted  f r om clam, 
sca llo p , o r o y s te r depending upon the  experiment) were measured 
p r io r  to  cond ition ing . Subsequently, one food was p resented  in  
e i th e r  a pa ired  (CSP) o r unpaired (CSUP) fashion  (separate  
groups o f animals) w ith  ro ta tio n , w hile the  second food was not 
p resented  (CSNP) .  P a irin g s  (n=15) were arranged by p lac ing  each 
in d iv idua l animal in  a beaker o f  seaw ater fo r  30 sec , flavored  
w ith CSP e x tra c t ,  and sim ultaneously ro ta tin g  the  beaker on a 
tu rn tab le  (30 sec , 2.2 g; ITI = 2.5 min). Animals spent the  ITI 
in  a beaker o f  unflavored seaw ater. Unpaired t r i a l s  were 
id e n tic a l  to  p a ired , except th a t  chemosensory exposure and 
ro ta tio n  were always separated  by 30 -  90 sec . B ite  s t r ik e  
la te n c ie s  were again measured to  CSP (or CSUP) and CSNP a t  1.5 
and 24 h r  re te n tio n  in te rv a ls .  P a irings  re su l ted  in  s ig n if ic a n t 
increases in  both CSP and CSNP b i te - s t r ik e  la te n c ie s  a t  1.5 and 
24 h r (see Table I f ;  CSP la te n c ie s  were s ig n if ic a n tly  longer 
than CSNP a t  1.5 h r  re te n tio n  in te rv a l ,  however. Unpaired 
p resen ta tio n s  re su lte d  in  s ig n if ic a n t in creases  to  CSUP a t  1.5 
bu t not 24 h r; CSNP la tency  increased  s ig n if ic a n t a t  24 h r . 
Comparisons o f  CSP v s . CSUP la te n c ie s  revealed  these  to  d i f f e r  
s ig n if ic a n tly  a t  24, bu t no t a t  1.5 h r . Thus, a t  24 h r post
cond ition ing , suppression o f b i te - s t r ik e  behavior i s  both 
stim u lus- and p a ir in g -sp e c if ic .

Table 1
B ite - s tr ik e  la te n c ie s  (sec)

Paired  (n=26) unpaired (n=23)
pre p o st (hr) p re p o st (hr)

1.5 24 1.5 24
CSP CSNP CSP CSNP CSP CSNP CSUP CSNP CSUP CSNP CSUP

X 5.9 6.4 17.3* 9.8* 13.3*† 9.9* 6.5 6.1 13.3*  7.4 8.6 9.5*
s 5.8 6.2 10.9 8.0 9.6 9.6 4.8 6.1 11.2 5.3 8.9 8.5
* p <.05, pre v s . p o s t ; ǂ <•05, paired vs. unpaired

Supported by NSF BNS-8316707 to  J .  Farley .

237.8 AMINERGIC INPUTS IDENTIFIED IMMUNOCYTOCHEMICALLY MODULATE cAMP 
LEVELS IN AN OLFACTORY PROCESSING CIRCUIT. T. Yamane*, A. Gelperin 
& K. Delaney* (SPON: M. Lampert). Dept. Molecular Biophysics, 
AT&T Bell Laboratories, Murray Hill ,  NJ 07974.

The procerebrum (PC) of the te r res t r ia l  slug, Limax maximus, 
contains on order 5 × 105 local interneurons. These interneurons 
are densely interconnected synaptically (Zs.-Nagy & Sakharov, 1970) 
and receive direct axonal projections from fibers in the olfactory 
nerve. Since behavioral experiments indicate that  Limax can form 
both short term (minutes) and long term (weeks) odor memories, we 
are investigating the computational characterist ics of the PC as a 
possible locus for odor memory formation and storage.

To determine the neurotransmitter content of in trins ic  cells 
and extrinsic fibers in the PC, 30 μm sections of the PC were 
exposed to antisera raised against serotonin, dopamine and small 
cardioactive peptide B (SCPB). FITC, Texas Red or HRP labelled 
secondary antibodies were used to reveal si tes  of serotonin-like, 
dopamine-like and SCPB-like immunoreactivity (SLI, DLI, SCPBLI, 
respectively). Fibers showing prominent SLI and DLI were evident 
throughout the neuropil and cell body layers of the PC. No intrin
sic cells were found to show SLI or DLI. SCPBLI, however, was 
localized in both scattered intrinsic  cells (8-10 μm) and extrinsic 
f ibers .  SLI and SCPBLI did not appear to be present in the olfac
tory nerve projection to the PC.

The f i r s t  functional assessment of the effect  of serotonin(5HT) 
and dopamine (DA) on the PC was made by measuring their  affect  on 
the level of cAMP in the lobe. Freshly isolated lobes were incu
bated in saline containing DA or 5HT (50-100μm) and cAMP determined 
by RIA on aliquots of PC homogenate. Protein determinations were 
also done so that  results were compared as pmoles cAMP per μgm pro
tein . 5HT reliably increased cAMP in the PC by up to 20 fold. 
The elevation was transient,  with peak cAMP occurring 0.5-1.0 
minutes a f te r  5HT application. DA also elevated cAMP transiently, 
but only by a factor of 2-3. Incubation of the PC with amine and 
a phosphodiesterase inhibitor (IBMX, 1 mM) prolonged the peak of 
cAMP elevation.

These results will be extended by examining the effect  of SCPB 
on cAMP in the PC and used to optimize electrophysiological asses
sment of the effects of these three neurotransmitters on synaptic 
transmission and information processing in the PC (Gelperin, Tank 
& Chi e l , 1986).

Gelperin, A., Tank, D. W., Chiel, H. J . ,  1986, Soc. Neurosci. 
Abstr. 12.

Zs.-Nagy, I. & Sakharov, D. A., 1970, Tissue and Cell, 2:399- 
411.

237.9 CELLULAR AND SYNAPTIC RESPONSES RECORDED FROM AN OLFACTORY 
PROCESSING CIRCUIT. A. Gelperin. D. W. Tank and H. J. Chiel (SPON:H. Feder). 
Molecular Biophysics Research Dept., AT&T Bell Laboratories. M urray Hill, N J 07974

The procerebrum  (PC) of the terrestrial slug Lim ax m aximus has a distinctive 
architecture. The half million cell bodies are all located in the distal pole of the PC, 
separated from the main body of the cerebral ganglion by a large neuropil in which 
extensive synaptic interconnections occur. The neuropil receives a direct projection from a 
trac t of fibers in the olfactory nerve (ON), suggesting the involvement of the PC in 
olfactory inform ation processing. We initiated these studies to determ ine the trac tab ility  
of the PC  for electrophysiological analysis.

A  prepara tion  of the  cerebral ganglion with the PC  completely desheathed and the ON 
dissected free from its origin at the digitate ganglion was m ounted in a cham ber on the 
stage of an inverted compound microscope. The distal end of the ON was held in a suction 
electrode and stim ulated  with pulses of 0.2-2.0 volts, 2.0 msec duration. Spontaneous or 
evoked extracellular currents were recorded with a  virtual ground circuit using a 5 μ m 
patch  microelectrode positioned a t various levels within the cell body or neuropil layers. 
The boundary between these layers as well as the outlines of cells on the exposed distal 
surface of the PC  were clearly visible.

A  single shock to  the ON produced a  sequence of extracellular currents, as shown in a 
typical recording from the neuropil (Fig. 1A). Such single stim uli elicited curren t 
fluctuations composed of an early phase which persisted in high Mg++ medium, and a late 
phase which was elim inated by high Mg++ (Fig. IB). Loose-seal extracellular patch 
recordings from neuronal som ata in the  PC  showed action potential-like waveforms, which 
on occasion were elicited by ON stim ulation and occurred a t a time coincident w ith the 
late phase of the evoked neuropil response.

Figure 1. Evoked currents recorded in the PC  neuropil produced by 
a  single shock to  the ON. (A) in normal saline, (B) in high M g+ + .

A second class of events was observed in neuropil recordings. Spontaneous slow 
oscillations ( ~  0.5 Hz) of extracellular curren t flow were recorded in norm al saline (Bullock, 
.1945). In high M g++ medium, these slow oscillations disappeared and short trains ( ~ 4  sec 
duration) of rhythm ic curren t flows ( ~  5Hz) were observed. These trains of rhythm ic 
currents could be triggered by ON stim ulation.

A population of individual neurons was mechanically dissociated from the cell body 
layer of the PC. The isolated cells adhered to polylysine coated dishes and remained viable 
for 1-2 days in norm al saline. Three size classes of neurons were observed. Spontaneous 
action potentials were recorded from isolated PC neurons with cell-attached patch 
microelectrodes.

These studies dem onstrate the trac tab ility  of the PC  for system  and cellular analysis 
(see also Yamane, Gelperin & Delaney, 1986). They represent a first step in the analysis of 
olfactory processing in the Lim ax PC.

Bullock, T. H., 1945, Yale J. Biol. Med. 17:657-679.
Yamane, T ., Gelperin, A., Delaney, K., 1986, Soc. Neurosci. A bstr. 12.

237.10 PREY AVOIDANCE LEARNING IN Pleurobranchaea ca li fornica. R .-C . 
Huang* and R. G i l l e t t e . (SPON: A.N. S p e n c e r)  D ep artm en t o f  
P h y s io lo g y  and B io p h y s ic s ,  U n iv e r s i ty  o f  I l l i n o i s ,  U rbana , 
I l l i n o i s  61801 .

N e u ra l m echanism s o f  a s s o c i a t i v e  l e a r n in g  in  P le u ro b ra n c h a e a  
h av e  b een  s tu d i e d  u s in g  l a b o r a to r y  p a ra d ig m s w here fo o d -  
a v o id a n c e  b e h a v io r  i s  l e a r n e d  th ro u g h  th e  a s s o c i a t i o n  o f  fo o d  
s t i m u l i  w ith  e l e c t r i c  s h o c k . A lth o u g h  f o o d -a v o id a n c e  i s  o f  
l i k e l y  a d a p t iv e  s ig n i f i c a n c e  t o  fo ra g in g  by t h i s  p r e d a t o r ,  no 
n a t u r a l  m odel h a s  b een  known. We f in d  t h a t  P le u ro b ra n c h a e a  
q u ic k ly  l e a r n s  t o  a v o id  p r e d a t io n  on th e  a e o l i d  n u d ib ra n c h  
F l a b e l l l n o p s i s  i o d in e a , one o f  many a e o l i d s  w hich  c a r r y  
s t i n g i n g  n e m a to c y s ts  in  t h e i r  c e r a t a .  Upon i n i t i a l  p r e s e n t a 
t i o n ,  a l l  o f  24 s u b j e c t s  v ig o ro u s ly  b i t  th e  a e o l i d s  b u t  q u ic k ly  
r e j e c t e d  them  from  th e  b u c c a l  c a v i t y .  A b o u t o f  c y c l i c  e g e s -  
t i o n  m ovem ents o f  t h e  r a d u l a  t y p i c a l l y  f o l lo w e d ,  l a s t i n g  up to  
1 .5  m in u te s ,  i t s e l f  fo llo w e d  by a c t i v e  a v o id a n c e  lo c o m o tio n . 
In  6 s u b s e q u e n t  2 m in . t r i a l s  s e p a r a te d  by 10 m in . i n t e r v a l s ,  
a n im a ls  showed i n c r e a s i n g  l a t e n c i e s  i n  p r o b o s c i s  e x te n s io n  and 
b i t i n g ;  by t r i a l  7 , 79 % o f  a n im a ls  had  f a i l e d  t o  b i t e  and  show 
a c t i v e  a v o id a n c e  a t  l e a s t  o n c e ; 50% on th e  l a s t  t r i a l . In  a 
2nd day  o f  t r a i n i n g  90% showed a v o id a n c e  w i th o u t  b i t i n g .  
A vo id an ce  l e a r n in g  was h ig h ly  s e l e c t i v e :  l a t e n c i e s  and 
t h r e s h o ld s  o f  f e e d in g  r e s p o n s e s  t o  an  hom ogenate  o f  s q u id  were 
u n c h a n g ed . R e te n tio n  was d e m o n s tra b le  4 d ay s  a f t e r  t r a i n i n g .

A p r o c e s s io n  o f  5 b e h a v io r a l  s t a g e s  c o u ld  be d e f in e d  in  a n i 
m als  l e a r n in g  f u l l  a b s t e n t io n  from  F l a b e l l l n o p s i s . I n  te rm s  o f  
p r o b o s c i s  e x te n s io n  (E ) ,  th e  b i t e  (B ) , r e j e c t i o n  (R ) , " t a s t i n g "  
w ith  th e  l i p s  o f  t h e  p r o b o s c i s  ( T a ) ,  w i th d ra w a l o f  th e  head  
r e g io n  (W), and  a c t i v e  a v o id a n c e  (AA), t h e  s t a g e s  a r e :  1) E- -  
> B - - > R - - > AA; 2) E - - > Ta - - > B - - > R - - > AA; 3) E - - > Ta 
<- - > W- - > AA; 4) E - - > W - - > AA; and 5 ) W - - > AA.

Our o b s e r v a t io n s  a r e  c o m p a t ib le  w ith  a  n e u r a l  m odel b a sed  on 
s im u lta n e o u s  s e n s o ry  e x c i t a t i o n  o f  and  m u tu a l i n h i b i t i o n  
be tw een  m oto r n e tw o rk s  f o r  f e e d in g  and  a v o id a n c e  ( S o c . 
N e u r o s c i . a b s . 11 , 7 8 .2 ,  1 9 8 5 ) . A n e u r a l  m echanism  o f  food 
a v o id a n c e  l e a r n in g  in  P le u ro b ra n c h a e a  (London & G i l l e t t e ,  PNAS 
in  p r e s s )  c an  be i n c o r p o r a t e d  i n to  t h a t  m o d el, b a sed  on 
s u p p r e s s io n  o f  f e e d in g  by l e a r n in g  in d u c e d  h y p e r e x c i t a b i l i t y  in  
e le m e n ts  o f  th e  f e e d in g  o s c i l l a t o r  w hich  a c t  t o  lo c k  th e  
o s c i l l a t o r  i n  a  r e t r a c t i o n  p h a s e .  T h u s, in  t h e  t r a i n e d  a n im a l 
l e a r n e d  s u p p re s s io n  o f  f e e d in g  r e l e a s e s  l a t e n t  a v o id a n c e  
b e h a v io r .  P r e d ic t io n s  and t e s t s  o f  t h e  m odel w i l l  be 
p r e s e n t e d .  S u p p o r te d  by NSF BNS 8 3 -0 8 5 5 1 .
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2 3 7 .11 CHANGE in  dum ( octopaminergic) neuron activity  accompanies 
POSTURAL LEARNING IN THE LOCUST. S .Som bati* , S .A .C hesnut* , 
M .W oollacott, G.Hoyle+ and R.R.Forman. I n s t i t u t e  of 
N eu roscience , U n iv e rs ity  o f Oregon, Eugene, OR 97403.

The m e ta th o rac ic  gan g lio n  c o n ta in s  a c l u s t e r  o f about 30 
d o r s a l  u npa ired  median (DUM) neu rons , some o f which a re  confined  
to  th e  CNS w hile  o th e rs  supply  n e u ro s e c re to ry - ty p e  end ings on 
s k e le ta l  - m u s c le s .  They re le a s e  octopam ine which m odulates 
neurom uscular tra n sm iss io n  and muscle te n s io n .  These neurons 
have b i fu r c a t in g  axons e x i t in g  th e  gang lion  on bo th  s id e s .  Each 
neuron has 3-5  s p ik e - i n i t i a t i n g  zones and one can be independen t 
o f the o th e r s .  A ll have c e n tr a l  b ran ch e s . T h e ir c e n t r a l  
fu n c t io n s  a re  unknown b u t octopam ine has been shown to  have a 
c e n t r a l  m odulatory r o le ,  in c lu d in g  a ro u s a l .

We examined the  ro le  o f DUM neurons in  le g  p o s i t io n  le a rn in g  
of the  lo c u s ts  S c h is to c e rc a  am ericana and S c h is to c e rc a  g re g a r ia  
u s in g  m odified  Forman paradigm . The lo c u s ts  were im m obilized , 
excep t fo r  one fe ra o ro - t ib ia l  jo i n t  o f a h ind  le g ,  and d is s e c te d  
d o r s a l ly  to  expose th e  m e ta th o ra c ic  g ang lion  to  perm it 
i n t r a c e l l u l a r  reco rd in g s  from DUM n eu ro n s . An o n - lin e  com puter 
was used to  m onitor th e  jo i n t  ang le  and t r a i n  th e  anim al by 
o p e ran t c o n d itio n in g  u s in g  both  h e a t to  th e  c o n t r a la t e r a l  le g  and 
low frequency sound as  n eg a tiv e  re in fo rc e m e n t. The tr a in e d  
m e ta th o ra c ic  t i b i a  o cc u p ie d 'a  p o s i t io n  window, p re s e t  in  e i t h e r  
e x te n s io n  o r f le x io n ,  away from r e s t  p o s i t io n .  Both f le x io n  
and ex te n s io n  le a rn in g  can be ach ieved  in  th e  same anim al in  
s e p a ra te  s e s s io n s .  F urtherm ore , v a r io u s  deg rees o f f le x io n  o r 
ex te n s io n  le a rn in g  can be c a r r ie d  o u t .  C u ttin g  bo th  th e  a n t e r io r  
and the  p o s te r io r  c o n n e c tiv e s  to  the  g ang lion  d id  no t im pair i t s  
a b i l i t y  to  le a rn .

A c t iv i t i e s  o f 12 d i f f e r e n t  DUM neurons were examined du rin g  
th e  t r a in in g  s e s s io n s .  Before t r a in in g ,  DUM neurons showed 
spontaneous a c t i v i t y  o f soma sp ik e s  w ith  th e  frequency  of about 
.1 - .5  Hz. Most of them showed an in c re a s e d  a c t i v i t y  du rin g  
t r a in in g  and u s u a lly  a few b r ie f  b u r s ts  (5 -20  s p ik e s )  occu rred  
abou t 1/ 2-1 second b e fo re  th e  t i b i a  occupied  a  d e s ire d  window. 
The a c t i v i t y  then  ceased  upon le a rn in g  and th e  sp ik e s  reappeared  
10-20 seconds l a t e r ,  b u t a t  low er frequency  than  th a t  observed  
b e fo re  t r a in in g .  In  a few neurons th e  a c t i v i t y  recovered  to  a 
h ig h e r  frequency  (up to  4 f o ld ) .  The s p ik e s  which reappeared  
were of axonal type as  c h a ra c te r iz e d  by a t te n tu a te d  am plitude 
w ith o u t la rg e  u n d e rsh o o ts . This was a  more prom inent f e a tu re  
when a s h i f t  in  b a s a l tonus was th e  le a rn in g  s t r a te g y  used by the 
an im al to  ach ieve  extrem e f le x io n  o r e x te n s io n .

We conclude th a t  changes in  DUM neuron a c t i v i t y  c o r r e l a te  w ith 
le g  p o s i t io n  le a rn in g  o f th e  lo c u s t .  The r o le  o f th e se  DUM 
neurons in  le a rn in g  w i l l  be d is c u s s e d . Supported by NIH g ra n t 
1R01NS21033 and a g ra n t from th e  W h iteh a ll F oundation .

237.12 NEURAL CORRELATES OF THE PROBOSCIS EXTENSION RESPONSE IN 
THE BLACK BLOWFLY, PHORMIA REGINA. R.S. Edgecomb and L.L. 
Murdock. Department of Entomology, Purdue University, W. Lafayette, IN 47907.

The black blowfly can taste with contact chemosensory hairs on its legs and on 
its labellum. Stimulation of these sensilla with a suitably sweet solution will elicit 
proboscis extension. Each sensillum contains five receptors. Four of these are taste 
receptors sensitive to different substances; their dendrites extend into the lumen of 
the hair. The fifth is a mechanoreceptor situated at the base of the hair. To 
determine where the axons from these taste hairs project in the central nervous 
system (CNS), selected hairs were cut and stained with cobaltous chloride. The 
hairs chosen were those most likely to contact a potential food source, namely, the 
most anterior (1), middle (6) and most posterior (11) of the 11 “largest ” labellar 
hairs, and the D hairs from the 5th tarsomere of each leg.

The central projections of axons from labellar hairs 1,6  and 11 are limited to the 
subesophageal ganglion (SOG). Axons from hairs 1 and 11 project medially and 
have mutiple contralateral branches. Axons from hair 6 remain m the ispsilateral 
hemiganglion and have one dorsal contralateral projection. The technique used for 
staining sensory neurons from labellar hairs often resulted in single axons staining in 
the CNS, thereby permitting the characterization of particular cell types for each hair. 
Each of the three labellar hairs gives rise to one axon which projected into a common 
dorsal region of the SOG having both a contralateral projection and an ipsilateral 
projection coursing dorsolaterally into a region between the posterior antennal center 
and the SOG.

Sensory neurons from taste hairs in the leg project primarily to the ipsilateral side 
of the corresponding neuromere in the fused thoraco-abdominal ganglia. From each 
leg nerve a bundle of axons projects anteromedially from their respective 
neuromeres, joining axons from all legs from one side, and then passing into the 
ipsilateral half of die SOG via the ventromedial region of the cervical connective. 
These fibers project to the same region as die dorsolateral branch of the common 
labellar axon. Staining of axons from single D hairs on the 5th tarsomere revealed 
that only one of the axons from each D hair projects into the SOG. All other axons 
remain in the ipsilateral half of the corresponding neuromere.

Extension of the proboscis results from the contraction of three muscles— the 
protractor of the fulcrum (ProFul), the adductor of the apodeme (AdA) and the 
extensor of the haustellum (ExHst). The motoneurons innervating these muscles 
were identified by filling appropriate cut nerves with cobaltous chloride using either 
a petrolatum well or a polyethylene suction micropipette. Four motoneurons with 
cell bodies in die ipsilateral side of the SOG innervate the AdA and ExHst via the 
maxillary nerve. Their cell body locations are variable, ranging from the root of the 
labellar-maxillary nerve to the dorsolateral region of the SOG. The central 
projections of these motoneurons are primarily in the ipsilateral hemiganglion in the 
dorsolateral, posterior and ventromedial neuropil. A few ventromedial branches 
project contralaterally. Filling the branch of the labro-frontal nerve, which 
innervates the ProFul, with cobalt revealed one motoneuron having a cell body near 
the root of the labrofrontal nerve. The central projections of this motoneuron follow 
a similar pattern to the other extension motoneurons in the maxillary nerve. This 
motoneuron differs from the other extension motoneurons in having more extensive 
contralateral ventromedial projections and an anteriorly projecting branch arising 
from the ventromedial branch along the midline.

237.13 REGULATION OF TARSAL AND LABELLAR THRESHOLDS IN THE BLACK BLOWFLY, 
PHORMIA REGINA. L.C.Sudlow * , R.S.Edgecomb, and L.L.M urdock. 
D epartm ent o f Entomology, Purdue U n iv ., W .L afay e tte , IN, 47907.

When th e  t a r s a l  o r  l a b e l l a r  chemosensory h a i r s  o f th e  b lack  
b low fly  touch  an a p p ro p r ia te  feed in g  s tim u lu s , e . g . ,  aqueous 
su c ro s e , th e  f l y  ex ten d s  i t s  p ro b o sc is  to  fe e d . T a rsa l and l a b e l l a r  
th re s h o ld s  can be determ ined  a s  th e  mean accep ta n ce  th re sh o ld  
(MAT), th e  lo g a rith m  o f  th e  minimum su c ro se  c o n c e n tra t io n  th a t  
e l i c i t s  p ro b o s c is  ex te n s io n  from th e  ave rage  f l y .  T a r s a l  MAT's a re  
h ig h e s t  a f t e r  a  meal and d e c lin e  du rin g  s ta r v a t io n .  L a b e lla r  
th re s h o ld s  have re c e iv e d  l i t t l e  s y s te m a tic  s tu d y .

When 3 -d ay -o ld  s ta rv e d  f l i e s  were fed  s in g le  3 .7  o r 15 u l m eals 
o f 250 mM s u c ro s e , t a r s a l  and l a b e l l a r  MAT's bo th  ro s e .  T a rsa l and 
l a b e l l a r  MAT's peaked 10-30 min a f t e r  th e  m eal, th en  d ec lin e d  a t  
s im i la r  r a t e s  Over th e  n ex t 5 .5  h r .  For each meal volum e, t a r s a l  
MAT's were h ig h e r  than  l a b e l l a r  MAT's a t  every  tim e p o in t .

In  expe rim en ts  designed  to  ex p lo re  th e  r e l a t i o n s h ip s  among crop 
w eigh t and l a b e l l a r  and t a r s a l  MAT's, f l i e s  were a llow ed to  feed  ad 
l ib i tu m  on e i t h e r  6 2 .5  o r  250 mM su c ro se  fo r  4 -5  d ay s , and were 
th en  removed from th e  fo o d . Crop w eigh ts  and l a b e l l a r  and t a r s a l  
MAT’s  were determ ined  a t  tim es  ran g in g  from 1 h r  to  s e v e ra l  days o f 
d e p r iv a t io n .  With f l i e s  fed  e i t h e r  62 .5  o r  250 mM su c ro s e , both  
t a r s a l  and l a b e l l a r  MAT’s  were h ig h e s t 1 h r  a f t e r  rem oval from 
food , and su b se q u e n tly .d e c lin e d  a t  s im i la r  r a t e s .  For each 
c o n c e n tra t io n  o f  su c ro se  fe d , c rop  w eigh ts were h ig h e s t  a t  th e  
e a r l i e s t  tim e s , and d e c lin e d  lo g a r i th m ic a l ly  t h e r e a f t e r .

In fo rm a tio n  from th e  fo re g u t and abdom inal s t r e t c h  r e c e p to r s ,  
c a r r i e d  v ia  th e  r e c u r r e n t  nerve  (RN) and th e  median abdom inal nerve 
(MAN) r e s p e c t iv e ly ,  p lay  an im p o rtan t r o le  in  meal s iz e  r e g u la t io n .  
To de te rm ine  w hether th e se  n e rv es  have a  r o le  in  l a b e l l a r  th re sh o ld  
r e g u la t io n ,  e i t h e r  n erve  was tr a n s e c te d  in  f l i e s  p re v io u s ly  fed  250 
mM s u c ro se  f o r  4 -5  d ay s . R N -tran sec tio n  caused  an im m ediate and 
s ig n i f i c a n t  d e c re a se  in  t a r s a l  MAT b u t n o t in  l a b e l l a r  MAT. 
M A N -transection had no s ig n i f i c a n t  e f f e c t  on e i t h e r  l a b e l l a r  o r 
t a r s a l  MAT's. To confirm  th a t  RN a f f e c t s  t a r s a l  b u t n o t l a b e l l a r  
th r e s h o ld s ,  R N -tra n se c te d , s ta rv e d  f l i e s  were fed  a s in g le  15 u l 
meal o f  250 mM s u c ro s e . R N -tran sec tio n  d id  n o t p rev en t th e  
post-m ea l e le v a t io n  o f l a b e l l a r  MAT's, b u t t a r s a l  MAT's, a lthough  
s ig n i f i c a n t ly  h ig h e r  th an  p re fee d in g  MAT's, were s ig n i f i c a n t ly  
low er th a n  MAT's in  sham -opera ted  f l i e s .

These r e s u l t s  su g g es t t h a t  t a r s a l  and l a b e l l a r  t a s t e  th re sh o ld s  
in  th e  b low fly  a r e  re g u la te d  in  s im i la r ,  b u t n o t i d e n t ic a l  ways. 
Crop w eigh t ap p e a rs  to  have an im p o rtan t r e l a t i o n s h ip  to  both 
t a r s a l  and l a b e l l a r  th r e s h o ld s .  However, th e  in fo rm a tio n  from th e  
f o re g u t s t r e t c h  r e c e p to r s  a f f e c t s  on ly  th e  t a r s a l  th re sh o ld  
pathw ay. In fo rm a tio n  from th e  abdom inal s t r e t c h  re c e p to r s  has no 
e f f e c t  a t  a l l  e i t h e r  on t a r s a l  o r  l a b e l l a r  th r e s h o ld s .  These 
o b s e rv a t io n s  su g g es t th e  e x is te n c e  o f  a s  y e t u n id e n tif i e d  
mechanisms govern ing  t a r s a l  and l a b e l l a r  th r e s h o ld s .
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238.1 AUTORADIORGRAPHIC LOCALIZATION OF TRITIATED FUCOSE INCORPORATION 
MIRRORS LECTIN BINDING PATTERNS IN THE EARLY POSTNATAL MOUSE 
BRAIN. D .A . S te i n d l e r  and N .G .F . C o o p e r . D e p t . o f  Anatomy and 
N e u ro b io lo g y , U n iv . o f  T e n n e sse e /M e m p h is , M emphis, TN 38163 .

G l y c o s y l a t e d  m o le c u le s  h a v e  b e e n  p re s u m e d  t o  p l a y  r o l e s  
d u r in g  c e n t r a l  n e rv o u s  sy s te m  (CNS) m o rp h o g e n e s is .  P re v io u s  
b io c h e m ic a l  s t u d i e s  (D u tto n  and  B a ro n d e s , J .N e u ro c h e m . ,1 7 :9 1 3 ,  
’ 7 0 )  h a v e  a l s o  d e t e r m i n e d  t h a t  s y s t e m i c  a d m i n i s t r a t i o n s  o f  
r a d i o l a b e l e d  g ly c a n s ,  su c h  a s  f u c o s e ,  become i n c o r p o r a t e d  in  
g ly c o p r o t e in s  i n  d e v e lo p in g  mouse b r a i n .  P o s t n a t a l  day  2 ICR 
m ice w ere a n e s t h e t i z e d  and  r e c e iv e d  i n t r a p e r i t o n e a l  i n j e c t i o n s  
o f  3H fu c o s e  (N EN ),s and s u rv iv e d  lh r - 1 9  d ay s  a t  w h ich  tim e  th e y  
w ere c a r d i a c  p e r f u s e d  w i th  m ixed  a ld e h y d e s .  V ib rato m e  s e c t i o n s  
w e re  i n c u b a t e d  i n  p e r o x i d a s e - l a b e l e d  l e c t i n s  s u c h  a s  l o t u s  
t e t r a g o n o lo b u s  ( s p e c i f i c  f o r  a lp h a - L - f u c o s e ) o r  p ro c e s s e d  f o r  
l i g h t  m ic r o s c o p ic  a u to r a d io g r a p h y .  F o llo w in g  s u r v i v a l  t im e s  o f  
l h r . ,  3H fu c o s e  a u to r a d io g r a p h ic  l a b e l i n g ,  s e e n  w i th  d a r k f i e l d  
i l l u m i n a t i o n ,  i s  p r im a r i ly  a s s o c i a t e d  w i th  CNS b lo o d  v e s s e l s  and 
m en in g e s , a l th o u g h  th e r e  i s  a  l i g h t ,  u n ifo rm  l a b e l in g  th ro u g h o u t 
th e  CNS. By 3 h r .  p o s t - i n j e c t i o n ,  a  c h a r a c t e r i s t i c  im age o f  
s u b c o r t i c a l  b o u n d a r ie s  a l r e a d y  a p p e a r s ,  and i s  m axim al by 27 h r .  
w h e r e ,  f o r  e x a m p le ,  t h e  m o le c u la r  l a y e r s  o f  t h e  d e v e lo p i n g  
n e o c o r te x  and  c e re b e llu m  a r e  i n t e n s e l y  l a b e l e d .  3H fu c o s e  
l a b e l i n g  r e v e a l s  p a t t e r n s  u n iq u e  to  e v e ry  CNS s t r u c t u r e ,  and 
th e y  r e l a t e  t o  c y to a r c h i t e c t o n i c  b o u n d a r ie s  and d e v e lo p in g  
s u b s t r u c t u r a l  a r ra n g e m e n ts  ( e . g .  f i v e  rows o f  l a b e l in g  i n  th e  
t r i g e m i n a l  com plex  and th a la m ic  b a r r e l o i d s  r e l a t e d  to  m y s ta c ia l  
v i b r i s s a e ) .  H ig h e r  r e s o l u t i o n  b r i g h t f i e l d  m ic ro sc o p y  r e v e a l s  th e  
l a b e l  t o  be p re d o m in a n tly  a s s o c i a t e d  w i th  u n d e f in e d  e le m e n ts  o f  
th e  n e u r o p i l  r a t h e r  th a n  b e in g  c o n c e n t r a t e d  o v e r  n e u ro n a l  
so m a ta . B etw een 5 and  8 d ay s  p o s t i n j e c t i o n ,  th e  i n t e n s i t y  o f  
l a b e l in g  i s  b e g in n in g  t o  d im in is h ,  w i th  th e  band o f  m o le c u la r  
l a y e r  l a b e l in g  in  th e  c e re b e llu m  s t i l l  p r e s e n t .  By 19 d a y s ,  m ost 
p a t t e r n s  a r e  no  l o n g e r  v i s i b l e . The h i s t o c h e m i c a l  im a g e  o f  
l e c t i n  b in d in g  p a t t e r n s  i n  a l l  o f  th e s e  c a s e s  i s  i d e n t i c a l  to  
th e  m axim al im ages o f  r a d i o l a b e l e d  fu c o s e  i n c o r p o r a t i o n .  These 
f in d in g s  s u p p o r t  a  n o t io n  t h a t  p a r t i c u l a r  g l y c o c o n ju g a te s , 
i n v o lv e d  i n  r e c o g n i t i o n  phenomena r e l a t e d  t o  p a t t e r n  fo rm a tio n ,  
a r e  d e g ra d e d  i n  th e  t h i r d  p o s tn a t a l  week ( a l s o  s e e  R eeb er e t  
a l . ,  J .N e u ro c h e m . ,3 5 :1 2 7 3 , ' 8 0 ) .  The f in d i n g  t h a t  a s t r o c y t e s  a r e  
a  m a jo r  s i t e  o f  3H f u c o s e  i n c o r p o r a t i o n  i n  t h e  a d u l t  b r a i n  
( R e i s e r t  e t  a l . , J .c o m p . N e u r o l . 1 7 6 :4 5 3 , '7 7 ) ,  i n  a d d i t i o n  to  o u r  
p re v io u s  f in d in g s  on l e c t i n  l a b e l i n g  r e l a t e d  t o  g l i a  ( S t e i n d l e r  
and C o o p e r , J . comp. N e u r o l .2 4 9 , ' 8 6 ; Cooper and S t e i n d l e r ,  B ra in  
R e s . , ' 8 6 ) ,  s u p p o r t  a  h y p o th e s i s  t h a t  g l i a  s e q u e s t e r  th e  in fu s e d  
r a d i o l a b e l e d  g ly c a n  o b s e rv e d  h e r e , and  s y n th e s i z e  g ly c o s y la te d  
m o le c u le s  t h a t  c o n v e y  p a t t e r n  f o r m a t i o n  c u e s .  S u p p o r te d  by 
g r a n t s  NS-20856 and EY -02708.

238.2 GRADIENTS OF GLYCANS PRESENT IN THE DEVELOPING MOUSE STRIATE 
CORTEX. N .G .F . Cooper and D.A. S t e i n d l e r . D e p t . o f  Anatomy and 
N e u ro b io lo g y , U n iv . o f  T en n essee /M em p h is , M emphis, TN 38163

L e c t in s  and a n t i b o d i e s  h ave  b een  u se d  to  show c o r r e l a t i o n s  
be tw een  th e  e x i s t e n c e  o f  p a t t e r n s  o f  i n t r i n s i c  m o le c u le s  and th e  
d ev e lo p m en t o f  c y t o a r c h i t e c t u r e  w i th in  th e  s o m a to sen so ry  c o r t e x  
(C ooper and S t e i n d l e r ,  J . comp. N e u r o l . , ' 8 6 ; B ra in  R e s . , ' 8 6 ) .  In  
t h i s  s tu d y ,  p a t t e r n s  o f  l e c t i n  b in d in g  and  3H fu c o s e  in c o r p o r a 
t i o n  i n  t h e  m ouse s t r i a t e  c o r t e x  a r e  c o m p a re d  a t  t h e  l i g h t  
m ic ro s c o p ic  l e v e l ,  and l e c t i n  b in d in g  s i t e s  a r e  a l s o  e v a lu a te d  
a t  th e  e l e c t r o n  m ic ro sc o p e  l e v e l .  The p e ro x id a s e  c o n ju g a te d  
l e c t i n s  s p e c i f i c  f o r  e i t h e r  f u c o s e ,  m annose, g a la c to s a m in e  o r  
g lu co sa m in e  w ere u sed  to  exam ine th e  d i s p o s i t i o n  o f  g ly c a n s  in  
a ld e h y d e - f ix e d  p a r a s a g i t t a l  s e c t i o n s  o f  c o r t e x  from  p o s tn a t a l  
day  1 th ro u g h  a d u l t  m ic e . A u to ra d io g ra p h s  w ere p r e p a re d  f o l lo w 
in g  i n j e c t i o n s  o f  3H fu c o s e  in  e a r l y  p o s tn a t a l  m ice a l lo w in g  f o r  
a  1 day  s u r v i v a l  t im e .  The d i s p o s i t i o n  o f  g l y c o p r o t e in s  s e e n  in  
a u to r a d io g r a p h s  m ir ro re d  th e  p a t t e r n s  d e te c t e d  w ith  a l l  o f  th e  
l e c t i n - p e r o x i d a s e  c o n j u g a t e s  an d  show  t h a t  g l y c a n s  i n  t h i s  
r e g io n  o f  th e  c o r t e x  a r e  c o n c e n t r a te d  i n  4 lam in ae  w hich a l t e r 
n a te  w i th  4 g ly c a n -p o o r  la m in a e .  T h is  p a t t e r n  d i f f e r s  from  t h a t  
s e e n  i n  t h i n  s e c t i o n s ,  w h e re  l e c t i n  b i n d in g  s i t e s  a r e  m ore 
u n ifo rm ly  d i s p e r s e d  th ro u g h o u t th e  c o r t e x .  T h e r e f o r e ,  th e  
l e c t i n - p o s i t i v e  lam in ae  s e e n  in  t h i c k  s e c t i o n s  a r e  a r e a s  o f  h ig h  
c o n c e n t r a t i o n  o f  g ly c a n s  and a  g r a d i e n t  o f  g ly c a n s  i s  p r e s e n t  
b e tw een  th em . Under th e  EM, c ro s s  s e c t i o n s  o f  l e c t i n - p o s i t i v e  
c i r c u l a r  p r o f i l e s ,  s u g g e s t iv e  o f  g ro w th  c o n e s ,  a r e  p r e s e n t  in  
r e g io n s  o f  n e u r o p i l  w here m ost im m ature  n e u r i t e s  r e v e a l  o n ly  
p lasm a m em b ra n e -a ss o c ia te d  b in d in g  s i t e s .  The g ro w th  c o n e - l ik e  
p r o f i l e s  c o n ta in  l e c t i n - p o s i t i v e  v a c u o le s  and we h y p o th e s iz e  
t h a t  th e s e  p r o f i l e s  r e p r e s e n t  g l i a l  p r o c e s s e s  t h a t  a r e  s e c r e t i n g  
l e c t i n - p o s i t i v e  m a t e r i a l  o b s e rv e d  be tw een  a x o n s , d e n d r i t e s ,  and 
c e l l  b o d i e s . The l e c t i n - p o s i t i v e  m a t e r i a l  a s s o c i a te d  w i th  a l l  
p lasm a  m em branes a p p e a r s  m a t r i x - l i k e .  G l i a l - a s s o c i a t e d  l e c t i n  
b in d in g  can  be d e te c t e d  i n  th e  a d u l t  CNS w ith  WGA, b u t i t  i s  
more d i s c r e t e ,  b e in g  more c lo s e l y  a s s o c i a t e d  w i th  g l i a l  
p r o c e s s e s  t h a t  s u rro u n d  s y n a p t i c  t e r m in a l s  and n o t  g e n e r a l ly  
p r e s e n t  th ro u g h o u t  th e  n e u r o p i l  o r  e n r ic h e d  in  la m in a e .  A lso  in  
th e  a d u l t ,  a  l e c t i n - p o s i t i v e  l a t t i c e  can  be s e e n  c o v e r in g  th e  
s u r f a c e  o f  n e u r o n a l  c e l l  b o d i e s  an d  d e n d r i t e s  w i t h  l e c t i n 
n e g a t iv e  s i t e s ,  r e p r e s e n t i n g  s i t e s  o f  s y n a p t i c  a p p o s i t i o n .  We 
h y p o th e s iz e  t h a t  th e  l e c t i n  b in d in g  s i t e s  r e p r e s e n t  a  g ly ca n  
'b r i d g e '  be tw een  n e u ro n s  and g l i a  and  we p r e d i c t  t h a t  endogenous 
r e c e p t o r s  f o r  g ly c a n s  m ust e x i s t  on b o th  g l i a l  and n e u ro n a l  c e l l  
m em branes. D u rin g  dev e lo p m en t o f  th e  v i s u a l  c o r t e x ,  th e s e  
g ly c a n s  c o u ld  p la y  a  r o l e  i n  s o r t i n g  n e u ro n s  i n t o  lam in ae  o r  in  
m e d ia t in g  s e l e c t i v e  n e u ro n a l  i n t e r a c t i o n s  b e tw een  th e  c e l l s  o f 
p re s u m p tiv e  la m in a e .  S u p p o rte d  by EY-02708 and NS-20856.

238.3 A MONOCLONAL ANTIBODY (WCC4) IDENTIFIES DEVELOPMENTALLY REGULATED 
GLYCOLIPIDS IN THE RAT CNS. S .F . S uchy*, M. Yamamoto, L. B a rb e ro *  
and G.A. S c h w a rtin g *  (SPON: L.M. H em m endinger). D ep a rtm en t o f  
B io c h e m is try ,  E .K . S h r iv e r  C e n te r ,  W altham , MA 02254

A m o n o c lo n a l a n tib o d y  (WCC4), r a i s e d  a g a in s t  a  s u s p e n s io n  
o f  r a t  pheochrom ocytom a (PC12) c e l l s ,  r e c o g n iz e s  a g a n g l io s id e  
w i th  a  d e v e lo p m e n ta l ly  r e g u l a te d  p a t t e r n  o f  e x p r e s s io n  in  th e  
CNS o f  th e  r a t .  Im m u n o h is to ch em ica l and b io c h e m ic a l  s t u d i e s  o f  
g a n g l io s id e s  i s o l a t e d  from  PC12 c e l l s  and r a t  b r a i n  r e v e a l  th e  
W C C 4 -reac tiv e  g a n g l io s id e  to  be α- g a l a c t o s y l ,  α- f u c o s y l  GMl . 
T re a tm e n t o f  th e  g a n g l io s id e  e x t r a c t s  w i th  α- g a l a c t o s i d a s e  r e 
s u l t s  i n  a  l o s s  o f  WCC4 im m u n o re a c tiv i ty , w h e re a s  no l o s s  in  
im m u n o re a c tiv i ty  i s  o b s e rv e d  a f t e r  t r e a tm e n t  w i th  o t h e r  g ly c o -  
s id a s e s  ( e n d o - β- g a l a c t o s i d a s e ,  β- g a l a c t o s i d a s e , β-h e x o s a m in id a s e ,  
α- f u c o s id a s e  o r  n e u r a m in id a s e ) . The e x p r e s s io n  o f  t h i s  g a n g l io s id e  
d u r in g  d ev e lo p m en t was exam ined by TLC im m u n o sta in in g  o f  l i p i d  
e x t r a c t s  from  em b ry o n ic  and p o s tn a t a l  r a t  b r a i n  (E13 to  a d u l t ) .  
The g a n g l i o s id e ,  u n d e te c t a b l e  i n  em b ry o n ic  b r a i n ,  a p p e a r s  a t  
PO and i n c r e a s e s  i n  c o n c e n t r a t i o n  th ro u g h  th e  f i r s t  s e v e r a l  p o s t 
n a t a l  w eeks u n t i l  a p p ro x im a te ly  P 26 , a f t e r  w h ich  i t  d e c re a s e s  
s l i g h t l y  to  a d u l t  c o n c e n t r a t i o n s .  WCC4 a l s o  r e a c t s  p o s t n a t a l l y  
w i th  a t  l e a s t  two n e u t r a l  g l y c o l i p id s  w hich  a r e  d e v e lo p m e n ta l ly  
r e g u l a te d  and w hich  h ave  d i f f e r e n t  te m p o ra l  p a t t e r n s  o f  e x p r e s s 
io n .  In  a d d i t i o n ,  W este rn  b l o t  a n a ly s i s  o f  w ho le  b r a i n  h om ogenates  
r e v e a l s  t h a t  th e  W CC4-reac t i v e  e p i to p e  i s  p r e s e n t  on two p r e -  
n a t a l l y  e x p re s s e d  g l y c o p r o t e in s  a t  E17, b u t  t h a t  im m u n o re a c tiv e  
g ly c o p r o t e in s  a r e  a b s e n t  a t  P6 and in  th e  a d u l t .

Im m unocy tochem ica l s t u d i e s  o f  th e  a d u l t  r a t  b r a i n  r e v e a l  
t h a t  i n t e n s e ,  d i f f u s e  im m u n o re a c tiv ity  i s  p r e s e n t  i n  th e  s t r a tu m  
lacu n o su m  m o le c u la re  o f  th e  h ip p o cam p u s , i n  t h e  s t r a tu m  m o le c u la re  
o f  th e  d e n ta t e  g y r u s ,  i n  th e  m o le c u la r  l a y e r  o f  th e  p y r ifo rm  
c o r t e x  and  th e  e n to r h i n a l  c o r t e x ,  and i n  th e  o l f a c t o r y  t u b e r c l e .  
T h e re  i s  a l s o  a  p u n c ta t e  s t a i n i n g  o f  n e u ro n s  i n  th e  e n t i r e  b r a i n .  
Im m u n o h is to ch em ica l a n a ly s i s  o f  WCC4 r e a c t i v i t y  d u r in g  d e v e lo p 
m ent r e v e a l s  t h a t  th e  p u n c ta te  s t a i n i n g  o f  n e u ro n s  i s  p r e s e n t  
from  E17. H ow ever, th e  a n a to m ic a l ly  r e s t r i c t e d ,  d i f f u s e  immuno
r e a c t i v i t y  w h ich  i s  p r e s e n t  i n  th e  a d u l t  d o es  n o t  a p p e a r  u n t i l  
P 3 , and  i t  r e s e m b le s  t h a t  o f  th e  a d u l t  by P6 . S tu d ie s  to  i n v e s t i 
g a te  w h e th e r  WCC4 im m u n o re a c tiv i ty  i s  a s s o c i a t e d  w i th  s p e c i f i c  
p r e s y n a p t i c ,  p o s t s y n a p t ic  o r  g l i a l  e le m e n ts  a r e  i n  p r o g r e s s .

238.4 IM M UNOHISTOCHEM ICAL LOCALIZATION OF UNIQUE C- 
TERM INAL PE PTID ES OF β-TUBULIN IN  DEVELOPING 
RA T BRAIN. W. S. T. Griffin and I. Ginzburg. Univ. of Tx. Hlth. 
Sci. Ctr., Dallas, Tx. 75235 and Weizmann Inst., Rehovot, Israel 76100.

T he diverse functions of m icrotubules include chrom osom al move
m ent, cell division and m igration, creation  and m aintenance of cytoar
ch itectu re, in tracellu lar tran sp o rt, and  secretion. T his d iversity  suggests 
possible heterogeneity of th e  tubu lin  isoform s assem bled in to  in to  micro
tubules and th e ir d istribu tion . Progressive changes in  cell shape during 
neuronal m orphogenesis depend on th e  red istribu tion  and possible in
terconnections of m icrotubules w ith o th er cytoskeletal elem ents. This is 
fu rth er evidence of th e  necessity fo r regulation  of th e  synthesis and/or 
assem bly of heterogeneous tubu lin  isoform s necessary fo r cell differentia- 
tio n  and function. In  organs com posed of m any different cell types, e.g., 
b rain , m icrotubule heterogeneity could be a  reflection of cell type diver
sity. T here is region-specific differential d istribu tion  of tu b u lin  isoforms 
in  th e  b rain , b u t th ere  is also expression of m ultiple tu b u lin  isoforms in 
individual neural cells. Some of th e  isoform s are  derived from  th e fam
ily  of tubu lin  genes, b u t those in  excess of gene num ber m ust be the 
resu lt of p osttranslational m odification. We have sequenced 3 unique 
ra t β-tubu lin  cDNAs and found an  interspecies regional heterogeneity 
w ith in  th e  15 am ino ad d s in  th e  C-term inal dom ain. We hypothesized 
th a t th e  divergence reflects different functional p roperties and , if so, that 
such sequences could be cell type specific a n d /o r have unique intracel
lu la r locales. To te st th is hypothesis, we synthesized and raised anti
bodies against a  num ber o f peptides spanning th e  15 am ino ad d s in the 
C -term inal region of some of th e  β-tub u lin  isoform s. Two peptides des
ignated  1 and 2, correspond to  porcine β-tubu lin  positions 416-425 and 
416-431, respectively. A th ird , designated peptide 4, corresponds to  rat 
β-tubu lin  positions 426-445. T he antibodies w ere characterized  by im- 
m unoblotting, indirect radioim m unoassay and peraxidase-antiperaxidase 
stain ing . Radioim m unoassay and im m unoblot analysis showed th a t these 
antibodies cross reacted  to  some exten t w ith each o th er and  β-tubulin 
b u t d id  no t cross react w ith α-tubu lin . C ontrol serum  was nonimmunore- 
active. Im m unohistochem ical localization of th e  antibodies w ith their 
im m unoreactive p roducts showed th a t P ep tide 1 preferentially  stained 
axons, P ep tide 2, neurons and axon term inals, and  P ep tide 4, glia. We 
w ill show developm ental variations of th is  p referential stain ing . Supported 
in part by NIH AI-14663 and AG-05587.
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238.5 DEVELOPMENTAL EXPRESSION OF CALCITONIN GENE RELATED PEPTIDE 
ON CEREBRAL ARTERIES. S.H. T sa i* , J.M . Tew, J r . * ,  and M.T. 
S h ip ley  (SPON: R. C a rd e l l) ,  D epartm ents of Anatomy/Cel l  
B iology and N eurosurgery , U n iv e rs ity  o f C in c in n a t i  C o llege of 
M edic ine, C in c in n a t i ,  Ohio 45267-0521

C a lc ito n in  g e n e -re la te d  p e p tid e  (CGRP) i s  a p e p tid e  
r e c e n tly  d i s ćovered by recom binant DNA te ch n o lo g y . CGRP has 
been found in  th e  c e n t r a l  and p e r ip h e ra l  nervous system  and 
on v e s s e ls  where i t  i s  a most p o te n t v a s o d i l a to r .  We have 
r e c e n tly  dem onstra ted  th a t  CGRP f ib e r s  from th e  i p s i l a t e r a l  
t r ig e m in a l  g a n g lio n  (V1) h e a v ily  in n e rv a te  th e  a r t e r i a l  w a ll 
o f a n t e r io r  c e re b ra l  c i r c u la t io n  in  a d u l t  r a t s .  The p re s e n t 
s tu d y  in v e s t ig a te s  th e  developm ental e x p re ss io n  of CGRP on 
c e re b ra l  a r t e r i e s  in  newborn r a t s .

Immunocytochemical s ta in in g  w ith  CGRP a n t i s e r a  
(g en e ro u s ly  s u p p lie d  by W. V ale , S alk  I n s t i t u t e ,  C a l if o rn ia )  
was perform ed on whole-mount c e re b ra l  a r t e r i e s .  The day of 
b i r t h  i s  c a l le d  p o s tn a ta l  (PND) 1. On PND 1-2 , CGRP i s  found 
on ly  on th e  w a ll of a n t e r io r  c e re b ra l  (ACA) and a n t e r io r  
com municating a r t e r i e s  (ACoA). The f ib e r s  a re  la rg e ly  
co n fin ed  to  one o r  two lo n g i tu d in a l ly  o r ie n te d  b u n d le s , bu t 
in  a l l  c a se s  a few f ib e r s  ta k e  a z ig zag  cou rse  around th e  
v e s s e l .  On PND 3 -4 , th e  number o f f ib e r s  in c re a s e s  on the  
w a ll o f ACA and ACoA and f i r s t  appear on th e  c a ro t id  (CA) and 
m iddle c e re b ra l  a r t e r i e s  (MCA). On PND 15-16, th e  
in n e rv a tio n  p a t te r n  becomes a meshwork of lo n g i tu d in a l  and 
c i r c u m fe re n tia l  f ib e r s  on th e  w a ll o f ACA and ACoA, th e  
p a t te r n  ty p i c a l  of a d u l t  an im a ls ; th e  d e n s i ty  of f ib e r s  
in c re a s e s  on th e  w a ll o f CA and MCA. At t h i s  tim e , a few 
CGRP f ib e r s  a re  found on th e  w a ll o f b a s i l a r  and v e r te b r a l  
a r t e r i e s .  By PND 64, th e  o v e ra l l  d i s t r i b u t io n  o f GCRP on th e  
w a ll o f c e re b ra l  a r t e r i e s  appears  s im i la r  to  th e  a d u l t .

The e x p re ss io n  of CGRP in  f ib e r s  in n e rv a tin g  c e re b ra l  
a r t e r i e s  appears  to  beg in  a t  o r n ea r  b i r t h .  The c e re b ra l  
a r t e r i e s  in  th e  a n t e r io r  p a r t  of th e  c i r c l e  o f W illi s  (ACA 
and ACoA) re c e iv e  th e  f i r s t  f ib e r s  and th roughou t developm ent 
have th e  d e n se s t in n e rv a t io n .  ACA and ACoA supp ly  th e  
a n t e r io r  hypo thalam us, s tra tu m , m ed ia l and v e n t r a l  s id e s  of 
c e re b ra l  hem isphere and o lf a c to ry  b u lb s . The e a r ly  
developm ent of CGRP e x p re ss io n  in  th e se  c e re b ra l  a r t e r i e s  may 
be r e l a te d  to  r e g u la t io n  of blood flow  to  th e  hypothalam us, 
th e  b a s a l fo re b ra in  and o l f a c to ry  c o r t i c a l  s t r u c tu r e s  and , 
th e r e f o r e ,  may p lay  a  r o le  in  su p p o rtin g  homing and feed in g  
b eh a v io rs  in  d eve lop ing  an im a ls .

Supported  by NS 23348, USADAMD 17-86-C-6005 and UC 
N euroscience T ra in in g  Program.

238.6 DIFFERENTIATION PATTERNS IN THE MEDIOBASAL HYPOTHALAMUS AND IN THE 
PITUITARY OF THE RAT FOR STAGE SPECIFIC EMBRYONIC ANTIGEN 1 AND 
ALKALINE PHOSPHATASE. E .A .J .F .  LAKKE,* E . MARANI* and  A.H. EPEMA* 
(SPON: T . v an  Wimersma G r e id a n u s ) .  L ab . o f  Anatomy and Em bryology, 
NL 2333 AL L e id e n ,  The N e th e r la n d s .

The d ev e lo p m e n t o f  th e  m e d io b a s a l  h y p o th a la m u s  (MBH) o f  th e  r a t  
was s tu d i e d  w i th  th e  u se  o f  a  p a n e l  o f  m o n o clo n a l a n t i b o d i e s  (MAB) 
and enzyme h i s to c h e m ic a l  t e c h n iq u e s  (M a ra n i, E . , P r o g re s s  H i s to -  
C y to ch em ., 16- 4.: 1- 1 70 , 1 9 8 6 ) . Of th e s e  r e s u l t s  th o s e  o b ta in e d  w ith  
th e  u se  o f  MAB 3B9 im m u n o cy to ch em is try  and a l k a l i n e  p h o s p h a ta s e  
(AP) h i s t o c h e m i s t r y  w i l l  be p r e s e n te d .  MAB 3B9 i s  s p e c i f i c a l l y  
d i r e c t e d  a g a i n s t  fu c o s y l - N - a c e ty l - l a c to s a m in e ,  a l s o  known a s  s ta g e  
s p e c i f i c  em b ry o n ic  a n t ig e n  1 (SSEA 1).

A t 12 h o u r  i n t e r v a l s  from  th e  1 0 th  day  p o s t - c o i te m  (p c )  onw ards 
r a t  em bryos w ere rem oved from  th e  u t e r u s  u n d e r  d eep  a e th e r  a n a e s 
t h e s i a .  C r y o s ta te  s e r i a l  s e c t i o n s  w i th  a  t h ic k n e s s  o f  16 μM w ere 
m ade. A l l  s e c t i o n s  w ere i n t e r c e p t e d  on chrom e-alum n subbed  g l a s s  
s l i d e s .  MAB 3B9 was em ployed u s in g  th e  p e r o x id a s e - a n t ip e r o x id a s e  
t e c h n iq u e .  AP h i s to c h e m is t r y  was done a c c o r d in g  to  M aran i (P ro 
g r e s s  H i s to -  C y to ch em ., 1 6 - 4 :1 - 1 7 0 ,  1 9 8 6 ) .

A t day  16 pc l a b e l in g  o f  SSEA1 was fo u n d  i n  th e  l a t e r a l  p r e - ,  
s u p r a -  and  r e t r o c h i a s m a t i c  a r e a s .  I n  t h e  r o s t r a l  i n f u n d i b u la r  a r e a  
d ia m in o b e n z id in e  r e a c t i o n  p ro d u c t  was l o c a l i z e d  im m e d ia te ly  p e r i 
v e n t r i c u l a r ,  w h i le  i n  th e  c a u d a l  i n f u n d i b u la r  a r e a  th e  l a b e l  was 
s e e n  i n  th e  m e d ia l  p a r t  o f  t h e  MBH. In  t h e  v e n t r a l  m id l in e  th e  
v e n t r i c u l a r  m a t r ix  and  th e  m a n tle  l a y e r  w ere f r e e  o f  SSEA1 i n  a l l  
a r e a s  m e n tio n e d .

From th e  1 8 th  d ay  pc onw ards SSEA1 was fo u n d  i n  th e  p e r iv e n 
t r i c u l a r  m a t r ix  o f  th e  p r e c h ia s m a t ic  a r e a ,  c o n tin u o u s  w i th  l a b e l 
in g  o f  th e  s u p ra c h ia s m a t ic  n u c le u s  (SON). D o rs a l  from  th e  SON th e  
p e r i -  and  p a r a v e n t r i c u l a r  n u c l e i  w ere p o s i t i v e .  I n  th e  r e t r o c h i a s 
m a tic  a r e a  l a b e l i n g  was a g a in  fo u n d  p e r i v e n t r i c u l a r y ,  th o u g h  n o t  
c o n tin u o u s  w i th  t h e  l a b e l i n g  o f  th e  SCN.

W hile  AP was co m p lem en tary  t o  SSEA1 i n  th e  l a t e r a l  and  m ed ia l 
MBH an d  i n  t h e  a r c u a t e  n u c le u s ,  i t  was c o - l o c a l i z e d  w i th  i t  i n  th e  
SCN and  i n  th e  p e r i -  and  p a r a v e n t r i c u l a r  n u c l e i .

In  t h e  p a r s  in te r m e d ia  o f  t h e  p i t u i t a r y  a  z o n a l  p a t t e r n  was ob
s e rv e d  f o r  b o th  SSEA1 im m u n o re a c tiv i ty  an d  AP h i s t o c h e m i s t r y .  The 
e p i t h e l i a l  l a y e r  n e ig h b o r in g  th e  n e u ro h y p o p h y s is  was a l t e r n a t e l y  
l a b e l e d ,  g iv in g  th e  im p r e s s io n  o f  a  l o n g i t u d i n a l  p a t t e r n .  In  th e  
a n t e r i o r  lo b e  some s c a t t e r e d  l a b e l i n g  was s e e n  f o r  SSEA1 and AP.

The s h i f t  o f  SSEA1 d u r in g  d e v e lo p m e n t from  l a t e r a l  t o  m e d ia l  i n  
th e  MBH o f  t h e  r a t  i s  th o u g h t  t o  r e p r e s e n t  a  d i f f e r e n t i a t i o n  g ra 
d i e n t .  The a p p e a ra n c e  o f  a  s t r i p e d  p a t t e r n  i n  th e  p a r s  in te r m e d ia  
o f  th e  p i t u i t a r y  i s  u n iq u e .

238.7 DISTRIBUTION OF ACETYLCHOLINESTERASE AND SUBSTANCE P 
IMMUNOREACTIVITY IN THE DORSAL THALAMUS OF THE 
DEVELOPING RAT. C heryl L. L ieu*, R ichard T. R obertson and Jen  
Yu. (SPON: E.A. Davis, J r . )  D epartm ents of Anatom y and 
Neurobiology and Physical Medicine and R ehabilita tion , C ollege of 
M edicine, U niversity  of C alifornia , Irvine, CA 92717.

We have repo rted  th a t th e  prim ary sensory relay nuclei of the  
dorsal thalam us in th e  developing r a t  display tran sien t pa tte rn s  of 
ace ty lcho linesterase  (AChE) ac tiv ity  in th e  f irs t tw o postnatal weeks 
o f life  (Robertson e t  a l., N eurosci. A bstr., 1986). AChE ac tiv ity  in the  
ventrobasal com plex (VB), dorsal  nucleus of th e  la te ra l geniculate  body 
(dLGN), and v en tra l nucleus of th e  m edial gen icu late  body (vMG) 
appears shortly  a f te r  b irth , reach  peak in tensity  a t  about 5-9 days of 
p ostnata l age  (DPN) and decline to  adu lt levels during th e  th ird  
postnata l w eek. The function  of the  tran sien t AChE is unknown, but 
several possibilities ex ist.  In addition to  its  hydrolytic ro le fo r 
acety lcho line , AChE has also been shown to  a c t as a  ca tabo lic  enzym e 
fo r substance P  (Chubb e t  a l., N eurosci., 1980). The p resen t study is a  
com parison of th e  d istribution  of AChE and Substance P in the 
developing r a t  dorsal Subjects w ere laborato ry  born Long-Evans or 
Sprague-D aw ley ra ts  of 0-60 DPN. A nimals w ere anesthetized  and 
perfused w ith  0.9%  saline a t  37° C , followed by 4% paraform aldehyde 
and 0.5% g lu taraldehyde in 0.1M phosphate buffer a t  pH 7.4 and a t  
4°C . F rozen  sections of 20-40 um w ere taken through the  dorsal 
tha lam us. Series 1 was processed for im m unocytochem ical 
localization  of  substance P , series 2 was processed for AChE 
h istochem istry  using a  m odification of th e  technique of Koelle, and 
series 3 was processed fo r a  Nissl stain .

In tense p a tte rn s  of AChE ac tiv ity  w ere c h a ra c te ris tic  of VB, dLGN 
and vMG, and also o f th e  an te rio r dorsal nucleus. Substance P 
im m unoreactiv ity  was absen t in each  of these  regions, th e  nuclei 
appearing  m arkedly pale against light to  m oderately  stained  neuropil 
in th e  surrounding tha lam ic regions. A bsence of Substance P 
im m unoreactiv ity  probably was no t due to  S ubstance P ca tabolism  by 
AChE; anim als tre a te d  w ith th e  AChE inhibitor DFP showed th e  sam e 
p a tte rn  of S ubstance P im m unoreactiv ity  as did norm al anim als. Thus, 
th e  p a tte rn  of S ubstance P im m unoreactiv ity  appears as a  reverse 
im age of th e  p a tte rn  o f AChE histochem ical reac tiv ity  in th e  dorsal 
tha lam us of th e  developing ra t .

238.8 POSTNATAL DEVELOPMENT OF SEROTONIN-IMMUNOREACTIVE FIBERS OF 
THE SPINAL CORD OF THE RAT. R.B. Aramant1 and L .T . G iron , 
J r . 1 ,2 .1 Neurology D e p t., U n iv e rs ity  o f K ansas, Kansas C ity , 
KS and 2 S p ina l Cord R esearch L ab ., VAMC, KC, MO 64128.

E a rly  s tu d ie s  o f th e  development o f s e ro to n e rg ic  f ib e r s  
em ployed f lu o re sc e n c e  o f n a t iv e  in d o leam in es . More re c e n t 
immunocytochemical s tu d ie s  e i t h e r  examined a d u l t  anatomy or 
e l s e  co n c en tra ted  on developm ent o f ascend ing  se ro to n e rg ic  
c o n n e c tio n s . The p re s e n t s tudy  employs s e n s i t i v e  s e r o to n in  
immunocytochemical means to  d e s c r ib e  th e  p o s tn a ta l  deve lop
ment o f s e ro to n e rg ic  f ib e r s  in  th e  r a t  s p in a l  co rd .

The d i s t r i b u t io n  o f se ro ton in -im m unoreac tive  (S I)  f ib e r s  
o f r a t  s p in a l  cord was s tu d ie d  in  th e  c e rv i c a l ,  th o ra c ic  and 
lumbar r e g io n s  a t  b i r t h ,  6 , 14, 30 and 90 days of ag e . At 
b i r t h ,  SI f ib e r s  were w idely  d i s t r i b u te d  in  a l l  reg io n s  o f 
th e  co rd .

In  g ray  m a tte r ', ex te n s iv e  netw orks o f f in e  beaded f ib e r s  
were p re s e n t th roughou t excep t in  d o rs a l zones of th e  d o rs a l 
h o rn . Regions su rround ing  a lpha-m otor neurons were dense ly  
In n e rv a te d  a t  a l l  l e v e ls ;  in  th e  zona in te rm e d ia  of th e  th o 
r a c ic  c o rd , f ib e r s  in n e rv a tin g  th e  d o rs a l autonomic n u c leu s , 
th e  in term ed i o l a t e r a l  c e l l  column (IML) and th e  t r a n s v e rs e  
c o n n e c tio n s  between them were p e r io d ic a l ly  o rg a n iz e d . With 
m a tu ra t io n ,  s t a i n i n g  becam e c o n c e n t r a t e d  i n  th e  l a t t e r  
r e g io n s ; b u t ,  e lsew here  in  th e  g ray  m a tte r , bo th  th e  d e n s ity  
and e x te n t of netw orks of f in e  f ib e r s  d im in ished  excep t in  
lam inae I  and I I  o f th e  d o rs a l ho rn .

In  th e  w h ite  m a tte r  a t  b i r t h ,  SI f ib e r s  were d is t r i b u te d  
in  l a t e r a l  and v e n t r a l  f u n i c u l i ,  and a ls o  ra d ia te d  from th e  
IML and th e  v e n t r a l  h o rn . With m a tu ra tio n , th e  m a jo rity  of 
f ib e r s  in  th e  l a t e r a l  fu n ic u lu s  assumed a m arg inal lo c a t io n  
and , to g e th e r  w ith  th e  dense f ib e r s  n ea r th e  v e n t r a l  s u lc u s , 
receded  m arkedly in  number; bu t f ib e r s  r a d ia t in g  from th e  IML 
to  w h ite  m a t te r  became more num erous and more d e n s e ly  
s ta in e d .  In  c o n t r a s t ,  p a rg y lin e  tre a tm en t o f a 90-day anim al 
re v e a le d  m a rg in a l-p i a l  f ib e r s  whose d i s t r i b u t i o n  r e c a l l e d  
th a t  a t  6 d ay s .

S u p p o rte d  by NSF g ra n t  #BNS-81230604 and th e  V eterans 
A d m in is tra tio n



866 MORPHOGENESIS AND PATTERN FORMATION II WEDNESDAY AM

2389 ONTOGENY OF TYROSINE HYDROXYLASE AND NEURAL- SPECIFIC 
PROTEIN 4 (NSP4) IMMUNOREACTIVITY IN THE MESENCEPHA
LON FROM MOUSE EMBRYOS. U. d i P o rz io , D.B. Murphy* 
and J .L .  B a rk e r . L ab o ra to ry  of N europhysio logy , 
NINCDS, NIH, B e th esd a . Md; I n s t i t u t e  of P ro te in  B io
c h e m is try  and Enzymology, CNR, N ap les . I t a l y .
The ontogeny of ty r o s in e  h ydoxy lase  (T H )-lik e  immuno- 
r e a c t i v i t y  was s tu d ie d  d u rin g  th e  e a r ly  developm ent 
o f th e  mouse embryo in  o rd e r  to  d e te c t  th e  e a r l i e s t  
ap p earen ce  of ca tech o lam in e  neu rons in  th e  m id b ra in . 
In  c o n t r a s t  to  o th e r s  we found th a t  TH could  be f i r s t  
d e te c te d  im m unocytochem ically  in  b ra in  s e c t io n s  a t  E 
8 .5 , in  p e r ik a r i a  lo c a l iz e d  in  th e  caudal p e r i v e n t r i 
c u la r  zone. At E 10 T H -like  im m u n o rea c tiv ity  was d e 
t e c t a b l e  in  p e r ik a r i a  and axons of m esencep h a lic  neu
ro n s ( p u ta t iv e  dopamine n eu ro n s) e x ib i t in g  an a n a to 
m ica l d i s t r i b u t i o n  s im i la r  to  t h a t  seen  in  th e  a d u l t  
s u b s ta n t ia  n ig r a .  At t h i s  s ta g e  of developm ent, no 
T H -p o s itiv e  f i b e r s  cou ld  y e t  be v is u a l iz e d  in  th e  
s t r ia tu m . S p a rse  TH+ f i b e r s  ap p eared  in  th e  s t r ia tu m  
a t  E 13 and E 15. The e a r ly  TH+ neurons (E 8 .5 )  d id  
n o t ex p re ss  th e  n e u r a l - s p e c i f i c  p r o te in  NSP4, an an 
t ig e n  reco g n ized  by a r a t  m onoclonal a n tib o d y  a g a in s t  
mouse c e r e b e l l a r  membranes. The N SP 4-im m unoreactiv ity  
appeared  f i r s t  a t  E 10. I t  was no t r e s t r i c t e d  to  TH+ 
neurons or th e  m esen cep h a lic  r e g io n  a lo n e , a lth o u g h  
i t  c o lo c a l iz e d  w ith  TH+ n eu ro n s . We s tu d ie d  NSP4 d i 
s t r i b u t i o n  and d evelopm en ta l e x p re s s io n  in  mouse em
b ry o n ic  b r a in  s e c t io n s  and d i s s o c ia te d  c e l l  su sp e n 
s io n s .  P re v io u s ly  (d i P o rz io  e t  a l .  N eu ro sc i. A b s tr . 
11 :978 . 1985) we showed th a t  NSP4 reco g n ized  in  v i t r o  
a s u r fa c e  g ly c o p ro te in  (mw 270-300 K) ex p ressed  on 
th e  i n t a c t  e x te r n a l  membrane (u n fix e d  c e l l s )  of a r e 
s t r i c t e d  n e u ro n a l su b p o p u la tio n s  (15-20% of th e  neu 
ro n s from 1-day  to  3 -w eek-o ld  m esen cep h a lic  c u l t u 
r e s ) .  I t  was n o t d e te c ta b le  in  g l i a l  c e l l s  (GFA+) or 
o lig o d e n d ro c y te s  ( g a la c to c e r e b ro s id e + ) . Flow cytom e
t r i c  a n a ly s is  showed th a t  th e  NSP4+ p o p u la tio n  a c -  
c u n ts  fo r  20-25% of f r e s h ly  d is s o c ia te d  c e l l s  from 
m esencephalon , b a s a l  g a n g lia  and o th e r  a re a s  o f th e  
n e u ra x is ,  a t  th e  v a r io u s  s ta g e s  o f em bryonic d e v e lo p 
m ent; th e  a n t ig e n  i s  p r e s e n t  on th e  s u r fa c e  of l iv in g  
c e l l s .  Flow c y to m e tr ic  a n a ly s is  was a ls o  a p p lie d  to  
examine th e  u p r i s e  of T H -like  im m u n o rea c tiv ity  in  th e  
m esencephalon and to  q u a n t i fy  th e  ontogeny of TH+ 
neurons from in d iv id u a l  mouse embryos th ro u g h o u t th e  
e a r ly  em bryonic developm ent, u s in g  f ix e d  c e l l  su sp en 
s io n s  and an ti-T H  in d i r e c t  im m unofluorescence.

238.10 CELLULAR RELATIONSHIPS OF TYROSINE HYDROXYLASE IMMUNOREACTIVE 
NEURONS WITHIN THE DEVELOPING RAT ARCUATE NUCLEUS. M. P i o t t e * ,  A. 
B eau d e t and J .R .  B raw er*  (SPON: S . G a u th ie r ) .  D ep a rtm en ts  of 
Anatomy and N eu ro lo g y  and N e u ro s u rg e ry , M cG ill U n iv e r s i ty ,  
M o n trea l , Q uebec, C anada.

The f i n e  s t r u c t u r e  and c e l l u l a r  r e l a t i o n s h i p s  o f  t u b e r o -  
i n f u n d i b u la r  d o p a m in e rg ic  (TIDA) n e u ro n s  w ere exam ined by e l e c t r o n  
m ic ro sc o p ic  im m u n o cy to ch em is try  i n  n e o n a ta l ,  15 and 30 day  o ld ,  
and a d u l t  W is ta r  fem a le  r a t s ,  by means o f th e  PAP m eth o d , u s in g  
a n t i - t y r o s i n e  h y d ro x y la s e  (TH) a n t ib o d ie s  (Tong H. J o h ,  C o rn e ll  
U n i v e r s i ty ,  NY). In  a l l  age  g ro u p s ,  3 ty p e s  o f  im m u n o reac tiv e  
p r o f i l e s  a r e  v i s i b l e  i n  th e  a r c u a t e  n u c le u s :  n e u ro n a l  p e r ik a r y a ,  
d e n d r i t e s ,  and axon t e r m in a l s .  TH im m u n o re a c tiv e  p e r ik a r y a  a re  
c o n ta c te d  by l a b e l e d  and u n la b e le d  axon t e r m in a l s ,  a s  w e l l  a s  by 
l a b e l e d  and u n la b e le d  d e n d r i t e s .  A p p o s i t io n s  b e tw een  la b e le d  
t e r m in a l s  and la b e l e d  p e r ik a r y a  a r e  r a r e ,  and s e e n  o n ly  i n  th e  
a d u l t .  The f re q u e n c y  o f u n la b e le d  axon te r m in a l s  s y n a p s in g  on 
im m u n o re a c tiv e  p e r i k a r y a  i s  3X h ig h e r  i n  th e  a d u l t  th a n  i n  th e  
n e o n a te .  F i n a l l y ,  l a b e l e d  p e r ik a r y a  a r e  c o n ta c te d  by u n la b e le d  
d e n d r i t e s  i n  n e o n a ta l ,  15 and 30 day o ld  r a t s ,  b u t n o t  i n  th e  
a d u l t .

TH im m u n o re a c tiv e  d e n d r i t e s ,  i n  a l l  ag e  g ro u p s ,  a r e  s y n a p t i c a l 
l y  c o n ta c te d  by u n la b e le d  axon  t e r m in a l s .  H ow ever, th e  f re q u e n c y  
o f th e s e  c o n ta c t s  i s  much h ig h e r  i n  th e  a d u l t  (17%) th a n  in  th e  
n e o n a ta l  (10%) r a t s .  L a b e le d  v a r i c o s i t i e s  i n  c o n ta c t  w i th  la b e le d  
d e n d r i t e s  a r e  s c a r c e ,  and n e v e r  s e e n  in  th e  a d u l t .  L a b e le d  den
d r i t e s  a r e  a l s o  d i r e c t l y  a p p o sed  to  one a n o th e r ,  t o  u n la b e le d  
d e n d r i t e s ,  and to  b o th  l a b e l e d  and u n la b e le d  p e r i k a r y a .  They a re  
a l s o  f r e q u e n t l y  ju x ta p o s e d  t o ,  o r  p a r t l y  e n s h e a th e d  b y , t a n y c y t ic  
p r o c e s s e s .  The p r o p o r t io n  o f  d e n d ro - s o ra a t ic  and d e n d r o - d e n d r i t i c  
a p p o s i t io n s  in v o lv in g  2 l a b e l e d  e le m e n ts  shows l i t t l e  v a r i a t i o n  
b e tw een  b i r t h  and a d u lth o o d  b e in g ,  r e s p e c t i v e l y ,  2% and 2% i n  th e  
n e o n a te ,  1% and 3% i n  a l l  o t h e r  age  g ro u p s .  In  c o n t r a s t ,  th e  
p r o p o r t io n  o f l a b e l e d  d e n d r i t e s  a d ja c e n t  t o  u n la b e le d  p e r ik a r y a  
d e c re a s e s  fro m  8% i n  th e  n e o n a te ,  t o  2% i n  15 day o ld  r a t s ,  and 1% 
in  th e  30 day o ld  as  w e l l  as  i n  th e  a d u l t  r a t s .  The p e rc e n ta g e  
o f l a b e l e d  d e n d r i t e s  o b se rv e d  i n  a p p o s i t io n  to  u n la b e le d  ones 
u n d e rg o e s  an ev en  more d r a m a tic  d e c re a s e  from  24% i n  th e  n e o n a te ,  
to  10% i n  th e  15 day o ld ,  6% i n  th e  30 day  o ld ,  and 2% i n  th e  
a d u l t  r a t s .  The p r e s e n t  r e s u l t s  s u g g e s t  t h a t  TIDA n e u ro n s  e s t a 
b l i s h  e x te n s iv e  c o n ta c t s  w i th  one a n o th e r  e a r l y  d u r in g  d e v e lo p 
m en t, and t h a t  t h e s e  c o n n e c t io n s ,  w h ich  a r e  p o t e n t i a l l y  o p e r a t iv e  
a t  b i r t h ,  a r e  l i k e l y  to  be r e t a in e d  u n t i l  a d u lth o o d .  On th e  o th e r  
h a n d , q u a n t i t a t i v e  m a tu r a t i o n a l  c h an g es  i n  c o n ta c t s  in v o lv in g  
la b e l e d  and u n la b e le d  e le m e n ts  s u g g e s t  t h a t  t h e r e  i s  a r e a r r a n g e 
m en t, i n  t im e ,  o f  th e  c o n n e c t io n s  b e tw een  th e  TIDA n e u ro n s  and 
o th e r  n e u ro n a l  sy s te m s  o f th e  a r c u a t e  n e u r o p i l .

(S u p p o rte d  by th e  MRC o f  C anada)

238.11 GLYCOCONJUGATES AND THE DEVELOPMENT OF THE CEREBROSPINAL FLUID 
OUTFLOW PATHWAY IN THE MOUSE. J .H erm an* .D .G .M cL one* .R .G . 
H ig b ee* .W .G o o ssen s*  an d  P .A .K nepp e r * (S p o n :A .F a rb m a n ) .D iv is io n  
o f  N e u r o s u rg e r y , C h i ld r e n 's  M em orial H o s p i ta l .N o r th w e s te rn  
U n iv . Med. C t r . , C h ic a g o , IL  60614.

The d e v e lo p m e n t o f  t h e  c e r e b r o s p in a l  f l u i d  (CSF) o u tf lo w  
p a th w ay  - -  th e  s u p e r i o r  s a g i t t a l  s i n u s ,  th e  a d ja c e n t  d u ra  m a te r  
an d  a r a c h n o id  - -  was s tu d i e d  i n  C-57 m ice on  p o s t n a t a l  day s  
1 , 4 ,6 , 8 ,1 0  and  14 by  l i g h t  an d  e l e c t r o n  m ic ro sc o p y  and  by  
f l u o r e s c e i n - l a b e l e d  l e c t i n  s t a i n i n g  o f  p l a s t i c  (lum ) s e c t i o n s .  
U s in g  m ethods w h ich  p r e v e n t  l o s s  o f  f lu o r e s c e n c e  (0.2%  
p h e n y le n e d ia m in e , pH 9 . 0 ) ,  th e  l e c t i n  s t a i n i n g  p a t t e r n s  w ere 
d e te rm in e d  by  v id e o  im age a n a ly s i s  and  c o m p u te r - a id e d  
d e n s i to m e t ry .  On d ay s  1 th ro u g h  6 , th e  CSF o u tf lo w  p a th w ay  was 
c h a r a c t e r i z e d  by  th e  p r e s e n c e  o f  l o o s e l y  a r r a n g e d  c e l l s , 
o c c a s io n a l  m ac ro p h a g es , and  a n  e x t r a c e l l u l a r  m a t r ix  t h a t  
e x h ib i t e d  i n te n s e  a r e a s  o f  c o n c a n a v a l in  A ( r e c o g n iz e s  
α -D -m annose an d  α - D - g lu c o s e ) , an d  r i c i n u s  communis a g g lu t i n in  
l e c t i n  s t a i n i n g  ( B - g a l a c to s e ) . By day  8 , t h e  CSF o u tf lo w  
p a th w a y , p a r t i c u l a r l y  th e  in n e r - a r a c h n o id  an d  g l i a l  l im i t a n s ,  
was c h a r a c t e r i z e d  by  p o s i t i v e  s t a i n i n g  w i th  o t h e r  l e c t i n s ,  
w h e a t germ  a g g l u t i n i n  (N- a c e t y le - g lu c o s a m in e  an d  s i a l i c  a c id )  
an d  l im u lu s  polyphem us a g g l u t i n i n  ( s i a l i c  a c i d ) .

T hese  r e s u l t s  s u g g e s t :  (1 )  The c o m p o s i t io n  a n d /o r  
c o n f i r m a t io n  o f  th e  g ly c o c o n ju g a te s  on  c e l l s  an d  e x t r a c e l l u l a r  
m a t r ix  c h a n g ed  a s  th e  CSF o u tf lo w  p a th w ay  d i f f e r e n t i a t e d  i n to  a 
f u n c t i o n a l  t i s s u e .  (2 )  The u s e  o f  FITC l e c t i n s  a s  b i o l o g i c a l  
m a rk e rs  f o r  s tu d i e s  o f  CSF o u tf lo w  p a th w ay  p ro v id e d  in fo r m a t io n  
on th e  p o t e n t i a l  r o l e  o f  g ly c o c o n ju g a te s  i n  t h e  d e v e lo p m en t o f  
t h e  n o rm a l CSF o u tf lo w  p a th w a y . (3 )  M o d if i c a t io n s  i n  th e  tim e  
o f  a p p e a ra n c e ,  ty p e ,  am ount and  d i s t r i b u t i o n  o f  g ly c o c o n ju g a te s  
may p r o v id e  a  b a s i s  f o r  u n d e r s ta n d in g  c e r t a i n  c e l l u l a r  
m echanism s o f  ab n o rm a l d e v e lo p m e n t o f  t h e  CSF o u tf lo w  pa th w ay , 
e . g . ,  c o n g e n i t a l  h y d r o c e p h a lu s .

238.12 IN VITRO REASSOCIATION OF NEURONS FROM THE PATCH COMPONENT OF THE 
RAT STRIATUM. L .A . K ru s h e l* , J .A . C o n n o lly  and D. van  d e r  Kooy. 
D ep artm en t o f  Anatom y, U n iv e r s i ty  o f  T o ro n to , T o ro n to , Canada 
M5S IA8.

The ro d e n t  s t r i a t u m  can  be d iv id e d  i n to  two c e l l u l a r  co m p a rt
m e n ts ,  th e  p a tc h e s  and m a t r ix ,  d e f in e d  on th e  b a s i s  o f  d i f f e r e n t  
n e u r o t r a n s m i t t e r  p h e n o ty p e , n e u r o t r a n s m i t t e r  r e c e p t o r s ,  and n e u ro 
a n a to m ic a l  c o n n e c t io n s .  N eurons d e s t i n e d  to  form  th e  a d u l t  p a tc h  
com partm en t l e a v e  th e  m i t o t i c  c y c le  b e fo r e  n e u ro n s  t h a t  form  th e  
m a t r ix  com partm en t (van  d e r  Kooy and F i s h e l l ,  s u b m i t t e d )  S p e c if 
i c a l l y ,  a  l a r g e  p r o p o r t io n  o f  th e  n e u ro n s  l a b e l e d  w i th  H3 - th y m id in e  
i n j e c t e d  on em b ry o n ic  day  (E) 13-15 end up in  th e  a d u l t  p a tc h  
c o m p artm en t, w h ereas  a  m a jo r i t y  o f  th e  n e u ro n s  la b e l e d  on E18-20 
end up in  th e  a d u l t  m a t r ix  co m p artm en t. The H3 - th y m id in e  l a b e l in g  
te c h n iq u e  was u sed  h e re  to  o b s e rv e  w h e th e r  p a tc h  c e l l s  w ould a g g re 
g a te  t o g e t h e r  when rem oved e m b r y o n ic a l ly , d i s s o c i a t e d ,  and c u ltu re d .  
A l t e r n a t i v e l y ,  i f  th e  m a t r ix  c e l l s  a r e  e m b ry o n ic a l ly  l a b e l e d  a t  E18 
w i l l  t h e r e  be  c lum ping  o r  a  random  d i s p e r s a l  o f  l a b e l l e d  c e l l s  in  
c u l t u r e ?  Timed p re g n a n t  W is ta r  a lb in o  r a t s  w ere i n j e c t e d  w ith  1 
mCi H3 - th y m id in e  ( s p e c i f i c  a c t i v i t y  52 C i/m m ol) on e i t h e r  E13 o r  
E18. Two d ay s  l a t e r ,  u n d e r  s t e r i l e  c o n d i t i o n s ,  th e  s t r i a t u m  was 
d i s s e c t e d ,  d i s s o c i a t e d  i n to  s in g l e  c e l l s ,  and p l a t e d  on  c o l l a g e n iz -  
ed c o v e r s l i p s  a t  a  c e l l  d e n s i t y  o f  a p p ro x im a te ly  1 × 106 p e r  p l a t e .  
A f t e r  f i v e  d a y s  i n  c u l t u r e ,  th e  t i s s u e  was f ix e d  i n  4% p a ra fo rm a ld e 
hyde in  PBS, d r ie d  and d ip p e d  in  Kodak NTB2 n u c le a r  t r a c k  e m u ls io n . 
A f t e r  a  6 -8  week e x p o s u re  th e  e m u ls io n  was d e v e lo p e d  and th e  t i s s u e  
was d e h y d ra te d  and c o u n te r s ta in e d  w i th  t h io n i n  o r  c r e s y l  v i o l e t .  
I n i t i a l  r e s u l t s  r e v e a le d  t h a t  s i n g l e  d i s s o c i a t e d  s t r i a t a l  n e u ro n s  
i n  c u l t u r e  r e a g g r e g a te  i n to  m u l t i c e l l u l a r  c lu m p s . Many i n d iv id u a l  
c lu m p s3 w ere  fo u n d  to  c o n ta in  num erous n e u ro n s  t h a t  w ere l a b e le d  
w i th  H3 - th y m id in e  on E13 (> 5  la b e l e d  c e l l s  p e r  c lu m p ). O th e r  
c lum ps c o n ta in e d  o n ly  r a r e  H3 - th y m id in e  la b e l e d  n e u ro n s . W ith in  
th e  h e a v i l y  l a b e l e d  a g g re g a te s  i n d iv i d u a l  l a b e l e d  n e u ro n s  w ere 
m ore o f te n  a s s o c i a t e d  w ith  e ach  o t h e r  th a n  w i th  u n la b e le d  c e l l s .  
T h is  i s  i n  d i r e c t  c o n t r a s t  w i th  c e l l s  l a b e l e d  w i th  H3 - th y m id in e  
on E18, d i s s e c t e d  and d i s s o c i a t e d  two d ay s  l a t e r  and c u l t u r e d  f o r  
f i v e  d a y s .  In  t h i s  c a se  c e l l s  w ere  e v e n ly  d i s p e r s e d  b e tw een  and 
w i th in  c e l l  a g g r e g a t e s .  The r e s u l t s  s u g g e s t  t h a t  th e  em bryon ic  
n e u ro n s  o f  th e  p a tc h  com partm en t p o s s e s s  some in h e r e n t  a d h e s io n  
f a c t o r  t h a t  may a l lo w  them  to  o r g a n iz e  i n  v i v o .
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238.13 THE EFFECT OF FOCAL BETA RADIATION LESIONS ON THE 
DEVELOPMENT OF CEREBELLAR FOLIA IN RATS. James A. 
Pulliam. Dept. of Anatomical Sciences, Meharry Medical 
College, Nashville, TN 37208.

This investigation tested the hypothesis that 
the role of cells in the development of the cerebellum 
could be detected by selectively destroying these 
cells and analyzing the effects of the lesion.

Lesions were made in the cerebellum of 36 rat 
fetuses that ranged in age from the 17th to the 20th 
day of development. At this stage, the cells which 
will differentiate into granular layer neurons are 
located in the most superficial layer of the 
cerebellum. Attenuated focal lesions were made by 
using a 2mm diameter beam of beta radiation from 
90s r - - 90Y. i t  is known that 61% of this radiation 
is absorbed within 1mm of soft tissue and 99% of 
i t  absorbed within 5mm of soft  tissue. Laparotomy 
was performed on anesthetized pregnant rats and the 
fetal cerebellums were irradiated through the uterine 
wall, extraembryonic membranes, skin and skull. 
Unirradiated littermates were used as controls.

Irradiated l i t t e r s  revealed tremor, leg dragging, 
and motor incoordination. When the irradiated rats 
were one month old, they and their  controls were 
autopsied and their brains were removed for histologic 
study. Cerebellar folia  normally parallel each other 
in the horizontal direction,  but a t the s i te  of the 
lesions folia were oriented sag i t ta l ly  or diagonally. 
The cell population reduced most by the irradiat ion 
was the granule cells .  Since the cerebellar  parallel 
fibers are axonal branches of granule cel l s,these 
data suggest that the reduction in granule cell 
numbers, also reduced parallel f iber numbers which, 
in turn, prevented the normal folia l horizontal 
alignment. Consequently, the folia  became aligned 
in the sagittal plane in conjunction with the dendrites 
of Purkinje neurons. These data also suggest that 
the functional disorders were caused by an 
insufficiency of granule cells and an abnormal 
alignment of parallel fibers .  *Supported by Grant 
No. USAEC-W-7401-Eng-49 from the Atomic Energy 
Commission, Grant No. MH-8034 from the National 
Institute of Mental Health, NSF Grant GY 2410, AEC 
Grant AT (30-1) 3725 and a Meharry Interim Research 
Award from Grant #5 SO1 FR05422-08.

238.14 OXYGEN FREE-RADICALS IN FETAL BRAIN MACROPHAGES. C.J.D'Amato, 
K.S.O'Shea, S.E.G.Fl iqiel*, J.Varani* and S.P.Hicks. Depts. of 
Pathology and Anatomy and Cell Biology, Univ. of Michigan Medical 
Center, Ann Arbor, MI 48109.

The white ce lls of the mammal defend i t  against microorganisms, 
and foreign substances, and they scavenge dead ce lls .  They are 
also now known to do harm to the host 's normal ce lls by producing 
oxygen free-radicals:  for example, in adult lung infections. 
Whether fetal macrophages, by producing oxygen free-radicals, 
aggravate malformative effects of injury, such as kill ing primitive 
cells by X-rays, is not known.

As a f i r s t  step to answer the question, we have irradiated 16 
days pregnant rats with 200R whole body and removed the fetuses 
af ter  kill ing the animal quickly with ether 4, 8 , 12, or 24 hours 
af ter  irradiation. Up to three quarters of fetal neuroepithelial 
and mesenchymal cells were necrotic by 4 to 6 hours in many popula
tions,  and macrophages had materialized and begun to engulf them. 
Control unirradiated fetuses were obtained in the same way. The 
fetal brains were dissected into PBS, minced, t r i turated  in F10 
Ham's nutrient mixture with 10% fetal calf  serum. The brain cells 
were examined for the production of superoxide anion. A portion of 
the ce lls in each group was put into cell  culture and a day later  
they were stained for non-specific esterase activ i ty .  Light and 
electron microscopy were used to study the morphology and d i s t r i 
bution of the macrophages in the brain and other t issues.

Measurable amounts of superoxide anion were found at  12 and 24 
hours after  ir radiation. The amounts were low but support the con
clusions that  the macrophages produced superoxide anion. The es
terase studies indicated that there may have been as many as 5×104 
esterase-posit ive macrophages per culture dish. Expressed per 
ce l l ,  the superoxide generated was comparable to that measured in 
adult tissue systems. (Supported by USPHS NS 19825)

238.15 INTERRUPTIONS OF EXTERNAL GRANULE LAYER LEAD TO ABNORMAL 
CEREBELLAR FOLIATION INDUCED BY METHYLAZOXYMETHANOL IN PERINATAL 
RATS. S. Chen and D. E. H illm an. D ept. P h y s io l. & B iophys., 
New York Univ. Med. C t r . ,  New York, NY 10016.

Our p rev ious s tu d ie s  found th a t  p e r i n a ta l  in j e c t io n s  o f 
methylazoxymethanol (MAM) in to  r a t s  produced a b e r ra n t  c e r e b e l l a r  
f o l ia t io n  g iv in g  r i s e  to  numerous sm all b le b s  resem b ling  a 
cau liflow er head. The abnorm al appearance emerged on ly  fo llo w 
ing in je c t io n s  between g e s ta t io n a l  day 21 and p o s tn a ta l  day 2 . 
Numerous s p e c u la tio n s  on th e  mechanism o f f o l i a t i o n  have been 
suggested: (a )  a buck lin g  fo rc e  g en e ra ted  by a  f iv e  tim es d i f f 
e r e n t ia l  g a in  between th e  a re a  o f th e  c o r t i c a l  lam ina and th e  
white m a tte r from b i r t h  to  m a tu r ity , (b ) a  f a s t e r  grow th a t  th e  
depth o f f i s s u r e s  th a n  th e  d i s t a l  end o f  f o l i a ,  and (c )  a 
g e n e tic a lly  c o n tro lle d  r a t e  and tim in g  f o r  th e  p r o l i f e r a t i o n  o f 
the e x te rn a l g ran u le  la y e r  (EGL). The f in d in g  th a t  MAM a f fe c te d  
f o l i a t io n  w ith in  a  s h o r t  p e r io d , r e l a t i v e  to  EGL g e n e s is , 
suggests th a t  some o th e r  f a c to r s  may be c r i t i c a l  to  th e  f o l i a l  
deform ation.

We have s tu d ie d  th e  subsequen t developm ent o f EGL on s e r ie s  
of coronal and s a g i t t a l  s e c t io n s  o f th e  ce rebe llum  t r e a te d  w ith  
MAM during  th e  c r i t i c a l  p e r io d . The prim ary  t a r g e t  o f MAM i s  on 
d iv id ing  c e l l s .  N eonata l a d m in is tr a t io n  o f MAM produced p a r t i a l  
to  su b to ta l  d e s tru c t io n  o f  EGL and r e s u l te d  in  sm all p a tch es  o f 
EGL w ith in  a week. There was a  g r e a te r  e f f e c t  in  th e  a n t e r io r  
than in  th e  p o s te r io r  verm is o f  th e  ce reb e llu m . In  s e v e re ly  
a ffe c te d  r a t s ,  a n t e r io r  lo b u le s  developed even w ith o u t an EGL. 
However, in  m oderate and m ild ly  a f f e c te d  r a t s ,  b le b s  in  v a r io u s  
s ize s  occurred  on lo b u le s  in t e r r u p t in g  th e  f o l i a l  p a t t e r n .  Most 
rem arkable was th e  o ccu rren ce  o f la rg e  b le b s  w hich mushroomed 
to  form is la n d s  o f c o r te x  in  s a g i t t a l  s e c t io n s .  R e c o n stru c tio n  
showed a narrow  co n n e c tio n  to  th e  c e n t r a l  co re  o f  th e  c e re 
bellum. I n te r ru p t io n s  in  th e  EGL, a s  t i n y  gaps w ith o u t EGL 
c e l ls  o r markly th in n ed  zones, corresponded  to  th e  dep th  o f th e  
fo ld s  a t  th e  base o f th e  b le b s . These i r r e g u la r  c o n v o lu tio n s  o f 
lobu les  have n o t been observed in  deve lop ing  c o n t ro l  an im als.

We conclude th a t  th e  t r a n s i e n t  in te r r u p t io n  o f EGL fo llo w in g  
MAM in je c t io n s  r e s u l t s  i n  th e  fo rm a tio n  o f b le b s  which seem to  
play a s ig n i f i c a n t  r o le  in  abnorm al c e r e b e l l a r  f o l i a t i o n .  B lebs 
are  l i k e ly  d e r iv ed  from (a )  an  e x p o n e n tia l m u l t ip l ic a t io n  o f  
su rv iv ing  p ro g en a to rs  o f  th e  EGL and (b ) a  g r e a te r  bu ck lin g  
fo rce  produced by expanding th e  P u rk in je  c e l l  mass and p ro tru 
s ion  o f th e  c e n t r a l  f ib e r  c o re . Supported  by USPHS g ra n t 
NS20349 from NINCDS.

238.16 EFFECTS OF EARLY CALLOSAL AND THALAMIC LESIONS ON 
DIFFERENTIATION OF CORTICAL CYTOARCHITECTURE. M.S. 
Windrem.* S.M. Jan de Beur* and B.L. Finlay, Department of Psychology, 
Cornell University, Ithaca, N.Y. 14853

Columns from functionally distinct cortical areas vary in cell number, 
connectivity, and relative proportions of cell types. Through lesions which 
manipulate cortical afference and target, and labeling of cell cohorts by 
birthday, we are investigating the relative contributions of afference, target, 
and time of generation to the determination of cortical cytoarchitecture.

Prior experiments have shown that early thalamic lesions reduce cortical 
area, cell number in a unit column, and proportion of stellate-like cells in a 
column, and increase neonatal cell death compared to the non-lesioned side. 
Specifically, cortical areas neonatally disconnected from the thalamus had no 
layer IV in the adult (Windrem and Finlay, 1985). In order to determine 
whether the loss of stellate-like cells in these areas is due to the selective loss 
of a particular birthday cohort, pregnant hamsters were injected with 3H 
thymidine on embryonic days 14 and 15, the days on which the cells of layers 
IV (E14), and II-III (E15) are generated. The results of the E14 injections are 
reported here. The total number of cells in layer II-III in a unit column on the 
lesioned side is unchanged while the number of cells in layer IV is sharply 
reduced. The number of labeled cells, however, is unchanged in layer IV and 
greatly increased in layer II-III. Thus, the cohort that preferentially forms 
layer IV on the unlesioned side is selectively spared and over-represented in 
the later-formed layer III on the lesioned side. Since there are fewer cells 
overall in the upper layers of a unit cortical column following thalamic lesions, 
yet there are more E14 cells, the selective loss of layer IV must be due to an 
increased loss in the last-generated, E15 cells. This hypothesis is currently 
under investigation. The apparent reassignment of E14 cells to layer II-III 
suggests that cell type is determined not in the ventricular zone but by 
afference upon arrival at the cortex.

To further study the role of afference on the specification of cell type in the 
upper layers, a second experiment was performed. The corpus callosum 
reciprocally connects layers II-III and V of selected cytoarchitectonic areas of 
the two hemispheres. On the day of birth in hamsters, the cerebral 
hemispheres were separated with barriers of foil or bone wax, thereby 
preventing the development of the corpus callosum. Acallosal and callosal 
projection zones were compared, area by area, with age-matched controls. 
Total cell number, laminar distribution, and cell area were the same in 
comparable samples from lesioned and age-matched control animals. The 
apparent preservation of normal cytoarchitecture in callosally lesioned animals 
suggests that neurons which would have projected callosally have retained 
intrahemispheric connections. In summary, the early presence of thalamic, 
but not callosal axons, specifies aspects of cell number and morphology in the 
developing neocortex.

Supported by NIH grants KO4 NS00783 and ROl NS 19245 to B. 
Finlay.
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239.1 NATURAL, INDUCED AND REGULATIVE CELL DEATH IN THE TECTO- 
PARABIGEMINAL SYSTEM OF DEVELOPING RATS. R. L in d en  and  
L .G .P . P i ño n * I n s t .  B i o f i s i c a  UFRJ, R. J a n e i r o ,  B r a z i l

The p a r a b ig e m in a l  n u c le u s  o f  t h e  m id b r a in  (Pb) conn 
e c t s  r e c i p r o c a l l y  w i th  th e  s u p e r i o r  c o l l i c u l u s  (SC) i n  
mammals. In  r o d e n ts  t h e  Pb h a s  3 d i v i s i o n s :  t h e  d o r s a l  
(Pbd ) an d  th e  v e n t r a l  (Pbv ) d i v i s i o n s  p r o j e c t  t o  and 
r e c e i v e  a f f e r e n t s  from  th e  i p s i l a t e r a l  SC; th e  m id d le  
d i v i s i o n  (Pbm) r e c e i v e s  a f f e r e n t s  from  th e  i p s i l a t e r a l  
SC and  p r o j e c t s  t o  th e  c o n t r a l a t e r a l  SC. T h is  pa th w ay  
i s  p r e s e n t  i n  new born  r a t s .  U n i l a t e r a l  l e s i o n s  o f  th e  
SC p ro d u c e  th e  e x p e c te d  r e t r o g r a d e  and  a n te r o g r a d e  d e 
g e n e r a t io n  i n  t h e  P b , d e t e c t e d  a s  a n e t  c e l l  l o s s  i n  ad  
u l t  r a t s  o p e r a te d  a t  d i f f e r e n t  a g e s  a f t e r  b i r t h  (L in d en  
& P e r r y ,  JCN 2 1 8 :2 7 0 , 1 9 8 3 ) . Such l e s i o n s  made on th e  
day  o f  b i r t h ,  h o w ev er, f a i l e d  t o  e l i c i t  a n e t  r e t r o g r a 
de  c e l l  l o s s  i n  t h e  c o n t r a l a t e r a l  P b , w h ich  th e n  fo rm s 
an  a b e r r a n t  p r o j e c t i o n  t o  t h e  th a la m u s .  We i n v e s t i g a t e d  
t h e  r e l a t i o n s h i p  b e tw een  n a t u r a l  c e l l  d e a th  i n  t h e  Pb 
and  th e  c e l l  d e a th  in d u c e d  by t e c t a l  l e s i o n s  made a t  
b i r t h .  L i s t e r  h ooded  r a t  p u p s  w e re  a n a e s t h e t i z e d  by hy 
p o th e rm ia  and  th e  u p p e r  l a y e r s  o f  t h e  l e f t  SC w ere  a s p 
i r a t e d .  O p e ra te d  p u p s  and  u n o p e ra te d  c o n t r o l s  w ere  p e r 
fu s e d  a t  p o s t n a t a l  d ay s  (P) 1 -10  and  15 and  d e g e n e r a t in g  
c e l l s w e r e  c o u n te d  in  s e c t i o n s  o f  t h e  Pb s t a i n e d  w i th  c r e  
s y l - v i o l e t .  N a tu r a l  c e l l  d e a th  i n  t h e  n o rm a lly  d e v e lo p 
in g  Pb h a s  a l r e a d y  s t a r t e d  a t  b i r t h ,  was m axim al a t  P3 
and  p ro c e e d e d  w i th  a  d e c l i n i n g  r a t e  up t o  P8 -10  in  a l l  
3 d i v i s i o n s .  The SC l e s i o n  c h an g ed  t h i s  p a t t e r n .  In  th e  
i p s i l a t e r a l  Pbm th e  r a t e  o f  c e l l  d e a th  was i n c r e a s e d  ab  
ove  n o rm a l from  P1 t o  P 10 , w i th  a maximum e f f e c t  a t  
P 3 -6 . In  t h e  c o n t r a l a t e r a l  Pbm c e l l  d e a th  was i n c r e a s e d  
a t  P 1-2  and  d e c r e a s e d  be lo w  n o rm al a t  P 3 -5 . In  th e  i p s i  
l a t e r a l  Pbd and  Pbv c e l l  d e a th  was i n c r e a s e d  i n  2 p e a k s  
a t  P l - 2  and  a t  P 4 -6 .  The r e s u l t s  s u g g e s t  t h a t :  (a) c e l l  
d e a th  in d u c e d  by axotom y and  by d e a f f e r e n t a t i o n  p ro c e e d  
w i th  d i s t i n c t  t im e  c o u r s e s ;  (b) th e  2 modes o f  d e g e n e r 
a t i o n  a r e  a d d i t i v e  when axotom y and  d e a f f e r e n t a t i o n  o c 
c u r  s im u l ta n e o u s ly ;  (c) th e  Pb r e g u l a t e s  th ro u g h  a r e d 
u c t io n  i n  t h e  r a t e  o f  n a t u r a l  c e l l  d e a th  a f t e r  an e a r l y  
d e p l e t i o n  o f  n e u ro n e s  c a u s e d  by axo tom y; (d) t r o p h i c  
f a c t o r s  r e l a t e d  b o th  t o  t h e  t a r g e t / a x o n  and  to  t h e  a f f e 
r e n t  s u p p ly  c o n c u r  f o r  t h e  c o n t r o l  o f  d e v e lo p m e n ta l  
c e l l  d e a t h .
(S u p p o r te d  by CNPq; FINEP; CEPG-UFRJ)

239.2 TIME course of recovery and disappearance of synaptic transmission in  
HIPPOCAMPUS FOLLOWING CEREBRAL ISCHEMIA
++M. F a it* , +E. H arris , +C. Cotman and ++T. Wieloch* (SPON: G.C. Palme r ) .  
++Laboratory for Experimental Brain Research, University of Lund, S-22185 Lund, 
Sweden and +De p t. o f Psychobiology, University of C alifornia Irv ine, 92718 
Irvine California

Transient cerebral ischemia leads to  necrosis of the pyramidal neurons in  
the CA1 region o f hippocampus and polymorphic neurons in  the h ilu s  o f dentate 
gyrus. The damaged neurons are manifested in  the lig h t  microscope as 
shrunken and ac idophilic , and appear in  the h ilu s  of dentate gyrus less  than 
24 hours, and in  the CA1 region 48-72 hours postischemia .  Synaptic 
transmission, notably synaptic release  of glutamate, has been implicated as 
an important fac to r in  the development o f ischemic neuronal damage (fo r re f  see 
T.Wieloch, Prog Brain Res 63:69-85).

The present experiments were designed to  correlated  synaptic transmission 
in  the hippocampus with morphological changes induced by ischemia.

Male Wistar ra ts  were subjected to 20 minutes of transien t cerebral 
ischemia, induced by b i la te ra l  common caro tid  occlusion combined with 
hypotension, and allowed to  recover fo r various periods of time (1 day, 2 days 
and 7 days).

The electrophysiological experiments were performed under thiopental 
anesthesia . Constant current stim ulation of the angular bundle was 
accomplished by a s ta in le ss  s te e l  electrode and synaptic responses recorded 
with g lass electrodes stereo tac t ic a l ly  placed to  obtain maximal responses in  
the CAl region and dentate gyrus. Recurrent inh ib itio n  was assessed by paired 
pulse in h ib itio n  of the population spike recorded in  the dentate gyrus .

Our re su lts  show th at evoked, trisynap tic  responses recorded in  CAl 
recover and remain ac tive  up to  24 hours, but not 2 days, postischemia. Thus 
fa i lu re  of synaptic transmission precedes gross necrosis of CAl pyramidal 
neurons. In  sp ite  of extensive neuronal necrosis in  the h ilu s  of dentate gyrus 
recurrent inh ib itio n  was not grossly affected  by the ischamic  in su lt.

The data demonstrate th a t neuronal hyperactivity  due to  loss of recurrent 
in h ib itio n  in  dentate gyrus does not seem to  be a facto r influencing the 
outcome of the in su lt.  Loss of synaptic transmission in  CAl during ischemia is  
reversib le  and reta ined  for up to  24 hours postischemia. During th is  time 
in te rv a l postischemic pharmacological interventions to  p ro tect the brain 
against progressing neuronal damage can be envisaged.

Supported by USPHS grant 5R01NS07838 and grant DAMD 17-83-C-3189.

239.3 GLYCOGEN DISTRIBUTION IN GERBIL CORTEX AND HIPPOCAMPUS AFTER CEREB
RAL ISCHEMIA. D.v.Lubitz* and G.Goping* (Spon .Nabil A.Azzam), 
NINVDS/NIADDK/NIH ,Bethesda.Maryland,MD 20205

Ul trastructural distribution of glycogen in gerbil cerebral cor
tex and hippocampus was studies following 5 min ischemia induced by 
bilateral  carotid occlusion.After ischemia the animals were allowed 
to survive for 6 h rs , l ,2  and 7 days.They were then perfused with 
glutaraldehyde/paraformaldehyde for 30 min and the brains were then 
processed for E.M. Staining of sections for glycogen was done by 
means of the "reduced osmium" technique (Karnovsky,1971).

Glycogen presence followed both spatial and temporal pattern. 
CONTROLS. Glycogen was present both in the cortex and in the hippo
campus in the end feet of the perivascular astrocytes only. 
6 HRS SURVIVAL. Considerable elevation of glycogen concentration 
was seen in the astrocytes and occasionally in the dendrites of the 
cortex.In the hippocampus,the CA4/fascia dentata(F.D) had glycogen 
only in the astrocytes.In the CA2/3 t he granules were also observed 
in several dendrites.In the CA1 glycogen was scarce(astrocytes on
ly .)
1 DAY SURVIVAL. The cortical concentration of glycogen decreased. 
In the hippocampus the granulae were confined to the astrocytic cy
toplasm in the CA4/F.D. In CA2/3 the granulae were absent from the 
dendrites and scarce in the astrocytic processes.In CA1 small num
bers of glycogen granulae were present only in the region of Schae
f fe r 's  co lla tera ls .
2 DAYS SURVIVAL. In the cortex the contents of astrocytic glycogen 
decereased even further.Astrocytes of CA4/F.D. contained very l i t 
t l e  glycogen but the granulae were conspicuous in the damaged den
drites.The same was true of CA2/3 although the amount of glycogen 
was even less than in the preceding region.In CA1 glycogen was pre
sent in the area of Schaeffer's collaterals and in the trunks of 
the damaged dendrites.
7 DAYS SURVIVAL. The cortical  distribution of glycogen was similar 
to that of the controls.The same was true of CA4/F.D. in the hippo
campus. In CA2/3 the granulae were s t i l l  present but in smaller num
bers than at  shorter reperfusion periods.In CAl,where the damage was 
most severe,glycogen was seen throughout the area both in the astro
cytes and in the proximal dendrites of the pyramidal ce l ls .

Ul trastructural damage observed in this study was similar to that 
described by other authors.Our results indicate that the cortical 
neurons are probably capable of postischemic recovery.In the hippo
campus on the other hand,the damage progresses like a wave from fas
cia dentata/CA4 towards the CAl.lt appears to be irreversible in 
the l a t t e r  sector.whereas CA4/fascia dentata and CA2/3 are probably 
capable of at  leas t  some degree of recovery.

239.4 MATURATION OF NEURONAL DAMAGE IN HIPPOCAMPUS FOLLOWING REVERSIBLE 
FOREBRAIN ISCHEMIA. J .K . Deshpande*, L.A. P au l* , T. Wieloch* 
(SPON: M.C. R ogers). L abora to ry  fo r  E xperim en tal B ra in  
R esearch , U n iv e rs ity  o f Lund, S-22185, Lund, Sweden.

I r r e v e r s ib l e  neu ronal damage fo llo w in g  c e re b ra l  ischem ia ev
o lv e s  over many days during  th e  recove ry  p e r io d . A r a t  model 
has been developed which allow s long term  recovery  a f t e r  rever
s ib le  fo re b ra in  isch em ia . The d e n s ity  and d i s t r i b u t io n  of c e ll  
dea th  as seen  on N is s l  s t a i n  a f t e r  ischem ia and one week recovery 
in  t h i s  model has been d esc r ib e d  (A cta N europath . (B erl .)  64 :319, 
1984). We p re v io u s ly  re p o rte d  th a t  G olgi s tu d ie s  in  ischemic 
anim als allow ed s e v e ra l d a y s ' recove ry  rev ea led  th e  presence of 
d e n d r i t ic  sw e llin g s  on CA1 -  subiculum  neurons, which may have 
in h ib i to r y  fu n c t io n . The p re s e n t study  was undertaken  to  charac
t e r i z e  th e  development of n eu ronal n e c ro s is  and to  c o r re la te  
th e  f in d in g s  w ith  changes observed in  G olgi s tu d ie s  of th e  same 
g roups. W istar-SPF r a t s  (M ollegaards A v ls la b .,  Copenhagen) were 
a n e s th e tiz e d  w ith  h a lo th a n e . C a th e te rs  were in s e r te d  in  the 
ju g u la r  ve in  fo r subsequent w ithdraw al of b lo o d , and in  th e  t a i l  
a r t e r y  fo r  m on ito ring  b lood g ase s . Both common c a ro t id  a r te r ie s  
were exposed and lo o se  s u tu re s  p laced  around them. N eedle e lec 
tro d e s  were p laced  in to  th e  te m p o ra lis  muscle to  m onitor EEG. 
The r a t s  were p a ra ly z e d , m echan ica lly  v e n t i la te d  on N2O:O2, 
and th e  h a lo th an e  d is c o n tin u e d . Ischem ia was induced by the 
in fu s io n  of tr im etap h an  (A rfonadR) and b lood w ithdraw al u n ti l  
mean a r t e r i a l  p re s s u re  reached 50mm Hg. V ascu lar clamps were 
th en  ap p lie d  to  bo th  c a ro t id  a r t e r i e s .  I s o e l e c t r i c i t y  was ob
served  w ith in  f i f t e e n  seconds in  a l l  c a se s . At th e  end of the 
10 minute ischem ia p e r io d , b lood was r e in fu s e d ,  v a sc u la r  clamps 
removed, and NaHCO3 was g iv en . Animals were ex tu b a ted  (45-60 
m in u tes) when they resumed spontaneous v e n t i l a t io n .  They were 
p laced  in  cages w ith  access  to  w ater and food, and allow ed to 
reco v e r fo r  vary ing  tim es . F ollow ing fo rm a lin  p e r fu s io n , brains 
were removed and s ta in e d  e i th e r  w ith  c e le s t i n  b lu e -a c id  fuchsin 
o r  w ith  a v a r ia n t  of th e  rap id  G olgi te ch n iq u e . The e a r ly  and 
in te rm e d ia te  recove ry  groups (3-48 h r )  had well-known but rever
s ib le  ischem ic changes (p y k n o s is , cy top lasm ic  c le a r in g  and micro
vacuo les in  CA1 and CA4 ) .  However, s ig n i f i c a n t  i r r e v e r s ib le  
changes ( a c id o p h il ia )  were noted  only  in  th e  lo n g e r recovery 
groups (72 and 96 h r ) .  The most rem arkable f in d in g s  in  the 
G olgi s ta in s  o f ischem ic anim als were la rg e  round d en d ritic  
sw e llin g s  in  CA1 c e l l s .  The m orphologic c h a r a c te r i s t i c s  suggest 
t h a t  th e se  a re  p robab ly  in h ib i to ry  in te rn e u ro n s . The enlargem ents 
were f i r s t  ev id en t in  th e  24-48 h r g roups, th u s  p reced ing  the 
N is s l  f in d in g s . M orphological changes of in h ib i to ry  c e l l s  prior 
to  th e  appearance of n eu ronal d ea th  fu r th e r  im p lic a te  th e  imbal
ance of in h ib i t i o n  and e x c i ta t io n  in  producing  neu ronal damage.
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239.5  POST-ANOXIC TREATMENT WITH ANTICONVULSANTS: 
ELECTROPHYSIOLOGICAL AND ANATOMICAL STUDIES OF CA1 
PYRAMIDAL CELLS. K.S. Lee, G. Sancesario. W. Tetzlaff and G.W. 
Kreutzberg. Dept. of Anatomy, Jefferson Medical College, Philadelphia, PA 
19107 and Dept. of Neuromorphology, Max Planck Inst. for Psychiatry, 8033 
Martinsried, W. Germany.

Pyramidal cells in the hippocampal CA1 region are among the most 
sensitive neurons in the brain to transient anoxia. The basis for this selective 
vulnerability is unclear, but recent evidence suggests that post-anoxic 
hyperexcitability contributes to neuronal loss in this region. While the use of 
anticonvulsive agents for the attenuation of stroke-related damage has met 
with only partial success, such agents might be appropriate for treatment of 
the CA1 region if administered subsequent to the anoxic event (i.e. during 
the period of pyramidal cell hyperexcitability).

The anticonvulsive drugs, phenytoin (25-100 mg/kg), clonazepam (0.2-0.5 
mg/kg) and phenobarbital (20-50 mg/kg) were therefore tested for their 
abilities to protect against the loss of CA1 pyramidal cells following a brief 
period of transient anoxia. Gerbils were subjected to bilateral clamping of 
the carotid arteries for 10 minutes and drugs were first administered 15 
minutes following the removal of arterial clamps. Drugs were subsequently 
administered once or twice per day for 3 days and animals were sacrificed 4 
days following surgery. Brains from control animals (i.e. saline-injected) and 
anticonvulsant-treated animals were rapidly removed and, 1) sectioned with a 
cryostat and stained with cresyl violet or, 2) the hippocampus was removed 
and in vitro hippocampal slices were prepared. As judged by cresyl violet 
staining of coronal brain sections, each of the drugs tested was capable of 
attenuating the post-anoxic loss of CA1 pyramidal cells at 4 days following 
surgery. This is a post-operative interval at which operated, saline-injected 
animals show an almost total loss of CA1 pyramidal cells. In addition, 
correlative electrophysiological studies utilizing hippocampal slices indicated 
that the CA1 cells were responsive to synaptic activation in phenobarbital- 
treated animals but unresponsive in the saline-treated animals. Specifically, 
the orthodromically-evoked field EPSP in the stratum radiatum could be 
easily obtained in the slices from phenobarbital-treated animals while 
similar responses were small or absent in slices from saline-injected animals.

At present, it is unclear whether anticonvulsant treatment provides an 
actual blockade of the post-anoxic degenerative process or merely delays the 
loss of pyramidal cells. It is conceivable that such treatment could reduce 
hippocampal hyperactivity without actually affecting the mechanism(s) 
which causes the cellular instability. Nonetheless, the sustained viability of 
CA1 pyramidal cells following treatment with the various anticonvulsive 
agents further implicates post-anoxic hyperexcitability as a critical factor 
contributing to post-anoxic loss of CA1 pyramidal neurons.

239.6 DIFFERENTIAL DEGENERATION OF THE MEDIODORSAL THALAMIC NUCLEUS 
AFTER NEONATAL OR ADULT CEREBRAL HEMISPHERECTOMY. F.  
B en e d e tti* , D.A. Hovda and J .R . V illa b la n c a  (SPON: W. 
W yrwicka). Mental R e ta rd a tio n  Research C en te r, D epartm ents o f 
Anatomy and P sy c h ia try , School o f M edicine, U n iv e rs ity  o f 
C a l if o rn ia ,  Los A ngeles, 90024.

The is s u e  o f w hether n eo n a ta l b ra in  in ju ry  r e s u l t s  in  reduced 
o r enhanced neuronal d eg e n era tio n  r e l a t i v e  to  le s io n s  i n f l i c t e d  
in  adu lthood  i s  undecided . For th e  tha lam ic  v e n tro b a s a l complex 
we rep o rted  g re a te r  sp a r in g  in  th e  c a ts  w ith  n eo n a ta l vs a d u l t  
c e re b ra l hemispherectomy (B rain  R e s ., 368: 211, 1986). Here we 
ex tend  th a t  s tudy  to  a th a lam ic  nucleus w ith  s u b s ta n t ia l  ta r g e t s  
n o t d e s tro y e d  by th e  le s io n .  Using com puterized  m orphom etric 
methods, we measured c e l l  and t i s s u e  d eg e n e ra tio n  in  th e  
m ediodorsal n . (MD) in  c a ts  su rv iv in g  over 1 y ea r a f t e r  
a b la t io n  o f th e  l e f t  te len ce p h a lo n  e i th e r  as  n eona tes  (5-12 days 
o f age ; N=5) or a d u l ts  (N=5). I n ta c t  a d u l ts  (N=5) were 
c o n tro ls .  F o rm alin e-fix ed  b ra in s  were fro zen  se c tio n e d  (50μm) 
co ro n a l ly  and th io n in e - s ta in e d .  With a camera lu c id a ,  th e  
o u t l in e  o f th e  MD was drawn a t  6X and c e l lu l a r  s t r u c tu r e s  were 
drawn a t  75X. Drawings were d ig i t i z e d  on a m agnetic t a b l e t  
in te r fa c e d  w ith  a m icrocom puter. M easurements w ere, 
b i l a t e r a l l y :  a) t o t a l  a rea  a t  co ronal p lan es  A8.0 and A 9.0.  b) 
coun ts and soma a re a s  o f g l i a  c e l ls - s m a l l  neurons (<35μm2 ) 
and o f la rg e r  neurons (>35μm2) . For th e  MD i p s i l a t e r a l  to  
th e  a b la t io n :  a) in  adu lt-hem ispherectom ized  MD a re a  was 
dec reased  by 53% (p<.01) w hereas neona ta l-hem ispherectom ized  
showed on ly  a 37% d ec rease  (p< .0 1 ); adul t- l e s io n e d  vs 
n e o n a ta l- le s io n e d , p< .05. b) la rg e r  neuron coun ts rev ea led  no 
s ig n i f i c a n t  d if f e re n c e s  between groups however, bo th  le s io n  
groups showed lo s s  o f th e  la r g e s t  c e l l s  (>200μm2) and th i s  
was more pronounced fo r  a d u l t- le s io n e d  c a ts .  Both le s io n  groups 
showed a d ec rease  in  g l i a l  c e l ls - s m a l l  neurons in  b o th  
hem ithalam i. In  co n c lu s io n , a trophy  and la rg e  c e l l  lo s s  were 
more marked in  th e  MD fo r a d u l t  vs n eo n a ta l-hem ispherectom ized  
an im als. A lso , as  expected , th e  o v e ra l l  d e g e n e ra tio n  was l e s s  
marked fo r  MD than  fo r  v en tro b a sa l complex (p rev io u s  s tudy) fo r  
b o th  age g roups. The reduced re tro g ra d e  d e g e n e ra tio n  seen  in  
n e o n a ta l- le s io n e d  c a ts  may h e lp  to  u n ders tand  th e  g r e a te r  
b eh a v io ra l recovery  rep o rted  fo r  th e se  anim als vs a d u l t- le s io n e d  
c a ts  (Behav. B ra in  R es ., 19: 205, 1986). USPHS G ran ts  HD 
05958, HD 04612 and HD 0732.

239.7 RED NUCLEUS NEURONS ONE YEAR AFTER T-9 SPINAL CORD TRANSECTION IN 
ADULT RATS. R .L . M cB ride , J .N .  P r u i t t  I I * ,  and E .R . F e r in g a . 
V eterans A d m in is tr a t io n  M e d ic a l C e n te r  and  M e d ic a l C o l le g e  o f  
G eorg ia , A u g u s ta , GA 30910 .

S p in a l co rd  t r a n s e c t i o n  in  a d u l t  r a t s  r e s u l t s  i n  d e c re a s e d  
numbers o f n e u ro n s  i n  s e n s o ry -m o to r  c o r t e x ,  C l a r k e 's  colum n and 
red n u c le u s . The ch an g e  o c c u rs  a f t e r  a  t im e  d e la y  o f  a t  l e a s t  
f iv e  weeks and may b e  a r e s u l t  o f  l o s s  o f  t a r g e t  t i s s u e .  We h ave  
s tu d ied  th e  red  n u c le u s  o f  f iv e  fem a le  r a t s  w hose s p in a l  c o rd  was 
tra n s e c te d  a t  T-9 a t  s i x  w eeks o f  ag e  an d  w ere  s a c r i f i c e d  52 w eeks 
a f t e r  s u rg e ry .  F iv e  i s o g e n e ic  fem a le  n o n - t r a n s e c t e d  ag e -m a tc h e d  
r a t s  se rv ed  a s  c o n t r o l s .  The b r a i n s  w ere embedded in  p a r a f f i n ,  
s e c t io n e d  a t  7 μm and s t a i n e d  w i th  h e m a to x y lin  and  e o s in .  A l l  re d  
nu c leu s  n e u ro n s  w ere c o u n te d  a t  250x on e v e ry  f o u r t h  s e c t i o n .  
Because we had p r e v io u s ly  d e te rm in e d  t h a t  c a u d a l  r e d  n u c le u s  
n eu ro n s , w hich p r o j e c t  p r im a r i ly  to  t h e  lu m b ar c o r d ,  w ere  m ost 
a t  r i s k  from  t r a n s e c t i o n ,  th e  a r e a  o f  e a ch  n e u ro n  was d e te rm in e d  
on every  f o u r th  s e c t i o n  in  th e  c a u d a l  250μm o f  th e  n u c le u s  u s in g  
the  B ioquan t Image A n a ly s is  S ystem .

T o ta l  n e u ro n s  d e c re a s e d  28% (p < .0 5 )  i n  th e  w ho le  n u c le u s  com pared 
w ith  c o n tr o l s  and in  th e  c a u d a l  p o r t i o n  by  38% (p < .0 0 1 ) .  The mean 
a re a  o f n e u ro n s  in  th e  c a u d a l  p o r t i o n  in c r e a s e d  by 4% (p < .0 5 )  
compared w ith  c o n t r  l s ;  t h i s  was due to  a s l i g h t  i n c r e a s e  i n  
p e rc e n t  o f  l a r g e r  n e u ro n s  and a  s l i g h t  d e c re a s e  i n  p e rc e n t  o f  
s m a lle r  n e u ro n s  m ea su red .

W hile i t  h a s  b e e n  h y p o th e s iz e d  t h a t  n e u ro n s  i n  a d u l t  a n im a ls  
may s h r in k  r a t h e r  th a n  d i e  a s a  r e s u l t  o f  s e c t i o n  o f  th e  axon  f a r  
from th e  som a, o u r  d a ta  s u g g e s t  t h a t  r e d  n u c le u s  n e u ro n s  o f  a l l  
s iz e s  d ie  a s  th e  r e s u l t  o f  ax o to m y .

Supported by VA Medical Research S erv ice .

239.8 TARGET RELATED CELL DEATH IN CEREBELLAR GRANULE CELLS; ARE EARLY 
GENERATED CELLS AT A COMPETITIVE ADVANTAGE?. M.W. Vogel and K. 
H errup . D ep t. o f  Human G en e tic s . Yale Med. School, New Haven, CT 
06510.

The p e r io d  o f  n a tu r a l l y  o c c u rr in g  c e l l  d ea th  may re p re s e n t a 
mechanism fo r  q u a n t i ta t iv e ly  m atching th e  s iz e  o f p re s y n a p tic  and 
p o s ts y n a p tic  p o p u la tio n s . I n  s ta g g e re r -w i ld  type  mouse chim eras, 
th e re  i s  a l i n e a r  r e la t io n s h ip  betw een g ran u le  and P u rk in je  c e l l  
numbers. However, in  lu rc h e r  (+ /L c )-w ild  type  (+ /+) chim eras the 
a d u l t  g ran u le  to  P u rk in je  c e l l  r a t i o  i s  in c re a s e d  up to  4 .5  fo ld  
a t  low P u rk in je  c e l l  v a lu e s . +/Lc P u rk in je  c e l l s  make t r a n s i e n t ,  
m o rp h o lo g ica lly  norm al g ran u le  c e l l  synapses b e fo re  they  d ie . In  
+ /L c-+ /+  ch im eras, th e r e fo r e ,  +/Lc P u rk in je  c e l l s  may h e lp  the  
+ /+  P u rk in je  c e l l s  to  " s ta b i l i z e "  e a r ly  b o rn  g ran u le  c e l l s ,  b u t 
th ey  th e n  d eg e n e ra te . We have ana lyzed  th e  r e l a t i v e  s u rv iv a l  o f 
e a r ly  and l a t e  born  g ran u le  c e l l s  in  + /L c-+ /+  chim eras to  
de term ine  i f  e a r ly  g en e ra ted  g ran u le  c e l l s  a re  a t  a com p etitiv e  
advantage compared to  l a t e  g en e ra te d  g ran u le  c e l l s .

W ild type and +/Lc c o n tro ls  and + /L c-+ /+  chim eras were 
in je c te d  a t  e i t h e r  P4 o r P13 w ith  t r i t i a t e d  thym idine to  la b e l 
e a r ly  o r l a t e  bo rn  g ran u le  c e l l s . The number o f  g ran u le  c e l l s , 
la b e le d  g ran u le  c e l l s  and P u rk in je  c e l l s  were coun ted  in  s a g g ita l  
s e c t io n s  o f  a d u l t  an im als. In  + /+  an im als, ap p rox im ate ly  2 .0  to  
3.0% o f  th e  t o t a l  g ran u le  c e l l  p o p u la tio n  i s  bo rn  a t  e i th e r  P4 or 
P13. In  +/Lc an im als, over 35% o f  th e  s u rv iv in g  g ran u le  c e l l s  
a re  bo rn  a t  P4, w h ile  on ly  1.0% o r  few er a re  b o rn  a t  P13. This 
su g g es ts  t h a t  e a r ly  bo rn  g ran u le  c e l l s  must be a t  a tremendous 
tem poral advantage in  th e  m utan t, even though P u rk in je  c e l l  
numbers in  th e  +/Lc and +/+  anim als a re  eq u a l u n t i l  P7.

A n a ly s is  o f  ch im eric  an im als r e v e a ls  t h a t  developm ental 
in t e r a c t io n s  among g ran u le  c e l l s  a re  com plex. The p resen ce  o f 
r e l a t i v e l y  few P u rk in je  c e l l s  (as  few as 5 to  8% o f  w ild  type 
numbers) d ra m a tic a lly  reduces th e  p e rce n tag e  o f  s u rv iv in g  P4 
la b e le d  g ran u le  c e l l s ,  compared to  +/Lc v a lu e s . The percen tag e  
o f  s u rv iv in g  P13 g ran u le  c e l l s  on ly  in c re a s e s  m odestly  in  
response  to  h ig h e r  P u rk in je  c e l l  numbers, compared to  +/Lc 
v a lu e s . In  chim eras w ith  s im i la r  numbers o f  P u rk in je  c e l l s ,  the 
p e rce n tag e  o f  s u rv iv in g  P4 g ran u le  c e l l s  i s  h ig h e r  th a n  th a t  o f 
s u rv iv in g  P13 g ran u le  c e l l s .  However, th e  t o t a l  number o f 
s u rv iv in g  P4 g ran u le  c e l l s  i s  reduced  compared to  P4 +/Lc v a lu e s , 
w h ile  th e  number o f  s u rv iv in g  P13 g ran u le  c e l l s  i s  in c re a se d  w ith  
r e s p e c t  to  P13 +/Lc v a lu e s . Our r e s u l t s  w i l l  be d isc u sse d  in  
term s o f  a two phase model f o r  c o m p e titiv e  i n t e r a c t io n s ,  th e  
f i r s t  phase an ac u te  p ro cess  r e q u ir in g  th e  e s ta b lish m e n t o f e a r ly  
P u rk in je  c e l l  c o n ta c ts  and th e  second phase a  ch ro n ic  com petitive  
i n t e r a c t io n  among g ran u le  c e l l s  o f  a l l  a g e s .

Supported  by NS07689 (MWV) and NS20591 (KH).
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239.9 CELL DEATH IN THE INFERIOR OLIVE AS A FUNCTION OF CEREBELLAR 
PURKINJE CELL NUMBER: A QUANTITATIVE STUDY IN LURCHER CHIMERIC 
MICE. Lisa Panzini* and Karl Herrup, Yale Med. Sch., New Haven.

Target re la ted  c e ll  death is  a common featu re  of many develop
ing neuronal c e l l  populations. Although the developmental "logic" 
behind i t s  existence may be m ultifaceted , one hypothesis is  th a t 
i t  serves to bring a population of nerve c e lls  in to  numerical 
balance with i t s  post-synap tic  ta rg e t population. This numerical 
matching function has been recen tly  demonstrated to apply to the 
cereb ella r granule:Purkinje c e l l  c i r c u i t  in staggerer chimeric 
mice. We have now completed a q u an tita tiv e  study of a second 
major Purkinje c e l l  inpu t, the neurons of the in fe r io r  o live  
( IO) . Lurcher mutant mice (+/Lc) lose 100% of th e ir  c ereb ella r 
Purkinje c e lls  (PC) as a d ire c t  consequence of gene ac tio n . 
Eighty percent of the IO neurons are a lso  lo s t  (between p ostna ta l 
7 and 90), but these deaths are not d ire c tly  a ttr ib u ta b le  to  the 
expression of the Lc gene. They are presumably caused instead by 
the loss of th e ir  primary synaptic ta rg e t, the PC.

Lurcher chimeric mice represen t an idea l model system to 
examine numerical matching in  th is  c i r c u i t  since analysis of 
s u ff ic ie n t  animals makes i t  possib le to observe the e ffec ts  of 
increasing the number of surviving normal (+/+) PCs across a broad 
range of values, from zero to wild type. The numbers of IO 
neurons and PCs were counted in l e f t  and rig h t brains of +/Lc and 
+/+ con tro ls as well as 9 +/Lc <- - > +/+ chimeras. IO neuron 
counts were p lo tted  as a function of co n tra -la te ra l  PC counts. I f  
the re la tio n sh ip  between IO and PC numbers were lin ea r then a l l  of 
these values should f a l l  on a s tra ig h t  line  connecting the mean 
con tro l values (+/+ and +/L c) . Instead, the re su ltin g  points a l l  
f a l l  s ig n if ic a n tly  above th is  hypothetical l in e . This finding has 
four possible explanations. F ir s t ,  i t  may be th a t the cooperation 
of the wild type PCs plus the tran s ie n t presence of the +/Lc c e lls  
rescues more IO c e lls  than the +/+ PCs could on th e ir  own. 
Second, i t  could be th a t the c o lla te ra ls  of the IO neurons (to  
deep nuclear neurons or ip s i la te r a l  cortex) buffer these c e lls  
from ta rg e t-re la te d  c e l l  death . Third, i t  could be th a t the 
re tra c tio n  of the well known m ultiple innervation of PC by IO 
neurons is  e ith e r  delayed or abandoned so th a t a given number of 
PCs o ffe r an e ffec tiv e ly  large r synaptic ta rg e t than normal. 
F in a lly , i t  could be th a t numerical matching in  th is  focussed 
system is  e ith e r  not rigorous ( i . e . ,  there is  true developmental 
p la s t ic i ty  in  the in te rac tio n ) or i t  is  not l in e a r . Analyses of 
several add itio n a l s tra in s  of wild type mouse may help to 
d istin g u ish  among a t  le a s t  some of these a tte n a tiv e s .

Supported by The March of Dimes B irth Defects Fndn. & NIH 
NS20591.

239.10 PREVENTION OF TRANSNEURONAL DEATH OF NEURONS IN THE 
SUBSTANTIA NIGRA BY CHRONIC INFUSION OF THE GABA AGONIST 
MUSCIMOL. M. Saji* and D .J. Reis. Lab of Neurobiology, Cornell Univ. 
Med. Coll., New York, NY 10021.

Neurons in the  substantia  nigra pars re ticu la ta  (SNr) die following 
destruction  of intrinsic neurons of the caudate nucleus (CN) by ibotenic 
acid (IBO) (Saji and Reis, Neurosci. Abs., 1985). Since fibers of the 
s tria ton ig ra l pathway contain  the inhibitory neuro transm itter GABA and 
excessive exc itation  of neurons can lead to  neuronal death , conceivably 
degeneration of SNr neurons may be due to  disinhibition consequent to  
loss of an inhibitory GABAergic input. To te s t the hypothesis we assessed 
w hether: a) the re  is a  topographic correspondence betw een loss of SNr 
neurons in itia ted  by IBO lesion of CN and loss of the GABAergic 
innervation; b) death  of SNr neurons can be prevented by the chronic 
adm inistration  of the GABA agonist muscimol.

IBO was stereo tax ically  injected unilaterally  into 3 sites (4 ug/0.4 ul, 
each) in the CN of 45 anesthetized  male ra ts . Controls received saline. 
In some anim als, in the same operation, a cannula was im planted into the 
la te ra l ventricle  co n tra la te ra l to  the lesion for subsequent 
in traven tricu la r injection of muscimol. At various days th e rea fte r , the 
anim als were anesthetized  and perfused with 4% paraform aldehyde. The 
brains were rem oved, sectioned and stained with thionin or with antiserum 
to  GABA. The ex ten t of neuronal death  in the SNr was assessed as a 
function of the reduced density  of neurons.

IBO destroyed about 90% of CN neurons within 5 days. By 20 days 
a f te r  IBO-lesion 20% of the to ta l number (10,200) in SNr ipsilateral, but 
not co n tra la te ra l, to  the lesion had disappeared (p <  .05). Associated was 
a marked gliosis, re trac tio n  o f TH dendrites, and volum etric shrinkage. 
The loss of SNr neurons was not homogeneous. Th e g rea te s t loss of 
neurons (53-57%, p <  .01) was concen trated  in the c e n tra l core of SNr, 
while neuronal loss was observed in the la te ra l (28%, p < .0 5 )  but not 
medial (16%, not significant) areas. GABA im m unoreactivity  was reduced 
in all a reas (p <  .05). The g rea te s t loss (82%) was in the dorsal central 
a rea  followed by loss in the ven tra l (68%), la te ra l (61%) and medial (43%) 
areas, dem onstrating thereby the close topographic correspondence 
betw een the  loss of GABA term inals and neruon death .

In o ther anim als (n=24), muscimol was infused (0.5 u l/h) continuously 
over 20 days a f te r  the lesion by osm otic pump. Such trea tm en t 
com pletely prevented the loss of SNr neurons. T reatm ent with muscimol, 
however, did not a lte r  the gliosis, dendritic re trac tio n  nor volum etric loss. 
Th e response was dose-dependent betw een 0.01 to  100 ng/ul.

The p resen t study indicates th a t the mechanism for anterograde 
transneuronal degeneration of neurons in the SNr by lesions of CN is 
disinhibition as a resu lt of the rem oval of inhibitory GABAergic projection 
within the stria ton ig ra l pathway. Loss of inhibition may be a  general 
mechanism of transneuronal degeneration.

239.11 COMPARISON OF VASOACTIVE INTESTINAL PEPTIDE, VIP(10-28), PHI-27, 
SECRETIN, AND GRF FOR EFFECTS ON NEURONAL SURVIVAL IN DEVELOPING 
SPINAL CORD CULTURES. D.E. Brenneman. Lab. of Developmental 
Neurobiology, NICHD, NIH, Bethesda, Maryland 20892

Vasoactive in testina l peptide has been shown to increase the 
survival of developing spinal cord neurons grown in dissociated 
cultures (PNAS 83: 1159, 1986). This effec t was evident when 
spontaneous elec trica l ac tiv ity  was blocked with tetrodotoxin. 
The specific ity  of th is neurotrophic action of VIP was investi
gated by examining the effects of other peptides tha t have 
sign ifican t sequence homology to VIP.

Neuropeptides were tested on dissociated spinal cord cultures 
obtained from 10-12 day old fetal mice. Cultures were maintained 
in defined medium supplemented with 5% horse serum. Prior to 
treatment, a complete change of nutrient medium was performed 
to remove endogenous conditioning substances tha t have been 
shown to affec t neuronal survival during e lec trica l blockade 
(Dev. Brain Res. 15: 211, 1984). Neuropeptides were added to 
the cul tures on day 9 in  v itro  and treatment was continued for 
5 days. To assay for neuronal survival, the neurons were immuno- 
cytochemically iden tified  with antibodies to neurofilament or 
neuron specific enolase and then counted from predetermined 
coordinates. Neuronal survival a f te r  peptide treatment was ex
amined in e lec tr ica lly  active cultures and in cultures that 
were e le c tr ic a l l y blocked with tetrodotoxin . Each peptide was 
studied a t concentrations rapgi ng from 10-13 to 10-7 M.

The survival of spinal cord neurons was decreased sign ifican tly  
(30-35%) a fte r  incubation with PHI-27, VIP(10-28), or growth 
hormone releasing factor (GRF). These neuron-depleting effects 
were evident a t threshold concentrations ranging from 10-13 (VIP 
(10-28) to 10- 11 M (PHI-27 or GRF) with the effect of all the 
neuropeptides being attenuated a t higher concentrations (>10-8 M). 
The maximum amount of neuronal cell death produced by these 
peptides never exceeded the amount of neuronal cell death re su lt
ing from tetrodotoxin treatment alone. The mechanism of peptide- 
mediated neuronal cell death is unknown. Our hypothesis is  that 
these substances may be in terfering  with the action of endogenous 
VIP. Secretin had no detectable e ffec t on neuronal survival a t 
any of the concentrations tested . In tetrodotoxin-treated cul
tu res, PHI-27 and GRF prevented neuronal cell death produced by 
tetrodotoxin, but concentrations greater than 10-7 M were required 
for th is  action. Similar studies conducted with VIP have shown 
that 10- 11 M VIP significantly  i ncreased neuronal survival in the 
presence of tetrodotoxin. These studies indicated that the 
survival-promoting effec t of VIP on cultured spinal cord neurons 
i s very s tructu ra lly  specific and that other closely homologous 
peptides e ith er have no such action or produce decreases i n 
neuronal survival during th is  period in development.

239.12 ECDYSTEROID-DEPENDENT NEURONAL DEATH IN ADULT MANDUCA SEXTA MOTHS: 
INTERACTION OF HUMORAL SIGNALS WITH NEURAL INPUT. S .E .F a h rb a c h  
and  J .W .T rum an . D e p t . o f  Z o o lo g y , U n iv . o f  W ash ., S e a t t l e ,  WA 
98195.

The em erg en ce  o f  th e  a d u l t  Manduca s e x ta  m oth i s  fo llo w e d  by the 
d e a th  o f  a lm o s t  h a l f  o f  t h i s  i n s e c t ' s  a b d o m in a l m o to n eu ro n s and 
in te r n e u r o n s .  The s p a t i a l  and te m p o ra l  p a t t e r n  o f  t h i s  c e l l  death  
h a s  b e e n  d e s c r ib e d  (T rum an, J .W .,  J . Comp. N e u r o l . , 2 16 : 4 15 , 1983} 
and  i t  h a s  b een  d e te rm in e d  t h a t  th e  same c e l l s  d ie  i n  a  f ix e d  
se q u en c e  i n  e v e ry  m o th . The d e a th  o f  th e s e  n e u ro n s  h a s  b e e n  shown 
to  be  d e p e n d e n t upon th e  n o rm a l d e c l i n e  o f  th e  s t e r o i d  horm one, 
20-h y d ro x y e c d y s o n e , t h a t  o c c u rs  a t  th e  end  o f  m etam o rp h o s is  
(T rum an, J.W . and S c h w a r tz , L .M ., J .  N e u r o s c i . , 4 : 2 74 , 198 4 ). A 
v a r i e t y  o f  e x p e r im e n ta l  m a n ip u la t io n s  can  a d v a n c e , d e la y ,  o r  i n t e r 
r u p t  th e  n o rm a l se q u e n c e  o f  t h i s  c e l l  d e a th ,  b u t  th e y  c a n n o t change 
th e  o r d e r  i n  w h ich  th e  n e u ro n s  d i e .

The m echanism  f o r  th e  o r d e r in g  o f  tim e  o f  n e u ro n a l  d e a th  in  th is  
sy s te m  i s  n o t  known. One p o s s i b i l i t y  i s  t h a t  o t h e r  f a c t o r s  a c t  in 
c o n c e r t  w i th  th e  s t e r o i d  s i g n a l ,  so  t h a t  th e  d e c l in e  i n  e c d y s te ro id  
p rp d u c e s  a  s t a t e  o f  n e u ro n a l  r e a d in e s s  to  d i e ,  b u t  t h a t  d e g e n e ra 
t i o n  o f  a  p a r t i c u l a r  c e l l  do es  n o t  b e g in  u n t i l  a n o th e r  s ig n a l  t r i g 
g e r s  th e  s t a r t  o f  th e  d e a th  p r o c e s s .

T h is  h y p o th e s i s  i s  s u p p o r te d  by o u r  f in d in g  t h a t  th e  d e a th  o f  an 
i d e n t i f i e d  p a i r  o f  m o to n eu ro n s  i n  th e  t h i r d  ab d o m in a l g a n g lio n  (A3), 
t h e  MN-12 c e l l s ,  i s  p r e v e n te d  by ab d o m in a l i s o l a t i o n  l a t e  i n  a d u lt  
d e v e lo p m e n t. T h ese  m o to n eu ro n s a r e  th e  l a s t  c e l l s  to  s t a r t  to  die 
w i th in  th e  g a n g l io n ,  w i th  th e  f i r s t  s ig n s  o f  d e g e n e r a t io n  n orm ally  
a p p e a r in g  a b o u t  40 h a f t e r  a d u l t  e c d y s i s .  By 96 h a f t e r  e c d y s i s ,  
no l i v i n g  MN-12 c e l l s  a r e  found  in  A3. We t y p i c a l l y  a s s e s s e d  the  
e f f e c t s  o f  m a n ip u la t io n s  on MN-12 s u r v i v a l  i n  g a n g l i a  s t a i n e d  w ith 
t o l u i d i n e  b lu e  a t  t h i s  t im e .  The e f f e c t  o f  a b d o m in a l i s o l a t i o n  on 
MN-12 s u r v i v a l  was t e s t e d  a t  a  r a n g e  o f  t im e s  a ro u n d  a d u l t  e c d y s is . 
The MN-12 n e u ro n s  i n  A3 w ere  e f f e c t i v e l y  p r e s e r v e d  by t h i s  p ro 
c e d u re  th ro u g h  26 h a f t e r  e c d y s i s ,  w i th  th e  50% s u r v i v a l  p o in t  
o c c u r r in g  a t  30 h .  The e f f e c t  o f  ab d o m in a l i s o l a t i o n  was r e p l i 
c a te d  by c u t t i n g  th e  v e n t r a l  n e rv e  c o rd  above A3 in  o th e r w is e  
i n t a c t  a n im a ls ,  i n d i c a t i n g  t h a t  th e  e f f e c t  i s  due s o l e l y  to  d i s 
r u p t i o n  o f  d e s c e n d in g  n e u r a l  p a th w a y s . The s p a r in g  e f f e c t  o f  
a b d o m in a l i s o l a t i o n  was p e r s i s t e n t ,  w i th  60% o f  t h e  MN-12 c e l l s  in  
A3 s t i l l  s u r v iv in g  8 d ay s  a f t e r  t r e a tm e n t .  Rem oval o f  th e  b r a in ,  
s u b e so p h a g e a l  g a n g l io n ,  and  th e  f i r s t  t h o r a c i c  g a n g lio n  d id  n o t 
s a v e  t h e  c e l l s ,  s u g g e s t in g  t h a t  th e  f u s e d  p t e r o t h o r a c i c  g a n g lio n  is  
th e  s o u rc e  o f  th e  i n p u t  t h a t  m ust b e  p r e s e n t  f o r  th e  d e a th  o f  MN- 
12 to  o c c u r .T h e  t r a n s g a n g l i o n i c  n a tu r e  o f  th e  s ig n a l  to  MN-12 p ro
v id e s  an  e a s i l y —m a n ip u la te d  e x p e r im e n ta l  sy s te m  f o r  th e  s tu d y  o f 
e x t r i n s i c  f a c t o r s  r e g u l a t i n g  th e  t im in g  o f  d e v e lo p m e n ta l ly -  
program m ed n e u ro n a l  d e a th .
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239.13 AN TIBODIES TO SKELETAL -  MUSCLE EXTRACTS ENHANCE 
EMBRYONIC MOTONEURON SURVIVAL IN  THE CHICK LUMBAR 
LATERAL MOTOR COLUMN IN  V IV O . GUY J .  PE T R U Z Z E L L I* a n d  
W .F . HUGHES* (S P O N : S .K .  JA C O B ). D e p t . o f  A n a to m y ,  R u sh  
M e d ic a l  C o l l e g e ,  C h i c a g o ,  I L .

P r e v i o u s l y ,  we h a v e  r e p o r t e d  t h a t  a c r u d e  e x t r a c t  o f  
e m b r y o n i c  a v a i n  s k e l e t a l  m u s c l e  r e d u c e s  m o to n e u r o n  
d e a t h  i n  t h e  c h i c k  lu m b a r  l a t e r a l  m o to r  c o lu m n  (LM C) i n  
v i v o  ( P e t r u z z e l l i  & H u g h e s ,  S o c . N e u r o . A b s . ; 1 1 ,  7 5 . 9  
( 1 9 8 5 ) .  T h e  p r e s e n t  s t u d y  d e t e r m i n e d  t h e  e f f e c t s  o n  
e m b r y o n ic  m o t o n e u r o n  s u r v i v a l  o f  a p o l y c l o n a l  a n t i s e r u m  
r a i s e d  a g a i n s t  t h i s  e x t r a c t .  C r u d e  im m u n e  s e r u m  w a s  
p r o d u c e d  i n  a f e m a l e  New Z e a l a n d  w h i t e  r a b b i t  b y  
i m m u n i z a t i o n  w i t h  m u s c l e  e x t r a c t  i n  F r e u n d ’ s  a d j u v a n t ;  
c o n t r o l  s e r a  w e r e  o b t a i n e d  f ro m  n o r m a l  r a b b i t s .  T h e  
t o t a l  p r o t e i n  c o n c e n t r a t i o n s  o f  t h e  tw o  s e r a  w e r e  5 . 0  
g r / d l  a n d  6 . 4  g r / d l  r e s p e c t i v e l y .  S e r a  w e r e  d i l u t e d  3 :1  
w i th  M in im a l  E s s e n t i a l  M ed ium  (MEM; S ig m a  C o . )  a n d  a 
t o t a l  v o lu m e  o f  3 5 0  u l  w as  a p p l i e d  t o  t h e  v a s c u l a r i z e d  
c h o r i o a l l a n t o i c  m e m b ra n e  (CAM) o f  e m b r y o s  o n  e m b r y o n i c  
d a y s  E 5 , 6 , 7 , 8 , 9 , 1 0 .  E m b ry o s  w e r e  f i x e d  a t  E 1 2 ,  
p r o c e s s e d  f o r  l i g h t  m i c r o s c o p y ,  a n d  t h e  p o p u l a t i o n  o f  
t h e  l u m b a r  LMC w a s  c a l c u l a t e d  ( H a m b u r g e r ,  ’ 7 5 ) .  T h e  
m ean o f  t h e  u n t r e a t e d  LMC p o p u l a t i o n s  w a s  c o n s i s t a n t  
w i t h  v a l u e s  i n  t h e  l i t e r a t u r e .  R e :  1 2 , 5 3 2  ( ±  2 0 0 ,  
n = 1 0 ) .  As we h a v e  r e p o r t e d ,  e m b r y o s  r e c e i v i n g  m u s c l e  
e x t r a c t s  h a d  a m ean  LMC p o p u l a t i o n  o f  1 4 ,0 7 7  ( ±  2 7 2 ,  
n= 9 ) w h ic h  r e p r e s e n t e d  a n  i n c r e a s e  i n  s u r v i v a l  o f  
1 1 .4 % . P a r a d o x i c a l l y ,  e m b r y o s  r e c e i v i n g  im m u n e  s e ru m  
h a d  a m ea n  LMC p o p u l a t i o n  o f  1 5 , 5 0 8  n e u r o n s  ( ±  4 6 1 ,  
n = 5 ) ,  a n  i n c r e a s e  o f  2 7 . 4 % o v e r  u n t r e a t e d  c o n t r o l s .  
C o n t r o l  e m b r y o s  t r e a t e d  w i t h  n o r m a l  r a b b i t  s e ru m  a n d  
MEM h a d  LMC p o p u l a t i o n s  o f  1 2 , 7 2 7  ( ±  1 7 1 .  n = 4 )  a n d  
1 2 ,4 6 2  ( ± 1 3 7 , n = 5 )  r e s p e c t i v e l y .  Im m u n e s e r u m  t r e a t e d  
a n im a ls  d i f f e r e d  s i g n i f i c a n t l y  f ro m  c o n t r o l s  w i t h  a p 
v a lu e  o f  < 0 . 0 0 2 .  C o m p a r i s o n  o f  im m u n e  s e r u m  a n d  
e x t r a c t  t r e a t e d  e m b r y o s  d e m o n s t r a t e d  s i g n i f i c a n c e  a t  
o n ly  t h e  p < 0 . 0 2  l e v e l .  T h e s e  a n t i b o d i e s  b i n d  t o  t h e  
s a r c o le m m a l  s u r f a c e  a n d  m ay a c t  i n  t h e  s a m e  m a n n e r  a s  
p h a r m a c o lo g i c  d e n e r v a t i o n  w h ic h  p r e v e n t s  f u n c t i o n a l  
s y n a p t o g e n e s i s  y e t  i n c r e a s e s  c e l l  s u r v i v a l .  I n d i r e c t  
i m m u n o f l u o r e s c e n c e  w i t h  F IT C  c o n g u g a t e d  p o l y v a l e n t  
a n t i - r a b b i t  s e ru m  r e v e a l e d  a n t i - m u s c l e  e x t r a c t  
a n t i b o d i e s  on  s a r c o l e m m a l  s u r f a c e s .  F u r t h e r  s t u d i e s  a r e  
n e e d e d  t o  i d e n t i f y  m o re  c l e a r l y  t h e  l o c a t i o n  o f  t h e s e  
a n t i b o d i e s  a n d  t h e  n a t u r e  o f  t h e  m u s c l e  a n t i g e n s .  ( T h i s  
w o rk  w a s  s u p p o r t e d  b y  B a s i c  S c i e n c e s  R e s e a r c h  G r a n t  
N o .372 4 2  a w a r d e d  t o  G . J . P ) .

239.14 PERIPHERAL NERVE AND MUSCLE CHARACTERISTICS AFTER EXPERIMENTAL 
MODIFICATION OF NEURONAL DEATH IN THE CHICK CILIARY GANGLION. 
S . D. M e rin e y , M. J . F o r d , H. J . L . F r y e r ,* B. S . W a u tle t  and G. P i l a r . 
D ep a rtm en t o f  P h y s io lo g y  and N e u ro b io lo g y , The U n iv e r s i ty  o f  
C o n n e c t ic u t ,  S t o r r s ,  C t 0 6 268 .

The i n t e r a c t i o n  o f  th e  c i l i a r y  n e u ro n  p o p u la t io n  o f  th e  c i l i a r y  
g a n g lio n  w ith  i t s  t a r g e t s ,  th e  i r i s  and c i l i a r y  bo d y , have  been  
h y p o th e s iz e d  to  r e g u l a t e  n o rm al n e u ro n a l  d e a th .  We have exam ined 
c h a r a c t e r i s t i c s  o f  c i l i a r y  n e rv e  and m u sc le  a f t e r  c h ro n ic  t a r g e t  
m u sc le  a c t i v i t y  b lo c k a d e ,  w hich  i s  known to  i n c r e a s e  c i l i a r y  
n e u ro n  s u r v i v a l .  U l t r a s t r u c t u r a l  e x a m in a tio n  o f  aBTX t r e a t e d  
i r i s e s  a f t e r  c e l l  d e a th  r e v e a l s  a  d ra m a tic  d e c re a s e  i n  s a rc o m e r ic  
o r g a n i z a t i o n  o f  c o n t r a c t i l e  f i l a m e n t s  com pared to  c o n t r o l s .  
C h ro n ic  aBTX t r e a tm e n t  a l s o  i n c r e a s e s  b o th  c i l i a r y  n e rv e  
c o n d u c tio n  v e l o c i t y  and a x o n a l  m y e l in a t io n ,  s u g g e s t in g  an 
in c r e a s e d  n e u ro n a l  m a tu r a t io n  com pared t o  c o n t r o l s .

I n c r e a s e d  s u r v i v a l  and m a tu r a t io n  o f  n e u ro n s  s u g g e s t s  
i n c r e a s e d  n e u ro n o t r o p h ic  s u p p o r t  from  th e  t a r g e t  i s  a v a i l a b l e  t o  
d e v e lo p in g  c i l i a r y  n e u ro n s  i n  r e s p o n s e  t o  t a r g e t  m u sc le  a c t i v i t y  
b lo c k a d e .  One p o s s i b i l i t y  i s  an o v e r a l l  i n c r e a s e  i n  n e u ro n o 
t r o p h i c  f a c t o r  p r o d u c t io n .  T h is  h o w ev er, d o es  n o t  o c c u r  i n  aBTX- 
t r e a t e d  e m b ry o s. In  f a c t ,  th e  s o lu b le  c i l i a r y  n e u ro n o t r o p h ic  
a c t i v i t y  from  th e  eye t i s s u e s  o f  a B T X -tre a te d  em bryos was 
c o n s i s t e n t l y  lo w e r  th a n  i n  c o n t r o l  em bryos th ro u g h o u t  t h e  n e u ro n a l  
d e a th  p e r io d .

A lth o u g h  s o lu b le  t r o p h i c  a c t i v i t y  i n  th e  eye  d e c r e a s e s ,  
n e u ro n s  may a c q u ir e  more t r o p h i c  s u p p o r t  by i n c r e a s i n g  t e r m in a l  
s i z e  o r  num ber. SV2 i s  an a n t ig e n  a s s o c i a t e d  w i th  s y n a p t i c  
v e s i c l e  m em branes (B u ck ley  and K e l ly ,  J . C.B . 100: 1284, 19 8 5 ). 
A c c o rd in g ly ,  we have exam ined th e  d i s t r i b u t i o n  o f  SV2 i n  th e  i r i s  
a t  th e  end o f  th e  n e u ro n a l  d e a th  p e r io d .  I n t e r e s t i n g l y ,  SV2 
s t a i n i n g  d i s t r i b u t i o n  i s  n o t  s i g n i f i c a n t l y  d i f f e r e n t  be tw een  
c o n t r o l  and aBTX t r e a t e d  em b ry o s.

T h ese  o b s e r v a t io n s  i n d i c a t e  t h a t  ch an g es  in  p r e -  and p o s t -  
s y n a p t i c  e le m e n ts  in d u c e d  by t a r g e t  a c t i v i t y  b lo ck a d e  may r e g u l a t e  
n e u ro n a l  s u r v i v a l  i n  a  more com plex m anner th a n  p r e v io u s ly  
h y p o th e s iz e d .
T h is  work was s u p p o r te d  by NIH 10338, NSF-BNS 8 40581 , and  The 
U n iv e r s i ty  o f  C o n n e c t ic u t  R e se a rc h  F o u n d a t io n .

239.15 PATTERN OF NEURONAL CELL DEATH WITHIN THE MEDIAL MOTOR COLUMN(MMC) 
OF A THORACIC NEURAL TUBE TRANSPLANTED TO THE BRACHIAL REGION(THOR- 
BR)OF CHICK EMBRYOS. P . C au w en b erg s , E . Cosmos & J .  B u t le r * . D ep t. 
N eu ro sc i. M cMaster U n i v e r s i t y ,  H a m ilto n , O n ta r io  L8N 3Z5 •

Nerves d e r iv e d  from  a t h o r a c i c  n e u r a l  tu b e ( N T ) t r a n s p l a n t e d  a t  
day 2E i n i t i a l l y  e s t a b l i s h  f u n c t io n a l ( w in g  m o t i l i t y ) a n d  s t r u c t u r a l  
co n ta c t w ith  b r a c h i a l  m u sc le s  o f  c h ic k  em b ry o s. Beyond day 10E , 
however, t h i s  u n io n  u n c o u p le s ,  w ing  m o t i l i t y  d e c l in e s  and  m u sc le s  
d e te r io r a te  due t o  an a p p a re n t  w i th d ra w a l  o f  i n n e r v a t i o n  ( JEEM 9 5 : 
1 , 1986). S in c e  p r e l im in a r y  HRP r e t r o g r a d e  l a b e l l i n g  a n a ly s e s  
rev e a led  t h a t  t h e  p r im a ry  s o u rc e  f o r  m o to r i n n e r v a t i o n  o f  e x p e r i 
m ental b r a c h i a l  m u sc le s  i s  t h e  MMC o f  t h e  f o r e ig n  t h o r a c i c  NT, we 
in v e s t ig a te d  th e  f a t e  o f  MMC m otoneurons(M N ) d u r in g  th e  p e r io d  o f  
fu n c t io n a l  i n t e r a c t i o n  and  t h e  s u b s e q u e n t  u n c o u p lin g  p h a s e . Both  
u n o p era ted  embryos and  em bryos r e c e i v in g  a  t r a n s p l a n t e d  b r a c h i a l  NT 
(Br-B r) s e rv e d  as c o n t r o l s .  H i s t o l o g i c a l  e x a m in a tio n  o f  t h i o n i n -  
s ta in e d  c r o s s - s e c t io n s  r e v e a l e d  t h a t  a l l  t r a n s p l a n t e d  NT d e v e lo p e d  
a cco rd in g  t o  t h e i r  s i t e  o f  o r i g i n .  T h u s , t h e  T h o r-B r  NT e x h ib i t e d  
a s m a ll,  i n t e r m i t t e n t  l a t e r a l  m o to r co lu m n (LMC) ,  a  l a r g e  MMC and 
th e  column o f  T e r n i , s i m i l a r  t o  an i n  s i t u  t h o r a c i c  NT. The B r-B r  
NT deve loped  a l a r g e  LMC and  no colum n o f  T e r n i ,  s im i l a r  t o  an 
in  s i t u  b r a c h i a l  NT. A q u a n t i f i c a t i o n  o f  t h e  num ber o f  MN i n  t h e  
MMC o f e x p e r im e n ta l  and  c o n t r o l  em bryos was p e rfo rm e d  b e tw e en  days 
6E-16E. W hereas n e u r o th a n a s i a  was g r e a t e s t  b e tw e en  days 8E-12E 
(55%) in  a l l  c o n t r o l  NT ( B r -B r ,  and  in  s i t u  B r ,  T hor N T), c e l l  
death  was n o t i n i t i a t e d  u n t i l  day 10E i n  t h e  T h o r-B r  NT. In  t h e  
l a t t e r ,  betw een  days 10E -12E , 85% o f  t h e  MN d e g e n e r a te d ;  a  t o t a l  o f  
1000 MN s u rv iv e d .  I n  c o n t r a s t ,  4500 MN rem a in e d  i n  a l l  c o n t r o l  NT. 
Thus, th e  d e la y  i n  t h e  o n s e t  o f  n e u r o th a n a s i a  w i t h in  t h e  MMC o f  
th e  T hor-B r NT r e f l e c t s  a  p o s i t i v e  r e s p o n s e  t o  an e n la r g e d  p e r i 
p h e ra l  t a r g e t  (w ing  m u sc le s  a s  opp o sed  t o  a x i a l  m u sc le s  w h ich  a r e  
th e  u s u a l  t a r g e t  f o r  MN o f  t h e  MMC) .  L ik e w is e ,  t h e  a b r u p t ,  a c c e l 
e ra ted  r a t e  o f  n e u ro n a l  c e l l  d e a th  n o te d  b e tw e en  days 10E-12E 
r e f l e c t s  t h e  a c tu a l  u n c o u p lin g  o r  w i th d ra w a l  o f  i n t r a m u s c u la r  
n e rv es  from  e x p e r im e n ta l  T h o r-B r  m u s c le s .

(S u p p o rted  by g r a n t s  from  MDAC t o  E .C . an d  t o  P .C . ,  a  p r e d o c t o r a l  
f e l l o w ) .

239.16 A POSTNATAL REORGANIZATION IN THE DISTRIBUTION OF LOCUS 
COERULEUS NEURONS WHICH PROJECT TO THE SPINAL CORD IN 
RATS IS DUE TO COLLATERAL ELIMINATION RATHER THAN CELL 
DEATH. Karen S. Chen and Brent B. Stanfield. Dept. of 
Neurosciences M -008, Univ. of (California (San Diego), La Jolla, CA 
92093 and The Salk Institute, La Jolla, CA 92037.

It is now well established that in several instances a change in the 
tangential distribution of cortical projection neurons occurs during 
development and that this redistribution which results in the definitive 
adult pattern is achieved through a process involving the selective 
elimination of some of the initially extended long axonal collaterals. 
While it is not known to what extent a similar process is involved in the 
sculpting of fiber systems which arise subcortically, a recent study by 
Cabana and Martin (Dev. Brain Res. 15 (1984) 247-263) which showed 
that in the opossum locus coeruleus (LC) the neurons which project to 
the spinal cord are more widely distributed early-on than in the adult, 
raises the possibility that the phenomenon of early collateral 
withdrawal may be fairly widespread during CNS development. To 
examine this further we have studied in rats the distribution of labeled 
LC cells following injections (0.2-0.5 μl of a 2% solution) of Fast Blue 
(FB) or Diamidino Yellow (DY) into either the rostral forebrain or the 
spinomedullary junction and made at various ages.

One to four days following spinomedullary injections made on the 
day of birth, retrogradely labeled neurons are distributed virtually 
throughout the LC. However, similar injections, but made at four 
weeks of age, result in the labeling of cells primarily confined to the 
ventral LC. In contrast, we see no unequivocal difference in the 
distribution of labeled cells following forebrain injections made at these 
two ages.

In order to examine the fate of those dorsal LC cells which initially 
extend a spinal collateral, we again injected FB into the spinomedullary 
junction on the day of birth, but in these experiments we allowed the 
animals to survive until the fourth postnatal week - i.e. after the 
restriction in the distribution of the spinal projection cells has 
occurred. As in animals killed during the first postnatal week, in these 
long-term survival animals, FB labeled neurons are spread throughout 
the LC. Further, in additional cases in which FB was injected into the 
spinomedullary junction on the day of birth and a similarly placed 
injection of DY was made four days prior to perfusion during the fourth 
postnatal week, FB labeled cells are again found throughout the LC, 
while DY labeled cells (many of which are FB labeled as well) are 
largely confined to the ventral LC. Thus a restriction of the 
distribution of LC neurons which project to the spinal cord occurs 
during the postnatal development of the rat and this reorganization is 
achieved largely through a process of collateral elimination rather than 
being due to cell death. Supported by NIH Grant NS-18506.
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240.1 INFLUENCE OF NIGRAL SEROTONIN ON STRIATAL DOPAMINE METABOLISM. S.L. 
Rubinstein* and K. Gale (SPON: D.M. Stoff). Dept. of Pharmacol. 
Georgetown Univ. Schs. of Med. and Dent., Washington DC 20007.

The subs tan t ia  nigra (SN) is densely innervated with seroto
nergic terminals  o r ig in a t in g  from the midbrain raphe nuclei. We 
are inves tiga t ing  the influence of serotonin (5-HT) receptor 
s t im ula t ion  loca l ly  within the. SN on dopamine (DA) metabolism in 
the terminals  of the n ig ro s t r ia ta l  DA projection. 5-HT HCl 
(47 nmoles in 0.5 ul sa l ine )  was microin jec ted (0.2 ul/min.) 
through indwelling guide cannulae unilateral ly  into SN of freely 
moving, unanesthetized 350 g male Sprague-Dawley ra ts .  Rats were 
sa c r i f ic e d  by decapitation at 20 or 45 min af ter  injection. Rats 
s a c r i f ic e d  at 45 min received a supplemental microinjection of 
47 nmoles 5-HT in 0.5 ul sa l ine  at 20 min prior to decapitation. 
Controls received microin jec tions of sa l in e  in place of 5-HT. 
S t r i a t a  were d issec ted ,  rapid ly  frozen on dry ice and stored at 
-70° C un t i l  time of assay. Levels of DA and the DA metabolites 
3,4-dihydroxyphenyl acetic acid (DOPAC) and homovanillic acid (HVA) 
in the s t r i a t a  were assessed by reversed-phase ion-pair HPLC/EC 
analysis of perchloric acid extracts of the s t r ia ta l  t issue.

DA metabolism was elevated in the s t r i a t a  ips i la te ra l  to the 
nigral 5-HT infusions as compared to that in the s t r ia ta  of rats 
receiving nigral saline microinjections. A small increase (16%) in 
DOPAC was measured at 20 min a f te r  5-HT microinjection; at this 
time no elevation in HVA or DA was obtained. At 45 min, DOPAC was 
increased by 40%, HVA was increased by 22% and DA was increased by 
14% (all  elevations at 45 min significant at p <.05 level).

The e f fe c t  of in t ra n ig ra l  microinjections of the 5-HT agonist 
l -(m -tr i f luorom ethy lphenyl)-p iperaz ine  (TFMPP) on s t r ia ta l  DA 
metabolism was also inves tiga ted .  At 20 min following treatment 
with TFMPP (30 nmoles in 0.5ul saline) DOPAC in s t r i a t a  ip s i l ateral 
to the TFMPP infusion was s ig n i f ican t ly  elevated (p <.05) by 29% 
compared to tha t  in s t r i a t a  of sa l ine  microinjected controls. 
S triatal HVA and DA levels were not s ignificantly altered this time 
point.

Our f indings are not consistent with those of James and Starr 
( J .  Pharm. Pharmacol. 32:196, 1980) who reported decreases in 
s t r i a t a l  HVA levels 20 min following a comparable intranigral dose 
of 5-HT. The fac t  tha t  James and Starr made their  microinfusions 
in anesthetized animals may account for the discrepancy in results .  
Our current research is aimed at determining 1) if  observed effects 
of 5-HT agonists involve ac t iva t ion  of 5-HT receptors and 
2) whether, in fact ,  the observed elevation in DA metabolite levels 
reflec ts  a stimulation of DA neurons by 5-HT.

240.2 MEDIOLATERAL DISTRIBUTION OF DOPAMINE METABOLITES IN RAT STRIATUM 
FOLLOWING ACUTE CHLORPROMAZINE. J.A. Childs and K. Gale. Depart
ment of Pharmacology, Georgetown University Schools of Medicine and 
Dentistry, Washington, DC 20007.

Numerous biochemical and h is to log ica l  techniques have been 
applied to examine the d i s t r ib u t io n  of dopamine (DA) terminals, 
content  and receptors in the str ia tum. The distribution of DA 
m etabo li tes ,  DOPAC and HVA, has received less attention. Our 
laboratory recently  reported  (Rubinstein et al . , Soc. Neurosci. 
Abst. 11:206, 1985) a rostrocaudal gradient in DA metabolites in 
the s t r ia tum , a gradient which is markedly enhanced by systemic 
treatment with chl orpromazine (CPZ), a DA antagonist known to 
increase  DA turnover. The difference in DOPAC levels in s t r ia ta l  
sec tions of CPZ-treated ra ts  vs. veh ic le- t rea ted  rats was 53% 
higher in ro s t r a l  than in caudal se c t io n s .  HVA measured in the 
same sections showed a CPZ-induced increase that was more than 
twice as high in rostral as compared to more caudal sections. The 
present experiment examined whether a mediolateral gradient in 
DA metabolite accumulation might also exist.

Adult male rats were treated with CPZ (20 mq/kg i .p . )  or with an 
equal volume of sa l in e  45 min p r io r  to decapitation. Freshly 
dissected  s t r i a t a  ( t a i l  removed) were sectioned mediolaterally in 
pa ra sa g i t ta l  sections (500 uM). Concentrations of DA, DOPAC and 
HVA were determined by HPLC. In controls, the ratio of HVA:DA was 
25% higher in la te r a l  sections than in medial sections, while DA 
and DOPAC were uniformly d is t r ib u te d .  The difference in HVA in 
s t r ia ta l  sections of CPZ-treated rats vs. those of controls was 36% 
higher in la te ra l  vs. medial sections;  there was no mediolateral 
gradient in the CPZ-induced increase in DOPAC levels (see Table).

Net increase 45 min after CPZ (pmol/mg prot)
Medial → Lateral

HVA 52 65 76 81 79 80
DOPAC 203 255 300 291 256 259

These r e su l t s  are of p a r t i c u la r  in terest  in light of the dis
t i n c t  rostrocaudal and mediolateral  gradients for dopamine (D2) 
receptors  within r a t  str ia tum (Altar  et a l . ,  J. Neurosci. Meth. 
10:173, 1984; JPET 233:527, 1985). These authors describe an 
enrichment of D2 receptors  in ro s t r a l  ( ro s t ra l  53% greater than 
caudal ) and la te ra l  ( la tera l  193% greater than medial) regions of 
s t r ia tum . While i t  appears that D2 receptors and accumulation of 
DA metabolites tend to distr ibute in the same general direction, we 
have found the rostrocaudal gradient for DA metabolites more pro
nounced than the mediolateral gradient ,  while the converse was 
described for D2 receptors. Although there may be a topographical 
significance to the fact that the DA receptor density is highest in 
regions containing DA terminals that have relatively high rates of 
DA turnover, there does not appear to be a d i rec t  quantitative 
correlation between these variables.

240.3 COMPENSATORY CHANGES IN THE ACTIVITY OF NIGRAL DOPAMINE CELLS IN 
RESPONSE TO PARTIAL DOPAMINE-DEPLETING IESIONS. J.R . Hollerman*, 
T.W, Berge r  and A.A. Grace, Depts. o f Psychology & Psychiatry, 
Center fo r Neuroscience, Univ. P ittsburgh, Pittsburgh, PA 15260.

Previous studies have shewn th a t  akinesia in  response to  
6-hydroxydopamine (6-HDA) le s ioning of the  n ig ro s tr ia ta l dopamine 
(DA) system does not occur u n ti l  95% o r more of the  DA input to  
th e  striatum  i s  removed (Zigmond & S tr icker, 1972). Furthermore, 
th e  f ir in g  ra te  of s t r i a ta l  neurons does not increase u n til  a 
lesion  o f sim ilar extent i s  produced (or r  e t  a l ,  Soc. Neurosci. 
Abe. 1986). These experiments suggest th a t  the  n ig ro s tr ia ta l 
system i s  capable of undergoing compensation fo r ra th er extensive 
destruction  o f the DA projection. In  th is  study, we examined 
whether o r not one such compensatory change involves a ltera tions 
in  the  f ir in g  ra te  o r pa ttern  of n ig ro s tr ia ta l DA neurons.

Zivic-M iller albino male r a ts ,  following EMI pretreatment, 
received b ila te ra l  in traven tricu lar in jec tions o f 6-HDA. Two 
doses o f 6-HDA (100 ug & 250 ug) were used to  produce 80% DA 
depletion and 95% DA depletion, respective ly , as v e rified  by 
subsequent analy tica l measurements. Recordings were made from 
id en tified  n ig ral DA neurons (Grace & Bunney, 1983) one week 
a f te r  6-HDA adm inistration. Three parameters of DA c e ll  ac tiv ity  
were measured: 1 ) the  number of spontaneously active DA neurons 
counted in  12 electrode passes through a predefined region of the 
substantia nigra (Bunney & Grace, 1978), 2) f ir in g  ra te , and 3) 
percentage of spikes occurring in  bu rsts (Grace & Bunney, 1984).

I n i t i a l  re su lts  indicate th a t  one week following 100 ug 6-HDA 
adm inistration, there  was an increase in  the  average number of DA 
c e lls  encountered per electrode track  (from 0.8 ce lls /tra c k  in 
controls to  1.3 c e l ls /  track  post 6-HDA), an increase in  average 
f ir in g  ra te  (from 4.6 Hz to  6.1 HZ), and an increase in  the 
degree o f b u rst f irin g . This change was sim ilar to  th a t  observed 
a f te r  acute adm inistration of haloperidol to  control r a ts .  Since 
DA neurons had not as y e t undergone s ig n ifican t retrograde 
degeneration a t  th is  time point (Onn e t  a l ,  in  p ress), these 
re su lts  are  most lik e ly  re la ted  to  6-HDA blockade of impulse flow 
p r io r  to  c e ll  degeneration. In  con trast, following larger 6-HDA 
in jec tions, almost no spontaneously ac tive  DA neurons were found 
in  th e  substantia nigra (0.02 o e lls /tra c k ) ; however, the c e lls  
displaying spontaneous ac tiv ity  were f ir in g  a t  very rapid ra tes 
(9.5 Hz). Since these recordings also  were made a t  p o st-in jec t
ion times too soon to  allow fo r DA c e l l  degeneration, i t  is  
unclear i f  th is  e ffe c t i s  due to  a more tox ic  action  of the 
higher dose of 6-HDA, o r may instead be re la ted  to  another 
fac to r, such as development of depolarization block (Grace & 
Bunney, 1986). Further experiments on r a ts  one week postlesion 
as well as a t  4-6 weeks postlesion (a fte r  c e llu la r  degeneration 
i s  complete) are currently  in  progress. (Supported by NS19608).

240 4 L-DOPA INCREASES DOPAMINE RELEASE IN STRIATUM: IN VIVO AND IN 
VITRO STUDIES. R.W. Keller. W.G. Kuhr, G.L. Snyder, R.M. 
Wightman, E.M. S trieker, and M.J. Zigmond. Dept. of Biological 
Sciences, University of Pittsburgh, P it tsb u rg , PA 15260, and 
Dept. of Chemistry, Indiana University, Bloomington IN 47401.

L-Dihydroxyphenylalanine (DOPA) has been shewn to  be effec
tiv e  in  the treatment of d e f ic its  caused by damage to  the 
dopamine (DA)-containing projections of the n ig ro s tr ia ta l bundle 
(NSB). The mechanism by which DOPA acts remains poorly under
stood. We wished to  determine whether DOPA increased DA release 
and, i f  so, whether DA neurons played any ro le  in  th is  increase.

Rats were in jected  with 6-hydroxydopamine (6-HDA, 200 ug, 
iv t .)  reducing striated. DA by 70-90%. Two months post-lesion 
r a ts  were anesthetized, Nafion-coated carbon f ib er electrodes 
(Kuhr e t  a l . ,  J .  Neurochem. 43: 560-569 1984) were lowered into 
the striatum  and stimulus-evoked changes in  ex tracellu lar DA 
levels were monitored using fa s t  scan cyclic voltammetry. A 10 
sec stimulus (60 Hz, 100 uA) was delivered to  the  NSB before and 
30-60 min a f te r  ip  administration of DOPA (200 mg/kg) and 
carbidopa (100 mg/kg). In in ta c t r a ts  e le c tr ic a l stimulation 
resu lted  in  an acute r is e  in  ex trace llu la r DA of 49.1 ± 0.6 um. 
When the stimulus was terminated, ex trace llu la r DA levels 
returned to  based levels a t  a ra te  of 11.1 uM/sec. A fter admin
is tra tio n  of DOPA, stim ulation caused ex tracellu lar DA levels to 
r is e  to  143 ± 9.5 uM without any change in  time course. In 
6-HDA-lesioned ra ts  no release was observed before DOPA was 
given. A fter DOPA adm inistration the peak response to  stimula
tio n  was 5.4 ± 0 . 1  uM, 11% of the response due to  DOPA in  intact 
animals. In addition, the ra te  of the remova l of DA was 
decreased to  2.5% of the control value. Kinetic analyses 
indicated th a t th is  difference in  time course was the re su lt of 
a decrease in  the number of uptake s i te s  fo r DA ra ther than a 
change in  the a f f in ity  of existing  s i te s .

In p a ra lle l experiments, s t r i a ta l  s lic e s  (350 um) were 
prepared and incubated in  Kreb's bicarbonate buffer. Endogenous 
DA efflux  was examined under basa l conditions and during field 
depolarization (bipolar, 10 mA, 4.5 Hz fo r 15 min). Dopa (10 
UM) increased basa l  and stimulated efflux  21-fold and 11-fold, 
respectively. Both components of efflux  were markedly atten
uated in  s lic e s  prepared from 6-HDA-lesioned animals.

These re su lts  suggest th a t (a) DOPA increases DA efflux  under 
based conditions and in  response to  depolarization, (b) a large 
proportion of th is  increase comes from DA neurons, and (c) once 
released, th is  DA is  dependent on term inals of DA neurons for 
inactivation . Hence, a f te r  partied  in jury  to  the NSB, the DA 
neurons th a t remain as well as the re la tiv e  absence of s i te s  for 
DA uptake may both play important ro les in  the capacity of DOPA 
to  resto re  ex tracellu lar DA levels toward normal. Supported by 
USPHS NS19608 & MH29670 and NSF ENS83-20510.
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240.5 ULTRASTRUCTURE OF THE DOPAMINE NIGROSTRIATAL SYSTEM IN  
THE RAT FOLLOWING STRIATAL IN JE C T IO N  OF IB O T EN IC  A C ID . 
D .E .  S m i t h , V .M . P i c k e l .  M. S a j i * .  T .  J o h  a n d  D . J .  R e i s .  
D e p t . o f  A n a to m y ,  LSU M ed . S c h . ,  New O r l e a n s ,  LA 7 0 1 1 2 ,  
a n d  L a b .  o f  N e u r o b i o l o g y ,  C o r n e l l  U n i v .  M ed . C o l l . ,  New 
Y o r k ,  NY 1 0 0 2 1 .

W hen i b o t e n i c  a c i d  ( IB O )  i s  i n j e c t e d  s t e r e o t a x i c a l l y  
i n t o  t h e  r a t  s t r i a t u m ,  l i g h t  m i c r o s c o p e  (LM ) s t u d i e s  
show  d e s t r u c t i o n  o f  i n t r i n s i c  a n d  p r o j e c t i o n  n e u r o n s  o f  
t h e  s t r i a t u m  a n d  s h r i n k a g e  o f  t h e  d o p a m i n e r g i c  (D A ) 
n e u r o n s  i n  t h e  s u b s t a n t i a  n i g r a  ( S N ) .  I n  o r d e r  t o  
i n v e s t i g a t e  t h e  u l t r a s t r u c t u r a l  c h a n g e s  As t h e y  r e l a t e  
t o  t h e  DA n e u r o n s  o f  t h e  n i g r o s t r i a t a l  s y s t e m ,  a  s e r i e s  
o f  IBO i n j e c t e d  r a t s  w e r e  p e r f u s e d  a t  7 , 3 0  a n d  6 0  d a y s  
p o s t i n j e c t i o n . R e p r e s e n t a t i v e  s e c t i o n s  f ro m  t h e  
s t r i a t u m  a n d  s u b s t a n t i a  n i g r a  w e r e  p r o c e s s e d  f o r  
i m m u n o c y to c h e m ic a 1 l a b e l i n g  o f  t y r o s i n e  h y d r o x y l a s e  
( T H ) , t h e  c a t e c h o l a m i n e  s y n t h e s i z i n g  e n z y m e .

At 7 d a y s ,  t h e  s t r i a t u m  i p s i l a t e r a l  t o  t h e  i n j e c t 
io n  i s  e d e m a t o u s  a n d  c o n t a i n s  m u l t i v e s i c u l a r  b o d i e s ,  
m y e l in  f i g u r e s  a n d  d i s s o c i a t e d  o r g a n e l l e s .  T e r m i n a l s  
c o n t a i n i n g  TH r e a c t i o n  p r o d u c t  a r e  p r e s e n t ,  b u t  n o n e  
a r e  s e e n  i n  c o n t a c t  w i t h  a  p o s t s y n a p t i c  s t r u c t u r e ;  
a s t r o c y t i c  p r o c e s s e s  a r e  p r o m i n e n t .  I n  t h e  i p s i l a t e r a l  
SN, som e n e u r o n s  c o n t a i n i n g  TH r e a c t i o n  p r o d u c t  d i s p l a y  
l a r g e  c y t o p l a s m i c  v a c u o l e s .  I n  S N r ( r e t i c u l a t a ) ,  
d e g e n e r a t i n g  m y e l i n a t e d  a x o n s  a r e  o b s e r v e d  a n d  o n e  s e e s  
f e w e r  s m a l l  d e n d r i t i c  b r a n c h e s  c o n t a i n i n g  TH r e a c t i o n  
p r o d u c t .  By 30  d a y s ,  TH r e a c t i o n  p r o d u c t  i s  s t i l l  
e v i d e n t  i n  e n l a r g e d  t e r m i n a l s  i n  t h e  s t r i a t u m .  
M u l t i v e s i c u l a r  b o d i e s ,  s w o l l e d  m i t o c h o n d r i a  a n d  
f r a g m e n t e d  m e m b r a n e s  a r e  a l s o  p r e s e n t .  D e n d r i t e s  i n  
SNr h a v e  a n  i r r e g u l a r  s h a p e  a n d  a r e  o f t e n  s u r r o u n d e d  
by a w a t e r y  g l i a l  e n v e l o p e .  By 60  d a y s ,  m y e l i n a t e d  
a x o n s  a r e  a g a i n  s e e n  i n  t h e  s t r i a t u m .  TH l a b e l e d  
te r m in a ls  a n d  n e u r o g l i a  a r e  a l s o  p r e s e n t .  T h e  S N r i s  
a t r o p h i e d  a n d  d e n d r i t e s  c o n t a i n i n g  TH r e a c t i o n  p r o d u c t  
e x te n d  o n l y  a  s h o r t  d i s t a n c e  i n t o  t h e  n e u r o p i l .

D e t e c t i o n  o f  i m m u n o r e a c t i v i t y  f o r  TH i n  a x o n  t e r 
m in a l s  w i t h o u t  s p e c i a l l i z e d  j u n c t i o n s  a r e  v i s i b l e  u p  t o  
60 d a y s  f o l l o w i n g  IBO l e s i o n s  o f  t h e  t a r g e t  n e u r o n s .  
T h is  s u g g e s t s  t h a t  t h e s e  t e r m i n a l s  m ay a s s u m e  a  n e u r o -  
m o d u la to r y  f u n c t i o n  w i t h  u n d a m a g e d  n e u r o n s  a n d  g l i a .  
F u r t h e r m o r e ,  d i m i n u t i o n  o f  t h e  TH l a b e l e d  d e n d r i t i c  
a r b o r  i n  SN p r o v i d e s  m o r p h o l o g i c a l  s u p p o r t  f o r  
p o s t s y n a p t i c  a l t e r a t i o n  i n  DA n e u r o n s  o f  SN f o l l o w i n g  
c h e m ic a l  l e s i o n s  o f  t h e  s t r i a t o n i g r a l  p a t h .  ( S u p p o r t e d  
by N S 0 7 7 8 0 , S m i t h ;  NSF 8 3 2 0 1 2 0 , NIMH 0 0 0 7 8 ,  P i c k e l )

240.6 PARTICIPATION OF DOPAMINE IN THE EXCITABILITY CHANGES INDUCED IN 
THE STRIATAL DOPAMINE-CONTAINING TERMINALS. M. G a rc í a-Muño z , P. 
P a t i ñ o * , L . Cháv e z -N o r ie g a * ,  G.W. A rb u th n o tt*  and A. Ryman*. 
I n s t i t u t e  o f  C e l lu l a r  P h y s io lo g y .  U.N.A.M . P . O. Box 7 0 -6 0 0 . 
M exico , D .F . 04510

I t  h a s  b een  d e m o n s tra te d  t h a t  dopam ine te r m in a l s  i n  th e  s t r i a 
tum a r e  s u s c e p t ib l e  to  e x c i t a b i l i t y  c h an g es  due to  a u to r e c e p to r  
a c t i v a t i o n  (G ro v e s , P.M. e t  a l ,  B ra in  R e s . , 221: 425 , 1 9 8 1 ). On 
th e  o th e r  hand  we h ave  p r e v io u s ly  shown t h a t  th e  c o r t i c o - s t r i a t a l  
in p u t  d e c re a s e  th e  e x c i t a b i l i t y  o f  th e  d o p a m in e rg ic  t e r m in a l  f i e l d  
(Chá v e z -N o r ie g a ,  L. e t  a l ,  B ra in  R e s . , 1 9 8 6 ). The p r e s e n t  e x p e r i 
m en ts  w ere c a r r i e d  o u t  i n  an  a t t e m p t  to  e lu c i d a t e  th e  p a r t i c i p a 
t i o n  o f  a u to r r e c e p t o r s  i n  th e  e x c i t a b i l i t y  c h an g es  in d u ce d  by th e  
c o r t i c o - s t r i a t a l  p a th w ay .

M ale W is ta r  r a t s  w here a n e s t h e t i z e d  w i th  h a lo th a n e  and f ix e d  
to  a s t e r e o t a x i c  in s t r u m e n t .  The s t r i a t u m  was s t im u la te d  w i th  a 
b i p o la r  s t a i n l e s s - s t e e l  e l e c t r o d e ,  m onophasic  s q u a re  wave p u ls e s  
(1 0 0 0 -1 5 0 0  u A /0 .5  m sec) w ere d e l i v e r e d  a t  1 Hz. E x t r a c e l l u l a r  
a c t i v i t y  was r e c o rd e d  i n  s u b s t a n t i a  n i g r a ;  a l l  c e l l s  w ere a n t i d r o -  
m ic a l ly  a c t i v a t e d  a s  c o n firm e d  by c o l l i s i o n  w i th  s p o n ta n e o u s  a c 
t i o n  p o t e n t i a l s .  The s t r i a t a l  s t i m u l a t i n g  c u r r e n t  was a d ju s t e d  to  
th r e s h o ld  d e f in e d  a s  th e  m inim un c u r r e n t  n e c e s s a r y  f o r  a n tid r o m ic  
s t i m u l a t i o n  o f  th e  c e l l  on a  100% o f  n o n - c o l l i s i o n  t r i a l s .  Once 
th e  t h r e s h o ld  was d e te rm in e d ,  a  t r a i n  o f  m onophasic  s q u a re  wave 
p u l s e s  (500 uA, 0 .3  m sec) w ere d e l i v e r e d  to  th e  f r o n t a l  c o r t e x  
th ro u g h  a  b i p o l a r  s t i m u l a t i n g  e l e c t r o d e .

A g ro u p  o f  7 r a t s  r e c e iv e d  a p r e t r e a tm e n t  o f  a lp h a - m e th y l-  
p a r a - ty r o s in e  (AMPT) (20  m g/kg , i . p . )  12 and  3 h r s  b e fo r e  th e  
a c u te  e x p e r im e n t .  A n o th e r g ro u p  r e c e iv e d  r e s e r p in e  (200 m g/kg , i .  
p . )  24 h r s  b e fo r e  th e  r e c o r d in g  s e s s io n  in  a d d i t i o n  to  AMPT.

In  15 c o n t r o l  r a t s  f r o n t a l  c o r t e x  s t i m u l a t i o n  p ro d u ce d  an  i n 
c r e a s e  i n  th e  t h r e s h o ld  f o r  a n tid r o m ic  s t i m u l a t i o n  o f  31 ±  9.9% 
com pared  to  i t s  c o n t r o l .  A f t e r  AMPT no change  ( 1 .6  ±  0 .8  %) was 
s e e n .  A f t e r  r e s e r p in e  and AMPT t r e a tm e n t  o n ly  a  3 .3  ± 0 .2  % i n 
c r e a s e  was o b s e rv e d .

I t  i s  p ro p o se d  t h a t  th e  c h a n g es  i n  e x c i t a b i l i t y  s e e n  in  th e  
d o p a m in e rg ic  t e r m in a l  f i e l d  i n  th e  s t r i a t u m  a r e  due to  dopam ine 
b e in g  r e l e a s e d  a s  a  c o n seq u e n c e  o f  f r o n t a l  c o r t e x  s t i m u l a t i o n .

T h is  w ork was p a r t i a l l y  s u p p o r te d  from  a g r a n t  from  CONACyT.

240.7 TRANSMITTER-SPECIFIC PROJECTIONS FROM THE BASAL GANGLIA TO THE 
TEGMENTUM IN PIGEONS. A. Reiner. Department of Anatomy and Cell 
Biology, University of Michigan, Ann Arbor, MI 48109.

In birds, neurons of the striatum contain substance P (SP), 
dynorphin (DYN), enkephalin (ENK) and GABA (Reiner, Brain Res., 
'86), while neurons of the pallidum contain GABA and the neuroten
sin-related hexapeptide LANT6 (Reiner, Anat. Rec., ' 86). Some of 
these s tr ia ta l and pallidal neurons may contain more than one of 
these substances. For example, SP and DYN co-occur in many s tr ia ta l 
neurons (Reiner, Brain Res., '86). To determine whether populations 
of s tr ia ta l and pallidal neurons containing the above substances 
project to tegmental dopaminergic (DA) neurons, the effects of 
knife cuts of the descending basal ganglia efferents on the d i s t r i 
bution of the tegmental fibers containing these substances was 
examined using immunohistochemical techniques.

SP+ fibers were iden tified  with a monoclonal antibody against 
SP (obtained from Accurate Chemical Co.), DYN+ fibers with an an ti
serum specific for the C-terminus of Dynorphin A (1-17)(provided 
by L. Terenius), ENK+ fibers with an antiserum specific for methi- 
onine-enkephalin-arg6-phe7 (provided by G.J. Dockray), GABAergic 
fibers with an antiserum against glutamic acid decarboxylase (pro
vided by I .J .  Kopin) and LANT6 with an antiserum specific for 
LANT6 (provided by R.E. Carraway).

Each of the substances under investigation was found to be 
present in fibers that were densely clustered within the tegmental 
regions that are rich in DA neurons. Fourteen days a fte r  unilateral 
stereotaxic knife cuts a t mid-diencephalic levels of the fiber 
bundle composed of s tr ia ta l  and pallidal axons, SP+ fibers and DYN+ 
fibers were dramatically reduced in the tegmental DA neuron-rich 
regions, GABAergic fibers and LANT6+ fibers were substantially  
reduced (but not as much as the SP+ and DYN+ fibers) and ENK+ 
fibers were reduced but less than the others examined.

Previous studies have shown that SP and DYN co-occur extensively 
in neurons within the portion of the striatum projecting to the 
tegmentum (Reiner, Brain Res., '86). Since the present resu lts show 
that major SP+ and DYN+ striatotegmental projections are present in 
pigeons, i t  seems very likely  tha t a population of s tr ia ta l  neurons 
containing both SP and DYN is the source of a major projection to 
tegmental DA neurons. The present resu lts suggest that a small 
number of ENK+ s tr ia ta l  neurons also project to tegmental DA 
neurons. F inally, since GABA and LANT6 have been shown to co-occur 
in pallidal neurons (Reiner, Anat. Rec., '86), the reduction in the 
numbers of LANT6+ and GABAergic fibers in the tegmental DA neuron- 
rich regions is  consistent with the poss ib ility  that a population 
of pallidal neurons containing both LANT6 and GABA projects to the 
tegmentum. Thus, i t  appears likely  that a number of d ifferen t 
transm itter-specific neuronal populations of the basal ganglia 
influence tegmental DA neurons. Supported by NS-19620.

240.8 DISTRIBUTION AND MORPHOLOGICAL CHARACTERISTICS OF DOPAMINE IMMU- 
NOREACTIVE NEURONS IN THE MIDBRAIN OF THE SQUIRREL MONKEY. M.- 
Y. Arsenault, A, Parent, P. Séguéla* and L. Descarries. Lab. de 
Neurobiol., Fac. Méd.,  Univ. Laval, Québec, and Centre de recher
che en sc i .  neurol. , Fac. Méd.,  Univ. de Montréa l , Qué .,  Canada.

The distribution of midbrain dopamine (DA) neurons was inves
tigated in the squirrel monkey ( Saimiri sciureus) , using a highly 
specific antiserum raised against DA-glutaraldehyde-lysyl-protein 
conjugate and the peroxidase-antiperoxidase immunohistochemical 
method. DA-immuno-stained neurons were located in four contigu
ous areas: (1) the substantia nigra, pars compacts (SNc), (2) the 
ventral tegmental area (VTA) , (3) the retrorubral area (RRA) and 
(4) the periaqueductal gray (PAG). The SNc comprised the vast 
majority of midbrain DA neurons; most of i t s  immunoreactive cells 
were relat ively large (mean diameters: 36 × 13 um), they varied 
in shape from fusiform to polygonal but a few smaller-sized (14 
um) globular reactive neurons were dispersed among them. The DA- 
positive neurons were particularly abundant in the caudal two- 
thirds of the SNc, where they formed several dist inct  cell  
columns impinging deeply upon the underlying pars reticulata  
(SNr). Some of these trabeculae surrounded large oval sectors 
mostly devoid of immunoreactivity within which a few unstained 
SNr neurons were present. The long dendritic processes of the 
SNc DA cel ls  formed prominent bundles oriented dorsoventrally 
which arborized along the dorsal surface of the cerebral pedun
cle. In the VTA, most positive neurons were regrouped in a well- 
delineated triangular  zone dorsal to the interpeduncular nucleus 
and medial to the oculomotor fibers. These DA cells were of 
medium size (20 × 13 um), globular or fusiform in shape, and usu
ally showed one or two thick primary dendrites oriented dorso
ventral ly. The immunoreactive cells  in the RRA laid in continu
i ty  with the caudalmost DA elements of the SNc, but could be dis
tinguished by their  smaller size (28 × 13 um), shorter and more 
profusely branched dendrites and darker immunostaining. These 
DA neurons were characteristically  scattered among fibers of the 
la te ra l  lemniscus, and a few could be observed as far caudally as 
the pedunculopontine nucleus. In the PAG, immunostained neurons 
were seen at a ll  rostrocaudal levels of the midbrain. These 
ce l ls  were of medium size (28 × 10 um) and prevailed within the 
ventral half of the PAG. Some came close to the ventricular 
lining but they did not intermingle with dorsal raphe neurons 
caudally. Preliminary electron microscopic observations of the 
SNc revealed that i t s  DA neurons are endowed with spiny dendrites 
synaptically contacted by numerous immunonegative axon termi
nals. Many axons presumably arising from these ce lls  were my
elinated and no immunoreactive axonal varicosities or terminal 
boutons were visible . These data provide a basis for further 
comparative analyses in primates. (Supported by MRC and FRSQ).
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240.9 IMMUNOHISTOCHEMICAL LOCALIZATION OF GABA-CONTAINING NEURONS IN 
BASAL GANGLIA OF THE SQUIRREL MONKEY. Y. Smith, A. Parent, P. 
Séquéla* and L. Descarries. Lab. de Neurobiologie, Fac. Méd .,  
Univ. Laval, Québec, and Centre de recherches en Sciences 
Neurol., Univ. Montréal , Montréal ,  Qué ., Canada.

The distribution of y-aminobutyric acid (GABA) immunoreactivi- 
ty in basal ganglia of the squirrel monkey ( Saimiri sciureus) was 
studied by means of the indirect peroxidase-anti peroxidase method 
and a highly specific antiserum raised against GABA-glutaralde- 
hyde-lysil-protein conjugate. In neostriatun, GABA- inrnuno re ac
t ive cells represented approximately 20-30% of the total neuron 
population. The vast majority of these somata were of medium 
size (average diameter: 10 um),  but some larger ones (25 um) were 
also observed. Neostriatal GABA-immunoreactive cells displayed 
no obvious clustering but were nevertheless significantly more 
numerous in caudate nucleus than in putamen and more abundant at 
caudal than rostral levels of the striatum. Their numerical 
density amounted to 62 and 47 cells/mm2 in the rostral third of 
the caudate nucleus and putamen, respectively; the corresponding 
values for the caudal third of these regions were 110 and 72 
cells/mm2. Positive axon terminals were also seen in moderate 
number and appeared rather homogeneously distributed . In ventral 
striatum, a moderate number of GABA-immunoreactive cells and axon 
terminals were present within the nucleus accumbens and in deep 
layers of the olfactory tubercle, whereas, in the islands of 
Calleja, many terminals but no cell bodies were positive. In 
globus pallidus, almost every cells were GABA-immunoreactive and 
the neuropil comprised a multitude of GABA-positive terminals. 
In substantia innominata, aggregates of small, globular GABA- 
immunoreactive somata were scattered among clusters of larger 
non-immunoreactive neurons belonging to nucleus basal is .  The 
entire substantia innominata showed a low to moderate spread of 
GABA-positive terminals. In subthalamic nucleus, the cells were 
generally surrounded by several GABA-positive terminals but did 
not themselves show GABA-immunoreactivity. In substantia nigra, 
GABA-immunoreactive somata predominated in t he pars l ateral is  
(SN1) and progressively decreased in number along the latero- 
medial axis of the pars ret icu lata  (SNr). In the pars compacta 
(SNc) and in the ventral tegmental area (VTA), they were few in 
number and of small size, and dispersed among larger, unreactive 
neurons. In both SN1 and SNr, GABA-positive terminals were abun
dant and their  distr ibution was rather uniform; a smaller number 
of terminals was visible in SNc and VTA. These findings indicate 
that GABA is widely and heterogeneously distr ibuted in the 
various components of basal ganglia in the squirrel monkey. This 
neurotransmitter may thus play a crucial role in the functional 
organization of these forebrain structures in primates. (Sup
ported by MRC and FRSQ).

240.10 A 2-DEOXYGLUCOSE STUDY OF THE EFFECTS OF DOPAMINE D -l AND D-2 
AGONISTS IN RATS WITH UNILATERAL NIGRAL LESIONS. J .M . Trugman 
and G .F . W ooten (SPON: J .E .  G r e e n le e ) .  D e p t . o f  N eu ro lo g y , 
U n iv . o f  V i r g i n i a ,  C h a r l o t t e s v i l l e ,  VA 22908.

The i n  v iv o  e f f e c t s  o f  dopam ine D -l and D-2 s p e c i f i c  a g o n is ts  
w ere  s tu d i e d  by 14C -2 -d e o x y g lu c o se  (2-DG) a u to r a d io g r a p h y  in  
r a t s  w i th  u n i l a t e r a l  s u b s t a n t i a  n i g r a  (SN) l e s i o n s .  Male 
S p rag u e-D aw ley  r a t s  w i th  e f f e c t i v e  6-h y d ro x y d o p am in e  SN le s io n s  
w ere s tu d i e d  3 -5  w eeks p o s t - l e s i o n .  D rugs w ere a d m in is te r e d  
in t r a v e n o u s ly  and fo llo w e d  one m in u te  l a t e r  by 14C-2-DG (25 
μC i /0 .4  ml s a l i n e  i . v . ) .  F ilm  a u to r a d io g r a p h s  w ere an a ly zed  
w i th  a  m ic r o d e n s i to m e te r  and  RCGU d a ta  w ere  e x p re s s e d  a s  o p t ic a l  
d e n s i t y  r a t i o s  o f  g r a y  m a t t e r / c o r p u s  c a l lo s u m . D u n n e t t 's  t e s t  
was u se d  to  com pare th e  e x p e r im e n ta l  g ro u p s  to  
l e s i o n e d - c o n t r o l s .

A d m in is t r a t io n  o f  th e  s e l e c t i v e  D -l a g o n i s t ,  SKF-38393 5.0 
m g/kg , r e s u l t e d  i n  c o n t r a l a t e r a l  f a c i a l  g ro o m in g , no r o ta t io n a l  
b e h a v io r ,  and RCGU i n c r e a s e s  i n  th e  i p s i l a t e r a l  e n to p e d u n c u la r  
n u c le u s  (EP, ↑ 75%) and SN p a r s  r e t i c u l a t a  (SNr , ↑ 125%). The 
p e rc e n ta g e  i n c r e a s e s  a r e  e x p re s s e d  r e l a t i v e  to  th e  same 
s t r u c t u r e  i n  th e  c o n t r o l  g ro u p . SKF-38393 25 m g/kg produced 
c o n t r a l a t e r a l  t u r n in g  (mean 7 r o t a t i o n s / m i n )  and m ore prom inent 
RCGU i n c r e a s e s  i n  th e  i p s i l a t e r a l  EP ( ↑220%) and SN ( ↑270%). 
A d m in is t r a t io n  o f  th e  s e l e c t i v e  D-2 a g o n i s t ,  LY-171 555 0 .1  
m g /k g , e l i c i t e d  f a c i a l  groom ing  and m in im a l tu r n in g  w i th  no RCGU 
c h a n g es  i n  th e  EP and SNr . LY-171555 1 .0  m g/kg p roduced  
c o n t r a l a t e r a l  t u r n in g  (mean 3 /m in ) , b i l a t e r a l  e q u iv a l e n t  RCGU 
i n c r e a s e s  i n  th e  EP (↑ 70%) and a  m ild  RCGU i n c r e a s e  in  the  
c o n t r a l a t e r a l  SNr ( ↑30%). Both  SKF-38393 and LY-171555 
i n c r e a s e d  RCGU in  th e  s u b th a la m ic  n u c le u s ,  p a r a f a s c i c u l a r  
th a la m u s ,  and deep  l a y e r s  o f  th e  s u p e r i o r  c o l l i c u l u s ,  and 
d e c re a s e d  RCGU in  th e  l a t e r a l  h a b e n u la  i p s i l a t e r a l  to  th e  SN 
l e s i o n .

I n  summ ary, D -l a g o n is t - i n d u c e d  c o n t r a l a t e r a l  r o t a t i o n  was 
acco m p an ied  by l a r g e  RCGU in c r e a s e s  in  th e  i p s i l a t e r a l  EP and 
SNr , p ro d u c in g  a  RCGU p a t t e r n  q u a l i t a t i v e l y  and q u a n t i t a t i v e l y  
s im i l a r  to  t h a t  p ro d u ce d  by apom orph ine  and  L -dopa i n  t h i s  
m o d el. In  c o n t r a s t ,  D-2 a g o n is t - i n d u c e d  tu r n in g  i s  n o t 
acco m p an ied  by p ro n o u n ce d  RCGU a sy m m e tr ie s  i n  th e  EP and SNr . 
T hese r e s u l t s  a r e  c o n s i s t e n t  w i th  p r i o r  b e h a v io r a l  and le s io n  
s t u d i e s  w hich  h ave  s u g g e s te d  t h a t  D -l and D-2 a g o n is t s  m ed ia te  
r o t a t i o n  v i a  a n a to m ic a l ly  d i s t i n c t  s t r i a t a l  e f f e r e n t  pathw ays 
( H e r re r a - M a rs c h i tz  and U n g e r s te d t ,  B ra in  R e s . ,  3 2 3 :2 6 9 -2 7 8 , 
1 9 8 4 ).

S u p p o rte d  by th e  U n ite d  P a rk in s o n  F o u n d a tio n .

240.11 A TOPOGRAPHY OF DOPAMINE RELEASE IN  RAT STRIATUM . B.K. 
Y a m a m o to  a n d  N. L e i d e n h e i m e r .  D e p t .  P h a r m a c o l o g y ,  
N o r t h e a s t e r n  O h i o  U n i v e r s i t i e s  C o l l e g e  o f  M e d i c i n e ,  
R o o t s t o w n ,  O h io  4 4 2 7 2 .

T h e  n e o s t r i a t u m  i s  h e t e r o g e n e o u s l y  o r g a n i z e d  b o t h  
b i o c h e m i c a l l y  a n d  a n a t o m i c a l l y .  D o p a m in e  (DA) c o n t e n t  
a n d  t u r n o v e r  i s  h i g h e s t  i n  t h e  r o s t r a l  c a u d a t e  a n d  
l o w e s t  c a u d a l l y ,  w h i l e  D -2  r e c e p t o r s  f o l l o w  a l a t e r a l -  
t o - m e d i a l  g r a d i e n t .  We s t u d i e d  w h e t h e r  r e g i o n a l  DA 
r e l e a s e ,  m e a s u r e d  b y  i n  v i v o  v o l t a m m e t r y ,  f o l l o w s  a 
t o p o g r a p h i c  d i s t r i b u t i o n  s i m i l a r  t o  t h a t  r e p o r t e d  f o r  
DA c o n t e n t .  I n  a d d i t i o n ,  a  r e l e a s e  t o p o g r a p h y  w a s  a l s o  
i n v e s t i g a t e d  i n  r e l a t i o n  t o  t h e  h e t e r o g e n e o u s  
d i s t r i b u t i o n  o f  D -2  r e c e p t o r s .  M a le  S p r a g u e - D a w l e y  
r a t s  w e r e  a n e s t h e t i z e d  w i t h  u r e t h a n e .  S t e a r a t e -  
m o d i f i e d  c a r b o n  p a s t e  e l e c t r o d e s  w e r e  i m p l a n t e d  i n t o  5 
a r e a s  o f  t h e  s t r i a t u m :  a n t e r o d o r s a l  m e d i a l  (AD M ) 
( 1 . 2  ; 1 .5  ; - 5 . 0 )  , a n t e r o d o r s a l  l a t e r a l  (A D L ) ( 1 . 2 ;  3 . 5 ;  -  
4 . 5 ) ,  n u c l e u s  a c c u m b e n s  (N A ) ,  p o s t  r o d o r s a l  m e d i a l  
(P D M ) ( - 0 .8  ; 2 . 7 ; - 4 . 5 )  a n d  t h e  p o s t e r o v e n t r a 1 l a t e r a l  
( P V L ) ( - 0 . 8  ; 4 . 8  ; -  7 . 2 ) .  R e c o r d i n g s  w e r e  e v e r y  5 m i n .  b y  
l i n e a r  s w e e p  v o l t a m m e t r y  f r o m  - 0 . 2 V  t o  + 0 . 4 V .  
A m p h e t a m i n e  o r  t h e  D -2  a n t a g o n i s t ,  h a l o p e r i d o l  w e r e  
i n j e c t e d  i . p . .  D a t a  a r e  e x p r e s s e d  a s  p e r c e n t  b a s e l i n e .

0 m in 60 m in 120  m in
A m p h e ta m in e  ( 1 . 2 5  m g /k g )

ADL 9 8 . 8  ±  0 . 5  1 3 4 .4  ±  6 . 3 9 5 . 2  ± 1 . 4
ADM 1 0 1 .1  ± 0 . 4 1 3 6 .6  ± 5 . 1 1 0 3 .7  ± 1 .7
NA 1 0 0 .7  ± 0 . 4 1 4 0 .3  ±  4 . 6 1 0 9 .8  ± 2 . 0
PVL 9 9 . 6  ±  1 .0 1 1 8 . 4  ± 1 .7 * 9 9 . 0  ± 3 .1
PVM 1 0 0 .3  ± 0 . 5 1 2 0 .2  ±  2 . 5 * 1 0 8 .6  ±  2 . 2

H a l o p e r i d o l  ( 0 . 5  m g /k g )
ADL 9 7 . 7  ± 1 .1 1 6 5 .5  ± 8 . 3 * 1 6 3 .2  ±  1 3 .1 *
ADM 9 9 . 2  ± 1 .0 1 3 0 .1  ± 5 .1 1 2 8 .3  ± 5 . 3
NA 9 8 . 3  ±  2 . 2 1 4 3 .7  ± 6 . 3 1 4 4 .8  ±  5 . 8
PVL 1 0 0 .0  ±  0 . 3 1 8 1 .7  ±  1 3 .7 * 1 7 7 .0  ±  1 2 .6 *
PVM 1 0 1 .6  ±  1 .0 1 4 0 .6  ±  6 . 6 1 4 5 .7  ±  7 . 8

* S i g n i f i c a n t l y  d i f f e r e n t  f r o m  o t h e r  r e g i o n s  ( p < 0 .0 5 ) .  
R e s u l t s  w i t h  t h e  s p e c i f i c  D -2  a n t a g o n i s t  ( - ) s u l p i r i d e  
w e r e  s i m i l a r  t o  h a l o p e r i d o l .  T h e r e f o r e ,  a m p h e t a m i n e -  
i n d u c e d  DA r e l e a s e  c o r r e l a t e s  w i t h  t h e  r o s t r a l - c a u d a l  
d i s t r i b u t i o n  o f  DA c o n t e n t  w h i l e  r e l e a s e  f o l l o w i n g  D -2  
r e c e p t o r  b l o c k a d e  c o r r e s p o n d s  t o  t h e  m e d i a l - t o - l a t e r a l  
g r a d i e n t  o f  D - 2  r e c e p t o r s .  I n  c o n c l u s i o n ,  s t r i a t a l  DA 
r e l e a s e  i s  t o p o g r a p h i c a l l y  o r g a n i z e d  a n d  i s  d e p e n d e n t  
o n  t h e  r e c e p t o r  s u b p o p u l a t i o n  a n d  t h e  d e g r e e  o f  
d o p a m i n e r g i c  i n n e r v a t i o n  o f  s p e c i f i c  s u b r e g i o n s .

240.12 FUNCTIONAL LINK BETWEEN SUPERSENSITIVE STRIATAL D -l AND 
D-2 RECEPTOR AFTER UNILATERAL NIGRAL 6-OHDA LESION.
A. C. R o s s i ,  M. B u o n am ic i* , C. C a c c ia * , M. C a r p e n t i e r i * , 
R. Maj* and L. P e g r a s s i * . R.& D ., C .N .S .,  F a r m i t a l i a  
C a r lo  E rb a , 20014 N e rv ia n o , I t a l y .

R a ts  b e a r in g  u n i l a t e r a l  l e s i o n s  o f  th e  n i g r o s t r i a t a l  
pathw ay  by 6-OHDA ( U n g e r s te d t ,  U. and A r b u th n o t t ,  G .S ., 
B ra in  R e s . , 2 4 :4 8 5 , 1970) showed th e  e x p e c te d  u n id i r e c 
t i o n a l  c i r c l i n g  b e h a v io r ,  c o n t r a l a t e r a l  to  th e  le s io n e d  
s i d e ,  in  re s p o n s e  to  d i r e c t  o r  i n d i r e c t  dopam ine (DA) 
a g o n i s t s .  T h is  c o n t r a l a t e r a l  t u r n i n g  h a s  b een  a t t r i b u t 
ed  to  s u p e r s e n s i t i v i t y  o f  th e  d e n e r v a te d  s t r i a t a l  DA 
r e c e p t o r s  ( C re e s e ,  I .  and S n y d e r , S .H .,  E u ro p . J .  
P h a rm a c o l. , 5 6 :2 7 7 , 1 9 7 9 ). T h ree  m onths a f t e r  th e  
l e s i o n  th e  s t r i a t a l  b in d in g  c h a r a c t e r i s t i c s  w ere contem
p o r a r i l y  d e te rm in e d  f o r  s t r i a t a l  D -l ( l a b e l e d  by 3H- 
f l u p e n t i x o l )  and  D-2 ( l a b e l e d  by 3H - s p ip e r o n e ) re c e p to rs  
ï n t u r n i n g  r a t s .  No d i f f e r e n c e s  b e tw een  le s i o n e d  and 
n o n - le s io n e d  s id e s  d id  a p p e a r  f o r  KD v a lu e s ,  b u t  Bmax 
v a lu e s  r e s u l t e d  c o n s i s t e n t l y  i n c r e a s e d ,  more f o r  D -l 
(+31%) th a n  f o r  D-2 (+16%) r e c e p t o r  s u b ty p e s ,  in  th e  
l e s i o n e d  s i d e .  The f u n c t i o n a l  s i g n i f i c a n c e  o f  th e  D -l 
and D-2 s u p e r s e n s i t i v i t i e s  was e x p lo re d  a d m in is te r in g  
to  a  p a r a l l e l  g ro u p  o f  l e s i o n e d  r a t s  s e v e r a l  s e l e c t e d  
DA a g o n i s t s  o r  p r e c u r s o r s ,  a f t e r  p r e t r e a tm e n t  w ith  the  
D -l a n t a g o n i s t  SCH 23390 o r  th e  D-2 a n t a g o n i s t  1 - s u l 
p i r i d e ,  f o l lo w in g  a  l a t i n  s q u a re  d e s ig n .  The D -l/D -2  
r a t i o  f o r  D A -re c e p to r  s t i m u l a t i o n  was a s s e s s e d  in  v iv o  
f o r  e ach  t e s t e d  compound on c i r c l i n g  b e h a v io r .  
S u r p r i s i n g l y  th e  s p e c i f i c  b lo c k  o f  D-2 o r  D -l r e c e p t o r s  
en h an ced  th e  t u r n i n g - in d u c in g  e f f e c t s  o f  D -l o r  D-2 
a g o n i s t s ,  r e s p e c t i v e l y .  T h is  f i n d i n g  i s  c l e a r l y  s u g 
g e s t i v e  o f  a  f u n c t i o n a l  l i n k  b e tw een  s t r i a t a l  D -l and 
D-2 r e c e p t o r  s u b ty p e s .
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240.13 INTERCONNECTIONS OF THE MESENCEPHALIC DOPAMINE CELL GROUPS. A. Y. 
D eutch , P.W. K a l lv a s ,2 M. G o ld s te in ,3 and  R.H. R o th . D e p a r tm e n ts  o f  
Pharm acology & P s y c h ia t r y ,  Y a le  M e d ic a l S chool , New H aven, CT 0 6510 ; 
2W ashington  S t a t e  U n iv . , P u llm a n , WA; 3NYU M e d ic a l C e n te r ,  NY, NY.

The dopam ine (DA) c e l l  g ro u p s  o f  th e  m ese n c e p h a lo n  g iv e  r i s e  to  
th e  m e s o c o r t i c a l ,  m e s o lim b ic , and  n i g r o s t r i a t a l  DA s y s te m s .  On th e  
b a s is  o f  o n to lo g ic  and  h o d o lo g ic  s tu d i e s  i t  h a s  b e e n  s u g g e s te d  t h a t  
th e s e  f o r e b r a in  DA i n n e r v a t i o n s  c o m p rise  a  s i n g l e  m e s o te le n c e p h a l ic  
DA sy stem . R ecen t s t u d i e s  i n d i c a t e  t h a t  p e r t u r b a t i o n s  in  t h e  fu n c 
t io n a l  a c t i v i t y  o f  a  g iv e n  f o r e b r a in  DA p r o j e c t i o n  a r e a  e f f e c t  a l 
t e r a t i o n s  in  t h e  a c t i v i t y  o f  o t h e r  t e l e n c e p h a l i c  DA s y s te m s ,  su g 
g e s t in g  t h a t  th e  v a r io u s  DA sy s te m s  may f u n c t io n  in  an  i n t e g r a t e d  
m anner. P r o j e c t io n s  from  DA t e r m in a l  f i e l d  a r e a s  o n to  m id b ra in  DA 
c e l l  body r e g io n s  and  o t h e r  DA te r m in a l  f i e l d  r e g io n s  h av e  b e e n  
thou g h t to  r e p r e s e n t  th e  a n a to m ic a l  b a s i s  o f  su ch  i n t e g r a t e d  fu n c 
t io n a l  a c t i v i t y .  We now r e p o r t  t h a t  t h e r e  a r e  a l s o  i n te r c o n n e c t io n s  
betw een th e  t h r e e  m e s e n c e p h a lic  dopam ine c e l l  g ro u p s .

Combined a n te r o g ra d e  t r a c e r  (P H A -L )-im m u n o h is to ch em ica l ( t y r o 
s in e  h y d ro x y la s e ,  TH) and  r e t r o g r a d e  t r a c e r  (WGA-HRP)-TH m ethods 
were used  to  a s s e s s  i n t e r c o n n e c t io n s  b e tw een  th e  A8 ( r e t r o r u b r a l  
f i e l d ,  RRF), A9 ( s u b s t a n t i a  n i g r a ,  SN ), and  A10 ( v e n t r a l  te g m e n ta l  
a re a ,  VTA) DA c e l l  g ro u p s .  PHA-L i n j e c t i o n s  o f  th e  RRF and SN r e s u l 
te d  in  heavy a n te r o g ra d e  f i l l i n g  o f  ax o n s w h ich  f u n n e le d  th ro u g h  
th e  SN and i n to  th e  VTA b e f o r e  t u r n i n g  r o s t r a l l y  to  a s c e n d  to  th e  
fo re b r a in .  Axons c o u ld  a l s o  be t r a c e d  i n to  t h e  c o n t r a l a t e r a l  VTA, 
SN, and RRF. T e rm in a l v a r i c o s i t i e s  c o u ld  b e  o b s e rv e d  i n  th e  VTA and 
in  th e  SN and RRF, a l th o u g h  th e  m a jo r i t y  o f  a x o n s a p p e a re d  to  r e 
p re se n t f i b e r s  o f  p a s s a g e .  O c c a s io n a l  p e r i c e l l u l a r  axon  t e r m in a l  
a rra y s  c o u ld  be s e e n  to  s u r ro u n d  T H -p o s i t iv e  n e u ro n s  in  th e  VTA. 
PHA-L i n j e c t i o n s  i n to  th e  VTA a l s o  r e v e a l e d  p r o j e c t i o n s  to  th e  l a t 
e r a l  SN and RRF; t h e s e  e f f e r e n t s  w ere  much l e s s  e x te n s iv e  th a n  th e  
m e d ia l ly - d i r e c te d  p r o j e c t i o n s .  D i s c r e t e  i o n to p h o r e t i c  d e p o s i t s  o f  
WGA-HKP in to  th e  VTA r e s u l t e d  i n  r e t r o g r a d e  l a b e l i n g  o f  b o th  DA and 
non-DA n eu ro n s  in  th e  SN and RRF. Num erous r e t r o g r a d e l y - l a b e l e d  
neurons in  th e  RRF w ere n o te d ,  l e s s  th a n  h a l f  o f  w h ich  w ere  T H -pos- 
i t i v e .  In  c o n t r a s t ,  few l a b e l e d  A9 n e u ro n s  w ere o b s e rv e d .  WGA-HRP 
in je c t io n s  in  th e  RRF a l s o  r e s u l t e d  i n  th e  r e t r o g r a d e  l a b e l l i n g  o f  
neurons in  th e  VTA; th e s e  w ere p re d o m in a n t ly  n o n -d o p a m in e rg ic .

These d a ta  i n d i c a t e  t h a t  t h e r e  a r e  e x te n s iv e  i n te r c o n n e c t io n s  
betw een th e  m es e n c e p h a lic  dopam ine c e l l  g ro u p s .  I t  i s  u n c le a r  to  
what d eg ree  th e s e  p r o j e c t i o n s  r e p r e s e n t  axon  c o l l a t e r a l s  from  DA 
neurons p r o je c t i n g  to  t e l e n c e p h a l i c  o r  b r a in s te m  s i t e s .  T hese  i n 
te r c o n n e c t io n s  may a l lo w  th e  i n t e g r a t e d  f u n c t io n  o f  t h e  f o r e b r a in  
DA p r o je c t io n  s y s te m s , and  s u g g e s t  t h a t  h e t e r o g e n e i t i e s  i n  DA e f 
f e r e n ts  may be embedded w i th in  a  l a r g e r  i n t e g r a t e d  me s o te l e n c e p h a l -  
i c  system .

S u p p o rted  by MH-09156, M H-14092, The A m erican  P a rk in s o n  D is e a s e  
A s s o c ia t io n ,  and th e  T o u r e t t e  Syndrom e A s s o c ia t io n .

240.14 EFFECTS OF UNILATERAL DOPAMINE LESIONS OF SUBSTANTIA NIGRA ON 
TRAINED CIRCLING IN THE RAT. M .  Reite, J.B. Richards* and C.R. 
Freed, Depts. of Psych., Med., and Pharm., Univ. Colo. Health 
Sciences Center, Denver, CO 80262.

Using the trained circling  paradigm developed in our laboratory 
(Yamamoto and Freed, Nature 298: 467, 1982), Dunnett and Bjorklund 
(Neurosci. Let t .  41: 173, 1983) have shown that unilateral 
dopamine (DA) depletion impaired the rats" ab ility  to c irc le  in 
the direction contralateral to  the lesion. They concluded tha t 
the primary motor d e fic it of the ra ts was the in itia tio n  of 
movement. Using the circling  rat model we have studied the effect 
of unilateral lesions of the n ig rostria ta l system. Twelve water 
deprived ra ts were trained to c irc le  for a 10% sucrose solution 
using a computer automated train ing  apparatus. Each rat was 
trained to c irc le  in both left and right directions on alternate 
days. For example, if a ra t were rewarded for turning le ft on day 
one the same rat was rewarded for turning right on day two. Two 
differen t train ing  chambers were used and the reward for turning 
in a given direction was always associated with a particular 
chamber. After performance had reached a maximum, the ra ts were 
lesioned with unilateral injections of 6-hydroxydopamine 
hydrobromide (8 ug in 2 ul of 0.2 mg/ml ascorbate-saline) aimed at 
DA fibers in the medial forebrain bundle (AP. 4.4 behind bregma; 
L. 0.9 from midline; V. 7.5 below dura; nose bar set at 2.3 below 
interaural line). The effectiveness of lesions was tested by 
injecting 1.0 mg/kg amphetamine and observing the circling  
response without reward. All 12 ra ts  circled ip sila tera l to the 
lesion at an average rate of 4.63 rpm. In rewarded c irc lin g , we 
found that unilateral DA lesions resulted in decreased turning 
rates both ip sila tera l and contralateral to the lesion. The rate 
of ip sila tera l turning was reduced from 8.56 rpm to 4.87 rpm 
(43%). The rate of contralateral turning was even more reduced to 
1.01 rpm (89%). In some rats contralateral turning for reward was 
abolished. Further analysis of the rats" turning d e fic it revealed 
two separate effec ts . F irs t, in agreement with Dunnett and 
Bjorklund, we observed an increase in the pause after completing a 
turn and sta rting  the next turn. Second, there was a decrease in 
the speed at which the ra ts actually turned. We interpret these 
resu lts as indicating that ra ts with unilateral DA depletion show 
a complex motor d e fic it influencing both contralateral and 
ip sila tera l turning.

240.15 ULTRASTRUCTURAL EVIDENCE OF DOPAMINERGIC INPUT TO 
ENKEPHALIN, SUBSTANCE P AND GABAERGIC NEURONS IN RAT 
NEOSTRIATUM. Y. K u b o ta* , S . I n a g a k i , S . K i to ,  J . - Y .  
Wu. , and E. Senba 3 rd  D e p t. o f  I n t .  M ed ., H iro sh im a  
U niv. Sch. o f  Med, K asum i, H iro s h im a , 734 J a p a n ,  D e p t. 
o f P h y s io l ,  P e n n s y lv a n ia  S t a t e  U n iv . ,  H e rsh ey  Med. 
C tr . ,  H e rsh e y , PA 17033 , D e p t . o f  N eu ro an ato m y , O saka 
U niv. Med. S c h . , K i t a - k u ,  O sak a , 530 J a p a n .

The s y n a p t i c  r e l a t i o n s h i p s  b e tw e e n  t h e  n e u r o n a l  
s t r u c t u r e s  r e a c t i n g  w i t h  a n t i b o d i e s  t o  t y r o s i n e  h y d r o 
x y la s e  (T H ), a n d  l e u -  o r  m e t - e n k e p h a l i n  (EN K ), s u b s t a n 
ce  P o r  g l u t a m a t e  d e c a r b o x y l a s e  (G A D ),w ere s t u d i e d  by  
th e  e l e c t o n  m i c r o s c o p i c  " m i r r o r  t e c h n i q u e "  i n  a d j a c e n t  
s e c t i o n s  o f  t h e  r a t  n e o s t r i a t u m .

EN K -im m unoreactive (ENK-IR) n e u ro n s  showed medium 
s iz e d  p e r ik a r y a  (10 -15  urn in  d ia m e te r )  w i th  ro u n d  
u n in d e n te d  n u c l e i ,  s u g g e s t in g  t h a t  th e y  b e lo n g e d  t o  th e  
medium s i z e  s p in y  c a t e g o r y  o f  s t r i a t a l  o u tp u t  n e u ro n s .  
They c o rre s p o n d e d  t o  s t r i o - p a l l i d a l  ENK n e u ro n s  a s  
p r e v io u s ly  d e s c r ib e d .  ENK-IR n e u ro n s  a lw ay s  r e c e i v e d  
TH-IR a x o n a l b o u to n s  on t h e i r  s u r f a c e  and  f r e q u e n t l y  
r e c e iv e d  s im u lta n e o u s  ENK-IR t e r m i n l a s .

SP-IR  n e u ro n s  showed f u s i f o r m  o r  o v a l  sh ap ed  medium 
s iz e  p e r ik a r y a  (1 0 -15  um in  d ia m e te r )  w ith  u n in d e n te d  
n u c l e i ,  s u g g e s t in g  t h a t  th e y  b e lo n g e d  t o  th e  m ed iu m size  
sp in y  c a te g o r y  o f  s t r i a t a l  o u tp u t  n e u r o n s ,  and  c o r r e s 
ponded to  s t r i a t o n i g r a l  s u b s ta n c e  P n e u ro n s .  C o n te r 
p a r t s  o f  a l l  33 S P -IR  n e u ro n s  w ere  c lo s e  t o  TH-IR 
a x o n al b o u to n s .

GAD-IR n e u ro n s  w ere  d iv id e d  i n t o  t h r e e  g ro u p s .  
The f i r s t  ty p e  c e l l  was medium in  s i z e  (1 2 .7  ± 1 .8 8  um, 
n=12) w ith  an  u n in d e n te d  n u c l e u s ,  and  th u s  i t  was 
su g g es te d  to  b e lo n g  t o  th e  medium s p in y  c a t g o r y  t h a t  
p o s se se s  a lo n g  ax o n . The s ec o n d  ty p e  o f  GAD-IR n e u ro n  
was medium in  s i z e  (1 3 .9  ± 1 .2 5  um, n=11) w i th  n u c l e a r  
in d e n ta t i o n s ,  s u g g e s t in g  t h i s  ty p e  was medium a s p in y  
neuron  w ith  a s h o r t  a x o n . The t h i r d  ty p e  n e u ro n  was 
la rg e  in  s i z e  (2 0 .3  ± 2 .9 6  um, n= 11 ) ,  b u t  s l i g h t l y  
la r g e r  th a n  th e  f i r s t  ty p e  n e u ro n ,  w i th  d e ep  n u c l e a r  
i n d e n ta t io n s .  A ll  ty p e s  o f  GAD-IR n e u ro n s  r e c e i v e d  
sym m e tr ica l s y n a p s e s  from  TH-IR a x o n s  and  v e ry  f r e 
q u e n tly  s im u lta n e o u s  i n p u t s  from  GAD-IR a x o n s . The 
f in d in g s  o f  t h i s  s tu d y  p r o v id e d  u l t r a s t r u c t u r a l  
e v id en ce  t h a t  TH-IR a x o n s ,  p re s u m a b ly  o r i g i n a t e d  from  
d o p am in e rg ic  n i g r o s t r i a t a l  n e u r o n s ,  c an  in f l u e n c e  a 
la rg e  v a r i e t y  o f  s t r i a t a l  n e u r o n s ,  su ch  a s  ENK, SP and 
GABAergic n e u ro n s .

240.16 GABA RECEPTOR CHANGES IN THE CAT MOTOR THALAMUS AFTER IP S I -  
LATERAL DEAFFERENTATION FROM THE BASAL GANGLIA. J .  F o g a r ty * ,  B. 
H ughes* , I .  I l i n s k y  and K. Kul t a s - I l i n s k y . (SPON: I .  B r u c e ) .D e p t . 
o f  Anatom y, U n iv e r s i ty  o f  Iowa C o lle g e  o f  M e d ic in e , Iowa C i ty ,  
IA 52242 .

The v e n t r a l  a n t e r i o r  and v e n t r a l  m e d ia l  th a la m ic  n u c l e i  o f  
th e  c a t  r e c e iv e  m ass iv e  GABAergic in p u t  from  th e  s u b s t a n t i a  
n i g r a  p a r s  r e t i c u l a r i s  (SN r) and e n to p e d u n c u la r  n u c le u s  (EPN ). 
In  t h e  c u r r e n t  s e r i e s  o f  e x p e r im e n ts  s t e r e o t a c t i c  i n j e c t i o n s  o f  
k a in i c  a c id  ( 1 .5  μg / μ ) i n  p h o s p h a te  b u f f e r  pH 7 .4  w ere made 
i p s i l a t e r a l l y  i n  th e  SNr and EPN. A nim als w ere s a c r i f i c e d  a t  1 
week and a t  3 , 6 , and  8 m onths p o s t l e s i o n .  U sin g  3H -m uscim ol a s  
a l ig a n d ,  r e c e p t o r  b in d in g  a s s a y s  w ere p e rfo rm e d  on 10 μm s e r i a l  
f r e s h  f ro z e n  s e c t i o n s .  A f t e r  in c u b a t io n  th e  s e c t i o n s  and 
Amersham t r i t i u m  s ta n d a r d s  w ere ex p o sed  a g a in s t  LKB u l t r o f i l m .  
The a u to r a d io g r a p h s  o f  th e  s e c t i o n s  ( i n  t r i p l i c a t e  f o r  e a ch  
l ig a n d  c o n c e n t r a t i o n )  w ere d i g i t i z e d  and a v e ra g e d  u s in g  th e  
Com puter Image A n a ly s is  System  a t  LONI, D e p t . o f  N e u ro lo g y , 
W ash in g to n  U n i v e r s i t y ,  S t .  L o u is .  Two ty p e s  o f  a n a ly s e s  w ere 
p e rfo rm e d  on th e  im ag es . In  o n e , th e  o p t i c a l  d e n s i t y  r e a d in g s  
w ere c o n v e r te d  i n to  c o n c e n t r a t i o n s  o f  r a d i o a c t i v i t y  and s p e c i f i c  
r e g io n s  o f  th e  m o to r n u c le i  w ere m ea su red . S a t u r a t i o n  c u rv e s  
and  S c a tc h a rd  p l o t s  w ere th e n  c o n s t r u c te d  f o r  e a c h  o f  th e  
r e g io n s .  In  th e  o t h e r ,  a l i n e a r  r e g r e s s io n  a n a ly s i s  p ro g ram  
(Toga e t  a l . ,  J .  N e u r o s c i . ,  1986) was u sed  to  d e te rm in e  Bmax and 
KD. f o r  e a ch  s e r i e s  o f  co m p u te r a v e ra g e d  im ages o f  s p e c i f i c  
b in d in g .  The two ty p e s  o f  a n a ly s e s  c o r r e l a t e d  w e l l ,  and b o th  
d e m o n s tra te d  a com plex n a tu r e  o f  l e s io n - in d u c e d  GABA r e c e p t o r  
c h an g es  i n  th e  th a la m ic  m o to r n u c l e i .  T hese ch an g es  w ere b i 
l a t e r a l  and c o n s i s t e d  o f  a g ra d u a l  i n c r e a s e  i n  Bmax and a s l i g h t  
d e c re a s e  i n  KD i n  th e  b a s a l  g a n g l ia  p r o j e c t i o n  zone  o v e r  th e  
t im e  p e r io d  s tu d i e d .  A d d i t i o n a l ly ,  n o n - l i n e a r  S c a tc h a r d  p l o t s  
o b ta in e d  from  b o th  l e s io n e d  and c o n t r o l  a n im a ls  seem to  i n d i c a t e  
t h e  p r e s e n c e  o f  two o r  more GABA r e c e p t o r s  i n  th e  m o to r t h a l a 
m us. The f in d in g s  s u g g e s t  th e  in v o lv e m e n t o f  t h e s e  r e c e p t o r s  i n  
l e s i o n - in d u c e d  r e o r g a n iz a t io n  i n  th e  a d u l t  m o to r th a la m u s . 
S u p p o r te d  by  NINCDS g r a n t  R0119280.
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240.17 AUTORADIOGRAPHIC LOCALIZATION OF 3H-BACLOFEN BINDING IN THE CAT 
THALAMUS. B. H ughes* , J .  F o g a r ty * ,  A. T oga , I .  I l in s k y  and K. 
Kul t a s - I l i n s k y . (SPON: A. A f i f i )  D e p t . o f  A natom y, U n i v e r s i ty  o f  
Iowa C o lle g e  o f  M e d ic in e , Iowa C i ty ,  and LONI, D e p t . o f  
N e u ro lo g y , W ash in g to n  U n i v e r s i ty  S ch o o l o f  M e d ic in e , S t .  L o u is .

The b a s a l  g a n g l ia  p r o j e c t i o n s  to  th e  th a la m u s  a r e  known to  be 
GABAergic and a r e  d i s t r i b u t e d  to  t h e  v e n t r a l  m e d ia l  (VM) and 
v e n t r a l  a n t e r i o r  (VA) n u c l e i .  H ow ever, b in d in g  s tu d i e s  w ith  
GABAA r e c e p t o r  l ig a n d s  su c h  a s  m uscim ol and f lu n i t r a z e p a m  have 
n o t  de m o n s tra te d  a c o r r e l a t i o n  b e tw e en  th e  d i s t r i b u t i o n  o f  th e  
b in d in g  s i t e s  and th e  known b a s a l  g a n g l ia  p r o j e c t i o n  zo n es  i n  
t h e  th a la m u s .  The p u rp o se  o f  th e  p r e s e n t  s tu d y  was t o  d e te rm in e  
w h e th e r  th e  d i s t r i b u t i o n  p a t t e r n  o f  GABAB r e c e p t o r s  more c lo s e l y  
re se m b le d  th e  d i s t r i b u t i o n  o f  GABAergic b a s a l  g a n g l ia  a f f e r e n t s  
i n  th e  th a la m u s .  3H - b a c lo f e n ,  an  a g o n is t  f o r  GABAB r e c e p t o r s ,  
was u se d  a s  a l ig a n d .  The b in d in g  a s s a y s  w ere c a r r i e d  o u t  on 10 
μm f r e s h  f ro z e n  s e r i a l  s e c t i o n s  w hich  w ere a t  f i r s t  p r e in c u b a te d  
in  0 .0 5  M Tris-H C L  b u f f e r ,  pH 7 .4 ,  c o n ta in in g  190 mM s u c ro s e  and 
2 .5  mM CaCl 2 f o r  50 m in a t  room te m p e ra tu re .  The a s s a y  medium 
c o n ta in e d  v a ry in g  c o n c e n t r a t i o n s  (10-120nM ) o f  ( - ) 3H -b a c lo fe n  in  
th e  same b u f f e r .  The in c u b a t io n  was c a r r i e d  o u t  f o r  30 m in a t  
37°C and was fo llo w e d  by 3 × 2 m in b u f f e r  r i n s e s  a t  0°C . The 
n o n s p e c i f ic  b in d in g  was d e te rm in e d  u n d e r  th e  same c o n d i t i o n s  i n  
t h e  p r e s e n c e  o f  10 mM o f  c o ld  GABA o r  l i o r e s a l .  The s e c t i o n s  
and Amersham a u to r a d io g r a p h ic  t r i t i u m  s ta n d a r d s  w ere th e n  a p 
p o se d  to  LKB u l t r o f i l m .  The r e s u l t i n g  a u to r a d io g r a p h s  w ere 
d i g i t i z e d  u s in g  th e  LONI C om puter Image A n a ly s is  S y stem . The 
c o m p u te r was u se d  to  c r e a t e  im ages o f  s p e c i f i c  b in d in g  by s u b 
t r a c t i n g  u n s p e c i f i c  from  t o t a l  b in d in g .  The d i s t r i b u t i o n  o f  th e  
u n s p e c i f i c  b in d in g  (40% o f  t o t a l )  was r e l a t i v e l y  u n ifo rm  as  
o p p o sed  to  s p e c i f i c  b in d in g  w here a num ber o f  n u c l e i  showed h ig h  
b in d in g  i n t e n s i t y .  The s p e c i f i c  b in d in g  was th e  h i g h e s t  i n  th e  
VA and VM a s  w e l l  a s  in  l im b ic  n u c le i  and th e  l a t e r o p o s t e r i o r  
n u c le a r  com plex , w h e re a s  i t  was v e ry  low in  t h e  VL and p r a c 
t i c a l l y  a b s e n t  i n  th e  VB. F u r th e rm o re ,  th e  b in d in g  i n t e n s i t y  
was v e ry  u n ifo rm  in  th e  VA and VM w hich  i s  d i f f e r e n t  th a n  th e  
d i s t r i b u t i o n  p a t t e r n  o f  m uscim ol b in d in g  s i t e s  in  th e s e  n u c l e i .  
The l a t t e r  u s u a l l y  shows low b in d in g  in  th e  zone  o f  o v e r la p  o f  
p a l l i d a l  and n i g r a l  p r o j e c t i o n s  (VA and l a t e r a l  VM) in  c o m p a ri
so n  to  th e  h ig h  i n t e n s i t y  o f  b in d in g  in  m e d ia l  VM. Our r e s u l t s  
i n d i c a t e  t h a t  t h e  d i s t r i b u t i o n  o f  3H - b a c lo fe n  b in d in g  s i t e s  
c o r r e s p o n d s  b e t t e r  w i th  th e  b a s a l  g a n g l ia  p r o j e c t i o n  zo n es  th a n  
o t h e r  GABA r e c e p t o r  l ig a n d s  s tu d i e d .  H ow ever, th e  p r e s e n c e  o f  
h ig h  b in d in g  i n t e n s i t y  i n  s e v e r a l  th a la m ic  n u c l e i  w i th o u t  e x 
t r i n s i c  GABAergic i n p u ts  m akes i t  d i f f i c u l t  to  c o n c lu d e  t h a t  
t h e r e  i s  a d e f i n i t e  a s s o c i a t i o n  o f  GABAB r e c e p t o r s  w i th  th e  
b a s a l  g a n g l i a  th a la m ic  p a th w a y s . S u p p o rte d  by NINCDS g r a n t  
R 011928.

240.18 GABAERGIC SPINY NEURONS IN THE NEOSTRIATUM OF THE RAT. L o r ra in e  
Dubé * and  L a u re n t  D e s c a r r i e s  (SPON: J .Y .  M o n tp l a i s i r ) . C e n tre  de 
r e c h e r c h e  en  s c ie n c e s  n e u ro lo g iq u e s ,  F a c u l t é  d e  méd e c in e , U n iv e r
s i t é  de  M ontré a l ,  M ontré a l , Qué b e c ,  Canada H3C 3 J7 .

I mm u n o c y to c h e m is try  was com bined  w i th  G o lg i im p re g n a tio n  
(Sam ogyi e t  a l . ,  N e u ro s c i .  9 :4 7 5 , 1983) t o  i n v e s t i g a t e  th e  mor
p h o lo g y  o f  p u t a t i v e  G A B A -contain ing  n e u ro n s  in  th e  n e o s t r ia tu m  of 
a d u l t  r a t .  T h ick  s e c t i o n s  (70 μ m) w ere im m u n o sta in ed  u s in g  a 
h ig h ly  s p e c i f i c  a n ti s e ru m  a g a in s t  G A B A -g lu ta ra ld e h y d e - ly s y l-p ro -  
t e i n  c o n ju g a te  (Ség u é l a  e t  a l . ,  P ro c . N a t l .  A cad. S c i .  8 1 :3888 , 
1984) r e v e a l e d  by th e  p e ro x id a s e - a n t ip e r o x id a s e  m eth o d . They we
r e  th e n  im p re g n a te d  by th e  s e c t io n -G o l g i  p ro c e d u re  (G a b b o tt and 
Som ogyi, J .  N e u r o s c i .  M ethods 1 1 :2 2 1 , 1 9 8 4 ) . Many n e u ro n a l  s o ma
t a  show ing GABA im m u n o re a c tiv ity  w ere v i s i b l e  th ro u g h o u t  th e  neo
s t r i a t u m ,  in  in c r e a s in g  num ber r o s t r o c a u d a l ly .  In  k e e p in g  w ith  
e a r l i e r  r e s u l t s  b a sed  on  g lu ta m a te  d e c a rb o x y la s e  i mm u n o re a c tiv i ty  
o r  [3H]GABA u p ta k e  (Bolam  e t  a l . ,  J .  Comp. N e u ro l.  2 1 3 :1 2 1 , 1983; 
2 3 7 :1 , 1 9 8 5 ) , a  s i g n i f i c a n t  f r a c t i o n  o f  t h e  G A BA -im nunostained 
n e rv e  c e l l  b o d ie s  e x h ib i t e d  d e e p ly  in d e n te d  n u c le i  and s m a ll  to  
l a r g e  p e r i k a r y a  o f  v a r i a b l e  s h a p e ,  a l l  f e a t u r e s  t y p i c a l  o f  s t r i a 
t a l  i n t e r n e u r o n s .  T h e re  w ere how ever a  c o n s id e r a b l e  number of 
GABA p o s i t i v e  s o ma t a  (2 /3 )  w h ich  d i s p l a y e d  th e  c h a r a c t e r i s t i c s  of 
medium s i z e  ( 1 0 -2 0 μ m) s p in y  n e u ro n s ,  i . e .  a  ro u n d ,  c e n t r a l l y  lo 
c a te d  n u c le u s  su rro u n d e d  by  a  t h i n  r im  o f  c y to p la s m . T hese neu
ro n s  sh o we d  no v i s i b l e  n u c le a r  in v a g in a t io n  in  th e  l i g h t  m icro
s c o p e .  Among th e  num erous G o lg i im p re g n a te d  n e u ro n s  in  t h i s  ma
t e r i a l ,  s ome e x h ib i t e d  a  d e n se  G o lg i s t a i n i n g  o f  t h e i r  d e n d r i t i c  
t r e e  b u t  o n ly  p a r t i a l  im p re g n a tio n  o f  t h e i r  p a r e n t  c e l l  body, 
th u s  a l lo w in g  c o n c o m ita n t  GABA im m u n o re a c tiv ity  t o  be s e e n .  Out 
o f  15 su c h  GABA p o s i t i v e  c e l l s  so  f a r  ex am in ed , 4 had a  d eep ly  
in v a g in a te d  n u c le u s  and  a  p e r ik a ry o n  g iv in g  r i s e  t o  sm ooth e lo n 
g a te d  d e n d r i t e s .  The 11 o t h e r s  w ere endowed w i th  d e n s e ly  sp in o u s  
d e n d r i t e s  em erg in g  from  medium s i z e  s o ma t a  c o n ta in in g  a  s p h e r i 
c a l ,  n o t  v i s i b l y  in d e n te d  n u c le u s .  The d e n d r i t e s  o f  t h e s e  c e l l s  
w ere i n i t i a l l y  sm o o th , d iv id e d  i n to  se co n d a ry  b ra n c h e s  a t  a  d i s 
ta n c e  o f  1 0 -3 0  μm from  th e  n e rv e  c e l l  bod y , and  th e n  became p ro 
g r e s s i v e l y  la d e n  w i th  s p in e s .  In  1 su c h  c a s e ,  th e  axon cou ld  
a l s o  be f o l lo w e d :  i t  a ro s e  from  a  p r im a ry  d e n d r i t e ,  g av e  r i s e  to  
c o l l a t e r a l s  b r a n c h in g  p r o f u s e ly  w i th in  th e  d e n d r i t i c  f i e l d  o f  i t s  
p a r e n t  n e u ro n , and  b o re  s m a l l  e n la rg e m e n ts  s p a c e d  a lo n g  i t s  whole 
l e n g t h .  Numerous im m u n o sta in ed  p u n c ta t e  axon t e r m in a l s  w ere a ls o  
v i s i b l e  th ro u g h o u t  th e  n e u r o p i l ,  s ome o f  w hich  came c lo s e  to  the 
so m ata  and  d e n d r i t e s  o f  th e  d e n s e ly  s p in o u s  G A B A -reactive neu
r o n s .  T hese  d a t a  c o n v in c in g ly  d e m o n s tra te  t h a t  GABA i s  p re s e n t  
i n  medium s i z e  d e n s e ly  s p in y  n e u ro n s  o f  th e  r a t  n e o s tr ia tu m . 
T h is  c o n c lu s io n  h a s  f a r  r e a c h in g  i m p l ic a t i o n s  s in c e  n e u ro n s  of 
t h i s  m o rp h o lo g ic a l  ty p e  h ave  b een  shown t o  be th e  m a jo r  s o u rc e  of 
n e o s t r i a t a l  e f f e r e n t s .  (S u p p o rte d  b y  FRSQ and MRC).

240.19 ORGANIZATION OF HIPPOCAMPAL AND THALAMIC AFFERENTS OF THE 
NUCLEUS ACCUMBENS IN THE RAT. RELATION WITH INHOMOGENEITIES IN 
ENKEPHALIN-LI KE (ENK) IMMUNOREACTIVITY.
H.W .Berendse* and H. J . Groenewegen, D ep t. o f  Anatomy, V r ije  
U n iv e r s i t e i t ,  Amsterdam, The N e th e rlan d s . (SPON: European 
N euroscience A s s o c ia t io n ) .
The aim o f  th e  p re s e n t  s tu d y  was to  d eterm ine  th e  to p o g ra p h ica l 
o rg a n iz a tio n  o f  th e  hippocam pal and th a lam ic  a f f e r e n t s  o f the  
n u c leu s  accumbens in  th e  r a t ,  and to  r e l a t e  th e  p ro je c tio n  
p a t te r n  o f  th e se  a f f e r e n t s  to  th e  d i s t r i b u t io n  o f  en k ep h a lin 
l i k e  (ENK) im m unoreac tiv ity . The an te ro g ra d e  t r a n s p o r t  o f  the 
l e c t i n  P haseo lu s  v u lg a r is -le u c o a ggl u t i n i n  (PHA-L) was used to  
mark th e  hippocam pal and th a lam ic  f ib e r s  in  th e  nucleus 
accumbens. T h is te ch n iq u e  i s  p re -e m in e n tly  s u i te d  to  d is t in g u is h  
between te rm in a l la b e l in g  and s ta in in g  o f  p a s s in g  f i b e r s .  The 
r e s u l t s  o f  th e  t r a c in g  experim en ts  dem onstra te  th a t  th e re  e x i s t s  
a d i s t i n c t  topography in  th e  p r o je c t io n s  from th e  subiculum  to  
th e  nu c leu s  accumbens. The v e n t r a l  subiculum  p r o je c ts  p r im a rily  
to  th e  caudom edial p a r t  o f  th e  nu  le u s  accumbens and in  
d e c re a s in g  in t e n s i t y  to  ro s tro m e d ia l p a r t s  o f  th e  nuc leus , 
w hereas p ro g re s s iv e ly  more d o rs a l  p o r t io n s  o f  th e  subiculum  send 
f ib e r s  to  s u c c e s s iv e ly  more r o s t r a l  and l a t e r a l  p a r t s  o f  the 
n u c leu s  accumbens. The te rm in a tio n  a re a  o f  th e  most d o rsa l 
s u b ic u la r  f ib e r s  occu p ies  th e  extrem e r o s t r o l a t e r a l  p a r t  o f  the 
n u c leu s  accumbens su rro u n d in g  th e  a n t e r io r  com missure. The 
hippocam pal te rm in a l f ib e r s  a re  a rran g e d  in  an uneven, patchy 
p a t te r n .  A patch y  way o f  te rm in a tio n  i s  even more pronounced 
fo llo w in g  in j e c t io n s  o f  PHA-L in  th e  ro s tro m e d ia l tha lam us. Also 
between th e  nu c leu s  accumbens and th e se  r o s t r a l  tha lam ic  n u c le i 
a to p o g ra p h ic a l arrangem ent e x i s t s  such th a t  th e  a n t e r io r  p a ra 
v e n t r i c u l a r  n u c leu s  p r o je c ts  most h e a v ily  to  th e  caudomedial 
n u c leu s  accumbens, w hereas f ib e r s  from r o s t r a l  p a r t s  o f  the  
p a r a c e n tr a l  and c e n tr a l  l a t e r a l  n u c le i  te rm in a te  p redom inantly  
in  th e  r o s t r o l a t e r a l  p a r t  o f  th e  n u c le u s .

ENK im m unoreactiv ity  i s  d i s t r i b u te d  in  th e  n u c leu s  accumbens 
in  a r a th e r  i r r e g u la r  b u t ,  th rough  a l l  b r a in s  s tu d ie d ,  c o n s ta n t 
p a t t e r n .  R o s t r o la te r a l ly , d en se ly  s ta in e d  p a tc h e s  a re  embedded 
in  a  m odera te ly  s ta in e d  m a tr ix . C audom edia lly , th e  m a tr ix  has a 
s im i la r  s ta in in g  a c t i v i t y  b u t i s  now in te r r u p te d  by a re a s  o f 
l i g h t e r  s t a in in g .  Comparison o f  a d ja c e n t s e c t io n s  s ta in e d  fo r  
ENK im m unoreactiv ity  and PHA-L r e v e a l t h a t  in  th e  r o s t r o l a t e r a l  
n u c leu s  accumbens th e  p ro je c t io n s  from th e  thalam us avoid  the 
d en se ly  s ta in e d  p a tc h e s  and c o n c e n tra te  w ith in  th e  m a tr ix . In  
th e  caudom edial nuceus accumbens th e  th a lam ic  f ib e r s  lik ew ise  
occupy th e  m odera te ly  s ta in e d  com partm ent b u t a re  a b sen t in  the 
l i g h t e r  a r e a s .  As re g a rd s  th e  hippocam pal p r o je c t io n s  a  r e l a t i o n  
o f  i t s  h e terogeneous p a t te r n  o f  te rm in a tio n  w ith  th e  d i s t r i 
b u tio n  o f  ENK i s  l e s s  c l e a r .

240.20 COEXISTENCE OF DYNORPHIN B-LIKE AND SUBSTANCE P-LIKE IMMUNOREACTIV
ITY IN STRIATAL NEURONS IN THE CAT. M .- J .B e s s o n * , A .M .G ray b ie l 
and B. Q u in n ,W h ita k e r  C o l le g e ,  M ass. I n s t i t u t e  o f  T ech n o lo g y , Cam
b r id g e ,  MA 02139 (SPON: E .V . S u l l i v a n )

In  th e  c a t ' s  s t r i a t u m ,  b o th  n e u ro n s  e x p re s s in g  d y n o rp h in  B -l ik e  
im m u n o re a c tiv ity  (DYNB-LI) and n e u ro n s  e x p re s s in g  s u b s ta n c e  P - l i k e  
im m u n o re a c t iv i ty . (S P -L I) a r e  c o n c e n t r a te d  i n  s t r i o s o m e s .  Neurons 
e x h ib it in g  m e t - e n k e p h a l in - l i k e  im m u n o re a c tiv ity  (m ENK-LI)are 
p r e s e n t  m a in ly  i n  th e  e x t r a s t r io s o m a l  m a t r ix  u n l e s s  c o lc h i c in e  
p r e t r e a tm e n t  i s  g iv e n  (G ra y b ie l  and  C h e sse le t '8 4 ) .  The s i m i l a r i t y  
i n  s p a t i a l  d i s t r i b u t i o n  o f  DYNB- and S P - p o s i t iv e  n e u ro n s  su g g ested  
t h a t  th e s e  p e p t id e s  m ig h t c o e x i s t  i n  a  s u b p o p u la t io n  o f  s tr io so m a l 
n e u ro n s ,  a s  i n  some n e u ro n s  o f  th e  s a u ro p s id  s t r i a t u m  (R e in e r  '8 5 ) .

To t e s t  t h i s  h y p o th e s i s  and  to  lo o k  f o r  c o e x is t e n c e  o f  mENK 
w ith  t h e s e  p e p t i d e s ,  we a n a ly z e d  th e  o c c u r r e n c e  o f  S P -L I , DYNB-LI 
and mENK-LI i n  n e u ro n s  o f  th e  c a t ' s  c a u d a te  n u c le u s .  We f i r s t  
u sed  th e  d o u b le - b r id g e  PAP m ethod w i th  r a t  a n t i - S P  (S e ra -L a b )  and 
r a b b i t  anti-DYNB (E .W e b e r)o r anti-mENK (R .E ld e )o n  s e r i a l  3 -4  μm 
c r y o s t a t  s e c t i o n s  c u t  from  b lo c k s  t r e a t e d  w i th  b u f f e r e d  2.5% p o ly 
e th y le n e  g ly c o l  and  15% su c ro se .W e  a l s o  t e s t e d  f o r  c o lo c a l i z a t i o n  
in  s i n g l e  s e c t i o n s  by th e  d o u b le  a n t i - r a b b i t  F I T C / a n t i - r a t  rh o d a -  
m ine h i s t o f lu r o e s c e n c e  m ethod .

In  th e  c a u d a te  n u c le u s  o f  c o l c h i c i n e - t r e a t e d  c a t s  ( i n t r a v e n t r i 
c u l a r , 3 day s u r v i v a l ) i n t e n s e  SP-LI and DYNB-LI was o b se rv e d  in  
s t r i o s o m a l  m ed iu m -s ized  n e u ro n s .  SP-LI and DYNB-LI c o e x is t e d  in  
n e a r l y  a l l  (>95%)o f  t h e s e  n e u ro n s  a s  v iew ed  i n  t r i p l i c a t e s  o f  PAP- 
r e a c t e d  s e c t i o n s  o r  i n  s in g l e  F IT C /rh o d a m in e - t re a te d  s e c t i o n s .  
C om parable  c o e x is t e n c e  o f  SP-LI and  DYNB-LI was s e e n  i n  n e u ro n s  of 
th e  e x t r a s t r i o s o m a l  m a t r ix .  T h e re  w ere  s t r i k i n g  i n s t a n c e s  in  
w hich  th e  d i f f e r e n t  l e v e l s  o f  e x p r e s s io n  o f  SP-LI i n  i n d iv i d u a l  
s t r i o s o m a l  n e u ro n s  seem ed to  m atch  th e  l e v e l s  o f  DYNB-LI e x p re s 
s io n .

T h ese  f in d in g s  r a i s e  th e  q u e s t io n  o f  w h e th e r  s e p a r a te  o r  com
mon m echanism s r e g u l a t e  th e  s y n th e s i s  o f  th e s e  two p e p t i d e s ,  
p r o d u c ts  o f  d i f f e r e n t  mRNAs. F u r th e r m o r e , th e  f in d in g  o f  c o l o c a l i 
z a t i o n  o f  SP-LI and DYNB-LI i n  s t r i a t a l  n e u ro n s  may a c c o u n t f o r  
th e  s i m i l a r i t y  i n  d i s t r i b u t i o n s  o f  SP-L I and DYNB-LI i n  th e  p a l 
l i d a l  and n i g r a l  t a r g e t s  o f  s t r i a t a l  e f f e r e n t  p r o j e c t i o n s . I f  th e  
two p e p t id e s  a r e  c o - r e l e a se d  in  t h e s e  t a r g e t s , t h e i r  m u tu a l a c t io n  
m ig h t i n f l u e n c e  r e c e p t o r  a c t i v a t i o n .

In  c o n t r a s t  to  t h e  n e a r l y  i n v a r i a b l e  c o e x is t e n c e  o f  SP-LI and 
DYNB-LI, c o l o c a l i z a t i o n  o f  t h e s e  p e p t id e s  w i th  mENK-LI was n o t  th e  
r u l e , a n d  mENK-LI was a lm o s t  a lw ay s  weak i n  n e u r o n s ( e i t h e r  i n  o r  
o u t  o f  s t r i o s o m e s ) i n  w h ich  c o e x is t e n c e  w i th  SP-LI o r  DYNB-LI (o r  
b o th )  was fo u n d . E s t im a te s  o f  su ch  c o l o c a l i z a t i o n (15-30% o f  th e  
SP/DYNB n e u ro n a l  p o p u l a t i o n ) v a r ie d  w i th  th e  m ethod o f  d e m o n s tra -  
tio n (P A P  % h i g h e r ) . c o l c h i c i n e  d o se  and  p r o x im ity  to  th e  l e v e l  o f  
c o lc h i c in e  i n j e c t i o n .

S u p p o rte d  by NSF BNS8319547 and U n i v e r s i t é P . & M. C u r ie .
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241.1 SPINAL MODULES FOR WALKING MOVEMENTS REVEALED IN FICTIVE 
LOCOMOTION EXPERIMENTS. L. M. Jordan. R. M. Brownstone. D. J . 
Kriellaars*, and B. R. Noga*. Dept. of Physiol., Univ. of 
Manitoba, Winnipeg, MB R3E OW3.

Through the use of simultaneous electroneurogram (ENG) and 
in tracellu lar recordings from alpha motoneurons of the lumbar 
spinal cord during f ic tiv e  locomotion, i t  has been possible to 
determine some of the subsets of neurons, or "modules" of 
neuronal organization, which must be involved in the control of 
locomotion a t the spinal level.

A comparison of the locomotor drive potentials (LDPs) of 
la tera l gastrocnemius (LG) motoneurons with the ip s ila te ra l 
t ib ia lis  anterior (TA) ENG during apparent periods of 
"uncoupling" between the two motoneuron pools revealed that 
failure of a burst in TA was accompanied by absence of the 
inhibitory phase of the LG LDP. This finding is  strong evidence 
in favor of the conclusion that one of the modules for control 
of locomotion is  a group of intemeurons which provides both 
excitation of the agonist motoneuron pool and inhibition 
(presumably through interposed inhibitory interneurons) of the 
antagonist pool. Quantitative analysis of the times of onset and 
termination of depolarization and hyperpolarization in the LDPs 
of flexor and extensor motoneurons revealed s t r ic t  reciprocity  
between the LDPs of antagonist motoneurons.

A second module is  suggested by a comparison of the ENGs of 
LG and TA b ila te ra lly . This analysis revealed that both groups 
display an equally strong relationship  between burst duration 
and cycle duration, in contrast to previously published findings 
(Grillner and Zangger, Exp. Brain Res.,34:241-261, 1979). These 
authors concluded that the duration of flexor discharges during 
fictive locomotion vary less with the cycle duration than the 
extensor discharges. An explanation for the discrepancy is  that 
the previous study evaluated flexor and extensor ENGs 
unilaterally. Our resu lts  show that a constant burst duration of 
the TA ENG over cycles of variable lengths is  accompanied by a 
comparable constant burst duration of the con tralatera l LG, 
while increasing burst durations of LG for increasing cycle 
lengths are accompanied by sim ilarly lengthened TA burst 
durations con tralatera lly . This suggests a spinal locomotor 
module consisting of excitatory interneurons on one side of the 
spinal cord with symmetrical excitatory linkages to homologous 
intemeurons impinging on con tra la tera l motoneuron pools.

Our results are consistent with the half-centre organization 
described by Jankowska, e t a l (Acta Physiol. Scand., 70:389-402, 
1967) and with the excitatory and inhibitory pathways from the 
mesencephalic locomotor region previously demonstrated (Shefchyk 
and Jordan, J . Neurophysiol, 53:1345-1355, 1985).

Supported by the Medical Research Council of Canada.

241.2 FACTORS DETERMINING THE PATTERN OF FIRING IN LUMBAR ALPHA- 
MOTONEURONES DURING FICTIVE LOCOMOTION. R.M. Brownstone, L.M. 
Jordan, D. J. K riellaars*, B.R. Noga*, and S .J . Shefchyk, Depts. 
Physiol, and In t. Med., Univ. Manitoba, Winnipeg, Canada R3E OW3.

A prevailing theory in mammalian neurobiology is  that the pat
tern of f irin g  in motor nerves is  a consequence of the in trin s ic  
properties of the motoneurone with the inter-spike interval (ISI) 
determined by the afterhyperpolarisation (AHP). Many investiga
to rs claim that synaptic activation and current injection simply 
add algebraically in the c e ll , resulting in a frequency-current 
( f - I ) relationship para lle l to the control f - I curve. This has 
led to the conclusion that only the "net driving current" is  
important in the production of motoneurone firin g  patterns 
(Schwindt and Calvin, Brain Res. 59, 1973). We have previously 
shown that the AHP is  reduced in amplitude and duration during 
fic tiv e  locomotion evoked by stimulation of the mesencephalic 
locomotor region (MLR) (Jordan and Shefchyk, Soc. Neurosci. Abstr. 
10:184.? , 1984). MLR stimulation produces rhythmic membrane 
potential (Em) osc illa tio n s , or locomotor drive potentials (LDPs), 
coincident with the step cycle. We have investigated the mechan
isms controlling the repetitive  firin g  often seen in the depolar
ised phases of the LDPs. The inter-spike tra jec to rie s  observed 
here do not display the typical scoop and ramp components seen 
when a sim ilar firin g  ra te  is  produced by current in jection . 
Furthermore, during fic tiv e  locomotion sim ilar ISIs occur in sp ite 
of great variations in the inter-spike tra jec to rie s . f - I  curves 
obtained during f ic tiv e  locomotion do not p ara lle l those obtained 
in the absence of locomotor ac tiv ity . This suggests that there is  
not a prominent role of "net driving current" in determining the 
motoneurone f irin g  pattern during f ic tiv e  locomotion. Also, in 
some "anomalous" step cycles the hyperpolarising phase of the LDP 
"drops out" and the ce ll remains depolarised for more than one 
step cycle. The motoneurone, however, s t i l l  exhibits bursts of 
f irin g  at appropriate times in the step cycle. Contrary to what 
is  seen with current in jection , there are also cases during f ic 
tive locomotion where firin g  frequency increases a t the end of a 
depolarised phase. If  th is  were a resu lt of an increased step 
depolarisation, one would expect to see both an increased membrane 
depolarisation during the ISI and an increased voltage "threshold" 
(cf .  Schwindt and C rill ,  J . Neurophysiol. 48, 1982). However, 
neither of these phenomena are seen. We conclude that a mere step 
depolarisation of the ce ll is  not su ffic ien t to account for the 
pattern of spiking. Thus, mechanisms ex trinsic  to alpha- 
motoneurones determine the firing  pattern of these ce lls  during 
f ic tiv e  locomotion.

Supported by the Medical Research Council of Canada.

241.3 EFFECTS OF THE INFERIOR GLUTEAL NERVE ON CAT MOTONEURONS. D.J . 
Kriellaars*, L. M. Jordan and S. Shefchyk (SPON: R.M. Jel l ) . 
Depts. of Physiology and Internal Medicine, University of Mani
toba, Winnipeg, Canada, R3E OW3.

Afferents from the hip area have been demonstrated to have 
potent phase dependent e ffec ts on locomotor central pattern gen
erator (CPG) output in acute and chronic spinal ca ts . I t  has been 
demonstrated that unilateral small amplitude mechanical o sc illa 
tions of the femur in the flexion/extension plane entrain the 
locomotor rhythm within a range of frequencies (Andersson and 
Grillner, Acta Physiol Scand., 113, 1983). In addition, hip 
position has been shown to be c r i t ic a l  for the in itia tio n  of 
hindlimb flexion phase (G rillner and Rossignol, Brain Res., 146, 
1978). In both of these studies extensive denervation of the 
hindlimb failed to show the key hip structures (muscular or cap
sular) which mediated the e ffec ts on the step cycle. Other stu 
dies have shown that mechanoreceptors of the hip jo in t capsule 
are not sensitive to flexion and extension movements (Rossi & 
Grigg, J . Neurophysiol., 47, 1982; Carli e t .  a l . ,  J . Neurophy
s io l., 45, 1981, ;Dee, Ann. R. Col l . Surg. Engl., 45, 1969) ind i
cating that these hip are probably not responsible for the effect 
of hip movement on locomotion.

The aim of th is  research was to determine the postsynaptic 
potentials (PSPs) produced by specific hip afferen ts in motoneu
rons and to further use these afferents as a tool to examine com
ponents of the CPG. Ip chloralose anaesthetised cats , PSPs in 
lumbar motoneurons were evoked by e le c tr ic a l stim ulation of the 
inferior gluteal nerve (supplying hip extensors and hip abduc
to rs). E lectrical stimulation 2 to 5 times threshold produced 
inhibitory PSPs (IPSPs ) in 12 of 14 motoneurons examined (4 med. 
gastrocnemii, 3 la t .  gastrocnemii, 4 post, biceps/semiten- 
dinosus, 1 semimembranosus/ant. biceps, and two unidentified). In 
two ce lls  no evoked PSPs were observed. At 2T the mean segmental 
latency of the IPSP was 1.7 msec (Range: 1.2 - 2.4 msec) with a 
mean peak amplitude of 1.3 mV (Range: 0.6 - 2.5 mV). The peak 
amplitude of the IPSPs increased slig h tly  with 5T stim ulation. 
The latency was consistent with a disynaptic linkage and the 
inhibitory response to 2T stimulation was a ttribu ted  to group I & 
II afferents (Jankowska, McCrea and Mackel, J . Physiol., 316, 
1981). In lig h t of the profound e ffec t of hip movement on 
locomotor ac tiv ity  and the substantial inhibitory connections to 
hindlimb flexor and extensor motoneurons from the in ferio r glu
tea l nerve observed in th is  study, i t  i s  hypothesized tha t the 
in ferio r gluteal afferents are important in modification of the 
CPG and i t s  output. Further examination of these hip afferents 
is  warranted.

Supported by Manitoba Health Research Council.

241.4 A COMMON PATHWAY FOR MLR EVOKED PSPs AND THE INITIATION OF LOCOMO
TION. B.R. Noga*, D. J . K riellaars*, R.M. Brownstone, B. Mallory* 
and L.M. Jordan. (SPON: J.A. Paterson) Dept. of Physiology, 
University of Manitoba, Winnipeg, Canada, R3E OW3.

In the ca t, the pathway through which the mesencephalic locomo
tor region (MLR) activates the spinal cord central pattern genera
tor (CPG) for locomotion remains unclear. The MLR is  said to relay 
through the pontomedullary locomotor s tr ip  and then descend via a 
polysynaptic pathway in the dorsal half of the spinal cord 
(Selionov and Shik, Neurosci. 13, 1984). Evidence has also been 
presented demonstrating that the MLR relays via the medial re ticu 
la r  formation (MRF) and then descends the spinal cord in the ven
t r a l  la te ra l funiculus (VLF) to the CPGs (5teeves and Jordan, 
Brain Res. 307, 1984). The fact that stimulus-locked short latency 
postsynaptic potentials (PSPs) have been recorded in trace llu la rly  
from hindlimb motoneurons (MNs) during MLR evoked f ic tiv e  locomo
tion  (Shefchyk and Jordan, J . Neurophysiol. 53, 1985) supports the 
la t te r  pathway.

In order to establish  the pathway by which the MLR produces 
 locomotion, dorsal hemisections of the spinal cord one centimeter 

in length were made a t the C2 level in p reco llicular postmamillary 
decerebrate cats to disrupt the proposed polysynaptic pathway. 
Treadmill locomotion induced by stimulation of the MLR was moni
tored by electromyograms recorded from fore- and hind-limb mus
cles . Following dorsal hemisection, MLR stimulation produced both 
hindlimb and forelimb locomotion a t stimulation strengths compar
able to control t r ia l s .

In " fic tiv e  " locomotion experiments reversible cooling of 
e ither the MRF (synaptic block) or the un ila tera l VLF (fiber 
block) a t the T12-L1 spinal cord level was used to establish  the 
relationship between the MLR evoked PSPs and the locomotor drive 
po tentials (LDPs) in MNs. Hindlimb locomotion was monitored by 
electroneurograms and from in tra ce llu la r records of iden tified  
hindlimb MNs. Unilateral VLF cooling abolished MLR evoked hindlimb 
locomotion ip s i la te ra l ly . MRF cooling reversibly abolished MLR 
evoked hindlimb locomotion b ila te ra lly . As locomotion diminished 
with cooling there were concurrent decreases in amplitude of both 
the LDP and the short-latency PSPs. Slightly longer latency PSPs 
were sometimes revealed upon cooling the VLF. Occasionally, the 
hyperpolarized phase of the MN LDP and the burst ac tiv ity  of the 
antagonist ENG disappeared with VLF or MRF cooling.

I t  i s  concluded that the MLR projects to the limb CPG for 
locomotion through the MRF-VLF pathway and not via a polsynaptic 
chain of ce lls  located in the dorsal half of the spinal cord. 
Furthermore, evidence is  provided suggesting that the MLR evoked 
PSPs are related  to the production of LDPs and locomotion.

Supported by the Medical Research Council of Canada.
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241.5 RESPONSES IN MUSCLES AND IN THE DESCENDING CORTICAL PATHWAY FROM 
MICROSTIMULATION IN THE FELINE MOTORCOHTEX DURING DIFFERENT POSTU 
-RES AMD LOCOMOTION. C.I.PALMER I n s t i t u t e  o f  P h y s io lo g y ,  F r ib o u r g  
U n i v e r s i t y ,  S w i t z e r l a n d .

M u scle  (EMG) r e s p o n s e s  from  i n t r a c o r t i c a l  m ic r o s t im u la t io n  ( I CM 
S) a r e  v a r ia b le .S o m e  f a c t o r s  w h ich  may a c c o u n t f o r  t h i s  a r e  v a r i a t  
- i o n s  in  th e  d e s c e n d in g  c o r t i c a l  v o l l e y ,  th e  e x c i t a b i l i t y  o f  i n t e r  
- n e u r o n a l  c i r c u i t s  and th e  e x c i t a b i l i t y  o f  th e  m o to m e u ro n a l  p o o l .

S y s te m a tic  v a r i a t i o n s  i n  t h e s e  r e s p o n s e s  w ere s o u g h t i n  4 awake 
i n t a c t  c a t s  d u r in g  lo c o m o tio n ,  w h i le  th e y  s a t  q u i e t l y  and w h i le  
s ta n d i n g .  Each was c h r o n i c a l l y  im p la n te d  w i th  b e tw een  8 t o  I I  t e f l  
-o n  i n s u l a t e d  25μ m d .  P T /I r  w i r e s  in  t h e  m o to r  c o r te x  f o r  ICMS 
( 10 to  30μA,4 0 ms t r a in s ,3 5 0 H z ,0 .2 m s  p u l s e s ) .  The d e s c e n d in g  c o r t i 

c o s p in a l  v o l l e y  was r e c o rd e d  in  one c a t  w i th  a  m o n o p o la r  e l e c t r o d e  
in  t h e  p y ra m id a l  t r a c t  a t  P I2  and in  a n o th e r  from  th e  d o r s o l a t e r a l  
f u n i c u l u s  a t  C3. Each an im a l was c h r o n i c a l l y  im p la n te d  w i th  7 t o  14 
EMG e l e c t r o d e s  in  t h e  d i s t a l  ( 6 )  and p ro x im a l ( 5 )  f o r e l im b ,  s h o u ld e  
- r  ( 4 )  and. h in d lim b  ( I ) ,  i n  m u sc le s  a c t i v a t e d  from  ICMS.

ICMS r e s p o n s e s  w ere o b ta in e d  from  16 c o r t i c a l  s i t e s .  The l a t e n c 
i e s  o f  th e  r e s p o n s e s  ran g e d  from  6 t o  20ms n82 mean 1 3 .7  (m easu red  
from  a v e ra g e d  r e c o r d s ) .  At 8 c o r t i c a l  s i t e s  some o f  t h e  ICMS r e s p  
- o n s e s  w ere  fo u n d  o n ly  when th e  m u sc le  was a c t i v e  d u r in g  th e  s t e p  
c y c le  o r  d u r in g  th e  d i f f e r e n t  p o s tu r e s .  At 9 c o r t i c a l  s i t e s  ICMS 
r e s p o n s e s  o c c u r r e d  in  m u sc le s  w i th  two b u r s t s  o f  a c t i v i t y  d u r in g  
th e  s t e p  c y c le  (o n c e  in  s ta n c e  and o n ce  in  s w in g ) .  T h ese  i n c lu d e d  
b o th  s h o u ld e r  and d i s t a l  f o re l im b  m u s c le s .  ICMS re s p o n s e s  from  7 o f  
t h e s e  c o r t i c a l  s i t e s  o n ly  o c c u r r e d  when th e  m u sc le  was u s e d  in  sw in  
- g  and d u r in g  ly in g  ev en  th o u g h  th e  m u sc le s  w ere  a c t i v e  d u r in g  s t a n  
- c e  and some w ere  t o n i c a l l y  a c t i v e  on s ta n d i n g .  At 2 c o r t i c a l  s i t e s  
ICMS g av e  e i t h e r  i n h i b i t i o n  o r  e x c i t a t o r y  r e s p o n s e s  i n  th e  same mu 
- s c l e  e a c h  o c c u r r in g  w i th  th e  same s h o r t  l a t e n c y .  The ty p e  o f  r e s p  
-o n s e  d ep en d ed  on w h ich  p h a se  o f  t h e  s t e p  c y c le  o r  w h ich  p o s tu r e  
was o c c u r r in g  d u r in g  m ic r o s t i m u l a t i o n .  When th e  ICMS c u r r e n t  was 
in c r e a s e d  r e s p o n s e s  s p re a d  t o  a  g r e a t e r  num ber o f  m u sc le s  and w ere 
c h a r a c t e r i s t i c  i n  t h e i r  t im e  o f  o c c u r r e n c e  d u r in g  m ovement and 
t h e i r  form  to  t h a t  p a r t i c u l a r  c o r t i c a l  s i t e .

The d e s c e n d in g  v o l le y  from  ICMS a t  3 c o r t i c a l  s i t e s  was r e c o rd e d  
from  th e  p y ra m id a l  t r a c t  and from  a n o th e r  s i t e ,  from  th e  d o r s o l a t 
e r a l  f u n i c u l u s .  D u rin g  p h a s e s  o f  t h e  s t e p  c y c le  o r  m ovem ents when 
ICMS EMG r e s p o n s e s  w ere s t r o n g e s t  th e  w aves o f  d e s c e n d in g  a c t i v i t y  
d id  n o t  summate w i th  s u c c e d in g  s t i m u l i  i n  t h e  t r a i n  ( 10 m s,10 0 H z ,0 .2  
ms p u l s e s ) .  The v o l l e y  a f t e r  t h e  f i r s t  s t im u lu s  w as n o t  s i g .  g r e a t  
- e r  from  t h a t  p ro d u ce d  by th e  5 th  s t i m u l u s .  D u rin g  o t h e r  p h a s e s  o f  
t h e s e  m ovem ents e a ch  s t im u lu s  i n  th e  t r a i n  g av e  a  s u c c e s s iv e l y  l a r  
- g e r  d e s c e n d in g  v o l l e y .

In  c o n c lu s io n  r e s u l t s  from  t h i s  s tu d y  show t h a t  a l th o u g h  th e  s a  
-me m u sc le  c an  be a c t i v a t e d  from  many d i f f e r e n t  c o r t i c a l  s i t e s ,  t h  
- s e  e f f e c t s  may o p e r a t e  u n d e r  d i f f e r e n t  m o to r  c o n te x t s .

241.6 SYNERGIES IN THE BIOMECHANICAL MOTOR PATTERNS IN NORMAL HUMAN 
GAIT. D.A. W in te r . D e p t. K in e s io lo g y ,  U n iv e r s i ty  o f  W a te r lo o , 
W a te r lo o ,  O n ta r io ,  Canada N2L 3G1

B ased  on e x te n s iv e  moment o f  f o r c e  a n a ly s e s  on a  l a r g e  num ber 
o f  n o rm a l s u b je c t s  w a lk in g  a  r a n g e  o f  c a d e n c e s ,  and  on i n t r a  and  
i n t e r - s u b j e c t  c o r r e l a t i o n s ,  we c o n c lu d e d  th e  f o l lo w in g :  
1 ( a )  A c o n s i s t e n t  t o t a l  e x te n s o r  ( s u p p o r t )  moment p a t t e r n  i s  s e e n  
d u r in g  s ta n c e  w i th  m in o r v a r i a t i o n s  i n  sh a p e  a s  c a d en c e  c h a n g e s .

(b )  The k in e m a t ic s  o f  th e  f o o t ,  l e g  and  th ig h  a r e  e x tr e m e ly  co n 
s i s t e n t  f o r  any g iv e n  s u b je c t  o v e r  r e p e a t  t r i a l s .

(c )  In  s p i t e  o f  th e  c o n s i s t e n c y  n o te d  in  (a )  and  ( b ) , t h e r e  i s  
c o n s id e r a b l e  v a r i a b i l i t y  in  th e  moment p a t t e r n s  a t  th e  h ip  and  
k n e e .

(d ) The v a r i a b i l i t y  i n  th e s e  j o i n t  moments i s  n o t  random ; t h e r e  
i s  c o n s id e r a b l e  c o u p lin g  ( c o v a r ia n c e )  b e tw een  th e  moments a t  th e  
h ip  and  k n ee  (89%) and b e tw een  th e  knee  and  a n k le  (76% ).

( e )  The t i g h t  c o u p lin g  b e tw e en  th e  moments a t  th e  k n ee  and h ip s  
r e s u l t s  from  a o n e - f o r -o n e  t r a d e - o f f  o f  moment o f  f o rc e  b e tw een  
th e s e  j o i n t s  su ch  t h a t  th e  n e t  e x te n s o r  p a t t e r n  re m a in s  r e l a t i v e l y  
u n d i s tu r b e d .  On one s t r i d e ,  f o r  ex am p le , th e  a v e ra g e  knee e x te n 
s o r  moment m ig h t d e c re a s e  by  10 N.m w h i le  th e  h ip  e x te n s o r  moment 
in c r e a s e d  by 10 N.m. T h e re  i s  a  s i m i l a r  b u t  l e s s  p ro n o u n ced  
t r a d e - o f f  b e tw e en  knee e x te n s o r s  and  a n k le  p l a n t a r f l e x o r s .

( f )  T h is  f l e x i b l e  a n t e r i o r - p o s t e r i o r  t r a d e - o f f  a p p e a r s  to  be r e 
l a t e d  to  s t r i d e - t o - s t r i d e  r e g u l a t i o n  o f  p o s tu r e  and  b a la n c e  o f  
th e  u p p e r  b o d y . D u rin g  s in g l e  s u p p o r t ,  th e  h ip  moments a r e  se e n  
to  b e  h ig h ly  c o r r e l a t e d  w i th  th e  a n g u la r  a c c e l e r a t i o n s  o f  th e  
t r u n k .  I t  th u s  a p p e a r s  t h a t  th e  h ip  m u sc le s  n o t  o n ly  c o n t r i b u t e  
to  th e  s u p p o r t  o f  th e  lo w e r  lim b  b u t  a l s o  a r e  th e  p rim e  c o n t r o l 
l e r  o f  th e  t r u n k ,  and  th e  re s p o n s e  o f  th e  knee and  a n k le  m u sc le s  
i s  su ch  a s  to  keep  th e  t o t a l  s u p p o r t  p a t t e r n  a lm o s t  th e  sam e.
2 ( a )  The a v e ra g e d  i n t e r s u b j e c t  moment p a t t e r n s  a t  s lo w  to  f a s t  
c a d e n c e s  a r e  e x tr e m e ly  s im i l a r  i n  sh ap e  f o r  th e  summed h ip  and 
k n ee  m om ents. The a n k le  p a t t e r n  h a s  s u b t l e  c a d e n c e - r e l a te d  
c h a n g e s .

(b ) T o n ic  c o n t r o l  o f  th e  moment p a t t e r n s  i s  s e e n  a t  th e  h ip  and 
k n e e ,  and  s e l e c t i v e  i n c r e a s e s  and  d e c re a s e s  a r e  e v id e n t  a t  th e  
a n k le  a s  w a lk in g  sp e ed  i n c r e a s e s .
3 . E v id e n ce  i s  p r e s e n t e d  from  p a t i e n t s  w i th  s u rg e r y  to  t h e i r  
p e r ip h e r y  (a m p u te e s , j o i n t  r e p la c e m e n t)  t h a t  shows v e ry  d r a s t i c  
a l t e r a t i o n s  to  th e  m o to r p a t t e r n s  a t  a l l  j o i n t s .  Such in fo r m a t io n  
d o es  n o t  s u p p o r t  th e  p re s e n c e  o f  a  d o m in an t h a rd - w ir e d  c e n t r a l  
p a t t e r n  g e n e r a t o r .

241.7 AN ANALYSIS OF BACKWARD WALKING IN HUMANS. J . A. Vilensky,* 
E. Gankiewicz* and G. Gehlsen* (SPON: S. W. Carmichael). 
Dept. of Anatomy, Indiana Univ. Sch. of Med., Ft. Wayne, IN 
46805 and Biomechanics Laboratory, Ball State Univ., Muncie, 
IN 47306.

G rillner (1981) suggested that backward walking could be 
achieved by switching the neural c ircu itry  controlling hip- 
knee interactions from excitatory to inhibitory; such a 
change would act to reverse hip-knee coordination by a phase 
sh if t  of .5 (hip flexion accompanied by knee extension). 
This is  not the case for humans. Rather, i n many respects 
human backward walking is  quite d ifferen t from predictions 
based e ith er on G rilin e r's  hypothesis or on forward walking 
in general. In our study, four adults were filmed (at 60.2 
frames/sec) walking forward and backward on a treadmill a t 
the same three speeds in each direction. Subsequently, 
temporal and angular parameters were derived from the films 
for each form of walking and compared.

At each speed, the absolute temporal parameters (cycle, 
swing, stance and double support durations) were generally 
shorter during backward walking. On the contrary, re la tiv e  
temporal parameters (percent of cycle duration) were 
v irtu a lly  iden tical. The range of hip movements was less 
during backward walking, primarily as a re su lt of less 
extension. Knee movements were also usually reduced during 
backward walking, primarily as a resu lt of less flexion. 
Ankle movements were characterized by greater piantarflexion 
during forward walking and greater dorsiflexion during 
backward walking. The difference i n ankle p ian tarflex i on 
was especially noticeable a t the toe-off/toe-on position. 
The decreased pl antarflexi on a t toe-on i n backward walking 
fa c ilita te d  weight acceptance on the phalanges.

With regard to jo in t timings and in teractions, i t  would 
be expected (according to G rilln e r's  hypothesis) tha t during 
backward walking hip extension would be i n itia ted  during 
stance. Instead, hip extension did not begin until well 
into swing phase. Sim ilarly, the relationships between the 
knee and ankle woul d be expected to be unchanged during 
backward walking. On the contrary, during backward stance 
the movements of the knee and ankle are primarily in phase 
while during most of forward stance they are out of phase. 
The differences between predicted and actual backward 
walking re fle c t the d ifferen t functional demands placed on 
the system during the two types of ga it. Cl early , backward 
walking i s not achieved by a simple phase sh if t  in hi p-knee 
in teractions.

241.8 THE DEVELOPMENT OF MOTOR CONTROL IN STEPPING. A. B e u te r ,  H. 
F la s h n e r*  and A. A ra b y a n . K in a n th ro p o lo g y , U n iv e r s i ty  o f  Qué bec 
in  M ontré a l ,  P .Q . ,  H3C 3P8.

The k in e m a tic s  o f  s te p p in g  a re  q u a s i - o r g a n iz e d  a t  b i r t h  and 
form  th e  b a s i s  o f  f u tu r e  g o a l - d i r e c t e d  movement s e q u e n c e s .  In  
a g reem en t w ith  t h i s ,  a h i e r a r c h i c a l  model o f  s te p p in g ,  a s  a p r e 
p la n n e d  t r a j e c t o r y  d e f in e d  by a s m a ll number o f  p a ra m e te r s  s to r e d  
in  th e  CNS, and co m b in in g  open and c lo s e d  lo o p  c o n t r o l  l o g ic s  has 
b een  p ro p o se d  (B e u te r  e t  a l ., B i o l . C y b e rn . , 53: 2 7 3 -2 8 4 , 1 9 8 6 ). 
The p u rp o se  o f t h i s  p a p e r  i s  to  expand th e  p r e v io u s  r e s u l t s  and 
p ro p o se  a m odel f o r  th e  d ev e lo p m en t o f  m o to r c o n t r o l  in  s te p p in g .  
D u rin g  th e  l e a r n in g  s t a g e ,  th e  i n t e r a c t i v e  u n i t  ( c lo s e d  lo o p )
s o lv e s  th e  o p t im iz a t io n  p ro b lem  d e f in e d  by
s u b je c t  to  im p o sed , k in e m a tic  and dynam ic c o n s t r a i n t s ,  w here Xp 
i s  th e  c a n d id a te  t r a j e c t o r y ,  Q i s  th e  c o n t r o l  to r q u e ,  θ  d e n o te s  
th e  v e c to r  o f  j o i n t  c o o r d in a te s  and P i s  th e  t r a j e c t o r y  o f  a 
p o in t  on th e  l e g .  The l e a r n in g  p r o c e s s  i s  e x p la in e d  a s  fo l lo w s :  
th e  t r a j e c t o r y  g e n e r a to r  se n d s  a c a n d id a te  t r a j e c t o r y  to  th e  
fo rw a rd  c o n t r o l  su b s y s te m . U sin g  th e  e q u a t io n s  o f  th e  k in e m a tic  
and dynam ic c o n s t r a i n t s  th e  j o i n t  a n g le s  and th e  c o n t r o l  to rq u e s  
a re  c a l c u l a t e d .  A p e rfo rm a n c e  in d ex  i s  com puted and s to r e d  in  
memory. D u rin g  l e a r n in g ,  th e  t a s k  i s  r e p e a t e d  w i th  d i f f e r e n t  
c a n d id a te  t r a j e c t o r i e s  y i e l d i n g  d i f f e r e n t  v a lu e s  f o r  th e  p e r f o r 
mance in d e x .  C om parison  o f  p e rfo rm a n c e  in d ic e s  o f  th e  v a r io u s  
t r a j e c t o r i e s  y i e l d s  th e  b e s t  c o n t r o l  s t r a t e g y  f o r  th e  c o n t r o l  
t o r q u e s .  We r e f o r m u la te  th e  p ro b lem  a s  a f i n i t e  d im e n s io n a l
o p t im iz a t io n  d e f in e d  by w here h i s  th e
v e c to r  o f  r e l e v a n t  p a ra m e te r s  and  F i s  a f i n i t e  s e t  o f  know 
f u n c t io n s  c o r r e s p o n d in g  to  th e  h a rd w ire d  movement seg m en ts  
o b se rv e d  in  new born b a b ie s .  The m odel p r e s e n t e d  do es  n o t 
r e q u i r e  l e a r n in g  ( r e p e a t i n g  th e  o p t im iz a t io n  p ro c e d u re )  f o r  each  
p a r t i c u l a r  o b s ta c l e  and t h e r e f o r e  i t  i s  more r e a l i s t i c  and 
e f f i c i e n t  th a n  R a i b e r t 's  Model (1 9 7 8 ) .  We s u g g e s t  ways to  
im plem ent th e  m odel on a ro b o t  and to  s im u la te  th e  p r o c e s s  o f 
l e a r n in g .
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241.9 EMG WAVEFORMS IN CAT LOCOMOTION. J . A.Hodgson*. A. Garfi nkel *. 
V.R.Edgerton. R.R.Roy and R.J.Gregor Kinesiology Department  and 
Brain Research Institu te , UCLA, Los Angeles, CA 90024.

We have assessed quan titative aspects of emg activ ity  in the 
soleus (SOL), medial gastrocnemius (MG) and vastus la te ra lis  (VL) 
muscles of cats walking on a treadmill over a range of speeds 
(1-4m/s) and gaits.

Standard Intramuscular techniques were used to record emg 
data. Digital techniques were used to analyse data from several 
consecutive steps (>10) a t each speed of locomotion. For each 
tr ia l, mean emg amplitudes, variance and coeffic ients of 
variation, phase po rtra its  and jo in t probability density 
distributions of emg amplitudes In muscle pairs were calculated.

We found that the same waveforms and patterns of vari abi l i t y 
recur in emg data from recording sessions separated by several 
days in i ndividual animals. Moreover, similar waveforms were 
observed i n all animals studied. EMG waveforms changed 
predictably with speed of locomotion (Fig 1). Waveforms from SOL 
remained constant across all speeds of locomotion In the E1 phase 
of the step cycle, so tha t most changes i n the emg waveform with 
speed of locomotion occurred afte r paw contact (PC i n Fig 1). 
Phase portraits between SOL and MG and MG and VL also showed 
consistent patterns, as did Joint probability d istribu tions.

These results suggest tha t emgs re fle c t magnitude i n addition 
t o timing of command signals to skeletal muscles and th a t some 
significance may be attached to emg waveform. The phase p o rtra it 
and joint probability density findings Indicate specific, speed 
dependent relationships between amplitudes In d ifferen t skeletal 
muscles.

This Information may be used to make deductions about control 
strategies used by the CNS to  control hindl i mb locomotion.

Figure 1. Mean (-SD) emg ampli tudes for SOL and MG a t 1 and 
2.5 m/s and their corresponding phase po rtra its  (MG v e r t .,  SOL 
horiz .). Supported by NIH Grant NS-16333

241.10 EFFECT OF TASK ON PERTURBATION RESPONSES DURING RHYTHMIC MOVEMENT 
IN HUMANS. A fta b  E. P a t l a , N e u ra l  C o n tro l  L ab , D ep a rtm en t o f  
K in e s io lo g y ,  U n iv e r s i ty  o f  W a te r lo o , W a te r lo o , O n ta r io .

The r e s p o n s e s  to  p e r t u r b a t i o n  a p p l i e d  d u r in g  v a r io u s  p h a s e s  o f  
t r e a d m i l l  w a lk in g  show a  com plex  o r g a n i z a t i o n  (B e la n g e r  & P a t l a ,  
N e u r o s c i .  L e t t . ,  1 9 8 4 ). L ocom otion  i s  a  com plex  t a s k  w h ich  i n v o l 
v e s  a s y n ch ro n o u s  m ovem ents o f  th e  j o i n t s .  B e s id e s ,  t r e a d m i l l  lo c o 
m o tio n  im poses p h y s ic a l  and s t r a t e g y  c o n s t r a i n t s  on th e  s u b j e c t .  
H opp ing , a  r e l a t i v e l y  s im p le  m ovem ent, p r o v id e s  an  u n iq u e  a l t e r n a 
t i v e  t o  s tu d y  how th e  t a s k  a f f e c t s  r e s p o n s e  o r g a n i z a t i o n .

In  t h i s  s tu d y  s u b je c t s  (N=6 ) w ere  a sk ed  to  hop on th e  f o rc e  
p l a t e  a t  t h e i r  p r e f e r r e d  f re q u e n c y .  P ro c e s s e d  EMG s ig n a l s  from  
t i b i a l i s  a n t e r i o r ,  s o l e u s ,  m e d ia l  g a s tr o c n e m iu s ,  v a s tu s  l a t e r a l i s ,  
r e c t u s  f e m o r is  and  b ic e p s  f e m o r is  w ere m o n ito re d  a lo n g  w i th  th e  
f o o ts w i t c h  s i g n a l  and  th e  g round  r e a c t io n  f o r c e .  An e l e c t r i c a l  
s t im u lu s  (20 ms t r a i n  o f  10-1 ms p u l s e s ,  4 -5  x th r e s h o ld )  was 
a p p l i e d  u n e x p e c te d ly  a t  two d i f f e r e n t  p o i n t s  i n  th e  c y c le :  ground  
c o n ta c t  and i n  a i r .  R esponse  to  p e r t u r b a t i o n  was d e te rm in e d  by 
s u b t r a c t i n g  a v e ra g e d  p e r tu r b e d  s ig n a l  (N=5) from  a v e ra g e d  n o rm al 
s i g n a l .

When th e  s t im u lu s  was a p p l i e d  a t  g round  c o n ta c t ,  e x c i t a t o r y  
r e s p o n s e s  w ere  o b s e rv e d  i n  TA (49 ms) and BF (79 ms) and an  i n h i b i 
to r y  r e s p o n s e  i n  SO (56 m s ) . Thus d i s t a l  m u sc le s  (TA & SO) g e n e r 
a t e  a  w i th d ra w a l  r e s p o n s e .  The en h an ced  BF a c t i v i t y  r e p r e s e n t s  an 
e x te n s o r  re s p o n s e  a t  th e  h ip  and  k n ee  j o i n t  (by backw ard  r o t a t i o n  
o f  th e  t h i g h ) .  T h is  c o n c lu s io n  i s  a r r i v e d  a t  a s  f o l l o w s .  The a r e a  
u n d e r  th e  f o rc e  tim e  c u rv e  w h ich  r e p r e s e n t s  t h e  im p u lse  was n o t  
a l t e r e d  even  th o u g h  th e  tim e  o f  f o r c e  a p p l i c a t i o n  was red u c e d  
(p < .0 5 ) .  I f  BF a c t i v i t y  p ro d u ce d  a  f l e x o r  to rq u e  a t  th e  k n e e , i t  
w ould  c a u se  a  r e d u c t io n  i n  r e a c t i o n  f o rc e  and h e n c e  a l t e r  t h e  a r e a  
u n d e r  th e  f o rc e  tim e  c u rv e .

In  r e s p o n s e  to  th e  s t im u lu s  a p p l i e d  d u r in g  f r e e  f l i g h t  p h a s e ,  
e x c i t a t o r y  r e s p o n s e s  w ere  o b s e rv e d  i n  TA (59 m s) , SO (74 m s) , and 
BF (68 m s ) . The f o o ts w i t c h  d a ta  r e v e a le d  an  in c r e a s e  i n  th e  f r e e  
f l i g h t  p h a se  d u r a t i o n .  In  c o n t r a s t ,  th e  f o r c e / t i m e  c u rv e  showed no 
ch an g e  i n  t h e  f r e e  f l i g h t  p h a s e .  Thus th e  r e s p o n s e  r e p r e s e n t s  
w i th d ra w a l  o f  th e  i p s i l a t e r a l  l im b , w i th  th e  c o n t r a l a t e r a l  lim b  
m aking g ro u n d  c o n ta c t  a t  r e g u l a r  t im e .

In  c o n t r a s t  to  w a lk in g ,  th e  r e s p o n s e  show a  v e ry  s im p le  o r g a n iz 
a t i o n .  Same s e t  o f  m u sc le s  a r e  a c t i v a t e d ,  w i th  o n ly  t h e  m ag n itu d e  
o f  t h e  r e s p o n s e  show ing  p h a se  d e p e n d en t m o d u la t io n . A f u n c t i o n a l  
r e s p o n s e  r e v e r s a l  i s  s e e n .  The c h a r a c t e r i s t i c s  o f  th e  r e s p o n s e  
p r o v id e  e v id e n c e  f o r  th e  t a s k  d ep en d en cy  o f  th e  r e s p o n s e s  to  p e r 
t u r b a t io n  a p p l i e d  d u r in g  rh y th m ic  movement i n  h um ans.

S u p p o rte d  by an  NSERC g r a n t  (A # 0 0 7 0 ) .

241.11 MODULATION OF PERIPHERAL AFFERENT INFORMATION TO RETICULOSPINAL 
CELLS DURING LOCOMOTION IN INTACT CATS. T. Cabana*, S. Rossignol 
and T. Drew. Centre de recherche en sciences neurologiques, 
Univ. de. Montréa l ,  Qué , CANADA.

It has been demonstrated that  during locomotion the amplitude 
of cutaneous reflexes of the fore- and hindlimbs are dependent 
upon the phase of the step cycle in which stimulation is applied. 
In the present study we have examined whether the responses 
induced in reticulospinal cells by cutaneous inputs are also 
modulated during locomotion in a phase dependent manner.

Experiments were carried out during treadmill locomotion in 2 
intact cats chronically implanted with a chamber through which a 
microelectrode could be advanced into the medullary ret icular  
formation. In addition, microwires were implanted into the spinal 
cord (L2) to identify reticulospinal neurones; electrodes were 
inserted into flexor and extensor muscles of all  four limbs, and 
stimulating electrodes, held in a polymer cuff,  were implanted 
around the superficial radial and peroneal nerves on both sides.

Of the 43 reticulospinal cells recorded during locomotion, 28 
could be held long enough to tes t  the ir  response to cutaneous 
stimulation of all four limb nerves: 10 of these ce l ls ,  including 
both modulated and unmodulated neurones, were excited by 
stimulation of all  four cutaneous nerves, 9 responded to 
stimulation of one or more limb nerves and the remaining 9 ce lls 
did not respond to stimulation of any of the nerves.

For cells excited by the nerve stimulation of more than one 
limb, i t  was found that the response evoked from any one nerve was 
maximal during the swing phase of the respective limb and minimal 
during its  stance phase. This was true both for modulated and 
unmodulated neurones and suggests that the excitatory responses 
evoked in these cells were probably independent of the ir  discharge 
pattern during locomotion. It  was also noticeable that  the 
responses observed during stance in 31/35 cases occurred even 
though no reflex activi ty  was observed in the limb musculature. 
In 27/31 cases the discharge of the cell to limb nerve stimulation 
was greater when the cat was at  rest than at any phase of the 
locomotor cycle suggesting that there may also be a tonic 
modulation of cutaneous afferents during locomotion.

The fact that the excitatory responses evoked in the cells by 
cutaneous nerve stimulation were more dependent upon the time of 
the stimulation during the locomotor cycle of the stimulated limb 
than to the discharge pattern of the cell further suggests that  at 
least part of the modulation of the sensory input observed in 
reticulospinal cel ls may be subserved by the same pathways that 
mediate the phase dependent responses observed in segmental 
cutaneous reflex pathways.

(Funded by the FRSQ and the Canadian MRC. T. Cabana is a 
Herbert Jasper fellow and T. Drew is a FRSQ scholar).

241.12 FORELIMB CUTANEOUS REFLEXES DURING FICTIVE LOCOMOTION IN DECOR
TICATE CATS. P . S a l t i e l * ,  J . - P .  G o ssa rd * , T . Drew and S . R o s s i 
g n o l. C e n tre  de r e c h e rc h e  en  s c ie n c e s  n e u ro lo g iq u e s ,  U n iv . de 
M ontré a l ,  M ontré a l ,  Qué b e c ,  C anada.

In  i n t a c t  c a t s ,  s t i m u l a t i o n  o f  th e  S u p e r f i c i a l  R a d ia l  (SR) 
n e rv e  d u r in g  th e  sw ing p h ase  o f  lo co m o tio n  in d u c e s  s h o r t  l a te n c y  
r e s p o n s e s  (9 -1 1  ms) in  e lbow  f l e x o r s  such  a s  B r a c h ia l i s  (B r)  
w hich  i s  a c t i v e  d u r in g  t h a t  p e r io d  a s  w e l l  a s  in  e lbow  e x te n s o r s  
su ch  a s  th e  L a t e r a l  (T r iL )  and Long h ead  ( T r i )  o f  T r ic e p s  w hich  
a r e  s i l e n t  in  t h a t  p h a s e . T hese  a r e  fo llo w e d  by a lo n g e r  l a te n c y  
re s p o n s e  in  f l e x o r s  (3 5 -5 0  m s) . D u rin g  s ta n c e ,  th e  s h o r t  l a t e n c y  
r e s p o n s e s  a re  v i r t u a l l y  a b s e n t  in  a l l  m u sc le s  a lth o u g h  s u b s e 
q u e n t ly  a more com plex se q u en c e  o f  i n h i b i t i o n  (14  ms) and e x c i t a 
t io n  (2 4 -3 1  m s) i s  o b se rv e d  in  e x te n s o r  m u sc le s .  As p a r t  o f  a 
f u r t h e r  i n v e s t i g a t i o n  on th e  o r i g i n  o f  t h i s  e la b o r a te  r e f l e x  
s e q u e n c e , we h ave  s tu d i e d  th e  e f f e c t s  o f  s im i l a r  s t i m u l i  d u r in g  
f i c t i v e  lo c o m o tio n .

C a ts  w ere a n a e s t h e t i z e d  w i th  s t e r o i d s ,  d e c o r t i c a t e d  by su c 
t i o n ,  p a ra ly z e d  w i th  g a l la m in e  and s p in a l i z e d  a t  T13. N erv es  to  
SR, T r iL ,  T r i  and Br w ere d i s s e c t e d  and m ounted on Ag/AgCl e l e c 
t r o d e s  in  a warm p a r a f f i n  o i l  p o o l f o r  r e c o r d in g  o r  s t i m u l a t i o n .  
A w e l l  o rg a n iz e d  lo co m o to r rhy thm  ( 0 .8  to  1 .3  Hz) l a s t i n g  f o r  
s e v e r a l  h o u rs  was o b ta in e d  in  a few p r e p a r a t i o n s .  SR was s tim u 
l a t e d  w i th  s in g l e  p u ls e s  o f  0 .2  ms (4  t im e s  t h r e s h o ld  f o r  a c t i v 
a t i n g  th e  l a r g e s t  f i b e r s )  a t  d i f f e r e n t  moments in  th e  lo co m o to r 
c y c l e .

S t im u l i  d u r in g  Br a c t i v i t y  evoked  in  Br n e rv e  an  e x c i t a t i o n  a t  
7 -8  ms w hich  was som etim es fo llo w e d  by an i n h i b i t i o n  a t  14 m s. 
T h e re  was no lo n g e r  l a t e n c y  r e s p o n s e  a s  in  th e  i n t a c t  c a t .  F u r
t h e r ,  t h e r e  was no o u t - o f - p h a s e  r e s p o n s e  in  T r iL  and o n ly  an 
o c c a s io n a l  e x c i t a t i o n  a t  9 ms in  T r i .

S t im u la t io n  d u r in g  th e  p e r io d  o f  Br i n a c t i v i t y  c a u se d  o n ly  a 
v e ry  sm a ll  e x c i t a t i o n  o f  B r . I n  T r iL /T r i ,  th e  r e s p o n s e  p a t t e r n  
was co m p lex . T h e re  w ere  two e x c i t a t o r y  r e s p o n s e s  a t  8 -9  ms and 
a t  19-21 ms w hich  c o u ld  m erge o r  be s e p a r a te d  by a  t ro u g h  a t  14 
m s. In  a d d i t i o n ,  an i n h i b i t i o n  a t  a ro u n d  37 ms and a  lo n g e r  
l a t e n c y  e x c i t a t i o n  a t  60 ms c o u ld  a t  t im e s  o c c u r  i n  T r iL .

The l a r g e ly  s im i l a r  l a t e n c i e s  o f  th e  re s p o n s e s  se e n  in  r e a l  
and f i c t i v e  lo co m o tio n  s u g g e s t  t h a t  th e  same p a th w ay s a r e  r e c r u i 
te d  b u t  d i f f e r e n t l y  c o n t r o l l e d  in  th e  two c o n d i t i o n s .  I n  p a r t i 
c u l a r ,  th e  o u t - o f - p h a s e  re s p o n s e s  in  T r iL /T r i  s e en  c o n s i s t e n t l y  
d u r in g  th e  sw ing p h a se  o f  r e a l  lo co m o tio n  a re  v i r t u a l l y  a b s e n t  
d u r in g  f i c t i v e  lo c o m o tio n . W hether t h i s  d i f f e r e n c e  can  be a t t r i 
b u te d  to  th e  l a c k  o f  c y c l i c a l  a f f e r e n t  fee d b a c k  a n d /o r  l a c k  o f  
c o r t i c a l  in p u t  rem a in s  to  be d e te rm in e d .  (Funded by th e  MRC. 
P . S. and J . - P .  G. a r e  s u p p o rte d  by th e  MRC. T . D. i s  an FRSQ 
S c h o l a r ) .
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241.13 THE STUDY OF LOCOMOTION AND CUTANEOUS REFLEXES IN THE SAME CAT 
BEFORE AND AFTER SPINALIZATION. M. Bé langer, T. Drew, J.  
Provencher* and S. Rossignol. Centre de Recnerche en Sciences 
Neurologiques, Dept de Physiol. ,  Univ. de Montré al,  Montré a l , 
Quebec, Canada, H3C-3J7.

Adult cats can recuperate the ab il i ty  to walk following 
spinalization at T13 (Rossignol e t .  a l .  Soc Neurosci Abstr. 8, 168, 
1982). The present study set out to detail the locomotor activity 
in the same chronically implanted cat before and after  
spinalization.

Electromyograms (EMGs) were recorded from flexor and extensor 
muscles of the hindlimbs. Synchronized video recordings were made 
while the cat walked on a treadmill (V=0.3-0.6 m/s) with ei ther  all 
four limbs or with the hindlimbs only (the forelimbs being placed 
on a board about 2 cm above the treadmill be l t ) .  Post- 
spinal ization recordings were made as in the l a t te r  case. For 
reflex studies , electrical stimulation (2xT) was applied to the 
skin of the dorsum of the ca t 's  paw or to the superficial peroneal 
nerve with chronically implanted electrodes.

The EMGs and joint excursion patterns of the pre- and post- 
spinalized walking were remarkably similar at comparable 
velocities. However, the f iring of the Semitendinosus (St),  which 
discharged at the beginning of swing before the spinalization, was 
delayed so that knee flexion was retarded and some dragging of the 
foot was observed. The Sartorius (Srt) ,  which discharged only as a 
flexor before spinalization,  showed an additional large burst of 
activity  in the stance after  spinalization.  This could, in part,  be 
att ributed  to walking with the hindlimbs only, since such stance 
related activi ty  could be seen, to a lesser degree, in the pre- 
spinalization period under similar walking conditions. Similarly, 
this interpretation could also apply to the observation that the 
Vastus Lateralis activity t ra i led  the discharge in Gastrocnemius 
Lateralis af ter  spinalization.

The post-spinalization reflex threshold was reduced to 
approximately half of the pre-spinal ization values for both the 
dorsum and superficial peroneal nerve. However, the latencies and 
amplitudes of the pre- and post-spinalized reflex responses were 
similar . Flexors were fac i l i ta ted  during the swing phase whereas 
the response in the extensors consisted in an inhibition followed 
by an excitation during the stance phase. Excitatory reflex 
responses were found in the Srt during both phases of the step 
cycle after  spinalization.

In conclusion, the chronically implanted preparation allows a 
rigorous comparison of locomotion under normal and spinal 
conditions in the same cat.  The in i t ia l  findings show that the EMG 
and joint excursion patterns as well as the reflex responses are 
not grossly altered after  spinalization.  (Funded by the Canadian 
MRC, T.D. funded by FRSQ and M.B. supported by NSERC).

241.14 THE PYRAMIDAL TRACT MODULATES SPINAL REFLEXES IN THE IN VITRO 
HAMSTER SPINAL CORD. J .  Keifer and K. Kali l . Neurosciences 
Training Program and Dept. of Anatomy, University of Wisconsin, 
Madison, WI 53706.

The pyramidal trac t  (PT) of the hamster projects from the 
sensorimotor cortex to all contralateral spinal cord segments 
within which i t  innervates interneurons in dorsal horn lamina V 
and VI. Based on a kinematic analysis of locomotion of normal 
hamsters and of those with lesions of the PT, we proposed that 
the PT regulates the stiffness of the limb through the modulation 
of sensory inputs during movements in which sensory feedback is 
continually variable, for example, during locomotion on rough 
terrain  (Soc. Neurosci. Abs. 11:1030, 1985). In support of the 
hypothesis that the PT regulates sensory inputs in the spinal 
cord, we now present physiological evidence that the PT modulates 
spinal reflexes in an in vitro hamster medulla-spinal cord 
preparation.

The in vitro  medulla-spinal cord preparation from hamsters up 
to three weeks of age consisted of the medulla cut caudal to the 
inferior  colliculus, the cervical enlargement, and attached 
dorsal roots (DR) and ventral roots (VR). The cord was 
hemisected, superfused with oxygenated saline at  30°C, and 
remained viable for a t  leas t  six hours. Suction electrodes were 
used to stimulate a DR and record from the VR of the same 
segment. Two reflexes could be evoked in this manner: the large 
monosynaptic spike, and a higher threshold polysynaptic volley. 
Stimulation of a DR while recording a DR immediately rostral to 
i t  produced a volley of action potentials character ist ic of the 
dorsal root reflex (DRR). Since the PT l ies  on the ventral 
surface of the medulla, a stimulating suction electrode could be 
placed on the contralateral PT. The effect  of PT stimulation on 
reflex transmission was tested by stimulating the PT (400 Hz, .3 
msec duration pulses, 50 msec train) a t  varying delays prior to 
evoking a reflex.  The results show that the amplitude of the 
monosynaptic reflex is  progressively diminished when preceded by 
PT stimulation a t  shorter delays. Similarly, PT stimulation also 
inhibits and eventually blocks the polysynaptic volley. However, 
in contrast,  the PT fac i l i ta te s  the DRR by lowering i t s  threshold 
sl ightly . Furthermore, repeated stimulation of the PT alone may 
also induce ei ther  tonic or phasic antidromic action potentials 
in the dorsal roots. The modulation of spinal reflexes by the PT 
in the in vitro  spinal cord provides evidence that the PT makes 
the appropriate synaptic connections consistent with a role in 
the regulation of sensory inputs in the spinal cord. Intra
cellu lar  experiments are currently in progress to determine 
whether the PT exerts i t s  influence upon sensory inputs by a 
presynapti c or a postsynaptic mechanism.

Supported by NSF Grant BNS-8311517 and NIH Grant NS-14428.

241.15 DIFFERENTIAL MOTOR UNIT RECRUITMENT IN THE PRIMARY DOWNSTROKE 
MUSCLE OF THE PIGEON ( COLUMBA LIVIA) DURING FLIGHT. K. P . D ia l* ,  
F . A. J e n k in s ,  J r . * ,  G. E . G oslow , J r . * ,  S . R. K a p la n * . (SPON: 
R. A. S a t t e r l i e ) .  B io lo g y ,  N o r th e rn  A r iz o n a  U n iv . ,  F l a g s t a f f ,  AZ 
86011 and MCZ, H a rv a rd  U n iv . ,  C am bridge , MA 0 3 1 2 8 .

The p ig e o n  p e c t o r a l i 9 m u sc le  c o n s t i t u t e s  25-35% o f  th e  b i r d ’ s 
t o t a l  body w e ig h t  b u t  i s  u s u a l l y  r e g a rd e d  a s  m e c h a n ic a l ly  s im p le  
i n  t h a t  i t  i s  th e  p r im a ry  d e p r e s s o r  o f  th e  w ing  d u r in g  f l i g h t .  
A r c h i t e c t u r a l l y  th e  m u sc le  i s  com plex  and  v i s u a l l y  i s  d iv id e d  i n to  
an  a n t e r i o r  and p o s t e r i o r  p o r t i o n  by th e  a lig n m e n t  o f  i t s  
c o n s t i t u e n t  m u sc le  f i b e r s .  T hese  r e g io n s  a r e  e a ch  in n e r v a te d  by 
d i s t i n c t  p r im a ry  n e rv e  b r a n c h e s .  I n  f o u r  b i r d s ,  g ly c o g e n  
d e p le t i o n  m ethods o f  n e rv e  s t i m u l a t i o n  (up  to  n in e  h r s )  r e v e a l e d  
e a c h  n e rv e  b ra n c h  to  b e  a s s o c i a t e d  w i th  f i b e r s  p r im a r i l y  l o c a t e d  
i n  th e  a n t e r i o r  and p o s t e r i o r  r e g i o n s .  M uscle  f i b e r s  w ere  
d e p le t e d  i n  th e  a n t e r i o r  com partm en t i n  two e x p e r im e n ts  and th e  
p o s t e r i o r  co m p artm en t i n  two e x p e r im e n ts .  E n d u ran ce  
c a p a b i l i t i e s  o f  th e  p e c t o r a l i s  f i b e r s  n e c e s s i t a t e d  a  v a r i e d  
s t i m u l a t i o n  p a ra d ig m  c o u p le d  w i th  m u sc le  i s c h e m ia .  H is to c h e m ic a l  
a n a ly s e s  o f  m y o f i b r i l l a r  ATPase a c t i v i t y  ( a l k a l i n e  p r e in c u b a to n ,  
a t  pH 1 0 .4 )  and  o x i d a t i v e  enzyme a c t i v i t y  (NADH-D) r e v e a l e d  th e  
p r e s e n c e  o f  f a s t ,  r e d  f i b e r s  (FOG) and  f a s t  w h i te  f i b e r s  (F G ).

E le c t ro m y p g ra p h ic  a c t i v i t y  (EMG) was m ea su red  i n  e a c h  o f th e  
two co m p artm en ts  d u r in g  t a k e o f f ,  s u s ta i n e d  f l i g h t ,  and  la n d in g .  
E i th e r  s i l v e r  w ir e  ( 100 um) o r  t e f l o n  c o a te d ,  15 s t r a n d e d  
s t a i n l e s s  s t e e l  w i r e  (254um) was s u r g i c a l l y  im p la n te d  i n  10 a d u l t  
p ig e o n s  t r a i n e d  to  f l y  a lo n g  a  100m c o r r i d o r .  EMGs w ere 
t e l e m e te r e d  i n  f i v e  e x p e r im e n ts .  EMGs c o u p le d  w i th  
c in e m a to g ra p h y  (64  -  200 f p s )  r e v e a l e d  d i f f e r e n t i a l  a c t i v i t y  i n  
th e  two p e c t o r a l i s  c o m p artm en ts  d u r in g  f l i g h t .  B oth  co m p artm en ts  
w ere  m ost a c t i v e  d u r in g  t a k e o f f  and la n d in g ,  when p resu m a b ly  
pow er r e q u i r e m e n ts  a r e  g r e a t e s t .  D u rin g  s u s t a i n e d  f l i g h t  EMG 
a m p li tu d e s  d im in is h e d  s i g n i f i c a n t l y  i n  b o th  c o m p a rtm e n ts . 
A c t iv i t y  l e v e l s  w i t h in  th e  p o s t e r i o r  c o m p artm en t, h o w ev er, showed 
r e l a t i v e l y  m ore r e d u c t io n .  T hese  d a ta  s u p p o r t  d i f f e r e n t i a l  
r e c r u i tm e n t  p a t t e r n s  w i t h in  two co m p artm en ts  i n  a  s i n g l e  m u sc le  
and f u r t h e r ,  a s  t ru n k  o r i e n t a t i o n  r e l a t i v e  to  th e  a x i s  o f  th e  
w ing  c h a n g e s ,  m o to r u n i t  a c t i v a t i o n  p a t t e r n s  w i t h in  t h e s e  two 
c o m p artm en ts  ch an g e  d i f f e r e n t i a l l y .  S u p p o r te d  by NSF G ra n t 
BSR 8511867 .

241.16 IS  THE BASIC OUTPUT OF THE LOCOMOTOR CPG TO FLEXOR AND EXTENSOR 
MUSCLES SYMMETRICAL? EVIDENCE FROM WALKING, SWIMMING AND EMBRYONIC 
MOTILITY IN CHICKS. A. B e k o f f . EPO B io lo g y  D e p t . ,  U n iv e r s i ty  of 
C o lo ra d o , B o u ld e r ,  CO 80309.

In  a  w ide  v a r i e t y  o f  a n im a ls ,  a sy m m e tric  d u r a t i o n  v e r s u s  period 
r e l a t i o n s h i p s  a r e  s e e n  f o r  f l e x o r s  and e x te n s o r s  d u r in g  w alk ing . 
T h a t i s ,  e x te n s o r  b u r s t  d u r a t i o n  te n d s  t o  i n c r e a s e  w i th  in creasin g  
p e r i o d ,  w h i le  f l e x o r  b u r s t  d u r a t i o n  s t a y s  r e l a t i v e l y  c o n s ta n t .  I t  
h a s  b een  s u g g e s te d  t h a t  t h i s  f e a t u r e  i s  a  c h a r a c t e r i s t i c  o f  the 
c e n t r a l  p a t t e r n  g e n e r a to r  (CPG) f o r  lo c o m o tio n . H ow ever, re c e n t  
e v id e n c e  from  s e v e r a l  p r e p a r a t i o n s ,  in c lu d in g  an  a n a ly s i s  o f  
w a lk in g  and h a tc h in g  i n  d e a f f e r e n t e d  c h ic k s  (B e k o ff ,  1982, Soc. 
N e u r o s c i .  A b s t r . 8 : 738; B ek o ff  e t  a l . ,  s u b m itte d )  h av e  su g g ested  
t h a t  t h e s e  r e l a t i o n s h i p s  c an  become sy m m e tr ic a l  o r  ev en  re v e rs e d  
a f t e r  s e n s o r y  in p u t  from  th e  lim b  i s  rem oved o r  a l t e r e d .

The p r e s e n t  s tu d y  was u n d e r ta k e n  to  e v a lu a t e  a  p o s s ib l e  r o le  
f o r  s e n s o ry  in p u t  r e l a t e d  to  lo a d  d e t e c t io n  i n  r e g u l a t i n g  b u r s t  
d u r a t i o n  v e r s u s  p e r io d  r e l a t i o n s h i p s  d u r in g  c h ic k  lo c o m o tio n . For 
t h i s  p u r p o s e ,  EMG e l e c t r o d e s  w ere  im p la n te d  i n  a  v a r i e t y  o f  leg  
m u sc le s  i n  0 to  1 day  o ld  c h ic k s .  R e c o rd in g s  w ere made d u r in g  free 
w a lk in g  down a  runw ay , a  s i t u a t i o n  i n  w hich  c y c l i c a l  lo a d in g  and 
u n lo a d in g  o f  t h e  l e g s  o c c u r s .  T h ese  w ere  com pared to  r e c o rd in g s  
made d u r in g  swimm ing, a  s i t u a t i o n  i n  w hich  buoyancy  o f  th e  ch ick  
i n  t h e  w a te r  e l i m in a te s  c y c l i c a l  lo a d in g  and u n lo a d in g  o f  th e  legs. 
In  c o n t r a s t  t o  th e  r e s u l t s  s e e n  d u r in g  w a lk in g ,  d u r in g  swimming 
th e  f l e x o r  b u r s t  d u r a t i o n s  w ere  fo u n d  to  v a ry  a s  much a s ,  o r  more 
th a n ,  e x te n s o r  b u r s t  d u r a t i o n s .  A n o th e r s i t u a t i o n  i n  w hich  th e  
l e g s  a r e  n o t  lo a d e d  i s  found  d u r in g  em b ry o n ic  m o t i l i t y ,  w hich  
o c c u rs  w h i le  em bryos f l o a t  i n  th e  a m n io t ic  f l u i d .  EMG re c o rd in g s  
i n  9 -d a y  o ld  em bryos p ro d u ce d  r e s u l t s  s i m i l a r  t o  th o s e  found 
d u r in g  swimming.

Taken to g e t h e r  w i th  t h e  r e s u l t s  o f  th e  d e a f f e r e n t a t i o n  s tu d ie s ,  
th e s e  r e s u l t s  s u g g e s t  t h a t  t h e  b a s i c  o u tp u t  o f  th e  lo co m o to r CPG 
r e s u l t s  i n  s y m m e tr ic a l  d u r a t i o n  v e r s u s  p e r io d  r e l a t i o n s h i p s  fo r  
f l e x o r s  and  e x t e n s o r s .  F u r th e rm o re ,  i t  a p p e a r s  t h a t  s e n s o ry  
in fo r m a t io n  r e l a t e d  t o  lo a d  n o rm a lly  p la y s  a  r o l e  i n  r e g u l a t i n g  
b u r s t  d u r a t i o n s  d u r in g  w a lk in g ,  r e s u l t i n g  i n  a s y m m e tr ic a l  d u ra t io n  
v e r s u s  p e r io d  r e l a t i o n s h i p s  f o r  f l e x o r s  and e x te n s o r s .

T h is  r e s e a r c h  h a s  b e e n  g e n e ro u s ly  s u p p o r te d  by a  Jo h n  Simon 
Guggenheim  F e l lo w s h ip ,  NSF g r a n t  79 -13826 and NIH g r a n t  NS 20310.
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241.17 CONTRAVERSIVE CIRCLING ELICITED FROM THE INTERNAL CAPSULE AND 
VENTRAL TEGMENTUM: EVIDENCE FOR A CONTINUOUS FOREBRAIN PATHWAY 
FOR LATERAL MOVEMENT. E .J .  Tehovnik and J .S .  Yeomans, Departm ent 
o f P sychology, U n iv e rs ity  o f T o ron to , T o ron to , O n ta r io , Canada, 
M5S 1A1.

E l e c t r i c a l  s t im u la t io n  o f th e  an te ro m ed ia l c o r te x  produces 
c o n tra v e r s iv e  eye movements, head tu r n s ,  and c i r c l i n g  ( F e r r i e r ,  
1874; Sinnamon and G a le r, 1984; Tehovnik and Yeomans, in  p r e p . ) .  
M oreover, th e se  movements can be e l i c i t e d  from many d ie n c e p h a lic  
s i t e s ,  such as th e  in t e r n a l  c a p su le , f i e ld s  o f  F o re l ,  and th e  
v e n t r a l  tegmentum (H ess, 1957). A lthough much i s  known abou t how 
th e se  s i t e s  a re  in te rc o n n e c te d  a n a to m ic a lly , th e re  i s  l i t t l e  
in fo rm a tio n  a v a i la b le  on how th ey  a re  in te rc o n n e c te d  fo r  th e  
p ro d u c tio n  of th e  l a t e r a l  movements (Bender and S hanzer, 1964; 
H ess, 1957).

We used th e  d o u b le -p u lse  te ch n iq u e  (S h izg a l e t  a l . ,  1982) to  
d e term ine  w hether axons pass  between th e  in t e r n a l  cap su le  m edial 
to  th e  cau d a te  (IC ) and v e n t r a l  tegmentum (VT) fo r  th e  
e l i c i t a t i o n  o f c o n tra v e rs iv e  c i r c l i n g .  In  r a t s ,  p a ire d  p u lse s  
(c o n d itio n in g  p u ls e s  ' C' and t e s t  p u lse s  ' T ') were p re sen ted  
c o n c u rre n tly  to  th e se  s u b s t r a te s  w h ile  h o ld in g  b e h a v io ra l o u tp u t 
(one 360 deg ree  body tu rn  in  10 s )  c o n s ta n t .  The in t r a p u ls e - p a i r  
(C-T) in t e r v a l  was tra d e d  o f f  a g a in s t  frequency  of p a ire d  p u ls e s .  
I t  was found th a t  a t  s h o r t  C-T in t e r v a l s  (0 .2  to  1 .0  m s), h igh  
f re q u e n c ie s  were re q u ire d  to  produce one body tu r n ,  whereas a t  
long  C-T in t e r v a l s  (4 .0  to  10.0 ms) low f re q u e n c ie s  were 
r e q u ir e d .  T his su g g e s ts  th a t  c o l l i s i o n  of s t im u la t io n - e l i c i t e d  
a c t io n  p o te n t ia l s  o ccu rred  a t  s h o r t  b u t n o t a t  long C-T 
i n t e r v a l s .  Between 30 and 80% c o l l i s i o n  was found. These d a ta  
su p p o rt th e  c o n te n tio n  th a t  axons p ro je c t in g  between th e  IC and 
VT m edia te  c o n tra v e r s iv e  c i r c l i n g .

In  a d d i t io n ,  r e f r a c to r y  p e r io d s  and conduc tion  v e l o c i t i e s  were 
determ ined  f o r  th e se  axons. The r e f r a c to r y  p e r io d s  ranged from 1 
to  7 ms, w hich a re  s im i la r  to  r e f r a c to r y  p e rio d s  of axons in  th e  
an te ro m ed ia l c o r te x  (Tehovnik and Yeomans, in  p r e p . ) .  The 
co n duc tion  v e l o c i t i e s  ranged from 1 to  5 m /s, w hich a re  much 
slow er th a n  th o se  found fo r  axons m ed ia ting  c i r c l i n g  in  th e  
m ed ia l pons (Yeomans and L inney, 1984). C o ll is io n  between th e  
an te ro m ed ia l c o r te x  and IC o r VT has n o t y e t been found.

(S upported  by NSERCC g ra n t A7077 to  J .  Y. and NSERCC 
p re d o c to ra l fe l lo w sh ip  to  E. T .)

241.18 RECOVERY OF FUNCTION FOLLOWING BRAIN INJURY IN RAT AND 
CAT: BENEFICIAL EFFECTS OF PHENYLPROPANOLAMINE. M .J. 
C hen*, R .L . S u t to n ,  and D.M. F e e n e y . D e p a r tm e n ts  o f 
P sy c h o lo g y  and P h y s io lo g y ,  UNM, A lb u q u e rq u e , NM, 87131 .

B oth  am phetam ine  (AMP) and  p h e n te rm in e  (PHENT) 
a c c e l e r a t e  r e c o v e r y  o f  lo c o m o to r  a b i l i t y  i n  r a t s  and 
c a t s  w i th  u n i l a t e r a l  s e n s o r im o to r  o r  f r o n t a l  c o r te x  
a b l a t i o n s  ( 1 , 2 , 3 ) .  S in c e  p h e n y lp ro p a n o la m in e  (PPA) i s  
b o th  s t r u c t u r a l l y  and f u n c t i o n a l l y  s i m i l a r  t o  AMP, t h e  
e f f e c t  o f  t h i s  d ru g  on r e c o v e r y  was t e s t e d  i n  r a t s  w ith  
u n i l a t e r a l  s e n s o r im o to r  c o r t e x  a b l a t i o n s .  R a ts  w ere  
t r a i n e d  t o  t r a v e r s e  a n a rro w  e le v a te d  beam , s u r g e r y  was 
p e r fo rm e d ,  and 24 h r  l a t e r  th e y  w ere  i n j e c t e d  ( IP )  w ith  
PPA a t  d o s e s  o f  10 (n= 1 1 ) ,  15 (n = 1 0 ), o r  20 (n= 1 1 ) 
m g/kg o r  s a l i n e  (SAL; n = 1 0 ) . T e s ts  on th e  beam w ere 
g iv e n  h o u r ly  f o r  6 h r  and a t  24 h r  p o s t i n j e c t i o n  and 
th e n  e v e r y  o th e r  day  f o r  15 d a y s .  O nly th e  15 & 20 
m g/kg d o s e s  s i g n i f i c a n t l y  (p < .0 5 )  a c c e l e r a t e d  r e c o v e r y  
com pared  t o  s a l i n e  c o n t r o l s ,  w ith  th e  15 m g/kg d o se  
b e in g  m o st e f f e c t i v e .  S u b s e q u e n t t o  t h i s  s tu d y  t h e  15 
m g/kg d o s e  o f  PPA was t e s t e d  in  c a t s .  T hese  a n im a ls  
w ere  t e s t e d  f o r  b e am -w alk in g  a b i l i t y  and  fo r e l im b  
t a c t i l e  p l a c in g  (TP) r e s p o n s e s  f o r  1 week p r i o r  t o  
s u r g i c a l  rem o v a l o f  t h e  r i g h t  f r o n t a l  c o r t e x .  A f te r  
s u r g e r y  b e h a v i o r a l  t e s t s  w ere  c o n d u c te d  on d a y s  4 , 6 , 
and  8 . A f te r  a  p re d ru g  t e s t  on d a y s  1 0 , 1 4 , 1 8 , 22 , 
2 6 , and  30 c a t s  w ere  a d m in is te r e d  PPA (n= 4) o r  SAL 
(n= 4) and a d d i t i o n a l  t e s t s  w ere  c o n d u c te d  a t  1 , 2 , 3 , 
6 , 24 and 48 h r  p o s t i n j e c t i o n .  F u r th e r  t e s t s  on th e  
beam and TP w ere  c o n d u c te d  on d a y s  31 , 3 5 , 40 , 50 , and 
6 0 . T h is  d o s e  o f  PPA d id  n o t  r e i n s t a t e  TP r e s p o n s e s  in  
t h e  f o r e l im b  c o n t r a l a t e r a l  t o  i n j u r y  a s  b o th  AMP (4) 
and PHENT (3 ) h av e  b een  shown t o  do in  c a t s .  A lth o u g h  
a t r e n d  f o r  im proved  r e c o v e r y  in  b eam -w alk in g  a b i l i t y  
was e v id e n t  in  P P A - tre a te d  c a t s  from  th e  2nd t o  5 th  
i n j e c t i o n s ,  r e c o v e r y  l e v e l s  w ere  n o t  s t a t i s t i c a l l y  
d i f f e r e n t  from  SAL c o n t r o l s  o v e r  t h e  e n t i r e  60 d a y s  o f  
th e  s tu d y  due t o  t h e  l a r g e  v a r i a b l i t y  o f  r e s p o n s e s  
w i th in  e a c h  o f  t h e  g ro u p s .  F u r th e r  r e s e a r c h  w ith  PPA 
and  o t h e r  c a te c h o la m in e  a g o n i s t s  seem s w a r ra n te d  g iv e n  
th e  p a u c i t y  o f  r a t i o n a l  p h a rm a c o th e r a p ie s  f o r  in d u c in g  
r e c o v e r y  o f  f u n c t io n  f o l lo w in g  b r a in  dam age.
1 . F e e n ey , e t  a l . ,  S c ie n c e , 2 1 7 , 85 5 , 1982 .
2 . F een ey  & H ovda, P sy ch o p h arm . , 7 9 , 6 7 , 1983 .
3 . Hovda & F e e n ey , B ra in  R e s . , 2 9 8 , 3 58 , 1984 .
4 . H ovda, e t  a l . ,  FASEB A b s t r a c t s , 4 2 , 1983 .
(S u p p o r te d  by G ra n t #DHHS 3 S06 RR08139 and fu n d s  
s u p p l ie d  by Thompson M ed ic a l Com pany).

241.19 BILATERAL COORDINATION OF STEPPING MOVEMENTS OF 7-MONTH-OLD HUMAN 
INFANTS ON A SPLIT-BELT TREADMILL. E. T he len , D.B. U lric h *  and 
D. N ile s * . D epartm ent o f Psycho logy , In d ia n a  U n iv e r s ity , 
B loom ington, IN 47405.

Seven-m onth-old human in f a n ts  norm ally  perform  few , i f  any , s te p 
p ing  movements when h e ld  u p r ig h t .  However, when su ppo rted  on a 
t r e a d m i l l ,  th e se  in f a n t s  show w e ll - c o o rd in a te d , a l t e r n a t in g  s te p 
in g  movements, su g g e s tin g  th a t  e lem ents o f  locom otor p a t te r n  
g e n e ra tio n  a r e  in  p la c e  b e fo re  th e  b eh a v io r i s  v o lu n ta r i l y  perform 
ed . (T h e len , E . Dev. P s y c h o l . , in  p r e s s ) .

H ere we in v e s t ig a t e  th e  b i l a t e r a l  c o o rd in a tio n  o f e l i c i t e d  s te p 
p ing  u s in g  a  s p l i t - b e l t  t r e a d m i l l  w here th e  speeds cou ld  be in d e
p en d e n tly  v a r ie d .  When m esencephalic  o r  s p in a l  c a ts  (K u lag in , A .S. 
& S h ik , M.L. B iophys. ,  15 :171 , 1970; F o rssb e rg , H ., e t  a l , A cta 
Ps y i o l .  S c a n d ., 108 :283, 1980) a r e  p laced  on tr e a d m i l ls  w ith  two 
b e l t  sp e e d s , h in d lim b s w i l l  m a in ta in  a  common s te p  frequency  a t  a 
c y c le  le n g th  i n te rm e d ia te  betw een th e  f a s t  and slow  sp eed s . 
A djustm en ts a r e  made in  b o th  swing and s ta n c e  p h ases .

S u b je c ts  w ere norm al seven-m onth-o ld  i n f a n t s  who w ere h e ld  sup
p o r te d  over a  t r e a d m i l l  in  4 c o n d i tio n s : b o th  b e l t s  a t  .1  m/s 
(" s lo w " ) ; b o th  b e l t s  a t  .2  m /s ( " f a s t ” ) ;  and two c o n d itio n s  where 
one b e l t  was a t  th e  slow  and th e  o th e r  a t  th e  f a s t  speed ("m ixed”) , 
w ith  r i g h t  and l e f t  a l t e r n a t in g .  Each fo o t  was m ain ta in ed  on a 
s e p a ra te  b e l t .  Leg movements w ere ana lyzed  by a  WATSMART o p t i c a l -  
e l e c t r o n i c  d ig i t i z in g  system  w hich d e te c ts  in f r a re d  l i g h t - e m it t in g  
d io d e s  tap ed  to  th e  i n f a n t s '  j o i n t s .  Sampling r a t e  was 100 Hz. 
A n a ly s is  used  t h e  ex c u rs io n s  o f th e  fo o t in  th e  saggi t a l  p la n e .

I n f a n t s  perform ed a h ig h  p ro p o r tio n  o f s in g le ,  a l t e r n a t in g  s te p s  
in  a l l  c o n d i tio n s  (s low , .7 6 ; f a s t ,  .9 0 ; m ixed, .7 4 , .7 8 ) .  S tep  
c y c le  d u ra t io n s  depended on b e l t  speed f o r  th e  slow  (2 .4 s )  and 
f a s t  ( 1 .8s) c o n d i t io n s .  Cycle d u ra t io n s  f o r  th e  2 mixed c o n d itio n s  
w ere e x a c t ly  in te rm e d ia te  (2 .1  and 2 .0  s ) .  I n i t i a t i o n  o f l e f t  
s te p s  occured  a t  47% and 56% o f th e  r i g h t  c y c le  in  th e  slow and 
f a s t  c o n d i t io n s .  In  th e  mixed c o n d i t io n s ,  th e  l e f t  le g  i n i t i a t e d  
swing a t  43% o f  th e  r i g h t  le g  c y c le  when th e  r i g h t  was on th e  
s low er b e l t ,  b u t a t  58% o f th e  c y c le  when th e  r i g h t  b e l t  was th e  
f a s t e r .  C ycle d u ra t io n  ad ju stm en ts  w ere made in  b o th  th e  swing 
and s ta n c e  ph ases  a s  to  m a in ta in  a  c o n s is te n t  phase  p ro p o r tio n  
in  a l l  c o n d i t io n s .

L ik e  c a t s ,  human in f a n t s  can  m a in ta in  p r e c i s e  b i l a t e r a l  c o o rd i
n a t io n  in  re sp o n se  to  v a ry in g  e x te rn a l  c o n d itio n s  a p p a re n tly  w ith 
o u t v o lu n ta ry  c o n t r o l .  T h is  s u g g e s ts  t h a t  th e  p a t te rn -g e n e ra t in g  
p ro c e s s e s  a r e  s e n s i t i v e  to  dynam ical c o n te x t and s e l f - c o r r e c t  to  
m a in ta in  g o a l -a p p ro p r ia te  b e h a v io r .

R esearch  su p p o rted  by NSF g ra n t BNS 85-09793 and NIH g ra n t 
RCDA HD-00492.
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242.1 DESCENDING SUPRASPINAL PATHWAYS NECESSARY FOR HINDLIMB LOCOMOTION 
IN BIRDS G.N. Sholom enko and J .D . S t e e v e s . D e p t . o f  Z o o l . ,  U n iv . o f  
B r i t i s h  C o lu m b ia , V an co u v er, B .C .,  C anada , V6T 2A9

The c o n t r o l  o f  v o lu n ta r y  lo co m o tio n  i s  d e p e n d en t on in fo r m a t io n  
t r a n s f e r  from  s u p r a s p in a l  n u c l e i  t o  lo co m o to r  p a t t e r n  g e n e r a to r s  
p r e s e n t  i n  t h e  s p in a l  c o rd .  C u r re n t  e v id e n c e  i n d i c a t e s  t h a t  t h e s e  
p a th w ay s  a r i s e  in  t h e  b r a in s te m  and t r a v e r s e  t h e  v e n t r a l  f u n i c u l i  
o f  t h e  s p in a l  c o rd  in  many v e r t e b r a t e  s p e c i e s  (E id e lb e rg  e t  a l . ,  
P ro g . N e u ro b io l .  1 7 :1 8 5 -2 0 2 , 1 9 8 1 ) . We h av e  exam ined  th e s e  pa th w ay s 
t o  t h e  h in d lim b  in  t h e  b i r d  u s in g  a  s e r i e s  o f  s e l e c t i v e  s p in a l  c o rd  
l e s i o n s .  The b i r d  i s  an i n t e r e s t i n g  a n im a l f o r  t h e  s tu d y  o f  lo c o 
m o tio n  f o r  two r e a s o n s .  F i r s t ,  i t  i s  a  t r u e  b ip e d  whose w a lk in g  
r e s e m b le s  t h a t  o f  human lo c o m o tio n . S eco n d , b i r d s  do n o t  p o s s e s s  
t h e  c o r t i c o s p i n a l  t r a c t  w hich  h a s  b een  im p l ic a te d  in  mammalian 
m o to r c o n t r o l .

Two ty p e s  o f  p r e p a r a t i o n s  w ere ex am in ed . In  t h e  f i r s t ,  s e l e c t i v e  
l e s i o n s  w ere made in  t h e  low t h o r a c i c  s p in a l  c o rd  in  c h ro n ic  s u r 
v iv in g  a n im a ls .  The l e s i o n s  in c lu d e d ;  l ) d o r s a l  c o rd  2 ) h e m is e c t io n  
3 ) d o r s a l  and  v e n tro m e d ia l  c o rd  4 ) d o r s a l  and b i l a t e r a l  v e n t r o l a t e r a l  
c o rd  5 ) s e c t i o n  o f  t h e  e n t i r e  c o rd  e x c e p t  one v e n t r a l  q u a d ra n t  and 
6 ) c o m p le te  t r a n s e c t i o n .  In  t h e  seco n d  p r e p a r a t i o n ,  t h e  above  s p in a l  
c o rd  l e s i o n s  w ere p e rfo rm e d  in  a c u te  d e c e r e b r a t e  a n im a ls  i n  w hich  
lo co m o tio n  was evoked  by b r a in s te m  s t i m u l a t i o n  ( S te e v e s  e t  a l . ,  in  
p r e s s ,  1 9 8 6 ). Locom otion  was m o n ito re d  in  b o th  p r e p a r a t i o n s  u s in g  
e le c t ro m y o g ra p h ic  (EMG) a c t i v i t y  in  h in d lim b  f l e x o r s  and  e x te n s o r s  
(W e in s te in  e t  a l . ,  Can. J .  Z o o l. 6 2 :1 5 9 6 -1 6 0 4 , 1 9 8 4 ).

Our r e s u l t s  showed t h a t  l e s i o n s  1 -4  (ab o v e ) h ad  l i t t l e  a f f e c t  on 
b i l a t e r a l  w a lk in g  a b i l i t y  i n  e i t h e r  th e  c h ro n ic  o r  a c u te  p r e p a r 
a t i o n s .  The l e s i o n  le a v in g  o n ly  a s in g l e  v e n t r a l  q u a d ra n t  i n t a c t  
(5) p r e v e n te d  o v e rg ro u n d  lo c o m o tio n  in  th e  c h ro n ic  a n im a ls .  However 
th e  b i r d s  w ere c a p a b le  o f  s ta n d in g  and  ta k in g  a  few s t e p s .  When 
f lo a t e d  on w a te r ,  th e y  w ere a b le  t o  p a d d le  in  a no rm al a l t e r n a t i n g  
p a t t e r n  v o l u n t a r i l y .  A cu te  b i r d s  w i th  t h e  same l e s i o n  showed 
s e v e r e ly  d e c re a s e d  f o r c e  p r o d u c t io n  on th e  s id e  c o n t r a l a t e r a l  t o  
t h e  i n t a c t  s id e  b u t  b i l a t e r a l  s te p p in g  was a g a in  p r e s e n t .  C h ro n ic  
b i r d s  w i th  a  c o m p le te  t r a n s e c t i o n  showed no v o lu n ta r y  lo co m o tio n  
b u t  d id  d e m o n s tra te  " s p in a l  s te p p i n g " .  The s te p p in g ,  w h ich  was n o t  
w e ig h t  s u p p o r t i n g ,  was s p o n ta n e o u s  o r  c o u ld  be e l i c i t e d  by  n o x io u s  
p e r i a n a l  o r  fo o tw eb  s t i m u l a t i o n .  T ra n s e c te d  a c u te  d e c e r e b r a t e  b i r d s  
showed no e l i c i t e d  s te p p in g  fo llo w in g  th e  l e s i o n  b u t  w ing f la p p in g  
c o u ld  be  evoked  a t  h ig h e r  s t i m u l a t i o n  i n t e n s i t i e s .

T h ese  r e s u l t s  i n d i c a t e  t h a t  t h e  same d e s c e n d in g  s u p r a s p in a l  
p r o j e c t i o n s ,  t h e  r e t i c u l o s p i n a l  and p o s s ib l y  v e s t i b u lo s p i n a l  
p a th w ay s  w hich  t r a v e l  i n  t h e  v e n t r a l  f u n i c u l u s ,  p l a y  a  m a jo r  r o l e  
i n  t h e  c o n t r o l  o f  lo c o m o tio n  i n  b i r d s  a s  in  mammals and  o t h e r  
lo w er v e r t e b r a t e s .

242.2  ORIGIN OF AVIAN SUPRASPINAL PATHWAYS PROJECTING TO THE SPINAL 
CORD. D.M .S. W eb ste r  and J .D . S t e e v e s . D e p t. o f  Z o o lo g y , U niv. 
o f  B r i t i s h  C o lum bia , V an co u v er, B .C . ,  V6T 2A9.

To com plem ent s tu d i e s  w hich  h ave  d e m o n s tra te d  t h a t  fo c a l  
e l e c t r i c a l  s t i m u l a t i o n  o f  d i s c r e t e  b ra in s te m  a re a  evokes 
lo c o m o tio n  (w a lk in g  and f l y i n g )  i n  d e c e r e b r a t e  b i r d s ,  th e  
o r i g i n s  o f  d e s c e n d in g  s p in a l  a x o n s w ere d e te rm in e d  by s p in a l  
c o rd  i n j e c t i o n s  o f  a  r e t r o g r a d e  t r a c e r  i n  w h i te  P e k in  d u ck s and 
Canada g e e s e .  T rue  b lu e  (TB) dye (5 %) was i n j e c t e d  b i l a t e r a l l y  
(5 -2 0  L) i n t o  e i t h e r  t h e  c e r v i c a l  o r  lu m b ar s p in a l  co rd . 
A f t e r  a s u r v i v a l  p e r io d  o f  10-20 d a y s , t r a n s v e r s e  o r  s a g i t t a l  
t i s s u e  s e c t i o n s  w ere exam ined u n d e r  a f l u o r e s c e n t  m ic ro sc o p e .

TB l a b e l l e d  c e l l  b o d ie s  w ere  n e v e r  fo u n d  w i th in  the 
t e l e n c e p h a lo n .  P r e l im in a ry  e v id e n c e  i n d i c a t e s  t h a t  a  l a c k  o f 
t e l e n c e p h a l i c - s p i n a l  p r o j e c t i o n s  i s  a l s o  c h a r a c t e r i s t i c  of 
h ig h ly  p r e h e n s i l e  p a r r o t s  ( S te e v e s  e t  a l . ,  i n  p r e p . ) .  I n  the  
b r a in s te m ,  th e  d i s t r i b u t i o n  o f  TB l a b e l l e d  c e l l s  was s im i l a r  to  
t h a t  p r e v io u s ly  d e s c r ib e d  f o r  t h e  p ig e o n  (C a b o t, e t  a l .  Prog. 
B ra in  R es. 5 7 : 7 9 -1 0 8 , 1 9 8 2 ) . L a b e lle d  c e l l s ,  a f t e r  a lumbar 
i n j e c t i o n  o f  TB, w ere  fo u n d  i n  a l l  th e  b ra in s te m  n u c le i  
l a b e l l e d  a f t e r  a c e r v i c a l  i n j e c t i o n ,  i n c lu d in g ,  g ig a n to 
c e l l u l a r ,  m a g n o c e l lu la r  and p a r v o c e l lu l a r  r e t i c u l a r  fo rm a tio n , 
l a t e r a l  and d e s c e n d in g  v e s t i b u l a r ,  r a p h e ,  re d  n u c le u s , 
i n t e r s t i t i a l ,  s u b t r ig e m in a l ,  lo c u s  c o e r u l e u s ,  s u b c o e ru le u s  and 
l a t e r a l  r e t i c u l a r  n u c le u s ,  e x c e p t  t h e  n u c le u s  i n t e r c o l l i c u l a r i s .

In  f u r t h e r  e x p e r im e n ts ,  TB was i n j e c t e d  i n t o  more 
r e s t r i c t e d  a r e a s  o f  t h e  c r o s s - s e c t i o n a l  lum bar s p in a l  c o rd . To 
p r e v e n t  r e t r o g r a d e  t r a n s p o r t  a lo n g  s p e c i f i c  s p in a l  cord 
f u n i c u l i ,  th e  s p in a l  c o rd  was l e s io n e d  ( s u b - t o t a l l y )  a t  l e a s t  
1 .0  cm r o s t r a l  to  th e  i n j e c t i o n  s i t e .  L a b e lle d  TB c e l l s  were 
mapped f o l lo w in g  e i t h e r  s e c t i o n in g  th e  d o r s a l  h a l f  o f  th e  
s p in a l  c o rd ,  a  c o n t r a l a t e r a l  h e m is e c t io n ,  o r  a  t h r e e - q u a r te r  
l e s i o n  s p a r in g  o n ly  t h e  i p s i l a t e r a l  v e n t r a l  q u a d ra n t .  R e s u lts  
i n d i c a t e  t h a t  a x o n a l  p r o j e c t i o n s  i n c lu d e ,  r a p h e - s p in a l  i n  both 
d o r s a l  and v e n t r a l  f u n i c u l i ,  c ro s s e d  r u b r o s p in a l  in  
d o r s o l a t e r a l  f u n i c u l i ,  b i l a t e r a l  c e r u l o s p in a l ,  v e s t i b u lo s p i n a l  
i n  th e  v e n t r a l  f u n i c u l i  and b i l a t e r a l  r e t i c u l o s p i n a l  p r im a r i ly  
i n  th e  v e n t r a l  f u n i c u l i .

The p o s i t i o n  o f  t h e  l a b e l l e d  r e t i c u l o s p i n a l  c e l l s  
c o rr e s p o n d  w i th  t h o s e  b r a in s te m  a r e a s  w here lo c o m o tio n  can  be 
evoked and th e y  may be one o f  t h e  m ajo r d i r e c t  d escen d in g  
p r o j e c t i o n s  f o r  th e  a c t i v a t i o n  o f  s p in a l  m o to r n e tw o rk s .

242.3 THE MESENCEPHALIC LOCOMOTOR REGION. I .  PROJECTIONS TO RETICULO
SPINAL NEURONS. E . G a r c ia  R i l l  and  R. D. S k in n e r . D e p t . o f  
Anatom y, U n iv . o f  A rk a n sa s  f o r  M ed ica l S c i e n c e s ,  L i t t l e  R ock, AR 
72205

P r e v io u s  a n a to m ic a l  s t u d i e s  i n  o u r  l a b o r a t o r i e s  h av e  
e s t a b l i s h e d  t h a t  a  m a jo r  d e s c e n d in g  p r o j e c t i o n  o f  th e  
m e s e n c e p h a lic  lo co m o to r  r e g io n  (MLR) t r a v e l s  t o  th e  m e d io v e n tr a l  
m e d u l la  (B ra in  R e s . B u l l .  1 0 , 1 9 8 3 ) . S u b s e q u e n tly ,  we r e p o r t e d  
t h a t  e l e c t r i c a l  and  c h e m ic a l  a c t i v a t i o n  o f  t h i s  m e d u l la ry  r e g io n  
p ro d u c e d  lo c o m o tio n  i n  t h e  p r e c o l l i c u l a r - t r a n s e c t e d  c a t  (A n a t. 
R ec . 2 1 1 , 1 9 8 5 ) . The p r e s e n t  s t u d i e s  w ere  d e s ig n e d  t o  d e te rm in e d  
i f  MLR a f f e r e n t s  t o  t h e  m e d io v e n tr a l  m e d u lla  i n f lu e n c e  
r e t i c u l o s p i n a l  n e u ro n s .  A f t e r  h a lo th a n e  i n d u c t i o n ,  a 
p r e c o l l i c u l a r - p o s t m a m i l l a r y  b r a in s te m  t r a n s e c t i o n  was p e rfo rm e d  in  
a d u l t  c a t s .  The MLR was p h y s io l o g ic a l ly  i d e n t i f i e d  by th e  a b i l i t y  
t o  in d u c e  c o n t r o l l e d  lo c o m o tio n  on a  t r e a d m i l l  u s in g  h ig h  
f re q u e n c y  (2 0 -6 0 H z ) , low  a m p l i tu d e  c u r r e n t  (1 5 -6 0 μA) p u l s e s  
( 0 .5 - 1 .0  ms). E x t r a c e l l u l a r  r e c o r d in g s  (n=233) th e n  w ere c a r r i e d  
o u t  i n  t h e  m e d io v e n tr a l  m e d u l la .  C r i t e r i a  f o r  a n tid r o m ic  
i d e n t i f i c a t i o n  o f  r e t i c u l o s p i n a l  c e l l s  fo llo w in g  v e n t r o l a t e r a l  
f u n ic u l u s  s t i m u l a t i o n  (C 2 ), i n c lu d e d  h ig h  f re q u e n c y  fo llo w in g  
(> 300H z), i n v a r i a n t  l a t e n c y  (± 0 .2  ms) and c o l l i s i o n .  A l a r g e  

p r o p o r t io n  (47%) o f  a l l  t h e  n e u ro n s  sam pled  i n  th e  m e d io v e n tr a l  
m e d u lla  (P 6 . 5 - 9 . 5 ,  L 1 . 0 - 2 . 0 ,  H - 7 .0 - - 9 .0 )  w ere fo u n d  t o  r e s p o n d  
o r th o d r o m ic a l ly  t o  MLR s t i m u l a t i o n  a t  s h o r t  l a t e n c y  (3 .0 6 ± 1 .4 9  
S .D . m s) . Of t h e s e ,  32% r e c e iv e d  in p u t  from  b o th  MLRs. O ver one 
t h i r d  (34%) o f  m e d io v e n tr a l  m e d u lla  n e u ro n s  w ere  fo u n d  t o  p r o j e c t  
t o  t h e  s p in a l  c o rd  th ro u g h  th e  v e n t r o l a t e r a l  f u n ic u l u s  ( a n t id ro m ic  
l a t e n c y  1 .5 6 ±1 .0 9  S .D . m s ) . One h a l f  o f  t h e s e  r e t i c u l o s p i n a l  
c e l l s  (17% o f  t o t a l  p o p u la t io n )  w ere  fo u n d  a l s o  t o  r e s p o n d  
o r th o d r o m ic a l ly  t o  MLR s t i m u l a t i o n .  In  some c a s e s ,  th e  t h r e s h o ld  
f o r  e v o k in g  o r th o d ro m ic  r e s p o n s e s  (one p u ls e )  was s i m i l a r  t o  th e  
t h r e s h o ld  f o r  in d u c in g  lo c o m o tio n  (h ig h  f r e q u e n c y ) . The r e g i o n a l  
d i s t r i b u t i o n  o f  t h e  c e l l s  s tu d i e d  c o r r e s p o n d s  w i th  t h e  a r e a  fo u n d  
t o  r e c e i v e  d e s c e n d in g  p r o j e c t i o n s  from  th e  MLR in  p r e v io u s  
a n a to m ic a l  e x p e r im e n ts .  In  some o f  t h e  p r e s e n t  e x p e r im e n ts ,  
lo c o m o tio n  w as in d u c e d  fo llo w in g  s t i m u l a t i o n  o f  t h e  hom ologous 
p o i n t  on th e  s id e  o f  th e  m e d u lla  c o n t r a l a t e r a l  t o  t h e  r e c o r d in g  
s i t e ( s ) .  T h ese  f in d i n g s  d e m o n s tra te  t h a t  d e s c e n d in g  MLR 
p r o j e c t i o n s  i n f l u e n c e  a  l a r g e  num ber o f  m e d io v e n tr a l  m e d u lla  
c e l l s ,  some o f  w h ich  h a v e  d i r e c t  s p in a l  p r o j e c t i o n s ,  and  s u g g e s t  
t h a t  t h i s  a r e a  i s  a  p r im a ry  r e l a y  i n  th e  m a n i f e s t a t i o n  o f  MLR 
f u n c t i o n .
S u p p o r te d  by NIH g r a n t  NS 20246.

242.4 THE MESENCEPHALIC LOCOMOTOR REGION. I I .  CHOLINERGIC NEURONS IN 
THE VICINITY OF LOCOMOTION-INDUCING SITES. R. D. S k in n e r ,  C. R. 
H ouser and  E . G a r c i a - R i l l . D e p t . o f  Anatom y, U n iv . o f  A rkansas 
f o r  M ed ica l S c ie n c e s ,  L i t t l e  Rock, AR 72205 and B ra in  R esea rch  
I n s t i t u t e ,  UCLA, Los A n g e le s , CA 90024

S tu d ie s  i n  s e v e r a l  l a b o r a t o r i e s  h av e  r e p o r t e d  t h a t  lo co m o tio n - 
in d u c in g  s t i m u l a t i o n  s i t e s  [ p h y s i o l o g ic a l l y  i d e n t i f i e d  a s  th e  
m e s e n c e p h a lic  lo c o m o to r  r e g io n  (MLR)] i n  th e  p r e c o l l i c u l a r  
t r a n s e c t e d  p r e p a r a t i o n  a r e  l o c a t e d  in  p r o x im ity  t o  t h e  p ed u n cu lo 
p o n t in e  n u c le u s  (PPN ). We r e p o r t e d  t h e  p r e s e n c e  o f  p a l l i d a l  and 
n i g r a l  p r o j e c t i o n s  t o  th e  MLR, a r e a s  known t o  p r o j e c t  t o  PPN. 
R e c e n t  im m unocy tochem ical f in d in g s  by s e v e r a l  g ro u p s  have  
d e m o n s tra te d  t h e  p r e s e n c e  o f  c h o l in e  a c e t y l t r a n s f e r a s e  (ChAT) 
c o n ta in in g  n e u ro n s  i n  PPN. In  o r d e r  t o  d e te rm in e  i f  th e  PPN forms 
p a r t  o f  th e  MLR, we c a r r i e d  o u t  th e  p h y s io l o g ic a l  i d e n t i f i c a t i o n  
o f  th e  MLR i n  t h e  same b r a i n s  s u b je c t e d  t o  ChAT 
im m unocytochemi s t r y . R a ts  w ere a n e s t h e t i z e d  w i th  h a lo th a n e  and a 
p r e c o l l i c u l a r  t r a n s e c t i o n  p e r fo rm e d . S e m im ic ro e le c tro d e s  (40μ 
t i p ,  250 KΩ r e s i s t a n c e )  w ere s t e r e o t a c t i c a l l y  in t r o d u c e d  i n to  the 
p o s t e r i o r  m id b ra in  u n t i l  c o n t r o l l e d  lo c o m o tio n  on a t r e a d m i l l  
c o u ld  b e  e l i c i t e d .  O nly  one d ro p  on e a c h  s id e  o f  t h e  b r a i n  was 
made and o n ly  t h e  lo w e s t  t h r e s h o ld  p o i n t  m arked  by DC le s io n  
( 2 -5 μA f o r  1 5-30  s e c ) . P e r f u s io n  and  im m u n o h is to ch em ica l 
p r o c e s s in g  w ere  c a r r i e d  o u t  a c c o r d in g  t o  p u b l is h e d  p ro c e d u re s  
(H ouser e t  a l , J .  Comp. N e u ro l.  234 , 1 9 8 5 ) . S t im u la t io n  s i t e s  

w hich  p ro d u c e d  c o n t r o l l e d  lo c o m o tio n  a t  low t h r e s h o ld s  ( 3 1 .9 ±13.1 
S .D . μA) w ere  l o c a t e d  i n  and  a ro u n d  ChAT l a b e l e d  c e l l  b o d ie s .  In 
s e v e r a l  c a s e s ,  t h e  m ark in g  l e s i o n  d e s t r o y e d  a  num ber o f  la b e le d  
c e l l s  a s  e v id e n c e d  by n e c r o t i c  a r e a s  s u r ro u n d e d  by  l a b e l e d  c e l l s .  
T h e re  was a  c o r r e l a t i o n  b e tw e en  t h r e s h o ld  and  th e  d i s t a n c e  away 
from  ChAT l a b e l e d  c e l l  g ro u p s .  D rops w hich  m is s e d  th e  PPN 
m e d ia l ly  o r  l a t e r a l l y  i n v a r i a b l y  showed h ig h e r  t h r e s h o ld s ,  w ith  
t h e  lo w e s t  t h r e s h o ld  a t  t h e  l e v e l  o f  t h e  n u c le u s .  D rops through 
th e  PPN showed v e ry  low t h r e s h o ld s  w i th in  t h e  n u c le u s ,  and lowest 
a t  th e  v e n t r a l  edge  o f  t h e  PPN. T h ese  f in d in g s  p r o v id e  e v id en ce  
s u g g e s t in g  t h a t  s t i m u l a t i o n  i n  t h e  a r e a  o f  t h e  PPN (a s  d e l in e a te d  
by  i t s  ChAT l a b e l e d  p o p u la t io n )  l e a d s  t o  c o n t r o l l e d  lo co m o tio n  on 
a  t r e a d m i l l  i n  t h e  p r e c o l l i c u l a r  p r e p a r a t i o n .  T h is  p r o v id e s  
f u r t h e r  s u p p o r t  f o r  t o  t h e  s u g g e s t io n  t h a t  th e  PPN i s  p a r t  o f  the  
MLR.
S u p p o r te d  by  NIH g r a n t  NS 20246.
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242.5 THE MESENCEPHALIC LOCOMOTOR REGION. I I I .  MORPHOMETRY OF CHAT 
LABELED CELLS IN THE VICINITY OF LOCOMOTION-INDUCING STIMULATION 
SITES. C. C o n rad * , C. C am p b e ll* , R. D. S k in n e r ,  C. R. H o u ser and  
E. G a r c i a - R i l l  ( sp o n . T . W. S c h o u l t z ) , D e p t . o f  Anatom y, U n iv . o f  
A rk an sas  f o r  Med. S c i . ,  L i t t l e  R ock, AR 72205 and  B r a in  R e se a rc h  
I n s t i t u t e ,  UCLA, Los A n g e le s , CA 90024.

A com panion  s tu d y  d e m o n s tra te d  t h e  r e l a t i o n s h i p  b e tw een  
lo c o m o tio n - in d u c in g  s i t e s  o f  t h e  m e s e n c e p h a l ic  lo co m o to r  
re g io n  (MLR) and c h o l in e  a c e t y l t r a n s f e r a s e  (ChAT) l a b e l e d  c e l l s  i n  
th e  p e d u n c u lo p o n t in e  n u c le u s  (PPN ). T is s u e  p r o c e s s e d  
im m u n o cy to ch em ica lly  f o r  ChAT was u se d  f o r  m o rp h o m e tr ic  a n a ly s i s  
o f  l a b e l e d  c e l l s .  S a g i t t a l  s e c t i o n s  th ro u g h  th e  a r e a  w ere  found  
to  y i e l d  t h e  b e s t  v iew  o f  t h e  PPN. The so m ata  o f  ChAT l a b e l e d  
c e l l s  w ere draw n and  th e  a r e a  and  r a t i o  o f  lo n g  v e r s u s  s h o r t  a x i s  
m easured  u s in g  a  d i g i t i z i n g  t a b l e t .  F o r  c o m p a r is o n , ChAT l a b e l e d  
c e l l s  in  th e  m o to r n u c l e i  o f  c r a n i a l  n e rv e s  V and V II  i n  th e  same 
s e c t io n s  a l s o  w ere m e a su re d . In  a d d i t i o n ,  c e l l s  i n  t h e  a r e a  o f  
PPN which w ere r e t r o g r a d e ly  l a b e l e d  w i th  HRP w ere  m e a su re d . HRP 
was i n je c te d  i n t o  t h e  CM-Pf a r e a  i n  a  d i f f e r e n t  s e r i e s  o f  a n im a ls  
and c e l l  body s i z e s  a s  w e l l  a s  a x i a l  r a t i o s  w ere  m ea su red  i n  PPN 
fo r  co m p ariso n  w i th  ChAT l a b e l e d  c e l l s .  (The PPN i s  known to  
p r o je c t  t o  CM-Pf and  a t  l e a s t  a  p o r t i o n  o f  t h i s  sy s te m  i s  th o u g h t  
to  be c h o l i n e r g i c . )  ChAT l a b e l e d  c e l l s  (n=2433) i n  t h e  PPN h ad  a 
mean a re a  o f  3 0 0 .8 8  ± 9 9 .1 8  S .D . s q .  μm, and  an  a x i a l  r a t i o  o f  
2 .1 6 ± 0 .7 4  S .D . D i s t r i b u t i o n s  o f  c e l l  a r e a s  i n d i c a t e d  a  f l a t t e n e d ,  
norm al d i s t r i b u t i o n  a ro u n d  th e  mean w i th  lo n g  t a i l s  on e a c h  s id e  
o f th e  m ed ia n . O v e r a l l ,  m ore c e l l s  w ere l o c a t e d  i n  t h e  p o s t e r i o r  
t h i r d  o f  t h e  n u c le u s  and  t h e s e  w ere  g e n e r a l l y  s m a l le r  i n  a r e a .  
T here was a l s o  a  te n d e n c y  f o r  l a r g e r  l a b e l e d  c e l l s  t o  b e  l o c a t e d  
l a t e r a l l y  i n  PPN. A x ia l  r a t i o s  i n  t h e  s a g i t t a l  p la n e  w ere  s m a l le r  
p o s te r io r ly  (ro u n d ed  c e l l s )  and  l a r g e r  a n t e r i o r l y  ( s p in d le  c e l l s ) . 
HRP la b e le d  c e l l s  (n=984) i n  t h e  PPN h ad  a  mean a r e a  o f  2 5 4 .1 2  
±97.87 S.D . s q .  μm, and  a n  a x i a l  r a t i o  o f  3 .1 4 ± 1 .3 0  S .D . L ik e  
ChAT la b e le d  c e l l s ,  t h e s e  w ere  l o c a t e d  i n  g r e a t e r  num bers 
p o s te r io r l y .  Such o b s e r v a t io n s  s u g g e s t  t h a t  c h o l i n e r g i c  n e u ro n s  
in  PPN p r o j e c t  t o  CM -Pf. The d i f f e r e n c e s  i n  mean a r e a  and  r a t i o ,  
w h ile  n o t  s t a t i s t i c a l l y  s i g n i f i c a n t ,  i n d i c a t e  t h a t  HRP la b e l e d  
c e l l s  may in c lu d e  n o n - c h o l in e r g i c  com ponen ts  w hich  a l s o  p r o j e c t  t o  
CM-Pf. D i s t r i b u t i o n s  o f  c e l l  a r e a s  w ere  s i m i l a r  t o  th o s e  o f  ChAT 
la b e le d  c e l l s .  ChAT l a b e l e d  c e l l s  i n  n u c l e i  o f  V (n=400) and  V II 
(n=574) showed mean a r e a s  s i m i l a r  t o  one a n o th e r  (4 9 0 .6 6 ± 1 9 7 .50  
S.D. sq . μm and 4 9 7 .2 7 ± 1 4 3 .4 4  S .D . s q .  μm, r e s p e c t i v e ly )  b u t  th e  
d i s t r i b u t io n s  w ere m ark e d ly  d i f f e r e n t ,  w i th  V II  c e l l s  h a v in g  a  
narrow d i s t r i b u t i o n  a b o u t  t h e  m ed ian  an d  V h a v in g  a  f l a t t e n e d  
d i s t r i b u t i o n .  C e l l  r a t i o s  i n  n u c l e i  o f  V and V II w ere  1 .7 5 ± 0 .5 5  
and 1 .5 1 ± 0 .3 7  r e s p e c t i v e l y ,  e m p h a s iz in g  t h e i r  ro u n d ed  n a tu r e .  
Supported  by NIH g r a n t s  NS20246 and NS 21981.

242.6 ELECTROPHYSIOLOGICAL INVESTIGATION OF A DESCENDING PATHWAY FROM 
THE CUNEIFORM NUCLEUS TO ALPHA MOTONEURONS IN CATS. S . J . S h e fch y k  
an d  D.A. M cCrea. D e p ts .  I n t e r n a l  M e d ic in e  and  P h y s io lo g y ,  F ac . 
o f  M e d ic in e , U n iv e r s i ty  o f  M a n ito b a , W in n ip eg , Canada R3E OW3.

The c u n e ifo rm  n u c le u s  (CN) h a s  b een  d e s c r ib e d  a s  th e  a n a to m ic a l  
c o r r e l a t e  o f  th e  m e s e n c e p h a lic  lo c o m o to r  r e g io n  (MLR), a  s i t e  
w h ich  when s t i m u l a te d  p ro d u c e s  lo c o m o to r  m ovem ents ( s e e  S h ik  and  
O r lo v s k y . ,  P h y s io l .  Rev. 5 6 :4 6 5 , 1 9 7 6 ). S h e fch y k  and J o rd a n  ( J .  
N e u r o p h y s io l . ,  5 3 :1 3 4 5 , 1985) h ave  d e s c r ib e d  p o s t s y n a p t ic  p o te n 
t i a l s  (PSPs) m e d ia te d  by lu m b ar in te r n e u r o n s  i n  m o to n eu ro n s tim e  
lo c k e d  to  th e  MLR s t im u lu s  p ro d u c in g  f i c t i v e  lo c o m o tio n . W hile  th e  
i d e n t i t y  o f  in te r n e u r o n s  m e d ia t in g  th e  MLR PSPs d u r in g  f i c t i v e  
lo c o m o tio n  re m a in s  unknown, a  g ro u p  o f  in te r n e u r o n s  w hich  have  
b een  d e s c r ib e d  r e c e n t ly  (E d g ley  and  Jan k o w sk a , i n  p r e p . )  a r e  c a n 
d i d a t e s .  L o c a te d  i n  lam in ae  V II and  V I I I ,  and  i n  seg m en ts  L 3-L 5, 
t h e s e  in te r n e u r o n s  r e c e iv e  s t r o n g  g ro u p  I I  in p u t  and p r o j e c t  to  
m o to n eu ro n s  i n  L6 and  L7. T hese  in te r n e u r o n s  a l s o  r e c e iv e  PSPs 
from  th e  CN (mean l a t e n c y  4 m s ) , w i th  se g m e n ta l  d e la y s  s u g g e s t in g  
m o n o sy n a p tic  a c t i v a t i o n  by th e  d e s c e n d in g  pa thw ay  a t  th e  l e v e l  o f  
th e  s p in a l  c o rd  (E d g le y , Jankow ska and S h e fch y k , i n  p r e p . ) .  In  
th e  p r e s e n t  e x p e r im e n ts  we exam ined  th e  l a t e n c y  o f  PSPs evoked in  
a lp h a  m o to n eu ro n s  p ro d u c e d  by s t i m u l a t i o n  o f  th e  CN w i th  p aram e
t e r s  c o m p a ra b le  to  th o s e  u se d  i n  th e  s tu d y  o f  th e  m id lum bar i n t e r 
n e u ro n s .  T h is  was i n  an  e f f o r t  to  d e te rm in e  w h e th e r  th e  PSPs ob
s e rv e d  in  th e  c h lo r a lo s e  and  d e c e r e b r a t e  w a lk in g  p r e p a r a t i o n  a r e  
co m p a ra b le  and  to  e v a lu a t e  th e  p o s s i b i l i t y  t h a t  th e  evoked PSPs 
c o u ld  be m e d ia te d  by th e  L3-L5 i n te r n e u r o n s  w i th  g ro u p  I I  i n p u t .

C h lo r a lo s e  a n a e s t h e t i z e d  c a t s  w ere  u s e d ,  and a v a r i e t y  o f  h in d 
lim b  l e g  n e rv e s  w ere  p r e p a r e d  f o r  s t i m u l a t i o n .  I n t r a c e l l u l a r  r e 
c o rd s  from  lum bar m o to n eu ro n s  w ere  u se d  to  d e te rm in e  th e  e f f e c t s  
p ro d u ce d  by s t i m u l a t i o n  o f  th e  CN. The CN was s t im u la te d  w i th  a 
m o n o p o la r  e l e c t r o d e  p la c e d  s t e r e o t a x i c a l l y  i n to  th e  CN (P 1 ,L 4,H 0) 
u s in g  t r a i n s  o f  2 to  10 s t i m u l i  (300 Hz) a t  s t r e n g th s  n o t  e x c e e d 
in g  500 uA. The l o c a t io n  o f  th e  s t i m u l a t i o n  was v e r i f i e d  h i s t o l o g 
i c a l l y .

To d a t e ,  PSPs p ro d u ce d  by t r a i n s  o f  s t i m u l i  to  th e  CN h ave  b een  
o b s e rv e d  i n  a l l  o f  th e  19 m o to n eu ro n s  ex am in ed . EPSPs w ere o b s e rv 
ed  i n  12 m o to n e u ro n s , IPSPs i n  5 m o to n eu ro n s and m ixed PSPs i n  2 
m o to n e u ro n s . The l a t e n c y  from  th e  s t im u lu s  a r t i f a c t  a s s o c i a t e d  
w i th  th e  e f f e c t i v e  sh o ck  to  th e  o n s e t  o f  th e  PSPs ra n g e d  from  4 .5 -  
10 ms (m ean=6.5 ms) f o r  EPSPs and  7-17  ms (m ean=10.7  ms) f o r  
IP S P s . Thus th e  l a t e n c i e s  o f  PSPs s e e n  i n  th e  p r e s e n t  e x p e r im e n ts  
a r e  c o m p a ra b le  to  t h e  MLR evoked  PSPs o b s e rv e d  i n  m o to n eu ro n s 
d u r in g  f i c t i v e  lo c o m o tio n . The d a ta  i s  a l s o  c o n s i s t e n t  w i th  t h e i r  
b e in g  m e d ia te d  by th e  in te r n e u r o n s  i n  m id lum bar seg m en ts  w i th  
g ro u p  I I  i n p u t .  F u r th e r  a s se s s m e n t  o f  th e  pathw ay  i s  underw ay .

T h is  r e s e a r c h  was s u p p o r te d  by th e  M e d ic a l R e se a rc h  C o u n c il  o f  
Canada and  th e  S e l l e r ’ s  R e s e a rc h  F o u n d a tio n .

242.7 LOCALIZATION OF BRAINSTEM COMMAND NEURONS FOR THE 
INITIATION OF LOCOMOTION IN THE LAMPREY. A.D. McClellan and 
P.A. Getting. Dept of Physiol & Biophys, U of Iowa, Iowa City, IA 52242

An in vitro brainstem /spinal cord preparation of the lamprey CNS has 
been developed for studying the brainstem  command system which 
activates spinal pattern generators to in itia te  locomotion (McClellan, 
Brain Res. 302: 151, 1984). Transections through various levels of the 
brainstem indicate tha t brainstem  neurons below the rostral border of the 
mesencephalon are im portant for the in itia tion  of locomotion. Previous 
evidence obtained from  this preparation suggested tha t the descending 
pathways from this command system consist of moderately long axons. In 
the present study, anatomical and physiological techniques were used to 
determine the location of the brainstem  locomotor command neurons,  
particularly the neurons which descend into the spinal cord.

Rostral spinal cord lesions which spare either the lateral tracts or 
the ventrolateral tracts do not abolish the in itia tion  of locomotion, 
turning or w ithdrawal response, although there is some deficit in 
equilibrium. Retrograde transport of HRP through the spared parts of the 
spinal cord labels brainstem  neurons in the medial (m rrn) and to a lesser 
extent the posterior (prrn) rhombencephalic reticu lar nuclei. Thus, at 
least some of the neurons in the m rrn w ith moderately long descending 
axons in the ventrolateral spinal tracts (McClellan and G rillner, Brain 
Res. 300:357, 1984) are probably involved in in itia ting  locomotion. In 
contrast, partial lesions in the rostral spinal cord tha t spare the medial 
tracts abolish both spontaneous or sensory evoked locomotion, as well as 
withdrawal and turn ing  responses. Retrograde transport of HRP through 
the spared parts of the spinal c ord labels some of the larger 
reticulospinal neurons in the mesencephalic tegmentum (mt), and in the 
anterior (arrn) and medial (mrrn) rhombencephalic reticu lar nucleus. 
Presumably these neurons w ith medial descending axons do not play a 
significant role in in itia ting  locomotor responses.

Ionophoretic chemical stim ulation in the brainstem  w ith excitatory 
amino acids (0.5 M DL-glutamate or DL-aspartate) or their agonists (0.1 M 
N-methyl-DL-aspartate or 0.1 M kainate) has been used to activate cell 
bodies of neurons in the command system. Chemical stim ulation (-100 nA, 
100 ms pulses at 5 Hz) in the vicinity  of the dorsally located 
reticulospinal nuclei, including the m rrn, can elicit well coordinated 
locomotor patterns. M odifications of the chemical stim ulation technique 
are presently being used to stim ulate only the descending neurons in the 
command system.

Intracellular recordings indicate tha t some of the neurons in the mrrn 
with descending axons in la teral spinal tracts fire  tonically during an 
episode of locomotion, but the frequency of spiking is correlated with the 
phase of the locomotor rhythm . O ther reticulospinal neurons may either 
fire briefly at the onset of motor ac tiv ity  or be inactive; in some cases, 
oscillations of the membrane potential are correlated with the phase of 
the locomotor rhythm. (Supported by NIH grant NS23216, SCRF grant NBR 
501-5, and IAS grant ISF 85-3 to ADM and by NIH grant NS17328 to PAG)

242.8 REVERSAL OF INHIBITION OF EDGE CELLS DURING FICTIVE 
LOCOMOTION IN THE LAMPREY BY CHLORIDE INJECTION OR 
HYPERPOLARIZATION. T .L . W illia m s *  & S . A l f o r d * , (SPON: 
ENA), P h y s io lo g y  D e p a r tm e n t,  S t .  G e o rg e 's  H o s p i ta l  
M e d ic a l S c h o o l ,  U n iv e r s i t y  o f  L ondon , SW17 ORE, U.K.

Edge c e l l s  a r e  p r o p r i o s p i n a l  s t r e t c h - r e c e p t o r  
n e u ro n e s  w ith  r e c e p t i v e  f i e l d s  in  t h e  l a t e r a l  m a rg in s  o f 
t h e  s p i n a l  c o r d ,  w h ich  a r e  r h y th m ic a l ly  s t r e t c h e d  and 
c o m p re sse d  d u r in g  lo c o m o tio n  ( G r i l l n e r ,  M cC le lla n  & 
S i g v a r d t , 1982 ; G r i l l n e r ,  W ill ia m s  & L a g e rb a c k , 1 9 8 4 ).

We h av e  r e c o r d e d  i n t r a c e l l u l a r l y  from  t h e s e  p r im a ry  
s e n s o r y  n e u ro n e s  d u r in g  f i c t i v e  lo c o m o to r  e p is o d e s  
in d u c e d  by  m e c h a n ic a l  s t i m u l a t i o n  o f  t h e  t a i l f i n  
(M c C le lla n  & G r i l l n e r ,  1 9 8 3 ) .

R e c o rd in g s  w e re  made from  a  c o n t r a l a t e r a l  p a i r  o f  
v e n t r a l  r o o t s  i n  a p r e p a r a t i o n  (L a m p e tra  f l u v i a t i l i s  o r  
P e tro m y zo n  m a r in u s ) c o n s i s t i n g  o f  s p i n a l  c o r d ,n o to c h o r d ,  
and  a  s m a l l  p o r t i o n  o f  in n e r v a t e d  t a i l f i n .  The f i c t i v e  
lo c o m o to r  e p i s o d e s  c o n s i s t e d  o f  b e tw ee n  one  and f i v e  
c y c l e s  o f  a l t e r n a t i n g  b u r s t s  o f  v e n t r a l  r o o t  a c t i v i t y .  
E v e ry  ed g e  c e l l  t e s t e d  show ed num erous p u t a t i v e  IP SPs 
and  a  n e t  h y p e r p o l a r i z a t i o n ,  b o th  o f  w h ich  p e r s i s t e d  
th r o u g h o u t  t h e  lo c o m o to r  e p is o d e  and f o r  some few 
s e c o n d s  f o l l o w i n g .  When a t a i l  f i n  s t i m u l a t i o n  f a i l e d  
t o  e x c i t e  a lo c o m o to r  e p i s o d e ,  t h e  ed g e  c e l l  showed 
no s u c h  r e s p o n s e .

B o th  t h e  n e t  h y p e r p o l a r i z a t i o n  and th e  IP SPs w ere  
r e v e r s e d  by  i n j e c t i o n  o f  n e g a t iv e  c u r r e n t  d u r in g  a 
lo c o m o to r  e p is o d e  ( e l e c t r o d e  f i l l e d  w ith  0 .3  M L i th iu m  
a c e t a t e  & 5% L u c i f e r  y e llo w )  o r  by th e  i n j e c t i o n  o f  
c h l o r i d e  io n s  p r i o r  t o  an  e p is o d e  (a s  n e g a t iv e  c u r r e n t ,  
e l e c t r o d e  f i l l e d  w i th  1 M KCl ) .

Thus we h av e  e v id e n c e  t h a t  ed g e  c e l l s  a r e  i n h i b i t e d  
d u r in g  lo c o m o tio n ,  by  a c t i v a t i o n  o f  a s y n a p t i c  c h a n n e l  
w i th  a  r e v e r s a l  p o t e n t i a l  n e g a t iv e  t o  t h e  n o rm a l 
r e s t i n g  p o t e n t i a l .  F u r th e r m o re ,  th e  s y n a p t i c  c u r r e n t  
m u s t b e  c a r r i e d  a t  l e a s t  p a r t l y  by  c h l o r i d e  i o n s .  Such 
a  c e n t r i f u g a l  c o n t r o l  w ou ld  a l lo w  maximum s e n s i t i v i t y  
o f  t h e s e  p r o p r i o c e p t o r s  when th e  body i s  a t  r e s t ,  and  
may a l s o  a l lo w  p r e c i s e  r e g u l a t i o n  o f  t h e i r  a c t i v i t y  a t  
d i f f e r e n t  s p e e d s  o f  lo c o m o tio n .
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242.9 MODULATION OF SHORT LATENCY EPSPs FROM CUTANEOUS AFFERENTS TO FDL 
MOTONEURONS DURING FICTIVE LOCOMOTION IN THE CAT.
B .J . Schm idt, D.Mey e rs ,  M.Tokuri ki *,  J.W .Fleshm an, and R .E .B urke. 
L a bo ra to ry  o f  N eural C o n tro l, NINCDS, NIH, B ethesda, MD 20892.

The d i s t i n c t i v e  a c t i v i t y  p a t te r n  e x h ib ite d  by th e  f le x o r  
d ig ito ru m  longus m uscle (FDL) d u rin g  normal locom otion  i s  
p re se rv ed  d u rin g  ‘f i c t i v e ' s te p p in g  (Fleshman e t  a l . ,  Exp. B rain  
Res. 54: 133, 1984), presum ably d r iv e n  by a s p in a l c e n t r a l  p a t te rn  
g e n e ra to r  (CPG). In  o rd e r  to  study  CPG o rg a n iz a tio n , we examined 
m odulation  o f  th e  s h o r t  la te n c y  EPSPs produced by low th re sh o ld  
s u p e r f ic i a l  p e ronea l (SP) nerve a f f e r e n ts  in  FDL motoneurons 
d u rin g  f i c t i v e  s te p p in g . F ic t iv e  locom otion  was induced in  
d e c e re b ra te  (p re c o llic u la r -p o s tm a m m illa ry ) , p a ra ly se d  c a ts  by 
s t im u la t io n  o f th e  m esencephalic  locom otor reg io n  o r by 
a d m in is tr a t io n  o f  n ia lam ide  and L-DOPA a f t e r  s p in a l iz a t io n  a t  the  
T13 s p in a l  cord le v e l .  I n t r a c e l l u l a r  re c o rd s  were o b ta in ed  from 
FDL motoneurons d u rin g  f i c t i v e  locom otion  w h ile  th e  SP nerve was 
s tim u la te d  a t  10-70 Hz and about tw ice th re sh o ld , a long  w ith  
e lec tro n e u ro g ram s (ENG) from v a rio u s  nerves in c lu d in g  f le x o r  
h a l lu c i s  longus (FHL), FDL, and t i b i a l i s  a n t e r io r  (TA) n e rv es . As 
shown on a slow tim e base below, d e p o la r iz in g  o s c i l l a t i o n s  o f  FDL 
membrane p o te n t ia l  (FDL-IC) were synchron ized  w ith  FDL neurogram 
a c t i v i t y  d u rin g  f i c t i v e  s te p p in g  (no te  tim ing  in  r e l a t i o n  to  
a l t e r n a t in g  a c t i v i t y  in  ex te n so r  (FHL) and f le x o r  (TA) n e rv e s ) . 
SP EPSPs (10 Hz s t im u la t io n ;  sharp  upward d e f le c t io n s  in  the  FDL- 
IC tr a c e )  were enhanced d u rin g  p e r io d s  o f FDL neurogram a c t iv i t y .  
SP PSPs averaged  (32 re sp o n ses  each) d u rin g  FDL b u rs ts  ( e . g . , "A") 
showed marked enhancement o f  e a r ly  EPSP components, a s  compared to  
PSPs d u rin g  e x ten so r  phases ( e . g . ,  "B "). This enhancement o f SP 
EPSP components su g g es ts  th a t  e x c i ta to ry  d r iv e  from th e  CPG 
p r o je c ts  to  in te rn e u ro n s  in  th e  pathway from low th re sh o ld  SP 
a f f e r e n t s  to  FDL m otoneurons. These in te rn e u ro n s  could  re la y  
e x c i ta t io n  from CPG to  FDL m otoneurons, o r  be p a r t  o f  th e  CPG.

Slow tim e base re c o rd s  above o b ta in ed  in  
1-DOPA p re p a ra t io n ;  SP s tim u la t io n  every  
101 ms; no te  synchronous d is c h a rg e s  in  
FDL and TA neurogram s. Averaged PSPs on 
r i g h t  were o b ta in ed  d u rin g  320 ms epochs 
tim ed as  in d ic a te d  by b a rs  "A" and “B". 
C a l ib r a t io n  p u lse  2 mV and 1 ms.

242.10 INTRACELLULAR RECORDING OF QUADRICEPS FEMORIS ALPHA 
MOTONEURONS OF AWAKE, INTACT CATS DURING LOCOMOTION.
L .L . G lenn , J .F .  W hitney * , J .A . Salam one*, and S.A. 
M ariash * . D epartm ent o f  P h y s io lo g y , Ohio C o lleg e  o f  
P o d ia tr ic  M ed ic ine , C lev e la n d , Ohio 44106.

S p in a l m otoneurons have been re c o rd e d  in t r a c e l lu la r ly  
in  awake, r e s t i n g  c a t s  (G lenn and Dement. J .  
N e u ro p h y s io l . , 46 :839 , 1981). I n t r a c e l l u l a r  s tu d ie s  of 
m otoneurons d u r in g  m otor a c t i v i t y  such a s  locom otion  
have been conducted  in  p h a rm a c o lo g ic a l ly - t r e a te d  
d e c e re b ra te  o r  s p in a l  p r e p a r a t io n s  (Shefchyk and Jordan, 
J .  Neurophys i o l . , 54:1101 , 1985), b u t  n o t i n t a c t  and 
awake c a t s .  The p r e s e n t  com m unication r e p o r t s  a method 
f o r  i n t r a c e l l u l a r l y  r e c o rd in g  from m otoneurons during 
t r e a d m i l l  locom otion  in  lu m b a r - r e s t r a in e d  c a t s .

The fo llo w in g  tr a n s d u c e r  w ere im p lan ted  in  
p e n to b a r b i t a l - a n e s th e t i z e d  c a t s :  (1) a s a l in e - in - tu b in g  
s t r a i n  gauge was anchored  to  th e  i s c h i a l  t u b e r o s i ty  and 
th e  d i s t a l  fem ur f o r  th e  re c o rd in g  o f  th e  isch io fem oral 
a n g le ;  (2) b ip o la r  p a t c h - s ty l e  electrom yogram  e lec trodes 
w ere s u tu re d  to  th e  v e n t r a l i s  m e d ia l is  m ., s a r to r iu s  m., 
r e c tu s  fem o ris  m ., and th e  v e n t r a l i s  l a t e r a l i s  m .; (3) a 
c u f f  e le c t r o d e  was p la c e d  around  th e  fem oral n . ; and (4) 
v e r te b ra e  L3-L5 were m e c h a n ic a lly  fu sed  by an 
im p la n ta b le  v e r t e b r a l  f i x a t io n  assem bly .

A f te r  re c o v e ry  from su rg e ry , c a t s  w ere g ra d u a lly  
ad ap ted  to  lum bar r e s t r a i n t  and t r a in e d  to  locom ote on a 
b e l t  moving u n d er th e  low er lim b s . D uring re c o rd in g  
s e s s io n s ,  q u a d r ic e p s  fem o ris  a lp h a  m otoneurons (membrane 
p o t e n t i a l  m o re  n e g a t i v e  t h a n  - 5 0  mV) w e re  i d e n t i f i e d  on 
th e  b a s i s  o f  a n tid ro m ic  a c t iv a t io n  from fem oral nerve 
s t im u la t io n  and c r o s s c o r r e l a t i o n  betw een motoneurons 
sp ik e s  (evoked by d e p o la r iz in g  c u r r e n ts )  and each of the 
q u a d r ic e p s  e lec trom yogram s. E p iso d es o f  v o lu n ta ry  
s te p p in g  w ere th e n  prom oted by b e l t  d isp la c e m e n t a t  0.4 
m /s f o r  8 s o v er an d is ta n c e  o f  3 .2  m.

The fo re g o in g  method i s  p ro m is in g . In  th e  f i r s t  cat, 
o n ly  one m otoneuron was s u c c e s s fu l ly  r e c o rd in g  before , 
d u r in g , and a f t e r  an e p iso d e  o f  locom otion  in  th re e  
e x p e r im e n ta l s e s s io n s .  In  th e  second c a t ,  10 
m otoneurons were re c o rd e d  in  two e x p e r im e n ta l se ss ions 
w ith  an av e rag e  o f  2 .3  e p iso d e s  o f  locom otion  each. In 
c o n c lu s io n , th e  above method can  p ro v id e  d a ta  on the  
e le c t r o p h y s io lo g ic a l  p r o p e r t i e s  o f  q u a d r ic e p s  
m otoneurons b e fo re ,  d u r in g  and a f t e r  lo co m o tio n , and as 
a f u n c t io n  o f  th e  phase  o f  th e  s te p  c y c le .

242.11 INFLUENCE OF PENTOBARBITAL ON MOTONEURON FUNCTION IN 
AWAKE, INTACT CATS. J .  F. W hitney* and L .L . Glenn 
(Spon: J.W . F lesh m an ), Dep. o f  P h y s io lo g y , Ohio C o llege  
o f  Pod. M ed., U n iv e r s i ty  C ir c le ,  C le v e la n d , Ohio 44106.

A m ethod f o r  o b ta in in g  i n t r a c e l l u l a r  r e c o rd s  from 
s p in a l  m otoneurons o f  awake, i n t a c t - r e s t r a i n e d  c a t s  has 
r e c e n t ly  been  d ev e lo p ed  (G lenn e t .  a l . ,  B ra in  R es. , 
163:3 2 8 , 1979; M orales and C hase, E x p t. N e u ro l. , 62:821. 
1978). U sing  t h i s  we have been  s tu d y in g  th e  in f lu e n c e  of 
g e n e ra l  a n e s th e t i c s  on th e  e le c t r o p h y s io lo g ic a l  
p r o p e r t i e s  o f  a lp h a  m otoneurons t h a t  in n e rv a te  th e  
h in d lim b s . Our g o a ls  a r e  t o  e s t a b l i s h  b a s e l in e  d a ta  
c o n c e rn in g  norm al m otoneuron fu n c t io n  s in c e  a l l  p re v io u s  
work in v o lv e d  m o d ified  n erv o u s sys tem s ( th ro u g h  u se  o f 
a n e s th e t i c s ,  t r a n s e c t i o n s , s l i c e  p r e p a r a t io n s ,  e t c . )  and 
to  d ev e lo p  a model system  t o  d i r e c t l y  s tu d y  th e  
in f lu e n c e  o f  a n e s th e t i c s  on n e u ra l  t i s s u e .  Four c a t s ,  
u n d e r p e n to b a r b i t a l  a n e s th e s ia ,  w ere im p lan ted  w ith  c u f f  
e le c t r o d e s  around  th e  fem o ra l n . , o b tu r a to r  n . , and 
t i b i a l  and common p e ro n e a l  b ra n c h e s  o f  s c i a t i c  n . fo r  
a n tid ro m ic  i d e n t i f i c a t i o n  o f  m otoneurons. V e r te b ra  L3-L5 
w ere fu se d  w ith  a s t a i n l e s s  s t e e l  p l a t e  t h a t  was l a t e r  
a t ta c h e d  to  a re c o rd in g  t a b l e .  Depth o f  a n e s th e s ia  was 
d e te rm in ed  by t e s t i n g  c o r n e a l ,  p in n a , and fo re lim b  
f le x io n  r e f l e x e s .  We have found t h a t  p e n to b a r b i t a l  
s i g n i f i c a n t l y  in f lu e n c e s  th e  r e s t i n g  membrane p o te n t i a l ,  
s y n a p t ic  a c t i v i t y ,  and s p ik e  p r o p e r t i e s  o f  m otoneurons.

MEASURE AWAKE ANESTHETIZED
Membrane Pot.(mV) -5 3 .7 8 + 1 .2 4  (6) -5 8 .8 1 + 1 .5 4  (8)1
In p u t R es. (M) 1 .67+ 0 .22  (2) 1 .52+ 0 .04  (7)
Synap. A c tiv . (V/s) 1 .89+ 0 .34  (6) 1 .34+ 0 .06  (7)2
S p ik e  Amp. (mV) 51 .03+ 1 .94  (7) 56 .74+ 2 .71  (7)2
1 /2  Amp. D u r .(u s )  678 .57+ 18 .31  (7) 870 .00+53.45 (7)3

1=p<0.25,2=p<.05,3=p<.005; 1-tailed, indep. t-tests.

From th e  p re l im in a ry  r e s u l t s  shown above, i t  i s  c l e a r  
t h a t  p e n to b a r b i t a l  s i g n i f i c a n t l y  in f lu e n c e s  m otoneuron 
p r o p e r t i e s  and t h a t  th e  c r i t e r i a  u sed  f o r  awake 
r e c o rd in g  e n t a i l  m o d if ic a tio n  o f  e x i s t i n g ,  a n e s th e t iz e d  
c r i t e r i a .  We a r e  p r e s e n t ly  exam in ing  th e  e f f e c t s  o f  TEA 
and TTX in  o u r p r e p a r a t io n  in  an a t te m p t t o  r e v e a l  th e  
io n ic  co n d u c tan ce s  in v o lv e d  in  th e  in f lu e n c e  o f  
a n e s th e t i c s  on n e u ra l  t i s s u e .

242.12 EFFECTS O F BRA INSTEM  A CTIV ATION  ON CORTICALLY 
INDUCED RHYTHM ICAL JAW MOVEMENTS IN THE GUINEA PIG. 
S.H. Chandler and L.J.G oldberg. Depts. o f  K inesiology, O ral Biology, 
Anatomy and the Brain Research Institute, UCLA, L. A., CA, 90024

The reticular formation of the brainstem has been implicated in the control of 
m otor behaviors such as locom otion, respiration, eye movements, and 
oral-facia l movements among others. W ith respect to the control of jaw 
movements, there have been numerous studies which have investigated the 
supraspinal influences on oral-facial reflex pathways. There are few studies, 
however, which have examined the brainstem influences on centrally generated 
rhythmical jaw  movement activity. The purpose o f the present study was to 
further elucidate, with the use o f microstimulation techniques, the influences of 
brainstem loci on the neuronal networks responsible for cortically induced 
rhythmical jaw  movements in the anesthetized guinea pig and to establish if 
these brainstem loci are capable o f modulating the timing of occurrence of 
rhythmical EMG activity as well as its amplitude during the rhythmical jaw 
movement cycle.

In ketamine anesthetized guinea pigs, fine wire bipolar recording electrodes 
were inserted into the jaw  opener digastric(DIG) muscles for recording EMG 
activity. For some experiments the movements o f the jaw  were monitored by a 
photoelectric position sensor placed in front o f a small tungsten light source 
fixed to the inferior surface of the mandible. Rhythmical jaw  movements were 
elicited by repetitive stimulation(40Hz) o f the masticatory area o f the cortex. To 
determine the effects o f stimulation o f different brainstem loci on RJMs, the 
stimulus to the brainstem consisted of either repetitive trains(RT) of long 
duration (10sec, 50Hz)) or short pulse trains(SPT:50-100msec, 50-100Hz) 
delivered at various times after the onset of a DIG burst within the cycle. Cycle 
by cycle measurements o f RJM cycle duration (CD, DIG onset to onset), burst 
duration (BD) and integrated EMG (I-EM G ) prior to and during brainstem 
stimulation were obtained.

It was found that RT stimulation o f w idespread areas o f the brainstem 
reticular formation suppressed ongoing cortically induced RJMs. Prior to 
complete suppression, the CDs were increased while the burst durations and 
I-EM G  were reduced. During SPT stimulation o f rostral pontine and midbrain 
suppressive sites, the subsequent onset o f a DIG burst following the stimulus 
was always delayed. This delay was related to the phase o f the cycle the SPT 
was delivered. For medullary and caudal pontine sites, SPT stimulation 
delivered early in the RJM  cycle advanced the onset o f the subsequent DIG 
burst while SPT stimulation occurring at later times delayed the onset of the 
subsequent DIG burst For all areas of brainstem examined, the durations of the 
cycle following the SPT stimulus were unchanged from control suggesting that 
a true phase resetting o f the cycle had occurred. These data suggest that 
widespread areas o f the brainstem are capable o f suppressing ongoing RJM 
activity and are capable o f controlling the excitability of the central circuits 
responsible for cycle oscillation and timing as well.

This research was supported by NIH grants DE 06193 and DE4166.
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242.13 RECOVERY OF THE VOMITING REFLEX FOLLOWING AREA POSTREMA ABLATION 
IN SQUIRREL MONKEYS. S . E l f a r * , K. B r i z z e e ,  R. F o x , M. C o rc o ra n * , 
N. D au n to n , J .  Colem an*. San J o s e  S t a t e  U n iv . ,  San J o s e  CA, 
D e l ta  R e g io n a l  P r im a te  C e n te r ,  C o v in g to n  LA, and  NASA Ames 
R e s e a rc h  C e n te r ,  M o f f e t t  F i e ld  CA.

The r o l e  o f  th e  a r e a  p o s tre m a  (AP) i n  m o tio n - in d u c e d  e m e s is  
h a s  b e e n  r e - a s s e s s e d  r e c e n t l y  i n  s e v e r a l  d i f f e r e n t  s p e c i e s  
( e . g .  B o r iso n  e t  a l . ,  1 984 ; C o rc o ra n  e t  a l . ,  1985 ; W i lp i z e s k i ,  
1 9 8 6 ) . In  a  few  o f  t h e s e  s t u d i e s ,  th e  r o l e  o f  th e  AP i n  m o tio n -  
in d u c e d  c o n d i t io n e d  t a s t e  a v e r s io n  (CTA) h a s  a l s o  b e e n  a d d re s s e d  
( e . g .  S u t to n  e t  a l . ,  1 983 ; C o rc o ra n  e t  a l . ,  1 9 8 5 ) . The p u rp o se  o f  
th e  p r e s e n t  s tu d y  was to  e x te n d  t h i s  c o m p a ra tiv e  s tu d y  to  th e  
s q u i r r e l  m onkey, t o  e v a lu a t e  f u r t h e r  th e  r o l e  o f  AP i n  v o m it in g ,  
and to  i n v e s t i g a t e  th e  dyn am ics  o f  th e  r e c o v e r y  p r o c e s s .

The AP was a b la t e d  b i l a t e r a l l y  i n  7 m o t i o n - s u s c e p t i b le  
s q u i r r e l  m onkeys w h ich  p r e v io u s ly  h ad  b e e n  c h a r a c t e r i z e d  i n  te rm s  
o f  t h e i r  r e s p o n s e s  t o  v a r io u s  m o tio n  s ic k n e s s - in d u c in g  s t i m u l i .  
A f t e r  r e c o v e r y  from  s u r g e r y  a l l  a n im a ls  w ere  t e s t e d  a t  3 0 -d ay  
i n t e r v a l s  f o r  a  p e r io d  o f  11 m onths t o  d e te rm in e  th e  e f f e c t s  o f  
AP a b l a t i o n s  on s u s c e p t i b i l i t y  t o  th e  same s ic k n e s s - in d u c in g  
c o n d i t i o n s .  In  a d d i t i o n ,  th e  e f f e c t i v e n e s s  o f  m o tio n  i n  p ro d u c in g  
CTA was e v a lu a t e d .  A l l  p r e - a b l a t i o n  m o tio n  t e s t s  in v o lv e d  
s t i m u l a t i o n  f o r  30 m in . ,  w h i le  p o s t - l e s i o n  t e s t s  w ere  60 m in . i n  
d u r a t i o n .

A l l  a n im a ls  showed s i g n i f i c a n t  i n c r e a s e s  i n  l a t e n c i e s  to  
v o m it in g  a f t e r  AP a b l a t i o n s .  H ow ever, th e  l a t e n c i e s  te n d e d  to  
d e c re a s e  w i th  tim e  a f t e r  th e  a b l a t i o n .  A l l  b u t  one a n im a l v o m ite d  
on a t  l e a s t  one o f  th e  10 m o tio n  t e s t s  o c c u r r in g  a f t e r  a b l a t i o n  
o f  AP. In  a d d i t i o n ,  CTA was p ro d u ce d  by m o tio n  i n  a n im a ls  w hich  
c o n tin u e d  to  v o m it a f t e r  AP a b l a t i o n ,  w h e th e r  o r  n o t  v o m it in g  
o c c u r r e d  d u r in g  th e  30 m in . o f  m o tio n  u se d  i n  th e  c o n d i t i o n in g  
s e s s i o n s .  T h ese  r e s u l t s  s u g g e s t  t h a t  s t r u c t u r e s  o t h e r  th a n  AP, 
and p r o c e s s e s  o t h e r  th a n  th o s e  m e d ia te d  th ro u g h  AP, may p la y  
an im p o r ta n t  r o l e  i n  m o tio n - in d u c e d  e m e s is .

242.14 ORGANIZATION OF THE SENSORY INNERVATION OF CRURAL AND COSTAL 
REGIONS OF THE CAT DIAPHRAGM. J.R . Holtman, J r . ,  W.R Revelette* 
and D.F. Speck. Departments of Pharmacology and Physiology, 
C o ll. of Med., Univ. KY, Lexington, KY 40536.

Previous work has demonstrated th a t there is  a somatotopic 
o rganization  of the motor innervation to d iffe re n t regions of 
the ca t diaphragm (Duron e t  a l . ,  Neurosci. L e tt. 14: 159, 1979). 
The purpose of the present study was to determine whether a 
s im ila r somatotopic organization  e x is ts  fo r the sensory 
innervation  of the diaphragm. To address th is  question , we 
have used neuroanatomical techniques employing a re trogradel y 
transported  fluo rescen t dye ( f a s t  b lue).

Cats (2-4 .5  kg) of e i th e r  sex were anesthetized with 
pen tobarb ita l (40 mg/kg, I .P . ) .  Fast blue (5%) was in jec ted  
(4×10 μ l) in to  e ith e r  the costa l region or crural region of 
the diaphragm in d if fe re n t animals. The cats  were allowed to 
recover fo r seven days to  allow tran sp o rt of dye to  dorsal root 
ganglion (DRG) ce ll bodies. At th is  tim e, cats  were deeply 
anesthe tized  with pentobarbita l (70 mg/kg, I .P .)  and perfused 
through the ascending aorta  i n i t i a l l y  with 2 L of 0.1 M phosphate 
buffered sa lin e  (pH=7.4) followed by 2 L of 4% paraformaldehyde 
in 0.1 M phosphate buffer (pH=7 .4 ). The DRG from the fou rth , 
f i f th  and s ix th  cerv ical spinal cord segments were removed 
b i la te r a l ly .  The ganglia were postfixed  (60 min) and then placed 
in 10% sucrose in 0.1 M phosphate buffer (pH=7.4) fo r a t le a s t 
24 hours. The ganglia were cut (16 μm th ickness) and viewed 
under epifluorescence illum ination . Cell bodies containing 
fa s t  blue in each DRG were counted and th e ir  mean diameters 
determined. Only ce ll bodies with an id e n tif ia b le  nucleus were 
counted fo r  th is  study.

In jec tion  of fa s t  blue in to  the crural region of the diaphragm 
resu lted  in the la b e llin g  of cell bodies in the fou rth , f i f th  
and s ix th  DRG. The m ajority  of the labe lled  ce ll bodies were 
located in the f i f th  and six th  DRG. Labelled ce ll bodies were 
found b i la te r a l ly ,  however, the la rg e s t number of ce ll bodies 
were presen t ip s i la te r a l  to  the in je c tio n . Cell bodies in the 
fourth  DRG ranged in size  from 20-35 μm. Cell bodies in the 
f i f th  DRG ranged from 18-80 μm while those in the s ix th  DRG 
were 18-76 μm in s ize . In jec tion  of f a s t  blue in to  the costa l 
region of the diaphragm resu lted  in the la b e llin g  of ce ll bodies 
in the f i f t h  and six th  DRG. The ce ll bodies were present 
predominantly ip s i la te r a l  to the in je c tio n . Cell bodies in 
the f i f th  DRG ranged from 18-80 μm while those in the six th  
DRG were 18-76 μm in s ize .

The re s u lts  of th is  study ind ica te  th a t there  may be a 
somatotopic organization  of the sensory innervation of the 
diaphragm. [Supported by HL 36050 (JRH), and UKMC Research 
Fund (DFS)].

242.15 SHORT LATENCY EFFECTS OF DIAPHRAGMATIC AFFERENTS ON MEDULLARY 
NEURONS AND PHRENIC MOTOR DISCHARGE. D.F. Speck, W.R. Revelette* 
and D.T. F ra z ie r . Dept. of Physiology, U niversity  of Kentucky 
Medical Center, Lexington, KY 40536

In a recen t rep o rt (Physio log ist 28: 308, 1985) cerv ical 
phrenic nerve s tim ula tion  (CPNS) excited  25% of the in sp ira to ry - 
modulated neurons in the dorsal re sp ira to ry  group (DRG) but only 
10% of those in the ven tra l re sp ira to ry  group. Additional 
experiments have been performed to  examine the th ree  issues 
described below. Cats were anesthe tized  with pentothal or 
chl o ra lo se-u re thane, paralyzed and a r t i f i c i a l l y  v e n tila te d . The 
C5 and/or C6 phrenic ro o t le ts  and the  th o rac ic  phrenic nerve 
were iso la ted  fo r recording and/or s tim u la tio n . M icroelectrodes 
were in serted  in to  the DRG  fo r e x tra c e llu la r  recording of 
spontaneous and evoked neuronal d ischarges. To determine i f  the 
neuronal responses could be due to  nondiaphragmatic a ffe re n ts  in 
the cerv ical phrenic nerve, we examined the neuronal responses 
to  both CPNS and th o rac ic  phrenic nerve stim ula tion  (TPNS). 90% 
of the DRG u n its  ac tiv a ted  by CPNS were also  ac tivated  by TPNS. 
The d ifference  in onset la tency  of neuronal ex c ita tio n  with CPNS 
vs. TPNS was used to c a lcu la te  the peripheral conduction 
v e lo c ity  of the  a ffe re n ts  involved. Conduction v e lo c itie s  
ranging from 1.8 to  30 m/sec suggest th a t th is  supraspinal 
f a c i l i t a t io n  of re s p ira to ry  (and non-respiratory-m odulated) 
neurons is  due to  a c tiv a tio n  of Group I I I  a ffe re n ts .

Because of the known p ro jec tions  of phrenic nerve a ffe re n ts  
to the cortex  and cerebellum , we determined i f  these  s tru c tu re s  
were necessary in term ediates in the  production of the brainstem  
responses to  phrenic nerve s tim u la tio n . A fter a sp ira tio n  of the 
cerebellum and a m idco llicu la r decereb ra tion , DRG neuronal 
responses to phrenic nerve stim ulation  were s t i l l  ev iden t. 
S im ilarly , although phrenic nerve a ffe re n t pathways have been 
reported  in the dorsal columns, tran sec tio n  of the dorsal 
columns a t C2 did not a l te r  the  DRG neuronal responses to  CPNS.

A s ing le  shock (0.2 msec, 0.01 -  10 mA) of the phrenic nerve 
e l i c i t s  a tra n s ie n t a ttenuation  of the  phrenic motor discharge 
(Fed. Proc. 45: 520, 1986). The almost synchronous occurrence 
of  a b rain stem e x c ita to ry  neuronal e ffe c t  and a reduction  in 
phrenic motor discharge suggests th a t  a t le a s t  two d if fe re n t 
re flex es  must be e l ic i te d  by phrenic nerve a ffe re n ts  -  a 
supraspinal f a c i l i t a t io n  and a spinal in h ib itio n . The 
hypothesis of an in h ib ito ry  ph ren ic-to -phren ic  re f le x  is  
supported by prelim inary  data which demonstrate th a t in a C2 
sp inalized  c a t ,  the e x c ita to ry  in te rc o s ta l- to -p h re n ic  re f le x  can 
be reduced by simultaneous s tim ulation  of the phrenic nerve. 
(Supported by HL-34568 and the  UKMC Research Fund).

242.16 LOCATION AND PROJECTIONS OF RESPIRATORY INTERNEURONS 
OF THE THORACIC SPINAL CORD. P .A . K irkw ood , J .B .  
M unson, T . A. S e a r s * and R .H . W es tg a a rd * * . S o b e l l  
D ep artm en t o f  N e u ro p h y s io lo g y , I n s t i t u t e  o f  N eu ro lo g y , 
Queen S q u a re ,  London WC1N 3BG E n g lan d .

E x t r a c e l l u l a r  r e c o r d in g s  have b een  made o f  s i n g l e  
u n i t  a c t i v i t y  in  th e  v e n t r a l  h o rn  o f  th e  t h o r a c i c  
s p i n a l  c o rd  (s e g m en ts  T 3, T 4, T6 , T 7 ) o f  c a t s  
a n e s t h e t i z e d  w ith  p e n t o b a r b i t a l ,  p a r a ly z e d  w ith  
g a l la m in e  and a r t i f i c i a l l y  v e n t i l a t e d  w ith  an 
a i r /0 2 /C 0 2  m ix tu r e  so  a s  t o  p ro d u c e  m o d e ra te  
h y p e r c a p n ia .  M ic r o e le c t r o d e  t i p  p o s i t i o n  was 
d e te rm in e d  by r e f e r e n c e  to  th e  a n t id r o m ic  f i e l d  
p o t e n t i a l s  f r o m s t i m u l a t i o n  o f  th e  i n t e r c o s t a l  n e rv e s  
and th e  d o r s a l  s p i n a l  ram u s , c o n f irm e d  by dye m a rk s .

S p o n ta n e o u s  s i n g l e  u n i t  a c t i v i t y  w ith  r e s p i r a t o r y  
m o d u la t io n  (a lw a y s  a t  a s lo w e r  r a t e  th a n  th e  
v e n t i l a t o r  r a t e ,  5,2/m in) was r e a d i l y  found  in  a l l  
s eg m e n ts  i n v e s t i g a t e d .  U n i ts  w ere  lo c a te d  among o r  
j u s t  d o r s a l  t o  th e  d o r s a l  ram us m o to n e u ro n s . U n its  
i d e n t i f i e d  a s  m o to n e u ro n s  by a n t id r o m ic  a c t i v a t i o n  o r  
s p i k e - t r i g g e r e d  a v e r a g in g  o f  th e  e f f e r e n t  a c t i v i t y  in  
m u sc le  n e rv e s  w ere a l l  lo c a t e d  c lo s e  to  th e  
a p p r o p r i a t e  f i e l d  p o t e n t i a l  m axim a. U n its  in  th e  m ore 
d o r s a l  g ro u p  and many o t h e r s  w i th in  th e  m o to r n u c le i  
c o u ld  n o t be i d e n t i f i e d  in  t h i s  way and a r e  c o n s id e r e d  
l i k e l y  t o  be i n t e r n e u r o n s .  Some o f  t h e s e  f i r e d  a t  h ig h  
r a t e s ,  up t o  3 0 0 /s e c .  35 o f  th e  u n i t s  (12  e x p i r a t o r y ,  
23 i n s p i r a t o r y )  w ere  p ro v e n  to  be in t e r n e u r o n s  by 
a n t id r o m ic  a c t i v a t i o n  from  o t h e r  s e g m e n ts ,  1 t o  5 
seg m e n ts  c a u d a l l y .  9 o f  t h e i r  axons  w ere  i d e n t i f i e d  
i p s i l a t e r a l l y , 24 c o n t r a l a t e r a l l y  and 2 b i l a t e r a l l y .  
The p r o p o r t i o n  o f  u n i t s  w ith  i p s i l a t e r a l  ax o n s  may be 
low  b e c a u s e  o f  th e  f r e q u e n t  p re s e n c e  o f  s h o r t  l a te n c y  
( c a . 1 ms) o r th o d ro m ic  a c t i v a t i o n  w hich  c o u ld  o c c lu d e  
o r  o b s c u r e  a n t id r o m ic  in v a s i o n .  I n s p i r a t o r y  and 
e x p i r a t o r y  u n i t s  w ere a p p a r e n t ly  n o t s p a t i a l l y  
s e g r e g a t e d .

A bout 60% o f  th e  i d e n t i f i e d  i n te r n e u r o n s  w ere 
l o c a t e d  among th e  m o to n e u ro n s . T h is  e m p h a s iz e s  t h a t  
a n a to m ic a l  d e m o n s t r a t io n s  o f  t e r m in a l  p r o j e c t i o n s  
w i th in  th e  m o to r n u c le i  s h o u ld  n o t be ta k e n  a lo n e  a s  
e v id e n c e  f o r  m o n o sy n ap tic  p r o j e c t i o n s  t o  th e  
m o to n e u ro n s .

S u p p o r te d  by th e  J o i n t  R e s e a rc h  A d v is o ry  C om m ittee  
( I n s t i t u t e  o f  N eu ro lo g y ) and NIH G ra n t N S -15913.
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2 4 2 .1 7  HIGH/LOW POWER RATIOS (H /L ) OF PHRENIC NERVE AND DIAPHRAGM EMG 
POWER SPECTRA INCREASE DURING THE INSPIRATORY PHASE IN DECEREBRATE 
CATS. Charles A. Richardson. Cardiovascular Research I n s t i tu te ,  
Depts Anesthesia and Physiology, U niversity  of C a lifo rn ia , San 
Francisco, CA 94143-0542.

A change in power spectra  of sk e le ta l muscle electromyogram 
accompanies muscle fa tig u e : the ra t io  of high frequency power to 
low frequency power (H/L) decreases. S im ilarly , as the diaphragm 
f a i l s  as a pressure gen era to r, H/L decreases. However, when a 
fa tigu ing  in sp ira to ry  load is  ap p lied , H/L decreases within 
seconds, long before the diaphragm f a i l s  as a p ressure generator 
(Gross, J Appl Physiol 46:1-7 1979). When the load is  removed, H/L 
increases qu ick ly , long before the muscle regains i t s  fu ll fo rce . 
I propose th a t the cen tra l re sp ira to ry  p a tte rn  generator can con
tr ib u te  to changes in the power spectrum of the diaphragmatic EMG. 
By computing the coherence spectrum between the phrenic nerve and 
the c o n tra la te ra l diaphragm EMG, I detected  frequency components 
contributed  by the cen tra l re sp ira to ry  p a tte rn  generato r. I 
recorded in sp ira to ry  a c t iv i ty  from the cen tra l end of the cut l e f t  
phrenic nerve and from two p a irs  o f s ta in le s s  s tee l wires sewn into 
the rig h t diaphragm in 4 decerebrate c a ts .  The bare ends were sewn 
into the muscle perpendicular to  the muscle f ib e r s ,  one wire near 
the costa l margin, the  o ther 8mm c e n tra lly . I computed the auto
power spec tra  (Fig A) fo r a l l  th ree  individual s ignals  and the 
coherence spec tra  fo r a l l  th ree  possib le  p a irs  of s ig n a ls . I com
puted H/L (low=20-44Hz; high=140-640Hz) fo r power spectra  sh ifted  
through the in sp ira to ry  phase. There was a major peak in the APS 
of the phrenic nerve a c t iv ity  a t  80, 86, 90, and 110 Hz fo r the 4 
c a ts .  The coherence between the l e f t  phrenic nerve a c t iv i ty  and 
the c o n tra la te ra l diaphragm EMG was s ig n if ic a n t a t  frequencies 
below 120, 105, 135, and 140 Hz re sp ec tiv e ly . The H/L increased as 
a function  of in sp ira to ry  time (Fig B) suggesting th a t H/L may drop 
i f  in sp ira to ry  time shortens in response to an applied load. I 
conclude th a t changes in the power spec tra  of the diaphragmatic EMG 
may be an ind ica tion  of a smart c o n tro lle r  ad justing  to a la rge  
p e rtu rba tion  in i t s  con tro lled  system ra th e r than of the immediate 
fa ilu re  of i t s  power p la n t. (Supported by NIH HL-26176)

2 4 2 .1 8  TWO SUBPOPULATIONS OF PHRENIC MOTONEURONS REVEALED BY RHEOBASE- 
INPUT RESISTANCE MEASUREMENTS. J.S. Jodkowski*, F. Viana*, T.E. 
Dick and A.J. Berger . Department of Physio logy and Bio physics ,  
Univers ity  of Washington School of Medicine, Sea t t le ,  WA 98195.

The e le c t r i c a l  p ropert ies  of lumbosacral motoneurons co rre la te  
strongly  with mechanical properti es  of muscles f ibe rs  they inner
va te .  One can p r e d i c t  w i th  high accuracy  the  type of motor u n i t  
(Type F - fa s t ,  Type S - slow) by determining motoneuronal input 
r e s i s t a n c e  (Ri n) and rheobase ( I r h) ( 1). We measured th e se  two 
variable s,  as well as a f te rhyperpolar iza t ion  durat ion (AHPdu r ) and 
amplitude (AHPamp) for 38 antidromically  iden t i f ied  phrenic moto
neurons (membrane p o t e n t i a l  a t  l e a s t  -60 mV) in a n e s th e t i z e d ,  
paralyzed and p a r t i a l l y  deaf ferented cats  during hypocapnic apnea. 
A p l o t  (see Figure)  of I r h a g a i n s t  Rin fo r  ph ren ic  motoneurons 
revealed two subpopulations: Type A (high I r h, low Rin ) and Type B 
(low I r h, high Rin ). We superimposed the l ine  ( Ir h=7xRi n) separa
t i n g  Type F and Type S lumbosacral motoneurons (1) onto the  p lo t  
and th is  l ine  unambiguously demarcated the two subpopulations of 
ph ren ic  motoneurons.  Table 1 p re s e n t s  the electrophysiological 
propert ies  of these two types of phrenic motoneurons. Since the 
diaphragm contains both F and S motor uni ts  (2), and i f  we assume 
tha t  the properti es  of diaphragmatic motor units  are s im i la r  to 
those of motor units  supplied by lumbosacral motoneurons, then we 
would p r e d i c t  t h a t  Type A ph ren ic  motoneurons supply Type F 
muscles f ib e rs ,  and Type B supply Type S muscle f ibers .  (Supported 
by NS 14857, a Parker B. Francis Fellowship to T.E.D., and CCHNCCE 
to  F.V.)
(1) Zengel e t  a l . ,  J. Neurophysiol . ,  53: 1323-1344, 1985.
(2) Sieck e t  a l . ,  Soc. Neurosci. Abstr. 11: 211, 1985.

242.19 M AINTENANCE OF COMPLEX CIRCUIT FUNCTION DURING 
PERFUSION OF THE MAMMALIAN BRAIN. G.B. R icherson* 
and P.A. Getting. (SPON: R.B. Felder) Dept. of Physiology & 
Biophysics, U niversity  of Iowa, Iowa City, IA 52242.

We have developed an in situ perfused guinea pig brain preparation 
w hich preserves normal electrical function of complex circuits for 
prolonged periods. A dult guinea pigs were anesthetized w ith pentobarbital 
and Innovar-vet, and the brainstem  was exposed by aspiration of the 
cerebellum. The rostral ha lf of the body was perfused via the ascending 
aorta  at 37°C w ith a defined  a rtif ic ia l blood containing the oxygen 
ca rrie r perfluorotributylam ine. The venous e ffluen t was collected, 
dialyzed against R inger's, reoxygenated and then recirculated. The 
anesthetic pentobarbital (40-50 μM) was added to the blood and the 
dialysate. The electrocorticogram  (ECoG) was monitored to assess the 
anesthetic level. The motor output from  the brainstem  respiratory network 
was recorded w ith  a cu ff  electrode on the phrenic nerve. The membrane 
potential o f brainstem  respiratory neurons was recorded using glass 
m icroelectrodes (3M KCl, 40-80 megohms).

The ECoG was preserved for as long as 7 hours w ith no change in 
am plitude com pared to the ECoG recorded before perfusion. The frequency 
content of the ECoG was typical of barb itu ra te  anesthesia. The 
respiratory motor output pattern  displayed a regular rhythm  and a normal 
ra te  and w aveform  fo r an average of 6.2 hours (±  0.95 hrs STD; n=9). 
Systematically increasing the PCO2 of the a rtif ic ia l blood resulted in an 
increase in  the am plitude o f  phreinc ac tiv ity  w ith a slight increase in 
inspira tory  duration. Electrical stim ulation of the vagus nerve resulted 
in  a decrease in inspira tory  duration  and a decrease in am plitude of 
phrenic ac tiv ity  w ith no change in the rate of rise. These are the normal 
responses o f the respiratory system to PCO2 and pulm onary stretch receptor 
feedback. The use o f nonpulsatile perfusion resulted in increased 
mechanical s tab ility , which perm itted stable in tracellu lar recordings from 
brainstem  neurons w ith ongoing respiratory activity .

Perfused brain preparations have been used in the past, but it has been 
d iff icu lt to  m aintain  complex electrical function. Although normal 
biochemistry, histology, and cellular electrophysiology have been 
preserved fo r extended periods, the electroencephalogram  has only been 
sustained unchanged from  control fo r 1-2 hours. Although we have 
previously recorded respiratory ac tiv ity  during  perfusion (Neurosci Abst, 
10:745, 1984), normal motor output from  a complex neural c ircu it has never 
been clearly  dem onstrated. We have increased the duration  of normal 
cortical activ ity  during  perfusion, and have dem onstrated for the first 
tim e norm al function  of a  complex neural network and its major afferen t 
and e ffe ren t pathways. We are now using this preparation  to study the 
electrophysiology o f brainstem  respiratory neurons. This approach may 
also be generally useful fo r electrophysiology throughout the CNS, and for 
other fie lds including brain biochemistry, neuropharm acology and 
neurology.
Supported by NIH grants GM07337 A MH15172 to GBR & NS15350 to PAG
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243.1 3-HYDROXYANTHRANILIC ACID OXYGENASE: PURIFICATION FROM RAT LIVER 
AND IMMUNOHISTOCHEMICAL ANALYSIS IN RAT BRAIN. E. Okuno, 
C.Köh le r * 1 and R. Schw arcz. M aryland P s y c h ia t r ic  Research 
C en te r, P.O. Box 21247, B a ltim o re , MD 21228 and 1ASTRA-Research 
L a b s .,  D ept. Pharm acology, S-151 85 Söd e r t ä l j e ,  Sweden.

The endogenous e x c i to to x in  q u in o l in ic  a c id  (QUIN) has been 
s p e c u la t iv e ly  lin k e d  to  th e  p a th o g en es is  of human neurodegen
e r a t iv e  d is o rd e r s  (L ife  S c i., 35 , 19, 1984). I t s  b io s y n th e t ic  
enzyme, 3 -h y d ro x y a n th ra n ilic  a c id  oxygenase (3HAO) ,  co n v e rts  
3 -h y d ro x y a n th ra n ilic  ac id  to  α-am in o -β-carboxym uconic sem ia ld e
hyde, which in  tu rn  spon taneously  re a rra n g e s  to  form QUIN. 3HAO i s  
p re s e n t in  mammalian ( in c lu d in g  human) b ra in  and can th e re fo re  be 
en v is io n ed  to  c o n s t i tu te  an im p o rtan t f a c to r  in  th e  re g u la t io n  of 
c e re b ra l  QUIN fu n c t io n  a n d /o r  d y s fu n c tio n .

3HAO has now been p u r i f i e d  to  homogeneity from r a t  l i v e r  
fo llo w in g  a se v e n -s te p  p rocedu re  in c lu d in g  s e q u e n t ia l  e lu t io n s  
from DEAE-Sephadex, C M -cellu lo se , h y d ro x y la p a ti te  and Sephadex 
G-150 r e s in s .  S ince enzyme a c t i v i t y  was found to  r a p id ly  d ec re a se  
a f t e r  th e  DEAE-Sephadex s te p ,  bovine serum album in (10 μg) was 
r o u tin e ly  added to  th e  in c u b a tio n  m ix tu re  in  o rd e r  to  in c re a s e  
a c t i v i t y  and s t a b i l i z e  th e  p r o te in .  Homogeneous l i v e r  3HAO has a 
m o lecu lar w eight o f 37000 and i s  n o t composed of s u b u n its , as 
shown by SDS g e l e l e c t ro p h o re s i s .  I t s  m o t i l i ty  when su b je c te d  to  
po lyacry lam ide  g e l e le c tro p h o re s i s  was 0 .3 7 . K in e tic  a n a ly s is  
re v e a le d  a Km fo r  3 -h y d ro x y a n th ra n ilic  a c id  of 3 μM. A ll th e se  
physico -ch em ica l p ro p e r t ie s  (as  w ell as  pH-optimum, h e a t s t a b i l i t y  
and b eh a v io r d u rin g  p a r t i a l  p u r i f i c a t i o n )  were shared  by p a r t i a l l y  
p u r i f i e d  r a t  b ra in  3HAO, th u s  t e n ta t iv e ly  dem o n stra tin g  th e  
i d e n t i t y  of th e  two enzymes. F u r th e r  proof was p rov ided  by 
O uchterlony d o u b le -d if fu s io n  ex p e rim en ts , u s in g  a n t i - r a t - l i v e r  
3HAO a n t ib o d ie s  ( c e n te r  w e ll)  a g a in s t  bo th  l i v e r  and b ra in  3HAO. 
Fusion  o cc u rre d  between th e  p r e c i p i t a te s  caused by th e  l i v e r  and 
th e  b ra in  enzyme.

The homology of l i v e r  and b ra in  3HAO allow ed th e  use of a n t i 
l i v e r  3HAO a n t ib o d ie s  f o r  i mm unohistochem ical a n a ly s is  of th e  
b r a in .  3HAO-im m u n o reac tiv ity  was shown to  be p r e f e r e n t i a l l y  
co n ta in ed  in  sm all g l i a l  c e l l s  th roughou t th e  b ra in .  However, 
s p o ra d ic  n eu ro n a l l o c a l i z a t i o n  was noted  in  s e v e ra l  b ra in  a re a s  
in c lu d in g  hippocam pus, p y rifo rm  c o r te x ,  thalam us and s tr ia tu m . 
O v e ra ll ,  th e  r e g io n a l  d i s t r i b u t io n  o f 3HAO-im m u n o reac tiv ity  in  th e  
b r a in  as  w e ll as  th e  m orpho log ica l c h a r a c te r i s t i c s  of 3HAO-  
c o n ta in in g  c e l l s  were rem in isc e n t of th o se  no ted  in  s im i la r  
s tu d ie s  u s in g  a n t ib o d ie s  d ir e c te d  a g a in s t q u in o l in ic  ac id  
p h o s p h o r ib o s y ltr a n s fe ra s e , QUIN's c a ta b o lic  enzyme (Soc. N eu rosc i. 
A b s t r . ,  1 1 , 2 4 0 .8 , 1985). The a v a i l a b i l i t y  of pure 3HAO and 
anti-3H A O a n t ib o d ie s  can be expected  to  c o n s t i tu te  v a lu a b le  to o ls  
f o r  f u tu r e  s tu d ie s  on th e  b r a i n 's  QUIN system .

Supported by USPHS g ra n ts  NS 16102 and 20509.

243.2 EFFECTS OF LIMBIC LESIONS ON QUINOLINIC ACID METABOLISM IN THE RAT 
BRAIN. C. S p e c ia l e  and R. Sc h w a rc z . M ary land  P s y c h ia t r i c  R e se a rc h  
C e n te r ,  P .O . Box 21247 , B a l t im o r e ,  MD 21228 .

A p a th o lo g ic  o v e ra b u n d a n c e  o f  t h e  b r a in  m e t a b o l i t e  q u i n o l i n ic  
a c id  (QUIN) h a s  b een  h y p o t h e t i c a l l y  l in k e d  to  t h e  e t i o l o g y  o f 
s e i z u r e  d i s o r d e r s  in  man (E x p . N e u r o l . ,  84, 1 , 1 9 8 4 ) . I n  v ie w  o f 
t h e  p ro m in e n t in v o lv e m en t o f  l im b ic  b r a i n  s t r u c t u r e s  in  th e  
i n i t i a t i o n  and p r o p a g a t io n  o f  s e i z u r e  phenom ena, i t  seem ed p ru d e n t  
to  exam ine  th e  e f f e c t s  o f  b o th  l im b ic  s e i z u r e s  and e x p e r im e n ta l ly  
in d u ce d  l im b ic  n e rv e  c e l l  d e g e n e r a t io n  on th e  b r a i n 's  QUIN sy s te m . 
To t h i s  en d , t h e  l a t t e r  was a s s e s s e d  by m easu rem en ts  o f  th e  
enzym es im m e d ia te ly  r e s p o n s i b l e  f o r  QUIN b i o s y n t h e s i s  (3 -h y d ro x y 
a n t h r a n i l i c  a c id  o x y g e n a se ; 3HAO) and d e g ra d a t io n  ( q u in o l in i c  a c id  
p h o s p h o r i b o s y l t r a n s f e r a s e ;  QPRT).

I n  t h e  f i r s t  s e t  o f  e x p e r im e n ts ,  k a in i c  a c id  (12 m g / k g , i . p . ) ,  
c a u s in g  a  r e p r o d u c ib l e  p a t t e r n  o f  l im b ic  s e i z u r e s  and n e u ro n a l  
n e c r o s i s  (N e u ro s c ie n c e ,  1 4 , 3 7 5 , 1 9 8 5 ) , was a d m in is te r e d  to  a d u l t  
m ale  r a t s .  A n im als w ere  k i l l e d  in  t h e  a c u te  (3 h o u r s )  o r  s u b a c u te  
(7 d a y s )  p h a se  fo l lo w in g  k a i n a t e .  No c h a n g es  in  t h e  a c t i v i t i e s  o f  
3HAO, QPRT and g lu ta m a te  d e c a r b o x y la s e  (GAD; a  m ark e r f o r  n e u ro n a l  
i n t e g r i t y )  w ere  n o te d  a t  t h e  t im e  o f  p e a k  s e i z u r e  a c t i v i t y  (3 
h o u r s )  in  t h e  p y r ifo rm  c o r t e x ,  h ippocam pus o r  s t r i a t u m  ( a s s e s s e d  
a s  a  n o n - l im b ic  c o n t r o l  a r e a ) .  I n  c o n t r a s t ,  b o th  3HAO and QPRT 
a c t i v i t i e s  w ere in c r e a s e d  m ark e d ly  7 d a y s  fo llo w in g  k a in a t e  a p p l i 
c a t i o n  in  h ippocam pus (344±62 and 213±26% o f  c o n t r o l ;  N = 9) and 
p y r ifo rm  c o r t e x ,  i . e .  a r e a s  o f  n e rv e  c e l l  l o s s .  No s i g n i f i c a n t  
c h a n g es  w ere  o b s e rv e d  in  s im u lta n e o u s ly  a s s e s s e d  s t r i a t a l  t i s s u e .

In  a  seco n d  s tu d y ,  c o m p le te  h ip p o cam p a l n e rv e  c e l l  l o s s  was i n 
duced  by an  in tr a h ip p o c a m p a l  m ic r o in j e c t io n  o f  t h e  e x c i t o to x i n  
i b o t e n i c  a c id  (20  μg / 1 μl) .  W h ile  no c h a n g es  w ere n o te d  in  h ip p o 
cam pal 3HAO and QPRT a c t i v i t y  2 d a y s  a f t e r  s u rg e r y  (GAD: 62±2% o f 
c o n t r o l ) ,  s u b s t a n t i a l  i n c r e a s e s  in  b o th  Q U IN -m etabo lic  enzym es, 
l im i t e d  to  t h e  i n j e c t e d  h ip p o cam p u s , w ere m easu red  be tw een  7 and 
60 d a y s  a f t e r  t h e  l e s i o n  (p e a k  e f f e c t s  a t  14 d a y s ;  3HAO:452±48%; 
QPRT:221±28% o f  c o n t r o l ;  N = 5 ) .  No s i g n i f i c a n t  c h a n g es  in  h ip p o 
cam pal 3HAO o r  QPRT a c t i v i t y  w ere fo und  7 o r  60 d a y s  a f t e r  c h o l i n 
e r g i c  d e a f f e r e n t a t i o n  by f o r n i x - f i m b r i a  t r a n s e c t i o n .

Taken t o g e t h e r ,  o u r  d a ta  i n d i c a t e  t h a t  th e  l im b ic  QUIN sy s tem  i s  
s i g n i f i c a n t l y  a c t i v a t e d  in  r e s p o n s e  to  p r im a ry  o r  s e i z u r e  r e l a t e d  
n e rv e  c e l l  l o s s  ( c f .  a l s o  Sehw arcz e t  a l . ,  t h i s  m e e t in g ) .  I n  co n 
t r a s t ,  no su ch  in c r e a s e  in  QUIN m e ta b o lism  a p p e a r s  to  be  a s s o c i a te d  
w i th  s e i z u r e  a c t i v i t y  i t s e l f .

S u p p o rte d  by USPHS g r a n t  NS 16102.

2 4 3 .3  BASAL GANGLIA LESIONS: BIOCHEMICAL EXAMINATION OF QUINOLINIC ACID 
METABOLISM. R .Schw arcz, R .J.W hite*  and E. Okuno. Maryland 
P s y c h ia t r ic  R esearch  C en te r, P.O.Box 21247, B a ltim o re , MD 21228.

The s e le c t i v e  nerve  c e l l  lo s s  observed  in  d is o rd e r s  such as 
P a rk in s o n 's  d is e a s e  and H u n tin g to n 's  d is e a s e  may be m ediated  by a 
p a th o lo g ic  overabundance o f endogenous e x c i ta to r y  amino a c id s  
( " e x c i to to x in s ”) .  For a com prehensive assessm ent of th e  chem ical 
neu ropatho logy  o f b a s a l g a n g lia  d is o rd e r s  o f  p o s s ib le  e x c i to to x ic  
o r ig i n ,  i t  i s  im p o rtan t to  examine th e  consequences of s e le c t i v e  
n eu ro n a l d e g e n e ra tio n  on p o te n t ia l  endogenous path o g en s . We have 
th e r e f o r e ,  in  th e  r a t ,  in v e s t ig a te d  th e  e f f e c t s  of ex p e rim e n ta lly  
i nduced b a s a l g a n g lia  le s io n s  on th e  m etabolism  o f q u in o l in ic  ac id  
(QUIN), th e  most p o te n t endogenous e x c i to to x in  d isco v e red  so f a r .  
L esions were made in  a d u l t  male r a t s  a cco rd in g  to  e s ta b l is h e d  
p ro c e d u re s . N euronal d e g e n e ra tio n  in  th e  s tr ia tu m  was caused by a 
l o c a l  in j e c t io n  o f ib o te n ic  a c id  (IBO; 4 0  μg / 2  μ l) ;  dopam inergic 
c e l l  lo s s  in  th e  s u b s ta n t ia  n ig ra  was e l i c i t e d  by i n t r a n ig r a l  
a p p l ic a t io n  o f  6-hydroxydopam ine (6OHDA; 8  μg / 2  μ l) ;  and s t r i a t a l  
d e a f f e r e n ta t io n  was accom plished  by s u c tio n  o f th e  o v e rly in g  c o rte x  
( c o r t i c a l  a b l a t i o n ) .  A ll  p ro ced u re s  were perform ed u n i l a t e r a l l y  and 
t h e i r  su ccess  m onitored  b io c h e m ic a lly . For a l l  m easures, c o n tra 
l a t e r a l  hom otopic s t r u c tu r e s  were used as  c o n tro ls  s in c e  they  d id  
n o t show d if f e re n c e s  from n a iv e  t i s s u e  in  any of th e  param ete rs 
exam ined. Animals were k i l l e d  seven days a f t e r  su rg e ry  and th e i r  
s t r i a t a  and s u b s ta n t ia e  n ig ra e  r a p id ly  d is s e c te d .  The QUIN system  
was a s s e s se d  by measurement o f th e  b io s y n th e t ic  enzyme, 3-hydroxy
a n t h r a n l l i c  a c id  oxygenase (3HAO) and th e  d e g ra d a tiv e  enzyme, 
q u in o l in ic  a c id  p h o s p h o r ib o s y ltra n s fe ra se  (QPRT).

L esioned  Area Area o f A n a ly sis 3HAO QPRT
(% o f  c o n tro l)

S tr ia tu m  (IBO) S tr ia tu m 439 ± 44** 227 ± 38**
" S. N igra 188± 8** 142 ± 20*

S. N igra (6-OHDA) S. N igra 101 ± 3 n o t done
" S tr ia tu m 207 ± 13** 131 ± 12**

C ortex  ( a b la t io n ) S tria tu m 215 ± 17** 244 ± 20**

D ata a re  th e  mean±SEM. N=5 -6 /g ro u p . **P<0.01, *P<0.05 vs c o n t ro ls ;

These d a ta  dem onstra te  a  pronounced in c re a s e  of QUIN m etabolism  
in  resp o n se  to  bo th  c e l l  body and axon te rm in a l d e g e n e ra tio n . P re
lim in a ry  r e s u l t s  from i m m unohistochem ical and developm ental s tu d ie s  
in d i c a t e  t h a t  t h i s  phenomenon may n o t be r e l a te d  to  th e  p r o l i f e r a 
t i o n  o f r e a c t iv e  g l i a l  c e l l s .  Supported by g ra n t NS 20509 and a 
g ra n t  from th e  American P a rk in s o n 's  D isease  A ss o c ia tio n .

2 4 3 .4  BIOCHEMICAL AND BEHAVIORAL EFFECTS OF ADENOSINE DEAMINASE 
INHIBITION BY DEOXYCOFORMYCIN. J .L .  L e w is* , V .S . W e s te rb e rg * , 
J . I . Nagy & J .D . Geiger .  D ep t. o f  P harm aco l., U niv. o f M anitoba 
F ac . o f  M ed., W innipeg, MB. R3E 0W3.

A denosine deam inase (ADA), a  m ajor d e g ra d a tiv e  enzyme fo r  
ad e n o sin e , i s  a s s o c ia te d  w ith  s p e c i f i c  n e u ra l system s in  r a t  CNS 
as  dem onstra ted  im m unohistochem ically  (Nagy e t  a l . ,  S c ience , 224: 
166, 1984) and b io c h em ica lly  (G eiger and Nagy, J .  N eu ro sc i. 1986, 
i n  p r e s s ) .  I f  a  fu n c t io n a l  r e l a t i o n s h ip  e x i s t s  between ADA 
a c t i v i t y  and a d e n o sin e , then  enzyme in h ib i t i o n  may a f f e c t  r e s 
ponses th ough t to  be r e g u la te d  th rough a d e n o sin e . T h e re fo re , 
a d m in is tr a t io n  o f  2 '-deoxyco fo rm ycin  (DCF), a  p o te n t in h ib i to r  o f 
ADA, may h e lp  to  e la b o ra te  th e  fu n c t io n a l  s ig n if ic a n c e  o f th i s  
enzyme.

DCF was a d m in is te red  a t  3 dosage le v e ls  ( 0 .5 ,1 ,  and 5 mg/kg ip ) .  
The d e c re a se  and tim e-c o u rse  o f  recove ry  o f A D A -activ ity  were 
examined in  whole b r a in  and in t e s t i n e  o f r a t s  k i l l e d  2 h r s ,  24 h r s ,  
and 4 , 12 , 16, and 20 days a f t e r  DCF in j e c t io n .  In  bo th  t i s s u e s ,  
5 mg/kg was th e  most e f f e c t iv e  dose w ith  maximum d ec re ase  o cc u rrin g  
a t  2 hou rs  (8% o f c o n t ro l  a c t i v i t y  in  i n t e s t i n e ,  no d e te c ta b le  
le v e ls  in  any b r a in  sam p le s ) . I n t e s t i n a l  ADA a c t i v i t y  was 75% o f 
c o n tro l  v a lu e s  by 4 days and re tu rn e d  to  c o n tro l  le v e ls  by 12 days . 
B ra in  a c t i v i t y ,  how ever, was 17% by 4 days , and on ly  41% o f c o n tro l 
v a lu e s  a t  20 d ay s .

To examine b e h a v io ra l e f f e c t s ,  we ad m in is te red  DCF (5 mg/kg, 
ip )  to  r a t s  a c c lim a te d  f o r  8 days in  cages w ith  f r e e  ac cess  to  
a c t i v i t y  w h ee ls. Running b eh a v io r was then  m onito red  fo r  th e  nex t 
fo u r  days and compared to  a  matched group o f r a t s  r e c e iv in g  on ly  
v e h ic le .  No s ig n i f i c a n t  change in  d a i ly  runn ing  was se e n . One- 
h a l f  o f  th e  r a t s  in  each group were th en  ch a llen g e d  w ith  adenosine 
(30 mg/kg, i p ) .  R ats  g iv en  adenosine  e x h ib ite d  locom otor de
p re s s io n  and th i s  resp o n se  was p o te n t ia te d  in  r a t s  p re v io u s ly  
t r e a te d  w ith  DCF. A s e p a ra te  a c u te  a c t i v i t y  experim ent h as  sug
g es te d  th a t  t h i s  p o te n t ia t io n  was due to  a  p ro lo n g a tio n  o f  th e  
d u ra t io n  o f  a c t io n  o f  adenosine  in  A D A -inhibited r a t s .  A d d itio n a l 
s tu d ie s  a re  ongoing to  a s s e s s  th e  e f f e c t  o f ADA in h ib i t i o n  on 
n o c ic e p tio n  and tem p era tu re  r e g u la t io n .

JLL i s  a  S tuden t o f  and JDG and JIN  a re  S ch o la rs  o f th e  M edical 
R esearch  C ouncil o f  Canada (MRCC). VSW i s  a  Fellow  of S t .  
B on iface R es. Fdn. T h is work was su ppo rted  by MRCC.
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243.5 INTRINSIC CHEMOSENSITIVITY OF RABBIT SUPERIOR CERVICAL GANGLIA. 
B. D in g e r ,  G. H anson A. O b eso ,*  C. G o n za lez  and S . F id o n e  (SPON: 
C. E y z a g u i r r e ) .  D e p t .  P h y s io lo g y ,  S ch o o l o f  M e d ic in e , U n iv . o f  
U ta h , S a l t  Lake C i ty ,  UT 8 4 112 .

The s y m p a th e tic  n e rv o u s  sy s te m  c o n t r o l s  th e  f u n c t i o n a l  s t a t e  
o f  d i v e r s e  n e u r o e f f e c t o r  o rg a n s  in  th e  p e r ip h e r y  and th e r e b y  
d e te rm in e s  e s s e n t i a l  h o m e o s ta t ic  and b e h a v io r a l  r e s p o n s e s .  
C l a s s i c a l  v iew s h o ld  t h a t  p o s tg a n g l io n i c  s y m p a th e tic  a c t i v i t y  i s  
d o m in a ted  by o u tf lo w  from  c e n t r a l  p r e g a n g l io n i c  a x o n s . In  th e  
p r e s e n t  i n v e s t i g a t i o n ,  we h ave  t e s t e d  th e  h y p o th e s i s  t h a t  sympa
t h e t i c  g a n g l i a  c o n ta in  i n t r i n s i c  m echanism s w hich  re sp o n d  to  
p h y s io l o g ic a l  s t i m u l i  in d e p e n d e n t  o f  c e n t r a l  o u t f lo w .

The p r e g a n g l io n i c  t ru n k  o f  th e  s u p e r i o r  c e r v i c a l  g a n g lio n  
(SCG) was s e c t io n e d  u n i l a t e r a l l y  i n  a d u l t  r a b b i t s .  F o u r te e n  
d ay s  f o l lo w in g  s u r g e r y ,  th e  a n im a ls  w ere e x p o sed  in  a f lo w  
cham ber to  e i t h e r  a i r  o r  5% O2 in  N2 f o r  two 30 m in p e r i o d s ,  
w i th  20 min i n t e r im  ( o u r  p r e v io u s  s tu d i e s  showed t h a t  h y p o x ia  
red u c e d  SP l e v e l s  i n  SCG o f  u n o p e ra te d  r a b b i t s ;  Hanson e t  a l . ,  
J .  N e u r o b io l .  17: 5 1 -5 4 , 1 9 8 6 ) . S e le c te d  t i s s u e s  w ere s u r g i 
c a l l y  rem oved f o r  RIA d e te r m in a t io n  o f  s u b s ta n c e  P ( S P ) .  In  
s e p a r a te  e x p e r im e n ts ,  th e  g lu c o s e  co n su m p tio n  o f no rm al and 
d e c e n t r a l i z e d  r a b b i t  SCG was d e te rm in e d  in  v i t r o  u n d e r  n orm oxic  
( 100% O2- e q u i l i b r a t e d  m ed ia )  o r  h y p o x ic  ( 20% O2 in  N2 m ed ia )  
c o n d i t i o n s  w i th  3H- 2 -d e o x y g lu c o s e  ( 3H-2DG, 2 μM ).

SP l e v e l s  w ere u n a f f e c te d  by d e c e n t r a l i z a t i o n ,  b u t  h y p o x ia  
red u c e d  SP by 36% (p < 0 .0 5 )  i n  n o rm a l,  and 41% (p < 0 .0 2 5 )  in  
o p e ra te d  g a n g l i a .  C o m p a ra tiv e  s tu d i e s  o f  n o d o se  g a n g l i a  and 
c o rp u s  s t r i a t a  showed t h a t  th e  SP c o n te n t  o f  th e s e  t i s s u e s  was 
unch an g ed  i n  h y p o x ic  a n im a ls .  C o n f irm a tio n  o f  SCG i n t r i n s i c  
s e n s i t i v i t y  t o  h y p o x ia  was o b ta in e d  in  p r e l im in a r y  e x p e r im e n ts  
in  v i t r o  w here th e  l e v e l s  o f  SP and a  r e l a t e d  t a c h y k i n in ,  su b 
s ta n c e  K, w ere re d u c e d  fo llo w in g  two 20 m in e x p o s u re s  t o  low  O2 
s u p e r f u s io n  m ed ia . A ls o ,  e x p o su re  f o r  5 min to  low  O2 s u p e r 
f u s io n  m edia  a p p ro x im a te ly  d o u b led  th e  r a t e  o f  3H-2DG u p ta k e  by 
no rm al SCG ( p < 0 .0 0 1 ) ,  and t h i s  e f f e c t  was s t i l l  p r e s e n t  48 h r s  
f o l lo w in g  d e c e n t r a l i z a t i o n .  In  c o n t r a s t ,  3H-2DG u p ta k e  by 
n o d o se  g a n g l i a  was u n a f f e c te d  by h y p o x ia .

The low  O 2-in d u c e d  r e d u c t io n s  i n  SP and i n c r e a s e  i n  g lu c o s e  
c o n su m p tio n  in  th e  SCG p a r a l l e l  ch an g es  i n  p e p t id e  c o n te n t  and 
i n te r m e d ia r y  m e ta b o lism  fo llo w in g  low  O2 e x p o su re  o f  th e  c a r o t i d  
b o d y , a w e l l  re c o g n iz e d  c h e m o s e n s it iv e  o rg an  (H anson e t  a l . ,  
S o c . N e u r o s c i .  A b s t .  9 : 143 , 1 9 8 3 ) . T h u s, b o th  o u r  i n  v iv o  and 
in  v i t r o  s tu d i e s  s u g g e s t  t h a t  i n t e r n a l  m echanism s in  th e  SCG a re  
u n iq u e ly  s e n s i t i v e  to  h y p o x ia  and can  re sp o n d  to  p h y s io lo g ic a l  
s t i m u l i  in d e p e n d e n t  o f  th e  CNS o r  c i r c u l a t i n g  h o rm o n es.

S u p p o rte d  by USPHS g r a n t s  NS12636, NS07938 and DA00869.

243.6 SUBSTRATE SPECIFICITY OF RABBIT BRAIN CHOLINE KINASE. R.W. Guynn, 
C .-F . T s a i*  and  D. K. M e r r i l l * . D ep a rtm en t o f  P s y c h ia t r y  and Be
h a v io r a l  S c ie n c e s ,  U n iv e r s i ty  o f  T exas M e d ic a l S c h o o l, H ouston , TX. 
77225.

C h o lin e  k in a s e  i s  a w id e ly  d i s t r i b u t e d  and r e l a t i v e l y  a c t i v e  
enzyme in  b r a i n .  The enzyme co m p etes  w i th  th e  c h o l i n e r g i c  system 
f o r  a v a i l a b l e  c h o l in e  and c o n fo u n d s  b o th  th e  u n d e r s ta n d in g  o f the 
d ynam ics o f  t h a t  sy s te m  in  th e  w ho le  a n im a l and th e  developm ent. 
o f  c h o l in e  a n a lo g u e s  w hich  m ig h t im p ac t i t  s e l e c t i v e l y .  Very l i t 
t l e  i s  known a b o u t th e  s u b s t r a t e  s p e c i f i c i t y  o f  c h o l in e  k in a s e  
from  any s o u rc e  l e t  a lo n e  b r a i n .  T h e re fo re  we h av e  u n d e r ta k e n  a 
s tu d y  to  b e g in  to  su p p ly  th e  in fo r m a t io n .

R a b b it  b r a i n  c h o l in e  k in a s e  was p re p a re d  from  r a b b i t  b r a in s  
u s in g  a  m o d i f ic a t io n  o f  an  a f f i n i t y  m ed ia  s u g g e s te d  by Brophy and 
Vance (FEBS L e t t .  6 2 :1 2 3 -1 2 5 , 1 9 7 6 ). The enzyme was a s sa y e d  spec
t r o p h o t o m e t r i c a l l y  a t  pH 7 .5  u s in g  p y ru v a te  d e h y d ro g e n a se  and la c 
t a t e  d e h y d ro g e n a se  a s  i n d i c a t o r  enzym es. The r e l a t i v e  r a t e s  o f the 
r e a c t i o n  w i th  th e  a n a lo g u e s  was com pared to  c h o l in e  a t  r e l a t i v e l y  
h ig h  s u b s t r a t e  c o n c e n t r a t i o n s  (10 mM).

R a th e r  s u r p r i s i n g l y ,  t h e  s p e c i f i c i t y  o f  th e  b r a i n  enzyme i s  
q u a l i t a t i v e l y  d i f f e r e n t  from  t h a t  o f  th e  enzyme from  y e a s t ,  a ls o  
s tu d i e d  f o r  c o m p a riso n . U n e x p e c te d ly , th e  b r a i n  enzym e, in  f a c t ,  
shows l e s s  s p e c i f i c i t y .  F or ex am p le , w h ereas  s u c c e s s iv e  r e p l a c e 
m ent o f  th e  m e th y l g ro u p s  o f  c h o l in e  w i th  e th y l  g ro u p s  r e s u l t s  in  
d e c re a s in g  s u b s t r a t e  a c t i v i t y  w i th  th e  y e a s t  enzyme th e  same modi
f i c a t i o n  r e s u l t s  i n  i n c r e a s i n g  a c t i v i t y  w i th  th e  b r a i n  enzyme. 
N ,N ,N - t r ie th y le th a n o la m in e  i s  37% a s  a c t i v e  a s  c h o l in e  w ith  y e a s t  
c h o l in e  k in a s e  b u t  292% a s  a c t i v e  a s  c h o l in e  w ith  th e  b r a i n  enzyme. 
The b r a i n  enzyme a l s o  shows m ore t o le r a n c e  f o r  s in g l e  lo n g  c h a in  
a lk y l  s u b s t i t u t i o n s .  F o r ex am p le , N - o c ty l - N ,N - d im e th y le th a n o l
am ine s t i l l  r e t a i n s  17% o f  th e  a c t i v i t y  o f  c h o l in e  w ith  b r a i n  
c h o l in e  k i n a s e  b u t  i s  n o n - r e a c t i v e  w i th  th e  y e a s t  enzym e. L ik e 
w ise  c y c l i c  a n a lo g u e s  o f  c h o l in e  su ch  a s  3-h y d ro x y - 1 , 1-d im e th y l 
p i p e r i d in e  and 4 -h y d ro x y - 1 , 1- d im e th y l p ip e r id i n e ,  w hich  show l i t t l e  
o r  no r e a c t i v i t y  w i th  y e a s t  c h o l in e  k i n a s e ,  g iv e  r a t e s  99% and 
264% o f  t h a t  o f  c h o l i n e ,  r e s p e c t i v e l y ,  w ith  th e  b r a i n  enzym e. Even 
th e  cag ed  s t r u c t u r e  N - m e th y l -3 - q u in u c l id in o l  i s  p a r t i a l l y  (33%) re 
a c t i v e  w i th  t h e  l a t t e r  p r e p a r a t i o n .

The co m m o n ality  b e tw een  th e  two enzym es, h o w ev er, i s  th e  non
r e a c t i v i t y  o f  a n a lo g u e s  c a r r y in g  a ro m a tic  r i n g s  a t t a c h e d  to  th e  
n i t r o g e n  atom  su ch  a s  N -b e n z y l-N ,N -d im e th y le th a n o la m in e  and 
N -(2 -n a p h th y l) -N ,N -d im e th y le th a n o la m in e  o r  w i th  any o f th e  d ic h o 
l i n e  a n a lo g u e s  t e s t e d  [o f  th e  g e n e ra l  s t r u c t u r e  HOCH2CH2N(CH3 ) -  
2 (CH2) nN(CH3 ) 2CH2CH2OH w here n = 2 - 1 4 ] .  I t  i s  p la n n e d  in  su b se 
q u e n t  work to  com pare t h e  s p e c i f i c i t i e s  o f  b r a i n  c h o l in e  k in a s e  
w i th  t h a t  o f  c h o l in e  a c e t y l t r a n s f e r a s e  from  th e  same t i s s u e  looking 
f o r  a n a lo g u e  s t r u c t u r e s  h a v in g  r e l a t i v e  s p e c i f i c i t y  f o r  e i t h e r  sys
tem . (The work i s  s u p p o r te d  by NIMH g r a n t  R01 MH39603).

243.7 DETERGENT RELEASED CHOLINE ACETYLTRANSFERASE FROM MEMBRANE 
FRACTIONS OF RAT AND HUMAN BRAIN. G. B ruce*, C. W hite I I I * ,  
and L.B. H ersh (SPON: M.R. M orrison). D epartm ents o f 
B iochem istry  and P a tho logy , U n iv e rs ity  o f Texas H ealth  S cience 
C en ter a t  D a lla s , D a lla s , TX 75235.

S u b c e l lu la r  f r a c t io n a t io n  was perform ed on r a t  and human 
b ra in  t i s s u e .  F ollow ing th e  e x t r a c t io n  o f  s o lu b le  ch o lin e  
a c e ty l t r a n s f e r a s e  (ChAT) th e  r e s u l t a n t  membrane f r a c t io n  was 
su b je c te d  to  hypo-osm otic shock and su b seq u en tly  washed in  
h ig h  and low s a l t  b u f f e r s .  The ChAT a c t iv i t y  a s s o c ia te d  w ith  
th e  washed p e l l e t  f r a c t io n  was sm all in  r e l a t i o n  to  th e  t o t a l  
s o lu b le  a c t i v i t y  recovered  in  th e  f i r s t  s u p e rn a ta n t and th e  
washes (3.7% fo r  r a t  and 5.2% fo r  human). However th e  
a d d i tio n  o f  1% t r i t o n  X-100 to  th i s  p e l l e t  f r a c t io n  r e s u l te d  
in  th e  s ig n i f i c a n t  in c re a s e  in  ChAT a c t iv i t y  ( 4 .9 - f o ld  fo r  r a t  
and 8 .7 - fo ld  fo r  human). The t r i t o n  re le a s e d  ChAT and th e  
s o lu b le  ChAT from bo th  s p e c ie s  were e f f i c i e n t l y  p u r i f i e d  by 
im m uno-affin ity  chrom atography. The m olecu lar w eigh ts o f 
th e se  p u r i f i e d  forms o f ChAT were determ ined  by SDS-PAGE 
fo llow ed  by im m unoblotting. Three d i f f e r e n t  anti-ChAT 
a n tib o d ie s  a l l  rev e a le d  an id e n t ic a l  s in g le  m olecu lar w eight 
o f 68K fo r  th e  s o lu b le  and t r i t o n  re le a s e d  ChAT from bo th  
s p e c ie s . A more, d e t a i l e d  com parison o f  th e se  two enzyme forms 
from human b ra in  was c a r r ie d  o u t by e p ito p e  mapping. An 
id e n t ic a l  p a t te r n  o f  im m unologically  r e a c t iv e  p e p tid e s  were 
produced from a l im ite d  p r o te o ly t i c  d ig e s t io n  o f  b o th  s o lu b le  
and t r i t o n  re le a s e d  ChAT from human b ra in .

As i t  was p o s s ib le  th a t  th e  t r i t o n  re le a s e d  ChAT m ight 
sim ply  re p re s e n t occluded so lu b le  enzyme th e  d i s t r i b u t io n  o f 
th e  c y to s o l ic  enzyme l a c ta t e  dehydrogenase (LDH) was a lso  
s tu d ie d  d u rin g  th e  above s u b c e l lu la r  f r a c t io n a t io n s .  As w ith  
ChAT most LDH a c t iv i t y  was recovered  in  th e  f i r s t  s u p e rn a ta n t. 
The LDH a c t iv i t y  a s s o c ia te d  w ith  th e  washed p e l l e t  f r a c t io n  
was sm all in  r e l a t i o n  to  th a t  recovered  in  th e  f i r s t  
s u p e rn a ta n t and th e  washes (7.0% fo r  r a t  and 5.9% fo r  human). 
The a d d i tio n  o f  1% t r i t o n  X-100 to  t h i s  p e l l e t  f r a c t io n  
re s u l te d  in  an in c re a s e  in  LDH a c t iv i t y  ( 5 .9 - f o ld  fo r  r a t  and 
6 .7 - fo ld  fo r  human) com parable to  th a t  observed  fo r  ChAT. 
T his a c tio n  o f  t r i t o n  X-100 i s  c o n s is te n t  w ith  i t  d is ru p tin g  
membrane v e s ic le s  and re le a s in g  occluded  s o lu b le  enzymes.

I t  i s  concluded th a t  t r i t o n  re le a s e d  ChAT from r a t  and 
human b ra in  membrane f r a c t io n s  i s  id e n t ic a l  to  s o lu b le  ChAT 
and i s  so because i t  sim ply re p re s e n ts  occluded so lu b le  ChAT 
as opposed to  a d i s t i n c t  membrane form o f  th e  enzyme.

243.8 MOLECULAR FORMS OF ACETYLCHOLINESTERASE: BRAIN 
REGIONAL DIFFERENCES IN SENSITIVITY TO PHYSOSTIGMINE. 
F.P.H uger, G. R obertello* and W. Petko* D ept. of Biochemistry, 
H oechst-Roussel P harm aceuticals Inc. Somerville, NJ 08876

A cetylcholinesterase (AChE, EC 3.1.1.7) from ra t s tria tum  and frontal 
co rtex  was separated  into two m ajor m olecular form s (10S and 4S) by 
continuous sucrose gradient centrifugation  a f te r  solubilization in 10 mM 
phosphate buffer, pH 7.1, containing 1 M NaCl and 1.0% Triton X-100. 
Under these conditions, the 10S and 4S forms constitu ted  approximately 
80% and 10%, respectively , of the  to ta l cholinesterase activ ity  of the 
fractions, w ith no real d ifferences in re la tive  am ounts between brain 
regions. C urrent lite ra tu re  suggests th a t the 10S form may be 
developm entally and functionally more im portant.

Enzyme inhibition studies and kinetic analysis w ere done using 4S and 
10S AChE derived from cerebro-cortica l and s tr ia ta l homogenates to 
investigate  possible brain regional d ifferences. Physostigmine was 
significantly  more po ten t as an inhibitor of both 4S and 10S AChE from 
stria tum  than from  co rtex , w hereas, BW-284C51 and tacrine  showed only 
slight d ifferences. No significant d ifferences in inhibition of the 10S and 
4S form s from  the sam e region w ere found. The butyrylcholinesterase 
inhibitor, iso-OMPA did not inhibit ac tiv ity  and likewise, no enzyme 
ac tiv ity  could be detec ted  using 5 mM butyrylthiocholine as a  substrate, 
indicating m easurem ent of true  cholinesterase ac tiv ity .

Enzyme inhibition studies w ere then done in various preparations of 
s tr ia ta l and co rtica l tissue, to  determ ine w hether differences in 
sensitivity  to  physostigmine existed a t  all steps in the resolution of the 
m olecular form s. These experim ents revealed th a t physostigmine was 
som ew hat more po tent in all preparations of s tr ia ta l AChE than cortical 
AChE, but BW-284C51 and tacrine  again showed no brain regional 
se lec tiv ity .
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243.9 A NEURONAL CELL CULTURE AS A MODEL SYSTEM TO STUDY 
ACETYLCHOLINESTERASE. R. R ay, F .M. Cowan* and O .E . C la c k * . US 
Army M edical R e s e a rc h  I n s t i t u t e  o f  C hem ica l D e fe n s e , A b erdeen  
P roving G round, MD 2 1 0 1 0 -5 4 2 5 .

C h o l in e s te r a s e  (ChE) a c t i v i t y  i n  th e  c lo n a l  n e u ro b la s to m a 
gliom a h y b r id  NG108-15 c e l l  l i n e  was s tu d i e d ,  and th e  r e s u l t s  
were compared w ith  th o s e  o b s e rv e d  in  th e  m ammalian b r a i n  i n  o th e r  
l a b o r a to r i e s .  The ChE a c t i v i t y  o f  NG108-15 c e l l s  i s  a lm o s t  
t o t a l l y  (>90%) i n h i b i t e d  by th e  s p e c i f i c  a c e t y l c h o l i n e s t e r a s e  
(AChE) i n h i b i t o r  BW284C51 ( IC 50 = 3×10-8 M), i n d i c a t i n g  t h a t  th e  
enzyme a c t i v i t y  i s  p r e d o m in a n t ly  AChE a s  i t  i s  r e p o r t e d  to  be in  
the  b r a in .  S p e c i f i c  AChE a c t i v i t y  (n m o les  ACh h y d ro ly z e d /m in /m g  
p r o te in )  i n c r e a s e s  d r a m a t i c a l l y  i n  NG108-15 c e l l s ,  d i f f e r e n t i a t e d  
w ith  1 mM d i b u ty r y l  cAMP ( B t2cAMP), a s  i s  a l s o  r e p o r t e d  in  th e  
d ev e lo p in g  b r a i n .  S u c ro se  d e n s i t y  g r a d i e n t  s e d im e n ta t io n  
a n a ly s is  was em ployed to  c h a r a c t e r i z e  th e  m o le c u la r  fo rm s o f AChE 
in  NG108-15 c e l l s  w i th  r e s p e c t  to  t h e i r  d e v e lo p m e n ta l  c h a n g e s , 
s u b c e l lu la r  l o c a l i z a t i o n ,  and r e l e a s e  i n to  th e  c u l t u r e  medium. 
Two m o le c u la r  s p e c i e s  o f  AChE w ith  s e d im e n ta t io n  c o e f f i c i e n t s  o f  
a p p ro x im ate ly  5S and 11S , c o m p a ra b le  to  b r a i n  AChE m o le c u la r  
form s, a r e  p r e s e n t  i n  NG108-15 c e l l s .  D u rin g  d e v e lo p m e n t o f  
NG108-15 c e l l s  i n  c u l t u r e  in  th e  p r e s e n c e  o f  1 mM B t2cAMP, th e  
r e l a t i v e  p r o p o r t io n s  o f  th e  5S and  th e  11S AChE m o le c u la r  fo rm s 
change from  a h ig h  5 S /lo w  11S (80% 5S/20% 11S) i n  a  3 day o ld  
p o o rly  d i f f e r e n t i a t e d  c u l t u r e  to  th e  c o n v e rs e  (45% 5S/55% 11S) in  
a 13 day o ld  h ig h ly  d i f f e r e n t i a t e d  c u l t u r e ,  s i m i l a r  to  th e  
changes r e p o r t e d  i n  th e  d e v e lo p in g  r a t  b r a i n .  As in  th e  b r a i n ,  
the  11S AChE in  NG108-15 c e l l s  i s  m o s tly  m em brane-bound, and 
s e c re te d  e x t r a c e l l u l a r l y . B ased  on th e s e  s i m i l a r i t i e s  o f  AChE in  
NG108-15 c e l l s  and in  th e  b r a i n ,  th e  NG108-15 c e l l s  may be used  
as a p o t e n t i a l  n e u ro n a l  m odel sy s te m  to  s tu d y  AChE w ith  r e s p e c t  
to  b i o s y n t h e s i s ,  p o ly m o rp h ism , p r o p e r t i e s ,  and e f f e c t s  o f  
chem ical a g e n ts  t h a t  i n t e r f e r e  w i th  th e s e  p r o c e s s e s .

243.10 USE OF A RADIOMETRIC ASSAY FOR BUTYRYLCHOLINESTERASE TO 
CHARACTERIZE THE ENZYME FROM HUMAN CSF. Jam es B. Rand and F . 
J a c o b  H u f f , D ep t o f  Z o o lo g y , U. o f  W isc o n s in , M adison , WI 53706 
and A lz h e im e r 's  D is e a s e  R e s e a rc h  C e n te r ,  U. o f  P i t t s b u r g h ,  
P i t t s b u r g h ,  PA 15213

We have d e v e lo p e d  a  s i n g l e - v i a l  b i p h a s i c  e x t r a c t i o n  a s s a y  f o r  
b u t y r y l c h o l i n e s t e r a s e  (BuChE) w hich  i s  b a sed  on th e  a c e ty l c h o 
l i n e s t e r a s e  a s s a y  o f Jo h n so n  and R u s s e l l  (A n a ly t .  B iochem . 
6 4 :2 2 9 ) .  The p ro c e d u re  in v o lv e s  in c u b a t io n  o f  th e  enzyme w ith  
H3- b u ty r y l c h o l in e  and b u f f e r  in  a 5-m l g l a s s  v i a l .  The r e a c t io n  
i s  t e r m in a te d  by th e  a d d i t i o n  o f  c o n c e n t r a te d  b u f f e r  a t  pH 3 and 
o r g a n ic  s c i n t i l l a t i o n  f l u i d  c o n ta in in g  10% iso am y l a lc o h o l .  The 
v i a l  i s  th e n  capped  and sh a k e n , fo rm in g  a tw o -p h ase  sy s te m . A t 
pH 3 , th e  t r i t i a t e d  b u t y r a t e  (fo rm ed  by e n z y m a tic  h y d r o ly s i s  o f  
th e  s u b s t r a t e )  i s  f u l l y  p r o to n a t e d ,  and i s  e f f i c i e n t l y  e x t r a c t e d  
i n t o  th e  o r g a n ic  p h a s e ,  w here i t  i s  c o u n te d .  U n re a c te d  b u t y r y l 
c h o l i n e ,  b e in g  c h a rg e d ,  rem a in s  in  th e  aq u eo u s p h a s e , w here th e  
weak b e ta - d e c a y s  c a n n o t r e a c h  th e  f l u o r s  in  th e  o r g a n ic  p h a s e .

U nder c o m p arab le  a s s a y  c o n d i t i o n s ,  m easu rem en ts  o f  BuChE a c 
t i v i t y  u s in g  th e  r a d io m e t r ic  m ethod a r e  d i r e c t l y  c o m p arab le  to  
s p e c t r o p h o to m e tr ic  a s s a y s  u s in g  E l lm a n 's  p r o to c o l  (B iochem . 
P h a rm a c o l.  7 :8 8 ) .  H ow ever, th e  r a d io m e t r ic  m ethod becom es much 
m ore s e n s i t i v e  a t  v e ry  low s u b s t r a t e  c o n c e n t r a t i o n s :  u n d e r  such  
c o n d i t i o n s ,  1 μ l o f  a  human CSF sam ple p ro v id e s  a s ig n a l  t h a t  i s  
a s  much a s  5 - f o ld  above b la n k  (3 0 -m in  a s s a y  a t  room t e m p e ra tu re ) .

B ecau se  o f  th e  n o n l in e a r  c o o p e r a t iv e  k i n e t i c s  o b se rv e d  w ith  
BuChE (A u g u s tin s s o n  e t  a l . ,  B iochem . J .  1 4 1 :8 2 5 ) , a s  w e l l  a s  th e  
l a r g e  e f f e c t s  o f  s a l t  c o n c e n t r a t i o n  on k i n e t i c  p a ra m e te r s ,  
m easu rem en ts  o f  BuChE a c t i v i t y  u s in g  any m ethod may be s u b je c t  to  
c o n s id e r a b l e  v a r i a b i l i t y  due to  d i f f e r e n c e s  in  b u f f e r ,  s u b s t r a t e  
and  s a l t  c o n c e n t r a t i o n .  To a v o id  t h i s  p ro b le m , we e x t r a p o la t e  
from  th e  l i n e a r  ( l o w - s u b s t r a t e )  p o r t i o n  o f  an  E a d ie -H o fs te e  p l o t  
to  d e f in e  th e  " e q u iv a l e n t  Vma x " f o r  th e  enzym e.

We have o b se rv e d  t h a t  human BuChE I s  r e l a t i v e l y  i n e f f i c i e n t  a t  
u t i l i z i n g  a c e t y l c h o l i n e  a s  a s u b s t r a t e .  T h is  p r o p e r ty  o f  th e  
enzym e, w hich  i s  a c c e n tu a te d  a t  low s u b s t r a t e  c o n c e n t r a t i o n s ,  h as  
a l lo w e d  us to  d e te rm in e  AChE and BuChE a c t i v i t i e s  in d e p e n d e n t ly  
i n  CSF, w i th o u t  r e q u i r in g  th e  u se  o f  s p e c i f i c  i n h i b i t o r s .  We 
h av e  a l s o  o b s e rv e d  c o n s id e r a b l e  d i f f e r e n c e s  b e tw een  human BuChE 
(fro m  e i t h e r  serum  o r  CSF) and BuChE from  h o r s e  se ru m , w i th  
r e s p e c t  to  pH o p tim a , k i n e t i c  p a ra m e te r s ,  and e f f e c t s  o f  i n o r 
g a n ic  io n s .  We th e r e f o r e  c o n c lu d e  t h a t  th e  h o r s e  serum  enzyme 
may n o t  a lw ay s  be an a p p r o p r i a t e  c o n t r o l  f o r  n e u ro c h e m ic a l  and 
p h a rm a c o lo g ic a l  s t u d i e s  o f  human BuChE.

S u p p o r te d  by a  Seed G ra n t  from  th e  M en ta l H e a l th  C l in i c a l  
R e s e a rc h  C e n te r  o f  th e  U n iv e r s i ty  o f  P i t t s b u r g h  and by g r a n t  
AG05133 from  NIH.

243.11 ULTRASTRUCTURAL LOCALIZATION OF PSEUDOCHOLINESTERASE 
TO BRAIN SYNAPSES. M. C. Bundman and C. Gorenstein. Department of 
Pharmacology, University of California, Irvine, CA 92717.

We have previously shown that at the light microscope level pseudo - 
cholinesterase (E.C. 3.1.1.8) was localized in neuronal cell bodies as well as the 
neuropil. Electron microscopic studies of the areas demonstrating perikaryal 
staining showed that pseudocholinesterase was exclusively localized in the 
nuclear envelope and the granular endoplasmic reticulum. The present study was 
undertaken to study the localization of pseudocholinesterase in areas where 
neuropil staining was prominent.

The histochemical localization of pseudocholinesterase was studied in the rat 
anterior ventral nucleus of the thalamus (AV) at the electron microscope level. We 
employed the ionic fixation technique described by Tsuji and Fournier 
(Histochemistry, 80:19, 1984). Propionylthiocholine was used as the substrate 
and produced a fine, electron dense precipitate at the sites of enzymatic activity. 
Acetylcholinesterase activity was inhibited with 10-4M BW284c51 ; control 
reaction mixtures also contained 10-4M iso-OMPA.

Pseudocholinesterase activity was observed in neuronal perikarya within the 
nuclear envelope and in the cistemae of the granular endoplasmic reticulum. Other 
organelles in the perikaryal cytoplasm did not contain reaction product.

Examination of the tissue at high magnification revealed that a significant 
fraction of the reaction product was found in close association with small to 
medium size synaptic terminals impinging on the perikarya and dendrites of 
thalamic neurons. In these areas the reaction product could frequently be observed 
filling the synaptic cleft. The synaptic terminals, filled with spherical vesicles, 
were free of reaction product. These results indicate that pseudocholinesterase is 
localized post-synaptically in AV.

To determine the origin of the terminals which form synapses with 
pseudocholinesterase-containing neurons in AV, we iontophoretically labeled 
neurons in the cingulate cortex and hippocampus with the biotinylated, anterograde 
tracer lectin, PHA-L. Terminals in AV labeled with biotin-PHA-L were 
visualized after treatment with an avidin-colloidal gold complex. Electron 
microscopic studies revealed populations of terminals double-labeled with both 
pseudocholinesterase and PHA-L.

The results obtained indicate that in the brain, pseudocholinesterase is 
intimately associated with synapses and synaptic terminals. The strategic 
postsynaptic localization of pseudocholinesterase suggests that it participates in 
the metabolism of neurotransmitter substances.

Supported by NS 18994

243.12 CHEMICAL MODIFICATION AND SPECTRAL CHANGES OF CYTOCHROME b561 IN 
CHROMAFFIN-VESICLE GHOSTS. P.M . K e lle y *  and D. N jus*  (SPON: H. 
N o r m ile ) . D e p t . o f  B io lo g ic a l  S c ie n c e s ,  Wayne S t a te  U n i v e r s i ty ,  
D e t r o i t  MI 48202 .

C ytochrom e b561 i s  an i n t e g r a l  membrane p r o t e i n  found  i n  a 
v a r i e t y  o f  s e c r e to r y  v e s i c l e s  i n c lu d in g  th e  a d r e n a l  m e d u lla ry  
c h ro m a ff in  v e s i c l e s  and  p e p t id e  a m id a tin g  v e s i c l e s  i n  th e  
p i t u i t a r y .  We h av e  s u g g e s te d  t h a t  t h i s  cy to ch ro m e  c a t a l y z e s  
e l e c t r o n  t r a n s p o r t  a c r o s s  th e  m em branes o f  t h e s e  v e s i c l e s .  The 
e l e c t r o n  t r a n s p o r t  i s  th o u g h t to  r e g e n e r a te  a s c o r b i c  a c id  w hich  i s  
n eed ed  f o r  th e  s y n th e s i s  o f  n o r e p in e p h r in e  and f o r  th e  a m id a tio n  
o f  n e u r o p e p t id e s .  A lth o u g h  many compounds h av e  b een  t e s t e d ,  none 
h av e  b e e n  found  to  i n h i b i t  th e  o x id a t io n  o r  r e d u c t io n  o f  
cy to ch ro m e  b 5 6 1 . We h av e  r e c e n t l y  found  t h a t  c h e m ic a l  
m o d i f ic a t io n  w i th  a c e t i c  a n h y d r id e  s lo w s th e  r a t e  o f  cy to ch ro m e  
r e d u c t io n ,  w h i le  l e a v in g  th e  e x te n t  o f  r e d u c t io n  u n a f f e c te d .  The 
in v o lv e m e n t o f  th e  c y to ch ro m e  i n  e l e c t r o n  t r a n s f e r  i s  c o n firm e d  by 
c h a n g es  i n  i t s  re d o x  s t a t e  o b s e rv e d  a s  ch a n g es  i n  th e  a b s o r p t io n  
s p e c tru m . In  a s c o r b a te - lo a d e d  c h r o m a f f in - v e s ic l e  g h o s t s ,  
cy to ch ro m e  b561 i s  n e a r l y  c o m p le te ly  re d u c e d  and e x h ib i t s  an 
a b s o r p t io n  maximum a t  561 run. When f e r r i c y a n i d e  i s  added to  a 
s u s p e n s io n  o f  t h e s e  g h o s t s ,  th e  c y to ch ro m e  becom es o x id iz e d  a s  
i n d i c a t e d  by th e  l o s s  o f  th e  a b s o r p t io n  p eak  a t  561 nm. I f  a  s m a ll  
am ount o f  f e r r i c y a n id e  i s  a d d e d , i t  becom es c o m p le te ly  re d u c e d  by 
e l e c t r o n  t r a n s f e r  from  i n t r a v e s i c u l a r  a s c o r b a te  and  cy to ch ro m e  
b561 r e t u r n s  to  i t s  re d u c e d  s t a t e .  I f  an  e x c e s s  o f  f e r r i c y a n i d e  i s  
ad d e d , th e  i n t r a v e s i c u l a r  a s c o r b a te  i s  e x h a u s te d  and th e  
cy to ch ro m e  rem a in s  o x id iz e d .  The k i n e t i c  sp e c tru m  o f  t h e s e  
a b s o rb a n c e  c h a n g es  c o r r e l a t e s  w i th  th e  d i f f e r e n c e  s p e c tru m  
( r e d u c e d -o x id iz e d )  o f  cy to ch ro m e  b 5 6 1 . T h ese  r e s u l t s  i n d i c a t e  
t h a t  cy to ch ro m e  b561 can  t r a n s f e r  e l e c t r o n s  a c r o s s  th e  
c h r o m a f f in - v e s ic l e  m em brane. Cytochrom e b561 becom es t r a n s i e n t l y  
o x id iz e d  when a s c o r b a te  o x id a s e  i s  added  to  a  s u s p e n s io n  o f  
a s c o r b a te - lo a d e d  g h o s t s .  S in c e  d e h y d ro a s c o r b a te  d o e s  n o t  c a u se  
any  c h a n g es  i n  th e  sp e c tru m  o f  cy to ch ro m e  b 5 6 1 , i t  i s  l i k e l y  t h a t  
t h i s  s p e c t r a l  ch an g e  i s  c a u se d  when a s c o r b a t e ,  a v a i l a b l e  i n  th e  
e x t e r n a l  m edium, i s  o x id iz e d  to  s e m id e h y d ro a s c o rb a te  by a s c o r b a te  
o x id a s e .  T h is  s u g g e s t s  t h a t  cy to ch ro m e  b561 can  re d u c e  
s e m id e h y d ro a s c o rb a te  and s u p p o r t s  o u r  h y p o th e s i s  t h a t  th e  f u n c t io n  
o f  cy to ch ro m e  b561 i n  v iv o  i s  to  t r a n s f e r  e l e c t r o n s  i n to  
c h ro m a ff in  v e s i c l e s  to  r e d u c e  s e m id e h y d ro a s c o rb a te  and r e g e n e r a te  
i n t r a v e s i c u l a r  a s c o r b a t e .  T h is  w ork was s u p p o r te d  by NIH g r a n t  
GM 30500 .
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243.13 e f f ec t  of an t id ep r e ss an t s  on rat brain  ph o s p h a t id y l in o s i t o l  synthe
tase  ACTIVITY, P . P .  L i ,  J . J .  Warsh and N.Z. S t a n a c e v * ,  D e p t . o f  
C l i n i c a l  B i o c h e m i s t r y  & P s y c h i a t r y ,  U n i v e r s i t y  o f  T o r o n to ,  T o r o n to ,  
O n t a r i o ,  Canada .

C o n s i d e r a b l e  e v id e n c e  i n d i c a t e s  t h a t  p h o s p h a t i d y l i n o s i t o l  ( P I )  
p l a y s  an i m p o r t a n t  r o l e  i n  a v a r i e t y  o f  m em brane -m ed ia te d  f u n c 
t i o n s .  PI i s  s y n t h e s i z e d  de novo from m y o - i n o s i t o l  and CDP- 
d i g l y c e r i d e  by t h e  enzyme PI s y n t h e t a s e .  However,  m y o - i n o s i t o l  can  
a l s o  be i n c o r p o r a t e d  i n t o  PI  i n  t h e  a b s e n c e  o f  C D P - d ig l y c e r i d e  
c a t a l y z e d  by a P I : m y o - i n c s i t o l  e x change  enzyme. Recen t  f i n d i n g s  
i n d i c a t e  t h a t  t h e  m e ta b o l i s m  o f  PI  may be a l t e r e d  by a n t i d e p r e s s a n t  
d rug  t r e a t m e n t  i n  r a t  b r a i n  ( J .  Neurochem. 4 4 :4 0 1 ,  19 8 5 ) .  The 
p r e s e n t  s tu d y  examined t h e  i n  v i t r o  e f f e c t  o f  a n t i d e p r e s s a n t s  on PI 
s y n t h e t a s e  and P I : m y o - i n o s i t o l  e x change  enzymes in  r a t  b r a i n  s u b 
c e l l u l a r  mem branes.  PI s y n t h e t a s e  a c t i v i t y  was d e t e r m i n e d  by t h e  
i n c o r p o r a t i o n  of  3 H - m y o - i n o s i t o l  i n t o  PI i n  t h e  p r e s e n c e  o f  CDP- 
d i p a l m a t i n  and Mn++. The a c t i v i t y  o f  FI  exchange  enzyme was a s s a y 
ed in  t h e  same manner a s  PI s y n t h e t a s e  e x c e p t  t h a t  C D P -d ip a lm a t in  
was o m i t t e d .

P r e l i m i n a r y  r e s u l t s  i n d i c a t e d  t h a t  b o v in e  serum a lb u m in  (5% w/v)  
and T r i t o n  X-100 ( 0 .1 - 0 .3 % )  s i g n i f i c a n t l y  i n h i b i t e d  PI s y nt h e t a s e  
a c t i v i t y .  In  s u b s e q u e n t  s t u d i e s ,  i n t a c t  s u b c e l l u l a r  membranes 
w i t h o u t  d e t e r g e n t  were em pl oy ed.  In  r a t  b r a i n  s u b c e l l u l a r  f r a c 
t i o n s ,  PI s y n t h e t a s e  o c c u r r e d  e x c l u s i v e l y  i n  t h e  m ic rosom al  
f r a c t i o n s .  M o re ove r ,  t h e  a c t i v i t y  o f  C D P - d ig l y c e r i d e  i n d e p e n d e n t  
P I : m y o - i n o s i t o l  e x change  enzyme was low (3 %) in  c o m p a r i s o n  w i t h  PI 
s y n t h e t a s e  a c t i v i t y  i n  t h e  m ic ro so m a l  f r a c t i o n s .  A d d i t i o n  o f  1 mM 
of  d e s i p r a m i n e ,  a m i t r i p t y l i n e ,  i m i p ra m in e ,  i p r i n d o l e ,  c lo m ip ra m in e  
and m i a n s e r i n  s i g n i f i c a n t l y  i n h i b i t e d  r a t  b r a i n  m ic ro so m a l  PI sy n 
t h e t a s e  a c t i v i t y  ( - 3 0  t o  65%), w h e re a s  t h e  same c o n c e n t r a t i o n  of  
l i t h i u m ,  z i m e l i d i n e  and f l u o x e t i n e  had no e f f e c t .  None o f  t h e  
above d r u g s  were e f f e c t i v e  i n  i n h i b i t i n g  t h e  PI s y n t h e t a s e  a c t i v i t y  
a t  c o n c e n t r a t i o n s  l e s s  t h a n  1 mM.

The mode o f  i n h i b i t o r y  a c t i o n  of t h e s e  d ru g s  on PI s y n t h e t a s e  
a c t i v i t y  was s t u d i e d  by v a r y i n g  c o n c e n t r a t i o n s  o f  C D P -d ip a lm a t in  
i n  t h e  p r e s e n c e  and a b s e n c e  o f  i m ip ra m in e .  At low C D P -d ip a lm a t in  
c o n c e n t r a t i o n s  ( 0 . 1 - 0 . 2  mM), PI  s y n t h e t a s e  a c t i v i t y  was s t i m u l a t e d  
by im i p ra m in e ,  w h e re a s  t h e  enzyme a c t i v i t y  was i n h i b i t e d  a t  h i g h e r  
l i p o n u c l e o t i d e  c o n c e n t r a t i o n s  ( 0 . 3 - 1 . 0  mM). In  c o n t r a s t ,  i m i p r a 
mine had no e f f e c t  on t h e  P I : m y o - i n o s i t o l  exchange  enzyme. These  
o b s e r v a t i o n s  s u g g e s t  a complex  i n t e r a c t i o n  o c c u r s  be tw een  t h e  l i p o 
n u c l e o t i d e  and i m ip ra m in e .

The abo ve  r e s u l t s  s u g g e s t  t h a t  i n  v i t r o  s y n t h e s i s  of PI i s  
i n h i b i t e d  by some a n t i d e p r e s s a n t  d r u g s .  However,  i n  v iew o f  t h e  
h i g h  c o n c e n t r a t i o n  o f  t h e  a n t i d e p r e s s a n t s  r e q u i r e d ,  t h e  s i g n i f i 
ca n ce  o f  t h i s  i n h i b i t o r y  a c t i o n  w i t h  r e s p e c t  t o  t h e i r  t h e r a p e u t i c  
e f f e c t  would be d o u b t f u l .
P . P .  Li i s  an OMHF R e s e a rc h  F e l lo w .

243.14 DECREASED AUDIOGENIC SEIZU RE A C TIV IT Y  FOLLOWING 
SUBCUTANEOUS ZINC INJECTIONS.  G .A .  H o w e l l ,  J .  M o r t o n * ,  
D. D o n in n i* , C .J . F r e d e r i c k s o n , Lab f o r  N e u r o b io lo g y ,  
U n iv e r s i t y  o f  T exas a t  D a l l a s ,  R ic h a rd s o n , TX 75080.

A r o l e  o f  z i n c  i n  e p i l e p t i f o r m  d i s o r d e r s  h a s  b e en  
r e p e a t e d l y  s u g g e s t e d .  F o r  i n s t a n c e ,  Chung & J o h n s o n  
( P r o c .  R. S o c . Lo n d ,  2 2 1 :1 4 5 ,1 9 8 4 )  h a v e  show n t h a t  
i n t r a c e r e b r a l  i n j e c t i o n s  o f  ZnCl  ( p lu s  IP  p y r id o x a l - 5 -  
p h o s p h a te )  i n c r e a s e  a u d i o g e n i c  s e i z u r e  s u s c e p t i b i l i t y  
i n  m ic e .  In  c o n t r a s t ,  S te rm a n  (K i n d l i n g  I I I , e d . W ada, 
1985) h a s  shown t h a t  d i e t a r y  z in c  d e p r i v a t i o n  in c r e a s e s  
s u s c e p t i b i l i t y  t o  k in d le d  s e i z u r e s  w h i le  d i e t a r y  z in c  
l o a d in g  d e c r e a s e s  s u s c e p t i b i l i t y  in  c a t s .

We now r e p o r t  t h a t  s u b c u ta n e o u s  i n j e c t i o n s  o f  ZnCl 
(100 m g/kg) in  2 5 - 28 day o ld  J a c k s o n  DBA/2J a u d io g e n ic  
s e i z u r e  p ro n e  m ice  15 min p r i o r  t o  n o i s e  e x p o su re  (100, 
11 0 , 115 dB) c a u s e s  s u b s t a n t i a l  d e c r e a s e s  (P .0 5 -.0 0 0 1 ) 
i n  t h e  f r e q u e n c y  o f  (1) r u n n in g  f i t s , (40% d e c r e a s e ) ,  
(2) c l o n i c  s e i z u r e s  (83% d e c r e a s e ) ,  (3) t o n i c  s e i z u r e s  
(81% d e c r e a s e ) ,  a n d  (4 ) a 100% d e c l i n e  i n  d e a t h s .  
T h e re  was 33% m o r t a l i t y  among c o n t r o l s  (g iv e n  e q u im o la r  
C l a s  N aC l) a n d  z e r o  m o r t a l i t y  am ong e x p e r i m e n t a l s .  
Low er d o s e s  o f  ZnC l (20  m g /k g ) p r o d u c e d  s i m i l a r  b u t 
s m a l l e r  d e c l i n e s  w h e re a s  200  m g/kg p ro d u c e d  e s s e n t i a l l y  
t h e  sam e r e s u l t s  a s  t h e  100 mg d o s e .  In  a l l  e x p e r im e n ts  
t h e  m ic e  w e re  ru n  in  p a r a l l e l  s e t s  w i th  t h e  o b s e r v e r s  
b l i n d  t o  t h e  d ru g  c o n d i t i o n .

P r io r  r e s e a r c h  from  t h i s  l a b o r a t o r y  (H o w ell e t  a l ,  
N a tu r e  3 0 8 :7 3 6 ,  1 984) h a s  show n i n c r e a s e d  t u r n o v e r  of 
z i n c  i n  h i p p o c a m p a l  s l i c e s  d u r i n g  e l e c t r i c a l  
s t i m u l a t i o n .  T h e r e f o r e  i t  m ig h t  be  e x p e c t e d  t h a t  z in c  
u t i l i z a t i o n  w o u ld  be a u g m e n te d  d u r i n g  s e i z u r e s .  In 
f a c t ,  d e p l e t i o n  o f  b r a i n  z i n c  h a s  b e e n  fo u n d  
im m e d ia te ly  a f t e r  p ro lo n g e d  s e i z u r e  a c t i v i t y  ( S lo v i t e r ,  
B r a i n  R es  3 3 0 :1 5 0 ,  1 984) w h e r e a s  a n  i n c r e a s e  in  z in c  
h a s  b e e n  fo u n d  o n e  d ay  a f t e r  c e s s a t i o n  o f  s e iz u r e  
a c t i v i t y  ( K a s a r s k i s  e t  a l .  E p i l e p s i a  2 6 :5 1 3 ,  1985) 
s u g g e s t i n g  a c o m p e n s a to r y  i n c r e a s e  i n  z i n c  u p ta k e . 
F u r th e r m o r e ,  D BA/2J m ic e  h a v e  b e e n  show n t o  h a v e  a 
s l i g h t l y  h ig h e r  z in c  c o n te n t  in  t h e  w h o le  b r a in  (2 .8%), 
a n d  i n  t h e  h ip p o c a m p u s  (8 .3% ; Chung o p  c i t ) .  P e rh ap s  
t h i s  e l e v a t i o n  o f  CNS z i n c  i n  p r e v i o u s l y - s e i z e d  and 
s e i z u r e  p ro n e  a n im a ls  i s  due t o  in c r e a s e d  u t i l i z a t i o n  
o f  z in c  d u r in g  s e i z u r e  a c t i v i t y .  The p r e s e n t  f in d in g s  
s u g g e s t  t h a t  su ch  z in c  u t i l i z a t i o n  may a c t u a l l y  impede 
s e i z u r e  d e v e lo p m e n t.

243.15 DEPLETION OF HIPPOCAMPAL ZINC DURING SEIZURES: 
APPARENT POST-ICTAL REPLETION. J .D .  Mo r t o n * , J .F .  
M cG int y , M . D .  H e r n a n d e z * ,  A . J .  C o o p e r , an d  
F r e d e r i c k s o n . D e p t.  A n a t . ,  E. C a r o l i n a  Med. S c h . 
G r e e n v i l l e ,  NC 2 7 8 3 4  a n d  L ab . f o r  N e u r o b i o l .  U n iv . 
T ex as  a t  D a l l a s ,  R ic h a rd s o n ,  TX 75080.

P r i o r  s t u d i e s  o f  m o ssy  f i b e r  (MF) z i n c  c h a n g e s  
d u r i n g  s e i z u r e s  h a v e  p r o d u c e d  m ix e d  r e s u l t s .  
S l o v i t e r ,  u s in g  a p o s t  m ortem  z in c  s t a i n ,  fo u n d  t h a t  
MF z i n c  w as d e p l e t e d  a f t e r  s t i m u l a t i o n - i n d u c e d  
s e i z u r e s  (B ra in  R es. 330 :150  1 9 8 4 ), b u t  F r e d e r ic k s o n  
e t  a l . ,  u s in g  i n t r a v i t a l  z i n c  s t a i n i n g ,  fo u n d  a 
m o d e s t  r i s e  i n  MF z i n c  a f t e r  k a i n i c  a c i d  (KA) 
s e i z u r e s  (E p i l e p s i a  2 6 :5 1 2 , 1 985).

We f i r s t  t e s t e d  w h e t h e r  t h e  m e th o d  o f  z i n c  
s t a i n i n g  m ig h t  a c c o u n t  f o r  t h e  d i s c r e p a n c y  b e tw e e n  
p r i o r  r e s u l t s .  We r e p e a t e d  t h e  e x p e r i m e n t  o f  
F r e d e r ic k s o n  e t  a l . ,  b u t  u sed  p o s t  m o rtem , i n s t e a d  o f 
i n t r a v i t a l  s t a i n i n g .  R a t s  w e re  g i v e n  KA (10 m g /k g , 
s . c . ) ,  a l l o w e d  t o  s e i z e  f o r  t h r e e  h o u r s ,  t h e n  b r a i n s  
w e re  c r y o to m e d  a n d  s t a i n e d  f o r  z i n c  by q u i n o l i n e  
f l u o r e s c e n c e  ( F r e d e r ic k s o n  e t  a l . ,  J.  N e u ro s c i .  Meth. 
- s u b m i t t e d ) .  C o m p ared  t o  c o n t r o l s ,  t h e  K A - t r e a t e d  
r a t s  had  c l e a r l y  re d u c e d  s t a i n i n g :  CA3a and  CA3b w ere  
n e a r l y  d e v o i d  o f  z i n c  f l u o r e s c e n c e .  T h u s ,  w i t h  
S l o v i t e r ,  we f i n d  a l o s s  o f  MF z in c  a f t e r  s e i z u r e s .

We now s e e k  t h e  m e c h a n is m  by  w h ic h  i n t r a v i t a l  
s t a i n i n g  c a n  r e v e r s e  t h e  l o s s  o f  z i n c  w h ic h  
a c c o m p a n ie s  KA s e i z u r e s .  We n o te d  t h a t  g i v i n g  t h e  
i n t r a v i t a l  s t a i n  ( d i t h i z o n e )  s t o p s  b e h a v i o r a l  
s e i z u r e s ,  a n d  t h u s  im p o s e s  a 17 m in  s e i z u r e - f r e e  
p e r i o d  ( t h e  s t a i n i n g  p e r i o d )  p r i o r  t o  s a c r i f i c e .  
A c c o r d i n g l y ,  we h a v e  t r e a t e d  r a t s  w i t h  KA, a l l o w e d  
th e m  t o  s e i z e  f o r  2 - 3  h r s ,  t h e n  g i v e n  a n t i 
c o n v u l s a n t s  ( d ia z e p a m ,  p e n t o b a r b i t a l ) ,  s a c r i f i c i n g  
t h e  r a t s  a f t e r  b r i e f ,  s e i z u r e - f r e e  " r e c o v e r y "  
p e r i o d s .  L i k e  d i t h i z o n e - t r e a t e d  a n i m a l s ,  t h e s e  
a n i m a l s  sh o w  n o  n e t  d e p l e t i o n  o f  MF z i n c  a t  
s a c r i f i c e .  T h e s e  r e s u l t s  s u g g e s t  t h a t  t h e  MF z i n c  
w h ic h  i s  l o s t  d u r in g  s e i z u r e s  may be r a p i d l y  r e p l e t e d  
d u r in g  p o s t - i c t a l  r e c o v e r y .

P a r a l l e l  im m u n o c y to c h e m ic a l  s t u d i e s  o f  o p i o i d  
p e p t id e s  i n d i c a t e  t h a t  b o th  d y n o rp h in  and  e n k e p h a l in  
a r e  a l s o  l o s t  f r o m  t h e  MF d u r i n g  KA s e i z u r e s ;  
e n k e p h a l i n  a p p e a r s  t o  b e  l o s t  m o re  r a p i d l y  t h a n  
d y n o rp h in . (S u p p o r te d  by DA 03982 to  JFM and  NIH-BSRG 
807-RR07133 t o  CJF.)



WEDNESDAY AM ACETYLCHOLINE: PRESYNAPTIC MECHANISMS 891

244.1 TIME COURSE OF PHYSOSTIGMINE AND ITS METABOLISM AND ChE ACTIVITY IN 
PLASMA OF DOG AFTER I.V . ADMINISTRATION. M McI lhany*, M. Downen, 
M. Hallak*, A. Khalique*, S. Somani* and  E. G iacobini. De p ts . 
Pharmacol. & Surgery, Southern I l lin o is  U niversity  School of 
Medicine, S p rin g fie ld , IL 62708

A dm inistration of physostigmine (Phy), a t e r t i a r y  amine carbam
a te  an tic h o lin e ste ra se  drug, appears to  tem porarily  improve memory 
function  in Alzheimer p a tie n ts . This study rep o rts  the time course 
of Phy concentration  (conc) and metabolism and ch o lin e ste ra se  (ChE) 
and ace ty lch o lin e s te rase  (AChE) a c t iv i ty  in plasma and d iffe re n t 
brain regions of beagle dogs a f te r  i .v .  adm in istra tion . 
3H-Physostigmine (100 ug/kg) was adm inistered to  th ree  beagle 
dogs in to  the cephalic vein. Blood samples were co llected  at 
various time in te rv a ls  (1, 2, 3, 5, 7, 10, 15, 30 and 45 min) and 
plasma was immediately separated by c en trifu g a tio n . Following the 
l a s t  blood sample (45 min), the  dogs were s ac rif ic ed  and the  brain 
was removed from the skull and d issec ted  in to  seven regions. 
3H-Physostigmine and i t s  m etabolites (e se ro lin e , M1 and  M2) 
concen trations were determined by high performance liqu id  chroma
tography (Somani and Khalique, J . Ann. T ox ico l., 9:71-75, 1985; 
Fund. Appl. T ox ico l., 6:327-334, 1986). C holinesterase  and AChE 
a c t iv i t i e s  were measured in plasma and various brain regions. 
Semi logarithm ic p lo t of plasma Phy concen tration  versus time showed 
a biphasic  dec lin e . The mean h a l f - l i f e  of the d is tr ib u tio n  phase 
t 1/ 2 (α) and the e lim ination  phase t 1 / 2 ( β )  were 3.5 and 
23.0 min, re sp ec tiv e ly . The e lim ination  ra te  constants were 
Ke(α ) .23 min- 1  and Ke(β ) .032 min- 1. The mean 
volume of d is tr ib u tio n  (Vd) and clearance (Cl) were 1720 
ml·kg- 1 and 54.11 ml · kg- 1min-1 . The time course of 
3H-Phy metabolism in plasma in d ica tes  th a t Phy is  rap id ly  
m etabolized to  e se ro lin e  and to  two o ther u n id en tified  m etabo lites, 
M1 and M2 . R ad ioac tiv ity  (RA) due to  M1 and M2 c o n s is te n t
ly  increased from 2 to  52% and 2 to  26% re sp ec tiv e ly  in plasma from 
2 to  45 min. Esero line  accounted fo r 5-6% of the  to ta l  RA fo r up 
to  15 min then declined to  3.5% of the to ta l  RA a t 45 min. 
C holinesterase  a c t iv i ty  in plasma decreased to  a minimum of 24% of 
base lin e  a t 2 min, then slowly increased up to  41% a t 45 min 
corresponding to  high (124 ng/m l) and low (16 ng/ml) conc of Phy. 
By p lo ttin g  percent ChE in h ib itio n  versus tim e, the ra te  of 
recovery of ChE a c t iv i ty  in plasma was found to  be .0059 min- 1. 
Half-tim e fo r  recovery of ChE in plasma was 118 min compared to  
h a l f - l i f e  [ t1 /2 (β )  23 min] of Phy. A cety lcho lineste rase  
a c i tv i ty  a t 70 ± 5 min was not s ig n if ic a n tly  d if fe re n t from 
co n tro ls  in any of  the  brain regions examined. However, Phy conc 
a t th is  time was maximal in the HC (28) followed by CX (24), CxT 
(22), Cer (16), Md (13), S t (13) ng/g. These re s u lts  in d ica te  th a t 
the  ha lf-tim e fo r recovery of ChE in plasma is  longer than the 
h a l f - l i f e  of Phy in plasma. (Supported in part by the  S .I.U . 
Alzheimer Research Fund)

244.2 EFFECTS OF O-CRESYLBENZODIOXAPHOSPHORIN OXIDE (CBDP) PRETREATMENT 
ON SOMAN-INDUCED CHOLINESTERASE INHIBITION IN THE RAT CENTRAL 
NERVOUS SYSTEM. V .R . J im m erso n , T .-M . S h ih ,  D.M. M axw ell,*  
T . K o v ia k ,* S . H a r r i s , * K. H e n ry ,*  and  Y. H odge.*  B a s ic  
P h a rm aco lo g y  B ra n c h , US Army M e d ic a l R e s e a rc h  I n s t i t u t e  o f  
C h em ica l D e fe n s e , A b erdeen  P ro v in g  G round, MD 2 1 0 1 0 -5 4 2 5 .

P r e t r e a tm e n t  w i th  CBDP, th e  c y c l i c  m e ta b o l i te  o f  t r i - o -  
c r e s y lp h o s p h a te ,  h a s  b een  shown t o  p o t e n t i a t e  th e  l e t h a l i t y  o f  
c e r t a i n  o rg a n o p h o sp h o ru s  c h o l i n e s t e r a s e  (ChE) i n h i b i t o r s ,  
i n c lu d in g  soman (GD). In  r a t s  r e c e i v in g  GD a lo n e ,  th e  LD50 was 
110 u g /k g  s . c . ,  w h e re a s  w i th  CBDP i t  was 13 u g /k g s . c .  T h is  
p o t e n t i a t i o n  i s  due t o  CBDP's p r e f e r e n t i a l  and  i r r e v e r s i b l e  
b in d in g  t o ,  and  i n h i b i t i o n  o f ,  c a r b o x y le s t e r a s e  (CaE) 
" d e t o x i f i c a t i o n "  s i t e s  f o r  GD, w h ich  p resu m a b ly  in c r e a s e s  GD 's 
a v a i l a b i l i t y  t o  th e  m ore c r i t i c a l  ChE s i t e s  (T o x ic o l  Appl 
P h a rm a c o l, 2 0 :4 7 4 -4 7 9 , 1 9 7 1 ) . In  t h i s  s tu d y ,  CBDP was u se d  to  
b lo c k  CaE s i t e s ,  and  G D - in h ib ite d  C h E 's  w ere m ea su red . Male r a t s  
(2 5 0 -3 0 0 g ) w ere  d iv id e d  i n t o  2 g ro u p s :  g ro u p  1 r e c e iv e d  CBDP (16 
m g/kg , s . c . )  60 min p r i o r  t o  s . c .  i n j e c t i o n  o f  s a l i n e ,  0 .3  LD50 
( 3 .9  ug / k g ) o r  0 .6  LD50 ( 7 .8  u g /k g ) o f  GD; g ro u p  2 r e c e iv e d  
v e h ic l e  (VEH: 10% e t h a n o l i c  p ro p y le n e  g l y c o l )  60 min p r i o r  to  
i n j e c t i o n  o f  s a l i n e ,  0 .3  LD50 (33  u g /k g )  o r  0 . 6 LD50 (66  u g /k g ) 
o f  GD. T h i r t y  min a f t e r  th e  i n j e c t i o n  o f  s a l i n e  o r  GD, b r a i n s  
w ere  o b ta in e d  an d  d i s s e c t e d  i n t o  b r a in s te m ,  c o r t e x ,  h ip p o cam p u s, 
m id b r a in ,  c e re b e llu m , s t r i a t u m  and  s p i n a l  c o rd  f o r  ChE a s s a y .  
VEH t r e a tm e n t  a lo n e  d id  n o t  a f f e c t  b r a i n  r e g i o n a l  ChE a c t i v i t y ,  
w h e re a s  CBDP t r e a tm e n t  a lo n e  i n h i b i t e d  ChE r a n g in g  from  28-41% , 
d e p e n d in g  on b r a i n  r e g io n s  ex a m in e d . In  C B D P -p re trea te d  r a t s ,  
e a c h  in c re m e n t  o f  0 .3  LD50 o f  GD ( 3 .9  u g /k g ) i n h i b i t e d  ChE by an  
a v e ra g e  o f  24%. In  V E H -p re tre a te d  r a t s ,  in c re m e n ts  o f  0 .3  LD50 
o f  GD (33  u g /k g ) i n h i b i t e d  ChE by  an  a v e ra g e  o f  16%. The 
c a l c u l a t e d  GD d o s e  r a t i o  o f  CBDP- t o  V E H -p re tre a te d  r a t s  f o r  
e q u iv a l e n t  b r a i n  ChE i n h i b i t i o n  a v e ra g e d  1 : 5 .6 .  The d a ta  
i n d i c a t e  t h a t  a f t e r  CBDP p r e t r e a t m e n t  82% l e s s  GD i s  r e q u i r e d  to  
in d u c e  th e  same e x t e n t  o f  ChE i n h i b i t i o n  i n  th e  c e n t r a l  n e rv o u s  
s y s te m . Our d a t a  a r e  c o n s i s t e n t  w i th  th e  a s su m p tio n  t h a t  CBDP 
m akes CaE s i t e s  u n a v a i l a b le  t o  GD, th e r e b y  a l lo w in g  GD t o  r e a c h  
c r i t i c a l  ChE s i t e s ,  and  p o t e n t i a t i n g  l e t h a l i t y  a t  lo w e r GD d o s e s .

244.3 RELATIONSHIP BETWEEN SOMAN-INDUCED ELEVATION OF BRAIN REGIONAL 
ACETYLCHOLINE CONCENTRATIONS AND LETHALITY. T.-M . S h ih , S . 
H a rr is * , K. Henry*, T. Koviak* and V.R. Jim m erson. B asic  
Pharm acology Branch, U .S. Army M edical R esearch  I n s t i t u t e  o f  
Chem ical D efense, Aberdeen P rov ing  Ground, MD 21010-5425.

O rganophosphorus c h o l in e s te ra s e  (ChE) i n h i b i to r s  such  as  soman 
(GD) can cause  a  p ro g re s s io n  o f  s ig n s  in c lu d in g  co n v u lsio n s  and 
d e a th .  This i s  due presum ably  to  ChE in h ib i t i o n  and th e  
su b seq u en t in c re a s e  in  a c e ty lc h o lin e  c o n c e n tra t io n  (ACh) in  th e  
c e n t r a l  nervous sy stem . However, th e  tim e co u rse  o f in c re a s e d  
b ra in  ACh and i t s  r e l a t i o n s h ip  to  GD-induced l e t h a l i t y  i s  
u n c le a r .  We have p re v io u s ly  r e p o r te d  t h a t ,  in  r a t s ,  HI-6  (125 
mg/kg, i p ) , su p posed ly  a  p e r ip h e r a l ly  a c t in g  r e a c t iv a to r  o f  GD- 
in h ib i te d  ChE, de lay ed  th e  tim e to  d e a th  and p rov ided  a 
p r o te c t iv e  r a t i o  o f  2 .5  (S oc. N eu ro sc i. A b st. 10: 1184, 1984) 
when in j e c t e d  im m ediately  a f t e r  GD. T h e re fo re , we u t i l i z e d  th i s  
compound in  th e  p r e s e n t  s tu d y  to  in c re a s e  an im al s u r v iv a b i l i t y  
in  o rd e r  to  examine th e  tim e co u rse  o f  b ra in  ACh ac cu m u la tio n . 
In  an i n i t i a l  s tu d y , male r a t s  (250-300 gram s) were t r e a te d  w ith  
a  l e t h a l  dose (1 .8  LD5 0 ,  200 u g /kg , s c )  o f  GD. The "tim e to  
o n s e t"  o f  co n v u ls io n s  and "tim e to  d ea th "  ave raged  1 .97 min and 
10.1 min r e s p e c t iv e ly .  I n  su bsequen t s tu d ie s ,  r a t s  were d iv id e d  
in to  two groups f o r  ACh a s s a y .  Group 1 re c e iv e d  GD a lo n e , w h ile  
group 2 re c e iv e d  GD im m ediately  fo llow ed  by HI-6  (125 mg/kg, 
1 .  p . ) .  A ll  an im als  w ere k i l l e d  by microwave i r r a d i a t i o n  a t  1, 
2 , 3 , 5 , 9 , o r  15 min (Group 2 on ly ) a f t e r  GD. B rain s  were 
d i s s e c te d  in to  b ra in s te m  (B ), c o r te x  (C ), hippocampus (H ), 
m idb ra in  (M), ce reb e llu m  (R) and s tr ia tu m  (S ) , and ACh was 
determ ined  by a  gas chrom atograph/m ass s p e c t ro m e tr ic m ethod. In  
r a t s  t r e a te d  w ith  GD a lo n e , ACh p ro g re s s iv e ly  in c re a s e d  in  a l l  
b r a in  a re a s  and a t  9 min post-GD reached  5 .5 ,  6 5 .0 , 4 5 .5 , 1 4 .5 , 
1 4 .0  and 12.5% above c o n t ro l  in  B, C, H, M, R, and S 
r e s p e c t iv e ly .  T reatm ent w ith  HI-6  r e s u l t e d  in  a tim e co u rse  o f 
ACh e l e v a t io n  s im i la r  to  t h a t  o b ta in e d  w ith  GD a lo n e  d u rin g  th e  
f i r s t  9 min in  each  b r a in  r e g io n . The "tim e to  o n se t"  o f  
c o n v u ls io n s  was i d e n t i c a l  in  b o th  g ro u p s , in d ic a t in g  t h a t  HI-6  
d id  n o t p re v e n t GD-induced c o n v u ls io n s . F u rtherm ore , tre a tm e n t 
w ith  HI-6  r e s u l t e d  in  a l l  an im als su rv iv in g  a t  l e a s t  15 min, a t  
w hich tim e ACh was e le v a te d  in  B, C, H, M, R, S , by 1 2 .5 , 9 8 .5 , 
5 5 .0 , 3 5 .5 , 30 .5  and 45.5% above c o n t ro l  r e s p e c t iv e ly .  These 
d a ta  showed th a t  in  s u rv iv in g  HI-6  t r e a te d  r a t s , ACh was h ig h e r  
th a n  in  r a t s  re c e iv in g  GD a lo n e .  Thus, e le v a te d  c e n t r a l  ACh 
does n o t c o r r e l a te  w ith  th e  l e t h a l i t y  r e s u l t in g  from GD 
p o is o n in g .

244.4 RELEASE OF ENDOGENOUS AND RADIOLABELLED ACETYLCHOLINE BY 
3,4-DIAMINOPYRIDINE OR POTASSIUM FROM QUINOLINIC ACID INJECTED 
STRIATUM. S .R. El -Defraw y* , K. Jhamandas, R .J . Boegman, 
R.J . Beninger+ , and M. B a i l ik * . (SPON: J .V . M illig an ) 
D epartm ents o f Pharmacology and T oxicology, and Psychology+ , 
Q ueen 's U n iv e rs ity , K ingston , O n ta r io , Canada, K7L 3N6.

A m inopyridines a re  known to  in c re a se  p re sy n a p tic  r e le a s e  
o f a c e ty lc h o lin e  (ACh) evoked by nerve im pulses in  p e r ip h e ra l 
t i s s u e .  In  th e  CNS, 4 -am inopyrid ine  has been found to  induce 
endogenous ACh r e le a s e  from s t r i a t a l  s l i c e s  and to  sup p o rt 
c o r t i c a l  ACh r e le a s e  under pharm aco log ical c o n d itio n s  known to  
dep ress  th i s  r e l e a s e .  The p re s e n t experim en ts were designed  to  
determ ine  w hether am inopy rid ines  can su p p o rt th e  r e le a s e  o f ACh 
from b ra in  t i s s u e  th a t  i s  p a r t i a l l y  d e f i c ie n t  in  c h o l in e rg ic  
neu rons . We in v e s t ig a te d  th e  a c t io n  o f 3 ,4 -d ia m in o p y rid in e  (DAP) 
and h igh  po tassium  bn endogenous and ra d io la b e l le d  ACh re le a s e  
from normal and q u in o l in ic  ac id  (QUIN) le s io n e d  s t r i a t a .  R ats 
rec e iv e d  a u n i l a t e r a l  in j e c t io n  o f q u in o l in ic  ac id  (100 nmoles) 
in to  th e  s tr ia tu m . Seven days p o s t - in j e c t io n ,  s t r i a t a l  s l i c e s  
were p repared  from th e  u n in je c te d  ( c o n tro l)  and in je c te d  hem is
p h e re . The spontaneous and evoked r e le a s e  o f ACh was measured 
u s ing  th e  b ra in  s l i c e  s u p e rfu s io n  te c h n iq u e . R elease  was evoked 
by exposing  th e  t i s s u e  to  35 mM po tassium  o r 1 mM DAP fo r  5 or 
10 m in u tes . Endogenous ACh was m easured by gas 
chrom atography-m ass s p e c tro m e try .

In  th e  endogenous r e le a s e  ex p e rim en ts, 6 .38  ± 0 .52  nmoles 
ACh/g wet wt was re le a s e d  by DAP from th e  c o n tro l s id e  and 
3.29 ± 0 .26  nmoles ACh/g wet wt from th e  QUIN in je c te d  s id e .  
P o tassium -induced  r e l e a s e  o f endogenous ACh was com parable to  
th a t  produced by DAP. The re d u c t io n  in  ACh r e le a s e  p a r a l le le d  
th e  d e c re a se  in  c h o lin e  a c e ty l t r a n s f e r a s e  a c t i v i t y  observed  in  
th e  damaged s tr ia tu m  (176.55  ± 12.51 nmoles/mg p r o te in /h r )  when 
compared to  c o n tro l (375.18 ± 32.53 nmoles/mg p r o te in /h r ) .

In  r a d io la b e l le d  r e le a s e  ex p e rim en ts, DAP induced a 10.24 ± 
0.81 t o t a l  p e rc e n t r e le a s e  o f 3H-ACh over b a s e l in e  from c o n tro l 
s t r ia tu m  and 8 .16  ± 0 .90  from th e  le s io n e d  t i s s u e .  In  c o n t r a s t ,  
potassium  induced a 13.79 ± 0 .63 t o t a l  p e rce n t r e le a s e  o f 3H-ACh 
over b a s e l in e  from th e  c o n tro l s id e  and th i s  v a lu e  was reduced to  
6.91 ± 1.48 on th e  le s io n e d  s id e .

These r e s u l t s  show th a t  DAP can induce ACh re le a s e  from 
s tr ia tu m  th a t  i s  d e f i c ie n t  in  c h o l in e rg ic  neu rons . In  a d d i t io n ,  
DAP appears  to  have a d i f f e r e n t i a l  e f f e c t  on th e  r e le a s e  o f 
ACh sy n th e s iz e d  from ra d io la b e l le d  c h o lin e  and th e  r e le a s e  o f 
endogenous ACh.
(S upported  by th e  O n ta rio  M ental H ealth  F oundation  and th e  
Canadian G e r ia t r ic s  Research S o c ie ty )
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244.5 MODULATION OF ACETYLCHOLINE SYNTHESIS IN RAT HIPPOCAMPAL SLICES 
BY VASOACTIVE INTESTINAL PEPTIDE. P.A. Lapchak and B. C o l l ie r .  
Dept o f Pharm acol. & T h e r .,  M cGill U n iv e rs ity , M cIntyre M edical 
B ld g ., M on trea l, Quebec, Canada, H3G 1Y6.

V aso ac tiv e  i n t e s t i n a l  pep tid e(V IP ) has been su ggested  to  be 
a m odulato r o f  c h o l in e rg ic  fu n c t io n  in  bo th  th e  c e n t r a l  and 
p e r ip h e ra l  nervous system s. VIP and c h o lin e  a c e ty l t r a n s f e r a s e  
(ChAT) have been re p o r te d  to  c o e x is t  in  th e  hippocam pal re g io  
s u p e r io r .  VIP a c t iv a t e s  c h o lin e  a c e ty l t r a n s f e r a s e  (ChAT) in  
hippocam pal hom ogenates. Then we confirm ed th a t  VIP can in 
c re a se  ChAT a c t i v i t y  in  hom ogenates o f hippocam pal t i s s u e ,  and 
th e  p re s e n t s tu d y  was u ndertaken  to  determ ine  w hether VIP has 
an e f f e c t  on c h o l in e rg ic  fu n c t io n  in  i n t a c t  p re p a ra tio n s  o f r a t  
hippocam pus.

F i r s t ,  we s tu d ie d  th e  e f f e c t  o f v a ry in g  c o n c e n tra t io n s  o f 
VIP on th e  amount o f 3H -acety lcho line(A C h) s y n th e s iz e d  from 3H- 
c h o lin e  in  hippocam pal s l i c e s  u s in g  a  10 min p re in c u b a tio n  
p e r io d . When s l i c e s  were in cu b a ted  in  normal medium, VIP en 
hanced 3H-ACh s y n th e s is  m axim ally a t  10- 8 M V IP(43.0 ± 8 .1  %, 
n= 7); in c re a s in g  th e  c o n c e n tra t io n  o f VIP to  10-6 M d ec reased  
3H-ACh p ro d u c tio n  to  82 .6  ± 6 .1  % (n=4) o f c o n tro l v a lu e s . When 
s l i c e s  were in c u b a ted  in  a h igh  K+ medium(50 mM), VIP a l s o  in 
c rea se d  th e  p ro d u c tio n  o f 3H-ACh. At 10-6 M VIP th e r e  was a 
37 .0  ± 12.0 %(n=5) in c re a s e  in  ACh p ro d u c tio n  over th e  c o n tro l 
K+ s tim u la te d  p ro d u c tio n . To t e s t  w hether th e  enhanced syn
th e s i s  o f ACh i s  dependent upon in c re a s e d  c h o lin e  up take  we 
determ ined  th e  k in e t ic  pa ram ete rs  f o r  th e  h ig h  a f f i n i t y  ch o lin e  
up tak e  system  u s in g  a hippocam pal synaptosome p re p a ra tio n . 
N e ith e r  th e  (Km) no r th e  (Vmax) fo r  c h o lin e  were a l t e r e d  by in 
c u b a tio n  w ith  10- 8 M VIP. At 1 .0  uM c h o lin e  th e  c o n tro l  up take  
o f c h o lin e  was 152.28 ±  12.54 um ol/gm /hr compared to  188.76 ± 
10.02 um ol/gm /hr in  th e  p resen ce  o f 10-8 M VIP (n= 3). To t e s t  
w hether th e  a p p a re n t in c re a s e  in  3H-ACh r e s u l te d  from a l te r e d  
ACh r e l e a s e ,  we determ ined  w hether V IP(10- 8) could  a l t e r  th e  
b a s a l r e le a s e  o f e i t h e r  endogenous ACh o r newly s y n th e s iz e d  3H- 
ACh: th e r e  was no s ig n i f i c a n t  e f f e c t  o f th e  p e p tid e  on th e  
b a s a l  r e l e a s e  o f  ACh from  h ip p o c a m p a l s l i c e s .  The b a s a l  
r e l e a s e  in  th e  p re sen ce  o f VIP was n o t s ig n i f i c a n t ly  d i f f e r e n t  
from c o n tro ls  ( in c u b a te d  w ith  200 uM b a c i t r a c in ) .  ACh re le a s e  
was 9 .26  ±  0 .74  nm ol/gm /hr and 10.64 ± 1.03 nm ol/gm /hr in  th e  
p resen ce  and absence o f VIP, r e s p e c t iv e ly .

In  c o n c lu s io n , th e se  r e s u l t s  su p p o rt th e  e x is te n c e  o f a 
V IP -c h o lin e rg ic  in t e r a c t io n  in  th e  hippocampus. F urtherm ore , 
th e  m o d u la tio n  o f  ACh s y n th e s i s  by VIP may be m e d ia te d  by 
p re s y n a p tic  VIP re c e p to rs  on c h o l in e rg ic  nerve  te rm in a ls  and 
ap p e ars  to  r e s u l t  from changed ChAT a c t i v i t y  r a th e r  th a n  a l 
te r e d  c h o lin e  d e l iv e ry  o r a l t e r e d  ACh r e l e a s e .  (S upported  by 
MRC, Canada and FCAR, Q uebec.)

244.6 PRESYNAPTIC REGULATION OF ACETYLCHOLINE RELEASE FROM A SYMPATHETIC 
GANGLION BY ALPHA-ADRENERGIC AND OPIATE RECEPTORS: ROLE OF 
CALCIUM. D.M. A raujo* and B. C o l l i e r . D ept. Pharm acol. & T h e r ., 
M cG ill U n iv e r s i t y ,  M cIn ty re  M ed ic a l B ld g . ,  M o n tre a l ,  Q uebec, 
Canada, H3G 1Y6.

P re sy n a p tic  a lp h a -ad re n o c e p to rs  (A raujo  and C o l l i e r ,  E u r. J . 
P harm aco l.: in  p re s s )  and o p ia te  r e c e p to rs  (A raujo and C o l l ie r ,  
Soc. N eu rosci. A b s t . , 15: 574, 1985) can re g u la te  a c e ty lc h o lin e  
(ACh) r e le a s e  in  th e  c a t  s u p e r io r  c e rv ic a l  g an g lio n . T his was 
shown by experim en ts which te s te d  th e  e f f e c t s  o f n o rep in ep h rin e  
(NE) and o f m e t-en k ep h a lin -a rg -p h e  (MEAP), on ACh re le a s e  from th e  
p e rfu sed  g an g lio n : both  d ep ressed  evoked (Ca2+-dependen t) ACh 
r e l e a s e ,  bu t d id  n o t a f f e c t  spontaneous (Ca2+-in d ep en d en t)  ACh 
r e le a s e .  T his r e s u l t  su ggested  th a t  th e  d e p re ss io n  o f ACh re le a s e  
from th e  c a t  s u p e r io r  c e rv ic a l  g ang lion  by p re s y n a p tic  a lp h a 
ad ren o c ep to rs  and o p ia te  r e c e p to rs  m ight be m ediated by a Ca2+- 
s e n s i t i v e  mechanism. The p re s e n t s tu d y  te s t e d  t h i s  h y p o th e s is .

F i r s t ,  th e  Ca2+-dependence o f evoked ACh r e l e a s e  was measured 
in  th e  p resen ce  and in  th e  absence o f e i th e r  NE (1 nM) o r MEAP 
(100  nM). When g a n g l ia  w ere p e r f u s e d  w ith  medium c o n ta in in g  
vary in g  c o n c e n tra t io n s  of Ca2+ (2 .4 ,  1 .2 , 0 .6 ,  o r 0 .2  mM), evoked 
ACh r e le a s e  was dep ressed  by bo th  a g o n is ts  and th e  in h ib i t io n  
in c re a se d  w ith  reduced le v e ls  o f e x t r a c e l lu la r  Ca2+; th i s  was 
e s p e c ia l ly  ev id e n t when Ca2+ in  th e  medium was reduced to  0 .2  mM. 
Second, th e  e f f e c t  o f NE (1 nM) o r o f MEAP (100 nM) on Ca2+ in f lu x  
in to  p re s y n a p tic  nerve  te rm in a ls  was determ ined by m easuring th e  
accum ula tion  o f 45Ca by g a n g lia  in  th e  p resence  o r absence of 
e i t h e r  drug . Both a g o n is ts  reduced th e  s tim u la tio n -in d u c e d  (20 
Hz) in c re a s e  in  45Ca accum ula tion . The re d u c tio n  in  Ca2+ in f lu x  by 
NE was th e  r e s u l t  o f  a c t iv a t io n  o f a lp h a -a d re n o c e p to rs , s in c e  i t  
was mimicked by c lo n id in e  (1 μM) and was b locked by th e  a lp h a  
a n t a g o n i s t s ,  yoh im b in e  and p h e n to la m in e . The d e c re a s e d  45Ca 
a c c u m u la te d  by g a n g l ia  in  th e  p r e s e n c e  o f  MEAP was due to  
a c t iv a t io n  o f p re s y n a p tic  o p ia te  r e c e p to r s ,  s in c e  th e  e f f e c t  was 
b lo c k e d  by n a lo x o n e  (10  μM). F u r th e rm o re , D -A la -m e t
enkephalinam ide (DAEA), an analogue o f m et-enkepha lin  th a t  does 
n o t i n h i b i t  ACh r e le a s e  in  th i s  model, d id  n o t a l t e r  Ca2+ in f lu x  
in to  p re g a n g lio n ic  nerve  te rm in a ls  d u ring  s tim u la t io n ,  su g g es tin g  
th a t  th e  e f f e c t  o f MEAP to  reduce Ca2+ in f lu x  may be m ediated  by a 
re c e p to r  fo r  which th e  h e p ta p e p tid e  i s  s p e c i f ic .

I t  i s  co n c lu d e d  t h a t  a c t i v a t i o n  o f  p r e s y n a p t ic  a l p h a 
a d r e n e r g ic  and o p ia t e  r e c e p to r s  in  th e  c a t  s u p e r io r  c e r v i c a l  
g a n g l io n  a l t e r s  ACh r e l e a s e  by a s i m i l a r  m echan ism , i . e .  by 
r e d u c in g  Ca2+ i n f l u x  d u r in g  p r e g a n g l io n i c  n e rv e  te r m in a l  
d e p o la r iz a t io n .  (S upported  by MRC, FCAC, and McGill U n iv e rs ity , 
Canada).

244.7 COMPARISON OF THE TIME COURSE OF BuChE AND ChE ACTIVITY AND 
PHYSOSTIGMINE CONCENTRATIONS IN PLASMA, BRAIN AND MUSCLE OF RAT 
AFTER I .V ., I.M. AND ORAL ADMINISTRATION. S.M. Somani and E. 
Giacobini (Spon. Wm. H. Cl i ne, J r . ) ,  Dept. of Pharmacol. ,  Southern 
I l l in o i s  Uni v. Sch. of Med., P.O. Box 3926, S p rin g fie ld , IL 62708.

Although physosti gmi ne (Phy) has been i n use fo r more than a 
cen tury , the re la tio n  between the time course of ChE i n h ib ition  and 
drug concentration  (conc ) in plasma (Pl ) ,  brain (B) and muscle (M) 
a f te r  d if fe re n t routes of adm inistration  is  not known. Rats were 
adm inistered 3H-Phy 100 μg/kg, i . v . ,  650 μg/kg, i .m ., or 650 
μ g/kg, oral and sac rif ic ed  a t 2 , 3, 5, 7, 10, 15, 22, 30, 45, 60 
and 120 min. Blood was co lle c te d , B and M were removed and frozen 
immediately u n til analyzed. 3H-Phy and i t s  m etabo lites, 
e se ro li ne, M1 and M2, were determined by HPLC (Somani and 
Khalique, Fund. Appl. Toxicol. 6:327-334, 1986).

A fte r i.m . ad m in is tra tio n , Phy conc in Pl peaked at 5 min (582 
± 4 ng/ml) and then continuously declined to  36 ± 4 ng/ml a t 60 
mi n. Plasma BuChE a c t iv ity  was maximally inh ib ited  to  53% of 
contro l a t 7 min then recovered to  80% a t 120 min. Phy conc in B 
peaked a t 5 mi n (537 ± 51 ng/g) and continuously decreased to  42 
ng/g a t 60 min. Brain ChE a c t iv ity  was reduced to  40% of baseline 
a t  2 min, 22% a t 5 min, then recovered to  63% a t 60 min.

A fte r i .v .  ad m in is tra tio n , Phy conc i n plasma was highest (83.3 
± 11 ng/ml) a t 2 mi n, declined to  9 .2  ± 1.5 ng/ml a t 45 mi n. At 
these  tim es, BuChE a c t iv i ty  was 38% and 70% of c o n tro l. Phy conc 
in  B peaked (128.5 ± 6.1 ng/g) a t 3 min then s te a d ily  declined to 
3 .3 ± 4 ng/g a t 60 mi n. Brain ChE a c t iv ity  was 38% of control a t 5 
mi n then recovered to  82% a t 60 min. Phy conc  in  M was 34.7 ng/g 
a t  2 mi n ,then  declined to  3.34 ng/g a t 60 min. ChE a c t iv ity  was 
75% of control a t 2 mi n then recovered to  about 90% a t 30 mi n.

A fter oral ad m in is tra tio n , Phy was rap id ly  absorbed; i t s  conc i n 
plasma was 1.96 ± .37 ng/ml a t 5 min. I t  peaked (2.89 ± .47 ng/ml) 
a t 15 mi n and then declined to .67 ± .35 ng/ml a t 60 mi n. BuChE 
a c t iv i ty  i n Pl did not change s ig n if ic a n tly  up to  10 mi n; however, 
i t  was 95%, 70% and 85% of control a t 15, 30 and 45 min, respec
t iv e ly .  Phy conc i n brain was .89 ± .26 ng/g a t 5 min peaked to 
4.57 ± 2.6 ng/g a t 22 mi n and then declined to  .33 ± .11 ng/g a t 60 
min. ChE a c t iv i ty  a t the corresponding times was 96%, 71%, and 83% 
o f co n tro l. Phy conc i n M was .16 ± .07 ng/g a t 5 mi n peaked to  
1.9 ±  1.2  ng/g a t 22 mi n and then declined to  .08 ± .04 ng/g a t 60 
mi n. At these  tim es, ChE a c t iv ity  was 85%, 75%, and 76% of 
c o n tro l. These re s u lts  i ndicate th a t both the Pl and tis su e  
conc of Phy and ChE a c t iv i ty  were extremely low a f te r  oral 
a dm in is tra tion  compared to  i .m. and i .v . adm in is tra tion . These 
r e s u lts  a lso  suggest on the basis of pharmacokinetics th a t BuChE 
and ChE have much prolonged a c t iv ity  i n Pl and B than i s re flec ted  
by Phy conc . (Supported by U.S. Army C o n trac t No. DAMD 17-83-3195.)

244.8 PHARMACOLOGY AND TURNOVER OF HIGH AFFINITY CHOLINE UPTAKE AND ACE
TYLATION IN PRIMARY RAT BRAIN CELL CULTURES. M.C. K elley, D. Koppen
a a l ,* M.K. R aizada,* and E.M. Meyer. D epts. of Pharmacology and Phys
io lo g y , Univ. F lo r id a ,  G a in e s v i l le ,  FL 32610.

High a f f i n i t y  c h o lin e  t r a n s p o r t  i s  c lo s e ly  coupled to  and r a t e  
l im i t in g  fo r  a c e ty lc h o lin e  (ACh) s y n th e s is  a t  r e s t i n g  membrane 
p o te n t ia l s .  We have s tu d ie d  some of th e  pharm aco log ica l c h a ra c te r 
i s t i c s  and th e  c e l l l u l a r  r e g u la t io n  of t h i s  t r a n s p o r te r  in  prim ary 
b ra in  c e l l  c u l tu r e s  th a t  a re  en rich ed  w ith  e i th e r  neurons o r g l i a .  
N euronal c u l tu r e s  were p repared  from 1-day o ld  r a t s  by t r e a t i n g  
them w ith  c y to s in e  a ra b in o s id e  to  k i l l  d iv id in g  g l i a ;  g l i a l  c u l
tu r e s  rece iv ed  no c y to s in e  a ra b in o s id e . L i t t l e  o r no hem icholinium  
3 (5 u M )-se n sitiv e  up take and a c e ty la t io n  of [3H ]-ch o lin e  (1 uM) 
was observed a f t e r  a 30 min in c u b a tio n  a t  37° in  g l i a l  c u l tu re s  
14 days a f t e r  p la t in g .  In  c o n t r a s t ,  n eu rona l c u l tu r e s  r e ta in e d  
hem icho lin ium -3 s e n s i t i v e  up take and a c e ty la t io n  of [3H ]-ch o lin e  
under th e se  c o n d i t ion s . N euronal c h o l in e - a c e ty la t io n  in c re a se d  
in  c u l tu r e s  as they  aged, reac h in g  a peak between 12- 1 5 days p o s t
p la t in g .  The i r r e v e r s i b l e  ch o lin e  uptake b lo c k e r AF64A (30 uM, 
60 m in, 37°) a ls o  in h ib i te d  t h i s  neu ro n a l c h o lin e rg ic  a c t i v i t y .  
Recovery from ch o lin e -u p ta k e  and a c e ty la t io n - in h ib i t io n  occurred  
in  a b ip h a s ic  manner w ith in  s e v e ra l days of drug-w ashout in  younger 
c u l tu r e s  (7-9 days p o s t - p la t in g ) ,  w h ile  o ld e r  c u l tu re s  (12 days 
p o s t - p la t in g )  never recovered  hem icholinium -3 s e n s i t i v e  ch o lin e  
u p ta k e . C holine a c e ty l t r a n s f e r a s e  a c t i v i t y  and t o t a l  p ro te in  l e 
v e ls  were n o t reduced by th i s  AF64A tre a tm e n t, a rgu ing  a g a in s t a 
n eu ro to x ic  a c t io n .  Both hem icholinium -3 and AF64A were found to  
be more p o te n t in  r a t  b ra in  synaptosomes compared to  neu ronal c u l
tu r e s :  th e  form er 2 - fo ld  more so and th e  l a t t e r  15 -2 0 -fo ld  more 
so . The a f f i n i t y  o f th e  hem icholinium -3 s e n s i t i v e  ch o lin e  up take 
p ro cess  was s im i la r ly  reduced in  th e  c u l tu r e s  compared to  synap to 
somes. These r e s u l t s  dem o n stra te : 1) th e  p o te n t ia l  of prim ary 
b ra in  neu ro n a l c u l tu r e s  fo r  s tu d y in g  th e  tu rn o v e r of h igh  a f f i n i t y  
ch o lin e  t r a n s p o r te r s  under v a r io u s  p h y s io lo g ic a l  c o n d itio n s ; and 
2) th a t  pronounced t i s s u e - r e la te d  d if fe re n c e s  in  th e  pharm acologi
c a l  c h a r a c t e r i s t i c s  o f th e  t r a n s p o r te r  should  be c o n s id e red , p a r
t i c u l a r l y  when u sin g  AF64A.



WEDNESDAY AM ACETYLCHOLINE: PRESYNAPTIC MECHANISMS 893

244.9 HEMICHOLINIUM-3 BINDING TO BRAIN MEMBRANES RELATIVE TO CHOLINERGIC 
FUNCTION. A .C . Swa n n , L .O . H e w it t* , and R.W. Guynn. D ep artm en t o f 
P s y c h ia t r y ,  U n i v e r s i ty  o f  T exas M e d ic a l S ch o o l and M en ta l S c ie n c e s  
I n s t i t u t e ,  H o u s to n , TX. 77030 .

H e m ic h o lin iu m -3  (HC-3) b in d in g  may p r o v id e  an  in d e x  o f  p r e s y 
n a p t i c  c h o l i n e r g i c  a c t i v i t y .  We h av e  exam ined  th e  e f f e c t s  o f  
t r e a tm e n ts  a l t e r i n g  p r e s y n a p t ic  a c e t y l c h o l i n e  r e l e a s e  on HC-3 
b in d in g  i n  m em branes from  c e r e b r a l  c o r t e x ,  h ip p o ca m p u s , and  c o rp u s  
s t r i a t u m .  T h ese  w ere  com pared  to  e f f e c t s  on h ig h  a f f i n i t y  c h o l in e  
u p ta k e  and  m u s c a r in ic  r e c e p t o r  (QNB) b in d in g .  I n i t i a l  e x p e r im e n ts  
showed t h a t  h ig h  a f f i n i t y  (K = 3 nM) HC-3 b in d in g  was i n c r e a s e d  
by NaCl  and  t h a t  s o a k in g  o f  f i l t e r s  w i th  0.5% p o ly e th y le n im in e  was 
n e c e s s a r y  t o  re d u c e  a p p r e c i a b l e  s a t u r a b l e  b in d in g  to  f i l t e r s .  
T re a tm e n t f o r  3 d ay s  w i th  p h y s o s tig m in e  (1 m g /k g /d a y )  o r  w i th  
a r e c o l in e  (2 m g /k g /d a y )  r e d u c e d  HC-3 b in d in g ,  w h i le  b in d in g  was 
i n c r e a s e d  by a t r o p i n e  (10 m g /k g /d a y ) .  T hese  t r e a tm e n ts  h ad  s im i l a r  
e f f e c t s  on h ig h  a f f i n i t y  c h o l in e  u p ta k e  m easu red  i n  f r e s h l y  p r e 
p a re d  P2 f r a c t i o n ,  and on QNB b in d in g .  A cu te  t r e a tm e n t  r e s u l t e d  
i n  s i m i l a r ,  b u t  s m a l l e r ,  c h a n g e s  i n  HC-3 b in d in g .  The t r e a tm e n ts  
ch an g ed  Bmax, b u t  n o t  kB. T hese  d a ta  s u g g e s t  t h a t  th e  num ber o f  
HC-3 b in d in g  s i t e s  c a n  p r o v id e  an  i n d i c a t o r  o f  a c e t y l c h o l i n e  r e 
l e a s e  i n  v iv o .

S u p p o r te d  by  MH39603 and MH00415.

244.10 LOW-LEVEL MICROWAVE IRRADIATION AFFECTS CENTRAL CHOLINERGIC 
ACTIVITY IN THE RAT. H. Lai*, J . Zabawska*, C.K. Chou*, A. Horita* 
and A.W. Guy* (SPON: K. Chan). Departments of Pharmacology, and 
Psychiatry and Behavioral Sciences, and the Center fo r 
Bioengineering, U niversity  of Washington School of Medicine, 
S e a ttle , WA 98195.

Male Sprague-Dawley ra ts  were irrad ia te d  acutely  (45 min) with 
low-level 2450 MHz pulsed (2 μs , 500 pps) or continuous-wave 
microwaves in cy lin d rica l waveguides. The power density  of 
ir ra d ia tio n  was 1 mW/cm2 , which gives a whole body sp ec ific  
absorption ra te  of 0.6 W/kg. Sodium-dependent h ig h -a ff in ity  
choline uptake was determined in d if fe re n t regions of the brain 
immediately a f te r  exposure.

Pulsed microwave ir ra d ia tio n  decreased choline uptake in the 
hippocampus and fro n ta l co rtex , but did not s ig n if ic a n tly  a ffe c t 
th a t in the s tria tu m , hypothalamus, and in fe r io r  co llic u lu s . The 
e ffe c t  of microwaves on hippocampal choline uptake was blocked by 
pretreatm ent with e ith e r  naloxone or naltrexone (1 mg/kg, IP ), 
whereas the e f fe c t  on fro n ta l c o rtic a l choline uptake was not 
a ffec ted  by treatm ent with narco tic  an tagon ist.

Continuous-wave microwave ir ra d ia tio n  decreased choline uptake 
in the fro n ta l co rtex , but had no s ig n if ic a n t e f fe c t on the 
uptake in the hippocampus, s tria tu m , and hypothalamus. Furthermore, 
the e f fe c t  on fro n ta l cortex  was not s ig n if ic a n tly  a ffected  by 
pretreatm ent with narco tic  an tagon ist.

Thus, low-level pulsed and continuous-wave microwaves of the 
same power density  have d if fe re n t pa tte rn s  of e f fe c t on 
cho linerg ic  a c t iv ity  in the brain of the r a t .  The e ffe c t of 
pulsed microwaves on cho linerg ic  a c t iv ity  in the hippocampus is  
probably mediated by endogenous opioids.

244.11 HIPPOCAMPAL RSA IN RELATION TO BEHAVIOR FOLLOWING ETHYLCHOLINE 
MUSTARD AZIRIDINIUM ION (AF64A) TREATMENT: EFFECTS OF ATROPINE AND 
URETHANE, D. J . Stew art, S. M. Leventer, I . Hanin and C. H. 
Vanderwolf, Dept. of Psychology, Uni v . Western O ntario , London, 
Ontario Canada N6A 5C2 and WPIC, Univ. P ittsburgh  Sch of Med., 
P ittsb u rg h , PA 15213.

E thylcholine mustard azirid in ium  ion (AF64A) has recen tly  been 
used to  produce se le c tiv e  lesions of the  cho linerg ic  system in 
v ivo . Biochemical s tu d ies  show a marked reduction in cho linerg ic  
markers in  the  hippocampus following in trac e reb ro v en tricu la r (ICV) 
i n jec tion  of AF64A. A functional dimension was added to  th is  work 
by the  study of the  cho linerg ic  p ro jec tion  from the  medial septal 
and diagonal band region known to  be involved in the  generation of 
the  a tro p in e -se n s itiv e  form of hippocampal rhythmical slow a c t iv ity  
(RSA). The e f fe c ts  of ICV in je c tio n s  of AF64A on the  p a tte rn  of 
hippocampal e le c tr ic a l  a c t iv i ty  were studied  in fre e ly  moving and 
urethane anesthe tized  r a t s .  Male Sprague-Dawley ra ts  were in jec ted  
w ith  e i th e r  AF64A (3nmol/3μl /s id e )  or a s im ila r volume of vehicle 
so lu tio n . B ipolar recording e lec tro d es  were then implanted in the  
dorsal hippocampus. AF64A tre a te d  ra ts  showed a s ig n if ic a n tly  
sm aller i ncrease in 6-12 Hz RSA with stru g g lin g  in the  no drug 
condition  in  comparison to  th e  veh icle  i n jected  r a t s .  However, 
n e ith e r AF64A treatm ent nor a control in je c tio n  abolished the 
presumed cho lin e rg ic  form of hippocampal RSA th a t is  present during 
urethane a n es th e sia . Systemic i n jec tion  of a trop ine  in waking ra ts  
did not s ig n if ic a n tly  a l t e r  RSA in  e ith e r  the  AF64A or vehicle 
i n jec ted  r a t s .  H isto log ical sec tio n s  revealed extensive damage to  
the  fim b ria -fo rn ix , CA3 of the  hippocampus, corpus callosum , 
neocortex and s tria tu m . A cety lcho lineste rase  s ta in in g  of the  
remaining hippocampus appeared normal in the  AF64A tre a te d  r a t s .  
The data  i nd ica te  th a t  the  dep le tion  of cho linerg ic  markers in the 
hippocampus following ICV adm in istra tion  of AF64A is  not s u ff ic ie n t 
to  d is ru p t the  cho line rg ic  form of RSA. F u rth er, i t  i s  possib le  
th a t  AF64A may produce i t s  apparent ch o lin o se lec tiv e  e ffe c ts  i n the 
hippocampus p rim arily  due to  the  amount of damage i t  produces in 
the  fim b ria -fo rn ix  system, the  major route by which the  cho linerg ic  
c e l ls  i n th e  sep ta l reg ion  reach the  hippocampus. While o ther 
neu ro transm itte r systems such as noradrenaline or sero tonin  show 
l i t t l e  or no change following AF64A th i s  may be due to  anatomical 
co n sid e ra tio n s . These systems reach th e  hippocampus, la rg e ly  via a 
sup raca llo sa l rou te  th a t  would presumably not be a ffec ted  by ICV 
i n jec tio n  of AF64A.

This research  was supported by grant AO-118 from the  Natural 
Sciences and Engineering Research Council of Canada to  C. H. 
Vanderwolf and by #MH34893 to  I .  Hanin.

244.12 CLONIDINE PREVENTS NORADRENALINE DECREASE IN RESPONSE TO CHOLINERGIC 
HYPOFUNCTION FOLLOWING TREATMENT WITH ETHYLCHOLINE MUSTARD AZIRIDINIUM 
ION ( AF64A). H.Hö r tn a g l * , P .E .P o tte r* , and I.H anin, Dept. of 
Psych iatry , U niversity of Pittsburgh School of Medicine, P ittsbu rgh , 
PA 15213.

AF64A is  a potent ir re v e rs ib le  in h ib ito r  of high a f f in i ty  choline 
tra n sp o rt in v i t r o ,  and causes a marked reduction in cho linerg ic  
markers in vivo when in jec ted  in trace reb ro v en tricu la rly  ( i . c .v . )  or 
in to  selected  brain areas (F ish e r, A. & Hanin, I . ,  Ann. Rev. Pharmacol. 
Toxicol 26:161-81,1986). Moreover, i . c .v .  in jec tio n  of 2 nmoles of 
AF64A/side  produces both a lo n g -las tin g  reduction in hippocampal 
ace ty lcho line  (ACh) con ten t, and a tra n s ie n t decrease in noradrenaline 
(NA) le v e ls ,  which may re s u lt  from loss of tonic  in h ib ito ry  cho linerg ic  
inpu t.

In the present inv estig a tio n  we have examined the e ffe c ts  of 
p ha rm aco log ica l  m anipulations of NA re le a se , by using the  α 2- 
adrenoceptor agonist c lonid ine and the α2  an tagonist yohimbine, on 
leve ls  of ACh and NA a f te r  i . c .v .  in jec tio n  of AF64A.

AF64A (2 nmoles/3ul) or 3 ul of vehicle  were in jec ted  in to  each 
la te ra l v e n tr ic le  of male Sprague-Dawley ra ts  (8 ra ts  in each group). 
Clonidine (0 .2  mg/kg ip ) ; yohimbine (2 mg/kg ip ) , or sa lin e  was in jec ted  
1 h p rio r to  AF64A adm in is tra tion . The ra ts  then received clonid ine 
(0 . 2mg/kg) or sa lin e  ip every 8 h, or yohimbine ( 2mg/kg) or vehicle 
every 12 h fo r 3 days. Animals were k illed  on day 4 by head-focussed 
microwave i r r a d ia t io n ,  and ACh and NA lev e ls  were determined in 
hippocampus and cortex by HPLC with electrochem ical d e tec tio n .

In both brain regions, c lon id ine  prevented the tra n s ie n t reduction 
in NA content (hippocampus,35%; c o rte x ,25%) following AF64A treatm ent. 
However, c lon id ine  did not s ig n if ic a n tly  a ttenuate  the  52% reduction 
in hippocampal ACh content following AF64A. In ra ts  which had received 
vehicle i . c . v . ,  c lon id ine  treatm ent had no e ffe c t on NA or ACh lev e ls . 
S im ilarly , yohimbine had no e f f e c t ,  other than th a t the loss in NA 
a f te r  AF64A treatm ent tended to  be more pronounced in yohimbine tre a ted  
r a ts .

These re s u lts  in d ica te  th a t the tra n s ie n t decrease in hippocampal 
and c o rtic a l NA leve ls  in response to  AF64A re s u lts  from increased 
re lease  ra th e r than from a d ire c t tox ic  e f fe c t of AF64A on noradrenergic 
neurons. They also  imply th a t a loss of cho linerg ic  input in i t ia te s  
m ultip le  changes in in te ra c tin g  neuronal systems including , e .g . ,  an 
increased re lease  of NA. This, in the long run, might lead to  a loss 
of noradrenergic neurons such as we have observed in ra ts  tre a te d  with 
5 nmol AF64A, and more im portantly is  also  apparent in p a tie n ts  with 
A lzheim er's d isease . The prevention of the loss of NA in  AF64A tre a te d  
animals by c lon id ine  might thus provide an experimental basis for new 
p o s s ib i l i t ie s  in the  treatm ent of A lzheim er's d isease .

Supported by NIMH gran ts #MH26320 and #MH34893, and by the  Max Kade 
Foundation.
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244.13 COMPARISON OF HIGH-AFFINITY CHOLINE UPTAKE IN HIPPOCAMPUS AND 
STRIATUM FOLLOWING DIFFERENT IN VITRO TREATMENTS. I .  V in c e n t  and  
J . R .  S im on. D e p t s .  o f  B i o c h e m i s t r y  and P s y c h i a t r y ,  I n s t i t u t e  o f  
P s y c h i a t r i c  R e s e a r c h ,  I n d i a n a  U n i v e s i t y  S c h o o l  o f  M e d ic i n e ,  I n 
d i a n a p o l i s ,  IN 46223.

The d i f f e r e n t i a l  s e n s i t i v i t y  o f  t h e  c h o l i n e r g i c  sy s te m  i n  t h e  
h ippo campu s  and s t r i a t u m  t o  v a r i o u s  i n  v i v o  and in v i t r o  t r e a t 
m en ts  h a s  b een  a p p r e c i a t e d  f o r  s e v e r a l  y e a r s .  I n  t h i s  r e g a r d ,  t h e  
e f f e c t s  o f  i n v i t r o  t r e a t m e n t s  on so d iu m -d ep e n d e n t  h i g h - a f f i n i t y  
c h o l i n e  u p t a k e  (HAChU) i n t o  sy n ap to so m es  p r e p a r e d  from r a t  h i p p o 
campus and  s t r i a t u m  have  b een  com pa red . C h o l in e  u p t a k e  was exam
i n e d  i n  n orm a l  Krebs medium f o l l o w i n g  p r e i n c u b a t i o n  u n d e r  v a r i o u s  
c o n d i t i o n s .  P r e i n c u b a t i o n  i n  h i g h  p o t a s s i u m - K r e b s  b u f f e r  ( 4 7 . 5 
mM K+ ) r e s u l t e d  i n  an a p p ro x i m a t e  t w o - f o l d  i n c r e a s e  i n  HAChU i n  
t h e  h ip p o cam p u s .  The u p t a k e  i n  t h e  s t r i a t u m  was much l e s s  s e n s i 
t i v e  u n d e r  t h e s e  c o n d i t i o n s ,  e x h i b i t i n g  an i n c r e a s e  o f  o n l y  20%. 
P r e - e x p o s u r e  t o  a  s o d i u m - f r e e  medium p r o d u c e d  an a p p r o x i m a t e  50% 
i n c r e a s e  i n  s u b s e q u e n t  HAChU u p t a k e  i n  b o t h  r e g i o n s .  Th u s ,  w h i l e  
h ip p o ca m p a l  u p t a k e  i s  s e n s i t i v e  t o  p r e t r e a t m e n t  w i t h  b o t h  h i g h  
p o t a s s i u m  and  s o d i u m - f r e e  m e d ia ,  u p t a k e  i n  t h e  s t r i a t u m  a p p e a r s  
c o n s i d e r a b l y  more s e n s i t i v e  t o  sodium o m is s io n  t h a n  t o  h i g h  po 
t a s s i u m  p r e - t r e a t m e n t .  The s e n s i t i v i t y  o f  HAChU t o  h e m i c h o l i n iu m -  
3 ( HC-3) was compared  i n  t h e  h ippo campu s  and  s t r i a t u m  and  was 
fou n d  t o  be t h e  same ( I C 50=1 × 10- 8 M). In  a d d i t i o n ,  t h e  K+- s t i m u 
l a t e d  u p t a k e  i n  t h e  h ippo campu s  was a l s o  found  t o  be s e n s i t i v e  t o  
HC-3 w i t h  an IC50 e q u a l  t o  t h a t  o b t a i n e d  when sy n a p to so m es  were 
p r e i n c u b a t e d  i n  n o rm a l  medium. P r e i n c u b a t i o n  i n  a c a l c i u m  f r e e /  
EGTA medium w i t h  s u b s e q u e n t  u p t a k e  i n  c a l c i u m - c o n t a i n i n g  medium 
r e s u l t e d  i n  a s i g n i f i c a n t  d e c r e a s e  (50-70%) i n  b o t h  h ippo campus  
and s t r i a t u m .  T h i s  s u g g e s t s  t h a t  t i s s u e  c a l c i u m  m ig h t  be im por
t a n t  i n  m a i n t a i n i n g  h i g h - a f f i n i t y  c h o l i n e  u p t a k e .  A d d i t i o n a l  e x 
p e r i m e n t s  w i l l  be  r e q u i r e d  t o  d e t e r m i n e  w h e t h e r  t h i s ,  a n d / o r  o t h e r  
b i o c h e m i c a l  m echan ism s ,  m ig h t  p l a y  a r o l e  i n  t h e  d i f f e r e n t i a l  
s e n s i t i v i t y  o f  t h e  h ip p o ca m p a l  and  s t r i a t a l  c h o l i n e r g i c  s y s t e m s .

244.14 CHOLINOTOXICITY OF AF64A: IN VITRO AND IN VIVO CORRELATIONS. 
Z. P i t t e l* , A. Amir*, A. F ish e r, A. Shahar*, R. Brandeis* and 
E. Heldman* (SPON: E. Hazum), I s r a e l  I n s t i tu te  fo r  B iological 
Research, Ness-Ziona, I s r a e l .

E thylcholine azirid in ium  ion  (AF64A) i s  a cy to tox in  which 
produces s e le c tiv e  cho lin e rg ic  hypofunction when in je c ted  icv  to  
r a t s .  I t  has been p o stu la ted  th a t  th e  to x in  uses th e  h ig h -a ff in ity  
cho line  tra n sp o rt system (HAChT) to  e n te r  th e  cho line rg ic  c e lls  
and destroy  them upon i t s  accumulation w ith in  th e i r  te rm ina ls . We 
stud ied  th e  in te ra c tio n  between AF64A and th e  HAChT system in 
is o la te d  synaptosomes and c o rre la te d  th e  r e s u l ts  w ith the  cholino
to x ic i ty  obtained in  cu ltu red  neurons and r a t s  in  v ivo . In  iso 
la te d  synaptosomes, AF64A, a t  concen trations up to  10μM, induced 
re v e rs ib le  in h ib it io n  o f th e  HAChT, w hile a t  h igher conc . (>50μM) 
i t  induced m ostly ir r e v e rs ib le  in h ib itio n . The in h ib itio n  was not 
e l i c i t e d  in  th e  presence o f cho line , suggesting th a t  AF64A and 
choline  compete fo r  th e  same s i t e  on th e  c a r r ie r .  Under conditions 
in  which th e  HAChT was blocked bu t th e  c a r r ie r  was not occupied 
(Na+-f re e  medium), AF64A s t i l l  in h ib ite d  the  tra n sp o rt process. 
The HAChT was more s e n s itiv e  to  AF64A than th e  low -affin ity  
cho line  tra n sp o rt (LAChT). Based on these  r e s u l t s ,  we p ropose a 
k in e tic  model in  which AF64A, a t  low concen tra tions, i s  used as a 
s u b s tra te  fo r  th e  cho line  c a r r ie r ,  w hile a t  h igher conc . i t  alky
la te s  th e  c a r r ie r  a t  i t s  outward p o s itio n  and in a c tiv a te s  i t  
i r r e v e rs ib ly . Thus accumulation o f AF64A in  cho lin e rg ic  neurons 
(by tra n sp o rt v ia  HAChT), and consequent se le c tiv e  cholino
to x ic i ty ,  should occur a t  low conc . o f th e  to x in . At h igher conc ., 
th e  to x in  could be tran sp o rted  v ia  th e  LAChT and induce non
s e le c tiv e  c e l l  le s io n . This hypothesis was examined in  primary 
neuronal c u ltu re s  from f e t a l  r a t s .  In  th e se  c u ltu re s , AF64A, in 
conc . up to  50μM, caused s ig n if ic a n t reduction  in  th e  number of 
ch o lin e rg ic  neurons (AChE histochem istry) bu t only s lig h tly  
a ffec ted  dopaminergic neurons (3H-dopamine autoradiography and 
measurement o f dopamine uptake and re le a s e ) ;  a t  100μM, some dopa
m inergic param eters (uptake and re le a se ) were a lso  a ffec ted  and 
various stages  o f general cy to to x ic ity  were ev iden t. In  vivo 
s tu d ie s  showed th a t  th e  minimal dose (icv) which produced 
ch o lin e rg ic  hypofunction (reduction  in  HAChT and ChAT) was 
3 nm oles/side / 8  min (maximal (cumulative v e n tr ic u la r  conc . calcu
la te d  i s  240μM, bu t could be lower due to  c learan ce ). The hippo
campus was more a ffe c te d  than  th e  s tria tu m , suggesting th a t  the 
d is t r ib u t io n  o f th e  to x in  w ith in  th e  b ra in  i s  uneven, thus local 
t is s u e  conc . cannot be evaluated  p roperly . An a l te rn a tiv e  rou te  of 
ad m in is tra tio n , which might r e s u l t  in  a  b e t te r  d is t r ib u t io n  and in 
lower i n i t i a l  conc . of th e  to x in , i s  in tra c a ro tid  in jec tion  
combined w ith an opening o f th e  b lood-brain  b a r r ie r .  Preliminary 
r e s u l ts  obtained w ith  such u n i la te r a l  in je c tio n  showed th a t  AF64A 
produced 50% reduction  o f ChAT in  th e  i p s i l a te r a l  hemisphere.

244.15 effect of intraventricular administration of two heterocyclic 
HEMICHOLINI UM-3 ANALOGS ON CHOLINERGIC SYSTEMS. C.E. Tedford* , 
J .R . Flynn* , J .G . Cannon* and J .P .  Long* (SPON: W .J. S te e le ) .  
D epartm ents o f Pharmacology and M edic inal C hem istry , U n iv e rs ity  of 
Iowa, Iowa C ity , IA 52242

P rev ious  work in  our la b o ra to ry  has dem onstrated  t h a t ,  in  
v i t r o ,  t e r t i a r y  amine (A-4) and q u a te rn a ry  amine (A-5) 4-m ethyl 
p ip e r id in e  ana logs o f hem icholinium -3 a re  p o te n t in h ib i to r s  of 
sodium -dependent h igh  a f f i n i t y  c h o lin e  u p ta k e , reduce ACh le v e ls  
in  r a t  caudate  s l i c e s  and in h ib i t  neurom uscular tra n sm iss io n  upon 
h igh  frequency s tim u la t io n  in  v iv o . System ic a d m in is tra tio n  o f 
(A -4 ), th e  t e r t i a r y  amine an a lo g , was e f f e c t iv e  in  s e le c t i v e ly  
reducing  ACh le v e ls  in  s e v e ra l b ra in  re g io n s , whereas HC-3 and A-5 
were n o t e f f e c t iv e  c e n t r a l l y  a f t e r  system ic a d m in is tr a tio n . The 
above s tu d ie s  have shown th a t  th e  q u a te rn a ry  amine (A-5) was eq u i
p o te n t to  HC-3 and th e  t e r t i a r y  amine was approx im ately  100-1000- 
fo ld  le s s  p o te n t than  i t s  q u a te rn a ry  a n a lo g . S ince th e  q u a te rn a ry  
amine compounds a re  in e f f e c t iv e  in  c ro ss in g  the  blood b ra in  b a r
r i e r  and unable to  reduce c h o l in e rg ic  fu n c tio n  c e n t r a l l y ,  th e se  
s tu d ie s  in v e s t ig a te d  and compared th e  e f f e c t s  of in t r a v e n t r i c u la r  
a d m in is tr a tio n  o f A-4 and A-5 w ith  HC-3 on ACh, c h o lin e , dopamine, 
n o re p in e p h rin e , ep in ep h rin e  and se ro to n in  le v e ls  in  th e  r a t  
s t r ia tu m .

Male Sprague-Dawley r a t s  (200-300 grams) were a n e s th e tiz e d  
and a p o ly e th y le n e  cannula was s te r e o ta x i c a l ly  im planted  in to  th e  
r ig h t  v e n t r i c l e .  Animals were allow ed to  move f r e e ly  about th e i r  
cages du rin g  in fu s io n  o f the  ex p e rim en ta l compounds and were 
s a c r i f i c e d  a t  v a r io u s  tim es by head-focused  microwave i r r a d i a t i o n  
(2 .0  s e c . ) .  Both th e  c o n t r a la t e r a l  and in fu sed  s id e s  o f the  b ra in  
were d is s e c te d  and assayed  by HPLC-EC.

R e su lts  dem onstrated  th a t  HC-3 was e f f e c t iv e  in  reducing  
s t r i a t a l  ACh le v e ls  in  a dose-dependent fa s h io n . S ig n if ic a n t  r e 
d u c tio n s  in  ACh le v e ls  were seen  in  th e  s tr ia tu m  a t  HC-3 doses of 
0 .1 ,  1 .0 , and 10 ug . 100 ug of HC-3 produced maximal red u c tio n s  
in  ACh le v e ls  (>80%), e le v a t io n  in  c h o lin e  l e v e l s ,  and prom inent 
b e h a v io ra l e f f e c t s  and to x i c i t y .  The e f f e c t  o f HC-3 on s t r i a t a l  
ACh le v e ls  was s e le c t i v e  fo r  c h o l in e rg ic  neurons as no s ig n i f i c a n t  
changes in  o th e r  n e u ro t ra n s m it te r s  were d em onstra ted . The r e s u l t s  
fo llo w in g  in t r a v e n t r i c u la r  a d m in is tr a tio n  of th e  q u a te rn a ry  analog  
(A-5) were s im i la r  to  the  e f f e c t s  seen  a f t e r  HC-3 a d m in is tra tio n  
in  producing  a s ig n i f i c a n t  re d u c tio n  in  s t r i a t a l  ACh l e v e l s .  The 
in t r a v e n t r i c u la r  a d m in is tr a tio n  o f th e  t e r t i a r y  amine (A-4) 
produced no s ig n i f i c a n t  re d u c t io n  in  ACh le v e ls  a f t e r  i n fu s io n  of 
100 o r 200 ug o f A-4.

T his work dem onstra tes  th a t  rep lacem ent o f the  ch o lin e  m oiety 
in  HC-3 w ith  th e  4-m ethyl p ip e r id in e  m oiety m a in ta in s  H C -3-like 
a c t i v i t y  in  th e  q u a te rn a ry  amine a n a lo g . This work was supported  
in  p a r t  by DOD Cont. No. DAMD-17-83-3010.

244.16 MAINTENANCE OF ACETYLCHOLINE SYNTHESIS AND RELEASE IN STIMULATED 
STRIATAL SLICES IS DUE TO AN ACCELERATED LIBERATION OF CHOLINE 
FROM PHOSPHOLIPIDS. R .J. Wurtman, C. Mauron* and J.K . B lusztajn*. 
Dept. of Brain & Cognitive Science, M .I.T ., Cambridge, MA 02139.

When r a t  s t r i a ta l  s l ic e s  are superfused with a cho lin e -free  
medium containing eserine  and stim ulated e le c tr ic a l ly  fo r 30 min., 
they continue to  re lease  ace ty lcho line  (ACh) a t a constant and 
higher ra te  than a t  r e s t .  However the to ta l  amount of ACh + 
choline (Ch) in the superfusate  exceeds the to ta l  decrease i n the 
amount of ACh + Ch in the tis su e  (Maire, J-C, & Wurtman, R .J .,  J. 
Physiol. P a r is , 80:189, 1985). This suggests th a t the source of Ch 
fo r ACh syn thesis  in the s l ic e s  was Ch-contai ni ng membrane pho
spholip ids [phosphatidyl choline (PC), lysophosphatidylcholine, 
sphingomyelin]. To t e s t  th is  hypothesis, to ta l  membrane phospholi
pids (PL) were measured i n s t r i a ta l  s l ic e s  before and a f te r  stimu
la tio n , and co rre la ted  with ACh re lea se . S lices  (0.3 μm) from ra t 
s tria tum , were superfused with a physiological medium and stim ula
ted (15 Hz, 30 V) fo r 30 min. The superfusate was assayed fo r ACh 
during 4 min. i n te rv a ls ; ACh was a lso  assayed i n samples o f the 
superfusate  taken during the 12 min. preceding and 18 min. fo llo 
wing stim u la tio n . Total and individual PL were determined i n 
t is su e  samples taken before and a f te r  the co lle c tio n  period .

Rest Stim ulation
No Ch No Ch 20 μM Ch No Ch. TTX (0.5 μM)

PL 104±5 77±6 106±4 102±2
ACh re lease  9±1 32±3 54±4 9±1

PL are expressed as % of the amount presen t before the beginning 
of the co lle c tio n  period (which was 15±1 μg phosphorus/mg 
p ro te in ) . ACh re lease  is  expressed as pmol/mg p ro te i n/min.

D epolarization i ncreased ACh re lease  fou rfo ld , and concomitant
ly decreased PL by 23% in the s l ic e s ;  PC, phosphatidyl ethanol amine 
and phosphatidyl serine  were a ll  decreased s to i ch iom etrica lly . The 
ACh re lea se  was fu r th e r  increased , and PL degradation to ta l ly  pre
vented, when exogenous Ch (20 μM) was added. To determine whether 
PL degradation was due to  depo larization  of s t r i a ta l  c e l ls  (and 
not an a r t i f a c t  of e le c tr ic a l  s tim ulation) te trodo tox in  [(TTX) 
which blocks sodium channels] was added to  the superfusion medium: 
I t  i nh ib ited  ACh re lease  (possibly by blocking action  p o ten tia ls)  
and prevented PL degradation.

We conclude th a t depo larization  of s t r i a ta l  s l ic e s  decreases 
membrane PC (and o ther PL), concurrently  making Ch av ailab le  fo r 
ACh sy n th esis . Moreover, th is  decrease (which might a f fe c t  
membrane functions) can be blocked by Ch, i n lev e ls  th a t  a lso  
enhance ACh sy n th esis .
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244.17 ACETYLCHOLINE SYNTHESIS IN A HUMAN NEUROBLASTOMA CELL LINE. J .D . 
Schein*,1 J .L . B ie d le r* ,2 and P. D a v ie s* .1 3 (SPON: L. Brown). 
D epartm ents o f P a tho logy1 and N eu ro sc ien ce ,3 A lb e r t  E in s te in  C o llege  
of M edic ine, Bronx, New York, 10461, and th e  L a b o ra to ry  of C e l lu la r  
and B iochem ical G e n e tic s ,2 Memorial S lo a n -K e tte r in g  Cancer C e n te r , 
Rye, New Y ork, 10580.

A c e ty lc h o lin e  sy n th e s is  was s tu d ie d  in  a human c h o l in e rg ic  
neurob lastom a c e l l  l i n e  d e s ig n a te d  MC-IXC. C u ltu red  c e l l s  were 
in cu b a ted  in  th e  p resence of v a rio u s  ra d io la b e le d  p o te n t ia l  p re 
c u rs o r s  fo r  th e  a c e ty l  m oiety  and th e  la b e le d  a c e ty lc h o lin e  formed 
was measured acco rd in g  to  th e  method of P e te rso n  and G ibson (J . 
Pharm acol. Exp. T h e r .;  222: 576, 1982). S y n th es is  from 14C -glucose 
was l i n e a r  over a p e riod  of 2 hours w ith  an ap p a ren t Km of 180μM 
and an ap p a re n t Vmax of 5 .4  nanom oles/hr/m g p ro te in .  By com pari
so n , th e  r a t e  of a c e ty lc h o lin e  sy n th e s is  by homogenized MC-IXC 
c e l l s  was 77 nanom oles/hr/m g p ro te in  in  th e  presence  o f s a tu r a t in g  
c o n c e n tra t io n s  of a c e ty l CoA and c h o lin e .

To determ ine w hether th e  r a t e  o f s y n th e s is  in  i n t a c t  c e l l s  i s  
l im ite d  by th e  a v a i l a b i l i t y  of c h o l in e , th e  dependence of a c e ty l
ch o lin e  s y n th e s is  on ch o lin e  c o n c e n tra t io n  was exam ined. The 
a p p a re n t Km fo r  ch o lin e  i s  30μM. W ith h ig h e r c o n c e n tra t io n s  of 
c h o l in e ,  a c e ty lc h o lin e  s y n th e s is  r a t e s  reached  a p la te a u  a t  on ly  
4.8% o f th e  r a t e  m easured in  homogenates of th e se  c e l l s .  Thus 
ch o lin e  a v a i l a b i l i t y  does n o t appear to  be r a t e  l im i t in g .

S y n th es is  r a te s  were a ls o  determ ined  u s in g  14C -β-h y d ro x y b u ty ra te  
and 14C- a c e ta t e  as p o te n t ia l  a c e ty l  group donors y ie ld in g  ap p a re n t 
Km v a lu es  of 90μM and 100μM and ap p a re n t Vmax v a lu es  of 2 .9  and 4 .8  
nanom oles/hr/m g p ro te in  r e s p e c t iv e ly .  In  th e  p resence  o f s a tu r a 
t i n g  c o n c e n tra t io n s  of bo th  14C -g lucose and  14C -β-hy d ro x y b u ty ra te  
s y n th e s is  r a t e s  were g re a te r  th a n  in  th e  presence  o f e i th e r  sub
s t r a t e  a lo n e . F u rtherm ore , u s in g  14C -pyruvate as th e  a c e ty l  group 
donor th e  r a t e  o f s y n th e s is  reached 4 4 .8  nanom oles/hr/m g p r o te in ,  a 
v a lu e  approach ing  th a t  o b ta in e d  fo r  c e l l  hom ogenates. These 
r e s u l t s  in d ic a te  th a t  a c e ty l  CoA, n o t c h o l in e ,  i s  th e  r a t e  l im i t in g  
s u b s t r a te  in  a c e ty lc h o lin e  sy n th e s is  in  c u l tu re d  MC-IXC c e l l s ,  and 
th a t  th e  r a t e  d e te rm in in g  s te p  is  l i k e ly  to  inv o lv e  one of g lyco
l y t i c  enzymes, p ro b ab ly  p h o sp h o fru c to k in ase .

Supported in  p a r t  by NIH g ra n t MH-38263.

244.18 INDUCTION OF CHOLINE ACETYLTRANSFERASE IN A HUMAN CHOLINERGIC 
NEUROBLASTOMA CELL LINE. D. C asper1, J .  L. B ie d le r* 2, and 
P. D avies*.1 3 D epartm ents of P a th o lo g y 1 and N euroscience,3 A lb ert 
E in s te in  C o llege  of M edic ine, Bronx, New York, 10461, and th e  
L ab o ra to ry  of C e l lu la r  and Biochem ical G en e tic s ,2 Memorial 
S lo a n -K e tte r in g  Cancer C en te r, Rye, New Y ork, 10580.

The human neurob lastom a c lo n e , MC-IXC, was used to  in v e s t ig a te  
th e  e f f e c ts  o f s e v e ra l ag e n ts  on th e  re g u la tio n  of ch o lin e  a c e ty l 
t r a n s f e r a s e  (ChAT) a c t i v i t y .  This c e l l  l i n e ,  a subclone of the 
l i n e  SK-N-MC, e x p re sse s  b a s a l le v e ls  o f two enzymes of c h o lin e rg ic  
m etabo lism , c h o lin e  a c e ty l t r a n s f e r a s e  and a c e ty lc h o lin e s te r a s e .  
The ChAT a c t i v i t y  i s  in c rea sed  app rox im ate ly  te n - fo ld  (from 4 .8  to  
55 nm ol/hr/m g p r )  when c e l l s  reac h  h igh d e n s i ty .  This e f f e c t  is  
re p o rte d  as a fu n c t io n  of p ro te in  co n ten t per f la s k  as th e  p ro te in  
c o r r e l a te s  l i n e a r l y  w ith  c e l l  number. The in d u c tio n  of ChAT 
appears  to  be m ed iated  by c e l l - c e l l  c o n ta c t and i s  r e v e r s ib le  on 
d is s o c ia t io n  o f th e  c e l l s  in  c u l tu r e  e i t h e r  by t r i t u r a t i o n  o r 
t r y p s in i z a t io n .

R e tin o ic  ac id  can a lso  in c re a s e  ChAT a c t iv i t y  up to  f iv e - fo ld  
in  a dose-dependen t m anner. This in d u c tio n  o f ChAT a c t iv i t y  
appears  independen t of c e l l  d e n s ity  as r e t in o ic  ac id  has no e f f e c t  
on e i t h e r  p ro te in  co n ten t o r c e l l  number, and i s  o b ta in a b le  in  
b o th  low and h igh  d e n s i ty  c u l tu r e s .  The e f f e c t s  o f r e t in o ic  a c id  
on ChAT a c t iv i t y  a re  no t r e v e r s ib le  a t  4 days a f t e r  removal of 
th i s  compound from th e  medium.

1mM d ib u ty ry l c y c l ic  AMP can a ls o  in c re a s e  th e  s p e c i f ic  
a c t i v i t y  o f ChAT up to  f iv e - fo ld  in  c u l tu r e  a f t e r  a 7 day 
in c u b a tio n . This in d u c tio n  cou ld  n o t be ob ta in ed  u sin g  f o r s k o l in ,  
d e s p i te  prolonged e le v a tio n  o f i n t r a c e l l u l a r  cAMP c o n c e n tra t io n s . 
O ther a g e n ts , such  as DMSO, dexamethazone and e s t r a d io l  do n o t 
induce  ChAT a c t i v i t y  in  th e se  c e l l s .  None of th e  ag en ts  te s te d  
were a b le  to  induce o r  i n h i b i t  th e  a c t i v i t y  of 
a c e ty lc h o l in e s te r a s e ,  su g g e s tin g  th a t  th e  r e g u la t io n  of 
a c e ty lc h o lin e  s y n th e s is  and d eg ra d a tio n  is  n o t c o o rd in a te ly  
c o n t r o l l e d .

Supported in  p a r t  by NIH g ra n ts  MH-38263 and MH-15788.

244.19 PHYSICAL DIFFERENCES BETWEEN SOLUBLE AND IONICALLY MEMBRANE- 
BOUND CHAT. M. Badamchian, K .J . Morrow, J r .*  and P .T . 
C a r r o l l , D ep ts. of P harm acol, and B iochem ., Texas Tech Univ. 
H ea lth  S c i. C e n te r , Lubbock, TX 79430

C h o lin e -O -a c e ty ltr a n s fe ra s e  (EC 2 .3 1 .6 ; ChAT) was p rep ared  
from synaptosom al f r a c t io n s  (P2) o f mouse and r a t  b ra in  in  th e  
p re sen ce  of p r o te o ly t i c  i n h i b i to r s  by th e  method o f Gray & 
W h itta k er (1962) as  m od ified  by Salehmoghaddam & C o l l i e r ,  
1976. The P2 f r a c t io n  was h y p o -o sm o tica lly  shocked w ith  g la s s  
d i s t i l l e d  w ate r and c e n tr ifu g e d  to  s e p a ra te  th e  c y to s o l ic  (S3) 
and c rude  v e s ic u la r  (P3) f r a c t i o n s .  F ra c t io n  S3 was saved fo r  
ChAT assay  and compared w ith  t h a t  ChAT f r a c t io n  e lu te d  from 
th e  P3 by s a l t  a t  a pH 7 .4  o r  by d e te rg e n t (B en ish in  & 
C a r r o l l ,  1983). These th r e e  ChAT f r a c t io n s  w ere th en  compared 
by m o lecu la r w e ig h ts , i s o e l e c t r i c  p o in t s ,  im m unoblotting w ith  
m onoclonal o r  p o ly c lo n a l a n t ib o d ie s ,  and h y d ro p h o b ic ity . The 
r e s u l t s  show th a t  th e  S3 ChAT f r a c t io n  h as  a m o lecu la r w eigh t 
o f 66 Kd, w hereas th e  io n i c a l ly  bound f r a c t io n  o f ChAT has a 
m o lecu la r w e igh t o f 73-78 Kd. SDS-PAGE of th e se  two ChAT 
f r a c t io n s  fo llow ed  by im m unoblotting  re v e a le d  th e  p resen ce  o f 
two im m unoreactive bands a t  28-29 Kd and 50-51 Kd fo r  th e  
io n i c a l ly  bound ChAT f r a c t io n .  C onverse ly , none o f th e se  
a n t ib o d ie s  im m unostained any p ro te in  bands f o r  th e  S3 ChAT 
f r a c t io n  even though one m onoclonal an tib o d y  (MB 16) had been 
p rep a re d  a g a in s t  t h i s  ChAT f r a c t io n  and bound th e  n a t iv e  S3 
ChAT f r a c t io n  in  a c o - p r e c ip i t a t i o n  a s sa y . The S3 f r a c t io n  
h a s  on ly  one i s o e l e c t r i c  p o in t a t  pH 7 . 8 , w hereas th e  io n 
i c a l l y  bound and d e te rg e n t s o lu b le  ChAT f r a c t io n s  have two 
i s o e l e c t r i c  p o in ts  a t  pH 8 .1 -8 .1 5  and 7 .4 5 -7 .5 . The S3 ChAT 
f r a c t io n  i s  a l s o  l e s s  hydrophobic th e n  th e  o th e r  two ChAT 
f r a c t io n s .  These d i f f e re n c e s  between th e  S3 and s a l t  s o lu b le  
ChAT f r a c t io n s  w ere n o t o b v ia ted  by a d d i t io n  of d e te rg e n t and 
th u s  cou ld  n o t be a t t r i b u t e d  to  th e  a s s o c ia t io n  o f l i p i d s  w ith  
e i t h e r  o f  th e  f r a c t i o n s .  Ve r a t r i d in e  d e p o la r iz a t io n  o f h ippo
campal m inces caused  a Ca2+ dependent s t im u la t io n  o f b o th  th e  
S3 and d e te rg e n t  s o lu b le  ChAT f r a c t io n s  b u t n o t th e  s a l t  
s o lu b le  f r a c t i o n .  We conc lude th a t  th e  w ate r s o lu b le  f r a c t io n  
o f ChAT in  c e n t r a l  ne rv e  te rm in a ls  d i f f e r s  in  i t s  p h y s ic a l 
p r o p e r t ie s  and s u b c e l lu la r  lo c a t io n  from  th a t  which io n i c a l ly  
b in d s  to  membranes (su p p o rted  in  p a r t  by a  Tarbox p o s td o c to ra l  
F e llo w sh ip  to  MB and NINCDS 2121289-02 to  PTC).
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245.1 THE EFFECTS OF ACETYLCHOLINE ON SPONTANEOUS 
AND TONE EVOKED NEURONAL DISCHARGE IN AUDITORY 
CORTEX OF THE CAT. T.M. M CKENNA, J.H. ASHE, 
G.K. HUI*, and N.M. WEINBERGER. Center for the Neuro
biology of Learning and Memory, Univ. California , Irvine, CA 
92717.

Two sources of acetylcholine (ACh) have been identified  in 
cerebral cortex, one of subcortical origin and the other 
intrinsic in origin. The function of ACh in auditory cortex is 
of particu la r in terest because m anipulations of cholinergic 
systems have been shown to a ffec t auditory perception, and 
complex cognitive processes. Furtherm ore physiological plastic
ity  is rap id ly  induced in aud ito ry  cortex during  learning 
(W einberger et.al.; D iam ond & W einberger, Behav. N eur
osci., 1984,98, 171-210). and cholinergic processes have been 
repeatedly im plicated in various forms of plasticity.

The present studies are aimed at characterizing cholinergic 
actions on the rate and pattern of discharge of single neurons. 
A ction potentials were recorded ex tracellu la rly  in prim ary 
auditory cortex of waking cats, and the cholinergic agonists, 
ACh and methacholine (MCh), and antagonists, atropine, and 
scopolamine, were applied by microiontophoresis or pressure 
ejection.

To date, data have been collected from  135 neurons, of 
which 58 have been analyzed quantitively. Cholinergic agon
ists, ACh or MCh, significantly  modified spontaneous rate in 
67% of the neurons. Increases in spontaneous activity  were 
detected in 36% and decreases in 31%. These agents also 
e ffec tive ly  m odified neuronal responses to acoustic stim uli 
(tone bursts) in 65% of the cells. Increases were observed in 
24%, and decreases in 41%. D ifferen tial actions on d iffe ren t 
components of the pattern of response to tone, i.e., poststim u
lus time histogram , were noted. The effec ts  of a given 
agonist on spontaneous and evoked disharges were often d if 
ferent for the same cell.

Evidence is provided that muscarinic receptors are involved 
in mediating these effects since (1) the m uscarinic agonist 
MCh exhibited the same spectrum of actions as ACh, (2) mus
carinic antagonists were capable of modifying both sponta
neous and tone-driven ac tiv ity , (3) the d irec t effec ts  of 
antagonists could be opposite to those of agonists in the same 
cell, and (4) antagonists were able to suppress the effects of 
the agonists.

Supported by DAMD 17-85-C-5072 to N.M.W.

245.2 NICOTINIC ACETYLCHOLINE RECEPTOR DISTRIBUTION IN THE 
SONGBIRD BRAIN: AUTORADIOGRAPHIC STUDIES. Thomas R. Podleski*, 
James T. Watson, Elizabeth Adkins-Regan, Jon M. Lindstrom, and Paul Whiting. 
Section of Neurobiology and Behavior, Cornell University, Ithaca, NY 14853, and 
Salk Institute for Biological Studies, P.O. Box 85800, San Diego, CA 92138.

We have undertaken localization of nicotinic acetylcholine receptors in the 
zebra finch (Peophila guttata) brain. We were particularly interested in whether the 
identified song system nuclei, or other nuclei which concentrate steroid hormones, are 
nicotinic. We have used three 125I-labelled ligands for the identification of nicotinic 
receptors: alpha bungarotoxin (BGT), and two monoclonal antibodies, one produced 
against the acetylcholine receptor(AChR) from electric organ of Electrophorus 
electricus, mAb 35, (Swanson, e t  al., Proc. Nat. Acad. Sci., 80: 4532, 1983) and one 
which has been produced against a recently isolated nicotinic AChR from the chick 
brain, mAB 270 (Whiting & Lindstrom, J. Neurosci. in press).

Intact adult male and female zebra finches, aged 11-16 months, were heavily 
anesthetized and decapitated. Their brains were cryostat sectioned at 14 μm, sections 
were freeze-dried according to the method of Herkenham and Pert (J. Neurosci., 2: 
1129, 1982). Each set of dried sections was then incubated with one of the nicotinic 
ligands: 20 nM BGT (males: N=5, females: N=4), mAB 35 (males: N=2, females: 
N=1) or mAB 270 (males N=2, females: N=1). Specificity of binding was 
determined in the case of BGT by including 1 mM carbamylcholine in the incubation 
mix, which reduced the binding of BGT to background levels and no regional 
variation was seen. Inclusion of unlabeled antibody blocked the binding of labeled 
antibody. Labeled sections were fixed and applied to LKB Ultrofilm™. Following 
LKB autoradiography, selected slides were coated with Kodak NTB-2™ emulsion 
and overexposed to confirm the neuroanatomical localization of labelled regions.

125I BGT heavily labeled telencephalic and mesencephalic visual areas, the 
hippocampus, the steroid-binding nuclei in the song system, and the diencephalic 
steroid-binding nuclei. As has been described in other birds and fish (reviewed by 
Oswald and Freeman, J. Neurosci., 6: 1-14), BGT heavily labeled the optic tectum 
(OT). In addition, we observed areas of dense labeling in the hippocampus (Hp) and 
at the border of hyperstriatum dorsale (HD) and hyperstriatum accessorium (HA). Of 
the song control regions, nucleus magnocellularis of the anterior neostriatum (MAN), 
hyperstriatum ventrale, pars caudale (HVc) and nucleus intercollicularis (ICo), were 
heavily labeled, nucleus robustus archistriatalicus (RA) was not specifically labeled, 
and area X were far less labeled than immediately surrounding areas. As has been 
reported in the rat (Clark e t  al. J. Neurosci. 5:1307, 1985), the diencephalic nuclei 
preopticus medialis (POM), ventromedialis hypothalami (VMH), and infundibuli (Inf) 
had high toxin binding. We found the binding patterns in HVc and area X are 
sexually dimorphic, i.e., they conform closely to the contours of the respective nuclei, 
which are much larger in males. There was no marked sexual dimorphism in BGT 
binding in other nuclei. We are examining the influence of gonadal steroids on BGT- 
binding levels in the zebra finch brain.

The binding pattterns of the two antibodies were similar but not identical. 
Neither antibody specifically labeled MAN, HVc, RA or Inf. Both labelled HV, the 
OT, and the nucleus lateralis spiriformis. The major differences in the binding of the 
two antibodies were in lobus parolfactorius (LPO), Hp, POM, VMH, and ICo which 
are labeled by mAB 270 and not by mAB 35. Although mAB 270 labeled LPO 
heavily, the paucity of labeling in area X seen in the BGT autoradiograms was not 
observed. Supported by NSF BNS84-12083 and the Cornell Biotechnology Program 
which is sponsored by the NY State Science and Technology Foundation and a 
consortium of industries.

245.3 EFFECTS OF BODY TEMPERATURE ON PENTOBARBITAL-INDUCED NARCOSIS AND 
DEPRESSION IN CHOLINERGIC ACTIVITY. E.S. Swearengen*, H. Lai* 
and A. Horita* (SPON:C. Chavkin). Departments of Pharmacology, 
and Psychiatry & Behavioral Sciences, Univ. of Washington, School 
of Medicine, S e a t t l e ,  WA 98195.

Pentobarbi tal induces narcosis ,  hypothermia, and depression of 
cholinerg ic  a c t iv i ty  in the septohippocampal pathway in r a t s .  
Previous pharmacological s tudies have suggested tha t  the duration 
of pentobarbita l- induced narcosis  is  negatively corre la ted  with 
cholinerg ic  a c t iv i ty  of th i s  pathway. In the present study we 
invest igated  the e f fec ts  of body temperature on the durat ion of 
narcosis  and depression of cholinerg ic  a c t iv i ty  induced by pento
b a rb i ta l .  Body temperature of pentobarbi ta l-anesthe t ized  r a t s  was 
adjusted to three  d i f f e r e n t  levels  by placing them in d i f f e r en t  
ambient temperatures. Body temperature was measured with a probe 
in ser ted  in to the animals' colon; cholinerg ic  a c t i v i t y  was 
determined by measuring sodium-dependent h igh -a f f in i ty  choline 
uptake in hippocampal and fron tal  co r t ic a l  synaptosomal pre 
pa ra tions.

Analysis of body temperature response during pen tobarb i ta l- 
induced anes thesia revealed s ign i f igan t  d if ferences  among the 
groups of animals in d i f f e r en t  ambient temperatures. However, the 
duration of narcosis  ( f rom the time of pentobarbita l in jec t ion  to 
re s to ra t ion  of the r ight ing  re f lex)  was not a ffected by dif ferences 
in body temperature. We found th a t  body temperature was pos i t ive ly  
corre la ted  (r  = 0.96, p< 0 .02)  with cholinerg ic  a c t iv i ty  of the 
septohippocampal but not the co r t ic a l  pathway. Body temperature 
had no e f f e c t  on whole brain levels  of pentobarbi ta l .  These 
r e s u l t s  suggest th a t  cholinerg ic  a c t iv i ty  of the septohippocampal 
pathway is  not a s u f f ic ie n t  condit ion in the control of the 
durat ion of pentobarbita l- induced narcosis ,  since temperature 
dependent changes in cholinerg ic  a c t iv i ty  were not accompanied by 
changes in the duration of narcosis .  Our data a lso suggest tha t  
septohippocampal cholinerg ic  neurons are sens i t ive  to changes in 
body temperature.

245.4 BIOCHEMICAL AND BEHAVIORAL CHARACTERISTIC OF A MUTANT STRAIN OF 
WISTAR RATS (Han-WIST: spa/spa). L. Turski, T. Honore*, N.N. 
Osborne*, M. Schwarz*, T. Klockgether* and K.-H. Sontag* (SPON: 
U. Kuhnt). Max-Planck-Inst. Exp. Med., D-3400 Gottingen, FRG, 
A/S Ferrosan, Res. Division, DK-2860, Soeborg, Denmark and Nuf
field Lab. Ophth., Univ. Oxford 0X2 6AW, UK.

The mutant strain of Wistar rats (Han: WIST; spa/spa) carries 
an autosomal recessive gene defect and is characterised by a se
quence of progressively developing behavioral al terat ions inclu
ding hyperexcitability, tremor, olfactory and gustatory automa
tisms, bradykinesia, ataxia, r ig id ity ,  paresis and cachexia. The 
synthesis and release of dopamine in vivo in the s t r ia ta  of 
the mutants is decreased, while the choline acetyltransferase 
(CAT) activity is greatly enhanced. These rats exhibit also a 
lower activity of glutamic acid decarboxylase (GAD) in synapto
somal fractions of the substantia nigra. The analysis of the be
havior of mutants underlines deficient  functioning of the basal 
ganglia in these animals. In this study, we sought to determine 
the functional s tate  of the limbic forebrain in mutant rats.  To 
accomplish th is ,  we examined a) the sensitivity  of mutant rats 
to seizures induced by pilocarpine, a cholinergic agonist, b) 
the activity  of CAT and GAD in the hippocampus, c) the binding 
of 3H-amino-3-hydroxy-5-isoxazole propionic acid (AMPA), 3H- 
kainate (KA) and 3H-glutamate in the presence of quisquala
te (QA) (measurement of N-methyl-D-aspartate receptor) in the 
hippocampus and d) morphological structure of the hippocampus 
by light microscopy. The threshold for seizures induced by pi
locarpine was signif icantly lower (4-8 times) in mutant compa
red to control ra ts .  Pilocarpine hydrochloride, 25-100 mg/kg 
(doses which did not induce seizures in control ra ts) ,  admini
stered systemically in mutant rats el ic i ted limbic seizures 
and status epilepticus, which was followed by widespread dama
ge to limbic forebrain including hippocampus, thalamus, amyg
dala, neocortex and substantia nigra. Mutant rats exhibited 
higher activity of CAT in the hippocampus, whereas the ac t iv i
ty of GAD remained unaltered. The 3H-glutamate binding in 
the presence of QA was significantly reduced in hippocampal 
membranes, which suggests a lteration of N-methyl-D-aspartate 
receptors. 3H-AMPA and 3H-KA binding was unchanged. Mor
phological analysis of the hippocampus with light microscopy 
revealed marked loss of pyramidal cells in the subfields CA3 
and CA4 of the dorsal hippocampus in mutant rats .  These f in 
dings indicate derangements in the function of limbic system 
in mutant Han: WIST rats.  Supported by a grant from the 
Deutsche Forschungsgemeinschaft (So 136/2-2.
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245.5 ANIMAL MODELS OF CHOLINOMIMETIC THERAPY. E. Giacobini and 
M. Hallak*. Dept. Pharmacology, Southern I l l in o is  U niversity  School 
of Medicine, S p ring fie ld , IL 62708 USA

Recent c lin ic a l t r i a l s  have shown th a t oral and intravenous 
( i.v .)  adm inistration of physostigmine (Phy) can tem porarily  
influence memory tasks in Alzheimer dementia p a tie n ts . Cognitive 
inprovement following Phy therapy is  believed to be re la ted  to 
inhibition of centra l nervous system (CNS) ace ty lch o lin este rase  
(AChE) activ ity . No pharmacokinetic data are availab le  to guide 
Phy therapy in humans. We have studied the e ffe c t on brain of 
two prototypes of rev e rs ib le  and ir r e v e rs ib le ,  c en tra lly  and 
peripherally acting ch o lineste rase  (ChE) in h ib ito rs . Three routes 
of administration were compared: i.m ., i .v .  and in trace reb ra l 
ventricular ( i . c .v . ) .  In trav e n tr icu la r  adm inistra tion  of ChE 
inhibitors might provide fo r lo n g -las tin g  and sustained brain 
concentrations perm itting a slow, in trace reb ra l dosage. With 
i.c .v . adm inistration of Phy in beagle dogs, over 90% in h ib itio n  of 
CSF AChE ac tiv ity  was reached within 5 min at a ll  dosages (10-120 
ug). At the lowest dosage (10 ug), 50% of CSF enzyme a c t iv ity  was 
s t i l l  present at 90 min. Plasma ChE a c t iv i ty  was only minimally 
inhibited. The opposite response was obtained by i .v .  adm inistra
tion (250-100 ug). S triatum  and hippocampus were maximally 
inhibited at 5 min a f te r  i . c .v .  adm in istra tion . Following i .c .v .  
administration (4 ug) of Phy in the r a t ,  ChE a c t iv i ty  was maximally 
inhibited in hippocampus (83%) at 15 min. Physostigmine concentra
tion was also highest in th is  reg ion . With m etrifonate  i . c .v .  (2.5 
mg), ChE ac tiv ity  was maximally in h ib ited  in hippocampus a t 30 min. 
These effects of Phy and m etrifonate  were found to be d iffe re n t for 
duration, d is trib u tio n  and percent ace ty lcho line  e levation . Side 
effects were also d iffe re n t fo r various drugs and routes of admin
istra tion . These experiments in animals have provided useful 
guidelines for c lin ic a l t r i a l s .
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245.6 THE EFFECT of cholinergic stimulation of the nucleus accumbens 
ON LOCOMOTOR BEHAVIOR. M.C. A ustin  and P.W. K ali v a s . D ept. o f  
VCAPP, W ashington S ta te  U n iv ., Pullm an, WA 99164.

I t  has been rep o rted  th a t  m usca rin ic  and n ic o t in i c  re c e p to rs  
a re  lo c a ted  in  the  nucleus accumbens (NAc). I t  i s  w ell 
documented th a t  dopamine and dopamine a g o n is ts  produce locomotor 
a c t iv a t io n  when in fu sed  in to  th e  NAc. T h e re fo re , we in v e s t ig a te d  
th e  ro le  o f  c h o l in e rg ic  s t im u la t io n  o f  the  NAc on locomotor 
b eh a v io r. Male S.D. r a t s  were im planted  w ith  ch ro n ic  b i l a t e r a l  
in j e c t io n  cannu lae in to  the NAc. One week a f t e r  su rg e ry , r a t s  
were adapted  to  p h o to c e ll cages fo r one hou r, m ic ro in je c te d  w ith  
the  c h o l in e rg ic  ag o n is t ca rb ach o l o r s a l in e  v e h ic le  (0 .25  
μl / s i d e  over 60 sec) and p laced  back in to  p h o to c e ll  cages fo r  
120 min. Carbachol produced a dose-dependent in c re a s e  in  
h o r iz o n ta l and v e r t i c a l  p h o to c e ll  coun ts w ith  a minimum e f f e c t  
dose o f  0 .1  μg /s id e .  A s im i la r  do se-resp o n se  curve was 
produced by ca rbacho l in je c te d  in to  th e  DBB, and no e f f e c t  a t  a 
dose o f  0 .33  μg /s id e  was produced in  th e  s tr ia tu m .

To determ ine  th e  type o f c h o l in e rg ic  re c e p to r  ca rbacho l was 
s t im u la t in g  in  th e  NAc, r a t s  rece iv ed  an i . p .  in j e c t io n  o f 
e i th e r  a m usca rin ic  a n ta g o n is t ,  a tro p in e  s u l f a t e  (1 m g/kg), o r a 
n ic o t in i c  a n ta g o n is t ,  mecamylamine (5 m g/kg), fo llow ed by 
in fu s io n  o f ca rbacho l (0 .33  μg /s id e )  in to  th e  NAc. The 
ca rb a ch o l-in d u ced  locom otor a c t iv a t io n  was s ig n i f i c a n t ly  reduced 
by mecamylamine, and a tro p in e  s u l f a t e  d id  not a t te n u a te  the 
locom otor h y p e ra c t iv i ty .  To e v a lu a te  w hether th e  ca rbacho l 
induced locom otor response  invo lved  dopam inergic tra n sm iss io n , 
r a t s  were p r e t r e a te d  w ith  th e  dopamine a n ta g o n is t ,  h a lo p e r ld o l 
(0 .1  mg/kg i . p . ) .  H alo p e rid o l s ig n i f i c a n t ly  reduced the  
locom otor response to  c a rb a ch o l.

D opamine-induced locom otor a c t i v i t y  in  th e  NAc i s  b e lie v e d  to  
be m ediated  v ia  in h ib i t io n  o f  a GABAergic p ro je c t io n  to  the  
s u b s ta n t ia  innom inata (S I ) .  I t  was shown, th a t  w hile  
p re tre a tm e n t w ith  muscimol (5ng) in to  the  SI com pletely  
a b o lish ed  th e  motor e f f e c t  o f  dopamine in j e c t io n  in to  th e  NAc, 
i t  d id  n o t a l t e r  th e  response  to  c a rb a ch o l.

Our r e s u l t s  in d ic a te  th a t  c h o l in e rg ic  s t im u la t io n  o f the  NAc 
by ca rb ach o l produces a dose-dependent motor s tim u la n t response 
which can be reduced by th e  n ic o t in i c  a n ta g o n is t ,  mecamylamine 
and the  dopamine a n ta g o n is t ,  h a lo p e r id o l . I t  appears th a t  
dopamine may have a p erm issiv e  ro le  in  the  NAc, th u s  a llow ing  
ca rbacho l to  produce a locom otor resp o n se . However, th i s  
locom otor a c t iv a t io n  does n o t appear to  be m ediated  by dopamine 
and may invo lve  some a l t e r n a t e  pathway o th e r  than  th e  SI c i r c u i t .

245.7 EFFECTS OF MUSCARINIC CHOLINERGIC AGENTS ON SPONTANEOUS SWIMMING 
IN RATS. J.P . Symons, M. Smith*, J.G. M arrio tt and R.E. Davis. 
Warner-Lambert/Parke-Davis Pharmaceutical Research, Ann Arbor, MI 
48105

Muscarinic an tich o lin e rg ics, such as scopolamine, in a 
dose-dependent manner increase locomotor a c t iv i ty  of ra ts  in an 
open fie ld  (Geyer, 1985). In o ther environments such as a maze, 
rats become trapped a t the end of a runway and ex h ib it decreased 
activity a fte r treatm ent with an tich o lin e rg ic s  (S ch a lle r t,  e t  a l , 
1980). I t  is  c lear from th is  and o ther work th a t environmental 
factors affec t the behavioral response to muscarinic agents in 
rodents. The demands of the task  may also  a f fe c t  th e ir  response to 
drug. To characterize  fu r th e r  the behavioral e ffe c ts  of 
muscarinic agents, we studied th e ir  e f fe c ts  in ra ts  swimming in an 
open pool.

Male Long-Evans ra ts  were te s ted  fo r a sing le  5 min t r i a l  in a 
122 × 122 × 60 cm deep white a c ry lic  pla s t ic  tank f i l l e d  to  a 
depth of 35 cm with tap water (20-22° C) made opaque by the 
addition of powdered milk. The pa tte rn  of a c t iv i ty  and d istance 
traveled during the 5 min t r i a l  was recorded fo r each animal using 
computer-controlled video-tracking  equipment.

Untreated animals swam rap id ly  during the f i r s t  minute of the 
test then gradually decreased th e ir  a c t iv i ty  over the remainder of 
the session. In i t ia l l y ,  they swam around the periphery of the 
tank. However, over the 5 min t e s t  they a lte re d  th e ir  swimming 
pattern and swam throughout the pool, exploring a ll  a reas.

A variety of muscarinic ag en ts--ag o n ists , an tag o n ists , and 
anticholinesterases--were adm inistered (SC or P0) generally  30 min 
prior to te s tin g . I t  was found th a t:  1) an tich o lin e rg ic s  
(scopolamine and atropine) produced an increase in swimming and a 
profound thigmotaxia; 2) pe rip h e ra lly  active  agents, such as 
neostigmine and methyl scopolamine, did not a f fe c t  swimming 
activity; 3) the muscarinic ag o n ists , areco line  and oxotremorine, 
and the an tich o lin este rase , physostigmine, decreased swimming 
activity; and 4) the e ffe c ts  of scopolamine on both the d istance 
and pattern of swimming was reversed by c en tra lly  active  
cholinergic agents, such as oxotremorine, areco line  and 
physostigmine, and vice versa.

These re su lts  support and extend e a r l ie r  s tu d ies  of muscarinic 
cholinergic drug e ffe c ts  upon behavior in rodents, showing ( 1) an 
increase both in locomotor a c t iv i ty  and stereotyped behavior 
following an ticho linerg ics and (2) a decrease in a c t iv ity  
following muscarinic agon ists and a n tic h o lin e rs te ra se s . The 
effects of muscarinic an tich o lin e rg ic s  upon spontaneous swimming 
behavior may be re la ted  to the well-known, d e le te r io u s  e f fe c ts  of 
these agents upon maze learn ing . In ad d itio n , these procedures 
provide a simple, rap id , and somewhat sp ec ific  method to id e n tify  
centrally-acting muscarinic agents in a whole animal p repara tion .

245.8 CENTRAL CHOLINERGIC PHARMACOLOGY OF A SERIES OF CHOLINESTERASE IN
HIBITORS. R.E. Davis, L.L. Coughenour*, J.G. M arrio tt, W.H. Moos*, 
R.D. Schwarz, J .P . Symons, and A.J. Thomas*. Warner-Lambert/ 
Parke-Davis Pharmaceutical Research, Ann Arbor, MI 48105

The sho rt duration of action and poor therapeu tic  ra tio  of the 
an tic h o lin e s te ra se , physostigmine, has lim ited  i t s  u t i l i t y  in 
tre a tin g  p a tien ts  su ffe ring  from cho linerg ic  d e fic ien c ie s . 
Recently, a s e r ie s  of a ce ty lch o lin este rase  in h ib ito rs  (ACHE-I) has 
been described by Weinstock-Rosen (RA se r ie s )  with a po ten tia l for 
decreased to x ic ity  and increased duration of action  re la tiv e  to 
physostigmine. We have examined the e ffe c ts  of th is  s e r ie s  in a 
v a rie ty  of 'in  v i t r o ' biochemical and 'in  vivo ' behavioral te s t s  
which are designed to  ch arac te rize  cen tra l cho linerg ic  function .

All compounds from the RA s e r ie s  ex h ib it higher a f f in i ty  fo r 
m uscarinic cho linerg ic  agonist s i te s  labeled by cis-m ethyldiox
olane (CMD) than fo r s i te s  labeled by the muscarinic an tagon ist, 
QNB. The IC-50's of these compounds fo r d isp lacing  3H-CMD is  
d ire c tly  co rre la ted  to th e ir  potency fo r in h ib itin g  ch o lineste rase  
a c t iv i ty  ( r 2 = 0 .92). CMD displacement and ch o lineste rase  a c t iv ity  
of th i s  s e r ie s  also  are d ire c tly  re la ted  to bulk parameters such 
as l ipophil ic i ty  and molar r e f r a c t iv i ty .  A s im ila r re la tio n sh ip  
holds with respect to the a b i l i ty  of these compounds to decrease 
the K+-stimulated presynaptic re lease  of acety lcho line  from brain 
s l ic e s .  However, these RA s e r ie s  compounds do not s tim ulate  the 
turnover of phosphoinositides (P I). The order of potency fo r 
d isp lacing  CMD, in h ib itin g  cho lineste rase  a c t iv ity  and decreasing 
ACH re lease  is  RA-2 > RA-10 > RA-6 > RA-7 ≥ RA-8 .

A s im ila r order of potency holds fo r the a b i l i ty  of these 
compounds to  decrease spontaneous swimming and to  reverse 
scopolamine-induced increases in swimming a c t iv i ty  of ra ts .  
However, RA-6 does not reverse scopolamine-induced increases in 
swimming a c t iv ity .

Taken together these data suggest th a t the a b i l i ty  of these 
compounds to  d isp lace CMD binding but not QNB binding may be 
re la ted  to th e ir  a b i l i ty  to  in h ib it  cho lineste rase  a c t iv ity .  
ACHE-I a c t iv i ty  a lso  is  d ire c tly  re la ted  to the a b i l i ty  of these 
compounds to decrease the presynaptic re lease  of ACH from brain 
s l ic e s ,  decrease spontaneous swimming a c t iv i ty  and reverse 
scopolamine-induced swimming a c t iv i ty .  This p a tte rn  of e ffe c ts  
a lso  is  seen with the known a n tic h o lin e ste ra se , physostigmine.
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245.9 ONLY CERTAIN ANTICONVULSANT DRUGS PROTECT RATS AGAINST SEIZURES IN
DUCED BY PILOCARPINE. W.A. Turski*, E.A. Cavalheiro*, C. Coimbra*, 
M.P. Berzaghi*, C. Ikonomidou-Turski* and L. Turski (SPON: P.L. 
Herrling). Dept. o f Pharmacol., Med. Sch., PL-20090 Lublin, Poland 
and Dept. o f Neurol. N eurosurg., Lab. of Exp. N eurol., Escola Pau
l i s t a  Med., CEP-04023 Sao Paulo, SP, B raz il.

Seizures produced in  r a ts  by system ically  adm inistered p ilo c a rp i
ne provide a model fo r  studying the  in i t i a t io n ,  spread and g e n era li
sa tio n  o f convulsive a c t iv i ty  in  the  fo reb ra in . P ilo ca rp in e , 380 
mg/kg, induces a sequence o f behavioural and e lectroencephalographic 
a l te ra t io n s  in d ic a tiv e  o f motor lim bic se izu res  and s ta tu s  e p i le p t i 
cus which i s  followed by widespread damage to  lim bic fo reb rain  re 
sembling th a t  occurring  subsequent to  prolonged in tr a c ta b le  se izu 
re s  in  humans. The p resen t study was undertaken to  determine whether 
c l in ic a l ly  u t i l i s e d  a n tie p ile p tic  drugs share an a b i l i ty  to  suppress 
se izu res  and b ra in  damage e l i c i t e d  by p ilo ca rp in e  in  r a t s .  Clonaze
pam, ED50 0.35 mg/kg (0 .25-0 .49), phenobarb ita l, 23.4 mg/kg (18.5- 
29 .6 ), and va lp ro ic  acid , 286 mg/kg (202-405), prevented the  b u ild 
up of lim bic seizu res  and p ro tec ted  f r om s e iz u re -re la te d  b ra in  da- . 
mage. P retreatm ent w ith  trim ethad ione, 179 mg/kg (116-277), re su lte d  
in  moderate p ro tec tio n  a g a in st p ilocarp ine-induced se iz u re s , whereas 
carbamazepine, 10-50 mg/kg, and diphenylhydantoin, 10-100 mg/kg, 
blocked n e ith e r  convulsions nor b ra in  damage produced by the  drug. 
S u rp ris in g ly , ethosuximide, 196 mg/kg (141-272), lowered the  th re 
shold fo r  se izu res  induced by p ilo ca rp in e  and converted non-convul
san t dose o f p ilo ca rp in e , 200 mg/kg, in to  a convulsant one. These 
r e s u l ts  in d ica te  th a t  only c e r ta in  an ticonvulsan t drugs e lev a te  the  
th resho ld  fo r  p ilocarp ine-induced  se izu res  and prevent the  occurren
ce o f se iz u re -re la te d  b ra in  damage. The re s is ta n c e  o f se izu res  pro
duced by p ilo ca rp in e  in  r a ts  to  a n t ie p ile p tic  drugs reaffirm s the  
c l in ic a l ly  obvious lack  o f e f fe c tiv e  treatm ents fo r  lim bic convul
s ions. The su b stan tia  n ig ra  modulates propagation of se izu re  a c t iv i 
ty  in  th e  r a t  fo reb ra in . In h ib itio n  o f n ig ra l  output neurons by mi
cro in fusions o f GABA agon ists  o r ex c ita to ry  amino acid  an tagon ists  
in to  the  pars r e t ic u la ta  p ro te c ts  r a t s  from e le c t r ic a l ly  and chemi
c a l ly  induced convulsions and suppresses amygdala-kindled and p ilo 
carpine-induced se izu re s . Wasczak e t  a l .  (Soc. Neurosci. A b s tr . , 11: 
41, 1985) showed th a t  in  r a t s  clonazepam, phenobarb ita l, va lp ro ic  
acid  and trim ethadione, drugs which p ro tec ted  ag a in st p ilo ca rp in e - 
induced se izu re s , in h ib i t  f i r in g  o f non-dopam inergic n ig ra l  neurons. 
Carbamazepine and diphenylhydantoin, drugs which o ffered  no p ro te c t
ion  ag a in st p ilo ca rp in e  se izu re s , d id  no t a l t e r  f i r in g  o f n ig ra l 
c e l l s .  In te re s tin g ly , ethosuximide, a drug which acted  as a procon
v u lsan t in  the  p ilo ca rp in e  model o f s e iz u re s , markedly e levated  f i 
r in g  r a te  o f n ig ra l  non-dopaminergic neurons. These find ings suggest 
th a t  the  e ffic a c y  o f  p ro te c tiv e  ac tio n  o f a n t ie p i le p t ic  drugs ag a in st 
se izu res  induced by p ilo ca rp in e  c o rre la te s  w ell w ith  th e i r  a c tio n  on 
neuronal a c t iv i ty  in  th e  su b stan tia  n ig ra  pars  r e t ic u la ta .

245.10 NIGROSTRIATAL DOPAMINE REGULATES THE SEIZURE THRESHOLD OF THE LIM
BIC FOREBRAIN. E.A. Cavalheiro* and L. Turski (SPON: B.B. Lee). 
Dept. of Neurol. Neurosurg., Lab. of Exp. Neurol., Escola Paulista 
Med., CEP-04023 Sao Paulo, SP, Brazil and Dept. of Pharmacol., Med. 
Sch., PL-20090 Lublin, Poland.

Seizures produced by pilocarpine have been found to be useful 
for studying preventive and therapeutic approaches to temporal lobe 
epilepsy and optimal in delineating morphological substrates of the 
brain induced in the spread and termination of convulsions. There 
is experimental evidence that  the basal ganglia influence i n i t i a t 
ion and expression of generalised and of limbic seizures. However, 
precise pathways in the basal ganglia and their  specific neurotran
smitters determining the spread of seizures have not been identif
ied. The substantia nigra has been proposed as a si te  at which an
ticonvulsant activity related to -aminobutyrate-mediated inhibit
ion is operative. Blockade of excitatory neurotransmission in the 
substantia nigra also raises the threshold for seizures and cur
ta i l s  their  motor expression. Dopamine (DA) is the principal neuro
transmitter  of the nigral efferent pathway terminating in the stri
atum. We have recently observed that rats infused with N-methyl-D- 
aspartate (NMDA), an excitatory amino acid, into specific subreg
ions of the ventral mid-striatum are protected from convulsant act
ion of pilocarpine. We now present evidence that  DAergic pathway 
linking the substantia nigra pars compacta and striatum regulates 
the seizure threshold of the limbic forebrain in ra ts .  Microinject
ions of NMDA, 200 pmol, b i la tera l ly ,  into the substantia nigra pars 
compacta protected rats against seizures and seizure-related brain 
damage produced by pilocarpine hydrochloride, 380 mg/kg. Microin
jections of apomorphine hydrochloride, 5-50 pmol, b i laterally , into 
the striatum conferred protection against behavioral, electrograph
ic and morphological sequelae of pilocarpine-induced seizures. Les
ioning the nigrostria ta l DAergic pathway (by bilateral intrastria
tal microinjection of 6-hydroxydopamine, 25 nmol, in rats pretreat
ed with pargyline hydrochloride, 50 mg/kg, and desmethylimipramine, 
25 mg/kg) converted a subconvulsant dose of pilocarpine, 200 mg/kg, 
into convulsant one. Focal microinjections of haloperidol, 2.5-10 
nmol, into the striatum moderately lowered the threshold for seizu
res produced by pilocarpine, 200 mg/kg. The present results demons
t ra te  that an increase in the DAergic transmission in the rat stri
atum results in a profound anticonvulsant effect.  Microinjections of 
apomorphine into the striatum not only blocked the motor expression 
of seizures induced by pilocarpine but also prevented the evolution 
of electrographic activity in the hippocamous and cortex as well as 
to ta l ly  prevented the seizure-related brain damage. These observat
ions indicate that  DAergic neurotransmission within the striatum mo
dulates the seizure threshold of the limbic system and define the 
s t r ia ta l  output pathways that are responsible for this effect .

Supported by FAPESP, CNPq and FINEP (Brazil).

245.11 CHOLINERGIC FUNCTION IN ACQUISITIONS AND POSTICTAL INVESTIGATIONS 
OF RAT OLFACTORY BULB KINDLING. C .R . L u p ica*  and  R .F . B erm an. 
(SPON: J .A .  B e n ja m in s ) .  D e p t. P sy c h o lo g y  and N e u ro s c ie n c e  P rogram  
Wayne S t a te  U n i v e r s i t y ,  D e t r o i t ,  M i.

The c h o l i n e r g i c  sy s te m  h a s  b een  im p l ic a te d  i n  th e  k i n d l in g  
p r o c e s s  by a  v a r i e t y  o f  s t u d i e s ,  i n c lu d in g  d i e t a r y  (McCann, C a in , 
and  P h i l b r i c k ,  1 9 8 3 ) , P h a rm a c o lo g ic a l  (A rn o ld , R a c in e ,  and W ise, 
1 9 7 3 ) , and  e l e c t r o p h y s i o lo g i c a l  ( B u r c h f i e ld ,  Duchowny, and  D u ffy , 
1 9 7 9 ) . I n  a s e r i e s  o f  t h r e e  e x p e r im e n ts  we h av e  exam ined th e  
in v o lv e m e n t o f  th e  c h o l i n e r g i c  sy s te m  in  th e  e s ta b l is h m e n t  and 
m a in te n a n c e  o f  k in d le d  s e i z u r e s  i n  th e  r a t  o l f a c t o r y  b u lb  (O B). 
The im p o r ta n c e  o f  a c e t y l c h o l i n e  (ACh) a t  th e  k in d le d  fo c u s  and in  
th e  d ev e lo p m en t o f  OB k in d l in g  was i n v e s t i g a t e d  u s in g  u n i l a t e r a l  
i b o t e n i c  a c id  i n j e c t i o n s  i n to  th e  l a t e r a l  p r e o p t i c  a r e a  (LPO ). 
T hese l e s i o n s  r e s u l t e d  i n  a p a r t i a l  d i s r u p t io n  o f  th e  m ajo r ACh 
p r o j e c t i o n  to  OB, a s  a s s e s s e d  by a c e t y l c h o l i n e s t e r a s e  s t a i n i n g ,  
b u t  d id  n o t  s i g n i f i c a n t l y  a l t e r  th e  r a t e  o f  d ev e lo p m en t o f  
k i n d l i n g  i n  th e s e  a n im a ls  when com pared to  c o n t r o l s .  H ow ever, in  
a  s eco n d  s tu d y ,  a t r o p i n e  s u l f a t e  (25 m g/kg , i . p . )  g iv e n  one h o u r 
p r i o r  to  OB s t i m u l a t i o n  s i g n i f i c a n t l y  d e la y e d  th e  d ev e lo p m en t o f  
k in d le d  s e i z u r e s .  T h is  f i n d i n g  h a s  a l s o  b een  d e m o n s tra te d  w i th  
th e  a m y g d a lo id  k i n d l i n g  m odel (A rn o ld , R a c in e ,  and W ise , 1973) 
and  i n  c o r t i c a l  k in d l i n g  ( R a c in e ,  Burnham , and  L iv in g s to n ,  1 9 7 9 ). 
The c o n t r a s t i n g  r e s u l t s  o f  th e  above e x p e r im e n ts  may be due to  th e  
p o s s i b i l i t y  t h a t  p e r i p h e r a l l y  a d m in is te r e d  a t r o p i n e  s u l f a t e ,  w h ich  
d e la y s  th e  d ev e lo p m en t o f  OB k i n d l i n g ,  d o es  n o t  a c t  d i r e c t l y  a t  
th e  s e i z u r e  f o c u s ,  b u t  r a t h e r  i n  some o t h e r  n e u r a l  r e g io n .  
A l t e r n a t i v e l y ,  th e  l e v e l  o f  ACh d e p le t io n  i n  th e  OB fo llo w in g  
LPO l e s i o n s  may n o t  h ave  b een  s u f f i c i e n t  to  a l t e r  th e  r a t e  o f  
k i n d l i n g .

A t h i r d  s tu d y  was p e rfo rm e d  to  i n v e s t i g a t e  th e  i n f lu e n c e  ACh 
may have  on p o s t i c t a l  e v e n ts  i n  OB f u l l y  k in d le d  r a t s .  A tro p in e  
s u l f a t e  (25 m g/kg , 5 m g/kg , 1 m g/kg , o r  0 .2  m g/kg) o r  s t e r i l e  
s a l i n e  was a d m in is te r e d  i n t r a p e r i t o n e a l l y , one h a l f  h o u r p r i o r  to  
e l e c t r i c a l  s t i m u l a t i o n .  When com pared  to  s a l i n e  th e  two h ig h e s t  
d ru g  d o se s  s i g n i f i c a n t l y  p ro lo n g e d  b e h a v io r a l  d e p r e s s io n ,  d e f in e d  
a s  th e  a b s e n c e  o f  movement f o l lo w in g  a  s e i z u r e ,  w h i le  th e  two low 
d o s e s  d id  n o t .  I n  a d d i t i o n , a t r o p i n e  s u l f a t e  a t  th e  two h ig h e s t  
d o s e s  r e s u l t e d  i n  a  s i g n i f i c a n t  p o t e n t i a t i o n  o f  p o s t i c t a l  s p ik in g  
f re q u e n c y  ( s p i k e s /m in . ) a f t e r  th e  t h i r d  m in u te  f o l lo w in g  a 
s e i z u r e  when com pared  to  s a l i n e ,  w h i le  th e  low  d o s e s  d id  n o t .  
T hese f i n d i n g s  i n d i c a t e  a  r o l e  f o r  ACh i n  th e  s u p p re s s io n  o f  
n e u ro n a l  e x c i t a b i l i t y  d u r in g  th e  p o s t i c t a l  p h a se  fo l lo w in g  a 
k in d le d  s e i z u r e ,  b u t  do n o t  s u p p o r t  th e  c o n te n t io n  t h a t  ACh 
i s  c e n t r a l  i n  th e  d e v e lo p m en t o f  a  k in d le d  s e i z u r e  fo c u s .  
(S u p p o rte d  by NIH G ra n t RR08167-08)

245.12 CHOLINERGIC METABOLISM AND PHARMACOLOGICAL CHARACTERIZATION OF 
STATUS EPILEPTICUS INDUCED BY LITHIUM AND PILOCARPINE. R.A. 
M o rrise tt, R.S. Jope and O.C. Snead, Depts. of Pharmacology and 
P ed ia tr ic  Neurology, U niversity  of Alabama a t  Birmingham, 
Birmingham, AL 35294.

We recen tly  described (Exp. Neurol. 91:471, 1986) a model of 
generalized  convulsive s ta tu s  e p ilep ticu s  (GCSE) i nduced in rats 
by adm in istra tion  of lith ium  and p ilocarp ine . These reproducible 
and lo n g -la s tin g  seizu res are (1) in i t ia te d  by stim ulation  of 
muscarinic recep to rs , (2) dependent upon presynaptic cholinergic 
a c t iv i ty ,  (3) capable of re c ru itin g  noncholinergic neurons and (4) 
blocked by pretreatm ent with diazepam. We have characterized  this 
model of GCSE more completely and investigated  the e ffe c ts  of 
lith ium  and seizures on cho linerg ic  neurochemistry.

Further EEG re s u lts  include: (1) lith ium  potentia tes 
cho linerg ic  agon ists d i f f e r e n t ia l ly ,  (2) the EC50 of lithium  is 
1 .5 -3 .0  mEq/kg when the p ilocarp ine dose is  30 mg/kg, (3) chronic 
adm in istra tion  of lith ium  a lso  p o ten tia te s  the convulsant dose of 
p ilocarp ine  and the EC50 of the agon ist is  10 mg/kg, (4) frequency 
an a ly sis  of seizures reveals a 100% increase in the percentage of 
time spent in frequency band 2 (3-6 Hz) in every region.

Since adenosine agonists are potent an ticonvulsan ts we are 
studying the a b i l i ty  of 1-phenylisopropyladenosine (1-p i a) to 
in h ib i t  the in i t ia t io n  and propagation of GCSE. Adm inistration of 
1-p ia  (2 mg/kg, i . p . )  p r io r  to p ilocarp ine treatm ent prevents 
GCSE. Ongoing GCSE is  not a lte re d  by the same dose of 1-p ia . The 
an ticonvu lsan t e f fe c t  of 1-p ia  is  prevented by theophylline which 
a lso  decreases the latency of GCSE.

Neurochemical determ inations include assays of pre- and 
postsynap tic  cho linerg ic  processes. P rio r to seizure  in it ia t io n  
ace ty lch o lin e  (ACh) lev e ls  fa l l  30% but during GCSE ACh content 
r i s e  to maximum lev e ls  300% and 500% of control in hippocampus and 
co rtex , re sp ec tiv e ly , a f te r  2 hr of se izu res . High a ff in ity  
choline tran sp o rt (HAChT) is  not a lte re d  in any region te sted  by 
any drug treatm ent. Since HAChT is  thought to be the rate 
lim itin g  step of ACh syn thesis , d isrup tion  of regulatory 
mechanisms co n tro llin g  ACh synthesis may occur during GCSE caused 
by lith ium  and p iloca rp ine .

We are i n te rested  i n the ro le  of muscarinic stim ulated 
phosphatidyl i nosito l turnover in the po ten tia tio n  of pilocarpine 
induced GCSE by lith ium . From EEG stud ies we have shown that 
lith ium  p o te n tia te s  p a r tia l  muscarinic agon ists  much more 
e f fe c tiv e ly  than fu ll ag on ists. Lithium may a l t e r  the inosito l 
response to p ilocarp ine and therefore  p o ten tia te  the effec tiveness 
of the ag o n ist. We are p resen tly  in v estig a tin g  these in te rac tio n s  
in ra ts  tre a ted  ch ron ically  with lith ium .
Supported by NIMH gran t MH38752.
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245.13 OSCILLATION OF ACETYLCHOLINE CONCENTRATION IN MOUSE BRAIN 
REGIONS 0 .4  TO 7 SECONDS AFTER ELECTROSHOCK. A. Sawa*, W.B. 
Stavinoha*, and A. Modak. D ep t. of P harm aco l., Univ. of Texas 
HSC a t  San A ntonio , San A ntonio , TX 78284.

To study th e  response  o f c h o l in e rg ic  neurons d u ring  to n ic  
convulsions fo llo w in g  e le c tro s h o c k  (E S ), th e  a c e ty lc h o lin e  
(ACh) co n c e n tra tio n  in  mouse b ra in  reg io n s  was m easured. Male 
ICR mice, w eighing 25-35 g were p laced  in  a p l a s t i c  h o ld e r , 
in se rted  in to  th e  chamber o f th e  microwave a p p a ra tu s  and th e  
instrum ent was tuned to  th e  mouse. The mouse was then  g iven  ES 
a t 85 mA and 150 Hz w ith  0 .8  m sec. d u ra t io n  fo r  0 .4  se c . This 
produced to n ic  co nvu lsions  fo r  abou t 10 se c . fo llow ed  by c lo n ic  
convulsions fo r  abou t 40 se c . The mouse was s a c r i f i c e d  0 .4  - 
6.9 sec. a f t e r  ES by microwave i r r a d i a t i o n  a t  6 .0  kw fo r  0 .29  - 
0.33 sec. using  a NJE 2603, 10 kw, 2450 MHz, New Japan Radio 
Co., Ltd. in s tru m en t. C on tro l an im als were s a c r i f i c e d  w ith o u t 
ES. The mouse b ra in  was d is s e c te d  in to  f r o n ta l  c e re b ra l  
cortex , p a r i e ta l  c e re b ra l  c o r te x , hippocampus, n e o s tr ia tu m , 
o lfac to ry  bu lb , b a s a l fo re b ra in  p a r t  1 which c o n ta in s  g lobus 
p allidus  and b asa l m ag n o ce llu la r n u c leu s , b a s a l fo re b ra in  p a r t  
2 which co n ta in s  m edial s e p ta l  nuc leus  and nuc leus  o f th e  
ven tra l limb o f th e  d ia g o n a l band, f im b ria  hippocam pi, thalam us 
and hypothalamus, and m idbrain  and m edu lla -pons. ACh in  th e  
tissu e  was e x tra c te d  and measured by py ro lysis-G C .

ACh co n cen tra tio n  in  a l l  th e  b ra in  reg io n s  s tu d ie d  fo llo w in g  
ES showed a re p e a tin g  s in e - l i k e  waveform as  a fu n c t io n  o f tim e . 
ACh co ncen tra tion  d ec reased  im m ediately a f t e r  ES to  th e  tro u g h  
which was 46 to  76% o f c o n tro l v a lu e  depending on th e  re g io n , 
then increased  to  th e  peak w hich exceeded in  most reg io n s  th e  
mean ACh co n c en tra tio n  in  c o n tro l an im als. ACh s y n th e s is  and 
release in  th e  neurons in  a l l  reg io n s  was synchron ized  w ith  a 
period of 2 .0  - 2 .6  seconds. The s y n th e s is  r a t e  o f ACh as 
ca lcula ted  from th e  s lo p e  o f th e  r i s i n g  phase was s e v e ra l  fo ld  
higher than th e  g e n e ra lly  accep ted  ch o lin e  a c e ty l t r a n s f e r a s e  
ac tiv ity  measured in  v i t r o .

I t  is  possib le  th a t  each c h o l in e rg ic  neuron o s c i l l a t e s  in  
constant cycles of s y n th e s is  and re le a s e  o f ACh which a re  
normally not apparent because th ey  a re  asynchronous, and s tro n g  
ES may synchronize th e  cy c le s  f o r  a tim e , a n d /o r  th e  c y c le  o f 
release and sy n th e s is  o f ACh in  c h o l in e rg ic  neurons a f t e r  ES 
may coincide w ith th e  b ra in  s e iz u re  caused by ES.

245.14 PONTINE MICROINJECTION OF CARBACHOL PRODUCES A DOSE DEPENDENT 
INCREASE IN DESYNCHRONIZED (D) SLEEP SIGNS. H.A. Baghdoyan, R.  
L y d i c , C.W. C a l la w ay  and J .A .  Hobson. Lab . o f  N e u r o p h y s io l o g y ,  
H arva rd  M edic a l  S c h o o l ,  74 Fenwood R d . ,  B o s to n ,  MA 02115.

C h o l i n o c e p t i v e / c h o l i n e r g i c  mechanism s o f  t h e  p o n t i n e  
r e t i c u l a r  f o r m a t i o n  (RF) have been  h y p o t h e s i z e d  t o  p l a y  a c r u c i a l  
r o l e  i n  g e n e r a t i n g  D s l e e p .  M i c r o i n j e c t i o n  o f  c a r b a c h o l  i n t o  th e  
p o n t i n e  RF p r o d u ce s  a s t a t e  ( D - c a r b )  which i s  b e h a v i o r a l l y  and 
e l e c t r o g r a p h i c a l l y  s i m i l a r  t o  p h y s i o l o g i c a l  D s l e e p .  The p r e s e n t  
s tu d y  so u g h t  t o  f u t h e r  c h a r a c t e r i z e  D -ca rb  by e x am in in g  t h e  dose  
d e p e n d en t  e f f e c t s  o f  c a r b a c h o l  on D s l e e p  s i g n s  i n  t h e  c a t .

Six  d o s e s  o f  c a r b a c h o l  ( 0 . 0 1 ,  0 . 0 4 ,  0 . 1 ,  0 . 4 ,  1 . 0 ,  4 . 0  
m ic ro g ra m s)  were  a d m i n i s t e r e d  in  250 n l  s a l i n e  th ro u g h  
c h r o n i c a l l y  i m p l a n te d  g u id e  t u b e s  aimed a t  t h e  r o s t r a l  p o n t in e  
RF. Because  o f  t h e  s i t e - d e p e n d e n t  n a t u r e  o f  the  c h o l i n o c e p t i v e  
r e s p o n s e ,  a l l  i n j e c t i o n s  were made i n t o  th e  same s i t e .  There  
were 3 i n j e c t i o n s  p e r  dose  and 3 s a l i n e  c o n t r o l  i n j e c t i o n s ,  f o r  a 
t o t a l  o f  21 i n j e c t i o n s .  The two d e p e n d en t  m easu res  were l a t e n c y  
t o  o n s e t  o f  t h e  f i r s t  D -ca rb  e p i s o d e  (D l a t e n c y ) ,  and p e r c e n t a g e  
o f  t o t a l  r e c o r d i n g  t im e (4 h r s )  s p e n t  i n  t h e  D s l e e p - l i k e  s t a t e  
(D p e r c e n t a g e ) .

The s h o r t e s t  D l a t e n c y  (mean ±  S .D .= 1 0 .4  ± 2 .3  min)  was 
o b t a i n e d  by m i c r o i n j e c t i n g  th e  h i g h e s t  dose  o f  c a r b a c h o l .  D 
l a t e n c y  d o u b led  ( 2 3 . 6  ±  4 . 8  min) w i th  t h e  m id d le  dose  ( 0 .1  u g ) ,  
b u t  s t i l l  r em a in ed  w e l l  be low c o n t r o l  l e v e l s  ( 8 7 .1  ± 2 1 .6  m in ) .  
The lo w e s t  dose  had no e f f e c t  on D l a t e n c y  ( 7 7 .6  ± 1 0 .0  m in ) .  
The h i g h e s t  D p e r c e n t a g e  ( 8 0 .8  ± 7.9%) was evoked  by 4 . 0  ug of  
c a r b a c h o l ,  and th e  lo w e s t  D p e r c e n t a g e  ( 6 .7  ± 6.4%) o c c u r r e d  
f o l l o w i n g  t h e  l o w e s t  d ose  o f  c a r b a c h o l .  The m id d le  dose  ( 0 .1  ug) 
d o u b led  D p e r c e n t a g e  ( 3 4 .7  ± 1.6%) a s  compared w i t h  c o n t r o l  ( 1 4 .8  
± 7 .3%).

The t im e  c o u r s e  o f  th e  chol i n o c e p t i v e  r e s p o n s e  a l s o  was do se  
d e p e n d e n t .  F o l lo w in g  th e  two h ig h  d o s e s  o f  c a r b a c h o l  D 
p e r c e n t a g e  r e a c h e d  i t s  peak  l e v e l  two h o u r s  p o s t  i n j e c t i o n ,  th en  
bega n t o  d e c l i n e ,  and by th e  end o f  t h e  4 t h  h r  p o s t  i n j e c t i o n ,  D 
p e r c e n t a g e  was s t i l l  more t h a n  200% above c o n t r o l  l e v e l s .  A f t e r  
t h e  two m id d le  d o s e s  o f  c a r b a c h o l  D p e r c e n t a g e  peaked  d u r i n g  th e  
1 s t  h r  p o s t  i n j e c t i o n  and d e c l i n e d  t o  c o n t o l  l e v e l s  d u r i n g  th e  
3 rd  and 4 t h  h r s .  The two lo w e s t  d o s e s  d i s p l a y e d  t im e c o u r s e  
p r o f i l e s  i n d i s t i n g u i s h a b l e  from s a l i n e  c o n t r o l s .

These f i n d i n g s  s u g g e s t  t h a t  th e  phenomenon of 
c a r b a c h o l - i n d u c e d  D s l e e p  s i g n  enhancement  i s  m e d i a t e d  by 
a c e t y l c h o l i n e  r e c e p t o r s ,  and f u r t h e r  s u p p o r t  t h e  c h o l i n e r g i c  
h y p o t h e s i s  o f  D s l e e p  g e n e r a t i o n .

S u p p o r te d  by g r a n t  MH13923.

245.15 C EN TRAL  ADMINISTRATION OF NEOSTIGMINE (NEO) ALTERS THE DISCHARGE 
FREQUEN CY OF PONTO-GENICULO-OCCIPITAL (PGO) WAVES. R. L y d i c , H.A. 
Baghdoyan, C.W. C a l la w ay ,  and J .A. Hobson.  Lab . o f  
Neurophysiology, Harvard  M edic a l  S c h o o l ,  B o s to n ,  Ma 02115

M ic r o in j e c t io n  o f  Neo i n t o  t h e  p o n t i n e  b r a i n  stem  p r o d u ce s  a 
behaviora l  s t a t e  which  i s  p o l y g r a p h i c a l l y  and b e h a v i o r a l l y  
sim ila r to  d e s y n c h r o n iz e d  (D) s l e e p .  T h i s  p h a r m a c o lo g i c a l  method 
for induc ing a D s l e e p - l i k e  s t a t e  (D-Neo) has  been  used  t o  s tu d y  
the c h o l i n e r g i c  h y p o t h e s i s  o f  D s l e e p  g e n e r a t i o n  and t o  draw 
in fe renc es  c o n c e r n in g  s l e e p - d e p e n d e n t  c h a n g es  i n  au tonom ic  
func tion .  Al though such s t u d i e s  a r e  p r e d i c a t e d  on t h e  homology 
between D s l e e p  and D-Neo, t h e  s i m i l a r i t i e s  and d i f f e r e n c e s  
between th e s e  two s t a t e s  rem a in  i n c o m p l e t e l y  u n d e r s t o o d .  S in c e  
PGO waves occur  d u r i n g  b o th  D s l e e p  and D-Neo, t h e  p r e s e n t  s tu d y  
is examining th e  c h o l i n e r g i c  c o n t r o l  o f  D-Neo and D s l e e p  by 
q u a n t i t a t i v e l y  com par ing  PGO d i s c h a r g e  f r e q u e n c y  d u r i n g  each  
s t a t e .

Cats were im p la n te d  w i t h  g u id e  t u b e s  aimed f o r  t h e  p o n t i n e  
r e t i c u l a r  fo rm a t io n  i n t o  which  250 n l  o f  s a l i n e  o r  Neo was 
in je c te d  in  doses  o f  0 . 2 ,  3 . ,  6 . ,  o r  20.  m ic r o g ra m s .  F o l lo w in g  
each m i c r o i n j e c t i o n ,  b e h a v i o r a l  s t a t e s  and PGO wave f r e q u e n c y  
(waves/s)  were r e c o r d e d  f o r  4 h r s .

PGO wave f r e q u e n c y  (mean ± S . D . )  a v e ra g e d  a c r o s s  a l l  
be hav io ra l  s t a t e s -  was 0 .1 3  ± 0 .7 1  f o r  s a l i n e  and w i t h  i n c r e a s i n g  
doses of  Neo was: ( 0 .0 6  ± 0 . 2 ) ,  ( 0 .3 1  ± 0 . 4 ) ,  ( 0 . 6 4  ± 0 . 5 ) ,  and 
(0.83 ± 0 . 6 )  w a v e s / s .  These  d i f f e r e n c e s  were  s t a t i s t i c a l l y  
s i g n i f i c a n t  by a n a l y s i s  o f  v a r i a n c e  (Anova) ( p < 0 .0 0 0 1 )  and were 
a t t r i b u t a b l e  t o  b e h a v i o r a l  s t a t e  ( p < 0 .0 0 0 1 ) ,  t im e  p o s t - i n j e c t i o n  
(p<0.0001),  and dose  l e v e l  o f  Neo ( p < 0 .0 0 2 ) .  D ur ing  D s l e e p  
a f t e r  s a l i n e  i n j e c t i o n s ,  PGO waves a v e ra g e d  1 .3  ± 2 .1  w a v e s / s .  
During the  D s l e e p - l i k e  s t a t e  evoked by i n c r e a s i n g  d o se s  o f  Neo, 
PGO waves a v e ra g e d :  ( 0 .8 7  ±  . 5 ) ,  ( 0 .8 1  ± . 4 ) ,  ( 0 .8 8  ± . 4 ) ,  and 
(1 .0  ±  . 5 )  w a v e s / s .  These  d i f f e r e n c e s  were  s i g n i f i c a n t  by Anova 
(p<0 .0001).  T - t e s t  c o m p a r i s o n s  r e v e a l e d  PGO wave f r e q u e n c y  
a s s o c i a te d  w i th  a l l  b u t  t h e  l o w e s t  d o s e  o f  Neo t o  be 
s i g n i f i c a n t l y  l e s s  t h a n  PGO wave f r e q u e n c y  r e c o r d e d  d u r i n g  D 
s le ep .

T h e re fo re ,  a c r o s s  a l l  b e h a v i o r a l  s t a t e s  Neo p ro d u ced  a dose  
dependent i n c r e a s e  i n  PGO wave f r e q u e n c y .  D ur ing  D-Neo, t h e  PGO 
wave f re q u en cy  was a lw ays  l e s s  t h a n  t h e  f r e q u e n c y  o f  PGO waves 
dur ing D s l e e p .  W i t h i n  D-Neo, h owever ,  i n c r e a s i n g  d ru g  l e v e l s  
produced an i n c r e a s e  i n  t h e  f r e q u e n c y  o f  PGO waves .  T hus ,  D 
s le e p  and D-Neo a r e  p h e n o m e n o l o g ic a l ly  s i m i l a r ,  b u t  t h e r e  a r e  
d i f f e r e n c e s  i n  PGO wave d i s c h a r g e  f r e q u e n c y  be tw e en  t h e  two 
s t a t e s .

Supp or ted by g r a n t :  MH-13923.

245.16 FRONTAL DECORTICATION AND RESISTANCE OF CHOLINERGIC NEURONS IN RAT 
STRIATUM TO AGONISTS IN VIVO: RESTORATION STUDIES. S . C onsolo*, 
G.L. F o r lo n i* , G. F isone* and H. Ladinsky* (SPON: A. G ia c h e t t i ) .  
I s t i t u t o  d i R icerche  Farm acologiche "M ario N eg ri" , M ilan 20157, 
I t a l y ,  and I s t i t u t o  De A nge li, M ilan 20139, I t a ly

We have r e c e n tly  re p o r te d  th a t  f r o n ta l  c o r t i c a l  
d e a f f e r e n ta t io n  o f  th e  s tr ia tu m  reduces th e  tone o f  th e  
c h o l in e rg ic  neurons in  th i s  a re a  and re n d e rs  them r e s i s t a n t  to  th e  
neu ropharm aco log ica l a c tio n  o f  a  number o f  a g o n is ts  o f  th e  o p ia te ,  
dopam inomimetic, ch o linom im etic , gabam im etic and p u r in e rg ic  
c la s s e s  capab le  o f  d ep re ss in g  c h o l in e rg ic  a c t i v i t y  r e f l e c te d  as  an 
in c re a s e  in  a c e ty lc h o lin e  (ACh) c o n te n t. The aim o f  th i s  work was 
to  r e s to r e  th e  c h o l in e rg ic  a c tio n  o f  one o r more o f  th e  a g o n is ts  
by drugs o r  le s io n s .  Thus, ch o lin e  c h lo r id e ,  a t  th e  i . p .  dose o f  
100 mg/kg, d id  n o t s ig n i f i c a n t ly  a f f e c t  s t r i a t a l  ACh in  
sham -opera ted  r a t s  o r in  d e c o r t ic a te d  an im als b u t , when 
a d m in is te red  p r io r  to  R-apomorphine (APOM), methadone (METH) o r 
2 -ch lo ro ad en o s in e  (2-CADO) in  th e  d e c o r t ic a te d  r a t s  i t  allow ed 
th e se  drugs to  ex p re ss  t h e i r  f u l l  in h ib i to ry  e f f e c t s  on th e  
c h o l in e rg ic  neuron. In  a d d i t io n ,  th e  r e f r a c to r in e s s  o f  th e  
c h o lin e rg ic  neurons to  APOM (b u t n o t to  th a t  o f  METH o r  2-CADO) in  
th e  d e c o r t ic a te d  group was com pletely  r e s to r e d  when we combined 
th e  c o r t i c a l  d e a f f e r e n ta t io n  w ith  an ac u te  (48 h) chem ical le s io n  
o f  th e  n i g r o s t r i a t a l  dopam inergic in p u t . F urtherm ore , th e  
sh o r t- te rm  chem ical le s io n  o f  th e  se ro to n e rg ic  n u c le i  o f  th e  
median and d o rs a l raphe r e i n s t a te d  th e  a c tio n  o f  METH b u t n o t th a t  
o f  APOM and 2-CADO. The r e s u l t s  su p p o rt th e  id e a  th a t  th e  
d e a f fe re n ta te d  c h o l in e rg ic  n eu rons , a lre a d y  in h ib i te d  by th e  lo s s  
o f  th e  e x c i ta to ry  in p u t , canno t be f u r th e r  d ep ressed  by drugs th a t  
norm ally  slow down th e i r  a c t i v i t y  and t h e i r  ACh tu rn o v e r r a t e  b u t 
t h a t  th e se  neurons a re  cap ab le  o f  a response  ( th e re fo re  
p o te n t ia l ly  fu n c t io n a l )  when c e r t a in  s t im u li  (c h o lin e  c h lo r id e  
p re tre a tm e n t o r s e lc t iv e  le s io n s )  a re  a p p lie d . F urtherm ore , th e se  
f in d in g s ,  p ro v id in g  in s ig h t s  in to  th e  c o r t i c a l  mechanisms 
re g u la t in g  s u b c o r t i c a l  fu n c t io n , sugge s t  t h a t  th e re  a re  d i f f e r e n t  
p o p u la tio n s  o f  th e  c h o l in e rg ic  neurons in  th e  s tr ia tu m , perhaps 
a l l  b e in g  under th e  e x c i ta to ry  c o n tro l o f  th e  c o r t i c a l  
(g lu ta m a te rg ic )  neu ro n s , b u t having  d i f f e r e n t  ty p es  o f  in h ib i to ry  
c o n t r o l .
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245.17 FURTHER EVIDENCE OF A CHOLINERGIC MECHANISM IN THE FUNCTION OF 
THE CORPORA CAVERNOSA PENIS. Dai l , W. G., R. W. Hami l l  and N. 
Mi norsky. Department of Anatomy, Uni v. of New Mexico School of 
Medicine, Albuquerque, New Mexico and Monroe Community 
Hospi ta l/U n iv. Roch. Med. C tr. Roch., NY.

The atrop ine  re s is tan ce  of nerve-induced pen ile  e rec tio n  and 
data th a t  adrenergic blocking agents e l i c i t  e rec tio n  have ra ised  
doubts th a t  ace ty lcho line  i s the  neu ro transm itte r released from 
postganglionic parasym pathetic neurons i n th e  pen is. However, 
the  recen t demonstration of cho linerg ic  muscarinic recep tors  i n 
the  corpora cavernosa penis strong ly  suggests the  presence of 
cho linerg ic  nerves i n e r e c t i le  t is s u e .

To determine i f  cho linerg ic  nerves a re  present i n th e  pen is , 
choline  ace ty ltran s fe ra se  (CAT), a biochemical marker of 
cho linerg ic  neurons, was measured i n the  e r e c t i le  t is s u e  of 
i n ta c t ra ts  and i n ra ts  i n which postganglionic fib e rs  from the  
pelv ic  plexus were i n te rrup ted . In ad d itio n , th e  d is tr ib u tio n  of 
ace ty lch o lin e s te rase  p o s itiv e  (AChE+) nerve f ib e rs  i n e r e c t i le  
t is s u e  was assessed i n contro l and axotomi zed r a ts .  Seven days 
following axotomy of pen ile  f ib e rs  from th e  pe lv ic  plexus, to ta l  
CAT a c t iv i ty  i n the  e r e c t i le  t is s u e  fe l l  from 5.47 ± 0.3 
nmoles/hr to  1.621 ± 0.14 nm oles/hr. Total p ro te in  a lso  fe l l  
from th e  con tro l level of 373.5 μg ± 34.93 to  241.5 ± 
10.96 μg i n the  denervated e re c t i le  t is s u e .  When ca lcu la ted  as 
enzyme sp ec if ic  a c t iv i ty , CAT lev e ls  i n the  contro l t is s u e  were 
15.2 ± 1 .5  pmoles/hr/microgram pro te in  compared to  6.7 ± .37 
pmoles/hr/microgram p ro te in  i n the  denervated t is s u e .  Axotomy of 
nerve f ib e rs  from the  pelv ic  plexus reduced th e  i ncidence of 
AChE+ nerve f ib e rs  around pen ile  a r te r ie s  and th e i r  branches i n 
the  e r e c t i le  t is s u e .  The density  of AChE+ nerve f ib e rs  over the  
columns of i n tr in s ic  smooth muscle around cavernous spaces was 
a lso  g rea tly  decreased a f te r  axotomy. This study has shown th a t  
to ta l  CAT a c t iv ity  fe l l  approximately 70% following axotomy of 
postganglionic pen ile  neurons. When corrected  fo r p ro te in  lo s s , 
enzyme sp ec if ic  a c t iv i ty  fe l l  by 56%. Remaining CAT a c t iv ity  and 
AChE+ f ib e rs  i n the  e r e c t i le  t is su e  of denervated animals are  
probably due to  pen ile  neurons which l i e d is ta l  to  the  s i t e  of 
le s io n . Our r e s u l t s , which document a rich  cho linerg ic  
i nnervation of pen ile  e r e c t i le  t i s s u e , i ndicate  th a t  
ace ty lcho line  i s an i mportant neuro transm itte r i n the  regu la tion  
of pen ile  e re c tio n . Supported by NIH 1R011NS19839-03.
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246.1 ELECTROLYTIC LESIONING OF THE HABENULA REDUCES THE PHOSPHORYLATION 
OF DISCRETE PROTEINS IN THE INTERPEDUNCULAR NUCLEUS. W.E. Heydorn, 
J .  P a te l* ,  G .J . C reed*, K.Q. Nguyen* and D.M. Jaco b o w itz , FDA, 
R o c k v ille , MD. 20857, Lab. C lin . S c i . ,  NIMH, and P sychobiology 
Branch, NIMH, B ethesda , MD 20892

P h o sp h o ry la tio n  o f in d iv id u a l p ro te in s  i s  an im p ortan t s te p  in  
th e  p ro cess  o f tra n sfo rm in g  e x t r a c e l lu la r  s ig n a ls  in to  b io lo g ic  
re sp o n se s . Thus, p h o sphop ro te in s  a re  b e lie v e d  to  p la y  a m ajor 
r e g u la to ry  ro le  in  c e l l  and neu ro n a l fu n c t io n in g . P rev ious  s tu d ie s  
on p h o sphop ro te in s  in  b ra in  have ce n te red  on id e n tif y in g  those  
p r o te in s  whose p h o sp h o ry la tio n  i s  re g u la te d  by s p e c i f ic  second 
m essengers (ca lc ium , c y c l ic  AMP, c y c l ic  GMP). However, s in c e  
i n t r a c e l l u l a r  second m essengers a re  r e g u la te d  by f i r s t  m essengers, 
such as n e u ro t r a n s m it te r s ,  i t  would seem a p p ro p r ia te  to  i n v e s t i 
g a te  th e  in f lu e n c e  o f s p e c i f ic  n e u ro t ra n s m it te r s  on th e  phosphory
l a t io n  o f in d iv id u a l  p ro te in s  in  b r a in .  Thus, th e  c u r re n t work was 
undertaken  w ith  th e  g o a l o f id e n tif y in g  th o se  p ro te in s  in  th e  IP 
whose p h o sp h o ry la tio n  by c y c l ic  AMP dependent p ro te in  k in a se  i s  
a l te r e d  by le s io n in g  th e  h ab en u la . The IP re c e iv e s  i t s  m ajor 
c h o l in e rg ic  in p u t from th e  hab en u la . T h e re fo re , by le s io n in g  the  
h ab e n u la , we a re  ab le  to  s tudy  th e  in f lu e n c e  o f lo n g -te rm  c h o l i 
n e rg ic  d e p r iv a tio n  on th e  p h o sp h o ry la tio n  o f in d iv id u a l  p r o te in s .

Male Sprague-Dawley r a t s  rec e iv e d  e i t h e r  a sham o r a b i l a t e r a l  
e l e c t r o l y t i c  le s io n  o f th e  hab en u la . F ive weeks l a t e r  a l l  an im als 
were k i l l e d ,  t h e i r  b ra in s  r a p id ly  removed and fro zen  in  d ry  ic e .  
The IP was removed and th e  p ro te in s  w ith in  th e  IP were phosphory
la te d  by u s in g  32P-ATP e i th e r  in  th e  p resen ce  o r th e  absence o f 
8-b rom ocyclic  AMP. P ro te in s  were th en  re so lv e d  by tw o-d im ensional 
g e l e le c t r o p h o r e s i s .  Gels were d r ie d  and exposed to  f ilm  fo r  2-4 
days . P h o sp h o ry la tio n  was q u a n t i ta te d  by scanning  d en s ito m e try .

Twenty p h o sphop ro te in s  in  th e  IP were ana lyzed  q u a n t i ta t iv e ly  
over th e  pH range o f 5-7 and Mr range o f 100-10 kDa. Of th e se  20 
p r o te in s ,  11 showed an in c re a s e  in  p h o sp h o ry la tio n  in  sham 
le s io n e d  an im als as a r e s u l t  o f c y c l ic  AMP a d d i t io n  to  th e  
in c u b a tio n  b a th . One p ro te in  was i d e n t i f i e d  whose p h o sp h o ry la tio n  
was in h ib i te d  by c y c l ic  AMP. L esion ing  th e  habenu la r e s u l te d  in  a 
r e d u c t io n  in  th e  p h o sp h o ry la tio n  o f 3 p ro te in s  in  th e  IP in  th e  
absence o f c y c l ic  AMP. The m agnitude o f t h i s  re d u c t io n  was 55-83%. 
In  th e  p resen ce  o f c y c l ic  AMP, a t o t a l  o f 6 p ro te in s  in  th e  IP 
showed a re d u c t io n  in  p h o sp h o ry la tio n  fo llo w in g  habenu la le s io n in g .  
T his re d u c t io n  ranged from 21-64%. No p ro te in s  were i d e n t i f i e d  in  
th e  IP whose p h o sp h o ry la tio n  was e le v a te d  by le s io n in g  th e  haben u la .

These r e s u l t s  dem onstra te  t h a t  rem oval o f th e  neu ro n a l in p u t 
from th e  habenu la to  th e  IP can s ig n i f i c a n t ly  reduce th e  phos
p h o ry la tio n  o f in d iv id u a l  p ro te in s  in  th e  IP . The p resen ce  o f a 
c h o lin e rg ic  in p u t from th e  habenu la to  th e  IP su g g es ts  th a t  a c e ty l 
c h o lin e  may in f lu e n c e  th e  p h o sp h o ry la tio n  o f th e se  p ro te in s  in  
v iv o .

246.2 ACETYLCHOLINE INDUCES THE PHOSPHORYLATION OF AN 83,000 
MOLECULAR WEIGHT PROTEIN IN SLICES OF RAT NEOCORTEX. 
P .L . Mobley. D ept. o f  P harm acology., Univ. o f Texas H ealth  
S cience  C enter a t  San A ntonio , San A ntonio , TX 78284.

A m ajor mechanism by which v a r io u s  n e u ro tra n sm it te rs  in  
b ra in  e x e r t  t h e i r  in f lu e n c e  on th e  fu n c tio n  o f t a r g e t  c e l l s  
in v o lv es  th e  a c t iv a t io n  o f s p e c i f ic  p ro te in  k in a se s  and th e  
subsequen t p h o sp h o ry la tio n  o f v a r io u s  in t r a c e l lu l a r  p r o te in s .  
The id e n t i f i c a t i o n  of th e s e  p ro te in s  and d e te rm in a tio n  o f t h e i r  
fu n c t io n  i s  a key to  und ers tan d in g  b ra in  fu n c t io n . T his study  
was conducted to  id e n t i f y  p ro te in s  in  th e  n eoco rtex  whose s t a t e  
o f p h o sp h o ry la tio n  i s  re g u la te d  by c h o l in e rg ic  in p u t .

S l ic e s  o f th e  r a t  n eoco rtex  were p re in cu b a te d  fo r  20 min. a t  
37°C in  oxygenated K reb 's  r in g e r  b ic a rb o n a te  b u f f e r ,  then  
washed and incu b a ted  in  oxygenated p h o sp h a te -fre e  K reb 's  r in g e r  
b ic a rb o n a te  b u ffe r  p lu s  0 .5 -1 .0  mCi 32P-H3PO4 fo r  40 min. a t  
37°C. A f te r  th i s  in c u b a tio n  p e r io d  e i t h e r  physostigm ine ( f i n a l  
c o n c e n tra t io n  100μM) o r  i t s  s a l i n e  v e h ic le  was added to  th e  
in c u b a tio n  v i a l s .  Ten m inutes l a t e r  a c e ty lc h o lin e  ( f i n a l  
c o n c e n tra t io n  1mM) o r  i t s  s a l i n e  v e h ic le  was added to  each of 
th e  incu b a ted  v i a l s .  The in c u b a tio n  was te rm in a ted  2 min. 
fo llo w in g  th e  a d d i tio n  o f  a c e ty lc h o lin e .  S l ic e s  were 
homogenized in  1% sodium dodecyl s u l f a t e  and p repared  fo r  
2-d im ension  g e l e le c tro p h o re s i s .  From au to rad iogram s p repared  
from th e  2-dim ension  p o lyacry lam ide  g e l s ,  th e  amount o f 32P 
in c o rp o ra te d  in to  v a r io u s  phosphop ro te in s  was e s tim a te d .

Using t h i s  te ch n iq u e , s e v e ra l  p ro te in s  have been id e n t i f i e d  
in  th e  n eo co rtex  which appear to  be phospho ry la ted  by 
c h o l in e rg ic  dependent mechanisms. The most prom inent o f th e se  
i s  a p ro te in  w ith  a mol. w t. o f  app rox im ate ly  83,000 (Mr 83K) 
and an i s o e l e c t r i c  p o in t o f  app rox im ate ly  4 .0 -4 .5 .  In  
n eo co rtex  s l i c e s  exposed to  e i t h e r  1mM a c e ty lc h o lin e  fo r  2 min. 
o r 100μM physostigm ine fo r  12 min. th e  amount o f 32P 
in c o rp o ra te d  in to  Mr 83K i s  enhanced by 50%. A d d itio n a lly , th e  
com bination  o f a c e ty lc h o lin e  p lu s  physostigm ine produces an 
even more d ram atic  in c re a s e  in  32P in c o rp o ra tio n  in to  t h i s  
p ro te in ;  app rox im ate ly  tw ice  t h a t  observed in  c o n tro l .

These r e s u l t s  su g g es t th a t  one mechanism by which 
a c e ty lc h o lin e  e x e r t s  i t s  in f lu e n c e  on ta r g e t  c e l l  fu n c t io n  in  
t h i s  b ra in  reg io n  i s  by a l t e r i n g  th e  s t a t e  o f  p h o sp h o ry la tio n  
o f t h i s  Mr 83K p ro te in .  W hile i t  i s  n o t y e t c le a r  what p ro te in  
k in a se  system  i s  m ed ia ting  th e  e f f e c t  o f a c e ty lc h o lin e ,  s tu d ie s  
su g g es t t h a t  t h i s  p ro te in  i s  a s u b s t r a te  f o r  a 
ca lcium  and phosph o lip id -d ep en d en t p ro te in  k in a se , p ro te in  
k in a se  C.
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246.3 STIMULATION OF PHOSPHOINOSITIDE BREAKDOWN BY ENDOGENOUS ACETYL
CHOLINE IN RAT NEOSTRIATUM. J .L . Góngora*and J .  Aceves : 
(SPON: Oscar C. Ramí re z ) . Dept. of Physiology, Biophysics and 
Neurosciences. Centro de In v es tig ac ión del IPN. 07000 México , D.F. 
México.

Binding s tud ies have shown a high density  of muscarinic recep
tors in neostriatum . A ctivation of th is  receptors s tim ulate  
breakdown of phosphatidyl in o s ito l 4 ,5-bisphosphate. Supposedly 
these receptors are normally ac tiv a ted  by ace ty lcho line  (Ach) 
released from cho linerg ic  in terneurons. Here we have explored 
this p o ss ib ility  measuring the accumulation of in o s ito l 1-phospha
te (Ins IP) in s t r i a ta l  s l ic e s  incubated with physostigmine.

Vibratome obtained s l ic e s  of r a t  neostriatum  were s ta b i liz e d  
in Krebs so lution containing 10 mM LiCl, and then incubated fo r 
30 min. in 0.3 μM t r i t i a t e d  m yo-inosito l. Physostigmine a t 
various concentrations was then added, continuing the incubation 
for an additional hour.

Extraction and e lu tion  o f t r i t i a t e d  Ins 1P was done as d e sc ri
bed elswhere (M.J. Berridge e t  a l . ,  Biochem. J . , 206: 587, 1982).

In s tr ia ta l  s l ic e s  physostigmine stim ulated  dose-dependently 
the accumulation of Ins 1P (EC50: 0.9 μM). At 10 μM physostigmine, 
Ins 1P accumulated 17-fold above basal le v e ls . N-methylatropine 
(2 μM) completely in h ib ited  the e f fe c t  of physostigm ine, but TTX 
(1 μM) did not prevent the e f fe c t .

The re su lts  suggests th a t endogenously re leased  Ach, presuma
bly from cholinergic in te rneurons, stim ula tes phosphoinositide 
breakdown, the stim ulation  being mediated by muscarinic recep to rs. 
Failure of TTX to reduce the e f fe c t  o f physostigmine suggests 
spontaneous ra ther than action  potential-evoked Ach re lease .

(Supported by a grant from CONACyT o f Mexico).

246.4 MUSCARINIC RESPONSE IN RAT LACRYMAL GLAND CELLS DECREASES DUE TO 
LOSS OF A DIFFUSIBLE FACTOR ACTING BEFORE I P 3  PRODUCTION.
J .  Z im m erberg* and  A .  M arty *(SPON: S .S im o n ) .  PSL, DCRT and LCB, 
NIADDK, N a t io n a l  I n s t i t u t e s  o f  H e a l th ,  B e th e sd a ,  MD and L a b o r a to i r e  
de N e u r o b io lo g ie ,  E c o le  N orm ale S u p e r ie u r e ,  P a r i s ,  F ra n c e .

O f te n  r e s p o n s e s  o f  c e l l s  s tu d i e d  w i th  th e  t i g h t - s e a l  w h o le - c e l l  
r e c o r d in g  te c h n iq u e  d i f f e r  from  th o s e  o f  i n t a c t  c e l l s  and change  
w i th  tim e  a f t e r  i n i t i a t i o n  o f  w h o le - c e l l  r e c o r d in g .  To m easu re  th e  
l i b e r a t i o n  o f  i n t r a c e l l u l a r  c a lc iu m  from  i n t e r n a l  s t o r e s ,  we 
m o n ite re d  t h e  c a lc iu m  d e p e n d e n t K and Cl c u r r e n t s  r e s u l t i n g  from  
a p p l i c a t i o n  o f  a c e t y l c h o l i n e  (A ch, 100-500 nM) t o  e x o c r in e  c e l l s  
(M a rty , A. Y .P . T an , and A. T rau tm an n , J .P h y s i o l .  3 5 7 :2 9 3 , 1 9 8 4 ). 
The r e s p o n s e  t o  Ach d im in is h e s  o v e r  s e v e r a l  m in u te s  a f t e r  
i n i t i a t i o n  o f  w h o le - c e l l  d i a l y s i s  ( " w a s h o u t" )  ( T ra u tm a n n , A . and  A. 
M a rty , PNAS, 8 1 :6 1 1 , 1 9 8 4 ).

We a p p l i e d  Ach t o  c e l l s  w i th  a  v a r i e t y  o f  s i z e s  w h i le  d i a l y s in g  
w i th  p a tc h  p i p e t t e s  o f  a  v a r i e t y  o f  s i z e s .  We fo u n d  t h a t  t h e  
r e s p o n s e  was s t a b l e  f o r  some m in u te s ,  th e n  d e c re a s e d  e x p o n e n t i a l l y .  
The d e la y  and t im e  c o n s ta n t  o f  t h e  w ash o u t w ere d i r e c t l y  
p r o p o r t i o n a l  t o  t h e  s i z e  o f  t h e  pa thw ay  f o r  d i f f u s io n  (G s) and 
i n v e r s e ly  p r o p o r t i o n a l  t o  t h e  c e l l  volum e (C slow 3/2) .  In  l a r g e  
c e l l s  w i th  s m a l l  p i p e t t e  t i p s  t h e  r e s p o n s e  rem a in e d  f o r  more th a n  
40 m in u te s .  Thus w ash o u t was n o t  due to  r e c e p t o r  d e s e n s i t i s a t i o n .  
I t  a p p e a re d  t h a t  some s o lu b l e  i n t r a c e l l u l a r  f a c t o r ,  n eed ed  a f t e r  
r e c e p t o r  a c t i v a t i o n ,  was n eed ed  f o r  l i b e r a t i o n  o f  i n t r a c e l l u l a r  
c a lc iu m . Com paring th e  t im e  c o n s ta n t  o f  m u s c a r in ic  w ash o u t t o  t h e  
tim e  c o n s ta n t  o f  t h e  w ash o u t o f  p o ta s s iu m  in  a  c e l l  o f  s im i l a r  s i z e  
w i th  a  s i m i l a r  p a tc h  a c c e s s  r e s i s t a n c e  y i e l d s  an e s t im a te  o f  t h e  
d i f f u s i o n  c o n s ta n t  o f  t h i s  f a c t o r ,  from  w hich  an u p p e r  l i m i t  
e s t i m a t e  o f  m o le c u la r  w e ig h t  o f  1000-10000 d a l t o n s  can  be g u e s se d .

I n t r a c e l l u l a r  i n c l u s io n  o f  IP 3 l i b e r a t e s  c a lc iu m , o f  GTPγ S 
p o t e n t i a t e s  th e  m u s c a r in ic  r e s p o n s e  and s lo w s  w ash o u t (E v a n s, M.G. 
and  A. M a rty , PNAS, in  p r e s s ) .  I s  p o ly p h o s p h o in o s i t id e  (P IP 2 ) 
h y d r o ly s i s  a  s t e p  in  m u s c a r in ic  a c t i v a t i o n ?  We th in k  s o ,  b e c a u se  
a d d in g  a  PIP  b in d e r ,  n eo m y cin , b lo c k e d  a c t i v a t i o n  by Ach.

I s  w ash o u t due to  a  f a i l u r e  t o  a c t i v a t e  a  p h o s p h o l ip a s e ,  a  
d e p le t i o n  o f  t h e  s u b s t r a t e  P IP 2 , o r  a d e p le t io n  o f  c a lc iu m  s to r e s ?  
A tte m p ts  t o  c o n s t a n t ly  r e p l e n i s h  P IP 2  by in c l u s io n  o f  CTP, ATP, and 
i n o s i t o l ,  w h i le  s l i g h t l y  i n c r e a s i n g  c u r r e n t  a m p l i tu d e s  t r a n s i e n t l y  
in  some c e l l s ,  d id  n o t  h a l t  w a sh o u t. I n t r a c e l l u l a r  i n c l u s io n  o f  
ATP, GTP, cATP, o r  cAMP, t o g e t h e r  o r  a lo n e ,  d id  n o t  s to p  w a sh o u t. 
We o b s e rv e d  w ash o u t in  one c e l l ,  g e n t ly  rem oved th e  p i p e t t e  a f t e r  
no f u r t h e r  r e s p o n s e  t o  Ach was s e e n ,  and s e a l e d  t o  t h e  same c e l l  a 
new p i p e t t e  c o n ta in in g  IP 3 . A r a p id  and s u s ta i n e d  r e s p o n s e  was 
s e e n  upon i n i t i a t i o n  o f  t h e  w h o le - c e l l  mode. We c o n c lu d e  t h a t  th e  
w ash o u t i s  due  t o  t h e  l o s s  o f  a  d i f f u s i b l e  f a c t o r  w hich  a c t s  a f t e r  
m u s c a r in ic  r e c e p t o r  b in d in g  and  b e fo r e  p o ly p h o s p h o in o s i to l  r e l e a s e .  
We s u s p e c t  t h e  a c t i o n  o f  f a c t o r  t o  in v o lv e  a  G p r o t e i n .

246.5 AGONIST-STIMULATED HYDROLYSIS OF PHOSPHOINOSITIDES IN BRAIN 
SLICES AND MEMBRANES. Tamara L. Casebolt*, Gail V.W. Johnson and 
Richard S. Jope (SPON: J . Monti). Department of Pharmacology and 
N eu ro sc ien ce  Program, U niversity of Alabama a t  Birmingham, 
Birmingham, AL 35294

Receptor-stimulated phosphoinositide hydrolysis is  im portant 
for signal transduction in a wide varie ty  of ce ll types. In 
brain, responses to  agon ists are re la tiv e ly  weak, and 
agonist-responsive ce ll free  preparations have not been reported . 
This study ou tlines methods to  maximize the agonist-induced 
release of inosito l phosphates from r a t  cerebral cortex s l ic e s  and 
membranes, investigates the regu la tion  by calcium of th is  process, 
identifies the inosito l phosphate products th a t are re leased  upon 
receptor activation  in both p repara tions, and id e n tif ie s  the 
dose-dependent e ffe c ts  of a phorbol e s te r  (PMA) and of 
N-ethylmaleimide (NEM) on in o s ito l phosphate re le a se .

Cortical s lic es  from male Sprague-Dawley ra ts  were subjected to 
3 consecutive incubations: a preincubation to  re s to re  energy 
charge, a labe lling  incubation i n the presence of 0.53 μM 
[3H]myo-inositol and a hydrolysis incubation a f te r  which the 
inositol lip id s  and aqueous products were ex trac ted . Exclusion of 
calcium from the f i r s t  two incubations produced a 250% increased 
labelling of inosito l l ip id s .  When calcium (1.3mM) was added back 
to the hydrolysis incubation in the presence of lith ium  chloride  
(10mM), carbachol (5mM) stim ulated a 573% i ncrease in aqueous 
product release over basal.

Cortical s lic e  membranes were prepared from brain s l ic e s  which 
were preincubated and lab e lled  w ithout calcium; the s l ic e s  were 
thoroughly rinsed , vigorously homogenized, and centrifuged 10 
minutes a t  10,000 x g. The membranes were resuspended in buffer 
and the a b il i ty  to respond to carbachol was in v estig a ted . An ED50 
of 100 μM carbachol was observed fo r both membranes and s l ic e s .  
Calcium dose-dependently enhanced basal and carbachol stim ulated 
hydrolysis in membranes; the g re a te s t enhancement above basal 
occurred a t  the h ighest concentration  of calcium (1.3mM). The 
major product of carbachol s tim ulation  in s l ic e s  was 
in o s ito l-1-phosphate, while in membranes the production of 
in o s ito l-1-phosphate, i nosito l bisphosphate and in o s ito l 
triphosphate were stim ulated  approximately equally by carbachol. 
Lithium was required  fo r detection  of products in both s l ic e s  and 
membranes. In brain s l ic e s ,  PMA and NEM s ig n if ic a n tly  in h ib ited  
carbachol stim ulated  phosphoinositide hydrolysis in a 
dose-dependent manner. In membranes, GTP stim ulated 
phosphoinositide hydrolysis. These re s u lts  support recen t 
suggestions th a t  guanine nucleotide regu lato ry  p ro te in s are 
associated with receptor-coupled phosphoinositide hydrolysis. 
Supported by NIMH g ran t 38752 and NIA g ran t AG04719.

246.6 INHIBITION OF MUSCARINIC RECEPTOR-MEDIATED CYCLIC GMP FORMATION 
BY PHORBOL ESTERS IN MOUSE NEUROBLASTOMA CELLS. W.S. L a i* an d  E . 
E. E l-F a k a h a n y . (SPON: D .J .  P e t t i b o n e ) . U n iv e r s i ty  o f  M ary land  
S ch o o l o f  Pharm acy , B a l t im o r e ,  MD. 21201.

P r o te in  k in a s e  C m e d ia te s  t h e  t r a n s d u c t i o n  o f  e x t r a c e l l u l a r  
s i g n a l s  i n to  i n t r a c e l l u l a r  e v e n ts .  A c t iv a to r s  o f  p r o t e i n  k in a s e  
C in c lu d e  d i a c y l g ly c e r o l  p ro d u c e d  from  i n o s i t o l  p h o s p h o l ip id s  in  
r e s p o n s e  t o  e x t r a c e l l u l a r  s t i m u l i ,  and tum or p ro m o tin g  p h o rb o l  
d i e s t e r s .  T h ese  p o t e n t  tum or p ro m o te rs  a r e  known t o  a f f e c t  a g 
o n i s t  b in d in g  to  v a r io u s  n e u r o t r a n s m i t t e r  r e c e p t o r s  and  t o  a l 
t e r  r e c e p t o r  m e d ia te d  r e s p o n s e s .  S in c e  cGMP fo rm a tio n  i s  an e s 
t a b l i s h e d  c e l l u l a r  r e s p o n s e  to  m u s c a r in ic  a c e t y l c h o l i n e  r e c e p 
t o r  a c t i v a t i o n  in  c lo n e  N1E-115 o f  m ouse n e u ro b la s to m a  c e l l s ,  
i t  was o f  i n t e r e s t  t o  t e s t  t h e  s u s c e p t i b i l i t y  o f  t h i s  re s p o n s e  
t o  m o d u la t io n  by p h o rb o l  d i e s t e r s .  P h o rb o l 1 2 - m y r is t a te  13- 
a c e t a t e  (PMA) t r e a tm e n t  o f  c e l l s  a t  37°C in d u c e d  a  r e d u c t io n  
in  c a rb a m y lc h o l in e  (C B C )-in d u ced  [3 H]cGMP fo rm a tio n  w ith  a  t ½ 
o f  i n h i b i t i o n  o f  2 0 .7  m in and  an IC50 o f  50nM. P r e t r e a tm e n t  
o f  c e l l s  w i th  100nM o f  PMA f o r  60 min a t  37 °C d id  n o t  a f f e c t  
t h e  b a s a l  l e v e l  o f  [3 H]cGMP com pared  t o  c o n t r o l  b u t  r e s u l t e d  
in  d e c r e a s in g  [3 H]cGMP re s p o n s e s  t o  1mM CBC and 0 .1 mM h is ta m in e  
t o  35% and 33%, r e s p e c t i v e l y .  H ow ever, [3 H]cGMP fo rm a tio n  th ro u g h  
d i r e c t  a c t i v a t i o n  o f  g u a n y la te  c y c la s e  by sodium  a z id e  was n o t  
i n h i b i t e d  by PMA. In  a d d i t i o n ,  PMA h ad  no e f f e c t  on [3 H]cGMP 
s y n th e s i s  in d u c e d  by  c a lc iu m  io n o p h o re  A23187, w hich  a c t i v a t e s  
g u a n y la te  c y c la s e  b y p a s s in g  n e u r o t r a n s m i t t e r  r e c e p t o r s .  In  th e  
p r e s e n c e  o f  t h e  p h o s p h o d ie s te r a s e  i n h i b i t o r  3 - i s o b u t y l - 1-m e th y l
x a n th in e ,  t h e r e  was a  sm a ll  l o s s  i n  th e  a b i l i t y  o f  PMA i n  i n 
h i b i t i n g  C B C -s tim u la te d  [3H ]cGMP r e s p o n s e ,  s u g g e s t in g  t h a t  PMA 
h a s  l i t t l e ,  i f  an y , e f f e c t  on a c t i v a t i o n  o f  p h o s p h o d ie s t e r a s e .  
PMA d id  n o t  a f f e c t  [3H ]N -m eth y lsc o p o la m in e  b in d in g  i n  i n t a c t  
c e l l s ,  i n d i c a t i n g  th e  a b s e n c e  o f  e f f e c t s  on m u s c a r in ic  a n ta g 
o n i s t  b in d in g  s i t e s .  Our d a ta  s u g g e s t  t h a t  PMA e x e r t s  i t s  e f 
f e c t  on m u s c a r in ic  r e c e p t o r  m e d ia te d  cGMP fo rm a tio n  e i t h e r  
th ro u g h  c h a n g in g  th e  r e c e p t o r  c o n fo rm a tio n  f o r  a g o n is t s  o r  by 
i n a c t i v a t i n g  th e  c o u p lin g  m echanism  b e tw een  th e  r e c e p t o r  and 
g u a n y la te  c y c la s e .  (S u p p o rte d  by a  c o n t r a c t  from  th e  U .S . Army 
R e se a rc h  O f f ic e  #DAAG-29-85-K-0123).
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246.7 AUTORADIOGRAPHIC STUDIES ON 3H-QNB AND 125I-SOMATOSTATIN BINDING 
SITES IN THE RAT FRONTAL CORTEX AFTER KAINIC ACID INJECTION INTO 
THE NUCLEUS BASALIS OF MEYNERT. S .K a tay a m a ,  S . K i t o ,  Y.Yamamura,  
S . I n a g a k i  and H .M a ts u b a y a sh i  3 r d  D e p t . o f  I n t .  M ed .,  H i ro sh im a  
Univ.  Sc h . o f  Med, Kasum i , H i r o s h i m a ,  734 J a p a n

C e l l  l o s s  o f  t h e  n u c l e u s  b a s a l i s  o f  Meyn er t  (nBM) i s  t h o u g h t  t o  
be  r e s p o n s i b l e  f o r  t h e  c h o l i n e r g i c  d e f i c i t  s e e n  i n  A l z h e i m e r ’ s 
d i s e a s e .  In  a d d i t i o n ,  d e c r e a s e d  s o m a t o s t a t i n  (SOM) c o n t e n t  i n  t h e  
c e r e b r a l  c o r t e x  h a s  b e e n  r e p o r t e d .  We a t t e m p t e d  t o  e v a l u a t e  some 
c o r r e l a t i v e  a s p e c t s  o f  m u s c a r i n i c  a c e t y l c h o l i n e  (mACh) and 
s o m a t o s t a t i n  b i n d i n g  s i t e s  i n  t h e  c e r e b r a l  c o r t e x  a u t o r a d i o 
g r a p h i c a l l y .  Male W i s t a r  s t r a i n  r a t s  (180-2 20  gm) we re  i n j e c t e d  2 u l  
o f  k a i n i c  a c i d  ( 1m g /u l )  i n t o  t h e  i p s i l a t e r a l  nBM. F or  mACh 
r e c e p t o r s  3H-QNB ( 3 3 .2  C i /m mol,  NEM) was u s e d  a s  l i g a n d .  B i n d in g  
e x p e r i m e n t s  were  p e r f o r m e d  u n d e r  t h e  c o n d i t i o n  o f  30 min i n c u b a t i o n  
w i t h  3H-QNB ( 0 .5  nM) i n  50 mM Tr i s -H C l  (pH 7 . 4 ) w i t h  o r  w i t h o u t  1 
uM o f  a t r o p i n e .  The c r y o s t a t  s e c t i o n s  were  t h e n  washed i n  t h e  
b u f f e r  f o r  5 min a t  0 C. F or  s o m a t o s t a t i n  b i n d i n g  s i t e s ,  

125I- S OM-14 ( T y r 1 1 ) was u s e d  a s  l i g a n d .  The f r o n t a l  s e c t i o n s  were 
p r e i n c u b a t e d  a t  room t e m p e r a t u r e  f o r  30 min i n  50 mM T r i s -H C l  
b u f f e r  (pH 7 . 4 ) c o n t a i n i n g  2 mM o f  MgCl2 ,  32 mM o f  s u c r o s e  and 1% 
BSA. I n c u b a t i o n  was c a r r i e d  o u t  i n  t h e  same b u f f e r  p l u s  b a c i t r a c i n  
( 0 .5  u g / m l )  a t  room t e m p e r a t u r e  f o r  60 min i n  t h e  p r e s e n c e  o f  5× 105 
cpm o f  125I- S OM p e r  ml w i t h  o r  w i t h o u t  10- 6 M o f  u n l a b e l e d  D-Trp8 
-SOM. The s e c t i o n s  were  t h e n  washed f o r  5 min a t  0 C. O b ta in e d  
a u t o r a d i o g r a p h i c  f i l m s  were  t h e n  c o m p u t e r - a n a l y z e d  by  IBAS I I  
( Z e i s s ) .

Th rough  t h e s e  e x p e r i m e n t s ,  we o b t a i n e d  t h e  f o l l o w i n g  r e s u l t s .  
Seven days  a f t e r  i n j e c t i o n  o f  k a i n i c  a c i d ,  3H-QNB b i n d i n g  s i t e s  
we re  i n c r e a s e d  i n  t h e  i n j e c t i o n  s i d e  i n  c o m p a r i s i o n  w i t h  t h e  
c o n t r o l  s i d e .  3H-QNB b i n d i n g  s i t e s  were  d e c r e a s e d  i n  t h e  
s u p e r f i c i a l  l a y e r s  ( I  and  I I )  o f  t h e  f r o n t a l  c o r t e x  a t  t h e  l e v e l  o f  
AP + 0 .2  mm t o  - 0 . 6  mm, b u t  d i d n ' t  c h ange  i n  t h e  d e e p e r  c o r t i c a l  
l a y e r s , w h i l e  AChE s t a i n i n g  was r e d u c e d  i n  t h e  I I I - V  l a y e r s  i n  t h e  
l e s i o n e d  s i d e  w i t h  s e r i a l  s e c t i o n s  i n  c o n s i s t e n c e  w i t h  t h e  
p r e v i o u s l y  r e p o r t e d  d i s t r i b u t i o n  o f  a c e t y l c h o l i n e  and  c h o l i n e 
a c e t y l t r a n s f e r a s e .  T h i s  s u g g e s t s  t h a t  c h o l i n e r g i c  d e g e n e r a t i o n  in  
t h e  I I I - V  l a y e r s  o f  t h e  f r o n t a l  c o r t e x  f o l l o w i n g  t h e  i n j e c t i o n  o f  
k a i n i c  a c i d  i n t o  t h e  nBM c a u s e s  p o s t d e n e r v a t i o n  s u p e r s e n s i t i v i t y  o f  
mACh r e c e p t o r  i n  t h e  I  and  I I  l a y e r s  l i k e l y  d e n d r i t i c  a r e a s  o f  
c o r t i c a l  n e u r o n s .  On t h e  o t h e r  h a n d ,  125I- S OM b i n d i n g  s i t e s ,  wh ich  
were  d e n s e l y  s e e n  i n  t h e  V-VI l a y e r s  o f  t h e  c o r t e x ,  d i d n ' t  change  
40 d ays  a f t e r  t h e  d e n e r v a t i o n  o f  c o r t i c a l  c h o l i n e r g i c  f i b e r s .  A l l  
t h e s e  r e s u l t s  showed t h a t  p o s t d e n e r v a t i o n  s u p e r s e n s i t i v i t y  c a u s e d  
t h e  i n c r e a s e  o f  3H-QNB b i n d i n g  s i t e s  o n  t h e  7 t h  day a f t e r  
d e n e r v a t i o n .  B e s i d e s ,  o u r  o b s e r v a t i o n  on 1 2 5 I - S OM a u t o r a d i o g r a p h s  
showed t h a t  on t h e  40t h  day t h e r e  were  no e f f e c t s  on 1 2 5 I - S O M  
b i n d i n g  s i t e s  by i n j e c t i o n  o f  k a i n i c  a c i d  i n t o  t h e  nBM.

246.8 SUPRESSIVE EFFECTS OF BOTH ACETYLCHOLINE AND SMALL CARDIOACTIVE 
PEPTIDE ON THE EVOKED GWR OF THE ISOLATED APLYSIA GILL ARE 
BLOCKED BY CURARE. D .R .L .  C a w th o r p e * , W .F . C o lm e r s  and  Ken 
Lukow iak (SPON: B. A. McVi c a r ) .  D ep a rtm en t o f  M ed ica l Physiology, 
U n iv e r s i ty  o f  C a lg a ry ,  C a lg a ry ,  A l b e r t a ,  C anada , T2N 4N1

The c l a s s i c a l  n e u r o t r a n s m i t t e r ,  a c e t y l c h o l i n e  (A c h ) , induces 
b o th  a  g i l l  c o n t r a c t i o n  ( a t  c o n c e n t r a t i o n s  g r e a t e r  th a n  5 μM) and 
a  r e d u c t i o n  i n  b a s e l i n e  t e n s i o n  ( a t  t h e s e  a n d  lower 
c o n c e n t r a t i o n s )  w hen p e r f u s e d  t h r o u g h  t h e  i s o l a t e d  g i l l  of 
A p l y s i a  c a l i f o r n i c a . A ch -in d u ced  c o n t r a c t i o n s  a r e  b lo ck e d  by the 
a n t a g o n i s t  a t r o p i n e ;  t h e  r e d u c t i o n  o f  b a s e l i n e  t e n s i o n  is 
m im ic k e d  by  t h e  a g o n i s t  c a r b a c h o l .  C a r b a c h o l  a l s o  i n h ib i t s  p- 
c h lo r o p h e n y l th io c y c l ic  AMP in d u ce d  c o n t r a c t i o n s  o f  t h e  i s o la te d  
g i l l ;  t h i s  e f f e c t  i s  b lo c k e d  by th e  n i c o t i n i c  a n ta g o n i s t  curare. 
The endogenous p e p t i d e ,  sm a ll  c a r d i o a c t i v e  p e p t i d e  (SCPB) is  a 
p o t e n t  i n h i b i t o r  o f  th e  g i l l  w i th d ra w a l  re s p o n s e  (GWR) evoked by 
m e c h a n ic a l  s t im u lu s  to  th e  i s o l a t e d ,  p e r f u s e d  g i l l .  T h a t  curare  
a l s o  b l o c k s  t h e  s u p r e s s i v e  e f f e c t s  o f  SC PB s u p p o r t s  the 
h y p o th e s i s  t h a t  SCPB a c t s  v i a  a  c h o l i n e r g i c  m e c h a n ism . In  th is  
s t u d y ,  we e x a m in e d  t h e  e f f e c t s  o f  Ach on th e  evoked GWR of the 
i s o l a t e d ,  p e r f u s e d  g i l l .  I n  a d d i t i o n ,  t h e  e f f e c t s  o f  th e  co
p e r f u s io n  o f  th e  n i c o t i n i c  a n t a g o n i s t ,  c u ra r e  w ere exam ined.

P r e p a r a t i o n s  c o n s i s t e d  o f  th e  s ip h o n ,  m a n tle  and g i l l  o f  150- 
300g A p ly s ia  c a l i f o r n i c a , w i th  th e  ab d o m in a l g a n g lio n  and opaline 
and g a m e to ly t ic  g la n d s  rem oved. The p r e p a r a t i o n  w as p o s i t io n e d  
d o r s a l  s id e  down and p in n ed  to  th e  S y lg a rd  b a se  o f  a  l u c i t e  dish, 
f i l l e d  w i th  a r t i f i c i a l  s e a w a te r  (ASW; I n s t a n t  O c e a n )  m ain ta in e d  
a t  15 °C. The p e r f u s a t e ,  ASW, was c o o le d  to  th e  same tem peratu re , 
and d e l i v e r e d  to  th e  a f f e r e n t  b r a n c h i a l  g i l l  v e i n  v i a  a g lass  
c a n n u l a .  E x p e r im e n ta l  s o lu t io n s  w ere p r e p a re d  im m e d ia te ly  prior 
t o  u s e .  A s u t u r e  t h r e a d ,  t i e d  t o  a s i n g l e  g i l l  p i n n u l e ,  was 
a t t a c h e d  to  an  i s o t o n i c  f o rc e  t r a n s d u c e r  (G ra ss  FT03C ), connected 
to  a  G ra ss  p o ly g ra p h .  The GWR was evoked  by a  m e c h a n ic a l  stimulus 
to  th e  g i l l  by a  m e c h a n ic a l  t a p p e r .

The r e s u l t s  show t h a t  p e r f u s io n  o f  Ach a t  c o n c e n t r a t i o n s  lower 
t h a n  5 μM g e n e r a l l y  d i d  n o t  p ro d u c e  a  g i l l  c o n t r a c t i o n  but did 
p ro d u ce  a 40% s u p r e s s io n  o f  th e  GWR a t  c o n c e n t r a t i o n s  a s  low as 
100 nM. Ach in d u c e d  s u p r e s s io n  o f  th e  GWR w ere d o s e -d e p e n d e n t and 
r e v e r s i b l e .  A f t e r  w ash o u t and r e c o v e r y ,  Ach was c o - p e r f u s e d  with 
c u r a r e  10 M w h ic h  was found  to  b lo c k  th e  s u p r e s s iv e  e f f e c t s  of 
Ach on th e  evoked  GWR o v e r  th e  r a n g e  o f  c o n c e n t r a t i o n s  t e s t e d .  
T h a t Ach and SCPB b o th  p ro d u ce  s u p r e s s io n  o f  th e  evoked GWR which 
i s  b lo c k e d  by c u r a r e  p r o v i d e s  f u r t h e r  e v id e n c e  s u p p o r t i n g  the 
h y p o t h e s i s  t h a t  SC PB a c t s  v i a  a n  i n h i b i t o r y  c h o l i n e r g i c  
m echan ism . S u p p o rte d  b y  th e  MRC o f  C anada .

246.9 CHARACTERIZATION OF AN ENDOGENOUS MUSCARINIC AGONIST FROM BRAIN 
THAT IS  NOT ACETYLCHOLINE. J .  Baum gold. C l i n i c a l  N e u ro g e n e tic s  
B ra n c h , N .I .M .H . , B e th e sd a , MD 20817

R e c e n t r e p o r t s  ( J .  Neurochem . 44  6 2 2 , 1985 and  45 7 1 0 , 1985) 
have  d e s c r ib e d  an  endogenous s u b s ta n c e  from  b r a i n  and from  thym us 
w hich  i n h i b i t s  3H-QNB b in d in g  to  m u s c a r in ic  r e c e p t o r s .  We h av e  
c o n firm e d  th e s e  f i n d i n g s ,  h ave  c h a r a c t e r i s e d  t h i s  f a c t o r  f u r t h e r  
and  show t h a t  i t  b e h a v es  l i k e  a  m u s c a r in ic  a g o n is t  i n  i n h i b i t i n g  
a d e n y la t e  c y c la s e .

R a t b r a i n  was hom ogenized  i n  v a r io u s  s o lu t io n s  ( 1 gm o f  b r a i n  
i n  32 m l) ,  th e  hom ogenate  was c e n t r i f u g e d  a t  8 6 ,0 0 0  x g f o r  45 
m in . and th e  s u p e r n a t a n t s  w ere u sed  a s  t h e  m ed ia  f o r  3H-QNB 
b in d in g  s t u d i e s .  We com pared  th e  am ount o f  3H-QNB bound t o  
washed m em branes i n  th e s e  s u p e r n a t a n t s  w ith  th e  am ount bound i n  
m ed ia  w i th o u t  s u p e r n a t a n t .  We fo u n d  t h a t  when b r a i n  was homogen
iz e d  i n  K rebs s o l u t i o n ,  th e  amount o f  b in d in g  to  mem branes i n  
t h e  p r e s e n c e  o f s u p e r n a t a n t  was 72 ± 6 % o f th e  v a lu e  i n  K rebs 
w i th o u t  s u p e r n a t a n t ,  s u g g e s t in g  t h a t  t h e  s u p e r n a t a n t  c o n ta in e d  
a  f a c t o r  t h a t  was i n h i b i t o r y  to  th e  b in d in g .  S in c e  t h i s  s u p e r 
n a t a n t  h ad  n o t  l o s t  any  i n h i b i t o r y  a c t i v i t y  a f t e r  h a v in g  b een  
in c u b a te d  w i th  m em branes f o r  o v e r  24 h o u r s ,  t h e  f a c t o r  can  n o t  
be a c e t y l c h o l i n e  s in c e  a c e t y l c h o l i n e  w ould h av e  b e e n  d e g ra d e d  
by th e  c h o l i n e s t e r a s e .  D i v a l e n t - i o n - f r e e  K rebs f a i l e d  t o  s o lu b i 
l i z e  a p p r e c i a b l e  am ounts o f  t h i s  f a c t o r  s in c e  th e  b in d in g  in  th e  
d i v a l e n t - i o n - f r e e  s u p e r n a t a n t  was 95 3 % o f  t h a t  i n  t h e  same 
s o lu t i o n  w i th o u t  s u p e r n a t a n t .  Of s e v e r a l  o t h e r  s o lu t io n s  exam ined 
0 .1  N HCl  r e l e a s e d  t h e  m o st f a c t o r .  A f t e r  n e u t r a l i z a t i o n ,  3H-QNB 
b in d in g  i n  HCl  e x t r a c t  was 27 ± 13 % o f  t h a t  i n  n e u t r a l i z e d  HCl  
w i th o u t  s u p e r n a t a n t .

A c i d - e x t r a c t s  o f b r a i n  w ere  made and th e  a c i t v i t y  o f  t h i s  
e x t r a c t  i n  i n h i b i t i n g  p r o s t a g la n d i n  E1 (PGE1 ) s t i m u l a te d  ad en y 
l a t e  c y c la s e  was s tu d i e d .  F o r  t h e s e  e x p e r im e n ts ,  NG108-15 n e u ro 
b la s to m a g lio m a  c e l l s  w ere grown i n  c u l t u r e .  T hese  c e l l s  p o s s e s  
m u s c a r in ic  r e c e p t o r s  t h a t  a r e  c o u p le d  i n  an  i n h i b i t o r y  f a s h io n  to  
PGE1- s t i m u l a t e d  a d e n y la te  c y c la s e .  The a c t i v i t y  o f  th e  c y c la s e  
was d e te rm in e d  by a s s a y in g  th e  am ount o f  cAMP p ro d u ce d  i n  10 m in . 
i n  r e s p o n s e  t o  PGE1 s t i m u l a t i o n .  We found  t h a t ,  l i k e  c a r b a c h o l ,  
t h e  a c i d - e x t r a c t  o f  b r a i n  i n h i b i t e d  t h e  c y c la s e  i n  a  d o s e -  
d e p e n d a n t  m anner a n d ,  t h u s ,  can  be c o n s id e r e d  t o  be a  m u s c a r in ic  
a g o n i s t .

T h ese  f in d in g s  i n d i c a t e  t h a t  b r a i n  c o n ta in s  a  f a c t o r  o t h e r  
th a n  a c e t y l c h o l i n e  t h a t  i n h i b i t s  3H-QNB b in d in g ,  and  t h a t  b eh av es  
l i k e  a  m u s c a r in ic  a g o n is t  i n  i n h i b i t i n g  a d e n y la t e  c y c la s e .

246.10 ACETYLCHOLINE MODULATES TWO TYPES OF POTASSIUM 
CONDUCTANCES IN AMPHIBIAN MOTOR NERVE TERMINALS. 
E .H e v ro n * , G .D avid* and Y .Y a a ri (SPON: A. K. Asbury). 
D ep a r tm e n t o f  P h y s io lo g y ,  Hebrew U n iv e rs ity -H a d a s s a h  
M ed ic a l S c h o o l ,  J e r u s a le m  91 0 1 0 , I s r a e l .

I n  th e  v e r t e b r a t e  n e u ro m u s c u la r  j u n c t i o n ,  the 
p r im a ry  f u n c t io n  o f  p r e s y n a p t i c a l l y - s t o r e d  a c e ty l
c h o l in e  (A C h), i s  to  e x c i t e  th e  p o s t s y n a p t i c  muscle 
f i b r e  upon i t s  r e l e a s e  by a m o to r n e rv e  im p u lse . I t  
h a s  been  s u g g e s te d  p r e v io u s ly  t h a t  ACh may also 
m o d u la te  p r e s y n a p t i c a l l y  th e  e x c i t a b i l i t y  o f  motor 
n e rv e  t e r m i n a l s ,  b u t  th e  m echan ism s u n d e r ly in g  th is  
a c t i o n  h ave  n o t been  r e s o lv e d .  We have  used the 
c u r a r i z e d  f r o g  ( ra n a  r id i b u n d a ) c u ta n e o u s  p e c to r is  
n e rv e -m u s c le  p r e p a r a t i o n  to  i n v e s t i g a t e  how ACh 
a f f e c t s  d e la y e d  r e c t i f i e r  (gK,V) and c a lc iu m - a c t iv a te d  
(gK (C a )) p o ta s s iu m  c o n d u c ta n c e s  (gKs) in  m otor nerve 
t e r m i n a l s .  E x te r n a l  m ic r o e l e c t r o d e s  w ere  used to 
r e c o r d  l o c a l  c i r c u i t  c u r r e n t s  from  th e  p e r in e u r iu m  of 
p r e t e r m in a l  m o to r ax o n s d u r in g  s p ik e  a c t i v a t i o n .

In  no rm al R in g e r  s o l u t i o n  th e  d e la y e d  r e c t i f i e r  
p o ta s s iu m  c u r r e n t  can  be i d e n t i f i e d .  ACh, a t 
r e l a t i v e l y  h ig h  c o n c e n t r a t i o n s  (0 .5 - 2  mM), su p p re ssed  
i t  in  a d o s e - d e p e n d e n t  m an n er. The c a l c iu m - a c t iv a te d  
p o ta s s iu m  c u r r e n t ,  w h ich  becom es p ro m in e n t fo llo w in g  
gK,V b lo c k a d e  by a m in o p y r id in e s ,  was s im i la r ly  
s u p p re s s e d  by ACh in  co m p a ra b le  d o s e s .  S in c e  th e se  
gKs a r e  r e s p o n s ib l e  f o r  s p ik e  r e p o l a r i z a t i o n  in  motor 
n e rv e  t e r m i n a l s ,  t h e i r  b lo c k a d e  by ACh p ro lo n g e d  the 
d u r a t i o n  o f  p r e s y n a p t i c  d e p o l a r i z a t i o n .  ACh e f f e c t s  
w ere  q u ic k ly  r e v e r s i b l e  upon w ash . They were 
i n s e n s i t i v e  to  a t r o p i n e  and d - tu b o c u r a r i n e  and could 
n o t  be re p ro d u c e d  by m u s c a r in e  o r  c a r b a c h o l .

We c o n c lu d e  t h a t  ACh b lo c k s  gK,V and gK (Ca) in 
am p h ib ia n  m o to r n e rv e  t e r m in a l s  th ro u g h  c h o l in o c e p t iv e  
s i t e s ,  w hich  have  d i f f e r e n t  p r o p e r t i e s  th a n  c l a s s i c a l  
c h o l i n e r g i c  r e c e p t o r s .  P o s s i b ly  ACh e x e r t s  a 
q u a r t e r n a r y  am m onium -like  b lo c k in g  a c t i o n  on p o ta ss iu m  
c h a n n e ls ,  e x p la in in g  th e  r e q u i r e d  h ig h  d o s e .  As ACh 
i n j e c t i o n  in t o  s p i n a l  m o to n eu ro n s  h a s  b een  shown to 
b lo c k  s i m i l a r  gKs in  th e  s o m a - d e n d r i t i c  m em brane, ACh 
may a c t  from  th e  c y t o s o l i c  s id e  o f  th e  p re s y n a p t ic  
m em brane. I t s  i n f l u x  may be f a c i l i t a t e d  by th e  ACh 
t r a n s p o r t  sy s tem  w h ich  n o rm a lly  m e d ia te s  i t s  
n o n q u a n ta l  le a k a g e .  We s u g g e s t  t h a t  th e  c h o l in e r g ic  
s e n s i t i v i t y  o f  p r e s y n a p t i c  gKs p ro v id e s  ACh s t o r e s  in 
m o to r n e rv e  t e r m in a l s  a c o n t r o l  o v e r  th e  number of 
t r a n s m i t t e r  q u a n ta  r e l e a s e d  by m o to r n e rv e  im p u ls e s .
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246.11 CHARACTERISTICS OF NICOTINE-INDUCED RELEASE OF 3H-NOREPINEPHRINE 
FROM HYPOTHALAMIC SYNAPTOSOMES. C.J . H illa rd . Department of 
Pharmacology and Toxicology, Medical College of Wisconsin, 
Milwaukee, WI 53226.

N icotine and o ther n ic o tin ic  recep to r agon ists  have been shown 
to  regu la te  monoamine neu ro transm itte r re le a se  from brain s lic es  
(W estfa ll, T.C. Neuropharmacol. 13 : 693, 1974). In the present 
study, the e ffe c ts  of n ico tin e  on 3H-norepinephrine ( 3H-NE) 
re lea se  from hypothalamic synaptosomes were determined and 
experiments were begun to  assess the ro le  of sodium in the 
re le a se  process.

Male Sprague-Dawley ra ts  were decap ita ted  and hypothalami were 
d issec ted . Synaptosomes were harvested using a s l ig h t modifica
tion  of the discontinuous sucrose g rad ien t method of Gray and 
W ittaker (J . Anat. 96 : 79, 1962). Synaptosomes were gently  
suspended in Krebs Ringer HEPES bu ffer (KRH) containing (mM): 
NaCl (118 .4 ), MgSO4 (1 .1 8 ), KCl (4 .7 ) ,  CaCl2 (2 .5 ) , 
KH2PO4 (1 .2 ) ,  HEPES (10) and glucose (11.1) a t  pH 7.4  unless 
otherw ise noted. Synaptosomes were incubated with 3H-NE 
(approxim ately 50 nM) a t 37°C fo r 30 min, then were co llected  
by cen trifu g a tio n  a t  3,000 rpm. A liquots o f the 3H-NE loaded 
synaptosomes were incubated in KRH a t 37°C fo r the desired  
length of time, then re leased  3H-NE was separated by f i l t r a t io n  
through GF/B g lass f ib e r  f i l t e r s .

Concentrations of n ico tin e  between 10-7M and 10-4M 
produced a co n cen tra tio n -re la ted  increase  in the re le a se  of 
3H-NE a t 15 min a f te r  ad d itio n . At 10-4M, 3H-NE re lea se  was 
112% of nonstim ulated re le a se . The increase  in re le a se  was 
blocked by the add ition  of 10- 6M mecamylamine. Carbachol a lso  
increased 3H-NE re lease  although was about 10-fold le ss  potent.

The time course of n ic o tin e 's  e ffe c ts  was determined. Nicotine 
produced a s ig n if ic a n t increase  in re le a se  over basal a t 
3 ,7 ,10 ,15  and 20 min a f te r  ad d itio n . The increase  produced by 
n ico tin e  (113% over basal a t  20 min) was s l ig h t ly  le ss  than th a t 
produced by high K+ (126% over b a sa l) .

In o rder to  determine whether n icotihe-induced re lea se  was 
dependent upon e x tra c e llu la r  sodium, sodium ch lo ride  in the 
incubation media was replaced with equimolar choline ch lo ride . 
N icotine had no e ffe c t  on 3H-NE re lea se  in the absence of 
Na+. Therefore, these prelim inary  s tud ies  in d ica te  th a t 
n ico tin e  w ill re le a se  3H-NE from hypothalamic synaptosomes in a 
sodium-dependent manner. Furthermore, n ico tin e  appears to  exert 
th is  action  through a cho linerg ic  n ic o tin ic  recep to r. (Supported 
by the PMAF and USPHS grants DA-03725 and 2 507-RR5434-22)

246.12 MECHANISMS OF ASCENDING CONTROL OF THALAMIC NEURONAL ACTIVITIES: 
ACETYLCHOLINE AND NOREPINEPHRINE. David A. McCormick and David A. 
P rin ce . Dept. Neurology Stanford U niversity School of Medicine, 
S tan ford , CA 94305

Ascending cho linerg ic  and adrenergic p ro jec tions from brainstem 
i nnervate the mammalian thalamus and may be i nvolved i n regu la tion  
of thalam o-corti cal Information processing . We i nvestigated  the 
actions of ACh and NE i n thalamic neurons of r a t  and guinea pig 
brain  s l ic e s  maintained in v i t r o .  In the guinea pig ACh induced a 
d ire c t  muscarinic hyperpolarization  of a ll  thalamic neurons located 
i n the medial and la te ra l gen icu late  nuclei (MGN, LGNd), ventral 
la te ra l  thalamus, and the nucleus r e t ic u la r i s  (nRt) by ac tiv a tin g  a 
membrane K+ conductance (McCormick and P rince, Nature 319: 402- 
4 0 5 .) . In approximately 25% of guinea pig MGN and LGNd neurons, 
th is  response was followed by a slow depo larization  which was 
la rg e s t near f ir in g  threshold and was a ssoc iated  with a decrease i n 
i nput conductance (G1) of 5 to 25 nS. In c o n tra s t , i n r a t  LGNd, 
ACh caused predominately the d ire c t  slow depo larization  and 
decrease i n membrane conductance, with the hyperpolarization  being 
e i th e r  absent or only very sm all, in d ica tin g  th a t s ig n if ic a n t 
species d ifferen ces  i n responses to ACh e x is t  i n a t  le a s t  the LGNd.

Norepinephrine caused a slow depo larization  assoc iated  with a 
decrease in G1 of 2 to 15 nS when applied to neurons in guinea pig 
MGN, LGNd, nRt, an te roven tra l and p en  v en tricu la r nu c le i; The 
reversal po ten tia l of th is  response varied i n a Ne rn s t i an manner 
when [K+]o was varied , i ndicating  th a t  i t  i s due to block of a 
re s tin g  K+ conductance. Local e le c tr ic a l  s tim ulation  of the LGNd 
caused (i n order) a fa s t  epsp, two phases of ipsp , and a slow 
epsp. This slow epsp was associated  with a decrease in membrane 
conductance and could la s t  as long as 60 seconds. These char
a c t e r i s t ic s  and o thers i ndicated th a t th is  slow epsp may be mediat
ed by NE, although th is  has not yet been te sted  pharmacolog
ic a l ly .  The early  and la te  i psps had reversal p o ten tia ls  of 
approximately -75 and -90 mV respec tive ly  i n 5 mM [K]o, suggesting 
an in i t i a l  increase in gCl- followed by an increase in gK+.

Thalamic neurons possess two basic f ir in g  modes: s ing le  spike 
f ir in g  a t  membrane p o ten tia ls  positive  to approximately -55 mV and 
bu rs t f ir in g  a t  membrane p o ten tia ls  negative to approximately -65 
mV (Jahnsen and Ll i nas, J .  Physio l. 349: 205-226). The hyper
po lariz ing  action  of ACh in guinea pig neurons re su lted  i n the 
i n h ib ition  of single spike fir in g  while promoting the occurrence of 
bu rst d ischarges. The slow depolarizing  actions of ACh and nore
pinephrine had the opposite e f f e c t ,  in h ib itin g  b u rs t f i r in g ,  while 
promoting s ing le  spike a c t iv i ty ,  and enhancing the c e l l s ' general 
responsiveness. These e f fe c ts  i l l u s tra te  how the ascending chol
in e rg ic  and noradrenergic systems may work to modulate the proces
sing of sensory-motor Information i n the thalamus. Supported by 
NIH grants NS 12151, 06477 and 07331.

246.13 DESENSITIZATION TO THE STIMULATORY EFFECT OF PHYSOSTIGMINE ON RAT 
PLASMA ADRENOCORTICOTROPIN : LACK OF INTERACTION WITH NICOTINE B. 
Sharp*, H.S. Beyer* and K. McAllen* (SPON: J .  Gottesman). Dept. o f  
Medicine, Hennepin Cty. Med. Center and Univ. of Minnesota, Mpls, 
MN 55415.

In the r a t ,  n ico tin e  i s a potent stim ulus fo r  the secre tion  of 
adrenocorti co trop i n (ACTH). However, we have recen tly  reported 
th a t  a s ing le  dose of n ico tine  rap id ly  d esen s itiz es  the ACTH 
response to  the subsequent adm in istra tion  of n ico tin e . The p resen t 
s tu d ies  were performed to  determine whether cho linerg ic  synapse(s) 
(1 ) a f f e c t  the  sec re tio n  of ACTH and (2) mediate the secre tion  of 
ACTH by n ic o tin e . I n i t i a l l y ,  400-500g male Holtzmann ra ts  
received  indw elling ju g u la r cannulae 24-48h p r io r  to  sc in je c tio n s  
of sa lin e  or physosti gmine 0 .4  mg/kg BW followed 2h la te r  by 
phy s o s ti gmine. Sal i ne(S )/physosti gmi ne (P) 0 .2 , 0.4 and 0.8 mg/kg 
BW s ig n if ic a n tly  elevated  plasma ACTH lev e ls  by +20 min and 
b ase lines  were res to red  by +120 min. In c o n tra s t , the ACTH 
responses (expressed as i n tegrated  a reas) to  these  doses given 2h 
a f te r  the f i r s t  dose of physosti gmine 0.4 were markedly dimin
ished . (S/P0. 4  = 485±80 SE pg·mi n/ml vs P0. 4/P0. 4 = 138±71, p<.01; 
S/P0 .8 = 706±192 vs P0 . 4 /P0 . 8  = 238±53 p = .0 3 6 ). Rats were 
decap ita ted  to  obtain trunk b lood i n fu r th e r  s tud ies  designed to 
evaluate  c ro ss-d e sen s itiz a tio n  between physostigmine and n ico tin e . 
Physosti gmine 0.4 or 0 .8  sc , adm inistered 2h p rio r  to  n ico tine  
0.25 mg/kg BW ip , had no e f fe c t  on the ACTH responses to  n ico tine  
(S/N0.25 = 529±96 SE pg/m l; P0.4 /N0 .25 = 498±65; P0 .8 /N0.25 = 425±58) . Conversely, n ico tin e  0.5  ip , given 2h p r io r  to  physo
s t i gmi ne 0 .15 , 0 .4  and 0.8 mg/kg BW, did not modify the ACTH 
responses to  physosti gmine. In two experiments using 26d old ra ts  
which showed mature responses to  n ic o tin e -i nduced ACTH sec re tio n , 
mecamylami ne (M) 2 mg/kg BW, a p u ta tiv e  n ico tin ic -ch o lin e rg ic  
channel an tag o n ist, s ig n if ic a n tly  in h ib ited  the ACTH responses to  
n ico tin e  (S/S = 82±7 SE pg/ml; M/S = 131 ±20; S/N2. 0 = 1838±137; 
M/N2.0  = 473±44; S/N2. 0 > M/N2. 0 , P < .01 by ANOVA and S/S = 84±8; 
S/N0.25 = 738±87; M/N0.25 = 136±22; S/N0.25 > M/N0. 25 P < .01 ). In 
c o n tra s t ,  mecamylami ne 2 - 10 mg/kg BW produced a p a r t i al nonsig
n if ic a n t i n h ib itio n  of ACTH responses to  physosti gmine 0 .4 . A lso, 
a trop ine  su lfa te  25 mg/kg did not modify the ACTH responses to  
physostigm ine.

These s tud ies  show th a t  physosti gmine l ik e  n ico tine  i s a 
po ten t stim ulus fo r  the sec re tio n  of ACTH i n ra ts  and th a t  p a r t ia l  
desensi t i z a t i on rap id ly  develops. However, c ro ss-d e sen s iti z a t i on 
between n ico tin e  and physosti gmine does not occur and mecamylami ne 
s ig n if ic a n tly  i n h ib its  the ACTH response to  n ico tine  but not to 
physosti gmine. Thus, n ico tin e  and physosti gmine may stim ula te  the 
sec re tio n  of ACTH by d if f e r e n t mechanisms; whether n ico tine  
s tim u la te s  ACTH sec re tion  v ia a cho linerg ic  synapse i s open to  
question . (Supported by DA03977).
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247.1 ANTEROGRADE AND RETROGRADE EVIDENCE FOR A CHOLINERGIC 
PROJECTION TO THE SUBSTANTIA NIGRA IN THE RAT. L .L . 
B u tc h e r , E. G o u ld * , and  N .J .  W o o lf. (SPON: M.L. S c h la g -  
Rey) D e p a r tm e n t o f  P s y c h o lo g y  and B ra in  R es e a rch  I n s t i 
t u t e , U n iv e r s i t y  o f  C a l i f o r n i a ,  Los A n g e le s ,  CA 90024 .

C h o l in e r g ic  p r o j e c t i o n s  to  th e  s u b s t a n t i a  n ig r a  
w ere  s tu d i e d  u s in g  r e t r o g r a d e  and a n te r o g r a d e  t r a c e r s  
com bined w ith  im m u n o h is to c h e m ic a l l o c a l i z a t i o n  o f 
c h o l in e  a c e t y l t r a n s f e r a s e  (ChAT; code  1 1 /2 5 5 ; f o r  
c h a r a c t e r i z a t i o n ,  s e e  E c k e n s te in  and T ho en en , EMBO J . , 
1 , 363 , 1 9 8 2 ) .  F lu o r o g o ld ,  p ro p id iu m  io d i d e ,  and t r u e  
b lu e  w ere  i n f u s e d  i n t o  th e  r e t i c u l a r  p a r t  o f  th e  s u b 
s t a n t i a  n ig r a  e i t h e r  i o n t o p h o r e t i c a l l y  ( f l u o r o g o ld )  o r  
by p r e s s u r e  i n j e c t i o n  (p ro p id iu m  io d id e  and t r u e  b lu e ;  
0 .0 1 - 0 .0 3  μ l ) .  Two s u r g i c a l  a p p ro a c h e s  w ere  u sed  f o r  
p r e s s u r e  i n j e c t i o n .  The f i r s t  a p p ro a c h  was made by 
in t r o d u c in g  a m i c r o l i t e r  s y r in g e  p e r p e n d ic u l a r ly  i n t o  
th e  r e t i c u l a r  p a r t  o f  th e  s u b s t a n t i a  n i g r a .  B ecau se  
t h e s e  i n j e c t i o n s  t r a v e r s e d  th e  com pact p a r t  o f th e  
s u b s t a n t i a  n ig r a  and th e  v e n t r a l  te g m e n ta l  a r e a ,  con 
t r o l  i n j e c t i o n s  w ere  made by a p p ro a c h in g  th e  r e t i c u l a r  
p a r t  o f th e  s u b s t a n t i a  n ig r a  a t  a 45 d e g re e  a n g le .  In  
th e  l a t t e r  c a s e  th e  c a n n u la e  t r a v e r s e d  th e  h ippocam pus 
and l a r g e l y  a v o id e d  th e  com pact p a r t  o f th e  s u b s t a n t i a  
n ig r a  o r  th e  v e n t r a l  te g m e n ta l  a r e a .  A n te ro g ra d e  t r a n s 
p o r t  o f  p h a s e o lu s  v u l g a r i s  l e u c o a g g l u t i n i n  (PHAL) was 
t r a c e d  from  C h A T -lab e led  c e l l s  t h a t  to o k  up io n to p h o r 
e t i c a l l y  a p p l ie d  PHAL.

C hA T -im m unoreac tive  c e l l  b o d ie s  t h a t  a l s o  demon
s t r a t e d  r e t r o g r a d e l y  t r a n s p o r t e d  f l u o r e s c e n t  l a b e l  
f o l lo w in g  t r a c e r  i n f u s i o n s  i n t o  th e  r e t i c u l a r  p a r t  o f 
th e  s u b s t a n t i a  n ig r a  w ere  found  p r im a r i l y  in  th e  
p e d u n c u lo p o n tin e  te g m e n ta l  n u c le u s .  Numerous n o n c h o l in 
e r g i c  c e l l s  w ere  a l s o  r e t r o g r a d e l y  l a b e l e d  in  th e  
p e d u n c u lo p o n tin e  te g m e n ta l  n u c le u s .  A few C hA T -posi
t i v e  so m ata  in  th e  d o r s o l a t e r a l  te g m e n ta l  n u c le u s ,  
m a g n o c e l lu la r  p r e o p t i c  a re a . ,  and v e n t r a l  p a l l id u m  a l s o  
r e t r o g r a d e l y  t r a n s p o r t e d  t r a c e r s  from  th e  r e t i c u l a r  
p a r t  o f th e  s u b s t a n t i a  n i g r a .  C h o l in e r g ic  p r o j e c t i o n s  
from  th e  p e d u n c u lo p o n tin e  te g m e n ta l  n u c le u s  to  th e  
r e t i c u l a r  p a r t  o f th e  s u b s t a n t i a  n ig r a  w ere  c o n firm e d  
w ith  a n te r o g r a d e  t r a c i n g .  F ib e r s  from  C h A T -p o s it iv e  
c e l l s  in  th e  p e d u n c u lo p o n tin e  te g m e n ta l  n u c le u s  c o u ld  
be t r a c e d  to  th e  s u b s t a n t i a  n i g r a ,  and PHAL b o u to n s  
w ere o b s e rv e d  in  t h e  r e t i c u l a r  p a r t  o f th e  s u b s t a n t i a  
n i g r a .

S u p p o r t :  NS10928 to  L .L .B .

247.2 EVIDENCE FOR DESCENDING BASAL FOREBRAIN PROJECTIONS: ANATOMICAL 
AND PHYSIOLOGICAL STUDIES. K. Semba, P .B . R e in e r ,  J .E .  
D i s tu r n a l ,  S . A tm ad ja* , E .G . McGeer and H .C . Fi b i g e r .  D iv i s io n  
o f  N e u r o lo g ic a l  S c ie n c e s ,  D e p t . o f  P s y c h ia t r y ,  U n iv . o f  B r i t i s h  
C o lu m b ia , V an co u v er, BC, Canada V6T 1W5.

The b a s a l  f o r e b r a in  (BF) h as  b een  i d e n t i f i e d  a s  th e  s o u rc e  o f  
a m a jo r  p r o j e c t i o n  sy s te m  in n e r v a t in g  a num ber o f  f o r e b r a in  
s t r u c t u r e s  i n c lu d in g  th e  c e r e b r a l  c o r t e x ,  h ip p o cam p u s , am ygdala  
and o l f a c t o r y  b u lb .  W hile  s tu d y in g  th e  e f f e c t s  o f  b r a in s te m  
e l e c t r i c a l  s t i m u l a t i o n  upon th e  a c t i v i t y  o f  BF n e u ro n s  ( D i s tu r n a l  
e t  a l . ,  N e u r o s c i .  A b s t r . ,  ' 86) ,  we e n c o u n te re d  an u n e x p e c te d ly  
l a r g e  num ber o f  BF n e u ro n s  w hich  c o u ld  be a n t id r o m ic a l ly  a c t i 
v a te d  from  th e  b r a in s te m .  In  th e  p r e s e n t  s tu d y ,  th e  a n a to m ic a l  
and p h y s io l o g ic a l  p r o p e r t i e s  o f  t h i s  d e s c e n d in g  p r o j e c t i o n  w ere 
ex am in ed .

F o r ty - e ig h t  BF n e u ro n s  i n  13 r a t s  w ere a n t id r o m ic a l ly  a c t i 
v a te d  from  th e  b r a in s te m ,  32 from  th e  r e g io n  o f  th e  p e d u n c u lo 
p o n t in e  n u c le u s ,  15 from  th e  d o r s a l  rap h e  and 3 from  th e  a d ja c e n t  
l a t e r o d o r s a l  tegm entum . Two c e l l s  w ere a n t id r o m ic a l ly  a c t i v a t e d  
from  2 s i t e s ;  th e  rem a in in g  c e l l s  c o u ld  be a c t i v a t e d  from  o n ly  
one s i t e .  L a t e n c i e s  v a r i e d  from  2-28  m sec; o v e r  50% w ere s i l e n t  
i n  t h e s e  u r e th a n e  a n e s t h e t i z e d  r a t s .  The a n a to m ic a l  c o u n te r p a r t  
o f  t h i s  d e s c e n d in g  p r o j e c t i o n  was c o n firm e d  by i n j e c t i o n s  o f  t r u e  
b lu e  (TB) i n t o  th e  p o n to m e s e n c e p h a lic  tegm entum  w h ich  r e s u l t e d  in  
many r e t r o g r a d e ly  f i l l e d  n e u ro n s  i n  s e v e r a l  r e g io n s  o f  th e  BF. 
T h a t a t  l e a s t  some o f  t h e s e  r e t r o g r a d e ly  l a b e l l e d  BF n e u ro n s  had 
axons te r m in a t in g  w i t h in  th e  b r a in s te m  tegm entum  was s u g g e s te d  by 
th e  p r e s e n c e  o f  a n te r o g r a d e ly  l a b e l l e d  v a r i c o s e  f i b e r s  i n  th e s e  
same r e g io n s  fo llo w in g  BF i n j e c t i o n s  o f  PHAL.

D ouble l a b e l l i n g  s tu d i e s  u s in g  b r a in s te m  TB i n j e c t i o n s  and 
c o r t i c a l  i n j e c t i o n s  o f  p ro p id iu m  i o d id e  d e m o n s tra te d  th e  e x i s 
te n c e  o f  a s m a l l  p o p u la t io n  o f  BF n e u ro n s  w h ich  p r o j e c t  b o th  to  
th e  b r a in s te m  and th e  c e r e b r a l  c o r t e x .  TB l a b e l l e d  n e u ro n s  w ere 
g e n e r a l ly  medium s i z e d ,  a l th o u g h  th e  d o u b le  l a b e l l e d  n e u ro n s  w ere 
n o ta b ly  l a r g e r .  P r e l im in a ry  s tu d i e s  s u g g e s t  t h a t  t h e s e  d o u b le  
l a b e l l e d  n e u ro n s  a r e  a l s o  ChAT im m u n o re a c tiv e .

T hese d a ta  c o n f irm  and e x te n d  p re v io u s  s tu d i e s  show ing  t h a t  
t h e r e  e x i s t s  a  s i g n i f i c a n t  d e s c e n d in g  p r o j e c t i o n  from  th e  BF to  
th e  b r a in s te m ,  a n d , to g e th e r  w i th  o u r  d a ta  on b r a in s te m  a f f e r e n t s  
to  th e  BF ( D i s tu r n a l  e t  a l . , ' 86 ) ,  s u g g e s t  t h a t  r e c i p r o c a l  connec
t io n s  e x i s t  b e tw een  th e  b a s a l  f o r e b r a in  and th e  b r a in s te m .  
F u r th e rm o re ,  th e s e  d a ta  s u g g e s t  t h a t  t h i s  d e s c e n d in g  p r o j e c t i o n  
c o n ta in s  a  m in o r , p o s s ib ly  c h o l i n e r g i c  com ponent w hich  a l s o  
p r o j e c t s  to  th e  c e r e b r a l  c o r t e x .
(S u p p o rte d  by  th e  M ed ica l R e se a rc h  C o u n c il o f  C a n ad a .)

247.3 ANATOMICAL AND PHYSIOLOGICAL STUDIES OF BRAINSTEM AFFERENTS TO 
THE BASAL FOREBRAIN. J .E .  D i s t u r n a l ,  P .B . R e in e r ,  K. Sem ba, S. 
A tm ad ja* , E .G . McGeer and H .C . F i b i g e r .  D iv i s io n  o f  N e u r o lo g ic a l  
S c i e n c e s ,  D e p t . o f  P s y c h ia t r y ,  U n iv . o f  B r i t i s h  C o lu m b ia , 
V an co u v er, BC, Canada V6T 1W5.

The b a s a l  f o r e b r a in  c o n ta in s  a  p o p u la t i o n  o f  c h o l i n e r g i c  
n e u ro n s  w h ich  p r o j e c t  to  th e  c e r e b r a l  c o r t e x .  A lth o u g h  th e  m ajo r 
s o u rc e s  o f  a f f e r e n t  i n p u ts  to  th e  b a s a l  f o r e b r a in  h a v e  b e e n  
i d e n t i f i e d ,  d e t a i l e d  in f o r m a t io n  r e g a r d in g  t h e i r  n e u ro c h e m ic a l  
and f u n c t i o n a l  p r o p e r t i e s  i s  l i m i t e d .  I n  th e  p r e s e n t  r e p o r t ,  
a n a to m ic a l ,  h i s t o c h e m i c a l , and  p h y s io l o g ic a l  t e c h n iq u e s  w ere  u se d  
to  s tu d y  b r a in s te m  a f f e r e n t s  to  th e  b a s a l  f o r e b r a in .

WGA-HRP was i n j e c t e d  i n t o  s e v e r a l  a r e a s  o f  th e  b a s a l  f o r e b r a in .  
R e t ro g r a d e ly  l a b e l l e d  c e l l s  w ere  found  i n  many r e g io n s  o f  th e  
b r a i n ;  t h i s  s tu d y  fo c u s e s  upon th o s e  found  i n  th e  p e d u n c u lo 
p o n t in e  (P P N ), l a t e r o d o r s a l  te g m e n ta l  (LDT), and  d o r s a l  rap h e  
(DRN) n u c l e i .  R e t ro g r a d e ly  l a b e l l e d  n e u ro n s  w ere  c o n c e n t r a t e d  
i p s i l a t e r a l l y , a l th o u g h  c o n t r a l a t e r a l  l a b e l l i n g  was s e e n  a s  w e l l .  
T h a t a t  l e a s t  some o f  t h e s e  r e t r o g r a d e ly  l a b e l l e d  b r a in s te m  
n e u ro n s  h ad  a x o n s te r m in a t in g  w i t h in  th e  b a s a l  f o r e b r a in  was 
s u g g e s te d  by th e  p r e s e n c e  o f  a n te r o g r a d e ly  l a b e l l e d  v a r i c o s e  
f i b e r s  i n  th e  b a s a l  f o r e b r a in  fo l lo w in g  PHAL i n j e c t i o n s  i n t o  th e  
PPN.

P r e v io u s  s tu d i e s  h ave  shown, t h a t  th e  PPN and LDT c o n ta in  a 
l a r g e  p o p u la t i o n  o f  ChAT p o s i t i v e  n e u ro n s ,  and t h a t  NADPH 
d ia p h o r a s e  i s  a  r e l i a b l e  m ark e r f o r  t h e s e  c h o l i n e r g i c  n e u ro n s  
(V in c e n t  e t  a l . , ’8 3 ) .  By co m b in in g  r e t r o g r a d e  HRP w i th  NADPH 
d ia p h o r a s e  h i s t o c h e m i s t r y ,  i t  was fo u n d  t h a t  a f f e r e n t s  to  th e  
b a s a l  f o r e b r a in  a r i s e  from  b o th  p re s u m p tiv e  c h o l i n e r g i c  and n o n -  
c h o l i n e r g i c  n e u ro n s  i n  th e  PPN and LDT.

S in c e  m ost c o r t i c a l l y  p r o j e c t i n g  b a s a l  f o r e b r a in  (CPBF) n e u ro n s  
a r e  c h o l i n e r g i c ,  e x t r a c e l l u l a r  r e c o r d in g s  w ere  made from  a n t i 
d r o m ic a l ly  i d e n t i f i e d  CPBF n e u ro n s  i n  a n e s t h e t i z e d  r a t s ,  and  
t h e i r  o r th o d ro m ic  r e s p o n s e s  to  b r a in s te m  s t i m u l a t i o n  d e te rm in e d  
u s in g  p e r i - s t i m u l u s  tim e  h i s to g r a m s .  T h i r t e e n  CPBF n e u ro n s  r e 
sp o n d ed  to  PPN s t i m u l a t i o n ;  8 w ere  e x c i t e d  and  5 w ere  i n h i b i t e d .  
F iv e  CPBF n e u ro n s  re sp o n d e d  to  DRN s t i m u l a t i o n ;  4 r e s p o n s e s  w ere  
e x c i t a t o r y  and one i n h i b i t o r y .

T h ese  d a ta  d e m o n s tra te  t h e  e x i s t e n c e  o f  b r a in s te m  a f f e r e n t s  to  
t h e  b a s a l  f o r e b r a i n ,  a t  l e a s t  some o f  w h ich  may b e  c h o l i n e r g i c .  
A c t iv a t io n  o f  t h e s e  i n p u ts  r e v e a l  b o th  e x c i t a t o r y  and i n h i b i t o r y  
o r th o d ro m ic  i n f l u e n c e s  on c o r t i c a l l y  p r o j e c t i n g  b a s a l  f o r e b r a in  
n e u r o n s .
(S u p p o rte d  by  th e  M e d ic a l R e s e a rc h  C o u n c il  o f  C an a d a .)

247.4 FOREBRAIN PROJECTIONS OF CHOLINERGIC AND SUBSTANCE P-CONTAINING 
NEURONS IN THE LATERODORSAL TEGMENTAL NUCLEUS IN THE RAT. K. Satoh 
and H.C. F ib ig er, Div. Neurological S c i. ,  Dept. Psych iatry , Univ. 
o f B r it is h  Columbia, Vancouver, B.C. V6T 1W5, Canada

The la te ro d o rsa l tegmental nucleus (TLD) con tains many choliner
g ic  neurons, sane o f which a lso  contain  substance P. Recent re tro 
grade tra c in g  s tu d ie s  combined w ith immunohistochem istry revealed 
some fo reb ra in  p ro jec tio n s  from these  cho linerg ic  and/or substance 
P-contain ing  neurons. In the  p resen t in v estig a tio n , e ffe re n t fiber 
p ro jec tio n s  o f th is  c e l l  group to  the  medial p re fro n ta l cortex 
(MPC), l a te r a l  septum (LS), and dorsal diencephalon were examined 
in  r a t s  using a v a rie ty  of neuroanatomical tra c in g  techniques.

Ion tophoretic  in je c tio n s  o f Phaseolus v u lg a ris  leucoagglutinin 
(PHA-L) in to  the  TLD revealed  a long, continuous f ib e r  system that 
p ro je c ts  to  the  basa l fo reb ra in . The p rin c ip a l rou te  passes through 
the  ip s i la te r a l  dorsomedial tegmentum (do rsa l tegmental pathway), 
caudal diencephalon (in term edia te  d iencephalic bundle) and medial 
fo reb rain  bundle ( l a te r a l  hypothalamic bundle), and f in a l ly  enters 
the  diagonal band of Broca. The in term ediate diencephalic  bundle 
gives r i s e  to  f ib e r  t r a c ts  to  the  p a ra fa sc icu la r and la te r a l  habe
nu la r nuc le i (p o s te r io r  thalam ic p a th ) , and to  the  a n te r io r  tha la 
mic n u c le i, th e  la te r a l  p a r t  of the  mediodorsal nucleus and the 
in tra lam inar thalam ic nu c le i (a n te r io r  thalam ic path ). R ostral to 
the  a n te r io r  commissure, PHA-L p o s itiv e  f ib e rs  in  th e  diagonal band 
run d o rsa lly  towards th e  LS, w hile other f ib e rs  pass fu r th e r  ro stra lly 
to  en te r MPC.

U n ila te ra l in je c tio n  o f WGA-HRP or fluo rescen t dyes (True Blue 
(TB)or prim uline (Pr)) in to  MPC,LS, a n te r io r  thalam ic region (AT) or 
mediodorsal thalam ic region (MD) re su lte d  in  re tro g rad e  labeling  of 
many neurons in  TLD. In sec tio n s  processed fo r combined retrograde 
tra c in g  and choline  ace ty ltran s fe ra se  (ChAT) o r substance P immuno
h is tochem istry , ChAT p o s itiv e  neurons were re tro g rad e ly  labeled  by 
the  tra c e r  a f te r  in je c tio n s  in to  each o f these  s i t e s .  In co n trast, 
re trog rade  lab e lin g  o f substance P -contain ing  c e l l  bodies were ob
served a f te r  the  in je c tio n  of tra c e rs  in to  MPC o r LS, bu t ra re ly  
a f te r  MD in je c tio n s .

In je c tio n s  o f the  two d if f e r e n t f lu o rescen t dyes in to  two d if 
fe ren t b ra in  regions were performed in  10 r a t s .  Tracer in jec tio n s  
in to  two te len cep h a lic  s tru c tu re s  (MPC vs LS) or in to  two diencephalic 
regions (ATvsMD) re su lte d  in  double lab e lin g  in  a small population 
of TLD neurons. Double lab e lin g  was ra re ly  seen a f te r  in jec tio n s  
in to  MPC and MD.

These r e s u l ts  in d ica te  th a t  the  ascending cho linerg ic  pro jection 
from TLD innervates d iverse  regions o f the  r a t  fo reb rain  w ithout a 
prominent d ivergent p ro jec tio n  between te lencephalic  and diencephalic  
s tru c tu re s .  Furthermore, the  ponto te lencephalic  cho linerg ic  system 
i s  ch arac te rized  by the  presence o f substance P w ith in  the  p e r i
karya. (Supported by the  Medical Research Council of Canada).
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247.5 COMPARATIVE CHOLINERGIC HISTOCHEMISTRY OF THE MAGNO- 
CELLULAR BASAL FOREBRAIN. K. T a lb o t* ,  N .J .  W oo lf, E. 
Gould*, and L .L . B u tc h e r  (SPON: J .  B e a t t y ) .  D ep artm en t 
of P sycho logy  and B ra in  R e s e a rc h  I n s t i t u t e ,  UCLA, Los 
A ngeles, CA 90024 .

The o r g a n iz a t io n  and m orpho logy  o f  c h o l in e  a c e t y l 
t r a n s f e r a s e  (ChAT) and a c e t y l c h o l i n e s t e r a s e  (ACHE)- 
r ich  neurons o f  th e  m a g n o c e l lu la r  b a s a l  f o r e b r a i n  
(MBF) were s tu d i e d  in  a l b in o  r a t s ,  c a t s ,  and s q u i r r e l  
and bonnet m onkeys. A b a t t e r y  o f  m o n o c lo n a l and p o ly 
c lo n a l a n t ib o d ie s  a g a i n s t  ChAT was t e s t e d  im m u n o h is to 
chem cia lly  on e ach  s p e c i e s  u s in g  th e  a v i d i n - b i o t i n  
pero x id ase  m e th o d . AChE m a t e r i a l  was p re p a re d  a c c o r d 
ing to  th e  p h a rm a c o h is to c h e m ic a l  p r o to c o l  o f  B u tc h e r  
( in : Handbook o f  C h em ica l N eu ro an ato m y , v o l . 1 ,  1 9 8 3 ) .

ChAT and A C hE -rich  c e l l s  in  a l l  t h r e e  s p e c i e s  w ere  
s im ila r ly  d i s t r i b u t e d  in  t h e  MBF, in c lu d in g  th e  m e d ia l  
s ep ta l n u c le u s /d ia g o n a l  band  a r e a ,  m a g n o c e l lu la r  p re o p 
t i c  a r e a ,  and p e r i p a l l i d a l  n u c le u s  b a s a l i s ,  a s  w e l l  a s  
in the  s u p r a tu b e r c u l a r  zone f i l l i n g  th e  p o ly m o rp h ic  
o lfa c to ry  t u b e r c l e  and in  th e  p e r ic o m m is s u r a l  a r e a  
near th e  d e c u s s a t io n  o f  th e  a n t e r i o r  c o m m issu re . In  
each s p e c ie s ,  th e  ChAT and AChE c e l l s  had i s o d e n d r i t i c  
forms w ith  lo n g  d e n d r i t i c  p r o c e s s e s  em bedded in  a d i f 
fuse m a tr ix  o f c h o l i n e r g i c  n e u r o p i l .  The g e o m e try  o f  
d e n d r it ic  f i e l d s  was m ore com plex  in  c a t s  and  m onkeys.

A number o f s t r i k i n g  s p e c i e s  d i f f e r e n c e s  o c c u re d  in  
c o n n e c tio n a lly  hom ologous p a r t s  o f  th e  MBF. P a r t s  o f  
the b a sa l f o r e b r a i n ,  su ch  a s  th e  s u p r a t u b e r c u l a r  zone 
and p a r t  o f th e  d ia g o n a l  band  t h a t  h ave  c h o l i n e r g i c  
p ro je c tio n s  to  th e  o l f a c t o r y  b u lb  ( s e e  W oolf e t  a l , 
Brain Res. B u l l . , 1 3 , 7 5 1 , 1 9 8 4 ; Z a b o rszk y  e t  a l . ,  J .  
Comp. N e u r o l . , 243 , 48 8 , 1986) w ere  r e l a t i v e l y  m ore 
well developed  in  th e  r a t s  and c a t s  com pared  to  mon
keys. C o n v e rse ly , b a s a l  f o r e b r a i n  r e g io n s  su ch  a s  th e  
m agnocellu lar p r e o p t i c  a r e a  and p e r i p a l l i d a l  n u c le u s  
b a sa lis  which in n e r v a te  i s o c o r t i c a l  f i e l d s  ( c f .  B ig l  
e t a l . ,  B ra in  R es. B u l l . , 8 , 7 2 7 , 19 8 2 ; M esulam e t  
a l . ,  J .  Comp. N e u r o l . , 2 1 4 , 1 7 0 , 1983) w ere  b e s t  d e v e l 
oped in  m onkeys, and ChAT and AChE c e l l s  fo u n d  in  
these  re g io n s  o f t h e  p r im a te  w ere  l a r g e r  and m ore 
densely pack ed . The r o s t r o m e d ia l  m a g n o c e l lu la r  p re o p 
t i c  a rea  (Ch4am) was s i m i l a r l y  com pact in  m onkeys, b u t  
d if fu se  in  c a t s  and e s p e c i a l l y  r a t s .  The p e ric o m m is 
su ra l c h o l in e r g ic  c e l l s  w ere  h ig h ly  d i f f u s e  in  r a t s ,  
yet c o n sp ic u o u s ly  d e n se  (w ith  t h i c k ,  o v e r la p p in g  ChAT 
and AChE p ro c e s s e s )  in  c a t s  and  m onkeys.

Support: NS 10928 to  LLB.

247.6 HISTOLOGICAL FIXATIVES AND CHOLINESTERASE ENZYME ACTIVITY. 
R .E .F o s t e r ,  K .R .O ls o n * ,  J .H .C la r k * ,  B .M a c Iv e r* , C .A .B ro o m fie ld * , 
D .E .L e n z* , and C .N .L ie s k e * . U .S . Army M ed ica l R e s e a rc h  I n s t i t u t e  
o f  C hem ica l D e fe n s e , A berdeen  P ro v in g  G round, MD 21010-5425

O ver th e  p a s t  t h r e e  d e c a d e s  h i s to c h e m ic a l  s t u d i e s  o f  th e  
l o c a l i z a t i o n  and d i s t r i b u t i o n  o f  enzym es w hich  h y d ro ly z e  a lk y l  
e s t e r s ,  e . g . ,  c h o l i n e s t e r a s e s  (C h E s), have  u t i l i z e d  b o th  f r e s h  
and f ix e d  t i s s u e s ,  a l th o u g h  f i x a t i v e s  w ere known to  i n h i b i t  
enzyme a c t i v i t y .  R ecen t i n t e r e s t  in  th e  q u a n t i f i c a t i o n  o f  c h o l i n 
e s t e r a s e  a c t i v i t y  in  p r e s e r v e d  r a t h e r  th a n  f r e s h  b r a in  t i s s u e s  
h a s  le d  us  to  exam ine p a r a m e t r i c a l l y  th e  e f f e c t s  o f  g l u t a r a l d e 
hyde (GA) and fo rm a ld e h y d e  (FA) on a c e t y l c h o l i n e s t e r a s e  (AChE) 
and b u t r y l c h o l i n e s t e r a s e  (BChE). S o lu b i l i z e d  AChE was o b ta in e d  
from  e e l  e l e c t r i c  o rg an  o r  g u in e a  p ig  b r a in  h om ogenates  and BChE 
was o b ta in e d  from  h o r s e  se rum . FA was made from  p a ra fo rm a ld e h y d e  
and GA was o b ta in e d  in  50% a q u eo u s form  (T o u s im is  EM G ra d e ) . The 
a c t i v i t y  o f  ChEs was d e te rm in e d  by c o lo r i m e t r i c  a s s a y  u s in g  
p - n i t r o p h e n y l  a c e t a t e  a s  th e  s u b s t r a t e .  E x cep t f o r  s to p - f lo w  
e x p e r im e n ts ,  a l l  enzyme r e a c t io n s  w ere c a r r i e d  o u t  in  9 6 -w e ll  
m i c r o t i t e r  p l a t e s  (MTP). A l l  e x p e r im e n ts  w ere r e p l i c a t e d  a t  l e a s t  
4 t im e s .  The c o lo r i m e t r i c  r e a c t io n  was m easu red  by a T i t e r t e k  MTP 
s p e c t r o p h o to m e te r .  T y p ic a l ly ,  s e l e c t e d  c o n c e n t r a t i o n s  o f  FA and 
GA w ere m ixed w i th  th e  s o l u b i l i z e d  enzym e, one MTP colum n p e r  
c o n c e n t r a t i o n .  A f t e r  a g iv e n  f i x a t i o n  p e r io d ,  th e  s u b s t r a t e  was 
added to  a l l  w e l l s ,  and th e  r e a c t io n  was fo llo w e d  a t  r e g u l a r  
i n t e r v a l s  u n t i l  a l l  MTP colum ns had  a q u a n t i f i a b l e  r e a c t i o n .  The 
c o n t r o l  c o n d i t i o n  was a lw ay s th e  e n z y m e - s u b s t ra te  r e a c t io n  w i th 
o u t  f i x a t i v e .  A l l  d a ta  w ere e x p re s s e d  a s  a p e rc e n ta g e  o f  c o n t r o l  
enzyme a c t i v i t y  ( A c t i v i t y  - Δ O D /m in). At c o n c e n t r a t i o n s  o f  5% 
(W /V), b o th  FA and GA p ro d u ce d  m axim al i n h i b i t i o n  o f  AChE and 
BChE a c t i v i t y  o f  50 - 60%. At lo w er f i x a t i v e  c o n c e n t r a t i o n s ,  
h o w ev er, FA had  a l e s s  i n h ib i t o r y  e f f e c t  th a n  d id  GA, b u t  i n h i b i 
t o r y  e f f e c t s  o f  b o th  w ere d e te c t e d  w i th  c o n c e n t r a t i o n s  a s  low as  
0.05% . Time o f  i n c u b a t io n  o f  th e  enzyme w ith  f i x a t i v e  had l i t t l e  
e f f e c t  on th e  l e v e l  o f  i n h i b i t i o n ,  s u g g e s t in g  t h a t  th e  f i x a t i v e  
r e a c t io n  r e a c h e d  c o m p le tio n  v e ry  r a p i d l y .  C o m b in a tio n s  o f  FA and 
GA w ere n o t  a d d i t i v e  b u t  i n h i b i t e d  to  th e  l e v e l  o f  th e  m ost 
e f f e c t i v e  c o n s t i t u e n t .  E x p e r im e n ts  to  d e te rm in e  w h e th e r  th e  
c o n c e n t r a t i o n  o f  th e  enzyme was a f a c t o r  i n d ic a te d  t h a t  o v e r  a 
d i l u t i o n  ra n g e  o f  3 - 20 t h e r e  was no i n t e r a c t i o n  w i th  th e  f i x a 
t i v e  e f f e c t s .  Enzyme f i x a t i o n  e x p e r im e n ts  w i th  s to p - f lo w  i n s t r u 
m e n ta t io n  i n d i c a t e  t h a t  th e  a ld e h y d e - in d u c e d  i n h i b i t i o n  i s  p ro 
b a b ly  c a u se d  by an  a l l o s t e r i c  m achanism  and n o t  by d i r e c t  b in d in g  
a t  th e  a c t i v e  s i t e .

247.7 ANALYSIS OF ENZYMES OF ACETYLCHOLINE METABOLISM IN RAT AMYGDALOID 
COMPLEX R .P. H e lle n d a ll* (1 ) ,  D.A. G odfrey (2 ), C.D. R o ss(2 ) , D.M. 
Armstrong(3), J .L . P r i c e ( 4 ) (SPON: P .K n o tt) .  N eurobio . G rad. P rgm ., 
Mt. S inai Sch. of Med., NY, NY 10029 (1 ) ;  D ep t. o f  P h y s io .,  O ral 
Roberts Sch. of Med., T u lsa , OK 74171 ( 2 ) ;  U n iv e rs ity  o f C a l i f o r 
n ia , San Diego, La J o l l a ,  CA 92093 ( 3 ) ;  D ep t. o f A nat. and Neuro
b io .,  Washington Univ. Sch. o f M ed., S t .  L o u is , MO 63110 (4 ) .

The d is t r i b u t io n  o f c h o lin e  a c e ty l  t r a n s f e r a s e  (ChAT) w ith in  th e  
ra t  amygdaloid complex was s tu d ie d  to  d e s c r ib e  th e  p a t te r n  of cho
lin e rg ic  i n n e rv a tio n  b e l ie v e d  to  a r i s e  from th e  b a s a l  f o r e b ra in .  
Three methods were a p p l ie d : 1) i mm u noh istochem istry  u s in g  a  mono
clonal antibody a g a in s t ChAT in  c o n ju n c tio n  w ith  th e  d oub le  perox 
id ase -an tip e ro x id ase  p ro ced u re ; subsequen t com puter a n a ly s is  p ro 
duced high re s o lu t io n  d en s ito m e try  images of th e  la b e le d  s e c t io n s ;  
2) q u a n tita tiv e  h is to c h em ica l mapping o f ChAT a c t iv i t y  from a s s a y s  
of contiguous samples m ic ro d is se c te d  from 20um th ic k  f re e z e  d r ie d  
sec tions; 3) a c e ty lc h o lin e s te ra s e  (AChE) enzyme h is to c h e m is try  of 
frozen s e c tio n s  from th e  same s e r i e s .

All of th e  approaches in d ic a te  s ig n i f i c a n t  c h o l in e rg ic  a c t i v i t y  
in the b a s o la te ra l  am ygdaloid n u c le u s  (most prom inen t r o s t r a l l y ) ,  
the nucleus of the  l a t e r a l  o l f a c to r y  t r a c t  ( e s p e c ia l ly  la y e r  I I ) ,  
and the am ygdalo-hippocampal a r e a .  R egions which showed reduced 
ChAT a c t iv i ty  could n o t e a s i ly  be d is tin g u is h e d  from backround 
sta in in g  w ith  th e  im m unocytochem istry. AChE s t a i n  d e p o s i t io n  ap 
pears to  p a r a l l e l  ChAT a c t i v i t y  though q u a n t i t a t iv e  a n a ly s is  was 
not conducted on th e  s e c t io n s  for  AGhE. Lowest a s say ed  ChAT 
a c tiv i ty  i s  in  th e  m edial n u c leu s  o f th e  am ygdala. Most o th e r  
regions in th e  complex d is p la y  a c t iv i t y  a t  l e a s t  a s  h ig h  a s  th a t  
found in  homogenate of w hole b r a in  o r in  c o r te x .  G ra d ie n ts  o f a c 
t iv i ty  a re  p re se n t in  s e v e ra l r e g io n s  in c lu d in g  th e  b a s o la te r a l  
and l a t e r a l  amygdaloid n u c le i  and th e  nearby p o s te r io r  p ir i fo rm  
co rtex . In th e  p ir i fo rm  c o r te x ,  h ig h  ChAT a c t iv i t y  and dense 
AChE s ta in in g  a re  p re s e n t a t  th e  m edial edge n ea r th e  n u c leu s  o f 
the l a t e r a l  o lf a c to ry  t r a c t .  The immunocytochemical method shows 
a few in te n se ly  r e a c t iv e  som ata w ith in  t h i s  a re a  though l e s s  r e 
a c t iv i ty  than in  o th e r  a re a s  c o n ta in in g  h igh  ChAT a c t i v i t y .  A 
comparison of the  r e s u l t s  observed  w ith  th e  th r e e  te c h n iq u e s  sug
g es ts  an advantage in  u s in g  them to g e th e r  s in c e  t h e i r  r e s p e c t iv e  
s tren g th s  tend to  complement each  o th e r .

The p re sen t study shows th e  am ygdaloid complex o f th e  r a t  con
ta in s  a wide range o f ChAT a c t i v i t y  in c lu d in g  a c ircu m sc rib e d  
a rea , correspond ing  to  th e  b a s o la te r a l  n u c le u s , c o n ta in in g  some o f 
the h ig h e st a c t i v i t y  found in  th e  CNS. In  l i g h t  o f ev id en ce  th a t  
the major source of c h o l in e rg ic  a f f e r e n t s  to  th e  b a s o la te r a l  nu
c leus  i s  in  p rox im ity  to  an  a re a  in  th e  b a s a l  f o r e b ra in  p r o je c t in g  
to  c o r t i c a l  reg io n s  (C a rlse n , J .  e t .  a l . ,  J .  Comp. N e u ro l.,  234: 
155,1985), our f in d in g s  in d ic a te  th e  amygdala may se rv e  a s  a  d i s 
c r e te ,  u s e fu l model to  study  c e n t r a l  c h o l in e rg ic  te rm in a l f i e l d s .

247.8 IMMUNOCYTOCHEMICAL CHANGES IN MEDIAL SEPTAL-DIAGONAL BAND NEURONS 
FOLLOWING FIMBRIA-FORNIX TRANSECTION IN THE RAT. V.E. K oliatsos*, 
C.A. K itt ,  J . Rosenfeld, L.C. Walker, N.H. S ternberger*† , L.A. 
Ste rn b e rger*†, B.H. Wainer§ and D.L. P rice (SPON: M.D. C rutcher), 
The Johns Hopkins U niversity  School of Medicine, Baltimore, 
Maryland 21205-2182; †U niversity  of Maryland, Baltimore, Maryland 
21201; §U niversity  of Chicago, Chicago, I l l in o is  60637.

F im bria-fornix (FF) lesions have been reported  to cause 
re trog rade  c e l lu la r  changes in neurons of the medial septal 
nucleus (MSN) and nucleus of the diagonal band of Broca (ndbB). 
R elative ly  l i t t l e  is known about the time course of these events; 
in add ition , previous observations have been based exclusively  on 
s tud ies  of N issl, a ce ty lch o lin este rase  (AChE), and choline 
a ce ty ltran s fe ra se  (ChAT) stained  m a te ria l. The present study was 
designed to  examine the time course of changes in cy toske le ta l 
elements (phosphorylated and nonphosphorylated neurofilament [NF] 
p ro te in s ) and in tra n s m itte r-re la te d  enzymes (AChE and ChAT) in 
indiv idual neurons of the MSN and ndbB. At 1-2 days following FF 
tra n sec tio n , AChE histochem istry  revealed some ce ll shrinkage with 
in te n s if ie d  perikaryal s ta in in g , whereas ChAT immunocytochemical 
s ta in in g  of perikarya was decreased. Both AChE and ChAT s ta in s  
demonstrated irre g u la r ly  swollen f ib e rs  th a t were most prominent 
immediately ro s tra l  to  the tran sec tio n  s i t e .  A few perikarya a lso 
contained abnormal accumulations of phosphorylated NFs. At 7-10 
days following tra n sec tio n , many neurons did not s ta in  for AChE 
and ChAT. The f ib e r  reaction  had spread to  ro s tra l  septal le v e ls , 
but AChE and ChAT s ta in ing  in te n s ity  was diminished. 
Phosphorylated NFs were present in many perikarya. At th is  time, 
c e ll loss was apparent in N issl-s ta ined  m a te ria l. On day 25, the 
longest surv ival time stud ied , there  was a dramatic reduction in 
AChE and ChAT sta in in g  and a s ig n if ic a n t increase in 
phosphorylated NF accumulations in c e lls  in the MSN-ndbB; few 
c e l ls  appeared normal. There was no apparent change in the 
pa tte rn  of s ta in in g  fo r nonphosphorylated NFs.

The re s u lts  of th is  study suggest th a t FF tran sec tio n  leads to 
a se r ie s  of changes in neurons of the MSN and ndbB including: 
perikaryal shrinkage with loss of ChAT immunoreactivity; increase 
in AChE s ta in in g ; abnormal accumulation of phosphorylated NFs in 
perikarya; and the appearance of irreg u la r  f ib e rs  th a t s ta in  for 
AChE and ChAT. Recent evidence ind ica tes th a t phosphorylated NFs 
may be involved in the pathogenesis of n e u ro fib r illa ry  tangles in 
ind iv idua ls  with A lzheim er's d isease. Investiga tions of 
cy to sk e le ta l and tra n s m itte r-s p e c if ic  changes th a t follow 
tran sec tio n  of the FF pathway could provide in s ig h ts  in to  
pathogenetic mechanisms of more complex diseases involving the 
cho linerg ic  system.
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247.9 A SET OF LIMBIC AND MOTOR NEURONS IN THE RAT BRAIN 
DEFINED BY T o r 2 3 . D .T . S te p h e n so n *  and  P .D . K u sh n e r , 
The ALS R e s e a rc h  C e n te r ,  P a c i f i c  M ed ic a l C e n te r ,  
San F r a n c i s c o ,  CA 94115 .

We a r e  a s k in g  w h e th e r  f u n c t i o n a l  n e tw o rk s  i n  t h e  
m am m alian b r a i n  c an  b e  i d e n t i f i e d  on th e  b a s i s  o f  n e u 
r o n a l  c e l l  s u r f a c e  a n t i g e n s ,  much th e  way th e  T - c e l l  
s u b s e t s  o f  t h e  immune s y s te m  w ere  f i r s t  d e f in e d .  A 
r e l a t i o n s h i p  b e tw ee n  th e  m o to r  and  l im b ic  s y s te m s  i s  an  
o ld  c o n c e p t ,  w e l l  e s t a b l i s h e d  i n  n e u ro lo g y ,  p s y c h i a t r y ,  
and  p s y c h o lo g y .  Among d i s c r e t e  n e u ro n s  w i th in  th e s e  two 
h ig h ly  com plex  and  w id e ly  d i s p e r s e d  c e n t r a l  n e rv o u s  
s y s te m  p a th w a y s , we h av e  d i s c o v e r e d  a common c e l l  s u r 
f a c e  e p i t o p e .

The m o n o c lo n a l a n t ib o d y  T o r 2 3 , w h ich  was made to  
c h o l i n e r g i c  n e rv e  t e r m i n a l s ,  i m m u n o -s ta in s  t h e  e x t e r n a l  
p la sm a  mem brane o f  n e u ro n s  w h ich  a r e  1 ) p r e c i s e l y  d i s 
t r i b u t e d  and  2 ) t y p i c a l l y  r a r e  i n  any  r e g io n ,  and  3 ) 
th o s e  r e g io n s  a r e  m o s t ly  e i t h e r  o f  t h e  p r im a r y  m o to r  o r  
th e  f i r s t  o r d e r  l im b ic  s y s te m . Im p o r ta n t  t o  o u r  a n a 
l y s i s  i s  t h e  v e r y  o b v io u s  l a c k  o f  T o r 23 b in d in g  
th r o u g h o u t  many a r e a s  o f  t h e  b r a i n ,  e . g .  t h e  th a la m u s  
and  t h e  c o rp u s  s t r i a t u m .  A ls o , i n  m o s t r e g io n s  T o r 23 
p o s i t i v e  n e u ro n s  r e p r e s e n t  a s m a l l  and  f r e q u e n t l y  
s c a t t e r e d  c e l l  p o p u la t i o n  w i t h i n  a com plex  m a t r ix  o f  
o t h e r , n e g a t iv e  n e u r o n s .

C e l l  s u r f a c e  s e t s  and  s u b s e t s  o f  n e u ro n s  may o r  may 
n o t  c o r r e s p o n d  t o  a s i n g l e  t r a n s m i t t e r  t y p e .  In  o u r  
a n a l y s i s  we h av e  fo u n d  t h a t  T o r 23 p o s i t i v e  n e u ro n s  l i e  
m o s t ly  i n  t h o s e  v e r y  r e g io n s  w h ich  h av e  b e e n  shown t o  
c o n t a i n  c h o l in e  a c e t y l t r a n s f e r a s e  (CHAT) p o s i t i v e  n e u 
r o n s .  E x c e p t io n s  a r e  a s  f o l l o w s :  r e g io n s  CHAT p o s i t i v e  
and  T o r 23 n e g a t i v e ,  t h e  c o rp u s  s t r i a t u m  and  some c r a n 
i a l  m o to r  n u c l e i ;  r e g io n s  CHAT n e g a t iv e  b u t  T o r 23 
p o s i t i v e ,  t h e  d eep  c e r e b e l l a r  n u c l e i ,  t h e  lo c u s  c e r e 
l e u s ,  and  some c r a n i a l  s e n s o r y  n u c l e i .
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248.1 AN INVESTIGATION OF THE ACUTE, CHRONIC AND WITHDRAWAL 
EFFECTS OF CAFFEINE ON ANXIETY, EXPLORATION AND 
CONVULSIONS IN THE RAT. H .A .B a ld w in * ,S .E .F i le ,A .L .J o h n 
s to n *  and  L . J .W i lk s * . (SPON: W.A. F ried m an ) D e p t.P h a rm 
a c o l o g y ,S c h .o f  P h a rm ., U n iv .L o n d o n ,L o n d o n  WC1N1AX(U. K . )

The e f f e c t s  o f  a c u t e  and  c h r o n ic  c a f f e i n e ,  and  
w ith d ra w a l  o f  c a f f e i n e ,  w ere  ex am ined  in  m a le  hooded 
L i s t e r  r a t s .  A c u te ly  t r e a t e d  r a t s  r e c e i v e d  a  s i n g l e  
i n j e c t i o n  o f  c a f f e i n e  (20 o r  40 m g/kg I P ) .  C h r o n ic a l ly  
t r e a t e d  r a t s  r e c e i v e d  50 o r  100 m g /k g /d a y  c a f f e i n e  in  
t h e i r  d r in k i n g  w a te r  f o r  21 d a y s ,  and  20 o r  40 m g/kg IP  
on th e  t e s t  d a y . To i n v e s t i g a t e  t h e  e f f e c t s  o f  c a f f e i n e  
w i th d r a w a l ,  a f t e r  21 d a y s ,  t h e  c a f f e i n e  was rem oved and  
th e  a n im a ls  t e s t e d  24 h o u rs  l a t e r .

The r a t s  w ere  t e s t e d  in  two a n im a l m o d e ls  o f  
a n x i e t y ,  t h e  s o c i a l  i n t e r a c t i o n  t e s t  ( F i l e ,  S . E . ,  
J .N e u r o s c i  M ethods 2 :2 1 9 ,  1980) and  th e  e l e v a t e d  
p lu s -m a z e  (P e l lo w , S . e t  a l .  J  N e u ro s c i  M ethods 1 4 :1 4 9 , 
1 9 8 5 ) .  In  t h e  s o c i a l  i n t e r a c t i o n  t e s t :  a c u t e  c a f f e i n e  
p ro d u c e d  a s i g n i f i c a n t  d e c r e a s e  in  t h e  t im e  s p e n t  
i n t e r a c t i n g ,  an d  in  t h e  num ber o f  r e a r s  b u t  m o to r 
a c t i v i t y  was u n c h an g e d . In  c o n t r a s t  r a t s  t r e a t e d  
c h r o n i c a l l y  show ed no ch an g e  in  s o c i a l  i n t e r a c t i o n  o r  
r e a r s  w h i l s t  m otor a c t i v i t y  i n c r e a s e d .  W ith d ra w a l r a t s  
show ed no d i f f e r e n c e s  from  c o n t r o l s .  In  t h e  e l e v a t e d  
p lu s -m a z e :  A cu te  c a f f e i n e  p ro d u c e d  a  d e c r e a s e  in  th e  
% num ber o f  e n t r i e s  on to  t h e  open  arm s w h e re a s  c h r o n ic  
an d  w ith d ra w n  c a f f e i n e  had  no e f f e c t s .

In  t h e  h o le b o a r d  a c u t e  c a f f e i n e  p ro d u c e d  a  d e c r e a s e  
i n  h ead  d ip p in g  b u t  had  no s i g n i f i c a n t  e f f e c t  on m o to r 
a c t i v i t y .  C h ro n ic  and  w ith d ra w n  r a t s  show ed no d i f f 
e r e n c e  t o  c o n t r o l s .  F i n a l l y  t h e  e f f e c t  o f  c a f f e i n e  
t r e a tm e n t  on PTZ in d u c e d  s e i z u r e s  was i n v e s t i g a t e d .  
A cu te  and  c h r o n ic  t r e a tm e n t  p ro d u c e d  a  s i g n i f i c a n t  
i n c r e a s e  in  t h e  num ber o f  r a t s  h a v in g  f u l l  t o n i c - c l o n i c  
s e i z u r e s  a l th o u g h  th e  num ber o f  m y o c lo n ic  j e r k s  was 
u n a l t e r e d .  R a ts  w ith d ra w n  from  c a f f e i n e  show ed no 
d i f f e r e n c e s  t o  c o n t r o l s .

In  c o n c l u s io n  a c u t e  c a f f e i n e  a p p e a r s  t o  h av e  an  
a n x io g e n ic  a c t i o n  in  b o th  t e s t s  o f  a n x i e t y ,  p ro d u c e s  a 
d e c r e a s e  in  e x p l o r a t o r y  b e h a v io u r  in  t h e  h o le b o a r d  and  
h a s  p r o c o n v u ls a n t  a c t i v i t y  w ith  PTZ. 3 w eeks o f  c h r o n ic  
t r e a tm e n t  p ro d u c e s  t o l e r a n c e  t o  t h e  a n x io g e n ic  and  
e x p l o r a t o r y  e f f e c t s  b u t  n o t  t o  t h e  p r o c o n v u ls a n t  
p r o p e r t i e s  o f  c a f f e i n e .  T h e re  a p p e a r  t o  be  no e f f e c t s  
o f  w ith d ra w a l  from  c a f f e i n e  w ith  r e s p e c t  t o  t h e  
b e h a v io u r s  i n v e s t i g a t e d .

248.2 WITHDRAWAL FROM THREE DIFFERENT ANTICONVULSANTS: 
EFFECTS ON AGGRESSION, EXPLORATION AND SEIZURE 
THRESHOLD. L . J .  W ilk s*  and  S .E . F i l e ,  The S ch o o l o f  
P h arm acy , 2 9 /3 9  B ru n sw ick  S q u a re ,  London WC1N IAX

The e f f e c t s  o f  w ith d ra w a l  from  t h r e e  a n t i c o n v u l s a n t  
d r u g s ,  a f t e r  21 d a y s  o f  c h r o n ic  d ru g  t r e a t m e n t ,  w ere  
i n v e s t i g a t e d  i n  i s o l a t e d  m a le  m ic e . T e s t in g  was 
c a r r i e d  o u t  2 4 , 48 and  72 h o u r s  a f t e r  a f i n a l  d o s e  o f  
lo ra z e p a m  (0 .0 2 5  o r  0 .1  m g /k g /d a y  d u r in g  c h r o n ic  
t r e a t m e n t ) ,  sod ium  p h e n o b a r b i to n e  (20  o r  70 m g/kg) o r  
p h e n y to in  (10  o r  40 m g /k g ) . M ice i s o l a t e d  f o r  28 d a y s  
p r i o r  t o  t h e  s t a r t  o f  c h r o n ic  t r e a tm e n t  w ere  t e s t e d  a t  
th e s e  t im e  p o i n t s  f o r  c h an g e s  i n  a g g r e s s iv e  b e h a v io r  by  
i n t r o d u c in g  an  u n t r e a t e d  i n t r u d e r  i n t o  t h e  home c ag e  o f  
t h e  d ru g  t r e a t e d  r e s i d e n t  and  r e c o r d in g  th e  f r e q u e n c ie s  
and  t im e s  s p e n t  i n  s p o n ta n e o u s  a g g r e s s iv e  e n c o u n te r s  in  
a 6  m in u te  t e s t .  P a r a l l e l  g ro u p s  o f  m ice  wer e t e s t e d  
i n  t h e  h o l e b o a r d ,  t o  in d e p e n d e n t ly  m e asu re  e x p l o r a t i o n ,  
s p o n ta n e o u s  m o to r a c t i v i t y  and  r e a r i n g  and  t o  d e t e c t  
an y  g e n e r a l  s t i m u l a t o r y  o r  s e d a t i v e  d ru g  a c t i o n s .  D a ta  
f o r  a g g r e s s iv e  b e h a v io r  i s  p r e s e n te d  a s  p e r c e n ta g e  o f  
t o t a l  s o c i a l  i n t e r a c t i o n s  w h ich  w ere  a g g r e s s i v e .  
S p e c i f i c  i n c r e a s e s  in  a g g r e s s io n  w ere  o b s e rv e d  24 and 
72 h o u r s  a f t e r  t h e  l a s t  d o s e  o f  lo ra z e p a m  ( 0 .1  m g/kg) 
and  a s m a l l e r  i n c r e a s e  24 h o u r s  a f t e r  t h e  lo w e r d o s e .  
No s i g n i f i c a n t  c h a n g e s  w ere  o b s e rv e d  in  t h e  h o le b o a rd  
a t  e i t h e r  d o s e .  S p e c i f i c  i n c r e a s e s  i n  a g g r e s s io n  w ere  
a l s o  o b s e r v e d  24 and  48 h o u r s  a f t e r  t h e  l a s t  d o s e  o f  
sod ium  p h e n o b a r b i to n e  (70  m g/kg) d e s p i t e  r e d u c t io n s  in  
h o le b o a r d  b e h a v io u r s  a t  t h e s e  t im e s .  S i g n i f i c a n t  
d e c r e a s e s  w ere  o b s e r v e d  i n  r e a r i n g  and m o to r a c t i v i t y  
72 h o u r s  a f t e r  t h e  20 m g/kg d o s e  acco m p an ied  by  
d e c r e a s e s  i n  a g g r e s s io n .  A  s p e c i f i c  i n c r e a s e  in  
a g g r e s s io n  was o b s e r v e d  a t  t h e  10  m g/kg d o s e  o f  
p h e n y to in  a f t e r  24 h o u r s .  S i g n i f i c a n t  d e c r e a s e s  i n  a l l  
m e a su re s  i n  t h e  h o le b o a r d  w ere  o b s e rv e d  72 h o u rs  a f t e r  
b o th  d o s e s  o f  p h e n y to in ,  and  a t  t h e  40 m g/kg d o s e  t h e r e  
w as a l s o  a s i g n i f i c a n t  d e c r e a s e  i n  a g g r e s s iv e  
b e h a v io u r ,  w h ich  may t h e r e f o r e  r e f l e c t  a n o n - s p e c i f i c  
c h a n g e . S e iz u r e  t h r e s h o l d s  w ere  m e asu red  a t  t h e s e  tim e  
p o i n t s  by  in t r a v e n o u s  i n f u s i o n  o f  p e n t y l e n e t e t r a z o l . 
S i g n i f i c a n t  d e c r e a s e s  i n  s e i z u r e  t h r e s h o l d  w ere  
o b s e rv e d  48 and  72 h o u rs  a f t e r  t h e  l a s t  d o s e  o f  
lo ra z e p a m  ( 0 .1  m g /k g ) , 24 and  72 h o u r s  a f t e r  
p h e n o b a r b i to n e  (20  m g/kg) and  24 h o u r s  a f t e r  t h e  70 
m g/kg d o s e  and  72 h o u r s  a f t e r  p h e n y to in  (10  m g /k g ) .
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248.3 THE EFFECTS OF SELECTIVE AGONISTS AND ANTAGONISTS FOR 
5-HYDROXYTRYTAMINE RECEPTOR SUBTYPES IN A TEST OF 
ANXIETY IN THE RAT. A. L . J o h n s to n * ,  S . P e llo w  and 
S . E . F i l e .  The S c h o o l o f  P h arm acy , London WC1N 1AX.

S e r o to n e r g i c  p a th w ay s  hav e  lo n g  b een  im p l ic a te d  in  
th e  c o n t r o l  o f  a n x i e t y .  The r e c e n t  d e v e lo p m en t o f  m ore 
s p e c i f i c  5-HT l i g a n d s  h a s  l e d  t o  a  r e s u r g e n c e  o f  
i n t e r e s t  in- th e  l i n k  b e tw een  5-HT and  a n x i e t y .

We h av e  i n v e s t i g a t e d  th e  e f f e c t s  o f  some o f  th e s e  
l i g a n d s  (many r e p o r t e d  t o  hav e  p o s s i b l e  a n x i o l y t i c  
a c t i v i t y )  in  a t e s t  o f  a n x ie ty  i n  t h e  r a t .  The d ru g s  
s t u d i e d  w e re : 8 -OH DPAT and  TVX Q 7821 ( p u t a t i v e  
a g o n i s t s  f o r  5-HT1A r e c e p t o r  s u b ty p e ) ;  RU 24969 
( p u t a t i v e  a g o n i s t  f o r  5-HT1B r e c e p t o r  s u b ty p e ) ;  
q u ip a z in e  ( n o n - s e l e c t i v e  5-HT a g o n i s t ) ;  r i t a n s e r i n  
( p u t a t i v e  S-HT2  r e c e p t o r  a n t a g o n i s t ) ;  ( - ) - p r o p r a n o lo l  
( p u t a t i v e  5-HT1 r e c e p t o r  a n t a g o n i s t )  and  m e te r g o l in e  
( n o n - s e l e c t i v e  5-HT a n t a g o n i s t ) .

Our t e s t  o f  a n x ie ty  was th e  e l e v a t e d  p lu s -m a z e  
(P e llo w  e t  a l ,  J .  N e u ro s c i .  M e th s . ,  1 4 :1 4 9 -1 6 7 ,1 9 8 5 ) ;  
t h e  a p p a r a t u s  c o n s i s t e d  o f  f o u r  e l e v a t e d  arm s in  a p lu s  
f o r m a t io n ,  tw o o f  w h ich  w ere  open  and  two o f  w h ich  w ere  
e n c l o s e d .  The p e r c e n t a g e  o f  e n t r i e s  o n to  o r  t im e  s p e n t  
on th e  open  arm s com pared  t o  th e  e n c lo s e d  arm s i s  ta k e n  
a s  a  m e a su re  o f  a n x i e t y ;  t h i s  i s  in c r e a s e d  by  a n x i o l y t 
i c s  and  d e c r e a s e d  by  a n x io g e n ic s . The t o t a l  num ber o f  
arm  e n t r i e s  i s  ta k e n  a s  a m e a su re  o f  o v e r a l l  a c t i v i t y .

8 -OH DPAT ( 0 .0 6 2 5 - 0 .25m g/kg) was w i th o u t  e f f e c t  on 
e i t h e r  m e a su re  o f  a n x i e t y .  TVX Q 7821 ( 2 . 5 -1 0 m g /k g ) 
re d u c e d  b o th  m e a s u re s ,  b u t  t h i s  was due  t o  a  g e n e r a l  
d e p r e s s io n  in  o v e r a l l  a c t i v i t y  r a t h e r  th a n  a n x io g e n ic  
a c t i v i t y .  RU 24969 ( 0 .1 8 7 5 - 1 .5m g /k g ) d i s p l a y e d  a 
p a r t i a l  a n x io g e n ic  p r o f i l e  by r e d u c in g  th e  p e r c e n ta g e  
o f  t im e  s p e n t  in  t h e  open  a rm s , b u t  was w i th o u t  e f f e c t  
on p e r c e n t a g e  o f  e n t r i e s  made o n to  t h e  open  a rm s . Q u ip 
a z i n e  (2 & 4m g /k g ) show ed a n x io g e n ic  a c t i v i t y .  R i t a n s e 
r i n  ( 0 . 2 5 -1 0 m g /k g ) a l s o  d i s p l a y e d  an  a n x io g e n ic  
p r o f i l e ,  w h i le  ( - ) - p r o p r a n o l o l  (5 & 10m g/kg ) re d u c e d  
o n ly  t h e  m e a su re  o f  p e r c e n ta g e  o f  e n t r i e s  made i n t o  th e  
open  arm s a s  com pared  to  c o n t r o l  v a l u e s .  F i n a l l y ,  a t  
4m g/kg m e te r g o l in e  in c r e a s e d  b o th  m e a su re s  i n d i c a t i n g  
a n x i o l y t i c  a c t i v i t y .

The r e s u l t s  from  th e  n o n - s p e c i f i c  l ig a n d s  ( q u ip a z 
in e  an d  m e te r g o l in e )  a r e  c o n s i s t e n t  w ith  t h e  th e o r y  
t h a t  a  r e d u c t io n  in  5-HT f u n c t i o n  r e d u c e s  a n x i e t y .  I f  
t h e  m ore s p e c i f i c  l i g a n d s  p ro v e  c l i n i c a l l y  e f f e c t i v e ,  
t h i s  s u g g e s t s  a  m echan ism  o f  a n x ie ty  t o  w h ich  th e  
p lu s -m a z e  i s  i n s e n s i t i v e .

248.4 THE EFFECTS OF INTRACRANIAL ADMINISTRATION OF MESCALINE ON FR-40 
OPERANT RESPONDING IN RATS. G.F. Heath*, Steven E. Lindley* 
and R.H. Rech. Dept. of Pharmacology and Toxicology, Michigan 
S ta te  U niversity , E. Lansing, MI 48824.

The f ix ed -ra tio -4 0  (FR-40) schedule of operant behavior 
in ra ts  m anifests a d is to r te d  response pa tte rn  a f te r  
hallucinogenic drugs th a t  is  characterized  by "pausing". That 
i s ,  the lowest e ffe c tiv e  doses of indolealkylamine or 
phenalkylamine hallucinogens decrease response ra te s  and increase 
in te r-response  times (IRTs) re c ip ro ca lly . Most o ther c lasses 
of psychoactive agents reduce response ra te s  w ithout inducing 
pausing a t  threshold  doses.

In previous s tu d ies  in trac ra n ia l LSD or 
2,5-dimethoxy-4-methylamphetamine (DOM) a t  various brain s i te s  
has induced FR-40 pausing ju s t  as e f fe c tiv e ly  as i .p .  
adm in is tra tion . LSD appeared to be somewhat more potent in 
p re fron tal cortex  (PC) and dorsal raphe than a t o ther brain 
s i te s  or by i .p .  in je c tio n . In trace reb ro v en tricu la r (ICV) 
LSD was le ss  potent than dorsal raphe LSD to  induce pausing, 
about the same potency as PC LSD, and s l ig h tly  more potent than 
i .p .  LSD. The 5-HT2 recep tor an tagon ist pirenperone was very 
e ffe c tiv e  in blocking the FR-40 d isrup tion  by i .p .  hallucinogens, 
and PC is  known to  contain a high density  of 5-HT2 recep to rs.

The presen t study compares the e ffe c ts  of mescaline on 
FR-40 performance of ra ts  when adm inistered in to  the PC, ICV 
or by the i .p .  rou te . Contrary to  the case with LSD, where 
l i t t l e  dose d if f e r e n t ia l  was appreciated  by the various ro u tes , 
mescaline ICV was much more potent (30-fold or more) than by 
i .p .  in je c tio n . However, PC mescaline was s ig n if ic a n tly  le ss  
potent than ICV m escaline. This decreased potency was re fle c ted  
as a le s s e r  tendency to both decrease response ra te s  and increase 
IRTs in comparable dose ranges, comparing PC and ICV dose-response 
p a tte rn s . Contrary to  LSD, m escaline appears not to produce 
d isru p tiv e  e ffe c ts  on FR-40 behavior by a primary action  a t 
the PC s i t e .  (Supported by NIDA Grant DA01836.)

248.5 EFFECTS OF CARBAMATE PRETREATMENT ON THE LATENCY TO ONSET OF 
SOMAN-INDUCED SEIZURES AND CONVULSIONS IN GUINEA PIGS: COMPARISON 
OF PYRIDOSTIGMINE AND PHYSOSTIGMINE. D .J. Hinman*, N .K .M arshall, 
D .L .R ic k e tt and J .F .  G lenn. N euro tox ico logy  Branch,U.S.Army 
M edical R esearch I n s t i t u t e  o f  Chemical D efense, APG,MD 21010-5425

P re tre a tm e n t o f  an im als w ith  r e v e r s ib le  in h ib i to r s  o f  c h o l in 
e s te r a s e  such as th e  ca rbam ates p y rid o s tig m in e  (PYR) o r p h y s o s t ig 
mine (PHY) reduces  th e  l e t h a l i t y  due to  exposure to  i r r e v e r s i b le  
organophosphorous (OP) a n t ic h o l in e s te r a s e s .  However, l i t t l e  i s  
known abou t th e  e f f e c t s  o f  carbam ate p re tre a tm e n t on th e  o ccu r
ren ce  o r  la te n c y  to  o n se t o f  OP-induced s e iz u re s .  In  t h i s  s tudy  
we te s t e d  th e  e f f e c t s  o f  carbam ate p re tre a tm e n t on b e h a v io ra l 
co n v u lsio n s  and e le c tro e n c e p h a lo g ra p h ic  (EEG) s e iz u re s  induced by 
th e  OP soman (p in a c o ly l  m e th y lp h o sp h o n o flu o rid a te , GD) in  f r e e ly - 
moving g u inea  p ig s .  F u rtherm ore , we compared th e  q u a te rn a ry  
carbam ate PYR, which has p r im a r ily  p e r ip h e ra l  a c t io n s ,  w ith  th e  
t e r t i a r y  carbam ate PHY, w hich has c e n t r a l  a c t io n s  as w e ll .

The EEG was reco rd ed  from in d w e llin g  c o r t i c a l  e le c tro d e s  
( s t a i n l e s s  s t e e l  s c rew s). F ollow ing a 30 min. b a s e l in e  re c o rd in g , 
th e  s u b je c ts  were g iven  p re tre a tm e n t IM, e i t h e r  s a l i n e ,  PYR (0 .03  
o r  0 .22  mg/kg) o r  PHY (0 .0 3  o r  0 .26  m g/kg). The doses o f  PYR and 
PHY were s e le c te d  to  produce e q u iv a le n t e f f e c t s  on whole b lood 
AChE ( c f .  Lennox e t .  a l .  L ife  S c i 37:793 , 1985), w ith  t a r g e t  
le v e ls  o f  40 and 80% in h ib i t i o n  a t  th e  low and h igh  d o ses , r e 
s p e c t iv e ly .  T h ir ty  m in. l a t e r  th e  an im als re c e iv e d  2LD50GD (56 
u g /k g , SC), fo llow ed  in  30 se c . by a t ro p in e  methyl n i t r a t e  (AtM; 
4mg/kg, IM) and p ra lid o x im e (2PAM; 25mg/kg, IM). AtM was g iven  
to  b lo ck  p e r ip h e ra l  m u sca rin ic  s i t e s  and 2PAM to  r e a c t iv a te  GD- 
in h ib i te d  AChE p e r ip h e r a l ly .  EEGs and beh av io r were m onitored  fo r  
2 h r s .  post-GD.

R e su lts  in d ic a te  th a t  low doses o f  e i t h e r  PYR o r  PHY s i g n i f i 
c a n t ly  in c re a s e  th e  la te n c y  to  o n se t o f  b e h a v io ra l changes such 
as  chew ing, r e tc h in g  and h y p e ra c t iv i ty  (18-47% in c r e a s e ) ,  
b e h a v io ra l co n v u ls io n s  (15-38% in c re a s e )  and EEG s e iz u re s  (14-27% 
in c r e a s e ) ,  and s ig n i f i c a n t ly  d ec re a se  th e  in c id en ce  o f  l e t h a l i t y  
(5 0 , 0 and 8% in c id e n c e  fo r  s a l i n e ,  PYR and PHY, r e s p e c t iv e ly ) .  
L i t t l e  d if f e re n c e  between th e  carbam ates was no ted  a t  th e  lower 
d o s e s , a lth o u g h  s e v e ra l  w ere no ted  a t  th e  h ig h e r  d o ses . High 
doses o f  PYR e i th e r  in c re a s e  o r do n o t change th e  la te n c ie s  to  
o n s e t ,  w h ile  h ig h  doses o f  PHY have no e f f e c t  o r  a c tu a l ly  d ec re a se  
th e  la te n c i e s .  With reg a rd  to  e f f e c t s  on l e t h a l i t y ,  bo th  PYR and 
PHY had e q u iv a le n t p ro te c t iv e  e f f e c t s  w ith  no in d ic a t io n  o f  a 
d o se -re sp o n se  r e l a t i o n s h ip  fo r  e i t h e r  drug .

S upported  in  p a r t  by U .S. Army C o n tra c t DAAG29-81-D-0100 
( B a t t e l l e ;  D .J .H .)  and IPA agreem ent (U niv. I l l i n o i s ;  N .K.M .).

248.6 A COMPARISON OF THE ANTICONFLICT ACTIVITY OF SEROTONIN AGONISTS 
AND ANTAGONISTS IN RATS. C.L. AMRICK AND D.A. BENNETT. Research 
Department, Pharmaceuticals Division, CIBA-GEIGY Corp., Summit, 
N.J. 07901.

Modulation of serotonin (5HT) neurotransmission has been 
reported to be effective in the c lin ica l management of anxiety, 
with both antagonism of the 5HT-2 receptor (Ceulemans e t  a l . ,  
Pharmacopsychiat. 18: 1985) and agonism of the 5HT-1A receptor 
(Rickels e t  a l . ,  J . Clin. Psychiatry 43: 1982) implicated. 
P reclin ically , various animal models have been used to iden tify  
potential anxiolytics. Conflict models are considered to be 
especially  effective in th is  regard (Davidson and Cook, 
Psychopharmacologia 15: 1969).

The following investigation was conducted to  compare the 
p ro files  of an ticon flic t a c tiv ity  produced by representative 
5HT-2 antagonists. ( ritanserin  and ketanserin) and 5HT-1A agonists 
(8-OHDPAT and TVX Q 7821). In th is  procedure, mal e Wistar ra ts , 
previously trained to  respond for milk reinforcement on two 
a lternating  schedules: a VI-30 sec/milk (unpunished) schedule and 
an FR-10/milk  + footshock (punished) schedule, were used. A 
sign ifican t increase in punished responding above control 
responding was considered to  re flec t an an tico n flic t e ffec t ( i .e .  
anxiolytic a c tiv ity ). When the 5HT-2 antagonists were tested  a t 
various doses, only one intermediate dose produced a sign ifican t 
increase in  punished responding. Responding was increased 171% 
above control by a 10 mg/kg p.o. dose of ketanserin and by 130% 
a t  3.0 mg/kg p.o. dose of ritanserin . A sign ifican t decrease in 
nonconflict responding was noted with 30 mg/kg of ketanserin, 
while no sign ifican t response decrease was seen with ritan serin  
even a t  the 30 mg/kg dose.

By comparison, 5HT-1A agonists produced dose-dependent 
increases in FR-10 responding. 8-OHDPAT resulted in sign ifican t 
increases in  responding of 120, 140 and 180% a t  0.03, 0.054 and 
0.1 mg/kg i .p . ,  respectively. TVX Q 7821 showed an increase in 
con flic t responding of 124 and 168% a t  the 3.0 and 5.4 mg/kg 
doses, respectively. S ignificant decreases in nonconflict 
responding were evident with the 0.1 and 10 mg/kg doses of each 
of these compounds, respectively. These resu lts indicate a 
d ifferen t an ticon flic t p ro file  for 5HT-1A agonists and 5HT-2 
antagonists. The relationship between p reclin ica l co n flic t 
resu lts with serotonin modulators and c lin ica l efficacy requires 
further elucidation. I t  is  possible, however, th a t 5HT-1A 
agonists may have a be tter anxiolytic p ro file  with a p o ten tia lly  
wider therapeutic window.



908 BEHAVIORAL PHARMACOLOGY I WEDNESDAY AM

248.7 THE ROLE OF SEROTONIN1 VERSUS SEROTONIN2 RECEPTOR 
SUBTYPES IN PHENCYCLIDINE-INDUCED HYPERLOCOMOTION IN 
RATS. A. P . L e c c e s e , A. M a t t ia *  an d  J .  E. M o re to n . 
D e p t . o f  P h a rm aco lo g y  and  T o x ic o lo g y ,  S c h o o l o f  
P h arm acy , U n i v e r s i t y  o f  M ary lan d  a t  B a l t im o re ,  
B a l t im o r e ,  MD 2 1201 .

N e u ro c h e m ic a l i n v e s t i g a t i o n s  o f  t h e  e f f e c t s  o f  
p h e n c y c l id in e  (PCP) h a v e  s u g g e s te d  a  r o l e  f o r  
s e r o t o n i n  (5-HT) i n  P C P -in d u ced  h y p e r lo c o m o tio n  and 
s t e r e o t y p y .  The p r e s e n t  e x p e r im e n t  em ployed 
s e l e c t i v e  5-HT a g o n i s t s  t o  d i f f e r e n t i a t e  t h e  r e l a t i v e  
im p o r ta n c e  o f  5-HT1 v e r s u s  5-HT2 r e c e p t o r s  i n  PCP- 
in d u c e d  h y p e r lo c o m o tio n  m e a su re d  w i th  a u to m a ted  
a c t i v i t y  m o n i to r s .  W h ile  0 an d  1 .0  m g/kg  i p  PCP w ere  
i n e f f e c t i v e ,  2 .0 ,  4 .0 ,  8 .0  an d  1 6 .0  m g/kg ip  PCP 
c a u s e d  a  d o s e - d e p e n d e n t  h y p e r lo c o m o tio n  l i m i t e d  by 
a t a x i a  a t  t h e  l a r g e s t  d o s e .  A d o s e - d e p e n d e n t  
i n f l u e n c e  on t h e  t im e  c o u r s e  o f  t h e  h y p e r lo c o m o tio n  
d u r in g  th e  t h r e e  h r  s e s s i o n s  was a l s o  o b s e r v e d ;  
ho w e v e r , t h e  4 .0  an d  8 .0  m g/kg d o s e s  in d u c e d  
r e l a t i v e l y  c o n s t a n t  h y p e r lo c o m o tio n  th r o u g h o u t  th e  
s e s s i o n s .  T h e r e f o r e ,  d o s e  r e s p o n s e  e f f e c t s  on 
lo c o m o tio n  w ere  d e te rm in e d  f o r  d i f f e r e n t i a l  5-HT 
a g o n i s t s  i n  c o m b in a t io n  w i th  4 .0  m g/kg  PCP. The 2 .5 ,  
5 .0  an d  1 0 .0  m g/kg i p  d o s e s  o f  t h e  5-HT2 a g o n i s t ,  
q u ip a z in e ,  when g iv e n  w i th  4 .0  m g/kg PCP, e le v a t e d  
h y p e r lo c o m o tio n  t o  l e v e l s  g r e a t e r  th a n  th o s e  in d u c e d  
by  an y  d o s e  o f  PCP a lo n e .  I n  c o n t r a s t ,  t h e  i n d i r e c t  
5-HT1 a g o n i s t s ,  L - t r y p to p h a n  (2 5 , 50 and  100 m g/kg) 
and  f l u o x e t i n e  ( 2 .5 ,  5 .0  an d  10 m g /k g ) ,  f a i l e d  t o  
i n c r e a s e  t h e  h y p e r lo c o m o tio n  in d u c e d  by  4 .0  m g/kg 
PCP. I n  a d d i t i o n ,  t h e  l a r g e s t  d o s e  o f  q u ip a z in e  
en h a n c e d  t h e  e f f e c t s  o f  t h e  o th e r w is e  i n e f f e c t i v e  1 . 0  
m g/kg d o s e  o f  PCP, w h i le  n one  o f  t h e  d o s e s  o f  
q u ip a z in e  i n f l u e n c e d  t h e  a t a x i a - l i m i t e d  
h y p e r lo c o m o tio n  in d u c e d  by  1 6 .0  m g/kg PCP. T hese  
r e s u l t s  s u g g e s t  t h a t  t h e  s e r o t o n e r g i c  com ponent o f  
P C P -in d u ce d  h y p e r lo c o m o tio n  i s  m e d ia te d  by  5-HT2 , 
r a t h e r  th a n  5-HT1, r e c e p t o r  s u b ty p e s .  F u r th e rm o re ,  
t h e s e  r e s u l t s  i n d i c a t e  t h a t  t h e  e f f e c t  o f  q u ip a z in e  
was r e l a t i v e l y  s p e c i f i c  t o  h y p e r lo c o m o tio n  and  t h a t  
t h e r e  w as l i t t l e  e n h an cem en t o f  t h e  a t a x i a - i n d u c i n g  
p r o p e r t i e s  o f  PCP. (S u p p o r te d  by  UMAB D e s ig n a te d  
R e s e a r c h  I n i t i a t i v e  F u n d s .)

248.8 INTRACRANIAL ADMINISTRATION OF NANOLITER VOLUMES: AN ASSESSMENT 
OF MICROINJECTION RELIABILITY USING RADIOLABELED TRACERS.
J .B. M i t c h e l l  and  M.A. B o z a r th .  C e n te r  f o r  S tu d ie s  i n  B e h a v io ra l  
N e u ro b io lo g y ,  D ep a rtm en t o f  P s y c h o lo g y , C o n c o rd ia  U n i v e r s i t y ,  
1455 de M aiso n n eu v e  B lv d .  W est, M o n tr e a l ,  Q uebec, Canada H3G 1M8

The t e c h n iq u e s  u se d  f o r  i n t r a c r a n i a l  d ru g  a d m i n i s t r a t i o n  
r e q u i r e  d i s c r e t e  d ru g  d e l i v e r y  and r e l i a b l e  i n j e c t i o n  o f  s m a l l  
v o lu m e s , i d e a l l y  i n  th e  mid n a n o l i t e r  r a n g e .  T hese  p ro b le m s  a re  
e x a c e r b a te d  i n  s t u d i e s  u s in g  f r e e l y  m oving  a n im a ls .  The 
e l e c t r o l y t i c  m ic r o in f u s io n  t r a n s d u c e r  (EMIT; B o z a r th ,  M. A. and 
W is e , R. A ., J .  N e u r o s c i .  M e th o d s , 2 , 1 7 3 , 1 980) u s e s  
e l e c t r o l y s i s  t o  d i s p l a c e  d ru g  th ro u g h  th e  i n j e c t i o n  c a n n u la .  The 
e n t i r e  u n i t ,  i n c l u d i n g  d ru g  r e s e r v o i r ,  m ounts d i r e c t l y  o n to  th e  
a n im a l ’s  h ead  w i th  o n ly  an  e l e c t r i c a l  c a b l e  a t t a c h e d  to  th e  
c o n t r o l  a p p a r a tu s .  T h is  e l i m i n a t e s  co m p o n en ts , su c h  a s  th e  
f l e x i b l e  i n f u s i o n  l i n e ,  t h a t  may p r e s e n t  p ro b le m s  f o r  r e l i a b l e ,  
s m a l l  v o lu m e i n j e c t i o n .

The r e l i a b i l i t y  o f  th e  EMIT m ethod was a s s e s s e d  by in j e c t i n g  
r a d i o l a b e l e d  t r a c e r  ( t r i t i a t e d  2-d e o x y - d - g lu c o s e )  and d e te rm in in g  
th e  am ount o f  r a d i o a c t i v i t y  p r e s e n t  i n  th e  b r a in  t i s s u e .  The EMIT 
m ethod r e l i a b l y  d e l i v e r e d  v o lu m es  from  0.03 t o  3. 0  μ l , w ith  
e x c e l l e n t  l i n e a r i t y  ( r  > .9 8 ). An i n j e c t i o n  vo lum e o f  0.1 μ l ,  for 
e x a m p le , showed r e p e a t a b i l i t y  w i th in  5%. The r e l i a b i l i t y  o f  the 
EMIT m ethod was a l s o  com pared to  t h a t  o f  a  m ic ro s y r in g e  method of 
i n j e c t i o n  in  f r e e l y  m oving  a n im a ls .  A lth o u g h  th e  m ic ro sy r in g e  
i t s e l f  d e l i v e r s  r e l i a b l e  v o lu m e s , th e  m ic ro s y r in g e  m ethod o f  drug 
i n j e c t i o n  a l lo w e d  s i g n i f i c a n t  le a k a g e  o f  r a d i o l a b e l e d  t r a c e r :  in 
u n r e s t r a i n e d  a n im a ls  a  vo lum e o f  a p p ro x im a te ly  0.4 μ l  le a k e d  in  15 
m in. T h is  unprogram m ed d e l i v e r y  may be a t t r i b u t a b l e  to  th e  
e le m e n ts  b e tw een  th e  m ic ro s y r in g e  and th e  s u b je c t ,  su ch  a s  th e  
c o m m e rc ia l ly  a v a i l a b l e  i n f u s i o n  l i n e  and  th e  f l u i d  s w i v e l .  The 
EMIT m ethod , by e l i m i n a t i n g  th e s e  i n t e r v e n i n g  co m p o n en ts , 
v i r t u a l l y  e l i m in a te d  th e  p ro b le m  o f  le a k a g e .

D a ta  w i l l  be p r e s e n te d  on th e  EMIT m ethod a c r o s s  a  r a n g e  o f  
i n j e c t i o n  p a ra m e te r s ,  i n  v i t r o . D a ta  w i l l  a l s o  be p r e s e n te d  
c o m p arin g  th e  EMIT m ethod w i th  o t h e r  m ic r o in j e c t io n  te c h n iq u e s  in  
c u r r e n t  u se . B o th  s i n g l e  and  r e p e a t e d  d ru g  i n j e c t i o n s  w i l l  be 
exam ined  i n  f r e e l y  m oving  a n im a ls ,  and  s p e c i a l  a t t e n t i o n  w i l l  be 
g iv e n  to  th e  p ro b le m  o f  d ru g  le a k a g e .

248.9 EVIDENCE FOR A CENTRAL MECHANISM IN THE BEHAVIORAL EFFECTS OF 
ASCORBATE. L.K . W h ite , M. B lo ck * , M. C a rp e n te r*  and  G.V. R e b e c , 
D e p t. P s y c h o l . ,  I n d ia n a  U n iv . , B lo o m in g to n , IN 47405 .

A s c o rb a te  (AA), w h ich  i s  fo u n d  i n  h ig h  c o n c e n t r a t i o n s  i n  th e  
m am m alian f o r e b r a i n ,  a p p e a r s  to  e x e r t  an  im p o r ta n t  m o d u la to ry  
i n f l u e n c e  on  n e u ro n a l  f u n c t i o n .  In  th e  n e o s t r ia tu m ,  f o r  
e x a m p le , AA i s  r e l e a s e d  by c e r t a i n  d ru g s  (Kam ata e t  a l . ,  B ra in  
R e s . , 3 6 2 :3 3 1 , 1 9 8 6 ), and when a p p l i e d  i o n t o p h o r e t i c a l l y ,  i t  
a c c e l e r a t e s  th e  f i r i n g  r a t e  o f  n e o s t r i a t a l  n e u ro n s ,  e s p e c i a l l y  
when a d m in i s t e r e d  i n  c o n ju n c t io n  w i th  g lu ta m a te  (G a rd in e r  e t  a l . ,  
B r a in  R e s . , 3 4 4 :1 8 1 , 1 9 8 5 ). B e h a v io ra l  s t u d i e s  a l s o  s u g g e s t  a  
n e u ro m o d u la to ry  r o l e  f o r  AA. S y s tem ic  i n j e c t i o n s  o f  AA a t t e n u 
a t e  th e  b e h a v io r a l  r e s p o n s e  to  am phetam ine ( T o lb e r t  e t  a l . ,  L i f e  
S c i . , 2 5 :2 1 8 9 , 1979) and  e n h a n ce  th e  b e h a v io r a l  e f f e c t s  o f  
h a lo p e r id o l  (R ebec e t  a l . ,  S c i e n c e , 2 2 7 :4 3 8 , 1 9 8 5 ). To d e te rm in e  
i f  t h e  b e h a v io r a l  a c t i o n s  o f  AA a r e  m e d ia te d  by a  c e n t r a l  r a t h e r  
th a n  a  p e r i p h e r a l  m echan ism , we m o n ito re d  th e  b e h a v io r a l  r e 
sp o n s e  t o  am phetam ine  i n  a n im a ls  t h a t  r e c e iv e d  a  c e n t r a l  
i n f u s i o n  o f  AA.

A d u l t ,  m ale  r a t s  w ere  im p la n te d  w i th  a  c a n n u la  i n  th e  l e f t  
l a t e r a l  v e n t r i c l e .  F o llo w in g  a  r e c o v e ry  p e r io d  o f  5 -1 0  d a y s ,  
t h e  a n im a ls  w e re  c o n n e c te d  t o  an  i n f u s i o n  a p p a r a t u s ,  w h ich  
d e l i v e r e d  s a l i n e  o r  300 μg / μl  AA a t  a  r a t e  o f  0 .4  μ l /m in ,  and 
s im u l ta n e o u s ly  r e c e iv e d  a  s u b c u ta n e o u s  i n j e c t i o n  o f  1 .0  m g/kg 
d -am p h e ta m in e . I n d iv i d u a l  i te m s  o f  t h e  am phetam ine b e h a v io r a l  
r e s p o n s e  w e re  r e c o r d e d  by o b s e r v e r s  who w ere  unaw are  o f  th e  
i n f u s i o n  c o n d i t i o n s .  Compared to  s a l i ne ,  an  i n t r a v e n t r i c u l a r  
i n f u s i o n  o f  AA f o r  90 m in a t t e n u a t e d  th e  lo c o m o tio n  and r e a r in g  
p ro d u c e d  by  am p h e tam in e , e s p e c i a l l y  d u r in g  th e  f i r s t  30 m in  o f  
th e  d ru g  r e s p o n s e .  D a ta  on A A -induced c h a n g es  i n  th e  b e h a v io r a l  
e f f e c t s  o f  h a l o p e r i d o l ,  w h ich  w i l l  b e  p r e s e n te d  a s  w e l l ,  a l s o  
s u p p o r t  a  c e n t r a l  m echanism  i n  th e  b e h a v io r a l  a l t e r a t i o n s  
p ro d u ce d  b y  AA.

S u p p o rte d  by NSF BNS 8 4 -1 6 3 0 3 .

248.10 GENETIC ALTERATION OF CAFFEINE AND ADENOSINE BEHAVIORAL RESPON
SIVENESS T.W. S e a le ,  K. A b la * , O.M. R e n n e r t*  and J.M . C a rn e y . 
D e p ts .  o f  P e d i a t r i c s ,  B io c h e m is try  and P h a rm aco lo g y , U n iv . O kla
homa H e a l th  S c i .  C t r . ,  Oklahoma C i ty ,  OK 73190.

We a re  i n t e r e s t e d  i n  i d e n t i f y i n g  and c h a r a c t e r i z i n g  g e n e t ic  
d e te r m in a n ts  o f  b r a i n  f u n c t io n  w hich  s p e c i f y  a l t e r e d  b e h a v io r a l  
r e s p o n s iv e n e s s  to  CNS s t i m u l a n t s .  Such d a ta  may have d i r e c t  app
l i c a t i o n  to  d e l i n e a t i n g  th e  i n h e r i t e d  and n e u ro c h e m ic a l  b a s e s  fo r  
a l t e r e d  i n t r i n s i c  b e h a v io r  a s  w e l l  a s  to  th e  b e t t e r  d e f i n i t i o n  of 
g e n e t i c  f a c t o r s  i n f l u e n c i n g  s t im u la n t  a b u s e .  The m e th y lx a n th in e ,  
c a f f e i n e ,  i s  th e  CNS s t im u la n t  m ost w id e ly  consumed by man. Con
s i d e r a b l e  e v id e n c e  s u p p o r t s  th e  f r e q u e n t  o c c u r r e n c e  o f  i n t e r 
i n d iv i d u a l  v a r i a t i o n  in  CNS and p e r i p h e r a l  r e s p o n s iv e n e s s  to  
m e th y lx a n th in e s  among human s u b je c t s .  The m echanism s u n d e r ly in g  
su ch  c h a n g es  a r e  unknown. C e r ta in  o f  th e  low  d o se  e f f e c t s  o f  
m e th y lx a n th in e s  h ave  b een  a t t r i b u t e d  to  t h e i r  s p e c i f i c  i n t e r a c t io n  
w i th  a d e n o s in e  r e c e p t o r s  to  a n ta g o n iz e  th e  e f f e c t s  o f  endogenous 
a d e n o s in e  on n e u r a l  f i r i n g  (D a ly , J .W .,  B ru n s , R .F . ,  S y n d e r , S .H ., 
L i f e  S c i . 2 8 :2 0 8 3 , 1 9 8 1 ). In  o u r  s y s te m a t ic  s tu d y  o f  i n h e r i t e d  
v a r i a t i o n  i n  m e th y lx a n th in e  r e s p o n s iv e n e s s ,  we have  i d e n t i f i e d  
in b re d  m ouse s t r a i n s  w i th  an  a r r a y  o f  a l t e r e d  b e h a v io r a l  re sp o n se s  
to  b o th  low  and h ig h  d o s e s  o f  c a f f e in e  and r e l a t e d  m e th y lx a n th in e s  
( S e a l e ,  T .W ., Jo h n s o n , P . ,  C a rn ey , J .M . ,  R e n n e r t ,  O .M ., P h a rm aco l. 
B iochem . B ehav . 2 0 :5 6 7 , 1 9 8 4 ). CBA m ice a r e  s i g n i f i c a n t l y  more 
s e n s i t i v e  to  th e  s t i m u l a to r y  a c t i o n s  o f  c a f f e in e  and th e o p h y l l in e  
on lo co m o to r  a c t i v i t y  th a n  a r e  m ice o f  SWR s t r a i n .  T h is  e f f ic a c y  
l im i t e d  e f f e c t  i s  i n h e r i t e d  i n  a p o ly g e n ic  m anner a s  shown by 
a n a ly s i s  r e s p o n s iv e n e s s  to  c a f f e in e  among p ro g en y  d e r iv e d  from  
c o n v e n t io n a l  g e n e t i c  c r o s s e s .  P h a rm o k in e tic  c h a n g es  i n  m e th y l
x a n th in e  d i s t r i b u t i o n  do n o t  e x p la in  t h e s e  e f f e c t s  b e c a u se  b lo o d  
and b r a i n  l e v e l s  o f  c a f f e in e  a r e  i n d i s t i n g u i s h a b l e  i n  th e  two 
s t r a i n s .  The two s t r a i n s  o f  m ice a l s o  d i f f e r  i n  t h e i r  s u s c e p t 
i b i l i t y  to  th e  i n h i b i t o r y  a c t i o n  o f  th e  a d e n o s in e  a g o n is t  5 '-N -  
e th y lc a rb o x a m id o a d e n o s in e  (NECA). SWR m ic e , w h ich  a r e  hypo
s e n s i t i v e  to  c a f f e i n e ,  a r e  s u p e r s e n s i t i v e  to  NECA com pared to  CBA 
m ice (ED50 v a lu e s  r e s p e c t i v e l y  1 1 .6  and 31 n m o le s /k g  i . p . ) .  
B ra in  l e v e l s  o f  [ 3H] NECA w ere i d e n t i c a l  i n  th e  two s t r a i n s  a t  
d o sa g e s  w h ich  m axim ized  t h e i r  d i f f e r e n c e s  i n  b e h a v io r a l  re s p o n s e .  
No d i f f e r e n c e s  i n  r e s p o n s iv e n e s s  to  s e v e r a l  o th e r  a d e n o s in e  an a 
lo g s  i n c lu d in g  CHA, L -PIA  and CADA w ere o b s e rv e d .  T hese  d a ta  
i n d i c a t e  t h a t  i n h e r e n t  d i f f e r e n c e s  i n  m e th y lx a n th in e  r e s p o n s iv e 
n e s s  can  be a s s o c i a t e d  w i th  i n t r i n s i c ,  i n v e r s e  c h an g es  i n  ad en o 
s in e  a g o n is t  s e n s i t i v i t y .  The s p e c i f i c i t y  o f  th e  change  in  
r e s p o n s iv e n e s s  to  a d e n o s in e  a g o n is t s  s u g g e s t s  t h a t  a  p a r t i c u l a r  
c l a s s  o f  c e n t r a l  a d e n o s in e  r e c e p t o r s ,  p e rh a p s  a  s u b c la s s  o f  th e  
A-2 t y p e ,  i s  in v o lv e d .
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248.11 CONTROLLING OPERANT BEHAVIOR EXPERIMENTS WITH COMMODORE COM
PUTERS AND PROMAL SOFTWARE: COST EFFICIENCY, "BOX BIAS," AND 
SPEED. D.R. Prim*, R.C. M ich a e lis , and F.A . Holloway. Univ. 
Oklahoma H ealth S ciences C en te r, Oklahoma C ity , Oklahoma 73190

This paper d e sc r ib e s  a unique com bination  of sm all com puter 
hardware and so ftw are  cap ab le  o f programming and c o n tro l l in g  
operant behavior expe rim en ts, a s  w e ll as c o l le c t in g  and mani
pulating la rg e  amounts o f d a ta .  The use o f Commodore computer 
equipment and programs w r i t te n  in  Promal convey a number of 
advantages over many a v a i la b le  sm all com puter system s. The 
system is  s ig n i f i c a n t ly  more c o s t - e f f i c i e n t  than  many system s 
in use today. In a d d i t io n ,  t h i s  system  overcomes th e  major 
problem encountered when try in g  to  in t e r f a c e  com puter equipment 
with behav io ral te s t in g  a p p a ra tu s , namely th e  i n a b i l i t y  to  
simultaneously sample a l l  p o s s ib le  in p u ts .  Most sm all com puter 
systems employ in p u t/o u tp u t in te r f a c e s  which sample in p u ts  in  
s e r ia l  fash io n . Once any in p u t i s  r e g i s t e r e d ,   th e  program 
executes the a p p ro p ria te  fu n c t io n s  in  response  to  th a t  inp u t 
before re tu rn in g  to  resam ple th e  in p u t p o r t  a d d re ss . These 
systems work w ell when re q u ire d  to  p ro cess  a maximum of 10 
to ta l  inputs per second from no g r e a te r  than  two b eh a v io ra l 
te sting  chambers. However, when t o t a l  in p u t r a t e s  a re  g r e a te r  
than 10 per second, o r when more than  two b e h a v io ra l te s t in g  
chambers are  sampled, t h i s  r e s u l t s  in  a "box b ia s ,"  whereby th e  
input from any chamber can upstage  and mask out sim u ltaneous 
input from any o th e r chamber whose in p u t i s  sampled l a t e r  in  
the sampling sequence. The Commodore 64 u se r p o r t  i s  sampled 
in p a r a l le l ,  enab ling  th e  com puter to  r e g i s t e r  and respond 
appropriately  to  in p u ts  from any or a l l  b e h a v io ra l te s t in g  
chambers every time i t  sam ples th e  in p u t p o r t .  This f e a tu re  
in te rac ts  w ith th e  f a c t  th a t  Promal so ftw are  p ro v id es  a s ig n i 
fican t inc rease  in  speed o f ex ecu tio n  when compared to  th e  
Microsoft Basic used in  most sm all com puters. Promal p ro v id es  
a s ig n if ic a n t ly  h ighe r in p u t p o r t  sam pling frequency  than  
Basic, e s p e c ia lly  when th e re  a re  m u ltip le  chamber in p u ts  to  be 
processed. The combined advan tages of h igh  speed p a r a l l e l  inp u t 
port sampling, in e x p en s iv e , lo c a l ly  o b ta in a b le  equipm ent, and 
large amounts of d a ta  s to ra g e  make t h i s  an e x c e l le n t  system  fo r  
programming and c o n tro l l in g  o p e ran t b ehav io r expe rim en ts. 
Acknowledgements: P urchase and m aintenance of re se a rc h  s u b je c ts  
supported by USPHS g ra n t 1 R01 AA06351. Softw are su p p lie d  by 
Dave Prim of th e  American N euroscience R esearch  F oundation .

248.12 EFFECTS OF THE PHOSPHODIESTERASE INHIBITOR ROLIPRAM ON THE ACOUSTIC 
STARTLE RESPONSE IN RATS. J .H .  K eh n e , M. D a v is , and  J .F .  T a llm an . 
D e p a rtm e n t o f  P s y c h ia t r y ,  Y a le  U n iv . S ch . Med., 34 P a rk  S t . , New Haven, 
CT 06508 .

P re v io u s  w ork u s in g  i n t r a t h e c a l  i n f u s i o n s  o f  cAMP a n a lo g s  o r  
a d e n y la t e  c y c la s e  a c t i v a t o r s  ( J .H .  Kehne e t  a l . ,  N e u ro s c i .  A b s tr .  
1 1 4 .2 0 , 1985) s u g g e s te d  t h a t  i n c r e a s i n g  cAMP l e v e l s  i n  th e  lum bar 
s p in a l  c o rd  p ro d u c e s  an  i n c r e a s e  i n  th e  a m p l i tu d e  o f  th e  a c o u s t i c  
s t a r t l e  r e s p o n s e  i n  r a t s .  The p r e s e n t  s tu d y  u s e d  th e  s e l e c t i v e  
p h o s p h o d ie s t e r a s e  i n h i b i t o r  R o lip ra m  ( 4 - (3 -c y c lo p e n ty lo x y - 4 -  
m eth o x y -p h e n y l - 2 - p y r r o l i d o n e ) )  t o  f u r t h e r  e v a lu a t e  th e  r e l a t i o n s h i p  
b e tw e en  s p i n a l  c o rd  cAMP an d  a c o u s t i c  s t a r t l e .

R a ts  w ere  im p la n te d  w i th  c h ro n ic  in d w e l l in g  i n t r a t h e c a l  c a th e t e r s  
t h a t  t e r m in a t e d  a t  th e  r o s t r a l  m arg in  o f  th e  lu m b ar e n la rg e m e n t.  
R o lip ra m  (3 .1 2  - 200 μ g ; d i s s o l v e d  i n  DMSO) in f u s e d  i n t r a t h e c a l l y  
p ro d u c e d  a  m arked  e x c i t a t o r y  e f f e c t  on a c o u s t i c  s t a r t l e  t h a t  began  
im m e d ia te ly  a f t e r  i n f u s i o n  and  l a s t e d  f o r  o v e r  an  h o u r .  The m agn itude  
and  tim e  c o u rs e  o f  t h i s  e x c i t a t i o n  was s i m i l a r  to  t h a t  s e e n  fo llo w in g  
i n t r a t h e c a l  i n f u s i o n  o f  cAMP a n a lo g s  (Kehne e t  a l . ,  i b i d ) .

R o lip ra m  h a s  b e e n  shown to  b e  a c t i v e  f o l lo w in g  s y s te m ic  
a d m i n i s t r a t i o n ,  p ro d u c in g  a  b e h a v io r a l  syndrom e w hich  in c lu d e s  
h y p o a c t i v i t y ,  fo re p a w  s h a k in g ,  g ro o m in g , h e a d  t w i tc h e s ,  and 
h y p o th e rm ia  (H. W a c h te l,  P sy c h o p h a rm a c o l. ,  77: 309 , 1 9 8 2 ) . I n  th e  
p r e s e n t  s tu d y ,  IP  a d m i n i s t r a t i o n  o f  R o lip ra m  (0 .1 5 6  - 10 m g/kg, in  
DMSO) p ro d u c e d  a  d o s e - r e l a t e d  e l e v a t i o n  i n  s t a r t l e  a m p l i tu d e .  R o lip ram  
was a p p ro x im a te ly  1 0 - f o ld  l e s s  p o t e n t  i n  i n c r e a s i n g  s t a r t l e  a m p litu d e  
f o l lo w in g  IP  i n j e c t i o n  th a n  f o l lo w in g  i n t r a t h e c a l  i n j e c t i o n .  The dose 
ra n g e  i n  w h ich  s y s te m ic a l l y  i n j e c t e d  R o lip ra m  in c r e a s e d  s t a r t l e  
a m p l i tu d e  a p p ro x im a te d  th e  d o s e - r a n g e  a t  w h ich  o t h e r s  r e p o r t  e le v a te d  
cAMP l e v e l s  i n  v a r io u s  CNS r e g io n s  (H .H . S c h n e id e r ,  Biochem. 
P h a rm a c o l. 33: 1690 , 1 9 8 4 ).

In  summ ary, R o lip ra m  m ark e d ly  i n c r e a s e d  s t a r t l e  a m p litu d e  
f o l lo w in g  e i t h e r  i n t r a t h e c a l  o r  IP  a d m i n i s t r a t i o n .  T aken to g e th e r  w ith  
p r e v io u s  f i n d i n g s ,  th e s e  d a ta  a r e  c o n s i s t e n t  w i th  th e  h y p o th e s i s  t h a t  
i n c r e a s i n g  cAMP l e v e l s  i n  th e  s p in a l  c o rd  c a u s e s  an  e l e v a t i o n  o f  th e  
a c o u s t i c  s t a r t l e  r e s p o n s e  i n  r a t s .  F u r th e rm o re ,  th e  e f f i c a c y  o f  
s y s te m ic a l l y  a d m in i s t e r e d  R o lip ra m  in  i n c r e a s i n g  s t a r t l e  s u g g e s ts  
t h a t  th e  s t a r t l e  r e s p o n s e  may be a  u s e f u l  b e h a v io r  f o r  e v a lu a t in g  
com pounds f o r  R o l ip r a m - l ik e  a c t i v i t y .
(The a u th o r s  w ou ld  l i k e  t o  th a n k  S c h e r in g  AG an d  B e r le x  L a b o r a to r ie s  
f o r  s u p p ly in g  R o l ip r a m ) .

248.13 DISCRIMINATIVE STIMULUS EFFECTS OF 2-AMINO-7-PHOSPHONOHEPTANOIC 
ACID (APH) IN PHENCYCLIDINE-TRAINED RATS. J .  W ille tts* , M.Y. 
Chapman* and R.L. B alste r* (SPON: D.R. Compton), Department of 
Pharmacology and Toxicology, Medical College of V irg in ia , V irginia 
Commonwealth U niversity , Richmond, VA 23298.

APH pro tects  again st N-methyl-D-aspartate (NMDA)-induced s e i 
zures in mice (Czuckwar e t  a l .  Eur. J .  Pharmacol. 108:273, 1985). 
Various e lectrophysio log ica l s tu d ies  have ind icated  th a t  APH 
selectively  antagonizes e x c ita to ry  e f fe c ts  of NMDA (Harrison and 
Simmonds Br. J . Pharmacol. 84:381,1983; H arris e t  a l .  Brain Res. 
323:132, M ;  Polc Eur.  J . Pharmacol. 117:387, 1985). Phencycli
dine (PCP) and PCP-like drugs a lso  have an ticonvulsant a c t iv i ty  
(Hayes and B a ls te r, Eur. J . Pharmacol. 117:121, 1985) in add ition  
to antagonizing ex c ita to ry  NMDA e f fe c ts  on cen tra l neurons (Anis e t  
a l . ,  Br. J . Pharmacol. 79:565, 1983). In view of the fa c t th a t APH 
and PCP share these pharmacological e f f e c ts ,  we decided to in v e s t i
gate PCP-like d iscrim ina tive  p ro p erties  of APH in r a ts .

Male Sprague-Dawley ra ts  (N=6) were tra in ed  to  d iscrim inate  
between PCP (1.25 μg/kg i . p . )  and sa lin e  on a tw o-lever, FR-32 
schedule of food reinforcem ent as previously described (S l i f e r  and 
B alster, Neuropharmacol, 24:1175, 1985). S ta in le ss  s te e l cannulae 
were s te reo tax ic a lly  implanted in to  the r ig h t la te ra l  v e n tr ic le  fo r 
i cv drug adm instration . G eneralization  te s t s  were conducted a f te r  
icv adm inistration of s a lin e , 100-150 μg PCP and various doses of 
APH. During the l a s t  10 min of a 30-min t e s t  sessio n , s a lin e  (5 μ l 
i cv) produced 0% drug-lever responding (DLR), while PCP (100-150 μg 
icv) produced 97-100% DLR and no co n sis ten t e f fe c ts  on response 
ra te s . APH (disso lved  in sa lin e  and n eu tra lized  with NaOH) a t 
3.75 μg produced 67-100% DLR in th ree  r a t s ,  while 0-7% DLR was 
observed in another th ree  r a ts .  Of the th ree  ra ts  th a t fa ile d  to 
generalize from PCP a t  3.75 μg APH, one produced 73% DLR a t 5.0 μg 
APH, and the two remaining ra ts  produced 62% and 74% DLR a t 7.5 μg 
APH. G eneralization to  APH a t these doses was often  accompanied by 
substantia l e ffe c ts  on response ra te s .  At 15 μg APH, response 
rates in two of fiv e  ra ts  were decreased below 0.05 per second, and 
the remaining ra ts  showed 77-100% DLR (response ra te s  0 .12-0.95 per 
second). Of the th ree  ra ts  te s ted  a t 30 μg APH, one r a t  had 
response ra te s  of 0.01 per second, one r a t  showed 90% DLR (response 
ra te  1.00 per sec) and the remaining r a t  0% DLR (response ra te  2.57 
per second).

These data in d ica te  th a t i cv adm in istra tion  of APH shares some 
discrim inative  stim ulus p ro p erties  with systemic PCP in r a ts .  On 
the o ther hand, PCP-lever se lec tio n  was not as co n sis ten t a f te r  
in jec tions o f APH as i t  was a f te r  i cv adm in istra tion  of 100-150 μg 
PCP; thus , there  is  not a complete overlap in the e f fe c ts  of PCP 
and APH. The previously  demonstrated in te ra c tio n  of PCP with 
excita to ry  amino acid transm ission may play a ro le  in i t s  d iscr im i
native stim ulus e f f e c ts .  (Supported by NIDA grant DA-01442)

248.14 EXPOSURE TO MAGNETIC RESONANCE IMAGING ATTENUATES FENTANYL- 
INDUCED ANALGESIA IN MICE. G .C. T e sk e y , K .-P . O ssen k o p p , F .S .  
P r a to * ,  and M. K a v a l i e r s . R e se a rc h  I n s t i t u t e ,  S t .  J o s e p h 's  
H o s p i ta l  and  D e p t . o f  P sy c h o lo g y , U n iv e r s i ty  o f  W e ste rn  O n ta r io ,  
L ondon, C anada N6A 5C2.

A s u b s t a n t i a l  l i t e r a t u r e  h a s  docum ented  th e  b i o l o g i c a l  
e f f e c t s  o f  e x p o s u re  t o  a  v a r i e t y  o f  m a g n e tic  f i e l d  c o n d i t i o n s .  
N u c le a r  M a g n e tic  R esonance  Im ag in g  (MRI) i s  a  p o w e rfu l  
n o n in v a s iv e  d i a g n o s t i c  p ro c e d u re  t h a t  i s  g ro w in g  in  p o p u l a r i ty  
and  a s  a  r e s u l t  i n t e r e s t  i n  p o s s ib l e  b i o l o g i c a l  c o n se q u e n c e s  o f  
e x p o s u re  t o  t h i s  p ro c e d u re  h a s  a l s o  grow n. We h a v e  p r e v io u s ly  
shown t h a t  t h e  m a g n e tic  and r a d io - f r e q u e n c y  f i e l d s  a s s o c i a te d  
w i th  MRI c an  a l t e r  m u rin e  m o rp h in e - in d u c e d  a n a lg e s ia  (O ssenkopp 
e t  a l . ,  1985 , L i f e  S c i . , 3 7 , 1 5 0 7 ) . We d e s c r ib e  h e r e  th e  
e f f e c t s  o f  e x p o s u re  t o  MRI on a n a lg e s ia  in d u c e d  by  th e  o p i a t e ,  
f e n t a n y l .

A d u lt  m ale  CF-1 m ice  w ere  e x p o sed  ( in  g ro u p s  o f  5) t o  t h e  
t im e  v a ry in g  m a g n e tic  f i e l d  (TVMF) com ponent o f  t h e  MRI 
p ro c e d u re  d u r in g  t h e  m id -d a rk  p e r i o d .  P r e v io u s  e x p e r im e n ts  h ad  
shown t h a t  t h e  TVMF com ponent h a d  th e  s t r o n g e s t  i n h i b i t o r y  
e f f e c t  on m o rp h in e - in d u c e d  a n a lg e s ia  i n  m ice ( P ra to  e t  a l . ,  
19 8 5 , R a d io lo g y , 157 (P), 2 1 9 ) . The m ice  w ere p la c e d  in  th e  
im a g e r  and  ex p o sed  t o  t h e  TVMF f o r  2 3 .2  m in u te s .  They w ere  th e n  
rem oved and g iv e n  an  i n t r a p e r i t o n e a l  i n j e c t i o n  o f  1 .0  m g/kg 
f e n t a n y l  c i t r a t e  and  t e s t e d  5 , 1 0 , 15 , o r  30 m in u te s  l a t e r  f o r  
n o c ic e p t iv e  t h r e s h o ld .  T h is  t e s t  c o n s i s t e d  o f  p l a c i n g  th e  m ice 
on a  warm s u r f a c e  (5 0 °  C) and m e a su r in g  th e  l a t e n c y  t o  show 
d is c o m fo r t  by  e x h ib i t i n g  a  p a w - l ic k in g  r e s p o n s e .  Sham im aged 
m ice  w ere t r e a t e d  i n  an  i d e n t i c a l  f a s h io n  e x c e p t  t h a t  th e y  w ere  
n o t  e x p o sed  t o  t h e  TVMF o f  t h e  im ag er ( th e s e  f i e l d s  w ere s h u t  
o f f  d u r in g  t h e  sham im ag in g  p r o c e d u r e ) .

The maximum a n a lg e s ic  e f f e c t  o f  f e n t a n y l  was o b s e rv e d  5 
m in u te s  a f t e r  i n j e c t i o n  and  r e t u r n e d  t o  b a s e l i n e  by  30 m in u te s  
p o s t - i n j e c t i o n .  The TVMF e x p o s u re  s i g n i f i c a n t l y  r e d u c e d  th e  
a n a lg e s ic  e f f e c t s  o f  f e n t a n y l  (p <  . 01 ) w i th  t h e  g r e a t e s t  
i n h i b i t i o n  o c c u r r in g  5 m in u te s  a f t e r  i n j e c t i o n .  We c o n c lu d e  
t h a t  m a g n e tic  f i e l d  g r a d i e n t s  a t t e n u a t e  f e n t a n y l- in d u c e d  
a n a lg e s i a  i n  m ice  i n  a  m anner s im i l a r  t o  m o rp h in e -in d u c e d  
a n a lg e s i a .

(S u p p o rte d  by  a  N a t io n a l  H e a l th  R e se a rc h  and  D evelopm ent 
P ro g ram  g r a n t  w i th  F .S .  P r a to  p r i n c i p a l  i n v e s t i g a t o r )
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248.15 CHRONIC ADMINISTRATION OF 5-HYDROXYTRYPTOPHAN (5-HTP) ATTENUATES 
5-HTP INDUCED RESPONSE SUPPRESSION. A.R. Mayeda*,  J . R .  S im on ,  J . N . 
H in g tg en  and  M.H. A p r i s o n . D e p t s .  o f  P s y c h i a t r y  and  B i o c h e m i s t r y  
and I n s t i t u t e  o f  P s y c h i a t r i c  R e s e a r c h ,  I n d i a n a  Uni v .  S c h o o l  o f  
M e d i c i n e ,  IU M e d ic a l  C e n t e r ,  I n d i a n a p o l i s ,  IN 46223.

A d m i n i s t r a t i o n  o f  a s i n g l e  dose  o f  D, L-5-HTP r e s u l t s  i n  a 
p e r i o d  o f  d e p r e s s e d  f o o d - r e i n f o r c e d  o p e r a n t  b e h a v i o r  t h a t  h a s  b een  
c o r r e l a t e d  w i t h  s e r o t o n e r g i c  mechanisms i n  s p e c i f i c  a r e a s  o f  t h e  
b r a i n  (A p r i s o n  e t  a l . ,  I n :  New V i s t a s  i n  D e p r e s s i o n ,  P e rgam on ,  p .  
1 7 1 ,  1 9 8 2 ) .  T h i s  5-HTP i n d u c e d  r e s p o n s e  s u p p r e s s i o n  h as  b een  p r o 
p o s e d  a s  an a n im a l  model o f  d e p r e s s i o n  and h as  l e d  t o  t h e  d e v e lo p 
ment o f  t h e  h y p e r s e n s i t i v e  p o s t s y n a p t i c  s e r o t o n i n  r e c e p t o r  t h e o r y  
o f  d e p r e s s i o n  ( A p r i s o n  e t  a l . ,  I n :  N e u r o p h a rm a c o l . and B ehav . ,  
P len u m ,  p .  2 3 ,  19 78;  A p r i s o n  and H i n g t g e n ,  I n :  S e r o t o n i n ,  P lenum ,  
p.  6 2 7 ,  1 9 8 1 ) .  T h is  b e h a v i o r a l  d e p r e s s i o n  h as  been  e f f e c t i v e l y  
b l o c k e d  by s e v e r a l  a n t i d e p r e s s a n t  d ru g s  a t  c l i n i c a l l y  c o m p a ra b le  
d o s e s  on b o t h  a c u t e  and c h r o n i c  s c h e d u l e s  ( H in g tg e n  e t  a l . ,  P h a r 
m ac o l . ,  Biochem. and B eh av . ,  20 : 4 2 5 ,  1 9 8 4 ) .  The mechan ism  o f  
a c t i o n  o f  t h e s e  d ru g s  a s  t e s t e d  on o u r  a n im a l  model a p p e a r s  t o  i n 
v o l v e  p o s t s y n a p t i c  b l o c k a d e .  T r y p to p h a n  and 5-HTP h av e  t h e r a p e u t i c  
e f f e c t s  on d e p r e s s e d  p a t i e n t s  (van  P r a a g ,  I n :  B i o l .  P s y c h i a t .  To
d a y ,  E l s e v i e r ,  p .  4 8 5 ,  1979) which have  b e e n  e x p l a i n e d  by  t h e  p o s t 
s y n a p t i c  t h e o r y  o f  d e p r e s s i o n .  T h u s ,  s e r o t o n i n  s u p e r s e n s i t i v i t y  
may be r e v e r s e d  i n  d e p r e s s e d  p a t i e n t s  by  su c h  t r e a t m e n t .  T h e r e 
f o r e ,  i t  i s  i m p o r t a n t  t o  t e s t  t h e  e f f e c t  o f  c h r o n i c  5-HTP t r e a t 
ment i n  o u r  a n im a l  b e h a v i o r a l  p a ra d ig m .  R a t s  ( a d u l t ,  male  W i s t a r )  
were  t r a i n e d  t o  p r e s s  a l e v e r  f o r  sw e e te n e d  co n d e n se d  m i l k  on a VI 
1 s c h e d u l e  o f  r e i n f o r c e m e n t .  A f t e r  r e s p o n s e  b a s e l i n e s  we re  e s t a b 
l i s h e d ,  r a t s  were i n j e c t e d  w i t h  25 mg/kg  D, L-5-HTP i . p .  e v e r y  day 
f o r  9 d a y s .  C o n t r o l  r a t s  were  g i v e n  t h e  same d o se  o f  5-HTP on days  
1 and 9 b u t  s a l i n e  on i n t e r v e n i n g  d a y s .  A l l  i n j e c t i o n s  were  admin 
i s t e r e d  a f t e r  t h e  f i r s t  15 m in .  o f  t h e  VI s c h e d u l e  and  s u b s e q u e n t  
ch an g es  i n  r e s p o n s e  r a t e s  were m ea s u red .  A f t e r  an i n c r e a s e  i n  t h e  
p e r i o d  o f  d e p r e s s i o n  on day 2 i n  some r a t s ,  t h e  c h r o n i c  5-HTP a n i 
m als  showed p r o g r e s s i v e l y  l e s s  d e p r e s s i o n  u n t i l  day 8 when no d e 
p r e s s i o n  was o b s e r v e d .  C o n t r o l  r a t s  showed t h e  same amount o f  
5-HTP i n d u c e d  d e p r e s s i o n  on day 1 a s  on day 9.  S e r o t o n i n  b i n d i n g  
s t u d i e s  a r e  now i n  p r o g r e s s  t o  e l u c i d a t e  t h e  r e c e p t o r  mechanisms 
i n v o l v e d  i n  t h i s  p s y c h o p h a r m a c o l o g ic a l  e f f e c t .  The p r e s e n t  d a t a  
a r e  c o n s i s t e n t  w i t h  t h e  c o n c e p t  t h a t  r e p e a t e d  a d m i n i s t r a t i o n  o f  
5-HTP r e s u l t s  i n  t h e  d e s e n s i t i z a t i o n  o f  s e r o t o n i n  r e c e p t o r s  w i t h 
i n  5 t o  10 d a y s ,  t h u s  a c c o u n t i n g  f o r  t h e  t h e r a p e u t i c  e f f e c t  o f  
5-HTP a s  s e en  i n  d e p r e s s e d  p a t i e n t s ,  and  p r o v i d i n g  a d d i t i o n a l  su p 
p o r t  f o r  t h e  h y p e r s e n s i t i v e  s e r o t o n e r g i c  t h e o r y  o f  d e p r e s s i o n .  
( S u p p o r t e d  i n  p a r t  by I n d i a n a  D e p t . o f  M e n ta l  H e a l th  G ra n t  1 7 8 -6 7 9 -  
005 and by t r a i n i n g  g r a n t  PHS MH 1 7 1 0 7 - 0 3 ,  NIMH).

248.16 SOME EFFECTS OF REPEATED ADMINISTRATIONS OF 
d-TUBOCURARINE IN RATS. S .E . G ra m lin g . D e p t.  o f  
P s y c h . ,  N ic h o l l s  S t a t e  U n iv . ,  T h ib o d a u x ,  LA 70310

The a c r o s s  s e s s i o n  d e c l in e  in  r a t e  o b s e rv e d  in  
a n im a ls  t r e a t e d  w ith  n e u r o l e p t i c s  h a s  f r e q u e n t l y  b een  
a t t r i b u t e d  t o  th e  p u t a t i v e  " a n h e d o n ic "  (re w a rd -  
r e d u c in g )  e f f e c t s  o f  th e s e  d r u g s .  O th e rs  have 
s u g g e s te d  t h a t  t h e  g r a d u a l  d e c l in e  i n  r a t e  may be due 
to  a  p u t a t i v e  re s p o n s e  c o n t in g e n t  a v e r s iv e  e f f e c t  o f  
n e u r o l e p t i c s .  The p r e s e n t  e x p e r im e n t t e s t e d  a d ru g  
w ith  s t r o n g  m o to r e f f e c t s  t h a t  i s  th o u g h t  t o  be d e v o id  
o f  c e n t r a l l y - m e d i a t e d  re w a rd  e f f e c t s  ( d - tu b o c u r a r in e ;  
CUR) in  a p ro c e d u re  t y p i c a l l y  u sed  t o  t e s t  
n e u r o l e p t i c s .  C om parison  d a ta  r e g a r d in g  th e  e f f e c t s  o f  
a  " p u re "  m o to r e f f e c t  d ru g  su ch  a s  CUR may be u s e f u l  in  
s e p a r a t i n g  th e  b e h a v i o r a l  p r o c e s s e s  t h a t  m e d ia te  th e  
r a t e  r e d u c in g  e f f e c t s  o f  n e u r o l e p t i c s .

T h i r t y - f i v e  w a te r  d e p r iv e d  r a t s  l e v e r p r e s s e d  a t  
s t a b l e  r a t e s  f o r  w a te r  r e in f o r c e m e n t  on a CRF s c h d e u le  
and  w ere  th e n  ran d o m ly  a s s ig n e d  t o  one o f  f i v e  
t r e a tm e n t  c o n d i d i t i o n s . R a ts  i n  th e  re w a rd  (RWD) 
c o n d i t i o n  r e c e i v e d  v e h ic l e  i n j e c t i o n s  and re s p o n d e d  fo r  
w a te r  i n  th e  t e s t  s i t u a t i o n .  R a ts  i n  an  e x t i n c t i o n  
(EXT) c o n d i t i o n  r e c e i v e d  v e h i c l e  i n j e c t i o n s  and 
re s p o n d in g  d id  n o t  r e s u l t  i n  w a te r  p r e s e n t a t i o n .  Two 
a d d i t i o n a l  g ro u p s  r e c e iv e d  i n j e c t i o n s  o f  CUR (0 .0 8  
m g/kg o r  0 . 1 2  m g/kg) and re s p o n d e d  f o r  w a te r  in  th e  
t e s t  s i t u a t i o n .  R esp o n se  r a t e  and d u r a t io n  d a ta  w ere 
c o l l e c t e d  v i a  a l a b o r a to r y  co m p u te r sy s te m  15 min p o s t  
i n j e c t i o n .

R e l a t i v e  t o  r a t s  in  th e  RWD c o n d i t i o n ,  r a t e  was 
d e c r e a s e d  i n  a l l  c o n d i t i o n s .  R a ts  i n  th e  EXT c o n d i t io n  
e x h i b i t e d  a  s i g n i f i c a n t  d e c r e a s e  i n  r a t e  a c r o s s  th e  
f o u r  t r e a tm e n t  d a y s .  R a ts  i n  b o th  d ru g  g r o u p s ,  
h o w e v e r,  e x h i b i t e d  s i g n i f i c a n t  i n c r e a s e s  in  r a t e  a c ro ss  
th e  f o u r  t e s t  d a y s .  In  g e n e r a l ,  d e c r e a s e d  r a t e  was 
acco m p an ied  by an  i n c r e a s e  in  re s p o n s e  d u r a t i o n .

The a c r o s s  s e s s i o n  p a t t e r n  o f  r e s p o n d in g  p ro d u ced  
by r a t s  t r e a t e d  w ith  CUR (m o n o to n ic  i n c r e a s e s  i n  r a te )  
do n o t  re s e m b le  th e  a c r o s s  s e s s i o n  p a t t e r n  o f  
re s p o n d in g  t y p i c a l l y  p ro d u c e d  by r a t s  t r e a t e d  w ith  a 
n e u r o l e p t i c  (m o n o to n ic  d e c r e a s e s  i n  r a t e )  when t e s t e d  
o v e r  f o u r  t e s t  s e s s i o n s .  To th e  e x t e n t  t h a t  CUR 
p r o v id e s  an  a d e q u a te  a n a lo g  o f  th e  m o to r e f f e c t s  
p ro d u c e d  by n e u r o l e p t i c s ,  t h e s e  r e s u l t s  s u g g e s t  t h a t  
m o to r e f f e c t s  a lo n e  do n o t  a c c o u n t  f o r  th e  a c r o s s  
s e s s i o n  d e c l i n e  i n  r a t e  o b s e rv e d  in  r a t s  t r e a t e d  w ith  
n e u r o l e p t i c s .

248.17 DSP4 BLOCKS MALE RATS' RESPONSES TO FEMALE ODORS,  BUT NOT OTHER 
ODORS. C.A. CORNWELL-JONES. C e n te r  f o r  th e  N e u ro b io lo g y  o f  
L e a rn in g  an d  Memory,  U n i v e r s i t y  o f  C a l i f o r n i a ,  I r v i n e ,  CA 92717.

D e p le t in g  f o r e b r a in  n o r e p in e p h r in e  (NE) n e o n a ta l l y  w i th  6 -h y 
d ro x y d o p a  ( 6 - OHDOPA) p ro d u c e s  a d u l t  m ale  r a t s  t h a t  do n o t  
re s p o n d  to  fem a le  o d o rs  (C o rn w e ll - J o n e s  an d  B o i l e r s ,  B ra in  
R e s e a rc h , 2 6 8 . 1 9 8 3 ) . H ow ever,  n e o n a ta l  6 - OHDOPA t r e a tm e n t  
r e s u l t s  i n  h ig h  b r a in s te m  NE c o n c e n t r a t i o n s ,  i n  a d d i t i o n  to  
f o r e b r a i n  NE r e d u c t io n .  I n  th e  p r e s e n t  e x p e r im e n t ,  a d u l t  m ale 
S p rag u e-D aw ley  r a t s  w ere i n j e c t e d  s y s te m ic a l l y  w i th  50m g/kg o f  
t h e  c e n t r a l  n o r a d r e n e r g i c  n e u ro to x in  DSP4,  a  p r o c e d u re  w hich 
d e p le t e s  f o r e b r a i n  NE w i th o u t  a f f e c t i n g  b r a in s te m  NE.

One week a f t e r  i n j e c t i o n ,  n o rm a l ly  c y c l in g  fem a le  r a t s  w ere 
p l a c e d  i n  th e  m a le s ' c a g e s  an d  re m a in e d  u n t i l  m a le s  w ere  t e s t e d  
f o u r  d ay s  l a t e r .  Each m ale  was g iv e n  4 em erg en ce  t e s t s .  The 
a p p a ra tu s  c o n s i s t e d  o f  a  s t a r t  ca g e  an d  a  c o n n e c t in g  tu n n e l  
w h ich  l e d  i n to  a  b e d d in g  ca g e  s e p a r a te d  by  a  w ir e  s c r e e n  from  a 
se c o n d  tu n n e l .  The b e d d in g  ca g e  c o n ta in e d  e i t h e r  2 l i t e r s  o f  
s h a v in g s  from  a r a t  n e s t ,  o r  r a t  n e s t  s h a v in g s  s c e n te d  w i th  g a r 
l i c  s o l u t i o n .  A s c r e e n  c o v e re d  th e  s h a v in g s .  The s e co n d  tu n n e l  
was e i t h e r  em pty o r  c o n ta in e d  an  a n e s t h e s iz e d  fe m a le .

F o r e a c h  t e s t ,  th e  a n im a l was p l a c e d  i n  th e  s t a r t  box  and 
a llo w e d  to  move a t  w i l l  f o r  5 m in . w h i le  l a t e n c y  to  e n t e r  th e  
b e d d in g  c a g e ,  num ber o f  e n t r i e s  an d  t o t a l  t im e  i n  th e  b e d d in g  
ca g e  w ere  m o n ito re d .  The f r o n t a l  c o r t e x  an d  o l f a c t o r y  c o r t e x  
from  8 a n ia m ls  i n  e a c h  t r e a tm e n t  g ro u p  w ere  s u b s e q u e n t ly  a s sa y e d  
f o r  NE,  dopam ine (DA) an d  s e r o t o n in  (5HT) u s in g  h ig h  p r e s s u r e  
l i q u i d  c h ro m a to g ra p h y  w i th  e le c t r o c h e m ic a l  d e t e c t i o n .

The p r e s e n c e  o f  an  a n e s t h e s iz e d  fe m a le  i n c r e a s e d  th e  mean 
num ber o f  e n t r i e s  i n to  th e  b e d d in g  ca g e  made by  m ale s  t r e a t e d  
w i th  w a t e r ,  w h e th e r  th e  b e d d in g  c a g e  c o n ta in e d  r e g u l a r  o r  g a r 
l i c - s c e n t e d  n e s t  s h a v in g s .  I n  c o n t r a s t ,  th e  p r e s e n c e  o f  a 
fe m a le  d id  n o t  i n f l u e n c e  th e  num ber o f  e n t r i e s  made by 
D S P 4 - t r e a te d  m a le s . The l a c k  o f  r e s p o n s e  t o  fem a le  o d o r d id  n o t  
r e f l e c t  a  g e n e r a l  an o sm ia : b o th  t r e a tm e n t  g ro u p s  made s i g n i f i 
c a n t l y  few e r  e n t r i e s  i n  th e  p r e s e n c e  o f  g a r l i c - s c e n t e d  th a n  r e g 
u l a r  s h a v in g s ,  w h e th e r  o r  n o t  t h e  a n e s t h e s i z e d  fe m a le  was p r e 
s e n t .  Drug t r e a tm e n t  re d u c e d  NE c o n c e n t r a t i o n s  by  68% and  66% 
i n  th e  f r o n t a l  an d  o l f a c t o r y  c o r t e x  r e s p e c t i v e l y .  DA and  5HT 
c o n c e n t r a t i o n s  w ere n o t  s i g n i f i c a n t l y  a f f e c t e d .

The r e s u l t s  s u p p o r t  p r e v io u s  e v id e n c e  t h a t  f o r e b r a i n  NE may 
h e lp  m o d u la te  r e s p o n s e s  to  c o n s p e c i f i c  o d o r s .  I n  th e  w i l d ,  NE 
may h e lp  c h a n n e l  a  m a le 's  i n v e s t i g a t o r y  b e h a v io r  to w a rd s  p o t e n 
t i a l  m a te s .

T h is  r e s e a r c h  s u p p o r te d  by  USPHS R e s e a rc h  G ra n ts  MH09214 ( to  
CC -J) and  MH12526 an d  R e s e a rc h  C o n t r a c t  N 00014-84-K -0391 from  
th e  O f f ic e  o f  N av al R e s e a rc h  ( t o  JLM cG augh).

248.18 50 PERCENT CONVULSION DOSE OF LIDOCAINE AND VARIOUS AMINO ACIDS 
LEVEL IN NORMAL AND NIACIN DEFICIENCY ANIMALS,  AND DURING 
CONVULSION STATE. KC Kim and SH Kim.  Indiana U niversity School of 
Medicine, Ind ianapo lis ,  IN 46223 and Ball S ta te  U niversity ,  
Muncie,  IN

M anifestation of CNS symptoms and finding of pathological abnorma
l i t i e s  in the brain o f n iacin  deficiency(N .D .)anim als are  well 
known. Study regarding amino acids(AA) level re la te d  to the function
al a c t iv i t ie s  on N.D. animals are la ck in g . The purpose of th is  preli
minary study is to  in v estig a te  the 50% convulsion dose(CD50)of lid
ocaine and AA level in blood during convulsion and nonconvulsion 
s ta te  in normal and niacin  d e fic ie n t mice.

Methods.  White mice, CD-1 s t r a in , were divided in to  two groups. Cont
rol and N.D.animals which was produced by feeding N.D. d ie t of 4 
weeks. To determine the mean 50% convulsion dose(CD50), groups of ten 
mice were te s ted  with various doses of lid o c a in e . AA analysis was 
done by using with Beckman AA an a ly ze r. Latency time and duration of 
se izu re  was observed. CD50 was computed with the p rob it log dose 
regression  lin e  using the method of L itch fie ld  and Wilcoxon. Two 
way analysis  o f variance was used fo r s t a t i s t i c a l  analysis of AA 
le v e l .  Convulsion was determined by following th ree  symptoms: 1)loss 
of rig h tin g  re f le x , 2 )c lon ic  and ton ic  se iz u re , and 3)opisthotonus.

R esu lts .  Behavioral change was not observed between the two groups. 
CD50 o f  lidocaine was 65.6 mg in control and 57 mg/kg in N.D. ani
m als. This d ifference  was not s t a t i s t i c a l l y  s ig n if ic a n t .  However, the 
duration o f convulsion was 240% prolonged fo r N.D. anim als. This was 
s t a t i s t i c a l l y  s ig n if ic a n t .  Three d if fe re n t groups of AA changes were 
observed in N.D. animals compared to control (number indicates the 
ra t io  of experimental to  con tro l) 1 )Increased AA:(*s ta t is t ic a lly  
s ig n ific a n t)th ro n in e (2 .2 4 * ), ser in e(1 .6 8 * ), asparag ine(1.53*), proline 
(2 .00* ), a la n in e (2 .16*), c i t r u l in e ( 1 .30*), v a lin e (1 .31*), isoleucine 
(1.20) 2 )Decreased A A :leucine(0.81), ty ro s in e (0 .6 3 * ), lysine(0.41*) 
3)AA not changed:glutamic a c id , glutam ine, g ly c in e , phenylalamine, his
tid in e  a rg in in e , ta u r in e , tryp tophan . During convulsion a ll  AA which 
were increased s ig n if ic a n tly  in N.D. animals were decreased(except 
iso leu c in e )in  both control and N.D. anim als. All AA were decreased 
s ig n if ic a n tly  in N.D. animals were increased. AA th a t did not 
change in N.D. animals remained unchanged with convulsion.

Conc lu s ion .  AA re la te d  to GABA or pu ta tive  in h ib ito ry  AA were un
changed in N.D. animals and along with normal animals did not 
change with convulsion . However, ex c ita to ry  AA, aspargine and alanine 
were increased s ig n if ic a n tly  and ty rosine  and ly s ine  were decreased 
in N.D. anim als. These changes in ex c ita to ry  AA level were reversed 
during convulsion in both N.D. animals and control an im als. It  could 
be postu la ted  th a t  increased ex c ita to ry  AA may be responsible for 
CNS symptoms in N.D. animals and GABA o r in h ib ito ry  AA may not 
be involved.
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248.19 THE EFFECTS OF RU 24722 , A NOVEL NOREPINEPHRINE RELEASING AGENT, 
ON LOCOMOTOR ACTIVITY AND GROOMING IN RATS. J .  E. J o h n s to n ,  R. L. 
Isa a c so n , N. S hube*, L. S u k ie n i k * , and  D. M. W a rb u rto n * . D e p t . o f  
Psychology and C n tr .  f o r  N e u ro b e h a v io ra l  S c ie n c e s ,  SUNY-Binghamton, 
Binghamton, NY 13901.

The e x p e r im e n ta l  d ru g  RU 24722 (R o u s s e l )  h a s  b e e n  shown to  
d ec rease  n o r e p in e p h r in e  (NE) l e v e l s  and in c r e a s e  l e v e l s  o f  c a t e 
cholam ine m e ta b o l i te s  i n  m o u se  b r a i n ,  p o s s ib l y  th ro u g h  th e  
enhanced r e l e a s e  o f  NE (T akeda e t  a l . , E u r. J .  P h a rm a c o l. 106: 
357, 1985). In  th e  p r e s e n t  s tu d y ,  t h e  a d r e n e r g ic  s p e c i f i c i t y  o f  
RU 24722 was d e m o n s tra te d  in  b e h a v io r a l  t e s t s  o f  j u v e n i l e  and 
a d u lt  m ale r a t s .  Tw enty day  o ld  a n im a ls  i n j e c t e d  ( i . p . )  w i th  2 .0  
mg/kg RU 24722 p e rfo rm e d  b e t t e r  i n  a  r o to r o d  t e s t  o f  m o to r c o o r 
d in a tio n  th a n  v e h ic l e  i n j e c t e d  a n im a ls .  H ow ever, a t  25 d ay s  o f  
age, th e  same d o se  o f  RU 24722 p ro d u ce d  m o to r i n c o o r d i n a t i o n  on 
the  same t e s t .  Both o f  th e s e  a g e -d e p e n d e n t  e f f e c t s  w ere c o u n te r 
ac ted  by p r e t r e a tm e n t  w i th  th e  α - a d r e n e r g i c  a n t a g o n i s t ,  phenoxy
benzamine (W einer, in  G ilm an e t  a l .  ( E d s . ) ,  P h a rm a c o l. B ases  o f  
T h e r .: 1 9 8 0 ). The m o to r e f f e c t s  o f  RU 24722 in  young r a t s  l i k e l y  
r e f l e c t  o n to g e n e t ic  c h a n g es  i n  r e s p o n s iv e n e s s  to  c a te c h o la m in e r g ic  
drugs ( R e in s te in  & I s a a c s o n ,  B ra in  R es . 1 3 5 : 378 , 1 9 7 7 ) . In  
a d u lt  r a t s ,  d o se s  o f  RU 24722 up to  8 .0  m g/kg do n o t  s i g n i f i c a n t l y  
a l t e r  lo co m o tio n  o r  e x p lo r a t i o n  i n  an  open  f i e l d .  H ow ever, th e  
number o f groom ing b o u ts  i n c r e a s e d  in  a  d o se -d e p e n d e n t  m anner 
w hile  th e  d u r a t io n  o f  th e  b o u ts  in c r e a s e d  o n ly  a t  th e  4 .0  m g/kg 
dose. Phenoxybenzam ine a d m i n i s t r a t i o n  ( 5 .0  m g/kg) b lo c k e d  th e  
RU 24722-in d u ced  in c r e a s e  i n  t h e  f re q u e n c y  o f  g room ing b o u t s ,  b u t ,  
u n e x p e c te d ly , e n h an ced  th e  d u r a t i o n  o f  th e  groom ing  e p is o d e s .  A 
s im ila r  e f f e c t  o f  p h enoxybenzam ine  on th e  f re q u e n c y  o f  groom ing  
b ou ts produced  by low  d o s e s  o f  m o rp h in e  h a s  b e e n  r e p o r t e d  (Ayhan & 
Randrup, P sychopharm . 2 9 : 317 , 1 9 7 3 ) . H ow ever, b e c a u s e  p r e 
tre a tm e n t w ith  phenoxybenzam ine  i n c r e a s e d  th e  d u r a t i o n  o f  groom ing  
b o u ts , th e  t o t a l  am ount o f  g room ing  e x h ib i t e d  by th e  a n im a ls  was 
g re a te r  th a n  t h a t  o f  c o n t r o l  t r e a t e d  a n im a ls .

248.20  SEROTONIN MODULATION OF HY PER K IN ESIA  AND PH ASIC NECK 
DYSTONIA INDUCED BY BETA, B E T A -IM IN O D IP R O P IO N IT R IL E  
( ID P N ) IN  RA TS. B r u c e  I .  D ia m o n d ,  P h . D . ,  K a p i l  S e t h i ,  
M .D .*  a n d  R i c h a r d  L . B o r i s o n ,  M .D .,  P h .D .  D e p a r t m e n t  o f  
P s y c h i a t r y ,  M e d i c a l  C o l l e g e  o f  G e o r g i a ,  A u g u s t a ,  G a .

I t  h a s  b e e n  d e m o n s t r a t e d  t h a t  ID PN  a d m i n i s t r a t i o n  
t o  a  v a r i e t y  o f  a n i m a l  s p e c i e s  p r o d u c e s  h y p e r k i n e s i a  
a s s o c i a t e d  w i t h  p h a s i c  n e c k  d y s t o n i a s .  To  e l u c i d a t e  
t h e  p a t h o p h y s i o l o g y  o f  t h i s  m o d e l ,  t h i r t y  m a l e  S p r a g u e  
D a w le y  r a t s  ( 2 5 0 - 3 0 0  g )  w e r e  t r e a t e d  f o r  s e v e n  d a y s  
w i t h  ID PN  ( 7 5  m g /k g ,  i . p . ) .  On t h e  e i g h t h  d a y  i r r e v e r 
s i b l e  c i r c l i n g ,  r e t r o p u l s i o n  a n d  p h a s i c  r e t r o c o l l i c  
n e c k  d y s t o n i a  d e v e l o p e d .  T w e lv e  r a t s  r e c e i v e d  b i l a t e 
r a l  s t r i a t a l  K a i n i c  a c i d  ( 3  n m o l e s )  l e s i o n s  e i t h e r  
b e f o r e  o r  a f t e r  ID PN  t r e a t m e n t .  K a i n i c  a c i d  l e s i o n s  
e i t h e r  b e f o r e  o r  a f t e r  ID PN  t r e a t m e n t  d i d  n o t  a f f e c t  
i t s  b e h a v i o r .  ID PN  t r e a t e d  a n i m a l s  d e m o n s t r a t e d  n o  
s t r i a t a l  h i s t o l o g i c a l  c h a n g e s  u n d e r  l i g h t  m i c r o s c o p y .  
T r e a t m e n t  w i t h  t h e  s e r o t o n i n  p r e c u r s o r ,  5 - h y d r o x y t r y p 
t o p h a n  ( 1 5 0  m g / k g ; i . p . )  a n d  a g o n i s t  TFMPP ( 1 0  m g /k g )  
d r a m a t i c a l l y  d e c r e a s e d  t h e  n e c k  d y s t o n i a  a n d  c i r c l i n g  
b e h a v i o r .  T h e s e  d r u g s ,  h o w e v e r ,  e x a c c e r b a t e d  r e t r o 
p u l s i o n .  T h e  5HT a u t o r e c e p t o r  a g o n i s t ,  8 -D P A T , c o m 
p l e t e l y  e l i m i n a t e d  n e c k  d y s t o n i a  a n d  r e t r o p u l s i o n  w i t h 
o u t  a f f e c t i n g  c i r c l i n g  b e h a v i o r .  C y p r o h e p t a d i n e  
( 1 0  m g /k g )  e l i m i n a t e d  r e t r o p u l s i o n  a n d  h a d  l i t t l e  
a f f e c t  o n  n e c k  d y s t o n i a .  T h e s e  r e s u l t s  s u g g e s t  t h a t  
ID PN  i n d u c e d  h y p e r k i n e s i a  a s s o c i a t e d  w i t h  p h a s i c  r e t r o 
c o l l i c  n e c k  d y s t o n i a  i s  n o n - s t r i a t a l  i n  o r i g i n  a n d  
m e d i a t e d ,  i n  p a r t ,  v i a  t h e  s e r o t o n e r g i c  s y s t e m .
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249.1 THE EFFECTS OF ADENOSINE AGONISTS ON APOMORPHINE- 
INDUCED CLIMBING IN MICE. D. L u ttinger and S. M. Patton*. D ept. of 
Pharmacology, Sterling-W inthrop R esearch  Institu te , Rensselaer, NY 
12144.

Adenosine agonists have been suggested to  possess antipsychotic- 
like effects in animals (e.g. H effner e t  al. The Pharm acologist 27:293, 
1985). The present studies w ere conducted to  te s t  th is hypothesis by 
assessing the  ability  of adenosine agonists to  inhib it apom orphine-induced 
climbing (i.e., a  procedure th a t d e tec ts  an tipsychotic compounds).

Male, Swiss-W ebster mice weighing 17-24 g w ere tre a ted  orally with 
the test compound, f if ty  m inutes la te r  apomorphine (1 mg/kg) was 
administered subcutaneously. The mice w ere then  placed in to  individual 
cylindrical cages 12 cm in diam ter, 12 cm high with walls of vertica l 
metal bars, 2 mm d iam eter and 1 cm apart. A fter a  10 min. habituation  
period, observations were made every  30 sec. fo r th e  next 10 min. by an 
observer th a t was blind to  th e  trea tm en ts . The m ice w ere scored  a t  each 
time point for the number of paws on the  v ertica l bars. These scores 
were summed over the  10 min. observation period. The e ffec ts  of th e  
compounds were com pared to  apom orphine/vehicle-trea ted  contro ls by a 
Dunnett's te s t  f or m ultiple comparisons. The compounds te s ted  included 
5'-N-ethyl-carboxamideadenosine (NECA), N 6-cyclohexyladenosine (CHA), 
2 chloroadenosine (CLA) and th e  R - and S- isom ers of phenylisopropyl
adenosine (RPIA + SPIA). Like the antispychotic drugs, a ll th e  adenosine 
agonists inhibited apom orphine-induced climbing. The rank order of 
potency was: R-PIA=NECA(1 mg/kg)>CHA(3 mg/kg)>S-PIA=CLA(10 m g/ 
kg).

In a second series of studies, theophylline (3 mg/kg) was adm in
istered in traperitoneally  30 min. a f te r  th e  adenosine agonist and 20 min. 
before apomorphine. This dose of theophylline had no e ffe c t on chlor
promazine or clozapine-induced inhibition of apom orphine-induced clim b
ing. However, theophylline did inhibit the  e ffe c t of RPIA. NECA and 
CHA on apomorphine-induced climbing, suggesting th a t th e  e ffe c t of th e  
adenosine agonists was m ediated by th e ir  in terac tion  with adenosine 
receptors.

In separate  studies, th e  ac tive doses of th e  adenosine agonists were 
assessed fo r th e ir  e ffe c t on ro torod  perform ance. Like th e  antipsychotic 
compounds te sted  (e.g. chlorprom azine, clozapine, thioridazine) m ost of 
the adenosine agonists im paired rotorod perform ance a t  doses ac tive  in  
the apomorphine-induced climbing procedure, R - and S-PIA were notable 
exceptions in  th a t they  did not im pair rotorod perform ance a t  doses th a t 
inhibited apom orphine-induced climbing.

In summary, adenosine agonists produced an antipsychotic-like e f
fe c t on apom orphine induced climbing. Unlike th e  antipsychotics tested , 
the e ffec t of th e  adenosine agonists was reversed by th e  adenosine 
antagonist, theophylline. In addition, th e  data  with th e  PIA isomers 
suggests th a t inhibition of apom orphine-induced clim bing m ay be dissoci
able from  ataxia (i.e. rotorod im pairm ent).

249.2 STABILITY OF THE BEHAVIORAL AND NEUROPHARMACOLOGICAL EFFECTS 
OF LEARNED HELPLESSNESS: INESCAPABLE SHOCK DECREASES [ 35S] 
TBPS BINDING IN RAT CEREBRAL CORTEX. Jacqueline N. 
Crawley1,  Stephen I. Deutsch1, Steven M. Paul1, Phil 
Skolnick2  and Robert C. Drugan1,2. (Spon. F. Sulser) 
*Clinica l Neuroscience Branch, NIMH and 2Laboratory of 
Bioorganic Chemistry, NIADDK, NIH, Bethesda, MD 20892.

Recent work has shown that inescapable shock results in a 
f ac i l i ta t ion  of bicucul l ine-induced seizures 2 hours 
post-stress (Drugan et  a l . ,  Br. Res. 342, 9-17, 1985). This 
finding suggests that there may be  a perturbation in the 
benzodiazepine/GABA receptor complex relevant to the "Learned 
Helplessness" syndrome. We investigated the impact of 
escapable versus inescapable shock on [ 35S] 
t-butyl bicyclophosphorothionate (TBPS) binding to GABA-gated 
chloride channels, since the chloride channel is thought to be 
the effector for both GABAA and BDZ receptors. Rats exposed 
to inescapable shock had a 30% reduction in [ 35S] TBPS 
binding in cerebral cortex in comparison to escapably-shocked 
and naive controls 2 hours post-stress.

A major problem in neurochemical studies of animal models 
of depression is that only about 50% of the rats exposed to 
inescapable shock develop the learned helplessness syndrome. 
This bimodal distribution results in considerable var iabil ity  
in biochemical analyses. We now report that subjects which 
showed learning def ic i ts  in their  f i r s t  experience in the 
learned helplessness paradigm also demonstrate escape fai lures 
2 weeks or 4 weeks la te r  in a second identical experience. 
Conversely, those rats that  in i t i a l ly  learned the escape task,  
also learned 2 weeks or 4 weeks la te r .  This "stabili ty"  of 
learned helplessness might allow the in i t ia l  performance of 
the subject to be a reliable predictor for separating the 2 
populations (learn vs fail  to learn).  We are presently 
investigating [ 35S]TBPS and [3H]flunitrazepam two hours 
following the second session of inescapable shock, 2 weeks or 
4 weeks af ter  the ir  f i r s t  experience of learning or fai l ing to 
learn the escape task. This "pretest" procedure may provide a 
useful screen which will create a homogenous treatment group 
for  all future neurochemical studies of the learned 
helpiessness phenomenon.
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249.3 EFFECTS OF THE NUMBER OF PREEXPOSURES ON THE METHADONE-INDUCED PREEXPOSURE EFFECT IN 
TASTE AVERSION LEARNING IN THE RAT. R.J. Dacanay, J.P. Mastropaolo and A.L. Riley. 
Psychopharmacology Lab, The American University, Washington DC 20016.

Although the attenuating effects of drug preexposure on taste aversion learning are 
well documented, the basis for this attenuation remains unclear. Several explanations 
have been presented. For example, i t  has been suggested that environmental s timuli 
associated with the drug during preexposure block the subsequent learning of the 
relationship between the taste and toxicosis. This associative, environment-dependent 
effect has been reported with LiCl (Dacanay, R. J.  & Riley, A. L. , Anim. Learn. 
Behav. , 10:91-96, 1982). I t has also been suggested that pharmacological adaptation to 
the drug during preexposure reduces the subsequent ability of the drug to induce 
aversions. This nonassociative, environment-independent effect has been reported with 
morphine (Riley, A. L. , Dacanay, R. J . , & Mastropaolo, J. P., Anim. Learn. Behav. , 
12:157-162, 1984). Although from these earlier studies i t  appears that the mechanism 
underlying the preexposure effect in taste aversion learning is drug specific, i.e . , 
associative for LiCl and nonassociative for morphine, in the present series of 
experiments we demonstrate that the mechanism underlying the effects of methadone 
preexposure on methadone-induced taste aversions varies with the specific parameters 
of preexposure, i.e ., the mechanism is not drug specific, but parameter dependent.

Different groups of rats were given either three (Experiment 1), five (Experiment 
2) or ten (Experiment 3) preexposures to methadone (12 mg/kg) in a distinctive 
environment. Following preexposure, subjects were given taste aversion conditioning 
with methadone in either the preexposure environment or home cage. Specifically, 
animals were given access to a novel saccharin solution in the preexposure or home 
cage and then injected with methadone. Subjects given three preexposures displayed an 
attenuation only when the preexposure and conditioning environments were the same. 
Subjects given five preexposures displayed an attenuation independent of the 
similarity of the preexposure and conditioning environments, although the attenuation 
was greater when the two environments were the same. Subjects given ten preexposures 
displayed equal attenuation independent of the similarity of the preexposure and 
conditioning environments.

Although i t  has been suggested that the mechanism underlying the US preexposure 
effect in taste aversion learning is drug specific, the present research demonstrating 
that the mechanism for a specific drug varies with the preexposure parameters argues 
against a drug-specific analysis. Instead of drug specificity, i t  is possible that the 
mechanism underlying the effects of drug preexposure is dependent upon the degree to 
which pharmacological adaptation occurs to the drug during preexposure. With greater 
adaptation, the preexposure effect becomes more nonassociative, i .e., pharmacological, 
in nature.

249.4 CONDITIONED TASTE AVERSIONS IN RATS AS A BEHAVIORAL BASELINE FOR THE ASSESSMENT OF 
THE STIMULUS PROPERTIES OF PHENCYCLIDINE. J .P. Mastropaolo, K.H. Moskowitzx, R.J. 
Dacanay and A.L. Riley. Psychopharmacology Lab, The American University, Washington, 
DC 20016.

Typically, drug discrimination is examined within the context of operant 
conditioning (cf. Stolerman, I.P, & Shine, P.J., Psychopharm. , 86:1-11, 1985). In 
such designs, one behavior is reinforced during sessions preceded by an injection of 
a drug and a second behavior is reinforced during sessions preceded by an injection 
of the drug vehicle. The discrimination is evidenced by differential responding in 
the presence and absence of the drug stimulus. In the present series of experiments, 
we examined an alternative procedure for the assessment of drug discrimination 
learning, i.e . , the conditioned taste aversion design (cf. Riley, A.L. & Tuck., D.L., 
Annals NY Acad. Sci. , 443:381-137, 1985). In conditioned taste aversion learning, an 
animal is injected with a toxin following consumption of a novel taste. In such a 
design, animals avoid consumption of that taste on subsequent exposures. The question 
posed in the present series of experiments was whether an aversion to a taste would 
be acquired and displayed in one specific drug state, while the same taste would be 
consumed in another drug condition.

Prior to assessing drug discrimination learning within the taste aversion design, 
a dose of a drug had to be chosen which had no potential for supporting conditioning 
itself (Experiment 1), no unconditioned suppressant effects on consumption 
(Experiment 2) and was able to serve as a discriminative stimulus in an operant 
paradigm (Experiment 3). Based on the results of the first three experiments, a dose 
of 1.8 mg/kg of phencyclidine (PCP) was chosen to determine if the taste aversion 
design could be used to assay drug discrimination. In Experiment 1, different groups 
of rats were trained in a conditioned taste aversion paradigm with either the 
presence or absence of PCP as the signal for a saccharin/LiCl pairing. Specifically, 
for Group PL on days when PCP was injected 10 min prior to saccharin presentation, 
LiCl was injected immediately following saccharin access. On days when distilled 
water was injected 10 min prior to saccharin presentation, however, no LiCl was 
injected. For Group WL, these conditions were reversed. Differential consumption in 
the presence or absence of the drug stimulus emerged after three conditioning trials. 
In addition, substituting different doses of PCP produced a generalization gradient 
around the training dose. Following this, a range of doses of d-amphetamine (.18 - 
1.8 mg/kg) and ketamine (3.2 - 18 mg/kg) were substituted for the training dose of 
PCP. Consistent with the findings from other procedures, there was no evidence of 
PCP-appropriate behavior following any dose of amphetamine, while ketamine produced 
PCP-appropriate behavior in a dose-related manner. The rapid control acquired by the 
drug stimulus in this procedure and the classification of compounds consistent with 
that found with other procedures suggest that the conditioned taste aversion design 
may be an efficient method for classifying drugs on the basis of their discriminative 
stimulus properties.

249.5 EFFECTS OF THE CONCURRENT INJECTION OF MORPHINE ON COCAINE 
SELF-ADMINISTRATION AND REINFORCING EFFICACY IN RATS.
K.L. M a rq u is* , M.G. Webb* and J .E .  M o re to n . D e p t. o f  P h a rm a c o l. 
and T o x i c o l . ,  U n iv . o f  M ary lan d  S ch . o f  P harm acy, 20 N. P in e  S t . ,  
B a l t im o r e ,  MD 21201.

The s im u lta n e o u s  s e l f - a d m i n i s t r a t i o n  by humans o f  a  c o c a in e  
and  h e r o in  m ix tu re  ( " s p e e d b a l l s " )  p re su m a b ly  h a s  th e  e f f e c t  o f  
d e c r e a s in g  some o f  th e  s id e  e f f e c t s  o f  c o c a in e  and e n h a n c in g  
th e  p l e a s u r a b l e  e f f e c t s .  T h is  s tu d y  exam ined  th e  e f f e c t s  o f  
c o m b in in g  m o rp h in e  w i th  c o c a in e  on th e  p a t t e r n  o f  c o c a in e  
s e l f - a d m i n i s t r a t i o n  and  on r e i n f o r c i n g  e f f i c a c y  as  a s s e s s e d  by th e  
p r o g r e s s iv e  r a t i o  p r o c e d u r e .  S ix  fem a le  S prag u e-D aw ley  r a t s  
w ere  t r a i n e d  t o  s e l f - a d m i n i s t e r  c o c a in e  h y d r o c h lo r id e  i v  ( 1 .0  
m g /k g / in j )  a t  FR10 in  d a i l y  90 m in s e s s i o n s .  R a te s  o f  s e l f 
i n j e c t i o n  ( i n j / h r )  w ere d e te rm in e d  a t  1 .0 ,  0 .5  and 0 .2 5  m g /k g / in j  
c o c a in e  i n  t h r e e  r a t s . In  t h e  r e m a in in g  t h r e e  r a t s  e a ch  c o c a in e  
d o se  was com bined  w ith  m o rp h in e  s u l f a t e  (0 .5  m g /k g / in j )  and r a t e s  
w ere d e te rm in e d .  I n c r e a s e s  i n  t h e  u n i t  d o se  o f  c o c a in e  p ro d u ce d  
d o s e -d e p e n d e n t  d e c re a s e s  i n  i n j e c t i o n  r a t e s .  I n j e c t i o n s  o c c u r r e d  
a t  r e l a t i v e l y  even  i n t e r v a l s  and  w ere d i s t r i b u t e d  a c r o s s  th e  
e n t i r e  s e s s i o n .  The a d d i t i o n  o f  m o rp h in e  t o  th e  1 .0 ,  0 .5  and 
0 .2 5  d o se  o f  c o c a in e  r e d u c e d  i n j e c t i o n  r a t e s  a p p ro x im a te ly  50%, 
60% and  80%, r e s p e c t i v e l y .  The p a t t e r n  o f  s e l f - a d m i n i s t r a t i o n  
was a l s o  a l t e r e d  in  t h a t  a  l a r g e  p e rc e n ta g e  o f  th e  t o t a l  num ber o f  
i n j e c t i o n s  o f  t h e  c o c a in e -m o rp h in e  m ix tu re  o c c u r r e d  e a r l y  i n  t h e  
s e s s i o n s .  R e in fo r c in g  e f f i c a c y ,  a s s e s s e d  in  6 h r  p r o g r e s s iv e  
r a t i o  t e s t  s e s s i o n s ,  in c r e a s e d  o n ly  s l i g h t l y  a s  th e  d o se  o f  
c o c a in e  i n c r e a s e d .  In  t h e s e  s e s s i o n s ,  s u b j e c t s  re s p o n d e d  r a p i d l y  
f o r  c o c a in e  p r o g r e s s in g  th ro u g h  th e  r a t i o  in c re m e n ts  t o  a p o in t  
w here r e s p o n d in g  c e a s e d  f o r  a 30 m in i n t e r v a l .  T h is  b re a k  p o in t  
was r e a c h e d  a t  each  d o se  o f  c o c a in e  p r i o r  t o  th e  end  o f  th e  
s e s s i o n .  B reak  p o i n t s  d e te rm in e d  f o r  t h e  c o c a in e -m o rp h in e  
m ix tu re s  f a i l e d  t o  e x c ee d  t h a t  f o r  c o c a in e  a lo n e ;  h o w ev er, f o r  
th e  c o m b in a tio n  o f  1 .0  m g /k g / in j  c o c a in e  p lu s  m o rp h in e  a l l  
s u b j e c t s  c o n tin u e d  t o  r e s p o n d  i n t e r m i t t e n t l y  f o r  th e  e n t i r e  
s e s s i o n .  T hese  d a ta  i n d i c a t e  t h a t  m o rp h in e  w i l l  m o d u la te  th e  
r a t e  and  p a t t e r n  o f  s e l f - a d m i n i s t r a t i o n  o f  c o c a in e .  T h is  
m o d u la t io n  may be t h e  r e s u l t  o f  a l t e r e d  r e i n f o r c i n g  e f f i c a c y  o r  
n o n - s p e c i f i c  e f f e c t s  o f  m o rp h in e  on r e s p o n d in g  f o r  c o c a in e .
(S u p p o rte d  by NIDA G ra n t DA 03173 and UMAB D e s ig n a te d  R e se a rc h  
I n i t i a t i v e  F u n d s ) .

249.6 THE EFFECTS OF CHRONIC APOMORPHINE AND SULPIRIDE ON THE 
DISCRIMINATIVE STIMULUS PROPERTIES OF COCAINE. D.M. 
Wood* and  M.W. Em mett-Og l e s b y . D e p t. o f  Pharm acology, 
T exas  C o lle g e  o f  O s t e o p a th ic  M e d ic in e , F o r t  W orth , TX 
76107

R a ts  w ere  t r a i n e d  to  d e t e c t  c o c a in e ,  1 0 .0  m g /kg , u s in g  a 
tw o - le v e r  c h o ic e  d i s c r i m i n a t i o n  p ro c e d u r e .  Follow ing 
t r a i n i n g ,  c o c a in e  was g e n e r a l i z e d  t o ,  and  apom orphine 
was s u b s t i t u t e d  f o r  t h e  c o c a in e  t r a i n i n g  s t im u lu s ,  with 
a p p ro x im a te  E D 50 's o f  3 .7  and  1 .2 5  m g/kg , r e s p e c t iv e ly .  
S u b s e q u e n t ly ,  t r a i n i n g  was h a l t e d  and  c o c a in e ,  20.0 
m g/kg , was i n j e c t e d  e v e r y  8 h o u rs  f o r  7 d a y s .  As 
com pared  to  a c u t e  g e n e r a l i z a t i o n  and  s u b s t i t u t i o n  
t e s t i n g ,  c h r o n ic  a d m i n i s t r a t i o n  o f  c o c a in e  s i g n i f i c a n t l y  
s h i f t e d  t h e  g e n e r a l i z a t i o n  c u rv e  f o r  c o c a in e  tw o - f o ld  to 
t h e  r i g h t  w ith  an  ED50 o f  1 2 .8  m g /kg , and  a lso  
s i g n i f i c a n t l y  s h i f t e d  th e  s u b s t i t u t i o n  c u rv e  for 
ap o m o rp h in e  g r e a t e r  th a n  f o u r - f o l d  t o  t h e  r i g h t  such 
t h a t  no d o se  o f  ap o m o rp h in e  p ro d u c e d  c o c a in e - le v e r  
re s p o n d in g  (d o s e s  h ig h e r  th a n  5 .0  m g/kg p ro d u c e d  no 
l e v e r  s e l e c t i o n  d u r in g  th e  15 m in . t e s t  s e s s i o n ) .  In  a 
sec o n d  e x p e r im e n t ,  c o c a in e  was d o s e -d e p e n d e n tly  
g e n e r a l i z e d  to  th e  c o c a in e  s t im u lu s  w ith  an  ED50 o f  4.1 
m g /kg . S u b s e q u e n t ly ,  t r a i n i n g  was h a l t e d  and 
ap o m o rp h in e , 2 .5  m g /kg , was i n j e c t e d  e v e ry  8 h o u rs  fo r  7 
d a y s .  F o llo w in g  c h r o n ic  ap o m o rp h in e  a d m i n i s t r a t i o n ,  the 
d o s e - e f f e c t  c u rv e  f o r  c o c a in e  was s h i f t e d  s i g n i f i c a n t l y  
tw o - f o ld  t o  t h e  r i g h t  w ith  an  ED50 o f  1 4 .2  m g /kg . In a 
t h i r d  e x p e r im e n t ,  c o c a in e  was d o s e -d e p e n d e n tly  
generalized to the cocaine stimulus with an ED50 o f 4.2 
m g/kg . S u l p i r i d e ,  2 0 .0  m g /kg , fo l lo w e d  15 m in . l a t e r  by 
c o c a in e ,  2 0 .0  m g /kg , was i n j e c t e d  e v e r y  8 h o u rs  fo r  7 
d a y s .  T h is  t r e a tm e n t  d id  n o t  p ro d u c e  a  s i g n i f i c a n t  s h i f t  
o f  t h e  c o c a in e  d o s e - e f f e c t  c u r v e .  The tw o - f o ld  s h i f t  to 
th e  r i g h t  o f  th e  c o c a in e  g e n e r a l i z a t i o n  c u rv e  fo llo w in g  
c h r o n ic  c o c a in e  a d m i n i s t r a t i o n  d e m o n s t r a te s  t o l e r a n c e  to 
th e  d i s c r i m i n a t i v e  s t im u lu s  p r o p e r t i e s  o f  c o c a in e .  The 
c o m p a ra b le  m a g n itu d e  o f  t h e  s h i f t  o f  t h e  c o c a in e  d ose- 
e f f e c t  c u rv e  f o l lo w in g  c h r o n ic  a d m i n i s t r a t i o n  of 
a p o m o rp h in e , and  b lo c k a d e  o f  t h e  d e v e lo p m en t of 
t o l e r a n c e  by s u l p i r i d e ,  s u g g e s t  t h a t  dopam inergic 
m echan ism s may be in v o lv e d  in  m e d ia t in g  t o l e r a n c e  to  the 
d i s c r i m i n a t i v e  s t im u lu s  p r o p e r t i e s  o f  c o c a in e .

S u p p o r te d  by A O A /Burroughs W ellcom e F e l lo w s h ip  F-85-15.
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249.7 PREVENTION OF LEARNED HELPLESSNESS AND ASSOCIATED DECREASES IN 
BRAIN NORADRENERGIC ACTIVITY BY INTRAHIPPOCAMPAL INJECTIONS OF 
NALOXONE. R .B . Hem ingway, P .L .  P r a th e r * ,  A .C . W rig h t* , and T.G . 
R e ig le . D e p t . o f  P ha rm aco lo g y  and T o x ic o lo g y , U n iv . o f  G e o rg ia ,  
C o lle g e  o f  P h arm acy , A th e n s , GA 30602 .

P re v io u s  s t u d i e s  i n  o u r  l a b o r a to r y  h av e  shown t h a t  th e  
e x p re s s io n  o f  l e a r n e d  h e lp l e s s n e s s  (LH) i s  a s s o c i a te d  w i th  a 
d e c re a s e d  o r  i n s u f f i c i e n t l y  a c t i v a t e d  n o r a d r e n e r g i c  a c t i v i t y  i n  
th e  b r a in s te m  and h ippocam pus (SN A bs. 11: 3 7 4 .1 4 ,  1 9 8 5 ) . S in c e  
th e  m a jo r  n o r e p in e p h r in e  m e t a b o l i t e s ,  3 ,4 -d ih y d ro x y p h e n y le th y le n e  
g ly c o l  (DOPEG) and 3 -m e th o x y -4 -h y d ro x y p h e n y le th y le n e  g ly c o l  
(MOPEG) a r e  p r e f e r e n t i a l l y  form ed by p r e -  and p o s t s y n a p t ic  
e n zy m atic  a c t i v i t y ,  r e s p e c t i v e l y ,  t h e s e  a l t e r a t i o n s  in  
n o r a d r e n e rg ic  a c t i v i t y  can  b e  r e f l e c t e d  by ch a n g es  i n  th e  
MOPEG/DOPEG c o n c e n t r a t i o n  r a t i o .  The p r e s e n t  s tu d y  i n v e s t ig a t e d  
th e  i n t e r a c t i o n  o f  h ip p o ca m p a l end o g en o u s o p i a t e s  w i th  b r a in s te m  
and h ip p o cam p a l n o r a d r e n e r g i c  s y s te m s  d u r in g  th e  i n d u c t io n  o f  LH 
i n  m ale S p rag u e-D aw ley  r a t s .  A n im als w ere ex p o sed  to  an 
u n c o n t r o l la b l e  f o o ts h o c k  s t r e s s  24 h  b e fo r e  e s c a p e  t e s t i n g  in  a 
two-way s h u t t l e b o x  t a s k  t o  d e m o n s tra te  t h e  d e v e lo p m en t o f  LH. 
P a ire d  a n im a ls  p r e v io u s ly  ex p o sed  to  an  i d e n t i c a l  d u r a t i o n  and 
fre q u e n c y  o f  e s c a p a b le  f o o ts h o c k  s e rv e d  a s  c o n t r o l s .  R a ts  w ere 
s a c r i f i c e d  im m e d ia te ly  a f t e r  s h u t t l e b o x  t e s t i n g ,  b r a i n s  w ere 
removed and d i s s e c t e d  and b r a in s te m  and h ip p o ca m p a l MOPEG and 
DOPEG w ere  a s s a y e d  by HPLC w i th  e le c t r o c h e m ic a l  d e t e c t i o n .  
Anim als r e c e iv e d  b i l a t e r a l  0 .5  μg i n j e c t i o n s  o f  n a lo x o n e  in  0 .5  μ l  
i s o to n ic  NaCl o r  an  e q u iv a l e n t  volum e o f  s a l i n e  15 m in b e f o r e  th e  
i n i t i a l  s t r e s s  th ro u g h  p r e v i o u s ly  im p la n te d  c a n n u la e  aim ed a t  th e  
a n t e r i o r ,  d o r s a l  h ippocam pus (AP + 4 . 7 ,  L ± 1 .0 ,  V + 7 .5 ;  P a x in o s  
and W atson , 1 9 8 2 ) . In  ag re e m en t w i th  p r e v io u s  r e s u l t s ,  e s c a p e  
d e f i c i t s  i n d i c a t i v e  o f  LH w ere  e x h ib i t e d  o n ly  by a n im a ls  t h a t  
re c e iv e d  p r i o r  i n e s c a p a b le  f o o ts h o c k  and t h i s  was a s s o c i a t e d  w i th  
d e c re a se d  MOPEG/DOPEG r a t i o s  i n  th e  b r a in s te m  and h ip p o cam p u s. 
However, b o th  th e  d ev e lo p m en t o f  LH and th e  o b s e rv e d  d e c r e a s e s  in  
MOPEG/DOPEG r a t i o s  w ere  p r e v e n te d  by in tr a h ip p o c a m p a l  i n j e c t i o n s  
o f  n a lo x o n e . T h u s, th e  h ip p o ca m p a l r e l e a s e  o f  en d o g en o u s o p i a t e s  
d u r in g  u n c o n t r o l l a b l e  s t r e s s  a p p e a r s  t o  b e  r e s p o n s i b le  f o r  th e  
s u b seq u e n t e s c a p e  d e f i c i t s  and re d u c e d  b r a in s te m  and h ip p o cam p a l 
n o r a d r e n e rg ic  a c t i v i t y  a s s o c i a t e d  w i th  th e  e x p r e s s io n  o f  LH.

249.8 RECOVERY OF LOCOMOTOR ACTIVITY FOLLOWING FENTANYL, ALFENTANIL AND 
SUFENTANIL. M.J.Benvenga, J . F.Capacchione* and T .P .Je ru s s i. 
Pharmacology Group, Anaquest, Murray H ill ,  NJ 07974.

Fentanyl, a lfe n ta n i l ,  and su fen tan il a re  opioids th a t resemble 
morphine q u a lita tiv e ly  in  e f fe c ts  on the c en tra l nervous system. 
In conjunction with sk e le ta l muscle re lax an ts , they can be used to 
produce general anesthesia . In anim als, th is  anesthesia can be 
co rre la ted  with the loss of r ig h tin g  (LOR) re f le x  whereby an 
animal placed on i t s  back f a i l s  to spontaneously turn over. LOR 
fo r opioids usually  coincides w ith general c en tra l nervous system 
depression and recovery can be assessed by measuring locomotor 
a c t iv ity  (LMA). The recovery from LOR was determined fo r fen tanyl, 
a lfe n ta n i l ,  and su fen tan il.

Using male Sprague-Dawley r a ts  (N=6/dose), dose response r e la 
tionsh ips fo r LOR were determined fo r each of the three  opio ids. 
Other r a ts  (N=6/dose/drug) were adm inistered i .v .  the EDO, ED50, 
ED100, or ED150 doses fo r the LOR of each drug and placed in  
automated a c t iv ity  monitors immediately a f te r  regaining th e ir  
r ig h tin g . Controls, in jec ted  w ith d i s t i l l e d  w ater, were tre a ted  
s im ila rly . The times a t  which the drugged animals reached con tro l 
values fo r various parameters of LMA were autom atically  recorded. 
Mean recovery times fo r each LMA parameter a t  each dose and a 
"general recovery index" (GRI) co n sis tin g  of a s ing le  mean of a l l  
parameters across a l l  four doses was then calcu la ted .

D ifferences in  recoveries were evident between the three 
op io ids. At the ED100, in  which a l l  animals displayed LOR, the 
mean recovery of a lfe n ta n il  (9 .5  m in.) was sho rte r than e ith e r  
su fen tan il (13.7 min.) or fen tanyl (17.6 m in .). In fa c t ,  a t  a l l  
doses te s ted , a l fe n ta n il  c o n sis ten tly  had the sh o rte s t and 
fentanyl the longest recovery times. Moreover, the respec tive  
GRI's fo r a lfe n ta n il ,  su fen tan il and fentanyl were 6 .8 , 12.5, and 
17.3 minutes. The re s u l ts  a lso  ind ica ted  th a t there  was no 
apparent re la tio n sh ip  between potency, duration  of LOR, and 
recovery. The re s u l ts  of th is  study compare favorably w ith 
c l in ic a l  observations th a t a l fe n ta n il  has a quicker recovery from 
anesthesia  than e ith e r  fen tanyl or su fen tan il.

249.9 EFFECTS OF MORPHINE, ETHYLKETOCYCLAZOCINE, N-ALLYLNORMETAZOCINE 
AND NALOXONE ON LOCOMOTOR ACTIVITY IN THE RABBIT. C.W. S c h in d le r  
and M .F. W h ite .*  NIDA A d d ic t io n  R e s e a rc h  C e n te r ,  B a l t im o r e ,  
MD 21224.

B ased on s t u d i e s  i n  th e  c h ro n ic  s p in a l  d o g , G i l b e r t  and M a rtin  
( J .  P h a rm a c o l. Exp. T h e r . 1 9 7 :5 1 7 , 1976) p ro p o se d  a  t h r e e  r e c e p t o r  
m odel f o r  t h e  a c t i o n  o f  m o rp h in e  and  m o rp h in e - l ik e  d r u g s .  M o rp h in e , 
e th y lk e to c y c l a z o c in e  (EKC), and N- a l ly ln o r m e ta z o c in e  (NANM) w ere 
p ro p o se d  to  i n t e r a c t  w i th  th e  mu, kap p a  and sigm a o p i a t e  r e c e p t o r s  
r e s p e c t i v e l y .  N a lo x o n e  i s  th o u g h t  t o  be an  a n ta g o n i s t  a t  a l l  
t h r e e  o p i a t e  r e c e p t o r s .  The c o n c e n t r a t i o n  and d i s t r i b u t i o n  o f  
th e s e  o p i a t e  r e c e p t o r s  h a s  b e e n  shown to  v a ry  c o n s id e r a b ly  a c r o s s  
s p e c ie s  o f  a n im a ls  (R obson e t  a l . ,  E u r . J .  P h a rm a c o l. 1 1 2 :6 5 , 
1 9 8 5 ). F o r e x a m p le , i n  b o th  r a t s  and m ice  th e  c o n c e n t r a t i o n  o f  mu 
r e c e p t o r s  i n  th e  b r a i n  i s  o v e r  tw ic e  t h a t  f o r  th e  k ap p a  r e c e p t o r ,  
w h ile  f o r  t h e  r a b b i t  t h e r e  a r e  a p p ro x im a te ly  e q u a l  num bers o f  b o th  
mu and k ap p a  r e c e p t o r s .  The p u rp o se  o f  th e  p r e s e n t  e x p e r im e n t was 
to  d e te rm in e  th e  e f f e c t s  o f  o p i a t e s  i n  r a b b i t s  on a  b e h a v io r a l  
m easu re  u se d  f r e q u e n t l y  i n  t h e  s tu d y  o f  o p i a t e s  i n  r a t s  and m ic e - -  
o p e n - f i e l d  lo c o m o to r  a c t i v i t y .

R a b b it  m o to r a c t i v i t y  was m easu red  i n  a  one m e te r  s q u a re  a c t i v i t y  
m o n ito r .  T h re e  l i g h t s  on e a ch  o f  two p e r p e n d ic u la r  w a l l s  c r e a t e d  
a g r id  o f  l i g h t  beams w h ich  w ere  d e te c t e d  by p h o t o c e l l s  on th e  
o p p o s i t e  w a l l .  A l l  l i g h t  beam i n t e r r u p t i o n s  w ere  c o u n te d  and w ere 
c o l l e c t e d  i n  30 se co n d  i n t e r v a l s  f o r  a  p e r io d  o f  90 m in u te s .  
R a b b i ts  ( 2 .0 - 2 .5  k g) w ere  t e s t e d  tw ic e  p e r  week on e i t h e r  Monday 
and T h u rsd ay  o r  T uesday  and F r id a y .  A p i l o t  g ro u p  o f  r a b b i t s  was 
t e s t e d  w i th o u t  i n j e c t i o n  to  d e te rm in e  a  b a s e l i n e  l e v e l  o f  a c t i v i t y .  
A c t iv i t y  s c o r e s  f o r  t h e s e  a n im a ls  w ere  h i g h e s t  on day 1 , th e n  
d e c re a s e d  and  s t a b i l i z e d  o v e r  t h e  s u b s e q u e n t  5 d a y s  o f  t e s t i n g .  
T h e r e f o r e ,  f o r  o p i a t e  s t u d i e s ,  d o s e s  w ere  t e s t e d  o n ly  on d ay s  2 -6 .

D oses o f  . 3 ,  1 .0 ,  3 .0 ,  and  1 0 .0  m g/kg w ere  t e s t e d  f o r  m o rp h in e , 
NANM, and n a lo x o n e ;  EKC was t e s t e d  a t  .0 3 ,  .0 1 ,  . 3 ,  and 1 .0  m g/kg . 
R a b b i ts  r e c e iv e d  a l l  d o s e s  o f  a  s i n g l e  d r u g ,  i n c lu d in g  s a l i n e  
c o n t r o l ,  o v e r  t h e  5 t e s t  s e s s i o n s .  R a b b i ts  r e c e i v in g  m o rp h in e  
showed o n ly  a  d o s e -d e p e n d a n t  d e c re a s e  i n  m o to r a c t i v i t y .  In  
r a b b i t s  t e s t e d  w i th  EKC and NANM, th e  lo w e s t  d o se  p ro d u ce d  a  s l i g h t  
i n c r e a s e  i n  a c t i v i t y  o v e r  s a l i n e  c o n t r o l ,  b u t  a c t i v i t y  s c o r e s  w ere  
d e c re a s e d  a t  h i g h e r  d o s e s ,  a l th o u g h  n o t  t o  a s  g r e a t  a  d e g re e  a s  
f o r  m o rp h in e . N a lo x o n e  a l s o  d e c re a s e d  a c t i v i t y  a t  th e  h i g h e s t  d o se  
t e s t e d .  A n a ly s is  b a s e d  on 5 -m in . co m ponen ts o f  th e  90-mi n .  s e s s i o n  
r e v e a l e d  a  s im i l a r  p a t t e r n  o f  r e s u l t s .

T h ese  r e s u l t s  i n d i c a t e  t h a t  t h e  o p i a t e s  i n  g e n e r a l  p ro d u c e  
d e c r e a s e s  i n  m o to r a c t i v i t y  i n  th e  r a b b i t .  The s m a l l  i n c r e a s e s  i n  
a c t i v i t y  o b s e rv e d  w i th  EKC and NANM may i n d i c a t e  t h a t  t h e s e  d ru g s  
c a n  i n c r e a s e  a c t i v i t y  a t  lo w e r  d o s e s .

(S u p p o rte d  i n  p a r t  by USPHS g r a n t  DA 03986)

249.10 REPEATED PRE-EXPOSURE TO AMPHETAMINE SEN SITIZES RATS TO THE 
LOCOMOTION INDUCED BY MORPHINE ADMINISTERED EITHER SYSTEMATICALLY 
OR INTRACRANIALLY INTO THE VENTRAL TEGMENTAL AREA (V TA ).
J .  S t e w a r t  a n d  P . V e z i n a . C e n t e r  f o r  S t u d i e s  i n  B e h a v i o r a l  N e u ro 
b i o l o g y ,  P s y c h o lo g y  D e p a r tm e n t ,  C o n c o r d i a  U n i v e r s i t y ,  M o n t r e a l ,  
C a n a d a  H3G 1M8.

G ro u p s  o f  10 r a t s  e a c h  w e re  a d m i n i s t e r e d  d -a m p h e ta m in e  s u l f a t e  
( 1 . 0  o r  3 .0  m g /k g ) ,  i . p . ,  on  f i v e  o c c a s i o n s ,  o n c e  e v e r y  t h i r d  d a y , 
p r i o r  t o  b e i n g  p l a c e d  i n  a n  a c t i v i t y  b ox  f o r  tw o  h o u r s  ( C o n d i t i o n 
in g  G r o u p s ) .  S a l i n e  i n j e c t i o n s  w e re  g iv e n  i n  t h e  home c a g e s  on  t h e  
s e c o n d  d a y .  P s e u d o c o n d i t i o n in g  G ro u p s  r e c e i v e d  s a l i n e  i n  t h e  
a c t i v i t y  b o x e s  a n d  a m p h e ta m in e  i n  t h e  home c a g e .  A C o n t r o l  G roup  
r e c e i v e d  s a l i n e  i n j e c t i o n s  i n  b o th  e n v i r o n m e n t s .  No i n j e c t i o n s  o r  
t e s t s  w e re  g i v e n  on  t h e  t h i r d  d a y .  T h r e e  d a y s  f o l l o w i n g  t h e  l a s t  
a m p h e ta m in e  i n j e c t i o n ,  a l l  a n i m a l s  w e re  t e s t e d  i n  t h e  a c t i v i t y  
b o x e s  a f t e r  a  1 .0  m g /k g , i . p .  i n j e c t i o n  o f  m o rp h in e  s u l f a t e  a n d  
a c t i v i t y  w as r e c o r d e d  f o r  tw o  h o u r s .  C o n d i t i o n i n g  G r o u p s ,  t h a t  h a d  
r e c e i v e d  e i t h e r  1 .0  o r  3 .0  m g /k g  a m p h e ta m in e  i n  t h e  a c t i v i t y  b o x e s ,  
sh o w e d  s i g n i f i c a n t l y  h i g h e r  l e v e l s  o f  a c t i v i t y  w i t h  t h i s  lo w  d o s e  
o f  m o rp h in e  t h a n  d i d  e i t h e r  t h e  P s e u d o c o n d i t i o n in g  o r  t h e  C o n t r o l  
G r o u p s .  T h e s e  d a t a  d e m o n s t r a t e  c r o s s - s e n s i t i z a t i o n  b e tw e e n  t h e  
a c t i v i t y  e f f e c t s  o f  m o r p h in e  a n d  a m p h e ta m in e  a n d  l e d  u s  t o  e x p l o r e  
i t s  n e u r a l  b a s i s .

I n  a  s e c o n d  e x p e r i m e n t ,  t h r e e  g r o u p s  o f  10 r a t s  ( C o n d i t i o n i n g ,  
P s e u d o c o n d i t i o n i n g ,  a n d  C o n t r o l  G r o u p s )  w e re  p r e p a r e d  w i t h  b i 
l a t e r a l  i n j e c t i o n  c a n n u l a e  a im e d  a t  t h e  VTA a n d  w e re  t h e n  g i v e n  
p r e - t r e a t m e n t s  o f  1 .0  m g /k g  a m p h e ta m in e  s u l f a t e  o r  s a l i n e ,  i . p . ,  
u n d e r  t h e  sam e  r e g im e n  a s  i n  t h e  f i r s t  e x p e r i m e n t .  T h i s  w as 
f o l l o w e d  by  a  s e r i e s  o f  t e s t s  d u r i n g  w h ic h  a l l  a n i m a l s  w e re  g iv e n  
b i l a t e r a l  i n j e c t i o n s  o f  5 .0  μg m o r p h in e  s u l f a t e  i n  0 .5  μ l  s a l i n e  
v o lu m e  i n t o  t h e  VTA p r i o r  t o  b e i n g  p l a c e d  i n  t h e  a c t i v i t y  b o x  f o r  
tw o  h o u r s .  O n ce a g a i n ,  a n i m a l s  i n  t h e  C o n d i t i o n i n g  G ro u p  w e re  m o re  
a c t i v e  t h a n  a n i m a l s  i n  e i t h e r  o f  t h e  o t h e r  tw o  g r o u p s .  T h e s e  d a t a  
s u g g e s t  t h a t  common c h a n g e s  i n  t h e  m e s o l im b ic  d o p a m in e  s y s te m  may 
u n d e r l i e  t h e  s e n s i t i z a t i o n  o f  a c t i v i t y  s e e n  f o l l o w i n g  r e p e a t e d  
a m p h e ta m in e  a n d  m o r p h in e  e x p o s u r e .  As we h a v e  r e p o r t e d  p r e v i o u s l y  
f o r  t h e  s e n s i t i z a t i o n  s e e n  w i t h  r e p e a t e d  a d m i n i s t r a t i o n  o f  m o rp h in e  
t o  t h e  VTA, t h i s  c r o s s - s e n s i t i z a t i o n  b e tw e e n  t h e  e f f e c t s  o f  am p h e
t a m in e  a n d  m o r p h in e  on  a c t i v i t y  a p p e a r s  t o  b e  e x p r e s s e d  o n ly  i n  t h e  
e n v i r o n m e n t  w h e re  t h e  a n i m a l s  h a v e  p r e v i o u s l y  e x p e r i e n c e d  t h e  d r u g .
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249.11 SENSITIZATION TO THE LOCOMOTOR EFFECTS OF MORPHINE ADMINISTERED 
REPEATEDLY TO THE VENTRAL TEGMENTAL AREA BUT NOT TO THE NUCLEUS 
ACCUMBENS OF THE RAT BRAIN. P . V e z in a  a n d  J .  S t e w a r t . C e n t e r  f o r  
S t u d i e s  i n  B e h a v i o r a l  N e u r o b i o lo g y ,  P s y c h o lo g y  D e p a r tm e n t ,  
C o n c o r d i a  U n i v e r s i t y ,  M o n t r e a l ,  C a n a d a  H3G 1M8.

S e v e r a l  r e c e n t  r e p o r t s  h a v e  d e m o n s t r a t e d  t h a t  m o rp h in e  a c t i o n  i n  
b o t h  t h e  v e n t r a l  t e g m e n t a l  a r e a  (VTA) a n d  t h e  n u c l e u s  a c c u m b e n s  
(N .A c c )  p r o d u c e s  a n  i n c r e a s e  i n  lo c o m o to r  a c t i v i t y .  S in c e  i t  h a s  
b e e n  s u g g e s t e d  t h a t  t h e  f o r m e r  a c t i o n  o f  m o r p h in e  i n v o l v e s  t h e  
m e s o l im b ic  d o p a m in e  (DA) s y s te m  a n d  t h e  l a t t e r  d o e s  n o t  ( s e e  
K a l i v a s  e t  a l . ,  J .  P h a r m a c o l .  E x p . T h e r . , 1 9 8 3 ) ,  t h e  p r e s e n t  
e x p e r i m e n t  w as c o n d u c t e d  t o  d e t e r m in e  w h e th e r ,  a s  h a s  b e e n  fo u n d  
w i t h  t h e  VTA, r e p e a t e d  m o rp h in e  a d m i n i s t r a t i o n s  t o  t h e  N .A c c  r e s u l t  
i n  a  p r o g r e s s i v e  i n c r e a s e  i n  o r  s e n s i t i z a t i o n  o f  t h e  a c u t e  l o c o 
m o to r  e f f e c t  e l i c i t e d  by  m o r p h in e  a t  t h i s  s i t e .

R a ts  w e re  p r e p a r e d  w i t h  b i l a t e r a l  i n j e c t i o n  c a n n u l a e  a im e d  a t  
t h e  VTA o r  t h e  N .A c c . A f t e r  a  r e c o v e r y  p e r i o d ,  a n i m a l s  w e re  g iv e n  
f o u r  i n j e c t i o n s  o f  5 .0  μg m o rp h in e  s u l f a t e  i n  0 .4  μ l  s a l i n e  v o lu m e /  
s i d e  o r  t h e  e q u i v a l e n t  v o lu m e  o f  s a l i n e  a n d  p l a c e d  i n  a n  a c t i v i t y  
b ox  f o r  60 m in . A t l e a s t  tw o  d a y s  s e p a r a t e d  e a c h  i n j e c t i o n .  As 
e x p e c t e d ,  b o t h  VTA a n d  N .A c c a n i m a l s  i n j e c t e d  w i t h  m o r p h in e  sh o w e d  
i n c r e a s e d  l o c o m o t io n  r e l a t i v e  t o  s a l i n e  i n j e c t e d  a n i m a l s .  F u r t h e r ,  
VTA a n i m a l s  sh o w e d  a  p r o g r e s s i v e  i n c r e a s e  i n  lo c o m o t io n  w i t h  
r e p e a t e d  i n j e c t i o n s .  H o w e v e r , w h i l e  m o r p h in e  c o n t i n u e d  t o  e l i c i t  
lo c o m o t io n  i n  N .A c c a n i m a l s ,  r e p e a t e d  i n j e c t i o n s  d i d  n o t  l e a d  t o  
s e n s i t i z a t i o n .  T h e s e  f i n d i n g s  a r e  i n  a g r e e m e n t  w i t h  t h e  i d e a  t h a t  
s e n s i t i z a t i o n  o f  t h e  lo c o m o to r  e f f e c t s  o f  o p i a t e s  i n v o l v e s  t h e  
m e s o l im b ic  DA s y s t e m .  S u c h  a  c o n s e q u e n c e  o f  r e p e a t e d  a c t i v i t y  may 
b e  a  s p e c i a l  p r o p e r t y  o f  t h i s  s y s t e m .  T h e l a c k  o f  s e n s i t i z a t i o n  
w i t h  N .A c c  m o r p h in e ,  h o w e v e r ,  d o e s  n o t  n e c e s s a r i l y  im p ly  a  l a c k  o f  
s y n e r g is m  b e tw e e n  DA a n d  m o r p h in e  a c t i o n  a t  t h i s  s i t e .  R a ts  i n  a 
s e p a r a t e  g r o u p  w e re  a d m i n i s t e r e d  b o t h  m o rp h in e  t o  t h e  N .A c c  a n d  
1 .0  m g /k g  a m p h e ta m in e  s u l f a t e ,  i . p . ,  a n d  p l a c e d  i n  t h e  a c t i v i t y  
b o x e s .  T h e s e  a n i m a l s  sh o w e d  a  h i g h  d e g r e e  o f  s e n s i t i z a t i o n  w i t h  
r e p e a t e d  i n j e c t i o n s ,  g r e a t e r  t h a n  t h a t  s e e n  i n  a n i m a l s  a d m i n i s t e r e d  
a m p h e ta m in e  a l o n e .  T h u s ,  w h i l e  m o r p h in e  i n  t h e  N .A c c  e l i c i t s  
i n c r e a s e d  lo c o m o t io n  w h ic h  d o e s  n o t  show  s e n s i t i z a t i o n  w i t h  
r e p e a t e d  i n j e c t i o n s ,  i t  may a c t  t o  e n h a n c e  m e s o l im b ic  DA s y s te m  
m e d i a t e d  s e n s i t i z a t i o n .

249.12 ISOLATION HOUSING ENHANCES ETHANOL AND COCAINE SELF-ADMINISTRATION 
IN RATS. S. S chenk* , K. Gorman*, G. L a c e l le *  and  Z. Amit 
(SPON: G. F o u r ie z o s ) , CSBN, C o n c o rd ia  U n iv . , M o n tr e a l ,  Quebec

The p r e s e n t  e x p e rim e n t was d e s ig n e d  to  i n v e s t i g a t e  th e  
i n f l u e n c e  o f  th e  e a r l y  e n v iro n m en t on s e l f - a d m i n i s t r a t i o n  o f  
e th a n o l  and c o c a in e .  R a ts  w ere o b ta in e d  a t  w ean ing  (21 day s  o f 
a g e )  and h o u sed  f o r  6 ( c o c a in e )  o r  12 ( e th a n o l )  w eeks i n  e i t h e r  a 
s o c i a l l y  i s o l a t e d  (1 p e r  s i n g l e  c a g e )  o r  a g g re g a te d  (4 p e r  d oub le  
c a g e )  c o n d i t i o n .  F o llo w in g  t h i s  h o u s in g  m a n ip u la t io n ,  th e  
" e th a n o l "  r a t s  w ere  p la c e d  i n  i n d iv i d u a l  c a g e s  and p r e s e n te d  w ith  
2 t u b e s ,  1 c o n ta in in g  ta p  w a te r  and th e  o t h e r  e th a n o l .  The 
e th a n o l  c o n c e n t r a t i o n  was i n i t i a l l y  v a r i e d  from  2- 10% o v e r  a 
p e r io d  o f  18 d a y s . T h e r e a f t e r ,  i t  was m a in ta in e d  a t  a  con
c e n t r a t i o n  o f  10% f o r  an  a d d i t i o n a l  20 d a y s .  E th a n o l  consum ption  
( g /k g )  and p r e f e r e n c e  ( p e r c e n ta g e  o f  f l u i d  i n ta k e )  was m easured  on 
a  d a i l y  b a s i s .  The " c o c a in e "  r a t s  w ere p r e p a re d  w ith  in d w e ll in g  
j u g u l a r  c a t h e t e r s .  They w ere th e n  ex p o sed  to  an o p e ra n t  chamber 
f o r  3 h r s  d a i l y  i n  w hich  a  l e v e r  p r e s s  d e l i v e r e d  a  0 .1  ml in fu s io n  
o f  c o c a in e  ( 0 .1 - 2 .0  m g /k g / in f u s io n )  o v e r  12 s e c o n d s .  R esponse 
r a t e s  f o r  e a ch  d o se  o f  c o c a in e  w ere com pared to  t h o s e  o f  r a t s  th a t  
r e c e iv e d  in f u s i o n s  o f  th e  s a l i n e  v e h ic l e  s o lu t io n  w i th  e a ch  le v e r  
p r e s s .  The minimum d o se  t h a t  w ould s u p p o r t  re s p o n d in g  a t  tw ic e  
th e  o p e ra n t  r a t e  was d e te rm in e d  f o r  e a ch  r a t .  I s o l a t e d  r a t s  
consum ed g r e a t e r  q u a n t i t i e s  o f  e th a n o l  and had  a  h ig h e r  p re fe re n c e  
r a t i o  th a n  d id  t h e i r  g ro u p -h o u se d  c o u n te r p a r t s .  A l l  o f  th e  
i s o l a t e d  r a t s  s e l f - a d m in i s t e r e d  c o c a in e  a t  r a t e s  s u b s t a n t i a l l y  
above th e  o p e ra n t  l e v e l  w h ereas  none o f  th e  g ro u p  h o u sed  r a t s  d id . 
T hese d a ta  s u g g e s t  t h a t  a  l a r g e  p r o p o r t io n  o f  th e  v a r i a b i l i t y  in  
d r u g - t a k in g  b e h a v io r  can  be a c c o u n te d  f o r  by e n v iro n m e n ta l  f a c to r s  
and p o in t  to  t h e  n e c e s s i t y  f o r  c o n s id e r a t i o n  o f  t h e s e  f a c t o r s  in  
s tu d i e s  o f  d ru g  a b u s e .

249.13 CONDITIONING IN COCAINE-INDUCED BEHAVIORAL SENSITIZATION. S .R .B . 
W e is s* , D. Murman*, R.M. P o s t  an d  A. P e r t . B i o lo g i c a l  P s y c h ia t r y  
B ra n c h , NIMH, 9000 R o c k v i l l e  P ik e ,  B e th e s d a ,  MD 20892

In  many s p e c i e s  o f  a n im a ls ,  p sy ch o m o to r s t i m u l a n t s  can  p ro d u c e  
p r o g r e s s iv e l y  i n c r e a s i n g  b e h a v io r a l  e f f e c t s  w i th  r e p e a t e d  
a d m i n i s t r a t i o n  ( b e h a v io r a l  s e n s i t i z a t i o n ) . T h ese  e f f e c t s  a r e  lo n g  
l a s t i n g  an d  h a v e  b e e n  shown t o  b e  r e l a t e d  t o  d o s e ,  g e n d e r ,  and 
i n t e r - a d m i n i s t r a t i o n  i n t e r v a l .  We and o t h e r s  h a v e  d e m o n s tra te d  
t h a t  c o c a in e - in d u c e d  b e h a v io r a l  s e n s i t i z a t i o n  i s  a l s o  h e a v i ly  
d e p e n d e n t  upon c o n d i t i o n in g .  F o r e x a m p le , c o c a in e  (10 m g/kg) 
a d m in i s t e r e d  f o r  t e n  d a y s  p ro d u c e s  a  m arked  b e h a v io r a l  
s e n s i t i z a t i o n  in  r a t s  t h a t  a r e  p r e t r e a t e d  and  t e s t e d  i n  t h e  same 
e n v iro n m e n t ,  b u t  n o t  i n  r a t s  p r e t r e a t e d  w i th  e q u a l  d o s e s  o f  c o c a in e  
i n  t h e  home c a g e .  In  o r d e r  t o  f u r t h e r  exam ine  t h i s  phenom enon we 
1) p r e t r e a t e d  w i th  a  s in g l e  i n j e c t i o n  o f  c o c a in e  a t  a  h ig h e r  d o se  
(40 m g/kg) and  2) i n h i b i t e d  t h i s  b e h a v io r  w i th  v a r io u s  

p h a rm a c o lo g ic a l  a g e n ts .
C o c a in e  (40 m g/kg) a d m in is te r e d  in  t h e  t e s t  ca g e  b u t  n o t  i n  t h e  

home ca g e  p ro d u c e d  m arked  b e h a v io r a l  s e n s i t i z a t i o n  t o  a  lo w e r  d o se  
o f  c o c a in e  (10 m g/kg) t h e  f o l lo w in g  d a y . S y s te m a tic  v a r i a t i o n  o f  
th e  s i m i l a r i t y  o f  p r e t r e a t m e n t  and  t e s t  e n v iro n m e n ts  ( i n j e c t i o n s  in  
P l e x ig l a s  t e s t  ca g e  v e r s u s  w ir e  home c a g e ;  and  i n  t h e  t e s t  room 
v e r s u s  h o u s in g  room) f u r t h e r  i n d i c a t e  t h a t  t h e  d e g re e  o f  
s i m i l a r i t y  o f  th e  two e n v iro n m e n ts  i s  a  d e te r m in a n t  o f  th e  d e g re e  
o f  s e n s i t i z a t i o n .  H a lo p e r id o l  ( 0 .5  m g /k g ) , d iazep am  (5 m g /k g ) , and 
m uscim ol ( 1 .5  m g/kg) a l l  i n h i b i t e d  c o c a ih e - in d u c e d  h y p e r a c t i v i t y  
(40 m g/kg) and  s i g n i f i c a n t l y  b lo c k e d  s e n s i t i z a t i o n  t o  c o c a in e  (10 

m g/kg) t h e  n e x t  d ay  com pared  t o  v e h ic l e  c o n t r o l s .
I n t e r e s t i n g l y ,  r a t s  t r e a t e d  s o l e l y  w i th  d iazep am  o r  m uscim ol 

( b u t  n o t  h a lo p e r id o l )  showed an  en h a n ce d  r e s p o n s e  t o  c o c a in e  t h e  
n e x t  d a y , s u g g e s t in g  a  r o l e  o f  GABA s y s te m s  in  c o n te x t - in d e p e n d e n t  
c o c a in e  r e s p o n s iv e n e s s .  Taken t o g e t h e r ,  t h e s e  d a t a  d e m o n s tra te  
t h a t  e n v iro n m e n ta l  s i m i l a r i t y  and  e x p r e s s io n  o f  c o c a in e - in d u c e d  
b e h a v io r  ( i . e . ,  h y p e r a c t i v i t y  i n  t h e  same e n v iro n m e n t u n b lo c k e d  by 
s p e c i f i c  o r  n o n s p e c i f ic  a n ta g o n i s t s )  a r e  c r i t i c a l  v a r i a b l e s  i n  t h e  
d e v e lo p m e n t o f  i n c r e a s e d  r e s p o n s iv e n e s s  t o  c o c a in e  f o l lo w in g  p r i o r  
e x p o s u re .

249.14 EFFECTS OF CHRONIC CHLORDIAZEPOXIDE AND MORPHINE ON 
SEPARATION DISTRESS IN DOMESTIC CHICKS. L. C re p ea u * , 
L . N o rm a n s e l l* ,  & J. P an k sep p  (SPON: F. D e E s k in az i)  
D ep t o f  P s y c h o lo g y , B o w lin g  G reen  S t a t e  U n iv e r s i t y ,  
B o w lin g  G re e n , OH 43403.

F o r s e v e r a l  y e a r s  we h av e  b e en  i n v e s t i g a t i n g  th e  
n e u ro c h e m ic a l  c o n t r o l  o f  s e p a r a t i o n  d i s t r e s s  i n  young 
c h ic k s  by m e a s u r in g  t h e  f r e q u e n c y  w i th  w h ich  th e y  e m it  
d i s t r e s s  v o c a l i z a t i o n s  (DVs) when i s o l a t e d .  In  o r d e r  to  
e v a l u a t e  b en zod iazep ine/G A B A  i n f l u e n c e s  on t h i s  
b e h a v io r ,  2 d ay  o ld  c h ic k s  w e re  i n j e c t e d  i . p .  tw ic e  
d a i l y  f o r  a  w eek w i th  20m g/kg c h lo r d ia z e p o x id e  (CDP), 
one  i n j e c t i o n  20 m in u te s  b e f o r e  e a c h  d a i l y  5 m in u te  
t e s t  t r i a l .  D rugged a n im a ls ' v o c a l i z a t i o n s  w e re  red u ced  
an  a v e r a g e  o f  60% f o r  t h a t  w eek. H ow ever, a  fo l lo w - u p  
14 d ay  e x p e r im e n t  d e m o n s t r a te d  r e l i a b l e  DV s u p p re s s io n  
a c r o s s  d a y s  o n ly  d u r i n g  t h e  f i r s t  o f  3 f i v e  m in u te  t e s t  
t r i a l s  (c o n d u c te d  2 0 , 3 0 , and  40 m in u te s  p o s t  
i n j e c t i o n ) .  CDP m o d u la t io n  o f  DVs t h e r e f o r e  a p p e a r s  to  
r e f l e c t  s e d a t io n  r a t h e r  th a n  an  a n x ie ty  r e d u c t io n .  
O th e r  e v id e n c e  s u g g e s t s  t h a t  b e n z o d ia z e p in e  c l a s s  d rugs 
do  n o t  d i r e c t l y  a f f e c t  DV p r o d u c t io n .  A n im a ls  t r e a t e d  
f o r  e i t h e r  7 o r  14 d a y s  an d  th e n  a b r u p t l y  ta k e n  o f f  the 
d ru g  f a i l e d  t o  m a n i f e s t  an y  b e h a v i o r a l  s ig n s  o f  
w i th d r a w a l .  DV r a t e s  among t h e s e  a n im a ls  i n c r e a s e d  to ,  
b u t  f a i l e d  t o  e x c e e d ,  v e h i c l e  g ro u p  r a t e s .  
A d d i t i o n a l l y ,  no g ro u p  d i f f e r e n c e s  w e re  fo u n d  among 
a n im a ls  i n j e c t e d  w i th  e i t h e r  t h e  GABA a n t a g o n i s t  
p i c r o t o x i n  (1m g/K g), CDP (10m g/K g), a  c o m b in a t io n  o f  
b o th  d r u g s ,  o r  v e h i c l e .

The e f f e c t s  o f  c h r o n ic  o p io id  m a n ip u la t io n s  on DVs 
w e re  a l s o  i n v e s t i g a t e d .  G roups o f  c h ic k s  w e re  
c e n t r a l l y  i n j e c t e d  w i th  2.5  ug m o rp h in e  ( in  3 u l  H20) 
d a i l y  f o r  5 -6  d a y s  b e g in n in g  a t  e i t h e r  1 , 5 , 1 0 , 15, or 
21 d a y s  o f  a g e . DVs w e re  i n i t i a l l y  s u p p re s s e d  t o  l e s s  
th a n  20% o f  c o n t r o l s  i n  t h e  y o u n g e r  b i r d s ,  and  t h i s  
s u p p r e s s io n  show ed t o l e r a n c e .  By th e  end  o f  t e s t i n g ,  
t r e a t e d  a n im a ls  v o c a l i z e d  t o  t h e  sam e e x t e n t  a s  
c o n t r o l s .  C h ic k s  i n j e c t e d  i . p .  w i th  2 .5m g/kg  m orph ine 
f o r  7 d a y s  b e g i n n i n g  a t  2 ,  8 ,  o r  14 d a y s  o f  a g e  a l s o  
e x h i b i t e d  DV a t t e n u a t i o n .  U n lik e  c e n t r a l l y  i n j e c t e d  
b i r d s ,  h o w e v e r , t h e  p e r i p h e r a l l y  t r e a t e d  a n im a ls  d id  
n o t  show t o l e r a n c e .  No s e d a t io n  w as a p p a r e n t  i n  e i t h e r  
o f  t h e  m o rp h in e  t r e a t e d  g ro u p s .  C le a r ly  m o rp h in e  and 
CDP h av e  d i f f e r e n t i a l  e f f e c t s  on s e p a r a t i o n - in d u c e d  
DVs, w i th  m o rp h in e  h a v in g  th e  much g r e a t e r  e f f e c t .  
T h is  s u g g e s t s  t h a t  DVs do n o t  r e p r e s e n t  s im p le  a n x ie ty ,  
b u t  som e o t h e r  fo rm  o f  t r e p i d a t i o n .
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249.15 RATE AND FORCE OF OPERANT RESPONSE ARE DIFFERENTIALLY SENSITIVE 
TO THE MULTIPLE PHARMACOLOGICAL EFFECTS OF HALOPERIDOL. M. M. 
La C e r ra , S . C. F o w le r an d  A. E t t e n b e r g . D e p t . o f  P s y c h o lo g y , 
Univ. o f  C a l i f o r n i a ,  S a n ta  B a r b a ra ,  CA 93106 and D e p ts .  o f  
Psychology and P h a rm a c o lo g y , U n iv . o f  M i s s i s s i p p i ,  U n i v e r s i t y ,  
MS 38677.
T w enty-four r a t s  w ere  r e i n f o r c e d  w i th  s w e e te n e d  co n d e n se d  
m ilk fo r  r e a c h in g  th ro u g h  an a p e r t u r e  i n  t h e  o p e ra n t  cham ber 
to  e x e r t  p r e s s u r e  on a  f o r c e - s e n s i n g  d i s c .  The e f f e c t s  o f  
two doses o f  h a lo p e r id o l  ( 0 . 0 4 , 0 . 0 8  m g/kg) on o p e ra n t  
re sp o n d in g  w ere e v a lu a t e d  u n d e r  two d i f f e r e n t  b e h a v io r a l  
c o n d it io n s .  One t r e a tm e n t  c o n s i s t e d  o f  d ru g  a d m i n i s t r a t io n  
p lu s  8 m in u tes  o f  r e i n f o r c e d  o p e ra n t  re s p o n d in g  on 5 s e p a r a t e  
days ( th e  " a n h e d o n ia "  g ro u p )  w h i le  t h e  o t h e r  t r e a tm e n t  
c o n s is te d  o f  i d e n t i c a l  d ru g  e x p e r ie n c e  b u t  o p e ra n t  p lu s  d ru g  
tre a tm e n t o n ly  on t h e  5 th  day ( th e  " t e s t  d a y " ) .  F o r  t h i s  
l a t t e r  g roup th e  re m a in in g  4 d ru g  days w ere s p e n t  i n  th e  
o p e ran t cham ber, b u t  i n  t h e s e  8 -m in u te  s e s s i o n s  a c c e s s  t o  b o th  
th e  re in fo rc e m e n t  d ip p e r  and  th e  operandum  w ere p r e v e n te d  
(" te s t- c h a m b e r  c o n t r o l " ) .  On th e  t e s t  day t h e  a n h e d o n ia  
group e x h ib i t e d  s i g n i f i c a n t l y  lo w e r  r e s p o n s e  r a t e s  th a n  th e  
te s t-c h a m b e r  c o n t r o l s ,  b u t  t h e  d o se  e f f e c t  on r a t e  was n o t  
s ig n i f i c a n t .  Peak  f o rc e  was n o t  a f f e c t e d  by  th e  d i f f e r e n t i a l  
b e h a v io ra l  t r e a tm e n t ,  b u t  t h e  h ig h e r  d o se  p ro d u c e d  s i g n i f i c a n t l y  
h ig h e r  f o r c e .  D u rin g  s u b s e q u e n t  e x t i n c t i o n  r e s p o n d in g  
( n e i th e r  group  was d ru g g ed )  t h e  a n h e d o n ia  r a t s  showed 
s ig n i f i c a n t l y  h ig h e r  r a t e s  th a n  t h e  t e s t  cham ber c o n t r o l s .  
However, th e r e  w ere no c a r r y  o v e r  e f f e c t s  o f  b e h a v io r a l  
t re a tm e n t on p e a k  f o r c e :  an e x t i n c t i o n - r e l a t e d  r i s e  i n  p e a k  
fo rc e  was o b s e rv e d  e q u a l ly  f o r  b o th  g r o u p s , d e s p i t e  t h e  
b e tw een -g ro u p  d i f f e r e n c e s  i n  r a t e ,  an d  p r i o r  d o sag e  h a d  no 
e f f e c t  on peak  f o r c e  i n  e x t i n c t i o n .  The d i s s o c i a t i o n  b e tw e en  
fo rc e  and r a t e  on b o th  t h e  t e s t  day  and  th e  e x t i n c t i o n  day 
su g g e s ts  t h a t  p eak  f o r c e  may r e f l e c t  t h e  m o to r e f f e c t s  
a s s o c ia te d  w i th  n e u r o l e p t i c  c h a l l e n g e ,  w h e re a s  r a t e  i s  a  
m e tr ic  f o r  th e  m o t i v a t i o n a l  o r  a s s o c i a t i o n a l  e f f e c t s  o f  t h e s e  
d ru g s .

249.16 CHRONIC NEUROLEPTIC TREATMENT: EFFECTS ON VACUOUS 
CHEWING MOVEMENTS AND BRAIN GABA FUNCTION. S.  
M ith a n i* ,  S . A tm adj a* and  H .C . F i b i ge r  ( SPON: J . H. 
Q u a s t e l ) .  D iv . N e u ro l .  S c i .  D e p t. P s y c h i a t r y ,  U n iv . 
o f  B r i t i s h  C o lu m b ia .,  V an co u v e r, B .C .,  V6T 1W5.

N ig r a l  g lu ta m ic  a c i d  d e c a r b o x y la s e  (GAD) h a s  
b een  r e p o r t e d  t o  be  re d u c e d  i n  p r im a te s  e x h i b i t i n g  
h a l o p e r i d o l  (H A L )-in d u ced  t a r d i v e  d y s k in e s i a  (Gunne 
e t  a l . ,  N a tu re  309 : 347 , 1984) and  i n  r a t s  w ith  
H A L -induced v a cu o u s  ch ew in g  m ovem ents (VCM's) 
(Gunne and  H ag g stro m , P sy ch o p h arm . , 8 1 :1 9 1 , 1983; 
Gunne e t  a l . ,  P sy ch o p h arm . , 7 7 :1 3 4 , 1 9 8 2 ). The 
p r e s e n t  s tu d y  was d e s ig n e d  t o  d e te rm in e  i f  
n e u r o l e p t i c - i n d u c e d  VCM's c o u ld  be c o r r e l a t e d  w ith  
r e g i o n a l  c h a n g e s  i n  GAD a c t i v i t y .

M ale L ong-E vans r a t s  r e c e i v e d  i .m .  i n j e c t i o n s  o f  
f l u p e n t h i x o l  (FLU) d e c a n o a te  (4 m g /kg , on ce  a 
w e ek ) , o r  HAL d e c a n o a te  (2 8 .5  m g /k g , on ce  e v e r y  3 
w e e k s ) ,  o r  v e h i c l e .  VCM's w ere  a s s e s s e d  w e ek ly  by  
th e  m ethod  o f  Gunne e t  a l  ( P sy ch o p h arm . , 7 7 :1 3 4 , 
1 9 8 2 ) .  The a n im a ls  w ere  k i l l e d  a f t e r  16 o r  40 w eeks 
o f  t r e a t m e n t ,  and  th e  b r a i n  was d i s s e c t e d  i n t o  
s t r i a t u m ,  g lo b u s  p a l l i d u s ,  e n to p e d u n c u la r  n u c le u s  
and  s u b t a n t i a  n i g r a .  The s t r i a t u m  was f u r t h e r  
d iv id e d  i n t o  d o r s o l a t e r a l ,  v e n t r o l a t e r a l ,  
d o rs o m e d ia l  and  v e n t r o m e d ia l  s e c t i o n s .  GAD a c t i v i t y  
was m e a su re d  by  a  m o d i f i c a t i o n  o f  t h e  m ethod  o f  
McGeer e t  a l . ,  (B ra in  R e s . , 3 2 :4 2 5 , 1 9 7 1 ).

N e u r o l e p t i c - t r e a t e d  a n im a ls  showed i n c r e a s e s  i n  
t h e  r a t e  o f  VCM's a f t e r  10-12  w eek s , and  t h i s  
re m a in e d  f a i r l y  s t a b l e  o v e r  t h e  d u r a t i o n  o f  th e  
e x p e r im e n t .  S i g n i f i c a n t  d e c r e a s e s  i n  n i g r a l  GAD 
a c t i v i t y  i n  n e u r o l e p t i c  t r e a t e d  r a t s  w ere  o b s e rv e d  
a f t e r  4 0 , b u t  n o t  16 w eeks o f  t r e a tm e n t .  O th e r  
b r a i n  r e g io n s  ex am in ed  d id  n o t  show any  c o n s i s t e n t  
c h a n g e s  i n  GAD a c t i v i t y .

The d e c r e a s e s  i n  n i g r a l  GAD a c t i v i t y  fo l l o w in g  
c h r o n ic  n e u r o l e p t i c  t r e a tm e n t  a r e  c o n s i s t e n t  w ith  
th o s e  r e p o r t e d  by  Gunne and  H aggstrom  
( P sy ch o p h arm . , 8 1 :1 9 1 , 1 9 8 3 ). H ow ever, t h e  p r e s e n t  
r e s u l t s  do n o t  i n d i c a t e  t h a t  VCM's a r e  c a u s a l l y  
a s s o c i a t e d  w i th  r e d u c t io n s  i n  n i g r a l  GAD a c t i v i t y  
s in c e  no d e c r e a s e s  i n  n i g r a l  GAD a c t i v i t y  w ere  
o b s e r v e d  a t  16 w eeks by w h ich  t im e  t h e  n e u r o l e p t i c  
in d u c e d  VCM's h ad  a l r e a d y  r e a c h e d  n e a r  m axim al 
r a t e s .

S u p p o r te d  by  th e  M ed ic a l R e s e a rc h  C o u n c i l  o f  
C anada (PG- 2 3 ) .

249.17 HALOPERIDOL AND EXTINCTION HAVE DIFFERENT EFFECTS ON 
RATS’ OPERANT FORCE-TIME WAVESHAPES. S . C . F o w l e r , 
M.  M. LaCerra and A .  E tte n b e rg . Depts. of 
Psychology and Pharmacology, Univ. of Mississippi, 
University, MS 38677 and Dept. of Psychology, Univ. 
of California, Santa Barbara, CA 93106.

Food-deprived rats (N=9) were reinforced with 
sweetened condensed milk for pressing a 
force-sensing operandum on a continuous 
reinforcement (CRF) basis and were then exposed to 
extinction. Force-time waveforms were recorded (at 
a sampling rate of 512 hz) for all responses above 
10g. Three quantitative indices were computed from 
these waveshapes: time from onset of response to 
peak force attainment (rise time), time from peak to 
response termination (fall time), and maximum force 
reached during a response (peak force). During CRF, 
haloperidol (0.04, 0.08, 0.16 mg/kg) increased the 
fall, but not the rise time of the response force 
waveforms. In extinction 5 rats received 0.08 mg/kg 
of haloperidol and 4 rats got the lactic acid 
vehicle. Unlike the haloperidol treatment during 
CRF, extinction was characterized by an increase in 
both the rise and the fall times for the force-time 
waveforms; all 9 rats (both drug and vehicle) 
displayed increased rise times in extinction 
(p<0.01, Wilcoxon signed rank test). These results 
suggest that the force-time waveshape provides a 
distinctive marker for neuroleptic versus extinction 
treatment: in extinction compared to CRF plus 
haloperidol, the force maxima occurred later in the 
response. Additional analyses based on peak force 
of response showed that the peak force rise 
frequently observed as a consequence of extinction 
was not attenuated by haloperidol treatment. 
Haloperidol’s failure to mask the effects of 
extinction (i.e ., rise times and peak force were 
increased in the extinction-drug condition) suggests 
that this drug does not reduce the rats’ 
responsiveness to nonreinforcement.

249.18 THE EFFECTS OF 6 OHDA LESIONS OF THE NUCLEUS ACCUMBENS 
ON COCAINE DISCRIMINATION IN RATS. S . I .  D w o rk in ,  
C . B im le*   a n d  N. E .  G o e d e r s . P s y c h i a t r y  R e s e a r c h  U n i t ,  
L o u i s i a n a  S t a t e  U n i v e r s i t y  S c h o o l  o f  M e d ic in e ,  
S h r e v e p o r t ,  LA 7 1 1 3 0

D ru g s  h a v i n g  h ig h  a b u s e  l i a b i l i t y  a r e  b o th  s e l f  
a d m i n i s t e r e d  a n d  h a v e  d i s t i n c t i v e  d i s c r i m i n a t i v e  
s t i m u l u s  p r o p e r t i e s .  C o c a in e  i s  c o n s i d e r e d  t o  h a v e  
h i g h  a b u s e  l i a b i l i t y ,  i s  r e a d i l y  s e l f  a d m i n i s t e r e d  a n d  
p r o d u c e s  d i s t i n c t i v e  i n t e r o c e p t i v e  c u e s  a t  r e l a t i v e l y  
lo w  d o s e s .  T h e s e  e f f e c t s  a l o n g  w i th  many o f  t h e  o t h e r  
b e h a v i o r a l  a n d  p h a r m a c o l o g i c a l  e f f e c t s  o f  c o c a i n e  h a v e  
b e e n  l i n k e d  t o  d o p a m in e r g i c  s y s t e m s .  L e s i o n s  o f  t h e  
n u c l e u s  a c c u m b e n s ,  a  m a jo r  d o p a m in e r g i c  s i t e ,  
a t t e n u a t e d  c o c a i n e  s e l f - a d m i n i s t r a t i o n  i n d i c a t i n g  t h e  
i n v o l v e m e n t  o f  t h e  d o p a m in e r g i c  i n n e r v a t i o n s  i n  t h e  
r e i n f o r c i n g  e f f e c t s  o f  t h e  d r u g .  H o w e v e r , s i m i l a r  
l e s i o n s  f a i l e d  t o  a l t e r  c o c a i n e - i n d u c e d  p l a c e  
p r e f e r e n c e  w h ic h  i s  m o s t l i k e l y  t h e  r e s u l t  o f  b o th  t h e  
r e i n f o r c i n g  a n d  s t i m u l u s  p r o p e r t i e s  o f  t h e  d r u g .  
T h e r e f o r e ,  t h i s  s t u d y  w as i n i t i a t e d  t o  e v a l u a t e  t h e  
e f f e c t s  o f  6 -h y d r o x y d o p a m in e  ( 6 OHDA) l e s i o n s  o f  t h e  
n u c l e u s  a c c u m b e n s  o n  t h e  d i s c r i m i n a t i v e  c u e  p r o d u c e d  by  
c o c a i n e  u s i n g  a  d r u g  d i s c r i m i n a t i o n  p r o c e d u r e .

T h e  d i s c r i m i n a t i v e  s t i m u l u s  p r o p e r t i e s  o f  c o c a i n e  
w e re  a s s e s s e d  i n  n i n e  r a t s  b o th  b e f o r e  an d  a f t e r  6 OHDA 
l e s i o n s  o f  t h e  n u c l e u s  a c c u m b e n s .  T he s u b j e c t s  w e re  
t r a i n e d  o n  a  t w o - l e v e r ,  f o o d - r e i n f o r c e d  d ru g  
d i s c r i m i n a t i o n  p a r a d i g m .  T h e  r a t s  w e re  t r a i n e d  to  
d i s c r i m i n a t e  1 0 .0  m g /k g  c o c a i n e  f ro m  s a l i n e .  A f t e r  
d e t e r m i n a t i o n  o f  t h e  g e n e r a l i z a t i o n  g r a d i e n t s  ( 7 - 0 .8 2  
m g /k g  c o c a i n e ) ,  t h e  r a t s  w e re  l e s i o n e d  w i th  t h e  
n e u r o t o x i n  f o l l o w e d  b y  a  r e d e t e r m i n a t i o n  o f  t h e  
g e n e r a l i z a t i o n  g r a d i e n t s .  B e f o r e  t h e  l e s i o n  b o th  t h e  
7 . 0  a n d  4 . 9  m g /k g  d o s e  r e s u l t e d  i n  o v e r  90% d r u g  
a p p r o p r i a t e  r e s p o n d i n g  a n d  p ro d u c e d  a  s l i g h t  d e c r e a s e  
i n  o v e r a l l  r e s p o n s e  r a t e s .  T he tw o lo w e s t  d o s e s  ( 1 .1 8  
a n d  0 .8 2 )  p r o d u c e d  o v e r  90% r e s p o n d in g  on  t h e  s a l i n e  
l e v e r .  T h e  l e s i o n  p r o d u c e d  a  s l i g h t  d e c r e a s e  i n  c o n t r o l  
r a t e s  o f  r e s p o n d i n g  a n d  e l i m i n a t e d  t h e  d ru g  r e l a t e d  
d e c r e a s e s  i n  r e s p o n d i n g  s e e n  w i th  t h e  h i g h e r  d o s e s  
b e f o r e  t h e  l e s i o n .  F u r t h e r m o r e ,  t h e  l e s i o n  f l a t t e n e d  
t h e  d r u g  g e n e r a l i z a t i o n  g r a d i e n t  s u c h  t h a t  t h e  tw o 
h i g h e s t  d o s e s  r e s u l t e d  i n  75% a n d  57% r e s p e c t i v e l y ,  
d r u g  a p p r o p r i a t e  r e s p o n d i n g  a n d  t h e  tw o lo w e s t  d o s e s  
r e s u l t e d  i n  67% s a l i n e  a p p r o p r i a t e  r e s p o n d i n g .  
D o p a m in e rg ic  i n n e r v a t i o n s  o f  t h e  n u c l e u s  a c c u m b e n s  a r e  
i n v o l v e d  i n  t h e  s t i m u l u s  p r o p e r t i e s  o f  c o c a i n e .  
S u p p o r t e d  b y  USPHS G r a n t  D A -0 3 6 3 1 .
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249.19 RESPONDING MAINTAINED BY CONCURRENT ACCESS TO F OOD, WATER 
AND INTRAVENOUS COCAINE. J .E . Smith, K. Schultz*, S.M. 
Dworki n* and S . I .  Dworki n .  Psychiatry Research U nit, 
Louisiana S ta te  U niversity  School of Medicine, Shreveport, 
LA 71130.

In most non-laboratory s itu a tio n s  several d iffe re n t 
re in fo rce rs  may be sim ultaneously av ailab le  to an organism. 
This s i tu a tio n  can be evaluated in the laborato ry  by the use 
o f concurrent schedule procedures. One type of concurrent 
arrangement involves presenting  d if fe re n t re in fo rce rs  
contingent on responses em itted on levers  located in 
d if f e r e n t areas of a conditioning chamb e r. Several stud ies 
have evaluated the complex neurobiological and behavioral 
in te ra c tio n s  th a t can occur when several re in fo rce rs  are 
concurren tly  a v a ilab le . This experiment was in i t ia te d  to 
determ ine the e ffe c ts  of adding cocaine as a re in fo rce r fo r 
r a ts  previously tra in ed  on a concurrent food and water 
schedule.

Six adult male Fisher 344 s tra in  ra ts  were i n i t i a l l y  
given continuous access to  two levers  with responses on one 
re s u ltin g  in p resen ta tion  of a food p e lle t  (45 mg) and 
responses on the  o ther re su ltin g  in 10 seconds of access to 
a 0.10 ml water d ipper. The response requirements were 
increased over several days to  a fixed ra tio  10. A fter five  
days of s tab le  responding the  ra ts  were implanted with 
chronic ju g u la r ca th e te rs  and allowed to  recover. The ra ts  
were returned to  the conditioning chambers and a th ird  lever 
was in troduced. Responding on th is  lever resu lted  in an 
intravenous in fusion  of cocaine (0.5 mg/kg per infusion 
delivered  over 4 .9  seconds). The e f fe c ts  of cocaine 
s e lf -a d m in is tra tio n  on food and water reinforced  responding 
were evaluated . Contrary to re s u lts  from an e a r l ie r  study 
of morphine se lf-ad m in is tra tio n  which showed la rge  changes 
in  dose to  not a ffe c t food or water in tak e , th is  s ing le  dose 
of cocaine re su lted  in a 34% decrease in food and a 54% 
increase  in water d e liv e rie s  per day. While morphine was 
se lf-ad m in is te red  during both the l ig h t  and dark cycle, 
cocaine in take occured prim arily  in the dark cy c le . Several 
s tu d ie s  have evaluated the e ffe c ts  of s tim ulants on food 
in ta k e . Indeed, ano re tic  e f fe c ts  have been well documented 
to  occur during in i t i a l  adminis tra t io n  with to le rance  
developing rap id ly  to  th is  e f f e c t .  Such was not observed in 
th i s  study. I f  access to  cocaine was not lim ited  the 
animals continued to  decrease food in take and eventually  
d ie d , during th is  time responding on the drug lever was 
s t i l l  m aintained. (Supported in Part By USPHS Grant # 
DA-03628).

BEHAVIORAL PHARMACOLOGY III

250.1 DURATION OF PENTOBARBITAL ANESTHESIA AND SEPTAL-HIPPOCAMPAL 
CHOLINERGIC ACTIVITY. J .R .  Z u c k e r* , J .  Zabaw ska*, H. L a i* ,  and 
A. H o r i t a *(SPON: R. H a s c h k e ) . D e p ts .  o f  A n e s th e s io lo g y ,  
P h a rm a c o lo g y , and  P s y c h ia t r y ,  U n iv e r s i ty  o f  W ash in g to n , 
S e a t t l e ,  WA 98195

P e n t o b a r b i t a l  d e p r e s s e s  th e  a c t i v i t y  o f  th e  s e p ta l -h ip p o c a m p a l  
c h o l i n e r g i c  pa th w ay  (SHCP). In  a  p r e v io u s  p a p e r  (Z u c k e r  e t  a l . ,  
J .  P h a rm a c o l.  Exp. T h e r . 2 3 5 : 3 98 , 1985) we h av e  h y p o th e s iz e d  t h a t  
t h e  d u r a t i o n  o f  p e n to b a r b i t a l  a n e s t h e s i a  i s  i n v e r s e ly  r e l a t e d  to  
h ip p o ca m p a l c h o l i n e r g i c  a c t i v i t y .  I n t r a s e p t a l  d ru g  m ic r o in j e c t io n  
t h a t  e n h a n c e s  a c t i v i t y  o f  th e  SHCP, s h o r t e n s  th e  p e n to b a r b i t a l -  
in d u c e d  l o s s  o f  r i g h t i n g  r e f l e x ,  a  m easu re  o f  a n e s t h e s i a ,  i n  th e  
r a t  and  v i c e  v e r s a .  To t e s t  t h i s  h y p o th e s i s  we m ic r o in j e c t e d  an 
a lp h a  a g o n is t  ( p h e n y le p h r in e ) ,  a  s e r o t o n in  a g o n is t  (M K -212), and 
an a c e t y l c h o l i n e  a g o n is t  ( a r e c o l i n e )  i n t o  th e  sep tu m  o f  p e n to 
b a r b i t a l - a n e s t h e t i z e d  r a t s  and  m easu red  th e  d u r a t i o n  o f  l o s s  o f  
r i g h t i n g  r e f l e x .  B o th  p h e n y le p h r in e  and a r e c o l in e  s i g n i f i c a n t l y  
s h o r t e n e d ,  w h e re a s  MK-212 p ro lo n g e d  th e  d u r a t i o n  o f  a n e s t h e s i a .  
T h ese  d a ta  a r e  in  a g re e m en t w i th  o u t  h y p o th e s i s  s in c e  a c t i v a t i o n  
o f  s e p t a l  n o r a d r e n e r g i c  (R o b in so n  e t  a l . ,  J .  P h a rm a c o l. Exp. T h e r . 
2 0 8 : 4 7 6 , 1979) and  c h o l i n e r g i c  (o u r  u n p u b l is h e d  d a ta )  i n n e r v a t i o n s  
e n h a n ce  SHCP a c t i v i t y ,  and s e p t a l  s e r o t o n e r g i c  in n e r v a t io n  
(R o b in so n , L i f e  S c i .  3 2 : 3 4 5 ,  1983) d e c re a s e s  a c t i v i t y .

The f o l lo w in g  t a b l e  sum m arizes d a ta  ( fro m  th e  l i t e r a t u r e )  show ing  
an in v e r s e  r e l a t i o n s h i p  b e tw e en  d u r a t i o n  o f  a n e s t h e s i a  and  s e p t a l -  
h ip p o ca m p a l c h o l i n e r g i c  a c t i v i t y  i n  p e n t o b a r b i t a l - a n e s t h e t i z e d  
r a t s  i n j e c t e d  i n t r a s e p t a l l y  w i th  d r u g s :

I n t r a s e p t a l  Drug D u ra tio n  o f  A n e s th e s ia SHCP A c t iv i t y

TRH ↓ ↑

ACTH ↓
↑

M orph ine
↑ ↓

S u b s ta n c e  P
↑

↓

A re c o lin e ↓ ↑

P h e n y le p h r in e ↓ ↑

MK-212
↑

↓

250.2 NICOTINE EXERTS A COMPLEX EFFECT ON VARIOUS INDICES OF LOCOMOTOR 
BEHAVIOR. A. Je ro m e * , S .H . H ag en m ey er-H o u ser, M.D. B unsey , and 
P .R . S a n b e rg  (SPON: G .E . C o r d in g le y ) . D e p t . o f  P s y c h o lo g y , Ohio 
U n i v e r s i t y ,  A th e n s , OH 45701 and D iv . o f  P s y c h o b io lo g y ,  D ep t. of 
P s y c h ia t r y ,  U n iv e r s i ty  o f  C i n c in n a t i ,  C i n c in n a t i ,  OH 45267.

P re v io u s  s tu d i e s  a s s e s s in g  th e  e f f e c t s  o f  n i c o t i n e  on lo co 
m o tio n  i n  n o n - to l e r a n t  r a t s  h av e  y i e ld e d  m ixed r e s u l t s .  Both 
i n c r e a s e s  and d e c re a s e s  i n  r e a r i n g ,  a s  w e l l  a s  i n c r e a s e s ,  
d e c r e a s e s ,  and no e f f e c t  on a m b u la tio n  h av e  b e e n  r e p o r t e d  by 
s tu d i e s  u t i l i z i n g  c o m p arab le  d o s e s .  A m b u latio n  may b e  co n cep t
u a l i z e d  a s  b e in g  a  m u lt id im e n s io n a l  c o n c e p t ,  c o m p rise d  o f  a 
num ber o f  d i s t i n g u i s h a b l e  co m p o n en ts . Some p o r t i o n  o f  th e  
in c o n s i s te n c y  o f  r e p o r t e d  r e s u l t s  may b e  due to  m e th o d o lo g ic a l  
d i f f e r e n c e s  i n  th e  a s se s s m e n t  o f  a c t i v i t y .  The p r e s e n t  s tu d y  
exam ined  a  m u l t i v a r i a t e  " a c t i v i t y - p r i n t "  p r o f i l e  o f  n i c o t i n e  in  
o r d e r  to  h e lp  c l a r i f y  t h e  d i s c r e p a n t  r e s u l t s .

R a ts  w ere  i n j e c t e d  s . c .  w i th  n i c o t i n e  ( 0 .2 ,  0 .4 ,  0 .8  mg/kg) or 
v e h ic l e  and  th e n  p la c e d  i n to  D ig is c a n -1 6  A nim al A c t iv i t y  Monitors 
(O m n itech , I n c . )  f o r  60 m in u te s  d u r in g  th e  n ig h t t im e .  M easures 
o f  a m b u la t io n ,  v e r t i c a l  a c t i v i t y  ( r e a r i n g ) ,  r o t a t i o n a l  and s te reo 
ty p i c  b e h a v io r s  w ere  a n a ly z e d  by r e p e a t e d  m ea su res  ANOVA te c h 
n iq u e s  u t i l i z i n g  o r th o g o n a l  p o ly n o m ia ls  ( t r e n d  a n a l y s i s ) .  The 
r e s u l t s  i n d i c a t e d  t h a t  5 o f  7 m ea su res  o f  a m b u la tio n  w ere 
s i g n i f i c a n t l y  a f f e c t e d  by d o s e ;  movement tim e  and num ber o f  
m ovem ents e x h ib i t e d  p o s i t i v e  l i n e a r  t r e n d s ,  sp e e d  o f  movement and 
r e s t  t im e  showed n e g a t iv e  l i n e a r  t r e n d s ,  a v e ra g e  d i s t a n c e  e x h ib i t 
ed  a  n e g a t iv e  q u a d r a t i c  t r e n d ,  w h i le  h o r i z o n t a l  a c t i v i t y  and 
t o t a l  d i s t a n c e  w ere  n o t  a f f e c t e d  by d o s e . S i g n i f i c a n t  d e c re a se s  
w ere  a p p a re n t  on a l l  t h r e e  m ea su res  o f  v e r t i c a l  a c t i v i t y :  
v e r t i c a l  t im e  and v e r t i c a l  movement d i s p l a y e d  n e g a t iv e  l i n e a r  
t r e n d s ,  w h i le  v e r t i c a l  a c t i v i t y  showed a  n e g a t iv e  cu b ic  t r e n d .  
R o t a t i o n a l  movement and s te r e o ty p y  w ere  n o t  s i g n i f i c a n t l y  a ffec ted  
by d o s e .

T hese f in d in g s  s u p p o r t  p r e v io u s  r e s e a r c h  t h a t  h a s  shown 
n i c o t i n e  t o  h a v e  a  d o se  r e l a t e d  d e p r e s s a n t  e f f e c t  on r e a r in g .  
H ow ever, t h e s e  r e s u l t s  i n d i c a t e d  t h a t  n i c o t i n e  e x e r t e d  a  complex 
e f f e c t  on a m b u la tio n  t h a t  c o u ld  n o t  b e  a c c u r a te l y  p o r t r a y e d  by 
r e f e r e n c e  to  a  s i n g l e  p a ra m e te r .  V a r io u s  a s p e c t s  o f  a m b u la tio n  
w ere  e i t h e r  i n c r e a s e d ,  d e c re a s e d ,  o r  u n a f f e c te d  by n i c o t i n e .  
T hese r e s u l t s  a r e  n o t  c o n s i s t e n t  w i th  a  g e n e r a l  lo co m o to r  s tim 
u l a n t  i n t e r p r e t a t i o n  o f  n i c o t i n e ' s  e f f e c t s ,  and  s u g g e s t  th e  
p r e s e n c e  o f com plex  n e u ro p h a rm a c o lo g ic a l  m ech an ism s. S u p p o rted  
by P r a t t  F am ily  and  F r ie n d s ,  HDF, HDFA, MH40127, and  O m nitech 
E l e c t r o n i c s .
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250.3 COMPARISON OF ATROPINE SULFATE AND ATROPINE METHYLNITRATE, WITH 
OR WITHOUT PRALIDOXIME, AS THERAPY FOR SOMAN-INDUCED SEIZURES IN 
GUINEA PIGS. N.K. M a rs h a l l ,  D .J .  Hinman* and J .F .  G le n n . 
N eurotoxicology B ran ch , U .S . Army M ed ica l R e se a rc h  I n s t i t u t e  o f  
Chemical D e fe n se , APG, MD 21010-5425

A tropine s u l f a t e  (A tS ) and oxim e r e a c t i v a t o r s  su ch  a s  
pralidoxim e c h lo r id e  (2PAM) a r e  recom mended th e r a p y  f o r  p o is o n in g  
by o rganophosphorous (OP) a n t i - c h o l i n e s t e r a s e s  su ch  a s  soman 
(p in aco ly l m e th y lo p h o s p h o n o f lu o r id a te , GD). B e h a v io ra l  c o n v u l
sions and e le c t r o e n c e p h a lo g r a p h ic  (EEG) s e iz u r e s  a r e  m a jo r  s ig n s  
of GD p o iso n in g . M ost p r e v io u s  s tu d i e s  o f  e f f e c t s  o f  AtS on OP- 
induced s e iz u r e s  u sed  a n e s t h e t i z e d  a n im a ls .  In  t h i s  s tu d y  we have 
recorded GD -induced s e i z u r e s  in  u n a n e s th e t i z e d  g u in e a  p i g s .  S in c e  
no p r io r  s tu d y  s p e c i f i c a l l y  t e s t e d  i n t e r a c t i o n s  b e tw een  AtS and 
2PAM as th e ra p y  f o r  O p -in d u ce d  s e i z u r e s ,  we s tu d i e d  e f f e c t s  o f  
each th e r a p e u t ic  d ru g  a lo n e  and in  c o m b in a tio n . F i n a l l y ,  we com
pared t e r t i a r y  (A tS ) and q u a te r n a r y  (A tro p in e  M e t h y l n i t r a t e , AtM) 
amines to  t e s t  th e  e f f e c t s  o f  c e n t r a l  and p e r i p h e r a l  m u s c a r in ic  
blockade, r e s p e c t i v e ly ,  on G D -induced s e i z u r e s .

EEGs were re c o rd e d  from  in d w e l l in g  c o r t i c a l  e l e c t r o d e s  from  30 
min. b e fo re  u n t i l  2 h o u rs  a f t e r  a d m i n i s t r a t i o n  o f  2LD  GD (5 6 u g / 
kg , SC), and th e  fo l lo w in g  t h e r a p i e s  30 se co n d s  a f t e r  GD: I -  
S aline; I I  - AtS (4m g/kg , IM ); I I I  -  AtM (4m g/kg , IM ); IV - 2PAM 
(25mg/kg, IM); V - AtS + 2PAM; VI -  AtM + 2PAM. The r e s u l t s  w ere :

  S e iz u r e     L e t h a l i t y   
Grp. n In c id e n c e O n se t D u ra tio n In c id e n c e Time

# (%) (m in) (m in) (%) (m in)

I 8 75# 7 .0 ±0 .9 6 .8 ± 2 .9 100 1 3 .5 ± 2 .2
II 8 100 8 .1 ± 1 .0 2 5 .8 ± 5 .1 * 100 3 3 .9 ± 5 .6 * *
I II 8 100 7 .8 ±0 .7 1 9 .9 ± 2 .6 * 100 2 7 .8 ± 2 .7 * *
IV 9 89 5 .9 ±0 .9 2 5 .4 ± 3 .9 * 89 3 1 .3 ± 3 .8 * *
V 9 100 9 . 4± 1 .3 8 6 .4 ±1 1 .9 * * 44* 6 5 .8 ± 1 3 .3 *
V 9 100 7 .3 ±0 .7 7 4 .9 ± 1 5 .0 * * 44* 3 5 .1 ± 4 .9 *

* - P<.05; ** - P< .0 1 , Compared to  C o n tro l  (G roup I ) ;  # -2  a n im a ls  died prior to expected time of seizure onset.

Each tre a tm e n t a lo n e  i n c r e a s e d  th e  d u r a t io n  o f  s e i z u r e s  and 
delayed the  tim e o f  d e a th ,  b u t  d id  n o t  d e c re a s e  th e  in c id e n c e  o f  
l e th a l i ty ;  th e r e  w ere no d i f f e r e n c e s  b e tw een  AtS and AtM. W ith 
the com bination t h e r a p ie s  (G rp . V & V I) d e c re a s e s  i n  l e t h a l i t y  
were a lso  o b se rv ed ; in  a d d i t i o n ,  th e  tim e  to  d e a th  was g r e a t e r  
for the AtS + 2PAM group  th a n  f o r  th e  AtM + 2PAM g ro u p  (p < 0 .0 5 ) .  
ATM + 2PAM ap p ear to  be a d d i t i v e ,  w h ereas  ATS + 2PAM a p p e a r  to  be 
su p p e rad d itiv e .

Supported in  p a r t  by U .S . Army C o n t r a c t  DAAG29-81-D-0100 
(B a tte lle  Labs; D .J .H .)  and IPA a g re e m en t (U n iv . I l l i n o i s ;  N .K .M ).

250.4 EFFECTS OF INTRACEREBRAL NICOTINIC AGONISTS ON LOCOMOTOR ACTIVITY: 
INVOLVEMENT OF MESOLIMBIC DOPAMINE. A. P e r t ,  and C .C . C h iu e h . 
(Spon: C .T . B e n n e t t ) . B i o lo g i c a l  P s y c h ia t r y  B ranch  and  L ab . o f  

C e r e b ra l  M e ta b o lism , NIMH, B e th e s d a ,  MD 20892
N ic o t in e  h a s  p o t e n t  e f f e c t s  on lo c o m o to r  b e h a v io r .  A t h ig h  

d o s e s  i t  p ro d u c e s  an i n i t i a l  d e p r e s s io n  o f  lo c o m o to r  o u tp u t  w hich  
i s  u s u a l l y  fo llo w e d  by s l i g h t  e x c i t a t i o n .  L i t t l e  in  known r e g a r d 
in g  th e  p r e c i s e  m echanism s u n d e r ly in g  th e s e  a c t i o n s .  The p u rp o s e s  
o f  t h e s e  s t u d i e s  w ere t o  d e f in e  th e  n e u ro a n a to m ic a l  f o c i  th ro u g h  
w hich  n i c o t i n i c  a g o n is t s  p ro d u c e  t h e i r  lo co m o to r  e f f e c t s  and  to  
e l u c i d a t e  some o f  th e  u n d e r ly in g  n e u ro p h a rm a c o lo g ic a l  m ech an ism s. 
R a ts  w ere  im p la n te d  w i th  s t a i n l e s s  s t e e l  c a n n u la e  g u id e s  a im ed f o r  
t h e  l a t e r a l  v e n t r i c l e  o r  a  num ber o f  d e f in e d  i n t r a c e r e b r a l  s i t e s .  
I n t r a v e n t r i c u l a r  i n j e c t i o n s  o f  n i c o t i n e  (1 ,1 0  o r  100 n m o les) p r o 
d u ced  a  d o se  d e p e n d e n t  d e p r e s s io n  o f  lo c o m o to r  a c t i v i t y  w hich  was 
fo llo w e d  by s l i g h t  e x c i t a t i o n  15 m in u te s  l a t e r  a t  th e  h i g h e s t  
d o s e .  C y t i s i n e  (1 ,1 0  o r  100 n m o le s ) ,  a  p o t e n t  n i c o t i n i c  a g o n i s t ,  
a l s o  p ro d u c e d  an i n i t i a l  d e p r e s s a n t  e f f e c t  t h a t  was fo llo w e d  by a 
p ro lo n g e d  d o se  d e p e n d e n t  e x c i t a t i o n .  P r e t r e a tm e n t  w ith  
m ecam ylam ine a n ta g o n iz e d  b o th  t h e  d e p r e s s a n t  a s  w e l l  a s  e x c i t a t o r y  
e f f e c t s  p ro d u c e d  by i n t r a v e n t r i c u l a r  c y t i s i n e .  I n j e c t i o n s  o f  
c y t i s i n e  (5 n m o les) b i l a t e r a l l y  i n t o  th e  v e n t r a l  te g m e n ta l  a r e a  
(VTA) p ro d u c e d  i n c r e a s e s  in  lo c o m o to r  a c t i v i t y  w h i le  i n j e c t i o n s  
i n to  t h e  a n t e r i o r  v e n t r a l  and v e n t r a l  l a t e r a l  th a la m u s  a s  w e l l  a s  
th e  n u c le u s  accum bens p ro d u c e d  an  i n i t i a l  d e p r e s s io n .  I n j e c t i o n s  
i n t o  t h e  v e n t r a l  p o s t e r i o r  th a la m u s ,  r e t i c u l a r  fo rm a tio n ,  g lo b u s  
p a l l i d u s ,  c a u d a te  n u c le u s ,  s u b s t a n t i a  n i g r a  an c e re b e llu m  had  no 
e f f e c t .  E nhanced lo co m o to r  a c t i v i t y  in d u ce d  by i n j e c t i o n s  o f  
c y t i s i n e  i n t o  th e  v e n t r i c l e s  o r  VTA w ere a n ta g o n iz e d  by 6-OHDA 
l e s i o n s  o f  t h e  n . accum bens. I n j e c t i o n s  o f  c y t i s i n e  i n t o  t h e  VTA 
w ere  a l s o  acco m p an ied  by in c r e a s e s  in  dopam ine a s  w e l l  a s  DOPAC in  
t h e  n .  accum bens w h i le  i n j e c t i o n s  o f  c y t i s i n e  i n t o  t h e  n . 
accum bens had  no e f f e c t  on dopam ine o r  dopam ine m e t a b o l i t e s  in  
t h i s  s t r u c t u r e .

I t  seem s t h a t  th e  en h an ced  lo co m o to r  a c t i v i t y  in d u c e d  by n i c o 
t i n i c  a g o n i s t s  i s  m e d ia te d  p re d o m in a n t ly  th ro u g h  a c t i v a t i o n  o f  
dopam ine n e u ro n s  in  th e  VTA w hich  p r o j e c t  t o  m eso lim b ic  s t r u c t u r e s  
w h i le  th e  d e p r e s s a n t  e f f e c t s  a r e  m e d ia te d  th ro u g h  a  num ber o f  
o t h e r  s t r u c t u r e s  in c lu d in g  c e r t a i n  th a la m ic  n u c l e i  a s  w e l l  a s  t h e  
n . accum bens.

250.5 NIGRAL MUSCIMOL EFFECTS ON STRIATAL DOPAMINE ACTIVITY AS A 
FUNCTION OF AGE. E.F. Sperber, N.S. Sharpless, J.N .D . Wurpel*, 
S.L. Moshé , Depts. of Neurology and P sych iatry , A lbert E inste in  
College of Medicine, Bronx, NY 10461

The substantia nigra (SN) i s  an im portant s i t e  fo r  the  mediation 
of seizures by GABA. M icroinfusion o f the  GABA a g o n is ts , muscimol 
or GVG, in the adu lt r a t  SN suppresses se izu res  induced by severa l 
experimental procedures. In  c o n tra s t ,  s im ila r in fusion  of muscimol 
in the immature ra t  SN increases se izu re  s u s c e p t ib i l i ty .  I t  th e re 
fore appears th a t the GABA-nigral system has d if f e r e n t e f fe c ts  on 
seizures as a function of age. The n ig ro s t r i a ta l  dopamine (DA) 
pathway is  one of the  main n ig ra l e f fe re n ts .  I f  th e  e f fe c ts  of 
nigral muscimol on seizu res a re  mediated v ia  the  n ig ro s t r i a ta l  DA 
pathway, then infusion of muscimol in  th e  SN should a f f e c t  s t r i a t a l  
levels of DA and/or i t s  m e tabo lites.

Twenty-one 14 day old r a t  pups and 10 a d u lt r a ts  were implanted 
bila tera lly  with cannulae in to  th e  pars  re t ic u la ta  o f th e  SN (SNr). 
Following a 2 day recovery p e rio d , anim als were in je c ted  w ith 

either 100 ng of muscimol (12 pups and 5 a d u lts )  per s i t e  o r an 
equivalent volume (0.25 u l) o f s a lin e  (9 pups and 5 a d u lts ) .  
Thirty minutes la te r  the  r a ts  were k i l le d  and the  s t r i a t a  were 
analyzed for DA and i t s  m e tabo lite s , hom ovanillic ac id  (HVA) and 
3,4-dihydroxyphenylacetic acid  (DOPAC) by high performance liq u id  
chromatography (HPLC) w ith electrochem ical d e te c tio n . Standard 
histological techniques were used to  confirm  th e  cannulae p lace
ments in the SNr.

Microinfusion of muscimol in  th e  a d u lt SNr s ig n if ic a n tly  in
creased s t r i a ta l  concentrations of DOPAC (p<.02) and HVA (p<.05) 
while DA concentrations d id  no t d i f f e r  from those o f s a lin e -  
treated ra ts . The ra tio s  o f DOPAC/DA (+147%) and HVA/DA (+122%) 
reflected increases in  DA u t i l iz a t io n .  In  c o n tra s t ,  in  th e  16 day 
old pup, microinfusion of muscimol had no e f f e c t  on DOPAC and HVA 
levels while DA concentrations were increased  (p<.001). The ra t io  
of DOPAC/DA (-65%) and HVA/DA (-52%) re f le c te d  a  decrease in  DA 
u tiliza tion  in  pups.

These re su lts  suggest th a t  muscimol in fusion  in  th e  SN, has 
opposite e ffec ts  on s t r i a t a l  DA and i t s  m etabo lites  in  a d u lt and 
immature ra ts ; increased turnover in  a d u lts  and decreased in  pups. 
Previous research has shown th a t  n ig ra l  muscimol has an ticonvulsan t 
effects in  ad u lt r a ts  and proconvulsant e f fe c ts  in  r a t  pups. Our 
findings suggest th a t  the  n ig r o s t r i a ta l  pathway may underlie  th ese  
age-related d iffe ren ces  in  se izu re  s u sc e p t ib i l i ty .

250.6 BEHAVIORAL EFFECTS OF CHRONIC EXPOSURE TO SELECTIVE 
D-1 and D-2 DOPAMINE RECEPTOR AGONISTS. A.R. Braun* and 
T.N. Chase. (SPON: J.R. Walters) Experimental Therapeutics Branch, 
NINCDS, NIH, Bethesda, MD 20892.

Behavioral supersensitivity following chronic administration of dopamine 
agonists is a well recognized phenomenon. The mechanism which underlies 
this process, however, is unclear. We have utilized agents which are 
selective for the D-1 and D-2 dopamine receptor subtypes in order to 
examine the role played by either receptor in the process of agonist 
induced supersensitivity.

Forty male Sprague-Dawley rats (280-300 gms) were pretested for 
behavioral response to .5 mg/kg apomorphine S.C. A behavioral checklist 
was employed which allowed quantification of individual motor behaviors; 
stereotypic behavior was scored using a modified Ernst Scale. Scores 
were ranked and the animals divided into 4 groups, each having equivalent 
apomorphine sensitivity. All animals were injected intraperitoneally 
for 18 days with either the selective D-2 agonist LY 171555 (3 mg/kg 
given once daily), the selective D-1 agonist SKF 38393 (8 mg/kg given 
twice daily), both drugs at the same doses, or normal saline. Following 
a 72 hour drug-free interval, animals were again challenged with 
apomorphine. Animals treated with SKF 38393 alone or in combination 
with LY 171555 appeared behaviorally supersensitive when compared 
with control animals (P < .005). Animals chronically treated with LY 
171555 appeared behavioral ly subsensitive (P < .005).

In a second phase of the study the effect of chronic treatment on the 
behavioral response to the selective agonists themselves was examined. 
Following a one week drug free interval all animals were scored for 
behavioral response (intervals of intense grooming behavior) to 8 mg/kg 
SKF 38393. Animals chronically treated with SKF 38393 displayed an 
augmented behavioral response to this drug when compared with all other 
groups (p < .01). There were no remarkable differences between the 
groups when behavioral response to 3 mg/kg of LY 171555 was analyzed 
following a second one week drug free interval. Animals were again 
challenged with apomorphine following a third week-long drug free 
interval; the same patterns of behavioral response seen in the initial 
post-test were again seen and remained statistically significant.

Our results thus suggest that the behavioral supersensitivity associated 
with chronic exposure to mixed dopamine agonists may depend on chronic 
D-1 receptor stimulation. Chronic administration of the selective D-1 
agonist alone induces behavioral supersensitivity in response to both 
apomorphine and to the D-1 agonist itself. On the other hand, chronic 
treatment with a D-2 agonist alone induces behavioral subsensitivity 
which may be mediated by down-regulation of the D-2 receptor.
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250.7  COMPARISONS OF SOME BEHAVIORAL AND NEUROPHARMACOLOGICAL EFFECTS 
OF CAFFEINE IN MICE, RATS, AND RHESUS MONKEYS. (SPON: J .  B a r r e t t ) .  
P . S c o t t*  and J .R .  G low a. C l i n i c a l  N e u ro s c ie n c e  B ra n c h , NIMH, 
B e th e sd a ,  MD 20205

The e f f e c t s  o f  c a f f e i n e  w ere com pared  on s u p p re s s e d  and  n o n -  
s u p p re s s e d  re s p o n d in g  i n  t h r e e  s p e c i e s .  R esp o n d in g  was m a in ta in e d  
u n d e r  m u l t ip l e  f i x e d - i n t e r v a l  ( F I )  3 -m in  ( r h e s u s  m o n k ey s), 5 -m in  
( m ic e ) ,  o r  v a r i a b l e - i n t e r v a l  (V I) 4 5 - s e c  ( r a t s )  s c h e d u le s  In  
w h ich  re s p o n d in g  u n d e r  one com ponent p ro d u ce d  a  m ild  e l e c t r i c  
sh o ck  and  s u p p re s s e d  r e s p o n d in g .  S u p p re sse d  re s p o n d in g  was 
d e c re a s e d  to  b e tw een  6-35% o f  th e  r a t e  o f  re s p o n s e  i n  th e  
com ponent t h a t  d id  n o t  p ro d u ce  sh o c k . C a f f e in e  ( 0 .3 - 1 0 0  m g/kg) 
i n c r e a s e d  b o th  s u p p re s s e d  and  n o n - s u p p re s s e d  re s p o n d in g  I n  e a c h  
s p e c i e s  a t  i n te r m e d ia t e  d o s e s ,  w i th  s u p p re s s e d  re s p o n d in g  b e in g  
In c r e a s e d  to  a  g r e a t e r  e x t e n t .  P e n t o b a r b i t a l  ( i n  m ice ) and  
m idazo lam  ( i n  r a t s  and  r h e s u s  m onkeys) a l s o  in c r e a s e d  b o th  
s u p p re s s e d  and  n o n - s u p p re s s e d  r e s p o n d in g ,  b u t  th e  i n c r e a s e s  i n  
s u p p re s s e d  re s p o n d in g  w i th  t h e s e  d ru g s  w ere t y p i c a l l y  g r e a t e r ,  
and  th e  i n c r e a s e s  i n  n o n - s u p p re s s e d  re s p o n d in g  w ere  t y p i c a l l y  
l e s s ,  th a n  th e  i n c r e a s e s  s e e n  w i th  c a f f e i n e .  I n  th e  r a t ,  Ro 
15-1788  (1 -1 0 0  m g/kg) s l i g h t l y  in c r e a s e d  b o th  s u p p re s s e d  and 
n o n - s u p p re s s e d  re s p o n d in g  a t  in te r m e d ia t e  d o s e s , w i th  th e  
i n c r e a s e s  In  n o n - s u p p re s s e d  re s p o n d in g  b e in g  g r e a t e r .  O ver th e  
ra n g e  o f  d o s e s  s t u d i e s ,  Ro 15-1788 d id  n o t  a l t e r  th e  r a t e -  
i n c r e a s i n g  e f f e c t s  o f  a n  in te r m e d ia t e  d o se  (10 m g/kg) o f  
c a f f e i n e .  In  th e  r a t ,  1 -P IA  ( 0 .0 1 - 0 .3  m g/kg) o n ly  d e c re a s e d  b o th  
s u p p re s s e d  and  n o n - s u p p re s s e d  r e s p o n d in g .  H ow ever, in te r m e d ia t e  
d o s e s  o f  1 -P IA  p o t e n i t a t e d  th e  r a t e - i n c r e a s i n g  e f f e c t s  o f  
c a f f e in e  on  s u p p re s s e d  r e s p o n d in g .  The r e s u l t s  a r e  i n t e r p r e t t e d  
a s  c a f f e i n e  h a v in g  a  m o d e ra te ,  a d e n o s in e -m e d ia te d ,  p sy ch o m o to r 
s t i m u l a n t  e f f e c t  w h ich  a p p e a r s  t o  d i f f e r  from  t h a t  o f  o t h e r  
" c l a s s i c a l "  p sy ch o m o to r s t i m u l a n t s .

250.8 PHENCYCLIDINE INDUCED ROTATIONAL BEHAVIOR IS NOT DOPAMINE 
DEPENDENT. H .D . E v e r i s t ,  C .C . C h iu e h ,  a n d  A. P e r t . B i o l o g i c a l  
P s y c h i a t r y  B ra n c h  a n d  L a b . o f  C e r e b r a l  M e ta b o l i s m ,  NIMH, B e th e s d a , 
M a r y la n d  2 0 8 9 2

P h e n c y c l i d i n e  (PCP) p r o d u c e s  r o t a t i o n a l  b e h a v i o r  i p s i l a t e r a l  to  
a  u n i l a t e r a l  6-OHDA l e s i o n  o f  t h e  n i g r o s t r i a t a l  d o p a m in e  p a th w a y . 
I n  a d d i t i o n ,  u n i l a t e r a l  i n j e c t i o n s  o f  PCP i n t o  t h e  s u b s t a n t i a  
n i g r a  r e s u l t s  i n  r o t a t i o n a l  b e h a v i o r  c o n t r a l a t e r a l  t o  t h e  
i n j e c t i o n .  T he a s s u m p t io n  h a s  b e e n  t h a t  PCP in d u c e d  r o t a t i o n a l  
b e h a v i o r  i s  m e d i a t e d  th r o u g h  e n h a n c e d  d o p a m in e r g ic  a c t i v i t y .  We 
h a v e  f o u n d  l i t t l e  e v i d e n c e  t o  s u p p o r t  t h i s  n o t i o n .  I n  t h e  f i r s t  
s e r i e s  o f  s t u d i e s , we e v a l u a t e d  t h e  a b i l i t y  o f  r e s e r p i n e  a n d  
a l p h a - m e t h y l - p a r a t y r o s i n e  (AMPT) p r e t r e a t m e n t  t o  a n t a g o n i z e  PCP, 
a m p h e ta m in e  o r  m e t h y l p h e n i d a t e  in d u c e d  r o t a t i o n a l  b e h a v i o r  i n  
6-OHDA l e s i o n e d  r a t s .  R e s e r p in e  a n t a g o n iz e d  m e t h y l p h e n i d a t e  and 
AMPT a n t a g o n i z e d  a m p h e ta m in e  w h i l e  n e i t h e r  com pound  w as e f f e c t i v e  
a g a i n s t  PC P . F in d i n g s  f ro m  a d d i t i o n a l  s t u d i e s  a l s o  m ake i t  
u n l i k e l y  t h a t  PCP i s  a c t i n g  th r o u g h  d o p a m in e r g ic  m e c h a n is m s  i n  the 
c a u d a t e  n u c l e u s  o r  n u c l e u s  a c c u m b e n s .  W h ile  6-OHDA l e s i o n s  o f  the 
n .  a c c u m b e n s  a t t e n u a t e d  a m p h e ta m in e  i n d u c e d  r o t a t i o n a l  b e h a v io r  
i n  n i g r o s t r i a t a l  l e s i o n e d  r a t s ,  s i m i l a r  l e s i o n s  w e re  i n e f f e c t i v e  
a g a i n s t  PC P . F u r t h e r m o r e ,  s y s t e m i c a l l y  a d m i n i s t e r e d  am p h e ta m in e  
f a i l e d  t o  p r o d u c e  a n y  a s y m e t r y  i n  a n i m a l s  t h a t  h a d  b e e n  i n j e c t e d  
u n i l a t e r a l l y  i n  t h e  s t i a t u m  w i t h  PC P . I n  a d d i t i o n ,  w h i l e  am pheta
m in e  in d u c e d  r o t a t i o n a l  b e h a v i o r  w as a c c o m p a n ie d  b y  s i g n i f i c a n t  
a l t e r a t i o n s  i n  d o p a m in e  a n d  DOPAC c o n t r a l a t e r a l  t o  t h e  l e s i o n ,  PCP 
h a d  l i t t l e  e f f e c t  o n  t h e s e  n e u r o c h e m i c a l s .

U n i l a t e r a l  i n j e c t i o n s  o f  PCP i n t o  t h e  s u b s t a n t i a  n i g r a  produced  
p r o f o u n d  r o t a t i o n a l  b e h a v i o r  c o n t r a l a t e r a l  t o  t h e  i n j e c t i o n  y e t  
h a d  l i t t l e  e f f e c t  o n  d o p a m in e  o r  d o p a m in e  m e t a b o l i t e s  i n  e i t h e r  
t h e  c o n t r a l a t e r a l  o r  i p s i l a t e r a l  c a u d a t e .  K n i f e  c u t s  r o s t r a l  to  
t h e  s u b s t a n t i a  n i g r a  w e re  i n e f f e c t i v e  i n  a l t e r i n g  r o t a t i o n a l  
b e h a v i o r  i n d u c e d  b y  i n j e c t i o n s  o f  PCP i n t o  t h i s  s t r u c t u r e  w h i le  
k n i f e  c u t s  c a u d a l  t o  t h e  s u b s t a n t i a  n i g r a  d e c r e a s e d  s u c h  
r o t a t i o n a l  b e h a v i o r  s i g n i f i c a n t l y .

T h e s e  f i n d i n g s  s u g g e s t  t h a t  PCP i n d u c e s  r o t a t i o n a l  b e h a v i o r  in 
l e s i o n e d  r a t s  t h r o u g h  a  d o p a m in e  i n d e p e n d e n t  m e c h a n is m . PCP 
i n d u c e d  r o t a t i o n a l  b e h a v i o r  f o l l o w i n g s  u n i l a t e r a l  i n j e c t i o n s  in to  
t h e  s u b s t a n t i a  n i g r a  a p p e a r s  t o  i n v o l v e  p a th w a y s  t h a t  p r o j e c t  
c a u d a l l y  a n d  i s  a l s o  i n d e p e n d e n t  o f  t h e  a s c e n d i n g  n i g r o s t r i a t a l  
s y s t e m .

250.9 MICRODIALYSIS OF THE NUCLEUS ACCUMBENS: EFFECTS OF AMPHETAMINE 
AND PHENYLPROPANOLAMINE ON DOPAMINE AND ITS METABOLITES IN 
AWAKE RATS. L. Hernandez and B. G. H oebel. Dept. Psychology, 
P rin ce to n  U n iv ., P r in ce to n , NJ 08544.

The i n t e r n a l  s t im u lu s  p r o p e r t i e s  o f  sy stem ic  AMFH (d -  
amphetamine 1 .0  mg/kg) can g e n e ra liz e  to  PPA (d l-p h e n y lp ro 
panolam ine, 10 and 20 mg/kg in  r a t s  a t  80% o f normal body 
w e ig h t ( I .  S ta f fo rd  & B. G. H oebel, Soc. Neurosci . A b str . 
10:1072, 1984). To c o r r e la te  b ra in  neurochem istry  w ith  th e  
s tim u lu s  e f f e c t s  o f  AMPH and PPA, very  sm all m ic ro d ia ly s is  
probes (B ra in  Res. I n s t r .  Co.) were used to  sample monoamines 
in  th e  nucleus  accumbens (NAC) b e fo re  and a f t e r  drug adm inis
t r a t i o n .

In  6 male r a t s  p repared  w ith  a gu ide s h a f t  im plan ted  above 
th e  NAC, a moveable m ic ro d ia ly s is  probe was p laced  w ith  i t s  
0 .2  mm d iam eter c e l lu lo s e  t i p  lodged in  th e  NAC. AMPH (2 
mg /k g ) , PPA (20 mg/kg) o r s a l i n e  ( 0 .3  m l) w ere g iv e n  i n  
co u n te rb a lan ced  o rd e r  i n  daytim e t e s t s .  In  20 min sam ples o f 
d i a l s a t e ,  e x t r a c e l lu l a r  DA in c re a s e d  more a f t e r  AMPH th e n  
a f t e r  PPA, b u t b o th  d ru g s  had  s ig n i f i c a n t  e f f e c t s  on DA 
r e le a s e  a t  th e se  do ses . AMFH d ec reased  DOPAC and HVA; w hereas 
PPA had th e  o p p o s ite  e f f e c t ,  su g g es tin g  th a t  AMPH blocked DA 
m etabolism . PPA in c re a s e d  5-HIAA; AMPH d id  n o t.

The in c r e a s e  in  e x t r a c e l lu l a r  DA in  th e  NAC a f t e r  both 
d rugs may be p a r t ly  r e s p o n s ib le  f o r  th e  s im i la r  d is c r im in a tiv e  
s tim u lu s  p r o p e r t ie s  observed  w ith  h igh  doses o f  th e se  drugs in  
underw eight an im als. In c rea se d  5HT tu rn o v e r  a f t e r  PPA may be 
p a r t l y  re s p o n s ib le  f o r  PPA an o re x ia . Both drugs may a lso  
g e n e ra te  a ca tech o lam in e rg ic  a n o rex ic  cue in  o th e r  p a r t s  o f 
th e  b ra in . Observed d if f e re n c e s  in  e f f e c t s  o f  AMPH and PPA on 
DA and 5HT m e ta b o lite s  may h e lp  e x p la in  why AMPH i s  r e a d i ly  
abused and PPA i s  n o t.

250.10 EFFECTS OF CHOLINOLYTES ON MAZE PERFORMANCE IN THE RAT: 
ATTENUATION AND ADDITIVE EFFECTS OF PYRIDOSTIGMINE. 
Grauer, E.*, Y. Kapon* & G. Porath*. (SPON: A. Levy).
Dept. of Pharmacology, Israel Inst i tu te  for Biological Research, 
P.O.Box 19, Ness-Ziona 70450, Israel.

The scope of behavioral deficits expected af ter  subcutaneous 
administration of either  atropine or benactyzine was evaluated 
in rats trained to perform various maze tasks. The animals were 
required to choose one of two levers, press i t  and return to 
the choice point in order to obtain the reward and begin a new 
t r i a l .  The correct choice, depending on the task, was based on 
one of the following: a. Visual discrimination in a light+/dark+ 
procedure, b. Spatial discrimination in an unsignaled single 
alternation procedure, c. Complex visual/spat ial  discrimination 
in a successive discrimination procedure. An increase in the 
number of errors was regarded as indication for central effect 
of the drugs, while a decrease in rate of performance was an 
indication for peripheral effects. The lowest doses found to 
affect  both general response rate and error score at  specific 
maze tasks,  were 4 mg/kg of atropine and 1 mg/kg of benactyzine. 
These behavioral effects were only slightly  increased when the 
dose of the cholinolytes was increased up to four fold. Behavioral 
effects induced by the "threshold" doses were found to be attenu
ated by a pretreatment with pyridostigmine (130μ g/kg, i.m.). 
Pyridostigmine, at  th is low dose, was found to attenuate only 
the increase in the number of errors but had no effect on the 
decrease in the rate of responding. However, when tested with 
the high doses of the cholinolytes, pyridostigmine's attenuation 
effect on the number of errors disappeared. In addition, an 
additive effect was noted on the decrease in the response rate. 
Results are discussed in terms of possible central effects, 
ei ther  direct or indirect, of quatenary compounds.
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250.11 MDMA ("ECSTASY"): DRUG DISCRIMINATION AND BRAIN BINDING 
PROPERTIES. R .A .G len n o n , *1 M .T i t e l e r ,* 2  R .A .L yon *2 & 
M. Y o u s s if .*1  (SPON: L .S .H a r r i s )  1 D ept o f  M e d ic in a l  
Chem, Sch o f P h arm acy , MCV/VCU, R ichm ond, VA 23 2 9 8 , and  
2 Dept o f P h a rm a c o l, A lbany  Med C o l le g e ,  A lb an y , NY.

N-M ethyl 1- ( 3 , 4 -m e th y le n e d io x y p h e n y l) -2 -a m in o p ro p a n e  
(MDMA; " E c s ta s y " )  h a s  r e c e n t l y  a t t r a c t e d  a t t e n t i o n  b e 
cause o f  i t s  p s y c h o a c t iv e  a c t i o n  and a b u se  p o t e n t i a l .  
In hum ans, S(+)-MDMA i s  a t  l e a s t  tw ic e  a s  p o t e n t  a s  i t s  
racem ate  o r R ( - ) - e n a n t io m e r  (A n d erso n  e t  a l ,  NIDA Res 
Monograph 2 2 :8 ,  1 9 7 8 ) .  S t r u c t u r a l l y - r e l a t e d  a g e n ts  
in c lu d e  i t s  N -d e sm e th y l a n a lo g  (MDA), i t s  N ,a lp h a - d i -  
desm ethyl a n a lo g  (HPA), and  1 - (2 -m e th o x y -4 ,5 - m e th y l
en ed io x y p h en y l) -2 -a m in o p ro p a n e  (MMDA-2.)

Sprague-D aw ley r a t s  (n=5) w ere  t r a i n e d  to  d i s c r i m i n 
a te  1 .0  mg/kg o f ra c e m ic  MDMA HCl  from  1 .0  m l/k g  s a l i n e  
(VI 1 5 -se c  s c h e d u le  o f  r e in f o r c e m e n t  f o r  fo o d  rew ard ) 
using  a s ta n d a rd  2 - l e v e r  o p e r a n t  p r o c e d u r e .  The MDMA- 
s tim u lu s  g e n e r a l i z e d  (2 .5 -m in  e x t i n c t i o n  s e s s i o n )  to  
S (+)-MDMA HCl  w ith  t h e  l a t t e r  b e in g  m ore p o te n t  (ED50= 
0.23 mg/kg) th a n  ra c e m ic  MDMA (ED50=0.52 m g /k g ) .

R a d io lig a n d  b in d in g  s t u d i e s  w ere  c o n d u c te d  u s in g  r a t  
f r o n ta l  c o r t e x  [ t r i t i a t e d  5-HT (5 -H T 1 ), k e t a n s e r i n  
(5-HT2), DOB ( 5-HT2H; 5-HT2 h ig h  a f f i n i t y  s t a t e ) ] ,  and 
s t r i a t a l  [N -m e th y ls p ip e ro n e  (D 2)] h o m o g e n a te s .

Ki (nM)

5-HT1 5-HT2(KET) 5-HT2H

MDMA 6 ,8 5 0 8 ,3 0 0 -
R ( - ) MDMA 4 ,2 0 0 3 ,3 0 0 310
S (+ )MDMA 1 1 ,3 0 0 1 5 ,8 0 0 1 ,8 6 0
MDA 7 ,1 5 0 5 ,3 0 0 -

R ( - ) MDA 4 ,8 0 0 3 ,4 0 0 -

S (+)MDA 1 4 ,0 0 0 1 3 ,1 0 0 -

HPA 750 4 ,5 0 0 -
MMDA-2 2 ,3 0 0 3 ,7 0 0 -

None o f th e  a g e n t s  d i s p la y e d  an a p p r e c i a b l e  a f f i n i t y  
fo r D2 s i t e s  ( i . e .  Ki v a lu e s  w ere  > 2 5 ,0 0 0  nM ). In  t h e  
case o f MDMA is o m e r s ,  Ki v a lu e s  a r e  R ( - ) -MDMA: 2 5 ,4 0 0  
nM, and S(+)-MDMA: > 1 0 0 ,0 0 0  nM.

I f  th e  e f f e c t s  (human and d i s c r i m i n a t i v e  s t im u lu s )  
of MDMA a r e  due p r i m a r i l y  t o  t h e  a c t i o n s  o f  t h e  S ( + ) -  
isom er, i t  i s  u n l i k e l y  to . be r e l a t e d  t o  a d i r e c t  
in te r a c t io n  o f th e s e  a g e n t s  w ith  5-HT1, 5-H T2, o r  D2 
re c e p to rs .  (S u p p o rte d  in  p a r t  by NIDA g r a n t  D A -01642.)

250.12 ACUTE TOLERANCE TO THE LOCOMOTOR STIMULANT EFFECTS O F NICOTINE: AN 
INDICATOR OF RECEPTOR DESENSITIZATION? R .L . Hakan*-  And C .  Ksi r . 
D e p t . o f  P s y c h o lo g y , U n iv e r s i ty  o f  Wyoming, L a ra m ie , WY 8 2 071 .

R a ts  g iv e n  d a i l y  low  d o s e s  o f  n i c o t i n e  show an  in c r e a s e d  
lo c o m o to r  r e s p o n s e  to  n i c o t i n e .  T h is  i s  c o in c id e n t  w i th  an  
i n c r e a s e  i n  th e  num ber o f  CNS n i c o t i n i c  c h o l i n e r g i c  r e c e p t o r s .  I t  
i s  p o s s ib l e  t h a t  a  s e c o n d a ry  b lo c k a d e ,  su c h  a s  o c c u rs  a t  p e r i p h e r a l  
n i c o t i n i c  r e c e p t o r s ,  m ig h t a l s o  o c c u r  i n  t h e  CNS. Such a b lo c k a d e  
c o u ld  th e n  e x p la i n  th e  u p r e g u la t i o n  o f  CNS r e c e p t o r s  a s  a 
h o m e o s ta t ic  a d a p ta t io n

Two g ro u p s  o f  r a t s  w ere g iv e n  n i c o t i n e  ( 0 .2  m g/kg) e a ch  day  f o r  
f i v e  d a y s  so  th e y  w ould  show a  s e n s i t i z e d  r e s p o n s e  t o  n i c o t i n e .  On 
th e  s i x t h  day  th e  r a t s  w ere  p la c e d  i n  p h o t o c e l l  a c t i v i t y  c a g e s  f o r  
a  o n e -h o u r  a d a p ta t i o n  p e r i o d ,  a f t e r  w h ich  f i v e  i n j e c t i o n s  w ere 
g iv e n  a t  2 0 -m in  i n t e r v a l s .  One g ro u p  r e c e iv e d  0 .2  m g/kg n i c o t i n e  
f o r  e a c h  i n j e c t i o n ,  th e  o th e r  g ro u p  r e c e iv e d  s a l i n e .  A f t e r  th e  
f i r s t  i n j e c t i o n  th e  n i c o t i n e - t r e a t e d  r a t s  showed s i g n i f i c a n t l y  more 
a c t i v i t y  th a n  th e  s a l i n e - t r e a t e d  r a t s .  W ith  e a c h  s u b s e q u e n t  
i n j e c t i o n  a t  20-m in  i n t e r v a l s ,  th e  r e s p o n s e  t o  n i c o t i n e  d im in is h e d .  
T h is  d e m o n s tra te s  a  r a p i d  t o l e r a n c e  to  t h i s  b e h a v io r a l  e f f e c t  o f  
n i c o t i n e ,  a s  w ould  be e x p e c te d  i f  n i c o t i n e  p ro d u c e s  a  s e co n d a ry  
a n ta g o n is m  o f  i t s  r e c e p t o r .

I n  a  s eco n d  e x p e r im e n t r a t s  w ere  g iv e n  two i n j e c t i o n s  e a ch  day 
o f  0 . 2  m g/kg n i c o t i n e ,  w i th  v a ry in g  tim e  i n t e r v a l s  b e tw een  th e  two 
i n j e c t i o n s .  Second i n j e c t i o n s  w h ich  fo llo w e d  th e  f i r s t  by 3 0 , 45 
o r  60 min p ro d u ce d  s i g n i f i c a n t l y  r e d u c e d  r e s p o n s e s  com pared to  th e  
f i r s t  i n j e c t i o n  on t h a t  d a y . T h is  s e c o n d a ry  a n ta g o n is m  d i s a p p e a r s  
by 90 mi n .

I n  th e  n e x t  e x p e r im e n t r a t s  w ere g iv e n  t h r e e  i n j e c t i o n s  on e a ch  
t e s t  d a y . A f t e r  th e  f i r s t  i n j e c t i o n  o f  0 .2  m g/kg n i c o t i n e ,  
a c t i v i t y  was r e c o rd e d  f o r  10 m in t o  e s t a b l i s h  an  i n i t i a l  r e s p o n s e  
l e v e l .  Then an  a d d i t i o n a l  1 .6  m g/kg was g iv e n .  On e a c h  t e s t  day  a 
t h i r d  i n j e c t i o n ,  0 . 2  m g /k g , was g iv e n  a t  a  d i f f e r e n t  tim e  a f t e r  th e  
l a r g e  i n j e c t i o n .  I f  t h i s  t h i r d  i n j e c t i o n  fo llo w e d  th e  l a r g e  
i n j e c t i o n  by 3 0 , 6 0 , 1 2 0 , 180 o r  360 m in , t h e  re s p o n s e  t o  i t  was 
s i g n i f i c a n t l y  lo w e r  th a n  t h a t  d a y ’ s r e s p o n s e  to  th e  f i r s t  0 . 2  m g/kg 
i n j e c t i o n .  By 550 m in a f t e r  th e  l a r g e  i n j e c t i o n  th e  r e s p o n s e  t o  
0 . 2  m g/kg was n o t  d i f f e r e n t  from  t h a t  d a y ’ s  i n i t i a l  r e s p o n s e .  
Assum ing a  9 0 -m in  h a l f - l i f e  f o r  n i c o t i n e  i n  r a t  b r a i n ,  and 
c o m p arin g  th e  tim e  c o u rs e  o f  t h e  a p p a re n t  r e c o v e ry  o f  r e c e p t o r  
f u n c t i o n  a f t e r  0 . 2  and  1 . 6  m g /k g , i t  i s  n o t  p o s s ib l e  t o  r e j e c t  th e  
h y p o th e s i s  t h a t  t h e  i n a c t i v a t i o n  o f  th e  r e c e p t o r  r e f l e c t s  c o n tin u e d  
p re s e n c e  o f  n i c o t i n e  a t  th e  s i t e .

The f o l lo w in g  m odel i s  p ro p o se d :  n i c o t i n e  f i r s t  s t i m u l a t e s  and 
th e n  a n ta g o n iz e s  i t s  r e c e p t o r .  R e p e a te d  a n ta g o n ism  r e s u l t s  i n  an  
i n c r e a s e d  num ber o f  n i c o t i n i c  r e c e p t o r s .  The i n c r e a s e d  num bers o f  
r e c e p t o r s  th e n  p ro d u ce  an  in c r e a s e  i n  th e  i n i t i a l  a g o n i s t i c  a c t i o n  
o f  n i c o t i n e .

250.13 NICOTINE RESPONSE AND NICOTINIC RECEPTORS IN MICE SELECTED FOR 
DIFFERENTIAL SENSITIVITY TO ETHANOL. C.M. de F i e b r e * , L .J .  
M edhurst*, L .L . M in e r* , an d  A .C . C o l l i n s *  (SPON: A .P . J o n e s ) .  
I n s t . f o r  Behav. G e n e t ic s ,  U n i v e r s i t y  o f  C o lo ra d o , B o u ld e r ,  CO 
80309.

N ic o tin e  and e th a n o l ,  two o f  th e  m o st commonly u s e d  d ru g s  by 
man, a re  o f te n  u se d  s im u l t a n e o u s ly .  I n  an  a t t e m p t  t o  a s c e r t a i n  
whether common g en es  i n f l u e n c e  r e s p o n s e  to  e th a n o l  an d  n i c o t i n e ,  
we have exam ined n i c o t i n e  r e s p o n s e  an d  n i c o t i n i c  r e c e p t o r  
b in d in g  in  th e  l o n g - s l e e p  (LS) and  s h o r t - s l e e p  (SS) m ice w hich  
have b een  b r e d  f o r  d i f f e r e n t i a l  s e n s i t i v i t y  t o  e th a n o l  
a n e s th e s ia .  U sin g  a  t e s t  b a t t e r y  f o r  m e a s u r in g  n i c o t i n e  e f f e c t s  
in  mice we have fo u n d  t h a t  th e  LS a r e  m ore s e n s i t i v e  th a n  th e  SS 
to  n i c o t i n e ’ s d e p r e s s a n t  e f f e c t s  a s  m ea su red  b y  d e c l i n e  i n  y- 
maze a c t i v i t y ,  h e a r t  r a t e  an d  b ody  t e m p e ra tu re  f o l lo w in g  
n ic o t in e  a d m i n i s t r a t i o n .  A ls o ,  t h e  LS m ice  a r e  m ore s e n s i t i v e  
th an  th e  SS m ice t o  t h e  s e iz u r e - p r o d u c in g  a c t i o n  o f  n i c o t i n e .  
S im ila r  to  o u r  f i n d i n g s  w i th  C3H an d  DBA m ice  (M in e r, L .L ., e t  
a l . ,  J .  P h a rm a c o l. E x p e r . T h e r . , 2 3 1 :5 4 5 , 1 9 8 4 ) , n i c o t i n e -  
induced  s e iz u r e  s e n s i t i v i t y  s e g r e g a te d  i n t o  F1 , F 2 , and 
b a c k cro ss  (F1 X LS and  F1 X SS) g e n e r a t io n s  i n  a  m anner w hich  
cou ld  be e x p la in e d  by  n i c o t i n e - i n d u c e d  s e i z u r e s  b e in g  r e g u l a te d  
by a s in g l e  au to so m a l g e n e . The LS an d  SS m ice  d id  n o t  d i f f e r  
in  b r a in  3H - n ic o t in e  b in d in g  b u t ,  th e  m ore s e i z u r e - s e n s i t i v e  LS 
mice have a  h ig h e r  num ber o f  h ip p o c a m p a l α- b u n g a r o to x in  (BTX) 
b in d in g  s i t e s  th a n  SS m ic e . T h is  d i f f e r e n c e  i s  n o t  a s  g r e a t  as  
t h a t  se e n  in  C3H an d  DBA m ic e . T h e r e f o r e ,  i t  seem s t h a t  
d i f f e r e n c e s  i n  h ip p o ca m p a l BTX b in d in g  c a n n o t  t o t a l l y  a c c o u n t 
fo r  d i f f e r e n c e s  i n  s e i z u r e  s e n s i t i v i t y .  The p r e i n j e c t i o n  o f  a 
s u b s e iz u re  do se  o f  n i c o t i n e  r e s u l t e d  i n  a  s h i f t  t o  th e  r i g h t  o f  
th e  s e iz u r e  d o s e - r e s p o n s e  c u rv e s  i n  b o th  l i n e s  o f  m ice w i th  th e  
LS cu rv e  show ing a  g r e a t e r  s h i f t .  Such a  s h i f t  m ig h t r e s u l t  
from th e  d e s e n s i t i z a t i o n  o f  n i c o t i n i c  r e c e p t o r s .  T h e r e f o r e ,  LS 
n i c o t i n i c  r e c e p t o r s  m ig h t  d e s e n s i t i z e  t o  a  g r e a t e r  d e g re e  th a n  
do SS r e c e p t o r s .  B io c h e m ic a l  s t u d i e s  h a v e  d e m o n s tra te d  t h a t  
a lc o h o ls  s t a b i l i z e  th e  n i c o t i n i c  r e c e p t o r s  from  th e  e l e c t r i c  
o rg an  o f  T orpedo  i n  i t s  d e s e n s i t i z e d  s t a t e ,  p re su m a b ly  a s  a 
r e s u l t  o f  a l t e r i n g  l i p i d - p r o t e i n  i n t e r a c t i o n s  (Boyd, N.D. & 
Cohen, J . B . ,  B io c h e m ., 2 3 :4 0 2 3 , 1 9 8 4 ) . I t  may be  t h a t  s e l e c t i o n  
f o r  d i f f e r e n c e s  i n  e th a n o l - in d u c e d  s l e e p - t i m e  r e s u l t e d  in  
d i f f e r e n c e s  i n  membrane l i p i d s  s u r r o u n d in g  th e  n i c o t i n i c  
r e c e p to r .  T h ese  d i f f e r e n c e s  may c o n t r i b u t e  t o  th e  d i f f e r e n c e s  
in  n i c o t i n e - i n d u c e d  s e i z u r e  s e n s i t i v i t y .
S u p p o rted  by  AA-06391 an d  NIMH t r a i n i n g  g r a n t  MH-16880.

250.14 PATTERN OF SEIZURES INDUCED BY PICROTOXIN: A DOSE-RESPONSE STUDY.
J .  Thomas & R. L. I s a a c s o n , C e n te r  f o r  N e u ro b e h a v io ra l  S c ie n c e  and 
D e p t. o f  P sy c h o lo g y , U n iv e r s i ty  C e n te r  a t  B ingham ton , B ing h am to n , 
New Y ork 13901 .

As a  p r e l im in a r y  s te p  to  th e  i n v e s t i g a t i o n  o f  i n t e r v e n t i o n s  
t h a t  m ig h t a n ta g o n iz e  e p i l e p t i f o r m  s e i z u r e s ,  t h i s  s tu d y  was u n d e r 
ta k e n  to  d e f in e  th e  c h a r a c t e r i s t i c s  o f  p i c r o to x in - in d u c e d  s e i 
z u r e s .  M ale r a t s  w ere i n j e c t e d  s u b c u ta n e o u s ly  w i th  v a r io u s  d o se s  
o f  p i c r o t o x in  ( 3 ,  4 ,  5 , 6 , 8 , o r  10 m g /k g ) . The a n im a ls  w ere 
p la c e d  i n  a  p l e x i g l a s  cham ber and  o b s e rv e d  o v e r  th e  n e x t  h o u r . 
F our d i s t i n c t  b e h a v io r a l  p a t t e r n s  o f  s e i z u r e s  w ere  i d e n t i f i a b l e :  
( a )  m y o c lo n ic  e p i s o d e s ,  c h a r a c t e r i z e d  by q u ic k  w hole  body tw i tc h e s  
and  j e r k s ;  (b )  " p a r t i a l "  s e i z u r e  e p is o d e s  c h a r a c t e r i z e d  by ex 
t e n s i o n  and  fo rw a rd  a r c h in g  o f  th e  h e a d ,  n e c k ,  and  f o r e  p a r t  o f  
th e  body w h i le  m a in t a in in g  body p o s tu r e  i n  th e  h in d  lim b  a r e a ;  and 
a sy m m e tric  t o n i c  c o n t r a c t i o n  o r  e x te n s io n  t h a t  s h i f t e d  from  one 
h in d  lim b  to  th e  o t h e r ,  t e r m in a t in g  w i th  th e  r e - e s ta b l i s h m e n t  o f  
p o s tu r e  a lo n g  w i th  c lo n i c  m ovem ents o f  th e  fo re p a w s ;  ( c )  " a t o n i c " 
e p is o d e s  c h a r a c t e r i z e d  by a  f i x e d ,  " f ro z e n "  p o s tu r e ,  s t a r i n g ,  l o s s  
o f  m u sc le  to n e  and an  i n a b i l i t y  o f  th e  a n im a l to  r i g h t  i t s e l f ;  (d ) 
g e n e r a l iz e d  s e i z u r e s  c h a r a c t e r i z e d  by l o s s  o f  p o s t u r a l  c o n t r o l ,  
w ho le  body m ovem ents, m u sc u la r  r i d g i d i t y  w i th  th e  h ead  a rc h e d  up 
w ard  and  b a c k ,  and  b i l a t e r a l l y  s y m m e tr ic a l  lim b  e x te n s io n .

The o c c u r r e n c e  o f  th e  s e i z u r e s  was p r e d i c t a b l e  w i th  m y o c lo n ic , 
" p a r t i a l " ,  and  " a to n i c "  s e i z u r e s  o c c u r r in g ,  i n  t h a t  s e q u e n c e , d u r 
in g  th e  f i r s t  h a l f  h o u r  a f t e r  i n j e c t i o n .  G e n e r a l iz e d  s e i z u r e s  
d id  n o t  o c c u r  i n  any  a n im a l a t  th e  3 m g/kg d o s e . At th e  4 m g/kg 
d o s e ,  g e n e r a l iz e d  s e i z u r e s  o c c u r r e d  i n  25% o f  th e  a n im a ls .  At 
t h a t  d o se  a d d i t i o n a l  e p is o d e s  o f  m y o c lo n ic  o r  " p a r t i a l "  s e i z u r e s  
so m etim es p re c e d e d  o r  o c c u r r e d  i n s t e a d  o f  th e  e p is o d e  o f  g e n e r a l 
i z e d  s e i z u r e s .  A t d o s e s  o f  5 m g/kg and a b o v e , th e  g e n e r a l iz e d  
s e i z u r e s  a lw ay s  o c c u r r e d  and  th e r e  was no d e v ia t i o n  in  th e  s e 
qu en ce  from  th e  p a t t e r n  d e s c r ib e d .  The g e n e r a l iz e d  s e i z u r e s  
a lw a y s  fo llo w e d  th e  " a to n i c "  e p is o d e .  The l a t e n c y  to  m yoclonus 
was n o t  s i g n i f i c a n t l y  i n f lu e n c e d  by  th e  d o se s  t e s t e d  w h i le  th e  
l a t e n c y  to  g e n e r a l iz e d  s e i z u r e  d e c re a s e d  w i th  i n c r e a s i n g  d o se s  
o f  p i c r o t o x i n .  The m o rp h o lo g y  o f  th e  s e i z u r e s  was n o t  in f lu e n c e d  
by any  d o se  o f  p i c r o t o x in .

T hese r e s u l t s  i n d i c a t e  t h a t  p i c r o to x in - in d u c e d  s e i z u r e s  a r e  
made up o f  s e v e r a l  d i s t i n c t  ty p e s  o f  s e i z u r e s  and  th e  o c c u r r e n c e  
o f  g e n e r a l iz e d  s e i z u r e s  i s  d e te rm in e d  by th e  d o se  o f  p i c r o t o x in  
and  i s  in d e p e n d e n t  o f  th e  o c c u r r e n c e  o f  o t h e r  ty p e s  o f  s e i z u r e s .  
T h is  s u g g e s t s  t h a t  th e  d i f f e r e n t  p a t t e r n s  o f  s e i z u r e s  a r e  i n d e 
p e n d e n t  to  some d e g re e  and  i t  may be  p o s s ib l e  to  m a n ip u la te  th e  
o c c u r r e n c e  o f  e a c h  o f  them  th ro u g h  d i f f e r e n t  p h a rm a c o lo g ic a l  
m e th o d s .
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250.15 CHANGES IN COCAINE POTENCY WITH MAGNESIUM EXCESS AND 
DEFICIENCY. K . M .  K a n t a k .  L abo ra to ry  o f B ehav io ra l 
N eu roscience , D ept. Psychology, Boston U n iv e r s i ty ,  B oston, MA 
02215.

S evera l l in e s  o f  ev idence  su g g est th a t  th e  dopam inergic 
synapse i s  th e  s i t e  o f th e  rew ard ing  a c tio n s  o f th e  
psychom otor s t im u la n ts .  Magnesium (Mg2+ ) i s  capab le  o f 
a c t iv a t in g  ty ro s in e  h yd roxy lase  and p o te n t ia t in g  dopamine 
re c e p to r  b in d in g . We have p re v io u s ly  e s ta b l is h e d  th a t  
behavi o r a l ly  in  m ice, Mg2+ produces an in v e rted -U  shape 
fu n c t io n  tow ard o f fe n s iv e  a g g re s s io n , p roduces to le ra n c e  a t  
behavi o r a l ly  a c t iv a t in g  d o ses , and a c t iv a t e s  ca techo lam ine  
sy stem s. These e f f e c t s  a re  h ig h ly  s u g g e s tiv e  th a t  Mg2+ has 
s t im u la n t - l ik e  p ro p e r t ie s  and should  th e r e fo r e  i n t e r a c t  w ith  
d rugs o f abuse such as  cocaine  and a l t e r  i t s  po tency . In  th e  
p re s e n t s tu d ie s  potency changes were asse sed  u s in g  a g g re ss iv e  
b eh a v io r in  m ice.

The ac u te  a d m in is tr a tio n  o f 7 doses o f  coca in e  HCl  (0 .125  
to  20 mg/kg) produced in v e rted -U  shape fu n c t io n s  in  a t ta c k s .  
Cocaine a c t io n  was p o te n t ia te d  in  th e  ex cess  Mg2+ group by 
alm ost a f a c to r  o f  10 in  th a t  th e  average  dose o f coca in e  th a t  
produced th e  maximum f a c i l i t a t i o n  in  a t ta c k s  was 3 .7  mg/kg in  
th e  c o n tro l g roup , and was 0 .53  mg/kg in  th e  excess  Mg2+ 
group. C onverse ly , a 15% required-M g2+ d ie t  reduced th e  
potency o f  co c a in e . No f a c i l i t a t i o n  in  a t ta c k s  could  be 
observed up to  a dose o f 40 mg/kg co c a in e . When 0 .5  mg/kg 
co c a in e  was a d m in is te red  c h ro n ic a l ly  fo r  15 days , an in c re a s e  
in  co ca in e  potency was d e te c te d  w ith  ex cess  Mg2+ , and a 
d ec re a se  in  coca in e  potency was d e te c te d  w ith  low Mg2+ . The 
b e h a v io ra l red u c in g  p ro p e r t ie s  o f ch ro n ic  coca in e  on 
ag g re ss io n  were th e  g r e a t e s t  in  th e  ex cess  Mg2+ group (50% o f 
b a s e l in e )  and th e  l e a s t  in  th e  low Mg2+ group (10% of 
b a s e l in e )  as  compared to  th e  c o n tro l group (20% o f b a s e l in e ) .  
These s tu d ie s  i n d ic a te  th a t  Mg2+ s ta tu s  can a l t e r  th e  potency 
o f coca in e  on b e h a v io r , p o s s ib ly  through  a common in f lu e n c e  on 
b ra in  dopam ine. This has im p lic a tio n s  fo r  th e  abuse l i a b i l i t y  
o f  co ca in e  in  th a t  th e  s ta tu s  fo r  t h i s  m in e ra l v a r ie s  
c o n s id e ra b ly  in  th e  human p o p u la tio n  and can th e re fo re  
c o n t r ib u te  tow ard th e  u n d ers ta n d in g  o f p re d isp o s in g  f a c to r s  in  
co ca in e  abuse . These d a ta  a ls o  su g g est a p o te n t ia l  fo r  u s in g  
Mg2+ to  h e lp  t r e a t  co caine  a d d ic tio n  because o f  i t s  a b i l i t y  to  
a c t iv a t e  th e  dopamine system .

Supported by Boston U n iv e rs ity  funds fo r  B iom edical 
R esearch .

250.16 BILATERAL KAINIC ACID LESIONS OF THE LATERAL HABENULA 
ALTER DOPAMINERGIC MEDIATED BEHAVIORS. P a u l M . 
Ca r v e y , L iC h iu n g  Kao and H a ro ld  L .  K law ans. Depts. 
o f  P h a rm aco lo g y  and N e u r o lo g ic a l  S c ie n c e s .  R ush- 
P r e s b y te r i a n  S t .  L ukes M e d ic a l C e n t e r ,  C h icag o , IL 
60612 .

2 -d e o x y g lu c o s e  a u to r a d io g r a p h y  h a s  d e m o n s tra ted  
t h a t  n e u r o l e p t i c  a g e n ts  i n c r e a s e  and dopam ine (DA) 
a g o n i s t s  d e c r e a s e  g lu c o s e  u t i l i z a t i o n  in  th e  l a t e r a l  
h a b e n u la  (LH). The r e c e n t  d i s c o v e r y  o f  th e  mesohabe
n u l a r  d o p a m in e rg ic  pa th w ay  and an u n d e r s ta n d in g  o f the 
i n f l u e n c e  t h e  LH h a s  on t h e  a c t i v i t y  o f  t h e  r a p h e  
com p lex  a l s o  s u g g e s t s  t h a t  th e  LH p a r t i c i p a t e s  in  the 
b e h a v i o r a l  e x p r e s s io n  o f  DA m e d ia te d  b e h a v io r s .

A t o t a l  o f  102 m a le ,  a lb in o  r a t s  w ere  s tu d ie d .  The 
LH was l e s i o n e d  b i l a t e r a l l y  w ith  k a i n i c  a c id  (0.075 
mmg i n  0 .1  mml) i n  1 /3  o f  t h e  a n i m a l s  (L -L H ), 1 /3  of 
t h e  a n im a ls  w ere  s h a m -o p e ra te d  (S-LH) and th e  rem ain
in g  a n im a ls  a c t e d  a s  u n o p e ra te d  c o n t r o l s  (U-LH). L-LH 
a n im a ls  w ere  h y p e r a c t iv e  i n i t i a l l y  and  n o rm o a c tiv e  but 
a g g r e s s iv e  in  th e  w eeks f o l l o w i n g  s u r g e r y .  L-LH a n i
m a ls  e x h i b i t e d  a p e rm a n e n tly  (5 w eeks) in c r e a s e d  
s t e r e o t y p i c  r e s p o n s iv n e s s  to  0 .35 and 0.75 mg/kg apo
m o rp h in e  and to  4 .0 m g/kg am phetam ine. When 1.25 and 
2.00 m g/kg ap o m o rp h in e  was a d m in is te r e d ,  th e  L-LH 
a n im a ls  w ere  n o r m o s e n s i t iv e  r e l a t i v e  t o  S-LH and U-LH 
a n im a ls .  A n im a ls  n o r m o s e n s i t iv e  to  th e  h ig h e r  doses 
w ere  fo u n d  to  be h y p e r s e n s i t i v e  when s tu d i e d  a t  lower 
d o s e s .  The h y p o a c t i v i t y  and yaw ning  in d u c e d  by 0.03 
m g/kg apo m o rp h in e  was u n a f f e c t e d  by LH l e s i o n s .  In 
o r d e r  to  t e s t  w h e th e r  LH l e s i o n s  e f f e c t e d  n e u r o le p t ic  
in d u c e d  a l t e r a t i o n s  in  b e h a v i o r ,  L-LH a n im a ls  were 
t r e a t e d  w ith  h a l o p e r i d o l  (0 .75  m g/kg) f o r  3 weeks. 
T h ese  a n im a ls  w ere  s u b s e n s i t i v e  to  ap om orph ine  (0.75 
m g/kg) r e l a t i v e  t o  S-LH h a l o p e r i d o l  t r e a t e d  a n im a ls  
and n o r m o s e n s i t iv e  r e l a t i v e  t o  u n t r e a t e d  c o n t r o l s  (U- 
LH).

T hese  r e s u l t s  s u g g e s t  t h a t  th e  LH p a r t i c i p a t e s  in 
t h e  e x p r e s s io n  o f  DA m e d ia te d  b e h a v i o r s  in  a dose 
s p e c i f i c  f a s h io n .  S in c e  th e  LH i s  th e  p r im a ry  a ffe ren t 
f i b e r  s o u rc e  to  th e  d o r s a l  ra p h e ,  and  LH l e s i o n s  have 
been  shown to  d e c r e a s e  ra p h e  a c t i v i t y ,  th e  p o te n tia te d  
s t e r e o t y p i c  re s p o n s e  o b s e r v e d  h e r e  may r e s u l t  from 
d i s i n h i b i t i o n  r e l e a s e  o f  s t r i a t a l  DA n e u ro n e s . This 
h y p o th e s i s  i s  c o n s i s t a n t  w ith  th e  d o se  s p e c i f i c  modu
l a t i o n  we h a v e  show n t o  e x i s t  b e tw e e n  t h e  DA and  
s e r o t o n i n  s y s te m s .

250.17 AMPHETAMINE INDUCED CONDITIONED PLACE AVERSION IN FEMALE 
LONG-EVANS RATS. N.L. C oste l lo* , J.N. Carlson*, S.D. Glick, 
(SPON: C.L. Bowman). Department of Pharmacology and 
Toxicology, Albany Medical College, Albany, N.Y. 12208

In recent years the place preference paradigm has been 
util ized as an animal model of drug reinforcement (eg. Mucha, 
van der Kooy, O'Shaughnessy, and Bucenieks, Brain Res. 
243:91-105, 1982; Spyraki, Fibiger, and Phillips, Brain Res. 
253:195-203, 1982; van der Kooy, Swerdlow, Koob, Brain Res. 
259:111-118). P revious p lace  p r e fe re n c e  s t u d i e s  have 
p r im ari ly  used male r a t s .  Since sex d if fe rences  in the 
sensit iv i ty  to a number of pharmacological agents have been 
noted, the present experiment inves tiga ted  the a b i l i t y  of 
t h i s  paradigm to r e f l e c t  such d i f fe rences .  Unexpectedly, 
female Long-Evans rats exhibited a place "aversion" to a dose 
of d-amphetamine (1.25 mg/kg) which is  within the range of 
doses shown to produce place preferences in male r a t s .  
(Spyraki,  Fib iger,  and P h i l l ip s ,  Brain Res. 253:185-193, 
1982). Although female rats treated with d-amphetamine did 
exh ib i t  an increase in the to ta l  time spent in the drug 
associated environment, this increase was significantly less 
than that shown by saline treated control animals. Further 
studies will explore the dose-dependency of this finding and 
the extent to which such sex differences are quantitative or 
qual itat ive in nature. (Supported by NIDA grant DA03817).

250.18 QUANTIFICATION OF DA SUPERSENSITIVITY AFTER BILATERAL 6-OHDA 
DENERVATION IN MICE P.K. R a n d a ll, R .J . M andel, E.G. Mudie, and 
R.E. W ilcox D epts. of P hysio logy and B iophysics and Psychology, 
USC, Andrus G erontology C t r . ,  L .A ., CA 90089 and C ollege of 
Pharmacy, U. Texas, A u stin , Texas 78712

D enervation -induced  s u p e r s e n s i t i v i ty  in  the  
dopam ine-con ta in ing  n ig r o s t r i a t a l  pathway o f th e  mouse on the 
o rd e r  of 30 fo ld  has been re p o rte d  u t i l i z i n g  r o ta t io n a l  behavior 
in  a dual le s io n  p re p a ra tio n  (Mandel and R an d a ll, B r . R es. 
330:358, 1985). S u p e rs e n s i t iz a t io n  in  th e  same system  induced by 
ch ro n ic  n e u ro le p t ic s ,  on th e  o th e r  hand, has been rep o rte d  to  be 
on th e  o rd e r of 2 fo ld  u s in g  s h i f t s  in  dose response curves for 
s te r e o ty p ic  behav io r (R an d a ll, L ife  S c i . 37:1419, 1985). In this 
experim ent we examined a l t e r a t i o n s  in  th e  dose response  curve for 
apom orphine-induced s te r e o ty p ic  behav io r r e s u l t in g  from b ilateral 
6-OHDA le s io n  of th e  n i g r o - s t r i a t a l  pathway.

S ix ty  C57BL/6J mice were d iv id ed  in to  3 tre a tm e n t groups: 
b i l a t e r a l  6-OHDA le s io n ,  b i l a t e r a l  sham su rg e ry , and un treated  
c o n t ro ls .  A fte r  a 3 week reco v e ry  p e rio d  th e  dose response-curve 
fo r  apom orphine-induced behav io r was determ ined in  each group 
u s in g  an incom plete  b lock  d esig n  (APO doses=0.125, 0 .2 5 , 0 .5 , 1, 
2, and 4 mg/kg, IP ) . Each mouse was ra te d  fo r  s te re o ty p ic  
b ehav io r (Severson e t  a l .  B r. R es. 21 0 :2 0 1 , 1981) f o r  1 h r . after 
re c e iv in g  th e  a p p ro p r ia te  dose o f APO. A fte r  th e  b ehav io ra l 
p o r tio n  o f  th e  experim en t, th e  mice were s a c r i f i c e d  and th e ir  
s t r i a t a  d is s e c te d  fo r  d e te rm in a tio n  of 3H -spiperone b ind ing .

Mice w ith  b i l a t e r a l  60HDA le s io n s  were s ig n i f i c a n t ly  more 
s e n s i t i v e  to  APO as determ ined  by n o n lin e a r  curve f i t t i n g  
(F(1 4 ,9 ) =5.2 , p< .01) than  bo th  th e  sham and c o n tro l groups which 
d id  n o t d i f f e r  in  t h e i r  response  (F (1 3 ,9 )= 1 .13 , p> .05 ). 
Exam ination o f q u an ta l d o se-resp o n se  cu rves  f o r  in d iv id u a l rating 
le v e ls  (R andall and R an d a ll, Beh. N eurosci . 1 0 0 :8 5 , 1986) 
in d ic a te d  th a t  d i f f e r e n t  components o f th e  APO-induced response 
showed d i f f e r e n t i a l  s h i f t s  in  s e n s i t i v i t y .  Lower ra te d  behaviors 
s h i f te d  more (4 -5  fo ld )  than  more h ig h ly  ra te d  beh av io rs  (no 
s ig n i f i c a n t  s h i f t ) .  S piperone b ind ing  was s ig n i f i c a n t ly  elevated 
in  s tr ia tu m  in  th e  b i l a t e r a l  le s io n  group v e rsu s  c o n tro l and sham 
(F (2 ,4 0 )= 3 .6 8 , p< .0 5 ) . No s e l f - m u t i l a to r y  grooming behavior was 
observed  in  th e  le s io n e d  m ice.

High r a t in g s  in  th e  r a t in g  s c a le  employed a re  h e a v ily  weighted 
fo r  o r a l  b ehav io r ( b i t in g ,  l i c k in g ,  e tc )  which appear to  be 
r e l a te d  to  a c t io n  a t  th e  D-1 re c e p to r  subtype (Yurek and Randall, 
L ife  S c i . 3 7 :1 6 6 5 , 1985). These d a ta  a re  th e r e fo r e  c o n s is te n t 
w ith  d i f f e r e n t i a l  s u p e r s e n s i t i z a t io n  o f th e  D-2 re c e p to r  by 
d e n e rv a tio n .
Supported  in  p a r t  by g ra n t NS20827
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250.19 EFFECTS OF SULPIRIDE PRETREATMENT ON APOMORPHINE-INDUCED BEHAVIOR 
IN MICE. D.M.Yurek and P.K. R a n d a ll. D ept. of  P hysio logy  & 
Biophysics, USC Sch. of Med., Andrus G erontology C t r . ,  Los 
Angeles, CA 90089.

Previous s tu d ie s  have dem onstrated  th a t  p re tre a tm e n t w ith  a 
selective D-2 recep to r a n ta g o n is t  w il l  enhance th e  e x p re ss io n  of 
Apomorphine-induced s te re o ty p ic  b ehav io r w h ile  s im u ltan e o u sly  
elic iting  catalepsy  in mice. To fu r th e r  c h a ra c te r iz e  th i s  
phenomenon we performed a s e r ie s  o f s tu d ie s  which combined 
various doses of the s e le c t iv e  D-2 re c e p to r  a n ta g o n is t ,  
Sulpiride, with a standard  dose of Apomorphine (2 .0  mg/kg) and 
various doses of Apomorphine (0 .5 6 , 1 .0 , 1 .8  & 3 .2  mg/kg) w ith  
doses of Sulp iride ranging  from 1 .0  ng - 2 .0  ug. S u lp ir id e  was 
administered i .c .v .  and Apomorphine was a d m in is te red  i . p .  Doses 
of Sulpiride ranging from 30 ng -  0 .25  ug produced modest 
catalepsy accompanied by enhanced A pom orhine-induced o ra l  
behavior, e specia lly  l i c k in g . A pom orphine-induced l ic k in g  i s  
rarely if  ever observed in  mice w ith o u t S u lp ir id e  p re tre a tm e n t. 
At doses greater than 2 .0  ug s tro n g  c a ta le p s y  i s  observed  w ith  a 
concomitant decrease in  c lim bing and an ap p a re n t b lockade of o ra l  
behavior. However, even a t  10.0 ug o f S u lp ir id e ,  senso ry  
stimulation re leases  the in h ib i t io n  o f s te r e o ty p ic  b eh a v io ra l 
expression. With S u lp ir id e  p re tre a tm e n t th e  apomorphine 
threshold for o ra l behavior i s  reduced below th a t  f o r  c lim bing  so 
that climbing unaccompanied by con tinuous o r a l  beh av io r i s  r a r e ly  
observed. S u lp iride  has l i t t l e  e f f e c t  on c lim bing  a t  doses below 
2.0 ug.

These data are  c o n s is te n t w ith  a r e le a s e  of D-1 m ediated 
behaviors by D-2 blockade. In a d d i t io n ,  b lockade o f D-1 r e la te d  
behaviors by high doses o f S u lp ir id e  may r e s u l t  from th e  
antagonist ac ting  on an independent system  r e s u l t in g  in  an 
overall reduction in  motor o u tp u t.

250.20 RESPONSES OF ANTERIOR HYPOTHALAMIC/PREOPTIC NEURONS TO 
INTRACEREBRAL INJECTIONS OF CARBACHOL. S.M. B ru d z y n sk i* , 
R .S . M cL achlan , J . P .  G i r v in  and  F . Bi h a r i * (SPON: A .J .  H udson). 
E p i le p s y  U n it  R e s e a rc h  L a b . ,  D e p a r tm e n ts  o f  C l i n i c a l  N e u ro lo g ic a l  
S c ie n c e s  and  P h y s io lo g y ,  U n iv e r s i ty  o f  W e ste rn  O n ta r io ,  London, 
O n ta r io  N6A 5C1.

I n t r a c e r e b r a l  i n j e c t i o n  o f  c a rb a c h o l  (CCh) i n t o  t h e  a n t e r i o r  
h y p o th a l a m ic /p r e o p t i c  a r e a  (AH/POA) i s  known t o  d e c re a s e  
sp o n ta n e o u s  lo c o m o to r  b e h a v io u r  and r e a r in g  a c t i v i t y  i n  f r e e l y  
b e h a v in g  r a t s  an d  i n  h ig h  d o s e s  t o  in d u c e  s e i z u r e s .  The n e u ro n a l  
c o r r e l a t e  o f  t h e s e  b e h a v io u r a l  c h a n g es  i s ,  h o w ev er, n o t  known. 
The aim  o f  t h e  p r e s e n t  s tu d y  was t o  d e te rm in e  th e  e l e c t r o 
p h y s io l o g ic a l  r e s p o n s e  o f  s p o n ta n e o u s ly  f i r i n g  n e u ro n s  i n  AH/POA 
to  d i r e c t  p r e s s u r e  i n j e c t i o n s  o f  CCh.

E x t r a c e l l u l a r  s i n g l e  u n i t  r e c o r d in g s  from  th e  m e d ia l  AH/POA o f 
25 u r e th a n e  a n e s t h e t i z e d  r a t s  w ere c a r r i e d  o u t  500 s b e fo r e  and 
1000 s  a f t e r  i p s i l a t e r a l  i n j e c t i o n  o f  CCh ( 0 .1 - 0 .2  μ L , 0 .5 - 1 .5  μ g) 
from  a g l a s s  p i p e t t e  (5 0 -1 0 0  μm o u te r  d ia m e te r )  0 .5 - 1  mm away 
from  th e  r e c o r d in g  g l a s s  m ic r o e l e c t r o d e .  The s e l e c t e d  d o se  ra n g e  
i s  co m p a ra b le  t o  t h a t  u se d  i n  c h ro n ic  b e h a v io u r a l  e x p e r im e n ts .  
The EEG was r e c o rd e d  from  th e  c o r t i c a l  s u r f a c e  b i l a t e r a l l y  and 
from  th e  m ic r o e l e c t r o d e .

CCh d e c re a s e d  th e  mean f i r i n g  r a t e  ( m . f . r . )  i n  19 o f  24 
n e u ro n s  l o c a t e d  i n  AH/POA and n e ig h b o u r in g  s t r u c t u r e s  (79% o f  a l l  
u n i t s ) .  U sin g  th e  c r i t e r i o n  o f  g r e a t e r  th a n  30% c h an g e  i n  
m . f . r .  com pared  to  p r e i n j e c t i o n  l e v e l ,  f i r i n g  d e c re a s e d  i n  10 
n e u ro n s  (42% ), i n c r e a s e d  i n  1 (4%) and  d id  n o t  c h an g e  i n  13 (54%) 
d u r in g  th e  f i r s t  500 s  p o s t  i n j e c t i o n .  Some n e u ro n s  i n  w hich  
m . f . r .  d e c re a s e d  had  a  s u b s e q u e n t  i n c r e a s e  i n  f i r i n g  r a t e .  I n  a  
c o n t r o l  s e r i e s  o f  22 n e u ro n s  i n  AH/POA, sham t r e a tm e n t  ( f i l l e d  
p i p e t t e  i n  s i t u  b u t  no  i n j e c t i o n ,  n=14) o r  i n j e c t i o n  o f  i s o t o n i c  
s a l i n e  (n =8 ) d id  n o t  m ark e d ly  change  m . f . r .  U s in g  th e  same 
c r i t e r i o n  o f  a t  l e a s t  30% c h a n g e , f i r i n g  d e c re a s e d  i n  2 (9% ), 
i n c r e a s e d  i n  2 (9%) and  d id  n o t  ch an g e  i n  18 n e u ro n s  (82% ). On 
th e  o t h e r  h a n d , s im i l a r  p r e s s u r e  i n j e c t i o n s  o f  a  1M s o lu t io n  o f  
L -g lu ta m a te  d r a m a t i c a l l y  i n c r e a s e d  m . f . r .  o f  a l l  t e s t e d  c e l l s  
(n = 7 ) i n  AH/POA. H ig h e r  d o s e s  o f  CCh (2 -4  μ g ) in d u c e d  EEG 
s p ik e s  o r  e l e c t r o g r a p h ic  s e i z u r e s  a t  t im e s  a s s o c i a t e d  w i th  
t r a n s i e n t  i n c r e a s e s  o f  m . f . r .  o f  AH/POA u n i t s  w h ich  had  
i n i t i a l l y  shown a  r e d u c t io n  i n  f i r i n g  r a t e .  The r e s u l t s  i n d i c a t e  
t h a t  th e  i n i t i a l  c h o l i n e r g i c  e f f e c t  on m e d ia l  AH/POA n e u ro n s  by 
p r e s s u r e  i n j e c t i o n s  o f  CCh i s  l a r g e l y  i n h i b i t o r y .  H ow ever, w i th  
tim e  e x c i t a t i o n  may p re d o m in a te  p o s s ib l y  r e l a t i n g  t o  th e  
e v e n tu a l  d e v e lo p m en t o f  s e iz u r e  a c t i v i t y .

S u p p o rte d  b y : The P h y s i c i a n 's  S e r v ic e s  I n c o r p o r a te d  F o u n d a tio n
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251.1 PHARMACOLOGICAL AND GENETIC STUDIES OF ANXIETY USING MICE IN A 
PLUS-MAZE. Richard G. L is ter . Laboratory of Clinical Studies, 
National Institute on Alcohol Abuse and Alcoholism, Bethesda, 
MD 20892.

The plus-maze is a new tes t  of anxiety that has recently 
been validated in rats (Pellow et a l . ,  J .  Neurosci Meths. 
14:149, 1985). The te s t  is rapid, and sensit ive to the 
effects of both anxiolytic and anxiogenic agents. This study 
examines whether the te s t  can be adapted for use in mice, 
since it  would then provide a potential ly powerful tool for 
examining genetic factors underlying individual differences in 
anxiety and responses to anxiolytics.

The plus-maze consisted of two open arms, and two closed 
arms with plexiglass sidewalls raised 39 cm above the floor.  
Mice were tested for 5 min in a holeboard apparatus immediately 
before a 5 min tes t  in the plus-maze. The behavioral measures 
from the plus-maze are: 1) the percentage of arm entries made 
into open arms 2) the time spent on the open arms as a 
percentage of the total  time spent on both open and closed arms 
and 3) the total number of arm entr ies .  The f i r s t  and second 
measures which are used as indices of anxiety are highly 
correlated (r=0.86).

In NIH Swiss mice the anxiolytics chlordiazepoxide (5-10 
mg/kg), ethanol (0.8-1.6g/kg), sodium pentobarbital (7.5-30 
mg/kg), and alprazolam (0.25-0.5 mg/kg) increased the per
centage of time spent in open arms. The anxiogenic agents 
picrotoxin (1-2 mg/kg), FG 7142 (5-10 mg/kg) , and caffeine 
(15-60 mg/kg) decreased the percentage of time spent in 
the open arms. D-amphetamine (1-4 mg/kg) and imipramine 
(7.5-15 mg/kg) failed to a l te r  the percentage of time in the 
open arms. Although there was no change in the percentage of 
entries made into open arms with repeated tes ting ,  the effect  
of chlordiazepoxide on this measure was reduced in animals 
tested once before in the apparatus in an undrugged sta te .  
This suggests that caution should be exercised in retesting 
animals.

The percentage of entries into open arms was lower in 
DBA/2 and C57B1/6 mice than in the NIH Swiss mice. Ethanol 
(0.8-2.4 g/kg) produced an anxiolytic effect in DBA/2 mice 
by causing a dose-related increase in the percentage of open 
arm entries. However, no such effect was found in C57B1/6 
mice. This provides another example of a difference between 
these two strains in the ir  behavioral response to alcohol.

These studies suggest that  the plus-maze te s t  can be 
modified for use in mice for detecting anxiolytic and anxio
genic drug effects and that i t  may be a valuable tool with 
which to study the pharmacology and genetics of anxiety.

251.2  FURTHER EVIDENCE OF A GABA MECHANISM DISTINGUISHING LONG-SLEEP AND 
SHORT-SLEEP MICE. T.D . M c In ty re  and H .P . A lp e rn . B e h a v io ra l  N euro
s c ie n c e  P ro g ram , D e p t. o f  P s y c h o lo g y , U n iv e r s i ty  o f  C o lo ra d o , 
B o u ld e r ,  CO 80309.

We have  a rg u e d  t h a t  m echanism s r e s p o n s i b le  f o r  s le e p  tim e  
d i f f e r e n c e s  in  mouse l i n e s  s e l e c t i v e l y - b r e d  f o r  lo n g  and s h o r t  
e th a n o l - in d u c e d  h y p n o s is  (LS/SS) a r e  n o t  a lc o h o l  s p e c i f i c .  LS a re  
m ore s e n s i t i v e  to  th e  s o p o r i f i c  e f f e c t s  o f  a l c o h o l s ,  e n f l u r a n e ,  
i s o f l u r a n e ,  n i t r o u s  o x id e ,  p a ra ld e h y d e ,  c h l o r a l  h y d r a t e ,  t r i 
c h lo r o e th a n o l ,  m e th y p ry lo n , γ- b u ty r o l a c t o n e ,  a d e n o s in e ,  c h lo r d i a z 
e p o x id e ,  t h i o p e n t a l ,  p e n to b a r b i t a l ,  p h e n o b a r b i ta l  and b a r b i t a l  
(M c In ty re  & A lp e rn ,  1985 f o r  r e v ie w ) .  E v id e n ce  im p l ic a te s  th e  
t r a n s m i t t e r  GABA in  th e  c e n t r a l  a c t i o n s  o f  many h y p n o t ic - d e p r e s 
s a n t s .  The GABA a g o n i s t s  THIP and b a c lo f e n  m ore e f f e c t i v e l y  i n 
h i b i t  b a r - h o ld in g  in  LS, w h i le  th e  i n d i r e c t  GABA a g o n is t  AOAA en 
h a n c e s  e th a n o l  and b a r b i t u r a t e - i n d u c e d  s le e p  tim e  in  b o th  l i n e s .  
F i n a l l y ,  i t  h a s  b e e n  shown t h a t  SS a re  m ore s e n s i t i v e  to  b i c u c u l 
l i n e  and f l u r o th y l - in d u c e d  c o n v u ls io n s ,  a s  w e l l  a s  b e in g  more 
p ro n e  to  e th a n o l  and m o rp h in e  w ith d ra w a l- in d u c e d  c o n v u ls io n s .  The 
e v id e n c e  i n d i c a t e s ,  t h e r e f o r e ,  t h a t  t h e s e  l i n e s  w ere s e l e c t e d  f o r  
a  m ore g e n e r a l  CNS p r o c e s s  th a n  a lc o h o l  s e n s i t i v i t y ,  su ch  a s  GABA- 
m e d ia te d  b r a i n  e x c i t a b i l i t y .  T hese e x p e r im e n ts  f u r t h e r  a s s e s s  t h i s  
h y p o th e s i s  by ex a m in in g  th e  e f f e c t s  o f  c o n v u ls iv e  d o se s  o f  f l u r o 
t h y l ,  p e n t y l e n e t e t r a z o l ,  b i c u c u l l i n e ,  p i c r o t o x in ,  c a f f e i n e ,  m eth 
y l - β - c a r b o l i n e ,  and s t r y c h n in e ,  a s  w e l l  a s  th e  e f f e c t  o f  th e  a n t i 
c o n v u ls a n t  p h e n o b a r b i ta l  and  th e  b e n z o d ia z e p in e  a n ta g o n i s t  R015- 
1788 on p e n t y l e n e t e t r a z o l ,  b i c u c u l l i n e  and c a f f e in e  in d u ce d  co n 
v u l s i o n s .  When th e  a g e n t  in d u c e d  b o th  m yoclonus and  c lo n u s  ( f l u r o 
t h y l ,  p e n t y l e n e t e t r a z o l ,  m e th y l - β- c a r b o l i n e  and  b i c u c u l l i n e ) ,  SS 
had  a  s h o r t e r  l a t e n c y  to  m y o clo n u s , w h ile  LS had a  lo w er l a t e n c y  
to  c lo n u s .  The e x c e p t io n  i s  f o r  b i c u c u l l i n e ,  w here SS had a  lo w er 
l a t e n c y  th a n  LS f o r  b o th  m yoclonus and  c lo n u s .  F or a g e n ts  p ro d u c 
in g  o n ly  c lo n u s  ( p i c r o to x i n ,  c a f f e i n e ,  s t r y c h n in e ) ,  LS had  a  lo n g 
e r  l a t e n c y  th a n  SS f o r  c lo n u s .  Both  p h e n o b a r b i ta l  and  RO15-1788  
d o s e -d e p e n d e n tly  i n c r e a s e d  c o n v u ls iv e  t h r e s h o ld s  f o r  p e n ty l e n e t e t 
r a z o l ,  b i c u c u l l i n e  and  c a f f e in e - in d u c e d  c o n v u ls io n s .  T hese r e s u l t s  
s u b s t a n t i a t e  a  GABA h y p o th e s i s  f o r  th e  d i f f e r e n c e s  b e tw een  LS and 
SS, and s u g g e s t  t h a t  th e  m echanism s m e d ia t in g  m yoclonus and  c lo n u s  
a r e  in d e p e n d e n t .
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251.3 SINGLE GENE MEDIATION OF MYOCLONUS IN LONG-SLEEP AND SHORT-SLEEP 
SELECTIVELY-BRED MICE. H.P. Alpern and T.D. McIntyre. Behavioral 
Neuroscience Program, Dept. of Psychology, University of Colorado, 
Boulder, 80309.

We have suggested elsewhere that the Long-Sleep and Short- 
Sleep lines (LS/SS) of mice were not selectively-bred for specific 
alcohol sensit iv i ty ,  but rather a more general CNS process such as 
GABA-mediated differences in brain excitabil i ty .  For instance, LS 
are more sensitive than SS to the soporific effects of alcohols, 
barbiturates, and benzodiazepines, as well as miscellaneous hypno
t ics  such as adenosine (McIntyre and Alpern, 1985, for review). 
Additionally, when several convulsants (flurothyl , pentylene te t r a 
zo l , methyl-β-carboline, or bicuculline) which antagonize d i f fe r 
ent aspects of the benzodiazepine-GABA receptor-chloride ionophore 
were examined, i t  was shown that f lurothyl,  pentylenetetrazol and 
methyl - β-carboline induced myoclonus more rapidly in SS than in 
LS, but clonus more rapidly in LS than in SS. Bicuculline, however, 
induced both myoclonus and clonus more rapidly in SS than in LS 
mice (this session). In view of th is ,  we speculated that hybrids 
(F1's ) ,  produced by crossing LS with SS, would display patterns of 
sensit ivi ty  that reflec t  differences in patterns of inheritance. 
To tes t  th is ,  F1's were administered ei ther f lurothyl,  pentylene
tetrazol ,  bicuculline, or methyl - β-carboline. The results indicate 
that F1's  have mean myoclonic latencies for flurothyl, methyl - β- 
carboline and pentylenetetrazol that are s t a t i s t i c a l ly  identical 
to LS. This dominance pattern suggests that a single gene is re
sponsible for myoclonus induced by these agents. Bicuculline, how
ever, exhibits myoclonic and clonic latencies that are intermedi
ate in comparison to the parental l ines.  This may also be due to 
a single-gene effect  but with no dominance, although more complex 
genetic models could also account for the bicuculline data. In 
summary, these results mirror previous findings: (1) flurothyl , 
pentylenetetrazol and methyl - β-carboline exhibit identical re
verse convulsive susceptibili ty patterns in LS and SS, as well as 
identical patterns of inheritance in F1 offspring; and (2) bicu
culline, which induces both myoclonus and clonus more rapidly in 
SS than in LS, also displays a fundamentally different F1 inher i
tance pattern.

251.4 GABAERGIC DRUGS CAN ENHANCE OR ATTENUATE CHLORDIAZEPOXIDE-INDUCED 
HYPNOSIS IN A HETEROGENOUS STRAIN OF MICE. B. Throop*, S. Levy*, 
T.D. McIntyre and H.P. Alpern (*Spon: J. Werner). Behavioral 
Neuroscience Program, Dept. of Psychology, University of Colorado, 
Boulder, 80309.

We have suggested elsewhere that the mechanism(s) responsible 
for differences in mouse lines selectively-bred for long and short 
ethanol-induced hypnosis (LS/SS) are not alcohol-specific. LS are 
more sensitive to the soporific effects of alcohols, barbiturates, 
benzodiazepines and miscellaneous hypnotics, and GABA transmission 
has been implicated as the mechanism of action for most of these 
depressants (McIntyre and Alpern, 1985, for review). Further, we 
have reported (this session) that when analeptics produce myoclo
nus and clonus (flurothyl, pentylenetetrazol, methyl-β-carboline, 
bicuculline) , SS had a shorter latency to myoclonus, while LS had 
a shorter latency to clonus. The exception to this is for bicucul
line, where SS had a lower latency to both myoclonus and clonus. 
To ascertain the generality of the hypothesis that GABA plays a 
major role in the expression of brain excitabil i ty ,  the non- 
selected heterogenous strain (HS) from which LS and SS were de
rived were administered chlordiazepoxide in conjunction with sever
al drugs that have major actions on the GABA system.

In i t ia l ly ,  50, 75, 100, 125 and 150 mg/kg of chlordiazepoxide 
was administered to independent groups, to construct a dose- 
response function, and a dose-dependent increase in hypnosis was 
found. Then the indirect GABA agonist aminooxy-acetic acid (10 
and 20 mg/kg), administered to separate groups in conjunction with 
100 mg/kg of chlordiazepoxide, increased hypnosis in a dose- 
dependent manner. Finally, the GABA antagonists (+)-bicuculline 
(1.0 and 2.0 mg/kg), picrotoxin (7.0 mg/kg) and pentylenetetrazol 
(50.0 mg/kg), administered to separate groups in conjunction with 
100 mg/kg of chlordiazepoxide, dramatically decreased sleep time. 
These results show that the HS strain of mice displays drug re
sponses similar in nature to the LS and SS and substantiate the 
claim that GABA plays a major role in the expression of depressant 
and analeptic drug effects.

251.5 DIAZEPAM PRETREATMENT INCREASES THE DIAZEPAM-INDUCED ANXIOLYTIC 
RESPONSE BY DECREASING MUSCLE RELAXATION. D.A. BENNETT AND C.L. 
AMRICK, Research Department, Pharm aceuticals D ivision , CIBA-GEIGY 
Corp., Summit, N .J. 07901.

A nxioly tics produce th e ir  maximal a n t ic o n f l ic t  e f fe c ts  in  "drug 
sop h istica ted "  animals ( i . e .  animals th a t  have received  repeated  or 
homecage (HC) pretreatm ent w ith a benzodiazepine -  BZ) (Margules 
and S te in , Psychopharmacologia 13: 1968; Corradi e t  a l . ,  Pharmacol
o g is t 27: 1985). The p resen t in v e stig a tio n  was conducted to  
determine whether the increase  in  a n t ic o n f l ic t  a c t iv i ty  produced by 
HC pretreatm ent w ith a BZ is  re la te d  to  e i th e r :  1) Tolerance of an 
i n i t i a l  muscle re laxan t e f fe c t  or 2) An increase  in  an x io ly tic  
e ffic a c y  o f the drug per s e .

Drug-naive r a ts ,  tra in e d  in  a chronic c o n f lic t  paradigm, were 
p re tre a te d  in  th e ir  HC w ith e ith e r  diazepam (DZ) (100 mg/kg po), 
CGS 9896 (100 mg/kg po) (a BZ receptor agon ist w ithout muscle 
re lax an t p ro p e rtie s  -  Bennett and Petrack , Drug Dev. Res. 4: 1984) 
or veh ic le  (veh). One week l a te r ,  r a ts  were adm inistered e i th e r  DZ 
(10 mg/kg po) or CGS 9896 (30 mg/kg po) and te s te d  in  the  c o n f l ic t  
s i tu a tio n . Rats p re tre a te d  w ith DZ in  the  HC showed a 417% increase  
in  c o n f lic t  response ra te s  when te s te d  w ith DZ, w hile r a ts  
p re tre a te d  w ith e ith e r  veh or CGS 9896 showed only a modest 
increase  in  c o n f lic t  responding. Therefore, s tim u la tio n  o f the  BZ 
recep tor alone (HC pretreatm ent w ith  CGS 9896) i s  not s u f f ic ie n t  to  
induce maximal an x io ly tic  a c t iv i ty  when acu te ly  challenged w ith  DZ. 
Rats p re tre a te d  w ith veh, DZ or CGS 9896 in  the  HC and subsequently 
te s te d  w ith  CGS 9896 showed robust increases  in  c o n f l ic t  respond
ing o f 348, 354 and 353%, re sp ec tiv e ly , in  the  t e s t  s i tu a t io n .  
These r e s u lts  suggest th a t  a non-muscle re lax an t BZ ag o n is t, upon 
i n i t i a l  adm in is tra tion , produces maximal an x io ly tic  a c t iv i ty .

Another group o f naive ra ts  were p re tre a te d  in  th e i r  HC w ith 
e ith e r  DZ (100 mg/kg po), CGS 9896 (100 mg/kg po) or veh, one week 
p r io r  to  being te s te d  fo r muscle re lax a tio n  on the  ro torod  
following various doses o f DZ. In veh or CGS 9896 p re tre a te d  r a ts ,  
DZ produced muscle impairment w ith ED50 values of 12.6 and 13.9 
mg/kg po, re sp ec tiv e ly ; while the ED50 value fo r muscle re lax a tio n  
in  r a ts  p re tre a te d  w ith DZ was s ig n if ic a n tly  h igher (ED50= 44.6 
mg/kg p o ). These r e s u lts  suggest th a t  HC pre trea tm ent w ith  DZ 
produces to le rance  to  the  muscle re lax an t e f f e c t  o f DZ as measured 
in  the  rotorod procedure. Again, s tim u la tio n  o f the  BZ recep to r ( in  
the HC) by OGS 9896 d id  not produce to le rance  to  the  muscle 
re laxan t e f fe c ts  of DZ.

In  conclusion, the  maximal DZ a n x io ly tic  response noted from 
animals th a t  received HC pretreatm ent w ith DZ ("drug so p h is tica ted "  
animals) i s  due to  a to le rance  o f the  i n i t i a l  muscle re lax an t 
e f fe c t  o f the  BZ and i s  not due to  an increase  in  a n x io ly tic  
e ffic acy  of the compound per s e .

2 5 1 .6  DISCRIMINATIVE STIMULUS PROPERTIES OF BUSPIRONE HCL (MJ 9 0 2 2 -1 ) .
W. J .  M i l l a r d ,  K. Moynihan*, A. Murzyn*, and J .  Szostak*.  
L a b o r a t o r y  o f  P s y c h o b i o l o g y , Mount Holyoke C o l l e ge ,  Sou th  Hadley, 
MA 0 1 0 7 5 - 1 462 .

The d i s c r i m i n a t i v e  s t i m u l u s  
p r o p e r t i e s  o f  an a t y p i c a l  
a n x i o l y t i c ,  b u s p i r o n e  HCl , were
s t u d i e d  i n  t h e  r a t .  A c h o i c e  p r o c e d u r e  was u s e d  i n  which rein 
f o rc e m e n t  f o r  e ach  o f  two r e s p o n s e  a l t e r n a t i v e s  was d i f f e r e n t i a l l y  
a s s o c i a t e d  w i th  t h e  a d m i n i s t r a t i o n  o f  e i t h e r  b u s p i r o n e  or  vehic le .  
A d o s e  o f  2 . 0 0  and 2 . 5 0  mg kg -1 b w t ,  b u t  n o t  1 . 0 0 ,  r e s u l t e d  in the 
a c q u i s i t i o n  and m a i n t e n a n c e  o f  d i f f e r e n t i a l  r e s p o n d i n g .

S t i m u l u s  c o n t r o l  o f  r e s p o n d i n g by b u s p i r o n e  was dose-dependent  
( 0 . 7 5 - 5 . 0 0  mg kg - 1 ) ,  and s p e c i f i c  a s  i n d i c a t e d  by s u b s t i t u t i o n  
t e s t s  w i th  sodium p e n t o b a r b i t a l  ( 3 . 1 6 - 3 1 . 6 0  mg kg - 1 ) and c h lo r 
d i a z e p o x i d e  ( 1 . 5 8 - 1 5 . 8 0  mg kg - 1 ) .

The mechanism o f  a c t i o n  f o r  b u s p i r o n e  was f u r t h e r  examined in 
t e s t s  w i t h  M J-1 3805-1 ,  an a n a l o g o f  b u s p i r o n e .
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251.7 INTRAVENOUS SELF-ADMINISTRATION OF MIDAZOLAM IN RATS.
J.M. Finlay*, C. Szostak* and H.C. F ib ig er (SPON: A. Jakubovic). 
Div. of Neurological Sciences, Dept. o f P sych iatry , Univ. o f 
B ritish Columbia, Vancouver, B.C. V6T 1W5.

Intravenous se lf -a d m in is tra tio n  (SA) has been used to  provide 
an indication of the  abuse p o te n tia l  o f a  drug. Laboratory 
animals ty p ic a lly  show low le v e ls  o f responding when given 
re s tric ted  access to  in travenously  adm inistered benzodiazepines. 
However, in  these  in s tances  low le v e ls  o f responding may be a 
function of a long du ra tion  of drug action  coupled w ith a  sho rt 
duration of drug access. Thus, we have assessed  th e  p o te n tia l 
for benzodiazepine SA in  r a t s  using  the  sh o rt ac tin g  
benzodiazepine midazolam. In o rder to  assess  th e  p a tte rn  o f 
responding, r a ts  were given 24 hour access to  th e  drug.

Following in p lan ta tio n  o f chronic in tra ju g u la r  cannulae, 
ra ts  were given 24 hour access to  a s in g le  lev e r. During the  
acquisition phase, responses on the  lev e r re su lte d  in  an 
infusion of midazolam (.05  mg/. 18 m l/in fusion ) co incident w ith 
the illum ination of a cue l ig h t .  Over the  course o f the  
acquisition phase, each su b jec t (n=6) e s ta b lish ed  a  p re fe rred  
level of baseline  responding th a t  remained s ta b le  over 
subsequent 24 hour b locks. Evaluation o f responding w ith in  the  
24 hour period revealed  th a t  maximal le v e ls  o f responding 
coincided w ith hours 6-10 o f th e  dark po rtio n  o f a 12 hour 
l ig h t:dark cycle. Upon attainm ent o f s ta b le  le v e ls  o f responding 
ra ts  were te s ted  under e x tin c tio n  cond itions. During th i s  phase, 
the experimental contingencies o f a cq u is itio n  were m aintained 
with the exception th a t  s a lin e  was s u b s titu te d  fo r  midazolam. 
With repeated ex tin c tio n  sessio n s, le v e ls  of responding 
decreased below drug b ase lin e  performance fo r  a l l  r a t s .  Rats th a t 
remained paten t follow ing ex tin c tio n  were te s te d  fo r  re a cq u is itio n  
of midazolam SA. In a l l  cases, ra te s  o f responding increased  to  
at least the lev e l obtained  during th e  i n i t i a l  a cq u is itio n  phase.

We have observed th a t  r a t s ,  given continuous access to  
midazolam, ex h ib it r e l ia b le  and s ta b le  le v e ls  of responding 
across sessions and th a t  w ith in  a  session  responding i s  maximal 
during the dark phase. Responding fo r  SA o f midazolam i s  sub jec t 
to both ex tinc tion  and reacq u is itio n . These r e s u l ts  suggest th a t  
short acting benzodiazepines may have s ig n if ic a n t abuse 
po ten tia l.

J.M.F. i s  an MRC studen t and C.S. i s  an NSERC sch o la r.
Supported by the  Medical Research Council o f Canada.

251.8  BEHAVIORAL TOLERANCE TO DIAZEPAM AS A CONSEQUENCE OF THE DOSE 
ADMINISTERED CHRONICALLY. J .  T iz z a n o * , A. Bannon* , R. L i b e r to * , 
J .  A n d erso n * , D. R o b e r ts * ,  D. Muchow* and M. K a lim a n . D e p a rtm e n ts  
o f  P sy c h o lo g y  and P h a rm aco lo g y , U n iv e r s i ty  o f  M i s s i s s i p p i ,  
U n i v e r s i ty ,  M is s i s s i p p i  38677.

T o le ra n c e  to  t h e  s e d a t i v e  e f f e c t s  o f  b e n z o d ia z e p in e s  h a s  b een  
a t t r i b u t e d  to  b o th  p h y s io l o g ic a l  and  b e h a v io r a l  v a r i a b l e s .  The 
p r e s e n t  s tu d y  u se d  th e  p r e s e s s io n  (PS) and  p o s t s e s s io n  (PO) 
i n j e c t i o n  s t r a t e g y  f i r s t  d e v e lo p e d  by Chen (1968) to  e v a lu a t e  
th e  im p o r ta n c e  o f  b e h a v io r a l  and p h y s io l o g ic a l  f a c t o r s  i n  th e  dev
e lo p m e n t o f  t o l e r a n c e  to  v a r io u s  d o s e s  o f  d iazep am  (D Z). F o r ty -  
- e i g h t  m ale  r a t s  w ere  t r a i n e d  to  l e v e r  p r e s s  f o r  w a te r  r e i n f o r c e 
m ent on a  f ix e d  r a t i o  (F R )-3 0  s c h e d u le .  A f t e r  re s p o n s e  r a t e s  on 
th e  FR s c h e d u le  s t a b i l i z e d ,  an  i n i t i a l  d o se  e f f e c t  d e te r m in a t io n  
was c o n d u c te d  f o r  DZ ( 1 .0  -  1 7 .5  m g/kg; I P ) .  A n im als w ere th e n  
random ly  a s s ig n e d  to  one o f  f o u r  c h ro n ic  d o s in g  c o n d i t i o n s  ( 0 . 0 , 
1 .0 ,  3 .0  o r  1 0 .0  m g/kg; N = 12 r a t s / c o n d i t i o n ) . Each group  was 
f u r t h e r  d iv id e d  i n to  two sq u a d s  (N = 6 ) w i th  one squad  in  each  
g roup  r e c e i v in g  th e  c h ro n ic  i n j e c t i o n s  o f  d ru g  PS (15 m in) and th e  
o t h e r  r e c e i v in g  i n j e c t i o n s  PO (30 m in ) .  F o llo w in g  th e  p e r io d  o f  
r e p e a t e d  d ru g  a d m i n i s t r a t i o n ,  d o se  e f f e c t  f u n c t io n s  w ere r e d e t e r 
m ined f o r  DZ. R esponse  r a t e  and  d u r a t io n  o f  r e s p o n s e  w ere  c o l l e c t 
ed  by a  l a b o r a to r y  co m p u ter sy s te m  a s  m ea su res  o f  th e  e f f e c t s  o f  
DZ. The a c u te  e f f e c t s  o f  DZ p ro d u ce d  a  d o se  d e p e n d en t d e c re a s e  i n  
re s p o n s e  r a t e  and a  d o se  d e p e n d en t i n c r e a s e  i n  r e s p o n s e  d u r a t i o n .  
When d o se  e f f e c t  f u n c t io n s  f o r  DZ w ere  r e d e te rm in e d  a f t e r  30 day s  
o f  c h ro n ic  d ru g  a d m i n i s t r a t i o n ,  a  n o n - p a r a l l e l  s h i f t  to  th e  r i g h t  
o f  th e  d o se  r e s p o n s e  c u rv e  was o b s e rv e d  i n d i c a t i n g  th e  d ev e lo p m en t 
o f  t o l e r a n c e .  The r e s p o n s e  r a t e  d a ta  i n d i c a t e d  t h a t  t o le r a n c e  
d e v e lo p s  r e g a r d l e s s  o f  w h e th e r  r a t s  r e c e iv e d  PS o r  PO d o s in g .  
H ow ever, th e  d u r a t i o n  m easu re  i n d i c a t e d  a  g r e a t e r  d e g re e  o f  t o l e r 
a n c e  f o r  r a t s  i n j e c t e d  PS and th e  d e g re e  o f  t o l e r a n c e  o b se rv e d  
was d e p e n d en t on th e  c h ro n ic  d o se  o f  DZ a d m in i s t e r e d .  T hese 
f in d i n g s  s u g g e s t  t h a t  b e h a v io r a l  f a c t o r s  a r e  more im p o r ta n t  i n  th e  
d e v e lo p m e n t o f  t o l e r a n c e  to  DZ e f f e c t s  on d u r a t i o n  o f  re s p o n d in g  
on th e  FR-30 s c h e d u le  and t h a t  th e  l e v e l  o f  b e h a v io r a l  t o le r a n c e  
w hich  d e v e lo p s  d ep en d s on th e  d o se  o f  d ru g  a d m in is te r e d  c h r o n i 
c a l l y .  B oth  p h y s io l o g ic a l  and  b e h a v io r a l  v a r i a b l e s  a r e  im p o r ta n t  
i n  t h e  d ev e lo p m en t o f  t o le r a n c e  to  DZ.
(T h is  r e s e a r c h  was s u p p o r te d  i n  p a r t  by a  F a c u l ty  R e se a rc h  Award 
to  M.K. from  th e  U n iv e r s i ty  o f  M i s s i s s i p p i ,  U n i v e r s i t y ,  MS.)

251.9 BEHAVORIAL EFFECTS OF VASOPRESSIN AND RELATED PEPTIDES 
AFTER ADMINISTRATION TO CEREBRAL CORTEX AND BASAL 
FOREBRAIN OF THE RAT. G. Meisenberg and M. Uddin* 
(SPON: W.H. Simmons).  Ross U niversity Medical School 
P.O.Box 266 Roseau, Dominica, W. I .

L it tle  i s  known about th e  possib le ro le s  of vaso
pressin, oxytocin, and re la te d  peptides an fo reb ra in  
structu res. Therefore, we evaluated behavioral e ffe c ts  
of 8-arg in ine vasopressin (AVP), oxytocin (Oxy) and 
the vasopressin V-1 antagonist 1- (  ,  -cyclopentameth
ylene, -mercapto propionic ac id - 2-(O-m ethyl)tyrosine, 
8-arginine vasopressin (P-AVP) a f te r  adm inistration  to  
surface s tru c tu res  of th e  fo rebrain  in  r a t s . Male 
Sprague-Dawley r a t s ,  weighing 275-325g, were implanted 
with guide cannulae on th e  medial dorsal cerebral 
cortex ( + 2 . 7, la t  1. 3, dv 3. 2mm, =22°) and th e  
ventromedial surface of th e  o lfac to ry  tu b e rc le s  ( + 4 . 7,  
la t 1. 5,  dv 8.0mm, =10°,  in c iso r bar 3. 2mm above in te r 
aural l in e ) . Peptides were in jec ted  i n  5. 0 1  a r t i f i c i a l  
cerebrospinal f lu id . Spontaneous behavior was deter
mined in a rectangular open-fie ld , 100 × 100cm, whose 
floor was divided in  25 squares. Open- f i e ld  te s tin g  
was done 7 -12 minutes a f te r  in trace reb ra l in jec tio n  
of peptide or V ehicle. P ositive ly  and negatively  
reinforcing e ffe c ts  were evaluated in an "unbiased" 
place-preference paradigm. A fter adm inistration  on 
the dorsal co rtex , both AVP and P-AVP (2 . 5 g each) 
caused profound reductions of spontaneous motor a c tiv ity  
with increased periods spent immobile. Doses of 500ng 
of e ith e r  peptide induced e ffec ts  of le s s e r  magnitude, 
while 100ng were inac tiv e . 2.5 g of P -A V P , but not AVP 
showed "cataleptogenic" p ropertie s , as evidenced by an 
increased latency to  leave th e  cen tra l square a t the 
beginning of the  open-fie ld  t e s t .  A fter in jec tio n  on 
the o lfac to ry  tu b e rc le s , P-AVP (2.5 g, 500ng) caused 
behavioral a lte ra tio n s  q u a lita tiv e ly  and q u an tita tiv e ly  
sim ilar to  those a f te r  adm inistration to  the  dorsal 
cerebral cortex, while AVP (100ng) induced "barrel 
ro ta tio n " (3/9) or limbic seizures (1/9) in  addition 
to  variab le  behavioral abnorm alities. Oxy (100ng, 
500ng, 2. 5 g) was in ac tiv e  at e ith e r  s i t e .  P-AVP 
showed no sig n ifican t rewarding or aversive p roperties 
at e ith e r  s i te  (2.5 g) in sp ite  of i t s  marked e ffec ts  
on spontaneous behavior. These re s u lts  suggest th a t 
the  presence of vasopressin or vasopressin -re la ted  
peptides and th e i r  possib le physiological ro le s  in 
basal fo reb rain  s tru c tu re s  and the  cereb ra l cortex 
should be re-evaluated .

251.10 ANXIOLYTIC SCREENING IN MICE: STUDIES OF PARAMETRIC VARIATIONS 
AND COMPOUND SELECTIVITY IN A DRINKING CONFLICT PROCEDURE.
B .R . C o o p e r, M.E. J u d g e * , J .L .  How ard. P h a rm aco lo g y  D e p a r tm e n t, 
W ellcom e R e s e a rc h  L a b o r a t o r ie s ,  3030 C o rn w a l l is  R d . ,  R e s e a rc h  
T r ia n g le  P a r k ,  NC 27709.

A r a p i d ,  s im p le  d r in k in g  c o n f l i c t  t e s t  was s tu d i e d  i n  m ice a s  
a  p o t e n t i a l  a n x i o l y t i c  s c r e e n in g  p r o c e d u r e .  The t e s t  c o n s i s t e d  
o f  a  m o d i f ic a t io n  o f  tw o p r o c e d u r e s ,  a )  t h e  V ogel e t  a l .  (1971) 
c o n f l i c t  p ro c e d u re  w h ich  i s  r o u t i n e l y  u s e d  a s  an  a n x i o l y t i c  
s c r e e n  i n  r a t s ,  an d  b )  t h e  a c q u i s i t i o n  s e s s i o n  o f  a  one t r i a l  
a p p ro a c h -a v o id a n c e  p ro c e d u re  u s e d  i n  m ice  (Ju d g e  and  
Q u a r te rm a in , 1 9 8 2 ) .

M ale CD-1 m ice  (1 5 -2 5  g m s.)  w ere  w a te r  d e p r iv e d  b e f o r e  t e s t i n g .  
The t e s t  cham ber was a  6 × 6 × 6 in c h  w h i te  p l e x i g l a s  cube w i th  
a  c l e a r  h in g e d  l i d ,  s o l i d  a lum inum  f l o o r  and  a  s t a i n l e s s  s t e e l  
d r in k in g  tu b e  p r o t r u d in g  th ro u g h  a  0 .5  in c h  h o le  above  th e  f l o o r .  
The t e s t  s e s s i o n  c o n s i s t e d  o f  p l a c i n g  i n d iv i d u a l  m ic e , p r e v i o u s ly  
i n j e c t e d  w i th  v e h ic l e  o r  a  t e s t  d r u g ,  i n t o  t h e  cham ber and  
a l lo w in g  them  t o  d r in k  f o r  5 s e c o n d s .  A f t e r  t h i s  i n i t i a l  d r in k in g  
p e r i o d ,  a n  a p p ro a c h -a v o id a n c e  c o n f l i c t  was e s t a b l i s h e d  by  
a d m i n i s t e r i n g  b r i e f  e l e c t r i c  sh o c k s  th ro u g h  th e  w a te r  tu b e  f o r  
s u b s e q u e n t  d r in k i n g .  The t e s t  was t e r m in a te d  when t h e  m ouse 
s u p p re s s e d  c o n ta c t  w i th  t h e  w a te r  tu b e  f o r  60 s e c o n d s ,  and  th e  
t e s t  m easu re  c o n s i s t e d  o f  t h e  num ber o f  sh o c k s  r e c e iv e d  up t o  
t h i s  p o i n t .  A n x io ly t i c  d ru g s  p ro d u c e d  a  d o se  r e l a t e d  a n ta g o n is m  
o f  l i c k  s u p p r e s s io n .  T h re e  v a r i a b l e s  w ere  fo u n d  t o  s i g n i f i c a n t l y  
i n f l u e n c e  th e  a b i l i t y  o f  t h e  t e s t  t o  d e t e c t  a  4 m g/kg i . p .  d o se  
o f  c h lo r d ia z e p o x id e  (CDZ):
1 ) A 48 h o u r  p e r io d  w i th  no a c c e s s  t o  w a te r  r e s u l t e d  i n  s i g n i f i 
c a n t l y  l e s s  v a r i a b i l i t y  th a n  24 h o u r s  o f  w a te r  d e p r i v a t i o n ,  and  
e l im in a te d  t h e  n e e d  f o r  an y  p r e - t e s t  a d a p ta t io n  t o  t h e  a p p a r a tu s .
2 ) V a ry in g  sh o c k  l e v e l  fro m  0 .2  t o  1 .0  mA r e s u l t e d  i n  t h e  optim um  
s e p a r a t i o n  o f  CDZ fro m  s a l i n e  a t  0 .3  mA, w i th  l i t t l e  s e p a r a t i o n  
a t  0 .2  o r  1 .0  mA.
3) V a ry in g  t h e  c u m u la tiv e  c o n ta c t  d u r a t i o n  n e c e s s a r y  t o  p ro d u c e  a  
sh o c k  r e s u l t e d  i n  a  s e p a r a t i o n  o f  CDZ fro m  s a l i n e  a t  lo n g  i n t e r 
v a l s  (a ro u n d  1 .0  s e co n d )  a t  w h ich  m ice  make a b o u t  10 l i c k s  p e r  
sh o c k  a s  i n  t h e  V ogel p r o c e d u r e ,  h o w ev er, t h e  m ost r a p i d  and  r e l i 
a b le  d e te r m in a t io n s  o f  t h e  p r e s e n c e  o f  CDZ w ere  a c h ie v e d  when th e  
c o n ta c t  d u r a t i o n  was r e s t r i c t e d  t o  0 .1  s e c o n d s .

J u d g e ,  M .E ., an d  Q u a r te rm a in , D . ,  P h y s io lo g y  & B e h a v io r ,  19 8 2 , 
2 8 :5 8 5 -5 9 0 .
V o g e l,  J . R . ,  B e e r ,  B. an d  C lo d y , D .E . P s y c h o p h a rm a c o lo g ia , 1971 , 
2 1 :1 - 7 .
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251.11 EFFECTS OF IMIPRAMINE ON CARDIODYNAMIC ACTIVITY DURING STRESS.
S t e i n e r ,  S . , S ch o e n h e im e r , J . * ,  H am berger, M .*, K lu tc h k o , B. & 
F r i e d h o f f ,  A. C l i n i c a l  T e c h n o lo g ie s  A s s o c ia t e s ,  I n c . ,  Mt. K is c o , 
New York 10549.

T r i c y c l i c  a n t i d e p r e s s a n t s  a r e  th e  m ost w id e ly  p r e s c r ib e d  
compounds f o r  th e  t r e a tm e n t  o f  c l i n i c a l  d e p r e s s io n ,  and im ip ra m in e  
i s  th e  benchm ark a n t i d e p r e s s a n t .  D ocum entab le  c a r d i o to x i c  e f f e c t s  
o f  im ip ra m in e  h ave  b een  o b ta in e d  from  p a t i e n t s  w ith  p r e - e x i s t i n g  
c a r d io v a s c u la r  d i s o r d e r s ,  p a r t i c u l a r l y  c o n d u c tio n  d e f e c t s .  O ver
d o se  d a ta  a ls o  c l e a r l y  d em o n stra te  im ip ra m in e ' s c a r d i o t o x i c i t y  a t  
h ig h  d o s e s .  H ow ever, l i t t l e  d a ta  h as  b een  p r e s e n te d  th u s  f a r  to  
s u p p o r t  th e  presum ed d a n g e r  o f  l e s s e r  c a r d i o to x i c  e f f e c t s  a t  
t h e r a p e u t i c  d o se s  w ith  i n d iv i d u a l s  f r e e  o f  c a r d io v a s c u la r  d i s e a s e  
(G lassm an , 1 9 8 4 ).

T h is  s tu d y  em ployed th e  te c h n iq u e  o f  e l e c t r i c a l  im pedance 
c a rd io g ra p h y  to  m o n ito r  th e  card iac  p e rfo rm a n c e  o f  s u b je c t s  f o l lo w 
in g  th e  a d m i n i s t r a t io n  o f im ip ra m in e . T h is  t e c h n iq u e  a llo w s  th e  
n o n in v a s iv e  m o n ito r in g  o f  th e  e j e c t i o n  o f  b lo o d  from  th e  l e f t  
v e n t r i c l e  and i t s  w aveform  r e p r e s e n t s  th e  v e lo c i ty  o f  th e  b lo o d  as 
i t  i s  e je c t e d  d u r in g  s y s t o l e  ( M i l le r  & H o rv a th , 1 9 7 8 ).

The s u b je c t s  w ere n in e  p a t i e n t s ,  d ia g n o se d  as c l i n i c a l l y  
d e p re s s e d  a c c o rd in g  to  R e se a rc h  D ia g n o s tic  C r i t e r i a ,  and f o r  whom 
im ip ra m in e  had b een  p r e s c r ib e d .  Im pedance c a rd io g ra p h  r e c o r d s  
w ere o b ta in e d  on th r e e  o c c a s io n s ,  e a ch  in v o lv in g  b o th  r e s t i n g  and 
s t r e s s  c o n d i t i o n s .  The f i r s t  r e c o r d in g  was o b ta in e d  im m e d ia te ly  
p r i o r  to  r e c e iv in g  t h e f i r s t  d o se  o f  im ip ra m in e  (50 m g). The 
seco n d  r e c o r d in g  was one h o u r  a f t e r  th e  i n i t i a l  d o s e , and th e  t h i r d  
r e c o r d  was o b ta in e d  a f t e r  t a k in g  a t h e r a p e u t i c  d o sag e  o f im ip ra m in e  
(1 0 0 -1 5 0  mg) f o r  t h r e e  w eeks. The s tu d y  in  no way d i c t a t e d  o r  
m o d if ie d  th e  t r e a tm e n t  t h e s e  p a t i e n t s  r e c e iv e d .

M ost s u b je c t s  d e m o n s tra te d  a p e r t u b a t i o n  in  th e  waveform  e a r l y  
i n  s y s t o l e ,  r e p r e s e n t i n g  a t r a n s i e n t  i n t e r r u p t i o n  in  th e  d e v e l 
opm ent o f  m axim al e j e c t i o n  v e l o c i t y .  T h is  ch an g e  in  th e  waveform  
i s  o b v io u s  to  th e  eye and i t s  d im e n s io n s  a r e  m e a s u ra b le . The 
phenomenon was o b se rv e d  j u s t  one h o u r a f t e r  a d m i n i s t r a t io n  o f 
im ip ra m in e  in  many s u b je c t s  and t h r e e  w eeks l a t e r  i t  was even  m ore 
p ro n o u n ce d . I t  was o b se rv e d  t h a t  th e  r e m a in in g  s u b je c t s ,  who d id  
n o t  d e m o n s tra te  th e  phenomenon a f t e r  th e  i n i t i a l  d o s e , t y p i c a l l y  
showed th e  e f f e c t  a f t e r  t h r e e  weeks o f a d m i n i s t r a t i o n .  T h is  
o b se rv e d  change  in  th e  im pedance c a rd io g ra m  i s  s im i l a r  to  th e  
w aveform  se e n  in  p a t i e n t s  w ith  c o n d u c tio n  d e f e c t s  (M o h a p a tra , 1 9 8 1 ) . 
The a u th o r s  b e l i e v e  t h i s  to  be an e a r l y  p r e c u r s o r  to  more s e r io u s  
c o n d u c tio n  d e f e c t s .

T hese  r e s u l t s  i n d i c a t e  t h a t  th e  e f f e c t s  o f  im ip ram in e  on myo
c a r d i a l  p e rfo rm a n c e  can  be o b se rv e d  a f t e r  th e  f i r s t  d o se  and a t  
t h e r a p e u t i c  d o se s  in  i n d iv i d u a l s  w ith  no c a r d io v a s c u la r  d i s e a s e .  
T h e r e f o r e  t h i s  p r o to c o l  may be u s e f u l  in  e a r l y  c l i n i c a l  t r i a l s .

251.12 CIR C LIN G  BEHAVIOR FOLLOWING UNILATERAL INTRACEREBRO- 
VENTRICULAR M IC R O IN JE C TIO N S OF CHOLECYSTOKININ8 (CCK8 ) 
IN  RA TS. M .A . M o r e n c y ,  G .M . R o s s  a n d  R .K . M i s h r a .  D e p t s .  
o f  P s y c h i a t r y  a n d  N e u r o s c i e n c e s ,  M c M a s te r  U n i v e r s i t y ,  
H a m i l t o n ,  O n t a r i o ,  C a n a d a ,  L8N 3 Z 5 .

I n t r a c e r e b r o v e n t r i c u l a r  (IC V ) m i c r o i n j e c t i o n s  o f  CCK7 
( 3 × 1 0 - 8 m o l)  h a v e  b e e n  r e p o r t e d  t o  e l i c i t  b a r r e l  r o t a 
t i o n s  a c c o m p a n i e d  b y  c h a r a c t e r i s t i c  l i m b  f l e x i o n  a n d  
e x t e n s i o n  a n d  c o n t r a l a t e r a l  p o s t u r a l  a s y m m e tr y  (M ann  e t  
a l . ,  1 9 8 0 ,  P h a r m a c o l .  B io c h e m .  B e h a v .  1 3 : 1 2 5 - 1 2 7 ) .  W ith  
t h i s  h i g h  d o s e ,  h o w e v e r ,  t h e r e  w a s  n o  s p o n t a n e o u s  l o c o 
m o t o r  a c t i v i t y  o t h e r  t h a n  b a r r e l  r o l l i n g .  T h e  p r e s e n t  
s t u d y  e x a m i n e d  t h e  e f f e c t s  o f  l o w e r  d o s e s  o f  CCK8 o n  
c i r c l i n g  b e h a v i o r .

Mal e  S p r a g u e - D a w l e y  r a t s  w e r e  i m p l a n t e d  w i t h  a  
c h r o n i c  i n d w e l l i n g  c a n n u l a  (2 0  g a u g e )  a im e d  a t  t h e  r i g h t  
o r  l e f t  l a t e r a l  v e n t r i c l e .  E a c h  r a t  w a s  t e s t e d  5 t i m e s  
o n  a l t e r n a t e  d a y s .  P r i o r  t o  t h e  f i r s t  a n d  f i f t h  s e s s i o n s ,  
r a t s  w e r e  i n j e c t e d  w i t h  t h e  v e h i c l e  (1 0  μ l ) ; d o s e s  o f  5 
μg  ( 4 × 1 0 - 9 m o l ) ,  5 0 0  n g  ( 4 × 10- 10 m o l)  a n d  50  n g  ( 4 × 10- 11 
m o l)  CCK8 i n  10 μ l  w e r e  a d m i n i s t e r e d  i n  a  c o u n t e r 
b a l a n c e d  o r d e r  p r i o r  t o  t h e  s e c o n d ,  t h i r d  a n d  f o u r t h  
s e s s i o n s .  T e s t  s e s s i o n s  b e g a n  w i t h  t h e  c e n t r a l  i n j e c t i o n  
a n d  p l a c e m e n t  i n  a  L a f a y e t t e  m u l t i - a c t i v i t y  r e c o r d i n g  
b o x .  D u r i n g  5 o b s e r v a t i o n  p e r i o d s  ( 0 - 3 ,  6 - 9 ,  1 5 - 1 8 ,  2 1 -  
24  a n d  2 7 - 3 0  m in )  a l l  c o m p l e t e  t u r n s  i p s i v e r s i v e  a n d  
c o n t r a v e r s i v e  t o  t h e  s i d e  o f  t h e  c a n n u l a  w e r e  r e c o r d e d .  
An a c t i v i t y  c o u n t  w a s  o b t a i n e d  f o r  t h e  3 0 - m i n  s e s s i o n .

T h e  3 d o s e s  o f  CCK8 p r o d u c e d  a  m a r k e d  i n c r e a s e  i n  
c o n t r a v e r s i v e  t u r n i n g  (p  < . 0 1 ) .  F u r t h e r m o r e ,  a n i m a l s  
e x h i b i t e d  p o s t u r a l  a s y m m e t r y ,  i p s i l a t e r a l  l i m b  f l e x i o n s  
a n d  c o n t r a l a t e r a l  l i m b  e x t e n s i o n s .  T h e  tw o  h i g h e r  d o s e s  
o f  CCK8 i n d u c e d  b a r r e l  r o t a t i o n s  i n  so m e  r a t s .  T h e  
h i g h e s t  d o s e  o f  CCK8 (5  n g )  s i g n i f i c a n t l y  r e d u c e d  
s p o n t a n e o u s  l o c o m o t o r  a c t i v i t y ;  t h i s  w a s  r e f l e c t e d  i n  
s i g n i f i c a n t l y  l o w e r  n u m b e r s  o f  t o t a l  t u r n s  a n d  l o w e r  
a c t i v i t y  c o u n t s  (p  < . 0 1 ) .

P r e l i m i n a r y  e v i d e n c e  i n d i c a t e s  t h a t  c o n t r a v e r s i v e  
c i r c l i n g  a n d  a  s i m i l a r  b e h a v i o r a l  s e q u e l a  i s  i n d u c e d  by 
d e s u l f a t e d  CCK8 . I n  a d d i t i o n ,  p r o g l u m i d e ,  a  CCK 
a n t a g o n i s t ,  d o e s  n o t  a p p e a r  t o  a t t e n u a t e  t h e  c i r c l i n g  
b e h a v i o r  i n d u c e d  b y  CCK8 . T h u s ,  t h i s  b e h a v i o r a l  
s y n d r o m e  a p p e a r s  t o  b e  a  n o n - s p e c i f i c ,  p o s s i b l y  t o x i c ,  
e f f e c t .  ( S u p p o r t e d  b y  t h e  N a t u r a l  S c i e n c e s  a n d  
E n g i n e e r i n g  R e s e a r c h  C o u n c i l  o f  C a n a d a . )

251.13 EFFECT OF ARGININE VASOPRESSIN ON ARTERIAL PRESSURE, HEART RATE, 
AND AUDITORY EVOKED POTENTIALS IN THE RAT. M.A. N athan, N.K. 
S q u ire s* , and E. K. O 'M alley*. D ep t. o f  Pharm acology, Univ. 
Tex. H lth . S c i.  C t r . ,  San A ntonio , TX, 78284, and D ep t. of 
Psychology, S ta te  Univ. o f N .Y ., Stony Brook, NY, 11794.

A rg in in e  v a s o p re s s in  (AVP) has been claim ed to  a f f e c t  memory 
c o n s o lid a tio n  an d /o r r e t r i e v a l  (de  Wied e t  a l . ,  1984). However, 
th e  is s u e  i s  c o n t ro v e r s ia l  and some have argued th a t  AVP only  
in d i r e c t ly  a f f e c t s  memory perhaps by r a i s in g  mean a r t e r i a l  
p re s s u re  (MAP) o r by in c re a s in g  a ro u s a l (Koob e t  a l . ,  1985; 
S ahga l, 1984). The p re s e n t s tu d y  was conducted to  examine th e  
p o s s i b i l i t i e s  t h a t  AVP in c re a s e s  a ro u s a l ,  and th a t  th e  a ro u s a l 
may be a s s o c ia te d  w ith  an e le v a t io n  o f MAP. Male Long-Evans 
r a t s  (n = 4 , w eigh t 325-365 g) were in stru m en ted  w ith  an 
a r t e r i a l  cannu la  f o r  reco rd in g  MAP and h e a r t  r a t e  (HR) and a 
subcu taneous cannu la  fo r  a d m in is tr a tio n  o f AVP o r  v e h ic le .  
Screws were im plan ted  in  th e  s k u l l  f o r  re c o rd in g  a u d ito ry  evoked 
p o te n t ia l s  (E P s). A ll measurem ents were made 2-4 days a f t e r  
in s tru m e n ta tio n . AVP (1-15 μg /k g ) o r v e h ic le  were given  
im m ediately  p r io r  to  each measurement p e r io d . EPs were reco rded  
du rin g  p r e s e n ta t io n  o f f r e e  f i e l d  to n e s  (8 kHz, 30 msec 
d u ra t io n ,  r a t e  o f 1 p er 2 s e c s , 75-85 dB). ANOVA and c o r r e l a t i o n  
an a ly se s  were perform ed ( s ig n if i c a n c e  p o in t ,  p< 0 .05 ). There was 
a  s ig n i f i c a n t  d o s e - re la te d   in c re a s e  in  MAP (v e h ic le  = 116 ± 3 
mmHg; 15 μg/kg  = 158 ± 10 mmHg) and a s ig n i f i c a n t  d ec re a se  in  
h e a r t  r a t e  (v e h ic le  = 318 ± 16 bpm; 15 μg/kg  = 214 ± 27 bpm). 
EPs (am p litu d e  from N20 to  P30) a l s o  in c re a se d  s ig n i f i c a n t ly  as 
a  fu n c t io n  o f  dose (v e h ic le  = 60 .7  ± 6 .94  μV; 15 μg/kg  = 97.42 
± 12.18 μV). However, th e  in c re a se d  am p litude  was observed  on ly  
when th e  anim als were r e s t i n g  q u ie t ly  o r appeared  to  be 
s le e p in g . M oreover, AVP appeared  to  d ep re ss  somatomotor 
b eh a v io r, e s p e c ia l ly  a t  th e  h ig h e r  d o ses . MAP and EPs were 
p o s i t i v e ly  c o r r e la te d  (+ 0 .48) and a  la rg e r  n e g a tiv e  c o r r e l a t i o n  
e x i s te d  between HR and EPs ( -0 .6 6 ) .  Response la te n c y  a lso  
d i f f e r e d  (HR = 12 ± 4 min; EPs = 17 ± 4 min; MAP = 21 ± 6 m in). 
We conclude th a t :  (1 ) th e  in c re a s e s  in  EP am plitude  were n o t 
dependent upon an e le v a t io n  o f MAP because EP changes were n o t 
c o n s is te n t ly  p receded  o r accompanied by in c re a s e s  in  MAP, (2 ) 
AVP a c te d  c e n t r a l l y  because HR d e c re a se s  were f r e q u e n t ly  seen  in  
advance o f  an in c re a s e  in  MAP and th e  i n i t i a l  d e c re a se  in  HR 
a f t e r  p e r ip h e ra l  a d m in is tr a tio n  o f  AVP has been shown to  be o f 
c e n t r a l  o r ig in  (U ndesser e t  a l . ,  1985), and (3 ) AVP a f f e c te d  EPs 
b u t th e  changes were a s s o c ia te d  w ith  d ec re a sed , r a th e r  than  
in c re a s e d , a ro u s a l .

251.14 EFFECTS OF BENZODIAZEPINE AGONIST AND ANTAGONISTS ON FINE 
MOTOR DISCRIMINATION IN THE RAT. C .E . L au* , J .L .  F a lk  and 
M. T ang*. D e p t . o f  P sy c h o lo g y , R u tg e rs  U n i v e r s i ty ,  New 
B ru n sw ic k , NJ 08903.

The e f f e c t s  o f  m id azo lam , a  s h o r t  a c t i n g  b e n z o d ia z e p in e ,  
on f i n e  m o to r d i s c r im i n a t io n  was a s s e s s e d  in  t h e  r a t .  An
im a ls  w ere  t r a i n e d  t o  h o ld  down a  m anipulandum  w i th in  a  1 5 - 
27g fo rc e b a n d  f o r  1 .5  s e c  t o  o b t a in  a  4 5-mg fo o d  p e l l e t .  A 
t o t a l  o f  50 p e l l e t s  c o u ld  b e  o b ta in e d  in  each  s e s s i o n .  A cu te  
d o se s  o f  m idazo lam  m a le a te  ( 0 .7 5 ,  1 .5  and 3 .0  m g/kg s . c . )  
g iv e n  30 m in p r e - s e s s i o n  p ro d u ce d  d o s e - r e l a t e d  i n c r e a s e  in  
d y s k in e s i a  and d e c re a s e s  in  w ork  r a t e ,  t o n i c  a c c u ra c y  and 
e f f i c i e n c y .  T he b e n z o d ia z e p in e  a n ta g o n i s t  Ro 1 5 -1788  (5 
and  10 m g/kg s . c . )  g iv e n  15 m in p r e - s e s s i o n ,  h o w ev er, d id  
n o t  h av e  any e f f e c t  on t h e  p a ra m e te r s  u n d e r  s tu d y .  Low 
d o se s  ( 0 .5  and 2 .0  m g/kg p .o .  1 - h r  p r e - s e s s i o n )  o f  a n o th e r  
a n ta g o n i s t  CGS 821 6 w ere  a l s o  i n e f f e c t i v e  in  a f f e c t i n g  any 
b e h a v io r a l  c h an g es  w h i le  a  h ig h e r  d o se  (10 m g/kg) p ro d u ce d  
b e h a v io r a l  d i s r u p t io n s  s im i l a r  t o  t h a t  o b se rv e d  a f t e r  a  low  
d o se  o f  m id azo lam . B oth  R0 1 5 -1 7 8 8  and CGS 82 1 6 , h o w ev er, 
w ere  e f f e c t i v e  in  r e v e r s in g  t h e  d i s r u p t i v e  e f f e c t s  o f  m id az 
olam  in  a  d o s e - r e l a t e d  f a s h io n .
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251.15 A CRITICAL EXAMINATION OF THE CONDITIONED DEFENSIVE BURYING 
PARADIGM AS A MODEL FOR IDENTIFYING ANXIOLYTICS. R.M. C r a f t * , 
G .T . P o l l a r d , an d  J .L .  H ow ard. D ep a r tm e n t o f  P h a rm a c o lo g y , 
B u rro u g h s  W ellcom e Company, 3030 C o r n w a l l i s  R d . ,  R e s e a rc h  
T r ia n g l e  P a r k ,  NC 2 7 7 0 9 .

T r e i t  e t  a l .  (P h a rm a c o lo g y , B io c h e m is tr y  & B e h a v io r  1 5 :6 1 9 , 
1981) showed t h a t  c o n d i t i o n e d  d e f e n s iv e  b u r y in g  (C D B )  p ro v o k ed  
b y  a  sh o c k  d e l i v e r e d  f ro m  a  n o v e l  o b j e c t  i n  an  e n v iro n m e n t 
t o  w h ich  a  r a t  h a s  becom e h a b i t u a t e d  i s  s u p p re s s e d  b y  s e v e r a l  
c o n v e n t io n a l  a n x i o l y t i c s  i n  a  d o s e -d e p e n d e n t  m an n er. They h av e  
s u g g e s te d  CDB a s  a n  a n x i o l y t i c  s c r e e n  f r e e  fro m  t h e  p ro b le m s  
i n h e r e n t  i n  n o n - e t h o l o g ic a l  m o d e ls .  The p u rp o s e  o f  t h i s  e x p e r i 
m en t was t o  d e te r m in e  w h e th e r  s u p p r e s s io n  o f  b u r y in g  i s  d ru g -  
c l a s s  s p e c i f i c  an d  w h e th e r  t h e  d ru g s  t h a t  s u p p re s s  b u r y in g  
do  so  o n ly  a t  d o s e s  t h a t  do n o t  d i s r u p t  o t h e r  b e h a v io r s  a s  w e l l .

T h i r t y  m in u te s  b e f o r e  t h e  t e s t  s e s s i o n ,  e a c h  r a t  was i n j e c t e d  
o r a l l y  w i th  a  c o n v e n t io n a l  a n x i o l y t i c  ( c h lo r d ia z e p o x id e  4 , 8 , 
1 6 , 32 m g /k g ) , a  n o v e l  a n x i o l y t i c  (b u s p i r o n e  8 , 16 , 32 m g /k g ) , 
a  n e u r o l e p t i c  ( c h lo rp ro m a z in e  1 , 2 , 4 ,  8 m g /k g ) , an  a n t i d e p r e s 
s a n t  ( im ip ra m in e  4 , 8 , 16 m g /k g ) , a n  o p i a t e  a n a lg e s i c  (m o rp h in e  
2 ,  4 , 8 m g /k g ) , o r  v e h i c l e .  S u b je c t s  w ere  o b s e rv e d  f o r  10 
m in u te s ,  an d  t h e  d u r a t i o n  o f  a l l  b e h a v io r s  ( c a t e g o r i z e d  a s  
one  o f  s i x  t y p e s )  was r e c o r d e d :  b u r y in g ,  o t h e r  b e h a v io r s  t h a t  
c a u se d  b e d d in g  t o  b e  d i s p l a c e d  ( p r i m a r i l y  d i g g in g ) ,  lo c o m o to r  
b e h a v io r s  (w a lk in g  an d  r e a r i n g ) ,  g naw ing  (o n  c o rn -c o b  b e d d in g ) ,  
g ro o m in g , an d  r e s t i n g  ( c o m p le te ly  s t i l l ,  o r  s n i f f i n g  o r  t e e t h  
c h a t t e r i n g  w h i le  s t a t i o n a r y ) .

B u ry in g  was s i g n i f i c a n t l y  s u p p re s s e d  b y  t h e  t y p i c a l  a n x i o l y t i c  
c h lo r d i a z e p o x id e  b u t  n o t  b y  t h e  a t y p i c a l  a n x i o l y t i c  b u s p i r o n e .  
Im ip ra m in e  an d  m o rp h in e  a l s o  s u p p re s s e d  b u r y in g  i n  a  d o s e -  
d e p e n d e n t  m an n er. C h lo r d ia z e p o x id e  an d  m o rp h in e  s i g n i f i c a n t l y  
s u p p re s s e d  b u r y in g  o n ly  a t  d o s e s  t h a t  a l s o  s u p p re s s e d  lo c o m o to r  
b e h a v io r s ,  w h i le  im ip ra m in e  s u p p re s s e d  b u r y in g  w i th o u t  a f f e c t i n g  
lo c o m o tio n .  C h lo rp ro m a z in e  c a u se d  a  n o n s i g n i f i c a n t  d e c re a s e  
i n  b u r y in g .  A l l  d ru g s  t h a t  s u p p re s s e d  b u r y in g  a l s o  s u p p re s s e d  
d i g g in g  an d  g ro o m in g . The tw o a n x i o l y t i c s  s i g n i f i c a n t l y  i n c r e a s e d  
gn aw in g ; o t h e r  d ru g s  d id  n o t  a f f e c t  t h i s  b e h a v io r .  We c o n c lu d e  
t h a t  CDB i s  n o t  s u p e r i o r  t o  e x i s t i n g  m o d els  o f  " a n x ie t y ” i n  
te rm s  o f  d ru g  c l a s s  s p e c i f i c i t y .

251.16 A SUBJECTIVE EFFECT OF DIAZEPAM WITHDRAWAL IS BLOCKED 
BY PHENOBARBITAL. Diane A. Mathis* ,  Cynthia M. 
H a r r i s , Smart O. Idemudia*, Michael W. Emmett- 
Oglesby, and Harbans Lal . (SPON: Edward O r r ) .  
Department of Pharmacology, Texas College of 
O s te o p a th ic  Medicine, Fort  Worth, Texas, 76107.

The s u b j e c t i v e  e f f e c t  of diazepam withdrawal has 
been measured in an animal model f o r  a n x ie ty  using a 
tw o - le v e r  c h o ic e ,  f r e e  o peran t  paradigm (Lal and 
Emmett-Oglesby, Neuropharmacology 22:1422, 1983). 
Rats t r a i n e d  to  d i s c r im in a t e  an anx iogen ic  drug, 
p e n t y l e n e t e t r a z o l  (20 mg/kg) from s a l i n e ,  were given 
g e n e r a l i z a t i o n  t e s t s  with drugs which s u b s t i t u t e  fo r  
or block the  p e n t y l e n e t e t r a z o l  (PTZ) s t im u lu s .  The 
s t im u lu s  e f f e c t  of diazepam withdrawal p r e c i p i t a t e d  
by R015-1788 s u b s t i t u t e d  in a dose-dependen t manner 
fo r  the  p e n t y l e n e t e t r a z o l  s t im u lu s  and was blocked by 
p e n to b a r b i t a l  (Emmett-Oglesby, e t  a l ,  Eur. J .  
Pharmacol.  92:127, 1983). The p re s e n t  s tudy t e s t e d  
p h e n o b a rb i ta l  blockade of diazepam w ithd raw al .  Rats 
were i n j e c t e d  ip fo r  16 days with diazepam (80 mg/kg, 
t . i . d ) .  R015-1788 ( 10mg/kg) produced PTZ-lever 
s e l e c t i o n  by 88% of the r a t s .  P re t re a tm e n t  with 
p h e n o b a r b i t a l , 15 min p r i o r  to the  R015-1788 
i n j e c t i o n ,  blocked PTZ-lever s e l e c t i o n  in a dose- 
dependent manner, with f u l l  blockade a t  80mg/kg. 
P h en o b a rb i ta l  a l s o  blocked PTZ-lever s e l e c t i o n  in 
non-dependent s u b j e c t s .  These r e s u l t s  suggest  t h a t  
the drugs of the b a r b i t u r a t e  c l a s s  are  e f f e c t i v e  in 
b lock ing  a s u b j e c t i v e  e f f e c t  of diazepam withdrawal 
and t h a t  the  pharm acologica l  p r o f i l e  of the 
d i s c r i m i n a t i v e  s t im u lu s  from p r e c i p i t a t e d  diazepam 
withdrawal i s  s i m i l a r  to t h a t  of PTZ. Since the s i t e  
of a c t io n  of p h en o b a rb i ta l  may be the sup ram olecu la r  
complex c o n ta in in g  the  diazepam r e c e p to r s  and GABA- 
modulated c h lo r id e  ionophores ,  a l t e r a t i o n s  in the 
r e c e p to r / i o n o p h o r e  complex may mediate  the s u b j e c t iv e  
e f f e c t s  of diazepam w ithd raw a l .  (Diazepam and R015- 
1788 were g ene rous ly  p rovided by the  Hoffman-LaRoche 
Company. Supported by NIDA Grant R01 DA03521A).

251.17 MAUDSLEY REACTIVE AND NON-REACTIVE RAT STRAINS: 
DIAZEPAM AND PENTOBARBITAL EFFECTS ON CONFLICT BEHAVIOR. 
R .L . Commi s s a r i s * , G.M. H a r r in g to n * ,  A.M. O r t iz *  and  
H .J .  A ltm an  (SPON: M.A. M a r r a z z i ) . C o l le g e  o f  P harm acy 
and  S c h o o l o f  M e d ic in e ,  Wayne S t a t e  U n i v e r s i t y ,  D e t r o i t ,  
MI 48202 and  D e p t. P s y c h o lo g y , U n iv . N o r th e rn  Iow a, 
C ed a r F a l l s ,  IA 5 0614 .
B ased  on  o p en  f i e l d  d e f e c a t i o n  r a t e s ,  tw o d i s t i n c t  
s t r a i n s  o f  Maud s l e y  r a t s  h a v e  b e en  i d e n t i f i e d .  The 
M au d sley  R e a c t iv e  (MR) s t r a i n  e x h i b i t s  h ig h  l e v e l s  o f  
o p en  f i e l d  d e f e c a t i o n ,  w h i le  t h e  M au d sley  N o n -R e a c tiv e  
(MNRA) s t r a i n  e x h i b i t s  low  l e v e l s  o f  o p en  f i e l d  
d e f e c a t i o n .  T h is  d i f f e r e n c e  i n  o p en  f i e l d  b e h a v io r  h a s  
b e en  i n t e r p r e t t e d  a s  an  i n d i c a t o r  o f  " e m o t i o n a l i t y " .  
T h ese  M au d sley  MR and  MNRA r a t  s t r a i n s  h a v e  a l s o  b een  
shown t o  d i f f e r  i n  t h e i r  b a s a l  b e h a v io r  i n  t h e  
c o n d i t i o n e d  s u p p r e s s io n  o f  d r in k i n g  (CSD) p r o c e d u r e ,  a 
s e c o n d  "m odel"  b e h a v io r  f o r  t h e  s tu d y  o f  a n x ie ty  a n d /o r  
e m o t i o n a l i t y  i n  r a t s .  The p r e s e n t  s t u d i e s  w ere  d e s ig n e d  
t o  com pare  t h e s e  MR and  MNRA r a t  s t r a i n s  i n  te rm s  o f  
t h e i r  r e s p o n s e  t o  t y p i c a l  a n t i - c o n f l i c t  a g e n t s  i n  t h e  
CSD p a ra d ig m . I n  d a i l y  1 0 -mi n u t e  s e s s i o n s ,  w a te r -  
d e p r iv e d  r a t s  w e re  t r a i n e d  t o  d r in k  from  a  tu b e  t h a t  was 
o c c a s i o n a l l y  e l e c t r i f i e d  ( 0 .5  mA), e l e c t r i f i c a t i o n  b e in g  
s i g n a l l e d  by a  t o n e .  C o n s i s t e n t  w i th  p r e v io u s  r e p o r t s ,  
MNRA r a t s  a c c e p te d  s i g n i f i c a n t l y  m ore sh o c k s  th a n  d id  MR 
r a t s  d u r in g  c o n t r o l  (n o n -d ru g )  s e s s i o n s .  F u r t h e r ,  r a t s  
o f  t h e  MNRA s t r a i n  w e re  m ore r e s p o n s iv e  t o  t h e  a n t i 
c o n f l i c t  e f f e c t s  6 f  b o th  d ia z ep a m  and  p e n t o b a r b i t a l .  
T h is  s t r a i n  d i f f e r e n c e  was o b s e r v e d  i n  b o th  m a le  and  
fe m a le  r a t s .  T h u s , t h e  M au d sley  MR and  MNRA r a t  
s t r a i n s ,  b re d  o r i g i n a l l y  f o r  t h e i r  d i f f e r e n c e s  i n  open  
f i e l d  b e h a v i o r ,  a l s o  d i f f e r  m a rk e d ly  i n  t h e i r  
r e s p o n s iv e n e s s  t o  a n t i - a n x i e t y  a g e n t s  i n  t h e  CSD 
paradigm. T h ese  findings f u r t h e r  t h e  h y p o t h e s i s  t h a t  
t h e  M au d s ley  r a t  s t r a i n s  may r e p r e s e n t  a g e n e t i c a l l y -  
b a s e d  " a n im a l m ode l"  f o r  t h e  s tu d y  o f  e m o t i o n a l i t y  a n d /  
o r  a n x i e t y .
(S u p p o r te d  i n  p a r t  by  t h e  PMA R e s e a rc h  S t a r t e r  G ra n t 
and  t h e  WSU B io m e d ic a l  G ra n t  P ro g ram  t o  RLC and  th e  
WSU N e u ro s c ie n c e  S m a ll G ra n t  P ro g ram  t o  AMO).

251.18 AN OCTADECANEUROPEPTIDE (ODN) DERIVED FROM DIAZEPAM BINDING 
INHIBITOR INCREASES AGGRESSIVE BEHAVIOR IN MICE. M. K av a lie rs  and 
M. H i r s t , Departm ent of P sychology, U n iv e rs ity  o f A lb e rta , 
Edmonton, A lb e r ta , Canada, T6G 2E9 and D epartm ent of Pharmacology 
& T oxico logy , U n iv e rs ity  o f W estern O n ta rio , London, O n ta rio , 
Canada, N6A 5B7.

Diazepam b in d in g  in h ib i to r  (DBI) i s  a n a tu r a l ly  o cc u rrin g  
n eu ro p ep tid e  th a t  i s  capab le  of d is p la c in g  benzod iazep ines and 
b e ta -c a rb o l in e  d e r iv a t iv e s  from th e i r  s p e c i f ic  b ind ing  s i t e s .  I t  
has been proposed th a t  r a t  and human b ra in  DBI fu n c tio n s  as a 
p re c u rs o r  fo r  th e  octad ecan eu ro p ep tid e  (ODN), G ln-A la-TH r-G ly-A sp- 
Val-Asn- - Thr-A sp-A rg-Pro-G ly-Leu-Leu-A sp-Leu-Lys, and p o s s ib ly  
o th e r  n eu ro p ep tid es  which fu n c tio n  as endogenous lig an d s  fo r 
benzod iazep ine  re c o g n itio n  s i t e s .  These o b s e rv a t io n s , along w ith  
the r e s u l t s  o f i n i t i a l  b e h a v io ra l and pharm aco log ical in v e s t ig a 
t i o n s ,  have led  to  th e  p ro p o sa l th a t  DBI and ODN may have p hysio 
lo g ic a l  r o le s  in  the  re g u la t io n  o f b eh a v io ra l p a t te rn s  a s s o c ia te d  
w ith  c o n f l i c t  s i t u a t i o n s ,  an x ie ty  and ag g re ss io n .

S o c ia l  c o n f l i c t  and a g g re s s io n  a r e  m ajo r f e a t u r e s  o f  n a tu r a l  
a n im a l b e h a v io r .  I n t r a s p e c i f i c  a g g r e s s iv e  e n c o u n te r s  c o n s i s t  o f  
a num ber o f  co m p o n en ts : t h r e a t s ,  a t t a c k s ,  f i g h t in g  and su b s e q u e n t  
d e f e a t  and s u b m is s io n .  T h u s, rem o v a l o f  a sm a ll  mouse from  i t s  
g ro u p -h o u se d  e n v iro n m en t and p lac e m en t i n  th e  hom e-cage o f  a 
l a r g e r ,  s in g ly - h o u s e d  mouse c a u se s  th e  d e f e a t  and su b m is s io n  o f  
th e  i n t r u d e r  a n im a ls .  A c c o rd in g ly ,  i t  was c o n s id e r e d  o f  i n t e r e s t  
to  exam ine  th e  e f f e c t s  o f  ODN on th e  o f f e n s iv e  and d e fe n s iv e  
a g g r e s s io n  d i s p la y e d  by m ic e .

I n tr a c e r e b ro v e n t r ic u la r  ( i . c . v . )  a d m in is tra tio n s  o f ODN 
in c re a s e d , in  a dose-dependen t manner (0 .7 5 -5 .0  nm oles), the 
p ro p e n s ity  fo r  and in t e n s i ty  o f o f fe n s iv e  a g g re ss io n  in  dominant 
r e s id e n t  m ice. ODN a lso  in c re a se d  t h e  number o f b i t e s  re q u ire d  
to  o b ta in  d e fe a t in  i . c . v .  t r e a te d  su b o rd in a te  mice du ring  
a g g re ss iv e  i n t e r a c t io n s ,  as w e ll as reducing  th e  subsequent 
d e fe a t- in d u c e d  o p ia te  a n a lg e s ia . In  a p a r a l l e l  manner, ODN 
i n i t i a t e d  and in c rea sed  the  d is p la y  o f a g g re ss iv e  b ehav io r in  
m in im ally  ag g re ss iv e  BALBc male m ice. The f a c i l i t a t o r y  e f f e c ts  
on ag g re ss io n  occu rred  w ith o u t any ev id en t e f f e c t s  on th e  b a sa l 
a c t i v i t y  le v e ls  o r n o c ic e p tiv e  resp o n ses  of the  an im als. These 
r e s u l t s  in d ic a te  th a t  ODN can fu n c tio n  as p ro - c o n f l i c t  p ep tid e  
and bo th  induce and in c re a se  the  d is p la y  o f a g g re ss iv e  b eh a v io r.
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251.19 EFFECTS OF GABAERGIC DRUGS ON PENILE REFLEXES AND COPULATION IN 
RATS. R. E. Leipheimer* and B. D. Sachs (SPON: W. A. Wilson). 
Dept. of Psychology, U-20, Univ. of Connecticut, Storrs, CT 06268.

Several components of penile reflexes in rats are dependent on 
actions of the s tr ia ted  penile muscles. In view of evidence that 
GABA terminals synapse in the area of motor neurons which inner
vate the perineal muscles, we studied the effects of GABA agonists 
and antagonists on penile responses "ex copula" and during 
copulation.

Males known to respond in ex copula tes ts  (restrained in supine 
position with penile sheath retracted) were assigned to control 
(saline injected) or one of the following treatment groups: 
baclofen (1 or 2 mg/kg), a GABA-B receptor agonist; THIP (5 mg/kg), 
a GABA-A receptor agonist; or bicuculline (0.25 mg/kg), a GABA-A 
receptor antagonist. Tests began 20 min after  sc injection.

Baclofen significantly reduced penile erection in ex copula 
tes ts :  3/7 males responded after  1 mg/kg and 1/7 after  2 mg/kg. 
The effects were stronger on the somatic than on the autonomic 
components of penile reflexes. Baclofen-treated males that 
responded also had significantly longer latencies to f i r s t  erection 
than males in the other groups, a l l  of which displayed penile 
reflexes. THIP did not inhibit  reflexes; Indeed, i t  tended to 
potentiate them. Bicuculline had no apparent effect  on penile 
reflexes.

Because baclofen inhibited penile reflexes in ex copula te s ts ,  
we assessed the effects of this drug (same dosages) on copulatory 
behavior. There were no significant differences between saline-  
injected and baclofen-treated males in any parameter of copulatory 
behavior. In addition, baclofen did not appear to inhibit  penile 
responses during mating: All males attained intravaginal intro
missions and ejaculations, as determined by the presence of sperm
atozoa in vaginal smears taken at the end of each t e s t .  This 
pattern of behavioral effects of baclofen (absence of reflexes ex 
copula but not in copula) is analogous to the effects of systemic 
estradiol treatment in castrated ra ts ,  and suggests that  higher 
centers may nullify  the inhibitory actions of baclofen on penile 
reflexes during copulation.

We tentatively conclude that central (probably spinal) GABA-B 
receptors play an inhibitory role in the complex synaptic 
mechanisms which regulate penile reflexes. However, pending the 
outcome of ongoing studies on the effects of intrathecal applica
tion of GABAergic agents, we can not rule out the possibil i ty  of 
effects of these drugs outside the CNS.

(Supported by NIH research grant HD-08933 to BDS.)

251.20 ROTATIONAL BEHAVIOR IS INDUCED BY SEROTONIN AGONISTS IN RATS WITH 
UNILATERAL 6-HYDROXYDOPAMINE- INDUCED SUBSTANTIA NIGRA LESIONS. R. 
Gerber, C. A. A lta r and J .  M. Liebman . Res. D ept., Pharm. Div., 
CIBA-GEIGY C orp., Summit, NJ 07901.

R otational behaviors a re  induced by 5HT-1 ag o n ists , including 
8-OH-DPAT and RU 24969, in  ra ts  in  which d o rsa l raphe (DR) 
5HT-containing neurons have been u n i la te r a l ly  destroyed by 
5,7-dihydroxytryptam ine (5,7-DHT) (Blackburn e t  al, 
Psychopharmacology 83: 163-165, 1984). As a fu r th e r  t e s t  of this 
model fo r 5HT agoni sm, i t  was hypothesized th a t  5HT-1 agonists 
should show a high degree of s e le c t iv i ty  fo r  ro ta tio n a l behavior 
in  5,7-DHT-lesioned r a ts ,  as opposed to  6-OH-DA-lesioned rats. 
Conversely, DA agonists  should f a i l  to  induce ro ta tio n a l behavior 
in  5,7-DHT-lesioned ra ts .

Neurotoxins were m icro in jected  through 25 gauge needles 
s te re o ta x ic a lly  aimed a t  ta rg e t  b ra in  regions. One group of 
anesthe tized  ra ts  received 6-OH-DA HBr (11 ug/4ul) in  the right 
SN. Another group was adm inistered 5,7 DHT c re a tin in e  sulphate 
(1 .6  u g / 2 u l)  in  the rig h t side  of the DR one h r a f te r  pargyline 
(50 mg/kg i . p . ) p retreatm ent. Two weeks post-surgery, 
6-OH-DA-lesioned ra ts  were challenged w ith SKF 38393 (3.0 mg/kg 
s .c . )  and 5,7-DHT-lesioned ra ts  w ith 8-OH-DPAT (3.0 mg/kg i.p .), 
and ro ta tio n a l behavior was immediately assessed  in  an Omnitech 
D igiscan analyzer. Rats were used fo r subsequent experimentation 
only i f  they exh ib ited  more than 30 ne t c o n tra la te ra l tu rn s  within 
60 min a f te r  SKF 38393 or w ith in  90 min a f te r  8-OH-DPAT.

Confirming previous rep o rts , 8-OH-DPAT (0 .3 -3 .0  mg/kg s .c .)  and 
RU-24969 (3.0-10 mg/kg s .c . )  induced c o n tra la te ra l  rotational 
behavior in  5,7-DHT-lesioned r a ts .  N either apomorphine nor 3-PPP 
were ac tiv e  in  th is  model. S urp ris ing ly , however, 8-OH-DPAT 
(1 .0 -3 .0  mg/kg) and RU-24969 (10 mg/kg) a lso  induced contralateral 
ro ta tio n a l behavior in  u n i la te ra l ly  6-OH-DA lesioned  ra ts . The 
potency of these compounds and the magnitude of th e ir  e ffec ts  were 
comparable in  the 5,7-DHT and 6-OH-DA models.

I t  seemed possib le  th a t  the 6-OH-DA treatm ents might have 
inad v erten tly  depleted  s t r i a t a l  5HT le v e ls  along w ith DA levels, 
causing a denervation of s t r i a t a l  5HT recep to rs . Therefore, 
s t r i a t a l  5HT and DA content was assessed  in  e ig h t representative 
6-OH-DA lesioned r a ts .  S t r ia ta l  DA was depleted  by 99% while 5HT 
le v e ls  were unchanged.

A lte rn a tiv e ly , i t  has been hypothesized th a t  denervated DA 
recep tors  may lose  some of th e ir  s e le c t iv i ty  fo r DA agonists 
(Fenton e t  a l . ,  Eur. J . Pharmacol. 106: 363-372, 1984). This 
hypothesis was proposed to  account fo r the a b i l i ty  of SKF 38393 
and 3-PPP to  induce ro ta tio n a l behavior in  some (but not all) 
6-OH-DA-denervated r a ts .  We suggest th a t  highly  denervated (>99% 
DA dep letion) DA recep tors  may a lso  be responsive to  some agents 
nominally id e n tif ie d  as 5HT ag on ists.
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252.1 LEECH DEVELOPMENT IN TWO DIMENSIONS: AN ORGAN CULTURE 
PREPARATION. M a rg a re t  I .  Law, Ph.D. D e p t. o f  M o le c u la r  
B io logy , Univ. o f C a l i f o r n ia ,  B erk e ley , CA 94720

Em bryos o f  t h e  g l o s s i p h o n i d  le e c h ,  H a e m e n te r ia  
g h i l i a n i i , w e re  g row n in  o rg a n  c u l t u r e  a f t e r  re m o v a l o f  
t h e i r  y o lk  and y o lk  membranes. Y o lk le ss  em bryos w ere p inned 
o u t  f l a t  in  s t e r i l e  d i s s e c t i n g  d i s h e s  f i l l e d  w i th  a 
m o d ified  L-15 c u l tu r e  medium and m a in ta in ed  a t  24° C f o r  3-8 
d a y s . Two a s p e c t s  o f  t h e  d e v e lo p m e n t o f  t h e s e  c u l t u r e d  
e m bryos w ere  com pared  w i th  t h e  n o rm a l d e v e lo p m e n ta l  
p a t t e r n :  e x p r e s s io n  o f  t h e  s e r o to n in  n e u r o t r a n s m i t t o r  
phenotype and axonal grow th .

Twelve embryos w ere e x p la n ted  betw een s ta g e s  9(0/4) to  
9 (1 /4 ) , one to  tw o days b e fo re  im m unocytochem ical la b e l in g  
w ith  s e ro to n in  a n t ib o d ie s  n o rm a lly  d e te c t s  any s e ro to n in  
co n ta in in g  neurons (D .K .Stuart and J.C. G lover, in  p re p .) . 
Upon c u l tu r e  o f th e  em bryos, s e r o to n in  c o n ta in in g  neurons 
became s e q u e n t ia l ly  d e t e c t ib l e  in  th e  e x p la n ted  embryos in  
an o rd e r  com parab le  to  t h a t  in  w hich p a r t i c u l a r  s e ro to n in  
c o n ta in in g  neurons ap p ea r in  i n t a c t  em bryos. However, th e  
s e r o t o n i n  p h e n o ty p e  w as e x p r e s s e d  in  t h e  e x p la n t s  m ore 
s lo w ly  th a n  in  i n t a c t  em bryos.

Im m u n o cy to ch em ica l l a b e l i n g  a l s o  r e v e a l e d  t h a t  an  
i d e n t i f i e d  s e ro to n in  c o n ta in in g  neuron in  e x p la n ted  embryos 
developed  i t s  norm al axonal p r o je c t io n s ,  b o th  w ith in  th e  
n e rv e  c o rd  and  i n t o  th e  p e r ip h e r y .  Im m u n o cy to ch em ica l 
l a b e l i n g  w i th  m o n o c lo n a l t u b u l i n  a n t ib o d ie s  (Amersham) 
show ed t h a t  t h e  e x p la n te d  em bryos c o n t in u e  t o  fo rm  
co m m issu ra l, c o n n ec tiv e  and segm en ta l n e rv e s , a s  w e ll a s  
m u sc les , in  c u l tu r e .

Growth o f  p e r ip h e ra l  axons o f an i d e n t i f i e d  sen so ry  
n e u ro n  (Pv ) w as fo l lo w e d  in  em bryos e x p la n te d  a t  s t a g e  
1 0 (1 /5 ) .  I n t r a c e l l u l a r  i n j e c t i o n s  o f  l u c i f e r  y e l lo w  dye 
i n t o  Pv n e u ro n s  in  some em bryos im m e d ia te ly  b e f o r e  
e x p l a n t a t i o n  i n d i c a t e d  th e  i n i t i a l  e x t e n t  o f  t h e i r  
p e r ip h e ra l  axons. Dye in je c t io n s  o f  Pv neurons in  o th e r ,  
s i b l i n g  em bryos a f t e r  3 -8  d a y s  in  c u l t u r e  r e v e a l e d  a 
s u b s ta n t ia l  a d d i t io n a l  g row th  and a r b o r iz a t io n  o f  Pv axons. 
M o reo v er , in  s e v e r a l  o f  t h e s e  c u l t u r e d  em bryos n o rm a l 
r e s t i n g  and a c t io n  p o te n t i a l s  co u ld  be reco rd ed .

The a b i l i t y  to  grow d is s e c te d  le e ch  embryos in  
o rg a n  c u l t u r e  o p en s  up many p o t e n t i a l  e x p e r im e n ta l  
m a n ip u la tio n s  which w ere h i th e r to  im p o s s ib le  in  th e  i n t a c t  
em bryos.

252.2 EARLY DIFFERENCES BETWEEN ALTERNATE N BLAST CELLS IN THE LEECH 
EMBRYO. S .T . B issen* and D.A. W e isb la t (SPON: B. H o lto n ). Dept. 
of Zoology, U n iv e rs ity  o f C a l i f o rn ia ,  B erk e ley , CA 94720.

The e a r ly  embryo o f le ech  co n ta in s  f iv e  b i l a t e r a l  p a i r s  of 
stem  c e l l s ,  th e  M, N, O/P, O/P and Q t e l o b l a s t s . Each te lo b la s t  
undergoes i t e r a t e d ,  h ig h ly  unequal c leavages  to  produce a co
h e re n t column of c e l l s ,  c a l le d  b l a s t  c e l l s . In  each column, or 
b a n d le t , b l a s t  c e l l s  a re  born  a t  th e  r a t e  o f one per h r a t  23°C, 
and th e  o ld e r  c e l l s  l i e  d i s t a l  to  th e  younger ones. Thus in  each 
b a n d le t,  th e  age o f each b l a s t  c e l l  co rresponds to  i t s  p o s itio n  
in  th e  b a n d le t.  The p r o l i f e r a t i o n  o f th e  b l a s t  c e l l s  u lt im a te ly  
g iv es  r i s e  to  th e  segm ental t i s s u e s  of th e  le e c h . In  th e  n band
l e t ,  w hich i s  produced by th e  N t e lo b l a s t ,  two a d ja c e n t b la s t  
c e l l s  g ive  r i s e  to  each segm ental complement o f c e l l s ;  each b la st 
c e l l  g e n e ra te s  a d i s t i n c t  s e t  o f progeny. These two a l te rn a t in g  
c la s s e s  o f b l a s t  c e l l s  in  th e  n b a n d le t can a ls o  be d istin g u ish ed  
by th e  tim ing  and symmetry o f t h e i r  f i r s t  d iv i s io n s ;  one d iv ides 
un eq u a lly  about 22 h rs  a f t e r  i t s  b i r t h  and th e  o th e r  d iv id e s  
e q u a lly  abou t 28 h rs  a f t e r  i t s  b i r t h .  F u rtherm ore, a b la t io n  and 
o th e r  s tu d ie s  p ro v id e  i n d i r e c t  ev idence  th a t  th e  a l t e r n a t e  n b last 
c e l l s  may be determ ined to  be d i f f e r e n t  by ev en ts  occu rin g  a t  the 
tim e of th e i r  b i r t h s .

To c h a ra c te r iz e  th e  d if fe re n c e s  between th e  newly born  n b la s t 
c e l l s ,  DNA s y n th e s is  and RNA tr a n s c r ip t i o n  were examined in  these 
c e l l s  in  H elo b d e lla  t r i s e r i a l i s  embryos u s in g  au to rad io g rap h y . N 
t e lo b la s t s  were in je c te d  w ith  a f lu o re s c e n t  lin e a g e  t r a c e r  and 
allow ed to  produce s e v e ra l  b l a s t  c e l l s .  The embryos were then in
je c te d  w ith  [3H] thym idine tr ip h o sp h a te  (TTP) o r [ 3H] u r id in e  t r i 
phosphate (UTP), b o th  of w hich d i f f u s e  r a p id ly  th roughou t the  
embryos. In  embryos in je c te d  w ith  [ 3H] TTP, s i l v e r  g ra in s  were 
on ly  p re s e n t over th e  n u c le i ,  even a f t e r  long in c u b a tio n  p erio d s, 
which su g g es ts  th a t  th e  [3H] TTP was in c o rp o ra te d  in to  DNA. The n 
b l a s t  c e l l s  began s y n th e s iz in g  DNA very  soon a f t e r  b i r t h  and con
tin u ed  fo r  s e v e ra l  h r s .  These d a ta  su g g es t th a t  th e  two c la s se s  
o f n  b l a s t  c e l l s  have G1 and S phases o f s im i la r  le n g th s ,  b u t d if 
f e r  in  th e  le n g th  o f t h e i r  G2 p h ases . In  embryos in je c te d  w ith  
[3H] UTP, g ra in s  were lo c a l iz e d  over th e  n u c le i  a f t e r  s h o r t  incuba
t io n  p e r io d s , however, a f t e r  lo n g e r p e r io d s  of in c u b a tio n , g rains 
w ere p re s e n t th roughou t th e  cytoplasm  as w e ll  as over th e  n u c le i ,  
which su g g es ts  th a t  th e  [3H ] UTP was in c o rp o ra te d  in to  RNA. The n 
b l a s t  c e l l s  s t a r t e d  accum ula ting  RNA w ith in  th e  f i r s t  hour o r two 
a f t e r  b i r t h  and con tinued  fo r  a t  l e a s t  10 h r s .  These r e s u l t s  pro
v id e  more d i r e c t  ev idence  th a t  th e  a l t e r n a t e  n b l a s t  c e l l s  may be
come d i f f e r e n t  a t  b i r t h  o r im m ediately  t h e r e a f te r .

Supported by NIH NRSA #HD06692-02 to  STB and NSF G rant #PCM- 
8409785 to  DAW.
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252.3 GROWTH AND DECREMENTAL CONDUCTION IN THE PLEXUS OF THE 
HORSESHOE CRAB, LIMULUS POLYPHEM US. W. H. Fahrenbach., 
Laboratory of Electron Microscopy, Oregon Regional Primate Research Center, 
Beaverton, OR 97006.

Lateral inhibition in the lateral eye of Limulus is mediated by passive 
conduction (Hartline et al., Cold Spring Harbor Symp. Quant. Biol. 17: 125, 
1952) via collaterals o f eccentric cells, secondary receptor neurons of the 
ommatidia. During growth spacing between ommatidia increases in direct 
relationship to body size, i.e., prosomal width. Collaterals, on the other hand, 
which have to span one half of the inhibitory field, increase only logarithmically in 
diameter during growth. For example, average collateral diameters increase from 
110 nm in a 12 mm animal with an inhibitory field diameter of about 250 μm to 
0.69 μm in an adult with a prosomal width of 200 mm and an inhibitory field of 6 
mm. If the known membrane resistivity of the eccentric cell axons (9000 Ωcm2) is 
applied to calculation of the length constant for collaterals, the result is congruent 
with decremental conduction in very small animals, but lags far behind the spatial 
requirements for the adult. Even an assumption of orthograde spiking does not 
constitute a solution to the inconsistency, since postsynaptic hyperpolarization is 
conducted over the same collaterals in the retrograde direction.

Conversely, the presumptive membrane resistivity can be calculated from the 
diameter of the collaterals and their requisite conduction distances, i.e., one half of 
the inhibitory field. This approach yields values ranging from 4.6 kΩcm2 for 
neurites in the smallest animal to 142 kΩcm2 for the largest diameter collaterals in 
the adult. The smallest collaterals in a large eye, provided they stretch over the full 
extent of the inhibitory field, would require a membrane resistivity of about 400 
kΩcm2. To check whether these values are within reason for Limulus, length 
constants for various decrementally conducting visual fibers (Behrens and Fahy, 
J. Comp. Physiol. 141:239, 1981) were matched with their respective diameters, 
extracted from my own preparations. The most extreme case consists of axons of 
the lateral rudimentary eye, which have length constants of 8-21 mm, diameters of 
10-25 μm, and corresponding membrane resitivities of 190-530 kΩcm2. Thus, a 
precedent exists for very large membrane resistivities in Limulus, which are not 
beyond those found in other invertebrates.

The structural gradients that have been described in the plexus (Fahrenbach, 
Proc. Roy. Soc. B, 225: 219, 1985) appear to act synergistically with the 
electrotonic fields to concentrate inhibitory input on the immediate proximity of 
the target receptor. Despite its seeming functional simplicity, lateral inhibition in 
the L im ulus compound eye is a complex, analog stage of visual processing, 
generated in a stochastically interconnected neuropil, whose subtly graded output 
serves to modulate the digitally encoded primary visual signal in the eccentric cell 
axons.

(Supported by NIH grants EY-00392, RR-00163, and RR-05694)

252.4 CRITICAL TIMING IN THE NEURONAL REGULATION OF MUSCLE FIBER 
DEATH DURING CLAW TRANSFORMATION. DeF. M ellon and M.M. 
Quigl e y* . Departm ent o f B io logy , U n iv e rs ity  o f V irg in ia , 
C h a r lo t t e s v i l l e ,  VA 22903. The tra n sfo rm a tio n  o f  claw type  in  
Alpheus i s  accompanied by b iochem ical and s t r u c t u r a l  
m o d if ic a tio n s  o f th e  claw c lo s e r  m uscle. These changes in c lu d e  
com plete d eg e n e ra tio n  o f a c e n t r a l  band of muscle f i b e r s ,  and a 
sw itch  in  iso fo rm  e x p re ss io n  o f c o n t r a c t i l e  and re g u la to ry  
p ro te in s  in  th e  f la n k in g  re g io n s  o f th e  m uscle. In  untransform ed 
p in c e r  claw s th e  f la n k in g  reg io n s  o f th e  c lo s e r  m uscle com prise 
in te rm e d ia te  speed f i b e r s ,  w h ile  th e  c e n t r a l  band c o n s is ts  o f 
f a s t  type  f i b e r s .  D uring tra n sfo rm a tio n  a m ajor b iochem ical 
m o d if ic a tio n  th a t  occu rs  in  th e  f la n k in g  reg io n  f ib e r s  i s  a 
sw itch  in  th e  tro p o n in  T iso fo rm : p in c e r  c lo s e r  ex p re sse s  one 
iso fo rm , and snapper c lo s e r  an o th e r (Q uigley & M ellon, 1984). 
F u rtherm ore , we have shown th a t  t r a n s e c t io n  o f th e  second nerve 
ro o t w ith in  th e  tra n sfo rm in g  p in c e r  claw a llow s m orphologica l 
changes i n  th e  claw to  p roceed , b u t i t  p rev en ts  th e  TnT 
m o d if ic a tio n  (Q uig ley , Cox, & M ellon, 1985). We now re p o r t  th a t  
t r a n s e c t io n  o f th e  second ro o t ,  o r  some o f i t s  d i s t a l  b ranches, 
a lso  p r o te c ts  th e  c e n tr a l  band o f f a s t  m uscle f ib e r s  from 
d e g e n e ra tio n  in  an o th e rw ise  tra n sfo rm in g  claw . D e ta ils  o f th e  
nervous pathway invo lved  in  th e  d eg e n e ra tio n  s ig n a l  have y e t to  
be worked o u t, b u t a f f e r e n t  a s  w e ll a s  e f f e r e n t  axons appear to  
be invo lved  in  th e  e la b o ra t io n  o r  tra n sm iss io n  o f th e  message. 
We have now determ ined th a t  th e  c e n t r a l  band o f m uscle f ib e r s  i s  
s e n s i t i z e d  by th e  nervous system  w ith in  120 hours a f t e r  p in c e r  
claw  tra n sfo rm a tio n  i s  t r ig g e r e d .  Nerve s e c t io n  p r io r  to  snapper 
rem oval r e s u l t s  in  p ro te c t io n  o f th e  f a s t  f i b e r s ;  nerve s e c t io n  
a t  l e a s t  120 hou rs  fo llo w in g  snapper rem oval does n o t, and th e  
c e n t r a l  f ib e r s  d ie  fo llo w in g  th e  f i r s t  m o lt. The window of 
s e n s i t i v i t y  may be much narrow er, and i t s  w idth  a ls o  depends upon 
am bient te m p era tu re . Our s tu d ie s  su p p o rt th e  h y p o th e sis  th a t  
m uscle f ib e r s  in  th e  tra n sfo rm in g  claw a re  marked f o r  d ea th  or 
m o d if ic a tio n  by tem p o ra lly  r e s t r i c t e d  in fo rm a tio n  e la b o ra te d  over 
nervous pathways in  th e  a f f e c te d  lim b . S ince  o b s e rv a tio n s  by 
o th e r  w orkers and by o u rs e lv e s  im p lic a te  an ecd y s te ro id - l ik e  
f a c to r  in  r e g u la tin g  th e  m olt cy c le  o f sh rim ps, co o p e ra tiv e  
in t e r a c t io n  between nervous and hormonal s ig n a ls  may c o n tro l  th e  
ev e n ts  in  muscle r e s t r u c tu r in g .

252.5 DISCOVERY AND IDENTIFICATION OF THE 
STEROIDOTROPIC NEUROPEPTIDE, PROTHORACICOTROPIC 
HORMONE (PTTH), REGULATING DEVELOPMENT IN THE 
GYPSY MOTH, LYMANTRIA DISPAR. E. P.  M a s l e r , T. J .  
K e l ly * ,  B. S. T h y a g a r a j a *+,  C. W. Woods* , R. A. 
B e l l*  a n d A. B. B o r k o v e c * . I n s e c t  R e p r o d u c t i o n  
L a b o r a t o r y ,  A g r i c u l t u r a l  R e s e a r c h  S e r v i c e ,  U. S. 
D e p t . of A g r i c u l t u r e ,  B e l t s v i l l e ,  MD 20705 and 
+RSRS, C e n t r a l  S i l k  B o a r d ,  K o l l e g a l ,  K a r n a t a k a ,  
I n d i a .

B enchm ark  e x p e r i m e n t s  by K opec,  s t u d y i n g  
m e t a m o r p h o s i s  and d e v e l o p m e n t  in  L . d i s p a r  o v e r  
s i x t y  y e a r s  ag o ,  r e s u l t e d  i n  some of t h e  e a r l i e s t  
r e p o r t s  of an a s s o c i a t i o n  b e tw e e n  t h e  n e r v o u s  and 
e n d o c r i n e  s y s t e m s  ( B io l .  B u l l . ,  Wood's  Hole  42 ; 
3 2 2 -3 4 2 ,  1922).  S u b s e q u e n t  s t u d i e s  in  a num ber  
o f  s p e c i e s  h a v e  i d e n t i f i e d  t h e  p r im a r y  
m e ta m o rp h i c n e u r o h o r m o n e  i n v o l v e d  as  PTTH which  
s t i m u l a t e s  t h e  p r o t h o r a c i c  g l a n d s  t o  p r o d u c e  
e c d y s t e r o i d s  n e c e s s a r y  f o r  d e v e l o p m e n t  and 
m e t a m o r p h o s i s .  H ow eve r ,  v e r y  l i t t l e  work  h a s  
b e e n  do n e  w i th  L y m a n t r i a . We r e p o r t  h e r e  t h e  
d i s c o v e r y  of  PTTH in  t h e g y p s y  moth and a n a l y s i s  
of  t h e  h o r m o n a l  a c t i v i t i e s .

A t w o - p h a s e  i n v i t r o  b i o a s s a y  i s  u s e d  f o r  t h e  
d e t e c t i o n  of  PTTH a c t i v i t y .  P r o t h o r a c i c  g l a n d s  
from f i f t h - i n s t a r  l a r v a e  a r e  i n c u b a t e d  w i th  t e s t  
e x t r a c t s ,  e c d y s t e r o i d  in  p o s t - i n c u b a t i o n  c o n t r o l  
and  t e s t  media  i s  q u a n t i f i e d  by r a d io im m u n o a s s a y  
and  e c d y s t e r o i d  l e v e l s  a r e  u s e d  a s  a m e a s u re  of 
PTTH a c t i v i t y .

A c t i v i t y  i s  s p e c i f i c a l l y  a s s o c i a t e d  w i th  t h e  
b r a i n  and r e t r o c e r e b r a l  c o m p le x .  Dose r e s p o n s e  
k i n e t i c s  show a 1 0 - f o l d  a c t i v a t i o n  r a n g e  w i th  a 
h a l f  m axim al  d o s e  n e a r  4 × 10-3 t i s s u e  
e q u i v a l e n t s  p e r  m i c r o l i t e r .  Two fo r m s  of t h e  
h o r mone  a r e  i d e n t i f i e d  b y  h i g h  p e r f o r m a n c e  s i z e  
e x c l u s i o n  c h r o m a t o g r a p h y  a s  PT TH -I  ( 2 0 ± 5 
k i l o  D a l to n s ) and  P T T H -I I  (5 ± 1  k i l o D a l t o n s ) .  The 
d e v e l o p m e n t a l  p h y s i o l o g y  of p r o t h o r a c i c  g la n d  
a c t i v a t i o n ,  c h a r a c t e r i z a t i o n  o f  t h e  n e u r o h o r m o n e s  
and  t h e i r  p u r i f i c a t i o n  a r e  d i s c u s s e d .

252.6 METAMORPHOSIS OF IDENTIFIED VISUAL INTERNEURONS WHICH STEER 
FLIGHT IN THE DRAGONFLY. R.M. Olberg. Dept. o f B iol. S c i . ,  
Union C ollege, Schenectady, NY 12308.

In an e f fo r t  to  understand the metamorphosis o f behav iorally  
re lev an t in te rneurons, I have id e n tif ie d  e igh t la rge  " ta rg e t 
in te rn eurons" in  the  ad u lt dragonfly and stud ied  the s tru c tu re  
and response p ro p e rtie s  o f the  same in te rn eurons in  the la rv a . 
Since the  dragonfly is  hemimetabolous, i t  metamorphoses d ire c tly  
from an aquatic  la rv a l stage to  i t s  a e r ia l  adu lt s tag e , accom
p lish in g  a to ta l  switch in  i t s  behavioral re p e rto ire  w ithin a 
2 hour period .

In tr a c e l lu la r  in je c tio n  o f L ucifer yellow revealed th a t the 
ta rg e t in te rneurons descend from the b ra in  to  the  th o rac ic  gang
l i a .  Each passes co n sis te n tly  through one o f th ree  long itud ina l 
t r a c ts  in  the  p ro tho rac ic  ganglion, the  Dorsal Median Tract (MDT), 
Dorsal In te rm ed ia te . T ract (DIT), o r Dorsal Median Tract (DMT). 
They are named according to  the  t r a c t  through which they pass. 
All e igh t ta rg e t  in te rn eurons are  s t r i c t l y  v is u a l , and respond 
only to  movements o f small p a tte rn s , such as black squares, moving 
on a white background. The recep tive  f ie ld s  of the  c e l ls  are 
la rg e , encompassing about a hemisphere. Three neurons (DIT1, MDT2, 
MDT4) respond only to  very small (2° -  8° , v isu a l angle) ta rg e ts ;  
four (DIT2, DIT3, MDT1, DMT1) show co n sis ten t responses over a 
wide range o f ta rg e t  s iz e s ;  and one (MDT3) responds only to  large 
(16°-32°) ta rg e ts .  None responds to  movement o f a la rge  checker
board p a tte rn  which covers a hemisphere of the v isu a l f ie ld .  Five 
o f the  in te rneurons show pronounced d ire c tio n a l s e le c t iv i ty .  Tar
get movement in  the a n tip re fe rred  d ire c tio n  e l i c i t s  hyperpolar
iz in g  responses in  most o f th e se . A large p a tte rn  moving in  any 
d ire c tio n  in h ib its  the  response to  ta rg e t movement.

These neurons m ediate, in  p a r t ,  the  v isu a l con tro l o f f l ig h t  
o r ie n ta tio n . High frequency (150 Hz) s tim u la tion  o f ind iv idual 
ta rg e t  in te rneurons e l i c i t s  pronounced asymmetrical wing movements. 
This fin d in g , coupled with th e i r  highly  se le c tiv e  v isu a l 
responses in d ica te s  th a t  the ta rg e t in te rneurons convey tu rn ing  
s ig n a ls  to  the  f l ig h t  system in  response to  ob jec ts  moving 
re la t iv e  to  the  animal.

At le a s t  one o f the ta rg e t in te rn eurons (DMT1) i s  a lso  active  
in  the  la rv a , even though the behavior o f the la rv a  i s  ra d ic a lly  
d if f e r e n t from th a t  o f the  ad u lt.  The p e rs is ten ce  o f th is  
neuron from la rv a  to  ad u lt req u ires  a s h i f t  in  the  behavioral 
consequences o f i t s  a c t iv i ty .  Other ta rg e t  in te rn eurons (MDT's) 
are  in ac tiv e  during la rv a l l i f e ,  only to  be switched on upon 
adu lt e clo sion . A co rre la tio n  e x is ts  between the region o f com
pound eye added during the  f in a l molt and the  recep tive  f ie ld s  o f 
the  in te rn eurons which are  f i r s t  a c tiv e  during the adu lt stage .
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252.7 HORMONAL CONTROL OF NEURONAL REORGANIZATION DURING 
INSECT METAMORPHOSIS. R. B. Levine, D ept. of Biology, Rice 
U niversity, Houston, TX 77005.

During the metam orphosis of the hawkmoth, Manduca sexta , many 
larval neurons persist to serve new behavioral roles in la te r stages of 
life. These neurons undergo d ram atic s truc tu ra l and functional changes 
as p a rt of th is process. The detailed inform ation available regarding the 
t i te rs  of developm entally-relevant hormones in this insect makes it 
possible to  use them  as tools in the e ffo rt to understand how 
m etam orphic changes are  induced and regulated . In general, preparation 
for m etam orphosis is in itia ted  by the "com m itm ent" pulse of the steroid 
20-hydroxyecdysone (20-HE) when it  appears a t  the end of the last larval 
instar for the firs t tim e in the absence of the juvenile hormone (J H). 
Cells begin to express the ir com m itm ent in response to  a second 
"prepupal" surge of ecdysteriods. The relevance of these cues to the 
nervous system  was dem onstrated  in the following study.

One se t of larval sensory neurons (SNs) persists into the pupal stage to 
p a rtic ip a te  in a  new pupal reflex  (the gin trap  reflex). These SNs expand 
the ir arbors w ithin the CNS during the final 4 days of larval life , and 
begin to evoke a  very d iffe ren t motor response in the pupa. We have 
shown previously th a t when J H is applied to  th e  peripheral som ata of 
these  SNs in the prepupa during the com m itm ent pulse of ecdysteroid, 
they re ta in  the ir larval branching p a tte rn  within the pupal CNS and fail 
to  evoke the gin trap  response (Levine e t  a l . , J . Neurosci. 6 :293, 1986). 
Thus, as w ith o ther cells in the anim al, the decline in J H is crucial for 
the pupal developm ent of these nerve cells. Two lines of evidence 
indicate  th a t 20-HE is also im portant. F irs t, J H -trea ted  SNs begin to  
grow pupal arbors and evoke the gin trap  reflex  4-5 days a f te r  pupation, 
coincident w ith the normal ecdysteroid surge th a t causes adult 
developm ent of the res t of the  anim al. This delayed pupal developm ent 
could be prevented by blocking the rise in 20-HE, and re insta ted  by 
infusing the stero id . Second, anim als deprived of the prepupal 
ecdysteroid pulse retained  the ir larval form . The SNs failed to expand 
the ir processes and could not evoke the gin trap  response. Topical 
application of 20-HE dissolved in undecane to  the  peripheral cell bodies 
of the  SNs, however, caused them  to expand the ir processes within the 
larval CNS. A djacent, u n trea ted  SNs retained  the ir larval form . Thus, 
the stero id  ac ts  upon the som ata of these neurons to control the growth 
of the ir d istan t axonal processes. This grow th is independent of steriod- 
dependent cues within the CNS. In terestingly these SNs did not gain the 
ability  to  evoke th e  gin tra p  response, suggesting th a t 20-HE may also be 
required within the CNS for the pupal developm ent of o ther neurons in 
the  pathw ay. (Supported by NSF # BNS 8308907).

252.8 POSTEMBRYONIC DEVELOPMENT OF LEG MOTOR CIRCUITS IN THE 
MOTH MANDUCA SEXTA. K.S. Kent, F.G. Rothenberg*, R.B. Levine, 
D epartm ent of Biology, R ice University, Houston, TX 77001.

During the m etam orphosis of insects, motor circu its  undergo structu ral 
and functional changes th a t perm it the expression of new behaviors. As a 
prelude to  studying the signals tha t induce these changes, we are defining 
elem ents of the p ro thoracic-leg  motor c ircuits of the moth, Manduca sexta, 
and examining the morphological and physiological a lterations th a t take 
place in these m otor c ircuits as the insect m etam orphoses from larva to 
adult.

Using cobalt staining methods,we have traced  the projections of sensory 
neurons arising from individual hair-like sensilla on the larval leg. The 
sensory axons p ro ject into the prothoracic ganglion and have arborizations 
in two d istinct regions of ventral neuropil, one near the la te ra l edge of the 
ganglion and another near the midline. Axons from sensory cells on the 
posterior surface of proximal leg segm ents also have arborizations in the 
m esothoracic ganglion. Cobalt staining of sensory neurons of the adult leg 
reveals a pa tte rn  of arborizations in t he prothoracic ganglion tha t is 
d iffe ren t from th a t in the larva. Fibers p ro ject to  a large area of ventral 
neuropil occupying most of the ipsilateral an terio r quadrant. Some fibers 
also p ro ject posteriorly  to  the p tero thoracic  ganglion and others pro ject 
an terio rly  into the brain.

Backfilling the main larval leg nerve with cobalt reveals approxim ately 
14 som ata in the prothoracic ganglion. While the majority of 
m otorneuronal som ata are  ipsilateral to  the cobalt-filled leg nerve, one 
soma lies on the con tra la te ra l side of the ganglion. A midline cell in the 
posterior half of the ganglion sends a  process into both ipsilateral and 
co n tra la te ra l leg nerves. Using in tracellu lar recording techniques, we have 
been able to individually identify and cha racte rize  some of these 
motorneurons. T actile stim ulation of the hair-like sensilla on the leg 
indicates th a t the motorneurons receive robust sensory input. Dye- 
injection reveals th a t these m otorneurons have dense dendritic 
arborizations in the ventral la tera l region of neuropil in which the sensory 
neurons also have arborizations. Some motorneurons also have 
arborizations in a dorsal region of neuropil near the ipsilateral midline, a 
region th a t does not contain arborizations from leg sensory neurons.

Backfilling the main leg nerve of pupae and adults suggests th a t many or 
all larval leg motorneurons, including the midline and con tra la te ra l cells, 
a re  present throughout m etam orphosis. The dendritic arborizations of 
these motorneurons in the adult appear to  be confined to a la tera l region of 
neuropil. The possibility th a t some of the motorneurons present during 
pupal and adult stages are  persisten t larval motorneurons has been 
confirm ed by the use of retrograde tra cers  with long survival tim es. 
Supported by NIH gran t # NS 07781 and NSF gran t # BNS 8308907.

252.9 DEVELOPMENTAL CHANGES IN MECHANOSENSORY CIRCUITS 
DURING METAMORPHOSIS OF THE HAWKMOTH. D. M. Linn* and R.B. 
Levine. (SPON: D. J ohnston). D ept. of Biology, R ice U niversity, Houston, 
TX 77005.

During insec t m etam orphosis many larval neurons persist to  serve new 
roles in the pupa and adu lt, o ften  undergoing striking functional and 
s tru c tu ra l changes. To b e tte r  understand the scope and behavioral 
relevance of these changes we have followed e lem ents of the simple neural 
c ircu its  responsible for mechanosensory reflex  behavior in d iffe ren t stages 
of the hawkmoth, Manduca sex ta . The m echanoreceptive hairs th a t cover 
th e  su rface of the  larval abdomen and thorax are innervated by sensory 
neurons (SNs) which p ro jec t som atotopically  into the  CNS (Levine e t al. J . 
Comp. Physiol. 157:1, 1985). They evoke weak position-specific responses 
in m otorneurons (MNs) innervating the body wall muscles of several 
segm ents. In general, the SNs exc ite  ipsilate ral and inhibit co n tra la te ra l 
MNs, but th is  depends upon the segm ent being stim ulated  and the anim al's 
posture. These SNs do not synapse d irectly  upon the MNs. A small group 
of in tersegm ental interneurons has been identified which receive sensory 
input from  w ell-defined regions of the  body surface, and which excite  
MNs. During the final two days of larval life the animals en ter a 
hyperexcitab le  s ta te . Responses to  SN stim ulation cease to  be position- 
specific , consisting instead of rapid abdom inal flexion and ro ta tion . During 
th is period the  SNs cause large depolarizations and short bursts of action 
po ten tia ls  in th e  MNs. In the hours prior to  pupal ecdysis MN responses 
decrease  markedly, but specific SNs evoke new reflexes im m ediately a fte r  
ecdysis.

A localized small subset of the SNs persist into the pupal stage  to 
innervate  hairs w ithin cu ticu lar p its  known as the  gin traps. S tim ulation of 
hairs w ithin these stru c tu res  evokes a  strong defensive reflex , in which the 
SNs cause an ex c ita to ry  response in specific MNs th a t is more robust than 
th a t in the  larva. (B ate, J .E.B. 59:121, 1973). One change necessary for the 
new pupal "gin trap" reflex  is the expansion of SN arbors within the  CNS 
(Levine e t  a l., J . N eurosci. 6 :293, 1986). We are  now exploring other 
aspects  of th is c ircu it. Although some of th e  larval interneurons a re  
re ta ined  into the  pupal stage , it  is not y e t c lea r w hether they are involved 
in th e  new reflex . The MNs which a re  retained  to  p a rtic ip a te  in the pupal 
behavior undergo a  striking functional change near the end of larval life. 
D epolarizing cu rren t in jected  into the som ata or dendrites of larval MNs 
evokes only sm all, passively-invading ac tion  po ten tia ls . In the pupa, 
cu rren t in jected  into the sam e MNs evokes a  la rge, non-linear 
depolarization  and delayed rec tific a tion . These changes may be re la ted  to 
th e  increased effec tiveness of specific ex c ita to ry  inputs necessary for the  
new pupal reflex .

A nother localized sm all group of SNs persist, and reorganize the ir 
c e n tra l projections to  in itia te  the  pupal "cocking" reflex . These SNs exc ite  
co n tra la te ra l and inhibit ipsila teral MNs such th a t the gin traps open in 
p repara tion  for the defensive reflex . (Supported by NSF # BNS8308907).

252.10 ANTENNAL-NERVE AFFERENTS INFLUENCE THE DISTRIBUTION 
OF NON-ANTENNAL SYNAPSES IN THE ANTENNAL LOBE OF 
MANDUCA SEXTA. Leslie P. Tolbert. Dept. of Anatomy and Cell 
Biology, Georgetown Univ., Washington, DC 20007.

The antennal lobes of the brain of the moth Manduca sexta depend 
upon the presence of afferent axons from the antennae for their normal 
histological development (Hildebrand et al., PNAS 76:499; Kent, Ph.D. 
dissertation, Harvard Univ., 1985; Oland & Tolbert, ms. submitted). The 
normally afferented mature lobe comprises a central area of coarse 
neuropil surrounded by fine-textured, spheroidal glomeruli, where 
virtually all the synaptic interactions among afferent axons and 
antennal-lobe neurons occur. An antennal lobe that has been deprived 
of antennal afferent axons throughout development is smaller and lacks 
histologically conspicuous glomeruli. Oland and Tolbert (submitted) 
have shown that the histological development of normal and 
unafferented antennal lobes diverge as soon as antennal afferent axons 
begin to reach the lobe in the normal case. While coarse and fine- 
textured regions of neuropil segregate in both cases, glial invasion of 
the neuropil and subsequent glial delineation of glomeruli does not 
occur in the absence of antennal afferent axons.

In the present study, I have compared the distribution of synapses in 
normal and in chronically unafferented antennal lobes throughout their 
development. Synapses between antennal-lobe neurons are present from 
the earliest stages examined (stage 2 of the 18 stages of metamorphic 
adult development). Through stage 4, the stage at which antennal 
afferent axons normally begin to reach the lobe, the synapses are 
distributed homogeneously through the neuropil of the antennal lobe at 
a packing density of about 2-3.5 synapses/100 um2. From stage 5 
through stage 9 in normal development, as antennal axons continue to 
grow in and begin to synapse, there is a loss of synapses from the 
central area; by stage 9, almost all synapses are found in the newly 
formed glomeruli (at a packing density at least 30 times that in the 
coarse neuropil). In the unafferented lobe, in contrast, synapses persist 
in the central, coarse neuropil at about 2/100 um2 through stage 9, and 
by maturity (emergence of the adult moth) arc found at 6/100 um2 
there, compared with only a 4-fold higher packing density in the fine- 
textured neuropil.

These data indicate that antennal afferent axons play a role in 
sculpting the synaptic neuropil not just at a histological level, but also 
at the ultrastructural level. Their presence causes the elimination of 
synapses in the center of the lobe’s neuropil (at least some of which 
were present before the arrival of the afferent axons and therefore do 
not involve those axons). Current work is aimed at discovering the 
cellular basis for this effect. (Supported by NIH grant #NS 20040.)
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252.11 REDUCTION OF GLIAL POPULATION BY γ-IRRADIATION 
DISRUPTS DEVELOPMENT OF GLOMERULI IN MANDUCA SEXTA 
ANTENNAL LOBE. Lynne A. Oland and Leslie P. Tolbert. Dept. 
Anatomy and Cell Biology, Georgetown Univ., Washington, DC 20007.

The synaptic neuropil of the mature antennal lobe of the moth 
Manduca sexta is organized into spheroidal glomeruli which contain the 
highly branched arbors of antennal sensory axons and antennal-lobe 
neurons and whose borders are defined by glial cells. Glomerular 
organization, which is characteristic of primary olfactory centers in 
vertebrates and invertebrates alike, arises during metamorphic adult 
development from a neuropil that is homogeneous in texture and 
surrounded by a thin rim of glial cells. We (manuscript submitted) have 
shown that the first signs of division of the neuropil into glomeruli 
occur in the glial population. Coincident with the arrival of the 
earliest antennal afferent axons (during stage 4 of the 18 stages of 
adult development), glial cells begin a burst of mitosis, extend processes 
into the neuropil, and, during stage 5, begin to migrate inward in 
patterns reminiscent of glomerular borders. In contrast, if antennal 
axons are prevented from ever reaching the antennal lobe, glomeruli do 
not develop and glial cells remain restricted to a thick layer outside the 
neuropil. Our results suggest that the glial cells may be in a position to 
act as intermediaries in developmental interactions between afferent 
axons and antennal-lobe neurons. We have begun to test this hypothesis 
by examining the neuropil in antennal lobes that have a normal 
complement of neuronal elements but in which we have severely 
reduced the glial population.

In order to reduce the number of glial cells, we have exposed 
developing animals to γ -radiation at times when glial cells but not 
neurons are dividing. Autoradiography of antennal lobes from animals 
injected with 3H-thymidine at stages 2-12 revealed a burst of glial 
proliferation extending from stage 4 through stage 9; neurons have 
essentially completed division before stage 2. Animals were irradiated 
during stages 4 and 5, and were sacrificed at stage 12, when the lobe is 
normally histologically mature. Doses of 5,000 - 20,000 rads had no 
apparent effect. At 40,000 rads, the number of glial cells in the 
antennal lobe was reduced by at least half, and at 80,000 - 160,000 rads, 
glial cells were even more severely reduced. In all cases, neurons 
appeared healthy and antennal afferent axons grew into the lobe. While 
at 40,000 rads, a few possibly glomerular profiles could be 
distinguished, at the higher doses, no glomeruli were evident, and the 
organization of the neuropil resembled that of an unafferented lobe.

These results support the hypothesis that glial cells are necessary 
elements in the construction of antennal-lobe glomeruli.
(Supported by NIH grants #NS 07602 to LAO and #NS 20040 to LPT.)

252.12  LECTINS AS PROBES FOR GLYCOCONJUGATE EXPRESSION DURING DROSOPHILA 
NEUROGENESIS. J .R .  F r e d ie u * and A .P . M ahowald* (SPON: L. H ersh ey ) 
D ep artm en t o f  D e v e lo p m e n ta l G e n e t ic s  and Anatomy, C ase W este rn  
R e se rv e  U n i v e r s i t y ,  C le v e la n d ,  Ohio 44106

A v a r i e t y  o f  p l a n t  l e c t i n s ,  w hich  b in d  c a rb o h y d ra te  m o e i t ie s  on 
g l y c o p r o t e in s  and g l y c o l i p i d s ,  w ere u se d  to  exam ine c e l l  s u r f a c e  
g ly c o c o n ju g a te  e x p re s s io n  d u r in g  n e u ro g e n e s is  in  D ro s o p h ila  m elan 
o g a s te r  (O regon R ) . S ta g ed  w hole em bryos w ere d e c h o r io n a te d  in  
50% c h lo r o x ,  th e  v i t e l l i n e  membrane rem oved in  h e p ta n e ,  f ix e d  in  
10% f o r m a l in ,  and in c u b a te d  o v e rn ig h t  in  5 -1 0  g /m l o f  F IT C -c o n ju 
g a te d  l e c t i n .

P e a n u t a g g l u t i n i n  (PNA) b in d s  c e l l s  in  th e  v e n t r a l  m id l in e  o f  
th e  embryo a t  10 h o u rs  o f  d e v e lo p m e n t. By 12 h o u r s ,  th e  c o m p le te  
v e n t r a l  n e u r o p i l  b in d s  PNA, fo llo w e d  by g a n g lio n  c e l l s  a t  l a t e r  
s t a g e s .  P r e - in c u b a t io n  w i th  a  0.2M s o l u t i o n  o f e i t h e r  D - g a la c to s e  
o r  GalNAc h a s  no e f f e c t  on b in d in g .

B a u h in ia  p u rp u re a  a g g lu t i n in  (BPA) and r i c i n u s  communis (RCA I I )  
m im ic th e  b in d in g  o b s e rv e d  w i th  PNA; i . e .  c e l l s  o f  th e  v e n t r a l  m id
l i n e  and th e  v e n t r a l  n e u r o p i l  b in d  b o th  BPA and RCA I I  a t  th e  same 
d e v e lo p m e n ta l  s ta g e s  a s  PNA. In  c o n t r a s t ,  BPA and RCA I I  b in d  v en 
t r a l  g a n g lio n  c e l l s  a t  e a r l i e r  em b ry o n ic  s ta g e s  th a n  d o es  PNA. 
A ls o , BPA r e c o g n iz e s  a com ponent o f  th e  p e r i p h e r a l  n e rv o u s  sy s te m . 
The b in d in g  o f  BPA and RCA I I  i s  i n h i b i t e d  by p r e - i n c u b a t io n  w ith  
D - g a la c to s e  o r  Gal NAc.

D i s s o c i a te d  c e l l s  from  g a s t r u l a  s ta g e  em bryos p l a t e d  on g l a s s  
c o v e r s l i p s  in  th e  a p p r o p r i a t e  m ed ia  w i l l  d i f f e r e n t i a t e  i n to  a v a r i 
e ty  o f  c e l l  ty p e s  in c lu d in g  n e u ro n s .  As p r e d i c te d  from  th e  w hole 
embryo s t u d i e s ,  PNA, BPA, and RCA I I  b in d  to  c u l t u r e d  n e u ro n s .  In  
a d d i t i o n ,  l e c t i n s  from  g r i f f o n i a  s i m p l i c i f o l i a , m a c lu ra  p o m if e ra , 
and w heatgerm  b in d  to  c u l t u r e d  n e u ro n s ,  a l th o u g h  u n d e te c te d  in  th e  
w hole em b ry o s. T h is  d i s c r e p e n c y  may be due to  a  d e c re a s e  in  th e  
c e l l - t y p e  s p e c i f i c i t y  o f  l e c t i n  b in d in g  in  th e  i n t a c t  em bryo. Soy
b ean  a g g l u t i n i n  r e c o g n iz e s th e  s u r f a c e  o f c u l t u r d  n e u ro n s ,  b u t  f a i l s  
to  b in d  a co m p a ra b le  com ponent in  th e  em bryo.

T hese r e s u l t s  i n d i c a t e :  1. g ly c o c o n ju g a te s  a r e  s e l e c t i v e l y  ex 
p r e s s e d  in  th e  D ro s o p h ila  n e rv o u s  sy s te m  a t  c r i t i c a l  p e r io d s  d u r in g  
n e u r o g e n e s is ;  2 . a l th o u g h  c u l t u r e d  D r o s o p h ila  n e u ro n s  b in d  s p e c i f i c  
l e c t i n s ,  some l e c t i n  b in d in g  d o es  n o t  c o r r e l a t e  w i th  t h a t  o b s e rv e d  
in  th e  w hole em bryo; 3 . some l e c t i n s  b in d  s u b p o p u la t io n s  o f  n e u ro n s  
b o th  i n  c u l t u r e  and in  th e  w hole  em bryos i n d i c a t i n g  d i f f e r e n t i a l  
e x p r e s s io n  o f s u r f a c e  g ly c o c o n ju g a te s  b e tw een  d e v e lo p in g  D r o s o p h ila  
n e u r o n s .

252.13 INDUCTION OF NEUROMA FORMATION AND SPECIFIC TARGET MUSCLE DELETION 
IN THE DROSOPHILA TS MUTANT SHIBIRE. M.R. Hummon and W .J. 
C o s te llo . D e p t. Z o o l .  and  B iom ed. S c i . / C o l l e g e  o f  O s te o p a th ic  
M edicine, Ohio U n i v e r s i t y ,  A th e n s ,  OH 4 5 701 .

A ll m u sc les  o f  t h e  D r o s o p h ila  m e la n o g a s te r  e s c a p e  r e s p o n s e ,  an  
adu lt b e h a v io r ,  d e v e lo p  d u r in g  th e  p u p a l  p e r i o d .  Use o f  t h e  t s  
m utation s h i b i r e  p e rm i ts  s e l e c t i v e  d i s r u p t i o n  o f  d ev e lo p m e n t by 
heat p u lse  (HP)(30C f o r  6 h ) , r e s u l t i n g  in  l e t h a l i t y  (HP o n s e t  a t  0 -  
12h of d eve lopm ent @22,~  0 -7 h  @25C), i n  a d u l t s  w i th  damage to  th e  
escape re s p o n s e  (~ 1 2 -6 0 h  @25C), o r  i n  a d u l t s  w i th  n o rm a l b e h a v io r  
and phenotype (~ 7 0 -9 6 h  @25C). E f f e c t s  on th e  e s c a p e  r e s p o n s e  depend  
on tim e o f HP, and in c lu d e  m u sc le  f u s i o n  ( C o s te l lo  and  S a l k o f f ,  
1983, N e u ro s c i.  A bs. 9 :8 3 2 )  and  d i s r u p t i o n  o f  an  i n te r n e u r o n  and o f  
la ten cy  o f  r e s p o n s e  o f  m u sc le s  (Hummon & C o s t e l l o ,  1984, 1985, 
N eurosci. A bs. 1 0 :1 0 3 2 ;1 1 :9 1 8 ) . We now r e p o r t  t h a t  a  p a r t i c u l a r  HP 
r e l ia b ly  g e n e r a t e s  a d u l t s  w i th  p a r t i a l  d e l e t i o n / f u s i o n  o f  c e r t a i n  
ta rg e t  m u sc le s  and  w i th  b i l a t e r a l  neurom as a t  th e  te rm in u s  o f  some 
of th e  i d e n t i f i a b l e  m o to n e u ro n s  t h a t  s h o u ld  i n n e r v a te  th e s e  m u s c le s .

A ll s h i b i r e  p u p ae  (n= 8) ex p o sed  to  HP w i th  o n s e t  a t  30h @22C 
(~20h @25C) d e v e lo p e d ,  b u t  n one  em erged  w i th o u t  a i d .  A l l  showed 
s im ila r  c u t i c u l a r  a n o m a l ie s ,  i n c l u d i n g  a  v i r t u a l  a b s e n c e  o f  h ead  
and th o ra c ic  c h a e ta e  ( c o n t r a  P o o d ry  e t  a l . ,  1973, D ev. B i o l .  32: 
373). A f te r  Epon em bedm ent, f l i e s  (n= 3) w ere  s e r i a l l y  s e c t io n e d  
(5 μm) in  t r a n s v e r s e  and  th e n  f r o n t a l  s e c t i o n ,  t o  p e rm it  t r a c i n g  o f  
the i d e n t i f i e d  n e u ro n s  and  m u sc le s  o f  th e  e s c a p e  r e s p o n s e .  S e le c te d  
th ic k  s e c t io n s  w ere  re -e m b e d d e d  and  s e c t io n e d  f o r  TEM. The i n d i r e c t  
f i b r i l l a r  f l i g h t  m u sc le s  a r e  r e p r e s e n te d  by few e r  m u s c le s ,  few e r 
f ib e r s ,  o r  b o th .  F o r  DLM (w ing d e p r e s s o r s ) ,  i n s t e a d  o f  6 f i b e r s  p e r  
s id e , th e r e  a r e  1 o r  2 . F o r DVM I ,  I I ,  I I I  (w ing  e l e v a t o r s ) ,  t h e r e  
is  u s u a lly  o n ly  a  s i n g l e  f i b e r  p e r  m u sc le ,  o r  no m u sc le ,  a s  op p o sed  
to th e  norm al 3 , 2 ,  2 f i b e r s  r e s p e c t i v e l y .  The n o rm a l 5 m o to n eu ro n s  
fo r DLM a r e  p r e s e n t  n e a r  t h e  t h o r a c i c  g a n g l io n ,  b u t  some o f  t h e i r  
axons te r m in a te  i n  a  c o n s p ic u o u s  neurom a (a p p ro x .  150 × 50 μm ), 
w hile o th e r s  c o n t in u e  to w a rd s  t h e  re m a in in g  f i b e r s .  The neurom a i s  
a ta n g le  o f  g l i a  and  o f  l a r g e  and v e ry  s m a l l  a x o n s  w i th  num erous 
axonal h e m isy n a p se s  f a c in g  g l i a ,  a x o n s ,  o r  s p a c e .  Thus t h e r e  i s  
com plete c o r r e s p o n d a n c e  b e tw e en  p r e s e n c e  o f  th e  neurom a and  th e  
d e le t io n  o r  f u s io n  o f  t a r g e t  f i b e r s .

The p r im a ry  d e f e c t  o f  s h i b i r e  f l i e s  i n v o lv e s  d i s r u p t i o n  o f  
membrane r e c y c l in g  and  o f  t h e  p in c h - o f f  m echanism  o f  e n d o c y to s i s  
(Kosaka & Ik e d a ,  1983 , J .  C e l l  B i o l . 9 7 :4 9 9 ;  C o s t e l l o  & Hummon, 
1985, N e u ro sc i.  A bs. 1 1 :9 1 8 ) .  A n o m alie s  i n  s h i b i r e  a d u l t s  ex p o sed  
to pupal HP sh o u ld  r e f l e c t  p r o c e s s e s  s e n s i t i v e  t o  ab n o rm a l m embrane 

behavior, a s  w e l l  a s  i n d i r e c t  e f f e c t s  o f  p r im a ry  a n o m a l ie s .  We w i l l  
use th e  tim e  c o u r s e  o f  neurom a and t a r g e t  m u sc le  d e v e lo p m e n t i n  
s h ib i r e  pupae f o l lo w in g  HP a t  30h (22C) to  c l a r i f y  w h ich  an o m aly , 
neuron o r  m u sc le , i s  t h e  p r im a ry  d e f e c t .  S u p p o r te d  by  M u scu la r  
D ystrophy A s s o c ia t io n .

252.14 DROSOPHIA STOCKS USED FOR STUDYING GIANT-FIBER-PATHWAY MUTATIONS 
MAY DIFFER NOT ONLY IN STRUCTURE AND FUNCTION OF CENTRAL NEURONS 
BUT ALSO IN GLYCOGEN STORAGE AND SECRETION BY GUT EPITHELIUM.
D. G. King, Department of Anatomy and Department of Zoology, 
Southern I llin o is  University, Carbondale, IL 62901.

Certain behavioral mutations cause specific physiological and 
anatomical abnormalities in identified  neurons of the Drosophila 
giant fiber pathway. Current investigations seek to understand 
the genetic and ce llu la r  mechanisms which underly these neuronal 
changes (reviewed by Wyman, Thomas, Salkoff and Costello in: A. 
Selverston, ed ., Model Neural Networks and Behavior, Plenum 1985).

Microscopic examination (LM and EM) of cardia epithelium in 
three Drosophila stocks--Pas, ben and n j 7 5, each bearing one 
mutation affecting the s ta r t le  response- - has disclosed several 
differences between these stocks and the wild-type stra in  Hochi. 
P a s  f l ie s  display increased periodic acid-Schiff (PAS) stain 
reaction in the head of the stomadeal valve, in granules within 
ta l l  ce lls  of the cardia outer wall, and in the peritrophic mem
brane. EM of Pa s  f l ie s  demonstrates greater concentrations of 
glycogen in stomadeal valve c e lls ;  LM appearance suggests sim ilar 
concentrations occur in ben and nj75 . EM of Pa s  and ben reveals 
an increase in the staining density of apical secretory vesicles 
in cardia outer wall ta l l  c e lls , when compared with Hochi. All 
three mutant stocks display longer secretory pegs on these ta ll  
ce lls  and some shape differences in the zone of short secretory 
ce lls  along the neck of the stomadeal valve. The peritrophic 
membrane, which appears to arise  largely from the short c e lls , 
is  th icker, less uniform, and more deeply stained in the mutant 
stocks. The correspondence of PAS staining variation with cell 
morphology variation in each of several cell types suggests that 
a common theme in a ll these differences may be variation in the 
storage and secretion of polysaccharides.

Whether the gut variation described above is caused by, or 
only coincidental with, the genetic variation which causes behav
ioral lesions is  not yet known. If  both gut and neural variation 
were to share a common genetic basis, then the sim ilarity  among 
three mutant stocks would suggest that they all re flec t modifica
tions in one underlying ce llu la r  process. However, the possib il
ity  tha t sim ilar ep ithelia l changes could be induced by each of 
three d is tin c t behavioral mutations seems highly unlikely. A 
more probable explanation is that sim ilar gut variants in each of 
the three mutant stocks a rise  from the common genetic background 
shared by these f l ie s  but not by Hochi. Future plans call for 
comparisons which can distinguish between these two a lternatives.

(Supported through NIH grant NS18542, with additional support 
from Southern I llin o is  University School of Medicine. Ray Venezia 
provided sk illfu l technical assistance.)
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252.15 FORMATION OF ADULT MOTOR SYSTEMS IN DROSOPHILA: SCANNING ELECTRON 
MICROSCOPE STUDY. W .J . C o s t e l l o . D e p t .  Z o o l .  and  B iom ed. S c i . /  
C o l .  O s te o .  M ed ., A th e n s , OH 45701

As a h o lo m e ta b o lo u s  f l y i n g  i n s e c t ,  D ro s o p h ila  h a s  two l i f e  s t a 
g e s :  l a r v a  and a d u l t .  The t r a n s i t i o n  s ta g e  (p u p a) c o n s i s t s  o f  a  
d r a m a tic  rep ro g ram m in g  from  a c r a w lin g  form  to  a  f l y i n g  fo rm . Ma
j o r  c h a n g e s  m u st o c c u r  i n  th e  m o to r s y s te m s  c o n t r o l l i n g  su c h  move
m en t: l a r v a l  com p o n en ts  d e g e n e r a te ,  de novo a d u l t  co m ponen ts fo rm , 
and  some l a r v a l  com ponen ts  c a n  b e  m o d if ie d  i n t o  a d u l t  s t r u c t u r e s .  
To i n v e s t i g a t e  t h e s e  c h a n g e s  and  e s t a b l i s h  a  b a s e l i n e  f o r  c o m p a ri
son  w i th  m u ta n ts  a f f e c t i n g  th e  n e rv o u s  s y s te m , I  c o n d u c te d  a  s c a n 
n in g  e l e c t r o n  m ic ro sc o p e  s tu d y  o f  t h e  d e v e lo p in g  p u p a l  n e rv o u s  
sy s te m  i n  C a n to n -S  f l i e s .

P a r t i c u l a r  a t t e n t i o n  was p a id  to  t h e  m o to r  sy s te m  c o n t r o l l i n g  
th e  e s c a p e  r e s p o n s e  o f  a d u l t  f l i e s .  T h is  m o to r sy s te m  c o n s i s t s  o f  
jump m u sc le s  (TTM), w ing  e l e v a t o r s  (DVM), and w ing  d e p r e s s o r s  (DLM), 
M otor a x o n s  to  t h e  TTM and DLM e x i t  t h e  t h o r a c i c  g a n g l io n  v i a  an  
a d u l t  n e r v e ,  t h e  PDMN. A n o th e r  a d u l t  n e r v e ,  th e  ADMN, e x i t s  a n t e 
r i o r l y  and c o n ta i n s  m o to r  a x o n s  to  a  DVM s e t .  T o g e th e r ,  t h e  PDMN 
and ADMN fo rm  a  m a jo r  p a r t  o f  th e  e s c a p e  r e s p o n s e  sy s te m .

In  th e  l a r v a ,  one n e rv e  e x i t i n g  th e  m e s o th o ra c ic  p a r t  o f  th e  
g a n g lio n  can  b e  i d e n t i f i e d  d u r in g  d i f f e r e n t i a t i o n  th ro u g h o u t  th e  
p u p a l  s t a g e .  D u rin g  e a r l y  p u p a t io n ,  t h e  n e rv e  m a in t a in s  c o n n e c t io n  
to  s i t e s  o f  l a r v a l  m u sc le s  w h ich  h a v e  d e g e n e r a te d .  T h ese  s i t e s  
a r e  c o l l e c t i n g  p o i n t s  o f  a d u l t  m y o cy tes  w h ich  w i l l  become TTM, DVM, 
and  DLM. T h is  n e rv e  b e g in s  fo rm in g  d i s t i n c t  b r a n c h e s  to  t h e s e  
s i t e s  by  g r a d u a l ly  s e p a r a t i n g  i t s e l f  i n t o  t h r e e  m a jo r  p o r t i o n s .  
By l a t e  p u p a l  s t a g e ,  t h i s  n e rv e  h a s  b e e n  m o d if ie d  to  c o n s i s t  o f  
d i s t i n c t  p a r t s :  ADMN in n e r v a t i n g  a  s e t  o f  DVM; PDMN in n e r v a t i n g  
DLM; TTM n e rv e  u s u a l l y  b ra n c h in g  fro m  PDMN. Thus one  l a r v a l  n e rv e  
e v e n tu a l ly  g iv e s  r i s e  t o  t h r e e  m a jo r  a d u l t  n e rv e s  w h ich  a r e  p a r t  
o f  t h e  e s c a p e  r e s p o n s e .

Knowing t h i s  l a r v a l  o r i g i n  o f  a d u l t  n e r v e s  s e r v e s  to  e x p la in  
s e v e r a l  an o m alo u s phenom ena se e n  in  d e v e lo p m e n t and  i n  p h y lo g e n y . 
A lth o u g h  n o rm a l ly  th e  TTM n e rv e  b r a n c h e s  from  th e  PDMN a  s h o r t  d i s 
ta n c e  from  th e  g a n g l io n ,  o f t e n  th e  TTM n e rv e  e x i t s  t h e  g a n g l io n  a s  
a s e p a r a t e  t r u n k .  O c c a s io n a l ly ,  DLM m o to r a x o n s  w i l l  t r a v e l  a  
s h o r t  d i s t a n c e  w i th  t h e  ADMN b e f o r e  s e p a r a t i n g  t o  j o i n  t h e  PDMN 
j u s t  b e f o r e  ADMN and  PDMN e x i t  th e  g a n g l io n .  A ls o ,  i n  some r e l a t e d  
s p e c i e s  t h e  PDMN and ADMN w i l l  e x i t  t h e  g a n g l io n  v i a  a  common 
t r u n k .

S u p p o r te d  by an MBL F e l lo w s h ip  and an  MDA g r a n t .

252.16 FUNCTIONAL PLASTICITY IN THE FLY'S VISUAL SYSTEM. K. K ra l * and I .A .  
M e in e r tz h a g e n . D ep a rtm en t o f  P sy c h o lo g y , D a lh o u s ie  u n i v e r s i t y ,  
L i f e  S c ie n c e s  C e n t r e ,  H a l i f a x ,  Nova S c o t i a ,  C anada B3H 4 J 1 .

The r e g u l a t i o n  o f  th e  s t r e n g th  o f  s y n a p t i c  c o n n e c t io n  be tw een  
g ro u p s  o f  n e u ro n s  by th e  f u n c t i o n a l  e x p e r ie n c e  to  w hich  th e  n e u ro n s  
a r e  e x p o sed  d u r in g  d e v e lo p m en t o r  e a r l y  a d u lth o o d  h a s  b een  th e  
t a r g e t  o f  p a r t i c u l a r  a t t e n t i o n  in  th e  v i s u a l  s y s te m . H ere we r e p o r t  
t h a t  th e  num ber o f  f e e d b a c k  sy n a p se s  fo rm ed  upon p h o to r e c e p to r s  in  
th e  f l y ' s  ey e  d ep en d s  on v i s u a l  e x p e r i e n c e .  S in c e  th e  h ig h - g a in  
a f f e r e n t  s y n a p se  o f  p h o to r e c e p to r s  t r a n s fo r m s  l i g h t - i n d u c e d  r e c e p to r  
d e p o l a r i s a t i o n s  t o  t r a n s i e n t  h y p e r p o l a r i s a t i o n s  o f  s e c o n d -o rd e r  
m o n o p o la r  c e l l s  L 1 and  L2 so  a s  to  en co d e  te m p o ra l  c o n t r a s t s ,  we 
h av e  c h o sen  su ch  c o n t r a s t s  ( f l i c k e r )  a s  an  o p t im a l  r e a r in g  s t im u lu s .

F l i e s  (n ew ly  e n c lo s e d  f e m a le s )  and p u p ae  (>67% d ev e lo p m en t s tag e ) 
o f  M usca d o m e s t ic a  w ere  s u b je c t e d  to  a  2 -d ay  p e r io d  o f  s t i m u l a t i o n  
in  an  i n t e g r a t i n g  s p h e re  i l l u m i n a te d  t r a n s m u r a l ly  by an  LED a r r a y  
( λ565mm) w ith  25Hz s in e -w a v e  f l i c k e r .  E x p e r im e n ta l  a n im a ls  had  one 
ey e  o c c lu d e d  w i th  b l a c k  l a t e x  p a i n t  and  c o m p a riso n s  w ere  made 
b e tw e en  f l i c k e r - r e a r e d  (FR) and o c c lu d e d  (OC) e y e s .  The r e s u l t a n t  
a d u l t s  w ere  q u ic k ly  d i s s e c t e d  u n d e r  w h i te  l i g h t ,  p r e p a r e d  f o r  
e l e c t r o n  m ic ro sc o p y  and s e c t i o n s  o f  t h e i r  f i r s t  o p t i c  n e u r o p i l e ,  o r  
l a m i n a ,  exam ined  by q u a n t i t a t i v e  m ethods t o  a s c e r t a i n  th e  f re q u e n c y  
o f  c o n ta in e d  s y n a p t i c  p r o f i l e s  i n  th e  p ro x im a l r e g i o n ,  c lo s e  to  th e  
c h ia s m a . The f r e q u e n c ie s  p e r  c a r t r i d g e  o f  two c l a s s e s  o f  s y n a p t i c  
c o n ta c t  w ere  s c o re d :  a f f e r e n t  t e t r a d  s y n a p se s  o f  p h o to r e c e p to r  
t e r m in a l s ,  a t  w h ich  in p u t  i s  p ro v id e d  r e p e a t e d l y  upon c l u s t e r s  o f  
f o u r  p o s t s y n a p t ic  e le m e n ts  i n c lu d in g  L 1 and L2 (one  e a c h )  a n d , 
u s u a l l y ,  a  p r o c e s s e s  o f  an  a m a c r in e  c e l l ;  and  f e e d b a c k  sy n a p se s  
fo rm ed  by L2 b a c k  upon R1- 6 .  F o r  f l i c k e r - r e a r e d  4 -d ay  a d u l t s  th e  
mean r a t i o  o f  F R :OC la m in a  s y n a p t i c  f r e q u e n c ie s  w as: t e t r a d s  
1 :0 .8 4 ,  fe e d b a c k  sy n a p se s  1 :1 .6 0 .  Thus t h e  mean f re q u e n c y  o f  t e t r a d  
s y n a p s e s  i s  som ew hat g r e a t e r  i n  f l i c k e r  r e a r i n g ,  w h i le  t h a t  o f  
fe e d b a c k  s y n a p s e s  L2→R1-6  i s  s m a l le r  by a b o u t  60%; th e  fe e d b a c k  
r a t i o  th u s  d e c r e a s in g  to  a b o u t  53%. I f  i n d iv i d u a l  s y n a p t i c  c o n ta c t s  
h a v e  u n a l t e r e d  e l e c t r o p h y s i o l o g i c a l  g a in s  f o l lo w in g  d i f f e r e n t i a l  
r e a r i n g ,  t h e  d e c re a s e d  fe e d b a c k  r a t i o  s h o u ld  c a u se  a  lo n g e r  t im e -  
c o u r s e  o f  r e c o v e r y  o f  L2 t r a n s i e n t s .  Newly em erged  f l i e s  showed 
c o m p a ra b le  F R :OC L2→R1- 6  s y n a p t i c  r a t i o s  a f t e r  two d ay s  b u t  had  
h i g h e r  a b s o lu t e  s y n a p t i c  f r e q u e n c ie s ;  L2 s y n a p se s  a r e  t h u s ,  
a d d i t i o n a l l y ,  l o s t  w i th  a g e .

L a u g h l in  (1 9 8 4 )1  h a s  s u g g e s te d  t h a t  L 1 and  L2 o p t im a l ly  encode  
th e  ra n g e  o f  te m p o ra l  c o n t r a s t s  t o  w h ich  th e y  a r e  e x p o sed  in  n o rm a l 
v i s i o n .  T h is  r a n g e  o f  o p t im a l  e n c o d in g  c o u ld  be  m o d if ia b le  by 
a l t e r e d  c o n t r a s t s  t o  w h ich  th e  c e l l s  a r e  e x p o s e d , i f  s y n a p t i c  
s t r e n g t h  shows f u n c t i o n a l  p l a s t i c i t y  d u r in g  d e v e lo p m e n t. T h is  s tu d y  
p r o v id e s  a n a to m ic a l  e v id e n c e  f o r  su ch  f u n c t i o n a l  p l a s t i c i t y .

S u p p o r te d  by g r a n t s  EY-03592 from  NIH an d  A0065 fro m  NSERC.

1L a u g h l in , S .B . ,  NATO A . S . I . ,  v o l . 74 . P lenum : New Y ork , 1984.
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253.1 CARBACHOL ANTAGONIZES THE EFFECTS OF MUSCARINIC ANTAGONISTS ON 
FREQUENCY THRESHOLDS FOR MEDIAL FOREBRAIN BUNDLE SELF
STIMULATION. O. Kofman, Dept. o f Psychology, U niversity  of 
Toronto, Toronto, O ntario , Canada, M5S 1A1.

Previous s tu d ie s  have shown th a t m icro in jec tions of carbachol 
in  the v e n tra l tegmentum induced a conditioned place p reference 
in  r a t s .  When the m uscarinic an tagon ists  a trop ine  s u lfa te  and 
scopolamine hydrobromide were in je c ted  in  the v en tra l tegmentum, 
frequency th resho lds fo r in tra c ra n ic a l  s e lf  s tim u la tio n  in  the 
la te r a l  hypothalamus and do rsa l tegmentum were e levated  (Yeomans, 
e t  a l . ,  1985; Kofman and Yeomans, 1985). These e f fe c ts  were dose 
dependent and robust over two or more sess io n s . Since a trop ine  
i s  known to  have lo ca l an es th e tic  and calcium channel blocking 
p ro p e rtie s  as w e ll, the presen t study undertook to  antagonize the 
reward blocking e f fe c ts  of a trop ine  by p re tre a tin g  animals w ith 
the ch o lin e rg ic  agon ist carbachol.

Rats were tra in ed  to  bar p ress fo r  a t r a in  of cathodal square 
wave pulses de livered  v ia  e lec tro d es  implanted in  the la te r a l  
hypothalamus. A fter a t  le a s t  f iv e  s tab le  frequency th resho lds 
were obtained fo r half-maximal ra te s  of bar p ressin g , animals 
were in je c ted  w ith 0 .5  u l of carbachol (1 or 2 ug) or CSF v ia  a 
cannula in  the  v e n tra l tegmentum. F if te en  minutes l a t e r ,  animals 
were re - in je c te d  w ith e ith e r  CSF or a trop ine  s u lfa te  (60 ug) and 
replaced in  the s e lf -s tim u la tio n  apparatu s. Frequency th resho lds 
were measured u n t i l  they had retu rned  to  b a se lin e . The order of 
in je c tio n s  was CSF-CSF, CSF-Atropine, and Carbachol-A tropine; 
sessions were a t  le a s t  48 h r .  a p a r t.

When in je c tio n s  of a trop ine  s u lfa te  were preceded by CSF, 
frequency th resho lds were increased  up to  360% from b ase lin e . 
Animals p re trea ted  w ith 1 ug carbachol 15 minutes before a trop ine  
in je c tio n s  had frequency th resho lds e lev a tio n s  to  only 160% of 
b ase lin e ; 2 ug carbachol reduced the  a trop ine  e f fe c t  to  le s s  than 
145%. This supports the suggestion th a t  the reward blocking 
e f fe c ts  of a tro p in e  a c t v ia  m uscarinic re c ep to rs . S im ila r ly , we 
have found prelim inary  evidence th a t  a trop ine  pre-trea tm ent can 
block carbachol-induced conditioned p lace p reference.

253.2 FACILITATION OF LATERAL HYPOTHALAMIC SELF-STIMULATION BY AMPHET
AMINE MICROINJECTIONS INTO NUCLEUS ACCUMBENS L. M. Colle* 
and R. A. Wise. (Spon: E. M il ia r e s s i s )  C tr . fo r Studies 
in  Behav. Neurobiol. Concordia U niv., Mtl , Quebec, H3G 1M8.

System ically  adm inistered amphetamine increases  the  r a te  o f 
responding and decreases the  th resho ld  fo r s e lf -s tim u la tio n  (SS) 
presumably by enhancing th e  rewarding impact o f  the  s tim u la tio n . 
In tr a c ra n ia l ly  adm inistered amphetamine ( in to  e i th e r  the  nucleus 
accumbens o r  th e  stria tum ) a lso  increases th e  r a te  o f  responding 
fo r  SS, however, i t  i s  no t c le a r  th a t  th i s  increase  in  responding 
r e f le c ts  an enhancement o f  th e  rewarding impact o f  th e  stim ula
t io n ,  o r an in crease  in  the  performance capac ity  o f  the  r a ts .  In  
th e  p re sen t s tu d y , th e  e f f e c t s  o f  i n t r a c r a n i a l  d-  and l -amphet
amine were assessed  in  a  paradigm which has been shown to  d is t in 
guish  performance from reward e f fe c ts :  th e  c u rv e -sh if t paradigm. 
Rats were implanted w ith  monopolar s tim u la ting  e lec tro d es  aimed 
a t  th e  la te r a l  hypothalamus, and 22 gauge guide cannulae aimed a t  
th e  a n te r io r  p a r t  o f  th e  s tria tu m . The anim als' r a t e s  o f  lever
p ressin g  were determined a t  sev e ra l s tim u la tio n  frequencies ( r a te -  
frequency function)  under d rug  and no -d rug  cond itions. D-  and 
l - a mphetamine were each a p p lie d  to  th e  v e n tra l  s tria tu m  and the  
nucleus accumbens in  doses o f  0, 2 .5  ug, 5 .0  ug, and 10.0 ug in  
.5  u l o f  s a lin e  in  each anim al. When applied  to  the  nucleus 
accumbens ip s i l a t e r a l  t o  th e  s t im u la t in g  e lec tro d e  d-amphetamine 
caused a  dose-dependent s h i f t  to  the  l e f t  in  the  ra te -frequency  
func tion ; when applied  to  th e  nucleus accumbens c o n tra la te ra l  to  
th e  s tim u la tin g  e le c tro d e  o n ly  th e  h ig h e s t  dose o f  d-amphetamine 
caused a  s h i f t  to  th e  l e f t .  There was no change in  th e  anim als' 
asym ptotic response r a te  following e i th e r  drug. Following e i th e r  
i n t r a - s t r i a t a l  d-amphetamine o r  i n t r a - a ccumbens o r in t r a -  
s t r i a t a l  l -amphetamine, th e r e  was no change in  the  ra te -frequency  
func tion . The s h i f t  to  th e  l e f t  fo llo w in g  in tra-accumbens d-  
amphetamine i s  thought to  r e f le c t  an enhancement o f  th e  rewarding 
i mp a c t o f  th e  s tim u la tio n . These dat a  compliment those which have 
show th a t  in tra -accu mbens n eu ro lep tic s  decrease the  rewarding 
impact o f  SS suggesting th a t  th e  dopamine te rm ina ls  o f  th e  nucleus 
accumbens a re  involved in  m ediating th e  rewarding impact o f  
l a te r a l  hypothalamic SS.
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253.3 RELATIVE EFFECTS OF NALTREXONE ON NUCLEUS ACCUMBENS, LATERAL 
HYPOTHALAMIC AND VENTRAL TEGMENTAL SELF-STIMULATION IN TH E RAT. 
T.E.G.West* and R.A.Wise. C en tre  fo r  S tud ies in  Behavioral 
Neurobiology, Department o f Psychology, Concordia U niversity , 
Montreal, Quebec, Canada. H3G 1M8.

The effec ts  o f opioid b lockers on b ra in  stim u la tion  reward 
have not been co n sis ten t from one re p o rt to  the  next. 
Differences in  s tim ulation  s i t e  and period  o f te s t in g  have 
been suggested as explanations o f th e  in co n sisten c ies . In  
the present study we compared e a r ly  w ith la te  te s t in g  
periods and three s tim ulation  s i t e s  along the  medial 
forebrain bundle in  the  same anim als. The cu rv e -sh if t 
paradigm was used to  assess the  e f fe c t  o f  naltrexone (2.5, 
5, 10, 20 mg/kg) on se lf -s tim u la tio n . Naltrexone g en erally  
shifted the rate-frequency function  to  the  r ig h t ,  increasing  
stimulation frequency needed fo r  normal ra te s  o f responding. 
Maximal (asymptotic) response ra te s  were not a lte re d  by 
naltrexone, though the  stim u la tion  frequency required  to  
produce responding a t  maximal ra te s  was increased . 
Naltrexone affected  responding fo r nucleus accum ens 
stimulation the most and responding fo r  v e n tra l tegmental 
stimulation the le a s t .  There was a  g re a te r  a tten u atio n  o f 
responding during the  second t e s t  period , 50 minutes a f te r  
injection, than during the  f i r s t  t e s t  period , 20 minutes 
after in jection . I f  animals were not te s ted  during the  
firs t period, responding was immediately a ttenuated  a t  the  
start of the second period; thus stim u la tion  experience was 
not necessary for response decrements. A tim e course o f  the  
effect of naltrexone on  response ra te s  was determined using 
a single stimulation frequency; peak e ffe c ts  were observed 
45 to 85 minutes a f te r  in je c tio n . I t  i s  not c le a r  why 
lateral hypothalamic and v en tra l tegmental se lf -s tim u la tio n  
were d iffe ren tia lly  a ffec ted  by na ltrexone. I t  i s  thought 
that the rewarding e ffe c ts  o f  l a te r a l  hypothalamic and 
ventral tegmental s tim ulation  involve ac tiv a tio n  o f  th e  same 
medial forebrain bundle f ib e rs , and these  f ib e rs  a re  thought 
to synapse between these  two s i t e s .  I t  may be th a t  
stimulation a t  d iffe re n t a n te r io r-p o s te r io r  le v e ls  o f  the  
system spreads to  d if fe re n t numb e rs  o f rew ard-relevant 
fibers, or th a t s tim ulation near the  axon te rm ina ls  has 
different potency than s tim ulation  c lo se r  to  the  soma.

253.4 LOCALIZATION OF BRAIN STIMULATION REWARD SITES IN THE PONTINE 
TEGMENTUM: A MOVEABLE ELECTRODE MAPPING STUDY. P i e r r e - P a u l  R om pré 
a n d  S a n d r a  B o y e* . C e n t e r  f o r  S t u d i e s  i n  B e h a v i o r a l  N e u r o b io lo g y ,  
C o n c o r d i a  U n i v e r s i t y ,  M o n t r e a l ,  C a n a d a  H3G 1M8.

I t  w as r e c e n t l y  r e p o r t e d  t h a t  t h e  m i d l i n e  r e g i o n  o f  t h e  m e te n 
c e p h a l o n  c o n t a i n s  a  l a r g e  b a n d  o f  s e l f - s t i m u l a t i o n  s i t e s  w h ic h  
e x t e n d  d o r s o - v e n t r a l l y  fro m  t h e  v e n t r a l  c e n t r a l  g r e y  t o  t h e  p o n t i n e  
n u c l e i  ( R om pré  a n d  M i l i a r e s s i s ,  B r a i n  R e s . 3 5 9 :2 4 6 - 2 5 9 ,  1 9 8 5 ) .  
M oving  fro m  c a u d a l  t o  r o s t r a l ,  t h e  c o n c e n t r a t i o n  o f  t h e  r e w a r d 
r e l e v a n t  n e u r o n s  i n c r e a s e s  s i g n i f i c a n t l y  a n d  r e a c h e s  a  p e a k  i n  t h e  
v i c i n i t y  o f  t h e  d o r s a l  r a p h e ,  a t  t h e  f r o n t a l  l e v e l  o f  t h e  d e c u s s a 
t i o n  o f  t h e  s u p e r i o r  c e r e b e l l a r  p e d u n c l e .  T h e p r e s e n t  s t u d y  w as a  
d e t a i l e d  i n v e s t i g a t i o n  o f  t h e  l o c a l i z a t i o n  o f  b r a i n  s t i m u l a t i o n  
r e w a r d  s i t e s  i n  c a u d a l  a n d  l a t e r a l  p o n t i n e  te g m e n tu m  r e g i o n s .  
E le v e n  m a le ,  a d u l t  h o o d e d  r a t s  w e re  i m p la n t e d  w i t h  a  s i n g l e  m ove
a b l e  e l e c t r o d e  a n d  t e s t e d  f o r  s e l f - s t i m u l a t i o n  a  w eek  a f t e r  s u r g e r y .  
The e l e c t r o d e  w as f i r s t  im p la n t e d  a t  6 mm b e lo w  t h e  s u r f a c e  o f  t h e  
s k u l l  a n d  s u b s e q u e n t l y  m oved down by  s t e p s  o f  0 .1 6  o r  0 .3 2  mm. 
S t i m u l a t i o n  c o n s i s t e d  o f  400  ms t r a i n  o f  c a t h o d a l ,  r e c t a n g u l a r  
p u l s e s  o f  f i x e d  i n t e n s i t y  (2 0 0  uA ) a n d  d u r a t i o n  ( 0 . 1  m s ) .  S e l f 
s t i m u l a t i o n  w as r e c o r d e d  fro m  z e r o  t o  maximum p e r f o r m a n c e  by  v a r y 
i n g  t h e  f r e q u e n c y  o f  s t i m u l a t i o n  ( f r e q u e n c y / r e s p o n s e  f u n c t i o n ) .  An 
e s t i m a t e  o f  t h e  t h r e s h o l d  w as o b t a i n e d  fro m  t h e  a v e r a g e  o f  s i x  
r e p l i c a t i o n s  o f  t h e  f r e q u e n c y / r e s p o n s e  f u n c t i o n  d e t e r m in e d  a t  e a c h  
s i t e .  O u t o f  212 s i t e s  s a m p le d ,  o n ly  64 s u p p o r t e d  s e l f - s t i m u l a t i o n .  
N in e t y - t w o  p e r c e n t  o f  t h e  r e w a r d in g  s i t e s  a r e  l o c a l i z e d  i n  t h e  
m e d ia l  a r e a ,  b e tw e e n  t h e  f r o n t a l  l e v e l s  p a s s i n g  t h r o u g h  t h e  m e d ia n  
r a p h e  a n d  r a p h e  p o n t i s  n u c l e i .  I n  t h e  r e g i o n  c o m p r i s e d  b e tw e e n  t h e  
f r o n t a l  l e v e l s  p a s s i n g  th r o u g h  t h e  r a p h e  m ag n u s a n d  t h e  r a p h e  p o n 
t i s ,  o n ly  n i n e  o u t  o f  t h e  110 t e s t e d  s i t e s  s u p p o r t e d  s e l f - s t i m u l a 
t i o n .  T h e s e  p o s i t i v e  s i t e s  a r e  l o c a l i z e d  i n  t h e  v i c i n i t y  o f  t h e  
l o c u s  c o e r u l e u s  a n d  p a r a b r a c h i a l  n u c l e i .  T h e s e  r e s u l t s  s u g g e s t  
t h a t  n e u r o n s  o r i g i n a t i n g  fro m  c a u d a l  r e g i o n s  o f  t h e  p o n t i n e  te g m e n 
tu m  a r e  l e s s  l i k e l y  t o  c o n s t i t u t e  a  m a jo r  p o r t i o n  o f  t h e  l a r g e  b a n d  
o f  r e w a r d - r e l e v a n t  n e u r o n s  l o c a t e d  i n  t h e  m e d ia l  a n d  r o s t r a l  m e t 
e n c e p h a lo n .

S u p p o r t e d  b y  g r a n t s  fro m  FRSQ (8 5 0 0 6 1 )  a n d  NSERC (A 1 2 6 2 ) .

253.5 DISRUPTION OF THE CORTICOCORTICAL CONNECTIONS BETWEEN THE 
MEDIODORSAL AND SULCAL PREFRONTAL CORTICES ALTERS THE 
ASSOCIABILITY OF REWARDING CORTICAL STIMULATION TO PLACE 
STIMULI AND TO TASTE STIMULI IN RATS A. R o b e r ts o n  and A. 
L a fe r r ie r e * . D ep t. o f  P s y c h o lo g y , U n iv . o f  A lb e r t a ,  Edm onton, 
A lberta T6G 2E9.

The p rese n t e x p e rim e n ts  exam ined th e  e f f e c t  o f  t r a n s e c t i n g  
the d i re c t  c o r t i c o c o r t i c a l  c o n n e c t io n s  b e tw een  th e  m ed io 
d o rsa l and s u lc a l  d i v i s io n s  o f  th e  r a t  p r e f r o n t a l  c o r t e x  on 
the a b i l i t y  o f rew a rd in g  s t i m u l a t i o n  o f th e  m e d io d o rsa l  ( p r e 
lim bic) a re a  to  im p art s e c o n d a ry  r e i n f o r c i n g  e f f e c t s  to  d i f 
fe re n t c la s s e s  o f s t i m u l i .

In  the  f i r s t  e x p e r im e n t,  r a t s  show ing m e d io d o rsa l  s e l f 
s tim u la tio n  (SS) w ere t e s t e d  in  a c o n d i t io n e d  t a s t e  p r e f e r 
ence (CTP) parad igm , in  w hich  th e  re w a rd in g  s t i m u l a t i o n  was 
paired  w ith a novel f l a v o r ,  and p r e f e r e n c e  f o r  t h a t  f l a v o r  
l a t e r  a sse s se d  in  a two b o t t l e  t e s t .  N o n le s io n e d  ( c o n t r o l )  
r a ts  r e a d i ly  d i s p la y e d  a one t r i a l  CTP to  a s o lu t io n  o f  d e 
c a ff e in a te d  c o f f e e  b u t  s u b je c t s  w i th  b i l a t e r a l  k n i f e  c u ts  
a lso  showing m e d io d o rsa l  SS d id  n o t .  T h is  f a i l u r e  to  e s t a 
b l is h  a CTP c o u ld  n o t be a t t r i b u t e d  to  a l o s s  o f  th e  a b i l i t y  
to  d i s c r im in a te  th e  p a i r e d  f l a v o r  b e c a u se  l e s i o ned a n im a ls  
d isp la y e d  norm al n e o p h o b ic  r e s p o n s e s  to  th e  t a s t e .  The la c k  
of a CTP a ls o  c o u ld  n o t r e s u l t  from  g r o s s  l e a r n in g  d e f i c i t s  
s in ce  s u lc a l  SS c o u ld  S u p p o rt a  CTP in  a n im a ls  g iv e n  s im i l a r  
k n ife  c u t s .  I n  th e  seco n d  e x p e r im e n t ,  r a t s  d i s p l a y in g  m ed io 
d o rsa l  SS were t e s t e d  f o r  a  c o n d i t io n e d  p la c e  p r e f e r e n c e  
(CPP) a f t e r  m e d io d o rsa l  SS had  b een  r e p e a t e d ly  p a i r e d  w ith  a 
d i s t i n c t iv e  e n v iro n m en t in  a c o u n te r b a la n c e d  d e s ig n .  Non
le s io n e d  s u b je c t s  showed no CPP b u t r a t s  h a v in g  r e c e iv e d  b i 
l a t e r a l  k n ife  c u ts  r e l i a b l y  d id  s o .  T hese e f f e c t s  w ere n o t 
due to  changes in  a c t i v i t y  o r  e x p lo r a to r y  p a t t e r n s .

The d i s r u p t io n  o f  th e  m e d io d o r s a l - s u l c a l  c o n n e c t io n s  th u s  
had th e  e f f e c t  o f  p r e v e n t in g  th e  fo rm a tio n  o f a CTP d e r iv e d  
from m e d io d o rsa l s t i m u l a t i o n  w h ile  f a c i l i t a t i n g ,  o r  unm ask ing  
th e  in d u c t io n  o f  a  CPP o b ta in e d  w ith  th e  same ty p e  o f  r e i n 
f o rc in g  s t i m u l a t i o n .  The c u ts  th u s  a p p e a r  to  change th e  a s 
s o c i a b i l i t y  o f  d i s t i n c t  c l a s s e s  o f  s t i m u l i  to  th e  r e i n f o r c i n g  
e f f e c t s  p ro d u ced  by m e d io d o r s a l  c o r t i c a l  s t i m u l a t i o n .  The 
r e s u l t s  s u g g e s t  th e  p re s e n c e  o f  p r e p o te n t  r e l a t i o n s  b e tw een  
th e  rew a rd in g  c o n seq u e n c e s  o f  p r e f r o n t a l  s t i m u l a t i o n  and d i s 
t i n c t  s t im u lu s  o r  p r o c e s s in g  d o m ain s . F u r th e rm o re ,  i n t r i n s i c  
p r e f r o n ta l  c o n n e c t io n s  a p p e a r  to  be im p o r ta n t  in  e s t a b l i s h i n g  
such s t i m u l u s - r e i n f o r c e r  a s s o c i a t i o n s .  The r e s u l t s  can  be 
view ed in  th e  c o n te x t  o f  known f u n c t i o n a l  d i s s o c i a t i o n s  o f  
p r e f r o n ta l  d i v i s io n s  and s u g g e s t  t h a t  p r e f r o n t a l  r e w a rd -  
r e l a t e d  p r o c e s s e s  m ig h t be m u l t ip l e  and h i e r a r c h i a l l y  
o r g a n iz e d .

253.6 COMPARISON OF THE EFFECTS OF CHOLINERGIC AGONISTS ON THE CUE 
PROPERTIES AND REWARDING EFFECTS OF BRAIN STIMULATION IN THE 
VENTRAL TEGMENTAL AREA. J .P . Druhan, H.C. F ib iger and A.G. 
P h i l l ip s .  Dept. Psychol.; Div. Neurol. S c i . ,  Univ. of B ritish  
Columbia, Vancouver, B.C., Canada, V6T 1W5.

Recent pharmacological s tu d ie s  suggest a ro le  fo r cho linerg ic  
(ACH) recep to rs  in  reward processes produced by ac tiv a tio n  of 
neurons in  the ven tra l tegmental a rea  (VTA). The presen t 
experiment examined th is  hypothesis fu r th e r  by assessing  the 
e f fe c ts  of p e rip h e ra lly  in jec ted  cho linerg ic  agon ists  on b rain  
stim u la tion  reward (BSR) from s i t e s  in  the VTA. In the f i r s t  
experiment, r a ts  were tra in ed  to  se lf -s tim u la te  fo r a range of 
cu rren t in te n s i t ie s ,  varied  randomly w ithin each session . When 
base line  response ra te s  had s ta b i l iz e d , the r a ts  were te s ted  on 
every th ird  day following separate  i . p .  in je c tio n s  of 
physostigmine ( .2 0 , .35 & .50 mg/kg) plus methyl-scopolamine (.50 
mg/kg),  p ilocarp ine  (1 .25 , 2.5 & 5.0 mg/kg) plus 
methyl-scopolamine (.50  mg/kg), n ico tine  (.2 0 , .40 & .80 mg/kg), 
s a lin e  p lus methyl-scopolamine (.50  mg/kg) and sa lin e  alone. Both 
physostigmine (.50  mg/kg) and p ilocarp ine  (5 .0  mg/kg), in  
conjunction w ith methyl-scopolamine (MS), produced an a tten u atio n  
of ICSS ra te s  re la t iv e  to  t e s t s  with lower doses of these  drugs 
or with s a lin e . A ll doses of n ico tin e  f a c i l i ta te d  ICSS ra te s  
re la t iv e  to  sa lin e  t e s t s .  The MS treatm ent had no e ffe c ts  
re la t iv e  to  in je c tio n s  of sa lin e  alone.

The second experiment assessed  the  e f fe c ts  of ACH drugs on 
the  cue p ro p e rties  of VTA stim u la tion  to  determine whether th e ir  
in fluence on BSR might be assoc iated  with comparable changes in  
the perceived in te n s ity  of the s tim u la tio n . Rats were tra in ed  to  
discrim ina te  between d isc re te  t ra in s  of high and low in te n s ity  
VTA s tim u la tion  according to  a procedure described elsewhere (see 
Druhan e t  a l ,  Neuroscience A bstracts , 344.12, 1985). Stimulus 
g en era liza tio n  g rad ien ts  were obtained fo r each r a t  a f te r  
in je c tio n s  of physostigm ine, p ilo ca rp in e , n ico tin e , 
methyl-scopolamine and s a lin e . A ll doses and in je c tio n  procedures 
were the same as fo r experiment 1. The higher doses of both 
physostigmine (.35  & .50 mg/kg + MS) and p ilocarp ine  (2 .5  & 5.0 
mg/kg + MS) enhanced the  perceived in te n s ity  of the stim u la tio n . 
By c o n tra s t , the perceived in te n s ity  of the stim ula tion  was not 
a ffec ted  by e ith e r  n ico tin e  or MS plus s a lin e . These experiments 
demonstrate th a t  ACH drugs may have d if f e r e n t ia l  e f fe c ts  on ICSS 
and stim ulus g en era liza tio n  g rad ien ts  obtained with VTA 
stim u la tio n . This may rep resen t a pharmacological d is so c ia tio n  of 
the  cue p ro p e rtie s  from the rewarding e f fe c ts  of VTA stim u la tio n . 
However, acceptance of th is  conclusion req u ires  confirm ation th a t  
the  e f fe c ts  of ACH compounds a re  re la te d  to  ac tio n s  on VTA reward 
processes ra th e r  than on motor systems.

Supported by Medical Research Council of Canada, Grant # PG-23.
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253.7 CYTOCHROME OXIDASE MAPPING OF REWARD PATHWAYS.
C. Bielajew and G. Fouriezos. School of Psychology, University of 
Ottawa, Ottawa, Ontario, KIN 6N5.

Wong-Riley and her colleagues have demonstrated the relationship 
between the amount of activity and cytochrome oxidase levels in 
developing and mature CNS neurons associated with visual pathways. 
Sensory deprivaton, deafferentiation, and impulse blockage by 
tetrodotoxin all yield similar results, progressive decreases in cytochrome 
oxidase activity in the geniculate and striate cortex, suggesting that this 
enzyme, a key factor in oxidative metabolism, can serve as a useful 
marker for labelling functionally relevant CNS trajectories. In view of 
these findings, we were interested in the possibility that a sustained 
increase in neural activity might be accompanied by an increase in 
cytochrome oxidase levels in relevant structures. In this study, the energy 
demands of reward-related neurons were altered by having rats bar-press 
for unilateral lateral hypothalamic stimulation. Each lever depression 
resulted in a 0.5 sec train of 0.1 ms cathodal rectangular pulses with the 
current fixed at 0.3-0.4 mA. The 15-20 min test sessions were held daily 
for 5-47 days. On the day following the final test, animals were perfused 
and the brains prepared for cytochrome oxidase histochemistry using the 
procedure described by Wong-Riley (Brain Res., 1979, 171, 11-28). 
Generally, we observed increases in cytochrome oxidase staining in a 
number of brain regions ipsilateral and in a few regions contralateral to 
the stimulating electrode; in addition, the differences appeared to be 
greater in rats that were allowed to self-stimulate for more days. In the 
stimulated hemisphere, darker reaction products were noted in the 
caudate, preoptic region, various thalamic nuclei, different portions of 
the medial forebrain bundle, lateral habenula, red nucleus, and substantia 
nigra reticulata, while in the unstimulated hemisphere, the nucleus 
accumbens was consistently darker. Ipsilateral darkening probably reflects 
the increased metabolic activity from the direct activation of neurons 
near the electrode tip; contralateral darkening may reflect one of two 
possibilities - either there is an increased activity in contralateral 
structures that are directly innervated by fibers that cross over or there 
is an inhibition of structures ipsilateral to the stimulating electrode. 
There is reasonable agreement between the above list of structures and 
the list compiled by Gallistel and his group (J. Neurosci., 1985, 5, 
1246-1261) for 2-DG marking of neurons directly driven by rewarding 
brain stimulation. Cytochrome oxidase thus promises to be a useful tool 
for delineating the neural pathways mediating reward and could be easily 
extended to other stimulation-produced behaviors.
Supported by NSERC Grant #A7886 to G.F.

253.8 BRAIN STIMULATION REWARD SITES IN THE STRIA MEDULLARIS. 
ADINA BLANDER an d  ROY WISE. C e n te r  f o r  S tu d ie s  in  
B eh av io ra l N eurobio logy. Concordia U n iv e rs ity ,  M o n trea l, 
Canada, H3G 1M8.

The a n te r io r  m edial fo re b ra in  bundle  was mapped fo r  
b ra in  s t im u la t io n  rew ard , w ith  p a r t i c u l a r  a t t e n t io n  to  
s i t e s  in  th e  s t r i a  m e d u lla r is .  Male Long Evans r a t s  were 
im plan ted  w ith  moveable e le c tr o d e s  th a t  allow ed te s t i n g  
a t  0 .25  mm in te r v a l s  over a 2 .5  mm d o r s a l -v e n t r a l  ran g e . 
R a te - in te n s i ty  cu rves  were determ ined a t  each s t im u la tio n  
s i t e  t e s t e d .  Reward th re s h o ld s  and maximal r a te s  o f  b a r 
p re s s in g  were c a lc u la te d  fo r  each s t im u la tio n  s i t e .  A 
co n tin u o u s  p ro g re s s io n  o f  p o s i t iv e  s i t e s  fo r  s e l f 
s t im u la tio n  was found a t  th e  a n te r io r  p lan es  t e s t e d .  Of 
th e se  p o s i t iv e  s i t e s ,  a t  l e a s t  25 s i t e s  were found w ith in  
th e  ana to m ica l b o u n d arie s  o f  th e  s t r i a  m e d u lla r is .  The 
m a jo r ity  o f  th e se  p o s i t iv e  s i t e s  in  th e  s t r i a  m e d u lla r is  
were c h a ra c te r iz e d  by h ig h  maximal r a t e s  o f  b a r p re s s in g  
ran g in g  from 80-120 p re s se s  p e r  m inu te . These h ig h  r a te s  
in  th e  condensed re g io n  o f  th e  s t r i a  m e d u lla r is  were in  
c o n t r a s t  to  th e  low-medium r a t e s  a c ro ss  th e  o th e r  a n te r io r  
le v e ls  t e s t e d  in  th e  m edial fo re b ra in  b u n d le . The reward 
th re s h o ld s  in  th e  s t r i a  m e d u lla r is  ranged from 21-54uA. 
S ev era l n e g a tiv e  s i t e s  fo r  s e l f - s t im u la t io n  were found 
im m ediate ly  d o r s a l ,  v e n tr a l  and l a t e r a l  to  th e  s t r i a  
m e d u lla r is .  Thus i t  ap p ea rs  t h a t  th e  m yelina ted  f ib e r s  
o f  th e  s t r i a  m e d u lla r is  p la y  a s p e c ia l  ro le  in  b ra in  
s t im u la t io n  rew ard . W hether a c t iv a t io n  o f  th e se  f ib e r s  
c o n tr ib u te  to  th e  rew arding  e f f e c t s  o f  l a t e r a l  
hypo tha lam ic  a re a  s t im u la t io n  rem ains to  be de te rm in ed .

253.9 F OOD DEPRIVATION DOES NOT SIGNIFICANTLY AFFECT MAXIMUM RESPONSE 
OR THRESHOLDS FOR LATERAL HYPOTHALAMIC OR POSTERIOR HYPOTHALAMIC 
BRAIN STIMULATION REWARD. A.A. G iovino  and R.A. Wise. Center 
fo r S tudies in  Behavioral Neurobiology, Concordia U niversity , 1455 
de Maisonneuve Blvd, W., M ontreal, P.Q. H3G 1M8

I t  has long been believed th a t  food dep riva tion  f a c i l i t a te s  
responding fo r b ra in  stim u la tion  reward when feeding-rewa rd  s i te s  
in  th e  l a te r a l  hypothalamus (LH) a re  stim ulated  b u t not when 
copulation-rew ard s i te s  in  the  p o s te r io r  hypothalamus (PH) a re  
stim ulated  (Olds, 1958; Caggiula, 1970). I t  i s  d i f f i c u l t  to  
reconcile  th i s  b e l ie f  w ith recen t da ta  suggesting th a t  th e  d ire c t ly  
a c tiv a ted  su b stra te  o f medial fo reb rain  bundle reward passes 
w ithout synapse between the  l a te r a l  hypothalamic and v en tra l 
tegmental a reas  (G a llis te l  e t  a l . ,  1980). In  ad d itio n , i t  i s  not 
known whether food dep riva tion  increases the  reward value o f the  
s tim u la tion  o r th e  the  performance capacity  o f  the  animal. For 
these  reasons, th e  e f fe c ts  o f  food dep riva tion  on la te r a l  and 
p o s te r io r  hypothalamic se lf -s tim u la tio n  were reexamined.

In th e  p re sen t experiment, th e  e f fe c ts  o f  food dep riva tion  on LH 
and PH b ra in  s tim u la tion  reward were te s ted  in  a lev e r-p ress  
v a ria n t o f th e  c u rv e -s h if t paradigm. E ight ad u lt male Long-Evans 
r a ts  were each s te re o ta x ic a lly  implanted w ith one e lec tro d e  in  the  
LH and another in  th e  ip s i l a te r a l  PH. The animals were tra in ed  to  
p ress  a  lev e r on a  continous reinforcem ent schedule fo r 0 .5  sec 
t r a in s  o f  0.1 msec pu lses . S tim ulation  in te n s ity  was ad justed  fo r 
each animal so th a t  s tim u la tion  frequencies between 28 to  33 Hz 
were s u f f ic ie n t  to  m aintain minimal (threshold) le v e ls  o f  respond
ing . A descending range o f  frequencies, from 69 to  25 Hz were 
te s ted  d a ily . This range included low values th a t  did not su sta in  
responding and extended to  h igh  values th a t  maintained asymptotic 
response r a te s .  When frequency th resho lds were between 28 and 33 
Hz fo r  th ree consecutive days, the  e f fe c ts  o f  24, 48, and 72 h rs  o f 
food d ep riva tion  were te s te d . Rate-frequency functions fo r each 
lev e l o f food depriva tion  were obtained from the  mean o f  th ree  
t r i a l s  fo r each frequency te s te d . No lev e l o f  food depriva tion  
a lte re d  responding fo r  e i th e r  LH o r  PH stim u la tion  a t  any frequency 
lev e l te s te d . N either frequency th resho ld  nor maximal responding 
fo r LH o r  PH stim u la tion  was influenced by d ep riva tion .

Th e  p r e s e n t  d a t a  a r e  i n c o n s i s t e n t  w i t h  t h e  v i e w  t h a t  t h e r e  i s  a n  
L H - s p e c i f i c  r e w a r d  s y s t e m  u n i q u e l y  a s s o c i a t e d  w i t h  f e e d i n g  r e w a r d .  
O u r d a t a  a r e  c o n s i s t e n t  w i t h  t h e  m o re  r e c e n t  v i e w  t h a t  t h e  s a m e  
f i b e r s  o f  p a s s a g e  l i n k  t h e  r e w a r d  s i t e s  i n  t h e  LH, PH , a n d  v e n t r a l  
t e g m e n t a l  a r e a .  O u r  d a t a  s u g g e s t  t h a t  t h e  r e s p o n s i v e n e s s  o f  t h e s e  
f i b e r s  t o  s t i m u l a t i o n ,  a s  w e l l  a s  t h e  " a p p e t i t e  f o r  s e l f 
s t i m u l a t i o n " ,  i s  n o t  i n c r e a s e d  b y  h u n g e r  a s  p r e v i o u s l y  s u g g e s t e d .  
E a r l i e r  r e p o r t s  a p p e a r  t o  h a v e  r e s u l t e d  f r o m  s e l e c t i o n  o f  
i n d i v i d u a l  c a s e s  f r o m  d a t a  r e f l e c t i n g  l a r g e  i n d i v i d u a l  d i f f e r e n c e s .

253.10 DOPAMINE RECEPTOR BLOCKADE OF NUCLEUS 
ACCUMBENS: ATTENUATION OF SELF-STIMULATION 
FROM THE VENTRAL TEGMENTAL AREA BUT NOT FROM 
THE MEDIAL PREFRONTAL CORTEX. D. Corbett, Fac. of 
Med., Memorial Univ., St. John's, Newfoundland, 
Canada, A1B 3V6.

The mesolimbic dopamine projection to the nucleus 
accumbens is thought to underlie the rewarding 
properties of certain drugs of abuse as well as 
intracranial self-stimulation (ICSS). These and other 
findings have led to the view that the mesolimbic 
dopamine system is a critical link or a final common 
path in the reward system.

While many studies have shown dopamine to be 
importantly involved in ICSS derived from the medial 
forebrain bundle (MFB), little is known about 
dopamine involvement at ICSS sites distal to the MFB. 
The present experiments explored the contribution of 
the mesolimbic dopamine projection to the nucleus 
accumbens in ICSS derived from the medial prefrontal 
cortex.

Two groups of rats were implanted with electrodes 
aimed at either the medial prefrontal cortex or the 
ventral tegmental area. In addition, all animals were 
implanted with bilateral cannulae aimed at the nucleus 
accumbens. The animals were tested using the reward 
summation paradigm in which quantitative shifts in 
reward value can be assessed independently of 
impairments in performance capability (Stellar, Kelley, 
and Corbett, Pharmacol. Biochem. Behav. 18:433-442, 
1983). The dopamine blocker cis-flupenthixol was 
injected (0.5 μ g/μl or 1.0 μg/μ l) bilaterally into the 
nucleus accumbens and the effects were examined in 
the above paradigm.

Dopamine blockade of the nucleus accumbens 
produced consistent decrements in the rewarding 
effects of ventral tegmental ICSS without evidence of 
impaired performance capacity. The same injections 
failed to alter ICSS from the medial prefrontal cortex.

These results do not support the idea that the 
mesolimbic dopamine projection to the accumbens is a 
critical link in the reward system. Other mesolimbic 
dopamine projections (e.g. amygdala) may contribute 
to prefrontal ICSS or perhaps ICSS from this region is 
independent of any important dopamine influence.
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253.11 the e f fec t s  o f  operan t  on s e l f - s t im u l a t io n  t r a in  duration  
THRESHOLDS ARE HEMISHERE-SPECIFIC. A.  M arkou an d  R .A . F ra n k . 
Departm ent o f  P s y c h o lo g y , U n iv e r s i ty  o f  C i n c in n a t i ,  
C in c in n a ti ,  O hio  45221.

B eh av io ra l p a ra d ig m s  f o r  t h e  i n v e s t i g a t i o n  o f  d ru g  
e f f e c ts  on b r a i n  s t i m u l a t i o n  rew a rd  s h o u ld  p r o v id e  
q u a n t i t a t iv e  m ea su res  w h ich  s e p a r a t e  e f f e c t s  on rew a rd  and  
perform ance. In  o r d e r  t o  a s s e s s  t h e  i n f l u e n c e  o f  d ru g s  on 
the p e rfo rm an ce  c a p a b i l i t y  o f  t h e  a n im a l,  m u l t i p l e  o p e r a n t  
s tu d ie s  have  b e e n  c o n d u c te d .  I n t e r p r e t a t i o n  o f  t h e  r e s u l t s  
of th e se  s tu d i e s  a r e  b a s e d  on  t h e  a s su m p tio n s  t h a t  rew a rd  
th re sh o ld s  f o r  e l e c t r i c a l  b r a i n  s t i m u l a t i o n  a r e  in d e p e n d e n t  
of th e  o p e ra n t  an d  t h a t  a n  o p e r a n t  m a n ip u la t io n  s im p ly  
changes re s p o n s e  e f f o r t .  The p r e s e n t  s tu d y  was d e s ig n e d  to  
t e s t  th e  v a l i d i t y  o f  t h e  a b o v e  a s s u m p tio n s .  B ip o la r  
e le c tro d e s  w ere im p la n te d  b i l a t e r a l l y  i n  t h e  v e n t r a l  
tegm ental a r e a  o f  8 m ale  S p rag u e-D aw ley  r a t s .  A n im als w ere  
t ra in e d  to  b a r p r e s s ,  n o se p o k e  an d  move a n  o m n id i r e c t io n a l  
lever to  o b ta in  b r a i n  s t i m u l a t i o n  from  t h e  two e l e c t r o d e s .  
Train d u r a t io n  t h r e s h o ld s  an d  m axim al r e s p o n s e  r a t s  w ere  
a ssessed  f o r  a l l  t h r e e  o p e r a n t s ,  on  b o th  b r a i n  s id e s  f o r  
each a n im a l. A r e p e a te d - m e a s u r e s  ANOVA on t h r e s h o ld s  
in d ic a te d  t h a t  t h e r e  w as a  s i g n i f i c a n t  s id e  x  o p e r a n t  
i n te r a c t io n  (p <  . 0 5 ) .  B a r p r e s s in g  an d  o m n id i r e c t io n a l  l e v e r  
th re sh o ld s  w ere s i g n i f i c a n t l y  d i f f e r e n t  from  n o se p o k in g  
th re sh o ld s  on th e  r i g h t  s i d e  (p < . 0 5 ) .  In  a d d i t i o n ,  
th re sh o ld s  f o r  b a r p r e s s in g  w ere  lo w er on  th e  l e f t  s i d e  v e r s u s  
the r i g h t  s id e  (p < . 0 5 ) .  H i s to l o g ic a l  a n a ly s e s  i n d i c a t e  
th a t  t h i s  p a t t e r n  o f  r e s u l t s  c a n n o t  b e  a t t r i b u t e d  t o  
d if fe re n c e s  in  e l e c t r o d e  p la c e m e n t .  F u r th e rm o re ,  t h e r e  w as a  
d i f f e r e n t ia l  e f f e c t  o f  o p e r a n t  on  m axim al r e s p o n s e  r a t e s .  
Nosepoking maximal r e s p o n s e  r a t e s  w e re  s i g n i f i c a n t l y  
d i f f e r e n t  from  b a r p r e s s in g  an d  o m n id i r e c t io n a l  l e v e r  r a t e s  
on th e  r i g h t  s id e  (P <  .0 5 ) b u t  n o t  on  t h e  l e f t  s i d e  
(p > .0 5 ) .  The r e s u l t s  o f  t h i s  s tu d y  i n d i c a t e  t h a t  t h e  e f f e c t  

of an o p e ra n t  on  s e l f - s t i m u l a t i o n  th r e s h o ld s  i s  h e m is p h e re -  
s p e c i f ic .  The s id e  x  o p e r a n t  i n t e r a c t i o n  a l s o  s u g g e s t s  t h a t  
u n lik e  a p e rfo rm a n c e  m a n ip u la t io n  ( e . g . ,  w e ig h t  on  th e  
lever) which in d u c e s  s m a ll  s h i f t s  i n  t h r e s h o ld s ,  c h a n g in g  
the o p e ra n t can  p ro d u c e  l a r g e r  t h r e s h o ld  s h i f t s .  T h u s, 
a l t e r in g  th e  o p e ra n t  i s  n o t  s im p ly  a n  e f f o r t  m a n ip u la t io n .

(Supported by a  NIMH g r a n t  MH39860)

253.12  THE EFFECT OF COCAINE ON BRAIN STIMULATION REWARD DOES NOT 
TOLERATE DURING CHRONIC DRUG ADMINISTRATION. R. A. F ra n k , 
S . M artz*  an d  T . Pom m ering* . D e p t. o f  P s y c h o lo g y , U n iv . o f  
C i n c in n a t i ,  C i n c in n a t i ,  OH 45221.

The p r e s e n t  r e s e a r c h  e x p lo r e d  th e  i n f l u e n c e  o f  c h ro n ic  
c o c a in e  HCl  on  s e l f - s t i m u l a t i o n  t r a i n  d u r a t i o n  th r e s h o ld s .  
B ip o la r  s t i m u l a t i n g  e l e c t r o d e s  w ere  im p la n te d  i n  th e  v e n t r a l  
te g m e n ta l  a r e a  o f  16 m ale  S p rag u e-D aw ley  r a t s  u n d e r  
p e n to b a r b i t a l  a n e s t h e s i a .  F o llo w in g  a p p r o p r i a t e  t r a i n i n g ,  
t h e  a n im a ls  w ere  d iv id e d  i n t o  t h r e e  g ro u p s  t h a t  w ere  m atched  
f o r  s e l f - s t i m u l a t i o n  t h r e s h o ld s .  S u b s e q u e n tly ,  th e  r a t s  
w ere  t e s t e d  f o r  t h r e e  d a y s  u s in g  s a l i n e  i n j e c t i o n s .  The 
s u b j e c t s '  s e l f - s t i m u l a t i o n  r e s p o n s e  r a t e s  a t  14 t r a i n  
d u r a t i o n s  r a n g in g  from  0 t o  150 msec w ere  a s s e s s e d  d u r in g  90 
s e c  s t i m u l a t i o n  t e s t  p e r io d s  s e p a r a te d  by 30 s e c  t im e - o u t s .  
Once s t i m u l a t i o n  t r a i n  d u r a t i o n  r e s p o n s e  f u n c t io n s  h ad  b een  
c o l l e c t e d  f o r  t h e  p r e d ru g  b a s e l i n e  p e r i o d ,  t h e  s u b je c t s  
r e c e iv e d  e i t h e r  s a l i n e ,  10 m g/kg o r  15 m g/kg c o c a in e  HCl 15 
m in b e f o r e  t e s t i n g  on  18 c o n s e c u t iv e  d a y s .  N e x t ,  a  t h r e e  
d a y , p o s td r u g  b a s e l i n e  was ru n  u s in g  s a l i n e  i n j e c t i o n s .  
C o c a in e  in d u c e d  a  s i g n i f i c a n t  d e c re a s e  i n  s e l f - s t i m u l a t i o n  
t h r e s h o ld s  a t  b o th  10 an d  15 m g/kg w h ich  was e v id e n t  d u r in g  
th e  f i r s t  d ay  o f  d ru g  a d m i n i s t r a t i o n  and  c o n tin u e d  th ro u g h  
th e  e i g h t e e t h  d ay  o f  t e s t i n g .  The two d ru g  g ro u p s  r e tu r n e d  
t o  b a s e l i n e  t h r e s h o ld  l e v e l s  d u r in g  th e  p o s td r u g  t e s t  
p e r i o d .  In  a  f i n a l  a t t e m p t  t o  in d u c e  e i t h e r  t o l e r a n c e  o r  
s e n s i t i z a t i o n  o f  c o c a i n e 's  e f f e c t s  on  t r a i n  d u r a t i o n  
t h r e s h o ld s ,  t h e  r a t s  i n  th e  two d ru g  g ro u p s  r e c e iv e d  th r e e  
d a i l y  i n j e c t i o n s  o f  25 m g/kg c o c a in e  HCl  f o r  t h r e e  d a y s . 
C o n tro l  a n im a ls  r e c e iv e d  s a l i n e  d u r in g  t h i s  p e r i o d .  The 
a n im a ls  w ere  th e n  t e s t e d  f o r  t h r e e  d a y s  a t  t h e i r  o r i g i n a l  
d o sa g e  l e v e l s .  D u rin g  t h i s  f i n a l  t e s t i n g  p h a s e ,  c o c a in e  
in d u c e d  t h r e s h o ld  s h i f t s  t h a t  w ere  co m p a ra b le  t o  th o s e  
o b s e rv e d  d u r in g  th e  18 d ay  d ru g  a d m i n i s t r a t i o n  p e r io d .  
T h u s , t h e  f a c i l i t a t i v e  e f f e c t  o f  c o c a in e  on b r a i n  
s t i m u l a t i o n  rew a rd  showed l i t t l e  e v id e n c e  o f  t o l e r a n c e  o r  
s e n s i t i z a t i o n  i n  t h e  p r e s e n t  s tu d y .  T h is  r e s u l t  s u g g e s t s  
t h a t  c o c a in e - in d u c e d  e u p h o r ia  p e r s i s t s  d e s p i t e  r e p e a t e d  d ru g  
i n j e c t i o n s ,  a  f in d i n g  t h a t  i s  u n d o u b te d ly  im p o r ta n t  f o r  
u n d e r s ta n d in g  c o c a in e  s e l f - a d m i n i s t r a t i o n  i n  b o th  a n im a ls  
and  hum ans.

253.13 A  COMBINED BEHAVIORAL AND ELECTROPHYSIOLOGICAL APPROACH TO ID EN TI
FYING NEURONS RESPONSIBLE FOR THE REWARDING EFFECTS OF MEDIAL FORE
BRAIN BUNDLE STIMULATION. P . S h i z g a l ,  D. S c h i n d l e r * ,  a n d  P - P . 
Rompré . C e n te r  f o r  S t u d i e s  i n  B e h a v i o r a l  N e u r o b i o lo g y ,  C o n c o r d i a  
U n iv e r s i t y ,  M o n tré a l ,  QUE H3G 1M8.

The i d e n t i f i c a t i o n  o f  n e u r o n s  s u b s e r v i n g  b r a i n  s t i m u l a t i o n  
rew ard  i s  c o m p l i c a te d  b y  t h e  f a c t  t h a t  m any c e l l s  i n  a d d i t i o n  t o  
th o s e  r e s p o n s i b l e  f o r  t h e  r e w a r d in g  e f f e c t  a r e  f i r e d  by  t h e  s t i m u 
l a t i o n .  To a d d r e s s  t h i s  p r o b le m ,  we f i r s t  c h a r a c t e r i z e d  re w a r d  
f i b e r s  by m eans o f  b e h a v i o r a l  t e c h n i q u e s  a n d  t h e n  u s e d  t h e s e  
r e s u l t s  to  i n t e r p r e t  s i n g l e  u n i t  r e c o r d i n g s .  O f t h e  n e u r o n s  d r i v e n  
by th e  s e l f - s t i m u l a t i o n  e l e c t r o d e ( s ) ,  t h o s e  w i t h  c h a r a c t e r i s t i c s  
th a t  m a tch e d  t h e  b e h a v i o r a l l y - d e r i v e d  v a l u e s  w e re  d ee m ed  t h e  m o s t 
l i k e l y  t o  p l a y  a  r o l e  i n  t h e  r e w a r d in g  e f f e c t .

In  t h e  f i r s t  e x p e r i m e n t ,  Y e o m a n s ' b e h a v i o r a l  m e th o d  ( P h y s i o l . 
B ehav ., 1 9 75 , 15, 5 9 3 ) w as u s e d  t o  a s s e s s  t h e  r e f r a c t o r y  p e r i o d s  o f  
th e  d i r e c t l y  s t i m u l a t e d  c e l l s  r e s p o n s i b l e  f o r  t h e  r e w a r d in g  e f f e c t  
o f m e d ia l  f o r e b r a i n  b u n d l e  (MFB) s t i m u l a t i o n .  S i n g l e  u n i t  r e c o r d 
in g s  w e re  t h e n  o b t a i n e d  u s i n g  t h e  sam e  s u b j e c t s ,  s t i m u l a t i o n  e l e c 
t r o d e s ,  a n d  s t i m u l a t i o n  f i e l d s .  I n  10 r a t s ,  t h e  a c t i v i t y  o f  191 
c e l l s  was r e c o r d e d ,  o f  w h ic h  90 w e re  a n t i d r o m i c a l l y  d r i v e n  f ro m  t h e  
MFB re w a rd  s i t e s .  R e f r a c t o r y  p e r i o d  e s t i m a t e s ,  o b t a i n e d  u s i n g  
S w ad low 's m eth o d  ( E x p . N e u r o l . ,  1 9 8 2 , 6 5 , 5 1 4 ) w hen p o s s i b l e ,  w e re  
c o l l e c t e d  fro m  50 o f  t h e s e  c e l l s ;  27 f e l l  w i t h i n  t h e  r a n g e  o f  t h e  
b e h a v i o r a l l y - d e r i v e d  v a l u e s  ( r o u g h l y  0 .4  -  1 .5  m s e c ) .  T h e r e c o r d 
in g  t a r g e t s  l a y  i n  t h e  s e p tu m , d i a g o n a l  b a n d  o f  B r o c a ,  l a t e r a l  
p r e o p t i c  a r e a ,  a n d  n e i g h b o r i n g  b a s a l  f o r e b r a i n  s t r u c t u r e s .

A much t i g h t e r  s e t  o f  c o n s t r a i n t s  on  t h e  u n i t  d a t a  c a n  b e  o b 
t a i n e d  by c a r r y i n g  o u t  t h e  b e h a v i o r a l  v e r s i o n  o f  t h e  c o l l i s i o n  t e s t  
( S h iz g a l  e t  a l . ,   J . c . p . P . , 1 9 8 0 , 9 4 , 2 2 7 )  b e f o r e  t h e  e l e c t r o p h y s i o 
l o g i c a l  r e c o r d i n g .  T h e  c o l l i s i o n  c u r v e s  r i s e  e x t r e m e l y  s t e e p l y  a n d  
p ro v id e  e s t i m a t e s  o f  b o t h  a n a t o m i c a l  a n d  p h y s i o l o g i c a l  p r o p e r t i e s  
o f t h e  re w a r d  s u b s t r a t e .  F o r  a  n e u r o n  t o  b e  c o m p a t i b l e  w i t h  t h e s e  
c o n s t r a i n t s ,  i t s  a x o n  m u s t p r o j e c t  t h r o u g h  b o t h  s t i m u l a t i o n  f i e l d s ,  
be f i r e d  fro m  b o t h  s i t e s  a t  t h e  c u r r e n t s  u s e d  i n  t h e  b e h a v i o r a l  
t e s t  an d  c o n d u c t  a t  a  r a t e  c o m p a t i b l e  w i t h  t h e  w e l l - d e f i n e d  e s t i 
m ate o f  t h e  c o l l i s i o n  i n t e r v a l  o b t a i n e d  b e h a v i o r a l l y . When t h e  
c u r r e n t  i s  r e d u c e d  t o  l e v e l s  t h a t  f a i l e d  t o  y i e l d  c o l l i s i o n - l i k e  
e f f e c t s  i n  t h e  b e h a v i o r a l  t e s t ,  o n e  o r  b o t h  o f  t h e  s t i m u l a t i n g  
e l e c t r o d e s  s h o u l d  f a i l  t o  f i r e  t h e  a x o n .  To d a t e ,  t h e  s a m p le  o f  
c e l l s  s t u d i e d  i n  t h i s  m a n n e r  i s  s m a l l ,  b u t  i t  i s  c l e a r  t h a t  t h e  
c o n s t r a i n t s  im p o se d  b y  t h e  c o m b i n a t i o n  o f  t h e  r e f r a c t o r y  p e r i o d  a n d  
c o l l i s i o n  t e s t s  a r e  f a r  m o re  s e l e c t i v e  t h a n  t h o s e  im p o se d  b y  t h e  
r e f r a c t o r y  p e r i o d  d a t a  a l o n e .

2 5 3 .14 BEHAVIORAL INDICES OF DECREASED BRAIN STIMULATION REWARD DURING 
AMPHETAMINE WITHDRAWAL. P .R . H a r t l e y ,  D.B. N e i l l * ,  S .A . 
M urr ay* ,  G.K. Mumford*, and G.W. Vogel*.  D e p t s .  o f  P sy c h o lo g y  
and P s y c h i a t r y ,  Emory U n i v e r s i t y ,  A t l a n t a ,  GA 30322.

F ra g m e n ta ry  r e p o r t s  from  humans i n d ic a te  t h a t  w ith d ra w a l from  
h eav y  am phetam ine u se  i s  accom pan ied  by  mood d e p r e s s io n .  
R e s e a rc h  w i th  r a t s  p e r f o r m i n g  i n t r a c r a n i a l  s e l f - s t i m u l a t i o n  
(ICSS) h a s  c o n s i s t e n t l y  shown r ed u c e d  ICSS r e s p o n d i n g  d u r in g  
amphe tamine w i t h d r a w a l .  Th is  r e d u c e d  r e s p o n d i n g  i s  h y p o t h e s i z e d  
t o  r e s u l t  from a d e c r e a s e  i n  t h e  r ew a rd  v a l u e  o f  t h e  b r a i n  
s t i m u l a t i o n .  However,  t h e  change  c o u ld  be  due t o  i m p a i re d  
m o to r i c  a b i l i t y ,  f a t i g u e ,  o r  su bnorm a l  a r o u s a l .

We p r e p a r e d  r a t s  w i th  b i p o l a r  e l e c t r o d e s  c h r o n i c a l l y  
i m p l a n te d  i n  t h e  l a t e r a l  h y p o th a l a m u s  (AP 5 . 4 ,  L 1 .8 ,  H - 2 . 3 ;  
a t l a s  o f  P e l l e g r i n o ,  P e l l e g r i n o  and Cushman) and t r a i n e d  them t o  
b a r - p r e s s  f o r  150 msec s t i m u l a t i o n  t r a i n s  ( 0 . 5  msec b i p h a s i c  
p u l s e s ,  100 p p s ,  50 -150 u A ) . These r a t s  were t h e n  p l a c e d  i n  one 
o f  t h r e e  ICSS p r o c e d u r e s :  FR -1 , FR -20 , o r  a u t o t i t r a t i o n .  A f t e r  
b e h a v i o r a l  s t a b i l i t y  was a t t a i n e d ,  t h e y  were i n j e c t e d  t w i c e  
d a i l y  w i th  10 mg/kg o f  d -am phe ta m in e  s u l f a t e  f o r  10 d a y s .  No 
t e s t i n g  was c a r r i e d  ou t d u r i n g  t h i s  t i m e .  T e s t i n g  resumed on 
t h e  day  f o l l o w i n g  t h e  l a s t  d o s e .

R a t s  p e r f o r m i n g  on FR-1 ( f i x e d  r a t i o - 1 ;  e v e r y  b a r - p r e s s  
d e l i v e r e d  s t i m u l a t i o n )  showed a 50% d e c r e a s e  i n  r e s p o n s e  ou tp u t  
on t h e  f i r s t  day o f  w i t h d r a w a l ;  r e s p o n d i n g  t h e n  r e c o v e r e d  t o  
p r e - d r u g  l e v e l s  o v e r  t h e  s u c c e e d i n g  5-10  d a y s .  T h i s  was 
c o n s i s t e n t  w i th  p r e v i o u s  r e p o r t s .

R a t s  p e r f o r m i n g  on FR-20 ( e v e r y  20 b a r - p r e s s e s  d e l i v e r e d  
s t i m u l a t i o n )  would not m a i n t a i n  r e s p o n d i n g  f o r  5-10  d ays  i n t o  
w i t h d r a w a l .  Recove ry  t o  p r e - d r u g  r e s p o n s e  l e v e l s  d i d  no t o c c u r  
i n  most a n im a l s  d u r i n g  4 weeks o f  p o s t - d r u g  t e s t i n g .  Both ru n  
t im e  and p o s t - r e i n f o r c e m e n t  p a u s e  were abnormal  d u r i n g  t h i s  
t i m e .  These  r e s u l t s  s u g g e s t e d  t h a t  t h e  FR-20 p r o c e d u r e  was much 
more s e n s i t i v e  t o  t h e  w i t h d ra w a l  e f f e c t s  t h a n  t h e  FR-1 
p r o c e d u r e .

In t h e  a u t o t i t r a t i o n  p r o c e d u r e ,  s t i m u l a t i o n  i n t e n s i t y  
d e c r e a s e d  3 uA e v e r y  5 r e s p o n s e s ;  t h e  r a t s  c o u ld  r e s e t  t h e  
i n t e n s i t y  t o  i t s  s t a r t i n g  l e v e l  by  d e p r e s s i n g  a r e s e t  l e v e r .  
Dur ing  w i t h d r a w a l ,  t h e  r a t s  r e s e t  e a r l i e r  t h a n  p r e - d r u g .  The 
r a t s  a c t e d  a s  i f  t h e  rew ard  v a l u e  o f  t h e  s t i m u l a t i o n  was 
d e c r e a s e d .  M easures  o f  t im e  t o  r e s e t ,  t o t a l  r e s p o n s e s ,  and 
r e s p o n s e  r a t e  a l s o  changed  i n  a manne r s i m i l a r  t o  t h e  changes  
s e e n  f o l l o w i n g  d e c r e a s e d  s t a r t i n g  i n t e n s i t y  i n  undrugged  r a t s .

The r e s u l t s  o f  t h e s e  s t u d i e s  s u p p o r t  t h e  h y p o t h e s i s  t h a t  t h e  
r ew ard  v a l u e  o f  b r a i n  s t i m u l a t i o n  i s  d e c r e a s e d  d u r in g  
amphetamine  w i t h d r a w a l .  The FR-20 and a u t o t i t r a t i o n  p r o c e d u r e s  
may be  p a r t i c u l a r l y  u s e f u l  f o r  ex a m in in g  t h i s  e f f e c t .

T h i s  r e s e a r c h  was s u p p o r t e d  by  g r a n t s  MH-37340 ( D .B .N .)  and 
MH-40880 (G .W .V /D.B .N .) .



934 MOTIVATION AND EMOTION I WEDNESDAY AM

253.15 HIPPOCAMPAL SELF-STIMULATION: DEPENDENCE ON EASE OF 
RESPONSE AND PHARMACOLOGY. V.R. Bautista*, K.E. Stevens, 
J.D. Belluzzi and L. Stein. Department of Pharmacology, University of 
California, Irvine, CA 92717. (SPON: Sue P. Duckies)

The hippocampus has been implicated in memory and learning 
processes, but suggestions that it also has a role in behavioral reinforce
ment are not well supported. While there are published reports that rats 
will perform a lever-press response for electrical stimulation of the 
dentate gyrus or other hippocampal sites, the rates of such hippocampal 
self-stimulation (SS) are very low. We were unable in a pilot experiment 
to train most rats to bar-press for hippocampal self-stimulation, even 
after extensive shaping; however, the same rats learned spontaneously to 
perform a nose-poke response for the hippocampal reward. In the 
experiment shown in the Figure, naive rats with electrodes in the CA1, 
CA3, or dentate gyrus areas of hippocampus initially were trained to SS 
in the nose-poke test, were switched to a bar-press test for five sessions, 
and then were returned to the nose-poke test. SS rates in the bar-press 
test fell to 20% of the nose-poke rate, but immediately recovered when 
rats were returned to the nose-poke task. All hippocampal placements 
supported SS: mean 1-hour nose-poke scores rates were CA1 = 403, 
CA3 = 420 and dentate gyrus = 539. Amphetamine (1 mg/kg) dramatically 
increased nose-poke SS rates at all 3 sites; in some cases SS rates were 
increased 10-fold, strongly implicating a catecholamine in hippocampal 
reward. This catecholamine neurotransmitter is unlikely to be dopamine 
(and therefore could be norepinephrine), since haloperidol (0.05 mg/kg) 
failed to decrease SS at any of the sites tested. Morphine (1 mg/kg) 
produced no significant effect on hippocampal SS, but naloxone (2 mg/kg) 
selectively decreased SS at the CA3 site. Possibly, SS of the CA3 region 
is regulated by endogenous opioids. (Supported by AFOSR Grant 84-0325 
and NIH Fellowship DA-05288-01.)

253.16 NALOXONE SUPPRESSION OF NUCLEUS ACCUMBENS SELF
STIMULATION: DEPENDENCE ON STIMULATION PULSE 
FREQUENCY. J. McCollum*, J. Black, J.D. Belluzzi. and L. Stein. (SPON: 
C.N. Christian). Department of Pharmacology, University of California, 
Irvine CA, 92717.

It is well-established that the opiate antagonist naloxone suppresses 
self-stimulation (SS) of the nucleus accumbens and other reward areas 
rich in endorphins. This and other evidence has been interpreted to 
suggest that nucleus accumbens self-stimulation depends upon the 
activation of endorphin neurons and the consequent release of endogenous 
opioids which function as reward transmitters. This endorphin-reward 
hypothesis predicts that enhancement of the release of endorphins will 
decrease the behavioral efficacy of naloxone due to increased competition 
for reward receptors. In the present experiment, endorphin release was 
varied by systematic manipulation of the pulse frequency of the rewarding 
electrical stimulus. Animals with nucleus accumbens electrodes were 
trained in one-hour daily sessions to nose-poke for electrical brain 
stimulation (150 msec train of 0.2 msec monophasic square pulses, 100 Hz, 
375 μ A ) . After SS rates had stabilized, baseline pulse frequency-response 
curves were established for each animal in the range, 25-400 Hz. Such 
pulse frequency-response curves were then established following injections 
of naloxone (2 mg/kg, s.c.) and saline (1 ml/kg, s.c.). The open circles in 
the Figure show saline self-stimulation rates at, each pulse frequency as a 
percent of the saline rate at 100 Hz (the standard pulse frequency used 
throughout training). Black squares represent naloxone self-stimulation 
scores as a percent of saline self-stimulation scores at each of the 
indicated pulse frequencies. The principal finding is that naloxone 
suppression of SS decreased substantially with increasing pulse frequency. 
If endorphin release increases as pulse frequency increases, these results 
support the idea that, at higher frequencies, a given dose of naloxone is 
less able to compete for endorphin reward receptor sites. (Supported by 
AFOSR grant 84-0325)

253.17 A COMPARISON OF THE POTENCY OF HEROIN AND ITS ACTIVE METABOLITES, 
6-ACETYLMORPHINE AND MORPHINE, ON REWARDING AND AVERSIVE BRAIN 
STIMULATION. C.B. Hubner and C. Kornetsky. Laboratory of 
B ehavioral Pharmacology, Boston U n ivers ity  School of Medicine, 
Boston, MA 02118.

The enhanced euphorigenic and analgesic  potency of heroin as 
compared to  morphine has ra ised  questions concerning the mechanism 
responsib le  fo r these e f fe c ts .  The p resen t study addresses th is  
question by examining the r e la t iv e  potency of hero in  and i t s  a c tiv e  
m e tab o lite s , 6-acetylm orphine and morphine, on two b ra in -s tim u la 
tio n  models which measure the rewarding and analgesic  p ro p erties  
of drugs. Increased s e n s i t iv i ty  fo r rewarding b ra in  s tim u la tio n  
(low ering of the reward th resho ld ) is  used as an animal model of 
drug-induced euphoria and is  thought to  be p re d ic tiv e  of abuse 
l i a b i l i t y  in  man. An a tten u atio n  of the a v e rs iv e  q u a li ty  of the 
s tim u la tio n  in the b ra in -s tim u la tio n  escape paradigm (e le v a tio n  of 
the escape th resho ld ) rep resen ts  a means by which to  assess a 
drug's analgesic  a c t iv i ty .

E lectrodes were implanted in male ra ts  in e ith e r  the medial 
fo reb rain  bundle (MFB), an area  fo r which s tim u la tio n  is  p o s i t iv e ly  
re in fo rc in g , or the mesencephalic r e t ic u la r  formation (MRF), a s i te  
fo r which s tim u la tio n  is  av e rs iv e . Animals were tra ined  to  tu rn  a 
wheel manipulandum to  obtain  rewarding e le c t r i c a l  s tim u la tio n  to  
the MFB or to  escape from av ers iv e  e le c t r i c a l  s tim u a ltio n  to  the 
MRF. B ra in -s tim u la tion  reward and escape th resho lds  were d e te r
mined by using a m odification  of the  psychophysical method of 
l im its .  The re s u l t s  in d ica te  th a t  the m inim ally e f fe c tiv e  dose of 
morphine which produced a s ig n if ic a n t reduction  of the reward 
th resho ld  va lue  was approxim ately th ir ty - th re e  times la rg e r  than 
the sm a lle s t dose of heroin needed to  produce an e f fe c t. Based on 
an examination of the lowest dose required to  produce a s ig n if ic a n t 
ra is in g  of the escape th re sh o ld , heroin was found to  be approxi
m ately f iv e  times more potent than morphine. In  terms of the 
m inim ally e f fe c tiv e  dose, the monoacetyl d e r iv a tiv e  of hero in , 6- 
acetylm orphine, was found to  be equipotent to  heroin on both the 
b ra in -s tim u la tio n reward and escape paradigms, suggesting th a t 6- 
acetylmorphine makes a major co n trib u tio n  to  the rewarding and 
analgesic  e f fe c ts  of heroin.

The enhanced re in fo rcin g  e f fe c ts  of 6-acetylm orphine as compared 
to  i t s  analgesic  e ffe c ts  may be a ttr ib u te d  to  i t s  binding to  op ia te  
recep to rs  p r e fe re n t ia l ly  associated  with the m ediation of reward. 
(Supported in p a rt by NIDA grant DA 02326 and NIDA Research 
S c ie n tis t  Award (CK) DA 00099).
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254.1 A PARTIAL REINFORCEMENT EXTINCTION EFFECT INDUCED BY INTERMITTENT 
HALOPERIDOL TREATMENTS IN WATER REINFORCED RATS. A. E t tenberg  and 
C.H. Camp. Department of Psychology, U n iv e r s i t y  o f  C a l i f o r n i a ,  
Santa Barbara , C a l i f o r n i a  93106

Dopamine a n t a g o n i s t  n e u r o l e p t i c  drugs have been rep o r ted  to  p ro 
duce do se-dependent r e d u c t io n s  in w a te r - r e in f o r c e d  operan t  behav
io r s .  This f in d in g  is  c o n s i s t e n t  with  th e  view t h a t  such drugs  can 
a t t e n u a t e  th e  rewarding p r o p e r t i e s  o f  wate r  re in fo rc em e n t .  However, 
animals t r e a t e d  with  n e u r o l e p t i c s  e x h i b i t  d e f i c i t s  in a wide v a r 
ie ty  of behav io rs  of  which o peran t  responding is  only  one. In add
i t i o n ,  i n t e r p r e t a t i o n s  about  th e  s i g n i f i c a n c e  of  th e se  r e s u l t s  a re  
complicated  by the  f a c t  t h a t  the  con c lu s io n s  drawn in the  l i t e r 
a t u r e  have been based almos t e x c lu s iv e l y  upon o b s e rv a t io n s  of  anim
a l s  t h a t  were drugged a t  the  time of  t e s t i n g .  C le a r ly  a more o p t 
imal t e s t  procedure would be one in which the  in v e s t i g a t i o n  of  p u t 
a t i v e  reward d e f i c i t s  was conducted some time a f t e r  th e  d i r e c t  
pharmacological e f f e c t s  o f  the  drug had subsided .  In t h i s  way the 
behavioral  measures would not be confounded by drug-induced  motoric  
or s e d a t iv e  p r o p e r t i e s .

Animals t r a in e d  on schedules  o f  p a r t i a l  re in fo rcem ent subse
qu en t ly  make many more responses  during  e x t i n c t i o n  than animals  
t r a in ed  on a schedule  of  cont inuous  re in fo rcem ent (CRF). Thus a r e 
ward manip u la tion  during t r a i n i n g  ( i . e .  p e r io d ic  reward omission) 
a l t e r s  behavio r  of  animals  some time l a t e r ,  dur ing  e x t i n c t i o n .  This 
phenomenon is  c a l l e d  the  " p a r t i a l  re in fo rcem ent  e x t i n c t i o n  e f f e c t "  
(PREE) and is  well e s t a b l i s h e d  in th e  animal le a rn in g  l i t e r a t u r e .  
If n e u r o l e p t i c s  g r e a t l y  a t t e n u a t e  reward, then one might p r e d i c t  
th a t  p e r io d ic  drug t r ea tm en t  in CRF animals  would l a t e r  produce an 
increased  r e s i s t a n c e  to  e x t i n c t i o n  comparable to  t h a t  produced in 
animals who experienced  p e r i o d i c  reward omiss ion . In th e  p re s en t  
study, t h i r s t y  r a t s  were t r a in e d  to  t r a v e r s e  a s t r a i g h t  a l l e y  once 
a day fo r  30 s access  to  water  r e in fo rcem ent .  Once t r a i n e d ,  the an
imals experienced  a 30-day re in fo rcement per iod  immediately fo l low 
ed by a 21-day e x t i n c t i o n  p er io d .  Rats t h a t  found no water  in the 
goal box on 33% of  the  re in fo rcem ent t r i a l s  subsequen tly  demon
s t r a t e d  an in c reased  r e s i s t a n c e  t o  e x t i n c t i o n  compared to  CRF r a t s .  
A weaker, but s t a t i s t i c a l l y  r e l i a b l e ,  PREE was a l s o  observed  i n  CRF 
ra t s  p r e t r e a t e d  w ith  0.15mg/kg of  h a lo p e r id o l  ( i . p . )  on 33% of 
re in forcement t r i a l s .  Animals p r e t r e a t e d  with a s m al le r  0.075mg/kg 
dose of  h a lo p e r id o l  behaved no d i f f e r e n t l y  from v e h i c l e - t r e a t e d  CRF 
animals. Such r e s u l t s  cannot e a s i l y  be accounted f o r  by some gen
eral  drug-induced  performance d e f i c i t  s in ce  the  r a t s  were not drug
ged during the  c r i t i c a l  e x t i n c t i o n  t r i a l s .  Although the  p r e s e n t  r e 
s u l t s  were not  as s t rong  as th ose  p rev io u s ly  observed fo r  food r e 
ward (Camp & E t ten b e rg ,  Soc. Neurosci .  A b s t r . ,  1984 , 10, 265) , th e  
data do sugges t t h a t  n e u r o l e p t i c  agen ts  can a t t e n u a t e  th e  p o s i t i v e  
re in fo rc in g  p r o p e r t i e s  of  wate r.

Supported by a Regents Ju n io r  Facu l ty  Fellowship  and by NSF 
grant BNS 85- 10387.

254.2 EFFECTS OF ANXIOLYTIC AGENTS ON FIRING OF LATERAL SEPTAL UNITS IN 
ACUTE AND CHRONIC PREPARATIONS. E . Y ad in , E . Thom as, and M. 
P . V aughan*. D ep artm en t o f  P sy c h o lo g y , Bryn Mawr C o l le g e ,  Bryn 
Mawr, PA 19010.

We h av e  found  t h a t  s i n g l e - u n i t  a c t i v i t y  i n  th e  l a t e r a l  s e p t a l  
n u c le u s  o f  S prague-D aw ley  r a t s  c o n s i s t e n t l y  i n c r e a s e s  upon p r e 
s e n t a t i o n  o f  a  c o n d i t io n e d  i n h i b i t o r  o f  f e a r  and d e c re a s e s  d u r in g  
th e  p r e s e n t a t i o n  o f  a  c o n d i t io n e d  e x c i t o r ,  i n  a  P a v lo v ia n  d i f f e 
r e n t i a l  c o n d i t i o n in g  p a ra d ig m . T h is  p a t t e r n  o f  a c t i v i t y ,  to g e th e r  
w ith  a  l a r g e  body o f b e h a v io r a l  e v id e n c e ,  h a s  le d  u s  t o  th e  
p r o p o s i t io n  t h a t  one o f  t h e  f u n c t io n s  o f  th e  l a t e r a l  sep tum  i s  
t h e  i n h i b i t i o n  o f  a v e r s iv e  s t a t e s .  S in c e  a n x io l y t i c  d ru g s  a l s o  
i n h i b i t  a v e r s i v e  e m o t io n a l  s t a t e s ,  i t  seem ed r e a s o n a b le  t o  e x p e c t  
t h a t  u n i t  a c t i v i t y  i n  t h e  sep tum  would r e f l e c t  th e  a c t i o n  o f 
a n x i o l y t i c s .

In  w e l l - c o n d i t i o n e d  a n im a ls ,  th e  e f f e c t s  o f  i n t r a p e r i t o n e a l  
i n j e c t i o n s  o f  b e n z o d ia z e p in e  a n x io l y t i c s  and  th e  n o n -b e n z o d ia 
z e p in e  a n x i o l y t i c ,  b u s p ir o n e ,  on th e  p a t t e r n s  o f  s e p t a l  f i r i n g  
w ere t e s t e d .  In  g e n e r a l ,  th e  r e s u l t s  f o r  b o th  a g e n ts  i n  th e s e  
f r e e ly -m o v in g  a n im a ls  w ere c o n s i s t e n t .  F i r s t ,  t h e r e  was an  i n 
c r e a s e  i n  th e  s p o n ta n e o u s  a c t i v i t y  o f  th e  c e l l s  i n  th e  a b s e n c e  o f 
th e  c o n d i t io n e d  s t i m u l i .  S e c o n d ly , th e  s u p p r e s s iv e  e f f e c t s  o f  a 
c o n d i t io n e d  f e a r  s t im u lu s  w ere c o m p le te ly  b lo c k e d . T h i r d ly ,  th e  
i n c r e a s e  i n  th e  r a t e  o f  f i r i n g  to  a c o n d i t io n e d  i n h i b i t o r  o f  f e a r  
( i t s e l f  a  p o s s ib l e  in d e x  o f  an  a n x io l y t i c  f u n c t io n  f o r  t h e  se p 
tum) was e n h a n ce d .

In  th e  a c u te  p r e p a r a t i o n ,  t h e  r e s u l t s  w ere q u i t e  d i f f e r e n t .  In  
a n e s t h e t i z e d  a n im a ls ,  t h e  r a t e  o f  s i n g l e - u n i t  f i r i n g  in  th e  
l a t e r a l  n u c le u s  o f  th e  sep tum  was d e c re a s e d  a f t e r  a d m i n i s t r a t i o n  
o f c h lo d ia z e p o x id e , a b e n z o d ia z e p in e  a n x i o l y t i c  d ru g . The 
e f f e c t s  o f  b u s p iro n e  on f i r i n g  p a t t e r n s  i n  t h i s  a r e a  w ere more 
v a r i a b l e .  Some c e l l s  re sp o n d e d  by d e c re a s e d  r a t e s  o f  f i r i n g  
w h ile  o t h e r s  in c r e a s e d  t h e i r  sp o n ta n e o u s  f i r i n g  r a t e s .

D is c re p a n c ie s  be tw een  p a t t e r n s  o f  s i n g l e - u n i t  f i r i n g  in  th e  
a c u te  and c h ro n ic  p r e p a r a t i o n s  h av e  been  docum ented  f o r  o th e r  
s t r u c t u r e s  (R asm u ssen , K. & J a c o b s ,  B. L . ,  B ra in  R es, 3 4 4 :2 4 0 , 
1 9 8 5 ) . One p o s s i b i l i t y  i s  t h a t  w h i le  t h e  e f f e c t s  s e e n  in  th e  
a c u te  p r e p a r a t i o n  may be a  r e f l e c t i o n  o f  th e  d i r e c t  a c t i o n  o f  th e  
d ru g  on th e  c e l l s ,  i n  t h e  c h r o n i c a l l y  im p la n te d ,  f re e ly -m o v in g  
a n im a l,  th e  f i r i n g  p a t t e r n s  may be i n f lu e n c e d  by th e  c o n d i t io n e d  
e m o tio n a l  s t a t e  o f  th e  a n im a l in  th e  a p p a r a tu s .

254.3 BEHAVIORAL ABNORMALITIES INDUCED BY RIGHT CORTICAL AND 
ELECTROLYTICAL ACCUMBAL LESIONS. S . E . S t a r k s t e i n * ;  T H. M oran; 
K.L. K ubos, R .G .  R o b in so n , Jo h n s  H o pk ins U niv Sch Med. B a l t . ,  MD

T he n u c le u s  accu m b en s, by  r e c e i v in g  m ain  p r o j e c t i o n s  from  
l im b ic  f o r e b r a in  a r e a s  (am y g d ala  and  h ip p o cam p u s) and  s e n d in g  
e f f e r e n t s  to  s t r u c t u r e s  in v o lv e d  in  lo c o m o tio n  ( v e n t r a l  g lo b u s  
p a l l i d u s )  i s  s t r a t e g i c a l l y  l o c a t e d  f o r  l im b ic -m o to r  i n t e g r a t i o n .  
H y p e r a c t iv i ty  h a s  b e e n  r e p o r t e d  f o l lo w in g  b o th  b i l a t e r a l  and  
r i g h t  accum bal e l e c t r o l y t i c  l e s i o n s  (Kubos e t  a l ,  i n  p r e s s )  and  
b i l a t e r a l  and  r i g h t  c o r t i c a l  s u c t i o n  l e s i o n s  ( P e a r l so n  e t  a l ,  
B ra in  Res 2 1 8 :2 3 3 ,  1 9 8 1 ) .

S in c e  th e  accum bens a l s o  r e c e i v e s  p r o j e c t i o n s  from  th e  
f r o n t a l  c o r t e x ,  we c a r r i e d  o u t  t h e  p r e s e n t  s tu d y  to  i n v e s t i g a t e  
i f  b o th  th e  c o r t i c a l  an d  accu m b a l l e s i o n s  w ere in d u c in g  
h y p e r a c t iv i ty  i n  a  s i m i l a r  f a s h io n  by  i n t e r r u p t i n g  th e  same 
pathw ays a t  d i f f e r e n t  l e v e l s .

Male S p rag u e-D aw ley  r a t s  h o u se d  i n  r u n n in g  w h e e l c a t e s  w ere 
d iv id e d  i n t o  f o u r  g ro u p s  f o l lo w in g  a c q u i s i t i o n  o f  b a s e l i n e  
a c t i v i t y  l e v e l s .  G1 r e c e iv e d  b o th  r i g h t  c o r t i c a l  s u c t i o n  (RCS) 
and accum bal e l e c t r o l y t i c  l e s i o n s  (RAE), G2 r e c e iv e d  a  RCS 
l e s io n  and  a  RAE sham l e s i o n ,  G3 r e c e iv e d  a  RAE l e s i o n  and  a  
sham RCS l e s i o n ,  w h i le  G4 r e c e iv e d  b o th  RCS and RAE sham 
l e s i o n s .  D a i ly  s p o n ta n e o u s  ru n n in g  w h e e l a c t i v i t y  was m easu red  
f o r  30 p o s to p e r a t i v e  d a y s .  A s i g n i f i c a n t  i n c r e a s e  i n  mean 
a c t i v i t y  d u r in g  th e  p e r io d  from  12 to  21 d a y s  p o s to p e r a t i v e  was 
o b se rv e d  f o r  G1 ( c o r t i c a l  s u c t i o n  and  accu m b a l l e s i o n s )  o f  150%, 
G2 ( c o r t i c a l  s u c t i o n  l e s i o n )  o f  180%, and  G3 (accu m b al l e s i o n )  
o f  130% a s  com pared  G4 c o n t r o l s .

T hese  f i n d i n g s  i n d i c a t e  t h a t  th e  h y p e r a c t i v i t y  in d u c e d  by 
c o r t i c a l  and  accum bens l e s i o n s  w ere n o t  a d d i t i v e ,  and  i n  f a c t  
c o r t i c a l l y  e l i c i t e d  h y p e r a c t i v i t y  was re d u c e d  by  th e  accu m b a l 
l e s i o n .  W hile  c o r t i c a l l y  e l i c i t e d  m echanism s may n o t  a c t  
d i r e c t l y  th ro u g h  th e  accu m b en s, t h e r e  a p p e a r s  t o  b e  a n  im p o r ta n t  
i n t e r a c t i o n  b e tw e en  c o r t e x  and  accum bens i n  e l i c i t i n g  
l a t e r a l i z e d  h y p e r a c t i v i t y  f o l lo w in g  u n i l a t e r a l  l e s i o n s .

254.4 SINGLE-UNIT RESPONSES IN THE LATERAL AND MEDIAL SEPTAL AREA TO 
CONDITIONED EMOTIONAL STIMULI. E . THOMAS AND E. YADIN. D e p t. o f  
P s y c h o lo g y , Bryn Mawr C o l le g e ,  Bryn Mawr PA 19010.

We r e p o r t  h e re  on s i n g l e - u n i t  a c t i v i t y  re c o rd e d  from  th e  l a t e r 
a l  and  m e d ia l  sep tum  o f  t h e  a lb i n o  r a t  d u r in g  P a v lo v ia n  a v e r s iv e  
c o n d i t i o n in g .  We em ployed a  d i f f e r e n t i a l  c o n d i t i o n in g  p arad ig m  in  
w hich  one s t im u lu s  ( e i t h e r  a  l i g h t  o r  a  t o n e )  was p a i r e d  w ith  th e  
US and th e  o th e r  was p r e s e n te d  u n p a ir e d  w i th  t h e  US. The CS-US 
i n t e r v a l  was 10 s e c .  The US was a  1 ma s q u a re  wave sh o ck  l a s t i n g  
1 s e c .

The s i n g l e - u n i t  d a ta  r e p o r t e d  h e re  a r e  c o n s i s t e n t  w ith  o u r 
p r e v io u s  m u l t i p l e - u n i t  r e c o r d in g  d a t a ,  w hich  have  s u g g e s te d  t h a t  
a c t i v i t y  i n  th e  l a t e r a l  sep tum  i s  i n h i b i t e d  by f e a r - e l i c i t i n g  
s t i m u l i  and a c t i v a t e d  by c o n d i t io n e d  i n h i b i t o r s  o f  f e a r .  In  th e  
p r e s e n t  s tu d y  we h av e  fo und  s in g l e  u n i t s  i n  t h e  l a t e r a l  sep tum  
w hich  b o th  f i r e  i n  th e  p re s e n c e  o f  a  c o n d i t io n e d  i n h i b i t o r  o f  
f e a r  (C S- i n  o u r  P a v lo v ia n  d i f f e r e n t i a l  c o n d i t i o n in g  p a rad ig m ) 
and w hich  a r e  i n h i b i t e d  by a  c o n d i t io n e d  e x c i t o r  o f  f e a r .  In  
a d d i t i o n ,  we h ave  o b se rv e d  a  num ber o f  u n i t s  w h ich  show o n ly  one 
o f  t h e s e  c h a r a c t e r i s t i c s  i . e . ,  u n i t s  w h ich  f i r e  t o  a  c o n d i t io n e d  
i n h i b i t o r  o f  f e a r  b u t  w hich  do n o t  re sp o n d  to  a  c o n d i t io n e d  
e x c i t o r  o f  f e a r  o r  u n i t s  w h ich  i n h i b i t  t o  a  c o n d i t i o n e d  e x c i t o r  
b u t  w h ich  do n o t  re s p o n d  to  a  c o n d i t io n e d  i n h i b i t o r .  In  g e n e ra l  
ho w ev er, t h e r e  i s  g r e a t  c o n s i s t e n c y  o f r e s p o n s e  t o  th e  CSs i n  th e  
l a t e r a l  se p tu m . Of t h e  c o n s id e r a b l e  number o f  u n i t s  a s s e s s e d  to  
d a t e ,  none h a s  shown a  r e s p o n s e  i n c o n s i s t e n t  w ith  th e  n o t io n  t h a t  
l a t e r a l  s e p t a l  a c t i v i t y  i s  en h an ced  by s t i m u l i  t h a t  re d u c e  f e a r  
and i s  s u p p re s s e d  by s t i m u l i  t h a t  s i g n a l  f e a r .

The p i c t u r e  i n  th e  m e d ia l  sep tu m  i s  somewhat more c o m p lic a te d ,  
w i th  c e l l s  show ing a  v a r i e t y  o f  r e s p o n s e  p a t t e r n s  i n c lu d in g :  
l ) ” n o n - p l a s t i c  c e l l s ” w hich  show no r e s p o n s e  t o  any CS d u r in g  
c o n d i t i o n in g .  2) c e l l s  w hich  show t h e t a  b u r s t i n g  in  th e  p r e s e n c e  
o f  a  c o n d i t i o n e d  i n h i b i t o r  o f  f e a r  and  s u p p re s s io n  o f  t h e t a  in  
t h e  p re s e n c e  o f  a  c o n d i t io n e d  f e a r  s t im u lu s .  T h ese  c h a n g es  in  
t h e t a  b u r s t i n g  a r e  h i g h ly  c o r r e l a t e d  w ith  lo co m o to r  a c t i v i t y  
d u r in g  th e  C Ss. 3 ) c e l l s  w h ich  re s p o n d  t o  c o n d i t io n e d  s t i m u l i  in  
a  m anner d i r e c t l y  o p p o s i t e  t o  th o s e  i n  t h e  l a t e r a l  se p tu m . The 
e x i s t e n c e  o f  t h i s  l a s t  c a te g o r y  o f c e l l  h a s  s u g g e s te d  to  u s  t h a t  
t h e r e  may b e , a t  l e a s t  i n  p a r t ,  a  r e c i p r o c a l  r e l a t i o n s h i p  betw een  
th e  l a t e r a l  and  m e d ia l  sep tum  i n  t h e  m o d u la t io n  o f  e m o tio n .
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254.5 LOW-DOSE PENTYLENETETRAZOL DISCRIMINATION ESTABLISHED 
BY A STIMULUS-FADING TECHNIQUE. C y n th ia  M. H a r r i s  and  
H a rb an s  Lal , D ep a r tm e n t o f  P h a rm a c o lo g y , T exas  C o lle g e  
of  O s t e o p a th ic  M e d ic in e , F o r t  W o rth , TX 76107

P e n t y l e n e t e t r a z o l  (PTZ) d i s c r i m i n a t i o n ,  u s in g  PTZ 
a t  20 m g /k g , h a s  s e r v e d  a s  an a n im a l m odel f o r  in v e s 
t i g a t i n g  th e  n e u ro b io lo g y  o f  a n x ie ty  and  a s  an  a s s a y  
f o r  a n x io g e n ic  o r  a n x i o l y t i c  a c t i o n s  o f  d ru g s  (L al  and  
E m m ett-O g le sb y , N eu ro p h arm aco lo g y  2 2 :1 4 2 3 , 1 9 8 3 ) .  In  
t h i s  p a ra d ig m  a n x io g e n ic  t r e a tm e n t s  s u b s t i t u t e  f o r  
PTZ; h o w ev er, some t e s t  t r e a tm e n t s  s u b s t i t u t e  o n ly  
p a r t i a l l y  f o r  t h e  s t im u lu s  p ro d u c e d  by PTZ g iv e n  a t  20 
m g /k g . P a r t i a l  s u b s t i t u t i o n s  may be p ro d u c e d  by 
t r e a tm e n t s  w h ich  1) a r e  s i m i l a r  t o ,  b u t o f  w eak er i n 
t e n s i t y  th a n  th e  t r a i n i n g  s t im u lu s ,  2) a r e  q u a l i t a 
t i v e l y  d i f f e r e n t  from  th e  t r a i n i n g  s t im u lu s ,  o r  3) 
d i s r u p t  s t im u lu s  c o n t r o l .  One a p p ro a c h  t o  a s s e s s i n g  
t h e  p r e s e n c e  o f  a  "w eak" a n x io g e n ic  s t im u lu s  i s  to  
t e s t  t h e s e  t r e a tm e n t s  a g a i n s t  a  "w eak" PTZ s t im u lu s .  
P r e v io u s  a t t e m p ts  t o  t r a i n  r a t s  to  d i s c r i m i n a t e  low 
d o s e s  o f  PTZ d i r e c t l y  w ere  u n s u c c e s s f u l  (S hearm an  and 
Lal , F e d . P r o c .  3 8 :2 5 6 , 1 9 7 9 ) .  We t h e r e f o r e  em ployed  
s t im u lu s  f a d in g  a s  a t r a i n i n g  te c h n iq u e .  R a ts  w ere  
f i r s t  t r a i n e d  to  d e t e c t  a  h ig h  d o s e  and  th e n  w ere  g i 
ven  s u c c e s s i v e l y  lo w e r d o s e s  u n t i l  t h e  p r e v io u s  ED50 
was c o n s i s t e n t l y  d e t e c t e d .  The c r i t e r i o n  f o r  l e a r n i n g  
t h e  d i s c r i m i n a t i o n  was c o r r e c t  l e v e r  s e l e c t i o n  in  8 
c o n s e c u t iv e  s e s s i o n s  in  w hich  e i t h e r  d ru g  o r  s a l i n e  
w ere  t e s t e d  in  an i r r e g u l a r  s e q u e n c e . A g ro u p  o f  32 
r a t s  w e re  t r a i n e d  to  d i s c r i m i n a t e  PTZ, 20 m g /k g . Ac
q u i s i t i o n  a t  t h i s  d o s e  r e q u i r e d  3 1 .7  ( + / -  2 .5 )  s e t s  o f  
s a l i n e / d r u g  s e s s i o n s ,  and  94% o f s u b j e c t s  w e re  t r a i n e d  
w i th in  60 s e s s i o n s .  T w e n ty -fo u r  o f  t h e s e  r a t s  w ere  
th e n  r e t r a i n e d  w ith  s u c c e s s i v e l y  lo w e r  PTZ d o s e s  (1 8 , 
1 6 , 1 4 , 1 2 , and  10 m g /k g ) .  The d o s e  f o r  e ach  r a t  was 
a d j u s t e d  a c c o r d in g  to  h i s  p e r fo rm a n c e .  D oses w ere  
re d u c e d  a f t e r  each  b lo c k  o f  t r a i n i n g  s e s s i o n s  in  w hich  
t h e  r a t  s e l e c t e d  th e  c o r r e c t  l e v e r  a t  l e a s t  4 o f  5 
t im e s .  A c q u i s i t i o n  o f  t h e  d i s c r i m i n a t i o n  a t  10 m g/kg 
r e q u i r e d  1 7 .6  ( + / -  3 .4 )  a d d i t i o n a l  s e t s  o f  d ru g  and  
s a l i n e  s e s s i o n s .  The d o s e - r e s p o n s e  c u rv e  f o r  d e t e c 
t i o n  o f  PTZ by th e s e  r a t s  was s h i f t e d  to  t h e  l e f t ,  and  
th e  ED50 was re d u c e d  to  h a l f .  T h ese  r e s u l t s  i n d i c a t e  
t h a t  a  lo w -d o s e  PTZ d i s c r i m i n a t i o n  can  be e s t a b l i s h e d  
by th e  s t im u l u s - f a d i n g  te c h n iq u e .  (S u p p o r te d  by NIAAA 
G ra n t RO1AA06890)

254.6 FOREBRAIN INCORPORATION OF 3H -2 -D E OXYGLUCOSE ( 3H-2-DG) DURING 
ELECTRICAL STIMULATION OF MEDIODORSAL ( MD) NUCLEUS OF THE 
THALAMUS AND INSULAR CORTEX. S h i r l e y  L . B u c h a n a n  an d  D. A. 
P o w e l l . N e u r o s c i e n c e  L a b . ,  WJB D orn  VA H o s p i t a l  an d  U n iv . of 
S o u th  C a r o l in a ,  C olum bia SC.

We h a v e  p r e v i o u s l y  e s t a b l i s h e d  t h a t  e l e c t r i c a l  s t im u la t io n  of 
b o th  i n s u l a r  c o r t e x  an d  t h e  m e d i o d o r s a l  (MD) th a l a m u s  p ro d u ces  
c a r d i o v a s c u l a r  a d ju s t m e n t s  in  t h e  r a b b i t .  A lth o u g h  th e s e  s tru c 
t u r e s  a r e  r e c i p r o c a l l y  c o n n e c te d ,  s t i m u l a t i o n  o f  i n s u l a r  c o rtex  
p r o d u c e s  e s s e n t i a l l y  p a r a s y m p a t h e t i c - l i k e  i n h i b i t o r y  changes 
c o n s i s t i n g  o f  h e a r t  r a t e  (H R ) d e c e l e r a t i o n s  a n d  d e p r e s s o r  
r e s p o n s e s ,  w h e r e a s  s t i m u l a t i o n  o f  MD p ro d u ce s  w hat a p p e a r s  to  be 
s y m p a t h e t i c  a c t i v a t i o n ,  c o n s i s t i n g  o f  p r e s s o r  r e s p o n s e s  and 
c a r d i a c  d e c e l e r a t i o n s .  I n  t h e  p r e s e n t  e x p e r im e n t r a b b i t s  were 
s t i m u l a t e d  e i t h e r  i n  MD o r  i n s u l a r  c o r t e x  t o  e l i c i t  th e se  
r e s p o n s e s ,  s u b s e q u e n t  t o  a  b o l u s  i n j e c t i o n  o f  3H -2-deoxyglueose 
(1 .6 7  m C i/k g ) . F o r ty - f iv e  min l a t e r  th e  a n im a l was s a c r i f i c e d  and 
p e r f u s e d  w i t h  10% f o r m a l i n .  The b r a in  was rem oved and sectioned  
( 40 μm) on a c r y o s t a t ;  a f t e r  d r y in g  t h e  s e c t i o n s  w e re  p la c e d  on 
f i l m  f o r  2-DG a u t o r a d i o g r a p h y .  3H-2-DG a c t i v i t y  was q u an tif ied  
in  s e l e c t e d  CNS s t r u c t u r e s  by d e n s i to m e t ry .

S t im u la t io n  o f  t h e  a n t e r i o r  i n s u l a r  c o r t e x  e l i c i t e d  in c re a se d  
i p s i l a t e r a l  2-DG a c t i v i t y  a lo n g  th e  e n t i r e  r o s t r a l - c a u d a l  extent 
o f  th e  i n s u l a r  c o r t e x ,  a s  w e l l  a s  th e  r e g io n s  d o r s a l  an d  v en tra l 
t o  t h e  p o s t e r i o r  r h i n a l  f i s s u r e .  C o n t r a l a t e r a l  i n s u l a r  cortex 
a l s o  showed i n c r e a s e d  2-DG a c t i v i t y  c o m p a re d  t o  n o n s tim u la te d  
c o n t r o l  a n i m a l s .  I n  a l l  a n im a ls  w i th  s t i m u l a t i n g  e le c t ro d e s  in 
i n s u l a r  c o r t e x  i p s i l a t e r a l  m e d i o d o r s a l  n u c l e u s  o f  t h e  thalamus 
an d  t h e  a m y g d a la  a l s o  sh o w ed  in c r e a s e d  2-DG a c t i v i t y .  However, 
t h e r e  was no c o n s i s t e n t  p a t t e r n  o f  u n i l a t e r a l  a c t i v a t i o n  in  some 
s t r u c t u r e s  known t o  r e c e iv e  e f f e r e n t s  from  i n s u l a r  c o r te x  (e.g ., 
p a r a b r a c h ia l  N. and th e  N. t r a c t u s  s o l i t a r i u s ) .  S t im u l a t i o n  of 
MD r e s u l t e d  i n  i n c r e a s e d  2-DG a c t i v i t y  in  p r e f r o n t a l  and insular 
c o r t e x .  C o n t r a l a t e r a l  MD a s  w e l l  a s  th a la m ic  m id l in e  n u c l e i  also 
sh o w ed  i n c r e a s e d  a c t i v i t y  i n  some a n im a ls .  Both  i n s u l a r  and MD 
s t i m u l a t i o n  r e s u l t e d  i n  i n c r e a s e d  2-DG u p t a k e  i n  t h e  cau d ate 
putam en com plex .

T h e s e  d a t a  s u g g e s t  t h a t  th e  c o n n e c t io n s  t h a t  have  been previ
o u s ly  e s t a b l i s h e d  th ro u g h  t r a d i t i o n a l  n e u r o a n a to m ic a l  re tro g ra d e  
an d  a n t e r o g r a d e  t r a c i n g  te c h n iq u e s  to  e x i s t  be tw een  MD and front
a l  c o r t e x  a r e  a c t i v e  d u r in g  e l e c t r i c a l  s t i m u l a t i o n  o f  these 
s t r u c t u r e s  t h a t  p ro d u ce s  a u to n o m ic  c h a n g e s .

S u p p o r te d  by VA I n s t i t u t i o n a l  R e se a rc h  Funds

254.7 LESION OF A BRAINSTEM OUTPUT OF THE LIMBIC SYSTEM ABOLISHES THE 
REWARDING EFFECTS OF PSYCHOACTIVE DRUGS. A. B e c h a ra *  and D. v an  
d e r  Kooy ( s p o n . : Y. I s r a e l ) .  D e p t . o f  A natom y, F a c u l ty  o f  M e d ic in e , 
U n i v e r s i ty  o f  T o ro n to ,  T o ro n to ,  C anada M5S 1A8.

The m e d ia l  f o r e b r a in  b u n d le  (MFB) h a s  b e e n  i d e n t i f i e d  a s  a  p rim e  
s u b s t r a t e  f o r  rew a rd  e f f e c t s .  The MFB p r o j e c t s  down to  a  w ide 
sw a th  o f  m id b ra in  and r o s t r a l  pons r e f e r r e d  to  a s  th e  " l im b ic "  m id
b r a i n " .  We now r e p o r t  t h a t  a  s e l e c t i v e  rem o v a l o f  n e u ro n a l  c e l l  
b o d ie s  i n  t h e  n u c le u s  te g m e n ti  p e d u n c u lo p o n t in u s  (TPP) r e g io n  o f  
th e  l im b ic  m id b ra in  a b o l i s h  th e  re w a rd in g  e f f e c t s  o f  s y s te m ic a l l y  
a d m in is te r e d  m o rp h in e  and am p h e tam in e . E m ploying  a  p l a c e  c o n d i t 
io n in g  p a ra d ig m  s e p a r a t e  g ro u p s  o f  d ru g  n a iv e  r a t s ,  l e s io n e d  w i th  
0 .2  u l  o f  4% i b o te n i c  a c id  (IA ) o r  v e h ic l e  i n j e c t i o n s  i n t o  TPP b i 
l a t e r a l l y ,  w ere  a d m in is te r e d  1 m g/kg d o s e s  o f  am phetam ine o r  m or
p h in e  ( s . c . ) .  S i g n i f i c a n t  p l a c e  p r e f e r e n c e s  f o r  d i s t i n c t i v e  e n v i r 
o nm ents p a i r e d  w i th  m o rp h in e  o r  am phetam ine w ere  o b s e rv e d  i n  sham 
b u t  n o t  i n  t h e  IA l e s io n e d  r a t s .  IA l e s i o n s  o f  th e  PAG d id  n o t  
b lo c k  m o rp h in e  p l a c e  p r e f e r e n c e s .  The l e s i o n s  had  no e f f e c t  on th e  
a v e r s i v e  a s p e c t s  o f  am phetam ine  (1 m g/kg i . p . )  o r  m o rp h in e  (15 mg/ 
kg i . p . )  a s  shown i n  th e  c o n d i t io n e d  t a s t e  a v e r s io n  p a ra d ig m . R a ts  
w i th  sham and IA l e s i o n s  i n  t h e  TPP e q u a l ly  showed th e  a v e r s io n s  
f o r  a  d i s t i n c t i v e  t a s t e  p a i r e d  w i th  m o rp h in e  o r  am p h e tam in e . In  
a d d i t i o n ,  TPP l e s i o n s  d id  n o t  d i s r u p t  th e  a v e r s i v e  e f f e c t s  o f  o th e r  
d ru g s  ( l i t h i u m  c h lo r i d e  75 m g/kg i . p .  o r  n a lo x o n e  10 m g/kg s . c . )  a s  
shown i n  t h e  p l a c e  c o n d i t i o n in g  p a ra d ig m . The l e s i o n s  d id  n o t  d i s 
r u p t  t h e  a n a lg e s i c  e f f e c t s  o f  m o rp h in e . S i g n i f i c a n t  i n c r e a s e s  i n  
t a i l  f l i c k  l a t e n c i e s  a f t e r  m o rp h in e  i n j e c t i o n  w ere  s e e n  i n  b o th  TPP 
and sham le s io n e d  r a t s  when com pared  to  s a l i n e  i n j e c t e d  r a t s .  
F u r th e rm o re ,  t h e s e  TPP l e s i o n s  d id  n o t  a f f e c t  t h e  r e w a rd in g  im p ac t 
o f  fo o d  o r  t h e  p r e f e r e n c e  f o r  sw e e t t a s t e s .  F i n a l l y ,  b e c a u s e  th e  
TPP r e g io n  h a s  b e e n  i m p l ic a te d  i n  th e  c o n t r o l  o f  lo c o m o tio n ,  we 
t e s t e d  o pen  f i e l d  a c t i v i t y  i n  th e  TPP and sham l e s i o n e d  r a t s .  The 
IA l e s i o n s  o f  TPP b lo c k e d  b o th  t h e  lo c o m o to r  e x c i t a t i o n  p ro d u c e d  by 
am phetam ine  (1 m g/kg  s . c . )  and  th e  c o n d i t i o n e d  i n c r e a s e  i n  locom o
t i o n  p ro d u ce d  by  m o rp h in e  (16 m g/kg s . c . ) ,  b u t  d id  n o t  b lo c k  th e  
c a t a l e p s y  p ro d u c e d  by  m o rp h in e  (16 m g/kg  s . c . ) .  We c o n c lu d e  t h a t  
l e s i o n s  o f  t h e  TPP b lo c k  th e  re w a rd in g  an d  lo c o m o to r  e f f e c t s  o f  
o p i a t e s  an d  s t i m u l a n t s ,  w i th o u t  a f f e c t i n g  th e  a v e r s i v e  o r  a n a lg e s ic  
e f f e c t s  o f  t h e  d r u g s .  We s u g g e s t  t h a t  t h e  n e u r a l  c i r c u i t s  m e d ia t 
in g  th e  r e w a rd in g  e f f e c t s  o f  v a r i o u s  s t i m u l i  a c t i n g  a t  f o r e b r a in  
s i t e s  may h a v e  an  o b l ig a t o r y  e x i t  p o i n t  from  th e  l im b ic  sy s te m  in  
th e  TPP r e g io n  o f  th e  b r a in s te m .

254.8 PARAPHERNALIA-INDUCED COCAINE CRAVING. M.S. Gold, J .P . 
Byron*, C.A. Dackis, and D.R. Sweeney. Research F a c i l i t ie s ,  
F a ir Oaks H osp ita l, Summit, NJ 07961 and Hampton H osp ital, 
Mt. Holly, NJ 08060.

Drug craving is  a major re in fo rce r of add ic tion  th a t must 
be addressed w ith any v iab le  treatm ent approach. In order 
to  assess whether exposure to  cocaine paraphernalia  induces 
cocaine c raving , we stud ied  12 h o sp ita lized  cocaine add icts  
(11 males, 1 female, mean age = 28.3, S.D .=8 .1 ). A fter 
signing informed consent, p a tie n ts  were asked to  ra te  th e ir  
cocaine craving on two consecutive days by marking a 100 mm. 
lin e  anyw here between the  two po les, lab e lled  "not a t  a l l "  
and "extrem ely." B aseline ra tin g s  were made a t  11:00 and 
13:00, and again a t  14:00 hours, a f te r  exposure to  the 
provocative stim ulus (PS).

The PS involved a 20 minute period  (13:30 to  13:50) during 
which p a tie n ts  re in ac ted  th e ir  sp ec if ic  r i t u a l s  of cocaine 
adm in istra tion  by handling cocaine paraphernalia  and a 
powder ( la c to se ) th a t  resembles cocaine su lfa te . 
Paraphernalia were av a ilab le  to  accomodate intravenous, 
free -b a se , and in tran a sa l rou tes of adm in istra tion . A fter 
completion of the  r i t u a l ,  p a tie n ts  sn iffed  cocaine scent 
twice to  conclude the  PS in te rv en tio n . Baseline ra tin g  
means were ca lcu la ted  and compared to  the post-PS ra tin g  
w ith a S tu d en t's  t - t e s t .  On day 1, mean craving ra tin g s  
increased s ig n if ic a n tly  ( t =3 .1 , p <  0.005) from 14.2 to  59.8 
(D ifference=45.6, S.D.=18 .8). On day 2, mean craving 
ra tin g s  a lso  increased s ig n if ic a n tly  (t= 2 .5 , p < 0.01) from 
12.5 to  46.7 (D ifference=34.2, S.D.=21.2). There was no 
s ig n if ic a n t d iffe ren ce  in  provoked craving between days 1-2.

These data  in d ica te  th a t  exposure to  cocaine paraphernalia 
i s  a po ten t stim ulus of cocaine craving . Cocaine 
in to x ica tio n  i s  such a po ten t re in fo rce r th a t  the s ig h t, 
smell and fe e l  of cocaine and a r t ic le s  of paraphernalia 
become conditioned cues, capable of inducing in tense 
craving . Other unknown conditioned cues may a lso  e x is t  and 
be c l in ic a l ly  s ig n if ic a n t.  Furthermore, provoked craving by 
paraphernalia  was not s ig n if ic a n tly  extinguished. Since 
craving u su a lly  preceeds re lap se  in  cocaine a d d ic ts , a c tiv e  
avoidance of paraphernalia  and perhaps o ther environmental 
cues i s  an im portant aspect of recovery from the add ic tion .
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254.9 HALOPERIDOL DIFFERENTIALLY ANTAGONIZES AMPHETAMINE-INDUCED SHIFTS 
IN THRESHOLD FOR BRAIN STIMULATION AND LOCOMOTOR ACTIVITY. M.R. 
Lynch and R .J .  C arey  (SPO N :V .M oser). D e p t. P s y c h ia t r y ,  S .U .N .Y . 
H ealth  S c i .  C t r .  and  V .A . Med. C t r . ,  S y ra c u s e ,  NY 13210

P h a rm a c o lo g ic a l t r e a tm e n ts  a f f e c t  BSR r a t e - i n t e n s i t y  f u n c t i o n s  
by s h i f t i n g  th e  c u rv e  h o r i z o n t a l l y ,  th e r e b y  a f f e c t i n g  a s y m p to tic  
response  r a t e s ,  o r  d i s p l a c in g  i t  l a t e r a l l y  i n d i c a t i n g  a  s h i f t  in  
the  th r e s h o ld  f o r  r e w a rd . DA a g o n i s t s  and  a n t a g o n i s t s  a f f e c t  t h i s  
l a t t e r  m easure  i n  an  o p p o s i t e  m an n er: am phetam ine d e c r e a s e s  and 
n e u ro le p tic s  i n c r e a s e  t h r e s h o l d s .  L ik e w is e ,  DA a g o n i s t s  s t i m u l a t e  
and th e  n e u r o l e p t i c s  d e p r e s s  s p o n ta n e o u s  m o to r  a c t i v i t y .  W hile  
h a lo p e r id o l  a n ta g o n iz e s  t h e  lo c o m o to r  s t i m u l a t i o n  p ro d u c e d  by 1 .0  
mg/kg d -am p h e tam in e , i t  d o e s  n o t  b lo c k  th e  s h i f t  in  BSR t h r e s h o ld  
observed fo l lo w in g  2 .0  m g/kg d -am p h e ta m in e : E ig h t  r a t s  w ere  im
p lan ted  w ith  p la t in u m  e l e c t r o d e s  i n  t h e  VTA ( A - 4 .0 ,L + 2 .5 ,D - 8 .1 ) . 
A fter 10 d a y s , th e y  w ere  s h a p ed  t o  b a r  p r e s s  f o r  b i p h a s i c  s q u a re  
wave s t im u la t io n  (100 h z ,  .1  m sec i n t e r p u l s e  i n t e r v a l ,  .2  s e c  
t r a in  d u r a t i o n ) . R a t e - i n t e n s i t y  d a t a  w ere  c o l l e c t e d  by s te p p i n g 
down th e  c u r r e n t  i n t e n s i t y  from  t h a t  w h ich  p ro d u c e d  maximum r e s 
ponse r a t e ,  by 50 μ A v e ry  7 m in (d e s c e n d in g  s e q u e n c e ) . The f i r s t  
2 min o f  each  s t i m u l a t i o n  p e r i o d  s e rv e d  a s  a  w arm -up f o r  t h e  new 
(lower) i n t e n s i t y .  S t im u la t io n  p e r i o d s  w ere  5-m in  i n  d u r a t i o n ,  
sep a ra te d  by 2 -m in  t im e - o u t s  when h o u se  l i g h t s  and  w h i te  n o i s e  
were tu rn e d  o f f  and  s t i m u l a t i o n  was n o t  a v a i l a b l e .  A n im als w ere 
a lso  t e s t e d  f o r  b a s e l i n e  i n  an  o p en  f i e l d .  When m e a su re s  w ere  
s ta b le  each  r a t  was t e s t e d  w i th  0 .1  m g/kg h a lo p e r id o l  and  th e  l a c 
t i c  ac id  v e h ic l e  ( a d m in is te r e d  1 h r  b e f o r e  t e s t i n g ) . O n e -h a lf  
were a ls o  t e s t e d  w i th  1 .0  m g/kg d -am p h e tam in e  and  th e  o t h e r  4 r a t s  
with 2 .0  mg/kg (1 /2  h r  b e f o r e  t e s t i n g ) . L a s t l y ,  e a ch  r a t  was 
te s te d  w ith  two i n j e c t i o n s  -  t h e  h a lo p e r id o l  fo llo w e d  1 /2  h r  l a t e r  
by the  r e s p e c t iv e  d o se  o f  am p h e tam in e . Drug t e s t s  w ere  c o u n te r 
balanced and sp a c e d  48 h r  a p a r t ,  w i th  r e t u r n  t o  b a s e l i n e s  c o n d u c t
ed in  b etw een . A n im als w ere  a lw a y s  o b s e rv e d  f o r  10 m in in  t h e  o b 
s e rv a tio n  box f i r s t ,  th e n  t e s t e d  i n  t h e  r a t e - i n t e n s i t y  p r o c e d u r e .  
While b o th  d o s e s  o f  am phetam ine  s t i m u l a te d  c r o s s i n g s  i n  t h e  open  
f ie ld ,  th ey  d id  n o t  i n c r e a s e  a s y m p to tic  p e rfo rm a n c e  i n  t h e  BSR 
paradigm (a m easu re  b e l i e v e d  t o  r e f l e c t  c h a n g e s  i n  m o to r  p e r f o r 
mance). The h ig h e r  d o s e  d id  h o w ev er, lo w e r  t h e  mean BSR t h r e s h o ld  
by g r e a te r  th a n  one  50 μ A s t e p .  The i n t e r e s t i n g  f in d i n g  was t h a t  
p re trea tm e n t w i th  0 .1  m g/kg h a lo p e r id o l  b lo c k e d  th e  am p h e tam in e - 
induced th re s h o ld  s h i f t ,  b u t  was w i th o u t  e f f e c t  on  r a t e  i n c r e a s e s  
in  locom otor b e h a v io r .  T h e r e f o r e ,  t h e  i n t e r a c t i o n  b e tw e en  th e s e  
two drugs may be due  t o  m ore th a n  m e re ly  a  p h a rm a c o lo g ic a l  a n ta g o n 
ism, as th e  c o m b in a tio n  p ro d u c e s  v e h i c l e - l i k e  p e rfo rm a n c e  on  m eas
ures o f BSR, b u t  d o e s  n o t  b lo c k  t h e  s t i m u l a t i o n  o f  lo c o m o to r  
a c t iv i ty .

254.10  MEDIAL PREFRONTAL CORTEX STIMULATION INCREASES NUCLEUS 
GIGANTOCELLULARIS STIMULATION -INDUC ED ESCAPE. M . J .  D e l p *  
a n d  E . E .  C o o n s *  ( S p o n :  D . Q u a r t e r m a i n ) . P s y c h o l o g y  D e p t .  
New Y o r k  U n i v . , New Y o r k ,  NY 1 0 0 0 3

S t i m u l a t i o n  o f  p u r e  r e w a r d  a n d  r e w a r d - e s c a p e  s i t e s  
i n  t h e  l a t e r a l  h y p o t h a l a m u s  r e s p e c t i v e l y  a m e l i o r a t e s  
a n d  e x a c e r b a t e s  a v e r s i o n  p r o d u c e d  b y  n u c l e u s  g i g a n t o 
c e l l u l a r i s  (NGC) s t i m u l a t i o n  ( C a r r  a n d  C o o n s ,  S c i e n c e , 
2 1 5 : 1 5 1 6 ,  1 9 8 2 ;  S i m s o n  a n d  C o o n s ,  N e u r o s c i . A b s t r . , 9 : 
9 0 8 ,  1 9 8 3 ) .  T h e  p r e s e n t  s t u d y  e x a m i n e s  t h e  e f f e c t s  o f  
m e d i a l  p r e f r o n t a l  c o r t e x  (MPFC) s t i m u l a t i o n  o n  NGC 
a v e r s i o n .

F e m a l e  r a t s  w e r e  c h r o n i c a l l y  i m p l a n t e d  b i l a t e r a l l y  
i n  NGC a n d  MPFC . I n  E x p e r i m e n t  1 ,  b l o c k s  o f  NGC s t i m u 
l a t i o n  t r i a l s  w e r e  g i v e n  a l t e r n a t e l y  w i t h  b l o c k s  o f  
(NGC+MPFC) s t i m u l a t i o n  p r e s e n t e d  c o n c u r r e n t l y .  I n  b o t h  
NGC a n d  (NGC+MPFC) c o n d i t i o n s ,  a  b a r  p r e s s  ( B P ) r e s p o n s e  
t e r m i n a t e d  b r a i n  s t i m u l a t i o n  f o r  3 s e c o n d s .  I n  a l l  
a n i m a l s ,  t h e  a d d i t i o n  o f  e i t h e r  c o n t r a l a t e r a l  o r  i p s i 
l a t e r a l  MPFC s t i m u l a t i o n  t o  NGC s t i m u l a t i o n  p r o d u c e d  
i n c r e a s e d  e s c a p e  r e s p o n d i n g  c o m p a r e d  t o  NGC s t i m u l a 
t i o n  a l o n e  ( t 2 1  =  7 . 9 6 .  p < . 0 0 1 ) .  T h i s  w a s  t r u e  f o r  b o t h  
MPFC p u r e  r e w a r d  a n d  r e w a r d - e s c a p e  a n i m a l s .

S u b s e q u e n t  w o r k  a d d r e s s i n g  p o s s i b l e  e x p l a n a t i o n s  o f  
t h i s  f i n d i n g  s h o w e d  t h a t  i n c r e a s e d  NGC e s c a p e  i n  t h e  
p r e s e n c e  o f  MPFC s t i m u l a t i o n  i s  n o t  d u e  t o  s o m e  a v e r 
s i v e  a s p e c t  o f  t h e  MPFC s t i m u l a t i o n  s u m m a t i n g  w i t h  NGC 
a v e r s i o n ,  e v e n  i n  t h e  r e w a r d - e s c a p e  a n i m a l s .  S i m i l a r l y ,  
MPFC a c t i v i t y  d o e s  n o t ,  t h r o u g h  h e i g h t e n e d  a r o u s a l ,  
i n c r e a s e  t h e  p e r c e i v e d  a v e r s i v e n e s s  o f  NGC s t i m u l a t i o n .  
F u r t h e r ,  a  l a t e r a l i z e d  e f f e c t  o f  MPFC o n  NGC e s c a p e  
s u g g e s t s  t h a t  MPFC d o e s  n o t  i n c r e a s e  NGC e s c a p e  t h r o u g h  
a  n o n - s p e c i f i c  f a c i l i t a t i o n  o f  b e h a v i o r .

O t h e r  e x p l a n a t i o n s  o f  t h e  e f f e c t  o f  MPFC a c t i v i t y  o n  
NGC e s c a p e  a r e  p o s s i b l e ;  a m o n g  t h e m ,  t h a t  MPFC s t i m u l a 
t i o n  i n c r e a s e s  t h e  s a l i e n c e  o f  a s s o c i a t i o n s  i n  t h e  NGC 
e s c a p e  p a r a d i g m .  T h e  f r o n t a l  l o b e s  h a v e  b e e n  i m p l i c a t e d  
i n  t h e  o r g a n i z a t i o n  o f  s t i m u l u s - r e s p o n s e  c o n t i n g e n c i e s .  
R e s u l t s  o f  E x p e r i m e n t  1 a r e  i n t e r p r e t e d  i n  t h i s  c o n t e x t  
a s  s h o w i n g  t h a t  MPFC a c t i v i t y  f a c i l i t a t e s  a  p a r t i c u l a r  
c l a s s  o f  m o t i v a t e d  b e h a v i o r ,  i . e .  e s c a p e  b e h a v i o r ,  b y  
i n c r e a s i n g  t h e  s a l i e n c e  o f  t h e  NGC e s c a p e - B P  r e s p o n s e 
n e g a t i v e  r e i n f o r c e m e n t  c o n t i n g e n c y .

254.11 INTRAAMYGDALA AND INTRACEREBROVENTRICULAR (ICV) MIDAZOLAM AND 
R05-3663: EFFECTS ON THE INTEROCEPTIVE DISCRIMINATIVE STIMULUS 
PRODUCED BY PENTYLENETETRAZOL. Dan Benjamin,* Michael W. Emmett- 
Oglesby, and Harbans Lal . (SPON.  I .M. Korr) Department of Pharma
cology, Texas College of Osteopathic Medicine, Fort Worth, Tx. 
76107.

Pentylenetetrazol (PTZ) is an anxiogenic drug which produces 
an interoceptive discrim inative stimulus (IDS) in animals that is 
mimicked by anxiogenic stimuli and antagonized by anxiolytic 
drugs in a dose-dependent manner (Lal and Emmett-Oglesby, 
Neuropharmacol. 22:1423, 1983). PTZ discrimination is a useful 
animal model of generalized anxiety syndrome. Although there is 
ample evidence for an anxiogenic effect of PTZ, a CNS s ite  for 
the production of the PTZ IDS is  an untested assumption. In the 
present experiments, e ffects of central application of PTZ, R05- 
3663, (an anxiogenic benzodiazepine, Lal e t a l . ,  Fed. Proc. 
40:310, 1981), and midazolam, an anxiolytic benzodiazepine were 
tested. Rats were trained to discriminate the stimulus properties 
of PTZ in a food-reward (FR10), two-lever operant task: responses 
on one lever were reinforced a fte r PTZ 20 mg/kg in jection , respo
nses on the other lever were reinforced a fte r sa line . Trained 
animals were implanted b ila te ra lly  with indwelling guide cannulae 
in the la teral ventri cles and amygdala. After PTZ was given ip ., 
the proportion of ra ts  selecting the PTZ-appropriate lever was 
dose dependent. The PTZ stimulus was re liab ly  blocked by midazo
lam given ip. When PTZ was injected ICV at subconvulsant doses, a 
maximum of 50% of ra ts  selected the PTZ-lever. All ra ts  selected 
the saline lever after a r t i f ic ia l  CSF. Given ip ., R05-3663 gener
alized to PTZ at a dose of 10 mg/kg, when applied ICV, 154 nmol 
resulted in fu ll generalization to PTZ. This represents about a 
100-fold increase in potency over ip. adm inistration. When in jec
ted ICV 1 min before PTZ 20 mg/kg, midazolam blocked PTZ-lever 
selection in a dose-dependent manner at doses from 18 to 144 nmol 
When injected into the amygdala, midazolam blocked PTZ-lever se l
ection dose-dependently, at doses from 4.5 to 72 nmol. When 
injected into the amygdala, an area dense in benzodiazepine 
receptors (Young and Kuhar, JPET 212:337, 1980), midazolam pro
duced maximal blockade of PTZ-lever selection at one half the ICV 
dose necessary, and at one seventh the ip. dose. These resu lts 
suggest that :  1) The PTZ IDS can be mimicked and antagonized by 
central application of small quantities of drug; 2) The effects 
seen after central administration are not due to transport of 
drug into the periphery, as active doses were too low to produce 
effects a fte r peripheral adm inistration; 3) The s i te  of the PTZ 
IDS is central because i t  can be produced by central injections 
of PTZ or R05-3663 and blocked by ip. injections of anxiolytics; 
conversely, the PTZ IDS can be produced by ip. injections of PTZ 
or R05-3663 and blocked by central injections of midazolam.

254.12  EVIDENCE THAT VENTRAL PALLIDAL PROJECTIONS TO PEDUNCULOPONTINE 
NUCLEUS BUT NOT MEDIODORSAL THALAMUS MEDIATE LOCOMOTOR ACTIVITY. 
G .J .  M ogenson and M. Wu*. D e p t. o f  P h y s io lo g y ,  U n iv e r s i ty  o f  
W e ste rn  O n ta r io ,  L ondon, O n ta r io ,  Canada N6A 5C1.

N e u ra l  p r o j e c t i o n s  from  th e  v e n t r a l  s t r i a t u m  to  th e  v e n t r a l  
p a l l i d a l  a r e a  h av e  b een  im p l ic a te d  in  lo co m o to r  a c t i v i t y  i n i t i a t e d  
from  l im b ic  i n t e g r a t i v e  a c t i v i t i e s  (M ogenson & N ie ls e n ,  B ra in  R es. 
B u l l . , 1 1 :3 0 9 -3 1 4 , 1 9 8 3 ). Two m a jo r  o u tp u ts  from  th e  v e n t r a l  
p a l l i d a l  a r e a  t h a t  m ig h t m e d ia te  t h i s  h y p e r k i n e t i c  r e s p o n s e  a r e  
p r o j e c t i o n s  to  th e  p e d u n c u lo p o n t in e  n u c le u s  (PPN) o f  th e  m id b ra in  
and to  th e  m e d io d o r s a l  n u c le u s  o f  th e  th a la m u s  (MD). E a r l i e r  we 
r e p o r t e d  t h a t  lo c o m o to r  a c t i v i t y  i n i t i a t e d  by u n i l a t e r a l  i n j e c t i o n s  
o f  p i c r o t o x in  i n to  th e  v e n t r a l  p a l l i d a l  a r e a  was red u c e d  s i g n i f i 
c a n t l y  when p r o c a in e  was a d m in is te r e d  to  th e  i p s i l a t e r a l  zona 
i n c e r t a  to  b lo c k  VP-PPN p r o j e c t i o n s  (M ogenson, Swanson & Wu, B ra in  
R e s . , 3 3 4 :6 5 -7 6 ,  1 9 8 5 ) . The p r e s e n t  s tu d y  i n v e s t ig a t e d  th e  e f f e c t s  
o f  a d m in i s t e r in g  p r o c a in e  to  th e  m e d io d o r s a l  th a la m u s  on lo co m o to r  
a c t i v i t y  e l i c i t e d  by i n j e c t i o n  o f  p i c r o t o x in  i n to  th e  VP. C h ro n ic  
b i l a t e r a l  c a n n u la e  w ere p la c e d  i n t o  th e  VP and MD o f  m ale  W is ta r  
r a t s .  One week l a t e r  a  s e r i e s  o f  t e s t s  was made in  an  open  f i e l d  
cham ber e q u ip p e d  w i th  l i g h t s ,  p h o t o c e l l s  and  c o u n te r s  to  r e c o r d  
th e  num ber o f  p h o to -b eam  i n t e r r u p t i o n s  a s  an in d e x  o f  lo c o m o tio n . 
F o llo w in g  u n i l a t e r a l  i n j e c t i o n s  o f  p i c r o t o x in  (0 .1 5  μg / 0 .2  μ l ) 
i n t o  th e  VP th e  lo c o m o to r  in d e x  was 2 7 4 .4  ± 2 8 .6  i n  20 m in com pared 
to  4 6 .8  ± 7 .6  a f t e r  u n i l a t e r a l  i n j e c t i o n s  o f  i s o t o n ic  s a l i n e  (n= 21 , 
t =7 .6 5 ,  p < 0 .0 0 1 ) .  I n  s u b s e q u e n t  t e s t s  a  c o m p a riso n  was made o f  
i n j e c t i n g  p r o c a in e  i n t o  th e  MD e i t h e r  i p s i l a t e r a l  o r  c o n t r a l a t e r a l  
t o  th e  p i c r o t o x in  i n j e c t i o n  i n to  th e  VP. F o llo w in g  th e  i p s i l a t e r a l  
MD i n j e c t i o n  th e  lo c o m o to r  in d e x  was 2 9 2 .2  ± 2 4 .1  and f o l lo w in g  
th e  c o n t r a l a t e r a l  MD i n j e c t i o n  th e  lo co m o to r  in d e x  was 2 7 4 .7  ± 3 0 .0  
(n =2 1 , t = 1 .0 8 ,  p > 0 .2  and  t =0 .0 1 ,  p > 0 .5  r e s p e c t i v e l y ) .  I t  i s  con
c lu d e d  from  t h e s e  e x p e r im e n ts  t h a t  s i g n a l s  from  v e n t r a l  s t r i a t u m  
and v e n t r a l  p a l l id u m  a s s o c i a t e d  w i th  lo co m o to r  a c t i v i t y  u t i l i z e  
v e n t r a l  p a l l i d a l  o u tp u t  p r o j e c t i o n s  to  PPN b u t  n o t  v e n t r a l  p a l l i d a l  
o u tp u t  p r o j e c t i o n s  to  MD. S in c e  th e  PPN i s  p a r t  o f  th e  m esen cep h a
l i c  lo c o m o to r  r e g io n  i t  a p p e a r s  t h a t  v e n t r a l  s t r i a t a l - v e n t r a l  
p a l l i d a l - P P N  p r o j e c t i o n s  may h av e  a  r o l e  i n  l im b ic -m o to r  i n t e g r a 
t i o n  and  m e d ia te  th e  lo c o m o to r  com ponent o f  c e r t a i n  a d a p t iv e  
b e h a v io r s .
(S u p p o rte d  by NSERC o f  C a n a d a ).
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254.13 DOPAMINE AND REWARD: CONDITIONED PLACE PREFERENCE INDUCED 
BY DOPAMINE D2 RECEPTOR AGONIST. D.B. Gilbert*, J.E. Dembski*, L. 
Stein and J.D. Belluzzi. Dept. Pharmacol., Coll. Med., University of 
California, Irvine, Irvine, CA 92717

Dopamine-containing brain systems have been linked to reward function 
in self-stimulation, self-administration, and conditioned place preference 
experiments. The purpose of the present research was to study the role 
of dopamine receptors in reward using the conditioned place preference 
paradigm. Dopamine D1 and D2 receptor agonists and antagonists, alone 
and in combination with d-amphetamine, were administered to rats in the 
nonpreferred compartment of a 2-chambered apparatus. N-0437 (3 mg/kg), 
a dopamine D2 receptor agonist, induced a significant place-preference, 
whereas SKF 38393 (20 mg/kg), a specific D1 receptor agonist, induced no 
such preference. d-Amphetamine, an indirect catecholamine agonist, has 
previously been shown to induce place preference, but the receptors 
involved have not been identified. In a second experiment, we combined 
a low dose (0.3 mg/kg) of d-amphetamine, which did not induce 
significant place preference, with sulpiride, a dopamine D2 antagonist, at 
a dose (30 mg/kg) which blocks presynaptic auto-receptors leading to 
increased release of dopamine. Sulpiride potentiated the effect of 
amphetamine to produce a significant place-preference. Sulpiride alone 
(30 mg/kg) induced no place-preference and blockade of D1 receptors 
with SCH 22390 (0.1 mg/kg) did not potentiate d-amphetamine effects in 
place-preference. These results suggest that 1) postsynaptic dopamine D2 
receptors mediate reward since a D2 agonist induced conditioned place 
preference, 2) amphetamine's rewarding action depends on dopamine 
release since blockade of presynaptic D2 receptors facilitates 
amphetamine-induced conditioned place preference, and 3) dopamine D1 
receptors are not involved in reward function since neither D1 agonists 
nor antagonists had any effect in conditioned place preference.

(Supported by AFOSR grant 84-0325)

254.14 EVENT-RELATED POTENTIALS DIFFERENTIATING POSITIVE FROM NEGATIVE 
AFFECTIVE STIMULI. S .J . Sims, H. Begl e i t e r . S.U.N.Y. Health 
Sciences Center a t Brooklyn. Brooklyn, New York 11203

A ffective reactions are important components of the causes of 
both normal and diseased behavior (a f fe c t is here defined as the 
s u b je c tiv e ly -fe l t  reaction  to a stim ulus). However, a ffe c t has 
eluded ob jec tive  study because of a need to re ly  on necessarily  
in d irec t verbal reports  and emotional behaviors. B iological 
s tud ies have pursued the goal of quantify ing  the physiological 
mechanisms of a f fe c t ,  thereby making a ffe c t  an objective  
phenomenon amenable to  s c ie n t i f ic  experim entation.

However, ev en t-re la ted  po ten tia l (ERP) s tud ies have, with rare 
exception , used stim uli supposedly devoid of a f fe c t .  This practice 
ra ises  two major questions: 1. How much of the brain a c t iv ity  
a ttr ib u te d  to "non-affective" inform ation processing is  in fac t 
a c t iv ity  of the a ffe c tiv e  brain systems? and 2. What ERP ac tiv ity  
would r e s u lt  from the p resen ta tion  of a ffectively -w eigh ted  stimuli?

Here we repo rt the f i r s t  findings of ERP's d if fe re n t ia tin g  
stim uli consisting  of p ic tu res  of nudes and war wounds. Right
handed males (n=9) mean age 24, viewed s lid e s  subtending 8 of 
visual arc and pro jected  fo r 400ms, one every 3 seconds. The 25 
p ositive  (female nudes), 25 neutra l (household ob jec ts) and 25 
negative a f fe c t s lid e s  (war wounds) were presented in random 
sequence. The ERP's were sorted  according to  the su b jec t 's  
button presses ind ica ting  " lik e " ,  "neutra l" or "d is lik e " .

The re su lts  a t the PZ e lectrode show a large p o sitiv e  component 
a t 500ms (here ca lled  P500) which is  present in the " like"  ERP but 
is e i th e r  reduced or absent (see below) in the "neu tra l" and 
"d is lik e"  ERP's (P .01 by peak amplitude measurement). This is 
the la r ge s t component e l ic i te d  by affectively -w eigh ted  stimuli 
to date. The P500 has a d if fe re n t latency than the P3 e lic ite d  by 
the auditory or visual oddball paradigms in the same sub jec t, 
although there  is  some overlap.

In order to b e tte r  determine the component s tru c tu re  of the 
waveforms, and in p a rtic u la r  to id en tify  components whose latency 
changes, the Fast Fourier Transform (FFT) was applied to the ERP's. 
The FFT magnitude spec tra l density  re s u lts  show c le a r  differences 
between the " lik e " ,  "neu tra l" and "d is lik e "  waveforms, a t various 
frequencies. Topographical maps constructed from the 21 electrodes 
used, show loca lized  foci of a c t iv ity  a t these frequencies, with 
a s ing le  focus of peak a c t iv ity  per frequency, per condition (e.g. 
" lik e ") in nearly  a ll  instances.

In summary, the use of a ffe c tiv e  stim uli and data analysis 
which included the FFT has re su lted  in findings with implications 
fo r the study of a ffe c tiv e  brain systems and fo r systems physiology 
in g en era l.
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255.1 THE EFFECTS OF N-METHYL-DL-ASPARTIC ACID LESIONS OF THE LATERAL 
PREOPTIC AREA ON THE MATERNAL BEHAVIOR OF POSTPARTUM RATS.
M. Numan, K.P. Corodimas*, M.J. Numan* and W.D. P ie rs* . Dept. of 
Psychology, Boston College, Chestnut H ill ,  MA 02167.

Previous research  has shown th a t medial p reop tic  area (MPOA) 
neurons are e s s e n tia l fo r maternal behavior in  r a ts  and th a t a 
neural p ro jec tio n  route which tra v e ls  between the MPOA and the 
v en tra l tegmental area (VTA) of the midbrain i s  equally  import
an t. The presen t study i s  the f i r s t  in  a s e r ie s  examining the 
s tru c tu re  of th is  p ro jec tio n  rou te . MPOA e ffe re n ts  p ro je c t d i
re c tly  to  the VTA via the l a te r a l  hypothalamus (LH). In d irec t 
MPOA p ro jec tio n s  to  the VTA also  e x is t  in  th a t the  MPOA p ro jec ts  
to  the la te r a l  p reop tic  area (LPOA) which, in  tu rn , p ro jec ts  to  
the VTA v ia  the LH. The presen t work examines the importance of 
the LPOA for maternal behavior.

Fully  maternal postpartum ra ts  received one of the  following 
treatm ents: (1) B ila te ra l  radiofrequency (RF) le sio n s  of the LPOA; 
(2) B ila te ra l  e x c i totox ic  amino acid le sio n s  of the LPOA employ
ing N-methyl-DL-aspartic acid (NMA)(9.3 μg in  .7 μ l  of phosphate 
bu ffer (PB)). NMA is  known to  se le c tiv e ly  destroy neuronal c e l l  
bodies, while sparing f ib e rs  of passage. (3) B ila te r a l  in je c tio n s  
of .7 μ l  o f PB in to  the  LPOA; (4) B ila te r a l  NMA le sio n s  of the  LH. 
The m aternal behavior of the r a ts  was stud ied  da ily  fo r one week 
p o sto p era tiv e ly . The re s u l ts  showed th a t  NMA and RF le sio n s  of 
the LPOA severely  depressed re tr ie v in g , nest bu ild ing  and nursing 
behavior. In c o n tra s t , NMA lesio n s  of the  LH were w ithout e ffe c t  
on m aternal behavior.

In order to  show th a t  NMA le s io n s , as performed in  our labora
to ry , spare fib e rs  of passage, a second experiment was undertaken. 
Rats received e ith e r  RF or NMA lesio n s  of the LH, or in je c tio n s  
of PB in to  the LH. One week p o s toperatively , horseradish  peroxi
dase (HRP) was in jec ted  in to  the VTA (50% so lu tio n ; .05 μ l ) , and 
48 h rs l a te r  the r a ts  were perfused. HRP h istochem istry  was sub
sequently  performed on the b rains and the number of HRP labeled  
c e l l s  a t the lev e l of the LPOA was charted . Prelim inary an a ly sis  
in d ica te s  th a t while RF le sio n s  of the LH block the re trograde 
t ra n sp o rt of HRP from the VTA to  the LPOA, NMA le sio n s  of the LH 
do not. Therefore, NMA does not appear to  destroy LPOA axons a t  
the  lev e l of the  LH.

In conclusion, these re s u lts  in d ica te  the importance of LPOA 
neurons fo r m aternal behavior, lending support to  the  view th a t 
an MPOA-to-LPOA-to-VTA c i r c u i t  underlies  m aternal behavior.

255.2 EFFECTS OF HANDLING AND AMPHETAMINE ON THE ACQUISITION OF 
LEVER PRESSING FOR BRAIN SELF-STIMULATION IN RATS.
Charles H.K. West and Richard P. Michael. Department of Psychiatry, Emory 
University School of Medicine, Georgia Mental Health Institute, 1256 Briarcliff 
Rd, Atlanta, GA 30306.

C hanges in dopam ine (DA) neurotransm ission  can influence the 
acquisition of operant responses and the perform ance of intracranial self
stimulation (ICSS). An Increase in DA utilization in the mesocortical system 
has been reported in rats following the application of a stressor. Work in our 
laboratory has dem onstrated that acquisition of lever pressing for ICSS in 
medial prefrontal cortex is facilitated by the  DA agonist d -am phetam ine 
(AMPH). We report here on the effec ts  of handling and of AMPH on the 
acquisition of lever pressing for ICSS in the ventral tegmental area-posterior 
hypothalamic region (VTA-PH), the origin of the ascending DA fibers.

Adult male rats w ere im planted in VTA-PH with bipolar stimulating 
e lec trodes. In the first experim ent, one group of anim als (H) (n=6) was 
handled daily during the week following surgery; whereas, the other group (N) 
(n=5) was left undisturbed in the home cages. During subsequent acquisition 
testing, all animals were allowed to learn on their own to lever press for ICSS 
In daily 15 min sessions. Handled animals required significantly (p<0.05) less 
time (min) to reach a criterion of 10 presses/m in (H = 6.5±1.3; N = 21.2±6.7). 
The time to the first lever p ress was similar for the two groups. In tests with 
other, non-implanted animals, the number of lever p resses and the amount of 
locomotor activity in a novel environment was similar in the handled and non- 
handled groups; suggesting that changes in motor activity were not solely 
responsible for the effect on acquisition.

In the second experiment, VTA-PH implanted rats were allowed to self- 
learn lever pressing for ICSS In daily sessio n s  following injection of either 
saline (n=7) or AMPH (0.25 mg/kg, n=8). No significant d ifferences were 
found between saline and AMPH treated rats for time to attain criterion or 
time to the first lever press; although the time to criterion tended to be longer 
for animals receiving Injections than In non-injected animals.

These data show that rats could quickly acquire a lever pressing task for 
ICSS in the VTA-PH. The speed of acquisition was not affected by this dose 
of AMPH but was enhanced by prior handling. This may have reduced their 
level of s tre s s  during the Initial acquisition procedure. The trend toward 
slower acquisition following Injection stress supports this view.

(Supported by the Georgia Department of Human Resources.)
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255.3 EFFECT OF VENTRAL TEGMENTAL AREA LESIONS ON AUTOSHAPED LEVER PRESS 
RESPONSES IN THE RAT. W. J .  W ilso n  and  V. L. T a n n e h i l l * . 
Departm ent o f  P s y c h o lo g ic a l  S c i e n c e s ,  I n d ia n a  U n i v e r s i ty  - P u rd u e  
U n iv e rs i ty  a t  F o r t  Wayne, 2101 C o liseu m  B lv d . E a s t ,  F o r t  W ayne, IN 
46805, USA.

L es io n s  o f  t h e  v e n t r a l  t e g m e n ta l  a r e a  (VTA) in  t h e  r a t  
f a c i l i t a t e  r e s p o n s e s  m o tiv a te d  by t h e  p a i r i n g  o f  a  n e u t r a l  
c o n d itio n e d  s t im u lu s  (CS) and  an  a v e r s i v e  u n c o n d it io n e d  s t im u lu s  
(US). T h is  r e s u l t s  i n  e n h a n ce d  p e rfo rm a n c e  in  s i g n a l l e d  tw o-w ay 
avo idance t a s k s  (W ilso n  & B a e sk e , 1985, s u b m i t t e d ) .  We b e l i e v e  
th a t  t h i s  e f f e c t  i s  m e d ia te d  by damage t o  t h e  d o p a m in e rg ic  
p r o je c t io n  from  VTA t o  n u c le u s  accu m b en s, b e c a u s e  m a n ip u la t io n s  
th a t  i n c r e a s e  dopam ine in  t h e  accum bens a t t e n u a t e  a v e r s i v e l y  
c l a s s i c a l l y  c o n d i t i o n e d  m o to r r e s p o n s e s  (W ilso n  & S o l t y s i k ,  1 9 8 5 ). 
These s tu d i e s  c o l l e c t i v e l y  i m p l ic a te  t h e  m e so lim b ic  dopam ine 
system  in  t h e  i n h i b i t i o n  o f  m o to r c o n d i t i o n e d  r e s p o n s e s  t h a t  a r i s e  
through  a v e r s iv e  c l a s s i c a l  c o n d i t i o n in g .  The p r e s e n t  s tu d y  
examines t h e  r o l e  o f  t h e  VTA in  m o to r r e s p o n s e s  t h a t  a r i s e  i n  an 
a p p e t i t i v e  c l a s s i c a l  c o n d i t i o n in g  t a s k ,  t h e  a u to s h a p in g  o f  l e v e r  
p re ss  r e s p o n s e s  when p r e s e n t a t i o n s  o f  t h e  l e v e r  p r e d i c t  fo o d  
d e liv e ry .

R ats r e c e iv e d  e i t h e r  e l e c t r o l y t i c  l e s i o n s  o f  t h e  VTA, o r  sham 
le s io n s  (u n d e r  42 m g/kg sod ium  p e n to b a r b i t o l  a n e s t h e s i a ) ,  and  th e n  
were red u c e d  t o  80% o f  t h e i r  p r e - s u r g e r y  f r e e - f e e d in g  w e ig h t  f o r  
th e  rem a in d e r o f  t h e  e x p e r im e n t .  R a ts  w ere  e x p o sed  t o  one o f  two 
e x p e rim e n ta l p r o c e d u r e s  i n  10 d a i l y  s e s s i o n s .  The A u to sh a p ed  r a t s  
rec e iv ed  50 p a i r i n g s  o f  a  r e t r a c t a b l e  l i g h t e d  l e v e r  and  a  45 mg 
food p e l l e t  i n  e a c h  s e s s i o n .  The Random C o n tr o l  r a t s  r e c e iv e d  50 
independen t p r e s e n t a t i o n s  o f  t h e  l e v e r  and  fo o d  in  e a c h  s e s s i o n .  
The number o f  t r i a l s  i n  w h ich  a  l e v e r  p r e s s  o c c u r r e d  in  e a c h  
se ss io n  was r e c o r d e d  f o r  e a c h  r a t .  P r e s s in g  t h e  l e v e r  h ad  no 
e f f e c t  on fo o d  d e l i v e r y  in  t h i s  s t a g e  o f  t h e  e x p e r im e n t .

A f te r  10 d a i l y  s e s s i o n s ,  a l l  r a t s  w ere  s w i tc h e d  t o  an  O m issio n  
p ro ce d u re , in  w h ich  fo o d  was n o t  d e l i v e r e d  on th o s e  t r i a l s  in  
which a  l e v e r  p r e s s  r e s p o n s e  o c c u r r e d .  O m issio n  t r a i n i n g  
co n tinued  f o r  10 d a i l y  s e s s i o n s .

D ata c o l l e c t i o n  i s  o n g o in g . I f  t h e  V T A -le s io n e d  r a t s  a c q u i r e  
th e  a u to sh a p e d  l e v e r  p r e s s  r e s p o n s e  m ore r a p i d l y  th a n  t h e  sham 
le s io n e d  r a t s ,  i t  w i l l  i n d i c a t e  t h a t  t h e  VTA l e s i o n  f a c i l i t a t e s  
a p p e t i t i v e ly  m o tiv a te d  r e s p o n s e s ,  j u s t  a s  i t  i s  known t o  
f a c i l i t a t e  a v e r s i v e l y  m o tiv a te d  r e s p o n s e s .  I f  VTA and sham r a t s  
a re  e q u iv a l e n t ,  i t  w i l l  s u g g e s t  a  s p e c i f i c  r o l e  f o r  t h e  VTA in  
a v e rs iv e ly  m o tiv a te d  b e h a v io r s .

W ilson , W. J . ,  & B a e sk e , E. G. ( 1 9 8 5 ) .  S o c i e ty  f o r  N e u ro s c ie n c e  
A b s t r a c t s .

W ilson , W. J . ,  & S o l t y s i k ,  S . S . (1 9 8 5 ) .  A c ta  N e u r o b io lo g ia e  
E x p e r im e n ta l is , 4 5 , 9 1 -1 0 5 .

S upported in  p a r t  by a  P u rd u e  U n i v e r s i ty  XL F a c u l ty  R e s e a rc h  G ra n t  
to  W.J.W.

255.4 AN AUTORADIOGRAPHIC ANALYSIS OF THE PATHWAYS MEDIATING 
AFFECTIVE DEFENSE AND QUIET BITING ATTACK FROM THE MIDBRAIN 
PERIAQUEDUCTAL GRAY IN THE CAT. M.B. S h a ik h  and  A. S i e g e l . 
D e p t . o f  N e u ro s c ie n c e ,  N .J .  M e d ic a l S c h o o l,  New ark, N .J .  07 1 0 3 .

I t  i s  now w e l l  e s t a b l i s h e d  t h a t  a f f e c t i v e  d e fe n s e  (AD) a s  
w e l l  a s  q u i e t  b i t i n g  " p r e d a to r y "  (QBA) a g g r e s s iv e  r e a c t i o n s  can  
be e l i c i t e d  by s t i m u l a t i o n  o f  t h e  m id b ra in  p e r i a q u e d u c ta l  g ra y  
(PAG) o f  t h e  c a t .  The p u rp o se  o f  t h i s  s tu d y  was t o  i d e n t i f y  th e  
a s c e n d in g  and  d e s c e n d in g  pa th w ay s from  th e  PAG s u b s e r v in g  e a c h  
o f  t h e s e  fo rm s o f  a g g r e s s iv e  b e h a v io r .

I n i t i a l l y ,  an  AD o r  QBA re s p o n s e  was i d e n t i f i e d  by e l e c t r i c a l  
s t i m u l a t i o n  th ro u g h  a  c a n n u la  e l e c t r o d e  s i t u a t e d  i n  th e  PAG. 
The a t t a c k  r e s p o n s e s  w ere s u b s e q u e n t ly  e l i c i t e d  fo llo w in g  
i n j e c t i o n s  o f  h o m o c y s te ic  a c id  th ro u g h  th e  same c a n n u la  
e l e c t r o d e  i n  o r d e r  t o  d e m o n s tra te  t h a t  t h e s e  r e s p o n s e s  w ere t h e  
r e s u l t  o f  d i r e c t  s t i m u l a t i o n  o f  c e l l  b o d ie s  w i th in  th e  PAG. 
T hen , one  o f  t h e  f o l lo w in g  a u to r a d io g r a p h ic  t r a c i n g  p ro c e d u re s  
was u t i l i z e d :  (1 )  3H l e u c i n e  was i n j e c t e d  th ro u g h  a  
c a n n u la  e l e c t r o d e  and  th e  a n im a l wa s  s a c r i f i c e d  a f t e r  4 -1 4  d ay s  
s u r v i v a l  p e r io d ;  o r  (2 )  a  C14 2 -d e o x y g lu c o s e  (2DG) 
s o l u t i o n  was s y s te m ic a l l y  i n j e c t e d  and  e l e c t r i c a l  s t i m u l a t i o n  
was a p p l i e d  th ro u g h  th e  c a n n u la  e le c t r o d e  i n  o r d e r  t o  
m e t a b o l i c a l l y  a c t i v a t e  t h e  p a th w ay s a s s o c i a t e d  w i th  e a c h  o f  
t h e s e  r e s p o n s e s .

In  g e n e r a l ,  o b s e r v a t io n s  r e s u l t i n g  from  t r i t i a t e d  am ino a c id  
i n j e c t i o n s  p a r a l l e l e d  t h o s e  o b ta in e d  u t i l i z i n g  2DG. The 
p r i n c i p a l  a s c e n d in g  pa thw ay  a s s o c i a t e d  w i th  AD was t r a c e d  t o  th e  
a n te r o m e d ia l  h y p o th a la m u s  and  m e d ia l  th a la m u s .  C o n c e rn in g  
d e s c e n d in g  p r o j e c t i o n s ,  l a b e l  was t r a c e d  i n t o  th e  c e n t r a l  
t e g m e n ta l  f i e l d s  o f  t h e  m id b ra in  and  p o n s , l o c u s  c o e r u l e u s ,  and 
m oto r and  m ain  s e n s o ry  n u c l e i  o f  t h e  t r i g e m i n a l  c o m p lex . W ith 
r e g a r d  t o  QBA, a  d i f f e r e n t  p r o j e c t i o n  p a t t e r n  a p p e a r s  t o  be 
p r e s e n t .  L a b e l was fo llo w e d  r o s t r a l l y  f o r  a  s h o r t  d i s t a n c e  o n ly  
t o  t h e  l e v e l  o f  t h e  p o s t e r i o r  h y p o th a la m u s . C a u d a lly  d i r e c t e d  
f i b e r s  a s s o c i a t e d  w i th  QBA a p p e a re d  t o  be m ore r e s t r i c t e d  th a n  
th o s e  l in k e d  t o  AD. T h ese  ax o n s  w ere t r a c e d  p r im a r i ly  t o  th e  
s u p e r io r  c o l l i c u l u s ,  c e n t r a l  te g m e n ta l  f i e l d s  and  ra p h e  com plex  
o f  t h e  m id b ra in  and  p o n s .

The r e s u l t s  s u g g e s t  t h a t :  (1 )  t h e  PAG s e r v e s  a s  a  c r i t i c a l  
s t r u c t u r e  f o r  t h e  e x p r e s s io n  o f  a t  l e a s t  t h e  v o c a l i z a t i o n  
com ponent o f  AD s in c e  a x o n s  a s s o c i a t e d  w i th  t h i s  b e h a v io r  s u p p ly  
n u c l e i  o f  NV; an d  ( 2 )  t h e  e x p r e s s io n  o f  QBA from  th e  PAG may 
in v o lv e  a s c e n d in g  f i b e r  b u n d le s  i n n e r v a t i n g  th e  h y p o th a la m u s  
r a t h e r  th a n  any  o f  i t s  d e s c e n d in g  co m p o n en ts .

[S u p p o rte d  by NIH G ra n t  NS 0 7 9 4 1 -1 7 ] .

255.5 ENDURING CHANGES IN "ANXIETY LEVEL" RESULT FROM EARLY POSTNATAL 
HANDLING OF RAT PUPS. S .K . G o ld sm ith  and  R .E . R u th  N e u r o te r a to lo g y  
L ab., Com m ittee on N e u ro s c ie n c e ,  U n iv . I l l . C h ic a g o , 60608 .

E a r ly  h a n d lin g  p ro d u c e s  a l t e r a t i o n s  i n  a d u l t  b e h a v io r .  R e c e n tly  
an e le g a n t  b e h a v io r a l  t e s t  was d e v e lo p e d  t o  m easu re  " a n x ie ty  
(Pellow , e t . a l ,  1 9 8 5 ) ."  We s tu d i e d  th e  e f f e c t s  o f  e a r l y  p o s t 
n a ta l  h a n d lin g  on t h i s  m ea su re  an d  t h e  p e rm an en ce  o f  any  c h a n g e s .

Male r a t  n e o n a te s  w ere  ran d o m ly  a s s ig n e d  t o  h a n d le d  (H) o r  
unhandled (U) f o s t e r  l i t t e r s .  On p o s t n a t a l  d ay  1 (P D 0 = b irth )  p u p s 
from H l i t t e r s  w ere  rem oved from  th e  home ca g e  and  g e n t l y  h a n d le d  
fo r  30 m in u te s /d a y  th ro u g h  PD22. To c o n t r o l  f o r  m a te rn a l  
s e p a ra tio n  we rem oved dams w hich  n u r tu r e d  th e  U l i t t e r s  f o r  an  
e q u iv a le n t  p e r io d  o f  t im e .  B e g in n in g  a t  PD60 e a c h  r a t  was o b s e rv e d  
fo r  5 m in u te s  d u r in g  t h e  d a rk  c y c le  on  a  p lu s -m a z e  d e s ig n e d  t o  
measure a n x ie ty  (P e llo w  e t . a l ,  1 9 8 5 ) . Each r a t  was t e s t e d  on 3 
s e p a ra te  o c c a s s io n s  s e p a r a te d  by  a  48h i n t e r v a l  b e tw e en  t e s t s .  
The d e p e n d en t v a r i a b l e  was p e r c e n t - t im e  s p e n t  on t h e  o p en  a rm s . 
H alf o f  t h e  a n im a ls  w ere  t e s t e d  a  f o u th  t im e  a t  PD240. A seco n d  
b e h a v io r ,  n e o p h o b ia , was t e s t e d  i n  a  t w o - b o t t l e  p a ra d ig m . F o llo w in g  
a 45 m in u te  d e p r i v a t i o n  a t  t h e  s t a r t  o f  t h e  d a rk  c y c l e ,  two w a te r  
b o t t l e s  (a n o v e l  s o l u t i o n  o f  0.1% s a c c h a r in  i n  t a p  w a te r  o r  t a p  
w ater o n ly )  w ere  p r e s e n t e d  t o  t h e  r a t s  f o r  30 m in u te s ;  t h e  n o v e l  
s o lu t io n  was p l a c e d  i n  t h e  s p a t i a l l y  n o n - p r e f e r r e d  p o s i t i o n .  A f t e r  
48h th e  t e s t  was r e p e a t e d  w i th  a  d i f f e r e n t  n o v e l  s o lu t i o n  (25.0% 
ap p le  j u i c e ) . We m ea su red  t h e  p e r c e n t  o f  t o t a l  i n ta k e  r e p r e s e n te d  
by th e  n o v e l  f l u i d .  A t h i r d  b e h a v io r ,  o p e n - f i e l d  a c t i v i t y ,  was 
o b se rv ed  d u r in g  t h e  d a rk  c y c le  i n  a  5 × 3 f o o t  g r i d  (3 r e p l i c a t i o n s  
48h a p a r t ) . S q u a re s  t r a v e r s e d / 5  m in u te s  was r e c o r d e d .

As r e p o r t e d  (T u ck er and  J o h n s o n ,  1983) t h e  H r a t s  w ere  s i g n i f i 
c a n tly  m ore a c t i v e  i n  t h e  o p e n - f i e l d ,  c r o s s i n g  50% m ore s q u a re s  
th an  th e  U r a t s .  The H r a t s  w ere  l e s s  n e o p h o b ic ,  consum ing  a 
h ig h e r  p e r c e n ta g e  o f  b o th  n o v e l  f l u i d s  (+30%, +23% ). The g r e a t e s t  
d i f f e r e n c e  was o b s e rv e d  on  t h e  a n x ie t y  t e s t ;  t h e  U r a t s  s p e n t  
1/3  o f  t h e  5 m in u te  t e s t  p e r i o d ,  b u t  t h e  H r a t s  s p e n t  2 /3  o f  t h e  
p e r io d ,  on t h e  o p en  a rm s . T h is  r e l a t i o n s h i p  re m a in e d  i n  t h e  same 
p r o p o r t io n s  a c r o s s  t h e  48h r e p l i c a t i o n s  and  a g a in  on  PD240.

The in c r e a s e d  a c t i v i t y  (Semenova e t . a l ,  1981) and  d e c re a s e d  
n e o p h o b ia  (M ason, e t . a l ,  1978) a s s o c i a t e d  w i th  e a r l y  h a n d l in g  a r e  
c o n s i s t e n t  w i th  a  r o l e  f o r  n o r e p in e p h r in e  i n  t h e  m e d ia t io n  o f  e a r l y  
h a n d lin g  e f f e c t s  (O 'S h e a , e t . a l ,  1 9 8 3 ) . How ever t h e  r e s u l t s  
i n d i c a t e  t h a t  o t h e r  sy s te m s  a l s o  p a r t i c i p a t e  i n  t h i s  p r o c e s s ,  s in c e  
s c o re s  on  t h e  p lu s -m a z e  a r e  i n f l u e n c e d  p r im a r i l y  by  a n x i o l y t i c  b u t  
n o t  by  a n t i d e p r e s s a n t  n o r  a n t i p s y c h o t i c  d ru g s  (P e llo w  e t . a l ,  1 9 8 5 ) .

255.6 OPPOSITE EFFECTS OF MEDIAL THALAMIC MU AND KAPPA OPIOID ACTIVITY 
ON MOTIVATIONAL-AFFECTIVE RESPONSES. K.D. C a r r  and E . J .  S im on. 
D ep artm en t o f  P s y c h ia t r y ,  New Y ork U n iv e r s i ty  S c h o o l o f  M e d ic in e , 
N .Y ., N.Y. 10016.

M e d ia l th a la m u s  c o n ta in s  a  h ig h  d e n s i ty  o f  o p io id  r e c e p t o r s  and 
seem s p a r t i c u l a r l y  e n r ic h e d  in  th e  mu r e c e p t o r  ty p e .  The p r e s e n t  
s tu d y  e v a lu a t e s  th e  e f f e c t  o f  m e d ia l  th a la m ic  mu o p io id  a c t i v i t y  
on m o t i v a t i o n a l - a f f e c t i v e  r e s p o n s e s  i n  th e  r a t .  R a ts  w ere  c h r o n ic 
a l l y  im p la n te d  w i th  m ic r o in j e c t io n  c a n n u la e  (22 g a . g u id e )  a im ed 
2 mm above  th e  t a r g e t  s i t e  i n  th e  l a t e r a l  segm ent o f  th e  m ed io 
d o r s a l  th a la m ic  n u c le u s .  B i l a t e r a l  i n f u s i o n  o f  DAGO, th e  mu- 
s e l e c t i v e  a g o n i s t ,  a t  a d o se  o f  5 .0  ug ( i n  a  0 .5  u l  vo lu m e, in fu s e d  
o v e r  1 m in u te  v i a  28 g a . i n j e c t o r  e x te n d in g  2 mm beyond g u id e )  
c o n s i s t e n t l y  p ro d u ce d  c a ta l e p s y  t h a t  was im m e d ia te ly  n a lo x o n e -  
r e v e r s i b l e  ( 1 .0  m g /k g , i . p . ,  n = 4 ) . DAGO i n  d o se s  o f  0 .2 5  ug and 
1 .0  ug d id  n o t  p ro d u c e  v i s i b l e  s ig n s  o f  s e d a t io n  o r  m o to r im p a ir 
m ent y e t  h ad  a  s u b s t a n t i a l  e f f e c t  i n  t e s t s  o f  m o t i v a t i o n a l -  
a f f e c t i v e  b e h a v io r a l  r e s p o n s e s .  L a t e r a l  h y p o th a la m ic  e l e c t r i c a l  
s t i m u l a t i o n  f re q u e n c y  th r e s h o ld s  f o r  e l i c i t i n g  f e e d in g  b e h a v io r  
and  s e l f - s t i m u l a t i o n  rew a rd  w ere  d e te rm in e d  i n  s e p a r a te  g ro u p s  o f 
r a t s  (n=3 & n= 4, r e s p e c t i v e l y ) .  T a i l - s h o c k  v o l ta g e  t h r e s h o ld  f o r  
e l i c i t i n g  a  p a in  v o c a l i z a t i o n  r e s p o n s e  was a l s o  d e te rm in e d  (n = 4 ) . 
DAGO ( 0 .2 5  ug) p ro d u ce d  a  mean e l e v a t io n  o f  +35% i n  f e e d in g  
th r e s h o ld ,  +12% i n  s e l f - s t i m u l a t i o n  t h r e s h o ld ,  and +40% in  p a in  
v o c a l i z a t i o n  t h r e s h o ld .  DAGO ( 1 .0  ug) p ro d u ce d  a  mean e l e v a t io n  
o f  +120% i n  f e e d in g  t h r e s h o ld ,  +35% i n  s e l f - s t i m u l a t i o n  t h r e s h o ld ,  
and  +165% i n  p a in  v o c a l i z a t i o n  th r e s h o ld .  U50 4 88 , th e  k a p p a -  
s e l e c t i v e  o p io id  a g o n i s t ,  i n  d o se s  up to  2 5 .0  u g , showed no s ig n  
o f  e l e v a t in g  t h r e s h o ld  f o r  any o f  t h e s e  b e h a v io r a l  r e s p o n s e s .  On 
t h e  c o n t r a r y ,  r a t s  d i s p la y e d  m odest r e d u c t io n s  i n  t h r e s h o ld  f o r  
s e l f - s t i m u l a t i o n  rew a rd  and p a in  v o c a l i z a t i o n .  H ig h e r  d o s e s  o f  
U50 488 a r e  c u r r e n t l y  b e in g  t e s t e d .

T h ese  r e s u l t s  s u g g e s t  t h a t  mu o p io id  a c t i v i t y  w i th in  m e d ia l  
th a la m u s  d im in is h e s  m o t i v a t i o n a l - a f f e c t i v e  r e s p o n s iv e n e s s  o f  th e  
o rg a n is m . P r e l im in a r y  d a ta  s u g g e s t  t h a t  kappa  o p io id  a c t i v i t y  may 
e n h an ce  su c h  r e s p o n s iv e n e s s .  (S u p p o rte d  by DA 03956 to  K .D .C . and 
DA 00017 to  E . J .S . )
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255.7 EFFECTS OF NALOXONE UPON HYPOTHALAMICALLY ELICITED AFFECTIVE 
DEFENSE BEHAVIOR AND THE MODULATION OF THIS RESPONSE BY THE 
AMYGDALA IN THE CAT. M. Brutus and A. S ieg e l. Dept. of 
Neuroscience, N .J. Medical School, Newark, N .J. 07103.

The amygdala, medial hypothalamus (MH) and the periaqueductal 
gray (PAG) form re c ip ro ca lly  in terconnected  neural su b stra te s  
fo r both e l i c i ta t io n  and modulation of aggressive rea c tio n s . 
These s i t e s  a re  a lso  known to  contain high concentrations of 
enkephalin-containing perikarya and nerve te rm ina ls . Our 
labora to ry  has re cen tly  shown th a t s tim u la tion  induced PAG 
in h ib itio n  of hypothalam ically e l ic i te d  a ffe c tiv e  defense 
behavior (AD) can be blocked by in tra c e re b ra l in je c tio n s  of 
naloxone in to  the  same PAG s i t e s  which modulate th is  response 
(P o tt e t  a l . ,  1984). We have a lso  observed th a t systemic 
adm in is tra tion  of naloxone can f a c i l i t a te  AD behavior e l ic i te d  
from the PAG (Shaikh e t a l . ,  1986). These find ings suggest th a t 
endogenous opioids may be involved in  the reg u la tio n  of AD. 
Therefore, the  major goal of the  present study was to  examine 
what ro le  endogenous opioids may play in  the  reg u la tio n  of 
hypothalam ically e l ic i te d  AD and in  the  modulation of th is  
response by the amygdala.

Moveable s tim u la ting  e lec tro d es  were s te re o ta x ic a lly  placed 
in to  th e  MH s i t e s  from which AD could be e l ic i te d  and in to  
amygdaloid s i te s  from which s ig n if ic a n t modulation of th is  
response could be obtained. Stable base line  th resho ld  values 
fo r AD were determined over a 1-2 week period . The experimental 
design a lso  employed paired t r i a l s  of s in g le  stim u la tion  of the 
a tta ck  s i t e  in  the hypothalamus and dual stim u la tion  of the 
hypothalamus and modulating s i t e  in  the amygdala. The order of 
p resen ta tion  of these paired t r i a l s  followed an A-B-B-A 
sequence. This procedure was followed on a lte rn a te  days by th is  
same paradigm except th a t naloxone hydrochloride (10 mg/kg, 
I .P . )  or normal sa lin e  (0.9%, I .P . )  was in jec ted  5 min. p r io r  to  
experim ental te s t in g .

Our r e s u l ts  in d ica te  th a t ,  in  8 cases, periphera l 
adm in istra tion  of naloxone s ig n if ic a n tly  reduced AD la te n c ie s , 
while s im ila r changes were not observed fo r con tro l cond itions. 
These re s u l ts  a re  c o n sis ten t with p r io r  s tu d ie s  which in d ica te  
th a t endogenous opioids in h ib i t  aggression . Of those s i te s  in  
the amygdala which modulated AD, naloxone p a r t ia l ly  blocked the 
f a c i l i t a t io n  e f fe c t  re s u ltin g  from dual stim u la tion  in  3 cases. 
This prelim inary data fu r th e r  in d ic a te s  th a t  endogenous opioids 
may a lso  play a ro le  in  the o v e ra ll amygdaloid mechanism which 
f a c i l i t a t e s  AD. Experiments cu rren tly  in  progress a re  a lso  
attem pting to  determine i f  endogenous opio ids play any ro le  in  
amygdaloid in h ib itio n  of AD.
[Supported by NIH Grant NS07941-17].

255.8 NEONATAL CAPSAICIN INCREASES PLAY DEFICIT PRODUCED BY XYLOCAINE. D.S. 
Sacks* and J . Panksepp.(SPON: J . Rossi III)  Dept. of Psych., Bowling  
Green State University, Bowling Green, OH 43403

Social play in  ra ts  has been shown to  be dependent upon the sensory 
feedback  occurring during play (Soc. Neurosci. Abst. 11:288, 1985) The 
disruption of play due to  cutaneous anesthesia of the anterior dorsal 
surface of an animal's body i s  indicative of the importance of specific 
sensory input in  the modulation of play. However, the ro le  of specific 
sensory information from these s ite s  is  unclear. Capsaicin has been shown 
to  selectively  damage only  C-fiber sensory afferents wh ile  leaving 
unmyelinated efferent fibers of SP-I neurons in tac t (Peptides 4:769-774, 
1983). In cur study, C-fiber de-afferentation  occurring a fte r the 
neonatal administration of subcutaneous Capsaicin was used to study the 
ro le  of these fibers in  the transmission of th is  sensory feedback.

Pinning behavior as well as play so lic ita tions  as measured by dorsal 
contacts, was examined in  10 pairs of juvenile Long-Evans ra ts  a fte r 
neonatal tre atment with subcutaneous admin is tra tion of e ither Capsaicin 
(50 mg/kg) or vehicle within 48 hours post partum. At 21 days of age, 
pups were individually housed and tested  for play during 5 min. 
observation periods every other day u n til 45 days of age. During the last 
2 sessions, each animal of the play pair was administered 4 b ila tera l 
subcutaneous injections (.4 ml. per injection) of 2% Xylocaine or vehicle 
in  the scapular region, 10 minutes p rio r to  play testing.

Neonatal treatment with Capsaicin did not re liab ly  a lte r  play. As 
expected, a  re liab le  decrease in  pinning as well as an increase in  play 
so lic ita tio n  gestures was found following somatosensory desensitization 
by the Xylocaine in jections. However, the disruptive effects of th is  
temporary desensitization was re liab ly  intensified  in  animals receiving 
the neonatal Capsaicin treatment. Whereas Xylocaine reduced pinning by 
26% in  controls, i t  yielded a  45% decrease in  the Capsaicin treated 
animals. Play so lic ita tions  increased over 3 fold in  controls following 
Xylocaine but a  4 fold increase was found in  the Capsaicin treated 
animals.

These resu lts  are indicative of the importance of C-fibers in  the 
communication of alternative  sources of sensory information in  play. 
Whi le  destruction of C-fibers did not reduce play by i ts e lf ,  indicating  
that C-fiber degeneration does not eliminate the important sensory 
feedback cues from the anterior dorsal areas required in  modulating play, 
these fibers do communicate sensory information that can be used 
seocodarily  as an a lte rna te  source of sensory feedback i f  the primary 
areas are unavailable for the animal.

255.9 PHENOMENOLOGIC LINK BETWEEN SUBSTANCE ABUSE AND EATING 
DISORDERS. A.L.C. P o ttash , J.M. Jonas*, M.S. Gold, J.A. 
Cocores*. Research F a c i l i t i e s ,  F a ir Oaks H osp ita l, Summit, NJ 
07901 and Delray Beach, FL 33445.

Studies of in d iv id u a ls  w ith eating  d iso rders  have 
demonstrated an unusually  high prevalence of substance abuse 
among these  populations (Hudson, J . I . ,  Pope, H.G., Jonas, J.M. 
e t  a l ,  Br J  P sych iatry , 142:133-138, 1983). The natu re  of th is  
linkage remains unc lear, however, and may be a ttr ib u ta b le  to  
the  presence of a common th ird  d iso rde r (such as depression) or 
to  a shared "add ic tive"  d ia th e s is .  To in v e stig a te  th is  l a t t e r  
p o s s ib i l i ty ,  we have stud ied  th e  prevalence of eating  d iso rde rs  
among p a tie n ts  w ith add ic tive  d iso rde rs  (cocaine abusers) and 
members of fam ilie s  of a lcoho lics  (ad u lt ch ild ren  of 
a lc o h o lic s ) , using a sem i-structu red  in terv iew  designed to  
generate life tim e  DSM-III diagnoses of bulim ia and anorexia 
nervosa (ANN). A b io lo g ica l lin k  between ad d ic tiv e  d iso rders  
and eating  d iso rd e rs  has been suggested by a rep o rt of 
naltrexone rev e rsa l of bulim ia (Jonas, J .M ., Gold M .S., Lancet, 
1(8484):807, 1986).

Among a group of 259 cocaine a d d ic ts , we found th a t  2% (6) 
had a life tim e  diagnosis of ANN, 22% (57) had a life tim e  
d iagnosis of bulim ia, and 7% (19) had su ffered  from both 
d iso rd e rs . Among ch ild re n  of a lco h o lic s , fu l ly  34% of 106 
people surveyed met DSM-III c r i t e r i a  fo r  e i th e r  bulim ia (29%), 
ANN (3%), or both d iso rd e rs  (2%). While the  incidence of ANN 
is  comparable to  th a t  seen in  o the r surveys, the incidence of 
b inge-eating  and bulim ia were elevated  in  both of these  
populations. These prelim inary  data  support a lin k  between 
substance abuse and ea tin g  d iso rd e rs , and suggest th a t  eating  
d iso rders  and substance abuse may be mediated by endogenous and 
exogenous op io ids.

255.10 A n t id e p r e s s a n t  E f f e c t s  on B eh av io r and C e r e b ra l  G lu co se  Metabolism 
i n  R a t s .  S . C a ld e c o t t -H a z a r d , P .R . Emmanuel, J .  M a z z io tta ,  M. 
P h e lp s .  N u c le a r  M ed ic in e  and B io p h y s ic s ,  UCLA, L .A ., CA 90024

We p r e v io u s ly  r e p o r t e d  t h a t  open f i e l d  b e h a v io r  i s  red u ced  and 
c e r e b r a l  g lu c o s e  m e ta b o lism  i s  changed  i n  e a c h  o f 3 r a t  models of 
d e p re s s e d  b e h a v io r  a s  com pared to  c o n t r o l s  (N e u ro sc i  A bstr. 
1 9 8 5 ) . The ch an g es  i n  m e ta b o lism  in c lu d e  in c r e a s e d  m etab o lism  in 
th e  l a t e r a l  h a b e n u la  (LHAB), and d e c re a s e d  m e ta b o lism  in  the 
p r e f r o n t a l  c o r t e x  (PCX), a n t e r i o r  v e n t r a l  n u c le u s  o f  th e  thalamus 
(AVT), and i n f e r i o r  c o l l i c u l u s  ( IC OL ) .  We now r e p o r t  th e  e ffe c ts  
o f  2 a n t i d e p r e s s a n t  d r u g s ,  t ra n y lc y p ro m in e  (a  MAO i n h i b i t o r )  and 
d es ip ra m in e  ( a  t r i c y c l i c )  on b e h a v io r  and m e ta b o lism  in  our 
d e p r e s s io n  m o d e ls . The m odels w ere in d u ce d  by i n j e c t i o n s  of 
a lp h a - m e t h y l - p a r a - ty r o s in e  (AMPT), w ith d ra w a l from  chronic 
am phetam ine (Amp WD), o r  3 weeks o f  s t r e s s o r s .  14C -2-deoxyg lucose 
(2DG) was u sed  to  s tu d y  c e r e b r a l  m e ta b o lis m . Tranylcyprom ine 
(TRANYL) was i n j e c t e d  once  (10  m g/kg ip )  a t  30 h o u rs  p r io r  to  open 
f i e l d  t e s t i n g  o r  2DG a d m i n i s t r a t i o n  i n  th e  AMPT m odel, or 
im m e d ia te ly  fo l lo w in g  rem o v a l o f  th e  am p h e ta m in e -c o n ta in in g  
p e l l e t s  (2 0  h o u rs  p r io r  to  t e s t i n g )  in  t h i s  m o d el. TRANYL was 
i n j e c t e d  o n c e /d a y  f o r  3 weeks (10  m g/kg i p )  p r io r  to  t e s t i n g  in 
th e  s t r e s s  m o d el. C o n tro l  r a t s  g iv e n  t h i s  d o se  o f TRANYL by 
e i t h e r  p r o to c o l  d id  n o t d i f f e r  s i g n i f i c a n t l y  from  e a ch  o th e r  or 
from  undru g g ed  c o n t r o l s  i n  b e h a v io r .  W ith 2DG, c o n t r o l s  g iv en  1 
i n j e c t i o n  o f  TRANYL had in c r e a s e d  m e ta b o lism  i n  th e  ICOL as 
com pared to  3 - w e e k - in je c te d  o r undru g g ed  r a t s .  Each o f th e  models 
g iv e n  TRANYL showed a  s i g n i f i c a n t  r e v e r s a l  o f  th e  red u c e d  behav io r 
s e e n  w i th  th e  m odels a lo n e .  In  e a c h  m o d el, TRANYL also  
s i g n i f i c a n t l y  r e v e r s e d  th e  d e p r e s s io n - c o r r e l a t e d  i n c re a s e  of 
m e ta b o lism  i n  th e  LHAB. F u r th e rm o re ,  TRANYL r e v e r s e d  the 
d e c re a s e d  m e ta b o lism  i n  th e  ICOL (AMPT and Amp WD m o d els)  and the 
PCX (Amp WD m o d e l) .

D e s ip ra m in e  (DESIP) was i n j e c t e d  tw ic e /d a y  (10  mg/kg i p )  fo r  3 
w eeks i n  a l l  m o d e ls . Open f i e l d  b e h a v io r  was s ig n i f i c a n t l y  
r e v e r s e d  from  i t s  re d u c e d  s t a t e  i n  th e  m odels a lo n e .  O th e r DESIP 
i n j e c t i o n  p r o to c o l s  (3  i n j e c t i o n s  t o t a l ,  o r  7 days o f  tw ice /d a y  
i n j e c t i o n s ) ,  a d m in is te r e d  i n  th e  AMPT and Amp WD m o d e ls , d id  not 
a f f e c t  b e h a v io r .  2DG s tu d i e s  i n  th e  3 m odels g iv e n  DESIP are  
s t i l l  i n  p r o g r e s s .  In  a l l  o f  t h e s e  c a s e s ,  th e  d ru g  i s  i n je c te d  
f o r  3 w eek s . R e s u l ts  from  th e  s t r e s s  m odel i n d i c a t e  t h a t  g lu co se  
m e ta b o lism  i n  th e  PCX, b u t  n o t  th e  LHAB, i s  s i g n i f i c a n t l y  re v e rse d  
fro m  i t s  d e c re a s e d  s t a t e  i n  th e  m odel a lo n e .  W hile TRANYL and 
DESIP b o th  r e v e r s e  d e p re s s e d  b e h a v io r ,  th e y  may p red o m in an tly  
a f f e c t  d i f f e r e n t  a r e a s  o f th e  b r a i n  and hence  work v i a  d i f f e r e n t  
m ech an ism s. S u p p o rte d  by g r a n t  #NS00979.
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255.11 AVERSIVE EFFECTS OF NALOXONE IN NAIVE AND MORPHINE-TREATED MICE: A 
DEMONSTRATION OF SPECIES GENERALITY. M .J .K . W a lk e r* , M.D. G r i t t i *  
and  R .F . M ucha. A d d ic t io n  R e se a rc h  F o u n d a tio n  o f  O n ta r io ,  T o ro n to , 
Canada M5S 2S1 and  D ep artm en t o f  P h a rm a c o lo g y , U n i v e r s i ty  o f  
T o r o n to ,  O n ta r io ,  Canada M5S 1A 8.

A r e c e n t  r e p o r t  t h a t  n a lo x o n e - in d u c e d  t a s t e  a v e r s io n  i s  n o t  
s e e n  in  m ice  i s  i n c o n s i s t e n t  w i th  f in d in g s  i n  r a t s  o f  b o th  t a s t e  
an d  p l a c e  a v e r s io n s  “p ro d u c e d  by  n a lo x o n e  (P sy ch o p h a rm a c o lo g y , 1 9 8 4 , 
8 2 , 3 2 2 ) . I n  v iew  o f  t h e  l i m i t a t i o n s  t h a t  t h i s  h a s  f o r  g e n e r a l i z 
in g  any m o t i v a t i o n a l  e f f e c t  o f  n a lo x o n e  s e e n  i n  l a b o r a to r y  a n im a ls  
t o  hu m an s, and  f o r  u s e  o f  m ouse i n  t h e  s tu d y  o f  o p i a t e - r e l a t e d  
m o t i v a t i o n ,  t h e  p r e s e n t  s tu d y  ex am in ed  t h e  h y p o th e s i s  t h a t ,  in  
m ic e , n a lo x o n e  i s  n o t  a v e r s i v e .  T h is  in v o lv e d  c o n f i r m a t io n  o f  
p r e v io u s  f in d i n g s  in  r a t s ,  m o d i f ic a t io n  o f  t h e  p ro c e d u re s  f o r  u se  
in  m ic e , an d  t e s t i n g  o f  t h i s  s p e c i e s  f o r  n a lo x o n e  c o n d i t i o n in g .

S u b je c t s  w ere  s e x u a l ly  m a tu re  m ale s  o b t a in e d  from  C h a r le s  R iv e r  
C anada I n c .  (Q u e b e c ).  C o n d i t io n in g  in v o lv e d  a  s e n s i t i v e  tw o - 
f l a v o r  t a s t e  p r o c e d u r e ,  u s e d  p r e v i o u s ly  i n  r a t s  ( P sy ch o p h arm a
c o lo g y ,  1 9 8 5 , 8 6 , 2 7 4 ) .  The tw o f l a v o r s  w ere a d ju s t e d  so  t h a t  
n o n - t r a in e d  s u b je c t s  show ed no o v e r a l l  p r e f e r e n c e  f o r  one f l a v o r .  
In  r a t s ,  F la v o r  1 c o m p rise d  9 . 3 mM MSG and 96 mM N aC l, and  
F la v o r  2 ,  0 .4  mM s a c c h a r in e  and  1 .1  mM c i t r i c  a c id  (m ixed  w i th  t a p  
w a t e r ) .  F o r  t h e  m ic e ,  t h e  s o lu t io n s  w e re  s i m i l a r  e x c e p t  f o r  t h e  
s a c c h a r in e  c o n c e n t r a t i o n  o f  0 .2 6  mM. The s u b je c t s  w ere w a te r -  
d e p r iv e d  o v e rn ig h t  and  t r a i n e d  3 t im e s  w i th  e a c h  f l a v o r  g iv e n  by 
i t s e l f  a t  i n t e r v a l s  o f  no l e s s  th a n  4 h  and  no lo n g e r  th a n  24 h ;  
c o n su m p tio n  o f  one  f l a v o r  was f o l lo w e d  by  an  i n j e c t i o n  (SC) o f  
n a lo x o n e  an d  t h e  o t h e r  f l a v o r  by  p la c e b o  ( s a l i n e ) .  T e s t in g  was 
c a r r i e d  o u t  i n  w a t e r - s a t i a t e d  a n im a ls  g iv e n  a c c e s s  t o  t h e  two 
f l a v o r s  f o r  1 d a y .

As s e e n  p r e v i o u s ly ,  r a t s  (S p ra g u e -D a w le y ) showed an a v e r s io n  to  
t h e  f l a v o r  p a i r e d  w i th  n a lo x o n e  a t  d o se s  a s  low  a s  0 .1  m g/kg . 
M ice (CD1 ) a l s o  showed a v e r s iv e  e f f e c t s ,  b u t  t h e  lo w e s t  d o se  
p r o d u c in g  s i g n i f i c a n t  c o n d i t i o n in g  (1 m g/kg) was h i g h e r  th a n  t h a t  
f o r  t h e  r a t s .  D o u b lin g  t h e  num ber o f  n a lo x o n e  p a i r i n g s  i n  mouse 
f a i l e d  t o  p ro d u c e  an y  c o n d i t i o n in g  a t  0 .1  m g/kg . H ow ever, t h i s  
d o se  was a v e r s iv e  i n  m ice  im p la n te d  w i th  a  37 mg m o rp h in e  p e l l e t  
f o r  3 day s  p r i o r  t o  t h e  s t a r t  o f  c o n d i t i o n in g ,  i n d i c a t i n g  t h a t  as  
f o r  r a t s  n a lo x o n e  a v e r s i v e  e f f e c t s  a r e  p o t e n t i a t e d  by  m o rp h in e  
t r e a t m e n t .

I t  was c o n c lu d e d  t h a t  m o t i v a t i o n a l  ch a n g es  p ro d u c e d  b y  n a lo x o n e  
do o c c u r  i n  m ouse . They may r e f l e c t  p r o c e s s e s  s i m i l a r  t o  t h o s e  in  
t h e  r a t ,  a lth o u g h  t h e  mouse do es  a p p e a r  l e s s  s e n s i t i v e  th a n  t h e  
r a t .  I n  a d d i t i o n ,  i t  a p p e a r s  t h a t  t h e  e c o n o m ic a l l a b o r a to r y  mouse 
may be e x p lo i t e d  f o r  t h e  s tu d y  o f  d r u g - r e l a t e d  m o t iv a t io n .

(S u p p o rte d  by MRC g r a n t  95 5 2 ; n a lo x o n e  k in d ly  s u p p l i e d  by  
d u P o n t . )

255.12  EVIDENCE FOR DOPAMINE INVOLVEMENT IN REWARD USING A LATENT 
EXTINCTION PARADIGM. K .E . A sin  and D. W i r t s h a f t e r . U n iv e r s i ty  o f 
I l l i n o i s  a t  C h ic a g o , D e p t. o f  P s y c h o lo g y , P . O. Box 4348 , C h ic a g o , 
IL 60680.

One o f th e  m ost h o t ly  d e b a te d  t o p ic s  in  p h y s io l o g ic a l  p sy c h o lo g y  
i s  th e  r o l e  o f  dopam ine (DA) in  r e in f o r c e m e n t .  E v id en ce  f o r  th e  
in v o lv e m en t o f  DA in  rew ard  h as  come from  s tu d i e s  on th e  
b e h a v io r a l  e f f e c t s  o f  n e u r o l e p t i c  d r u g s .  E s p e c ia l ly  p ro b le m a t ic  
in  r e s o l v in g  th e  d i s p u t e  i s  th e  d i f f i c u l t y  i n  d i s s o c i a t i n g  th e  
m o to r ic  demands p la c e d  on th e  an im a l from  th e  a t t a in m e n t  o f  rew ard  
in  n e u r o l e p t i c  t r e a t e d  a n im a ls .  A d d i t i o n a l ly ,  th e  b e h a v io r  o f  
n e u r o l e p t i c  t r e a t e d  r a t s  i s  t y p i c a l l y  com pared to  th e  b e h a v io r  o f 
u n t r e a te d  a n im a ls  and t h i s  may le a d  to  i n t e r p r e t i v e  d i f f i c u l t i e s  
due to  p o s s ib l e  s t a t e  d e p e n d en c y . In  an e f f o r t  to  c irc u m v e n t 
th e s e  d i f f i c u l t i e s ,  we exam ined th e  e f f e c t s  o f  h a lo p e r id o l  (H) on 
th e  r u n n in g  r e s p o n s e  o f  a n im a ls  t r a i n e d  on a  s t r a i g h t  a l l e y  t a s k  
u s in g  a  l a t e n t  e x t i n c t i o n - l i k e  (LE) p a ra d ig m . Our r e s u l t s  s u p p o r t  
th e  n o t io n  t h a t  dopam ine i s  in v o lv e d  in  rew ard  m echan ism s.

In  th e  f i r s t  e x p e r im e n t we exam ined th e  c o n d i t i o n s  u n d e r w hich  
LE c o u ld  be o b ta in e d  in  o u r  l a b .  R a ts  w ere g iv e n  60 a c q u i s i t i o n  
t r i a l s  on a  s t r a i g h t  a l l e y  t a s k  f o r  food  re w a rd . A f te r  t h i s  t im e ,  
h a l f  o f  th e  a n im a ls  (GB) w ere g iv e n  10 p la c e m e n ts  d i r e c t l y  i n to  
th e  now u n b a ite d  g o a l  b o x , w h ile  th e  o th e r  r a t s  (NB) w ere g iv e n  10 
p la c e m e n ts  i n  an em p ty , n e u t r a l  b ox . When, im m e d ia te ly  
t h e r e a f t e r ,  a n im a ls  w ere g iv e n  6 c o n v e n tio n a l  e x t i n c t i o n  t r i a l s ,  
GB r a t s  showed m ore r a p id  e x t i n c t i o n  com pared to  NB r a t s , 
d e m o n s tra t in g  t h a t  LE had o c c u r r e d .

In  th e  n e x t  e x p e r im e n t we u se d  a s im i l a r  p a rad ig m  b u t  su b 
s t i t u t e d  h a lo p e r id o l  f o r  th e  n o -re w a rd  c o n d i t i o n .  T h u s, r a t s  w ere 
g iv e n  60 t r a i n i n g  t r i a l s  on a fo o d -re w a rd e d  s t r a i g h t  a l l e y  ta s k  
a c ro s s  10 d a y s .  On th e  fo l lo w in g  day a l l  a n im a ls  w ere i n j e c t e d  
w i th  .1 5  mg/kg h a lo p e r id o l  ( i p ) ;  45 m in . l a t e r  h a l f  o f  th e  r a t s  
(GBH) w ere g iv e n  10 g o a l  box p la c e m e n ts  w i th  food  p r e s e n t ,  w h ile  
th e  o th e r s  (NBH) w ere g iv e n  p la c e m e n ts  in  a n e u t r a l  b o x , a l s o  w i th  
fo o d  p r e s e n t .  R a ts  w ere th e n  g iv e n  6 t r i a l s  to  ru n  down th e  a l l e y  
f o r  fo o d  r e w a rd . A MANOVA in d ic a te d  t h a t  a l th o u g h  b o th  g ro u p s 
showed d e c l i n e s  i n  ru n  s p e e d s  a c ro s s  th e  6 t r i a l s , g ro u p  GBH ra n  
s i g n i f i c a n t l y  s lo w e r  th a n  g ro u p  NBH, ev en  on th e  f i r s t  t e s t  
t r i a l .  We do n o t  f e e l  t h a t  t h i s  d i f f e r e n c e  r e f l e c t s  an i n f lu e n c e  
o f  th e  d ru g  on m o to r ic  sy s te m s  s in c e  b o th  g ro u p s  had had s im i l a r  
m o to r ic  o u tp u ts  ( i . e .  th e y  b o th  had b een  a llo w e d  to  consume 
rew a rd s  im m e d ia te ly  p r i o r  to  t e s t i n g ) .  S in c e  H t r e a t e d  r a t s  g iv e n  
d i r e c t  g o a l  box p la c e m e n ts  showed s lo w e r  ru n  s p e e d s  com pared to  
r a t s  p la c e d  in  a  n e u t r a l  b o x , we f e e l  t h a t  o u r  s tu d y  s u g g e s t s  t h a t  
i n j e c t i o n s  o f  h a lo p e r id o l  can  i n t e r a c t  w i th  rew ard  sy s te m s  in  a 
m anner a t  l e a s t  somewhat s im i l a r  to  e x t i n c t i o n  and t h a t  t h i s  
i n t e r a c t i o n  can  o c c u r  even  b e fo r e  th e  p e rfo rm a n c e  o f th e  
c o n d i t io n e d  r e s p o n s e .

2 5 5 .13 DIFFERENTIAL CONTROL OF THERMOREGULATORY BEHAVIORS AGAINST 
HYPERTHERMIA BY SUPERFICIAL AND DEEP THERMORECEPTORS IN RATS. 
W.W. R o b e r t s . D e p t . o f  P s y c h o lo g y ,  U n iv . o f  M in n e s o ta , 
M in n e a p o l is ,  MN 55455 .

The p r i n c i p a l  b e h a v io r a l  r e s p o n s e s  o f  r a t s  to  h y p e r th e rm ia  
in d u c e d  by a m b ie n t  h e a t  a r e  g ro o m in g , w h ich  c o o ls  by e v a p o r a t io n  o f  
s a l i v a  s p re a d  o v e r  th e  f u r ;  lo c o m o tio n ,  w h ich  l e a d s  to  e s c a p e  from  
th e  warm a r e a ;  and  r e l a x e d  body e x t e n s i o n ,  w h ich  r e d u c e s  h e a t  
p r o d u c t io n  by m u sc le  to n u s  an d  a c t i v e  b e h a v io r s .  D u rin g  th e  e a r l y  
s t a g e  o f  e x p o s u re  to  a m b ie n t h e a t ,  when th e  s i g n a l  o f  h y p e r th e rm ia  
i s  d e r iv e d  s o l e l y  o r  m a in ly  from  s u p e r f i c i a l  h e a t  r e c e p t o r s  
d i r e c t l y  e x p o sed  to  th e  h e a t ,  g room ing  and  lo c o m o tio n  a r e  
p re d o m in a n t ,  and  p o s t u r a l  e x te n s io n  i s  w eak o r  a b s e n t .  D u rin g  th e  
l a t e r  s t a g e ,  a s  deep  body t i s s u e s  become h y p e r th e rm ic ,  p o s t u r a l  
e x te n s io n  em erg es  and  becom es p r o g r e s s iv e l y  s t r o n g e r  and  m ore 
f r e q u e n t .  T h is  te m p o ra l  s e q u e n c e  s u g g e s t s  t h a t  s u p e r f i c i a l  h e a t  
r e c e p t o r s  p r e f e r e n t i a l l y  a c t i v a t e  g room ing  and  lo c o m o tio n ,  w h i le  
d eep  r e c e p t o r s  p r e f e r e n t i a l l y  a c t i v a t e  r e l a x e d  p o s t u r a l  e x te n s io n .

P re d o m in a n t  ( th o u g h  n o t  p u r e )  deep  h y p e r th e rm ia  was in d u c e d  by 
th r e e  m e th o d s :  a )  e x p o s u re  t o  a m b ie n t h e a t  fo l lo w e d  by e s c a p e  to  a  
th e r m a l ly  n e u t r a l  e n v iro n m e n t ,  b ) i n t e r m i t t e n t  e x p o s u re  to  weak 
m icrow ave  i r r a d i a t i o n  i n  a  t h e r m a l ly  n e u t r a l  e n v iro n m e n t ,  and c) 
i n j e c t i o n  o f  i s o p r o t e r e n o l  i n  c o ld - a c c l im a te d  r a t s  i n  a  t h e r m a l ly  
n e u t r a l  e n v iro n m e n t . I n  a l l  t h r e e  c a s e s ,  p o s t u r a l  e x te n s io n  was 
m a rk e d ly  i n c r e a s e d  above  th e  s m a l l  am ount p r e s e n t  when deep  t i s s u e s  
w ere  n o rm o th e rm ic  i n  a  t h e r m a l ly  n e u t r a l  e n v iro n m e n t ,  and ev e n  r o s e  
a b o u t  40-50% above  th e  am ount p r e s e n t  d u r in g  th e  l a t e r  s ta g e  o f  
e x p o s u re  t o  a m b ie n t h e a t .  The am ounts o f  groom ing  and  lo c o m o tio n , 
h o w e v e r , w ere  a b o u t  t h e  same o r  l e s s  th a n  d u r in g  e x p o s u re  to  
t h e r m a l ly  n e u t r a l  c o n d i t i o n s .

T h ese  f i n d i n g s  c o n f i rm  th e  p re d o m in a n t  c o n t r o l  o f  g room ing  and 
lo c o m o tio n  by s u p e r f i c i a l  r e c e p t o r s  an d  p o s t u r a l  e x te n s io n  by deep  
r e c e p t o r s .  As a  c o n s e q u e n c e , i n i t i a l  e x p o s u re  to  a m b ie n t h e a t  
e l i c i t s  s a l i v a  s p re a d in g  and e s c a p e  a c t i v i t y .  I f  th e y  do n o t  
p r e v e n t  d eep  t i s s u e s  from  becom ing  h y p e r th e rm ic ,  p o s t u r a l  
e x te n s io n  em erg es  t o  s u p p re s s  to n u s  and o t h e r  h e a t - p ro d u c in g  
a c t i v i t i e s  e x c e p t  f o r  c o n t i n u a t i o n  o f  some i n t e r m i t t e n t  groom ing  
and  lo c o m o tio n .  I f  e s c a p e  to  a  t h e r m a l ly  n e u t r a l  e n v iro n m e n t th e n  
o c c u r s ,  e x te n s io n  p re d o m in a te s  and  lo c o m o tio n  and g room ing  a r e  
m in im iz e d .
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256 SPECIAL LECTURE. INOSITOL LIPIDS AND NEURAL FUNCTION. 
M ic h a e l J .  B e r r i dge, A .F .R .C . U n it  o f  I n s e c t  
N e u ro p h y s io lo g y  and P h a rm aco lo g y , D e p t. o f  Z o o lo g y , 
U n iv e r s i ty  o f  C am bridge , Downing S t r e e t ,  Cam bridge CB2 3E J, 
U.K.

Many t r a n s m i t t e r s  i n  th e  b r a i n  a c t  by s t i m u l a t i n g  th e  
h y d r o ly s i s  o f  an  i n o s i t o l  l i p i d  (P IP 2) to  g iv e  d i a c y l g ly c e r o l  
(DG) and i n o s i t o l  1 ,4 ,5 - t r i s p h o s p h a t e  ( I n s l , 4 , 5P3) . T hese 
two seco n d  m e sse n g e rs  m ark th e  b e g in n in g  o f  a h ig h ly  
v e r s a t i l e  s ig n a l l i n g  sy s te m  w hich  may have a u n iq u e  r o l e  to  
p la y  in  m o d u la t in g  n e u r a l  a c t i v i t y .  S p e c ia l  e m p h asis  w i l l  be  
g iv e n  to  th e  way in  w hich  t h i s  b i f u r c a t i n g  s i g n a l l i n g  sy s te m  
f u n c t io n s  in  b o th  p r e -  and p o s t - s y n a p t i c  e v e n ts .  By 
m o b i l iz in g  c a lc iu m  from  th e  e n d o p la sm ic  r e t i c u l u m ,  I n s l , 4 ,5 P 3 
r e g u l a t e s  th e  i n t r a c e l l u l a r  c o n c e n t r a t i o n  o f  c a lc iu m  th e r e b y  
e f f e c t i n g  b o th  e x c i t a b i l i t y  and f a c i l i t a t i o n .  T h ere  a r e  two 
s e p a r a te  pa th w ay s f o r  m e ta b o l iz in g  I n s l , 4 ,5 P 3 . In  one 
p a thw ay  i t  i s  s e q u e n t i a l l y  d e p h o s p h o ry la te d  to  f r e e  i n o s i t o l .  
I n h i b i t i o n  o f  some o f  th e s e  d e p h o s p h o ry la t io n  r e a c t io n s  by 
l i t h iu m  m ig h t e x p la in  th e  t h e r a p e u t i c  a c t i o n  o f  t h i s  io n  in  
c o n t r o l l i n g  m a n ic -d e p r e s s iv e  i l l n e s s .  The a l t e r n a t i v e  
pa thw ay  b e g in s  w i th  an  i n o s i t o l  t r i s p h o s p h a t e  k in a s e  w hich  
p h o s p h o ry la te s  I n s l , 4 ,5 P 3 to  i n o s i t o l  t e t r a k i s p h o s p h a t e  
( I n s l , 3 , 4 , 5 P 4 ) w h ich  i s  th e n  d e p h o s p h o ry la te d  to  form  th e  
t r i s p h o s p h a t e  iso m e r  I n s l , 3 , 4 P 3 . T hese new i n o s i t o l  
p o ly p h o s p h a te s  ( I n s l , 3 , 4 , 5P4 and I n s l ,3 ,4 P 3 ) c o u ld  
c o n c e iv a b ly  have a d d i t i o n a l  seco n d  m esse n g e r  f u n c t i o n s .

The D G /C -k in ase  lim b  o f  th e  s ig n a l  pathw ay  may r e g u l a t e  
b o th  t r a n s m i t t e r  r e l e a s e  and  e x c i t a b i l i t y  by m o d u la t in g  a 
v a r i e t y  o f  p h y s io l o g ic a l  p r o c e s s e s  many o f  w hich  depend  upon 
c h a n g es  in  p o ta s s iu m  p e r m e a b i l i t y .  R e c e p to r - s t im u la te d  
i n o s i t o l  l i p i d  h y d r o ly s i s  may th u s  p la y  a  c r u c i a l  r o l e  i n  th e  
n e rv o u s  sy s te m  by m o d u la t in g  t r a n s m i t t e r  r e l e a s e  th ro u g h  
s u b t l e  a l t e r a t i o n s  i n  e x c i t a b i l i t y .

257 SYMPOSIUM. BRAIN SPECTRIN: STRUCTURE, LOCATION, AND FUNCTION. 
S. R. Goodman*, M. S. H ersh ey  Med. C e n te r  ( C h a ir p e r s o n ) ;  I .  S. 
Zagon, M. S . H ersh ey  Med. C e n te r  (C o -C h a irp e rs o n ) ;  V. B e n n e t t* , 
Jo h n  H opk ins U n iv . ;  G. L y n ch , U n iv . o f  C a l . - I r v i n e ;  M. W i l l a r d , 
W ash in g to n  U niv .

The d is c o v e r y  o f  n o n e ry th r o id  s p e c t r i n  i n  1981 h a s  l e d  t o  an 
e x p lo s iv e  am ount o f  r e s e a r c h  a c t i v i t y  d e s ig n e d  to  u n d e rs ta n d  th e  
f u n c t io n s  o f  t h i s  u n b iq u i to u s  c y to s k e l e t a l  fa m ily  o f  p r o t e i n s .  
I n  t h i s  sym posium , we w i l l  b r in g  th e  n e u ro s c ie n c e  com m unity to  
th e  c u t t i n g  edge o f  r e s e a r c h  p e rfo rm e d  o v e r  th e  p a s t  f i v e  y e a r s ,  
w h ich  h a s  l e d  to  o u r  i n i t i a l  u n d e r s ta n d in g  o f  th e  s t r u c t u r e ,  
l o c a t i o n ,  and f u n c t io n  o f  b r a i n  s p e c t r i n  ( f o d r i n ) .  D r. V. 
B e n n e tt  w i l l  d i s c u s s  th e  s t r u c t u r e  o f  b r a i n  s p e c t r i n ,  and th e  
i d e n t i f i c a t i o n  o f  p r o t e i n s  ( a n k y r in ,  s y n a p s in  I )  a s s o c i a te d  w ith  
s p e c t r i n  in  b r a i n .  A b r i e f  p r e s e n t a t i o n  w i l l  b e  g iv e n  by D r. 
K e i th  K re b s , a  p o s td o c t o r a l  f e l lo w  in  D r. Goodman’s l a b o r a to r y ,  
on th e  d i s c o v e r y  o f  a  new s p e c t r i n  b in d in g  p r o t e i n  i n  b r a i n  
named a m e l in .  A m elin  i s  a 93 kD b a s ic  p r o t e i n  w hich  i s  
a n t i g e n i c a l l y  and s t r u c t u r a l l y  r e l a t e d  t o  e r y t h r o c y t e  p r o t e i n  
4 . 1 ,  b u t  i s  d i s t i n c t  from  s y n a p s in  I .  D r. S . R. Goodman w i l l  
d i s c u s s  h i s  r e c e n t  d i s c o v e r y  o f  two d i s t i n c t  mam m alian b r a i n  
s p e c t r i n  i s o f o r m s ,  b r a i n  s p e c t r in ( 2 4 0 /2 3 5 )  w h ich  i s  l o c a t e d  in  
ax o n s and p r e s y n a p t ic  t e r m in a l s ;  and b r a i n  s p e c t r in ( 2 4 0 /2 3 5 E )  
w hich  i s  l o c a t e d  in  n e u ro n a l  c e l l  b o d ie s ,  d e n d r i t e s ,  and 
p o s t s y n a p t ic  t e r m in a l s ,  a s  w e l l  a s  i n  c e r t a i n  g l i a l  c e l l s .  The 
s t r u c t u r e  and a s s o c i a t i o n s  o f  th e s e  is o fo rm s  w i l l  be  com pared . 
D r. I .  S . Zagon w i l l  d i s c u s s  th e  d i f f e r e n t  e x p r e s s io n  o f  th e s e  
two b r a i n  s p e c t r i n  iso fo rm s  d u r in g  m ammalian b r a i n  d e v e lo p m en t. 
D r. M. W il la r d  w i l l  d i s c u s s  th e  movement o f  s p e c t r i n  ( f o d r in )  in 
th e  axon and i t s  r e l a t i o n s h i p  to  th e  m ovem ents o f  o th e r  p r o te in s  
( e . g .  s y n a p s in  I ) ,  a s  w e l l  a s  i t s  r e l a t i o n s h i p  t o  th e  movement 
o f  p r o t e i n s  i n  o th e r  sy s te m s  ( e . g .  lym p h o cy te  c a p p in g ) .  D r. G. 
Lynch w i l l  d i s c u s s  t h e  h y p o th e s i s  t h a t  th e  d e g ra d a t io n  o f  b r a in  
s p e c t r i n  by c a lp a i n ,  t r i g g e r e d  by p h y s io l o g ic a l  e v e n ts ,  r e s u l t s  
in  l o n g - l a s t i n g  c h a n g es  i n  s y n a p t i c  s t r u c t u r e  and f u n c t io n .

258 SYMPOSIUM. PHYSIOLOGICAL CONTROL OF MAMMALIAN 
VOCALIZATION. J.D . Newman, NICHD, NIH (C hairperson); 
J .  Panksepp, Bowling Green S ta te  U niversity ; P. MacLean, 
NIMH; J .  Buchwald, UCLA Medical Center; W. O’Neil l , 
U niversity  of Rochester Medical Center.

Study of the physiological control of mammalian v o ca li
zation  has sh if te d  recen tly  from the tra d itio n a l empha
s is  on brainstem mechanisms of phonation in general to  
the study of forebrain  mechanisms involved in the expres
sion of sp ec ific  vocaliza tions given in sp ec ific  behavior
al con tex ts. This symposium presen ts  an overview of re 
search re f le c tin g  th is  contemporary trend in the study of 
mammalian vocal physiology. Two top ics  addressed by the 
speakers are the evolu tion  of mechanisms mediating expres
sion of the i so la tio n  c a l l ,  one of the most basic mammal
ian v o ca liza tio n s , and the ro le  i n phonation of the 
a n te r io r  c ingu la te  gyrus, a fo rebrain  s tru c tu re  fo r which 
there  i s no coun terpart in submammalian v e rte b ra te s . Upon 
maternal separa tion , mammal i an in fan ts  emit species- 
typ ica l v o caliza tions  commonly re fe rred  to  as " iso l a tion  
cal l s ."  Recent s tud ies  have id e n tif ie d  some of the key 
neural c i r c u i ts  and re la te d  neurochemical systems involved 
in i so la tio n  cal l  production. An i mportant p a rt of th is  
c irc u itry  i s the medi ofron tal limbic cortex  (c ingu la te  
gyrus), which has been im plicated in sound production i n 
a range of mammals, including humans.
The top ics to  be covered by the syposi um speakers i nclude: 
a comparison of neural and neurochemical control of 
separation-induced v o caliza tions  i n rodents and i n chicks 
(Jaak Panksepp); the evolution of the thalam o-cingulate 
d iv is io n  of the  lim bic system, and i t s  relevance to  the 
e labora tion  of mammalian audiovocal communication from 
ancestra l therapsid  re p t i le s  (Paul MacLean); the  neural 
and hormonal control of separation-induced vocaliza tion  
in  k it te n s  (Jen n ife r Buchwald); the ro le  of a n te rio r 
c ingu la te  gyrus and periaqueductal gray in the v o ca li
zations of ba ts  (William O 'N e ill) .
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259.1 LAMINAR AND REGIONAL SPECIFICITY OF TANGLE AND PLAQUE 
DISTRIBUTION IN ALZHEIMER'S DISEASE (AD): A QUANTITATIVE STUDY 
OF VISUAL AND AUDITORY CORTICES. D.A. L e w is , M .J . C a m p b e ll, G.W. 
H u n t le y ,*  D .L . B e n so n ,*  R .D . T e r ry *  an d  J .H .  M o r r i s o n . S c r ip p s  
C l i n i c  an d  R e s . F n d . , La J o l l a ,  CA 92037 an d  UCSD, La J o l l a ,  CA.

We q u a n t i f i e d  th e  r e g i o n a l  an d  la m in a r  d i s t r i b u t i o n  o f  
n e u r o f i b r i l l a r y  t a n g l e s  (T) an d  s e n i l e  p la q u e s  (P ) i n  th e  
f o l l o w in g  c o r t i c a l  r e g io n s  fro m  b r a i n s  o f  p a t i e n t s  w i th  AD: 
B ro d m an n 's  a r e a s  17 (p r im a ry  v i s u a l ) ,  18 ( v i s u a l  a s s o c i a t i o n ) ,  20 
( h ig h e r - o r d e r  v i s u a l  a s s o c i a t i o n ) , 41 ( p r im a ry  a u d i t o r y )  and  22 
( a u d i t o r y  a s s o c i a t i o n ) . S e c t io n s  40 μm t h i c k  w ere  s t a i n e d  w ith  
T h i o f l a v in  S . F o r e a c h  a r e a ,  th e  num ber o f  T i n  a  250 μm 
c o r t i c a l  t r a v e r s e  an d  th e  num ber o f  P i n  a  500 μm c o r t i c a l  
t r a v e r s e  w ere  c o u n te d  i n  10 an d  8 s e c t i o n s ,  r e s p e c t i v e l y .  The 
mean num ber o f  T i n  e a c h  c o r t i c a l  l a y e r  i s  shown b e lo w :

A rea C ases I I I I I I IV V VI T o ta l

17 6 0 0 0 .6 0 . 1 0 . 1 0 0 .9
18 6 1 . 0 1 .7 1 3 .5 0 .3 3 .5 0 .7 1 9 .7
20 6 1 . 0 0 .6 1 2 .5 3 .1 1 8 .0 1 .3 3 5 .5
41 4 0 0 . 1 0 .7 0 0 .4 0 1 .2
22 4 0 0 .2 4 .3 0 .5 1 1 .3 0 .3 1 6 .5

The la m in a r  an d  r e g i o n a l  d i s t r i b u t i o n  o f  T i n  human c o r t e x  i s  
d i r e c t l y  c o r r e l a t e d  w i th  th e  d i s t r i b u t i o n  o f  p y ra m id a l  n e u ro n s  
f u r n i s h i n g  lo n g  c o r t i c o c o r t i c a l  (CC) p r o j e c t i o n s  i n  monkey 
c o r t e x .  F o r  e x a m p le , b o th  T an d  lo n g  CC p r o j e c t i o n  n e u ro n s  a re  
s p a r s e  i n  a r e a  1 7 , h a v e  a  s u b s t a n t i a l l y  g r e a t e r  r e p r e s e n t a t i o n  in  
a r e a  18 , p r e d o m in a n t ly  i n  l a y e r  I I I ,  an d  a r e  p r e s e n t  i n  even  
g r e a t e r  num bers i n  a r e a  2 0 , i n  b o th  l a y e r s  I I I  an d  V. A s im i l a r  
a s s o c i a t i o n  i s  e v id e n t  i n  th e  a u d i t o r y  s y s te m . I n  c o n t r a s t ,  mean 
P num ber i s  s i m i l a r  i n  v i s u a l  a r e a s  17 ( 1 8 .0 ) ,  18 ( 1 8 .2 )  an d  20 
( 2 1 .3 ) .  H ow ever, o v e r  70% o f  P i n  a r e a s  18 an d  20 , b u t  o n ly  22% 
i n  a r e a  17 , a r e  o f  th e  im m atu re  ty p e .  P a r e  p r e s e n t  i n  a l l  
l a y e r s  b u t  a r e  m o st num erous i n  I I I  an d  IV . Im m ature  P a r e  more 
common i n  s u p r a g r a n u la r  l a y e r s  an d  m a tu re  P i n  d eep  l a y e r s .

I n  sum m ary, t h e  p r e c i s e  c o r r e l a t i o n  b e tw e e n  th e  d i s t r i b u t i o n  
o f  T an d  th e  o r i g i n  o f  lo n g  CC p r o j e c t i o n s  s u g g e s t s  t h a t  T r e s i d e  
i n  t h e  p y ra m id a l  c e l l s  w h ich  f u r n i s h  t h e s e  p r o j e c t i o n s .  In  
c o n t r a s t ,  P h a v e  d i f f e r e n t  an d  l e s s  s p e c i f i c  r e g i o n a l  an d  la m in a r  
d i s t r i b u t i o n s .  T h ese  f i n d i n g s ,  i n  c o n c e r t  w i th  th e  d i f f e r e n t  
r e g i o n a l  an d  la m in a r  d i s t r i b u t i o n s  o f  im m ature  an d  m a tu re  P, 
s u g g e s t  t h a t  m u l t i p l e  n e u ro n a l  s y s te m s  ( e . g .  lo n g  CC p r o j e c t i o n s ,  
s u b c o r t i c a l  a f f e r e n t s ,  an d  i n t r i n s i c  c o r t i c a l  n e u ro n s )  may 
c o n t r i b u t e  t o  P f o rm a t io n .  S u p p o r te d  by  MH-00519, AG05131, and 
th e  M acA rthur F o u n d a t io n .

259.2 SMI 3 2 ; A POTENTIAL IMMUNOHISTOCHEMICAL MARKER FOR THE 
CORTICO-CORTICALLY PROJECTING CELLS COMPROMISED IN ALZHEIMER'S 
DISEASE (AD). J .H . M orrison, D.A. L ew is, M .J. Campbell , G.W. 
Huntley*, D.L. Benson*, and C. Bouras*1 . Scripps C lin ic  and Res. 
Fdn., La J o l la ,  CA 92037 and 1 In s t .  Univ. de P sy c h ia trie , Geneva, 
Switz.

Q u an tita tiv e  analyses of the  d is t r ib u t io n  of plaques and tangles 
(Lewis e t  a l , th i s  volume) suggest th e  fo llo w in g : AD r e s u l t s  in 
p a r t  from th e  breakdown o f c o r t i c o c o r t i c a l  co n n ec tio n s  and th e  
pyramidal c e l l s  which fu rn ish  these  p ro je c tio n s . In th is  view, the 
dementia of AD may r e f le c t  a n e o c o r tic a l  d is c o n n e c tio n  syndrome. 
T h is  h y p o th e s i s  r e q u i r e s  t h e  d i r e c t  d e m o n s t r a t i o n  t h a t  
c o r tic o c o r tic a lly  p ro je c tin g  neurons d e g e n e ra te  in  AD, and th a t  
th e i r  degeneration  i s  co rre la te d  w ith plaque and tan g le  fo rm atio n . 
The S te rn b e rg e rs  (PNAS;80,1983) h av e  d e v e lo p e d  a s e r i e s  o f 
monoclonal an tibod ies to  non-phosphor yl a ted  n e u ro filam e n t p ro te in  
(N-PNFP). Neurofilament p ro te in  and o th e r c y to sk e le ta l components 
h a v e  b e e n  i m p l i c a t e d  i n  t h e  p a t h o l o g y  o f  AD. In  
immunohistochemical s tu d ie s  in  monkey and human n e o co r te x , SMI 32 
(anti-N-PNFP) lab e ls  predominantly pyramidal c e l l s .  However, on ly  
a  subpopulation of pyram idal c e l l s  a re  la b e le d .  T h is  s e le c t iv e  
lab e lin g  i s  re f le c te d  in  s u b s t a n t i a l  re g io n a l  v a r ia t io n s  in  th e  
number o f c e l l s  la b e le d  (see  Cam pbell e t  a l ,  t h i s  volum e). In 
every region  of monkey c o r te x  t h a t  we have s tu d ie d ,  th e  lam inar 
d is t r ib u t io n  o f  SMI 32 la b e le d  c e l l s  c o r r e l a t e s  w ith  th e  known 
lam inar o r ig in  of th e  long c o r t ic o c o r t ic a l  p r o je c t io n s  em anating 
from th a t  a rea , as w ell a s  w ith  ta n g le  d i s t r i b u t i o n  in  th e  same 
area  of AD b ra in s . In ad d itio n , in  monkey and human hippocampus, 
p re c ise ly  th a t  region of subiculum and CA1 which i s  d e v a s ta te d  in  
AD (Hyman e t  a l ,  S c ie n c e ,  1984) h a s  a h ig h  d e n s i t y  o f  SMI 
32-l abel ed pyramidal c e l l s ,  whereas the  neighboring  re g io n s  which 
a re  spared in  AD, have a very low d en sity  of labe led  c e l l s .  In  AD 
specimens, as  compared to  norm al human c o r t i c e s ,  th e  d e n s i ty  of 
N-PNFP immuoreactive  neurons i s  g re a tly  decreased in  the  subiculum, 
as w ell as in  the  su p erio r f ro n ta l  co rtex . T ran sp o rt s tu d ie s  a re  
in  p ro g re s s  to  d e te rm in e  th e  d eg ree  to  which c o r t i c o c o r t i c a l  
p ro je c tio n s  o r ig in a te  from N -PN F P-positive  c e l l s .  However, th e  
p resen t observations suggest the  follow ing: 1) the  d is tr ib u tio n  of 
N-PNFP-positive c e l l s  in  monkey appears to  c o rre la te  w ith imp o rtan t 
long a sso c ia tio n  p ro jec tio n s  th a t  may be compromised in  AD, 2) th e  
c a re fu l an a ly sis  of such d is t r ib u t io n  p a tte rn s  in  com bination w ith  
co n nec tiv ity  s tu d ie s  in  monkey neoco rtex  and hippocampus i s  very  
l i k e l y  to  a id  in  th e  a c c u ra te  i n t e r p r e t a t i o n  o f  p a th o lo g ic a l  
find ings in  human, and 3) SMI 32 may be a m olecular marker fo r  th e  
c e l l s  which a re  p a r t i c u l a r l y  v u ln e ra b le  in  SDAT. Supported  by 
AG05131, MH00519, AA07456, AA06420, and the  MacArthur Foundation.

259.3 TAU HISTOCHEMISTRY REVEALS WIDESPREAD CYTOSKELETAL 
DISORGANIZATION IN ALZHEIMER’ S DISEASE. Nei l  W. K ow all and 
K en n e th  S . K o s ik . D e p t . o f  N e u ro lo g y , M ass. G e n e ra l  H osp. & 
H a rv a rd  M e d ic a l S c h o o l,  B o s to n  MA 0 2114 .

The m ic r o tu b u l e - a s s o c i a t e d  p r o t e i n  (MAP), t a u ,  i s  t h e  m a jo r  
a n t i g e n i c  com ponent o f  p u r i f i e d  A lz h e im e r  n e u r o f i b r i l l a r y  t a n g l e s  
(NFT) (K o s ik  e t  a l . ,  PNAS, i n  p r e s s ) .  Hi s to c h e m ic a l  s t u d i e s  o f  r a t  
b r a i n  showed t h a t  t a u  i s  n o rm a l ly  l o c a t e d  o n ly  i n  ax o n s  (B in d e r  
e t  a l . ,  J . C e ll  B i o l . ,1 0 1 :1 3 7 1 ) .  We s tu d i e d  t h e  d i s t r i b u t i o n  o f  
t a u  i n  n o rm a l and  A lz h e im e r 's  d i s e a s e d  human c e re b ru m  and  
c e re b e l lu m  w i th  a  m o n o c lo n a l a n t ib o d y  (5E2) s p e c i f i c  f o r  t a u  on 
W e ste rn  b l o t s .

I n  n o rm a l human c e r e b r a l  c o r t e x ,  t a u  p o s i t i v e  f i b e r s  em erged 
fro m  d e n s e ly  im m u n o re a c tiv e  w h i te  m a t t e r  t o  fo rm  v e r t i c a l  b u n d le s  
w h ic h  c l o s e l y  re s e m b le d  t h o s e  s e e n  w i th  t r a d i t i o n a l  m y e l in  s t a i n s .  
T h e se  1 5 -3 0  m ic ro n  t h i c k  b u n d le s  p e n e t r a t e d  t h e  c o r t e x  a t  r e g u l a r  
i n t e r v a l s  o f  3 0 -5 0  m ic r o n s .  I n d iv i d u a l  b u n d le s  w ere  com posed o f  
b o th  t h i c k  ( 4 -6  m ic ro n s )  an d  t h i n  ( 0 .5 - 2 .0  m ic ro n s )  f i b e r s .  
S t r u c t u r a l l y  s i m i l a r  h o r i z o n t a l  b u n d le s  w ere  d i s t r i b u t e d  i n  a  
la m in a r  m an n er w h ich  a l s o  c o r r e s p o n d e d  to  c l a s s i c a l  m y e lin  
s t a i n i n g .  The r e s u l t i n g  com plex  f i b e r  p a t t e r n s  v a r i e d  w id e ly  
th ro u g h o u t  t h e  c o r t e x .  I n  c e r e b e l lu m ,  f i b e r s  em erged  from  w h i te  
m a t t e r ,  c o u rs e d  th ro u g h  th e  g r a n u le  c e l l  l a y e r ,  and  t e r m in a t e d  in  
t h e  P u r k in j e  c e l l  l a y e r .  No c e l l  som al o r  d e n d r i t i c  s t a i n i n g  was 
s e e n  i n  e i t h e r  c e r e b r a l  c o r t e x  o r  c e re b e l lu m .

The d i s t r i b u t i o n  o f  t a u  im m u n o re a c tiv i ty  w as s t r i k i n g l y  
a l t e r e d  i n  A lz h e im e r 's  d i s e a s e .  V ery  d e n s e  s t a i n i n g  was s e e n  in  
b o th  NFT and t h e  n e u r i t i c  p o r t i o n  o f  s e n i l e  p l a q u e s .  S e n i le  
p la q u e s  w ere  o f t e n  em bedded i n  v e r t i c a l l y  o r i e n t e d  t a u  immuno
r e a c t i v e  f i b e r  b u n d le s .  A d i f f u s e  p a t t e r n  o f  f i n e  c u r l y  f i b e r s  was 
s e e n  th ro u g h o u t  c o r t e x  e v e n  i n  a r e a s  w i th  no s e n i l e  p la q u e s  o r  
NFT. C u r ly  f i b e r s  w ere  c o n tig u o u s  w i th  NFT a t  t im e s  h e n c e  t h e i r  
d e n s i t y  was in c r e a s e d  i n  r e g i o n s  w i th  l a r g e  num bers o f  NFT. 
I n c r e a s e d  c u r l y  f i b e r  d e n s i t y  w as n o t  s e e n  i n  t h e  v i c i n i t y  o f  
s e n i l e  p l a q u e s .

Our f i n d i n g s  show t h a t  t h e  s u b c e l l u l a r  c o m p a r tm e n ta l iz a t io n  o f  
a t  l e a s t  o n e  r e g i o n a l l y  s p e c i a l i z e d  MAP i s  a l t e r e d  i n  A lz h e im e r 's  
d i s e a s e .  F u r th e r m o r e ,  t h e  e x i s t e n c e  o f  a n  e x t e n s i v e  m eshw ork o f  
t a u  im m u n o re a c tiv e  c u r l y  f i b e r s  i n d i c a t e s  t h a t  t h e  c y t o s k e l e t a l  
d i s o r g a n i z a t i o n  s e e n  i n  A lz h e im e r 's  d i s e a s e  i s  m ore w id e s p re a d  
th a n  a p p a re n t  from  t h e  d i s t r i b u t i o n  o f  NFT and s e n i l e  p la q u e s  
a lo n e .

259.4 ALZHEIMER'S-LIKE NEUROPATHOLOGY IN CORTEX AND HIPPOCAMPUS INDUCED 
BY LONG-TERM NUCLEUS BASALIS MAGNOCELLULARIS (nBM) LESIONING IN 
THE RAT. V.M. P a n z a r in o * ,  G.W. A re n d a sh , P .R . M outon*, and A. 
G onza lvo*  (SPON: D. C a h i l l ) .  D iv i s io n  o f  P h y s io lo g y  and D ev e lo p 
m en t, D e p t . o f  B io lo g y ,  U n iv e r s i ty  o f  S ou th  F l o r i d a ,  Tampa, FL 
33620 and P a th o lo g y  L a b . ,  Tampa Gen. H o s p i t a l ,  Tampa, FL 33606.

A lz h e im e r 's  D is e a s e  i s  c h a r a c t e r i z e d  by c h o l i n e r g i c  h y p o fu n c t io n  
and  n e u r i t i c  p l a q u e s / n e u r o f i b r i l l a r y  t a n g l e s  i n  c o r t e x  and h ip p o 
cam pus, a s  w e l l  a s  by c e l l  l o s s e s  i n  th e  c o r t e x .  C o n s id e ra b le  
e v id e n c e  i n d i c a t e s  t h a t  a  d e a th  o r  d y s f u n c t io n  o f c h o l i n e r g i c  
n e u ro n s ,  o r i g i n a t i n g  in  t h e  n u c le u s  b a s a l i s  o f  M eynert (NBM) and 
p r o j e c t i n g  to  t h e  c o r t e x ,  o c c u rs  i n  A lz h e im e r 's  D is e a s e .  An 
in v o lv e m e n t o f  t h i s  "NBM to  c o r t e x "  c h o l i n e r g i c  pa thw ay  in  th e  
p a th o g e n e s is  o f  A lz h e im e r ’ s D is e a s e  i s  s u g g e s te d  from  s tu d i e s  show
in g  a  p o s i t i v e  c o r r e l a t i o n  b e tw een  c e l l  d e a th  w i th in  th e  NBM, th e  
d e g re e  o f  d e m e n t ia ,  an d th e  num ber o f  c o r t i c a l  n e u r i t i c  p la q u e s .

The p r e s e n t  s tu d y  was d e s ig n e d  to  d e te rm in e  i f  e l i m in a t i o n  o f  
t h e  a n a lo g o u s  "nBM to  c o r t e x "  c h o l i n e r g i c  p a thw ay  in  r a t s  w i l l  
in d u c e  n e u r o p a th o lo g ic a l  c h a n g es  s i m i l a r  to  th o s e  s e e n  in  
A lz h e im e r 's - d i s e a s e d  b r a i n s .  A d u lt m ale  S p rag u e-D aw ley  r a t s  w ere 
g iv e n  i n f u s i o n s  o f  i b o t e n i c  a c id  (5 u g / 1 u l ) i n to  th e  nBM and 
s a c r i f i c e d  a t  1½-1 4  m onths a f t e r  l e s i o n i n g .  B ra in  s e c t i o n s  w ere  
p r o c e s s e d  f o r  T h io n in  s t a i n i n g  ( to  d e te rm in e  c e l l  d e n s i t i e s ) , 
Congo Red s t a i n i n g  ( f o r  c e r e b r a l  a m y lo id ) , o r  K ing s i l v e r  im p re g 
n a t i o n  ( f o r  n e u r a l  f i b e r s  and  n e u r o p a th o lo g ic a l  m a r k e r s ) .

A l l  f o r e b r a in  r e g io n s  o u t s i d e  o f  t h e  i b o t e n i c  a c id  i n f u s i o n  a r e a  
a p p e a re d  n o rm a l u n t i l  4½-5  m onths a f t e r  l e s i o n in g .  At t h a t  t im e ,  
a s  w e l l  a s  a t  10 and 14 m onths a f t e r  nBM l e s i o n i n g ,  c e l l  l o s s e s  
r a n g in g  from  20-50% w ere  o b s e rv e d  i n  l a y e r s  I I - V I  o f  t h e  f r o n t o 
p a r i e t a l  (FP) c o r t e x .  A tro p h ic  c e l l s  w ere  p a r t i c u l a r l y  e v id e n t  
a t  10 m onths p o s t - l e s i o n i n g .  A d d i t i o n a l ly ,  f i b e r  s t a i n i n g  was 
d e c re a s e d  and  o f t e n  p a tc h y  i n  a p p e a ra n c e  w i th in  th e  c o r t e x  and 
h ip p o ca m p u s . The m ost d r a m a tic  c o r t i c a l  c e l l  l o s s e s  w ere  o b se rv e d  
a t  14 m o nths a f t e r  l e s i o n i n g ;  c e l l  l o s s e s  w ere  a l s o  d e te c t e d  a t  
t h a t  t im e  i n  t h e  h ip p o ca m p u s , w here  s u r v iv in g  n e u ro n s  w ere  a t r o p h i c  
and d e n s e ly  p ack ed  w i th  d a r k - s t a i n i n g  n e u r o f i b r i l s .  A n te ro g ra d e  
t r a n s n e u r o n a l  d e g e n e r a t io n  c o u ld  e x p la in  th e  above  c e l l  l o s s e s .  
A lso  a t  14 m onths a f t e r  l e s i o n i n g ,  n e u r i t i c  p l a q u e - l i k e  s t r u c t u r e s  
w ere  s e e n  p r im a r i l y  i n  th e  c h o l i n e r g i c - d e n e r v a te d  c o r t e x .  Am yloid 
was n o t  a s s o c i a t e d  w i th  t h e s e  s t r u c t u r e s  and was n o t  a p p a re n t  
in t r a p a r e n c h y m a l ly  a t  any  t im e  a f t e r  nBM l e s i o n in g .

T h ese  d a ta  s u g g e s t  t h a t  a  d y s f u n c t io n  o f  b a s a l  f o r e b r a in  n e u ro n s  
w i t h in  th e  NBM i s  c r i t i c a l l y  im p o r ta n t  i n  t h e  e t i o l o g y  and p a th o 
g e n e s i s  o f  A lz h e im e r 's  D is e a s e .  S in c e  d e s t r u c t i o n /d y s f u n c t i o n  o f  
r a t  nBM n e u ro n s  in d u c e s  memory d e f i c i t s ,  c o r t i c a l  c h o l in e r g i c /s o m a -  
t o s t a t i n e r g i c  d y s f u n c t io n ,  and n e u r o p a th o lo g ic a l  c h a n g es  i n  c o r t e x /  
h ip p o cam p u s , t h e  n B M -les io n ed  r a t  may b e  an  a p p r o p r i a t e  a n im a l 
m odel f o r  A lz h e im e r 's  D is e a s e .
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259.5 DECREASED HIPPOCAMPAL RNA IN ALZHEIMER'S DISEASE BRAIN. B.E. 
Boyes*, P.L. McGeer and E.G. McGeer (SPON: S.C. Sung). Kinsmen 
Laboratory of Neurological Research, Dept of Psychiatry, 
University of British Columbia, Vancouver, B.C., V6T 1W5, Canada.

Postmortem brains of individuals with senile dementia of the 
Alzheimer's type (SDAT) show accumulation of neurofibrillary 
tangles and senile plaques, as well as a marked loss of 
cholinergic forebrain neurons and of cortical choline 
acetyl transferase (ChAT). It  has previously been reported that 
cortical RNA levels are reduced in SDAT brain (Sajdel-Sulkowska 
and Marotta, Science, 1984), although this finding has been 
challenged (Morrison, et a l . ,  Neuroscience Abstracts, 1984). 
Using the procedure of Chirgwin et al .  (Biochemistry, 1979), we 
have isolated total cellular RNA from postmortem human brains by 
homogenization in guanidinium isothiocyanate, followed by 
sedimentation through cesium chloride. The pelleted RNA was 
reprecipitated twice from guanidinium chloride with ethanol. The 
UV spectra of RNA samples isolated in this manner are consistent 
with highly purified RNA, with A260/280 > 2.1 and A260/230 > 2.25. 
Analysis of the RNA by electrophoresis through formal dehyde/ 
agarose gels suggests i t  to be intact,  based on the prominent 28S 
and 18S rRNA bands, and the absence of l ow molecular weight 
material. The polyA+ RNA prepared from these isolates serve as 
effic ient  templates for both in vitro translation and reverse 
transcriptase.  We have compared the yields of hippocampal RNA 
samples from postmortem SDAT and neurol ogically normal indivi
duals. The clinical  diagnosis of SDAT for 5 individuals was 
confirmed by histological examination. Cortical ChAT was deter
mined in 7 brain regions, then averaged (frontal pole, temporal 
t ip ,  occipital pole, Broca's area, mid-temporal, pre- and post- 
central gyri). RNA content was determined assuming A260 = 38μg/ml.

Mean ± S.D. Two-tailed
SDAT(n=5) Controls(n=7) t - te s t

Avg. Cortical ChAT 
(μmol/100mg protein/hr.) 0.29±0.11 0.94±0.49 p < 0.05
RNA (μg/g wet weight) 110±29.8 209±73.0 p < 0.05
Age (yr) 79.0±12.9 77.8± 0.2 n.s.
Postmortem delay (hr.) 2.65±0.68 3.57±0.78 p < 0.10

These results support the previous suggestion that RNA 
metabolism may be altered in the SDAT brain. (Supported by a 
grant from the A.D.R.D.A.; tissues were provided by the 
Alzheimer's Disease Program under an MRC Canada grant.)

259.6  NEUROVIROLOGIC AND NEUROIMMUNOLOGIC CONSIDERATIONS IN 
ALZHEIMER'S DISEASE. J o s e p h  R o g e rs ,  R o b e r t H. S in g e r ,  J u d i t h  
L u b e r-N a ro d , and Gary J .  B a s s e l l * . D e p a r tm e n ts  o f  N eu ro lo g y  and 
A natom y, U n iv e r s i ty  o f  M a s s a c h u s e tts  M e d ic a l S c h o o l,  W o rc e s te r ,  
MA 0 1 6 0 5 .

We have  d e v e lo p e d  a n  i n  s i t u  h y b r id i z a t i o n  a p p ro a c h  to  d e t e c t  
v i r u s - s p e c i f i c  DNA and RNA s e q u e n c e s  i n  human p o stm o rtem  
t i s s u e .  By ta k in g  a d v a n ta g e  o f  genom ic h o m o lo g ie s  w i th in  a 
g iv e n  v i r u s  f a m i ly ,  i t  i s  p o s s ib l e  t o  em ploy a s in g l e  p ro b e  to  
m ark s e v e r a l  d i f f e r e n t  m embers o f  t h a t  f a m i ly .  S i m i l a r ly ,  a 
p r e s e n t ly  unknown member o f  th e  fa m ily  may a l s o  be m ark ed . Our 
m ost r e c e n t  r e s u l t s  w i th  t h i s  a p p ro a c h  i n d i c a t e  s i g n i f i c a n t  
h e r p e s v i r u s  h y b r id i z a t i o n  i n  5 o f  5 A lz h e im e r 's  p a t i e n t s ,  and 
no  h y b r id i z a t i o n  i n  2 o f  2 c o n t r o l  p a t i e n t s .  P ro b es  f o r  o th e r  
v i r u s  f a m i l i e s  ( e . g . , r e t r o v i r u s e s )  a r e  n e g a t i v e .  F u r th e r  
s tu d i e s  o f  v i r a l  d i s t r i b u t i o n  i n  a  p a r t i c u l a r l y  s e v e re  AD b r a i n  
r e v e a l  c l e a r  h e rp e s  fa m ily  h y b r id i z a t i o n  i n  t h e  p a th o lo g y - r i c h  
a s s o c i a t i o n  c o r t e x ,  b u t  n o t  i n  th e  p a th o lo g y - f r e e  c e re b e llu m . 
By c o u n te r s t a i n in g  w i th  t h i o f l a v i n ,  th e  h y b r id i z a t i o n  s ig n a l  
a p p e a r s  t o  be c o - l o c a l iz e d  w i th  AD p la q u e s  and t a n g l e s ,  th o u g h  
n o t  e x c lu s i v e l y .

We have  a l s o  so u g h t n eu ro im m u n o lo g ic  c o r r e l a t e s  o f  p o s s ib l e  
v i r a l  in v o lv e m e n t i n  AD. N o rm ally , b r a i n  i s  s e q u e s t e r e d  from  
th e  immune sy s te m  b o th  by th e  b l o o d - b r a in  b a r r i e r  and by a 
p a u c i ty  o r  l a c k  o f  im m unocom petent c e l l s .  In  p a r t i c u l a r ,  
HLA-DR a n t i g e n s ,  n e c e s s a r y  f o r  T c e l l  r e c o g n i t i o n  and a n t ig e n  
p r e s e n t a t i o n ,  have b e e n  o b s e rv e d  i n  human b r a i n  o n ly  i n  a  few  
m u l t i p l e  s c l e r o s i s  p a t i e n t s .  We now r e p o r t  t h a t  
m o rp h o lo g ic a l ly  d i s t i n c t  m ic r o g l i a  and a s t r o c y t e s  i n  AD b r a i n  
a r e  h e a v i l y  l a b e l l e d  by an a n tib o d y  t o  human HLA-DR. T hus, 
t h e s e  c e l l s  may be c a p a b le  o f  p r e s e n t in g  a n t ig e n  and  m e d ia tin g  
an  u n f a v o r a b le  immune r e s p o n s e  i n  AD b r a i n  t i s s u e .

C u l tu re d  c e l l s  o f  CNS o r i g i n  a r e  known t o  e x p re s s  HLA-DR a f t e r  
e x p o s u re  t o  i n t e r f e r o n .  In  t u r n ,  i n t e r f e r o n  p r o d u c t io n  i s  a 
known c o n c o m i tta n t  o f  v i r a l  i n f e c t i o n ,  p e rh a p s  p r o v id in g  a l in k  
b e tw een  o u r  n eu ro im m u n o lo g ic  and  n e u r o v i r o lo g i c  f i n d i n g s .

S u p p o rte d  by g r a n t s  from  th e  A lz h e im e r 's  D is e a s e  and  R e la te d  
D is o rd e r s  A s s o c ia t io n  to  JR and RHS, and by PHS AG05134.

259.7  CHARACTERIZATION OF THE ALZ-50 ANTIGEN. B. L. W o lo z in 1, and 
P . D a v ie s * .1 2 D e p a r tm e n ts  o f  P a th o lo g y 1 and N e u ro s c ie n c e 2, A lb e r t  
E i n s t e i n  C o l le g e  o f  M e d ic in e , B ro n x , New Y o rk , 1 0 4 6 1 .

Al z -5 0  i s  an  a n tib o d y  r e c o g n iz in g  a  68K p r o t e i n  t h a t  i s  a b u n 
d a n t l y  p r e s e n t  i n  n e u ro n s  i n  b r a i n s  from  A lz h e im e r  c a s e s  and 
v i r t u a l l y  a b s e n t  i n  b r a i n s  from  n e u r o l o g i c a l ly  no rm al c a s e s .  What 
l i t t l e  im m u n o re a c tiv i ty  t h a t  i s  p r e s e n t  i n  no rm al b r a i n s  g iv e s  a 
W e ste rn  b l o t  w i th  a lo w e r m o le c u la r  w e ig h t  ( S c ie n c e ,  2 3 2 :6 4 8 -6 5 0 , 
1 9 8 6 ) .

The p r o t e i n  r e c o g n iz e d  by A lz -5 0  h a s  b een  p u r i f i e d  a lm o s t  to  
h o m o g en e ity  fro m  A lz h e im e r  b r a i n  by a  s e v e r a l  s t e p  colum n chrom a
to g ra p h y  p r o to c o l  fo llo w e d  by  im m u n o a f f in i ty  c h ro m a to g ra p h y . 
P o ly a c ry la m id e  g e l  e l e c t r o p h o r e s i s  fo llo w e d  by  W e ste rn  b l o t  
a n a ly s i s  c o n f irm s  e a r l i e r  r e s u l t s  show ing t h a t  i n  re d u c e d  form  th e  
m a jo r  im m u n o re a c tiv e  band h a s  a  m o le c u la r  w e ig h t  o f  68K. I n  n o n -  
re d u c e d  fo rm , th o u g h ,  t h e  p r o t e i n  e x i s t s  a s  a  h ig h  m o le c u la r  
w e ig h t  com plex  w h ich  d o es  n o t  e n t e r  th e  6% a c ry la m id e  s ta c k in g  
g e l .  I s o e l e c t r i c  f o c u s in g  o f  th e  p r o t e i n  from  A lz h e im e r  b r a i n  
fo l lo w e d  by  W e ste rn  b l o t t i n g  r e v e a l s  a c l u s t e r  o f  b an d s g ro u p ed  
a b o u t pH 5 .0  ± 0 . 2 .  T h is  pI  does n o t  change upon r e d u c t io n  o f  th e  
p r o t e i n .  T h ese  r e s u l t s  a r e  c o n s i s t e n t  w i th  th e  h y p o th e s i s  t h a t  
th e  h ig h  m o le c u la r  w e ig h t n o n re d u c e d  com plex  i s  a  hom ogeneous 
a g g r e g a t e  o f  th e  68K p r o t é i n .  P r o t e i n  from  b r a i n s  o f  n e u ro -  
l o g i c a l l y  n o rm a l p a t i e n t s  a l s o  a p p e a r s  as a  f a i n t  band i n  th e  same 
pH r e g i o n .

The f u n c t i o n  o f  th e  a n t i g e n  i s  b e in g  i n v e s t i g a t e d .  The 
p u r i f i e d  a n t i g e n  p r e p a r a t i o n  h a s  p r o t e i n  k in a s e  a c t i v i t y .  I n  
a d d i t i o n ,  e l e c t r o n  m ic ro sc o p y  r e v e a l s  t h e  a n t ig e n  to  be f i l a m e n t  
a s s o c i a t e d  i n  t h e  A lz h e im e r  b r a i n .

Im m u n o re a c tiv i ty  h as  b e e n  d e te c t e d  i n  A lz h e im e r  CSF u s in g  a 
p a r t i a l  p u r i f i c a t i o n  fo llo w e d  by  p o ly a c ry la m id e  g e l  e l e c t r o 
p h o r e s i s  and  W e ste rn  b l o t  a n a l y s i s .  The p r e s e n c e  o r  a b s e n c e  o f  
a n t i g e n  i n  o t h e r  n e u r o lo g ic  d i s e a s e s  i s  b e in g  s tu d i e d  u s in g  
b io c h e m ic a l  and im m u n o cy to ch em ical m e th o d s .

T h is  i n v e s t i g a t i o n  was s u p p o r te d  i n  p a r t  by  NIH T r a in in g  G ra n t 
T2 GM-07288 from  th e  N a t io n a l  I n s t i t u t e  o f  G e n e ra l  M ed ica l 
S c ie n c e s ,  The M cK night F o u n d a t io n ,  The J o y c e  M e rtz -G ilm o re  
F o u n d a t io n ,  an d  The Commonwealth F u n d .

259.8  GLUTAMATE DEPLETION OF THE PERFORANT PATHWAY TERMINAL ZONE IN 
ALZHEIMER DISEASE. B .T . Hyman, G.W. Van H o esen , and A .R . Dam asio. 
D e p ts .  o f  Anatomy and  N e u ro lo g y , U n i v e r s i ty  o f  Io w a, C o lle g e  of 
M e d ic in e , Iowa C i ty ,  IA 52242 .

H ippocam pal a f f e r e n t s  from  w id e s p re a d  a s s o c i a t i o n  and lim bic  
c o r t i c e s ,  a s  w e l l  a s  some s u b c o r t i c a l  a r e a s ,  co n v e rg e  on th e  c e l ls  
t h a t  form  th e  s u p e r f i c i a l  l a y e r s  o f  t h e  e n to r h i n a l  c o r t e x .  These, 
i n  t u r n ,  g iv e  r i s e  t o  p o w e rfu l  g lu ta m e r g ic  e x c i t a t o r y  p r o je c t io n  
( th e  p e r f o r a n t  p a th w a y ) ,  t h a t  form  a f i n a l  common l i n k  f o r  a 
p ro m in e n t  c o r t i c a l - h ip p o c a m p a l  n e u r a l  s y s te m . E n to r h in a l  le s io n s  
l e a d  to  d e p le t i o n  o f  g lu ta m a te  i n  th e  p e r f o r a n t  p a th w ay  te rm in a l  
zone  in  t h e  e x p e r im e n ta l  a n im a l.  We h av e  n o te d  t h a t  t h e  c e l l s  of 
l a y e r  I I  and th e  s u p e r f i c i a l  p a r t  o f  l a y e r  I I I  o f  e n to r h in a l  
c o r t e x  a r e  a f f e c t e d  s e l e c t i v e l y  by  n e u r o f i b r i l l a r y  t a n g l e s  in 
A lz h e im e r’ s d i s e a s e  (AD), l e a d in g  to  e x te n s iv e  c e l l  l o s s ,  an d , in  
many c a s e s ,  t h e i r  t o t a l  d i s a p p e a ra n c e .  T h is  c e l l  s p e c i f i c  e n to 
r h i n a l  p a th o lo g y  c a u se s  d e a f f e r e n t io n  o f  th e  h ip p o cam p a l form a
t i o n .  T h u s , we p r e d i c t e d  t h a t  t h i s  d e a f f e r e n t a t i o n  w ould be  a s so 
c i a t e d  w i th  l o s s  o f  g lu ta m a te  i n  th e  t e r m in a l  zone  o f  th e  p e r 
f o r a n t  p a th w a y . The t e r m in a l  zone  o f  t h e  p e r f o r a n t  p a thw ay  was 
m ic r o d is s e c t e d  from  th e  o u t e r  p o r t i o n  o f  th e  m o le c u la r  l a y e r  of 
t h e  d e n ta t e  g y r u s ,  and  a s s a y e d  f o r  f r e e  g lu ta m a te  i n  AD and in  
a g e -c o m p a t ib le ,  n e u r o l o g i c a l ly  n o rm a l c o n t r o l s .  The g lu ta m a te  
c o n te n t  o f  c o n t r o l s  (n= 4) was 3 .0 5  ± 0 .6 0  nM/mg w et w e ig h t, 
w h e re a s  th e  g lu ta m a te  c o n te n t  from  AD c a s e s  (n= 6) was o n ly  0 .5 1  ± 
0 .2 0  nM/mg w et w e ig h t .  T h e re  was no c o r r e l a t i o n  o f  g lu ta m a te  
c o n te n t  w i th  ag e  o r  p o s t  m ortem  i n t e r v a l  b e f o r e  m easu rem en t. This 
r e p r e s e n t s  an  83% d e p le t i o n  i n  AD ( p < .0 0 5 ) .  The r e s u l t s  r e v e a l  a 
m a jo r  in v o lv e m e n t o f  a g lu ta m e r g ic  e x c i t a t o r y  p a th w ay  i n  the  
p a th o p h y s io lo g y  o f  AD, and  c o n t r a s t s  w i th  p r e v io u s  r e p o r t s  o f  no 
ch an g e  i n  g lu ta m a te  c o n te n t  from  m easu rem en t o f  c o r t i c a l  g lu ta m a te  
i n  AD. The d i f f e r e n c e  b e tw e en  o u r  r e s u l t s  and o t h e r s '  may be in  
th e  a n a to m ic  s p e c i f i c i t y  o f  t h e  sam p le  c h o s e n , i n  t h a t  we have 
m easu red  g lu ta m a te  c o n te n t  i n  a s p e c i f i c  t e r m in a l  zone  p o p u la te d  
l a r g e l y  by  p r e s y n a p t ic  e n d in g s  o f  known o r i g i n  and n e u ro c h e m is t ry .  
T h ese  r e s u l t s  s u g g e s t  t h a t  g lu ta m a te  i s  among th e  n e u r o t r a n s m i t t e r  
s u b s ta n c e s  a l t e r e d  g r e a t l y  i n  AD, and s u p p o r t  t h e  h y p o th e s i s  t h a t  
n e u ro c h e m ic a l  d e f i c i t s  i n  AD a r e  c o r r e l a t e d  c l o s e l y  w i th  th e  
d y s f u n c t io n  o r  d e s t r u c t i o n  o f  s p e c i f i c  p o p u la t i o n s  o f  n e u ro n s . 
T h e r e f o r e ,  t h e  m ag n itu d e  o f  t h e  d e c re a s e  i n  g lu ta m a te  i n  th e  
p e r f o r a n t  p a th w ay  t e r m in a t io n  zone  f u r t h e r  s u b s t a n t i a t e s  th e  
d e s t r u c t i o n  o f  t h i s  c r u c i a l  c o r t i c o - h ip p o c a m p a l  s y s te m . I n s o f a r  
a s  th e  p e r f o r a n t  p a th w ay  and h ip p o ca m p a l f o rm a tio n  a r e  im p o r ta n t  
f o r  n o rm al l e a r n in g  and memory, t h i s  p a th o lo g y  and t r a n s m i t t e r  
a l t e r a t i o n  c o n t r i b u t e s  t o  t h e  memory im p a irm e n t o f  AD. (S u p p o rte d  
by NS 14944 and PO NS 19632, th e  M ath e rs  F o u n d a t io n ,  and a 
U n i v e r s i ty  o f  Iowa C om m ittee on A ging  G r a n t ) .
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259.9 MOLECULAR FORMS OF ACETYLCHOLINESTERASE IN ALZHEIMER'S DISEASE 
S. G. Younkin, T. Golde* , M. Usi a k * , and L. _ H. Younkin, 

Department o f P a th o lo g y , Case W estern R eserve U n iv e rs ity ,  
Cleveland, Ohio 44106
A c e ty lch o lin e s te ra se  (AChE) e x i s t s  as monomers G1), d im ers 
(G2), and te tram ers (G4) of the  basic c a ta ly tic  subunit and in 
three asym m etric form s th a t  c o n s is t  of 1 (A4), 2 (A8) ,  or 3 
(A12) te tra m e rs  a tta c h e d  to  a c o l la g e n - l ik e  t a i l .  In 26 
patien ts w ith  A lzh e im er's  d is e a s e  (AD) and 14 age-m atched 
controls, we analyzed AChE in the nucleus basal is  of Meynert 
(nbM) and in Brodmann area 21 cerebral cortex. In control nbM, 
AChE was 18% soluble  G1 and G4 forms, 72% membrane-associated 
G4 forms, 3% asymmetric forms, and 6% non-ex tractab le  enzyme. 
In AD nbM, AChE was 21% s o lu b le  G1 and G4 form s (p<0.05), 68% 
m em brane-associated G4 form s (p<0.01), 4% asymmetric forms, 
and 7% n o n -e x tra c ta b le  enzyme (p<0.05). In th e  nbM o f th e  AD 
cases, there was a s ig n if ic a n t 61% decrease in the number of 
cholinergic neu rons, an i n s ig n i f i c a n t  19% d ec rea se  in AChE 
ac tiv ity , and a s ig n i f i c a n t  366% in c re a se  in th e  mean 
AChE/cholinergic neuron. In Brodmann area 21 cerebral cortex  
of the AD c a s e s ,  th e re  was no change in  s o lu b le  G1 and G4 
AChE, a s ig n i f i c a n t  40% d ec rea se  in m em brane-assoc iated  G4 
AChE, and s ig n i f i c a n t  345% and 410% in c re a s e s  in A12 and A8 
AChE re s p e c tiv e ly . Thus th e re  a re  marked a l t e r a t i o n s  in th e  
distribution of the various m olecular forms of AChE in AD. Our 
provisional working h y p o th e sis  i s  th a t  th e se  changes a re  
p rim arily  due to  a l t e r e d  axonal t r a n s p o r t  in  d isea sed  
cholinergic neurons. Compensatory changes in surviving healthy 
cholinergic could a ls o  account fo r  some of th e  changes 
observed. In 5 AD c a s e s  and 5 c o n t r o l s ,  g lo b u la r  and 
asymmetric forms o f AChE were analyzed  in p a r a l l e l  in th e  
cortex and s u b c o r tic a l  w h ite  m a tte r  of Brodmann a rea  21. In 
the cerebral c o rte x  of th e se  5 AD c a s e s ,  g lo b u la r  form s 
decreased and asymmetric forms increased re la tiv e  to  con tro ls  
as in the la rg e r  s e r ie s .  In th e  s u b c o r t ic a l  w h ite  m a tte r  of 
these 5 AD cases, both g lobu lar and asymmetric forms decreased 
significantly (p<0.02). The fa c t th a t  asymmetric forms do not 
increase in s u b c o r t ic a l  w h ite  m a tte r  in d ic a te s  th a t  th e  
increased asymmetric forms in AD are  a ssoc iated  with cortex- 
specific s truc tu re(s) - p o s s ib i l i t e s  in c lu d e  s e n i le  p la q u es , 
degenerating c h o l in e rg ic  nerve te rm in a ls , cho linerg ic  axons 
that are sp ro u tin g  w ith in  c e re b ra l c o r te x , and c o r t i c a l  
neurons undergoing tro p h ic  a lte ra tio n .

259.10 DIMINISHED RATES OF CORTICAL GLUCOSE UTILIZATION IN ALZHEIMER'S 
DISEASE ARE NOT RELATED TO PLASMA BETA-HYDROXYBUTYRATE 
CONCENTRATIONS R.P. Fried land , C. Smith, W.J. Jagust,*  L. Sokoloff 
and T.F. Budinger*. Donner Laboratory, Un iv. of  C alifo rn ia , 
Berkeley, Laboratory of Cerebral Metabolism, NIMH and Laboratory of 
Neurosciences, NIA, NIH, Bethesda, MD 20892.

The brain  i s  able to  derive energy from the oxidation of ketone 
bodies supplied from the blood and cerebral ketone body u t i l i z a 
tio n  ra te s  are d ire c tly  re la te d  to plasma le v e ls .  The most impor
ta n t ketone body is  B-hydroxybutyrate (BOHB), which has the h ighest 
plasma concen tration . I t  has been suggested th a t changes in the 
stoichiom etry between glucose u t i l iz a t io n  and oxygen u t i l iz a t io n  in 
aging are due to  changes in c irc u la tin g  ketone body concentrations 
(S okoloff, Res. Publ. Assoc. Nerv. Ment. Di s .  41:237-254, 1966). In 
order to  determine i f  global or regional changes in the cerebral 
m etabolic ra te s  fo r glucose (CMRglu) found in Alzheimer's disease 
(AD) are re la ted  to  elevated  plasma BOHB le v e ls ,  we co llec ted  
plasma samples a t  the time of PET fo r BOHB assay. We examined 11 
sub jec ts  with probable AD (mean age 64 y e a rs , SD 6.7) and 7 healthy 
aged co n tro ls  (mean age 63 y e a rs , SD 3 .0 ) . PET was performed using 
the Donner 280-crystal tomograph and 5-10 mCi of 
(18F)-2-fluoro-2-deoxy-D -glucose (FDG). Plasma BOHB lev e ls  were 
assayed enzym atically . Subjects were fa s ted  fo r 4-8 hours before 
FDG in je c tio n .

In the AD group CMRglu fo r e n tire  cortex was 5.38 mg/100g/min (SD 
1.12) and plasma BOHB concentration  was 219.9 n moles/ml plasma (SD 
207.0). In the control sub jec ts  CMRglu fo r e n tire  cortex was 6.31 
(SD 0.74) and BOHB concentration  was 187.8 n moles/ml plasma (SD 
154.4). B item poral-parietal hypometabolism was found in the AD 
group as previously described by our labora to ry  and by o thers 
(Friedland e t  a l , Neurosci. L e tt. 53:235-240, 1985). There were no 
s t a t i s t i c a l l y  s ig n if ic a n t re la tio n sh ip s  between global CMRglu 
values and plasma BOHB concentrations in e ith e r  group. We also  
looked fo r c o rre la tio n s  between BOHB lev e ls  and rCMRglu in 45 brain 
reg ions. In the control group a negative c o rre la tio n  was found 
between rCMRglu in l e f t  peri sylvian cortex a t  the m idven tricu lar 
level and BOHB concentration  (p = 0.007, Spearman), which we 
a t t r ib u te  to chance. There were no o ther s t a t i s t i c a l l y  s ig n i f i 
can t co rre la tio n s  between BOHB lev e ls  and rCMRglu, or between BOHB 
le v e ls  and age. The lack of a re la tio n sh ip  between plasma BOHB 
concen trations and age in humans has been previously reported 
(Duara e t  a l , Ann Neurol 16:702-713, 1984). These re s u lts  suggest 
th a t  c irc u la tin g  BOHB i s  not an important determ inant of the ra te  
of c o rtic a l glucose use in AD.

259.11 ESTROGEN LEVELS IN POSTMENOPAUSAL WOMEN WITH SENILE DEMENTIA- 
ALZHEIMER' S TYPE (SDAT) ARE SIGNIFICANTLY LOWER THAN MATCHED 
CONTROLS. H.M. F i l l i t * ,  D. A shby*+ , H. W e in re b * , J .B .  Z a b r i s k i e * , 
V.N.Luine and B .S . McEwen (S p o n .:  J .  M o re in e s ) . The R o c k e f e l l e r  
U n iv e rs ity , NY, NY 10021 an d  + S m ith  K l in e  B io s c ie n c e  L a b o r a t o r i e s ,  
Van Nuys, CA 91405

E stro g en  p l a y s  a  r o l e  i n  n o rm a l b r a i n  f u n c t i o n  v i a  t r o p h i c  and  
a c t iv a t io n a l  e f f e c t s  on e s t r o p h i l i c  n e u ro n s .  We h a v e  p ro p o se d  
th a t  n e u ro n a l e s t r o g e n  d e f i c i e n c y  i s  r e l a t e d  t o  t h e  d ev e lo p m e n t 
of SDAT in  s u s c e p t ib l e  p o s tm e n o p a u sa l  women. F u r th e r m o r e ,  e s t r o 
gen rep lacem en t th e r a p y  a p p e a r s  t o  h a v e  b e n e f i c i a l  e f f e c t s  i n  SDAT 
in e ld e r ly  p o s tm e n o p a u sa l  women ( F i l l i t  e t  a l ,  P s y c h o n e u ro e n d o c r i -  
n o l . , 1986). We r e p o r t  h e r e  se rum  e s t r o g e n  l e v e l s  m ea su red  by  
radioim m unoassay i n  e l d e r l y  (>70 y e a r s )  p o s tm e n o p a u sa l  women w ith  
probable  SDAT (n=12) an d  m a tc h e d  c o n t r o l s  (n = 2 0 ) . No d i f f e r e n c e s  
between th e  g ro u p s  w ere  fo u n d  f o r  ag e  (mean a g e :  c o n t r o l s  = 7 6 .7  
+ /- 3 .3 ; SDAT = 7 8 .1  + / -  4 . 6 ) ,  b ody  w e ig h t ,  serum  t o t a l  p r o t e i n ,  
album in, h e m o g lo b in , c a lc iu m ,  p h o s p h o ru s ,  o r  u r e a  n i t r o g e n .  The 
lower l im i t s  o f  d e t e c t i o n  o f  o u r  e s t r a d i o l  a s s a y  was 10 p g /m l . 
11/12 SDAT p a t i e n t s  h a d  u n d e te c t a b l e  l e v e l s .  7 /1 0  c o n t r o l s  w ith  
u n d e te c ta b le  serum  e s t r a d i o l  came t o  c l i n i c  b e c a u s e  o f  c o m p la in ts  
of memory l o s s .  C om paring  a l l  c o n t r o l s  w i th  SDAT p a t i e n t s  (Mann 
Whitney Rank Sum t e s t ) ,  s i g n i f i c a n t  d i f f e r e n c e s  w ere fo u n d  b e tw e en  
the groups f o r  b o th  serum  e s t r a d i o l  (p< 0 .0 5 )  an d  t o t a l  e s t r o g e n  
le v e ls  (p< 0 .0 5 ) .  Mean e s t r a d i o l  l e v e l s  (p g /m l + / -  S .D .)  f o r  
c o n tro ls  = 2 4 . 8  + / -  2 0 .4 ;  f o r  SDAT = 1 2 .2  + / -  7 .0 .  Mean t o t a l  
e s tro g e n  (pg /m l + / -  S .D .)  f o r  c o n t r o l s = 5 3 .8  + / -  2 6 .9 ;  SDAT ( n = l l )=  
33.8 + / -  8 .6 .  T h is  d i f f e r e n c e  was s t a t i s t i c a l l y  s i g n i f i c a n t  
(T - te s t  on u n p a ir e d  d a t a ;  p< 0 . 0 1 ) .  T h ese  r e s u l t s  s u p p o r t  t h e  
h y p o th es is  t h a t  e s t r o g e n  d e f i c i e n c y  may p l a y  a  r o l e  i n  t h e  d e v e 
lopment o f  p o s tm e n o p a u sa l  d e m e n tia  o f  t h e  A lz h e im e r 's  t y p e  i n  
s u s c e p t ib le  women. N u t r i t i o n a l  s t a t u s  a s  ju d g e d  by  body w e ig h t  
and v a r io u s  r e l e v a n t  se ru m  p a ra m e te r s  d id  n o t  a c c o u n t  f o r  t h e  
observed d i f f e r e n c e s  i n  e s t r o g e n  l e v e l s .  The m ec h an ism (s) 
r e s p o n s ib le  f o r  d e c re a s e d  e s t r o g e n  l e v e l s  i n  p a t i e n t s  w i th  SDAT 
re q u ire  f u r t h e r  i n v e s t i g a t i o n .

259.12 VARIABILITY OF OLFACTORY DYSFUNCTION IN ALZHEIMER'S DISEASE. E. 
K o ss* , J .M . W e if fe n b a c h , C.M ay*, J .V .  Haxby*, R .P . F r i e d l a n d , 
Lab . o f N e u r o s c ie n c e s ,  NIA/NIH, and C l in i c a l  I n v e s t i g a t io n  
S e c t io n ,  NIDR/NIH, B e th e sd a , MD, 20892.

A ran g e  o f h i s t o l o g i c a l  and n e u ro c h e m ic a l  e v id e n c e  s u g g e s t s  
t h a t  o l f a c t i o n  may be a f f e c t e d  in  A lz h e im e r 's  d i s e a s e  (AD ). Two 
e x p e r im e n ts  b e h a v io r a l l y  a s s e s s e d  th e  n a tu r e  o f  p o s s ib l e  
o l f a c t o r y  d y s f u n c t io n  in  th e  d i s e a s e .

The f i r s t  e x p e rim e n t e v a lu a t e d  o l f a c t o r y  d i s c r im i n a t io n  in  15 
p r o b a b le  AD p a t i e n t s  and 6 h e a l t h y  a g e -m a tc h e d  c o n t r o l s .  Ten 
p a i r s  o f  common s m e l ls  w ere ju d g e d  to  be th e  same o r d i f f e r e n t  on 
30 p r e s e n t a t i o n s .  A v i s u a l  d i s c r im i n a t io n  t a s k  u s in g  th e  same 
p a rad ig m  s e rv e d  a s  a  c o n t r o l  t a s k .  H e a lth y  aged  s u b je c t s  
p e rfo rm e d  b e t t e r  th a n  AD p a t i e n t s  on a l l  t a s k s .  H ow ever, m ild  AD 
p a t i e n t s  (N=6) d id  n o t  d i f f e r  s i g n i f i c a n t l y  from  m o d e ra te ly  
im p a ire d  AD p a t i e n t s  (N=9) on o l f a c t o r y  d i s c r im i n a t io n .  S tu d ie s  
w ith  p o s i t r o n  e m is s io n  to m ography  (PET) u s in g  
( F -1 8 ) - 2 - f lu o ro - 2 -d e o x y - D - g lu c o s e  (FDG) p e rfo rm e d  on 11 o f  th e  AD 
p a t i e n t s  showed t h a t  th o s e  AD p a t i e n t s  w ith  r e l a t i v e  l e f t  
t e m p o r o - p a r ie t a l  h y p o m etab o lism  d id  n o t  d i f f e r  from  th o s e  w ith  
r e l a t i v e  r i g h t  t e m p o r o - p a r ie t a l  h y p o m etab o lism  on odor 
d i s c r im i n a t io n  a l th o u g h  th e  two g ro u p s  d i f f e r e d  s i g n i f i c a n t l y  on 
v i s u a l  d i s c r i m i n a t i o n .  T h u s, a l th o u g h  p e rfo rm a n c e  on v i s u a l  
d i s c r im i n a t io n  was l a t e r a l i z e d ,  p e rfo rm a n c e  on o l f a c t o r y  
d i s c r im i n a t io n  was n o t .  W hereas o l f a c t o r y  d y s fu n c t io n  was 
p r e s e n t  i n  a l l  AD p a t i e n t s ,  th e  e x te n t  o f  th e  im p a irm e n t was 
v a r i a b l e  and n o t  d i r e c t l y  r e l a t e d  to  th e  d e g re e  o f c o g n i t i v e  
d e f i c i t .

The seco n d  e x p e r im e n t ,  c u r r e n t l y  u nderw ay , e x p lo r e s  th e  tim e  
o f  o n s e t  o f  t h e  o l f a c t o r y  d e f i c i t s  i n  v iew  o f  t h e  r e c e n t  c la im  
t h a t  " th e  o l f a c t o r y  pa thw ay  may be th e  s i t e  o f  i n i t i a l  
in v o lv e m en t i n  th e  d i s e a s e ” (P e a r s o n  e t  a l . ,  1985, P ro c .  N a t l . 
A cad. S c i , USA, 8 2 , 4 3 5 1 -4 5 3 4 ) and se e k s  to  d e f in e  t h e s e  
d e f i c i t s  more e x p l i c i t l y .  Ten v e ry  m ild  p ro b a b le  and p o s s ib l e  AD 
p a t i e n t s ,  t e n  m o d e ra te ly  i m p a ired  p ro b a b le  AD p a t i e n t s ,  t e n  
m u l t i - i n f a r c t  d e m e n tia  p a t i e n t s  and t e n  h e a l t h y  c o n t r o l s ,  a l l  
m a le s ,  a r e  com pared on th r e e  m ea su res  o f  o l f a c t o r y  f u n c t i o n :  
t h r e s h o ld s  and d i r e c t  s c a l i n g  o f  i n t e n s i t y  f o r  p y r id i n e ,  and 
r e c o g n i t i o n  on a  b ro ad  s p e c tru m  o f  o d o rs  w ith  th e  U n iv e r s i ty  o f 
P e n n s y lv a n ia  Sm ell I d e n t i f i c a t i o n  T e s t .  F or c o m p a riso n , 
t h r e s h o ld s  and ju d g m e n ts  o f  s u p r a th r e s h o ld  i n t e n s i t y  a r e  o b ta in e d  
f o r  two t a s t e  s u b s ta n c e s  ( s u c r o s e  and  c i t r i c  a c i d ) .  P r e l im in a ry  
d a ta  e x te n d  th e  r e s u l t s  o f  th e  f i r s t  e x p e rim e n t and show t h a t  
t h e r e  a r e  m e a s u ra b le  o l f a c t o r y  d e f i c i t s  i n  th e  v e ry  e a r l y  s ta g e s  
o f  t h e  d i s e a s e .  However th e  d e f i c i t s  ra n g e  from  t o t a l  an o sm ia  to  
n e a r  norm al p e rfo rm a n c e ,  s u g g e s t in g  t h a t  o l f a c t o r y  i m pairm en t in  
e a r l y  AD may be h i g h ly  v a r i a b l e .
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260.1 DOPAMINERGIC SYSTEMS IN OCTOPUS RETINA: EVIDENCE FOR INTRINSIC 
DOPAMINE-CONTAINING CELLS AND DOPAMINE D1 RECEPTORS. M.H. Makman*, 
I. Berrios*, S. P r a t t *, R.T. Hanlon* and G.B. Stefano. Depts. of 
Biochemistry and Molecular Pharmacology, Albert Einstein Col. of 
Med., NY, NY 10461; Marine Biomedical In s t . ,  Univ. of Texas Medical 
Branch, Galveston, TX 77550; Dept. of Biological Science, State  
Univ. of New York Col. a t  Old Westbury, Long Island, NY 11568.

The re t inas  of several species of Octopus have been shown to 
contain dopamine (DA) but not other catecholamines or serotonin. We 
have reported that O. bimaculatus re t ina  contains DA and also DA- 
st imulated adenylate cyclase. Since DA is present  in optic  nerve, 
re t ina l  DA has been proposed to be in terminals of neurons having 
cel l bodies in the op t ic  lobes. We report here the loca l iza t ion  of 
catecholamine in re t ina  and optic  lobe by formaldehyde fluorescence 
histochemistry (Stefano e t a l ,  Science 194: 539). Studies were 
carr ied  out in O. bimaculatus, O. Maya, O. digueti and O. v u lg a r i s . 
Fluorescence was spec if ic  for catecholamine as determined by fading 
c h a r a c te r i s t i c s ,  requirement for the paraformaldehyde step and 
quenching by borohydride. Branches of the optic  nerve and the inner 
nerve plexus region of the re tinas  exhibited green (DA) fluorescen
ce. In te res t ing ly ,  small regularly  spaced green f luorescing cel l 
bodies were noted within the pigment/photoreceptor layer of the re
tina  j u s t  a t  the inner aspect of the basal pigment and basal mem
brane region. These ce l l s  were evident by fluorescence but not by 
phase con tras t  alone. They appeared to be mult ipolar ,  with branches 
extending inward toward the plexus region as well as into the pig
ment/ photoreceptor-outer segment region. In order to fu r ther  assess 
these re t ina l  DA-containing c e l l s ,  O. maya, O. digueti and O. vul
garis  were examined 1 week following un i la te ra l  knife cut lesion of 
the optic  nerve. Following lesion,  fluorescence was los t or mark
edly decreased in the op t ic  nerve branches and plexus region of the 
re t ina ;  a lso  los t were intensely green-f luorescent regula rly  spaced 
cel l bodies in the oute r region of the optic  lobe. In con t ras t ,  the 
fluorescence in tens i ty  of the i n t r in s ic  re t ina l  c e l l s  increased, 
revealing a fine  f ibe r  pathway between these c e l l s  (running pa ra l 
lel to the re t ina l  surface) .  Based on these studies Octopus re tina  
contains  two DA systems: one a r is ing  from the op t ic  lobe and 
another in t r in s ic  to the re tina  and more close ly  associa ted with 
photoreceptors.  We find that re t ina  a lso  contains binding s i t e s  for 
3H-SCH23390, a ligand tha t  binds to DA D1 receptors  pos i t ive ly  
coupled to adenylate cyclase. Following opt ic  nerve lesion,  these 
binding s i t e s  decrease by about 50% in re t ina .  In addit ion ,  a por
tion  of the 3h- SCH23390 binding s i t e s  is located in the outer seg
ment f rac t ion  of Octopus re t ina .  Possibly DA re leased from the in
t r i n s i c  DA neurons in te rac ts  with these receptors ,  in order to 
in tegra te  some aspect  of inner-outer  segment function,  such as re 
generation of unbleached rhodopsin and/or pigment granule movement. 
(Supported by USPHS EY 04633, ADAMHA-MARC 17138 and DHHS RR01279)

260.2 MULTIPLE SYNAPTIC ANTAGONISTS FROM THE VENOM OF AN ORB WEAVER 
SPIDER. M.E. Adams, F.E. Enderlin* and D.A. Schooley*. Dept. of 
Entomology,  U niversity of C a lifo rn ia , R iverside, CA 92521 and 
Research L aborato ries , Zoecon Corp., 975 C alifo rn ia  Ave., Palo 
A lto , CA 94304.

Although i t  is  re la tiv e ly  in ac tiv e  again st v e rte b ra te s , Orb 
Weaver sp ider venom causes rapid p ara ly sis  of prey in sec ts . 
Reports in the l i te r a tu r e  suggest th a t the s e le c t iv i ty  of these 
venoms re su lts  from actions a t pu ta tive  amino acid-mediated 
neuromuscular synapses in in v e rteb ra te s  (Kawai, e t  a l . ,  Brain 
Res. 247: 169, 1982; Bateman, e t a l . ,  Brain Res. 339: 237, 1985). 
We repo rt here on the iso la tio n  of a family of p a ra ly tic  toxins 
from the Orb Weaver sp id er , Argiope au ran tia  which cause rapid 
but rev e rs ib le  block of sk e le ta l nerve-muscle transm ission.

Argiope venom caused pa ra ly sis  in a ll  in sec ts  tested , 
including grasshoppers, cockroaches, f l i e s ,  and moths. Active 
components of the venom fa l l  in to  two d if fe re n t m olecular size 
ranges based on gel permeation chromatography: low (<1000 
dal tons) and high (>5000 d a lto n s ). The low molecular weight 
fra c tio n  separates in to  5 p a ra ly tic  toxins on reversed-phase 
liq u id  chromatography. We re fe r  to these as "A rgiotoxins", or 
AR1, AR2, e tc . AR1 is  in h ighest abundance or about 3-5 times 
th a t of AR2-5 based on UV absorbance. One or more higher molecu
la r  weight toxins e lu tin g  much la te r  are re ferred  to as "Big 
A rgio toxins." Potencies of e i th e r  crude venom or the Argiotoxins 
are not appreciably a ffec ted  by bo iling  fo r  10 m inutes. Struc
tu ra l s tu d ies  in d ica te  th a t the Argiotoxins are novel "pseudo
pep tides."

The actions of crude venom and purified  Argiotoxins were 
te sted  on two sk e le ta l nerve-muscle junc tions in in sec ts . Con
tra c tio n s  and neurally-evoked EPSP's (p u ta tiv e  glutam atergic) of 
la rva l Drosophila mel anoga s te r  and Musca domestica are antago
nized by bath app lication  of crude venom or p u rified  AR1 in a 
dose-dependent manner (th resho ld : 1:10,000 to 1:40,000 dilu tion  
in s a lin e ) .  The time course of antagonism is  acce lera ted  and the 
e ffe c ts  prolonged by nerve s tim u la tio n , ind ica ting  th a t toxin 
binding is  enhanced in the presence of released transm itte r. 
A rgiotoxins a lso  antagonize neurally-evoked con trac tions a t a 
co tran sm itte r nerve-muscle synapse in the coxal depressor muscle 
of the cockroach. Neurally-evoked phasic (pu ta tive  glutam ater
gic) and tonic  (p u ta tiv e  p ro c to lin e rg ic ) con tractions are abo
lish ed . The Argiotoxins appear to be potent reversib le 
an tagon ists  of amino acid- and peptide-mediated synaptic 
transm ission a t in sec t nerve-muscle ju n c tio n s .

260.3 VOLTAGE CLAMP ANALYSIS OF RESPONSES TO EGG-LAYING HORMONE AND 
ALPHA-BAG CELL PEPTIDE SHOWS IDENTITY WITH RESPONSES TO BAG CELL 
DISCHARGES IN APLYSIA. Rene F. Jansen  and E a rl M averi. Department 
o f  Physiology, U n iv e rs ity  o f C a lifo rn ia , San Francisco , CA 
94143.

The bag c e l l s  o f  Aplys ia  c a l i fo rn ic a  re le a se  sev e ra l pep tides 
derived  f r om a  common p recu rso r p ro te in . Two o f  th e  pep tides, 
egg-lay ing  hormone (ELH) and alpha-bag c e l l  p ep tid e  (a-BCP) a re  
p u ta tiv e  tra n s m itte rs  m ediating prolonged e x c i ta tio n  o f  l e f t  lower 
quadrant (LLQ) and in h ib it io n  o f  l e f t  upper quadrant (LUQ) 
neurons, re sp ec tiv e ly . We re p o r t  he re  on th e  voltage-clam p 
a n a ly s is  o f  io n ic  mechanisms involved in  th e  responses to  focal 
p re ssu re  a p p lic a tio n  o f  ELH and a-BCP, and th e  responses evoked by 
a  bag c e l l  b u rs t  d ischarge . Most d a ta  were obtained  u sing  s l ow (15 
sec) d ep o la riz in g  ramps between -110 and -10 mV to  generate  quasi 
s te a d y -s ta te  c u rren t-v o ltag e  re la t io n s .

A pplica tion  o f  a-BCP mimics th e  changes t h a t  occur in  th e  
LUQ 's  during  th e  f i r s t  few m inutes o f a  bag c e l l  d ischarge. At 
membrane p o te n tia ls  le s s  negative  th an  -70 mV an outward cu rren t 
develops th a t  r e s u l t s  in  a  decrease  in  th e  n egative  s lope region 
th a t  i s  c h a r a c te r is t ic  o f  pacemaker a c t iv i ty .  A dd itiona lly , a 
sm all inc rea se  in  K+-conductance (gk+) occurs, as  in d ica ted  by a 
re v e rs a l p o te n tia l  o f  approx. -80 mV. Responses to  a-BCP 
a p p lic a tio n  a re  blocked in  th e  presence o f  30 mM co b a lt o r  2 mM 
cadmium, in d ic a tin g  th a t  th e se  c u rre n ts  a re  calcium  dependent. 
ELH has no e f f e c t  on LUQ's .

In  th e  LUQ 's  a  bag c e l l  d isch a rg e  evokes two sim ultaneous long- 
la s t in g  changes in  membrane c u rre n t. These changes a re  mimicked by 
ELH. At membrane p o te n tia ls  le s s  negative  th an  -70 mV a  s l ow 
inward c u rre n t occurs th a t  e f fe c t iv e ly  i n i t i a t e s  pacemaker 
a c t iv i ty .  In  a d d itio n , a t  membrane p o te n t ia ls  below -80 mV an 
in c rea se  in  gK+ can be seen. Changes in  th e  ELH-evoked K+ cu rren t 
r e s u l t in g  from a l te r a t io n s  in  th e  ex te rn a l [K+] in d ic a te  th a t  t h i s  
c u rre n t i s  inwardly re c t i fy in g . Although a-BCP i s  n o t th e  
p r in c ip a l tra n s m itte r  fo r  th e  LLQ 's , i t  produces a  s l ow outward 
c u rre n t a t  membrane p o te n t ia ls  le s s  n egative  th an  -70 mV, which 
opposes th e  e f f e c t  o f  ELH in  t h i s  membrane p o te n tia l  range. A ll 
th e  e f f e c ts  o f  ELH and a-BCP a re  blocked by th e  Ca++-channel 
b lockers n ick e l and /o r co b a lt.

The r e s u l t s  in d ic a te  th a t  th e  io n ic  mechanisms o f  a c tio n  o f  ELH 
and A-BCP a re  apparen tly  id e n t ic a l  t o  th o se  produced by th e  bag 
c e l l  d ischarge , and th a t  bo th  p ep tid es  a c t  in  p a r t  by modulating 
Ca++-dependent pacemaker c u rre n ts . The p ep tid e s  th e re fo re  meet an 
a d d itio n a l c r i te r io n  fo r  tra n s m itte r  id e n t i f ic a t io n .

Supported by NIH g ra n t NS16490 and th e  N etherlands Org . fo r  th e  
Advancement o f Pure Research (ZWO).

260.4 EVIDENCE FOR EXCITATORY AUTOTRANSMISSION IN APLYSIA BAG CELL 
NEURONS MEDIATED BY ALPHA-, BETA-, AND GAMMA- BAG CELL PEPTIDES. 
R ic h a rd  O. Brown and E a r l  M ayeri . D iv . o f  N e u ro s c ie n c e ,  D ep t. 
o f  P h y s io lo g y ,  U n iv . o f  C a l i f o r n i a ,  San F r a n c i s c o ,  CA 94143.

The bag c e l l s  i n  t h e  ab d o m in a l g a n g l io n  o f  A p ly s i a a re  
n e u ro e n d o c r in e  c e l l s  w hich  s y n th e s i z e  and r e l e a s e  a t  l e a s t  s ix  
p e p t id e s  d e r iv e d  from  a  common p r e c u r s o r  p r o t e i n .  Two o f  th e s e  
p e p t i d e s ,  e g g - l a y in g  horm one (ELH) and a lp h a - b a g  c e l l  p e p tid e  
(a lp h a -B C P ) , a r e  p u t a t i v e  n e u r o t r a n s m i t t e r s .  The f o u r  o th e r  
p e p t i d e s ,  i n c lu d in g  th e  p e n ta p e p t id e s  b e ta -B C P  and gamma-BCP, 
h ave  no p r e v io u s ly  d e s c r ib e d  b i o l o g i c a l  a c t i v i t i e s .  The bag 
c e l l s  a r e  u s u a l l y  s i l e n t ,  b u t  e p i s o d i c a l l y  f i r e  s y n c h ro n o u s  p ro 
lo n g e d ,  i n t e n s e  b u r s t s  o f  im p u lse s  w hich  r e l e a s e  bag c e l l  p e p t id e s  
and i n i t i a t e  egg l a y in g  b e h a v io r .  P re v io u s  work (Rothm an e t  a l . ,  
PNAS 8 0 :5 7 5 3 , 1983) showed t h a t  a lpha-B C P  d e p o la r i z e s  t h e  bag 
c e l l s ,  and i t  was h y p o th e s iz e d  t h a t  i t  a c t s  a s  an  a u to e x c i ta t o r y  
t r a n s m i t t e r  w h ich  p r o v id e s  p o s i t i v e  f e e d b a c k  to  s u s t a i n  th e  
r e g e n e r a t i v e ,  a l l - o r - n o n e  bag  c e l l  b u r s t .  We r e p o r t  h e re  f u r t h e r  
e v id e n c e  w h ich  s u p p o r t s  and  e x te n d s  t h i s  h y p o th e s i s .

I n t r a c e l l u l a r  s t i m u l a t i o n  o f an  i n d iv i d u a l  bag  c e l l  w ith  a 
t r a i n  o f d e p o la r i z i n g  p u l s e s  p ro d u ced  s lo w , d e p o la r iz i n g  r e s p o n s e s  
i n  th e  s t i m u l a te d  c e l l  a s  w e l l  a s  i n  o t h e r  bag  c e l l s ,  and o f te n  
l e d  t o  a  p ro lo n g e d  b u r s t  d i s c h a r g e .  When th e  p e r f u s io n  medium 
( c o n t a in i n g  p r o te a s e  i n h i b i t o r s )  was c o l l e c t e d  from  one abdom inal 
g a n g l io n  d u r in g  a  bag c e l l  d i s c h a r g e ,  and  p e r f u s e d  i n t o  a second 
ab d o m in a l g a n g lo n ,  th e  bag  c e l l s  i n  th e  seco n d  g a n g lio n  were 
d e p o la r i z e d ,  an d  so m etim es  f i r e d  b u r s t  d i s c h a r g e s .  T h is  s u g g e s ts  
t h a t  an  a u to e x c i t a t o r y  f a c t o r  i s  r e l e a s e d  from  th e  bag  c e l l s .

A lpha-B C P, b e ta -B C P , and gamma-BCP, w hich  h ave  t h e  common 
i n t e r n a l  s e q u e n c e  A rg -L e u -A rg -P h e , a l l  h av e  d o s e -d e p e n d e n t  depo
l a r i z i n g  e f f e c t s  on bag c e l l s  when p e r f u s e d  i n t o  t h e  abdom inal 
g a n g lio n  a lo n g  w ith  p r o te a s e  i n h i b i t o r s .  A lpha-B C P [ 1 - 8 ] ,  a lp h a -  
B C P [ l-9 ] ,  and  be ta -B C P  w e re  a p p ro x im a te ly  e q u a l l y  p o t e n t ,  w ith  
t h r e s h o ld s  i n  th e  r a n g e  o f 10–8 to  10–7 M, w h ile  gamma-BCP had 
w eaker e f f e c t s .  The d e p o la r iz i n g  r e s p o n s e  h ad  a  t im e  c o u rs e  
s i m i l a r  to  t h a t  o f  t h e  d e p o l a r i z a t i o n  p ro d u ce d  by i n t r a c e l l u l a r  
bag  c e l l  s t i m u l a t i o n ,  and  a t  h ig h e r  p e p t id e  c o n c e n t r a t i o n s  i t  
o f t e n  ex c ee d e d  t h e  t h r e s h o ld  f o r  i n i t i a t i o n  o f a  bag c e l l  b u r s t  
d i s c h a r g e .  D e p o la r i z a t i o n  was a l s o  s e e n  when p e p t id e  was a p p l ie d  
by p r e s s u r e  e j e c t i o n  d i r e c t l y  o n to  bag c e l l s  i n  i s o l a t e d  bag c e l l  
o r g a n s ,  s u g g e s t in g  t h a t  t h e s e  e f f e c t s  a r e  d i r e c t ,  a c t i n g  th ro u g h  
e x c i t a t o r y  a u t o r e c e p t o r s .

T h e se  r e s u l t s  s u g g e s t  t h a t  a lp h a -B C P , b e ta -B C P , an d  gamma- 
BCP a l l  a c t  a s  e x c i t a t o r y  a u t o t r a n s m i t t e r s  on th e  bag  c e l l s .  
The i n d i c a t io n  o f b i o lo g i c a l  r o l e s  f o r  be ta -B C P  and gamma-BCP 
b r in g s  to  f o u r  t h e  num ber o f  p e p t id e s  from  t h e  ELH/BCP p r e c u r s o r  
w hich  a r e  th o u g h t  to  a c t  a s  bag  c e l l  t r a n s m i t t e r s .

T h is  work was s u p p o r te d  by NIH G ra n t NS16490.
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260.5 FMRF-AMIDE IS PRESENT IN THE ARC MUSCLE OF APLYSIA  AND DEPRESSES 
ITS CONTRACTIONS. K .R . W e iss ., P .E . L lo y d ,  E .C . C ro p p e r , M. 
F ran k fu rt and I .  K u p ferm an n . C n t r .  f o r  N e u ro b io . & B e h a v ., 
Columbia U niv . an d  NYS P s y c h i a t . I n s t . ,  New Y ork , NY 10032. D e p t. 
of Pharm acol. & P h y s i o l . ,  U n iv . o f  C h ic a g o , C h ic a g o , I I .  60637.

Feeding b e h a v io r  o f  A p ly s i a i s  c o n t r o l l e d  by  a v a r i e t y  o f  mo
t iv a t io n a l  v a r i a b l e s .  We h av e  b e e n  s tu d y in g  t h e  n e u r a l  b a s i s  o f  
the b e h a v io ra l  e x p r e s s io n  o f  one o f  t h e s e  v a r i a b l e s ,  nam ely  fo o d  
induced a r o u s a l .  In  o u r  p r e v io u s  w ork , u s in g  t h e  a c c e s s o r y  r a d u la  
c lo se r  (ARC) m u sc le  o f  A p ly s ia  as . a m odel sy s te m  f o r  s tu d y in g  th e  
p e rip h e ra l  a s p e c t s  o f  b e h a v io r a l  a r o u s a l ,  we fo u n d  t h a t  b e h a v io r 
a l a ro u sa l i s  e x p re s s e d ,  i n  p a r t ,  v i a  an  e n h a n c e d  s t r e n g t h  o f  th e  
muscular c o n t r a c t i o n .  We fo u n d  t h a t  t h i s  i n c r e a s e  o f  t h e  s t r e n g th  
of c o n tr a c t io n s  i s  m e d ia te d  by  s e r o t o n in  an d  SCP w hich  a c t  t o  i n 
crease m uscle c o n t r a c t i l i t y .  We now r e p o r t  t h a t  i n  a d d i t i o n  t o  
th is  u p - r e g u la t io n ,  m u sc le  c o n t r a c t i o n s  may b e  d o w n - re g u la te d ,  
and th a t  t h i s  d o w n - r e g u la t io n  may be  m e d ia te d  by  FMRF-amide.

ARC c o n tr a c t io n s  p ro d u c e d  by  f i r i n g  c h o l i n e r g i c  m o to n eu ro n s 
B15 o r B16 were d e p re s s e d  r e v e r s i b l y  by  s u p e r f u s in g  t h e  m u sc le  
with FMRF-amide. The t h r e s h o ld  f o r  t h i s  e f f e c t  was b e lo w  0 .0 1  uM 
of FMRF-amide. The d e p r e s s io n  o f  ARC c o n t r a c t i o n  was acco m p an ied  
by a r e d u c tio n  o f  t h e  s i z e  o f  EJPs r e c o r d e d  i n t r a c e l l u l a r l y . 
Since th e  ARC i s  a n o n - s p ik in g  m u sc le  whose c o n t r a c t i o n  s i z e  
depends on th e  m ag n itu d e  o f  i t s  s y n a p t i c  d e p o l a r i z a t i o n ,  t h e  
depression  o f EJP s i z e  i s  l i k e l y  t o  a c c o u n t  f o r  t h e  d e p r e s s io n  o f 
the c o n tr a c t io n  s i z e .  FMRF-amide i s  t h e r e f o r e  a  c a n d id a t e  
in h ib i to ry  m o d u la to r  o f  t h e  ARC.

The p rese n c e  and  l o c a l i z a t i o n  o f  FMRF-amide in  b u c c a l  m u sc le  
was in v e s t ig a te d  u s in g  b io c h e m ic a l  an d  im m u n o c y to lo g ic a l  t e c h n i 
ques. HPLC f r a c t i o n a t i o n  o f  t h e  m a t e r i a l  e x t r a c t e d  from  b u c c a l  
muscles combined w ith  a b io a s s a y  was u s e d  t o  d e t e c t  an d  m easu re  
the le v e ls  o f  FMRF-amide. We fo u n d  t h a t  FMRF-amide was p r e s e n t  in  
the ARC (76 p ic o m o le /g  w et w e i g h t ) . L ig h t  m ic r o s c o p ic  e x a m in a tio n  
of ARCs s ta in e d  w ith  an  a n t ib o d y  d i r e c t e d  a g a in s t  FMRF-amide r e 
vealed t h a t  im m u n o re a c tiv ity  was fo u n d  i n  a  s e r i e s  o f  i n t e r c o n 
nected v a r i c o s i t i e s ,  s u g g e s t in g  t h a t  i t  may be  l o c a l i z e d  t o  v a r i 
c o s i t ie s  in  n e rv e  f i b e r s .

In c o n c lu s io n , o u r  com bined  b io c h e m ic a l ,  im m u n o c y to lo g ic a l  and 
p h y s io lo g ic a l s t u d i e s  s u g g e s t  an  i n h i b i t o r y  m o d u la to ry  r o l e  f o r  
FMRF-amide in  th e  ARC m u sc le . I t  i s  p o s s i b l e  t h a t  FMRF-amide may 
be involved  in  m e d ia t in g  fo rm s o f  d e a r o u s a l  t h a t  a r e  o b s e rv e d  in  
se n s i t iz e d  o r s a t i a t e d  a n im a ls .

260.6 LOCALIZATION OF PEPTIDES IN BUCCAL CHOLINERGIC MOTOR NEURONS B15 
AND B16: EVIDENCE FOR A MODULATORY SYSTEM INTRINSIC TO THE MOTOR 
CIRCUIT. E .C . C ro p p e r , P .E . Ll oyd , W. R eed*, I .  Kupferm ann and 
K .R. W e is s . C n t r .  f o r  N e u ro b io l .  & B e h a v .,  C olum bia U n iv . and 
NYS P s y c h i a t r i c  I n s t . ,  New Y ork , NY 10032 . D e p t . o f  P h a rm aco l. & 
P h y s i o l . ,  U n iv . o f  C h ic a g o , C h ic a g o , I I .  60637.

We h ave  h y p o th e s iz e d  t h a t  a f o o d - in d u c e d  a r o u s a l  s t a t e  in  
A p ly s ia  i s  m e d ia te d  by  th e  i n t e r a c t i o n  o f  m u l t i p l e  m o d u la to ry  
s y s te m s .  One su c h  sy s te m  i s  e x t r i n s i c  t o  t h e  b a s i c  s e n so ry -m o to r  
c i r c u i t  t h a t  d r iv e s  t h e  b e h a v io r ,  w h e re a s , a n o th e r  i s  i n t r i n s i c .  
To i n v e s t i g a t e  t h i s  h y p o th e s i s ,  we h ave  s tu d i e d  a m odel sy stem  
c o n s i s t i n g  o f  two b u c c a l  m o to r n e u ro n s ,  B15 an d  B16, and  a b u c c a l  
m u sc le , t h e  a c c e s s o r y  r a d u la  c l o s e r  (ARC). P r e v io u s  s tu d i e s  i n d i 
c a te d  t h a t  t h e  B15-B16-ARC sy s te m  i s  m o d u la te d  by e x t r i n s i c  in p u t  
from  th e  s e r o t o n e r g i c  m e ta c e r e b r a l  c e l l .  I t  h a s  a l s o  b een  demon
s t r a t e d  t h a t  t h e  m o llu sc a n  p e p t i d e s ,  SCPa an d  SCPb, a r e  b i o a c t iv e  
i n  t h i s  s y s te m , i . e . ,  th e y  i n c r e a s e  t h e  s i z e  o f  t h e  ARC c o n t r a c 
t i o n s  p ro d u c e d  by  s t i m u l a t i o n  o f  B15 o r  B16. I t  w as, t h e r e f o r e ,  
h y p o th e s iz e d  t h a t  SCPa an d  SCPb may f u n c t io n  a s  i n t r i n s i c  m odula
t o r s  i n  t h e  B15-B16-ARC sy s te m  and  may be  p r e s e n t  in  B15 and B16.

In  o u r  e x p e r im e n ts ,  b io c h e m is t ry  and  im m u n o c y to c h e m is try  a t  
t h e  e l e c t r o n  m ic ro sc o p e  l e v e l  h ave  b een  u s e d  t o  d e m o n s tra te  t h a t  
SCPa an d  SCPb a r e  p r e s e n t  in  B15. S p e c i f i c a l l y ,  we h ave  fo u n d  
t h a t  B15 c o n ta in s  S C P -im m u n o reac tiv e  (SCP-IR) v e s i c l e s .  F u r th e r 
m ore , B15 in c u b a te d  w ith  r a d i o l a b e l e d  m e th io n in e ,  a SCP- 
p r e c u r s o r ,  s y n th e s i z e s  l a b e l e d  p e p t i d e s  w hich  p r e c i s e l y  c o e lu t e  
w i th  s y n t h e t i c  SCPa an d  SCPb in  a r e v e r s e  p h a s e  HPLC sy s te m  u s in g  
two d i f f e r e n t  c o u n t e r - i o n s . We h av e  a l s o  shown t h a t  SCPa and SCPb 
a r e  n o t  p r e s e n t  i n  B16, b u t  h av e  fo u n d  t h a t  B16 c o n ta in s  a d i f 
f e r e n t  b i o a c t i v e  p e p t i d e .  B16 h a s  d e n se  c o re  v e s i c l e s  b u t  th e y  
a r e  n o t  SC P-IR . B16 in c u b a te d  w i th  l a b e l e d  m e th io n in e  s y n th e s i z e s  
a p e p t i d e  w hich  d o e s  n o t  c o e lu t e  w ith  s y n t h e t i c  SCPa an d  SCPb. 
The b i o a c t i v i t y  o f  t h i s  p e p t id e  was i n v e s t i g a t e d  by  s e q u e n t i a l l y  
c h ro m a to g ra p h in g  m a t e r i a l  e x t r a c t e d  from  ARC m u sc le s  w ith  r a d i o -  
l a b e l e d  p e p t i d e  HPLC p u r i f i e d  from  B16, an d  a s s a y in g  th e  e f f e c t s  
o f  t h e  r e s u l t i n g  f r a c t i o n s  on th e  c o n t r a c t i l i t y  o f  t h e  ARC 
m u sc le . F r a c t i o n s  o f  m u sc le  e x t r a c t  w hich  c o e lu t e d  w ith  th e  B16 
p e p t i d e  i n c r e a s e d  t h e  s i z e  o f  ARC c o n t r a c t i o n s .

In  c o n c lu s io n ,  we h ave  d e m o n s tra te d  t h a t  b o th  o f  t h e  m ain 
c h o l i n e r g i c  m o to r n e u ro n s  i n n e r v a t i n g  t h e  ARC c o n ta in  b i o a c t iv e  
p e p t i d e s  w hich  may f u n c t io n  a s  i n t r i n s i c  m o d u la to rs ,  and  t h a t  th e  
p e p t i d e s  a r e  d i f f e r e n t  f o r  t h e  two m o to r n e u ro n s .

260.7 FMRFamide ACTIVATION OF A VOLTAGE DEPENDENT CHLORIDE 
CURRENT IN APLYSIA NEURON L 2. P . R uben* an d  
S . Thompson (SPON:J .M . H ardm an). H opk ins  M arine  
S ta tio n , S ta n fo rd  U n iv . ,  P a c i f i c  G ro v e , CA 93950 .

The n e u ro a c t iv e  p e p t id e  FMRFamide i s  w id e ly  d i s 
tr ib u te d  in  m o llu s c a n  and  o th e r  n e rv o u s  s y s te m s .  I t s  
p revalence h a s  p ro m p ted  i n v e s t i g a t i o n  i n t o  i t s  
e f fe c ts  on a v a r i e t y  o f  c e l l  t y p e s .  Two e l e c t r o d e  
vo ltage clamp was u sed  t o  s tu d y  th e  re s p o n s e  o f  th e  
b u rs tin g  n eu ro n  L2 t o  FMRFamide. The p e p t id e  was 
applied  by p r e s s u r e  e j e c t i o n  from  a m i c r o p ip e t t e  o n to  
the s u r g ic a l ly  i s o l a t e d  soma o f  L 2 . A t a h o ld in g  
voltage o f -40  mV th e  r e s p o n s e  i s  a  c o n d u c ta n c e  
increase  to  c h lo r id e  i o n s .  The i o n i c  i d e n t i t y  o f  
th is  c u r re n t  was d e te rm in e d  by p a r t i a l  r e p la c e m e n t  o f  
ex te rn a l NaCl w ith  N a - i s e t h i o n a t e  and  by s u b s t i t u t i o n  
of KCl  e l e c t r o d e s  w ith  KAc e l e c t r o d e s .  C hanges in  
ex te rn a l p o ta s s iu m  c o n c e n t r a t i o n s  p ro d u c e  no  ch an g e  
in th e  c u r r e n t ,  i n d i c a t i n g  t h a t  t h e  re s p o n s e  i n  L2 to  
FMRF-amide i s  n o t due  t o  t h e  a c t i v a t i o n  o f  a p o t a s 
sium inw ard r e c t i f i e r  c u r r e n t .  In  a d d i t i o n ,  t h e  
re v e rsa l p o t e n t i a l  f o r  t h e  c u r r e n t  i s  a b o u t  -4 0  mV 
which i s  more p o s i t i v e  th a n  th e  r e v e r s a l  p o t e n t i a l  
for p o ta ss iu m  in  t h i s  c e l l .  D u rin g  v o l t a g e  s t e p s  t o  
h y p e rp o la riz ed  p o t e n t i a l s ,  t he  c o n d u c ta n c e  d r a m a t i 
c a lly  i n c r e a s e s .  The v o l t a g e  d e p e n d e n t c u r r e n t  
develops e x p o n e n t ia l l y  t o  a  s t e a d y  s t a t e  from  w h ich  
th e re  i s  no i n a c t i v a t i o n  f o r  a t  l e a s t  1 m in u te .  Upon 
re tu rn  o f v o l ta g e  t o  -4 0  mV, t h e  c u r r e n t  d e a c t i v a t e s  
e x p o n e n t ia lly  w ith  k i n e t i c s  t h a t  a r e  v e ry  s i m i l a r  t o  
the i n a c t i v a t i o n  k i n e t i c s  f o r  t h e  f a s t  t r a n s i e n t  
potassium  c u r r e n t ,  IA . The v o l t a g e  d e p en d en ce  o f  t h e  
FMRF-amide c u r r e n t  i s  a l s o  s i m i l a r  t o  t h a t  f o r  IA 
in a c t iv a t io n .  The sum m ation  o f  t h e  FMRF-amide in w ard  
cu rren t w ith  IA r e s u l t s  i n  a d e c r e a s e  in  t h e  a m p li
tude o f  IA . T h e r e f o r e ,  FMRF-amide c an  m o d ify  th e  
e x c i t a b i l i t y  o f  L2 by a c t i v a t i n g  a c h l o r i d e  c u r r e n t  
th a t m asks t h e  h y p e r p o la r i z in g  e f f e c t  o f  IA .
(Supported  by th e  A lb e r ta  H e r i t a g e  F o u n d a tio n  f o r  
Medical R e s e a rc h  t o  P .R . an d  USPHS g r a n t  #NS14519 t o  
S .T .)

260.8 VOLTAGE CLAMP ANALYSIS OF ELH, 5 -H T , AND SECOND 
MESSENGER EFFECTS ON THE IDENTIFIED MOTONEURON B16 OF 
APLXSIA. M .D . K IR K  A N D  R .H . SCHELLER. D e p t . o f  B i o l .  
S c i . ,  S ta n f o r d  U n i v e r s i t y ,  S ta n f o r d ,  CA 94305.

T he i d e n t i f i e d  b u c c a l  g a n g l i o n  m o to n e u ro n ,  B 16, 
i n n e r v a t e s  t h e  a c c e s s o r y  r a d u l a  c l o s e r  m u s c l e  i n  
A p l y s i a  c a l i f o r n i c a . T he n e u r o p e p t i d e  e g g - l a y i n g  
h o rm o n e  (ELH) a n d  t h e  b i o g e n i c  a m in e  s e r o t o n i n  (5-HT) 
e x c i t e  B16 a t  n an o m o la r an d  m ic ro m o la r  c o n c e n t r a t i o n s  
r e s p e c t i v e l y .  T h e  p r o l o n g e d  t i m e  c o u r s e s  o f  t h e  
r e s p o n s e s  (m in u te s )  an d  th e  a b se n c e  o f  d e s e n s i t i z a t i o n  
s u g g e s t  t h a t  t h e s e  e f f e c t s  a r e  m e d ia t e d  by s e c o n d  
m e s s e n g e r s .  U sin g  th e  v o l t a g e  c lam p  te c h n iq u e ,  we had  
p r e v i o u s l y  show n t h a t  ELH a n d  5-HT in d u c e  a v o l t a g e -  
d e p e n d e n t s lo w  in w a rd  c u r r e n t  in  B16 t h a t  i s  c a r r i e d  by 
Na+ . We h a v e  now c o n f irm e d  an d  e x te n d e d  t h e s e  r e s u l t s  
by t e s t i n g  f o r  i n t e r a c t i o n s  b e tw een  t h e s e  t r a n s m i t t e r s ,  
a n d  by t e s t i n g  t h e  a f f e c t s  o f  s e c o n d  m e s s e n g e r s  on  
v o l t a g e - d e p e n d e n t  c u r r e n t s  in  B16.

ELH a n d  5-HT w e re  b a t h  a p p l i e d  w h i l e  a n  a x o to m iz e d  
B16 w as v o l t a g e  c la m p e d  u s i n g  tw o e l e c t r o d e s .  H ig h  
c o n c e n t r a t i o n s  (500 nM) o f  ELH f a i l  t o  o c c lu d e  th e  s lo w  
in w a r d  s h i f t  i n  h o l d i n g  c u r r e n t  i n  r e s p o n s e  t o  5-HT 
s u g g e s t i n g  t h a t  t h e  tw o  t r a n s m i t t e r s  p r o b a b l y  a c t  
t h r o u g h  d i f f e r e n t  r e c e p t o r s .  H o w e v e r ,  h i g h  
c o n c e n t r a t i o n s  o f  5-HT (100 μ M) do o c c lu d e  th e  r e s p o n s e  
t o  ELH s u g g e s t in g  t h a t  p o r t i o n s  o f  t h e i r  e f f e c t s ,  su ch  
a s  t h e  i n d u c t i o n  o f  t h e  N a +- d e p e n d e n t  s lo w  in w a r d  
c u r r e n t ,  a r e  in  common, an d  t h a t  some p o r t i o n ( s )  o f  th e  
s e c o n d  m e s s e n g e r  p a th w a y s  i n v o l v e d  c a n  be s a t u r a t e d .  
We t h e n  b a th  a p p l i e d  8 -b r o m o -c y c l ic A M P  (250 μ M), 
f o r s k o l i n  (1 0 0  μ m ) ,  IBMX (1mM), a n d  i n t r a c e l l u l a r l y  
i n j e c t e d  c y c l i c  AMP. A l l  o f  t h e s e  t r e a tm e n t s  in d u c e d  
o r  e n h an c e d  th e  v o l ta g e - d e p e n d e n t  s lo w  in w a rd  c u r r e n t .  
I t  w as a l s o  fo u n d  t h a t  8 - b r o m o - c y c l i c GMP h a d  s i m i l a r  
e f f e c t s  a n d  t h i s  i s  c o n s i s t e n t  w i th  t h e  p r e v i o u s  
r e s u l t s  o f  Connor and  H o c k b e rg e r , 1984. I n t r a c e l l u l a r  
o r  e x t r a c e l l u l a r  a p p l i c a t i o n s  o f  8-brom o-5-A M P o r  GMP 
h a d  no e f f e c t .  F i n a l l y ,  8 -b r o m o -c y c l ic G M P  o c c l u d e d  
t h e  r e s p o n s e  t o  8 -b r o m o -c y c l ic A M P  a n d  t h e  in w a rd  
c u r r e n t  r e s p o n s e  t o  5 -H T , h o w e v e r ,  u n d e r  t h e s e  
c o n d i t i o n s ,  5-HT e l i c i t e d  a n  o u tw a r d  c u r r e n t  t h a t  w as 
a s s o c i a t e d  w ith  an  i n c r e a s e  in  c o n d u c ta n c e  s u g g e s t in g  
t h a t  5-HT may a l s o  a c t  th ro u g h  y e t  a n o th e r  u n i d e n t i f i e d  
s e c o n d  m e ss e n g e r  sy s te m .
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260.9 MULTIPLE MECHANISMS OF BURSTING IN A CONDITIONAL 
BURSTER NEURON. R. M. Harris-Warrick and R.E. Flam m. Sect. of 
Neurobiology and Behavior, Cornell University, Ithaca NY 14853.

The AB neuron is a conditional burster in the stomatogastric ganglion (STG) of 
the lobster, Panulirus interruptus. With intact modulatory inputs from other 
ganglia, it exhibits large bursting pacemaker potentials (BPPs) underlying burst of 
action potentials. When modulatory input is eliminated, it falls silent and cannot 
be induced to burst by current injection. Three endogenous neuromodulators, 
dopamine (DA), serotonin (5HT) and octopamine (OCT), induce rhythmic 
bursting in the AB cell. However, the amplitude, shape and burst frequency are 
very different with each amine: DA induces larger, high frequency BPPs, 5HT is 
intermediate, and OCT induces small, low frequency BPPs. We have analyzed 
the ionic mechanisms of burst induction by these amines in AB neurons that are 
isolated from all synaptic input by a combination of sucrose-TTX block of 
descending inputs from other ganglia and 5,6-carboxyflourescein 
photoinactivation of pre-synaptic neurons within the STG. Differences in amine- 
induced BPPs arise from different contributions o f ionic currents during the burst 
First, when sodium entry is reduced by 10–7M TTX or 50% reduction of 
extracellular sodium, BPPs induced by 5HT or OCT are rapidly eliminated, while 
DA-induced BPPs continue with little decrement in the absence of action 
potentials. This suggests that burst initiation in 5HT or OCT requires sodium 
entry through TTX-sensitive channels, while DA-induced bursts do not. Second, 
when extracellular calcium is reduced to 25% or lower, DA-induced BPPs are 
rapidly eliminated and the membrane potential remains depolarized near the peak 
of the former BPP. 5HT- and OCT-induced BPPs are only slightly affected by 
25% calcium. However, their bursts cease upon complete removal of calcium or 
addition of cadmium or cobalt, and again the cell remains depolarized near the 
peak of the BPP. This suggests that the mechanism for terminating the burst is 
dependent upon calcium entry, and 5HT and OCT differ quantitatively from DA ir 
their lower dependence on calcium entry to terminate a burst. Third, addition of 
5mM TEA to reduce potassium current enhances the amplitude of BPPs induced 
by all three amines, and the OCT-induced BPP is now nearly the same amplitude 
as the DA- and 5HT-induced BPPs. This suggests that the lower amplitude of 
OCT-induced BPPs under normal conditions may be in part due to a greater 
density of potassium current during the bursts than with 5HT or DA. Fourth, the 
value of the undershoot separating bursts varies with extracellular potassium in a 
Nernstian fashion for DA and 5HT, but is much less than Nernstian for OCT. 
This suggests that potassium currents dominate the undershoot for DA and 5HT, 
but other currents are also active during the undershoot in OCT. These 
experiments show that a single cell can burst by more than one combination of 
ionic currents. The AB neuron has an important role in timing and phasing of the 
pyloric circuit in the STG. Multiple bursting mechanisms in the AB will allow 
subtle modulation of this neuronal circuit and its related behavior. Supported by 
NIH #NS17323.

260.10 EVIDENCE FOR STIMULATION OF MUSCLE PHOSPHATIDYLINOSITOL METABOLISM 
BY AN IDENTIFIED SKELETAL MOTONEURON 
M.K. Worden and M. O'Shea. Committee on Neurobiology, University 
of Chicago, Chicago, I l l inois  60637 and Lab. of Neurobiology, 
Université de Genéve, CH-1211 Genéve 4, Switzerland

The slow motoneuron to the extensor t ib ia l i s  of the locust hind
leg (SETi) releases two transmitters,  the peptide proctolin (Arg- 
Tyr-Leu-Pro-Thr) and an amino acid transmitter (probably L-gluta- 
mate). Neural l y-rel eased proctolin has two types of actions, direct 
and modulatory. Proctolin acts directly on the muscle to cause a 
slow and sustained "catch" tension which does not depend on the 
presence of extracel l ular calcium. Proctolin also modulates the 
action of the second transmitter (L-glu). This transmitter acts 
classically , producing a muscle EJP and transient twitch contrac
tion. Proctolin produces a long term increase in the amplitude, 
rate of contraction and rate of relaxation of these transient con
tractions.  These modulatory effects can be mimicked by activating 
the SETi motoneuron in a brief high frequency burst; SETi-evoked 
twitch contractions subsequent to a SETi burst are stronger, deve
lop more rapidly, and relax more rapidly than twitch contractions 
preceding the burst. This indicates that proctolin released during 
high frequency burst activity  modulates the synaptic actions of the 
amino acid transmitter with which i t  is co-rel eased.

The direct  contractile effect  of proctolin does not depend on the 
presence of extracel lular  calcium, suggesting the involvement of a 
second messenger. Proctolin does not elevate levels of cyclic 
nucleotides in the extensor muscle. To investigate the possibility 
that proctolin contracts muscle via the inositol phosphate second 
messenger system extensor muscles were pre-incubated with tritiated 
myo-inositol and exposed to proctolin. Water soluble inositol 
phosphates were extracted and separated by anion-exchange chromato
graphy. In the presence of 10 mM LiCl , proctolin triggers a signi
ficant increase in inositol trisphosphate (IP3), a soluble second 
messenger which liberates calcium from internal stores in other 
systems.

This evidence suggest that SETi in i t ia tes  muscle contraction by 
releasing two neurotransmitters which activate separate intracellu
lar  signalling systems; the peptide receptor-stimulated metabolism 
of inositol phosphates which liberate internal Ca+ and the amino 
acid receptor-stimulated influx of Ca+ ions. The modulatory effects 
of co-released proctolin might result from the interaction of these 
two pathways at the cel l ular level .
(Supported by Swiss National Fund No 3.181.0.85)

260.11 STEROID REGULATIONOF THE PHOSPHOPROTEINS DETERMINING PEPTIDE 
SENSITIVITY IN THE CNS OF MANDUCA SEXTA. D .B. M orton* and J.W . 
Truman (SPON. J .L .  W i t t e n ) ,  D ep a rtm en t o f  Z o o lo g y , U n iv e r s i ty  
o f  W a sh in g to n , S e a t t l e  WA 98195 .

The f i n a l  s te p  o f  e a ch  m o lt i n  i n s e c t s  i s  th e  s h e d d in g  o f  th e  
c u t i c l e  o f  th e  p r e v io u s  i n s t a r .  T h is  p r o c e s s  ( te rm e d  e c d y s i s )  
i s  t r i g g e r e d  by a p e p t i d e ,  e c lo s i o n  horm one (EH ), a c t i n g  d i r e c t l y  
on th e  CNS. An i n t r i g u i n g  a s p e c t  o f  th e  a c t i o n  o f  EH i s  t h a t  
i t  w i l l  o n ly  t r i g g e r  e c y s i s  d u r in g  th e  few h o u rs  im m e d ia te ly  
p r e c e e d in g  th e  n o rm a l tim e  o f  e c d y s i s .  The a p p e a re n c e  o f  t h i s  
window o f  s e n s i t i v i t y  d ep en d s on th e  p r i o r  e x p o su re  o f  th e  CNS 
to  th e  s t e r o i d  horm one, 2 0 -h y d ro x y e c d y so n e  (2 0 -H E ).

EH a c t s  on th e  CNS v i a  an i n c r e a s e  in  cGMP, w hich  in  t u r n  
s t i m u l a t e s  th e  p h o s p h o ry la t io n  o f  two 54kD p r o t e i n s .  The 
a v a i l a b l i t y  o f  t h e s e  p r o t e i n s  f o r  p h o s p h o ry la t io n  d e te rm in e s  
th e  o n s e t  o f  b e h a v io r a l  s e n s i t i v i t y  to  EH (M orton  and Truman 
(1 9 8 5 ) , S oc . N e u r o s c i .  A b s t r a c t s  1 1 ;3 2 4 ) .

The p r e s e n t  r e p o r t  d e t a i l s  th e  r e g u l a t i o n  o f  th e  a p p e a re n c e  
o f  th e  54kD p r o t e i n s ,  by 20-HE, a t  p u p a l  e c d y s i s  in  M anduca. By 
l i g a t i n g  p re p u p a e  b e tw een  th e  th o ra x  ( th e  s o u rc e  o f  e c d y s t e r o id s )  
and th e  abdom en, th e  abdom enal CNS i s  d e p r iv e d  o f  i t s  n o rm a l 
s t e r o i d  t i t e r s .  I n  a n im a ls  t r e a t e d  in  t h i s  way th e  54kD p r o t e i n s  
f a i l  to  a p p e a r ,  a s  ju d g e d  by t h e i r  a b i l i t y  to  i n c o r p o r a t e  32P. 
I n f u s io n  o f  l i g a t e d  abdom ens w ith20-H E  f o r  12 h r s ,  c a u se d  th e  
a p p e a re n c e  o f  th e  54kD p r o t e i n s  by 60 h r s  a f t e r  th e  end o f  
i n f u s i o n .  B e h a v io ra l  s e n s i t i v i t y  to  EH r e q u i r e s  n o t  o n ly  th e  
r i s e  in  e c d y s t e r o i d s  b u t  a l s o  i t s  s u b s e q u e n t  f a l l .  The 54kD 
p r o t e i n s  a l s o  h ave  t h i s  r e q u i r e m e n t.  I f  th e  CNS i s  rem oved 24 h r s  
b e f o r e  e c d y s i s ,  when th e  54kD p r o t e i n s  a r e  a b s e n t  and th e  
e c d y s t e r o i d  l e v e l s  a r e  f a l l i n g ,  and  th e  CNS i s  k e p t  i n  c u l t u r e  
f o r  24 h r s ,  th e  54kD p r o t e i n s  become a v a i l a b l e  f o r  p h o s p h o ry la t io n .  
I f  th e  f a l l  i n  e c d y s t e r o id s  i s  p r e v e n te d  by c u l t u r i n g  in  th e  
p re s e n c e  o f  20-HE f o r  24 h r s ,  th e  54kD p r o t e i n s  do n o t  a p p e a r .  
The t im in g  o f  th e  a c t i o n  o f  20-HE and o f  th e  p r o t e i n  s y n th e s i s  
i n h i b i t o r  c y c lo h e x im id e , l e a d s  us to  b e l i e v e  t h a t  th e  s t e r o i d  
p r im in g  o f  th e  CNS w hich  r e n d e r s  i t  r e s p o n s iv e  to  EH comes 
a b o u t  by i n d u c t io n  o f  th e  s y n th e s i s  o f  th e  54kD p r o t e i n s .

S u p p o r te d  by NIH g r a n t  # N S -13079.

260.12 NEUROPEPTIDE SYNTHESIS AND ITS REGULATION IN AN INSECT MODEL SYSTEM 
S. Hekimi* and M. O'Shea. Lab. of Neurobiology, Univ. of Geneva. 
CH-1211 Geneva 4, Switzerland

The locust Schistocerca gregaria possesses two peptide hormones 
with adipokinetic activi ty  AKH I: (pGlu-Leu-Asn-Phe-Thr-Pro-Asn- 
Trp-Gly-Thr-NH2) (Stone et a l . ,  Nature 263 (1976) and AKH II (pGlu- 
Leu-Asn-Phe-Ser-Thr-Gly-Trp-NH2) (Siegert et a l . ,  Biol. Chem. Hoppe 
Seyler Vol. 366 (1985). They are found in high amounts ( 5 0 0  
pmoles/ 100 pmoles) in the glandular lobes of the corpus cardiacum 
(C.C.), a major insect neurosecretory structure. We show that the 
biosynthesis of AKH I and AKH II ,  functionally and structurally 
highly similar peptides, is regulated differently during develop
ment. The ratio of the amounts of AKH II versus AKH I found in the 
C.C. drops throughout post-embryonic l i f e ,  from almost equal 
amounts in the f i r s t  larval stage to the adult condition [AKH II/ 
AKH I = 18%]. Furthermore the rate of synthesis of both peptides 
is dramatically increased during adult maturation.

We have developped an in vitro organ culture system in which 
incorporation of 3h Trp into the proteins and peptides manufactured 
by the gland can be monitored. Incubations of glandular lobes from 
animals at different developmental stages showed that the shift  in 
the AKH II /AKH I ratio is the consequence of differential synthesis.

We also used the in vitro system to characterize the biosynthe
t ic  pathways leading to AKH I and II .  Several lines of evidence, 
including time-course of label incorporation, pulse-chase, and 
cycloheximide-translation block experiments, have allowed us to 
identify, characterize and purify a 12 kd primary protein precursor 
of AKH I (ProAKH). Currently we are engaged in the purification of 
sufficient ProAKH for gas-phase microsequencing.

Using synthetic peptide analogs to AKH I and II we have gene
rated rabbit antisera which specifically recognize and discriminate 
between AKH I and II.  These antibodies also bind to the primary 
AKH precursor and to the smaller peptides we believe to be inter
mediates leading to the AKHs. Radioimmunoassay studies suggest the 
presence of multiple copies of AKH I-related peptides in Pro-AKH.

Immunocytochemical studies show that AKH-like peptides are not 
confined to the glandular lobe of the C.C. There is a small popu
lation of AKH-IR neurons in the CNS. These las t  findings suggest a 
neurotransmitter role for the AKHs or AKH-related peptides. 
(Research supported by SNF No 3.181.0.85)
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260.13 IMMUNOCYTOCHEMICAL MAPPING OF NEUROTRANSMITTER CANDIDATES IN THE AN
TENNAL LOBES OF MANDUCA SEXTA. U. H om berg*, R .A . M ontague, S .G . Hos
k ins, K.S. K en t, and J .G .  H i ld e b r a n d . A r iz o n a  R e se a rc h  L a b o r a to r ie s  
D ivision of N e u ro b io lo g y , U n iv e r s i ty  o f  A r iz o n a ,  T u cso n , AZ 85721 .

The a n te n n a l  lo b e s  (ALs) o f  th e  hawkmoth Manduca s e x ta  a r e  th e  
primary b r a in  c e n t e r s  o f  o l f a c t o r y  i n t e g r a t i o n .  In  th e  g lo m e r u li  o f  
the AL, axons o f th e  o l f a c t o r y  r e c e p t o r s  o f  th e  a n te n n a  sy n a p se  upon 
CNS neurons. The so m ata  o f  t h e s e  n e u ro n s  a r e  a r r a n g e d  i n  3 g ro u p s  
bordering th e  AL n e u r o p i l :  one a n t e r o - v e n t r a l  ( c a .  13 s o m a ta ) ,  one 
m edio-dorsal  ( c a .  180 s o m a ta ) ,  and one v e n t r o - l a t e r a l  ( c a .  900 somata). 
Based upon m orpho logy , 2 m ajo r ty p e s  o f  c e n t r a l  n e u ro n s  c an  be d i s 
tinguished  in  th e  ALs: lo c a l i n t e rneurons  (LNs) w i th  so m ata  i n  th e  
v e n tr o - la te r a l  g ro u p  and a r b o r i z a t i o n s  i n  many g lo m e r u l i ,  and pro jec
tion neurons, w hich  can  be f u r t h e r  c l a s s i f i e d : ( a )  c a .  400 n e u ro n s  
with somata in  a l l  3 g ro u p s  i n n e r v a te  s in g l e  g lo m e r u l i  and p r o j e c t  
in the in n e r  a n te n n o - c e r e b r a l  t r a c t  (ACT) to  th e  m ushroom b o d ie s  (MBs) 
and the l a t e r a l  p ro to c e re b ru m  (LPC) o f  th e  b r a i n ;  (b ) c a .  100 neurons 
with l a t e r a l  som ata  p r o j e c t  v i a  th e  m id d le  ACT to  th e  LPC; and (c )  
ca. 260 neurons w i th  l a t e r a l  so m a ta  p r o j e c t  v i a  th e  o u t e r  ACT to  the 
protocerebrum .

As p a r t  o f o u r s t u d i e s  o f  th e  d i s t r i b u t i o n  o f  p u t a t i v e  n e u ro tra n s 
m itte rs in  th e  b r a i n  o f  Manduca [M axw ell e t  a l . ,  Comp Biochem Phys
iol 61c: 109 (1 9 7 8 ); H o sk in s  & H ild e b ra n d  Soc N eurosci A b s tr  9 :2 1 6  
(1983); Homberg e t  a l .  Soc N eurosci A b s tr  1 1 :942  (1 9 8 5 );  H o sk in s  e t  
a l. Cell T iss Res i n  p r e s s  (1 9 8 6 ) ] ,  we h ave  u se d  im m u n o cy to ch em ical 
techniques to  s tu d y  th e  d i s t r i b u t i o n  o f  GABA, 5HT, d o p am in e , ACh, 
and se v e ra l n e u ro p e p t id e s  i n  th e  ALs. W hile  th e  d i s t r i b u t i o n  o f  pu
ta t iv e ly  do p am in erg ic  and c h o l i n e r g i c  n e u ro n s  i s  c u r r e n t l y  u n d e r  i n 
v e s tig a tio n , GABA-like im m u n o re a c tiv i ty  (GLIR) h a s  b e e n  d e te c t e d  in  
the m ajo rity  (1 5 0 -1 8 0 ) o f  LNs i n  th e  AL, c a .  50 n e u ro n s  i n  th e  m id
dle ACT, and a few f i b e r s  i n  th e  o u t e r  ACT. 5 H T -lik e  im m u n o re a c tiv i 
ty has been d e te c te d  in  o n ly  o n e , a n a to m ic a l ly  u n iq u e  n e u ro n  th a t has 
arb o riza tio n s  in  th e  c o n t r a l a t e r a l  AL and i n  th e  LPC. B e s id e s  t h e s e  
n eu ro tran sm itte rs , s e v e r a l  p e p t id e s  h av e  b e e n  d e te c t e d  im m unocyto- 
chemically in  th e  l a t e r a l  c e l l  g ro u p : 1 soma im m u n o re a c tiv e  to  a n t i -  
cho lecystok in in , 10-15 so m ata  im m u n o re a c tiv e  to  a n t i - l o c u s t  a d ip o -  
kinetic hormone, c a .  20 so m ata  w i th  weak im m u n o re a c tiv i ty  to  a n t i 
substance P and an ti-F M R F am ide, and c a .  100 so m ata  im m u n o re a c tiv e  to  
a n ti - c o r t ic o t ro p h in  r e l e a s i n g  f a c to r ( C R F ) .  Many o f  th e  p e p tid e -im m u -  
noreactive neurons a r e  p ro b a b ly  LNs. C R F -lik e  im m u n o re a c tiv i ty ,  how
ever, has a ls o  b een  d e te c t e d  i n  f i b e r s  o f  th e  o u t e r  ACT. E x p e r im e n ts  
in which a d ja c e n t  s e c t i o n s  w ere e x p o sed  to  d i f f e r e n t  a n t i s e r a  r e 
vealed th a t  most a n t i b o d i e s  t e s t e d  so  f a r  r e c o g n iz e  d i f f e r e n t  s e t s  
of neurons in  th e  AL. I t  i s  p o s s ib l e  t h a t  p e p t i d e ( s )  and GABA a re  
colocalized in  a few AL n e u ro n s .  The p r e s e n t  f i n d i n g s  s u g g e s t  t h a t  
both GABA and n e u ro p e p t id e s  a r e  p ro m in e n t t r a n s m i t t e r s  i n  l o c a l  a s  
well as ou tpu t n e u ro n s  o f th e  ALs. [S u p p o rte d  by NIH g r a n t  A I-23253  
and NSF g ran t BNS 8 6 -4 1 1 4 5 .]

260.14 MOLECULAR CLONING OF A TYROSINE HYDROXYLASE GENE IN 
DROSOPHILA MELANOGASTER. W.S .  N e c k a m e y e r * ,  
D. C h i k a r a i s h i *  a n d  W.G. Q u i n n ,  J r . *  (SPON: T .  T u l l y )  
W h i t a k e r  C o l l e g e  a n d  D e p a r t m e n t  o f  B i o l o g y ,  M . I . T . ,  
C a m b r i d g e  MA 0 2 1 3 9 .

A p a r t i a l  cDNA p r o b e  c o n t a i n i n g  c o d i n g  s e q u e n c e s  f o r  
r a t  t y r o s i n e  h y d r o x y l a s e  (D. C h i k a r a i s h i  e t .  a l . ,  CSH 
4 8 : 3 0 9 - 3 1 8 ,  1 9 8 3 )  w as  u s e d  t o  i s o l a t e  D r o s o p h i l a  cDNA 
a n d  g e n o m i c  c l o n e s  on  t h e  b a s i s  o f  h y b r i d i z a t i o n  a t  
r e d u c e d  s t r i n g e n c y .  P a r t i a l  s e q u e n c i n g  o f  o n e  D r o s o 
p h i l a  cDNA c l o n e  g i v e s  a d e d u c e d  a m in o  a c i d  s e q u e n c e  
w h i c h  i s  r e m a r k a b l y  w e l l  c o n s e r v e d  b e t w e e n  s p e c i e s :  
w i t h i n  a  r e g i o n  o f  140 a m in o  a c i d s  i n  t h e  a p p a r e n t  c a t a 
l y t i c  r e g i o n  o f  t h e  p r o t e i n ,  72% o f  t h e  r e s i d u e s  a r e  
i d e n t i c a l  ( T .H .  J o h  e t .  a l . ,  CSH 4 8 / 3 2 7 - 3 3 6 ,  1 9 8 3 ;  
B. G r im a  e t . a l . ,  PNAS 82:  6 1 7 - 6 2 1 ,  1 9 8 5 ) .  N o r t h e r n  b l o t  
a n a l y s i s  o f  t h i s  D r o s o p h i l a  p a r t i a l  cDNA c l o n e  t o  t o t a l  
RNA f r o m  a d u l t  w i l d - t y p e  f l i e s  s u g g e s t s  t h a t  t h e  m a j o r  
t r a n s c r i p t  i s  3 . 2  Kb, a n d  t h a t  i t  i s  a t  l e a s t  2 0 - f o l d  
m o r e  a b u n d a n t  i n  h e a d  t i s s u e  t h a n  i n  b o d i e s .  The  
D r o s o p h i l a  cDNA c l o n e  h y b r i d i z e s  t o  p o l y t e n e  c h r o m o s o m e s  
a t  r e g i o n  65B o n  t h e  t h i r d  c h r o m o s o m e .  T h i s  i n d i c a t e s  
t h a t  t h e  D r o s o p h i l a  t y r o s i n e  h y d r o x y l a s e  g e n e  m aps  q u i t e  
f a r  f r o m  t h e  p r e v i o u s l y  i n v e s t i g a t e d  d i p h e n o l  o x i d a s e  
g e n e  c l u s t e r  on  t h e  s e c o n d  ch ro m o so m e  ( E . S .  P e n t z  
e t .  a l . ,  G e n e t i c s  1 1 2 : 8 2 3 - 8 4 1 ,  1 9 8 6 ) .

T h i s  w o rk  i s  s u p p o r t e d  b y  NIH P o s t d o c t o r a l  F e l l o w s h i p  
GM11060 ( t o  W . S . N . ) ,  a n d  b y  NIH G r a n t s  GM35051 a n d  
GM34588,  Th e  M c K n ig h t  F o u n d a t i o n ,  a n d  t h e  W h i t a k e r  
H e a l t h  S c i e n c e  F u n d  ( t o  W . G . Q . ) .
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261.1 A POST-FERTILIZATION DECREASE OF AN INWARD CURRENT IN THE EGG OF 
THE MOLLUSC MEGATHURA CRENULATA (GIANT KEYHOLE LIMPET). 
K.L. McKeown, S . J .  K ra sn e * and  J .H .  Ye* . D ep artm en t o f  P h y s io lo g y ,  
UCLA School o f M e d ic in e , Los A n g e le s , CA 9 0024 .

U n fe r ti l iz e d  eggs (100 μ  d ia m e te r )  o b ta in e d  from  M eg ath u ra  w ere  
prepared fo r  r e c o rd in g s  by rem o v in g  t h e  v i t e l l i n e  l a y e r  w i th  b r i e f  
exposure to  a l y t i c  a g e n t  from  sperm  o f  M e g ath u ra  fo l lo w e d  by  expo
sure of eggs to  a c i d i f i e d  n a t u r a l  s e a  w a te r  (NSW) to  rem ove egg  
je l ly .  I n v i t r o  f e r t i l i z a t i o n  was p e rfo rm e d  w i th  a  d i l u t e  sperm  
suspension in  NSW. The two m ic r o e l e c t r o d e  (2M K A c e ta te  f i l l e d , 2 0 -  
25 MΩ re s is ta n c e )  v o l ta g e -c la m p  te c h n iq u e  was u se d  to  r e c o r d  from  
u n fertlized  e g g s , f e r t i l i z e d  e g g s  an d  i n d iv i d u a l  c e l l s  o f  t h e  2 - , 4 -  
and 8 -c e l l  em bryonic s ta g e s  a t  a m b ie n t t e m p e ra tu re  (2 0 -2 2 ° C ) .

The fo llo w in g  d i s t i n c t  i o n  c u r r e n t s  w ere  o b s e rv e d  i n  u n f e r t i l i z 
ed eggs: 1) An in w a r d - r e c t i f y i n g  K+ c u r r e n t  (an o m alo u s r e c t i f i e r )  
e lic ite d  by h y p e r p o la r i z a t i o n s  was o b s e rv e d  i n  c o n t r o l  a r t i f i c i a l  
sea water (ASW: 470 mM NaCl ; 10 mM KCl , 50 mM MgCl 2  10 mM CaCl 2  
10 mM T r is ,  pH 7 .7 )  o r  ASW c o n ta in in g  60 mM Ca++ a s  t h e  o n ly  d i 
valent and was b lo c k e d  by 0 .5 - 1  mM Ba+ + ;* *  2) An in w a rd  com ponent 
of cu rren t e l i c i t e d  by l a r g e  d e p o la r i z a t i o n s  w as o b s e rv e d  i n  ASW in  
which a l l  d iv a le n ts  (60 mM) w ere  r e p l a c e d  by e q u im o la r  Ba++ (60  B a- 
ASW) and was b lo ck e d  by  100 μM  Cd+ + ;* *  3) An o u tw a r d - r e c t i f y i n g  K+ 
current which d ev e lo p e d  s lo w ly  d u r in g  l a r g e  d e p o la r i z a t i o n s  was ob
served in  ASWs h a v in g  Ba++ a t  a  co n c .  o f  ≥ 1 mM ( t o t a l  d i v a l e n t s  
constant) b u t was a b s e n t  i n  ASWs c o n ta in in g  e i t h e r  50 mM TEA+ o r  
100 μM Cd++;* *  4) A f a s t ,  t r a n s i e n t  o u tw a rd  K+ c u r r e n t  e l i c i t e d  by 
d e p o la r iz a t io n s  was b lo c k e d  by  5 mM 4 -a m in o p y r id in e  (4-A P) o r  100 

μ M Cd++; 5) An in w ard  c u r r e n t  e l i c i t e d  by h y p e r p o l a r i z a t i o n s  was 
observed in  ASWs i n  w h ich  a l l  Ca++ was r e p l a c e d  by e q u im o la r  Ba++ 
or in  60 Ba-ASW b u t  was b lo c k e d  by  5 mM 4-AP o r  100 μ M Cd++. How
ever, a p p earan ce  o f  th e  f a s t ,  t r a n s i e n t  o u tw a rd  c u r r e n t  (#4) seem ed 
to be c o r r e la t e d  w i th  t h a t  o f  t h e  in w a rd  c u r r e n t  s e e n  i n  Ba-ASWs 
(#5) and b o th  a p p e a re d  t o  b e  b lo c k e d  by t h e  same l e v e l s  o f  Cd++ and 
4-AP. R e la t i v e  m a g n itu d e s  o f  t h e  f i v e  c u r r e n t s  d e s c r ib e d  above  
v a rie d  from  eg g  t o  e g g ;  n o t  a l l  c u r r e n t s  w e re  p r e s e n t  i n  a l l  e g g s .

Our s tu d i e s  s u g g e s t  t h a t  t h e  o u tw a rd  r e c t i f i e r  (# 3 ) p e r s i s t s  a t  
l e a s t  up u n t i l  t h e  8 - c e l l  s t a g e .  The i n w a r d - r e c t i f y i n g  K+ c u r r e n t  
(#1) was i d e n t i f i a b l e  o n ly  when t h e  in w a rd  c u r r e n t  (# 5 ) was a b s e n t ;  
we o b se rv ed  th e  i n w a r d - r e c t i f y i n g  K+ c u r r e n t  th ro u g h  t h e  2 - c e l l  
s ta g e  b u t  w ere  u n a b le  t o  exam ine  w h e th e r  i t  was p r e s e n t  a t  l ' a t e r  
s ta g e s .  A f t e r  f e r t i l i z a t i o n ,  t h e r e  i s  a  s i g n i f i c a n t  d e c r e a s e  i n  
the  fre q u e n c y  o f  t h e  o c c u r r e n c e  o f  t h e  in w a rd  c u r r e n t  e l i c i t e d  by 
h y p e r p o la r i z a t i o n  i n  Ba-ASW ( # 5 ) .  The d e c re a s e d  f r e q u e n c y  o f  o ccu 
rren ce  o f  t h i s  c u r r e n t  (# 5 ) a l s o  a p p e a re d  t o  be c o r r e l a t e d  w i th  a  
d ec reased  f r e q u e n c y  o f  o c c u r r e n c e  o f  t h e  f a s t ,  t r a n s i e n t  o u tw a rd  
c u rre n t  ( #4) a f t e r  f e r t i l i z a t i o n .  S u p p o r te d  by g r a n t s  from  NIH 
(HL20254) an d  t h e  M u sc u la r  D y s tro p h y  A s s o c ia t io n .
**K rasne, S . J .  e t  a l . ,  1 9 8 6 , B io p h y s . J . ,  4 9 : 5 7 7 a .

261.2  VOLTAGE CLAMP STUDIES OF BLASTOMERES FROM THE ASCIDIAN BOLTENIA 
VILLOSA. M .L .B lock*  and W .J.M oody* (SPON: S .H a g iw a ra ) .D e p a r tm e n t 
o f  Z o o lo g y , U n i v e r s i ty  o f  W a sh in g to n , S e a t t l e ,  WA 98195

The w h o le - c e l l  v e r s i o n  o f  th e  p a tc h -c la m p  te c h n iq u e  was u se d  to  
s tu d y  o o c y te s ,  f e r t i l i z e d  eg g s and i s o l a t e d  b la s to m e r e s  to  t h e  8 -  
c e l l  s t a g e  from  em bryos o f  th e  a s c i d i a n  B o l te n i a  v i l l o s a . The 
u n f e r t i l i z e d  e g g s n o rm a l ly  c o n ta in  t h r e e  m a jo r  v o l ta g e -d e p e n d e n t  
c u r r e n t s :  (1 )  an in w ard  sod ium  c u r r e n t  w h ich  p e a k s  a t  -2 0  m i l l i 
v o l t s  (mV), ( 2 )a n  in w a rd  c a lc iu m  c u r r e n t  w h ich  p e a k s  a t  +10 mV 
and (3 ) an  in w a rd  p o ta s s iu m  c u r r e n t  commonly c a l l e d  t h e  in w ard  
r e c t i f i e r .

M easurem ents o f  t o t a l  m embrane c a p a c i ta n c e  o f  th e  embryo ( i . e .  
membrane s u r f a c e  a r e a )  show an i n c r e a s e  w i th  e a ch  d i v i s i o n ,  a s  
e x p e c te d  when th e  t o t a l  c e l l  volum e rem a in s  c o n s t a n t .  I f  t h i s  new 
membrane i s  added  w i th  no a d d i t i o n  o f  c h a n n e l  p r o t e i n s ,  th e n  c u r 
r e n t  d e n s i t i e s  w ou ld  d e c re a s e  a t  e a ch  c e l l  d i v i s i o n  by  a  f a c t o r  o f  
ro u g h ly  0 .8 .  In  f a c t ,  n one  o f  t h e  t h r e e  c u r r e n t s  b e h a v es  i n  t h i s  
way d u r in g  e a r l y  e m b ry o g e n e s is .

The v o l ta g e -d e p e n d e n t  sod ium  c u r r e n t  i s  p ro m in e n t  i n  th e  u n f e r 
t i l i z e d  e g g , ,w i th  c u r r e n t  d e n s i t y  a v e ra g in g  3000pA/nF (m easu red  
from  a  h o ld in g  p o t e n t i a l  s u f f i c i e n t l y  n e g a t iv e  t o  s a t u r a t e  h α ) .  
By th e  two c e l l  s t a g e  t h e  so d ium  c u r r e n t  i s  e s s e n t i a l l y  g o n e , w i th  
a  mean c u r r e n t  d e n s i t y  o f  100pA/nF and by th e  4 - c e l l  s t a g e  o n ly  
one c e l l  o u t  o f  15 h ad  any  m e a s u ra b le  sodium  c u r r e n t  a t  a l l ,  
g iv in g  a  mean c u r r e n t  d e n s i t y  o f  5pA /nF. T h is  enorm ous d e c re a s e  
i n  c u r r e n t  d e n s i t y  can  n o t  b e  a c c o u n te d  f o r  by  d i l u t i o n  due to  
m embrane a d d i t i o n  and so  m ust b e  a  r e s u l t  o f  th e  m ask in g  o f  
c h a n n e l  p r o t e i n s  o r  l o s s  o f  t h e s e  p r o t e i n s  from  th e  m embrane a f t e r  
f e r t i l i z a t i o n .

The v o l ta g e -d e p e n d e n t  c a lc iu m  and p o ta s s iu m  c u r r e n t s  h a v e  a l s o  
b e e n  fo llo w e d  th ro u g h  th e  8 - c e l l  s t a g e  o f  em b ry o n ic  d e v e lo p m e n t. 
C a lc iu m  c u r r e n t  d e n s i t y  m easu red  i n  50 mM s t r o n t iu m  a r t i f i c i a l  
s e a  w a te r  and th e  s lo p e - c o n d u c ta n c e  d e n s i t y  o f  th e  p o ta s s iu m  
in w a rd  r e c t i f i e r  show no s i g n i f i c a n t  ch an g e  b e tw e en  t h e  u n f e r t i 
l i z e d  eg g  and  t h e  8 - c e l l  s t a g e  em bryo . T h is  im p l ie s  t h a t  u n l ik e  
t h e  so d ium  c h a n n e l ,  t h e s e  two c h a n n e ls  a p p e a r  t o  b e  added  a lo n g  
w i th  new m embrane i n  su ch  a  way t h a t  c u r r e n t  d e n s i t y  re m a in s  
n e a r l y  c o n s t a n t .  P r e l im in a r y  s tu d i e s  a l s o  seem  to  i n d i c a t e  t h a t  
t h e r e  a r e  no d i f f e r e n c e s  i n  c u r r e n t  d e n s i t i e s  f o r  t h e s e  two 
c h a n n e ls  among b la s to m e r e s  o f  d i f f e r e n t  d e v e lo p m e n ta l  f a t e s  in  
t h e  8 - c e l l  s t a g e  o f  t h e  em bryo.
S u p p o r te d  by  NIH P o s t  D o c to ra l  F e l lo w s h ip  NS 07775 to  MLB and NIH 
g r a n t  HD 17486 and a  R e s e a rc h  C a re e r  D evelopm ent Award to  WJM
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261.3  TEMPORAL AND SPATIAL CHANGES IN SODIUM CURRENT DENSITY AFTER 
FERTILIZATION IN THE EGGS OF THE ASCIDIAN, B o l te n i a  v i l l o s a . 
R .E . H ice  and W .J. Moody*. D e p t. o f  Z o o lo g y , U n iv . o f  W a sh in g to n , 
S e a t t l e ,  WA 9 8195 .

S p a t i a l  d i s t r i b u t i o n s  o f  v o l ta g e -d e p e n d e n t  i o n i c  c u r r e n t s  w ere  
c h a r a c t e r i z e d  b e f o r e  and a f t e r  f e r t i l i z a t i o n  u s in g  tw o -m ic ro e le c 
t r o d e  v o l ta g e  clam p o f  p a i r e d  a n im a l - v e g e ta l  h a lv e s  o f  eg g s  (m er-  
o g o n es) made s u r g i c a l l y .  P a i r e d  h a l f - c e l l s  w ere  u se d  b e c a u s e ;  
(1 )  c u r r e n t  d e n s i t i e s  v a ry  w id e ly  b e tw e en  e g g s ,  r e q u i r in g  t h a t  
s p a t i a l  d i s t r i b u t i o n s  o f  c u r r e n t s  b e  exam ined  in  i n d iv i d u a l  e g g s ,  
and (2 ) i t  i s  d i f f i c u l t  t o  d i r e c t l y  m o n ito r  f e r t i l i z a t i o n - i n d u c e d  
c h a n g es  i n  B o l te n i a  eg g s  s in c e  t h e  c h o r io n  i s  v i r t u a l l y  im pene
t r a b l e  by  m ic r o e l e c t r o d e s ,  b u t  th e  c h o r i o n / f o l l i c l e  c e l l  l a y e r  i s  
r e q u i r e d  f o r  f e r t i l i z a t i o n  to  o c c u r .

M ajo r v o l ta g e -d e p e n d e n t  c o n d u c ta n c e s  (N a, Ca, and  K) w e re  r a n 
dom ly d i s t r i b u t e d  a lo n g  th e  a n im a l - v e g e ta l  a x i s  o f  u n f e r t i l i z e d  
e g g s .  Ca and  K c u r r e n t s  rem a in e d  ran d o m ly  d i s t r i b u t e d  a lo n g  th e  
a n im a l - v e g e ta l  a x i s  a f t e r  f e r t i l i z a t i o n .  In  c o n t r a s t ,  Na c u r r e n t  
d e n s i t y  was fo u n d  t o  b e  2 - f o l d  lo w e r  i n  t h e  v e g e t a l  v e r s u s  th e  
a n im a l h e m is p h e re  when m erogones w ere  made 15 to  30 m in u te s  a f t e r  
f e r t i l i z a t i o n .  The r a p i d  ch an g e  i n  Na c u r r e n t  d i s t r i b u t i o n  was 
due t o  a  s e l e c t i v e  l o s s  o f  Na c u r r e n t  i n  th e  v e g e t a l  h e m is p h e re  
a f t e r  f e r t i l i z a t i o n .  T h is  r a p i d  Na c u r r e n t  l o s s  i s  i n t r i n s i c  to  
t h e  v e g e t a l  h e m is p h e re  o f  t h e  B o l te n i a  e g g , and i s  n o t  s p a t i a l l y -  
d e te rm in e d  by  sp e rm  e n t r y  w h ich  n o rm a l ly  o c c u rs  n e a r  t h e  v e g e ta l  
p o l e :  a  r a p i d ,  2 - f o l d  l o s s  o f  Na c u r r e n t  was o b s e rv e d  in  v e g e t a l  
m erogones f e r t i l i z e d  a f t e r  i s o l a t i o n ,  w h i le  no r a p i d  l o s s  o f  Na 
c u r r e n t  was o b s e rv e d  i n  a n im a l m erogones f e r t i l i z e d  a f t e r  i s o l a 
t i o n .

A s e c o n d ,  l a r g e r  r e d u c t io n  i n  Na c u r r e n t  was o b s e rv e d  i n  w h o le , 
f e r t i l i z e d  B o l te n i a  eg g s  n e a r  t h e  t im e  o f  f i r s t  c le a v a g e  (2 h o u rs  
p o s t f e r t i l i z a t i o n  a t  1 2 °C ). T h is  l a t e  l o s s  o f  Na c u r r e n t  was a l s o  
o b s e rv e d  p r i o r  t o  f i r s t  c le a v a g e  i n  a n im a l h a lv e s  f e r t i l i z e d  
a f t e r  i s o l a t i o n  (w hich  do n o t  show th e  r a p id  Na c u r r e n t  l o s s ) . 
H ow ever, t h e  l a t e  l o s s  o f  Na c u r r e n t  was n e v e r  o b s e rv e d  i n  v e g e t a l  
h a lv e s  f e r t i l i z e d  a f t e r  i s o l a t i o n  ev en  when e l e c t r o d e  im p a lem e n ts  
w ere  d e la y e d  u n t i l  a f t e r  f i r s t  c le a v a g e  was i n i t i a t e d .

Our r e s u l t s  show t h a t  2 m a jo r  r e d u c t io n s  i n  t h e  v o l ta g e -d e p e n 
d e n t  Na c u r r e n t  o c c u r  i n  th e  tim e  b e tw e en  f e r t i l i z a t i o n  and  f i r s t  
c le a v a g e  i n  t h e  B o l te n i a  e g g , and  t h a t  t h e s e  2 e v e n ts  a r e  tem p o r
a l l y  and s p a t i a l l y  s e p a r a b l e .  We a r e  now ex a m in in g  th e  m echan- 
is m ( s )  u n d e r ly in g  t h e s e  phenom ena.

S u p p o r te d  by  GMQ7270 to  R .E .H . and  by  HD17486 and an  NIH Re
s e a r c h  C a re e r  D evelopm ent Award to  W .J.M .

261.4 NGF AND Na CHANNEL DEVELOPMENT IN PC 12 CELLS. B. Rudy, B. 
K irschenbaum * and L .A . G re e n e . NYU M ed ica l S c h o o l,  New York, 
NY 10016.

The PC12 c lo n e  i s  a  l i n e  o f  r a t  pheochrom ocytom a c e l l s  that 
u n d e rg o e s  n e u ro n a l  d i f f e r e n t i a t i o n  in  th e  p re s e n c e  o f  n e rv e  growth 
f a c t o r  (NGF). In  th e  ab sen c e  o f NGF PC12 c e l l s  a r e  e l e c t r i c a l l y  
i n e x c i t a b l e ,  when grown in  NGF th e y  do n o t  d i v id e ,  e x te n d  long 
n e u r i t e - l i k e  p r o c e s s e s  and become e x c i t a b l e .  We have used 
s a x i t o x in  b in d in g ,  d ru g  a c t i v a t e d  Na f lu x e s  th ro u g h  Na channels, 
and e le c t r o p h y s i o lo g i c a l  m ethods to  i n v e s t i g a t e  th e  developm ent of 
Na c h a n n e ls  in  PC12 c e l l s .  The d a ta  i n d i c a t e  t h a t  lo n g  term  NGF 
t r e a tm e n t  b r in g s  a b o u t  a  l a r g e  i n c r e a s e  in  Na c h a n n e l  density  
w hich  i s  s u f f i c i e n t  in  m ag n itu d e  to  e x p la in  th e  in d u c t io n  of 
e x c i t a b i l i t y .  T h is  in c r e a s e  do es  n o t seem to  r e q u i r e  n eurite  
o u tg ro w th  s in c e  i t  t a k e s  p la c e  in  c e l l s  grown in  su s p e n s io n  and 
th e n  m easured  a  few h o u rs  a f t e r  p l a t i n g  i n to  p o ly o r n i th in e  coated 
d i s h e s .  In  t h i s  s u b s t r a t e  p r o c e s s  e x te n s io n  i s  r e t a r d e d .  The ion 
f lu x  m easu rem en ts  i n d i c a t e  t h a t  th e s e  c h a n n e ls  a r e  s im i l a r  before 
and a f t e r  NGF, a f f i n i t i e s  f o r  d ru g s  t h a t  a c t  a t  t h r e e  d i f f e re n t  
s i t e s  on th e  Na c h a n n e l  a re  s i m i l a r .  N e u r i te  e x te n s io n  brings 
a b o u t  f u r t h e r  c h a n g e s .  C e l l s  grown in  s u s p e n s io n  in  th e  presence 
o f  NGF f o r  2 -3  w eeks, a re  p l a t e d  i n to  p o l y o r n i th i n e  c o a te d  dishes 
and m easured  from  a  few h o u rs  to  a  few d a y s  a f t e r  p la t in g . 
S im i la r  m easu rem en ts  have b een  c a r r i e d  o u t  on c e l l s  grown in 
c o l la g e n  c o a te d  d i s h e s  in  th e  p r e s e n c e  o f  NGF f o r  2-3  w eeks, then 
rem oved from  th e  d i s h  to  b re a k  o f f  th e  n e u r i t e s  and th e n  replated 
i n t o  p o l y o r n i th i n e  c o a te d  d i s h e s .  Na c h a n n e l  num bers a re  about 10 
t im e s  h ig h e r  p e r  c e l l  th a n  c e l l s  grown in  th e  a b sen c e  o f NGF at 3 
to  5 h r  a f t e r  p l a t i n g .  W ith in  24 h r  a f t e r  p l a t i n g  th e  Na channel 
num ber d o u b le s .  T h is  in c r e a s e  in  Na c h a n n e l  number precedes 
a c t u a l  p r o c e s s  o u tg ro w th  b u t  may be r e l a t e d  to  cell 
r e o r g a n iz a t io n .  D u rin g  t h i s  tim e  a  seco n d  ty p e  o f Na channel 
a p p e a r s  w ith  a lo w er s e n s i t i v i t y  t o  th e  c h a n n e l  blocker 
t e t r o d o to x i n  (TTX). The p r o p o r t io n  o f T T X -r e s is ta n t  Na channels 
i n c r e a s e s  a f t e r  p l a t i n g  in  p o l y o r n i th i n e  from  0 a t  3 -5  h r  to  5-20% 
a t  48 h r  a f t e r  p l a t i n g .  A s im i l a r  p r o p o r t io n  i s  found in  cultures 
grown f o r  2-3 weeks in  NGF in  c o l la g e n  c o a te d  d i s h e s  which thus 
c o n ta in  c e l l s  w ith  f u l l y  d e v e lo p e d  lo n g  n e u r i t e s .

261.5 SINGLE CHANNEL CURRENTS UNDERLYING SLOW THRESOLD Na+ CONDUCTANCES 
IN RAT NEOCORTICAL NEURONS. O.P. Hamill*, J.R . Huguenard, E.F. 
Enaya t i*  and D.A. Prince (SPON: S. Shotw ell). Dept. o f Neurology, 
Stanford Univ. Sch. o f Med., S tanford , CA 94305.

Within the  cerebral co rtex , d if fe re n t c la sses  o f neurons can be 
recognized by th e i r  morphology, h istochem istry , and f ir in g  proper
t i e s .  However, there  is  no inform ation on d ifferences  in membrane 
channel p ro p erties  th a t may e x is t  between neuronal c la sse s . To 
in v e stig a te  th is  aspect we have undertaken a patch clamp study o f 
neurons acu te ly  iso la ted  from t he cerebral co rtex . Here we describe 
the p ro p erties  o f individual Na+ -channel c u rre n ts , with a tte n tio n  
focused on elementary events underlying th resh o ld , slow, Na+ 
conductances.

Iso la ted  neocortical neurons (obtained by a d isso c ia tio n  proce
dure modified from Numann and Wong, 1984) were v isu a lly  id e n tif ie d  
as pyramidal or non-pyram idal. Morphological c r i t e r i a  fo r d iscrim 
in a tio n  were confirmed by p o s t-s ta in in g  with anti-GAD. The cel l 
a ttached  patch recording configuration  was used and Ca2+ and K+ 
channels were blocked with pharmacological agents.

D epolarization o f membrane patches to  th resho ld  p o te n tia ls ,  -60 
to  -50 mV, ac tiv a ted  b r ie f  events (< 5 ms) o f uniform amplitude 
(1 .2 -1 .6  pA) which occurred throughout the duration  o f a 100 ms 
step  (fig u re  A). O ccasionally , bursts  o f b r ie f  events extending fo r 
the duration  o f the  step  were observed (not shown). Ensemble aver
ages ( e .g . ,  A, bottom tra c e )  displayed double exponential decay 
with time constants o f 3-5 ms and 50-100 ms. With s l ig h t ly  stronger 
d e p o la riz a tio n s , s im ila r b r ie f  events occurred usually  w ithin the 
f i r s t  20 ms o f the pulse (fig u re  B). In the  ensemble average, both 
decay processes were fa s te r  and the  slow decay component was s ig n i
f ic a n tly  reduced in amplitude compared to  the  f a s t .  S im ilar 
th resho ld  behavior o f Na+ channels was observed in pyramidal and 
non-pyramidal c e l l s .  Supported by NIH grants NS 06477 and NS 12151.

261.6 DEVELOPMENT OF Na+ CONDUCTANCE IN NEOCORTICAL NEURONS OF THE RAT. 
J.R . Huguenard, O.P. Hamill*, E.F. Enayati*, and D.A. Prince. Dept. 
o f Neurology, Stanford Univ. Sch. o f Med., S tanford , CA 94305.

During the development o f the cerebral co rtex , i ndividual 
neurons undergo dramatic increases in e x c i ta b i l i ty  which are evi
denced by changes in the action  p o te n tia ls . Included in these 
changes are  an increased ra te  o f r i s e ,  decreased w idth, and 
increased re p e ti t iv e  f i r in g .  We have undertaken a voltage clamp 
study o f individual c o rtic a l c e l ls  a t d if fe re n t stages of develop
ment to  ch arac te rize  the conductances which underlie  these changes.

Neocortical neurons were obtained from ra ts  (age E18 to P60) by 
an acute d isso c ia tio n  procedure (see Hamill, e t al. , th is  meeting). 
Neurons (v isu a lly  id e n tif ie d  as pyramidal or non-pyramidal) were 
studied with the patch clamp method usin g e ith e r  the whole cell 
mode or the  ce ll attached mode. Non-Na+ conductances were inhi
b ited  with e ith e r  nonconducting ions or pharmacological blockers. 
Whole ce ll Na+ conductance, normalized to  membrane a re a , increased 
by more than tw elve-fo ld  during th is  time period . No developmental 
or c e ll- ty p e  sp ec ific  changes were seen in s ing le  channel conduc
tan ce , a c tiv a tio n  k in e tic s ,  recovery from in ac tiv a tio n  or steady 
s ta te  in a c tiv a tio n . However, w ithin the threshold  ac tivation  range 
(-60 to  -40 mV) th e re  was a developmental increase  in the magnitude 
o f  a slowly in ac tiv a tin g  (up to  100 msec time constant) threshold 
c u rre n t, and i t  was increasing ly  d i f f i c u l t  to  f i t  the inactivation 
o f the Na+ cu rren t to  a s in g le  decay exponential. These whole cell 
observations have been confirmed in ce ll attached patches with 
s in g le  channel records (see f ig u re ) ,  as we ll  as ensemble averages. 
The slow in ac tiv a tio n  o f the  threshold  Na+ cu rren t has potential 
functional s ign ificance  in promoting re p e ti t iv e  f ir in g  in adult 
neurons. Supported by the  NIH grants NS 06477 and NS 12151.

Figure: s in g le  channel cu rren ts  obtained with 50 mV depolariza
tio n s  in ce ll a ttached patches in embryonic and adu lt co rtica l 
neurons (using matched patch p ip e tte s ) ;  the  adu lt patch exhibits 
higher channel density  and m ultip le  la te  openings.
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261.7 THE EFFECTS OF AXONAL PRESENCE ON SCHWANN CELL SODIUM CHANNELS. 
S.Y. Chiu* (SPON: B. Benjamin). Dept. of Neurophysiology, 
University of Wisconsin, Madison, WI 53706.

Previous works (Chiu et a l . , Nature, 1984) have shown that 
neuronal-like sodium channels were expressed in newborn rabbit 
Schwann cells cultured for 2-10 days in which axons have presumably 
degenerated. In this study, the effects of the presence of intact 
axons on these Schwann channels were examined. Patch-clamp 
experiments were performed on col l agenase-treated sc iat ic  nerves 
2-6 hours after isolation from rabbits of age ranging 5-20 weeks. 
Schwann cells associated with both unmyelinated and myelinated 
axons could be seen. El ectronmicroscopic studies showed intact  
axons (less than 1 μm in diameter) were either  s t i l l  enveloped in 
Schwann cells or peeled off from them. When a patch-pipette was 
pressed at the body region of a Schwann cell associated with thin 
unmyelinated axons, a fast  inward current was detected under whole
cell recording configuration. This current was identified as a 
neuronal-like sodium current: i t  was blocked by TTX, exhibited a 
sodium sensitive reversal potential , and has neuronal- l ike sodium 
activation and inactivation kinetics. Three independent arguments 
suggest that most of the recordings were from Schwann cells rather 
than from thin (1 μm) axons. F irs tly, no action potentials were 
observed. Indeed, the peak sodium current density of 22.6 ± 2pA/pF 
(n=38) is similar to that of 30 pA/pF for cultured Schwann ce lls .  
Furthermore, in one rare experiment when recording was made directly 
on a 1 μm axon seen separated from a Schwann ce l l ,  a much larger 
peak sodium current density of 300 pA/pF was observed. Secondly, 
the dominance of surface membrane area of a Schwann cell over that 
of axons in the body region favors giga-seal formation on Schwann 
membranes. Statist ically, 60 out of 61 different recordings 
yielded a sodium current. Thirdly, i f  one assumes that the 
specific membrane capacitance of an axon is 1 μF/cm2, then the 
observed whole-cell capacity is about 4-6 times too big for a 1 μm 
axon, but is consistent rather with a larger Schwann body with 
numerous tongues for engulfing axons.

More intriguingly, the expression of this Schwann sodium current 
appeared to depend on the type of associated axons; sodium currents 
were detected only on the bodies of Schwann cells associated with 
small unmyelinated axons, but not from those associated with large 
myelinated axons. In conclusion, the results suggest that axo-glia 
interactions lead to an interesting p las tic i ty  of ionic channels on 
both interacting membranes. Not only do Schwann cells affect ionic 
channels distribution on axons, but conversely, the axonal type 
also seems to affect expression of ionic channels (for e.g. Na 
channels) on Schwann cel ls .

Supported in part by grants NS-23375 from U.S.P.H.S., RG-1839 
from the U.S. National Multiple Sclerosis Society, and a General 
Research Support Grant to U.W. from the NIH.

261.8  DO G LIAL CELLS A C TU ALL Y E X PR E SS IO N  CH A N N E LS  IN  V IVO ? 
B.A.Barres. L.L.Y.Chun*. a nd  D.P.Corey . P rogram  in Neuroscience,  Harvard  
Med ica l  School, Neurosc ience  G roup ,  H o w a rd  Hughes  Medica l  Ins ti tu te  and 
D e p a r t m e n t  o f  N e u r o lo g y ,  M a s s a c h u s e t t s  G e n e r a l  H o s p i ta l ,  Boston, Ma. 
02114

G l i a l  cells  in c u l tu r e  express  a s u rp r i s in g  d i v e r s i t y  o f  voltage -sens it i ve  
ion  c h a n n e l s  (e.g. K e t t e n m a n  et al., P f lu g e r s  A r c h iv  1984; S h rag er  et al., 
P N A S  1985; B e v a n  et al., Proc .  R. Soc.  Lo n d .  B 1985; B a r r e s  et al., Soc. 
Neurosci .  Abst.  1985). However,  it  r em ains  possible t ha t  channel  expression 
in vivo d i f f e r s  f ro m  t h a t  o b se rv e d  in vitro (e.g. Y p e y  a n d  C la p h a m ,  PNAS 
1984).

We h a v e  u sed  th e  r a t  o p t ic  n e rv e  p r e p a r a t i o n  d e v e lo p e d  by R a f f  and 
c o w o r k e r s  to  c o m p a r e  c h a n n e l  e x p re s s io n  of g l ia l  cells  in c u l t u r e  and  in 
s u s p e n s i o n s  o f  f r e s h l y  d i s s o c i a t e d  ce lls .  E a c h  s u b c la s s  o f  g l ia l  cells--  
o l ig odendrocy te s ,  type  1 as trocytes,  a nd  type  2 a s tr o cy te s—can be posit ively 
i d e n t i f i e d  by a un ique  s u rf ace  an tigen ic  pheno ty pe  which corre lat es  with a 
s p e c i f ic  m orp h o lo g y  in c u lt u re .  Cells in suspens ion  were  p r e lab e ll ed  with  
a n t i b o d i e s  a n d  o b s e r v e d  w i t h  a f l u o r e s c e n c e  m ic r o s c o p e  d u r in g  
e le c t ro phys io lo g ic  s tudy.  O l igodendrocy te s  we re  i d e n t i f i e d  by sta in in g  for 
g a lac toce rebro s ide .  Type  1 a s trocytes  were  i d e n t i f i e d  both  by sta in in g  for 
th e  R A N - 2  m a r k e r ,  w h ic h  in  o p t ic  n e r v e  ( b u t  n o t  c o r t e x )  p e rs i s ts  a f t e r  
p a p a in  b u t  no t t ry ps in  d issoc ia tion ,  a nd  by  th e i r  m orpho logy in suspension 
w h ic h  is d i s t in c t  f ro m  m en in g e a l  cells.  T h i s  p h e n o ty p e  was c o n f i r m e d  by 
p o s t s t a in i n g  f o r  G F AP.  Io n ic  c u r r e n ts  were  r ec o r d e d  us ing  the whole-cell  
pa tc h  c lamp technique.

In  a l l  g l i a l  ce ll  t y p e s  we  h a v e  r e c o r d e d  f r o m  in s u s p e n s i o n ,  v o l ta ge -  
s e n s i t i v e  c u r r e n t s  h a v e  b een  o b s e rv e d .  O l i g o d e n d r o c y te s  in suspens ion  
express  co n d u c ta n c e s  id en t i ca l  to those  o f  t h e i r  c u l t u r e d  c o u n te rp a r t s :  an 
i n w a r d l y - r e c t i f y i n g  p o ta s s iu m  c o n d u c t a n c e ,  b u t  n o t  s o d iu m  or d e la y e d  
o u t w a rd  potassium condu ctances.  Type  1 as trocytes  in suspension  express a 
d e l a y e d  p o ta s s iu m  c o n d u c ta n c e  a n d  in some cases  a s o d iu m  c o n d u c ta n ce .  
The re  a re in f ac t  some d i f f e re n c e s  be tw een  type 1 as trocytes  in cu ltu re  and 
in suspens ion:  in suspension there  is no e v id ence  of  a ch lo r ide  co nductance  
o r  a n  i n a c t i v a t i n g  o u t w a r d  p o t a s s i u m  A c o n d u c t a n c e  t h a t  h a v e  been  
observ ed  in some c u l tu r ed  type  1 astrocytes .  P r e l im in a ry  ev id ence  suggests 
t h a t  ty p e  1 a s tr o cy te s  in op t ic  ne rv e  su spen s ion  m ay  fa l l  in to  two classes,  
e a c h  e x p r e s s in g  d i f f e r e n t  m o rp h o l o g ie s  a n d  d e n s i t i e s  o f  so d iu m  
c o n d u c ta n c e .  S tu d ie s  o f  ty p e  2 a s t ro c y te s  in su sp en s io n  a re  in progress.  
O p t i c  n e rv e  cell suspens ions  co n ta in  in a d d i t i o n  smal l  n u m b er s  of  bea tin g  
c i l i a t e d  e p e n d y m a l  cells .  T h e s e  ce lls  a lso  e x p re s s  b o t h  s o d iu m  a nd  
potassium conductances.

T o g e t h e r ,  t h es e  s tu d i e s  o f  o l i g o d e n d r o c y t e s ,  t y p e  1 a s t r o c y te s ,  a nd  
e p e n d y m a l  ce lls  in s u s p en s io n  i n d i c a t e  t h a t  g l i a l  cell s  a c tu a l ly  express 
voltage-sens it i ve  ion chann els  in vivo.

261.9 CHANGES IN K+-CHANNEL EXPRESSION DURING THE LIFE CYCLE OF MURINE T 
LYMPHOCYTES. R .S . Lew is. K.G. Chandy * . S. G up ta*  an d  M.D. 
Cahalan. Depts. o f  P h y s io lo g y  & B io p h y s ic s  an d  M e d ic in e , 
C alifo rn ia  C o llege o f  M e d ic in e , U n iv . C a l .  I r v i n e ,  I r v i n e ,  CA 

92717.
During t h e i r  l i f e t i m e ,  T ly m p h o c y tes  p r o g r e s s  th ro u g h  a  s e r i e s  

of p r o l i f e r a t i v e  and  q u i e s c e n t  s t a t e s .  I n  m a tu re  T c e l l s  from  
mice, q u iescen ce  i s  a s s o c i a t e d  w i th  th e  e x p r e s s io n  o f  s m a ll  
numbers o f  v o l ta g e -d e p e n d e n t  K+ c h a n n e ls  s i m i l a r  t o  th e  d e la y e d  
r e c t i f i e r  o f  n e rv e  and  m u sc le , b u t  t r e a tm e n t  w i th  m ito g e n s  in d u c e s  
a 10-fo ld  in c r e a s e  i n  t h e  K+ - c h a n n e l  d e n s i t y  p r i o r  t o  th e  o n s e t  o f  
c e ll  d iv is io n .  B lo c k in g  th e s e  c h a n n e ls  i n h i b i t s  m ito g e n ic  
responses, s u g g e s t in g  t h a t  f u n c t i o n a l  K+ c h a n n e ls  a r e  r e q u i r e d  f o r  
the a b i l i t y  to  d iv id e .  To t e s t  t h i s  h y p o th e s i s  f u r t h e r ,  we have  
studied K+ -ch a n n e l e x p r e s s io n  i n  r a p i d l y  p r o l i f e r a t i n g ,  im m ature T 
c e lls  in  th e  thymus ( th y m o c y te s ) .

Thymocytes w ere i s o l a t e d  from  th e  thym us o f  4 -  t o  8 -w k -o ld  
Balb/C mice u s in g  s ta n d a r d  m e th o d s . W h o le - c e l l  p a tc h -c la m p  
recording  was u se d  to  c h a r a c t e r i z e  io n  c h a n n e ls  p r e s e n t  i n  
thymocyte s u b s e t s .  Two s u b s e t s  c a n  b e  i d e n t i f i e d  on  th e  b a s i s  o f  
th e i r  a f f i n i t y  f o r  p e a n u t  a g g l u t i n i n  (PNA): P N A -b in d in g  c e l l s ,  
d es tin ed  to  p r o l i f e r a t e  an d  e v e n tu a l ly  d i e  w i t h in  th e  thym us, and 
PNA-nonbinding c e l l s ,  d e s t i n e d  to  p r o l i f e r a t e ,  m a tu re ,  and  be 
exported  to  p e r i p h e r a l  ly m p h o id  o rg a n s  su c h  a s  t h e  s p le e n .  PNA- 
nonbinding c e l l s  w ere  i n d i v i d u a l l y  s e l e c t e d  f o r  r e c o r d in g  from  
p o p u la tio n s  o f  th y m o c y tes  t r e a t e d  w i th  f l u o r e s c e i n - l a b e l l e d  PNA. 
Because f l u o r e s c e n t  i l l u m i n a t i o n  d e c re a s e d  th e  num ber o f  
fu n c tio n a l  K+ c h a n n e ls  i n  c e l l s  t h a t  bo u n d  PNA, th o s e  c e l l s  w ere 
id e n t i f i e d  by  s t a i n i n g  w i th  PNA a f t e r  r e c o r d in g .

O v e ra ll ,  m u rin e  th y m o c y tes  p o s s e s s  t h e  same ty p e  o f  K+ c h a n n e l  
th a t  i s  found  i n  m a tu re  s p l e n i c  T c e l l s ,  b u t  t h e  l e v e l  o f  
e x p re ss io n  i s  10- t o  1 0 0 - f o ld  h i g h e r .  U s in g  a n  a v e ra g e  s in g le -K + - 
channel c o n d u c ta n c e  o f  12 p S , w h o l e - c e l l  K+ c o n d u c ta n c e  (g K) i n  76 
thymocytes c o r r e s p o n d e d  to  342 ± 33 c h a n n e ls  p e r  c e l l  (mean ± 
s .e .m .) ,  w h ereas  s p l e n i c  T c e l l s  e x p r e s s  o n ly  10 t o  15 c h a n n e ls  
per c e l l .  A c o m p a ra b le  d i f f e r e n c e  e x i s t s  b e tw e e n  c h a n n e l  d e n s i ty  
in  the  two c e l l  ty p e s .  Num bers o f  K+ c h a n n e ls  p e r  c e l l  d id  n o t  
d i f f e r  s i g n i f i c a n t l y  b e tw e e n  P N A -p o s it iv e  (417 ± 6 7 , n=21) and  
PNA-negative (425 ±  1 5 8 , n - 8 )  s u b s e t s .  T h u s , d u r in g  t h e i r  
l i f e t im e ,  T c e l l s  e x p e r ie n c e  u p - an d  d o w n - r e g u la t io n  o f  K+ 
channels t h a t  c o r r e l a t e s  w i th  t h e i r  g ro w th  s t a t e .  T c e l l s  b e g in  
l i f e  a s  r a p i d l y  d i v id i n g  th y m o c y te s  w i th  l a r g e  gK, e n t e r  a  m atu re  
q u ie sc e n t s t a t e  w i th  low  gK, an d  l a t e r  becom e a c t i v a t e d  by  c o n ta c t  
w ith a n tig e n  to  e x p re s s  h ig h  gK an d  p r o l i f e r a t e .  We a r e  e x te n d in g  
these s tu d i e s  t o  m a tu re  T c e l l s  t h a t  a r e  r e a d y  f o r  e x p o r t  from  th e  
thymus to  d e te rm in e  th e  d e v e lo p m e n ta l  s ta g e  a t  w h ich  down- 
re g u la t io n  o f  K+ c h a n n e ls  o c c u r s .  ( S u p p o r te d  b y  a n  RCDA (MDC) and 
USPHS g r a n ts  NS-14609 an d  A I-2 1 8 0 8 ) .

261.10  MATURATION OF OUTWARD CURRENTS IN AMPHIBIAN SPINAL NEURONS 
DEVELOPING IN CULTURE. A .B . R ib e ra * ,  D.K. O'Dowd and N .C . S p i t z e r . 
D e p t . o f  B io lo g y , U n iv . o f  C a l i f . ,  San D ie g o , La J o l l a ,  CA 92093 .

The i o n ic  d ep en d en ce  and d u r a t io n  o f  th e  a c t i o n  p o t e n t i a l  (AP) 
o f  Xenopus s p in a l  n e u ro n s  c h a n g es  d u r in g  th e  f i r s t  day  in  c u l t u r e  
( S p i t z e r  and L a m b o rg h in i, 1 9 7 6 ) . At e a r l y  t im e s ,  t h e  AP i s  

p r im a r i l y  Ca++-d e p e n d e n t  and h u n d re d s  o f  m secs in  d u r a t i o n ;  in  
m a tu re  c e l l s ,  th e  AP i s  p r im a r i l y  Na+-d e p e n d e n t  and l a s t s  o n ly  a  
few m se c s . The w h o le - c e l l  v o l ta g e  clam p te c h n iq u e  (H am ill e t  a l . ,  
1981) h a s  b een  u s e d  t o  s tu d y  th e  d ev e lo p m en t o f  Ca++ and Na+ 
c u r r e n t s  in  t h e s e  c e l l s  (O’ Dowd, 1 9 8 3 ) . H ere we r e p o r t  t h e  d e v e lo p 
m e n ta l  ch a n g es  in  o u tw a rd  c u r r e n t s  t h a t  o c c u r  d u r in g  th e  p e r io d  o f  
m a tu r a t i o n  o f  t h e  AP.

Na+ c u r r e n t s  w ere b lo c k e d  by TTX; Ca++ c u r r e n t s  w ere e i t h e r  (a )  
b lo c k e d  by Co++ o r  Cd++, and o m is s io n  o f  e x t e r n a l  Ca++, o r  (b) 
r e d u c e d  by  a d d i t i o n  o f  low c o n c e n t r a t i o n s  o f  Ca++ t o  t h e  b a th in g  
s a l i n e .  P a tc h  p i p e t s  c o n ta in e d  a  HEPES b u f f e r e d  KCl  s o l u t io n .  
N eurons w ere exam ined  b e tw een  6 and  29 h o u rs  i n  c u l t u r e .  Two d i s 
t i n c t  c l a s s e s  o f  o u tw ard  c u r r e n t  w ere p r e s e n t :  1) v o l ta g e -  
d e p e n d e n t, c a lc iu m - in d e p e n d e n t  ( I k v ) ,  and 2) c a l c i u m - s e n s i t i v e ,  
v o l ta g e  d e p e n d e n t  ( I k c ) .  The d ep en d en ce  o f  b o th  c u r r e n t s  on p o t a s 
sium  io n s  was d e f in e d  by e x a m in a tio n  o f  t h e  r e v e r s a l  p o t e n t i a l  o f  
t a i l  c u r r e n t s .  The d e v e lo p m e n ta l  c h a r a c t e r i s t i c s  o f  Ik v  and I k c 
w ere s tu d i e d  s e p a r a t e l y .

Ik v  was r e c o r d e d  from  a l l  c e l l s ,  even  a t  th e  e a r l i e s t  t im e s .  
The mean c u r r e n t  d e n s i t y  o f  Ik v  in c r e a s e s  3 .5  f o ld  d u r in g  th e  f i r s t  
day  in  c u l t u r e .  In  a d d i t i o n ,  t h e  a c t i v a t i o n  k i n e t i c s  o f  t h i s  c u r 
r e n t  become m ore r a p i d  d u r in g  d e v e lo p m e n t. Ikv  d o es  n o t  i n a c t i v a t e  
f o l lo w in g  p r e p u l s e s  t o  p o t e n t i a l s  a s  d e p o la r iz e d  a s  +20 mV f o r  as  
lo n g  a s  250 m sec .

I k c was i s o l a t e d  by  d i g i t a l  s u b t r a c t i o n  o f  Ik v  r e c o r d e d  in  500 
μM Cd++ from  th e  t o t a l  c u r r e n t  r e c o r d e d  w i th o u t  Cd++ b u t  i n  th e  
p r e s e n c e  o f  100 μM Ca++. T h is  low c o n c e n t r a t i o n  o f  e x t e r n a l  Ca++ 
a v o id e d  c o n ta m in a t io n  o f  t h e  o u tw a rd  c u r r e n t  r e c o r d s  by a p p r e c i a b l e  
in w ard  Ca++ c u r r e n t s .  B oth an  i n a c t i v a t i n g  and a  s u s ta i n e d  compo
n e n t  o f  I k c w ere p r e s e n t  i n  a l l  m a tu re  c e l l s  e x am in ed . However a t  
e a r l y  s t a g e s ,  t h e  i n a c t i v a t i n g  com ponent o f  I k c was f r e q u e n t l y  
a b s e n t  (5 /1 8  n e u ro n s ) ;  i n  c o n t r a s t ,  t h e  s u s ta i n e d  com ponent o f  I k c 
was o b s e rv e d  f o r  a l l  young c e l l s  e x am in ed . The mean c u r r e n t  d e n 
s i t y  o f  t h e  t r a n s i e n t  com ponent i n c r e a s e d  a b o u t  two f o l d ,  w h i le  t h e  
s u s ta i n e d  com ponent a c q u ir e d  an  a p p a re n t  r e c t i f i c a t i o n  t h a t  may 
h a v e  p r e v e n te d  d e t e c t io n  o f  an i n c r e a s e  i n  i t s  a m p l i tu d e  a t  th e  
m ost d e p o la r iz e d  p o t e n t i a l s .

The ch a n g es  i n  Ik v  and  I k c a r e  l i k e l y  t o  c o n t r i b u t e  t o  t h e  s h o r 
te n e d  d u r a t i o n  and  a l t e r e d  io n i c  d ep en d en ce  o f  t h e  AP d u r in g  
d e v e lo p m e n t.

S u p p o r te d  by  a  USPHS p o s td o c t o r a l  f e l l o w s h ip  t o  ABR and NS15918 
to  NCS.
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261.11 DEVELOPMENTAL CHANGES IN POTASSIUM CHANNEL PROPERTIES IN CULTURED 
AMPHIBIAN SPINAL NEURONS. G .L . H a r r i s ,  L .P . H en d erso n  and  N .C . 
S p i t z e r . D e p a rtm e n t o f  B io lo g y ,  U n i v e r s i ty  o f  C a l i f o r n i a ,  San D ie g o , 
La J o l l a ,  CA 9 2093 .

The a c t i o n  p o t e n t i a l  (AP) o f  em b ry o n ic  Xenopus s p in a l  n e u ro n s  
u n d e rg o e s  a  d e v e lo p m e n ta l  s h i f t  d u r in g  t h e  f i r s t  d ay  i n  c u l t u r e ,  
from  a  r e l a t i v e l y  lo n g  d u r a t i o n ,  p r i m a r i l y  Ca++-d e p e n d e n t  e v e n t  t o  
a  b r i e f  d u r a t i o n ,  p r i m a r i l y  Na+-d e p e n d e n t  e v e n t  ( S p i t z e r  and  Lam
b o r g h in i ,  1 9 7 6 ) . In  t h e  p r e c e d in g  a b s t r a c t ,  R ib e r a ,  O'Dowd and 
S p i t z e r  r e p o r t e d  m a t u r a t i o n a l  c h a n g es  i n  t h e  o u tw a rd  K+ c u r r e n t s  
t h a t  c o n t r i b u t e  t o  t h e  s h i f t  i n  t h e  i o n i c  d e p e n d en c e  and  d u r a t i o n  
o f  t h e  AP. In  t h e  p r e s e n t  s tu d y  we h a v e  u s e d  e x c i s e d ,  i n s i d e - o u t  a s  
w e l l  a s  c e l l - a t t a c h e d  p a tc h e s  (H a m ill  e t  a l . ,  1981) t o  exam ine  th e  
v o l ta g e - d e p e n d e n t ,  Ca++- in d e p e n d e n t  K+ c h a n n e ls  w h ich  u n d e r l i e  t h e  
p u r e l y  v o l ta g e -d e p e n d e n t  w h o le - c e l l  c u r r e n t s  a t  t im e s  b e f o r e  and 
a f t e r  t h e  d e v e lo p m e n ta l  c h an g e  i n  t h e  AP.

N eu ro n s w ere exam ined  e i t h e r  b e tw e en  6 -9  h r s  i n  c u l t u r e  (young 
c e l l s )  o r  b e tw e en  1 5 -2 9  h r s  i n  c u l t u r e  (m a tu re  c e l l s ) .  P a tc h  p i p e t s  
c o n ta in e d  (mM): KCl ,2 0 ;  NaCl ,6 0 ;  HEPES,5; MgCl2 ,5 ;  NaOH,~ 2 5 . B ath  
s o l u t i o n  f o r  e x c i s e d  p a tc h e s  c o n ta in e d  (mM) : KCl ,1 0 0 ;  N a C l,3 ; 
HEPES,10; EGTA,10; KOH ,~ 18 (no ad d ed  Ca++) . D a ta  w ere sam p led  a t  
0 .1  m sec i n t e r v a l s  and  f i l t e r e d  a t  2 .5  KHz.

T h re e  c l a s s e s  o f  Ca++- in d e p e n d e n t  K+ c h a n n e ls  w ere  fo u n d  i n  e x 
c i s e d  p a tc h e s  from  m a tu re  c e l l s .  T h e i r  mean v a lu e s  o f  s lo p e  c o n d u c 
t a n c e  o b ta in e d  a t  m em brane p o t e n t i a l s  b e tw een  -2 0  and  +40 mV w ere 
1 4 , 28 and  88 p S . The two s m a l le r  c o n d u c ta n c e  c l a s s e s  h ad  mean 
c h a n n e l  open  t im e s  w h ich  r a n g e d  from  4 -1 0  m sec . In  b o th  c a s e s  τ  was 
v o l ta g e - d e p e n d e n t ,  b e in g  lo n g e r  a t  m ore d e p o la r iz e d  p o t e n t i a l s .  The 
p r o b a b i l i t y  o f  t h e s e  c h a n n e ls  b e in g  open  d e c l in e d  w i th  t im e  f o l lo w 
in g  d e p o la r i z i n g  v o l t a g e  s t e p s .  The l a r g e  c o n d u c ta n c e  c l a s s  e x h i b i 
t e d  b r i e f e r  c h a n n e l  o p e n in g s  ( τ  1 -4  m se c ) .  The mean c h a n n e l  open  
t im e  o f  t h e  l a r g e  c l a s s  was in d e p e n d e n t  o f  v o l t a g e ,  and  t h e r e  was 
no  d e c l i n e  i n  t h e  op en  p r o b a b i l i t y  f o l lo w in g  d e p o la r i z i n g  v o l ta g e  
s t e p s .  R e c o rd in g s  o f  c h a n n e l  a c t i v i t y  from  c e l l - a t t a c h e d  p a tc h e s  
a l s o  r e v e a l e d  t h r e e  c l a s s e s  o f  K+ c h a n n e l s .  In  e x c is e d  p a tc h e s  from  
young c e l l s  t h e r e  was a  lo w e r  f r e q u e n c y  o f  c h a n n e l  o p e n in g s  t h a n  i n  
p a tc h e s  fro m  m a tu re  c e l l s .  The tw o s m a l l e r  c o n d u c ta n c e  c l a s s e s  o f  
c h a n n e ls  h a d  open  d u r a t i o n  and  op en  p r o b a b i l i t y  c h a r a c t e r i s t i c s  
w h ich  w ere  s i m i l a r  t o  t h e i r  c o u n te r p a r t s  i n  m a tu re  c e l l s .  However 
t h e  l a r g e  c o n d u c ta n c e  c h a n n e ls  w ere  a b s e n t  fro m  t h e  y o u n g e s t  c e l l s ,  
a p p e a r in g  o n ly  a f t e r  ~9 h r s  i n  c u l t u r e .  E x p e r im e n ts  i n  p r o g r e s s  
w i l l  a s s e s s  t h e  a c t i v a t i o n  k i n e t i c s  o f  t h e s e  c h a n n e ls  i n  b o th  
young and  m a tu re  c e l l s .

I t  a p p e a r s  t h a t  d e v e lo p m e n ta l  m a tu r a t i o n  o f  t h e  c e l l u l a r  v o l ta g e  
-d e p e n d e n t  K+ c u r r e n t s  i s  due  t o  c h a n g es  i n  t h e  num ber and  p o p u la 
t i o n s  o f  K+ c h a n n e ls  p r e s e n t  i n  t h e  n e u ro n a l  m em brane.

S u p p o r te d  by  USPHS p o s td o c t o r a l  f e l l o w s h ip  t o  GLH, MDA p o s td o c 
t o r a l  f e l l o w s h ip  t o  LPH and  NS15918 t o  NCS.

261.12 DEVELOPMENT AND MODULATION OF BURSTING IN THE IDENTIFIED NEURON 
R15 OF JUVENILE APLYSIA E.A. Marcus and T .J .  Carew D epartm ents 
o f  B io logy and P sychology, Y ale U n iv e rs ity , New Haven, CT, 06520.

I n t r i n s i c a l l y  b u r s t in g  neurons p o sse ss  a unique s e t  o f  io n ic  
conduc tances th a t  g e n e ra te  rhythm ic o s c i l l a t i o n s  in  membrane 
p o te n t i a l .  One approach to  c h a ra c te r iz in g  th e s e  conductances i s  
to  examine th e i r  e x p re ss io n  and assem bly d u rin g  developm ent. The 
id e n t i f i e d  b u r s te r  R15 in  A p l y s i a  i s  w e ll s u i te d  f o r  such  an 
a n a ly s is  s in c e  i t  e x h ib i ts  a  g rad u a l developm ental p ro g re ss io n  
from n o n -b u rs te r  to  b u r s te r  (Ohmori, 1981). In  th e  a d u l t ,  
b u r s t in g  in  R15 i s  in t e n s i f i e d  by bag c e l l  n eu ro p ep tid e s  (M ayeri 
e t  a l ,  1979). As a  f i r s t  s te p  in  an a ly z in g  th e  developm ent o f  
b u r s t in g ,  we asked w hether bag c e l l  e x t r a c t  (BCE) m ight a l s o  have 
m odulato ry  e f f e c t s  on im mature, n o n -b u rs tin g  R15 neurons.

We f i r s t  c h a ra c te r iz e d  th e  f i r i n g  p a t te rn  o f  R15 in  S tage  12 
ju v e n i le  A p l y s i a  (0 .5 -4 g , n=15). Confirm ing Ohmori (1981) we 
found a developm ental p ro g re ss io n  from n o n -b u rs tin g  in  younger 
ju v e n ile s  to  immature b u r s t in g  in  o ld e r  ju v e n ile s .  We nex t 
examined th e  e f f e c t  o f  BCE on th e  a c t i v i t y  p a t te rn  o f  immature 
R 15 's  (n= 8). In  p re p a ra tio n s  where R15 showed no b u r s t in g  (n= 5), 
BCE induced b u rs t in g ;  in  p re p a ra tio n s  where R15 showed immature 
b u r s t in g  (n= 3), BCE in t e n s i f i e d  th e s e  b u r s t s .  These e f f e c t s  were 
s p e c i f i c  to  BCE: c o n tro ls  ( c e re b ra l  g ang lion  e x t r a c t ,  n=5) 
produced no in d u c tio n  o r  in t e n s i f i c a t i o n  o f  b u r s t in g .

To q u a n t ify  th e  e f f e c t s  o f  BCE we ana lyzed  th e  d i s t r i b u t io n  o f  
in t e r s p ik e  in t e r v a l s  in  a  3 min re c o rd  p r io r  to  BCE and compared 
i t  to  a  3 min rec o rd  a t  th e  peak o f  BCE e f f e c t .  We dev ised  an 
a lg o rith m  f o r  c a lc u la t in g  a  d if f e re n c e  sc o re  (a  " b u rs t  in d u c tio n  
index") which r e f l e c te d  th e  e f f e c t  o f  BCE on th e  d i s t r i b u t io n  o f  
th e  in t e r s p ik e  i n t e r v a l s .  In d u c tio n  o r  i n t e n s i f i c a t io n  o f  
b u r s t in g  was d e s c r ib e d  by th e  sum o f  3 param ete rs: 1) an in c re a s e  
in  s h o r t  in t e r v a l s  (a  m easure o f  w ith in -b u r s t  sp ik e  r a t e ) ;  2) an 
in c re a s e  in  long  in t e r v a l s  (a  m easure o f  th e  number o f  in t e r b u r s t  
h y p e rp o la r iz a t io n s ;  and 3) a  d ec re a se  in  in te rm e d ia te  in t e r v a l s  
(a  m easure o f  a  d ec re a se  in  sp ik e s  u n re la te d  to  b u r s t in g ) .  BCE 
produced a  s ig n i f i c a n t  b u r s t  in d u c tio n  index (x ̅= 52.4 , p< .005 ), 
w hereas c o n tro l e x t r a c t  d id  n o t (x ̅= -2 .8 , n s ) .  M oreover, th e re  
was a  s ig n i f i c a n t  d if f e re n c e  in  t h i s  index between BCE and 
c o n t ro ls  (p < .0 1 ). These d a ta  show th a t  BCE s ig n i f i c a n t ly  s h i f t s  
th e  d i s t r i b u t io n  o f  in t e r s p ik e  in t e r v a l s  tow ards a b u r s t  p a t te r n .

The developm ental p ro g re s s io n  from n o n -b u rs te r  to  b u r s te r  in  
R15 m ight su g g es t th a t  th e  io n ic  conductances c r i t i c a l  f o r  
b u r s t in g  a re  ab se n t in  e a r ly  s ta g e s .  However, ou r r e s u l t s  show 
th a t  BCE can induce  b u r s t in g  in  im mature, n o n -b u rs tin g  neurons 
su g g e s tin g  th a t  th e se  conduc tances a re  p re s e n t and fu n c t io n a l 
b e fo re  th e  norm al developm ental e x p re ss io n  o f  b u r s t in g .  The n ex t 
s te p  w i l l  be to  id e n t i f y  th e  conductances p re s e n t in  immature R15 
neurons and examine how th e s e  conduc tances a r e  ex p ressed  and 
assem bled  in  th e  developm ent o f  b u r s t  g e n e ra tio n .

SENSORY SYSTEMS II

262.1 DEVELOPING VALLATE TASTE BUDS ARE ADDED IN GROWTH ZONES AND MATURE 
IN TEN DAYS. B. Oakley, M. A. Hosley*, L-H. Wu*, and K. Wilson*. 
Dept. of Biology, Neuroscience Lab. Bldg. ,  Uni v .  of Michigan, Ann 
Arbor, MI 48109.

The ra t has a single v alla te  papilla  consisting of a central 
i sland nearly surrounded by an e l l ip t ic a l  trench. About 600 ta s te  
buds develop and mature i n the trench walls during the f i r s t  three 
months a f te r  b ir th . The objectives of th is  i nvestigation were: i ) 
to  seek growth zones i n the val l a te  papilla where new ta s te  buds 
might form, i i ) to  determine ta s te  bud development time from 
counts of i mmature and mature ta s te  buds, and i i i ) to  examine 
properties of immature ta s te  buds th a t might reveal th e ir  mode of 
development. Ten micrometer, transverse, hematoxylin-stained, 
se ria l sections were made of formali n -f ixed, va lla te  papilla i n 
Sprague-Dawley ra ts  a t  15, 21, 33, 45 and 90 days. Camera luci da 
drawings were made of more than 15,000 p ro files of ta s te  buds to 
determine the location and size of ta s te  buds as wel l  as the 
presence or absence of a ta s te  pore. At 15, 21, 33 and 45 days 
most immature ta s te  buds (those lacking ta s te  pores) were found a t 
the an te rio r  and posterior extremes of the v a lla te  p ap illa . Since 
the trench lengthens fo r  more than two months, i t  appears th a t 
new ta s te  buds form p refe ren tia lly  i n the growth zones of the 
elongating trench w all. The maturation of immature buds led to a 
geometric i ncrease with age i n the number of mature ta s te  buds. 
Consequently, the number of i mmature ta s te  buds as a percentage of 
the mature ta s te  buds declined exponentially with age from 19% a t 
15 days to 1.8% a t  90 days (r  = .94, p < .02). The time required 
for cohorts of immature ta s te  buds to mature a t  15, 21, 33 and 45 
days was constant (10 ± 0.9 days, Mean ± S.D.).

I t  has been suggested th a t ta s te  buds i n it ia l ly  form de novo, 
but la te r  form by division of mature ta s te  buds. Our observations 
suggest th a t the i n itia l mode of ta s te  bud morphogenesis continues 
throughout development:
1) At la te r  ages, i n p a rticu la r, i mmature ta s te  buds are 

clustered together i n the an te rio r and posterior extremes of the 
lengthening trench wall where there are fewer mature ta s te  buds.
2) At a ll ages some immature ta s te  buds were found th a t had no 

near neighbors from which they might have arisen by division.
3) Some i mmature ta s te  buds i n older animals had spa tia lly  

disorganized cel l s unlike the v ertica lly  aligned c e lls  expected 
from division of a mature ta s te  bud.
4) A fixed 10 day maturation time fo r immature ta s te  buds 

suggests a single program for development.
Supported i n part by NIH Grant NS-07072.

262.2  MONOCLONAL ANTIBODY RAT 203 RECOGNIZES THE PRIMARY OLFACTORY 
PATHWAY IN PERINATAL AND MATURE RATS. B. F r ie d m a n , P . E . 
P e d e r s e n ,  G. M. S h e p h e rd , and  S . H o c k f ie ld . S e c . o f  N eu ro an a to m y , 
Y a le  U n i v e r s i ty  S c h o o l o f  M e d ic in e , New H aven , CT 06 5 1 0 .

The p e r i p h e r a l  o l f a c t o r y  sy s te m  p r o v id e s  a  good m odel t o  s tu d y  
m echan ism s o f  axon  g u id a n c e  i n  mammals s in c e  o l f a c t o r y  r e c e p t o r  
n e u ro n s  a r e  c o n t i n u a l l y  g e n e ra te d  th ro u g h o u t  th e  l i f e  o f  th e  
o rg a n is m . H ybridom a te c h n iq u e s  h av e  a l r e a d y  p ro v id e d  r e a g e n t s  
t h a t  d i s t i n g u i s h  among s u b s e t s  o f  m a tu re  o l f a c t o r y  p r im a ry  
a f f e r e n t  f i b e r s .  The p r e s e n t  s tu d y  aim ed to  i s o l a t e  m o n o c lo n a l 
a n t i b o d i e s  t h a t  t a g  p r im a ry  a f f e r e n t s  a t  d i f f e r e n t  s ta g e s  o f  
m a t u r a t i o n ,  w i th  s p e c i a l  fo c u s  on e a r l y  axon  o u tg ro w th .

H ybri domas w ere  g e n e ra te d  by  f u s io n  o f  myeloma c e l l s  w i th  n o d a l  
ly m p h o c y tes  from  two a d u l t  m ic e . The m ice  w ere  im m unized w i th  
h om ogen ized  o l f a c t o r y  b u lb s  from  1 2 -d a y -o ld  r a t s  t h a t  h ad  b e e n  
p e r f u s e d  w i th  4% p a ra fo m a ld e h y d e . The s u p e r n a t a n t s  s e c r e t e d  by 
h y b rid o m a  c o lo n i e s  w ere  s c re e n e d  on p a ra fo rm a ld e h y d e  f ix e d  t i s s u e  
s e c t i o n s  from  P12 r a t  o l f a c t o r y  b u lb .  Bound a n tib o d y  was 
d e m o n s tra te d  by  s e r i a l  i n c u b a t io n  o f  th e  t i s s u e  w i th  HRP 
c o n ju g a te d  s e c o n d a ry  a h tib o d y  and  DAB. H ybri domas o f  i n t e r e s t  
w ere  c lo n e d  t h r e e  t im e s  by  l i m i t i n g  d i l u t i o n .

M o n o c lo n a l a n t ib o d y  RAT 203 g e n e ra te d  from  t h i s  f u s io n  
r e c o g n iz e s  o l f a c t o r y  r e c e p t o r  n e u ro n s ,  o l f a c t o r y  n e r v e ,  and 
o l f a c t o r y  g lo m e r u l i  i n  P12 r a t s .  RAT 203 a l s o  r e c o g n iz e s  
v o m e ro n a sa l  n e rv e s  and  a c c e s s o r y  o l f a c t o r y  b u lb  g lo m e r u l i .  
H ow ever, t h i s  a n t ib o d y  f a i l s  t o  s t a i n  ax o n  s y s te m s  w i t h in  th e  
o l f a c t o r y  b u lb  t h a t  a r e  r e c o g n iz e d  b y  a n t i - n e u r o f i l a m e n t  
a n t i b o d i e s .  RAT 203 p o s i t i v e  g lo m e r u l i  a r e  d i s t r i b u t e d  i n  e a ch  
q u a d ra n t  o f  t h e  o l f a c t o r y  b u lb  a l th o u g h  th e  i n t e n s i t y  o f  s t a i n i n g  
among i n d iv i d u a l  g lo m e r u l i  v a r i e s .  The p a t t e r n  o f  s t a i n i n g  
w i t h in  a  g lo m e ru lu s  i s  p a tc h y ,  r e s e m b lin g  t h a t  o f  o l f a c t o r y  axons 
s t a i n e d  b y  v im e n t i n  (Schw ob, F a r b e r ,  & G o t t l i e b ,  1986) o r  by  
s i l v e r  d e g e n e r a t io n  m eth o d s (L an d , E a g e r ,  & S h e p h e rd , 1 9 7 0 ) .

I n  o u r  a n a ly s i s  o f  em b ry o n ic  d e v e lo p m e n t, o l f a c t o r y  n e rv e  
f a s c i c l e s  a r e  RAT 203 p o s i t i v e  a t  E15. A t t h i s  t im e ,  t h e r e  i s  
l i t t l e  d i s t i n c t  s t a i n i n g  o f  th e  o l f a c t o r y  b u lb .  By E20 th e  
g lo m e r u la r  l a y e r  o f  th e  o l f a c t o r y  b u lb  i s  im m u n o re a c tiv e  w i th  
e s p e c i a l l y  p ro m in e n t  s t a i n i n g  o f  t h e  m o d if ie d  g lo m e r u la r  co m p lex . 
D i s t i n c t  im m u n o re a c tiv e  g lo m e r u l i  a r e  fo u n d  th o u g h o u t th e  
o l f a c t o r y  b u lb  o f  P2 r a t s .  I m m u n o re a c tiv i ty  o f  o l f a c t o r y  n e rv e  
f a s c i c l e s  and  g lo m e r u l i  p e r s i s t s  i n t o  a d u lth o o d .

T h ese  f i n d i n g s  s u g g e s t  t h a t  RAT 203 i s  a  m ark e r  o f  o l f a c t o r y  
n e rv e  a t  th e  t im e  o f  e a r l y  ax o n  g ro w th  a s  w e l l  a s  a t  m a t u r i t y .  
S tu d ie s  a r e  i n  p r o g r e s s  t o  e s t a b l i s h  th e  c e l l u l a r  l o c a l i z a t i o n  o f  
RAT 203 i m m u n o re a c t iv i ty .

R e s e a rc h  s u p p o r te d  by  N S -07877, HD -20994, F r a g ra n c e  R e s e a rc h  
F u n d , N S -07609, BNS-8544681, and  EY -06511.
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262.3 INC REASE  IN TOTAL NUMBER OF OLFACTORY NEURONS MAY UNDERLIE THE 
POSTNATAL IMPROVEMENT IN OLFACTORY SENSITIVITY IN RATS. 

E. Meisami, Physiol. -Anat. , Univ. C a l i f . ,  Berkeley, CA 94720

In the rat o l f a c t o r y  s e n s i t i v i t y  to such odors as amyl 
acetate is low at b ir th  increasing during the postnatal period 
by 2 to 10 folds depending on stimulus st rength  (Alberts & May, 
1980). The neural basis of th is  phenomenon is not c le a r .  It is 
also well known that the very high convergence r a t io  of 
olfactory receptor neurons to mitral c e l l s  of the olfac tory  
bulb is one of the bases of high o lfac to ry  s e n s i t i v i t y  in 
mammals. To determine whether the postnatal improvement in 
olfactory sens i t iv i ty  may be associa ted with an increase in the 
convergence ra t io ,  the to ta l  number of o lf ac to ry  receptor 
neurons and mitral c e l l s  of the newborn and weanling ra ts  were 
estimated, using complete ser ia l  sections and morphometric and 
cell counting methods.

In the newborn, to ta l  surface area of o lfac to ry  mucosa in 
each side is about 10 mm2, mean thickness of neuronal layer 
about 50 um, density of o lfac to ry  neurons about 1.4 × 106/mm3, 
giving a total number of 800,000 receptor neurons in each side.  
By day 25, total surface area of mucosa increases by about 5×, 
mean thickness of receptor  cel l sublayer increases by about 
60%, the packing density remains near ly constant while the 
number of receptors per unit surface area shows a 70% increase.

These changes resu l t  in an average increase of 8 fold in 
the total number of o l facto ry  receptor neurons during the the 
suckling period. Since the number of mitral c e l l s  in the bulb 
remains constant during th is  period (about 6 0 , 0 0 0 ) ,  i t  follows 
that convergence ra t io  of receptor c e l l s  to mitral c e l l s  
increases by about 8 fold in the same age period.

The fact that a proportion of the receptor  c e l l s  in the 
newborn and weanling may not be synapt ica l ly  connected to the 
mitral cells due to immaturity or turn-over s ta t e  obviously 
affects the absolute convergence ra t io s .  However, i t  is l ikely  
that these factors will not markedly a l t e r  the re la t iv e  
increase in the ra t io  from b i r th  to weaning.

The postnatal increase in the convergence r a t io ,  by causing 
increased spatial summation, would decrease the threshold for 
mitral cell act ivation under s im ilar stimulus s trength ,  
providing a neurophysiological mechanism for the reported 
increase in olfactory s e n s i t i v i t y .  Our s tudies indicate  that 
the developmental increase in convergence in the primary 
olfactory pathway is not limited to the r a t ,  occurring in other 
altricial mammals such as rabbit  and hamster (Meisami, Louie, 
Hudson, Distel, in prepara tion; Meisami & Najafi,  in p rep .) .

262.4 PRE- AND POSTNATAL DEVELOPMENT OF THE MEDIAL 
LEMNISCUS (ML), THE BRACHIUM CONJUCTIVUM (BC), AND THE 
BRACHIUM OF THE INFERIOR COLLICULUS (BIC) IN RATS. 
C. Asanuma, R. Ohkawa, B.B. Stanfield and W.M. Cowan. The Salk 
Institute, La Jolla, CA 92037.

We have examined the development of three of the major ascending 
pathways to the thalamus in rats using TMB histochemistry after WGA- 
HRP injections into the dorsal column nuclei, the deep cerebellar 
nuclei, or the inferior colliculus. By E 17, some ML axons have already 
reached the diencephalon and extend dorsally as a distinct bundle to 
enter the ventroposterior n.(VP) without, however, ramifying to any 
significant degree in the nucleus. Other ML axons remain ventral to 
the thalamus and proceed toward, but not beyond, the rostral end of the 
thalamus. Terminal ML arborizations are readily detected by E 19 and 
are concentrated within VP, although some extend into adjoining nuclei. 
At this stage the aberrant ML axons ventral to the thalamus extend into 
the internal capsule (IC) towards the striatum. During the subsequent 
week, the arborizations within VP become more elaborate while the 
density of aberrant axons decreases. By P5, there is a substantial 
reduction in the number of ML axons rostral to the thalamus, but the 
terminal arborizations within the thalamus are not yet confined to VP.

Inferior colliculus injections reveal that the initial innervation of 
the medial geniculate n. (MG) also takes place quite early. Densely 
labeled terminal arborizations are present within the MG by E 19, but 
there is also a substantial component of BIC axons which proceeds 
through the ventral nuclei toward the rostral end of the thalamus.

No labeled BC axons can be detected beyond the midbrain at E 19, 
but by P0, terminal ramifications of BC axons have clearly begun to 
form in the ventral lateral n. (VL). Although most BC terminal arbors 
are concentrated at this time within the VL, some clearly lie outside 
the limits of the VL. In addition, like the developing ML, many BC 
axons remain ventral to the thalamus and proceed rostrall y to enter the 
1C. These aberrant BC axons are less evident after P0 and eventually 
disappear.

These results indicate that the principal ascending sensory afferents 
reach the primary sensory relay nuclei of the thalamus quite early in 
development (E17-19), and suggest that they may precede the 
innervation of other thalamic relay nuclei. Each major pathway 
initially projects not only into its appropriate target, but also rostrally 
beyond the thalamus. Furthermore, although each system arborizes 
extensively within its appropriate thalamic nucleus shortly after 
reaching the thalamus, it also contributes fibers to the adjoining 
thalamic nuclei. Indeed the ascending afferents do not attain their 
clearly focused and restricted thalamic distributions until some time 
after the first postnatal week.

Supported by the SCRF of PVA and NS18506.

262.5 DEVELOPMENT OF ORDER IN THE WHISKER-TO-BARREL PATHWAY OF THE 
MOUSE: NEURONAL METABOLIC RESPONSES TO WHISKER STIMULATION

P. Melzer*, E. Welker*, J . Dör f l* ,  and H. Van der Loos* 
(SPON: European Neuroscience Foundation). I n s t . of Anatomy, Univ. 
of Lausanne, 1005 Lausanne, Sw itzerland.

Female albino mice (ICR-stock) in la te  pregnancy were checked 
every 24 hours. The day a l i t t e r  was detected was defined as post
natal day (P) 0. Infants from P2 to  P18 (a t  le a s t  3 mice per age) 
and 2 adults (over P 60) were re s tra in ed  and given [C-14]2-deoxy- 
D-glucose (DG) i .p . E a rlie r , small metal rods had been glued to 
left whiskers C1, C2, C3 and E l; a l l  o ther whiskers were c lipped . 
The whiskers with rods were moved by magnetic f ie ld  bursts fo r 45 
minutes (Melzer, P . , e t  a l . ,  Brain Res., 348, 1985); the mice were 
then anesthetized and perfused. Brains were processed fo r X-ray 
film autoradiography. A lternate  se r ie s  of sec tio n s , stained  fo r 
cytochrome oxidase or N iss l, were used to  c o rre la te  areas of 
stimulus-evoked DG uptake and the rep resen ta tio n  of the whiskers 
in the somatosensory re lays and in the  b a rre lf ie ld  (BF).

At P2, the f i r s t  signs of stim ulus-dependent DG uptake of the 
three C-whiskers were in the ip s i l a t .  trigem . subnuclei caud. and 
interpol. At P4, stimulus-evoked DG uptake was seen in the ip s i
lat. subnucleus o ra l . ,  nucleus sen s . princ . n. trigem . and in the  
ventrobasal complex of the c o n tra la t. thalamus. Only a t  P7, meta
bolic activation was found in the BF of the  c o n tra la t .  co rtex . In 
coronal sections, i t  spread over several b a rre ls  in layer IV and 
extended into layer I I I ;  in tangen tia l s ec tio n s , i t  covered bar
rels Cl -3 and th e ir  neighbors. At P10, in coronal sections high 
tracer uptake stre tched from layers II  to  VI with a maximum in IV; 
in tangential sec tions, i t  was re s tr ic te d  to b a rre ls  C l-3, su r
rounded by a band of depressed DG-uptake, and E1. The onset of DG 
uptake in response to  stim u la tion  of the sing le  E-whisker followed 
the same sequence, i . e .  from lower to  higher s ta t io n s ,  as with 
stimulation of the th ree  C-whiskers, but with a delay of 2-3 days. 
Up to P10, the areas of stimulus-evoked DG uptake in subnuclei 
caud. and in te rp o l. were la rg e r than the rep resen ta tions  of the 
whiskers in question. L a te r, th e re  was a b e tte r  correspondence 
between metabolic a c tiv a tio n  and rep re sen ta tio n . A fte r P11, DG 
uptake approached the  level of ad jacent areas in the subcortical 
stations but increased in the BF. Are the ear ly  DG uptake ( th a t  
disappears) and the in i t i a l  mismatch of ac tiv a ted  areas and whis
ker representation in subcortical s ta t io n s  based on tra n s ito ry  
connections and/or on subsequent development of in h ib ito ry  sy
stems?

Support: Grant 3.158 of Swiss NSF; PM holds a fe l l owship from 
the DFG, W.-Germany.

262.6  THE MORPHOLOGY OF INDIVIDUAL THALAMIC AXONS IN SOMATOSENSORY 
CORTEX OF THE NEONATAL MOUSE. J .E .  C r a n d a l l . S o u th a rd  L a b . ,  E.K. 
S h r iv e r  C t r . , W altham , MA 02154 and D ep t. N e u r o l . , M ass. Gen. 
H o s p ., H arv a rd  Med. S c h . , B o s to n , MA 02115

M u l t i c e l l u l a r  c y t o a r c h i t e c t o n i c  u n i t s  ( b a r r e l s )  i n  l a y e r  4 o f 
th e  p r im a ry  s o m a to se n so ry  c o r t e x  o f a d u l t  m ice c o n s i s t  o f  d e n s e ly  
c e l l u l a r  w a l ls  and d e n s e ly  a x o n a l  h o llo w s . Many o f th e s e  axons 
h ave  b een  d e m o n s tra te d  t o  a r i s e  from  th e  v e n t r o b a s a l  th a la m ic  
n u c le u s .  From l a t e  i n  g e s t a t i o n  u n t i l  b a r r e l  fo rm a tio n  in  th e  
m id d le  o f  th e  f i r s t  p o s tn a t a l  w eek , t h i s  p o p u la t io n  o f  s p e c i f i c  
th a la m ic  ax o n s a r e  l o c a t e d  b e n e a th  th e  c o r t i c a l  p l a t e  among th e  
i n f r a g r a n u l a r  n e u ro n s  a s  d e m o n s tra te d  by a n te r o g ra d e  and 
r e t r o g r a d e  t r a n s p o r t  m eth o d s . The m orpho logy  and la m in a r  
d i s t r i b u t i o n  o f  i n d iv i d u a l  th a la m ic  axons d u r in g  t h i s  p e r i n a t a l  
p e r io d  p r i o r  to  d i f f e r e n t i a t i o n  o f  th e  b a r r e l s  was i n v e s t i g a t e d  
by b u lk  f i l l i n g  w i th  HRP f i b e r s  p r e s e n t  i n  th e  i n t e r n a l  c a p s u le  
and v e n t r o b a s a l  th a la m ic  n u c le u s  i n  a  m o d if ie d  t i s s u e  s l i c e  
p r e p a r a t i o n .  HRP was r e c r y s t a l l i z e d  i n t o  p e l l e t s  on m ic r o p ip e t te  
t i p s  and i n s e r t e d  i n t o  f r e s h l y  d i s s e c t e d  s l i c e s  o f  c e re b r a  
rem oved from  new born to  t h r e e  day  o ld  m ic e . A f t e r  in c u b a t io n  
t im e s  from  1-4  h r s .  th e  t i s s u e  was im m ersio n  f ix e d  and p ro c e s s e d  
f o r  HRP h i s to c h e m is t r y  w i th  DAB a s  chrom ogen and enhancem ent w i th  
n i c k e l - c o b a l t  t r e a tm e n ts .  Axons w ere r e c o n s t r u c t e d  from  s e r i a l  80 
um f ro z e n  o r  v ib ra to m e  s e c t i o n s  w i th  a  cam era l u c i d a  d raw in g  
a tta c h m e n t .

The m a jo r i t y  o f H R P -la b e le d  axons c o u rs e  p a r a l l e l  to  th e  p i a l  
s u r f a c e  i n  t h e  w h i te  m a t t e r  and d e p th s  o f  l a y e r  6 . At any  p o in t  
a lo n g  t h i s  p a th  ax o n s w i th in  t h e s e  f a s c i c l e s  e m it one o r  more 
s h o r t  c o l l a t e r a l s .  In  a d d i t i o n ,  some axons sen d  one o r  more 
l o n g e r  b ra n c h e s  o r i e n t e d  e i t h e r  r a d i a l l y  o r  o b l iq u e ly  to w ard  th e  
c o r t i c a l  s u r f a c e .  T hese b ra n c h e s  t r a v e l  th ro u g h  l a y e r s  5 and 6 
b u t  do n o t  p e n e t r a t e  th e  c o r t i c a l  p l a t e  d u r in g  t h i s  d e v e lo p m e n ta l  
p e r io d .  B ranch  p o in t s  a s  w e l l  a s  g ro w th  c o n e - l ik e  s t r u c t u r e s  on 
th e  t i p s  o f  axons i n  a l l  l a y e r s  a p p e a r  to  be e n la r g e d  in  s i z e  
r e l a t i v e  t o  th e  s i z e  o f  th e  m ain  a x o n a l  t r u n k .  In  b o th  l a y e r s  5 
and 6 axons d e c re a s e  i n  d ia m e te r  and a p p e a r  p r o g r e s s iv e l y  more 
v a r i c o s e .  T hese s w e l l i n g s  may r e p r e s e n t  s y n a p t i c  c o n ta c t s  o f  
g ro w in g  th a la m ic  axons w i t h i nf r a g r a n u la r  n e u ro n s .  The r e l a t i v e l y  
s im p le  m orpho logy  e x h ib i t e d  by th e s e  th a la m ic  axons i n  th e  
i n f r a g r a n u l a r  l a y e r s  may r e p r e s e n t  th e  f i r s t  s t a g e  o f  a x o n a l  
d i f f e r e n t i a t i o n  t h a t  p r e c e d e s  th e  e x p lo s io n  o f a x o n a l  
a r b o r i z a t i o n  t h a t  o c c u rs  d u r in g  b a r r e l  f o rm a tio n .
S u p p o rte d  by NIH g r a n t  NS20213.
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262.7 CHANGES IN TOPOGRAPHY OF SOMATOSENSORY CORTEX AFTER NERVE LOSS 
IN ADULT AND NEONATAL MARMOSET MONKEYS. M. F. Huerta, J .  T. 
Wal l , and J .  H. Kaas. Dept. Psychology , V anderbilt Un iv . , 
Nashvi l l e , IN 37240.

There i s considerable evidence th a t  al te rin g  sensory i n
puts can have a g rea te r or d if f e r e n t e f fe c t  on the developing 
cen tra l nervous system than on the ad u lt system. In the p resen t 
study somatosensory inputs were a lte re d  in young and ad u lt p r i 
mates and the e f fe c ts  on the topographical organization  of 
somatosensory cortex  were examined a f te r  chronic survival periods 
following the al te ra tio n . Marmosets were used because they 
reproduce and mature rap id ly .

In marmosets, the median, u ln a r, and rad ia l nerves carry 
somatosensory inform ation from the hand to  cen tra l pathways 
which p ro je c t topographically  to  c o rtic a l area 3b. The topo
graphic organization  o f the  hand rep resen ta tio n  in area 3b and 
ad jacen t cortex  was assessed with mul t i  u n it mapping methods in 
ketam ine-anesthetized marmosets th a t  had been: (1) reared nor
mal l y ,  with a ll  th ree  nerves In ta c t ,  (2) reared  normally, but 
which had the  median nerve cu t and lig a te d  as an adul t ,  or 
(3) reared  a f te r  having had the median nerve cu t and lig a te d  
during postnatal week 1-2. Two questions were addressed: 
(1) How does the topography i n the hand rep resen ta tio n  change 
when the  hand i s  deprived o f median nerve inputs? (2) Are the 
topographical changes Induced by nerve lo ss  i n neonates and 
adul t s  sim il a r or d iffe ren t?

In normal anim als, neurons a t  a l l  or most recording s i te s  
were responsive to  t a c t i l e  s tim ulation  of delim ited  skin areas 
on the hand, with v ir tu a lly  a ll  su rfaces of the hand repre
sen ted . In c o n tra s t , the hand rep resen ta tio n s  of both ad u lt 
and neonatal denervates were abnormal in th a t  rep resen ta tio n s  
of glabrous d ig i t ,  and palm surfaces on the rad ia l side  of the 
hand were m issing. Even though the hand surface was incomplete
ly represented  in denervates, cel l s a t  al l  or most recording 
s i t e s  i n the hand rep resen ta tio n s  of these animal s were respon
sive to  t a c t i l e  s tim u li. While topographic d e ta ils  varied  across 
i nd iv idua ls , the major c o n sis ten t finding  in neonatal and i n 
ad u lt denervates is  th a t  deprived c o rtic a l zones become respon
s ive  to  hand Inputs from the remaining u lnar and rad ia l nerves.

Thus, cutaneous i nputs from surviving nerves s u b s titu te  
fo r  l o s t  inpu ts i n both adul t s  and neonates. This suggests th a t  
the cen tra l c i r c u i t s  which underlie  the observed changes i n 
topographical o rganization  are  developed to  some degree by 
postnatal week 1-2 i n th is  prim ate.

Supported by NIH gran ts  NS21105 (JTW) and NS16446 (JHK).

262.8 DEVELOPMENT OF AUDITORY SELECTIVITY IN A SONG-SYSTEM NUCLEUS 
DURING SONG LEARNING. S . F . Volman and M. K o n is h i ,  D iv i s io n  o f  
B io lo g y  2 1 6 -7 6 , C a l i f .  I n s t . o f  T ech n o lo g y , P a sa d e n a , CA 91 1 2 5 .

S o n g b ird s ,  i f  th e y  a r e  to  p ro d u ce  no rm al so n g , m ust be a b le  t o  
h e a r  t h e i r  own v o c a l i z a t i o n s  d u r in g  song d e v e lo p m e n t. For many 
s p e c i e s ,  a u d i t o r y  fe e d b a c k  i s  u sed  to  m atch  a  b i r d ' s  own song to  a 
song  m odel ( “ t u t o r  so n g " )  h e a rd  many m onths p r e v i o u s ly .  In  th e  
b r a i n s  o f  s o n g b ir d s ,  th e  "song  sy stem " i s  composed o f  a  s e t  o f  
d i s c r e t e ,  s p e c i a l i z e d  n u c l e i .  One o f t h e s e ,  n u c le u s  HVc in  th e  
f o r e b r a in ,  i s  a  s i t e  o f  c o n v e rg e n c e  b e tw een  a u d i t o r y  and p re -m o to r  
a c t i v i t y .  N eurons in  HVc o f  w h ite -c ro w n e d  sp a rro w s  ( Z o n o t r ic h ia  
l e u c o p h r y s ) w ere r e c e n t l y  shown to  re sp o n d  s e l e c t i v e l y  t o  a  b i r d ' s  
own song in  p r e f e r e n c e  to  o th e r  s o n g s , i n c lu d in g  th e  t u t o r  song 
( M a rg o lia s h ,  J .  N e u r o s c i .  3: 1039, 1983; M a rg o lia s h  and K o n is h i ,  
PNAS 82; 5997 , 1 9 8 5 ) . T h is  s e l e c t i v i t y  m ig h t e i t h e r  r e f l e c t  th e  
s to r a g e  o f  an  im p e r f e c t  copy  o f  th e  song  m odel o r  be th e  
c o n seq u e n c e  o f  song m a tc h in g .

In  o r d e r  t o  d i s t i n g u i s h  b e tw een  th e s e  two p o s s i b i l i t i e s ,  we 
r e c o rd e d  from  m u l t i u n i t  c l u s t e r s  i n  HV c's o f  j u v e n i l e ,  p r e - s in g i n g  
w h i te  crow ns t h a t  had  b een  tu to r e d  i n  th e  l a b o r a to r y  w ith  a  s in g l e  
song  m o d el. A u d ito ry  r e s p o n s e s  t o  t h i s  song w ere com pared w ith  
s i m i l a r  so n g s from  th e  same g e o g ra p h ic  r e g io n  (sam e " d i a l e c t " ) ,  
so n g s  o f  d i f f e r e n t  d i a l e c t s ,  r e v e r s e d  so n g , and so n g s a l t e r e d  by a 
c o m p u te r g e n e ra te d  song  a n a l y s i s / r e s y n t h e s i s  sy s te m . T h ere  was no 
e v id e n c e  o f  a  c o n s i s t e n t  p r e f e r e n c e  f o r  f a m i l i a r  song p a t t e r n s  i n  
any  o f  th e s e  b i r d s .  S in g le  n e u ro n s  d id ,  h o w ev er, o f te n  re sp o n d  
p r e f e r e n t i a l l y  t o  so u n d s  w i th  f re q u e n c y  and a m p li tu d e  m o d u la t io n s  
o f  th e  s o r t  p r e s e n t  in  w h ite -c ro w n  s o n g . T h u s, a s  i n  a d u l t s ,  some 
HVc n e u ro n s  r e s p o n d  b e t t e r  t o  song  th a n  to  to n e  o r  n o is e  
s t i m u l i .  One b i r d  t h a t  had  begun to  v o c a l i z e  was a l s o  t e s t e d .  
The s o n g - l i k e  so u n d s t h i s  b i r d  p ro d u ce d  w ere s h i f t e d  upw ards i n  
f re q u e n c y  due to  th e  p r e s e n c e  o f  a  g l a s s  b ead  im p la n te d  w i th in  i t s  
s y r i n x .  In  t h i s  b i r d ,  t h e r e  a p p e a re d  to  be a  p r e f e r e n c e  f o r  th e  
d i s t o r t e d  s o u n d s .

T h ese  r e s u l t s  s u p p o r t  th e  h y p o th e s i s  t h a t ,  in  HVc, s e l e c t i v i t y  
f o r  a  b i r d ' s  own song  a r i s e s  d u r in g  th e  p r o c e s s  o f  song m atc h in g  
and n o t  d u r in g  m e m o riz a tio n  o f  th e  t u t o r  so n g .

S u p p o rte d  by NRSA F e l lo w s h ip  #NS07714 and NIH g r a n t  #MH40455.
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263.1 MYSTACIAL VIBRISSAE AND COMMON FUR BRAINSTEM SENSORY 
PATHWAYS IN THE RAT. Charles Morgan and Frank R. Sharp, Dept. 
Neurology V127, UCSF and VA Med. Ctr., San Francisco, CA 94121.

Stimulation of whisker motor cortex activated spinal trigeminal 
nuclei pars oralis (SpVo) and interpolaris (SpVi) when whiskers were not 
allowed to touch an external object (Sharp, F.R., and Evans, K., J . Comp. 
Neurol., 208:1982, 255-287). Tactile sensory stimulation of all of the 
mystacial vibrissae, however, activated all parts of the spinal trigeminal 
nucleus including pars caudalis (SpVc), SpVi, and SpVo, as well as the 
principal trigeminal sensory nucleus (PrV) (Gonzalez, M.F., and Sharp, F.R., 
3. Comp. Neurol., 231:1985, 457-472). Based upon this data it was 
hypothesized that different trigeminal sensory receptors might relay to 
different levels and possibly to different parts of SpV and PrV.

To te st this possibility (14 C) 2-deoxyglucose (2DG) was injected into 
adult Sprague Dawley rats. In one group the mystacial vibrissae in rows A 
and B were stimulated a t  2 to 4 times per second in an anteroposterior 
direction a fte r prior removal of all other whiskers. In the other group the 
common fur between rows A and B was stimulated a t  2 times per second in 
an anteroposterior direction a fte r prior removal of all mystacial vibrissae 
on both sides of the face. Tactile stimulation of the mystacial vibrissae in 
rows A and B increased 2DG uptake in ventrolateral laminae III and IV of 
SpVc, and in punctate ventral portions of ipsilateral SpVi, SpVo, and PrV. 
Ventrobasal n. thalamus and SI and SII of cortex were also activated during 
mystacial vibrissae sensory stimulation. Tactile stimulation of the common 
fur between rows A and B increased 2DG uptake primarily in ventrolateral 
parts of substantia gelatinosa (lamina II) of SpVc, with some spread into 
adjacent laminae I and III. SpVi, SpVo and Pr5 were not activated by 
common fur stimulation.

To further delineate maxillary sensory inputs, WGA-HRP was 
injected into the skin (containing the common fur) or muscle surrounding 
mystacial vibrissae in rows A and B. After two day survivals, perfusion, 
and TMB processing, the data demonstrated dense labeling of ventrolateral 
lamina  II with lighter labeling of the magnocellular layers III and IV 
restricted to  SpVc:

The data suggest tha t the common fur sensory receptors between 
rows A and B project primarily to lamina II of SpVc with some input to 
deeper laminae III and IV (seen with WGA-HRP but not 2DG), and that 
inputs  to other trigeminal nuclei must be sparse or not present. The 
mystacial vibrissae of rows A and B, however, project to all trigeminal 
subnuclei SpVc, SpVi, SpVo, and PrV.

263.2  A COMPARATIVE STUDY OF THE PRINCIPAL TRIGEMINAL NUCLEUS AND THE 
DORSAL COLUMN NUCLEI IN THE RAT AND MUSKRAT; PROJECTIONS TO THE 
VENTROBASAL THALAMUS AND CEREBELLUM. J . P .  Romeo and W.M. 
P a n n e to n  (SPON: P .A . Y oung). D e p t . o f  Anatom y, S t .  L o u is  U n iv . 
S ch . o f  M ed ., S t .  L o u is ,  MO 63104 .

A d u lt  S p rag u e-D aw ley  r a t s  and  m u sk ra ts  w ere  a n e s t h e t i z e d  by 
i n t r a p e r i t o n e a l  i n j e c t i o n s  o f  16% c h l o r a l  h y d r a t e  and  p la c e d  in  a  
s t e r e o t a x i c  a p p a r a t u s .  E i th e r  t h e  v e n t r o b a s a l  th a la m u s  (VB) o r  
c e re b e llu m  w ere  i n j e c t e d  by p r e s s u r e  w i th  a  1 μ l H am ilto n  s y r in g e  
w i th  a  m ic r o p ip e t te  a t t a c h e d .  The i n j e c t i o n  b o lu s  c o n s i s t e d  o f  a  
50% s o l u t i o n  o f  h o r s e r a d i s h  p e ro x id a s e  (HRP, Sigm a ty p e  V I) in  1% 
s a p o n in .  F o llo w in g  a  s u r v i v a l  p e r io d  o f  4 8 -7 2  h o u r s ,  t h e  a n im a ls  
w ere  a n e s t h e t i z e d  by sod ium  p e n t o b a r b i t a l  and  p e r f u s e d  
i n t r a c a r d i a l l y  w i th  .9% s a l i n e  fo llo w e d  by a  d o u b le  a ld e h y d e  
f i x a t i v e  i n  p h o s p h a te  b u f f e r .  T h e i r  b r a i n s  w ere  rem oved and 
s to r e d  a t  4°C in  a  15% s u c ro s e - p h o s p h a te  b u f f e r  s o l u t i o n  u n t i l  
t h e  f o l lo w in g  d ay  whe n 60μm t r a n s v e r s e  s e r i a l  s e c t i o n s  w ere  c u t  
w i th  a  f r e e z in g  m ic ro to m e  and  d iv id e d  i n to  two o r d e r è d s e r i e s .  
One s e r i e s  was t r e a t e d  w i th  d ia m in o b e n z id in e  and  t h e  o t h e r  was 
t r e a t e d  w i th  t e t r a m e th y l b e n z id i n e .

The d i s t r i b u t i o n  an d  t h e  m o rp h o lo g y  o f  t h e  d o r s a l  colum n 
n u c l e i  (DCN) o f  t h e  common l a b o r a to r y  r a t  w ere  com pared  t o  t h a t  
o f  t h e  m u s k ra t .  I n j e c t i o n s  i n t o  t h e  th a la m u s  w ere  c e n te r e d  
w i t h in  t h e  v e n t r o b a s a l  com plex  o f  b o th  s p e c i e s ,  b u t  some s p re a d  
o c c u r r e d  i n t o  s u r r o u n d in g  a r e a s .  I n  t h e  r a t ,  num erous s m a l l  and  
some medium s i z e d  n e u ro n s  w ere  r e t r o g r a d e l y  l a b e l e d  in  t h e  
v e n t r a l  t w o - th i r d s  o f  t h e  p r i n c i p a l  n u c le u s  a f t e r  th a la m ic  
i n j e c t i o n .  Num erous n e u ro n s  a l s o  w ere  fo u n d  in  b o th  t h e  n u c le u s  
g r a c i l i s  an d  n u c le u s  c u n e a tu s  th ro u g h o u t  t h e i r  r o s t r o c a u d a l  
e x t e n t . I n  t h e  m u s k ra t ,  s i m i l a r  r e s u l t s  w ere  fo u n d . I n j e c t i o n s  
i n t o  t h e  c e re b e llu m  w ere  l a r g e  and  in c lu d e d  m o st o f  i t s  p a r t s  on 
o n e  s i d e .  I n  b o th  s p e c i e s ,  num erous n e u ro n s  w ere  r e t r o g r a d e ly  
l a b e l e d  i n  t h e  p r i n c i p a l  n u c le u s  a f t e r  c e r e b e l l a r  i n j e c t i o n s ;  
m o st w ere  m u l t i p o l a r  an d  o f  medium s i z e  an d  w ere  d i s t r i b u t e d  
th ro u g h o u t  t h e  n u c le u s  b u t  m o st o f t e n  in  a g g r e g a t io n s  i n  i t s  
m id d le  an d  v e n t r a l  p a r t s .  M u l t ip o l a r  n e u ro n s  w ere  a l s o  l a b e l e d  
i n  t h e  d o r s a l  colum n n u c l e i ,  and  t h e s e  w ere  fo u n d  p re d o m in a n t ly  
i n  t h e  v e n t r o l a t e r a l  p a r t  o f  t h e  c u n e a te  n u c le u s  n e a r  l e v e l s  o f  
t h e  o bex  in  b o th  s p e c i e s .

The r e s u l t s  o f  t h i s  s tu d y  show t h a t  t h e  p r o j e c t i o n s  from  t h e  
p r i n c i p a l  t r i g e m i n a l  n u c le u s  and  t h e  d o r s a l  colum n n u c l e i  t o  
th a la m u s  an d  c e re b e llu m  in  t h e  w i ld  m u sk ra t  a r e  o r g a n iz e d  s i m i l a r  
t o  t h o s e  o f  t h e  common w h i te  l a b o r a to r y  r a t .
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263.3 SOMATOSENSORY PROJECTIONS TO THE MIDBRAIN IN THE 
MONKEY. M. Wiberg* ,  J.W estman* and A. Blo m gvist (SPON: 
P.Cancalon) Dept of Anatomy, U n iv e rs ity  of U ppsala , Box 
571, S-751 23 U ppsala , Sweden.

The term inal a re a s  and c e l l s  of o r ig in  of th e  
somatosensory p ro je c t io n s  to  th e  m idbrain  in  th e  monkey 
(Macaca f a s c ic u la r i s ) were in v e s t ig a te d  w ith 
anterograde and re tro g ra d e  t r a c in g  w ith HRP and WGA- 
HRP. The r e s u l t s  show th a t  s e v e ra l re g io n s  in  th e  
dorsal mesencephalon, such a s  th e  p e ria q u e d u c ta l g ray  
matter, th e  in te r c o l l i c u la r  n u c le u s , th e  deep and 
interm ediate gray la y e r s  of th e  su p e r io r  c o l l i c u lu s ,  
the p o s te r io r  p r e te c ta l  n u c le u s , and th e  n u c leu s  of 
Darkschewitsch re c e iv e  a prom inent sp in a l in p u t ,  p a r t ly . 
som atotopically o rg a n iz e d , from lam ina I and V of th e  
dorsal horn. Several of th e se  s t r u c tu r e s  a ls o  r e c e iv e  
an input from th e  l a t e r a l  c e rv ic a l  n u c le u s , th e  d o rsa l 
column nucle i and th e  sp in a l tr ig e m in a l n u c le u s , 
which, with th e  ex cep tio n  of th a t  from th e  l a t e r a l  
cervical n u c leus, o r ig in a te s  from neurons s e p a ra te  from 
those p ro jec tin g  to  th e  v en tro b a sa l tha lam us. The 
resu lts  dem onstrate th a t  th e  o rg a n iz a tio n  of th e  
ascending som atosensory p ro je c t io n  to  th e  m esencephalon 
is sim ilar to  th a t  p re v io u s ly  d e sc rib ed  in  th e  c a t ,  
suggesting th a t se v e ra l re g io n s  in  th e  p rim a te  m idbrain  
have an im portant so m esth e tic  fu n c tio n  in c lu d in g  th a t  
of pain.

263.4 EFFECTS OF GABA RECEPTOR BLOCKADE IN THE CUNEATE 
NUCLEUS OF THE RAT. RJ.W einberg. F.Conti. and A.Rustioni. 
Depts. o f Anatomy and Physiology, University of North Carolina, Chapel 
Hill, NC 27514.

Most neurons in the dorsal column nuclei (DCN) have small, modality- 
specific excitatory receptive fields (ERF's). However, classical Golgi 
studies and recent intra-axonal HRP studies show that primary afferent 
fibers arborize richly within the DCN; individual fibers may have synaptic 
boutons distributed over a substantial fraction of the DCN. Recent studies 
of DCN physiology and plasticity also suggest that under some conditions, 
DCN cells may respond to stimuli outside their normal ERF borders.

Anatomical evidence demonstrates the presence of many GABAergic 
cells and synaptic terminals within the rat DCN. Pharmacological study 
shows that pre- and postsynaptic inhibition within the DCN is blocked by 
bicuculline, implying that GABAB receptors are functionally important in 
this system. To test the hypothesis that this GABAergic innervation 
enables an anatomically diffuse projection within the DCN to produce 
small ERF's by means o f lateral inhibition, we have studied the responses 
of single neurons in the rat cuneate nucleus to natural and electrical stimuli 
during iontophoretic application o f bicuculline.

Standard extracellular techniques were used to record from single units 
in chloral hydrate-anesthetized rats before and after iontophoretic applica
tion of glutamate, GABA, and bicuculline methobromide (BMB). To date, 
useful physiological and pharmacological data have been gathered on 20 
neurons. Nearly all cells studied were excited by glutamate, a putative 
neurotransmitter in this system. GABA inhibited most neurons at currents 
of less than 50 nA, but inhibited spontaneous activity more effectively than 
evoked activity. BMB usually blocked the effects of GABA at currents in 
the range o f 10-75 nA.

Contrary to our original hypothesis, BMB in most cases failed to 
increase the ERF significantly. However, even when no change could be 
detected in the ERF, post-stimulus inhibition produced either from the ERF 
center or surround was greatly reduced. Moreover, BMB generally 
increased the duration o f spontaneous or stimulus-produced spike bursts. 
Our present working hypothesis is that the GABAergic innervation in this 
system has little influence on static receptive field properties, but plays an 
important role in dynamic properties, such as adaptation.

This work was supported by HHS grants NS-07132 and N S-12440.

263.5 DO NON-PRIMARY AFFERENTS TO THE DORSAL COLUMN 
NUCLEI USE SUBSTANCE P AS THEIR NEUROTRANSMITTER ? 
A. Rustioni, F. Conti. Departments of Anatomy and Physiology, 
University of North Carolina at Chapel Hill, Chapel Hill, N.C. 27514.

In recent studies it was shown that the undecapeptide substance P (SP) 
is present in the dorsal column nuclei (DCN) of rats, cats and monkeys 
(Westman et al.,1984; Conti and Rustioni, 1986). In a search for the origin 
of this innervation, we have a) reconstructed the precise distribution o f SP 
fibers and terminals in cats and rats, and b) investigated the presence of 
SP-positive neurons in the spinal cord and spinal ganglia.

Animals were anaesthetized and perfused transcardially with 4% 
paraformaldehyde in 0.1 M phosphate buffer (pH 7.2 - 7.4). The animals 
in which spinal cord and spinal ganglia were studied received an injection 
of colchicine in the spinal gray matter. Vibratome cut, 25 μm thick 
sections were reacted with a commercially available antiserum (Immuno- 
nuclear, Inc) using the PAP method.

The main results can be summarized as follows: 1) positive fibers were 
observed in the fasciculi gracile and cuneate from where they enter the 
nuclei; 2) the distribution of SP fibers and terminals in the cat is not 
diffuse. At caudal medullary levels, immunoreactive material was present 
only in the ventral regions of both gracile and cuneate nuclei and in the 
lateral regions of the cuneate; at the level of the obex, an additional dorsal 
shell of SP-immunoreactivity was present; at rostral levels (i.e, above the 
obex) the reaction product showed a more diffuse distribution; 3) initial 
observations suggest that in the dorsal horn o f the spinal cord of 
colchicine-treated animals, SP-positive neurons were present in laminae III 
and IV in addition to laminae I and II; 4) substance P positive neurons in 
the dorsal root ganglia are of small size and these values do not overlap 
those of neurons at the origin o f primary afferents to the DCN.

These data and the negative findings for double-labeled neurons in the 
dorsal root ganglia observed in some preliminary double-labeling 
experiments, suggest that SP may be the neurotransmitter or neuro
modulator in the non-primary afferents fibers terminating in the DCN.

Supported by NIH grant#  12440.

263.6 D ISTR IB U TIO N  OF SEROTONIN AND SUBSTANCE P IMMUNO
REACTIVE FIB E R S IN  THE RAT CAUDAL TRIGEM INAL NUCLEUS. 
J . C . P e a r s o n  a n d  L . J e n n e s . D e p t . o f  A n a to m y ,  W r i g h t  
S t a t e  U n i v .  S c h .  o f  M e d . ,  D a y t o n ,  OH 4 5 4 3 5 .

T h e  p r o c e s s i n g  o f  n o c i c e p t i v e  s e n s a t i o n  i n  t h e  c a u 
d a l  s p i n a l  t r i g e m i n a l  n u c l e u s  (N T S T ) i s  i n c o m p l e t e l y  
u n d e r s t o o d ,  h o w e v e r  i t  i s  k n o w n  t h a t  t h e  p r i m a r y  
a f f e r e n t  f i b e r s  i n v o l v e d  a r e  s u b s t a n c e  P ( S P ) - im m u n o -  
r e a c t i v e ,  a n d  t h a t  i n h i b i t i o n  o f  t h i s  p a i n  t r a n s m i s s i o n  
i n v o l v e s  s e r o t o n i n  (5 H T ) i m m u n o r e a c t i v e  f i b e r s  o r i g i n a 
t i n g  f r o m  v a r i o u s  b r a i n s t e m  n u c l e i .  P o s s i b l e  m e c h 
a n i s m s  o f  i n t e r a c t i o n  b e tw e e n  SP a n d  5 HT f i b e r s  i n  t h e  
NTST a r e  c o m p l i c a t e d  i n  t h a t  s o m e ,  b u t  n o t  a l l ,  5H T - 
i m m u n o r e a c t i v e  s o m a t a  i n  b r a i n s t e m  n u c l e i  k n o w n  t o  
p r o j e c t  t o  t h e  NTST a l s o  sh o w  S P - l i k e  i m m u n o r e a c t i v i t y . 
T h i s  i m p l i e s  t h a t  so m e  o f  t h e  5HT p r o j e c t i o n s  i n v o l v e d  
i n  p a i n  s u p p r e s s i o n  m ay c o n t a i n  c o - l o c a l i z e d  S P . How
e v e r ,  d i r e c t  e v i d e n c e  f o r  5HT a n d  SP i n  t h e  sa m e  t e r m i 
n a l s  i n  t h e  NTST h a s  n o t  b e e n  r e p o r t e d ,  n o r  h a s  a 
p r o j e c t i o n  o f  c o - l o c a l i z e d  5 H T /S P  b r a i n s t e m  s o m a t a  t o  
t h e  NTST b e e n  e s t a b l i s h e d .

T h e  p r e s e n t  s t u d y  e x a m i n e s  t h e  d i s t r i b u t i o n  o f  S P - 
a n d  5 H T - i m m u n o r e a c t iv e  f i b e r s  i n  c a u d a l  NTST u s i n g  
i n d i r e c t  i m m u n o f l u o r e s c e n c e  h i s t o c h e m i s t r y  a n d  a n  
e l u t i o n - r e s t a i n i n g  p r o c e d u r e  (T ra m u  e t  a l ., J . H i s t o - 
c h e m . C y t o c h e m . , 2 6 : 3 2 2 - 3 2 4 ,  1 9 7 8 ) ,  a s  w e l l  a s  a n  
i m m u n o f l u o r e s c e n c e  p r o c e d u r e  t h a t  a l l o w s  s i m u l t a n e o u s  
l a b e l i n g  o f  t i s s u e  f o r  tw o  d i f f e r e n t  a n t i g e n s .  
S t a i n i n g  p r o c e d u r e s  w e r e  d o n e  o n  a d u l t  r a t s  p r e t r e a t e d  
w i t h  c o l c h i c i n e ,  L - t r y p t o p h a n , a n d  p a r g y l i n e .  A n im a l s  
w e r e  p e r f u s e d  w i t h  4 % p a r a f o r m a l d e h y d e  a n d  b r a i n s t e m s  
w e r e  v i b r a t o m e  s e c t i o n e d  a t  4 0 u m . S P - i m m u n o r e a c t i v e  
f i b e r s  c o n s i s t  o f  v a r i c o s e  s t r a n d s  l o c a t e d  i n  t h e  s p i 
n a l  t r i g e m i n a l  t r a c t  a n d  p r e d o m i n a n t l y  i n  t h e  m a r g i n a l  
l a y e r  (M L) a n d  s u b s t a n t i a  g e l a t i n o s a  (S G )  o f  t h e  c a u d a l  
N T ST. 5H T - i m m u n o r e a c t i v e  f i b e r s  c o n t a i n  v a r i c o s i t i e s  
s t r u c t u r a l l y  s i m i l a r  t o  t h o s e  o f  SP f i b e r s .  5HT f i b e r s  
a r e  p r o m i n e n t  i n  t h e  ML a n d  S G , a n d  a r e  a l s o  f o u n d  i n  
t h e  d e e p e r  l a m i n a e  o f  t h e  STN . I n  t h e  ML a n d  SG , 
f i b e r s  i m m u n o r e a c t i v e  f o r  o n l y  SP o r  o n l y  5HT a r e  
n u m e r o u s  a n d  a r e  s e e m i n g l y  i n t e r m i x e d  w i t h i n  t h e s e  
l a m i n a e .  I n  a d d i t i o n ,  ML a n d  SG c o n t a i n  v a r i c o s e  f i 
b e r s  i n  w h ic h  b o t h  S P -  a n d  5 H T - i m m u n o r e a c t i v i t y  a r e  
i d e n t i f i e d .  T h e  p r e s e n t  f i n d i n g s  i n d i c a t e  t h a t  a p o p u 
l a t i o n  o f  n e u r o n s  w i t h  c o - l o c a l i z e d  5HT a n d  SP p r o j e c t s  
t o  t h e  N T ST , a s  w e l l  a s  n e u r o n s  w h ic h  c o n t a i n  o n l y  SP 
o r  5 H T .

S u p p o r t e d  b y  t h e  WSU P e t t i c r e w  R e s e a r c h  F u n d .
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263.7  THE SOURCE AND DISTRIBUTION OF SEROTONERGIC INPUTS TO THE RAT 
DORSAL COLUMN NUCLEI. J .H .  H a r in g . D e p t . o f  A natom y, S t .  L o u is  
U n iv . S ch . o f  M ed ., S t .  L o u is ,  MO 63104 .

S tu d ie s  o f  t h e  r o l e  o f  s e r o t o n in  (5HT) in  t h e  t r a n s m is s io n  o f  
so m a to s e n s o ry  in fo r m a t io n  h a v e  l a r g e l y  f o c u s e d  upon n o c ic e p t io n  
and  h e n c e  t h e  s p in o th a la m ic  p r o j e c t i o n .  H ow ever, th e  
d e m o n s t r a t io n  o f  a  5HT f i b e r s  p le x u s  w i th in  t h e  d o r s a l  colum n 
n u c l e i  (DCN) s u g g e s t s  t h a t  5HT a l s o  f u n c t io n s  in  t h e  p r o c e s s in g  o f  
n o n -n o x io u s  s e n s o r y  in fo r m a t io n  w i th in  t h e  d o r s a l  co lu m n -m e d ia l 
l e m n is c a l  sy s te m . The p r e s e n t  s tu d y  em ployed  5HT im m unocyto- 
c h e m is tr y  b o th  a lo n e  an d  in  c o m b in a tio n  w i th  t h e  r e t r o g r a d e  
t r a n s p o r t  o f  WGA-HRP o r  d ia m id in o  y e llo w  (DY) t o  i d e n t i f y  t h e  
o r i g i n  o f  t h e  5HT p r o j e c t i o n  t o  t h e  DCN, a s  w e l l  a s  t o  d e f i n e  t h e  
r e l a t i o n s h i p  o f  5HT ax o n s  t o  l e m n is c a l  n e u ro n s  o f  t h e  DCN.

I n j e c t i o n s  o f  1% WGA-HRP w ere  made in  p h y s io l o g ic a l ly  
i d e n t i f i e d  fo re p a w  and  h indpaw  r e g io n s  o f  t h e  c u n e a te  and  g r a c i l e  
n u c l e i ,  r e s p e c t i v e l y .  T h ese  i n j e c t i o n s  r e s u l t e d  i n  t h e  l a b e l in g  
o f  a  few  n e u ro n s  o f  t h e  n u c le u s  r a p h e  m agnus; h o w ev er, t h e  
m a j o r i t y  o f  l a b e l e d  c e l l s  was l o c a t e d  be tw een  t h e  p y ra m id a l  and  
t h e  m o to r n u c le u s  o f  c r a n i a l  n e rv e  V II  i p s i l a t e r a l  t o  t h e  
i n j e c t i o n  s i t e .  T h is  r e g io n  h a s  b een  i d e n t i f i e d  a s  n u c le u s  
p a r a g i g a n t o c e l l u l a r i s  l a t e r a l i s  (PGL) in  t h e  r a t  an d  i s  a l s o  p a r t  
o f  t h e  B3 g ro u p  o f  5 H T -c o n ta in in g  n e u ro n s .  The d i s t r i b u t i o n  o f  
l a b e l e d  c e l l s  s e e n  i n  t h e  PGL o v e r la p p e d  s i g n i f i c a n t l y  w i th  a  
c l u s t e r  o f  5 H T -im m u n o p o sitiv e  n e u ro n s ,  s u g g e s t in g  t h e s e  c e l l s  a s  
t h e  s o u rc e  o f  t h e  5HT p r o j e c t i o n  t o  t h e  DCN. T h is  a s su m p tio n  was 
c o n f irm e d  by c o m b in in g  t h e  r e t r o g r a d e  t r a n s p o r t  o f  DY w i th  5HT 
im m u n o c y to c h e m is try . The 5HT p le x u s  w i t h in  t h e  DCN i s  com posed o f  
a  s p a r s e  f e l tw o rk  o f  f i n e  a x o n s w h ich  e x h i b i t  a  m o d e ra te  num ber o f  
v a r i c o s i t i e s .  The d i s t r i b u t i o n  o f  5HT f i b e r s  a p p e a r s  t o  be 
u n ifo rm  th ro u g h o u t  t h e  r o s t r o c a u d a l  e x t e n t  o f  t h e  DCN. The 
r e l a t i o n s h i p  o f  5HT f i b e r s  t o  cu n e o -  and  g r a c i lo t h a l a m ic  
p r o j e c t i o n  n e u ro n s  was s tu d i e d  by c o m b in in g  t h e  r e t r o g r a d e  
t r a n s p o r t  o f  WGA-HRP fro m  t h e  th a la m ic  v e n t r o b a s a l  com plex  (VB) 
w i th  5HT im m u n o c y to c h e m is try . A c o n s i s t e n t  r e l a t i o n s h i p  be tw een  
th a la m ic  p r o j e c t i o n  c e l l s  o f  t h e  DCN and 5HT f i b e r s  i s  n o t  o b v io u s  
from  t h e s e  s t u d i e s ;  h o w ev er, i t  i s  c l e a r  t h a t  t h e  p e r ik a ry o n  i s  
n o t  t h e  p r im a ry  t a r g e t  o f  t h e  5HT a x o n s . M ost f r e q u e n t l y ,  5HT 
ax o n s  a p p e a re d  t o  be  u n r e l a t e d  t o  th a la m ic  p r o j e c t i o n  n e u ro n s  in  a  
d i r e c t  m an n er. R a th e r ,  5HT f i b e r s  w ere  s e e n  th ro u g h o u t  t h e  
n e u r o p i l  i n t e r s p e r s e d  b e tw een  n e u ro n s  l a b e l e d  from  VB. When 
5 H T -p o s i t iv e  f i b e r s  w ere  in  c o n ta c t  w i th  t h a la m ic  p r o j e c t i o n  
n e u ro n s ,  th e y  w ere  i n v a r i a b l y  r e l a t e d  t o  t h e  d e n d r i t e s  o f  th o s e  
c e l l s .  T h is  o b s e r v a t io n ,  t o g e t h e r  w i th  t h e  a p p a re n t  random  
d i s t r i b u t i o n  o f  5HT ax o n s  w i th in  t h e  n e u r o p i l ,  s u g g e s t s  t h a t  i f  
5HT f i b e r s  a r e  t a r g e t i n g  th a la m ic  p r o j e c t i o n  n e u ro n s ,  t h e  d i s t a l  
d e n d r i t e s  (w h ich  u s u a l l y  a r e  n o t  f i l l e d  by WGA-HRP) c o u ld  b e  t h e  
p r im a ry  s i t e  o f  s y n a p t i c  i n t e r a c t i o n .

263.8  SEROTONERGIC INPUT TO THE RAT DORSAL COLUMN NUCLEI FROM NUCLEI 
RAPHE OBSCURUS AND MAGNUS. H.H. W illc o c k s o n * , S.M. C a r l to n  and 
W.D. W i l l i s . (SPON: B. H a b e r ) .  M ar. Biom ed. I n s t . and D e p t. of 
A n a t. & N e u r o s c i . ,  U n iv . TX Med. B r . , G a lv e s to n ,  TX 77550

The d o r s a l  colum n n u c l e i  (DCN) a re  im p l ic a te d  in  th e  c e n tra l  
p r o c e s s in g  o f  so m a to se n so ry  in fo r m a t io n .  A n a to m ica l s tu d ie s  
d e m o n s tra te  th e  DCN r e c e i v e s  p r im a ry  a f f e r e n t  i n p u t  a s  w e ll  as 
in p u t  from  th e  p o s t s y n a p t ic  d o r s a l  colum n p a th w ay . T h is  inform a
t io n  i s  r e l a y e d  o n to  th e  v e n t r o b a s a l  th a la m u s . E le c t ro p h y s io lo g -  
i c a l  s t u d i e s  in  th e  c a t  and monkey have  shown t h a t  DCN neurons 
can  be i n h i b i t e d  b y s t i m u l a t i o n  in  th e  ra p h e  n u c l e i .  We rep o rted  
im m u n o h is to ch e m ic a l e v id e n c e  o f  s e r o to n in  (5HT) c o n ta in in g  
t e r m in a l s  and v a r i c o s i t i e s  in  c lo s e  p ro x im ity  to  i d e n t i f i e d  DCN 
th a la m ic  p r o j e c t i o n  n e u ro n s  in  th e  r a t .  T h is  s u g g e s t s  a 5HT 
m o d u la t io n  o f  s o m a to s e n s a t io n  a t  th e  l e v e l  o f  th e  DCN (Soc. 
N eu ro . A b s t r . , 1 9 8 4 ) . S u b s e q u e n tly ,  o u r  r e t r o g r a d e  lab e lin g  
s t u d i e s  (Am. and Can. A sso c . o f  A n a t. A b s t r . ,  1 9 8 5 ) , h av e  shown 
t h a t  e f f e r e n t  in p u t  to  th e  DCN a r i s e s  from  a r e a s  known to  contain  
5HT n e u ro n s ,  such  a s  n .  r a p h e  magnus (NRM), n .  ra p h e  obscurus 
(NRO) and n . p a r a g i g a n t o c e l l u l a r i s  l a t e r a l i s  (PGL). In  the 
p r e s e n t  s tu d y ,  a d o u b le  l a b e l in g  te c h n iq u e  was u sed  to  id e n tify  
th o s e  5HT n e u ro n s  w hich  p r o j e c t  to  th e  DCN in  th e  r a t  and thus 
a r e  l i k e l y  t o  h av e  an  im p o r ta n t  m o d u la t in g  r o l e  on som atosensory 
p r o c e s s in g .  HRP g e l  (30%) o r  HRP c r y s t a l s  w ere im p la n te d  b i
l a t e r a l l y  i n  th e  DCN o f  4 r a t s .  A f t e r  24 -48  h r s . ,  th e  r a t s  were 
p e r f u s e d  w i th  4% p a ra fo rm a ld e h y d e  and 0.2% g lu ta r a ld e h y d e .  The 
t i s s u e  was s e c t io n e d  on a v ib ra to m e  (25 μm) and r e a c t e d  fo r  HRP 
w ith  t e t r a m e th y l b e n z id i n e . T h is  was fo llo w e d  by s ta b i l i z a t i o n  
w i th  c o b a l t  c h lo r i d e  d ia m in o b e n z id in e  to  p ro d u ce  a b la c k  punctate 
r e a c t i o n  p r o d u c t .  F re e  f l o a t i n g  s e c t i o n s  w ere th e n  immunohisto- 
c h e m ic a l ly  s ta i n e d  f o r  5HT u s in g  th e  PAP t e c h n iq u e .  Double 
l a b e l e d  c e l l s  c o n ta in e d  b la c k  HRP r e a c t io n  p ro d u c t  and amber 
c o lo r e d  so m ata  and d e n d r i t e s .  A l l  d a ta  w ere a n a ly z e d  u s in g  40 
and 100X o i l  im m ersion  o b j e c t i v e s .  P r e l im in a ry  a n a ly s i s  of 
s e c t i o n s  v e r i f i e d  th e  p re s e n c e  o f  d o u b le  l a b e l e d  c e l l s  throughout 
NRO w ith  a few c e l l s  i n  NRM. In  one a n im a l,  w i th in  a 200 μm 
e x te n t  o f  NRO, a p p ro x im a te ly  4% o f  th e  t o t a l num ber o f  5HT cells 
(10  o f  237 c e l l s )  w ere d o u b le  l a b e l e d  w i th  HRP. In  225 μm of 
NRM, o n ly  1% o f  th e  t o t a l  num ber w ere d o u b le  l a b e l e d  (3 of 223 
c e l l s ) . None o f  th e  HRP l a b e l e d  c e l l s  in  PGL w ere observ ed  to 
c o n ta in  5HT; h o w ev er, 4 d o u b le  l a b e l e d  c e l l s  w ere o b se rv e d  in  the 
n u c le u s  o f  th e  s o l i t a r y  t r a c t .  We c o n c lu d e  t h a t  somatosensory 
p r o c e s s in g  by th e  n e u ro n s  o f  th e  d o r s a l  colum n n u c le i  can be 
m o d u la ted  by s e r o t o n e r g i c  in p u t  from  th e  n u c le u s  rap h e  obscurus 
and to  a  l e s s e r  e x te n t  from  th e  n u c le u s  rap h e  m agnus. Presumably 
t h i s  m o d u la to ry  sy s te m  o p e r a t e s  i n  p a r a l l e l  to  t h a t  concerned  in 
n o c ic e p t io n .  (S u p p o rte d  by g r a n t s  NS 09473 and NS 11255 from the  
NIH).

263.9 REDUCED RESPONSIVENESS OF LOCUS COERULEUS NEURONS TO CUTANEOUS 
THERMAL STIMULI IN CAPSAICIN TREATED RATS.

M.Elam*, G.Engberg* and M.Hajos* (SPON: R.M.Brown). 
Department of Pharmacology, University of Göteborg,Göteborg ,  Sweden.

Capsaicin treatment in ra ts  leads to a se lec t ive  impairment of 
thermoregulation, involving a loss of various behavioural and 
autonomic heat defence mechanisms. This thermoregulatory dysfunc
tion  in warm ambient temperature has mainly been a t t r ib u ted  to an 
impaired centra l (hypothalamic) thermosensit iv i ty ,  allthough a 
reduced peripheral  warm s e n s i t i v i t y  has a l so been suggested. 
In te res t ing ly ,  ra ts  t rea ted  with capsaicin as neonates, in contrast 
to ra ts  trea ted  as adu l ts ,  seem to have an in tac t  hypothalamic 
thermoregulatory function but have a s im ila r ly  impaired thermoregu
la t ion .  This indicates the involvement of extrahypothal amic s t ru c 
tu res in the reduced heat to le rance a f t e r  capsaicin treatment.

Recent experiments from our laboratory have demonstrated that 
brain norepinephrine neurons in the locus coeruleus (LC), a nucleus 
thought to be involved in behavioural and autonomic funct ions as 
well as in sensory processing,  are  act ivated  by cutaneous thermal 
stimul i of both non-noxious and noxious charac te r .  In the present 
study, u t i l izing s ingle  un i t  recording techniques, the LC neuronal 
responses to cutaneous thermal stimuli were used to evaluate p e r i 
pheral thermal s e n s i t iv i ty  in capsaicin t rea ted  r a t s ,  as compared 
to con tro ls .  After neonatal as well as adult  treatment with cap
sa ic in ,  the LC act iva t ion  during thermal st imula tion was abolished 
in the non-noxious temperature range and g rea t ly  reduced in the 
noxious range.

The re su l t s  suggest that a reduction in peripheral  thermal 
a f fe ren t  transmission may play a major ro le  in the impairment of 
thermoregulation following capsaicin treatment . Furthermore, the 
demonstrated reduction in LC responsiveness to cutaneous thermal 
stimuli  may co n s t i tu te  one underlying mechanism for  the previously 
described loss of normal escaping behaviour in capsain trea ted  
animal s subjected to warm ambient temperature.

This study was supported by the Swedish Medical Research Counsil 
(grant 7484), the Medical Faculty, University of Göteborg, and 
"Knut och Alice Wallenbergs S t i f t e l s e " .

263.10 IS SUBSTANCE P THE MARKER FOR A POPULATION OF 
SPINOTHALAMIC NEURONS? R. Spreafico*. G. Battaglia*, and 
A.Rustioni (SPON: A.R. Light). Dept. of Anatomy and 
Physiology, U. of North Carolina, Chapel Hill, NC 27514.

Little is known about the neurotransm itters or neuro
modulators involved in the afferent and efferent connections 
of the VB complex. Substance P (SP) is one of the possible 
synaptic mediator for ascending connections to VB. Some 
small prim ary sensory neurons are, in fact, immuno- 
reactive for SP, and there is some physiological evidence 
th a t SP is involved in the transmission of noxious stimuli. 
The presence of SP+ fibers and nerve terminals in the cat 
thalam us was investigated in this study. The presence of 
SP+ neurons in the spinal cord was also investigated under 
experimental conditions known to maximize the perikaryal 
content of this peptide. Young adult animals were perfused 
under deep anaesthesia with 4% paraformaldehyde or with 
4% carbodiimide followed by 4% paraformaldehyde. 
Twenty-four to forty-eight hours prior to the perfusion 
some animals received colchicine injections in the cervical 
spinal cord, in some cases accompanied by unilateral 
anterolateral chordotomy a t the same cervical level. 
Vibratome sections of the thalam us and the cervical spinal 
cord were reacted with a commercially available antibody 
against SP using the avidin-biotin (ABC) or the peroxidase- 
anti-peroxidase (PAP) method.

SP immunoreactive terminals in the thalam us overlap 
parts of the territory  of terminations of the spinothalamic 
tract, i.e. in VB, posterior complex, n. centralis lateralis, 
n. submedius, and other nuclei. In the VB complex the SP 
immunoreactive terminals are confined in regions in which 
physiological studies have shown the presence of neurons 
selectively responsive to noxious stimulation. In the cervical 
spinal segment immediately caudal to the colchicine 
injection or the anterolateral cordotomy there are SP+ cells 
in lamina I, lamina V, lamina VIII, i.e. all laminae known 
to contain cells of origin of spinothalamic fibers. Definite 
proof th a t spinothalamic cells contain SP requires double
labeling experiments now in progress in our lab.

Supported by USPHS grants NS 12440 and 16264.
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263.11 TERMINATION OF TH E POST-SYNAPTIC DORSAL COLUM N (PSDC) 
PROJECTION IN TH E RA T REV EA LED  USING PH ASEO LU S VULGARIS  
LEUCOAGGLUTININ (PH A -L ), WITH EVIDENCE TH A T FIBERS OF 
PASSAGE ARE LABELED FOR SHORT DISTANCES. K.D. Cliffe r and G.J. 
Giesler. Jr. Dept. of Cell Biology and N euroanatom y, Univ. o f Minnesota, 
Minneapolis, MN 55455.

As part of a series o f studies of the PSDC pathw ay in the rat, PH A -L was 
iontophoretically injected (5 uA pulses, 40 uA -m in) into the dorsal horn at 
lumbar and cervical levels. A fter survival periods o f up to a m onth and 
subsequent indirect imm unofluorescent staining, m any axons were labeled in 
the dorsal columns in segments rostral to the in jection, with no clear 
differential distribution according to depth. At all levels o f the gracile (Gn) 
and cuneate (Cn) nuclei, stained axons were observed with widely distributed 
branching fibers and term inal-like varicosities a fte r lum bar or cervical 
injections, respectively. In animals receiving m ultiple injections in a Single 
transverse plane, the labeled fibers and term inals nearly filled the 
corresponding nucleus in all dimensions. No labeled fibers were found in the 
Cn after lumbar injections, and very few  were seen in the Gn afte r cervical 
injections.

To determine whether PH A -L  is transported by axons passing through an 
injection site, we injected the dorsal or lateral funiculi. A lthough all such 
control injections were confined to the white m atter, some labeled axons could 
be followed for approximately 20 m m, w ith branching and varicosities 
sometimes present. Following injection into the gracile fasciculus at C6, a 
few labeled terminals could be seen in the gracile nucleus. Thus, it is unlikely 
that the observed terminal labeling in control injections was due solely to 
uptake of PHA-L by nearby cells. In some control injections, labeling of 
fibers and terminals closer to the injection site was substantial. We conclude 
that PHA-L does label fibers o f passage, but that the problem  is minimal at 
long distances from the injection site, com parable to the distances of the 
dorsal column nuclei from our spinal cord injections. Relatively close to the 
injection site (less than 20 mm), in terpretation  o f results from  labeling with 
PHA-L should take into account the likelihood that at least a small percentage 
of fibers of passage are labeled.

Supported by DA02148 and BNS8418787.

263.12 CAPSAICIN EFFECT ON REGIONAL GLUCOSE UTILIZATION IN THE RAT 
CENTRAL NERVOUS SYSTEM. M. Szi kszay* and E. D. London (SPON: D. 
R. J a s i nski ) , Neuropharmacology Laboratory, Addiction Research 
Center, NIDA, Bal tim ore, MD 21224.

Capsaicin has widespread pharmacological e f fe c ts  on p a rts  of 
the peripheral and cen tra l nervous systems (CNS), p a rtic u la r ly  
those which are i nvolved in  sensation (F itzg era ld , M., Pain 
15:109, 1983). The present study was performed to  map the in 
vivo d is tr ib u tio n  of c a p s a ic in 's  action  in the brain  and spinal  
cord  of the ad u lt male Fischer-344 r a t .  Local ra te s  of glucose 
u t i l iz a t io n  (GU), which r e f le c t  functional a c t iv i ty  in the CNS, 
were measured using the autoradiographic 2-deoxy-D -[l-14C]- 
qlucose ( [ 14C]DG) method (Sokoloff, L. e t  a l . ,  J .  Neurochem. 
28:897, 1977).

Rats were in jec ted  once da ily  with capsaic in  (10, 20 or 50 
mg/k g, s .c . )  or the solvent (10% ethano l, 5% TWeen-80) fo r 3 
days. The [ 14C]DG procedure was performed on the fourth day, 
when r a t s  were prepared with femoral venous and a r te r ia l  
c a th e te rs  fo r the i .v .  in je c tio n  o f [ 14C]DG and co lle c tio n  of 
timed a r te r ia l  blood samples, re sp ec tiv e ly . Capsaicin (20 mg/kg 
s .c .)  was adm inistered 10 min before the ra d io trac e r.

The re s u l ts  demonstrated r e s tr ic te d  and sp ec ific  e f fe c ts  of 
the subacute capsaic in  treatm ent on GU. As expected from the 
d is tr ib u tio n  o f primary sensory a f fe re n t p ro jec tio n s  to  the 
spinal cord, capsaic in  increased ra te s  o f GU in the substan tia  
g e la ti nosa. However, enhanced GU a lso  was observed in the 
ventromedial aspect of the dorsal horn, extending along the 
medial border o f the dorsal horn. Moreover, enhanced GU was 
detected  in the sensory re lay  nuclei (n .)  i n the brainstem , 
which a re  re la te d  to  the ascending dorsal column somatosensory 
pathway ( i . e . ,  g rac ile  n . ,  spinal sensory trigem inal complex, 
ex ternal cuneate n . ) .  No obvious stim ulation  was seen in the 
ventrobasal thalamic complex. In te re s tin g ly , the spinothalamic 
pathway showed an increased  GU reponse a t  i t s  term ination in the 
n. submedius. The enhanced GU might be re la te d  to  the 
hypermetabolism i n the ventromedial aspect o f the dorsal horn. 
Other p a in -re la ted  s tru c tu re s  showed e levated  GU as  well (red 
nucleus, including the m agnocellular p a rt;  parag igan toce llu la r 
r e t ic u la r  n . ) .  In ad d itio n , GU was a lte re d  in  several o ther 
b rain  a reas  (e .g . la te ra l  r e t ic u la r  n . ,  medial p a rt of nucleus 
of s o lita ry  t r a c t ,  la te ra l  p reoptic  a rea , septal nuclei and the 
medial and la te ra l  p a rts  o f the bed nucleus of s t r ia  
terminal i s ) .  Most of the l a t t e r  s tru c tu re s  contain de tectab le  
le v e ls  of markers fo r substance P neurons; and each o f them i s  
invol ved in  e ith e r  modulating autonomic functions d ire c tly  or 
in te g ra tin g  somatosensory and/or a ffe c tiv e  function  with 
automomi c mechanisms.

M. Szi kszay i s a v is i t in g  s c ie n t is t  from the University 
Medical School S z e g e d .  Hungary.
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264.1 RECIPROCAL RELATIONSHIP BETWEEN THE EXPRESSION OF QUISQUALATE- 
AND NMDA-RECEPTORS I N CULTURED HIPPOCAMPAL NEURONS DURING 
DEVELOPMENT. H.KASAI* (SPON:M .ITO). D e p a r tm e n t  o f  P h y s i o l o g y ,  
Faculty o f M edicine, U n iv e r s i ty  o f  Tokyo, Tokyo 1 13 , J a p a n .

Development o f  q u i s q u a l a t e - ,  NMDA-, a n d  k a in a t e - r e c e p t o r s  w as 
studied using  th e  w h o le - c e l l  v o l t a g e - c l a m p  m e th o d .  H ip p o c a m p i  
from 1 6 -18-day  f e t a l  m ic e  w e r e  d i s s e c t e d  a n d  d i s s o c i a t e d  i n t o  
microexplants s ie v in g  th ro u g h  200 μ m n y lo n -m e sh , an d  c u l t u r e d  on  
p las tic  d ish e s . The v o l ta g e -c la m p  e x p e r im e n ts  w e re  m ade on  550 
neurons c u l t u r e d  f o r  4 t o  28 d a y s .  T h e  b a t h  w a s  c o n t i n u o u s l y  
perfused (140 NaCl , 5 KCl , 2 .5  C aC l 2 ,  1 MgSO4 , 5 N a - H e p e s ,  10 
Glucose, and 0.2 μ M TTX, pH 7 .4 ,  36 ° C ) . P a t c h - p i p e t t e s  w e r e  
f i l l e d  w i th  a  CsCl  s o l u t i o n  (1 5 2  C sC l , 1 MgSO4 , 5 N a - H e p e s ,  a n d  
10μM K2-EGTA, pH 7 .4 ) .  Q u i s q u a l a t e  (0 . 5  μ M), NMDA (2 5 0  μ M ), a n d  
k a ina te  (10 μ M) w e re  p r e s s u r e  a p p l i e d  (0 .5  a tm )  t o  s o m a s  w i t h  
t r i p le  b a r r e l l e d  p i p e t t e s  ( t h e  i n n e r  d i a m e t e r  w a s  3 μ m ). 
Membrane p o t e n t i a l  w as  h e l d  a t  - 6 0  mV, a n d  a m p l i t u d e s  o f  t h e  
inward c u rre n ts  e l i c i t e d  b y  d r a g  a p p l i c a t i o n s  (Iq , I n , an d  I k  f o r  
quisqualate, NMDA, and  k a in a t e ,  r e s p e c t i v e ly )  w e re  m ea su red  w hen 
they a tta in e d  s t e a d y - s t a t e  l e v e l .  Mean a m p l i tu d e s  o f  t h e  c u r r e n t  
were c a lc u la te d  from  10-30  c e l l s  i n  e a c h  e x p e r im e n t .

S e n s i t i v i t i e s  t o  t h e  t h r e e  t y p e s  o f  g l u t a m a t e  a n a l o g s  w e r e  
d i f f e r e n t ly  r e g u l a t e d  d u r i n g  d e v e lo p m e n t .  S t a g e  I  (d a y  4 - 9 ) :  
g lu tam ate  in d u c e d  c u r r e n t s  w e r e  v e r y  s m a l l  o n  d a y  4 ( I q =15 pA, 
In=30 pA, and I k =27 pA, m e a n ) . T h e y  w e r e  g r a d u a l l y  i n c r e a s e d  
u n t i l  day 9 (Iq =420 pA , In = 260 pA , a n d  I k = 270 p A ). E P S P s w e r e  
f i r s t  d e te c t e d  on  d a y  8 . S t a g e  I I  ( d a y  1 0 - 1 5 ) :  I n  a n d  I k  w e r e  
continued  t o  be  i n c r e a s e d ,  w h i l e  I q w a s  r e d u c e d  ( Iq = 235  pA , 
In=850 pA, and  I k =740 pA, o n  d a y  1 5 ) .  EP S P s w e r e  m o s t  a b u n d a n t  
in  t h i s  s ta g e ,  an d  t h e y  e v o k e d  s p i k e s  t o  t h e  p o s t - s y n a p t i c  
neurons. S ta g e  I I I  (d ay  1 6 - 2 8 ) :  I n  w a s  r e d u c e d ,  w h i l e  I q  w a s  
increased  ( Iq =650 pA , I n =330  pA , a n d  I k = 830 pA o n  d a y  2 5 ) . 
Frequency o f  EP SP s  w a s  r e d u c e d  i n  t h i s  s t a g e ,  w h ic h  m ig h t  b e  
a t t r i b u t e d  t o  d e c r e a s e  i n  t h e  c e l l  n u m b e r .  T h u s ,  I k  w a s  
in c re a se d  m o n o to n o u s ly  t h r o u g h  o u t  t h e  d e v e lo p m e n t ,  w h i l e  I n  
changed i n  p a r a l l e l  w i t h  t h e  EPSPs an d  s p ik e  a c t i v i t i e s  i n  s t a g e  
I I  and I I I ,  a n d  I q  i n v e r s e l y  c o r r e l a t e d  w i t h  th e m .  I n  5 
e x p e r im e n ts ,  s p i k e  a c t i v i t i e s  w e r e  a b o l i s h e d  b y  a d d in g  TTX (3 
μ M) t o  t h e  c u l t u r e  m ed iu m  f o r  tw o  d a y s .  I n  w a s  r e d u c e d  t o  i t s  
h a lf - c o n t r o l  l e v e l ,  w h i l e  I q a n d  I k  w e re  l e s s  a f f e c t e d .

These d a t a  i n d i c a t e  t h a t  1 ) t h e r e  a r e  a t  l e a s t  t h r e e  t y p e s  o f  
g lu ta m a te  r e c e p t o r s  i n  c u l t u r e d  h ip p o c a m p a l  n e u r o n s ,  2 ) t h e i r  
e x p re ss io n s  a r e  d i f f e r e n t l y  r e g u l a t e d ,  an d  3) s y n a p t i c  a n d  s p ik e  
a c t i v i t i e s  u p - r e g u l a t e  t h e  N M D A -receptor. D e t a i l e d  m ech an ism s 
o f t h e  u p - r e g u l a t i o n ,  i n c l u d i n g  t h e  r o l e  o f  C a 2 + , a r e  u n d e r  
i n v e s t i g a t i o n ,  w h ic h  m ay c o r r e l a t e  t h e  c h a n g e  i n  t h e  s y n a p t i c  
e f f i c a c y  i n  h i p p o c a m p a l  n e u r o n s  i n  v i v o :  t h e  l o n g  t e r m  
p o te n t i a t io n .

264.2 PHARMACOLOGY OF EXCITATORY SYNAPSES FORMED BY IDENTIFIED NEURONS 
IN PRIMARY CULTURES OF RAT VISUAL CORTEX. J . E. H ue ttner and R. 
W. Baughman. D ep t. o f  N eurobio logy, H arvard M edical S choo l, Bos
to n ,  MA 02115

E x c ita to ry  neurons in  th e  c e re b ra l  c o r te x  a re  though t to  use 
g lu tam a te  (G lu) o r  a s p a r ta te  (Asp) as  t h e i r  n e u ro t ra n s m it te r . When 
c o r t i c a l  neurons a re  grown in  prim ary d is s o c ia te d  c u l tu r e s  they  
e s ta b l i s h  s y n a p tic  c o n ta c ts  w ith  nearby c e l l s  and most neurons r e 
ce iv e  both  e x c i ta to ry  and in h ib i to r y  sy n a p tic  in p u ts .  We have 
p re v io u s ly  shown th a t  c o r t i c a l  neurons in  c u l tu r e  p o sse ss  both 
NMDA-type and non-NMDA re c e p to r s  f o r  e x c i ta to ry  amino a c id s  
(H u e ttn er and Baughman, J .  N e u ro s c i., In  p r e s s ) .  In  th e  p re s e n t 
s tu d y  we examined th e  pharm acology o f  synapses formed by an id e n 
t i f i e d  p o p u la tio n  o f  c o r t i c a l  c e l l s .

Neurons were d is s o c ia te d  from th e  v is u a l  c o r te x  o f  7-10 day o ld  
Long Evans r a t s  and p la te d  on to  sm all " i s la n d s ” o f  c o r t i c a l  a s t r o 
c y te s .  Each is la n d  had an a re a  o f  1 mm2 and con ta in ed  ap p ro x i
m ately  70-100 n eu ro n s . P r io r  to  d i s s o c ia t io n ,  c e l l s  in  la y e r  f iv e  
o f  th e  v is u a l  c o r te x  t h a t  p ro je c t  to  th e  s u p e r io r  c o l l ic u lu s  were 
la b e le d  in  v ivo  by re tro g ra d e  tr a n s p o r t  o f  f lu o re s c e n t  l a te x  mi
c ro sp h e re s  (K atz e t  a l . ,  N ature 310: 498 (1 9 8 4 )) . A fte r  2-6 weeks 
in  c u l tu r e ,  la b e le d  neurons were id e n t i f i e d  by e p i f lu o re s c e n t  i l 
lu m in a tio n , and e le c tro p h y s io lo g ic a l  reco rd in g s  were o b ta in ed  e i 
th e r  w ith  co n v e n tio n a l m ic ro e le c tro d e s  o r w ith  g ig a se a l w h o le -c e ll 
p ip e t t e s .  For most experim en ts we recorded  s im u ltan e o u sly  from a 
la b e le d  c o r t i c o - c o l l i c u l a r  neuron and a nearby u n la b e led  c e l l .  
S tim u la tio n  o f la b e le d  neurons w ith  a d e p o la r iz in g  c u r re n t p u lse  
e l i c i t e d  an a c tio n  p o te n t ia l  in  th e  la b e le d  c e l l s  fo llow ed by a 
s h o r t  la te n c y  (1-2  msec) epsp in  th e  un lab e led  neu ro n s . U sua lly  
bo th  c e l l s  showed lo n g e r la te n c y  s y n a p tic  p o te n t ia ls  due to  po
ly s y n a p tic  c i r c u i t s .  In  many c a se s , s t im u la t io n  o f  th e  un lab e led  
neurons produced s h o r t  la te n c y  sy n a p tic  p o t e n t ia l s ,  e i t h e r  epsps 
o r  ip s p s ,  in  th e  la b e le d  c e l l s .

A n tag o n ists  o f  amino a c id  r e c e p to rs  were added to  th e  p e rfu s io n  
medium and th e i r  a b i l i t y  to  b lock  evoked s y n a p tic  p o te n t ia ls  was 
e v a lu a te d . K ynurenate , p ip e r id in e  d ic a rb o x y la te  and γ -D- 
g lu tam y lg ly c in e  com plete ly  b locked epsps a t  c o n c e n tra t io n s  o f  1-2 
mM. These th re e  drugs a re  a n ta g o n is ts  o f  both  NMDA and non-NMDA 
re c e p to r s .  The s p e c i f i c  NMDA re c e p to r  a n ta g o n is t  2-Amino-5- 
phosphono v a l e r a te ,  a t  20-50 uM, d id  n o t b lock  s h o r t  la te n c y  epsps 
b u t d id  reduce th e  magnitude o f  long  la te n c y ,  p o ly sy n ap tic  com
p o n en ts . Ip sp s  were com pletely  blocked by 10-25 uM b ic u c u ll in e  
m e th io d id e .

In  summary, i d e n t i f i e d  c o r t i c o - c o l l i c u l a r  neurons grown in  c e l l  
c u l tu r e  produce e x c i ta to ry  sy n a p tic  p o te n t ia ls  in  nearby c e l l s .  
Our pharm aco log ica l d a ta  su g g es ts  th a t  th e se  epsps a re  m ediated by 
e x c i ta to r y  amino ac id  r e c e p to r s .  (NIH EY03502, The M ilton  Fund, 
Harvard U n iv e rs ity  S o c ie ty  o f  F ellow s)
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264.3 KYNURENIC ACID ANTAGONIZES FAST COMPONENTS OF THE RESPONSE TO 
ACTIVATION OF A SYNAPTIC PATHWAY IN THE RAT SUPRAOPTIC NUCLEUS. 
V. K. Gri b k o ff and F. E. Dudek. Dept. of Physiol ogy, Tulane Univ. 
Sch .  o f  Med. ,  New O r leans, L A  7 0 112.

The e x c ita to ry  amino acids glutam ate and asp a rta te  have been 
proposed as tra n s m itte rs  a t  several chemical synapses i n the 
cen tra l nervous system. The recen t development o f e f fe c tiv e  
an tagon ists  o f ex c ita to ry  amino acid recep to rs , i ncluding the 
tryptophan m etabolite  kynurenic acid, have perm itted  d ire c t  
blockade of postsynaptic p o te n tia ls  in spinal cord (Elmsie and 
Yoshikami, Br. Res., 330:265-272, 1985) and hippocampus (Ganong, 
Lanthorn, and Cotman, Br. Res., 273:170-174, 1983). While 
acety l chol ine and norepi nephrine have been in tensely  studied as 
possib le  ex c ita to ry  tra n s m itte rs  in the r a t  hypothalamic 
supraoptic  nucleus, the i nvol vement o f e x c ita to ry  amino acids in 
synaptic transm ission  has been la rg e ly  unexplored. In the 
p resen t experim ents on r a t  hypothalamic s l ic e s ,  we have examined 
the e f fe c ts  of kynurenic acid on responses of in tr a c e l lu la r ly -  
recorded supraoptic neurons to  s tim u la tio n  d o rso la te ra l to  the 
nucleus.

D orsolateral s tim u la tio n  produces a complex sequence o f events 
in supraoptic  neurons (Gri bkoff and Dudek, Soc. Neurosci. A bstr., 
11:1236, 1985). Single volleys evoke a sh o rt la tency  EPSP, which 
a t  higher in te n s i t ie s  has a component th a t  can l a s t  up to  1 sec. 
During th is  prolonged EPSP are  several b r ie f  depolariz ing  events, 
w hich  a p p e a r  s i m i l a r  to  s p o n ta n e o u s ly  o c c u r r in g  EP SP 's. 
R e p e t i t iv e  s t im u la t io n  o f t h i s  a rea  r e s u l t s  i n d e p o la r iz a t io n  
d u rin g  and a f t e r  th e  p e rio d  o f s t im u la t io n ;  t h i s  i s a s s o c ia te d  
w ith  a h ig h -freq u en cy  b u r s t  o f  spontaneous PSP's. Bath-applied 
kynurenic acid  (0.5-2.0 mM) s ig n if ic a n tly  and rev e rs ib ly  reduced 
th e  s h o r t - la te n c y  component o f  s in g le  vo lleys, the spontaneous 
EPSP's b e fo re  and a f t e r  s t im u la t io n ,  and d e p o la r iz a t io n  d u ring  
stim ulus t ra in s .  Sl ow components of the response to s ing le  and 
re p e t i t iv e  s tim u la tio n  p e rs is te d  during perfusion  w ith kynurenic 
a c id . These d a ta  p ro v id e  d i r e c t  pharm acological evidence th a t 
e x c i ta to r y  amino a c id s  m ed ia te  s y n a p tic  tra n s m is s io n  in  th e  
su p rao p tic  nucleus.

Supported  by NRSA Fel l owship NS 07625 to  VKG and NSF G rant 
BNS-00162 to FED.

264.4 3 - (2-CARBOXYPIPERAZIN-4-YL)-PROPANE-1-PHOSPHONIC ACID, 
(CPP) A POTENT ANTAGONIST OF THE NMDA-TYPE RECEPTOR IN 
VITRO AND IN VIVO. S te p h e n  E. M cP h erso n , J .  Lehmann. 
D .J .  S t e e l  J .  S c h n e id e r ,  an d  P . L. Wood, R e s e a rc h  
D e p a r tm e n t, P h a r m a c e u t ic a l s  D iv i s io n ,  CIBA -G eigy 
C o r p o r a t io n ,  Sum m it, N . J . , 07901 USA

GABA r e c e p t o r  a g o n i s t s  and  NMDA-type r e c e p t o r  
a n t a g o n i s t s  h a v e  a n t i c o n v u l s a n t  a c t i v i t y  w h i le  GABA 
a n t a g o n i s t s  and  NMDA a g o n i s t s  a r e  c o n v u ls a n t s ,  
s u g g e s t in g  a  r e c i p r o c a l  i n t e r a c t i o n  b e tw ee n  t h e s e  two 
am ino a c i d  s y s te m s .  M o reo v er , t h e  NMDA-type r e c e p t o r  
a n t a g o n i s t ,  2 -a m in o -7 -p h o s p h o n o h e p ta n o ic  a c i d  (A P7), 
p ro d u c e s  an  a n t i c o n f l i c t  e f f e c t  i n  r a t s  (B e n n e t t  e t  
a l . ,  A bs. S o c . N eu r. 1 5 :3 2 .1 4 ,  1 9 8 5 ) ,  s u g g e s t iv e  o f  
a n x i o l y t i c  p o t e n t i a l  s u c h  a s  fo u n d  i n  t h e  i n d i r e c t  GABA 
r e c e p t o r  a g o n i s t ,  d ia z e p a m . H ow ever, AP7 i s  n o t  p o te n t  
i n  v iv o ,  and  t h e r e f o r e  h a s  l i m i t e d  p o t e n t i a l  h a s  a 
t h e r a p e u t i c  a g e n t .

We d e s c r i b e  h e r e  a  p o t e n t  NMDA-type r e c e p t o r  
a n t a g o n i s t ,  CPP. CPP i n h i b i t e d  NMDA-evoked [3H]ACh 
r e l e a s e  from  s t r i a t a l  s l i c e s  w i th  an  IC50 o f  14 uM, 
w i th o u t  a f f e c t i n g  KCl -e v o k e d  [3H]ACh r e l e a s e  when 
t e s t e d  a t  100 uM. T h is  e f f e c t  was c o m p e t i t iv e ,  
p r o d u c in g  a  p a r a l l e l  s h i f t  t o  t h e  r i g h t  i n  th e  
c o n c e n t r a t i o n - r e s p o n s e  t o  NMDA, w i th o u t  a f f e c t i n g  th e  
m axim al r e s p o n s e .  The pA2 v a lu e  f o r  CPP w as 5 .6 6 ,  
w h e re a s  t h a t  f o r  AP7 was 5 .2 2 .

CPP i n h i b i t e d  a l s o  t h e  h a r m a l in e - in d u c e d  in c r e a s e  in  
c e r e b e l l a r  c y c l i c  g u a n o s in e  m o n o p h o sp h ate  (cGMP), an 
e f f e c t  p r e v i o u s l y  shown t o  b e  m e d ia te d  by  NMDA-type 
r e c e p t o r s  (Wood e t  a l . ,  N eu ropharm . 2 1 :1 2 3 5 , 1 9 8 2 ). 
R e d u c t io n  o f  c y c l i c  GMP w as a s  f o l l o w s :  D-AP5 a t  
3 2 m g /k g , i .v .  was 60%; L-AP5 a t  t h e  sam e c o n c e n t r a t i o n  
w as 35%; DL-AP7 a t  1 5 0 m g /k g , i .v .  was 80%. CPP, when 
a d m in i s t e r e d  s u b c u ta n e o u s ly  t o  m ice  a t  2m g/kg re d u c e d  
cGMP by  50%. T h is  e v id e n c e ,  t o g e t h e r  w i th  t h e  
d e m o n s t r a t io n  o f  l a b e l i n g  by  [3H]CPP o f  a  b in d in g  s i t e  
w i th  a  p h a rm a c o lo g ic a l  p r o f i l e  s i m i l a r  t o  t h a t  o f  th e  
NMDA-type r e c e p t o r  (M urphy e t  a l . ,  t h i s  m e e t in g ) ,  
s u p p o r t  t h e  v ie w  t h a t  t h e  com pound i n t e r a c t s  
s e l e c t i v e l y  and  c o m p e t i t i v e ly  w i th  NMDA-type r e c e p t o r s .  
Compounds s u c h  a s  CPP m ig h t p o r te n d  a  m a jo r  new ty p e  o f  
t h e r a p e u t i c  a g e n t .

264.5 GAMMA-GLUTAMYLAMINOSULPHONATE (GAMS) a s  a S p e c i f ic  K a in a te  
A ntagonist in  th e  Mudpuppy Retina. Paul A. Coleman and Robert F. 
M i l l e r  W ashington U n iv e r s i ty  School o f  M edicine, D ept. o f 
Ophthalmology, S t. Louis MO, 63110

We a p p l ie d  w h o le - c e l l  re c o rd in g  te c h n iq u e s  t o  th e  i n t a c t ,  
p e rfu s e d  mudpuppy r e t i n a  t o  s tu d y  th e  a c t io n  o f  GAMS f o r  i t s  
e f f e c t  on s y n a p tic  t ra n s m is s io n  and i t s  a b i l i t y  to  an ta g o n ize  
ex o genously  a p p l ie d  e x c i ta to r y  amino a c id  (EAA) a n a lo g s . At 
concen tra tions o f 5 to  10 mM, GAMS b locks th e  l ig h t  responses of 
h o r iz o n ta l  c e l l s  b u t has no e f f e c t  on th e  APB re c e p to r s  o f  ON- 
b ip o la r s .  T h is  n e tw o r k - s e le c t iv e  e f f e c t  o f GAMS i s  s im i l a r  to  
th a t  o f c is  2,3 p ip e rid in e  dicarboxyl ic  ac id  and kynurenic acid .

The m ost s i g n i f i c a n t  a c t io n  o f  GAMS i s  e v id e n t  in  th e  in n e r  
r e t in a ,  among th ird -o rd e r  neurons, which have d if f e r e n t  recep to rs  
fo r  k a in ic  a c id  (KA), q u isq u a la te  (QQ), and N-methyl  -D -asparta te  
(NMDA). In  th e s e  neu rons  (amacr i ne and g a n g lio n  c e l l s ) ,  GAMS 
s e le c t iv e ly  antagonized KA, bu t had l i t t l e  e f f e c t  on exogenously 
a p p l ie d  NMDA o r  QQ. At 5 to  10 mM, GAMS a n ta g o n iz e s  30 uM KA, 
w h ile  leav in g  th e  e f f e c ts  o f NMDA and QQ r e l a t i v e ly  in ta c t .  The 
a c t io n  o f  GAMS ap p ea rs  to  be c o m p e te tiv e , because  100 uM KA 
p ro d u ces  a s i g n i f i c a n t  d e p o la r iz a t i o n  in  th e  p re sen c e  o f 5 mM 
GAMS. At th e  h ig h e s t  c o n c e n tr a t io n  t e s t e d ,  GAMS m arked ly  
suppressed ON and OFF l ig h t  evoked a c t iv i ty  o f a l l  amacrine and 
gang lion  c e l l s  te s te d .

Kynurinic a c id  (Kyn) i s  a  more po ten t KA an tag o n ist than  GAMS. 
Kyn (5 mM) can c a r p le te ly  b lock  th e  e f f e c ts  of 100 uM KA, whereas 
th e  e f f e c t s  o f  50 uM KA can n o t be c o m p le te ly  s u p re ss ed  by a 
s im ila r  concen tra tion  of GAMS. However, what i s  com pletely new 
about GAMS in  our hands, i s  th a t  w h ile  i t  antagonizes KA, i t  does 
n o t e f f e c t  th e  a c t io n  o f  NMDA o r  QQ. In  t h i s  s en se  th e  a c t io n  o f 
GAMS i s  more d is c r im in a t in g  th a n  e i t h e r  Kyn o r  PDA. GAMS i s  a 
s p e c if ic  KA an tag o n ist fo r  r e t in a l  neurons, a s  i t  i s  fo r  sp in a l 
cord neurons (Davies, e t  a l . ,  1985). Since GAMS b locks th e  l ig h t  
e v o k e d  r e s p o n s e s  o f  t h i r d  o r d e r  r e t i n a l  n e u ro n s ,  a t  
concen tra tions where i t  supresses on ly  KA, i t  seems l ik e ly  th a t  
KA recep to rs  p la y  a p iv o ta l  r o le  in  synap tic  transm ission .

Support was by NEI 2 T32 EY07057, EY03014.

264.6 ACTIVATION OF N-METHYL-D-ASPARTATE (NMDA) RECEPTORS UNMASKS 3H-TCP 
BINDING SITES IN BRAIN MEMBRANES: FURTHER EVIDENCE THAT PHENCYCLID
INE BLOCKS THE OPEN NMDA RECEPTOR CHANNEL. G .E . F agg & J .  B aud . 
F r i e d r i c h  M ie sc h e r  I n s t i t u t e ,  4002 B a s e l ,  S w i t z e r l a n d .

P h e n c y c l id in e  (PCP) and r e l a t e d  s u b s ta n c e s  e l i c i t  p ro fo u n d  b e h a v 
i o r a l  and  p sy c h o to m im e tic  d i s t u r b a n c e s  i n  m an. R e c e n t  s t u d i e s  in d 
i c a t e  t h a t  t h e s e  d r u g s  p o t e n t l y  a n ta g o n iz e  n e u ro n a l  e x c i t a t i o n  
e v o k ed  b y  NMDA ( a  s e l e c t i v e  e x c i t a t o r y  am ino a c id  a g o n is t )  b u t  n o t  
t h a t  by  q u i s q u a l a t e  and  k a in a t e  (A n is  e t  a l . ,  B r .  J .  P h a rm ac . 79, 
5 6 5 , 1 9 8 3 ) .  H e re  we r e p o r t  t h a t  L - g lu ta m a te  (G lu ) p o t e n t l y  s t im 
u l a t e s  t h e  b in d in g  o f  3H-TCP ( a  PCP a n a lo g u e )  t o  b r a i n  p o s t s y n a p t ic  
d e n s i t i e s  (P S D s), and  t h a t  t h i s  e f f e c t  i s  m e d ia te d  b y  NMDA r e c e p t 
o r s .  O ur d a t a  a r e  c o n s i s t e n t  w i th  e l e c t r o p h y s i o l o g i c a l  r e s u l t s  
w h ich  i n d i c a t e  t h a t  PCP an d  r e l a t e d  d ru g s  a c t  b y  b lo c k in g  t h e  open  
s t a t e  o f  t h e  N M D A -activated  io n  c h a n n e l  (Honey e t  a l . ,  N e u r o s c i .  
L e t t .  6 1 , 1 3 5 , 1 9 8 5 ) .

The b in d in g  o f  H -TCP t o  c ru d e  PSDs i s o l a t e d  f ro m  r a t  b r a i n s  was 
d e te r m in e d  a s  d e s c r i b e d  b y  V ignon e t  a l .  (B r a in  Res: 2 8 0 , 1 9 4 ,1 9 8 3 ). 
I n  t h e  a b s e n c e  o f  ex o g en o u s  G lu , s p e c i f i c a l l y - b o u n d  TCP was 48% o f  
t o t a l  b in d in g  (5  nM 3H-TCP; n o n - s p e c i f i c  m ea su red  u s in g  0 .1  mM PCP 
o r  d e x o x a d r o l ) .  I n  t h e  p r e s e n c e  o f  L -G lu , s p e c i f i c  b i n d in g  o f  TCP 
w as m ark e d ly  i n c r e a s e d ,  and  t h i s  b i n d in g  d i s p l a y e d  p h a rm a c o lo g ic a l  
p r o p e r t i e s  t y p i c a l  o f  "PCP b in d in g  s i t e s "  ( K i 's  d e x o x a d ro l  10 nM < 
PCP < SKF10047 < k e ta m in e  < le v o x a d r o l  4 μM ). S t im u la t io n  by  L -G lu  
w as c o n c e n t r a t i o n - d e p e n d e n t  and  s a t u r a b l e ,  w i th  a  Kd f o r  L -G lu  o f  
160 nM and  a  maximum s t i m u l a t i o n  o f  3 .5  t im e s  b a s a l  TCP b in d in g .  
S i m i la r  e f f e c t s  w e re  o b s e rv e d  w i th  NMDA (Kd 2 .9  μM) and i b o t e n a t e  
(Kd 3 .0  μM ), w h e re a s  k a in a t e  w as i n e f f e c t i v e  an d  q u i s q u a l a t e  was o f  
low  p o te n c y .  The s t i m u l a t i o n  o f  TCP b i n d in g  by  1 μM L -G lu  was a n t 
a g o n iz e d  b y  t h e  NMDA r e c e p t o r  a n t a g o n i s t s ,  2 - a m in o -5 -p h o sp h o n o p e n t-  
a n o a te  (AP5) and  2 - a m in o -7 -p h o s p h o n o h e p ta n o a te , b u t  n o t  by  t h e i r  4-, 
6-  and  8- c a r b o n  h o m o lo g u es , n o r  b y  t h e  q u i s q u a l a t e / k a i n a t e  a n ta g o n 
i s t ,  γ - D -g lu ta m y la m in o m e th y ls u lp h o n a te . D ixon  a n a ly s i s  o f  t h e  a n t 
agon ism  b y  D-AP5 y i e l d e d  a  K i3 f o r  t h i s  s u b s ta n c e  o f  3 .0  μM. Mg2+ 
e x e r t e d  a  b i p h a s i c  e f f e c t  on  3H-TCP b i n d in g ,  s t i m u l a t i n g  a t  low  μM 
c o n c e n t r a t i o n s  and  i n h i b i t i n g  a t  mM l e v e l s ;  i n  t h e  p r e s e n c e  o f  1 μM 
L -G lu , lo w e r  c o n c e n t r a t i o n s  o f  Mg2+ w ere  r e q u i r e d  t o  s t i m u l a t e  TCP 
b i n d i n g . 

The p h a rm a c o lo g ic a l  p r o f i l e  o f  t h e  s t i m u l a t i o n  o f  3H-TCP b in d in g  
b y  e x c i t a t o r y  am ino a c i d s ,  and  th e  a b s o lu t e  Kd and  Ki v a lu e s  f o r  L- 
G lu , NMDA, i b o t e n a t e  an d  D-AP5, s t r o n g l y  s u g g e s t  t h a t  t h i s  r e s p o n s e  
i s  m e d ia te d  v i a  a c t i v a t i o n  o f  t h e  NMDA r e c e p t o r  s u b - t y p e .  M ethodo l
o g i c a l l y ,  3H-TCP b in d in g  th u s  p r o v id e s  a  c o n v e n ie n t  m eans o f  a s s e s s 
in g  NMDA r e c e p t o r  f u n c t i o n ,  and  o f  d i s t i n g u i s h i n g  b e tw e e n  a g o n i s t s  
a nd  a n t a g o n i s t s .  More im p o r ta n t ly ,  o u r  f i n d i n g s  s u g g e s t  t h a t  TCP 
b in d in g  s i t e s  fo rm  a  p a r t  o f  t h e  NMDA r e c e p t o r  co m p lex , an d  a r e  
c o n s i s t e n t  w i th  o pen  c h a n n e l  b lo c k a d e  a s  a  m echanism  o f  a c t i o n  o f  
PCP and  r e l a t e d  s u b s ta n c e s .
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264.7 MOLECULAR RECEPTORS FOR EXCITATORY AMINO ACIDS ARE 
DIFFERENTLY INFLUENCED BY AMINO-PHOSPHONOBUTYRIC ACID (APB) 
CIS– 2,3– PIPERIDINE DICARBOXYLIC ACID (PDA) AND AMINO-PHOSPHO- 
NOVALERIC ACID (APV). EXPERIMENTS IN THE CAT RETINA. 
A. Przybyszewski*,  N. Sucher*, O.-J. Grüss e r . Dept. of Physiology, Freie 
Universität, Berlin, Germany-West.

Dissolved L-APB, D-APB, PDA or APV (0.5– 3mg per eye) was injected into the 
vitreous body of the cat eye. The electroretinogram (ERG) and single ganglion cell 
activity were recorded.

The L-APB led at a dose above 0.5mg per eye to a decrease in on-center neuron 
spontaneous activity and flash-evoked responses, while in off-center neurons the 
flash-induced inhibitory period was shortened, the postinhibitory and the spon
taneous activity slightly increased. These effects began after about 20 minutes 
and were at maximum 60– 90 minutes after injection. D-APB acted similarly but 
at least 3mg per eye were required to  evoke any effect. The racemate DL-APB 
effect indicated that the D-and L-enantiomeres induced synergistic effects. ERG 
flash-evoked responses demonstrated a decrease in b-wave amplitude which was 
approximately parallel to  the decrease in on-center neuron activation.

PDA in a dose of 3mg per eye abolished all off-center ganglion cell spontaneous 
dark activity and reduced the flash-evoked responses of both off-center and on- 
center ganglion cells. ERG b-wave amplitude was only slightly affected.

APV, in contrast, reduced flash-evoked inhibition in off-center retinal ganglion 
cell activity at a dose of 2mg per eye. Flash-ERG was reduced by APV-injections 
into the vitreous body. This observation corroborates the findings obtained in 
single neurons. The time courses of the various effects are different in both onset 
and duration but are peculiar to  the amino acids injected.

Comparing the effects observed with the substances investigated, we conclude 
that more than one type of molecular receptors for excitatory amino acids play 
a role in the signal transmission from photoreceptors to  ganglion cells in the cat 
retina and that these receptors controlling the state of excitation of the retinal 
neuron membranes are highly selective, requiring specific structures of modified 
acidic amino acids for interaction.
Supported in part by a grant of the Deutsche Forschungsgemeinschaft, GR 161.

264.8 THE VOLTAGE- AND AGONIST-DEPENDENT BLOCKADE OF 
EXCITATORY AMINO ACID CURRENTS BY THE DISSOCIATIVE 
ANAESTHETIC KETAMINE. J . F .  M acD onald and  Z. 
Mil j k o v i c * . P l a y f a i r  U n i t ,  T o ro n to  W es te rn  H o s p i ta l  
an d  U n i v e r s i t y  o f  T o r o n to ,  T o r o n to ,  O n t. M5T 2S8.

I n  c u l t u r e d  n e u ro n e s  c u r r e n t s  a c t i v a t e d  by  N- 
m e th y l - D - a s p a r t i c  a c i d  (NMDA), a s  w e l l  a s  by  L- 
a s p a r t i c  a c i d  (L-ASP) and  L -g l u ta m ic  a c i d  (L-GLU) a r e  
s u b j e c t  t o  a  v o l ta g e - d e p e n d e n t  b lo c k a d e  by  Mg2+ io n s  
w h e re a s  c u r r e n t s  ev o k ed  by  k a i n i c  a c i d  (KAI) a r e  
n o t .  A b lo c k  w i th  s i m i l a r  s e l e c t i v i t y  h a s  b een  
r e p o r t e d  i n  t h e  p r e s e n c e  o f  k e ta m in e  o r  p h e n c y c l id in e  
(b o th  i n  v iv o  and  u s in g  t h e  t i s s u e  s l i c e  
p r e p a r a t i o n ) .

E x c i t a t o r y  am ino a c i d s  (NMDA, L-ASP, L-GLU and 
KAI) w e re  a p p l i e d  t o  c u l t u r e d  h ip p o c a m p a l n e u ro n e s  
u s in g  p r e s s u r e  o r  i o n t o p h o r e s i s .  K e tam in e  (1 t o  50 
uM) o r  c o n t r o l  r e c o r d in g  s o l u t i o n  was s u p e r fu s e d  
th r o u g h  t h e  e n t i r e  b a th  ( s i n g l e  e l e c t r o d e  
d i s c o n t in u o u s  s w i tc h in g  w h o le  c e l l  v o l ta g e - c la m p ;  20 
t o  25 k H z ) . S in g l e  a p p l i c a t i o n s  o f  e x c i t a t o r y  am ino 
a c i d s  w e re  made th ro u g h  a  r a n g e  o f  h o ld in g  p o t e n t i a l s  
( -1 0 0  t o  +100 mV) an d  c u r r e n t  r e s p o n s e s  u s e d  to  
c o n s t r u c t  c u r r e n t - v o l t a g e  c u r v e s .  K etam ine 
s e l e c t i v e l y  d e p r e s s e d  c u r r e n t s  e v o k ed  by  NMDA, L-ASP 
an d  L-GLU b u t  s p a r e d  th o s e  t o  KAI. I n  a d d i t i o n ,  th e  
b lo c k  d e v e lo p e d  o n ly  a t  h o ld in g  p o t e n t i a l s  m ore 
h y p e r p o la r i z e d  th a n  0 mV. F u r th e r m o re ,  r e p e t i t i v e  
a p p l i c a t i o n s  o f  a g o n i s t  w e re  r e q u i r e d  t o  a t t a i n  
s t e a d y - s t a t e  b lo c k .  A t h y p e r p o la r i z e d  h o ld in g  
p o t e n t i a l s  no  r e c o v e r y  from  t h i s  b lo c k  c o u ld  be 
o b s e r v e d  a t  i n t e r v a l s  a s  lo n g  a s  5 m in u te s  ( a l s o  t h e  
b lo c k  w as n o t  d e p e n d e n t  upon  t h e  f r e q u e n c y  o f  a g o n i s t  
a p p l i c a t i o n ) . H ow ever, an  in c r e m e n ta l  r e c o v e r y  was 
o b s e r v e d  d u r in g  r e p e t i t i v e  a p p l i c a t i o n s  o f  a g o n i s t  a t  
d e p o l a r i z e d  p o t e n t i a l s .  P ro lo n g e d  w a sh in g  o f  t h e  
c u l t u r e s  w i th  c o n t r o l  s o l u t i o n  d id  n o t  r e s u l t  in  
r e c o v e r y  from  s t e a d y - s t a t e  b lo c k  u n t i l  t h e  a g o n i s t  
w as r e p e a t e d l y  p r e s e n t e d .

T h is  e v id e n c e  s u g g e s t s  t h a t  t h e  v o l ta g e - d e p e n d e n t  
b lo c k  by  k e ta m in e  r e s u l t s  from  a  s h i f t  o f  t h e  NMDA 
c h a n n e ls  t o  a  low  c o n d u c ta n c e  s t a t e .  A b lo c k  o f  open 
c h a n n e ls  fo l lo w e d  by  " t r a p p in g "  o f  k e ta m in e  w i th in  
t h e  c lo s e d  c h a n n e ls  a p p e a r s  t o  b e  a  l i k e l y  m echan ism .

S u p p o r te d  by  t h e  M .R .C . (C a n a d a ) .

264.9 KYNURENIC ACID, CIS-2,3-PIPERIDINE DICARBOXYLIC ACID, AND 
GAMMA-D-GLUTAMYLGLYCINE BLOCK GOLDFISH RETINOTECTAL 
TRANSMISSION IN VITRO. R. B. Langdon and J .  A.  Freeman, 
D ep ts . of C e ll B io logy and O phthalm ology, V an d e rb ilt 
U n iv e rs ity  School of M edic ine, N a s h v ille , TN 37232.

In  o rd e r  to  a s s e s s  th e  e f f i c a c y  of e x c i ta to r y  r e t i n o te c ta l  
tra n sm is s io n  du ring  v a rio u s  pharm aco log ica l tre a tm e n ts , 
e x t r a c e l lu l a r  f i e ld  p o te n t ia ls  were e l i c i t e d  in  i s o la te d  
s e c t io n s  of g o ld f is h  tectum  by s tim u la t io n  of th e  o p tic  
t r a c t .  P r o f i l e s  of th e se  were recorded  by sam pling w ith  
g la s s  m ic ro p ip e tte  e le c tro d e s  a t  50 μm i n t e r v a l s ,  and 
p r o f i l e s  of r a d i a l  c u r re n t  s in k -s o u rc e  d e n s i t i e s  were 
c a lc u la te d .  We have p re v io u s ly  shown th a t  such resp o n ses  a re  
no t s e n s i t i v e  to  th e  p resen ce  o f  n ic o t in i c  o r o th e r  
c h o l in e rg ic  a n ta g o n is ts  in  th e  ba th  (Langdon e t  a l . ,  1985, 
In v .  O phth. V is . R e s .,  suppl . 26: 106, and s u b m itte d ) .
We h ere  r e p o r t  th e  e f f e c t s  o f fo u r  su b stan ce s  re p o rte d  to  
an tag o n ize  n eu ro tra n sm iss io n  m ediated by e x c i ta to r y  amino 
a c id  (EAA) n e u ro t ra n s m it te r s  (such  as g lu tam a te  or 
a s p a r t a t e ) .  Of th e s e ,  kynureni c a c id ,  c i s - 2 ,3 - p ip e r id in e  
d ic a rb o x y lic  ac id  (PDA), and gam m a-D -glutam ylglycine 
(gamma-DGG) reduced response  am p litudes  by g r e a te r  than  85% 
a t  c o n c e n tra t io n s  of 1 t o  2 mM. Subsequent s tu d ie s  were 
perform ed in  low [Ca++ ] /h ig h  [Mg++ ]/ media to  a llow  
o b s e rv a t io n  of c o n c e n tr a t io n -e f f e c t  r e la t io n s h ip s  fo r  
resp o n ses  g en e ra ted  by i s o la te d  f i r s t -o rd e r  p o s ts y n a p tic  
c u r r e n t s .  The r e s u l t in g  log  c o n c e n tr a t io n -e f f e c t  cu rves f o r  
a l l  th r e e  a n ta g o n is ts  were p a r a l l e l ,  sy m m etrica lly  s ig m o id a l, 
and somewhat s te e p e r  th an  n o n -co o p e ra tiv e  s in g le  s i t e  b ind ing  
is o th e rm s . P a r t i a l  le v e ls  of b lock  p ro g ressed  no f u r th e r  
a f t e r  10 to  15 min. A ll a c tio n s  were com plete ly  r e v e r s ib l e .  
H alf-m axim al b lo ck  was observed  a t  0 .15  mM w ith  kynureni c 
a c id ,  0 .33  mM w ith  gamma-D-GG, and 0.47 mM w ith  PDA. In  
c o n t r a s t ,  0 .2 5  mM 2-am ino-5-phosphonova l e r a t e  (APY) had 
l i t t l e  e f f e c t  in  e i t h e r  norm al, low [Ca++] /h ig h  [Mg++] ,  o r 
Mg++ - f r e e  m edia. APV i s  a r e l a t i v e ly  p o te n t a n ta g o n is t  
s p e c i f i c  f o r  EAA re c e p to r s  o f th e  N -m eth y l-D -a sp a rta te  (NMDA) 
s u b -ty p e .

These d a ta  in d ic a te  th a t  an e x c i ta to r y  amino ac id  re c e p to r  
n o t o f th e  NMDA su b -ty p e  p la y s  an e s s e n t i a l  r o le  in  f a s t  
e x c i ta to r y  r e t i n o te c ta l  tr a n s m is s io n , and would be most 
c o n s is te n t  w ith  th e  m ed ia tio n  of most o r a l l  e x c i ta to r y  
r e t i n o te c ta l  tra n sm is s io n  by a  s in g le  c la s s  and s u b -ty p e  of 
such r e c e p to r s .  (S upported  by g ra n ts  EY07007 and EY01117 ( to  
IAF) from th e  N a tio n a l Eye I n s t i t u t e . )

264.10 INTERACTIONS OF PCP RECEPTOR AGONISTS WITH 
EXCITATORY AMINO ACID AGONISTS; ANTAGONISM OF NMDA 
AGONISTS IN THE MOUSE CEREBELLUM. P .L . Wood. J .  
Lehmann and  D. S t e e l . N e u ro s c ie n c e  R e s e a r c h ,  
P h a r m a c e u t ic a l s  D iv i s io n ,  C ib a  G e ig y , Sum m it, N .J .  
079 0 1 .

A num ber o f  PCP r e c e p t o r  a g o n i s t s  (PCP, k e ta m in e , 
d e x o x a d r o l  and  t i l e t a m i n e )  w e re  fo u n d  t o  d e c r e a s e  
s t e a d y  s t a t e  l e v e l s  o f  c e r e b e l l a r  cGMP i n  m ice . 
T h e se  a c t i o n s  w e re  s t e r e o s p e c i f i c  a s  e v id e n c e d  by a 
c o m p a r is o n  o f  l e v o x a d r o l  an d  d e x o x a d r o l .  In  
a d d i t i o n ,  t h e s e  a g e n t s  b lo c k e d  t h e  i n c r e a s e  in  
c e r e b e l l a r  cGMP e l i c i t e d  b y  h a r m a l in e  (50 m g/kg, 
s c ) , w h ich  s p e c i f i c a l l y  a c t i v a t e s  t h e  c l im b in g  f i b e r  
s y s te m  t o  t h e  c e r e b e l lu m .  T h is  a n ta g o n is m  was 
c o m p le te ,  e v en  a t  d o s e s  o f  PCP r e c e p t o r  a g o n i s t s  
w h ich  d id  n o t  a l t e r  b a s a l  cGMP l e v e l s .

To ex am in e  t h e  o b s e r v e d  a c t i o n s  f u r t h e r ,  we 
u t i l i z e d  d i r e c t  i n t r a c e r e b e l l a r  i n j e c t i o n s  o f  th e  
w a te r  s o l u b l e  PCP r e c e p t o r  a g o n i s t ,  t i l e t a m i n e ,  
a lo n g  w i th  e i t h e r  NMDA o r  q u i s q u a l i c  a c i d .  In  t h i s  
p a ra d ig m , 0 .5  ug  o f  NMDA and  5 ug  o f  q u i s q u a l i c  a c id  
e l i c i t e d  1 2 -  an d  1 0 - f o ld  e l e v a t i o n s  i n  c e r e b e l l a r  
cGMP, r e s p e c t i v e l y .  The i n c r e a s e s  i n  cGMP a f t e r  NMDA 
w ere  a n ta g o n iz e d  by  t h e  c o a d m i n i s t r a t i o n  o f  1 ug  o f  
t i l e ta m in e ,  w h i le  t h e  a c t i o n s  o f  q u i s q u a l i c  a c id  
w e re  u n a l t e r e d .  T i le ta m in e  (1 ug) a lo n e  d id  n o t  
a l t e r  cGMP l e v e l s .

T h e se  d a t a  i n d i c a t e  t h a t  PCP r e c e p t o r  a g o n i s t s  
i n t e r a c t  w i th  r e s p o n s e s  m e d ia te d  by  NMDA- b u t  n o t  
q u i s q u a l a t e - t y p e  e x c i t a t o r y  am ino a c i d  r e c e p t o r s  in  
t h e  c e r e b e l lu m .  W h eth er t h i s  i n t e r a c t i o n  i s :  a) 
d i r e c t l y  a t  t h e  NMDA r e c e p t o r ,  b) a l l o s t e r i c  v i a  a 
PCP r e c e p t o r  o r  c ) t r a n s s y n a p t i c ,  r e m a in s  t o  be  
d e t e r m in e d .
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264.11 REGULATION OF THE N-METHYL-D-ASPARTATE RECEPTOR IN CULTURED 
CEREBELLAR GRANULE CELLS. J .T .  W roblew ski,* F. N i c o l e t t i , * E. 
Fadda* and E. C osta  (SPON: H. Al ho) F id ia-G eorgetow n I n s t i t u t e  
f o r  th e  N eu ro sc ien ces , Georgetown U n iv e rs ity , W ashington D.C. 
2 0 007 .

C e r e b e l l a r  g r a n u le  c e l l s  i n  p r im a ry  c u l t u r e  (8 -1 0  d a y s  o ld )  
e x p r e s s  e x c i t a t o r y  am ino a c id  r e c e p t o r s  w hich  a r e  s e l e c t i v e  f o r  
N -m ethyl - D - a s p a r t a t e  (NMDA), k a in a t e  an d  q u i s q u a l a t e .  We h av e  
p r e v i o u s ly  r e p o r t e d  t h a t  s i g n a l  t r a n s d u c t i o n  a t  t h e s e  r e c e p t o r s  
i n v o lv e s  v a r i o u s  i n t r a c e l l u l a r  m esse n g e r  s y s te m s ,  a s  s e e n  by  
e n h a n ce d  h y d r o ly s i s  o f  mem brane p h o s p h o in o s i t i d e s ,  i n c r e a s e d  
u p ta k e  o f  e x t r a c e l l u l a r  c a lc iu m  io n s  an d  e l e v a t e d  l e v e l s  o f  
cGMP. The a c t i v a t i o n  o f  t h e  NMDA r e c o g n i t i o n  s i t e  s t i m u l a t e s  
a l l  o f  t h e  a b o v e  sy s te m s  i n  a  m anner w h ich  i s  i n h i b i t e d  by  
p h y s io l o g ic a l  c o n c e n t r a t i o n s  o f  Mg2+ i o n s .  I n  c o n t r a s t ,  t h e  
s i g n a l  t r a n s d u c t i o n  a t  k a in i c  an d  q u i s q u a l i c  r e c o g n i t i o n  s i t e s  
i s  Mg2+- in d e p e n d e n t .  NMDA s i g n a l  t r a n s d u c t i o n  c o u ld  s t i l l  
o c c u r  i n  t h e  p r e s e n c e  o f  1 mM Mg2+ an d  a  s m a l l  d e p o la r i z a t i o n  
in d u c e d  b y  20 mM K+ . The i n t e r a c t i o n s  o f  Mg2+ io n s  w i th  t h e  
NMDA r e c e p t o r  do n o t  o c c u r  a t  t h e  l e v e l  o f  t h e  r e c o g n i t i o n  s i t e  
s in c e  Mg2+ p r e s e n c e  d id  n o t  i n h i b i t  t h e  s p e c i f i c  b in d in g  o f  
3H -g lu ta m a te  t o  m em branes i s o l a t e d  from  g r a n u le  c e l l s ,  b u t  
r a t h e r  a t  t h e  l e v e l  o f  t h e  c o u p l in g  a n d /o r  t r a n s d u c e r  s y s te m s .  
The s i g n a l  t r a n s d u c t i o n  a t  t h e  NMDA r e c e p t o r  i s  s t r o n g l y  and  
s e l e c t i v e l y  i n h i b i t e d  b y  p h e n c y c l id in e  (PCP) w i th  IC 50 v a lu e s  
i n  t h e  r a n g e  o f  3 0 -9 0  nM. PCP d o e s  n o t  a f f e c t  t h e  b in d in g  o f  
3H -g lu ta m a te  b u t  show s s p e c i f i c  b in d in g  t o  a  s e p a r a t e  s i t e .  
M o re o v e r, PCP b in d in g  i s  s t r o n g l y  i n h i b i t e d  b y  1 mM Mg2+ io n s .  
O ur r e s u l t s  w i l l  b e  d i s c u s s e d  i n  r e l a t i o n  t o  t h e  h y p o th e s i s  t h a t  
t h e  f u n c t i o n a l  e x p r e s s io n  o f  t h e  NMDA r e c e p t o r  d e p e n d s  on 
i n t e r a c t i o n s  o f  t h e  i o n i c  e n v iro n m e n t ,  l o c a l  c h a n g e s  i n  membrane 
p o t e n t i a l  an d  d i r e c t  r e c e p t o r - r e c e p t o r  i n t e r a c t i o n s  m o d u la te d  by  
p u t a t i v e  e n d o g en o u s l ig a n d s  f o r  NMDA an d  PCP r e c o g n i t i o n  s i t e s .

264.12 REGULATION OF PHORBOL ESTER BINDING BY PUTATIVE EXCITATORY AND 
INHIBITORY AMINO ACID TRANSMITTERS IN CEREBELLAR GRANULE CELLS 
IN CULTURE. S . L i l j e qu i s t ,  F.M. V a c c a r in o  and  A. G u i d o t t i . 
F id ia -G e o rg e to w n  I n s t i t u t e  f o r  t h e  N e u ro s c ie n c e s ,  G eorgetow n 
U n i v e r s i t y ,  W ash in g to n , D.C. 20007 and NIAAA, DICBR, B e th e s d a ,  
M ary lan d  20892.

T um o r-p ro m o tin g  p h o rb o l  e s t e r s  b in d  w i th  h ig h  a f f i n i t y  t o  th e  
p r o t e i n  k in a s e  C (PKC) a c t i v a t i n g  t h i s  enzym e, h en ce  th e  b in d in g  
o f  r a d i o l a b e l l e d  p h o rb o l  e s t e r s  may b e  u s e d  t o  m o n ito r  PKC 
a c t i v a t i o n  and  t r a n s l o c a t i o n .  The e f f e c t  o f  c e l l  d e p o l a r i 
z a t i o n ,  e x c i t a t o r y  d ic a r b o x y l i c  am ino a c id s  a d d i t i o n  and  GABA 
w ere i n v e s t i g a t e d  on 3H - 4 - b e ta - p h o r b o l - 1 2 ,  13- d ib u t y r a t e  
( 3H-DBu) b in d in g  t o  i n t a c t  n e u ro n a l  c e r e b e l l a r  g r a n u le  c e l l s  
i n  p r im a ry  c u l t u r e s .  The s p e c i f i c  3H-DBu  b in d in g  (75% o f  
t o t a l  b in d in g )  was d e te rm in e d  in  t h e  p r e s e n c e  o f  10–5 M 1 2 -0 -  
t e t r a d e c a n o y lp h o r b o l - 1 3 - a c e t a te  (TPA ). T h is  b in d in g  was 
s a t u r a b l e  and  o f  h ig h  a f f i n i t y  (Kd in  n an o m o la r r a n g e ) .  The 
i n a c t i v e  s te r e o is o m e r  4 - a l f a - p h o r b o l - 1 2 , 13 d id e c a n o a te  f a i l e d  t o  
i n h i b i t  3H-DBu b in d in g .  A t 25°C th e  b in d in g  r a p i d l y  
i n c r e a s e d  w i th  t im e  o f  i n c u b a t io n  and  l e v e l l e d  o f f  a f t e r  10 
m in . C e l l  d e p o la r i z a t i o n  p ro d u c e d  by  50 mM p o ta s s iu m  c h lo r i d e  
an d  50 uM v e r a t r i d i n e  e n h a n ce d  3H-DBu b in d in g  by 400% and 
225%, r e s p e c t i v e l y ,  a s  com pared  t o  c o n t r o l s .  K in e t i c  a n a ly s i s  
r e v e a l e d  t h a t  t h e  in c r e a s e d  b in d in g  e l i c i t e d  by d e p o la r i z a t i o n  
was due t o  an  i n c r e a s e  in  t h e  num ber o f  b in d in g  s i t e s  (Bma x ) 
r a t h e r  th a n  t o  a  ch an g e  in  t h e  a f f i n i t y  (KD) .  An enhancem ent 
o f  3H-DBu b in d in g  was o b s e rv e d  a l s o  fo l lo w in g  a d m i n i s t r a t i o n  
o f  g lu ta m ic  a c id  ( 10–4 M; 225% o f  c o n t r o l s ) ,  k a in i c  a c id  
(1 0 –4M; 300% o f  c o n t r o l s ) ,  q u i s q u a l i c  a c id  ( 1 0 - 4 ; 150% o f  
c o n t r o l s ) ,  an d  th e  c a lc iu m  io n o p h o re  A23187 (1 0 –6 M; 150% o f  
c o n t r o l s ) .  Mg2+- f r e e  a s s a y  m ed ia  r e s u l t e d  i n  a  s i g n i f i c a n t  
i n c r e a s e  i n  t h e  b a s a l  3H-DBu b in d in g  (250% o f  c o n t r o l s )  a s  
com pared  t o  Mg2+- c o n t a in i n g  a s s a y  m ed ia . NMDA (1 0 – 4 ) and  
t h e  s p e c i f i c  GABAA r e c e p t o r  a n t a g o n i s t  b i c u c u l l i n e  (1 0 -3  M) 
w hich  d id  n o t  a l t e r  3H-DBu b in d in g  in  t h e  p r e s e n c e  o f  Mg2 + , 
in c r e a s e d  3H-DBu b in d in g  by  100% in  t h e  a b s e n c e  o f  Mg2 + . 
T h is  i n c r e a s e  was b lo c k e d  by  th e  s p e c i f i c  NMDA r e c e p t o r  
a n t a g o n i s t  APV. M o reo v e r, t h e  com bined  t r e a tm e n t  o f  NMDA p lu s  
b i c u c u l l i n e  c a u se d  an  a d d i t i o n a l  ( a b o u t  100%) s y n e r g i s t i c  
en h an cem en t o f  3H-DBu b in d in g .  Our r e s u l t s  i n d i c a t e  t h a t  c e l l  
d e p o la r i z a t i o n  an d  th e  a d m i n i s t r a t i o n  o f  e x c i t a t o r y  am ino a c id s  
r e s u l t  i n  an  in c r e a s e d  num ber o f  r e c o g n i t i o n  s i t e s  f o r  
3H-DBu . T h is  i n c r e a s e  i s  m o d u la ted  by  th e  c o n c e n t r a t i o n s  o f  
Mg2+ an d  GABA in  t h e  medium. P h o rb o l  e s t e r  b in d in g  may be 
u s e f u l  t o  m o n ito r  t h e  f u n c t i o n a l  s ig n i f i c a n c e  o f  PKC a c t i v a t i o n  
an d  t r a n s l o c a t i o n  i n  i n t a c t  n e u ro n a l  c e l l  p r e p a r a t i o n s .

CHARACTERIZATION OF CHOLINERGIC RECEPTORS II

265.1 ACETYLCHOLINE RECEPTOR SUBUNIT ASSEMBLY IN CULTURED CHICK MUSCLE 
CELLS. A. Ross*, J . Schm idt*, and J . M. P r iv e s *. (Spon. P. Brink). 
D epartm ents o f A natom ical S ciences and B iochem istry , S ta te  U niver
s i t y  o f New York, Stony Brook, NY 11794.

The fo u r  s u b u n its  o f th e  n i c o t in i c  a c e ty lc h o lin e  re c e p to r  
assem ble p o s t t r a n s l a t i o n a l l y  in  th e  s to ch io m etry  a lp h a -2 , b e ta -1 ,  
gamma-1, d e l ta - 1  to  form a f u n c t io n a l ,  l ig a n d  ga ted  ion  ch an n e l. 
D esp ite  th e  advanced c u r re n t  knowledge o f th e  s t r u c t u r a l ,  e l e c t r o -  
p h y s io lo g ic a l and pharm aco log ica l p ro p e r t ie s  o f th e  AChR, a m ajor 
u n reso lv e d  q u e s tio n  i s  how su b u n it assem bly i s  accom plished . We 
have s tu d ie d  AChR su b u n it assem bly in  p rim ary  c u l tu r e s  of ch ick  
em bryonic m uscle c e l l s  u s in g  two independen t a s s a y s . The f a c t  
th a t  monomeric a lp h a  su b u n it sed im ents a t  5s in  a su cro se  g rad ien t, 
w hereas a lp h a  su b u n it in  th e  assem bled o ligom er sed im ents a t  9s 
en a b les  us to  m easure th e  r a t e  o f assem bly by m o n ito ring  th e  s e d i
m en ta tio n  c o e f f i c ie n t  o f a lp h a  su b u n it in  c u l tu r e s  p u lse  la b e le d  
w ith  35S-m ethionine and chased  fo r  v a r io u s  tim e i n t e r v a l s .  The 
s ed im en ta tio n  p r o f i l e  o f th e  a lp h a  su b u n it i s  determ ined  by f r a c 
t io n a t io n  o f c e l l  hom ogenates from m e ta b o lic a l ly  la b e le d  c u l tu r e s  
on a 5-20% l i n e a r  su cro se  g r a d ie n t ,  im m u n oprec ip ita tion  o f a lpha  
su b u n it from th e  f r a c t io n s  by a n t i s e r a  r a i s e d  a g a in s t th e  a lpha  
su b u n it o f a d u l t  ch icken  AChR, s e p a ra t io n  o f th e  p r e c ip i t a te d  
m a te r ia l  by SD S-polyacrylam ide g e l e le c tro p h o re s i s  and q u a n t i f i 
c a tio n  o f th e  a lp h a  su b u n it band by d en s ito m e try  o f th e  f lu o ro -  
graph . In  th e  second a ssay  we u t i l i z e  a n t i s e r a  r a i s e d  a g a in s t 
the  d e l ta  su b u n it o f a d u l t  ch icken  AChR. This a n t i s e r a ,  in  a d d i
t io n  to  p r e c i p i t a t i n g  th e  d e l ta  s u b u n it ; w i l l  p r e c i p i t a t e  th a t  
p o p u la tio n  o f a lp h a  su b u n it th a t  i s  in  p h y s ic a l a s s o c ia t io n  w ith  
the  d e l ta  su b u n it ( i . e .  p a r t i a l l y  o r f u l l y  assem bled AChR).

To m easure th e  o n se t and r a t e  o f AChR, assem bly c u l tu r e s  were 
p u lse  la b e le d  f o r  15 m inu tes w ith  35S-m ethionine and bo th  assay s  
were c a r r ie d  o u t a f t e r  in c re a s in g  chase i n t e r v a l s .  The tim e 
re q u ire d  fo r  50% o f th e  a lp h a  su b u n it la b e le d  du rin g  th e  p u lse  to  
s h i f t  in to  th e  9s peak o r to  be p r e c ip i t a te d  by a n t i  d e l ta  a n t i 
s e ra  was between 40 and 60 m inu tes o f ch a se . As determ ined  by 
bo th  a s s a y s , a l l  th e  la b e le d  a lp h a  su b u n it was in  th e  assem bled 
form w ith in  3-4 hours a f t e r  t r a n s l a t i o n ,  in d ic a t in g  th a t  th e  
assem bly p ro cess  i s  h ig h ly  e f f i c i e n t  in  th e se  c e l l s .  M oreover, 
no s ig n i f i c a n t  d eg ra d a tio n  o f a lp h a  s u b u n it ,  e i t h e r  assem bled o r 
unassem bled, was d e te c te d  d u rin g  th i s  i n t e r v a l .  AChR assem bly 
was s tro n g ly  in h ib i te d  by tre a tm e n t o f m uscle c e l l s  w ith  th e  
m e tabo lic  in h i b i to r s  p o tass ium  cyan ide  and 2 ,4 -d in i tro p h e n o l ,  and 
m odera te ly  im paired  by th e  ionophore m onensin, an agen t which 
d is ru p ts  th e  gol g i a p p a ra tu s . In  c o n t r a s t ,  cyclohexam ide d id  n o t 
a f f e c t  th e  r a t e  o f assem bly , in d ic a t in g  th a t  assem bly i s  n o t de
pendent on ongoing p ro te in  s y n th e s is .  Our r e s u l t s  a re  c o n s is te n t  
w ith  a model whereby AChR su b u n it assem bly r e q u ire s  con tin u ed  
ATP s y n th e s is  and o ccu rs  in  th e  g o lg i a p p a ra tu s .

265.2 ASSOCIATION OF THE POSTSYNAPTIC 43K PROTEIN WITH ANTIBODY-INDUCED 
CLUSTERS OF ACETYLCHOLINE RECEPTORS ON CULTURED MUSCLE CELLS. 
S ta n le y  C. F ro e h n e r  and  R o b e r t S e a lo c k *  D ep artm en t o f  
B io c h e m is try ,  D artm o u th  M ed ica l S c h o o l,  H an o v er, N.H. 03756 and 
* D ep artm en t o f  P h y s io lo g y ,  U n iv e r s i ty  o f  N o rth  C a r o l in a ,  C hapel 
H i l l ,  N .C. 27514.

The 43K p r o t e i n ,  a  m ajo r com ponent o f  ACh r e c e p t o r - e n r i c h e d  
m em branes from  T o rp e d o , i s  lo c a t e d  on th e  c y to p la s m ic  s id e  o f  th e  
e l e c t r o c y t e  p o s t s y n a p t ic  membrane in  a  d i s t r i b u t i o n  i d e n t i c a l  to  
t h a t  o f  th e  r e c e p t o r .  The p r e c i s e  f u n c t io n  o f  t h i s  p r o t e i n  i s  
unknown b u t  i t  h a s  been  im p l ic a te d  in  th e  m echanism s t h a t  a n c h o r 
ACh r e c e p t o r s  a t  s y n a p t i c  s i t e s .  A r e l a t e d  p r o t e i n  i s  found  a t  
r a t  m u sc le  e n d p la t e s  and a t  r e c e p to r  c l u s t e r s  t h a t  form  
s p o n ta n e o u s ly  on c u l t u r e d  m u sc le  c e l l s .  The a s s o c i a t i o n  o f  43K 
p r o t e i n  w i th  r e c e p t o r  c l u s t e r s  on Xenopus m u sc le  c e l l s  o c c u rs  soon 
a f t e r  i n d u c t io n  o f  th e  c l u s t e r s  by p o l y c a t io n i c  b e a d s  (P eng  & 
F ro e h n e r ,  J .  C e l l  B i o l .  100: 1698, 1985) o r  by n e u r i t e s  (B u rd en , 
PNAS 8 2 : 82 7 0 , 1 9 8 5 ) . To e x p lo r e  th e  p o s s i b i l i t y  t h a t  th e  43K 
p r o t e i n  i s  a l s o  a s s o c i a t e d  w ith  d i f f u s e l y - d i s t r i b u t e d  r e c e p t o r s ,  
we have  exam ined th e  e f f e c t  o f  a n tib o d y - m e d ia te d ,  r a p id  
r e d i s t r i b u t i o n  o f  t h i s  p o p u la t io n  o f  r e c e p t o r s  on 43K p r o te i n  
l o c a l i z a t i o n .

R e c e p to r s  on BC3H -1 m u sc le  c e l l s ,  w hich have  l a r g e  am ounts 
o f  d i f f u s e l y - d i s t r i b u t e d  r e c e p t o r s  b u t  l a c k  s p o n ta n e o u s ly - fo rm e d  
c l u s t e r s ,  w ere l a b e l e d  w ith  rh o d a m in e -a l p h a -b u n g a r o to x in .  To 
in d u c e  r e c e p t o r  re a r r a n g e m e n t  i n t o  s m a ll  a g g re g a te s  
( m i c r o c l u s t e r s )  v i s i b l e  u n d e r f l u o r e s c e n c e  m ic ro sc o p y , th e  c e l l s  
w ere in c u b a te d  w i th  r a b b i t  a n ti-A C h  r e c e p t o r  a n t i b o d i e s  and sh eep  
a n t i - r a b b i t  IgG . The c u l t u r e s  w ere th e n  f i x e d ,  p e rm e a b il iz e d  w ith  
T r i t o n ,  and in c u b a te d  w i th  a n ti -4 3 K  p r o t e i n  m o n o clo n a l a n t i b o d i e s  
and  f l u o r e s c e i n - l a b e l e d  seco n d  a n t i b o d i e s .  The d i s t r i b u t i o n  o f 
a n t i - 43K l a b e l in g  c o in c id e d  w ith  th e  r e c e p to r  m ic r o c l u s t e r s ,  even  
th o s e  form ed a f t e r  o n ly  30 m in u te s  o f  a n tib o d y  i n c u b a t io n .  When 
c o n t r o l  a n t i b o d i e s  w ere s u b s t i t u t e d  f o r  a n t i - r e c e p t o r  a n t i b o d i e s ,  
m ic r o c l u s t e r s  d id  n o t  fo rm . L ik e w ise , t h e r e  w ere no d e t e c t a b l e  
m ic r o c l u s t e r s  o f  43K p r o t e i n .  The 58K p r o t e i n ,  l o c a t e d  on th e  
c y to p la s m ic  s id e  o f  th e  m u sc le  membrane in  a  d i f f u s e  d i s t r i b u t i o n  
( u n p u b lis h e d  r e s u l t s ) ,  d id  n o t  a s s o c i a t e  w ith  r e c e p to r  
m ic r o c l u s te r s  u n d e r i d e n t i c a l  c o n d i t i o n s .  S im i la r  r e s u l t s  w ere 
o b ta in e d  w ith  p r im a ry  c u l t u r e s  o f  r a t  m u sc le .

T h ese  r e s u l t s  show t h a t  th e  4 3 K - l ik e  p r o t e i n  i s  p r e s e n t  in  
m u sc le  c e l l s  t h a t  do n o t  s p o n ta n e o u s ly  a s se m b le  r e c e p to r  c l u s t e r s .  
F u r th e rm o re , i t  i s  fo u n d  in  a s s o c i a t i o n  w i th  c l u s t e r s  o f  ACh 
r e c e p t o r s  t h a t  a r e  form ed by r a p i d ,  l a t e r a l  r e d i s t r i b u t i o n  w i th in  
th e  p la n e  o f  th e  m em brane. W hile i t  may be t h a t  th e  43K p r o t e i n s  
asse m b le  w i th  r e c e p to r  m ic r o c l u s te r s  a f t e r  t h e i r  f o rm a t io n ,  t h e  
r e s u l t s  a r e  c l e a r l y  c o m p a t ib le  w ith  th e  p o s s i b i l i t y  t h a t  th e y  a r e  
a s s o c i a t e d  ev en  w i th  d i f f u s e l y  d i s t r i b u t e d  r e c e p t o r s .
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265.3 RESIDUES AT THE ACETYLCHOLINE BINDING S I T E  AND AT A 
NONCOMPETITIVE INHIBITOR BINDING S I T E  MAY BE CONTAINED IN A 
SINGLE FUNCTIONAL DOMAIN OF THE RECEPTOR α  SUBUNIT 
M. DiPaol a . * P .N .  K a o , * a n d  A.  K a r l i n .  D e p a r t m e n t s  o f  
Biochemistry and M o l e c u l a r  B i o p h y s i c s ,  and N e u r o lo g y ,  C o l l e g e  o f  
Physicians and S u r g e o n s ,  C o lum bia  U n i v e r s i t y ,  New York,  NY 10032

We have p h o t o l a b e l e d  n o n c o m p e t i t i v e  i n h i b i t o r  (NCI) s i t e s  on 
the n i c o t i n i c  a c e t y l c h o l i n e  r e c e p t o r  w i t h  [3H] q u i n a c r i n e  a z i d e  
(QA) [Cox e t  a l .  (1985) J .  B i o l .  Chem. 2 6 0 :7 1 8 6 - 7 1 9 3 ] .  R e c e p t o r -  
r ich membrane f r a g m e n t s  from  T orpedo  c a l i f o r n i c a  e l e c t r i c  t i s s u e  
were r a p i d l y  a n d  c o n t i n u o u s l y  m i x e d  w i t h  QA a n d  w i t h  
a c e t y l c h o l i n e  o r  h e x a m e t h o n i u m .  A f t e r  a d e l a y  o f  20 ms, t h e  
mixture was i r r a d i a t e d  f o r  2 ms w i t h  i n t e n s e  l i g h t  ab o v e  290 nm. 
The receptor  s u b u n i t s  were  s e p a r a t e d  by  SDS–PAGE and r e c o v e r e d  by  
e l e c t r o e l u t i o n .  The  a  s u b u n i t  w a s  c l e a v e d  w i t h  CNBr, a n d  t h e  
fragments were s e p a r a t e d  by  r e v e r s e - p h a s e  HPLC and i d e n t i f i e d  by 
amino a c id  a n a l y s i s  a n d  s e q u e n c i n g .  S p e c i f i c  QA l a b e l i n g  was  
d e f i n e d  a s  t h a t  b o t h  ( 1 )  o b t a i n e d  i n  t h e  p r e s e n c e  o f  
a c e t y l c h o l i n e  b u t  n o t  o f  h e x a m e t h o n i u m  a n d  (2 ) b l o c k e d  i n  t h e  
p resence o f  o t h e r  NC Is  s u c h  a s  h i s t r i o n i c o t o x i n ,  p r o a d i f e n ,  
chl o r p ro m a z in e , q u i n a c r i n e ,  a n d  b u p i v a c a i n e .  The α  s u b u n i t  
contained th e  p r e d o m i n a n t  s i t e  o f  s p e c i f i c  l a b e l i n g .  The  
dependence o f  t h i s  s p e c i f i c  l a b e l i n g  o f  α on  a c e t y l c h o l i n e  
c o n c e n t r a t i o n  a p p e a r e d  c o o p e r a t i v e  w i t h  a H i l l  c o e f f i c i e n t  
g r ea te r  t h a n  1 .5 .  The s i t e  o f  s p e c i f i c  l a b e l i n g  was  f u r t h e r  
local ized to  a 3 6 - r e s i d u e  h y d r o p h o b ic  CNBr f r a g m e n t ,  α- 2 0 8  t o  α-  
243, con taining th e  f i r s t  p u t a t i v e  m em b ran e - sp an n in g  h e l i x .  The 
region of the NCI b i n d in g  s i t e  i s  r e l a t i v e l y  c l o s e  t o  Cys 192 and 
Cys 193 a t  t h e  a c e t y l c h o l i n e  b i n d i n g  s i t e  [Kao e t  a l .  ( 1 9 8 4 )  J .  
Biol.  Chem. 2 5 9 : 1 1 6 6 2 - 1 1 6 6 5 ] ,  a n d  b o t h  s i t e s  a r e  w i t h i n  a 
sequence (α-161 t o  α-2 3 9 )  coded  f o r  by a s i n g l e  exo n [Noda e t  a l .  
(1983) Nature 3 0 5 :8 1 8 -8 2 3 ] .  We s u g g e s t  t h a t  t h e s e  two s i t e s  a r e  
conta ined  w i t h i n  a s i n g l e  f u n c t i o n a l  u n i t  o f  a  a n d  a r e  t i g h t l y  
coupled. We s u g g e s t  f u r t h e r  t h a t  t h e  NCI s i t e  i s  c l o s e l y  
associated w i th  th e  g a t e  o f  t h e  r e c e p t o r  c h a n n e l  and i s  r e v e a l e d  
following a c t i v a t i o n  o f  t h e  r e c e p t o r  by  a c e t y l c h o l i n e .  (S u p p o r t e d  
by NIH NS07065, MDA, and NY H e a r t  Assoc .)

265.4 RELATIONSHIPS BETWEEN HIGH-AFFINITY BINDING SITES FOR NICOTINIC 
ACETYLCHOLINE RECEPTOR AGONISTS AND ALPHA-BUNGAROTOXIN ON 
MEMBRANES FROM RAT BRAIN, TORPEDO ELECTROPLAX, AND THE CLONAL CELL 
LINES, PC12 AND TE671. R o n a ld  J .  L ukas. D iv i s io n  o f  N e u ro b io lo g y , 
B arrow  N e u r o lo g ic a l  I n s t i t u t e ,  350 W est Thomas Road, P h o e n ix , 
A riz o n a  8 5 0 1 3 .

C o n tr o v e r s y  e x i s t s  c o n c e rn in g  th e  r e l a t i o n s h i p s  be tw een  
c u ra re m im e t ic  n e u ro to x in  b in d in g  s i t e s ,  h i g h - a f f i n i t y  b in d in g  
s i t e s  f o r  n i c o t i n i c  a c e t y l c h o l i n e  r e c e p t o r  a g o n i s t s ,  and 
p h y s i o l o g i c a l l y  f u n c t i o n a l ,  n e u ro n a l  n i c o t i n i c  a c e t y l c h o l i n e  
r e c e p t o r s  (nAcChoR). C u ra re m im e tic  n e u r o to x in s ,  su ch  a s  a lp h a -  
b u n g a ro to x in  (B g t) ,  b lo c k  th e  f u n c t i o n a l  r e s p o n s e s  o f  some, b u t  
n o t  a l l ,  n e u ro n a l  nAcChoR. B in d in g  s i t e s  f o r  Bgt do n o t  h a v e  th e  
same r e g i o n a l  d i s t r i b u t i o n  in  t h e  m am m alian b r a i n  a s  do h ig h -  
a f f i n i t y  n i c o t i n i c  b in d in g  s i t e s  f o r  a c e t y l c h o l i n e  (ACh). In  
o r d e r  to  c l a r i f y  th e  r e l a t i o n s h i p s  be tw een  th e s e  e n t i t i e s ,  h ig h -  
a f f i n i t y  b in d in g  s i t e s  f o r  3H - l a b e l e d  ACh ( 3H-ACh)and 125I - l a b e le d  
Bgt ( I - B g t )  w ere com pared on membrane f r a c t i o n s  p re p a re d  from  r a t  
b r a i n ,  T orpedo e l e c t r o p l a x ,  o r  th e  r a t  pheochrom ocytom a o r  human 
m edul l o b la s to m a  c lo n a l  c e l l  l i n e s ,  PCI2 o r  TE671.

d - T u b o c u r a r in e - s e n s i t i v e  I -B g t  b in d in g  (KD = 1 nM) to  e a ch  
membrane p r e p a r a t i o n  i s  f u l l y  s e n s i t i v e  to  i n h i b i t i o n  by ACh w ith  
a p p a re n t  K1 v a lu e s  o f  0 .1 -2  uM. H i g h - a f f in i t y  3H-ACh b in d in g  (Kd 
= 10 nM) to  Torpedo  and TE671 p r e p a r a t i o n s  i s  f u l l y  s e n s i t i v e  to  
b lo c k a d e  (u n d e r  th e  a p p r o p r i a t e  c o n d i t i o n s  o f  a s s a y  te m p e ra tu re )  
by Bgt w i th  a p p a re n t  Ki v a lu e s  on th e  o r d e r  o f  1 nM. H ow ever, 
o n ly  35% o f  3H-ACh b in d in g  to  r a t  b r a in  m em branes and l e s s  th a n  5% 
o f  b in d in g  to  PC12 p r e p a r a t i o n s  i s  s e n s i t i v e  to  b lo c k a d e  by Bgt; 
h a lf -m a x im a l  b lo c k a d e  by Bgt o n ly  th e n  o c c u rs  a t  t o x in  
c o n c e n t r a t i o n s  on th e  o r d e r  o f  0 .1 -1  nM. N e v e r th e l e s s ,  o v e r  50% 
i n h i b i t i o n  o f  3H-ACh b in d in g  to  r a t  b r a i n  o r  PC12 c e l l  
p r e p a r a t i o n s  i s  e f f e c t e d  in  th e  p re s e n c e  o f  o th e r  p u r i f i e d  
f r a c t i o n s  from  th e  venom o f  B ungarus m u l t i c i n c t u s  w ith  v a lu e s  o f  
a p p a re n t  Ki  l e s s  th a n  1 uM.

The s to i c h io m e t r i c  r a t i o  o f  I -B g t  b in d in g  s i t e s  to  3H-ACh 
b in d in g  s i t e s  ( f o r  c o n c e n t r a t i o n s  o f  b o th  r a d i o l ig a n d s  a t  10 nM) 
i s  n e a r  1 (one) f o r  T orpedo  and r a t  b r a in  p r e p a r a t i o n s ,  b u t i s  
a b o u t 5 f o r  TE671 c e l l  m em branes and 30 f o r  PC 12 c e l l  m em branes.

T hese r e s u l t s  s u g g e s t  t h a t  h i g h - a f f i n i t y  n i c o t i n i c  a g o n is t  and 
Bgt b in d in g  s i t e s  from  d i f f e r e n t  t i s s u e s  a r e  e x p re s s e d  in  
d i f f e r e n t  p r o p o r t io n s  a n d /o r  h a v e  d i f f e r e n t  b in d in g  a f f i n i t i e s  f o r  
h e te r o lo g o u s  l i g a n d s .  The i m p l i c a t i o n s  o f  t h e s e  r e s u l t s  on v iew s  
o f  nAcChoR l ig a n d  b in d in g  s i t e  t o p o lo g i e s ,  on p o s t u l a t e s  o f  th e  
e x i s t e n c e  o f  nAcChoR h e te r o g e n e i t y ,  and on f u n c t i o n a l  p r o p e r t i e s  
o f  nAcChoR a r e  d i s c u s s e d .

265.5 IDENTIFICATION OF A PUTATIVE ACETYLCHOLINE RECEPTOR ON BOVINE 
CHROMAFFIN CELLS BY MONOCLONAL ANTIBODIES TO RECEPTOR FROM MUSCLE 
AND ELECTRIC ORGAN. L .S . H ig g in s*  and  D.K. B e rg . U n iv . o f  C a l i f . ,  
San Diego; La J o l l a ,  CA 92093 .

Primary sy n a p tic  t r a n s m is s io n  to  b o v in e  a d r e n a l  c h ro m a ff in  c e l l s  
is mediated by n i c o t i n i c  a c e t y l c h o l i n e  r e c e p t o r s  (AChRs). Mono
clonal a n tib o d ie s  (mAbs) to  th e  "m ain  im m unogenic r e g io n "  (MIR) o f 
AChR alpha su b u n it from  m u sc le  and  e l e c t r i c  o rg a n  i d e n t i f y  an  
antigen on th e  s u r f a c e  o f  c h ro m a ff in  c e l l s  i n  c u l t u r e  t h a t  h a s  th e  
p roperties expected  f o r  th e  n e u ro n a l  AChR.

Bovine a d re n a l m ed u lla  t i s s u e  was e n z y m a t ic a l ly  d i s s o c i a t e d  i n to  
single c e l l s  and grown in  c u l t u r e  f o r  1 -10  d a y s .  The c u l t u r e s  w ere 
probed with ( 125I)mAb 3 5 , an  a n ti-M IR  mAb t h a t  h a s  b e e n  shown to  
recognize the AChR on c h ic k  c i l i a r y  g a n g lio n  n e u ro n s .  The am ount 
of binding in  c h ro m a ff in  c u l t u r e s  was p r o p o r t i o n a l  t o  c e l l  num ber 

over the range t e s t e d  ( 0 .2 5 - 1 .0  × 106 c e l l s / 1 6  mm w e l l )  and re a c h e d  
sa tu ra tio n  w ith in  40 m in a t  3 7 ° . The b in d in g  was s p e c i f i c  i n  t h a t  
i t  was b locked by o th e r  a n ti-M IR  mAbs b u t  n o t  by nonimmune serum  o r  
by an ti-m u sc le  o r  e l e c t r i c  o rg a n  AChR mAbs o f  th e  same IgG s u b c la s s  
but d i f f e r e n t  s p e c i f i c i t y .  S c a tc h a rd  a n a l y s i s  i n d i c a t e d  a  Kd o f 
about 2 nM f o r  a n tib o d y  b in d in g .  The am ount o f  b in d in g  in c r e a s e d  
with c u ltu re  age u n t i l  day  3 , r e a c h in g  a  v a lu e  o f  a b o u t  35 fmol /mg 
p ro te in  which was m a in ta in e d  th ro u g h  a t  l e a s t  day  9 .

Bgt 3 .1 , an a l p h a -p e u r o to x in  t h a t  r e v e r s i b l y  b lo c k s  AChR fu n c 
tion  on c h ic k  c i l i a r y  and  s y m p a th e tic  g a n g lio n  n e u ro n s ,  h a s  
recen tly  been  u sed  to  c o n f irm  th e  i d e n t i t y  o f  t h e  mAb 35 b in d in g  
s i te  on th e  n e u ro n s  a s  b e in g  t h e  AChR. P r e l im in a r y  r e s u l t s  i n d i 
cate th a t  b o v in e  c h ro m a ff in  c e l l s  i n  c u l t u r e  a l s o  h av e  a  s p e c i f i c  
binding s i t e  f o r  ( 125I )B g t  3 .1  a s  do c h ic k  c i l i a r y  g a n g lio n  n e u ro n s . 
Moreover, e x p o s in g  th e  c h ro m a ff in  c u l t u r e s  t o  10–8 m B gt 3 .1  f o r  
2 h rs a t  37° r e d u c e s  t h e  num ber o f  ( 125I)mAb 35 b in d in g  s i t e s  by 
about 25%. The B gt 3 .1  e f f e c t  c a n  b e  b lo c k e d  by c o - in c u b a t io n  o f  
the c e l l s  w ith  n i c o t i n i c  c h o l i n e r g i c  l i g a n d s ,  a s  i s  t r u e  f o r  c i l i 
ary g a n g lio n  n e u ro n s .  T h is  d e m o n s tra te s  l in k a g e  b e tw een  th e  mAb 
35 s i t e s  and Bgt 3 .1  s i t e s  on th e  c e l l s  a s  p r e v io u s ly  shown f o r  
AChRs on c i l i a r y  g a n g lio n  n e u ro n s .

These f in d in g s  s u g g e s t  t h a t  a n ti-M IR  mAbs and  B gt 3 .1  w i l l  b e  
u se fu l p ro b es  f o r  th e  c h ro m a ff in  AChR. The a d r e n a l  m e d u lla  
p re se n ts  o p p o r tu n i t i e s  f o r  s t r u c t u r a l  and  r e g u l a to r y  s t u d i e s  o f  th e  
neuronal AChR n o t  p o s s ib l e  w i th  t h e  s m a l l  am ounts o f  r e c e p t o r  
p resen t in  a u to n o m ic  g a n g l i a .  (S u p p o rte d  by NIH g r a n t  NS 1 2 6 0 1 .)

265.6 MULTIPLE MUSCARINIC RESPONSES ON THE ISOLATED SUPERIOR 
CERVICAL GANGLION OF THE RAT 
N.R. Newberry *(SPON: L. L. Iv e rsen ) 
Merck Sharp & Dohme R esearch L a b o ra to r ie s , N euroscience 
R esearch C en tre , T e rlin g s  P ark , Eastw ick Road, Harlow, 
E ssex , CM20 2QR, U.K.

When m u sca rin ic  a g o n is ts  a re  a p p lie d  to  th e  r a t  
s u p e r io r  c e rv ic a l  gang lion  they  evoke pharm aco lo g ica lly  
d i s t i n c t  h y p e rp o la r is in g  and d e p o la r is in g  responses 
(Newberry e t  a l ,  (1985) Eur J  Pharm 116,1 9 1 ). T h e ir  a c tio n  
on th e  peak am plitudes o f th e  s y n a p tic a l ly  evoked compound 
a c tio n  p o te n t ia l  (CAP) and th e  subsequen t 
h y p e rp o la r is a tio n  (AHP, peaking  200-300 ms l a t e r )  has now 
been s tu d ie d . The g a n g lio n ic  p o te n t ia l  was reco rd e d , us ing  
a ' g rea sed -g a p ' , from th e  in t e r n a l  c a ro t id  nerve and 
s in g le  s t im u li  were a p p lie d , a t  20-30s i n t e r v a l s ,  to  th e  
c e rv ic a l  sym pathetic  tru n k . At submaximal stim u lu s  
s t r e n g th s ,  c a rb a ch o l ( 1μM), m uscarine ( 1μM) and m ethyl 
fu rm e th ide  ( 0 .1 -0 .3 μM) in c rea sed  th e  am plitude o f th e  
CAP w h ile  d e p o la r is in g  th e  g an g lio n . A p reced ing  
h y p e rp o la r is a t io n  an d /o r an i n i t i a l  re d u c t io n  in  th e  CAP 
were sometimes e v id e n t. C arbachol and m uscarine i n i t i a l l y  
d ep ressed  and subseq u en tly  enhanced th e  am plitude o f th e  
AHP du rin g  th e  d e p o la r is a t io n .  M ethyl fu rm e th id e , which 
i s  s e le c t i v e  in  t h a t  i t  does n o t o v e r t ly  h y p e rp o la r is e  th e  
g ang lion  ( c f .  c a rb a ch o l and m u sca rin e ), sim ply enhanced 
th e  AHP. In  th e  p resen ce  o f g a llam ine  (10μM), which 
reduced  th e  AHP i t s e l f ,  th e  c a rb a c h o l-  and 
m uscarine-induced  d e p o la r is a t io n s  were la r g e r  b u t t h e i r  
d e p re ss io n  o f th e  AHP was reduced . P iren z ep in e  (0 .3 μM) 
reduced bo th  th e  ag o n is t- in d u c e d  d e p o la r is a t io n  and th e  
enhancement o f  th e  AHP. The in h ib i to ry  a c tio n  o f th e se  
compounds on th e  AHP was hard  to  dem onstrate  in  
p ire n z e p in e  s in c e  i t  reduced th e  AHP more than  g a llam in e .

M uscarin ic  a g o n is ts ,  th e r e f o r e ,  have complex a c tio n s  
on t h i s  gan g lio n  and some may be m ediated  by d i f f e r e n t  
re c e p to r  su b ty p es . The a c tio n s  on th e  AHP a re  in t e r e s t i n g  
because i t  has a s im i la r  tim e cou rse  to  th e  
ca lc ium -dependen t, po tassium -m edia ted  h y p e rp o la r is a tio n s  
reco rd ed  i n t r a c e l lu l a r ly  from th e se  c e l l s  (McAfee & 
Yarowsky (1979) J .  P h y s io l . ,  290 507).
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265.7 CHARACTERIZING MUSCARINIC RECEPTOR POPULATIONS IN RAT TRACHEA 
AND LUNG. H.S. B lax a ll* , L.N. K illian * ,  and R.W. G ardier*, (SPON: 
J . B. Lucot) ,  Dept. of Pharmacology and Toxicology, School of 
Medicine, Wright S ta te  Univ., Dayton, uhio 45435.

Parasympathetic innervation  of the airway term inates a t  muscar
in ic  neuroeffecto r s i te s  on sec re to ry  and smooth muscle c e l ls .  
I t  would be of p a r t ic u la r  m erit to  learn  whether there  e x is ts  
a heterogeneity  among these populations of m uscarinic recep to rs. 
Pharmacological d ifferences  between these s i te s  w ill c reate  the 
p o ten tia l fo r  new th erapeu tic  approaches to  several pulmonary 
d isease  s ta te s .  The non-c lassica l m uscarinic an tag o n ist, pirenze- 
p ine , d iv ides m uscarinic recep tors  in to  a t le a s t  two subtypes, 
M1- the high a f f in i ty  pirenzepine binding s i t e ,  and M2- the low 
a f f in i ty  pirenzepine binding s i te  (Hammer,R. e t  al . , Nature 
(London) 283:90, 1980). Previous s tud ies  have ind ica ted  th a t 
gallamine could fu n c tio n a lly  d iscern  sub-populations of muscarinic 
recep tors  in the superio r cerv ical ganglion of the ca t (G ardier, 
R.W., e t  al. , J . Pharmacol. Exp. Ther. 204: 46, 1978). Subsequent
ly ,  gal lamine binding curves in ra t  stria tum  determined by d is 
placement of L[3H] - quinuclid inyl b enzila te  ( [ 3H]-QNB) and obtained 
by non-linear regression  procedure, using SAS Release 79.6, gave 
a best f i t  2 - s i te  model, in the presence of agon ist (B lax a ll, 
H.S. and G ardier, R.W., Neurosci. A bstracts 8:339, 1982). These 
m ultip le  binding s i te s  fo r gallamine were confirmed by a H ill 
c o e ff ic ie n t <1.0. Recent evidence (C ortes, R. and P a lac io s, 
J.M ., Brain Research 362: 227, 1986) in d ica tes  th a t the gallamine 
high a f f in i ty  binding s i te  corresponds to  the pirenzepine M2 
recep tor s i t e ,  and th a t the low a f f in i ty  gallamine s i te  corresponds 
to the pirenzepine M1 recep tor s i t e .  Thus, the use of these 
two an tagon ists  can enable a more d e f in it iv e  assessment of the 
d iv e rs ity  of muscarinic receptors presen t in e x tra - and in tra p u l- 
monary airways.

Trachea and lungs were removed, fo l l owing thoracotomy, from 
anesthe tized  500g. male re tir e d  breeder Sprague-Dawley r a ts ,  
a f te r  the upper airway was flushed free  of blood with cold iso ton ic  
sucrose in jec ted  via the l e f t  heart and drained from the rig h t 
h ea rt. All t is su e  was used w ithin 30 days of s torage a t  -80°C. 
The t is su e  was divided in to  th ree  components, trach ea , bronchi 
and bronch io les, and parenchyma. The parenchyma was obtained 
by placing the lungs on a cold g lass p la te  and by b lunt d is se c tio n , 
paring or s trip p in g  the s o f t tis su e  from the intrapulm onary airway 
t re e .  The experimental procedure used fo r ligand binding was 
e s s e n tia lly  th a t of Yamamura, S .I . and Snyder, S.H. (Proc. N atl. 
Acad. S c i. USA 71:1725, 1974). A KD c irc a  0.020 nM was determined 
fo r a l l  tis su e  components with the c la ss ic a l an tagon ist [ 3H]-QNB, 
whereas e a r ly  findings suggest binding of pirenzepine and gallamine 
to these recep tors  d isp lay  non-c lassica l c h a ra c te r is t ic s .

265.8 CHARACTERIZATION OF A CARDIOSELECTIVE MUSCARINIC ANTAGONIST 
[ 3h]AF-DX 116 BINDING TO MUSCARINIC RECEPTORS. J-X . Wang, K. 
Gul y a , * M . S e r r a , * M. W a ts o n , W.R. R o e s k e  and H .I. Yamamura. 
D epartm ents o f  Pharmacology and In te rn a l  M edicine, U n iv e rs ity  of 
A rizona H ealth  S ciences  C en ter, Tucson, AZ 85724.

A novel card io se lec tiv e  cho linerg ic  an tagon ist AF-DX 116 
(11[2- diethylam ino)m ethyl]-1 -p ip e r id in y l]acety l ] -5 ,11-dihydro-6H- 
py rido[2 ,3 -b][1 ,4  benzodiazepine-6-one) was r e c e n t ly  syn thesized  
(C hem istry  D epartm ent a t  Thomae, W. Germany). We examined i t s  
pharmacological and b in d in g  p r o f i l e  to  m u sca rin ic  c h o lin e rg ic  
recep to rs  o f r a t  cereb ral c o r tic a l ,  c e reb e lla r and h ea rt membranes 
as w ell as human neuroblastoma c e l l  (SH-SY5Y) membranes. AF-DX 116 
in h ib i te d  [ 3h](-)QNB b in d in g  in  r a t  c e re b ra l  c o r t i c a l  and heart 
membranes and SH-SY5Y c e l l  membranes w ith Ki values of 176 nM, 
39 nM and 58 nM, re sp ec tiv e ly , while i t  in h ib ite d  [ 3h]PZ binding 
to  p u ta t iv e  M1 s i t e s  in  r a t  c e re b ra l  c o r t i c a l  membranes and in 
SH-SY5Y membranes as  w e ll w ith  Ki  v a lu e s  o f 532 nM and 447 nM, 
re s p e c t iv e ly .  The a p p aren t Ki  r a t i o  o f [ 3H](-)QNB(heart)/[3H]PZ 
(cortex) of 0.073 in d ica te s  th a t AF-DX 116 i s  card io se lec tiv e  and 
a re la t iv e ly  potent in h ib ito r  of p u ta tiv e  M2  c la ss  of muscarinic 
re cep to rs .

[ 3h]AF-DX 116 was recen tly  custom synthesized (54 Ci/mmole, New 
England Nuclear). We fu r th e r  evaluated i t s  s e le c t iv i ty  towards the 
c a rd ia c  (M2 ) s u b c la s s  o f m u sca rin ic  re c e p to r s  by com paring rat 
c ereb ral c o r tic a l  and h ea rt membrane preparations. [ 3h]AF-DX 116 
b in d in g  was assayed  r o u t in e ly  by a ra p id  f i l t r a t i o n  method in 
d i f f e r e n t  b u ffe red  m edia in  th e  absence ( t o t a l  b ind ing) or 
p resen ce  (n o n s p e c if ic  b in d in g ) o f 1 μM a tro p in e  s u l f a te  at 
d i f f e r e n t  te m p e ra tu re s . [ 3h]AF-DX 116 b in d in g  (5 nM) to  rat 
c e r e b r a l  c o r t i c a l  and h e a r t  membranes (0 .5  % f i n a l  conc. in  both 
ca se s )  reached  s tead y  s t a t e  w ith in  3 h a t  0 -4  °C and remained 
s ta b l e  up to  24 h a t  t h i s  te m p e ra tu re  in  both t i s s u e s .  For 
in h ib itio n  s tu d ies  5 nM [ 3h]AF-DX 116 was ro u tin e ly  used in  both 
c o r t i c a l  and h e a r t  membranes. A number o f m u sca rin ic  agonists 
(a c e ty lc h o l in e ,  c a r b a c h o l ,  o x o tr e m o r in e )  and a n ta g o n is ts  
(a trop ine, p irenzepine, AF-DX 116) in h ib ited  [ 3h]AF-DX 116 binding 
in  both  c e r e b r a l  c o r t i c a l  and h e a r t  membranes c o n s is te n t  with 
t h e i r  pharm acolog ic  v a lu e s . The o rd e r o f t h e i r  pharm acological 
potencies in  in h ib itin g  [ 3h]AF-DX 116 binding in  both tis su es  was 
a tro p in e  s u l f a t e ,  AF-DX 116, o x o trem o rin e , p iren zep in e  and 
carbachol. These s tu d ies  show th a t [ 3h]AF-DX 116 id e n t i f ie s  a high 
a f f in i ty  m uscarinic recep to r binding s i t e  in  the cerebral cortex 
and h e a r t  membranes and la b e l s  a s u b se t o f [ 3h](-)QNB labeled 
s i te s .  Supported by USPHS gran ts.

265.9 DIFFERENCES IN THE THERMODYNAMIC PROPERTIES OF PIRENZEPINE BINDING 
TO MUSCARINIC RECEPTORS IN MEMBRANES AND DIGITON IN-SOLUBILIZED 
PREPARATIONS FROM RAT BRAIN AND HEART.
L. Me i * .  J -X . W ang*. W.R. R o e s k e .  an d  H. I .  Y am am u ra . 
D ep t. o f  P harm aco lo g y  and I n t e r n a l  M e d ic in e , Col l .  o f  M e d ic in e , 
Univ. o f  A rizona, Tucson, AZ 85724

The th e rm o d y n am ic  p r o p e r t i e s  o f  p i r e n z e p in e  (PZ) b in d in g  to  
m u s c a r in ic c h o l i n e r g i c  r e c e p t o r s  (MAChR) i n  m em branes and 
d ig i to n in - s o lu b i l iz e d  p re p a ra tio n s  from  r a t  b ra in  and h e a r t  w ere 
s tu d ie d .

P iren z ep in e  bound w ith  h igh  and low a f f i n i t i e s  to  MAChR in  r a t  
b r a i n  m em branes. The d i s s o c i a t i o n  c o n s t a n t s ,  m e asu red  from  
PZ/[3h](-)QNB c o m p e titio n  ex p e rim en ts , w ere 5.3 nM, 13 nM and 24 
nM f o r  th e  h ig h  a f f i n i t y  s i t e s  (M1) , and 120 nM, 200 nM and 220 
nM f o r  th e  low  a f f i n i t y  s i t e s  (M2 ) a t  4°C, 25°C and 37°C, 
r e s p e c t i v e l y .  The r a t i o  o f  th e  h ig h  and th e  low  a f f i n i t y  s i t e s  
(70% vs 30%) was n o t a l t e r e d  by changing in c u b a tio n  te m p e ra tu re s . 
The KD v a lu e s  f o r  h e a r t  membrane MAChR w ere 280 nM, 400 nM and 
430 nM a t  4°C, 25°C and 37°C, r e s p e c t iv e ly .

V a n 't H o ff a n a l y s i s  o f  th e  d a t a  i n d i c a t e d  t h a t  th e  d r iv i n g  
fo rc e  fo r  PZ b in d in g  to  M1 re c e p to r s  i n  th e  b ra in  was m ain ly  from 
an exo therm ic  change o f  e n th a lp y  (Δ  H = -  8.0 Kca l  • mol-1  and T  Δ S  
= 2 .8  K c a l • m ol- 1 , a t  4°C). I n  c o n t r a s t ,  PZ 's b in d in g  to  th e  b r a i n  
M2 re c e p to r s  was found under th e  p redom inant c o n tro l o f  en tro p y  
( Δ H =  - 3 . 0  Kca l • m o l -1 and T  Δ S = 5.51 Kca l • m ol- 1 , a t  4°C). 
S im i l a r  r e s u l t s  w ere  o b ta in e d  f o r  th e  b in d in g  o f  PZ to  h e a r t  M2 
r e c e p t o r s  (Δ  h = -2 .5  Kc a l •m ol- 1 and T  Δ S = 6 .0  Kca l • m ol- 1 , a t  
4°C).

A fte r  be ing  i s o la te d  from  th e  membranes by s o lu b i l i z a t io n  w ith  
0 .5 % d i g i t o n i n ,  KD v a lu e s  w e re  8.5 nM, 30 nM and  75 nM i n  th e  
b r a i n  and 10 nM, 50 nM and  70 nM i n  th e  h e a r t  a t  4°C, 25°C and 
37°C, r e s p e c t iv e ly .  The n e g a tiv e  Gibbs f r e e  energy f o r  th e  b ind ing  
o f PZ in  both  t i s s u e s  r e s u l t e d  from  th e  change i n  en th a lp y  and th e  
ch an g e  i n  e n t ro p y  b ec ame u n f a v o r a b le  (Δ  h = -  11 Kca l • m o l-1 i n  
b o th  t i s s u e s  ; T  Δ S = -  9.0 and -  1.0 K ca l•m o l-1  i n  th e  b r a i n  and 
h e a r t ,  r e s p e c t iv e ly ,  a t  4°C).

The p r e s e n t  s t u d i e s  s u g g e s t  t h a t  d i f f e r e n t  m o l e c u l a r  
i n t e r a c t io n s  a re in v o lv ed  i n  th e  b in d in g  o f  PZ to  p u ta t iv e  M1 and 
M2  r e c e p to r s  i n  r a t  b ra in  and h e a r t  membranes, which may im p lic a te  
a  to p o g ra p h ic a l d i f f e re n c e  i n  th e  l ig a n d  b in d in g  s i t e s  o r  i n  th e  
v i c in i t y  o f  th e  r e c e p to r s  i n  th e se  two t i s s u e s .  S o lu b i l iz a t io n  
a l t e r e d  th e  ch an g e  i n  e n t r o p y  and c o n s id e r a b ly  au g m en ted  th e  
n e g a t iv e  change  i n  e n th a lp y  f o r  PZ b in d in g  i n  b o th  t i s s u e s ,  
i n d i c a t i n g  an  im p o r ta n t  c o n t r i b u t i o n  o f  r e c e p t o r - a s s o c i a t e d  
m e m b ran e  c o m p o n e n ts  t o  t h e  h e t e r o g e n e o u s  d r u g - r e c e p t o r  
i n t e r a c t i o n s  i n  th e s e  tw o t i s s u e s .  S u p p o r te d  by USPHS g r a n t s .

265.10 CHARACTERIZATION OF THE MUSCARINIC BINDING SITE HETEROGENEITY RE
VEALED BY PIRENZEPINE AND N-METHYLSCOPOLAMINE IN RAT BRAIN. Andrew 
B. Norm an*, Jam es H. E u b an k s* , S c o t t  N. B la k e r*  and I a n  C re e se . 
D e p t . o f  N e u r o s c ie n c e s ,  UCSD) S ch o o l o f  M e d ic in e , La J o l l a ,  CA 92093

The n o v e l  m u s c a r in ic  r e c e p t o r  a n ta g o n i s t  p i r e n z e p in e  d isc rim 
i n a t e s  m u l t i p l e  m u s c a r in ic  r e c e p t o r  b in d in g  s i t e s  hom ogeneously 
l a b e l e d  by [3H](-)QNB i n  b r a i n .  T hese  b in d in g  s i t e s  h av e  been pro
p o sed  to  r e p r e s e n t  d i s t i n c t  m u s c a r in ic  r e c e p t o r  s u b ty p e s  termed Ml 
and M2 w ith  r e s p e c t i v e  h ig h  and low  a f f i n i t y  f o r  p i r e n z e p in e .  The 
q u a te r n a r y  m u s c a r in ic  a n ta g o n i s t  ( - )N -m e th y ls c o p o la m in e  ((-)NMS) 
h a s  a l s o  b e e n  r e p o r t e d  to  d i s c r im i n a t e  m u l t i p l e  [3H](-)QNB binding 
s i t e s  i n  r a t  b r a i n .  We i n v e s t ig a t e d  w h e th e r  (-)NMS and pirenzepine 
d i s c r im i n a t e  th e  same p u t a t i v e  m u s c a r in ic  r e c e p t o r  s u b ty p e s .

The p r o t e i n  m o d ify in g  r e a g e n t  N -e th o x y c a r b o n y l- 2 - e th o x y - l ,2-di- 
h y d r o q u in o l in e  (EEDQ) a c t s  a s  an  i r r e v e r s i b l e  a n ta g o n i s t  o f [3H]- 
(-)QNB b in d in g  i n  r a t  b r a i n .  F o llo w in g  a d m i n i s t r a t i o n  o f  EEDQ (20 
m g/kg i . p . )  w h ich  re d u c e d  th e  Bmax o f  [3H](-)QNB by 56% in  r a t  
c e r e b r a l  c o r t e x ,  th e  c o m p e t i t io n  o f  p i r e n z e p in e  f o r  th e  remaining 
[3H](-)QNB b in d in g  s i t e s  r e v e a l e d  an  i n c r e a s e  i n  th e  p ro p o rt io n  of 
lo w e r a f f i n i t y  p i r e n z e p in e  b in d in g  s i t e s .  S i m i l a r ly ,  (-)NMS dis
c r im in a t e s  two [3H](-)QNB b in d in g  s i t e s  i n  hom o g en ates  o f  co rtex  
and t h e r e  was an  i n c r e a s e  i n  t h e  p r o p o r t io n  o f  [3H](-)QNB binding 
s i t e s  h a v in g  lo w e r a f f i n i t y  f o r  (-)NMS in  t i s s u e  from  EEDQ-treated 
r a t s .  T h u s , EEDQ a c t s  a s  a s e l e c t i v e  a n ta g o n i s t  o f  [3H](-)QNB bind
in g  s i t e s  h a v in g  h ig h  a f f i n i t y  f o r  b o th  p i r e n z e p in e  and (-)NMS. 
C o m p e ti tio n  o f  p i r e n z e p in e  f o r  [3H](-)NM S b in d in g  f i t s  to  a model 
a ssu m in g  two b in d in g  s i t e s  w hich  h av e  s im i l a r  a f f i n i t i e s  f o r  piren
z e p in e  a s  do th o s e  s i t e s  l a b e l e d  by [3H ](-)Q N B . T h u s , (-)NMS does 
n o t  d i s c r im i n a t e  th e  p u t a t i v e  Ml and M2 m u s c a r in ic  r e c e p t o r  sub- 
ty p e s  d i s c r im in a t e d  by p i r e n z e p in e .  P r o p y lb e n z i ly l c h o l in e  mustard 
(PBCM) a l s o  a c t s  a s  an  i r r e v e r s i b l e  a n ta g o n i s t  a t  m u s c a r in ic  recep
t o r s .  T re a tm e n t o f  h o m o g en a te s  o f  r a t  c e r e b r a l  c o r t e x  w ith  5 nM 
PBCM p ro d u ce d  an  i r r e v e r s i b l e  60% d e c re a s e  i n  t h e  Bmax o f [3H] (-)- 
QNB b in d in g .  The c o m p e t i t io n  o f  p i r e n z e p in e  f o r  th e  rem a in in g  [3H] 
(-)QNB b in d in g  s i t e s  d e m o n s tra te d  t h a t  th e  p r o p o r t io n s  o f  th e  high 
and low  a f f i n i t y  p i r e n z e p in e  b in d in g  s i t e s  w ere  u n a l t e r e d .  In con
t r a s t ,  t h e r e  was a  g r e a t e r  p r o p o r t io n  o f  [3H](-)QNB b in d in g  sites 
h a v in g  low  a f f i n i t y  f o r  (-)NMS i n  t h e  P B C M -trea ted  c o r t e x .  Thus, 
PBCM s e l e c t i v e l y  a lk y l a t e s  [3H](-)QNB b in d in g  s i t e s  h a v in g  high 
a f f i n i t y  f o r  (-)NMS b u t  d o es  n o t  d i s c r im i n a t e  m u l t i p l e  [3H](-)QNB 
b in d in g  s i t e s  h a v in g  d i f f e r e n t i a l  a f f i n i t y  f o r  p i r e n z e p in e .  Inter
e s t i n g l y ,  b o th  (-)NMS and th e  a c t i v e  form  o f  PBCM p o s s e s s  a posi
t i v e l y  c h a rg e d  n i t r o g e n  m o ie ty  and th e  p h y s io c h e m ic a l  p r o p e r t ie s  
may d e te rm in e  th e  a p p a re n t  su b ty p e  s e l e c t i v i t y  o f  t h e s e  two com
p o u n d s . T h e r e f o r e ,  i n  ho m o g en ates  o f  r a t  b r a i n  t h e r e  a p p e a r  to  be 
[3H](-)QNB b in d in g  s i t e s  h a v in g  t h r e e  d i s t i n c t  p r o p e r t i e s .

S u p p o rte d  by A lz h e im e r  C e n tre  G ra n t AG05131
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265.11 PROPERTIES OF MUSCARINIC ACETYLCHOLINE RECEPTORS ON INTACT 
CEREBRAL NEURONS FROM PRIMARY CULTURES OF CHICK EMBRYO BRAIN. 
M.H. Ja l i l i an T e h ra n i * , C .L . Thom pson*, and  E.M. B a rn e s ,  J r .  
Dept. o f B io c h e m is try , B a y lo r  C o l l . o f  M ed., H o u s to n , TX 77030 .

The b io ch em ica l and m o rp h o lo g ic a l  c h a r a c t e r i s t i c s  o f  p r im a ry  
cu ltu res o f n e u ro n s  from  th e  c h ic k  em bryo ce re b ru m  a r e  s im i l a r  
to those in  v ivo  [Thampy e t  a l .  (1 9 8 3 ) ,  Dev. B ra in  R es . 8 , 101- 
110]. S ince th e s e  p r e p a r a t i o n s  c o n ta in  few n o n -n e u ro n a l  c e l l s ,  
monolayer c u l tu r e s  r e p r e s e n t  an  o p e n , e x p e r im e n ta l l y  a c c e s s ib l e  
system fo r  i n v e s t i g a t io n  o f  th e  b io c h e m ic a l ,  b i o p h y s i c a l ,  and 
pharm acological p r o p e r t i e s  o f  c e r e b r a l  n e u ro n s .  The e x p r e s s io n  
of m uscarinic a c e t y l c h o l i n e  r e c e p t o r s  on i n t a c t  l i v i n g  n e u ro n s  
has been s tu d ie d  by th e  b in d in g  o f  [ 3H ]-N -m e th y lsc o p o la m in e  
(3 H]NMS), a m em brane-im perm eant m u s c a r in ic  a n t a g o n i s t ,  t o  c e l l  
monolayers a f t e r  8 day s  in  c u l t u r e .  S c a tc h a r d  a n a ly s i s  o f  
[ 3H]NMS b in d in g  to  i n t a c t  n e u ro n s  r e v e a l e d  a  s i n g l e  b in d in g  
s ite  with a d i s s o c i a t i o n  c o n s ta n t  (Kd ) v a lu e  o f  0 .1 1  nM. T h is  
value was q u i te  s im i l a r  t o  th o s e  o b t a in e d  fro m  c ru d e  membrane 
preparations o f  c u l tu r e d  n e u ro n s  (0 .2 5  nM), em b ry o n ic  b r a in  (16 
days in ovo, 0.11 nM), o r  a d u l t  b r a in  (0 .1 7  nM). H ow ever, th e  
den sities  of [ 3H]NMS b in d in g  s i t e s  (Bmax v a lu e s )  on i n t a c t  
neurons (0 .14  pmol/mg c e l l u l a r  p r o t e i n  o r  c ru d e  m embranes 
derived th ere fro m  (0 .21  pm ol/m g) w ere lo w e r th a n  th o s e  
estimated fo r em bryonic  ( 0 .4 8  pm ol/m g) o r  a d u l t  ( 0 .5 7  pm ol/m g) 
brain membranes. From th e  i n  s i t u  v a lu e ,  an e s t im a te  o f  2 2 ,0 0 0  
surface b ind ing  s i t e s  f o r  [ 3H]NMS was d e r iv e d  f o r  an  a v e ra g e  
cultured neuron. I f  c ru d e  membranes w ere u sed  f o r  s im i l a r  
estim ates, th e  number o f  b in d in g  s i t e s  p e r  c e l l  was 2 0 ,0 0 0 . 
The density  o f [ 3H]NMS b in d in g  s i t e s  on c e r e b r a l  n e u ro n s  was 
more than 4 tim es t h a t  r e p o r t e d  f o r  N1E-115 m u rin e  
neuroblastoma c e l l s  [ L i l e s  and  N a th a n so n  (1986) J .  N eurochem . 
46, 89- 953].

The m uscarin ic a n t a g o n i s t s ,  a t r o p i n e  and p i r e n z e p in e ,  
displaced [ 3H]NMS b in d in g  from  i n t a c t  n e u ro n s  i n  an a p p a r e n t ly  
monophasic manner w ith  IC 50 v a lu e s  o f  1 .5  nM and 280 nM, 
resp ec tiv e ly , w h ile  th e  IC 50 f o r  g a l la m in e  was g r e a t e r  th a n  10 
μM. The c h o lin e rg ic  a g o n i s t s ,  c a r b a c h o l ,  p i l o c a r p i n e ,  and  
oxotremorine, a ls o  d i s p l a c e d  [ 3H]NMS b in d in g  w i th  IC 50 v a lu e s  
Of 14 μM, 13 μM, and 1 .2  μM, r e s p e c t i v e l y .  The H i l l  
c o e ffic ien ts  fo r  a l l  t h r e e  a g o n i s t s  w ere below  u n i ty .  T hese  
resu lts  in d ic a te  t h a t  s i g n i f i c a n t  num bers o f  p h a rm a c o lo g ic a l ly  
relevant m uscarin ic  r e c e p t o r s  a r e  e x p re s s e d  d u r in g  d ev e lo p m en t 
of cerebral neurons in  v i t r o .

Supported in  p a r t  by g r a n t s  AM 17436 and NS 11535 fro m  NIH 
and DAMD17-84-C-4102 from  USAMRDC.
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266.1 SIMILARITY BETWEEN CLONIDINE AND METHIONINE ENKEPHALIN ON THE 
INHIBITION OF RABBIT RENAL NERVE ACTIVITY. H.M. R h ee . 
Department of Pharm aco logy , O ra l R o b e r ts  U n iv e r s i ty  S ch o o l o f  
Medicine, T u lsa , OK 74137

Hypotensive e f f e c t  o f  m e th io n in e  e n k e p h a l in  (M e t-e n k e p h a lin )  
is well e s ta b l is h e d  in  many a n e s t h e t i z e d  l a b o r a to r y  a n im a ls  
a fte r an in tra v en o u s  i n j e c t i o n  o f  th e  p e p t i d e .  L i t t l e  i s  known 
as to i t s  h y p o ten s iv e  m echanism s and s i t e ( s )  o f  a c t i o n  o f  th e  
peptide. In an e f f o r t  to  u n d e rs ta n d  th e  h y p o te n s iv e  a c t i o n  o f  
the pep tide , e f f e c t s  o f  m e t- e n k e p h a l in  and c lo n i d i n e  w ere 
compared on the  r a t e  o f  s y m p a th e tic  n e rv e  d i s c h a r g e .  W hite New 
Zealand r a b b i ts  ( 1 .5  -  2 .0  k g ) w ere a n e s t h e t i z e d  ( p e n t o b a r b i t a l  
30 mg/kg) and in s tru m e n te d  f o r  th e  m easurem ent o f  b lo o d  p r e s 
sure and h e a r t  r a t e .  S in c e  th e  d o m in an t n e rv e  a c t i v i t y  i s  
sympathetic in  r e n a l  n e rv e  o f  t h i s  s p e c i e s  a s  r e p o r t e d  p r e 
viously (Rhee e t  a l . ,  J .  P h a rm a c o l. Exp. T h e r . 2 3 4 :5 3 4 -5 3 7 , 
1985), m u lt iu n it  r e n a l  n e rv e  a c t i v i t y  (RNA) was d e te rm in e d  w i th  
the treatm ent o f  e i t h e r  m e t- e n k e p h a l in  o r  c lo n i d i n e .  B lood 
pressure was p ro ce sse d  to  o b t a in  s y s t o l i c ,  mean and  d i a s t o l i c  
pressures and RNA was i n t e g r a t e d  to  q u a n t i t a t e  n u m e r i c a l ly .

M et-enkephalin s u p p re s s e d  RNA in  p e p t id e  d o se  d e p e n d e n t ly  (3  
to 30 μg /kg , i . v . )  in  p a r a l l e l  w i th  th e  r e d u c t io n  o f  b lo o d  
pressure and h e a r t  r a t e .  The p e p t id e  n o t  o n ly  re d u c e d  RNA ( th e  
number of in te g r a t i o n  p e r  s e c ) ,  b u t a l s o  i n c r e a s e d  th e  d u r a t io n  
of RNA s u p p re s s io n . C lo n id in e  (2  to  20 μg /k g ,  i . v . )  in c r e a s e d  
blood p ressu re  i n i t i a l l y  f o r  3 to  5 s e c o n d s ,  w hich  was fo llo w e d  
by a profound, b u t g r a d u a l  r e d u c t io n  o f  b lo o d  p r e s s u r e  and 
heart r a te .  At a same tim e  c lo n id in e  re d u c e d  s i g n i f i c a n t l y  th e  
rate of RNA d isc h a rg e  (num ber o f  i n t e g r a t e d  RNA p e r  s e c )  a s  th e  
case of m e t-e n k e p h a lin . At th e  h ig h  d o s e ,  c lo n i d i n e  i n c r e a s e d  
the d u ratio n  o f RNA s u p p re s s io n  a s  th e  m anner t h a t  m e t-en k e p h 
a lin  d id . T here was no a p p a re n t  s y n e r g i s t i c  o r  a n t a g o n i s t i c  
in te rea c tio n  betw een th e  two d ru g s  i n  t h i s  s p e c i e s .  The s im - 
i l i a r i t y  between c lo n i d i n e  and m e t- e n k e p h a l in  in  t h e  s u p p re s 
sion of RNA in  p a r a l l e l  w i th  th e  h y p o te n s iv e  and  b r a d y c a r d ia c  
action of th e  d ru g s  s u g g e s t s  t h a t  th e  m echanism  o f  m e t-e n k e p h -  

a lin  a c tio n  i s  c e n t r a l  a c t i v a t i o n  o f  a d r e n e r g ic  r e c e p t o r s .

266.2 POLYCLONAL ANTISERUM TO A PARA-AMINOCLONIDINE  
CONJUGATE RECOGNIZES AN ENDOGENOUS CLONIDINE-LIK E  
SUBSTANCE(S) IN BRAIN. M .P. M eeley , A .C . T o w le* , L.K . C h a r* , P. 
E rn sb en re r an d  D .J . R e is. Lab. o f  N eurobio logy, C o rn e ll  Univ. Med. 
CoU., Ne w  Y ork, NY 10021.

C lon id ine , a  sy n th e tic  im id azo le , a c ts  to  lo w er a r t e r i a l  p re s su re  (AP) 
w ith in  th e  r o s t r a l  v e n tr o la te ra l  m ed u lla  (VLM) (G ra n a ta  e t  a l . ,  B rain  R e s ., 
1986 in p ress). An endogenous c lo n id in e-d isp lac in g  su b s ta n c e  (CDS) h as  
b e e n  iso la te d  fro m  b ov ine  b ra in  (A tla s  and  B u rste in , Eur. J .  B iochem ., 
144 287, 1984). R e c e n tly , we h av e  show n th a t  p a rt ia l ly -p u r if ie d  CDS 1) 
p o te n tly  d isp la c es  th e  c lo n id in e  a n a lo g  3H -p a ra-am in o c lo n id in e  (3 H -PA C) 
f ro m  bo v in e  VLM m em b ran es , 2) c o m p e te s  w ith  3 H -PA C  fo r  b inding  a t  
im id a zo le  s ite s  a s  w e ll a s  a lp h a 2-a d re n e rg ic  re c e p to rs  in VLM, and 3) 
lo w ers  AP w hen m ic ro in je c te d  in to  th e  r o s t r a l  VLM o f  th e  r a t  (M eeley  e t  
a l. ,  L ife  Sci. 38 1119, 1986). We so u g h t to  p ro d u ce  a n tib o d ie s  to  a  P A C - 
c o n ju g a te  and to  d e te rm in e  w h e th e r  th e s e  a n tib o d ie s  rec o g n iz e  
en d o g en o u s CDS(s) in  b ra in .

P o ly c lo n a l a n tib o d ie s  w ere  ra ise d  in a d u lt  m ale  S prag u e-D aw ley  r a t s  
im m u n ized  w ith  PA C  co u p led  to  lim ulus h em o cy an in  (coupling  e ff ic ie n c y , 
40% ). R a ts  w ere  in je c te d  w eek ly  w ith  P A C -co n ju g a te  (35 m g /k g , i.p . and  
s .c . ,  a s  1:1 em u ls io n  w ith  c o m p le te  F reu n d ’s a d ju v a n t)  o v e r 4 w eeks. 
Im m unoglobu lins w ere  p r e c ip i ta te d  fro m  se ru m  usin g  50% am m onium  
s u lf a te .  The b ind ing  p ro p e r t ie s  o f  th e  PA C  a n tise ru m  o b ta in e d  (a-P A C ) 
w ere  e x am in ed  by  in cu b a tin g  in  50 mM T ris -H C l (pH 7.4) w ith  3H -PA C  a t  
2 5 °C  fo r  1 h r ,  th e n  2 h r  a t  4 °C . The r e a c t io n  w as te rm in a te d  by ad d ing  
c a r r ie r  b ov ine  g am m a globu lin  (0.125% ) and  7.5%  p o ly e th y len e  g ly co l to  
p r e c ip i ta te ,  fo llo w ed  by  rap id  f i l t r a t io n .  N o n sp ec ific  b inding  w as d e fin e d  
u sin g  20 uM  u n lab e le d  PA C . S p ec ific  b inding  o f  3H -PA C  to  a -P A C  (1:500 
d ilu tio n ) co m p rise d  71 ± 6% o f  th e  t o ta l  b ind ing  ( a t  0.6 nM 3 H -P A C ; n=3), 
w as sa tu ra b le  and  o f  high  a f f in ity . a -P A C  e x h ib ited  tw o  b inding  s i te s  w ith  
d i f f e re n t  a f f in i t ie s  f o r  3H -P A C  w hich p resu m ab ly  co rre sp o n d  to  a t  l e a s t  
tw o  a n tib o d ie s  in  th e  se ru m  (K d h =0 .8±.3 nM , K D l =348±1000 nM , n =3, 
LIGAND p ro g ram ). C o m p e titio n  a g a in s t  1nM 3 H -P A C  show ed t h a t  b o th  
PA C an d  c lo n id in e  had  s im ila r  a f f in i t ie s  fo r  a -P A C  (IC 50=3.9±.4  and  
4 .2 ±2.7 nM , r e sp e c tiv e ly ) .  B inding o f  a -P A C  w as sp e c if ic :  c ro s s - re a c tiv ity  
w as n o t  o b se rv ed  (IC 50 > l  mM) w ith  th e  t ra n s m i t te r s  n o rep in ep h rin e , 
e p in e p h rin e , h is ta m in e , GABA, TR H , n o r w ith  s e v e ra l  im id azo le  
com p o u n d s. N ap h azo lin e , a  n a p h th y le n y l im id azo le , in h ib ite d  3H -PA C  
b ind ing , b u t  a t  m uch h ig h er c o n c e n tra t io n s  (IC 50=19±2 μ M). CDS, 
p a rtia lly -p u r i f ied  fro m  b ov ine  b ra in  (M eeley  e t  a l. ,  op . c i t . ) , a lso  in h ib ited  
s p e c if ic  3 H -PA C  binding  to  a -P A C  (IC 50 ap p ro x . 3.7 U nits), b u t  d id n o t 
a f f e c t  n o n sp e c if ic  b inding .

We c o n c lu d e  th a t  1) a n tib o d ie s  c a n  be  p ro d u ced  in  r a t s  a g a in s t  a  P A C - 
c o n ju g a te  w hich  a r e  o f  high  a f f in ity  an d  s p e c if ic  fo r  PA C and  fo r  
c lo n id in e  i ts e lf ;  2) a -P A C  b inds s tro n g ly  to  co m p o n en t(s) in b ra in  e x tr a c ts  
c o n ta in in g  CD S; and  3) a -P A C  m ay rec o g n iz e  endogenous c lo n id in e  like  
su b s ta n c e (s )  in b ra in  th o u g h t to  p a r t ic ip a te  in b ra in s te m  c a rd io v a sc u la r  
c o n tro l .
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266.3 RAPID DESENSITIZATION OF THE CENTRAL PRESSOR ACTION OF LY171555, 
A SPECIFIC DOPAMINE D2 RECEPTOR AGONIST, IN THE CONSCIOUS RAT. 
Y .Igarash i* , Y.F.Chen, J.M.Wyss and S .O p aril, Hypertension 
Research Program, U niversity  of Alabama a t  Birmingham, AL 35294

Previous stud ies in our laborato ry  have demonstrated th a t 
intravenous ( iv ) bolus in jec tio n  of the sp ec ific  dopamine (DA) D2 
recep tor ag o n ist, LY171555 (LY), increases mean a r te r ia l  pressure 
(MAP) in conscious Sprague-Dawley (SD) ra ts  through a c en tra l DA 
mechanism and th a t the cen tra l pressor e f fe c t  of LY can mask the 
peripheral depressor actions of the drug. To fu r th e r  in v estig a te  
the con tribu tions  of cen tra l and peripheral D2 receptors to the 
regu la tion  of card iovascu lar func tion , card iovascu lar responses 
to  sustained  infusion  of LY and to  sustained  infusion  of LY 
followed by bolus in jec tio n s  of LY were examined in conscious, 
unrestra ined  SD ra ts .  Continuous iv infusion  of LY (50μg/50μl /  
kg/min) fo r  120 min induced a tra n s ie n t (<60min) p resso r response 
followed by norm alization of MAP. A higher dose (100μg/50μl/k g / 
min) of LY caused a more rapid and abbreviated p ressor response, 
followed by a depressor response and a compensatory increase in 
h eart ra te .  An iv bolus in jec tio n  of LY (1-4 mg/kg) 30 min a f te r  
the end of the infusion  of LY a t  e i th e r  concen tra tion , induced 
dose-dependent depressor responses which were blocked by 
pretreatm ent with domperidone, a peripheral D2 an tagon ist. 
Immediately following 120 min of the low concentration  (50μg/kg/ 
min) LY in fusion , plasma norepinephrine and epinephrine were 
s ig n if ic a n tly  e levated  above the leve ls  present in ra ts  which 
were infused with sa lin e .
Table I ΔMAP (mmHg), infusion  time

15 min 30 min 60 min 120 min
Saline (n=6) 0.5±0.7 0 .5±1.5++ 1.3±3.8 - 2 .1±1.5
LY(50μg/kg/min) (n=10) 13.3±4.0**++19.2±4.0** 4 .1±3.7 0.3±3.0
LY(100μg/kg/min)(n=10) 16.9±2.1** 4.7±1.6* -2.8±2.2 -10.3±1.7**
*p<0.05, **p<0.01, compared to  basal value. ++p<0.01, compared to 
sa lin e  control group.
Table II

ΔMAP (mmHg), dose of LY in jec tio n
lmg/kg 2mg/kg 4mg/kg

with domperidone 3 .2±0 :3** 4 .0±0.4** 7 .4±0.6**
pretreatm ent(n=6)

w ithout domperidone 11.9±0.8 8 .0 ± l.1 23.3±2.1
pretreatm ent(n=10)

**p<0.01, compared to  w ithout domperidone pretreatm ent group.
We conclude th a t  infusion of LY produces only a tra n s ie n t 
c e n tra lly  mediated p ressor e f fe c t  and th a t the peripheral 
depressor action  of LY on D2 recep tor is  expressed following 
d e se n s itiz a tio n  of cen tra l D2 receptors by continous in fusion . 
Thus cen tra l D2 recep tors appear to  be p resso re rg ic , whereas 
peripheral D2 receptors are assoc iated  with depressor responses.

266.4 EFFECTS OF SINOAORTIC DENERVATION OR NODOSECTOMY ON ANGIOTENSIN II 
RECEPTOR EXPRESSION IN THE SOLITARY-VAGAL AREA OF THE RAT. D.P. 
Healy, R. Rettig, T. Nguyen* and M.P. Printz. Department of 
Medicine, M-013H, University of California-San Diego, La Jolla, 
CA, 92093.

The solitary-vagal area (SVA) receives primary baroreceptor 
afferents from the carotid sinus and aortic arch and gives rise to 
the efferent outflow of the baroreceptor reflex.  Injections of 
angiotensin II (ANG II) directly into the solitary-vagal area of 
the rat e l i c i t  moderate dose-dependent changes in ar terial  pres
sure and heart rate (Rettig et a l .  Brain Res. 364:233, 1986) and 
in h ib i t  the baroreceptor re flex  (Casto and P h i l l ip s ,  Am. J, 
Physiol. 250:R193, 1986). In addition, the SVA contains both ANG 
II- l ike immunoreactive neurons and ANG II receptors (Healy et al., 
Clin. Exp. Hyperten. A6:1743, 1984). These lines of evidence 
suggest that an endogenous ANG II neuropeptide system within the 
SVA may modulate baroreceptor act iv i ty .  To gain further insight 
into the relationship between baroreceptor afferents and the en
dogenous ANG II systems within the SVA, we determined whether ANG 
II receptors within the SVA were altered following either selec
tive disruption of the baroreceptor afferent input by sinoaortic 
denervation or complete disruption the vagal afferent and efferent 
fibers following nodose ganglionectomy (anterograde afferent and 
retrograde efferent degeneration). Changes in ANG II receptor 
d istr ibution, density or affin i ty  were analyzed by quantitative in 
vitro autoradiography. Adult male Sprague-Dawley rats were bi
la tera l ly  sinoaortic denervated (SAD) in a two-step operation 
under pentobarbital anesthesia; unilateral denervation with a 7 
day survival period followed by contralateral denervation. Addi
tional sets of rats were ei ther unilaterally nodosectomized (NDX) 
or sham operated. One week following surgery the animals were 
processed for quantitative in vitro autoradiography using [1251]- 
sarl,ile8-ANG II and iodinated standards. SAD rats exhibitted a 
small but significant decrease (15%) in ANG II receptor density 
within the medial nuclues tractus soli tar ius (NTS) and dorsal 
motor vagal nucleus (DMV). In contrast , NDX rats exhibitted a 
marked decrease in ANG II receptor density ipsi la teral ly  at all 
levels  of the NTS (40%) and the DMV (60%). ANG II receptors 
within the area postrema were unchanged. These results indicate 
that ANG II receptors may be localized on some portion of both 
baroreceptor and general visceral vagal afferent fibers to the NTS 
and on vagal efferent neurons of the DMV. Moreover, these results 
suggest that  ANG II systems within the SVA are not associated 
exclusively with baroreceptor afferents, but rather may play a 
more generalized role in modulating vagal afferent input. 
(Supported by HL-25457.)

266.5 IONIC CURRENTS OF ISOLATED NEURONS OF SOLITARY TRACT NUCLEUS. 
D.L. Kunze. D ept. P hysio logy  and M olecular B io p h y sic s, B aylor 
C o llege  o f  M edicine, H ouston, TX 77030.

C e lls  were i s o la te d  from th e  m edial and d o rs a l n u c le i  o f the  
s o l i t a r y  t r a c t  o f  th e  m edulla o f  a d u l t  guinea p ig s  in  o rd e r to  
examine th e  e l e c t r i c a l  p ro p e r t ie s  o f  neurons in  an a rea  which i s  
in vo lved  in  th e  c o n tro l o f a r t e r i a l  p re s s u re  and h e a r t  r a t e .  
P redom inantly  b ip o la r  c e l l s  o f  app rox im ate ly  10 μ d iam eter were 
o b ta in ed  upon enzym atic d is p e r s io n  u s in g  p apa in  o r t r y p s in .  The 
io n ic  c u r re n ts  o f the  c e l l s  were s tu d ie d  u s in g  th e  p a tch  
te chn ique  fo r  whole c e l l  re c o rd in g . A pproxim ately one th i r d  o f  
th e  c e l l s  e x h ib ite d  spontaneous a c t i v i t y  in  normal ty ro d es  
s o lu t io n  in  v o lta g e  re c o rd in g s . A TTX s e n s i t i v e  Na c u r r e n t ,  
inw ard ly  r e c t i f y in g ,  de layed  r e c t i f y in g  and c a lc iu m -a c t iv a te d  
po tassium  c u r re n ts  were i d e n t i f i e d .  Of p a r t i c u l a r  i n t e r e s t  were 
th e  ca lcium  c u r r e n t s .  A ction  p o te n t ia l s  e l i c i t e d  b y 
d e p o la r iz in g  v o lta g e  p u ls e s  in  th e  p resen ce  o f  10–5 TTX were 
e lim in a te d  by th e  a d d i tio n  o f 1 mM Cd to  th e  b a th  and thus  
appeared  to  be ca lcium  m ediated . In  a l l  c e l l s  s tu d ie d , two 
v o lta g e  dependent components to  the  ca lcium  c u r re n t  were 
id e n t i f i e d .  In  10 mM Ca a h igh  th re sh o ld  component was 
a c t iv a te d  a t  app rox im ate ly  -20 to  -10 mV from h o ld in g  p o te n t ia l s  
o f  -30 mV. A second low er th re sh o ld  component was a c t iv a te d  a t  
about -40 mV from more n eg a tiv e  h o ld in g  p o te n t ia l s  o f  -80 mV. 
The low th re sh o ld  component was ra p id ly  in a c t iv a t in g  w hile  the  
h igh  th re sh o ld  c u r re n t  was slow ly  o r  non in a c t iv a t in g .  The peak 
am p litudes  o f  th e  two components were s im i la r  and o cc u rre d  a t  
-10 mV fo r  th e  low th re sh o ld  channel and +10 mV fo r  th e  h igh  
th re sh o ld  channel in  10 mM Ca. Both components were b locked  by 
1 mM Cd. Both components were p re s e n t in  th e  soma. A ro le  fo r  
th e  low th re sh o ld  c u r re n t  in  g e n e ra tin g  r e p e t i t iv e  a c t i v i t y  in  
NTS neurons i s  p o s tu la te d .  Supported  by AHA - Texas A f f i l i a t e .

266.6 CH O LIN ERG IC M ECHANISMS IN ROSTRAL VENTROLATERAL 
M EDULLA (RVL) PA RTICIPA TE IN THE TONIC CONTROL OF 
ARTER IA L PRESSU RE (AP) AND MEDIATE VASOPRESSOR ACTION OF 
SYSTEM ICALLY ADM INISTERED PHYSOSTIGM INE (PS). R. Giuliano*, 
P. E rn sb erg e r, V. A rango, D. R ugg iero  and  D .J . R eis.  Lab. of 
N eurobio logy, C o rn e ll Univ. Med. C o ll., N .Y ., N .Y . 10021.

Both fu n c tio n a l (JP E T  231: 457, 1984; SNA 11: 491, 1985) and 
n e u ro c h e m ic a l (F ed . P ro c . 45: 3422, 1986) ev id en ce  su p p o rt cholinergic 
n e u ro tran sm iss io n  in an  a re a  o f  th e  RVL co n ta in in g  e p in ep h rin e  neurons 
( C l  a re a ) .  We so u g h t to  d e te rm in e  w h e th e r  c h o lin e rg ic  m echan ism s in the 
RVL (1) invo lve lo ca l neu ro n s and  m u sca rin ic  r e c e p to rs ,  (2) p a rtic ip a te  in 
th e  to n ic  re g u la tio n  o f  AP and  (3) m ed ia te  th e  p re s so r  e f f e c t  o f  systemic 
PS. C ho line a c e ty l tr a n s fe ra s e  (ChAT) w as im m unocytochem ically  
lo ca liz e d  to  p e rik a ry a  and  v a ric o se  p ro ce sse s  in th is  reg io n , with 
p e rik a ry a  p red o m in an tly  lo ca liz e d  to  th e  re tro fa c ia l-a m b ig u u s  complex 
an d  m ed ia l a s p e c t  o f  th e  RVL a d ja c e n t  to  th e  v e n tr a l  s u rf a c e . Muscarinic 
b ind ing  s i te s  in RVL lab e led  w ith  3H -q u inuclid iny l b e n z y la te  (3H-QNB) 
w ere  id e n tif ie d  a u to ra d io g ra p h ic a lly  and  q u a n tif ie d  by  im ag e  analysis. 
3 H-QNB b inding  w as c o r r e c te d  fo r a u to ra d io g ra p h ic  efficiency, 
d e te rm in e d  by a  n ove l m eth o d , and  ex p ressed  a s  % o f  g re y  m a t te r  value. 
C o r re c te d  3H-QNB bind ing  v a lu e s  in d ic a te  t h a t  th e  RVL co n ta in s  a 
s u b s ta n t ia l  c o n c e n tra t io n  o f  m u sca rin ic  re c e p to rs  (145±7 fm o l/m g ). In 
c o m p ariso n  th e  n. hypog lossi w as h ig h es t (234±11), th e  n u c leu s  trac tus 
s o li ta r i i  in te rm e d ia te  (159±7) an d  th e  p y ram id a l  t r a c t  lo w es t (23±2). In 
a n e s th e tiz e d  (u re th an e ), p a ra ly z e d  ( tu b o c u ra rin e ) and  v e n ti la te d  rats 
(n=10) PS (100/μg /k g , i.v .) evoked  an  in c re a se  in AP (46±4 mm  Hg) which 
w as re v e rse d  by b i la te r a l  e le c t ro ly t ic  les io n s  o f  th e  C l  a re a  o r local 
m ic ro in je c tio n  o f  GABA (10 nm o l/1 0 0  nl). B ila te ra l  e le c t ro ly t ic  lesions or 
a d m in is tra t io n  o f  k a in ic  a c id  in to  th e  C l  a re a  (1 nm o l/1 0 0  nl) prevented 
th e  p re s so r  resp o n se  to  PS (n=12). B ila te ra l  in je c tio n  o f  scopo lam ine (3 
n m o l/1 0 0  nl), b u t  n o t h ex am eth o n iu m  (3 nm o l/1 0 0  nl), in to  th e  sam e  area, 
though  n o t in to  th e  rap h e  reg io n , a b o r te d  (m m H g: from  130±8 to  102±12, p 
< 0 .0 5 ) and  b lo ck ed  (19%  o f  c o n tro l ,  p <  0.05) th e  p re sso r e f f e c t  o f  PS 

(n=12). L oca l p r e t r e a tm e n t  by  m ic ro in je c tio n  o f  h em ich o lin iu m -3  (HC-3) 
(3 n m o l/1 0 0  nl) to  d e p le te  C l  a r e a  o f  a c e ty lc h o lin e  (n=6) su bstan tia lly  
a t t e n u a te d  th e  h y p e rte n s io n  e l ic ite d  by  PS a t  1 0 0 /u g /k g  (m m H g: 15±4 vs. 
57±9, p < 0.01) o r  1000 /u g /k g  (m m H g: 47±9 vs. 79±4 m m H g, p  <  0.05). 
R e s tin g  m ean  AP f e l l  s ig n if ic a n tly  a f t e r  b i la te r a l  m ic ro in je c tio n  of 
s co p o lam in e  (24±2 m m H g) o r  H C -3 (22±5 m m H g), b u t n o t  a f t e r  local 
a d m in is tra t io n  o f  v e h ic le  (0 .9%  N aC l, pH  7.4). P re sso r resp o n siv en ess  to 
L -g lu ta m a te  m ic ro in je c tio n  w as p re se rv e d .

We co n c lu d e  t h a t  1) in tr in s ic  ch o lin e rg ic  n e u ro n s a re  p re s e n t  in the 
RVL; 2) th e  C l  a r e a  o f  th e  RVL c o n ta in s  a  high  d e n s ity  o f  m uscarinic 
r e c e p to rs ;  3) re le a se  o f  a c e ty lc h o lin e  w ith in  th e  C l  a r e a  c o n tr ib u te s  to 
m a in ten a n c e  o f  re s t in g  AP, and  4) th e  C l  a r e a  is a  s i t e  o f  a c tio n  o f the 
h y p e rte n s io n  e lic ite d  by  sy s te m ic a lly  a d m in is te re d  PS.
(S u p p o rted  in p a r t  by  NIH g ra n t  HL07378)
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266.7 CENTRAL INFUSION OF ALDOSTERONE (ALDO) SELECTIVELY REDUCES THE 
PRESSOR RESPONSE PRODUCED BY INTRAVENTRICULAR ARGININE-VASOPRESSIN 
(AVP). P . J a n i a k ,  R. L . D undore and M .J . B ro d y . D e p t.  o f  
Pharm acology and CV C e n te r ,  U niv  o f  Io w a, Iowa C i ty ,  IA 52242 .

A lthough m in e r a l o c o r t i c o i d  b in d in g  s i t e s  have b een  d e m o n s tra te d  
in  b r a in ,  l i t t l e  i s  known a b o u t t h e i r  p h y s io l o g ic a l  r o l e .  The
purpose o f t h i s  s tu d y  was to  e v a lu a t e  th e  i n t e r a c t i o n  be tw een  ALDO 
and c e n t r a l l y - a c t i n g  p r e s s o r  a g e n t s .  Two c a n n u la e  w ere im p la n te d  
in  the  l a t e r a l  v e n t r i c l e s  o f  m ale  S p rag u e-D aw ley  r a t s  (3 0 0 -4 0 0 g ) . 
The fem o ral a r t e r y  and v e in  w ere c a t h e t e r i z e d  f o r  p r e s s u r e  
measurement and d ru g  a d m i n i s t r a t i o n .  On day one (D1 ) ,  mean 
a r t e r i a l  p r e s s u r e  (MAP) and h e a r t  r a t e  (HR) w ere re c o rd e d  in  c o n s 
cious r a t s  d u r in g  IVT i n j e c t i o n  o f AVP (4 0 0 n g ) , a n g io t e n s in  I I  
(ANG I I  150ng) and c a rb a c h o l  (CAR 1 5 0 n g ) . An o sm o tic  m inipum p was 
then im plan ted  f o r  IVT i n f u s i o n  o f  ALDO ( 5 n g /μl / h r : a  d o se  t h a t  ap 
proxim ates 5% o f d a i l y  a d r e n a l  s e c r e t i o n )  o r  v e h ic l e .  Two d ay s  
la te r  (D3), th e  a g e n ts  w ere r e p e a t e d  and th e  m inipump was rem oved. 
On day 5 (D 5), th e  r e s p o n s e s  w ere s tu d i e d  a g a in .  C e n t r a l  i n f u s io n  
of ALDO d id  n o t a l t e r  r e s t i n g  MAP o r  HR. R e s u l ts  a r e  sum m arized  in  
the fo llow ing  t a b l e :

I n c r e a s e i n  MAP (mm Hg)
Day 1 Day 3 Day 5

ALDO (n=7) AVP 45 ±  11 9 ± 3 * 38 ± 9
ANG I I 22 ± 4 20 ± 4 14 ± 2
CAR 16 ± 5 17 ± 6 15 ± 3

VEHICLE (n=6) AVP 38 ± 7 79 ± 15 89 ± 19
ANG I I 20 ±  6 22 ± 5 24 ±  6
CAR 16 ± 5 17 ± 6 15 ± 3

* - S ig n i f i c a n t  d i f f e r e n c e  from  b o th  day  1 i n  ALDO 
g ro u p  and day 3 i n  v e h ic l e  g ro u p .

ALDO s ig n i f i c a n t l y  d e c re a s e d  th e  p r e s s o r  re s p o n s e  to  AVP w i th 
out a l t e r in g  th e  re s p o n s e s  to  ANG I I  and CAR. A f t e r  rem oval o f  
ALDO, the p re s s o r  re s p o n s e  to  AVP r e tu r n e d  to  th e  p r e t r e a tm e n t  
lev e l. In c o n t r a s t ,  th e  r e s p o n s e  to  AVP was en h an ced  on D3 and D5 
in the v e h ic le  t r e a t e d  g ro u p . In  a  s e p a r a te  e x p e r im e n t ,  th e  e f 
fect of ALDO on g rad e d  d o se s  o f  c e n t r a l l y  a d m in is t r e d  AVP and ANG 
11 was e v a lu a ted  a lo n g  w ith  th e  r e s p o n s e s  to  i n t r a v e n o u s ly  (IV ) 
in jec ted  AVP. The s e l e c t i v e  d e p r e s s io n  o f th e  p r e s s o r  e f f e c t  o f  
AVP was s ig n i f ic a n t  a t  a l l  d o se s  (1 0 ,3 3 ,1 0 0  n g ) .  The a c t i o n  c o u ld  
not be a t t r ib u t e d  to  d e p re s s e d  c a r d i o v a s c u l a r  r e a c t i v i t y  s in c e  th e  
pressor a c tio n  o f  IV AVP was u n c h a n g ed .

These d a ta  i n d i c a t e  t h a t  c o n tin u o u s  c e n t r a l  i n f u s i o n  o f  ALDO 
can s e le c t i v e ly  a t t e n u a t e  th e  c e n t r a l l y  m e d ia te d  p r e s s o r  e f f e c t  
of a wide range  o f  d o se s  o f  AVP. I n t e r a c t i o n s  b e tw een  ALDO and AVP 
may be in v o lv ed  in  c e n t r a l  r e g u l a t i o n  o f  c a r d i o v a s c u l a r  f u n c t i o n .  
(Supported in  p a r t  by HLB-14388 and R oussel-U C LA F ).

266.8 SYSTEMIC AND REGIONAL HEMODYNAMIC EFFECTS OF THYROTROPIN 
RELEASING HORMONE IN CONSCIOUS RATS. A .-L . S i r e n * ,  #C .R . 
Lake and  G. F e u e r s t e i n . N e u ro b io l .  R e s . D i v . , D ep t. 
N e u r o l . and  # D ep t. P s y c h i a t . , USUHS, B e th e s d a ,  MD 20814.

The hem odynam ic and  n e u r a l  m echan ism s u n d e r ly in g  th e  
p r e s s o r  and  ta c h y c a r d i c  r e s p o n s e s  t o  i n t r a c e r e b r o v e n t r i -  
c u l a r l y  ( ic v )  a d m in is te r e d  t h y r o t r o p i n  r e l e a s i n g  horm one 
(TRH) w ere  s tu d i e d  in  c o n s c io u s  r a t s  (300 -340g) c h r o n ic 
a l l y  in s t r u m e n te d  f o r  c a r d i a c  in d e x  (CI , th e r m o d i lu t io n )  
o r  b lo o d  f lo w  (BF, d i r e c t i o n a l ,  p u ls e d  D o p p le r  m ethod) 
m e a su re m e n ts . TRH (0 .0 0 8 -8  n m o l/k g  ic v )  in d u c e d  r i s e s  
o f  mean a r t e r i a l  p r e s s u r e  (MAP), h e a r t  r a t e  (HR) and  CI  
b u t  had  no e f f e c t  on t o t a l  p e r i p h e r a l  r e s i s t a n c e  in d e x .  
The BF in  h i n d q u a r t e r s  (HQ) i n c r e a s e d  w h ile  i n  m e s e n te r 
i c  (M) and  r e n a l  (R) a r t e r i e s  TRH i c v  p ro d u c e d  v a so c o n 
s t r i c t i o n .  A l l  t h e  e f f e c t s  o f  TRH w ere  d o s e - r e l a t e d .  
More th a n  1 0 0 0 - f o ld  o f  th e  i c v  d o s e  was n e ed e d  to  p r o 
d u ce  c o m p a ra b le  hem odynam ic r e s p o n s e s  by TRH i v . I n  s i n o -  
a o r t i c  d e n e r v a te d  (SAD) r a t s  w h ich  d i s p l a y e d  l a b i l e  h ig h  
b lo o d  p r e s s u r e  and  c o m p le te  la c k  o f  r e f l e x  b r a d y c a r d ia  
t o  p h e n y le p h r in e ,  a l l  t h e  r e p o r t e d  e f f e c t s  o f  TRH ic v  
w ere  m a rk e d ly  p o t e n t i a t e d .  E le v a te d  c i r c u l a t i n g  l e v e l s  
o f  c a te c h o la m in e s  w ere  fo u n d  d u r in g  th e  p r e s s o r / t a c h y -  
c a r d i c  r e s p o n s e  t o  TRH, w h e re a s  p la sm a  r e n in  a c t i v i t y  o r  
v a s o p r e s s i n  was n o t  e f f e c t e d  by  TRH. F u r th e r  e v id e n c e  
f o r  a r o l e  o f  s y m p a th o a d re n o m e d u lla ry  sy s te m  in  TRH e f 
f e c t s  w ere  p ro v id e d  by th e  f in d i n g s  t h a t  p h e n to la m in e  
(α i +α 2 a d r e n o c e p to r  b lo c k e r )  b lo c k e d  th e  p r e s s o r  and M 
v a s o c o n s t r i c t o r  e f f e c t s  o f  TRH i c v  and unm asked a  R v a 
s o d i l a t a t i o n .  The β- b lo c k e r  p r o p r a n o lo l  p a r t l y  b lo c k e d  
th e  c a r d i o t o n i c  and  HQ v a s o d i l a t o r  a c t i o n s  o f  TRH i c v .  
In  b i l a t e r a l l y  a d r e n a l  d e m e d u lla te d  r a t s  (ADM-x) t h e  r i 
s e s  o f  MAP, HR and CI  p ro d u c e d  by TRH i c v  w ere  a t t e n u a t 
ed  and  th e  R v a s o c o n s t r i c t i o n  a b o l i s h e d  w h ile  f u r t h e r  
t r e a tm e n t  o f  t h e  ADM-x w ith  t h e  s y m p a th e t ic  b lo c k e r  
b r e ty l iu m  p ro d u c e d  a  m ore c o m p le te  b lo c k a d e  o f  a l l  TRH 
a c t i o n s .  H ow ever, a r e s i d u a l  TRH r e s p o n s e  was a l lw a y s  
p r e s e n t  i n  ADM-x th o u g h  TRH had  no e f f e c t  on p la sm a  c a 
te c h o la m in e s  i n  t h e s e  r a t s .  U n i l a t e r a l  r e n a l  d e n e r 
v a t i o n  had  no e f f e c t  on th e  R v a s o c o n s t r i c t i o n  by TRH. 
The p r e s e n t  f i n d i n g s  p r o v id e  e v id e n c e  w h ich  t o g e t h e r  
w ith  t h e  n e u ro a n a to m ic a l  and  b io c h e m ic a l  d a t a  ( S h a r i f ,  
TIPS 6 :1 1 9 - 1 2 1 ,  1 9 8 5 ) s u p p o r t  a p o t e n t i a l  r o l e  f o r  TRH in  
t h e  c e n t r a l  c a r d i o v a s c u l a r  c o n t r o l .  Our d a t a  a l s o  s u g 
g e s t  a  d i f f e r e n t i a l  in v o lv e m e n t o f  a d r e n a l  m e d u lla  and 
s y m p a th e t ic  n e rv e s  in  TRH a c t i o n s  and  c a l l  f o r  a  r o l e  o f  
a d r e n a l  m e d u lla  in  t h e  r e g u l a t i o n  o f  RBF.

266.9 EFFECT OF AFFERENT RENAL NERVE STIMULATION ON PLASMA VASOPRESSIN 
LEVELS. M.M. C averson  and J .  C i r i e l l o . D e p t . o f  P h y s io lo g y ,  
U niversity  o f  W estern  O n ta r io ,  London, Canada N6A 5C1.

Recent e l e c t r o p h y s i o lo g i c a l  s t u d i e s  from  o u r  l a b o r a to r y  h av e  
shown th a t  s in g l e  u n i t s  i n  th e  p a r a v e n t r i c u l a r  n u c le u s  o f  th e  c a t  
an tid ro m ic a lly  a c t i v a t e d  by s t i m u l a t i o n  o f  th e  n e u ro h y p o p h y s is  (NH) 
are e x c ite d  o r th o d r o m ic a lly  by s t i m u l a t i o n  o f  a f f e r e n t  r e n a l  n e rv e s  
(ARN; Can. P h y s io l . ,  1 6 :1 5 9 , 1 9 8 5 ) , and t h a t  p u t a t i v e  v a s o p r e s s in -  
erg ic  and n o t o x y to c in e rg ic  m a g n o c e l lu la r  n e u r o s e c r e to r y  n e u ro n s  i n  
the r a t  s u p ra o p t ic  n u c le u s  a r e  e x c i t e d  by ARN s t i m u l a t i o n  (Am. J . 
P hysio l. , 249:R368, 1 9 8 5 ). T hese  d a ta  s u g g e s t  t h a t  a f f e r e n t  i n f o r 
mation o r ig in a t in g  from  r e n a l  r e c e p t o r s  c o n t r i b u t e s  to  n e u r a l  mech
anisms c o n t r o l l i n g  th e  r e l e a s e  o f  v a s o p r e s s in  (AVP) from  th e  NH. 
The p rese n t s tu d y  was done to  d e te rm in e  w h e th e r  s t i m u l a t i o n  o f  ARN 
a lte r s  c i r c u l a t i n g  p lasm a  l e v e l s  o f  AVP. E x p e r im e n ts  w ere done in  
s in o a o r tic  d e n e rv a te d ,  v a g o to m iz e d , c h lo r a lo s e  a n e s t h e t i z e d ,  p a r a 
lyzed and a r t i f i c i a l l y  v e n t i l a t e d  c a t s .  I n  th e  f i r s t  s e r i e s  o f  
experim ents, s t i m u l a t i o n  o f  ARN w i th  10 s t r a i n s  o f  p u l s e s  (2  ms 
pulse d u r a t io n ,  500 μA c u r r e n t  i n t e n s i t y  and  f r e q u e n c ie s  r a n g in g  
from 10 to  100 Hz) e l i c i t e d  i n c r e a s e s  i n  mean a r t e r i a l  p r e s s u r e  
(MAP). The MAP re s p o n s e  had  2 c o m p o n en ts ; a  p r im a ry  (1 ° )  com ponent 
which was lo ck e d  in  tim e  to  th e  s t i m u l a t i o n  p e r io d  ( ΔMAP, ± 4 8 .7  ± 
11.2 mmHg) and a  se c o n d a ry  (2 ° )  com ponent w h ich  re a c h e d  i t s  p eak  
a f te r  c e s s a t io n  o f  s t i m u l a t i o n  ( ΔMAP, + 4 5 .2  ± 1 3 .4  mmHg). The 
optim al fre q u e n c y  to  e l i c i t  th e  2° com ponent o f  th e  p r e s s o r  r e s 
ponse was found to  be 40 Hz. In  th e  seco n d  s e r i e s  o f  e x p e r im e n ts ,  
some of th e  m echanism s in v o lv e d  i n  th e  p r e s s o r  r e s p o n s e  w ere i n v e s 
t ig a te d .  A d m in is t r a t io n  o f  hexam ethon ium  (30 m g /k g , i . v . )  c o m p le t
e ly  a b o lis h e d  th e  1° com ponent b u t  d id  n o t  s i g n i f i c a n t l y  a l t e r  th e  
2° component o f  th e  p r e s s o r  r e s p o n s e .  On th e  o t h e r  h a n d , a d m in i
s t r a t i o n  o f  th e  AVP v a s o p r e s s o r  a n t a g o n i s t  (AVPa ) d(CH2)5VAVP (500 
ng/kg, i . v . )  s i g n i f i c a n t l y  a t t e n u a t e d  th e  2° com ponent o f  th e  
p re sso r  r e s p o n s e  by 49-72% . In  th e  f i n a l  s e r i e s  o f  e x p e r im e n ts ,  
the e f f e c t  o f  ARN s t i m u l a t i o n  on p lasm a  l e v e l s  o f  AVP was d e t e r 
mined. B lood sa m p le s  w ere t a k e n  30 m in b e f o r e  s t i m u l a t i o n  and  2 
min d u r in g  s t i m u l a t i o n  o f  ARN. A l l  b lo o d  sa m p le s  rem oved w ere 
rep la c ed  w i th  an  e q u a l  volum e o f  0.9% s a l i n e .  B lood sa m p le s  w ere 
p laced  in  tu b e s  c o n ta in in g  EDTA, c e n t r i f u g e d  f o r  5 m in a t  3000 g 
and th e  p lasm a was s to r e d  a t  5-70°C  u n t i l  a s s a y e d  f o r  AVP by r a d i o 
immunoassay. P lasm a l e v e l s  o f  AVP w ere  s i g n i f i c a n t l y  i n c r e a s e d  
from c o n t r o l  v a lu e s  o f  4 .9  ± 2 .0  p g /m l t o  4 2 .2  ± 1 7 .5  p g /m l d u r in g  
s t im u la t io n  o f  ARN. T h ese  d a ta  d e m o n s tra te  t h a t  a f f e r e n t  in fo rm a 
t io n  from  r e n a l  r e c e p t o r s  c o n t r i b u t e s  to  a  r e f l e x  p a thw ay  by w h ich  
the k id n ey  may a l t e r  th e  r e l e a s e  o f  AVP from  th e  NH to  i n f lu e n c e  
c i r c u la t o r y  and body f l u i d  h o m e o s ta s i s .
(S upported  by th e  H e a r t  & S tro k e  F o u n d a tio n  o f  O n t a r i o ) .

266.10  EFFECT OF SYMPATHETIC PREGANGLIONIC STIMULATION ON THE PATTERN OF 
NEUROPEPTIDE IMMUNOREACTIVITY IN THE STELLATE GANGLION. 
M. B achoo*, J .  C i r i e l l o ,  and  C. P o lo s a * . D e p t. o f  P h y s io lo g y ,  
U n iv . o f  W e ste rn  O n ta r io ,  L ondon, C anada and D e p t. o f  P h y s io lo g y ,  
M cG ill U n i v e r s i t y ,  M o n tr e a l ,  C anada.

We h ave  r e c e n t l y  d e m o n s tra te d  t h a t  i n  th e  p re s e n c e  o f  th e  c h o l 
i n e r g i c  a n t a g o n i s t  hexam ethonium  and m e th y la t r o p in e  s t i m u l a t i o n  o f  
th e  a x o n s o f  s y m p a th e tic  p r e g a n g l io n i c  n e u ro n s  (SPN) e l i c i t e d  a 
s lo w  o n s e t  c a r d i o a c c e l e r a t i o n  w h ich  re a c h e d  a  p e a k  v a lu e  o f  60 to  
90% o f  th e  p e a k  r e s p o n s e  o b ta in e d  i n  th e  a b se n c e  o f  th e  c h o l i n e r g i c  
a n t a g o n i s t s .  In  a d d i t i o n ,  w i th  c o n t i n u o u s  s t i m u l a t i o n  i t  was ob
s e rv e d  t h a t  th e  m ag n itu d e  o f  th e  c a r d i o a c c e l e r a t i o n  d e c re a s e d  by 
90% i n  a p p ro x im a te ly  1 h r .  To d e te rm in e  w h ich  n e u r o a c t iv e  su b 
s ta n c e s  c o n ta in e d  i n  SPN may be in v o lv e d  in  m e d ia t in g  th e s e  e f 
f e c t s ,  e x p e r im e n ts  w ere done i n  p e n to b a r b i t a l  a n e s t h e t i z e d  c a t s .  
A f t e r  th e  i . v .  a d m i n i s t r a t i o n  o f  hexam ethonium  (30 m g/kg fo llo w e d  
by su p p le m e n ts )  and m e th y la t r o p in e  (1 m g /k g ) , th e  p a t t e r n  o f  
n e u r o t e n s in - ( N T ) , le u c in e -e n k e p h a lin - (L e u -E N K ) , s u b s ta n c e - P - ( S P ) , 
s o m a to s ta t in - ( S S )  and  c o r t i c o t r o p i n  r e l e a s i n g  fa c to r- (C R F )  l i k e  
im m u n o re a c tiv i ty  i n  th e  d e c e n t r a l i z e d  r i g h t  s t e l l a t e  g a n g lio n  (SG) 
was a n a ly z e d  i n  c o n t r o l  c o n d i t i o n s  (no s t i m u l a t i o n )  and a f t e r  2 h r  
o f  40 Hz su p ram ax im a l s t i m u l a t i o n  o f  e i t h e r  th e  p r e g a n g l io n i c  in p u t  
to  th e  SG (T 1 and T2 w h i te  ram i and  s y m p a th e tic  t r u n k  b e lo w  T2) o r  
th e  p o s tg a n g l io n i c  o u tp u t  ( v e n t r a l  a n s a  s u b c l a v i a ) . A n im als w ere 
p e r f u s e d  w i th  Z a m b o n i's  f i x a t i v e  and 20 μm f ro z e n  t r a n s v e r s e  s e c 
t i o n s  o f  th e  SG w ere  p la c e d  i n t o  a n t i s e r a  f o r  e a ch  p e p t id e  and 
p r o c e s s e d  a c c o r d in g  to  th e  b i o t i n - a v i d i n  im m u n o h is to ch e m ic a l p r o c e 
d u r e .  I n  th e  u n s t im u la te d  SG a d e n se  c o l l e c t i o n  o f  f i b e r s  and p r e 
su m p tiv e  t e r m in a l s  im m u n o re a c tiv e  t o  NT and Leu-ENK w ere o b s e rv e d .  
In  a d d i t i o n ,  s p a r s e  f i b e r s  and  p re s u m p tiv e  t e r m in a l s  im m u n o re a c tiv e  
to  SP, SS and CRF w ere fo u n d . A f t e r  p r e g a n g l io n i c  s t i m u l a t i o n ,  th e  
im m u n o re a c tiv i ty  to  NT and Leu-ENK d is a p p e a re d  i n  th e  SG, w h i le  
t h a t  to  SP, SS and CRF was u n c h a n g ed . In  c o n t r a s t ,  th e  p a t t e r n  o f  
n e u ro p e p t id e  im m u n o re a c tiv i ty  i n  th e  SG d id  n o t  ch an g e  a f t e r  p o s t 
g a n g l io n i c  s t i m u l a t i o n  com pared to  c o n t r o l  c o n d i t i o n s .  The l o s s  o f  
NT and Leu-ENK i n  th e  SG s u g g e s t s  t h a t  th e s e  two p e p t id e s  a r e  r e 
l e a s e d  from  SPN t e r m in a l s  and  t h e i r  r e l e a s a b l e  p o o ls  a r e  d e p le te d  
by p ro lo n g e d  s t i m u l a t i o n .  The a s s o c i a t i o n  o f  l o s s  o f  im m unoreac
t i v i t y  to  NT and Leu-ENK w i th  th e  l o s s  o f  n o n - c h o l in e r g i c  c a r d i o 
a c c e l e r a t i o n  s u g g e s t s  t h a t  th e s e  p e p t id e s  a r e  in v o lv e d  i n  th e  n o n -  
c h o l i n e r g i c  c a r d i o a c c e l e r a t o r y  r e s p o n s e .
(S u p p o rte d  by H e a r t  and  S tro k e  Fdn. o f  O n ta r io ,  Quebec H e a r t  Fdn. 
and  MRC o f  C a n a d a ) .



966 CARDIOVASCULAR REGULATION: AGONISTS, RECEPTORS AND POST-GANGLIONIC WEDNESDAY PM

266.11 CHARACTERISTICS OF ONGOING AND REFLEX DISCHARGE OF SINGLE RENAL AND 
SPLENIC SYMPATHETIC POSTGANGLIONIC FIBERS. R. Mec k ler  and L. 
Weaver.  Dept.  o f  P h y s io l . ,  Mich. S t .  U n iv ., E. L ansing, MI 48824.

S t im u la t io n  o f  v i s c e r a l  a f f e r e n t  n e rv e s  can  p ro d u ce  u n e q u a l r e 
s p o n s e s  in  m u l t i f i b e r  r e c o r d in g s  o f  s p le n i c  and r e n a l  n e rv e  a c t i v i 
t y .  S p le n ic  n e rv e  e x c i t a t i o n  e x c e e d s  t h a t  o f  r e n a l  n e rv e s  in  r e 
s p o n se  t o  s t i m u l a t i on o f  s p le n i c  r e c e p t o r s .  C o n v e r s e ly ,  a c t i v a t i o n  
o f  a r t e r i a l  and c a rd io p u lm o n a ry  p r e s s o r  r e c e p t o r s  o f t e n  r e s u l t s  in  
m ore i n h i b i t i o n  o f  r e n a l  th a n  s p l e n i c  n e rv e  d i s c h a r g e .  H ow ever, i n 
t e s t i n a l  r e c e p t o r  s t i m u l a t i o n  c a u s e s  s i m i l a r  m a g n itu d e s  o f  e x c i t a 
t i o n  in  a c t i v i t y  o f  b o th  n e rv e s .  S in c e  m u l t i f i b e r  r e c o r d in g s  ob
s c u re  t h e  r e s p o n s e s  o f  i n d iv i d u a l  n e u ro n s ,  t h e r e  may be h e te r o 
g e n e i ty  o f  r e s p o n s e s  w i th in  any g iv e n  p o p u la t io n  o f  n e u ro n s .  T h is  
s tu d y  was done to  a s s e s s  t h e  f o l lo w in g  c h a r a c t e r i s t i c s  o f  a c t i v i t y  
o f  s in g l e  r e n a l  and s p l e n i c  n e u ro n s :  1) c o r r e l a t i o n  o f  o n g o in g  d i s 
c h a rg e  w ith  p h r e n ic  n e rv e  a c t i v i t y  ( in d e x  o f  c e n t r a l  r e s p i r a t o r y  
d r i v e ) ,  2 ) c o r r e l a t i o n  o f  o n g o in g  a c t i v i t y  w ith  peak  s y s t o l i c  a r t e 
r i a l  p r e s s u r e  ( in d e x  o f  r e l a t i o n s h i p  to  b a r o r e c e p to r  a c t i v i t y ) ,  
3 ) r e f l e x  c h a n g es  in  a c t i v i t y  e l i c i t e d  by c h e m ic a l  s t i m u l a t i o n  o f  
i n t e s t i n a l  r e c e p t o r s  o r  s p l e n i c  r e c e p t o r s ,  and 4 ) r e f l e x  c h a n g es  in  
a c t i v i t y  ca u se d  by s t i m u l a t i o n  o r  " u n lo a d in g ” o f  b a r o r e c e p to r s .  I n  
c h l o r a l o s e - a n e s t h e t i z e d ,  a r t i f i c i a l l y  r e s p i r e d  c a t s ,  s m a ll  f i b e r s  
w ere  t e a s e d  from  t h e  c e n t r a l  c u t  e n d s  o f  r e n a l  and s p l e n i c  n e rv e s  
and w ere p la c e d  on b i p o la r  p la t in u m  e l e c t r o d e s  f o r  r e c o r d in g  e l e c 
t r i c a l  a c t i v i t y .  S e r o s a l  r e c e p t o r s  o f  t h e  s m a ll  i n t e s t i n e  w ere 
s t i m u l a te d  by a p p l i c a t i o n  o f  10 μ g b r a d y k in in .  S p le n ic  r e c e p t o r s  
w ere  s t im u la te d  by s p l e n i c  a r t e r i a l  i n j e c t i o n  o f  10 μ g b r a d y k in in .  
B a r o re c e p to r s  w ere u n lo ad e d  by i . v .  n i t r o p r u s s i d e  and w ere  s t im u la 
te d  by i . v .  p h e n y le p h r in e .  O ngoing  d i s c h a r g e  r a t e s  o f  r e n a l  and 
s p l e n i c  a x o n s w ere  s im i l a r  ( ra n g e  = 1 t o  7 s p i k e s / s ,  mean = 3 .4  ± 
0 .3  s p i k e s / s ) .  O ngoing  a c t i v i t y  o f  r e n a l  f i b e r s  was m ore s t r o n g l y  
c o r r e l a t e d  w ith  p u l s e  p r e s s u r e  th a n  was t h a t  o f  s p l e n i c  n e u ro n s .  
S u b p o p u la t io n s  o f  f i b e r s  w i th in  s p l e n i c  and r e n a l  n e rv e s  h ave  a c t i 
v i t y  c o r r e l a t e d  w i th  p eak  i n t e g r a t e d  p h r e n ic  n e rv e  d i s c h a r g e .  B aro
r e c e p t o r  s t i m u l a t i o n  o r  u n lo a d in g  evoked g r e a t e r  c h a n g e s  in  a c t i v i 
t y  o f  r e n a l  n e u ro n s  th a n  t h a t  o f  s p le n i c  n e u ro n s .  The a v e ra g e  e x c i 
t a t o r y  r e s p o n s e s  o f  t h e s e  two p o p u la t i o n s  o f  n e u ro n s  t o  r e f l e x e s  o f  
i n t e s t i n a l  o r i g i n  w ere  s im i l a r  ( i n c r e a s e s  o f  3 ± 0 .4  s p ik e s / s )  d e s 
p i t e  p r e s s o r  r e s p o n s e s  ( i n c r e a s e s  o f  24 ± 3 mmHg). P r e l im in a r y  r e 
s u l t s  s u g g e s t  t h a t  e x c i t a t i o n  o f  s p l e n i c  n e u ro n s  by s p l e n i c  r e c e p 
t o r  s t i m u l a t i o n  e x c ee d s  t h a t  c a u se d  by i n t e s t i n a l  r e c e p t o r  s tim u 
l a t i o n .  In  c o n t r a s t ,  r e n a l  n e u ro n s  re sp o n d  s i m i l a r l y  t o  e i t h e r  v i s 
c e r a l  s t i m u l u s .  W hereas e x c i t a t i o n  o f  s p l e n i c  n e u ro n s  i s  g r e a t e r  
th a n  t h a t  o f  r e n a l  n e u ro n s  in  r e s p o n s e  t o  s p l e n i c  r e c e p t o r  s t im u la 
t i o n ,  i n t e s t i n a l  r e c e p t o r  s t i m u l a t i o n  c a u s e s  s i m i l a r  m a g n itu d e s  o f  
e x c i t a t i o n  in  r e n a l  and s p l e n i c  n e u ro n s .  I n  c o n c lu s io n ,  r e s p o n s e s  
o b s e rv e d  p r e v io u s ly  in  m u l t i f i b e r  r e c o r d in g s  o f  r e n a l  and s p l e n i c  
n e rv e s  te n d  t o  r e f l e c t  th o s e  o f  s in g l e  n e u ro n s .  (HL21436)

266.12 UNEQUAL RESPONSES OF SINGLE MESENTERIC AND RENAL SYMPATHETIC 
NEURONS CAUSED BY STIMULATION OF INTESTINAL RECEPTORS AND 
BARORECEPTORS. R .D . S t e in *  and L C . W eaver. D e p t . o f  P h y s i o l . ,  
M ich. S t .  U n iv . ,  E. L a n s in g , MI 4 8 8 2 4 -1 1 0 1 .

P re v io u s  s tu d i e s  h av e  shown t h a t  s t i m u l a t i o n  o f  i n t e s t i n a l  
a f f e r e n t  n e rv e s  w ith  b r a d y k in in  p ro d u c e s  s i g n i f i c a n t  e x c i t a t i o n  o f  
e f f e r e n t  s y m p a th e tic  n e rv e  a c t i v i t y ,  p e r i p h e r a l  v a s o c o n s t r i c t i o n ,  
and i n c r e a s e s  in  a r t e r i a l  b lo o d  p r e s s u r e .  The e x c i t a t i o n  o f  
m u l t i f i b e r  m e s e n te r ic  n e rv e  a c t i v i t y  i s  s i g n i f i c a n t l y  g r e a t e r  th a n  
t h a t  o f  m u l t i f i b e r  r e n a l  n e rv e  a c t i v i t y .  These r e s u l t s  l e a d  to  the  
f o l lo w in g  h y p o th e s e s  r e g a r d in g  th e  b a s e s  f o r  t h i s  u n e q u a l p a t t e r n  
o f  n e u r a l  r e s p o n s e s :  1 ) More m e s e n te r ic  th a n  r e n a l  n e u ro n s  
p a r t i c i p a t e  in  t h i s  r e f l e x ,  2 ) th e  e x c i t a t i o n  o f  s in g l e  m e s e n te r ic  
n e u ro n s  i s  g r e a t e r  th a n  th e  e x c i t a t i o n  o f  s i n g l e  r e n a l  n e u ro n s ,  
and 3) b a r o r e c e p to r s  p r e f e r e n t i a l l y  s u p p re s s  t h e  r e n a l  n e rv e  
r e s p o n s e s .  These q u e s t io n s  w ere i n v e s t i g a t e d  in  c h lo r a lo s e -  
a n e s t h e t i z e d  c a t s  t h a t  w ere a r t i f i c i a l l y  v e n t i l a t e d .  The sm a ll 
i n t e s t i n e  was e x t e r n a l i z e d  v i a  a m id l in e  la p a ro to m y  and p la c e d  in  
a s a l i n e - f i l l e d  d i s h .  A c t iv i t y  o f  14 m e s e n te r ic  n e u ro n s  and 
6 r e n a l  n e u ro n s  was re c o rd e d  u s in g  s ta n d a r d  t e a s e d - f i b e r  
e l e c t r o p h y s io l o g ic a l  t e c h n iq u e s .  I n t e s t i n a l  r e c e p t o r s  w ere 
s t im u la te d  by th e  a p p l i c a t i o n  o f  10 μg ( i n  25 ml s a l i n e )  o f  
b r a d y k in in  to  th e  s e r o s a l  s u r f a c e  o f  th e  i n t e s t i n e .  B a r o re c e p to r s  
w ere  s t im u la te d  by in t r a v e n o u s  i n f u s i o n s  o f  3 d o s e s  o f  
p h e n y le p h r in e  (1 -8  μ g /k g )  and " u n lo a d e d "  by in t r a v e n o u s  i n f u s i o n s  
o f  3 d o s e s  o f  sodium  n i t r o p r u s s i d e  ( 2 -8  μ g / k g ) .  R e la t i o n s h ip s  
b e tw een  n e u ra l  a c t i v i t y  and ch a n g es  in  a r t e r i a l  p r e s s u r e  w ere 
d e te rm in e d  by r e g r e s s io n  a n a ly s e s .  M e se n te r ic  and r e n a l  n e u ro n s  
had s im i l a r  r e s t i n g  d i s c h a r g e  r a t e s  t h a t  ran g e d  from  0 .2  to  
6 .5  s p ik e s / s e c  (m ean = 2 .3  ±  0 .5  s p i k e s / s e c ) .  W hereas r e n a l  u n i t  
a c t i v i t y  was u s u a l l y  c o r r e l a t e d  w ith  th e  a r t e r i a l  p r e s s u r e  p u lse  
and i n h ib i t e d  d u r in g  s y s t o l e ,  l e s s  th a n  50% o f  th e  m e s e n te r ic  
n e u ro n s  had on g o in g  a c t i v i t y  c o r r e l a t e d  to  b lo o d  p r e s s u r e .  
A c t i v i t y  o f  e v e ry  r e n a l  n e u ro n  was s e n s i t i v e  to  s t i m u l a t i o n  and 
u n lo a d in g  o f  t h e  b a r o r e c e p to r s .  In  c o n t r a s t ,  a c t i v i t y  o f  o n ly  6 o f  
13 m e s e n te r ic  f i b e r s  was a f f e c t e d  by b a r o r e c e p to r s .  S t im u la t io n  o f  
i n t e s t i n a l  r e c e p t o r s  c a u se d  s i g n i f i c a n t  e x c i t a t i o n  o f 12 o f  
14 m e s e n te r ic  n e u ro n s  ( fro m  2 .6  ±  .7  to  1 0 .4  ±  2 .2  s p i k e s / s e c ) ,  
4 o f  6 r e n a l  n e u ro n s  ( fro m  2 .8  ±  1 .3  to  4 .9  ±  1 .7  s p i k e s / s e c ) ,  and 
i n c r e a s e s  in  mean a r t e r i a l  p r e s s u r e  o f  28 ±  5 mmHg. These r e s u l t s  
i n d i c a t e  t h a t  m ore m e s e n te r ic  th a n  r e n a l  n e u ro n s  p a r t i c i p a t e  in  
th e  r e f l e x  r e s p o n s e  to  s t i m u l a t i o n  o f  i n t e s t i n a l  r e c e p t o r s ,  and 
t h a t  m e s e n te r ic  u n i t  e x c i t a t i o n  i s  g r e a t e r  th a n  r e n a l  u n i t  
e x c i t a t i o n .  In  a d d i t i o n ,  b e c a u s e  m ore r e n a l  th a n  m e s e n te r ic  
n e u ro n s  a r e  s e n s i t i v e  to  b a r o r e c e p to r s ,  i t  i s  p o s s ib l e  t h a t  
b a r o r e c e p to r  i n h i b i t i o n  o f  r e n a l  n e u ro n  a c t i v i t y  c o n t r i b u t e s  to  
th e  u n e q u a l r e s p o n s e s  o f  th e  two n e r v e s .  S u p p o rt:  NIH HL21436.
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267.1 EFFECT OF EXPERIMENTAL CONCUSSION ON CHOLINERGIC NEURONS IN 
SPECIFIC RAT BRAIN REGIONS. S.E. Robinson, A. Saija*, T. 
Yamamoto*, C.E. Dixon, B.G. Lyeth, M.L. Giebel*, h.h . 
Stonnington* and R.L. Hayes. Medical College of Virginia, 
Virginia Commonwealth University, Richmond, VA 23298

Recent data suggest tha t increased functional a c tiv ity  of 
cholinergic systems located in the brain stem contributes to 
components of behavioral suppression following concussion (Hayes 
e t a l . ,  Science 233: 301-303, 1984). The present study examines 
the e ffe c t of f lu id  percussion head injury on the a c tiv ity  of 
cholinergic neurons, measured by acetylcholine (ACh) turnover, in 
the dorsal medial pons, as well as i n the frontal cortex, hippo
campus, thalamus, and amygdala, areas which contain cholinergic 
cell bodies and/or term inals.

The turnover ra te  of ACh (TRACh) was determined by a mass 
fragmentographic technique that  measured the re la tiv e  rate  of 
incorporation of deuterium label into brain ACh and choline 
following a constant ra te  infusion of deuterium-labeled phosphoryl- 
choline through the ta i l  vein. Animals were k illed  immediately 
a t  the end of the infusion by microwave radiation focussed to the 
skull (8.5KW, 2.0 sec). Male Sprague Dawley ra ts  were surgically  
prepared 24 hrs prio r to i njury by implanting a hollow injury 
screw epidural l y over a hole trephined along the sa g itta l suture, 
midway between lambda and bregma. Under methoxyflurane anesthe
s ia ,  the animals were concussed a t 1.5 atm using a flu id  percus
sion method modified for ra ts  i n our laboratories (Dixon e t a l . ,  
Neurosci . A bst., 1984). TRACh was measured in injured and 
sham-i njured ra ts  12 min, 4 hr and 24 hr following i njury. ACh 
content was s ign ifican tly  elevated in the basal forebrain, 
hippocampus and pons 12 min following i njury. At 4 hr following 
in ju ry , ACh content had decreased so tha t i t  no longer s ig n if i
cantly differed  from contro l, except in the hippocampus, and by 
24 hr ACh content was a t control levels i n a ll areas studied. TRACb 

was sign ifican tly  elevated in the basal forebrain and pons 
12 min following in jury , a time a t which the ra ts  were behavior- 

a lly  comatose, but had returned to control values 4 hrs following 
in ju ry , a t which time the ra ts  were behaviorally responsive but 
s t i l l  manifested s ign ifican t neurological d e f ic its . In teresting ly , 

 
T R A c h  w a s  
sign ifican tly  depressed in the hippocampus 4 and 24 hrs 
following injury, although i t  was not affected a t the e a r lie r  

time point. We believe tha t these findings implicate cholinergic 
mechanisms in both the early and longer-lasting d e fic its  follow
ing concussi ve head i njury.

Supported in part by NIH grants NS21458 and NS12587

267.2 HIGH LEVEL FLUID PERCUSSION IS A MODEL OF BRAIN STEM INJURY. 
K. Shima*, A. Marmrou*, T. Yamamoto*, A. Unterberg*, B. Andersen*, 
L. Jenkins*, R. Hayes (SPON: D. M ayer). Richard Roland Reynolds 
Neurosurgical  Research L abora to ries , D ivision  o f Neurosurgery, 
Medical College o f V irg in ia , Richmond VA 23298.

Previous s tu d ie s  have shown th a t  the  outcome o f severe head 
trauma i s  h eav ily  dependent upon the  degree o f brainstem  damage. 
The purpose o f  t h i s  re sea rch  was to  confirm  our no tion  th a t  d e sp ite  
th e  in i t i a t i o n  o f  a comp le x  s e r ie s  o f events a sso c ia ted  w ith 
impact, h igh le v e l f lu id  percussion  in ju ry  (>3.0atm) produces an 
i r r e v e rs ib le  b ra in  stem le s io n  and may be a  prim ary cause o f death 
in  th i s  lab o ra to ry  model.

Twelve c a ts  were an esth e tized  w ith  intravenous methohexal and 
m aintained normocapnic using  a examination o f  b a rb itu ra te  (35mg/k g) 
and n itro u s  oxide (7 0 /3 0 ). F lu id  percussion  in ju ry  ( 2 .7 - 3 .  8atm) was 
app lied  to  the  l e f t  t empor a l  reg ion . Short la tency  brainstem  audi
to ry  evoked response (BAER) was e l i c i t e d  by b inau ra l c lic k  s tim 
u la tio n  and was recorded fo r  8 hours following i mp a c t  Cerebral 
blood flow was a lso  measured using  hydrogen clearance technique 
from b i la te r a l  co rtex .

Animals were c la s s if ie d  in to  two groups based on the  physio logic 
time course and neuropathologic changes in  the  brainstem . Group 1 
was minimal o r  s l ig h t  intraperenchym al and subarchnoid hemorrhage 
(n=5), and Group 2 had moderate o r  severe intraparenchym al and 
subarchnoid hemorrhage (n=7). Imm ediately  a f te r  the  in ju ry , Group 
1 animals demonstrated both tra n s i to ry  and marked suppression in  
waves 2 ,3  and 4 o f  th e  evoked p o te n tia l  which g radually  increased  
u n t i l  60 to  150 m inutes p o s t- in ju ry . This was followed by recovery 
o f  la ten cy  to  95% o f  co n tro l values by 8 hours.

In  Group 2, wave 5 was absen t imm ediately  a f te r  impact. Waves 
2,3  and 4 were suppressed in  am plitude, prolonged in  la tency  and 
f a i le d  to  recover by 8 hours. C erebral blood f l ow in  both  groups 
followed a s im ila r  temporal p ro f i le  as  th e  evoked p o te n tia ls .  CBF 
in  Group 1 decreased to  40% o f p re - in ju ry  co n tro l and recovered to  
89% o f co n tro l le v e l by 8 hours. CBF in  Group 2 animals f e l l  to  
39% o f  p re - in ju ry  co n tro l and fa i le d  to  recover. This susta ined  
reduction  in  CBF was a sso c ia ted  w ith  a g radually  developing 
hypotension.

These r e s u l t s  support th e  notion  th a t  th e  f lu id  percussion  model 
a t  high le v e ls  o f  imp a c t i s  p rim arily  a  model o f  b ra in  stem 
in ju ry .

This re sea rch  was supported by NS 12587, NS 19235, and th e  Richard 
Roland Reynolds N eurosurgical Research L aborato ries .
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267.3 THE EFFECTS OF SCOPOLAMINE PRE- AND POST - TREATMENT ON THE RESPONSES 
TO CONCUSSIVE BRAIN INJURY IN THE RAT. B.G.-Lyeth, C.E. Dixon 
M.L. Giebel,* S.E. Robinson, R.J. Hamm, H.H. Stonnington,* 
H. F. Young* and R. L. Hayes.  Richard Roland Reynolds Neurosurgica1 
Research Laboratories, Division of Neurosurgery, and Department of 
Rehabilitation Medicine, Medical College of V irginia, Richmond, VA 
23298-0001.

Data from our laboratory suggest that increased functional 
activity of central cholinergic systems contributes to components 
of behavioral suppression following concussion and that p re tre a t
ment with scopolamine can attenuate components of the suppression. 
The present study examined the effects of scopolamine pretreatment 
on the systemic physiological responses to concussion and the 
effects of scopolamine posttreatment on acute neurological sup
pression associated with experimental concussion in the ra t.

Rats were surgically  prepared under Nembutol 24 hours prio r to 
injury by placing a hollow screw epidurally over a central cran i
otomy. In experiment one, 12 ra ts  were tracheostomized, ven ti
lated, and femoral artery  cannulated under Brevital and nitrous 
oxide (70% N2O, 30% O2) anesthesia. Animals were administered 
either scopolamine (1. 0 mg/kg, i .p .)  or saline 15 minutes p rior 
to a 1.5 atm flu id  percussion injury. Scopolamine-treated ra ts  
exhibited tachycardia within five minutes a f te r  drug injection 
and heart rate remained sign ifican tly  greater than controls for 
60 minutes post-injury. No sign ifican t differences were observed 
between groups in plasma glucose (a measure of the sympathoadrenal 
stress response), blood gases, pH, or blood pressure responses to 
trauma. In experiment two, 20 ra ts  were anesthetized with metofane 
5 minutes prior to a 1.5 atm, flu id  percussion injury. Rats were 
administered either scopolamine (1.0 mg/kg, i .p .)  or saline 30 
seconds after trauma. The duration of suppression of several 
reflexes (pinna, corneal, righting, and flexion) and responses 
(escape, head support, and spontaneous locomotion) was recorded 
for up to 60 minutes a f te r  trauma. The duration of suppression 
of the spontaneous locomotion response was sign ifican tly  shorter 
for the scopolamine-treated group. All other reflex  and response 
suppression was shorter for scopolamine-treated ra ts .

These results suggest that the effects of scopolamine pre
treatment on attenuating acute behavioral suppression following 
concussion may not be associated with the acute physiological 
changes measured here. These re su lts  also suggest that post
treatment with anticholinergics may reduce the behavioral sup
pression associated with concussion. These findings lend further 
support to the hypothesis that components of behavioral suppres
sion associated with concussion may be mediated by an active 
cholinergic inhibitory system.

Supported by NIH Grants #NS 21458 and NS 12587 and Richard 
Roland Reynolds Neurosurgical Research Laboratories.

267.4 EFFECTS OF FLUID PERCUSSION BRAIN INJURY ON MULTIMODAL EVOKED 
POTENTIALS IN RATS. C.E. Dixon, T. Yamamoto,* B.G. Lyeth, 
A. Marmarou, M.L. Giebel,* P.G. Newlon,* U.F. Young,* H.H. 
Stonnington,* and R.L. Hayes. Richard Roland Reynolds Neuro
surgical Research Laboratories, Division of Neurosurgery, and 
Department of Rehabilitation Medicine, Medical College of 
Virginia, Richmond, VA 23298-0001.

Evoked po tentials are useful non-invasive tools for in v esti
gating possible changes in neural function associated with various 
pathological sta te s . Multimodal evoked potentials have been used 
in the diagnosis of human head injury. However, no animal study 
has systematically described multimodal evoked po tential changes 
following experimental concussion. The purpose of th is  study was 
to characterize the effects of concussive brain injury on m ulti
modal evoked potentials in ra ts  (n=20) injured by flu id  percussion 
techniques which produce brain injury by rapidly injecting saline 
into the intracranial cavity.

Under ketamine anesthesia, brain stem auditory evoked poten
t ia l s  (BAEP), short and long latency somatosensory evoked poten
t ia l s  (SEP), and corticospinal evoked poten tials (CSEP) were re 
corded prio r to and for one hour a f te r  a level of injury (1.5 atm) 
that has been previously shown to produce transient behavioral 
suppression. BAEPs were recorded a t the vertex (ac tiv e), mastoid 
(reference), and frontal sinus area (ground). Injury produced 
immediate latency prolongations and suppression of waves I I ,  I I I ,  
and IV. Latencies and amplitudes of the altered  BAEP components 
gradually returned to baseline by 30 minutes. Short and long 
latency SEPs were e lic ited  by e lec tr ica lly  stimulating (2-4 mA) 
the righ t medial nerve and recorded over the con tralatera l sensory 
cortex (ac tive), frontal sinus region (reference) and righ t fore
limb (ground). Injury produced immediate latency prolongation 
and suppression of waves I I I ,  IV, P1, N1, P2, and N2. Gradual 
recovery to baseline was observed a t 30 minutes for waves II and 
IV and 60 minutes for P1 and N1. However, P2 and N2 latencies 
were s t i l l  prolonged a t 60 minutes. CSEPs were e lic ite d  by 
e lec tr ica lly  stimulating (2-5 mA) the motor cortex with s ilver 
ba ll electrodes and recorded a t the dorsal columns (L1, ac tive), 
adjacent intramuscular region (reference), and fron tal sinus 
region (ground). Injury produced immediate latency prolongations 
and suppression of a l l  components. Subsequent recovery of la 
tencies and amplitudes was observed 60 minutes post-injury. These 
data indicate that: 1) recovery is  d ifferen t for d ifferen t modali
t ie s ,  and 2) a magnitude of injury that produces transient be
havioral suppression also produces transien t perturbations in 
multimodal evoked po ten tials.

This research was supported by NIH Grants #NS 21458 and NS 
12587, NRSA Fellowship #NS 07862-01 and Richard Roland Reynolds 
Neurosurgical Research Laboratories.

267.5 SODIUM IONIC CHANGES IN INJURED SPINAL CORDS: MECHANISMS OF EDEMA. 
W. Young and V. DeCrescito. Dept. Neurosurgery., NYU Med. Ctr., NY 10016

In previous studies (Young, W ., et al., Brain Research 253:105-114, 115- 
125, 1982; 365: 42-53, 1986), we have demonstrated large and rapid rises in 
extracellular K ionic activity ([K]e), falls in extracellular Ca ionic activity ([Ca]e), 
losses of tissue K ([K]), and gains of tissue Ca ([Ca]) in contused cat spinal cords. 
We report here that gross derangements of extracellular Na ionic activity [Na]e and 
tissue Na concentrations ([Na]) accompany the K and Ca changes at the lesion site. 
Using ion-selective microelectrodes and atomic absorption spectroscopy, we find 
that [Na]e falls from normal pre-injury levels of 150mM to <50mM while tissue 
[Na] increases severalfold by 1 and 3 hours after standard weight drop contusions.

These results indicate that extracellular Na ions enter injured cells at the lesion 
site and that Na ions move into the injured spinal cord from surrounding tissues. 
Closer analyses of the timing and distribution of the N a shifts, however, reveal 
two unexpected results. First, unlike [K]e which normalizes by 3 hours after 
injury, [Na]e behaves more like [Ca]e, remaining severely depressed (<70mM) at 
the lesion center for 3 hours while it normalizes at the lesion edge by 2 hours after 
injury. Second, unlike K and Ca which largely redistribute within the spinal cord, 
[Na] increases both at the lesion site and surrounding cord, indicating a large net 
entry of Na from blood and CSF into the spinal cord.

Such prolonged depression of [Na]e requires either a profound Na sink or an 
effective block o f Na diffusion to the lesion site. Since tissue [Na] increases at the 
lesion site during this period, the latter is unlikely. We had earlier proposed that 
[Ca]e remains depressed at the lesion site because Ca ions entering cells bind to 
phosphates and other substrates and precipitate. N a ions, however, are much 
more soluble than Ca and the tissue [Na] does not increase above 150mM. We 
therefore hypothesize that Na ions enter injured axons at the lesion site and diffuse 
intra-axonally to surrounding cord. Some o f the N a may be transported by axons 
to extracellular space in surrounding cord and become available for rediffusion 
back to the lesion site, providing Na ions to exchange with K ions diffusing from 
the lesion site to surrounding cord and helping to conserve K within the cord.

These findings carry important implications for the mechanisms and treatment 
of early edema in injured brains and spinal cords. The law of electroneutrality 
demands that for every cation that diffuses to and from the lesion site, an 
equivalent charge must be exchanged or an opposite charge must accompany the 
shift The extent of ionic exchange will depend on ionic availability at the various 
sites. Since there is a net K loss and Na gain at the lesion site, differences between 
the two will determine net anionic shift and consequently water shift, i.e. edema. 
Our hypothesis highlights several potential sites o f drug action to manipulate the 
ionic movements: (1) membrane stabilization which would reduce ionic flux into 
and out of injured axons at the lesion site; (2) active transport o f N a ions back to 
extracellular space in surrounding brain or spinal cord; (3) ionic, particularly 
chloride, permeability or transport between the tissue and the vascular or CSF 
compartment. The injured spinal cord preparation and the methods that we use to 
characterize distributions of tissue ions allow us to dissect out these sites of action.

267.6 EXTRACELLULAR POTASSIUM ACTIVITY FOLLOWING CONCUSSION. A MICRO
ELECTRODE STUDY IN THE CAT. A.A.F. DeSalles,* L.W. Jenkins,* 
R.L. Anderson,* J . Opoku-Edusei,* A. Marmarou,* R.L. Hayes [Spon: 
R.A. Newton]. Richard Roland Reynolds Neurosurgical Research 
Laboratories, Division of Neurosurgery, Medical College of 
V irginia, Richmond, VA 23298-0001.

Events that cause depression of neuronal a c tiv ity  such as hy
poxia and ischemia are known to enhance extracellu lar potassium 
concentration. Similarly, cerebral concussion is  followed by a 
period of depressed neuronal ac tiv ity . This suppression may be 
related  to a generalized neuronal depolarization a t the time of 
concussion. We examined th is  p o ss ib ility  by measuring changes in 
cerebral ex tracellu lar potassium ac tiv ity  a f te r  flu id  percussion 
brain injury in the cat. Importantly, th is  injury model is  not 
associated with hypoxia or ischemia.

Four cats (2.5-3.6 kg) were surgically  prepared under a com
bination of b rev ital sodium and NO2 anesthesia. A hollow screw 
was implanted in the le f t  temporal Done. Potassium-sensitive 
(Coming 477317) and reference microelectrodes were inserted in 
the le f t  la te ra l gyrus cortex through a 0.5 cm opening in the 
parie ta l bone and a s l i t  dura mater. The bone opening was f i lle d  
with cotton and gel foam and repaired with bone cement that also 
held the microelectrodes in place. Animals were then subjected to 
a 2.5 to 3.0 atm flu id  percussion brain injury. We observed an 
immediate increase in extracellu lar potassium ac tiv ity  that peaked 
within 0.25 sec a fte r  percussion. Potassium ac tiv ity  increased 
from a baseline of 3.7 ± 0.5 mM to 25.7 ± 9.9 mM and returned to 
4.5 ± 0.6 mM 15 minutes a f te r  injury. At that time animals were 
sacrificed  by KCl i .v . injection. After KCl injection and ces
sation of cerebral c ircu lation , an increase in co rtica l ex tra
ce llu la r potassium ac tiv ity  from 4.5 ± 0.6 mM to 35.8 ± 14.0 mM 
was observed (Mean ± SE).

The enhanced co rtica l ex tracellu lar potassium a c tiv ity  ob
served following flu id  percussion brain injury is  consistent with 
a possible generalized brain depolarization following concussion. 
The level of ex tracellu lar potassium ac tiv ity  observed in th is 
study may be associated with the opening of calcium channels. In 
events such as hypoxia and ischemia, a p a ra lle l decrease in extra
ce llu la r calcium is  observed during periods of increased extra
ce llu la r potassium. Increased in trace llu la r calcium may mediate 
mechanism of c e ll damage and release of neurotransmitters. Thus, 
these in i t ia l  studies of increased ex tracellu lar potassium fo l
lowing concussive brain injury may ultim ately provide insight in 
to the molecular basis of c e ll damage following mechanical brain 
injury not associated with hypoxia or ischemia.

Supported by NIH Grants #NS 21458, NS 12587, NS 19550 and 
C.N.P.q., Brazil and Richard Roland Reynolds Neurosurgical 
Research Laboratories.
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267.7 THE ELUSIVE CNS POLAR SPONGIOBLASTOMA: AN ULTRASTRUCTURAL 
EXAMINATION. L. A. Langford. Neuropathology, Washington Univ. 
Sch. of Med., S t. Louis, MO 63110.

Considerable confusion surrounds the recognition  and 
h is to lo g ic  d esc rip tio n  of the very ra re  embryonal neuro
e p ith e lia l  neoplasm, the po lar spongioblastoma. On purely 
th e o re tic a l grounds th is  cen tra l nervous system neoplasm, i f  
cy to lo g ica lly  rep resen ta tiv e  of the m igrating po lar 
spongioblasts observed in early  cen tra l nervous system 
development, should be composed of b ip o la r g l ia l  c e ll 
precursors possessing one large and one long, th in  process. 
Although the po lar spongioblastom a's c h a ra c te r is t ic  p a ra lle l 
arrangement and nuclear palisad ing  are read ily  recognized in 
the  l ig h t microscope, the tra d it io n a l desc rip tio n s  do not 
e lu c id a te  the nuclear and cytoplasmic c h a ra c te r is t ic s .  
U ltra s tru c tu ra l d esc rip tio n s  c la r ify in g  the p rec ise  morphology 
of these  neop lastic  c e l ls  do not e x is t .  The purpose of th is  
work is  to  describe  the  u ltr a s tru c tu re  of the c e ll types 
comprising the po lar spongioblastoma.

This c e reb ra l , in tra v e n tr ic u la r  neoplasm occurred in a 14 
month old g i r l .  Tissue was taken fo r lig h t and e lectron  
microscopy a t  the time of surgery. The tis s u e  fo r e lectron  
microscopy was prepared according to  the method of Langford and 
Coggeshall ( Anat. Rec. ,  197:297-303, 1980). Light microscopic 
examination shows a c e l lu la r ,  p rim itive  neuroectodermal tumor 
with the d is t in c t iv e  a rc h ite c tu re  ascribed  to  the t ru ly  
p rim itive  po lar spongioblastoma. The c e ll groups are separated 
by a d e lic a te  and regu la rly  arranged vascular connective 
tis s u e .  M itotic fig u res  are frequen tly  encountered. Most of 
the c e l ls  are po lar with d e lic a te  cytoplasmic processes. The 
nuclei are oval and often  have a nucleolus. Vascular 
endo the lia l p ro li fe ra tio n  is  not p resen t.

Prelim inary u l tr a s tru c tu ra l  examination reveals the m ajority  
of the c e l ls  in the pa lisad ing  areas range from moderately 
u n d iffe ren tia ted  neuroblasts to  mature neuronal elements with 
synapse form ation. Many of the more mature c e l ls  have a 
prominent cytoplasmic process; consequently, they appear to  be 
un ipo lar. Dense core v e s ic le s , often seen in CNS ganglion ce ll 
tumors, are  presen t in many processes and a t  synaptic te rm ina ls .

267.8  DEPLETION OF UNILATERAL STRIATAL DOPAMINE IN PRIMATES FOLLOWING 
THE LOCALIZED PERFUSION OF MPTP: HISTOCHEMICAL AND BEHAVIORAL 
STUDY. K .N a k a i, T . I t a k u r a * ,  Y .N aka*, K .N a k a k ita * , I .K am e i* , 
H .Im a i* , and  N .Kom ai*. D ep a rtm en t o f  N e u r o lo g ic a l  S u rg e ry ,  
Wakayama M e d ic a l C o l le g e ,  Wakayama, J a p a n  640.

C hanges in  dopam ine (DA) c o n ta in in g  n e u ro n s  in  p r im a te  
fo llo w in g  th e  l o c a l i z e d  p e r f u s io n  o f  1- m e t h y l - 4 - p h e n y l - l , 2 ,3 ,6 -  
t e t r a h y d r o p y r id i n e  (MPTP) i n t o  u n i l a t e r a l  s u b s t a n t i a  n ig ra (S N ) 
was m o rp h o lo g ic a l ly  a s s e s s e d  u s in g  t h e  g ly o x y l i c  a c id -  
in d u ce d  f lu o r e s c e n c e  h i s t o c h e m i s t r y .

MPTP (1 o r  30mM) was c o n t in u o u s ly  i n j e c t e d  th ro u g h  a  c a n n u la  
w hose t i p  was lo c a t e d  a t  t h e  u n i l a t e r a l  SN p a r s  com pacta  o f 
M acaca f u s c a t a  f o r  one w eek. A f t e r  one day  t o  s e v e r a l  m onths o f 
b e h a v io r a l  o b s e r v a t io n ,  monkeys w ere p r o c e s s e d  f o r  th e  
f lu o r e s c e n t  h i s t o c h e m i s t r y .

A t one day  a f t e r  s to p p in g  th e  i n j e c t i o n  o f  MPTP, a l th o u g h  th e  
monkey b eh av ed  a lm o s t  n o rm a l ly ,  t h e  i n t e n s i t y  o f  DA f lu o r e s c e n c e  
in  t h e  i p s i l a t e r a l  s t r i a t u m  was s i g n i f i c a n t l y  r e d u c e d  a s  com pared 
w i th  t h a t  on t h e  o p p o s i t e  s i d e ,  in  c o n t r a s t  t o  t h e  r e p o r te d  
r e s u l t s  t h a t  i n  ro d e n t  t h e  l o c a l i z e d  a p p l i c a t i o n  o f  MPTP d id  n o t 
c a u se  s i g n i f i c a n t  ch an g e  in  s t r i a t a l  DA c o n te n t  (B rad b u ry  e t  a l .  
N a tu re  3 1 9 :5 6 ,  1 9 8 6 ) .Num erous s w o lle n  f l u o r e s c e n t  f i b e r s  were 
fo u n d  a t  t h e  d o rso m e d ia l  p o r t i o n s  o f  SN w hich  c o rr e s p o n d  to  
p ro x im a l DA a x o n s from  SN to w a rd  s t r i a t u m .  Som atas o f  DA n e u ro n s 
i n  SN a p p e a re d  t o  be n o rm a l b o th  in  f lu o r e s c e n c e  i n t e n s i t y  and 
d e n d r i t i c  m o rpho logy  e x c e p t  t h e  a r e a  o f  p r im a ry  l e s i o n  c a u se d  by 
t h e  p la c e m e n t o f  c a n n u la .  I n  monkeys w i th  lo n g e r  s u r v i v a l  p e r io d ,  
s t r i a t a l  DA t e r m in a l s  on th e  M P T P -in je c te d  s id e  became 
u n d e te c t a b l e  u n d e r  t h e  f lu o r e s c e n c e  h i s t o c h e m i s t r y .  Sw ollen  
f i b e r s  in  th e  e a r l y  s ta g e s  w ere  n o t  o b s e rv e d  anym ore. DA c e l l s  in 
SN showed somewhat l e s s  i n te n s e  f lu o r e s c e n c e  in  t h e  l a t e r  s ta g e  
b u t  t h e  num ber o f  them  had  n o t  s i g n i f i c a n t l y  ch an g ed .

T h ese  m o rp h o lo g ic a l  ch a n g es  i n  n i g r o s t r i a t a l  DA sy s te m  of 
p r im a te  fo llo w in g  th e  l o c a l i z e d  p e r f u s io n  o f  MPTP, p ro b a b ly  due 
t o  t h e  i n t e r s p e c i e s  d i f f e r e n c e  b e tw een  ro d e n t  and  p r im a te  as 
r e f l e c t e d  in  t h e  d i f f e r n t  b e h a v io r a l  ch an g e  to  t h i s  d ru g , may 
s u g g e s t  a  p o s s ib l e  c o n t r i b u t i o n  o f  r e t r o g r a d e  d e g e n e r a t io n  from 
DA t e r m in a l s  t o  c e l l  b o d ie s  in  t h e  p a th o g e n e s is  o f  MPTP-induced 
p a rk in s o n is m  in  p r im a te  and hum an.

A lth o u g h  t h e  above  t r e a t e d  monkeys showed o n ly  minor 
b e h a v io r a l  c h a n g es  su c h  a s  a p p e t i t e  l o s s  a n d /o r  im p a ire d  motor 
a c t i v i t y ,  we o b s e rv e d  a  p u r p o s e l e s s  r o t a t i o n a l  b e h a v io r  in  a 
monkey t r e a t e d  w i th  r e p e a t e d  i n j e c t i o n  o f  MPTP (0 .2 m g /k g  × 5) 
i n to  t h e  i p s i l a t e r a l  c a r o t i d  a r t e r y  in  a d d i t i o n  t o  t h e  c o n tin u o u s 
i n j e c t i o n  i n to  SN. H is to c h e m ic a l  e x a m in a tio n  o f  t h i s  monkey 
showed u n i l a t e r a l  d e p le t io n  o f  DA f lu o r e s c e n c e  from  SN through 
s t r i a t u m .

267.9  CEREBRAL GLUCOSE UTILIZATION REDUCTIONS IN CLINICALLY ASYMPTOMATIC 
SUBJECTS AT RISK FOR HUNTINGTON'S DISEASE. J .C .  M a z z io t ta ,  M.E. 
P h e lp s ,  J .  P a h l* , S .-C .  Huang* , J .  W apenski* , L .R . B a x te r* , W. 
Ri eg e* , D .E . Kuhl* , C. S e l in * , R. Sumi da* , and C .H . M arkham. UCLA 
S ch o o l o f  M e d ic in e , Los A n g e le s , CA 90024 .

L o c a l c e r e b r a l  g lu c o s e  m e ta b o lism  was m easu red  w i th  p o s i t r o n  
e m is s io n  tom ography  (PET) i n  44 a sy m p to m a tic  s u b je c t s  a t - r i s k  (AR) 
f o r  H u n t in g to n 's  D is e a s e  (HD). The ag e  o f  t h i s  g ro u p  was 3 7 .1  ±  
1 1 .6  y e a r s .  The r e s u l t s  w ere com pared w i th  s im i l a r  m easu rem en ts  
i n  age  m atched  c o n t r o l s  (n  = 2 7 , age  = 4 4 .7  ±  1 4 .4 )  and d ru g  f r e e ,  
sy m p to m a tic  (SHD) HD p a t i e n t s  (n  = 10, age  = 5 6 .3  ±  1 7 .4 ,  d i s e a s e  
d u r a t i o n  =  5  ±  2 y e a r s ) .  A l l  c o n t r o l  and AR s u b je c t s  had n o rm al 
n e u r o l o g i c a l  exams and no rm al g r o s s  a p p e a ra n c e  o f  th e  c a u d a te s  a s  
d e te rm in e d  by X -ray  CT. G lu co se  m e ta b o lic  r a t e  v a lu e s  w ere 
d e te rm in e d  f o r  th e  c a u d a te  n u c l e i  (Cd) and  th e  c e r e b r a l  
h e m isp h e re s  (Hem) and e x p re s s e d  a s  t h e i r  r a t i o  (C d/H em ). A l l  SHD 
p a t i e n t s  had m arked  q u a l i t a t i v e  and q u a n t i t a t i v e  r e d u c t io n s  in  
LCMRGlc f o r  th e  c a u d a te  n u c le i  when com pared to  c o n t r o l s  
(Cd/Hem:SHD = 0 .8 5  ±  0 .1 3  v s .  c o n t r o l s  = 1 .2 5  ±  0 .0 4 ,  p < 10– 6 , 
ANOVA). As a  g ro u p ,  th e  a t - r i s k  s u b je c t s  d i f f e r e d  s l i g h t l y  from  
c o n t r o l s  i n  t h e i r  Cd/Hem v a lu e s  (AR = 1 .1 9  ±  0 .1 3 ,  p < 0 .0 5 ) .  
H ow ever, t h e r e  was a  s i g n f i c a n t  d i f f e r e n c e  i n  th e  v a r i a n c e  o f th e  
d i s t r i b u t i o n  o f  t h e  v a lu e s  b e tw een  AR and c o n t r o l  s u b je c t s  (p  < 
0 .0 0 1 ,  t e s t  o f  i n e q u a l i t y  o f  sam ple  v a r i a n c e s ) .  B oth  
q u a l i t a t i v e l y  and q u a n t i t a t i v e l y  a  su b g ro u p  o f  AR s u b je c t s  (2 9 .6 % , 
1 3 /4 4 )  w i th  red u c e d  m e ta b o lic  a c t i v i t y  f o r  th e  c a u d a te  n u c le i  
c o u ld  be i d e n t i f i e d .  The re d u c e d  v a lu e s  f o r  th e  Cd/Hem r a t i o  i n  
th e s e  13 AR s u b j e c t s ,  whose a g e s  ran g e d  from  16 to  59 y e a r s ,  w ere 
o u t s i d e  t h e  99.5% c o n f id e n c e  l i m i t s  o f  th e  c o n t r o l  p o p u la t i o n .  
U sing  e a c h  a t - r i s k  s u b j e c t 's  ag e  and th e  s e x  o f  t h e i r  a f f e c t e d  
p a r e n t ,  i n d iv i d u a l  r i s k  e s t i m a t e s  f o r  d e v e lo p in g  H u n t in g to n 's  
d i s e a s e  w ere a v e ra g e d  f o r  th is  s u b je c t  g ro u p  and r e s u l t e d  i n  th e  
p r e d i c t i o n  t h a t  th e  p r o b a b i l i t y  o f  h a v in g  th e  c l i n i c a l l y  
u n e x p re s s e d  H u n t in g to n 's  D is e a s e  gene  s h o u ld  be 3 0 .0  ±  6.0% f o r  
t h e  g ro u p .  The c o n c o rd a n c e  b e tw e en  th e  p r e d i c te d  (30 .0% ) and 
a c t u a l  (29 .6% ) r a t e  o f  c a u d a te  a b n o r m a l i t i e s  i n d i c a t e s  t h a t  th e  
m easu rem en t o f  g lu c o s e  u t i l i z a t i o n  may a l lo w  th e  o b s e r v a t io n  o f  
th e  p a th o p h y s io lo g ic a l  e f f e c t s  o f  th e  H u n t in g to n 's  d i s e a s e  gene  
d u r in g  th e  n a t u r a l  d e v e lo p m e n t o f  th e  d i s e a s e .  C o r r e l a t i o n  o f 
t h e s e  r e s u l t s  w i th  g e n e t i c  l in k a g e  m ark e r s tu d i e s  i n  AR s u b je c t s  
i s  u n d e r  w ay. The r e s u l t s  a l s o  i n d i c a t e  th e  p o t e n t i a l  a b i l i t y  to  
m o n ito r  m e ta b o l ic  r e s p o n s e s  t o  e x p e r im e n ta l  t h e r a p i e s  d u r in g  b o th  
t h e  c l i n i c a l l y  a sy m p to m a tic  and sy m p to m a tic  p h a s e s  o f  th e  
d i s o r d e r .

S u p p o r te d  i n  p a r t  by DOE C o n t r a c t  #AM03—7 6 -S F 00012 , NIH G ran t 
P O l-N S -1565 4 , USPHS CRC G ran t RR00865, NINCDS TIA #1K0 7 -0 0 5 8 8 -0 5 , 
and  g r a n t s  from  th e  H e r e d i t a r y  D is e a s e  F o u n d a t io n .

267.10  BRAIN-BEHAVIOR CORRELATIONS IN ASYMPTOMATIC PERSONS AT RISK FOR 
HUNTINGTON'S DISEASE. W.H. R ie g e , J .C .  M a z z io tta ,  M.E. P h e lp s , 
A. L an to * , J .  P ah l *, D .E . K uh l, and L .R . B a x t e r *. VAMC 
S e p u lv ed a  and UCLA S ch o o l o f  M e d ic in e , Los  A n g e le s , CA 90024.

P e rso n s  w i th o u t  m oto r symptoms b u t  a t  r i s k  (AR) f o r  
H u n t in g to n 's  d i s e a s e  (HD) w ere e v a lu a te d  w i th in  one day bo th  
w ith  n e u ro p s y c h o lo g ic a l  and w ith  b r a in  im ag in g  t e c h n iq u e s .  
N e u ro p s y c h o lo g ic a l  t e s t s  c o n ta in e d  v a l i d a t e d  m easu res  o f  
l e a r n in g ,  memory, p ro b le m -s o lv in g ,  and c o n s t r u c t i o n a l  
a b i l i t i e s ;  b r a in  im ag in g  u sed  p o s i t r o n  e m is s io n  tom ography  w ith 
1 8 F -f lu o ro d e o x y g lu c o s e  in  m ea su res  o f  r e g io n a l  C e re b ra l  
M e ta b o lic  R a te  o f  g lu c o s e  u s e  (CMRGlc) w hich  w ere e x p re s s e d  as 
r a t i o  o f  r e g io n a l  t o  h e m isp h e re  CMRGlc to  m in im ize  
i n t r a - c e r e b r a l  v a r i a b i l i t i e s .  Of 37 AR p e r s o n s ,  25 had 
c o m p le te  s e t s  o f  b o th  m ea su res  and had a mean ag e  o f  4 2 .7  +/– 
1 4 .2  y e a r s .  They w ere com pared  w ith  21 h e a l th y  c o n t r o l  p e rso n a  
o f  s i m i l a r  ag e  ra n g e  ( 5 0 .2  + /–  1 4 .9  y e a r s ) .  A lth o u g h  b o th  
n e u r o lo g ic a l  and i n t e l l e c t  ( S h ip l e y - H a r t f o r d )  exams o f  AR 
p e rs o n s  w ere n o rm a l, t h e i r  t e s t  s c o r e s  in  im m ed ia te  v e rb a l  
memory, l e a r n in g ,  and d e la y e d  r e c a l l  w ere lo w er ( a p p ro x . F = 
3 .9 8 ;  p < 0 .0 0 3 )  th a n  th o s e  o f  c o n t r o l s .  The i n t e r c o r r e l a t i o n s  
o f  n e u ro p s y c h o lo g ic a l  w ith  a d ju s t e d  r e g io n a l  CMRGlc m easu res  
f o r  AR p e rs o n s  w ere r e l i a b l e  ( r  > 0 .5 5 ,  p < 0 .0 1 )  be tw een  t e s t a  
r e q u i r in g  o r g a n iz a t io n  in  v e r b a l  r e c a l l  and p rob lem  s o lv in g  and 
CMRGlc o f  i n s u l a ,  head  o f  c a u d a te ,  p u tam en , and g lo b u s  
p a l l i d u s .  In  f a c t o r  a n a ly s e s ,  t h e s e  two s e t s  o f  16 m easu res  
e a ch  w ere s o r t e d  i n to  5 f a c t o r s  (w ith  e ig e n v a lu e  > 1 .5 ,  
a c c o u n t in g  f o r  70% v a r i a n c e ) . Two f a c t o r s  c o n t r i b u te d  m ost to  
s e p a r a t i n g  th e  AR p e rs o n s  i n to  3 c l u s t e r s  w ith  11 p e rs o n s  in  
th e  f i r s t  two c l u s t e r s  and 3 p e rs o n s  in  th e  t h i r d .  The 
c l u s t e r s  d i f f e r e d  d i s t i n c t l y  on th e  seco n d  (F= 1 7 .3 4 , p< 
0 .0 0 0 1 )  and t h i r d  f a c t o r  (F= 2 4 .9 3 ,  p < 0 .0 0 0 1 ) ,  a s  v e r i f i e d  in  
s te p - w i s e  d i s c r im i n a n t  f u n c t io n  by 100% a c c u r a te  
c l a s s i f i c a t i o n .  The seco n d  f a c t o r  c o r r e l a t e d  word f lu e n c y  w ith  
CMRGlc o f  b a s a l  g a n g l i a ,  w h ile  t h e  t h i r d  f a c t o r  was 
c h a r a c t e r i z e d  by t a s k s  r e q u i r in g  s e q u e n t i a l  c o d in g  and memory 
and by CMRG1c o f  te m p o ra l  and c a u d a te  r e g i o n s .  I t  a p p e a r s  t h a t  
AR p e rs o n s  o f  c l u s t e r  2 and 3 d i f f e r e d  m o s tly  in  t h e  t h i r d  
f a c t o r  from  p e rs o n s  in  c l u s t e r  1 . The a n a ly s e s  o f  r e s u l t s  on 
AR p e rs o n a  r e v e a l  a s e n s i t i v i t y  o f  v e rb a l  memory and 
p ro b le m -s o lv in g  t a s k s  t o  e a r l y  s u b c o r t i c a l  d y s fu n c t io n s  b e fo r e  
th e y  a r e  sy m p to m a tic  o f  HD.

S u p p o rte d  in  p a r t  by t h e  VA M edica l R e s e a rc h , by DOE c o n t r a c t  
#AM 03-76-SF00012. NIH P 01-N S -15654, and USPHS CRC G ra n t 
RR00865.
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267.11 CORTICAL NEURONS CONTAINING NADPH-DI APHORASE ARE SELECTIVELY 
RESISTANT TO QUINOLINIC ACID TOXICITY. J. Koh, S .  P e t e r s , and 
D.W. C h o i. D e p t . o f  N e u ro lo g y , S ta n fo r d  U n i v e r s i ty  S ch . o f  M ed., 
S ta n fo rd , CA 94305 .

A sm a ll  s u b p o p u la t io n  o f  m am m alian CNS n e u ro n s  c o n ta in s  h ig h  
a c t i v i t i e s  o f  t h e  enzyme N A D PH -diaphorase (NADPH-d), t h e  p r e s e n c e  
of which can  be d e te c t e d  h i s t o c h e m i c a l ly .  Such  NADPH-d(+) 
neurons in  t h e  c o r t e x  and  s t r i a t u m  a r e  known t o  i n v a r i a b l y  
co n ta in  im m u n o re a c tiv ity  f o r  s o m a to s ta t in  a n d /o r  n e u ro p e p t id e  Y, 
and have been  r e c e n t l y  r e p o r t e d  t o  be s e l e c t i v e l y  s p a re d  in  t h e  
n e o s tr ia tu m  o f  p a t i e n t s  w i th  H u n t in g to n 's  d i s e a s e  (HD). B ecau se  
of c u r r e n t  s p e c u l a t i o n  t h a t  t h e  e n d o g en o u s e x c i t o to x i n  g lu ta m a te  
(GLU) o r  q u i n o l i n i c  a c id  (QUIN) may p l a y  a  c e n t r a l  r o l e  in  
producing  th e  n e u ro n a l  l o s s  in  HD, we d e c id e d  t o  d i r e c t l y  t e s t  
the  p o s s i b i l i t y  t h a t  NADPH-d(+) n e u ro n s  m ig h t be  i n t r i n s i c a l l y  
r e s i s t a n t  t o  GLU o r  QUIN n e u r o t o x i c i t y ,  u t i l i z i n g  t h e  m odel 
system  o f  mam m alian c o r t i c a l  c e l l  c u l t u r e .

Exposure o f  m a tu re  (1 5 -2 3  d ay  o ld )  c u l t u r e s  t o  0 .5  mM 
g lu tam ate  f o r  5 m in u te s ,  i n v a r i a b l y  r e s u l t e d  i n  w id e s p re a d  
n eu ro n a l d i s i n t e g r a t i o n  by t h e  f o l lo w in g  d a y . S im i la r  b r i e f  
p u lse  e x p o su re  t o  1 mM QUIN h ad  l i t t l e  e f f e c t ;  h o w ev er, o v e r n ig h t  
exposure r e s u l t e d  i n  w id e s p re a d  n e u ro n a l  l o s s  s i m i l a r  t o  t h a t  
seen a f t e r  g lu ta m a te  t r e a tm e n t .  One d ay  a f t e r  i n i t i a t i n g  
exposure to  QUIN o r  GLU, c u l t u r e s  w ere  f i x e d  w i th  4% 
parafo rm aldehyde , and  s u b s e q u e n t ly  s t a i n e d  f o r  NADPH-d by 
in cu b a tio n  in  a  s o l u t i o n  c o n ta in in g  1 mM NADPH and  0 .2  mM n i t r o  
blue t e t r a z o l iu m  a t  37°C f o r  1 -2  h o u r s .

In  c o n tr o l  c u l t u r e s ,  NADPH-d(+) c e l l s  w ere  s p a r s e ly  
d i s t r ib u te d  (a b o u t  2% o f  t o t a l  n e u ro n s )  b u t  r e a d i l y  i d e n t i f i a b l e  
by d a rk ly  s ta i n e d  c e l l  b o d ie s  an d  p r o c e s s e s .  I n  c u l t u r e s  
p rev io u s ly  ex p o sed  t o  1 mM QUIN, NADPH-d(+) c e l l s  w ere  l a r g e l y  
p rese rv ed , in  s t r i k i n g  c o n t r a s t  t o  t h e  accom pany ing  r e d u c t io n  in  
o v e ra l l  n e u ro n a l  num ber. H ow ever, i n  c u l t u r e s  e x p o sed  t o  GLU, 
the number o f  NADPH-d(+) n e u ro n s  was re d u c e d  in  a  f a s h io n  r o u g h ly  
comparable t o  t h e  r e d u c t io n  in  o v e r a l l  n e u ro n a l  num ber. 
I n t r a c e l lu l a r  r e c o r d in g  from  NADPH-d(+) c e l l s  s u r v iv in g  QUIN 
exposure co n firm ed  a  n e u ro n a l  i d e n t i t y .

These f in d in g s  s u g g e s t  t h a t  t h e  b io c h e m ic a l ly  d i s t i n c t  
subgroup o f  c o r t i c a l  n e u ro n s  w h ich  c o n ta in  NADPH-d may p o s s e s s  an 
i n t r in s i c ,  s e l e c t i v e  r e s i s t a n c e  t o  t h e  t o x i c i t y  o f  QUIN. In  
l ig h t  o f e v id e n c e  t h a t  t h e  s e l e c t i v e  s p a r in g  o f  t h e s e  n e u ro n s  i s  
a hallm ark  o f  HD, t h e s e  f i n d i n g s  f a v o r  t h e  h y p o th e s i s  t h a t  QUIN 
(o r a c l o s e l y - r e l a t e d  compound -  p e rh a p s  a n o th e r  NMDA a g o n i s t ? ) ,  
ra th e r  th an  GLU, may be t h e  a c t u a l  p a th o g e n ic  a g e n t  i n  HD.

(S u p p o rted  by t h e  W il l s  and  H e r e d i t a r y  D is e a s e  F o u n d a t io n s ,  
and by NIH g r a n t  NS21628. DWC i s  a  H a r t f o r d  F o u n d a tio n  f e l l o w . )

267.12 THE NATURE COURSE OF PERSISTENT TARDIVE DYSKINESIA. 
C .C . Huang. D e p t . o f  P s y c h i a t r y ,  M ed ic a l C o lle g e  o f  
W is c o n s in , M ilw aukee , WL 53226 .

T w elve m o d e ra te  t o  s e v e re  p e r s i s t e n t  t a r d i v e  d y s k i 
n e s i a  ( T .D . )  p a t i e n t s , 5 fe m a le  & 7 m a le , w ere  fo l lo w e d  
up  f o r  5 -8  y e a r s .  T h e i r  m e d ic a l  r e c o r d s  w ere r e v ie w e d . 
The c o u r s e  o f  t h e i r  T .D . w ere  s t u d i e d .  I t  i s  known t h a t  
many f a c t o r s  c o u ld  c a u s e  te m p o ra ry  f l u c t u a t i o n s  o f  T .D . 
, s u ch  a s  m e d ic a t io n  c h a n g e , s l e e p  o r  w a k e f u ln e s s ,  
d a i l y  a c t i v i t y ,  a n x i e t y ,  p s y c h o t i c  symptoms and  p h y s i 
c a l  h e a l t h  e t c .  H ow ever, d e s p i t e  o f  th e s e  te m p o ra ry  
f l u c t u a t i o n s  o f  T .D . , i t  a p p e a re d  t h a t  th e y  w ent t h r o u 
gh a  s i m i l a r  p a t t e r n  o f  th e  c o u r s e .  T h is  i n c lu d e s  a  
p e r io d  o f  a n t i p s y c h o t i c  m e d ic a t io n  u s e  ( i n c u b a t i o n ) ,  
a p p e a ra n c e  o f  T .D . ( o n s e t ) ,  a g g r a v a t io n  o f  T .D . (e x a 
c e r b a t i o n ) ,  g r a d u a l  r e d u c t io n  o f  T .D . ( a t t e n u a t i o n )  and  
d i s a p p e a r a n c e  & /o r  d im in i s h in g  o f  T .D . ( r e c o v e r y ) .  
T h ese  p a t i e n t s  w ere  m o s tly  s c h iz o p h r e n ic  and  a t  ag e  50 
o r  6 0 's  when t h e i r  T .D . w ere  a t  th e  p e a k . A t t h e  t im e  
o f  e x a c e r b a t io n  o f  T .D .,  th e y  w ere  r e f e r r e d  im m e d ia te ly  
t o  t h e  a u th o r  f o r  c o n s u l t a t i o n  an d  t h e i r  a n t i p s y c h o t i c  
m e d ic a t io n  was r e d u c e d .  I t  u s u a l l y  to o k  7 t o  8 y e a r s  
t o  r e a c h  r e c o v e r y  from  th e  p e ak  o f  t h e i r  T .D .

The a u th o r  p o s t u l a t e s  t h a t  a f t e r  lo n g  te rm  a n t i p s y 
c h o t i c  m e d ic a t io n  u s e  th e  p o s t s y n a p t i c  r e c e p t o r s  o r  
n e u r o n a l  membrane becom e h y p e r s e n s i t i v e  t o  d o p am in e , 
T .D . symptoms a p p e a r ,  an d  g r a d u a l ly  a g g r a v a t e ;  th e n  th e  
n e u r o n a l  membrane o r  r e c e p t o r s  a r e  a b l e  t o  d e s e n s i t i z e  
an d  r e a d a p t  th e m s e lv e  a f t e r  a  lo n g  p e r io d  o f  tim e  a s  
lo n g  a s  t h e  d o sag e  o f  a n t i p s y c h o t i c  m e d ic a t io n  i s  m a in 
t a i n e d  c o n s t a n t  and  n o t  i n c r e a s e d .

So th e  b e s t  s t r a t e g y  o f  m anag ing  c h r o n ic  s c h iz o p h r e 
n i c  p a t i e n t  w i th  T .D . i s  t o  u s e  l e s s e r  a n t i p s y c h o t i c  
m e d ic a t io n  a s  p o s s i b l e .  T h is  i s  p o s s i b l e  t o  a c h ie v e  
b e c a u s e  a f t e r  ag e  60 th e  s c h iz o p h r e n ic  p a t i e n t ' s  p s y c h 
o t i c  symptoms a r e  a t t e n u a t e d  an d  th e  d o s e  o f  a n t i p s y 
c h o t i c  m e d ic a t io n  c an  be re d u c e d .
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268.1 M odulation o f  p h a s ic  and  t o n i c  r e f l e x e s  w i th  t h e  s k i n .  
M. A. S a b b a h i, C. R. M ason*, and  E . C. L ou* . T exas 
Woman' s U n iv e r s i t y ,  S c h o o l o f  P h y s i c a l  T h e ra p y , 1130 
M. D. A nderson B l v d . , H o u s to n , TX 77030 .

P re v io u s  s t u d i e s  i n  o u r  l a b o r a t o r y  showed t h a t  
cu tanous r e c e p t o r s  m o d u la te  t h e  e x c i t a b i l i t y  o f  s o le u s  
MNP (S abbah i and  S ed g w ick , 1976; S a b b a h i and  D eLuca, 
1982). T h is  m o d u la t io n  was d e p e n d e n t on t h e  m an ipu 
la te d  s k in  a r e a .  T h is  r e p o r t  d i s c u s s e s  t h e  e f f e c t  o f  
cu taneous r e c e p t o r s  a f f e r e n t  d i s c h a r g e  on th e  e x c i t a 
b i l i t y  o f  t o n i c  and  p h a s i c  r e f l e x e s / m o to n e u r o n s .

F le x o r  c a r p i  r a d i a l i s  (FCR) H - r e f l e x  and  b ic e p s  
b ra c h i i  (BB) t o n i c  v i b r a t i o n  r e f l e x  (TVR) w e re  r e c o r d 
ed as an in d i c e s  f o r  t h e  e x c i t a b i l i t y  o f  p h a s ic  and 
to n ic  MNP r e s p e c t i v e l y .  H - r e f l e x  was e l i c i t e d  by  1 
m sec., 0 .2  PPS p u l s e s  f o r  t h e  m ed ian  n e rv e  a t  t h e  arm 
and TVR was e l i c i t e d  by a p p ly in g  an  a i r - d r i v e n  v i b r a 
to r  on th e  b ic e p s  te n d o n  a t  80 PPS. FCR and  BB EMG 
and elbow f l e x i o n  to r q u e  w ere  r e c o r d e d  b e f o r e  and  a f 
t e r  d e s e n s i t i z a t i o n  o f  t h e  a n t e r i o r  fo re a rm  (AF) o r  
p o s te r io r  fo re a rm  (PF) s k in  a r e a s  u s in g  t o p i c a l  a n e s 
th e s i a .

D e s e n s i t i z a t i o n  o f  AF s k in  a r e a  r e s u l t e d  i n  s i g 
n i f i c a n t  (P <  0 .0 5 )  f a c i l i t a t i o n  o f  t h e  FCR H - r e f l e x  
and s i g n i f i c a n t  i n h i b i t i o n  o f  t h e  BB TVR and  d e c r e a s e d  
f le x io n  to r q u e .  T h is  e f f e c t  l a s t e d  f o r  30 m in u te s  
p o s t - a n e s th e s i a .  No m e a s u ra b le  c h an g e s  w e re  r e c o rd e d  
in  b o th  r e f l e x e s  o r  t h e  t o r q u e  a f t e r  d e s e n s i t i z a t i o n  
of PF s k in  a r e a  o r  a f t e r  t h e  p la c e b o .

T hese r e s u l t s  i n d i c a t e  t h a t  c u ta n e o u s  r e c e p t o r s  
a f f e r e n t  d i s c h a r g e  o f  f l e x o r  s k in  a r e a  s im u l ta n e o u s ly  
i n h i b i t  p h a s ic  r e f l e x e s / m o to n e u r o n s , and  e x c i t e  t o n i c  
r e f le x e s /m o to n e u r o n s  o f  f l e x o r  MNP. I t  a p p e a r s  t h a t  
c u tan eo u s  r e c e p t o r  a f f e r e n t s  p la y  a  m a jo r  r o l e  i n  
in c r e a s in g  m u s c le  s t i f f n e s s  and  dam ping  r e s p o n s e s  t o  
p e r t u r b a t io n  r e s u l t i n g  i n  a  m ore sm ooth  movem ent p e r 
form ance.

268.2  SYNCHRONOUS BEHAVIOUR OF MOTOR UNITS. G.A. S c a la * ,  D.W. 
S ta sh u k * , C .J .  De Luca (SPON: J .F .  J a b r e ) .  N eu ro M u scu lar 
R e se a rc h  C e n te r ,  B o sto n  U n iv e r s i ty ,  B o s to n , MA 02215 .

S yn ch ro n o u s b e h a v io u r  o f  m otor u n i t s  i s  c o n s id e r e d  a s  th e  
te n d e n c y  f o r  p a i r s  o f  m oto r u n i t s  to  c o n t r a c t  w i th  s i m i l a r  
l a t e n c i e s  r e l a t i v e  to  each  o t h e r ,  more o f t e n  th a n  w ould be 
e x p e c te d  i f  th e  m otor u n i t s  w ere f u n c t io n in g  in d e p e n d e n t ly .  A 
s tu d y  o f  th e  in te rd e p e n d e n c e  o f  c o n c u r r e n t ly  a c t i v e  m o to r u n i t s  
was p e rfo rm e d .

M y o e le c tr ic  s ig n a l s  w ere d e te c t e d  u s in g  a  s e l e c t i v e  n e e d le  
e le c t r o d e  from  h e a l th y  s u b je c t s  d u r in g  v o lu n ta r y  i s o m e t r i c  
c o n t r a c t i o n s .  The s ig n a l s  w ere decom posed , by a  p ro v en  a c c u r a te  
t e c h n iq u e ,  i n to  t h e i r  c o n s t i t u e n t  m oto r u n i t  a c t i o n  p o t e n t i a l  
t r a i n s  (MUAPTs). P a i r s  o f  MUAPTS w ere th e n  a n a ly z e d  to  d e te rm in e  
i f  any  in te rd e p e n d e n c e  e x i s t e d .  H is to g ra m s  o f  th e  tim e  i n t e r v a l s  
b e tw een  th e  f i r i n g  o f  a  t r i g g e r i n g  o r  c o n d i t i o n in g  m o to r u n i t  to  
th e  su b s e q u e n t  f i r i n g  o f  th e  a l t e r n a t e  o r  c o n d i t io n e d  m o to r u n i t  
o f  a  p a i r  w ere c r e a t e d .  Assum ing th e  m oto r u n i t  p a i r s  a r e  
o p e r a t in g  a s  in d e p e n d e n t  G a u ss ia n  p o in t  p r o c e s s e s  th e  h is to g r a m s  
s h o u ld  be f l a t  w i th  an e x p e c te d  v a lu e  d e p e n d en t on th e  h is to g r a m  
b in  w id th  and th e  mean f i r i n g  r a t e  o f  th e  t r i g g e r i n g  m o to r u n i t .  
B in s  c o n ta in in g  1 .9 6  s ta n d a r d  d e v ia t io n s  more th a n  th e  e x p e c te d  
num ber o f  o c c u r r e n c e s  i n d ic a te d  a t  a  95% c o n f id e n c e  l e v e l  
s t a t i s t i c a l l y  s i g n i f i c a n t  in te rd e p e n d e n c e  o r  s y n c h r o n iz a t io n .

The la t e n c y  a t  w hich  s y n c h ro n iz a t io n  was maximum and th e  ra n g e  
o f  b in s  o v e r  w hich  i t  o c c u re d  w ere com puted . The am ount o f  
s y n c h ro n iz a t io n  was th e n  c a l c u l a t e d  a s  th e  r a t i o  o f  th e  a v e ra g e  
num ber o f  f i r i n g s  in  e ach  b in  in  th e  above d e s c r ib e d  r a n g e ,  m inus 
th e  e x p e c te d  v a lu e  to  th e  e x p e c te d  s ta n d a r d  d e v ia t i o n .  The 
f re q u e n c y  o f  o c c u r r e n c e  was a l s o  m easu red .

S y n c h ro n iz a t io n  m easu rem en ts  o f  m oto r u n i t s  s tu d i e d  in  human 
f i r s t  d o r s a l  i n te r o s s e o u s  (F D I) , d e l t o i d  and t i b i a l i s  a n t e r i o r  
(TA) m u sc le s  d u r in g  a  v a r i e t y  o f  f o rc e  p r o to c o l s  i n d i c a t e  t h a t  
more th a n  60% o f  th e  m oto r u n i t  p a i r s  exam ined e x h ib i t e d  
s y n c h r o n iz a t io n .  The l a t e n c y  o f  th e  m ax im ii w ere  m ost o f t e n  
w i th in  + /-5m s and th e y  had an  a v e ra g e  w id th  o f  a b o u t  4ms. The 
d e l t o i d  had lo w e r am ounts o f  s y n c h r o n iz a t io n  th a n  th e  FDI and  TA 
m u sc le s  w hich  had  s i m i l a r  l e v e l s .  S y n c h r o n iz a t io n  was n o t  fo u n d  
to  be a  f u n c t io n  o f  c o n t r a c t i o n  l e v e l  in  th e  d e l t o i d  o r  FD I. The 
a n a ly s i s  o f  m o to r u n i t s  in  s y n e r g i s t  and a n ta g o n i s t  m u sc le  p a i r s  
r e v e a le d  in te rd e p e n d e n c e  w i th in  b u t  n o t  a c r o s s  th e  m u sc le s .

The r e s u l t s  s u p p o r t  th e  h y p o th e s i s  t h a t  s y n c h r o n iz a t io n  i s  
in d e e d  a  phenomenon o f  m ost c o n t r a c t i n g  m u sc le s . C o n f id e n c e  in  
th e s e  r e s u l t s  i s  w a r r a n te d  b e c a u se  o f  th e  p ro v en  a c c u ra c y  o f  th e  
d e c o m p o s itio n  te c h n iq u e  u se d  to  o b t a in  th e  MUAPTS and th e  
s t a t i s t i c a l  n a tu r e  o f  th e  i n v e s t i g a t i o n .

T h is  work was s u p p o r te d  by L ib e r ty  M utual I n s u r a n c e  Co.
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268.3  MOTOR UNIT RECRUITMENT THRESHOLD MODIFICATION DUE TO SKIN 
DESENSITIZATION. De L uca , C .J .  and M atsuzaw a, I.* N eu ro M u scu la r 
R e se a rc h  C e n te r ,  B o sto n  U n iv e r s i ty ,  B o s to n , MA 02215

P r io r  e x p e r im e n ts  from  o u r  g ro u p  i n d ic a te d  t h a t  when th e  s k in  
above  th e  s o le u s - g a s t ro c n e m iu s  m u sc le s  was d e s e n s i t i z e d  th e  
H - r e f l e x  d r a m a t i c a l l y  in c r e a s e d  in  a m p l i tu d e .  H ence, a  s tu d y  was 
c o n d u c te d  to  i n v e s t i g a t e  th e  b e h a v io r  o f  th e  r e c r u i tm e n t  
c h a r a c t e r i s t i c s  o f  m otor u n i t s  in  t h i s  c ir c u m s ta n c e .  The s k in  on 
th e  hand and th e  b ack  o f  th e  h an d , th e  w r i s t  and th e  d i s t a l  10cm 
o f  th e  fo re a rm  was d e s e n s i t i z e d  by l i b e r a l  a p p l i c a t i o n  o f  10% 
X y lo c a in e . EMG s ig n a l s  w ere d e te c t e d  from  th e  F i r s t  D o rso l  
I n te r o s s e o u s  m usc le  w h ile  th e  s u b je c t  g e n e ra te d  a  f o r c e - r a n g e  
r e a c h in g  50% MVC in  5 s e c .  The c o n t r a c t i o n s  w ere p e rfo rm e d  u n d e r  
i s o m e t r i c  c o n d i t i o n s .  The p a ra d y n e  was r e p e a te d  b e fo r e  and th e n  
15 , 30 , 45 and 60 m in u te s  fo l lo w in g  th e  a p p l i c a t i o n  o f  th e  
t o p i c a l  a n e s t h e t i c .  The EMG s ig n a l  was decom posed i n t o  th e  
c o n s t i t u e n t  m o to r -u n i t  a c t i o n  p o t e n t i a l s .  The f o r c e  th r e s h o ld  o f  
p r o g r e s s iv e l y  r e c r u i t e d  m oto r u n i t s  was d e te rm in e d  and com pared  
among s u b s e q u e n t  c o n t r a c t i o n s .  C o n s id e ra b le  e f f o r t  was ta k e n  to  
e n s u re  t h a t  th e  same p o p u la t io n  o f  m oto r u n i t s  was d e t e c t e d  in  
e a ch  c o n t r a c t i o n .  The e x p e r im e n ts  w ere r e p e a te d  w i th  a  p la c e b o  
to  e l i m in a te  any n o n - p h y s io lo g ic a l  s u s c e p t i b i l i t y .  T h re e  
s u b je c t s  p a r t i c i p a t e d  in  th e  s tu d y .

The r e s u l t s  i n d ic a te d  t h a t  th e  f o r c e  t h r e s h o ld  l e v e l  o f  m o to r 
u n i t s  r e c r u i t e d  below  10% MVC in c r e a s e d ,  w h i le  t h a t  o f  m o to r 
u n i t s  r e c r u i t e d  above 20% MVC d e c re a s e d  in  r e s p o n s e  to  th e  s k in  
d e s e n s i t i z a t i o n .  T h is  e f f e c t  i n c r e a s e d  up to  45 min p o s t  
d e s e n s i t i z a t i o n .  When th e  p la c e b o  was u s e d ,  no p r o b a b i l i s t i c a l l y  
s i g n i f i c a n t  m o d if ic a t io n  was n o te d  in  th e  r e c r u i tm e n t  t h r e s h o ld .

We s p e c u l a te  t h a t  th e  m oto r u n i t s  r e c r u i t e d  be low  10% MVC a r e  
m ost l i k e l y  s lo w - tw i tc h  and a e r o b i c ,  w h e re a s  th o s e  r e c r u i t e d  
above 20% MVC c o n ta in  some f a s t - t w i t c h ,  a n a e r o b ic  u n i t s .  T h u s , 
i t  i s  s u g g e s te d  t h a t  a c t i v a t i o n  o f  r e c e p t o r s  in  th e  s k in  h a s  an  
e x c i t a t i o n  e f f e c t  on th e  s m a l le r  s l o w - tw itc h  e a r l i e r - r e c r u i t e d  
m oto r u n i t s  and an  i n h i b i t o r y  e f f e c t  on th e  l a r g e r ,  
f a s t e r - t w i t c h ,  l a t e r - r e c r u i t e d  m oto r u n i t s .  Such an  
i n t e r p r e t a t i o n  i s  c o n s i s t e n t  w i th  o u r  p r e v io u s  o b s e r v a t io n s  
i n d i c a t i n g  an  i n c r e a s e  in  th e  a m p l i tu d e  o f  th e  H - r e f l e x  in  n o rm a l 
s u b je c t s  and augm ented  m o b i l i t y  in  s t r o k e  p a t i e n t s  when th e  s k in  
was d e s e n s i t i z e d .

(T h is  work was s u p p o rte d  by L ib e r ty  M utual I n s u r a n c e  C o .)

268.4 CHARACTERISTICS OF NATURAL PREHENSION MOVEMENTS FOR OBJECTS 
OF VARYING SIZE. R .G . M a rte n iu k  and  S. A th e n e s * . D e p t . o f  
K in e s io lo g y ,  U n iv e r s i ty  o f  W a te r lo o ,  W a te r lo o ,  O n ta r io ,  Canada 
N2L 3G1

T h re e -d im e n s io n a l  movement a n a ly s e s  y i e l d e d  in fo r m a t io n  on 
th e  d i s p la c e m e n t ,  v e l o c i t y ,  and a c c e l e r a t i o n  c h a r a c t e r i s t i c s  
o f  th e  r e a c h  and  g ra s p  co m ponen ts o f  n a t u r a l  p r e h e n s io n  move
m e n ts . The d a ta  w ere c o l l e c t e d  from  s i x  s u b je c t s  a s  th e y  reached  
f o r  and g ra s p e d  d i s k s  t h a t  w ere two cm th i c k  and  v a r i e d  in  d ia 
m e te r ,  in  one cm in c r e m e n ts ,  from  one to  t e n  cm.

Movement tim e  in c r e a s e d  l i n e a r l y  w ith  d e c re a s e s  in  d i s k  s iz e  
( r=  - .7 9 )  i n d i c a t i n g  c h a n g es  in  movement p r e c i s io n  re q u ir e m e n ts  
due to  d i s k  s i z e .  T hese lo n g e r  movement t im e s  w ere th e  r e s u l t  
o f  an in c r e a s e  in  th e  d e c e l e r a t i o n  p h a se  ( tim e  from  p eak  r e s u l 
t a n t  v e lo c i ty  to  tim e  o f  d i s k  c o n ta c t )  o f  th e  r e a c h  a s  th e  
a c c e l e r a t i o n  p h a se  ( tim e  from  re a c h  i n i t i a t i o n  to  tim e  o f  peak  
r e s u l t a n t  v e l o c i t y )  rem a in e d  c o n s t a n t .  T h u s , movement t r a 
j e c t o r i e s  w ere s p e c i f i c  t o  th e  s i z e  o f  th e  d i s k .

In  te rm s  o f  th e  g r a s p ,  th e  maximum g r ip  a p e r a t u r e  c o r r e l a t e d  
r=  .99  w i th  o b j e c t  s i z e  i n d i c a t i n g  a  v e ry  p r e c i s e  and  s t a b l e  
r e l a t i o n s h i p  b e tw een  th e  v i s u a l - h a n d  sy s te m  and th e  s i z e  o f 
o b j e c t  to  b e  g r a s p e d .  F o r th e  t e n  o b j e c t s  th e  c lo s u r e  p h ase  
o f  th e  g ra s p  b eg an  b e tw een  70 to  85% o f  th e  t o t a l  d u r a t i o n  o f  
th e  m ovem ent. T h is  o n s e t  tim e  was in d e p e n d e n t  o f  th e  k in e 
m a t ic s  o f  th e  t r a n s p o r t  p h a s e .

The d a ta  s u p p o r t  th e  c o n c lu s io n  t h a t  th e  c o n t r o l  o f  p r e 
h e n s io n  m ovem ents a r i s e s  from  a p r o c e s s  t h a t  i s  r e l a t i v e l y  
s p e c i f i c  to  th e  s i z e  o f  o b j e c t  to  b e  g r a s p e d .  In  a d d i t i o n ,  
th e  te m p o ra l  c o n t r o l  o f  th e  t r a n s p o r t  and  g ra s p  com ponen ts 
a p p e a r s  to  a r i s e  from  in d e p e n d e n t  p r o c e s s e s .

268.5 MATHEMATICAL COMPARISON OF KICKING AND STANDING Gin McCollum, 
Neurological Sciences In s t i tu te ,  1120 NW 20th Avenue, Portland , 
Oregon 97209

During human development, the a b i l i ty  to stand with the fe e t 
together changes dram atically  in a way th a t kicking from a supine 
position  does not. Both tasks use the same leg and trunk muscles 
and, in each case, the mechanical problem involves three jo in ts  
between four body segments (fo o t, lower leg , th igh , and trunk) 
with an end segment as the base of support. The same equations 
govern the mechanics. Thus, any d ifferences  in mechanics re s u l t  
from d if f e re n t param eters. For example, the to rso  is  much longer 
and heavier than the fo o t. Therefore, kicking has no s ta b i l i ty  
lim its ,  while postural movements have.

In both movements, angular a cce le ra tio n  caused by grav ity  
increases as the body or leg moves fa r th e r  from v e r t ic a l .  In the 
case of k icking, the change in torque as the legs move away from 
a v e r tic a l  o r ie n ta tio n  is  not large enough to challenge the 
s ta b i l i ty  provided by the torso  as base. Kicking movements 
can free ly  be made away from the v e r tic a l  g rav ita tio n a l a x is .

For stance with the fe e t  to g e th e r, g ra v ita tio n  is  strong 
enough re la tiv e  to the forces acting  ag a in st i t ,  th a t humans must 
remain near e re c t  stance . That i s , the axis with no angular 
a cce le ra tio n  caused by g rav ity  becomes physio log ically  i mportant 
as the p referred  body position  of e re c t  stance .

Freedom of movement about the po sitio n  of e re c t  stance i s 
lim ited . Physiological parameters of the body determine values 
of ankle and hi p angle, given a fixed knee angle , beyond which 
one can not balance w ithout taking a s tep . These parameters 
c o n s ti tu te  cone-shaped boundaries in the movement space to  the 
e ffic acy  of each type of postural adjustm ent. As an In fa n t 's  
proportions develop toward adulthood, these cones grow w ider, as 
i l lu s t r a te d  in the schematic diagram, thus making i t  e a s ie r  to 
develop s tra te g ie s  of postural s t a b i l i ty .  The s e t  of automatic 
postural adjustm ents is  a neces
sary s p a tia l s tru c tu re  developed 
by the nervous system to add 
postural s ta b i l i ty  to the 
mechanical m e ta s ta b ility  of 
e re c t  s tance. Postural ad ju s t
ments tend to be made with the 
knees s t r a ig h t ,  in c o n tra s t to 
k icking, which mixes flex ion  and 
extension of the leg with hip 
bending. Thus the d istingu ished  
subspaces of kicking and stance 
become perpendicular to each 
o ther.

268.6 ABM-WRIST COORDINATION IN A CATCHING TASK. F. L a cq u an iti and C. 
M a io li* . 1 s t .  F is io lo g ia  C e n tr i  Nervosi-CNR, 20131 M ilano, I ta ly .

C atch ing  a  b a l l  in v o lv es  th e  co o rd in a te d  a c t io n  o f  several 
limb m uscles w ith in  r i g i d  sp a tio - te m p o ra l c o n s t r a in ts .  A 
s u c c e s s fu l perform ance depends on th e  a b i l i t y  n o t only  to 
in te r c e p t  b a l l ' s  t r a j e c t o r y  in  a  narrow  tim e in t e r v a l ,  b u t also 
to  a d ju s t  lim b com pliance ac co rd in g  to  th e  param ete rs  o f  b a l l 's  
im pact ( e .g .  tim e , f o rc e , e l a s t i c i t y )  e s tim a te d  on th e  b a s is  of 
sen so ry  in fo rm a tio n  and c o g n i tiv e  in fe re n c e s . Compliance can be 
c o n t ro l le d  by v a ry in g  th e  le v e l  o f  m uscle a c t iv a t io n  preceding 
im pact and by p r e - s e t t in g  th e  g a in  o f  r e f l e x  and r e a c t io n - t ime 
resp o n ses  to  im pact.

We s tu d ie d  a  s im p le  c a tc h in g  ta s k  in  which b a l l ' s  momentum was 
a  m a n ipu la ted  v a r ia b le .  S u b jec ts  were asked to  c a tc h  b a l l s  of 
d i f f e r e n t  mass (200-800 g r)  f a l l i n g  f r e e ly  from d i f f e r e n t  heights 
( 0 .2 -1 .2  m). Upper arm p o s i t io n  was f ix e d , and th e  hand 
su p in a te d . A s t i f f  g love  was worn to  make g r ip p in g  unnecessary. 
Elbow and w r is t  m otion was m easured g o n io m e tr ic a lly , and EMG 
a c t i v i t y  o f  elbow and w r is t  m uscles was reco rd e d .

M uscle a c t i v i t y  was m odulated over a  p ro longed  tim e in terval 
p rece d in g  and spann ing  th e  im pact. A ll s u b je c ts  estim ated 
a c c u ra te ly  b o th  im pact tim e and momentum, a s  in d ic a te d  by th e  co
a c t iv a t io n  o f  elbow  and w r is t  f le x o r s  and e x te n s o rs  a t  a  constant 
tim e in t e r v a l  p r io r  to  im pact, W ith a  mean am p litude  lin early  
r e l a t e d  to  momentum. A n tic ip a to ry  a c t i v i t y  peaked b e fo re  impact 
and th en  dropped re a c h in g  a  r e l a t i v e  minimum a t  im pact time, 
in d ic a t in g  th a t  lim b com pliance i s  n o t sim ply  s e t  a t  a  fixed 
le v e l ,  b u t i s  co n tin u o u s ly  m odulated th rough  im pact.

R eflex  resp o n ses  to  im pact c o n s is te d  o f  m u l t ip le  peaks at 
s h o r t  (20 ms )  and medium (50 ms) l a te n c i e s .  In  on ly  50% o f  the 
s u b je c ts  d id  th e  mean r e f l e x  am p litude  in c re a s e  w ith  momentum; in 
th e  o th e r  s u b je c ts  th e  mean am p litude  e i t h e r  was co n s ta n t or 
a c tu a l ly  dec re a sed  w ith  momentum, in d ic a t in g  a  p r e - s e t t in g  of 
r e f l e x  g a in .

When on ly  an a c o u s t ic  to n e  was g iven  to  s ig n a l  th e  b a l l ’s 
detachm ent b u t no v is u a l  feedback was a llow ed , an tic ip a to ry  
a c t i v i t y  was a b sen t o r  v e ry  much reduced , w h ile  r e f l e x  responses 
were b o o s ted  up in  am p litu d e .
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268.7 EXECUTION OF SIMPLE MONOARTICULAR MOVEMENTS IN THE PRESENCE OF 
ANATOMICAL CONSTRAINTS. R. J a e g e r1 , 3 , A. K r a l i1 , 2 ,* and L.  
Draganich3,1,* . 1P r i tz k e r  I n s t .  Med. En g., I 11 . I n s t .  Tech., 
Chicago, IL, 60616; on l e a v e  from 2Edvard K a rd e lj U niv., L ju b lja n a , 
Yugoslavia; 3S ect. O rthoped ics , Univ. Chicago, Chicago, IL.

Among the  schemes p roposed to  c a te g o r iz e  movements i s  th e  b in a ry  
c la s s i f ic a t io n  o f  b a l l i s t i c  and n o n - b a l l i s t i c .  In  th e  m a jo r ity  o f 
experimental paradigm s, movements w e l l  w ith in  th e  anatom ic range  o f 
motion and th e  e f f e c t s  o f  e x t e r n a l l y  a p p l ie d  lo a d s  d u rin g  v a r io u s  
phases of th e  movement have been s tu d ie d . We have been concerned 
with the movement o f s ta n d in g  up from  a  s i t t i n g  p o s tu re . There a r e  
a variety  o f e n d p o in ts  f o r  t h i s  p a r t i c u l a r  movement, w ith  a l l  th e  
endpoints no rm a lly  a t  o r n ea r maximum e x te n s io n  o f  th e  h ip  and knee 
joints. To b e t te r  u n ders tand  th e  b a s ic  mechanisms in v o lv e d  in  
standing, we a re  in v e s t ig a t in g  how a  movement i s  braked when th e  
endpoint or ta r g e t  o f th e  movement i s  a t  o r  v e ry  n ea r th e  anatom i
cal l im it of th e  jo i n t .  P r o te c t iv e  mechanisms to  p re v e n t  j o i n t  
damage have been suggested  in  th e se  s i tu a t io n s .  One h y p o th e s is  f o r  
b a l l is t i c  movements i s  t h a t  th e  motor c o n t r o l  system  knows t h a t  a  
constraint i s  p re s e n t and ta k e s  t h i s  in to  acco u n t in  th e  p la n n in g  
and execution o f a  movement. I f  t h i s  i s  c o r r e c t ,  one m ight ex p e c t a 
different motor b eh a v io r in  th e  c a se  o f a  b a l l i s t i c  movement ap
proaching a n a tu ra l  j o i n t  range o f  m otion c o n s t r a in t  a s  compared to  
the case where an unexpected  a r t i f i c i a l  c o n s t r a in t  i s  encoun tered . 
For slow movements a  h y p o th e s is  i s  t h a t  sen so ry  re c e p to r s  e x i s t  
which s ignal the  a r r i v a l  o f th e  lim b  a t  th e  c o n s t r a in t ,  and subse
quent motor a c t iv i ty  i s  m od ified . I f  t h i s  i s  c o r r e c t ,  one m ight 
expect a s im ila r  type o f  m otor b e h a v io r  when en c o u n te rin g  bo th  
natural and a r t i f i c i a l  c o n s t r a in t s .  The c o n t r ib u t io n s  o f  th e  ag
onist and a n tag o n is t d u rin g  s im p le  m o n o a r tic u la r  movement have  been 
controversial fo r some tim e. In  ccm paring s tu d ie s ,  i t  ap p e ars  t h a t  
speed of movement and in s t r u c t io n s  to  th e  s u b je c t  a re  th e  m ost 
important fac to rs . The motor b eh a v io r  d u rin g  a  v o lu n ta ry  thumb 
movement th a t i s  unexpected ly  h a l te d  have shown t h a t  th e  h a l t  d id  
not produce any d e te c ta b le  changes in  th e  f i r s t  a g o n is t  EMG a c t i v i 
ty (compared to  a c o n tro l  movement) b u t v i r t u a l l y  e l im in a te d  th e  
antagonist b u rs t (H a lle t ,  J .  P h y s io l.  294:33–50, 1979). In  our 
experiments, s u b je c ts  produced bo th  b a l l i s t i c  and s l ow m onoarticu 
lar movements. We s tu d ie d  bo th  th e  knee and elbow  jo i n t s .  We found 
that b a l l i s t i c  movements t o  th e  an a to m ica l l i m i t  seemed to  resem b le  
Hallet's data fo r unexpected h a l te d  movements. On th e  o th e r  hand, 
in slow movements, a n ta g o n is t ic  a c t i v i t y  was f r e q u e n t ly  observed  
near terminal ex tension . Our p re l im in a ry  in t e r p r e t a t i o n  o f  th e se  
results is  th a t b a l l i s t i c  movements a re  p la n n ed  in  th e  absence o f 
any knowledge regard ing  an a to m ica l c o n s t r a in t s ,  w h ile  slow  move
ments may inv o lv e  r e f l e x  feedback concern ing  c o n s t r a in t s .  [Sup
ported in p a r t by NIH (NS20806) and NIHR (G008435046) ]

268.8 TIMING FACTORS IN THE COORDINATION OF SPEECH MOVEMENTS.
V.L. Gracco. Speech Motor Control L abora to ries . Waisman Center, 
U n ivers ity  o f Wisconsin, Madison, WI 53705–2280.

A hallm ark o f  many motor behaviors i s  th e  coord ina tion  o f 
m u ltip le  s tru c tu re s .  To achieve th e  necessary  coord ination , 
underly ing  neu ra l s ig n a ls  must be ad ju sted  to  r e f l e c t  p e rip h e ra l 
co nd itions . During speech movement coord ina tion , tim e-varying 
a r t ic u la to r  p o s itio n s , in te r a r t ic u la to r  tim ing  requirem ents, and 
biomechanical p ro p e rtie s  must be considered . To reduce con tro l 
com plexity, th e  nervous system may e s ta b lis h  in v a ria n t re la tio n s  
among s tru c tu re s  a s  w ell a s  e x p lo it t h e i r  biomechanical 
p ro p e rtie s . In  th e  p re sen t study th e se  is su e s  were addressed using 
d e ta ile d  EMG and kinem atic analyses o f  speech movements.

S ub jects  repeated  th e  word "sapapple" re q u irin g  m u ltip le  
opening and c lo sin g  movements o f th e  l i p s  and jaw. EMG a c t iv i ty  
from m u ltip le  muscles a c tin g  on th e  l ip s  and jaw were recorded 
along w ith  upper l i p ,  lower l i p ,  and jaw movements.

C onsisten t tim ing re la t io n s  were observed w ith in  th e  c lo sing  
and subsequent opening phases. W ithin th e  c lo s in g  phase, movement 
onsets  and tim es o f peak a cc e le ra tio n  and peak v e lo c ity  across 
s tru c tu re s  were c o n s is te n tly  ordered and h ig h ly  re la te d . As 
movement d u ra tio n  v a ried , v e lo c ity  p ro f i le s  were found to  vary 
p ro p o rtio n a lly  m aintain ing  t h e i r  in v a ria n t tim ing r e la tio n s .  
S im ila r tim ing invariances were observed fo r  th e  subsequent 
opening movement; however, th e  o rdering  o f  th e  s tru c tu re s  was 
d i f f e r e n t  than  observed during  c lo sin g . In  a d d itio n  to  th e  w ith in  
phase tim ing re la t io n s ,  across  phase (c lo sing  to  opening) tim ing 
re la tio n s h ip s  were a lso  found to  be h igh ly  re la te d .

EMG analyses, confined to  c lo s in g  m uscles o f th e  l i p s  and jaw 
a lso  re f le c te d  in v a ria n t r e la t iv e  tim ing re la t io n s .  The onset 
o f  EMS a c t iv i ty  fo r  l i p  and jaw muscles was found to  be h ighly  
re la te d  m aintain ing  a  c o n s is te n t o rdering  across  t r i a l s .  Close 
in sp ec tio n  o f  th e  EMS/kinematic re la tio n s h ip s  revealed  th a t  fo r  
a l l  c lo s in g  movements th e  lower l i p  and jaw, a cce le ra tio n s  
were i n i t i a te d  p r io r  to  any observed muscle a c t iv i ty .  Although 
subsequent muscle a c t iv i ty  c lo se ly  followed, th e  i n i t i a l  movement 
a cc e le ra tio n  rev e rs in g  th e  downward movement was apparen tly  due to  
th e  re le a se  o f  pass ive  fo rces  a c tin g  in  th e  opposing d ire c tio n .

S im ila r to  many m u ltia r t ic u la te  motor behaviors such as 
locomotion, speech production  inco rpo ra tes  in v a ria n t tim ing 
re la t io n s  in  th e  muscle a c t iv i ty  and kinem atics. Further, i t  
appears th a t  th e  pass ive  biomechanical p ro p e rtie s  a s s i s t  in  
generating  th e  k in e t ic  requirem ents fo r  speech movements. Based on 
th e se  and previous observations, i t  appears th a t  speech movement 
coord ina tion  involves sensorim otor in te ra c tio n s ,  in v a ria n t 
a r t i c u la to r  tim ing, and e x p lo ita tio n  o f  biomechanical p ro p e rtie s  
t o  f a c i l i t a t e  coord ina tion . (Supported by NIH g ran ts  NS-20668- 
03,NS-13274,& HD-03352).

268.9 INTERACTION OF DESCENDING CONTROL AND STRETCH REFLEX IN 
FAST VOLUNTARY MOVEMENTS IN  MAN. L.  S t a r k ,  B.  
Hanna fo r d * , an d  C.  R am o s * .  Neur ol ogy U nit 
U niversity  o f  C a l i f o r n i a ,  B e r k e l e y ,  C a l i f o r n i a  9 4720

In  f a s t  v o l u n t a r y  m o v e m e n t s ,  p r o g r a m m e d  b y  
d esc e n d in g  c o n t r o l  p u l s e s ,  s t r e t c h  r e f l e x  i n f l u e n c e  
must be m i n im i z e d ,  e s p e c i a l l y  i n  t h e  a n t a g o n i s t ,  t o  
p rev en t a n t a g o n i s t  f o r c e s  a n d  h i g h  r e s i s t a n c e  f o r c e -  
v e l o c i t y  ' a p p a r e n t '  v i s c o s i t y  f r o m  s l o w i n g  t h e  
movement. In  c o n t r o l  t e r m s ,  t h i s  m e a n s  t h a t  t h e  
sam pled d a t a  c o n t r o l  s i g n a l s  p r o d u c e  b o t h  a v i s u a l  
fe e d b a c k  a n d  p r o p r i o c e p t i v e  f e e d b a c k  o p e n  l o o p  
o pera ting  c o n d i t i o n s  d u r i n g  th e  m u l t i p u l s e  c o n t r o l l e r  
s ig n a l p e r i o d .  E x p e r i m e n t a l l y ,  EMG s h o w s  q u i t e '  g o o d  
re c ip ro c a l i n n e r v a t i o n .  R e c i p r o c a l  i n n e r v a t i o n ,  by a 
descending i n h i b i t i n g  c o n t r o l  o f  th e  m o to n e u r o n a l  p o o l  
of the a n t a g o n i s t  o r  r e c i p r o c a l  i n h i b i t i o n ,  b y  s p i n a l  
cord i n h i b i t i n g  m e c h a n is m s , o r  b o t h ,  may p l a y  a r o l e .

When a t  t h e  e n d  o f  a m o v e m e n t d o e s  t h e  s t r e t c h  
r e f l e x  a g a in  t a k e  c o n t r o l  o f  p o s t u r e ?  ( S e e  S t a r k ,  
1968, F ig u r e  7 9 , p a g e  3 9 2 )  T h i s  q u e s t i o n  m ay now  b e  
put more p r e c i s e l y  i n  t e r m s  o f  t h e  t r i p h a s i c  e n v e l o p e  
o f EMG. T he r o l e s  o f  t h e  t h r e e  p u l s e s  h a v e  b e e n  
a s s e s s e d  and  c a n  be  d e s i g n a t e d  PA, t h e  a c t i o n  p u l s e ,  
for f i r s t  a g o n i s t  b u r s t ,  PB, th e  b r a k i n g  p u l s e  f o r  th e  
a n t a g o n is t  b u r s t ,  a n d  PC, t h e  c l a m p i n g  p u l s e  f o r  t h e  
second a g o n i s t  b u r s t .  ( H a n n a f o r d  a n d  S t a r k ,  1 9 8 6 , i n  
p re s s )

Two a p p r o a c h e s  h a v e  b e e n  u s e d  by  o u r  g r o u p :  A 
f i r s t  a p p r o a c h  e x p l o r e s  t h e  i n f l u e n c e  o f  v i b r a t i o n  on  
e a c h  o f  t h e  t h r e e  p u l s e s .  C o n t i n u o u s  v i b r a t i o n  
produces s p e c i f i c  e f f e c t s - - - a g o n i s t  v i b r a t i o n  i n c r e a s e s  
PC; a n t a g o n i s t  v i b r a t i o n  i n c r e a s e s  PB; PA i s  u n c h a n g e d . 
This s u g g e s t s  t h a t  th e  s t r e t c h  r e f l e x  i s  o p en  lo o p  f o r  
PA an d  t h e n  a b l e  t o  c o n t r i b u t e  i n  p a r t  t o  t h e  
c o n t r o l l e r  s i g n a l  d u r i n g  PB an d  PC. (H a n n a f o r d ,  C h e ro n  
and S ta r k ,  19 8 5 )

The s e c o n d  a p p r o a c h  u s e s  c o m p u te r  s i m u l a t i o n  o f  a 
model o f  tw o  m u s c l e s  a n d  l o a d  t o g e t h e r  w i t h  s p i n d l e s  
and t h e i r  a f f e r e n t s .  P r e l i m i n a r y  r e s u l t s  s u g g e s t  t h a t  
d y n a m ic s  o f  e x p e r i m e n t a l  m o v e m e n t s  c a n  b e  w e l l  
a p p ro x im a te d  by s t r e t c h  r e f l e x  s u p p l e m e n t a t i o n ,  a f t e r  
PA i s  c o m p l e t e d ,  w i t h  f e e d b a c k  g a i n  f o r  PC r e l a t i v e l y  
e l e v a t e d  ( d u r i n g  t h i s  l a t e  p h a s e )  s i n c e  PB a n t a g o n i s t  
s t r e t c h  r e f l e x  i s  e n h a n c e d  by  t h e  a c t u a l  s t r e t c h  
p ro d u c e d  by  t h e  m o v e m e n t .  (R a m o s  an d S t a r k -  1 9 8 6  
s u b m it te d )

268.10 THE SHAPE OF THE VELOCITY CURVE VARIES WITH MOVEMENT DURATION: 
EVIDENCE FROM HUMAN ARM MOVEMENT, LOCOMOTION, MASTICATION AND 
SPEECH. D .J. O stry* , J .R . F lanagan*, and J .D . Cooke. (SPON: 
F. W ilk in son ). M cGill U n iv e rs ity  and U n iv e rs ity  of W estern 
O n ta rio .

There have been d em onstra tions  th a t  the  geom etric form of the 
v e lo c ity  curve of movements i s  in v a r ia n t  under m an ip u la tio n s  o f 
movement am p litu d e , p a th , r a t e  and lo ad . The th e o r e t i c a l  
im portance o f th e se  f in d in g s  has been dem onstrated  in  th e  case of 
p la n a r arm movements where in v a ria n c e  g r e a t ly  s im p l if ie s  the  
s o lu tio n  of th e  in v e rse  dynamics problem  (H olle rbach  & F la sh , 
1982). A lthough th e  s c a la r  equ iv a len ce  o f v e lo c i ty  cu rves has 
been shown in  a number o f s i t u a t io n s ,  we f in d  i t  i s  eq u a lly  o f te n  
the case th a t  th e  form of th e  v e lo c i ty  curve v a r ie s  as a fu n c tio n  
of movement am plitude and d u ra t io n .

We have examined th e  form of v e lo c i ty  cu rves o f human jaw 
movements in  bo th  m a s t ic a tio n  and speech , h o r iz o n ta l movements 
about the  elbow and movements about th e  knee in  locom otion. 
A lthough th e se  a r t i c u l a to r s  have d is s im i la r  fu n c tio n s  and d i f f e r  
in  th e i r  biom echanical p r o p e r t ie s ,  muscle h is to c h e m is try , and 
r e f l e x  and sensory  o rg a n iz a tio n , common p ro p e r t ie s  can be 
id e n t i f i e d .

Rate and am plitude were v a r ie d  fo r  movements about th e  elbow 
and fo r  jaw movements in  speech. In  m a s t ic a tio n , th e  r a t e  of jaw 
movement and th e  com pliance of the  bo lus were v a r ie d . Movements 
about th e  knee were examined a t  d i f f e r e n t  v e l o c i t i e s  in  both  
w alking and runn ing .

With th e  ex c ep tio n  o f movements about th e  elbow , th e  symmetry 
of the  v e lo c i ty  cu rves v a r ie d  as a fu n c tio n  of movement d u ra t io n . 
For slow movements o f th e  jaw  and slow d is c r e te  movements about 
the  elbow, a c c e le r a t io n  d u ra t io n s  were le s s  than  d e c e le ra t io n  
d u ra t io n s . For slow movements in  bo th  w alking and run n in g , 
d e c e le ra t io n  d u ra t io n s  were le s s  than  a c c e le r a t io n  d u ra t io n s .  In 
a l l  bu t one c a se , as movement speed in c rea sed  a l l  cu rves became 
in c re a s in g ly  sym m etrica l. The v e lo c i ty  cu rves in  con tinuous 
movements about th e  elbow were sym m etrical in  shape independent of 
d if f e re n c e s  in  movement am plitude o r d u ra t io n .

In  c o n t r a s t  to  p rev ious  r e p o r t s ,  th e se  f in d in g s  show th a t  in  
g en e ra l the  shape of v e lo c i ty  cu rves i s  n o t in v a r ia n t  w ith  changes 
in  movement d u ra t io n .

Supported by g ra n ts  from MRC (C anada), NSERC (C anada), and FCAR 
(Q uebec).
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268.11 PREPARATORY SET: INDEPENDENT SPECIFICATION OF DIRECTION AND 
SIZE IN THE PREPARATION OF RESPONSES TO A RANGE OF TARGETS. M. 
F a v il la * .  W.Hening, J.Gordon* & C.Ghez. C tr . f o r  N eu rob io l. & 
B ehav., Columbia Univ. and NYS Psych. I n s t .  New York, NY 10032.

We have p re v io u s ly  shown, u s in g  a new paradigm , th a t  th e  
am p litude  and d i r e c t i o n  o f m otor resp o n ses  to  u n p re d ic ta b le  
ta r g e t s  a re  s p e c i f ie d  by independen t and p a r a l l e l  p ro cesse s  
(F a v il la  e t  a l . ,  N eu ro sc i. A b s t r . ,  1985). Human s u b je c ts  were 
t r a in e d  to  i n i t i a t e  resp o n ses  in  synchrony w ith  a p r e d ic ta b le  
to n e  and to  match one o f s ix  v is u a l  t a r g e t s  ( th re e  am plitudes 
in  f le x io n  and ex ten s io n ) p re s e n te d  a t  v a r ia b le  in t e r v a l s  
b e fo re  th e  to n e . S p e c i f ic a t io n  o f response  am p litude  was 
g ra d u a l , e x ten d in g  from 100 to  300 ms a f t e r  t a r g e t  p re s e n ta 
t i o n ,  w h ile  s p e c i f ic a t io n  o f d i r e c t i o n  was ab ru p t and began 
a f t e r  200 ms. The am p litudes  o f resp o n ses  i n i t i a t e d  a t  
in t e r v a l s  too  b r i e f  to  in c o rp o ra te  t a r g e t  in fo rm a tio n  were 
c lu s t e r e d  in  th e  c e n te r s  of th e  ranges o f f le x io n  and ex ten s io n  
t a r g e t s .  This su g g es ted  th a t  s p e c i f i c a t io n  p roceeds from a 
" d e f a u l t"  e s ta b l is h e d  th rough  e x p e rie n c e . However, we cou ld  not 
de term ine  w hether s u b je c ts  p rep a re d  two s e p a ra te  d e f a u l t  
resp o n ses  (one fo r  each d ir e c t io n )  and made a random cho ice  
between them, o r w hether th e  am p litude  and d i r e c t i o n  o f d e fa u l t  
resp o n ses  were p rep a re d  in d e p en d en tly . The p re s e n t s tudy  was 
d esig n ed  to  d is t in g u is h  between th e s e  a l t e r n a t iv e s ,  and to  
determ ine  w hether th e  d e f a u l t  was sim ply  a t  th e  c e n te r  of th e  
range o f t a r g e t s  o r  w eighted  by t h e i r  frequency  o f o ccu rren ce .

F ive  s u b je c ts  produced is o m e tr ic  fo rc e  im pulses a t  th e  elbow 
to  m atch fo u r  t a r g e t s ,  two am p litudes  in  each  d i r e c t i o n .  
F lex io n  and e x te n s io n  ta r g e t s  were o f th e  same s iz e  and were 
p re s e n te d  in  u n p re d ic ta b le  sequence . In  one d i r e c t i o n ,  th e  
p ro b a b i l i t y  o f o ccu rren ce  o f each am p litude  was b ia se d  (1:4 o r 
4 :1 ) ,  w h ile  in  th e  o th e r  th e  two am p litudes  were e q u ip ro b a b le . 
To maximize th e  e f f e c t  of th e  " d e fa u l t"  on response  param ete rs, 
we used  a p r e d ic ta b le  to n e  to  sy nch ron ize  th e  i n i t i a t i o n  of 
resp o n ses  a t  on ly  120–150 ms a f t e r  t a r g e t  p r e s e n ta t io n  (one 
s ta n d a rd  d e v ia tio n  below each s u b je c t 's  mean r e a c t io n  tim e ) . We 
h y p o th e sized  th a t  changes in  p r o b a b i l i t y  o f t a r g e t  am plitudes 
would s h i f t  th e  d e f a u l t  resp o n ses  tow ard  th e  more p robab le  
t a r g e t .  I f  s u b je c ts  p rep a re d  s e p a ra te  f le x io n  and ex te n s io n  
d e f a u l t s ,  th e  am p litudes  o f th e  resp o n ses  would show an 
in f lu e n c e  o f t a r g e t  p r o b a b i l i t y  o n ly  in  th e  d i r e c t i o n  in  which 
th e  t a r g e t s  were b ia se d . However, a l l  s u b je c ts  showed an 
a d a p tiv e  s h i f t  in  mean peak fo rc e  o f bo th  f le x io n  and ex ten s io n  
re sp o n se s , no m a tte r  which d i r e c t i o n  was b ia s e d . Responses made 
to  any t a r g e t ,  in  e i t h e r  d i r e c t i o n ,  were always l a r g e r  i f  th e  
la rg e  t a r g e t  was more p ro b ab le  and sm a lle r  i f  th e  sm all t a r g e t  
was more p ro b a b le . We conc lude: (1) t h a t  s u b je c ts  p rep a re  
d e f a u l t  resp o n ses  based  on th e  p r o b a b i l i t y  o f o ccu rren ce  of th e  
t a r g e t ;  and (2 ) th a t  th e  am p litude  o f th e  d e f a u l t  response  can 
be e s ta b l is h e d  w ith o u t re g a rd  to  i t s  d i r e c t i o n .
(Supported  by NS 22715 and F05 TWO 3509.)

268.12 MOTOR CONSEQUENCES OF POSTERIOR PARIETAL-LOBE INJURY. D. Claman 
and T. Z effiro . Dept. of Brain and Cognitive Sciences, MIT, 
Cambridge, MA 02139.

Electrophysiological and behavioral studies in the monkey have 
demonstrated the importance of posterior parietal cortex (PPC) 
for accurate projection of the limb through space. Although 
misreaching is  observed in the human as well as in the monkey 
following PPC lesions, the human d e fic it is  commonly attributed 
to a visuospatial impairment; final-position  errors are thought 
to occur when either hand is  used to reach into the contralateral 
spatia l hemifield. We hyothesized that in humans, as in monkeys, 
the misreaching defect observed a fter PPC lesions involves a 
motor control defect in addition to  the known visuospatial 
impairment, and predicted that patients would show specific 
changes in tra jec to ry  tha t could account for th e ir final-position 
erro rs.

Ten healthy control subjects, 16 patients with le f t  or right 
PPC lesions, and 12 patients with unilateral frontal-lobe or 
cerebellar lesions performed a step-tracking task along the 
surface of a high-resolution dig itiz ing  tab le t under two 
conditions of visual feedback. Hand position was recorded at 100 
Hz as subjects reached with a stylus to targets located at 
various distances and directions from three sta rtin g  positions. 
Tangential velocity and acceleration p rofiles were computed 
subsequently. ANOVAs were used to  evaluate whether feedback 
condition, the hand used to  execute movements, or the spatial 
hemifield in which movements terminated d iffe ren tia lly  affected 
the motor performance of subject groups. Regression techniques 
were applied to determine whether for pa tien ts, as for healthy 
control subjects, such movement properties as movement duration, 
the length of the accelerative and decelerative phases, and peak 
velocity covaried with movement amplitude.

The main resu lts  were: 1) PPC lesions affected movements 
executed with the contralateral hand regardless of the spatial 
location of the ta rg e t. 2) Only PPC lesions selectively impaired 
coordination of the decelerative phase of tra je c to rie s . 
3) Unlike patients with lesions centered in the superior parietal 
lobule, patients with visual f ie ld  defects or damage to the 
in ferio r parietal lobule were unable to use effectively  the 
additional information provided by constant illumination of the 
target position. 4) The motor performance of patients with right 
PPC lesions was impaired contral a te ra lly , whereas that of 
patients with le f t  PPC lesions was impaired b ila te ra lly . These 
resu lts suggest that d ifferen t mechanisms control d ifferent parts 
of the tra jec to ry  and that the PPC may be particu larly  important 
for successful execution of the decelerative phase of movement.

Supported by grants 2 T32 GM07478 and MH 24433.

268.13 ANATOMY OF THE TECTOFACIAL PATHWAYS IN THE CAT. P. J .  May, 
P .-P . V idal and R. B aker. D ept. Physio logy  & B io p h y s ic s, New 
York Univ. Med. C t r . , 550 F i r s t  Ave. New York, NY 10016.

In  a d d i t io n  to  i t s  r o le  in  th e  p ro d u c tio n  o f o r ie n t in g  move
ments o f th e  eyes and head, th e  s u p e r io r  c o l l i c u lu s  a ls o  i n f l u 
ences movements o f th e  f a c i a l  m uscu la tu re  t h a t  in  p a r t i c u l a r  d i 
r e c t  th e  w isk ers  and p in n a e . U sing e le c tro p h y s io lo g ic a l  means 
we p re v io u s ly  determ ined  t h a t ,  in  a d d i t io n  to  th e  expected  p o ly 
s y n a p tic  pathways l in k in g  th e  s u p e r io r  c o l l i c u lu s  to  f a c i a l  mo
to n e u ro n s , a sm a ll, s h o r t  la te n c y ,  m onosynaptic EPSP i s  evoked 
in  f a c i a l  motoneurons fo llo w in g  e l e c t r i c a l  s t im u la t io n  o f e i th e r  
th e  c o n t r a -  o r  i p s i l a t e r a l  s u p e r io r  c o l l i c u lu s .  As p rev io u s  
s tu d ie s  had g e n e ra lly  n o t rev e a le d  such a  p ro je c t io n  to  th e  
f a c i a l  n u c le u s , we conseq u en tly  in v e s t ig a te d  th e se  co n n ec tio n s  
a n a to m ic a lly . U t i l i z in g  a  v e n t r a l  approach , h o rs e ra d is h  p e ro x i
dase (HRP) was in je c te d  in to  th e  f a c i a l  n u c leu s  o f c a ts  and th e  
r e t ro g ra d e ly  la b e l le d  c e l l s  were rev ea led  by th e  t r e tr a m e th y l-  
benzidene p ro ced u re . L ab e lled  neurons were p re s e n t b i l a t e r a l l y  
in  th e  in te rm e d ia te  and deep g rey  la y e r s  o f th e  s u p e r io r  c o l l i c 
u lu s .  C o n tr a la te r a l ly  th e y  were more common in  th e  in te rm e d ia te  
th a n  deep la y e r ,  w h ile  th e  converse was t r u e  i p s i l a t e r a l l y .  We 
have f u r th e r  in v e s t ig a te d  t h i s  q u e s tio n  u t i l i z i n g  in t r a - a x o n a l  
in j e c t io n  o f HRP. P re d o rs a l bundle axons t r a v e l in g  n ea r  th e  
m id lin e  a t  th e  l e v e l  o f th e  s u p e r io r  o l iv e  were p e n e tra te d  w ith  
HRP f i l l e d  g la s s  m ic ro p ip e tte s . They were i d e n t i f i e d  by e le c 
t r i c a l  s t im u la t io n  o f th e  c o n t r a la t e r a l  s u p e r io r  c o l l i c u lu s  and 
i p s i l a t e r a l  s p in a l  cord  w ith  p a i r s  o f e le c t ro d e s ,  th e n  in je c te d  
w ith  HRP. Only axons th a t  cou ld  be a c t iv a te d  a t  la te n c i e s  under 
0 .5  msec, th a t  r e l i a b l y  fo llow ed  h ig h  frequency  s tim u la t io n  and 
ty p i c a l ly  d isp la y e d  p a i r s  o f a c t io n  p o te n t ia l s  were in j e c t e d .  
R ec o n s tru c tio n  o f di am inobenzidene la b e l l e d ,  HRP f i l l e d  p red o r
s a l  bundle axons re v e a le d  th e  th ic k  p a re n t axons t r a v e l l i n g  r o s -  
t ro c a u d a lly  in  th e  b ra in s tem  v e n t r a l  to  th e  m ed ia l lo n g i tu d in a l  
f a s c i c u lu s .  Numerous th in n e r  c o l l a t e r a l s  e m itted  from th e se  
p a re n t axons a rb o r iz e d  and te rm in a ted  e x te n s iv e ly  w ith in  th e  
m id lin e  r e t i c u l a r  fo rm a tio n  o f th e  pons and m edu lla . O cass ion - 
a l l y ,  long  th in  axon c o l l a t e r a l s  reached  a l l  th e  way to  th e  f a 
c i a l  n u c leu s  where th ey  produced en p a ssa n t and te rm in a l boutons 
w ith in  th e  nu c leu s  and m edial to  i t .  T erm inals were observed  in  
s u b d iv is io n s  o f th e  n u c leu s  supp ly ing  th e  a u r ic u lo p o s te r i o r  and 
tem porozygom atic b ranches o f  th e  f a c i a l  n e rv e . The long  th in  
c o l l a t e r a l s  and th e  very  s p a rse  te rm in a l a rb o rs  th ey  produce 
w ith in  th e  f a c i a l  n u c leu s  p rov ide  an  an a to m ica l b a s is  f o r  th e  
p h y s io lo g ic  r e s u l t s ,  w hich in d ic a te  th e  m onsynaptlc EPSPs a re  
sm all (< 0.5mV) and in c o n s i s te n t ly  p r e s e n t .  The anatomy of th e  
i p s i l a t e r a l  pathway i s  p r e s e n t ly  being  in v e s t ig a te d  in  a  s im i la r  
fa s h io n . S upported by NIH G rant # EY05689–03

268.14 ANATOMICAL CORRELATES OF DOPAMINE AGONIST-INDUCED SELF-MUTILATIVE 
BITING BEHAVIOR IN THE PRIMATE. M. G o ld s te in , A.Y. D eutch2 , Y. 
Shim izu, K. F u x e 3 , and R.H. Roth2 . D ept. o f  P sy c h ia try , NYU Medical 
School, New York, NY 10016; 2Y ale M edical S chool, New Haven, CT 
06510; and 3K aro lin sk a  I n s t i t u t e t ,  Stockholm, Sweden.

The a d m in is tr a tio n  o f  dopamine (DA) a g o n is ts  to  some monkeys 
w ith  u n i l a t e r a l  le s io n s  o f  th e  v en trom ed ia l m esencephalic  tegmentum 
(VMT) r e s u l t s  in  abnorm al in v o lu n ta ry  movements (AIM), including 
s e l f - m u t i l a t i v e  b i t in g  (SMB). The SMB resem bles th a t  observed in 
Lesch-Nyhan d is e a s e .  The u n d erly in g  patho logy  o f  th e  AIM may indi
c a te  DA re c e p to r  s u p e r s e n s i t i v i ty  in  s p e c i f ic  te le n c e p h a lic  sites. 
C e rta in  s u b se ts  o f  monoaminergic neurons a re  p robab ly  involved in 
SMB, s in c e  we have p re v io u s ly  shown th a t  1)DA a g o n is ts  which inter
a c t  w ith  D1 re c e p to rs  induce SMB, and D1 bu t n o t D2 an tag o n is ts  
re v e rs e  a g o n is t- in d u c e d  SMB, and 2 )P ark in so n ia n  p a t ie n t s  do not 
develop SMB upon a d m in is tra tio n  o f  DA a g o n is ts .  We have examined 
th e  b ra in s  o f  two A frican  green  monkeys w hich s u s ta in e d  un ila te ra l 
VMT le s io n s  10–14 y ea rs  p re v io u s ly  and were su b seq u en tly  te s ted  for 
SMB.

In  an anim al which e x h ib ite d  a g o n is t- in d u c e d  SMB th e  e lec tro ly 
t i c  le s io n  occup ied  th e  d o r s o la te r a l  VMT. T yrosine hydroxylase (TH) 
im m unohistochem istry rev ea led  th a t  DA neurons in  th e  le s io n  area 
were l o s t ,  a s  were most DA neurons in  th e  s u b s ta n t ia  n ig ra  (SN; A9 
c e l l  group) and r e t r o ru b r a l  f i e l d  (RRF; A8 c e l l  g ro u p ), which were 
damaged by t r a n s e c t io n  o f  t h e i r  axons. The DA c e l l  lo s s  was most 
marked in  th e  caudal SN and RRF. Spared DA neurons were observed in 
th e  SN and A8 reg io n ; th e se  neurons may p ro je c t  to  fo re b ra in  sites 
v ia  a  su p ra le m n isca l pathway. S u rv iv ing  DA neurons in  th e  ventral 
SN were g r e a t ly  h y p e rtro p h ie d . The lo s s  o f  TH f ib e r s  in  th e  putamen 
was v i r t u a l l y  com plete , w hereas on ly  a s l i g h t  dec rease  in  the cau
da te  in n e rv a tio n  was observed . The caudate  lo s s  was r e s t r i c t e d  to 
th e  d if fu s e  DA in n e rv a tio n , and th e  d o tte d  in n e rv a tio n  was spared. 
In  a d d i t io n  to  le s io n - in d u c e d  lo s s  o f m idbrain  DA neu ro n s , there 
was a  p a r t i a l  lo s s  o f  neurons in  th e  A7 c e l l  group o f  th e  pons and 
in  th e  m edu lla ry  Cl a d re n e rg ic  c e l l  group. F in a l ly ,  th e  density  of 
su b stan ce  P (SP) f ib e r s  in  th e  SN r o s t r a l  to  th e  le s io n  was 
d ec re a sed , in d ic a t in g  a SP in n e rv a tio n  o f  th e  SN from brainstem  
s i t e s .  The le s io n  in  th e  second monkey was more l a t e r a l  than  that 
seen  in  th e  f i r s t  monkey, and invo lved  th e  m edial SN bu t n o t the 
VMT. T his monkey d id  n o t e x h ib i t  a g o n is t- in d u c e d  SMB. S ince in  bott 
monkeys th e  DA neurons in  th e  SN l a t e r a l  to  th e  le s io n  were lo s t ,  
as  were most A8 DA c e l l s ,  i t  would appear th a t  th e  c r i t i c a l  locus 
fo r  DA c e l l  lo s s  in  ca ses  o f  ag o n is t- in d u c e d  SMB may be th e  VMT. 
Thus, d en e rv a tio n  s u p e r s e n s i t i v i ty  o f  m esolim bic and m esocortica l 
s i t e s  as  w e ll a s  s t r i a t a l  a re a s  may be c e n tr a l  to  th e  development 
o f  SMB. These d a ta  a ls o  suggest th a t  o th e r  monoaminergic systems, 
such as  th e  Cl a d re n e rg ic  neurons and th e  A7 n o ra d re n e rg ic  neurons 
may be im portan t in  a g o n is t- in d u c e d  SMB and Lesch-Nyhan d ise a se .
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269.1 BLOOD-BRAIN BARRIER ( BBB) PERMEABILITY TO MACROMOLECULES IN 
FETAL NEOCORTICAL TRANSPLANTS. J .M . R o s e n s te in , D e p t . o f  
Anatomy, G eorge W ashington  U n iv e r s i t y  M edical C en te r, Wash. 
D.C. 20037.

An in t a c t  BBB i s  e s s e n t i a l  f o r  m aintenance o f the b r a i n 's  
homeostatic m ilie u . By s e l e c t i v e l y  l i m i t i n g  th e  p a s s a g e  o f  
m a te r ia ls  from b lo o d  to  b r a i n ,  th e  BBB la rg e ly  c o n tro ls  the 
dynamic e q u i l ib r iu m  betw een  th e  CSF and th e  i n t e r s t i t i a l  
sp aces  o f th e  parenchym a. The BBB to  p r o t e in  i s  p r e s e n t  
re la tiv e ly  e a r ly  in  th e  f e t a l  v e r t e b r a t e  b r a i n .  How m igh t 
t r a n s p l a n t a t i o n  and e n s u in g  a n g io g e n e s is  a f f e c t  b a r r i e r  
function  w ith in  a f e t a l  g r a f t ?  P a r i e t a l  c o r t e x  from  r a t  
donors between embryonic day 15 to  p o s tn a ta l  day 2 was g ra f te d  
into e i th e r  the IV v e n t r i c l e  o r  d i r e c t l y  i n to  th e  c o r t e x  o f 
young a d u lt  r a t s .  P o s to p e ra tiv e  tim es were between one month 
and one y e a r .  A s in g le  i n j e c t i o n  o f HRP (mw 4 0 ,0 0 0 )  o r  a 
coupled human IgG-HRP (mw 1 8 0 ,0 0 0 ) was made in  th e  fem oral 
vein and allowed to  c i r c u l a t e  f o r  p e r io d s  up to  50 m in u te s .  
V itra to m e  s e c t i o n s  w ere  p r o c e s s e d  f o r  HRP u s in g  h ig h ly  
sensitive TMB. A ll n e o c o rt ic a l t r a n s p l a n ts  w ere p e rm eab le  to  
the s y s te m ic a l ly  ad m in is te red  p ro te in s .  Much o f th e  re a c t io n  
product appeared i n i t i a l l y  a t  h o s t - g r a f t  i n t e r f a c e  z o n e s . By 
the l a t e s t  tim e p e r io d ,  HRP had d i f f u s e d  through alm ost the 
en tire  tra n sp la n t. Owing to  i t s  la rg e r  s i z e ,  IgG-HRP d id  n o t 
permeate q u i te  as f a r .  The b lood-borne p ro te in  tra v e rse d  the 
transplant and escaped in t o  th e  c e r e b r o s p i n a l  f l u i d .  O th e r  
u n in jec ted  h o s ts  w ere a ld e h y d e  p erfu sed  and p l a s t i c  s e c t io n s  
of th e  t r a n s p l a n t  and  s u r r o u n d in g  b r a i n  s t a i n e d  w i t h  
an ti-serum  to  th e  endogenous b lood p ro te in  r a t  serum albumin 
(RSA) (provided by Dr. B. T ra p p ). A nti-RSA  was found w i th in  
the c o r t i c a l  t r a n s p l a n t  parenchym a m o s tly  a t  th e  in te r f a c e  
reg ion . O ther a re a s  o f h o s t  b r a i n  w ere f r e e  o f  RSA. The 
r e s u l t s  i n d i c a t e  t h a t  f e t a l  c o r t i c a l  t r a n s p l a n t s  have  a 
permanent BBB d y s f u n c t io n .  B lo o d -b o rn e  com pounds, e i t h e r  
in jec ted  or n a t u r a l l y  o c c u r r in g  such  as  im m unoproteins, can 
have d i r e c t  a c c e s s  to  th e  i n t e r s t i t i a l  s p a c e s  o f  CNS 
t r a n s p la n ts  and cou ld  c o n c e iv a b ly  a f f e c t  f u n c t io n .  I t  i s  
su g g es ted  th e s e  p e r m e a b i l i t y  c h a n g e s  m ig h t b e  d u e  t o  
a n g io g e n e s i s  and a l t e r a t i o n s  in  c a p i l l a r y  p h e n o t y p e .  
(Supported by NS-17468).

269.2 INNERVATION OF EMBRYONIC NEOCORTICAL CELL SUSPENSIONS 
BY THALAMOCORTICAL AXONS OF DIFFERENT AGED HOSTS. F.F. 
Ebner and R. S. Erzurumiu. Brown University, Providence, Rl.,02912

Transplanted embryonic neocortex is innervated by only a few thalamic 
fibers after differentiating in adult host cortex. Many lines of evidence 
indicate that glial cells in cortex change dramatically at postnatal day 8, a 
time after the thalamic and commissural fibers arrive in cortex, but before 
the majority of cortical synapses are formed. The present experiments 
were carried out to characterize the degree of innervation of postmitotic 
embryonic day 18 (E18) neuroblasts by thalamic fibers before, during, 
and after the time thalamic fiber synapses are formed in host cortex. 
Pieces of E18 (BALB/c) mouse parietal cortex were collected in Eagle's 
Medium with 0.1% trypsin, washed in Eagle's Medium and suspended by 
repeated gentle pipetting through a Pasteur pipette. Injections of 0.2–0.3 
ul of cell suspensions were made into the barrelfield region of the SI 
cortex of newborn (P0), P3 and P30 animals through a fine glass pipette 
attached to a Hamilton syringe. Thirty days later the host animals were 
anesthetized and the ventrobasal nucleus of the thalamus was entered 
horizontally with a Hamilton syringe avoiding any damage to neocortex 
and injected with 0.02ul of HRP-WGA. Labeled thalamocortical fibers that 
project to the region of the implanted cells were then charted and 
analyzed to determine the degree of innervation of the transplanted cells 
by the host.

In all cases the cell suspensions aggregated into cell groups that could 
be distinguished from the host cortex only by the irregularities in 
cytoarchitecture of the donor cells and the host cortex. No sign of glial 
reaction was detectable anywhere around transplants in hosts younger 
than P8. Transplants in P0 hosts were large and usually occupied the 
depth of cortex. They contained numerous, very fine caliber HRP labeled 
axons that were collected into dense bands of labeled terminals often 
traveling parallel to linear arrays of donor cell bodies, but orthogonal to 
the layers of host cortex. Many retrogradely labeled neurons were also 
present deep within the transplants of P0 hosts which without further 
labeling cannot be identified with certainty as donor cells that project to 
the host thalamus. P3 host transplants were consistently smaller in size 
than in P0 hosts and often contained fascicles of host axons growing 
completely across sections through the transplants. Myriads of fine 
caliber labeled thalamic fibers were present throughout these transplants. 
Only a few labeled thalamic axons were observed in the transplants of 
P30 hosts.

We conclude that a dramatic change takes place in cortex within the first 
week of life which disallows the thalamic fibers from elongating into and 
innervating transplanted cells. Our ongoing studies are aimed at 
precisely defining this time point and at identifying the nature of the 
change that disallows later innervation of the transplant by thalamic 
fibers. (Supported by NIH grant #NS-13031 and the Mathers Foundation)

269.3 ANTERIOR HYPOTHALAMIC TRANSPLANTS: IDENTIFICATION OF 
PARVICELLULAR NEURAL POPULATIONS DERIVED FROM THE ANLAGEN OF 
THE SUPRACHIASMATIC AND PARAVENTRICULAR NUCLEI. S .J. Wiegand and 
D M. Gash. Dept. of Neurobiology and Anatomy, Univ. of R ochester Med. Ctr., 
Rochester, NY 14642.

Fetal anterior hypothalamus survives transplantion to the third ventricle/median 
eminence of adult rats with congenital or experimentally induced diabetes insipidus, 
and an amelioration of symptoms observed in some host animals is correlated with the 
presence within the grafts of large neurons containing the antidiuretic hormone, 
vasopressin (VP) or its associated neurophysin (Marciano and Gash, Brain R es. 
370:338,1986). However, neurophysin immunoreactive (NPir) neurons identified 
within the transplants are not a  uniformly magnocellular, but express a  variety of 
morphological phenotypes. In the present study NPir neurons contained in anterior 
hypothalamic grafts were characterized on the b ases  of their morphology, cytological 
organization, connectivity and association with other peptidergic cell types. A 
particular goal of this experiment w as to evaluate possible homologies between NPir 
cell groups identified in the grafts and parvicellular NP-containing cell populations 
ordinarily present within the adult anterior hypothalamus.

Anterior hypothalami obtained from normal Long Evans rat fetuses at 16 or 17 
days post conception were transplanted to the lateral, third or fourth ventricles of 
adult, VP-deficient Brattleboro rats. Animals were sacrificed 4–6 w eeks post 
transplantation, and brain sections were processed  for the immunohistochemical 
localization of NP. Alternate series of sections were processed for localization of VP, 
oxytocin (OT), vasoactive intestinal polypeptide (VIP) and/or corticotropin-releasing 
factor (CRF). Fetal hypothalami survived readily at each transplantation site studied. 
Numerous parvicellular NPir neurons are present in nearly all grafts, and can be 
classified as belonging to one of three distinct subtypes.

The most frequently encountered parvicellular NPir subtype (Type I) is comprised 
exclusively of VPir neurons. Type I cells exhibits many features characteristic of the 
suprachiasmatic nucleus (SCN) in situ. These neurons are organized into well defined 
clusters and in association with VIPir neurons of a  similar small size (9–13μ), and VPir 
fibers of very fine caliber ramify extensively around the cell bodies of origin and in their 
immediate vicinity. Type I neurons project, almost exclusively, to a reas of the host 
brain that are normally innervated by the VP neurons of the SCN. A second type of 
parvicellular NPir neuron often identified within the transplants also expresses VP, but 
not OT. However, Type II cells are slightly larger (12–18μ) and less densely packed 
than the SCN-type, and they project to vasculature. Type II parvicellular neurons (or a 
morphologically similar companion population) a lso contain CRF, but are not 
associated with VIPir cells. Similar characteristics are  exhibited by neurons in the 
medial parvicellular division of the paraventricular nucleus (PVN). A third type of 
parvicellular NPir neuron identified within the grafts w as comprised of fusiform and 
multipolar cells 10–25μ in diameter. In marked contrast to the other parvicellular NPir 
cells identified within the grafts, Type III parvicellular neurons were predominantly 
oxytocinergic, a s  a re  the NPir neurons of the  posterior and dorsal parvicellular 
subnuclei of the PVN.

Thus, all of the principal parvicellular NPir cell groups present in the normal anterior 
hypothalamus are  represented in anterior hypothalamic transplants. Furthermore, 
although the fetal donor tissue is incompletely differentiated at the  time of 
transplantation, the various su b c lasses  of NPir cells develop their characteristic 
associations with other chemically identified cell types contained within the grafts, and 
maintain their distinct affinities for appropriate target tissues.

Supported by NIH Grant NS 19900

269.4 NEURAL GRAFTING IN THE ENDOCRINE HYPOTHALAMUS, D.E. S c o t t , D ep t. 
of Anatomy and C e ll B io logy, E aste rn  V irg in ia  M edical School, 
N orfo lk , VA 23501.

The p re se n t in v e s t ig a t io n  i s  the c o n tin u a t io n  of a program 
i n i t i a t e d  in  1980. To da te  137 r a t s  have been p rocessed  and 
examined. Under deep a n e s th e s ia  B ra t tle b o ro  h o s t r a t s  of the 
Long-Evans s t r a i n  w ith  ch ron ic  autosom al homozygous d ia b e te s  
in s ip id u s  (DI) were s te r e o ta x ic a l ly  im planted  w ith  fragm ents of 
a n t e r io r  hypothalam us deriv ed  from normal 17 day p o s t-c o i tu s  
f e t a l  b r a in s .  Host r a t s  were k i l l e d  by nem butal overdose between 
days 3 and 120 p o s t-s u rg e ry  and were p repared  fo r  ro u tin e  scann ing- 
e le c tro n  microscopy coupled w ith  im munocytocheraistry w ith  a n t is e r a  
a g a in s t a rg in in e  v a s o p re s s in  (AVP), neurophysin  (NP), ty ro s in e  
hydroxo lase (TH), and lam in in  (LA). N eural g r a f t s  in  DI h o s t 
r a t s  were observed to  grow v ig o ro u s ly  and became w ell 
vascu l a r iz e d  w ith in  72 hours fo llo w in g  th e i r  im p la n ta tio n  in to  the 
th i r d  c e re b ra l  v e n t r i c l e  of DI h o s ts .  The p rocess  of 
v a s c u la r iz a t io n  was m u ltip h a sic  and appeared  to  invo lve  the  fu s io n  
of invad ing  e x t r in s ic  mesenchymal elem ents from the  h o s t w ith  
i n t r i n s i c  e n d o th e l ia l  p rim ord ia  of the  n e u ra l g r a f t .  Sub
s t a n t i a l  n e u ra l and ependymal ingrow th occu rred  between the 
opposing edge of th e  g r a f t  and the  v e n t r ic u l a r  w a ll of th e  h o s t.  
Most invad ing  v e s s e ls  from the h o s t were of th e  u n fe n e s tra te d  
v a r i e ty .  F e n e s tra te d  v e s s e ls  th a t  a ro se  from th e  hypophyseal 
p o r ta l  system  in  the  u n d e rly in g  median eminence were a lso  seen  to  
p e n e tra te  o v e rly in g  f e t a l  n e u ra l g r a f t s .  However, having once 
e n te re d  th e  parenchyma of th e  g r a f t ,  p o r ta l  v e s s e ls  lo s t  both  
t h e i r  p e r iv a s c u la r  spaces and fe n e s t ra  and assumed the  ana tom ical 
appearance of ty p ic a l  c e re b ra l  c a p i l l a r i e s .  G ra f ts  re a c te d  w ith  
a n t i s e r a  a g a in s t AVP dem onstrated  sm all numbers of m agnocellu lar 
p e r ik a y r ia  d e s p i te  s u b s t a n t i a l  numbers of AVP p o s i t iv e  
v a r i c o s i t i e s  as w e ll as NP p o s i t iv e  m u l tip o la r  nerve c e l l  b o d ie s . 
Between days 9 and 20 p o s t-s u rg e ry , rem arkable accum ula tions of 

 supraependym al neurons (SEN) were observed to  emerge upon the  
f lo o r  of th e  h o s t c e re b ra l  v e n t r i c l e  in  ana tom ical ju x ta p o s i t io n  
to  t r a n s p la n ts .  The c e l l  l i n e  was a lso  observed upon the 
v e n t r ic u l a r  s u rfa c e  of n e u ro g ra f ts  as w e ll .  Immunocytochemical 
in v e s t ig a t io n s  em ploying a n t is e r a  a g a in s t TH su g g es ts  th a t  a 
s u b s t a n t i a l  p ro p o rtio n  of th e se  SEN a re  c a te c h o la m in e rg ic . This 
phenomenon of SEN emergence i s  d iscu ssed  w ith  re s p e c t to  the  
in f lu e n c e  of f e t a l  n e u ro tro p ic  f a c to r s  upon n eu ronal p l a s t i c i t y  
and re o rg a n iz a t io n  in  both  n e u ra l t r a n s p la n ts  and DI h o s t r a t  
b r a in s .

Supported by NS19197–03.
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269.5 S y n a p t ic  I n n e r v a t i o n  o f  G r a f te d  H y p o th a la m ic  N eu ro n s  By 
H o s t C a te c h o la m in e  F ib e r s  I n  R a t s .  W .F. S i lv e r m a n ,  P .F .  
A ra v ic h ,  T . J .  Col l i e r ,  and  J .R .  S la d e k ,  J r .  D e p t .o f  
N e u ro b io lo g y  and  Anatom y, U n iv . o f  R o c h e s te r  S c h o o l o f  
M ed ic in e  and  D e n t i s t r y ,  R o c h e s te r ,  New Y ork .

An im p o r ta n t  i s s u e  i n  t r a n s p l a n t  n e u r o b io lo g y  i s  
t h e  d e g re e  t o  w h ich  n e u r a l  g r a f t s  a r e  i n t e g r a t e d  i n t o  
t h e  h o s t  b r a i n .  To e x p lo r e  t h i s  q u e s t i o n ,  
u l t r a s t r u c t u r a l  im m u n o c y to c h e m is try  f o r  t y r o s i n e  
h y d ro x y la s e  (TH) was a p p l i e d  t o  f e t a l  r a t  h y p o th a la m ic  
g r a f t s  t r a n s p l a n t e d  a d j a c e n t  t o  t h e  m e d ia l  f o r e b r a i n  
b u n d le  (MFB) o f  a d u l t  h o s t s .  The g r a f t e d  t i s s u e ,  
c o n ta in in g  th e  s u p r a o p t i c  (SON) and  p a r a v e n t r i c u l a r  
( PVN) n u c l e i ,  a s  w e l l  a s  o t h e r  p o r t i o n s  o f  t h e  
m e d io b a s a l  h y p o th a la m u s  i s  n o rm a lly  r i c h l y  in n e r v a t e d  
by  n o r a d r e n e r g i c  f i b e r s  from  th e  (MFB). H y p o th a la m ic  
t i s s u e  from  f e t a l  d ay  17 L ong-E vans r a t s  was d i s s e c t e d  
o u t  and  s t e r e o - t a x i c a l l y  im p la n te d  i n t o  t h e  l a t e r a l  
d ie n c e p h a lo n  o f  young  a d u l t  h o s t s .  F o llo w in g  s u r v i v a l  
p e r io d s  o f  6 , 1 2 , and  20 w e ek s , t h e  h o s t  a n im a ls  w ere  
s a c r i f i c e d  by  i n t r a c a r d i a c  p e r f u s i o n  o f  5% a c r o l e i n  and  
4% p a ra fo rm a ld e h y d e .  Sam ple v ib ra to m e  s e c t i o n s  (50  μm) 
w e re  s t a i n e d  f o r  N i s s l  s u b s ta n c e  t o  l o c a t e  t h e  g r a f t e d  
t i s s u e  and  re m a in in g  s e c t i o n s  w ere  th e n  p r o c e s s e d  f o r  
p re -e m b e d d e d  TH im m u n o c y to c h e m is try  and  e l e c t r o n  
m ic ro s c o p y .  Some s e c t i o n s  w ere  s t a i n e d  f o r  
v a s o p r e s s i n - a s s o c i a t e d  n e u ro p h y s in  (N P II) t o  a s s e s s  t h e  
e x t e n t  o f  s u r v i v a l  and  f u n c t i o n  o f  t r a n s p l a n t e d  
h y p o th a la m ic  n e u ro n s .  A t t h e  l i g h t  l e v e l ,  N P I I - p o s i t i v e  
n e u ro n s  an d  f i b e r s  i n  t h e  g r a f t s  w ere  o b s e r v e d  a t  e a c h  
o f  t h e  s u r v i v a l  t im e s .  T w elve an d  20 w eek s u b j e c t s  
e x h i b i t e d  i n  a d d i t i o n ,  a  d e n s e  p le x u s  o f  T H - p o s i t i v e  
f i b e r s  r e s e m b l in g  t h a t  n o rm a lly  fo u n d  i n  t h e  SON o r  
PVN. U l t r a s t r u c t u r a l l y ,  few  l a b e l l e d  T H - la b e l le d  
t e r m i n a l s  w e re  o b s e r v e d  i n  t h e  6 w eek s u b j e c t s .  I n  
c o n t r a s t ,  12 and  20 w eek t r a n s p l a n t s  e x h i b i t e d  num erous 
T H - p o s i t i v e  t e r m i n a l s ,  many o f  w h ich  a p p e a r  t o  make 
s y n a p t i c  c o n t a c t  w i th  d e n d r i t e s  an d  n e u r o n a l  so m ata  i n  
t h e  g r a f t s .  B ec a u se  o f  t h e  p a u c i t y  o f  T H - p o s i t i v e  c e l l  
b o d ie s  i n  t h e  t r a n s p l a n t e d  t i s s u e ,  i t  i s  l i k e l y  t h a t  
t h e s e  t e r m i n a l s  o r i g i n a t e  i n  a s c e n d in g  n o r a d r e n e r g i c  
f i b e r  s y s te m s  w h ich  w ere  i n  c l o s e  p r o x im i ty  t o  t h e  
t r a n s p l a n t e d  t i s s u e .  T h ese  f i n d i n g s  s u g g e s t  t h a t  
e c t o p i c a l l y  p la c e d  n e u ro n s  may r e c e i v e  a  r e l e v a n t  
s y n a p t i c  i n p u t  from  th e  h o s t  b r a i n .

269.6 RAPHE TRANSPLANTS REVERSE SLEEP D EFICITS INDUCED BY 
NEONATAL ADMINISTRATION OF 5 , 7-DIHYDROXYTRYTAMINE 
A . M c R a e -D e g u e u rc e , G . G a n d o l f o * , L . G l i n * , an d  C l . 
G o t te s m a n n * , L a b o r a t o i r e  d e  P s y c h o p h y s i o l o g i e , N ic e ,  
a n d  INSERM U -2 5 9 , B o r d e a u x ,  F r a n c e

S e r o t o n i n  (5 -H T ) h a s  b e e n  s u g g e s t e d  to  p l a y  a  r o l e  
i n  t h e  i n i t i a t i o n  and  m a in t e n a n c e  o f  s l e e p - w a k i n g  
s t a t e s  i n  r o d e n t s .  H e re  we e x t e n d  t h i s  h y p o t h e s i s  b y  
d e m o n s t r a t i n g  t h a t  t r a n s p l a n t e d  5-H T n e u r o n s  c a n  r e -  
v e r  s e  s l e e p  d e f i c i t s  i n  a d u l t  a n i m a l s  in d u c e d  by  
n e o n a t a l  a d m i n i s t r a t i o n  o f  5 , 7 - d i h y d r o x y t r y p t a m i n e  
( 5 , 7-D HT) .  N e o n a ta l  a n i m a l s  (4 d a y s  o ld )  r e c e i v e d  a n  
i n t r a c i s t e r n a l  a d m i n i s t r a t i o n  o f  5 , 7-DHT (100 u g ) . An 
a g e d  m a tc h e d  sham  g ro u p  r e c e i v e d  a v e h i c l e  i n j e c t i o n .  
T h r e e  m o n th s  l a t e r  t h e  a n i m a l s  w e re  im p la n te d  f o r  
s l e e p - w a k i n g  s t u d i e s .  S e v e n  b e h a v i o r a l  s t a t e s  w e re  
d i s s o c i a t e d  U sin g  an  a u t o m a t i c  s l e e p - w a k i n g  s c o r i n g  
s y s t e m .  T he e l e c t r o p h y s i o l o g i c a l  r e c o r d i n g s  e s t a b 
l i s h e d  t h a t  p a r a d o x i c a l  s l e e p  d e c r e a s e d  from  10 .5%  to  
6 .4%  (P <0 .0 1 )  w h e r e a s  s lo w  w ave s l e e p  i n c r e a s e d  from  
21 .9%  to  28 .7%  (P < 0 .0 1 )  i n  t h e  5 , 7-DHT t r e a t e d  r a t s  
c o m p a re d  to  t h e  sham  g r o u p .  T he o t h e r  s l e e p  s t a t e s  
w e re  n o t  m o d i f i e d .  T he 5 , 7-DHT t r e a t e d  r a t s  w e re  th e n  
i n j e c t e d  a  s u s p e n s i o n  c o n t a i n i n g  d i s s o c i a t e d  5-HT 
n e u r o n s  ( 1 6 - d a y - o l d  e m b ry o s )  in  t h e  c i s t e r n a  m a g n a . 
O ne m o n th  l a t e r  s l e e p  r e c o r d i n g s  w e re  a g a i n  p e r f o r m e d  
a n d  d e m o n s t r a t e d  t h a t  b o th  s lo w  w ave an d  p a r a d o x i c a l  
s l e e p  w e re  r e s t o r e d  to  n o rm a l l e v e l s .  Im m u n o c y to c h e m i-  
c a l  o b s e r v a t i o n s  r e v e a l e d  n u m e ro u s  5-HT im m u n o r e a c t iv e  
n e u r o n s  an d  p r o c e s s e s  i n  t h e  t i s s u e  s u r r o u n d in g  th e  
IV th  v e n t r i c l e .  T h i s  t r a n s p l a n t  p a r a d ig m  em p lo y e d  in  
c o n j u n c t i o n  w i th  t h i s  s l e e p  m o d e l p r o v i d e s  a  m e a n s  to  
s e l e c t i v e l y  i n v e s t i g a t e  n e u r o b i o c h e m i c a l  c o r r e l a t e s  o f  
s l e e p - w a k i n g  s t a t e s  w h ic h  m ay b e  a s s o c i a t e d  w i th  s p e c i 
f i c  n e u r o t r a n s m i t t e r  d e f i c i t s .

269.7 FUNCTIONAL ACTIVITY OF RAPHE NEURONS TRANSPLANTED IN 
THE HIPPOCAMPUS AND CAUDATE-PUTAMEN. A COMBINED NEURO
CHEMICAL AND IMMUNOHISTOCHEMICAL STUDY IN THE ADULT 
AND AGED RAT. A .B eek * , H. W. M. S te in b u s c h , A .F ra n k h u y - 
z e n * . a J .T o n n a e r * , O  F . Gage an d  cA .B j ö rk lu n d  
( SPON: G. V. L e e s ) .  D e p t.P h a rm a c o lo g y , F r e e  U n i v e r s i t y ,  
A m sterdam , a O rganon  I n t . , O s s ,  The N e th e r la n d s ;  b UCSD, 
S an  D iego,U SA  an d  CU n i v e r s i t y  o f  L u n d ,L u n d , Sw eden.

F e t a l  r a t  b r a i n  c e l l s ,  t r a n s p l a n t e d  i n t o  t h e  a d u l t  
an d  a g ed  r a t  b r a i n ,  s u r v iv e  an d  fo rm  f u n c t i o n a l  s y n a p 
t i c  c o n n e c t io n s .  S i g n i f i c a n t  c h a n g e s  i n  b e h a v io u r  o f  
t h e  h o s t  a n im a l h a v e  b e e n  r e l a t e d  t o  t h e  r e l e a s e  o f  
s p e c i f i c  n e u r o t r a n s m i t t e r s  fro m  t h e  t r a n s p l a n t e d  t i s 
s u e .  A d u lt  (3  m o n th s) an d  a g ed  (28  m o n th s) r a t s  w i th  
u n i l a t e r a l  5 .7 -d H T  l e s i o n s  i n  t h e  l a t e r a l  v e n t r i c l e s  
r e c e i v e d  g r a f t s  from  c e l l - s u s p e n s i o n s  t a k e n  fro m  t h e  
rhom benc e p h a l i c  (RR) o r  m e s e n c e p h a l ic  (MR) r a p h e  c e l l  
a r e a s  s e l e c t e d  from  e m b ry o n ic  s t a g e s  E10 t i l l  E20. 
T h e se  c e l l - s u s p e n s i o n s  w e re  im p la n te d  u n i l a t e r a l l y  
i n t o  t h e  r o s t r a l  p a r t  o f  t h e  h ip p o cam p u s  o r  t h e  c a u d a -  
te -p u ta m e n  f o r  im m u n o h is to c h e m ic a l an d  n e u ro c h e m ic a l  
s t u d i e s .  B o th  t h e  MR an d  t h e  RR c e l l - s u s p e n s i o n s  a p 
p e a r e d  t o  h a v e  t h e  p o te n c y  t o  r e g e n e r a t e  s e r o t o n e r g i c  
f i b e r s  i n  t h e  p r e v i o u s l y  d e n e r v a t e d  a d u l t  an d  ag ed  
b r a i n  a r e a s .  H ow ever, t h e  R R .c e l l - s u s p e n s io n  a l s o  
r e s u l t e d  i n  t h e  o u tg ro w th  o f  n o r a d r e n a l i n e -  an d  s u b -  
s ta n c e -P - im m u n o re a c t iV e  f i b e r s .  I n  s tu d y in g  t h e  f u n 
c t i o n a l  a c t i v i t y  o f  t h e  s e r o t o n e r g i c  r e i n n e r v a t i o n ,  we 
h a v e  co m b in ed  im m u n o h is to c h e m is t ry  and  n e u r o t r a n s m i t 
t e r  r e l e a s e  s t u d i e s  on  a d j a c e n t  h ip p o c a m p a l s l i c e s  o f  
a d u l t  r a t s .  R e s u l t s  show ed t h a t  a f t e r  a  s u r v i v a l  t im e  
o f  10 w eeks t h e  s e r o t o n e r g i c  i n n e r v a t i o n  o f  t h e  h ip p o 
cam pus w as g r e a t l y  r e s t o r e d  an d  m o re o v e r  t h a t  t h e  
d e p o l a r i z a t i o n  (20  mM K+) in d u c e d  Ca2+ d e p e n d e n t  r e 
l e a s e  o f  s e r o t o n i n  am oun ted  t o  a b o u t  80 % o f  n o rm a l 
v a l u e s .  T h e re  a p p e a r e d ,  t o  b e  a  s t r i k i n g  s i m i l a r i t y  
b e tw e e n  t h e  im m u n o h is to c h e m ic a l an d  n e u ro c h e m ic a l  d a t a  
r e g a r d in g  t h e  i n c r e a s e  i n  t h e  n u m b e r o f  n ew ly  fo rm ed  
s e r o t o n e r g i c  f i b e r s ,  t h e  i n c r e a s e  o f  t h e  r e l e a s e  o f  
r a d i o l a b e l e d  s e r o t o n i n  an d  t h e  e x t e n t  o f  t h e  o u tg ro w th  
i n  t h e  h ip p o c a m p u s . T h e se  r e s u l t s  g iv e  s u p p le m e n ta ry  
e v id e n c e  t h a t  n ew ly  fo rm ed  s e r o t o n i n - c o n t a i n i n g  f i b e r s  
n o t  o n ly  r e i n n e r v a t e  t h e  d e n e r v a t e d  h ip p o cam p u s  b u t  i n  
a d d i t i o n  t h a t  t h e s e  f i b e r s  c a n  r e l e a s e  s e r o t o n i n  upon  
d e p o l a r i z a t i o n .

269.8 EARLY INTERACTION OF HOST AND DONOR IN XENOGENIC 
SEPTO-HIPPOCAMPAL TRANSPLANTS. J .  W e lls . B . V ie t j e * , D .  G .  
W e lls* . R .  J .  McKeon and M.  Fi a l a * . D ept. Anatomy and 
N eurob io logy , U n iv e r s ity  o f  Vermont, B u r lin g to n , VT 05405.

Xenogenic sep to -h ippocam pal t r a n s p l a n ts  have been  shown to  
be e f f e c t iv e  in  th e  r e s to r a t i o n  o f  s t r u c tu r e  and fu n c tio n  
fo llo w in g  fo rn ix  le s io n s .  In  p rev io u s  experim en ts  we have shown 
th a t  em bryonic s e p ta l - b a s a l  fo r e b ra in  c e l l s  cou ld  be la b e le d  
w ith  HRP in  o rd e r  to  fo llo w  th e  d i s t r i b u t io n  o f  th e  in je c te d  
c e l l s  in  th e  h o s t  hippocam pus. We found in  th e se  t r a n s p la n ts  
betw een s p e c ie s  t h a t  th e  s u rv iv in g  la b e le d  c e l l s  were lo c a te d  in  
th e  h o s t  t i s s u e  o u ts id e  o f  th e  in j e c t io n  s i t e  by 6 days a f t e r  
t r a n s p l a n ta t io n .  In  o rd e r  to  s tu d y  when th e  outw ard m ig ra tio n  
and d i f f e r e n t i a t i o n  o cc u rre d  in  xenogenic t r a n s p l a n ts ,  and 
p re l im in a ry  to  s tu d ie s  u s in g  im m unosuppressants, we have looked 
a t  th e  t r a n s p l a n ts  betw een d i f f e r e n t  sp e c ie s  d u rin g  th e  e a r ly  
p hases  o f  i t s  in t e r a c t io n .

C e ll  su sp e n sio n s  o f  em bryonic mouse s e p ta l - b a s a l  fo re b ra in  
r e g io n  were la b e le d  by HRP and in je c te d  in to  th e  hippocampal 
fo rm a tio n  o f  a d u l t  r a t s .  The h o s t r e c e iv e d  a  p a r t i a l  le s io n  of 
th e  fo rn ix  a t  th e  s ame o p e ra t iv e  s e s s io n .  The h o s t b r a in  was 
an a ly zed  a t  1, 2 and 3 days a f t e r  t r a n s p l a n ta t io n .  The b ra in s  
were s ta in e d  by DAB.

L abeled  c e l l s  were seen  w ith in  th e  i n j e c t io n  s i t e  a t  1, 2 
and 3 day s u rv iv a l  t im e s , b u t a t  1 day m ost were ob scu rred  by 
th e  p e ro x id ase  p o s i t i v e  hem orrhage. A v a r i e ty  o f  la b e le d  c e l l  
ty p e s  were observed  w ith in  th e  i n j e c t io n  s i t e  - py ram idal c e l l s ,  
e lo n g a te d  c e l l s  w ith  p o la r  d e n d r i te s ,  and m u l tip o la r  c e l l s .  
None o f  th e se  c e l l  ty p es  were p re s e n t  in  th e  in j e c t io n  s i t e  a t  
6 days . Over th e  f i r s t  th re e  days th e  c e l l s  became more 
d i f f e r e n t i a t e d  w ith  d e n d r i te s  deve lo p in g  more complex branch ing  
p a t te r n s .  Even a t  one day, a  few d e n d r i te s  were seen  em inating  
from th e  in j e c t io n  s i t e .  The number o f  la b e le d  c e l l s  th a t  
appeared  o u ts id e  o f  th e  in j e c t i o n  s i t e  in c re a s e d  du rin g  the 
f i r s t  3 days . When th e  r e s u l t s  were compared to  homogenic 
t r a n s p l a n t s ,  th e y  su g g es ted  th a t  th e  e a r ly  xenogenic in te r a c t io n  
s e le c t i v e ly  e f f e c t s  th e  s u rv iv a l  o f  c e r t a in  c e l l  types  and the 
d i s t r i b u t io n  o f  th e  su rv iv in g  c e l l s .  S upported  by PHS-23266.
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269.9 FACTORS AFFECTING SURVIVAL AND OUTGROWTH FROM 
TRANSPLANTS OF ENTORHINAL CORTEX Robert B. Gibbs and Carl W. 
Cotman. Department of Psychobiology, U. C. Irvine, Irvine, CA. 92717

We previously showed that transplants of entorhinal cortex would 
innervate appropriate regions of the hippocampal formation when placed 
into the entorhinal region of adults (Gibbs et al., J. Comp. Neurol., 237:47- 
64, 1985). In the present study we examined the extent to which transplant 
survival and outgrowth is dependent upon (1) introducing a delay between 
the lesion and implant surgeries, and (2) removing native entorhinal 
projections prior to transplantation.

Transplants consisted of embryonic entorhinal cortex (E17-E18) placed 
into the left entorhinal region of adult rats (Sprague Dawley). The 
importance of the delay was examined by comparing grafts transplanted 
immediately (ECX-no delay) with grafts transplanted 8–10 days (ECX- 
delay) after severing the angular bundle. The importance of destroying 
native entorhinal projections was examined by comparing grafts in the 
ECX-delay group with grafts transplanted (1) in the absence of any prior 
lesion, and (2) 8–10 days after producing a lesion of occipital cortex, medial 
septum, or fimbria fornix. Eight to ten weeks post-transplantation, graft- 
derived innervation of the hippocampal formation was examined by 
injecting wheat germ agglutin-horseradish peroxidase (WGA-HRP) into the 
left hippocampal formation and counting the number of retrogradely 
labeled cells in the transplant. Transplant volume was determined from 
adjacent sections stained with cresyl violet, or for the detection of 
acetylcholinesterase (AChE).

Grafts in the ECX-delay group (n=14) were large (average = 12.9 mm3) 
and contained many HRP-labeled cells (average = 1943 cells/graft, 144 
cells/mm3). When no delay was used (n=6), grafts were small (average = 1.1 
mm3) and contained no HRP-labeled cells. In many of these cases (4/6), a 
cavity was observed in the transplant area suggesting that the majority of 
the transplant had degenerated.

Grafts transplanted without severing the angular bundle were smaller 
than those in the ECX-delay group (average = 2.8–5.0 mm3), but integrated 
well with the host tissues, and received AChE-positive innervation from the 
host. Graft-derived innervation was observed following transection of the 
fimbria (average = 365 cells/graft, 85 cells/mm3) which, in addition to 
removing non-entorhinal hippocampal afferents, removed some crossed 
entorhinal projections due to partial destruction of the dorsal hippocampal 
commissure. Few HRP-labeled cells were observed in grafts transplanted 
in the absence of a prior lesion (n=14), or following lesions which did not 
damage entorhinal fibers (average = 12–33 cells/graft, 5.0–17.9 cells/mm3).

These data suggest that (1) introducing a delay between the lesion and 
implant surgeries significantly enhances the survival of entorhinal grafts 
and is necessary for the establishment of transplant-to-host projections, 
and (2) fibers from entorhinal transplants compete selectively with native 
entorhinal projections while innervating the host.

Supported by NIMH grant #08989.

269.10 RECOVERY OF FUNCTION AFTER A COMPLETE FIMBRIA-FORNIX LESION : 
INTERACTION OF FETAL SEPTAL TRANSPLANTS AND POST-OPERATIVE 
ENVIRONMENT. B.WILL, C.KELCHE AND J.C.DALRYMPLE-ALFORD. Lab. 
de N eurobiologi e des com portem ents, Uni v e r s i t é Louis P a s te u r , 7 
rue de 1 ' u n iv e r s i t é , 67000 S tra sb o u rg , FRANCE.

The aim o f th i s  study  was to  examine w hether the b eh a v io ra l 
e f f e c t s  of in t r a c e r e b r a l  g r a f t s  in  r a t s  w ith b ra in  le s io n s  can 
be modulated by p o s t-o p e ra t iv e  housing c o n d i tio n s . S ix ty - s ix  
young a d u l t  fem ale r a t s  of the Long-Evans s t r a i n  were u sed . 
Twenty-two r a t s  were sham -operated (S) and 44 r a t s  su s ta in e d  a 
com plete a s p i r a t iv e  le s io n  of the  f im b r ia - fo rn ix  and of the 
s u p ra c a l lo s a l  s t r i a e  (L ). The c a v ity  thus p repared  was used in  
h a l f  the r a t s  as the  im p la n ta tio n  s i t e  fo r  a f e t a l  s e p ta l  g r a f t  
(LT). The im p lan ts  were taken from 16 to  17 day-o ld  embryos. Two 
days a f t e r  im p la n ta tio n , h a l f  the r a t s  of each group (S , L and 
LT) were housed in  an "en rich ed "  environm ent (SE, LE and LTE); 
the  o th e r  h a l f  remained in  s tan d a rd  c o n d itio n s  (SS, LS and LTS). 
Two and ten  months l a t e r ,  the r a t s  were te s te d  on the 12 
s tan d a rd  Hebb-W illiams maze le a rn in g  problem s, one problem per 
day and 6 t r i a l s  pe r problem . I n i t i a l  and r e p e t i t iv e  e r ro r s  were 
sco red .

Two and ten months a f te r  surgery , we noted th a t :  1) S 
r a t s  made s ig n i f i c a n t ly  fewer e r ro r s  (* ) than L r a t s .  2) SE 
r a t s  committed s ig n i f i c a n t ly  few er i n i t i a l  e r r o r s  than SS r a t s .  
3) In n o n -g ra f te d  r a t s  w ith le s io n s ,  "en rich ed "  housing did  not 
a f f e c t  recovery  of fu n c t io n , confirm ing  our p rev io u s  r e s u l t s .

Ten months a f te r  surgery : 1) The im plan ts promoted 
recovery  of fu n c tio n  but only  in  r a t s  housed in  an 
"en rich ed "  environm ent ( LE/LTE:F1/16= 5 .55 ; P<.05) and n o t in  
r a t s  housed in  s tan d a rd  co n d itio n  (LS/LTS:F1/19=1.8 4 ; P= .29). 
2) Performance of LT r a t s  p laced  in  an "en rich ed "  environm ent 
was s ig n i f i c a n t ly  improved when compared w ith th a t  o f LT r a t s  
housed fo r  the same p eriod  in  s tan d a rd  c o n d itio n s  
( LTE/LTS:F I /16= 16.2 ; P < .01).

These d a ta  show th a t  both the  environm ent and im plan t were 
unable a lo n e  to  promote b eh a v io ra l recovery  b u t , ap p lied  
to g e th e r ,  they reduced the d e f i c i t s  produced by d e s tru c t io n  of 
the i n t r i n s i c  septo-h ippocam pal pathw ays. The in te r a c t io n  of 
p o s t-o p e ra t iv e  "en rich ed "  environm ent and f e t a l  s e p ta l  im plan ts 
on the recovery  o f b eh a v io ra l fu n c tio n  a f t e r  f im b r ia - fo rn ix  
le s io n s  in  a d u l t  r a t s  w il l  be d iscu ssed  in  the l i g h t  of 
ana tom ical (N is s l  s ta in in g )  and h is to c h em ica l 
( a c e ty lc h o l in e s te r a s e )  a n a ly se s  o f the  g ra f te d  b r a in s .

(* ) In d ic a ted  d if fe re n c e s  concern t o t a l  ( i n i t i a l + r e p e t i t i v e ) 
e r r o r s ,  i f  n o t a l t e r n a t iv e ly  m entioned.

269.11 SEPTAL GRAFTS RESTORE RHYTHMIC SLOW ACTIVITY (THETA) IN 
FIMBRIA-FORNIX TRANSECTED HIPPOCAMPUS G;. Buzsaki1 ,3 . A.  
Bjorklund2 . and F.H. Gage3  Dept. o f P hysio logy , Pecs, 
Hungary1, Dept. of H is to lo g y 2 , Lund, Sweden, Dept. o f 
Neurosciences3 , UCSD, La J o l l a ,  CA.

Solid pieces of the f e t a l  s e p ta l  re g io n  (SG) o r hippocampus 
(HPC) were im planted in  a c a v ity  formed by a s p i r a t io n  o f th e  
fim bria-fornix (FF) and th e  o v e rly in g  c in g u la te  c o r te x  in  
adult ra ts . In o the r le s io n ed  an im als  c e l l  su spensions  
obtained from the f e t a l  s e p ta l  a re a  (SS) o r th e  locus  
coeruleus region of the  b ra in s tem  (LC) w ere in je c te d  s te r e o -  
tax ically  in to  the d e a ffe re n te d  h o s t hippocam pus. S ix  to  
nine months a f te r  tr a n s p la n ta t io n  th e  an im als had ch ron ic  
recording e lec trodes  im plan ted  in to  bo th  hippocam pi. EEG and 
unit a c tiv ity  were m onitored  du rin g  runn ing  in  a w heel, 
drinking and im m obility . U n ila te r a l  f im b r ia - fo rn ix  le s io n s  
abolished rhythmic slow a c t iv i t y  (RSA or th e ta )  in  th e  i p s i -  
la tera l hippocampus and no reco v e ry  was seen up to  9 months 
la ter in e ith e r  the c o n tro l F F -le s io n ed  an im als  o r in  th e  
rats with LC suspension g r a f t s .  Recovery o f RSA, how ever, 
was observed in  a l l  an im als w ith  s o l id  s e p ta l  g r a f t s  and in  
some ra ts  w ith s o lid  HPC g r a f t s .  S im ila r  to  norm al r a t s ,  RSA 
was present only during  runn ing  and ab sen t du rin g  d rin k in g  
and s it t in g  s t i l l .  Coherence m easurem ents o f RSA betw een th e  
transplanted and in ta c t  hem ispheres r e s u l te d  in  h igh  va lu es  
(0.70–0.95). Concurrent w ith  RSA, in te rn e u ro n s  and g ran u le  
cells in the host hippocampus f i r e d  rh y th m ic a lly  a t  RSA f r e 
quently (6–9 Hz). The dep th  p r o f i l e  and th e  a n te ro -p o s te r io r  
d istribu tion  of the power o f RSA c o r r e la te d  w ith  th e  amount 
and d is tr ib u tio n  of th e  g ra f t- in d u c e d  a c e ty lc h o l in e s te r a s e 
positive re in n erv a tio n  of th e  h o s t hippocam pus. In  c o n tra s t  
to the animals w ith  s o lid  s e p ta l  g r a f t s ,  p la ced  w ith in  th e  FF 
lesion cav ity , the r a t s  w ith  in trah ip p o cam p al s e p ta l  suspen
sion g ra fts  d isp layed on ly  s h o r t  d u ra t io n  b u rs ts  o f RSA, and 
mainly during im m ob ility . Based on th e se  f in d in g s  i t  is  
suggested th a t a t le a s t  a p ro p o r tio n  o f th e  RSA "pacemaker" 
cells of the host septum su rv iv es  th e  t r a n s e c t io n  of th e  
fim bria-forn ix  f ib e r s  and th a t  a g r a f t  of f e t a l  s e p ta l  o r 
hippocampal t i s s u e  im plan ted  in to  th e  le s io n  c a v ity  may be 
capable of re lay in g  th i s  pacem aker a c t i v i t y  to  th e  h o s t 
hippocampus. This e f f e c t  may be due to  th e  a b i l i t y  o f th e  
grafted tis su e  to  promote th e  re g e n e ra tio n  o f new, d i r e c t  or 

in d irec t, sep to -h ippocam pal co n n e c tio n s  ac ro ss  th e  le s io n  
cav ity .

269.12 HIPPOCAMPAL TRANSPLANTS: A METHOD FOR STUDYING THE NEUROTOXIC 
MECHANISMS OF TRIMETHYLTIN. Y .T h éo rê t * , D. A. Lin demann*, T.W. 
B o u ld in * a n d  M.R. Krigman. D ept. o f  P atho logy , Univ. o f  N orth 
C a ro lin a  a t  Chapel H i l l ,  NC 27514

The s e l e c t i v i t y  o f  th e  n eu ronal le s io n  induced by tr im e th y l t in  
(IMF) in  th e  d i f f e r e n t  s u b f ie ld s  o f  th e  hippocam pal fo rm ation  (HF) 
su g g es ts  th a t  i n t r i n s i c  an d /o r  e x t r i n s i c  n eu ro n a l pathways may 
p la y  a  r o le  in  th e  p a th o g en es is  o f  to x i c i t y .  We have used  th e  HF 
t r a n s p la n t  te ch n iq u e  as  a means to  i s o l a t e  hippocam pal neurons 
from th e i r  normal c o r t i c a l  and s u b - c o r t i c a l  co n n e c tio n s .

F e ta l  hippocam pal t i s s u e  (E18–21 days) was tr a n s p la n te d  in to  
th e  ce rebe llum  ( a d u l t  o r  w ean ling  Long Evans r a t s )  o r  n ea r th e  HF 
(2–4 day o ld  n e o n a te s ) . TMT was a d m in is te red  6 to  13 weeks a f t e r  
t r a n s p l a n ta t io n .  Animals re c e iv e d  TMT e i th e r  as  a  s in g le  o r a l  dose 
o f  8 mg/ml/kg o r  as  4 co n se c u tiv e  d a i ly  doses o f  4 mg/ml/kg. 
S a lin e  (v e h ic le )  c o n tro ls  f o r  each  model were in c lu d ed . The 
an im als were p e r fu s io n  f ix e d  7 days a f t e r  th e  s in g le  TMT dose o r 
one day a f t e r  th e  fo u r th  dose in  th e  s e q u e n t ia l  regim en. N is s l  o r 
Timm’s  s ta in e d  b ra in  s e c t io n s  were examined by l i g h t  m icroscopy.

F ollow ing th e  s in g le  TMT dose, n eu rona l n e c ro s is  was seen  in  
th e  CA1 pyram idal la y e r  and in  th e  tem poral g ran u le  c e l l s  o f  th e  
h o s t HF. The g ran u le  c e l l s  o f  HF t r a n s p la n ts  in  ce rebellum  showed 
more e x te n s iv e  n e c ro s is  th a n  th o se  o f  th e  h o s t HF. G ranule c e l l s  
o f  HF t r a n s p l a n ts  w hich e s ta b l is h e d  ap p a re n t c o n ta c t w ith  th e  h o s t 
HF showed a com parable o r  a  l e s s e r  degree  o f  n e c ro s is  than  th e  
h o s t g ran u le  c e l l s .  In  c o n t r a s t ,  g ran u le  c e l l s  o f  HF tr a n s p la n ts  
which f a i l e d  to  e s ta b l i s h  ap p a re n t c o n ta c t w ith  th e  h o s t HF 
e x h ib i te d  neu ro n a l n e c ro s is  comparab le  to  th a t  observed  in  HF 
tr a n s p la n ts  to  th e  ce rebe llum . Four d a i ly  doses o f  TMT produced 
p r im a r i ly  n eu rona l n e c ro s is  o f  h o s t g ran u le  c e l l s  ( i r r e s p e c t iv e  o f  
th e  sep to tem p o ra l lo c a t io n )  w ith  l i t t l e  o r  no e f f e c t  on th e  CA1 
pyram idal neu rons . The s u s c e p t i b i l i t y  o f  t r a n s p la n t  HF in  th e  4 
dosage model was s im i la r  to  th e  s in g le  dose model w ith  re s p e c t to  
g ra n u le  c e l l s .  No obvious d if f e re n c e  was observed  in  th e  
v u ln e r a b i l i ty  o f  pyram idal neurons to  TMT between th e  t r a n s p la n t  
and th e  h o s t in  th e  n eona te  group. The g e n e ra l lam inar 
o rg a n iz a tio n  o f  CA3 and CA1 pyram idal neurons was v i r t u a l l y  ab sen t 
from th e  HF tr a n s p la n ts  w ith in  th e  ce rebellum .

The r e s u l t s  su g g es t t h a t  th e  lo c a tio n  o f  th e  tr a n s p la n te d  HF 
in f lu e n c e s  i t s  s e n s i t i v i t y  to  TMT. The la ck  o f  n eu ronal e x t r in s ic  
co n n ec tio n s  to  th e  t r a n s p l a n ts ,  th e  absence o f  p o te n t ia l  ta r g e t  
c e l l s  f o r  neurons w ith in  th e  t r a n s p la n t  ( e .g .  pyram idal a n d /o r  
GABAergic neurons f o r  g ra n u le  c e l l s )  a n d /o r  th e  developm ent o f  
a b e rra n t f i b e r  co n n ec tio n s  ( a s s o c ia t io n a l  p ro je c t io n s  from 
pyram idal neurons to  to  th e  d i s t a l  d e n d r i te s  o f  g ra n u le  c e l l s )  a re  
f a c to r s  which cou ld  a f f e c t  th e  n eu rona l s u s c e p t i b i l i t y  to  TMT.
(S upported  by ES01104 and IRSST fe llo w sh ip  to  YT)
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270.1 VISUAL-FRONTAL DISCONNECTION IN LEARNING BY MONKEYS. D. 
G affan and S. H a rr is o n . E xp tl P sychology, Oxford U n iv e rs ity , 
OX1 3UD, England.

V isual a s s o c ia t io n  c o rtex  in  th e  i n f e r io r  tem poral lobe 
p ro je c ts  d i r e c t l y  to  the  i p s i l a t e r a l  i n f e r io r  f r o n ta l  lo b e . 
To in v e s t ig a te  th e  b eh a v io u ra l fu n c tio n  of th i s  p ro je c t io n ,  we 
d isco n n ec ted  i t  by making cro ssed  u n i l a t e r a l  a b la t io n s  o f the 
i n f e r io r  tem poral lobe in  one hem isphere and o f the  in f e r io r  
f r o n ta l  lobe in  th e  o th e r  hem isphere. The le a rn in g  a b i l i t y  o f 
an im als w ith  th i s  d isco n n e c tio n  was compared w ith  th a t  o f 
c o n tro l an im als having  the  two le s io n s  in  the  same hem isphere, 
and a ls o  w ith  th a t  o f f o rn ix - t r a n s e c te d  an im als.

One ta sk  was v isuo-m otor c o n d itio n a l le a rn in g  w ith  "hold" 
and " tap "  re sp o n ses . The anim als had to  le a rn  which o f th e se  
two manual reponses to  make to  each o f a s e t  o f v is u a l  
d is c r im in a t iv e  s t im u l i .  Here v is u a l - f r o n ta l  d isco n n e c tio n  
produced a le a rn in g  im pairm ent bu t fo rn ix  t r a n s e c t io n  d id  n o t. 
The second ta sk  was s tr a ig h tfo rw a rd  tw o-choice sim ultaneous 
v is u a l  d is c r im in a tio n  le a rn in g  in  an autom ated a p p a ra tu s . 
Here a l s o ,  v i s u a l - f r o n ta l  d isco n n e c tio n  produced a le a rn in g  
im pairm ent b u t fo rn ix  t r a n s e c t io n  d id  n o t. The th i r d  ta sk  
was v isuo -m o to r c o n d itio n a l le a rn in g  w ith  "approach" and 
"w ithdraw" re sp o n ses . Here v is u a l - f r o n ta l  d isco n n e c tio n  
im paired  le a rn in g , and so d id  fo rn ix  t r a n s e c t io n .  The fo u r th  
was v is u a l  d is c r im in a tio n  le a rn in g  in  th e  WGTA. T his was no t 
im paired  in  any group, even in  a group in  which v is u a l  
d isc o n n e c tio n  bo th  from f r o n ta l  lobe and from amygdala was 
combined w ith  fo rn ix  t r a n s e c t io n .

D ire c t c o r t i c o - c o r t i c a l  sen so ry  in t e r a c t io n  w ith  the 
f r o n ta l  lo b e , bypass ing  m edial tem poral lobe  lim b ic  
s t r u c tu r e s ,  p la y s  a g e n e ra l,  im portan t and h i th e r to  
under-em phasised  ro le  in  le a rn in g  and memory in  th e  monkey.

270.2 THE BED NUCLEUS OF THE STRIA TERMINALIS IN THE RHESUS MONKEY: 
CONNECTIONS WITH THE AMYGDALA AND THE MEDIAL DORSAL NUCLEUS.
R.C. S aunders, D.L. Rosene and M. M ishkin, L abo ra to ry  o f 
Neuropsychology, NIMH, B ethesda, MD, 20892, and D ept. Anatomy, 
Boston U n iv e rs ity  School o f M edicine, Boston, MA, 02118.

C onnections between th e  bed nucleus  o f th e  s t r i a  te rm in a l is  
(BNST), th e  amygdala, and th e  m edial d o rs a l  nu c leu s  (MD) were 
in v e s t ig a te d  a s  p a r t  o f an a ttem p t t o  un d ers tan d  th e  o rg a n iz a tio n  
o f am ygdaloid e f f e r e n t  co nnec tions  and t h e i r  c o n tr ib u t io n  to  
memory fu n c t io n , and t o  compare th e s e  co n n ec tio n s  w ith  th o s e  of 
th e  hippocampal fo rm a tion , an o th e r s t r u c tu r e  im p o rtan t f o r  memory. 
P a t te rn s  o f conn ec tio n s  were in v e s t ig a te d  in  th e  monkey (Macaca 
m u la t ta ) u s in g  bo th  an te ro g rad e  and re t ro g ra d e  t r a c e r s .  T r i t ia te d  
amino a c id s  were in je c te d  in to  th e  amygdala in  e ig h t  monkeys and 
in to  th e  BNST in  two monkeys. R etrog rade  t r a c e r s ,  e i t h e r  
h o rs e ra d is h  p ero x id ase  o r  f lu o re s c e n t d y es , were in je c te d  in to  the 
BNST in  two an im als, in to  th e  amygdala in  two an im als, and in to  MD 
in  fo u r an im als. Both th e  v e n t r a l  am ygdalofugal pathway and th e  
s t r i a  te rm in a l is  were found t o  c a r ry  n o n rec ip ro ca ted  p ro je c tio n s  
from th e  amygdala t h a t  te rm in a te  in  bo th  th e  BNST and in  th e  
m agnocelluar p a r t  of MD (MDm c). Dense la b e l l in g  was a l s o  found 
th ro u g h o u t MDmc a f t e r  amino a c id  in j e c t io n s  in to  th e  BNST. The 
la b e l  a f t e r  th e  am ygdaloid in j e c t io n s  appeared  t o  have a 
to p o g ra p h ic a l o rg a n iz a tio n  and a  p a tch y , 'p e r i - c e l l u l a r '  
appearance , w hereas th e  la b e l  a f t e r  th e  BNST in j e c t io n s  was 
uniform  th roughou t MDmc. On th e  b a s is  o f in j e c t io n s  o f re tro g ra d e  
t r a c e r s  am ygdaloid p ro je c t io n s  t o  MDmc and th e  BNST were found to  
a r i s e  p r im a r ily  from th e  m edial b a s a l and th e  ac cesso ry  b a s a l 
n u c le i ,  a lthough  re t ro g ra d e ly  la b e l le d  c e l l s  were found in  most 
o th e r  p a r t s  o f th e  am ygdaloid complex a s  w e ll .  C e l ls  w ith  
re t ro g ra d e  la b e l  were a l s o  found in  th e  BNST a f t e r  MD in je c t io n s .  
The amygdala th u s  has bo th  a  d i r e c t  and an in d i r e c t  ro u te  t o  th e  
tha lam us. The BNST, a s  a  m ajor r e c ip ie n t  o f am ygdaloid e f f e r e n ts  
and w ith  s u b s t a n t i a l  o u tp u t t o  MDmc, makes up an im p o rtan t 
component o f am ygdalo-thalam ic co n n e c tio n s .

These co n n ec tio n s  o f th e  amygdala w ith  th e  BNST and MDmc seem to 
p a r a l l e l  th o s e  o f th e  hippocam pal fo rm ation  w ith  th e  m am illary 
b o d ie s  and th e  a n t e r io r  th a lam ic  n u c le i .  L ike th e  amygdala, th e  
h ippocam pal fo rm ation  has bo th  a  d i r e c t  and an in d i r e c t  ro u te  to  
th e  tha lam us. The subiculum  o f th e  hippocam pal fo rm ation  sends 
f ib e r s  th rough  th e  fo rn ix  d i r e c t l y  t o  th e  a n t e r io r  th a la m ic  nuclei 
a s  w e ll a s  t o  th e  m am illary  b o d ie s . The m am illary  b o d ie s  in  tu rn  
send an e x te n s iv e  p ro je c t io n  t o  th e  a n t e r io r  th a la m ic  n u c le i .  
Thus, th e  m am illary  bo d ie s  and th e  BNST appear t o  occupy 
com parable ana tom ical p o s i t io n s  w ith in  seem ingly p a r a l l e l  
h ippocam pal and am ygdaloid e f f e r e n t  system s, r e s p e c t iv e ly .  This 
ana tom ica l correspondence su g g es ts  t h a t  th e  BNST and th e  mamillary 
bo d ie s  may se rv e  analogous fu n c t io n s  w ith in  th e  two lim b ic  memory 
system s. (Supported  i n p a r t  by NIH g ra n t NS 19416)

270.3 OBJECT RECOGNITION MEMORY FOLLOWING DIENCEPHALIC LESIONS IN MONKEYS 
E .J . Holmes and C.E. S chroeder*. D epts. o f P sy c h ia try  and N eurosci
ence , A lb e rt E in s te in  C ollege of M edicine, Bronx, NY 10461.

For many y e a rs , c l i n i c a l  s tu d ie s  have shown th a t  p a t ie n t s  w ith  
d ie n c e p h a lic  damage in v o lv in g  e i th e r  th e  mammillary n u c le i  o f the  
hypothalam us an d /o r th e  m ed iodorsal n u c le i  o f th e  thalam us demon
s t r a t e  profound and la s t in g  an te ro g rad e  am nesias. Using nonhuman 
p rim ate s  as m odels, we have been ab le  to  dem onstrate  th a t  b i l a t e r a l  
le s io n s  of e i th e r  th e  mammillary o r m ed iodorsal n u c le i  in  monkeys 
m arkedly im pairs  the  s h o r t- te rm  r e te n t io n  of s p a t i a l  lo c a t io n  over 
p e r io d s  of from 10 to  30 s e c s . (N eurosci. A b s t r . ,  11:460 , 1985). 
The purpose o f the  p re s e n t experim ent was to  expand th e se  s tu d ie s  
in  o rd e r to  determ ine th e  e x te n t th a t  th e se  le s io n s  would a f f e c t  
th e  s h o r t- te rm  r e te n t io n  of o b je c t f e a tu r e s .

The s u b je c ts  were 11 cynomolgus (M. f a s c i c u l a r i s ) monkeys. Four 
monkeys rece iv e d  b i l a t e r a l  le s io n s  o f th e  m ed iodorsal n u c le i ,  3 
monkeys re c e iv e d  b i l a t e r a l  le s io n s  o f th e  mammillary n u c le i ,  and 
4 monkeys served  as sham o p e ra ted  c o n t ro ls .  A ll t r a in in g  and t e s t 
ing  was conducted in  a W isconsin G eneral T est A pparatus.

D uring i n i t i a l  t r a in in g  and te s t i n g ,  each t r i a l  c o n s is te d  of a 
p r e - t r i a l  and a t e s t - t r i a l .  On th e  t e s t - t r i a l ,  th e  s u b je c ts  were 
re q u ire d  to  choose a novel o b je c t when p a ire d  w ith  a f a m il i a r  o b je c t 
shown im m ediately  b e fo re  on a p r e - t r i a l  (tw o-cho ice  t a s k ) . Subse
q u e n tly , the  anim als were s u c c e s s iv e ly  p re sen ted  w ith  2 o b je c ts  on 
two co n secu tiv e  p r e - t r i a l s  and had to  choose a n o v e l, th i r d  o b je c t 
when i t  was p re sen ted  s im u lta n e o u s ly  w ith  the  two o b je c ts  shown 
b e fo re  ( th re e -c h o ic e  ta s k ) .  For bo th  paradigm s, a d i f f e r e n t  s e t  of 
o b je c ts  was used on each t r i a l  (from a t o t a l  pool of approx. 300 
o b je c ts )  and th e  r e te n t io n  p e r io d s  were g ra d u a lly  in c re a se d  from a 
minimum o f 10 s e c s , to  a maximum of 3 m ins. During th e  r e te n t io n  
p e r io d s , th e  s u b je c t 's  view  of th e  s t im u li  was obscured  by an 
opaque sc re e n .

In  the  tw o-choice ta s k ,  none of the  anim als w ith  d ie n c e p h a lic  
le s io n s  were no ted  to  d i f f e r  from th e  c o n tro ls  in  re c o g n itio n  ac
curacy  (approx . 90% c o r r e c t)  fo r  th e  novel o b je c t w ith  r e te n t io n  
p e r io d s  from 10 s e c s , to  2 m ins, and only  3 of th e  7 ex p e rim en ta l 
an im als showed any d e c lin e  in  perform ance w ith  r e te n t io n  in t e r v a l s  
of 3 m ins. In  th e  th re e -c h o ic e  ta s k ,  however, bo th  o f th e  d ie n ce
p h a l ic  le s io n  groups were no ted  to  show marked d e c lin e s  in  p e r fo r 
mance as th e  r e te n t io n  in t e r v a l  approached 3 m ins, w ith  th e  con
t r o l s  rem ain ing  a t  app rox im ate ly  90% c o r re c t  perform ance. M oreover, 
th e  m agnitude o f th e  r e te n t io n  im pairm ent could be in c re a se d  s ig 
n i f i c a n t ly  by in c re a s in g  th e  in t e r o b je c t  s im i la r i ty  o f th e  o b je c t 
s e t  on each t r i a l .

Thus, le s io n s  o f e i th e r  the  mammillary body o r m ed iodorsa l nu
c l e i  may im pair th e  s h o r t- te rm  r e te n t io n  o f o b je c ts  as w e ll as the 
s h o r t- te rm  r e te n t io n  o f s p a t i a l  lo c a t io n  in  nonhuman p rim ate s  in  a 
manner analogous to  th a t  re p o r te d  w ith  humans fo llo w in g  d ie n cep h a l
ic  damage.

270.4 THE EFFECTS OF FORNIX TRANSECTION AND OF CINGULATE CORTICAL 
ABLATION IN MONKEYS ON SPATIAL DELAYED NONMATCHING-TO-SAMPLE IN A 
T-MAZE. E.A. M urray, M. Davidson*, D. O lton , D. G affan , and S. 
Suomi*, Lab. N europsychology, NIMH, B ethesda, MD 20892, Dept. 
Psychology, Johns Hopkins U n iv ., B altim o re , MD 21218, D ept. Expt. 
Psychology, Univ. O xford, O xford, England, and Lab. Comparative 
E tho logy , NICHD, B ethesda, MD 20892

Most s tu d ie s  o f th e  r o le  o f th e  hippocamp a l  system  in  s p a tia l  
le a rn in g  and memory in  monkeys have been lim ite d  t o  s i tu a t io n s  in 
which th e  monkey makes arm movements t o  th e  l e f t  o r  r i g h t  s id e  of a 
t e s t  t r a y .  The p re s e n t s tu d y  was undertaken  t o  examine s p a t i a l  
b eh a v io rs  in  monkeys t h a t  were locom oting r a th e r  th a n  reac h in g .

Rhesus monkeys were t r a in e d  p re o p e ra tiv e ly  on d e lay ed  
nonm atching-to-sam ple in  a  T-maze. In  t h i s  t a s k ,  th e  monkey was 
f i r s t  g iven  a  sample run  th rough  th e  maze w ith  on ly  one o f th e  arms 
o f th e  "T" open in  o rd e r  t o  o b ta in  a  g rape  in  th e  g o a l box and 
th e n , one m inute l a t e r ,  was g iv en  a  t e s t  ru n  w ith  b o th  arms of the 
"T" open. The monkey was re q u ire d  t o  go in to  th e  arm p rev io u sly  
n o t e n te re d  in  o rd e r  t o  o b ta in  f iv e  more g ra p e s . D a ily  te s t in g  
c o n s is te d  o f fo u r such t r i a l s  s e p a ra te d  by i n t e r t r i a l  in te r v a l s  of 
abou t 1 1/2 ho u rs . The monkeys were t r a in e d  fo r  f iv e  o r  s ix  days 
p e r  week t o  a  c r i t e r io n  o f 36 c o r r e c t  re sp o n ses  o u t o f 40 t r i a l s .  
A f te r  le a rn in g , th e y  were t e s t e d  fo r  two days  a t  each  o f  two longer 
d e la y s , 5 m inu tes and 15 m inu tes , t h a t  were imposed between th e  
sample and t e s t  ru n s ; th e s e  two d e la y s  were sp en t in  th e  s t a r t  box 
and in  th e  home cage , r e s p e c t iv e ly .  Upon com pletion  o f t e s t in g ,  
monkeys re c e iv e d  one o f th r e e  o p e ra t io n s : i )  t r a n s e c t io n  o f the  
fo rn ix ,  th e  m ajor f ib e r  bundle co n n ec tin g  th e  hippocam pal formation 
w ith  th e  tha lam us and b a s a l fo re b ra in ;  i i )  a b la t io n  o f th e  
c in g u la te  c o r te x , a  re g io n  t h a t  s e rv e s  n o t on ly  a s  a  t a r g e t  of 
h ippocam po-tha lam o-co rtica l p ro je c t io n s ,  b u t a l s o  a s  a  sou rce  of 
in p u ts  in to  th e  hippocam pal fo rm a tion ; and i i i )  a  sham o p era tio n . 
A f te r  su rg e ry  th e  monkeys were t r a in e d  in  th e  same manner a s  
b e fo re , excep t t h a t  th e y  were g iv en  f iv e  t r i a l s  p e r  day in s te a d  of 
fo u r and were t e s t e d  fo r  10 days a t  each  d e la y  in s te a d  o f  two.

P re o p e ra t iv e ly , seven monkeys re q u ire d  an average  o f 73 t r i a l s  
and 32 e r r o r s  t o  a t t a i n  c r i t e r i o n .  P o s to p e ra t iv e ly , th e r e  were no 
group d if f e re n c e s  in  r e le a rn in g ;  th e  two c o n tro l  monkeys, two with 
fo rn ix  t r a n s e c t io n ,  and th r e e  w ith  c in g u la te  a b la t io n  averaged 
abou t 88 t r i a l s  and 33 e r r o r s  t o  r e l e a r n .  By c o n t r a s t ,  th e  
ex p e rim en ta l groups were se v e re ly  im paired  w ith  th e  im p o sitio n  of 
lo n g e r d e la y s . C on tro l an im als averaged  abou t 87 and 81% c o rre c t 
re sp o n ses  on th e  5 and 15 m inute d e la y s , r e s p e c t iv e ly ,  w hereas 
monkeys w ith  c in g u la te  a b la t io n  averaged  69 and 61%, and th o s e  with 
fo rn ix  t r a n s e c t io n  sco red  o n ly  60 and 44% c o r r e c t  re s p o n s e s .

These p re lim in a ry  r e s u l t s  show t h a t  th e  hippocam pal system , 
in c lu d in g  i t s  c in g u la te  component, i s  c r i t i c a l  f o r  s p a t i a l  memory 
in  monkeys in  ta s k s  r e q u ir in g  locom otion .
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270.5 THE EFFECTS OF SINGLE AND COMBINED LESIONS OF THE AMYGDALA AND 
HIPPOCAMPUS UPON RECOGNITION MEMORY IN THE RAT. J .P .  Aggl e to n * 
and J .N .P . R aw lins* (SPON: W .J. H e i t le r )  D ep t. o f  Psychology, 
Durham U n iv ., Durham DH1 3LE, U.K. and D ep t. o f  Exp. Psychology, 
Oxford U n iv ., Oxford OX1 3UD, U.K.

R esearch  in to  th e  e f f e c t s  o f  lim b ic  le s io n s  upon re c o g n itio n  
memory in  monkeys has. le d  M ishkin to  propose th a t  combined damage 
to  th e  amygdala and hippocampus i s  n ec essa ry  to  produce g lo b a l 
am nesia (M ishkin, M., N a tu re , 273: 297, 1978). In  o rd e r  to  
de term ine  th e  g e n e ra l i ty  o f  t h i s  f in d in g  we have conducted 
p a r a l l e l  re s e a rc h  in  r a t s  and have re p o r te d  th a t  re c o g n itio n  
memory can su rv iv e  e x te n s iv e  hippocam pal le s io n s  (A ggleton , J .P . ,  
Hunt, P .R ., and R aw lins, J .N .P . , Behav. B rain  R e s . , 19: 133, 
1986). We have now examined th e  e f f e c t s  o f  am ygdaloid le s io n s  
and combined hippocam pal and am ygdaloid le s io n s  upon th e  same 
ta s k .

The am ygdaloid le s io n s  (AMX), which were s u b to ta l ,  were made 
w ith  ib o te n ic  a c id  w h ile  th e  hippocam pal le s io n s  (HPC) were 
made by a s p i r a t io n  and in v o lv ed  an a d d i t io n a l  sm all re g io n  o f  
c o r te x  (CORT). F o llow ing  reco v e ry  from su rg e ry  th e  r a t s  
(8 AMX, 5AMX + HPC, 6 AMX + CORT, 7 SHAM) were t r a in e d  in  a 
Y maze to  s e l e c t  between two d i s t i n c t i v e  goal boxes. One goal 
box was f a m il i a r  as  i t  resem bled  th e  s t a r t  box w h ile  th e  o th e r  
was u n fa m il ia r . S e le c t io n  o f  th e  u n fa m ilia r  box was rew arded. 
T his th en  became t h e , s t a r t  box f o r  th e  n e x t t r i a l  in  which th e  
anim al was ag a in  rew arded f o r  s e le c t i n g  an u n fa m ilia r  g o a l box 
in  p re fe re n c e  to  one which resem bled  th e  new s t a r t  box. N early 
a l l  o f  th e  r a t s  were a b le  to  ac q u ire  t h i s  nonm atching ta s k  to  a 
c r i t e r i o n  o f  80% c o r r e c t  (over 5 c o n secu tiv e  days, 10 t r i a l s  a 
day) and no c o n s is te n t  d if f e re n c e s  were observed  between th e  
fo u r  g roups . On re a c h in g  c r i t e r i o n  th e  anim als re c e iv e d  150 
t r i a l s  in  which a d e lay  o f  e i t h e r  0 ( t r a in in g  c o n d i t io n ) ,  20 , o r 
60 s e c , was imposed b e fo re  s e le c t i o n  o f  th e  u n fa m ilia r  from th e  
f a m il ia r  g oa l box. Animals w ith  combined AMX + HPC le s io n s  were 
on ly  im paired  under th e  d e lay  c o n d itio n s  (ave . perform ance fo r  
th e  20 s and 60 s  d e lay s  combined; SHAM 69%, AMX 75%, AMX + CORT 
73%, AMX + HPC 60%). The e f f e c t s  o f  hippocam pal le s io n s  combined 
w ith  more e x te n s iv e  am ygdaloid le s io n s  w i l l  a ls o  be re p o r te d  and 
th e  s im i la r i ty  o f  th e  above f in d in g s  to  th o se  o b ta in ed  w ith  
p rim a te s  w i l l  be c o n s id e re d .

270.6 DIFFERENT EFFERENT PROJECTIONS OF THE GENICULO- 
AMYGDALA PATHWAY MEDIATE AUTONOMIC AND BEHAVIORAL 
CONCOMITANTS OF CONDITIONED FEAR: POSSIBLE COMPLETION OF 
THE CONDITIONED RESPONSE CIRCUITS. J. Iwata, J.E. LeDoux, and 
D.J. Reis. Lab. of Neurobiology, Cornell Univ. Med. Coll., N.Y., N.Y.

The increases in arterial pressure and emotional behavior elicited by a 
tone paired with footshock both critically depend upon projections from 
medial portions of the medial geniculate body to the dorsal nuclei of the 
amygdala (LeDoux et al., Neuroscience 17, 615–627). The aim of the 
present study was to determine whether the autonomic and behavioral 
responses could be separately disrupted by damage to brain areas efferent 
to the geniculo-amygdala pathway.

Using ibotenic acid (IBO), intrinsic neurons were destroyed while 
preserving axons of passage in the amygdala or areas to which the 
amygdala projects. Rats were anesthetized (halothane) and IBO (0.15–0.3 
ul; 15 ug/ul) was microinjected into the dorsal amygdala (n=6), lateral 
hypothalamic area (LH, n=7), ventromedial nucleus of the hypothalamus 
(VM, n=5), bed nucleus of the stria terminalis (BN, n=5), or central grey 
(CG, n=15). Controls were unoperated. After 14d, the animals were 
instrumented for computer-assisted recording of arterial pressure (AP) 
and subjected to classical fear conditioning. The next day, CS elicited 
changes in AP and the duration of activity suppression ("freezing") 
elicited by the acoustic conditioned stimulus (CS) were measured during 
extinction trials presented in the animal's home cage. Subsequently, the 
rats were sacrificed and the brains removed and processed histologically.

In unoperated controls, the CS elicited increases in AP (18+ 4mmHg) 
and induced freezing (118+1 sec). These responses were both significantly 
reduced by bilateral injection of IBO into the amygdala (AP: 7+3, p ≤ . 05; 
freezing: 16+5, p ≤ . 05). Injections in LH reduced the AP response (7+2, p 
≤ .05) but not CS elicited freezing (114+4, ns). Lesions in the CG 

significantly reduced freezing (50+12, p ≤ . 05) but not the AP response 
(14+1, ns). In contrast, injections in the VM or BN did not affect either 
the AP or freezing responses. None of the lesions interfered with the 
expression of unconditioned AP changes elicited by the footshock.

These data, together with our earlier findings, suggest a tentative 
completion of the circuits mediating conditioned fear. Transmission of 
the acoustic CS through the auditory system to the MG and from there to 
the amygdala is necessary for the expression of both the autonomic and 
behavioral conditioned emotional response. Projections from the 
amygdala to the LH, which in turn projects to brainstem and spinal 
autonomic effector neurons, moderate the autonomic responses, whereas 
projections from the amygdala to the central grey, which projects to 
spinal skeletal motor neurons, underlie conditioned emotional behavior. 
Supported by NIMH, NIH, and the Am. Heart Assoc.

270.7 ELEMENTS OF A HYPOTHESIS CONCERNING THE PARTICIPATION OF HIPPOCAMPAL N-METHYL-D- 
ASPAKTA3E RECEPTORS IN SPATIAL LEARNING. R.G.M.Morri s* (SPON: ENA). MRC 
Cognitive Neuroec i . Group, Univ . St. Andrews, St.Andrews, F ife, KY16 9JU, SCOTLAND.

N-methyl-D-aspartate receptors are known to be abundant in the mammalian 
hippocampus (HPC) (Olverman e t a l . , Nature, 307:460, 1984). They are not 
i nvolved i n normal f a s t  synaptic transm ission , but do p a r t ic ip a te  i n the 
induction of long term potentiation (LTP) (Collingri dge.G., J .Physi o l . , 334:19, 
1983). Importantly, the ir associated ion channels have unusual voltage 
dependency (Mayer e t a l ,  Nature 309:261, 1964). At physiological concentrations 
of Mg2+ occurring in vivo, inward current to  transmitter activation a t  the 
re s tin g  potential would he minimal, but would rise  i f  the ce ll had previously 
been partia lly  depolarised. Thus, paired activation of a  cell should allow the 
second input to  cause an influx of Ca2+ ions  through the now activated NMDA 
receptors, triggering long-term changes in synaptic efficacy (eg. Lynch and 
Baudry, Science, 224:1057, 1964). Physi ologica l studies are consistent with such 
a  mechanism (Wig s tron  e t a l . , Acta Physiol.Scand., 126: 317, 1966), and have 
shown i t  to be sensitive to  the selective NMDA antagonist +2-amino- 
phosphonovaleri c acid  (AP5). Furthermore, Kelso e t  a l s  findings (PNAS, in  
p ress) th a t HPC ce lls  can process the ir input according to a "pseudo-Hebbian" 
conjunction rule are consistent with the proposed mechanism of association.

How may these ideas he applied to spatial learning? Entortdinal cortex (EC) 
le s io n s  cause a  severe d efic it in declarative spatial memory (Schenk,F. and 
M orris,R., Exp.Brain Res. ,  58:11, 1965). "Cooperativity" amongst  afferents  from 
EC i s  necessary for  the induction of synaptic enhancement (McNaughton e t  a l . , 
Brain Res., 157:277, 1978). Assume the la tte r  reflects  (1) the AP5 sensitive 
mechanism described above, and thus (2) the processing of spatial "associations" . 
I t  follows that AP5 should, as  Lynch, Baudry and I  have confirmed, cause a 
selective impainment of spatial learning without effect upon visual 
discrim ination (Morris e t a l . , Nature, 319:774, 1986). More recently, Halliwell 
and I  (Poste r , th is  meeting) have found that infusion of nanomolar amounts of AP5 
into HPC, sufficient to  cause a  blockade of LTP but only minimal effect upon

baseline fie ld  potentials (Fig 1), also causes an anterograde spatial amnes ia . 
These findings extend ea rlie r  work (McNaughton e t  a l ,  J.Neuros c i. , 1986) 
im plicating hippocampal synaptic p lastic ity  in  learning, and are consistent with 
the hypothesis  tha t IMA receptors participate in , a t  le a s t, spatial learning* 

Supported by an MRC Fellowship Count (United Kingdom).

270.8 CENTRAL PATHWAYS IN CONDITIONING. T .J , Vonei d a , D. C h r i s t i e  and 
R. S t o l l , D ep a rtm en t o f  N e u ro b io lo g y , N o r th e a s te r n  Ohio U niv. 
C ollege of M edic ine, Rootstow n, OH 44272.

Cats w ere t r a in e d  to  f le x  t h e i r  r i g h t  fo re lim b  to  a tone  CS, in  
bo th  in s tru m e n ta l and c l a s s i c a l  parad igm s, u s in g  shock as th e  UCS. 
P rev ious s tu d ie s  in  t h i s  la b o ra to ry  have shown th a t  sen so rim o to r 
c o r t i c a l  l e s i o n s  c o n t r a l a t e r a l  to  th e  t r a i n e d  lim b  r e s u l t  in  a 
profound ( in  some ca ses  com plete  and perm anent) lo s s  of th e  CR, 
w ith  no l o s s  o f th e  UCR. P y ra m id a l t r a c t  s e c t i o n  ( u n i -  and 
b i l a t e r a l ) ,  im m ed ia te ly  caudal to  th e  pons produced no d e f i c i t  in  
perform ance le v e l .

In  an e f f o r t  to  de te rm in e  more p r e c is e ly  w hich pathways and 
s t r u c t u r e s  a r e  c r i t i c a l l y  in v o lv e d  in  b o th  I n s t r u m e n ta l  and 
c l a s s i c a l l y  c o n d i t io n e d  r e s p o n s e s ,  t r a i n e d  a n im a ls  u n d e rw en t 
s e c t i o n  o f  th e  c e r e b r a l  p e d u n c le  im m e d ia te ly  r o s t r a l  to  i t s  
e n t r a n c e  i n t o  th e  p o n s .  P r e l i m in a r y  r e s u l t s  s u g g e s t  t h a t  t h i s  
(c o r t ic o p o n to c e re b e l la r )  s ystem  i s  no t invo lved  in  th e  m ed ia tion  
o f  a  c o n d i t io n e d  r e s p o n s e  o f th e  ty p e  d e s c r ib e d .  A ll  o p e r a t e d  
a n i m a l s  r e s p o n d e d  a t  t,he 80 – 1 0 0 % l e v e l  on t h e  f i r s t  
p o s to p e r a t i v e  t r a i n i n g  d ay , and a t t a i n e d  c r i t e r i o n  l e v e l  (3 
c o n secu tiv e  days a t  80% or above) du rin g  th e i r  th i r d  se s s io n .

A number of re c e n t s tu d ie s  from s e v e ra l la b o ra to r ie s  (Thompson; 
Yeo & G l i c k s t e i n ) ,  a lo n g  w ith  an  e a r l i e r  p o s t u l a t i o n  by V oneida 
s t r o n g l y  i m p l i c a t e  th e  c e re b e l lu m  as  a c r u c i a l  p a r t  o f th e  
a s s o c i a t i v e  l e a r n in g  p a th w a y . In  a d d i t i o n ,  th e  s t u d i e s  o f 
Tsukahara , Sm ith , Moore and o th e r s ,  p o in t to  th e  red  nucleus as a 
c r i t i c a l  p a r t  o f  th e  c o n d i t io n i n g  p a th w a y . F i n a l l y ,  Yeo & 
G lic k s te in  have im p lic a te d  th e  d o rs a l accesso ry  o l iv e  as p a r t  of 
th e  netw ork . In  an e f f o r t  to  r e c o n c ile  some of th e  above r e s u l t s ,  
we a r e  p r e s e n t l y  s u b je c t in g  t r a i n e d  c a t s  to  s u r g i c a l  s e c t i o n  o f 
th e  c o r t i c o r u b r a l  and th e  o l i v o c e r e b e l l a r  s y s te m s . We a r e  
s u g g e s t in g  th e  p o s s i b i l i t y  t h a t  th e  r e d  n u c le u s ,  s e n s o r im o to r  
c o r t e x  and c e re b e l lu m  r e p r e s e n t  c r u c i a l  f o c a l  p o in t s  in  
a s s o c i a t i v e  l e a r n i n g ,  and t h a t  th e  ( r u b r o s p in a l  sy s te m  may 
c o n s t i tu te  a f i n a l  pathway fo r  i t s  e x p re ss io n .
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270.9 LONG-TERM HABITUATION OF ACOUSTIC STARTLE FOLLOWING LESIONS OF THE 
CEREBELLAR VERMIS OR CEREBELLAR HEMISPHERES. R. N. Leaton and 
W. F. Supple, J r .  Departm ent o f  P sychology, Dartmouth C o lleg e , 
Hanover, N.H. 03755

We have shown th a t  th e  c e re b e l la r  verm is i s  p a r t  o f  an e ssen 
t i a l  c i r c u i t  fo r  long -te rm  h a b i tu a t io n  o f  th e  a c o u s t ic  s t a r t l e  
response  in  r a t s  (Leaton & S upple, S c ie n ce , 1986). L esions o f  th e  
verm is a b o lis h  lo n g -te rm  h a b i tu a t io n  b u t le av e  s h o r t- te rm  h a b itu a 
t io n  u n a f fe c te d . While th e  e f f e c t s  a re  a t  l e a s t  p a r t i a l l y  response 
s p e c i f ic  (Leaton & S upple, 1985; Supple & L eaton , 1986) ana tom ical 
s p e c i f i c i t y  has been assumed from h i s t o r i c a l  r a th e r  than  c u r re n t 
com parisons. The p re s e n t experim ent compared th e  e f f e c t s  o f 
le s io n s  o f  c e re b e l la r  verm is w ith  le s io n s  o f  c e re b e l la r  hem isphere 
on h a b i tu a t io n  o f th e  a c o u s t ic  s t a r t l e  resp o n se . The c e re b e l la r  
hem ispheres were co n s id e red  im p o rtan t as  com parison le s io n  s i t e s  as 
a c o n tro l fo r  g e n e ra l c e r e b e l l a r  damage and because o f  t h e i r  im
p o rta n ce  in  th e  c l a s s i c a l l y  co n d itio n e d  e y e - l id  response  to  an 
a u d ito ry  CS in  r a b b i ts  (Thompson and a s s o c i a t e s ) .

S t a r t l e  response  was measured to  114-dB, 100-msec, w h ite -  
n o ise  b u r s ts  on a 60 -sec  in te r s t im u lu s  i n t e r v a l  (IS I) in  10 d a i ly  
6- t r i a l  s e s s io n s .  F o llow ing th e se  t e s t s  re sp o n s iv n esss  to  a 
sy s te m a tic  v a r ia t io n  o f  IS I was te s t e d  over i n t e r v a l s  o f  5, 10, 30, 
60, and 120 s e c . Three groups o f  12 r a t s  were te s t e d ;  one fo llow 
in g  a s p i r a t io n s  o f  th e  c e re b e l la r  verm is, one fo llo w in g  b i l a t e r a l  
a s p i r a t io n s  o f  th e  c e re b e l la r  hem ispheres, and one fo llo w in g  sham 
o p e ra t io n s .

The outcome o f  th e  d a i ly  t e s t i n g  r e p l ic a te d  p rev io u s  r e s u l t s  
showing th a t  le s io n s  o f  th e  c e re b e l la r  verm is b locked  long -term  
h a b i tu a t io n .  The hem isphere group, w h ile  showing s ig n i f i c a n t  
lon g -te rm  response  decrem ents in  c o n t r a s t  w ith  th e  verm al group, 
was in te rm e d ia te  between th e  verm al and sham groups and was n o t 
s ig n i f i c a n t ly  d i f f e r e n t  from e i th e r  in  th e  d a i ly  t e s t s .  However, 
th e  d if f e re n c e s  among th e se  groups were b rough t o u t c l e a r ly  d u ring  
th e  sy s te m a tic  IS I m a n ip u la tio n s . The verm al group showed 
s ig n i f i c a n t  w ith in - s e s s io n  h a b i tu a t io n  a t  a l l  IS I v a lu es  from 120 
to  5 se c . The sham group d id  n o t show s ig n i f i c a n t  decrem ents a t  
e i t h e r  th e  120 o r  60 sec  i n t e r v a l s ,  re ac h in g  s ig n i f i c a n t  d e c re 
ments a t  th e  30 sec  and s h o r te r  i n t e r v a l s .  The hem isphere group 
d id  n o t show s ig n i f i c a n t  decrem ents u n t i l  th e  IS I was sh o rten e d  to  
10 se c . The d a ta  r e f l e c t  th e  absence o f  lo n g -te rm , between 
s e s s io n s  h a b i tu a t io n  in  th e  verm al le s io n e d  r a t s  and su g g es t a 
he ig h ten ed  s e n s i t i z a t io n  in  th e  hem isphere le s io n e d  r a t s .

270.10 LESIONS OF THE CEREBELLAR VERMIS BLOCK CLASSICALLY CONDITIONED 
BRADYCARDIA IN RATS. W illiam  F. S upp le , J r .  and R obert N. Leaton. 
D epartm ent o f  Psychology, Dartm outh C o lleg e , Hanover, N.H. 03755.

P re lim in a ry  r e s u l t s  in d ic a te  t h a t  th e  c e r e b e l l a r  verm is i s  
n ec e ssa ry  fo r  th e  developm ent o f  h e a r t - r a t e  c o n d itio n e d  responses 
in  r a t s .  Vermal le s io n s  s e v e re ly  a t te n u a te d  sim ple c o n d itio n in g  
w ith o u t a l t e r i n g  u n co n d itio n ed  h e a r t - r a t e  resp o n ses  (Supple and 
L eaton , 1986).

In  th e  p re s e n t  expe rim en ts  r a t s  were te s t e d  in  a d i f f e r e n t ia l  
c o n d itio n in g  p ro ced u re  fo llo w in g  e i t h e r  c e r e b e l l a r  verm al, b i 
l a t e r a l  c e r e b e l l a r  h em isp h e ric , o r  sham le s io n s .  They were tested  
r e s t r a in e d  in  a tu b e  and h e a r t - r a t e  was reco rd ed  fo llo w in g  unrein
fo rced  tone  CS p re s e n ta t io n s  and to n e - t a i l  shock p a i r in g s .  The 
groups showed a s im i la r  d e c e le r a t iv e  o r ie n t in g  response  which 
h a b i tu a te d  a c ro s s  days (F igu re  1 ) . In  th e  d i f f e r e n t i a l  cond ition
in g  p ro ced u re  one to n e  (CS+) was alw ays fo llow ed  by shock and the 
o th e r  (CS‒ ) was never p a i re d  w ith  shock. Both th e  sham- and 
h e m is p h e ric - le s io n e d  groups developed r e l i a b l e  d is c r im in a t iv e ly  
c o n d itio n e d  b ra d y c a rd ia . The v e rm a l- le s io n e d  group showed no 
d i f f e r e n t i a l  c o n d itio n in g  (F igure  2 ) . These d a ta  in d ic a te  th a t  
c e r e b e l l a r  verm al le s io n s  s e le c t i v e ly  d is r u p t  a s s o c ia te  h e a r t- ra te  
changes w ith o u t a f f e c t in g  u n co n d itio n ed  h e a r t - r a t e  resp o n ses  to  
th e  s t im u l i  used in  t r a in in g .

In  a second ex p e rim en t, c e r e b e l l a r  verm al le s io n s  d is rup ted  
a c c e le r a t i v e  HR CR’ s in  u n re s tr a in e d  r a t s  w ith o u t a f f e c t in g  
c l a s s i c a l l y  c o n d itio n e d  f re e z in g  re sp o n se s .

270.11 CERE BELLAR LESIONS THAT PREVENT ACQUISITION OF CONDITIONED NMRs 
DO NOT EFFECT REFLEX FACILITATION OF THE UNCONDITIONED RESPONSE
J . J .  LoTurco and D .J. W eisz. D epartm ent o f  Psychology, Y ale 
U n iv e rs ity , New Haven, C T ., 06520

R ab b its  w ith  b i l a t e r a l  le s io n s  o f  th e  d e n ta te - in te r p o s i tu s  
n u c leu s  in  th e  ce rebellum  and o p e ra te d  c o n tro ls  re c e iv e d  c o u n te r
b a lan ced  to n e / l i g h t  d is c r im in a tio n  t r a in in g  o f  th e  c l a s s i c a l l y  
co n d itio n e d  n i c t i t a t i n g  membrane response  (NMR). On CS+ t r i a l s  
to n e  (4000 Hz, 80 db, 500 msec) o r  l i g h t  (28 lx )  co te rm in a ted  
w ith  an a i r  p u f f  to  th e  co rnea  (2 .0  p s i ,  100 m sec). The i n t e r 
s tim u lu s  in t e r v a l  was 400 msec and th e  i n t e r t r i a l  i n t e r v a l  was 50 
se c . On CS‒ t r i a l s  th e  tone  (T) o r  l i g h t  (L) was p re s e n te d  in  
i s o la t io n .  I n te r s p e r s e d  w ith  d is c r im in a tio n  t r a in in g  were th re e  
ty p es  o f  t e s t  t r i a l s - - th e  CS+ fo llow ed  by an a i r  p u f f ,  th e  CS‒ 
fo llow ed  by an a i r  p u f f ,  and an a i r  p u f f  p re s e n te d  in  i s o la t io n .  
There was one CS‒/ a i r  p u f f  t e s t  t r i a l  f o r  ev e ry  n in e  CS‒ t r i a l s  
p re s e n te d  d u rin g  d is c r im in a tio n  t r a in in g .  The t e s t  t r i a l s  were 
used to  determ ine  th e  e f f e c t iv e n e s s  o f  th e  CS+ and CS‒ in  
m odify ing  th e  un co n d itio n ed  NMR. R eflex  m o d if ic a tio n  was 
determ ined  by com paring NMR am plitudes  and la te n c ie s  d u rin g  CS+ 
and CS‒/ a i r  p u f f  t e s t  t r i a l s  w ith  resp o n se  am p litudes  and la te n 
c ie s  d u rin g  a i r  p u f f -a lo n e  t e s t  t r i a l s .

There w ere no d if f e re n c e s  in  th e  a c q u is i t io n  r a t e s  in  o p e r
a te d  c o n tro l  an im als r e c e iv in g  T+/L‒ o r  L+/T‒ d is c r im in a tio n  
t r a in in g .  A ll c o n tro ls  ac q u ire d  c o n d itio n e d  NMRs by day 4 and 
e x h ib ite d  c r i t e r io n  d is c r im in a tio n  perform ance a l s o  by day 4; 
however, le s io n e d  an im als d id  n o t a c q u ire  co n d itio n e d  NMRs a f t e r  
9 days o f  c o n d itio n in g . Tones in c re a s e d  th e  am p litudes  o f  uncon
d i t io n e d  NMRs fo r  b o th  th e  le s io n  and c o n tro l an im als when th e  
tone  was th e  CS+ b u t n o t when i t  was th e  CS‒ . The mean f a c i l i t a 
t io n  on Day 1 f o r  th e  le s io n  (55%) and th e  c o n tro l  (61%) groups 
was n o t s ig n i f i c a n t ly  d i f f e r e n t .  T h e re fo re , le s io n s  to  th e  c e re 
b e l l a r  deep n u c le i  th a t  d is ru p te d  a c q u is i t io n  o f  th e  c o n d itio n e d  
NMR d id  n o t d is ru p t  r e f l e x  f a c i l i t a t i o n  o f  th e  un co n d itio n ed  
resp o n se . In  b o th  th e  le s io n  and c o n tro l  groups r e f l e x  f a c i l i t a 
t io n  o f  th e  u n co n d itio n e d  resp o n ses  by th e  to n e  dec re a sed  b o th  
w ith in  days and a c ro s s  days w ith  82% f a c i l i t a t i o n  on th e  f i r s t  
b lock  o f  Day 1 and 28% a t  th e  end o f  Day 1, and 75%, and 40%, a t  
th e  beg in n in g  o f  Days 2 and 3 r e s p e c t iv e ly .  There w ere no e f 
f e c t s  o f  any o f  th e  m a n ip u la tio n s  on th e  la te n c i e s  o f  th e  
u n cond itioned  re sp o n ses .

The l i g h t  s tim u lu s  used  in  t h i s  experim en t d id  n o t f a c i l i t a t e  
th e  uncon d itio n ed  NMRs in  e i t h e r  th e  le s io n  o r  c o n tro l  group. 
T h e re fo re , a u d ito ry  and v is u a l  s t im u li  t h a t  c o n d itio n e d  a t  th e  
same r a t e  had d i f f e r e n t  e f f e c t s  on r e f le x  f a c i l i t a t i o n .  W hile 
th e  to n e  CS+ d id  n o t r e s u l t  in  f a s t e r  CR a c q u is i t i o n ,  CRs to  th e  
tone (7 .2  mm) were s ig n i f i c a n t ly  la r g e r  than  CRs to  th e  l i g h t  
(4 .5m m ).

270.12 CEREBELLAR LESIONS PREVENT OPTIMAL EXECUTION BUT NOT ACQUISITION 
OF THE CONDITIONED NICTITATING MEMBRANE RESPONSE. J . P . Welsh*, 
I .  Gormezano and. J . A. H arvey. D epartm ents of Psychology and 
Pharm acology, Univ. o f Iowa, Iowa C ity , IA 52242.

I t  has been re p o r te d  th a t  le s io n s  of th e  a n t e r io r  d e n ta te -  
in t e r p o s i tu s  (D -I) reg io n  o f th e  ce rebellum  a b o lis h  th e  re ten tio n  
and a c q u is i t io n  of i p s i l a t e r a l  co n d itio n e d  n i c t i t a t i n g  membrane 
resp o n ses  (NMRs) in  th e  r a b b i t  (McCormick and Thompson, J .  
N eu ro sc i. 4, 2811‒2822, 1984). The purpose of t h i s  s tudy  was to 
determ ine in  g r e a te r  d e t a i l  bo th  th e  c r i t i c a l  lo c u s  o f damage in 
th e  D -I reg io n  and th e  a s s o c ia te d  e f f e c t s  on th e  response  
c h a r a c t e r i s t i c s  o f th e  NMR. Naive r a b b i ts  (n = 38) f i r s t  received 
16 d a i ly  c o n d itio n in g  s e s s io n s  c o n s is t in g  of 66 p a i r in g  of a 250- 
msec, b in a u ra l  tone co n d itio n e d  s tim u lu s  (CS) and a 100-msec a i r -  
p u ff  u n cond itioned  s tim u lu s  (UCS) to  th e  r ig h t  co rn ea . The CS-UCS 
in t e r v a l  was 285 msecs and th e  mean i n t e r t r i a l  in t e r v a l  was 60 sec. 
A CS-alone t e s t  t r i a l  o ccu rred  a f t e r  every  10 co n d itio n in g  t r i a l s .  
A ll an im als had reached  p o s ta sy m p to tic  le v e ls  o f CRs by day 16. 
A fte r  day 16, le s io n s  were aimed a t  th e  a n t e r io r  p o r tio n s  of the 
r ig h t  D-I re g io n . A f te r  21 days recove ry  c o n d itio n in g  resumed 
fo r  12 days w ith  th e  UCS d ir e c te d  a t  th e  r ig h t  eye (days 17–28). 
A ll an im als w ith  le s io n s  encom passing th e  a n te ro d o rs a l D-I region 
(n = 15) showed a s ig n i f i c a n t  re d u c t io n  in  CRs on c o n d itio n in g  
t r i a l s  and no ev idence  o f r e a c q u is i t io n .  UCRs were n o t a ffec ted . 
Of th e se  15 r a b b i t s ,  9 dem onstrated  respond ing  to  th e  tone  CS that 
was a t  o r below b a s e l in e  le v e l s .  The c r i t i c a l  reg io n  fo r  these 
le s io n  e f f e c t s  encompassed a sm all reg io n  o f th e  a n te ro d o rsa l 
a s p e c ts  o f th e  nu c leu s  in t e r p o s i tu s  and o v e rly in g  w h ite  m a tte r . 
S u b jec ts  th a t  d id  n o t p o sse ss  le s io n s  o f t h i s  a re a  d id  no t 
dem onstra te  sev e re  CR re d u c tio n s . A n a ly sis  o f t e s t  t r i a l s  
rev e a le d  a c q u is i t io n  o f CRs whose response  c h a r a c t e r i s t i c s  were 
obscured  by th e  occu rrence  o f uncond itioned  resp o n ses  evoked by 
th e  UCS on p a ire d  t r i a l s .  The 9 s u b je c ts  th a t  had f a i l e d  to  
dem onstra te  CRs d u rin g  th e  250 msec o f tone  CS p re s e n ta t io n  did 
dem onstra te  lo n g e r la te n c y  resp o n ses  du rin g  t e s t  t r i a l s .  These 
resp o n ses  o ccu rred  w ith in  250 msec a f t e r  CS o f f s e t  and demon
s t r a t e d  a s ig n i f i c a n t  a c q u is i t io n  over days 17–28 from 9 to  22.1%. 
These CRs were a ls o  fu r th e r  c h a ra c te r iz e d  by th e i r  low am plitudes 
(1 .32  mm) and pro longed  r i s e  tim es (406 m sec). These d a ta  have 
confirm ed th e  im p ortan t r o le  of th e  ce rebellum  in  c l a s s i c a l  
co n d itio n in g  b u t sug g est th a t  th e  ce rebellum  i s  n o t as  e s s e n t ia l  
fo r  le a rn in g  as  i t  i s  f o r  th e  o p tim al e x e cu tio n  o f th e  le a rn ed  
resp o n se . These f in d in g s  a re  c o n s is te n t  w ith  th e  c l a s s i c a l  
i n t e r p r e ta t io n  o f c e re b e l la r  involvem ent in  th e  r e g u la t io n  and 
ad a p tiv e  tim ing  o f le a rn ed  movements (Holmes, B ra in , 40, 461–535; 
Brooks, Exp. B ra in  R es. (S upp l. ) ,  9 , 170–183, 1984).
Supported by USPHS G rant MH16841.
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271.1 STRUCTURE OF THE GENE FOR HUMAN GLUTAMIC ACID DECARBOXYLASE 
(GAD): ATTEMPTS TO FIND MOLECULAR LESIONS ASSOCIATED WITH 
NEUROGENETIC DISEASES. D L. Kaufman*1 M.G. 
Erlander*2 . E.M. Askanas*1 A.M. Wong*1 . J .H . 
Menkes*3, and A .J. Tobin1 ,4,5.D epartm ent o f 
Biology, 2N euroscience Program, 3D epartm ents o f 
P ed ia tric s  and N eurology, 4M olecular B io logy I n s t i t u t e ,  
and 5Brain Research I n s t i t u t e ,  U n iv e rs ity  o f  C a l if o rn ia ,  
Los Angeles, CA 90024.

Glutamate decarboxy lase  (GAD) c a ta ly z e s  th e  p ro d u c tio n  
of gamma-aminobutyric a c id  (GABA), a m ajor in h ib i to r y  
neuro transm itter in  th e  c e n tr a l  nervous system . Because 
movement d iso rd e rs  and s e iz u re s  a re  o f te n  a s s o c ia te d  w ith  
a lte red  GABA le v e ls  in  b ra in  and CSF, th e  gene fo r  b r a in  
GAD has been suggested  as a " c a n d id a te  gene" fo r  a v a r i e ty  
of neurogenetic d is e a s e s . In  o rd e r  to  id e n t i f y  p o s s ib le  
lesions in  the GAD gene, we have un d ertak en  to  c h a ra c te r iz e  
the gene fo r human GAD and to  develop  methods fo r  d e te c t in g  
point m utations w ith in  i t s  cod ing  sequence .

We have used a c loned  cDNA fo r  f e l in e  GAD (Kaufman, e t  
a l . ,  Science. in  p re s s )  to  i s o l a t e  human GAD cDNAs and 
genomic DNAs. The human cDNA c lo n es  c o n ta in  th e  e n t i r e  
coding sequence o f GAD. We have used  a subclone o f  one o f 
these cDNAs to  d i r e c t  th e  in  v i t r o  s y n th e s is  o f  GAD. To 
accomplish t h i s , we p la ced  th e  human GAD cDNA in to  a 
tra n sc rip tio n  v e c to r  (pIBI76),  t r a n s c r ib e d  i t  w ith  SP6 RNA 
polymerase in  the p resence  o f  GpppG, and t r a n s l a te d  the  
re su ltin g  capped RNA in  a r e t ic u lo c y te  e x t r a c t .  The RNA 
directed  the sy n th e s is  o f  a s in g le  p o ly p e p tid e  o f  64 kD. 
This polypeptide was p r e c ip i t a b le  w ith  an tise ru m  to  GAD.

To define the gene s t r u c tu r e  o f  GAD we a re  now mapping 
overlapping lambda and cosmid genomic c lo n e s . The coding 
region of the human GAD gene spans a t  l e a s t  40 kb.

In order to  id e n t i f y  p o s s ib le  changes in  th e  GAD gene 
associated w ith h e re d i ta ry  s e iz u re  d is o rd e r s ,  we have 
iso la ted  DNA from a number o f  p a t i e n t s  w ith  f a m il i a l  forms 
of ep ilepsy . We a re  scann ing  th e se  DNAs fo r  in s e r t io n s ,  
d e le tio n s , and polymorphisms in  th e  GAD gene by S outhern  
b lo ttin g . We are  a lso  app ly in g  and ex ten d in g  th e  method o f 
Myers, e t  a l .  ( Science 230. 1242, 1985) to  d e te c t  p o in t 
mutations in  the  coding reg io n  o f  th e  GAD gene.

This work was suppo rted  by g ra n ts  to  JHM from the  
Dystonia Medical Research F oundation  and to  AJT from th e  
Epilepsy Foundation o f America and NIH (#NS 20356 and NS 
22256). DLK is  suppo rted  by a USPHS T ra in in g  G rant in  C e ll 
and Molecular Biology (#GM 07185) .

271.2 ISOLATION AND CHARACTERIZATION OF THE GENE ENCODING RAT 
THYROTROPIN RELEASING HORMONE K. Stewart. S. Lee*. G. Mandel*. 
and R.H. Goodman* Division of Molecular Medicine, New England 
Medical Center, Boston, MA 02111

Although thyrotropin releasing hormone 
(TRH; pyroGlu-His-Pro-NH2) was the firs t of the hypophysiotropic 
hormones to be chemically characterized, relatively little  is known 
about its  biosynthesis. Studies of TRH biosynthesis have been 
problematic due to the small size of the peptide and its  low 
concentration in various brain regions. We have recently isolated a 
cDNA clone encoding the TRH precursor from a rat hypothalamic 
lambda gt11 library ( Science 231: 159,1986). The structure of the 
cDNA indicates that the precursor is a polyprotein containing five 
copies of TRH sequence. We have now used the TRH cDNA to examine 
TRH biosynthesis in ra t brain and to isolate the ra t TRH gene.

The TRH cDNA was cloned into the expression vector nSP64 in 
reverse orientation with respect to the SP6 promoter. 32p-labelled 
antisense RNA generated from the expression vector was used in 
Northern blot assays of mRNA from various regions of ra t brain. TRH 
mRNA was located in the paraventricular nucleus and lateral portions 
of the hypothalamus, the olfactory bulb, and the median raphe nucleus. 
All of these regions are known to contain immunoreactive TRH. TRH 
mRNA was also identified in the thalamus, a region not previously 
shown to produce TRH. TRH mRNA from the thalamus was identical in 
size (1800 nucleotides) to that found in other brain regions.

Southern blotting analysis of DNA from rat liver indicated that 
there is a single copy of the TRH gene in the ra t genome.
Hybridization analysis suggested that the TRH gene is highly 
conserved between rat and human but diverges significantly in 
amphibia. To isolate the rat TRH gene, we screened a genomic library 
cloned in Charon 4A bacteriophage with the nick-translated TRH cDNA. 
DNA from several individual bacteriophage plaques hybridized to the 
radiolabelled probe. These bacteriophage were isolated, amplified, 
and the DNA inserts were subcloned into plasmid vectors. The 
structure of the gene and its  promoter region was determined by 
restriction endonuclease analysis, nucleotide sequencing, and S-1 
nuclease mapping.

In summary, we have used the TRH cDNA to characterize the 
regional expression of the TRH gene within the rat brain and to 
determine the structure of the gene. TRH mRNA was found in all brain 
regions known to produce the TRH peptide as well as in the thalamus 
where TRH production had not been recognized. The structure of the 
TRH gene is sim ilar to that of other neuropeptide precursors.

271.3 ISOLATION OF ENZYME cDNA CLONES USING A NOVEL TECHNIQUE (EIDA): 
ISOLATION OF A PEPTIDE ACETYL TRANSFERASE. J.H. Eberwine*, J.D. 
Barchas, W.A. Hewlett* and C.J. Evans Dept. of Psychiatry and 
Behavioral Sciences, Stanford University, Stanford, CA 94305.

The biological ac tiv ity  of proteins and peptides can be 
profoundly affected by enzyme-catalyzed covalent modifications 
such as acetylation, su lfation , glycosylation or amidation. 
This artic le  describes the cloning of such an enzyme, a 
peptidyl-acetyltransferase from ra t brain which catalyzes the 
N-terminal acetylation of endorphins and perhaps other 
substrates in vivo.The acetyltransferase was cloned using a 
novel strategy whereby a cDNA expression library  was screened 
using a solid-phase enzyme ac tiv ity  assay; th is technique 
combines the use of substrate coupled to a solid support and 
subsequent recognition of product using a specific an tisera . 
We have called th is  method the enzyme immuno-detection assay 
(EIDA). The EIDA should prove useful in the isolation of other 
clones for proteins which possess enzymatic ac tiv ity  upon 
expression in bacterial hosts.

We have looked at brain region d istribution  of the peptide 
acetyltransferase mRNA and find i t  expressed in many regions. 
The size of the mRNA localized in the brain is approximately 
1.9 kilobases. At T20 tumor cells (mouse p itu ita ry  tumor cell 
line) also express the peptide acety ltransferase. Using the 
same stringency of hybridization and washing, the size of th is 
mRNA was found to be approximately 2.1 kilobases. Whether th is 
reflects a species difference or a tissue difference is 
currently being investigated.

Supported by NIDA grant #01207 and NIMH grant #23861.

271.4 MOLECULAR CLONING AND STRUCTURAL ANALYSIS OF THE mRNA AND GENE 
THAT ENCODE NEUROPEPTIDE Y. J . M. A lle n , J .B . M artin  and G. H einrich 
D ep ts. o f  N eurology and M edicine, Howard Hughes M edical I n s t i t u t e ,  
M assachusetts  G eneral H o sp ita l ,  B oston , MA 02114.

N europep tide Y (NPY) i s  a  36 amino a c id  member o f  a  l a r g e r  fam ily 
o f  p e p tid e s  t h a t  in c lu d e s  p a n c re a t ic  p o ly p e p tid e  (PP). A lthough 
c lo s e ly  r e l a te d  s t r u c t u r a l l y ,  th e s e  p e p tid e s  a r e  d i s c r e te ly  and 
u n iq u e ly  d i s t r i b u t e d .  Thus, th e  NPY gene i s  e x c lu s iv e ly  ex p ressed  
in  n e u ra l t i s s u e ,  w hereas PP and PYY a re  r e s t r i c t e d  to  p a n c re a t ic  
and i n t e s t i n a l  en d o c rin e  c e l l s  r e s p e c t iv e ly .  In  a d d i t io n  to  a  h igh  
d eg ree  o f  c e l l  s p e c i f i c i t y ,  e x p re ss io n  o f  each  o f  th e se  genes may 
be re g u la te d  i n  a  deve lopm en ta lly  s p e c i f i c  fa sh io n  and may y ie ld  
d iv e r s e  p e p t id e  p ro d u c ts  d e r iv e d  from p r o te o ly t i c  p ro c e ss in g  o f  a  
la r g e r  p re c u rs o r .

We w ish  to  in v e s t ig a t e  th e  m o lecu la r mechanisms th a t  r e g u la te  
ex p re s s io n  o f  t h i s  fam ily  o f  genes and , th e r e f o r e ,  have begun to  
an a ly ze  th e  s t r u c tu r e  o f  a  mRNA and gene t h a t  encode r a t  NPY. To 
o b ta in  c lo n ed  cDNAs t h a t  r e p r e s e n t  NPY, a  r a t  hypothalam ic cDNA 
l i b r a r y  c o n s tru c te d  in  b a c te r io p h a g e  lambda g t l l  (R.H. Goodman, 
T u fts  U n iv e rs ity  M edical School) was sc reen ed  w ith  a  s y n th e t ic  
o lig o n u c le o tid e  h y b r id iz a t io n  p robe based  on th e  n u c le o tid e  sequence 
o f  human NPY mRNA. R e s t r i c t io n  enzyme mapping and n u c le o tid e  
sequence a n a ly s is  o f  s p e c i f i c a l ly  h y b r id iz in g  c lo n es  rev e a le d  th a t  
th e  l a r g e s t  c lo n e  co n ta in ed  60 n u c le o tid e s  o f  5 ' u n tr a n s la te d  
re g io n  and a  ty p i c a l  p o ly a d e n y la t io n a l s ig n a l  AATAAA fo llow ed  w ith in  
23 n u c le o tid e s  by a  poly-A  t a i l .  Thus th e  c lo n e  o f  approx im ate ly  
700 n u c le o tid e s  appears  to  be a  f u l l  le n g th  re p r e s e n ta t io n  o f  r a t  
NPY mRNA. The s t r u c tu r e  and o rg a n iz a tio n  o f  t h i s  mRNA i s  ve ry  
s im i la r  to  t h a t  o f  human NPY mRNA and encodes a  s im i la r  p re c u rs o r  
o r  pre-pro-N PY .

The same o lig o n u c le o tid e  p robe  was u sed  to  sc re e n  a  r a t  genomic 
l i b r a r y  c o n s tru c te d  by Land e t  a l  i n  b a c te r io p h a g e  Charon 4A. Four 
s p e c i f i c a l l y  h y b r id iz in g  c lo n es  w ere o b ta in e d . R e s t r i c t io n  enzyme 
and S ou thern  b l o t  h y b r id iz a t io n  a n a ly s is  re v e a le d  t h a t  a l l  th e  
c lo n es  c o n ta in  la rg e  e x te n s io n s  o f  th e  5 ' f la n k in g  reg io n  o f  th e  
NPY gene b u t  o n ly  two c o n ta in  th e  3 ' f la n k in g  re g io n . Our p re s e n t  
s t r u c t u r a l  a n a ly s is  su g g es ts  t h a t  th e  r a t  NPY gene has a t  l e a s t  
2 in t ro n s  and th e r e fo r e  ap p ears  s im i la r  to  th e  PP gene in  
o rg a n iz a t io n .

These m o lecu la r c lo n es  o f  r a t  NPY mRNA and gene w i l l  be u s e fu l  
i n  f u r th e r  s t r u c t u r a l  s tu d ie s  i n  in v e s t ig a t io n s  o f  th e  m o lecu lar 
mechanisms th a t  c o n fe r  developm ental and t i s s u e  s p e c i f i c i t y  on 
NPY gene e x p re ss io n  and w i l l  p ro v id e  im p o rtan t to o l s  f o r  f u r th e r  
s tu d ie s  o f  NPY b io s y n th e s is ,  b io lo g y  and pharm acology.
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271.5 CLONING AND SEQUENCE ANALYSIS OF cDNA FOR BOVINE CARBOXYPEPTIDASE 
E (ENKEPHALIN CONVERTASE).L .  D .  F r ic k e r  and E. H e rb e rt* , 
I n s t i tu te  fo r  Advanced Biomedical Research, Oregon H ealth  Sciences 
U n iv e rs ity , P o rtlan d  OR 97201 USA

Enkephalin convertase  (carboxypeptidase E, o r CPE) i s  th e  
carboxypeptidase B -lik e  enzyme invo lved  in  th e  b io syn thesis  o f th e  
o p ia te  p ep tid es, as  w e ll as  o th e r pep tide  hormones and 
neu ro tran sm itte rs . This enzyme has been p u r if ie d  to  homogeneity 
from bovine p i tu i ta ry ,  and a p a r t i a l  amino acid  sequence has been 
determined. O ligonucleo tide  probes corresponding to  th e  amino 
ac id  sequence have been used to  i s o la te  a cDNA c lone  from a bovine 
p i tu i ta r y  cDNA lib ra ry . The p red ic ted  amino acid  sequence of the  
cDNA c lo n e  con ta in s  s e v e ra l p a irs  o f b asic  amino ac id s, and 
d isp lay s  some homology w ith carboxypeptidases A (CPA) and B (CPB). 
Although th e  o v e r a l l  homology i s  low, a l l  o f th e  amino acid s  
thought to  be e s s e n t ia l  fo r  th e  c a ta ly t i c  a c t iv i ty  of CPA and CPB 
have been conserved in  CPE. Major d iffe ren ces  between CPE and th e  
o the r carboxypeptidases include an ad d itio n a l 120 amino acid s a t  
th e  C -term inal o f CPE, and numerous changes in  amino ac id s  near 
th e  s u b s tra te  binding s i te s .  These changes may r e f l e c t  the  
d if f e r e n t  s p e c i f i c i t i e s  o f th e  enzymes: CPE i s  very  s p e c if ic  fo r  
C -term inal b a s ic  amino ac id s, whereas CPB and CPA both have f a i r l y  
broad s u b s tra te  s p e c i f i c i t i e s .  The homology between th e  
carboxypeptidases suggests a common ev o lu tio n a ry  o rig in , which 
supports th e  theory  th a t  th e  pep tide  processing  enzymes evo lved  
along w ith th e  f i r s t  neuropeptides.

The cDNA encoding CPE hybrid izes p rim ar ily  to  mRNA of 
approxim ately 3.3 kb in  bovine b ra in , p i tu i ta ry ,  and adrenal 
medulla. In  th ese  t is s u e s ,  th e  CPE cDNA probes a ls o  hybrid ize  to  
2.1 and 2.6 kb mRNA, although th ese  spec ies  rep resen t l e s s  than  5 
% o f th e  3.3 kb mRNA. The sh o rte r  mRNA's appear to  a r is e  from 
a l te rn a te  po lyadeny lation  s i t e s  in  th e  3' u n tra n s la ted  region. 
R es tr ic tio n  fragment a n a ly s is  o f bovine genomic DNA in d ic a tes  a 
s in g le  gene encodes CPE. R esu lts  o f s tu d ie s  on th e  re g u la tio n  o f 
th i s  gene w i l l  be presented.

271.6 IDENTIFICATION AND CHARACTERIZATION OF GENOMIC CLONES 
FOR TYROSINE HYDROXYLASE. J.M. Carroll, S.E. Hyman, 
H.M. Goodman*, T.H. Joh. Lab. of Molec. Neurobiology, 
Cornell University Medical College, New York, N.Y. 10021 
and Dept. of Molec. Biology, Massachusetts General 
Hospital, Boston, Mass 02114.

Tyrosine hydroxylase, the enzyme catalyzing the rate 
lim iting step in catecholamine biosynthesis, is subject 
to  a variety of physiological stim uli. In response to 
s tre s s , for example, neural ac tiv ity  causes a r ise  in TH 
by processes th a t increase both the number and ac tiv ity  
of enzyme molecules. Recently, increased mRNA has been 
observed in adrenal medulla (Mallet e t  a l . ,  1983), 
superior cervical ganglia (Black e t a l, 1985) and locus 
coeruleus (Biguet e t  a l . ,  1986) in response to 
reserpine, a pharmacological agent thought to simulate 
transsynaptic induction. In addition, increases in mRNA 
have been measured in PC12 c e lls  (Baetge e t a l . ,  1982; 
Lewis e t a (.,1983) and bovine chromaffin cultures 
(Naranjo e t  a l . ,  1986) treated  with glucocorticoid or 
cyclic AMP. These reports suggest th a t transcriptional 
mechanisms partic ipa te  in TH regulation.

Analysis of the gene should provide a better 
understanding of the molecular processes controlling TH 
expression. Toward th is  end, we have isolated TH 
genomic clones from a ra t library constructed in the 
EMBL3 vector (generous g if t  of G. Scherer). From 9 × 
109 recombinants, screened with a 600 bp probe 
containing sequences from the 3 ' end of the coding 
region, Seven positives were identified . Upon 
rescreening with a 180 bp P stl fragment derived from the 
5 ' end of the cDNA, two independent iso la tes , carrying 
inserts of approximately 20 kb, were selected. We are 
currently determining whether the complete gene is 
present in e ither of the clones.

R estriction analysis of the clones revealed a 1600 bp 
Bam H1 fragment which hybridizes to the 5 ' 180 bp cDNA 
probe. This fragment is being sequenced to determine 
the extent of upstream flanking region present. We plan 
to construct plasmids containing the 5 ' flanking region 
of the TH gene and, by transfection into mammalian 
c e lls , examine promoter and enhancer elements 
responsible for tissu e  specific and regulated expression 
of TH.
(Supported by NIMH grant MH 24285 ; Hoechst AG to  MGH)

271.7 ISOLATION OF A cDNA CLONE ENCODING HUMAN BRAIN GLUTAMATE 
DEHYDROGENASE. C. Banne r 1* , S. S ilverm an1* . L. V itk o v ic 1*, 
J .  Thomas1 , K. L amp e l1 * , and R. J .  W enthold2 (SPON: 
M. R. M artin ) .  1Lab. Mol. B io l . and 2Lab. N eu ro -o to la ry n g o lo g y , 
NINCDS, NIH, B ethesda , MD 20892.

G lutam ate i s  th o u g h t t o  b e  a  m ajo r e x c i ta to r y  n e u ro t ra n s m it te r  
in  th e  b r a in .  Mamm a lia n  g lu tam a te  dehydrogenase (GDH, 
EC 1 .4 .1 .3 ) ,  w hich c a ta ly z e s  th e  r e a c t io n  a l p h a -k e to g l u ta r a t e  + 
NAD(P)H + NH4 + ↔ L -g lu tam ate  + NAD(P)+ + H20 , may p la y  an  
im p o rtan t r o l e  in  th e  m etabolism  o f  t h i s  n e u ro t ra n s m it te r .  
In  a d d i t io n ,  on ly  g lu tam in e  s y n th e ta s e  and GDH a r e  th o u g h t t o  
p la y  m ajo r r o le s  in  d e to x ify in g  NH4+ in  th e  b r a in .  R ecent 
immunocytochemical ev id en ce  su g g e s ts  t h a t  g l i a l  c e l l s  o f  th e  
r a t  ce re b e llu m  a r e  e n r ic h e d  in  GDH (W enthold, R. J .  e t  a l . ,  
s u b m it te d ) . As p a r t  o f  a  program  t o  s tu d y  th e  r e g u la t io n  o f  
gene e x p re s s io n  in  n e u r a l - g l i a l  i n t e r a c t io n s ,  we have is o la te d  a  
cDNA c lo n e  f o r  human b r a in  GDH. We sc reen e d  a  human b ra in s te m  
lambda g t l l  e x p re s s io n  l i b r a r y  (k in d ly  p ro v id ed  by R. L a z z a rin i)  
w ith  p o ly v a le n t and a f f i n i t y  p u r i f i e d  a n t ib o d ie s  t o  GDH. One 
c lo n e  was i s o la te d  w hich ex p re ssed  a  G D H -beta-galac to s idase  
fu s io n  p r o te in  o f  136 kD. P a r t i a l  p ro te a s e  d ig e s t io n  o f  th e  
fu s io n  p r o te in  and genu ine  b ov ine  l i v e r  GDH fo llow ed  by 
im m unodetection w ith  th e  GDH an tib o d y  re v e a le d  many common 
p e p t id e s .  The cDNA i n s e r t  o f  app ro x im ate ly  1 .8  kb was subcloned  
f o r  sequencing  and cRNA p robe s y n th e s is .  I n  r a t  b r a in  mRNA, 
th e  CRNA probe d e te c te d  a  t r a n s c r i p t  o f  ab o u t 3 .6  kb . By 
n u c le o tid e  sequencing  we showed t h a t  257 amino a c id s  o f  th e  
carboxy  te rm in a l  o f  human GDH a r e  encoded by th e  cDNA.

271.8 STRUCTURE OF THE MOUSE MUSCLE ACETYLCHOLINE RECEPTOR α SUBUNIT 
GENE. K.E. Isen b e rg , C.M. Crowder* and J .P .  M erli e . Dept. of 
P sy c h ia try  and Pharm acology, W ashington U n iv e rs ity  Sch. of 
Med., S t. L ou is, MO 63110.

We a re  in te r e s te d  in  t r a n s c r ip t i o n a l  re g u la tio n  of mouse 
muscle a c e ty lc h o lin e  re c e p to r  (AChR) ex p re s s io n . Expression  of 
th e  AChR changes du ring  development and fo llow ing 
d e n e rv a tio n . Changes in  re c e p to r  le v e l fo llow ing  d ene rva tion  
a re  accompanied by in c re a s e s  in  mRNA le v e ls  s u f f ic i e n t  to 
account fo r  th e  in c re a s e  in  AChR. Although th e  in c re a se  in  
mRNA may be a f fe c te d  by a number of mechanisms, inc reased  
tr a n s c r ip t i o n  of AChR su b u n it genes i s  an a t t r a c t i v e  and 
te s t a b le  h y p o th e s is . As a f i r s t  s te p  in  our study  of a subunit 
t r a n s c r ip t i o n a l  r e g u la t io n ,  we have is o la te d  c lones  from λ 
genomic l i b r a r i e s  u sing  r a d io la b e l le d  mouse a su b u n it cDNA as a 
p robe . We determ ined th e  lo c a t io n  of coding sequence w ith in  
th e  c lones  w ith  exon s p e c i f ic  o lig o n u c le o tid e s . The 
r e s t r i c t i o n  enzyme maps fo r  the  c lones  o v erlap  each o th e r  but 
no c lone c o n ta in s  the  com plete coding sequence fo r  th e  mouse 
AChR a subun it gene . A com posite map of the gene co n s tru c ted  
from the  r e s t r i c t i o n  enzyme maps of the c lones  shows th e  coding 
sequence con ta ined  w ith  a 15 kb re g io n . In a d d i t io n ,  we have 
10 kb of f la n k in g  sequence on e i th e r  s id e  o f the  coding 
re g io n . We chose to  lo c a te  p u ta t iv e  r e g u la to ry  reg io n s  by 
mapping DNase I  h y p e rs e n s it iv e  s i t e s  in  r e s t r i c t e d  mouse 
genomic DNA. DNase I  h y p e rs e n s it iv e  s i t e s  a re  c o r re la te d  w ith 
r e g u la to ry  reg io n s  in  o th e r  g en es. We have mapped DNase I 
h y p e rs e n s it iv e  s i t e s  to  5 ' and 3 ' reg io n s  of th e  a  gene 
ch rom atin . The genomic c lo n es  and d eriv ed  r e s t r i c t i o n  map 
along w ith  the  lo c a tio n  of DNase I  h y p e rs e n s it iv e  s i t e s  w ill  
perm it the  d i r e c t  s tudy  of t r a n s c r ip t i o n a l  r e g u la tio n  of the a 
su b u n it gene .
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271.9 HUMAN MUSCLE N-CAM: ISOLATION AND CHARACTERISATION OF cDNA CLONES. 
J .G . D ickson*, R.D, Cox*, C.A. Q uinn*, W. P u tt*  and F .S . W alsh. 
I n s t i t u t e  o f  N eurology, Queen S quare, London WC1N 3BG, England.

The n e u ra l c e l l  adhesion  m olecule (N-CAM) i s  a c e l l - s u r f a c e  
g ly c o p ro te in  ex p ressed  by neurons and s e v e ra l  o th e r  c e l l  types  
such as s k e le ta l  m uscle, and may p la y  a c e n tr a l  r o le  in  n e u ra l 
t i s s u e  m orphogenesis and n erve  f ib r e  p a t te r n  fo rm a tio n . The 
a v a i l a b i l i t y  o f  cDNA c lo n es  fo r  ro d e n t and av ian  N-CAM sequences 
has a llow ed i n i t i a l  s tu d ie s  to  be made on th e  e x p re ss io n  o f  N-CAM 
mRNAs in  b ra in  and s k e le ta l  m uscle t i s s u e s .  As one approach to  
s tu d y in g  th e  s t r u c tu r e  and re g u la t io n  o f  th e  human N-CAM gene we 
have i s o la te d  a  number o f  N-CAM -related cDNAs from a human s k e le ta l  
m uscle ex p re ss io n  l i b r a r y .  The l i b r a r y  o f  5 x 105 recom binants was 
p rep a re d  in  th e  phage ex p re ss io n  v e c to r  λg t l l , u s in g  mRNA from 
human myotube c u l tu r e s .  P rob ing  th e  l i b r a r y  w ith  a mouse N-CAM 
cDNA pM1.3 (G o rid is  e t  a l ,  EMBO J  4 :631 , 1985) y ie ld e d  o v er 50 
p o s i t i v e  recom binan ts, 31 o f  which were s u c c e s s fu l ly  p la q u e -p u r i
f ie d  th rough  subsequen t sc reen s  and in s e r t s  ran g in g  from 1 .2  to  
over 6Kb were re p re s e n te d . C on firm ation  th a t  th e se  c lo n es  c o r r e s 
ponded to  m uscle N-CAM t r a n s c r i p t s  was o b ta in e d  by im m unoscreening: 
5 o u t o f  th e  31 recom binant phage cou ld  be induced to  ex p ress  β-  
g a la c to s id a s e  fu s io n  p ro te in  r e a c t in g  s p e c i f i c a l l y  w ith  an tise rum  
to  human N-CAM.

One cDNA c lo n e , coded HFM-1 has been an a ly sed  in  d e t a i l  fo llo w 
ing  su b c lo n in g  in to  PUC and M13 v e c to r s ,  and shown to  c o n ta in  a 1.3 
Kb i n s e r t  s h a r in g  homology w ith  pM1.3 over a 600 base  re g io n . In 
Southern  b lo t  an a ly se s  o f  genomic DNAs b o th  th e se  p robes id e n t i f y  
common bands in  mouse and human sam ples. U sing c l e a r  d i s t i n c t i o n s  
in  r e s t r i c t i o n  fragm ent p a t te r n s  between mouse and human DNA, a 
pane l o f  DNA sam ples from mouse-human som atic  c e l l  h y b rid s  was 
ana ly sed  by Sou thern  b lo t t i n g  to  id e n t i f y  th e  chromosomal lo c a tio n  
o f th e  human gene. With bo th  p ro b e s , th e  p re sen ce  o f  human DNA 
r e s t r i c t i o n  fragm ents was c o r r e la te d  w ith  th e  p resen ce  o f  chromo
some 11 in  th e  h y b rid  c e l l s  con firm ing  th e  map lo c a t io n  o f human 
N-CAM p re v io u s ly  in d ic a te d  by in  s i t u  h y b r id iz a t io n  s tu d ie s  (Nguyen 
e t  a l ,  J  C e ll B io l 102:711, 1986).

The p an e l o f  human m uscle N-CAM cDNAs we have produced w i l l  be 
o f v a lue  in  i s o l a t i n g  th e  human N-CAM gene from genomic l i b r a r i e s , 
in  exam ining th e  fu n c t io n  and r e g u la t io n  o f  N-CAM e x p re ss io n  in  
s k e le ta l  m uscle and in  d e f in in g  th e  r e l a t i o n s h ip s  between m uscle 
N-CAM t r a n s c r i p t s  and th o se  ex p re ssed  in  human b r a in .

271.10 cDNA CORRESPONDING TO A BRAIN CALMODULIN-BINDING PRO
TEIN: SEQUENCE AND STRUCTURAL FEATURES OF THE BINDING 
SITE. J. M. Sikela* and W. E. Hahn. Dept. of Cellular and Structural 
Biology, Univ. of Colorado School of Medicine, Denver, 80262.

Several brain proteins located at synapses and elsewhere in neurons 
bind calmodulin in the presence of calcium. In order to isolate genes 
encoding these proteins we have used labeled calmodulin as a probe to 
screen λg tII expression libraries representing whole brain (mouse) mRNA. 
One recombinant we isolated (λICM-1) produced fusion protein that bound 
calmodulin in a Ca2+ -dependent manner (Kd2–10 nM). The size of the 
fusion protein indicated the cDNA had an open reading frame (ORF) 
sufficient to encode ~ 150 –  200 amino acids. In order to gain more 
precise information on the ORF and attempt to identify the calmodulin 
binding site the cDNA insert was sequenced. The 583 bp cDNA insert 
contained a single long ORF of 155 amino acids. The recloning of a 
battery of restriction fragments of this cDNA showed that only recombi
nants containing the 5' end sequences of the cDNA produced fusion 
protein that bound calmodulin. This molecular genetic mapping narrowed 
the calmodulin binding site to a 37 amino acid domain. Structural analysis 
of this domain showed that the likely binding site (as based on features in 
common with defined peptides that bind calmodulin)is composed of amino 
acids 3 - 20, a region predicted to be in the form of a basic, amphiphilic 
alpha helix. Contained in this region is a cluster of basic residues 
adjacent to a hydrophobic stretch. While the exact amino acid sequence 
seems unimportant, some or all of the above features are thought to be 
characteristic of calmodulin binding sites (Cox et al., J. Biol. Chem. 
260:2527, 1985; Blumenthal et al., Proc. Natl. Acad. Sci. 82:3187, 1985). 
The sequence of the predicted binding site is Asn-Ala-Arg-Arg-Lys-Leu- 
Lys-A la-A la-V al-L ys-A la-V al-V al-A la-Ser-Ser-A rg. These sequences 
share some homology to the calmodulin binding sequence in myosin light 
chain kinase (Lukas et al., Biochem. 25:1458, 1986). For example the 
sequence Ala-Arg-Arg-Lys is shared.

Northern blot analysis shows λICM-1 is complementary to relatively 
abundant brain mRNA species of ~2 and 3 kilobases respectively. It does 
not hybridize to mRNA from liver or kidney. Several lines of circumstan
tial evidence suggest XICM-1 might correspond to the Ca2+/calmodulin- 
dependent protein kinase II, the most abundant protein kinase in brain. 
XICM-1 is complementary to a shorter cDNA done that was selected on 
the basis of detection with antibodies to the kinase. While there is some 
amino acid homology between XICM-1 and myosin light chain kinase the 
Northern data indicate that the mRNAs corresponding to XICM-1 are not 
of sufficient size to encode a protein the size of this kinase (M.W. 
~130,000). Also the size, abundance, and tissue distribution of the 
mRNAs that hybridize to λICM-1, as well as the affinity of the fusion 
protein  for calmodulin, are consistent with XICM-1 as corresponding to 
the Ca2+/calmodulin-dependent protein kinase II. Definitive identifica
tion is currently underway.

271.11 IDENTIFICATION OF CDNA CLONES FOR THE HUMAN MICROTUBULE ASSOCIATED 
PROTEIN TAU AND CHROMOSOMAL LOCALIZATION OF THE GENES FOR TAU AND 
MICROTUBULE ASSOCIATED PROTEIN 2. R.L. Neve, P .H . H a rr is * , K.S. 
Kosik*, D.M. K urn it*  and T.D. Donlon*. G en e tics  D iv . , The C h ild ren s  
H o sp ita l , B oston , MA 02115.

The m icro tu b u le  a s s o c ia te d  p ro te in s  ta u  and m icro tu b u le  a s s o c ia 
ted  p ro te in  2 (MAP2) d is p la y  com plem entary p a t te r n s  o f d i s t r i b u t io n  
in  th e  b r a in :  ta u  i s  a s s o c ia te d  w ith  th e  axons o f n eu ro n s , w hile  
MAP2 i s  p re s e n t in  neu ro n a l soma and d e n d r i te s .  Both m olecu les 
share e p i to p e s  w ith  th e  n e u r o f i b r i l l a r y  ta n g le  (NFT), a m ajor 
s t r u c t u r a l  f e a tu r e  of A lzhe im er’s d is e a s e .  I s o la t io n  o f human cDNA 
clones fo r  th e se  p r o te in s  w i l l  enab le  us to  an a ly ze  t h e i r  m o lecu lar 
r e la t io n s h ip  to  one a n o th e r , and to  study  th e i r  s p a t i a l  and tem por
a l  e x p re ss io n  in  th e  norm al and d ise a se d  s t a t e s .  Such s tu d ie s  may 
p rov ide  in s ig h t  in to  th e  n a tu re  of th e  p e r tu rb a t io n  o f th e  neu ro n a l 
c y to sk e le to n  th a t  accom panies fo rm a tio n  o f th e  NFT.

We have p re v io u s ly  i d e n t i f i e d  a p a r t i a l  human cDNA fo r  MAP2, and 
we have now i s o la te d  human cDNA c lo n es  fo r  ta u .  One m il l io n  phage 
from a human 20–22 week f e t a l  b ra in  cDNA l ib r a r y  in  lambda g t l l ,  
c o n s is tin g  o f 7 .5  × 106 independen t phage, were screened  w ith  th e  
mouse ta u  cDNA c lo n e  pTA2 (D rubin e t  a l . ,  J .  C e ll B io l .  98 : 1090, 
1984). Of 75 p o s i t i v e ly  h y b r id iz in g  c lo n es  on th e  prim ary  sc re e n , 
seven were chosen fo r  p u r i f i c a t i o n ;  th e  two l a r g e s t  o f th e se  p u ta 
t iv e  ta u  cDNAs, p9TAU and p16TAU, wi t h  i n s e r t  le n g th s  of 2 .9  kb and 
1.7 kb , r e s p e c t iv e ly ,  were s e le c te d  fo r  f u r th e r  a n a ly s is .  To demon
s t r a t e  th e  n e u ra l s p e c i f i c i t y  o f th e se  c lo n e s   we h y b rid iz e d  them 
to  RNAs from te n  human f e t a l  t i s s u e s .  Both 9TAU and 16TAU h y b r i
d ized  to  a s in g le  RNA s p e c ie s  o f ap p rox im ate ly  6 kb p re s e n t on ly  in  
b r a in .  H y b rid iz a tio n  o f th e  cDNAs to  RNAs from ro d en t b ra in s  
showed th a t  th e  RNA s p e c ie s  reco g n ized  by th e se  cDNAs e x h ib i ts  a 
developm ental s h i f t  in  s iz e .  Both c lo n es  h y b rid iz e d  to  a 6 kb RNA 
sp e c ie s  in  th e  f e t a l  (em bryonic day 16) r a t  b ra in  and n eo n a ta l 
(p o s tn a ta l  day 5) mouse b r a in ,  and to  a 6 .5  kb RNA s p e c ie s  in  the 
a d u l t  b ra in  o f r a t  and mouse.

We a ls o  r e p o r t  th e  human chromosomal lo c a l i z a t i o n  of th e  MAP2 
and ta u  cDNAs by bo th  " sp o t b lo t "  h y b r id iz a t io n  to  in d iv id u a l ly  
s o r te d  human chromosomes and in  s i t u  h y b r id iz a t io n  to  chromosomes. 
Because o f th e  o b se rv a t io n  th a t  in d iv id u a ls  w ith  trisom y  21 (Down 
syndrome) e x h ib i t  u n u su a lly  e a r ly  developm ent o f NFT, which sh are  
e p i to p e s  w ith  ta u  and MAP2, i t  h as  been su ggested  th a t  chromosome 
21 may c a rry  coding  sequences whose dosage may a f f e c t  fo rm a tio n  of 
th e  NFT. However, we show th a t  th e  genes fo r  MAP2 and ta u  a re  
no t among th e se  p o s tu la te d  chromosome 2 1 -s p e c i f ic  sequences. The 
MAP2 gene i s  lo c a l iz e d  to  chromosome 2q34–35; th e  ta u  cDNAs 
h y b r id iz e  to  chromosome 17q21, and one ( p l6TAU) a ls o  reco g n ize s  a 
re g io n  o f homology on chromosome 6p21 .

271.12 ANTIBODIES TO HUMAN CHOLINESTERASES ELICITED BY BACTERIAL-EXPRESSED 
PRODUCTS OF HUMAN CHOLINESTERASE cDNA. Hermona Soreq, Rivka.  
Zisling*, Dina Zevin-Sonkin*, Catherine Prody*, and Haim Zakut* 
Dept. of Neurobiology, The Weizmann In stitu te  of Science, Rehovot, 
and Dept. of O bstetrics and Gynecology, The Edith Wol fson Hospital 
and the Sackl er Faculty of Medicine, Tel Aviv University, Israe l.

Cholinesterases (ChEs) are rare , highly polymorphic and multi
subunit serine esterases that rapidly hydrolyze the neurotransmit
te r  acetylchol ine in neuromuscular junctions and cholinergic 
synapses. To study the composition and regulation of various ChEs 
in humans, we have isolated a cDNA clone coding for a human ChE 
from fetal brain using oligodeoxynucleotide probes1. These were 
prepared according to a consensus peptide sequence present in the 
active s i te  of both human serum pseudocholinesterase (acylcholine 
acyl hydrolase, EC 3 .1 .1 .8 , ѱChe) and Torpedo e lec tr ic  organ "true" 
acetylcholinesterase (acetylcholine hydrolase, EC 3 .1 .1 .7 , AChE). 
The fe ta l brain cDNA clone, which codes for a polypeptide con
taining a putative signal peptide and both the N-terminal and 
active s i te  peptides of human serum ѱChE, was used to e l ic i t  
e ffic ien t anti-ChE antibodies. When subcloned into a pEX bac
te r ia l expression vector in conjunction with β-galactosidase, th is 
human ChE cDNA produced a p artia lly  digested fusion polypeptide 
which reacted in protein blots with antibodies to β-gal actosidase, 
human erythrocyte AChE and Torpedo e lec tr ic  organ AChE. The bac
te r ia l -produced protein encoded by th is  human ChE cDNA was pur
ified  by preparative gradient gel electrophoresis, electroelution 
and lyophilization and was injected into rabbits together with 
complete Freund's adjuvant. Rabbit serum was prepared following 
three successive injections of 300 μg of th is protein a t two 
weeks in tervals. Immunoblot analysis revealed that th is serum 
contains antibodies that in terac t a t 1:10,000 d ilution with amounts 
as low as 20 ng of highly purified 70 Kd AChE from erythrocytes, 
as well as with proteins of ca. 90 Kd in extracts from fetal brain 
and liv e r , both rich in AChE, and of ca. 60 Kd in fetal muscle 
and liv e r , both rich in ѱChE. A 200 Kd fetal muscle protein and 
a 35 Kd fetal brain protein were also detected in th is analysis. 
The nature and in terrelationships between these four proteins are 
currently being investigated.
Supported by contract DAMD 17–85-C-5025 (to H.S.)
1prody, C., Zevin-Sonkin, D., Gnatt, A., Koch, R ., Z isling, R., 
Goldberg, 0. and Soreq, H. (1986) Use of synthetic ol igodeoxy
nucleotide probes for the iso lation  of a human cholinesterase cDNA 
clone. J . Neurosci. Res., in press.
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272.1 IMMUNOCHEMICAL RELATIONSHIP AMONG NEUROFIBRILLARY TANGLES, NEURITIC 
PLAQUE CORE AMYLOID AND CEREBROVASCULAR AMYLOID IN ALZHEIMER’ S 
DISEASE

C. G. R asool, G.L. Conboy,* J . - P .  V o n sa tte l* + and D .J. Selkoe. 
H arvard M edical School, Brigham and Women's H o sp ita l and 
+M a s sa c h u s e tts  G eneral H o sp ita l ,  B oston, MA.

Three m ajor c e re b ra l le s io n s  occur in  A lzh e im er 's  d is e a se  (AD): 
n e u r o f ib r i l l a r y  ta n g le s  (NFT), n e u r i t i c  p laques w ith  v a r io u s  
deg rees of core am yloid [plaque core am yloid (PCA)] and c e re b ro 
v a s c u la r  am yloid (CVA). These le s io n s  g ive  b ire f r in g e n c e  w ith  
congo red  s ta in in g ,  le ad in g  to  th e  b e l ie f  th a t  they  a re  composed 
of p ro te in s  arranged  in  a tw is te d  β - p le a te d  s h e e t conform ation . 
To study  the immunochemical in t e r r e la t io n s h ip  o f th e se  le s io n s ,  
we p u r i f i e d  CVA from a case of f a m il i a l  am yloid ang iopathy  (w ithou t 
c l i n i c a l  or p a th o lo g ic a l f e a tu r e s  of AD) and from an AD b ra in .  
Meninges were s tr ip p e d  and homogenized in  2% SDS b u f f e r ,  incuba ted  
fo r  2 h r a t  room te m p era tu re , b o ile d  fo r  5 min and spun a t  10,000 
× g  fo r  15 min. The p e l l e t  was rehom ogenized in  S D S-buffer, 
a p p lie d  to  a su cro se  g ra d ie n t o f 1 .0 , 1 .2 , 1 .4  and 2 .0  M sucrose  
la y e r s  and spun a t  200,000 x g  fo r  90 min. The 1 .4 /2 .0  M i n t e r 
face  was h ig h ly  en rich ed  in  am yloid as judged by congo red  
p o la r iz a t io n  m icroscopy.

An an tise ru m  ra is e d  to  th e  c e re b ro v a sc u la r  am yloid from 
f a m il ia l  am yloid ang iopathy  immunolabeled a l l  th re e  le s io n s :  NFT, 
PCA and CVA. A bsorp tion  o f t h i s  an tise ru m  w ith  i t s  immunogen 
ab o lish e d  the  s ta in in g  of a l l  th re e  le s io n s .  However, when the 
an tise ru m  was absorbed w ith  h ig h ly  p u r i f i e d  p laque core am yloid 
from AD b ra in ,  i t  f a i l e d  to  immunolabel CVA and PCA bu t s t i l l  
s ta in e d  NFT, su g g es tin g  the  p resence  of more than  one type of 
an tib o d y  in  the  serum. A bsorp tion  w ith  a h e a t - s ta b le  m ic ro tu b u le - 
a s s o c ia te d  p ro te in  (MAP) prep h ig h ly  en rich ed  in  th e  MAP ta u  
reduced the  NFT s ta in in g  s ig n i f i c a n t ly  w ith o u t a l t e r i n g  the  
s ta in in g  o f CVA o r PCA. An an tise ru m  to  AD c e re b ro v a sc u la r  am yloid 
immunolabeled CVA and PCA in  AD b ra in  s e c t io n s  w ith  no s ta in in g  of 
NFT. A bsorp tion  of th i s  serum w ith  p u r i f i e d  am yloid co res  
a b o lish e d  the  s ta in in g  of bo th  CVA and PCA. These f in d in g s  suggest 
th a t  1) an immunochemically shared  a n tig e n  i s  p re s e n t in  CVA and 
PCA (bo th  of which co n ta in  e x t r a c e l lu la r  5– 10 nm am yloid f i b r i l s )  
and th a t  i t  i s  no t d e te c ta b le  in  the in tra n e u ro n a l NFT, which a re  
p r in c ip a l ly  composed of ta u - r ic h  15–20 nm p a ire d  h e l i c a l  f i la m e n ts ;  
2) non-AD CVA ( f a m il ia l  am yloid ang iopathy) sh a re s  an ep ito p e  o r 
de te rm in an t w ith  AD CVA and PCA.

272.2 CHOLINERGIC SEIZURES PRODUCE NEURONAL NECROSIS IN NORMOXEMIC 
RATS. D.G. Fujikaw a, H,H. I ta b a s h i*  and C.G. W asterl a in * . 
E p ilep sy  Res. L a b ., VA Med. C t r . ,  S epulveda, CA 91343 and D ept. of 
N eurology, UCLA Sch. o f M ed., Los A ngeles, CA 90024, and D ep t. of 
P atho logy , Harbor-UCLA Med. C t r . ,  T o rran ce , CA 90509.

Limbic s ta t u s  e p i le p t ic u s  (SE) in  th e  r a t  can be induced w ith 
system ic  p i lo c a rp in e  (PC) and produces neu ronal in ju ry  in  many 
b ra in  r e g io n s , in c lu d in g  CA3 o f  th e  d o rs a l hippocampus (T u rs k i, 
W.A. e t  a l . ,  Behav. B rain  R e s ., 9 :315 , 1983). We have found th a t  
even more w idespread  damage i s  seen  in  d o rs a l hippocampus i f  r a t s  
reco v e r f o r  72 r a th e r  th an  24 hours and th a t  t h i s  damage occu rs in  
th e  absence  o f hypoxem ia, hypo tension  and hypoglycem ia.

F ive to  7 days a f t e r  EEG e le c tro d e  p lacem ent, a d u l t  male W istar 
r a t s  were g iven  10 mg/kg m e th y la tro p in e  i . p . ,  fo llow ed by 400–500 
mg/kg PC i . p .  A s e p a ra te  group o f  r a t s  (n=5) had a r t e r i a l  
c a n n u la tio n s  and were allow ed to  reco v e r from a n e s th e s ia  f o r  4 
hours p r io r  to  b a s e l in e  EEG reco rd in g  and PC. P r io r  to  and during 
s e iz u re s ,  EEG, mean a r t e r i a l  blood p re s su re  (MABP), a r t e r i a l  blood 
gases and plasm a g lu co se  were m on ito red .

Of 23 r a t s ,  14 (61%) had EEG s e iz u re  d is c h a rg e s , to g e th e r  with 
c lo n ic  j e r k s  o f head and lim b s , re a r in g  and f a l l i n g .  Of th e  14 
w ith  EEG s e iz u re s ,  7 (50%) had con tinuous s e iz u re s  f o r  a t  le a s t  3 
ho u rs , a t  which tim e they  were g iven  10 mg/kg diazepam and 60 
mg/kg pheny to in  i . p .  T h is  stopped  th e  b e h a v io ra l s e iz u re s  but did 
no t e l im in a te  EEG s e iz u re  d is c h a rg e s . Rats which su rv iv ed  3 days 
had th e i r  b ra in s  examined h i s to l o g ic a l ly ;  r a t s  w ith  EEG seizures 
(n=4) were compared to  th o se  g iven  PC w ith o u t s e iz u re s  (n=3 ).

In  r a t s  w ith  EEG s e iz u re s ,  edema and i r r e v e r s i b ly  damaged 
neurons were p re s e n t in  CA1, CA2 and CA3 o f d o rs a l and v e n tra l 
hippocam pus, d e n ta te  g y ru s , o lf a c to ry  c o r te x , am ygdaloid nucle i, 
e n to rh in a l c o r te x ,  m u ltip le  th a lam ic  n u c le i  and s u b s ta n t ia  nigra. 
S e p ta l n u c le i  and c e re b ra l  c o r te x  ( l ay e r 3) were l e s s  severely  
in v o lv ed . The an im als  w ith o u t EEG s e iz u re s  had no b ra in  damage. 
The s e iz u re  an im als  w ith  p h y s io lo g ic a l m on ito ring  m ainta ined  MABP 
(C:122 + 6 , SE:128 + 4 mm Hg; mean + S .E .M .), a r t e r i a l  p02 (C:83.1 
+ 3 .2 ,  SE :98.3  + 1 .6  mm Hg) and plasma g lu co se  (C :10 .8  + 2 .1 , 
SE:14.1 + 1 .3  mM).

Our r e s u l t s  su g g es t th a t  t h i s  s e iz u re  model produces extensive 
n eu rona l damage w ith o u t adve rse  sy stem ic  changes. M oreover, i t  is 
th e  s e iz u re s  them selves and n o t PC which i s  re s p o n s ib le  fo r the 
damage. The more e x te n s iv e  damage to  d o rs a l hippocampus seen in 
our an im als 3 days a f t e r  SE but n o t in  T u rsk i and co-w orkers ' 
an im als 24 hours a f t e r  SE could  have been caused by more severe 
s e iz u re s .  However, i t  cou ld  a ls o  r e p re s e n t a form o f  delayed 
n eu ro n a l d ea th  analogous to  th a t  re p o rte d  in  hypoxia-ischem ia 
(K ir in o , T . ,  B rain  R es .. 239:57 , 1982).

(S upported  by th e  E p ilep sy  F oundation  o f America and the  
Research S e rv ic e  o f  th e  V ete rans A d m in is tra tio n .)

272.3 SENSITIVITY OF CANINE SUBSTANTIA NIGRA TO l-METHYL-4- 
PHENYLPYRIDINE (MPP+) IN ORGANOTYPIC CULTURES. B. Christie- 
Pope*, R.S. Burns*, and W.O. Whetsell, 3r. Departments of Pathology 
and Psychiatry, Vanderbilt University School of Medicine, Nashville, TN 
37232.

In canines, intravenous administration of low doses (2.5 mg/kg) of  l- 
methyl-4-phenyl-l,2,3,6-tetrahydropyridine (MPTP) produces almost 
complete destruction of nigral dopamine neurons (Burns et al, Soc. 
Neurosci. Abstr., 1984). In contrast, rats are resistant to toxic effects of 
systemically administered MPTP. The susceptibility of rat substantia 
nigra neurons in organotypic culture to MPTP or its pyridinium metabolite 
MPP+ (Mytilineou et al, Neurosci. Lett., 57:19, 1985) indicates that 
possible kinetic or metabolic factors are protective in the rat. To study 
whether differences in sensitivity to these agents may exist in dog and rat 
at the cellular level in the central nervous system, effects of MPTP and 
MPP+ in cultured dog nigral neurons were evaluated histologically and 
ultrastructurally.

Organotypic cultures of substantia nigra from newborn mongrel dogs 
(Whetsell et al, J. Neural Trans., 52:149, 1981) were maintained for up 
to 80 days in vitro (DIV). At 30 DIV, substantia nigra cultures were 
chronically exposed to MPTP (10–5M or 10–7M) or to MPP+ (10–5M, 
10–7M, 10–9m, or 10–11M). After exposures to these different levels for 
various periods, cultures were fixed and examined by light and electron 
microscopy; untreated sibling cultures of identical ages served as 
controls. Neurons in experimental cultures were destroyed by exposure 
to 10–5M MPTP for 7 days and 10–7M MPTP for 21 days. Treatment with 
10–5M or 10–7M MPP+ uniformly destroyed the cultures by 3 days; 
cultures incubated with either 10–9M or 10–11M MPP+ contained some 
surviving nerve cells for up to 30 days.

The least exposure of dog substantia nigra cultures to MPP+ which 
produced complete nerve cell destruction was 10–7M MPP+ for 3 days. 
Results reported in rat substantia nigra cultures (Mytilineou et al, 1985) 
indicated destruction of dopaminergic neurons after exposure to 10–5M 
MPP+ for 7 days and destruction of 65% of dopamine fibers with 2.5 × 
10– 6 M MPP+ for 7 days. Comparisons of these in vitro studies suggest 
that substantia nigra neurons in the dog are more sensitive to cell 
destruction by MPP+ than substantia nigra neurons in the rat and 
therefore that species differences in susceptibility to this toxic agent 
exist at the cellular level.

272.4 NERVE CELL ATROPHY AND LOSS IN THE DEEP CEREBELLAR NUCLEI OF 
'PURKINJE CELL DEGENERATION' (pcd) NUTANT MICE. J. Norton*, 
L.C. T r ia rh o u  and B. G h e tt i  (SPON: A.N. S ia k o to s ) .  Dep ts  of 
P a th o l o g y  and  P s y c h i a t r y ,  I n d i a n a  U n iv . S ch . o f  Med., 
In d ia n a p o lis , IN 46223.

'P u r k in je  c e l l  d e g e n e r a t io n ' (p c d ) m u ta n t m ice lo se  a ll 
c e r e b e l l a r  P u rk in je  c e l l s  between p o s tn a ta l  days 17 and 45. Thus, 
th e  pcd m utant r e p re s e n ts  a model o f  com plete  dea f fe re n ta tio n  of 
th e  deep  c e r e b e l l a r  n u c l e i .  We exam ined  th e s e  s t r u c t u r e s  in 
norm al C57BL/6J and pcd m utant mice to  in v e s t ig a te  whether the 
lo ss  o f  P u rk in je  c e l l s  a f f e c t s  th e  s t a b i l i t y  o f  nerve c e l l  number 
in  th e  m ature ce reb e llu m . Mice were perfu sed  tr a n s c a rd ia l ly  with 
1 /4  s tr e n g th  Karnovsky f i x a t i v e  and t i s s u e s  w ere p ro c e s s e d  and 
embedded in  p a r a f f in .  S e r ia l  p a r a s a g i t t a l  s e c t io n s  were cu t at 10 
μm and s t a i n e d  w ith  g a l lo c y a n in  N is s l . A t 23 d ays  o f  age , the 
a v e ra g e  c o r r e c t e d  e s t i m a t e  o f  n e u ro n a l p o p u la tio n s  in the left 
hem isphere was 10,167 c e l l s  in c o n tro l mice and 9,436 in mutants. 
At 300 days, c o n tro ls  had an average p o p u la tio n  o f  10,429 cells, 
w h e reas  m u ta n ts  had 7 ,4 2 4  c e l l s  ( d i f f e r e n c e  29%, P <0.01). The 
d i f f e r e n c e  b e tw e en  young and o ld  m u ta n ts  was 21% (P<0.05). The 
mean n e u ro n a l  d ia m e te r  a t  23 d ays  was 16 .4  μ m in  c o n t r o l s  and 
15.7 μm in  m u ta n ts .  At 300 d a y s , d ia m e te r s  w ere  15.6 pm in 
c o n t r o l s  and 13 .5  pm in  m u ta n ts . The d i f f e r e n c e  betw een  old 
m utan ts and o ld  c o n t ro ls ,  and th a t  between o ld  and young mutants 
were bo th  h ig h ly  s ig n i f i c a n t  (P<0.001). These d a ta  a re  pertinent 
to  th e  u n d e r s ta n d in g  o f  th e  m echan ism s r e g u l a t i n g  neuronel 
numbers in  d e g e n e ra tiv e  d is e a se s  and in  ag ing . (Supported by PHS 
g ra n t R01-NS14426 to  B .G .).
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272.5 NEUROMUSCULAR DEVELOPMENT IN THE CROOKED NECK DWARF MUTANT 
(CN/CN) CHICK EMBRYO. R. W. Oppenheim and D. Prevette*. 
Department of Anatomy, Bowman Gray School of Medicine of Wake 
Forest University, Winston-Salem, NC 27103

The crooked neck dwarf mutant is due to an autosomal 
recessive gene that is lethal in homozygotes. Owing to severe 
muscle degeneration and the absence of m otility  cn/cn embryos 
don't hatch. Muscles fa il to develop beyond the myotube stage, 
muscle connective tissue is abnormal and following an in it ia l  
stage of normal segregation of muscle masses into individual 
muscles, the mutant muscles subsequently fuse into large masses 
of unpatterned muscle. Owing to the absence of movement the 
jo in ts of the vertebral and appendicular skeleton of mutant 
embryos become fused. Although previous studies reported that 
the cn/cn embryos are indistinguishable from controls up to 
embryonic days (E)9–11, we have found that the mutant embryos 
never exhibit e ither spontaneous or evoked m otility ; normal 
embryos begin neuromuscular ac tiv ity  (m otility) on E3.5, whereas 
cn/cn embryos are non-motile from th is stage until the end of the 
incubation period (E20). Chronic treatment of normal chick 
embryos with paralyzing doses of neuromuscular blocking agents 
results in neuromuscular and skeletal defects sim ilar to those 
seen in cn/cn embryos. Such treatment also resu lts in a 
reduction or prevention of naturally-occurring motoneuron death. 
We have found abundant peripheral nerves in mutant muscle and 
injection of HRP into limb muscles retrogradely labels spinal 
cord motoneurons. Thus, muscle degeneration in mutants does not 
appear to be due to a fa ilu re  of innervation. Motoneuron numbers 
(lumbar) are normal (23,000) in mutant embryos prior to the onset 
of normal cell death on E5. By E8 when motoneuron numbers in 
controls are reduced to 15,000, mutant embryos retain 
approximately 22,000 motoneurons. Between E8 and E15, when 
muscle mass becomes reduced in mutant embryos by more than 80%, 
motoneuron numbers gradually decrease to near control values: E15 
control = 11,880; E15 cn/cn = 13,200. Although i t  is surprising 
that normal motoneuron numbers can be maintained in the face of 
such a greatly reduced muscle mass, i t  seems likely  that the 
absence of muscle ac tiv ity  in the mutant may actually be saving 
some motoneurons from dying but that the d rastic reduction in 
target tissue partly  o ffsets th is resulting in l i t t l e  i f  any net 
change in motoneuron numbers. Studies are underway to further 
characterize the progressive changes in neuromuscular development 
in cn/cn embryos and to identify the major s ite (s )  of gene 
action. The cn/cn mutant may be a useful model for understanding 
the role of  ta rg e ts , target ac tiv ity  and neurotrophic 
interactions in regulating motoneuron survival.

272.6 NERVE GROWTH FACTOR TREATMENTS SUBSEQUENT TO 
BILATERAL FORNIX/FIMBRIA LESIONS PREVENT RETROGRADE 
NEURONAL DEATH IN THE RAT SEPTUM. Lawrence F, Kromer. 
Department of Anatomy & Cell Biology, Georgetown University, Schools 
of Medicine/Dentistry, Washington, DC 20007.

Considerable evidence has now accumulated to support the 
hypothesis that nerve growth factor (NGF) or an NGF-like molecule, 
present in the rodent hippocampus, may serve as a neurotrophic 
substance for cholinergic septal neurons. Moreover, when a series of 
NGF injections are given both before and after partial lesions of the 
septo-hippocampal pathway survival of septal cholinergic neurons is 
enhanced (Hefti, Soc. Neurosci. Abstr. 11: 660).

Thus, the present study was undertaken to determine whether 
NGF treatment, which was delayed for various periods of time 
following complete bilateral lesions of the dorsal septo-hippocampal 
pathways, also would be effective in preventing retrograde neuronal 
death of cholinergic and non-cholinergic septal neurons. For these 
experiments all rats received bilateral aspiration lesions of the 
supracallosal stria, dorsal fornix, and fimbria either 0, 24, or 48 hrs 
prior to initiating NGF or cytochrome C treatments. Some rats also 
received bilateral lesions but no treatment and additional unlesioned 
control animals either were untreated or received NGF treatment. 
Intraventricular infusions were accomplished by using a cannula 
(stereotaxically positioned in the right ventricle) that was attached to 
an Alzet minipump containing either 2.5s NGF or cytochrome C 
(250ng/ul saline) which were infused at a rate of 0.5ul/hr for 14 days. 
Prior to perfusing the animals, the residual NGF solution was removed 
from the cannula-pump assembly and assayed for biological activity. 
Adjacent cryostat sections (25um) through the septum were processed 
for acetylcholinesterase (AChE) histochemistry, Nissl staining, and the 
immunocytochemical identification of choline acetyltransferase (CAT).

Results from this study indicate that: 1) 100% of the original 
biological activity of the NGF solution is still present at the 
termination of the treatment, 2) NGF infusions in normal unlesioned 
control animals do not increase the number of CAT+ or AChE+ septal 
neurons compared with untreated control animals, 3) treatment with 
cytochrome C has no effect on the survival of septal neurons following 
axotomy, 4) NGF treatment begun immediately after axotomy results in 
a highly significant increase in the survival of septal cholinergic 
neurons (approx. 300%) with some increased survival of non-cholinergic 
neurons, and 5) a prolonged delay in initiating NGF treatment results in 
a reduced survival of cholinergic septal cells. Current evidence suggests 
that the postlesion time course for the effect of NGF on cholinergic cell 
survival correlates with the loss of NGF receptors (Koh et al,’86, Anat. 
Rec. 214: 67)on these septal neurons following axotomy. (Supported by 
the March of Dimes Birth Defects Foundation)

272.7 NGF PROTECTS ADULT SENSORY NEURONS AFTER SCIATIC NERVE INJURY. 
K.M. Rich*, J .R . L uszezynsk i* , P.A. Osborne* and E.M. Jo h n so n ,J r  
(SPON: V. Yip) D ep ts .N eu ro lo g ica l Surgery  and Pharmacology, 
Washington U n iv e rs ity  Sch. o f  Med., S t .  L o u is, MO 63110

The re a c t io n  o f  d o rs a l  r o o t  g a n g lia  (DRG) neurons to  axotomy 
and i t s  a l t e r a t i o n  by lo c a l ly  su p p lie d  nerve grow th f a c to r  (NGF) 
was examined in  a d u l t  r a t s .  S p e c ia lly  designed  s i l i c o n e  chambers 
were s u rg ic a l ly  a t ta c h e d  to  th e  sev ered  t i p  o f th e  s c i a t i c  nerve 
and ac ted  as r e s e r v o ir s  capab le  o f  p ro v id in g  p ro longed  a c cess  o f 
NGF to  th e  s i t e  o f  in ju r y .  The chambers were f i l l e d  e i t h e r  w ith  
NGF/0.9% s a l in e  (1mg/ml ) o r  0.9% s a l in e .  The volume o f th e  
chambers was ap p rox im ate ly  70 m i c r o l i t e r s .  The tim e cou rse  o f NGF 
a c t iv i ty  w ith in  th e  chambers was determ ined  by u sin g  th e  s tan d a rd  
NGF ch ick  DRG b io a ss a y . The f lu i d  from chambers f i l l e d  w ith  th e  
NGF/saline s o lu t io n  m ain ta in ed  NGF a c t iv i t y  f o r  p e r io d s  up to  s ix  
weeks a f t e r  im p la n ta tio n . By n in e  weeks, however, th e  f lu i d  from 
most chambers f a i l e d  to  show any NGF a c t i v i t y  on th e  b io a ss a y . The 
f lu id  from th e  c o n tro l chambers ( f i l l e d  o n ly  w ith  0.9% s a l in e )  d id  
not show any NGF-like a c t i v i t y  on th e  b io a ssa y  a t  any o f  th e  tim e 
p o in ts .

Experim ents were d esigned  to  compare th e  response  o f  th e  senso ry  
neuron to  in ju ry  w ith  th e  neurons e i t h e r  r e c e iv in g  chambers f i l l e d  
w ith N G F/saline o r  on ly  w ith  s a l i n e .  The t o t a l  neu ro n a l coun ts  in  
the lumbar fo u r th  and f i f t h  DRG a t  th re e  weeks and s ix  weeks a f t e r  
s c i a t i c  nerve s e c t io n  showed 22% and 16% c e l l  d e a th , r e s p e c t iv e ly ,  
in  th o se  in ju re d  neurons r e c e iv in g  s a l i n e - f i l l e d  chamber im p la n ts . 
The anim als th a t  re c e iv e d  chamber im p lan ts  which co n ta in ed  an NGF/ 
s a lin e  s o lu t io n  showed no c e l l  d e a th  in  th e  i p s i l a t e r a l  DRG a t  
e i th e r  th re e  weeks o r  s ix  weeks a f t e r  in ju r y .  M orphometric a n a ly 
s is  o f  in ju re d  DRG neurons showed ev idence o f  a tro p h y  in  th e  
in ju re d  neurons w hich d id  n o t re c e iv e  NGF. The degree o f  a trophy  
was s ig n i f i c a n t ly  dec re a sed  in  th o se  in ju re d  neurons re c e iv in g  
NGF among a l l  c e l l  s i z e s .  The mean volume o f  in ju re d  neurons 
th re e  weeks a f t e r  s e c t io n  and n o t t r e a te d  w ith  NGF was d ec reased  
by 28% a s  compared w ith  o n ly  a  13% d ec re ase  in  neurons t r e a te d  
w ith NGF. S im ila r  f in d in g s  were no ted  in  th e  s ix  week s tu d ie s .
NGF tre a tm e n t d id  n o t a l t e r  th e  in c id en ce  o f  c l a s s i c  changes o f 
ch ro m ato ly sis  ( e .g .  s w e llin g , n u c le a r  d isp la cem en t, o r  d is p e r s a l  
o f N is s l  su b stan ce ) in  th e  groups o f  in ju re d  neurons e i t h e r  
re c e iv in g  N G F /s a l in e - f i l le d  chambers o r  on ly  s a l i n e - f i l l e d  
chambers.

272.8 INCREASED EXCITABILITY OF THALAMIC RELAY NEURONS IN THE 
VENTROBASAL NUCLEUS FOLLOWING ABLATION OF THE SI 
CORTEX IN THE ADULT RAT. D. T. Ross and F.F. Ebner. Center for 
Neural Sciences, Brown University, Providence, RI 02912

Increased excitability of thalamic relay neurons in the ventrobasal nucleus (VB) 
has been recorded immediately after ablation of the somatosensory (SI) cortex of 
adult rats (Angel and Clarke, 1975). The present study was undertaken to 
characterize the temporal pattern of alterations in excitability that precede 
retrograde degeneration of specific sensory thalamic relay neurons. Adult Long- 
Evans rats were anesthetized with 20% urethane, mounted in a stereotaxic frame, 
and prepared for extracellular unit recording. A low impedence carbon fiber 
microelectrode was lowered through the right SI cortex at an angle of 45° on a 
trajectory that advanced into the left thalamic ventrobasal complex. Receptive 
fields were mapped for all VB units encountered. A second carbon fiber 
electrode was lowered into the left SI cortex to map the location of cells with 
receptive fields corresponding to those of the thalamic units. This insured that 
the cortical ablation included the area which received input from the identified VB 
units. Spontaneous activity and responses to cutaneous stimulation at 1, 5, and 
10 H z were recorded extracellularly from a single thalamic unit prior to ablation 
and at 30 minute intervals following ablation. The second electrode was moved 
to the right SI cortex prior to ablation where it was used to monitor the depth of 
anesthesia throughout the remainder of the experiment

VB relay neurons exhibited a high frequency (50 Hz) injury discharge that 
lasted for 20–30 seconds when their terminal arbors were severed. For the next 
45 to 90 minutes the axotomized relay neurons showed lower than normal levels 
of spontaneous activity, but responded normally to cutaneous stimulation at 1 to 
10 Hz. From 90 minutes to 6 hours after ablation the VB units showed very 
pronounced increases in both spontaneous and evoked activity. The relay 
neurons w hich normally show very low levels o f spontaneous activity (5 
spikes/sec) increased their activity to 20–40 spikes/sec. Spontaneous bursts (5– 
12 spikes) were common, but bursts with spindle rhythm icity were rarely 
observed. Cutaneous stimulation at low frequencies often did not drive the 
injured neurons during this time. When the units did follow at low frequencies, 
multiple afterdischarges were often seen. The damaged neurons responded to 
stimulation at 5–10 Hz with high frequency bursts, but after 5 seconds they fired 
continuously for 1 second then stopped completely. These results support the 
hypothesis that progressive overexcitation may contribute to the process of 
thalamic retrograde degeneration following cortical ablation. Experiments are in 
progress to 1) characterize alterations in excitability that occur between 6 hours 
and 5 days after cortical ablation, and 2) examine w hether in trathalam ic 
administration o f excitatory amino acid antagonists decreases the activity o f the 
injured neurons. (Supported by NIH Postdoctoral fellowship NS074919 to DTR 
and NIH grant NS13031.)
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272.9 MOTONEURONAL DEATH IN THE HUMAN FETUS. Nancy G. Forger 
& S.M. Breedlove, Dept. Psych., Univ. California, Berkeley, CA 94720.

We have recently identified a sex difference in the number of 
motoneurons in a human spinal nucleus (Soc. Neurosci. Abstr. 11., 
531, '85). Sexual dimorphism of motoneuron number in the homolo
gous nucleus of rats involves rescue of motoneurons in males by 
androgen secreted during the period of normal cell death. Although 
naturally occurring neuronal death has been demonstrated during early 
development in a number of species, it is not known whether cell 
death regulates motoneuron number in the human CNS.

Spinal cords of male and female human fetuses from the Yakovlev 
collection of the Armed Forces Institute of Pathology were examined. 
Each cord (or the entire fetus) was embedded in celloidin, cut 
transversely at 35 μm, and every 10 th section was mounted and 
Nissl-stained. Motoneurons were first distinguishable at about the 
10th week of gestation. Bilateral counts of motoneuronal nuclei in 
11–26 week old fetuses were made throughout the entire rostro-caudal 
extent of the spinal cord at a sampling ratio of approximately 1/40. 
Nuclei of 15–25 motoneurons for each subject were traced with the 
aid of a computer imaging system; counts were adjusted according to 
the sampling ratio and corrected for split nuclei by the method of 
Konigsmark. The relative abundance of degenerating (pyknotic) cells 
was also noted.

A progressive decline in motoneuron number was observed in 11–26 
week old human fetuses (r = –.823, p<0.002):

Gestational Age (weeks) N Motoneuron # (mean + SEM)
11 2 178,572 + 25,840

14 - 16.5 4 141,169 + 3,474
25 - 26 5 117,699 + 2,271

Motoneuron number declined by 21% between 11 and 14–16.5 weeks 
(p<0.05) and 34% by week 26 (p<0.01). The decline from 16.5 to 26 
weeks was also significant (p<0.001). Although small sample sizes 
preclude definitive conclusions, we did not detect a sex difference in 
total motoneuron number. Pyknotic cells were evident in 11 and 
14–16.5 week old fetuses, while few or none were present by week 26. 
Preliminary cell counts in older fetuses suggest that motoneuron 
number does not change significantly after the 26th week.

Testosterone is secreted by the human fetal testis between weeks 
10–20 of gestation, with peak concentrations seen at 11 to 16 weeks 
(Kaplan and Grumbach, 1978). Androgen secretion thus overlaps with 
the period of motoneuronal death observed here. Androgen may 
engender sexual dimorphism in developing humans by enhancing 
survival of selected motoneuronal populations, as it does in rats.

Supported by NSF BNS-8451367 and the March of Dimes.

272.10 MORPHOLOGICAL CHANGES IN AXOTOMIZED OCULOMOTOR MOTONEURONS OF 
THE MONKEY. John D. P o r te r . D ept. of Anatomy, Univ. of 
M is s is s ip p i M edical C en te r, Jackson , MS 39216.

The p re s e n t s tudy  was designed to  examine the  c h ro n o lo g ica l 
sequence of motoneuron s t r u c t u r a l  a l t e r a t io n s  which occur sub
sequen t to  oculom otor neurectom y. The oculom otor nucleus was 
examined a t  in t e r v a l s  of 3–56 days subsequent to  tr a n s e c t io n  of 
the  oculom otor nerve in  the  v ic in i t y  of th e  cavernous s in u s . 
L igh t and e le c tro n  m icroscopy were used in  co n ju n c tio n  w ith  
h is to c h em ica l dem onstra tion  of a c e ty lc h o lin e s te r a s e  (AChE). 
C hrom atolysis of th e  ex te n s iv e  ag g reg a tio n s  of g ra n u la r  endo
p lasm ic re tic u lu m  (GER), which norm ally  c h a ra c te r iz e  oculomotor 
m otoneurons, re p re se n te d  th e  i n i t i a l  response to  neurectom y. 
In  c o n tr a s t  to  those  responses  seen in  s p in a l  m otoneurons, 
d is p e r s io n  of the  GER began a t  the  p e rip h e ry  of th e  neuron and 
proceeded inw ard. By 7 days a f t e r  nerve t r a n s e c t io n ,  the GER 
was h e a v ily  condensed around the  n u c leu s . Mechanisms responsib le 
fo r  sy n th e s is  of p ro te in s  fo r  expo rt were a l te r e d  as evidenced 
by a d r a s t i c  re d u c t io n  in  GER lum inal AChE c o n te n t. Presumably, 
the  neu ro n a l s y n th e t ic  m achinery s h i f t s  away from p roduction  of 
su b stan ces  invo lved  in  n e u ra l tra n sm iss io n  to  produce s tru c 
tu r a l  e lem ents in  an a ttem p t to  s u rv iv e . A d d itio n a lly , some 
in d ic a t io n s  o f soma sw e llin g  were ap p a re n t, o f te n  accompanied 
by m ig ra tio n  of n u c le i  to  p o s it io n s  ad ja c e n t to  the  neurolemma. 
The "round ing" of n eu ro n a l somata and p e r ip h e ra l m ig ra tio n  of 
n u c le i  were w idespread  by 14 days post-axo tom y. At th i s  time 
GER was la rg e ly  ab sen t from oculom otor neurons. In  the ensuing 
42 days, oculom otor motoneuron subgroups la rg e ly  d isappeared  
from th e  b ra in s tem . A pparently  in t a c t  axon c o l l a t e r a l s ,  
e x h ib ite d  by approx im ate ly  60% of oculom otor motoneurons in  the 
c a t (Evinger e t  a l . ,  ' 81 ), a re  i n s u f f ic ie n t  to  p rov ide  fo r 
neuron s u rv iv a l .

P re sen t f in d in g s ,  which in d ic a te  a f a i lu r e  of oculom otor 
motoneurons to  su rv iv e  axotomy p laced  proxim al to  the  o r b i t ,  
a re  in  accordance w ith  d a ta  o b ta in ed  in  newborn c a ts  (Baker et 
a l . ,  Soc. N eu rosci. A b str . 11:973, '8 5 ) .  I t  i s  in te r e s t in g  
th a t  axotom ized abducens and tr o c h le a r  motoneurons of the ca t 
su rv iv e  to  r e in n e rv a te  the  e x tra o c u la r  m uscles, w hile  oculo
motor m otoneurons, in  both  c a t and monkey, f a i l  to  su rv ive  
axotomy. F ac to rs  which govern th e  s u rv iv a l of axotomized 
b ra in stem  motoneurons and th e i r  p o te n t ia l  fo r  re in n e rv a tio n  of 
t a r g e t  s t r u c tu r e s  rem ain to  be determ ined .

Supported by USPHS g ra n t 1 R01 EY05464.

272.11 TERMINAL DIFFERENTIATION OF THE INTERSEGMENTAL 
MUSCLES OF THE TOBACCO HAWKMOTH Man d u c a  s e x t a , L.M. 
S c h w a r t z , K .S . B l oom* a n d  B .K . K ay* .  B i o l .  D e p t . ,  
U n i v e r s i t y  o f  N o r th  C a r o l i n a ,  C h a p e l  H i l l ,  N.C. 
27514

D u r in g  t h e  c o u r s e  o f  a d u l t  d e v e lo p m e n t ,  t h e  
i n t e r s e g m e n t a 1 m u s c l e s  (ISM ) o f  M anduca u n d e rg o  a 
d e v e l o p m e n t a l l y  p ro g ram m ed  c e l l  d e a t h .  T h r e e  d a y s  
b e f o r e  a d u l t  e c l o s i o n ,  t h e  ISM e n t e r  t h e  ATROPHY 
p h a s e  w h ic h  i s  c h a r a c t e r i z e d  b y  a  40% l o s s  o f  m a s s  
w i t h o u t  a s i g n i f c a n t  c h a n g e  in  p h y s i o l o g i c a l  
p r o p e r t i e s ,  i n c l u d i n g ,  f o r c e / c r o s s - s e c t i o n a l  a r e a ,  
r e s t i n g  p o t e n t i a l ,  p C a 50 an d  H i l l  c o e f f i c i e n t .  T hen  
c o i n c i d e n t  w i th  e c l o s i o n ,  t h e  m u s c l e s  b e g i n  t h e  
DEGENERATION p ro g ra m  w h ic h  r e s u l t s  in  t h e  r a p i d  
l o s s  o f  m a ss  an d  f u n c t i o n  d u r i n g  t h e  s u b s e q u e n t  36 
h r s .  P r o g r e s s i o n  t h r o u g h  t h e s e  d e v e l o p m e n t a l  s t a g e s  
i s  c o n t r o l l e d  b y  t h e  d e c l i n i n g  h ae m o ly m p h  
e c d y s t e r o i d  t i t e r .  We h a v e  s o u g h t  t o  d e f i n e  t h e  
m o l e c u l a r  e v e n t s  a s s o c i a t e d  w i th  t h e s e  c h a n g e s  in  
m u s c l e  d i f f e r e n t i a t i o n  b y  l o o k i n g  a t  c h a n g e s  in  
p r o t e i n  a n d  RNA. One d i m e n s i o n a l  e l e c t r o p h o r e t i c  
a n a l y s i s  o f  p r o t e i n s  sh o w ed  no c h a n g e s  in  t h e  
p a t t e r n  o f  r e s o l v a b l e  p r o t e i n s .  As w e l l ,  t h e  
c o n t e n t  o f  RNA w i t h i n  t h e  c e l l s  r e m a in e d  c o n s t a n t  
t h r o u g h o u t  a l l  s t a g e s  o f  m u s c l e  d i f f e r e n t i a t i o n  
e x a m in e d . N o r th e r n  a n a l y s i s  o f  a c t i n  mRNA a n d  rRNA, 
d e m o n s t r a t e d  t h a t  t h e s e  t r a n s c r i p t s  w e re  p r e s e n t  a t  
a l l  s t a g e s  s t u d i e d .  I n t e r e s t i n g l y ,  i n  v i t r o  
t r a n s l a t i o n  o f  p o l y  A+ RNA r e v e a l e d  s e v e r a l  
t r a n s c r i p t s  w h ic h  w e re  d e v e l o p m e n t a l l y  r e g u l a t e d ,  
a p p e a r i n g  o r  d i s a p p e a r i n g  a t  s p e c f i c  s t a g e s  o f  
m u s c l e  d e v e lo p m e n t .  We a r e  i n  t h e  p r o c e s s  o f  
m a k in g  s t a g e - s p e c i f i c  cDNA l i b r a r i e s  t o  t h e s e  
m o l e c u l e s  s o  t h a t  t h e i r  r e g u l a t i o n  a n d  r o l e  i n  c e l l  
d e a t h  c a n  b e  d e t e r m i n e d .

LMS w as s u p p o r t e d  by  an  NRSA f e l l o w s h i p  fro m  NIH 
I n s t i t u t e  on  A g in g  (#A G05337)

272.12 INITIAL IMPRECISION IN THE TOPOGRAPHY OF THE CHICK EMBRYO'S 
ISTHMO- OPTIC PROJECTION. S. Catsicas*, S. Thanos* and P.G.H. 
Clarke* (SPON: E. Rouiller) Anatomy In s titu te , Lausanne University 
Medical School, 1005 Lausanne, Switzerland and Max-Planck-Insti- 
tu t für Entwicklungsbiologie, D-7400 Tübingen, West Germany.

We have used the intensely fluorescent carbocyanine dye Dil 
C18[3] (M.G. Honig and R.I. Hume, J. Cell. B io l., 1986) to map the 
topography of the projection from the isthmo-optic nucleus (ION) 
to the retina a t d ifferent ages re la tive  to the period of natu
ra lly  occurring neuronal death in the ION, i .e .  embryonic day 12 
(E12) to E17. In each animal, we made a small incision in the 
sclera and choroid and inserted a fleck of dye so that i t  went 
through the underlying retina. Different parts of the retina 
received dye in d ifferent embryos. Some were incubated (and ope
rated) in petri dishes, others in ovo .

Owing presumably to the nonpolar properties of the dye, it 
hardly diffused a t a ll in the re tina , but labeled a narrow band, 
0.1–0.5 mm wide, of fibers running to the optic fissure . These 
included both anterogradely labeled retinofugal fibers and (fewer) 
retrogradely labeled fibers that could be traced into the isthmo- 
optic tra c t and thence to the ION. Retrogradely labeled neuronal 
perikarya were found within the ION and around i t s  borders - the 
so called "ectopic" ION neurons. As previously shown by others, 
the ION was found to project topographically to the central half 
of the re tina . I ts  medial part projects temporally within this 
zone and i t s  la teral part nasally. The ectopic ce lls  could be 
labeled from more peripheral regions than could the neurons within 
the ION. Given the large number of ectopic ce lls  labeled from any 
retinal quadrant, they probably have very widespread terminal 
f ie ld s .

In embryos tha t received dye a t Ell ( i .e .  two days after the 
arrival of the fibers in the retina) and were fixed a t E13 or E14, 
wherever the dye was placed, the labeled neurons were most densely 
packed in a region corresponding to the expected topography; but 
they did also occur, more sparsely, throughout the en tire  ION. In 
embryos operated a t E17 and fixed six days la te r , the sparse 
projection was largely eliminated. From i t s  timing, th is  refine
ment could be due to neuronal death in the ION. Moreover, since 
several tens of inappropriately projecting neurons were in itia lly  
labeled from a region smaller than one thousandth of the retina, 
th e ir  total number may be comparable to the 10,000 ION neurons 
that normally die. Changes of axonal arbors may also contribute, 
but we have preliminary evidence tha t cell death may be the main 
regulatory mechanism. Supported by Swiss N.S.F. grants 3.516 and 
3.238 and by a twinning grant from E.T.P.
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272.13 DEVELOPMENT OF THE GANGLION CELL DENSITY GRADIENT IN THE RABBIT 
RETINA. S .R .R obinson*, B .D reher* , G.M .Horsburgh* and M .J.M cCall* 
(SPO N :J.Stone). D epts A n a t. & P h y s i o l . , Sydney U niv. A u s t r a l i a , 2006.

In  most mammals th e  d e n s i ty  g ra d ie n t  o f  g an g lio n  c e l l s  i n  th e  
a d u l t  r e t i n a  i s  s c u lp tu re d  d u rin g  developm ent from a  r e l a t i v e l y  
uniform  d i s t r i b u t io n .  Two (n o t n e c e s s a r i ly  e x c lu s iv e )  mechanisms 
comm o n ly  proposed to  accoun t fo r  t h i s  change a r e  th e  " d i f f e r e n t i a l  
dea th "  o f  g an g lio n  c e l l s  (w ith  a  g r e a te r  p ro p o r tio n  dy ing  a t  th e  
r e t i n a l  p e r ip h e ry )  and " d i f f e r e n t i a l  r e t i n a l  grow th" (w ith  more 
grow th a t  th e  p e r ip h e ry ) . We in v e s t ig a te d  th e  c o n tr ib u t io n  o f  th e s e  
mechanisms to  th e  em ergence o f  g an g lio n  c e l l  d e n s ity  g r a d ie n ts  in  
th e  r a b b i t .

A lb ino  r a b b i t s  aged betw een embry o n ic  day 23 (E23) and ad u lthood  
re c e iv e d  m assive b i l a t e r a l  i n j e c t io n s  o f  50% HRP in to  th e  r e t i n o -  
r e c i p ie n t  n u c le i .  A f te r  s u rv iv a l  o f  18–48hr r e t in a e  w ere p ro cessed  
w ith  H ariker-Y ates re a g e n t, wholemoun te d ,  c o v e rs lip p e d  w ith o u t 
d eh y d ra tio n  (a r e a l  sh rin k ag e  < 5%). O p tic  n e rv es  f r om p r e -  and 
p o s tn a ta l  r a b b i t s  were p ro cessed  fo r  e lec tro n m ic ro scc p y . The numbe r  
o f  axons d e c re a se s  from abou t 750,000 a t  E23, t o  690,000 a t  E25, 
590,000 a t  E28 and 380,000 a t  E31 ( th e  l a s t  day o f  g e s ta t io n ) . The 
t o t a l  numb e r  o f  g an g lio n  c e l l s  d ro p s  from abou t 500,000 a t  E24 t o  
350, 000 a t  p o s tn a ta l  day  1 (P1 ) . Between P1 and adu lthood  th e  
numbers o f  b o th  g an g lio n  c e l l s  and axons d rop  s l i g h t l y  t o  abou t 
325,000. Between E24 and adu lthood  th e  d i s t r i b u t io n  o f  g a n g lio n  
c e l l s  changes s u b s t a n t i a l l y .  At E24 th e  peak g a n g lio n  c e l l  d e n s ity  
i s  18,300 c e l l s / mm2 a t  th e  v is u a l  s t r e a k  and 6 ,100  ce lls/m m 2 a t  th e  
s u p e r io r  and in f e r i o r  edges o f  th e  r e t i n a  (d e n s ity  r a t i o  = 3 :1 ) .  At 
P1 th e  peak d e n s i ty  o f  g an g lio n  c e l l s  i s  11,100 ce lls/m m 2 a t  th e  
v is u a l  s t r e a k  and 1 ,500  c e l l s /m m2 a t  th e  s u p e r io r  edge (7 .5 :1 ) .  By 
P12 th e  Peak d e n s i ty  o f  g an g lio n  c e l l s  h a s  dropped t o  8 ,900  
c e l ls /m m2 a t  th e  s tr e a k  and 400 ce lls/m m 2 a t  th e  s u p e r io r  edge 
(2 2 :1 ) . By adu lthood  th e  peak d e n s i ty  o f  g an g lio n  c e l l s  i s  o n ly  
abou t 4 ,800  c e l ls /m m2 a t  th e  s tr e a k  and 95 c e l ls /m m2 a t  th e  
s u p e r io r  edge (5 0 :1 ) . From b i r t h  onw ards, th e  d e n s i ty  o f  g a n g lio n  
c e l l s  a t  th e  i n f e r io r  edge o f  th e  r e t i n a  was 1 .4 –2 tim e s  h ig h e r  
th a n  t h a t  a t  th e  s u p e r io r  edge.

The r e t i n a l  a re a  in c re a s e s  from 45 mm2 a t  E24, t o  105 mm2 a t  P1 , 
200 mm2 a t  P12 and 510 mm2 by  adu lth o o d . A t each  age we measured 
th e  g a n g l ia l  c e l l  d e n s i ty  in  comp a ra b le  s i t e s  ( i . e .  r e l a t i v e  t o  th e  
s i t e  o f  peak o f  d e n s i ty  in  th e  s t r e a k )  a c ro s s  th e  r e t i n a .  These 
m easurem ents in d ic a te  t h a t  th e  v is u a l  s t r e a k  grows m ain ly  a long th e  
naso tem poral a x is ,  i t s  grow th b e in g  g r e a t e s t  tow ards th e  r e t i n a l  
edges. The r e s t  o f  th e  r e t i n a  grows d i f f e r e n t i a l l y  along b o th  th e  
naso tem poral and s u p e r io r - in f e r io r  ax es. We conc lude  t h a t  
d i f f e r e n t i a l  g an g lio n  c e l l  d e a th  ( i f  i t  o cc u rs ) can  make o n ly  a  
m inor c o n t r ib u t io n  to  th e  in c re a s e  i n  th e  c e l l  d e n s i ty  g ra d ie n t  
betw een E25 and E31. The m assive p o s tn a ta l  in c re a s e  in  th e  g an g lio n  
c e l l  g ra d ie n t  i s  e n t i r e l y  due to  d i f f e r e n t ia l  r e t i n a l  grow th.

DOPAMINE RECEPTORS III

273.1 PHARMACOLOGICAL SELECTIVITY OF THE POTENT D -2  DOPAMINE 
AGONIST N -0 4 3 7 . D .N . K r a u s e ,  J .  v a n  d e r  W e id e*  
T . W o z n ic h a k * . a n d  A .S .  H o rn * . D e p t . o f  P h a r m a c o lo g y ,  
U n iv .  o f  C a l i f . ,  I r v i n e ,  CA 9 2 7 1 7 ; N e ls o n  R e s e a r c h ,  
I r v i n e ,  CA 9 2 7 1 5 ; a n d  D e p t . o f  P h a rm a c y , U n iv .  o f  
G r o n in g e n ,  T h e  N e t h e r l a n d s .

N -0 4 3 7 , a  n o n c a t e c h o l i c  a m i n o t e t r a l i n ,  i s  o n e  o f  t h e  
m o s t p o t e n t  D -2  d o p a m in e  r e c e p t o r  a g o n i s t s  e v a l u a t e d  t o  
d a t e ,  e x h i b i t i n g  i n  v i t r o  a c t i v i t y  a t  s u b - n a n o m o la r  
c o n c e n t r a t i o n s .  T h i s  com pound  a l s o  h a s  b e e n  show n t o  
b e  h i g h l y  s e l e c t i v e  f o r  t h e  D -2  v e r s u s  t h e  D - l  s u b ty p e  
o f  d o p a m in e  r e c e p t o r  ( B e a u l i e u ,  M. e t  a l ,  E u r .  J .  
P h a r m a c o l .  1 0 5 :1 5 ,  1 9 8 4 ) .  B e c a u s e  o f  t h e  p o t e n t i a l  
e x p e r i m e n t a l  a n d  t h e r a p e u t i c  u t i l i t y  o f  N -0 4 3 7  f o r  

 p o t e n t ,  s e l e c t i v e  D -2  r e c e p t o r  s t i m u l a t i o n ,  i t  w as  
i m p o r t a n t  t o  a s s e s s  t h e  s e l e c t i v i t y  o f  N -0 4 3 7  r e l a t i v e  
t o  o t h e r ,  n o n - d o p a m i n e r g i c , r e c e p t o r  s i t e s .

N -0 4 3 7  w as e v a l u a t e d  u s i n g  i n  v i t r o  r a d i o l i g a n d  
b i n d i n g  a s s a y s  f o r  t h e  f o l l o w i n g  r e c e p t o r s :  D -2  
d o p a m in e  ( 3H - s p i p e r o n e ) , α 2 - a d r e n e r g i c  ( 3H - p a r a -  
a m i n o c l o n i d i n e ) , s e r o t o n i n - 1  ( 3H - s e r o t o n i n ) , A - l  
a d e n o s i n e  ( 3H - c y c l o h e x y l a d e n o s i n e )  a n d  m u s c a r i n i c  
c h o l i n e r g i c  ( 3H - q u i n u c l i d i n y l  b e n z i l a t e ) . W h i le  N -0 4 3 7  
w as e x t r e m e l y  p o t e n t  a t  d i s p l a c i n g  3H - s p i p e r o n e  b i n d i n g  
(KD = 0 .15nM ; H o rn , A .S .  e t  a l ,  P h a rm . W e e k b ld . S c i .  E d . 
7 :2 0 8 ,  1 9 8 5 ) ,  i t  w as  a b o u t  1 0 0 0 - f o l d  l e s s  p o t e n t  a t  
α 2 - a d r e n e r g i c  s i t e s ,  o v e r  10, 0 0 0 - f o l d  l e s s  p o t e n t  a t  
s e r o t o n i n - 1  r e c e p t o r s ,  a n d  v i r t u a l l y  i n a c t i v e  a t  A - l  
a d e n o s i n e  a n d  m u s c a r i n i c  r e c e p t o r s .  E v a l u a t i o n  o f  
N -0 4 3 7  i n  o t h e r  r e c e p t o r  b i n d i n g  a s s a y s  i s  c u r r e n t l y  
i n  p r o g r e s s .

T he s p e c i f i c i t y  o f  N -0 4 3 7  on  c e n t r a l  D -2  d o p a m in e  
v e r s u s  α 2 - n o r a d r e n e r g i c  r e c e p t o r s  a l s o  w as a s s e s s e d  
i n  v i v o  i n  r a t s  b y  m e a s u r in g  t h e  d r u g ' s  e f f e c t s  on  
d o p a m in e  (DA) a n d  n o r a d r e n a l i n e  (NA) t u r n o v e r  i n  
v a r i o u s  b r a i n  r e g i o n s  a f t e r  t r e a t m e n t  w i t h  α - m e t h y l - p -  
t y r o s i n e  (α -M p T ) . N -0 4 3 7  (1 5 μm o l / k g , i . p . ) s i g n i f i 
c a n t l y  a n t a g o n i z e d  t h e  α -M p T - in d u c e d  f a l l  i n  DA l e v e l s  
b u t  h a d  n o  e f f e c t  o n  NA l e v e l s .

T he s p e c i f i c i t y  o f  N -0 4 3 7  f o r  D -2  r e c e p t o r s  w as  
f u r t h e r  c o n f i r m e d  b y  p h a r m a c o l o g i c a l  a n a l y s i s  o f  t h e  
s i t e s  t o  w h ic h  3H -N -0 4 3 7  b i n d s  i n  c a l f  b r a i n  h om oge
n a t e s .  O n ly  know n D -2 o r  m ix e d  D - 2 /D - 1 d o p a m in e r g i c  
a g e n t s  w e re  p o t e n t  d i s p l a c e r s  o f  3H -N -0 4 3 7  b i n d i n g .  
N o n - d o p a m in e r g ic  a g e n t s ,  i n c l u d i n g  y o h im b in e ,  k e t a n s e -  
r i n ,  p r o p r a n o l o l ,  p r a z o s i n ,  p r o m e t h a z i n e ,  a t r o p i n e ,  
m o r p h i n e ,d i a z e p a m ,  a n d  GABA, w e re  w i t h o u t  e x c e p t i o n  
p o o r  d i s p l a c e r s  o f  3H -N -0 4 3 7  (IC 50 v a l u e s  > l  μM ).

273.2 A DIFFERENCE IN THE SENSITIVITY OF THE DOPAMINE D1 RECEPTORS PRE
SENT IN RETINA AND IN STRIATUM. J .  M. Ackerman and M. E. Gnegy. 
N euroscience Program and Dept. Pharm acology, Univ. o f M ichigan, 
Ann A rbor, MI 48109.

The r e t in a  (RET) c o n ta in s  a la rg e  p o p u la tio n  of D1 dopamine (DA) 
re c e p to rs  lin k e d  to  th e  s tim u la t io n  o f ad e n y la te  c y c la s e . E q u i l i 
brium  b in d in g  c o n s ta n ts  to  D1 DA re c e p to rs  u s in g  [3H]DA and [3h ]SCH 
23390 were measured in  bovine RET and compared to  th o se  o b ta in ed  in  
r a t  s t r ia tu m  (STR). We dem onstrated  s te r e o s p e c i f ic  b ind ing  o f h igh  
a f f i n i t y  to  th e  DA re c e p to r  in  a washed membrane (27,000xg) p re p a r
a t io n  from bovine RET u sing  [3H]DA and [3H]SCH23390, a s p e c i f ic  D1 
re c e p to r  a n ta g o n is t ,  u s in g  p u b lish e d  m ethods. S a tu ra tio n  a n a ly s is  
o f b in d in g  g iv es  a Kd o f 5 .3  nM fo r  [3H]DA and 0 .18  nM fo r  [3H]SCH 
23390 b in d in g . Both lig a n d s  produce com parable Bmax' s , 267 and 249 
fmol/mgP, fo r  [3H]DA and [3H]SCH23390, r e s p e c t iv e ly .  S a tu ra tio n  
and co m p etitio n  experim en ts su g g est th a t  bo th  l ig a n d s  a re  b ind ing  
to  Dl DA r e c e p to r s ,  a lth o u g h  [ 3H]DA b in d in g  may have a sm all D2 
component.

The Kd v a lu es  o b ta in ed  fo r  each lig a n d  in  th e  RET a re  nea r those  
re p o r te d  fo r  t h e i r  b in d in g  in  r a t  STR, w hereas th e  Bmax v a lu es  a re  
h ig h e r  in  STR. On th e  c o n tra ry , th e  Ki ' s  o b ta in ed  fo r  DA a g o n is ts  
and a n ta g o n is ts  in  co m p etitio n  experim en ts fo r  [3H]DA and [3H]SCH 
23390 b in d in g  in  RET a re  h ig h e r  than  th o se  re p o rte d  in  r a t  STR. An 
ex c ep tio n  i s  th e  Ki  v a lu e  o f 4 .3  nM fo r  u n la b e led  DA in  co m petition  
w ith  [3H]DA in  RET. The d if fe re n c e  in  Ki  v a lu es  between RET and STR 
i s  e s p e c ia l ly  seen  fo r  th e  Dl s p e c i f ic  d ru g s , SCH23390 and SKF38393 
a Dl a g o n is t .  These d rugs competed fo r  bo th  la b e ls  in  RET w ith  sev
e r a l - f o ld  low er a f f i n i t y  than  in  STR. The K1 's  fo r  com p etitio n  o f 
[3H]DA b in d in g  by SKF38393 and SCH23390 in  RET a re  55 and 102 nM, 
r e s p e c t iv e ly .  The Ki ' s  f o r  c o m p e titio n  o f [3H]SCH23390 b in d in g  by 
SKF38393 and DA a re  121 and 695 nM, re s p e c t iv e ly .  The low er a f f i n 
i t y  fo r  SKF38393 i s  n o t s p e c i f ic  to  bovine r e t i n a ;  th e  IC50 fo r  
co m p etitio n  o f th i s  drug fo r  [3H]SCH23390 b in d in g  in  g o ld f i s h r e t in a  
i s  79 nM. T h e re fo re  in  co m p etitio n  expe rim en ts, th e re  i s  a d i f f e r 
ence in  s e n s i t i v i t y ,  o f th e  Dl r e c e p to r  in  r e t in a  and s tr ia tu m .

These d if fe re n c e s  a re  p robab ly  n o t due to  th e  p resen ce  o f h igh  
le v e ls  o f endogenous DA and GTP in  r e t in a  fo r  s e v e ra l re a so n s . The 
a f f i n i t y  of SKF38393 was n o t a l t e r e d  by p re in c u b a tio n  o f th e  t is s u e . 
The a d d i tio n  o f GppNHp s h i f t s  th e  Ki  of SKF38393 a t  [3H]DA b ind ing  
s i t e s  from 55 nM to  2 uM. F in a l ly ,  p re in c u b a tio n  of t i s s u e  w ith  
GMP to  d is p la c e  GTP from th e  GTP-binding p ro te in  d id  n o t in c re a s e  
th e  s e n s i t i v i t y  to  SKF38393. The d a ta  su g g est t h a t :  1) a d i f f e r 
ence in  s e n s i t i v i t y  of th e  Dl DA re c e p to r  i s  p re s e n t in  r e t i n a ,  2) 
an o th er f a c to r  such as  an io n  i s  re q u ire d  fo r  Dl b in d in g  in  r e t in a  
o r 3) d i f f e r e n t  b in d in g  co n d itio n s  a re  re q u ire d  to  m easure Dl b ind
ing  in  r e t i n a  than  in  s tr ia tu m . This s tudy  was supported  by NIMH 
36044–05, th e  M ichigan Memorial Phoenix S o c ie ty  and NRSA 1 F31 
MH09291 (JMA).
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273.3 INTERACTION OF PERMANENTLY CHARGED AND UNCHARGED DOPAMINE ANALOGS 
WITH THE D-2 DOPAMINERGIC RECEPTOR. R.A. W allace*, T. F aroogu i* , 
J .  A res*, Y.A. Chang*, L .J .  W allace*, D.D. M ille r*  and N .J. U re tsk y , 
D iv is io n s  of Pharmacology and M edic inal C hem istry , Ohio S ta te  Uni
v e r s i t y  C ollege of Pharmacy, Columbus, Ohio 43210.

Dopamine (DA) i s  p re s e n t in  p h y s io lo g ic a l s o lu t io n  in  charged 
and uncharged form s. I t  i s  u n c lea r  which of th e se  m o lecu lar forms 
in t e r a c t s  w ith  th e  DA re c e p to r .  To answer t h i s  q u e s tio n , we have 
s y n th es iz ed  s t r u c t u r a l  ana logs of DA in  which the s id e  cha in  n i t r o 
gen i s  rep la c e d  by groups which have a perm anent p o s i t iv e  charge 
or a re  uncharged and have s tu d ie d  th e i r  a b i l i t i e s  to  i n h i b i t  3H- 
s p iro p e r id o l  ( 3H-SP) b in d in g  to  r a t  s t r i a t a l  membranes and to  in 
h i b i t  the  potassium  (K+) -induced  re le a s e  of H -acety l chol ine  (3H- 
Ach) from s t r i a t a l  s l i c e s .

DA, d im ethy l DA (DMDA), and th e  perm anently  charged ana logs in 
h ib i te d  th e  K+ -induced  r e le a s e  of 3H-Ach, in d ic a t in g  a g o n is t a c t iv 
i t y  (IC 50 = between 1–20 μM). In  c o n t r a s t ,  th e  uncharged ana logs 
were in a c t iv e  excep t a t  ex trem ely  h igh  c o n c e n tra t io n s  (1 mM).

B inding o f 3H-SP was to  a s in g le  p o p u la tio n  of s i t e s  w ith  a KD 
of 0.075 nM and a Bmax of 24 pmoles/gm t i s s u e .  H-SP b in d in g  was 
in h ib i te d  by bo th  DMDA and DA. The in h ib i t i o n  curves fo r  both  
compounds were shallow  and were b e s t  m odelled to  two s i t e s  (DA, 
KH = 9 .7  nM re p re s e n tin g  60% of t o t a l  s i t e s  and KL = 354 nM; DMDA, 

= 24.6 nM re p re s e n t in g  50% of t o t a l  s i t e s  and KL  = 720 nM). 
The perm anently  charged d im e th y su lfo n ium (DMS+ ) and d im e th y lse le n -  
onium (DMSe+) ana logs of DA in h ib i te d  3H-SP b in d in g ; the  com petition  
curves were shallow  and f i t  b e s t  to  a two s i t e  model (DMS+ , KH = 1 .4  
μM re p re s e n tin g  47% of s i t e s  and KL = 94 μM; DMSe+ , KH = 0.67 μM 
re p re s e n tin g  70% of s i t e s  and KL = 27.7 μM). The a d d i tio n  of 125 
mM NaCl to  th e  in c u b a tio n  b u f fe r  decreased  th e  p ro p o rtio n  of h igh  
a f f i n i t y  s i t e s  fo r  th e  4 compounds.

The perm anently  uncharged m onom ethylsulfide (MMS) and monor 
m e th y lsu lfo x id e  (MMSO) ana logs  of DA s ig n i f i c a n t ly  in h ib i te d  H-SP 
b in d in g . The in h ib i t i o n  of H-SP b in d in g  by the  uncharged ana logs 
was complex as they  d id  n o t produce a maximum in h ib i t i o n  a t  1 mM. 
C onsequently , we were unable to  r e l i a b ly  e s tim a te  t h e i r  p o te n c ie s  
or a b i l i t i e s  to  b ind  to  two s i t e s .  However, 125 mM NaCl d ecreased  
the a b i l i t i e s  of the  uncharged ana logs to  i n h i b i t  3H-SP b in d in g . 
This e f f e c t  o f NaCl was q u a l i t a t iv e l y  s im i la r  to  th a t  seen w ith  
th e  charged a n a lo g s . I f  i t  i s  assumed th a t  NaCl d ec reased  the 
p ro p o rtio n  of h igh  a f f i n i t y  s i t e s ,  then  th e  uncharged ana logs can 
b ind  to  th e  h igh  a f f i n i t y  s i t e  in  N aC l-free  medium.

These r e s u l t s  show th a t  the s id e  cha in  n it ro g e n  i s  no t e s s e n t i a l  
fo r  b in d in g  and a c t iv a t io n  of the D-2 DA r e c e p to r .  In  a d d i t io n ,  
p o s i t iv e ly  charged ana logs of DA appear to  be more e f f e c t iv e  as DA 
a g o n is ts  than  perm anently  uncharged compounds.

273.4 D2 DOPAMINE RECEPTORS ON ADRENAL CHROMAFFIN CELLS: DETECTION 
AND CHARACTERIZATION WITH 3H N-METHYL-SPIPERONE. A.S. 
S ch n e id er, R.A. Lyon and M. T i te l e r  (SPON: M. D en tin g e r) . D ept. 
Pharm acol. T o x ic o l.,  Albany M edical C o lleg e , Albany, New York, 
NY 12208

A lthough dopamine c o n ta in in g  c e l l s  a re  known to  be p re se n t 
in  sym pathe tic  g a n g lia , th e  s i t e  o f  a c tio n  and ro le  o f  dopamine 
in  gang lion  fu n c tio n  rem ains o bscu re . We a re  c u r r e n t ly  
e v a lu a tin g  th e  in t e r a c t io n  o f  dopamine re c e p to r  lig a n d s  w ith  
p a r t i c u l a t e  membrane f r a c t io n s  from bov ine chrom affin  c e l l s ,  a 
system  c lo s e ly  r e l a te d  to  p o s tg a n g lio n ic  sym pathe tic  neurons, 
u s in g  th e  D2 dopamine re c e p to r  r a d io lig a n d , 3H-N- 
m e thy lsp ipe rone (3H-NMSP; r e f .  1 ) . S ca tch ard  a n a ly s is  o f  3H- 
NMSP s a tu r a t io n  experim en ts re v e a le d  a  Bmax o f  24.1 + 1 .6  
fmol/mg p ro te in  and a  KD o f  0 .23  + 0 .03  nM in  th e  p a r t i c u l a te  
f r a c t io n  from ad ren a l m edu lla  homogenates and a Bmax o f  26 .5  + 
2 .7  fmol/mg membrane p ro te in  and a KD o f  0 .25  + 0 .02  nM in  the  
p a r t i c u l a t e  f r a c t io n  p rep a re d  from is o la te d  ad ren a l ch rom affin  
c e l l s .  There were ap p rox im ate ly  1000 re c e p to rs  per c e l l .  There 
were no d e te c ta b le  le v e ls  o f  s p e c i f i c  3H-NMSP b in d in g  in  th e  
p a r t i c u l a te s  p rep a re d  from a d ren a l c o r t i c a l  o r  c a p su la r  
hom ogenates. C om petition  s tu d ie s  w ith  th e  non ra d io a c t iv e  D2 
re c e p to r  a n ta g o n is ts  sp ip e ro n e , ch lo rp rom azine , and (– ) 
s u lp i r i d e  re v e a le d  KI v a lu es  o f  0 .2 8 , 21, and 196 nM 
re s p e c t iv e ly .  The (+) isom er o f  bu tac lam o l d isp la y e d  a 604- fo ld  
h ig h e r  a f f i n i t y  than  th e  (– ) isom er. C om petition  s tu d ie s  w ith  
th e  dopamine re c e p to r  a g o n is ts  dopamine and apomorphine 
re v e a le d  a f f i n i t i e s  o f  3 ,960 and 417 nM, r e s p e c t iv e ly .  A 
c o r r e l a t i o n  c o e f f i c ie n t  o f  0 .96  was o b ta in ed  in  s tu d ie s  
com paring th e  p o te n c ie s  o f  drugs in  i n h ib i t i n g  s p e c i f i c  3H-NMSP 
b in d in g  in  bov ine  ad re n a l m edu lla ry  homogenates and in 
in h ib i t i n g  s p e c i f i c  3H-NMSP b in d in g  to  b ra in  D2 dopamine 
re c e p to rs  (1–3 ) . In  summary, r a d io la b e l l in g  s tu d ie s  u s in g  3H- 
NMSP have re v e a le d  th e  p resen ce  o f  D2 dopamine re c e p to rs  on 
bov ine a d ren a l ch rom affin  c e l l s .  Data concern ing  th e  re g u la tio n  
o f  th e  a d re n a l ch rom affin  c e l l  D2 dopamine re c e p to r  by 
n u c le o tid e s  and c a t io n s ,  as w e ll as  th e  e f f e c t s  o f  dopamine 
a g o n is ts  and a n ta g o n is ts  on chrom affin  c e l l  catecholam ine 
s e c r e t io n  w i l l  be p re se n te d . (S upported  by BRSG S07RR5394–24)

1. Lyon e t  a l ,  1986, J .  N euroscience , in  p re s s
2. Seeman, P . , 1980, Pharm col. R ev., 32, 229
3. Lyon, R .A ., T i t e l e r ,  M., and S chne ider, A .S ., 1986, sub

m itte d , 1986

273.5 INVESTIGATION OF DOPAMINE RECEPTOR AGONIST HIGH AND LOW AFFINITY 
BINDING SITES IN MtTW15 PITUITARY TUMORS.
D. Levesque* and T. Di  P aolo  (Spon: A. D upont). School of Phar
macy, Laval U n iv e rs ity , Québec , Qc, G1K 7P4 and Department o f 
M olecular E ndocrino logy , Laval U n iv e rs ity  H osp ita l C en ter, 
S te-F oy , Qc, G1V 4G2, Canada.

I t  has been shown th a t  the dopamine re c e p to r  in  a normal 
a n t e r io r  p i t u i t a r y  e x i s t s  under a h igh  a f f i n i t y  s t a t e  conside red  
as  fu n c t io n a l whic h  m ediates the  in h ib i t i o n  of p ro la c t in  re le a s e  
and a low a f f i n i t y  s ta t e  fo r dopamine and dopam inergic a g o n i s t s . 
The p i t u i t a r y  tumor MtTW15 s e c re t in g  p ro la c t in  co n ta in s  dopamine 
re c e p to r s  a p p a re n tly  normal although  dopam inergic a g o n is ts  do no t 
i n h i b i t  p ro la c t in  s e c r e t io n .  The aim of th i s  s tudy  was to  inves
t i g a te  the  h igh and low a g o n is t a f f i n i t y  s ta t e s  of the  dopamine 
re c e p to r  in  MtTW15 tum ors. We have confirm ed the presence of a 
high  a f f i n i t y  dopam inergic b ind ing  s i t e  w ith s a tu r a t io n  e x p e ri
ments w ith  the lig an d  [3H] sp ip e ro n e . An e q u ilib riu m  d is s o c ia t io n  
c o n s ta n t (KD) f o r  [ 3H] sp ip ero n e  b ind ing  of 0 .11  ± 0.01 nM w ith  
a d e n s i ty  o f b ind ing  s i t e s  (Bmax) o f 40 + 1 fmol/mg of p ro te in s  
was o b ta in e d . NaCl (120 mM) and Gpp (NH)p ( 100μM) do not s ig n i f i 
c a n t ly  a f f e c t  [ 3H] sp iperone  b ind ing  a f f i n i t y  (Kd) and d e n s ity  
(Bmax) in  MtTWIS tum ors. We o b serv e , such as  fo r  a n te r io r  p i t u i -  
t a r i e s  and human p ro la c tin o m as , th a t  the  in t e r a c t io n  o f s u lp i r i d e  
i s  so d ium dependen t, t h i s  benzamide having 8 tim es g re a te r  a f f i 
n i t y  fo r  th e  dopamine re c e p to r  in  MtTW15 tumors in  th e  presence  o f 
120 mM o f  NaCl. A h igh  (KD: 15 ± 5 nM,, 41%) and low (KD: 820 
± 190 nM, 59%) a f f i n i t y  s i t e s  was observed fo r apomorphine compe
t i t i o n  fo r  [ 3H] sp ip ero n e  b ind ing  in  MtTW15 tumor homogenates and 
i s  s im i la r  to  in t a c t  t i s s u e .  NaCl (120 mM) does not s ig n i f i c a n t ly  
change the a f f i n i t y  of apomorphine (Kd: 14 ± 4 nM, 34% and 665 + 
135 nM, 66%) fo r  [ 3H] sp iperone  b in d in g . The guanine n u c le o tid e  
Gpp (NH)p ( 100μM) a lone  o r in  the presence  of NaCl (120 mM) 
in c r e a s e s ,  a lthough  th i s  i s  s ig n i f i c a n t  on ly  in  th e  p resence of 
sodium, the KD v a lu e s  of apomorphine w hile the p ro p o rtio n  o f the 
two s i t e s  rem ains unchanged (Gpp (NH)p: KD = 24 ± 9 , 42% and 
1690 + 340 nM, 58%; NaCl + Gpp (NH)p: KD = 50 + 15 nM, p <  
0 .0 5 , 53% and 1937 ± 390 nM, p < 0 .0 5 , 47%). By c o n t r a s t ,  in  
i n t a c t  p i t u i t a r y  t i s s u e ,  i t  was shown (Biochem. Pharm acol. 34, 
2459, 1985) th a t  th e  com bination  o f NaCl + Gpp (NH)p le ad s  to  a 
com plete conve rs ion  of the  h igh  in to  the low ag o n is t a f f i n i t y  
s t a t e  o f th e  dopamine re c e p to r .  Our r e s u l t s  thus  suggest a d e fe c t 
in  the m odulation  of th e  h igh  and low dopam inergic a g o n is t a f f i 
n i t y  s ta t e s  in  p i t u i t a r y  tumor MtTW15. Supported by th e  N ational 
Cancer I n s t i t u t e  of Canada.

273.6 GUANINE NUCLEOTIDE REGULATION OF DOPAMINE RECEPTORS IN RAT ESTRA
DIOL-INDUCED PITUITARY TUMORS.
P. F a la rd eau  and T . Di  P a o lo . School of Pharmacy, Laval Universi
ty ,  Quebec, Qc, G1K 7P4, and Department of M olecular Endocrino
lo g y , CHUL, Quebec, Qc, G1V 4G2, Canada.

Dopamine (DA) re c e p to rs  in  th e  normal a n te r io r  p i t u i ta r y  
e x i s t s  under a h igh  a f f i n i t y  s t a t e  considered  as fu n c tio n a l which 
m ed ia tes the  in h ib i t i o n  of p ro la c t in  re le a s e  and a low a f f i n i ty  
s t a t e  fo r  DA and DA a g o n is t s .  Guanine n u c le o tid e s  have been shown 
to  m odulate th e  conve rs ion  of th e  DA D2 h igh  ag o n is t a f f i n i t y  state  
to  D2 low in  s t r i a t a  and normal p i t u i t a r y  (Biochem. B iophys. Res. 
Com. 1982, 108, 1150; Biochem. Pharmacol. 1985, 34, 2459). We 
in v e s t ig a te d  the e f f e c t  o f Gpp(NH)p on the ag o n is t a f f i n i t y  states 
of p i t u i t a r y  D-2 DA re c e p to rs  in  r a t  e s tra d io l- in d u c e d  p ro la c tin  
(PRL) s e c re t in g  p i t u i t a r y  tum ors. Female r a t s  were in je c te d  at 
3-week in te r v a l s  w ith  2 mg of e s t r a d io l  v a le r a te  (EV) or w ith 
v e h ic le  fo r  up to  30 w eeks. Rats were s a c r i f i c e d  1 week a f te r  
t h e i r  l a s t  in j e c t io n  o f EV. EV tre a tm en t in c reased  the  weight of 
th e  p i t u i t a r y  g land 9 fo ld  ( c o n t ro l :  18.8 ± 0 .6  mg; tum ors: 
167.1 +  16.5 mg, p < 0 .001) and the  plasma PRL le v e ls  74 fold 
( c o n t ro l :  63 .3  +  23 .9  ng/m l; tum ors: 4631.1 ± 400.0 ng/m l, 
p< 0 .0 0 1 ) . Plasma e s t r a d io l  le v e ls  were in c reased  from 31.1 ± 1.4 
pg/ml in  c o n tro l r a t s  to  1656.1 + 215.6 pg /m l, p < 0.001 a f t e r  EV 
tre a tm e n t. A s ig n i f i c a n t  c o r r e l a t i o n  (R = 0 .846 , n = 34, p<0.001) 
between p i t u i t a r y  w eight and plasma PRL le v e l s  was observed 
w hereas no c o r r e la t io n  was observed between plasma e s t r a d io l  and 
PRL le v e l s  o r  p i t u i t a r y  w eigh t. The e f f e c t  o f Gpp(NH)p on the 
co m p etitio n  fo r  [3H] sp iperone b ind ing  by apomorphine (APO), a 
dopamine a g o n is t ,  was compared in  normal and adenomatous p itu ita ry  
t i s s u e .  The d i s s o c ia t io n  c o n s ta n t (KD) o f D2 high and D2l ow s ite s  
as  c a lc u la te d  using  co m p etitio n  cu rves of APO fo r  [ 3H] spiperone 
b ind ing  in  the  p i t u i t a r y  tum ors a re  unchanged compared to  in ta c t 
p i t u i t a r y  t i s s u e  ( c o n t ro l :  KD = 5 .4  + 1 .7  nM and KD = 383.0 + 
123.9 nM; Tumors: KD = 1.5 + 3 .0  nM and KD = 460.7 + 85.5 nM). 
The p ro p o rtio n  of D2  high vs D2  low s i t e s  i s  the  same fo r both 
normal (45% vs 55%) and tumor (42% vs 58%) t i s s u e s .  Moreover, 
100 μM Gpp(NH)p caused com plete conversion  of h igh  a f f i n i t y  
a g o n is t DA D2 bind ing  s i t e s  to  th e  low a f f i n i t y  s ta t e  in  both 
normal (KD = 487.0  + 57 .6  nM, 100%) and adenomatous (K D = 430.1 + 
69 .7  nM, 100%) p i t u i t a r y  t i s s u e .  These r e s u l t s  extend our pre
v ious  work (D i P aolo  and F a la rd eau , Biochem. B iophys. Res. Com. 
1984, 123, 312) showing th a t  r a t s  w ith prim ary es trogen -induced  
PRL s e c r e t in g  tumors have normal p i t u i t a r y  DA re c e p to r s .  (T his 
work was supported  by th e  N atio n a l Cancer I n s t i t u t e  of Canada).
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273.7 DARK ADAPTATION AND CHRONIC BLOCKADE OF D-1 DA RECEPTORS BY SCH 
23390 INCREASE 3H-SCH 23390 BINDING SITES-IN THE RAT RETINA. M.L. 
Porceddu*, M.G. Dem ontis*, E. O ng in i, S. Mele* and G. B iggio (SPON: 
L. B ea n i) . I n s t i t u t e s  o f B iology and B iochem ical Pharm acology, Uni
v e r s i ty  of C a g l ia r i ,  I t a l y .

Chronic a d m in is tra tio n  o f SCH 23390 (0 .03  mg/kg s . c . ,  th re e  tim es 
d a i ly ) ,  a s e le c t i v e  D-1 dopamine (DA) re c e p to r  b lo c k e r , in c re a se d  
markedly th e  3H-SCH 23390 b in d in g  in  th e  r a t  r e t i n a .  As rev ea led  by 
the S catchard  p lo t  a n a ly s is  o f s a tu r a t io n  d a ta  from r e t i n a l  homoge
n a te s ,  SCH 23390 in c re a se d  th e  t o t a l  number o f b in d in g  s i t e s  by 55% 
when compared to  t i s s u e  from s o lv e n t - t r e a te d  r a t s  b u t f a i l e d  to  
change th e  appa ren t a f f i n i t y  o f 3H-SCH 23390 fo r  i t s  b in d in g  s i t e s .  
This r e s u l t  is  s im i la r  to  th a t  e l i c i t e d  by th e  same tre a tm en t in  the 
r a t  s tr ia tu m  and s .  n ig ra  (1 ,2 ) and in d ic a te s  th a t  r e t i n a l  D-1 DA 
re c e p to r s ,  l ik e  s t r i a t a l  and n ig r a l  D-1 DA r e c e p to r s ,  re c e iv e  a to 
n ic  in n e rv a tio n  by DA. This co n c lu s io n  i s  f u r th e r  suppo rted  by the  
in c re a se  in  th e  s e n s i t i v i t y  of r e t i n a l  D A -sensitive  ad e n y la te  cy
c la se  e l i c i t e d  by ch ro n ic  SCH 23390. In  f a c t  DA (10–7 to  10–4M) p ro 
duced a h ig h e r  accum ulation  o f c y c l ic  AMP (from 50 to  100%) in  the 
r e t in a  of SCH 2 3 3 9 0 -tre a ted  r a t s  as compared to  the  accum ulation  
(from 30 to  75%) found in  t i s s u e  from s o lv e n t - t r e a te d  r a t s .  S evera l 
l in e s  o f ev idence in d ic a te  th a t  dark  a d a p ta tio n  d ec re a se s  dopam iner
g ic  fu n c tio n  in  the  r a t  r e t i n a .  Thus, th e  in f lu e n c e  o f env ironm ental 
l ig h t in g  on 3H-SCH 23390 b in d in g  was s tu d ie d .  A fte r  fo u r hours dark  
a d a p ta tio n , th e  d e n s ity  o f 3H-SCH 23390 b in d in g  s i t e s  was h ighe r 
(35%) than  th a t  from l ig h t  adap ted  r a t s .  This e f f e c t  la s te d  fo r 
about 12– 16 hours and was rev e rsed  by th e  exposure o f r a t s  to  l ig h t  
fo r 30 m in. On th e  o th e r  hand, d ark  a d a p ta tio n  f a i le d  to  change the 
apparen t a f f i n i t y  o f 3H-SCH 23390 fo r  i t s  b in d in g  s i t e s .  The r e 
s u l ts  in d ic a te  th a t :  a) ch ro n ic  b lockade o f r e t i n a l  D-1 DA rece p 
to rs  r e s u l t s  in  an u p -re g u la tio n  of bo th  3H-SCH 23390 b in d in g  and 
D A -sensitive ad e n y la te  c y c la se  b) th e  same phenomenon i s  induced by 
a p h y s io lo g ic a l co n d itio n  such as dark  a d a p ta tio n  (4 h r s ) .  The l a t 
t e r  f in d in g  su g g es ts  t h a t ,  in  th e  r a t  r e t i n a ,  a s h o r t- t im e  d ec rease  
in  p re s y n a p tic  dopam inergic fu n c t io n  r e s u l t s  in  p a r a l l e l  ra p id  up- 
re g u la tio n  of the  in n e rv a ted  D-1 DA re c e p to r s .

1. Porceddu, M .L., O ng in i, E. and B igg io , G ., E ur. J .  Pharmacol . 118, 
367, 1985.

2. Porceddu, M .L., O ng in i, E . ,  M ele, S. and B igg io , G. L ife  S c i. In  
p re s s ,  1986.

273 8 POSTNATAL DEVELOPMENT OF D-1 DOPAMINE RECEPTORS IN RAT STRIATUM. 
O. G iorg i1 ,  M.G. De M ontis2 * , G. C a ld e r in i3 ,  G. Toffano3 and G. 
B iggio1 . I n s t i t u t e s  of B iology1  and B iochem ical Pharmacology2 , 
U n iv e rs ity  of C a g l ia r i ,  I t a l y ,  and FIDIA Res. Lab . 3,  Abano Terme, 
I t a l y .

Although th e  p o s tn a ta l  developm ental changes in  the  le v e ls  of 
dopamine (DA) and i t s  m e ta b o l ite s , as w e ll as in  th e  d e n s ity  of D-2 
DA re c e p to rs  and in  the  a c t i v i t y  of D-1 DA re c e p to r - lin k e d  aden y la te  
cy c la se  have been e x te n s iv e ly  s tu d ie d ,  th e re  is  no in fo rm ation  r e 
gard ing  the  ontogeny of D-1 DA re c e p to rs  assayed w ith  s e le c t iv e  l i 
gands fo r  th i s  r e c e p to r s .  R ecen tly , th e  r a d io la b e l le d  form o f SCH 
23390, th e  most s e le c t iv e  D-1 a n ta g o n is t  a v a ila b le  to  d a te ,  has been 
s y n th e t iz e d  and i t s  b in d in g  c h a r a c te r i s t i c s  have been d escrib ed  in  
r a t  b ra in  membrane p re p a ra t io n s .  T h e re fo re , i t  was conside red  of 
i n t e r e s t  to  study  th e  ontogeny o f D-1 DA re c e p to rs  in  the  r a t  s t r i a 
tum u sing  3H-SCH 23390 as a s e le c t iv e  p robe . The developm ental chan
ges in  DA co n ten t and D A -stim ulated  a d e n y la te -c y c la se  a c t i v i t y  were 
a lso  ana ly zed . The d e n s ity  of D-1 re c e p to rs  in  newborn r a t s  was be
tween 10– 15% o f a d u lt  le v e ls  (3 month o ld  r a t s ,  Bmax = 1.2 + 0.09 
pmoles/mg p r o te in ;  KD= 0 .7  + 0.1 nM).  The t o t a l  number of D-1 s i t e s  
r a p id ly  in c rea sed  a f t e r  b i r t h ,  reach in g  35% and 85% o f c o n tro l 
v a lu es  by day 7 and day 14 re s p e c t iv e ly .  The r i s e  in  D-1 re c e p to r  
d e n s ity  con tinued  u n t i l  day 21 , when a p la te a u  was reached th a t  p e r 
s i s te d  through  ad u lthood . A s ig n i f i c a n t  d ec rease  (38%) in  the t o t a l  
number of D-1 re c e p to rs  was found in  aged r a t s  (26 month o l d ) . S ca t
chard p lo t s  o f 3H-SCH 23390 la b e l le d  re c e p to rs  rev ea led  th a t  the  a f 
f i n i t y  rem ained c o n s ta n t du rin g  development and in  aged r a t s .  B asal 
ad e n y la te  c y c la se  a c t i v i t y  in  s t r i a t a l  homogenates from 7, 15 and 30 
day o ld  r a t s  was 18%, 61% and 110% o f c o n tro l (3 month o ld ) v a lu e s , 
r e s p e c t iv e ly .  M oreover, a sharp  in c re a s e  in  th e  maximum s tim u la to ry  
e f f e c t  o f DA on ad e n y la te  cy c la se  a c t i v i t y  was observed du rin g  deve
lopm ent. Thus, th e  in c re a se  in  cAMP above the  b a sa l va lues  induced 
by 10– 4  DA in  7 day o ld  r a t s  was 40% o f th a t  o b ta in ed  in  a d u lt  a n i 
mals and the  maximal response to  DA s tim u la t io n  reached c o n tro l l e 
v e ls  in  14 day o ld  r a t s .  F in a l ly ,  s t r i a t a l  DA co n ten t in  newborn 
and 30 day o ld  r a t s  was 7% and 62%, r e s p e c t iv e ly ,  of th a t  found in  
3 month o ld  r a t s  (11.62 + 0 .07  μg /g  wet w e ig h t) . These r e s u l t s  in d i 
ca te  a delayed  developm ent o f p re sy n a p tic  DAergic mechanisms as 
compared to  p o s t s y n ap tic  m arkers o f DAergic fu n c t io n  in  th e  r a t  
s t r ia tu m .

273.9 ( 3H)SPIPERONE BINDING IN THE NEOSTRIATUM AND NUCLEUS ACCUMBENS 
REMAINS UNCHANGED FOLLOWING ACUTE CHLORAL HYDRATE TREATMENT. H.S. 
Pan, A. T ien* . J .  B lanchard* , and R.Y. Wang. D epartm ent o f 
P sy c h ia try  and B eh av io ra l S c ie n ce , SUNY a t  Stony Brook, Stony 
Brook, N.Y. 11794.

To e lu c id a te  e f f e c t s  produced by ch ro n ic  a n t ip s y c h o tic  drug 
(APD) tre a tm e n t on dopamine (DA) r e c e p to r s ,  i t  i s  d e s i r a b le  to  
use th e  same APD t r e a te d  r a t s  f o r  bo th  e l e c tro p h y s io lo g ic a l  and 
neurochem ical s tu d ie s .  However, c h lo r a l  h y d ra te  a n e s th e t ic  
p re p a ra tio n  i s  used  fo r  most o f  th e  e le c tro p h y s io lo g ic a l  ex p e r
im ents and i t  i s  known th a t  a n e s th e t ic  ag e n ts  a l t e r  DA c e l l  
a c t i v i t y .  The aim o f th e  p re s e n t s tu d y  was to  determ ine  w hether 
ac u te  c h lo r a l  h y d ra te  tre a tm e n t would a f f e c t  th e  DA D2 b ind ing  
s i t e s  in  th e  n e o s tr ia tu m  and th e  nu c leu s  accumbens (NAc)2.

Male Sprague-Dawley r a t s  (250–300g) re c e iv e d  e i t h e r  c h lo r a l  
h y d ra te  (400 mg/kg, i . p . )  o r d i s t i l l e d  w ate r ( 1 m l/kg , i . p . )  2   
to  3 hours b e fo re  d e c a p ita t io n .  The b ra in s  were removed, f ro zen  
on powdered d ry  ic e  and p ro cessed  as  p re v io u s ly  d e sc r ib e d  fo r  
r e c e p to r  au to rad io g rap h y  (Pan e t  a l . ,  J .  N eu ro sc i. 3 :1189–1198, 
1983). C oronal s e c t io n s  (20 μm) were in c u b a ted  in  0 .1  to  2 .5  nM 
( 3H) sp ip e ro n e  (89 Ci/mmole, Amersham) fo r  1 hour a t  23 C. 
N onsp ec ific  b in d in g  was d e f in e d  as  b in d in g  in  th e  p resen ce  o f  10 
μM 1 - s u lp i r i d e .  The s e c t io n s  were exposed to  3H -U ltro film  fo r  2 
w eeks. D eveloped au to rad iog ram s were ana lyzed  by com puter 
a s s i s te d  d en s ito m e try .

( 3H )Spiperone b in d in g  was s p e c i f i c ,  s a tu r a b le ,  and o f h igh  
a f f i n i t y ;  s c a tc h a rd  an a ly se s  re v e a le d  one b ind ing  s i t e .  The 
b ind ing  a f f i n i t i e s  (KD) and numbers o f b ind ing  s i t e s  (Bmax) were 
0 .614 + 0.069 nM and 160 + 13 fmol/mg p ro te in  fo r  th e  s tr ia tu m  
( n = l l ) ,  and 0 .958 + 0 .216 nM and 120 + 32 fmol/mg p ro te in  fo r  NAc 
(n  = 7) in  c o n tro l  r a t s .  The and Bmax o f  th e  two a re a s  in  
c h lo r a l  h y d ra te  t r e a te d  r a t s  (KD = 0 .6 7 9  + 105 nM, Bm a x  =171 + 
13 pmol/mg p r o te in ,  n = 8 , f o r  s t r ia tu m ; KD = 1.143 + 0.389 nM, 
Bm a x  = 96 .1  + 13 .2  pmol/mg p r o te in ,  n = 7 , f o r  NAc) were n o t 
s t a t i s t i c a l l y  d i f f e r e n t  from th o se  in  c o n tro l  r a t s .  Both KD and 
Bmax v a lu e s  in  th e  n e o s tr ia tu m  w ere n o t s t a t i s t i c a l l y  d i f f e r e n t  
from th o se  in  th e  NAc. N o n sp ec ific  b in d in g  was 0 .5 –50% o f t o t a l  
b in d in g  in  th e  s tr ia tu m  and 20–80% in  th e  NAc. The g r e a te r  
amount o f n o n -d isp l a c eab le  b in d in g  in  NAc may r e f l e c t  a h ig h e r  
p e rce n tag e  o f S2 b in d in g  s i t e s  when compared to  th e  n e o s tr ia tu m .

The r e s u l t s  o f th e  p re s e n t s tu d y  dem onstra te  t h a t  a c u te  
c h lo r a l  h y d ra te  tre a tm e n t d id  n o t a f f e c t  DA D2 r e c e p to r s  in  
e i t h e r  th e  n e o s tr ia tu m  o r th e  NAc. Based on t h i s  f in d in g ,  i t  i s  
rea so n a b le  to  u se  th e  same p re p a ra tio n s  fo r  bo th  e le c tro p h y s io 
lo g i c a l  and ra d io lig a n d  b ind ing  s tu d ie s  on th e  e f f e c t  o f ch ro n ic  
APDs. (S upported  by USPHS g ra n ts  MH-41440 and MH-41696 to  R.Y.W.)

273.10 FUNCTIONAL INTERACTIONS OF RAT STRIATAL D1 DOPAMINE RECEPTORS WITH 
THE EFFECTOR MOIETY ADENYLATE CYCLASE. E lle n  J .  H ess* . Andrew B. 
Norman*, George B a t ta g l ia  and Ian  C reese , D ept. of N eu rosc iences , 
UCSD School o f M edic ine, La J o l l a ,  CA 92093. (Spon: S.E . L e ff)

We have in v e s t ig a te d  th e  fu n c t io n a l in te r a c t io n s  between r a t  
s t r i a t a l  D1 dopamine re c e p to r s  and a d e n y la te  c y c la se  (AC). We have 
p re v io u s ly  re p o rte d  th a t  th e  i r r e v e r s i b le  p ro te in -m o d ify in g  r e a g e n t , 
N -  e thoxyc a rb o n y l-2 -e th o x y -1 ,2 -d ih y d ro q u in o lin e  (EEDQ) ad m in is te red  
in  v iv o  does n o t r e s u l t  in  f u n c t io n a l m o d if ic a tio n  of e i th e r  the  
guanine n u c le o tid e  r e g u la to ry  p ro te in  (Ns) o r th e  c a t a ly t i c  su b u n it 
of s t r i a t a l  AC as  a s se s se d  v ia  guanine n u c le o tid e  o r f o r s k o lin  
s tim u la te d  cAMP p ro d u c tio n . However, p e r ip h e ra l ly  ad m in is te red  
EEDQ m arkedly reduces  [3H]SCH23390 b ind ing  to  D1 re c e p to r s  and D1 
re c e p to r - s t im u la te d  AC in  a dose-dependen t manner. That th e se  r e 
d u c tio n s  could  be p reven ted  in  v ivo  by p re tre a tm e n t w ith  SCH23390, 
su g g es ts  th a t  EEDQ a c ts  a t  th e  D1 re c e p to r  re c o g n itio n  s i t e .  In 
te r e s t i n g l y ,  th e  lo s s  in  D1 r e c e p to r s  does n o t c o r r e l a te  d i r e c t l y  
w ith  th e  observed re d u c t io n s  in  dopam ine-stim u la ted  AC a c t iv i t y ;  
40% o f Dl r e c e p to r s  may be l o s t  w ith  no s ig n i f i c a n t  re d u c t io n  in  
th e  Vmax of dopam ine-s tim u la ted  AC a c t i v i t y .  In  c o n t r a s t ,  th e  
Vmax o f re c e p to r - s t im u la te d  AC a c t iv i t y  by th e  p a r t i a l  a g o n is t SKF- 
38393 i s  reduced concom m itantly w ith  Dl r e c e p to r  d e n s ity  a f t e r  in  
v ivo  EEDQ tre a tm e n t. However, we have found th a t  in  th e  p resence  
o f 1 uM f o r s k o l in ,  th e  maximal AC a c t iv i t y  s tim u la te d  by SKF38393 
(10 uM) i s  i d e n t ic a l  to  th a t  of dopamine (100 uM). F u rtherm ore, 
in  th e  p resen ce  o f f o r s k o l in ,  no s ig n i f i c a n t  re d u c t io n  in  th e  Vmax 
of SKF38393 s tim u la te d  enzyme a c t iv i t y  was observed a f t e r  a 28% 
re d u c tio n  in  Dl r e c e p to r  d e n s i ty ,  s im i la r  to  th e  f u l l  a g o n is t dopa
mine. These d a ta  su g g es t th a t  f o r s k o lin  may a l t e r  th e  fu n c t io n a l 
c o n s t r a in ts  p laced  on p a r t i a l  a g o n is ts .

We have a lso  in v e s t ig a te d  th e  tim e-dependen t recovery  of Dl 
r e c e p to r s  and Dl rece p to r-m e d ia ted  AC a c t iv i t y  a f t e r  in  v ivo  EEDQ 
a d m in is tr a t io n .  F ollow ing th e  i n i t i a l  EEDQ-induced d e c re a se s  in  
r e c e p to r  d e n s ity  and re c e p to r  m ediated  enzyme a c t i v i t y ,  recovery  
o f enzyme a c t iv i t y  to  c o n tro l le v e ls  p recedes  th a t  o f re c e p to r s .  
F u rtherm ore , th e  r e c e p to r s  rem aining  appear to  be more e f f i c i e n t  
in  t h e i r  a b i l i t y  to  s tim u la te  AC as a s se sse d  by c a lc u la t io n s  of en
zyme a c t iv i t y  p e r  r e c e p to r  ( i . e .  pmol cAMP/min/fmol r e c e p to r ) .  
A d d itio n a lly , when th e  AC and [3H]SCH23390 b in d in g  assay s  a re  p e r
formed under com parable c o n d itio n s  in  c o n tro l t i s s u e ,  6 × 10–5M 
dopamine e l i c i t s  maximal s tim u la t io n  o f AC a c t i v i t y ,  w h ile  t h i s  
same c o n c e n tra t io n  o f dopamine occup ies  on ly  75% of a v a i la b le  Dl 
r e c e p to r s .  T o g e th er, th e se  r e s u l t s  s tro n g ly  suggest th a t  th e  Dl 
re c e p to r  p o p u la tio n  i s  n o t a s to ic h io m e tr ic a l ly  l im it in g  f a c to r  in  
a g o n is t - s t im u la t io n  o f AC in  t i s s u e  from u n tre a te d  r a t s  o r r a t s  r e 
covering  from EEDQ tre a tm e n t.

Supported by MH 00316 and MH 32990
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273.11 ESTRADIOL MODULATION OF COUPLING OF D2 DOPAMINE RECEPTORS TO 
ADENYLATE CYCLASE IN ANTERIOR PITUITARY AND STRIATAL NEURONS IN 
PRIMARY CULTURE. A. ENJALBERT, P . BERTRAND*, S . DROUVA, 
C. KORDON, M. MAUS*, H. CHNEIWEISS* and J .  PREMONT. 
U159 INSERM 2 t e r  ru e  d 'A lé s i a  75014 PARIS and U114 INSERM 
C o llège de F rance P lac e  M arcelin  B e r th e lo t 75005 PARIS (F rance)

P e r ip h e ra l hormones m odulate th e  s e n s i t i v i t y  o f  a n t e r io r  
p i t u i t a r y  c e l l s  to  v a r io u s  neurohorm ones. On th e  o th e r  hand, 
th e s e  hormones have a l s o  been shown to  a f f e c t  th e  c e n tr a l  
nervous system .

In  th e  p re s e n t  work we have s tu d ie d  th e  e f f e c t  o f  e s t r a d io l  
on D2 dopamine re c e p to r s  coup led  to  a d e n y la te  c y c la s e  in  
a n t e r io r  p i t u i t a r y  c e l l s  and in  s t r i a t a l  neurons on p rim ary  
c u l tu r e .  P re tre a tm e n t o f  a n t e r io r  p i t u i t a r y  c e l l s  in  p re sen ce  o f  
17 β e s t r a d io l  f o r  5 days d id  n o t s ig n i f i c a n t ly  a f f e c t  th e  number 
o r  th e  a p p a re n t a f f i n i t y  o f  D2 dopam inergic b in d in g  s i t e s  
la b e l le d  by 3H s p i r o p e r id o l .  In  c o n t r a s t  th e  dopamine in h ib i t i o n  
o f  a d e n y la te  c y c la s e  a c t i v i t y  was a lm ost com p le te ly  supp ressed  
(80 %). T h is e f f e c t  o f  17 β  e s t r a d io l  on dopamine s e n s i t i v e  
a d e n a ly te  c y c la s e  i s  dose dependen t (EC50~ 10–10 M). I t  i s  
s te r e o s p e c i f i c  s in c e  17 α  e s t r a d io l  was i n e f f e c t iv e .  In  
a d d i t io n ,  o th e r  s t e r o id s  such a s  p ro g e s te ro n e , te s to s te r o n e  o r  
dexam ethasone had n o t e f f e c t .  T h is  e f f e c t  seems to  in v o lv e  a . 
genomic mechanism s in c e  i t  was p ro g re s s iv e ly  augmented from 15 
h ours up t o  4–5 d ay s . On s t r i a t a l  neurons th e  same ty p e  o f  
e f f e c t  co u ld  be observed  on th e  co u p lin g  o f  D2 re c e p to r s  w ith  
a d e n y la te  c y c la s e , which can  be m easured in  th e  p re sen ce  o f  a  
s p e c i f i c  D1 a n ta g o n is t  (Sch 23390) t o  avo id  th e  s tim u la t io n  o f  
th e  enzyme. T h is  e f f e c t  on neurons p re s e n ts  th e  same 
pharm acology th a n  th a t  observed  on a n t e r io r  p i t u i t a r y  c e l l s .

In  c o n c lu s io n  th e s e  r e s u l t s  dem onstra te  t h a t  e s t r a d io l  
uncoup les D2 dopamine r e c e p to r s  w ith  a d e n y la te  c y c la s e  b o th  in  
th e  a n t e r io r  p i t u i t a r y  and in  th e  c e n tr a l  nervous system .

273. 12 ENDURANCE TRAINING EFFECT ON STRIATAL D2 DOPAMINE RECEPTORS AND DOPAMINE 
METABOLITES IN YOUNG AND OLD FISHER 344 RATS. Richard E. Wilcox (1 ) Priscilla G. 
MacRae (2). Waneen W. Spirduso (1 and 3), Greg Cartee (3) and Roger P. Farrar (1 and 3). (1) 
Neurochemistry Research Program and Dept. of Pharmacology & Toxicology, College of 
Pharmacy, University of Texas, Austin, Tx 78712 (2) Dept. of Sports Medicine, Pepperdine 
University, Malibu, CA 90265 (3) Dept. of Health & Physical Education, University of Texas, 
Austin, TX 78712.

The possible trophic effects of exercise during the lifespan and the role which is played by 
brain transmitter systems in the adaptive response to exercise are areas which offer exciting 
promise in the search for an understanding of the mechanisms responsible for the plasticity of 
the brain. We have previously shown that endurance training increases the binding of 3H- 
spiperone to striatal dopamine receptors of Sprague-Dawley rats when animals were sacrificed 48 
hrs following the last exercise bout. (Gilliam et al.. Pharmacol. Biochem. Behav.. 20. 863–867, 
1984.) In the present study we wished to investigate the effects of an endurance training 
program (3 mo. duration, at approximately 80% of maximal whole body oxygen consumption, 
V02max) in Fisher 344 (F344) rats on the relationship between steady-state levels of DA and 
its metabolites in striatum in vivo vs. the affinity and density of striatal D2 DA receptors in 
striatum (defined by 2 uM d-butaclamol using a 200-fold excess of ketanserin as a mask for 
5HT2 sites) in  vitro from the same animals. In order to investigate the interaction of age and 
exercise in the presenescent older adult, rats were of two ages (3 and 18 mo.) at the start of 
training. The V02max of the trained animals was 89.9 + 2.7 ml/kg × min. v s . 75.9 ± 2.4 
ml/kg x min. in untrained animals. Rats were sacrificed 7 days following the last bout of 
exercise. DA metabolite to DA ratios were increased in the old control animals. Endurance 
training was associated with a slight reduction in DA metabolite levels in the younger rats 
which reached significance in the 21 mo. old animals. Thus, endurance training may have 
stabilized DA metabolite levels over a portion of the lifespan.

As expected, the number of D2 DA binding sites was reduced with age (from a Bmax of 429 
± 21 fmoles/mg protein in 6 mo. old rats to 355 ± 20 fmoles/mg protein in 21 mo. old 
animals) with no change in affinity; significantly decreased binding was observed at each of the 
four 3H-spiperone concentrations as a function of age. While binding was significantly 
enhanced at each 3H-spiperone concentration in the young runners, a slight (but nonsignificant) 
increase in binding affinity rendered the Bmax change in these animals nonsignificant relative 
to young controls. The Bmax of the old runners was significantly higher (457 ± 38 fmoles/mg 
protein) than that observed in the old controls; binding of 3H-spiperone was also enhanced in 
the old runners at each radioligand concentration. Thus, endurance training appears to exert a 
protective effect on the D2 dopamine receptor during the lifespan. Taken together,the present 
results suggest that a possible reciprocal relationship exists between changes in DA metabolites 
and DA binding as a function of age and exercise and that endurance training may ameliorate the 
effects of age to some extent both on the nigrostriatal dopamine neuron and on striatal D2 
dopamine receptors during a portion of the lifespan.
[Supported in part by NS20827 to REW and WWS and a Texas Technology Grant to S.W. Leslie 
and REW.]

273.13 DIFFERENCES IN REACTION TIME IN RATS: NEUROCHEMICAL CORRELATES OF THE HIGH- 
AND LOW-AFFINITY AGONIST STATES OF STRIATAL D2 DOPAMINE RECEPTORS. Elizabeth 
Mudie* (1). Richard E, Wilcox (1). James A. Ssyerson (2) and Waneen W. Spirduso (1 and 3). 
(1) Neurochemistry Research Program, Dept. of Pharmacology & Toxicology, College of 
Pharmacy, University of Texas, Austin, TX 78712. (2) Dept. of Psychiatry, School of Medicine, 
University of Southern California, Los Angeles, CA 90033. (3) Dept. of Health & Physical 
Education, University of Texas, Austin, TX 78712.

Over the last several years we have developed and refined an animal model of movement 
initiation termed reactive capacity (RC) using a task which closely parallels the tasks in man 
which are so sensitive to the slowed movement initiation apparent in Parkinsonism and normal 
aging. Within- and between- rat strains, differences in RC are related to the density of D2 DA 
receptors in striatum such that fast-reacting rats have a higher binding site density than slow- 
reacting animals. Damage to the nigrostriatal DA system induced by 6-hydroxydopamine 
impairs RC performance in proportion to changes in striatal DA levels, 3H-DA uptake and 3H- 
spiperone binding. In addition, DA depletions of as little as 15% are associated with marked 
decrements in maximal RC performance. Normal aging reduces RC performance proportional to 
the loss of DA receptors. In addition, an apparent reciprocal relationship between levels of 
striatal DA metabolites and D2 DA receptor density is related to the RC performance of the 
animals.

In the present report we wished to evaluate the possible relationship of the high- and low- 
affinity agonist states of the D2 dopamine receptor in striatum to characteristics of the reaction 
time in a large population of Sprague-Dawley rats. In experiment #1 we determined the extent to 
which training on the RC task itself might influence agonist states of the D2 receptor. Groups 
of 8 rats were trained for 0,1,4, or 7 days on the RC task. Displacement of 3H-spiperone (0.5 
nM) to the D2 dopamine receptor (defined using a 2 uM d-butaclamol blank and a 200-fold 
excess of ketanserin as a mask for 5HT2 sites) by dopamine (20 agonist concentrations from 
0.1 nM to 0.1 mM) was conducted under standard conditions. Analysis of agonist binding data 
by LIGAND indicated that in this population of animals, training of the RC task per se did not 
alter the affinity of agonist binding to either the high- (Kh= 3.6 nM) or low-affinity (K1 = 2400 
nM) agonist state. Similarly, the capacities of the high- (Rh = 128 fmoles/mg protein) and low- 
affinity (R1 = 98 fmoles/mg protein) agonist state were unaffected by learning of the task. The 
percentage of receptors in the high-affinity agonist state (%Rh) also remained constant at 55 ± 
5%.

In experiment #2 we determined the relationships among RC parameters (percent avoidance, 
minimal avoidance latencies, total response latencies) to the parameters of the agonist states of 
the D2 dopamine receptors above and to overall D2 dopamine Kd and Bmax. (1) In a total 
population of approximately 85 rats for which RC and D2 dopamine binding (nonpooled tissue) 
values were obtained, there was a more than 5-fold variation in percent avoidance scores for well 
trained animals. (2) In spite of this variation in behavior all binding data were best described 
by a 2-site (high- and low-affinity agonist state) model. (3) Preliminary analysis of the 
binding constants suggests that the extreme animals in the behavioral distribution 
(corresponding to FR and SR rats) differed both in characteristics of their agonist and antagonist 
binding to D2 dopamine receptors. (4) Within animal correlations were found for RC 
components and dopamine binding parameters. These results suggest that an important 
component of the motor planning within basal ganglia responsible for fast reaction time may 
be associated with the efficient coupling between striatal DA release and the high-affinity 
agonist state of the D2 DA receptor. (Supported by NS20827 to REW and WWS and an award 
from the Texas Advanced Research Technology Program to S.W. Leslie and REW.)

2 7 3 .1 4  FUNCTIONAL AND NEUROCHEMICAL STUDIES OF THE THALAMUS: CHARACTERIZATION OF 
THE D2 DOPAMINE RECEPTOR AND RELATIONSHIP TO LEVELS OF DOPAMINE, DOPAMINE 
METABOLITES AND THE ACOUSTIC STARTLE RESPONSE IN RATS. Keith A. Young* and 
Richard E . W ilcox. Neurochemistry Research Program, Dept. of Pharmacology & Toxicology, 
College of Pharmacy, University of Texas, Austin TX 78712. (Sponsor: Carlton K. Erickson).

The thalamus plays a key role in integrating most sensory information reaching the cerebral 
cortex. Dopamine (DA) exists independently of norepinephrine (NE) in the thalamus (Oke, A. et 
al., Brain Res. 269: 180–183, 1983), but to date, DA neurons and their receptors have not been 
characterized in this brain region. In the present study we first characterized the D2 DA receptor 
in thalamus (experiment #1). Subsequently, we related D2 DA binding, levels of DA and two of 
its major metabolites (homovanillic acid, HVA, and dihydroxyphenylacetic acid, DOPAC), and 
levels of NE within the thalamus to a behavioral response (habituation to acoustic startle 
stimuli). Habituation to acoustic startle has been correlated to various aspects of DA function 
(Davis, M. Psychopharm. 86: 31–36, 1985; Swerdlow, N.R. et al., Biol. Psychiatry 21: 23–33, 
1986). The integrative role of the thalamus suggests that it may be involved in this 
dopaminergic modulation of sensorimotor activity.

Experiment #1. 3H-Spiperone concentrations were used to label thalamic binding sites of 
male, six month old Sprague-Dawley rats. D2 DA receptor binding utilized 2 μM d-butaclamol as 
a blank for nonspecific binding of the radioligand with a 200-fold excess of ketanserin present 
in all tubes to occlude binding of the radioligand to 5HT2 sites. Binding was linear from 100 to 
1000 μg of protein per assay tube. Later experiments utilized 200–400 μg protein per tube. 
Association of binding reached a plateau by 2 min and was stable for at least 45 min. A 
pseudo-first order plot of binding over the initial 2 min provided a  k1= 2.49 ×  107 M–1 sec–1. 
Dissociation of 3H-spiperone from thalamic D2 DA receptors was assessed over 15 min and a 
first order plot indicated a k–1= 2.41 ×  10–3 sec–1. The Kd calculated from k–1/k 1 was 97 pM. 
Saturability of 3H-spiperone binding was evaluated using Scatchard analysis and yielded a Kd = 
96 ± 24 pM and a Bmax of 6.4 ± 0.7 fmoles/mg protein (compared to Kd = 50–100 pM and 
Bmax = 400–600 fmoles/mg protein in striatum). Displacement of 3H-spiperone (0.25 nM) from 
thalamic D2 DA receptors by the following compounds yielded the IC50 values calculated by 
LIGAND: d-butaclamol = 3 nM, 1-butaclamol = 10 μ M, and spiperone = 0.3 nM. The ratio of 
IC50 values for 1-butaclamol/d-butaclamol was 2500.

Experiment #2. Habituation to an acoustic startle response was assessed in 22 Sprague- 
Dawley rats followed by measurement of D2 DA binding vs. levels of DA, NE, HVA, and DOPAC 
(using HPLC with electrochemical detection) in the thalamus. For initial analysis of 
neurochemical data, the 8 slowest adapting (SA) and 14 fastest adapting (FA) rats comprised two 
groups (SA = 185 ± 31; FA = 39 ± 6 trials to adapt to acoustic startle stimuli, max. = 300). 
ANOVA indicated no significant differences in D2 DA binding or in levels of DA, NE, HVA, or 
DOPAC between groups. However, ratios of DOPAC/NE, DOPAC/DA, and (DOPAC + HVA)/DA 
were all significantly different between FA and SA rats. Within the population of rats measured 
in the study, significant positive correlations were obtained between DOPAC/DA ratios and 
startle habituation as well as between (HVA + DOPAC)/DA and startle habituation. These results 
suggest that dopamine overactivity in this region contributes to the inability of some rodents to 
habituate to sensory stimuli. Since human schizophrenics display sensory habituation 
abnormalities that are similar to those observed in rodents (Adler, L.E. et al., Biol. Psy. 17: 
639–635, 1982), we speculate that DA hyperactivity in the thalamus may have some relevance in 
the production of sensorimotor abnormalites in schizophrenic individuals. (Supported in part by 
NS20827 to REW and W.W.Spirduso and a Texas Technology Grant to S.W. Leslie and REW.)
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273.15 PURIFICATION OF BOVINE STRIATAL DOPAMINE D-2 RECEPTOR: REQUIREMENT 
OF LIPIDS FOR BINDING PROPERTIES. L.K. S r iv a s ta v a * , S .M .I. Kazmi* 
and R.K. M ishra . (SPON: Sandra W ite lson) Neuropharmacology Labora
to ry ,  D epartm ents o f P sy c h ia try  & N eu ro sc ien ces , McMaster U niver
s i t y ,  H am ilton, O n ta r io , Canada, L8N 3Z5.

L ip id s  a re  w e ll- re c o g n iz e d  in  m odulating  th e  fu n c t io n a l a c t i v i t y  
of many hormone and n e u ro t ra n s m it te r  r e c e p to r s ;  however, the  
q u es tio n  o f s p e c i f ic  l i p id  requ irem en ts  fo r  the  m aintenance of 
n e u ro t ra n s m it te r  re c e p to r  fu n c tio n s  i s  s t i l l  u n reso lv e d . Toward 
th i s  end , we have in v e s t ig a te d  th e  ro le  of v a r io u s  p h o sp h o lip id s  
(PL) in  m a in ta in in g  lig a n d  b in d in g  p ro p e r t ie s  o f a f f i n i t y - p u r i f i e d  
dopamine D-2 re c e p to r  from bovine s tr ia tu m . The D-2 re c e p to r  of 
bovine s t r i a t a l  membranes was s o lu b il iz e d  w ith  a com bination of 
sodium chol ate-N aC l (0.25%–0.9M) and p u r i f i e d  on a h a lo p e r id o l-  
lin k ed  Sepharose CL6B a f f i n i t y  column as re p o rte d  e a r l i e r  (Ramwani 
& M ishra, JBC, in  p r e s s ) .  The re c e p to r  was e lu te d  from th e  column 
e i th e r  by 1 μM s p iro p e r id o l  o r 0.5M Tris-H Cl  a t  pH 8 .5 . In  e i th e r  
case , no a p p re c ia b le  lig a n d  b in d in g  p ro p e r t ie s  of th e  re c e p to r  
could be d e te c te d  u n le ss  PL (crude soyabean l e c i t h in )  was p re s e n t 
in  the e lu t io n  medium. In  o rd e r  to  u n ders tand  th e  ro le  of in d iv i 
dual PLs in  m a in ta in in g  the  re c e p to r  a c t i v i t y ,  the  T r is  e lu te d  
p re p a ra tio n  from the  column was r e c o n s t i tu te d  s e p a ra te ly  w ith  the  
p u r if ie d  PLs and assayed  fo r  3H -sp iro p e r id o l b in d in g . A so n ic a te d  
p re p a ra tio n  o f v a r io u s  PLs was mixed w ith  th e  e lu te d  re c e p to r  a t  a 
f in a l  c o n c e n tra t io n  o f 0 .5  mg/ml and a f t e r  in c u b a tio n  fo r  30 min 
a t 4°C, the  d e te rg e n t was removed by BioBead SM-2. Except fo r  phos
p h a tidy l c h o lin e  (PC) which r e s to r e d  about 20% of 3H -sp iro p e rid o l 
binding as compared to  th a t  o b ta in ed  w ith  soyabean l e c i t h in  (con
tro l ) ,  and to  some e x te n t p h o sp h a tid y l en thanolam ine (PE), none o f 
the o th e r  PLs had any s ig n i f i c a n t  e f f e c t .  When v a r io u s  combina
tions  o f two PLs was used fo r  r e c o n s t i tu t io n ,  a PC and p h o sp h a tid y l 
se rin e  (PS) m ix tu re  seemed to  alm ost f u l l y  r e s to r e  the  b in d in g  
a c t iv i ty .  F urtherm ore , when PE was a ls o  in c lu d ed  in  the PC,PS 
m ixture, th e re  was abou t 100% in c re a s e  in  3H -sp iro p e rid o l b in d in g  
as compared to  the  c o n t ro l .  S u b s t i tu t io n  o f o th e r  a c id ic  PLs fo r  
PS, e i th e r  w ith  PC o r  w ith  a PC,PE m ix tu re , d id  n o t r e s u l t  in  
s im ilar in c re a se  in  b in d in g , excep t fo r  a com bination o f PC,PE and 
phosphatidyl i n o s i t o l  which was h a l f  as e f f e c t iv e  as PC,PE and PS 
toge ther. The re c e p to r  r e c o n s t i tu te d  w ith  c h o le s te ry l  h em isuccinate  
and monoolein d isp la y e d  no s p iro p e r id o l  b in d in g , in d ic a t in g  th a t  
sp ec ific  PL head groups may be re s p o n s ib le  fo r  th e  e x p re ss io n  of 
ligand b ind ing  p ro p e rty  of the r e c e p to r .  The re c o n s t i tu te d  re c e p to r  
exhib ited  h igh  a f f i n i t y  b in d in g  fo r  s p iro p e r id o l  which was compar
able to  th a t  o b ta in ed  w ith  the  s o lu b i l iz e d  re c e p to r .  The r e s u l t s ,  
thus suggest a r o le  of s p e c i f ic  PLs in  p re s e rv in g  the b in d in g  
p ro p erties  of p u r i f i e d  dopamine D-2 re c e p to r .
(Supported by MRC and OMHF, Canada.)

273 16 ISOLATION OF SITES IN MOUSE STRIATUM IRREVERSIBLY LABELED 
WITH FL UPHENAZINE-N-MUSTARD (FNM) AND APOMORHI NE. K. 
Thermos. W. P ro z ia le c k  and B. W eiss. D iv is io n  o f  
Neuropsychopharm acology, D epartm ent Pharm acology, M edical 
C o lleg e  o f  PA., E a s te rn  PA. P s y c h ia t r ic  I n s t . ,  P h ila d e lp h ia , 
PA 19129.

FNM i r r e v e r s i b ly  i n h i b i t s  th e  b in d in g  o f  [3H] s p iro p e r id o l  
t o  mouse s t r i a t a l  hom ogenates b o th  i n  v i t r o  and in  v iv o  and 
i r r e v e r s i b ly  i n h i b i t s  th e  r o t a t i o n a l  re sp o n se s  t o  apomorphine 
i n  m ice w ith  6-hydroxydopam ine induced  u n i l a t e r a l  le s io n s  o f  
th e  s t r ia tu m . FNM was g iv e n  t o  m ice i n  a  dose  (20 umol/kg) 
t h a t  comp l e t e l y  b lo ck ed  th e  r o t a t i o n a l  re sp o n se  t o  
apom orphine (1 u m o l/k g ). The r a t e  a t  w hich th e  b e h a v io ra l 
re sp o n se s  re co v e red  was th e n  m on ito red  o v e r  tim e . One h a l f  
maximum reco v e ry  o f  r o t a t i o n a l  re sp o n se s  o c c u rre d  fo u r  days 
a f t e r  th e  i n j e c t io n  o f  FNM; f u l l  re co v e ry  to o k  more th a n  one 
week. By c o n t r a s t  i t  to o k  j u s t  one day  f o r  h a l f  maximum 
reco v e ry  t o  o cc u r  fo llo w in g  th e  i n j e c t i o n  o f  th e  p a r e n t  
compound f lu p h e n a z in e , a l s o  g iv e n  in  a  d ose  t h a t  a c u te ly  
b lo ck ed  th e  e f f e c t s  o f  apom orphine. To d e te rm in e  wh e th e r  
th e r e  i s  a  c o r r e l a t i o n  betw een th e  b e h a v io ra l and b iochem ical 
e f f e c t s  o f  FNM, v a ry in g  d o ses  o f  FNM w ere g iv e n  t o  m ice, and 
th e  i n h i b i t i o n  o f  apom orph ine-induced  r o t a t i o n a l  b e h a v io r  was 
compared w ith  i t s  in h i b i t i o n  o f  s p i ro p e r id o l  b in d in g . The 
ED50 f o r  i n h i b i t i o n  o f  r o t a t i o n  was 0 .8  um ol/kg , w hereas th e  
ED50 f o r  i n h i b i t i o n  o f  s p iro p e r id o l  b in d in g  was ab o u t 100 
um ol/kg . T h is  s u g g e s ts  th e  invo lvem ent o f  s i t e s ,  b e s id e s  
s p i ro p e r id o l  b in d in g  s i t e s ,  i n  dopam inerg ic s u p e r s e n s i t i v i t y . 
To id e n t i f y  th e  s i t e s  in v o lv ed  in  dopamine m ed ia ted  b eh a v io rs  
we u sed  [3H]FNM a s  an  i r r e v e r s i b l e  a f f i n i t y  l ig a n d . S t r i a t a l  
hom ogenates w ere t r e a t e d  w ith  [3H]FNM (10 uM), and  th e  
p r o te in s  la b e le d  w ere s e p a ra te d  u s in g  SDS p o ly a cry lam id e  g e l  
e le c t r o p h o r e s i s . T h is  r e s u l t e d  in  th e  la b e l in g  o f  one m ajo r 
and th r e e  m inor bands o f  a p p a re n t m o lecu la r m asses o f  14 and 
42, 59 and 79 kDa r e s p e c t iv e ly .  To c o r r e l a t e  more d i r e c t l y  
th e  apcm orphine-induced r o ta t i o n a l  b e h a v io r  w ith  th e  p o s s ib le  
s i t e s  r e s p o n s ib le  f o r  th e s e  b e h a v io rs , we examined th e  
a b i l i t y  o f  [ 3H] apom orphine t o  become p h o to a c tiv a te d  and 
c o v a le n t ly  in c o rp o ra te d  in to  s t r i a t a l  hom ogenates.
In c u b a tio n  o f  s t r i a t a l  hom ogenates w ith  [3H] apom orphine (1 
uM) and su b seq u en t i r r a d i a t i o n  a t  360 nm r e s u l t e d  i n  th e  
la b e l in g  o f  p r o te in  bands s im i la r  t o  th o s e  o b served  w ith  
[3H]FNM (14, 42, 61, 75 kD a). The s im i l a r i t y  i n  th e  
c e l l u l a r  c o n s t i tu e n t s  la b e le d  by  [3H]FNM w ith  th o s e  la b e le d  
by th e  d i r e c t  a c t in g  dopam inerg ic a g o n is t  apom orphine 
s u g g e s ts  th e  p o s s ib le  involvem ent o f  one o f  th e  la b e le d  bands 
i n  th e  m e d ia tio n  o f  th e  b e h a v io ra l re s p o n s e s . S upported  by 
funds  from th e  D ept. o f  P u b lic  W e lfa re , Commonwealth o f  PA.

273.17 PHOTOAFFINITY LABELLING OF THE D l DOPAMINE RECEPTOR 
COUPLED TO GUANINE NUCLEOTIDE REGULATORY PROTEIN.
G.M. R o s s ,  B .E .  M cC arry *  a n d  R .K . M is h r a .  D e p t s .  o f  
P s y c h i a t r y  a n d  N e u r o s c i e n c e s ,  a n d  D e p t . o f  C h e m is t r y ,  
M cM aster U n i v e r s i t y ,  H a m i l to n ,  O n t a r i o ,  C a n a d a ,  L8N 3Z 5 .

Two t y p e s  o f  d o p a m in e  r e c e p t o r s  a r e  c u r r e n t l y  r e c o g 
n iz e d  w h ic h  may m e d ia t e  t h e  a c t i o n s  o f  d o p a m in e  i n  t h e  
n e rv o u s  s y s t e m .  T he D l r e c e p t o r  i s  p o s i t i v e l y  l i n k e d  
w h e re a s  t h e  D2 i s  n e g a t i v e l y  l i n k e d  t o  a d e n y l a t e  c y c l a s e .  
A lth o u g h  t h e  D2 r e c e p t o r  h a s  b e e n  p h o t o a f f i n i t y  l a b e l l e d  
and  p a r t i a l l y  p u r i f i e d  b y  s e v e r a l  i n v e s t i g a t o r s ,  s i m i l a r  
w ork o n  t h e  D l r e c e p t o r  h a s  b e e n  h a m p e re d  b y  t h e  l a c k  o f  
a  s u i t a b l e  p h o t o a f f i n i t y  p r o b e .  I n  o r d e r  t o  f a c i l i t a t e  
t h e  p u r i f i c a t i o n  o f  t h e  D l r e c e p t o r  f ro m  b o v in e  c a u d a t e  
n u c l e u s ,  a  p h o t o a c t i v e  a n a lo g u e  o f  t h e  d o p a m in e  a g o n i s t  
2 - a m in o - 5 , 6 - d i h y d r o x y t e t r a h y d r o n a p t h a l e n e  (ADTN) w as 
s y n t h e s i z e d .  N - ( 3 - (N ' - 4 - a z i d o b e n z a m i d o ) - a m i n o p r o p y l ) -  
ADTN (AzB-AP-ADTN) w as p r e p a r e d  b y  r e a c t i n g  N - ( 3 - a m in o -  
p r o p y 1 -ADTN w i t h  t h e  N - h y d r o x y - s u c c i n i m i d y l  e s t e r  o f  p -  
a z i d o b e n z o i c  a c i d .  T h e  [ 3 h ] d e r i v a t i v e  w as p r e p a r e d  f ro m  
[ 3H ] - s u c c i n i m i d y l  4 - a z i d o b e n z o a t e . B o th  t h e  t r i t i a t e d  
an d  u n l a b e l l e d  p r o d u c t s  w e re  p u r i f i e d  by  HPLC. A zB -A P- 
ADTN d e m o n s t r a t e d  h i g h  a f f i n i t y  f o r  t h e  D l r e c e p t o r  a s  
m e a s u re d  b y  i n h i b i t i o n  o f  [ 3H ]-S C H -2 3 3 9 0  b i n d i n g .  I n  
c o m p e t i t i o n  b i n d i n g  a s s a y s ,  AzB-AP-ADTN c o m p e te d  w i t h  
S C H -23390 i n  a  b i p h a s i c  m a n n e r ,  r e v e a l i n g  o n e  h ig h  
a f f i n i t y  (IC  50 = 27 nM) a n d  o n e - l o w e r  a f f i n i t y  (IC 50 = 
0 .9  μM) c o m p o n e n t .  B in d i n g  o f  AzB-AP-ADTN t o  t h e  h i g h e r  
a f f i n i t y  s i t e  c o u l d  b e  a b o l i s h e d  b y  t h e  a d d i t i o n  o f  GTP 
o r  G p p (N H )p , s u g g e s t i n g  t h e  i n v o l v e m e n t  o f  a  g u a n y l  
n u c l e o t i d e  b i n d i n g  p r o t e i n .  [ 3H]-AzB-AP-A DTN  w as u s e d  t o  
l a b e l  m em b ran e  p r o t e i n s  p r e p a r e d  f ro m  b o v in e  c a u d a t e  
n u c l e u s .  When c a u d a t e  m e m b ra n e s  i n c u b a t e d  w i t h  [ 3h ] -A zB -  
AP-ADTN w e re  e x p o s e d  t o  UV l i g h t ,  a  s i n g l e  b a n d  o f  
p r o t e i n  (Mr = 79 kD a) s p e c i f i c a l l y  a n d  c o v a l e n t l y  i n c o r 
p o r a t e d  t h e  p h o t o a f f i n i t y  p r o b e .  I n c o r p o r a t i o n  o f  [ 3H ]-  
AzB-AP-ADTN i n t o  t h e  79 kD a p r o t e i n  c o u l d  b e  b l o c k e d  by  
s p e c i f i c  d o p a m in e r g i c  c o m p o u n d s . S C H -23390  w as t h e  m o s t  
e f f e c t i v e  i n  p r o t e c t i n g  t h e  79 kD a p r o t e i n  f ro m  c o v a l e n t  
i n c o r p o r a t i o n ,  f o l l o w e d  b y  a p o m o r p h in e ,  ADTN, S K F -3 8 3 9 3 , 
d o p a m in e ,  s p i r o p e r i d o l  a n d  h a l o p e r i d o l ,  r e s p e c t i v e l y .  
S e r o t o n i n  a n d  n o r e p i n e p h r i n e  w e re  i n e f f e c t i v e  i n  p r o 
t e c t i n g  t h e  79 kD a p r o t e i n  f ro m  l a b e l l i n g .  GTP a n d  
G pp(N H )p w e re  a l s o  e f f e c t i v e  i n  r e d u c i n g  t h e  a m o u n t o f  
[ 3H ]-A zB-A P-A D TN  i n c o r p o r a t e d  i n t o  t h e  79 kD a b a n d .  
T h e s e  d a t a  w o u ld  s u g g e s t  t h a t  [ 3H ] -AzB-AP-ADTN c a n  
s p e c i f i c a l l y  l a b e l  t h e  h i g h  a f f i n i t y  a g o n i s t  b i n d i n g  
s t a t e  o f  t h e  D l r e c e p t o r .  ( S u p p o r te d  b y  t h e  MRC, C a n a d a .)

273.18 PHOSPHORYLATION OF A 92 KDa STRIATAL GLYCOPROTEIN: RELATION TO 
DOPAMINE RECEPTOR BINDING SITE SUBUNIT. J.Y.Lew,  K.Y. Le e ,  
and M. G o ld s te in  (SPON: C.H. A dler). N eurochem istry  Research 
L a b o ra to r ie s , New York U n iv e rs ity  M edical C en ter, New York, NY 
10016.

We have re p o rte d  th a t  3H -7 -azido fluphenaz ine  c o v a le n tly  
l a b e ls  a s t r i a t a l  92 KDa p e p tid e  w hich re p re s e n ts  th e  dopamine 
(DA) r e c e p to r  b in d in g  s i t e  s u b u n i t  (Lew e t  a l . ,  Eur. J . 
Pharm acol. 113:145, 1985). To de te rm in e  w hether th e  s t r i a t a l  
92 KDa p e p tid e  i s  p h o sp h o ry la ted , we in v e s t ig a te d  th e  
in c o rp o ra tio n  o f  32P from la b e le d  ATP in to  g ly c o p ro te in s  
is o la te d  from s t r i a t a l  membranes. The s t r i a t a l  membrane bound 
p ro te in s  w ere s o lu b il iz e d  w ith  CHAPSO, adsorbed on a w heat germ 
a g g lu t in in  agarose  column and th e  g ly c o p ro te in s  w ere e lu te d  
w ith  0.2M ac e ty lg lu co sam in e  (Lew and G o ld s te in , J . Neurochem. 
42: 1298, 1984). The g ly c o p ro te in s  w ere phospho ry la ted  in  a 
r e a c t io n  m ix tu re  c o n ta in in g  th e  fo llo w in g  com ponents: [γ - 32P] 
ATP, 60 mM; p ro te in  k in a s e - c a ta ly t i c  su b u n it, 1yg; Ca++, 2mM; 
Mg4+, 1 mM; K+, 5 mM in  a 50 mM T r is  b u f fe r , pH 7.7. A fte r  20 
min o f  in c u b a tio n  th e  r e a c t io n  was stopped by im m ersing th e  
tu b e s  in  b o i l in g  w a te r and te tram ethylam m onium  f lu o r id e  was 
added ( f i n a l  c o n c e n tra t io n  10 mM). The phosphory la ted  
g ly c o p ro te in s  w ere se p a ra te d  on a 6– 15 % po ly acry lam id e  SDS 
e le c tro p h o re s is  g ra d ie n t and id e n t i f i e d  by au to rad iog raphy . 
The SDS g e l e le c tro p h o re s i s  rev ea led  s e v e ra l 32P -la b e le d  
p e p tid e s  and one w ith  th e  m o b ility  co rrespond ing  to  92 KDa. 
T h is p e p tid e  was no t p re s e n t in  th e  p r e p a ra tio n  o b ta in ed  from 
r a t  ce rebellum . Our r e s u l t s  in d ic a te  th a t  th e  phospho ry la ted  
92 KDa p e p tid e  a r i s e s  from  a s t r i a t a l  g ly c o p ro te in  and i t s  
e le c tro p h o re t ic  m o b ili ty  su g g es ts  th a t  i t  may r e p re s e n t th e  DA 
re c e p to r  b in d in g  su b u n it. I t  was p re v io u s ly  re p o rte d  th a t  th e  
p h o sp h o ry la tio n  o f  a s t r i a t a l  94 KDa p ep tid e  i s  a f fe c te d  by D1 
DA a g o n is ts  (Mimo and Hanbauer, N europharmacology 23:449, 
1984), and i t  i s  p o s s ib le  th a t  th e  92 KDa and 94 KDa p e p tid e s  
a re  id e n t ic a l .  The 92 KDa p e p tid e  p robab ly  re p re s e n ts  th e  
b in d in g  s i t e  su b u n it o f  th e  D1 and D2 DA re c e p to r s , and s tu d ie s  
a re  now in  p ro g re ss  to  d e te rm in e  w hether th e  p h o sp h o ry la tio n  o f 
t h i s  p e p tid e  i s  l in k e d  to  bo th  sub types  o f  th e  DA re c e p to r .
These s tu d ie s  w ere suppo rted  by g ra n ts  NS 06801 and MH 02717.
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273.19 COMPUTER MODELING OF DOPAMINE RECEPTOR TOPOGRAPHY.
D . I . S c h u s t e r ,  M .C .L u k e * , R .N o d a r*  a n d  R .B .M u rp h y .D e p t . 
o f  C hem .,N ew  Y o rk  U n i v e r s i t y , New Y o rk , NY 1 0 0 0 3 .

In  t h e  p a s t ,  t h e r e  h a v e  b e e n  s e v e r a l  t h e o r e t i c a l  
m o d e ls  p r o p o s e d  w i t h  r e s p e c t  t o  t h e  t o p o g r a p h i c a l  
n a t u r e  o f  t h e  d o p a m in e  (DA) r e c e p t o r .  As new  d o p a m in e  
a n a lo g u e s  a r e  s y n t h e s i z e d  a n d  a s  d a t a  on  t h e i r  r e l a t i v e  
s p e c i f i c  b i n d i n g  a c t i v i t i e s  beco m e a v a i l a b l e ,  i t  
b e c o m e s  p o s s i b l e  t o  t e s t  t h e  v a l i d i t y  o f  t h e s e  m o d e ls  
a n d  to  f u r t h e r  r e f i n e  t h e  r e c e p t o r  t o p o g r a p h y .

By u s in g  c o m p u te r  m o l e c u l a r  m o d e l in g  p r o g r a m s ,  
we h a v e  c o m p a re d  t h e  s t r u c t u r e s  o f  v a r i o u s  1 i g a n d s  
r e l a t i v e  t o  t h e i r  s p e c i f i c  a c t i v i t y  f o r  t h e  DA 
r e c e p t o r .  From  s u c h  c o m p a r i s o n s ,  we p r o p o s e  a  m o d e l 
o f  a n  a r t i f i c i a l  r e c e p t o r .  T h i s  m o d e l c a n  th e n  b e  
u s e d  t o  s t u d y  l i g a n d - r e c e p t o r  i n t e r a c t i o n s ,  m o d i f y in g  
t h e  m o d e l t o  a c c o m o d a te  new d a t a .  New s t r u c t u r e s ,  
n o t  p r e v i o u s l y  s y n t h e s i z e d ,  h a v e  b e e n  g e n e r a t e d  f o r  
c o m p a r i s o n ,  a n d  t h e i r  p l a u s i b l e  e f f e c t i v e n e s s  i n  
b i n d i n g  t o  t h e  DA r e c e p t o r  h a s  b e e n  e x a m in e d  u s i n g  
a b  i n i t i o  c o m p u te r  m o d e l in g  a n d  m o l e c u l a r  f i t t i n g .

Our s t u d i e s  w e re  a c c o m p l i s h e d  by  u s i n g  C h em G ra f, 
v i a  q u a n t i t a t i v e  a n d  v i s u a l  e x a m i n a t i o n s  o f  c o m p u te r 
i z e d  m o l e c u l a r  m o d e ls .  C hem G raf i s  a  m o l e c u l a r  m o d e l
in g  p ro g ra m , e s p e c i a l l y  d e s i g n e d  f o r  t h e  p u r p o s e  o f  
s t r u c t u r a l l y  c o m p a r in g  m o l e c u l e s .  Q u a n t i t a t i v e  d a t a  
h a s  b e e n  o b t a i n e d  fro m  s u p e r i m p o s i t i o n  o f  e x c lu d e d  
v o lu m e s  a n d  u s i n g  l o g i c a l  o p e r a t i o n s  on  t h e  s u r f a c e  
m aps o f  d i f f e r e n t  s t r u c t u r e s ,  f ro m  a n a l y s i s  o f  
e l e c t r o s t a t i c  p o t e n t i a l  m a p s, a n d  fro m  q u a n tu m  
m e c h a n ic a l  m i n i m i z a t i o n  u s i n g  v a r i o u s  a l g o r i t h m s .  
V a r io u s  a s p e c t s  o f  d o p a m in e  r e c e p t o r  t o p o g r a p h y  w h ic h  
h a v e  b e e n  s t u d i e d  s y s t e m a t i c a l l y  i n  t h i s  m a n n e r  w i l l  
b e  p r e s e n t e d .

T h i s  w o rk  i s  s u p p o r t e d  i n  p a r t  by  a  g r a n t  fro m  
t h e  S a n d o z  F o u n d a t i o n .

MODULATORS II

274.1 PROGESTINS AFFECT CORTICOSPINAL NEURON RESPONSIVENESS TO 
ADENOSINE. R.E. S tair*, M. Wolley-Gandara* and J.W. P h il l is . 
Dept. of Physiol., Wayne State U. Sch. of Med., D etroit, MI 
48201.

Various findings suggest that steroids can affect nerve cell 
ex c itab ility  by actions at the cell surface membrane. The 
purpose of th is study was to te s t whether progesterone and 
various progestins could a lte r  neuronal responses to iontophore- 
t ic a lly  applied adenosine. Corticospinal neurons were selected 
as a model te s t  system for these studies because th e ir  response 
to adenosine has been well characterized el ectrophysiologically. 
Extracellular ac tiv ity  of rat corticospinal neurons was recorded 
in methoxyflurane: N2O anesthetized animals using multibarrel 
glass micropipettes. The responses of spontaneously firing  
single units to microiontophoretic pulses of adenosine, N- 
ethylcarboxamidoadenosine (NECA) and GABA were examined before, 
during and a fte r iontophoretic application of progesterone, 
pregnenolone sodium sulphate, norethindrone acetate and 
cyproterone acetate, and afte r intravenously administered 
progesterone (200 μg/kg) and cyproterone acetate (50 μg/kg). 
Whether administered iontophoretical l y for periods of 1–6 min or 
intravenously, the four progestational agents potentiated the 
depressant actions of adenosine on cerebral cortical neuronal 
f irin g . Potentiation was apparent within 1–2 min of the onset 
of application of progestin and was evidenced by an increase in 
the magnitude, and especially by a prolongation, of the 
adenosine evoked depressions. The depressant effects of NECA, 
an uptake resis tan t analog of adenosine, and of GABA, on 
cerebral cortical neurons were not enhanced by the progestins. 
Iontophoretic application of larger amounts of cyproterone 
acetate resulted in the depression of firing  of spontaneously 
active neurons. These depressions were antagonized by 
intravenously administered caffeine (20 or 30 mg/kg). 
Pregnenolone sulphate by i t s e l f  had a weak excitant effect on 
cortical neurons, which was not reproduced by application of 
sulphate ions. Potentiation of adenosine depressions of 
neuronal firing  may be a consequence of the a b ility  of 
progestational agents to inh ib it the uptake of adenosine by rat 
cortical neurons and g lia (P h illis  et a l . ,  Gen. Pharmacol. 16, 
609, 1985) and could account for some of the central actions of 
these substances. A reduction in purinergic inhibitory 
modulation of synaptic transmission in the brain, resulting from 
rapidly declining progesterone levels, could be a contributing 
factor in premenstrual tension and catamenial epilepsy.
(Supported by NIH RR 08167–08).

274.2 LOCALLY APPLIED SEX STEROIDS ALTER NEURONAL RESPONSIVE
NESS TO  GABA AND GLUTAMATE IN TH E CEREBELLUM. Shervl S. 
Sm ith. B.D. W aterhouse and D .J. Woodwaxd. Cell Biology and Anatomy D pt, 
UTHSC , Dallas, T X  75285.

Ongoing studies in this laboratory have dem onstrated th a t systemically ad
ministered sex steroids 17 β estradiol (E2) and progesterone (P ) alter cerebellar 
Purkinje (P) cell responses to  amino acid neurotransm itters GABA and gluta
m ate (GLUT) in the urethane-anesthetized, ovariectomized adult rat. In the 
present study, we have examined the effects of locally pressure ejected E2 (0.5 
μM) and P  (.01 μ M) on P  cell responsiveness to  GABA and GLUT. The in
active stereoisomer of E2, 17α E2 (0.5 μM), and various metabolites of P (0.01 
mM ), 5α dihydroproprogesterone (5α DHP), 5α-pregnan-3α-ol-20-one (3α OH- 
DHP) and allopregnanolone, were also tested (Vehicle: 0.01% propylene glycol- 
saline, pH 7.4). Extracellular activity of single P  neurons was recorded using 
multibarrel glass micropipets. Spontaneous firing rate  and neuronal response 
to  microiontophoretic pulses (10s every 40s a t 10–50 nA) of GABA and GLUT 
were examined before, during and after continuous local pressure application of 
the steroids (1–5 P.S.I., 10–15 min).

GABA responses were markedly enhanced by an  average of 113% within 
3 min of local P  application (6 of 7 cells), unaccompanied by alterations in 
background discharge. Recovery to  control levels of response was observed 6–9 
min after term ination of pressure application. In addition, locally applied P  also 
resulted in a  small decrease in P  cell responsiveness to  GLUT (x ̄ = 40%) by 2 - 
4 min post-steroid in 5 of 6 cells tested, w ith recovery observed 6 – 9 min after 
term ination of steroid application. These results are similar to  those seen after 
systemic injection of P. In contrast, local E2 adm inistration increased GLUT 
response by 86% w ithin 2 – 3 min after the onset of steroid application,  with no 
recovery apparent by 30 min after term ination of steroid adm inistration (6 of 
6 cells). As such, local E2 application mimicked the effect of systemic injection 
of this steroid. The inactive estrogen isomer, 17α E2, failed to  significantly 
enhance GLUT responsiveness, although a  slight increase inthe response to  this 
amino acid was observed in 2 out of 6 cells tested. The P  m etabolites, 5α DHP 
and 3α OH-DHP, bo th  altered P  cell responsiveness to  GABA and GLUT in a 
m anner and with a  tim e course similar to  P, i.e., to  increase GABA and decrease 
GLUT response. However, allopregnanolone did not produce any alteration in 
P  cell responses to  either amino acid.

In summary, this study provides an  initial dem onstration of local sex steroid 
actions on neuronal responsiveness in a  model extrahypothalam ic CNS area. 
These effects were specific, as 17α E2 and allopregnanolone did not alter neu
ronal physiology. However, 2 P  metabolites which can be localized in cerebellar 
tissue, 5 α DHP and 3α OH-DHP, mimicked these local effects of P. The results 
presented here suggest th a t the neuronal effects of systemic sex steroids may be 
mediated by local membrane actions of E2 and P  or the ir metabolites.
(Supported by MH09010 to SSS; A A 3901, DA02338 to D JW  and the Biological 
Humanics Foundation.)
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274.3 EFFECTS OF CORTICOSTERONE AND ITS 5 α  REDUCED METABOLITE, DIHYDRO
CORTICOSTERONE, ON LONG TERM POTENTIATION IN THE HIPPOCAMPAL FORM 
-ATIO. M. L iquo rn ik* , P. Noble* and B. Dubrovsky. (SPON: R. Malmo) 
Dept. o f  P sy c h ia t . & P h y s io l . ,  McGill U n iv ., M on trea l, Que. H3A 1A1

As p a r t  o f an ongoing c l i n i c a l  expe rim en ta l s tudy  on th e  e f f e c t s  
of s te ro id  hormones on th e  CNS we examined th e  e f f e c t s  o f  c o r t i 
coste rone  (B) and i t s  r in g  A reduced m e ta b o lite  5 α d ih y d ro c o r t i -  
coste rone  (DHB) on long term p o te n t ia t io n  (LTP) o f th e  m onosynaptic 
path from th e  p e r fo ra n t pa th  (PP) to  th e  g ra n u la r  c e l l s  o f  th e  den 
- t a t e  g y ru s . The reaso n s  fo r  th i s  s tudy  w ere: 1) th e  f a c t  th a t  the  
hippocampal fo rm a tio  i s  a prim ary t a r g e t  fo r  c o r t ic o s te ro n e  w ith in  
the nervous system ; 2) th e  f a c t  th a t  B and DHB have c o n tr a s t in g  
e f f e c t s ,  th e  form er in c re a s in g  and th e  l a t t e r  d ec re a s in g  neuronal 
e x c i ta b i l i t y  (Dubrovsky e t  a l . ,  J .  o f  N eu rosci. Res. 14 :117(1985), 
3) the  f a c t  th a t  memory as  w ell as  a t t e n t io n  d is tu rb a n c e s , among 
o th e r symptoms, a re  f re q u e n tly  observed both in  C u sh in g 's  syndrome 
p a t ie n ts  and in  p a t ie n t s  w ith  m elancho lia  in  whom c o r t i s o l  le v e ls  
are  a lso  f re q u e n tly  e le v a te d . In  both th e se  p ro c e sse s , memory and 
a t te n t io n ,  th e  hippocampal fo rm a tio  p lay s  a m ajor r o le .  M ethods. 
A drenalectom ized r a t s  275 to  350 g were used th roughou t th e  s tu d y . 
A nesthesialSodium  P e n to b a rb ita l  65 mg/kg was g iven  I .P .  The fem
o ra l a r t e r y  and vein  from one le g  were cann u la ted  fo r  blood p re s s 
ure reco rd in g  and drug in fu s io n  r e s p e c t iv e ly .  A g la s s  m icro
p ip e tte  fo r  reco rd in g  from th e  d e n ta te  gyrus and a b ifo c a l  m etal 
e le c tro d e  fo r  s t im u la t io n  o f  th e  PP were s te r e o ta x ic a l ly  p o s itio n ed . 
Both s te ro id s  were d isso lv e d  in  N u tra l ip id  a t  a c o n c e n tra t io n  o f 
1 m g/m l., th e  only  dose used . Once a s ta b le  re c o rd in g  (equal 
la ten cy  and am plitude fo r  10 m inutes) response  to  P .P . s t im u la t io n  
was o b ta in e d , th e  fo llo w in g  p rocedure was fo llow ed: 1) e i t h e r  B, 
DHB o r th e  so lv e n t a lo n e , N u tra l ip id ,  were slow ly  in je c te d  (2 
m inutes) in  o rd e r to  avoid  blood p re s su re  changes. 2) 2 s e r ie s  o f 
high frequency  t r a in s  (10 in  each) over a 5 .5  min p erio d  a t  10 and 
55 m inutes a f t e r  in fu s io n  were g iv e n . The t r a in  d u ra tio n  was 1 
second. T ra in  r a t e  was 0 .03  c / s e c .  Frequency in  each t r a in ,  400 
Hz, p u lse  d u ra t io n  1 00 ,u sec each . C urren t in t e n s i ty  ranged from 
200 to  1000 uA. R e s u lts : The am plitude o f th e  e x c i ta to ry  p o s t-  
sy n ap tic  p o te n t ia ls  (EPSP's) and p o p u la tio n  sp ik e s  (P S 's ) ,  a f t e r  * 
a fix e d  tim e o f s t im u li  were th e  param ete rs e v a lu a te d . The d a ta  
showed a c o n s is te n t  p a t te rn  whereby th e  developm ent o f  LTP was en
hanced by tre a tm en t o f  th e  anim al w ith  B, and im paired  by t r e a t 
ment w ith  DHB, both in  r e l a t i o n  to  th e  v a lu es  o b ta in ed  w ith  t r e a t  
-ment w ith  N u tra l ip id ,  th e  so lv e n t compound. F u r th e r , w h ile  B and 
DHB a f fe c te d  th e  v a lu es  o f  th e  P S 's  a f t e r  th e  f i r s t  t r a in  o f  pu lses, 
the changes in  th e  EPSP's v a lu es  appear more c o n s is te n t ly  a f t e r  the  
second t r a in  o f  s t im u l i .  The r e s u l t s  in d ic a te  th a t  B and DHB can 
modulate p h y s io lo g ic a l a c t i v i t y  w ith in  th e  hippocam pal fo rm a tio . 
Moreover, th e  d i f f e r e n t  e f f e c t s  o f  B and DHB on th e  EPSP's and P S 's  
suggests  th a t  hormones may a c t  a t  more than  one s i t e  in  a neuron.

274.4 EVIDENCE FOR THE PRESENCE IN RAT BRAIN OF AN ENDOGENOUS LIGAND 
THAT MODULATES DIHYDROPYRIDINE RECEPTOR SITES. E. Sanna. A.G. 
W right. J r .  and I .  H anbauer. H ypertension-E ndocrine  Branch, 
NHLBI N a tio n a l I n s t i t u t e s  o f H ea lth , B ethesda, MD 20892.

Ca2+ e n try  in to  neu rons , card ia c  and smooth m uscle c e l l s  occu rs  
th rough  v o l t a g e - s e n s i t iv e  Ca2+ channels  and can be b locked by d i -  
h y d ro p y rid in e s , v e rapam il and d il t ia z e m . L o n g -la s tin g  trea tm en t  
o f mice w ith  n i f e d ip in e  o r verapam il causes d o w n-regu la tion  o f 3H- 
n i t r e n d ip in e  b in d in g  s i t e s  in  b ra in  (Panza, G. e t  a l . ,  Neuropharm-  
a c o logy , 24: 1113, 1985) su g g es tin g  th e  p o s s i b i l i t y  of an endog
enous l ig a n d  (EL) in t e r a c t io n  a t  th e  Ca2+ channel complex. 3H -N it- 
r e n d ip in e  i s  used as  a l ig a n d  to  id e n t i f y  and c h a ra c te r iz e  EL th a t 
may be o p e ra t iv e  in  m odulating  Ca2+ ch a n n e ls . Rat b ra in s  were ex
tr a c te d  in  0 .1  M a c e t ic  ac id  a t  90°C fo r  3 m in. The d e fa t te d  ex
t r a c t  was passed  over B ioge l-P -10  e q u i l ib r a te d  in  0 .1  M a c e t ic  
a c id .  3H -N itren d ip in e  d is p la c in g  a c t i v i t y  co e lu ted  w ith  a marker 
o f m o lecu lar w eigh t 1200. The peak f r a c t io n s  were adsorbed on 
Alumina, n e u t r a l ,  SEP-PAK c a r t r id g e ,  e lu te d  w ith  1 M form ic ac id  
and fu r th e r  p u r i f i e d  on C18 re v e rsed -p h a se  HPLC w ith  a l i n e a r  
g ra d ie n t 0–15% a c e to n it r i le /0 .1 %  TFA in  45 m in. 3H -N itren d ip in e - 
d is p la c in g  a c t i v i t y  e lu te d  in  one peak w ith  th e  r e te n t io n  tim e of 
6 .20  min. The EL in  t h i s  f r a c t io n  f a i l e d  to  dec re a se  th e  s p e c i f ic  
b in d in g  of 3H -sp iro p e r id o l , 3H -im ipram ine and 3H-muscimol. Pr onase 
tre a tm e n t of t h i s  f r a c t io n  f a i l e d  to  p rev en t th e  dec re a se  of H- 
n i t r en d ip in e  b in d in g  to  hippocam pal membranes. S catchard  a n a ly s is  
o f 3H -n itre n d ip in e  b in d in g  iso th e rm s i n th e  p resence  and absence o f 
EL showed a dec re a se  in  th e  number o f H -n itre n d ip in e  b ind ing  s i t e s  
(Bmax c o n t ro l=250 fmol/mg P r o t . ;  Bmax EL=84 f mo l / mg P r o t . ) ,  w h ile 
t he KD v a lu e s  were s im i la r .  The p re s e n t r e s u l t s  show th a t  EL fo r  
H -n itre n d ip in e  b in d in g  s i t e s  o ccu rs  in  b ra in  and i s  a h e a t - s ta b le ,  

H2O -so lu b le , a l k a l in e - in s ta b l e  o rg an ic  compound. S ince i t  s p e c i f ic 
a l l y  d e c re a se s  3H -n itre n d ip in e  b in d in g  in  b ra in  membranes, i t  i s  
suggested  th a t  i t  may p la y  a r o le  as  a m odulator o f Ca2+ ch a n n e ls .

274.5 MICROIONTOPHORETIC AND BIOCHEMICAL STUDIES OF THE NORADRENERGIC 
INNERVATION OF RAT VISUAL CORTEX.
A. Kolta*, L. Diop*, R. B rière* and T.A. Reader (SPON:H.H. Jasper). 
Centre de recherche en sciences neurologiques, Département de physiolo- 
g ie , U niversité de Montréa l ,  Québec H3C 3J7, Canada.

The ra t v isual cortex (o c c ip ita l, areas 17 & 18) receives an 
important noradrenergic inpu t, as re flec te d  by the levels  of noradrena
line (NA), measured by HPLC. This monoamine has been proposed to  
modulate [ 1] the e x c ita b i li ty  of c o r t ic a l c e l l s ,  and enhance specific  
sensory sig n a ls . To resolve the m odalities and types of responses 
involved we undertook an electrophysio log ica l cha racte riza tion  of NA 
receptors, in re la tio n  to the in  v it ro  binding isotherms for [3H]prazo
sin  (PRZ; α1) , [3H] idazoxan ( IDA;α2) and [3H]dihydroalprenolol (DHA; β).

Binding of [3H]PRZ [3h]IDA [3J]DHA
Bmax (fmol/mg P) 166 ± 15 147 ± 16 112 ± 7
Kd (nM) 0.14 ± 0.01 2.09 ± 0.48 1.76 ± 0.25
H ill (nH) 1.10 ± 0.06 0.99 ± 0.05 0.93 ± 0.04
Contents in Noradrenaline Adrenaline Dopamine
ng/rag P 1.26 ± 0.23 0.03 ± 0.01 0.44 ± 0.03

The f ir in g  frequency of spontaneously ac tive (SA) and the post
stim ulus histograms (PSH; 1,000 ms duration) of v isually -d riven  (VD) 
neurons were used to  document the e ffe c ts  produced by microiontophoresis 
(5–25nA; for 10–30 s) of NA, clonidine (CLO), idazoxan (IDA), isoprote
renol (ISO) and propranolol (PRO). The main e ffe c t of NA was a long- 
la s tin g  in h ib itio n  of the f ir in g  of SA ( in  28 neurons out of 34) and VD 
un its  (47/68), o u tlas tin g  the e jec tio n  [2 ,3 ]. For the VD c e l ls ,  the 
la te  components (background f ir in g )  of the PSH were inh ib ited  to  a 
g rea te r ex tent than the e a r l ie r  (<300 ms) f ir in g . When possib le , CLO 
was te sted  on the same un its  and although the neurons were le ss  sensi
tiv e  the responses were also  of inh ib ito ry  nature. (SA: 15/22; VD:17/38) 
and lo n g -las ting . The se lec tiv e  α 2 antagonist IDA blocked 50% of the 
CIO and NA-induced responses, supporting a mediation of e ffe c ts  by 
adrenoceptors of the α 2- subtype. The responses to  ISO and PRO ( β drugs) 
were variab le , and s lig h t slow-developing exc ita tio n s  could be docu
mented. These stud ies favour the hypothesis th a t NA can increase the 
signal/no ise  r a t io  by reducing background f ir in g  and c a lls  upon the 
p a r tic ip a tio n  of α–rece p to rs , probably of the α 2 subtype, in  th is  modu
la tio n  of e x c ita b i li ty .
1] Reader, T .A ., Ferron, A., D escarries, L ., and Jasper, H.H., Brain 
Res. 160 (1979) 217–229 2] Reader, T.A ., E xperientia 34 (1978) 1586- 
1588. 3) Videen, T .O ., Daw, N.W. and Rader, R.K., J .  Neurosci. 4 
(1984) 1607–1617.
[Supported by the Medical Research Council of Canada (MT-6967) and the 
Fonds de la  recherche en santé du Québec]

274.6 CYCLO(LEU-GLY) + HALOPERIDOL: EFFECTS OF DOPAMINE RECEPTORS AND 
CONDITIONED AVOIDANCE RESPONDING. W.J. Baldy, J r . * ,  R .J . E lg in , 
J r . * ,  D.M. Cooper*, A .J . Bean and G.E. M artin . Departm ent of 
B io lo g ic a l R esearch , McNeil P h a rm a ceu tica l, Spring  House, PA 
19477–0776.

Cyclo(Leu-G ly)(cLG) i s  an en z y m atica lly  s ta b le  analog  of the  
t r i p e p t id e  MIF (Pro-Leu-Gly-NH2 ) . These two compounds have been 
shown to  i n h i b i t  th e  developm ent o f to le ra n c e  and p h y s ic a l 
dependence produced by morphine and β-en d o rp h in  (B hargava, JPET, 
21 8 (2 ):4 0 4 , 1981). F u rtherm ore , cLG can in h i b i t  th e  development 
o f  dopamine re c e p to r  s u p e r s e n s i t i v i ty  induced by e i th e r  ch ro n ic  
h a lo p e r id o l tre a tm e n t, ch ro n ic  morphine tre a tm en t o r i . c . v .  
6-OHDA le s io n s  in  mice (Ritzman and Bhargava, L ife  Sci . , 27:2075, 
1980). S ince th e  developm ent o f s u p e rs e n s i t iv e  dopamine re c e p to rs  
occu rs  w ith  ch ron ic  n e u ro le p tic  tre a tm e n t, and th i s  
s u p e r s e n s i t i v i ty  may c o n tr ib u te  to  the  developm ent o f ta rd iv e  
d y s k in e s ia s , an agen t which p reven ted  th e  development of 
s u p e r s e n s i t i v i ty  w ith o u t a l t e r i n g  the  e f f i c a c y  o f  a n e u ro le p tic  
would be o f g re a t  c l i n i c a l  u t i l i t y .

In  th i s  s tudy  we determ ined w hether ch ro n ic  tre a tm en t w ith  cLG, 
a t  doses re p o rte d  to  in h i b i t  the  development of dopam inergic 
s u p e r s e n s i t i v i ty ,  has e f f e c t s  on th e  e f f i c a c y  and potency o f 
h a lo p e r id o l (H) in  a r a t  t e s t  p re d ic t iv e  o f a n t ip s y c h o tic  a c t i v i t y  
[ d is c r e t e  t r i a l ,  one le v e r ,  co n d itio n e d  avoidance response  (CAR)].

To confirm  th e  in h ib i t i o n  of H-induced dopam inergic super
s e n s i t i v i t y  by cLG in  v iv o , we examined th e  e f f e c t  o f ac u te  and 
ch ro n ic  cLG (a c u te -2  mg/kg s . c . ;  ch ro n ic -2  mg/kg/day s . c .  14 days 
v ia  A lza m ini pumps) on apom orphine-induced s te re o ty p y  in  r a t s  
which had been g iven  ac u te  o r ch ron ic  H (ac u te  0 .05–0 .4  mg/kg, 
ch ro n ic  1 m g/kg/day s . c .  14 days v ia  A lza m ini pumps) o r v e h ic le .  
Acute tre a tm en t w ith  cLG f a i le d  to  a l t e r  apom orphine-induced 
s te re o ty p y  in  male r a t s  and d id  no t a l t e r  H-induced in h ib i t i o n  o f 
apom orphine-induced s te re o ty p y . However, g iven  c h ro n ic a lly  
concom itant w ith  H, cLG reduced th e  H-induced s u p e r s e n s i t i v i ty  to  
apomorphi ne as  r e f le c te d  in  a r igh tw ard  s h i f t  in  th e  dose response  
curve fo r  apomorphi n e . In  exam ining th e  e f f e c t s  o f th i s  dose o f 
cLG (2 m g/kg/day s . c .  14 days) on H e f f ic a c y  and potency in  the 
CAR assa y , no s ig n i f i c a n t  change in  H potency in  b lock ing  r a t  CAR 
was observed . One can conclude from th e se  s tu d ie s  th a t  a lthough  
ch ro n ic  a d m in is tr a tio n  o f cLG does i n h i b i t  developm ent o f dopamine 
re c e p to r  s u p e r s e n s i t i v i ty , i t  does no t reduce th e  e f f ic a c y  o r 
potency o f a c u te ly  a d m in is te red  H in  th e  r a t  CAR a s sa y .
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274.7 ALTERED NEUROCHEMISTRY IN THE SUPERIOR CERVICAL GANGLION OF THE SHR 
STROKE-PRONE VARIANT. S.L,Kenny * , J .K e t t l e * . & M .A.Ariano ( SPON: 
W.G. B rad ley ) . Anatomy & N eurobio logy, U n iv e rs ity  o f Vermont 
C o llege  o f M edic ine, B u rlin g to n , VT 05405.

The p o s tg a n g lio n ic  neurons o f th e  s u p e r io r  c e rv ic a l gang lion  
( SCG) send axons to  th e  v a s c u la r  smooth m uscle in  a r t e r i e s  o f th e  
head and neck to  c o n tro l t h e i r  vasom otor to n e . We have examined 
v a r io u s  neurochem icals  w ith in  th e  SCG o f  th e  s tro k e -p ro n e  v a r ia n t  
o f  th e  sp on taneously  h y p e r te n s iv e  r a t  (SHR), in  an a ttem p t to  
e lu c id a te  th e  p o s s ib le  changes which may u n d e r l ie  t h i s  g e n e tic  
p r e d i s p o s i t io n .  I n v e s t ig a t io n s  in  th e  SHR and i t s  norm otensive 
g e n e t ic  c o n t ro l ,  th e  W istar-K yoto  (WKY) r a t  have proved u sefu l in 
e lu c id a t io n  o f  sy m p ath e tic  re sp o n s iv e n e ss  t h a t  o cc u rs  d u rin g  
in c re a se d  sy stem ic  b lood p re s s u re .  P rev io u s  s tu d ie s  have demon
s t r a t e d  t h a t  th e r e  i s  an in c rea sed  e x c i t a b i l i t y  fo llo w in g  in t r a c e l 
lu l a r  s t im u la t io n  in th e  p o s tg a n g lio n ic  neurons o f  th e  s u p e r io r  
c e rv ic a l g ang lion  o f  th e  SHR ( Soc. N eu ro sc l. 7 :  215, 1981). I t  has 
a l s o  been re p o r te d  t h a t  an e le v a te d  le v e l o f  p re s y n a p tlc  a c t i v i t y  
can be m easured in  t h i s  sy m p ath e tic  g ang lion  (B ra in  Res. 296: 152, 
1984).

We have examined th e  dopam inergic SIF I n te rn eu ro n a l p o p u la tio n  
and th e  im m unofluorescent lo c a l i z a t i o n  o f th e  second m essenger 
c y c l ic  n u c le o tid e s  in a s e r i e s  o f  age-m atched p a i r s  o f  SHR s tro k e -  
prone and WKY an im a ls . SCG were r a p id ly  removed from th e  a re a  o f 
th e  b i fu r c a t io n  o f  th e  c a ro t id  a r t e r i e s  and frozen  a t  -25°C fo r  
subsequen t s e c t io n in g  a t  8 urn in  a  c r y o s ta t .  Glyoxyl i c a c id  was 
employed fo r  ca techo lam ine  condensa tion  and dem onstra ted  a s u b s ta n 
t i a l  decrem ent in  th e  frequency  o f  o ccu rren ce  o f  SIF c l u s t e r s  in 
th e  SCG o f  th e  s tro k e -p ro n e  v a r i a n t  o f th e  SHR. C y c lic  AMP and 
c y c l ic  GMP were more r e a d i ly  v is u a l iz e d  in  th e  s tro k e -p ro n e  SHR, 
and were lo c a l iz e d  w ith in  th e  l a rg e -d ia m e te r  p o s tg a n g lio n ic  
neu ro n s . C y c lic  AMP im m unofluorescence was a l s o  found w ith in  th e  
sm all g l i a l - s a t e l l i t e  c e l l  p o p u la tio n . WKY immunohistochemical 
s t a in in g  fo r  th e  two c y c l ic  n u c le o tid e s  was ap p a re n t, b u t th e  la rg e  
p o s tg a n g lio n ic  neurons ( c y c l ic  GMP and c y c l ic  AMP p o s i t i v e )  and 
g l i a l  c e l l s  ( c y c l ic  AMP p o s i t i v e )  were n o t a s  ro b u s t ly  f lu o re s c e n t .  
The p a t te r n  o f  c y c l ic  n u c le o tid e  im m unofluorescent s ta in in g  in  th e  
WKY was g e n e ra lly  e q u iv a le n t to  t h a t  seen in th e  Sprague-Dawl ey 
r a t ,  a s  we have p re v io u s ly  re p o r te d  ( C e l l .  M olec. N eu rob io l. 2 : 
142, 1982).

These in v e s t ig a t io n s  su g g e s t t h a t  a  d ec re a se  in th e  dopam inergic 
m odulation  o f  p o s tg a n g lio n ic  neuronal a c t i v i t y  o cc u rs  in th e  
s tro k e -p ro n e  SHR animal and t h a t  th e  c h ro n ic a l ly  e le v a te d  p resynap 
t l c  a c t i v i t y  in th e  SCG In c rea se d  th e  c y c l ic  AMP and c y c l ic  GMP 
im m unofluorescent s ta in in g  th a t  can be v is u a l iz e d  in th e s e  p ro je c 
t io n  som ata.

T h is  work was su p p o rted  by a Vermont H eart A sso c ia tio n  G ra n t- in -  
A id. MAA i s  th e  r e c i p ie n t  o f  RCDA NS 00864.

274.8 MODULATION OF FAST AND SLOW CALCIUM CURRENTS IN FROG SKELETAL 
MUSCLE FIBERS. J .  Garcí a*, G. Cota*† and E. S te f a n i . D ept. o f 
P h ysio logy , B iophysics and N eu rosciences , CIEA d e l IPN, 07000 
Mexico, D .F ., MEXICO and †Dept. of P h ysio logy , U n iv .P ennsy lvan ia , 
P h ila d e lp h ia , PA. 19104, U.S.A.

F ast and slow Ca++ c u rre n ts  ( I Ca-f and I Ca - s ) were recorded  
w ith  i n t r a c e l l u l a r  m ic ro e lec tro d e s  ( th re e -m ic ro e le c tro d e s  in  the 
f ib e r  end o r  two m ic ro e lec tro d e s  vo ltage-c lam p  te chn iques  in  sh o rt 
d is s o c ia te d  f ib e r s )  and w ith  th e  v ase lin e -g a p  te ch n iq u e . Muscles 
were e q u i l ib r a te d  in  the fo llow ing  s o lu tio n  (mM): CH3SO3-TEA 120, 
(CH3SO3) 2‒Ca 10, HEPES-TEA 5 and 3 ,4–diam inopyrid ine 1 a t pH 7.0. 
In  a f i r s t  s e r ie s  o f experim ents we found th a t  during  r e p e t i t iv e  
s tim u la t io n  I c a - f  and I Ca-s  in c re a se d  in  s iz e .  For example a f t e r  
s t im u la t io n  to  0 mV from a h o ld in g  p o te n t ia l  o f  –90 mV a t 3 .3  Hz 
w ith  150 msec p u ls e s ,  I Ca - f  g rad u a lly  in c re a se d  from 23 μA/cm2 to  
40 μA/cm2 th rough the  fo u rth  p u ls e . The tim e course of a c tiv a t io n  
of I Ca - f  d id  n o t show m ajor m o d if ic a tio n s . In  two p u lse  e x p e ri
m en ts, a 245 msec p rep u lse  to  –40 mV p o te n t ia te d  I Ca-s  during  the 
fo llow ing  t e s t  p u lse  to  0 mV. The slow ICa t a i l  in c re a se d  from 
270 μA/cm2 to  284 μA/cm2. The time course o f a c t iv a t io n  became 
f a s t e r  in  th e  p o te n t ia te d  I Ca - s . The h a l f  time co n s ta n t o f 
a c t iv a t io n  in  th e  same experim ent was reduced from 100 msec to  
75 msec. In  a second s e r ie s  o f experim ents we found th a t  add ition  
o f 10 μM -adrenal ine  and 2mM-dibutyry 1-cAMP in c re a s e d  th e  s iz e  of 
both  I C a .  F igure l a shows I Ca - f  w ith  charge movement and t a i l  
c u r re n t .  F igure l b shows charge movement o n ly , a f t e r  rep la c in g  
10 mM-Ca by 10 mM-Mg, p lu s  3 mM-Cd added to  the  reco rd in g  
s o lu t io n .  In  F ig . 2 , reco rd  a i s  the  c o n tro l and b a f t e r  the 
a d d itio n  o f dibutyty1-cAM P. Both I Ca were p o te n t ia te d  by th i s  
n u c le o t id e ,  th e  e f f e c t  appeared to  be la rg e r  f o r  I Ca - f .
S upported by g ra n ts  AM35 0 85 (NIH, U .S.A .),  PCCBBEU-022519 (CONACyT, 
MEXICO) and 32/85 (Zevada, MEXICO).

274.9 BIPHASIC EFFECTS OF ALKYLXANTHINES ON TRANSMITTER RELEASE 
AT THE FROG NEUROMUSCULAR JUNCTION. S.R. Barry. Dept. of 
Phys. Med. and Rehab., University of Michigan, Ann Arbor, MI 48109.

Alkylxanthines affect the activity of excitable cells by at least three 
different mechanisms. These drugs may release calcium from intracellular 
stores, may inhibit phosphodiesterases, and may block adenosine receptors 
located on the extracellular membrane. At the frog neuromuscular 
junction (NMJ), alkylxanthines were found to have biphasic effects on 
transmitter release. At millimolar concentrations, alkylxanthines elevated 
transmitter output while, at micromolar concentrations, these drugs 
depressed transmitter release. At the lower concentrations, the action 
of alkylxanthines may be mediated by adenosine receptor blockade.

The frog cutaneous-pectoris nerve muscle preparation was isolated, 
placed in a recording dish, and continually perfused with frog Ringers. 
Spontaneous miniature endplate potentials (mepps) were recorded with 
conventional microelectrodes. A change in mepp frequency, which was 
not accompanied by a change in mepp size, results from a change in 
transmitter release. In most experiments, the osmolarity of the Ringers 
solution was elevated with 30mM sucrose to increase baseline mepp 
frequency. Drugs were applied by perfusion.

Theophylline, at a concentration of 1mM, enhanced mepp frequency 
by 79%. In contrast, at a concentration of 10μM, theophylline depressed 
mepp frequency by 28%. 8-Phenyltheophylline and 8-p-sulfophenyl- 
theophylline, both at concentrations of 1μM, also reduced mepp frequency 
by 27–39%. Theophylline hyperpolarized the muscle by a few millivolts 
and caused a small increase in mepp size while the other two drugs had 
no postsynaptic effects.

At micromolar concentrations, alkylxanthines block brain adenosine 
receptors but have little effect on phosphodiesterases (Smellie et al. 
Life Sci, 24:2475, 1979). The effects of these drugs at the frog NMJ 
may also result from adenosine receptor inhibition. Theophylline and 8- 
phenyltheophylline blocked the effects of adenosine at the frog NMJ. 
For example, in one experiment, application of 2.5μM adenosine reduced 
mepp frequency to 36% of control. In the presence of adenosine and 1μM 
8-phenyltheophylline, mepp frequency increased to 53% of control. 
Furthermore, application of adenosine deaminase at 0.1 and 0.5 units/ml 
also reduced mepp frequency by 31% and 53% respectively without 
producing postsynaptic effects. Adenosine deaminase converts adenosine 
to inosine, an inactive metabolite. Its action at the frog NMJ may 
result from destruction of endogenous adenosine.

In summary, alkylxanthines at millimolar concentrations may enhance 
transmitter release from frog motoneurons. At micromolar concentrations, 
alkylxanthines may reduce transmitter output, perhaps by blockade of 
adenosine receptors and inhibition of the effects of endogenous adenosine. 
However, application of adenosine to the frog NMJ also reduced 
transmitter release. This paradox may be explained if adenosine has 
more than one action on frog motoneurons. Supported by NSF grant 
#BNS 8506778.

274.10 IMINO ACID UPTAKE AND RELEASE BY PC-12 CELLS. J .G . O r t iz ,  R. 
V elez S o to* and M.L, A lonso*, D ept. o f  Pharm acology, Univ. o f 
P u erto  Rico School o f  M edicine, San Juan , P u erto  Rico 00936.

Imino ac id s  (p ro lin e  and p ip e c o lic  ac id ) and g ly c in e  a re  normal 
c o n s t i tu e n ts  o f  th e  mammalian CNS. The ro le  o f  g ly c in e  as an 
in h ib i to ry  n e u ro t ra n s m it te r  i s  w e ll e s ta b l is h e d .  On th e  o th e r  
hand, re c e n t ev idence su g g es t th e  p o s s i b i l i t y  t h a t  p ro l in e  (Pro) 
and p ip e c o lic  a c id  (PA) may a c t  as n e u ro t r a n s m it te r s /  
neu rom odu la to rs .

The up take o f  g ly c in e , p ro l in e  and p ip e c o lic  a c id ,  was examined 
in  PC-12 c e l l s .  C onfluen t c u l tu r e s  were in c u b a ted  a t  37°C w ith  
th e  la b e l le d  compound in  E a r le 's  ba lanced  s a l t  s o lu t io n .  C u ltu res  
in c u b a ted  a t  0–4°C were used  as c o n tro ls  in  every  experim en t. At 
d i f f e r e n t  tim es t h e r e a f t e r ,  th e  in c u b a ted  medium was a s p ir a te d  
and th e  c e l l s  washed tw ice  w ith  ic e - c o ld  phosphate b u ffe re d  
s a l i n e .  R a d io a c t iv ity  was determ ined in  0 .5  M NaOH c e l l  e x t r a c ts  
a f t e r  n e u t r a l i z a t i o n  w ith  g la c ia l  a c e t ic  a c id .

The uptake o f  p ro l in e  and p ip e c o lic  a c id  in  l i n e a r  fo r  25 min. 
These c e l l s  a re  capab le  o f  ta k in g  up im ino ac id s  o ver a wide 
range o f  co n c e n tra t io n s  (10–5 – 10–3 M) su g g es tin g  th e  p resence  
o f  one up take system  th a t  appears to  r e q u ire  Na+  and to  be 
o u a b a in - s e n s i t iv e .  K in e t ic  a n a ly s is  shows th a t  im ino a c id  uptake 
system  i s  r a th e r  s p e c i f i c  fo r  p ro l in e  in  t h i s  c e l l  l i n e .  On th e  
o th e r  hand, th e  up take o f  g ly c in e  in  th e se  c e l l s  i s  l i n e a r  fo r  
approx im ately  15 min.

P ro lin e  can s ig n i f i c a n t ly  i n h i b i t  p ip e c o lic  a c id  uptake and 
v ic e -v e r s a .  G lycine may a l s o  i n h i b i t  Pro and PA uptake b u t a 
l e s s e r  degree ( 10–20%) ,  su g g es tin g  th e  p resen ce  o f  s e v e ra l  uptake 
mechanisms.

P re lim in a ry  re le a s e  experim en ts p o in t  to  th e  p resen ce  o f  
te m p e ra tu re - s e n s it iv e  p ro l in e  r e le a s e  m echanism (s) ,  w h ile  th e  
r e le a s e  o f  PA by pheochromocytoma c e l l s  appears to  be te m p era tu re - 
ind ep en d en t. F u r th e r  c h a ra c te r iz a t io n  o f  th e  re le a s e  p ro c e s s (e s )  
w i l l  be d isc u sse d .

PC-12 c e l l s  may be u s e fu l in  c la ry f in g  im ino a c id  t r a n s p o r t  
m echanism (s) ,  as w e ll a s ,  in  id e n tif y in g  p o s s ib le  s i t e s  invo lved  
in  th e  e t io lo g y  o f  h y p erp ip eco la tem ia  a n d /o r  Z ellw eger syndrome.
(Supported by NIH/MBRS 1S6 RR08224–01 ).
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274.11 EFFECT OF FRONTAL DECORTICATION OF PE N,~N METHYLTRANSFERASE (PEMT) 
ACTIVITY IN RAT STRIATAL SYNAPTOSOMES. M.T. T acconi* , G. F iso n e* , 
and S. Consolo* (Sponsor G. C a ld e r in i ) . I s t i t u t o  d i R icerche F a r-  
m acologiche "M ario N eg ri" , M ilan, I t a ly .

F ro n ta l d e c o r t ic a t io n  reduces th e  s t r i a t a l  up take  o f g lu tam ate  
which has  been shown to  be invo lved  in  membrane p h o s p h o ry la t io n . 
S ince PEMT a c t i v i t y  was suggested  to  p la y  an im p o rtan t r o le  in  th e  
t r a n sd u c tio n  of re c e p to r-m e d ia te d  s ig n a ls  th rough  th e  membranes,we 
s tu d ie d  th e  e f f e c t  o f d e c o r t ic a t io n  on PEMT a c t i v i t y  in  s t r i a t a l  
synaptosom es in  b a s a l c o n d itio n  and a f t e r  pharm aco log ica l m anipula
t i o n s .  Female CD-COBS r a t s ,  b .w . 175 g ap p ro x . (C harles R iv e r , I ta ly) 
were u sed . F ro n ta l b i l a t e r a l  d e c o r t ic a t io n  by u n d e rc u ttin g  th e  c o r 
tex  was perfo rm ed . Animals were k i l l e d  3 and 14 days a f t e r  le s io n  
and synaptosom es were p rep a re d  by g ra d ie n t  c e n t r i f u g a t io n .  PEMT 
a c t iv i t y  was m easured by in c u b a tin g  d i f f e r e n t  a l iq u o ts  o f sy nap to 
somes fo r  30 ' a t  37° in  th e  p resen ce  o f 1.2 and 10 uM o f S -adenosyl 
(3H) -m ethyl m eth ion ine (SAM), 2 .5  u C i/a s sa y . M ethy lation  p ro d u c ts  
(p h o sp h a tid y lc h o lin e , PC, p h o sp h a tid y l N,N d im ethy le thano lam ine , 
PDME, and p h o sp h a tid y l N-methyl e thano lam ine , PMME) were e x t r a c te d ,  
s e p a ra ted  by TLC and t h e i r  r a d io a c t iv i ty  m easured. We found th a t  
p roduc tion  o f (3H)-PC, (3 H) -PDME and (3H)-PMME was in c re a se d  by 20, 
50 and 70% re s p e c t iv e ly  in  s t r i a t a l  synaptosom es a s  e a r ly  a s  3 
days a f t e r  d e c o r t ic a t io n  a s  compared to  sham-l e s io n a te d  r a t s ;  14 
days a f t e r  tre a tm e n t th e  in c re a s e  was s t i l l  p r e s e n t .  In s te a d  no 
changes on m e th y la tio n  p ro d u c ts  were found a f t e r  chem ical degener
a t io n  w ith  5,7-DHT of th e  s e ro to n e rg ic  m idbrain  r a f e  n u c le i .  Exper
im ents in  which in c re a s in g  amounts o f  synaptosom es were used  (30 to  
140 ug p ro te in )  showed a p ro p o r tio n a l h ig h e r  in c re a s e  in  (3H)PL 
p ro d u c tio n  in  groups w ith  low er p ro te in  c o n te n t w ith a s h i f t  o f 
th e  d o se /re sp o n se  curve  to  th e  l e f t .  The a d d i t io n  o f dopamine a t  
10 and 50 uM to  synaptosom es s tim u la te d  PEMT a c t i v i t y  in  sham r a t s  
b u t n o t in  d e c o r t ic a te d .  H a lo p e rid o l a d d i t io n  (10 uM) d id  n o t 
a f f e c t  bo th  g roups; a t  h ig h e r  doses (100 uM) o f th e  drug b o th  sham 
and d e c o r t ic a te d  were e q u a lly  s l i g h t ly  reduced . In  co n c lu s io n  we 
have shown th a t  th e  e x c i ta to ry  c o r t i c a l  s t r i a t a l  pathway p la y s  a 
ro le  in  th e  re g u la t io n  of s t r i a t a l  m o lecu lar mechanisms.

274.12 GABA-INDUCED RELEASE OF ENDOGENOUS ASCORBATE FROM RAT STRIATAL 
HOMOGENATES IS UNAFFECTED BY CORTICAL LESIONS. G.V. Rebec, A. 
Basse-Tomusk, R.M. Wightman and J .C . Bigelow (SPON: G.P. Frommer). 
D epts. o f  P sycho l, and Chem., Ind iana  U n iv ., Bloom ington, IN 
47405.

GABA has been shown to  cause th e  r e le a s e  o f a sco rb a te  (AA) from 
r a t  s t r i a t a l  homogenates and th i s  r e le a s in g  a c t io n  i s  mimicked by 
muscimol and b locked by p ic ro to x in  (Bigelow e t  a l . ,  J .  Neurochem., 
42 :412, 1984). The sou rce  o f  t h i s  GABA-induced AA r e le a s e ,  how
e v e r , i s  unknown. Some ev idence su g g es ts  th a t  AA may be re le a s e d  
from c o r t i c o s t r i a t e  te rm in a ls . U n ila te r a l  c o r t i c a l  le s io n s ,  fo r  
exam ple, reduce th e  e le c tro c h e m ic a l s ig n a l  fo r  AA in  th e  s tr ia tu m  
by 55% (O 'N e ill e t  a l . ,  N eurosci. L e t t .  42 :105, 1983).

To in v e s t ig a te  th e  p o s s i b i l i t y  th a t  c o r t i c o s t r i a t e  te rm in a ls  
a re  th e  sou rce  o f  GABA-induced AA r e le a s e ,  we perform ed b i l a t e r a l  
c o r t i c a l  su c tio n  le s io n s  ex tend ing  from 1 mm p o s te r io r  to  bregma 
to  th e  f r o n ta l  p o le  o f  r a t s .  Four weeks l a t e r ,  AA r e le a s e  was 
s tu d ie d  w ith  th e  use o f  a r a p id  su p e rfu s io n  system  w ith  an on
l i n e  am perom etric d e te c to r .  S t r i a t a l  homogenates from c o n tro l 
and le s io n e d  anim als were exposed b r i e f ly  (15 s )  to  a Ca++ f re e  
GABA s o lu t io n  in  th e  p resen ce  o f  a d e p o la r iz in g  agen t (40 mM 
p o ta ss iu m ). Under th e se  c o n d itio n s , an o x id iz a b le  su b stan ce , 
which has been shown to  be AA, i s  re le a s e d  (Bigelow e t  a l . ,  J .  
Neurochem., 42:412, 1984).

L esions o f th e  c o rte x  f a i l e d  to  a l t e r  t h i s  re le a s e  o f AA. 
Thus, i t  i s  u n lik e ly  th a t  c o r t i c o s t r i a t e  te rm in a ls  a re  th e  prim
ary  sou rce  o f  th e  pool from which AA i s  r e le a s e d  by GABA. These 
and o th e r  r e s u l t s  (Grunewald and F i l l e n z ,  Neurochem. I n t . , 6 :491, 
1984) su g g es t th a t  th e  s tr ia tu m  co n ta in s  more than  one pool o f  AA 
and th a t  a t  l e a s t  one o f th e se  poo ls  i s  independen t o f the 
c o r t i c o s t r i a t e  system .

274.13 GABA INDUCED STIMULATION OF SEROTONIN BINDING TO THE S2 RECEP
TOR IN  VITRO. S. K owalik*. R.M. Mangano. G .T.Bautz* and W.D. 
H o rst. D epartm ent o f  N eurobio logy, Hoffmann-La Roche In c . ,  
N utley , New J e rs e y  07110.

I t  i s  a w e ll e s ta b l is h e d  phenomenon th a t  gam ma-aminobutyric 
ac id  (GABA) can enhance th e  a f f i n i t y  o f  th e  b enzod iazep ine  (BZ) 
re c e p to r  f o r  BZ a g o n is t s .  R ecen tly  we have found th a t  th e  a f 
f i n i t y  o f  th e  s e ro to n in -2  (S2) r e c e p to r  f o r  s e ro to n in  (5HT) can 
a lso  be enhanced by GABA. Using a m o d if ic a tio n  o f  th e  b ind ing  
assay  o f  Leysen  e t  a l .  (Mol. Pharm acol. .  21 :301 - 314, 1982), th e  
a f f i n i t y  o f  th e  S2 re c e p to r  was determ ined in  r a t  f r o n ta l  co r
tex  membrane fragm ents u s in g  3H -k e ta n se r in . A pproxim ately 200 
ug o f  membrane p ro te in  p rep ared  in  50 mM T ris-H C l. pH 7 .7 ,  was 
incubated  a t  37° C f o r  15 m inu tes w ith  0 .7  nM 3H -k e tan se rin  
and c o n c e n tra t io n s  o f  5HT ran g in g  from 10–10 to  10–4 M; spe
c i f i c  b in d in g  was determ ined  by th e  a d d i t io n  o f  1 uM m ethyserg- 
id e . The r e a c t io n  was te rm in a te d  by vacuum f i l t r a t i o n  and th e  
f i l t e r s  were washed w ith  15 ml o f  th e  T ris-H C l b u f f e r .  Radio
a c t iv i t y  was determ ined  and th e  IC50 v a lu es  c a lc u la te d  from th e  
d a ta  u s in g  lo g -p ro b i t  a n a ly s is .

The r e s u l t s  in d i c a t e  t h a t  th e  a d d i t io n  o f  GABA to  th e  3H-  
k e ta n s e r in  in c u b a tio n  m ix tu re  enhances th e  a f f i n i t y  o f  th e  S2 
re c e p to r  f o r  5HT by 544%  (IC50 w ith o u t GABA= 337 + /-  57 nM; 
IC50 w ith  GABA 62 + / –  15 nM, p < 0 .0 1 ). A s im i la r  e f f e c t  was 
ob ta in ed  w ith  th e  GABA a g o n is t ,  m uscimol; th e  a d d i t io n  o f  10 uM 
muscimol r e s u l te d  in  a 527% s t im u la t io n  o f  5HT b in d in g  to  th i s  
r e c e p to r .  When 10 uM b ic u c u ll in e  i o d a te , a  GABA-A i n h ib i to r ,  
was added a long  w ith  GABA in  th e  in c u b a tio n  m ix tu re , th e  s tim 
u la t io n  by GABA s t i l l  o ccu red , a l b e i t  i t  was somewhat a t t e n 
u a ted  (173%) .  GABA was n o t ab le  to  a l t e r  th e  a f f i n i t y  o f  th e  S2 
re c e p to r  f o r  th e  S2 a n ta g o n is t  m ia n se r in  (IC50 w ith o u t GABA =  
5 .5  + /– 1 .3  nM; IC50 w ith  GABA=5.1 + /– 1 .4  nM).  These f in d in g s  
su g g es t t h a t  GABA may m odulate a g o n is t  b in d in g  to  S2 r e c e p to r s .  
In  a d d i t io n ,  f u r th e r  experim en ts  may e s ta b l i s h  t h i s  system  to  
be u s e fu l  in  d is t in g u is h in g  S2 a g o n is ts  from S2 a n ta g o n is ts .

274.14 MODULATION OF LIGAND BINDING TO MUSCARINIC CHOLINERGIC RECEP
TORS. N.M. S p ir t*  and R.M. Mangano. (SPON: J .H . H urst) Neuro
b io lo g y  R esearch , Departm ent o f  Pharmacology and Chemotherapy, 
Hoffmann-LaRoche I n c . ,  N u tley , NJ 07110.

C h o lin e rg ic  n e u ro tran sm iss io n  p la y s  a c e n tr a l  r o le  in  cogn i
t i v e  p ro cesse s  o f  th e  mammalian b ra in . B locking c h o lin e rg ic  
r e c e p to r s  w ith  m usca rin ic  a n ta g o n is ts  produces c o g n itiv e  d e f i 
c i t s  w hile  compounds t h a t  f a c i l i t a t e  c h o lin e rg ic  a c t i v i t y  (agon
i s t s ,  c h o l in e s te ra s e  in h ib i to r s )  produce improvements in  cogn i
t i v e  perfo rm ance. A c h o lin e rg ic  r e c e p to r  m odulator t h a t  would 
enhance a c t iv a t io n  o f  m u sca rin ic  r e c e p to r s  by endogenously r e 
le a se d  a c e ty lc h o lin e  m igh t, th e r e f o r e ,  be b e n e f ic ia l  a s  a  novel 
approach fo r  t r e a t i n g  c e r t a in  memory d is o rd e r s .  We d e s c r ib e  
h ere  an i n  v i t r o  method to  determ ine  th e  a b i l i t y  o f  compounds 
to  m odulate lig a n d  b ind ing  to  th e  m uscarin io  a c e ty lc h o lin e  
re c e p to r .

The a ssay  u t i l i z e s  a crude P2 p re p a ra tio n  o f  synaptosom al 
membranes ( f r e s h ly  p repared  o r  f ro zen  homogenate) in  50 mM phos
p hate  b u f f e r ,  pH 7 .4 .  The membranes a r e  p re in cu b a te d  f o r  60 
min. a t  37°C under th re e  d i f f e r e n t  c o n d itio n s :

1. C on tro l -  in  th e  p resence  o f  v e h ic l e  a lo n e ;
2 . Compound -  in  th e  p resence  o f  t e s t  compound a t  

a  c o n c e n tra t io n  o f  10 uM;
3 . Compound p lu s  C arbachol -  in  th e  p resence  o f  

t e s t  compound a t  10 uM p lu s  10 uM ca rb a c h o l.
The p re t r e a te d  membranes a re  i s o la te d  by c e n tr if u g a t io n  and 
washed th re e  tim es in  ic e -c o ld  b u f f e r .  The membranes a re  then  
used in  a r e c e p to r  b ind ing  a ssay  to  determ ine  th e  IC50 f o r  
ca rb a ch o l d isp lacem en t o f  3H-QNB from m usca rin ic  re c e p to r s .

P re lim in a ry  experim en ts examined th e  e f f e c t s  o f  two com
pounds in  t h i s  a s sa y : A niracetam  and TRH. Both compounds a re  
a c t iv e  in  c e r t a in  ro d en t b eh a v io ra l models o f  memory bu t 
n e i th e r  b inds  d i r e c t l y  to  th e  m usca rin ic  r e c e p to r .  TRH, 
however, i s  known to  f a c i l i t a t e  c h o lin e rg ic  n eu ro tran sm iss io n . 
In  t h i s  a s s a y , membrane p re in c u b a tio n  in  th e  p resence  o f  10 uM 
an irace tam  p lu s  10 uM ca rb ach o l r e s u l t s  in  a  4 - fo ld  in c re a s e  in  
m uscarin io  r e c e p to r  a f f i n i t y  f o r  subsequen t a g o n is t  b in d in g . 
Membrane p re in c u b a tio n  in  th e  p resence  o f  10 uM an irace tam  
a lone  s l i g h t ly  d ec re a se s  m u sca rin ic  r e c e p to r  a f f i n i t y .  P re
in c u b a tio n  in  th e  p resence  o f  10 uM TRH and 10 uM ca rb ach o l 
in c re a s e s  m usca rin ic  r e c e p to r  a f f i n i t y  2 - fo ld .  These o b ser
v a t io n s  su g g es t t h a t  th e  a b i l i t y  o f  th e se  compounds to  a l t e r  
m u sca rin ic  r e c e p to r  a f f i n i t y  i n  v i t r o  may be r e l a te d  to  t h e i r  
memory enhancing  e f f e c t s  i n . v iv o .
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274.15 EFFECTS OF SYSTEMIC ETHANOL ON RESPONSES OF RAT 
CEREBELLAR PURK IN JE NEURONS TO  IONTOPHORETICALLY 
APPLIED NOREPINEPHRINE AND GABA. Z.N. Stowe. R.-S. Lee. S. 
S. Smith. J.K . Chapin. B.D. W aterhouse, and D.J. Woodward. (SPON: S.M. 
Sorensen). Dept. o f Cell Biology and Anatomy, The University o f Texas Health 
Science Center at Dallas, T X  75235.

Acute ethanol intoxication is known to  produce substantial impairment of 
m otor function and to  result in certain cerebellar signs, such as ataxia. Previ
ous studies from this laboratory have dem onstrated th a t norepinephrine (NE) 
potentiates GABA-mediated inhibition of cerebellar Purkinje cell (P-cell) dis
charge. The goal of the present study was designed to  test the effect of acute 
ethanol intoxication on: (1) the response of individual P-cells to  GABA and (2) 
NE-induced increases in GABA-mediated inhibition.

Male Sprague-Dawley rats (230–370 gm) were intubated endotracheally and 
anesthetized w ith halothane (2% or 0.75% in oxygen during surgery and electro- 
physiology, respectively). An intraperitoneal catheter used for adm inistration 
of ethanol (1.5 to  2.0 gm /kg in saline) was implanted prior the recording session. 
Extracellular activity of single cerebellar P-cells was recorded using five-barrel 
glass micropipettes. GABA was administered by microiontophoretic pulses (2- 
60 nA for 10 sec every 40 sec) before, during and after continuous iontophoretic 
application of NE (10–45 nA for 4–5 m inutes). Spontaneous discharge, GABA 
responses and NE-GABA interactions in P-cells were m onitored before and 1 
to  1.5 hours following systemic adm inistration of ethanol. A transient inhibi
tion of spontaneous neuronal activity was observed usually w ithin 4–8 minutes 
of ethanol injection. This effect lasted 2–4 minutes in 8 out of 15 rats  tested. 
D espite recovery of spontaneous discharge to  control levels, GABA responses 
were slightly increased (8–15%) relative to  pre-ethanol values. Between 10 and 
60 minutes post-injection, ethanol enhanced direct NE-induced inhibition of 
spontaneous discharge normally seen a t high ejection currents of the drug. In 
addition, NE augm entation of GABA action, observed a t low ejection currents 
of NE, was further potentiated as a  result of ethanol adm inistration. Both the 
m agnitude and the duration of these effects were increased, such th a t augm enta
tion of GABA inhibition was greater and persisted for 2–13 minutes longer than  
in the pre-ethanol period. In conclusion, these results indicate th a t ethanol may 
enhance inhibitory actions of both  GABA and NE on spontaneous discharge. 
Furtherm ore, these da ta  suggest th a t NE-mediated potentiation of GABA inhi
bition can also be enhanced following ethanol adm inistration. The modulatory 
actions of ethanol on synaptic physiology described in the present study may 
provide potential mechanisms for the CNS effects of ethanol intoxication. 
Supported by grants AA-S901, DA-02338 to D JW  and the Biological Humanics 
Foundation.

274.16 IMIPRAMINE INHIBITS PKC-INDUCED ELECTPDPHYSIOLOGICAL CHANGES IN 
HERMISSENDA B PHOTORECEPTORS. D .F ishe r*  & J .F a r le y  (SPON: 
J .R .G ad d y ). P rog , in  N eu ro sc i. & B ehav io r, P r in c e to n  U n iv ., 
P r in c e to n , NJ 08544.

We examined th e  a b i l i t y  o f  im ipram ine, an in h i b i to r  o f  th e  
c a lc iu m /p h o sp h o lip id  s e n s i t i v e  enzyme PKC (Mori e t  a l . ,  
J .B io l.C h e m .,1980) i n  c e l l - f r e e  r e a c t io n  sy stem s, t o  an tag o n ize  
PKC-induced changes in  B p h o to re c e p to r  l i g h t  resp o n se  and io n ic  
c u r r e n t s  (F a rle y  & A uerbach, N a tu re , 1986).  Peak (0–1 s) and 
s te a d y - s t a te  (25 s) d e p o la r iz in g  l i g h t  resp o n ses  o f 
s y n a p t i c a l ly - i s o la t e d  B c e l l s  w ere enhanced by a  s in g le  
i n j e c t io n  o f  PKC in  15 o f  17 experim en ts  (see  T ab le 1 ) . This 
enhancement was q u i t e  r e l i a b l e ,  p e r s i s t e n t ,  and s t a t i s t i c a l l y  
s ig n i f i c a n t  [pk and s s  re sp o n se : t ( 1 6 ) ' s  = 4 .4 3 , 3 .7 2 ; p . 05 ]. 
In  c o n t r a s t ,  B c e l l s  b a th ed  in  10 M im ipram ine ASW f a i l e d  to  
show in c re a s e d  l i g h t  re sp o n ses  fo llo w in g  PKC in j e c t io n  [t (1 0 ) 's  
=. 63 , 1 .65 ; n s ] ,  w ith  9 /12  c e l l s  showing a  s l i g h t  d e c re a se . 
Ccm parisons o f  pk and s s  re sp o n ses  p r io r  to  PKC in je c t io n s  
r e v e a le d  th e  resp o n se  o f  im ip ra m in e -tre a te d  c e l l s  to  be l a r g e r ,  
s i g n i f i c a n t ly  so  fo r  th e  s s  resp o n se  [t (27) = 2 .5 6 , p . 05 ]. 
V oltage-clam p a n a ly s is  o f  th e  e a r ly  (IA) and delay ed  (l a rg e ly  
I K-Ca) outw ard K+ c u r r e n t s  re v e a le d  t h a t  w h ile  PKC in je c t io n s  
reduced  b o th  c u r r e n t s  when c e l l s  w ere bath ed  in  norm al ASW, 
im ipram ine (10 M) p rev en ted  t h i s  e f f e c t  (Table 1 ) . These 
r e s u l t s  su g g e s t t h a t  im ipram ine may be  a  u s e fu l  to o l  to  
s e p a ra te  PKC-dependent v s .  ca lc ium -dependen t p h o sp h o ry la tio n -  
m ed ia ted  changes in  B c e l l s  d u rin g  in  v i t r o  c o n d itio n in g  
s tu d i e s .

T able 1
PKC e f f e c t s  on B c e l l  in  p re sen ce  (IMIP) 

o r  absence (ASW) o f  im ipram ine

L ig h t resp o n se  (mV) K+ c u r r e n t s  (nA)
B efore A f te r B efore A fte r

pk s s pk s s e a r ly l a t e e a r l y  la te
ASW 32.2 22.2 33.8 24.0  (n=4) 12.3 6 .3 7 .7 1.2
n=17 ±1.3 +1.4 ±1 .2 ±1.3 +  l .7 ±  1 . 8 + 1 .9 + 0 .9

IMIP 34.8 27.6 34.6 26 .9  (n=5) 6 .7 1 .1 9 .1 1.7
n=12 + 1 .0 + 1 .4 +  0 .7 ± + 2 .8 ±  1 .2 + 2 .7 +0.8

* p. 05 , b e fo re  v s .  a f t e r
+ m easured a t  – 10 mV from Vh = –60

Supported  by NSF BNS 8316707 fo r  J .F .

274.17 STRIATAL EXTRACELLULAR PHENETHYLAMINE AND p-TYRAMINE MEASURED BY 
IN VIVO MICRODIALYSIS AND RADIOENZYMATIC ASSAY. L. A. Phebus*, 
W. L. R u s se ll* , R. R. Bowsher*, D. P. Henry*, and J .  A. Clemens, 
E l i  L i l ly  and C o., In d ia n a p o lis , IN 46285.

Using in  v ivo  b ra in  m ic ro d ia ly s is  coupled w ith  a new 
s e n s i t i v e  rad ioenzym atic  a ssay  we have been ab le  to  measure th e  
le v e ls  o f th e  " tr a c e  am ines" phenethylam ine (PEA) and p -ty ram ine  
(p-TYM) in  th e  s t r i a t a l  e x t r a c e l lu la r  f lu id  o f a n e s th e tiz e d  and 
awake r a t s .  The le v e ls  o f th e se  amines were unexpected ly  h igh  
and, in  awake r a t s ,  v a r ie d  g r e a t ly  from sample to  sam ple.

For a n e s th e tiz e d  p re p a ra t io n s ,  m ale, Sprague D aw ley-derived 
r a t s  were a n e s th e tiz e d  w ith  c h lo ra l  h y d ra te  and p la ced  in  a 
s te r e o ta x ic  fram e. A m in ia tu re  d ia ly s i s  probe was low ered in to  
th e  s tr ia tu m  th rough  a h o le  d r i l l e d  in  th e  s k u ll  and d ia ly s a te  
samples were c o l le c te d .  For experim en ts in v o lv in g  awake r a t s ,  
an im als were im planted  as above under m ethoxyflu rane a n e s th e s ia ,  
th e  probe was cemented in to  p la c e  and th e  r a t s  were allow ed a t  
l e a s t  two days to  reco v e r from su rg e ry  b e fo re  commencing 
m easurem ents. On th e  day o f an expe rim en t, r a t s  were connected  
v ia  p o ly e th y le n e  tu b in g  to  a sy r in g e  pump and s a l in e  was pumped 
through  th e  d ia ly s i s  loop a t  a r a te  o f 1 m ic ro l i te r /m in u te . 
Samples were c o l le c te d  a t  h a lf -h o u r  in t e r v a l s  and fro zen  u n t i l  
assayed  fo r  PEA and p-TYM.

In  a n e s th e tiz e d  r a t s ,  b a s a l PEA le v e ls  in  th e  d ia ly s a te  were 
44 .3  + 17.8 picogram s p e r  30 m ic r o l i te r  sam ple. B asal p-TYM 
le v e ls  in  th e se  same samples were 3 .6  +  0 .34  picogram s.

In  awake r a t s ,  th e  le v e ls  o f PEA d e te c te d  in  th e  d ia ly s a te  
v a r ie d  m arkedly from sample to  sam ple. Some samples co n ta in ed  
le s s  than  1 picogram  o f PEA w hereas o th e rs  co n ta in ed  50 
p icogram s. P-TYM le v e ls  v a r ie d  even more m arkedly from a low of 
1 to  a h igh  o f 113 p icog ram s/sam p le . The le v e ls  o f th e se  two 
amines v a r ie d  in d e p en d en tly . These le v e ls  were o f te n  g r e a te r  
than  th e  amounts o f dopamine d e te c te d  in  s im i la r  sam ples.

274.18 BINDING CHARACTERISTICS OF 2 - [125I]-IODOMELATONIN IN HAMSTER 
BRAIN MEMBRANES M.J , Duncan* J . S .Takahashi  and M.L .Dubocovich 
(SPON: E .M .S ilin sk y ) . D ept. Pharm acology, N orthw estern  Univ. 
Med. School, Chicago, IL 60611 and D ept. N eurobiology and 
P hysio logy , N orthw estern  U n iv ., E vanston, IL 60201.

The p in e a l  hormone, m e la to n in , m ed ia tes photoperiodic 
r e g u la t io n  o f  re p ro d u c tio n  in  mammals. Im p la n ta tio n  o f  melatonin 
in  th e  su p rach ia sm a tic  a re a  o f  th e  hypothalam us le ad s  to  gonadal 
re g re s s io n  in  p h o to s tim u la te d  w h ite - fo o te d  m ice, su g g es tin g  that 
t h i s  re g io n  may be th e  s i t e  o f  a c t io n  o f  m e la to n in  (G lass and 
Lynch, N euroendocrinol . 35:117, 1982). M ela ton in  b in d in g  s ite s  
have been  s tu d ie d  in  bovine and r a t  b r a in  u s in g  3H-melatonin 
(C a rd in a li  e t  a l ,  E n d oc rino l. 105:437, 1979; N ile s  e t  a l ,  Eur. J. 
Pharm. 55:219, 1979). R ecen tly , Dubocovich e t  a l  (Neurosci. 
A b s t r . ,  1986) have dem onstra ted  t h a t  th e  new ra d io lig a n d , 
2 - [125I ] - io dom ela ton in , p o sse ss in g  h ig h  s p e c i f ic  a c t i v i t y ,  labels  
m e la to n in  re c e p to r s  in  ch icken  and r a b b i t  r e t i n a .  T h e re fo re , we 
used  th i s  r a d io lig a n d  to  id e n t i f y  m e la to n in  b in d in g  s i t e s  in 
ham ster (M. a u ra tu s ) b r a in .  B inding o f  2 - [125I]-iodom ela ton in  
(100 pM) was determ ined  in  washed membranes p rep a re d  from whole 
b r a in  in  50 mM T ris-H C l b u f f e r  (pH 7 .7 ) a t  0°C. S p e c if ic  binding 
as d e f in e d  w ith  10 μM 6 -C l-m ela to n in  was 80% o f  t o t a l  binding. 
S p e c if ic  2 - [125I]- io d o m e la to n in  b in d in g  to  b r a in  membranes 
reached  a p la te a u  w ith in  30 m inutes and was s ta b le  fo r  150 
m in u tes . 2 - [125I]- io d o m e la to n in  b in d in g  was com plete ly  rev e rs ib le  
by a d d i t io n  o f  6 -C l-m ela to n in  a t  120 min. 2 - [125I]-iodom ela ton in  
b in d in g  in c re a s e d  l i n e a r l y  w ith  t i s s u e  co n cen tra tio n . 
S a tu r a b i l i ty  o f  th e  2 - [123I]- io d o m e la to n in  b in d in g  s i t e s  was 
in v e s t ig a te d  in  two w ays. C om petition  experim en ts with 
u n la b e l le d  2 - iodom ela ton in  showed th a t  b in d in g  was sa tu ra b le . 
S ca tch ard  a n a ly s is  u s in g  2 - [125I]- io d o m e la to n in  [0 .2 0 –12.00 nM] 
y ie ld e d  a Kd-4.3 nM and Bmax-112.8 fmoles/mg p ro te in .  The 
p h arm aco log ica l p r o f i l e  o f  th e  2 - [125I]- io d o m e la to n in  binding 
s i t e  was in v e s t ig a te d  in  c o m p e titio n  s tu d ie s .  Monophasic 
do se-resp o n se  cu rves dem onstra ted  th a t  th e  o rd e r  o f  potency 
(IC5 0 , nM) o f  s e v e ra l indo leam ines i s :  6 -C l-m ela to n in  (4) > 
2 -iod o m ela to n in  (5) > N -a c e ty ls e ro to n in  (1 3 ), m e la to n in  (20) > 
6 -hydroxym elaton in  (125 ), 5 -m ethoxytryptophol  (225) > 
5 -m ethoxytryptam ine (1000), N -ace ty l try p tam in e  (2225), and 
s e ro to n in  (4000). There was a  s ig n i f i c a n t  c o r r e l a t i o n  between the 
po tency  o f  5-m ethoxyindoles to  compete f o r  2 - [125I]-io d o m ela to n in  
b in d in g  in  ham ster b r a in  and to  i n h i b i t  3H-dopamine r e le a s e  from 
r a b b i t  r e t i n a  in  v i t r o  ( r =0 .835 ; p< 0 .0 5 ), su g g es tin g  th a t 
2 - [123I] - io d o m e la to n in  may la b e l  a m e la to n in  re c e p to r  in  ham ster 
b r a in .  These s tu d ie s  show th a t  2 - [123I]- io d o m e la to n in  can be 
used  to  id e n t i f y  th e  s i t e  o f  a c t io n  o f  m e la to n in  in  ham ster 
b r a in .  Supported  by g ra n ts  NS-07909 (MJD); NIMH, NSF and S earle  
S ch o la rs  award (JST) and NSF CCB-8402–007 and NIH RR 05470 (MLD).
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274.19 2 - [125I]-IODOMELATONIN: A NEW RADIOLIGAND FOR CHARACTERIZATION OF 
MELATONIN RECEPTORS. M.L. D ubocovich. S .S . Ni kaido  and J .  S. 
Takahashi . D ept. P harm aco l., N o rthw estern  U niv. Med. Sch.,  
Chicago, IL 60611, and D ept. N eu ro b io l. and P h y s io l. ,  
N o rthw estern  Univ. E vanston, IL 60201.

M ela ton in  i n h i b i t s  th e  ca lc ium -dependen t r e le a s e  o f dopamine 
from r a b b i t  and ch ick en  r e t i n a  th rough  a c t iv a t io n  o f  a s i t e  
p o sse ss in g  th e  p h arm aco log ica l and fu n c t io n a l  c h a r a c te r i s t i c s  of 
a re c e p to r  (D ubocovich, M .L ., J .  Pharm acol. Exp. Ther. 234: 395, 
1985). The aim o f  th i s  s tudy  was to  c h a ra c te r iz e  m ela ton in  
re c e p to r  s i t e s  in  r e t i n a  u s in g  2 - [ 1 25 I] - io dom ela ton in ,  which was 
s y n th e s iz e d  as p re v io u s ly  d e s c r ib e d  (V akkuri e t  a l . ,  Anal. 
Biochem. 142: 284, 1984). The po tency  o f  2 -iod o m ela to n in  to  
i n h i b i t  th e  ca lc ium -dependen t r e le a s e  o f  3H-dopamine from the 
ch icken  (IC 50 : 100 pM) and th e  r a b b i t  (IC50 : 30 pM) r e t in a s  was 
s im i la r  to  t h a t  o f m e la to n in , su g g e s tin g  th a t  io d in a tio n  of 
m e la to n in  d id  n o t a l t e r  i t s  b io lo g ic a l  a c t i v i t y .

B inding o f  2- [1 2 5 I] - io d o m ela to n in  (0 .0 2 5 –1 .2  nM) was 
determ ined  in  washed membranes p rep a re d  from ch icken  and ra b b i t  
r e t in a  in  50 mM T ris/H C l b u f f e r  ( a s c o rb ic  a c id  0.1%, pH, 7 .4 ) a t  
0°C. Samples were in c u b a ted  fo r  5 h , and th e  r e a c t io n  was 
te rm in a ted  by ra p id  f i l t r a t i o n .  The b in d in g  o f  2 - [ 125I ] -  
iodom ela ton in  was tim e dependen t, s a tu r a b le ,  o f  h ig h  a f f i n i t y  
and in c re a s e d  l i n e a r l y  w ith  t i s s u e  c o n c e n tra t io n . B inding  o f 2- 
[125I ] - iodom ela ton in  was in h ib i te d  by NaCl  (10–200 mM), b u t was 
n o t a f f e c te d  by KCl , CaCl 2 o r  MgCl 2 . 6 -Cl -M ela ton in , used  to  
d e f in e  s p e c i f ic  b in d in g , in h ib i te d  90% o f  t o t a l  2 - [ 125I ] -  
iodom ela ton in  b in d in g . S ca tch ard  a n a ly s is  o f  2 - [1 2 5 I]- io d o 
m e la to n in  d e f in e d  w ith  6 - C l-m e la to n in  (3 uM) r e s u l t e d  in  a  Kd -  
0 .43  + 0 .06  nM and a Bmax =  7 4 . 0 + 13.6  fmol/mg p r o te in  (n-5) 
in  th e  ch ick en  r e t i n a .  C om petition  experim en ts  showed a 
monophasic re d u c t io n  o f  2 - [ 1 2 5 I] - io d o m ela to n in  b in d in g  by 
m e la to n in  ana logs  w ith  th e  fo llo w in g  pharm aco log ica l p r o f i l e  
( a f f i n i t y ,  nM): 2 -iod o m ela to n in  (2 .5 )  > 6 -Cl -m e la to n in  (4 .0 ) > 
m e la to n in  (6 .3 )  > 6 -OH-m elatonin (74) > 6 -OCH3 m e la to n in  (460) > 
N -a c e ty l-  try p tam in e  (1 ,600 ) > N -a c e ty l 50H -tryptam ine (3 ,000) > 
5-OCH3 try p tam in e  (4 ,6 0 0 ) . S e ro to n in , and o th e r  in d o le s  la ck in g  
the  e th y l  N -ace ty l group were in a c t iv e .  Drugs a c tin g  a t  
s e ro to n in , a lp h a -a d re n e rg ic , and dopamine r e c e p to r s  and neuronal 
uptake in h ib i to r s  d id  n o t a f f e c t  2 - [125I ] - iodom ela ton in  b in d in g . 
The c o r r e la t io n s  betw een th e  po tency  o f  m e la to n in  analogs to  
compete f o r  2 - [ 125I]- io d o m e la to n in  b in d in g  s i t e s  and to  in h ib i t  
the  ca lc ium -dependen t r e le a s e  o f  3H-dopamine b o th  in  ch icken  ( r  = 
0 .961, p < 0 .0 1 , n =  9) and r a b b i t  r e t i n a  ( r  = 0 .799 , p < 0 .0 1 , n 
=  8) were s ig n i f i c a n t .  We conclude th a t  2 - [125I]-io d o m ela to n in  
i s  a s e le c t i v e  and s p e c i f ic  l ig a n d  fo r  th e  i d e n t i f i c a t i o n  and 
c h a ra c te r iz a t io n  o f  m e la to n in  r e c e p to r s .  S upported  by g ra n ts  EY 
04877 to  MLD, and NIMH, NSF and S e a rle  S ch o la rs  to  JST.

UPTAKE, STORAGE AND SECRETION II

275.1 EFFECT OF IRREVERSIBLE BETA-ADRENORECEPTOR LIGANDS ON THE NOREPI
NEPHRINE UPTAKE SYSTEM IN RAT BRAIN SYNAPTOSOMES. K.M. Standifer, 
C. Sumners, S.P. Baker and J .  Pitha*, Depts. of Pharmacology and 
Physiology;' Univ. of Fl ori da, Col lege of Medicine, Gainesville, FL 
32610, and GRC-National In s titu te  on Aging, Baltimore, MD, 21224.

Previous studies have shown that bromoacetylalprenololmentane 
(BAAM) i s an i rreversib le beta-adrenergic antagonist (Baker, S.P. 
and Pitha, J . ,  J .  Pharmacol, and Exper. Ther. ,  220:247, 1982), 
whereas bromoacetyl menthyl norepi nepnrine (BAAN; Baker, S.P. e t 
a l . ,  J . Biol . Chem. , 260:15820, 1985) and l-(2-bromoacetami do- 
i s obutyl)-4 -[N -(2-(3,4 di hydroxyphenol) -2-hydroxyethyl ) -2-amino
isobutyl ] piperazine (BHAP) are beta-adrenergic agonists which 
irreversibly bind to the receptor. These compounds were tested for 
the ir ab ility  to  block the sodium-dependent uptake of norepineph
rine (NE) in ra t cortical synaptosomes. BAAM, BAAN, and BHAP were 
found to in h ib it NE uptake (80 nM) i n a concentration dependent 
manner, with IC50 values of 0.9, 1.2, and 2.0 μM respectively. In 
the presence of 5 μM BAAN, there was no change i n the Vmax value 
for NE uptake, but an i ncrease i n the KM value (control KM 
0.35 μM; KM i n presence of BAAN, 1.3 μM). However, pretreatment of 
synaptosomes with 5.0 or 50.0 μM BAAN, followed by extensive wash
ing, resulted i n a 40 and 77% decrease in the Vmax for NE up-take 
without a change i n the KM (0.45 μM). In contrast, pretreatment 
with e ither BAAM or BHAP followed by washing, had no effect on 
e ith er the KM or Vmax value for NE uptake. The ab ility  of BAAN to 
reduce the Vmax of NE uptake was time dependent, blocked by sodium 
th iosu lfa te  (2.0 mM) and d ith i othrei tol (0.5 mM), and attenuated 
by concurrent addition of e ith er NE (10.0 μM) or desmethyl i mipra- 
mi ne (10.0 μM). BAAN seems to be relatively  selective for the NE 
uptake system as incubations with s tr ia ta l synaptosomes inhibited 
[3H]dopami ne (DA; 70.0 nM) uptake only a t high concentrations 
(IC50 value 2.0 × 10–4 M). However, preincubations with BAAN fo l
lowed by washing did not a lte r  the Km or Vmax of DA uptake. The 
data i ndicate tha t the alkyl ating agents BHAP, BAAM, and BAAN are 
inh ib ito rs of sodium-dependent NE uptake, and, BAAN appears to 
bind i rreversibly to  NE uptake s i te s . Furthermore, BAAN i s re la
tively  selective for the NE uptake system. BAAN may be a useful 
agent for probing the NE transport system.

Supported by NIH grant GM34905.

275.2 STEREOSELECTIVE UPTAKE OF [ 3H]ATENOLOL BY ADRENERGIC STORAGE 
GRANULES ISOLATED FROM PC 12 CELLS. E.E . Bagw ell*. J .G . Webb*. T. 
W alle* and T .E . Gaffney* (Spon. S. K a tz ), D epartm ents o f C e ll and 
M olecu lar Pharmacology and M edicine, Med. Univ. o f S .C ., C h a rle s 
to n , SC 29425.

P rev ious  s tu d ie s  from th e se  la b o ra to r ie s  have shown th a t  th e  
b e ta  re c e p to r  b lo ck in g  drugs p ro p ra n o lo l and a te n o lo l  a re  ta k en  up 
by bo th  p e r ip h e ra l  and c e n tr a l  a d re n e rg ic  neu ro n s . In  a d d i t io n ,  
upon a p p ro p r ia te  s t im u la t io n ,  th e  r e le a s e  of th e s e  a n ta g o n is ts  can 
be dem onstra ted  b o th  in  i n t a c t  an im als and in  i s o la te d  sy nap to 
somes and g an g lio n  p re p a ra t io n s .  These o b s e rv a tio n s  have le d  to  
th e  developm ent o f th e  h y p o th e s is  t h a t  th e  u p take  and subsequent 
r e le a s e  o f b e ta  r e c e p to r  a n ta g o n is ts  in to  th e  sy n a p tic  c l e f t  n ea r 
e f f e c to r  s i t e s  in  th e  c e n tr a l  o r p e r ip h e ra l  nervous system  may 
p la y  a r o le  in  th e  a n t ih y p e r te n s iv e  and o th e r  th e ra p e u tic  a c tio n s  
o f th e se  d ru g s . The o b je c t iv e  of th e  p re s e n t s tu d y  was to  extend 
th e s e  o b s e rv a tio n s  to  determ ine  w hether th e  up take  o f b e ta  rece p 
to r  a n ta g o n is ts  in to  a d re n e rg ic  s to ra g e  g ra n u le s  i s  m ediated  by an 
a c t iv e ,  s te r e o s e l e c t iv e  t r a n s p o r t  p ro cess  s im i la r  to  th a t  
d e sc r ib e d  fo r  ca tech o lam in es .

S to rag e  g ra n u le s  were is o la te d  from PC12 c e l l s  by th e  method o f 
R ebois e t  a l . (Biochem 19: 1240, 1980) and exposed to  0 .05  μM 
( +) [3H )a te n o lo l o r  ( –)[ 3H ]no rep ineph rine  (NE) fo r  15 min (pH 7 .4 )  
a t  37°C and 0°C. The up take  o f bo th  drugs a t  0°C was ap p ro x i
m ate ly  20% o f t h a t  a t  37°C and was s u b tra c te d  in  each a ssay . At 
37°C and in  th e  p resen ce  o f 1 mM ATP up take  o f NE was 3.01 + 0.37 
pmol/mg p ro te in  and a te n o lo l  was 1.1 + 0 .2  pmol /mg p ro te in .  In  
th e  absence o f ATP, NE up take  was reduced by 80 ± 2% and a te n o lo l  
up take  by 77 + 3%. Uptake o f bo th  m olecu les was in h ib i te d  90% by 
e i t h e r  r e s e rp in e  (1 μM), an in h ib i to r  of th e  v e s ic u la r  amine 
c a r r i e r ,  o r  by n ig e r ic in  ( 2 μg /m l) w hich d i s s ip a t e s  th e  p ro to n  
g ra d ie n t  a c ro ss  th e  g ran u le  membrane. In  a d d i t io n ,  NE up take  was 
in h ib i te d  when in cu b a ted  w ith  a te n o lo l  and, lik e w is e , a te n o lo l  
u p take  was reduced in  th e  p resen ce  of NE. Uptake was u n a ffe c te d  
by e i t h e r  desip ram ine  (1 μM), an i n h ib i to r  o f up take  1, o r o lig o -  
mycin (2 μg /m l) , an i n h ib i to r  of m ito ch o n d ria l ATPase.

To examine p o s s ib le  s te r e o s e l e c t iv e  up take  o f a te n o lo l , a l i 
quo ts  of th e  g ra n u le  p re p a ra t io n  were exposed to  racem ic [3H ]a ten 
o lo l  a t  37°C and 0°C and th e  ( –) and (+) enan tiom ers su b seq u en tly  
s e p a ra te d  by HPLC fo llo w in g  c h i r a l  d e r iv a t i z a t i o n .  At 37°C, th e  
up take  o f ( –) a te n o lo l  was 4.3X th a t  o f th e  (+) isom er, w h ile  a t  
0°C th e  up take  o f th e  enan tiom ers was n o t s te r e o s e l e c t iv e .

These r e s u l t s  su p p o rt th e  h y p o th e sis  t h a t  b e ta  r e c e p to r  b lo c k 
ing  drugs a re  s te r e o s e l e c t iv e ly  tr a n s p o r te d  in to  a d re n e rg ic  s t o r 
age g ra n u le s  by th e  ca techo lam ine  tr a n s p o r te r  p ro te in  where they  
a re  s to re d  fo r  s te r e o s e l e c t iv e  r e le a s e  d u ring  nerve  s tim u la t io n .
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275.3 THE REGULATION OF NOREPINPHRINE UPTAKE BY ECTOKINASE-MEDIATED 
PROTEIN PHOSPHORYLATION IN PC12 CELLS. J.E . C h a ffe e , Y.H. 
E h r l ic h , and E.D. Hendley. Depts. o f  Physio logy  & B iophysics and 
P sy c h ia try , Univ. o f  Vermont, B u rlin g to n , VT 05405.

A c u l t u r e d ,  n o r a d r e n e r g ic ,  n e u ro n a l  c e l l  l i n e  (PC12 c e l l s ) ,  
d e riv ed  from a r a t  ad ren a l m edu lla ry  pheochromocytoma by Greene 
and T i s c h l e r  (PNAS 7 3 :2 4 2 4 , 1976) was used  to  i n v e s t i g a t e  th e  
p o t e n t i a l  r o l e  o f  e x t e r n a l l y  l o c a t e d  p r o t e i n  k i n a s e s  
( e c t o k in a s e s ;  E h r l ic h  e t  a l . ,  N a tu re , 3 2 0 :6 7 , 1986) in  th e  
r e g u l a t i o n  o f  n o r e p in e p h r in e  (NE) u p ta k e 1. H en d le y , e t  a l  
(su b m itted ) p rov ided  ev idence fo r th e  p o te n t ia l  involvem ent o f  a 
p h o s p h o r y la t io n  p r o c e s s  in  th e  r e g u l a t i o n  o f  s y n a p to s o m a l NE 
u p ta k e 1. T hese e x p e r im e n ts  d e m o n s tra te d  t h a t  NE u p ta k e  was 
in h ib i te d  by th e  a d d itio n  o f AppNHp, a non-hydrol yzab le  form o f  
ATP. T h is  A p p N H p -sen s itiv e  u p ta k e  was a l s o  shown to  be 
dependent on c a lc iu m , but independent o f  magnesisum. Incu b a tio n  
o f  th e  s y n a p to s o me s  w ith  γ- 32 p-ATP, fo l lo w e d  by SDS-PAGE and 
a u t o r a d i o g r a p h y ,  s h o w e d  a c o r r e l a t i o n  b e t w e e n  t h e  
p h o s p h o r y l a t i o n  o f  a 3 9 K d a l t o n  p r o t e i n  and u p ta k e .  
S p e c i f ic a l ly ,  th i s  p ro te in  was phospho ry la ted  in  th e  p resence  o f  
ca lc iu m , n o t magnesium, and in h ib i te d  by AppNHp.

F u r t h e r  i n v e s t i g a t i o n  o f  t h i s  p r o c e s s  r e q u i r e d  t h e  
u t i l i z a t i o n  o f  an i n t a c t  c e l l  p r e p a r a t i o n .  PC12 c e l l s  w ere 
chosen because they  appear to  po sse ss  a h ig h - a f f i n i t y  NE uptake. 
To a s c e r ta in  th e  v a l id i t y  o f t h i s  model system , i t  was n ec essa ry  
to  d em o n stra te  th a t  NE uptake in  PC12 c e l l s  was s im i la r  to  th a t  
in  s y n a p to so m e s  and t h a t  th e s e  c e l l s  p o s s e s s  e c to k in a s e  
a c t i v i t y .

Uptake was determ ined  by m easuring  th e  in c o rp o ra tio n  o f 3h-NE 
in to  th e  c e l l s .  P re lim in a ry  a n a ly s is  o f  5 min in c u b a tio n s  in  a 
K reb 's-R inger s o lu tio n  gave an app a ren t Km o f 0.38 uM. S tu d ie s  
o f in h ib i t io n  o f uptake by th e  s p e c i f ic  p h arm aco log ica l ag e n ts  
n is o x e t in e  and d esm ethy lim ip ram ine  gave IC50 v a lu es  c o n s is te n t  
w ith  th o s e  r e p o r t e d  fo r  s y n a p to s o m a l u p ta k e . F u r th e rm o re ,  
in c u b a t io n  o f  PC12 c e l l s  w ith  10μ M e x t r a c e l l u l a r  γ - 32p-ATP, 
fo l lo w e d  by SDS-PAGE and a u to r a d io g r a p h y ,  d e m o n s tra te d  th e  
e x i s t e n c e  o f  e c to k in a s e  a c t i v i t y .  In a d d i t i o n ,  o m iss io n  o f  
m agnesium  o r c a lc iu m  from  th e  in c u b a t io n  medium p ro d u ced  
p a t te r n s  o f phosphopro te in  la b e l l in g  th a t  were s im i la r  to  th o se  
seen in  synaptosom es, in c lu d in g  th e  p resence  o f  a phosphopro tein  
w ith  an a p p a re n t  MW o f  42–4 5 K d a lto n s  l a b e l l e d  o n ly  in  th e  
p r e s e n c e  o f  c a lc iu m . (S u p p o rte d  by PHS MH36064 and 
USAFOSR 84–0331).

275.4 PROTECTION OF THE CATECHOLAMINE TRANSPORTER IN BOVINE CHROMAFFIN 
GRANULES FROM INHIBITION BY N-ETHYLMALEIMIDE. J.D. D eupree  and 
D.A. Rohn*. D ep t. P h arm a co lo g y , U niv. N eb rask a  M ed ic a l C e n te r , 
42nd and Dewey, Omaha, NE 68105

C atecholam ines a re  tra n sp o r te d  in to  ch rom affin  g ran u le s  v ia  a 
c a r r ie r -m e d ia te d ,  a c t iv e  tr a n s p o r t  p ro cess . We have p rev io u sly  
d e m o n s tr a te d  t h a t  t h i s  t r a n s p o r t  p ro c e s s  can  be s tu d ie d  by 
m e a s u r in g  3 H -n o re p in e p h r in e  t r a n s p o r t  i n t o  and 3 H - re s e rp in e  
b in d in g  to  ch ro m affin  g ran u le  gh o s ts  (J. B io l. Chem. 259: 10907- 
10912, 1984). Both 3H -norep inephrine  t r a n s p o r t  and 3H -re se rp in e  
b in d in g  a r e  i n h i b i t e d  by N -e th y lm a le im id e  (NEM) in  th e  1 μ M 
ra n g e . Mg and ATP have been  r e p o r t e d  by o th e r s  t o  p r o t e c t  th e  
t r a n s p o r t  o f n o r e p in e p h r in e  i n t o  c h ro m a f f in  g r a n u le s  from  th e  
i n h i b i t i o n  by NEM. U nder o u r  c o n d i t i o n s .  Mg and ATP (4 mM) 
s h i f t e d  th e  IC50 f o r  NEM i n h i b i t i o n  o f  3H -n o re p in e p h r in e  
t r a n s p o r t  in to  and 3H -re se rp in e  b in d in g  to  gh o s ts  to  th e  r ig h t  by 
a m a g n itu d e  o f  400. We p o s tu l a t e d  t h a t  a s u l f h y d r y l  g roup  
in v o lv e d  w i th  c a te c h o la m in e  t r a n s p o r t  may be ex p o sed  on th e  
o u ts id e  o f th e  membrane in  th e  absence of a membrane p o te n t ia l .  
When Mg and ATP a r e  ad d ed , th e  Mg ATPase i s  a c t i v a t e d  and a 
m em brane p o t e n t i a l  d e v e lo p s  w h ich  p ro d u c e s  a  c o n fo rm a t io n a l  
change th a t  causes th e  su lfh y d ry l group to  become b u rie d  in  th e  
membrane and l e s s  a c c e s s ib le  to  NEM. To t e s t  t h i s  h y p o th e sis  we 
examined th e  e f f e c t s  of an uncoup ler of o x id a tiv e  ph o sp h o ry la tio n  
on th e  NEM i n h i b i t i o n  o f 3H -n o re p in e p h r in e  t r a n s p o r t  and 3H- 
r e s e r p in e  b in d in g .  Our r e s u l t s  d e m o n s tr a te d  t h a t  Mg and ATP 
s t i l l  p r o t e c t e d  th e  t r a n s p o r t e r  from  i n h i b i t i o n  by NEM even 
though th e  membrane p o te n t ia l  was d is s ip a te d  by the  uncoupler. A 
check o f th e  m e ta l ion  and n u c le o tid e  requ irem en t rev ea led  th a t  a 
m e ta l io n  was n o t re q u ire d  fo r  p ro te c t io n  of th e  t r a n s p o r te r  from 
NEM in h ib i t io n .  ATP cou ld  be rep laced  by ADP and GTP b u t n o t by 
AMP, pyrophosphate , in o rg a n ic  phosphate o r cAMP. These r e s u l t s  
s u g g e s t  t h a t  th e  a b i l i t y  o f  ATP t o  p r o t e c t  th e  t r a n s p o r t  o f 3H- 
n o rep in ep h rin e  in to  and th e  b ind ing  o f 3H -re se rp in e  to  ch rom affin  
g ran u le  g h osts  from in h ib i t i o n  by NEM may be independen t of i t s  
a c t i o n  on th e  Mg ATPase s in c e  n e i t h e r  a m e ta l  io n  n o r  a  h ig h  
en e rg y  p h o s p h a te  bond a r e  r e q u i r e d .  A d i -  o r  t r i p h o s p h a te  
n u c l e o t i d e  a p p e a rs  t o  be r e q u i r e d  f o r  th e  p r o t e c t i o n  o f  th e  
t r a n s p o r t e r  from NEM in h ib i t io n .  (Funded by NINCDS # NS15187).

275.5 EXTRACELLULAR MATRIX (ECM) CHANGES PC12 CELL SHAPE AND PROCESSING 
OF NEWLY SYNTHESIZED DOPAMINE (DA). C.L. B e th ea , Oregon Regional 
P rim a te  R esearch  C en te r, B eaverton , OR 97006.

PC12 c e l l s  c u l tu re d  on ECM f l a t t e n  e x te n s iv e ly  and show an 
in c re a s e  in  DA r e l e a s e  w ith  a d ec re a se  in  DA c o n te n t r e l a t i v e  to  
round c e l l s  on p l a s t i c  as  m easured w ith  a COMT ra d io en zy m a tic  assay  
(Mol. C e ll Endo. 37:319). To de te rm in e  i f  t h i s  d i f f e re n c e  was a 
r e s u l t  o f  a change in  DA s y n th e s is  o r a change in  p o s t - s y n th e t ic  
p ro c e s s in g , c e l l s  were incubated  w ith  3 H -ty ro s in e  (TY). Newly 
s y n th e s iz e d  DA and NE were determ ined  in  medium and c e l l s  u s in g  
Dowex c a t io n  exchange chrom atography fo r  s e p a ra t io n  o f 3H-TY, 3H-DA 
and 3H-NE. C e ll and medium c o n c e n tra t io n s  o f  3H-TY w ere a ls o  
d e te rm in ed . The e f f e c t s  o f  (a) c e l l  shape induced by ECM o r 
p l a s t i c  s u b s tra tu m , (b) p resence  o r absence o f  serum and (c) 3H-TY 
s p e c i f i c  a c t i v i t y  w ere assessed  from 1–48 h r s .  ANOVA and t - t e s t  
were used  fo r  a n a ly s is .  In  th e  p resen ce  o f  serum , h ig h e r  le v e ls  o f 
3H-DA w ere d e te c ta b le  sooner when 3H-TY was added to  ty r o s in e - f r e e  
medium in s te a d  o f  ty ro s in e -c o n ta in in g  medium (h ig h  v s. low spec, 
a c t .) .  3H-DA r e l e a s e  was h ig h e r in  ECM c u l tu r e s  w hereas 3H-DA 
co n te n t was h ig h e r  in  p l a s t i c  c u l tu r e s ,  b u t t o t a l  3H-DA (medium + 
c e l l s )  was h ig h e r  in  p l a s t i c  c u l tu r e s .  DA s y n th e s is  was then  
examined w ith  h igh  s p e c i f i c  a c t i v i t y  3H-TY in  th e  p resen ce  and 
absence o f  serum . Column v a l id a t io n  showed 3H-DA s ta n d a rd  
r e t e n t io n  by Dowex r e s in  was d ec reased  w ith  se ru m -c o n ta in in g  
medium. The d if f e re n c e s  betw een ECM and p l a s t i c  c u l tu r e s  were more 
pronounced w ith  se ru m -fre e  medium. Again, 3H-DA r e le a s e  was h ig h e r 
in  ECM c u l tu r e s  w hereas 3H-DA c o n te n t was h ig h e r in  p l a s t i c  
c u l tu r e s ,  b u t t o t a l  3H-DA was equa l in  ECM and p l a s t i c  se ru m -fre e  
c u l tu r e s  which d i f f e r e d  from m atching c u l tu r e s  c o n ta in in g  serum . 
To v e r i f y  th e s e  r e s u l t s  and to  c o n tro l  fo r  th e  ty ro s in e  l i m i t a t i o n  
in c u rre d  w ith  ty r o s in e - f r e e  medium, ca tech o lam in e  s y n th e s is  was 
examined in  s e ru m -fre e  medium w ith  h igh  and low 3H‒TY s p e c i f i c  
a c t i v i t y .  3H-DA d ec lin e d  a t  48h in  ECM and p l a s t i c  c u l tu r e s  when 
3H-TY was added to  ty r o s in e - f r e e  medium b u t n o t when ty r o s in e -  
c o n ta in in g  medium was used. However, 3H-DA r e l e a s e  was h ig h e r in  
ECM c u l tu r e s  and 3H-DA c o n te n t was h ig h e r  in  p l a s t i c  c u l tu r e s ,  b u t 
t o t a l  3H-DA was equa l in  ECM and p l a s t i c  c u l tu r e s  r e g a rd le s s  o f  th e  
3H-TY s p e c i f i c  a c t i v i t y .  In  a l l  o f  th e s e  ex p e rim en ts , 3H-NE was 
m a rg in a l ly  d e t e c ta b le  and lo o s e ly  r e f l e c te d  th e  p a t te r n  o f 3H-DA. 
I t  was concluded th a t  w ith  s e ru m -fre e  medium (1) d e te rm in a tio n  o f  
c a tech o lam in e  s y n th e s is  w ith  c a tio n  exchange chrom atography may be 
more a c c u ra te  and (2) th a t  PC12 c e l l s  o f  d i f f e r e n t  shapes on ECM 
and p l a s t i c  sy n th e s iz e  s im i la r  l e v e ls  o f  DA b u t th en  p ro cess  i t  
d i f f e r e n t ly  in  te rm s  o f  r e l a t i v e  s e c r e t io n  and s to ra g e .
Supported  by AM35044 and RR00163.

275.6 ON-LINE DETECTION OF SECRETION FROM MONOLAYER CULTURES OF 
BOVINE ADRENAL CHROMAFFIN CELLS. T.D. White, J.M. Bourke* and 
B.G. L ive tt. School of Biochemistry, U. of  Mel bourne, 
Parkville, Victoria, A ustralia, 3052.

We have developed a method for d irectly  monitoring ATP 
release , as an indicator of secretion, from 72 hr primary 
monolayer cultures of bovine adrenal chromaffin ce lls  plated on 
m ultiwell, collagen-coated culture tray s. Before assay, the 
culture medium was replaced with 3 changes of 0.5 ml HEPES- 
Locke's buffer containing 0.25% BSA at 25°C. 20 μl of f ire f ly  
l uciferin -luciferase reagent were added to the te s t well and 
the tray covered with reflec tive  aluminum f o i l .  The tray was 
placed into a lig h t-tig h t box with the te s t well positioned 
d irectly  above an RCA 931B photomultiplier tube. Drugs were 
added to the wel l  by penetrating the fo il with a Hamilton 
syringe through an injection port in the lid  and the box shaken 
horizontally to  provide mixing. The ligh t produced from the 
ATP-l u ciferin -l uciferase reaction was detected by the 
photomultiplier tube connected to an Aminco microphotometer  and 
recorded for up to 20 min. This system easily  detected 10–10M 
ATP in 0.5 ml of medium. Nicotine caused a highly reproducible 
release of ATP from monolayers of chromaffin c e lls . 
Surprisingly, nicotine-evoked ATP release had 3 d istin c t 
phases: 1) an in i t i a l ,  rapid phase beginning at < 1 sec and 
plateauing a t 1.5–2 min; 2) a second phase beginning at 
1.5–2 min and peaking at 3–4 min; 3) a slow, la te  phase of ATP 
release which persisted for > 20 min. The dose-response curve 
for peak ATP release produced by nicotine was b el l -shaped with 
threshold at 10–5 M nicotine, maximum at 10–3 M nicotine and 
higher concentrations e lic itin g  reduced responses (e .g . peak 
release of ATP by 10–4 M nicotine was only 72% of release 
obtained with 10–  5M). However, the in i t ia l  ra te  of ATP 
release by 10– 4 M nicotine was twice that observed for 10– 5 M 
nicotine, but by 8–10 sec, ATP release by 10–4 M nicotine 
declined, possibly indicating the onset of receptor 
desensitization . The triphasic  nature of nicotine-evoked ATP 
release has not been observed with suspensions of chromaffin 
c e lls , where release usually tenninates by 3–4 min. We believe 
that plated cultures more closely resemble chromaffin ce lls  
in s i tu . Moreover, most studies of chromaffin cell function, 
such as amine release , have u tilized  sim ilar monolayer 
cu ltu res. This technique should permit temporal comparisons of 
these various functions to be made. (Supported by the NHMRC of 
Australia and the MRC of Canada. T.D. White was an MRC 
Visiting S c ien tis t.)
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275.7 ASCORBIC ACID RELEASE FROM PRIMARY CULTURES OF BOVINE ADRENO- 
MEDULLARY CHROMAFFIN CELLS. J .  K noth*, O. H. V iveros and 
E. J .  D i l i b e r to ,  J r .*  (SPON: F. S. M e n n it i) . Wellcome Research 
L a b o ra to r ie s , R esearch T r ia n g le  P ark , NC 27709.

A scorb ic a c id  i s  re le a s e d  by v a r io u s  sec re tag o g u es  from both  
i n t r a -  and e x t r a v e s ic u la r  com partm ents in  ch rom affin  c e l l s  
su g g es tin g  a d i f f e r e n t i a l  r e le a s e  o f  endogenous ca techo lam ines  
(CA) and new ly -acqu ired  (14C )asco rb a te  (NA-ASC). Because NA-ASC 
d is t r i b u t e s  p redom inan tly  in to  th e  post-m icrosom al s u p e rn a ta n t 
f r a c t io n ,  th e  p o s s i b i l i t y  th a t  a sc o rb a te  i s  la b e l in g  a mechani
c a l ly  f r a g i l e  com partm ent(s) was in v e s t ig a te d  by s im u ltan e o u sly  
m onito ring  th e  r e le a s e  o f  NA-ASC and o th e r  s u b c e l lu la r  m arkers 
such as  α-a m in o iso b u ty r ic  a c id  (AIB) (a no n -m e tab o lizab le  amino 
ac id  o f te n  used as  a c y to s o l ic  m a rk e r) , s o lu b le  a c e ty lc h o lin 
e s te r a s e  (AchE), (a marker fo r th e  c i s t e r n a e  o f  endoplasm ic 
re ticu lum ) and CA (a marker fo r ch rom affin  v e s i c l e s ) .

In c re a s in g  th e  o s m o la lity  o f th e  in c u b a tio n  medium cau ses  a 
p ro g re s s iv e  in h ib i t i o n  o f  s e c r e t io n  fo r  CA, NA-ASC and AIB. 
C atecholam ine s e c r e t io n  i s  maximal near isoosm o tic  c o n d itio n s  
whereas NA-ASC and AIB s e c r e t io n  p ro g re s s iv e ly  in c re a s e s  w ith  
in c re a s in g  h y p o to n ic ity . The p r o f i l e  o b ta in ed  fo r  AIB i s  n e a rly  
id e n t ic a l  to  t h a t  o f  NA-ASC im plying re le a s e  from th e  same 
com partm ent. We a ls o  ana lyzed  r e le a s e  from d ig i to n in -p e rm e - 
a b i l iz e d  c e l l s .  D ig ito n in  tre a tm e n t in c re a s e s  NA-ASC and AIB 
re le a s e  in  th e  p resen ce  o r absence o f  Ca2+ in  a c o n c e n tra t io n  
and tim e dependent m anner. AchE re le a s e  was a l s o  m onitored  a t  
v a r io u s  o s m o la l i t ie s  and in  p e rm eab ilize d  c e l l s .  Under th e se  
c o n d itio n s  AchE re le a s e  i s  ve ry  s im i la r  to  ca techo lam ine  b u t n o t 
AIB re le a s e  im plying th a t  NA-ASC and AIB a re  p robab ly  n o t being 
re le a s e d  from th e  endoplasm ic re t ic u lu m .

We a l s o  in v e s t ig a te d  th e  e f f e c t s  o f v a r io u s  io n ic  c o n d itio n s  
on NA-ASC r e l e a s e .  NA-ASC re le a s e  was measured fo llow ing  
com plete s u b s t i tu t io n  o f  e x te rn a l  Cl–  w ith  v a r io u s  an ions 
( i s e th io n a te ,  NO3–, SO42‒ and g lu ta m a te ) . In  a l l  c a se s  NA-ASC 
re le a s e  was in h ib i te d  a t  l e a s t  40%. A d d itio n a lly , rep lacem ent 
o f e x te rn a l  NaCl  w ith  e i th e r  LiCl  o r su c ro se  in h ib i te d  NA-ASC 
r e le a s e  app rox im ate ly  50% and 85%, r e s p e c t iv e ly ,  su g g es tin g  an 
io n ic  requ irem en t fo r  NA-ASC r e l e a s e .

To determ ine  i f  NA-ASC i s  re le a s e d  from th e  c e l l  by r e v e r s a l  
o f i t s  t r a n s p o r te r  o r th rough an an ion  channel o r an o th er t r a n s 
p o r te r ,  th e  e f f e c t s  o f ouabain  and DIDS were in v e s t ig a te d .  
Ouabain in c re a se d  th e  b a s a l r e le a s e  o f  NA-ASC and p o te n t ia te d  
v e ra tr id in e - in d u c e d  r e l e a s e .  A dd ition  o f  100 μM DIDS r e s u l te d  
in  app rox im ate ly  40% in h ib i t i o n  o f  NA-ASC r e l e a s e .  O v e ra ll ,  
th e se  r e s u l t s  su g g es t th a t  s e c r e ta b le  e x t r a v e s ic u la r  NA-ASC i s  
co n ta in ed  w ith in  a p r e s e n t ly  undefined  c y to s o l ic  com partm ent o f  
th e  c e l l .

275.8 NEUROPEPTIDE Y RELEASE FROM THE ADRENAL MEDULLA  AFTER CHOLINERGIC 
RECEPTOR STIMULATION T.D. Hexum, E.A. Ma.jane,  L.R. R u s s e t t  and 
H.-Y.T. Yang* Dept. of Pharm acol., U n iv e rs ity  of Nebraska M edical 
C e n te r , Omaha, NE 68105 and *Lab. P r e c l in .  P h a rm a c o l., NIMH, S t. 
E l iz a b e th 's  H o sp ita l , W ashington, DC 20032

P e r ip h e ra l nerves as  w e ll  as ch rom affin  c e l l s  have been shown 
to  c o n ta in  n e u ro p e p t id e  Y (NPY), a 36 am ino a c id  p e p t id e  w h ich  
e x h ib i ts  p o te n t s t im u la to ry  a c t i o n s  on v a s c u l a r  sm ooth  m u sc le . 
N europeptide Y-l ik e  im m unoreac tiv ity  (NPY-I R) has been shown to  
be r e l e a s e d  i n t o  th e  c i r c u l a t i o n  f o l lo w in g  s y m p a th e t ic  n e rv e  
s t i m u l a t i o n .  H igh a f f i n i t y ,  s a t u r a b l e  b in d in g  s i t e s  f o r  t h i s  
p e p t id e  h ave  n o t been  d e m o n s tra te d  in  th e  v a s c u l a tu r e .  S in ce  
NPY-IR i s  s to re d  in  ch rom affin  g ran u le s  we chose to  in v e s t ig a te ,  
u s in g  th e  r e t r o g r a d e ly  p e r fu s e d  b o v in e  a d r e n a l  g la n d , w h e th e r  
n i c o t i n i c  c h o l in e r g i c  r e c e p to r  s t i m u l a t i o n  r e s u l t s  in  th e  
s e c r e t io n  of th i s  m a te r ia l .  In  a d d i tio n  we m onitored  th e  re le a s e  
o f c a te c h o la m in e s  and [Met5 ] - e n k e p h a l i n - l i k e  p e p tid e s  (ME-IR) 
w hich have been dem onstra ted  to  be c o - re l eased  from th e  bovine 
ad ren a l m edulla . NPY-IR and ME-IR w ere measured u s in g  C -te rm in a l 
d i r e c t e d  a n t i s e r a  p re p a re d  from  h em ocyan in  c o n ju g a te s  o f th e  
p e p t i d e s .  H ig h  p e r f o r m a n c e  l i q u i d  c h r o m a to g r a p h y  w i th  
e le c tro c h e m ic a l d e te c tio n  was used  to  d e te rm in e  n o r e p in e p h r in e  
and  e p i n e p h r i n e  ( 3 , 4 -d ih y d ro x y b e n z y la m in e  a s  th e  i n t e r n a l  
s tan d a rd ). In c re a s in g  co n c e n tra t io n s  o f a c e ty lc h o lin e  (1 × 10–6 M 
t o  5 × 1 0 –5 M), i n f u s e d  i n  t h e  p r e s e n c e  o f  1 × 10 –5 M 
physostigm ine , produced s ig n i f i c a n t  in c re a s e s  in  NPY-IR, ME-IR as 
w e ll  as ep in ep h rin e  and n o rep in ep h rin e  re le a s e . Hexamethonium (5 
× 10– 4 M) a n ta g o n iz e d  th e  r e l e a s e  o f th e s e  s u b s ta n c e s  b u t 
a t r o p in e  (5 × 10–7 M) d id  n o t . The r o l e  o f th e  n i c o t i n i c  
c h o lin e rg ic  re c e p to r  in  th i s  p ro cess  was f u r th e r  e s ta b l is h e d  by 
e x a m in in g  th e  e f f e c t s  o f 1 , 1-d im e th y 1 ‒ 4 - p h e n y lp ip e r iz in iu m  
(DMPP). In c re a s in g  c o n c e n tra tio n s  of DMPP (1 ‒ 10–6 M to  5 × 10– 
5 M) a l s o  s t i m u l a t e d  t h e  r e l e a s e  o f  N PY -IR , M E-IR and  
c a te c h o la m in e s .  T hese d a ta  d e m o n s t r a te  t h a t  NPY-IR can  be 
re le a s e d  th rough s t im u la t io n  of th e  c l a s s i c a l  re c e p to r  m ed ia tin g  
e x o c y to s i s  from  th e  a d r e n a l  m e d u lla , i . e . ,  th e  n i c o t i n i c  
c h o lin e rg ic  re c e p to r . The ad ren a l m edulla appears to  be one of 
the  sou rces  f o r  c i r c u la t in g  NPY-IR.

S u p p o rte d  by th e  A m erican  H e a r t  A s s o c i a t i o n ,  I n c . ,  G ran t No. 
85–1059.

275.9 SODIUM CHANNELS IN  BOVINE ADRENAL MEDULLA AND THEIR 
MEDULATION BY ANTIDEPRESSANT DRUGS. M .A r i t a * , A .W ada* 
a n d  F . I z u mi ( S P O N :N .Y a n a g ih a r a ) .D e p t .o f  P h a r m a c o l .  U n iv .  
o f  O c c u p a t i o n a l  a n d  E n v i r o n m e n t a l  h e a l t h ,  S c h .o f  M e d ., 
K i ta k y u s h u  8 0 7 ,F u k u o k a ,J a p a n

I n  a d r e n a l  m e d u l l a r y  c e l l s ,  we h a v e  r e p o r t e d  t h e  
p r e s e n c e  o f  t h r e e  d i s t i n c t  i o n i c  c h a n n e l s ;  (a )  
n i c i t i n i c  r e c e p t o r - a s s o c i a t e d  Na c h a n n e l s ,  (b ) v o l t a g e  
d e p e n d e n t  Na c h a n n e l s  w h ic h  a r e  a c t i v a t e d  by  
v e r a t r i d i n e ,  a n d  (c )  v o l t a g e  d e p e n d e n t  Ca c h a n n e l s .  
C a r b a c h o l  a n d  v e r a t r i d i n e  c a u s e  Na i n f l u x  a n d  t h e r e f o r e  
a c t i v a t e  v o l t a g e  d e p e n d e n t  Ca c h a n n e l s ,  w h e r e a s  h i g h  K 
a c t i v a t e s  t h e  v o l t a g e  d e p e n d e n t  Ca c h a n n e l s  d i r e c t l y .  
T he i n f l u x  o f  Ca t h r o u g h  t h e  v o l t a g e  d e p e n d e n t  Ca 
c h a n n e l s  i s  a  r e q u i s i t e  f o r  t h e  s e c r e t i o n  o f  c a t e c h o l 
a m in e s  f ro m  t h e  a d r e n a l  m e d u l l a .

I n  t h i s  p a p e r ,  we e x a m in e d  t h e  e f f e c t s  o f  t r i -  a n d  
t e t r a - c y c l i c  a n t i d e p r e s s a n t  d r u g s  o n  t h e  i n f l u x  o f  N a- 
22 a n d  C a - 4 5 ,  a n d  t h e  s e c r e t i o n  o f  c a t e c h o l a m i n e s  i n  
c u l t u r e d  b o v in e  a d r e n a l  m e d u l l a r y  c e l l s .  (1 ) I n f l u x  o f  
C a -4 5  a n d  s e c r e t i o n  o f  c a t e c h o l a m i n e s  c a u s e d  b y  
c a r b a c h o l  w e re  i n h i b i t e d  b y  t r i c y c l i c ( i m i p r a m i n e ,  a m i
t r i p t y l i n e ,  n o r t r y p t i l i n e )  a n d  t e t r a c y c l i c ( m a p r o t i l i n e , 
m i a n s e r i n )  a n t i d e p r e s s a n t  d r u g s .  (2 ) I n f l u x  o f  C a -4 5  
a n d  s e c r e t i o n  o f  c a t e c h o l a m i n e s  c a u s e d  b y  v e r a t r i d i n e  
w e re  a l s o  i n h i b i t e d  b y  t h e s e  d r u g s .  (3 ) On t h e  c o n t r a r y ,  
e i t h e r  t y p e  o f  d e p r e s s a n t  d r u g s  d i d  n o t  i n h i b i t  t h e  
i n f l u x  o f  C a -4 5  a n d  s e c r e t i o n  o f  c a t e c h o l a m i n e s  i n d u c e d  
b y  h i g h  K. (4 ) I n f l u x  o f  N a -2 2  c a u s e d  b y  c a r b a c h o l  a n d  
v e r a t r i d i n e  w as  i n h i b i t e d  b y  t h e s e  d r u g s  i n  a  s i m i l a r  
m a n n e r  a s  t h e y  i n h i b i t e d  t h e  i n f l u x  o f  C a -4 5  a n d  t h e  
s e c r e t i o n  o f  c a t e c h o l a m i n e s .

T h e s e  o b s e r v a t i o n s  s u g g e s t  t h a t  t r i -  a n d  t e t r a 
c y c l i c  a n t i d e p r e s s a n t  d r u g s  i n h i b i t  r e c e p t o r - a s s o c i a t e d  
Na c h a n n e l s  a n d  v o l t a g e  d e p e n d e n t  Na c h a n n e l s ,  b u t  n o t  
t h e  v o l t a g e  d e p e n d e n t  Ca c h a n n e l s .  I t  s e e m s  t h a t  a n t i 
d e p r e s s a n t  d r u g s  i n h i b i t  t h e  i n f l u x  o f  C a -4 5  a n d  
s e c r e t i o n  o f  c a t e c h o l a m i n e s  c a u s e d  b y  c a r b a c h o l  a n d , 
v e r a t r i d i n e  b y  t h e  i n t e r f e r e n c e  o f  Na i n f l u x .  T he 
i n h i b i t i o n  o f  Na c h a n n e l s  m ay b e  c o m p r i s e d  i n  t h e  
m e c h a n is m  b y  w h ic h  t r i -  a n d  t e t r a - c y c l i c  a n t i d e p r e s s a n t  
d r u g s  a l t e r  c e n t r a l  n e r v o u s  f u n c t i o n .

275.10 CALCIUM POOLS IN BOVINE ADRENAL MEDULLARY CELLS: 
ID ENTIFICATION AND PROPERTIES. F . I zu m i, M .O k a z a k i* , 
Y . K o d a * ,N . Y a n a g i h a r a  a n d  A .W ad a* . D e p t . o f  P h a r m a c o l . ,  
U n i v e r s i t y  o f  O c c u p a t i o n a l  a n d  E n v i r o n m e n t a l  H e a l t h ,  
S c h .o f  M e d . , K i ta k y u s h u  8 0 7 , F u k u o k a ,  J a p a n

To l o c a t e  t h e  C a -p o o l s  i n  b o v in e  a d r e n a l  m e d u l l a r y  
c e l l s ,  we i n v e s t i g a t e d  (a )  d i s t r i b u t i o n  o f  c e l l  C a , 
(b ) b i n d i n g  o f  C a– 45 t o  d i g i t o n i n  t r e a t e d  l e a k y  c e l l s  
a n d  (c )  b i n d i n g  o f  C a -4 5  t o  t h e  i s o l a t e d  c h r o m a f f i n  
g r a n u l e s .  T he f r e e  Ca c o n c e n t r a t i o n  i n  t h e  m edium  w as 
a d j u s t e d  b y  m ix in g  c a l c iu m  c h l o r i d e  a n d  e t h y l e n e  
g l y c o l  b i s ( β- a m in o e t h y l e t h e r ) - N , N , N ' , N ' - t e t r a a c e t i c  
a c i d  a n d  e x p r e s s e d  a s  p C a .

(1 ) T he c e l l  Ca w as f o u n d  t o  b e  h i g h l y  c o n d e n s e d  
i n  c h r o m a f f i n  g r a n u l e  f r a c t i o n  c o n t a i n i n g  c a t e c h o l 
a m in e s .  (2 ) T he l e a k y  a d r e n a l  m e d u l l a r y  c e l l s  sh o w ed  
h i g h  a f f i n i t y  b i n d i n g  o f  C a - 4 5 .  T he h a l f - m a x im a l  
b i n d i n g  o f  C a -4 5  w as o b s e r v e d  a t  pC a 6 . 7 5 .  T he b i n d i n g  
o f  C a -4 5  s a t u r a t e d  a b o v e  pC a 6 .2 5 .  (3 ) T he b i n d i n g  o f  
C a -4 5  t o  t h e  l e a k y  c e l l s  w as  d e p e n d e n t  o n  a d e n o s i n e  
5 ' - t r i p h o s p h a t e ( A T P )  a n d  m a g n e s iu m . A n o n h y d r o l y z a b l e  
a n a l o g u e ,  AMP-PNP c o u l d  n o t  s u b s t i t u t e  f o r  ATP. (4) 
B in d i n g  o f  C a -4 5  w as  i n h i b i t e d  b y  c a r b o n y l  c y a n id e  
p - t r i f l u o r o m e th o x y p h e n y l  h y d r a z o n e ( F C C P ) , c a r b o n y l  
c y a n i d e  m -c h l o r o p h e n y l  h y d ra z o n e (C C C P ) a n d  t h e  s o d iu m  
a z i d e .  (5 ) C h r o m a f f in  g r a n u l e  f r a c t i o n  i s o l a t e d  fro m  
a d r e n a l  m e d u l l a  a l s o  sh o w e d  h i g h  a f f i n i t y  a n d  s a t u r a b l e  
b i n d i n g  o f  C a -4 5  w i t h  s i m i l a r  c o n c e n t r a t i o n - b i n d i n g  
c u r v e  a s  i n  l e a k y  c e l l s .  ( 6 ) T he b i n d i n g  o f  C a -4 5  t o  
t h e  c h r o m a f f i n  g r a n u l e s  w as  a l s o  d e p e n d e n t  o n  ATP a n d  
m a g n e s iu m  a n d  i n h i b i t e d  b y  FCCP, CCCP a n d  s o d iu m  a z i d e .

B a s in g  o n  t h e s e  f i n d i n g s ,  we s u g g e s t  t h a t  c h r o m a f f i n  
g r a n u l e s  a r e  t h e  m a jo r  C a -p o o l  i n  a d r e n a l  m e d u l l a r y  
c e l l s  i n  a d d i t i o n  t o  b e i n g  t h e  s i t e  o f  c a t e c h o l a m i n e  
s t o r a g e .  B in d in g  o f  Ca t o  t h e  c h r o m a f f i n  g r a n u l e s  i s  
a n  e n e r g y  d e p e n d e n t  p r o c e s s .
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275.11 DOWN regulation of protein  kinase c (PKC) in  neuronal c e lls .
H. M a tth ie s* , H.C. P a lf re y * , L.D. H irn ing* , T.M, Perney* and R .J . 
M ille r  (SPON: P. L lo y d ). D ept. o f  Pharm acol. & P h y s io l.  S c ie n ces , 
Univ. o f  Chicago, Chicago, IL 60637.

P rev ious  r e s u l t s  o b ta in ed  in  th i s  and o th e r  la b o ra to r ie s  su g g es ts  
a ro le  fo r  PKC in  n e u ro t ra n s m it te r  r e le a s e  and in  th e  re g u la t io n  o f 
v o lta g e  s e n s i t i v e  Ca2+ in f lu x .  To fu r th e r  d e f in e  th e  ro le  o f PKC in  
th e se  p ro c e s s e s , we examined the  e f f e c t  o f d e p le tin g  c e l l s  o f PKC 
by down r e g u la t in g  th e  enzyme by long term  tre a tm e n t w ith  phorbo l 
e s t e r s .

We observed  th a t  in  normal and d i f f e r e n t ia te d  PC12 c e l l s ,  th e  
m a jo rity  o f  PKC a c t iv i t y  i s  c y to s o l ic  and was e le v a te d  in  d i f f e r 
e n t ia te d  PC12 c e l l s .  Treatm ent o f  c e l l s  fo r  s h o r t  p e r io d s  (< 10 
min) w ith  phorbo l 12 m y r is ta te  1 3 -a c e ta te  (TPA) o r phorbo l 12,13 
d ib u ty ra te  (PBt2) (10–9–10–6m) caused a dose dependent t r a n s lo c a 
t io n  o f th e  enzyme from th e  cytoplasm  to  th e  p a r t i c u l a te  f r a c t io n .  
Phorbol e s te r s  th a t  do no t a c t iv a t e  PKC do n o t produce tr a n s lo c a 
t i o n .  I f  c e l l s  were c u l tu re d  w ith  TPA o r PBt2 (10–6M) fo r  longe r 
p e r io d s , th e re  was a tim e dependent lo s s  o f  PKC a c t iv i t y  so th a t  
a f t e r  24 hours v i r t u a l l y  a l l  C a2+ /phosphatidy l s e r in e  s tim u la te d  
k in a se  a c t i v i t y  in  c e l l s  e x t ra c te d  w ith  th e  d e te rg e n t NP40 was 
a b o lish e d . This was t r u e  in  bo th  d i f f e r e n t ia te d  and u n d i f f e r e n t i 
a te d  PC12 c e l l s .  The p ro cess  was com plete by 12 hours o f c u l tu r e .  
Again phorbo l e s te r s  th a t  do n o t a c t iv a t e  PKC d id  n o t produce down 
re g u la t io n .  In  c o n tra s t  to  th e  e f f e c t s  seen w ith  PKC, th e re  was 
l i t t l e  e f f e c t  o f  ch ro n ic  TPA tre a tm e n t on cAMP o r  Ca2+ 
calm odulin  s tim u la te d  p ro te in  k in a se  a c t i v i t y .

K+ r ic h  s o lu t io n s  ( e .g .  70mM K+) produce a Ca2+ dependent r e le a s e  
o f  3H -norep inephrine (3H-NE) from PC12 c e l l s .  A cute tre a tm en t w ith  
pho rbo l e s te r s  10–9_10–6m) sy n e rg iz e s  w ith  K+ to  produce an 
enhancement o f  70mM K+ induced r e le a s e .  Treatm ent o f c e l l s  w ith  TPA 
( 10–6M) fo r  one hour e l im in a te d  th e  a b i l i t y  o f  phorbo l e s te r s  to  
sy n e rg iz e  w ith  70mM K+. Longer tre a tm e n t (20h) w ith  TPA reduced 
70mM K+ s tim u la te d  re le a s e  to  about 50% o f  c o n tro l v a lu e s . Long 
term  tre a tm en t w ith  PBt2 b u t n o t w ith  in a c t iv e  phorbo l e s t e r s ,  how
e v e r , was a lso  e f f e c t iv e  in  reducing  70mM K+ induced r e l e a s e .  
Im p o rtan tly  we a lso  observed  th a t  th e  e f f e c t s  o f  PBt2 could  be 
rev e rsed  on w ashing th e  phorbo l e s t e r  ou t o f th e  c e l l s  w ith  f a t ty  
a c id  f r e e  bov ine serum album in.

The e f f e c t s  o f  phorbo l e s te r s  on p rim ary  c u l tu r e s  o f d o rs a l ro o t 
gang lion  (DRG) and s u p e r io r  c e rv ic a l  gang lion  c e l l s  (SCG) c u l tu re d  
from 2 day o ld  r a t  pups were a lso  examined. TPA (10–9–10–6M) 
enhanced K+ induced re le a s e  o f  3H-NE from SCG n eu rones . Treatm ent 
o f SCG and DRG c e l l s  w ith  TPA produced t r a n s lo c a t io n  o f PKC f o l 
lowed by down re g u la t io n  o f th e  enzyme. Again th e r e  was l i t t l e  
e f f e c t  on cAMP o r  Ca2+/calm o d u lin  dependent p ro te in  k in a se s . 

These r e s u l t s  su g g es t th a t  in  PC12 c e l l s  and normal neu ro n a l 
c e l l s ,  PKC p a r t i c i p a te s  in  th e  norm al p ro cess  o f e x o c y to s is .

275.12 EVIDENCE THAT PROTEIN KINASE C MODULATES BUT IS NOT NECESSARY FOR 
Ca2+ -DEPENDENT CATECHOLAMINE SECRETION IN DIGITONIN-PERMEABILIZED 
ADRENAL CHROMAFFIN CELLS. M.A. B ittn e r*  and R.W. H olz. D ept. of 
Pharm acology, Univ. o f M ichigan Med. S c h ., Ann A rbor, MI 48109

Treatm ent o f c u l tu re d  bovine chrom affin  c e l l s  w ith  th e  phorbol 
e s t e r  phorbo l 1 2 -m y ris ta te  1 3 -a c e ta te  (TPA) fo r  30 min ac tiv a ted  
p ro te in  k in a se  C and enhanced th e  Ca2+ -dependen t s e c re t io n  of 
[3 H ]norep inephrine  in  c e l l s  p e rm eab ilize d  w ith  d ig i to n in . 
Continued exposure o f  c e l l s  to  TPA fo r  18–24 h r  r e s u l te d  in  a loss 
o f a t  l e a s t  85% o f  p ro te in  k in a se  C a c t iv i t y  in  th e  c e l l s ,  as 
m easured by th e  Ca2+ -  and phosp h o lip id -d ep en d en t phosphory lation  
o f h is to n e  i n v i t r o . P ro longed in c u b a tio n  w ith  4 -β-p h o rb o l 12,13- 
m onoaceta te , a pho rbo l e s t e r  t h a t  does n o t a c t iv a t e  p ro te in  kinase 
C, d id  n o t a l t e r  th e  p ro te in  k in a se  C c o n te n t o f  c e l l s .  A fte r 18 
h r  p re in c u b a tio n  w ith  TPA, th e  TPA-induced enhancement of 
s e c r e t io n  w as a b o lis h e d . In  th e se  c e l l s  s e c re t io n  s tim u la te d  by 
0 .3 –1 .0  μM Ca2+ was eq u a l to  t h a t  f ro m  c e l l s  no t incu b a ted  with 
TPA. S e c re t io n  s tim u la te d  by 10 μM Ca 2+was in h ib i te d  le s s  than 
30% compared to  c e l l s  n o t in c u b a ted  w ith  TPA. TPA pre trea tm en t 
was accompanied by re le a s e  o f up to  30–40% o f [ 3H] norepinephrine 
from th e  c e l l s  over 18 h r .  T his r e le a s e  re p re s e n ts  exocytosis, 
s in c e  i t  was accompanied by th e  r e le a s e  o f s o lu b le  dopamine-β- 
h y d ro x y la se . R eduction o f medium Ca2+ c o n c e n tra t io n  from 1.8 mM 
to  le s s  th an  0 .1  mM caused  a 50% in h ib i t i o n  o f  TPA-induced 
s e c r e t io n  d u rin g  a 7 h r  in c u b a tio n , but  d id  n o t a l t e r  th e  effec ts  
o f  p ro longed  in c u b a tio n  w ith  TPA on Ca2+ -dependen t s e c re t io n  from 
subseq u en tly  d ig i to n in - t r e a te d  c e l l s .  Thus, th e  lo s s  o f secretory 
g ran u le s  i s  u n lik e ly  to  be re s p o n s ib le  fo r  th e  e f f e c ts  of 
pro longed  in c u b a tio n  w ith  TPA. The d a ta  sugg e s t  t h a t  ac tiv a tio n  
o f p ro te in  k in a se  C i s  n o t re q u ire d  fo r  Ca2+ -dependen t secretion 
in  p e rm eab iliz e d  chrom affin  c e l l s ,  b u t t h a t  p ro te in  k in a se  C may 
m odulate th e  s e c r e t o r y  response  in  th e  p resen ce  o f phorbo l ester 
o r  a t  h igh  (10 μM) Ca2+ c o n c e n tra t io n s .

CYCLIC NUCLEOTIDES

276.1 PHARMACOLOGICAL CHARACTERIZATION OF ADENYLATE CYCLASE-LINKED 
ADENOSINE RECEPTORS IN PRIMARY CULTURES OF RAT ASTROGLIA AND 
NEURONS. M.G. Murphy*, C. Moak* and W.F. MacDonald* (SPON: J .  
Fow ler) D ept. o f  Pharm acology, D alhousie  U n iv e rs ity , H a lifa x , 
Nova S c o tia , Canada, B3H 4H7.

D is t in c t io n  between A1 and A2 adenosine re c e p to rs  i s  
c u r re n t ly  based on d if fe re n c e s  in  the rank o rd e r of p o te n c ie s  
of v a r io u s  adenosine  ana logues in  e l i c i t i n g  b iochem ical a n d /o r  
p h y s io lo g ic a l re sp o n ses . To determ ine w hether the A1/A 2 c l a s 
s i f i c a t i o n  p e r ta in s  to  d i f f e r e n t i a l  e f f e c t s  of adenosine  on 
a d e n y la te  c y c la se  a c t i v i t y  in  b ra in  c e l l  c u l tu r e s ,  we have 
examined s t r u c t u r e - a c t iv i t y  r e la t io n s h ip s  f o r  the  s tim u la t io n  
and in h ib i t i o n  of cAMP fo rm a tion  in  prim ary c u l tu r e s  of r a t  
a s t r o g l i a  and neu ro n s . Follow ing 12–21 ( a s t r o g l ia )  o r 8– 12 
(n eu ro n s) days in  c u l tu r e ,  c e l l s  were i ncuba ted  in  s i t u  f o r  40 
min a t  30°C in  the p resence  of Ro 20–1724, and i n t r a c e l l u l a r  
cAMP was q u a n t i ta te d .  Mean b a s a l a d e n y la te  cy c la se  a c t i v i t y  in  
both  c e l l  types was 20–40 pmol cAMP formed/mg p ro te in .  In  
g l i a ,  s t im u la t io n  a t  μM c o n c e n tra t io n s  of a g o n is ts  was ra p id , 
s t e r e o s peci f i c  and b locked by th e o p h y llin e  (see  T a b le ) . 
N euron-enriched  c u l tu r e s  p repared  from em bryonic r a t  (14– 16

d a y 's  g e s ta t io n )  responded 
to  the a g o n is ts  w ith  the 
same o rd er of s t im u la t io n  
and w ith  s im i la r  va lues  fo r  
Vmax.

cAMP P roduc tion
(pmol/mg p ro te in )

A gon is t Vmax EC50(μM)

NECA 1000.8 7.3
Ado 1089.4 17.0
(-)P IA 400.3 31.4
CHA 199.3 49.1
(+)PIA <75 -

Low (nM) c o n c e n tra t io n s  
of the  adenosine  a g o n is ts  
in h ib i te d  i s o p ro te r e n o l-  and 
f o r sk o l i n -s tim u la te d  cy c la se  
a c t i v i t i e s  in  the g l i a  and 
n eu ro n s , r e s p e c t iv e ly .  In

th e  g l i a ,  maximum in h ib i t i o n  of s tim u la te d  a c t i v i t y  ( ~  8500 
pmol/mg p ro te in )  was ~ 40% w ith  10–6M Ado, NECA and (+)PIA, and 
~ 70% w ith  CHA and (– )PIA. A pparent v a lu es  fo r  IC50 fo r  a l l  
a g o n is ts  were between 6– 13 nM. By c o n t r a s t ,  in  the n eu ro n a l 
c u l tu r e s  v a lu es  fo r  IC50 ranged from 1 nM ( ( – )PIA) to  100 nM 
( (+)PIA ). Maximum in h ib i t i o n  of f o r s k o l i n - s t i m ulated a c t i v i t y  
( ~ 13,000 pmol/mg p ro te in )  w ith  10–6M a g o n is t  fo llow ed the 
o rd e r  CHA > ( – )PIA > Ado > (+)PIA = NECA. These s tu d ie s  have 
dem onstra ted  th a t  the  o rd e r  of p o te n c ie s  fo r  s t im u la t io n  of 
a d e n y la te  cy c la se  a c t i v i t y  i s  c o n s is te n t  w ith  th a t  d e sc r ib e d  
f o r  the  A2 re c e p to r  in  both g l i a  and n eu rons , w hereas the 
pharm aco log ica l p r o f i l e  f o r  the  in h ib i to r y  response  is  c o n s is 
t e n t  w ith  th a t  d e sc r ib e d  fo r  th e  A1 re c e p to r  only in  the 
prim ary n eu ro n a l c u l tu r e s  (su ppo rted  by the  Canadian MRC).

276.2 DEVELOPMENTAL CHANGES IN CYCLIC NUCLEOTIDES IN CULTURED RAT 
NEURONS. A. N o v e lli and R.C. H enneberrv*. M olecular Neuro- 
b io lo g y  S e c tio n , L abo ra to ry  o f  M olecu lar B io logy , N a tio n a l 
I n s t i t u t e  o f  N eu ro lo g ica l and Communicative D iso rd e rs  and 
S tro k e , N a tio n a l I n s t i t u t e s  o f  H ea lth , B ethesda, MD 20892.

I t  i s  known th a t  c y c l ic  GMP accum ulates in  t i s s u e s  o f  the 
CNS in  response  to  occupancy o f  s p e c i f i c  r e c e p to r s  by e x c i ta 
to ry  amino a c id s .  We have re c e n t ly  shown th a t  t h i s  in c re a se  
a ls o  occu rs  in  r a t  c e r e b e l l a r  g ran u le  c e l l s  in  p rim ary  c u l tu re  
when they  a re  s tim u la te d  by e x c i ta to r y  amino a c id s  and d ep o la r
iz in g  a g e n ts . We show h e re  th a t  t h i s  response  in c re a s e s  
g r e a t ly  w ith  th e  age o f  th e  c u l tu r e s .  P r io r  to  3 days in  
c u l tu r e ,  s t im u la t io n  o f  cGMP accum ula tion  was n o t d e te c ta b le .  
By day 4 , th e  c e l l s  a c q u ired  th e  a b i l i t y  to  in c re a s e  i n t r a 
c e l l u l a r  cGMP le v e ls  in  response  to  b o th  e x c i ta to r y  amino ac ids 
and d e p o la r iz in g  a g e n ts ; th e  m agnitude o f  th e  response  
in c re a s e d  w ith  tim e in  c u l tu r e  u n t i l  a maximum was reached  a t  8 
days. Both b a s a l  le v e ls  and s tim u la te d  le v e ls  in c re a s e d  
p ro p o r t io n a te ly  from day 4 to  day 8 . These in c re a s e s  d id  n o t 
r e f l e c t  a g e - r e la te d  d if fe re n c e s  in  th e  dose response  to  s tim u
l a t i n g  ag e n ts  o r in  th e  tim e co u rse  o f  cGMP accum ula tion  a f t e r  
s t im u la t io n  At b o th  4 and 8 days, s t im u la t io n  by g lu tam ate  
r e q u ire d  Mg and was b locked  by D (-)-2 -a m in o -5 -phosphonovaler- 
ic  a c id . S tim u la tio n  o f  cGMP accum ula tion  by b o th  e x c i ta to ry  
amino a c id s  and d e p o la r iz in g  a g en ts  a ls o  dependended on th e  
p resen ce  o f  e x t r a c e l lu l a r  Ca++. M oreover, th e  ionophore 
A23187, in  a Ca++ -dependen t manner, s t im u la te d  th e  in c re a s e  in  
cGMP to  th e  same e x te n t as e i t h e r  g lu tam a te  o r  v e ra t ra d in e  a t  
any c u l tu r e  age . V a r ia t io n s  in  c y c l ic  n u c le o tid e  phosphod ies
te r a s e  a c t i v i t i e s  betw een 4 and 8 day o ld  c u l tu r e s  do n o t 
appear to  o f f e r  an e x p la n a tio n  fo r  th e se  d if f e re n c e s ;  th e  phos
p h o d ie s te ra s e  in h i b i to r  iso b u ty lm e th y lx an th in e  (0 .5  mM) caused 
p ro p o r tio n a te  in c re a s e s  in  cGMP accum ula tion  in  b o th  4 and 8 
d ay -o ld  c e l l s .  The r e s u l t s  su g g es t an in c re a s e  in  th e  ca p a c ity  
o f  th e  g ran u le  c e l l s  to  accum ulate cGMP in  response  to  the  
above s t im u li  as a fu n c t io n  o f  c e l l  d i f f e r e n t i a t i o n .  The 
in c re a s e d  c a p a c ity  appears  to  invo lv e  a  com ponent(s) o f  the  
g u an y la te  c y c la se  system  d i f f e r e n t  from th e  n eu ro n s ' re c e p to rs  
f o r  e x c i ta to r y  amino a c id s .
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276.3 IMIPRAMINE INHIBITION OF ADENYLATE CYCLASE IN CULTURED NEURONS 
AND GLIOMA CELLS. P.G. Lysko*. A. Novel l i .  and R.C. H enneberrv* 
(SPON: E .F re e se ) . M olecular N eurobio logy S e c tio n , L abo ra to ry  o f 
M olecular B io logy , N a tio n a l I n s t i t u t e  o f  N eu ro lo g ica l and Com
m unicative D iso rd e rs  and S tro k e , N a tio n a l I n s t i t u t e s  o f  H ealth , 
B ethesda, MD 20892.

Long-term  tre a tm e n t o f  la b o ra to ry  an im als w ith  t r i c y c l i c  
a n t id e p re s s a n ts  such as im ipram ine le a d s  to  th e  d o w n-regu la tion  
o f b e ta -a d re n e rg ic  r e c e p to r s ,  w hich su g g es ts  an in t e r a c t io n  o f 
such drugs w ith  th e se  r e c e p to r s . We have found th a t  t h i s  down- 
re g u la t io n  a ls o  o cc u rre d  when r a t  C6 gliom a c e l l s  were grown 
fo r  24 hours in  th e  p resen ce  o f  im ipram ine. The number o f  c e l l  
su rfa c e  r e c e p to r s  d ec reased  w ith o u t a change in  re c e p to r  a f f i n 
i t y  fo r  [3 H]CGP-12177. In  c o n t r a s t  to  th e se  lo n g -te rm  e f f e c t s ,  
we have a ls o  found th a t  im ipram ine im m ediately  in h ib i te d  in  a 
dose-dependen t fa s h io n  bo th  is o p ro te r e n o l-  and fo r s k o lin -  
s t im u la te d  c y c l ic  AMP p ro d u c tio n  in  C6 gliom a c e l l s  and in  
c u l tu re d  g ran u le  c e l l s  from r a t  ce re b e llu m . In h ib i t io n  o f 
f o r s k o lin - s t im u la te d  ad e n y la te  c y c la se  by im ipram ine was a lso  
observed  in  C6 c e l l  membrane p re p a ra tio n s  in d ic a t in g  th a t  the  
drug a c te d  d i r e c t l y  on th e  r e g u la to ry  o r  c a t a l y t i c  su b u n it o f 
a d e n y la te  c y c la s e , by p ass in g  th e  r e c e p to r .  T his e f f e c t  was 
p rev en ted  by a d d i t io n  o f  th e  nonhyd ro lyzab le  GTP ana log  
5 ' -g u any ly lim idod iphosphate  [Gpp(NH)p], which f u l l y  a c t iv a te s  
the  guanine n u c le o tid e -b in d in g  re g u la to ry  p r o te in  (Ns ) .  These 
r e s u l t s  su g g es t th a t  a c t iv a t io n  o f  Ns n e g a t iv e ly  i n f l uences the  
in t e r a c t io n  o f  im ipram ine a t  e i t h e r  t he r e g u la to ry  o r  c a ta ly t i c  
su b u n it o f  a d e n y la te  c y c la se  due to  c o n fo rm a tio n a l s h i f t s  
a l t e r i n g  o r masking p re v io u s ly  exposed im ipram ine b in d in g  
s i t e s .

276.4 CHRONIC ESTROGEN TREATMENT IMPAIRS FORSKOLIN STIMULATION AND 
DOPAMINE INHIBITION OF ANTERIOR PITUITARY ADENYLATE CYCLASE.
B. Borgundvaag*and S.R. G eorge, D epartm ents o f  M edicine and 
Pharmacology, U n iv e rs ity  o f  T oron to , T oron to , O n ta rio , M5S 1A8, 
Canada.

Prolonged tre a tm e n t w ith  e s tro g e n  i s  known to  r e s u l t  in  
p r o la c t in  c e l l  h y p e rp la s ia  and tu m o rig en esis  in  bo th  male and 
fem ale r a t s .  T his e f f e c t  in  p i t u i t a r y  has been shown to  be 
p r im a r ily  an tido p am in erg ic  in  n a tu re , a c t in g  d i r e c t l y  to  b lock  
th e  in h ib i to r y  e f f e c t s  o f  dopam ine. The mechanism by which 
e s tro g e n  e x e r t s  t h i s  e f f e c t  i s  n o t u n d ers to o d . cAMP i s  an 
im p o rtan t second messenger in  th e  dopam inergic in h ib i t i o n  o f 
p r o la c t in  r e le a s e  from a n te r io r  p i t u i t a r y  c e l l s ,  and a g o n is t 
in t e r a c t io n  w ith  th e  a n t e r io r  p i t u i t a r y  D2 dopamine re c e p to r  i s  
known to  r e s u l t  in  th e  in h ib i t i o n  o f  ad e n y la te  c y c la se  a c t i v i t y  
in  t h i s  t i s s u e .  As c h ro n ic  e s tro g e n  tre a tm e n t does n o t have 
marked e f f e c t s  on th e  d e n s ity  o f  a n t e r io r  p i t u i t a r y  D2 
r e c e p to r s ,  we p o s tu la te  th a t  th e  e f f e c t s  o f  e s tro g e n  a re  
m ediated  a t  p o s t- re c e p to r  s i t e s  such as  th e  ad e n y la te  cy c la se  
system . Female Sprague-Dawley r a t s  (250– 300 g) were o v a r ie c -  
tom ized under h a lo th an e  a n e s th e s ia  and im plan ted  s . c .  w ith  an 
empty, s e a le d  S i l a s t i c  cannu la  o r  one c o n ta in in g  2 .5  mg b e ta -  
e s tr a d io l-3 -b e n z o a te .  Animals were s a c r i f i c e d  by c e rv ic a l  
d is lo c a t io n  a t  21 day s , p i t u i t a r i e s  removed, and ad e n y la te  
c y c la s e  a c t i v i t y  determ ined  u s in g  th e  method o f  K rishna e t  a l .  
(1968), m easuring th e  conve rs ion  o f  3H-ATP to  3H-cAMP. 
T reatm ent w ith  es tro g e n  r e s u l te d  in  a s ig n i f i c a n t  (p<0.005) 
in c re a s e  in  a n t e r io r  p i t u i t a r y  w eig h t, from 12.72+0.15  mg in  
c o n tro ls  to  57 .52  + 5 .16  mg in  th e  e s tro g e n  g roup . E strogen 
produced a 35% d ec re ase  in  th e  a b i l i t y  o f  fo r s k o lin  (10 uM) to  
s tim u la te  ad e n y la te  c y c la s e  a c t i v i t y ,  w ith  Vmax v a lu es  o f  60.5 
pmols/min vs 39.0 pmols/min f o r  c o n tro l  and e s tro g e n - t r e a te d  
t i s s u e s  r e s p e c t iv e ly .  T his d ec re a se  in  s tim u la t io n  was 
accompanied by a 31% re d u c tio n  in  th e  maximal in h ib i t i o n  o f 
fo r s k o lin - s t im u la te d  a d e n y la te  c y c la se  a c t i v i t y  by th e  p o te n t 
dopamine a g o n is t  n-p ropy l -norapom orphine (50 nM). The a f f i n i t y  
o f  th e  enzyme fo r  ATP was unchanged, w ith  Km v a lu es  o f 
app rox im ate ly  0 .25  mM. These r e s u l t s  su g g es t th a t  a t  l e a s t  in  
p a r t ,  th e  an tidopam inerg ic  a c t i v i t y  o f  e s tro g e n  in  a n te r io r  
p i t u i t a r y  i s  a  r e s u l t  o f  in te r f e r e n c e  by th i s  ag en t o f  th e  
normal fu n c t io n in g  o f  th e  ad e n y la te  c y c la s e  system  in  t h i s  
t i s s u e .

276.5 EFFECTS OF A9-TETRAHYDROCANNABINOL ON ADENYLATE CYCLASE 
ACTIVITY IN VENTRICULAR MEMBRANES. A.S. Bloom. C.3. Hillard and 
J .J .  Pounds*. Department of Pharmacology and Toxicology, Medical 
College of Wisconsin, Milwaukee, WI 53226.

In previous studies, we demonstrated that the cannabinoids, in 
particu lar Δ9-tetrahydrocannabinol (THC), have effects on 
adenylate cyclase a c tiv itie s  in several tissues. THC and 
11-OH-Δ9-THC, cannabinoids with marihuana-like psychoactive 
potency, increase glucagon stimulation of adenylate cyclase in 
liver membranes but have no effect on forskolin , GTP, NaF or 
Gpp(NH)p stimulated a c tiv itie s  (Pharmacologist 27: 165, 1985). In 
contrast, THC increases GTP-stimulated ac tiv ity , presumably 
through prostaglandin release, in cerebral cortical membranes 
(Eur. J. Pharmacol. 91 : 21, 1983). In the present studies, we 
have investigated the effects of THC on various stimulators of 
adenylate cyclase in ra t ventricular plasma membranes to 
determine whether the interactions of THC with the enzyme are 
tissue-specific .

Male Sprague-Dawley ra ts were sacrificed , hearts were removed, 
rinsed, quickly frozen in liquid nitrogen and stored a t –80°C 
until use. Membranes were prepared and adenylate cyclase 
ac tiv ity  was measured a t 30°C in an assay buffer containing 
(mM): HEPES (25), EGTA (1.33), MgSO4 (5), NaCl (150), 
theophylline (10), 0.75 mg creatinine phosphate, 0.025 mg 
creatinine phosphokinase, and ATP (1 .5 ). Cyclic AMP was measured 
using the competitive protein binding assay of Brown (Adv. Cyclic 
Nuc. Res. (1972) p. 25). THC was solubilized using an Emulphor- 
ethanol vehicle (J . Pharm. Pharmacol. 25 : 345, 1973). The results 
of these studies are shown below.

Adenvlate Cycl ase A ctivity ( pmol/min/mg prot)
THC (μM)

Stimulator Vehicl ea 1 3 10 30
ATP alone 22 29 23 23 23

(3)b (6) (4) (3) (7)
100 μM GTP 34 32 33 34 35

(9) (11) (9) (10) (11)
10–6M ISOc 57 85* 66 62 58

(3) (2) (6) (6) (8)
10–4m isoc 77 112* 103* 89 72

(6) (14) (7) (13) (6)
a  Emulphor-ethanol vehicle equivalent to 30 μM THC;
b S.E.M.; c Also contained 100 μM GTP.
* p <. 05 compared to vehicle using Dunnett's t - te s t .

These resu lts demonstrate that in  v itro  THC, a t low 
concentrations, enhances ISO stimulation of adenylate cyclase in 
heart membranes. The enhancement is  probably a t the receptor 
level since basal and GTP-stimulated a c tiv itie s  are unaffected. 
(Supported by Grant DA-03725)

276.6 CHARACTERIZATION OF CHOLERA TOXIN-STIMULATED CYCLIC AMP ACCUMULA
TION IN RAT BRAIN CEREBRAL CORTICAL SLICES. E.W. Karbon* and S . J . 
Enna (SPON: B. Ho). D epartm ents o f  Pharmacology and o f N eurobiology 
and Anatomy, U n iv e rs ity  o f Texas M edical School, H ouston, TX 77025.

The e f f e c t s  o f c h o le ra  to x in  on cAMP accum ulation  in  r a t  b ra in  
c o r t i c a l  s l i c e s  was examined in  th e  p resence  and absence o f v a r io u s  
su b stan ce s  known to  in f lu e n c e  a d e n y la te  cy c la se  a c t i v i t y .  The 
accum ula tion  of cAMP was measured u s in g  a p re la b e lin g  te ch n iq u e . 
C holera to x in  a lo n e  was found to  in c re a s e  th e  accum ulation  o f cAMP 
in  a co n c en tra tio n -d ep e n d en t manner. A de lay  in  th e  response  was 
no ted  w ith  th i s  p re p a ra t io n ,  w ith  maximal accum ulation  occu ring  
a f t e r  a 3 hour exposure to  a 50 μg/m l c o n c e n tra t io n  o f to x in . W hile 
n e i th e r  b a c lo fe n , a GABAg re c e p to r  a g o n is t ,  nor 6- f lu o ro n o re p in e 
p h rin e , an α-a d re n e rg ic  a g o n is t ,  had any e f f e c t  on cAMP accumula
t io n  them selves, bo th  augmented th e  response  to  c h o le ra  to x in . 
M oreover, phorbol 1 2 -m y ris ta te , 1 3 -a c e ta te , a tum or-prom oting 
phorbo l e s t e r ,  enhanced th e  cAMP response  to  c h o le ra  to x in ,  w ith  
th e  m agnitude o f th e  enhancement being  dependent upon th e  le n g th  
o f  tim e th e  t i s s u e  was exposed to  th e  phorbo l e s t e r .  A 3 hour 
p re in c u b a tion w ith  c h o le ra  to x in  augmented th e  cAMP response  to  
f o r s k o lin ,  causing  a le f tw a rd  s h i f t  in  th e  c o n c e n tra tio n -re sp o n se  
curve o f th e  d i te rp e n e .  F in a l ly ,  ch o le ra  to x in  enhanced th e  cAMP 
response  to  2-ch lo ro a d e n o s in e , and th e  adenosine analog  e lim in a ted  
th e  la g  phase norm ally  observed  w ith  ch o le ra  to x in  a lo n e . These 
r e s u l t s  su g g es t th a t  ch o le ra  to x in  may be a v a lu a b le  to o l  fo r  
s tu d y in g  th e  fu n c t io n a l in te r a c t io n  o f th e  components a s s o c ia te d  
w ith  cAMP p ro d u c tio n  in  b ra in  s l i c e s .  In  p a r t i c u l a r ,  th i s  
methodology should  be u s e fu l  fo r  c h a ra c te r iz in g  th e  involvem ent o f 
th e  s tim u la to ry  guanine n u c le o tid e  b ind ing  p ro te in  in  th e  a c tio n  
o f v a r io u s  d rugs , n e u ro t ra n s m it te r  and m odulatory a g e n ts .
(S upported  in  p a r t  by a g ra n t from th e  U .S. A ir F o rce).
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276.7 PERTUSSIS TOXIN AND 8 -BROMO-cAMP REVERSE THE DEPRESSANT BEHAVIORAL 
EFFECTS OF THE α 2-ADRENERGIC AGONIST ST-91 ON THE ACOUSTIC STARTLE 
REFLEX. M. D avis. J .H . Kehne. J. V. C a s s e l la .  G. K. Aghaj an ian  & J,  F . 
T a llm an . D ep t. o f  P sy c h ia t .,  Y ale Univ. Sch. Med.,  34 Park S t. New 
Haven, Conn. 06508

I t  has been  p roposed  th a t  α 2-a d re n e rg ic  r e c e p to r s  a re  n e g a tiv e ly  
coup led  to  a d e n y la te  c y c la se  v ia  an in h ib i to r y  guanine n u c le o tid e  
b in d in g  p r o te in  (Gi ) . These a c t io n s  can be p rev en ted  by 
p re tre a tm e n t w ith  p e r tu s s i s  to x in  w hich in a c t iv a te s  c e r t a in  G- 
p ro te in s  in c lu d in g  th e  Gi p r o te in .  The p re s e n t  s tu d y  in v e s t ig a te d  
th e  p o s s ib le  involvem ent o f  cAMP in  th e  d e p re s s io n  o f a b e h a v io ra l 
response  produced by s tim u la t io n  o f  α 2-a d re n e rg ic  re c e p to r s .

The a c o u s t ic  s t a r t l e  response  in  th e  r a t  i s  a sim ple b ra in s tem  and 
s p in a l  co rd  r e f l e x  t h a t  i s  m arkedly in h ib i te d  by α 2 a g o n is ts  a c tin g  
on s u p ra s p in a l α2 re c e p to r s .  Thus , in t r a c e r e b r o v e n tr i c u la r  (ICV) 
b u t n o t i n t r a th e c a l  a d m in is tr a t io n  o f  th e  lip o p h o b ic  α 2-ad re n e rg ic  
a g o n is t  ST-91 causes a dose-dependen t d e p re s s io n  o f  th e  a c o u s t ic  
s t a r t l e  r e f l e x  which can be re v e rs e d  by th e  α 2 -a d re n e rg ic  a n ta g o n is t  
idazoxan .

I f  th e  d e p re s s a n t e f f e c t s  o f  ST-91 in v o lv e  th e  in h ib i to ry  
n u c le o tid e  b in d in g  p ro te in ,  th en  p re tre a tm e n t w ith  p e r tu s s i s  to x in  
shou ld  b lo c k  th i s  e f f e c t .  To t e s t  t h i s ,  fo u r  groups o f 10–12 r a t s  
each  were p la c e d  in to  s p e c ia l  cages equipped to  a u to m a tic a l ly  
m easure th e  am plitude  o f  th e  s t a r t l e  r e f l e x  e l i c i t e d  by a 105-dB 
n o is e  b u r s t  p re s e n te d  a t  a 20 -sec  in te r s t im u lu s  in t e r v a l .  S ta r t l e  
am p litude  was m easured over a 14-min p e r io d  p r io r  to  and a 30-min 
p e r io d  a f t e r  ICV in fu s io n  o f  e i t h e r  6 .25  μg o f  ST-91 o r a r t i f i c i a l  
CSF in  groups p r e t r e a te d  24 h r s  e a r l i e r  w ith  e i t h e r  ICV p e r tu s s is  
to x in  (2 μg) o r i t s  v e h ic le .  To e v a lu a te  th e  p o s s ib le  r o le  o f  cAMP in  
th e  d e p re s s a n t a c tio n s  o f  ST-91, groups o f  r a t s  each were in fu sed  
w ith  e i t h e r  ST-91 o r CSF in  com bination  w ith  e i t h e r  8 -bromo-cAMP (50 
μg) o r  i t s  v e h ic le .  To t e s t  f o r  s p e c i f i c i t y ,  o th e r  groups were 
t r e a te d  s im i la r ly  ex c ep t th ey  were t e s t e d  w ith  ICV a d m in is tr a tio n  of 
th e  5-HT-1B a g o n is t  m -ch lo ro p h en y lp ip e raz in e  (MCPP) which i s  no t 
thou g h t to  be n e g a tiv e ly  coup led  to  cAMP.

P e r tu s s is  to x in  s ig n i f i c a n t ly  in c re a s e d  b a s e l in e  s t a r t l e  le v e ls  
and com ple te ly  b locked  th e  norm al d e p re s s a n t e f f e c t  caused  by ST-91 
b u t d id  n o t b lo c k  th e  d e p re s s a n t e f f e c t  o f  MCPP. A d m in is tra tio n  o f  8 - 
bromo-cAMP a ls o  e le v a te d  s t a r t l e  a f t e r  ICV in fu s io n  and com pletely  
b locked  th e  d e p re s s a n t e f f e c t s  o f  ST-91 b u t n o t th e  d ep re ssan t 
e f f e c t  o f MCPP.

These d a ta  su g g es t th a t  th e  d e p re s s a n t b e h a v io ra l e f f e c t s  o f  α2- 
a d re n e rg ic  a g o n is ts  a re  m ed iated  by an in t e r a c t io n  w ith  a p e r tu s s is  
to x in  s e n s i t i v e  G -p ro te in  t h a t  may be n e g a t iv e ly  coup led  to  
a d e n y la te  c y c la s e .

276.8 ALTERED GUANINE NUCLEOTIDE REGULATION OF RAT STRIATAL ADENYLATE 
CYCLASE BY PHORBOL ESTERS. M.C. O lian as  and P. O n a li . I n s t i t u t e  
o f  Pharmacology, U n iv e rs ity  o f C a g l ia r i ,  I t a ly .
G uanosine tr ip h o sp h a te  (GTP) e x e r t s  a b ip h a s ic  e f f e c t  on s t r i a t a l  
ad e n y la te  c y c la s e  ( a . c . ) ,  s t im u la t in g  a t  c o n c e n tra t io n s  up to  1μM 
and in h ib i t i n g  a t  h ig h e r c o n c e n tra t io n s . Two d i f f e r e n t  GTP-binding 
re g u la to ry  p ro te in s ,  termed Ns and Ni , a re  co n s id e red  to  m ediate  the 
GTP s tim u la t io n  and in h ib i t io n  o f  a . c . ,  r e s p e c t iv e ly .  We observed 
th a t  a d d i t io n  o f  1μM phorbol 1 2 -m y ris ta te  1 3 -a c e ta te  (PMA), an ac 
t i v a to r  o f  p ro te in  k in a se  C, to  s t r i a t a l  membranes m arkedly enhan
ced GTP s tim u la t io n  o f  a .c .  and ab o lish e d  th e  enzyme in h ib i t io n  
e l i c i t e d  by m icrom olar c o n c e n tra t io n s  o f  th e  n u c le o tid e . The f o l l o 
wing ev idence  su p p o rt th e  involvem ent o f p ro te in  k in a se  C a c t iv a 
t io n  in  PMA e f f e c t .  F i r s t l y ,  PMA s tim u la te d  a . c .  w ith  a potency 
(EC508nM) c o n s is te n t  w ith  an a c tio n  on C k in a se  and i t s  e f f e c t  was 
mimicked by o th e r  a c t iv a to r s  o f  C k in a se , l ik e  phorbol 12 ,1 3 -d ib u 
ty r a te  and l- o l e o y l- 2 - a c e ty l - g ly c e r o l ,  b u t n o t by in a c t iv e  compo
unds such a s  4 β -pho rbo l and phorbol 1 3 -a c e ta te . Secondly, EGTA 
tre a tm e n t o f s t r i a t a l  membranes reduced w hereas a d d i tio n  o f l - α  -  
p h o s p h a tid y l-L -s e r in e  enhanced PMA e f f e c t .  T h ird ly , PMA d id  n o t a f 
f e c t  a . c .  a c t i v i t y  when adenyl - 5 1-y l-im id o d ip h o sp h a te , a non phos- 
p h o ry la tin g  ana log  o f  ATP, s u b s t i tu te d  fo r  ATP in  th e  a .c .  a ssay . 
A s e r i e s  o f experim en ts were perform ed to  a s c e r ta in  w hether Ns and/ 
o r  Ni fu n c t io n  were a f fe c te d  by PMA. Thus, tre a tm e n t w ith  chol e ra  
to x in  in c re a s e d  th e  s tim u la t io n  o f  s t r i a t a l  a . c .  by low c o n c en tra 
t io n s  o f  GTP w hereas th e  in h ib i t i o n  induced by GTP a t  m icrom olar 
c o n c e n tra t io n s  was u n a f fe c te d . PMA d id  n o t p o te n t ia te  th e  s tim u la 
to ry  e f f e c t  o f  low c o n c e n tra t io n s  o f  GTP as  expected  i f  th e  sy n e r
g i s t i c  a c t io n  o f  PMA and GTP o ccu rred  a t  th e  le v e l  o f  Ns ,  b u t p re 
ven ted  th e  enzyme in h ib i t i o n  e l i c i t e d  by h igh  c o n c e n tra t io n s  o f  GTP 
PMA d id  n o t a f f e c t  fo r s k o lin  (FSK) s tim u la t io n  o f a . c . ,  b u t re v e r 
sed  th e  GTP-induced in h ib i t i o n  o f  F SK -stim ulated  a .c .  In  c o n t r a s t ,  
in h ib i t i o n  o f  F SK -stim ulated  a . c .  by g u a n y l-5 ' -y l-im id o d ip h o sp h a te  
was n o t an tagon ized  by PMA. Under a ssay  c o n d itio n s  s im i la r  to  those 
used  to  d e t e c t  PMA s tim u la t io n  o f  a .c .  phorbol e s t e r s  in h ib i te d  a 
h igh  a f f i n i t y  GTPase a c t iv i t y  in  s t r i a t a l  membranes w ith  a potency 
and s p e c i f i c i t y  c o n s is te n t  w ith  t h e i r  a c t i v i t y  on a . c .  These r e 
s u l t s  in d ic a te  th a t  phorbol e s t e r s  in c re a s e  s t r i a t a l  a . c .  by coun
te r a c t in g  th e  GTP-induced in h ib i t i o n  o f th e  enzyme. Thi s  e f f e c t  is  
l i k e ly  to  be m ediated  by p ro te in  k in ase  C p h o sp h o ry la tio n  and con- 
seg u en t in a c t iv a t io n  o f  Ni p ro te in .

276.9 GUANINE NUCLEOTIDE EXCHANGE AMONG GTP-BINDING PROTEINS WHICH 
REGULATE NEURONAL ADENYLATE CYCLASE. S. H a tta* , M.M. Marcus*, 
C.A. Moore*. Y.  H a tta * , and M.M. Raseni ck . (SPON: C. M elchior) 
D ep t. o f  P hysio logy  and B io p h y s ic s , U. o f  I l l i n o i s  C o l l . o f  
M edic ine, C hicago, IL 60680

Exposure o f  r a t  c e re b ra l  c o r te x  membranes to  h y d ro ly s is - 
r e s i s t a n t  GTP ana logs  r e s u l t s  in  i nhi b i t i o n  (o r  s t im u la t io n )  o f  
a d e n y la te  c y c la s e  which p e r s i s t s  subsequen t to  b u f f e r  w ashing. 
The h y d r o ly s i s - r e s i s ta n t  GTP p h o to a f f in i t y  p robe P3 - (4 -a z id o -  
a n i l id o ) - P 1 -5 ' GTP (AAGTP) can  prom ote a  s im i la r  p e r s i s t e n t  
in h i b i t i o n  o f  a d e n y la te  c y c la s e  and, a f t e r  rem oval o f  unbound 
AAGTP and subsequen t UV p h o to ly s i s ,  AAGTP i s  c o v a le n tly  lin k e d  to  
th e  40 kDa in h ib i to r y  GTP b in d in g  p r o te in ,  GNi. Under c o n d itio n s  
where th e  p e r s i s t e n t  i n h i b i t i o n  o f  a d e n y la te  c y c la s e  i s  overcome 
by subsequen t in c u b a tio n  w ith  g u a n y ly l-5 ' - im idod iphosphate  o r NaF, 
AAGTP bound to  th e  40 kDa GNi p r o te in  i s  d im in ish ed  w h ile  th a t  
bound to  th e  42 kDa s tim u la to ry  G TP-binding p r o te in  (GNs) 
in c r e a s e s .  The sum o f  th e  AAGTP bound by th e  GNi and GNs p ro te in s  
i s  c o n s ta n t and th e  t r a n s f e r  o f  AAGTP to  GNs from GNi (b e fo re  
p h o to ly s i s )  i s  s t a b l e  to  b u f f e r  w ashing . F u rtherm ore , th i s  
a l t e r a t i o n  in  th e  AAGTP l a b e l l in g  p a t te r n  co rresp o n d s  to  th e  s h i f t  
in  a d e n y la te  c y c la s e  from in h i b i t i o n  to  s t im u la t io n .  Furtherm ore, 
we have p o lym erized  r a t  b r a in  tu b u l in ,  s u b s t i t u t i n g  [32P]AAGTP fo r  
GTP in  th e  second p o ly m e riz a tio n  c y c le . Adding AAGTP-tubulin to  
s y n a p tic  membranes r e s u l t s  in  th e  t r a n s f e r  o f  AAGTP from tu b u l in  
to  GNi. Subsequent t r a n s f e r  o f  AAGTP to  GNs p ro ceed s  a s  above. 
I f  AAGTP b in d in g  to  tu b u l in  i s  made c o v a le n t p r io r  to  a d d i t io n  o f 
AAGTP-tubulin to  membranes, no n u c le o t id e  t r a n s f e r  o c c u rs . These 
d a ta  r a i s e  th e  p o s s i b i l i t y  t h a t  h y d r o ly s i s - r e s i s ta n t  GTP analogs 
may be exchanged d i r e c t l y  among s y n a p tic  membrane GTP b in d in g  
p r o te in s ,  and th a t  th e re  e x i s t s  some i n t e r a c t io n  among th o se  
p ro te in s  in  th e  r e g u la t io n  o f  a d e n y la te  c y c la s e  a c t i v i t y .

A d d it io n a l ly , we have i d e n t i f i e d  a 32 kDa p r o te in  which b inds  
AAGTP w ith  an  a f f i n i t y  s im i la r  to  t h a t  o f  GNs. T h is p r o te in  does 
n o t appear to  be a  byproduct o f  p r o te o ly s is  as  d em onstra ted  by S. 
au reu s  V-8 p ro te a s e  d ig e s t io n  expe rim en ts  and i t  i s  n o t a 
s u b s t r a te  f o r  A D P -rib o sy la tio n  by b a c t e r i a l  to x in s .  F urtherm ore, 
a lth o u g h  t h i s  p r o te in  appears  to  be abundant in  b r a in ,  we have n o t 
i d e n t i f i e d  i t  in  n o n -n eu ra l t i s s u e .

276.10 INTERACTIONS BETWEEN INHIBITORY GTP REGULATORY COMPONENTS WITH 
BOTH ADENOSINE RECEPTORS AND THE ADENYLATE CYCLASE CATALYTIC 
SUBUNIT IN DETERGENT SOLUTION. D.M.F. C ooper*, S.-M.H. Yeung* and 
E. Perez-Reyes* ( SPON: W.O. W ickelg ren). D ept. of Pharmacology, 
Univ. C olorado Hl t h .  S c i.  C t r . , Denver, CO 80262.

The in h ib i to ry  GTP re g u la to ry  component (N i) , th e  in h ib ito ry  
adenosine  re c e p to r  (R i) , and th e  a d e n y la te  cy c la se  c a ta ly t ic  
su b u n it (C) were s o lu b il iz e d  from r a t  c e re b ra l  c o r t i c a l  membranes 
w ith  c h o la te .  I n te r a c t io n s  between th e se  so lu b le  components was 
d e te c te d  d i r e c t l y  in  d e te rg e n t s o lu t io n .

N i-C ,in te ra c t io n s  were d e te c te d  by m easuring guanine n ucleo tide  
m ediated in h ib i t i o n  of a d e n y la te  cy c la se  a c t i v i t y .  These in te ra c 
t io n s  dem onstrated  th e  same fu n c t io n a l p ro p e r t ie s  a s  d e sc rib ed  in 
membranes; th e  s p e c i f i c i t y  fo r  guanine n u c le o tid e s  was s im ila r : 
tre a tm e n ts  t h a t  in a c t iv a te d  Ni fu n c t io n  in  membranes e lim in a ted  Ni 
a c t i v i t y  in  th e  c h o la te  e x t r a c t ;  and ca lm odulin  s tim u la t io n  of 
b a s a l a c t i v i t y  was re q u ire d  in  both p re p a ra tio n s  (P erez-R eyes, E. 
and Cooper, D .M .F., J .  Neurochem ., in  p r e s s ) .  The ad e n y la te  cyc
la s e  components were f r a c t io n a te d  by e i t h e r  su cro se  g ra d ie n t cen
t r i f u g a t io n  o r TSK-3000 SW chrom atography. Ni a c t i v i t y  was detec
te d  by a s say in g  th e  a b i l i t y  o f  g ra d ie n t o r column f r a c t io n s  to 
co n fe r  guanine n u c leo tid e -m ed ia te d  in h ib i t io n  on th e  reso lved  C. 
L abeling  o f th e se  g ra d ie n t o r column f r a c t io n s  w ith  [32-P]NAD and 
p e r tu s s is  to x in  rev ea led  th a t  both 39 ,000- and 41 ,000-D alton  sub
s t r a t e s  m igrated  w ith  th e  fu n c t io n a l N i. T his r e c o n s t i tu t io n  of 
Ni-C in t e r a c t io n s  was dependent on both  ca lm odulin  s tim u la t io n  of 
C and on th e  c o n c e n tra t io n  o f Ni used in  th e  a s s a y . These s tud ie s  
dem onstrate  th a t  th e  ca lm o d u lin -reg u la ted  C from c e re b ra l  cortex 
p ro v id e s  a s e n s i t i v e  assay  o f Ni a c t i v i t y ,  which may allow  the 
r e s o lu t io n  o f which o f th e  p e r tu s s is  to x in  s u b s t r a te s  i s  Ni.

N i-R i in t e r a c t io n s  were d e te c te d  by m easuring guanine nucleo
t i d e  r e g u la t io n  o f [3 -H ]pheny lisop ropy l adenosine (PIA) b inding  in 
c h o la te  s o lu t io n .  The so lu b le  r e c e p to r  m ain ta ined  th e  fun c tio n a l 
p ro p e r t ie s  o f th e  R i-ad en o sin e  re c e p to r  d e sc rib ed  in  membranes. 
S ince  th e  s o lu b le  re c e p to r  was s ta b i l i z e d  by adenosine  ag o n is ts , 
th e  hydrodynamic p ro p e r t ie s  o f th e  re c e p to r  were s tu d ie d  by: pre
b in d in g  th e  membranes w ith  [3-H]PIA; s o lu b i l i z a t io n ;  then  e ith e r  
su c ro se  g ra d ie n t c e n tr if u g a t io n  o r Sepharose 6B chromatography. 
Guanine n u c le o tid e  re g u la t io n  o f b ind ing  was observed in  both 
g ra d ie n t o r  column f r a c t io n s .  T h is  re c e p to r  d isp la y ed  a sedimen
t a t io n  c o e f f i c ie n t  o f 7 .0  S and a S tokes r a d iu s  o f 7 .2  nm. This 
corresponded  to  a p ro te in -d e te rg e n t  complex o f 254 ,000-D altons. 
We have shown p re v io u s ly  by r a d ia t io n  in a c t iv a t io n  th a t  th e  high 
a f f i n i t y  form o f th e  R i-adenosine  re c e p to r  d isp la y ed  a molecular 
s iz e  o f 6 3 ,000-D altons (Frame, L .T . e t  a l .  Biochem. J .  235:621, 
1986). We su g g es t th a t  th e  adenosine  re c e p to r  in  c h o la te  e x tra c ts  
r e p re s e n ts  an o lig o m eric  sp e c ie s  o f  Ri and Ni.
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276.11 DISTINCT MODES OF INHIBITION OF RAT STRIATAL ADENYLATE 
CYCLASE BY GPP(NH)P AND MORPHINE. M.K.  Ahlijanian* and 
D.M.F. Cooper* (SPON: P. Fuchs). Dept. Pharmacol., University of 
Colorado Health Sciences Center, Denver, CO 80262.

The inhibition of adenylate cyclase from rat striatal plasma 
membranes by Gpp(NH)p and morphine was compared to determine 
whether Gpp(NH)p-mediated inhibition accurately reflected hormone- 
mediated inhibition in this system. Inhibition of adenylate cyclase 
activity by Gpp(NH)p and morphine was examined with respect to 
temperature, divalent cation concentration and the presence of 
Ca2+ /calmodulin. Gpp(NH)p-mediated inhibition was dependent upon the 
presence of Ca2+/calmodulin at 24°C; the inhibition was independent of 
Ca2+/calmodulin at 18°C;  and inhibition could not be detected in the 
presence or absence of Ca2+/calmodulin at 30°C. In contrast, naloxone- 
reversible, morphine-induced inhibition of adenylate c yclase was 
independent of both temperature and the presence of Ca2+/calmodulin. 
Ca2+ dose-response curves, performed at 24°C, confirmed that 
Gpp(NH)p-mediated inhibition required the presence of Ca2+/calmodulin, 
while morphine-induced inhibition did not .+ Mg2+ dose response curves 
also reinforced the differences in the Ca2+/calmodulin requirement for 
Gpp(NH)p- and morphine-induced inhibition. Because Gpp(NH)p- 
mediated inhibition was independent of Ca2+/calmodulin at low basal 
activities (i.e.„ 18°C, or below 1 mM Mg2+) and dependent upon the 
presence of Ca2+/calmodulin at higher basal activities (24°C, or above 1 
mM Mg2+), the inhibitory effects of Gpp(NH)p were examined at 1 mM 
Mg 2+ in the presence of 100nM forskolin. Under these conditions, both 
Gpp(NH)p-and morphine-induced inhibition of adenylate cyclase were 
independent of Ca2+/calmodulin. The results demonstrate that the 
requirement for Ca2+/calmodulin to observe Gpp(NH)p-mediated 
inhibition depends upon the basal activity of adenylate cyclase, while 
hormone-mediated inhibition is Ca2+ /calmodulin-independent under all 
conditions tested. Further, this study shows that Gpp(NH)p-mediated 
inhibition of adenylate cyclase does not mimic the inhibition of 
adenylate cyclase produced by a complete Ri-Ni-C interaction in rat 
striatal plasma membranes.

Supported by NIH Grant NS 09199.

276.12 CYCLIC AMP-MEDIATED ENHANCEMENT OF MAUTHNER CELL INHIBITORY 
RESPONSES. L.R. Wo ls z o n * and D.S. F a b e r . D ep t. P h y s io lo g y , D iv. 
N eurobio logy, SUNY, B u ffa lo , NY 14214.

A lthough c y c l ic  n u c le o tid e s  a r e  known to  m ed iate  d iv e rse  p re -  
and p o s ts y n a p tic  e f f e c t s  in  th e  c e n tr a l  nervous sy stem , th e re  i s  
l i t t l e  e v id e n c e  s u g g e s t in g  th e y  can  a l t e r  th e  f a s t  s y n a p t i c  
resp o n ses  m ediated by amino ac id  t r a n s m it t e r s .  We r e p o r t  th a t  
c y c l i c  AMP (cAMP) and one o f  i t s  a n a lo g u e s  unm ask and enhance  a 
presum ably  g ly c in e rg ic  in h ib i t i o n  o f  th e  g o ld f is h  M authner (M-) 
c e l l ,  w ith  ev idence su g g es tin g  a p o s ts y n a p tic  a c tio n .

I n t r a c e l l u l a r  re c o rd in g s  were o b ta ined  from th e  M -cell l a t e r a l  
d e n d r i t e ,  and s t i m u l i  w ere  a p p l ie d  to :  i )  th e  s p in a l  c o rd ,  to  
a n t id ro m ic a lly  (AD) a c t iv a t e  th e  c e l l  and i t s  pow erfu l r e c u r r e n t  
c o l l a t e r a l  in h ib i to ry  netw ork , and i i )  a lo c a liz e d  reg io n  o f  th e  
p o s te r io r  branch o f  th e  l e f t  VI I I th  nerve fo r  graded a c t iv a t io n  
o f  a d i s y n a p t i c  i n h i b i t o r y  p a th w a y . S in c e  th e  M -c e l l  som a- 
d e n d r i t i c  m em brane d o es  n o t s u p p o r t  s p ik e  e l e c t r o g e n e s i s ,  
in h ib i t i o n  was q u a n tif ie d  a s  th e  re d u c t io n  in  am p litu d e  o f  a t e s t  
AD a c t io n  p o t e n t i a l  f o l l o w in g  AD o r  VI I I t h  n e rv e  s t i m u l a t i o n .  
I n i t i a l l y ,  s e r i e s  o f  e x p e r im e n ts ,  t o p i c a l  a p p l i c a t i o n  o f  10 to  
100 mM d ib u ty r l - c A M P  u n m a sk e d  a C l-d e p e n d e n t i n h i b i t o r y  
p o s t s y n a p t i c  p o t e n t i a l  ( IP S P )  e v o k e d  by t h e  VI I I t h  n e r v e  
s tim u lu s . To d is t in g u is h  betw een a p r e -  and p o s tsy n a p tic  lo c u s  o f 
a c t i o n ,  cAMP was io n t o p h o r e t i c a l l y  i n j e c t e d  in t o  th e  M - c e l l ,  
u s in g  e le c tro d e s  f i l l e d  w ith  200mM cAMP in  20 mM T ris -b a se  and 
e i t h e r  4M KAc o r  0.5M K2SO4, (pH = 7 .6 -7 .7 ). In  th e  a b se n c e  o f  any 
d ru g  ( c o n t r o l ) ,  t h e  t e s t  AD s p i k e  h e i g h t  w as r e d u c e d  by 
a p p ro x im a te ly  50% fo l lo w in g  AD s t i m u l a t i o n  and from  0 to  40% 
fo l lo w in g  g ra d e d  VI I I t h  n e rv e  s t i m u l a t i o n .  W ith in  3 to  15 
m in u te s  f o l l o w in g  cAMP i n j e c t i o n ,  a p e r s i s t e n t  VI I I t h  n e rv e -  
evoked IPSP was unmasked a n d /o r  enhanced by 30 to  75%. In  th re e  
c a s e s  in  w h ich  weak c o n t r o l  s t i m u l i  evoked no i n h i b i t i o n ,  th e  
cAMP in d u c e d  a 6 to  16% r e d u c t io n  in  t e s t  s p ik e  h e i g h t .  S m a l le r  
in c re a s e s  in  th e  AD-evoked in h ib i t i o n  were seen fo llo w in g  cAMP 
i n j e c t i o n ,  b u t  th e s e  r e s u l t s  a r e  i n c o n c lu s iv e ,  due to  th e  
n o n l i n e a r  r e l a t i o n  b e tw e e n  s p ik e  h e ig h t  r e d u c t io n  and th e  
i n h i b i t o r y  c o n d u c ta n c e  change f o r  l a r g e  in h ib i t i o n s .  F in a l ly ,  
in j e c t io n  o f  a c e ta te  o r s u l f a t e  a lone  d id  n o t a l t e r  VI I I th  n e rv e -  
e v o k e d  IP S P ’s i n  an y  o f  t h e  e x p e r i m e n t s ,  and  th e  c y c l i c  
n u c l e o t i d e  d id  n o t a p p e a r  to  a l t e r  p a s s iv e  M -c e l l  m em brane 
p r o p e r t i e s ,  a s  in d i c a t e d  by th e  c o n s ta n c y  o f  r e s t i n g  mem brane 
p o te n t ia l  and c o n tro l sp ik e  h e ig h ts .

We conclude th a t  cAMP in je c te d  p o s ts y n a p tic a l ly  in c re a s e s  th e  
m agnitude o f  some VI I I th  n e r v e - a c t i v a te d  i n h i b i t o r y  i n p u t s  and 
can unmask presum ably s i l e n t  synapses , and su g g es t i t  may a c t  as 
a seco n d  m e sse n g e r  i n  th e  m o d i f ic a t io n  o f  g ly c in e  r e c e p to r s  o r  
r e c e p to r -c o u p le d  p ro te in s .

Supported in  p a r t  by NS15335 and NS21848.

276.13 CALCIUM INFLUX MODULATES A CYCLIC AMP-REGULATED IONIC 
CONDUCTANCE IN APLYSIA BURSTING PACEMAKER NEURONS.
R ichard  H. Kramer* and Irw in  B. L e v ita n  G raduate D ep t. o f 
B iochem istry , B rande is  U n iv ., Waltham, MA 02254

Calcium and c y c l ic  n u c le o tid e s  fu n c t io n  a s  i n t r a c e l l u l a r  
m essengers in  many c e l l s .  Io n ic  conduc tances r e g u l a t e d  by 
b o th  s u b s t a n c e s  have been e x te n s iv e ly  s tu d ie d  in  A p lysia  
b u rs tin g  neu ro n s . Calcium  r e g u l a t e s  t h r e e  i o n i c  c u r r e n t s  
w hich  g e n e ra te  th e  b u rs t in g  pacemaker c y c le  o f e l e c t r i c a l  
a c t i v i t y .  C y c l ic  AMP r e g u l a t e s  s e v e r a l  i o n i c  c u r r e n t s  
in c lu d in g  a K c u r r e n t  which a c t iv a t e s  below th e  K eq u ilib r iu m  
p o t e n t i a l  (" a n o m a lo u s  r e c t i f i e r "  K c u r r e n t ;  I R) .  We now 
r e p o r t  t h a t  Ca in f lu x  bo th  du rin g  n a tu r a l  b u rs t in g  a c t i v i t y ,  
and under vo ltag e-c lam p  r e g u la te s  I R, p o s s ib ly  by a f f e c t in g  
c y c l ic  AMP m etabo lism .

A ll experim en ts  were done on A p lysia  b u rs t in g  neuron R15. 
Under v o ltag e -c lam p , a  t r a i n  o f  f iv e  250 msec d e p o la r iz in g  
p u ls e s  to  +20 mV reduced th e  membrane conductance by 15-25%. 
The conductance d ec re a se  was s p e c i f i c  f o r  I p ;  i t  was b locked 
by a d d i t io n  o f  1mM Ba o r  Cs to  th e  b a th in g  medium, and th e  
c o n d u c ta n c e  d e c r e a s e  s h i f t e d  t o  m ore h y p e r p o la r iz e d  
p o t e n t i a l s  i n  low  e x t e r n a l  K. The r e d u c t io n  in  I p  was 
dependent upon Ca in f lu x  d u rin g  th e  d e p o la r iz in g  p u ls e s .  The 
d ec re a se  in  Ip  was b locked  i n  C a -f re e , M n-con ta in ing  b a th in g  
medium, and was s m a l le r  w ith  d e p o l a r i z i n g  p u l s e s  w h ich  
approach th e  Ca e q u ilib r iu m  p o te n t i a l .

I R was a l s o  d e c re a s e d  fo llo w in g  spò n taneous b u r s ts  o f 
a c t i o n  p o t e n t i a l s ,  an d  t h i s  e f f e c t  w as r e m a r k a b ly  
lo n g - l a s t in g .  A fte r  a  s in g le  b u r s t ,  th e  conductance dec reased  
by abou t 20% and reco v e red  over more th a n  10 m in. The slow 
k i n e t i c s  s u g g e s t s  t h a t  Ca a f f e c t s  I R v i a  a  s e r i e s  o f  
b iochem ical s t e p s .  Experim ents w ith  s e r o to n in  s u p p o r t  th e  
n o t i o n  t h a t  Ca d o e s  n o t  d i r e c t l y  i n a c t i v a t e  I R 
c h a n n e l s .  S e r o t o n i n  a c t i v a t e s  I p  by i n c r e a s i n g  th e  
i n t r a c e l l u l a r  c o n c e n t r a t i o n  o f  c y c l i c  AMP. A d d i t i o n  
o f  i n c r e a s i n g  c o n c e n t r a t io n s  o f s e ro to n in  to  th e  b a th in g  
medium in c re a s e s  I R, however th e  e f f e c t  o f  Ca in f lu x  on I R i s  
su p re sse d  above 1 μM s e ro to n in ,  su g g e s tin g  th a t  h igh  le v e ls  
o f s e r o to n in - s e n s i t iv e  a d e n y la te  c y c la s e  a c t i v i t y  in t e r f e r e  
w i th  t h e  e f f e c t  o f  i n t e r n a l  C a . We a r e  c u r r e n t l y  
i n v e s t i g a t i n g  t h e  p o s s i b i l i t y  t h a t  Ca a c t i v a t e s  a  
C a/calm odulin  dependent p h o sp h o d ie s te ra se  which r e g u la te s  th e  
in t e r n a l  c o n c e n tra t io n  o f c y c l ic  AMP. Supported  by NIH g ra n t 
NS17910.

276.14  FORSKOLIN ACTIVATES LOCUS COERULEUS NEURONS AND GENERATES A 
HYPERPOLARIZING-ACTIVATED INWARD CURRENT. Y .-Y . Wang* and  G.K. 
A ghaj a n i a n . D e p ts .  o f  P h a rm a c o l, an d  P s y c h i a t . , Y a le  U n iv . S ch . o f  
Med. an d  th e  R i b i c o f f  R es . F a c i l i t i e s ,  New H aven, CT 06508.

F o r s k o l in  h a s  b e e n  r e p o r t e d  to  i n t e r a c t  d i r e c t l y  w i th  th e  
c a t a l y t i c  p r o t e i n  o f  a d e n y la t e  c y c la s e  (C) an d  p r o b a b ly  a l s o  en h an ces  
c o u p l in g  b e tw e en  C an d  th e  s t i m u l a to r y  GTP b in d in g  p r o t e i n  (K.B. 
Seamon, Drug D e v e lo p , R e s .,  6 : 181 , 1 9 8 5 ) . By e i t h e r  m echanism , th e  
a c t i o n  o f  f o r s k o l i n  i s  t o  p ro m o te  th e  s y n th e s i s  o f  a d e n o s in e  3 ' , 5 ' -  
m on o p h o sp h ate  (cAMP) an d  e l e v a t e  t h e  l e v e l s  o f  i n t r a c e l l u l a r  cAMP. In  
t h i s  s tu d y ,  we i n v e s t i g a t e d  th e  e f f e c t  o f  f o r s k o l i n  on th e  s p o n ta n e o u s  
a c t i v i t y  o f  n o r a d r e n e r g i c  n e u ro n s  o f  th e  lo c u s  c o e r u l e u s  (LC) and  th e  
i o n i c  m echanism  u n d e r ly in g  th e  o b s e rv e d  f o r s k o l in - in d u c e d  a c t i v a 
t i o n  o f  LC n e u ro n s .

B r a in  s l i c e s  c o n ta i n in g  LCs w ere  o b t a in e d  from  m ale  a lb in o  r a t s  and 
p e r f u s e d  w i th  a r t i f i c i a l  CSF o f  th e  f o l lo w in g  c o m p o s i tio n  ( i n  mM): 
NaCl , 126; KCl , 5 .0 ;  Na2HPO4 , 1 .2 5 ;  D -g lu c o s e ,  10; NaHCO3 , 26; CaCl2 , 
2 .0 ;  MgSO4 , 2 .0 .  The f l u i d  an d  cham ber w ere  g a s s e d  w i th  95% O2/5% CO2 . 
E l e c t r o d e s  f i l l e d  w i th  2 M NaCl w ere  u s e d  f o r  e x t r a c e l l u l a r  
r e c o r d in g s .  S i n g le - e l e c t r o d e  v o l ta g e  c la m p in g  was p e rfo rm e d  u s in g  
a n  Axocl amp-2 an d  e l e c t r o d e s  f i l l e d  w i th  2M KCl  (3 0 -5 0  MΩ) .

F o r s k o l in  (1 -1 0  /μM) i n c r e a s e d  th e  f i r i n g  r a t e  o f  a l l  LC c e l l s  
t e s t e d  (n =1 4 , mean i n c r e a s e =179%). The v e h i c l e  (up  to  0.1% DMSO) had  
no e f f e c t .  The a c t i v a t i o n  e l i c i t e d  by  f o r s k o l i n  rem a in e d  in  th e  
p r e s e n c e  o f  c o b a l t  (2mM),  i n d i c a t i n g  t h a t  th e  a c t i v a t i o n  was n o t  due 
t o  th e  r e l e a s e  o f  n e u r o t r a n s m i t t e r ( s )  a n d /o r  o t h e r  endogenous 
s u b s ta n c e ( s )  n o r  was i t  d e p e n d e n t  upon  c a lc iu m  i n f l u x .  The f o r s k o l in -  
in d u c e d  a c t i v a t i o n  c o u ld  b e  s u p p re s s e d  c o m p le te ly  by  c lo n i d i n e ,  an 
α 2 - a g o n i s t  w h ich  i s  known to  b lo c k  th e  f o r s k o l i n  a c t i v a t i o n  o f  
a d e n y la t e  c y c la s e .  S i n g le - e l e c t r o d e  v o l ta g e  c la m p in g  a t  - 6 0 /-6 5  mV 
an d  - 9 0 /- 9 5  mV r e v e a l e d  t h a t  f o r s k o l i n  (10  /μM, n=5) in d u c e d  an  inw ard  
c u r r e n t .  T h is  c u r r e n t  was v o l t a g e - s e n s i t i v e  w i th  an  i n c r e a s e  i n  th e  
h y p e r p o l a r i z in g  d i r e c t i o n  an d  d id  n o t  r e v e r s e  a t  th e  p o ta s s iu m  
e q u i l i b r i u m  p o t e n t i a l .  The in w a rd  c u r r e n t  g e n e r a t e d  by  f o r s k o l i n  a t  - 
9 0 /-9 5  mV was a b o u t  tw ic e  a s  l a r g e  (mean=0 .1 7  nA) a s  t h a t  a t  -60/65mV 
(m e a n -0 .0 7  n A ). 8-Br-cAMP ( 0 .5 - 4  mM), a  membrane p e rm e a b le  cAMP 
a n a lo g ,  a n d  Ro20-1724 (5 0 -1 0 0  μM ), a  p r e f e r e n t i a l  i n h i b i t o r  o f  cAMP- 
p h o s p h o d ie s t e r a s e , h a d  s i m i l a r  a c t i o n s .  The s p o n ta n e o u s  a c t i v i t y  o f  
LC c e l l s  was n o t  s i g n i f i c a n t l y  a l t e r e d  b y  8-Br-cGMP (1 mM).

The in w a rd  c u r r e n t  in d u c e d b y  f o r s k o l i n  and  8-Br-cAMP i n  LC n e u ro n s  
r e s e m b le s  t h e  cA M P-dependent h y p e r p o l a r i z i n g - a c t i v a t e d  pacem aker 
c u r r e n t  ( I f o r  I b ) o f  c a r d i a c  P u r k in j e  f i b e r s  (D iF ra n c e s c o , P rog . 
B iophy s .  M olec . B i o l . 4 6 : 1 6 3 -1 8 3 , 1 9 8 5 ) . Our r e s u l t s  s u g g e s t  t h a t  
cAMP may a l s o  p l a y  an  im p o r ta n t  r o l e  i n  r e g u l a t i n g  th e  pacem aker 
a c t i v i t y  o f  LC c e l l s .

S u p p o r te d  by  MH 17871 , MH 25642 an d  th e  S t a t e  o f  C o n n e c t ic u t .
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276.15 CALMODULIN-DEPENDENT PHOSPHODIESTERASE IMMUNOREACTIVITY IN CERE
BELLAR PURKINJE CELLS IS  ATTENUATED BY 3-ACETYLPYRIDINE-INDUCED 
DESTRUCTION OF THE INFERIOR OLIVE. C.D. B a la b a n , M.L. B i l l i n g s l e y , 
and R .L . K in c a id *, D e p ts .  o f  Anatomy and P h a rm a c o lo g y , H ersh ey  
M ed ica l C e n te r ,  Penn S t a t e  U n iv . ,  H e rsh e y , PA 17033; L ab . o f  
C e l lu l a r  M e ta b o lism , NHLBI/NIH, B e th e sd a , MD 20837.

Im m unocy tochem ical s t u d i e s  u s in g  an  a f f i n i t y  p u r i f i e d  p o ly 
c lo n a l  a n tib o d y  a g a in s t  c a lm o d u lin -d e p e n d e n t  p h o s p h o d ie s te r a s e  
(PDE) h av e  shown t h a t  PDE i s  l o c a l i z e d  in  t h e  d e n d r i t e s  and so m ata  
o f  s p e c i f i c  p o p u la t i o n s  o f  n e u ro n s  i n  th e  CNS. H igh l e v e l s  o f  PDE 
a r e  e x p re s s e d  in  c e r e b e l l a r  P u r k in j e  c e l l s  and in  n e u ro n s  o f  th e  
deep  c e r e b e l l a r  n u c l e i ,  b u t  n o t  in  s t e l l a t e ,  b a s k e t ,  o r  g r a n u le  
c e l l s .  In  o r d e r  to  d e te rm in e  w h e th e r  s y n a p t i c  in p u t  can  in f lu e n c e  
th e  e x p r e s s io n  o f  PDE, th e  c lim b in g  f i b e r  in p u t  from  th e  i n f e r i o r  
o l i v e  was rem oved u s in g  th e  n e u ro to x in  3 - a c e t y l p y r id i n e  (3 -A P ) . 
L ong-E vans and S p rag u e  D aw ley r a t s  w ere  i n j e c t e d  w i th  3-AP (75 mg/ 
k g ; i . p . )  f o llo w e d  3 h r  l a t e r  by h a rm a lin e  (15 m g/kg ; i . p . )  and 
15 h r  l a t e r  by  n ia c in a m id e  (300 m g/kg ; i . p . ) ;  t h i s  t r e a tm e n t  p r o 
duced  c o m p le te  d e s t r u c t i o n  o f  t h e  i n f e r i o r  o l i v e .  A n im als w ere 
s a c r i f i c e d  1 wk-5 mos p o s t  t r e a tm e n t .  S e v e ra l  r a t s  w ere  u se d  f o r  
im m u n o cy to ch em ical s t u d i e s ,  u s in g  a  b i o t i n y l a t e d  seco n d  a n tib o d y  
and a v id i n / p e r o x i d a s e  ch ro m o g en s. The im m u n o cy to ch em ical s t a i n i n g  
f o r  PDE was v i r t u a l l y  a b s e n t  i n  c e r e b e l l a r  P u r k in j e  c e l l s  a t  a l l  
t im e s  fo l lo w in g  i n f e r i o r  o l i v e  d e s t r u c t i o n  by 3-AP; h o w ev er, th e  
p a t t e r n  o f  PDE im m u n o sta in in g  was n o t  a l t e r e d  in  s p e c i f i c  n e o -  
c o r t i c a l  c e l l s  (p y ra m id a l  c e l l s  i n  l a y e r s  I I I ,  V, and  V I) n o r  in  
o th e r  n e u ro n a l  p o p u la t i o n s  e x p re s s in g  PDE. A s p e c i f i c  p o ly c lo n a l  
a n ti s e ru m  a g a in s t  c a l c i n e u r i n  was a l s o  u se d  to  s t a i n  t i s s u e  s e c 
t i o n s  from  3-AP t r e a t e d  r a t s ,  and i n d i c a t e d  t h a t  c a l c i n u e r i n  
im m u n o re a c tiv ity  i n  c e r e b e l l a r  and o t h e r  n e u ro n s  was n o t  a f f e c t e d  
by d e s t r u c t i o n  o f  th e  i n f e r i o r  o l i v e .  W e ste rn  im m unoblot a n a ly s i s  
was p e rfo rm e d  on c e r e b e l l a r  and c o r t i c a l  e x t r a c t s  o f  c o n t r o l  and 
3-AP l e s io n e d  r a t s .  PDE im m u n o re a c tiv i ty  was g r e a t l y  re d u c e d  in  
w ho le  c e r e b e l l a r  e x t r a c t s  from  t o x i n - t r e a t e d  r a t s  s u g g e s t in g  t h a t  
m ost c e r e b e l l a r  PDE i s  c o n ta in e d  i n  P u r k in j e  c e l l s .  PDE immuno
s t a i n i n g  i n  th e  c o r t e x  o f  3-AP t r e a t e d  r a t s  was co m p a ra b le  to  th e  
p a t t e r n s  and l e v e l s  s e e n  in  c o n t r o l  r a t s .  A n a ly s is  o f  t o t a l  calm 
o d u l in  b in d in g  p r o t e i n s  i n  t r e a t e d  and c o n t r o l  t i s s u e s  was p e r 
form ed u s in g  a  b i o t i n y l a t e d  c a lm o d u lin  o v e r la y  o f  W e ste rn  b l o t s ,  
( B i l l i n g s l e y ,  M.L. e t  a l . P ro c .  N a t l .  A cad. S c i . 8 2 :7 5 8 5 , 1985) 
and i n d i c a t e d  t h a t ,  w i th  t h e  e x c e p t io n  o f  PDE i n  th e  c e r e b e l l a  o f  
t r e a t e d  r a t s ,  none o f  t h e  m a jo r  c a lm o d u lin  b in d in g  p r o t e i n s  w ere  
d e p le t e d  by 3-AP t r e a tm e n t s .  T h ese  r e s u l t s  s u g g e s t  t h a t  t h e  e x 
p r e s s i o n  o f  PDE in  c e r e b e l l a r  P u r k in j e  c e l l s  i s  u n d e r  t r a n s -  
s y n a p t i c  c o n t r o l ,  and i s  d e p e n d en t on th e  i n t e g r i t y  o f  c lim b in g  
f i b e r  i n p u t .  S u p p o rte d  by PHS NS00891 and NS19850 (CDB) and th e  
IL S I R e s e a rc h  F o u n d a tio n  (MLB).

276.16 EFFECTS OF DOPAMINE ACTING DRUGS ON THE KINETIC PROPERTIES OF 
PROTEIN KINASE C IN THE STRIATUM. C. T. Gi a m b a lv o . Rhode I s la n d  
P s y c h ia t r i c  R e s e a rc h  and T r a in in g  C e n te r  and S e c tio n  o f  N euro
b io lo g y ,  Brown U n i v e r s i t y ,  C ra n s to n ,  RI 02920

P r o te i n  k in a s e  C (Pk-C ) i s  a  c a lc iu m , p h o s p h o lip id  d e p e n d en t 
enzyme t h a t  may p la y  a  r o l e  i n  t h e  r e l e a s e  o f  n e u r o t r a n s m i t t e r s ,  
p a r t i c u l a r l y  o f  dopam ine (DA) in  t h e  n i g r o s t r i a t a l  pathw ay 
(C .T . G iam b a lv o , Ann. M eetin g  N e u ro s c ie n c e  1 1 :3 4 6 , 1 9 8 5 ) . I t  was 
fo u n d  t h a t  i n j e c t i o n  o f  d ru g s  w h ich  in c r e a s e d  DA r e l e a s e  i n  v iv o  
r e s u l t e d  i n  an  i n c r e a s e  i n  p a r t i c u l a t e  Pk-C a c t i v i t y  in  v i t r o , 
w h i le  d ru g s  w hich  i n h i b i t e d  DA r e l e a s e  l e d  to  a  d e c re a s e  in  
p a r t i c u l a t e  Pk-C a c t i v i t y .  M o reo v e r, t h e r e  was a  good 
c o r r e l a t i o n  b e tw een  t h e  a b i l i t y  o f  d ru g s  t o  a f f e c t  DA r e l e a s e  and 
t h e i r  e f f e c t s  on Pk-C a c t i v i t y .  In  t h i s  s tu d y ,  th e  e f f e c t  o f  
t h e s e  d ru g s  on th e  k i n e t i c  p r o p e r t i e s  o f  Pk-C was ex am in ed .

R a ts  w ere  i n j e c t e d  w i th  apo m o rp h in e  ( 0 .5  m g/kg) o r  h a lo p e r id o l  
( 2 .5  m g/kg) and s a c r i f i c e d .  The s t r i a t u m  was d i s s e c t e d ,  
hom ogen ized  in  20 mM o f T r i s  b u f f e r  c o n ta in in g  20 mM Mg c l 2  
pH 7 .4 )  and th e n  a n a ly z e d  f o r  Pk-C a c t i v i t y .  The l a t t e r  was 
a n a ly z e d  by th e  t h  i o p h o s p h o r y la t io n  l i p i d s  ( p h o s p h a t id y l s e r in e  
and d i o l e i n ) . The p h o s p h o ry la te d  p r o t e i n  was p r e c i p i t a t e d  w ith  
TCA, f i l t e r e d  and  th e n  c o u n te d  i n  t h e  l i p i d  s c i n t i l l a t i o n  
c o u n te r .  A c t iv i t y  was e x p re s s e d  a s  pm oles p h o sp h o ry l a ted /m in /m g  
p r o t e i n  m in u s b a s a l  a c t i v i t y  (m easu red  i n  p r e s e n c e  o f EGTA and 
a b s e n c e  o f  c a lc iu m  and l i p i d s ) .

A c u te  i n j e c t i o n  o f a p o m o rp h in e  i n h i b i t e d  Pk-C a c t i v i t y  by 
i n c r e a s i n g  th e  Km f o r  l i p i d s ,  w h i le  h a lo p e r id o l  s t im u la te d  Pk-C 
a c t i v i t y  by d e c r e a s in g  t h e  Km f o r  l i p i d s .  The Vmax was unchanged 
by e i t h e r  d ru g .  In  c o n t r a s t  t o  t h i s  ch an g e  i n  t h e  Km, su b c h ro n ic  
t r e a tm e n t  w i th  h a lo p e r id o l  in d u ce d  a  d e c re a s e  i n  t h e  Vmax f o r  
l i p i d s  w i th o u t  a l t e r i n g  th e  Km.

The a b i l i t y  o f  t h e s e  d ru g s  to  a l t e r  th e  k i n e t i c  p a ra m e te r s  
o f  Pk-C f o r  l i p i d s  i s  f u r t h e r  e v id e n c e  t h a t  m embrane l i p i d s  
may p la y  a  r o l e  in  t h e  t r a n s d u c t i o n  o f  s ig n a l s  by se co n d a ry  
m e s s e n g e rs .

276.17 the cGMP-PHOSPHODIESTERASE SYSTEM IN THE DEGENERATIVE RETINA OF 
THE rd MOUSE. D.B. Farber, C. Yamashita* and C. Bowes*. Ju les 
S tein  Eye In s t i tu te ,  UCLA School of Medicine, Los Angeles, CA 
90024.

A defic iency in cGMP-phosphodiesterase (PDE) a c t iv ity  causes 
cGMP leve ls  to  become elevated  in the rd re tin a  2-3 days before 
any morphological sign of pathology. This l ig h t- s e n s it iv e  enzyme 
is  p resen t but not a c tiv a ta b le  in the rd re tin a . However, i t  is  
not known whether i t s  concentration  is  the same or lower than 
th a t  in normal re tin a  or i f  the components of the ou ter segment 
necessary fo r  PDE ac tiv a tio n  are present in rd re tin a . We have 
studied  the b iosyn thesis  of PDE in normal and rd. re tin a s  during 
development in order to determine the e a r l ie s t  age a t  which PDE 
is  found in both re tin a s  and whether syn thesis  is  stopped or 
degradation of PDE increases in rd re tin a  before degeneration of 
the v isual c e l ls .  Furthermore, we have hybridized re tin a l  RNA 
from 11-day-old and adu lt control and rd re tin a s  with cDNA probes 
sp ec ific  fo r the α , β and γ subunits of G-protein and fo r 
rhodopsin to  determine whether there  are any d ifferences  in the 
sizes of the mRNAs th a t code fo r  those p ro te in s . Our re s u lts  
in d ica te  th a t in normal and rd re t in a s ,  syn thesis  of PDE, 
although minimal , occurs already a t  6 postnatal days, i t  is  
comparable u n til  day 12 and is  decreasing a t day 14, possibly as 
a re s u l t  of the death of photoreceptors. The adu lt rd re tin a  
does not synthesize any de tectab le  PDE, in agreement with the 
absence of a c t iv ity  reported previously (J . Cyclic Nucleotide 
Res. 2 :139-148, 1976). In ad d itio n , we found no d ifference  
between 11-day-old rd and 11-day-old and adu lt normal re tin a s  in 
the s izes  of the mRNAs fo r opsin and fo r the th ree  subunits of 
G -protein. Our re s u lts  suggest th a t the defect in the rd re tin a  
does not stem from reduced leve ls  of PDE or from apparent changes 
in s ize  of mRNAs coding fo r  rhodopsin or G -protein , components 
required fo r  PDE a c tiv a tio n .

Supported by EY 02651, EY 00331 and National R e tin itis  
Pigmentosa Foundation Fighting B lindness, B altim ore, USA.

276.18 PURIFICATION OF PCPP-260 (A PURKINJE CELL-SPECIFIC CAMP- 
REGULATED MEMBRANE PHOSPHOPROTEIN OF Mr 2 6 0 ,0 0 0 )  FROM BOVINE 
CEREBELLUM G. W eeks* , A .C . N a i rn * , S . I .  W alaas an d  P . 
G re e n g a rd . The L a b o ra to ry  o f  M o le c u la r  an d  C e l l u l a r  
N e u ro s c ie n c e ,  The R o c k e f e l l e r  U n i v e r s i t y ,  New Y o rk , NY 10021

PCPP-260 (Pu r k i n j e  Ce l l  Ph o s p h o p ro te in  o f  Mr 2 6 0 , 000) i s  
an  i n t e g r a l  membrane p r o t e i n  w h ich  i s  a  s p e c i f i c  s u b s t r a t e  
f o r  t h e  cA M P-dependent p r o t e i n  k in a s e  p r e s e n t  i n  P u r k in je  
c e l l s  o f  th e  m am m alian c e re b e llu m  (W alaas e t  a l . , J . 
N e u r o s c i . (1 9 8 6 ) I n  p r e s s ) . PCPP-260 h a s  b e e n  p u r i f i e d  from  
a  c ru d e  p a r t i c u l a t e  f r a c t i o n  o f  b o v in e  c e re b e llu m  u s in g  th e  
i o n i c  d e t e r g e n t  n - l a u r y l  s a r c o s in e  (NLS) a s  s o l u b i l i z i n g  
a g e n t .  P u r i f i c a t i o n  was m o n ito re d  by  s i l v e r  s t a i n  and  
a u to r a d io g r a p h y  o f  3 2 P -p h o s p h o ry la te d  sa m p le s  s e p a r a te d  by 
SDS-PAGE. P h o s p h o r y la t io n  o f  th e  p r o t e i n  by  cA M P-dependent 
p r o t e i n  k in a s e  i n  th e  p r e s e n c e  o f  NLS r e q u i r e d  th e  a d d i t i o n  
o f  T r i t o n  X -100 ( 1 0 - f o ld  e x c e s s  o v e r  NLS). Con A b in d in g  to  
NLS e x t r a c t s  t h a t  h a d  b e e n  s e p a r a te d  by  SDS-PAGE an d  b l o t t e d  
o n to  n i t r o c e l l u l o s e  s u g g e s te d  t h a t  PCPP-260 was a 
g ly c o p r o t e i n .  PCPP-260 was r e t a i n e d  on a  co lum n o f  Con A- 
a g a ro s e  an d  e l u t e d  by  α -m e th y l  m an n o s id e . F u r th e r  
f r a c t i o n a t i o n  on S e p h a c ry l  S -400  y i e l d e d  a  p r e p a r a t i o n  t h a t  
was a t  l e a s t  95% p u re  and  e n r i c h e d  3 5 0 - fo ld  r e l a t i v e  to  th e  
i n i t i a l  NLS e x t r a c t .

The p h o s p h o p e p tid e  maps g e n e r a t e d  from  th e  p u r i f i e d  
p r o t e i n  w ere i n d i s t i n g u i s h a b l e  from  th o s e  o b ta in e d  from  th e  
m em brane-bound p r o t e i n .  A n t ib o d ie s  h a v e  b e e n  p r e p a r e d  
a g a i n s t  th e  p u r i f i e d  p r o t e i n  i n  o r d e r  to  s tu d y  th e  d e t a i l e d  
c e l l u l a r  an d  s u b c e l l u l a r  d i s t r i b u t i o n  o f  PCPP-260 i n  th e  
c e re b e llu m . I n  a d d i t i o n ,  t h e s e  a n t i b o d i e s  w i l l  b e  u s e d  to  
c h a r a c t e r i z e  t h e  r e l a t i o n s h i p  b e tw e e n  PCPP-260 an d  a  c lo s e l y  
r e l a t e d  265 kDa membrane p h o s p h o p ro te in ,  w h ich  i s  p r e s e n t  in  
low  c o n c e n t r a t i o n s  i n  o t h e r  r e g io n s  o f  t h e  b r a i n .
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276.19 PHOSPHORYLATION of microtubule a s s o c ia t e s  p r o t e in s  by guanosine 
3,5-CYCLIC MONOPHOSPHATE DEPENDENT PROTEIN KINASE. S .N . Ahmad* 
and H .C. P a n t (SPON: I .  T a s a k i ) .  L a b o ra to ry  o f  P r e c l i n i c a l  
S t u d ie s ,  N a t io n a l  I n s t i t u t e  on A lc o h o l Abuse and A lc o h o lism  
R o c k v i l l e ,  MD 20852 .

The i n f l u e n c e  o f  c y c l i c  n u c le o t id e s  on th e  p h o s p h o ry la t io n  o f 
m ic r o tu b u le  a s s o c i a t e d  p r o t e i n  2 (MAP 2) was i n v e s t i g a t e d .  F ra c 
t i o n s  r i c h  i n  MAP 2 w ere  p re p a re d  from  th e  r a t  b r a in  hom ogenate  
e x t r a c t  by te m p e ra tu re  d e p e n d e n t  a s se m b ly  and d i s a s s e m b ly  o f  m ic ro 
tu b u le s  (A n a l Biochem  9 8 :6 4 ,1 9 7 9 ) .  P r o te i n s  in  th e s e  p r e p a r a t i o n s  
w ere p h o s p h o ry la te d  e i t h e r  w ith  γ - 32P a d e n o s in e  5 - t r ip h o s p h a t e  
( γ - 32P)ATP o r  w i th  γ - 32P g u a n o s in e  5 - t r ip h o s p h a t e  ( γ - 32P)GTP 
and s e p a r a te d  on 4-11% g r a d i e n t  sodium  d o d e c y l  s u l f a t e - p o l y 
a c ry la m id e  g e l  e l e c t r o p h o r e s i s  (SDS-PAGE). MAP 2 p h o s p h o ry la t io n  
was a n a ly s e d  by a u to r a d io g r a p h y .  Q u a n t i t a t i v e  i n c o r p o r a t i o n  o f  
l a b e l e d  p h o s p h a te  i n t o  i n d iv i d u a l  ban d s was re c o rd e d  on an Image 
A rra y  P r o c e s s o r .

G u an o sin e  3 ,5 - c y c l i c  m onophosphate  (cGMP) a t  c o n c e n t r a t i o n s  
(0 -1 0 0  uM) in c r e a s e d  p h o s p h o ry la t io n  o f MAP 2 i n  a  d o se  d e p e n d e n t  
f a s h io n  when ( γ - 3 2 P)ATP was u sed  a s  p h o sp h o ry l  d o n o r . No s i g n i f i 
c a n t  i n c r e a s e  in  th e  p h o s p h o ry la t io n  o f  MAP 2 was n o t ic e d  w ith  
(γ - 32P)GTP i n  th e  p re s e n c e  o f  cGMP. K in e t i c  a n a ly s i s  o f  th e  d a ta  
on th e  i n f l u e n c e  o f  cGMP on MAP 2 p h o s p h o r y l a t i o n ,  u s in g  ( γ - 32P) 
ATP a s  p h o s p h o ry l  d o n o r ,  r e v e a le d  t h a t  10 uM cGMP was r e q u i r e d  
f o r  h a l f  m axim al p h o s p h o ry la t io n  o f  MAP 2 . In  th e  p r e s e n c e  o f  
h ig h e r  c o n c e n t r a t i o n  o f  cGMP (> 50  uM) a  d e c re a s e  in  th e  m o b i l i t y  
o f  MAP 2 band on SDS-PAGE was n o t ic e d  p ro b a b ly  due to  th e  cGMP 
s t im u la te d  p h o s p h o ry la t io n  o f  MAP 2 . D e n s i to m e tr ic  a n a l y s i s  o f  
MAP 2 band showed t h a t  b o th  MAP 2A and MAP 2B b an d s  w ere p h o sp h o ry 
l a t e d  w i th  cGMP d e p e n d en t p r o t e i n  k in a s e  b u t  th e  e x te n t  o f  p h o s
p h o r y la t io n  o f  MAP 2B was h ig h e r  com pared to  MAP 2A. T h is  ob
s e r v a t io n  s u g g e s t s  t h a t  MAP 2 may have  an  a d d i t i o n a l  r o l e  in  th e  
r e g u l a t i o n  o f  i n t e r a c t i o n s  be tw een  MAP 2 and o th e r  c y to p la s m ic  
co m p o n e n ts . In  th e  p re s e n c e  o f  cAMP, n e i t h e r  a  s h i f t  i n  th e  MAP 2 
band on SDS-PAGE n o r  p r e f e r e n t i a l  p h o s p h o ry la t io n  o f  MAP 2B was 
n o t i c e d .  T hese o b s e r v a t io n s  s u g g e s t  t h a t  d i f f e r e n t  s i t e s  on 
MAP 2 may be in v o lv e d  in  th e  p h o s p h o ry la t io n  by cAMP and cGMP 
d e p e n d e n t p r o t e i n  k i n a s e ( s )  and d i f f e r e n t  m echanism s may be r e 
s p o n s ib l e  f o r  th e  r e g u l a t i o n  o f  MAP 2 p h o s p h o r y l a t i o n .
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277.1 ANATOMIC AND PHYSIOLOGIC EVIDENCE FOR INNERVATION OF 
NORADRENERGIC LOCUS COERULEUS BY NEURONAL CORTICOTROPIN-RELEASING 
FACTOR. R .  J .  VALENTINO, C.  I .  CHA* , and S .  L . FOOTE. 
D ept. Pharm acology, George Washington U n iv ., W ashington, D. C. 
20037 (RJV) and D ept. P sy c h ia try , Univ. C a l i f . ,  La J o l l a ,  CA 
92093 (CC and SLF).

I t  has been h y po thesized  th a t  c o r t i c o t ro p in - r e le a s in g  fa c to r  
(CRF) a c ts  no t on ly  to  i n t i a t e  endocrine  a sp e c ts  o f  s t r e s s  
re s p o n se s , bu t a lso  a c ts  w ith in  b ra in  c i r c u i t s  as a 
n e u ro t ra n s m it te r  to  c o n tro l c e r t a in  autonomic and b e h a v io ra l 
components o f  s t r e s s .  We have p re v io u s ly  suggested  th a t  th e  
enhanced tu rn o v e r  o f  b ra in  n o ra d re n a lin e  (NA) observed d u ring  
s t r e s s  may be m ediated by n e u ro t ra n s m it te r  CRF re le a s e d  on to  NA 
neurons in  lo cu s  co e ru le u s  (LC). This su g g es tio n  i s  suppo rted  by 
o b se rv a t io n s  in  o th e r  la b o r a to r ie s  o f  CRF-immunoreactive axons in  
r a t  LC and by our p rev io u s  f in d in g  th a t  r a t  LC-NA neurons e x h ib i t  
enhanced b a s a l d isc h a rg e  r a t e s  a f t e r  in t r a c e r e b ro v e n tr ic u la r  
(ICV) o r m ic ro in je c tio n  a d m in is tra tio n  o f  CRF. We now re p o r t  
t h a t  h ig h ly  a rb o riz e d  CRF-immunoreactive f ib e r s  a re  ev id en t in  
monkey LC and th a t  CRF a l t e r s  LC senso ry  reponses  in  
h a lo th a n e -a n e s th e t iz e d  r a t s .

The d i s t r i b u t io n  o f  CRF-immunoreactive axons and c e l l  bod ies 
was s tu d ie d  in  th e  b ra in stem  o f  two cynomolgus monkeys (Macaca 
f a s c i c u l a r i s ) . F in e -c a rlib e r im m unoreactive f i b e r s  were ev id en t 
in  many s t r u c t u r e s .  The LC i s  among th e  most den se ly  in n e rv a ted  
o f  th o se  a re a s  we have exam ined. For exam ple, LC i s  as den se ly  
in n e rv a ted  as p a ra b ra c h ia l  a r e a s .  This c o n t r a s ts  w ith  th e  
r e l a t i v e  d e n s i t i e s  in  r a t ,  where p a ra b ra c h ia l  a re a s  a re  much more 
d en se ly  in n e rv a te d . In th e se  monkeys, who were no t t r e a te d  w ith  
c o lc h ic in e ,  im m unoreactive LC c e l l  bod ies  were u n u su a l.

In th e  e le c tro p h y s io lo g ic a l  s tu d ie s ,  ICV a d m in is tra tio n  o f  CRF 
(0 .3 -3 .0  ug) r e s u l te d  in  a dose-dependen t enhancement o f  LC 
spontaneous d isc h a rg e  r a t e s  3 min a f t e r  in j e c t io n ,  w ith  3 .0  ug 
p roducing  a 47 ± 12% in c r e a s e .  A la-14 CRF (3 .0  u g ) , an in a c t iv e  
an a lo g , had no e f f e c t .  LC c e l l s  respond to  s c i a t i c  nerve 
s tim u la t io n  w ith  a b r i e f  a c t iv a t io n  beg inn ing  20-40 msec 
p o s ts tim u lu s  fo llow ed by a p erio d  o f  supp ressed  a c t i v i t y .  1.0 
and 3 .0  ug CRF a t te n u a te d  bo th  response  components w hile  low -dose 
CRF (0 .3  ug) and A la-14 CRF (3 .0  ug) had no e f f e c t .  These 
r e s u l t s  confirm  and e x ten d , w ith  a d d i t io n a l  doses and ano th er 
in a c t iv e  an a lo g , our p rev io u s  dem onstra tion  o f  CRF e f f e c t s  on 
b a s a l d isc h a rg e  r a t e s  and in d ic a te  th a t  LC sen so ry  resp o n ses  a re  
a lso  s e n s i t i v e  to  CRF e f f e c t s .

These anatom ic and p h y s io lg ic  o b s e rv a t io n s  lend  a d d i t io n a l  
credence  to  th e  su g g es tio n  th a t  CRF, a c tin g  as  a 
n e u ro t r a n s m it te r ,  may a c t iv a t e  LC neurons in  response  to  
s tr e s s - in d u c in g  s t im u l i .  Supported by PHS G rant MH40008.

277.2 LOCALIZATION OF NEUROTENSIN BINDING SITES TO DOPAMINERGIC 
AND PUTATIVE CHOLINERGIC NEURONS IN RAT CENTRAL NERVOUS 
SYSTEM. E. Szigethy*, P. Kitabgi* and A. Beaudet. Department of 
Neurology and Neurosurgery, Montreal Neurological Institute, McGill 
University, Montreal, Quebec H3A 2B4, Canada and Centre de Biochimie 
du CNRS, Parc Valrose, 06034 Nice, France.

The distribution of 125I-neurotensin (NT) binding sites was studied in 
relation to dopaminergic neurons in the midbrain tegmentum, and to 
putative cholinergic neurons in the basal forebrain, using adjacent section 
radioautography-immunocytochemistry and radioautography-cholinesterase 
histochemistry, respectively. Serial 5-10 μm-thick frozen rat brain 
sections taken at the level of the substantia nigra and the basal forebrain 
were incubated for 1 h at 4°C with 0.1 nM 125I-NT (2000 Ci/mmole) in 50 
mM Tris buffer containing 5 mM MgCl2, 0.2% BSA and 20 mM bacitracin in 
the presence (non-specific binding) or in the absence (total binding) of 0.5 
mM non radioactive NT. After several buffer rinses, the sections were 
fixed with 4% glutaraldehyde and processed for light microscopic 
radioautography using conventional dipping techniques. Alternate sections 
from the midbrain were fixed by immersion in Zamboni's fixative and 
processed for tyrosine hydroxylase (TH) immunopytochemistry according to 
the PAP method. Alternate sections from the basal forebrain were 
processed after or without immersion fixation for acetylcholinesterase 
(Ache) histochemistry, according to the procedure of Genneser-Jensen 
(1971).

In radioautographs from the midbrain tegmentum, high labeling 
densities were detected over clustered neurons of the substantia nigra, pars 
compacta. In some areas, distinctly labeled neuronal perikarya stood out 
against low to moderate neuropil reactivity. Comparison with adjacent 
TH-immunostained sections revealed a precise overlap between groups of 
125I-NT radioautographically labeled and TH-immunoreactive cells. A 

number of TH-positive neurons showed unequivocal 125I-NT labeling while 
others appeared to be devoid of NT binding sites.

. In radioautographs from the basal forebrain, selectively labeled 
perikarya were visible in the ventral pallidum and substantia innominata, as 
well as along the medial edge of the globus pallidus, bordering the internal 
capsule (i.e., in an area considered equivalent to nucleus basalis). A large 
proportion of 125I-NT-labeled cells in this area showed point to point 
correspondence with neurons positively stained for Ache in adjacent 
sections. In conclusion, these results demonstrate the presence of specific 
NT binding sites on a subpopulation of dopaminergic neurons in the 
substantia nigra, pars compacta. In addition, the present data provides 
first evidence for co-localization of Ache activity and specific NT binding 
sites in magnocellular, putative cholinergic neurons of the substantia 
innominata and medial globus pallidus. It would be of interest to determine 
if degeneration of cholinergic neurons in this region reported in patients 
with Alzheimer's disease is accompanied by changes in neurotensin 
receptor binding. Supported by the MRC.
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277.3 DUAL LOCALIZATION OF CHOLINE ACETYLTRANSFERASE AND 
TYROSINE HYDROXYLASE IN RAT NEOSTRIATUM. J. Chan*, M. 
Carson*, T.H. Joh, and V.M. Picket. SPON:(B.A. Judd.) Lab. of 
Neurobiology, Dept. of Neurology, Cornell Univ. Med. Center, N.Y., N.Y. 
10021.

Pharmacological studies have recently suggested that the major 
interactions between dopaminergic afferents and intrinsic cholinergic 
neurons in the neostriatum may be at the level of axon terminal (Lehman 
and Langer et al., Neurosci. 10: 1105, 1983). We investigated the 
anatomical relationship between dopaminergic and cholinergic axon 
terminals in the rat neostriatum by dual immunocytochemical labeling of 
the respective synthesizing enzymes, tyrosine hydroxylase (TH) and 
choline acetyltransferase (CAT). The brains from adult rats were fixed by 
aortic arch perfusion with 0.1% glutaraldehyde and 4% paraformaldehyde 
in phosphate buffer. Coronal vibratome sections through the neostriatum 
were sequentially incubated with rabbit polyclonal antiserum to TH, 1251- 
donkey antirabbit immunoglobulin (IgG), rat monoclonal antiserum to 
CAT, rabbit antirat IgG and rat peroxidase-antiperoxidase complex. The 
labeled sections were processed for light and electron microscopic 
autoradiography. After an exposure period of 7-14 days, light microscopy 
revealed a dense accumulation of silver grains throughout the neuropil 
exclusive of cell soma and bundles of myelinated axons. Peroxidase 
labeling for CAT was evident in isolated large neuronal perikarya and in 
varicose processes within the same sections. At exposure periods of 2-4 
months, both autoradiographic and peroxidase labels were readily 
differentiated by electron microscopy. The autoradiographic labeling for 
TH was exclusively seen in small unmyelinated axons and axon terminals. 
These terminals formed primarily symmetric synapses with the more 
distal dendritic processes and the base of dendritic spines which also 
received asymmetric contacts from unlabeled axon terminals. Within the 
same section peroxidase labeling for CAT was occasionally detected 
within large neuronal soma and relatively smooth dendrites. However, the 
most common localization of CAT was in myelinated and unmyelinated 
axons and in small axon terminals. Like the TH-labeled terminals, the 
CAT-labeled terminals usually formed symmetric synapses with distal 
dendrites and spines. The TH and CAT labeled terminals were frequently 
found in direct apposition to each other and exhibited synaptic 
specializations with a common spiny dendrite. These findings support a 
possible axo-axonic association between dopaminergic and cholinergic 
terminals and provide morphological evidence for dual regulation of the 
output from medium spiny neurons in the rat neostriatum. (Supported by 
grants NSF 8320120 and NIMH 00078.)

277.4 CATECHOLAMINERGIC NEURONS IN THE ROSTRAL 
VENTROLATERAL MEDULLA RECEIVE DIRECT SYNAPSES FROM 
TERMINALS WITH SUBSTANCE P AND ENKEPHALIN-LIKE 
IMMUNOREACTTVITY. T.A. Milner, V.M. Pickel, T.H. Joh and D.J. Reis. 
Lab. of Neurobiology, Cornell Univ. Med. College, New York, NY 10021.

Ultrastructural analysis of catecholaminergic (CA) neurons in the Cl 
area of the rostral ventrolateral medulla (RVL) has demonstrated that 
they are postsynaptic to a number of non-CA terminals (Milner et al., 
Neurosci. Abst. 1985). Light microscopic immunocytochemical detection 
of substance P (SP) and enkephalin (ENK) in varicose processes in regions 
containing these CA perikarya suggests that one or both of these 
neuropeptides are found in the pre-synaptic terminals. Thus, we sought to 
determine whether SP or leucine (Leu5)-ENK made synaptic contact with 
CA neurons in the Cl area of the RVL.

Adult rats were anesthetized and the brains perfused with 3.75% 
acrolein and 2% paraformaldehyde. Coronal vibratome sections of fixed 
tissues were incubated in a 1:15,000 dilution of rabbit tyrosine 
hydroxylase (TH) antiserum followed by 125I-secondary IgG. The sections 
were then directly processed for light or electron microscopic 
autoradiography or subsequently incubated with rabbit antiserum to SP 
(1:1500) or Leu5-ENK (1:1500 dilution) and processed with peroxidase 
conjugated IgG followed by autoradiography.

Ultrastructural analysis of the CA neurons in the RVL showed 
selective accumulation of silver grains for 125I labeling of TH in neuronal 
perikarya, dendrites, axons and axon terminals. In sections processed for 
only TH, the TH-containing perikarya and dendrites received symmetric 
and asymmetric synapses from TH-labeled and unlabeled terminals. 
Within single thin sections prepared for dual labeling, the peroxidase 
marker for SP or ENK was differentially localized with respect to 
autoradiographic labeling for TH. SP and ENK-like im munoreactivity (LI) 
were localized in axons and axon terminals. Terminals with SPLI were 
large (0.8-1.4μm) and contained numerous small clear and 3-10 dense core 
vesicles. The SP-labeled terminals formed primarily asymmetric synapses 
with dendrites (0.8-2.0 μm) and their spinous processes containing TH 
immunoreactivity and with other unlabeled dendrites. Terminals with 
ENK-LI were medium sized (0.6-1.0 μm), contained numerous small clear 
and 1-6 dense core vesicles. These labeled terminals formed symmetric 
synapses with both TH-immunoreactive perikarya and dendrites (1.0-3.0 
μm) in addition to unlabeled dendrites. We conclude that CA neurons in 
the RVL, probably the Cl adrenergic neurons, are directly innervated by 
both SP and ENK-containing axon terminals which differ in terms of their 
respective synaptic specializations and distribution on neuronal perikarya 
reflecting perhaps differences in their functional role.
(Supported by NIH grants HL18974 and MH0078).

277.5 Immunocytochemical Visualization of Dopamine Neurons and Their Target 
Cells in Reaggregate Cell Culture. L. Won, B.H. Wainer, A. Heller, P.C. 
Hoffmann J.P. Bolama, I. Shalabyb, H. Hemminqsb, C. Ouimetb, N. Rosenb 
and P. G reen g a rd b . The University of Chicago, aOxford University and 
aThe Rockefeller University.

Previous work has shown that dopaminergic (DA) axons form synapses 
when co-cultured with their target cells in reaggregate cell culture (Won et 
al., Soc. Neurosci. Abstr. 11:66, 1985). In the present study, 
immunohistochemical procedures have been used to identify target cells 
and DA neurons in such reaggregates.

Dissociated fetal murine mesencephalic cells containing DA neurons 
were coaggregated with dissociated fetal striatal cells in rotatory culture 
for 20 days. Two neural antigens were localized in the same section using a 
novel two-color procedure of sequential immunoperoxidase staining (Levey 
et al., Soc. Neurosci. Abstr. 11:441, 1985). Polyclonal rabbit antisera 
against tyrosine hydroxylase (TH), and GABA, were used to localize DA 
neurons and GABA neurons, respectively. A monoclonal antibody was used 
against the phosphoprotein, DARPP-32, believed to identify 
dopaminoceptive striatal cells expressing DA receptors, some of which 
may contain GABA (Ouimet et al., J. Neurosci. 4:111-124, 1.984). 
Reaggregates were stained for visualization of the following antigenic 
combinations: TH/DARPP-32 and DARPP-32/GABA.

The pattern of DARPP-32 immunoreactivity showed that immunolabeled 
cells and their processes formed discrete patches within the reaggregate. 
TH and DARPP-32 immunoreactivities -were never found to co-localize 
within the same neuron, however, small TH-positive varicosities were 
interspersed within patches of DARPP-32-positive cells and processes. In 
sections stained for DARPP-32/GABA, some cell bodies contained both 
DARPP-32 and GABA-immunoreactivity. Cells which were labeled only for 
DARPP-32 or only for GABA were also observed.

In summary, dopaminergic varicosities associate with dopaminoceptive 
target cells in reaggregates composed of mesencephalic and striatal cells. 
A portion of these dopaminoceptive cells also contain GABA and may 
receive direct DA input. Further examination of neurotransmitter 
interaction in these reaggregates remains to be studied at the 
ultrastructural level. (Supported by MH-28942 and L.W. was supported by 
GM-07I5I.

277.6 MODIFICATION OF COERULEO-CORTICAL NORADRENERGIC NEUROTRANSMISSION 
AFTER SEROTONIN DEPLETION: ELECTROPHYSIOLOGICAL STUDIES IN THE 
RAT. A. F e rro n . C en tre  de rech e rch e  en s c ie n c e s  neurologiques 
(Dép . p h y s io lo g ie ) , U n iv e rs ité  de Montré a l ,  Montré a l , Canada.

P rev ious  m ic ro io n to p h o re tic  s tu d ie s  in  c e re b ra l  c o r te x  have 
shown a m arkedly d im in ished  re sp o n s iv en ess  to  dopamine (CA) and 
n o ra d re n a lin e  (NA) a t  r e l a t i v e ly  s h o r t  tim e in t e r v a l  (2-4 days) 
a f t e r  s e ro to n in  (5-HT) d e p le t io n  w ith  th e  s y n th e s is  in h ib i to r  pa- 
rach lo ro p h e n y la la n in e  (PCPA) (F erron  e t  a l . ,  B ra in  Res. 231:93, 
1982). Recent b iochem ical d a ta  (Reader e t  a l . ,  Neurochem. Res. 
in  p re s s )  su g g es t th a t  such d im in ished  re sp o n s iv en ess  could re
f l e c t  an a d a p tiv e  d e s e n s i t iz a t io n  (d o w n-regu la tion ) o f  CA and NA 
r e c e p to r s  secondary  to  in c rea sed  endogenous re le a s e  o f ca tech o la 
m ines. The p re s e n t study  was undertaken  to  determ ine  whether 
o th e r  m o d if ic a tio n s  in  th e  fu n c t io n a l p ro p e r t ie s  o f  coeru leo - 
c o r t i c a l  neurons a l s o  accompanied th e  5-HT d e p le t io n .

A dult male Sprague-Dawley r a t s  (250-350 g) were u sed . 5-HT 
d e p le tio n  was produced by d a i ly  a d m in is tr a tio n  o f PCPA (500 mg/kg 
i . p . )  f o r  2 o r  3 days . Tw enty-four hours a f t e r  th e  l a s t  PCPA in 
je c t i o n  and under u re th an e  o r  c h lo r a l  h y d ra te  a n a e s th e s ia :  1) 
The spontaneous f i r i n g  r a t e  o f NA neurons was reco rded  in  the 
lo c u s  c o e ru leu s  (DC). 2) The s e n s i t i v i t y  of NA a u to re c e p to rs  in 
LC was m easured by d eterm in ing  th e  e f f e c t s  o f s in g le  doses o f  in
trav en o u s c lo n id in e  (1-6 ug/kg) on spontaneous neuronal a c t i v i 
t y .  3) The re sp o n s iv en ess  o f  c o r t i c a l  neurons to  e l e c t r i c a l  s t i 
m u la tio n  o f  th e  LC was a s se s se d  in  sen so rim o to r c o r te x  by p e r i -  
s tim u lu s  tim e h is tog ram s using  0 .5  ms p u ls e s  a t  2 Hz w ith  400 to  
800 uA c u r r e n t s .

By com parison w ith  c o n t r o ls ,  spon taneous a c t i v i t y  o f  LC neu
ro n s  was s ig n i f i c a n t ly  in c rea sed  in  PCPA -treated r a t s  (3 .7  ± 0.2 
vs 2 .6  ± 0 .2  Hz; P 0 .0 1 ) .  In  th e  same r a t s ,  th e  e f f e c t  o f i . v .  
c lo n id in e  on LC neuron f i r i n g  was weaker than  in  th e  c o n tro ls  
( 1 .3 3 - fo ld  d e c re a s e ) .  In  c e re b ra l  c o r te x ,  th e  number o f spon ta
neously  f i r i n g  u n i t s  in h ib i te d  by e l e c t r i c a l  s t im u la t io n  o f the 
LC was a l s o  s ig n i f i c a n t ly  reduced (78% vs 30%).

These f in d in g s  su g g es t t h a t ,  fo llow ing  5-HT d e p le tio n  by 
PCPA, in c rea sed  f i r i n g  o f  NA neurons in  LC was a s s o c ia te d  w ith  
d ec reased  s e n s i t i v i t y  o f  NA a u to re c e p to rs  in  t h i s  n u c leu s . Whe
th e r  t h i s  change invo lved  LC nerve c e l l  bod ie s  and d e n d r i te s  
an d /o r  NA and / o r  o t he r  nerve  te rm in a ls  in  LC rem ains to  be de
te rm in e d . The f a c t  t h a t  th e  re sp o n s iv en ess  to  LC s tim u la t io n  was 
d ec reased  in  c o r te x  su g g es ts  t h a t ,  in  th e  absence o f  5-HT, 
c o e ru le o - c o r t ic a l  NA n eu ro tran sm iss io n  was m arkedly reduced in  
i t s  e f f i c a c y .  I t  rem ains to  be determ ined  w hether such a  re g u la 
t i o n  o f  c o e ru le o -c o r t ic a l  NA neurons by 5-HT i s  p r im a r i ly  e x e rte d  
d i s t a l l y  ( a t  th e  le v e l  o f  NA nerve  te rm in a ls  w ith in  th e  c e re b ra l  
c o r te x )  o r  p ro x im ally  ( a t  th e  le v e l  o f c e l l s  b od ie s  in  LC). 
(S upported by th e  M edical R esearch  C ouncil o f  Canada).
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277.7 ROLES OF D2 AND 5HT2 RECEPTORS IN MEDIATING THE EFFECTS OF 
METHAMPHETAMINE, 3,4-METHYLENEDIOXYMETHAMPHETAMINE AND 
3 ,4-METHYLENEDIOXYAMPHETAMINE ON STRIATO-NIGRAL NEUROTENSIN SYS
TEMS. A .A .Letter*, K. Merchant*, U.W. Gibb and G.R. Hanson. 
(SPON: J.H . Petajan) department Biochemical Pharmacology and 
Toxicology, U niversity  of Utah, S a lt Lake C ity , UT 84112

Numerous stud ies  have demonstrated tox ic  e ffe c ts  of methamphet- 
amine (METH) and o ther amphetamine-like drugs on the dopaminergic 
and sero tonerg ic  systems. Recently our laborato ry  has shown th a t 
following treatm ent with METH, 3 ,4-methylenedioxyamphetamine (MDA) 
and 3,4-methylenedioxymethamphetamine (MDMA, "ecs ta sy " ), there  is  a 
s ig n if ic a n t e levation  (200-300% of con tro l) of the concentrations 
of neu ro ten sin -lik e  immunoreactivity (NTLI) in the s tr ia to -n ig ra l  
regions of the ra t  b ra in . The purpose of our present research was 
to ch arac te rize  fu r th e r  these changes in neurotensin systems by 
concurrent adm in istra tion  of a sp ec ific  D2 recep tor an tag o n ist, 
su lp ir id e  (80 mg/kg), or the 5HT2 recep tor an tag o n ist, r i ta n s e r in e , 
(1 mg/kg), with each of the amphetamine congeners, METH (15 mg/kg), 
MDMA (10 mg/kg), or MDA (10 mg/kg). Treatments consisted  of 
5-doses of the drugs a t  6-hr in te rv a ls : animals were sac rif ic ed  
18-hr a f te r  the la s t  dose. Concentrations of NTLI were measured by 
radioimmunoassay using a highly sp ec ific  antiserum .

We observed th a t  su lp ir id e  s ig n if ic a n tly  a ttenuated  only the 
METH-induced increase  in n ig ra l NTLI and had no e f fe c t  on th a t 
induced by e i th e r  MDA or MDMA. R itan se rin e , however, produced no 
NTLI a tten u atio n  when given with METH, MDA, or MDMA. In the 
s tria tu m , su lp ir id e  or r ita n s e r in e  adm inistered a lone, 
s ig n if ic a n tly  increased NTLI concentrations to  160% and 140% of 
control re sp ec tiv e ly , whereas METH, MDMA and MDA increased NTLI to  
230%, 217% and 222% of co n tro l, re sp ec tiv e ly . When e ith e r  METH, 
MDMA or MDA were given concurrently  with s u lp ir id e , sy n e rg is tic  
increases in NTLI concentrations to  461%, 481% and 517% of c o n tro l, 
re s p ec tiv e ly , were observed. Unlike s u lp ir id e , r ita n s e rin e  in 
combination with the amphetamine-like compounds did not a l t e r  the 
response of s t r i a ta l  neurotensin system to  these drugs.

Our s tud ies  in d ica te  th a t  unlike MDMA and MDA, the METH-induced 
increases in NTLI in the sub stan tia  nigra are p a r t ia l ly  mediated 
through D2 recep tors  while 5HT2 receptors do not appear to  play a 
s ig n if ic a n t ro le .  S tr ia ta l  increases in NTLI induced by these 
drugs appear to  be enhanced by concurrent adm in istra tion  of 
s u lp ir id e , but not by r i ta n s e r in e .
(Supported by USPHS gran t DA 00869).

277.8 ANGIOTENSIN II RECEPTORS ARE PRESENT ON CATECHOLAMINERGIC CELLS IN 
NEURONAL CULTURES. M.K. Raizada*, E.M. Richards* and C. Sumners 
(SPON: P. R eier). Dept. of Physiology, Univ. of F lo rida , 
G ainesv ille , FL 32610.

In previous stud ies we have determined th a t neuronal cu ltu res  
contain catecholamine (CA) neurons and also sp ec ific  receptors fo r 
angiotensin II  (AngI I -R). In addition we have shown th a t Angll 
can influence CA leve ls  and metabolism in these cu ltu res  by acting  
a t  i t s  sp ec ific  recep to rs, while the AngI I -R are themselves regu
la ted  by the re leased  CA (Sumners e t  a l . ,  Am. J .  Physiol. 250, 
C236, 1986, and Am. J .  Physiol. 246, C502, 1984). The re la tiv e  
anatomical lo c a liza tio n  of each component is  a p re req u is ite  fo r 
understanding the d isc re te  neuronal in te rac tio n s  between AngI I , 
AngI I -R and CA. In the present study a combined autoradiography 
and immunocytochemical approach has been u ti l iz e d  to examine the 
anatomical lo c a liza tio n  of AngI I -R and CA in neuronal c u ltu re s . 
Neuronal cu ltu res  were prepared from the hypothalamus and b ra in 
stem (co -cu ltu res) of one day old Sprague-Dawley ra ts  as described 
previously (Sumners e t a l . ,  Am. J .  Physiol. 250, C236, 1986). Ten 
to fourteen day old cu ltu res  which contained 75-80% neuronal c e l ls  
were used fo r experiments. Using autoradiographic analysis with 
[125I]-AngII to  v isu a lize  AngII-R, we have previously determined 
th a t neuronal c e l ls  in cu ltu re  contain sp ec ific  AngI I -R both on 
the ce ll bodies and on neu rite s  (Raizada e t a l . ,  Am. J .  Physiol. 
247, C354, 1984). Immunocytochemical s ta in ing  of neuronal c u l
tu re s  fo r CA c e l ls  using an antibody against dopamine β-hydroxy
lase  (anti-D βH, obtained from Dr. R. Rush, F linders Univ., South 
A ustra lia ) revealed a sp ec ific  population of neurons which s ta in  
p o s itiv e ly  fo r  D βH. Double la b e llin g  experiments fo r AngI I -R and 
DβH p o sitiv e  c e l ls  were performed as follows. AngII binding was 
done by tre a tin g  c e l ls  with [ 125I]-AngII (0.5 nM, 6 0 ') in PBS (pH 
7 .2 ). Following th is ,  the c e l ls  were fixed , tre a ted  with sodium 
borohydrate and then DβH immunocytochemistry was performed using 
the A vidin-Biotin technique. D ouble-labelled cu ltu res  were pre
pared fo r autoradiography 2-3 weeks la te r ,  and the re la tiv e  lo ca l
iz a tio n  of s i lv e r  grains (AngI I -R) and DβH-neurons was observed 
with phase c o n tra s t microscopy. I t  was observed th a t AngI I -R were 
present on both DβH- and non-staining neurons. On the DBH c e l l s ,  
AngI I -R were present on both the cell bodies and on the n eu rite s . 
A dditionally , some DβH neurons were seen which did not contain 
AngI I -R. These findings show th a t AngI I -R are present on centra l 
CA neurons, and fu rth e r support our observations th a t the AngII 
e f fe c t  on CA lev e ls  and metabolism is  an intraneuronal event.

Supported by NIH grants NS-19441 and HL-33610.

277.9 CHRONIC MORPHINE TREATMENT AND UP-REGULATION OF BENZODIAZEPINE 
AND DOPAMINE RECEPTORS IN THE MOUSE. M aureen E. E l l i s ,  Robin R. 
Dean* , and R. K a rle r* . D ept. o f Pharm acology, Univ. of U tah  S ch. 
of Med., S a l t  Lake C ity , UT 84132.

S u b s t a n t i a l  e x p e r im e n ta l  e v id e n c e  e x i s t s  f o r  i n t e r a c t io n s  
between th e  endogenous o p io id  system s and th e  benzodiazepine-G aba 
complex, as w e ll as th e  d o p am in e rg ic  system . The purpose of the  
p re s e n t s tudy  was to  determ ine th e  in f lu e n c e  of ch ro n ic  m o rp h in e  
tre a tm en t on benzod iazep ine  (BZ) and dopamine (DA) r e c e p to r s ,  and 
on drug re sp o n s iv en ess  o f th e se  t r a n s m it te r  system s. The e x p e ri
m en ts  w ere  co n d u c te d  on abou t 25 gm CF-1 mice th a t  were t r e a te d  
once d a i ly  fo r  20 d ay s  w ith  100 m g/kg o f  m orph ine s u l f a t e  i . p .  
R ecep to rs w ere m easured u s in g  s ta n d a rd  r e c e p to r  a u to r a d io g ra p h y  
te c h n iq u e s  w ith  a v id e o  camera based den sito m etry  system  in t e r 
f a c e d  w ith  an  A p p le  c o m p u te r .  The l i g a n d s  em p loyed  w ere  
f lu n itraze p am  and RO 15-1788 fo r  th e  b e n z o d ia z e p in e  r e c e p t o r s ,  
and  SCH 23390 f o r  th e  dopam ine ( D - l )  r e c e p to r s .  In  a d d i t io n ,  
o p i a t e  r e c e p t o r s  w ere  d e te rm in e d  w i th  d ih y d ro m o rp h in e . The 
r e c e p t o r s  w ere  m e asu red  i n  th e  fo l lo w in g  a r e a s :  f o r  t h e  BZ 
r e c e p t o r s ,  th e  d e n t a t e  g y r u s ,  CA3, l a t e r a l  am ygdaloid n u c leu s , 
p a r a v e n t r i c u l a r  n u c le u s  o f  th e  th a lam u s  and  la m in a  IV o f  the 
c o r te x ; fo r  the  DA r e c e p to r s ,  the caudate putamen and s u b s t a n t i a  
n i g r a ;  f o r  th e  o p i a t e  r e c e p to r s ,  th e  a n t e r io r  hypothalam us, the  
p a r a v e n tr ic u la r  n u c leu s  o f th e  tha lam us, and p e r ia q u e d u c ta l g ray . 
The r e s u l t s  in d ic a te  th a t  fo r  the  b ra in  a re a s  s tu d ie d  th e re  was a 
30-50% d o w n -reg u la tio n  of th e  d ih yrdromorphine b in d in g , a 1/5-200% 
u p - re g u la t io n  o f th e  benzod iazep ine  r e c e p to r s ,  and a 200-400% up- 
r e g u la t io n  o f th e  D-l r e c e p to r s .  The ch ro n ic  morphine tre a tm en t 
was a ls o  a s s o c ia te d  w ith  to le ra n c e  in  th e  t a i l f l i c k  t e s t ,  and  to  
th e  h y p o th e rm ic  e f f e c t  of m orphine; an in c re a s e  in  th e  a n t ic o n -  
v u l s a n t  a c t i v i t y  o f  d iazep am  ( 0 .1  m g/kg) a g a i n s t  p e n ty le n e 
te tr a z o l- in d u c e d  minim al but n o t a g a in s t maximal c o n v u ls io n s; and 
an in c re a s e  in  th e  locom otor response  to  am phetam ine (4  m g /k g ) , 
c o c a in e  (2 0  m g /k g ) , and  b ro m o c r ip t in e  (5  m g /k g ) . The d a ta  
su p p o rt th e  fo llo w in g  c o n c lu s io n s :  1) ch ro n ic  morphine tre a tm en t 
can cause dow n -reg u la tio n  o f o p ia te  r e c e p to r s ;  2) c o n c o m ita n t ly  
b o th  th e  b e n z o d ia z e p in e  and  dopamine re c e p to r  system s show up- 
r e g u la t io n ;  and , 3) th e  o b se rv ed  r e c e p to r  changes a re  a s s o c ia te d  
w i th  a p p r o p r i a t e  ch a n g es  in  th e  p h a rm a c o d y n a m ic s  o f  d ru g s  
o s t e n s i b l y  a f f e c t i n g  th e s e  r e c e p to r  sy s te m s . (S upported  by DA 
00346 R esearch G ran t)

277.10 EFFECTS OF SUBSTANCE P ON THE BINDING OF LIGANDS TO 
NICOTINIC ACETYLCHOLINE RECEPTORS. S.M.Simasko, J.M. 
Henley. J.A.Durkin* and G.A.Weiland. Dept. of Pharmacology, New York 
State College of Veterinary Medicine, Cornell University, Ithaca, NY 14853.

It has been shown in a number of systems that substance P (SP) can 
modulate the effects of compounds which activate the nicotinic acetylcholine 
receptor (nAChR). To examine if this effect of SP is mediated by an allosteric 
mechanism on the receptor we have characterized the interactions of SP with 
the binding of various ligands that have previously been shown to bind to the 
nAChR. The labeled ligands we have used are [3H]acetylcholine (ACh), 
[3H](-)nicotine, [3H]phencyclidine (PCP), and [125I]α-bungarotoxin (BGT). 
We have examined the interaction on Torpedo electroplaque membranes, PC 12 
cells, BC3H1 cells, and homogenates of brain tissue.

In Torpedo membranes SP decreased the initial rate of [125I]BGT binding 
with an IC50 of 10 μM, SP had no effect on the binding of [3H]ACh, and SP 
appeared to increase the binding of [3H]PCP (EC50≈10 μM). It has previously 
been shown that carbamylcholine (carbachol) increases the binding of 
[3H]PCP. Interestingly, SP blocked the stimulatory effect of carbachol on 
[3H]PCP binding (IC50≈10 μM) but with a low Hill coefficient (nH<0.5). 
These results would suggest that SP interacts  with a site on the Torpedo  
nAChR that is unique to SP. The mechanism by which SP blocks the 
carbachol effect on [3H]PCP binding without showing any action at the 
[3H] ACh site remains to be determined.

In solubilized homogenates of cortex from rat brain, whole chick brain, and 
whole goldfish brain, SP inhibited the initial rate of [125I]BGT binding up to 
50% (EC50≈l μM). In these same tissue preparations SP had no effect on 
[3H](-)nicotine binding. On BC3H1 cells SP did not displace [125I]BGT 
binding, however, 10 μM SP did displace [125I]BGT binding on PC12 cells to 
the same degree as 1 mM d-tubocurare or 10 mM carbachol.

The results with [3H]ACh and [3H](-)nicotine indicate that SP does not 
directly interact with the agonist recognition site on nAChRs from a variety of 
tissues. However, SP does seem to distinguish nAChRs based on its ability to 
compete for [125I]BGT binding. BGT does not block nicotinic responses on 
PC12 cells (thought to be "neuronal-type" nAChRs) but does on BC3H1 cells 
(thought to be "muscle-type" nAChRs). SP blocks BGT binding on PC12 
cells but not BC3H1 cells. We have previously shown that SP can inhibit 
nicotinic responses on both cell lines (IC50s of 1 μM and 10 μM on PC12 cells 
and BC3H1 cells, respectively). The observation that SP inhibits only half the 
[125I]BGT binding to brain tissue would suggest that either nAChRs in brain 
are heterogeneous or that SP has an allosteric effect on brain [125I]BGT 
binding. The observation that SP can compete for [125I]BGT sites in Torpedo 
membranes but not BC3H1 cells would suggest that these receptors are not 
equivalent. The relationship between the functional aspects of BGT and SP on 
nicotinic responses and the observations on the effects of SP on [125I]BGT 
binding on nAChRs from various tissues remains to be determined. This work 
was supported by NSF grant #BNS-8215572.
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277.11 EFFECTS OF SEROTONIN DEPLETION WITH P-CHLOROPHENYLALANINE ON BETA- 
ADRENERGIC RECEPTORS IN RAT BRAIN. K.J. Kellar,  J.-M. Mienville*, 
S.M. McLeskey*, A.M. M artino*,  and C.A. Stockmeier. Dept. of 
Pharmacology, Georgetown Univ. Sch. of Med., Washington, DC 20007.

S e l e c t iv e  l e s io n s  of se r o to n in  (5-HT) neurons with 
5 ,7 -d ih y d ro x y try p tam in e  or p-chloramphetamine (PCA) re s u l t  in an 
u p - r e g u la t i o n  of be ta -adrenergic  receptors  in ra t  hippocampus and 
c e r e b r a l  co r tex  (S tockmeie r e t a l . , Sc ience 230, 1985). The 
purpose of t h i s  s tudy  was to  de te rmine  whether the l oss of 5-HT 
i t s e l f  is  s u f f i c i e n t  to  increase beta-adrenergic receptor binding 
or whether  a d d i t io n a l  f a c t o r s  a s s o c i a t e d  with 5-HT axons are 
involved in the regula tion  of beta-adrenergic  receptors .

Male Sprague-Dawley r a t s  were i n j e c t e d  with p-chlorophenyl- 
alanine (PCPA) to  in h ib i t  5-HT synthesis .  The in i t i a l  dose was 300 
mg/kg on day 1 fo l lowed by 50 mg/kg every other day fo r  33 days. 
The r a t s  were s a c r i f i c e d  one day a f t e r  th e  l a s t  in jec t ion .  The 
5-HT and the  no rep in ep h r in e  (NE) con ten t  of th e  hippocampus and 
c o r te x  were measured by HPLC. B e ta - ad r en e rg ic  receptors  were 
measured with a s i n g l e  c o n ce n t r a t io n  of [3H]dihydroalprenol o l 
( [ 3H]DHA; 6 nM) or of [ 125I] iodopindolol ( [ 125I p i n ;  150  pM).

Treatment with PCPA reduced 5-HT content in the  hippocampus and 
in th e  co r tex  by about 80% compared to  sa l in e  in jected con tro ls .  
Norepinephrine (NE) content was not affected in e i the r  brain area.

In th e  hippocampus, t h i s  treatment with PCPA resulted in a 62% 
and a 45% increase in the  binding of [ 3H]DHA and [ 125I]Pin,  respec
t i v e l y .  In th e  tha lam us,  [ 3H]DHA b ind ing  was increased by 38%, 
while  in th e  f r o n t a l  co r tex  and cerebe l lum  binding of [3H]DHA 
appeared to  be unchanged by treatment with PCPA.

In other r a t s ,  a le sion of 5-HT axons was produced by in jec t ions  
of  PCA (5 mg/kg on days 1 and 3 ) .  Beginning on day 5, lesioned 
r a t s  and nonlesioned c o n t r o l s  were in jected  da i ly  with carbidopa 
(25 mg/kg) and e i t h e r  5-hydroxytryptophan (5-HTP; 50 mg/kg, twice 
d a i ly )  or s a l i n e  fo r  4 weeks. The r a t s  were sac r if iced  14 or 38 
hours  a f t e r  the  l a s t  in je c t io n .  As expected, the  lesion with PCA 
r e s u l t e d  in a 37% inc rea se  in [ 3H]DHA binding in the hippocampus. 
The chronic treatment with 5-HTP, designed to  increase  5-HT content 
in b r a i n ,  did not p reven t  the  PCA le s ion - induced  increase in 
[ 3H]DHA binding in the hippocampus. Nor did chronic treatment with 
e i t h e r  carb idopa  p lus  5-HTP or c arb idopa  alone a l t e r  [ 3H]DHA 
binding in nonlesioned r a t s .

Deplet ion  of b ra in  5-HT with PCPA appears to  be su f f ic ie n t  to  
up-regula te  beta-adrenergic  receptors  in hippocampus. But following 
5-HT axon le sions,  replacement of 5-HT levels  in brain general l y by 
t re a tm e n t  with 5-HTP ap p a ren t ly  is  not su f f ic ie n t  to prevent the 
u p - r e g u la t i o n  of t h e s e  receptors .  It  is possible  tha t  some other 
component of 5-HT neurons, or the proximity of in tac t  5-HT axons to 
s p e c i f i c  t a r g e t  neurons re c e iv in g  NE innervation is  required for 
complete regula tion of beta-adrenergic  receptors  by 5-HT axons.

277.12 COMPLIMENTARY PATTERNS OF SEROTONERGIC AND 
NORADRENERGIC FIBERS IN MAIN OLFACTORY BULB OF ADULT 
RATS. M.T. Shipley. G.S. Aston-Jones, W.T. Nickell, and J.H, McLean. 
Dept. of Anatomy and Cell Biology, Univ. of Cincinnati College of 
Medicine, Cincinnati,OH.45267-0521 and Dept. of Biology, New York 
Univ., New York, NY 10003.

The main olfactory bulb has distinct laminar cytoarchitectural 
patterns which facilitate studies of afferent connections and 
development. Previous immunohistochemical and connectional studies 
have established that in the adult rat, serotonergic input from the 
dorsal and median raphe terminates predominantly in the glomerular 
layer of the olfactory bulb. Little is known about the laminar 
termination pattern of noradrenergic fibers in the bulb. Since 
recent evidence suggests that serotonergic and noradrenergic fibers 
form mainly complimentary rather than overlapping patterns of 
innervation in the neocortex, we compared the terminal distribution 
of these two monoaminergic systems in the olfactory bulb.

Immunohistochemical studies were performed on adult (>60 days, 
>300gm.) male rats. Frozen transverse sections from rostral to 
caudal levels of the main olfactory bulb were floated and incubated 
in primary antibodies to serotonin or dopa-B-hydroxylase (for 
noradrenaline) followed by reactions using the ABC and DAB method of 
antibody visualization. Patterns of antibody distribution were 
compared to patterns obtained by anterograde tracing studies 
performed by injecting WGA-HRP into either the raphe nuclei 
(serotonergic) or locus coeruleus (noradrenergic).

The laminar patterns of fiber distribution of the two 
monoaminergic systems were remarkably complimentary using both 
immunohistochemical and anterograde tracing methods. Serotonergic 
fibers and anterograde tracing from the raphe show heavy labelling in 
glomeruli of the olfactory bulb with relatively few fibers present in 
deeper layers of MOB. By contrast, noradrenergic fibers and 
anterograde tracing from the locus coeruleus are very dense in the 
infraglomerular layers of MOB, especially the internal plexiform 
layer. Scant or no label is present in the glomeruli.

These results provide strong support for the notion that these 
two monoaminergic systems innervate common cortical targets with 
strikingly different laminar termination patterns. The functional 
significance of the anatomical differences is unknown but one may 
speculate that the two systems exert quite different and possibly 
complimentary actions on bulb circuits.

Supported by Grants DAMD17-86-C-6005 and NS-23348.

277.13 e f f e c t  o f  n e u r o p e p t id e  y on THE RELEASE OF (3 h ) —n o r e p in e p h r in e  
FROM THE ANTERIOR HYPOTHALAMUS AND NUCLEUS OF THE SOLITARY TRACT 
REGION OF RATS. A .E . Ci a r l e g l i o * ,  M.C. B e in fe ld *  an d  T .C . W e s t f a l l  
(SPON: L .C . M a s s o p u s t ) . D e p a r tm e n t o f  P h a rm a c o lo g y , S t .  L o u is  

U n iv e r s i ty  S c h o o l o f  M e d ic in e , S t .  L o u is ,  MO 63104 .
N e u ro p e p tid e  Y (NPY) i s  a  t h i r t y - s i x  am ino a c id  p e p t i d e  t h a t  h a s  

b e e n  shown t o  b e  c o lo c a l i z e d  w i th  n o r e p in e p h r in e  (NE) in  c e n t r a l  
c a te c h o la m in e  n e u ro n a l  s y s te m s  in c l u d i n g  t h e  A1 , A2 , C1 and  C2 
r e g io n s  o f  t h e  m e d u lla  o b lo n g a ta .  Many o f  t h e  c a te c h o la m in e  
n e u ro n s  o f  t h e  m e d u l la  t h a t  c o n ta in  NPY p r o j e c t  t o  n u c l e i  i n  th e  
h y p o th a la m u s . I n  a d d i t i o n ,  NPY h a s  b e e n  shown t o  d e c re a s e  t h e  
r e l e a s e  o f  NE from  p e r i p h e r a l  s y m p a th e tic  n e rv e s  i n  t h e  p e r f u s e d  
r a t  m e s e n te r i c  a r t e r y  (F ed . P ro c .  4 5 :3 9 8 , 1 9 8 6 ) , s u g g e s t in g  t h a t  
t h e  p e p t i d e  p a r t i c i p a t e s  i n  t h e  m o d u la t io n  o f  n o r a d r e n e r g i c  t r a n s 
m is s io n .  The p u rp o se  o f  t h e  p r e s e n t  s tu d y  was t o  exam ine th e  
e f f e c t s  o f  NPY on  NE r e l e a s e  i n  v i t r o  i n  th e  a n t e r i o r  h y p o th a la m u s  
(AH) and  th e  n u c le u s  o f  t h e  s o l i t a r y  t r a c t  (NTS) r e g i o n .

M ale S p rag u e-D aw ley  r a t s  (2 7 0 -3 5 0  g) w ere  d e c a p i t a t e d  and  th e  
b r a i n  q u i c k ly  rem oved . In  a  c o ld  room th e  AH was rem oved by 
m ak ing  an a n t e r i o r  c o ro n a l  c u t  th ro u g h  th e  o p t i c  c h ia sm , a  p o s t e r 
i o r  c u t  th ro u g h  th e  m id s e c t io n  o f  t h e  in fu n d ib u lu m , and  tw o d ia g o 
n a l  c u t s  from  t h e  m e d i o l a t e r a l  b o r d e r s  o f  t h e  p y r i f o rm  c o r t e x  t o  
t h e  a n t e r i o r  co m m issu re . The t i s s u e  was s l i c e d  a t  500 μm t h i c k 
n e s s ,  r o t a t e d  9 0 ° an d  s l i c e d  a g a in .  The b r a in s te m  was rem oved , 
an d  1 mm c o ro n a l  s l i c e s  w ere  m ade; s l i c e s  w ere  p l a c e d  on a  g l a s s  
s l i d e  on a  c o o le d  m ic ro sc o p e  s ta g e  an d  th e  NTS r e g io n  was p u n ch ed  
b i l a t e r a l l y  fro m  t h r e e  c o n s e c u t iv e  s l i c e s .  T i s s u e s  w ere  p r e in c u 
b a te d  i n  K reb s  R in g e r  b i c a r b o n a te  b u f f e r  f o r  15 m in , th e n  in c u b a te d  
i n  b u f f e r  c o n ta in in g  (3H)-NE f o r  30 m in . A f t e r  a  40 m in e q u i l i 
b r a t i o n  p e r i o d ,  t i s s u e s  w ere  s t i m u l a t e d  tw ic e  (S1 an d  S 2) u s in g  
h ig h  p o ta s s iu m  b u f f e r  w i th  a  15 m in i n t e r v a l  b e tw e en  S1 an d  S 2 . 
In  a  s e c o n d  g ro u p  o f  a n im a ls ,  NPY was ad d ed  a f t e r  t h e  f i r s t  s tim u 
l a t i o n  and  re m a in e d  p r e s e n t  th ro u g h  t h e  se co n d  b a s a l  p e r i o d  and  
s t i m u l a t i o n .  3H-NE r e l e a s e  was m ea su red  u s in g  l i q u i d  s c i n t i l l a t i o n  
s p e c t r o s c o p y .  To f u r t h e r  p ro b e  th e  r o l e  o f  NPY i n  t h e  m o d u la t io n  
o f  NE r e l e a s e ,  rad io im m u n o a ssa y  f o r  NPY was u s e d  t o  exam ine  th e  
p o s s i b i l i t y  t h a t  NE an d  NPY a re  c o - r e l e a s e d  i n  th e  AH and  NTS 
r e g io n .  M ethods f o r  t h i s  p a r t  o f  t h e  s tu d y  w ere  a s  a b o v e , e x c e p t  
t h a t  no e x o g en o u s NPY was a d d e d . R e s u l t s  w ere  e x p re s s e d  a s  a 
r a t i o  o f  S2/ S 1 .

In  t h e  NTS r e g i o n ,  NPY was shown t o  d e c re a s e  t h e  r e l e a s e  o f  
3H-NE s i g n i f i c a n t l y :  S 2 / S 1 c o n t r o l  = 0 .7 7  ± .0 6 ,  NPY = 0 .5 8  ± .0 9 ,  
p  < .0 5 .  S i m i la r  r e s u l t s  w ere  o b t a in e d  i n  t h e  AH: S 2 / S 1  c o n t r o l  
= 0 .6 8  ± .0 3 ,  NPY = 0 .5 4  ± .0 4 ,  p  < .0 5 .  T h ese  r e s u l t s  s u g g e s t  
t h a t  NPY m o d u la te s  NE r e l e a s e  i n  t h e s e  b r a i n  r e g io n s  by d e c re a s in g  
th e  ev o k ed  r e l e a s e  o f  NE.

(S u p p o rte d  i n  p a r t  by  USPHS HL 3 5202 , HL 26319 an d  NS 1 6 2 1 5 .)

277.14 BEHAVIORAL EVIDENCE FOR GABAERGIC SUPERSENSITIVITY IN 
ADULT RATS LESIONED WITH 6-OHDA AS NEONATES. G .R. 
B r e e s e , K . L . H u l e b a k , T . C .  N a p i e r ,  R .A .  Muel l e r , A.A. 
B a u m e i s t e r 1 , a n d  G .D. F r y e 1 . U n i v e r s i t y  o f  N o r t h  
C a r o l i n a  S c h o o l  o f  M e d i c i n e ,  C h a p e l  H i l l ,  NC 27514  
a n d  1 T e x a s  A&M U n i v e r s i t y  C o l l e g e  o f  M e d i c i n e ,  C o l l e g e  
S t a t i o n ,  TX 7 7 8 4 3 .

C e r t a i n  a s p e c t s  o f  t h e  b e h a v i o r a l  s y n d r o m e  p r o d u c e d  
when  s t r i a t a l  d o p a m i n e  r e c e p t o r s  a r e  a c t i v a t e d  a r e  
b e l i e v e d  t o  b e  m e d i a t e d  b y  a s t r i a t o n i g r a l  GABA 
p a t h w a y .  I n  t h e  p r e s e n t  s t u d y ,  m u s c i m o l  was 
a d m i n i s t e r e d  i n t o  t h e  s u b s t a n t i a  n i g r a  z o n a  r e t i c u l a t a  
(SNR) o f  6 - O H D A - l e s i o n e d  r a t s  t o  a s s e s s  i f  t h i s  
t r e a t m e n t  a l t e r e d  GABA r e c e p t o r  s e n s i t i v i t y .  
U n i l a t e r a l  m i c r o i n j e c t i o n  o f  m u s c i m o l  ( 5 ,  15 ,  o r  30 
n g )  i n t o  t h e  SNR c a u s e d  t u r n i n g  i n  a d u l t  r a t s  l e s i o n e d  
w i t h  6-OHDA a s  n e o n a t e s  o r  a s  a d u l t s .  The r a t e  o f  
c i r c l i n g  was g r e a t e r  i n  l e s i o n e d  r a t s  t h a n  r a t e s  
o b s e r v e d  f o l l o w i n g  i n t r a n i g r a l  m u s c i m o l  i n  u n l e s i o n e d  
a n i m a l s .  T h e s e  d a t a  s u g g e s t  t h a t  SNR GABA r e c e p t o r s  
i n  6 - O H D A - l e s i o n e d  r a t s  a r e  f u n c t i o n a l l y  s u p e r s e n s i 
t i v e .  B i l a t e r a l  a d m i n i s t r a t i o n  o f  30 n g / p e r  s i d e  o f  
m u s c i m o l  i n t o  t h e  SNR i n d u c e d  s e l f - m u t i l a t i o n  b e h a v i o r  
(SMB) i n  2 / 1 1  o f  t h e  u n l e s i o n e d  r a t s ,  0 / 8  a d u l t - 6 -  
O H D A - l e s i o n e d  r a t s ,  a n d  1 1 / 1 1  n e o n a t e - 6 - OH D A - l e s i o n e d  
r a t s .  The i n c i d e n c e  o f  SMB i n  t h e  n e o n a t a l l y  l e s i o n e d  
r a t s  was  d o s e  r e l a t e d .  M u s c im o l  i n d u c e d  s e l f - b i t i n g  
w as  o b s e r v e d  i n  r a t s  l e s i o n e d  a s  n e o n a t e s ,  b u t  n o t  in  
t h o s e  l e s i o n e d  a s  a d u l t s .  S i m i l a r  r e s u l t s  w e r e  
o b s e r v e d  a f t e r  L-DOPA a d m i n i s t r a t i o n  t o  t h e  6-OHDA- 
l e s i o n e d  r a t s .  T h e s e  d a t a  s u p p o r t  t h e  v i e w  t h a t  
l e s i o n s  o f  d o p a m i n e r g i c  n e u r o n s  c a u s e  a n e u r o n a l  
a d a p t a t i o n  o f  G A B A erg ic  o u t p u t  t o  t h e  SNR a s  r e f l e c t e d  
b y  an  i n c r e a s e d  f u n c t i o n a l  r e s p o n s i v e n e s s  o f  GABA 
r e c e p t o r s  a t  t h i s  b r a i n  s i t e .  ( S u p p o r t e d  b y  HD-03110 ,  
H D -18668  a n d  A A - 0 6 2 2 3 ) .
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277.15 EVIDENCE FOR ADENOSINE-DOPAMINE INTERACTIONS IN THE 
CNS. H. C r i s w e l l , G. R . B r e e s e ,  a n d  R . A . M u e l l e r . 
B i o l o g i c a l  S c i e n c e s  R e s e a r c h  C e n t e r ,  U n i v e r s i t y  o f  
N o r t h  C a r o l i n a  S c h o o l  o f  M e d i c i n e ,  C h a p e l  H i l l ,  NC 
2 7 5 1 4 .

P a t i e n t s  w i t h  L e s c h - N y h a n  s y n d r o m e  h a v e  d i s o r d e r s  o f  
b o t h  p u r i n e  a n d  d o p a m i n e  m e t a b o l i s m  ( 1 ) .  The 
n e o n a t a l l y  6 - H y d r o x y d o p a m i n e  ( 6 - OHDA) l e s i o n e d  r a t  h a s  
b e e n  p r o p o s e d  a s  a  m o d e l  o f  t h e  d o p a m i n e  d e f i c i e n c y  i n  
L e s c h - N y h a n  d i s e a s e  ( 2 ) .  I n  t h e  p r e s e n t  s t u d y ,  we 
e x a m i n e d  t h e  r e l a t i o n s h i p s  b e t w e e n  p u r i n e s  a n d  d o p a m i n e  
f u n c t i o n .  A l t h o u g h  t h e  HGPRT d e f i c i e n c y  i n  L e s c h - N y h a n  
d i s e a s e  i s  a s s o c i a t e d  w i t h  a d o p a m i n e  d e f i c i e n c y ,  we 
f o u n d  t h a t  d e s t r u c t i o n  o f  d o p a m i n e - c o n t a i n i n g  n e u r o n s  
d i d  n o t  r e d u c e  HGPRT l e v e l s .  We t h e n  t e s t e d  t h e  e f f e c t  
o f  a d e n o s i n e ,  a p u r i n e ,  on d o p a m i n e  f u n c t i o n .  T h i s  
i n c l u d e d  t h e  e f f e c t s  o f  t h e  a d e n o s i n e  a n t a g o n i s t  
t h e o p h y l l i n e  i n  n e o n a t a l - 6 - OHDA l e s i o n e d  r a t s  a n d  t h e  
e f f e c t  o f  a d e n o s i n e  a g o n i s t s  on b e h a v i o r s  e v o k e d  by  
d o p a m i n e  a g o n i s t s  i n  r a t s  made s u p e r s e n s i t i v e  t o  
d o p a m i n e  by  n e o n a t a l - 6 - OHDA l e s i o n s .  A d m i n i s t r a t i o n  o f  
t h e o p h y l l i n e  ( 5 , 1 0  & 20 m g / k g )  t o  r a t s  t r e a t e d  w i t h  6 -  
OHDA a s  n e o n a t e s  p r o d u c e d  a  d o s e - r e l a t e d  e l e v a t i o n  o f  
l o c o m o t o r  a c t i v i t y  w h i c h  was  g r e a t e r  t h a n  t h a t  o b s e r v e d  
i n  u n l e s i o n e d  c o n t r o l s .  T h i s  i n c r e a s e  i n  l o c o m o t o r  
a c t i v i t y  c o u l d  b e  b l o c k e d  by  a l p h a - m e t h y l  t y r o s i n e  (20 
n g / k g )  a n d  r e i n s t a t e d  b y  1-DOPA ( 5 m g / k g ) .  I n  n o r m a l  
r a t s  20 mg / k g  o f  t h e o p h y l l i n e  was  r e q u i r e d  t o  p r o d u c e  a 
s t a t i s t i c a l l y  r e l i a b l e  i n c r e a s e  i n  l o c o m o t o r  a c t i v i t y .  
When r a t s  l e s i o n e d  a s  n e o n a t e s  w i t h  6 - OHDA w e r e  g i v e n  
1-DOPA a s  a d u l t s ,  t h e y  e x h i b i t e d  a  v a r i e t y  o f  
b e h a v i o r s ,  i n c l u d i n g  s e l f  b i t i n g .  M i c r o i n j e c t i o n  o f  
t h e  a d e n o s i n e  a g o n i s t ,  NECA, i n t o  t h e  s t r i a t u m  b l o c k e d  
a l l  o f  t h e  b e h a v i o r s  p r o d u c e d  by  1-DOPA i n  t h e s e  
a n i m a l s .  I n  c o n t r a s t ,  2 - c h l o r o - a d e n o s i n e , a  r e l a t i v e l y  
s e l e c t i v e  A1 a d e n o s i n e  a g o n i s t ,  b l o c k e d  t h e  s e l f  b i t i n g  
b u t  d i d  n o t  a n t a g o n i z e  o t h e r  b e h a v i o r s  p r o d u c e d  by  1-  
DOPA. NECA p r o d u c e d  a s i m i l a r  b l o c k a d e  o f  b e h a v i o r s  
p r o d u c e d  by  t h e  s e l e c t i v e  D1 d o p a m i n e  a g o n i s t ,  SKF-  
3 8 3 9 3 ,  a n d  t h e  D2 a g o n i s t ,  L Y - 1 7 1 5 5 5 .  T h e s e  d a t a  a r e  
c o n s i s t e n t  w i t h  t h e  v i e w  t h a t  a d e n o s i n e  i n f l u e n c e s  
d o p a m i n e  m e c h a n i s m s  by  a f f e c t i n g  t h e  r e l e a s e  o f  
d o p a m i n e  a n d  b y  i n f l u e n c i n g  d o p a m i n e  r e c e p t o r  m e d i a t e d  
e v e n t s .

1.  L l o y d  e t  a l .  N . E n g l .  J .  Med.  3 0 5 , ( 1 9 8 1 )  1 1 0 6 - 1 1 1 1 .
2 .  B r e e s e  e t  a l . J .  P h a r m a c o l .  Exp T h e r .  2 3 1 ,  ( 1 9 8 4 )  
3 4 3 - 3 5 3

277. 16 OPIATE MODULATION OF CAPSAICIN INDUCED RELEASE OF SUBSTANCE P FROM 
CEREBRAL VESSELS. S. M arkow itz*, M.A. Moskowitz (SPON:M.J. Brennan) 
D epts. o f N eurosurgery and N eurology, M assachusetts  G eneral H osp., 
and H arvard M edical School, B oston, MA. 02114.

C ephalic  blood v e s s e ls  p lay a c e n tr a l  r o le  in  th e  pa th o g en esis  of 
v a sc u la r  head p a in . Indeed , c e re b ra l  v e s s e ls  posse ss  a dense p e r i 
v a s c u la r  a f f e r e n t  in n e rv a tio n  com prised of axons in  which a number 
of p u ta t iv e  n e u ro t ra n s m it te r s  have been id e n t i f i e d ,  in c lu d in g , 
su b stan ce  P (S P), c h o le c y s to k in in  and c a lc i to n in  gene r e la te d  
p e p tid e . R ecen tly , we id e n t i f i e d  dynorphin B (dynorphin  20-32) in  
p e r iv a s c u la r  nerve f ib e r s  by im m unohistochem istry and m easured, by 
radioimm unoassay (RIA), le v e ls  of th i s  p ep tid e  in  t h i s  t i s s u e .  
S ince o p ia te s  a re  ab le  to  modify re le a s e  of SP from prim ary sensory  
neurons, we co n sid e red  th e  p o s s i b i l i ty  th a t  o p ia te s  m ight m odulate 
sensory  tra n sm iss io n  in  p e r iv a s c u la r  axons as  w e ll . Bovine p ia l  
blood v e s s e ls  were o b ta in ed  im m ediately a f t e r  s la u g h te r ,  p laced  in  
an in - v i t r o  s u p e rfu s io n  system  and p erfu sed  w ith  an oxygenated 
K reb s-b ica rb o n a te  b u f fe r .  Im m unoreactive SP (iS P ) was measured by 
RIA in  th e  e lu a te  us ing  F2 an tise ru m . Follow ing a period  of e q u i l i 
b r a t io n ,  th e  v e s s e ls  were exposed to  a p u lse  of c a p s a ic in . 
C apsaic in  (8 -m e th y ln o n en e -(6 )-o y l v an illy a m id e ) i s  th e  pungent 
in g re d ie n t in  h o t peppers and i s  known to  r e le a s e  SP from prim ary 
sensory  neurons. C apsaic in  induced a dose-dependent r e le a s e  of iSP 
from p ia l  blood v e s s e ls .  V eh ic le  was w ith o u t e f f e c t .  Spontaneous 
r e le a s e  per m inute was 0.06% of t o t a l  t i s s u e  co n ten t and averaged 
1 .6 fm o ls. R elease above b a s e l in e  was measured a t  doses g re a te r  than 
10-7M and an in c re a s e  of 85% above b a s e l in e  was observed using  
10-5M. C ap sa ic in  10-6M induced an in c re a s e  of 30% over b a s e l in e . 
Dual p u lse s  in  th e  same experim ent re le a s e d  iSP in  re p ro d u c ib le  
am ounts, w ith o u t ev idence of ta ch y p h y la x is . The e f f e c t  of dynorphin 
B on t h i s  r e le a s e  was then  in v e s t ig a te d .  Follow ing a p u lse  of 
c a p sa ic in  (10-5M fo r  20 m in s .)  and an e q u i l ib r a t io n  period  (Krebs 
o n ly ) , dynorphin a lone  ( 10m in s .)  was superfu sed  fo llow ed by a pu lse  
of c a p sa ic in  p lu s  dynorphin (20 m in s .) .  Dynorphin in h ib i te d  th e  
chem ica lly -induced  re le a s e  of iSP in  a co n c e n tra tio n  dependent 
manner, but d id  no t e f f e c t  spontaneous r e le a s e .  At a c o n c e n tra tio n  
of 10-6M, but not 10-7M, nor 10-8M, th e  expected  r e le a s e  was 
reduced by 68%. In a s im i la r  s e t  of expe rim en ts, lo f e n ta n i l ,  
10-5M, a ls o  a t te n u a te d  th e  c a p sa ic in  induced iSP re le a s e  from p e r i 
v a s c u la r  f ib e r s  by 70%. The dem onstra tion  o f a p o s s ib le  fu n c t io n a l 
in t e r a c t io n  between an endogenous o p ia te  system  and a pathway 
b e liev ed  to  be im p ortan t in  pain  tra n sm iss io n  may have im portan t 
im p lic a tio n s  fo r  th e  un d ers tan d in g  and r a t io n a l  th e rap y  of v a s c u la r  
head p a in .

277.17 COMPARISON OF RESPONSES BY SUBSTANCE P AND SUBSTANCE K SYSTEMS TO 
METHAMPHETAMINE TREATMENT, G.R. Hanson, A.A. L e tte r* , K. Merchant*, 
J.W. Gibb. Biochemical Pharmacology and Toxicology, U niversity  of 
Utah, S a lt Lake C ity , UT 84112

We have observed previously th a t high doses of methamphetamine 
(METH) s ig n if ic a n tly  e levate  the concentrations of substance P-l ike 
immunoreactivity in CNS regions assoc iated  with the basal ganglia . 
Recently, another tachyk in in , substance K (SK), has been demonstra
ted to be c lo se ly  a ssoc iated  with substance P (SP)and synthesized 
from a common preprotachykinin. While both neuropeptides ex ert 
comparable e ffe c ts  when lo c a lly  in jec ted  in to  d if f e r e n t brain 
reg ions, there  are  s ig n if ic a n t d ifferences  in th e i r  po tencies, 
apparently  due to  the re la tiv e  concentrations of th e i r  unique 
recep to rs . Due to  the controversy which has a risen  as to  th e ir  
respec tive  ro les  w ithin the basal g ang lia , we have measured and 
compared the responses of the s t r i a ta l  and n ig ra l SP and SK systems 
to  METH trea tm ent. Both systems were evaluated by RIA techniques 
employing highly sp ec ific  a n tis e ra .  We observed th a t  m ultip le  high 
doses of METH (15 mg/kg; q 6h /to ta l of 5 doses) increased n ig ra l and 
s t r i a t a l  concen trations of both neuropeptides in an id en tic a l 
fash ion . Our observation th a t  METH treatm ent did not a l t e r  the 
re la tiv e  concentrations of SP and SK in e i th e r  brain  tis su e  
suggests th a t  responses of both tra n sm itte r  systems, a ssoc iated  
with the basal gang lia , p a ra lle l each o ther and are  sen s itiv e  to  
the same regu lato ry  mechanisms.
This work was supported by U.S. Public Health Service Grants MH 
40175 and DA 00869.
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278.1 CHOLINE ACETYLTRANSFERASE IMMUNOREACTIVITY IN 
EMBRYONIC NEURONS OF THE QUAIL CILIARY GANGLION.
James Coulombe and Marianne Bronner-Fraser, Developmental Biology 
Center and Department of Developmental and Cell Biology, University of 
California, Irvine, Ca. 92717

Our previous studies have shown that some neurons from the quail 
ciliary ganglion accumulate catecholamines when transplanted into trunk 
regions of a chicken embryo. Prior to transplantation, neurons were 
selectively labeled by retrograde transport of fluorescent latex 
microspheres. These results suggest that cholinergic neurons can express 
adrenergic traits.

Though ciliary ganglia from 5.5 day old quail embryos are known to 
have choline acetyltransferase (ChAT) activity, the neurotransmitter 
phenotype of individual embryonic neurons has not yet been described. 
In the present study, we have examined the cellular development of the 
cholinergic phenotype in avian ciliary ganglia. In addition, we have 
examined whether labeled neurons from 6.5 day old quail ciliary ganglia 
express a cholinergic phenotype prior to transplantion. The recent 
availability of antibodies against ChAT has made it possible to examine 
ChAT immunoreactivity in ciliary ganglia. Whole ganglia were fixed in 
paraformaldehyde and picric acid, infiltrated with sucrose, and cryostat 
sectioned. Cell cultures were fixed in paraformaldehyde and picric acid. 
Either monoclonal or polyclonal antibodies against ChAT (kindly provided 
by P. Salvaterra and M. Epstein, respectively) were used for 
immunocytochemistry and visualized with biotin/avidin peroxidase 
complex (Vectastain) developed in diaminobenzidine and intensified with 
osmium.

In the intact 6.5 day old quail ciliary ganglion, all cells with large cell 
bodies which are characteristic of neurons appeared to contain ChAT 
immunoreactivity. To more accurately distinguish neurons, ciliary 
ganglia were dissociated and plated onto laminin substrates for 8 hours 
to allow axonal regeneration. ChAT immunoreactivity was observed in 
all cells with neuronal morphology (i.e., round cell bodies and processes) 
in ganglion cultures from 5.5 to 6.0 day embryos. ChAT 
immunoreactivity persisted at all later stages examined. At these times, 
no distinctions could be made between ciliary and choroid neurons.

In order to determine if labeled neurons were cholinergic prior to 
transplantation, ciliary ganglia were retrogradely labeled with fluorescent 
latex microspheres and processed for ChAT immunocytochemistry. To 
date, all of the labeled neurons of the ciliary ganglia also possessed 
ChAT immunoreactivity. These results suggest that the labeled neurons 
which contained adrenergic neurotransmitters were cholinergic prior to 
transplantation.

(supported by NSF grant DCB-8502604)

278.2 DISSOCIATED CELL CULTURES OF RAT SUPERIOR CERVICAL GANGLION 
NEURONS: SEROTONIN SYNTHESIS. D. W. Y. Sah. D ep t. o f  Neurobiology, 
H arvard M edical S chool, Boston, MA 02115.

C u ltu res  o f  d is s o c ia te d  sym pathetic  p r in c ip a l  neurons from new
born r a t  s u p e r io r  c e rv ic a l g an g lia  (SCG) c o n ta in  and r e le a s e  se ro 
to n in  (5-HT; see Matsumoto e t  a l . ,  Soc. Abs. 1 1 :87, 1985; Sah and 
Matsumoto, ib i d ) .  A m ajor source o f 5-HT in  the  neurons i s  uptake 
from th e  r a t  serum added to  th e  growth medium, as might be expected 
from re p o r ts  on 5-HT uptake in  a d ren e rg ic  neurons i n  v iv o . We were 
in te r e s te d  in  determ in ing  i f  th e  neurons sy n th es iz ed  5-HT. Mass 
c u l tu re s  o f  1000-3000 neurons were used in  th e se  b iochem ical and 
immunocytochemical experim en ts. The c u l tu re s  were grown in  3 types 
o f  medium,with o r  w ithou t 5% r a t  s erum : i )  L-15 CO2 medium, i i ) de
p o la r iz in g  growth medium ("h igh  K+") w ith  20mM KCl , and i i i )  L-15 
CO2 medium e q u iv a le n t to  100-150% h e a r t - c e l l  co n d itio n ed  medium 
(se ru m -free  CM; Fukada, N ature 287:553, 1980).

To s tu dy 5-HT sy n th e s is  and accu m u la tio n , c u l tu re s  were incubated 
w ith  4μM 3H -tryptophan and p a rg y lin e  fo r  17-18 h rs  a t  37°C, and 
then e x t ra c te d  fo r  HPLC w ith  f r a c t io n  c o l le c t io n .  S ig n if ic a n t 
amounts o f  r a d io a c t iv i ty  c o -e lu te d  w ith 5-HT in  e x t r a c ts  o f  c u l
tu r e s  grown in  CM (0 .18  fm o l/n eu ro n ),b u t not o f  th o se  grown in  L-15 
CO2 o r h igh  K+ (<0.008 fm o l/neu ron ). Thus, CM in  th e  growth medium 
was re q u ire d  fo r  d e te c tin g  5-HT s y n th e s is  and accum ulation .

When neurons were grown in  se rum -free  medium,to e lim in a te  uptake 
o f  exogenous 5-H T,only c u l tu re s  grown w ith CM con ta in ed  a substance 
th a t  co -m ig ra ted  w ith  a u th e n tic  5-HT. A voltammogram o f th i s  puta
t i v e  5-HT peak overlapped  th a t  o f  a u th e n tic  5-HT; c u l tu re s  grown 
w ith  CM in  serum -free  medium con ta ined  endogenous 5-HT (0 .6  fmol/ 
neuron) . The d i s t r i b u t io n  o f  t h i s  5-HT was examined u sing  immuno- 
cy to c h e m is try ; a f t e r  growth in  CM (but no t L-15 CO2 or h igh  K+) , 
many c e l l  bod ies  and p ro cesse s  con ta in ed  5-H T-im m unoreactivity , 
presum ably as a consequence o f  5-HT s y n th e s is  and s to ra g e .

Happola e t  a l .  (J .  Auton. N erv. S ys. 15:21, 1986) r e c e n tly  
re p o rte d  th a t  some p r in c ip a l  neurons in  th e  r a t  SCG tr a n s ie n t ly  
co n ta in  5-H T-im m unoreactivity  in  v iv o , during  th e  f i r s t  5 postnatal 
weeks. How th e  s i tu a t io n  in  c u l tu r e ,  where some p r in c ip a l  neurons 
sy n th e s iz e  5-HT a f t e r  growth in  CM, r e l a t e s  to  th a t  in  v ivo  remains 
to  be determ ined.

CM c o n ta in s  a f a c to r  th a t  enhances c h o lin e rg ic  p ro p e r t ie s  while 
d im in ish in g  a d ren e rg ic  ones (P a tte rs o n  and Chun.D evel. B io l . 56:263, 
1977), so th e  e f f e c t  o f CM on 5-HT s y n th e s is  seemed d isso n an t with 
th e  p re lim in a ry  e le c tro p h y s io lo g ic a l r e s u l t  th a t  a d ren e rg ic  func
tio n  i s  re q u ire d  fo r  v e s ic u la r  s to ra g e  and re le a s e  o f 5-HT. Two 
q u e s tio n s  a re  im m ediately r a is e d :1 )  i s  5-HT sy n th e s is  co-expressed 
w ith ad re n e rg ic  fu n c t io n , and 2) i s  th e  f a c to r  in  CM th a t  induces 
5-HT s y n th e s is  the  same as th e  c h o lin e rg ic  f a c to r ,  o r i s  an addi
t i o n a l  f a c to r  p re s e n t?  Experim ents a re  underway to  add ress  these 
q u e s tio n s . (Supported by MH 18012, NS 11576, and NS 18316)

278.3 A NEW LOW MOLECULAR WEIGHT ADRENERGIC NEUROTROPHIC 
FACTOR FOR CULTURED CHICK SUPERIOR CERVICAL GANGLION 
NEURONS. A.D. Zurn* (SPON: B. Fulpius). Dept. of Biochemistry, 
University of Geneva, CH-1211 GENEVA 4, Switzerland.

Chick superior cervical ganglion neurons grown for 3-4 weeks in the 
absence of non-neuronal cells synthesize and accumulate both 
catecholamine (CA) and acetylcholine (ACh) but the amount of CA 
produced is several fold higher than the mount of ACh (A.D. Zurn and 
F. Mudry, Dev.Biol., in press). A new low molecular weight factor has 
been found that specifically stimulates the growth and development of 
these neurons. It is present in medium conditioned by chick liver cells 
in culture (LCM) but not in heart conditioned medium. LCM does not 
allow neuronal survival in the absence of nerve growth factor nor does 
it increase survival in its presence. It does, however, increase the 
neuronal growth and adrenergic differentiation of these cells. CA 
production is increased several fold whereas ACh production is 
decreased. Both the growth and differentiation promoting activity are 
of very low molecular weight (lower than 500 daltons). The effect 
appears to be specific for sympathetic neurons since LCM does not 
increase neuronal growth in chick ciliary ganglion, dorsal root ganglion 
and spinal cord neurons, nor does it induce CA production in these 
cells.

278.4 DIFFERENTIAL OPIOID EXPRESSION IN CHOLINERGIC CILIARY NEURONS IN 
VIVO AND IN VITRO. D.B. Gray, M .J. F ord, and G. P i l a r . Dept. of 
P hysio logy and N eurobio logy, The U n iv e rs ity  of C onnec ticu t, Storrs, 
CT 06268.

The a b i l i t y  of t i s s u e -d e r iv e d  f a c to r s  to  a l t e r  o r r e g u la te  
c h o lin e rg ic  and ca techo lam ine  t r a n s m it te r  phenotype in  c u l tu re  has 
been w e ll documented fo r  neurons in  th e  autonomic nervous system. 
I t  now appears th a t  such p l a s t i c i t y  o f ex p re ss io n  may extend to 
endogenous op io id  p e p tid e s  and th e i r  r e c e p to rs  in  th e  developing 
ch ick  c i l i a r y  gang lion  as  w e ll .

A lthough e n k e p h a lin - l ik e  im m unoreactiv ity  has been shown in  the 
deve lop ing  av ian  c i l i a r y  g an g lio n , th e  an tig e n  has been histochemi- 
c a l ly  lo c a liz e d  on ly  in  a su b -p o p u la tio n  of p re g a n g lio n ic  synaptic 
te rm in a ls . C il ia ry  gang lion  c e l l  somas and te rm in a l reg io n s  in  the 
ch ick  i r i s  do no t s t a i n  fo r  le u -e n k e p h a lin . However, E9 c i l ia r y  
g ang lion  neurons c u l tu re d  fo r  1 week in  DMEM w ith  10% ho rse  serum 
and 10% ch ick  embryo e x t r a c t  ty p ic a l ly  d is p la y  e n k e p h a lin - lik e  
im m unoreactiv ity  in  somas as w e ll as in  p ro c e sse s . This r e s u l t  is 
supported  by th e  o b s e rv a t io n , a t  th e  E.M. l e v e l ,  th a t  c i l i a r y  
neurons in  v i t r o  a c q u ire  in c rea sed  p o p u la tio n s  o f la rg e  dense core 
v e s ic le s  r e l a t i v e  to  neurons in  v ivo  (Cre&n, G. e t  a l . ,  N eurosci. 
A b s tr . 10: 127.15 , 1984).

The same dichotomy may a ls o  e x i s t  fo r  fu n c t io n a l o p ia te  recep
to r s  th a t  m ed iate  in h ib i t i o n  of p re sy n a p tic  r e le a s e  a t  th e  neuro
m uscular ju n c tio n  between th e  c i l i a r y  g ang lion  and i t s  ta rg e t  
m u scu la tu re . In  v iv o , ch ick  c i l i a r y  neurons make n ic o t in ic  
synapses w ith  s t r i a t e d  m uscle of th e  i r i s  and c i l i a r y  body. At 
h a tc h in g , th e se  synapses n o t only  re le a s e  ACh upon s tim u la t io n  but 
a re  capab le  o f re g u la t in g  s y n th e s is  o f t r a n s m it te r  a f t e r  s tim ula
tio n -in d u c e d  d e p le tio n . A dd ition  o f o p ia te s ,  such as morphine, 
o r o p ia te  a n ta g o n is ts ,  such as naloxone, has no e f f e c t  on these  
p ro c e s s e s . However, c i l i a r y  gang lion  neurons c o -c u l tu re d  w ith 
s t r i a t e d  myotubes c o n ta in  synapses w ith  c h o lin e rg ic  param eters 
c lo s e ly  resem bling  th o se  w ith in  th e  in  v ivo  i r i s  and a re  affec ted  
by a d d i tio n  o f o p ia te s .  A dd ition  o f 5 uM morphine du ring  h igh  K+ 
s tim u la t io n  s ig n i f i c a n t ly  d e c re a se s  neu ronal ACh re le a s e  and com
p le te ly  i n h i b i t s  re le a s e - in d u c e d  a c c e le r a t io n  of ACh s y n th e s is . 
C o -a d m in is tra tio n  o f 5 uM naloxone w ith  th e  morphine com pletely  
p rev en ts  th e se  e f f e c t s .

These r e s u l t s  show th a t  th e  e x p re ss io n  o f n eu ronal op io id  pep
t i d e s  and fu n c t io n a l re c e p to rs  can be in flu en ced  by th e i r  develop
m ental environm ent. S ince i t  i s  known th a t  exogenous morphine pro
foundly  in f lu e n c e s  n eu ronal dea th  in  th e  c i l i a r y  g an g lio n , i t  i s  of 
c o n s id e ra b le  i n t e r e s t  to  de term ine i f  th e  in  v i t r o  ex p re ss io n  rep
r e s e n ts  an a m p lif ic a t io n  o f an endogenous o p io id  system  or a novel 
gene e x p re ss io n  fo r  th e  c i l i a r y  g ang lion  neuron. Supported by NSF 
g ra n t #BNS 8410581-01, NIH g ra n t #2R01NS10338, and The U n iv ers ity  
o f C onnec ticu t F oundation .
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278.5 EFFECTS OF CLASSICAL CONDITIONING PROCEDURES ON DYNORPHIN A(1-8)-LIKE 
IMMUNOREACTIVITY IN THE HIPPOCAMPAL FORMATION OF RATS. M. W. Meacher. 
M.A. Pelleym ounter, J.S. Hong and M. Gallagher. Departm ent  of Psychology. U. of N. 
Carolina. Chapel H ill. NC 27514 and Lab. Behav. Neurol. Toxicol. NIEHS/NIH, 
Research Triangle Park. NC 27834.

Neural ac tiv ity  w ith in  the hippocampus is altered  by contingent and 
non-contingent p resentation  of events during  classical conditioning. Paired 
p resentations of conditioned and unconditioned stim u li (CS and US) produce changes 
in the responses of hippocampal neurons to the CS that are not found when the CS and 
US are random ly presented . An inpu t to the hippocampus ar ises  from granule ce lls  
located in  the denta te gyrus. The granule cel l /m ossy fib e r projection to CA3 of 
hippocampus contains the opioid peptide dynorphin: these neurons appear to be the 
major source of dynorphin  in  hippocampus. This research  examined the effects of 
classical conditioning procedures on dynorphin  A ( 1- 8 )- lik e  immunoreactivity 
|d y n (1-8)-L ilR | in  hippocampus. In addition, because the ascending no repinephrine 
(NE) system  would be activated by the tra in in g  procedures, and the NE system  
provides a  su b stan tia l innervation of the denta te region, th is  research  al so sought to 
determ ine any con tribu tion  of NE inpu t to the regulation of dynorph in /g ranu le cell 
activity . Thus, anim als in  th is  experim ent had un ila tera l lesions of the dorsal NE 
pathway.

Male Sprague-Dawley ra ts  received e ith e r paired or unpaired p resentations of the 
CS (20 sec. 85 dB tone) and US (0.5 mA; 1.0 sec footshock) du ring  a  tra in in g  session. 
Animals used for determ ination  of d y n (1-8 )-L ilR in  hippocampus were sacrificed  at 
either 30 min or 3 h r  af te r train ing . A dditional groups of anim als w ere tested 
during sessions th a t followed tra in in g  to determ ine th a t conditioned responses 
(freezing) to the CS w ere estab lished . Radioimmunoassays for d y n (1-8)-LiIR  were 
conducted as prev iously  described  (Hong et. al., In M. Conn (Ed.) Methods in 
Enzymology, New York:Academic Press. 1984).

The behavioral data affirm ed that sign ifican t associative learn ing  occurs in  the 
present paradigm. A three-w ay analysis of variance perform ed on the m easures of 
dyn(1-8 )-L ilR in  hippocampus yielded  a  sign ifican t effect of tra in in g  (paired vs. 
unpaired), a  sign ifican t effect of time (38 min vs. 3 h r) bu t no sign ifican t effect of 
bra in  trea tm ent (NE lesioned vs. uniesioned hem isphere). A t 3 h r  afte r tra in ing  
levels of d y n (1-8)-LiIR  were com parable for paired  and unpaired tra in in g  groups 
(expressed as Pmoles/g tissue , wet weight. 10.61±.4 1 and 9.64 ±.61, respectively). A t 
30 min afte r tra in ing  d y n (1-8 )-L ilR levels were h igher in  the paired  group 
(14 .38 t.81 ) re la tive  to the unpaired group (10.36 ± 1.01).

The re su lts  of th is  experim ent ind icate th a t tra in in g  procedures s im ila r to those 
that d iffe ren tia lly  affect the development of conditioned neural ac tiv ity  w ith in  
hippocampus, also have d is tin c tiv e  effects  on the content of d y n (1-8 )-L i lR, 
presum ably w ith in  a  major inpu t pathway to hippocampus. These re su lts  may be 
considered in  the context of a  ro le for opioid peptides in  learning, as well as the 
d iffe ren tial s tre s s  effects of signalled vs. unsignalled shock on opioid peptide 
function.
Supported by NIMH g rants MH35554 and K02 MH00406 to MG.

278.6 α 2 r e c e p t o r  l i g a n d s  d i f f e r e n t i a l l y  r eg u la t e  lo c u s  c o e r u l e u s  
PHENOTYPIC CHARACTERS IN CULTURE. C .F .  D r e y f u s ,  M.A. G i l l i e s , * 
and I .B .  B l a c k . D i v i s i o n  o f  D e v e l . N e u r o lo g y ,  C o r n e l l  Univ.  Med. 
C o l l . ,  N . Y . , NY 10021.

To examine r e g u l a t i o n  o f  b r a i n  n e u r o t r a n s m i t t e r  d e v e lo p m e n t ,  
we have  b e e n  s tu d y i n g  o n to g en y  o f  n o r a d r e n e r g i c  c h a r a c t e r s  i n  t h e  
mouse l o c u s  c o e r u l e u s  in v i v o  and i n  e x p l a n t  c u l t u r e .  I n i t i a l  
s t u d i e s  have  i n d i c a t e d  t h a t  t y r o s i n e  h y d r o x y la s e  (TH) and th e  
s p e c i f i c ,  h i g h  a f f i n i t y ,  n o r e p i n e p h r i n e  (NE) u p t a k e  s y s t e m  
d e v e lo p  in  c u l t u r e ,  r e f l e c t i n g  o n to g en y  i n  v i v o . In a d d i t i o n ,  
t h e  d e p o l a r i z i n g  a g e n t s ,  v e r a t r i d i n e  and e l e v a t e d  K+ , s i g n i f i 
c a n t l y  i n c r e a s e  TH i n  l o c u s  c u l t u r e s  w i t h o u t  a f f e c t i n g  NE u p ta k e  
i n  t h e  same c e l l s .  C o n s e q u e n t l y ,  two NE t r a i t s ,  l o c a l i z e d  t o  t h e  
same n e u r o n s ,  may be  d i f f e r e n t i a l l y  r e g u l a t e d  by p h a rm a c o lo g ic  
d e p o l a r i z i n g  a g e n t s .

To d e t e r m i n e  w h e t h e r  l o c u s  c e l l s  a r e  s i m i l a r l y  r e s p o n s i v e  
t o  s p e c i f i c  r e c e p t o r  l i g a n d s ,  we e v a l u a t e d  t h e  e f f e c t s  o f  
p i p e r o x a n e  and c l o n i d i n e .  Both a g e n t s  a r e  known to  i n t e r a c t  
w i th  α 2 r e c e p t o r s  l o c a l i z e d  t o  l o c u s  n e u r o n s .  The l o c u s  was 
d i s s e c t e d  from mice  on embryonic  day  14 ( E -1 4 )  and p l a c e d  in  
c u l t u r e .  Ex p o su re  t o  p i p e r o x a n e  ( 3 . 7 μM) o r  c l o n i d i n e  ( . 37μM-3.7 
μM) f o r  7 days  r e s u l t e d  i n  s i g n i f i c a n t  i n c r e a s e s  i n  TH c a t a l y t i c  
a c t i v i t y .  To d e t e r m i n e  w h e th e r  t h e s e  a g e n t s  a l s o  i n f l u e n c e d  NE 
u p t a k e ,  c u l t u r e s  were exposed  t o  p i p e r o x a n e  o r  c l o n i d i n e ,  washed 
e x h a u s t i v e l y ,  and t h e  s p e c i f i c ,  h i g h  a f f i n i t y  u p t a k e  p r o c e s s  was 
c h a r a c t e r i z e d . Doses  o f  p i p e r o x a n e  o r  c l o n i d i n e  t h a t  i n c r e a s e d  
TH a c t i v i t y  f a i l e d  t o  a f f e c t  NE u p t a k e .

Our s t u d i e s  s u g g e s t  t h a t  p h a rm a c o lo g i c  d e p o l a r i z i n g  a g e n t s  
o r  s p e c i f i c α 2   r e c e p t o r  l i g a n d s  s e l e c t i v e l y  i n c r e a s e  TH a c t i v 
i t y  w i t h o u t  a l t e r i n g  NE u p t a k e .  C o n s e q u e n t l y ,  p r e s y n a p t i c  
s i g n a l s ,  p r e s u m a b l y  a c t i n g  t h r o u g h  s t i m u l a t i o n  o f  l o c u s  α 2 
r e c e p t o r s ,  d i f f e r e n t i a l l y  r e g u l a t e  d i s t i n c t  n o r a d r e n e r g i c  
c h a r a c t e r s  l o c a l i z e d  t o  t h e  same b r a i n  n e u r o n s .  We a re  p r e s e n t l y  
e x am in in g  t h e  m o l e c u l a r  b a s i s  o f  t h i s  d i f f e r e n t i a l  r e g u l a t i o n .  
( S u p p o r t e d  by NIH G ran t  NS 20788 and The American P a r k i n s o n ' s  
D i s e a s e  F d n . ,  CFD i s  t h e  r e c i p i e n t  o f  a Teach er  S c i e n t i s t  Award 
from t h e  Andrew W. M ell on  F d n . ) .

278.7 EXPRESSION OF TYROSINE HYDROXYLASE IN CEREBRAL CORTICAL 
NEURONS IN CULTURE IS REGULATED BY MUSCLE. L. Iacov itti, J . 
Lee, and D .J. Reis. Lab; o f Neurobiology, Cornell Univ. Med. Coll., New 
York, NY 10021.

We have previously reported  th a t a  population of postm ito tic  neurons 
from em bryonic r a t  ce reb ra l co rtex  can express the  catecholam inergic 
(CA) enzym e tyrosine hydroxylase (TH) in v itro  but not in vivo (Iacovitti 
e t al., Neurosci. Abst., 1985). Since in the peripheral nervous system , 
fac to rs  derived from muscle can regu late  the expression of CA tra its  in 
autonom ic neurons (P atterson  and Chun, Dev. Biol. 56:263, 1977; Lee e t  
a l., N eurosci. Abst., 1985), in th is study, we sought to  determ ine w hether 
sim ilar fac to rs  might also regu la te  TH expression in c e n tra l co rtica l 
neurons. To te s t  this, ca rd iac (ventricle), skele ta l (gluteus maximus) and 
smooth (aorta) muscle was rem oved from ra t em bryos a t  day 19-22 of 
developm ent (E19-E22), dissociated and p la ted  on collagen-coated  dishes. 
Three days la te r , ce reb ra l co rtices  from E l 3-14 ra ts  w ere dissociated and 
were grown e ithe r alone or in co -cu ltu re with muscle. C ultures were fed 
media containing 10% fe ta l c a lf  serum . A fter 2 days in v itro , the cu ltu res 
w ere fixed and processed for im m unocytochem ical staining. Control 
cu ltu res consisting o f only co rtic a l cells contained 1115 ± 201 TH 
im m unoreactive neurons/dish. However, when co rtex  was co-cultured  
with skele ta l, card iac or sm ooth muscle, the number o f TH -labeled 
co rtica l neurons dram atically  increased to  4942 ± 464/dish. This e ffe c t of 
muscle appeared to  be specific f or the TH -im m unoreactive ce ll population 
since the re  was not an apparent 5-fold increase in the to ta l number of 
surviving co rtic a l cells.

To exam ine w hether the large number of fibroblasts p resen t in these 
cu ltu res or the ir fibronectin-rich  ex tracellu la r m atrix  contributed  to  the 
regulation  o f TH expression in co rtica l neurons, co rtex  (E13-14) was co
cultured  with skin-derived fibroblasts (E21-P2) or p la ted  onto dishes 
coa ted  with 10 ug /m l of the glycoprotein, fibronectin . Under both 
conditions, the number o f TH im m unoreactive co rtic a l neurons rem ained 
a t  con tro l levels (1058 ± 140/dish). Finally to  te s t  w hether the  e f fe c t of 
muscle on the expression o f TH in co rtic a l neurons, was produced by 
diffusable or membrane-bound substances, E13-14 co rtica l neurons were 
grown in v itro  e ith e r in the presence of h ea rt conditioned medium or in 
cu ltu re  dishes containing a  substratum  of lysed h ea rt cells. In both cases, 
con tro l numbers of TH cells (918 ± 196) w ere observed.

The resu lts  of these studies indicate a) th a t the number of co rtica l 
neurons expressing TH increases 5-fold when grown in the presence of 
card iac, skele ta l or sm ooth muscle, b) th a t this e ffe c t is specific  to  
muscle since it is not mimicked by fibroblasts or fibronectin , and c) th a t 
the  fac to rs  regulating th is e ffe c t do not diffuse into the media. These 
findings suggest th a t an in terac tion  o f co rtic a l neurons with muscle 
regu la tes the  expression of TH eith e r by increasing the  survival of TH- 
containing c o rtic a l neurons or by inducing a  g rea te r  number o f neurons to  
express TH.

(Supported by NSF G rant PCM-8303019, NIH G rant HL 18974.)

278.8 MODULATION OF CHOLINERGIC NEURONAL REGENERATION WITH 
GROWTH FACTORS. N . J .  W o o l f ,  M.C.  H e r n i t * ,  a n d  L . L .  
B u t c h e r . D e p a r t m e n t  o f  P s y c h o l o g y  a n d  B r a i n  R e s e a r c h  
I n s t i t u t e ,  UCLA, Los  A n g e l e s ,  C a l i f o r n i a ,  9 0 0 2 4 .

The e f f e c t s  o f  i n t r a c e r e b r a l  a d m i n i s t r a t i o n  o f  
n e r v e  g r o w t h  f a c t o r  (NGF) a n d  s o m a t o s t a t i n  ( s o m a t o 
t r o p i n  r e l e a s e  i n h i b i t i n g  f a c t o r ,  S RIF)  on  t h e  r e g e n 
e r a t i o n  o f  p u t a t i v e  c h o l i n e r g i c  f i b e r s  i n  t h e  n e o c o r t i -  
c a l  m a n t l e  w e r e  s t u d i e d .  C o r o n a l  k n i f e  c u t s  w e r e  
p l a c e d  i n  f r o n t o p a r i e t a l  c o r t e x  w h i c h  r e s u l t e d  i n  t h e  
i n t e r r u p t i o n  o f  a c e t y l c h o l i n e s t e r a s e  (AChE) f i b e r s  
t h a t  c o u r s e  i n  a  r o s t r o c a u d a l  d i r e c t i o n  a s  d e s c r i b e d  
p r e v i o u s l y  (W en d t  a n d  A y y a d ,  S o c .  N e u r o s c i .  A b s t r . , 
1 1 ,  9 7 5 ,  1 9 8 5 ) .  S t a i n l e s s  s t e e l  c a n n u l a e  w e r e  i m p l a n t 
ed  s o  t h a t  NGF, S R I F ,  o r  s a l i n e  c o u l d  b e  d e l i v e r e d  
i n t o  t h e  v e n t r i c l e  i p s i l a t e r a l  t o  t h e  s i d e  o f  t h e  
k n i f e  c u t .  R a t s  r e c e i v i n g  k n i f e  c u t s  w e r e  a n a l y z e d  a t  
4 d a y s ,  1 w e e k ,  2 w e e k s ,  a n d  1 m o n th  f o l l o w i n g  s u r 
g e r y .  S o l u t i o n s  o f  5μg / 5 μ l  o f  NGF o r  SRIF d i s s o l v e d  i n  
s a l i n e  o r  5μ l  o f  s a l i n e  w e r e  d e l i v e r e d  2 t i m e s  a  w e e k .  
A d d i t i o n a l l y ,  10μ g / 5 μ l  a n d  15μ g / 5 μ l  c o n c e n t r a t i o n s  o f  
SRIF w e r e  a d m i n i s t e r e d  t o  r a t s  s u r v i v i n g  4 d a y s ,  1 
w e e k ,  a n d  2 w e e k s .

A t  1 m o n t h ,  N G F - t r e a t e d  r a t s  d e m o n s t r a t e d  b e t t e r  
h e a l i n g  o f  k n i f e  c u t s  t h a n  d i d  s a l i n e - t r e a t e d  c o n 
t r o l s .  A d d i t i o n a l l y ,  t h e r e  a p p e a r e d  t o  b e  a  g r e a t e r  
n u m b e r  o f  AChE f i b e r s  t h a t  t r a v e r s e d  t h e  c u t ,  a n d  m o r e  
f i b e r s  a p p e a r e d  t o  h a v e  r e i n n e r v a t e d  c o r t i c a l  r e g i o n s  
d i s t a l  t o  t h e  k n i f e  c u t s .

S R I F - t r e a t e d  r a t s  a p p e a r e d  t o  h a v e  an  o v e r a l l  r e d u c 
t i o n  i n  h e a l i n g  a n d  r e i n n e r v a t i o n .  A t  1 m o n t h ,  many 
f e w e r  AChE f i b e r s  w e r e  f o u n d  t o  t r a v e r s e  t h e  s c a r .  
F e w e r  f i b e r s  w e r e  a l s o  f o u n d  i n  c o r t e x  d i s t a l  t o  t h e  
k n i f e  c u t ,  e s p e c i a l l y  i n  t h e  d e e p e s t  c o r t i c a l  l a y e r s  
n e a r  t h e  c o r p u s  c a l l o s u m .  A t  4 d a y s ,  1 w e e k ,  a n d  2 
w e e k s  S R I F - t r e a t e d  r a t s  d e m o n s t r a t e d  r e d u c e d  n u m b e r s  
o f  AChE f i b e r s  b o t h  p r o x i m a l  a n d  d i s t a l  t o  t h e  c u t ,  
a n d  t h i s  e f f e c t  w as  m o re  p r o n o u n c e d  a t  h i g h e r  c o n c e n 
t r a t i o n s  o f  SRIF ( 1 0 μ g / 5 μ l  arid 15μ g / μ l ) .

C o n s i s t e n t  w i t h  a  n e u r o t r o p h i c  r o l e  o f  NGF on c e n 
t r a l  c h o l i n e r g i c  n e u r o n s ,  NGF w as  f o u n d  t o  h a v e  a  
p o s i t i v e  e f f e c t  on r e i n n e r v a t i o n  o f  c e r e b r a l  c o r t e x  by  
AChE f i b e r s  f o l l o w i n g  k n i f e  c u t s .  SRIF d e m o n s t r a t e d  
some n e g a t i v e  e f f e c t s  on  c o r t i c a l  h e a l i n g  f o l l o w i n g  
k n i f e  c u t s  a n d  on  t h e  g r o w t h  o f  AChE f i b e r s  i n t o  t h e  
d am a g e d  a r e a .

S u p p o r t :  N S10928 t o  L . L . B .
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278.9 TRIGEMINAL GANGLION CELLS EXPLANTEO WITH GUT PRODUCE VASOACTIVE 
INTESTINAL PEPTIDE. J .P . Davis* and M.L. E pstein. Department of 
Anatomy, U niversity  of Wisconsin, Madison, WI 53706.

We studied whether embryonic avian gut in cocu ltu re  could 
s tim ulate  embryonic peripheral sensory neurons (avian trigem inal 
ganglion) to produce gut neuropeptides.

E nteric neurons produce a v a rie ty  of neuropeptides, including 
vasoactive in te s tin a l peptide (VIP). No vasoactive in te s tin a l 
p ep tid e -lik e  immunoreactivity (VIP-LIR) was detected immunocyto- 
chem ically in the native quail trigem inal ganglion.

Embryonic quail trigem inal ganglia were coexplanted with 
embryonic chick hindgut onto the ch o rio a llan to ic  membrane (CAM) 
of host chicks and incubated fo r 7-8 days. After f ix a tio n  the 
exp lan ts  were sectioned and stained  fo r VIP-LIR.

In sections we observed many v iab le  implanted quail neurons. 
The m ajority  were la rg e  c e l ls  with morphology s im ila r to  native 
c e l l s  and to trigem inal ganglion c e l ls  grown alone on the CAM. A 
frac tio n  of the coexplanted neurons were small and spindle-shaped 
and showed VIP-LIR. The percentage of cocu ltu res containing 
VIP-LIR neurons appeared to  decrease with increasing  age of the 
donor neuron.

Explantation of quail trigem inal ganglia alone on the CAM 
re su lted  in large numbers of VIP-negative neurons from 6.5 day 
embryos and newly-hatched donors. This survival of the 
trigem inal ganglion c e l ls  alone on the CAM s tr ik in g ly  co n trasts  
with the survival of the quail c i l ia ry  ganglion alone on the 
CAM.

Our re s u lts  show th a t  VIP is  not expressed by native quail 
trigem inal ganglion c e l l s ,  but is  expressed by embryonic quail 
trigem inal ganglion c e l ls  grown with embryonic chick gut.

Supported by NIH grant AM32978 to  M.L.E. and postdoctoral 
fellow ship NS07698 to  J.P .D .

278.10 ORNITHINE DECARBOXYLASE ACTIVITY INCREASES DRAMATICALLY IN ADULT 
HIPPOCAMPUS FOLLOWING RECURRENT LIMBIC SEIZURES. C.M. G a l l 1 , m. 
B audry2 ,  and G. Lynch2 . 1 D ep artm en t o f  Anatomy and N e u ro b io lo g y  
and 2C e n te r  f o r  th e  N e u ro b io lo g y  o f  L e a rn in g  and Memory, 
U n iv e r s i ty  o f  C a l i f o r n i a ,  I r v i n e ,  CA 9 2 717 .

The p lac e m en t o f  a s m a ll  e l e c t r o l y t i c  l e s i o n  in  th e  h i l u s  of 
th e  d e n ta t e  g y ru s  h as  b een  shown to  in d u c e  r e c u r r e n t  lim b ic  
s e iz u r e  a c t i v i t y  l a s t i n g  s e v e r a l  h o u rs  a n d , c o n s e q u e n t ly ,  a la rg e  
b i l a t e r a l  i n c r e a s e  i n  th e  s y n th e s i s  and c o n c e n t r a t i o n  o f  the 
o p io id  p e p t id e  e n k e p h a l in  i n  th e  h ip p o cam p a l mossy f i b e r  system . 
S in c e  p o ly am in es  and o r n i t h i n e  d e c a rb o x y la s e  (ODC), th e  r a te  
l i m i t i n g  enzyme i n  p o ly am in e  s y n t h e s i s ,  have b een  p ro p o se d  to  p lay  
c r i t i c a l  r o l e s  i n  th e  r e g u l a t i o n  o f  n u c le i c  a c id  and p r o te in  
s y n th e s i s  we t e s t e d  f o r  c h a n g es  in  ODC a c t i v i t y  i n  hippocam pus 
f o l lo w in g  th e  h i l u s  l e s i o n .

A d u lt S p rag u e  Dawley r a t s  w ere a n e s t h e t i z e d  with 
k e ta m in e /x y la z in e  and a s m a l l  e l e c t r o l y t i c  l e s i o n  was p la c e d  in 
t h e  d e n t a t e  g y r u s  h i l u s .  C o n t r o l  a n im a ls  w e re  s i m i l a r l y  
a n e s t h e t i z e d  b u t  no s u r g e r y  w as p e r f o r m e d .  At v a r io u s  
p o s t o p e r a t i v e  i n t e r v a l s  t h e  a n im a ls  w e re  s a c r i f i c e d  by 
d e c a p i t a t i o n  and th e  h ip p o cam p i and c e re b e llu m  a s sa y e d  f o r  ODC 
a c t i v i t y  u s in g  a  m o d if ic a t io n  o f  th e  t e c h n iq u e  o f R u sse l and 
S nyder (PNAS, 6 0 : 11420, 1 9 6 8 ) . ODC a c t i v i t y  was found to  be 
e le v a t e d  i n  b o th  h ip p o cam p i by 3 h r s  p o s t - h i l u s  l e s i o n ,  to 
i n c r e a s e  to  a m axim al 50 f o ld  i n c r e a s e  by 12 h r s  p o s t l e s io n ,  and 
to  d e c l in e  to  c o n t r o l  v a lu e s  by 48 h r s .  T h e re  was no e le v a t io n  of 
ODC a c t i v i t y  i n  th e  c e re b e llu m  o f  h i l u s  l e s i o n  a n im a ls .  The 
in c r e a s e  i n  h ip p o cam p a l ODC d id  n o t  r e q u i r e  th e  p re s e n c e  o f the 
a d re n a l  g la n d s  i n  t h a t  i t  was o f  th e  same m ag n itu d e  w ith  le s io n  
p lac e m en t i n  a d re n a le c to m iz e d  r a t s .  The le s io n - in d u c e d  in c r e a s e  in 
ODC a c t i v i t y  a p p e a r s  to  be due to  e p i l e p t i f o r m  a c t i v i t y  ra th e r  
th a n  to  o t h e r  c o n seq u e n c e s  o f  t r e a tm e n t  i n  t h a t  i t  was almost 
t o t a l l y  b lo c k e d  by m a in ten a n c e  o f h i l u s - l e s i o n  r a t s  under 
a n e s t h e s i a ,  from  l e s i o n  to  s a c r i f i c e ,  w i th  th e  a n tic o n v u lsa n t  
sodium  p e n t o b a r b i t a l .  T h is  c o n c lu s io n  i s  f u r t h e r  s u p p o rte d  by the 
o b s e r v a t io n  t h a t  o t h e r  d e a f f e r e n t in g  l e s i o n s  w hich  do not 
s t i m u l a te  s e i z u r e s  ( e . g .  r e t i n a l  d e a f f e r e n t a t i o n  o f superio r 
c o l l i c u l u s )  do n o t  i n c r e a s e  ODC a c t i v i t y .

The v e ry  r a p id  p o s t l e s io n  i n c r e a s e  i n  ODC a c t i v i t y  observed 
h e r e ,  w h ich  o c c u rs  w i th in  2 h r s  o f  th e  o n s e t  o f  s e iz u r e  a c t iv i ty  
and w e l l  b e fo r e  th e  i n c r e a s e  i n  h ip p o cam p a l e n k e p h a l in  c o n te n t ,  is 
c o n s i s t e n t  w i th  th e  h y p o th e s i s  t h a t  ODC a c t i v a t i o n  r e p r e s e n ts  an 
i n te r m e d ia t e  s te p  th ro u g h  w hich  s e iz u r e  a c t i v i t y  can  modulate 
n e u ro p e p t id e  s y n t h e s i s .  S tu d ie s  a r e  c u r r e n t l y  i n  p r o g re s s  to  te s t 
t h i s  h y p o th e s i s .
S u p p o rte d  by g r a n t s  NS18427 (M .B .) ,  BNS8417098 ( C .G .) and RCDA 
NS00915 ( C .G .) .
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279.1 EFFECTS OF SPECIFIC MU AND DELTA OPIOID AGONISTS IN THE A10 
DOPAMINE REGION OF THE RAT. R .P. Di l tS , G. L a tim er, P.W. 
K ali v a s . D ep t. o f  VCAPP, W ashington S ta te  U n iv ., Pullm an, Wash. 
99164-6520.

Many l in e s  o f  ev idence su g g est th a t  o p io id s  a c t w ith in  th e  A10 
dopamine (DA) reg io n  to  a c t iv a t e  DA neurons p ro je c t in g  to  lim bic  
te rm in a l a r e a s .  Thus, in j e c t io n  o f  morphine and o th e r  
en k ep h a lin  a g o n is ts  in to  th e  v e n t r a l  tegm ental a re a  (VTA- - a 
subnucleus o f  th e  A10 DA neurons) e l i c i t s  a dopamine re c e p to r  
a n ta g o n is t  r e v e r s ib le  in c re a s e  in  spontaneous motor a c t i v i t y ,  
and in c re a s e s  dopamine m etabolism  w ith in  th e  nu c leu s  accumbens.

This s tu d y  u t i l i z e s  enkep h a lin  analogues w ith  s p e c i f i c i t y  
tow ards th e  mu o r  d e l ta  o p io id  re c e p to r  to  e v a lu a te  which o p io id  
re c e p to r  su b ty p e (s )  i s  invo lved  in  producing  th e  dopamine 
m ediated  re sp o n ses . Male Sprague-Dawley r a t s  were im planted  
w ith  cannu lae  d ire c te d  tow ards th e  VTA. Subsequent in j e c t io n s  
rev ea led  th a t  th e  mu a g o n is t ,  Tyr-D-Ala-Gly-NM e-Phe-Gly-ol 
(DAGO), was s ig n i f i c a n t ly  more p o te n t than  th e  d e l ta  a g o n is t 
(D-Pen 2 ,5 ) -e n k ep h a lin  (DPEN) in  producing  an in c re a se d  
spon taneous motor a c t i v i t y ,  w ith  an ED50 o f  0 .002 nmol and 1.559 
nmol r e s p e c t iv e ly .  L ikew ise, DAGO was 1000 to  100 tim es more 
p o te n t than  DPEN in  ca u sin g  in c re a se d  dopamine m etabolism  in  th e  
n uc leus  accumbens, septum ,  p r e f r o n ta l  c o r te x , and d o r s o la te r a l  
s t r ia tu m . D if f e r e n t ia l  d i s p o s i t io n  o f  th e  m ic ro in je c te d  DAGO 
and DPEN was no t re s p o n s ib le  fo r  th e se  observed d if f e re n c e s  in  
po tency . F urtherm ore, na lo x o n az in e , à  mu 1 a n ta g o n is t ,  
a t te n u a te d  th e  motor s tim u la n t e f f e c t  produced by intra-VTA 
in j e c t io n s  o f  DAGO.

C onsequen tly , DAGO has been ra d io la b e le d  u s in g  iod in e-1 2 5  in  
o rd e r  to  v is u a l iz e ,  by a u to ra d io g ra p h ic  m ethods, th e  o p io id  
re c e p to rs  w ith in  th e  VTA. S tu d ie s  a re  c u r r e n t ly  underway to  
determ ine  i f  th e  r e c e p to rs  e l i c i t i n g  th e  DA m ediated  responses  
a re  lo c a l iz e d  on DA p e rik a ry o n  o r a d ja c e n t c e l l s  p re s e n t w ith in  
th e  A10 re g io n .

279.2 INTRACEREBROVENTRICULAR ADM INSTRATION OF BETA-FNA 
SELECTIVELY REDUCES THE NUMBER OF MU-NONCOMPETITIVE 
DELTA BINDING SITES. R.  B. Rothman 1 , J .  B .  Long2 , K.  C.  
R i c e 3*, A.  E.  J a c o b s o n 3* and J . W. H o laday2 .
1L a b o r a to r y  of P r e c l i n i c a l  Pharm aco logy , NIMH, St. 
E l i z a b e t h s  H o s p i t a l ,  W ash ing ton  DC 20032. 2Dept.  of 
N eu ro p h arm aco lo g y , W a l te r  Reed Army R esea rch  I n s t i t u t e ,  
W ashington DC 20307.3 L a b o r a t o r y  of C h e m is t ry ,  NIADDK, 
B e th e s d a  MD 20205.

P r e v i o u s  work d e m o n s t r a t e d  t h a t  i n  v i t r o  t r e a tm e n t  of 
membranes w i th  t h e  s i t e  d i r e c t e d  a l k y l a t i n g  a g e n t  beta- 
FNA a l t e r e d  t h e  p r o p e r t i e s  o f  [ 3H] DADL b i n d in g  s i t e s  of 
r a t  b r a i n  membranes (J . N e u r o c h e m .  4 3 ,1 1 9 7 -1 2 0 0 ,  1984). 
A d d i t i o n a l l y ,  i n t r a c e r e b r o v e n t r i c u l a r  ( i . c . v . )  
a d m i n i s t r a t i o n  of 20 nmol FNA a t t e n u a t e d  t h e  a b i l i t y  of 
n a lo x o n e  t o  r e v e r s e  e n d o to x i n - i n d u c e d  h y p o te n s io n  in 
r a t s  t e s t e d  18 h r  a f t e r  t h e  FNA i n j e c t i o n s  (P r o c .  N a t l .  
A c a d .  S c i .  81 ,  2 8 98-2901 ,  1984) .  The goa l of t h i s  study 
was t o  d e f i n e  t h e  p o p u l a t i o n  of [ 3H] DADL b in d in g  s i t e s  
a l t e r e d  by FNA f o l l o w i n g  i n  v i t r o  t r e a t m e n t  of membranes 
( " i n  v i t r o  membranes") and 18 h r  a f t e r  t h e  i . c . v .  
i n j e c t i o n  of 20 nmol FNA ( " i n  v iv o  membranes"),  and 
th en  t o  s e e  i f  t h e  i n t e r a c t i o n  of n a lo x o n e  w i th  the 
a f f e c t e d  s i t e / s i t e s  was a l t e r e d .

Two methods were u sed  t o  d e t e r m i n e  t h e  number of  mu- 
c o m p e t i t i v e  ( h i g h e r  a f f i n i t y )  and m u-noncom pet it ive  
( lower a f f i n i t y )  d e l t a  b in d in g  s i t e s .  1. Binding 
s u r f a c e  a n a l y s i s  u s i n g  [ 3H] DADL and p e p t i d e s  s e l e c t i v e  
f o r  t h e  m u - c o m p e t i t iv e  b i n d in g  s i t e  (D -p e n -L -p e n ) and 
t h e  m u - n o n c o m p e t i t iv e  b in d in g  s i t e  (LY164929). 2. 
P r e t r e a t m e n t  of membranes w i th  a l k y l a t i n g  a g e n t s  BIT 
which e l i m i n a t e s  t h e  m u - n o n c o m p e t i t iv e  s i t e  o r  FIT which 
e l i m i n a t e s  t h e  m u - c o m p e t i t iv e  b i n d in g  s i t e .

B ind in g  s u r f a c e  a n a l y s i s  of " in  v i t r o "  membranes 
d e m o n s t r a t e d  a s e l e c t i v e  60% d e c r e a s e  in  t h e  number mu- 
n o n c o m p e t i t i v e  b in d in g  s i t e s  w i th  no change  in  the  
number of m u - c o m p e t i t i v e  b i n d in g  s i t e s .  Us ing  " in  vivo 
membranes",  a s e l e c t i v e  40% r e d u c t i o n  in  mu- 
n o n c o m p e t i t i v e  b in d in g  s i t e s  was o b s e r v e d .  The IC50 of 
n a lo x o n e  u s in g  F I T - t r e a t e d  " in  v i t r o  membranes" s h i f t e d  
from 52±7 nM in  c o n t r o l  membranes t o  102+10 nM (±SD) in 
F N A - t r e a te d  membranes.  In b o th  c a s e s ,  n a lo x o n e  was a 
n o n c o m p e t i t i v e  i n h i b i t o r .

These r e s u l t s  r e i n f o r c e  t h e  e v id e n c e  f o r  i n t e r a c t i o n s  
be tw een  o p i a t e  r e c e p t o r  s u b t y p e s  and d e m o n s t r a t e  t h a t  
t h e  m u - a n t a g o n i s t  be ta-FNA " a n t a g o n i z e s "  n a lo x o n e .
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279.3 AUTORADIOGRAPHIC EVIDENCE FOR TWO CLASSES OF MU OPIATE BINDING 
SITES DISTINGUISHED BY BETA-FNA M. H erkenham 1 , K. C. R ic e 2* , A. 
E . J a c o b s o n 2 * and R. B. Rothman3 . 1L a b o r a to r y  o f  o f  N e u ro p h y s io lo g y , 
NIMH, B e th e s d a ,  MD 20 8 9 2 . 2L a b o r a to r y  o f  C h e m is try , NIADDK, B e th e sd a , 
MD 20892 . 3L a b o r a to r y  o f P r e c l i n i c a l  P h a rm a c o lo g y , NIMH, S t .  E l i z a 
b e th s  H o s p i t a l ,  W ash in g to n , DC 20032 .

Beta-FNA, an a lk y la tin g  d e riv a tiv e  of naltrexone, ir re v e rs ib ly  
blocks ac tiv a tio n  of opiate mu recep tors (Takemori e t a l . , Eur. 
J .  P h a rm a c o l. 7 0 , 4 4 5 -4 5 1 , 1 9 8 1 ) . P r e v io u s  work d e m o n s tra te d  t h a t  
p r e t r e a tm e n t  o f  m em branes w i th  FNA e l i m in a te d  o n ly  a  p o r t i o n  o f  mu 
b in d in g  s i t e s  (Rothm an e t  a l . ,  E u r .  J .  P h a rm a c o l. 9 5 , 1 4 7 -1 4 8 , 1 9 8 3 ) . 
T h is  s tu d y  a d d re s s e d  th e  q u e s t io n :  do mu b in d in g  s i t e s  e l im in a te d  
by FNA v a ry  i n  p r o p o r t io n  a c r o s s  b r a i n  r e g io n s ?  S l id e -m o u n te d  s e c 
t i o n s  w ere p r e in c u b a te d  and  th e n  ex p o sed  to  e i t h e r  no a g e n t  (co n 
t r o l ) ,  1 μ M FNA, o r  1 μ M o f  th e  m u - s e le c t iv e  a l k y l a t i n g  a g e n t  BIT 
( 2 - ( p - e t h o x y b e n z y l ) - l - d ie t h y la m i n o e th y l - 5 - i s o th i o c y a n a t o b e n z im id i -  
z o l e ) .  F o llo w in g  4 s e q u e n t i a l  w a sh e s , o p i a t e  r e c e p t o r s  w ere a s sa y e d  
w i th  [125I]FK 33824 ( [D -A la2 ,MePhe4 ,M e t ( o ) - o l 5 ] e n k e p h a l in ) ,  [ 3H ]o x y - 
m orphone, o r  [ 3H]DAGO ( [D -A la2 ,M ePhe4 , G l y - o l 3 ] e n k e p h a l in ) . The b in d 
in g  o f  a l l  3 l ig a n d s  was red u c e d  >95% by BIT and  b e tw een  62 and  70% 
by FNA. F o r v i s u a l i z a t i o n  s t u d i e s ,  c o ro n a l  s e c t i o n s  a t  two l e v e l s ,  
m id - th a la m u s  and  i n te r p e d u n c u la r  n u c le u s ,  w ere p r e t r e a t e d  w i th  
e i t h e r  no a g e n t  ( c o n t r o l )  o r  1 μ M FNA, and  mu b in d in g  s i t e s  v i s u a l 
iz e d  w i th  [125I]F K 3 3 8 2 4 . D e n s i to m e tr ic  a n a ly s i s  o f  th e  a u to r a d io 
grams d e m o n s tra te d  t h a t  t h e  p r o p o r t io n  o f  b in d in g  s i t e s  e l im in a te d  
by beta-FN A  v a r i e d  a c r o s s  r e g io n s  o f  th e  b r a i n .  The g r e a t e s t  e f f e c t  
was se e n  i n  t h e  v e n t r o b a s a l  th a la m u s .  The c o m p le te  e l i m in a t i o n  o f 
[125I]FK 33824 b in d in g  s i t e s  by BIT and the lack of labeling of the 
corpus c a llo su m  (a  d e l t a - s e l e c t i v e  r e g io n )  s u g g e s t s  t h a t  t h e  FNA- 
i n s e n s i t i v e  [ 125I  ]FK33824 b in d in g  s i t e s  a r e  n o t  d e l t a  r e c e p t o r s .  
A lthough t h i s  s tu d y  d e m o n s tra te s  a  d i f f e r e n t i a l  a n a to m ic a l  d i s t r i b u 
t io n  o f F N A -se n s i tiv e  and  F N A - in s e n s i t iv e  mu b in d in g  s i t e s ,  th e  p h a r 
m ac o lo g ic a l s ig n i f i c a n c e  o f  t h i s  f i n d i n g  re m a in s  to  be  e l u c i d a t e d .

279.4 PERTUSSIS TOXIN BLOCKS EFFECTS OF OPIOID, MONOAMINERGIC, AND 
MUSCARINIC AGONISTS ON DORSAL-HORN NETWORK RESPONSES IN MOUSE 
SPINAL CORD-GANGLION CULTURES. S .M .Cr a i n 1 , B .C ra in 1 * , and 
M.H.Makman2 ,  D e p ts .  o f  N e u ro s c ie n c e  1, B io c h e m is try 2 and M o le c u la r  
P h a rm aco lo g y  2, A lb e r t  E i n s t e i n  C o l l ,  o f  M ed ., Bronx,NY 10461.

A f t e r  c h ro n ic  e x p o su re  o f  s p in a l  c o r d - d o r s a l  r o o t  g a n g lio n  
(DRG) e x p la n t s  t o  m o rp h in e , th e  a c u te  d e p re s s a n t  e f f e c t s  o f  
o p io id s  on s e n s o ry -e v o k e d  d o r s a l - h o r n  s y n a p t ic -n e tw o r k  r e s p o n s e s  
a r e  m ark e d ly  a t t e n u a t e d ,  and c h a r a c t e r i s t i c  c o rd  d i s c h a r g e s  can  
th e n  o c c u r  ev en  in  th e  p re s e n c e  o f  > 1 0 0 - fo ld  h ig h e r  o p io id  con
c e n t r a t i o n s  ( C r a in  e t  a l  7 9 ) .  The p r e s e n t  s tu d y  d e m o n s tra te s  
t h a t  a  r e m a rk a b ly  s im i l a r  d e g re e  o f  t o l e r a n c e  to  o p i o id s ,  e . g .  
m o rp h in e , DADLE, d e v e lo p s  i n  th e s e  cord-DRG e x p la n t s  a f t e r  
e x p o s u re  t o  th e  i s l e t - a c t i v a t i n g  p r o t e i n  from  p e r t u s s i s  t o x in  
(PTX: 1 -1 0  u g /m l)  f o r  >1-2  d a y s .  The u s u a l  a c u te  d e p r e s s a n t  
e f f e c t s  o f  s e r o t o n in ,  n o r e p in e p h r in e ,  and o x o tre m o rin e  on d o r s a l -  
h o rn  d i s c h a r g e s  a r e  a l s o  m arked l y a t t e n u a t e d  i n  P T X -tre a te d  
c u l t u r e s .  I n  c o n t r a s t ,  h ig h  Mg++, GABA, x y lo c a in e  and e th a n o l  
w ere s t i l l  a s  e f f e c t i v e  a s  i n  c o n t r o l  e x p la n t s .

PTX i s  known to  i n t e r f e r e  w ith  th e  g u a n in e  n u c le o t id e  p r o t e i n  
Gi t h a t  i s  r e q u i r e d  f o r  o p i o i d , α 2 - a d r e n e r g i c ,  and m u s c a r in ic  
r e c e p to r - m e d ia te d  i n h i b i t i o n  o f  a d e n y la te  c y c la s e  (AC) i n  v a r io u s  
c e l l s .  A g e n ts  w hich  e l e v a t e  i n t r a c e l l u l a r  c y c l i c  AMP (cAMP) in  
cord-DRG e x p la n t s  ( e . g .  f o r s k o l in )  a l s o  a t t e n u a t e  o p io id  and 
m o n o am in erg ic  d e p re s s a n t  e f f e c t s  on d o r s a l - h o r n  r e s p o n s e s  ( C ra in  
e t  a l  '8 4 ,  '8 6 ) .  F u r th e rm o re ,  t h e s e  e x p la n t s  c o n ta in  an  o p io id -  
i n h i b i t e d  AC sy s te m , and e x p la n t  AC i s  a l s o  i n h i b i t e d  by mus
c a r i n i c  a g o n i s t s ,  n o r e p in e p h r in e ,  and s e r o t o n in .  C h ro n ic  e x p o s u re  
o f  the explants to morphine a s  w e l l  a s  to PTX i n c r e a s e s  AC 
a c t i v i t y  and  a t t e n u a t e s  o p io id  i n h i b i t i o n  o f  AC (D v o rk in  e t  a l  
'8 5 ;  C r a in  and Makman '8 6 ) .  T h ese  f in d in g s  t o g e t h e r  w i th  th e  
p r e s e n t  r e s u l t s  s u g g e s t  t h a t  th e  n e u ro m o d u la to ry  d e p r e s s a n t  
e f f e c t s  o f  o p i o id ,  m o n o am in erg ic , and  m u s c a r in ic  a g o n i s t s  on 
p r im a ry  a f f e r e n t  n e tw o rk s  i n  th e  s p in a l  c o rd  may a l l  be m e d ia te d  
by b in d in g  to  n e u ro n a l  r e c e p t o r  s u b ty p e s  t h a t  a r e  n e g a t iv e ly  
c o u p le d  v i a  Gi to  a  common p o o l o f  AC. The r e s u l t i n g  d e c re a s e  i n  
AC/cAMP l e v e l s  may, i n  t u r n ,  r e g u l a t e  p h o s p h o ry la t io n - d e p e n d e n t  
g a te s  i n  K+ a n d /o r  Ca++ c h a n n e ls  o f  DRG n e u ro n s ,  so  t h a t  Ca++ 
i n f l u x  i n  p r e s y n a p t ic  t e r m in a l s  a s  w e l l  a s  i n  th e  p e r ik a r y a  i s  
a t t e n u a t e d .  C o nvergence  o f  t h e s e  d i v e r s e  r e c e p t o r  s u b ty p e s  on 
G - m e d ia te d  seco n d  m esse n g e r  sy s te m s  i n  DRG s y n a p t i c  t e r m in a l s  
w ould th e r e b y  p ro v id e  i n t e g r a t i v e  m o d u la t io n  o f  t r a n s m i t t e r  
r e l e a s e  i n  n o c i c e p t iv e ,  and p e rh a p s  o t h e r ,  p r im a ry  a f f e r e n t  
n e tw o rk s  i n  th e  CNS. Our d a ta  do n o t ,  h o w ev er, p r e c lu d e  
Gi - m e d ia te d  d e p r e s s a n t  a c t i o n s  v i a  l in k a g e  to  o th e r  seco n d  mes
s e n g e r s  i n  a d d i t i o n  t o  AC o r  d i r e c t l y  t o  some io n i c  c h a n n e ls .  
(S u p p o rte d  by g r a n t  DA-02031 to  S .M .C . and NS- 09649 & AG- 00374 to  
M .H.M .)

279.5 O PIO ID S PROLONG RATHER THAN SHORTEN THE ACTION POTENTIAL DURATION 
OF SENSORY NEURONS AFTER TREATMENT OF MOUSE SPINAL CORD-GANGLION 
EXPLANTS WITH PERTUSSIS TOXIN OR FORSKOLIN. K -F . S hen* , A. 
C h a la z o n l t i s  and S.M. C ra in  (S P O N :D .P .P u rp u ra ) . D e p t .  o f  
N e u ro s c ie n c e , A lb e r t  E i n s t e i n  Col l , o f  M ed ., B ro n x , NY 10461

I n t r a c e l l u l a r  r e c o r d in g s  o f  th e  a c t i o n  p o t e n t i a l s  (A Ps) g e n e r 
a te d  by d o r s a l  r o o t  g a n g lio n  (DRG) n e u ro n s  i n  DRG-cord e x p la n t s  
d e m o n s tra te  t h a t  v a r io u s  o p i o id s ,  e . g .  D - a la - D - le u  e n k e p h a l in  
(DADLE; 1 -1 0  uM ), m ark e d ly  s h o r t e n  (by  ~50% ) th e  d u r a t i o n  o f  th e  
AP-Ca++ com ponent (APD) i n  many ( c a .  50%) o f  th e  g a n g lio n  c e l l  
p e r ik a ry a  ( C h a la z o n l t i s  & C r a i n , '8 3 , ' 8 6 ) .  A f t e r  t r e a tm e n t  w ith  
f o r s k o l in  (FSK; 50uM f o r  >15 m in) o r  p e r t u s s i s  t o x in  (PTX; 10 
ug /m l f o r  > 1-2  d a y s ) ,  t h e r e  was a  m arked  d e c re a s e  i n  t h e  f r a c t i o n  
o f DRG n e u ro n s  i n  w h ich  o p io id s  s h o r te n e d  th e  APD: 7 o u t  o f  25 
c e l l s  a f t e r  FSK; 4 o u t  o f  24 a f t e r  PTX. ( A l l  t e s t s  w ere  made i n  
th e  p r e s e n c e  o f  5mM Ca++ and  5mM Ba+ + . )  M o reo v e r, many o f  th e  
t r e a t e d  n e u ro n s  showed an  u n e x p e c te d  o p io id - in d u c e d ,  r e v e r s i b l e  
p r o lo n g a t io n  o f  th e  APD ( o f t e n  by >200%) i n  1 -1 0  uM DADLE: 13 o u t  
o f 25 a f t e r  FSK; 1 7 .o u t  o f  24 a f t e r  PTX. N alo x o n e  (3uM) r e v e r s e d  
th e s e  o p i o id - p r o l o n g a t i o n s  o f  t h e  APD i n  4 o u t  o f  5 t e s t s .  I n  5 
c a s e s ,  t h e s e  o p io id - p ro lo n g e d  APDs w ere  e l i c i t e d  i n  t h e  same 
n e u ro n s  w h ich  had  shown c h a r a c t e r i s t i c  o p i o id - s h o r t e n in g  e f f e c t s  
when t e s t e d  p r i o r  t o  i n t r o d u c t i o n  o f  FSK. O th e r  F S K -tr e a te d  DRG 
n e u ro n s  showed an  a t t e n u a t i o n  o f  t h e  d e g re e  o f  o p i o id - s h o r t e n in g  
o f  th e  APD, r a t h e r  th a n  an  o v e r t  o p io id - p r o l o n g a t i o n .  T hese  
r e s u l t s  a r e  c o n s o n a n t  w i th  e v id e n c e  th a t  FSK- o r  P T X -tre a tm e n t 
m ark e d ly  a t t e n u a t e s  t h e  c h a r a c t e r i s t i c  d e p r e s s a n t  e f f e c t s  o f  
o p io id s  on s e n so ry -e v o k e d  d o r s a l - h o r n  n e tw o rk  r e s p o n s e s  i n  
DRG-cord e x p la n t s  ( C r a in  e t  a l  ' 8 4 , '8 6 ,  & t h i s  v o l . ) .

O p io id - s h o r te n in g  o f  t h e  APD o f  DRG n e u ro n s  (a n d  o p i o id -  
a t t e n u a t i o n  o f  DRG-evoked d o r s a l - h o r n  n e tw o rk  r e s p o n s e s )  i n  t h e s e  
DRG-cord e x p la n t s  a p p e a r s  to  be m e d ia te d  by b in d in g  to  o p i a t e  
r e c e p t o r  s u b ty p e s  t h a t  a r e  n e g a t i v e ly  c o u p le d  t o  t h e  a d e n y la t e  
c y c la s e  ( A C ) /c y c l ic  AMP sy s te m  v i a  th e  g u a n in e  n u c le o t id e  
r e g u l a to r y  p r o t e i n  Gi (C r a in  e t  a l ,  t h i s  v o l . ) .  FSK i s  known to  
s e l e c t i v e l y  a c t i v a t e  AC a c t i v i t y ,  and  PTX i n t e r f e r e s  w i th  Gi  
f u n c t i o n s  r e q u i r e d  f o r  o p io id  and  o t h e r  r e c e p to r - m e d ia te d  i n h i b i 
t i o n  o f  AC i n  v a r io u s  c e l l s .  AC a s s a y s  o f  t h e s e  e x p la n t s  show 
t h a t  P T X -tre a tm e n t i n c r e a s e s  AC a c t i v i t y  and a t t e n u a t e s  o p io id  
i n h i b i t i o n  o f  AC (D v o rk in  e t  a l  '8 5 ;  C ra in  & Makman '8 6 ) .  T h ese  
f i n d i n g s  t o g e t h e r  w i th  th e  p r e s e n t  d a ta  s u g g e s t  t h a t  th e  o n s e t  o f  
o p i o id - p r o l o n g a t i o n s  o f  t h e  APD o f  DRG n e u ro n s  a f t e r  PTX- o r  
F S K -tre a tm e n t may be due t o  a t t e n u a t i o n  o r  n e u t r a l i z a t i o n  o f  th e  
s h o r t e n in g  e f f e c t s  m ed ia te d  by i n h i b i t o r y  o p i a t e  r e c e p t o r s  on 
t h e s e  n e u ro n s ,  r e s u l t i n g  i n  u n m ask ing  o f  a c t i v i t y  in d u c e d  by 
p u t a t i v e  e x c i t a t o r y  o p i a t e  r e c e p t o r  s u b ty p e s  on th e  same c e l l s .  
( S u p p o r te d  by g r a n t  DA-02031 to  S .M .C .)

279.6 CYCLIC NUCLEOTIDES MEDIATE SOME EFFECTS OF SPECIFIC ENKEPHALIN 
AND FMRFamide RECEPTORS ON APLYSIA NEURONS. K a ta lin  S .-R Ózsa* 
and D. O. C a rp e n te r . Wadsworth L a b o ra to r ie s , New York S ta te  
D epartm ent o f  H ea lth , A lbany, NY 12201.

Our p rev io u s  s tu d ie s  have dem onstrated  s p e c i f i c  r e c e p to r s  fo r  
th e  en k e p h a lin s  on neurons in  th e  c e re b ra l  g an g lio n  o f  A p ly s ia , 
and th e  p resen ce  o f  an e n k e p h a lin - l ik e  su b stan ce s  in  A p ly s ia  
nervous t i s s u e  (L ife  S c i. 38: 1529, 1986). Leu en k ep h a lin  
e l i c i t s  a  v a r i e ty  o f  d i f f e r e n t  io n ic  re sp o n ses , even on a  s in g le  
c e l l .  C ammon responses  in c lu d e  d e p o la r iz in g  and h y p e rp o la r iz in g  
conductance in c re a s e s  and a  slow  d e p o la r iz in g  conductance 
d e c re a s e . When FMRFamide, a  p o te n t fo u r amino a c id  p e p t id e , i s  
compared to  enkep h a lin  we have found th a t  b o th  p e p tid e s  can 
e l i c i t  a  s im i la r  v a r i e ty  o f  re sp o n ses , a lth o u g h  th e  re c e p to r s  a re  
d i s t i n c t  s in c e  f re q u e n tly  th e  p o la r i ty  o f  resp o n ses  on a 
p a r t i c u l a r  neuron were o p p o s ite  fo r  th e  two p e p t id e s .  In  
a d d i t io n ,  th e  enkep h a lin  b u t n o t th e  FMRFamide response  i s  
naloxone s e n s i t i v e .

The slow , K+ conductance d ec re a se  responses  a re  p a r t i c u l a r ly  
cannon on c e re b ra l B neurons and cou ld  be e l i c i t e d  on d i f f e r e n t  
neurons bo th  by le u  o r  met enkep h a lin  and FMRFamide. S ince  in  
o th e r  system s slow conductance d ec re a se  resp o n ses  to  s e ro to n in ,  
dopamine (PNAS 79: 7934, 1982), a c e ty lc h o lin e  ( J . P h y s io l.  369: 
399, 1985), FMRFamide (J .  N eu rosc i. 9 : 2533, 1985) and TRH (PNAS 
82: 4282, 1985) a re  m ediated  th rough  cy c liC  AMP p ro d u c tio n  we 
have t e s t e d  th e  a c tio n s  o f  fo r s k o lin  ( 5×10-5M), an a c t iv a to r  o f  
ad e n y la te  c y c la s e , and IBMX (10-4M) and RO-1724 (10-5 M), in h ib 
i t o r s  o f  p h o sp h o d ie s te ra se  on c u r re n ts  induced by met en k e p h a lin  
(10- 5M) and FMRFamide (10-6 M) a p p lie d  by m ic ro p e rfu s io n  in  
v o lta g e  clamped neu rons . The p h o sp h o d ie s te ra se  i n h i b i to r s ,  
a p p lie d  by b a th  p e r fu s io n , had no obvious e f f e c t  on membrane 
po t e n t i a l  o r  r e s is ta n c e  a lth o u g h  f o r s k o lin  cau ses  a  d ram atic  
in c re a s e  in  spontaneous s y n a p tic  a c t i v i t y ,  o f te n  re q u ir in g  s tu d y  
in  h ig h  Mg2+ sea  w a te r. P e rfu s io n  o f  a l l  th re e  d rugs  caused  an  
augm entation  o f  th e  peak inw ard c u r re n t  and an in c re a s e  in  th e  
d u ra t io n  o f  th e  c u r r e n t s .  The in c re a s e  in  am p litude  was 
p a r t i c u l a r ly  d ram atic  fo r  th e  p h o sp h o d ie s te ra se  in h i b i to r s  
(sometimes g r e a te r  th an  4 fo ld )  w h ile  th e  e f f e c t  on d u ra t io n  was 
p a r t i c u l a r ly  d ram atic  f o r  f o r s k o lin  and o f te n  was over 6 f o ld .  
S u rp r is in g ly ,  bo th  fo r s k o lin  and IBMX b locked  Na+ conductance 
in c re a s e  a c e ty c h o lin e  responses  on th e se  c e l l s .  These r e s u l t s  
su g g es t t h a t  th e  slow  conductance d e c re a se  resp o n ses  to  met 
en k ep h a lin  and FMRFamide on A p ly s ia  neu ro n s , l i k e  th o se  t o  o th e r  
p * p tid e s  and t r a n s m it t e r s ,  a re  a  r e s u l t  o f  a c t iv a t io n  o f  
ad e n y la te  c y c la s e .
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279.7 RELATIONSHIP OF OPIATE RECEPTOR BINDING SITES AND OPIATE-INHIBITED 
ADENYLATE CYCLASE IN BRAIN MEMBRANES. S.R. Ch ild e rs ,  P. N ijssen* 
and J . H arris* , Dept. of Pharmacology, Univ. of Florida College 
of Medicine, G a inesv ille , FL 32610.

Opiate agon ists in h ib it  adenylate cyclase in both brain and 
neuroblastoma ce ll membranes. Adenylate cyclase appears to be 
coupled to  d e lta  op iate  recep tors  in NG108-15 c e l l s ,  but the 
pharmacological nature of the adenylate cyclase-linked  op iate  
recep tor in mammalian brain has ye t to be e s tab lish ed . To 
determine the re la tio n sh ip  between high a f f in i ty  m ultip le  op iate  
recep tor binding s i te s  and o p ia te -in h ib ite d  adenylate cyclase in 
r a t  b ra in , we assayed adenylate cyclase in membranes a f te r  
treatm ent with agents which are known to  block high a f f in i ty  
op iate  agon ist binding. One such agent i s  phospholipase A(2), 
which in a c tiv a te s  op iate  recep tor binding but does not in h ib it  
basal adenylate cyclase a c t iv i ty  a t  low concentrations of enzyme. 
In these experim ents, brain membranes were p re trea ted  a t pH 4.5 to 
remove stim ulato ry  and increase  in h ib ito ry  adenylate cyclase , and 
o p ia te -in h ib ite d  adenylate cyclase was determined in the presence 
of various concentrations of D-ala(2)-m et(5) enkephalinamide 
(D-Ala enk). Incubation of membranes with phospholioase A (500 
ng/ml) in h ib ited  93-100% of binding of [ 3H] DAGO, [ 3H] 
DSTLE and [ 3H] EKC to  mu, d e lta ,  and kappa s i t e s ,  
re sp ec tiv e ly . However, adenylate cyclase in tre a te d  membranes was 
s t i l l  in h ib ited  by D-Ala enk (with in h ib itio n  blocked by 
naloxone); moreover, the D-Ala enk agonist dose response curve was 
not a ffec ted  by phospholipase treatm ent. To obtain more sp ec ific  
recep tor blockade, membranes were incubated with ir re v e rs ib le  
o p ia te s , then washed to  remove tra ce s  of rev e rs ib ly -ac tin g  drugs. 
Control membranes contained equal concentrations of naloxone to 
control fo r  washing. Incubation of membranes with several 
ir r e v e rs ib le  o p ia te s , including an tagon ists  lik e  naloxone azine 
and beta-FNA, and agon ists lik e  p -n itro  phenyl-oxymorphone, did 
not a ffe c t  agonist dose response curves in in h ib itin g  adenylate 
cyclase , but blocked high a f f in i ty  recep tor binding by 75-100%. 
However, incubation of membranes with beta-CNA (10 μM), which 
blocked binding by 95-100%, sh ifted  the adenylate cyclase dose 
response curve fo r  D-Ala enk by approx, te n -fo ld . The re s u lts  with 
beta-CNA suggest th a t a large population of spare recep tors  e x is ts  
in s t r i a ta l  membranes, since agon ist dose response curves were 
sh ifted  to  the r ig h t .  However, since 75-100% of high a f f in i ty  
binding s i te s  were blocked by o ther agents th a t had no e f fe c t  on 
agon ist dose response curves, receptors linked to  adenylate 
cyclase in brain may not correspond to  any of the s i te s  labeled 
with nM concentrations of [ 3H] agon ists.

Suppported by grant DA-02904 from the National In s t i tu te  on 
Drug Abuse.

279.8 OPIATE EFFECTS ON ADENYLATE CYCLASE IN C-6 GLIOMA CELLS. D.R. 
Marckel, S.P. Baker and S.R. C h ilders , Dept. of Pharmacology, 
Univ. of Florida College of M edidne, G ainesv ille , FL 32610.

Rat C- 6  glioma c e l ls  have been useful models to  study 
beta-adrenergic  s tim ulation  of adenylate cyclase . Opiate receptors 
and o p ia te -in h ib ited  adenylate cyclase have been reported in these 
c e l ls  (Tocque e t  a l .  J .  Neurochem. [1984] 42:1101), but 
only a f te r  treatm ent with desmethylimipramine (DMI). Increase in 
o p ia te -in h ib ited  adenylate cyclase can a lso  be seen in brain 
membranes, where pretreatm ent a t  pH 4.5 dim inishes stim ulatory and 
increases in h ib ito ry  a c t iv i ty  w ithout a ffec tin g  basal a c t iv ity .  To 
determine whether low pH pretreatm ent of C-6 glioma c e l ls  would 
mimic the e f fe c t  seen in brain membranes, o p ia te -in h ib ited  
adenylate cyclase was assayed in C-6 c e l ls  before and a f te r  
treatm ent with DMI. Membranes from C-6 c e l ls  were p re trea ted  i n 
sodium ace ta te  buffer a t  pH 4.5 and o p ia te -in h ib ited  adenylate 
cyclase was determined in the presence of various concentrations 
of D-al a(2)-m et(5) enkephalinamide (D-Ala enk). Opiate receptor 
binding assays were conducted with both [ 3H] D-Ala enk and 
[ 3H] naloxone (1-10 nM).

Adenylate cyclase assays revealed in te re s tin g  e ffe c ts  of low pH 
pretreatm ent on d if fe re n t c e ll types. Like brain membranes, low pH 
pretreatm ent had no e f fe c t  on basal a c t iv i ty  in C- 6  membranes. 
These re s u lts  co n tra s t with those in r a t  re ticu lo cy te s  and 
NG108-15 c e l l s ,  where low pH treatm ent d ra s t ic a l ly  reduced basal 
a c t iv i ty .  Assay of isoproterenol stim ulated adenylate cyclase 
showed th a t low pH pretreatm ent elim inated stim ulation  in 
re tic u lo c y te s , with no e f fe c t  on stim ulation  in C- 6  c e l ls .

The op iate  receptor binding assays revealed no s ig n ific an t 
sp ec ific  binding in membranes e ith e r  before or a f te r  treatm ent of 
c e l ls  with DMI, using e ith e r  [ 3H] naloxone or [ 3H]-D-Ala 
enk as ligands. However, D-Ala enk produced a biphasic dose 
response e f fe c t  on adenylate cyclase in u n trea ted , DMI-treated, 
and low pH p re trea ted  C- 6  glioma membranes. Inh ib ition  (approx. 
20%) of adenylate cyclase occurred a t  1-10 μM D-Ala enk. At 
concentrations g rea te r than 10 μM D-Ala enk, adenylate cyclase 
returned to  basal le v e ls . To examine th is  biphasic response more 
c lo se ly , c e l ls  were tre a ted  with p e rtu s s is  toxin fo r 24 hrs to 
e lim inate  the in h ib ito ry  component (Ni) of adenylate cyclase. In 
these membranes, the in h ib ito ry  e f fe c t  of D-Ala enk was 
e lim ina ted , while D-Ala enk and isoproterenol stim ulated adenylate 
cyclase to  the same level (60%). These re s u lts  suggest th a t 
s ig n if ic a n t opiate-coupled adenylate cyclase can occur i n cells  
with recep tor binding s i te s  th a t are undetectable by normal 
binding assays.

Supported in p a rt by gran t DA-02904 from the National Institute 
on Drug Abuse.

279.9 KAPPA OPIATE RECEPTORS IN RAT SPINAL CORD-DORSAL ROOT GANGLION 
COCULTURES: REGULATION AND MODULATION OF ADENYLATE CYCLASE 
B. A tta li*  and Z. Vogel. Dept of Neurobiology, Weizmann In s t i tu te  
of Science, Rehovot 76100 I s ra e l .

Rat sp ina l cord-dorsal roo t ganglion primary cocultures were 
used as a model system fo r exploring K receptor reg u la tio n . K bin
ding s i te s  on c e l l  membranes were labeled  by [3H]diprenorphine in 
the presence of DAGO(O.1μM) and DADL(O.1μM), while μ. and δ s i te s  
were labeled  by [ 3H]DAGO and [3 H]DSTLE, re sp ec tiv e ly . Non sp ec ific  
binding was determined with 10μM diprenorphine. During the f i r s t  
10 days in v i t r o , the number of K and μ recep tors increased mar
kedly, reaching a Bmax of 180 and 50fmoles/mg p ro te in , re sp ec t
iv e ly . In c o n tra s t, no detectab le  6 s i te s  were observed a t  any 
time of cu ltu re  (up to  4 weeks). Binding of [3H]diprenorphine to  
κ  and μ s i te s  was found to  be sa tu rab le , s te reo sp ec ific  and of 
high a f f in i ty  (Kd of 0.85 and 2.4nM, re sp ec tiv e ly ). Chronic 
agonist treatm ent (etorphine 1μM, 1 to  3 days or U50488 10μM, lday) 
did not down-regulate K recep to rs , while i t  down-regulated more 
than 50% of μ s i t e s .  Following chronic an tagonist exposure 
(naloxone 10μM, 5 days) p recep tors were strongly  up-regulated 
(240% of c o n tro l) , whereas K s i te s  exhibited  a weaker response 
(160% of c o n tro l) . The a f f in i ty  of the K se lec tiv e  op iate  agonist 
U50488 was markedly decreased (5 to  6 fold) in  the presence of 
100μM GTP and 100mM NaCl, suggesting coupling to  adenylate 
cyclase. Indeed, by using EGTA-free homogenates from 2-3 weeks old 
c u ltu re s , we found th a t  the K agonist U50488 s ig n if ic a n tly  and 
dose dependently in h ib ited  the basal as well as the fo rsko lin - 
stim ulated  cyclase a c tiv ity  (20% in h ib itio n  a t  10μM, p<0.05). 
Following chronic exposure of cu ltu red  c e l ls  to  etorphine (1μM, 
4 days without wash), the K agonist U50488 lo s t  i t s  a b il i ty  to  
in h ib i t  the basal as well as the fo rsko lin -stim u lated  cyclase. 
T h is  d e s e n s i t i z a t i o n  seem s t o  be  h e te r o lo g o u s  s in c e  t h e  f o r s k o l i n -  
s t i m u l a te d  enzyme was i n h i b i t e d  by c a rb a c h o l  i n  c o n t r o l  b u t  n o t  in  
c h ro n ic  e t o r p h i n e - t r e a t e d  c u l t u r e s .

In summary, K recep tors are e f f ic ie n t ly  expressed in r a t  spinal 
cord cu ltu res (more than 70% of to ta l  op iate  receptors) and have 
p ro p e rties  s im ila r to  those displayed by K s i te s  in ad u lt CNS. 
Unlike p recep to rs , K s i te s  in  sp ina l cord cu ltu res  are le ss  
se n sitiv e  to  modulation by chronic agonist or antagonist t r e a t 
ments. Furthermore, K recep tors are negatively coupled to adenylate 
cyclase and undergo heterologous d e sen sitiz a tio n  upon chronic 
op iate  treatm ent, suggesting th a t  to lerance induced by K ligands 
i s  conveyed by post recep tor regu lato ry  mechanisms.

279.10 EFFECT OF A KAPPA RECEPTOR AGONIST (U -50.488H ) ON STRIATAL 
DOPAMINE RELEASE AND UPTAKE. D.W. Clow* and K. Jh am an d as . 
D ep a rtm en t o f  Pharm aco logy  and T o x ic o lo g y , Q u e e n 's  U n iv e r s i ty ,  
K in g s to n , O n ta r io ,  C anada.

O p io id  r e c e p t o r s  o f  th e  kappa ty p e  have  been  fo u n d  to  e x i s t  
i n  th e  s t r i a t u m  o f  s e v e r a l  s p e c i e s ,  b u t  t h e i r  f u n c t i o n a l  s i g n i 
f i c a n c e  i s  n o t  c l e a r .  I t  h a s  been  r e p o r t e d  t h a t  a c t i v a t i o n  o f 
kappa r e c e p t o r s  w ith  b re m a z o c in e , k e to c y c la z o c i ne and d y n o rp h in  
l e a d s  t o  a d e p re s s io n  o f  th e  s p o n ta n e o u s  and K+ -ev o k e d  r e l e a s e  
o f  3H -dopam ine ( 3H-DA) from  r a t  s t r i a t a l  s l i c e s  (M ulder e t  a l . ,  
N a tu re  308: 2 78 , 1 9 8 4 ) . In  th e  p r e s e n t  s tu d y ,  we have  i n v e s t i 
g a te d  th e  a c t i o n  o f  a  h ig h ly  s e l e c t i v e  kappa o p io id  r e c e p to r  
a g o n i s t ,  U -50,488H  on th e  s p o n ta n e o u s  and K+ -ev o k e d  (15 mM) 
r e l e a s e  o f  en d ogenous DA from  s l i c e s  o f  r a t  s t r i a t u m .  Endogenous 
DA was m easu red  in  th e  p re s e n c e  o f  n o m ife n s in e  (10 μM), a DA 
u p ta k e  i n h i b i t o r ,  u s in g  a  s u p e r f u s io n  m ethod . The c o n te n t  o f  DA 
in  th e  s u p e r f u s a te  was e s t im a te d  by HPLC c o u p le d  to  an e l e c t r o 
c h e m ic a l  d e t e c t o r  a f t e r  e x t r a c t i o n  by an a lu m in a /p e r c h lo r i c  a c id  
t e c h n iq u e .  3 , 4 -D ih y d ro x y b e n z y la m in e  was u sed  a s  th e  i n t e r n a l  
s ta n d a r d  in  t h i s  a s s a y .  The e f f e c t  o f  U -50,488H  on 3H-DA u p ta k e  
was s tu d i e d  in  s t r i a t a l  s y n a p to s o m e s  (P 2 f r a c t i o n ) .

The s p o n ta n e o u s  r e l e a s e  o f  DA w a s  u n a f f e c te d  by 0 .4  μM, b u t 
was s i g n i f i c a n t l y  en h an ced  by 4 0 .0  μM U -50 ,488H . At c o n c e n t r a 
t i o n s  o f  0 .4  and 40 μM, U -50,488H  s i g n i f i c a n t l y  d e p re s s e d  th e  
K+ - in d u c e d  r e l e a s e  o f  DA by 17% and 24% r e s p e c t i v e l y .  The 
p r e s y n a p t ic  u p ta k e  o f  3H-DA was u n a f f e c te d  by 0 .4  μM U -50,488H , 
b u t  was s i g n i f i c a n t l y  i n h i b i t e d  by a 4 0 .0  μM c o n c e n t r a t i o n  
(21.65%  o f  c o n t r o l ) .

The d a ta  s u g g e s t  t h a t  U -50,488H  can  in f lu e n c e  th e  en dogenous 
r e l e a s e  o f  s t r i a t a l  DA and th e  u p ta k e  o f  3H-DA. H ow ever, i t  i s  
n o t  known w h e th e r  t h e s e  e f f e c t s  a r e  m e d ia te d  by kappa r e c e p t o r s .  
(S u p p o rte d  by th e  M e d ic a l R e se a rc h  C o u n c il o f  Canada and  a 
F e l lo w s h ip  from  th e  O n ta r io  M en ta l H e a l th  F o u n d a t io n ) .



WEDNESDAY PM OPIATES, ENDORPHINS AND ENKEPHALINS: PHYSIOLOGICAL EFFECTS III 1013

279.11 ANTAGONISM OF MORPHINE-INDUCED HYPERACTIVITY IN MICE BY THE 
KAPPA AGONIST U-50488H. R.G. Browne. R esearch  D epartm ent, 
P h arm aceu tica ls  D iv is io n , CIBA-GEIGY C o rp ., Summit, NJ 07901 

Morphine and r e l a te d  o p io id s  have long  been known to  produce 
h y p e ra c t iv i ty  in  ro d e n ts . R ecent work has  shown t h a t  th e  
d iv e rse  pharm aco log ica l e f f e c t s  o f  morphine a re  m ed ia ted  by 
re c e p to r  sub types  d e s ig n a te d  Mu-1 ( e g . ,  a n a lg e s ia )  and Mu-2 
( e g . ,  r e s p i r a to r y  d e p re s s io n ) . I t  h as y e t  to  be d e te rm in ed , 
however, w hether m orphine-induced h y p e ra c t iv i ty  r e s u l t s  from 
a c t iv a t io n  o f  Mu-1 o r Mu-2 re c e p to r s .  S ev e ra l kappa o p ia te  
re c e p to r  a g o n is t s ,  in c lu d in g  U-50488H, have been shown to  have 
m oderate to  h ig h  a f f i n i t i e s  f o r  mu and d e l t a  s i t e s  w here th e y  
a c t  a s  mu-2 a n ta g o n is ts .  For exam ple, kappa a g o n is ts  have been 
shown to  an tag o n ize  m orphine-dependent in c re a s e s  in  s t r i a t a l  
DOPAC and HVA w ith o u t e f f e c t in g  m orphine-induced changes in  
a c e ty lc h o lin e  tu rn o v e r o r  a n a lg e s ia  (Wood, Drug Development 
R esearch , 4: 429-435, 1984; Wood and Thakur, L ife  S c ie n c e s , 
31:2313-2317, 1982).

The p re s e n t  s tu d ie s  were d esigned  to  t e s t  th e  h y p o th e s is  t h a t  
i f  m orphine-induced h y p e ra c t iv i ty  i s  m ed iated  by rau-2 
re c e p to rs , th en  th e  kappa a g o n is t  U-50488H shou ld  b lock  
m orph ine 's  e f f e c t s  on locom otor a c t i v i t y .  Male CD-I mice 
(19-22g) were in je c te d  i . p .  w ith  v a r io u s  doses  o f  th e  kappa 
a g o n is t U-50488H, in je c te d  s . c .  f iv e  m inu tes l a t e r  w ith  e i t h e r  
s a l in e  o r  morphine (10 mg/k g ) im m ediately  b e fo re  p lacem ent in to  
in d iv id u a l  Omintec E le c t ro n ic  locom otor a c t i v i t y  m o n ito rs . 
Locomotor a c t i v i t y ,  ex p ressed  a s  d is ta n c e  t r a v e le d  p e r  2 h r s ,  
was determ ined  fo r  th e  d i f f e r e n t  tre a tm e n t g roups . The r e s u l t s  
o f th e se  experim en ts dem onstra te  t h a t  U-50488H an tag o n ize d  
m orphine-induced h y p e ra c t iv i ty  in  mice a t  do ses  w hich a lo n e  do 
not d i f f e r  s i g n i f i c a n t ly  from v e h ic le  t r e a te d  m ice, in d ic a t in g  
th a t  kappa a g o n is ts  a re  cap ab le  o f  an ta g o n iz in g  y e t  a n o th e r  
a c tio n  o f  m orphine. These f in d in g s  su g g es t t h a t  
m orphine-induced h y p e ra c t iv i ty  may be m ed iated  by th e  mu-2 
o p ia te  re c e p to r  sub type .

279.12 BREMAZOCINE IS  A k-OPIOID  AGONIST AND A μ-OPIOID ANTAGONIST IN THE 
GUINEA-PIG MYENTERIC PLEXUS. A.D. C o rb e tt*  and H.W. K o s t e r l i t z . 
U n it f o r  R e se a rc h  on A d d ic t iv e  D ru g s , U n iv e r s i ty  o f  A b erd een , 
M a ris c h a l  C o l le g e ,  A b erd een , AB9 IAS, U.K.

A lth o u g h  w id e ly  u s e d  a s  a  K -o p io id  r e c e p t o r  a g o n i s t ,  th e  
s e l e c t i v i t y  o f  b re m a z o c in e  f o r  t h e  K - r e c e p to r  i s  n o t  h ig h .  We 
h a v e  d e te rm in e d  t h e  a g o n is t  and a n ta g o n i s t  a c t i v i t y  o f  b rem a z o c in e  
i n  n a iv e  g u in e a - p ig  m y e n te r ic  p le x u s  p r e p a r a t i o n s  and  i n  t i s s u e s  
i n  w h ich  e i t h e r  μ-  o r  K -o p io id  r e c e p t o r s  w ere b lo c k e d  p r e f e r e n 
t i a l l y .

P r e p a r a t i o n s  o f  t h e  m y e n te r ic  p l e x u s - lo n g i t u d in a l  m u sc le  o f  t h e  
g u in e a - p ig  ile u m  w ere s e t  up f o r  f i e l d  s t i m u l a t i o n .  To b lo c k  
i r r e v e r s i b l y  t h e  μ- r e c e p t o r s ,  p r e p a r a t i o n s  w ere in c u b a te d  in  K rebs 
s o lu t io n  w ith  100 nM β- fu n a l t r e x a m in e  ( β-FNA) f o r  90 m in fo llo w e d  
by  a  90 m in wash w i th  d r u g - f r e e  s o lu t i o n .  When t h e  o p io id  a l k y l 
a t i n g  a g e n t  β- c h lo m a l t r e x a m in e  ( β-CNA) was u s e d ,  p r e p a r a t i o n s  
w ere in c u b a te d  w i th  30 nM β-CNA f o r  30 m in and  th e n  w ashed ; t o  
p r e v e n t  a l k y l a t i o n  o f  μ- r e c e p t o r s ,  t h e  s e l e c t i v e  μ- a g o n i s t  [D -A la2 , 
MePhe4 , G l y - o l 5] e n k e p h a l in  (10 μM) was added  t o  t h e  o rg a n  b a th  5 
m in p r i o r  t o  t h e  a d d i t i o n  o f  β-CNA. A g o n is t p o t e n c i e s  w ere d e 
te rm in e d  b e f o r e  and  a f t e r  β-FNA o r  β-CNA t r e a tm e n t .

A f t e r  p r e - i n c u b a t io n  o f  t h e  m y e n te r ic  p le x u s  w i th  β-FNA, th e  
IC 50 v a lu e  o f  [D -A la2 ,M ePhe4 , G ly - o l5] e n k e p h a l in  was in c r e a s e d  67- 
f o ld  w h e re a s  t h e  IC 50 v a lu e s  o f  th e  s e l e c t i v e  K - l ig a n d  U -69 ,593  
and  o f  t h e  n o n - s e l e c t i v e  l ig a n d  b rem a z o c in e  w ere n o t  s i g n i f i c a n t l y  
c h a n g ed . F o llo w in g  p r e - i n c u b a t io n  w ith  g-FNA th e  Ke o f  n a lo x o n e  
a g a in s t  b rem a z o c in e  was 13 nM. T h e r e f o r e ,  i n  t h i s  e x p e r im e n ta l  
d e s ig n  b rem a z o c in e  a c te d  o n ly  on K - r e c e p to r s .

A f t e r  p r e - i n c u b a t io n  w i th  β-CNA and p r o t e c t i o n  o f  μ - r e c e p to r s  
w i th  [D -A la2 , MePhe4 , G ly -o l 5] e n k e p h a l in ,  t h e  r a t i o  o f  IC 50 a f t e r  
t r e a tm e n t  t o  t h e  IC 50 b e fo r e  t r e a tm e n t  was 2 f o r  [D -A la2 , MePhe4 , 
G ly - o l5] e n k e p h a l in  and was 32 f o r  U -6 9 ,5 9 3 . When b rem a z o c in e  was 
t h e  a g o n is t  t h e  i n i t i a l  and f i n a l  IC 50 v a lu e s  w ere 0 .1 6  nM and 10 
nM, g iv in g  a  d o s e - r a t i o  o f  6 2 . U nder t h e s e  e x p e r im e n ta l  c o n 
d i t i o n s  i t  was shown t h a t  b re m a z o c in e  i s  an  a n ta g o n i s t  a g a in s t  
[D -A la2 ,M ePhe4 ,G l y - o l 5] e n k e p h a l in  a t  t h e  μ - r e c e p to r  (Ke = 1 .6  nM). 
The r e s i d u a l  a g o n is t  a c t i v i t y  o f  b rem a z o c in e  ( IC 50, 10 nM) i s  a t  
t h e  K - r e c e p to r .  In  n a iv e  m y e n te r ic  p le x u s  p r e p a r a t i o n s  th e  μ - 
a n ta g o n i s t  a c t i v i t y  o f  b rem a z o c in e  c a n n o t be d e m o n s tra te d  b e c a u s e  
i t  i s  m asked by  t h e  p o t e n t  a g o n is t  a c t i o n  a t  K - r e c e p to r s .

279.13 MULTIPLE OPIOID RECEPTOR TYPES IN THE RAT HIPPOCAMPUS. J. F. 
Neumaler, S. Mal l heau*,  and C. Chavkin. Dept. of Pharmacology, 
Univ. of Washington, S e a ttle , WA 98195.

We have compared th e  recep tor preference of Dynorphin A (1- 
17) (DYN) to  th e  m u-selectlve agon ists  normorphlna (NM) and [N-  
MePhe3 ,D -Pro4] -m o rp h i c e p ti n (PL017), and [ D-Ser2 Leu5 Thr6] 
enkephalin (DSLET), a d e l ta -s e le c tiv e  agon ist, In th e  CA1 and 
dentate regions of the  r a t  hippocampus. E x trace llu la r recordings 
were made from hippocampal s l ic e s ,  while stim u la ting  e ith e r  the 
Schaffer c o l la te r a l s  In th e  CA1 region or the  perfo ran t path In 
the dentate  gyrus. Opioid agon ists  were a p p lied by superfusion 
or by p ressure  m icropipette , and opioid an tagon ists  (naloxone or 
ICI—174864) were a p p lied by superfusion. Dose-response curves 
were constructed  fo r each opioid In th e  presence and absence of 
an tagon ists. Antagonist Ki. was determined by Schi ld an a ly sis .

All of the  opioids Increased e x c i ta b il i ty  to  orthodromic 
s tim ulation  and caused a f te r  potenti a ls  i n both regions, although 
In the  den ta te  region, opioids had a g rea te r e f fe c t on 
a f te rp o ten ti al s than on primary population responses. Increased 
ce ll e x c i ta b il i ty  Induced by NM and PL017 was Inh ib ited  by 
naloxone (10-50 nM) with Ki values ranging from 1-4 nM In both 
the CA1 and den tate  reg ions; th e  d ifferen ces  were not 
s t a t i s t i c a l ly  s ig n if ic a n t.  These data a re  co n sis ten t with the  
presence of mu recep to rs  in both regions. In CA1, the  DSLET 
a c t iv ity  was antagonized by naloxone with a Ki. value of 14 nM; 
th is  i s s ig n if ic a n tly  d if fe re n t from the  naloxone Ki values fo r 
the mu a c tiv a tin g  drugs NM and PL017 In th a t  region (p<0.01). 
DYN a c t iv ity  was Inh ib ited  by naloxone with Ki. values of 6  nM In 
CA1 and 32 nM In th e  den tate  gyrus. S urpris ing ly , EKC and 
U50,488h (kappa ag on ists) were found to  be Inactive  or to  have 
naloxone In sen sitiv e  e ffe c ts  a t  concen trations <1 uM in both the  
CA1 and den tate  regions. The naloxone Ki. value for DYN In CA1 
Is not s ig n if ic a n tly  d if fe re n t from That observed fo r NM 
ac tiv a ted  recep to rs . The low K. value suggests th a t  DYN does 
not a c t a t  kappa recep to rs  In th e  CA1 region. This observation 
i s c o n sis ten t with our previous determ ination th a t  DYN ac ts  a t  
mu recep to rs  In CA1 based upon B-funal trexamine i n h ib itio n  of 
DYN and NM but not DADLE a c t iv i ty .  In c o n tra s t, the  naloxone Ki. 
value for DYN In den tate  i s s ig n if ic a n tly  g rea te r than th a t  for 
NM In th a t  region (p<0.03). The re la tiv e ly  high k j In the  
den tate  gyrus Ind icates th a t  DYN ac ts  a t  non-mu recep to rs . We 
found th a t  the  d e lta -s p e c if ic  an tagon ist ICl—174864 In h ib its  
DSLET but not NM, PL017 or DYN in th e  den tate  region. These 
data suggest th a t  DYN a c ts  a t  mu recep to rs  In CA1 and kappa 
recep to rs  In th e  den ta te  gyrus. The presence of kappa recep to rs  
In th e  den tate  region would suggest th a t  endogenous DYN 
synthesized In th e  den tate  gyrus may be re leased  loca lly  to  
modulate c e ll  exci ta b i l i ty .

279.14 O P IO ID -IN D U C E D  INH IBITIO N OF R E F L E X  U R IN A R Y  B L A D D E R  
CONTRACTIONS IN RATS: SEPARATE CENTRAL MECHANISMS MEDIATE 
MU AND DELTA LIGAND EFFECTS. Andre Dray, Linda Nunan and Frank 
Porreca (SPON: M. W etzel). Sandoz In s t i tu te  for M edical R e se a rc h , 
London, WC1E 6BN, U.K. and D epartm en t of Pharm aco logy , U niversity  of 
A rizona  H ealth  S c ien ces  C e n te r ,  Tucson , AZ 85724, U.S.A.

C e n tra lly -a d m in is te re d  m orphine has been  shown to  in h ib it re f lex  
b lad d e r c o n tra c tio n s  by a c tio n s  a t s e p a ra te  suprasp in al and spinal s ite s  
(Dray and Nunan, 1986, 3. P hysio l. 371, 258P). The p rese n t e x p e rim en ts  
have exam ined w h e th e r s e le c tiv e  mu and d e lta  opioid ligands a f f e c t  re f lex  
b lad d e r a c tiv ity  by sim ilar m ecteinism s. The ligands chosen  fo r study  w ere 
highly se le c tiv e  fo r mu (D-Ala2 , NMPhe4 , G ly -o l)-en k ep h alin  (DAGO) and 
d e lta  (D-Pen2 , L -P en  5-en k ep h a lin  (DPLPE) opio id  re c e p to rs ;  m orphine was 
s tu d ied  as a  re fe re n c e  mu ag o n is t fo r com parison  w ith DAGO. We have 
p reviously  shown th a t  s e le c tiv e  kappa opioids such as U50 ,488H do not 
a f f e c t  b lad d e r a c tiv ity  a f te r  c e n tra l  a d m in is tra tio n .

V olum e-induced, sp o n tan eo u s u rin a ry  b lad d e r c o n tra c tio n s  w ere 
rec o rd e d  iso m etrica lly  in fem a le  r a ts  a n e s th e tiz e d  w ith  u re th a n e  (1.2 g /k g , 
i .p .). Drugs w ere  ad m in iste red  in tra c e re b ro v e n tr ic u la r ly  (i.c .v .) in to  a 
la te ra l  v e n tr ic le  or by sp inal in tr a th e c a l  ( i.th .)  m ic ro in jec tio n  b e tw e en  th e  
i n tr a v e r te b ra l  sp a ce  (L3-L 5). B ladder c o n tra c tio n s  w ere in h ib ited  in a 
d o se -d ep en d en t m anner by i .c .v . and  i .th .  ad m in is tra tio n  of DAGO, DPLPE 
and m orphine. T he i .c .v . b u t not th e  i .th  e f f e c ts  of DPLPE and m orphine 
w ere  a t te n u a te d  or abo lished  4 -5  hr a f te r  re se rp in e  p re tr e a tm e n t (5 m g/kg, 
i.p .) and  7 d a f te r  p r e t re a tm e n t w ith  5 ,7 -d ih y d ro x y try p tam in e  (200 ug , 
i .c .v .) . P re tr e a tm e n t  w ith  6 -hydroxydopam ine (6-OHDA)(150 u g , i .c .v . a t  -7 
d) d id  not ch an g e  th e  i .c .v . or i . th .  e f f e c ts  of DPLPE. In c o n tr a s t ,  6-OHDA 
p re tr e a tm e n t a t te n u a te d  th e  e f f e c ts  of i .c .v .,  bu t not i .th .,  m orphine. None 
of th e  p re tr e a tm e n ts  c h an g ed  th e  e f f e c ts  of DAGO. F in a lly , th e  i .c .v . 
e f f e c t  of DPLPE and m orphine w ere  a t te n u a te d  in a  d o se -re la te d  m anner 
by i . th .  m e th y se rg id e  (4-10 ug), naloxone (0 .5-2  ug) and  th e  se le c tiv e  d e lta  
opioid a n ta g o n is t,  ICI 174,864 (N ,N-diaily l-T y r-A ib -A ib -P h e -L eu -O H , w here  
Aib is a lp h a -am in o iso b u ty ric  ac id )(1-3  ug). I .th . ph en to lam in e  (5-10 ug) 
b lo ck ed  th e  e f f e c ts  of i .c .v . m orphine b u t fa ile d  to  a f f e c t  i .c .v . DPLPE. 
The e f f e c ts  of i .c .v . DPLPE or m orphine w ere  not a f f e c te d  by i .th .  
p roprano lo l (10 ug), a tro p in e  (8 ug), or sa lin e . The i .c .v . e f f e c t  of DAGO 
was a t te n u a te d  by i . th .  na loxone  and ICI 174,864 b u t w as not a f f e c te d  by 
th e  o th er i . th .  a n ta g o n is ts  or s a lin e .

The p rese n t d a ta  su g g est th a t  s e le c tiv e  mu and d e lta  opioid (DAGO 
and DPLPE) ligands inh ib it b lad d e r c o n tra c tio n s  by d i f fe re n t  su prasp inal 
and sp inal m echanism s. The i .c .v . e f f e c ts  of m orphine a re  m ed ia ted  by 
d escend ing  se ro to n e rg ic  and n o rad re n e rg ic  p a th w ay s w hile DPLPE ap p ears  
to  a c t iv a te  a  d escend ing  s e ro to n e rg ic , b u t not a d re n e rg ic , sy stem . The 
m echanism s of a c tio n  of DAGO a re  u n c le a r ,  b u t a re  c le a r ly  and 
su rp rising ly  d i f fe re n t  from  th o se  of m orphine. This d isc rep an cy  is d iff ic u lt  
to  reso lv e  as b o th  ligands a re  th o u g h t to  a c t  a t  mu opioid r e c e p to rs .  
F u r th e r ,  th e s e  th re e  a g o n is ts  all a p p e a r  to  a c t iv a te  a  sp in a l, naloxone and 
ICI 174,864 se n sitiv e  sy stem . USPHS G ra n ts  NS 21193. and AM 36289.
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279.15 CENTRAL EFFECTS OF A CYCLIC SOMATOSTATIN OCTAPEPTIDE 
ANALOGUE ON REFLEX URINARY BLADDER CONTRACTIONS IN THE 
ANESTHETIZED RAT. F. Porreca, L. Nunan, W. Kazmierski and V.J .  Hruby, 
Departments of Pharmacology & Chemistry, University of Arizona, Tucson, 
AZ 85724, U.S.A.

Numerous reports have suggested an interface between somatostatin 
and the opioid system in mammals. Cyclic analogues of somatostatin have 
been developed which bind to preferentially to opioid, rather than to 
somatostatin receptors. Additionally, these analogues have been found to 
be selective for mu, rather than delta opioid receptors (Pelton et al., 
Proc. Natl. Acad. Sci. U.S.A. 82: 236-239, 1985). The present work focuses 
on the pharmacology of one such cyclic analogue of somatostatin octapep- 
tide which has been found to be a mu-selective antagonist in in vitro bind
ing and bioassays. Both agonist, and opioid antagonist, effects of intra
cerebroventricularly (i.c.v.) given D-Phe-Cys-Tyr-D-Trp-Lys-Thr-Pen- 
Thr-NH2 (termed CTP for the Cys, D-Trp, Pen substitutions) were 
evaluated using the micturition reflex of anesthetized female rat as the 
endpoint. Antagonist effects were evaluated against equieffective doses of 
selective mu (D-Ala2, NMPhe4, Gly-ol)-enkephalin (DAGO) and delta 
(D-Pen2, D-Pen5)-enkephalin (DPDPE) opioid agonists; at low i.c.v. doses 
(0.03 ug), CTP preferentially antagonized DPDPE rather than DAGO. 
Increasing the dose of i.c.v. CTP further (0.25 ug) effectively antagonized 
both mu and delta agonists. Selective opioid antagonist doses of CTP (0.03 
ug) failed to block the inhibition of the micturition reflex produced by 
pentobarbital sodium (25 ug, i.c.v.). In order to determine if the observed 
antagonism was the result of residual somatostatin-like properties of CTP, 
somatostatin octapeptide was tested as a possible antagonist of equi
effective i.c.v. doses of DPDPE and DAGO. Somatostatin (1 & 3 ug, i.c.v.) 
did not antagonize either the effects of the delta or mu agonist. 
Increasing the dose of somatostatin octapeptide (10 & 20 ug) resulted in 
both non-selective opioid antagonist and direct agonist actions of this 
peptide. Similarly, increases in the dose of CTP (0.25 - 1 ug, i.c.v.) 
resulted in a direct and dose-related inhibition of the micturition reflex. 
This agonist action of CTP was not blocked by prior administration of 
saline, phentolamine, prazosin, yohimbine, idazoxan, propranolol, atropine, 
naloxone or ICI 174,864. Repeated exposure to CTP resulted in the 
development of acute tolerance to the agonist effect, and also prevented 
the inhibition of the reflex by high doses of somatostatin. The converse 
experiment showed a similar pattern; thus, repeated somatostatin resulted 
in tolerance and subsequent cross-tolerance to the agonist effects of CTP. 
In animals tolerant to somatostatin, CTP (0.03 ug) was nevertheless 
behaved as an opioid antagonist; both DPDPE and DAGO were antagonized 
in the somatostatin-tolerant rat. These results indicate that while CTP 
possesses opioid antagonist properties in vivo, it retains residual somato
statin activity at higher doses. Interestingly, CTP shows antagonist select
ivity for delta, rather than mu, opioid receptors, demonstrating profile 
differences in vitro and in vivo. Support: U5PHS # NS 21193 & AM 36289.

279.16 EFFECTS OF 60 HZ ELECTRIC FIELDS ON THE DAILY RHYTHMS OF OPIATE 
RECEPTORS. B .J . Vasquez, L.E . A nderson, C. Lowery*, and W.R. 
Adey. Loma Linda U niv. and VA M edical C en te r, Loma L inda, CA 
92357, and B a t te l l e  P a c i f ic  N orthw est L a b o ra to r ie s , R ich lan d , WA 
99352.

To d e te c t  and q u a n tify  th e  p o s s ib le  e f f e c t s  o f e lec tro m ag n e tic  
f i e ld s  on th e  b ra in  c i r c a d ia n  rhythm s, male a lb in o  r a t s  were 
exposed in  a p a r a l l e l  p la te  rack  system  fo r  fou r weeks, 20 hours 
a day, to  a 39 kV/m ( e f f e c t iv e  d o se ) , 60 Hz e l e c t r i c  f i e l d .  Sham 
anim als were housed in  a s im i la r  b u t in a c t iv a te d  system . Room 
l i g h t s  were on a 12:12 cy c le  ( l i g h t s  on a t  7 :00  AM). This was a 
d o u b le -b lin d  experim ent w ith  a code to  be broken only  a f t e r  a l l  
th e  t i s s u e s  have been p ro cessed . Animals were s a c r i f i c e d  in  
groups of 6 sham and 6 exposed every  fo u r hours th roughou t the  
day s ta r t in g  a t  6 :00  AM. S ix b ra in  a re a s  from each anim al and 
fo u r p a i r  of ad re n a l g lands  a t  each tim e p o in t were d is s e c te d .  
Homogenates o f b ra in  stem , p o s te r io r  and a n t e r io r  c o r t ic e s  were 
used to  m easure o p ia te  re c e p to r  b ind ing  to  [3H]naloxone. 
L evels of b io g e n ic  amines and th e i r  a c id  m e ta b o lite s  were 
determ ined in  s tr ia tu m , hypothalam us, hippocam pus, and ad ren a l 
g lands  by HPLC-ECD m ethods. F ive to  s ix  i ndependent Scatchard  
p lo t s  (one fo r  each anim al) were o b ta in ed  fo r  each tim e of day, 
f o r  each re g io n , and then  mean b ind ing  and d is s o c ia t io n  co n s tan ts  
were c a lc u la te d .  S ince th e  amount o f homogenate from a n te r io r  
c o r te x  samples was no t la rg e  enough to  do k in e t ic  s tu d ie s  only 
one c o n c e n tra t io n  of [ 3H]naloxone was used to  assay  fo r  
s p e c i f ic  b in d in g . Two way a n a ly s is  of v a r ia n c e  (ANOVA) t e s t s  done 
on th e  b ra in  stem d a ta  in d ic a te d  s ig n i f i c a n t  changes over time of 
day fo r  th e  Kd c o n s ta n t ,  w ith  h ig h e r a f f i n i t i e s  du ring  the  n ig h t, 
b u t no s ig n i f i c a n t  changes in  th e  number (Bmax) of re c e p to r s .  
O pposite  e f f e c t s ,  c i r c a d ia n  changes in  Bmax but not in  Kd values , 
were re p o r te d  (N aber, D. e t  a l . ,  N eurosc. L e t t . ,  21: 45-50, 1981) 
when using  whole r a t  b ra in  minus ce reb e llu m . No e l e c t r i c  f ie ld  
r e l a te d  e f f e c t s  were d e te c te d  th roughou t th e  24 hour sam pling . 
The re c e p to r  b ind ing  d a ta  from a n te r io r  c o r te x  showed s ig n if ic a n t  
tim e of day r e l a te d  d if fe re n c e s  (ANOVA) in  th e  number of 
r e c e p to rs  and a b o rd e r l in e  (p=0 .0 5 6 ) e f f e c t  of e l e c t r i c  f i e ld  
exposu re . D ata from th e  p o s te r io r  c o r te x  showed s ig n i f i c a n t  time 
of day by f i e ld  in t e r a c t io n  (ANOVA, p=0 .002 ) f o r  bo th  Bmax and Kd 
v a lu e s . (S upported  by Departm ent of Energy and Southern  
C a l ifo rn ia  E d iso n ).

279.17 OPIOID-INDUCED NEURONAL FIRING AND SLOW FIELD DEPOLARIZATION IN CA4 
AREA DENTATA ARE MEDIATED BY DIFFERENT MECHANISMS AND RECEPTORS. 
A.G. S a d ile  and A. Cerbone* I n s t ,  o f Human Physio logy  & M ed.Physics 
1 s t M ed.Sch., U n iv .N ap les, 1-80138, N aples, I t a l y .

Endogenous o p io id  p e p tid e s  in c re a se  s in g le  and m u ltip le  u n i ta ry  
a c t i v i t y  of hippocam pal neu rons , bo th  in  v ivo  (Z ieg lg äns b e rg e r , W. ,  
e t  a l . ,  S c ie n c e , 205:295, 1979) and in  v i t r o  (Gäh w ile r , B .H ., B rain  
R es. . 194:193, 1980), when io n o p h o re tic a lly  a p p lie d  or m icro p res 
su re  in je c te d ,  by in h ib i t io n  o f in h ib i to ry  in te rn e u ro n s  (Lee, H .K., 
e t  a l . ,  B rain  R es. , 184:331, 1980). M oreover, DC p o te n t ia l  s h i f t s  
have been re p o rte d  to  fo llo w  m icro p ressu re  in je c t io n  of enkep h a lin s  
in to  th e  hippocampus of a c u te  p e n to th a l a n a e s th e tiz e d  p re p a ra tio n s  
(S p rick , U. e t  a l . ,  B rain  R es. , 210:243, 1981; S a d ile , A.G. e t  a l . ,  
Behav. B rain  R es. ,  5 :116 , 1982; S a d ile , A.G. and Cerbone, A ., In : 
F ro n t .N e u ro s c i .S e r ie s , Raven P re s s , 1 :59 , 1984) and f r e e ly  moving 
r a t s  (O i tz l ,  M-S. and H uston, J .P . ,  B rain  R es. . 308:33 , 1984).

In  o rd er to  in v e s t ig a te  w hether th e  o p io id -in d u ce d  s h o r t - l a s t in g  
e x c i ta t io n  and longe r la s t in g  e le c t r o to n ic  DC p o te n t ia l s  a re  media
te d  by d i f f e r e n t  mechanisms and re c e p to r  ty p e s , we s tu d ie d  th e  slow 
f i e l d  d e p o la r iz a t io n  (SFD) m on ito ring  i t  e x t r a c e l lu la r ly  by calom el 
e le c tro d e s  from CA4 and CA1 hippocampal sub reg io n s  upon s te r e o ta x ic  
m icro p ressu re  in j e c t io n s  of m e t-enkepha lin  or morphine s u lp h a te , as 
"δ" and "μ" o p io id  re c e p to r  a g o n is ts ,  r e s p e c t iv e ly ,  (from  lpg  up to  
1μg in  0 .5 μ l s a l i n e )  in  ac u te  p e n to th a l a n a e s th e tiz e d  p re p a ra tio n s  
or a f t e r  p a r e n te r a l  in je c t io n  of morphine su lp h a te  ( 1mg.Kg- 1 , body 
w t.)  in  a d u l t  male r a t s  o f th e  N aples High (NHE) and Low -Excitable 
(NLE) l i n e s ,  g e n e t ic a l ly  s e le c te d  fo r  d iv e rg e n t a c t i v i t y  in  s p a t i a l  
n o v e lty  (S a d ile , A .G ., e t  a l . ,  S o c .N e u ro sc i.A b s tr . , 9 :643 , 1983).

In tra -h ippocam pal m e t-enkepha lin  ( 1- 100pg) e l i c i t e d  slow f i e l d  
d e p o la r iz a t io n  7 .4  and 8.4mV am plitu d e , 1 .2  and 1.0 min d u ra t io n , in  
CA4 b u t no t in  CA1 of th e  NHE and NLE r a t s ,  which was naloxone r e 
v e r s ib le  and b locked by 4 -am inopy rid ine . Morphine d id  no t e l i c i t  i t  
n e i th e r  in  CA4 nor in  CA1 in  th e  NLE r a t s ,  w h ile  i t  d id  i t  only  in  
CA1 of th e  NHE r a t s .  C onversely , p e r ip h e ra l morphine e l i c i t e d  SFD 
bo th  in  CA4 and CA1 of th e  NLE b u t n e i th e r  in  CA4 nor in  CA1 of NHE 
r a t s .  S ince m e t-enkepha lin  e l i c i t s  bo th  u n ita ry  e x c i ta t io n  and DC 
f i e ld  slow p o te n t ia l s  bu t morphine does n o t, th e  l a t t e r  i s  u n lik e ly  
to  be an "e p h a p tic " b y -p roduc t of th e  form er and th e  two a re  propo
sed to  be m ediated by d i f f e r e n t  mechanisms. As d i f f e r e n t  seem to  be 
th e  o p io id  re c e p to r s  in v o lv ed , s in c e  a c t iv a t io n  o f bo th  "δ" and "μ" 
in c re a s e  u n i t  a c t i v i t y  b u t on ly  th e  form er i s  a s s o c ia te d  to  DC slow 
p o te n t ia l s .  The p re v e n tio n  o f th e  l a t t e r  by 4-AP p o in ts  to  a non 
neuronal involvm ent in  i t s  g e n e ra tio n . The d i f f e r e n t i a l ,  geno type- 
dependent e f f e c t  o f in tra -h ip p o cam p al and p e r ip h e ra l  morphine might 
be due to  th e  d i f fu s io n  of e x t r a c e l lu la r  K+ ion  movements to  th e  
hippocampus from ex tra-h ippocam pal lim b ic  s t r u c tu r e s .

P a r t i a l l y  su p p o rted  by CNR 1984 and MPI 60% 1984 g r a n t s .
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280.1 CARBAMAZEPINE AND PHENYTOIN L IM IT  RA PID F IR IN G  OF 
ACTION PO TENTIA LS OF DORSAL ROOT GANGLION NEURONS IN  
CELL CULTURE. M. M c L e a n . *  (S P O N : T . P a g e ) .  D e p t . o f  
N e u r o l o g y ,  V a n d e r b i l t  U n i v .  M ed . C t r . ,  N a s h v i l l e ,  TN 
3 7 2 1 2 .

D o rs a l  r o o t  g a n g lio n  n e u ro n s  (DRGN) w ere  u se d  to  s tu d y  th e  
m echanism  by w hich  a n t i c o n v u ls a n t  d ru g s  c o n t r o l  n e u ro p a th ic  p a in .  
G a n g lia  w ere d i s s e c t e d  from  p o s t - n a t a l  and a d u l t  m ice and w ere 
o b ta in e d  from  p a t i e n t s  u n d e rg o in g  s u rg e r y  f o r  c h ro n ic  p a in  (w ith  
in fo rm e d  c o n s e n t ) .  A f t e r  i n c u b a t io n  i n  c o l l a g e n a s e  (1 μ g /m l)  
c o n ta in in g  s o l u t i o n ,  s i n g l e  DRGN w ere o b ta in e d  by t r i t u r a t i o n  and 
th en  p l a t e d  i n  s t e r i l e  p l a s t i c  c u l t u r e  d i s h e s .  The n e u ro n s  w ere 
s tu d ie d  u s in g  c o n v e n t io n a l  i n t r a c e l l u l a r  e l e c t r o p h y s i o l o g i c a l  
r e c o r d in g  te c h n iq u e s  a f t e r  3 -3 0  d ay s  i n  v i t r o .

In  p h o s p h a te  b u f f e r ,  s i n g l e  a c t i o n  p o t e n t i a l s  w ere  e l i c i t e d  by 
long  (450 m sec) d e p o la r iz i n g  c u r r e n t  p u l s e s  o f  v a r i e d  a m p l i tu d e .  
The a c t i o n  p o t e n t i a l s  w ere  Na+ -d e p e n d e n t  ( a b o l i s h e d  by t e t r o d o -  
t o x i n ) . To s im u la t e  r a p id  b u r s t  f i r i n g  o b s e rv e d  i n  human s e n s o ry  
n e rv e s  i n  a s s o c i a t i o n  w i th  p a in  ( s e e  Tőr e b j o r k ,  P h i l .T r a n s .R .S o c .  
Lond. ( B i o l . )  3 0 8 :2 0 7 ,1 9 8 5 ) ,  Ca++ c o n c e n t r a t i o n  i n  th e  b u f f e r  was 
red u ced  to  0 .1  mM and  0 .2  mM Ba++ was ad d e d . T h is  r e s u l t e d  i n  s u s 
t a in e d  f i r i n g  o f  a c t i o n  p o t e n t i a l s  d u r in g  d e p o la r i z a t i o n s  a t  r a t e s  
up to  200 Hz. A d d i t io n  o f  c a rb a m a z e p in e  (CBZ, 2 μ g /m l)  o r  p h e n y - 
t o in  (PT, 2 μ g/m l ) l im i t e d  f i r i n g  to  a  few  a c t i o n  p o t e n t i a l s  a t  
th e  b e g in n in g  o f  th e  p u l s e s  a s  r a t e  in c r e a s e d  above  60 Hz. R e s t 
in g  membrane p r o p e r t i e s  w ere  u n a f f e c te d .  S im i la r  l i m i t a t i o n  was 
seen  i n  b o th  m ouse and human DRGN. The d ru g  c o n c e n t r a t i o n s  c o r r e s 
ponded to  t h e r a p e u t i c  a n t i c o n v u ls a n t  l e v e l s  ( f r e e  f r a c t i o n )  i n  
p lasm a . T h is  e f f e c t  was s i m i l a r  to  l i m i t a t i o n  o f  f i r i n g  o f  a c t i o n  
p o t e n t i a l s  o f  c e n t r a l  n e u ro n s  i n  c e l l  c u l t u r e  ( s e e  McLean and Mac
d o n a ld , JPET 227: 7 7 9 ,1 9 8 3 ) .  The l i m i t a t i o n  e v o lv e d  w i th  th e  f i r i n g  
o f m u l t ip l e  a c t i o n  p o t e n t i a l s ,  h e n c e  i t  was u s e -d e p e n d e n t .  H yper
p o l a r i z a t i o n  r e s t o r e d  r e p e t i t i v e  f i r i n g  i n  some n e u ro n s ,  s u g g e s 
t in g  v o l ta g e -d e p e n d e n c e .  T hese e f f e c t s  on DRGN a p p e a re d  to  r e s u l t  
from  d ru g  e f f e c t s  on v o l t a g e - s e n s i t i v e  Na+ c h a n n e ls .  L im i ta t io n  
of r a p id  f i r i n g  c o u ld  e x p la i n ,  a t  l e a s t  i n  p a r t ,  th e  s u c c e s s  o f 
CBZ and PT in  t r e a tm e n t  o f  n e u ro p a th ic  p a in .

MJM i s  a M a l l in c k r o d t  S c h o la r  and  r e c i p i e n t  o f  g r a n t  #K07 NS00817- 
02 from  th e  U .S . P u b l ic  H e a l th  S e r v ic e .

2 8 0 .2  SELECTIVITY OF SEROTONIN AGONISTS (5 -H T -1 B  SUBTYPE) TO ALTER 
RELEASE OF 3 H -5-H T  FROM SPINAL CORD S L IC E S . R .M . M urphy a n d  
F . P .  Z e tn la n .  D e p t .  o f  P h y s i o l o g y ,  a n d  D i v i s i o n  o f  G e r i a t r i c s ,  
U n iv .  o f  C i n c i n n a t i  C o l l e g e  o f  M e d i c i n e ,  C i n t i . ,  OH 4 5 2 6 7 - 0 5 5 5 .

Our 3H-5-HT binding s tud ies reported at the present meeting 
in d ica te  the existence of two 5-HT receptor subtypes in spinal 
cord , i . e .  1A and 1B binding su b s ite s . In the present study we 
examined the p o s s ib il i ty  th a t presynaptic re lease  of 3H-5-HT 
in spinal tis su e  might be associated  with a p a rtic u la r  5-HT-1 
subtype. The compounds te s ted  included the 5-HT-1A se le c tiv e  
agon ists 8-hydroxy-2 (di-n-propylam ino) t e t r a l i n  (8 -OHDPAT) and 
5-methoxy-N,N-dimethyltryptamine (5-MeODMT), and the 5-HT-1B 
se le c tiv e  agonists l-(m-chlorophenyl )p iperazine (mCPP) and 
quipazine (QUIP).

Lumbar spinal cord s lic e s  (0.4 mm th ick ) were incubated for 
15 min at 37°C in 5 ml Krebs-Ringer buffer containing 200 nM 
3H-5-HT. Two spinal cord s l ic e s  were tra n s fe rre d  to  each 
chamber and superfused with oxygenated medium containing 100 nM 
flu o x e tin e , a t a ra te  of 0.5 ml/min. Samples were co llected  at 
3 min in te rv a ls .  After 60 min, the tis su e  was exposed to  
elevated  potassium (25 mM K+) fo r 6 m inutes. Drugs (concen
tr a t io n s :  10 pM to  1 uM) were present throughout the la s t  20 min 
of basal efflux  and during the 6 min exposure to  the elevated 
K+ . The frac tio n a l e fflu x  ra te  was determined as previously 
described (Eur. J .  Pharm. 63: 179, 1982).

None of the drugs te s ted  at any concentration  a lte red  basal 
3H e ff lu x . K+ evoked re lea se , with and without drug p resen t, 
was Ca++ dependent. At nanomolar concen tra tions, the 
5-HT-1B se le c tiv e  ag o n is ts , mCPP and QUIP, produced a s ig n i f i 
cant 40-70% reduction (p<.01) in the K+ evoked re lease  of 
3H-5-HT, s im ila r to  the e ffec t on re lease  observed in e a r l ie r  
s tud ies  with 5-HT. Picomolar concentrations of mCPP resu lted  in 
a dose-dependent decrease in the in h ib itio n  of the K+ evoked 
3H-5-HT re lea se ; while s im ila r e ffec ts  of QUIP on re lease  were 
observed. Neither of the 5-HT-1B s e le c tiv e  agonists a lte red  
K+ evoked re lease  at 1 uM. At a ll concen trations, the  5-HT-1A 
s e le c tiv e  agonists produced no s ig n if ic a n t (p>.05) e ffe c t on 
K+ evoked re lea se .

The above data suggest th a t the presynaptic 5-HT autoreceptor 
i s  a 5-HT-1B recep to r. Comparison of our 3H-5-HT binding data 
reported at th is  meeting and the present data ind ica te  sim ilar 
KD and IC4 0  values for mCPP and QUIP in binding and 
re lea se  s tu d ie s . These data suggest th a t mCPP and QUIP are 
se le c tiv e  5-HT-1B agonists which e ffe c tiv e ly  bind to  presynaptic 
5-HT au to recep to rs . (Supported by NINCDS grants NS 07840 and NS 
18326).

280.3 SPINAL CORO 5-H T  1A a n d  IB  RECEPTOR SUBTYPES: RELATION TO 
PAIN TRANSMISSION. G .D . H a r r i s * ,  F . P .  Z e m la n , R .M . M urphy a n d  
M.M. B e h b e h a n i .  (SPON: N .  S p e r e l a k i s )  L a b .  o f  G e r i a t r i c  
R e s e a rc h  a n d  D e p t .  o f  P h y s i o l .  a n d  B i o p h y s i c s ,  U n iv .  o f  
C in c i n n a t i  C o l l e g e  o f  M e d i c i n e ,  C i n t i . ,  OH 4 5 2 6 7 .

The purpose of the present 3H-5-HT receptor binding stud ies 
was to  charac te rize  spinal cord 5-HT 1A and 1B recep tors and 
identify  subtype sp ec ific  agonists and an tagon ists  fo r use in 
e lectrophysio logical recording and 3H-5-HT re lease  s tu d ie s .

Preliminary analysis  of 8 -OH-DPAT and 5-MeODMT competition 
(10- 1 2  to  10- 3 M) against 3H-5-HT (0.2 to  5 nM, 0.1 mM 
GTP) suggests th a t about 35% of spinal cord 3H-5-HT binding 
s ite s  are of the 1A subtype with a KD value of 8 -OH-DPA of 
about 1 nM and a 1,000 fold s e le c t iv i ty .  Competition studies 
(10- 12 to  10- 3M) with mCPP and quipazine and subsequent 
8 -OH-DPAT masking stu d ies  ind icated  the  presence of a second 
3H-5-HT spinal cord binding s i t e  comprising 50% to  70% of 5-HT 
receptors fo r which mCPP demonstrated a KD of about 0.1 nM and 
quipazine about 1 nM. The KD values of mCPP and quipazine 
were s im ila r to  the EC50  values of these  compounds fo r 
in h ib itio n  of 3H-5-HT re lease  from spinal cord s l ic e s  a lso  
reported at th is  m eeting.

The a b i l i ty  of 1A and 1B se le c tiv e  ag o n is ts , id e n tif ie d  in 
the binding s tu d ie s ,  to  mimic the e ffe c t of io n tophoretica lly  
applied 5-HT on nociceptive dorsal horn neurons was examined in 
lumbar enlargem ent. A seven barrel recording e lectrode  was 
employed which included: 1) 0 .5  M NaAc 2% pontamine sky b lue , 
2) 3M NaCl balancing e le c tro d e , 3) NaAc f i l le d  pH control 
e le c tro d e , 4) glutamic a c id , 5) 5-HT, 6 ) the  1A se le c tiv e  
agonist 5-MeODMT and 7) th e  IB se le c tiv e  agonist mCPP. Ionto- 
phoretic app lication  of 5-HT ( 6  to  60 nA) in h ib ited  the response 
of a ll  dorsal horn u n its  (N=11) to  both noxious stim ulation  and 
glutamic acid at e je c tio n  cu rren ts  of about 40 nA. S im ila rly , 
iontophoretic  app lication  of mCPP ( 6  to  60 nA) in h ib ited  the 
response of a ll  11 neurons to  both noxious stim ulation  and 
glutamic acid a t e je c tio n  cu rren ts  of about 10 nA, while 
5-MeODMT ( 6  to  60 nA) was without e f f e c t .

These prelim inary data suggest th a t descending 5-HT 
in h ib itio n  of spinal pain transm ission  may be mediated by 1B 
5-HT recep to rs . F u rther, the  receptor binding, iontophoresis 
and 3H-5-HT re lease  s tud ies  suggest th a t mCPP is  a highly 
se le c tiv e  1B 5-HT receptor ag o n is t. (NS18326).

2 8 0 .4  ANTINOCICEPTION PRODUCED BY ACTIVATION OF CELL BODIES IN THE 
LATERAL RETICULAR NUCLEUS (LRN) A .J .  J a n s s  and G .F . G e b h a r t , 
D e p t .  P h a rm aco lo g y , U n iv e r s i ty  o f  Iow a, Iowa C i ty ,  IA 52242.

S p in a l  α2- a d r e n o c e p to r s  m e d ia te  s t im u la t io n - p ro d u c e d  a n t i n o c i 
c e p t io n  from  th e  LRN ( J .  N e u r o s i . 6 (1 9 8 6 )1 0 7 -1 1 3 ) . The p u rp o se  o f 
t h i s  s tu d y  was to  c h a r a c t e r i z e  s p in a l  r e c e p t o r s  in v o lv e d  in  th e  
d e s c e n d in g  i n h i b i t i o n  p ro d u ce d  by i n t r a c e r e b r a l  i n j e c t i o n  o f 
g lu ta m a te ,  w hich  s e l e c t i v e l y  a c t i v a t e s  c e l l  b o d ie s ,  in  th e  LRN.

M ale S p rag u e-D aw ley  r a t s  w ere s u r g i c a l l y  p r e p a re d  (m ethods 
d e s c r ib e d  i n  p re c e d in g  r e f e r e n c e )  and l i g h t l y  a n e s t h e t i z e d  by i . v .  
i n f u s i o n  o f  p e n to b a r b i t a l .  G lu tam a te  ( 100 mM) was i n j e c t e d  i n to  
th e  LRN and t a i l  f l i c k  (TF) l a t e n c y  d e te rm in e d  1 , 2 , 5 and 10 m in 
a f t e r  e a ch  i n j e c t i o n .  T h is  p ro c e d u re  was r e p e a te d  f o l lo w in g  th e  
i n t r a t h e c a l  ( i . t . )  a d m i n i s t r a t i o n  o f  a  p h a rm a c o lo g ic  a n ta g o n i s t  to  
th e  l e v e l  o f  th e  lum bar e n la rg e m e n t .  The a n ta g o n i s t s  w ere i n 
j e c t e d  i n  a 7 .5  o r  15 μl  volum e and c le a r e d  by 7 .5  μ l o f  v e h ic l e  
i . t .  G lu tam a te  i n j e c t i o n  in  th e  LRN p ro d u ced  a  s h o r t - l i v e d  (< 5 
m in) and d o se /v o lu m e -d e p e n d e n t  i n h i b i t i o n  o f  th e  TF r e f l e x  ( s e e  
t a b l e  b e lo w ).  I n h i b i t i o n  was a t t e n u a te d  by i . t .  y o h im b in e , p h en - 
to la m in e ,  and m e th y s e rg id e ,  b u t  n o t  v e h ic l e  (2 0 μl ) ,  n a lo x o n e  
(2 0 μg )  o r  p r a z o s in  (3 0 μg ) .

I n t r a th e c a l
Treatm ent

TF la te n c y  (mean sec ±  S.E.M .)
b efo re

g lu tam ate
a f t e r  g lu tam ate

100n l 200nl 400nl

B ase lin e  (n=34) 2 .5±0.1 3 .9±0.3 5 .6± 0 .3 6 .5±0.1
V ehic le  (n=6) 2 .6±0.1 3 .3±0.7 6 .0± 1 .0 6 .0±0.5
Yohimbine

15μg (n= 1 1 2 .0± 0 .1 2.0±0.1* 3.3±0.9* 5 .3± 0 .6 .
30μg (n=9) 1 .7±0.1 1 .8± 0.4* 2 .0± 0 .3* 1.7±0.1*

M ethysergide
15μg (n=7) 2 .1±0.2 2 . 1±0.3 4 .6±0.7 5 .6±0.7
30μg (n=7) 1 .8±0.1 2 .2±0.3 3 .0±0.4* 4 .0± 0 .6*

Phentolam ine
30μg (n=5) 2 .4±0.2 3 .0± 0 .2 2 .7± 0 .2* 3 .5±0.2*

* p < 0 .0 5  from  c o r r e s p o n d in g  b a s e l i n e  TF la t e n c y  (tw o-w ay ANOVA)

I n t r a c e r e b r a l  g lu ta m a te  ( 100mM; 4 0 0 n l)  a l s o  e le v a t e d  TF and h o t  
p l a t e  l a t e n c i e s  i n  u n a n e s th e t i z e d  r a t s .  T h is  i n h i b i t i o n  was 
a t t e n u a te d  by i . t .  y o h im b in e  (3 0 μg ) ,  and m e th y s e rg id e  ( 3 0 μg ) ,  b u t  
n o t  n a lo x o n e  (2 0 μg ) o r  p r a z o s in  (3 0 μg ) .

The r e s u l t s  c o n f irm  (1 )  t h a t  d e s c e n d in g  i n h i b i t i o n  o f  n o c ic e p 
t i v e  t r a n s m is s io n  m e d ia te d  by c e l l  b o d ie s  i n  th e  LRN, and (2 )  
i n v o lv e s  s p in a l  α2- a d r e n o c e p to r s  and s e r o t o n in  r e c e p t o r s .
S u p p o r te d  by DA02879 and T32 GM07069.
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280.5 POSSIBLE OPIATE, MONOAMINE AND CHOLINERGIC Ì NVOLVEMENT IN MIDBRAIN 
SUPPRESSION OF A NOCICEPTIVE HINDLIMB FLEXION WITHDRAWAL REFLEX 
(WR) IN RAT. I .G .  C am pbell*  & E. C a r s te n s  (SPON: M .C .L . W ils o n ) .  
D e p t . o f  Anim al P h y s io lo g y ,  U n iv . o f  C a l i f o r n i a ,  D a v is ,  CA 95616 .

E l e c t r i c a l  s t i m u l a t i o n  in  t h e  m id b ra in  p e r i a q u e d u c ta l  g ra y  (PAG) 
o r  l a t e r a l  r e t i c u l a r  fo rm a tio n  (LRF) d e c re a s e s  th e  f o r c e  o f  th e  WR 
e l i c i t e d  by n o x io u s  h indpaw  h e a t in g  ( S o c . N e u ro s c i .  A bs. 1 1 :1 2 9 ) .  
To i n v e s t i g a t e  p o s s ib l e  t r a n s m i t t e r s  m e d ia t in g  d e s c e n d in g  WR 
s u p p r e s s io n ,  we t e s t e d  w h e th e r  i t  was a f f e c t e d  fo llo w in g  s y s te m ic  
a d m i n i s t r a t i o n  o f  a n t a g o n i s t s  o f  o p i a t e s  ( n a lo x o n e ) ,  s e r o t o n in  
( m e th y s e r g id e ) , n o r a d r e n a l in e  (p h e n to la m in e )  o r  a c e t y l c h o l i n e  
( s c o p o la m in e ) .

In  r a t s  l i g h t l y  a n e s t h e t i z e d  w i th  sodium  p e n to b a r b i t a l  (5 -1 0  
m g/K g/h r i . v . ) ,  a f o r c e  t r a n s d u c e r  m easu red  i s o m e t r i c  t e n s io n  
d u r in g  WR evoked  by n o x io u s  h e a t  s t i m u l i  (4 8 -5 4 ° C, 10 s / 2  m in) 
a p p l ie d  t o  l e f t  g la b r o u s  h indpaw  s k in .  When WR was s t a b l e ,  h e a t  
t r i a l s  w i th  PAG o r  LRF s t i m u l a t i o n  (100 ms t r a i n s  a t  100 Hz, 3 / s ,  
2 5 -5 0 0  uA; 25 s s t a r t i n g  10 s b e f o r e  h e a t  o n s e t )  a l t e r n a t e d  w ith  
c o n t r o l s  ( h e a t  b u t  no b r a i n  s t i m u l a t i o n ) .  When a c o n s ta n t  PAG o r  
LRF c u r r e n t  i n t e n s i t y  r e p r o d u c ib ly  s u p p re s s e d  WR by >50%, one o f  
t h e  f o l lo w in g  was i n j e c t e d  v ia  t h e  r i g h t  fe m o ra l v e in :  n a lo x o n e  
(1 -5  m g /k g ) , m e th y s e rg id e  (2 -4  m g /k g ) , p h e n to la m in e  ( 0 .5 - 2 .5  
m g /k g ) , o r  s c o p o la m in e  (0 .0 2 -1  m g /k g ) . M id b ra in -e v o k e d  
s u p p re s s io n  o f  WR was d e s ig n a te d  to  be re d u c e d  i f  t h e  r a t i o  [WR 
d u r in g  PAG o r  LRF s t i m u l a t i o n / c o n t r o l  WR] i n c r e a s e d  by >20% p o s t 
d ru g ;  c h a n g es  o f  <20* w ere d e s ig n a t e d  a s  no e f f e c t .

N aloxone re d u c e d  WR s u p p re s s io n  evoked from  1 /9  PAG and 2 /8  LRF 
s i t e s .  M e th y s e rg id e  red u c e d  WR s u p p re s s io n  from  4 /1 0  PAG and 5 /7  
LRF s i t e s .  P h e n to la m in e  re d u c e d  WR s u p p re s s io n  from  4 /1 0  PAG and 
3 /9  LRF s i t e s .  S co p o lam in e  re d u c e d  WR s u p p re s s io n  from  9 /1 0  PAG 
and 4 /6  LRF s i t e s .  E f f e c t s  w ere a p p a r e n t ly  n o t  d o s e -d e p e n d e n t .  
T h ese  v a r i a b l e  d ru g  e f f e c t s  a r e  s im i l a r  t o  o u r  p r e v io u s  f in d in g s  
w i th  d o r s a l  h o rn  n e u ro n s  ( S o c . N e u r o s c i . A bs. 1 1 :1 1 7 7 ) . W hile 
t h e s e  d a ta  s u g g e s t  r o l e s  f o r  m onoam ines and p a r t i c u l a r l y  
a c e t y l c h o l i n e  in  WR m o d u la t io n ,  a d d i t i o n a l  s t u d i e s  w ith  i n t r a t h e 
c a l  and i n t r a c r a n i a l  r o u t e s  o f  d ru g  a d m i n i s t r a t i o n  a r e  n eeded  to  
s p e c i f y  s i t e s  o f  a c t i o n .

We a d d i t i o n a l l y  b eg an  a s tu d y  o f  m id b ra in  m o d u la t io n  o f  n o x io u s  
h e a t- e v o k e d  r e s p o n s e s  o f  s in g l e  b ic e p s  f e m o r is  m oto r u n i t s  r e c o r 
ded w ith  b i p o la r  s i n g l e - f i b e r  EMG e l e c t r o d e s .  C u r io u s ly ,  r e s p o n 
s e s  o f  14 /19  m oto r u n i t s  w ere s u p p re s s e d  a n d /o r  becam e u n s ta b l e  
f o r  p ro lo n g e d  p e r io d s  (up  t o  2 h r )  fo llo w in g  i n i t i a l  t r i a l s  w ith  
PAG o r  LRF s t i m u l a t i o n  (2 5 -1 0 0  uA ). P ro lo n g e d  s u p p re s s io n  o f  WR 
f o r c e  was a l s o  o b s e rv e d  in  2 o f  t h e s e  r a t s  b u t  n o t  in  a t h i r d .  We 
a r e  c o n t in u in g  t h e s e  s tu d i e s  t o  ( a )  e v a lu a t e  t h e  i n c id e n c e  o f  and 
p o s s ib l e  s i t e - s p e c i f i c i t y  f o r  p ro lo n g e d  v s .  p h a s ic  WR s u p p r e s s io n ,  
and (b )  p a ra m e tr ic  a n a ly s i s  o f  p h a s ic  m id b ra in  s u p p re s s io n  o f  
s in g l e  m oto r u n i t s .  S u p p o rte d  by NIH g r a n t s  NS20037 & NS19330.

280.6 EXCITABILITY CHANGES OF PRIMARY AFFERENT TERMINALS OF 
CUTANEOUS C FIBRES MEDIATED BY α1 ADRENOCEPTORS IN THE FELINE 
SPINAL CORD. O. Ca lv il lo ,  M. Ghignone*, J . Madrid*. Dept. 
of Anesthesiology, Texas Tech University, Lubbock, Tx. 7 9 4 3 0  
and Ins t i tu to  Poli tecnico Nacional, Mexico 14 D.F. Mexico.

We h a v e  r e p o r t e d  t h a t  c lo n id in e  s e l e c t i v e l y  c a u se d  p rim a ry  
a f f e r e n t  d e p o la r i z a t i o n  (PAD) o f  c u ta n e o u s  C f i b r e s  i n  t h e  
c a t  s p i n a l  c o r d .  T h i s  e f f e c t  was r e v e r s e d  by y o h im b in e , 
t h e r e f o r e  i t  p ro b a b ly  was m ed ia te d  by α 2 a d r e n o c e p t o r s .  ( O. 
C a l v i l l o ,  M. G h ig n o n e . N e u ro sc i  L e t t  64: 3 3 5 -3 3 9 , 1 9 8 6 ). In 
t h i s  i n v e s t i g a t i o n  we s tu d i e d  th e  e f f e c t s  o f  a s e l e c t i v e  α1 
a d r e n o c e p t o r  a g o n i s t  (S T  587 B o eh rin g e r  In g e lh e im ) on the 
e x c i t a b i l i t y  o f  p r im a ry  a f f e r e n t  t e r m in a ls  o f  th e  s u r a l  n e r v e  
i n  t h e  s p in a l  d o r s a l  ho rn  o f th e  c a t .  C a ts w ere a n e s th e t i z e d  
w ith  n e m b u ta l,  th e  s p in a l  c o r d  w as t r a n s e c t e d  a t  T 1 3 - L 1 .  
P r e s y n a p t i c  t e r m i n a l  e x c i t a b i l i t y  w as t e s t e d  u s i n g  
c o n v e n tio n a l  te c h n iq u e s  o f  i n t r a s p i n a l  s t i m u l a t i o n  ( C a l v i l l o ,  
e t  a l .  1 9 8 2  N e u r o s c i  7 , 1 3 8 9 -1 4 0 0 ). ST 587 in  d o ses  o f  4 .5  
to  2 2 .5  μ g /k g  i . v .  d e c re a s e d  th e  e x c i t a b i l i t y  o f  A f i b r e  
t e r m i n a l s  by a b o u t 10-15% (n = 6 ) , in  two o th e r  e x p e rim e n ts  no 
e f f e c t  was o b se rv e d  on th e  e x c i t a b i l i t y  o f A f i b r e s .  I n  t h e  
d o s e s  m e n t io n e d  above ST 587 d e c re a s e d  th e  e x c i t a b i l i t y  o f  C 
f i b r e  p r im a ry  a f f e r e n t  t e r m in a ls  by ab o u t 30% in  8 c a t s ,  t h u s  
s i g n a l l i n g  p r i m a r y  a f f e r e n t  h y p e r p o l a r i z a t i o n  (PAH). The 
e f f e c t s  on  b o t h  A a n d  C f i b r e  p r e s y n a p t i c  f i b r e s  w e re  
c o n s i s t e n t l y  r e v e r s e d  by th e  α 1  a n ta g o n i s t  p r a z o z in  (10-30 
μ g /k g  i . v . ) .  T hese r e s u l t s  s u g g e s t  t h a t  th e  e x c i t a b i l i t y  o f  
p r i m a r y  a f f e r e n t  t e r m i n a l s  o f  b o t h  A a n d  C f i b r e s  of 
c u ta n e o u s  n e rv e s  i s  s u s c e p t ib l e  to  p r e s y n a p t ic  c o n t r o l .  The 
o b s e r v a t i o n  t h a t  p r a z o z i n ,  a h i g h l y  s e l e c t i v e  α 1  
a d re n o c e p to r  a n t a g o n i s t  r e v e r s e d  t h e  e f f e c t s  o f  ST 5 8 7 , 
s u g g e s t s  α1  a d r e n o c e p t o r  m e d i a t i o n .  I t  i s  g e n e ra l ly  
a c c e p te d  t h a t  PAH le a d s  to  p r e s y n a p t ic  f a c i l i t a t i o n ,  a n d  PAD 
r e s u l t s  in  p r e s y n a p t ic  i n h i b i t i o n .  Our p re v io u s  o b s e rv a t io n s  
p ro p o se  t h a t  c lo n id in e  an α 2 a d re n o c e p to r  a g o n is t  c a u se s  PAD 
o f  c u t a n e o u s  C f ib r e s  and t h e r e f o r e  p r e s y n a p t ic  i n h ib i t i o n .  
I t  i s  p o s s ib l e  t h a t  th e  n o r a d r e n e r g i c  i n n e r v a t i o n  o f  th e  
s p i n a l  c o r d  p l a y s  a s i g n i f i c a n t  r o le  in  m o d u la t in g  sy n a p tic  
in p u t  to  seco n d  o r d e r  n e u ro n e s  in  th e  d o r s a l  h o r n ,  a n d  t h a t  
t h e  b a l a n c e  b e tw e e n  PAD and PAH is  an im p o r ta n t  d e te rm in a n t 
o f  s y n a p t ic  e f f i c a c y  in  s p in a l  n o c ic e p t iv e  p a th w a y s.

Supported in part by a grant from T.T.U.H.S.C.

280.7 INTERACTIONS BETWEEN INTRATHECALLY-ADMINISTERED ALPHA2-ADRENERGIC 
AND OPIOID AGONISTS IN RATS. R .E. Solomon and G .F. G eb h art, 
D epartm ent o f Pharm acology, U n iv e rs ity  o f Iowa, Iowa C ity , IA 
52242.

The α2-a d re n o c e p to r  a g o n is t ,  c lo n id in e , and th e  o p io id  re c e p to r  
a g o n is t ,  m orphine, sh are  a  number o f pharm aco log ica l a c t io n s ,  
in c lu d in g  a n t in o c ic e p tiv e  e f f e c t s  fo llo w in g  e i th e r  p e r ip h e ra l  or 
c e n t r a l  a d m in is tr a t io n .  While c lo n id in e  and morphine a re  b e lie v e d  
to  e x e r t  a n t in o c ic e p tiv e  a c tio n s  v ia  d i f f e r e n t  re c e p to r  system s, 
r e p o r ts  of c ro s s - to le ra n c e  between the  two drugs ( e . g . ,  Paalzow , 
N .-S . A rch. P h arm aco l., 1 , 1978; Yamazaki  and K aneto, Japan . J .  
P h arm a co l., 461, 1985) have suggested  th a t  o p io id  and α2-  
a d re n e rg ic  system s may in t e r a c t  in  producing  a n t in o c ic e p tiv e  
e f f e c t s .  The p re s e n t s tudy  i n v e s tig a te d  th e se  in te r a c t io n s  in  
r a t s  c h ro n ic a l ly  t r e a te d  w ith  in t r a th e c a l  ( i . t . )  c lo n id in e .

One group o f male Sprague-Dawley r a t s  was s u rg ic a l ly  p repared  
w ith  fem oral a r t e r i a l  and venous c a th e te r s  and i . t .  c a th e te r s  
under deep p e n to b a rb i ta l  a n e s th e s ia  (5 0 .0  m g/kg). A second group 
was i n i t i a l l y  p repared  w ith  i . t .  c a th e te r s ,  and , fo llow ing  d a i ly  
i . t .  a d m in is tr a tio n  of c lo n id in e  (3 2 .0  μg) fo r  7 days, had fem oral 
v a s c u la r  c a th e te r s  im planted  on th e  e ig h th  day. I . t .  c a th e te r s  
were in s e r te d  v ia  a s l i t  in  the  a t l a n t o - o c c ip i t a l  membrane and 
extended to  a p o in t ju s t-  r o s t r a l  to  the  lumbar en largem en t. Under 
l i g h t  p e n to b a rb i ta l  a n e s th e s ia  (3 .0  -  6 .0  m g/kg /h r; c o rn ea l and 
f le x io n  re f le x e s  p r e s e n t ) ,  in h ib i t i o n  of th e  hea t-evoked  
n o c ic e p tiv e  t a i l - f l i c k  (TF) r e f l e x  by i . t .  c lo n id in e  or morphine 
was s tu d ie d .  Drugs were ad m in is te red  in  in c re a s in g  cum ulative 
doses every  s ix  m in u tes , and TF la te n c ie s  were determ ined a t  one, 
th re e  and f iv e  m inutes a f t e r  drug in fu s io n .  A ll drug in je c t io n s  
were in  a volume of 7 .5  μl ,  fo llow ed by an 8 .0  μ l s a l in e  f lu s h .

C lon id ine  and morphine produced a dose-dependen t in h ib i t i o n  of 
th e  TF r e f l e x .  In  c lo n id in e -n a iv e  an im als, in h ib i t i o n  o f th e  TF 
r e f l e x  was produced by doses o f c lo n id in e  between 1 .0  and 3 .2  μg , 
w hereas a  dose o f 32 .0  μg o f c lo n id in e  was re q u ire d  to  i n h i b i t  th e  
TF r e f l e x  in  c h ro n ic a lly  c lo n id in e - t r e a te d  an im a ls . S im i la r ly , 
w hereas doses of morphine from 10.0  -  32 .0  μg were e f f e c t iv e  in  
in h ib i t i n g  th e  TF r e f l e x  in  c lo n id in e -n a iv e  an im als, doses of 
morphine up to  100.0 μg f a i l e d  to  in h i b i t  th e  TF r e f l e x  in  anim als 
th a t  had been c h ro n ic a lly  t r e a te d  w ith  i . t .  c lo n id in e .  These 
r e s u l t s  in d ic a te  th a t  to le ra n c e  develops to  th e  a n t in o c ic e p tiv e  
e f f e c t s  o f i . t .  c lo n id in e ,  and th a t  ch ro n ic  i . t .  a d m in is tra tio n  of 
c lo n id in e  c o n fe rs  c ro s s - to le ra n c e  to  i . t .  m orphine. The a d d i t i 
o n a l o b s e rv a tio n  th a t  doses of c lo n id in e  re q u ire d  to  i n h i b i t  the 
TF r e f l e x  in  c h ro n ic a lly  c lo n id in e - t r e a te d  anim als a lso  produced 
marked e le v a tio n s  in  blood p re s s u re  s u g g e s t, however, th a t  th e  
a n t in o c ic e p tiv e  e f f e c t s  of in t r a th e c a l ly - a d m in is te r e d  c lo n id in e  
may not be ex e rted  a t  s p in a l  s i t e s  a lo n e . Supported by T32 GM 
07069 and DA 02879.

280.8 SYNERGISTIC INTERACTION OF INTRATHECAL MORPHINE AND AN α 2 -AGONIST 
(ST-91) ON ANTINOCICEPTION IN THE RAT. M.S. Monasky* and 
T.L. Yaksh* (SPON: J.D. Grabow). Neurosurgical Research Unit, Mayo 
C lin ic , Rochester, MN 55905.

In tra th eca l opiates and α2-adrenergic agonists both exhibit 
potent an tinoc icep tive  (AN) a c t iv i ty  which is  mediated by separate 
re cep to rs . There e x is t data th a t spinal α -agon ists  potentia te  the 
e f fe c ts  of morphine (MOR) (Yaksh & Reddy, Anesthesiology 54:451, 
1981), but a de ta iled  analysis  of th is  in te rac tio n  has not been 
accomplished.

This study examined the AN a c t iv ity  of various combinations of 
MOR and ST-91 (2-[2 ,6-d iethyl-phenylam ino]-2-im idazoline) using a 
supraspinal te s t  (hot p la te  a t 52.5°C). The analysis was based on 
a se r ie s  of dose-response curves carried  out with MOR (.001-100 
nmol) and ST-91 (.01-100 nmol). Concurrent IT adm inistration of 
ST-91 with morphine produced a dose-dependent leftw ard s h if t  of the 
IT MOR dose response curve. The fig u re  shows the isobol analysis 
(IT [MOR] vs. IT [ST-91]) of the various dose response curves. The 
concave shape of the isobols im plies a supra-add itive  interaction 
of IT ST-91 and IT MOR. Thus, f o r  example, the ED50 fo r morphine 
alone (0.55 nmol  was reduced 11-fold (.05 nmol) and 2500-fold 
(.0002 nmol) by the addition of .03 nmol and .3 nmol of ST-91, 
resD ectivelv  ( d <.05).

The isobols represent the 
various combinations of ST- 
91 and morphine needed to 
produce an e ffe c t equal to 
50% or 100% of the MPE. 
The isobols are derived 
from the lin e a r regression 
p lo ts  of the individual 
dose-response curves of MOR 
and MOR/ST-91 and represent 
data from 146 r a ts .

Additional confirm ation of the nature of th is  in te rac tio n  was 
demonstrated by the fa c t th a t IT in jec tio n  of naloxone (30 μg) or 
phentolamine (30 μg) a f te r  IT in jec tio n  of various combinations of 
MOR and ST-91 completely abolished the sy n erg istic  e f fe c t .  Equi- 
analgesic  ( i . e .  MPE) doses of MOR, ST-91, and various combinations 
of MOR/ST-91 exhib ited  a s im ila r time of e ffe c t ( i . e .  area under 
the dose-response curve), suggesting th a t drug clearance in the 
spinal space was una lte red .

This functional in te rac tio n  between recep tors which are post- 
synaptic to  local (opioid) and bulbospinal (noradrenergic) systems 
is  compatible with the concept of a supra-add itive  in te rac tio n  bet
ween spinal and supraspinal modulatory systems (Yaksh & Rudy, Pain 
4:299, 1978). (Supported by grant DA02110.)
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280.9 CLONIDINE INDUCED ANALGESIA INVOLVES AN OPIOID MECHANISM. L .C .R o
v a t i * , M .B ia n c h i* , P .S a c e r d o te *  and  A. E . P a n e ra rl. D e p t . o f  Pharm a
c o l . ,  C h em o th e r. and  M e d ic a l T o x ic o l . ,  S ch o o l o f  M e d ic in e , U n iv . 
o f  M ila n o , 20129 M ila n o , I t a l y .

C lo n id in e  h a s  b een  shown i n  s e v e r a l  s t u d i e s  t o  p o s s e s s  an  
a n a lg e s ic  a c t i v i t y  5 -1 0  t im e s  m ore p o t e n t  th a n  m o rp h in e  b o th  i n  
t h e  e x p e r im e n ta l  a n im a l (S k in g le  e t  a l . ,  L i f e  S c i . ,  3 1 : 1123 , 
1982) and i n  hum ans (Coombs e t  a l . ,  A n e s th e s io lo g y ,  63 : 3 58 , 
1 9 8 5 ) . T h is  a n a lg e s ic  e f f e c t  o f  c lo n i d i n e  h a s  b e e n  c o n s id e r e d  to  
be  r e l a t e d  t o  t h e  i n t e r a c t i o n  o f  t h e  d ru g  w i th  a l f a - a d r e n o c e p t o r s , 
w i th o u t  in v o lv e m e n t o f  t h e  c e n t r a l  o p io id  r e c e p t o r s .  N aloxone in  
f a c t  was n o t  e f f e c t i v e  i n  r e v e r s in g  c lo n id in e  in d u c e d  a n a lg e s i a  
(Y ak sh , P h a rm .B io ch . and  B e h a v .,  22 : 8 4 5 , 1 9 8 5 ) . N e v e r th e l e s s ,  th e  
p a t t e r n  o f  a c t i v i t y  shown i n  t h e  d i f f e r e n t  a n im a ls  a n a lg e s ic  
a s s a y s  h av e  p ro m p ted  u s  t o  s tu d y  th e  p o s s ib l e  in v o lv e m e n t o f  k ap p a  
o p io id  r e c e p t o r s  i n  c lo n i d i n e  a n t i n o c i c e p t iv e  a c t i v i t y .

I n  o r d e r  t o  v e r i f y  t h i s  h y p o th e s i s  we e x p lo r e d  th e  a b i l i t y  o f  
t h e  s p e c i f i c  k a p p a  a n t a g o n i s t ,  MR2266 (B o e h rin g e r  I n g e lh e im , W est 
G erm any), i n  r e v e r s in g  c lo n i d i n e  in d u ce d  a n a lg e s ia  i n  r a t s .  Our 
r e s u l t s ,  w h i le  c o n f i r m in g  th e  i n e f f e c t i v e n e s s  o f  n a lo x o n e ,  showed 
t h a t  MR2266 a d m in is te r e d  p r i o r ,  c o n c o m ita n t ly  o r  a f t e r  c lo n i d i n e ,  
s i g n i f i c a n t l y  i n h i b i t e d  t h e  a n a lg e s ic  e f f e c t  o f  c lo n i d i n e .

T h ese  o b s e r v a t io n s  s u g g e s t  t h e  p o s s i b i l i t y  o f  an  in v o lv e m e n t 
o f  t h e  o p io id  sy s te m , a c t i n g  th ro u g h  t h e  k ap p a  r e c e p t o r ,  i n  t h e  
a n t i n o c i c e p t iv e  a c t i v i t y  o f  c lo n i d i n e .

In  o r d e r  t o  b e t t e r  i n v e s t i g a t e  t h i s  i n t e r a c t i o n ,  CNS 
c o n c e n t r a t i o n s  o f  o p io id  p e p t i d e s  w i th  d i f f e r e n t  s p e c i f i c i t y  f o r  
th e  o p io id  r e c e p t o r s  w i l l  be  e v a lu a t e d  f o l lo w in g  c lo n i d i n e  
a d m i n i s t r a t io n  i n  r a t s .

280.10 INDUCTION OF ANALGESIA AGAINST A MECHANICAL STIMULUS BY INTRATHECAL 
CLONIDINE IN THE INFANT RAT. Harry E. Hughes* and Gordon A. Barr 
Biopsychology Program, Hunter College, City University of New York, 
and Dept. Psychiatry, Albert E instein College of Medicine, Bronx, 
New York, 10461.

Convergent lin es of evidence suggest th a t inh ib ition  of dorsal 
horn affe ren ts and consequent analgesia are in part under the con
tr o l  of descending noradrenergic (NE) pathways in the spinal cord 
of adult animals. Pharmacological studies indic ate th a t the alpha 
NE receptor, ra ther than the beta NE receptor i s  involved. Recent 
developmental studies have shown th a t NE-stimulated cyclic AMP 
a c tiv ity , the number and size of spinal NE term inals, and the con
centration of NE in the r a t  spinal cord increase postnatally , to  
peak near the end of the second week of l i f e .  I t  might therefore 
be expected th a t sp inally  mediated NE induced analgesia would 
appear a t  th a t time. Our lab has demonstrated th a t in tra thecally  
injected clonidine induced a weak but s ign ifican t, dose dependent 
increase in  t a i l - f l ic k  la tencies against a thermal stimulus in  10 
day old r a ts .  That spinal NE induced analgesia occurred more re
lia b ly  against a mechanical stimulus than a thermal stimulus has 
been convincingly demonstrated in  adult ra ts  (Kuraishi  e t  a l . ,  
Brain Researeh, 1985). The present study addressed the contribu
tion  of the developing spinal alpha NE receptor in producing anal
gesia against a mechanical noxious stimulus in  the r a t .

L o n g-E vans hooded  r a t s  w e re  im p la n te d  w i t h  i n t r a t h e c a l  c a t h e t e r s  
a t  9 d a y s  o f  a g e .  The la m in e c to m iz e d  a r e a  e x te n d e d  f ro m  l e v e l  T8 
t o  T11 w i th  t h e  c a t h e t e r  t i p  i n s e r t e d  i n  a  c a u d a l  d i r e c t i o n  w i t h in  
t h e  s u b -a r a c h n o id  s p a c e .  T w e n ty - fo u r  h o u r s  l a t e r ,  a t  10 d a y s  o f  
a g e ,  p u p s  w e re  i n j e c t e d  s p i n a l l y  w i th  0 ,  25 , 50 ,  o r  100μ g i n  μ l  
o f  d i l u e n t  o f  t h e  a lp h a  NE a g o n i s t  c l o n i d i n e  HCl .  T h is  volum e o f  
f l u i d  p e r f u s e d  t h e  c o rd  f ro m  t h e  l u m b a r / s a c r a l  se g m e n ts  r o s t r a l  t o  
t h e  c a u d a l  c e r v i c a l  r e g i o n .  F o l lo w in g  a  15  m in u te  p o s t i n j e c t i o n  
p e r i o d ,  a  6 3 .7 5  gram  w e ig h t  w i t h  a  . 2  ora r a d i u s  w as a p p l i e d  seq u en 
t i a l l y  t o  t h e  fo re p a w , h i ndpaw and t a i l  an d  t h e  l a t e n c y  t o  w ith d ra w  
e a c h  a p p e n d ag e  w as  r e c o r d e d .  The o r d e r  o f  t e s t i n g  o f  e a c h  l im b  an d  
t a i l  w as random .

Clonidine produced sign ifican t, dose dependent analgesia as 
evidenced by increased la tencies to  withdraw appendages from a 
mechanical stimulus. Furthermore, the response la tencies against a 
mechanical stimulus were longer than those observed against a 
thermal stimulus in  animals matched fo r age, drug dose, and base 
lin e  levels of responding. Clonidine had a more enhanced effec t on 
withdrawal of the t a i l  than on forepaw and hindpaw. This i s  con
s is te n t with other data th a t demonstrate developmental differences 
in  the a b ility  of opiates to  produce analgesia in  the paws compared 
to  the t a i l .  These data suggest th a t spinal NE c ircu itry  associa
ted with antinociception i s  functional by a t  le a s t 10 days of age.

280.11 ANTINOCICEPTION INDUCED BY INTRATHECAL INJECTION OF SUB-EFFEC
TIVE DOSES OF CLONIDINE AND 5 '-N-EIHYLCARBOXAMIDE ADENOSINE. 
Aran*, S. and P ro u d fit, H.K. D ept. o f P harm acology, U niv. o f 
I ll in o is  a t  C hicago, C hicago, IL  60680.

In tra th e c a l a d m in is tra tio n  o f norep ineph rine (NE) o r th e  
adenosine analog  5 '-N -ethylcarboxam ide adenosine (NECA) in to  th e  
lum bar subarachnoid space o f th e  sp in a l cord  produces dose- 
dependent a n tin o c ic e p tio n . We re c e n tly  dem onstrated th a t 
in tra th e c a l in je c tio n  o f s u b -e ffe c tiv e  doses o f NE and NECA 
in te ra c t s y n e rg is tic a lly  to  produce p o te n t a n tin o c ice p tio n . 
NECA appears to  a c t a t  adenosine A2 re c e p to rs , s in c e  1-phenyl- 
isop ropy l adenosine, a  s e le c tiv e  adenosine A1 re c e p to r a g o n ist, 
d id  n o t produce a n tin o c ice p tio n  when in je c te d  w ith  NE. The 
n o rad renerg ic  re c e p to r a t  w hich NE a c ts  to  produce an tin o c icep 
tio n  i s  n o t known. T h erefo re, th e  p re se n t s tu d ie s  w ere under
taken  to  determ ine w hether alp h a-1  o r a lpha-2  n o rad renerg ic 
re c ep to rs  a re  involved in  producing th e  a n tin o c ice p tio n  induced 
by NECA and NE. In  th e  f i r s t  experim ent, th e  c a p a c ity  o f sub
e ffe c tiv e  doses o f c lo n id in e , an alpha-2  no rad ren erg ic  ag o n ist, 
and NECA to  induce a n tin o c ic e p tio n  was exam ined. M ale Sprague- 
Dawley d eriv ed  r a ts  (400-450 gm) w ere im planted w ith  in tra th e c a l 
c a th e te rs . One week a f te r  su rg ery , anim als w ere te s te d  u sin g  th e  
t a i l  f lic k  (TF) and h o t p la te  (HP) te s t s .  Anim als w ere d iv ided  
in to  th re e  groups and g iven  th e  fo llow ing  in tra th e c a l in je c 
tio n s : c lo n id in e , 3 ug; NECA, 1 ug; and c lo n id in e  and NECA 
to g e th e r. These doses w ere chosen u sin g  dose-response curves 
which w ere gen erated  p re v io u sly . Follow ing drug in je c tio n , 
response la te n c ie s  w ere determ ined a t  fix e d  in te rv a ls  fo r 60-90 
m in. N e ith e r NE no r NECA produced s ig n if ic a n t changes in  
response la te n c ie s . However, s ig n if ic a n t in c re a se s  in  both  TF 
and HP response la te n c ie s  w ere observed fo llow ing  th e  in je c tio n  
o f b o th  c lo n id in e  and NECA.

P o ssib le  s y n e rg is tic  in te ra c tio n s  betw een NECA and th e  a lp h a- 
1 n o rad ren erg ic  a g o n ist phenylephrine w ere exam ined in  th e  
second experim ent. Each o f th re e  groups o f anim als receiv ed  one 
o f th e  fo llow ing  d rugs: pheny leph rine, 15 ug; NECA, 1 ug;
pheny lephrine and NECA to g e th e r. In  c o n tra s t to  th e  e ffe c ts  o f 
c lo n id in e , phenylephrine produced a s ig n if ic a n t red u c tio n  in  
mean TF la te n cy  and, d id  n o t produce a n tin o c ic e p tio n  when 
in je c te d  w ith  NECA.

The re s u lts  o f th e se  s tu d ie s  sug g est th a t th e  norad renerg ic  
component o f th e  s y n e rg is tic  in te ra c tio n  betw een adenosine A2 
re c e p to r a g o n ists  and ad ren erg ic  a g o n ists  i s  m ediated by th e  
n o rad ren erg ic  a lpha-2  re c e p to r sub types. (T his work was 
supported  by USEHS G rant DA 03980).

280.12 ROLE OF ASCENDING AND DESCENDING NORADRENALINE PATHWAYS IN THE 
ANALGESIC ACTION OF BACLOFEN AND CLONIDINE. J .  Sawynok and A. 
Reid* , D epartm ent of Pharm acology, D alhousie U n iv e rs ity , 
H a lifax , Nova S c o tia , Canada B3H 4H7.

B aclo fen  and c lo n id in e  i n te r a c t  w ith  c e n tra l  n o rad ren e rg ic  
pathways in  a number of ways. Both i n h ib i t  f i r i n g  of neurons 
i n the  locus co e ru leu s  (LC) and the r e le a s e  of n o rad ren a lin e  
(NA) from c e n tr a l  te rm in a ls . C lon id ine  subsequen tly  d ec reases  
NA tu rn o v e r bu t bac lo fen  in c re a s e s  NA tu rn o v e r su g g estin g  an 
in d i r e c t  a c t io n .  In  th i s  s tu d y , the  ro le  of ascend ing  and 
descend ing  NA pathways was examined by m ic ro in je c tin g  
6 -hydroxydopamine (6 -OHDA) in to  the d o rs a l bundle (DB) (ascend
in g ) ,  m edu lla ry  Al reg io n s  or in t r a s p in a l ly  (descend ing ) and 
th e  LC (ascend ing  and d escen d in g ). A nalgesia  was te s te d  7-14 
days p o s t- le s io n  u s in g  the r a t  t a i l  f l i c k  t e s t .  The e x te n t of 
d e p le tio n  o f NA in  b ra in  and s p in a l cord was m onitored u s ing  
HPLC. The a n a lg e s ic  e f f e c t  of b ac lo fen  was in h ib i te d  by DB 
le s io n s  on bo th  day 7 and 14, b u t a n a lg e s ia  produced by 
c lo n id in e  was only t r a n s ie n t ly  d ec reased  on day 7, r e tu rn in g  to 
norm al on day 14. DB le s io n s  dec reased  NA le v e ls  in  c o r te x , 
hippocampus and hypothalam us but d id  n o t a l t e r  sp in a l cord 
l e v e l s .  M edullary Al le s io n s  and in t t a s p in a l  6O HDA in h ib i te d  
a n a lg e s ia  produced by b ac lo fen  bu t p o te n t ia te d  a n a lg e s ia  
produced by c lo n id in e .  S p in a l co rd  NA was markedly d ep le ted  by 
bo th  m a n ip u la tio n s , b u t NA in  the pons/m edulla was only 
dec reased  by Al le s io n s .  LC le s io n s  p o te n t ia te d  b ac lo fen  
a n a lg e s ia ,  d id  n o t a f f e c t  c lo n id in e  a n a lg e s ia ,  and d ep le ted  NA 
i n a l l  b ra in  reg io n s  as  w ell as s p in a l  co rd .

DB Lesions Al L esions i .s . LC L esions

B aclofen
↓

↓
↓

↑
C lo n id in e ↓ d 7 / ↔ d 14 ↑ ↑

↔

These r e s u l t s  su g g es t in te r a c t io n s  w ith  c e n tro l  NA pathways a re  
Im portan t fo r  th e  a n a lg e s ic  a c t io n  of b ac lo fen , b u t the n a tu re  
of th e  in t e r a c t io n s  appears to  be complex. Endogenous NA p a th 
ways appear le s s  c r i t i c a l  fo r  the a n a lg e s ic  a c tio n  of 
c lo n id in e .  The enhanced e f f e c t  of c lo n id in e  fo llo w in g  d ep le 
tio n  of s p in a l  cord NA i s  p robably  due to s u p e r s e n s i t iv i ty  of 
s p in a l  a lp h a -2  re c e p to r s .  An im p o rtan t o b se rv a tio n  from the 
p re s e n t study is  th a t  th e re  appears to  be a s ig n i f i c a n t  in t e r 
a c t io n  between ascend ing  and descend ing  NA pathways in  r e l a t i o n  
to  a n a lg e s ic  mechanisms, because the  e f f e c t  of d e p le tin g  NA in  
s p in a l  pathways can be rev e rsed  by the sim ultaneous d e p le tio n  
of ascend ing  NA pathw ays. (Supported  by MRC Canada).
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280.13 BLOCKADE OF MORPHINE ANALGESIA BY YOHIMBINE, AN α2 - NORADRENERGIC 
ANTAGONIST. S.E. Izenw asser and C. K ornetsky. L abo ra to ry  of 
B e h a v io ra l Pharm acology, Boston U n iv e r s i ty  School o f M edic ine, 
B oston, MA 02118.

A l te r a t i o n s  in  escape th re s h o ld s  from a v e rs iv e  e l e c t r i c a l  s tim u
la t i o n  to  th e  m esencephalic  r e t i c u l a r  fo rm a tion  (MRF) o f th e  r a t  
have been used as in d ic a to r s  o f th e  a n a lg e s ic  e f f i c a c y  o f c e n t r a l l y  
a c tin g  d ru g s . I t  has been shown th a t  morphine as w e l l  as o th e r  
o p io id  a n a lg e s ic s  w i l l  r a i s e  th e  escape th re s h o ld  in  th i s  pa in  
m odel. A lthough , i t  has been suggested  th a t  n o rep in ep h rin e  is  one 
o f th e  t r a n s m it t e r  su b stan ces  which p la y  a r o l e  in  c e n t r a l  a n a l 
g e s ic  a c t io n ,  i t s  fu n c t io n  i s  u n c le a r .  In  o rd e r  to  s tu d y  th e  
c o n tr ib u t io n  o f th e  n o rad ren e rg ic  system  to  a n a lg e s ia ,  th e  p re s e n t 
s tu d y  was conducted to  determ ine w hether yohimbine h y d ro c h lo r id e  
(YOH), a p redom inan tly  α2-n o ra d re n e rg ic  a n ta g o n is t  would change 
th e  escape th re s h o ld  and i f  i t  would a l t e r  th e  a n a lg e s ic  e f f e c t  o f 
m orphine.

B ip o la r  s t a i n l e s s  s t e e l  e le c tro d e s  were s t e r e o t a x i c a l l y  im
p la n te d  in to  th e  MRF o f m ale CDF r a t s  (C h a rle s  R iv e r L a b o ra to r ie s ) . 
The an im als  were then  tr a in e d  to  tu rn  a w heel manipulandum to  
escape from e l e c t r i c a l  s t im u la t io n  d e l iv e r e d  to  t h i s  b ra in  s i t e .  
Escape th re s h o ld s  were determ ined u sin g  a m o d if ic a tio n  o f th e  
p sy ch o p h y s ica l method o f l im i t s .  YOH by i t s e l f ,  a t  doses from 
0.75-8.0 mg/kg, i .p .,  in c rea sed  s e n s i t i v i t y  to  th e  s t im u la t io n ,  as 
ev idenced  by s i g n i f i c a n t ly  low ered escape th r e s h o ld s .  M orphine 
(1-8 mg/kg, s .c .) , as in  p re v io u s  s tu d ie s ,  caused s ig n i f i c a n t  
th re s h o ld  e l e v a t io n s .  When ad m in is te red  c o n c o m itan tly , YOH blocked  
th e  e f f e c t  o f m orphine even a t  doses o f YOH which by th em se lv es  
f a i l e d  to  have an e f f e c t  on th r e s h o ld .  D esp ite  th e  change in  
th re s h o ld  n e i th e r  YOH a lo n e  nor in  com bination  w ith  morphine had 
any e f f e c t  on la te n c y  to  respond , su g g es tin g  th a t  th e  th re sh o ld  
changes were n o t due to  n o n -s p e c if ic  motor e f f e c t s  b u t to  s p e c i f ic  
a c tio n s  on th i s  p a in  system . These r e s u l t s  su p p o rt th e  h y p o th e sis  
th a t  th e  n o ra d ren e rg ic  system  maybe in v o lv e d  in  th e  m ed ia tio n  o f 
c e n t r a l  a n a lg e s ia .
(Supported  in  p a r t  by NIDA g ra n t DA 02326 and NIDA R esearch 
S c ie n t i s t  Award (CK) DA 00099).

280.14 INVOLVEMENT OF ADENOSINE IN THE ANALGESIC EFFECT OF MORPHINE AND 
NORADRENALINE IN THE SPINAL CORD. M.I. Sweeney*, T. White, and 
J . Sawynok, Department of Pharmacology, Dalhousie U niversity , H alifax, 
Nova S cotia, Canada, B3H 4H7.

Morphine and noradrenaline (NA) produce marked analgesia following 
i n tra th eca l ( i . t . ) in je c tio n . There is  evidence fo r both p re - and 
post-synap tic  e ffe c ts  of both agents w ithin the sp inal cord, but 
endogenous mediators of th e ir  actions have not been fu lly  characte r
ized . In tra th eca l in jec tio n  of adenosine receptor agonists also 
produces analgesia  which is  blocked by i . t .  pretreatm ent with the 
adenosine receptor an tagonists theophylline (TH) and 8- phenyl theophyl
lin e  ( 8PT) (Sawynok e t  a l . ,  Br. J .  Pharmacol. 198b, in  p ress). 
Theophylline has a lso  been shown to reduce the analgesic  e f fe c t of 
i . t .  morphine in  the t a i l  f l ic k  t e s t  (N.S. Arch. Pharmacol. 1984, 
327:23) suggesting a p o te n tia l ro le  for adenosine in  morphine ana l
gesia in  the sp inal cord. In the present study, we s e t out to examine 
d ire c tly  whether adenosine or i t s  receptors were involved in  the 
sp inal analgesic  e f fe c t of morphine and NA. In i t i a l ly ,  the e ffe c t of 
i . t .  p retreatm ent with TH and 8PT on i . t .  morphine and NA analgesia 
was determined. Both TH and 8PT blocked the analgesic  e f fe c t of 
morphine in  the t a i l  f l ic k  and hot p la te  te s ts ,  but did not a l t e r  the 
e f fe c t of NA in  e i th e r  te s t .  8PT was approximately 10 times more 
potent than TH in  reducing the e f fe c t of morphine which is  comparable 
to  th e ir  re la tiv e  potency as adenosine receptor an tagon ists . Subse
quently , we determined the e f fe c t of morphine and NA on the re lease of 
endogenous adenosine from synaptosomes prepared from the dorsal half 
of the sp inal cord. Extrasynaptosomal adenosine accumulation 
(re lease) was measured using HPLC and was detected as fluorescence of 
the etheno derivative  (J . Neurochem. 1985, 45:791). Both morphine and 
NA increased the re lease  of adenosine from dorsal sp inal cord synapto
somes in  a calcium-dependent manner. The increase was dose-dependent 
following 1, 10 and 100 μM morphine and 5, 50 and 500 μM NA, and the 
ex ten t of the increase was comparable to th a t produced by a maximally 
e ffec tiv e  dose of K+ (25 mM). Morphine-evoked adenosine re lease  was 
blocked by 10 μM naloxone and 1 μM naltrexone, while NA-evoked accumu
la tio n  was blocked by 10 μM phentolamine implying th a t the e ffec ts  by 
both agents were receptor-m ediated. The nature of adenosine released 
by morphine and NA was characterized  using a 5 '-nucleotidase in h ib ito r 
co c k ta il (50 μM α, β-methylene ADP with 5 mM GMP). Morphine-evoked 
adenosine re lease  was not a ffec ted  by the in h ib ito rs  suggesting adeno
sine as such was being re leased , but more than 90% of the NA-evoked 
re lease  was blocked by the in h ib ito rs , suggesting th a t in  th is  case, 
apparent adenosine re lease  was due to the extrasynaptosomal breakdown 
of a  nucleotide (possibly ATP). These re su lts  suggest th a t the 
re lease  of adenosine in  the dorsal sp inal cord may play a ro le  in  the 
expression of sp inal analgesia by morphine but n o t NA. (Supported by 
MRC Canada grants to J .S . and T.D.W.)

280.15 McN-5195: A NOVEL, CENTRALLY ACTING, NON-OPIATE LIKE, NON- 
NSAID-LIKE ANALGESIC. J .L .  V aught1*, R. S c o tt1*, J .  Carson2* , 
R. Carm osin2* , R. Shank1 , D. End1*, H .I . J a c o b y l* and 
J .  G ardock i1* . (SPON: P. S e t l e r ) .  D ep ts . B io l . 1 and Chem. 2 
R esearch , McNeil P h a rm a ceu tica l, S pring  House, PA 19477.

McN-5195 [ (+ ) - t r a n s -3 -(2 -b ro m o p h en y l)o c ta h y d ro in d o liz in e ]  
e x h ib i ts  a n a lg e s ic  a c t i v i t y  in  mouse, r a t  and monkey. In  the 
mouse, McN-5195 has a n a lg e s ic  ED50 v a lu es  in  w r ith in g  ( p . o . ) ,  
t a i l  f l i c k  ( i . p . ) ,  t a i l  p inch  ( i . p . )  and h o t p la te  ( i . p . ,  48°C) 
t e s t s  o f 20 .1  (1 4 .3 -2 7 .9 ) ,  33 .9  (2 0 .9 -4 9 .2 ) ,  38.2 (2 4 .9 -1 1 1 .1 )  and 
30 .9  (2 0 .8 -6 4 .7 )  mg/kg r e s p e c t iv e ly .  In  th e  r a t ,  McN-5195 has 
a n a lg e s ic  ED50 v a lu es  in  w rith in g  ( p .o . ) ,  t a i l  f l i c k  ( i . p . )  and 
h o t p la te  ( i . p . )  t e s t s  o f 33 .2  (1 4 .8 -1 2 7 .8 ) , 33 .2  (1 4 .7 -1 2 7 .3 )  and 
33 .3  (1 4 .4 -7 3 .4 )  mg/kg, r e s p e c t iv e ly .  A nalgesic  a c t i v i t y  i s  rap id  
in  o n se t and o f long  d u ra t io n .  McN-5195 i s  e q u ip o te n t to  co d e in e , 
propoxyphene, p en tazo c in e  and s l i g h t l y  more p o te n t than  nefopam (a  
novel non-NSAID-, n o n -o p ia te - l i ke a n a lg e s ic ) .  McN-5195 was a ls o  
o r a l ly  a c t iv e  in  th e  monkey to o th  pu lp  t e s t  (ED50~30 m g/kg). In  
mouse and r a t ,  M cN-5195-induced a n a lg e s ia  i s  n a lo x o n e - in s e n s it iv e  
and i s  n o t d im in ished  in  morphine to l e r a n t  an im a ls . McN-5195 does 
n o t b ind  to  o p io id  r e c e p to r s  nor does i t  i n h i b i t  th e  s y n th e s is  ( in  
v i t r o )  o f PGE2 , TxB2 o r  i n h i b i t  3H- a ra c h id o n a te  m etabolism  
v ia  th e  lipoxygenase  pathway. C hronic (120 mg/kg/3x per day/10 
d ays) a d m in is tr a t io n  does n o t produce to le ra n c e  to  th e  a n a lg e s ic  
e f f e c t s  of McN-5195. These d a ta  in d ic a te  th a t  McN-5195 i s  no t 
a c t in g  v ia  o p io id  o r i n h ib i t i o n  o f a ra c h id o n a te  sy stem s,and  i s  
u n l ik e ly  to  produce to le ra n c e  fo llo w in g  pro longed a d m in is tr a t io n .  
I t  does n o t b ind  to  5-HT1 , 5-HT2 , D2 , D1 , α 1 , α2 , β o r 
GABA A re c e p to r s  and does n o t i n h i b i t  th e  synaptosom al up take  o f 
NE, 5-HT, DA o r GABA. C o n s is te n t w ith  th e se  neurochem ical d a ta ,  
McN-5195 a n a lg e s ia  i s  n o t a f f e c te d  by re s e rp i n e , h a lo p e r i d o l o r 
yohim bine p re tre a tm e n t. McN-5195 produces a n a lg e s ia  fo llo w in g  i t s  
in t r a c e r e b r o v e n tr ic u la r  a d m in is tr a t io n  to  mice o r  r a t s  
( i . p . / i . c . v .  r a t i o  ≅ 3) but i s  in a c t iv e  i n t r a t h e c a l l y . McN-5195 i s  
devoid  o f ac u te  g a s t r i c  i r r i t a t i n g  p ro p e r t ie s  in  r a t s  ( c o n s is te n t  
w ith  i t s  non-NSAID-like pharm aco log ica l p r o f i l e )  and does not 
e f f e c t  mouse c o lo n ic  p ro p u ls iv e  m o t i l i ty  ( in d i c a t in g  a la c k  o f 
p o te n t ia l  c o n s ti p a t iv e  a c t i v i t y ) .  Thus, McN-5195 has mecha
n i s t i c a l l y  unique and p o te n t ia l ly  broad a n a lg e s ic  a c t i v i t y .  The 
a n a lg e s ic  p r o f i l e  su g g es ts  th a t  i t s  th e ra p e u tic  u s e fu ln e ss  would 
ex tend  to  c l i n i c a l  s i t u a t io n s  i n s u f f i c i e n t ly  managed by non
n a rc o t ic s  and in  which th e re  i s  concern  about th e  use o f n a r c o t ic s .

280.16 THE EFFECT OF McN-5195 ON ACTIVITY IN THE VENTRAL POSTEROLATERAL 
NUCLEUS (VPL) OF THE RAT IN RESPONSE TO NOXIOUS AND NON-NOXIOUS 
SOMATIC STIMULATION. P .S . Blum. Departm ent o f B io lo g ic a l 
R esearch , McNeil P h a rm a ceu tica l, S pring  House, PA 19477.

McN-5195 [ (+ ) - t r a n s -3 -(2 -b ro m o p h en y l)o c ta h y d ro in d o liz in e ] 
e x h ib i ts  n a lo x o n e - in s e n s it iv e  a n a lg e s ic  a c t i v i t y  u s ing  c la s s ic a l  
b eh a v io ra l t e s t s .  A c tiv i ty  in  th e se  t e s t s  resem bles the  a c t iv i ty  
o f th e  c e n t r a l l y  a c t in g  n a r c o t ic  a n a lg e s ic s  and su g g es ts  th a t 
McN-5195 produces a n a lg e s ia  by in h ib i t i n g  a c t i v i t y  in  the  ce n tra l 
p a in - tra n s m iss io n  pathway ( a l b e i t  n o t v ia  an o p io id  p ro c e s s ) . 
T h is h y p o th e sis  was te s te d  by reco rd in g  any changes in  the 
response  o f tha lam ic  neurons to  som atic  s t im u li  fo llow ing  
a d m in is tr a tio n  o f McN-5195 and o th e r  a n a lg e s ic s .  A dult r a t s  were 
a n e s th e tiz e d  w ith  u re th an e  (1400 mg/kg, i . p . ) ,  and prepared  fo r 
m u l t iu n i t  neu ro n a l reco rd in g  in  VPL u sing  s tan d a rd  te ch n iq u es . 
Three types  o f  n a tu r a l  s t im u li  were a p p lie d  to  the  c o n t r a la t e r a l  
hindpaw (CHP). These s t im u li  inc luded  a )  b ru sh ing  the  CHP to  
a c t iv a t e  r a p id ly  a d a p tin g  m echanoreceptors (b ru sh  s tim u lu s ) ; b) 
r e s t i n g  a b ra s s  rod ( te m p e ra tu re -2 1-24°C) on th e  CHP to  a c tiv a te  
slow ly  a d a p tin g  m echanoreceptors (room tem pera tu re  p robe , RTP); 
and c ) r e s t in g  a b ra s s  rod ( te m p era tur e =55-57°C) on the  CHP to 
a c t iv a t e  slow ly  a d a p tin g  m echanoreceptors and n o c ic e p to rs  (heated 
probe; HP). S tim u li were a p p lied  every  4 m inutes and b a s e lin e  
a c t i v i t y  and a c t i v i t y  evoked by b ru sh , RTP, and HP s t im u li  were 
c a lc u la te d .  N ocicep to r-evoked  a c t i v i t y  was d e fin ed  as  HP-evoked 
a c t i v i t y  minus RTP-evoked a c t i v i t y .  A f te r  a predrug  p e rio d  of 
14-26 m in u tes , an im als were g iven  e i th e r :  a ) s a l in e ;  b) 
McN-5195-11 (75 mg/kg, i . p . ) ;  c )  morphine s u l f a t e  (MS;1 mg/kg, 
i . v . ) ; or d) zom epirac sodium (ZOM;10 mg/kg, i . v . ) .  ZOM i s  a 
p e r ip h e ra l ly  a c t in g  NSAID a n a lg e s ic .  There were no s ig n if i c a n t  
changes in  th e  a c t i v i t y  produced by brush  and RTP s t im u li  during 
th e  p redrug p e rio d  and fo r  140 m inutes fo llo w in g  a d m in is tra tio n  of 
any d rug . In  a d d i t io n ,  th e re  were no s ig n i f i c a n t  changes in  
n o c icep to r-ev o k ed  a c t i v i t y  fo llo w in g  a d m in is tr a tio n  o f s a l in e  or 
ZOM. There was, however, a s ig n i f i c a n t  re d u c t io n  in  
n o c icep to r-ev o k ed  a c t i v i t y  fo llo w in g  a d m in is tr a tio n  o f MS o r 
McN-5195. These e f f e c t s  were r e v e r s ib le  and had a time o f onset 
and d u ra t io n  o f a c t io n  o f  5 m inutes and 20 m inu tes f o r  MS and 25 
m inu tes and 60 m inu tes fo r  McN-5195. The tim e cou rse  fo r  the 
e f f e c t s  o f th e se  drugs on senso ry  tra n sm iss io n  i s  s im i la r  to  th a t 
seen  fo llo w in g  th e i r  a d m in is tr a tio n  in  u n a n e s th e tiz e d  anim als 
du rin g  b e h a v io ra l t e s t i n g .  The f a c t  th a t  th e  e f f e c t  o f  McN-5195 
on senso ry  tra n sm iss io n  was q u a l i t a t iv e l y  s im i la r  to  th a t  produced 
by MS i s  c o n s is te n t  w ith  i t s  in  v ivo  a n a lg e s ic  p r o f i l e .  Thus, 
th e se  d a ta  suppo rt our h y p o th e sis  th a t  McN-5195 in h i b i t s  a c t iv i ty  
in  th e  c e n tr a l  p a in  tra n sm iss io n  pathway.
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280.17 STABILITY AND EFFECTS OF SYSTEMIC NALOXONE AND SCOPOLAMINE ON 
RAT MIDBRAIN STIMULATION PRODUCED ANALGESIA (SPA). D.S. K la t t* , 
M .J. G ulnan*, E. C ars ten s  and L.R. W atkins (SPON: P.A. Pappone). 
D ept. o f Animal R iy s io l . ,  U. o f CA, D avis, CA, 95616. U.S.A.

Hie r o le  o f a c e ty lc h o lin e  (Ach) and o p ia te s  in  a n a lg e s ia  
produced from m idb ra in  s i t e s  i s  c o n t ro v e r s ia l .  The purpose o f 
th e  p re s e n t study  was to  determ ine th e  r e l a t i v e  involvem ent o f 
th e se  2 n e u ro t ra n s m it te r s  i n  SPA e l i c i t e d  from th e  d o rs a l raphe 
re g io n . S ince  s t a b i l i t y  o f  th e  th re sh o ld  c u r re n t (TC) from such 
m idb ra in  s i t e s  in  SPA i s  i n  q u e s tio n  (Neuro. S c i .  Abs. 11:638, 
8 5 ) , constancy  o f TC was a ls o  examined.

To d a te ,  SPA h a s  been te s te d  in  34 a d u l t  male S p rague- 
Dawley r a t s  im p lan ted  w ith  b ip o la r  e le c tro d e s  i n  th e  m idbra in  
nea r o r i n  th e  d o rs a l raphe n u c leu s . B efore each weekly t e s t  
s e s s io n  th e  r a t s  were h a b itu a te d  to  th e  r e s t r a i n e r s  in  3 , d a i ly  
1.5 h r  p e r io d s . At th e  b eg in ing  o f  each s e s s io n  and ag a in  p r io r  
to  each TC t e s t  3 b a s e l in e  t a i l  f l i c k  la te n c i e s  (w ith o u t stim u
la t io n )  were re co rd e d . S tim u la t io n  c o n s is te d  o f  20 Hz b ip h a s ic  
50us sq u are  waves s e p a ra te d  by 0.1m s. TCs were determ ined  u s in g  
an  ascend ing  method o f  l i m i t s  (0.2-l6m A p e a k -to -p e a k ) . S tim u la 
tio n  began 10 seconds p r io r  to  and co n tinued  through each t a i l  
f l i c k  t r i a l .  One h a l f  hour a f t e r  th e  i n i t i a l  TC was found, i t  
was r e t e s te d .  I f  th e  TC was i n e f f e c t i v e ,  th e  c u r re n t was 
in c re a se d  i n  0.2mA in c rem en ts  u n t i l  a new TC was found. Once 
th e  e f f e c t iv e  TC was d e term ined , naloxone ( 10mg/kg) co u n te r b a l
anced by s a l i n e  ( th e  f i r s t  2 wks) o r  scopolam ine ( 10mg/kg) 
coun ter balanced  by s a l i n e  ( th e  second two w eeks) was admin
i s te r e d  i . p .  on a  doub le b lin d  b a s is .  At 26 min, r a t s  were 
te s te d  f o r  a n a lg e s ia  a t  th e  p redrug  TC. A fte r  th e  fo u r  weeks o f 
t e s t in g ,  e le c tro d e  p lacem ents were determ ined h i s to l o g ic a l ly .

Of th e  34 r a t s  te s t e d ,  28 showed SPA on week 1, bu t on ly  20 
showed s ta b l e  a n a lg e s ia  a c ro ss  th e  4 week t e s t  regim en. The 
a t t r i t i o n  occured  due to  in c re a s e d  m otor a c t i v i t y  (n= 4 ), lo s s  o f  
a n a lg e s ia  (n=2) , and dea th  (n=2 ) .

E f fe c ts  o f  naloxone and scopolam ine have been te s te d  a t  24 
and 21 s i t e s ,  r e s p e c t iv e ly .  E v a lu a tio n  o f  p re s e n t naloxone d a ta  
i s  in c o n c lu s iv e , le a v in g  th e  r o le  o f th e  d o rs a l raphe and s u b ja 
cen t tegmentum in  o p ia te  SPA u n c le a r . However, scopolam ine s ig 
n i f i c a n t ly  reduced b a s e l in e  t a i l  f l i c k  l a te n c i e s  b u t had no s ig 
n i f i c a n t  e f f e c t  on SPA. From th e se  r e s u l t s  we conclude th a t  Ach 
i s  no t a  component o f SPA in  th e  d o rs a l raphe and th e  su b ja c e n t 
tegmentum.

Combining th e  r e s u l t s  o f  4 wks o f  t e s t i n g ,  TCs o f  73/94 
( 78%) t r i a l s  w ere s ta b l e  1/2 hour l a t e r .  These r e s u l t s  in d ic a te  
th a t  th e  SPA th re sh o ld  i s  in h e re n t ly  a  l a b i l e  phenomenon and 
th i s  v a r i a b i l i t y  must be con sid e red  when in t e r p r e t i n g  th e  
r e s u l t s  o f  such s tu d ie s .

Supported by NIH g ra n t NS20037.

280.18 EFFECT OF VASOPRESSIN ON THE RESPONSE OF SPINAL CORD DORSAL HORN CELLS 
TO NOXIOUS HEAT. C.L. T hu rston , E.S. Culhane*, E. C a rs te n s , and L.R. 
Watkins. Dept. of Animal Physiol., Univ. of C alif., Davis, CA 95616 
USA

In tra th eca l (IT) in jec tio n  of vasopressin (VAS) a t  the lumbosacral 
enlargement produces a prolonged decrease in  responsiveness to  noxious 
ra d ia n t  h ea t ( t a i l  f l i c k  t e s t )  in  the  awake r a t  and in  th e  awake 
s p in a l iz e d  r a t  su g g es tin g  th a t  VAS might be b lock ing  n o c ic e p tiv e  
transm ission a t the sp inal level. The purpose of th is  experiment was 
to  examine the  e f f e c t s  of VAS on the  resp o n s iv en ess  of sp in a l cord 
dorsal horn c e lls  to  noxious heat.

The lum bosacra l en largem en t was exposed by lam inectom y in  
pentobarbital anesthetized ra ts  (65 mg/Kg IP, supplemented with 10 
mg/Kg/min IV). Each r a t  was p laced  in  a s te r e o ta x ic  fram e w ith  
verteb ra l clamps & an agar pool was constructed around the enlargement 
so drug could be to p ica lly  applied, mimicking the IT in jec tio n  protocol 
used in  p rio r behavioral s tud ies. Femoral a r t e r ia l  blood pressure (BP) 
was monitored because IT in jec tio n  of VAS can increase BP. Tungsten 
m icroelectrodes were used to  record d o rs a l horn neu ronal responses 
( t o t a l  # of im p u lses /1 0  sec ) to  noxious h ea t s t im u l i  (48-54°C, 10 
sec/2min) applied to  the ven tra l surface of the hind paw. S table heat 
t r i a l s  (+/-10%) performed with sa lin e  in  the pool were obtained prio r 
to  a p p l ic a t io n  of drug. S a lin e  was then  removed & VAS (0, 0.0025, 
0.25, or 25 ng) dissolved in  100 u l sa lin e  was placed in the pool for a 
minimum of 30 min. VAS was then removed, the cord rinsed with sa line , 
& sa lin e  replaced in to  the pool.

To date, the data ind ica te  th a t VAS usually (n=12) has a prolonged 
inh ib ito ry  e f fe c t (<=50% baseline) on dorsal horn c e l ls ’ responses to  
h e a t, but o c c a s io n a lly  (n=3) has an e x c i ta to ry  e f f e c t  (>=150% 
b a s e l in e ) . A p p lic a tio n  of 0.0025 ng VAS (n=10) in h ib i te d  4 c e l l s  
w ithin 15 min a f te r  app lica tion , inh ib ited  1 c e ll  a f te r  35 min, and 
excited 1 c e ll  w ithin 5 minutes. With 0.25 ng VAS (n=5), 3 c e lls  were 
inh ib ited  s ta r t in g  30 to  60 min a f te r  app lication  and 1 was immediately 
excited. With 25 ng VAS (n=6), 4 c e lls  were inh ib ited  s ta r t in g  30 to  
60 min a f t e r  a p p l ic a t io n  and 1 was e x c ite d  a f t e r  40 min. In the  
contro l group (n=8), response v a r ia b il i ty  generally  increased, but only 
1 c e l l  showed a s ig n if ican t decrease in  response. In c e l ls  th a t were 
inh ib ited  by app lica tion  of VAS, the responses to  non-noxious stim u li 
were usually  s t i l l  present suggesting a sp ec ific  ac tion  for VAS. VAS 
had no e ffe c t on BP.

These prelim inary data suggest th a t VAS may be a modulator of sp inal 
cord nociceptive transm ission. Studies are currently  under way looking 
both a t  id e n tif ie d  spinothalam ic t r a c t  c e lls  and te s tin g  i f  there i s  a 
dose response e ffe c t of VAS.

Supported by Ja s tro  Shields Fund and NIH Grant NS20037.

280.19 HYPOTHALAMIC STIMULATION (HS) INHIBITS SPINAL NOCICEPTIVE TRANSMISSION 
BUT NOT THE TAIL FLICK REFLEX IN RAT. E. S. Culhane* and E. C ars ten s  
(SPON: L. R. W atkins). Dept. o f  Anim al P h y s io l., UC D avis, D avis, CA 
95616 USA.

E l e c t r i c a l  s t i m u l a t i o n  o f  t h e  r a t  h y p o th a la m u s  i n h i b i t s  s p i n a l  
d o r s a l  h o rn  n e u ro n a l  r e s p o n s e s  t o  n o x io u s  h e a t i n g  o f  t h e  s k in  
(Neurosci. Abs. 11:635, 1985). The p re s e n t  s tu d y  compared b e h a v io ra l 
and e le c t ro p h y s io lo g ic a l  e f f e c ts  o f  HS in  t h e  same an im a ls  t o  d e te rm in e  
whether HS e f f e c ts  on a  b e h a v io ra l  m easure o f  p a in  ( t a i l  f l i c k  t e s t  = 
TF) w ere s tro n g ly  c o r r e la te d  w ith  IS  e f f e c ts  on an  e le c t ro p h y s io lo g ic a l  
measure o f  p a in  (evoked resp o n se  t o  noxious h e a t) .

M ale S p ra g u e  D aw ley  r a t s  (N=52) w e re  im p la n te d  w i th  a  b i p o la r  
e le c t r o d e  i n  h i s t o l o g i c a l l y  v e r i f i e d  m e d ia l  ( p e r i v e n t r i c u l a r )  
h y p o th a la m ic  s i t e s .  A t 2 & 3 wk a f t e r  i m p l a n t a t i o n ,  a  m ethod  o f  
ascending  l im i t s  was used  t o  d e te rm in e  th e  th re s h o ld  c u r r e n t  fo r  TF 
su p p ress io n  from  b a s e l in e  (≅ 3 s )  t o  a  c u to f f  o f  8 s . HS (100 ms t r a i n s  
a t  100 Hz, 3 / s ,  100-1 1 0 0  uA) b e g a n  10 s  b e f o r e  t h e  TF t r i a l  and  
t e r m in a t e d  a t  t h e  end  o f  t h e  t r i a l .  Any r a t  sh o w in g  r e p l i c a b l e  TF 
s u p p re s s io n  a t  2 & 3 wk w as t e s t e d  a g a in  a t  4 & 5 v k  t o  t e s t  
r e l i a b i l i t y  o f  TF su p p ress io n . Some o f  t h e  r a t s  (24/52) w ere th e n  used  
t o  e le c t ro p h y s io lo g ic a l ly  t e s t  resp o n ses  o f  27 lu m b o sac ra l d o r s a l  horn  
u n i t s  t o  s k in  h e a t i n g  (5 0 -5 4 °C , 10 s / 2  m in) o f  t h e  h i n d f o o t  pad . 
Tungsten m ic ro e le c tro d e s  w ere used  t o  re c o rd  h e a t  resp o n ses  o f  s in g le  
u n i ts  in  p e n to b a r b ita l  a n e s th e tiz e d  (10mg/Kg/hr) r a t s  b o th  d u r in g  and 
in  th e  absence  o f  HS. S tim u la t io n  p a ram e te rs  w ere i d e n t i c a l  t o  th o se  
u se d  b e h a v io r a l l y  e x c e p t  HS l a s t e d  a  t o t a l  o f  25 s  b e g in n in g  10 s 
b e fo re  h e a t  a p p lic a tio n .

B e h a v io ra lly , o n ly  8 /52  r a t s  showed HS induced TF su p p re ss io n  in  a t  
l e a s t  one t e s t  s e s s io n ,  and o n ly  3 /8  showed r e p ro d u c ib le  TF su p p re ss io n  
a c ro ss  t e s t  s e ss io n s . The o th e r  44 r a t s  had e i t h e r  no TF su p p re ss io n  
a t  t h e  h ig h e s t  HS i n te n s i t y  (N=23, 1100uA) o r  in te n s e  m otor a c t i v i t y  
w hich d isa l lo w e d  r e l i a b l e  TF t e s t i n g  (N=2l). To d a te ,  19/27 d o r s a l  
h o rn  u n i t s  t e s t e d  w e re  r e l i a b l y  i n h i b i t e d  by  HS t o  a t  l e a s t  50% o f  
t h e i r  c o n tr o l  response . In  20 a n im a ls  show ing no TF su p p re s s io n , 17/22 
d o r s a l  h o rn  u n i t s  w e re  i n h i b i t e d  by  HS. I n  4 a n im a ls  s h o w in g  TF 
s u p p re ss io n , 2 /5  u n i ts  w ere in h ib i te d  by HS. There was no c o r r e la t io n  
betw een th e  s e v e r i ty  o f  m otor a c t i v i t y  d u r in g  b e h a v io ra l  t e s t i n g  and 
th e  d eg ree  o f  u n i t  in h ib i t io n .

These d a ta  su g g e st t h a t  a lth o u g h  HS causes in h ib i t i o n  o f  s in g le  u n i t  
n o c ic e p tiv e  t ra n s m is s io n  in  th e  m a jo r i ty  o f  c a se s , i t  does n o t cause 
r e l i a b l e  TF su p p re s s io n  in  u n a n e s th e tiz e d  r a t s .  These d a ta  b r in g  in to  
q u e s tio n  th e  o f te n -h e ld  assu m p tio n  t h a t  s tim u la tio n - in d u c e d  su p p re ss io n  
o f  n o c ic e p tiv e  u n i ts  im p lie s  b e h a v io ra l  a n a lg e s ia .

Supported  by NIH g ra n ts  NS 20037 and NS 19330.

280.20 DIFFERENTIAL EFFECTS OF LATERAL HYPOTHALAMIC INJECTIONS 
OF LIDOCAINE ON DIFFERENT PAIN TESTS. R.A.R. Tasker*, M. 
Choinière*, and R. Melzack*. (SPON: N.M. White) Dept of 
Psychology, McGill University, Montreal, Quebec, Canada, H3A 1B1

Several investigations have shown that diencephalic brain regions 
play a role in pain perception. Hypothalamic involvement is not 
surprising because this region (1) is known to contain many 
endogeneous compounds which may be involved in pain perception, (2) 
receives sensory inputs from both spinal cord and brainstems regions, 
and (3) contains neurons that project to other brain areas involved in 
pain and analgesia. The precise role of the hypothalamus in pain 
mechanisms is, however, unclear. Furthermore, many reports from both 
our own and other laboratories have shown that pain mechanisms in 
tests of continuous, moderate pain are both anatomically and 
pharmacologically dissociable from those involved in tests of brief, 
rapidly-rising pain. The objective of the current study was therefore to 
use injections of local anesthetic into the lateral hypothalamus (LH) to 
determine the role of this structure in the perception of both 
continuous and brief pain.

Male Long-Evans rats (250-350g) were implanted unilaterally with 
guide cannulae in various regions of the LH. Infusions (1 μ l) of 4% 
lidocaine in sterile saline or of vehicle alone were made over 2 
minutes via inner cannulae connected to a microlitre syringe. Animals 
were tested for foot-flick latencies and formalin-induced pain scores 
at 5 and 10 minute intervals for 60 minutes, timed from the end of the 
injection. Foot-flick latencies for both hindpaws were determined in 
hand-held rats by immersing each paw in water at 49°C for a maximum 
of 10 sec. Formalin pain scores were assessed following s.c. injection 
of 0.05 ml of 2.5% formalin into either hindpaw of rats habituated to 
the test box. Testing began 30 minutes after formalin injection and 
used criteria as described by Dubuisson and Dennis (Pain, 4, 1977).

Infusion of lidocaine into histologically-verified sites within the LH 
resulted in reductions of between 50% and 100% in mean formalin pain 
scores relative to saline controls in all animals tested, but had no 
effect in the foot-flick test. No difference between the ipsilateral and 
contralateral hindpaw was observed in either test and no behavioral 
effects indicating aversiveness were noted. Similarly, animals receiving 
lidocaine in the LH showed no signs of motor impairment. Rats whose 
cannulae were found to be either medial or posterior to the LH failed 
to show analgesia in either pain test.

These results suggest an involvement of the LH in pain perception 
and further support the hypothesis that different mechanisms subserve 
continuous as opposed to brief, rapidly-rising pain. Investigations of 
the effects of lidocaine infusion into other diencephalic sites and 
further characterizations of LH involvement in formalin-induced pain 
are currently in progress. Supported by NSERC Grant A7891.
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281.1 RETROGRADE TRANSPORT OF HORSERADISH PEROXÌ DASE IS SELECTIVELY 
IMPAIRED IN BULBOSPINAL SEROTONIN AXONS DURING EXPERIMENTAL 
ALLERGIC ENCEPHALOMYELITIS-INDUCED PARAPLEGIA. S.R . White and 
R.M. Bowker. (SPON: D.M. F ragaszy) D ep t. o f  V et. Comp. A n a t., 
P harm aco l., P h y s io l . ,  Wash. S ta te  U n iv ., Pullm an, WA 99164.

B u lbosp ina l axons s ta in e d  fo r s e r o to n in - l ik e  iram unoreac tiv ity  
(SIR) appear to  become g ro s s ly  sw ollen  and d i s to r t e d  as  they  
co u rse  nea r inflam m atory fo c i in  th e  v e n t r a l  and l a t e r a l  fu n ic u l i  
o f  th e  s p in a l  cord o f  r a t s  in  th e  ac u te  p a ra p le g ic  s ta g e  o f 
ex p e rim en ta l a l l e r g i c  e n c ep h a lo m y e litis  (EAE) (W hite e t  a l . ,  
N e u ro s c i., 16: 701-709, 1985). In  a d d i t io n ,  te rm in a l p le x u se s  in  
th e  s p in a l  cord  gray m a tte r  appear to  become d e p le te d  o f  SIR 
du rin g  th i s  s ta g e  o f the  d is e a s e ,  su g g es tin g  th a t  axoplasm ic 
tr a n s p o r t  o f  t r a n s m it te r  to  the  te rm in a ls  may be im paired . The 
p re s e n t s tudy  examined the  a b i l i t y  o f  b u lb o sp in a l s e ro to n in -  
c o n ta in in g  axons to  re t ro g ra d e ly  tr a n s p o r t  h o rs e ra d is h  p ero x id ase  
(HRP) from te rm in a ls  in  th e  lumbar s p in a l cord  to  c e l l  bod ies in  
th e  m edulla o b lo n g a ta .

Lewis r a t s ,  p a ra p le g ic  w ith  EAE, and c o n tro l r a t s  were 
a n e s th e tiz e d  w ith  m ethoxyflu rane , and HRP was in je c te d  
b i l a t e r a l l y  in to  th e  v e n t r a l  lumbar s p in a l  co rd . Two days l a t e r ,  
th e  an im als were p e rfu sed  w ith  s a l in e  fo llow ed by f ix a t iv e  and 
th e  b ra in s tem s  were removed, f ro zen  and se c t io n e d  (25 μm th ic k  
s e c t io n s ) .  B rainstem  s e c t io n s  were re a c te d  fo r  HRP (b lack  
g ra n u le s )  and then  p rocessed  fo r  SIR (p a le  golden brown s ta in )  
acco rd in g  to  th e  methods o f  Bowker e t  a l .  (B ra in  Res. 1983, 288: 
3 3 -48 ). C e ll bod ies p o s i t iv e  fo r  SIR were numerous in  the  
m edulla o f  EAE r a t s  and d id  not d i f f e r  in  number o r morphology 
from th o se  o f  c o n tro l r a t s .  The lo c a tio n s  o f  SIR p e r ik a ry a  were 
a l s o  s im i la r  in  EAE and c o n tro l r a t s  w ith  one e x c e p tio n . A 
v e n t r o la t e r a l  group o f  c e l l s  nea r th e  nuc leus  ambiguus reg io n  
which d id  not s t a i n  fo r  SIR in  th e  c o n tro l r a t s  was p o s i t iv e  fo r  
SIR in  th e  EAE group.

There was a s t r ik i n g  d ec re ase  in  m edu lla ry  c e l l s  which were 
d o u b le - la b e le d  fo r  bo th  SIR and HRP in  EAE r a t s  compared to  
c o n t r o ls .  Most (>80%) SIR c e l l s  were double la b e le d  in  the  
c o n tro l r a t s  w hereas very  few (<12%) were double la b e le d  in  the  
EAE r a t s  ( th e  a b e rra n t v e n t r o la t e r a l  group o f SIR c e l l s  in  the  
EAE r a t s  was no t in c luded  in  th e  c a lc u la t io n s ) .  A lthough most 
SIR axons d id  not re t ro g ra d e ly  t r a n s p o r t  HRP in  th e  EAE r a t s ,  
many o th e r  c e l l s  th a t  d id  no t c o n ta in  s e ro to n in  were r e t ro g ra d e ly  
la b e le d  in  th e se  an im als. HRP g ran u le s  were found in  n o n sero to n in  
c e l l s ,  bo th  in  the  raphe reg io n  and in  o th e r  reg io n s  o f  s e c t io n s  
from EAE r a t s .  This f in d in g  su g g es ts  th a t  r e tro g ra d e  t r a n s p o r t  
i s  im paired  in  b u lb o sp in a l s e ro to n in  axons d u rin g  EAE bu t i s  not 
im paired  in  many n o n se ro to n e rg ic  b u lb o sp in a l axons. Supported by 
th e  WSU R esearch and A rts  Committee and NS 22321).

281.2 RADIOIMMUNOCYTOCHEMICAL ASSESSMENT OF REGIONAL CHANGES IN SUBSTANCE 
P OF RAT SUBSTANTIA NIGRA IN RESPONSE TO CHPONIC HALOPERIDOL OR 
SCH-23390. C .J. Cruz* and R.M. Beckstead. Dept. Neuroscience, 
Univ. of V irg in ia , Charl o t te s v i l le ,  VA 22908.

Substance P is  a pu ta tive  tran sm itte r in s t r ia t i fu g a l  pathways to 
substan tia  n igra pars re tic u la ta  (SNR) and entopeduncular nucl eus. 
Radioimmunoassays of m icrodissected tis su e  have shown declines of 
20-40% in whole n ig ra l SP immunoreactivity (SPI) following chronic 
treatm ent of ra ts  with the dopamine antagonist haloperido l. The 
small s ize  of the rodent SNR, however, makes i t  d i f f ic u l t  to re
solve regional immunoreactivity changes w ithin SNR using these 
techniques. We have combined radioimmunocytochemistry and quantita
t iv e  autoradiography in a method which re lia b ly  d e tects  drug in
duced SPI changes in d iscrete  nigral regions as small as 100 um2.

Twelve ra ts  received daily  in jec tio n s  of e i th e r  haldol (2mg/kg 
ip ; n=6), the D1 an tagon ist SCH-23390 (1mg/kg sc; n=5), or vehicle 
(n= ll) fo r 21 days. Animals were perfused 24h a f te r  the fina l treat
ment, and the b ra ins were processed fo r SP radioimmunocytochemistry 
using [ 3H ]-bio tin  (NEN, 35 Ci/mol ). Prelim inary work suggests that 
the amount of b io tin  bound in th is  procedure co rre la te s  well (r=.96) 
with SP concentrations measured by radioimmunoassay. LKB Ultrofihn 
was apposed to  slide-mounted sections in film  casse tte s  and the re
su ltin g  images were analyzed with a L eitz microdensitometer. Optical 
d e n sitie s  were co llec ted  from m edial, middle d o rsa l, middle ventral, 
and la te ra l  n ig ra l regions in coronal sections a t regu lar intervals 
through the rostrocaudal ex ten t of SN. Comparison of drug-treated 
to  control ra ts  revealed: 1)SPI (pmol biotin/m g tis su e  equivalent) 
was d is trib u te d  heterogeneously and the SP concentration measured 
depended on both the region and the rostrocaudal level examined; 
2)SPI averaged across a ll  4 regions increased lin e a rly  from the 
ro s tra l pole to  the caudal pole of SN in both groups; 3)whole nigral 
SPI was s ig n if ic a n tly  lo w er'(23%) in the haldol group and signifi
can tly  g rea te r in the SCH-23390 group than in con tro ls  (neither 
drug affec ted  the SP content of the in terpeduncular nucleus, 
superio r c o ll ic u lu s ,  cen tra l gray, or arcuate nucleus of the 
hypothalamus); 4 )the  change in SPI measured a f te r  chronic haldol or 
SCH-23390 was not homogeneous but depended on the region of SN exam
ined (haldol-induced loss of n ig ral SP was g rea te r in the middle SN 
than a t  e i th e r  the medial or la te ra l  extrem es). Regional hetero
geneity of haldol-induced loss of n ig ra l SP may be sig n ifican t in 
th a t the regions disp laying  the sm allest decreases (medial and lat
e ra l)  appear to  correspond to  those areas where SPI is  preserved 
following an extensive ip s i la te r a l  ibo ten ic  acid lesion  of the 
s tria tum . We conclude th a t the haldol and SCH-23390 induced changes 
in n ig ral SP are nonuniform and th a t q u a n tita tiv e  
radioimmunocytochemistry is  an appropriate tool fo r measuring 
regional d ifferen ces  in the response of antigen leve ls  to  drugs.

Supported by NSF grant BNS-8504438.

281.3 IN SITU HYBRIDIZATION HISTOCHEMISTRY IN THE RAT BRAIN AND 
ADRENAL MEDULLA USING A PROBE FOR TYROSINE HYDROXYLASE mRNA. M . 
Schal ling*1, T . Hokfel t * 1 ,M . Goldstein2, D. F ile r2, C. Yamin2, 
D.H . S c h le s in g e r 2 and J. M a l le t .*3 (SPON: R. M a rg o l is ) .  
1 D e p a r tm e n t o f  H i s to lo g y ,  K a r o l in s k a  I n s t i t u t e ,  S to ck h o lm , 
Sw eden, 2d e p a r t m e n t  o f  P s y c h ia t r y ,  New York U n i v e r s i ty  M e d ic a l 
C e n te r ,  New Y ork, USA, and 3L a b o r a to r y  o f  C e l l u l a r  N e u ro b io lo g y , 
G i f - s u r - Y v e t t e ,  F ra n c e .

We h av e  ex am in ed  th e  c o n te n t  o f  t y r o s i n e  h y d ro x y la s e  (TH)- 
mRNA and i t s  p r o d u c ts  i n  c e l l s  i n  th e  r a t  b r a i n  and a d re n a l  
m e d u lla .  R e tro g ra d e  t r a c i n g  w i th  F a s t  B lu e  w as u se d  to g e t h e r  
w i th  h y b r i d i z a t i o n  h i s t o c h e m i s t r y  and im m u n o h is to c h e m is t ry  t o  
e s t a b l i s h  p r o j e c t i o n s .  S in g le  s t r a n d e d  RNA p ro b e s  w e re  p ro d u ce d  
by i n  v i t r o  t r a n s c r i p t i o n  u s in g  th e  p la s m id  pGEM-1 fro m  Prom ega 
B io te c  and p o ly m e ra s e s  SP6 and T7. S en se  mRNA f o r  TH w as u sed  
a s  a  n e g a t iv e  c o n t r o l .  S t ro n g  l a b e l l i n g  w as s e e n  o v e r  c e l l  
b o d ie s  i n  t h e  zo n a  c o m p a c ta  o f  t h e  s u b s t a n t i a  n i g r a  and th e  
v e n t r a l  t e g m e n ta l  a r e a .  S t a in i n g  o f  su c h  s e c t i o n s  f o r  i n d i r e c t  
im m u n o flu o re s c e n c e  w i th  TH a n t i s e ru m  r e v e a l e d  a  d i s t i n c t  
l a b e l i n g  o f  c e l l  b o d ie s  i n  t h e s e  a r e a s  w i th  h ig h  c o r r e l a t i o n  
b e tw e e n  g r a i n  l a b e l e d  c e l l s  and T H -p o s i t iv e  c e l l s .  A f te r  
i n j e c t i o n  o f  F a s t  B lue, i n t o  t h e  c o rp u s  o f  th e  c a u d a te  n u c le u s ,  
n um erous b lu e  f l u o r e s c e n t  c e l l s  w ere  o b s e rv e d  i n  t h e  v e n t r a l  
m ese n c e p h a lo n . T h ese  c e l l s  a l s o  c o n ta in e d  T B -im m u n o re a c t iv i ty  
and w e re  c o v e re d  by g r a i n s  i n d i c a t i n g  p r e s e n c e  o f  TH-mRNA. 
Thus, p r o j e c t i o n s  o f  c e l l  b o d ie s  i d e n t i f i e d  w i th  h y b r id i z a t i o n  
h i s t o c h e m i s t r y  c a n  be mapped by s im u l ta n e o u s  a p p l i c a t i o n  o f  
r e t r o g r a d e  t r a c i n g  m eth o d s. T h ese  s t u d i e s  w e re  s u p p o r te d  by 
g r a n t s  NINCDS 06801, MH 35976 and S w ed ish  R e s e a rc h  C o u n c il  04X 
28 8 7 .

281.4 LOCALIZATION OF CHROMOGRANIN A mRNA IN 
NEUROENDOCRINE CELLS BY IN SITU HYBRIDIZATION  
HISTOCHEMISTRY. R. E. Siegel.* A.L. Iacangelo.* and L.E. Eiden* 
(SPON: S. C. Landis). Lab. of Cell Biology, National Institute of Mental 
Health, Bethesda, MD 20892.

Chromogranin A is a soluble protein located within secretory vesicles of 
many neuronal and neuroendocrine cells. This protein is highly acidic and 
migrates with an apparent molecular weight of 75kD on polyacrylamide gels. 
Chromogranin A-like immunoreactivity is widely distributed in neuroendocrine 
tissues, but in many cases the identity of the cells synthesizing this protein is 
unknown. In recent work from this laboratory, a cDNA encoding bovine 
chromogranin A has been isolated and sequenced (Iacangelo et al., these 
Abstracts). Using this information, we have performed in situ hybridization 
histochemistry to locate cells containing chromogranin A mRNA.

In situ hybridization histochemistry was performed on sections of bovine 
tissue. The tissues were rapidly removed, cut into 2-3mm slices, and then 
frozen at -70°C until use. Prior to hybridization, 12μ frozen sections were cut 
and fixed in 4% formaldehyde in 0.1M phosphate buffer. Hybridizations were 
performed using four different 35S-labeled complementary RNA (cRNA) 
probes. These probes were complementary to internal or terminal sequences of 
the bovine chromogranin A coding region and ranged in length from 300-700 
bases. Following hybridization, the tissues were washed, dipped into NTB 3 
liquid emulsion, and exposed 2-14 days for autoradiography .

The distribution of chromogranin A mRNA was examined in several 
bovine tissues, including the adrenal and parathyroid glands, pituitary, and 
brain. These regions have all been shown to contain the chromogranin A 
mRNA by Northern blot analysis. In the adrenal gland, grains were observed 
over the medulla but were absent from the cortex. The distribution of grains 
over the medulla was uneven. Most cells located at the periphery of the 
medulla were heavily labeled while a lower density of autoradiographic grains 
was detected over cells in the central region. A similar pattern of hybridization 
was observed with all four cRNA probes and only backround levels of grains 
were found when a message-sense probe was used. In sections of the 
parathyroid gland, a tissue rich in chromogranin A mRNA, signal was detected 
in most of the parenchymal cells. In the caudate region of the brain, where 
chromogranin A mRNA is less abundant, only scattered labeled cells were 
observed.

Studies using both in situ hybridization and immunohistochemistry are 
being performed to examine the colocalization of chromogranin A with the 
catecholamines and enkephalin. By determining which neurotransmitters and 
neuropeptides are contained in chromogranin A-synthesizing cells, we hope to 
shed light on the function of this protein.
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281.5 SIMULTANEOUS DEM ONSTRATION OF PEPTIDERGIC OR 
CATECHOLAM INERGIC IM M UNOCYTOCHEM ISTRY WITH 
ACETYLCHOLINESTERASE HISTOCHEMISTRY IN THE RODENT BRAIN. 
F.F. Marciano*, J.H. Kordower, and D.M. Gash. (Spon. Y. Chen.) Dept. of 
Neurobiology and Anatomy, Univ. of Rochester Rochester N.Y., 14642.

Acetylcholinesterase (ACHE) containing neurons and fibers have been shown to 
be located within or near some catecholaminergic and peptidergic brain regions 
and may in some way modulate their activity. It would be clearly advantageous to 
visualize both substances simultaneously in order to gain a better understanding of 
the morphological interactions of these neurons. The present study was designed 
to develop a technique which combines both immunocytochemical and 
histochemical methods for the simultaneous visualization of peptidergic or 
catecholaminergic neurons with acetylcholinesterase containing neurons. The 
regions investigated were the hypothalamic neurosecretory system and 
hypothalamic, midbrain and brainstem catecholaminergic loci.

Adult male Long Evans rats (n=10) were anesthetized and perfused with 0.9% 
saline followed by a 4% paraformaldehyde, .025% glutaraldehyde in picric acid 
fixative. The brains were removed and post-fixed in a 30% sucrose solution until 
sunk. Frozen fifty micron sections were collected into ciyoprotective solution and 
stored in the freezer until processed. Alternate sections were reacted 
immunocytochemically with antibodies directed against vasopressin (AVP; 
1:2000), neurophysin (NP; 1:12000) and tyrosine hydroxylase (TH; 1:1000). 
Following the appropriate incubation, the tissue was reacted using the 
Avidin-Biotin-Peroxidase complex. The chromagens used were either 
3,3-diaminobenzidine (DAB; 05%) or a DAB solution containing cobalt chloride 
and nickel ammonium sulfate with .01% or .005% hydrogen peroxide 
respectively. Immediately thereafter, the sections processed for ACHE according 
to the procedure of Genser-Jensen and Blacksted (1971). The tissue was 
incubated for 3h prior to reaction in potassium ferricyanide for 3.5 min. To 
assess the specificity of these reactions, control procedures were carried out with 
the following modifications for each transmitter/ACHE combination: 1) 
substitution of phosphate buffer for the primary antiserum; 2) substitution of PBS 
for the secondary antiserum; or 3) incubation of the tissue in a control ACHE 
medium which did not contain acetylcholine thioiodide.
Clearly discemable individual reaction products for the TH/ACHE, AVP/ACHE, 
and NP/ACHE combinations were observed. Dark brown or black perikarya and 
fibers of immunocytochemically stained neurons were evident and in certain 
regions were found in association with light brown/orange ACHE containing cell 
bodies and/or fibers. For instance, ACHE containing cell bodies were visualized 
in perinuclear regions of the supraoptic nucleus and locus coeruleus sending 
processes toward VP and NP containing cells or TH containing neurons 
respectively.

These results provide a novel approach for the visualization of different 
biologically active compounds with widely distributed ACHE containing elements 
and can serve to enhance our understanding of dynamic and static interactions 
between neural systems.
(JHK is a John Douglas French Fellow; supported by NEH grant NS 15109)

2 8 1 .6  SEROTONIN-IMMUNOREACTIVE VARICOSITIES LOCALIZED ON MEDULLARY 
PNMT-IMMUNOREACTIVE BULBOSPINAL NEURONS. A .P .  N i c h o l a s *  a n d  
M .B . H a n c o c k * . (SPON: J . E .  B la n k e n s h i p ) .  D e p a r tm e n t  o f  A natom y 
a n d  R e u r o s c l e n c e s ,  T h e  U n i v e r s i t y  o f  T e x a s  M e d ic a l  B r a n c h ,  
G a l v e s t o n ,  TX 7 7 5 5 0 .

T w o - c o lo r  I m m u n o p e r o x ld a s e  s t a i n i n g  w a s u s e d  t o  v i s u a l i z e  
b l a c k - s t a i n e d ,  s e r o to n i n - i m m u n o r e a c t i v e  (5 H T I) f i b e r s  a n d  v a r i c o s 
i t i e s  on  a m b e r - s t a i n e d  p h e n y l e th a n o l a m in e  N -m e th y l t r a n s f e r a s e -  
I m m u n o r e a c t lv e  (PNM TI) c e l l s  i n  t h e  m e d u l l a  o f  a d u l t  r a t s  i n 
w h ic h  t h e  t h o r a c i c  s p i n a l  c o r d  w as i n j e c t e d  w i t h  HRP. A n im a ls  
w e re  d e e p l y  a n e s t h e t i z e d  w i t h  N e m b u ta l a n d  m u l t i p l e ,  b i l a t e r a l  
i n j e c t i o n s  o f  50% HRP ( S ig m a ;  T y p e  V I)  i n  p h o s p h a t e  b u f f e r e d  
s a l i n e  ( 0 .1  M; pH 7 . 4 )  w e re  m ade i n t o  t h e  r o s t r a l  t h o r a c i c  s p i n a l  
c o r d  ( 4 - 7  μ l  t o t a l )  t h r o u g h  a  m i c r o p i p e t t e  i n s e r t e d  b e tw e e n  s p i n a l  
l a m i n a e .  A f t e r  2 4 -2 7  h o u r s ,  t h e  r a t s  w e re  a g a i n  a n e s t h e t i z e d  
a n d  p e r f u s e d  t r a n s c a r d i a l l y  w i t h  i c e - c o l d  4% p a r a f o r m a l d e h y d e  
I n  0 .1  M p h o s p h a t e  b u f f e r  (P B ; pH 7 . 4 ) .  T he b r a i n s t e m  w as re m o v e d  
a n d  p o s t f l x e d  o v e r n i g h t  i n  4% p a r a f o r m a l d e h y d e  i n  0 .1  M PB. 
V ib r a to m e  s e c t i o n s  ( 2 5 - 3 0  μ m) w e re  r e a c t e d  w i t h  0 .0 3 5 %  
d i a m i n o b e n z id i n e  (D A B ), 2 .5%  n i c k e l  am m onium  s u l f a t e ,  a n d  0 .0 1 %  
H2O 2 i n  0 .1  M a c e t a t e  b u f f e r  (pH 6 . 0 )  f o r  30  m i n u t e s .  H R P - la b e le d  
c e l l s  sh o w e d  f i n e ,  b l a c k ,  c y t o p l a s m i c  g r a n u l e s .  S e c t i o n s  
c o n t a i n i n g  H R P - la b e le d  c e l l s  w e re  w a s h e d  a n d  s t o r e d  i n  PB f o r  
2 4 - 4 8  h o u r s .  T h e  t i s s u e  w a s t h e n  i n c u b a t e d  o v e r n i g h t  a t  room  
t e m p e r a t u r e  I n  r a b b i t  a n t i -5H T (Im m uno N u c le a r ;  1 : 2 0 , 0 0 0 ) ,  0 .2%  
T r i t o n  X - 1 0 0 , a n d  1% n o rm a l g o a t  se ru m  i n  PB . T h e s e c t i o n s  w e re  
t h e n  i n c u b a t e d  i n  g o a t  a n t i - r a b b i t  IgG ( 1 : 1 0 0 ) ,  r a b b i t  PAP 
( 1 : 6 4 0 ) ,  a n d  f i n a l l y  i n  t h e  n ic k e l- D A B  s o l u t i o n  u s e d  a b o v e .  
5HTI p r o c e s s e s  a n d  c e l l s  w e re  s t a i n e d  b l a c k .  T h e  t i s s u e  s e c t i o n s  
w e re  t h e n  i n c u b a t e d  o v e r n i g h t  a t  room  t e m p e r a t u r e  i n r a b b i t  
a n t i -PNMT (E u g e n e  T e c h ;  1 : 3 0 0 - 5 0 0 ) ,  0 .2 %  T r i t o n  X - 1 0 0 , a n d  1% 
n o rm a l g o a t  s e ru m  i n  PB . T h i s  w as f o l l o w e d  by  i n c u b a t i o n s  i n  
g o a t  a n t i - r a b b i t  IgG  ( 1 : 1 0 0 ) ,  r a b b i t  PAP ( 1 : 6 4 0 ) ,  a n d  f i n a l l y  
i n 0 .0 5 %  DAB a n d  0 .0 1 %  H 20 2 i n  PB. A m b e r - s t a i n e d  PNMTI c e l l s  
e n m e sh e d  i n  5HTI p r o c e s s e s  w e re  o b s e r v e d  i n  t h e  v e n t r a l  m e d u l l a r y  
te g m e n tu m , i n  t h e  m e d u l l a r y  r a p h e  a n d  i n  t h e  s o l i t a r y  n u c l e u s .  
T i s s u e  s e c t i o n s  w e re  f l a t - e m b e d d e d  i n  S p u r r  p l a s t i c  a n d  b l o c k s  
o f  s e l e c t e d  r e g i o n s  w e re  c u t  fro m  t h e s e  s e c t i o n s  a n d  c e m e n te d  
o n  p l a s t i c  r o d s .  S e m i - t h in  ( 1 - 2  μm) s e c t i o n s  o f  t h i s  m a t e r i a l  
w e re  c u t  u s i n g  a n  u l t r a m i c r o to m e  a n d  g l a s s  k n i v e s .  B l a c k - s t a i n e d  
5HTI p r o c e s s e s  c o u l d  b e  v i s u a l i z e d  a l o n g  t h e  b o r d e r s  o f  
i n d i v i d u a l ,  a m b e r - s t a i n e d ,  PNMTI c e l l s .  Many o f  t h e  PNMTI c e l l s  
w e re  l a b e l e d  w i t h  HRP, i n d i c a t i n g  t h a t  t h e y  p r o j e c t e d  t o  t h e  
s p i n a l  c o r d .  T h e  r e s u l t s  s u g g e s t  t h a t  5HT r e l e a s e d  fro m  f i b e r s  
I n  t h e  m e d u l l a  may i n f l u e n c e  a c t i v i t y  i n  b r a i n s t e m  a d r e n a l i n e  
n e u r o n s  t h a t  p r o j e c t  t o  t h e  s p i n a l  c o r d .

281.7 THE SIMULTANEOUS ELECTRON MICROSCOPIC IMMUNOCYTO
CHEMICAL LOCALIZATION OF PNMT-CONTAINING TERMINALS AND 
CORTICOTROPIN RELEASING FACTOR NEURONS IN RAT 
PARAVENTRICULAR NUCLEUS. J.A. Olschowka. Dept. of 
Neurobiology and Anatomy, Univ. of Rochester Sch. of Med. and Dent., 
Rochester, NY 14642.

In electron microscopic studies of the nervous system it would be 
advantageous to be able to simultaneously label two or more antigens in 
order to determine the synaptic relationships of the identified neurons. 
We recently developed a new method for the electron microscopic 
immunocytochemical (EM ICC) localization of antigen-antibody reactive 
sites using a fluorine labeled antibody and electron spectroscopic imaging 
(ESI). ESI is an EM technique that permits the detection of the spatial 
distribution of atomic elements at high resolution. Briefly, an antiserum 
against rat corticotropin releasing factor (CRF) is conjugated, using 
carbodimide coupling, with nonadecafluorodecanoic acid in order to label 
it with fluorine atoms. The antibody is incubated with the tissue and the 
fluorine-labeled antibody is then localized using a Zeiss EM902 electron 
microscope equipped with an electron spectrometer.

Previous studies have demonstrated a major projection of PNMT 
containing axons to the paraventricular nucleus (PVN; Hokfelt et al, Brain 
Res 66:235-251, 1974; Swarison et al, J Comp Neurol 196:271-285, 1981). 
Following depletion of hypothalamic epinephrine, CRF has been reported 
to increase in the PVN (Mezey et al, Nature 310:140-141, 1984). This 
suggests that central epinephrine neurons have an inhibitory role in the 
physiological response to stress. To determine if this role was due to a 
direct influence of epinephrine terminals on CRF neurons, we combined 
the avidin-biotin-peroxidase method (ABC) for the localization of PNMT 
with the ESI method for localizing our fluorine-labeled anti-CRF. Briefly, 
male Sprague-Dawley rats were perfused with an acrolein- 
paraformaldehyde fixative. The PVN was vibratome sectioned, incubated 
in rabbit anti-PNMT (Eugene Tech), and stained using the ABC method 
(Vector Labs). Following the diaminobenzidine reaction, the sections 
were incubated in rabbit anti-CRF labeled with fluorine, osmicated, and 
embedded in resin. Unstained 30 nm thick thin sections were then 
examined in the Zeiss EM902.

Numerous PNMT positive terminals were observed within the PVN 
forming asymmetric synapses with the soma and dendrites of both parvo- 
and magnocellular neurons. A number of the parvocellular neurons were 
observed to contain the fluorine-labeled anti-CRF. This demoństrates a 
direct action of epinephrine axon terminals on CRF neurons of the rat 
PVN. Supported by PHS grant NS02799.

2 81 .8  DEFINITION OF SUBSETS OF ENTERIC NEURONS BY THE HISTOCHEMICAL 
DEMONSTRATION OF THE ACTIVITIES OF ENDOGENOUS ALKALINE PHOSPHATASE AND 
NADPH-DIAPHORASE: CO-LOCALIZATION WITH NEUROPEPTIDES. M.D. Gershon and A. 
L. Kirchoessner*. Dept. of Anat. and Cell Biol.,  Columbia Univ. P&S, New York,  N.Y. 
1 0032

The en teric  nervous system (ENS) is distinguished by the extrem e phenotypic 
d iversity  of its  component neurons. More than 2 0  established o r putative 
n eu ro transm itte rs  have been so fa r identified in the two enteric  plexuses. These 
include, neuropeptides, ATP, and sm all molecules, such as acetylcholine (ACh) and 
serotonin (5-H T ). For the most p art the different types of en teric  neuron have been 
identified immunocytochemically. We now rep o rt that subtypes of en teric  neuron a re  
also revealed by the histochemical demonstration of enzymatic m ark ers  and we have 
begun to re late  th is  method of categorization to putative tran sm itte r content. The 
m ark ers  studied w ere alkaline phosphatase (AP) and nicotinamide adenine dinucleotide 
phosphate-diaphorase (NADPH; found in cholinergic neurons in the stria tum  and 
re tic u la r  form ation). AP was demonstrated w ith Vector’s™ red o r blue substrate  
reaction k it and NADPH was shown with n itro  blue tetrazolium . AP was found to mark 
a subset of neurons (about 10 % ) and nerve processes in the m yenteric but not the 
submucosal plexus of the guinea pig. The A P-containing neurons all had many sho rt 
stubby dendrites (Dogiel type 1 morphology). In the region around the m yenteric 
plexus, and in the deep m uscular plexus, AP was also found in cells that appeared to be 
in ters titia l cells of Cajal (ICC). The enzymatic activ ity  of the neurons and ICC cells 
was different from that of the mucosal epithelium  because the neuronal AP was 
inhibited by levamisole while the mucosal form of the enzyme was not. This difference 
p erm its  neuronal AP to be localized sim ultaneously w ith n eu ro transm itte rs  when 
these a re  shown immunocytochemically using a species specific biotinylated secondary 
antiserum  and avidin coupled to the mucosal type of AP. Endogenous AP did not co
localize in neurons w ith neuropeptide Y (NPY), substance P , vasoactive intestinal 
polypeptide, o r w ith 5-HT im m unoreactivity; however, most of the neurons with 
endogenous AP also contained NADPH, although both histochemical m ark ers  also 
occurred singly. NADPH a ctivity  marked about a th ird  of the neurons of the m yenteric 
plexus and 10 0 % of the neurons in the submucosal plexus. Some m yenteric NADPH 
neurons also had NPY im m unoreactivity and represented  a c lear subgroup of small 
neurons; th is  dually marked group represented  less than 10% of the NADPH and about 
2 5 % of the NPY neurons. M yenteric neurons demonstrated by NADPH did not contain 
substance P o r  5 -H T , and they did not take up quinacrine. These observations indicate 
that subtypes of en teric  neuron, even w ith the same putative neu ro transm itte r, can be 
distinguished when histochemical as well as immunocytochemical m ark ers  a re  used. 
M oreover, submucosal neurons a re  d ifferent from those of the m yenteric plexus even 
if the same neuropeptide is found in both. Supported by NIH g ran ts NS 1 2 9 6 9 , and 
N S07062.
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281.9 EVALUATION OF THE METABOLIC HISTORY OF IDENTIFIED ENTERIC NEURONS: 
SIMULTANEOUS DEMONSTRATION OF PUTATIVE NEUROTRANSMITTER BY 
IMMUNOCYTOCHEMISTRY WITH THE HISTOCHEMICAL DEMONSTRATION OF 
CYTOCHROME OXIDASE ACTIVITY. A. L. Kirchgessner*, G. M. Mawe. and M.D. Gershon. 
(SPON: T. Branchek). Dept. of Anat. and Cell Biol.,  Columbia Univ. P&S, New York, 
N.Y. 10032

Many types of neuron have been recognized in the enteric nervous system (ENS). 
These have been distinguished on the basis of differences in putative or established 
neurotransmitter content, membrane properties, or cell shape. More recently, we 
have found that the histochemical demonstration of cytochrome oxidase (CO) activity 
could be used to demonstrate which enteric neurons are chronically active. We now 
report the use of the CO technique to assess the level of activity of different enteric 
neurons identified simultaneously by immunocytochemistry or by the histochemical 
demonstration of endogenous alkaline phosphatase (AP). Types of neuron studied by 
this approach included neurons containing serotonin (5-HT), neuropeptide Y (NPY), 
and calcitonin gene related peptide (CGRP). The immunoreactivity of putative 
transmitters was demonstrated using biotinylated species-specific secondary antisera 
and avidin coupled to the enteric mucosal form of AP (Vector red substrate reaction 
kit). Levamisole, which inhibited the neuronal but not the mucosal form of AP, was 
used to distinguish sites of immunoreactivity from endogenous neuronal AP. 
Diaminobenzidine was employed to demonstrate CO activity. Density of the CO reaction 
product was intensified with cobalt and assessed using computer-assisted video 
microdensitometry. In the submucosal plexus neurons with CGRP and NPY 
immunoreactivities were both found to be less active, with respect to their level of CO 
activity, than the average of neurons that do not have these substances. In the 
myenteric plexus neurons containing 5-HT, CGRP, NPY, and endogenous AP again were 
all less active with respect to CO than the remaining neurons. The observation that the 
level of CO activity is the same in CGRP- and NPY-containing neurons was predicted 
because they have been reported by Furness et al., 1985 to be co- localized in the same 
neurons along with cholecystokinin, choline acetyl transferase, and somatostatin. All 
of the neurons examined in the current study belong to minority subsets of neurons of 
the ENS. Their below average level of metabolic activity suggests that they are 
probably phasically rather than tonically active. The neurons are therefore of 
considerable interest because of the insight into the control of gastrointestinal activity 
that will be ascertained by determining what kind of perturbation in vivo will 
increase their activity. Supported by NIH grant #  NS 12969, NS07062, and the 
P.M.A.F.

281.10 PURIFICATION AND CHARACTERIZATION OF ARPP-21, A SUBSTRATE FOR 
CAMP-DEPENDENT PROTEIN KINASE ENRICHED IN DOPAMINE-INNERVATED 
BRAIN REGIONS. H. C. Ham mings. J r .  * .C. C. Oui m et an d  P. 
G r e e n e a r d . L a b o ra to ry  o f  M o le c u la r  an d  C e l l u l a r  N e u ro s c ie n c e , The 
R o c k e f e l l e r  U n i v e r s i t y ,  1230 Y ork A venue, New Y ork , NY 10021

ARPP-21 ( c AMP-r e g u la t e d  ph o sp h o p r o t e i n ,  Mr =2 1 ,0 0 0 ) i s  a major 
c y t o s o l i c  s u b s t r a t e  f o r  c A M P -s tim u la te d  p r o t e i n  p h o s p h o ry la t io n  in 
d o p a m in e - in n e rv a te d  r e g io n s  o f  r a t  b r a i n  (W alaas e t  a l . , J . 
N e u r o s c i . 3 :3 0 2 , 1 9 8 3 ) . T h is  p h o s p h o p ro te in  h a s  now b e e n  
i d e n t i f i e d  i n  b o v in e  c a u d a te  n u c le u s  c y to s o l  an d  p u r i f i e d  to  
h o m o g en e ity  from  t h i s  s o u rc e .  The p u r i f i c a t i o n  p r o c e d u re  involved 
d i e t h y l a m in o e t h y l - c e l l u lo s e  c h ro m a to g ra p h y , ammonium s u l f a t e  
f r a c t i o n a t i o n ,  p h e n y l-S e p h a ro s e  4B c h ro m a to g ra p h y  an d  f a s t  protein 
l i q u i d  c h ro m a to g ra p h y  u s in g  Mono Q a n io n  e x ch an g e  r e s i n .  Two 
i s o fo rm s  o f  ARPP-21 (ARPP-21A an d  ARPP-21B) w ere  o b t a in e d ,  which 
w ere  p r e s e n t  i n  a p p ro x im a te ly  e q u a l  am ounts i n  th e  s t a r t i n g  
m a t e r i a l .  ARPP-21A was p u r i f i e d  - 2 6 0 0 - f o l d  w i th  a  f i n a l  y i e ld  of 
20% an d  ARPP-21B was p u r i f i e d  - 2 9 0 0 - f o ld  w i th  a  f i n a l  y i e l d  of 
21%. The p u r i f i e d  p r e p a r a t i o n s  o f  b o th  i s o fo rm s  w ere ju d g ed  to be 
hom ogeneous by  sodium  d o d e c y l  s u l f a t e / p o ly a c r y l a m id e  g e l  
e l e c t r o p h o r e s i s .  ARPP-21A an d  ARPP-21B y i e l d e d  i d e n t i c a l  two- 
d im e n s io n a l  t h i n - l a y e r  t r y p t i c  p h o s p h o p e p tid e  m aps, i d e n t i c a l  
am ino a c id  c o m p o s i tio n s  an d  c l o s e l y  r e l a t e d  t r y p t i c  p e p t id e  HPLC 
m aps. The am ino a c id  c o m p o s i t io n s  o f  ARPP-21A an d  ARPP-21B showed 
a  h ig h  c o n te n t  o f  g lu ta m ic  a c id / g lu t a m i n e , an d  no m e th io n in e , 
t r y p to p h a n ,  t y r o s i n e ,  p h e n y la l a n in e  o r  h i s t i d i n e .  The p u r i f i e d  
c a t a l y t i c  s u b u n i t  o f  cA M P-dependent p r o t e i n  k in a s e  c a ta ly z e d  the 
i n c o r p o r a t i o n  o f  -1  mol o f  p h o s p h a te /m o l  o f  p u r i f i e d  ARPP-21. 
P h o s p h o r y la t io n  o c c u r r e d  e x c lu s i v e l y  on s e r i n e .  ARPP-21 remained 
p h o s p h o r y l a ta b l e  an d  s o lu b l e  upon  h e a t  d e n a tu r a t i o n  o r  trea tm en t 
w i th  50% e th a n o l ,  and  was p a r t i a l l y  s o lu b l e  a t  pH 2 . The 
i s o e l e c t r i c  p o i n t  o f  p h o s p h o ry la te d  ARPP-21 was 4 .5 .  The Mr 
d e te rm in e d  f o r  ARPP-21 by  sod ium  d o d e c y l  s u l f a te /p o ly a c r y la m id e  
g e l  e l e c t r o p h o r e s i s  was 2 1 ,0 0 0 . The S to k e s  r a d i u s  o f  ARPP-21 was 
2 6 .3  A, an d  th e  s e d im e n ta t io n  c o e f f i c i e n t  was 1 .3  S ; t h e s e  values 
y i e l d  a  c a l c u l a t e d  m o le c u la r  m ass o f  1 3 ,7 0 0  d a l t o n s , a  f r i c t i o n a l  
r a t i o  o f  1 .7  and  an  a x i a l  r a t i o  o f  1 3 .5 ,  i n d i c a t i v e  o f  an 
e lo n g a te d  t e r t i a r y  s t r u c t u r e .  ARPP-21 i s  an  e x c e l l e n t  s u b s tr a te  
f o r  cA M P-dependent p r o t e i n  k i n a s e ,  an d  i s  o n ly  p o o r ly  
p h o s p h o ry la te d  by  cG M P-dependent p r o t e i n  k i n a s e ,  
c a lc iu m /c a lm o d u l in -d e p e n d e n t  p r o t e i n  k in a s e s  I  an d  I I  and pro tein  
k in a s e  C. Im m unocy tochem ica l d a ta  i n d i c a t e  t h a t  ARPP-21 i s  a 
c A M P -reg u la te d  p h o s p h o p ro te in  h i g h ly  e n r i c h e d  i n  do p am in e- 
i n n e r v a te d  b r a i n  r e g io n s  (O uim et e t  a l . , s e e  accom pany ing  
a b s t r a c t ) , an d  may t h e r e f o r e  p l a y  a  r o l e  i n  m e d ia t in g  some o f the 
p h y s io l o g ic a l  e f f e c t s  o f  dopam ine a c t i n g  a t  D -l dopam ine 
r e c e p t o r s .

281.11 IMMUNOLOGICAL LOCALIZATION OF NEUROTRANSMITTER-RECEPTORS ON 
NEURONS AND GLIA IN DISSOCIATED HYPOTHALAMIC CULTURES.
R. V e n t im ig l i a .  J .  G r ie r s o n *  an d  H. M. G e l l e r .  D e p t . o f  Pharm a
c o lo g y ,  U .M .D .N .J .-R .W . J o h n s o n  M e d ic a l S c h o o l an d  The G ra d u a te  
S c h o o l,  R u tg e rs  U n i v e r s i t y ,  P is c a ta w a y ,  NJ 08854 .

The e x p r e s s io n  o f  n e u r o t r a n s m i t t e r  r e c e p t o r s  i s  h e te ro g e n e o u s  
among n e u ro n a l  p o p u l a t i o n s .  T r a d i t i o n a l l y ,  e l e c t r o p h y s i o lo g i c a l  
m e th o d s  h a v e  b e e n  n e c e s s a r y  t o  i n v e s t i g a t e  th e  e x p r e s s io n  o f  
n e u r o t r a n s m i t t e r  r e c e p t o r s  by  s i n g l e  n e u ro n s .  The a v a i l a b i l i t y  o f  
a n t i b o d i e s  d i r e c t e d  a g a in s t  n e u r o t r a n s m i t t e r  r e c e p t o r s ,  c o u p le d  
w i th  d i s s o c i a t e d  t i s s u e  c u l t u r e  p r e p a r a t i o n s ,  e n a b le s  th e  d i r e c t  
v i s u a l i z a t i o n  o f  n e u r o t r a n s m i t t e r  r e c e p t o r  e x p r e s s io n  a t  th e  
s i n g l e  c e l l  l e v e l .  We h a v e  u s e d  a n t i b o d i e s  d i r e c t e d  a g a in s t  
p u r i f i e d  GABA r e c e p t o r s  an d  b e t a - a d r e n e r g i c  r e c e p t o r s  to  c h a r a c t e r 
i z e  t h e  e x p r e s s io n  o f  t h e s e  r e c e p t o r s  b y  h y p o th a la m ic  n e u ro n s  
i n  d i s s o c i a t e d  c u l t u r e .  M o re o v e r ,  im m u n o lo g ic a l ly  i d e n t i c a l  
r e c e p t o r s  a r e  fo u n d  on  c u l t u r e d  a s t r o c y t e s .

D i s s o c i a te d  c u l t u r e s  o f  r a t  em b ry o n ic  h y p o th a la m u s  w ere p re p a re d  
an d  im m u n o cy to ch em ical e x p e r im e n ts  w ere  c o n d u c te d  a s  p r e v io u s ly  
d e s c r ib e d  ( N e u r o s c i .  A b s t .  1 1 : 1065 , 1 9 8 5 ) .

A n tib o d y  6CH10 p r e p a r e d  a g a i n s t  p u r i f i e d  GABA r e c e p t o r s  was 
o b t a i n e d  f ro m  J .  T a llm a n  (Y a le  U n i v . ) .  A p p ro x im a te ly  80% o f  
h y p o th a la m ic  n e u ro n s  d i s p l a y e d  GABA r e c e p t o r  im m u n o re a c tiv i ty .  
S t a in i n g  was n o n -u n ifo rm ; so m ata  t y p i c a l l y  d i s p l a y e d  a  p ro m in e n t 
a r e a  o f  i n t e n s e  f lu o r e s c e n c e  w i th  t h e  r e m a in in g  a r e a  show ing 
l i t t l e  o r  no r e a c t i v i t y .  S i m i l a r ly ,  im m u n o re a c tiv i ty  was l im i t e d  
t o  d i s c r e t e  seg m en ts  o f  n e u ro n a l  p r o c e s s e s .  S t a in i n g  was m ost 
p ro m in e n t  on p ro x im a l p r o c e s s e s ;  se g m e n ts  o f  d i s t a l  p r o c e s s e s ,  
in c lu d in g  g ro w th  c o n e s ,  o f t e n  d i s p l a y e d  im m u n o re a c tiv i ty .  V i r t u a l l y  
a l l  a s t r o c y t e s  d i s p l a y e d  G A B A -recep to r im m u n o re a c tiv i ty .  The 
p a t t e r n  o f  s t a i n i n g  on a s t r o c y t e s  was q u i t e  d i f f e r e n t  from  t h a t  on 
n e u ro n s .  Im m u n o re a c tiv i ty  was g e n e r a l l y  l im i t e d  t o  5 μ M " p a tc h e s "  
on th e  s u r f a c e  o f  th e  a s t r o c y t e .

A p o ly c lo n a l  a n t i - i d i o t y p i c  a n t ib o d y  ( a n t i - i d 3 )  w h ich  r e c o g n iz e s  
th e  b e t a - a d r e n e r g i c  r e c e p t o r  e p i to p e  was o b ta in e d  from  M. G reene 
(U n iv . o f  P a . ) .  A p p ro x im a te ly  one t h i r d  o f  c u l t u r e d  h y p o th a la m ic  
n e u ro n s  e x p re s s  b e t a - r e c e p t o r - l i k e  im m u n o re a c tiv i ty .  I n  c o n t r a s t  
t o  G A B A -receptor im m u n o re a c tiv i ty ,  b e t a - r e c e p t o r  im m u n o re a c tiv ity  
i s  fo u n d  u n i fo r m ly  on th e  soma an d  p ro x im a l  p r o c e s s e s .  A s t ro c y te s  
d i s p l a y e d  a  u n ifo rm  lo w - le v e l  o f  im m u n o re a c tiv i ty .

T h ese  r e s u l t s  d e m o n s tra te  t h a t  im m u n o lo g ic a l m ethods can  be 
u s e d  to  d e l i n e a t e  th e  e x p r e s s io n  o f  p h a rm a c o lo g ic a l  r e c e p t o r s  by 
c u l t u r e d  n e u ro n s .  The h e t e r o g e n e i t y  o f  r e c e p t o r  e x p r e s s io n  by 
h y p o th a la m ic  n e u ro n s  may th u s  r e f l e c t  t h e i r  f u n c t i o n a l  d i v e r s i t y .  
A d d i t i o n a l ly ,  th e  e x p r e s s io n  o f  th e  same e p i to p e  on a s t r o c y te s  
s u g g e s t s  t h a t  a s t r o c y t e s  and  n e u ro n s  e x p re s s  c l o s e l y  r e l a t e d  
r e c e p t o r s .  (S u p p o rte d  by  g r a n t s  from  N .I .H .  an d  N .S .F . to  H. G. 
and  a  M erck F e l lo w s h ip  t o  R. V .)

281.12 AN IMMUNOCYTOCHEMICAL AND AUTORADIOGRAPHIC ANALYSIS OF 
PUTATIVE GABAERGIC NEURONS IN THE NEMATODE ASCARIS.
J .G u a s te l l a * ,  C .D .Johnson, and A .O .W .S tre tton . 
(SPON:A.W.Clark). N eurosciences T ra in in g  Program and The 
D epartm ent o f  Zoology, U n iv e rs ity  o f  W isconsin, M adison, 
WI 53706.

A number o f  d i f f e r e n t  approaches have t r a d i t i o n a l l y  been 
used to  determ ine th e  n e u ro t ra n s m it te r  phenotype o f  ne rv e  
c e l l s .  These methods have in c lu d ed  tech n iq u es  fo r  th e  d i r e c t  
v i s u a l i z a t i o n  o f  th e  n e u ro tra n s m it te r  o r i t s  s y n th e t ic  enzyme, 
as  w e ll  a s  more in d i r e c t  methods, such as  n e u ro tra n sm it te r  
u p take . The l a t t e r  tech n iq u e  in  p a r t i c u l a r  has been w idely  
used in  th e  lo c a l i z a t i o n  o f  c e l l s  which u t i l i z e  amino ac id  
n e u ro t ra n s m it te r s . However, w ith  th e  ad v en t o f  immunocyto
chem ical methods fo r  th e  d i r e c t  v i s u a l iz a t io n  o f  amino a c id s , a 
c o n tro v e rsy  has d eve loped  o v e r  w hether a l l  n e rv e  c e l l s  which 
c o n ta in  a p a r t i c u l a r  amino ac id  t r a n s m it te r  a l s o  po sse ss  an 
up take  system  fo r  th a t  amino a c id .

We a re  in v e s t ig a t in g  th i s  problem  in  th e  nematode A scaris  
w ith  an em phasis on th e  n e u ro t ra n s m it te r  gamma-aminobutyric 
ac id  (GABA). Botli GABA im munocytochemistry and an a u to ra d io 
g rap h ic  study  o f  3H-GABA up take have been perform ed. We have 
found th a t  id e n t i f i e d  in h ib i to ry  m otorneurons in  th e  m ajor 
n e rv e  co rds  s ta i n  in te n s e ly  w ith  an an tise rum  to  GABA, b u t th a t 
th e se  same neurons do n o t ta k e  up 3H-GABA under th e  co n d itio n s  
te s te d .  On th e  o th e r  hand, a group o f  neurons o f  unknown 
p h y s io lo g ic a l  s ig n , lo c a te d  in  th e  a n t e r io r  g a n g l ia ,  bo th  
c o n ta in  GABA-like im m unoreactiv ity  and ta k e  up 3 H-GABA.

Thus, th e re  appear to  be a t  l e a s t  two c l a s s e s  o f  nematode 
neurons w ith  GABA-related m arkers: one c l a s s ,  which p o sse sse s  a 
GABA-like im m unoreactive su b stan ce  as  w e ll  as  an up take system 
fo r  GABA; and a second c l a s s  which p o sse sse s  a GABA-like 
im m unoreactive su b stan ce , b u t which lacks an up take  system  fo r 
GABA. I t  i s  o f  p a r t i c u l a r  i n t e r e s t  th a t  GABA up take , a marker 
t r a d i t i o n a l l y  used by v e r te b r a te  neu ro an a to m ists  to  v i s u a l iz e  
neurons though t to  use GABA as a n e u ro t ra n s m it te r , does no t 
r e s u l t  in  th e  la b e l in g  o f  a c l a s s  o f  p h y s io lo g ic a l ly  
i d e n t i f i e d ,  GABA-immunoreactive in h ib i to ry  neurons in  th e  
nem atode.

Supported by USPHS G rant AI20355.
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281.13 ULTRASTRUCTURE OF IMMUNOREACTIVE SUBSTANCE P IN HUMAN 
AND MARMOSET ROSTRAL SUBSTANTIA INNOMINATA. E. T. 
H e d le y -W h y te .  R .H . P e r r y ,*  J .M . C a n d y , *  a n d  J . E .  
E d w a r d s o n .* M a s s a c h u s e t t s  G e n e r a l  H o s p i t a l ,  H a r v a r d  
U n i v e r s i t y ,  B o s to n ,  MA 0 2 1 1 4  a n d  MRC N e u r o e n d o c r i n o lo g y  
U n i t ,  N e w c a s t le  u p o n  T y n e , UK.

N e u r o p e p t i d e  i m m u n o r e a c t i v i t y  ( IR )  i n  hum an r o s t r a l  
s u b s t a n t i a  in n o m in a t a  ( S I )  i s  r i b b o n - l i k e  a n d  b r o a d e r  
a n d  d e n s e r  t h a n  n e r v e  t e r m i n a l  IR  (C an d y  e t  a l ,  J  A n a t , 
1 4 0 :3 0 9 ,  1 9 8 5 ) .  T he u l t r a s t r u c t u r a l  l o c a t i o n  o f  
s u b s t a n c e  P IR  i n  t h e  r o s t r a l  S I  o f  2  m a rm o s e t a n d  
t h r e e  hum an b r a i n s  w as e x a m in e d . A n e s t h e t i s e d  m a r
m o s e t s  w e re  p e r f u s e d  w i th  4% p a r a f o r m a ld e h y d e  a n d  0 .2%  
g l u t a r a l d e h y d e .  T he hum an S I  w e re  f i x e d  by  im m e r s io n .  
A f t e r  3 - 4 d  t i s s u e s  w e re  p l a c e d  i n  0 . 1M PO4 b u f f e r  w i th  
5% s u c r o s e  f o r  6 - 1 0  d . 4 0  um v i b r a t o m e  s e c t i o n s  w e re  
e x p o s e d  t o  m o n o c lo n a l  a n t i  s u b s t a n c e  P 1 :5 0 0  ( 1 - 3 d ) .  
A f t e r  im m e r s io n  i n  2 .5%  g l u t a r a l d e h y d e  s l i c e s  w e re  
e x p o s e d  t o  g o a t  a n t i r a t  IgG  ( 1 : 5 0 ) ,  r a t  PAP ( 1 : 8 0 )  a n d  
DAB. IR a r e a s  o f  g l o b u s  p a l l i d u s  a n d  m e d ia l  a n d  s u b 
c o m m is s u r a l  S I  w e re  e x a m in e d  i n  a n  e l e c t r o n  m i c r o s c o p e  
a f t e r  f i x a t i o n  i n  2% OsO4 . C o n t r o l s  i n c l u d e d  a b s o r b e d  
s u b s t a n c e  P a n d  o m i s s i o n  o f  p r im a r y  a n t i s e r u m .

L i g h t  m i c r o s c o p i c  d i s t r i b u t i o n  o f  IR  r e s e m b l e s  
p r i o r  r e p o r t s  (B e a c h  & M cG eer, N e u r o s c i e n c e  1 3 :2 9 ,  
1 9 8 4 ) .  T he i n t e n s e  IR  i n  s m o o th  f i n e  b u n d l e s  w i t h i n  
t h e  v e n t r a l  i n t e r n a l  c a p s u l e  a n d  a n t e r i o r  c o m m is s u re  i s  
i n  t h e  u n m y e l in a t e d  a x o n s .  T h e  r i b b o n - l i k e  IR  i n  t h e  
p o s t e r i o r  n u c l e u s  a c c u m b e n s  a t  i t s  j u n c t i o n  w i th  m e d ia l  
S I  i s  g r o u p s  o f  IR  a n d  n o n - I R  u n m y e l in a t e d  a x o n s  up  t o  
4 t o  4 . 7um a c r o s s .  I n  a d d i t i o n  som e s y n a p s e s  o n to  
l a r g e  d e n d r i t e s  a r e  IR . I n  b o th  m e d ia l  a n d  s u b c o m m is 
s u r a l  S I ,  IR  a x o n s  h a v e  v a r i c o s i t i e s  ( 0 . 1 3 -3 u m ) a l o n g  
th e m . T he " w o o l ly  f i b e r s "  i n  t h e  i n t e r n a l  p a l l i d a l  
s e g m e n ts  a n d  s u b c o m m is s u r a l  S I  a r e  IR  t e r m i n a l s  on  
l a r g e  d e n d r i t e s  a s  p r e v i o u s l y  s u g g e s t e d .  O c c a s i o n a l  
m y e l i n a t e d  f i b e r s  a r e  a l s o  IR . IR  v a r i c o s i t i e s  1 .5 u m  i n  
d i a m e t e r  c o n n e c t e d  by  IR  u n m y e l in a t e d  a x o n s  r u n  p a r a l 
l e l  t o  a n d  a r o u n d  d e n d r i t e s  i n  s u b c o m m is s u r a l  a n d  
r o s t r a l  S I .  S u b c o m m is s u r a l  S I  IR  r e s e m b l e s  t h a t  s e e n  
i n  g l o b u s  p a l l i d u s .  T h i s  r e g i o n  t h u s  c o r r e s p o n d s  t o  
v e n t r a l  g l o b u s  p a l l i d u s  (B e a c h  & G e e r ,  H a b e r  & N a u ta ,  
N e u r o s c i e n c e  9 : 2 4 5 ,1 9 8 3 ,  L j u n d a h l  e t  a l  N e u r o s c i e n c e  
3 : 8 6 1 , 1 9 7 8 ) . I n  som e b o u to n s  IR  i s  l i m i t e d  t o  l a r g e  
d e n s e  c o r e  g r a n u l e s  w h e r e a s  o t h e r  b o u to n s  h a v e  u n i f o r m  
IR .
S u p p o r t e d  i n  p a r t  by  t h e  W e llco m e  T r u s t .

281.14 TOPOGRAPHY AND MORPHOLOGY OF SEROTONERGIC NEURONS IN THE HUMAN 
BRAINSTEM. I. Tork* and J .P .  Hornung. In s t i t u t e  of Anatomy, Uni
vers i ty  of Lausanne, 1005 Lausanne, Switzerland.

The study of serotonergic  neurons in the human is  hardly pos
s ib le  with the use of antibodies against serotonin ,  as th i s  mono
amine d is s ipa tes  soon a f t e r  death, well before f ixa t ion  of the 
postmortem t i s sue  is  possib le .  We employed a monoclonal antibody 
ra ised  against  phenylalanine hydroxylase (Jennings e t  a l . ,  Bio
chem. J .  235:133, 1986) which recognizes tryptophan hydroxylase, 
the  synthet ic  enzyme of serotonin .  Although in v i t ro  th i s  antibody 
also reacts  with ty rosine hydroxylase, in formalin-fixed human 
brain i t  demonstrates the  serotonergic  c e l l s  p re fe ren t ia l ly  (Hahn 
e t  a l . ,  Proc. Natl.  Acad. Sc i . , in press).

Brainstems were fixed in 10% buffered formalin and frozen 
sections were reacted using the b io t in-avid in  technique. The DAB 
react ion was in tens i f ied  by nickel ions yielding a black react ion 
product, allowing d is t in c t io n  of the serotonergic  c e l l s  from the 
pigmented catecholaminergic c e l l s  which appeared brown. The immu
nostained neurons were plo tted and using a computer program the 
serotonergic  cel l  groups were reconstructed .

The dorsal raphe nucleus (nucleus supra troch lear is  of Olszewski 
and Baxter, Cytoarchitecture  of the human brain stem, 1954), is  
4.5-5 mm long. The ros tra l  end of the nucleus is  broad but in the 
caudal ha lf  the c e l l s  are  concentrated b i l a t e r a l l y  in two rod
shaped regions,  located f a r  from the midline. Most c e l l s  have 
la rge ,  fusiform bodies with extensive b i tu f ted  dendri t ic  f i e ld s .  
By con t ra s t ,  the immunoreactive c e l l s  in the superio r central  
nucleus are  small and have small dendri t ic  f i e ld s .  The c lu s te r  of 
labelled c e l l s  extends dorsola te rall y as f a r  as the  locus coeru- 
leus and ven t ro la te ra l ly  along the medial lemniscus. The d i s t i n c t ,  
but small raphe pont is  nucleus i s  formed by two rows of c e l l s  
pa ra l le l  to the midline. The c e l l s  of the raphe magnus nucleus 
extend f a r  l a t e r a l l y  and caudally , dorsal to the in fe r io r  o live ,  
where they are  small and multipolar . The raphe obscurus nucleus is  
a t  l e a s t  as long as the open medulla and i t s  c e l l s  are  par t icu-  
la r ly  numerous caudal l y. In the paragigantoce llu la r  r e t i c u l a r  
nucleus, the  immunoreactive c e l l s  form a d i s t i n c t  c lu s t e r  and 
intermingle  with pigmented, presumably catecholaminergic, c e l l s .

The re s u l t s  indica te  th a t  the serotonergic  system is  s trongly 
developed in the human brain. Although the d is t r ib u t io n  of the 
serotonergic  c e l l s  is  s imila r  to th a t  found in other mammals, an 
additional  development of la te ra l  cel l  c lus te r s  is  evident , par
t i c u l a r ly  in the r e t i c u l a r  formation.

Supported by Swiss NSF 3.158 and NH & MRC of Aust ra l ia .  Anti
body was provided by R.G.H. Cotton, Royal Childrens Hospital 
Research Foundation, Melbourne. Human brains were provided by 
J .  Miklossy, Neuropathology, Lausanne.
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282.1 MONOCLONAL ANTIBODY SPECIFIC TO RAT ANTERIOR PITUITARY SOMATO
TROPHS. H.T.Chen*and C.S.Pittman* (SPON:R.E.Blackwell).Dept. of 
Med.,Univ. of Alabama a t  Birmingham, Birmingham, AL 35294.

The c e l l  surface d i f f e r en t ia t i o n  antigens of lymhocytes and 
neural t i s su e s  have been studied in tens ively .  However, few studies 
are  ava i lab le  concerning c e l l  surface antigens of endocrine c e l l s .  
We have applied the  hybridoma technology of Kohler and Milstein 
(Nature,  256:495, 1975) to  generate  monoclonal an tibodies (Mabs) 
against r a t  an te r io r  p i t u i t a r y  c e l l s .  In t h i s  a b s t r ac t ,  we report 
the  generation and p a r t i a l  charac te r iza t ion  of a Mab WHC-1 which 
is  spec if ic  to  the  c e l l  surface antigen of r a t  an te r io r  p i tu i t a ry  
somatotrophs.

BALB/c mice were immunized with enzymatically dispersed an te r io r  
p i tu i t a ry  c e l l s  from adul t  female Sprague-Dawley r a t s .  Spleen 
c e l l s  of immunized mice were fused with murine myeloma Ag8.653. 
Hybridomas were i n i t i a l l y  screened fo r  antibodies to  ce l l  surface 
antigens by ELISA using r a t  an te r io r  p i t u i t a r y  c e l l s  and ao r t ic  
smooth muscle c e l l s  as pos i t ive  and negat ive con tro ls ,  re spec t ive 
ly. Posit ive  clones were fu r th e r  checked by immunfluorescence (IF) 
and immunocytochemistry (ICC) using NIADDK anti-rPRL-IC-1 and 
NIADDK anti-hGH-IC-3 to  iden t i fy  mammotrophs and somatotrophs, r e 
spec t ive ly .

Mab WHC-1 was found to  be an IgM with k l ig h t  chains and cyto
to x ic  in the  presence of complement. Based on double IF s ta in ing ,  
t h i s  Mab sta ined  ~21% of the  an te r io r  p i tu i t a ry  c e l l s  of adult  
female r a t s .  Among them, over 95% sta ined c e l l s  were somatotrophs 
and less  than 3% were mammotrophs. Approximately, 2/3 of somato
trophs  were Mab WHC-1 p os i t ive .  This Mab did not s ta in  gonado
trophs  or thyro trophs.  In general ,  r e s u l t s  from IF were in good 
agreement with those from ICC. No r a t  t i s su e s  surveyed so f a r  
except a n te r io r  p i t u i t a r y  glands were stained  by Mab WHC-1 in ICC. 
The c e l l  surface antigen defined by Mab WHC-1 was r e s i s t a n t  to  
tryps in  d igest ion .  I t  was soluble  in chloroform/methanol (2:1) 
and pa r t i t io n ed  in to  the  methanol/water phase, and thus exh ib ited 
the  s o lu b i l i ty  property  of a ganglioside.

ce l l  types IF ICC
WHC-1 pos i t ive 21.1% ± 3.4%a (3) 26.1% ± 4.1% (3)
mammotrophs 43.6% ± 2.7% (3) 48.6% ± 2.5% (4)
somatotrophs 34.6% ± 2.3% (3) 28.6% ± 2.8% (4)
a; Mean ± SEM

These r e s u l t s  provided an immunological evidence fo r  the  he te r 
ogeneity among somatotrophs and demonstrated the  f e a s i b i l i t y  of 
making p i tu i t a r y  c e l l - ty p e  spec if ic  Mabs. The a v a i l a b i l i t y  of such 
Mabs could provide a means to  study the  heterogeneity of c e l l  po
pula tions  and to  purify  c e l l s  by a f f in i t y  p u r i f ic a t io n  techniques . 
(Supported by NIH Grant HD-18355)

282.2 ANTERIOR PITUITARY LACTOTROPHS AND SOMATOTROPHS IDENTIFIED BY 
CELL-SURFACE LABELING AND ISOLATED BY FLUORESCENCE-ACTIVATED 
CELL SORTING. P.A. S t .  John1 , L. D ufy-Barbe*2 , and J .L . 
B ark e r1 ; 1L a b . o f N europhysio logy , NINCDS-NIH, B ethesda, MD. 
20892 and 2 L a b  de N eu ro p h y sio lo g ie , U niv. de Bordeaux I I ,  
Bordeaux, F rance .

The a n t e r io r  p i t u i t a r y  (AP) co n ta in s  s e v e ra l  d i f f e r e n t  c e l l  
ty p e s ,  which s e c r e te  d i f f e r e n t  p e p tid e  horm ones, and su sp en sio n s  
o f c e l l s  d is s o c ia te d  from th e  a n t e r io r  p i t u i t a r y  in c lu d e  each o f 
th e  c e l l  ty p e s . A lthough d i f f e r e n t  c la s s e s  o f c e l l s  can be 
i d e n t i f i e d  by i n t r a c e l l u l a r  im m unocytochem istry (ICC) fo llo w in g  
f ix a t io n ,  i t  has been d i f f i c u l t  to  id e n t i f y  and i s o l a t e  th e  d i f 
f e r e n t  ty p es  w h ile  th e  c e l l s  a re  a l iv e .  We now r e p o r t  th a t  l i v e  
c e l l s  from two o f th e  f iv e  c la s s e s  o f AP c e l l s ,  th o se  c o n ta in in g  
p r o la c t i n  (PRL) and th o se  c o n ta in in g  grow th hormone (GH), can be 
i d e n t i f i e d  w ith  two d i f f e r e n t  c e l l - s u r f a c e  la b e l s .  In  each 
c a s e ,  th e  la b e le d  c e l l s  have been is o la te d  w ith  a f lu o re sc e n c e -  
a c t iv a t e d  c e l l  s o r t e r  (FACS) and m ain ta in ed  in  v i t r o .

A n tib o d ie s  a g a in s t  each  of th e  f iv e  p i t u i t a r y  hormones ex
amined ( p r o la c t in ,  grow th hormone, a d re n o c o r tic o tro p ic  hormone, 
l u t e in i z in g  hormone, and th y ro id - s t im u la t in g  hormone) bound to  
s u b p o p u la tio n s  o f l i v e  AP c e l l s  d is s o c ia te d  from non-pregnan t 
a d u l t  fem ale r a t s .  The la r g e s t  su b p o p u la tio n  was th a t  la b e le d  
by anti-P R L  a n t ib o d ie s ,  which bound to  29 + / -  5% o f th e  c e l l s .  
At l e a s t  85-98% o f th e  c e l l s  la b e le d  by anti-PR L  on th e  s u r fa c e  
w ere found by ICC to  c o n ta in  im m unoreactive PRL in s id e  th e  c e l l ,  
a lth o u g h  on ly  approx . 50% o f a l l  P R L -contain ing  c e l l s  were 
la b e le d  on th e  c e l l  s u r f a c e .  S u rfa c e - la b e le d  c e l l s  were i s o l a 
te d  w ith  a FACS and p la c e d  in  c u l tu r e ,  where over 85% wefre found 
to  c o n ta in  i n t r a c e l l u l a r  PRL. S o rted  c e l l s  m a in ta ined  d e t e c t 
a b le  l e v e ls  o f PRL f o r  a t  l e a s t  2 weeks in  c u l tu r e .

AP c e l l s  th a t  c o n ta in e d  GH were found to  be f o r tu i to u s ly  
i d e n t i f i a b l e  by th e  b in d in g  o f c h o le ra  to x in  su b u n it B. A 
f lu o re s c e n t  c o n ju g a te  o f th i s  to x in  (ChTxB-FITC) bound to  most 
o f th e  c e l l s  in  AP c e l l  s u sp e n sio n s , b u t q u a n t i t a t iv e  a n a ly s is  
on a  FACS re v e a le d  a d i s c r e t e  group of c e l l s ,  com prising  35-40% 
o f th e  p o p u la tio n , w ith  very  in te n s e  la b e l in g .  D o u b le -lab e l ICC 
o f u n f ra c t io n a te d  c e l l  su sp en sio n s  and i n t r a c e l l u l a r  ICC of 
ChTxB-FITC-labeled AP c e l l s  i s o la te d  w ith  a  FACS showed th a t  
o v e r 95% o f th e  in te n s e ly  la b e le d  c e l l s  co n ta in ed  i n t r a c e l l u l a r  
GH and th a t  over 97% o f G H -containing c e l l s  were in te n s e ly  
la b e le d .

Thus, l i v e  P R L -con tain ing  and G H -contain ing  c e l l s  from th e  
a n t e r io r  p i t u i t a r y  can be id e n t i f i e d  by c e l l - s u r f a c e  la b e l in g ,  
and h ig h ly  e n rich ed  p r e p a ra t io n s  o f th e se  c e l l s  can be i s o la te d  
by c e l l  s o r t in g .  The s o r te d  c e l l s  a re  be in g  used  to  examine 
re sp o n ses  of i d e n t i f i e d  p i t u i t a r y  c e l l s  to  t r a n s m it te r s  and 
hormones in  v i t r o  (G.G. Chen e t  a l . ,  th i s  volum e).
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282.3 ADENOSINE AND ADENOSINE ANALOGS STIMULATE THE RELEASE AND 
SYNTHESIS OF BETA ENDORPHIN IN CULTURED ANTERIOR PITUITARY 
CELLS. J .C .  Bisserbe*,  J.R .  Dave*, J .  Patel* and R.L. Eskay* 
(SPON: D.B. Lozovsky). Neurochemistry Section, Laboratory 
of Clinical  S tudies ,  DICBR, National In s t i t u t e  of Alcohol 
Abuse and Alcoholism and Biological Psychiatry Branch, 
National I n s t i tu te  of Mental Health, National In s t i tu te s  
of Health, Bethesda, Maryland 20892.

Adenosine has been shown to  play a regulatory role in 
the re lease  of several neuro transmit te rs  and hormones (e .g .  
glucagon, p ro la c t in ) .  As a consequence, we have inves
t iga ted  the a b i l i t y  of adenosine and such s tab le  adenosine 
analogs as 5 ' -N-ethylcarboxamidoadenosine (NECA) and N6- 
cyclohexyl-adenosine (CHA) to  a l t e r  the synthes is  and secre
t ion  of beta endorphin (BE) from primary cu ltured an te r io r  
p i tu i t a ry  (AP) c e l l s .  Immunoreactive ( i r )  BE leve ls  from 
2 hr incubation media were determined by radiommunoassay, 
whereas, pro-opiomelanocortin (POMC) messenger (m) RNA lev
e l s ,  following 24 hr drug treatment were quanti fied by 
Northern-blot and s lo t - b lo t  techniques . Adenosine (10- 6M) 
increased the re lease  of i r  BE from AP c e l l s  2 fold over 
basal lev e ls .  The addit ion of 10- 8M ni trobenzylthionosine,  
an adenosine uptake blocker,  did not a l t e r  the  adenosine 
(10-6M)-induced re lease  of i r  BE from AP c e l l s ,  suggesting 
a plasma membrane s i t e  of act ion for adenosine. The addi
t ion  of 10- 9 to  10- 4 NECA to  cul tured AP c e l l s  resulted 
in a dramatic 2- to  10- fold increase in the secre tion 
of i r  BE as compared to  non drug- treated  c e l l s .  CHA was 
a lso a potent s timula to r of cort icotrophs  with 10- 9 to  
10-4M CHA enhancing i r  BE secre tion from 0.6 to  4-fo ld ,  
re spec t ive ly .  The i r  BE stimulatory e f fec t  of adenosine, 
NECA or CHA was abolished in calcium free  media. The addi
t ion  of 8-sulfo-phenyl-theophyl l ine, a spec if ic  adenosine 
receptor an tagon is t ,  over the range of 10- 6 to  10-4M, re 
su lted  in a dose-re la ted  inh ib i t ion  of NECA ( 10- 8M)-induced 
re lease  of i r  BE. In add i t ion ,  24 hr treatment of AP c e l l s  
with NECA or CHA, over the range of 10- 6 to  10- 8M, resulted  
in a dose-re la ted  increase in POMC mRNA levels  with a max
imal 2-fold increase  in mRNA leve ls  at 10-6M NECA or CHA. 
These re s u l t s  indica te  th a t  adenosine or adenosine analogs 
s t im ula te  both BE secre t ion  and biosynthesis  in cultured 
cort icotrophs  and do so presumeably via an adenosine plasma 
membrane receptor of the  A2 type.

282.4 DIFFERENTIAL EFFECT OF CALCIUM ON SYNTHESIS AND SECRETION OF PRO
OPIOMELANOCORTIN-DERIVED PEPTIDES AND PROLACTIN IN CULTURED RAT 
ANTERIOR PITUITARY CELLS. J .R. Dave*, L.E. Eiden*, D. Lozovsky, 
J.A. Waschek* and R.L. Eskay* (SPON:G.B. E l l i s ) .  LCS, NIAAA, 
DICBR, and LCB AND LCS, NIMH, Bethesda, MD 20892.

Stimulus-secre tion-synthesis  are continuous events occurring 
in hormone secre ting c e l l s ;  however, the  nature of coupling 
between these  events in most an ter io r  p i tu i t a ry  (AP) hormone 
secreting  c e l l s  is  not well e s tab l ished .  Our recent findings 
suggest tha t  secretogogues, which are known act ivato rs  of the 
adenylate cyclase-cyclic  AMP system (CRF, fo rsko l in ,  isoprotere
nol) in cort ico trophs ,  s timulate  both beta-endorphin (BE) release 
and pro-opiomelanocortin (POMC) mRNA le v e l s ,  whereas, cyclic AMP- 
independent a c t iva to rs  (phorbol e s t e r ,  K+ and calcium ionophores) 
enhance only BE re lease .  In primary cultured AP c e l l s ,  we have 
evaluated the e f fec t  of calcium on basal and st imulated release 
of BE and pro lac t in  (PRL) and th e i r  respective mRNAs. Treatment 
of AP c e l l s  with a calcium channel blocker (D600; 10 uM) had no 
e f fec t  on BE-release and POMC mRNA leve ls .  However, th is  t reat
ment produced a 70% and 25% decrease in PRL re lease  and mRNA 
lev e ls ,  re spec t ive ly .  Treatment of AP ce l l s  with calcium-free 
media had no e f fec t  on BE re lease ,  but decreased PRL release and 
POMC and PRL mRNA levels  by approximately 50%. Treatment of AP 
c e l l s  with the calcium agonist barium (1 mM) produced a one-fold 
increase in BE re la se  without a ffec t ing  POMC mRNA lev e ls ,  and a 
two-fold increase in both PRL mRNA and PRL re lease .  The stimu
la t ion  of BE and PRL re lease  by barium was severa l- fo ld  higher in 
the absence of calcium and was blocked by D600. Both calcium-free 
media and D600 p a r t i a l ly  blocked FN ( 10- 5M)-stimulated BE release, 
POMC mRNA lev e ls ,  and PRL mRNA levels  and completely blocked FN- 
stimulated PRL re lease .  These re su l t s  document tha t  i) in the 
absence of calcium, basal or secretogogue-stimulated levels  of 
POMC mRNA, PRL mRNA, and PRL secre tion  are reduced and i i )  the 
e f fec t  of calcium deficiency on PRL mRNA, but not on POMC mRNA 
lev e ls ,  can be reversed by barium. These findings  suggest that 
both calcium and cycl ic  AMP act  as in t r ace l l u la r  second messengers 
in la c to trophs ,  whereas, cycl ic  AMP is  the in t r ace l l ula r second 
messenger coupling stimulus-secre t ion-synthesis  events in cort i
cotrophs of the  an te r io r  p i tu i t a ry  gland.

282.5 INDIVIDUAL MELANOTROPHS OF THE INTERMEDIATE LOBE OF THE 
RAT PITUITARY MAINTAIN DIFFERENT RATES OF BIOSYNTHETIC 
ACTIVITY: AN EM MORPHOMETRY AND IN SITU HYBRIDIZATION 
STUDY. Chronwall B.M., Millington W.R., Unnersta ll J.R., Hook G.R., 
Sartor C.E. and O'Donohue T.L._ Experimental Theraputics Branch and 
Surgical Neurology Branch, NINCDS, NIH, Bethesda MD 20892; Dept. of 
Physiology, USUHS, Bethesda, MD 20814.

The melanotroph, a polygonal cell with an ovoid smooth nucleus, is 
the primary cell type of the intermediate lobe (IL) of the rat pituitary. 
The melanotrophs were not uniform but differed in the tinctorial 
properties of their cytoplasm: some cells appeared distinctly dark, others 
light; cells staining in intermediate shades were also found. These 
features were especially prominent in toluidine blue stained semithin 
plastic sections and on electron micrographs. There were no obvious 
differences in the cell size or properties of the nuclei of the 
differentially stained melanotrophs. On electron micrographs the 
cytoplasm stained dark or light, mainly due to different densities of 
flocculent material in the cytosol. In addition, the rough endoplasmic 
reticulum appeared to differ in morphology and amount between light 
and dark staining cells. The number of secretory vesicles and 
mitochondria and the amount of Golgi apparatus are being statistically 
evaluated. Furthermore, in situ hybridization using a pro
opiomelanocortin (POMC) anti-sense RNA probe on thin paraffin sections 
showed an uneven distribution of POMC mRNA (range 13-30 grains per 
100μm2 cytoplasm), which confirms differences in biosynthetic activity 
between melanotrophs. Low grain counts most likely coincides with light 
staining cells and high grain counts with dark staining.

Short term haloperidol treatment (2mg/kg/d;2d) significantly 
increased the POMC mRNA level (181 ± 11 % of control levels; range 28- 
55 grains). Following long term haloperidol treatment (17 d) the grain 
count was elevated to 300 % of control. Under the same conditions the 
ratio of dark staining to light staining cells greatly increased. 
Bromocriptine (4mg/kg/d; 2d or I7d) had the opposite effect: a dramatic 
reduction in grain counts (10 % of control levels, range 0-5) and an 
increased proportion of light staining cells.

In summary, the normal IL seems to contain melanotrophs 
maintaining different rates of biosynthetic activity as seen with EM 
morphometry and in situ hybridization. Drug treatments known to alter 
the secretion of POMC related peptides from the IL produced parallel 
changes in the amount of metabolically active organelles and POMC 
mRNA per cell.

282.6 PH EN C Y C LID IN E-IN D U C ED  SEC R ETIO N  OF IMMUNO
REACTIVE BETA-ENDORPHIN. Patric ia C. Contreras, John M. 
Farah, J r . , Kenner C. Rice*, A rthur E. Jacobson* and Thomas L. 
O’Donohue. Exp Ther Branch, NINCDS, and Lab Chemistry, NIDDK, 
NIH, Bethesda, MD 20892.
There is increasing evidence that an endogenous phencyclidine-like 

substance exists in brain which may participate in normal as well as 
pathophysiological brain functions. In addition to its effects on mood, 
behavior and motor control, phencyclidine (PCP) has been reported to 
influence pituitary secretion of prolactin in rodents. The purpose of the 
present study was to determine if PCP also participates in the control 
of the pro-opiomelanocortin (POMC) hormones, β-endorphin and α- 
melanotropin. Plasma concentrations of immunoreactive β-endorphin 
(iβ-E) and α-melanotropin (iα-MSH) were measured by RIA. Plasma 
concentrations of iβ-E, but not iα-MSH, were significantly increased at 
5, 15, and 60 min after i.c.v. administration of 500 nmole of PCP/rat. 
Thus, the increase in plasma iβ-E was due to increased secretion of iβ-E 
from anterior pituitary, not the intermediate lobe of the pituitary. 
Additionally, 1-(1-(2-thienyl)-cyclohexyl)piperidine (TCP), (+ )  1-(1- 
phenylcyclohexyl)-3-methylpiperidine (PCMP), and (+ ) and (-) SKF 
10,047, but not (-) PCMP, significantly elevated plasma iβ-E. PCP- 
stimulated release of iβ-E in rats was probably not due to stress related 
to ataxia since (-) PCMP, which induced ataxia, did not increase iβ-E. 
The observation tha t both (+)- and (-) SKF 10,047 increased plasma iβ- 
E indicate tha t kappa or mu opioid receptor-mediated mechanisms 
may also be involved in release of pitu itary  β-E. In addition to 
stimulating release of iβ-E in vivo, PCP also increased iβ-E release 
from anterior pituitary explants in vitro in a dose-dependent manner. 
A dd itio n a lly , PC P in creased  secre tio n  of i β-E from  mouse 
corticotrophic tumor cells both acutely and 24 hr after initial exposure. 
Furthermore, PCP elevated intracellular content of iβ-E suggesting 
modulatory effects of PCP on synthesis of POMC peptides. Stimulatory 
effects of PCP on release and content of iβ-E from corticotrophs may be 
due to specific interactions of the compounds on PCP receptors. 
Binding of 3H-TCP to membranes from rat anterior pituitary and AtT- 
20 corticotrophic tumor cells was found to be specific with a Kd similar 
to tha t determined using membrane preparation from whole rat brain. 
The rank order of potency of PCP analogs and sigma opioid compounds 
for inhibiting the binding of 3H-TCP to p itu itary  membranes was 
similar to tha t determined for whole brain homogenates. These results 
demonstrate tha t PCP stimulates pituitary secretion of POMC-derived 
peptides in vivo, in part, through direct actions on anterior pituitary 
corticotrophs which appear to specifically bind PCP and its active 
analogs. These findings indicate that endogenous PCP-like substances 
may normally participate in the neuroendocrine control of β-E and 
other hormones derived from POMC in the anterior pituitary.



WEDNESDAY PM NEUROENDOCRINE CONTROL: PITUITARY IV 1025

282.7 COMPUTER-CONTROLLED PERIFUSION: CHARACTERIZATION FOR STUDIES OF 
PULSATILE GONADOTROPIN SECRETION. M.D. Culler*,  M.M. Valenca*, 
F.Romanelli* and A. Negro-Vilar. Reprod. Neuroendo. Sec., Lab. 
Reprod. Dev. Tox., NIEHS, NIH, Research Triangle Park, NC 27709.

In v i t ro  studies to determine the contr ibution of the various 
parameters of a p u l s a t i l e  hormone signal (pulse shape, pa t te rn ,  
frequency, amplitude, e tc . )  to ta rge t  t i s su e  response have been 
hampered by the l im ita t ions  of conventional peri fusion systems. 
Recently, however, a computer a ss is ted  peri fusion system was de
veloped (Endotronics Corp.) which can be programed to regula te  any 
and all  parameters of a p u l s a t i l e  s ignal .  To evaluate th is  system 
for use in determining how each component of a p u l s a t i l e  LHRH s ig 
nal contr ibutes  to  the p u l s a t i l e  gonadotropin response, LHRH 
pulses were designed to r ise  from 0 to peak concentration in 30 
sec and then decay exponential ly  according to the 0.5 ml/min p e r i 
fusion flow ra te .  Ten such pulses,  with a to ta l  mass of 10 ng and 
pulse frequency of 40 min, were sequentia lly  delivered to 3 p e r i 
fusion chambers, each containing 1 ra t hemip ituitary .  Mean to ta l  
LHRH del ivered /pu lse ,  as measured by RIA in 2 min pe rifusa te  
f r ac t ions ,  was 10.15 + 0.23 ng. No s ig n i f ic an t  d if ferences  were 
observed between to ta l  pulse mass or shape among the 10 pulses 
within a chamber or between the 3 chambers. Each LHRH pulse r e 
sulted in a s ingle pulse of LH release  which, s im ilar  to the shape 
of the LHRH pulse and of LH pulses in v ivo , rose quickly and then 
gradually decayed to near basal leve ls .  The f i r s t  two pulses of 
LHRH induced a smaller LH response than the subsequent pulses , 
possibly i l l u s t r a t i n g  a "priming" act ion of LHRH. Concentration- 
dependent LH responses were demonstrated with s im ila r ly  designed 
pulses of 0 .5 , 5, and 50 ng LHRH to ta l  mass. To more close ly  ex
amine the LH response, a pulse of 50 ng LHRH to ta l  mass was gen
erated a f te r  three  10 ng priming pulses of LHRH. LH and LHRH were 
measured in 0.5 min perifusa te  f r ac t io n s .  The rapid r i s e  in LH, 
which would reach 300% baseline within 10 min, was evident within 
the f i r s t  f rac t ion  in which the LHRH signal was detected.  During 
the approx. 60 min decay of the LH response to base line leve ls ,  LH 
appeared to be re leased in episodic  waves. Generation of a s imi
la r ly  designed 25 μg pulse of the LHRH antagonis t,  [D-pGl u1, 
D-Phe2 , D-Trp3 , 6]-LHRH, 30 sec a f te r  the i n i t i a t i o n  of the 50 ng 
LHRH pulse, quickly reversed the rapid LH response to LHRH and, 
within 6 min, returned LH to base line leve ls .  This observation 
demonstrates the to ta l  dependence of the p i tu i t a ry  on LHRH for 
sustained LH re lease .  In conclusion,  the re su l t s  of the 
described experiments i l l u s t r a t e  the u t i l i t y  of computer-assis ted 
perifusion in executing complex peri fusion experiments. Because 
of the myriad of i n t r i c a t e  parameters which comprise a pu l s a t i l e  
s ignal , computer-assisted peri fusion may be the only in v i t ro  
model capable of d is sec t ing  the contr ibution tha t  each pulse 
parameter makes to the  final t a rg e t  cel l response.

282.8 EVALUATION OF THE INTRACELLULAR EVENTS LEADING TO PULSATILE LH 
SECRETION USING COMPUTER-DESIGNED INPUT SIGNAL AND CONTROLLED 
PERIFUSION. M.M. Valenca* M.D. Culler*, F. Romanelli* and 
A. Negro-Vilar (SPON: O.H. Viveros). Reproductive Neuroendo- 
crinoloyy Section, Lab. Reprod. Dev. Tox., NIEHS, NIH, Research 
Triangle Park, NC 27709.

LH secre tion from the p i tu i t a ry  gland is known to follow a 
c h a r ac te r i s t i c  pu l s a t i l e  pa t te rn ,  which is believed to be the 
re s u l t  of s im ilar f luc tua t ions  in the re lease  of LHRH into the 
hypophyseal portal blood. L i t t l e  is known, however, about the 
ro le  that d i f fe ren t  i n t r a c e l lu la r  messengers play in the ser ie s  
of events leading to the generation of an LH pulse. Using a 
computerized peri fusion system which allows the design of input 
s ignals  of any desired configura tion,  we have analyzed the role 
of several puta tive i n t r a c e l lu l a r  messengers in mediating the LH 
response to a single pulse of LHRH. Hemipitui taries from in tac t  
male ra t s ,  perifused with a flow ra te  of 0.5 ml/min., were stimu- 
mulated with 3 "priming" pulses of LHRH (10 ng to ta l  mass) at 40- 
minute in te rv a ls ,  to s en s i t iz e  the p i tu i t a ry  and insure a con
s i s te n t  response to subsequent LHRH pulses.  A te s t  pulse of LHRH 
(50 ng to ta l  mass), designed to produce a LH secretory response 
s im ila r  to an in vivo LH pulse, was then applied and the dynamics 
of the st imulated LH pulse were analyzed in 30 sec. perifusa te  
f rac t ions  over the next 70-90 min. A sim ilar pulse of phospholi
pase C (PL-C) was generated in order to st imulate  LH re lease  by 
inducing membrane phospholipid breakdown, Ca2+ mobilization and 
prote in  kinase C ac t iva t ion .  Both the LHRH and PL-C pulses 
resulted  in a sharp and immediate increase in LH secre t ion ,  with 
several waves of episodic secre tion superimposed on the decaying 
secre to ry  response. In the presence of EGTA (5mM), pulses of 
e i th e r  LHRH or PL-C fa i led  to induce an LH secretory response, 
with the exception of a minor increase during the f i r s t  few 
minutes. Addition of the lipoxygenase blocker nordihydro- 
gua iare t ic  acid (NDGA, 20 μM) did not substan t ia l ly  change the 
pa ttern  of LH secre tion in response to the LHRH pulse, but i t  did 
reduce the magnitude of the overall secretory response by about 
50%. The resu l ts  indicate  that PL-C can mimick the LH releasing  
ac t iv i ty  of LHRH and that both secretagogues require ex t race l lu 
la r  Ca2+ to  exer t th e i r  s timulatory action. Arachidonic acid 
metabolized through the lipoxygenase pathway seems to play a 
role in mediating LH secre tion in response to an LHRH pulse, p r i 
marily by amplifying the stimulatory action of the peptide. As 
demonstrated by these s tud ies ,  computer-assisted perifus ion is a 
powerful approach to advance our understanding of the in t r a c e l lu 
l a r  events leading to p u ls a t i le  hormone secretion .

282.9 PROTEIN KINASE C ACTIVATORS TRIGGER ACTION POTENTIALS IN GH3 
CELLS. B. Dufy1, _ S. Jaken2* and J .L . Barker3 , 1Lab. 
Neurophysiologie, U hiversite  de Bordeaux I I ,  France; 2Center 
for Drugs and B iologies, Division of Virology, FDA and 3Lab. 
Neurophysiology, NINCDS, NIH, Bethesda, MD.

Thyrotropin re le a s in g  hormone (TRH) tr ig g e rs  a rap id  
hydrolysis o f plasma membrane phosphoinositides followed by 
quick m obilization o f in tr a c e l lu la r  Ca2+ th a t is  tem porally 
coincident with a tra n s ie n t tran s lo ca tio n  o f cy to so lic  p ro te in  
kinase C (PKC) to  the plasma membrane. We have used the 
whole-cell patch-clamp recording technique to  study the  
e le c tr ic a l  p ro p erties  o f GH3 c e l ls  and to impose le v e ls  of PKC 
and Ca2+ inside  the  c e l l  during e x tra c e llu la r  app lications  
of TRH and another a c tiv a to r  of PKC, phorbol m yrista te  a ce ta te  
(PMA). The re s u l ts  ( i l lu s t r a te d  below) show th a t PMA, l ik e  
TRH (not shown), has l i t t l e  or no e f fe c t  on membrane 
e x c i ta b i l i ty  unless both l ng/ml PKC and 1000nM Ca2+ are 
present in t r a c e l lu la r ly ,  and, th a t  under these  cond itions, 
PMA, l ik e  TRH, induces susta ined  ac tiv a tio n  o f  spontaneous 
Ca2+-dependent action  p o ten tia l a c t iv ity  a t  the  re s tin g  
p o ten tia l (-45mV). Thus, one phase o f  the complex e le c tr ic a l  
response to  TRH previously  reported  with sharp e lectrodes  
involves a c tiv a tio n  o f PKC.through a Ca2+-req u ir in g  s tep .

Legend: Whole-cell in tr a c e l lu la r  recordings o f GH3 c e l ls  with 
e ith e r  PKC or PKC and Ca2+ added to  the con tro l (CON) patch- 
p ip e tte  so lu tio n  (K+ gluconate, MgCl2 , EGTA, HEPES). 
Resting p o te n tia ls  are a l l  about -45mV. B rie f, e x tra c e llu la r  
ap p lic a tio n s  o f PMA induce susta ined  spontaneous action  
p o te n tia l a c t iv i ty  only when the pa tch -p ip e tte  contains PKC 
and Ca and the  e ffe c ts  a re  mimicked by TRH.

282.10 CALCIUM MEASUREMENTS IN SINGLE CLONAL PITUITARY (GH3) 
CELLS USING FURA-2. F. Wodajo1*.P. A. St John2. J .L  Barker2, 
Dept. of Biology, Princeton University1; Laboratory of Neurophysiology2, 
N.I.N.C.D.S., N.I.H., Bethesda MD 20892 (Sponsored by J. Krikorian)

Intracellular calcium concentrations in individual, plated GH3 cells were measured 
using the calcium sensitive fluorescent dye fura-2. Responses of single cells to 
Thyrotropin Releasing Hormone (TRH) were assayed.

A fluorescence microscope fitted for epifluorescence and equipped with a 
photomultiplier tube and computer controlled shutters was used to detect fura-2 signals. 
A mercury lamp was used for excitation light. Two interference filters, 340nm and 380nm, 
were alternately placed in the excitation light path by a specially constructed, computer 
controlled filter changer. Fluorescence data at the two excitation wavelengths were 
gathered and the ratio determined by online computer. Cells were loaded with 0.5 to 1.5 
μM of the membrane-permeant ester for 20 minutes and given up to 1 hour to de-esterify 
the compound before recording. Reagents were added with a perfusion pump.

Unstimulated GH3 cells exhibited periodic and large increases in intracellular Ca2+, 
which rose rapidly and lasted 8 - 15 seconds. These fluctuations can be approximated as 
rising to 500 - 1000 nM Ca2+; flourimeter studies with cell suspensions have shown that 
the resting Ca2+ level in GH3 cells to be approximately 100 nM.The fluctuations were 
reversibly blocked by 5 mM Co2+, 0 mM Ca2+ /1.1 mM EGTA or 7 mM Ca2+. Potassium 
produced an immediate and large increase in Ca2+. After a 7 minute treatment with 10 
mM K+, fluctuations were absent for a period of 3 minutes.

Shown below is the cell response to 50 nM TRH, a hormone known to cause 
secretion of prolactin by GH3 cells. The bar indicates the presence of TRH in the bath. 
The y-axis is the ratio of fluorescence at 340nm and 380nm. It is not calibrated with 
respect to intracelluar Ca2+. It can be seen that prior to the application of TRH, the cell is 
undergoing large changes in Ca2+. Application of TRH induces a large, transient increase 
in Ca2+ followed by a longer period where the frequency of fluctuations is reduced. After 12 minutes, it is seen that cell behavior is similar to resting conditions.

Fluorimeter and electrophysiological studies of GH3 cells have determined that 
TRH causes a rapid, large increase in intracellular Ca2+, lasting 1 - 2 minutes, by a release 
of intracellular Ca2+ stores followed by a long period, 5 - 60 minutes, of elevated Ca2+ 
conductance where intracellular Ca2+levels remain elevated.

This data should complement studies done on populations of GH3 cells. Working 
with single cells, however, it has been possible to investigate Ca2+ behavior with 
unprecedented resolution and illuminate unsuspected Ca2+ fluctuations.
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282.11 ADENOSINE 3', 5'-MONOPHOSPHATE-MEDIATED ENHANCEMENT 
OF CALCIUM-EVOKED PROLACTIN SECRETION FROM 
PERMEABILISED 7315c TUMOR CELLS. E.A. Frey, S.L. Pocotte, 
& S. Guild*. Experimental Therapeutics Branch, NINCDS, Bethesda, 
MD 20892.

A previous study in intact 7315c tumor cells (Mol. Pharmacol., 
1986, in press) showed that cAMP doubled the amount of prolactin 
secreted in response to either 60 mM potassium or the calcium 
ionophore, ionomycin; cAMP had little effect of its own on hormone 
secretion. The Quin 2 method indicated that the enhancing effect 
of cAMP did not involve an increase in the cytosolic calcium 
concentration. Because the Quin 2 method may not be sensitive enough 
to detect changes in the calcium concentration near the secretory 
apparatus, in the present study the electrical permeabilization technique 
of Baker and Knight (J. Membrane Biol. 68: 107-140, 1982) was used 
to control the calcium concentration to which the secretory apparatus 
was exposed. 7315c cells were permeabilized by subjecting the cells 
to an intense electric field (2 discharges of 2kV). The calcium 
concentration was controlled by calcium-EGTA buffers; the 
concentration of calcium in the buffers was verified with a 
calcium-sensitive electrode. Cyclic AMP, as well as calcium, freely 
equilibrate across the electrically permeabilized cell membrane. In 
the presence of no calcium and 1 mM EGTA, permeabilized cells 
secreted prolactin at a rate of 0.4 ng/min. When EGTA was eliminated 
and 1.5 mM calcium was added to the medium bathing permeabilized 
cells, the rate of prolactin secretion during the first 5 min was increased 
to 2.2 ng/min. The amount of prolactin secreted in 5 min from 
permeabilized cells depended on the calcium concentration between 
10-7 and 10-4 M (half maximal = 30 μM). Permeabilized cells were 
exposed to cAMP (0.1 mM) for 5 min prior to and during a 5 min 
challenge with various concentrations of calcium. Cyclic AMP had 
no effect on prolactin secretion in the absence of added calcium nor 
did it alter the potency of calcium in stimulating prolactin secretion. 
Rather, cAMP increased the amount of prolactin secreted at each 
effective concentration of calcium. The results support the hypothesis 
that in the 7315c cell, cAMP enhances calcium-dependent secretion 
without increasing the calcium concentration in a compartment critical 
for hormone secretion.

282.12 PERSISTENCE OF AGONIST-INDUCED POLYPHOSPHOINOSITIDE HYDROLYSIS IN 
THE PRESENCE OF DOPAMINE AND BROMOCRIPTINE. W.D. J a rv is * .  P.L. 
Canonico, A.M. Judd* and R.M, MacLeod. D epartm ent o f Internal  
M edic ine, U n iv e rs ity  o f V irg in ia ,  C h a r lo t t e s v i l l e ,  VA 22908.

Dopamine (DA) produces a r a p id ,  co n cen tra tio n -re la ted  
a t te n u a t io n  o f bo th  b a s a l and a g o n is t- s t im u la te d  prolactin 
r e le a s e  which i s  a t  l e a s t  in  p a r t  e f fe c te d  th rough  an inhibitory 
co up ling  o f th e  D-2 re c e p to r  and a d e n y la te  c y c la s e . Conversely, 
s e v e ra l hypothalam ic p e p tid e s  a re  now known to  promote prolactin 
re le a s e  through  th e  phospho lipase  C (PhC)-m ediated h y d ro ly sis  of 
membranal p h o s p h a tid y l in o s i to l  b is p hosphate  (PIP2) to  yield 
d ia c y lg ly c e ro l (DAG) and in o s i t o l  t r i s p hosphate  (IP 3 ) ;  these 
in c lu d e  th y ro t ro p in - r e le a s in g  hormone (TRH), a n g io ten s in  II 
(AI I ) ,  n e u ro te n s in  (NT) and bombesin (BBS).

P re v io u s ly , we d esc r ib ed  a p o te n t dopam inergic reduction  in 
th e  b a s a l and a g o n is t- s t im u la te d  r a t e s  o f [32P]-o r th o p hosphate 
in c o rp o ra tio n  in to  a n t e r io r  p i t u i t a r y  membranal phosphoinosi- 
t i d e s .  However, phosphate r a d io la b e l in g  s tu d ie s  a re  on ly  able to 
p ro v id e  an index o f changes in  th e  r a t e s  o f phosphorylation  of 
th e  i n o s i t o l  m oiety o f th e  p h o s p h o in o s itid e s ; we have therefore 
examined th e  e f f e c t s  o f DA on p h o sp h o in o s itid e  catabolism  by 
m on ito ring  changes in  th e  b a s a l and s tim u la te d  ra te s  of 
p ro d u c tio n  o f t o t a l  i n o s i t o l  phosphates (IPX) .

Normal fem ale a n t e r io r  p i t u i t a r y  c e l l s  in  prim ary c u l tu re  were 
p re la b e le d  w ith  1 ,2 - [3H ]L-m yoinosito l b e fo re  15- to  30-min 
exposures to  v a ry in g  c o n c e n tra t io n s  o f TRH, AI I , NT o r BBS in the 
absence o r p resence  o f 100 nM DA o r b ro m o crip tin e  (B r) . Labeled 
in o s i t o l  phosphate m e ta b o lite s  were then  e x tra c te d  and quanti
ta te d  by anion-exchange chrom atographic a ssay .

W hile s ig n i f i c a n t ly  reducing  p ro la c t in  r e le a s e  (p< .01 ), 100 nM 
DA was in e f f e c t iv e  a t  b lu n t in g  th e  enhancements o f IPX charac
t e r i s t i c a l l y  e l i c i t e d  by TRH, AI I , NT and BBS. F u r th e r , neither 
a 15-min p re in c u b a tio n  w ith  100 nM DA nor a 24 -h r preincubation 
w ith  100 nM Br du rin g  th e  [3H ] in o s ito l  la b e l in g  period  were 
capab le  o f a l t e r i n g  th e  param ete rs of IPX concentration-response 
curves produced by TRH; th a t  th e  magnitude o f [3H] in o s i to l  in
c o rp o ra t io n  in to  membranal p h o sp h o in o s itid e s  was unim paired by Br 
tre a tm e n t dem onstra tes th a t  n e i th e r  th e  phosphoinositide 
b io s y n th e t ic  pathway no r th e  dynamic re s y n th e s is  cycle are 
s ig n i f i c a n t ly  a l te r e d  by DA. F in a l ly ,  a 4 8 -h r p re trea tm en t with 
b ro m o crip tin e  was unab le  to  im pair TRH -stim ulated enhancements of 
IP3 , IP 2 o r IP 1 v a lu e s , su g g es tin g  th a t  PhC s u b s t r a te  specificity 
i s  a ls o  in s e n s i t iv e  to  c o n tro l by DA.

We th e re fo re  conclude th a t  DA in h i b i t s  s t im u la te d  prolactin 
s e c r e t io n  by re g u la t in g  elem ents o th e r  than  PhC or the 
b io s y n th e t ic  enzymes invo lved  in  p h o sp h o in o s itid e  synthesis or 
r e s y n th e s is .

282.13 CRF STIMULATION OF CYCLIC AMP-DEPENDENT PROTEIN KINASE IN 
RAT ANTERIOR PITUITARY CELLS. G.S. Dhillon*, M.A, Oleshansky, T. 
Maxwell*, C.B. Wormley*, C.C. Kenion*, and G.J. Kant. (SPON= C.F. 
Tyner) D epartm ent of Medical Neurosciences, Walter Reed Army Institute 
of Research, Washington DC 20307.

C orticotropin releasing facto r (CRF), a 41-amino acid hypothalam ic 
peptide characterized  by Vale and colleagues, appears to  be the prim ary 
physiological regulator of pitu itary  ACTH release. The hypothalam ic 
peptide, som atostatin  (SRIF), has been reported to  inhibit ACTH release. It 
has been suggested tha t the actions of CRF and SRIF upon ACTH release 
are mediated by stim ulation and inhibition respectively of p itu itary  
adenylate cyclase. The in tracellu lar actions of cAMP are thought to  be 
mediated via activation of cAM P-dependent protein kinase (A-kinase). The 
present study was conducted to  determ ine the e ffec ts  of CRF and SRIF on 
p itu itary  A-kinase ac tiv ity .

A nterior pitu itary  cells were prepared by collagenous dispersion of 
freshly dissected p itu itaries from male Sprague-Dawley ra ts . One ml 
aliguots of cell suspensions containing 10° cells were firs t preincubated at 
37°  C and then fu rther incubated in the presence or absence of CRF and/or 
SRIF. Varying preincubation tim es of pitu itary  cells from 0 to  4 hours had 
no e ffec t on the basal A-kinase ac tiv ity . Incubation with CRF for 0 to 30 
min resulted in identical stim ulation of A-kinase ac tiv ity . Standard 
conditions chosen were 30 min preincubation and 10 min incubation with 
CRF and/or SRIF. Following the 10 min incubation, cells were e ither lysed 
and supernatants were assayed for A-kinase ac tiv ity  or heat inactivated  
and assayed for cAMP by RIA. The standard assay mix for A-kinase 
contained 20 mM MOPS, pH 7.0, 16 mM Magnesium ac e ta te , 0.1 mM ATP, 
0.4 mg/ml histone H1, 4 mM dith io threito l and 32P ATP (1uCi/assay tube). 
Some assay tubes also contained 16 uM cAMP (to maximally stim ulate  A- 
kinase) or 0.6 mg/ml cAMP dependent-protein kinase inhibitor from bovine 
heart (to com pletely inhibit A-kinase). Corrections were made for non- 
cAMP dependent protein kinases (Honnor, R.C., Dhillon, G.S., Londos, C., 
JBC 260, 28:15122, 1985). A-kinase ac tiv ity  was linear for 30 min and for 
up to  50,000 cells. Standard conditions chosen were 20,000 cells per assay 
incubated for 15min.

CRF stim ulated cAMP accum ulation in in tac t pituitary cells and 
increased A-kinase activ ity  in a dose dependent manner with an ED50 of 10 
nM. SRIF (10 to  100nM) had no e ffec t on either basal or C RF-stim ulated 
A-kinase ac tiv ity . In experim ents using anterior p itu itary  homogenates, 
CRF stim ulated adenylate cyclase ac tiv ity  4-5 fold with a ED50 of 10 nM.

Studies are underway to fu rther elucidate the role of CRF stim ulation 
of A-kinase in the control of ACTH synthesis and release.

282.14 THYMOSIN FRACTION 5 STIMULATES PITUITARY HORMONE RELEASE THROUGH 
A CALCIUM AND ARACHIDONIC ACID MEDIATED PATHWAY. B.L, Spangelo*, 
A.M. Judd*, G. O ppizzi* , W.D. J a rv is *  and R.M. MacLeod (SPON: 
T.R. Jo h n s) . Departm ent o f I n te rn a l  M edicine, U n iversity  of 
V irg in ia ,  C h a r lo t te s v i l le ,  VA 22908.

Thymosin f r a c t io n  5 (TF5) i s  a p a r t i a l l y  p u r if ie d  extract of 
th e  bovine thymus c o n s is t in g  o f 40 to  50 p e p tid e s . TF5 and some 
o f i t s  component p e p tid e s  have been shown to  be potent 
im m unopotentia ting  ag en ts  in  assays  designed to  measure T-cell 
fu n c t io n . Recent o b se rv a tio n s  su g g es tin g  a l in k  between the 
neuroendocrine  and immune system s have prompted investigations 
designed to  determ ine th e  e f f e c t s  o f TF5 tre a tm e n t upon dispersed 
c u l tu r e s  o f fem ale r a t  p i t u i t a r y  c e l l s .

In cu b a tio n  o f norm al, d isp e rse d  a n te r io r  p i t u i t a r y  c e l ls  with 
TF5 (0 .1  to  100.0 ug/m l) f o r  30 m inutes r e s u l te d  in  4 -  to  5-fold 
in c re a s e s  (P < 0 .01) o f b o th  p r o la c t in  (PRL) and growth hormone 
r e le a s e .  In  c o n t r a s t ,  th e  s e c r e t io n  o f lu te in i z in g  hormone was 
n o t a f fe c te d  by TF5 in  e i th e r  a 30-m inute o r  3 -hour incubation. 
I n i t i a l  s tu d ie s  designed to  determ ine th e  mechanism of the 
s t im u lu s - s e c re t io n  coup ling  o f TF5 and PRL r e le a s e  showed no 
e f f e c t  on cAMP accum ulation  o r on p o ly p h o sp h o in o s itid e  turnover. 
C o-incubation  o f th e  ca lcium  channel b lo c k e r  D-600 (25 uM) with 
TF5 (10 and 100 ug/m l) r e s u l te d  ih  a t te n u a te d  PRL r e l e a s e  

compared to  th a t  ach ieved  w ith  ([3H]-AA) a lo n e . P i tu i ta ry  cells 
p re la b e le d  w ith  [3h] a rac h id o n ic  ac id  ( [3H]-AA) responded to TF5 
tre a tm e n t w ith  an in c rea sed  r e le a s e  o f [3H]-AA th a t was 
dose-dependen t. The involvem ent o f a m e ta b o lite  of arachidonic 
a c id  was suggested  by th e  f in d in g  th a t  BW755c (250 uM) caused a 
s ig n i f i c a n t  a t te n u a t io n  o f T F 5-stim ulated  PRL r e le a s e .  Treatment 
o f normal a n t e r io r  p i t u i t a r y  c e l l s  w ith  e i th e r  10 o r 100 ug/ml 
TF5 and TRH (50 nM) r e s u l te d  in  a p o te n t ia t io n  of PRL release 
g re a te r  than  th a t  achieved w ith  e i th e r  TF5 o r TRH a lo n e . The 
r e s u l t s  of th e se  s tu d ie s  sug g est th a t  TF5 s tim u la te s  PRL re lea se  
from normal a n te r io r  p i tu i t a r y  c e l l s  th rough a mechanism 
dependent on a f lu x  o f Ca2+ and th e  g en e ra tio n  o f a rach idon ic  
ac id  m e ta b o lite s . In  a d d i t io n ,  co - in c u b a tio n  s tu d ie s  u s in g  TF5 
and a maximally s tim u la t iv e  dose o f TRH su g g est th a t  th e  TF5 
mechanism o f a c tio n  i s  d i f f e r e n t  from th a t  a sc r ib e d  to  TRH. The 
m odulation o f p i t u i t a r y  hormone re le a s e  by an im m unopotentiating 
p roduct o f th e  thymus gland p rov ides  f u r th e r  ev idence fo r  a lin k  
between th e  neuroendocrine and immune system s.
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282.15 CYTOSOLIC FREE CALCIUM IN RAT ANTERIOR PITUITARY CELLS MONITORED BY 
FURA-2. J .M . A n d erso n * , T . Yasum oto* and  M .J . C ro n in  (SPON: C. Des
j a r d i n s ) .  D e p t. P h y s io lo g y ,  U n iv . V i r g in i a ,  C h a r l o t t e s v i l l e ,  VA 
22908 & Tohoku U n iv . ,  S e n d a i ,  J a p a n .

Our know ledge  o f  s t i m u l u s - s e c r e t i o n  c o u p lin g  i n  n o rm a l a n t e r i o r  
p i t u i t a r y  c e l l s  (AP) p ro m is e s  to  b e  n o t a b ly  e x te n d e d  by m o n ito r in g  
th e  f lu o r e s c e n c e  o f  c a t i o n  i n d i c a t o r s  s e q u e s t e r e d  i n  th e  c y to p la s m . 
AP w ere  d i s p e r s e d ,  c u l t u r e d ,  re s u s p e n d e d  and  th e n  lo a d e d  w i th  th e  
c a lc iu m  i n d i c a t o r  dye f u r a - 2  (5 -1 0  uM). The c e l l s  w ere  s tu d i e d  in  
s u s p e n s io n  i n  a  s p e c t r o f lu o r o m e te r  a t  3 7 °C f o r  t h e i r  r e s p o n s e  to  
s e v e r a l  a g e n t s ,  a f t e r  w h ich  th e  p r e p a r a t i o n  was c a l i b r a t e d  by mea
s u r in g  th e  m axim al and  m in im a l f lu o r e s c e n c e  w i th  d i g i t o n i n  and  EGTA, 
r e s p e c t i v e l y .  The r e s u l t s  a r e  th e  mean ± SEM (n  in d e p e n d e n t  s tu d i e s )  
The c a l c u l a t e d  i n t r a c e l l u l a r  f r e e  c a lc iu m  c o n c e n t r a t i o n  [Ca+ + ] i  i n  
th e  r e s t i n g  s t a t e  was 203 ± 15 nM. The p e p t id e  horm ones t h y r o t r o p i n  
r e l e a s i n g  horm one (10  & 100 nM) and a n g io t e n s in I I  (10 & 100 nM) i n 
duced a  r a p id  b u r s t  o f  [ c a + + ] i ,  p e a k in g  a t  15 s e c .  T h is  30% e le v a 
t io n  a c h ie v e d  w i th  b o th  p e p t i d e s  was fo llo w e d  by a  p ro lo n g e d  p l a 
te a u  p h a se  d u r in g  w h ich  [Ca++ ] i  was m a in ta in e d  a t  14% ab o v e  b a s e 
l i n e  f o r  6 m in , th e  l o n g e s t  tim e  t e s t e d .  In  c o n t r a s t ,  b o th  som ato 
s t a t i n  and  dopam ine (DA) in d u c e d  an  im m e d ia te  r e d u c t io n  i n  t h e  [Ca 
++] i , r e a c h in g  a  m in im a l l e v e l  b e tw e en  1 0 -2 0  s e c  and th e n  s lo w ly  
r e tu r n in g  to w ard  b a s e l i n e .  T h is  i n h i b i t i o n  was c o n c e n t r a t i o n  d e p e n 
d e n t from  1 -1 0 0  nM s o m a t o s ta t in ,  w i th  a  m axim al r e d u c t io n  o f  16 ± 
2% (7 ) o f  b a s e l i n e .  DA a l s o  in d u c e d  a  s te p - w i s e  i n h i b i t i o n  b e tw een  
10 nM and 1 uM, w i th  a  m axim al a t t e n u a t i o n  o f  21 ±  4% (6 )  o f  b a s e 
l i n e  when 100 nM DA was e x p o sed  to  n a iv e  c e l l s .  The a n t a g o n i s t  s p i 
p erone  (10 nM) r e v e r s e d  an  e s t a b l i s h e d  DA i n h i b i t i o n .  The s e q u e n t i a l  
a d d i t io n  o f  i n c r e a s i n g  l e v e l s  o f  e i t h e r  DA o r  s o m a to s ta t in  in d u c e d  
f u r t h e r  r e d u c t io n s  i n  th e  m in im a l [Ca++] i  u n t i l  th e  h i g h e s t  horm one 
c o n c e n t r a t io n s  p ro d u ce d  e s s e n t i a l l y  no f u r t h e r  c h a n g e . In  c o n t in u 
in g  to  v a l i d a t e  th e  p r e p a r a t i o n ,  th e  c a lc iu m  c h a n n e l  a c t i v a t o r  m ai
to to x in  (10 n g /m l)  m ark e d ly  e le v a t e d  [Ca++ ] i  a t  3 m in to  1 .4 0  ± 
0 .12  uM ( 3 ) ,  w h ich  was m a in ta in e d  f o r  a t  l e a s t  15 m in . T h is  was a  
graded  r e s p o n s e  t h a t  was i n i t i a t e d  a ro u n d  1 n g /m l m a i to to x in .  We 
co n c lu d e  t h a t  th e  f u r a - 2  te c h n iq u e  o u g h t to  p ro m o te  a  m ore r e f i n e d  
a p p r e c i a t i o n  o f  th e  c a lc iu m  dyn am ics  c o n t r i b u t i n g  to  h o r m o n e - in i t i 
a te d  e x o c y to s i s  from  AP c e l l s .  (S u p p o rte d  by RCDA 1K04NS11601 and 
FIDIA, I t a l y )

282.16 A POSSIBLE ROLE FOR ARACHIDONATE RELEASE IN THE PROLAC
TIN-STIMULATING EFFECT OF ANGIOTENSIN IN VITRO. P.L. 
Canonico. Department of Pharmacology, University of Catania School 
of Medicine, 95125 Catania, Italy,

Angiotensin II is one of the most powerful prolactin-stimulating 
factors in vitro. We recently reported that this peptide rapidly in
creases the hydrolysis of polyphosphoinositides in anterior pituitary 
cells in culture. In various systems, the diacylglycerol formed during 
phosphoinositide breakdown is rich in arachidonate; because of this, 
we decided to explore the possible role of the fatty acid in the mecha
nism of action of angiotensin II and of its precursor, angiotensin I, 
at the pituitary. Both angiotensin I and angiotensin II significantly 
increased the release of free [ 3H]-arachidonate from prelabeled an
terior pituitary cells in culture in a concentration-dependent manner. 
Thyrotropin-releasing hormone and neurotensin, other stimulators of 
prolactin release, produced similar effects, but at concentrations 
greater than those required for angiotensin II. The effect of 10 nM 
angiotensin II was apparent within 1 min, maximal after 2 min, and 
disappeared almost completely after 5 min. The stimulation of both 
arachidonate and prolactin release by angiotensin peptides was abo
lished by a pretreatment (5 min) of the cells with angiotensin 11-re
ceptor antagonists (saralasin, sa r1ile8angiotensin) or by p retrea t
ments (30 min) with the phospholipase A2 inhibitor, quinacrine (30 
uM), or the diacylglycerol lipase inhibitor, RHC 80267 (50 uM). 
BW755c (250 uM), an inhibitor of both cyclooxygenase and lipoxyge
nase pathways, inhibited angiotensin 11-stimulated prolactin release, 
but further increased the release of [ 3H]-arachidonate produced by 
the peptide. The effect of these drugs was reversible.

To determine the source of free arachidonate, [ 3H]-arachidonic 
acid-labeled cells were stimulated by 10 nM angiotensin II, and radio
activity in various phospholipids was measured. Two min after stimu
lation, radioactivity in phosphatidylinositol was about 86% of unstimu
lated control, in phosphatidylcholine 94%; in other phospholipids, it 
had not been modified significantly.

These results indicate that arachidonate metabolism may play a sig
nificant role in the prolactin-stimulating effect of angiotensin II and 
that phosphatidylinositol and, to a lesser extent, phosphatidylcholine 
are the primary sources of the free fatty acid in the action of the 
peptide at the pituitary,

282.17 ANTERIOR PITUITARY HORMONE RESPONSE TO ATRIAL 
NATRIURETIC FACTOR. W K. Samson M.C. Aguila, M. Norris 
and R. Bianchi (SPON: W. C lark). Physiology, Southwestern 
Medical  School,  Dalla s , TX 75235.

The presence of atrial natriuretic factor (ANF)-like 
immunoreactivity in hypothalamic extracts and in nerve terminals 
in the median eminence, together with the presence of ANF 
binding sites in the anterior pituitary, suggests an action of 
these peptides on hormone release from the gland. In 
particular, the possibility that luteinizing hormone (LH) secretion 
is modulated by ANF was implied by the report of ANF-staining 
in adenohypophyseal gonadotrophs (Fed. Proc. 44: 1731,  1985). 
Therefore, we have examined the possibility that ANF exposure 
in vivo and in vitro might alter basal LH release. Additionally 
we have examined the possibilities that ANF might alter the 
gonadotroph's response to luteinizing hormone releasing hormone 
(LHRH) or that ANF might affect LHRH release from the median 
eminence. ANF ( at riopeptin  III, Peninsula Labs) in log doses 
ranging from 10 to 10-6M failed to significantly alter LH 
release from cultured, anterior pituitary cells of intact male or 
ovarjectomized female rats. ANF (10- 7M) also failed to 
significantly alter LHRH stimulated LH release. Similarly, the 
releases of prolactin, growth hormone and thyrotropin were not 
significantly altered by ANF. Intravenous infusion (bolus) of 10 
micrograms ANF into concious, freely moving, ovariectomized rats 
(n=8) failed to significantly (F prob. = 0.369) alter plasma LH 
concentrations (preinfusion 6.8 ± 1.7 ng LH/ml plasma; +5 min, 
8.2 ± 1.5; + 15 min, 7.1 ± 1.0; +30 min, 5.6 ± 1.0; +60 min, 4.7 
± 1) even though a diuretic response was observed. These 
results were in contrast to those recently reported (Fed. Proc. 
45: 174, 1986) which indicated that a 30 min infusion of ANF 
inhibited LH release in the anesthetized rat by an action above 
the level of the pituitary, possibly In the hypothalamus. 
However, in our in vitro studies ANF (10-10-10-7M) failed to 
significantly alter basal LHRH release from median eminence 
explants in v itro . Additionally, the release of somatostatin was 
unaffected. Experiments examining the possible interactive 
effects of ANF with agents known to stimulate LHRH release are 
being conducted as well as further in vivo protocols involving 
constant infusion of ANF and a study of LH levels during volume 
loading, a known stimulus for the release of endogenous ANF; 
but our current results fail to indicate a role for ANF in the 
neuroendocrine control of LH secretion. Furthermore, no 
significant action of ANF on basal GH, prolactin or TSH release 
from cultured pituitary cells could be demonstrated. (Supported 
by NIH Grant HD 09988 - Project II and A.H.A. Grant 8SG-087).

282.18

WITHDRAWN
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282.19 DOUBLE LABELED IMMUNOCYTOCHEMICAL AND AUTORADIOGRAPHIC 
STUDIES OF RENIN-ANGIOTENSIN SYSTEM COMPONENTS IN RAT 
GONADOTROPHS AND LACTOTROPHS. M .S. B ro w n f ie ld ,  
B. P o f f * , and  D .H . H a rk n e s s . D e p t. o f  C o m p a ra tiv e  
B io s c i e n c e s ,  U n iv . W is c o n s in , M ad iso n , WI 53706 .

Im m u n o re ac tiv e  a n g i o t e n s i n  I I  (ANG) and a n g io t e n s in  
r e c e p t o r s  a r e  p r e s e n t  i n  r a t  p i t u i t a r y  and  ANG a d m in i
s t r a t i o n  c an  a f f e c t  LH and PRL s e c r e t i o n .

In  t h i s  s tu d y  we: (1 )  I d e n t i f i e d  p i t u i t a r y  c e l l s  
c o n ta in in g  r e n in  a n d /o r  a n g i o t e n s i n  t o g e t h e r  w ith  
t h e i r  m a jo r  p i t u i t a r y  horm one by u s in g  d u a l  l a b e l  
u l t r a s t r u c t u r a l  ICC w ith  p e r o x id a s e  and  c o l l o i d a l  g o ld  
m e th o d s on o p p o s i t e  s i d e s  o f  t h e  g r i d .  (2 ) L o c a l iz e d  
ANG b in d in g  s i t e s  on  im m u n o c y to c h e m ic a lly  i d e n t i f i e d  
c e l l s  i n  one  m ic ro n  p l a s t i c  s e c t i o n s  a t  t h e  l i g h t  
m ic ro s c o p ic  l e v e l .

U l t r a s t r u c t u r a l  s t u d i e s  d e m o n s t r a te d  t h e  p re s e n c e  
o f  s t r o n g l y  s t a i n i n g  p e r o x id a s e  l a b e l e d  r e n in  o r  
a n g i o t e n s i n  t o g e t h e r  w ith  g o ld  l a b e l e d  LH in  ty p e  I  
g o n a d o tro p h s .  A s m a l l  s u b p o p u la t io n  o f  l a c t o t r o p h s  
e x i b i t e d  weak t o  m o d e ra te  s t a i n i n g  f o r  ANG and  t h e i r  
g o ld  l a b e l e d  PRL v e s i c l e s  w ere  o f  t h e  s m a l l  g r a n u le  
ty p e  d e s c r ib e d  by Nogami and  Y osh im ura (A n a t. R ec . 
202: 261 ,  1 9 8 2 ) .

A u to ra d io g ra p h y  o f  p re s u m p tiv e  ANG b in d in g  s i t e s  
showed t h a t  n e a r ly  a l l  PRL s t a i n e d  c e l l s  had  g r a i n s  
c o n c e n t r a t e d  a lo n g  th e  c e l l  p e r ip h e r y  a s  e a r l y  a s  tw o 
m in u te s  a f t e r  i n j e c t i o n  o f  p u re  ANG t r a c e r .  By te n  
m in u te s  p o s t  a d m i n i s t r a t i o n  num erous PRL c e l l s  showed 
g r a i n s  o v e r  t h e i r  c y to p la s m , i n d i c a t i n g  l i k e l y  i n t e r n 
a l i z a t i o n .  N um erous c e l l s  t h a t  w ere  im m u n o p o s itiv e  
f o r  LH and  ANG w ere  a l s o  l a b e l e d  w ith  a u to r a d io g r a p h ic  
g r a i n s  fo l l o w in g  a s i m i l a r  t im e  c o u r s e .  M ost o f  th e  
c e l l s  t h a t  w ere  im m u n o p o s itiv e  f o r  ANG a l s o  e x h i b i t e d  
ANG b in d in g  s i t e s .  H ow ever, o n ly  a b o u t a f o u r t h  o f  
t h e  LH s t a i n e d  c e l l s  w ere  l a b e l e d  by r a d i o a c t i v e  ANG.

T h ese  s t u d i e s  s u g g e s t  t h a t  g o n a d o tro p h s  may h av e  
th e  c a p a c i ty  t o  g e n e r a t e  a n g i o t e n s i n  I I  a s  w e l l  a s  t o  
b in d  and  i n t e r n a l i z e  t h e  p e p t id e  o r  some p ro d u c t  o f  
t h e  p e p t i d e .  The c o - l o c a l i z a t i o n  o f  im m u n o rea c tiv e  
ANG and  LH in  ty p e  I  g o n a d o tro p h  v e s i c l e s  s u g g e s t s  
t h a t  t h e  tw o horm ones a r e  r e l e a s e d  t o g e t h e r .  ANG 
c o u ld  t h e r e f o r e  a c t  i n  an  a u t o r e g u l a t o r y  c a p a c i ty  o r  
i n  a p a r a c r i n e  r o l e  on num erous n e a rb y  l a c t o t r o p h s  
w hich  seem t o  b e  a b l e  t o  b in d  th e  p e p t id e  t o  a much 
h ig h e r  d e g re e  and t o  i n t e r n a l i z e  some form  o f  i t .  
(S u p p o r te d  by NIH HL33563)

282.20 PRESENCE OF HIGH-AFFINITY BINDING-SITES FOR OXYTOCIN IN RAT ADENO
HYPOPHYSIS. F .A .A ntoni (SPON: J .S .K e l ly ) ,  D e p t. o f  Human Anatomy, 
O x f o r d ,  OX1 3OX, U.K.

O x y to c in  (OT) i s  a  h y p o th a la m ic  n e u ro h o rm o n e , w h ic h , a p a r t  from 
i t s  w e l l - d e f i n e d  a c t i o n s  i n  p e r i p h e r a l  t i s s u e s ,  s t i m u l a t e s  th e  
s e c r e t i o n  o f  a d r e n o c o r t i c o t r o p in  an d  p r o l a c t i n  b y  th e  adenohypo
p h y s i s .  T he a im  o f  t h e  p r e s e n t  w o rk  w as  t o  e x a m in e  t h e  c h a r a c 
t e r i s t i c s  o f  p u r p o r t e d  o x y to c in  r e c e p t o r s  i n  t h e  a n t e r i o r  p i t u i 
t a r y  g l a n d .

A l l  e x p e r im e n ts  w e re  c a r r i e d  o u t  on  p a r t i c u l a t e  m em brane f r a c 
t i o n s  o b t a i n e d  f ro m  t h e  a d e n o h y p o p h y s i s  o f  f e m a le  W is t a r  r a t s  
w h ic h  w e r e  p r e t r e a t e d  w i t h  d i e t h y l s t i l b o e s t r o l  f o r  2 d a y s  (20 
μ g / r a t  s . c . ) .  T h e  r a d i o l i g a n d  w as t r i t i u m - l a b e l e d  OT ( 3H-OT), 
b o u n d  a n d  f r e e  h o rm o n e  w e r e  s e p a r a t e d  b y  f i l t r a t i o n  o v e r  GF/C 
f i l t e r s ,  n o n - s p e c i f i c  b in d in g  i n  t h e  p r e s e n c e  o f  1 μ m u n la b e le d  OT 
and  2.5 nM o f  r a d i o l ig a n d  w as 30-40% o f  t o t a l  b in d in g .  The a sso 
c i a t i o n  o f  3H-OT t o  t h e  m em b ran e  f r a c t i o n  w a s  t im e - d e p e n d e n t  
( s t e a d y - s t a t e  a t  60 m in) and  r e v e r s i b l e .  A n a ly s is  o f  t h e  o n - and 
o f f - r a t e s  o f  t h e  r e a c t i o n  g av e  a  d i s s o c i a t i o n  c o n s ta n t  (Kd ) o f  1.4 
nM. S a t u r a t i o n  o f  t h e  s p e c i f i c  c o m p o n e n t  o f  b i n d i n g  c o u ld  be 
a c h ie v e d  by  i n c r e a s i n g  t h e  c o n c e n t r a t i o n  o f  3H-OT, S c a tc h a rd  p lo ts  
i n d i c a t e d  t h e  p r e s e n c e  o f  a  s i n g l e  s i t e , Kd = 1.5 ± 0.1 nM, Bmax= 
33 ± 4 fm o l/m g  p r o t e i n ,  (m ean ± S.E.M., n=3). I n  l ig a n d  d is p la c e 
m en t e x p e r im e n ts  o x y to c in  an d  A rg8v a s o p r e s s in  (AVP) w e re  v i r t u a l ly  
e q u ip o te n t :  i n h i b i t o r y  c o n s ta n t s  w e re  1 .5  an d  1.4 nM, r e s p e c t iv e 
ly .  The s p e c i f i c  OT a g o n is t  OH -T hr4G ly 7OT w as 2x a s  p o t e n t  a s  OT, 
b u t  i t  d id  n o t  f u l l y  d i s p l a c e  t h e  r a d i o l ig a n d ,  t h e  m ax im al d is p la 
cem e n t w as 65 % o f  s p e c i f i c  b in d in g .  The p o t e n t  V1 a n ta g o n i s t  
d(CH2 ) 5Tyr(Me)AVP, t h e  s e l e c t i v e  V2 a g o n i s t  dDAVP, an d  t h e  beh
v i o r a l l y  a c t i v e  a n a lo g  desGlyNH2AVP a l l  h ad  low  a f f i n i t i e s  fo r  the 
b in d in g  s i t e .

The p h a rm a c o lo g y  o f  t h e  a d e n o h y p o p h y s ia l  b in d in g  o f  OT resem
b l e s  t h a t  r e c e n t ly  r e p o r t e d  f o r  t h e  h ip p o cam p u s  (EMBO J .  4:1407, 
1985) i n  t h a t  OT an d  AVP w e re  e q u a l l y  e f f i c i e n t  i n  d i s p l a c in g  3H- 
OT. T h i s  s u g g e s t s  t h a t  t h e  h y p o p h y s i a l  OT b i n d i n g  s i t e  and  the 
h i p p o c a m p a l  s i t e  m ay b e  i d e n t i c a l .  A l t e r n a t i v e l y ,  i t  c a n n o t  be 
r u l e d  o u t  a t  p r e s e n t ,  t h a t  3H-OT l a b e l s  an  u t e r i n e - t y p e  OT recep
t o r ,  a s  w e l l  a s  t h e  p i t u i t a r y - t y p e  AVP r e c e p to r  (N euroendocrino
lo g y  3 9 :1 8 6 , 1984) i n  h y p o p h y s ia l  m em branes.

In summary, the  present r e s u l t s  c le a r ly  show th a t  the  ra t  
adenohypophysis contains s i t e s ,  which bind OT with high aff in i ty  
and d i s t i n c t  pharmacological s p e c i f i c i ty ,  and hence, re inforce  the 
notion th a t  OT may function as a hypohysiotropic hormone.
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283.1 ELECTRON MICROSCOPY OF CROSSED ISTHMOTECTAL AXONS IN XENOPUS 
LAEVIS FROGS. S.B. U din and M.D. F i s h e r * . D iv . o f  N e u ro b io lo g y , 
S t a t e  U n iv . o f  N.Y., B u f f a lo ,  NY 14214.

The n u c le u s  i s t h m i  (N I) o f  f r o g s  i s  a r e l a y  f o r  i p s i l a t e r a l  
eye in p u t to  th e  tec tum ; each  NI re c e iv e s  r e t in o to p ic  in p u t from 
one tec tum  and sends r e t in o to p ic  o u tp u t to  th e  o th e r  tec tum  (1). 
The c ro s s e d  i s t h m o t e c t a l  p r o j e c t i o n  in  Xenopus i s  p a r t i c u l a r ly  
i n t e r e s t i n g  b e c a u se  i t  d i s p l a y s  tre m e n d o u s  p l a s t i c i t y  d u r in g  
d e v e lo p m e n t. F o r  e x a m p le , c r o s s e d  i s t h m o t e c t a l  ax o n s  can  be 
re ro u te d  to  anom alous te rm in a l s i t e s  in  th e  te c tum  i f  one eye i s  
r o ta te d  p r io r  to  m etam orphosis (2). M oreover, norm al developm ent 
o f  m a tc h in g  i p s i l a t e r a l  ( i s t h m o t e c t a l )  and  c o n t r a l a t e r a l  
( r e t i n o t e c t a l  maps) f a i l s  to  occur in  d a rk -re a re d  Xenopus (3).

These r e s u l t s  su g g es t t h a t  th e  lo c a t io n  a t  which a deve lop ing  
is th m o te c ta l  axon w i l l  te rm in a te  i s  de term ined  by th e  c o r r e l a t i o n  
o f  i t s  v i s u a l ly - e v o k e d  a c t i v i t y  w ith  th e  a c t i v i t y  o f  n e a rb y  
r e t i n o t e c t a l  t e r m i n a l s .  W hat s t r u c t u r e s  c o u ld  m e d ia te  su ch  
com m unication? We have u sed  e l e c t r o n  m ic ro sc o p y  to  d e te rm in e  
w hether r e t i n o t e c t a l  axons com m unicate d i r e c t l y  w ith  is th m o te c ta l  
ax o n s  v i a  a x o -a x o n ic  s y n a p s e s  o r  w h e th e r  th e  c o m m u n ic a tio n  i s  
i n d i r e c t ,  e .g . ,  v ia  common p o s t s y n a p t i c  d e n d r i t e s .  We have 
l a b e l l e d  i s t h m o t e c t a l  ax o n s  i n  6 a d u l t  X enopus by i n j e c t i n g  
h o r s e r a d i s h  p e r o x id a s e  i n t o  th e  r i g h t  NI and have  exam ined  
app ro x im ate ly  1000 f i l l e d  p r o f i l e s  in  th e  l e f t  t e c t a l  lobe . Only 
th r e e  p r o f i l e s  w ere observed w hich could  p o s s ib ly  be co n stru ed  as  
synapses on to  i s th m o te c ta l  ax o n s . T h e r e f o r e ,  we c o n c lu d e  t h a t  
th e  i n f l u e n c e  o f  r e t i n o t e c t a l  ax o n s  on i s t h m o t e c t a l  ax o n s  i s  
overw helm ingly  in d i r e c t .

The in d i r e c t  i n t e r a c t io n  i s  p robab ly  m ediated by p o s ts y n a p tic  
d e n d r i t e s .  T h i s  p r e l i m i n a r y  c o n c l u s i o n  i s  b a s e d  on  t h e  
o b s e r v a t io n  t h a t  a l l  o f  th e  54 i s t h m o t e c t a l  s y n a p s e s  i n  th e  
s tra tu m  zon a le  and 58 is th m o te c ta l  synapses in  la y e r  8-deep la y e r  
9  i n  o u r  s am p le  in v o lv e d  p a l e  p o s t s y n a p t i c  p r o f i l e s  w h ich  
c o n ta in e d  v e s i c l e s ,  m ic r o tu b u l e s ,  a n d /o r  m i to c h o n d r ia .  The 
synapses w ere unrem arkab le  in  g e n e ra l morphology, w ith  asym m etric  
th ic k e n in g s  o f  0 . 2 7 μ m  median le n g th  (n o t c o r re c te d  fo r  sh rinkage ) 
and p redo m in an tly  round c l e a r  p re s y n a p tic  v e s ic le s .  En  p a ssa n t 
synapses w ere observed.

In  c o n c lu s io n ,  c ro s s e d  i s t h m o t e c t a l  axons make co n v e n tio n a l 
a s y m m e tr ic  s y n a p s e s ,  p ro b a b ly  o n to  a p i c a l  d e n d r i t e s  o f  t e c t a l  
c e l l s .  T hus, i t  i s  l i k e l y  t h a t  th e  i n f l u e n c e  o f  r e t i n o t e c t a l  
a c t i v i t y  on is th m o te c ta l  axons i s  m ediated  by co n ta c ts  on common 
d e n d r i t i c  ta r g e t s .

This work was supported  by USPHS g ra n t  EY-03470.
1. G ruberg ,E .R . and S.B .Udin (1978) J .C om p .N euro l. 1 7 9 :4 8 7 -5 0 0 .
2. U din ,S .B . and M .J .K ea tin g  (1981) J .C om p .N euro l. 20 3 :5 7 5 -5 9 4 .
3. D aw es,E .A ., S .G ra n t and M .J .K ea tin g  (1984 ) J .P h y s io l .  350 :l8 P .

283.2 DUAL TECTAL EFFERENT ROUTES FOR VISUAL AVOIDANCE BY 
FROGS D. I n g l e ,  Eye R e s e a r c h  I n s t i t u t e ,  B oston ,  
MA 0 2 1 1 4 .

E a r l i e r  s t u d i e s  showed t h a t  t h e  f r o g ' s  a b i l i t y  to 
t u r n  to w a rd s  p r e y  s t i m u l i  d epends  upon t h e  i n t e g r i t y  
o f  t h e  c o n t r a l a t e r a l  t e c t a l  p r o j e c t i o n  t o  t h e  brainstem, 
w h i l e  t h e  a b i l i t y  t o  t u r n  away from v i s u a l  t h r e a t  de 
pends  upon t h e  i n t e g r i t y  o f  t h e  i p s i l a t e r a l  t e c to b u lb a r  
p r o j e c t i o n .  However,  t h e  s i t u a t i o n  i s  c o m p l i c a t e d  by 
t h e  f a c t  t h a t  f r o g s  w i t h  c u t s  t h r o u g h  t h e  i p s i l a t e r a l  
t e c t o b u l b a r  t r a c t  s t i l l  r e s p o n d  w i t h  wrong-w ay jumps 
to w a rd s  t h e  a p p r o a c h i n g  d i s k s ,  o f t e n  c o l l i d i n g  w i th  
them. How can  one a c c o u n t  f o r  t h e  a d a p t i v e  v a l u e  of  
a mechanism m e d i a t i n g  su ch  i p s i v e r s i v e  a v o id a n c e  jumps?

One n a t u r a l  s i t u a t i o n  in  w hich  i p s i v e r s i v e  escape  
i s  e l i c i t e d  i s  t h a t  where  a d i s k  a p p r o a c h e s  o b l i q u e l y  
from t h e  r o s t r a l  f i e l d  and c r o s s e s  t h e  m i d l i n e  in  front 
o f  t h e  f r o g .  F rogs  t y p i c a l l y  r e s p o n d  t o  t h e s e  n o n c o l l i 
s i o n  t r a j e c t o r i e s  by l e a p i n g  i n t o  t h e  same h e m i f i e l d  
from w hich  t h e  t h r e a t -  o r i g i n a t e d .  S i n g l e - f r a m e  analysis  
o f  f i l m  r e c o r d s  from 6 no rm a l  and 6 m o n o c u la r  f r o g s  
r e v e a l e d  t h a t  i p s i v e r s i v e  jumps a r e  e l i c i t e d  on most 
t r i a l s  w i t h  c r o s s i n g  s t i m u l i  b e f o r e  t h e  d i s k s  ac tua l ly  
c r o s s  t h e  m i d l i n e ,  w h i l e  c o l l i s i o n  s t i m u l i  e l i c i t  mainly 
c o n t r a v e r s i v e  e s c a p e  d i r e c t i o n s .  T h i s  d i s c r i m i n a t i o n  
i s  b a s e d  upon t h e  t r a j e c t o r y  o f  m o t io n  and n o t  upon 
s t i m u l u s  l o c a t i o n  j u s t  b e f o r e  t h e  r e s p o n s e .

F rogs  w i t h  t h e  tegmentum s p l i t  ( s e v e r i n g  t h e  crossed 
t e c t o b u l b o s p i n a l  t r a c t )  can  s t i l l  make i p s i v e r s i v e  
a v o id a n c e  ju m p s ,  a l t h o u g h  th e y  f a i l  t o  t u r n  to w ards  
p r e y .  However,  a more c a u d a l  m i d l i n e  t r a n s e c t i o n  of  
t h e  i s th m u s  (be low  t h e  c e r e b e l l u m )  a b o l i s h e s  th e  t e n d 
ency  t o  make i p s i v e r s i v e  jumps t o  c r o s s i n g  s t i m u l i .  
S p l i t - i s t h m u s  f r o g s  now jump i n t o  t h e  c r o s s i n g  stimulus 
t r a j e c t o r y  and o f t e n  c o l l i d e  w i t h  t h e s e  s t i m u l i .  Since 
t e c t a l  f i b e r s  do n o t  c r o s s  t h e  i s t h m u s ,  we conclude  
t h a t  i p s i v e r s i v e  jumps i n v o l v e  a t  l e a s t  one r e l a y  s t a 
t i o n  b e tw een  t h e  t e c tu m  and t h e  m e d u l l a  o f  t h e  oppos i te  
s i d e ,  a l t h o u g h  c o n t r a v e r s i v e  jumps may be m e d ia t e d  by 
d i r e c t  t e c t o m e d u l l a r y  c o n n e c t i o n s .
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283.3 TOPOGRAPHIC ORGANIZATION OF RETINAL, TECTAL AND PRETEC
TAL PROJECTIONS TO THE THALAMUS IN RANA PIPIENS. N e i l  
M. Montgomery ,  K a t h e r i n e  V. F i t e  and Lynn B e n g s t o n . 
D i v i s i o n  o f  N e u r o s c i e n c e  and B e h a v i o r ,  U n i v e r s i t y  o f  
M a s s a c h u s e t t s ,  A m h e rs t ,  MA 01003

An a s c e n d i n g  pa thway l i n k i n g  th e  te c tu m  w i th  t h a l a m i c  
v i s u a l  n u c l e i  i s  a c o n s i s t e n t  f e a t u r e  o f  v e r t e b r a t e  
n e u r a l  o r g a n i z a t i o n .  W hether  t h i s  p r o j e c t i o n  i s  t o p o 
g r a p h i c a l l y  o r g a n i z e d  and w h e th e r  r e t i n o t o p i c  c o o r d i 
n a t e s  c h a r a c t e r i z e  bo th  f i r s t -  and s e c o n d - o r d e r  o p t i c  
a f f e r e n t s  a c r o s s  s p e c i e s  i s  unknown. O p t i c  axons o r i 
g i n a t i n g  p r e d o m i n a n t l y  from a s i n g l e  r e t i n a l  q u a d r a n t  
were  t r a n s e c t e d  and 30% HRP was a p p l i e d  f o r  a 5 -day  
s u r v i v a l  p e r i o d .  In t h e  o p t i c  t e c t u m ,  H R P - p o s i t i v e  
t e r m i n a l s  i n d i c a t e d  a r e s t r i c t e d  u p ta k e  o f  HRP, in  
a c c o r d a n c e  w i th  t h e  known r e t i n o t e c t a l  map. L i k e w i s e ,  
H R P - p o s i t i v e  axons in  t h a l a m i c  and p r e t e c t a l  r e t i n o -  
r e c i p i e n t  a r e a s  c o n f i rm e d  t h a t  t h e s e  p r o j e c t i o n s  a r e  
m i r r o r - i m a g e  r e v e r s a l s  o f  th e  t e c t a l  r e p r e s e n t a t i o n  
( S c a l i a  and F i t e ,  1 9 8 4 ) .  U sing  t h e s e  f i r s t - o r d e r  p r o 
j e c t i o n s  as r e f e r e n c e  m a t e r i a l ,  a seco n d  group  o f  f r o g s  
r e c e i v e d  d i s c r e t e  i n j e c t i o n s  o f  HRP such  t h a t  t h e  e n t i r e  
t e c t a l  lo b e  and p r e t e c a l  r e g i o n  were  e x p l o r e d  a c r o s s  
a n i m a l s .  The d i s t r i b u t i o n  o f  a n t e r o g r a d e - l a b e l l e d  HRP 
axons was c h a r t e d  t h r o u g h o u t  t h e  t h a l a m u s .

The t e c t a l  p r o j e c t i o n  to  th e  c au d a l  t h a l a m i c  n e u r o p i l  
i s  t o p o g r a p h i c a l l y  o r g a n i z e d ,  w i th  th e  c au d a l  t e c tu m  
r e p r e s e n t e d  in  th e  a n t e r i o r  p o r t i o n ,  w h i l e  t h e  a n t e r i o r  
tec tum  p r o j e c t s  to  t h e  cau d a l  r e g i o n .  T h u s ,  th e  t e c t a l  
p r o j e c t i o n  shows a r e v e r s a l  o f  t h e  r e t i n o t e c t a l  r e p r e -  
s e n t a t i o n a n d  i s  in  c o r r e s p o n d e n c e  w i th  t h e  d i r e c t  
r e t i n a l  p r o j e c t i o n .  The co rp u s  g e n i c u l a t u m  n e u r o p i l  
r e c e i v e s  a f f e r e n t s  o n ly  from th e  a n t e r i o r  and m id d le  
p o r t i o n s  o f  th e  te c tu m  ( b i n o c u l a r  r e g i o n )  w i th  a t o p o 
g r a p h i c  o r g a n i z a t i o n .  The a n t e r i o r  te c tu m  i n n e r v a t e s  
th e  c au d a l  p o r t i o n ,  w h i l e  t h e  m id d le  t e c tu m  i n n e r v a t e s  
th e  c e n t r a l  p o r t i o n  o f  c .  g e n i c u l a t u m .  A g a in ,  th e  
s e c o n d - o r d e r  t e c t a l  p r o j e c t i o n  a p p e a r s  t o  be in  r e g i s 
t e r  w i th  t h e  d i r e c t  r e t i n a l  p r o j e c t i o n s  to  g e n i c u l a t u m .

The p r e t e c t a l  t h a l a m i c  p r o j e c t i o n  o r i g i n a t e s  p r i m a r 
i l y  from th e  m e s e n c e p h a l i c  p r e t e c t a l  g ra y  (w hich  does  
no t  r e c e i v e  d i r e c t  r e t i n a l  i n p u t ) ,  and p a r a l l e l s  th e  
t e c t o t h a l a m i c  p a th w ay .  I t  r e a c h e s  bo th  cau d a l  and 
a n t e r i o r - t h a l a m i c  o p t i c  n e u r o p i l s ,  and t e r m i n a t e s  
m e d i a l l y ,  n e a r  th e  c e n t r a l  g r a y .  A t o p o g r a p h i c  o r g a n i 
z a t i o n  a p p e a r s  to  e x i s t  w i t h i n  t h i s  p r o j e c t i o n ,  b u t  
i t s  r e l a t i o n s h i p  t o  r e t i n a l  c o o r d i n a t e s  c o u ld  n o t  be 
d e t e r m i n e d  ( S u p p o r t e d  by NSF BNS-8510 3 8 1 ) .

283.4 3 (H) 2-DEOXYGLUCOSE ANALYSIS OF THE NEURAL SUBSTRATES 
OF HORIZONTAL OPTOKINETIC NYSTAGMUS IN RANA PIPIENS 
K a th e r in e  V. F i t e ,  G reg o ry  T a g g a r t ,  Lynn B e n g s to n , and 
N e i l  M, M ontgom ery. U n iv e r s i t y  o f  M a s s a c h u s e t ts /A m h e rs t

R ec e n t s t u d i e s  b a s e d  upon l e s i o n - b e h a v i o r a l  a n a l y s i s  
hav e  d e m o n s t r a te d  t h a t  t h e  p r e t e c t a l  n u c le u s ,  l e n t i f o r 
m is  m e s e n c e p h a l i  (nLM) i s  c r i t i c a l  f o r  h o r i z o n t a l  
o p t o k i n e t i c  n y s tag m u s  (hOKN) in  Rana p i p i e n s . In  th e  
p r e s e n t  s tu d y ,  t h e  f u n c t i o n a l  o r g a n i z a t i o n  o f  hOKN was 
f u r t h e r  s tu d i e d  w i th  t h e  3(H) 2 -d e o x y g lu c o s e  (2-DG) 
m e th o d , t o  f u r t h e r  c l a r i f y  i t s  n e u r a l  s u b s t r a t e s .

A n im als  w ere  i n j e c t e d  w i th  2-DG (1 uC i/gm  body w e ig h t)  
i n  t h e  d o r s a l  lym ph s a c ,  and  w ere  e x p o se d  to  hOKN f o r  
a p e r io d  o f  2½ h o u rs  a t  a  p a t t e r n  v e l o c i t y  o f  1 . 5 ° / s e c .  
A n im als  w ere  im m e d ia te ly  p e r f u s e d  and b r a i n s  s e c t io n e d  
on a c r y o s t a t  a t  -1 4 °  C. S e c t io n s  w ere  m ounted  on c o v e r -  
s l i p s ,  p la c e d  i n  x - r a y  c a s s e t t e s  w i th  LKB u l t r a f i l m  f o r  
40 d a y s  e x p o s u r e .  E xposed  n e g a t iv e s  w ere  a n a ly s e d  d e n s i -  
t o m e t r i c a l l y  u s in g  a L e i t z  m ic ro s c o p e  and  MVD-DADS s y s 
tem  f o r  a u t o r a d io g r a p h ic  im a g e -e n h an c e m e n t. T i s s u e  s e c 
t i o n s  w ere  c o u n t e r s t a i n e d  f o r  c o m p a ra t iv e  c h a r t i n g s .

W ith  b in o c u la r  s t i m u l a t i o n ,  t h e  h i g h e s t  l e v e l s  o f  
2-DG u p ta k e  w ere  o b s e r v e d b i l a t e r a l l y  i n  th e  p r e t e c t a l  
n u c le u s ,  nLM. 2-DG u p ta k e  a p p e a re d  to  be e q u iv a l e n t  f o r  
b o th  r i g h t  and  l e f t  nLM (ev en  th o u g h  o n ly  one  ey e  had  
r e c e i v e d  th e  p r e f e r e d ,  t e m p o r a l - t o - n a s a l  d i r e c t i o n ) . In  
a d d i t i o n ,  b i l a t e r a l  u p ta k e  o f  2-DG was a l s o  o b s e rv e d  
in  th e  v e n t r a l  m o to r n u c l e i ,  n u c le u s  i n t e r s t i t i a l i s  and 
th e  p o s t e r i o r  tu b e rc u lu m . M o n o cu la r s t i m u l a t i o n  in  
th e  t e m p o r a l - t o - n a s a l  d i r e c t i o n  c o r r e l a t e d  w i th  2-DG 
u p ta k e  in  t h e  c o n t r a l a t e r a l  nLM and  th e  d i s t r i b u t i o n  o f  
l a b e l  a p p e a re d  t o  m a tch  t h a t  o f  t h e  p r im a ry  r e t i n a l  
p r o j e c t i o n  t o  nLM, i . e .  a d e n s e - c o r e  c e n t r a l  r e g io n  
s u r ro u n d e d  by a r e g io n  o f  l e s s e r  u p ta k e .

No u p ta k e  o f  2-DG was o b s e rv e d  in  t h e  n u c le u s  o f  th e  
b a s a l  o p t i c  t r a c t  w i th  low  p a t t e r n  v e l o c i t i e s .  F u r th e r  
s t u d i e s  s h o u ld  c l a r i f y  w h e th e r  h ig h e r  v e l o c i t i e s  w i l l  
r e v e a l  in v o lv e m e n t o f  t h e  a c c e s s o r y  o p t i c  sy s te m  in  
hOKN, a s  p r e v io u s  b e h a v i o r a l  i n v e s t i g a t i o n s  h ave  s u g 
g e s te d  ( F i t e ,  e t  a l ,  1 9 7 9 ) ,  and  w h ich  h a s  b een  r e p o r t e d  
in  a v ia n  s p e c i e s  a s  w e l l  (McKenna and  W allm an, 1 9 8 1 ) . 
(S u p p o r te d  by th e  W h i te h a l l  F o u n d a tio n )

283.5 TECTAL AFFERENTS IN A GYMNOTID TELEOST FISH, WITH SPE
CIAL REFERENCE TO THE RAPHE AND HYPOTHALAMIC INPUTS. 
E. S as and  L. M a le r . D e p t. o f  A natom y, F a c . o f  H e a l th  
S c ie n c e s ,  O ttaw a  K1H 8M5 C an ad a .

The t e c t a l  a f f e r e n t s  o f  G ym notid  f i s h  h av e  b een  e x a 
m ined  by i o n t o p h o r e t i c  d e l i v e r y  o f  WGA-HRP. In  p r e v io u s  
s t u d i e s  we hav e  shown some c h i e f  s o u r c e s  o f  t e c t a l  a f f e 
r e n t s  su ch  a s :  r e t i n a l  (S as  & M a le r ,  ' 8 6 ) ,  e l e c t r o s e n 
so ry  (C a r r  e t  a l . ,  '8 1 ;  S as & M a le r ,  '8 6 ) ,  and  i s th m ic  
(S as & M a le r ,  s u b m i t t e d ) . Our p r e s e n t  i n v e s t i g a t i o n  f o 
c u s e s  on th e  fo l l o w in g  im p o r ta n t  a d d i t i o n a l  s i t e s  o f  
t e c t a l  a f f e r e n t s :  t e l e n c e p h a l i c , h y p o th a la m ic ,  r a p h e ,  
t u b e r a l ,  p r e t e c t a l ,  and  v a r io u s  m e s e n c e p h a l ic  and  m ed u l
l a r y  i n p u t s .
1) In  t h e  t e l e n c e p h a lo n ,  a r e a  d o r s a l i s  c e n t r a l i s  n e u ro n s  

w ere  b i l a t e r a l l y  l a b e l e d ,  w i th  a s t r o n g e r  i p s i l a t e r a l  
co m p o n en t.

2) In  t h e  d ie n c e p h a lo n ,  l a b e l e d  c e l l s  w ere  l o c a l i z e d  i n :  
a ) t h e  n .  d o r s o l a t e r a l i s  th a l a m i ,  b) f o u r  t u b e r a l  
c e l l  g ro u p s  l o c a t e d  in  a p a r a v e n t r i c u l a r  p o s i t i o n ,  
c) v a r io u s  h y p o th a la m ic  n u c l e i ,  in c lu d in g  a c e l l  
g ro u p  l o c a t e d  a t  th e  d o r s a l  b o u n d a ry  o f  th e  i n f e r i o r  
h y p o th a la m ic  lo b e ,  and  o b l iq u e  s t r a n d  o f  l a r g e  c e l l s  
w i th in  th e  i n f e r i o r  lo b e ,  and  th e  s m a l l  c e l l e d  l a t e 
r a l  h y p o th a la m ic  a r e a ,  d) a n e u ro n a l  g ro u p  l o c a t e d  
d o r s a l  t o  th e  n .  g lo m e ru lo su m .

3) In  t h e  p r e t e c t a l  r e g io n ,  t h e  n . o f  t h e  p o s t e r i o r  com
m is s u r e  and  p r e t e c t a l  a r e a  show ed a d e n s e r  l a b e l i n g  
i p s i l a t e r a l l y , w h e re a s  th e  d o r s a l  l a r g e  c e l l e d  p a r t  
o f  n .  p r e t e c t a l i s  was o n ly  l a b e l e d  i p s i l a t e r a l l y .

4) A t m e s e n c e p h a l ic  l e v e l s ,  s o u r c e s  o f  a f f e r e n t s  i n c l u 
d e d : th e  n . i s th m i  and  n . r a p h e  d o r s a l i s  b i l a t e r a l l y ,  
t h e  i p s i l a t e r a l  m e s e n c e p h a l ic  tegm en tum , t o r u s  s e m i-  
c i r c u l a r i s  d o r s a l i s  and  v e n t r a l i s ,  m e s e n c e p h a l ic  n . 
o f  V, and  th e  c o n t r a l a t e r a l  o p t i c  te c tu m .

5) At m e d u lla ry  l e v e l s ,  n e u ro n s  o f  th e  i p s i l a t e r a l  o c t a -  
v a l  n u c le u s  and  p a ra m e d ia n  r e t i c u l a r  f o r m a t io n ,  a p 
p e a r e d  m o d e ra te ly  l a b e l e d .
As a r e s u l t  o f  t h i s  s tu d y  we may c o n c lu d e  t h a t  in  

G ym notid  f i s h ,  a s  in  o t h e r  v e r t e b r a t e s  t h e  o p t i c  te c tu m  
i s  th e  t a r g e t  o f  m u l t i s e n s o r y  in p u t s  ( v i s u a l ,  e l e c t r o -  
s e n s o r y ,  t r i g e m i n a l ,  o c t a v o l a t e r a l ) .  In  a d d i t i o n ,  th e  
in p u t  o f  n .  ra p h e  (d ) s u g g e s t s  t h a t  a s e r o t o n e r g i c  i n p u t  
i s  a l s o  p r e s e n t .  H y p o th a la m ic  p r o j e c t i o n s  t o  th e  te c tu m  
o f  t e l e o s t s  a r e  c o n t r o v e r s i a l  a l th o u g h  su ch  c o n n e c t io n s  
a r e  fo u n d  in  mammals. The h y p o th a l a m o - t e c t a l  p r o j e c t i o n  
may a l lo w  f o r  c o r r e l a t i o n  o f  e l e c t r o s e n s o r y , v i s u a l ,  
o r i e n t i n g  b e h a v io r  and  e m o tio n a l  ( v i s c e r a l )  s t a t e s .

283.6 STRUCTURE AND FUNCTION OF TECTOSPINAL NEURONS IN THE HAMSTER. 
R.D. Mooney, B.G. K le in , M.F. Jac q u in , A.M. Szczepanik* , N.L. 
Chi a ia  and R.W. Rhoades. D ept. o f Anatomy, U n iv e rs ity  o f 
M edicine and D e n tis t ry  o f New Je rsey -S ch o o l of O steo p a th ic  
M edicine & R utgers M edical S chool, P isca taw ay , NJ 08854.

I n t r a c e l l u l a r  reco rd in g  and h o rs e ra d is h  p ero x id ase  (HRP) 
in j e c t io n  tech n iq u es  were used to  c h a ra c te r iz e  th e  s t r u c tu r e  and 
fu n c t io n  o f t e c to s p in a l  (TS) c e l l s  in  th e  s u p e r io r  c o l l ic u lu s  
(SC) o f th e  ham ste r. T h ir ty  one neu ro n s , which cou ld  be 
a n t id ro m ic a lly  a c t iv a te d  from th e  f i r s t  c e rv ic a l  segment o f th e  
s p in a l  co rd , were rec o rd e d , f i l l e d  w ith  HRP and reco v e red . 
A natom ical d a ta  from an o th er 21 TS c e l l s  was only  s u f f i c i e n t  to  
mark th e  lam inar p o s i t io n  o f th e  c e l l  body. Of th e  t o t a l  sample 
o f 52 c e l l s ,  7.7% had t h e i r  somata in  th e  s tra tu m  griseum  
in te rm e d ia le  (SG I), 50% were in  th e  s tra tu m  album i ntermedium 
(S A I), 36.5% were in  th e  s tra tu m  griseum  profundum (SGP) and 5.8% 
were in  th e  s tra tu m  album profundum (SAP). The TS c e l l s  were 
f a i r l y  un ifo rm  m o rp h o lo g ica lly . They had la rg e  (27 .7  ± 5 .5  um 
d iam ete r)  c e l l  bo d ie s  which gave r i s e  to  an average o f 6 .7  ± 1.2 
p rim ary  d e n d r i te s .  These were g e n e ra lly  smooth and extended up 
to  500 μm away from th e  cel l  body. In  many c a s e s , they  ascended 
o u t o f th e  deep lam inae in to  th e  s tra tu m  o p ti cum (SO), and some 
reached  th e  s tra tu m  griseum  s u p e r f ic i a le  (SGS). The axons of TS 
c e l l s  averaged  3 .4  ± 0 .8  μm in  d iam ete r and they  g e n e ra lly  
coursed  r a d i a l l y  to  th e  SAP where they  curved around th e  
p e r ia q u e d u c ta l  g ray  (PAG) and e n te re d  th e  p re d o rs a l bund le (PB). 
These axons o f te n  gave r i s e  to  c o l l a t e r a l s  w hich a rb o riz e d  in  th e  
deep lam inae o f th e  i p s i l a t e r a l  SC and su b ja c e n t r e t i c u l a r  
fo rm a tio n .

The TS c e l l s  were a l s o  f a i r l y  uniform  p h y s io lo g ic a l ly .  T he ir 
average  conduc tion  la te n c y  was 2 .0  ± 2 .3  ms and th i s  v a r ia b le  had 
a s tro n g  n e g a tiv e  c o r r e l a t i o n  ( - .8 1 )  w ith  axon d iam ete r f o r  th e  
reco v e red  c e l l s .  Most (53.5%) o f th e  TS c e l l s  were e x c lu s iv e ly  
som atosensory  and gave r a p id ly  ad a p tin g  resp o n ses  to  d e f le c t io n  
o f v ib r i s s a e  an d /o r guard h a i r s :  7.7% were bim odal 
(v is u a l-so m a to se n so ry ); 11.5% had complex (Rhoades e t  a l . ,  J . 
N eu ro sc i. , 7: 1342, ’83) som atosensory re c e p tiv e  f i e l d s ;  1.9% 
were d isch a rg ed  on ly  by a noxious p inch  and 15.4% were 
u n re sp o n s iv e . The on ly  c l e a r - c u t  c o r r e l a t i o n  between th e  
s t r u c t u r a l  c h a r a c t e r i s t i c s  and re c e p tiv e  f i e l d  p ro p e r t ie s  o f TS 
neurons was th a t  a l l  bim odal c e l l s  ex tended  d e n d r i te s  a t  l e a s t  as 
f a r  d o r s a l ly  as  th e  SO. We a ls o  no ted  th a t  a l l  o f th e  c e l l s  w ith  
complex som atosensory re c e p tiv e  f i e ld s  rec e iv e d  in h ib i to r y  in p u t 
from axons th a t  e i t h e r  o r ig in a te d  from , o r  passed  th ro u g h , th e  
c o n t r a la t e r a l  SC.

Supported by BNS 85 00142, EY 03546, EY 4170, DE 06528, NRSA 
NS 07774 (N .L .C .) and NS 07280 (B .G .K .).
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283.7 EFFECTS OF NOREPINEPHRINE UPON THE RECEPTIVE FIELD PROPERTIES OF 
SUPERIOR COLLICULAR NEURONS IN THE HAMSTER. N. S a h ib z a d a * , R.D. 
Mooney and R.W. R hoades (SPON: A.M. G o lu b ) . D e p t . o f  A natom y, 
U n iv e r s i ty  o f  M e d ic in e  and D e n t i s t r y  o f  New J e r s e y - S c h o o l  o f  
O s te o p a th ic  M e d ic in e  & R u tg e rs  M e d ic a l S c h o o l,  P i s c a ta w a y ,  NJ 
08854 .

B oth  h i s t o f lu o r e s c e n c e  and im m u n o cy to ch em ical s t u d i e s  h av e  
d e m o n s tra te d  t h a t  t h e  s u p e r i o r  c o l l i c u l u s  (SC) in  r o d e n t s  i s  
in n e r v a te d  by num erous n o r e p in e p h r in e  (NE) c o n ta in in g  ax o n s  w hich  
p ro b a b ly  a r i s e  from  th e  lo c u s  c e r u l e u s .  T h e re  i s ,  h o w ev er, v e ry  
l i t t l e  i n fo r m a t io n  r e g a r d in g  th e  e f f e c t s  o f  t h i s  c a te c h o la m in e  
upon th e  r e c e p t iv e  f i e l d  p r o p e r t i e s  o f  SC n e u ro n s .  We h ave  
t h e r e f o r e  beg u n  to  exam ine  th e  e f f e c t s  o f  NE upon th e  r e s p o n s e s  
o f  SC c e l l s  i n  th e  h a m s te r .  T h is  a b s t r a c t  i s  b a se d  upon d a ta  
from  55 SC n e u ro n s  re c o rd e d  from  30 h a m s te rs  t h a t  w ere 
a n e s t h e t i z e d  w i th  sodium  p e n t o b a r b i t a l ,  p a ra ly z e d  w i th  g a l la m in e  
t r i e t h i o d i d e  and  a r t i f i c i a l l y  r e s p i r a t e d .  I o n to p h o r e t i c  c u r r e n t s  
(no h ig h e r  th a n  +50 nA) w ere u se d  to  a p p ly  NE (0 .1  M; pH 4 .5 )  and 
th e s e  w ere  t y p i c a l l y  b a la n c e d  by e j e c t i o n  o f  o p p o s i t e  p o l a r i t y  
c u r r e n t  th ro u g h  a N a C l - f i l l e d  p i p e t t e .  R e sp o n se s  o f  SC n e u ro n s  
w ere  e v a lu a t e d  w i th  h a n d h e ld  s t i m u l i  and co m p u te r c o n t r o l l e d  
v i s u a l  and s o m a to s e n s o ry  s t i m u l a t o r s .  Tw enty o f  th e  c e l l s  i n  o u r  
sam p le  w ere  r e c o r d e d  in  t h e  s u p e r f i c i a l  SC lam in ae  and th e y  w ere 
a l l  e x c lu s i v e l y  v i s u a l .  S ix ty  p e rc e n t  (N=12) o f  t h e s e  n e u ro n s  
had  t h e i r  s p o n ta n e o u s  a c t i v i t y  a n d /o r  evoked  d i s c h a r g e s  
s u p p re s s e d  by i o n to p h o r e s i s  o f  NE. S im i la r  e f f e c t s  o f  NE w ere  
o b s e rv e d  f o r  n e u ro n s  t h a t  r e sp o n d e d  b e s t  to  s t a t i o n a r y ,  f l a s h e d  
s t i m u l i ,  movement s e n s i t i v e  c e l l s  and d i r e c t i o n a l l y  s e l e c t i v e  
n e u ro n s .  E ig h ty  one p e r c e n t  (N=25) o f  t h e  31 so m a to se n so ry  
n e u ro n s  i s o l a t e d  in  th e  deep  SC la m in a e  had  t h e i r  sp o n ta n e o u s  
a c t i v i t y  a n d /o r  evoked  d i s c h a r g e s  s u p p re s s e d  by NE io n to p h o r e s i s .  
The e f f e c t s  o f  NE w ere  s i m i l a r  f o r  c e l l s  c h a r a c t e r i z e d  a s  low 
th r e s h o ld ,  w ide  dynam ic r a n g e ,  n o x io u s  and com plex  (R hoades e t  
a l . ,  J . N e u r o s c i . , 7 : 1342, ' 8 3 ) . ) .  We a l s o  t e s t e d  4 
u n r e s p o n s iv e  c e l l s  and 3 o f  t h e s e  had  t h e i r  sp o n ta n e o u s  
d i s c h a r g e s  s u p p re s s e d  by NE. In  a l l  o f  th e  n e u ro n s  in  w h ich  i t  
was t e s t e d ,  i o n to p h o r e s i s  o f  th e  b e ta  a d r e n e r g ic  a n ta g o n i s t  
p r o p r a n o lo l  b lo c k e d  th e  e f f e c t s  o f  NE. F i n a l l y ,  no e x c i t a t o r y  
e f f e c t s  o f  NE w ere o b s e rv e d  f o r  any  o f  th e  SC c e l l s  t h a t  we 
r e c o r d e d .

S u p p o r te d  in  p a r t  by EY 04170 and BNS 85 00142 .

283.9 TECTO TECTAL AND CORTICO-TECTAL EFFECTS ON HYPEREXCITABILITY IN 
THE SUPERIOR COLLICULUS OF 2 , 5-HEXANEDIONE TREATED RATS. R .D . 
W ilso n * , D .Im pelm an* , D .Ruan* and D .A .F o x . U n i v e r s i ty  o f  
H o u s to n , C o l le g e  o f  O p to m etry , H o u s to n , TX 77004 .

P r e v io u s ly ,  we p r e s e n te d  d a ta  from  L ong-E vans hooded r a t s  w ith  
2 , 5 -h e x a n e d io n e  (2 ,5 -H D ) a x o n o p a th y  show ing  ( 1 )  s e l e c t i v e  
d e c r e a s e s  i n  o p t i c  t r a c t  ( OT) t 2  c o n d u c tio n  v e l o c i t y  (medium 
d ia m e te r  g r o u p ) ,  and  ( 2 )  h y p e r e x c i t a b i l i t y  i n  OT t2  and  s u p e r i o r  
c o l l i c u l u s  (SC C2) a m p l i tu d e  r e c o v e r y  f u n c t i o n s  (R F s) fo llo w in g  
o p t i c  ch ia sm  e l e c t r i c a l  s t i m u l a t i o n .  The h y p e r e x c i t a b i l i t y  i n  SC 
C2 p re c e d e d  OT t2  RF c h a n g e s  ( N e u r o s c i .  A b s .,  1 9 8 5 ) . More r e c e n t  
a n a l y s i s  o f  2,5-H D  SC C2 d a ta  show s: (1 )  e x c i t a b i l i t y  i n c r e a s e s  
i n  rh e o b a s e  t h r e s h o ld s :  mean c o n t r o l  r h e o b a s e  was 32 m icroaraps 
w h i le  2 ,5-H D  rh e o b a s e  was 14 m ic ro am p s, (2 )  c o m p re ss io n  and 
in c r e a s e d  s e n s i t i v i t y  o f  a m p l i t u d e - in t e n s i t y  (A - I )  f u n c t i o n s ,  and 
(3 )  2 ,5-H D  a m p li tu d e  RFs su p e rim p o se  on c o n t r o l  RFs w i th  a  
t r a n s l a t i o n  o f  c o o r d i n a te s  on i n t e r - r e s p o n s e  i n t e r v a l  ( IR I )  
p l o t s .  The d i f f e r e n c e s  i n  2 ,5-H D  RFs may be a c c o u n te d  f o r  by 
slo w ed  a f f e r e n t  OT c o n d u c tio n ,  in c r e a s e d  s y n a p t i c  d e la y  and  
in c r e a s e d  t o n i c  e x c i t a t i o n .  Slowed a f f e r e n t  OT c o n d u c tio n  (-30% ) 
and i n c r e a s e d  s y n a p t i c  d e la y  (+80%) r e c e n t l y  h av e  b een  docum ented  
i n  t h e s e  2,5-H D  r a t s .  To d e te rm in e  th e  p o s s ib l e  r o l e  o f  
i n c r e a s e d  t o n i c  e x c i t a t i o n  t o  SC h y p e r e x c i t a b i l i t y  i n  2,5-H D 
r a t s ,  a b l a t i o n  o r  KCl  s tu d i e s  ex a m in in g  t e c t o - t e c t a l  i n h i b i t i o n  
and c o r t i c o -  c o r t i c a l  f a c i l i t a t i o n  w ere p e rfo rm e d .  In  
t e c t o - t e c t a l  e x p e r im e n ts  s im u lta n e o u s  f i e l d  p o t e n t i a l  d e p th  
r e c o r d in g s  o f  OT/SC r e s p o n s e  f u n c t i o n s  w ere o b ta in e d  2 0 -8 0  h o u r s  
f o l lo w in g  c o n t r a l a t e r a l  SC a b l a t i o n ,  t h e  d e g e n e r a t io n  t im e  
e s t a b l i s h e d  f o r  OT t2  a x o n s  (E y s e l  and G r u s s e r ,  1 9 7 4 ) . R e s u l t s  
show: (1 )  t h e  s e n s i t i v i t y  o f  SC lu m in a n c e  i n t e n s i t y  f u n c t io n s  
( L IF s )  a r e  d e c re a s e d  a p p ro x im a te ly  50% w i th  no c h a n g e  i n  OT L IF s 
and (2 )  OT/SC e l e c t r i c a l  A -I and  RFs a r e  u n a f f e c t e d .  T h u s , t h e  
a c u te  e x c i t a t o r y  e f f e c t s  o f  t e c t a l  a b l a t i o n  on SC L IF s  (G o o d a le , 
1973) a r e  n o t  fo u n d  a t  lo n g e r  t im e  p o i n t s .  The a b s e n c e  o f  OT LIF 
p o s t - l e s i o n  c h a n g e s  i n d i c a t e s  t h a t  a b l a t i o n  e f f e c t s  a r e  l o c a l i z e d  
t o  t h e  i p s i l a t e r a l  SC. The c o r t i c o - t e c t a l  e f f e c t s ,  f o l lo w in g  th e  
a p p l i c a t i o n  o f  KCl  t o  t h e  VC, c o n s i s t  o f  a  d e p r e s s io n  o f  VC and 
lo n g  l a t e n c y  SC p o s t s y n a p t ic  r e s p o n s e s .  T h ese  e f f e c t s  a r e  
c o n s i s t e n t  w i th  t h e  a c u te  e f f e c t s  o f  i p s i l a t e r a l  c o r t i c a l  
a b l a t i o n  (G o o d a le , 1 9 7 3 ) . The r e s u l t s  o f  t e c t a l  and  c o r t i c o 
t e c t a l  l e s i o n s  s u g g e s t  t h a t  SC h y p e r e x c i t a b i l i t y  may be p ro d u ce d  
by a c u te  l e s i o n  e f f e c t s .  F u r th e r  e x p e r im e n ts  a r e  i n  p r o g r e s s  t o  
i n v e s t i g a t e  t h e  a c u te  e f f e c t s  o f  t e c t a l  a b l a t i o n  on SC 
e x c i t a b i l i t y .  S u p p o r te d  by NIEHS G ra n t  ES 03183 (DAF).

283.8 HEAD MOVEMENTS PRODUCED BY MICROINJECTION OF GLUTAMATE INTO 
SUPERIOR COLLICULUS OF RATS: EVIDENCE FOR INVOLVEMENT OF 
MULTIPLE OUTPUT PATHWAYS. P . D ean, I . J .  M itc h e l l*  and P . 
R ed g rav e* . D ep a rtm en t o f  P sy c h o lo g y , U n iv e r s i ty  o f  
S h e f f i e l d ,  S h e f f i e l d ,  S10 2TN, UK.

The c ro s s e d  t e c t o r e t i c u l o s p i n a l  pathw ay (TRSP), w hich 
ru n s  from  th e  s u p e r i o r  c o l l i c u l u s  in  th e  c o n t r a l a t e r a l  
p r e d o r s a l  b u n d le  to  th e  b r a in s te m  and s p in a l  c o r d ,  i s  
g e n e r a l l y  c o n s id e r e d  to  m e d ia te  th e  o r i e n t i n g - l i k e  movements 
p ro d u ce d  by t e c t a l  s t i m u l a t i o n .  I t  i s  u n c le a r ,  h o w ev er, 
w h e th e r  t h e  TRSP a lo n e  m e d ia te s  th e s e  m ovem ents, o r  w h e th e r  
a d d i t i o n a l  t e c t a l  o u tp u t  pa th w ay s a r e  in v o lv e d .  In  r a t s ,  
th e  c e l l s  o f  o r i g i n  o f  th e  TRSP a r e  l a r g e l y  s e g re g a te d  
w i th in  th e  l a t e r a l  p a r t  o f  th e  s t r a tu m  album  in te r m e d ia l e  
(SA I) (R ed g rav e  e t  a l . ,  Exp. B ra in  R e s , in  p r e s s ) .  I t  i s  
t h e r e f o r e  p o s s ib l e  t o  i n v e s t i g a t e  in  r a t s  w h e th e r  o r i e n t in g  
h ead  m ovem ents c a n  be p ro d u ce d  by a p p r o p r i a t e  s t i m u l a t i o n  o f  
t e c t a l  a r e a s  t h a t  c o n ta in  few  c e l l s  o f  o r i g i n  o f  th e  TRSP.

Hooded r a t s  w ere f ilm e d  d u r in g  m ic r o in j e c t io n s  o f  
L -g lu ta m a te  (50 mM, 200 n l  in  24 s e c )  i n t o  th e  s u p e r io r  
c o l l i c u l u s  and s u r ro u n d in g  a r e a s .  C o n t r a l a t e r a l  m ovements 
o f  th e  h e a d ,  i n  some c a s e s  a l s o  i n v o lv in g  th e  bo d y , w ere 
o b s e rv e d  a f t e r  i n j e c t i o n s  in  s i t e s  d i s t a n t  from  l a t e r a l  SA I.

T hese  s i t e s  w ere m a in ly  in  t h e  c a u d a l  h a l f  o f  th e  s u p e r io r  
c o l l i c u l u s ,  i n  th e  s t r a t a  p ro fu n d a  and in  th e  m e d ia l  p o r t i o n  
o f  th e  i n te r m e d ia t e  l a y e r s .  The m a jo r i t y  o f  c e l l s  in  t h e s e  
a r e a s  p r o j e c t  i n t o  th e  i p s i l a t e r a l  d e s c e n d in g  p a th w ay . T h ere  
was some s u g g e s t io n  t h a t ,  w h ereas  i n j e c t i o n s  c lo s e  to  
l a t e r a l  SAI p ro d u ce d  c o n t in u o u s ,  c i r c l i n g  m ovem ents, th e  
o t h e r  e f f e c t i v e  i n j e c t i o n s  p ro d u ce d  e i t h e r  s u s ta in e d  
p o s tu r e s ,  o r  r e p e a te d  d i s c o n t in u o u s  m ovem ents, t h a t  more 
re se m b le d  n a t u r a l  o r i e n t i n g .

T h is  e v id e n c e  s u g g e s t s  t h a t  t e c t a l  e f f e r e n t  pa th w ay s 
b e s id e s  th e  TRSP may be c o n c e rn e d  in  th e  c o n t r o l  o f  
c o n t r a l a t e r a l  h ead  m ovem ent. I t  i s  c o n s i s t e n t  w i th  p re v io u s  
f in d i n g s  t h a t  s e c t i o n  o f  th e  TRSP f a i l s  to  a b o l i s h  head  
m ovem ent, e i t h e r  t o  s e n s o ry  s t i m u l i ,  o r  to  e l e c t r i c a l  
s t i m u l a t i o n  o f  th e  s u p e r i o r  c o l l i c u l u s  (Dean e t  a l . ,  
N e u r o s c i . i n  p r e s s ) .  I t  i s  p o s s ib l e  t h a t  th e  d i f f e r e n t  
o u tp u t  p a th w ay s m e d ia te  d i f f e r e n t  f u n c t i o n a l  c l a s s e s  o f  head  
m ovem ent: w h e re a s  th e  TRSP may e m p h a s ise  p u r s u i t  o f  a  m oving 
t a r g e t ,  th e  o t h e r  pa th w ay s may be in v o lv e d  in  o p e n -lo o p  
o r i e n t i n g  to  p a r t i c u l a r  p o s i t i o n s  i n  s p a c e .

S u p p o r te d  by SERC G ra n t  GR/C 46963-

283.10 CHOLINERGIC PROJECTIONS TO THE INTERMEDIATE LAYER OF THE RAT 
SUPERIOR COLLICULUS DEMONSTRATED BY RETROGRADE TRANSPORT OF HORSE
RADISH PEROXIDASE AND CHOLINE ACETYLTRANSFERASE IMMUNOHISTOCHEMIS- 
TRY. M.  B e n in a to *  and  R .F . S p e n c e r .  D e p t. A n a t . , Med. C o l l ,  of 
V i r g in i a ,  R ichm ond, VA 23298.

A c e t y l c h o l in e s t e r a s e  (AChE) h a s  been  l o c a l i z e d  by h is to c h e m is tr y  
in  t h e  s u p e r i o r  c o l l i c u l u s  and  in  t h e  tegm entum  o f  th e  caudal 
m id b ra in  and  r o s t r a l  pons o f  th e  r a t .  The p a t t e r n  o f  AChE l o c a l i 
z a t i o n  in  th e  s u p e r i o r  c o l l i c u l u s  was c h a r a c t e r i z e d  by homogeneous 
s t a i n i n g  in  t h e  s u p e r f i c i a l  l a y e r s  and  p a t c h - l i k e  s t a i n i n g  in  the  
i n te r m e d i a t e  g ra y  l a y e r .  In  t h e  tegm entum , AChE was l o c a l i z e d  in 
t h e  p e d u n c u lo p o n t in e  te g m e n ta l  n u c le u s  (PPN ), b e g in n in g  r o s t r a l l y  
a t  t h e  c a u d a l  p o le  o f  t h e  s u b s t a n t i a  n i g r a  and  e x te n d in g  c a u d a lly  
t o  t h e  l e v e l  o f  t h e  p a r a b r a c h ia l  n u c l e i ,  and  in  t h e  l a t e r a l  d o r s a l  
te g m e n ta l  n u c le u s  (LDTN) o f  t h e  c e n t r a l  g r a y .  The l o c a l i z a t i o n  of 
AChE in  t h e s e  n u c l e i  o v e r la p p e d  th e  d i s t r i b u t i o n  o f  n eu ro n es  
s t a i n e d  by im m u n o h is to c h e m is try  u s in g  an  a n tib o d y  to  c h o lin e  
a c e t y l t r a n s f e r a s e  (ChAT). The C hA T -im m unoreactive n e u ro n e s  a t  
t h e s e  l o c a t io n s  c o m p rise  c h o l i n e r g i c  c e l l  g ro u p s  Ch5 (PPN) and Ch6 
(LDTN).

N eu ro n es  in  th e  PPN and th e  LDTN w ere d e te rm in e d  to  be p o t e n t i a l  
s o u rc e s  o f  t h e  c h o l i n e r g i c  p r o j e c t i o n  t o  t h e  in te r m e d ia t e  gray  
l a y e r  o f  t h e  r a t  s u p e r i o r  c o l l i c u l u s  by d o u b le  l a b e l l i n g  w ith  
r e t r o g r a d e  t r a n s p o r t  o f  h o r s e r a d is h  p e ro x id a s e  (HRP) com bined  w ith  
t h e  im m u n o h is to ch e m ic a l l o c a l i z a t i o n  o f  ChAT. T h re e  p o p u la t io n s  
o f  n e u ro n e s  w ere  i d e n t i f i e d .  A p re d o m in a n t ly  i p s i l a t e r a l  ChAT- 
im m u n o re a c tiv e  p o p u la t i o n  was l o c a t e d  in  t h e  p a r s  co m p acta  s u b d i
v i s i o n  o f  PPN. R e tro g ra d e  H R P - la b e lle d  n e u ro n e s  in  t h e  p a rs  
d i s s i p a t a  s u b d iv i s io n  o f  t h e  PPN, lo c a t e d  v e n t r a l  t o  t h e  s u p e r io r  
c e r e b e l l a r  p e d u n c le  a t  t h e  l e v e l  o f  t h e  i n f e r i o r  c o l l i c u l u s ,  
c o m p rise d  a  se co n d  p o p u la t i o n  t h a t  was p re d o m in a n t ly  c o n t r a l a t e r a l  
b u t  was n o t  C hA T -im m u n o reactiv e. A t h i r d  p o p u la t io n  o f  r e t r o g r a -  
d e l y - l a b e l l e d  n e u ro n e s  was p re d o m in a n t ly  i p s i l a t e r a l  and  ChAT- 
im m u n o re a c tiv e  and  was l o c a t e d  in  th e  LDTN. T h ese  f i n d i n g s  com
p a re d  f a v o r a b ly  w i th  t h e  f u l l  e x t e n t  o f  t h e  p r o j e c t i o n  from  t h i s  
t e g m e n ta l  r e g io n  r e v e a l e d  by r e t r o g r a d e  t r a n s p o r t  o f  HRP from  th e  
s u p e r i o r  c o l l i c u l u s  u s in g  m ore c o m p a t ib le  f i x a t i o n  and  chrom ogen 
p r o c e d u r e s .

The r e s u l t s  s u g g e s t  t h a t  t h e  PPN and th e  LDTN a r e  two s o u rc e s  o f  
t h e  c h o l i n e r g i c  i n p u t  t o  t h e  in te r m e d ia t e  g ra y  l a y e r  o f  t h e  s u p e 
r i o r  c o l l i c u l u s .  S in c e  t h e  PPN a l s o  h a s  e x te n s iv e  e f f e r e n t ,  and 
a f f e r e n t ,  c o n n e c t io n s  w i th  b a s a l  g a n g l i a - r e l a t e d  s t r u c t u r e s ,  t h i s  
c h o l i n e r g i c  e x c i t a t o r y  i n p u t  t o  t h e  s u p e r i o r  c o l l i c u l u s ,  l i k e  th e  
GABAergic i n h i b i t o r y  i n p u t  from  th e  s u b s t a n t i a  n i g r a  p a r s  r e t i c u 
l a t a ,  may p r o v id e  t h e  b a s i s  f o r  an  a d d i t i o n a l  i n f lu e n c e  o f  th e  
b a s a l  g a n g l i a  on v isu o m o to r  b e h a v io r .

S u p p o r te d  by U .S .P .H .S . R e s e a rc h  G ra n t EY02191.
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283.11 TEMPORAL STRUCTURE OF SPIKE RESPONSES IN MULTIMODAL UNITS OF THE 
DEEPER LAYERS OF THE MOUSE SUPERIOR COLLICULUS. S . I .  W iener and 
P .H . H a r t l i n e . Eye R e se a rc h  I n s t i t u t e  o f  th e  R e t in a  F o u n d a t io n ,  20 
S t a n if o r d  S t . ,  B o s to n , MA 0 2 1 1 4 .

In  o r d e r  to  b e t t e r  u n d e rs ta n d  th e  n a tu r e  o f  m u ltim o d a l 
i n t e r a c t i o n s  i n  n e u ro n s  o f  th e  s u p e r i o r  c o l l i c u l u s  (S C ), we 
s tu d i e d  th e  tim e  c o u r s e s  o f s p ik e  re s p o n s e s  to  b r i e f  s e n s o ry  
s t i m u l i  by r e c o r d in g  e x t r a c e l l u l a r l y  from  s in g l e  u n i t s  i n  t h e  
d e e p e r  l a y e r s  o f  th e  SC o f  a n e s t h e t i z e d  m ic e .

F i f t e e n  m u ltim o d a l n e u ro n s  had m u l t i - p h a s e  r e s p o n s e s ,  t h a t  i s  
s p ik e s  o c c u r r e d  w i th in  m ore th a n  one d i s c r e t e  i n t e r v a l ,  o r  p h a s e , 
f o l lo w in g  b r i e f  s t i m u l i .  I n  m ost su c h  c e l l s ,  th e  f i r s t  p h a se  o f  
th e  re s p o n s e  c o n s i s t e d  o f  one o r  two s p ik e s  a t  a f a i r l y  c o n s ta n t  
p o s t - s t i m u l u s  l a t e n c y  w hich  ran g ed  from  15-35 m sec . The o t h e r  
ph ase  was m ore e x te n d e d ,  o c c u r r in g  i n  a 70-200  msec l a t e n c y  ran g e  
and c o u ld  c o n ta i n  from  z e ro  to  e ig h t  s p ik e s  p e r  r e s p o n s e .  In  
d i f f e r e n t  c e l l s ,  th e  m u lt i- p h a s e d  re s p o n s e s  w ere evoked by v i s u a l ,  
a u d i to r y  o r  s o m a to s e n s o ry  s t i m u l i .

In  m u l t i - p h a s e  m u ltim o d a l c e l l s  r e s p o n s iv e  to  s in g l e - m o d a l i ty  
s t i m u l a t i o n  o f  m ore th a n  one m o d a l i ty  (OR u n i t s ) ,  o n ly  one o f  th e  
e f f e c t i v e  m o d a l i t i e s  evoked a m u l t i - p h a s e  r e s p o n s e .  In  th e s e  OR 
u n i t s ,  when th e  tim e  i n t e r v a l  b e tw e en  th e  b im o d al s t i m u l i  was 
a d ju s te d  so th e  re s p o n s e  to  th e  second  s t im u lu s  o v e r la p p e d  w ith  
one o f  th e  two p h a s e s  o f  th e  f i r s t  r e s p o n s e ,  th e  com bined s p ik e  
c o u n t w i th in  t h a t  p h ase  c o u ld  be g r e a t e r  th a n  a d d i t i v e ,  a d d i t i v e  
o r  l e s s  th a n  a d d i t i v e  i n  d i f f e r e n t  u n i t s .  I f  th e  r e s p o n s e  to  th e  
second s t im u lu s  p rec e d e d  th e  e a r l y  p h a s e ,  i t  c o u ld  i n t e r a c t  to  
c a u se  b o th  p h a s e s  to  be en h an ced  o r  d e p r e s s e d .  A l t e r n a t i v e l y  th e  
two p h a s e s  c o u ld  be a f f e c te d  in d e p e n d e n t ly ;  i n  two u n i t s ,  th e  l a t e  
p h ase  was en h an ced  ( i n  o n e ,  by o v e r  800%) and th e  e a r l y  p h ase  was 
u n a f f e c te d  by b im o d a l s t i m u l a t i o n .  In  two o t h e r  u n i t s ,  th e  f i r s t  
p h ase  was d e p re s s e d  and th e  seco n d  p h a se  was e n h a n c e d . T hese 
i n t e r a c t i o n s  w ere d e p e n d e n t on i n t e r s t i r a u l u s  t im in g .

P r e v io u s  i n v e s t i g a t i o n s  i n  o t h e r  l a b o r a t o r i e s  s u g g e s t  t h a t  th e  
e a r l y  re s p o n s e  p h ase  may c o rr e s p o n d  to  th e  s e n s o ry  in p u t  s ig n a l s  
from  p r im a ry  a s c e n d in g  p a thw ays and th e  l a t e  p h a se  may r e s u l t  from  
e x c i t a t i o n  r e la y e d  th ro u g h  o t h e r  p a th w a y s , p e rh a p s  i n c lu d in g  th e  
c e r e b r a l  c o r t e x .  The a l t e r a t i o n  o f  th e  m u l t i - p h a s e  r e s p o n s e  by 
m u ltim o d a l s t i m u l i  may h ave  f u n c t i o n a l  s ig n i f i c a n c e  i f  th e  
"d o w n stream " p re m o to r  n e u ro n s  t h a t  r e c e iv e  t h e s e  s i g n a l s  a r e  
s e n s i t i v e  to  te m p o ra l  p a t t e r n ,  a s  h a s  b een  s u g g e s te d  by o t h e r  
a u t h o r s .
(This work was supported by gran ts from NIH and the Peter Murray 
Fund.)

2 8 3 1 2  TWO TECHNIQUES, ONE RETINOTOPY: METABOLIC AND ANATOMICAL MAPPING 
TECHNIQUES REVEAL SIMILAR ORGANIZATION OF A PRETECTAL NUCLEUS. 
Ximena R o ja s * ,  S te f a n  R. B odnarenko and O l iv ia  C. McKenna, B io lo g y  
D e p a r tm e n t,  C i ty  C o lle g e  o f  New Y o rk , N. Y .,  N. Y. 10031.

In  a  p r e v io u s  HRP s tu d y  o f  an  a v ia n  p r e t e c t a l  n u c le u s ,  th e  
l e n t i f o r m  n u c le u s  o f  th e  m ese n c e p h alo n  (LM), we h ave  shown t h a t  
th e  LM r e c e i v e s  a  p r o j e c t i o n  from  a p o p u la t i o n  o f  r e t i n a l  g a n g lio n  
c e l l s  t h a t  fo rm s a  b ro a d  o b l iq u e  band e x te n d in g  from  th e  s u p e r io r  
te m p o ra l  t o  th e  i n f e r i o r  n a s a l  r e t i n a .  In  a d d i t i o n ,  t h i s  r e t i n a l  
p r o j e c t i o n  a p p e a r s  to  map to p o g r a p h ic a l ly  w i th in  th e  LM. These 
r e s u l t s ,  h o w e v e r, m ust be i n t e r p r e t e d  c a u t i o u s l y ,  s in c e  th e  com
p le x  C -sh ap e  o f  th e  n u c le u s  and  i t s  l o c a t io n  a d ja c e n t  to  th e  o p t i c  
t r a c t  and  to  o th e r  r e t i n o r e c i p i e n t  n u c l e i  g iv e  r i s e  t o  th e  p o s s i 
b i l i t y  t h a t  n o t  a l l  th e  HRP l a b e l e d  c e l l s  s e e n  in  th e  r e t i n a  a c 
t u a l l y  p r o j e c t  t o  th e  LM.

T h e r e f o r e ,  we h av e  ta k e n  a d v a n ta g e  o f  th e  p r e v io u s  f in d in g  t h a t  
th e  LM i s  l a b e l e d  w i th  ( 14C ) -d e o x y -D -g lu c o se  (2-DG) when an a n i 
m al i s  ex p o sed  to  l a r g e  f i e l d  h o r i z o n t a l  v i s u a l  m o tio n . On th e  
a s su m p tio n  t h a t  d i f f e r e n t i a l  s t i m u l a t i o n  o f  th e  r e t i n a  w i l l  r e s u l t  
i n  d i f f e r e n t i a l  m e ta b o lic  l a b e l in g  w i th in  th e  LM, i n  tw e n ty  3 week 
o ld  b i r d s  we im m o b iliz e d  th e  e y e s  and  th e n  c o v e re d  them  w ith  t r a n s 
lu c e n t  h e m i- o c c lu d e rs  t h a t  ex p o sed  o n ly  h a l f  o f  th e  r e t i n a .  A f te r  
i n j e c t i n g  an  a n im a l w i th  2-DG, we s t i m u l a te d  e i t h e r  th e  s u p e r i o r ,  
n a s a l ,  te m p o ra l  o r  i n f e r i o r  r e t i n a  w i th  h o r i z o n t a l  v i s u a l  m o tio n .

When th e  r e s u l t s  from  t h e s e  4 d i f f e r e n t  e x p e r im e n ta l  c o n d i t i o n s  
a r e  c o m b in ed , we f in d  t h a t  s t i m u l a t i o n  o f  th e  s u p e r i o r  n a s a l  r e t i n a  
r e s u l t s  i n  no d i s c e r n i b l e  l a b e l  o f  th e  LM. When th e  s u p e r i o r  tem 
p o r a l  r e t i n a  i s  s t i m u l a t e d ,  th e  l a b e l  i s  fo u n d  th ro u g h o u t  th e  nu 
c le u s  i n  i t s  r o s t r a l  p o r t i o n ,  b u t  in  th e  c a u d a l  p o r t i o n  th e  l a b e l  
becom es l o c a t e d  p r o g r e s s iv e l y  more v e n t r a l ,  l e a v in g  th e  d o r s a l  
lim b  u n la b e l e d .  In  c o n t r a s t ,  i n f e r i o r  te m p o ra l  and i n f e r i o r  n a s a l  
s t i m u l a t i o n  o f  th e  r e t i n a  l a b e l s  th e  d o r s a l  LM a lo n g  i t s  e n t i r e  
r o s t r o c a u d a l  e x t e n t .  The l a b e l  due to  s t i m u l a t i o n  o f  th e  two i n 
f e r i o r  q u a d ra n ts  a p p e a r s  t o  o v e r la p  i n  th e  c e n te r  o f  th e  n u c le u s ;  
h o w e v e r , t h e  l a b e l  r e s u l t i n g  from  s t i m u l a t i o n  o f  o n ly  th e  te m p o ra l  
q u a d ra n t  e x te n d s  more r o s t r a l l y  w i th in  th e  n u c le u s ,  w h e re a s  l a b e l  
due to  s t i m u l a t i o n  o f  th e  n a s a l  q u a d ra n t  e x te n d s  m ore c a u d a l ly .

The r e s u l t s  o f  th e  t o p o g r a p h ic a l  o r g a n i z a t i o n  o f  th e  r e t i n a l  
p r o j e c t i o n  to  th e  LM a s  r e v e a l e d  by th e  2-DG and by th e  HRP t e c h 
n iq u e s  a r e  i n  b a s i c  a g re e m e n t,  d e s p i t e  th e  f a c t  t h a t  t h e  r e t i n o to p y  
s u g g e s te d  by th e  2-DG m ethod r e f l e c t s  th e  f u n c t i o n a l  r e t i n o t o p i c  
o r g a n i z a t i o n  o f  th e  n u c le u s ,  w h e re a s  th e  HRP te c h n iq u e  d e m o n s tra te s  
th e  a n a to m ic a l  r e t i n o to p y  o f  th e  a c t u a l  p r o j e c t i o n s  from  th e  r e 
t i n a  t o  th e  LM.

(S u p p o rte d  by NIH EY 03613)
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284.1 TRANSNEURONAL ANTEROGRADE TRANSPORT OF FRAGMENT C OF TETANUS TOXIN 
IN THE VISUAL SYSTEM. K.A. Manning, J.T. E r ichsen  and C. E v inger . 
Dept. of Neurobiology & Behavior, SUNY at Stony Brook, N.Y. 11794

U nti l  now, t e t a n u s  to x in  has been used e x c l u s i v e l y  fo r  
r e t r o g r a d e  t r a n s s y n a p t i c  t r a n s p o r t  s t u d i e s .  We r e p o r t  fo r  the  
f i r s t  t im e  t h a t  th e  a to x ic  C f ragm ent  of t e t a n u s  to x in  e x h i b i t s  
e x c e l l e n t  a n te ro g rad e  t ra n s n e u r o n a l  t r a n s p o r t .  We dem ons t ra te  
transneuronal labeling in the visual  system of both mammalian and 
avian species.

I n t r a v i t r e a l  in jec t ions  of 20-40 ul of concentrated fragment 
C of  t e t a n u s  to x in  (TTC) were made in to  the  eye of  r a t s ,  r a b b i t s  
and pigeons. Eight days l a t e r ,  the  animals were s ac r i f ic ed  and the 
brains  processed fo r  immunohistochemistry. A monoclonal antibody 
we have r a i s e d  to  TTC was used in c o n ju n c t io n  w ith  the  s tan d a rd  
Avidin-Biotin procedure to  loca l ize  TTC in the bra in. The pa t te rn  
of labeling was compared with the r e s u l t s  of HRP in jec t ions  in to 
the  eye.

In each s p e c i e s ,  s t ro n g  im munosta in ing  occu r red  in a l l  
r e t i n o r e c i p i e n t  a r e a s ,  in c lu d in g  the  s u p e r io r  c o l l i c u l u s  (or 
tectum), dorsal and ventral genicula te  nucle i,  pos te r io r  p re tec ta l  
nucleus, p re tec ta l  o l ivary  nucleus (or area p re tec ta l  i s ) ,  nucleus 
of  the  o p t i c  t r a c t ,  s u p ra c h ia s m a t ic  nuc leus  and acc e ss o ry  o p t i c  
nuclei (e.g., nucleus of the  basal opt ic  root).  In the pigeon, the 
i s th m o o p t ic  n u c leu s ,  which i s  th e  source  of the  c e n t r i f u g a l  
pathway to  the r e t in a ,  labe led re trogradely .  Examination with the 
l i g h t  microscope  sugges ted  t h a t  in th e  p r im ary  r e t i n o r e c i p i e n t  
a re a s  ( i . e . ,  a f t e r  d i r e c t  a n te ro g rad e  t r a n s p o r t )  TTC was l a r g e l y  
l o c a l i z e d  to  t e r m in a l  f i e l d s .  I n t e r e s t i n g l y ,  f i b e r s  such as the  
op t ic  t r a c t  exhib ited l i t t l e  or no sta in ing .

In the  mammals, s e v e ra l  r e g io n s  c o n ta in ed  la b e l  from 
anterograde transneuronal t r a n s p o r t .  These a re a s  in c lu d e  v is u a l  
c o r t e x ,  t h a la m ic  r e t i c u l a r  n uc leus ,  parabigeminal nucleus, and 
d o rsa l  cap of  Kooy and Beta nuc leus  of th e  i n f e r i o r  o l i v e .  In 
transneuronal labeling,  the  pa t te rn  of s ta in ing  around individual  
neurons  sugges ted  l o c a l i z a t i o n  of TTC in e i t h e r  th e  soma or 
presynapt ic  membranes d i r e c t ly  apposed to  the c e l l .  In the pigeon, 
la b e l  occu r red  in th e  v i s u a l  Wulst ,  which r e c e i v e s  a p r o j e c t io n  
from a thalamic r e t in o rec ip ie n t  area.

The d a ta  p re s en te d  here  dem o n s t ra te  ra p id  an te ro g rad e  
t r a n s n e u r o n a l  t r a n s p o r t  o f  TTC in v i s u a l  pathways.  However, 
because of the  exis tence of recip rocal connections between a few 
of these visual areas , some of the  transneuronal s ta in ing  may also 
include re trograde label from re t in o rec ip ie n t  areas.

S u p p o r t e d  by g r a n t s  EY05773 (KAM), EY04587 ( JTE) and 
BNS84818752 (CE), and by an Alfred P. Sloan Fellowship (CE).

284.2 NIGROTECTAL PROJECTIONS IN THE CAT; ANTEROGRADE AND RETROGRADE 
TRANSPORT STUDIES. T. Hashi kawa*, J .T .  Weber, R. 
H artw ich-Y oung, D .P. Van Li eshout*  and J .K . H a rtin g * , 
D epartm ents o f Anatomy, Iw ate M edical U n iv e rs ity , M orioka, 
JAPAN, Tulane U n iv e r s ity , New O rlean s , LA, and U n iv e rs ity  of 
W isconsin , M adison, WI.

The n ig r o t e c t a l  p ro je c t io n  in  th e  c a t has been d esc r ib ed  
as te rm in a tin g  in  a th in  t i e r  j u s t  v e n t r a l  to  th e  s tra tu m  
opticum  (SO), w ith in  th e  most d o rs a l  p o r t io n  of th e  s tra tu m  
griseum  in te rm e d ia le  (SG I). M oreover, th i s  t i e r  of n ig r o t e c t a l  
in p u t ends in  p a tch es  which form lo n g i tu d in a l  bands (G ray b ie l, 
' 78 ).

The p re s e n t an te ro g rad e  d a ta  sup p o rt and co n s id e rab ly  
extend th e  f in d in g s  d esc r ib e d  above. Most im p o r ta n t ly , our 
d a ta  r e v e a l th a t  n ig r o t e c t a l  axons d i s t r i b u t e  to  numerous 
c o l l i c u l a r  lam inae and sublam inae . Thus, w h ile  a patchy  t i e r  
o f la b e l  i s  p re s e n t w ith in  th e  SO-SGI reg io n  in  many b u t no t 
a l l  of our ex p e rim en ta l c a s e s , i t  i s  always accompanied by 
e i t h e r  a deeper t i e r  w ith in  th e  in te rm e d ia te  p o r tio n  of th e  
SGI, by a s p a rse  in p u t to  th e  s tr ia tu m  griseum  profundum (SGP), 
o r by a d i f fu s e  y e t s u b s t a n t i a l  in p u t to  th e  s u p e r f ic i a l  
l a y e r s .

P re lim in a ry  re t ro g ra d e  d a ta  su g g est th a t  th e  th re e  prim ary  
t i e r s  o f in p u t ( s u p e r f ic i a l  gray  la y e r ,  SO-SGI t i e r ,  
in te rm e d ia te  SGI t i e r )  a r i s e  from d i f f e r e n t  reg io n s  of th e  
s u b s ta n t ia  n ig r a .  Berman ( '6 8 )  has d iv id ed  th e  s u b s ta n t ia  
n ig r a  of th e  c a t in to  th re e  p o r t io n s ,  i . e . ,  th e  p a rs  
r e t i c u l a r i s  (SN pr), th e  p a rs  com pacts (SNpc) and th e  p a rs  
l a t e r a l i s  (SNp1) .  Our HRP d a ta  d em onstra te  th a t  th e  
n ig r o t e c t a l  p ro je c t io n  to  th e  s u p e r f ic i a l  la y e r s  a r i s e s  from 
neurons lo c a te d  w ith in  th e  SNp1 . The t i e r  o f n ig r o t e c t a l  in p u t 
to  th e  SO-SGI in t e r f a c e  reg io n  appears to  a r i s e  from neurons 
lo c a te d  most l a t e r a l l y  w ith in  th e  SNpr, w h ile  th e  p ro je c t io n  to  
th e  in te rm e d ia te  t i e r  w ith in  th e  SGI ta k es  o r ig in  from c e l l s  
lo c a te d  more m e d ia lly  w ith in  th e  SNpr.

C e r ta in ly  more d a ta  a re  needed to  confirm  th e  c e l l u l a r  
o r ig in s  o f th e  th re e  p rim ary  t i e r s  o f n ig r o t e c t a l  in p u t . 
However, i t  i s  im p o rtan t to  em phasize th e  e x te n s iv e  lam inar and 
sub lam inar d i s t r i b u t io n  o f n ig r o t e c t a l  axons in  th e  c a t  and th e  
ap p a ren t co n n e c tio n a l r e l a t i o n s h ip s  o f s p e c i f ic  reg io n s  of th e  
s u b s ta n t ia  n ig r a  w ith  p a r t i c u l a r  c o l l i c u l a r  sublam inae .

Supported  by EY01277 to  J .K .H ., EY03731 to  J.T.W . and NSF 
G raduate F ellow sh ip  SPE-8264029 to  R.H .-Y.
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284.3 ULTRASTRUCTURAL ANALYSIS OF RETINAL AND VISUAL CORTICAL 
PROJECTIONS WITHIN THE CAT'S PRETECTAL NUCLEUS OF THE OPTIC 
TRACT. B . H u tc h in s  and  J . T . W eber. B a y lo r  C o l le g e  o f  D e n t i s t r y ,  
D a l la s ,  Tx. 75246 and  T u la n e  M e d ic a l S c h o o l,  New O r le a n s ,  La. 70112

Num erous s t u d i e s  h av e  shown b o th  r e t i n a l  an d  v i s u a l  c o r t i c a l  
p r o j e c t i o n s  to  th e  c a t ' s  p r e t e c t a l  n u c le u s  o f  th e  o p t i c  t r a c t  
(NTO), h o w ev er, t h e r e  h av e  b e e n  l i t t l e  d a ta  d e s c r i b in g  th e  u l t r a 
s t r u c t u r e  o r  p o s s ib l e  i n t e r a c t i o n  o f  t h e s e  two im p o r ta n t  v i s u a l  
p r o j e c t i o n s  w i t h in  th e  NTO. T h e r e f o r e ,  th e  p r e s e n t  s tu d y  was 
u n d e r ta k e n  to  a n a ly z e  t h e s e  p r o j e c t i o n s  a t  th e  e l e c t r o n  m ic ro sc o p ic  
l e v e l .  I n  o r d e r  to  s y s t e m a t i c a l l y  sam p le  th e  NTO, th e  n u c le a r  
d im e n s io n s  o f  th e  NTO w ere m ea su red  i n  f o u r  n o rm a l a d u l t  c a t s .  The 
a p p ro x im a te  d im e n s io n s  o f  th e  NTO w ere d e te rm in e d  to  b e  5 .5  mm 
( r o s t r a l / c a u d a l  l e n g th )  X 4 .0  mm ( m e d i a l / l a t e r a l  w id th )  X 2 .2  mm 
( d o r s a l / v e n t r a l  d e p t h ) .

S ix te e n  a n im a ls  w ere u s e d  to  s tu d y  th e  u l t r a s t r u c t u r e  o f  r e t i n a l  
o r  v i s u a l  c o r t i c a l  t e r m in a l s  i n  th e  NTO u s in g  e i t h e r  a n te r o g ra d e  
d e g e n e r a t io n  o r  a n te r o g ra d e  HRP h i s t o c h e m i s t r y .  The c l a s s i f i c a t i o n  
o f  s y n a p t i c  p r o f i l e s  i s  b a s e d  on th e  c r i t e r i a  a s  d e s c r ib e d  by 
G u i l l e r y ,  Z. Z e l l f o r s c h . ,9 6  ( '6 9 ) .  I n  a l l  c a s e s ,  r e t i n a l  te r m in a ls  
i n  th e  NTO a r e  i d e n t i f i e d  a s  RLP p r o f i l e s .  L a b e l le d  RLP p r o f i l e s  
a r e  o c c a s i o n a l l y  fo u n d  a s  th e  c e n t r a l  p r o c e s s  i n  s y n a p t i c  g lo m e ru li  
a l th o u g h  th e  m a jo r i t y  o f  l a b e l l e d  RLP t e r m in a l s  a r e  e x t r a g lo m e ru la r  
an d  i n  c o n ta c t  w i th  a  s in g l e  medium to  l a r g e  d ia m e te r  d e n d r i t e .  
S u p p o r t in g  o u r  e a r l i e r  o b s e r v a t io n s ,  v i s u a l  c o r t i c a l  t e r m in a l s  a re  
o f  two ty p e s ,  i . e . ,  th e  RSD an d  RLD p r o f i l e s  (H u tc h in s  and  W eber, 
N e u r o s c i .  A b s t r .  '8 2 ) .  L a b e l le d  RSD p r o f i l e s  t y p i c a l l y  a r e  found  
i n  c o n ta c t  w i th  d e n d r i t e s  o f  s m a l l  to  medium d ia m e te r ,  w h i le  RLD 
p r o f i l e s  a r e  fo u n d  p r e s y n a p t ic  a lo n g  v a r i o u s  r e g io n s  o f  d e n d r i t e s .  
A d d i t i o n a l ly ,  RLD axon  t e r m in a l s  a r e  o c c a s i o n a l l y  fo u n d  p r e s y n a p t ic  
to  c e l l  so m a ta , a l th o u g h  o n ly  one HRP l a b e l l e d  RLD p r o f i l e  h a s  been  
o b s e rv e d  i n  a s s o c i a t i o n  w i th  p e r i k a r y a .  T h e re  a r e  no o b v io u s  
r e g i o n a l  d i f f e r e n c e s  w i t h in  th e  NTO w i th  r e g a r d  to  th e  ty p e s  o f  
l a b e l l e d  s y n a p t i c  t e r m in a l s  o r  d i f f e r e n c e s  i n  th e  p o s t s y n a p t ic  
e le m e n ts  o f  l a b e l l e d  axon  t e r m in a l s .  H ow ever, b o th  th e  r e t i n a l  
an d  v i s u a l  c o r t i c a l  i n p u ts  do a p p e a r  to  t e r m in a t e  i n  c l u s t e r s .

To t e s t  th e  h y p o th e s i s  t h a t  t h e r e  i s  d i r e c t  r e t i n a l  an d  v i s u a l  
c o r t i c a l  p r o j e c t i o n s  to  s in g l e  NTO n e u ro n s ,  f o u r  a d d i t i o n a l  
e x p e r im e n ts  w ere  p e rfo rm e d  w h ich  com bined  W a l l e r i a n  d e g e n e r a t io n  
an d  th e  a n te r o g ra d e  t r a n s p o r t  o f  HRP. P r e l im in a r y  d a ta  i n d i c a t e  
t h a t  ax o n s from  b o th  r e t i n a l  and  c o r t i c a l  n e u ro n s  do in d e e d  sy n ap se  
on s i n g l e  NTO c e l l s .  T hus, t h e s e  d a ta  s u g g e s t  t h a t  w i t h in  th e  NTO, 
t h e r e  i s  a t  l e a s t  some d i r e c t  m o d u la t io n  o f  r e t i n a l  in fo r m a t io n  by 
th e  v i s u a l  c o r t e x .  S u p p o r te d  by  NIH G ra n t  EY03731 ( J .T .W .)  and 
B a y lo r  C o l le g e  o f  D e n t i s t r y  R e s e a rc h  F u n d s.

284.4 SPRAGUE EFFECT MEDIATED BY REMOVAL OF NON TECTO-TECTAL FIBERS IN 
THE COMMISSURE OF THE SUPERIOR COLLICULUS. J.M. Sprague, S.F. 
W a l la c e *  and A.C. R o s e n q u i s t .  D e p t . o f  A nat. ,  Sch. o f  Med., Univ. 
of Penn., Phi la . ,  PA 1 9104-6058.

Total co n t ra  I a t e r a I  hemianopia fo l low s  u n i l a t e r a l  removal of all 
v isu a l  a rea s  in th e  p a r i e t o - o c c i p i t a l  co r t ex  of th e  c a t .  In 1966 
Sprague showed t h a t  o r i e n t in g  responses , as measured by v isual 
p e r im e t ry ,  can be r e s to r e d  to  th e  "b l in d " hemi f i e l d  by a b l a t i o n  of 
th e  s u p e r io r  c o l l i c u l u s  (SC) o p p o s i te  the  c o r t i c a l  le s ion  or by 
t r a n s e c t i o n  of th e  commissure of s u p e r io r  c o l l i c u l u s  (CSC). The 
o r ig i n a l  ex p lan a t io n  for t h i s  recovery  phenomenon (the  "Sprague 
E f f e c t ”) proposed t h a t  th e  SC i p s i l a t e r a l  to  th e  c o r t i c a l  lesion,  
which lacks th e  normal c o r t i c o t e c t a I  input,  is a l so  suppressed by 
in h i b i t i o n  from th e  o p p o s i te  SC. Removal of th e  in h i b i t i o n  by 
a b l a t i o n  of th e  c o n t r a l a t e r a l  SC or  t e c t a l  commissurotomy res to res  
o r i e n t i n g  behavior to  th e  b lind  f i e l d .  T e c to - te c ta l  connections  
occur  only  between c e l l s  in the  r o s t r a l  1/2 of the  two SC and the 
f i b e r s  l i e  in th e  r o s t r a l  1/2 of  th e  CSC (Edwards, 1977). If the 
lo ss  of th e  t e c t o - t e c t a l  component of the  CSC is  r e s p o n s ib le  for 
th e  Sprague E f f e c t ,  then c u t t i n g  only th e  r o s t r a l  1/2 of the  CSC 
should produce the  e f f e c t .  This  is not the  case . We found th a t  
o r i e n t a t i o n  was re s to r e d  a f t e r  t r a n s e c t io n  of th e  caudal 1/2 of the 
CSC (N = 3) ,  b u t  n o t  a f t e r  t r a n s e c t i o n  o f  r o s t r a l  1/2  (N = 3). 
Therefore  th e  Sprague E f f e c t  appears  t o  be due to  in t e r r u p t i o n  of 
CSC f i b e r s  whose c e l l  bodies l i e  o u t s id e  th e  SC. This conclusion 
is  a l so  supported by experiments  in which th e  c o r t i c a l  le sion  is 
preceded by i n j e c t i o n  of ib o ten ic  ac id  in th e  co n t ra  I a t e ra I  SC, 
d es t ro y in g  th e  t e c t o - t e c t a l  system but sp ar in g  o th e r  commissural 
f i b e r s .  No r e tu r n  of v i s io n  occurred  to  th e  f i e l d  o p p o s i te  the 
c o r t i c a l  l e s i o n  (N = 3) .

The o r ig i n a l  Sprague hypo thesi s  a l so  proposed t h a t  the  recovered 
v i s io n  is  mediated  by c e l l s  in th e  SC i p s i l a t e r a l  to  th e  c o r t ica l  
le s io n .  This is  supported by an experiment in which c o r t i c a l  
hemianopia is  f i r s t  abo l ished  by commissurotomy and then r e 
i n s t i t u t e d  by ib o t en ic  ac id  in j e c t i o n  in to the  SC i p s i l a t e r a l  to 
th e  c o r t i c a l  le s io n .

Thus we conclude  t h a t  the  Sprague E f f e c t  is mediated  by removal 
of non t e c t o - t e c t a l  f i b e r s  in th e  CSC which in f lu en ce  c e l l s  
m edia t ing  v isual o r i e n t a t i o n  in th e  SC i p s i I a t e r a I  to  th e  cortical 
le s io n .  (Supported by NIH g ran t s  2R01EY02654; 5T32GM07170; 
2P01EY01583).

284.5 THE ROLE OF THE SUBSTANTIA NIGRA (PARS RETICULATA) IN THE 
MEDIATION OF THE SPRAGUE EFFECT. S.F. Wallace*, A.C. Rosenqu is t 
( SPON: L. P a l m e r ) D e p t . o f  A nat. ,  Sch. o f  Med., Univ . o f  Penn, 
P h i la . ,  PA 19104-6058 .

T ra n sec t io n  of  th e  commissure of th e  su p e r io r  c o l l i c u l u s  (CSC) 
in a c o r t i c a l l y  " b l in d ” c a t  r e s t o r e s  v isu a l  o r i e n t a t i o n  in th e  
p rev io u s ly  hemianopic  f i e l d .  F u r th e r  s t u d i e s  of t h i s  phenomenon 
( the  Sprague E f fec t )  in d i c a t e  t h a t  th e  f i b e r s  of i n t e r e s t  do not 
a r i s e  from th e  c o n t r a l a t e r a l  s u p e r io r  c o l l i c u l u s  (SC) but r a t h e r ,  
from an e x t r a - c o l l i c u l ar s i t e  and pass  through th e  caudal 1/2 of 
th e  CSC. (Sprague e t  a l , t h i s  volume).

In o rder  t o  i d e n t i f y  t h i s  s i t e ,  we undertook an ana tomical  study 
t o  de te rm ine  which SC a f f e r e n t s  pass th rough  th e  caudal 1/2 of  the  
CSC. U n i la te r a l  in j e c t i o n s  of WGA-HRP were made in to  th e  SC a t  
id e n t i c a l  loci in p a i r s  of c a t s .  The caudal 1/2 of th e  CSC had 
been p rev io u s ly  t r a n s e c t e d  in 1 c a t  w hile  t h e  o th e r  served  as a 
c o n t r o l .  Q u a n t i t a t i v e  counts  of  r e t r o g r a d e ly  l a b e l l ed c e l l s  were 
then performed and th e  r e s u l t s  w i th in  each p a i r  compared. Two 
a r e a s  were found to  c o n ta in  many more l a b e l l ed  c e l l s  when the  CSC 
was i n t a c t :  t h e  nucleus  cu n e i fo rm is  and th e  s u b s t a n t i a  n ig ra  pars  
r e t i c u l a t a  (SNr ). Both of th e se  reg io n s  have been r ep o r t ed  to  
p r o j e c t  t o  th e  SC v ia  th e  CSC but th e  topography of  th e s e  con
n e c t io n s  and t h e i r  d i s t r i b u t i o n  with  th e  CSC is  not known. We a re  
c u r r e n t l y  examining t h i s  with  o r th o g rad e  t r a c e r s .

To de te rm ine  whether th e se  nucle i a re  involved in th e  Sprague 
E f f e c t ,  behavio ra l experiments  were conducted.  Cats  were t r a i n e d  
in a v isua l  p e r im e t ry  paradigm t h a t  p e rm i t s  ac c u r a te  assessm ent of  
t h e i r  v isu a l  f i e l d s .  All of th e  known v isu a l  c o r t i c a l  a rea s  were 
then  u n i l a t e r a l l y  removed and the  c a t s  a l lowed  6-8 weeks recovery . 
Re-assessment a t  t h i s  t im e  rev ea led  th e  p e r s i s t e n c e  of  a c o n t r a 
l a t e r a l  hemianopia  which has p rev io u s ly  been rep o r ted  to  be perma
nent (Sprague 1966). Subsequent le s io n  of  th e  nucleus  cu n e i fo rm is  
c o n t r a l a t e r a l  to  th e  a b l a te d  c o r t ex  was performed by i n j e c t i o n  of  
ib o t en ic  ac id . This  did not r e s u l t  in any recovery  of  v isu a l  
o r i e n t a t i o n .  By c o n t r a s t ,  d e s t r u c t io n  of th e  r o s t r o - I a t e r a I  a s p e c t  
of  th e  c o n t r a l a t e r a l  SNr  gave a comple te  and ro b u s t  r e t u r n  of 
v isu a l  o r i e n t i n g  w i th in  t h r e e  weeks (Sprague E f f e c t ) .  Large 
le s io n s  of  t h e  ca u d o -I a te r a I  SNr or in j e c t i o n s  in to  t h e  c e re b ra l  
peduncle  gave no recovery .

When th e  o rder  of th e  le s io n s  was rev e r sed ,  a c o n t r a l a t e r a l  
hemianopia  i n i t i a l l y  followed th e  c o r t i c a l  le s ion  but i t  r e so lv ed  
in l e ss  than  4 weeks. The behavio ra l consequences of th e  r o s t r o -  
l a t e r a l  n ig ra l  le s ion  a lone  could  a l s o  be observed in t h e s e  c a t s .  
These an im als  e x h ib i te d  a t r a n s i e n t  compuls ive  c o n t r a v e r s iv e  c i r 
c l i n g ,  decreased  c o n t r a l a t e r a l  eye movements, and p e r io r a l  dy sk i 
n es ia .  A concep tual  framework fo r  th e se  f i n d in g s  invo lv ing  
c o r t i c o - s t r i a t o - n i g r o - t e c t a  I i n t e r a c t i o n s  w i l l  be p resen ted .  
(Supported by NIH g r a n t s  2R01YE02654; 5T32GM07170; 2P01EY01583.)

284.6 PROLONGED HEMIANOPIA PRODUCED BY IBOTENIC ACID LESIONS OF THE CAT 
SUPERIOR COLLICULUS. A.C. Rosenqu is t  and S.F. Wallace*. Dept. of 
A n a t . ,  Sch. o f  Med., Univ.  o f  Penn., P h i l a . ,  PA 19104-6058

Large u n i l a t e r a l  i n j e c t i o n s  of th e  e x c i to to x in  ib o ten ic  ac id  
in to  th e  c a t  s u p e r io r  c o l l i c u l u s  (SC) produce a complete co n t ra 
la t e r a l  hemianopia of 8 t o  11 weeks d u ra t io n  when measured in a 
s tanda rd  v isua l  p e r im e t ry  t e s t .  By c o n t r a s t ,  removal of  one SC (by 
subpia l a s p i r a t i o n )  r e s u l t s  in a c o n t r a l a t e r a l  hemianopia of less 
than  2 weeks d u ra t io n .  This red u c t io n  in the  s e v e r i t y  of visual 
d e f i c i t s  in th e  a s p i r a t i o n  le s io n s  (when compared to  th e  ibotenic 
ac id  le s ions)  may be due to  sever ing  of f i b e r s  of  pasage coursing 
through  th e  SC and/or  i t s  commissure. I t  is  l i k e ly  t h a t  th e  loss 
of th e se  f i b e r s  may reduce  th e  adverse behavio ral  consequences of 
c o l l i c u l a r  c e l l  loss . Removal of  f i b e r s  in t h i s  same midbra in  
reg ion  has a l so  been shown to  reduce  adverse behavio ra l e f f e c t s  
(hemianopia) of la rge  v isu a l  c o r t i c a l  le s io n s  ( i.e. th e  Sprague 
E f f e c t ) .

Anatomical r e c o n s t r u c t  ion of  th e  ib o ten ic  ac id  le s io n s  indicates 
t h a t  th e  most e f f e c t i v e  le s ion  s i t e  for  producing a long s tand ing 
hemianopia is located  w i th in  th e  s u p e r f i c i a l  and in t e rm e d ia te  
lay ers  of  th e  SC (SZ,SGS,SO,SGI).

If a c a t  t h a t  is  hemianopic due t o  an ib o ten ic  ac id  le s ion  of 
one SC is  then su b jec ted  t o  removal of a l l  v isua l  c o r t i c a l  a reas  
o p p o s i te  th e  SC in j e c t i o n ,  an immediate and enduring  hemianopia is 
produced o p p o s i te  th e  c o r t i c a l  le s io n  and an immediate and complete 
recovery  of v i s io n  is  produced in th e  p rev io u s ly  b l ind  hem if ie ld  
(o p p o s i te  th e  c o l l i c u l a r  le s ion) .  The recovery  im pl ie s  t h a t  
ib o t en ic  ac id  l e s io n s  in th e  SC produce a severe  n eg le c t  of  the  
o p p o s i te  h em if ie ld  which can be overcome when th e  competing "good" 
h em if ie ld  is rendered b l ind  by th e  c o r t i c a l  le s io n .  (Supported by 
NIH g r a n t s  2R01EY012654; 5T326M07170; 2P01EY01583).
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284.7 POSTNATAL DEVELOPMENT OF ACETYLCHOLINESTERASE HISTOCHEMICAL STAIN
ING PATTERN IN THE CAT SUPERIOR COLLICULUS. J .G .  M c H a ffie * , R .F . 
S p e n c e r ,  M. B e n in a to * ,  and  B .E . S t e in  (SPON: A .L . B erm an). D e p ts .  
P h y s io l .  & B io p h y s . and  A n a t . ,  Med. C o l. o f  V i r g in i a ,  R ichm ond, 
VA 23298.

The s u p e r i o r  c o l l i c u l u s  (SC) in  t h e  a d u l t  c a t  d i s p l a y s  la m in a r -  
s p e c i f i c  p a t t e r n s  o f  AChE s t a i n i n g .  AChE i s  d i s t r i b u t e d  hom oge
n e o u s ly  th ro u g h o u t  t h e  e n t i r e  r o s t r a l - c a u d a l  and  m e d i a l - l a t e r a l  
e x t e n t  o f  t h e  s t r a tu m  g r is e u m  s u p e r f i c i a l e  (SG S). The s t r a tu m  
g r is e u m  i n te r m e d ia l e  (S G I) d i s p l a y s  t h e  c h a r a c t e r i s t i c  p a t c h - l i k e  
d i s t r i b u t i o n  o f  AChE in  t h e  c a u d a l  h a l f  o f  t h e  SC w i th  a  m e d ia l-  
l a t e r a l  g r a d i e n t .  AChE s t a i n i n g  a l s o  i s  o b s e rv e d  in  th e  s t r a tu m  
g r is e u m  pro fundum  (SGP) and  th e  d o r s o l a t e r a l  p e r i a q u e d u c ta l  g ra y  
(PAG) b u t  t o  a l e s s e r  e x t e n t  th a n  th e  SGS and  SGI.

A t b i r t h ,  t h e  hom ogeneous p a t t e r n  o f  AChE s t a i n i n g  in  t h e  SGS i s  
s i m i l a r  t o  t h e  a d u l t .  AChE s t a i n i n g  a s s o c i a t e d  w i th  t h e  n e u r o p i l  
i n  t h e  SGI and  SGP, h o w ev er, i s  a b s e n t .  A t 7 d p n , t h e  a d u l t  
p a t c h - l i k e  s t a i n i n g  p a t t e r n  in  t h e  SGI i s  a p p a r e n t .  By 28 d pn , 
t h e  c o m p le te  l a m i n a r - s p e c i f i c  p a t t e r n  o f  AChE s t a i n i n g  i s  o b s e rv e d  
i n c lu d in g  t h a t  a s s o c i a t e d  w i th  t h e  SGP and th e  PAG.

The c h o l i n e r g i c  p r o j e c t i o n  to  t h e  i n te r m e d i a t e  l a y e r  o f  t h e  SC 
a r i s e s  from  th e  p e d u n c u lo p o n t in e  t e g m e n ta l  and  l a t e r a l  d o r s a l  
te g m e n ta l  n u c l e i ,  o r  c h o l i n e r g i c  c e l l  g ro u p s  CH5 and CH6 in  th e  
c a u d a l  m id b ra in  and  r o s t r a l  p o n s . The im m u n o h is to ch e m ic a l l o c a l 
i z a t i o n  o f  c h o l in e  a c e t y l t r a n s f e r a s e  (ChAT) r e v e a l s  i n te n s e  immu- 
n o r e a c t iv e  s t a i n i n g  o f  n e u ro n e s  in  t h e  Ch5 c e l l  g ro u p  e a r l y  in  th e  
p o s t n a t a l  p e r io d .  N eu ro n es  in  t h e  Ch6 c e l l  g ro u p , h o w ev er, a r e  
o n ly  w eak ly  im m u n o re a c tiv e , s i m i l a r  t o  n e u ro n e s  in  t h e  p a ra b ig e m i-  
n a l  n u c le u s .  C o r r e l a te d  a t  l e a s t  in  p a r t  w i th  t h e  a b s e n c e  o f  AChE 
in  t h e  SGI in  n e o n a ta l  a n im a ls ,  i n j e c t i o n s  o f  h o r s e r a d is h  p e ro x 
id a s e  i n to  t h e  SC r e t r o g r a d e l y  l a b e l  few , i f  a n y , n e u ro n e s  in  
t h e s e  c e l l  g ro u p s .  By c o n t r a s t ,  an  e x te n s iv e  p r o j e c t i o n  from  
t h e s e  c e l l  g ro u p s  i s  d e m o n s tra te d  by s i m i l a r  i n j e c t i o n s  in  a d u l t  
a n im a ls .  A t a l l  s t a g e s ,  h o w ev er, r e t r o g r a d e l y  l a b e l l e d  n e u ro n e s  
a r e  o b s e rv e d  in  t h e  s u b s t a n t i a  n i g r a  p a r s  r e t i c u l a t a ,  a l b e i t  few e r 
in  n e o n a ta l  a n im a ls  when com pared  to  t h e  a d u l t .

The f in d i n g s  c o l l e c t i v e l y  i n d i c a t e  t h a t  t h e  c h o l i n e r g i c  p r o j e c 
t i o n  to  t h e  i n te r m e d i a t e  and  d eep  l a y e r s  o f  t h e  c a t  SC u n d e rg o e s  
c o n s id e r a b l e  p o s t n a t a l  d e v e lo p m e n t. The s u p e r f i c i a l  t o  d eep  d e v e 
lo p m e n ta l  g r a d i e n t  o f  AChE s t a i n i n g  may be r e l a t e d  t o  f u n c t i o n a l  
d i f f e r e n c e s  in  t h e  a f f e r e n t  and  e f f e r e n t  r e l a t i o n s h i p s  o f  t h e  
d i f f e r e n t  l a y e r s .  T h ese  r e s u l t s  s u g g e s t  t h a t  t h e  i n f lu e n c e  o f  
b a s a l  g a n g l i a - r e l a t e d  s t r u c t u r e s  on m o to r b e h a v io r s  a s s o c i a t e d  
w i th  t h e  d e e p e r  l a y e r s  o f  t h e  SC may d e v e lo p  a f t e r  t h e  m ajo r 
s e n s o r y  a f f e r e n t  and  t e c t a l  e f f e r e n t  c o n n e c t io n s  a r e  fo rm ed .

S u p p o r te d  by NSF G ra n t  BNS-8209857 and NIH G ra n t  EY02191.

284.8 COLOCALIZATION OF GAMMA-AMINOBUTYRIC ACID AND LEUCINE ENKEPHALIN 
IN SINGLE NEURONS OF THE CAT SUPERIOR COLLICULUS: AN IMMUNO-  
CYTOCHEMICAL STUDY. R. Ranney M ize , D ep artm en t o f  Anatomy and 
N e u ro b io lo g y , U n iv e r s i ty  o f  T e n n e s se e , The H e a lth  S c ien c e  
C e n te r ,  M emphis, TN 38163

Both  g am m a-am in o b u ty ric  a c id  (GABA) (R .R . Mize e t  a l . , J .  
Comp. N e u r o l . ,  2 0 6 :1 8 0 , 1982) and l e u c in e  e n k e p h a l in  (R .R . M ize, 
I n v e s t .  O p h th a l.  V is .  S c i . ,  2 7 :2 0 5 , 1986) a r e  found  in  th e  c a t  
s u p e r i o r  c o l l i c u l u s  (S C ). The d i s t r i b u t i o n s  o f  th e  two t r a n s 
m i t t e r s  p a r t i a l l y  o v e r l a p ,  and some c e l l s  s t a i n e d  by a n t i s e r a  to  
th e s e  two s u b s ta n c e s  h ave  s im i l a r  m o rp h o lo g ie s . T hese r e s u l t s  
s u g g e s t  t h a t  some SC n e u ro n s  may c o n ta in  b o th  GABA and l e u c in e  
e n k e p h a l in .  To s tu d y  t h i s  d i r e c t l y ,  we u se d  a  d o u b le - l a b e l  
te c h n iq u e  to  m ark b o th  t r a n s m i t t e r s  i n  th e  same t i s s u e .

A ld e h y d e - f ix e d  s e c t i o n s  w ere in c u b a te d  i n  v a ry in g  d i l u t i o n s  
o f  a n t i s e r a  t o  GABA and l e u c in e  e n k e p h a l in  and th e n  r e a c t e d  w ith  
th e  a v i d i n - b i o t i n  (ABC) t e c h n iq u e .  GABA a n t i s e ru m  r e a c t i v i t y  
was s t a i n e d  w i th  a  g re e n  chrom agen ( o - d i a n i s i d i n e )  and  l e u c i n e -  
e n k e p h a l in  a n ti s e ru m  r e a c t i v i t y  w i th  a  brown chrom agen (d ia m in o -  
b e n z id in e )  .

GABA im m u n o re a c tiv i ty  was found  th ro u g h o u t  th e  SC, a l th o u g h  
im m u n o re a c tiv e  n e u ro n s  w ere m ost h e a v i ly  c o n c e n t r a te d  w i th in  th e  
s u p e r f i c i a l  g r a y  l a y e r  (S G S ). A n t i - l e u c in e - e n k e p h a l in  s t a i n in g  
was f a r  m ore r e s t r i c t e d .  N e u ro p il  l a b e l in g  was l a r g e ly  c o n f in e d  
to  a  t h i n  band w i th in  th e  u p p e r  SGS. Most s ta i n e d  c e l l s  w ere 
c o n ta in e d  w i th in  t h i s  b a n d , a l th o u g h  a  few w ere s e e n  d e e p e r .  
B oth GABA and l e u c in e  e n k e p h a l in  s ta i n e d  c e l l s  w ere s m a l l , w ith  
a  mean a v e ra g e  d ia m e te r  o f  13 um.

Some c e l l s  i n  SC c o n ta in e d  b o th  g re e n  and brown r e a c t io n  
p r o d u c t .  T hese d o u b le - l a b e l e d  c e l l s  r e p r e s e n te d  18% o f  th e  
t o t a l  p o p u la t io n  o f  im m u n o re a c tiv e  n e u ro n s  (42  o f  232 c e l l s ) .  
46% w ere l a b e l e d  o n ly  by GABA and  36% o n ly  by le u c in e  en k ep h a 
l i n .  N e a r ly  t w o - th i r d s  o f  th e s e  c e l l s  w ere c o n f in e d  to  th e  
u p p e r  200 um o f  SGS. Only 6 w ere l o c a t e d  below  t h i s  la m in a .  
They ran g e d  in  s i z e  from  9 .6  t o  1 8 .7  um i n  a v e ra g e  d ia m e te r  w ith  
a  mean o f  1 2 .7  um. They w ere th u s  i d e n t i c a l  i n  s i z e  to  s in g l e  
l a b e l e d  n e u ro n s .  The d o u b le  l a b e l e d  c e l l s  had  v a ry in g  m orpho
l o g ie s  and  in c lu d e d  (1 )  n e u ro n s  w i th  h o r i z o n t a l  f u s i f o rm  c e l l  
b o d ie s  and h o r i z o n t a l l y  o r i e n t e d  d e n d r i t e s  and (2 )  n e u ro n s  w ith  
s m a ll  ro u n d  c e l l  b o d i e s .

T hese r e s u l t s  show t h a t  a  s m a ll  p o p u la t io n  o f  n e u ro n s  i n  th e  
c a t  SC c o n ta in s  b o th  GABA and l e u c in e  e n k e p h a l in .  T hese n e u ro n s  
i n c lu d e  b o th  h o r i z o n t a l  and g r a n u le  m o rp h o lo g ie s .  B ecause n o t  
a l l  h o r i z o n t a l  c e l l s  w ere d o u b l e - l a b e l e d ,  c e l l s  w i th  i d e n t i c a l  
m o rp h o lo g ie s  may p ro v e  to  be c h e m ic a l ly  h e te r o g e n e o u s . 
S u p p o rte d  by NIH g r a n t  EY -02973.

284.9 A SLOWLY CONDUCTING SUBCLASS OF W-CELLS INNERVATES THE UPPER 
SUPERFICIAL GRAY OF CAT SUPERIOR COLLICULUS. D.M. B erson. S ec t. 
N e u ro b io l., Div. B io l. & Med., Brown U n iv ., P rov idence , RI 02912

R e tin a l in p u t to  th e  c a t 's  s u p e r io r  c o l l i c u lu s  (SC) e x h ib i ts  
la m in a r h e te ro g e n e ity . Y -c e lls  p ro je c t  to  th e  deep er p a r t  o f th e  
s u p e r f ic i a l  la y e r s ,  and W -ce lls  more s u p e r f ic i a l l y .  The W -cell 
in p u t to  th e  SC i s  i t s e l f  h e te ro g en eo u s, bu t l i t t l e  i s  known of 
th e  la m in a r d i s t r i b u t io n  o f in p u ts  from p a r t i c u l a r  m orphologica l 
o r fu n c t io n a l  W -cell s u b c la s s e s . H ere, r e t i n a l  in p u t to  th e  upper 
t h i r d  o f th e  s u p e r f ic i a l  g ray  la y e r  ( " th e  upper t i e r " )  i s  shown to  
o r ig in a te  from a slow ly  conduc ting  su b c la s s  o f W -ce lls .

Ju x taz o n a l p o te n t ia l s  (JZPs) a re  u n i ta ry  e x t r a c e l lu la r  
p o te n t ia l s  th a t  can be reco rd ed  on ly  in  th e  upper t i e r  (M cllw ain, 
J .  N europhys. 41:1343 , ' 7 8 ) . A s in g le  JZP r e f l e c t s  th e  lo c a l  
c u r r e n t  s in k  produced when p o s ts y n a p tic  elem ents in  th e  upper t i e r  
a re  synchronously  d e p o la r iz e d  by a s in g le  W -c e l l 's  axonal a rb o r , 
fo llo w in g  i t s  in v a s io n  by a  s p ik e . A JZP i s  reco rd ed  in  i s o la t io n  
(and a t  a f ix e d  la te n c y )  when a shock to  r e t in o fu g a l  f ib e r s  i s  
su p ra th re s h o ld  fo r  th e  W -cell axon g e n e ra tin g  th a t  JZP but 
su b th re sh o ld  f o r  o th e r  axons te rm in a tin g  nearby .

In  t h i s  s tu d y , a c o l l i s i o n  te ch n iq u e  was used  to  e s tim a te , in  
Nembutal- o r k e ta m in e -a n e s th e tiz e d  c a t s ,  th e  co n duc tion  v e l o c i t i e s  
o f W -cell axons g e n e ra tin g  JZPs. A shock to  th e  o p t ic  d isk  ( OD; 
50 μsec , <1 mA) th a t ,  a lo n e , alw ays e l i c i t e d  a s in g le  JZP was 
p receded a t  v a r io u s  i n t e r v a l s  by an in te n s e  c o n d itio n in g  shock to  
th e  o p t ic  chiasm o r t r a c t .  At (or. below) a  c r i t i c a l  in te rs h o c k  
in t e r v a l ,  th e  OD s tim u lu s  f a i l e d  to  evoke th e  JZP; t h i s  in d ic a te d  
th a t  an an tid ro m ic  s p ik e , evoked in  th e  axon g e n e ra tin g  th e  JZP by 
th e  c o n d itio n in g  shock, had c o l l id e d  w ith  the  o rthodrom ic sp ik e  
which norm ally  produced th a t  JZP. The s p ik e 's  in te r e le c t r o d e  
conduc tion  tim e was tak en  to  be th e  c o l l i s i o n  in t e r v a l  minus the 
a x o n 's  r e f r a c to r y  perio d  (which was e s tim a ted  as th e  minimum 
in te rs h o c k  in t e r v a l  a t  which two OD shocks produced two JZ P s). 
D iv id ing  in t e r e l e c t r o d e  cond u c tio n  d is ta n c e  (o b ta in ed  from 
d is s e c t io n )  by t h i s  conduc tion  tim e y ie ld e d  an e s tim a te  o f the 
co n duc tion  v e lo c i ty  o f th e  JZ P -g en e ra tin g  axon.

C o n d u c tio n -v e lo c ity  e s tim a te s  f o r  r e t i n a l  axons g e n e ra tin g  JZPs 
ranged from 2 .9  -  6 .8  m /sec ( X̅= 4 .5  ± 1 .0 ; n=28). These axons 
th u s  have among th e  slo w est co nduc tion  v e l o c i t i e s  o f any in  the  
W -cell spectrum  (2-18 m /s; X̅= 8 .7 ;  S tone & Fukuda, J .  Neurophys. 
3 7 :7 2 2 , ' 7 4 ) . They a r e  m arkedly slow er than  axons o f to n ic ,  
c o n c e n tr ic  W -ce lls  ( X̅= 11.7 m /s ) , b u t a re  com parable to  th o se  o f 
p h as ic  W -ce lls , p a r t i c u l a r ly  th e  ON-OFF type  (2-9  m /s; X̅= 5 .9 ; 
i b i d ) .  The im p lic a tio n  th a t  p h as ic  W -ce lls  may in n e rv a te  th e  
upper t i e r  i s  c o n s is te n t  w ith  th e  f a c t  th a t  JZPs can be evoked 
on ly  from th e  c o n t r a la t e r a l  eye (M cllw ain, '7 8 ) ,  s in c e  th e  axons 
o f alm ost a l l  p h as ic  W -ce lls  d e c u ssa te  (K irk , e t  a l . ,  V is ion  Res. 
1 6 :4 3 3 ,’7 6 ) .

284.10 CODING FOR OPTICAL FLOW BY SINGLE CELLS IN CAT SUPERIOR COLLICULUS 
(S C ). G. Mandl ,  A e ro sp a ce  Med. R es . U n i t ,  D e p t . o f  P h y s i o l . ,  
M cG ill U n i v e r s i t y ,  M o n tr e a l ,  Canada H3G 1Y6.

F o r a n  o b s e rv e r  i n  l i n e a r  m o tio n , i n s t a n ta n e o u s  p o s i t i o n  and  
( a p p a r e n t)  v e l o c i t y  o f  a  f i x e d  p o i n t  i n  v i s u a l  sp a c e  a r e  d e f in e d  
w i th  r e f e r e n c e  t o  a  sy s te m  o f  m e r id ia n s  on th e  s u r f a c e  o f  an  
o b s e r v e r - c e n t e r e d  im a g in a ry  s p h e re ,  w i th  a l l  m e r id ia n s  p a s s in g  
th ro u g h  th e  v a n is h in g  p o i n t  ( in s t a n t a n e o u s  p o s i t i o n  and  v e l o c i t y  
f i e l d s ;  G ordon, 1 9 6 5 ) . The d i r e c t i o n  o f  e a ch  f i x e d  p o i n t ' s  
i n s t a n ta n e o u s  v e l o c i t y  v e c to r  i s  t a n g e n t i a l  to  i t s  m e r id ia n ,  and  
v e c to r  m a g n itu d e  i s  a  s in e  f u n c t i o n  o f  th e  p o i n t ' s  a n g u la r  d i s 
ta n c e  from  th e  v a n is h in g  p o i n t .  The p r e s e n t  r e s u l t s  s u g g e s t  t h a t  
s i n g l e  c e l l s  i n  s u p e r f i c i a l  an d  in te r m e d ia t e  l a y e r s  o f  c a t  SC s i g 
n a l  b o th ,  in s t a n ta n e o u s  p o s i t i o n  an d  v e l o c i t y ,  o f  m oving t a r g e t s ,  
an d  th u s '  c o n t r i b u t e  t o  t h e  n o rm a l e n c o d in g  o f  dynam ic s p a t i a l  
r e l a t i o n s  w i t h in  p a t t e r n s  o f  o p t i c a l  f lo w . METHODS T r a in s  o f  e x 
t r a c e l l u l a r l y  r e c o r d e d  u n i t  s p ik e  d i s c h a r g e s ,  from  th e  SC o f  p r e -  
t r i g e m i n a l  p a r a ly z e d  c a t  p r e p a r a t i o n s ,  w ere e v a lu a t e d  s t a t i s t i c a l 
l y .  V is u a l  s t i m u l i  c o n s i s t e d  o f  s m a l l  lu m in o u s  s l i t s  ( 2 .5 ×0 . 4 ° ) ,  
e i t h e r  f l a s h e d  o r  m oving  w i th  u n ifo rm  v e l o c i t i e s  ( 1 - 1 6 0 ° / s ) ,  
a c r o s s  a  CRT d i s p l a y  s c r e e n .  RESULTS (1 )  W hile  t h e  r e s p o n s e  t o  a  
s i n g l e  s t a t i o n a r y  b r i e f l y  f l a s h e d  (5ms) s l i t  o u t l a s t e d  s t im u lu s  
d u r a t i o n  b y  some 600 m s, th e  r e s p o n s e  to  a  m oving ( e i t h e r  sm o o th ly  
o r  s e q u e n t i a l l y  f l a s h e d )  s l i t  was c o n s i s t e n t l y  l i m i t e d  i n  tim e  to  
th e  d u r a t i o n  o f  s t im u lu s  p r e s e n c e  i n  th e  r e c e p t iv e  f i e l d .  T h is  
m o t io n - c o n t in g e n t  s p a t i o - t e m p o r a l  " g a t in g "  p r o c e s s  c o n s t i t u t e s  a 
n e c e s s a r y  n e u r a l  b a s i s  f o r  th e  n o rm a l ly  d i s t o r t i o n - f r e e  a p p e a ra n c e  
o f  m oving  p a t t e r n s  d u r in g  t h e i r  ( e v e n  q u i t e  r a p i d )  s e q u e n t i a l  
d i s p la c e m e n t  i n  v i s u a l  s p a c e  ( in s t a n t a n e o u s  p o s i t i o n  f i e l d ) .  
(2 )  S p ik e  t r a i n s  w ere  c h a r a c t e r i z e d  by  a b ru p t  a l t e r n a t i o n s  b e tw e en  
f a s t  ( " b u r s t i n g " )  an d  s lo w  ( " r e s t i n g " )  d i s c h a r g e  s t a t e s .  The 
te m p o ra l  s t r u c t u r e ,  an d  r a t e  o f  a l t e r n a t i o n ,  o f  c o n s e c u t iv e  b u r s t 
in g  an d  r e s t i n g  e p is o d e s  was s y s t e m a t i c a l l y  r e l a t e d  to  s t im u lu s  
v e l o c i t y .  T h is  n o n - l i n e a r  s w i tc h in g  o f  te m p o ra l  p a t t e r n i n g  
p r o v id e s  a  m o st p l a u s i b l e  c a n d id a t e  code  f o r  th e  d e t e c t i o n  o f  
i n s t a n ta n e o u s  v e l o c i t y  v e c t o r s ,  e s p e c i a l l y  s in c e  d is c h a r g e  
f re q u e n c y ,  i n  r e s p o n s e  t o  a  1 6 0 - fo ld  ch an g e  i n  s t im u lu s  v e l o c i t y ,  
t y p i c a l l y  ch a n g ed  no m ore th a n  3 -5  f o l d .  (3 )  L in e a r  r e c e p t iv e  
f i e l d  d im e n s io n s  w ere  shown to  i n c r e a s e  a s  a  (a p p ro x im a te )  s in e  
f u n c t i o n  o f  t h e i r  a n g u la r  d i s t a n c e  from  th e  a r e a  c e n t r a l i s .  I n  
v ie w  o f  a  s i m i l a r  r e l a t i o n  b e tw e en  th e  m ag n itu d e  o f  a  p o i n t ' s  
v e l o c i t y  v e c t o r  an d  i t s  d i s t a n c e  from  th e  v a n is h in g  p o i n t  ( c f .  
a b o v e ) ,  a l l  p o i n t s  w i t h in  a  m oving o b s e r v e r 's  in s t a n ta n e o u s  
v e l o c i t y  f i e l d ,  r e g a r d l e s s  o f  t h e i r  a n g u la r  d i s t a n c e  from  th e  
v a n is h in g  p o i n t ,  t r a v e r s e  e q u a l  r e c e p t iv e  f i e l d  f r a c t i o n s  i n  e q u a l  
t im e s .  T h u s, th e  dynam ic s t r u c t u r e  an d  c o h e re n c e  o f  g lo b a l  o p t i c a l  
f lo w  p a t t e r n s  ( r e l a t i v e  p o s i t i o n s  an d  v e l o c i t i e s  o f  i n d iv i d u a l  
l o c i )  a r e  p r e s e r v e d   R e f : D.A. G ordon, J .  o p t .  S oc. A m er., 55: 
1296 (1 9 6 5 ) .  S u p p o r te d  by  th e  C an a d ian  M e d ic a l R e s e a rc h  C o u n c i l.
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284.11 MULTISENSORY INTERACTIONS DEPEND ON ALIGNMENT OF RECEPTIVE FIELDS 
IN CAT SUPERIOR COLLICULUS NEURONS M. A.  M e r e d i t h  a n d  B.E. 
S t e i n , D e p t . o f  A n a t .  & D e p t . o f  P h y s i o l .  & B i o p h y s . ,  Med. C o l .  
Va., Richmond, VA 23298

R e c e p t i v e  f i e l d s  ( R F s )  o f  t h e  d i f f e r e n t  m o d a l i t i e s  o f  
m u l t i s e n s o r y  c e l l s  a r e  i n  r e g i s t e r  w i t h  one a n o t h e r  when t h e i r  
r e s p e c t i v e  s e n s o r y  o r g a n s  a r e  a l i g n e d .  T h i s  t o p o g r a p h i c  
r e l a t i o n s h i p  f a c i l i t a t e s  t h e  i n t e g r a t i o n  o f  m u l t i s e n s o r y  c u e s  
f ro m  t h e  same  p o i n t  i n  s p a c e .  H o w e v e r ,  d u r i n g  n o r m a l  b e h a v i o r  
s e n s o r y  o r g a n s  c a n  b e  o u t  o f  a l i g n m e n t .  The  p r e s e n t  s t u d y  
e x am in es  t h e  e f f e c t  o f  RF m i s a l i g n m e n t  on r e s p o n s e s  o f  v i s u a l -  
a u d i t o r y  n e u ro n s  i n  t h e  c a t  s u p e r i o r  c o l l i c u l u s  t o  m u l t i s e n s o r y  
s t i m l i .

C a t s  (n=3),  c h r o n i c a l l y  p r e p a r e d  f o r  e x t r a c e l l u l a r  r e c o r d i n g ,  
w e r e  a n e s t h e t i z e d  w i t h  k e t a m i n e  h y d r o c h l o r i d e ,  p a r a l y z e d  a n d  
a r t i f i c i a l l y  r e s p i r e d  w i t h  a m i x t u r e  o f  75% N20 and 25% 02. Each 
a n i m a l  was p o s i t i o n e d  so  t h a t  i t s  v i s u a l  a x i s  was p e r p e n d i c u l a r  
t o  t h e  h o r i z o n t a l  i n t e r a u r a l  a x i s .  V i s u a l  RFs were  mapped o n t o  a 
t r a n s l u c e n t  p l e x i g l a s s  h e m i s p h e r e  a n d  v i s u a l  s t i m u l i  w e r e  
e l e c t r o n i c a l l y - c o n t r o l l e d  m o v i n g  b a r s  o f  l i g h t .  A u d i t o r y  RFs 
were  mapped u s i n g  n e a r  t h r e s h o l d  b r o a d - b a n d  n o i s e  b u r s t s  from a  
h o o p - m o u n t e d  s p e a k e r  w h o s e  e l e v a t i o n  a n d  a z i m u t h  c o u l d  b e  
changed .  W eig h ted  hooks  were  p l a c e d  on t h e  m arg in s  o f  t h e  p i n n a e  
a n d  c h a n g e s  i n  p i n n a e  p o s i t i o n  w e r e  e f f e c t e d  by  p u l l i n g  b o t h  
p i n n a e  c o n t r a l a t e r a l l y. A u d i t o r y  a s  w e l l  a s  v i s u a l  RFs w e r e  
r e m a p p e d  i n  t h i s  new p o s i t i o n .  S i n g l e -  a n d  c o m b i n e d - m o d a l i t y  
s t i m u l i  were  p r e s e n t e d  a t  p r e d e t e r m i n e d  p o i n t s  i n  s p a c e  d u r i n g  
n o rm a l  and  p i n n a e - a d j u s t e d  c o n d i t i o n s .

As e x p e c t e d ,  t h e  l o c a t i o n s  o f  a u d i t o r y  RFs w e r e  s h i f t e d  by 
c h a n g e s  i n  p i n n a e  p o s i t i o n .  However,  no  c o m p e n s a to r y  c h a n g e s  i n  
t h e  v i s u a l  RFs o c c u r r e d .  Thus t h e  com bine d  v i s u a l  and  a u d i t o r y  
s t i m u l a t i o n  t h a t  e v o k e d  r e s p o n s e  e n h a n c e m e n t  b e f o r e  p i n n a e  
m o v e m e n t ,  now e l i c i t e d  t h e  r e s p o n s e  d e p r e s s i o n  t h a t  was  
p r e v i o u s l y  e v o k e d  o n l y  when one s t i m u l u s  was l o c a t e d  o u t s i d e  i t s  
RF b o r d e r s .  R e p o s i t i o n i n g  t h e  a u d i t o r y  s t i m u l u s  t o  b e  a t  t h e  
c e n t e r  o f  t h e  new a u d i t o r y  RF p o s i t i o n  r e p r o d u c e d  t h e  o r i g i n a l  
r e s p o n s e  enh ancem ent.  T h e r e f o r e ,  r e a l i g n m e n t  o f  m u l t i s e n s o r y  maps 
i n  c a t s  ( n e c e s s a r y  f o r  m a x i m i z i n g  e f f e c t s  o f  m u l t i s e n s o r y  c u e s  
from t h e  same l o c u s )  a p p e a r s  n o t  t o  be an  im m u ta b le  c o n s e q u e n c e  
o f  t h e  d i s p l a c e m e n t  o f  a s i n g l e  s e n s o r y  o r g a n .  D u r i n g  n o r m a l  
b e h a v i o r ,  r e a l i g n m e n t  o f  s e n s o r y  maps may b e  a c c o m p l i s h e d  by 
e i t h e r  c o m p e n s a to r y  s h i f t s  i n  t h e  s e n s o r y  maps ( J a y  and S p a r k s ,  
N a t u r e  3 0 9 : 3 4 5 ,  1 9 8 4 )  o r  by r e a l i g n i n g  o f  t h e  s e n s o r y  o r g a n s  
t h e m s e l v e s  ( H a r r i s ,  Donaghy and  B la k e m o re ,  N a t u r e , 288:56 , 1980).

S u p p o r t e d  by NIH g r a n t  NS 2 2 5 4 3 .

284.12 CONTRIBUTION OF THE CORTICOTECTAL TRACT TO GLOBAL VISUAL 
PROCESSING IN. THE MONKEY SUPERIOR COLLICULUS. R.M. Davidson, 
J .E . A lb a n o , * and D.B. B ender* (SPON: P.G. F unch ). Div 
Neurobiology, Dept. Physiology, SUNYAB, Buffalo, NY 14226.

We p re v io u s ly  showed t h a t  most su p e rf ic ia l layer co llicu lus 
c e l l s  a re  s e n s i t iv e  to  d i f f e r e n t i a l  movement betw een a lo ca l 
ta rg e t  and the  g lobal v isu a l scene. These c e l l s  respond w ell to 
a ta rg e t  whose d ire c tio n  and speed d i f f e r  from th a t of a textured 
moving background; when ta rg e t d ire c tio n  and speed are  s im ila r to 
th a t  of the background, the response i s  suppressed (Davidson and 
Bender, Soc. Neurosci. Abstr., 1985,11: 1006). S im ilar phenomena 
have been d e sc rib e d  in  v is u a l  c o r te x , s u g g es tin g  th a t  lo c a l-  
g lobal in te ra c tio n s  in  the  co llic u lu s  might depend on descending 
in p u t from c o rte x . We th e re fo re  d e s tro y ed  th e  c o r t i c o te c t a l  
t r a c t  by means o f u n ila te ra l  heat le s io n s  o f the pulv inar (Bender 
and B a i z e r ,  J . Comp. N e u ro l . , 1984, 2 2 8 : 28 4 ), and  then  
e s tim a te d  m o tio n - s p e c if ic  s u p p re ss io n  in  th e  c o l l i c u lu s .  To 
estim ate  suppression, we paired  movement of the ta rg e t through a 
c e l l 's  recep tiv e  f ie ld  in  one d ire c tio n  w ith movement of a large 
tex tu red  background in  e ith e r  the same or opposite d irec tio n , and 
then divided one response by the other.

I n te r r u p t io n  o f  th e  c o r t i c o t e c t a l  t r a c t  g re a t ly  reduced 
m o tion -spec ific  suppression ip s i l a te r a l  to  the le sio n . In normal 
an im a ls , s u p p re ss io n  ranges from  0% to  90% among c e l l s  in  the 
s u p e r f i c i a l  350 m icrons o f  th e  c o l l ic u lu s ;  suppression i s  more 
p o te n t in  deeper c e l l s ,  ran g in g  from  50% to  100%. By c o n tra s t, 
su p p re ss io n  d id  n o t exceed 50% a t  any depth  i p s i l a t e r a l  to  the 
l e s io n .  C o n tr a la te r a l  to  th e  le s io n ,  su p p re ss io n  was l i t t l e  
a ffec ted .

Other changes were a lso  seen fo llow ing the  le sio n . In normal 
an im a ls , m ost c e l l s  have spon taneous f i r i n g  r a t e s  l e s s  than 5 
sp ikes/sec . Ip s i la te r a l  to  the  le s io n , however, many c e l l s  had 
ra te s  o f 5-15 sp ikes/sec . In  normal anim als, most c e l l s  respond 
w ith  a t r a n s i e n t  b u rs t  o f sp ik e s  to  th e  o n se t and o f f s e t  of a 
f la s h .  I p s i l a t e r a l  to  th e  le s io n ,  how ever, many c e l l s  gave a 
s trong  susta ined  response to  a fla sh .

These r e s u l t s  su g g es t th a t  m o tio n - s p e c if ic  su p p re ss io n  in 
monkey superior co llic u lu s  depends on descending p ro jec tio n s  from 
v is u a l  c o rte x . However, some o f th e  observed  e f f e c t s  may have 
r e s u l te d  from re tro g ra d e  changes in  th o se  t e c t a l  c e l l s  th a t 
p r o je c t  to  th e  p u lv in a r ;  we a re  c u r r e n t ly  u s in g  k a in ic  acid 
pu lv inar le s io n s  to  con tro l fo r th i s  p o s s ib il ity .

Supported by NIH gran ts  EY02254 and DE00145.

284.13 VISUAL MOTION PROCESSING IN THE DORSOLATERAL PONTINE NUCLEUS, A 
RECIPIENT OF MT, MST, AND PARIETAL INPUTS IN THE ALERT MONKEY. 
D.A. Suzuki and R.D. Yee*, Jules Ste in  Eye I n s t i t u t e ,  UCLA School 
of Medicine, Los Angeles, CA 90024.

The dorso la te ra l  pontine nucleus (DLPN) is  a major bra in stem 
terminus fo r  converging pathways o rig inat ing  in cerebral co r t ica l  
areas th a t  are known to process visual motion-re lated information. 
The responses of c e l l s  in DLPN to moving visual s timuli were inves
t iga ted  to  c la r i fy  the neuronal processing of visual motion occur
ring in th is  brain stem s t ru c tu re .  E x t race l lu la r  a c t i v i t y  was 
recorded in a l e r t  monkeys th a t  were tra ined  to f ix a te  a s ta t io n a ry ,  
0 . 5  deg red spot during the presenta tion  of moving visual s t im uli .  
All images were back projected onto a 90- by 90-deg square tangent 
screen. Eye posit ion  was monitored with the s c le ra l  search coil 
technique.

Out of 217 DLPN c e l l s  recorded in three  monkeys, 196 (90%) were 
responsive to moving v isual s t im uli .  The remaining 21 (10%) c e l l s  
were responsive during smooth-pursuit eye movements, but were not 
responsive to moving visual s t im uli .  Of the v isua l ly  responsive 
DLPN c e l l s ,  139 (71%) exhibited d irec t ion  s e lec t iv e  changes in f i r 
ing ra te s  th a t  were re la ted  to r e t in a l  image ve loc i ty .  All hor i
zontal and ve r t ic a l  d i rec t ions  were represented in the population.  
DLPN f i r in g  ra te s  increased with increases in re t in a l  image veloc
i t i e s  up to 30-40 deg/sec. Ei ther  a decl ine  or a sa tu ra t ion  in 
f i r in g  r a te  were observed in response to visual motion g rea te r  than 
40 deg/sec,  In c e l l s  without an eyè movement component, the sens i
t i v i t y  to visual motion was enhanced during p u rs u i t ,  when re t in a l  
image motion was behaviora lly  s ig n i f ic an t .

Receptive f i e ld  ( r f )  types: 1) Two components: a c en t r a l ,  r e t i 
nal image ve lo c i ty - re la ted  component th a t  included the fovea,  plus 
a la rge ,  non-velocity component th a t  typ ica l ly  extended out to the 
limits  of the tangent screen. 2) Pa racen t ra l ,  ve loc i ty  re la ted :  
small r f  th a t  was eccen tr ic  to  the foveal region.  3) Large, veloc
i t y - r e la te d :  r f  covering one-half to a l l  of tangent screen. Also 
observed were DLPN c e l l s  th a t  had 4) d i rec t ion  s e le c t iv e ,  but non
velocity  re la ted  responses to moving random dot pa t te rns  tha t  
f i l l e d  the en t i re  screen,  and 5) eccen tr ic  r f  th a t  were responsive 
to the presence of s ta t ionary  visual  s t im uli .

The re su l t s  are consis tent  with a f fe ren t  input to  DLPN from the 
superio r temporal sulcus (areas "MT" and "MST") and the in fe r io r  
pa r ie ta l  cortex ,  two co r t ica l  areas th a t  process visual  motion. 
The behavior-dependent, enhanced visual  response, together with 
pharmacological le sion and s timula tion re s u l t s  implicate  DLPN ro les 
in the regula tion of smooth-pursuit eye movements. The pu rsu i t  
system is  j u s t  one example of a motor system th a t  u t i l i z e s  visual  
motion s igna ls .  Subsequent DLPN e f fe ren t  pro jections  to the cere
bellum ra ises  the p o s s ib i l i ty  th a t  the DLPN contr ibutes  to a more 
global u t i l i z a t i o n  of visual  motion information in the coordination 
of motor behavior. (Supported by NIH Grant EY05I67.)

284.14 EXTRAGENICULAR PROJECTIONS TO VISUAL CORTEX IN THE TREE SHREW: 
EVIDENCE FOR AN EXCLUSIVE PRETECTAL PATH TO AREAS 17 AND 18. R.G. 
C a r e y , D. F i t z p a t r i c k 1 an d  K.M. H o rn : D iv .  N e u r o b i o l . ,  Barrow 
N e u r o lo g ic a l  I n s t i t u e ,  P h o e n ix , AZ 85013 and 1D ep t. o f  A n a t., Duke 
U n i v e r s i t y ,  Durham, N.C. 27706.

P a s t  s t u d i e s  i n  t r e e  s h re w  h a v e  i n d i c a t e d  t h a t  t h e  s t r i p  of 
p u l v i n a r  ( P u lc a p )  a d ja c e n t  to  th e  LGN, th e  l a t e r a l  in te rm e d ia te  
n u c l e u s  ( L i ) ,  an d  t h e  c e n t r a l  i n t r a l a m i n a r  n u c l e u s  (C IN ) o f the 
v i s u a l  t h a l a m u s  a r e  r e c i p r o c a l l y  c o n n e c t e d  w i t h  v i s u a l  c o rte x  
i n c l u d i n g  a r e a s  17 and  18 . M ore r e c e n t  s t u d i e s  s e e k in g  a 
r e e v a l u a t i o n  o f  t h e  t e c t o p u l v i n a r  p a th w a y s  h a v e  i n d i c a t e d  a 
p a u c i t y  o f  c o n n e c t i o n s  w i t h  t h e s e  t h a l a m i c  a r e a s  f o l l o w in g  
i n j e c t i o n s  o f  t h e  s u p e r f i c i a l  l a y e r s  o f  t h e  t e c tu m .  H ow ever, 
i n j e c t i o n s  t h a t  i n c l u d e d  th e  p r e t e c t a l  c o m p le x  o f t e n  l e d  to 
t e r m i n a l  a c t i v i t y  w i t h i n  t h e s e  t h a l a m i c  a r e a s .  The c e n t r a l  
q u e s t i o n  o f  t h e  p r e s e n t  s tu d y  i s  w h e th e r  t e c t a l  o r  p r e t e c t a l  
n e u ro n s  p r o v id e  th e  m ajo r a s c e n d in g  in p u t  to  th e  th a l a m ic  n u c le i  
t h a t  r e l a y  to  a r e a s  17 and 18.

S m a l l  e l e c t r o p h o r e t i c  i n j e c t i o n s  o f  WGA/HRP o r  o t h e r  t r a c e r s  
w ere made i n t o  e i t h e r  v i s u a l  c o r t e x ,  v i s u a l  th a la m u s ,  tectum  or 
p re te c tu m  in  a d u l t  t r e e  sh re w s . F o l lo w in g  i n j e c t i o n s  i n  a re a s  17 
o r  18 l a b e l e d  a c t i v i t y  was r e s t r i c t e d  to  th e  P u lc a p  p o r t i o n  o f the 
p u l v i n a r  an d  w as c o n t i n u o u s  w i t h  a c t i v i t y  i n  L i .  I n j e c t i o n s  in 
a r e a  18 r e s u l t e d  in  a  f u r t h e r  fo c u s  o f  a c t i v i t y  a lo n g  th e  l a t e r a l  
e x t e n t  o f  CIN t h a t  o f t e n  e x te n d e d  d o r s o m e d ia l l y t o  j o i n  the 
v e n tr o m e d ia l  L i a t  m ore r o s t r a l  l e v e l s .  F o l lo w in g  i n j e c t i o n s  in 
P u lc a p  o r  CIN l a b e l e d  t e r m in a l s  w ere p r e s e n t  i n  l a y e r s  IV , VI and 
I  o f  a r e a  18, w i th  l a b e l e d  c e l l s  p r i n c i p a l l y  i n  l a y e r  V I o f  area 
18 . A d d i t i o n a l l y ,  P u l c a p  i n j e c t i o n s  r e s u l t e d  i n  s c a n t  t e r m in a l  
a c t i v i t y  i n  l a y e r  I  and  l a b e l e d  c e l l s  i n  l a y e r  V o f  a r e a  17. 
R e s u l t s  f o l l o w i n g  i n j e c t i o n s  o f  L i  a p p e a r e d  m o re  c o m p le x ,  but 
g e n e r a l l y  i n d i c a t e d  d i f f u s e  t e r m i n a t i o n s  i n  l a y e r  I  an d  w id e ly  
d i s p e r s e d  c e l l s  i n  l a y e r  V i n  b o t h  a r e a s .  A f t e r  t h e s e  t h a l a m ic  
i n j e c t i o n s  no  l a b e l e d  c e l l s  w e re  fo u n d  w i t h i n  t h e  s u p e r f i c i a l  
l a y e r s  o f  th e  s u p e r i o r  c o l l i c u l u s .  H ow ever, d e n se  l a b e l e d  a c t i v i t y  
was p r e s e n t  in  th e  a n t e r i o r  (P ta )  a n d /o r  p o s t e r i o r  (P tp )  p r e t e c ta l  
n u c l e i .  I n j e c t i o n s  o f  P tp  o r  P t a  v e r i f i e d  t h e s e  p r o j e c t i o n s  and 
f u r t h e r  i n d i c a t e d  t h a t  a t  l e a s t  t h e  p r o j e c t i o n  to  P u lc a p  i s  
t o p o g r a p h i c a l l y  o r g a n iz e d .  I n j e c t i o n s  p la c e d  e i t h e r  in  c a u d a l  Ptp 
o r  r o s t r a l  P ta  r e s u l t e d  i n  l a b e l e d  t e r m in a l s  in  th e  c a u d a l  l e v e l s  
o f  P u lc a p ,  w h e re a s  i n j e c t i o n s  p la c e d  in  r o s t r a l  P tp  o r  c a u d a l  Pta 
r e s u l t e d  i n  l a b e l e d  a c t i v i t y  a t  r o s t r a l  l e v e l s  o f  th e  P u lc a p .

We c o n c lu d e  t h a t  t h e  n e u r o n s  i n  P u l c a p ,  L i an d  CIN r e l a y  
i m p u l s e s  fro m  t h e  a n t e r i o r  an d  p o s t e r i o r  p r e t e c t a l  c o m p le x  to  
a r e a s  17 and 18 in  th e  t r e e  sh rew . T h is  p a th  i s  d i s t i n c t  from  the 
t e c t o p u l  v i n a r  p r o j e c t i o n  t h a t  e s c h e w s  a r e a s  17 an d  18 and 
t e r m in a t e s  i n  m ore rem o te  a r e a s  o f  v i s u a l  c o r t e x .

S u p p o rte d  by NIH EY04641, NSF BNS8411964 and NRSA EY05801.
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284.15 THE DORSAL CLAUSTRUM OF TREE SHREW AND FERRET: VISUAL RESPONSE 
PROPERTIES AND RETINOTOPIC ORGANIZATION. K. M. H o rn  a nd  R. G. 
C a r e y . D iv .  o f  N e u r o b io l o g y ,  B a r ro w  N e u r o l o g i c a l  I n s t i t u t e ,  
P h o e n ix , AZ 85013.

C o n n e c tio n s  b e tw een  th e  d o r s a l  c l a u s tru m  and p o r t i o n s  o f  v i s u a l  
c o r t e x  and th a la m u s  h a v e  b een  docum ented  in  many s p e c i e s ,  how ever 
th e  c a t  h a s  Been th e  o n ly  m odel u sed  in  p h y s io l o g ic a l  s t u d i e s .  I t  
w as t h e  p u r p o s e  o f  o u r  s tu d y  t o  d e t e r m i n e  t h e  o r g a n i z a t i o n  and  
v i s u a l  r e c e p t i v e  f i e l d  p r o p e r t i e s  o f  n e u r o n s  w i t h i n  t h e  d o r s a l  
c ia u s t ru m  in  two o th e r  s p e c i e s  ( t r e e  sh rew  and f e r r e t ) .

N eurons in  th e  c a u d a l  p o r t i o n  o f  th e  d o r s a l  c ia u s t ru m  in  b o th  
s p e c i e s  a r e  r e s p o n s i v e  t o  v i s u a l  s t i m u l a t i o n .  The m a j o r i t y  o f  
t h e s e  n e u r o n s  i n  t h e  t r e e  s h re w  h a v e  r e c e p t i v e  f i e l d s  t h a t  a r e  
s i t u a t e d  w i th in  t h e  c e n t r a l  20° o f  t h e  v i s u a l  f i e l d  (86%) and a r e  
b i n o c u l a r l y  a c t i v a t e d ,  w h i l e  t h e  f e r r e t  h a s  f e w e r  c e n t r a l l y  
lo c a t e d  u n i t s  (36%). Two m a jo r  c l a s s e s  o f  v i s u a l  c l a u s t r a l  u n i t s  
h a v e  been  i d e n t i f i e d  in  th e s e  s p e c i e s .  The f i r s t  and m a jo r  c l a s s  
i n  b o th  s p e c i e s  ( t r e e  s h re w  72%; f e r r e t  81%) h ad  w e l l - d e f i n e d ,  
e l o n g a t e d  r e c e p t i v e  f i e l d s  t h a t  s h a r e d  som e o f  t h e  r e s p o n s e  
c h a r a c t e r i s t i c s  r e p o r t e d  by S h e rk  and LeVay (1981) in  t h e i r  s tu d y  
o f  t h e  c a t  c i a u s t r u m .  T h is  c l a s s  h a d  v e r y  l i t t l e  s p o n ta n e o u s  
a c t i v i t y ,  d id  n o t  a d a p t  to  r e p e a te d  p r e s e n t a t i o n  o f  s t i m u l u s ,  and 
had a w ide ra n g e  o f  c o n t r a s t  s e n s i t i v i t i e s .  The m a j o r i t y  o f  t h e s e  
u n i t s  ( t r e e  s h r e w  53% ; f e r r e t  67% ) h a d  a  p r e f e r r e d  a x i a l  
o r i e n t a t i o n  w i th  some c e l l s  a l s o  show ing d i r e c t i o n a l  s e l e c t i v i t y  
( t r e e  s h re w  17%; f e r r e t  29% ). Few u n i t s  e x p r e s s e d  a p p r e c i a b l e  
l e n g t h  s u m m a tio n ,  an d  n o n e  d e m o n s t r a t e d  e n d - s t o p  i n h i b i t i o n .  A 
m a jo r  s u b g r o u p  o f  t h i s  f i r s t  c l a s s  ( t r e e  s h re w  75%; f e r r e t  55%) 
w ere e x tr e m e ly  s e n s i t i v e  to  th e  m ovem ent o f  sm al l  s t i m u l i  a c r o s s  
o r  w i t h i n  t h e  r e c e p t i v e  f i e l d s  ( s p o t s  < . 5 ° ;  s l i t s  < .2 5 °  w id e ) .  
The seco n d  c l a s s  ( t r e e  sh rew  28%; f e r r e t  10%) had d i f f u s e ,  p o o r ly -  
d e f in e d  r e c e p t i v e  f i e l d s  t h a t  o f te n  e x te n d e d  f o r  m ore th a n  30° and 
r a p i d l y  h a b i t u a t e d  to  r e p e a t e d  s t i m u l a t i o n .  In  t h e  t r e e  s h re w  
th e s e  n e u ro n s  w ere found n e a r  t h e  b o r d e r s  and in  th e  h i lu m  o f  th e  
c i a u s t r u m ,  w h i l e  i n  t h e  f e r r e t  t h e y  w e re  a d m ix e d  w i t h  t h e  u n i t s  
fro m  t h e  f i r s t  c l a s s .  A t h i r d  c l a s s  o f  c e l l s  (10%) was fo u n d  in  
t h e  f e r r e t  r o s t r a l  and  v e n t r a l  to  t h e  t r a d i t i o n a l  v i s u a l  
c i a u s t r u m .  T h i s  a r e a  c o n t a i n e d  u n i t s  t h a t  r e s p o n d e d  t o  g l o b a l  
c h a n g e s  i n  l i g h t  i n t e n s i t y ,  s t r o b o s c o p i c  s t i m u l a t i o n ,  o r  to  
c o m p le x  v i s u a l  s t i m u l i  l o c a t e d  n e a r  t h e  h o r i z o n t a l  m e r i d i a n .  
T hese n e u ro n s  w ere c h a r a c t e r i z e d  by th e  a p p e a ra n c e  o f  sp o n ta n e o u s  
b a c k g ro u n d  a c t i v i t y  and h a b i tu a te d  w i th  r e p e a t e d  s t i m u l a t i o n .

W h ile  t h e  a r e a  o f  t h e  c i a u s t r u m  t h a t  i s  d e v o te d  to  c e n t r a l  
v i s i o n  in  t h e s e  tw o s p e c i e s  d i f f e r s ,  t h e  o v e r a l l  r e s p o n s e  
p r o p e r t i e s  o f  many o f  t h e s e  n e u ro n s  to  s p e c i f i c  f e a t u r e s  o f  m oving  
s t i m u l i  i n d i c a t e s  a  p o s s i b l e  r o l e  in  s p a t i a l - t e m p o r a l  p r o c e s s in g .  
[ S u p p o r t e d  by  NRSA f e l l o w s h i p  EY05801 (KMH), NIH g r a n t  EY04641 
(RGC) and BRSG RR0572.]

284.PO AERIAL PRIMATES: ADVANCED VISUAL PATHWAYS IN MEGABATS AND GLIDING 
LEMURS.
John D.Pettigrew and Howard M. Cooper*, Neuroscience Lab., 
U niversity  of Queensland, St.Lucia 4067 A ustra lia .

A number of featu res characterise  the v isual pathways of a l l  
liv in g  primates and d istin g u ish  them from other mammals, 
including tree-shrew s, often thought to be prim ates' c lo ses t 
liv in g  re la tiv e s . These featu res include:-
i .  a reduced, but binocularly-balanced, re tin o te c ta l  pathway 
subserving only the c o n tra la te ra l hem ifield of v isual space
i i .  ip s i la te r a l  re tin a l  input to the rostra l-m ost tectum
i i i .  ip s i la te r a l  bias in  the retino-hypothalamic pathway
iv . reduced accessory optic input to the medial term inal nucleus
v. a complex of characters in the organisation of the la te ra l  
geniculate nucleus,  with segregation of ocular input to 
d if fe re n t laminae and with the magnocellular laminae adjacent to 
the optic t r a c t .

Using both HRP trac in g  and visual recording techniques, we 
have found these "primate" featu res to be present in  
megachiropteran bats (Pteropus, Rousettus, Cynopterus, 
Syconycteris) but not in microchiropteran bats (Macroderma, 
Taphozous, Nyctophilus) . Convergent evolution of so many 
d if fe re n t d e ta i ls  in primates and megabats is  less  lik e ly  than 
independent evolution of f l ig h t  in  two groups of mammals. This 
becomes p a rtic u la r ly  evident on examination of the few derived 
featu res linking the two kinds of ba ts , a l l  of which are 
associated  with f l ig h t ,  and the morphological d ifferences between 
the two kinds of bat wing which are co nsisten t with separate 
d e riv a tio n s .

We propose th a t an early  branch of the primates gave r ise  
to  the dermopterans (g lid ing  lemurs) some of which developed true 
f l ig h t  to give r ise  to the megachiropterans (fly ing  foxes). 
Dermopterans share with megachiropterans a number of derived 
featu res in the patagium, as well as sero log ical and g en ita l 
a f f in i t ie s  with prim ates. We now find th a t the g lid ing  lemur, 
Cynocephalus va riegatus, shares with primates and megabats the 
derived visual pathway featu res l is te d  above. We cannot explain 
the ecological pressures which gave r ise  to the derived "primate" 
v isual featu res since they are not found in other g lid ing , fly ing 
and arboreal mammals such as phalangers, microbats and fly ing 
sq u ir re ls . Whatever th e ir  o rig ins , these featu res must have been 
present early  in the evolution of the "archontan" branch of the 
mammalian rad ia tion  leading to the prim ates.
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285.1 GABAERGIC CELLS IN THE CHICK OPTIC TRACT: LIGHT MICROSCOPIC 
OBSERVATIONS. R. H. G ran d a* , W. J .  C r o s s la n d ,  and G. R. Ten Eyck*, 
D ep t. Anatomy and C e l l  B io lo g y ,  Wayne S t a t e  U n iv . S ch . o f  M ed ., 
D e t r o i t ,  MI 48201 .

T h e re  a r e  c e l l s  In  t h e  c h ic k  o p t i c  t r a c t  and  ch ia sm  w h ich  s t a i n  
i n t e n s e ly  u s in g  an  a n tib o d y  to  gamma a m in o b u ty r ic  a c id  (GABA+ 
c e l l s )  (W .J. C ro s s la n d ,  R .H . G ra n d a , S o c . N e u ro s c i  A b s t r , 1985, 
11: 8 6 4 ) . Our l i g h t  m ic r o s c o p ic  o b s e r v a t io n s  now s u g g e s t  t h a t  a t  
l e a s t  some o f  t h e  c e l l s  a r e  n e u ro n s .

C h ic k s  b e tw e en  th e  a g e s  o f  one day  and 10 w eeks p o s th a t c h  
w ere  a n e s t h e t i z e d ,  p e r f u s e d  w i th  a  m ixed  a ld e h y d e  f i x a t i v e ,  th e  
b r a i n s  c u t  on a  f r e e z in g  m ic ro to m e  a t  40 μm, and th e  f r e e - f l o a t i n g  
s e c t i o n s  in c u b a te d  i n  r a b b i t  anti-GABA a n tib o d y  (Immuno N u c le a r  
C o r p . ) .  A b i o t i n - a v i d i n  sy s te m  (ABC k i t ,  V e c to r  L ab s) was u se d  to  
v i s u a l i z e  t h e  a n t ib o d y .  The GABA+ c e l l s  w ere  n o t  s t a i n e d  i f  th e  
p r im a ry  a n t i s e ru m  was o m it te d  o r  i f  n o rm a l r a b b i t  serum  was s u b s t i 
t u t e d  f o r  i t .

T h e re  a r e  t h r e e  p r i n c i p a l  f i n d i n g s :  1) M orphology The GABA+ 
c e l l s  h ad  a  w id e  ra n g e  o f  c r o s s - s e c t i o n a l  a r e a s ,  from  a p p ro x i 
m a te ly  t h e  same s i z e  a s  g l i a  to  l a r g e r  som as th a n  fo u n d  f o r  m ost 
GABA+ c e l l s  i n  t h e  n e u r o p i l  la m in a  o f  t h e  v e n t r a l  l a t e r a l  g e n i 
c u l a t e  n u c le u s .  The c e l l s  w ere  u s u a l l y  ro u n d  o r  e lo n g a te d  i n  th e  
p la n e  o f  th e  o p t i c  t r a c t  f i b e r s .  Some c e l l s  w ere  s t a i n e d  s u f 
f i c i e n t l y  to  o b s e rv e  one o r  two s t o u t  d e n d r i t e - l i k e  p r o c e s s e s  
i s s u i n g  from  th e  soma w h ich  b ra n c h e d  e x t e n s i v e l y  i n  t h e  o p t i c  t r a c t  
o r  c h ia sm . I n  o t h e r  c a s e s  s m a l l  f i n e  c a l i b e r  a x o n - l i k e  p r o c e s s e s  
c o u ld  b e  s e e n  l e a v in g  th e  c e l l  b o d y . 2) D i s t r i b u t i o n  The c e l l s  
w ere  fo u n d  th ro u g h o u t  t h e  t h ic k n e s s  and  le n g th  o f  t h e  o p t i c  t r a c t  
b u t  w ere  n o t  a s s o c i a t e d  w i th  a  p a r t i c u l a r  n u c le a r  g ro u p . Some 
c e l l s  w ere  a l s o  fo u n d  i n  t h e  stum p o f  t h e  o p t i c  n e rv e  a d ja c e n t  to  
th e  c h ia sm . 3) S t a b i l i t y  The GABA+ c e l l s  w ere  n o t  a  t r a n s i e n t  
p o p u la t i o n  s in c e  some c o u ld  b e  i d e n t i f i e d  a t  l e a s t  th ro u g h  70 d ay s  
p o s th a t c h .

Thus many o f  t h e  GABA+ c e l l s  h a v e  n e u ro n a l  c h a r a c t e r i s i t i c s  
a l th o u g h  th e  p o s s i b i l i t y  t h a t  som e, e s p e c i a l l y  th e  s m a l le r  c e l l s ,  
may b e  g l i a l  c a n n o t  b e  r u le d  o u t .

(T h is  s tu d y  was s u p p o r te d  i n  p a r t  by NIH g r a n t  EY -01796, NIH 
C o re  E qu ipm ent G ra n t PO 04 0 6 8 , and a  g r a n t  from  th e  Wayne S t a t e  
U n i v e r s i ty  N e u ro s c ie n c e  P rogram )

285.2 IMMUNOCYTOCHEMICAL IDENTIFICATION OF GABAERGIC NEURONS IN THE 
CHICK OPTIC TRACT AND CHIASM. G. R . T e n  E y c k * , R.H . G r a n d a * , and 
W .J.C r o s s la n d , D e p t. Anatomy and C e l l  B io lo g y , Wayne S t a te  U n iv . 
S ch . M ed ., D e t r o i t ,  MI 48201. (SPON: W. B a r t l e t t )

B ecause  many o f  th e  GABA+ c e l l s  ( c e l l s  s ta i n e d  w i th  an  a n tib o d y  
to  gamma a m in o b u ty r ic  a c id )  i n  th e  c h ic k  o p t i c  t r a c t  and ch ia sm  
a p p e a re d  to  be n e u ro n a l  a t  th e  l i g h t  m ic ro s c o p ic  l e v e l ,  an 
e l e c t r o n  m ic ro s c o p ic  s tu d y  o f  th e  u l t r a s t r u c t u r a l  m orpho logy  o f  
th e s e  c e l l s  was p e rfo rm e d  i n  an  a t t e m p t  to  f u r t h e r  c l a r i f y  t h e i r  
i d e n t i t y .

H a tc h lin g  c h ic k s  w ere a n e s t h e t i z e d  th e n  p e r f u s e d  w i th  a m ixed 
a ld e h y d e  s o lu t i o n .  The b r a i n s  w ere s e c t io n e d  on a v ib ra to m e , th e  
s e c t i o n s  in c u b a te d  i n  1 /2 4 ,0 0 0  r a b b i t  anti-GABA (Immuno N u c le a r  
C o rp ) ,  and v i s u a l i z e d  w i th  an  a v i d i n - b i o t i n  sy s tem  (ABC k i t ,  
V e c to r  L ab s) u s in g  d ia m in o b e n z id in e  a s  a  ch ro m ag en . L a b e le d  c e l l s  
in  th e  o p t i c  t r a c t  w ere i d e n t i f i e d  i n  1 μm s e c t i o n s ,  th e n  th e  
b lo c k  was re tr im m e d  f o r  t h i n  s e c t i o n s .  To e l im in a te  
m i s i d e n t i f i c a t i o n  o f  an  u n la b e le d  c e l l  a d ja c e n t  to  a  l a b e l e d  
p r o c e s s  o n ly  c e l l s  w h ich  had b een  s e c t io n e d  th ro u g h  th e  n u c le u s  
w ere s e l e c t e d .

The u l t r a s t r u c t u r a l  f e a t u r e s  o f  th e  c e l l s  s tu d i e d  th u s  f a r  a r e  
n e u ro n a l :  The n u c l e i  o f  th e  l a b e l e d  c e l l s  had c l e a r l y  
i d e n t i f i a b l e  n u c l e o l i ,  d i s p e r s e d  c o a r s e  c h ro m a tin  b u t  no s ig n s  o f  
m a rg in a te d  h e te r o c h r o m a t in .  The c y to p la s m ic  m a t r ix  o f  th e  GABA+ 
c e l l s  was e l e c t r o n  l u c e n t  and  form ed a  t h i n  a n n u lu s  a ro u n d  th e  
n u c le u s .  The p e r ik a ry o n  c o n ta in e d  s m a ll  p a tc h e s  o f  ro u g h  
e n d o p la sm ic  r e t i c u lu m ,  f r e e  r ib o s o m e s ,  and w e l l - d e f in e d  G o lg i 
a p p a r a t u s .  The c o n to u r s  o f  th e  c e l l  body w ere sm ooth and 
s e p a r a te d  from  th e  m a j o r i t y  o f  th e  m y e l in a te d  and  u n m y e lin a te d  
a x o n s o f  th e  o p t i c  t r a c t  by e l e c t r o n  lu c e n t  (p re su m a b ly  
a s t r o c y t i c )  p r o c e s s e s .

A lth o u g h  th e  f u n c t io n  o f  t h e s e  n e u ro n s  i s  u n c le a r  a s  y e t ,  two 
p o s s i b i l e  r o l e s  a r e :  1) an  e c to p i c  p o p u la t io n  o f  n e u ro n s  
a s s o c i a t e d  w i th  one o r  m ore o f  th e  d i e n c e p h a l i c  o r  m e s e n c e p h a lic  
n u c le i  o r  2) an  i n t e r s t i t i a l  c e l l  g ro u p  a s  y e t  u n c h a r a c te r i z e d  in  
th e  v i s u a l  p a th w ay .

(T h is  s tu d y  was s u p p o r te d  in  p a r t  by NIH g r a n t  EY -01796, NIH 
Core E quipm ent G ra n t PO 04 0 6 8 , and by a  g r a n t  from  th e  
N e u ro s c ie n c e  P rogram  o f  Wayne S t a t e  U n iv e r s i ty )
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2 8 5 .3 VISUAL RESPONSES OF NEURONS IN THE INTERGENTCULATE LEAFLET AND 
VENTRAL LATERAL GENICULATE NUCLEUS OF THE HAMSTER. M.E. H a r r in g to n  
an d  B. R u sak , D e p a rtm e n t o f  P sy c h o lo g y , D a lh o u s ie  U n i v e r s i ty ,  
H a l i f a x ,  Nova S c o t i a ,  Canada B3H 4 J 1 .

The i n t e r g e n i c u l a t e  l e a f l e t  (IGL) i s  lo c a t e d  b e tw een  th e  d o r s a l  
and  th e  v e n t r a l  l a t e r a l  g e n i c u l a t e  n u c l e i  o f  th e  th a la m u s .  IGL 
n e u ro n s  r e c e i v e  a  d i r e c t  b i n o c u l a r  r e t i n a l  p r o j e c t i o n .  Many n e u ro n s  
in  t h e  IGL an d  some in  th e  v e n t r a l  l a t e r a l  g e n i c u l a t e  n u c le u s  (vLGN) 
p r o j e c t  to  th e  s u p ra c h ia s m a t ic  n u c le u s  (SCN) o f  th e  h y p o th a la m u s . 
The IGL may p la y  a r o l e  in  m e d ia t in g  p h o t ic  r e s p o n s e s  o f  th e  
c i r c a d i a n  sy s te m . In  t h i s  s tu d y  we h av e  com pared  th e  e x t r a c e l l u l a r -  
ly  r e c o r d e d  r e s p o n s e s  o f  IGL and  vLGN n e u ro n s  to  d i f f u s e  w hole eye 
i l l u m i n a t i o n .

S i n g le - u n i t  r e c o r d in g s  w ere t a k e n  from  f o r t y - o n e  m ale  g o ld en  ham
s t e r s  a n e s t h e t i z e d  w ith  20% u r e th a n e  (2 g / k g ) . C o n v e n tio n a l  r e 
c o rd in g  te c h n iq u e s  w ere u s e d .  In  some c a s e s  a c o n c e n t r ic  s t im u la 
t i n g  e l e c t r o d e  was lo w e re d  to  th e  a r e a  o f  th e  SCN to  p r o v id e  
a n t id r o m ic  a c t i v a t i o n  o f  g e n ic u l a t e  n e u ro n s  p r o j e c t i n g  to  t h i s  a r e a .  
L o c a tio n s  o f  a l l  v i s u a l l y  r e s p o n s iv e  u n i t s  w ere d e te rm in e d  
h i s t o l o g i c a l l y .

A t o t a l  o f  73 u n i t s  in  th e  IGL and 196 u n i t s  in  th e  vLGN w ere 
t e s t e d  f o r  v i s u a l  r e s p o n s e s .  M ost IGL u n i t s  (86%) g ave  s u s ta i n e d  
r e s p o n s e s  to  i l l u m i n a t i o n  o f  t h e  r e t i n a .  The m a jo r i t y  showed 
" s u s ta in e d  on" r e s p o n s e s  to  i l l u m i n a t i o n  o f  th e  c o n t r a l a t e r a l  e y e . 
U n i ts  t e s t e d  o v e r  a  ra n g e  o f  i l l u m i n a t i o n  l e v e l s  re sp o n d e d  w ith  
m o n o to n ic  i n c r e a s e s  in  f i r i n g  r a t e  a s  i l l u m i n a t i o n  i n t e n s i t y  i n 
c r e a s e d .  Many IGL u n i t s  showed b i n o c u l a r  r e s p o n s e s ;  m ost o f  th e s e  
w ere i n h i b i t e d  by i l l u m i n a t i o n  o f  th e  i p s i l a t e r a l  e y e . P h o t ic  
r e s p o n s e s  o f  u n i t s  a c t i v a t e d  a n t i d r o m i c a l ly  fro m  th e  SCN w ere 
t y p i c a l  o f  th e  t o t a l  sam ple  o f  IGL u n i t s .

S u s ta in e d  r e s p o n s e s  to  i l l u m i n a t i o n  w ere l e s s  common in  u n i t s  in  
th e  vLGN. 37% o f vLGN u n i t s  g av e  s u s ta in e d  r e s p o n s e s  to  p h o t ic  
s t i m u l a t i o n .  M ost u n i t s  w ere d r iv e n  o n ly  by i l l u m i n a t i o n  o f th e  
c o n t r a l a t e r a l  e y e .  Two " s u s ta in e d  on" u n i t s  w ere t e s t e d  f o r  
r e s p o n s e s  a s  l i g h t  i n t e n s i t y  was f i r s t  d e c re a s e d  and th e n  in c r e a s e d .  
R esp o n ses  s a t u r a t e d  a t  lo w e r  i n t e n s i t y  l e v e l s  when i n t e n s i t i e s  w ere 
i n c r e a s e d  th e n  when th e y  w ere d e c re a s e d .

IGL n e u ro n s  d i f f e r  from  vLGN n e u ro n s  in  t h e i r  r e s p o n s e s  to  r e t i n a l  
i l l u m i n a t i o n .  The m a jo r i t y  o f  g e n ic u l a t e  n e u ro n s  t h a t  p r o j e c t  to  
t h e  SCN a p p e a r  to  h av e  " s u s ta in e d  on" r e s p o n s e s  to  p h o t ic  s t im u la 
t i o n  in  th e  h a m s te r .  T hese  n e u ro n s  h av e  lu m in a n ce  c o d in g  
p r o p e r t i e s  w i th  t h r e s h o ld s  d e p e n d e n t upon p r e v io u s ly  e x p e r ie n c e d  
l i g h t  i n t e n s i t i e s .  T hese  c h a r a c t e r i s t i c s  re s e m b le  th o s e  o f SCN 
u n i t s  and  th e y  a r e  c o n s i s t e n t  w ith  a r o l e  f o r  th e  IGL in  
e n tr a in m e n t  o f  c i r c a d i a n  rh y th m s .

S u p p o r te d  by  MRC an d  NSERC o f Canada and D a lh o u s ie  RDFS.

285.4 CENTRAL PROJECTIONS OF SUBSTANCE P-CONTAINING GANGLION CELLS IN 
THE RABBIT RETINA. N. Brecha, D. Johnson*, A.R. Lieberman* and 
J .  Parnavelas*. Departments of Medicine and Anatomy, UCLA 
School of Medicine, LA, CA, 90024 and Department of Anatomy and 
Embryology, Univers ity College London, London, England, WC1E6BT.

Numerous substance P-l ike immunoreactive (SPI) ganglion cel ls  
are  present in a l l  regions of the rabbit  re t ina ,  these  ce l l s  
are  characte rized by dendrites  which are d is t r ibu ted  to the 
proximal inner plexiform layer.  The present s tudies have 
examined t h e i r  pro jections upon the central nervous system. 
Normal and un i la te ra l  enucleated rabbits  were processed by 
s tandard l ig h t  and electron  microscopic immunohistochemical 
methods using a ra t  SP monoclonal antibody. No s ta in ing  is 
observed in sections incubated with 10 uM synthet ic  substance P. 
SPI is  present in the optic  nerve and t r a c t  as well as the 
suprachiasmatic nucleus, dorsal and ventral la te ra l  geniculate 
nuclei (LGd and LGv), in te rgenicula te  l e a f l e t ,  p re tec ta l  region, 
superio r co l l icu lu s  (SC) and the accessory optic  nuclei (AON). 
A prominent plexus of varicose axons is  present in the 
super f ic ia l  portion of the LGd and extends to a depth of about 
150 urn immediately below the optic t r a c t  within the external 
d iv is ion  of the alpha sec tor  of the LGd. A few sca t te red  axons 
are  found in the r e s t  of the LGd. SPI axons, some of which can 
be traced from the optic t r a c t ,  are predominantly large in 
diameter and give r i s e  to terminal a rborizations  characterized 
by numerous v a r ic o s i t i e s ,  many of which have a large s ize  (up to 
10 um in diameter) and an i r r egu la r  surface contour. By 
e lectron  microscopy, SPI va r ic o s i t i e s  in the LGd are 
id en t i f i a b le  as large axonal boutons within well defined 
synaptic glomeruli. These p ro f i le s  are intimate ly  apposed to 
and commonly deeply invaginated by other non-immunoreactive 
const i tuents  of the glomeruli. Coarse, varicose SPI axons are 
a lso present in the stratum griseum super f ic ia le  (SGS) of the 
SC, but they are  less  c le a r ly  visual ized due to the presence of 
a large number of in t r i n s i c  SPI c e l l s .  S im ilar ly ,  a coarse 
plexus of SPI axons and c e l l s  is  present  in the AON. The 
appearance of the SPI plexus in the LGd is  s t r ik in g ly  d ifferent  
from the SPI plexus in adjacent areas including the LGv and 
pulvinar.  In these areas SPI plexus is  characterized by fine 
axons and smal ler ,  smooth v a r ic o s i t i e s .  Following enucleation, 
the prominent plexus of SPI in the con tra la te ra l  LGd is  
el iminated, in addit ion the SPI plexus in the SGS of the 
con t ra la te ra l  SC and the AON is  reduced. The present studies 
demonstrate SPI in re t ina l  terminals  and provide strong evidence 
tha t  SP and/or  re la ted  tachykinins are  t ransm it te rs  of a 
se lected population of ganglion c e l l s  in the rabbi t  re t ina .  
Supported by EY04067 and a Sloan Fellowship.

285.5 DIFFERENTIAL EFFECTS ON dLGN AND SC SYNAPTIC FUNCTION IN THE 
2 ,5-HEXANEDIONE T2/X-LIKE DISTAL AXONOPATHY IN HOODED RAT. 
D.Impelman*, R.D .W ilson* and D .A.Fox(SPON:B.Brooks). U n iv e rs ity  
o f H ouston, C o llege  o f O ptom etry, H ouston, TX 77004.

Our p rev io u s  e le c tro p h y s io lo g ic a l  and m orpho log ica l work 
dem o n stra tes  th a t  2 ,5 -hexanedione (2,5-HD) d i s t a l  axonopathy o f 
o p t ic  t r a c t  (OT) f ib e r s  p r e f e r e n t i a l l y  a f f e c t s  medium d ia m e te r, 
X -lik e  f ib e r s  in  th e  t2  m iddle conduc tion  group (N eurosci A bs., 
1984; ARVO, 1986). In  a d d i t io n ,  SC C2 p o s ts y n a p tic  recove ry  
fu n c t io n s  (RFs) a re  supernorm al (>100% reco v e ry ) and te m p o ra lly  
c o r r e la te d  w ith  th e  p re sy n a p tic  t2  supernorm al p e r io d s  (N eu ro sc i. 
A bs., 1985). In  hooded r a t ,  most t2  axons branch and p ro je c t  to  
dLGN and SC. The p re s y n a p tic  resp o n se  p ro p e r t ie s  o f t2  te rm in a ls  
in  dLGN and SC a re  s im i la r ,  however, t2  p o s ts y n a p tic  RFs a re  
c h a r a c t e r i s t i c a l l y  d i f f e r e n t  f o r  dLGN and SC re sp o n ses  (S e f to n , 
1965; 1969). In  2,5-HD r a t s ,  OT te rm in a ls  in  SC have m orpho log ica l 
( i . e . ,  n e u ro filam e n t accu m u la tio n , axonal s w e llin g  and paranoda l 
d em y e lin a tio n ) changes and d ec reased  g lu co se  u t i l i z a t i o n  p r io r  to  
such changes o c c u rr in g  in  th e  dLGN ( G r i f f i t h s  e t  a l . ,  1981). To 
compare and c o n t r a s t  th e  changes in  dLGN and SC sy n a p tic  fu n c t io n  
in  2,5-HD r a t s ,  dep th  re c o rd in g s  o f p re s y n a p tic  t2  and 
p o s ts y n a p tic  dLGN R2 and SC C2 f i e l d  p o te n t ia l  resp o n ses  were 
rec o rd e d . S ynap tic  d e la y s , a b s o lu te  and r e l a t i v e  r e f r a c to r y  
p e r io d s , resp o n se  am p litu d es  and h a l f -w id th s ,  frequency  fo llo w in g , 
tnd  p re /p o s ts y n a p tic  am p litude  and RF measurem ents o f sy n a p tic  
fu n c t io n  were o b ta in e d . The main e f f e c t s  show: (1 ) th e  o n se t o f 
changes in  th e  SC C2 RFs te m p o ra lly  p recede  th e  dLGN RF e f f e c t s ,  
(2 ) SC RFs rem ain h y p e re x c ita b le  w h ile  dLGN RFs show a p ro g re s s iv e  
d ec re a se  in  e x c i t a b i l i t y  du rin g  th e  dem yelin a tin g  and d e g e n e ra tiv e  
s ta g e s  o f th e  t2  d i s t a l  axonopathy , (3 ) dLGN RFs do n o t e x h ib i t  
th e  e a r ly  supernorm al p e rio d  c h a r a c t e r i s t i c  o f 2,5-HD SC RFs, (4 ) 
in  th e  absence o f p re s y n a p tic  t2  e x c i t a b i l i t y ,  th e  p o s ts y n a p tic  
d ep re ss io n  o f SC i s  dec reased  from 40% to  10% (N eu ro sc i. A bs., 
1985). D uring peak t2  su p e rn o rm a lity , th e  dLGN p o s ts y n a p tic  
d e p re s s io n , m ediated by I  c e l l  feedback in h i b i t i o n ,  i s  a ls o  
d ec reased  from 60% to  10% and shows p e r io d s  o f undamped c y c l ic  
b u rs t  a c t i v i t y ,  and (5 ) in  th e  l a t e r  d e g e n e ra tiv e  s ta g e s  o f 2,5-HD 
axonopathy , th e  e a r ly  phase o f  th e  dLGN RF i s  d ep ressed  40-50% 
and th e r e  i s  an absence o f  normal I  c e l l  b u r s t  a c t i v i t y  du rin g  
th e  p o s ts y n a p tic  d e p re ss io n  p e r io d . The r e l a t i v e  in c re a se d  
s e n s i t i v i t y  o f dLGN R2 re sp o n ses  to  th e  d i s t a l  axonopathy o f t2  
te rm in a ls  and i t s  l a t e r  o n se t may be r e l a te d  to  th e  sy n a p tic  
g lom eru la r s p e c i a l i z a t i o n s  o f r e t i n a l  a f f e r e n t s  in  th e  dLGN 
compared to  th e  unen cap su la ted  f r e e  end ings in  th e  SC a n d /o r  th e  
fu n c t io n a l  d if f e re n c e s  u n d e rly in g  th e  h ig h e r  s p a t i a l  re s o lv in g  
c a p a c ity  o f  th e  dLGN compared to  th e  SC (Dean, 1981). Supported 
by NIEHS G rant ES 03183 (DAF).

285.6 POSTSYNAPTIC POTENTIALS RECORDED IN NEURONS IN THE CAT'S LATERAL 
GENICULATE NUCLEUS. S.A. B loom fie ld . J.E . Hamos, and S.M. Sherman, 
Dept. N eurobiology & B ehavior, SUNY a t  Stony Brook, N.Y. 11794

We a re  c u r r e n t ly  s tu d y in g  th e  p o s ts y n a p tic  p o te n t ia ls  (PSPs) 
g en e ra ted  in  g e n ic u la te  neurons and exam ining d if fe re n c e s  between 
X- and Y -c e lls  in  te rm s o f t h e i r  p o s ts y n a p tic  resp o n ses . 
E x c ita to ry  and in h ib i to r y  p o s ts y n a p tic  p o te n t ia ls  (EPSPs and 
IPSPs) g en e ra ted  sp on taneously , fo llo w in g  th e  p re s e n ta t io n  of a 
l i g h t  s t im u lu s , o r a f t e r  e l e c t r i c a l  s t im u la t io n  of th e  o p t ic  
chiasm  w ere reco rded  in t r a c e l l u l a r l y  from g e n ic u la te  neurons in  
v ivo . Because PSPs a re  on ly  0.3-5.8 mV when recorded  a t  th e  soma, 
we used com puter ave rag ing  te ch n iq u es  to  s tudy  them. To d a te , we 
have reco rded  from 41 neurons (24 X- and 17 Y -c e lls ) ;  28 c e l ls  
have been id e n t i f i e d  as p ro je c t io n  neurons as they  could  be driven 
a n t id ro m ic a lly  w ith  c o r t i c a l  s t im u la t io n ,  2 c e l l s  could  no t be 
d r iv e n  from v is u a l  c o r te x  and w ere te n ta t iv e ly  id e n t i f i e d  as 
in te rn e u ro n s , and th e  rem ainder o f th e  c e l l s  w ere n o t te s te d  for 
t h i s .

A ll  p ro je c t io n  c e l l s  show a v a r i e ty  o f spon taneously  evoked 
PSPs. For a g iven  c e l l ,  EPSPs a re  un ifo rm  in  d u ra t io n  and am pli
tu d e , w hereas IPSPs a re  o f v a r io u s  d u ra t io n  and am p litude . 
F o llow ing  chiasm  s t im u la t io n ,  a l l  p ro je c t io n  c e l l s  d is p la y  an 
i n i t i a l  EPSP fo llo w ed  im m ed ia te ly  by an IPSP. However, the  2 cells 
c l a s s i f i e d  as in te rn e u ro n s  showed EPSPs bu t no IPSPs fo llow ing  
chiasm  shock, su g g es tin g  th a t  they  la c k  an in h ib i to r y  pathway 
c l e a r ly  p re s e n t in  th e  o th e r  c e l l s .

For a l l  n eu rons , i f  th e  chiasm  i s  s t im u la te d  ad e q u a te ly , the  
summed EPSP reach es  th re sh o ld  fo r  th e  g e n e ra tio n  o f an a c tio n  
p o te n t ia l ;  th e  d if fe re n c e  betw een th e  la te n c y  of th e  EPSP and the 
sp ik e  v a r ie s  a c ro s s  c e l l s ,  w ith  a range o f 0.2-1.1 msec.

A lthough th e  IPSPs g en e ra ted  in  p ro je c t io n  c e l l s  fo llo w in g  
chiasm  s t im u la t io n  a l l  show s im i la r  la te n c ie s  from th e  o n se t of 
th e  co rrespond ing  EPSPs, they  can be d iv id ed  in to  3 groups based 
on th e i r  d u ra t io n s . The m a jo r ity  o f both  X- and Y -c e lls  d isp la y  
s h o r t-d u ra t io n  IPSPs (3-25 m sec), w hereas th e  rem ainder o f th e  Y- 
c e l l s  show m edium -duration  IPSPs (35-60 m sec), and th e  rem ainder 
o f th e  X -c e lls  show on ly  lo n g -d u ra tio n  IPSPs (75-100 msec). The 
r e v e r s a l  p o te n t ia l s  f o r  th e  s h o r t-d u ra t io n  IPSPs, d isp la y e d  by 69% 
of th e  c e l l s ,  a re  s im i la r  w ith  a  mean o f -80  mV; we have no t as 
y e t d e term ined  th e  r e v e r s a l  p o te n t ia ls  fo r  th e  o th e r  ty p es  of 
in h ib i t io n .  O ccas io n a lly , X- o r  Y -c e lls  d is p la y  IPSPs w hich appear 
to  c o n s is t  o f 2 com ponents; i t  i s  p re s e n t ly  u n c le a r  w hether th i s  
response  r e f l e c t s  a  m ix tu re  o f th e  3 ty p es  o f IPSPs o r in h ib i t io n  
from  o th e r  so u rces .

Supported by NIH G rant EY03038.
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285.7 BRAINSTEM INNERVATION TO THE CAT'S LATERAL GENICULATE NUCLEUS: 
AN EM-IMMUNOHISTOCHEMICAL STUDY USING THE TRACER PHASEOLUS 
VULGARIS LEUCOAGGLUTININ (PHA-L). J.B. C ucch laro . D.J. U h lric h  
and S.M. Sherman. Dept. N eurobio logy and B ehav io r, SUNY, Stony 
Brook, NY 11794.

E l e c t r i c a l  s t im u la t io n  o f c e r t a in  b ra in s tem  c e n te rs  
f a c i l i t a t e s  th e  tra n sm is s io n  of v is u a l  in fo rm a tio n  through  the  
c a t 's  d o rs a l l a t e r a l  g e n ic u la te  n ucleus  (LGN) to  th e  co rte x . 
T his su g g es ts  th a t  th e  b ra in s tem  p la y s  an im p o rtan t r o le  in  th e  
g a t in g  o f v is u a l  in fo rm a tio n . We have s tu d ie d  th e  sy n a p tic  
c i r c u i t r y  in vo lved  in  th i s  b ra in s te m  c o n tro l.

A s m a ll ,  io n to p h o re tic  i n j e c t io n  (≅  1 mm3) o f th e  p la n t 
l e c t i n ,  PHA-L, was made in  an a d u l t  c a t  (G erfen and Sawchenko, 
B rain  Res. 290: 219, 1984). The in j e c t io n  was l im i te d  to  the  
p a ra b ra c h ia l  reg io n  o f th e  b ra in s te m  j u s t  d o rs a l to  th e  brachium  
conjunctivum . T his reg io n  was chosen because i t  has been shown 
to  be r ic h  in  r e t ro g ra d e ly  la b e l le d  c e l l s  fo llo w in g  t r a c e r  
in je c t io n s  to  th e  LGN com plex. A f te r  a 7 day p o s to p e ra tiv e  
s u rv iv a l ,  th e  i p s i l a t e r a l  LGN was p rocessed  fo r  im m unohisto- 
c h e m is try  to  show th e  d i s t r i b u t io n  o f PHA-L la b e l le d  f i b e r s ,  and 
th o se  s e c t io n s  showing la b e l  w ere p rep ared  fo r  EM a n a ly s is  
(E ld red  e t  a l . ,  J .H i stochem .C ytochem . 31: 285, 1983). Because 
p e n e tra t io n  o f th e  an tib o d y  to  PHA-L i s  o f te n  in com ple te  through 
th e  th ic k n e s s  o f each  50 μ m s e c t io n ,  f ib e r s  could  n o t be recon
s t ru c te d  a t  th e  l i g h t  m icro sco p ic  le v e l .

L a b e lled  f ib e r s  a re  found th roughou t th e  tha lam us in c lu d in g  
a l l  lam inae  o f th e  LGN and th e  p e r ig e n ic u la te  n u c leu s . Thus f a r ,  
our EM a n a ly s is  i s  l im ite d  to  th e  b in o c u la r  p o r tio n  o f th e  A 
lam in ae , where th e  la b e l le d  f ib e r s  a re  f in e  and beaded.

S e r ia l  EM a n a ly s is  o f th e  la b e l le d  te rm in a ls  shows th a t  the  
p a ra b ra c h ia l  a f f e r e n t s  a re  u n m yelina ted  w ith in  th e  LGN and make 
en p ass a n t s y n a p tic  c o n ta c ts  a t  sw e llin g s  0.5-1.3 μ m in  
d ia m e te r . The p a ra b ra c h ia l  te rm in a ls  make sy m m etrica l c o n ta c ts , 
showing l i t t l e  o r no p o s ts y n a p tic  d e n s i ty ,  and a re  e x c lu s iv e ly  
p re s y n a p tic  in  r e l a t i o n  to  o th e r  s t r u c tu r e s .  The s y n a p tic  con
t a c t s  a re  made la rg e ly  w ith in  sy n a p s e - r ic h  g lo m eru la r  a re a s , 
onto  la rg e  c a l ib e r  d e n d r i te s  and d e n d r i t ic  appendages o f 
g e n ic u la te  c e l l s ,  presumed to  be p ro je c t io n  neurons. L a b e lled  
te rm in a ls  a ls o  make c o n ta c ts  on to  f l a t  v e s ic le - c o n ta in in g  F2 
p r o f i l e s .  These a re  th e  d e n d r i t ic  te rm in a ls  o f g e n ic u la te  lo c a l  
c i r c u i t  neurons and a re  though t to  subse rve  th e  lo c a l  in h ib i t i o n  
of g e n ic u la te  p ro je c t io n  neurons. T h e re fo re , one p o s s ib le  r o le  
o f th e  p a ra b ra c h ia l  c o n ta c ts  on to  th e  lo c a l  c i r c u i t  neurons may 
be to  b lock  lo c a l  in h ib i t i o n ,  th e re b y  f a c i l i t a t i n g  th e  tra n sm is 
s io n  o f v is u a l  in fo rm a tio n  to  th e  c o r te x . However, c o n ta c ts  onto 
g e n ic u la te  p ro je c t io n  neurons a re  a ls o  seen  and must be 
con sid e red  in  a t te m p ts  to  model b ra in s te m  c o n tro l.
Supported by USPHS g ra n ts  EY05754, EY05688 and EY03604.

285.8 SYNAPTIC CIRCUITRY OF AN INDIVIDUAL RETINOGENICULATE AXON FROM A 
RETINAL Y-CELL. J .E . Hamos, S.C. Van Horn* and S.M. S herm an . 
D ept. of N eurobiology & B ehav io r, SUNY a t  Stony Brook, NY 11794.

We in v e s t ig a te d  th e  sy n a p tic  r e la t io n s h ip s  o f te rm in a ls  from 
th e  axon o f  a r e t i n a l  Y -c e ll  to  d e term ine  i t s  c i r c u i t r y  in  th e  
l a t e r a l  g e n ic u la te  nucleus  (LGN) and to  compare t h i s  w ith  our 
e a r l i e r  f in d in g s  fo r  X -c e ll axons. I n t r a c e l l u l a r  reco rd in g s  were 
o b ta in ed  in  th e  o p t ic  t r a c t  from an axon th a t  we had id e n t i f i e d  as 
being  from a r e t i n a l  Y -c e ll  u s in g  a b a t te r y  of p h y s io lo g ic a l 
t e s t s .  We su b seq u en tly  io n topho resed  h o rs e ra d is h  perox idase  (HRP) 
in to  th e  axon, pe rfu sed  th e  an im al and p rocessed  th e  LGN fo r  
e le c tro n  m icroscopy. A fte r  s e r i a l l y  s e c t io n in g  t i s s u e  co n ta in in g  
th e  axon's te rm in a l f i e ld  in  th e  LGN (w hich was w holly  lo c a te d  in  
lam ina  Al ), we examined th e  s e c t io n s  w ith  the  e le c tro n  m icroscope 
and r e c o n -s tru c te d  neurons th a t  were p o s tsy n a p tic  to  HRP-labeled 
te rm in a ls  from  th e  in je c te d  axon.

Labeled te rm in a ls  from th e  Y -c e ll  axon re p e a te d ly  c o n ta c t den
d r i t e s  o f some g e n ic u la te  neurons w h ile  t o t a l l y  avo id ing  those  of 
o th e rs . Our r e c o n s t ru c tio n s  o f th e  c e l l s  p o s ts y n a p tic  to  the  
Y -c e ll  axon su g g est th a t  th i s  axon p ro v id es  a t  l e a s t  two d i f f e r e n t  
p a t te rn s  o f in p u t. One p a t te rn  of in p u t i s  c h a ra c te r iz e d  by 
numerous c o n ta c ts  from la b e le d  te rm in a ls  onto  th e  s h a f ts  o f den
d r i t e s  from a la rg e  (soma d ia m e te r >30um) g e n ic u la te  neuron. 
These synapses a re  a l l  lo c a te d  w ith in  100um o f th e  soma of the 
neuron and, f o r  th e  most p a r t ,  they  do n o t p a r t i c i p a te  in  s y n ap tic  
t r i a d s .  A second p a t te rn  of in p u t from la b e le d  te rm in a ls  i s  cha r
a c te r iz e d  by la b e le d  te rm in a ls  making synapses onto  d e n d r i t ic  
s h a f ts  th a t  them selves  a re  p re s y n a p tic  to  o th e r  g e n ic u la te  
neurons. M orphological f e a tu r e s  o f th e se  p re s y n a p tic  d e n d r i te s  
in c lu d e  a r ra y s  o f m ic ro tu b u le s , ribosom es and sm all c lu s t e r s  of 
v e s ic le s ;  they  make sy m m etrica l s y n a p tic  c o n ta c ts . At p re s e n t , we 
have n o t r e c o n s tru c te d  th e se  d e n d r i te s  to  t h e i r  som atic  o r ig in s .

R e tin o g e n ic u la te  axons from bo th  X- and Y -c e lls  a re  s e le c t iv e  
in  t h e i r  c i r c u i t r y  in  th a t  a r e t i n a l  axon synapses on to  a l im ite d  
p o s ts y n a p tic  p o p u la tio n  of g e n ic u la te  neurons. However, th e se  two 
pathways u t i l i z e  r e t i n a l  in fo rm a tio n  in  d i f f e r e n t  m anners. Geni
c u la te  X -c e lls  re c e iv e  e x c i ta to ry  r e t i n a l  in p u t to g e th e r  w ith  
synapses from  in h ib i to r y  te rm in a ls  in  s y n a p tic  t r i a d s  and o th e r 
complex r e l a t i o n s h ip s ,  much o f w hich occu rs on th e  d e n d r i t ic  
appendages th a t  ty p i fy  X -c e lls .  A m ajor source  fo r  th i s  in h ib i 
t io n  i s  th e  d e n d r i t ic  te rm in a ls  of lo c a l  c i r c u i t  neurons. In  
c o n t r a s t ,  g e n ic u la te  Y -c e lls  re c e iv e  much of t h e i r  r e t i n a l  in p u t 
onto d e n d r i t ic  s h a f ts  and th e se  a re  s p a t i a l l y  seg reg a ted  from 
in h ib i to r y  in p u ts . M oreover, p re s y n a p tic  d e n d r i te s  th a t  a re  
d i r e c t l y  c o n tac te d  by th e  Y -c e ll axon may be p a r t  of a v a r ie ty  of 
lo c a l  c i r c u i t  neuron th a t  i s  unique to  th e  Y -c e ll  pathway.

Supported by USPHS G rant EY03604.

285.9 ULTRASTRUCTURE OF THE INTRAGENICULATE AXON COLLATERAL OF A 
PROJECTION NEURON IN THE CAT. Susan C. Van Horn*, Jam es E.  Hamos, 
and S. Murray Sherman. Dept. N eurobiology and B ehav io r, SUNY a t  
Stony Brook, NY 11794.

G e n ic u la te  neurons whose axons p ro je c t  to  th e  v is u a l  c o r te x  
a lso  d is p la y  axon c o l l a t e r a l s  th a t  te rm in a te  in  th e  p e r ig e n ic u 
l a te  nucleus  (PGN) an d /o r lam inae  A and Al o f th e  d o rs a l  l a t e r a l  
g e n ic u la te  n u c leu s  (dLGN). We have i n i t i a t e d  a s tu d y  o f th e  
s y n a p tic  c i r c u i t r y  of in t r a g e n ic u la te  axon c o l l a t e r a l s  from 
g e n ic u la te  c e l l s .  For th e  p re s e n t a n a ly s is ,  we reco rded  th e  
responses  of a g e n ic u la te  neuron to  a b a t te r y  o f p h y s io lo g ic a l 
t e s t s  and su b se q u en tly  la b e l le d  th e  c e l l  w ith  h o rs e ra d is h  p e ro x i
dase (HRP). D esp ite  re c o rd in g  a number of i t s  response  
p r o p e r t ie s ,  we could  n o t c l a s s i f y  th e  la b e l le d  c e l l  p u re ly  as an 
X- o r  Y -c e ll .  A f te r  th e  an im al was p e rfu se d , th e  dLGN was 
se c t io n e d  a t  50 μm, re a c te d  fo r  HRP h is to c h e m is t ry , and p rocessed  
fo r  e le c tro n  m icroscopy (EM). The la b e l le d  c e l l  i s  lo c a te d  in  
lam ina  A o f th e  dLGN w ith  a few d i s t a l  d e n d r i te s  ex ten d in g  in to  
lam ina  Al . The c e l l  has axon c o l l a t e r a l s  bo th  in  lam ina  A and in  
th e  PGN, w h ile  th e  axon i t s e l f  ex tends  in to  th e  o p t ic  r a d ia t io n ,  
su g g es tin g  th a t  i t  i s  a g e n ic u lo c o r t ic a l  p ro je c t io n  neuron.

S e r ia l  r e c o n s t ru c t io n  and EM a n a ly s is  o f th e  H R P-labelled  
i n tr a g e n ic u la te  c o l l a t e r a l ,  confirm ed  th e  o r ig in  o f th e  c o l
l a t e r a l  to  be th e  axon h i l lo c k  o f th e  la b e l le d  c e l l .  L abe lled  
te rm in a ls  found along  th e  in t r a g e n ic u la te  c o l l a t e r a l  a re  sm a ll,  
g e n e ra lly  being  1.0 μm o r l e s s  in  d ia m e te r . These te rm in a ls  a re  
f i l l e d  w ith  v e s ic le s  and a re  invo lved  in  a  v a r i e ty  o f s y n a p tic  
arrangem en ts. Thus f a r ,  a l l  o f  th e  la b e l le d  te rm in a ls  th a t  we 
have re c o n s tru c te d  make sy m m e tric a l sy n a p tic  c o n ta c ts . These 
synapses a re  form ed p r im a r i ly  on to  d e n d r i t ic  appendages from 
u n la b e lle d  g e n ic u la te  neurons th a t  a re  in vo lved  in  complex glom
e r u l i ,  in  th a t  th e  same p o s ts y n a p tic  appendages r e c e iv e  numerous 
o th e r  sy n ap ses , in c lu d in g  th o se  from  th e  r e t i n a .  L a b e lled  te rm i
n a ls  a ls o  o c c a s io n a lly  c o n ta c t o th e r  u n la b e lle d  te rm in a ls  th a t  
p a r t i c i p a te  in  complex g lo m e ru li . The p a r t i c i p a t io n  o f la b e l le d  
t e rm in a ls  in  g lo m e ru li su g g es t th a t  t h e i r  p o s ts y n a p tic  ta r g e t s  
a re  X -c e lls .  T h e re fo re , in  a d d i t io n  to  lo c a l  c i r c u i t  neu rons , 
th e  c o l l a t e r a l s  o f some g e n ic u la te  p ro je c t io n  neurons p rov ide  an 
a d d i t io n a l  in t r a g e n ic u la te  c i r c u i t  to  in f lu e n c e  com plex s y n a p tic  
arrangem en ts  r e l a te d  to  th e  X -c e ll  pathway.

S upported by USPHS g ra n t EY03604.

285.10 D IFFE R EN T IN H IB IT O R Y  MECHANISMS IN  S H IF T  RESPONSES OF 
CAT LATERAL GENICULATE X AND Y C E L L S . H . - C h r . P a p e * a n d  
U .T h .  E y s e l  (S P O N : E N A ). I n s t i t u t e  o f  P h y s i o l o g y , 
U n i v e r s i t y  o f  E s s e n ,  D - 4 3 0 0  E s s e n  1 , W e s t  G e r m a n y .

A d i f f e r e n t  e x c i t a b i l i t y  f ro m  o u t s i d e  t h e  
a n t a g o n i s t i c  r e c e p t i v e  f i e l d  (R F )  a r e a  ( " s h i f t - e f f e c t " )  
h a s  b e e n  r e p o r t e d  f o r  t h e  X a n d  Y c e l l  p o p u l a t i o n  i n  
t h e  c a t  d o r s a l  l a t e r a l  g e n i c u l a t e  n u c l e u s  (dL G N ; 
D e r r i n g t o n ,  A .M . a n d  F u c h s ,  A . F . J . P h y s i o l . ,  2 3 1 : 3 4 7 ,  
1 9 7 9 ) .  T h i s  d i f f e r e n c e  m i g h t  o r i g i n a t e  i n  t h e  s p e c i f i c  
i n h i b i t o r y  n e t w o r k s  i n  t h e  dLG N . T h e  p u r p o s e  o f  t h e  
p r e s e n t  s t u d y  w a s  t o  d i s c r i m i n a t e  i n f l u e n c e s  o f  
d i f f e r e n t  i n h i b i t o r y  g e n i c u l a t e  p r o c e s s e s  o n  t h e  X a n d  
Y c e l l  s h i f t  e f f e c t s .  I n  t h e  a n a e s t h e t i z e d  c a t  ( n i t r o u s  
o x i d e / h a l o t h a n e ) p h a s e  r e v e r s i n g  g r a t i n g s  ( 0 . 5 - 0 . 2 5  
c / ° ,  c o n t r a s t  0 . 9 2 ,  s t i m u l u s  p e r i o d  .1 s ,  4 0 °  c e n t r a l  RF 
s p a r i n g )  e l i c i t e d  t r a n s i e n t  e x c i t a t o r y  s h i f t  r e s p o n s e s  
i n  77  o u t  o f  79  u n i t s ,  t h a t  w e r e  c l a s s i f i e d  a s  X ( 3 1 )  
o r  Y ( 4 8 ) ,  a c c o r d i n g  t o  a  b a t t e r y  o f  o p t i c a l  t e s t s  a n d  
e l e c t r i c a l  s t i m u l a t i o n .  T h e  Y p o p u l a t i o n  t e n d e d  t o  
p h a s i c  s h i f t  r e s p o n s è s  w i t h  s i g n i f i c a n t l y  h i g h e r  
a m p l i t u d e s  ( m e a n :  5 2  i m p / s )  i n  c o m p a r i s o n  t o  t h e  w e a k ,  
t o n i c  e f f e c t s  i n  X c e l l s  ( m e a n :  25  i m p / s ) .  T h e  
d i f f e r e n c e s  i n  s h i f t  a m p l i t u d e s  o f  t h e  tw o  c e l l  c l a s s e s  
w e r e  a b o l i s h e d  b y  m i c r o i o n t o p h o r e t i c  a p p l i c a t i o n  o f  t h e  
GABA a n t a g o n i s t  b i c u c u l l i n e ,  w h i c h  i n c r e a s e d  t h e  e a r l y  
p e a k  o f  t h e  s h i f t  e f f e c t  t o w a r d s  v a l u e s  o f  1 0 0  i m p / s ,  
i r r e s p e c t i v e  o f  t h e  c e l l  t y p e  a n d  s t r e n g t h  o f  t h e  
r e s p o n s e  u n d e r  c o n t r o l  c o n d i t i o n s .  A c e t y l c h o l i n e  r a i s e d  
t h e  d i s c h a r g e  r a t e  o f  X a n d  Y u n i t s  a n d  
c h a r a c t e r i s t i c a l l y  e l e v a t e d  t h e  l a t e  p a r t  o f  t h e  Y c e l l  
s h i f t  r e s p o n s e ,  t h u s  a b o l i s h i n g  i t s  p h a s i c  t i m e  c o u r s e .  
T h e  l a t t e r  e f f e c t  w a s  p a r t i c u l a r l y  e v i d e n t  u n d e r  
b a r b i t u r a t e  a n a e s t h e s i a ,  w h i c h  i s  k n o w n  t o  b l o c k  
c h o l i n e r g i c  e x c i t a t i o n ,  b u t  n o t  c h o l i n e r g i c  
d i s i n h i b i t i o n  o f  l o n g  r a n g e  i n h i b i t o r y  p r o c e s s e s  i n  t h e  
dLGN ( E y s e l ,  U . T . ,  P a p e ,  H . - C .  a n d  v a n  S c h a y c k ,  R . ,  
J . P h y s i o l . ,  3 7 0 : 2 3 3 , 1 9 8 6 ) .  L - g l u t a m a t e  i n c r e a s e d  t h e  
n e u r o n a l  a c t i v i t y ,  l e a v i n g  t h e  d i f f e r e n c e s  i n  s h i f t  
a m p l i t u d e s  a n d  t i m e  c o u r s e s  b e t w e e n  X a n d  Y u n c h a n g e d .

I n  s u m m a ry ,  t h e  r e s u l t s  i n d i c a t e  t h a t  i n h i b i t o r y  
p r o c e s s e s  s p e c i f i c a l l y  s h a p e  g e n i c u l a t e  X a n d  Y s h i f t  
e f f e c t s .  E a r l y  i n h i b i t i o n  i s  b l o c k e d  b y  b i c u c u l l i n e  a n d  
s e e m s  t o  s t r o n g e r  i n f l u e n c e  X n e u r o n s .  L o n g  l a s t i n g  
i n h i b i t o r y  m e c h a n i s m s ,  c h o l i n e r g i c a l l y  d i s i n h i b i t e d , 
p r e v a i l  i n  t h e  Y c e l l  p o p u l a t i o n  a n d  p o s s i b l y  r e f l e c t  a  
p r e p o n d e r a n c e  o f  l o n g  r a n g e  l a t e r a l  i n h i b i t i o n  v i a  t h e  
p e r i g e n i c u l a t e  n u c l e u s  i n  t h i s  c e l l  c l a s s .
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285.11 WGA-HRP AND GABA-IMMUNOCYTOCHEMICAL STUDIES OF THE LATERALIS 
MEDIALIS-SUPRAGENICULATE NUCLEAR COMPLEX IN THE CAT. M .N o rita ,  
Y .K a to h * and T .H a sh ik a w a * . (MN and YK) D e p t. o f  Anatomy, S ch . 
o f  M ed., F u j ita -G a k u e n  H e a l th  U n iv . ,  Toyoake 4 7 0 -1 1 , and (TH) 
D e p t. o f  Anatomy, S ch . o f  M ed., Iw a te  Med. U n iv . ,  M orioka 020 , 
J a p a n .

The p ro je c tio n s  from the  th a lam ic  r e t i c u l a r  nucleus (TRN) 
to  th e  l a t e r a l i s  m e d ia l is -su p ra g e n ic u la te  n u c le a r  (LM-Sg) com
p lex  in  th e  c a t were s tu d ie d  u s in g  WGA-HRP. Follow ing in j e c 
tio n  o f WGA-HRP in to  th e  LM-Sg complex, a number o f re t ro g ra d e -  
ly  la b e le d  c e l l s  showing a to p o g ra p h ic a l arrangem ent were ob
served  in  th e  TRN; th e  d o rs a l TRN was seen to  be connected 
m ainly w ith  th e  dorsom edial p o r tio n  of th e  LM-Sg complex, w hile 
the  v e n t r o la t e r a l  TRN was connected  c h ie f ly  w ith  th e  v e n tro 
l a t e r a l  p o r tio n  o f th e  LM-Sg complex. Follow ing in j e c t io n  of 
the  t r a c e r  in to  th e  TRN, u l t r a s t r u c t u r a l  exam ination  of a n te ro 
grade la b e lin g  in  the  LM-Sg complex rev ea led  la b e le d  sy n ap tic  
te rm in a ls  co n ta in in g  pleom orphic v e s ic le s  and making symme
t r i c a l  c o n ta c ts  w ith  m ainly sm a ll-  to  medium-sized d e n d r i te s  
in  the e x trag lo m eru la r  n e u ro p i l .

The GABA-immunoreactive c o n s t i tu e n t s  of th e  LM-Sg complex 
were then  examined. Small im m unoreactive c e l l s  were found 
th roughou t th i s  n u c le a r  complex, in  a d d i tio n  to  a conspicuous 
g ra n u la r  im m unoreactiv ity  in  th e  n e u ro p i l .  U l t r a s t r u c tu r a l l y , 
im m unoreactive p re sy n a p tic  p r o f i l e s  could be d e te c te d  bo th  in  
th e  sy n a p tic  g lo m eru li and in  th e  e x trag lo m eru la r  n e u ro p il;  
th e  form er may correspond  to  th e  p re sy n a p tic  d e n d r i te s  of 
i n t r i n s i c  neu rons , w hile  th e  l a t t e r  appear to  co rrespond  to  
axon te rm in a ls  from the  TRN as w ell as th o se  of i n t r i n s i c  
n eu ro n s .

The p re s e n t r e s u l t s  an a to m ica lly  support th e  p o s s i b i l i t y  
th a t  th e  c e l l s  p ro je c t in g  from th e  LM-Sg complex may be in h ib 
i t e d  by both  th e  TRN axons and th e  p re sy n a p tic  d e n d r i te s ,  
p robab ly  through the  m ed iation  o f GABA.
(The au th o rs  wish to  thank D rs. R .J . Wenthold and J .  Zempel 
f o r  p ro v id in g  th e  anti-GABA serum used in  th i s  s tu d y .)

285.12 MORPHOLOGIC DIVERSITY IN THE GANGLION CELL PROJECTION TO 
DIFFERENT ZONES WITHIN THE CAT LATERAL GENICULATE 
NUCLEUS. R.W. Rodieck and M. Watanabe*. Department of 
Ophthalmology, University of Washington, Seattle WA 98195

By means of a Hamilton syringe, a number of small (0.1 μl) injections of 
rhodamine labeled latex microspheres were made along a single needle 
penetration of one LGNd. Two days later, the retinas were dissected and placed 
in a chamber where they were superfused with oxygenated Ames medium. 
Labeled ganglion cells were visualized in an epifluorescence microscope, 
injected with rhodamine-labeled horseradish peroxidase (HRP), and 
subsequently fixed and reacted with diaminobenzidine. This method yields what 
appears to be complete filling of even the smallest ganglion cells having the 
thinnest axons. In general there proved to be a good correlation between the 
regions of concentration of labeled ganglion cells in the two retinas, and the 
retinotopic projections of each of the eyes to the different zones or laminae 
traversed by the needle penetration through the LGNd, as determined 
histologically.

Injections to the Geniculate Wing (GW), anterior to the main laminae of the 
LGNd, labeled a homogeneous group of cells with large and circular dendritic 
fields, and a characteristic morphology. Their dendrites pass directly away from 
the soma, and appear to ramify in the inner most portion of the inner plexiform 
layer (IPL). They have medium-sized somas (ca 22μm), and large dendritic 
fields (1,000 to 1,300μ m), that exceed those of alpha cells at the same 
eccentricity. These cells are almost certainly equivalent to the ep silo n  cells 
previously described, on the basis of retrograde transport of HRP 
iontophoretically injected to the GW, although only a small portion of their 
dendritic fields proved to be revealed by this less direct method of filling the 
cells with HRP.

Injections of microspheres to the medial interlaminar nucleus (MIN), 
possibly including GW as well, labeled alpha cells, as well as ganglion cells 
with a wide range of somal diameters, dendritic-field diameters, and 
morphologies. These include cells with medium-to-small somas (ca 20μm) 
and very large dendritic fields with diameters of 1,500μm or more across, as 
well as others in the same somal size range, but with compact (ca 250μm) and 
highly branched dendritic fields.

For injections to the C laminae, the needle penetration lay in the sagittal 
plane, and was directed anteroventrally at an angle of 35° with respect to the 
vertical, so as to pass through the curved anterior portions of the A and C 
laminae. A typical penetration entered the A laminae near the projection of the 
horizontal midline, about 5’ from the area centralis, grazed the different C 
laminae to varying degrees, and exited via the projection of the upper retina to 
the A laminae.

Cells projecting contralaterally to lamina C, in addition to alpha cells, include 
a group with medium somas (ca 23μm), and large (1,200μm) dendritic fields. 
No 'gamma' cells were observed to project to any portion of the LGNd.

Supported by USPHS-NEI grants EY-02923, EY-01730 and the E.K. 
Bishop Foundation.

285.13 CLASSES OF RETINAL GANGLION CELLS PROJECTING TO DORSAL 
LATERAL GENIGULATE NUCLEUS IN THE OPOSSUM. T .M .F is c h e r * , 
P .D .W ilso n , and J .N .P a r k e r * (SPON:M .Nachman) .  D ep t. 
P s y c h o lo g y , U n iv . C a l i f o r n i a ,  R iv e r s id e ,  CA 9 2 5 2 1 .

In  a n e s t h e t i z e d  opossu m s, th e  d o r s a l  l a t e r a l  g e n i c u l a t e  
n u c le u s  (DLGN) was i d e n t i f i e d  p h y s io l o g ic a l ly  w ith  
m ic r o p ip p e t te  e l e c t r o d e  r e c o r d in g s  o f  c e l l  a c t i v i t y  and 
h o r s e r a d i s h  p e ro x id a s e  (30% HRP in  2% DMSO and 0.1M T r i s )  
was th e n  i n j e c t e d  i o n t o p h o r e t i c a l l y  w ith  2 -7  μ A p u l s e s .  
A n im als  w ere g iv e n  a n t i b i o t i c s ,  r e c o v e r e d  from  a n e s t h e s i a ,  
m a in ta in e d  5 d a y s , th e n  g iv e n  a  l e t h a l  d o se  o f  N em butal and 
p e r f u s e d  t r a n s c a r d i a l l y  w ith  p h o s p h a te  b u f f e r  and  m ixed 
a ld e h y d e s .  R e t in a e  w ere d i s s e c t e d  and r e a c t e d  w ith  th e  
h e a v y -m e ta l  i n t e n s i f i e d  d ia m in o b e n z id in e  m ethod (Adams, 
1 9 7 7 ) , f l a t  m ounted on s l i d e s  and c o u n te r s t a i n e d  w i th  c r e s y l  
v i o l e t .  C o ro n a l s e c t i o n s  th ro u g h  th e  DLGN w ere a l s o  r e a c t e d  
f o r  HRP, m ounted  on s l i d e s  and N i s s l  s t a i n e d .  D ata  w ere 
o b ta in e d  from  4 a n im a ls  in  w hich  th e  HRP i n j e c t i o n  s i t e  was 
r e s t r i c t e d  t o  th e  DLGN.

N i s s l  s t a i n e d  r e t i n a l  g a n g lio n  c e l l s  r a n g e d  8 -3 2  
m ic ro n s  i n  soma d ia m e te r .  G a n g lio n  c e l l s  l a b e l e d  w ith  HRP 
from  DLGN i n j e c t i o n s  w ere p re d o m in a n t ly  15 t o  32 m ic ro n s  in  
d i a .  Only r a r e l y  w ere c e l l s  <14 m ic ro n  d i a .  l a b e l e d ,  and 
th e  s m a l l e s t  s i z e d  g a n g l io n  c e l l s  (<12 m ic ro n  d i a . )  w ere 
u n l a b e l e d .  The H R P -la b e le d  c e l l s  w i th  th e  l a r g e s t  soma 
s i z e s  and r e l a t i v e l y  t h i c k  p r im a ry  d e n d r i t e s  (T ype-1  c e l l s  
o f  W ilso n  and  Condo, 1983) re se m b le d  a lp h a  c e l l s  i n  c a t  
r e t i n a .  Many medium s iz e d  c e l l s  w ere c o m p a ra b le  t o  th e  
T y pe-2  c e l l s  p r e v io u s ly  r e p o r t e d  (W ilso n  and Condo, 1983) in  
h a v in g  d e n d r i t i c  p a t t e r n s  s i m i l a r  t o  b e t a - l i k e  c e l l s  i n  c a t  
r e t i n a .  O th e r  medium s i z e d  c e l l s  w i th  a  v a r i e t y  o f  soma 
s h a p e s  h ad  d e n d r i t i c  p a t t e r n s  s i m i l a r  t o  e p s i l o n ,  o r  
p o s s ib l y  gamma, c e l l s  in  c a t  r e t i n a .

In  t h e  opossum  a s  in  th e  c a t ,  th e  g a n g l io n  c e l l s  
p r o j e c t i n g  t o  DLGN in c lu d e  c e l l s  w ith  soma s i z e s  and  
d e n d r i t i c  m o rpho logy  s im i l a r  t o  a lp h a ,  b e t a ,  and e p s i l o n  
c e l l s ,  a s  p r e v io u s ly  i n f e r r e d  (R a p a p o rt  and  W ilso n , 1985) 
from  s tu d y  o f  soma s i z e s  a lo n e ,  and t h e s e  c e l l s  p re su m a b ly  
p r o v id e  th e  a f f e r e n t s  f o r  th e  c e l l s  w i th  Y, X, and  W -lik e  
p r o p e r t i e s  fo u n d  in  th e  opossum  DLGN (K irb y  and  W ilso n , in  
p r e s s ) .  E i th e r  t h e  s m a l l e s t  g a n g l io n  c e l l s  r a r e l y  p r o j e c t  
t o  th e  opossum  DLGN, o r ,  i f  th e y  p r o j e c t  t o  DLGN in  
s u b s t a n t i a l  n um bers, w ere u n la b e le d  in  t h i s  e x p e r im e n t .

285.14 COMPARISON OF RETINAL GANGLION CELLS PROJECTING TO VENTRAL 
LATERAL GENICULATE NUCLEUS AND SUPERIOR COLLICULUS IN THE 
OPOSSUM. P .D .W ilso n , M .A .K irby , and J .N .P a r k e r * . D ep t. 
P s y c h o lo g y , U n iv . C a l i f o r n i a ,  Ri v e r s i de and  D a v is , 
R iv e r s id e ,  CA, 92521 , and D a v is , CA, 95616 .

The v e n t r a l  l a t e r a l  g e n i c u l a t e  n u c le u s  ( VLGN) in  th e  
opossum  was i d e n t i f i e d  p h y s io l o g ic a l ly  and h o r s e r a d is h  
p e ro x id a s e  (3 0 % HRP in  2 % DMSO and 0.1M T r i s )  was i n j e c t e d  
i o n t o p h o r e t i c a l l y  in  th e  VLGN o f  5 a n e s t h e t i z e d  opossum s. 
I n  4 o t h e r  a n im a ls ,  HRP was p r e s s u r e  i n j e c t e d  i n to  th e  
s u p e r i o r  c o l l i c u l u s  (S C ). A nim als w ere g iv e n  a n t i b i o t i c s ,  
r e c o v e r e d  from  a n e s t h e s i a ,  m a in ta in e d  4 -5  d a y s , and  th e n  
g iv e n  a  l e t h a l  d o se  o f  N em butal and p e r f u s e d  t r a n s c a r d i a l l y  
w i th  p h o s p h a te  b u f f e r  and m ixed a ld e h y d e s .  R e t in a e  w ere 
d i s s e c t e d  and r e a c t e d  w ith  th e  h e a v y -m e ta l  i n t e n s i f i e d  
d ia m in o b e n z id in e  m ethod (Adams, 1 9 7 7 ) , f l a t  m ounted on 
s l i d e s ,  and c o u n te r s ta i n e d  w ith  c r e s y l  v i o l e t .  C o ro n a l 
s e c t i o n s  w ere ta k e n  th ro u g h  m id b ra in  and d o r s a l  th a la m u s  and 
th e  b r a i n  s e c t i o n s  w ere a l s o  r e a c t e d  f o r  HRP and th e n  
m ounted  on s l i d e s  and N i s s l  s t a i n e d .

As p r e v io u s ly  (R a p a p o rt  e t  a l . ,  1981) N i s s l  s ta i n e d  
g a n g l io n  c e l l s  in  s u p e r i o r  r e t i n a  v a r i e d  i n  some s i z e  from  
8 -3 5  m ic ro n s  d i a .  G an g lio n  c e l l s  l a b e l e d  w ith  HRP from  VLGN 
o r  from  SC in c lu d e d  a l l  soma s i z e s  e x c e p t  t h e  s m a l l e s t  (8 -9  
m ic ro n  d i a . ) .  On th e  b a s i s  o f  soma s i z e  and d e n d r i t i c  
a r b o r s ,  g a n g l io n  c e l l s  p r o j e c t i n g  t o  VLGN c o u ld  b e  c l a s s i 
f i e d  i n to  t h r e e  g ro u p s :  1) C e l ls  w ith  l a r g e ,  ro u n d  o r  
p o ly g o n a l  so m ata  (<18 um d i a . )  and  th ic k  p r im a ry  d e n d r i t e s ,  
w i th  d e n d r i t i c  b r a n c h in g  p a t t e r n s  s i m i l a r  to  a lp h a  c e i l s  in  
c a t  r e t i n a .  2 ) C e l l s  w i th  3 _4 p r im a ry  d e n d r i t e s  a r i s i n g  
from  medium s i z e  so m a ta , o f te n  t r i a n g u l a r  in  p r o f i l e ,  w hich  
w ere r e m in is c e n t  o f  e p s i l o n  c e l l s  i n  c a t  r e t i n a .  3) C e l l s  
w i th  s m a ll  som ata  (1 0 -1 4  m ic ro n  mean d i a . ) ,  u s u a l l y  o v a l 
w i th  lo n g  to  s h o r t  d ia m e te r  r a t i o  < 1 .5 :1 ,  and  w i th  r e l a t i v e 
ly  t h i n ,  s p a r s e ly  b ra n c h e d  d e n d r i t e s ,  s im i l a r  t o  gamma c e l l s  
in  c a t .

The g a n g lio n  c e l l s  l a b e l e d  from  SC in c lu d e d  c e l l s  
m o rp h o lo g ic a l ly  s im i l a r  t o  th o s e  l a b e l e d  from  VLGN, and  
a d d i t i o n a l l y  in c lu d e d  sm a ll  to  medium c e l l s  w ith  v a r io u s  
sh a p ed  so m a ta .

I t  i s  c o n c lu d e d  t h a t  w ith  th e  e x c e p t io n  o f  b e t a - l i k e  
g a n g l io n  c e l l s  a l l  m ajo r c l a s s e s  o f  r e t i n a l  g a n g l io n  c e l l s  
p r o j e c t  t o  th e  VLGN and th e  r e t i n a l  p r o j e c t i o n  to  VLGN 
r e s e m b le s  t h a t  t o  th e  s u p e r i o r  c o l l i c u l u s  in  th e  opossum .
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285.15 AN ELECTRON MICROSCOPIC ANALYSIS OF THE LOCALIZATION OF CYTOCHROME 
OXIDASE IN THE LATERAL GENICULATE NUCLEUS OF MACAQUE MONKEYS. 
S .Y . L iu *  and M. Wong-Ri le y . (SPON: F .D . A n d e rs o n ) . D e p t . o f  
A n a t .  & C e l lu l a r  B io lo g y ,  Med. C o l l ,  o f  W is . ,  M ilw au k ee , WI 53226 .

Our p r e v io u s  l i g h t  m ic ro s c o p ic  s t u d i e s  h av e  shown t h a t  i n  th e  
l a t e r a l  g e n i c u l a t e  n u c le u s  (LGN) o f  norm al m acaque m onkeys, th e  
two m a g n o c e l lu la r  l a y e r s  (ML) and p a r v o c e l lu l a r  lam in a  (PL) 6 
showed th e  h i g h e s t  l e v e l  o f  c y to c h ro m e  o x id a s e  (C .O .)  a c t i v i t y .  
A f t e r  t e t r o d o to x i n  (TTX) t r e a tm e n t ,  a d e c re a s e  i n  C .O . a c t i v i t y  
was fo u n d  i n  th e  a f f e c t e d  LGN lam . (N a tu re ,  3 0 7 :2 6 2 , '8 4 ;  J .  
N e u r o s c i . , 4 :2 4 4 5 ,  ’ 8 4 ) .  The p r e s e n t  s tu d y  e x te n d e d  th e s e  
f in d i n g s  and i n c o r p o r a t e d  q u a n t i t a t i v e  EM m o rp h o m etry . M ost o f  th e  
r e a c t i v e  n e u ro n s  w ere  medium to  l a r g e - s i z e d ,  w h e re a s  s m a ll  n e u ro n s  
te n d e d  to  be l e s s  r e a c t i v e .  The n e u ro n s  i n  lam . 1 , 2 ,  and 6 had 
th e  h i g h e s t  l e v e l  o f  C .O . a c t i v i t y .  They c o n ta in e d  a l a r g e  num ber 
o f  m o d e ra te  t o  d a r k ly  (M-D) r e a c t i v e  m ito c h o n d r ia  ( m i t o . ) ,  w hich  
c o m p rise d  40 .4% , 35.5% , and 34.3% o f  t h e  t o t a l  m i to .  p o p u la t io n  
w i th in  n e u ro n s  o f  lam . 1 , 2 ,  and 6 r e s p e c t i v e l y .  T h e re  w ere  few e r 
M-D r e a c t i v e  m ito .  i n  lam . 5 (3 1 .9 % ), and ev en  l e s s  so  i n  lam . 3 
and 4 (20.7%  and 23% r e s p e c t i v e l y ) .  B o th  th e  m ito .  p a c k in g  d e n s i t y  
and th e  p e rc e n ta g e  o f  r e a c t i v e  m ito .  w ere  s i g n i f i c a n t l y  h ig h e r  in  
ML th a n  i n  PL. D i s t i n c t  co m ponen ts o f  th e  n e u r o p i l  had  s p e c i f i c  
l e v e l s  o f  C .O . r e a c t i v i t y .  Q u a n t i t a t i v e  a n a ly s i s  o f  th e  t o t a l  
m ito .  p o p u la t i o n  and th e  l e v e l  o f  C .O . r e a c t i v i t y  showed t h a t ,  i n  
a l l  s i x  l a m in a e ,  d a r k ly  r e a c t i v e  m ito .  w ere  l o c a l i z e d  p r im a r i ly  
w i th in  d e n d r i t e s ;  F p r o f i l e s  (F 1 , F 2 , Fd) w i th  f l a t t e n e d  o r  
p leo m o rp h ic  v e s i c l e s  w ere m ore r e a c t i v e  th a n  RS o r  RL t e r m in a l s  
w i th  ro u n d  v e s i c l e s ;  w h i le  RL’ s  w ere  th e  l e a s t  r e a c t i v e .  In  
c o m p arin g  th e  n e u r o p i l  o f  ML w i th  PL, we fo u n d  t h a t  th e  t o t a l  
m i to .  num ber and th e  num ber o f  d a r k ly  r e a c t i v e  m ito .  w ere 
s i g n i f i c a n t l y  h ig h e r  i n  t h e  fo rm e r  th a n  in  th e  l a t t e r .  T hese 
d i f f e r e n c e s  w ere  m ost p ro m in e n t w i th in  d e n d r i t e s  and F p r o f i l e s ,  
w h i le  th e . RL t e r m in a l s  w ere  o n ly  s l i g h t l y  h ig h e r .  I n  PL, l a y e r s  5 
and 6 w ere  s i g n i f i c a n t l y  m ore r e a c t i v e  th a n  l a y e r s  3 and  4 . 
C o n t r a l a t e r a l  lam . ( 1 ,  4 ,  and 6 ) had g r e a t e r  C .O . r e a c t i v i t y  th a n  
th e  c o r r e s p o n d in g  i p s i l a t e r a l  lam . ( 2 ,  3 ,  and 5 ) .  M o re o v e r, m ost 
o f  th e  r e a c t i v e  p o s t s y n a p t ic  p r o f i l e s  te n d e d  t o  c o n ta c t  RL o r  RS 
r a t h e r  th a n  F p r o f i l e s .  A f t e r  TTX t r e a tm e n t ,  a p ro m in e n t d e c re a s e  
i n  th e  l e v e l  o f  C .O . r e a c t i v i t y  w i th in  b o th  c e l l  b o d ie s  and 
n e u r o p i l  w ere  n o te d .  The RL t e r m in a l s  and t h e i r  p o s t s y n a p t ic  
d e n d r i t e s  w ere  th e  m ost s e v e r e ly  a f f e c t e d .  O th e r  c h a n g es  a r e  s t i l l  
u n d e r  i n v e s t i g a t i o n .  Our r e s u l t s  i n d i c a t e d  t h a t  ML w ere 
m e t a b o l i c a l l y  m ore a c t i v e  th a n  PL, im p ly in g  t h a t  th e  p re d o m in a n tly  
Y - l ik e  pa thw ay  may be m ore h ig h ly  a c t i v e  th a n  th e  X - l ik e  p a th w ay . 
Among PL, O N -ce n te r  o n es  (5  and 6 ) a p p e a re d  to  be m e t a b o l i c a l l y  
m ore a c t i v e  th a n  O F F -c e n te r  o n e s  (3  and 4 ) .  F i n a l l y ,  th e  
c o n t r a l a t e r a l  pa thw ay  may s u s t a i n  a  h ig h e r  l e v e l  o f  a c t i v i t y  th a n  
th e  i p s i l a t e r a l  p a th w a y . (S u p p o rte d  by NIH EY 05439).

285.16 CONNECTIONS OF TWO SUBDIVISIONS OF INFERIOR TEMPORAL CORTEX OF 
OWL MONKEYS WITH THE PULVINAR COMPLEX. R. E.  Weller and J. H. 
Kaas. Dept. of Psychology, Univ. of Alabama a t Birmingham, AL 
35294 and Dept. of Psychology, V anderbilt Univ., N ashville , TN 
37240.

Previously we defined in  owl monkeys a caudal d iv ision  of in 
fe r io r  temporal cortex , ITc, on the basis  of inputs from ex tra 
s t r i a t e  v isu a l cortex (prim arily the D orsolateral Area, DL). 
P rojections from ITc in tu rn  defined a more ro s tra l  subdivision 
of in fe r io r  temporal cortex , ITr. Both ITc and ITr are w ithin 
the tra d i t io n a l  a rch ite c to n ic  f ie ld  TE. P atterns of connections 
with the pulvinar complex were determined from in jec tio n s  of 3H- 
p ro line  and/or horseradish peroxidase in ITc or ITr of 11 adu lt 
owl monkeys (Aotus t r iv i rg a tu s ) . The pulvinar complex of owl 
monkeys has been divided in to  in fe r io r  and superior d iv is io n s . 
The in fe r io r  pulvinar includes cen tra l (IPc), medial (IPm), and 
p o s te r io r  (IPp) n u c le i, while the superior pulvinar has been d i
vided in to  la te ra l  (SPl), c en tra l (SPc), and medial (SPm) d iv i
sions. SPm, previously id e n tif ie d  in  owl monkeys as the dorso- 
medial p a r t of the superior pu lv inar, does not have connections 
with previously studied subdivisions of e x tra s t r ia te  cortex , and 
i t s  c o r tic a l  connections, in  fa c t ,  were unknown.

In jec tio n s in  e ith e r  ITc or ITr labe l a large region of the 
superio r pulvinar th a t includes much of the caudal pole and a t 
more ro s tr a l  leve ls  extends dorsomedially. This r e s u lt  suggests 
th a t both the caudal pole and the dorsomedial portion  of the su
p e rio r pulv inar c o n stitu te  the medial d iv ision  of the superior 
pu lv inar in owl monkeys. Other labe l in  the superior pulvinar 
was located more la te ra l ly ,  above the in fe r io r  pulvinar complex, 
in  the region considered to  be SPc. In add ition , the in jec tio n s  
demonstrated th a t both ITc and ITr have connections with IPp. 
The re s u lts  a lso  ind ica te  th a t  ITc and ITr have connections with 
d if fe re n t p a r ts  of the superior pulvinar. ITc i s  interconnected 
with the d o rso la te ra l h a lf , and ITr with the ventromedial h a lf , 
of the caudal pole of the superior pu lv inar.

We conclude th a t the main pulvinar connections of ITc and ITr 
are with the medial d iv ision  of the superior pu lv inar, SPm. 
Furthermore, ITc and ITr have connections with d if fe re n t por
tio n s  of SPm. This d ifference  in  connections i s  con sisten t with 
our previous evidence th a t ITc and ITr are d is t in c t  subdivisions 
of IT (TE) cortex in owl monkeys.
Supported by NIH Grant EY-02686 and UAB Faculty Research Grant 
212822.

285.17 EFFECTS OF KAINIC ACID LESIONS OF THE PULVINAR ON SACCADIC EYE 
MOVEMENTS IN MONKEYS. D.B. Bender* and J.S. Baizer. D ivision of 
Neurobiology, Dept. of Physiology, SUNYAB, Buffalo, NY 14226.

The p u lv in a r  r e c e i v e s  p r o j e c t i o n s  from  th e  s u p e r i o r  
c o l l i c u lu s  and p r o je c t s  to  e x t r a s t r i a t e  c o r te x . I t  has been 
su g g es ted  t h a t  t h i s  pathway may be in v o lv ed  in  th e  c o n tro l  o f 
v i s u a l l y - g u i d e d  ey e  m ovem ents. T hus, U n g e r le id e r  and 
C h ris te n se n  (1979) re p o r te d  th a t  p u lv in a r  le s io n e d  rh esu s  
monkeys were "V isually  captured," showing longer f ix a tio n s  than 
norm al monkeys d u rin g  scan n in g  o f a complex v is u a l  scene. 
However, they used hea t le s io n s  o f  the  pu lv inar, which are  now 
known to  damage th e  c o r t i c o t e c t a l  t r a c t  a s  w e ll a s  p u lv in a r  
neurons (Bender and Baizer, 1984). Thus, the  abnormally long 
f ix a t io n s  cou ld  have r e s u l te d  from  c o r t i c o t e c t a l  damage. To 
evaluate  th i s  p o s s ib il i ty ,  we t r i e d  to  re p lic a te  U ngerleider and 
C h r is te n se n ’s r e s u l t s  u s in g  a n im a ls  w ith  k a in ic  a c id  (KA) 
le s io n s  o f the  pulv inar.

S u b je c ts  w ere two monkeys w ith  b i l a t e r a l  KA l e s io n s ,  and 
normal co n tro ls . The le s io n s  destroyed most of the  in fe r io r  and 
l a t e r a l  p u lv in a r ,  and p a r t  o f th e  m ed ia l p u lv in a r .  F o llow ing  
U ngerleider and C hristensen, eye movements were recorded as the 
a n im a l s p o n ta n e o u s ly  sca n n e d  a 36 x 36 deg  a r r a y  o f  16 
geom etrical shapes. Wé a lso  wished to  evaluate  the  e f fe c ts  o f 
p u lv in a r  l e s io n s  on saccad es  to  known t a r g e t s .  Thus, th e  
a n im a ls  w ere t r a in e d  to  make saccad es  from a c e n t r a l  p o in t  to  
sm all ta rg e t  l ig h ts ,  and to  respond to  dimming o f the  ta rg e ts .

The KA p u lv in a r  le s io n s  d id  no t p ro long  f ix a t io n s  d u rin g  
scann ing . For bo th  le s io n e d  and i n t a c t  a n im a ls , th e  average  
du ra tion  o f f ix a tio n s  was between 450-550 msec. S im ila rly , on 
th e  saccade  ta s k ,  th e  KA le s io n s  d id  n o t c o n s is te n t ly  a l t e r  
oculomotor function . The le s io n s  did im pair ta sk  performance, 
b u t t h i s  was p robab ly  due to  s l i g h t  sp read  o f  KA in to  th e  LGN, 
w ith  consequen t p ro d u c tio n  o f a fo v e a l scotom a and in c re a se d  
d i f f i c u l t y  in  d e te c t io n  o f  t a r g e t  dimming. D ifferen t anim als 
adopted d if f e r e n t s tra te g ie s ,  and p a tte rn s  of eye movements, to  
so lv e  th e  d e te c t io n  ta s k .  On th o s e  t r i a l s  w here an im a ls  d id  
make saccad es  to  th e  t a r g e t s ,  how ever, saccade  la te n c y  and 
v e lo c ity  were comparable to  p reopera tive  le v e ls .

These r e s u l t s  su g g es t t h a t  th e  p u lv in a r  does no t p lay  a 
c r i t i c a l  r o le  in  th e  i n i t i a t i o n  and c o n tro l  o f eye movements, 
e i t h e r  d u rin g  spon taneous scan n in g  o r in  re sp o n se  to  f la s h e d  
ta rg e ts . Previously reported  d e f ic i t s  in  eye movement con tro l 
a re  th u s  l i k e l y  to  have r e s u l te d  from  in te r r u p t io n  o f th e  
c o r t ic o te c t a l  t r a c t .

Supported by NIH Grants EY02254 and EY02230.

285.18 PROJECTIONS OF THE PULVINAR TO THE ANTERIOR BANK OF THE LUNATE 
SULCUS AND DORSAL SUPERIOR TEMPORAL SULCUS. G.P. Standage. 
Dept. of Anatomy, Medical College of Georgia, Augusta, GA 
30912.

Our previous invest igat ions  have described the pro jections  of 
the in fe r io r  pulvinar (PI) and la te r a l  pulvinar (PL) to  visual 
areas VI, V2, V4 and MT (Soc. Neurosci. Abstr. 6,1979; Brain 
Res. 262. 1983) in the macaque monkey. I t  was of i n te r e s t  to 
fu r ther  re f ine  our understanding of pulv ino-cor tica l pro jections 
by including in our ana ly s is ,  the  an te r io r  bank of the  lunate 
sulcus, and the pos te r io r  bank and fundus of the superior  
temporal sulcus ( s t s )  dorsal to  visual  area MT (V5). Subpial 
aspera tion along with b ipola r e lectrocoagula tion techniques were 
use to  su rg ica l ly  remove the pos te r io r  bank of the lunate 
sulcus, or the  an te r io r  bank of s t s  above the s t s - l a t e r a l  sulcus 
junc tion. In jec t ions  of combined wheat germ conjugated HRP (5% 
in sa l ine)  and HRP (60% in sa l ine)  were in jected in to su rg ical ly  
exposed cortex using a 1.0 μl Hamilton syringe. Injection 
volumes never exceeded .05 μl per in jec t ion  s i t e .

I t  was found th a t  the  medial region of PI pro jects  
p re fe re n t ia l ly  to  the pos ter io r  bank and f loor  of dorsal s t s .  
The remaining portion of PI and PL contained scattered  labelled  
c e l l s  but not terminal grain s .  This region of PI l i e s  medial to 
the  MT-crescent area of PI previously defined (Standage and 
Benevento, Brain Res 262, ' 82) as pro jecting heavi ly to visual 
area MT. In jec t ions  placed along the an te r io r  bank of the 
lunate  sulcus (region of V3) re su l ted  in p re fe ren t ia l  labe l l ing  
in PL. Retrograde and anterograde labe l l ing  was very dense in 
PL, espec ia l ly  along the l a te r a l  border.  PI contained only a 
few labelled  c e l l s .  I t  should be pointed out th a t  the regions 
of PI and PL labe l led  receive d i rec t  pro jections  from the 
super f ic ia l  r e t in o rec ip ien t  layers  of the  super ior co l l icu lu s  
(Benevento and Standage, JCN 217, '83) .  In summary, although 
pulvinar pro jections  overlap, there  may ex is t  within the 
pulvinar complex, regions th a t  receive unique input from the 
super f ic ia l  layers  of the super io r co l l icu lu s  which, in tu rn ,  
p ro ject p re fe re n t ia l ly  to  spec if ic  regions of visual responsive 
cortex (Supported by NIH grant NS-21935).
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285.19 VISUAL PR O PER TIES OF PULVINAR CELLS IN  R A B B IT S . 
S . M o l o t c h n l k o f f ,  C . C a s a n o v a * .  Dé p t ,  d e  S c i e n c e s  
B i o l o g i q u e s ,  U n i v e r s i t é d e  M o n t r é a l ,  M o n t r é a l ,  P . Q . ,  
C a n a d a ,  H3C 3 J 7 .

T h e  p u l v i n a r  m ay b e  c o n s i d e r e d  a s  a  m a j o r  i n t e r f a c e  
b e t w e e n  t h e  s u p e r i o r  c o l l i c u l u s  a n d  t h e  v i s u a l  c o r t i c a l  
a r e a s .  T h i s  l i n k  s e e m s  t o  b e  p r e s e n t  i n  a l l  m a m m a ls . 
As a  p r e l u d e  t o  s t u d y i n g  t h e  i n f l u e n c e s  o f  t h e  s u p e r i o r  
c o l l i c u l u s  on  t h e  p u l v i n a r  c e l l s ,  we i n v e s t i g a t e d  t h e  
v i s u a l  p r o p e r t i e s  o f  t h e  l a t t e r  i n  r a b b i t s . A n i m a l s  
w e r e  u r e t h a n - a n e s t h e t i z e d  a n d  p a r a l y z e d .  S i n g l e  c e l l s  
f r o m  p u l v i n a r  w e r e  r e c o r d e d  f r o m ,  u s i n g  a  g l a s s  m i c r o 
p i p e t t e .  E a c h  c e l l  w a s  s t i m u l a t e d  w i t h  a n  e l e c t r i c a l  
s h o c k  a p p l i e d  t o  t h e  o p t i c  c h i a s m  a n d  w i t h  c i r c u m 
s c r i b e d  s t i m u l i  p r e s e n t e d  i n  t h e  r e c e p t i v e  f i e l d .  Two 
h u n d r e d  a n d  t h i r t y - n i n e  c e l l s  w e r e  s t u d i e d .  A m o n g s t  
t h e m ,  2 0 0  w e r e  v i s u a l l y  r e s p o n s i v e .  O ne h u n d r e d  a n d  
s e v e n t y - s i x  c e l l s  r e s p o n d e d  t o  s t a t i o n a r y  o n - o f f  p u l s e s  
a n d  1 2 9  t o  m o v in g  t a r g e t s .  T h i r t y - t h r e e  c e l l s  w e r e  
d i r e c t i o n n a l y  s e l e c t i v e .  F i n a l l y ,  n i n e  c e l l s  w e r e  
s h o w n  t o  b e  s e l e c t i v e  t o  t h e  v e l o c i t y  o f  t h e  v i s u a l  
t a r g e t .  G e n e r a l l y ,  t h e  r e c e p t i v e  f i e l d s  w e r e  l a r g e  
a l t h o u g h  s m a l l  s i z e  f i e l d s  w e r e  a l s o  r e c o r d e d .  T h e  s a 
l i e n t  f e a t u r e  i s  t h e  f a c t  t h a t  m o s t  f i e l d s  e n c r o a c h e d  
u p o n  t h e  v e r t i c a l  m e r i d i a n  a n d  t h e i r  c e n t e r s  w e r e  l o 
c a t e d  w i t h i n  4 5 °  o f  t h e  o p t i c  a x i s .  A l t h o u g h  a  r e t i -  
n o t o p i c  o r g a n i z a t i o n  s e e m s  t o  e x i s t ,  i t  i s  n o t  v e r y  
r i g o u r o u s .  T h i s  m ay b e  c o n t r a s t e d  w i t h  t h e  d o r s a l  l a t 
e r a l  g e n i c u l a t e  o r g a n i z a t i o n .  As a  g e n e r a l  r u l e ,  a s  
t h e  e l e c t r o d e  p r o g r e s s e d  f r o m  t h e  d o r s a l  t o  v e n t r a l  
s i d e  o f  t h e  p u l v i n a r  t h e  f i e l d s  m o v ed  a l o n g  t h e  s a m e  
a x i s .  H o w e v e r ,  v e r y  o f t e n ,  o n e  c e l l  h a d  i t s  f i e l d s  f a r  
f r o m  t h i s  g e n e r a l  a x i s .  F u r t h e r  m o r e ,  t h e  o v e r l a p  b e 
t w e e n  RF w a s  q u i t e  e x t e n s i v e .  F i n a l l y ,  t h e  d i s t r i b u 
t i o n  o f  r e s p o n s e  l a t e n c i e s  t o  o p t i c  c h i a s m  s h o c k  w a s  
b i m o d a l  ( m e a n :  1 0 .9  ± 3 . 2  m s , N = 2 4 ) .  By c o m p a r i s o n  i n  
t h e  LGN, t h e  m e a n  i s  c o n s i d e r a b l y  s h o r t e r :  3 . 9  ± 2 . 9  
m s ,  s u g g e s t i n g  t h a t  t h e  p u l v i n a r  i s  i n n e r v a t e d  b y  s lo w  
c o n d u c t i n g  f i b e r s  o r  i n d i r e c t l y  t h r o u g h  t h e  c o r t e x  o r  
t h e  c o l l i c u l i .  M any o f  t h e  c h a r a c t e r i s t i c s  s u g g e s t  
t h a t  t h e  p r o p e r t i e s  o f  t h e  r a b b i t ' s  p u l v i n a r  r e s e m b l e  
t h o s e  r e p o r t e d  f o r  c a t s  a n d  t o  a  l e s s e r  d e g r e e  
f o r  m o n k e y s .  E x p e r i m e n t s  c u r r e n t l y  i n  p r o g r e s s  a r e  
a im e d  a t  s h o w i n g  how  t h e s e  p r o p e r t i e s  a r e  m o d i f i e d  b y  
l o c a l  i n a c t i v a t i o n  o f  t h e  s u p e r i o r  c o l l i c u l u s .
( S u p p .  NSERC a n d  FC A R. )
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286.1 DISTRIBUTION OF IMMUNOREACTIVE PEPTIDE B IN THE RAT BRAIN. 
I .  L in d b e rg  and L. W h ite * , D e p t. o f  B iochem . and  M ol. B i o l . ,  
L .S .U . Med. C t r . ,  1901 P e rd id o  S t . ,  New O r le a n s ,  LA 70112.

P e p t id e  B, th e  c a rb o x y l  t e r m in a l  3700 d a l t o n  f ra g m e n t o f  
p r o e n k e p h a l in ,  r e p r e s e n t s  one o f  th e  m o st h ig h ly  c o n s e rv e d  
se q u e n c e s  i n  t h i s  o p io id  p e p t id e  p r e c u r s o r ;  th e  r a t  and human 
se q u e n c e s  d i f f e r  i n  o n ly  two p o s i t i o n s  (o n e  o f  w h ich  r e p r e s e n t s  a 
a  c o n s e r v a t iv e  s u b s t i t u t i o n )  from  th e  b o v in e  p e p t i d e .  P e p t id e  B, 
f i r s t  p u r i f i e d  from  a d r e n a l  m e d u l la ry  t i s s u e  by U d e n f r ie n d  
and c o w o rk e rs ,  i s  one  o f  t h e  m a jo r  e n k e p h a l in - c o n ta in in g  p e p t id e s  
i n  th e  b o v in e  a d r e n a l  m e d u l la .  I n  o r d e r  to  i n v e s t i g a t e  th e  
p o t e n t i a l  p r e s e n c e  o f  P e p t id e  B in  th e  m am m alian n e rv o u s  s y s te m , 
an  a n t i s e ru m  r a i s e d  to  t h e  b o v in e  form  o f  t h i s  p e p t id e  was u se d  
to  m easu re  t h e  d i s t r i b u t i o n  and m o le c u la r  w e ig h t  fo rm s o f  P e p t id e  
B -im m u n o re a c tiv e  p e p t i d e s  i n  t h e  r a t  b r a i n .  P e p t id e  B-imm uno- 
r e a c t i v i t y  ( i r )  was fo u n d  to  be  m ost c o n c e n t r a t e d  i n  th e  
h y p o th a la m u s  and th e  s t r i a t u m ,  w i th  lo w e r  c o n c e n t r a t i o n s  in  
t h e  m id b ra in  and  m e d u l la -p o n s .  L i t t l e  P e p t id e  B - i r  was p r e s e n t  
i n  th e  c o r t e x ,  h ip p o cam p u s , and c e re b e llu m . C h a r a c t e r i z a t i o n  
o f  P e p t id e  B - i r  by g e l  f i l t r a t i o n  d e m o n s tra te d  t h a t  t h e  m ajo r 
im m u n o re a c tiv e  s p e c i e s  i n  th e  h y p o th a la m u s  and th e  s t r i a t u m  
c o r r e s p o n d e d  to  a  p e p t i d e  w i th  t h e  a p p ro x im a te  m o le c u la r  w e ig h t  
o f  P e p t id e  B. A n a ly s is  by HPLC o f  t h e  m a jo r  P e p t id e  B-immuno- 
r e a c t i v e  p e a k  o b ta in e d  from  g e l  f i l t r a t i o n  o f  h y p o th a la m ic  and 
s t r i a t a l  e x t r a c t s  r e v e a l e d  th e  p r e s e n c e  o f  two m in o r and one 
m a jo r  im m u n o re a c tiv e  s p e c i e s .  The m a jo r  im m u n o re a c tiv e  p e p t id e  
e x h ib i t e d  a  r e t e n t i o n  t im e  i n d i c a t i v e  o f  a  m ore h y d r o p h i l i c  
p e p t id e  th a n  b o v in e  P e p t id e  B. T h ese  r e s u l t s  s u g g e s t  t h a t  one 
o f  t h e  p r o c e s s in g  p r o d u c ts  o f  p r o e ik e p h a l in  in  t h e  r a t  b r a i n  i s  
a  p e p t id e  c lo s e l y  r e l a t e d  to  b o v in e  P e p t id e  B.

S u p p o rte d  by NIH AM 3 5 1 9 9 -0 1 .

286.2 THE CLONING AND SEQUENCING OF VALOSIN, A 
NOVEL GUT/BRAIN PEPTIDE. K.J. Koller Lab. of Cell 
Biology, NIMH, Bethesda, Maryland 20892.

Valosin is a novel 25 amino acid residue gastrointestinal peptide that 
has recently been purified from porcine gut acid extracts. Schmidt and his 
coworkers (FEBS Lett., 191, 264, 1985) isolated this peptide from 
side-fractions obtained from secretin purification and demonstrated in 
preliminary experiments that the peptide seemed to exert a dose-dependent 
CCK- or bombesin-like stimulatory action on exocrine pancreatic 
secretion and to cause a delay in the appearance of the slow migrating 
myoelectric complexes in different parts of the intestine. In order to begin 
to study the biosynthesis of this peptide, the DNA complementary to the 
mRNA precursor was isolated from a porcine adrenal medulla library, and 
this clone was sequenced. In addition, tissue distribution of the mRNA 
was studied using northern analysis.

A 36 residue, 16-fold degenerate oligonucleotide probe was designed 
based on the published amino acid sequence of valosin and synthesized 
on an Applied Biosystems oligonucleotide synthesizer. The resulting 
mixture of probes was radiolabeled using 32P-gamma-ATP and T4 DNA 
kinase and used to screen an Okayarga-Berg porcine adrenal medulla 
cDNA library (provided by Dr. Åke Rokaeus) by the cloning 
hybridization technique of Grunstein and Hogness. Positive clones were 
subcloned to homogeneity and analyzed with restriction endonucleases. 
The largest clone isolated was sequenced using the Sanger enzymatic 
dideoxy chain termination method. For northern anaylsis, total RNA was 
isolated from porcine brain and peripheral tissue by guanidium 
thiocyanate extraction, and radioactive cDNA probes were labeled by 
nick-translation or oligolabeling.

The largest isolated cDNA clone had an insert size of 3.2 kilobases. 
Northern blot analysis of RNA isolated form porcine tissue demonstrated 
one RNA species approximately 3.5 kilobases in size that hybridized to 
32P-labeled fragments of cDNA. While this peptide was isolated from 
gut, northern analysis illustrates that the mRNA coding for valosin is 
present in a wide spectrum of pig tissue including adrenal medulla, 
adrenal cortex, gut, spinal cord, brain, and heart. The complete amino 
acid sequence suggests that a novel processing signal may be involved in 
the biosynthesis of valosin. The sequence of the isolated peptide is not 
flanked by two basic amino acids; however, a lysine-arginine pair appears 
five amino acids before the putative first amino acid, and a double leucine 
is present eight amino acids after the proposed terminus. Therefore, it is 
possible that the peptide valsoin may be a fragment of a larger peptide or 
protein. Antibodies are being generated against valsoin to be used in 
tissue extraction and in vitro translation experiments to help answer these 
questions. (K.J.K. is supported by NINCDS post-doctoral grant number 
F32 NS07599).
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286.3 LEVELS OF IMMUNOREACTIVE ANGIOTENSIN I I  IN MICRODISSECTED BRAIN 
NUCLEI OF THE DEVELOPING SPRAGUE DAWLEY RAT. L . L a rk * and  J .A . 
W eyhenm eyer. N e u ra l  and B e h a v io ra l  B io lo g y  P rogram  and C o l le g e  
o f  M e d ic in e , U n i v e r s i ty  o f  I l l i n o i s ,  U rb a n a , IL 61801 .

An e n d o g en o u s r e n i n - a n g i o t e n s i n  sy s te m  (RAS) h a s  b een  p o s tu 
l a t e d  t o  e x i s t  i n  t h e  c e n t r a l  n e rv o u s  sy s te m  an d  f u n c t i o n  i n  th e  
r e g u l a t i o n  o f  b lo o d  p r e s s u r e ,  f l u i d  b a la n c e ,  sodium  i n t a k e ,  and 
horm one r e l e a s e .  L in d  e t  a l .  (N e u r o e n d o c r in o l .  4 0 :2 0 ,  1985) 
h av e  c h a r a c t e r i z e d  th e  im m u n o h is to ch e m ic a l d i s t r i b u t i o n  o f  
a n g io t e n s in  I I  (ANG I I ) ,  t h e  end  p ro d u c t  o f  t h e  RAS, i n  th e  
b r a i n  o f  th e  a d u l t  m ale  S p ra g u e  D aw ley r a t .  The p u rp o se  o f  th e  
p r e s e n t  s tu d y  was t o  m ea su re  l e v e l s  o f  ANG I I  i n  mi c r o d i s s e c t e d  
b r a i n  n u c l e i  o f  th e  d e v e lo p in g  m ale  S p ra g u e  Daw ley r a t .

F o u r and  t e n  w eek m ale  S p ra g u e  Daw ley r a t s  w ere a n e s t h e t i z e d  
w i th  k e ta m in e /a c e p ro m a z in e  and p e r f u s e d  t r a n s c a r d i a l l y  w i th  i c e  
c o ld  0 .9 % s a l i n e .  B r a in s  w ere rem oved and  im m e d ia te ly  f r o z e n  on 
d ry  i c e .  S e r i a l  c o ro n a l  s e c t i o n s  (300 μm) w ere c u t  a t  9°C . 
Tw enty f o u r  b r a i n  r e g io n s  w ere m ic ro p u n ch  d i s s e c t e d  and  s to r e d  
a t  -7 0 °C  u n t i l  p r e p a r a t i o n .  D is s e c te d  r e g io n s  w ere w eig h ed  and 
h om ogen ized  i n  0 .1  N HCl , b o i le d  f o r  5 m in , and  c e n t r i f u g e d  a t  
3 0 ,0 0 0  x g f o r  30 m in a t  4°C . The s u p e r n a t a n t s  w ere c o l l e c t e d  
and  th e  p e l l e t s  r e - e x t r a c t e d  w i th  0 .1  N HCl . P o o le d  s u p e r 
n a t a n t s  w ere l y o p h i l i z e d ,  re s u s p e n d e d  i n  0 .1  M p h o s p h a te  b u f 
f e r e d  s a l i n e  (pH 7 .2 )  c o n ta i n in g  0.1% BSA, and  a n a ly z e d  by a 
c o m p e t i t iv e  i n h i b i t i o n  rad io im m u n o a ssa y  u s in g  a  s p e c i f i c  ANG I I  
a n t ib o d y .

P r e l im in a r y  r e s u l t s  i n d i c a t e  t h a t  p ico g ram  l e v e l s  o f  ANG I I  
( p e r  mg w et t i s s u e  w e ig h t)  a r e  p r e s e n t  i n  v a r io u s  b r a i n  n u c l e i  
o f  f o u r  and t e n  week r a t s .  L e v e ls  o f  ANG I I  d e c re a s e d  w i th  ag e  
i n  s e v e r a l  h y p o th a la m ic  n u c l e i  i n c l u d i n g  p a r a v e n t r i c u l a r ,  
l a t e r a l ,  v e n tr o m e d ia l ,  a n t e r i o r  and s u p r a o p t i c ,  a s  w e l l  a s  
l a t e r a l  s e p tu m , a m y g d a la , bed  n u c le u s  o f  t h e  s t r i a  t e r m i n a l i s ,  
and  th e  s u b f o r n i c a l  o r g a n .  L e v e ls  i n  th e  s u p r a c h ia s m a t i c  
n u c le u s  rem a in e d  c o n s ta n t  w h i le  t h e  p o s t e r i o r  h y p o th a la m u s  and 
th e  p a r a v e n t r i c u l a r  n u c le u s  o f  th e  th a la m u s  showed an  i n c r e a s e  
w i th  a g e .

The q u a n t i t a t i v e  ANG I I  d i s t r i b u t i o n  fo u n d  i n  t h i s  s tu d y  
p a r a l l e l s  p r e v io u s  f in d i n g s  on th e  im m u n o h is to ch e m ic a l d i s 
t r i b u t i o n  o f  t h i s  n e u r o p e p t id e .  Age r e l a t e d  c h a n g e s  i n  th e  
l e v e l s  and  r e l a t i v e  d i s t r i b u t i o n  o f  ANG I I  s u g g e s t  t h a t  t h i s  
p e p t id e  may h av e  a  r o l e  i n  th e  d e v e lo p m e n t o f  th e  b r a i n .

T h is  w ork was s u p p o r te d  by NIH HL27757 and  Amer. H e a r t  A sso c . 
( IL )  g r a n t s  t o  J .A .W .

286.4 NEURONAL LOCALIZATION OF CHOLECYSTOKININ mRNAS IN RAT AND GUINEA 
PIG BRAIN. M. Ré t h e l v i * .  D. McGehee* and P .K . Lund* (SPON: E .R . 
P e r l ) .  D e p t . o f  P h y s i o l . ,  U n iv . o f  N o rth  C a r o l in a ,  C hapel H i l l ,  
NC, 27514 .

We have  u se d  in  s i t u  h y b r id i z a t i o n  h i s to c h e m is t r y  (ISHH) to  
i d e n t i f y  c e l l u l a r  s i t e s  o f  c h o le c y s to k in in  (CCK) b io s y n th e s i s  by 
l o c a l i z a t i o n  o f  mRNAS u s in g  la b e l e d  s y n th e t i c  o l ig o d e o x y -  
r i b o n u c l e o t i d e  (o l ig o m e r )  p r o b e s .  The amino a c id  se q u en ce  o f 
g u in e a  p ig  CCK i s  known, b u t  n o t  th e  se q u en c e  o f t h e  mRNA e n c o d in g  
i t .  G u in ea  p ig  i n t e s t i n a l  CCK h as  a  v a l i n e  r e s id u e  s u b s t i t u t e d  f o r  
t h e  m e th io n in e  r e s id u e  found  a t  p o s i t i o n  6 from  th e  c a rb o x y l -  
te rm in u s  o f  CCK in  o t h e r  mammals. We h av e  p r e d i c te d  th e  se q u en c e s  
o f  s y n th e t i c  o lig o m e rs  t h a t  w ould be a p p r o p r i a t e  p ro b e s  f o r  
l o c a l i z a t i o n  o f  b o th  r a t  and g u in e a  p ig  CCK mRNAs by ISHH.

Two o lig o m e r  p ro b e s  o f  30 and 26 b a s e s  in  l e n g th  w ere 
s y n th e s i z e d  co m p lem en tary  t o  th e  m ost hom ologous r e g io n s  o f  r a t  
and p o r c in e  CCK mRNAs, t h e  c o d in g  se q u e n c e s  f o r  CCK 12 and th e  
f la n k i n g  c a rb o x y - te r m in a l  e x te n s io n .  A t p o i n t s  o f  codon a m b ig u ity  
in  r a t  and p o r c in e  CCK mRNAs, and in  t h e  codon f o r  t h e  am ino a c id  
r e s i d u e  t h a t  d i f f e r s  in  r a t  and g u in e a  p ig  CCK 1 2 , i n o s i n e ,  w hich  
form s s t a b l e  h y b r id s  w i th  a l l  b a s e s  in  mRNA was u se d  in  th e  
com p lem en ta ry  o l i gomer s e q u e n c e s .  The s y n th e t i c  o lig o m e rs  w ere 
e n d - l a b e le d  w i th  32P u s in g  p o ly n u c le o t id e  k in a s e  and h y b r id iz e d  a t  
h ig h  s t r i n g e n c y  (30% fo rm am ide , 1M NaCl a t  42°C ) w i th  p e r f u s io n  
f i x e d ,  c o ro n a l  s e c t i o n s  o f  r a t  and g u in e a  p ig  b r a i n .  A u to ra d io 
g rap h y  was p e rfo rm e d  on h y b r id i z e d  s e c t i o n s  u s in g  Kodak NTB3 p h o to 
g r a p h ic  e m u ls io n . S e c t io n s  w ere c o u n te r s ta in e d  w i th  c r e s y l  v i o l e t .

In  b o th  r a t  and g u in e a  p ig  b r a i n s ,  b o th  o f  t h e  o l ig o m e rs  
s p e c i f i c a l l y  l o c a l i z e d  CCK mRNAs in  n e u ro n s  in  th e  c e r e b r a l  c o r t e x  
and h ip p o cam p u s . In  b o th  s p e c i e s ,  CCK mRNA was l o c a l i z e d  in  medium 
s iz e d  n e u ro n s  in  lam in ae  I I  and VI o f th e  n e o c o r te x ,  in  l a r g e  
n e u ro n s  o f  t h e  s t r a tu m  ra d ia tu m  and s t r a tu m  o r ie n s  in  t h e  CA1 
r e g io n  o f  th e  h ippocam pus and in  th e  h i l u s  o f  th e  d e n ta t e  g y r u s .  
I n  t h e  r a t ,  CCK mRNA was a l s o  found  in  n e u ro n s  l o c a te d  b e tw een  
n e rv e  f i b e r s  in  th e  c o rp u s  c a llo s u m . T h u s, b o th  r a t  and g u in e a  p ig  
b r a i n  shows a s im i l a r  d i s t r i b u t i o n  o f  n e u ro n s  e x p re s s in g  CCK mRNA.

M apping o f  CCK mRNAs r e p r e s e n t s  a  f i r s t  s t e p  to w ard  
i n v e s t i g a t i o n s  o f  t h e  r e g u l a t i o n  and s ig n i f i c a n c e  o f  n e u ro n a l  CCK 
s y n t h e s i s .  L o c a l i z a t i o n  o f  g u in e a  p ig  CCK mRNAs was a c h ie v e d  u s in g  
o lig o m e r  se q u e n c e s  b a se d  on  c o n se rv e d  mam m alian CCK mRNA se q u en c e s  
and  w i th  th e  u s e  o f  i n o s in e  a t  am biguous b a s e s .  T h is  s t r a t e g y  in  
p ro b e  d e s ig n  f o r  ISHH may have  b ro ad  a p p l i c a t i o n  f o r  t h e  c e l l u l a r  
l o c a l i z a t i o n  o f  o t h e r  n e u ro p e p t id e  mRNAs.

S p o n so red  by g r a n t  NS 10321 and by a  c o l l a b o r a t iv e  a rra n g e m e n t 
b e tw een  NIH, USA and M in i s t r y  o f  H e a l th ,  H ungary .

286.5 MEASUREMENT OF ACTH AND CRF IMMUNOREACTIVITY IN ADRENAL GLAND AND 
LYMPHOCYTES. J.C . R itch ie , M.J. Owens*, L.W. O'Conner*, A.E. 
Kegelmeyer*, J .T . Walker*, M. Stanley*, G. B isse tte  and C.B. 
Nemeroff. Dept. Psychiatry and Pharmacology, Duke Univ. Med. Ctr. 
Durham, NC 27710

As p a rt of an ongoing research  e f fo r t  to e lu c id a te  the physio
logical mechanisms th a t  regu la te  adrenal c o rtic a l fu n c tio n , the 
p o s s ib il i ty  th a t  adrenocortico troph ic  hormone (ACTH) and c o r t i 
cotropin re le a s in g  fa c to r  (CRF) are p resen t in various peripheral 
tis su e s  was in v estig a ted .

To determine the concentration  o f these peptides in adrenal 
t is s u e ,  adrenal glands were placed in dry ice  a t  time of s laugh ter 
(bovine) or a t  autopsy (human) and transpo rted  to  the labo ra to ry . 
The tis su e  was minced and suspended in 1.0 N hydrochloric acid 
(20 ml/gm). The tis su e /a c id  suspension was then homogenized and 
sonicated  on ice  to ensure cel l  d isrup tion  and the debris was 
sedimented by cen tr ifu g a tio n . ACTH and CRF-like immunoreactivity 
was measured in the re s u lta n t c le a r  supernatant using sen s itiv e  
and sp ec if ic  radioimmunoassay methods.

Lymphocyte concentrations o f these peptides were determined by 
a s im ila r  ex trac tio n  technique performed on peripheral lymphocytes 
iso la ted  by Ficoll-Hypaque density  g rad ien t c en trifu g a tio n .

Low d e tec tab le  q u a n titie s  of ACTH were found in both the lympho 
cytes and ad renals . The human adrenals averaged 1.33 pmol 
ACTH/gm wet w eight. Lymphocytes contained approximately 1 p g /106 
c e l l s .  This immunoreactivity produced curves upon d ilu tio n  p a ra l
le l  to  the standard curve fo r  ACTH 1-39. CRF was undetectable 
(<0.625 pg) in adrenal tis su e  from e i th e r  species but was d e te c t
able in low q u a n titie s  in the peripheral lymphocytes. This lympho
cyte CRF immunoreactivity showed curves p a ra lle l to the standard 
curve upon d ilu tio n .

The p o s s ib i l i ty  th a t  lymphocytes contain high a f f in i ty  binding 
s i te s  for-CRF was s tud ied  by using a high sp ec if ic  a c t iv i ty  
iod inated  CRF analog, 125I-Tyr° CRF. No such binding s i te s  were 
d e tected .

These find ings ra is e  the in te re s tin g  p o s s ib i l i ty  th a t  c i r c u la t 
ing lymphocytes may influence g lucocortico id  production by an 
action  on the adrenal co rtex . Further s tu d ies  are underway to  
fu lly  ch a rac te riz e  these immunoreactive compounds and to determine 
th e ir  possib le  ro le ( s )  in hypothalam ic-p itu itary -adrenal physio
logy.

286.6 STUDIES ON THE DISTRIBUTION AND RELEASE OF MAMMALIAN BRAIN 
TACHYKININS. H A ra l*  F J  D ie z -G u e rra *  and  P C Emson. MRC G roup, 
D e p t. o f  N e u ro e n d o c r in o lo g y , AFRC I n s t i t u t e  o f  A nim al P h y s io lo g y ,  
Babraham , C am b rid g e , CB2 4AT, UK.

N e u ro k in in  A and n e u ro k in in  B (NKA and NKB) and n e u ro p e p t id e  K 
(NPK) h ave  b e e n  i s o l a t e d  from  p o r c in e  b r a i n  and  s p in a l  c o rd  
(K im ura e t  a l . ,  P ro c . J a p a n ,  A cad. 59 101-104 1983, Tatem oto 
e t  a l . ,  B iochem . B io p h y s . R es. Commun. 128 947-953  1 9 8 5 ). T hese 
t a c h y k in in s  t o g e t h e r  w i th  s u b s ta n c e  P (SP) c o n s id e r a b ly  e x te n d  
th e  l i s t  o f  t a c h y k in in s  p r e s e n t  i n  th e  mam m alian b r a i n .  I n  o r d e r  
to  s tu d y  th e  m e ta b o lis m , r e l e a s e  and d i s t r i b u t i o n  o f  th e s e  t h r e e  
a d d i t i o n a l  t a c h y k in in s  HPLC s e p a r a t i o n s  c o n d i t i o n s  and s e n s i t i v e  
rad io im m u n o a ssy s  h ave  b een  d e v e lo p e d  to  a llo w  unam biguous 
i d e n t i f i c a t i o n  o f  NKA, NKB, NPK and SP i n  r a t  b r a i n  s a m p le s .

The d i s t r i b u t i o n  o f  NKA c lo s e l y  p a r a l l e l s  t h a t  o f  s u b s ta n c e  P 
w i th  h ig h  c o n c e n t r a t i o n s  i n  th e  s t r i a t o - n i g r a l  sy s te m  and in  th e  
s u b s t a n t i a  g e l a t i n o s a .  NPK i s  a l s o  c o n c e n t r a t e d  i n  t h e s e  
r e g i o n s ,  b u t  i s  r e l a t i v e l y  e n r ic h e d  i n  c e r e b r a l  c o r t i c a l  
r e g i o n s ,  w here i t  i s  th e  m a jo r  form  o f  N K A -like im m u n o re a c tiv i ty .  
NKB was m ost c o n c e n t r a t e d  i n  th e  s p in a l  c o rd .  S tu d ie s  on th e  
e l e c t r i c a l l y  evoked  r e l e a s e  o f  t a c h y k in in s  from  th e  s u b s t a n t i a  
n i g r a  show t h a t  NKA, NPK, NKB and SP a re  r e l e a s e d  in  a  c a lc iu m  
d e p e n d e n t ,  t e t r o d o to x i n  s e n s i t i v e  m anner and  t h a t  th e  r e l e a s e  
o f  N K A -like im m u n o re a c tiv i ty  i s  i n f lu e n c e d  by G A B A -agon ists .

H A ra i  i s  s u p p o r te d  by th e  UK M e n ta l H e a lth  F o u n d a tio n  and 
F J  D ie z -G u e rra  by th e  B r i t i s h  C o u n c i l .
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286.7 ARE ENZYME INHIBITORS BENEFICIAL FOR STUDYING MOLECULAR PROFILES 
OF IMMUNOREACTIVE ACTH AND β -ENDORPHIN IN RAT BRAIN AND PITUITARY? 
L eonard  P. K a p c a la , M .D.* (SPON: N. P i l o t t e ) .  D e p ts .  o f  M ed., 
C ase W este rn  R e se rv e  U n iv . ,  M e tro . G en. H o s p .,  C le v e la n d ,  OH 44109 
and U niv . o f  M aryland S ch . o f  M ed., B a l t im o r e ,  MD 2 1 201 .

P r o c e s s in g  o f  p r o -o p io m e la n o c o r t in  (POMC) in  b r a in  and 
p i t u i t a r y  r e s u l t s  in  v a r io u s  p r o p o r t io n s  o f  m u l t ip l e  p e p t id e s  
i n c lu d in g  ACTH1 -3 9 , β - e n d o r p h in  and r e l a t e d  d e r i v a t i v e s  a p p e a r in g  
a s  im m u n o re a c tiv e  ( IR -)  ACTH and I R - β - e n d o r p h in .  B ecau se  i t  i s  
d e s i r a b l e  t h a t  m o le c u la r  p r o f i l e s  o f  PO M C -related  p e p t i d e s  r e f l e c t  
in  v iv o  p r o c e s s in g  and n o t  i s o l a t i o n  a r t i f a c t ,  i n h i b i t i o n  o f  
p r o t e o l y t i c  a c t i v i t y  d u r in g  e x t r a c t i o n  i s  c r i t i c a l .  Enzyme 
i n h i b i t o r s  h ave  been  a d v o c a te d  d u r in g  th e  e x t r a c t i o n  o f  POMC- 
r e l a t e d  p e p t i d e s ,  h o w ev er, th e  b e n e f i t  o r  n e c e s s i t y  o f  u s in g  
enzyme i n h i b i t o r s  h a s  n o t  been  e s t a b l i s h e d .  A s tu d y  was p e rfo rm e d  
to  d e te rm in e  th e  b e n e f i t  o f  u s in g  enzyme i n h i b i t o r s  f o r  s tu d y in g  
m o le c u la r  p r o f i l e s  o f  IR-ACTH and I R - β - e n d o r p h in  from  r a t  b r a in  
and p i t u i t a r y .  E x t r a c t s  w ere o b ta in e d  from  a d u l t  h y p o th a la m u s , 
am y g d ala , a n t e r i o r  p i t u i t a r y  and n e u r o in t e r m e d ia te  lo b e  w ith  0.2 
N HCl  and an enzyme i n h i b i t o r  (p h e n y lm e th y ls u l f o n y l  f l u o r i d e ,  
io d o a c e ta m id e ,  N -e th y l  m a le im id e , p e p s t a t i n  A, o r  d i t h i o d i -  
p y r id i n e )  o r  no enzyme i n h i b i t o r  ( c o n t r o l )  and h e a t  i n a c t i v a t i o n  
in  a b o i l i n g  w a te r  b a th  p r i o r  t o  and a f t e r  h o m o g e n iz a tio n . 
M o le c u la r  p r o f i l e s  u s in g  G-75 Sephadex u n d e r  d e n a tu r in g  c o n d i t i o n s  
(8 M u r e a )  w ere com pared to  d e te rm in e  i f  t h e  enzyme i n h i b i t o r  
a l t e r e d  th e  m o le c u la r  p r o f i l e  by i n h i b i t i n g  e x t r a c t i o n  p r o t e o l y s i s  
and t h e r e f o r e  show ing  an i n c r e a s e  in  th e  p r o p o r t io n  o f  l a r g e r  
m o le c u la r  fo rm s . Each t i s s u e  showed a c h a r a c t e r i s t i c  m o le c u la r  
d i s t r i b u t i o n  o f  IR-ACTH and IR -β - e n d o r p h in  on c h ro m a to g ra p h ic  
s e p a r a t i o n .  M o le c u la r  p r o f i l e s  w hich  w ere q u a l i t a t i v e l y  s im i l a r  
w ere a n a ly z e d  to  d e te rm in e  th e  p r o p o r t io n  o f  IR-ACTH and IR -  
β - e n d o r p h in  e l u t i n g  b e f o r e ,  w ith  and a f t e r  s y n th e t i c  ACTH and 
β-- e n d o r p h in ,  r e s p e c t i v e l y .  T h e re  was no s i g n i f i c a n t  i n c r e a s e  in  
t h e  p r o p o r t io n  o f  l a r g e r  m o le c u la r  fo rm s in  t h e  e x t r a c t s  o b ta in e d  
in  th e  p r e s e n c e  o f  an enzyme i n h i b i t o r  v s .  t h e  c o n t r o l  (no  enzyme 
i n h i b i t o r ) .  The a d d i t i o n  o f  t h e s e  enzyme i n h i b i t o r s  d u r in g  th e  
e x t r a c t i o n  o f  PO M C -related  p e p t id e s  from  h y p o th a la m u s , am y g d a la , 
a n t e r i o r  p i t u i t a r y  o r  n e u r o in t e r m e d ia te  lo b e  d id  n o t  p r o v id e  
a d d i t i o n a l  i n h i b i t i o n  o f  p r o t e o l y t i c  a c t i v i t y  o v e r  t h a t  o f  t h e  
c o n t r o l .  C o n c lu s io n : Enzyme i n h i b i t o r s  a r e  n o t  b e n e f i c i a l  f o r  
i n h i b i t i n g  p r o t e o l y t i c  a c t i v i t y  in  t h e  s tu d y  o f  m o le c u la r  p r o f i l e s  
o f  IR-ACTH and I R - β - e n d o rp h in  from  r a t  b r a in  and p i t u i t a r y  when 
t i s s u e  p r o te a s e s  a r e  i n h i b i t e d  w ith  a s t r o n g  a c id  and h e a t  
i n a c t i v a t i o n .

286.8 NON-RIBOSOMAL BIOSYNTHESIS OF N-ACETYLASPARTYLGLUTAMATE 
BY SPINAL SENSORY GANGLIA, IN VITRO.C .B .C a n q ro * , M.A.A. 
N a m b o o d ir i,  L .A .S k la r *  and  J .H .N e a le , D e p t . o f  B io lo g y ,  
G eorge tow n  U n i v e r s i t y ,  W ash in g to n , D. C. 20057 .

N - a c e ty l a s p a r ty lg lu t a m a te  (NAAG) h a s  lo n g  been  
r e c o g n iz e d  a s  one o f  t h e  m ore p r e v a l e n t  d i p e p t i d e s  in  
th e  n e rv o u s  s y s te m . We h av e  p a r t i c i p a t e d  i n  s t u d i e s  
o f  NAAG i n  t h e  s p i n a l  s e n s o r y  a x i s ,  u s in g  s e v e r a l  
a p p ro a c h e s .  NAAG h a s  b e en  fo u n d  t o  a c t i v a t e  t h e  NMDA 
c l a s s  o f  g lu ta m a te  r e c e p t o r s  when a p p l i e d  t o  s p i n a l  
c o rd  n e u ro n s ,  b u t  i t  i s  s e v e r a l  h u n d r e d - f o ld  l e s s  
e f f e c t i v e  th a n  g lu ta m a te  (W estb ro o k  e t  a l . ,  J .N e u r o s c i .  
i n  p r e s s ,  1 9 8 6 ) .  A n t i s e r a  w h ich  we p r e p a r e d  a g a i n s t  
NAAG h av e  d e m o n s t r a te d  t h e  p r e s e n c e  o f  im m u n o r e a c t iv i ty  
(IR ) i n  a s u b p o p u la t io n  o f  s p i n a l  s e n s o r y  n e u ro n s , 
s u g g e s t in g  a r o l e  f o r  t h e  d i p e p t i d e  i n  a d i s c r e t e  
p r im a r y  a f f e r e n t  f u n c t i o n .

NAAG b i o s y n t h e s i s  by  s p i n a l  s e n s o r y  g a n g l i a  was 
s t u d i e d  by  f o l lo w in g  th e  i n c o r p o r a t i o n ( 3 h r)  o f  3H- g l u t 
a m in e , 3H -g lu ta m a te  and  3H - a s p a r t a t e  i n t o  t h e  d i p e p t id e  
d u r in g  in c u b a t io n  i n  v i t r o .  Newly s y n th e s i z e d  NAAG was 
e x t r a c t e d  from  t h e  c e l l s  and  p u r i f i e d  u s in g  s e q u e n t i a l  
c a t i o n  ex ch a n g e  c h ro m a to g ra p h y , a n io n  e x ch an g e  HPLC and 
r e v e r s e  p h a s e  HPLC. A s i g n i f i c a n t  r a d i o l a b e l  i n c o r p o r a 
t i o n  from  3H -g lu ta m in e  and  3H -g lu ta m a te  was d e t e c t e d ;  
g lu ta m in e  was a m ore e f f i c i e n t  p r e c u r s o r  th a n  g lu ta m 
a t e ,  i n d i c a t i n g  th e  in v o lv e m e n t o f  th e  g lu ta m in e -  
g lu ta m a te  c y c l e .  A c id  h y d r o ly s i s  o f  th e  r a d i o l a b l e d  
NAAG f o l lo w e d  by  a n io n  ex ch a n g e  HPLC show ed th e  r a d i o 
l a b e l  t o  be  i n  g lu ta m a te .  3H -A s p a r ta te  i n c o r p o r a t io n  
i n t o  NAAG c o u ld  n o t  be  d e t e c t e d  u n d e r  s i m i l a r  in c u b a 
t i o n  c o n d i t i o n s ,  s u g g e s t in g  a p r e c u r s o r  r o l e  f o r  th e  
l a r g e ,  c e l l u l a r  N - a c e t y l a s p a r t a t e  p o o l .  I n c u b a t io n  of 
t h e  g a n g l i a  w i th  200 μM c y c lo h e x im id e  o r  a n is o m y s in  one 
h o u r p r i o r  t o  i n c o r p o r a t i o n  o f  t h e  r a d i o l a b e l ,  s u b s ta n 
t i a l l y  re d u c e d  in c o r p o r a t i o n  i n t o  p r o t e i n ,  b u t  d id  no t 
i n h i b i t  t h e  b i o s y n t h e s i s  o f  NAAG. D e m o n s tr a t io n  o f  th e  
n o n r ib o s o m a l s y n t h e s i s  o f  NAAG ex p an d s  t h e  p o s s ib le  
r o l e s  o f  t h i s  m o le c u le  t o  i n c lu d e  th e  m e ta b o lic  
r e g u l a t i o n  o f  f r e e  g lu ta m a te  w i th in  some n e u ro n s .

In  a n o th e r  a p p ro a c h  t o  t h e  s tu d y  o f  s e n s o r y  neu rons  
w h ich  e x p r e s s  NAAG-IR, we h av e  a n a ly z e d  th e  s i z e  of 
t h e s e  c e l l  b o d ie s  and  h av e  fo u n d  them  g e n e r a l l y  to  be 
l a r g e r  th a n  th o s e  w h ich  we p r e v io u s ly  i d e n t i f i e d  as 
p o s s e s s in g  e l e v a t e d  g lu ta m in a s e .  D ouble  l a b e l  immuno- 
h i s to c h e m ic a l  s t u d i e s  o f  g l u t a m a t e - r e l a t e d  m o le c u le s  
a r e  b e in g  p u rs u e d  i n  o r d e r  t o  o b t a i n  f u r t h e r  i n s i g h t  
i n t o  t h e  r o l e  o f  NAAG i n  t h e  n e rv o u s  s y s te m .

286.9 IN VITRO TRANSLATION OF RNAS ENCODING TWO TYPES OF RAT PREPRO- 
TACHYKININS. M.R. MacDonald* & J .E . Krause (SPON: G. Cole). Dept. 
Anatomy & Neurobiology, Washington Univ. Sch. Med., S t. Louis, MO 
63110.

We are in te re s ted  in processing events th a t lead to  the forma
tio n  of the ra t  tachykinin tran sm itte rs  Substance P (SP) and Sub
stance K (SK) from th e ir  common precursor p ro te in . Because the 
precursor is  not p resen t in  vivo in  large amounts, and because the 
mRNA is  found only in low amounts and in  complex t is s u e s , stud ies 
u t i l iz in g  iso la te d  precursor p ro te in  or mRNA are d i f f ic u l t .  With 
advances in  molecular b io lo g ica l techniques, i t  i s  possib le  to  
syn thesize , in v i t r o , RNA th a t corresponds to  mRNA found in v ivo. 
This cRNA can be tran s la ted  in v itro  to  produce p ro te in , which can 
then be used fo r processing s tu d ies . Because cDNAs represen ting  
several types of a lte rn a te ly  sp liced  messages fo r the SP precursor 
have been cloned in our laborato ry , we decided to  use th is  tech
nique to  study tachykinin production.

The coding regions fo r r a t  SP precursor p ro te in  from cDNAs of 2 
a lte rn a te ly  sp liced  messages, β-  and γ - types, have been subcloned 
in to  two vecto rs , pGEM1 and pSP64T, containing v ira l  promotors. By 
DNA sequence analysis i t  has been determined th a t the mRNAs th a t 
these clones represen t code fo r p ro teins of Mr 15,003 and 13,343, 
re sp ec tiv e ly , and th a t both types code fo r amino acid sequences, 
which could be processed to  form SP and/or SK. Using SP6 RNA poly
merase, β-  and γ -type cRNAs have been tran scrib ed , followed by 
tra n s la t io n  in  a wheat germ c e l l - f re e  system. Each produces one 
predominant p ro te in ; the β-  and γ -type p ro teins d if fe r  in  size  by 
~1,800 D, as determined by sodium dodecyl -s u lfa te  polyacrylamide 
gel e lec tro p h o resis  (SDS-PAGE). Inclusion of the  cap analog 
methyl7G(5' )ppp(5')G in  the tran sc r ip tio n  reac tion  produces cRNA 
whose in v itro  tra n s la t io n  is  enhanced 7- to  17-fold.

Having produced lab e lled  p recursor p ro te in , early  processing 
events were examined, which may include signal peptide cleavage or 
other co -tra n s la tio n a l  endoplasmic re ticu lum -associated  step s . In
clusion of canine pancreatic  microsomes during tra n s la t io n  re su lts  
in  the conversion of the primary product to  a try p sin  re s is ta n t  
form th a t  m igrates in  SDS-PAGE with an apparent increase in  molec
u la r  weight of ~4,000 D, suggestive of g lycosy la tion . However, the 
deduced precursor sequence contains no consensus s i te s  fo r N- 
linked g lycosy lation . Experiments are in  progress to  determine the 
nature of th is  m odification.

Future experiments w ill address the nature of processing events 
th a t  occur in  other su b ce llu lar lo ca tio n s . We intend to  d e lineate  
the events th a t lead to  the production of SP, SK, and other poten
t i a l l y  b ioac tive  peptides from the precursor p ro te in , and d e te r
mine which of these steps might be regulated  in vivo.

Supported in  p a r t by funds from Washington U n iv e rsity 's  Divis
ion of Biology and Biomedical Sciences, and by NIH grant NS21937.

286.10 IN VIVO BIOSYNTHESIS OF VASOPRESSIN AND OXYTOCIN IN INDIVIDUAL 
SALINE-CHALLENGED RATS. P. Camp* and J .F . McKelvy. (SPON:C Phelps) 
Neurobiology and Behavior, S ta te  U niversity  of New York a t Stony 
Brook, Stony Brook, NY 11794.

As the major a n tid iu re tic  hormone, a rg in ine vasopressin (AVP) 
re lease  responds to  changes in  the osmotic balance and blood 
pressure of the animal. Oxytocin (OT) i s  a lso  re leased during 
osmotic imbalance, however the ro le  of OT in  s a l t  and water 
balance is  s t i l l  undetermined. We measured the in  vivo 
b iosyn thesis of AVP and OT in  response to  an o ra l sa lin e  
challenge. Control male ra ts  had free  access to  drinking water, 
while the experimental r a ts  had 2% sa lin e  to  drink fo r 6 days. 
All r a ts  were b i la te r a l ly  cannulated to  the area ju s t  dorsal to 
the p a rav en tricu la r nucleus of the hypothalamus (A: 0.2 mm, 
L: 0.5 mm, V: 7.3 mm with respect to  bregma). Twenty-four hours 
l a t e r ,  each r a t  received a 2 hour pulse of 35S-cysteine (500uCi) 
using an Alzet osmotic mini-pump delivery  system a t a flow ra te  
of 1 u l/hour. A fter a 2-4 hour chase period, during which time 
a r t i f i c i a l  b ra in  e x tra c e llu la r  f lu id  was infused, the r a ts  were 
decap ita ted . Trunk blood was co llec ted  fo r radioimmunoassay of 
AVP and OT.  The neural lobe of the p itu i ta ry  was removed 
immediately and homogenized in  ice-co ld  ex trac tio n  bu ffer 
(1% NaCl , 1% TFA, 5% HCOOH, 1M HCl ) . Standard c a rr ie r  AVP and 
OT were added a t  the time of homogenization. 35S-cysteine- 
labeled  AVP and OT were p u rif ie d  by sequen tial l in e a r  HPLC 
grad ien t an a ly sis , chemical m odification , and exponential HPLC 
grad ien t analyses. As described prev iously , we have id en tif ie d  
35S-labeled  m ateria l from the neural lobe which co -p u rifie s  
with c a rr ie r  AVP and OT. In th is  study, we have demonstrated 
th a t  the amount of 35S-labeled  AVP and OT increases a f te r  6 days 
of o ra l 2% sa lin e . A dditionally , p roportionately  more AVP was 
labeled than OT.
(Supported by grants NS 20372 and NIMH MH 18010.)
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286.11 REGULATION OF PRODYNORPHIN SYSTEM IN THE BASAL GANGLIA: INFLUENCE 
OF LITHIUM AND HALOPERIDOL. S.P. Sivam, K. Takeuchi, S. Li*, O. 
Civel l i ,  J. Douglass, E. Herbert and J .S . Hong, Neuropharmacology 
Section , Laboratory of Behavioral and Neurological Toxicology, 
NIEHS, NIH, Research Triangle Park, NC 27709 and I n s t i tu te  for 
Advanced Biomedical Research, The Oregon Health Sciences Univer
s i t y ,  Portland , OR 97201.

Previous repo rts  ind ica te  th a t the antimanic drug lith iu m , and 
the an tip sycho tic  drug haloperidol a f fe c t  neuropeptide systems such 
as Met5 -enkephalin and Substance P in the basal ganglia . Recent 
rep o rts  show th a t there  is  a d is t in c t  s tr ia to n ig ra l  dynorphinergic 
pathway and th a t dynorphin is  present in high concentrations in the 
su b stan tia  n igra . The aim of th is  study was to understand the pos
s ib le  influence of lith ium  and haloperidol alone or in combination 
on the s tr ia to n ig ra l  dynorphinergic pathway. The study was done 
using male Fisher-344 ra ts  following subchronic adm in istra tion  of 
lith ium  ch loride  or chronic oral adm in istra tion  of a lith ium - 
containing d ie t .  Subchronic adm in istra tion  of lith ium  (4 mEq/kg, 
i .p .  fo r 1, 2, 4, or 6 days) increased s t r i a ta l  dynorphin A (1 -8)- 
lik e  immunoreactivity (DYN) in a time-dependent fashion. The 
increase  in s t r i a ta l  DYN returned to control level e ig h t days fo l
lowing the cessation  of a four-day regimen of lith ium  adm in istra
t io n . Concurrent adm in istra tion  of lith ium  and an op iate  antago
n i s t ,  naltrexone or a dopamine receptor blocker haloperidol did 
not influence the changes induced by lith ium . Chronic oral admin
is t r a t io n  of lith ium  for 7, 14, 21 or 28 days led to a tim e-rela ted  
increase  in DYN in the stria tum . A dm inistration of haloperidol 
( 1 mg/kg fo r 21 days) with a 21 day oral adm in istra tion  regimen of 
lith ium  fa ile d  to a f fe c t  the increase in DYN e l ic i te d  by lith ium . 
None of the treatm ents a ffec ted  the DYN in the sub stan tia  n ig ra . 
The prodynorphin messenger RNA abundance in the stria tum  was quani- 
ta ted  by hybrid ization  procedure using a prodynorphin RNA probe 
generated from the Riboprobe system. Prelim inary evidence from 
Northern b lo t analy sis  reveals th a t the prodynorphin messenger RNA 
abundance is  m arginally  increased following chronic oral adm in istra
tio n  of lith ium  for 28 days. A more de ta iled  analy sis  of changes 
in  prodynorphin messenger RNA a f te r  lith ium  treatm ents is  underway. 
The re s u lts  suggest th a t lith ium  a ffe c ts  the dynamics of prodynor
phin b iosyn thesis and metabolism in the s tr ia to n ig ra l  p ro jec tion  
whereas haloperidol does not.

286.12

WITHDRAWN

286.13 ALPHA2-ADRENERGIC MODULATION OF ANGIOTENSIN II RELEASE FROM 
NEURONAL CULTURES. K. Hermann*, E.M. Richards*, M.I. P h il l ip s ,  
M.K. Raizada* and C. Sumners. Dept. of Physiology, U niversity of 
F lo rida , G ainesv ille , FL 32610.

In previous stud ies we have shown th a t catecholamines (CA) can 
influence angio tensin  II  recep tor (AngI I -R) regu la tion  in neuronal 
cu ltu re s  in a recip rocal manner, e .g . norepinephrine (NE) e l i c i t s  
downregulation of AngI I -R by acting  a t  alpha1-adrenergic  recep
to rs .  In the p resen t study we wanted to determine whether the 
influence of CA on the neuronal AngII system was lim ited  to 
AngI I -R, or whether AngII i t s e l f  could a lso  be a lte re d . We have 
examined the e ffe c ts  of α2-adrenergic  an tagon ists  on AngII 
re lease  from neuronal c u ltu re s . These were chosen because presyn
a p tic  α2-adrenerg ic  recep tors  (α2 -R) modulate NE re lea se  from 
CA c e l l s ,  and we wanted to  determine whether s im ila r modulation of 
AngII re le a se  occurred. Neuronal cu ltu re s  were prepared from 
whole brains of one day old Sprague-Dawley ra ts  exactly  as 
described previously (Sumners e t  a l . ,  Am. J .  Physio l. 250:C236, 
1986). Cultures grown fo r 10-14 days were used in experim ents, a t  
which time they contained 75-80% neurons. For the re lease  experi
ments cu ltu re s  were washed with PBS and then preincubated fo r 
5 min a t  37°C in  the presence of PBS contain ing  0.75 mM CaCl 2 , 
0.75 mM MgCl 2 and 30 μM glucose (modified PBS). A fter 5 min 
th is  bu ffer was replaced with e ith e r  modified PBS (con tro ls) or 
with bu ffer containing yohimbine (5 μM) fo r 5 min. These incuba
tio n s  were followed by two fu r th e r  incubations (5 min each) in 
re lease  b u ffer . The buffer from each incubation period was co l
lec ted  and AngII  analyzed by radioimmunoassay (RIA) following pur
i f ic a t io n  on Sep Pak C18 C artridges (Ganten e t  a l . ,  Science 221: 
869, 1983). Following each experiment the c e l ls  were ex trac ted  
and AngII con ten t determined by RIA. Yohimbine (YOH, 5 μM) caused 
a s ig n if ic a n t re lease  of AngI I - l ik e  m aterial from neuronal cu l
tu re s  (19.1 ± 4.6%, n = 4 experim ents, 10 d is h e s /e x p t.) .  Results 
are expressed as a percentage of the neuronal AngII  con ten t. In a 
second s e t of experim ents, the e ffe c ts  of d if fe re n t concentrations 
of yohimbine (0.1 - 50 μM) were examined, and re s u lts  c le a r ly  
showed th a t  the stim u la tion  of AngII  re le a se  by th is  α2-blocker 
was dose dependent (e .g . C ontrol, 84.6 pg AngI I - l ik e  m a te ria l/ 
0 .5  ml incubation b u ffer ; YOH, 0.1 μM, 133.7 pg/0.5 ml; YOH, 
1.0 μM, 143.1 pg/0.5 ml; YOH, 10 μM, 215.1 pg/0.5 ml; YOH, 50 μM, 
591.7 pg/0.5 m l). S im ilar re s u lts  were obtained with another 
α 2 -b locker, rauwolsclne (5 μM). Our re s u lts  demonstrate th a t 
In h ib itio n  of α 2-adrenerg ic  receptors re s u lts  i n re lease  of 
AngI I - l ik e  m aterial from neuronal c u ltu re s . These re s u lts  fu r th e r  
demonstrate modulation of the cen tra l AngII system by CA.

Supported by NIH grants NS-19441, HL-33610 and HL-27334.

286.14 CHOLECYSTOKININ RELEASE PROM RAT CAUDATO-PUTAMEN: EVIDENCE FOR 
INHIBITORY CONTROL. M.C. Beinfeld*, L.R. Al l ard* and K. Gysling* 
(SPON: M.H. Cooper) . Department of Pharmacology, S t. Louis 
U niversity  School of Medicine, S t. Louis, MO 63104.

Cholecystokinin LCCKl is  very abundant in  r a t  caudato-putamen 
(cp) . The CCK neurons inneryating  the cp probably o rig in a te  in 
the claustrum -piriform  cortex or the amygdala. Previous stud ies 
on the re le a se  of CCK from cp have focused on the ro le  of dopamine. 
CCK re lease  from s l ic e s  of r a t  cp e l ic i te d  by high potassium which 
was detected  with a CCK RIA was e n tire ly  Ca++ -dependent. Seve ra l 
l in e s  of evidence in d ica te  th a t CCK re lease  from cp i s  in h ib ited  
by some unknown substance (which we c a ll  "X") which i s  re leased  
from cp and cerebral cortex by a Ca++-dependent mechanism. Release 
media from s lic e s  o f cp or cortex in h ib its  the re lease  of CCK from 
fresh  s l ic e s  of cp but not from cortex , which suggests th a t CCK 
re lease  i s  regu la ted  d iffe re n tly  in  cortex than in cp.

The id e n tif ic a tio n  of "X" i s  in  progress. I t  i s  unlikely  th a t 
"X" i s  CCK, GABA, acety lcho line , som atostatin, or leucine 
enkephalin, as CCK, GABA, muscimol, bethanechol, and leucine 
enkephalin do not in h ib it  CCK re lease . The antagonists proglumide 
(CCK), p icro tox in  (GABA), atropine (acetylcholine) or naloxone 
(enkephalin) a lso  do not a l t e r  re le a se . I t  i s  un likely  th a t  "X" 
i s  dopamine, as pharmacological manipulations which e ith e r  
s ig n if ic a n tly  increased or decreased dopamine re lease  had no 
e f fe c t  on CCK re le a se .

Vasoactive in te s t in a l  polypeptide (VIP), which i s  p resen t in 
both cp and cortex , in h ib its  the  potassium -stim ulated re lease  
of CCK in a dose-dependent manner. The maximal e f fe c t  was 
observed a t 10-7M. VIP i s  known to  e levate  cAMP lev e ls  in  r a t  
b ra in . The in h ib ito ry  e f fe c t  of VIP on CCK re lease  may be 
independent of the e levation  of cAMP because treatm ent of cp 
s l ic e s  with fo rsko lin  (2 × 10-6 to  10-4M) did not mimic the 
in h ib ito ry  action  of VIP. I t  i s  a lso  un likely  th a t "X" i s  VIP 
because try p sin  treatm ent of cp o r cortex re le ase  media does not 
block i t s  in h ib itio n  of CCK re lease .

(Supported by NIH g ran ts NS 18335 and NS 18667 to  M.C.B. and 
RR05388 to  S t. Louis U niversity .)
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286.15 REGULATION OF THE METABOLISM OF OPIOID PEPTIDES AND TACHYKININ IN 
THE STRIATONIGRAL PATHWAY BY THE DOPAMINERGIC SYSTEM. S. Li, 
S. P. Sivam, J. F. McGinty1 and J . S. Hong. LBNT, NIEHS, NIH, 
Research Triangle Park, NC, 1Dept. Anatomy, East Carolina Univ., 
G reenv ille , NC, USA.

I t  has been reported th a t the dopaminergic system exerts  potent 
influence on the metabolism of [Met5 ] -enkephalin (ME) and Substance 
P (SP) in the basal ganglia. Recent repo rts  in d ica te  th a t dynorphin- 
l ik e  immunoreactivity (DN-LI) is  present in the s t r ia to -n ig ra l  path
way and is  found in high concentration  in substan tia  n ig ra . How
ever, the regu la tion  of dynorphin (DN) in th is  pathway is  not known. 
The purpose of th is  study was to explore the dopaminergic control 
o f the s tr ia to n ig ra l  DN, SP and ME systems by measuring the leve ls  
o f these peptides a f te r  repeated in jec tio n s  of a dopaminergic ago
n is t  and an tagon ist. Rats received d if f e r e n t doses of apomorphine 
(0 .5  mg-5.0 mg/kg, s .c .  twice a day), haloperidol (1 mg/kg i .p .  
twice a day) or in combination fo r d if f e r e n t periods and were de
cap ita ted  16 h a f te r  the la s t  in je c tio n . Concentrations of DN-LI, 
ME-like immunoreactivity (ME-LI) and SP-like immunoreactivity (SP- 
LI) were determined by radioimmunoassay. Seven d a ily  in jec tio n s  of 
apomorphine (0 .5 , 1 .0 , 2.5 and 5.0 mg/kg) caused a dose-re la ted  in 
crease of DN-LI and SP-LI, s ig n if ic a n tly  both in the s tria tum  and 
su b stan tia  n ig ra . However, such treatm ent fa ile d  to a l t e r  the level 
o f ME-LI in the stria tum . Immunocytochemistry revealed an increase 
in DN-LI and SP-LI, but not ME-LI in ce ll bodies located  in s t r i a ta l  
patches. An increase in fib e r  s ta in in g  of DN-LI and SP-LI, both in 
the stria tum  and in the substan tia  nigra was a lso  observed. In 
another experiment, r a ts  received 5 mg/kg of apomorphine for 1, 3, 
and 7 days. There was a tim e-rela ted  increase in DN-LI and SP-LI 
both in the s tria tum  and su b stan tia  n ig ra . In order to examine 
whether the apom orphine-elicited increase  in DN-LI and SP-LI in the 
basal ganglia is  mediated by dopaminergic recep to rs , haloperidol 
was in jec ted  alone or in combination with apomorphine for 7 days. 
Haloperidol alone fa ile d  to a l t e r  the s t r i a ta l  DN-LI and SP-LI, but 
completely blocked the apomorphine-induced increase in the lev e ls  
of these two pep tides. C onsistent with previous re p o rts , ha lo p e ri
dol caused a la rge  increase  in the s t r i a ta l  level of ME-LI. How
ever, concurrent adm in istra tion  with apomorphine fa ile d  to a f fe c t  
the haloperidol-induced increase  in ME-LI. Single in jec tio n s  of 
various doses of apomorphine caused a decrease a t high doses in the 
s t r i a t a l  lev e ls  of DN-LI and SP-LI, but not ME-LI. I t  is  possib le  
th a t  these in i t i a l  decreases in DN-LI and SP-LI are re la ted  to the 
increase  of the lev e ls  of these peptides a f te r  repeated adm in istra
tio n  of apomorphine. These re s u lts  suggest th a t dopamine exerts  a 
potent influence on the metabolism of DN, SP, and ME in the basal 
gang lia .
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287.1 ANTISERA AND RADIOIMMUNOASSAY (RIA) FOR THE FREE CARBOXYL 
TERMINUS OF SYNENKEPHALIN. W.K. S te l l ,  J . R ossier, M. Chaminade*, 
C. Rougeot* and F. Dray*. Laboratoire de Physiologie Nerveuse, 
C.N.R.S., 91190 G if-sur-Y vette, France, and U .R .I.A ., I n s t i tu t  
Pasteur, P a ris , France.

Synenkephalin (SYN), the  non-opioid N-terminal p a rt of proenke
phalin  (PRO), i s  m etabo lically  s tab le  and a promising marker fo r 
enkephalinergic systems. Because ex is tin g  a n tise ra  to  bovine SYN 
(=bovine PRO(1-70)) are highly sp ec ie s-sp e c ific , we attempted to  
obtain  a n tise ra  again st the  C-term inal octapep tide , SYN(63-70), 
which i s  well conserved in  mammals. By coupling a syn thetic  
peptide , YEESHLLA (=Tyr63 -SYN(63-70) to  KLH, we obtained a ra b b it 
antiserum (681) with which we estab lished  a RIA. We used th is  RIA 
to  d e tec t SYN(63-70)-immunoreactive (SYN-IR) peptides in  mammalian 
t is s u e s ,  ex trac ted  in 1M a ce tic  acid (10 ml/g) and separated by 
Sephadex G100 gel f i l t r a t i o n  in  1M a ce tic  acid . Sequential d iges
tio n  by try p s in  and carboxypeptidase B was employed to  l ib e ra te  
SYN(63-70) from la rg e r  precursors.

Using Tyr63 -SYN(63-70) as standard and 125I-Tyr -SYN(63-70) as 
d isp laceab le  rad io ligand , the  RIA gives IC5O=30-40 fm ole/100μl  and 
s e n s i t iv i ty  ≤3 fm ole/100μl .  C ro ss-reac tiv ity  i s  100% with 
Cys63 -SYN(63-70). 8.6 KDa bovine adrenal peptide (PRO(1-77)) gives 
p a ra lle l  d ilu tio n  curves and 50-100% c ro s s -re a c tiv ity  a f te r  
complete d igestion , but only <10% c ro s s -re a c tiv ity  a f te r  try p s in  
alone and <1% w ithout d ig estio n . C ro ss-reac tiv ity  i s  ≤0.0002% fo r 
Leu-Leu-Ala (=SYN(68-70)) and <10-6 fo r a wide v a rie ty  of enke
phalins and enkephalin-containing pep tides. Therefore the  RIA 
is  sp ec if ic  fo r the  free  C-terminus of SYN and s trong ly  p re fe rs  a 
longer sequence, e .g . SYN(64-70) or i t s  configura tion , to  the  
C-term inal t r ip e p tid e . P a ra lle l  d ilu tio n  curves were obtained fo r 
e x tra c ts  of bovine stria tum  and r e tin a , fe l in e  adrenal, human 
globus p a llid u s  and pheochromocytoma. On gel f i l t r a t i o n  of the 
human and bovine e x tra c ts , more than 90% of the  SYN-IR m ateria l 
coeluted with p u rif ied  na tu ra l bovine PRO(1-77). A minor peak 
a t apparently  lower molecular weight (ca. 2-5 KDa) suggested th a t  
some SYN is  processed to  a sm aller C-term inal fragment in these  
t is s u e s .

These r e s u l ts  show th a t  a n tise ra  to  the  C-term inal p a rt of SYN 
should be usefu l fo r  measuring and purify ing  synenkephalins from 
various mammals, including  man.

(W.K.S., V is itin g  S c ie n tis t  a t the  C.N.R.S., was supported by 
the  A lberta H eritage Foundation fo r  Medical Research, and by the 
Natural Sciences and Engineering Research Council of Canada)

287.2 OXYTOCIN AND VASOPRESSIN PRECURSORS ARE DIFFERENTIALLY PROCESSED 
IN DEVELOPING RAT BRAIN. M. A lts te in*  and H. G ainer, LNN, NICHD, 
National In s t i tu te s  of Health, Bethesda, MD 20892.

T h e  p e p t i d e  h o rm o n e s  a r g i n i n e  v a s o p r e s s i n  (A V P ), o x y t o c i n  (O T ), 
a n d  t h e i r  n e u r o p h y s in s  (N P s ) a r e  s y n t h e s i z e d  a s  l a r g e  p r e c u r s o r  
m o l e c u l e s  w h ic h  a r e  t h e n  p o s t - t r a n s l a t i o n a l l y  p r o c e s s e d  t o  p r o 
d u c e  t h e  m a tu r e  b i o l o g i c a l l y  a c t i v e  h o rm o n e s .  R e c e n t  im m u n o c y to - 
c h e m ic a l  s t u d i e s  f ro m  o u r  l a b o r a t o r y  h a v e  s u g g e s t e d  t h a t  t h e r e  i s  
d i f f e r e n t i a l  p r o c e s s i n g  O f t h e  o x y t o c i n  a n d  v a s o p r e s s i n  p r e c u r s o r s  
i n  t h e  h y p o t h a l a m i c - n e u r o h y p o p h y s i a l  s y s te m  (HNS) d u r i n g  e m b ry o n ic  
d e v e lo p m e n t  ( W h i t n a l l  e t  a l . J .  N e u r o s c i . 5 : 9 8 , 1 9 8 5 ) .  T h e p u r p o s e  
o f  t h e  p r e s e n t  s t u d y  w as t o  d e t e r m i n e :  1 ) When a r e  t h e  p ro h o r m o n e s  
a n d  b i o l o g i c a l l y  a c t i v e  p e p t i d e s  e x p r e s s e d  d u r i n g  e m b r y o n ic  d e v e l 
o p m e n t?  2 )  W hat a r e  t h e  i n v i v o  p a t t e r n s  o f  c l e a v a g e  w h ic h  g e n e r 
a t e  t h e  b i o l o g i c a l l y  a c t i v e  p e p t i d e  f r o m  t h e i r  p r e c u r s o r s ?  We h a v e  
s t u d i e d  t h e  HNS o f  t h e  d e v e l o p in g  r a t  u s i n g  s e n s i t i v e  a n d  s e l e c t 
i v e  im m u n o lo g ic a l  p r o c e d u r e s .  S t u d i e s  o f  p r o c e s s i n g  m e c h a n ism s  
h a v e  r e v e a l e d  t h a t  p ro h o r m o n e s  a r e  u s u a l l y  c l e a v e d  a t  p a i r s  o f  
b a s i c  a m in o  a c i d s  by  a n  e n d o p e p t i d a s e  a c t i v i t y .  I n  t h e  AVP a n d  OT 
p r e c u r s o r s ,  t h e  AVP a n d  OT p e p t i d e s  a r e  l o c a t e d  a t  t h e  N - t e r m i n i ,  
s e p a r a t e d  f ro m  t h e i r  r e s p e c t i v e  NPs by a  G ly - L y s - A r g  s p a c e r  s e 
q u e n c e .  T h e r e f o r e ,  t h e  t h e o r e t i c a l  p e p t i d e  i n t e r m e d i a t e  fo r m s  o f  
p r o c e s s i n g  by  t h e  e n d o p e p t i d a s e  w o u ld  b e  t h o s e  e x t e n d e d  a t  t h e i r  
C - t e r m i n u s  by  e i t h e r  G ly - L y s - A r g ,  G ly -L y s  o r  a  s i n g l e  G ly .  A n t i 
b o d i e s  a g a i n s t  f u l l y  p r o c e s s e d  ( a m i d a te d )  a n d  im m a tu re  e x t e n d e d  
f o r m s  o f  b o t h  h o rm o n e s  w e re  r a i s e d  a n d  c h a r a c t e r i z e d .  S e n s i t i v e  
R IA s w e re  d e v e lo p e d  (3  p g / t u b e )  a n d  u s e d  t o  q u a n t i t a t e  t h e  m a tu r e  
a n d  i m m a tu re  f o r m s  o f  t h e  h o rm o n e s  i n a c i d  e x t r a c t s  o f  b r a i n  a n d  
p i t u i t a r y  a t  v a r i o u s  e m b ry o n ic  (E 1 8 - E 2 2 )  a n d  e a r l y  p o s t n a t a l  
s t a g e s  (P N 7 -P N 2 1 ) . F u l l y  p r o c e s s e d  AVP c o u l d  b e  d e t e c t e d  i n  t h e  
b r a i n  a t  E18 ( 0 . 4 0  n g / r a t ) .  I n  c o n t r a s t ,  no a m id a t e d  fo r m s  o f  OT 
c o u l d  b e  d e t e c t e d  i n  t h e  b r a i n  b e tw e e n  E18 t o  E 2 2 . A n a ly s i s  o f  
i m m a tu re  fo r m s  i n  t h e  b r a i n  r e v e a l e d  no e x t e n d e d  AVP fo r m s  a t  
E 1 8 -P N 2 1 . Im m a tu re  fo r m s  o f  OT, h o w e v e r ,  c o u l d  b e  d e t e c t e d  a s  
e a r l y  a s  E18 (4 0  p g / r a t ) .  T h i s  d i f f e r e n c e  i n  p r o c e s s i n g  o f  t h e  AVP 
a n d  OT i n t e r m e d i a t e s  w a s  a l s o  a c c o m p a n ie d  by  a  l o w e r  e x t e n t  o f  e n 
d o p e p t i d a s e  c l e a v a g e  o f  t h e  OT p r e c u r s o r  ( i . e . ,  a t  E 1 8 - 2 2 ,  o n ly  
a b o u t  20% o f  t h e  OT p r e c u r s o r  w as c l e a v e d ) .  A n a l y s i s  o f  t h e  i n  
v i v o  p a t t e r n s  o f  c l e a v a g e  a t  t h e s e  e a r l y  d e v e lo p m e n ta l  s t a g e s  
r e v e a l e d  t h a t  t h e  m a jo r  p a r t i a l l y  p r o c e s s e d  p r o d u c t  w as O T -G ly - 
L y s - A r g .  T h i s  i n d i c a t e s  t h a t  t h e  e n d o p e p t i d a s e  c l e a v a g e  i n  v iv o  
m u s t  h a v e  o c c u r r e d  a t  t h e  C - t e r m i n u s  o f  A rg  i n t h e  t r i p e p t i d e  
s p a c e r .  T h e  p r e s e n c e  o f  a  s t a b l e  O T - G ly -L y s -A r g  i n t e r m e d i a t e  i n 
t h e  r a t  b r a i n  a t  E 1 8 -2 2  s u g g e s t s  t h a t  a  c a r b o x y p e p t i d a s e - B - H k e  
en z y m e i s  e i t h e r  a b s e n t  o r  i n a c t i v e  i n  O T - n e u ro n s  a t  t h i s  s t a g e  
o f  d e v e lo p m e n t .  T h e  e a r l y  e x p r e s s i o n  o f  a m id a t e d  AVP a n d  t h e  OT 
i n t e r m e d i a t e  i n  t h e  b r a i n  may i n d i c a t e  a  t r o p h i c  f u n c t i o n  f o r  
t h e s e  p e p t i d e s  i n  b r a i n  d e v e lo p m e n t .
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287.3 THE PRESENCE OF IMMUNOREACTIVE α-BAG CELL PEPTIDE[1-8 ]  IN BAG CELL 
NEURONS OF APLYSIA CALIFORNICA SUGGESTS THE EXISTENCE OF NOVEL 
CARBOXYPEPTIDASE PROCESSING. S te fa n  M. P u ls t* ,  B arry  S. Rothman 
and E a rl  Mayeri , D epartm ent o f  P hy sio lo g y , U n iv e rs ity  o f 
C a l i f o r n ia ,  San F ra n c isc o , CA 94143.

α-b ag  c e l l  p e p t id e  ( αBCP), a p u ta t iv e  n e u ro t ra n s m it te r  
r e le a s e d  from bag c e l l  n eu ro n s , has 3 n e u ro a c tiv e  form s: αBCP[1-  
9 ] ,  αBCP[ 1-8 ]  which la c k s  a C -te rm in a l le u c in e , and αBCP[1- 7 ] .  
α BCP[1-9 ]  and [ 1-8 ]  (b u t n o t [1 -7 ] )  a re  p re s e n t in  bag c e l l  
e x t r a c t s  and a r e  r e le a s e d  from bag c e l l s .  T h is su g g e s ts  t h a t  bo th  
form s o f  th e  p e p tid e  se rv e  a s  n e u ro t ra n s m it te r s  and th a t  αBCP[l- 
8] i s  formed b e fo re  r e l e a s e ,  a f t e r  r e l e a s e  o r  bo th  (S ig v a rd t e t  
a l . ,  1986). In  th e  p resen ce  o f  p ro te a s e  i n h i b i to r s ,  th e  amount o f  
α BCP[l-8] in  th e  e x t r a c t  i s  only  app rox im ate ly  10% o f  αB C P [l-9 ]. 
T h is  r a i s e s  th e  q u e s tio n  w hether th e  p resen ce  o f  αBCP[l-8] i s  an 
a r t i f a c t  due to  i ncom plete in h i b i t i o n  o f  ca rboxypep ti dase a c t i v i t y  
d u rin g  e x t r a c t io n ,  o r  w hether i t  i s  due to  a n a tu r a l l y  o c c u rr in g  
in t r a v e s ic u l a r  p ro c e ss in g  e v e n t.

In  su p p o rt o f  th e  l a t t e r  p o s s i b i l i t y  we have found t h a t  bo th  
forms a r e  s ta b le  in  e x t r a c t  f o r  a t  l e a s t  1 h r ,  which su g g e s ts  th a t  
p r o le o ly s is  has been e f f e c t iv e ly  i n h ib i te d .  We s tu d ie d  th i s  
q u e s tio n  f u r th e r  by immunocytochemlcal means. A n tib o d ies  (A B's) 
to  αBCP[1-8 ]  were r a i s e d  in  r a b b i t s ,  and c r o s s r e a c t iv i t y  to  α 
BCP[1-9 ]  and αBCP[1- 7 ]  was absorbed  o u t on a f f i n i t y  columns to  
which th e se  p e p tid e s  were c o v a le n tly  bound. The rem ain ing  AB's 
were p assed  th rough  an αBCP[1-8 ]  a f f i n i t y  column and e lu te d  w ith  
g lycine/H C l  pH 2 .4 .  A f i l t e r  p ap e r a s say  confirm ed t h a t  t h i s  AB 
had on ly  1% c r o s s r e a c t iv i t y  w ith  th e  o th e r  αBCP's. Abdominal 
g a n g lia  were p e r fu s io n - f ix e d  w ith  4 %  p arafo rm aldehyde, and 
c r y o s ta t  c u t s e c t io n s  p ro cessed  f o r  in d i r e c t  immunofl u o rescen c e . 
A djacen t s e c t io n s  were s ta in e d  w ith  th e  AB to  αBCP[1-8 ]  and w ith  
a p re v io u s ly  g en e ra te d  AB th a t  i s  h ig h ly  s p e c i f i c  to  αBCP[1-9 ]  
(Pul s t  e t  a l . ,  1986). In te n s e  im m unoreacti vi ty  to  b o th  p e p tid e s  
was seen  in  bag c e l l  somata and f i b e r s .  S ta in in g  f o r  each  p e p tid e  
was absorbed  o u t by th e  a d d i t io n  o f  1 μM αBCP[1-8 ]  o r  10 μM α 
BCP[l-9] to  th e  r e s p e c t iv e  AB s o lu t io n .

These r e s u l t s  su g g e s t t h a t  bo th  αBCP[1-8 ]  and [1 -9 ]  a re  
p re s e n t  in  bag c e l l  somata and te rm in a ls  and t h a t  a sm all amount 
o f  αBCP[l-9] i s  p ro cessed  to  αBCP[ l - 8 ]  in  v e s ic le s  b e fo re  
r e l e a s e .  A lthough i t  seems u n l ik e ly ,  we canno t exc lude  th e  
p o s s i b i l i t y  t h a t  αBCP[ l - 8 ]  i s  formed d u rin g  th e  p ro cess  o f  
f ix a t io n .  S ince  αBCP[ l - 8 ]  i s  30 tim es a s  p o te n t a s  αBCP[1-9 ]  in  
in h ib i t i n g  l e f t  upper q u ad ran t neurons in  th e  abdom inal g a n g lio n , 
the a c t i v i t y  o f  an in t r a v e s i c u l a r  ca rb o x y p ep tld a se  may re g u la te  
th e  amount o f  in h ib i to r y  a c t i v i t y  r e le a s e d  d u rin g  a bag c e l l  
d is c h a rg e .

S upported  by NIH g ra n t  NS16033.

287.4 PROTEOLYSIS OF FMRFamide: A MODEL OF NEUROPEPTIDE DEGRADATION. 
S . M. L am bert*  and  M. J .  G re e n b e rg . C . V. W hitney  L a b . ,  U n iv . o f  
F l o r i d a ,  S t .  A u g u s t in e ,  FL 3 2 086 .

The d e g ra d a t io n  o f  n e u ro p e p t id e s  a t  t h e i r  t a r g e t  t i s s u e s  i s  a 
fu n d a m e n ta l  a s p e c t  o f  t h e i r  p h y s io l o g ic a l  a c t i o n .  P r o t e o l y t i c  
enzym es m ig h t s e rv e  to  t e r m in a t e  p e p t i d e r g i c  s ig n a l s ;  b u t  a r e  th e y  
n o n s p e c i f ic  p r o t e a s e s ,  o r  do th e y  p o s s e s s  c a t a l y t i c  s p e c i f i c i t y  
f o r  a  p a r t i c u l a r  p e p t id e  o r  p e p t id e  f a m ily ?  The clam  v e n t r i c l e ,  a 
w e l l - c h a r a c t e r i z e d  t a r g e t  t i s s u e  f o r  FMRFamide, was u sed  to  
c h a r a c t e r i z e  th e  enzym es t h a t  m ig h t be d e g ra d in g  t h i s  p e p t id e  and 
i t s  n a t u r a l  a n a lo g s .

When FMRFamide (P h e -M et-A rg -P h e -N H2) i s  in c u b a te d  w i th  e i t h e r  
i s o l a t e d ,  i n t a c t  v e n t r i c l e s ,  o r  v e n t r i c u l a r  membrane p r e p a r a t i o n s ,  
th e  p e p t id e  d i s a p p e a r s  w ith  t im e ,  and s e v e r a l  t r a n s i e n t  p ro d u c ts  
a r e  fo rm ed . The i d e n t i f i c a t i o n  o f  t h e s e  p r o d u c ts  by HPLC and 
am ino a c id  a n a ly s i s  r e v e a le d  th e  c h a r a c t e r i s t i c s  o f  th e  a c t i v i t i e s  
d i r e c t e d  to w ard  FMRFamide. H y d r o ly s is  o c c u r s ,  i n i t i a l l y ,  a t  th e  
p e p t id e  bonds b e tw een  Phe and Met and b e tw een  A rg and P h e -am id e ; 
b u t  th e  p e p t id e  i s  u l t i m a t e l y  d e g ra d e d  to  i t s  c o n s t i t u e n t  am ino 
a c i d s .  The h y d r o ly t i c  a c t i v i t i e s  w ere s o lu b i l i z e d  w i th  d e te r g e n ts  
and p u r i f i e d  by c o m b in a tio n s  o f  g e l  f i l t r a t i o n ,  io n  ex ch an g e  and 
a f f i n i t y  c h ro m a to g ra p h y . T h re e  e n z y m a tic  s p e c i e s ,  a l l  m e t a l l o -  
p e p t i d a s e s ,  w ere d e te c t e d  in  th e  t i s s u e :  a h ig h  m o le c u la r  w e ig h t 
a m in o p e p tid a s e  (900  K d); an  e n d o p e p tid a s e  (500  K d); and a  s m a l le r  
a m in o p e p tid a s e  (90  Kd) w i th  c a t a l y t i c  p r o p e r t i e s  d i s s i m i l a r  to  th e  
l a r g e r  enzym e.

The l a r g e  a m in o p e p tid a s e ,  a  g l y c o p r o t e i n ,  a p p e a r s  t o  have 
l i t t l e  s p e c i f i c i t y  f o r  FMRFamide, e i t h e r  i n  i t s  s u b s t r a t e  r e q u i r e 
m ent o r  b in d in g  a f f i n i t y .  The s m a ll  a m in o p e p tid a s e ,  a lth o u g h  
a c t i v e  a g a in s t  th e  2 -n a p h th y la m id e  d e r i v a t i v e s  o f  m ost am ino 
a c i d s ,  shows a  s t r o n g  p r e f e r e n c e  f o r  p e p t id e s  w i th  a p h e n y la la n in e  
r e s id u e  a t  th e  N - te r m in a l ,  and i t  c o m p le te ly  d e g ra d e s  FMRFamide.

The e n d o p e p t id a s e ,  a  c h lo r id e - d e p e n d e n t  g l y c o p r o t e i n ,  s h a re s  
s i m i l a r i t i e s  w i th  mammalian n e u t r a l  e n d o p e p tid a s e  (EC 3 .4 .2 4 .1 1 ;  
e n k e p h a l in a s e  A ) ,  b o th  i n  i t s  c a t a l y t i c  s p e c i f i c i t y  ( c l e a v in g  a t  
th e  N - te r m in a l  s i d e  o f  h y d ro p h o b ic  am ino a c i d s ) ,  and i n  i t s  
s e n s i t i v i t y  t o  i n h i b i t o r s .  M axim al r a t e s  o f  h y d r o ly s i s  o c c u r  w i th  
th e  FMRFamide se q u e n c e ;  s u b s t i t u t i o n s  a t  any o f  th e  f o u r  r e s id u e s  
o r  N - te r m in a l  e x te n s i o n s ,  d e c re a s e  c a t a l y t i c  e f f i c i e n c y .  In  
p a r t i c u l a r ,  th e  r e p la c e m e n t o f  M et2 by Leu d e c re a s e s  a c t i v i t y  
s i g n i f i c a n t l y .  T h u s , i f  t h i s  e n d o p e p tid a s e  i s  a c h a r a c t e r i s t i c  
com ponent o f  F M R F am id e -se n sitiv e  t i s s u e s  i n  a l l  m o llu s c s ,  th e n  
FLRFamide and i t s  h e p ta p e p t id e  a n a lo g s  w ould be b i o l o g i c a l l y  
s t a b l e .  M ost n o t a b l y ,  s in c e  pQDPFLRFamide h a s  a  b lo c k e d  N- 
t e r m in a l ,  i t  w ould a l s o  be r e s i s t a n t  to  a t t a c k  by a m in o p e p tid a s e s  
and w ould  th e n  f i t  w e l l  i t s  p ro p o se d  r o l e  a s  a c a r d i o r e g u l a to r y  
horm one i n  some p u lm o n a te  s n a i l s .  (S u p p o rte d  by NIH g r a n t  HL- 
2 8 4 4 0 .)

287.5 LOCALIZATION OF ENDOPEPTIDASE 24.11 IN RAT CNS AT THE LIGHT 
AND ELECTRON MICROSCOPIC LEVEL. R. S. Lasher, E. M. Lutz* and 
D. Sanderson*. Dept. of Cellular and Structural Biology, Univ. of 
Colorado Med. Sch., Denver, CO 80262.

Endopeptidases appear to be important in generating biologically 
active fragments of peptides. In the case of substance P, the SP(1-7) 
fragment produced by cleavage of the Phe-Phe bond by the enzyme 
endopeptidase 24.11 (R. Matsas et al., PNAS 80:3111, 1983) appears to be 
the centrally active agent for production of antinociception (3. M. 
Stewart et al., Peptides 3: 8 5 l , 1982). Localization of endopeptidase 
appears to be similar to localization of metabolic products (J . Kenny, 
TIBS 1:40, 1986). We have produced a monoclonal antibody (172-3) of the 
IgM class against endopeptidase 24.11 isolated from rat kidney (F. 
Mulholland and C. Bublitz, unpublished results) in order to visualize its 
distribution in rat CNS. Two types of evidence suggest this antibody is 
specific for endopeptidase 24.11. First, on Western blots, only the band 
corresponding to the enzyme (95,000 MW) reacts with the antibody. 
Second, the antibody appears to markedly potentiate the activity of the 
enzyme, whereas a monoclonal IgM to calcium/calmodulin-dependent 
protein kinase does not affect endopeptidase activity.

Frozen-thawed sections (40 μM) of rat brain and spinal cord fixed by 
perfusion with 5% paraformaldehyde + 0.2% glutaraldehyde were incuba
ted with diluted ascites fluid containing 172-3, rinsed, and processed using 
the ABC-peroxidase technique. At the light microscopic level, localiza
tion of the epitope appeared to be quife specific. For example, in the 
spinal cord it was found to be localized primarily in the gray matter, 
being most prominent around the central canal and in the lateral portion 
of the dorsal horns. In the cerebellum, epitope appeared to be highly 
enriched in the molecular layer, but very sparse in other areas. In the 
medulla (just rostral to the obex), the epitope was most abundant lateral 
and subjacent to the fourth ventricle and in the nucleus of the spinal tract 
of the trigeminal nerve. However, it was virtually absent from the spinal 
tract of the trigeminal nerve. The reaction product generally appeared 
punctate, suggesting a synaptic localization, or it appeared diffuse, but 
without specific subcellular localization. At the ultrastructural level, 
reaction product was primarily associated either with membranes of glial 
processes or with the postsynaptic density and subjacent filamentous 
material within, for example, dendritic spines of Purkinje cells. Little, if 
any, reaction product was seen within presynaptic structures. Controls 
utilizing IgM from MOPC 104E lacked specific staining, and sections 
incubated with antibodies to calcium/calmodulin-dependent protein 
kinases gave a totally different pattern of staining. (Supported by NIH 
grant HL-33534).

287.6 SYNAPTOSOMAL MEMBRANE-BOUND ENDOPEPTIDASE-24.15 AND OPIOID PEP
TIDE PROCESSING. G.R. Acker*, C. Molineaux and M. Orlowski*. 
Department of Pharmacology, Mount Sinai School of Medicine, CUNY, 
New York, NY 10029.

Endopeptidase-24.15, a predominantly soluble m etalloendopepti- 
dase (Orlowski, e t  a l . ,  Eur. J . Biochem., 125:81-88, 1983), is  
found to  be t ig h t ly  bound to  synaptosomal membranes iso la ted  from 
ra t  b ra in . S ubce liu la r frac tio n a tio n  of the enzyme in ra t  brain 
showed th a t  20-25% of the  a c t iv ity  is  associated  with membrane 
f ra c tio n s . The enzyme could be so lu b ilized  from membranes by 
T riton X-100. Twenty-five percent of the to ta l  a c t iv i ty  present 
in p u rif ied  synaptosomal membranes was rap id ly  released by incuba
tio n  with try p s in , but was not removed by repeated washing with 
iso ton ic  sucrose (0.32 M), hypotonic buffers (0.005 M Tris-HCl , 
pH 7 .4 ) , hypertonic s a l t  so lu tions (0.5 M NaCl in Tris HCl , pH 
7.4) or by son ica tion . The sp ec ific  a c t iv i ty  of endopeptidase- 
24.15 in synaptosomal membranes was higher than th a t of endopep- 
tid a s e -2 4 .11. P urified  synaptosomal membranes rap id ly  converted 
dynorphin-(1-8) , α- and β-neoendorphin in to  Leu-enkephalin, and 
converted Met-enkephalin-Arg-Gly-Leu in to  Met-enkephalin in the 
presence of c ap to p ril ,  b e s ta tin  and N -[l-(R ,S )-carboxy-2-phenyl- 
ethyl]-Phe-p-am inobenzoate, i nh ib ito rs  of angio tensin  converting 
enzyme (EC 3 .4 .1 5 .1 ) , aminopeptidase (EC 3 .4 .11 .2 ) and membrane- 
bound m etalloendopeptidase (EC 3 .4 .2 4 .1 1 ), re sp ec tiv e ly . The 
generation of enkephalins was in h ib ited  by N -[l-(R ,S )-carboxy-2- 
phenylethyl]-A la-Ala-Phe-p-am inobenzoate, an a c t iv e -s ite -d ire c te d  
in h ib ito r  of endopeptidase-24.15, ind ica ting  i nvolvement of th is  
enzyme in the observed conversions. The data show th a t  endopep- 
tidase-24 .15  is  t ig h t ly  bound to  synaptosomal membranes and is  
capable of generating Leu- and Met-enkephalin from la rg e r 
pep tides. [Supported by a grant from the NIH, AM-25377].
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287.7 EFFECTS OF CYSTEAMINE INJECTION ON THE IN VIVO 
INCORPORATION OF [35S]-CYSTEINE INTO SOMATOSTATIN-14, 
SOMATOSTATIN-28, ARGININE VASOPRESSIN, AND OXYTOCIN IN RAT 
HYPOTHALAMUS. J .L. CAMERON and J .D. FERNSTROM, Department 
of Psychiatry and Center for Neuroscience, University of Pittsburgh, 
Pittsburgh PA 15213.

The effect of cysteamine injection was studied on the in vivo in
corporation of [35S]-cysteine into somatostatin-14 (SRIF-1471 somato
statin-28 (SRIF-28), arginine vasopressin (AVP), and oxytocin (OXT) 
in rat hypothalamus. [35S]-cysteine was injected into the third 
ventricle 1hr, 4hr, or 1 week after cysteamine (300 mg/kg sc) 
injection. Animals were killed 4 hr later, and hypothalami were 
removed and homogenized, and the resulting supernatants either 
subjected to radioimmunoassay, or run over two sequential HPLC 
separations (Van Itallie and Fernstrom, Brain Research 249: 177, 1982; 
Fisher and Fernstrom, Life Sciences 28: 1471, 1981). Fractions were 
collected and counted for 35S radioactivity; labeling of individual 
peptides was identified as radioactive peaks with the same retention 
times as the standard peptides. Cysteamine was observed to reduce 
substantially immunoreactive levels of somatostatin, but not of OXT or 
AVP 4 hr after its injection. The drug also caused large reductions in 
label incorporation into SRIF-14, SRIF-28, and OXT 1 hr and 4 hr 
after its injection (see table). However, [35S]-cysteine incorporation 
into AVP was increased substantially at these timepoints, while that 
into acid-precipitable protein was normal. One week after cysteamine 
injection, label incorporation into all hypothalamic peptides was normal. 
Cysteine specific activity was also measured after [35S]-cysteine 
injection, and was found to be comparable in treatment and control 
groups. These results suggest that cysteamine injection may inhibit the 
syntheses of SRIF-14, SRIF-28, and OXT, and stimulate that of AVP.
Variable Time a fter cysteamine injection
and Group 1 hr 4 hr 1 wk
SRIF-14 Incorporation

Vehicle 1.90 ± 0.58(3) 1.99 ± 0.26(5) 3.24 ± 1.20(3)
Cysteamine 0.15 ± 0.09(3)* 0.41 ± 0.29(5)* 3.31 ± 1.20(3)

SRIF-28 Incorporation
Vehicle 1.01 ± 0.29(3) 1.16 ± 0.11(5) 1.91 ± 0.60(3)
Cysteamine 0.11 ± 0.10(3)* 0.22 ± 0.10(5)* 1.76 ± 0.70(3)

Oxytocin Incorporation
Vehicle 4.78 ± 1.90(3) 5.53 ± 0.86(4) 5.55 ± 0.26(3)

Cysteamine 0.06±0.06(3)* 1.17 ± 1.00(3)* 5.28 ± 1.90(3)
Vasopressin Incorporation

Vehicle 4.10 ± 1.20(3) 4.81 ± 0.98(4) 3.13 ± 1.40(3)
Cysteamine 9.24 ± 2.50(3)* 9.62 ± 1.80(3)* 3.91 ± 1.50(3)

Means ± sem; incorporation rate = dpm[35S]-peptide/protein speci
f ic  ac tiv ity . *P < 0.025 compared to vehicle values ( t - te s t ) .

287.8 PRECOLUMN DERIVATIZATION OF PEPTIDES WITH PHENYLISOTHIOCYANATE: 
APPLICATION TO THE MEASUREMENT OF THE SECRETORY PRODUCTS OF PER
FUSED BOVINE ADRENAL MEDULLA. M. Dumont, P. M ercier* , S. Lem aire. 
Departm ent of Pharm acology, School of M edic ine, U n iv e rs ity  of Ot
tawa, H ealth  S cience C en ter, Ottawa, O n ta rio , Canada, K1H 8N5.

A ra p id  and u l t r a  s e n s i t i v e  method fo r  th e  i d e n t i f i c a t i o n  and 
q u a n t i f ic a t io n  of p e p tid e  hormones has been deve loped . The method 
i s  based on precolumn d e r iv a t i z a t i o n  of p e p tid e s  w ith  p h e n y liso -  
th io c y a n a te  to  form th e  pheny lth iocarbam oyl d e r iv a t iv e s  (PTC-pep- 
t i d e s ) . The d e r iv a t iz e d  p e p tid e s  a re  in je c te d  on a re v e rse -p h a se  
h igh  perform ance chrom atography (HPLC) column (Zorbax ODS, D upont), 
e lu te d  w ith  a g ra d ie n t of a c e to n i t r i l e  in  sodium a c e ta te  b u ffe r  
(0.03M, pH 6 .4 ) and d e te c te d  a t  269 nm w ith  a l im i t  s e n s i t i v i t y  
of 1 p icom ole. The method was v ery  e f f e c t iv e  in  se p a ra t in g  c lo s e 
ly  r e la te d  p e p tid e s  such as a m ix tu re  of s y n th e t ic  Dynorphin A ( 1- 
13), - ( 1 -1 2 ) ,  - (1 -1 1 ) ,  Leu -  and Met -  e n k e p h a lin s . I t  was a lso  
a p p lied  to  th e  s e p a ra t io n  and id e n t i f i c a t i o n  of se c re te d  p ep tid e s  
in  bovine ad ren a l p e r fu s a te s .  Bovine ad ren a l g lands  were p e r fu 
sed re t ro g ra d e ly  a t  10 ml per min fo r  s ix ty  min w ith  Krebs b u ffe r  
pH 7 .4 . They were then  s tim u la te d  by p e r fu s io n  w ith  a s o lu tio n  
of ca rbam y lcho line  (5 × 10-4 M) fo r  1 .5  min. The e f f lu e n ts  were 
c o l le c te d  5 min p r io r  to  s t im u la t io n s  ( c o n tro ls )  and 5 min, s t a r 
t in g  w ith  th e  beg inn ing  of th e  s tim u la t io n s  ( a s s a y s ) . They were 
passed th rough  Sep Pak C18 c a r t r id g e s  (W aters) and p e p tid e s  were 
e lu te d  w ith  a c e to n i t r i l e  (60% in  0.1% t r i f l u o r o a c e t i c  a c id ) .  The 
e lu te d  m a te r ia l  was t r e a te d  w ith  p h e n y liso th io c y a n a te  and an a ly 
zed on HPLC. Many p e p tid e s  (up to  15 p e p tid e s )  were shown to  be 
re le a s e d  in  th e  p resen ce  of carbamyl c h o lin e . Among th e se  p e p t i 
d e s , L eu-enkephalin  was c l e a r ly  id e n t i f i e d  and i t s  measurement in 
d ic a te d  a b a s a l s e c re t io n  of 0 .6  n mole per 5 min of p e rfu s io n  a t  
10 m l/m in . S tim u la tio n  w ith  ca rbam ylcho line  induced a 4 -fo ld  in 
c re a se  in  th e  r e le a s e  of L eu -enkepha lin . I t  i s  hoped th a t  th e  
proper a p p l ic a t io n  of t h i s  method w i l l  a llow  th e  com plete i d e n t i f i 
c a tio n  and a b e t t e r  q u a n t i f ic a t io n  of s e c re te d  p e p tid e s  from endo
c r in e  g la n d s .
(Supported by th e  Canadian H eart Foundation  and th e  M edical 
R e s e a rc h  C o u n c il  o f  C a n a d a ) .

287.9 RAT BRAIN CATHEPSIN L: CHARACTERIZATION AND COMPARISON TO 
CATHEPSIN B USING MODEL PEPTIDES, PROENKEPHALINS, AND BRAIN 
PROTEINS. M .J . B erg*  and  N. M ark s . C e n te r  f o r  N e u ro c h e m is t ry , 
N athan  S . K l in e  I n s t i t u t e ,  W ard 's  I s l a n d ,  New Y o rk , N.Y. 10035

C a th e p s in  L i s  a  c y s t e i n e  p r o t e i n a s e  known to  d e g ra d e  p r o t e i n s  
a t  s i g n i f i c a n t l y  h i g h e r  r a t e s  th a n  C a th e p s in s  B o r  H, b u t  h a s  n o t  
b e e n  p r e v io u s ly  s tu d i e d  i n  t h e  CNS. To exam ine  i t s  p o t e n t i a l  r o l e  
i n  b r a i n  p r o t e i n  t u r n o v e r ,  we r e p o r t  on th e  f i r s t  i s o l a t i o n  o f a  
r a t  b r a i n  enzyme c o n fo rm in g  i n  p r o p e r t i e s  to  C a th e p s in  L o f  o th e r  
t i s s u e s .  C y s te in e  p r o t e i n a s e s  w ere e x t r a c t e d  and th e n  a c t i v a t e d  
by th e  m ethod o f S u h a r and M arks ( E u r . J .  B io c h e m ., 1 0 1 :2 3 , 1979) 
and  s e p a r a te d  by io n -e x c h a n g e ,  a f f i n i t y ,  h y d ro p h o b ic  i n t e r a c t i o n  
and FPLC (Mono S) ch ro m a to g ra p h y  to  y i e l d  two f r a c t i o n s  h y d ro 
l y s i n g  1) Z -P h e -A rg -  and Z-Arg-Arg-N M ec and 2) p r e f e r e n t i a l l y  
Z-Phe-A rg-N M ec. B o th  f r a c t i o n s  w ere d e v o id  o f C a th e p s in  H as  
ju d g e d  by a b s e n c e  o f  a c t i v i t y  to w a rd s  Arg-NNap, w ere a c t i v e  i n  
p r e s e n c e  o f c y s t e i n e  a t  pH 5 . 5 - 6 . 0 ,  and i n h i b i t e d  by l e u p e p t i n , 
E -6 4 , and  th e  e n d o g en o u s b r a i n  f a c t o r ,  c e r e b r o c y s t a t i n ,  shown 
p r e v i o u s ly  to  s u p p re s s  c y s t e i n e  p r o t e i n a s e  f r a g m e n ta t io n  o f  m y e lin  
b a s i c  p r o t e i n  ( K o p i ta r  e t  a l ,  B iochem . Bi o p h y s . R e s . Commun. 
1 1 2 :1 0 0 0 , 1 9 8 3 ) . F r a c t i o n  1 a c te d  l i k e  a  p e p t i d y l  d i p e p t l d a s e  
to w a rd s  a  m odel h e x a p e p t id e  and s e v e r a l  p r o e n k e p h a l in s ,  and 
d i f f e r e d  i n  s p e c i f i c i t y  a s  com pared to  F r a c t i o n  2 ( C a th e p s in  L ) .

B o th  c y s t e i n e  p r o t e i n a s e s  c o n v e r te d  th e  p ro e n k e p h a l in  ME-RF by 
c le a v a g e  a t  th e  M et5-A rg 6 bond to  l i b e r a t e  M e t-e n k ep h a l i n  and  
A rg -P h e . The k i n e t i c s  o f  p r o e n k e p h a l in  c o n v e r s io n s ,  and th e  
h y d r o ly s i s  o f  f lu o r o g e n ic  s u b s t r a t e s  a r e  c o m p ared . The s p e c i f i c  
a c t i v i t i e s ,  a s  w e l l  a s  th e  c le a v a g e  p r o d u c ts  o b s e rv e d  by g e l -  
e l e c t r o p h o r e s i s  f o r  s e v e r a l  c y to s k e l e t a l  p r o t e i n s  ( s p e c t r i n ,  
t u b u l i n / f i l a m e n t )  a r e  com pared to  p a t t e r n s  o b s e rv e d  f o r  m y e lin  
b a s ic  p r o t e i n ,  and c o l l a g e n  p r o t e i n s .  The p r e s e n c e  i n  r a t  b r a i n  
o f  t h i s  p o t e n t  i n t r a c e l l u l a r  p r o t e i n a s e  i s  r e l e v a n t  to  p r o t e i n  and 
n e u ro p e p t id e  p r o c e s s in g ,  and to  c h an g es  found  a s  a  r e s u l t  o f  
m a tu r a t i o n  and d i s e a s e  s t a t e s .

S u p p o rte d  i n  p a r t  by NS-12578 and th e  K roc F o u n d a t io n .

287.10 ENKEPHALIN HYDROLYSIS IN RAT PLASMA. Susan B. Weinberger, 
Robert C. Walker*, Cara E. Zafuto*, and Joe L. M artinez. J r .  
Psychology D ept., Univ. of C alifo rn ia , Berkeley, CA 94720.

We previously  reported  (M artinez, e t  a l . ,  Neurosci Abs. , 
1985, 11, 982) a very high co rre la tio n  between the  ra te  of 
[leu]enkephalin  (LE) hydro lysis  in  plasma and escape la tency  
on the  f i r s t  t r i a l  in  an a c tiv e  avoidance ta sk . In the p resen t 
study we ch arac te rize  the  enzymes assoc iated  w ith th is  
h y d ro ly s is .

Metabolism of LE was measured in  blood samples co llec ted  
from ra ts  through indw elling femoral a r te ry  cannulae and from 
mice follow ing d ecap ita tio n . Plasma was incubated in  v i tro  a t  
37 deg C w ith 3H-LE (6μ l ,  sp ec if ic  a c t iv i ty  4-3,6 Ci/mmol); 
the re ac tio n  was term inated w ith two volumes of 0.1% 
tr i f lu o ro a c e t ic  acid  in  methanol. Unmetabolized LE was 
separated  from i t s  combined m etabolites by th in  lay e r 
chromatography (Z iring , e t  a l . ,  I n t .  J .  Pep. P ro t. R es., 1983, 
22, 32) and q u an tified  by l iq u id  s c in t i l l a t io n  counting.

The h a l f - l i f e  of LE in  r a t  plasma was determined to  be 2.4- 
min, which i s  in  c lose  agreement w ith the  2.5 min h a l f - l i f e  
determined by Hambrook, e t  a l .  (Nature, 1976, 262, 782) in  a 
vas deferens bioassay . A much longer LE h a l f - l i f e ,  9 .3  min, 
was found fo r  mouse plasma.

Approximately 80% of LE hydro lysis  can be a ttr ib u te d  to  
aminopeptidase a c t iv i ty ,  since b e s ta tin  (5-1500μ M), an 
aminopeptidase in h ib i to r ,  produced concentration-dependent 
decreases in  the  r a te  of LE metabolism, to  a maximum of 80% 
in h ib it io n . Thiorphan-sensitive  d ipeptidylcarboxypeptidase 
("enkephalinase") a c t iv i ty  could not be de tected  when 
th iorphan, in  concentrations up to  10μ M, was te s ted  alone or 
in  combination w ith b e s ta tin .  When 3H -2-d-ala-1-LE, which i s  
rep o rted ly  in s e n s itiv e  to  aminopeptidase degradation , replaced 

3H-LE as su b stra te  fo r  the  re a c tio n , b e s ta tin  (50-1500μ M) 
produced concentration-dependent decreases in  hyd ro lysis , to  a 
maximum o f 30-4.0%, while thiorphan (10μ M) produced only 
10-20% in h ib it io n  of h y d ro lysis . The plasma h a l f - l i f e  of 
2 -d -ala -l-L E  i s  approximately 4-6 h r .  Thus 2 -d -ala -l-L E  i s  
metabolized in  r a t  plasma in  p a r t by an u n id en tified  
b e s ta tin -se n s it iv e  enzyme, and only to  a small ex ten t by 
"enkephalinase."

These da ta  in d ic a te  th a t  aminopeptidase a c t iv i ty  accounts 
fo r  approxim ately 80% of enkephalin hydro lysis  in  plasma, and 
th a t  "enkephalinase" has a minor ro le  in  plasma enkephalin 
metabolism in  the  r a t .

(Supported by ONR N00014-83-K-04.08)
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287.11 SUBCELLULAR AND REGIONAL DISTRIBUTION OF THE MEMBRANE BOUND PYRO- 
GLUTAMATE AMINOPEPTIDASE DEGRADING TRH IN RAT BRAIN. P. Jo seph - 
Bravo*, M .A.Vargas*, M. Méndez*, M. C isneros*and  J .L .C h a r l i*(SPON: 
J .  A laní s ) . D ep t. o f B iochem istry , C entro  de In v e s tig a c io n e s  
sobre In g e n ie r í a Gené t i c a  y B io tecn o lo g í a , U.N.A.M. A .P.70-479 
Méx ic o , D.F. Méx ico

T h y ro tro p in  R e lea s in g  Hormone (TRH) i s  a ca n d id a te  n e u ro tra n s 
m i t te r  in  the  Nervous System. The way by which TRH is  in a c t iv a te d  
once re le a s e d  i s  s t i l l  poo rly  u n d ers to o d . We had shown that TRH i s  
degraded by a membrane bound py rog lu tam ate  amino p e p tid a se  (PGAm) 
d i s t i n c t  from th e  s o lu b le  py rog lu tam ate  am inopep tidase (PGAs). The 
PGAm is  a m e ta l lo p ro te a se  s p e c i f ic  fo r  p e p tid e s  s im i la r  to  TRH 
(G arat e t  a l . , Neu ro p ep tid es  6 :2 7 , 1985). In  o rd e r  to  unders tand  
the  ro le  o f th i s  enzyme in  TRH m etabolism , we have s tu d ie d  TRH 
d e g rad a tio n  in  s l i c e s  and s u b c e l lu la r  f r a c t io n s .  E x ten s iv e ly  
washed hypothalam ic s l i c e s ,  degrade ( 3Hpro)-TRH m ainly to  h is -p ro -  
NH2 by a c tio n  o f th e  PGAm w h ile  th e  c a ta b o lism  by PGAs i s  very  low. 
We developed a s p e c i f ic  assay  fo r  PGAm u s in g  (3H-pro)-TRH as subs
t r a t e  and in h ib i to r s  o f PGAs and fu r th e r  his-proNH2 ca tab o lism . 
With th i s  a s sa y , we showed th a t  th e  enzyme i s  lo c a l iz e d  on synap
tosom al membranes and th a t  PGAs i s  p re s e n t in  low co n c e n tra t io n s  
in  nerve  en d in g s. The PGAm a c t iv i t y  i s  maximal a t  n e u t r a l  pH; the 
a c t i v i t y  i s  th e  same w hether th e  synaptosom es a re  i n t a c t  o r b roken. 
The re g io n a l d i s t r i b u t io n  of th e  PGAm in  b ra in  i s  very  d i f f e r e n t  
from th e  homogeneous d i s t r i b u t io n  o f th e  PGAs. There i s  a 10 fo ld  
d if fe re n c e  between h ig h e r  and low er v a lu es  o f d i f f e r e n t  a re a s :  the 
o rd e r  i s :  o l f a c to ry  bu lb> nucleus accumbens> p o s te r io r  c e re b ra l 
c o r te x  > hypothalam us > c e re b e l la r  c o r te x  >neurohypophysis> mesen
cephalon  >adenohypophysis > pons > c e rv ic a l  a re a  of s p in a l  chord . 
We have a lso  measured in  t i s s u e  s l i c e s ,  th e  re g io n a l d i s t r i b u t io n  
of TRH re le a s e  (b a sa l o r K+ s tim u la te d )  b u t found no c o r r e l a t i o n  
w ith  PGAm a c t i v i t y .  The d a ta  show th a t  th e  PGAm is  lo c a l iz e d  on 
th e  e x te rn a l  face  o f the  sy n a p tic  plasm a membrane and may p lay  an 
im p o rtan t r o le  in  TRH in a c t iv a t io n  once r e le a s e d .  Because of th e  
la c k  o f c o r r e l a t i o n  between th e  PGAm a c t iv i t y  and TRH c o n te n t, re s 
ponse to  r e le a s e  and r e c e p to r s ,  i t  i s  p o s s ib le  th a t  the  enzyme 
reco n g n izes  o th e r  as y e t -u n id e n tif ie d  n e u ro p e p tid e s .
(Supported  by CONACYT and Fondo R .J . Z evada).

287.12 DEGRADATION OF BRADYKININ BY RAT BRAIN PEPTIDASES. A.T. Orawski 
and W.H. Simmons (SPON: T. Khan). D ept. of Biochem. & B io p h y s ., 
Loyola Univ. o f Chicago S t r i t c h  Sch. of Med., Maywood, IL 60153.

Evidence e x i s t s  th a t  b rad y k in in  may se rv e  as a n e u ro tra n sm it te r  
o r neurom odulator in  th e  nervous system . We have examined th e  
m etabolism  of b rad y k in in  by washed membranous f r a c t io n s  d eriv ed  
from ly sed  synaptosom es from w hole r a t  b r a in .  M e ta b o lite s  were 
d e te c te d  by rev e rsed -p h a se  HPLC. The r a t e  o f d e g rad a tio n  o f b rady
k in in  was s im i la r  to  th a t  fo r  M e t-enkepha lin . B radyk in in  (A rg-Pro- 
P ro -G ly-Phe-Ser-Pro-P he-A rg) (BK1-9) was c leaved  p r im a r ily  a t  
th r e e  p e p tid e  bonds, Phe5-S e r6 , P ro 7-P he8 and Phe8-A rg9 . A ll 
c le a v a g e s , though due to  d i f f e r e n t  enzymes, were in h ib i te d  com
p le te ly  by o -p h e n a n th ro lin e  o r EDTA and to  vary in g  e x te n ts  by 1 mM 
p -ch lo ro m e rc u rip h e n y lsu lfo n a te  and p h en e lz in e . The enzyme respon 
s ib l e  fo r  th e  Phe5-S e r6 c leav ag e  i s  p robably  th e  membrane-bound 
form o f m e ta llo en d o p ep tid a se  24.15 (Chu and O rlow ski, B iochem istry  
23, 3598 (1984)) s in c e  i t  was in h ib i te d  by N-[ l- (R ,S )-c a rb o x y -2 -  
phen y le th y l ] -A la-A la-P he-p-am inobenzoate  but no t by N-[ l - (R ,S ) -  
carboxy-2-pheny le thy lD -P he-p -am inobenzoate , phosphoramidon o r 
c a p to p r i l .  E x tra c tio n  w ith  N onidet P-40 fo llow ed  by g e l perme
a t io n  HPLC gave a M.W. fo r  t h i s  enzyme of about 44 ,000 . The pH 
optimum was in  th e  n e u t r a l  to  b a s ic  ran g e . The p a r t i a l l y  p u r if i e d  
enzyme c leav ed  th e  Phe5-S e r6 bond more than  tw ice  as f a s t  in  BK2-9 
than  in  BK1-9  o r BK1-8 .  BK1-7 and M et-enkephalin  were no t hydro
lyzed  by th i s  enzyme w h ile  Tyr-G ly-G ly-Phe-M et-A rg-G ly-Leu was 
c leaved  a t  th e  Met-Arg bond as expected  fo r  en dopep tidase  24.15 
(E n d o c rin o l. 116, 1418 (1 9 8 5 )). The enzyme a c t iv i t y  re s p o n s ib le  
f o r  h y d ro ly s is  of th e  Phe8-A rg9 bond in  BKl -9  was maxim ally a c t iv e  
a t  pH 6 .5  and was in h ib i te d  by D L -2-m ercaptom ethyl-3-guanid ino- 
e th y lth io p ro p a n o ic  a c id  and e x c ite d  by Co++. The r e s u l t in g  BK1-8 
fragm ent was s u b je c t to  c leav ag e  by e i th e r  endopep tidase  24 .15 o r 
a D F P -in h ib ita b le  ex o p e p tid ase  which re le a s e d  th e  C -te rm in a l Phe 
(pH optimum, 5 .8 ,  and a c t iv a te d  by 2 -m e rcap to e th an o l) . H yd ro ly sis  
o f th e  P ro7-P he8 bond to  r e le a s e  Phe-Arg occu rred  maximally a t  pH 
7 .8  and was on ly  p a r t i a l l y  in h ib i te d  by phosphoram idon, c a p to p r i l ,  
a com bination  o f th e s e  i n h i b i to r s ,  Trp-hydroxam ate or P he-hydrox- 
am ate. N onidet P-40 e x t r a c t io n  and g e l perm eation  HPLC o f th i s  
P h e -A rg -re lea s in g  enzyme gave a M.W. o f 54 ,000. (Minor a c t i v i t y  
c le a v in g  th e  P ro 9-P he8 bond had a pH optimum a t  6 .5 ,  which 
corresponded  w ith  th e  pH optimum fo r  c a p to p r i l - i n h ib i t e d  H ip-H is- 
Leu h y d ro ly s is  and th e  c a p to p r i l - i n h ib i t e d  r e le a s e  o f S er-P ro  from 
BK1- 7 ,  BK2-7 and BK4-7). This work was suppo rted  by USPHS g ran t 
NS20252).

287.13 CHARACTERIZATION OF AN AMINOPEPTIDASE ACTIVITY IN BOVINE PITUITARY 
SECRETORY VESICLES. N.P. Birch* and Y .P .L oh (SPON: J .  Yu). Lab. 
of Neurochemistry & Neuroimmunol ogy, NlCHO, National In s t i tu te s  
of H ealth, Bethesda, MD 20892.

Most peptide hormones are synthesized as la rg e r precursor 
molecules with the b io lo g ica lly  a c tiv e  pep tide(s) being re leased  
upon lim ited  p ro teo ly s is  in a p o s t- tra n s la tio n a l processing s tep . 
Many of these hormone precursors contain p a irs  of basic amino 
acids bracketing the b io lo g ica lly  active  pep tide(s) which have 
been im plicated as cleavage s i te s  fo r processing enzymes. Recent
ly , an endopeptidase has been ch arac te rized  in the in term ediate 
lobe of the bovine p itu i ta ry  which s p e c if ic a lly  cleaved a t  Lys- 
Arg p a irs  of pro-opiom elanocortin (Loh, Y .P ., P a rish , D.C. and 
T u teja , R ., J.B iol.Chem . 260:7194,1985). In add ition  to  hydroly
s is  on the carboxyl s ide  of these  paired  basic re s id u es , the pro
opiomelanocortin converting enzyme cleaved between the Lys-Arg 
amino ac id s. Together with the reported  cleavage of enkaphalin 
in term ediates (Lindberg, I . ,  Yang, H.-Y.T, & Costa, E . ,J .  Neuro- 
chem. 42:1411,1984) and syn thetic  enkephalin-containing peptides 
(Mizuno, K. & Matsuo, H., Neuropeptides 5:489,1985) between Lys- 
Arg re s id u es , these data support a ro le  fo r an aminopeptidase 
B -like  and/or carboxypepti dase B -like  enzyme i n the re lease  of 
b io lo g ic a lly  ac tiv e  pep tides.

We have previously described a c o b a l t-s e n s itiv e  aminopeptidase 
B-l i ke a c t iv i ty  assoc iated  with the membrane component of neural 
and in term ediate  lobe secreto ry  v e sic le s  which s p e c if ic a lly  re 
moved the  N-terminal a rg in ine  from Arg-Met-enkephalin and Arg-MCA 
(G ainer, H ., R u sse ll, J .T . & Loh, Y .P ., FEBS L e t t . 175:135,1984). 
F urther c h a rac te riz a tio n  a f te r  ly s is  of p u rif ied  neural and in 
term ediate lobe secre to ry  v e sic le s  by freez ing  and thawing in d i
cated  an approximate equal d is tr ib u tio n  of enzyme a c t iv ity  be
tween the  membrane and so luble fra c tio n s  with the fluorom etrlc 
su b s tra te  Arg-MCA, whereas 70-80% of the  Arg-Met-enkephal i n c leav 
ing a c t iv i ty  de tected  by HPLC was membrane-associated. Interm edi
a te  lobe sec re to ry  v e sic le  membranes a lso  cleaved Lys-Arg-Met- 
enkephalln to  free  enkephalin with no d e tec tab le  Arg-Met-enkepha- 
l i n . The ra te  of re le a se  of M et-enkephalin, however, was approxi
mately 20% of th a t  with Arg-Met-enkephalin as s u b s tra te .  Two o ther 
p o ten tia l su b stra te s  fo r an aminopeptidase B-l i ke a c t iv i ty ,  Lys- 
Bradyklnin and Lys-γ-MSH were e s s e n tia lly  r e s is ta n t  to  cleavage 
as i ndicated  by the fa i lu r e  to  d e tec t f ree  ly s in e  re s id u es . These 
data suggest the exi stance of a s p ec if ic  aminopeptidase B -like  
enzyme w ith in  secre to ry  granules which has a high a f f in i ty  fo r 
a rg in ine  re s id u es . Work is  i n progress to  pu rify  such a membrane- 
asso c ia ted  aminopeptidase a c t iv i ty  to  allow more d e ta iled  ch ac te r- 
iz a tio n  s tu d ie s .

287.14 ACTIVATION BY DITHIOTHREITOL [DTT] OF THYROTROPIN 
RELEASING HORMONE [TRH] CATABOLISM IN PRIMATE SPINAL 
CORD
J .  T u rn e r* , T . Schw artz *, B. R. B ro o k s, 
(Spon: HS S c h u tta )  N eurology S e r v ic e ,W i l l i a m  S . 
M idd le ton  VA H o sp ita l and U n iv e r s i ty  of W isconsin  ALS 
C l in ic a l  R e search  C e n te r ,  M adison, WI 53792

When 3H-TRH was added to  b u f fe re d  homogenates of 
f r e s h ly  d is s e c te d  re g io n s  of th e  p rim a te  CNS 
s ig n i f i c a n t  d if f e r e n c e s  in the r a te s  of TRH c a ta b o lis im 
were no ted :

P e rc e n t added 
C e re b ra l

3H-THH D egraded /m inute  
C e re b e l la r

[x ± SD]

B u ffe r C o rtex C o rtex B ra in s tem S p in a l Cord

KP04 7.80 ±0.33 5.40 ± 0.42 3.98 ±0.59 1.77± 0 .64

vs CTX - p < 0 .04 p <  0.006 p <0.0001

DTT 7.63 ±0.06 6.24± 0 . 5 0 5 .18 ±0 .2 9 3.03 ± 0.26

vs CTX - ns p < 0.002 p < 0.003
vs b u f fe r ns ns p < 0.06 p < 0.03

F u rth e r  s tu d ie s  in b ra in s te m  and sp in a l cord  [SC] 
were perform ed to  d e te rm in e  w hether b a c i t r a c in  
in h ib i te d  TRH c a ta b o lism  a c t iv a te d  by DTT:

KP04 /  B a c i t r a c in 0.37±0.13 0.72±0.61

DTT /  B a c i t r a c in 0.79±0.03 1.14±0.37
vs b u f fe r p<0.002 p<0.02

P roduc t a n a ly s is  in d ic a te d  th a t  TRH-CM was formed in 
the  CTX and SC but a d d i t io n  of DTT d e c reased  TRH-OH 
fo rm a tio n  in th e  SC but not th e  CTX. C oncom itant w ith  
the d e c re a se  in TRH-CM in SC, th e re  was an in c re a se  in 
c y c lo -H isP ro , HisPro-OH, and P ro l in e  fo rm a tio n . 
However, in CTX, on ly  cy c lo -H isP ro  and HisPro-OH 
in c re a se d  su g g e s tin g  th a t  w h ile  pyrog lu tam yl 
am in o p ep tid ase  a c t i v i t y  is  in c re a se d  by DTT in bo th  CTX 
and SC, p r o l in e  d ip e p t id a s e  a c t i v i t y  is  in c re a se d  more 
in  SC by a d d i t io n  of DTT. B a c i t r a c in ,  which b locks 
TRH-OH fo rm a tio n , is  e q u a lly  e f f e c t iv e  in b ra in s te m  and 
SC in bo th  b u f f e r s .  D i f f e r e n t i a l  c a ta b o lism  of TRH in 
th e  CNS may be im p o rtan t in d e te rm in in g  th e  r o le  of TRH 
d u rin g  d i f f e r e n t  p a th o lo g ic a l  p ro c e s s e s .
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288.1 POSTEMBRYONIC GROWTH OF THE LATERAL LINE SYSTEM IN THE 
MOTTLED SCULPIN, C o t t u s  b a i r d i . S. Coombs., J .  J a n s s e n * , 

H o e k s t r a * , an d  C. P l a t t .  P a rm ly  H e a r in g  I n s t i t u t e ,  
L o y o la  U n iv e r s i t y  o f  C h ic ag o , I l l i n o i s  60626

S c a n n i n g  e l e c t r o n  m i c r o s c o p y  a n d  s t a n d a r d  
h i s t o l o g i c a l  t e c h n i q u e s  h a v e  b e e n  u s e d  t o  d e t e r m i n e  
v a r io u s  a n a to m ic a l  c h an g e s  in  t h e  l a t e r a l  l i n e  sy s te m  
o f  Lake M ich ig an  m o t t l e d  s c u l p i n ,  ra n g in g  in  s i z e  from  
2 t o  9 cm SL. H a ir  c e l l  n u m b e r ,  s e n s o r y  s t r i p  an d  
n e u r o m a s t  a r e a  w e re  d e t e r m i n e d  f o r  n e u r o m a s t s  in  t h e  
m a n d i b u l a r ,  p r e o p e r c u l a r , i n f r a o r b i t a l ,  s u p r a o r b i t a l  
an d  t r u n k  c a n a l s  an d  f o r  v a r i o u s  l i n e s  o f  s u p e r f i c i a l  
n e u r o m a s t s  on t h e  h e a d .  We fo u n d  a s t a t i s t i c a l l y  
s i g n i f i c a n t  i n c r e a s e  in  t h e s e  p a r a m e te r s  f o r  a l l  c a n a l  
n e u r o m a s t s  a s  a f u n c t i o n  o f  f i s h  s t a n d a r d  l e n g t h .  In  
a d d i t i o n ,  n e u r o m a s t s  f ro m  d i f f e r e n t  c a n a l s  sh o w e d  
d i f f e r e n t i a l  g ro w th . N e u ro m a sts  from  th e  p r e o p e r c u l a r , 
i n f r a o r b i t a l  an d  s u p r a o r b i t a l  c a n a l  w e re  r e l a t i v e l y  
h o m o g e n o u s  in  t h e i r  s i z e  a n d  g r o w th ,  b u t  a s  a g ro u p  
g rew  s i g n i f i c a n t l y  f a s t e r  t h a n  t r u n k  n e u r o m a s t s  an d  
s l o w e r  t h a n  m a n d i b u l a r  n e u r o m a s t s  -  t h e  l a r g e s t  
n e u r o m a s t s  in  t h e  s y s t e m .  In  a d u l t  f i s h ,  s u p e r f i c i a l  
n e u r o m a s t s  w e re  s i g n i f i c a n t l y  s m a l l e r  t h a n  a l l  c a n a l  
n e u ro m a s ts  and  a l th o u g h  t h e i r  r a t e  o f  g ro w th  was a lm o s t  
n e g l i g i b l e  r e l a t i v e  t o  m o s t c a n a l  n e u r o m a s t s ,  t h e y  
s h o w e d  s i g n i f i c a n t  i n c r e a s e s  in  s i z e  a n d  h a i r  c e l l  
n um ber. C an a l and  s u p e r f i c i a l  n e u ro m a s ts  a l s o  show ed 
d i f f e r e n c e s  in  t h e  s i z e  and sh ap e  o f  t h e  c u p u la  and th e  
n e u r o m a s t  s u r f a c e ,  w h ic h  b e ca m e  m o re  e l o n g a t e  w i th  
g ro w th  f o r  c a n a l  n e u r o m a s t s ,  b u t  grew  s y m m e t r ic a l ly  f o r  
s u p e r f i c i a l  n e u r o m a s t s .  C h a n g e s  w i th  g r o w th  a r e  
d i s c u s s e d  r e l a t i v e  t o  t h e  f u n c t i o n a l  m o rp h o lo g y  an d  
b e h a v i o r a l  s i g n i f i c a n c e  o f  th e  l a t e r a l  l i n e  sy s te m  in  
t h e  m o t t l e d  s c u lp i n .

288.2 AN EXPERIMENTAL DETERMINATION OF THE TEMPORAL AND SPATIAL 
PATTERN OF HAIR CELL PRODUCTION IN THE EMBRYONIC COCHLEA OF THE 
CHICKEN. A. Katavama* and J . T. Corwin. Dept. of Zoology and 
Békésy Laboratory of Neurobiology, U niversity  of Hawaii, 
Honolulu, HI 96822.

In the chicken cochlea, s tru c tu ra l fea tu res  of h a ir c e lls  
such as the number, the length , and the width of th e ir  surface 
s te r e o c i l ia  have been shown to  vary system atically  in precise 
re la tio n  to  the position  of c e l ls  in the b a s ila r  p a p illa  sensory 
epithelium  (Tilney and Saunders. J . Cell B iol. 96:807-821, 
1983). This ind ica tes  th a t genetic  and/or p o s itio n -re la te d  
environmental mechanisms p rec ise ly  control the d if fe re n t ia tio n  
of these h a ir  c e l l s .  As a f i r s t  approach to  iden tify ing  
mechanisms th a t control the determ ination of the c e l l-s p e c if ic  
u ltr a s tru c tu ra l  phenotypes expressed in th is  neuroepithelium we 
have investigated  the temporal and sp a tia l p a tte rn  of h a ir cell 
production.

Hair c e ll production in the embryonic b a s ila r  p ap illa  sensory 
epithelium  in the chicken cochlea was traced  using the rad io 
active DNA precursor 3H-thymidine. This was injected into the 
yolk sac of chick embryos a t times ranging from Embryonic Day 3 
to  10 (E.D. 3-10). All embryos were incubated u n til E.D. 11 by 
which time the m ajority  of h a ir  c e l ls  would have been produced. 
Then th e ir  cochleae were fixed , embedded, sectioned, and mounted 
on g lass  s l id e s .  They were then coated with NTB2 emulsion, 
incubated, and developed. This perm itted id e n tif ic a tio n  of 
those c e l ls  which contained DNA th a t had been re p lic a ted  during 
the period when the 3H-thymidine was av a ilab le .

Between E.D. 3 and E.D. 5 most c e l ls  in the b a s ila r  pap illa  
are d iv id ing , and no h a ir  c e l ls  are produced. The f i r s t  hair 
c e l l s ,  produced a f te r  E.D. 5, form a long itud inal band running 
the length of the b a s ila r  p a p illa . This band of in i t i a l ly  
produced h a ir  c e l ls  extends along the superio r edge of the 
epithelium  in the proximal h a lf  of the cochlea and along the 
cen ter in the d is ta l  h a lf . A fter E.D. 6, o ther h a ir  c e l ls  are 
added by apposition along the edges of th a t band. Hair cell 
production is  nearly  complete by E.D. 9. Hair ce ll production 
is  f i r s t  completed in the proximal end and then in the d is ta l 
h a lf  a t the superio r edge of the sensory epithelium .

The appositional p a tte rn  of h a ir  c e ll production th a t has 
been observed in the chicken cochlea provides c e r ta in  
c o n s tra in ts  fo r speculation  as to  the mechanisms con tro lling  
sp ec ific  phenotype determ ination in th is  neuroepithelium , but 
does not suggest a p a rt ic u la r  control mechanism. This pattern 
of production may allow the c e l ls  to u t i l i z e  both temporal and 
sp a tia l d ifferences  in microenvironments as cues guiding their 
expression of p o s itio n -re la te d  phenotypes.

(Supported by a grant from NINCDS to  JTC)

288.3 DIFFERENTIAL DISTRIBUTION OF CHOLINERGIC ENZYMES IN THE DEVELOPING 
MOUSE COCHLEA. M.R. Em m erling  and  H.M. Sobkow icz (SPON: J .  C h an ). 
D e p t .  Of N e u ro lo g y , U n iv . o f  W is c o n s in ,  M a d iso n , 53706

In  o r d e r  t o  s tu d y  th e  d i f f e r e n t i a t i o n  o f  c h o l i n e r g i c  i n n e r v a t io n  
i n  t h e  c o c h le a ,  th e  s p e c i f i c  a c t i v i t i e s  (enzym e a c t i v i t y / u g  
p r o t e i n )  o f  c h o l in e  a c e t y l t r a n s f e r a s e  (ChAT), a c e t y l c h o l i n e s t e r a s e  
(AChE) an d  th e  m o le c u la r  fo rm s o f  AChE w ere  d e te rm in e d .  A ssa y s  
w ere  made s e p a r a t e l y  i n  t h e  b a s e ,  m id  and  ap ex  u s in g  ICR m ic e , 
a g e  1 to  19 p o s tn a t a l  d ay s  ( P ) . B o th  ChAT an d  AChE a c t i v i t i e s  
w e re  a l r e a d y  p r e s e n t  in  a l l  t h r e e  t u r n s  in  th e  new born  a n im a ls .

F i f t y  p e r c e n t  o f  t o t a l  ChAT a c t i v i t y  i n  th e  a d u l t  w as p r e s e n t  
in  th e  c o c h le a  a t  b i r t h .  I n i t i a l l y ,  t h e  s p e c i f i c  a c t i v i t y  o f  
ChAT was g r e a t e r  in  th e  m id and  ap ex  th a n  i t  was in  th e  b a s e  
b u t  becam e lo w e r due t o  i n c r e a s i n g  p r o t e i n  c o n te n t  o f  t h e  t i s s u e .  
T h u s , by P I9  th e  l e v e l s  o f  ChAT i n  th e  b a s e  and  m id becam e s i m i l a r ,  
e a c h  c o n ta in in g  a p p ro x im a te ly  tw ic e  t h e  ChAT a c t i v i t y  fo u n d  in  
th e  a p e x .

Tw enty p e r c e n t  o f  a d u l t  l e v e l  AChE a c t i v i t y  w as d e t e c t e d  in  
th e  c o c h le a  o f  new born m ic e . From b i r t h  t o  P I 4 th e  s p e c i f i c  
a c t i v i t y  o f  AChE i n c r e a s e d  in  a l l  t u r n s .  T h ro u g h o u t th e  
d e v e lo p m en t a  c o n s ta n t  r a t i o  o f  a b o u t  5 0 :3 0 :2 0  o f  AChE s p e c i f i c  
a c t i v i t y  was o b s e rv e d  b e tw een  th e  b a s e ,  m id and  a p e x .

V e lo c i ty  s e d im e n ta t io n  a n a l y s i s  o f  AChE r e v e a l e d  an  in c r e a s e  
i n  a l l  t h r e e  AChE fo rm s s tu d i e d  in  e a c h  t u r n  o f  th e  c o c h le a .  
The l e v e l  o f  10S , a  g lo b u la r  t e t r a m e r i c  fo rm , and  6 /4S  AChE, 
com bined  p e a k s  o f  6S d im e r ic  and  48 m onom eric g l o b u la r  fo rm s , 
b eg an  to  i n c r e a s e  a f t e r  b i r t h  i n  t h e  b a s e  an d  m id b u t  n o t  u n t i l  
P7 in  th e  a p e x . An a sy m m e tric  c o l l a g e n - t a i l e d  16S AChE form  was 
n o t  d e te c t e d  in  any  tu r n  u n t i l  P 7 . A b s o lu te  l e v e l s  and  p r o p o r t i o n a l  
d i s t r i b u t i o n  o f  AChE m o le c u la r  fo rm s d i f f e r e d  d e p e n d in g  on t h e i r  
l o c a l i z a t i o n .  The l e v e l s  o f  10S an d  16S AChE w ere  h i g h e s t  i n  
th e  b a s e ,  lo w e r in  th e  m id an d  th e  lo w e s t  in  th e  a p e x ,  w h i le  
t h e  l e v e l  o f  6 /4 S  AChE was c o n s ta n t  a lo n g  th e  e n t i r e  c o c h le a .  
P r o p o r t i o n a l l y ,  t h e  d i s t r i b u t i o n  o f  th e  m o le c u la r  fo rm s r e v e a l e d  
t h a t  th e  b a s e  an d  m id  c o n ta in e d  p re d o m in a n t ly  10S AChE w h i le  
t h e  p e r c e n t  o f  6 /4 S  AChE w as h i g h e s t  i n  th e  a p e x . The p e r c e n t  
o f  16S AChE d e c re a s e d  from  th e  b a s e  t o  a p e x .

I n  c o n c lu s io n :  Our r e s u l t s  i n d i c a t e  t h a t  c h o l i n e r g i c  n e rv e  
f i b e r s  a r e  p r e s e n t  th ro u g h o u t  th e  c o c h le a  a t  b i r t h .  The a b s o lu t e  
l e v e l s  an d  p r o p o r t i o n a l  d i s t r i b u t i o n  o f  AChE m o le c u la r  fo rm s 
(w i th  th e  e x c e p t io n  o f  6 /4 S  AChE) d i f f e r  i n  e a c h  t u r n .  The b a s e  
o f  th e  c o c h le a  c o n ta i n s  m o st o f  th e  enzyme a c t i v i t y  an d  th e  apex  
th e  l e a s t .  Among th e  m o le c u la r  fo rm s  s tu d i e d  o n ly  th e  d i s t r i b u t i o n  
o f  10S AChE a c t i v i t y  a lo n g  th e  c o c h le a  p a r a l l e l l e d  t h a t  o f  ChAT. 
V a r i a t i o n s  i n  th e  c o n te n t  o f  AChE m o le c u la r  fo rm s  in  th e  d i f f e r e n t  
t u r n s  s u g g e s t  f u n c t i o n a l  d i f f e r e n c e s  i n  a c t i v i t y  o f  c h o l i n e r g i c  
s y n a p s e s  a lo n g  th e  c o c h le a .  (S u p p o rte d  by NIH g r a n t  NS 15061)

288.4 BIOCHEMICAL AND MORPHOLOGICAL DIFFERENTIATION OF EFFERENT FIBERS 
IN THE MOUSE COCHLEA. H.M. S obkow icz , M.R. Em m erling* and G.L. 
S c o t t * , D e p ts .  o f  N eu ro lo g y  and  A natom y, U niv . o f  W isc o n s in , 
M ad iso n , WI 53706

D u rin g  c o c h le a r  d e v e lo p m e n t, th e  a c t i v i t y  o f  c h o l in e  a c e t y l -  
t r a n s f e r a s e  (ChAT) re m a in s  s t a b l e  d u r in g  th e  f i r s t  week and  about 
d o u b le s  by th e  1 5 th  p o s t n a t a l  day ( P ) . C hanges in  th e  a c t i v i t y  of 
a c e t y l c h o l i n e s t e r a s e  (AChE) and  i t s  m o le c u la r  fo rm s a p p e a r  to  
o c c u r  in  t h r e e  p h a s e s .  D u rin g  th e  f i r s t  p h a se  b e tw een  P 1 and 5 , 
th e r e  i s  l i t t l e  i n c r e a s e  in  t o t a l  AChE and th e  two m o le c u la r  forms 
10S AChE and 6 /4 S  AChE. The seco n d  p h a se  (P7 to  P14) shows a fo u r
f o ld  i n c r e a s e  in  th e  l e v e l  o f  t o t a l  AChE, 10S AChE and 6 /4S  AChE 
and th e  a p p e a ra n c e  o f a  16S AChE fo rm . In  th e  t h i r d  p h a se  (P14 to  
P26) an i n c r e a s e  s o l e l y  in  10S AChE i s  s e e n . S u r fa c e  p r e p a r a t i o n s  
o f  o rg an  o f  C o r t i  w ere s ta i n e d  f o r  c h o l i n e s t e r a s e  u s in g  th e  method 
o f  K arnovsky  and R o o ts .  No s t a i n i n g  c o u ld  b e  d e te c t e d  in  th e  l i g h t  
m ic ro sc o p e  in  a n im a ls  y o u n g e r th a n  P 4 . I n t r a g a n g l i o n i c  and r a d i a l  
b u n d le s  w ere  s t a i n e d  in  th e  b a s e  and  m id on P4 and  th e  ap ex  on P7. 
F ib e r s  o f  i n n e r  s p i r a l  b u n d le  in  th e  b a s e  and m id s t a i n e d  betw een 
P4 and P 6 ; th e y  w ere  fo llo w e d  by th e  tu n n e l  f i b e r s  s t a i n e d  a t  P7. 
The s t r u c t u r e s  d id  n o t  s t a i n  in  th e  ap ex  u n t i l  P 10 . Numerous 
s t a i n e d  n e rv e  e n d in g s  w ere fo u n d  on o u te r  h a i r  c e l l s  (OHCs) in  the  
f i r s t  row and c h o l i n e s t e r a s e - p o s i t i v e  n e rv e  f i b e r s  w ere  se en  in  the 
1 s t  o u t e r  s p i r a l  b u n d le  in  th e  b a s e  and  m id on P 7 . No s t a i n i n g  was 
o b s e rv e d  in  th e  ap ex  u n t i l  P 1 0 . A l l  t h r e e  row s o f  OHCs p o s s e s s e d  
num erous c h o l i n e s t e r a s e - p o s i t i v e  n e rv e  e n d in g s  by  P10 in  th e  b ase  
and  m id and  by P I 2 in  th e  a p e x . A l l  t h r e e  o u t e r  s p i r a l  b u n d le s  
showed th e  p r e s e n c e  o f  p o s i t i v e  n e rv e  f i b e r s .  U l t r a s t r u c t u r a l l y , 
th e  v e s i c u l a t e d  n e rv e  e n d in g s  w i th in  th e  i n n e r  s p i r a l  b u n d le  a r e  
p r e s e n t  on P 1 an d  some form  s y n a p se s  w i th  a f f e r e n t  f i b e r s  o r  in n e r  
h a i r  c e l l s  d u r in g  th e  fo l lo w in g  d a y s .  E l e c t r o n  m ic ro sc o p e  exam in
a t i o n  o f  OHC r e g io n s  a t  P9 showed a  few  v e s i c u l a t e d  n e rv e  e n d in g s . 
By P 1 1 , e n d in g s  w i th  an  e f f e r e n t  m o rpho logy  becam e num erous and  by 
P 1 4 , s y n a p t i c ,  a l b e i t  im m atu re , c o n ta c t s  w i th  OHCs a r e  p r e s e n t .  By 
P I 8 , th e  s i z e  o f  e f f e r e n t  e n d in g s  and  num bers o f  t h e i r  s y n a p t ic  
v e s i c l e s  and  m ito c h o n d r i a l  c o n te n t  i n c r e a s e d .  M a tu re  sy n a p se s  
showed p o s t - s y n a p t i c  c i s t e r n a e  in  OHCs. I n  c o n c lu s io n ,  o u r  s tu d i e s  
i n d i c a t e  t h a t  th e  e x p r e s s io n  o f  t o t a l  AChE and i t s  m o le c u la r  form s 
in  th e  d e v e lo p in g  o rg an  o f  C o r t i  i s  c o r r e l a t e d  w i th  th e  g ro w th  and 
d i f f e r e n t i a t i o n  o f  e f f e r e n t  f i b e r s .  The g r e a t e s t  i n c r e a s e  in  th e  
l e v e l s  o f  ChAT arid AChE o c c u rs  d u r in g  th e  tim e  o f g ro w th  o f  e f f e r e n t  
f i b e r s  i n n e r v a t i n g  OHCs. Among th e  AChE fo rm s s tu d i e d ,  th e  i n i t i a l  
i n c r e a s e  o f  10S and 6 /4S  c o in c id e s  w i th  th e  g ro w th  o f  e f f e r e n t  
n e r v e s ,  w h i le  th e  m a n i f e s t a t i o n  o f  16S r e l a t e s  in  tim e  to  th e  i n 
n e r v a t io n  o f  OHCs and th e  c o n tin u e d  i n c r e a s e  o f  10S i s  c o n c u r r e n t  
w i th  th e  m a tu r a t i o n  o f  e f f e r e n t  s y n a p se s  to  OHCs. (NIH G ra n t 
NS 15061)
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288.5 THE EFFECT OF α-DIFLUOROMETHYLORNITHINE (DFMO) ON POSTNATAL 
DEVELOPMENT OF THE DORSAL COCHLEAR NUCLEUS (DCN) OF THE HAMSTER. 
L. Schweitzer, J.M. Bell  and T.A. S lo tk in . Depts. of Anatomy and 
Pharmacology, Duke Univ. Med. C tr . ,  Durham, NC 27710.

The DCN is  a highly organized, laminated nucleus in the auditory 
system in which the ram ifications of depletion of spec ific  cell types 
can be studied . The present experiments were done in an attempt to 
deplete granule c e l ls  in the DCN of the hamster by adm inistering 
DFMO, a drug th a t in h ib its  the b iosynthesis of polyamines, which 
play an essen tia l ro le  in p ro life ra tio n  and d if fe ren tia tio n  of brain 
c e l ls .  Although DFMO does not deplete postm itotic c e l ls ,  we have 
shown th a t postnatal adm inistration markedly reduces the number of 
granule c e l ls  in the cereb e lla r cortex , presumably by a rre s tin g  cell 
d iv is ion . DFMO also d isrup ts  the migration of many of the granule 
c e l ls  th a t remain. Like cereb e lla r granule c e l l s ,  the granule c e lls  
in the DCN undergo m itosis p o stnata lly  in an external granule cell 
layer (Taber P ierce , 1967). We confirmed observations (Ochs and 
Brunso-Bectold, 1982) th a t granule c e l ls  migrate down from th is  pro
l i f e r a t iv e  zone in to  the fusiform cell layer and deep lay e r. In 
order to  deplete granule c e l l s ,  hamsters were trea ted  twice daily  on 
postnatal days 4-14 with e ith e r  sa lin e  or DFMO (200 or 500 mg/kg sc). 
Half the animals were sac rif ic ed  on day 15 and ha lf on day 60, and 
sections through the cochlear nucleus were stained with c resy lec t- 
v io le t .  DFMO resu lted  in a reduced number of granule c e l ls  in the 
s u p erfic ia l DCN at 15 days; by 60 days th is  e ffe c t was a lso apparent 
in the deep lay e r, suggesting th a t c e l ls  located su p e rf ic ia lly  th a t 
would have migrated in to  the deep DCN had e ith e r  fa iled  to  develop or 
did not a rriv e  a t th e ir  normal loca tion . In the DFMO-treated ani
mals, the fusiform cell layer was th inner than in con tro ls even 
though the number of fusiform c e l ls  was unaffected. Many of the gra
nule c e l ls  th a t are normally interm ingled with fusiform c e l ls  were 
missing and th e re fo re , ra th e r than being staggered as in the normal 
DCN, the fusiform c e l ls  were lined up in a d isc re te  row. While these 
re su lts  occurred a t e ith e r  dose of DFMO, the higher dose, which had a 
general grow th-retardant e ffec t (lowered body weight, increased 
brain/body weight ra tio )  reduced the size  of the somas of the fu s i
form and giant c e l l s .  In c o n tra s t , a t the lower dose (which s p e c if i
cally  impeded brain development and not body growth), only the 
fusiform c e l ls  were a ffec ted : th is  may be secondary to  the depletion 
of granule c e l ls  (which are a main input to  the fusiform c e l ls  but 
not the giant c e l ls )  or a lte rn a tiv e ly , may re f le c t  d ire c t actions of 
DFMO on the fusiform c e l l s .  Future stud ies analyzing the morphogene
sis  of fusiform c e l ls  following DFMO adm inistra tion  should c la r ify  
the s i te  of action  of the drug.

(Supported by USPHS HD-09713 and NS-20162).

288.6 DIFFERENTIAL RESPONSE OF AUDITORY CORTICAL CELL TYPES TO NEONATAL 
DEAFENING. B.A. Goldberger*, N.T. McMullen and E.M. G la se r . D ept. 
o f P hysio logy, Univ. o f Maryland School o f M edicine, B altim ore, MD 
212 0 1 .

E a r l ie r  (McMullen, e t  a l . , Soc. Neuro. , 11, 1985) we rep o rted  
th a t  u n i l a te r a l  neon a ta l deafen ing  in  r a b b i ts  r e s u l t s  in  a s ig n i 
f ic a n t  in c re a se  in  th e  s ize  o f th e  d e n d rite  systems o f lamina 
I I I / IV  sp ine  fre e  nonpyram idal c e l l s  c o n t r a la te r a l  to  th e  deafened 
e a r .  The g r e a te s t  in c rea se  was in  th e  d ire c t io n  o f th e  ta n g e n tia l  
p lan e . Using th e  same 300-400 um th ic k  s e c t io n s ,  we have now d i
g i t iz e d  randomly chosen Golgi-Cox impregnated pyram idal c e l l s  from 
I I I / I V .  The d e n d r i t ic  arbo r o f 50 pyram idal c e l l s  (30 deafened , 
20 c o n tro l)  have been examined from 2 l i t t e r s  o f r a b b i ts  sub jec ted  
to  u n i l a te r a l  o s s ic le  removal and kanamycin in je c t io n  in to  th e  
oval window as n eo n a tes . C ontrol pups rece ived  a sham o p e ra tio n . 
Pyramidal c e l l s  c o n t r a la t e r a l  to  th e  deafened ea r were no t s ig n i 
f ic a n t ly  d i f f e r e n t  from th o se  of c o n tro l in  term s o f c e l l  a rea 
(248 v s . 269 um2), number o f d e n d r i te s  (5.1 v s . 5 .2 ) ,  number o f 
d e n d r i t ic  branches (56 .8  v s . 59 .3) o r t o t a l  b asa l d e n d r i t ic  len g th  
(3783 v s . 4118 um). Spine coun ts along b asa l d e n d r i te s  rev ea led  a 
38% red u c tio n  in  sp ine  d en s ity  in  deafened ra b b i ts  (C on tro l = 6.7 
s p in e s /1 0 um; Deafened = 4 .4  s p in es /1 0  um). The sp ine  lo s s  was 
not uniform  but was maximal a t  2nd o rd er b asa l d e n d r i te s  (56% 
re d u c tio n  r e l a t i v e  to  c o n tro l)  and l i n e a r i l y  decreased  to  an 18% 
red u c tio n  a t  5 th  o rder b asa l d e n d r i te s . The s ig n if i c a n t  lo s s  of 
sp in es  along th e  b a sa l d e n d r i te s  o f pyram idal c e l l s  su g g ests  a r e 
duced a f f e r e n t  in p u t from th e  m edial g e n ic u la te . The g re a te r  
sp in e  lo s s  on th e  lower o rd er b ranches may be evidence fo r th e i r  
r o le  as p r e f e r e n t ia l  ta r g e t s  o f m edial g e n ic u la te  a f f e r e n ts .  We 
conclude th a t  u n i l a te r a l  n eo n a ta l deafen ing  r e s u l t s  in  s ig n i f i c a n t  
re o rg a n iz a t io n  o f th e  c o n t r a la t e r a l  au d ito ry  co rtex  a f fe c t in g  both 
pyram idal and nonpyram idal neurons and p o in ts  to  th e  im portance of 
b i l a t e r a l  a c o u s tic  in p u t fo r normal d e n d r i t ic  developm ent. The 
s ig n i f i c a n t  a l t e r a t io n  in  nonpyram idal d e n d r i te  system s in  con
t r a s t  to  th e  la ck  o f such in  pyram idal c e l l  b asa l d e n d r i te s  sug
g e s ts  e x t r in s ic  a f f e r e n t  c o n tro l o f nonpyram idal d e n d r i te  growth 
and in t r i n s i c  c o n tro l o f pyram idal c e l l  basa l d e n d r i t ic  t r e e s .  
One ex p lan a tio n  fo r th e  expanded d e n d r i t ic  system response o f th e  
nonpyram idal c e l l s  to  deafen ing  may l i e  in  th e  b i l a t e r a l i t y  o f th e  
a c o u s tic  pathway. We h y po thesize  th a t  a form of d e n d r i t ic  sp ro u t
ing may occur in  nonpyram idal c e l l s  in  response to  th e  p a r t i a l  
d e a f fe re n ta t io n  as  a r e s u l t  o f  u n i l a te r a l  d ea fen in g . D en d ritic  
growth may be maximal in  th e  ta n g e n tia l  p lane s in ce  i t  i s  th e  
d ir e c t io n  which would maximize th e  p o s s ib i l i ty  o f in c rea sed  
th a la m o c o rtic a l synapse fo rm a tion . (Supported by The D eafness 
Research Foundation and NIH G rants NS17861 and IR24RR02169)

288.7 TRANSIENT CHANGES IN RETROGRADE LABELING OF DIENCEPHA
LIC-PROJECTING NEURONS IN THE MONKEY DORSAL COLUMN 
NUCLEI FOLLOWING DORSAL COLUMN LESIONS. K aren  J . 
B e rk le y  and  Cha r l e s  J .  V ie rc k ,  J r .  D e p t . o f  P sy c h o 
lo g y , F l o r i d a  S t a t e  U n iv . , T a l l a h a s s e e ,  FL 32306-1051  
(KJB) and D ep t. o f  N e u ro s c ie n c e  and C e n te r  f o r  N eu ro - 
b i o l o g i c a l  S c ie n c e s ,  U n iv . o f  F l o r i d a  C o lle g e  o f  M edi
c in e ,  G a i n e s v i l l e ,  FL 32610 (CJV) USA.

As in  m ost c a s e s  o f  i n j u r y  t o  t h e  n e rv o u s  s y s te m , 
l e s i o n s  o f  t h e  d o r s a l  co lum ns o f  t h e  p r im a te  s p i n a l  
c o rd  p ro d u c e  a  num ber o f  a c u t e  b e h a v i o r a l  d e f i c i t s ,  
many o f w h ich  r e c o v e r  o v e r  a r e l a t i v e l y  s h o r t  t im e  
p e r io d  (1 -3  w e e k s ) , w h ile  o t h e r s  r e c o v e r  m ore s lo w ly  o r  
in c o m p le te ly  (o v e r  a p e r io d  o f many m o n th s) and  s t i l l  
o th e r s  f a i l  t o  r e c o v e r .  In  an  e f f o r t  t o  exam ine  p o t e n - . 
t i a l  a n a to m ic a l  c o r r e l a t e s  o f  t h i s  r e c o v e r y  p a t t e r n ,  
t h e  r e t r o g r a d e  t r a n s p o r t  o f  h o r s e r a d i s h  p e r o x id a s e  
(HRP) was u s e d  t o  s tu d y  d i e n c e p h a l i c - p r o j e c t i n g  n e u ro n s  
in  t h e  d o r s a l  co lum n n u c l e i  (DCN) o f  7 m onkeys (M. 
m u la t t a  o r  M. n e m e s t r in a )  a t  v a r io u s  i n t e r v a l s  f o l 
lo w in g  u n i l a t e r a l  t r a n s e c t i o n s  o f  t h e i r  d o r s a l  co lum ns 
a t  Th 3-T h  8. In  e a c h  m onkey, 4 .4  u l  o f  a 50% s o l u t i o n  
o f HRP was i n j e c t e d  b i l a t e r a l l y  i n t o  l a r g e  a r e a s  o f  t h e  
d ie n c e p h a lo n  1 week t o  1 0 .5  m onths f o l l o w in g  t h e  u n i l a 
t e r a l  t r a n s e c t i o n .  T h i r t y  s i x  t o  48 h r s  l a t e r ,  t h e  
monkey was s a c r i f i c e d  and s e c t i o n s  th ro u g h  DCN p r o c e s 
s ed  u s in g  t e t r a m e t h y l  b e n z i d in e  f o l l o w i n g  M esulam ’ s 
p r o to c o l  (1 9 8 2 ) .  In  t h e  f i r s t  tw o  w eeks p o s t - t r a n s e c 
t i o n ,  few  n e u ro n s  i n  t h e  d e a f f e r e n t e d  g r a c i l e  n u c le u s  
w ere  l a b e l e d - - - i n  s t r i k i n g  c o n t r a s t  t o  t h e  d e n se  l a 
b e l i n g  o f  n e u ro n s  in  t h e  i p s i l a t e r a l  c u n e a te  and  c o n 
t r a l a t e r a l  g r a c i l e  and  c u n e a te  n u c l e i .  By 17 d ay s  
p o s t - t r a n s e c t i o n ,  many m ore n e u ro n s  i n  t h e  d e a f f e r e n t e d  
r e g io n  becam e l a b e l e d  an d , by  7 m o n th s , l a b e l i n g  in  t h e  
s h ru n k e n  d e a f f e r e n t e d  r e g io n  was c o m p a ra b le  t o  t h a t  in  
t h e  n o rm a l r e g io n s .  T hus, t r a n s i e n t  b e h a v i o r a l  d e f i 
c i t s  t h a t  r e s u l t  from  i n j u r y  t o  t h e  d o r s a l  co lum ns 
a p p e a r  t o  b e  acco m p an ied  by  a s i m i l a r  t r a n s i e n t  d e f i c i t  
i n  some a s p e c t  o f  t h e  u p ta k e  and  r e t r o g r a d e  t r a n s p o r t  
o f  HRP by  d e a f f e r e n t e d ,  d i e n c e p h a l i c - p r o j e c t i n g  DCN 
n e u r o n s .

S u p p o r te d  by  PHS g r a n t s  RO 1 NS 11892 and  RO 1 NS 
072 6 1 .

288.8 MAINTAINED PROJECTIONS OF HETEROTOPIC TRANSPLANTS OF 
FETAL VISUAL AND SENSORIMOTOR CORTEX ARE 
CHARACTERISTIC OF NEW CORTICAL LOCALE. Dennis D.M. 
O'Leary and Brent B. Stanfield. The Salk Institue, La Jolla, CA 92037.

In neonatal rats pyramidal tract (PT) neurons are found in all areas 
of the neocortex, including the occipital (visual) cortex where none is 
found in adults. Rather than dying, occipital PT neurons lose their PT 
axon by PI8. Moreover, many of these early occipital PT neurons 
maintain an axon to the superior colliculus (SC). We have previosuly 
found that fetal occipital neurons transplanted to rostral (sensorimotor) 
cortex maintain PT axons until at least P30. We have now extended 
this work.

Pieces of cortex from E l7 rat fetuses (exposed to 3H-TdR on E l5) 
were transplanted to the cortex of newborns; rostral cortex was placed 
into the occipital region (R-O), or occipital cortex into the rostral 
region (O-R). In one group, on P34 Fast Blue (FB) was injected into the 
pyramidal decussation (PD) of both O-R and R-O cases, and Diamidino 
Yellow (DY) was injected into the SC of R-O cases; the rats were killed 
on P40. In the O-R cases many FB labeled neurons are found in the 
transplant; in the R-0 cases only DY labeled neurons are seen in the 
transplant, although large numbers of FB labeled neurons are present in 
host rostral cortex. Thus the transplants extend and maintain 
subcortical projections characteristic of their new cortical locale. A 
second group was also injected on P34 and killed on P40: FB was 
injected into the PD of the O-R cases, but into the SC of the R-O 
cases, and in both paradigms DY was also injected into the opposite 
cortex. Many neurons singly labeled with FB or DY (none doubly 
labeled) are found within both types of transplants. Thus, as in normal 
rats, in the transplants the corticotectal and PT neurons do not project 
callosally suggesting that they behave normally and are the same cells 
that would extend a PT axon if left in situ. In a third group, FB was 
injected into the PD of R-0 cases on P9 and the rats killed on PI3. FB 
labeled neurons are found in the transplants indicating that some cells 
in the R-0 transplants do initially extend but none maintain a PT axon. 
In all groups. some dye labeled neurons in the transplants are also 
labeled with 3H-TdR. These findings suggest that the position of a 
neuron within the tangential plane of the neocortex is a critical factor 
in determining which of its initially extended axon collaterals will be 
eliminated or retained to give rise to its mature set of projections. 
Further they support the notion that within its tangential plane the 
early neocortex is a rather homogeneous structure; the areal 
differentiation characteristic of the projections of the mature cortex is 
not a feature intrinsic to the cells in these regions, but is imposed on 
them by factors which operate regionally.

Supported by NIH Grants NS-18506 and EY-03653.
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288.9 SUCCESSIVE WAVES OF DIFFERENTIATION OF CUTANEOUS SENSORY 
RECEPTORS WITHIN THE SPINAL DERMATOMES. B ry ce  L. M unger* and 
T e r r e l l  E. J o n e s * (SPON: W.B. S e v e r s ) .  D e p a rtm e n t o f  Anatomy, The 
M il to n  S. H ersh ey  M e d ic a l C e n te r  o f  The P e n n s y lv a n ia  S t a te  
U n i v e r s i t y ,  H e rsh e y , PA 17033

The e a r l y  d i f f e r e n t i a t i o n  o f  s p i n a l  n e rv e s  and  a s s o c i a te d  
c u ta n e o u s  i n n e r v a t i o n  h a s  b e e n  s tu d i e d  i n  s i l v e r - i m p r e g n a t e d  
s e r i a l  p a r a f f i n  s e c t i o n s  o f  c h ic k e n  an d  r a t  em b ry o s. C h icken  
em bryos w ere e s p e c i a l l y  u s e f u l  f o r  t r a c i n g  th e  e a r l y  e v e n ts  o f  
s p i n a l  n e rv e  d i f f e r e n t i a t i o n .  Axons c a n  f i r s t  b e  i d e n t i f i e d  as 
p r e c u r s o r s  o f  s p in a l  n e rv e s  o f  th e  a d u l t  i n  S ta g e  16 c h ic k e n  
em bryos (2 1 /2  day  o ld  e m b ry o s ). The a x o n s t i g h t l y  a b u t  th e  
myotome an d  some ax o n s p i e r c e  th e  myotome a lo n g  i t s  i n f e r i o r  and 
p o s t e r i o r  b o r d e r .  T e rm in a l  b r a n c h e s  o f  th e s e  a x o n s f a n  o u t  i n to  
th e  d e rm is  b u t  do n o t  c o n ta c t  th e  e p id e r m is .  Axons r e a c h  th e  
e p id e r m is  i n  E4 c h ic k  em b ry o s. The c u ta n e o u s  b ra n c h e s  o f  s p in a l  
n e rv e s  in n e r v a te  th e  s k in  o v e r  th e  m a j o r i t y  o f  th e  t ru n k  and  each  
h a s  a  l a r g e  v e n t r a l  an d  s m a l le r  d o r s a l  b r a n c h .  T h ese  c u ta n e o u s  
n e rv e s  a r e  e q u iv a l e n t  to  th e  p o s t e r i o r ,  l a t e r a l  o r  in te r m e d ia t e  
an d  a n t e r i o r  c u ta n e o u s  n e rv e s  o f  mammals.

S p in a l  n e rv e s  c a n  b e  i d e n t i f i e d  i n  E13 r a t  em bryos t i g h t l y  
a b u t t i n g  th e  m yotomes f i t t i n g  i n  a  g ro o v e  on th e  p o s t e r i o r  and 
i n f e r i o r  b o r d e r  o f  th e  m yotom es. As v iew e d  i n  s a g i t t a l  s e c t i o n ,  
th e  s u c c e s s iv e  myotomes t i g h t l y  a b u t  one a n o th e r  and  th e  
d e v e lo p in g  s p in a l  n e rv e  i s  san d w ich e d  b e tw e en  a d ja c e n t  myotomes. 
The s k in  o v e r  th e  e n t i r e  t r u n k  i s  i n n e r v a te d  by  t e r m in a l  b ra n c h e s  
o f  p o s t e r i o r  c u ta n e o u s  n e rv e s  by  E 1 3 .5 . The l a t e r a l  
( in t e r m e d ia t e )  and  a n t e r i o r  c u ta n e o u s  n e rv e s  d e v e lo p  a f t e r  th e  
r i b s  c a n  b e  r e c o g n iz e d  by  E16 i n  th e  r a t .  The s e n s o r y  derm atom es 
a r e  th u s  e s t a b l i s h e d  by  E4 i n  t h e  c h ic k  and  E 1 3 .5  i n  th e  r a t  
em bryo. I n  b o th  s p e c i e s  th e  e a r l i e s t  d i f f e r e n t i a t i o n  o f  d o r s a l  
r o o t  g a n g l i a  c a n  b e  r e c o g n iz e d  one h a l f  day  e a r l i e r  th a n  th e  
o n s e t  o f  c u ta n e o u s  i n n e r v a t i o n ,  an d  d i f f e r e n t i a t i o n  o f  d o r s a l  
r o o t  g a n g l i a  c o n t in u e  f o r  a t  l e a s t  3 -4  a d d i t i o n a l  em b ry o n ic  d ay s . 
The d e rm a to to p ic  map once  e s t a b l i s h e d  a t  E 1 3 .5  i n  r a t  and  E4 in  
c h ic k  em bryos s u b s e q u e n t ly  d e v e lo p s  by  s e q u e n t i a l  d i f f e r e n t i a t i o n  
o f  a d d i t i o n a l  d o r s a l  r o o t  g a n g l i a .  We h av e  p r e v i o u s ly  d e s c r ib e d  
s p a t i a l  and  te m p o ra l  g r a d i e n t s  i n  th e  d i f f e r e n t i a t i o n  o f  
c u ta n e o u s  s e n s o r y  r e c e p t o r s  i n  th e  r a t  an d  opossum  m y s ta c ia l  
p a d s .  On th e  b a s i s  o f  th e  p r e s e n t  o b s e r v a t io n s  we c o n c lu d e  t h a t  
s im i l a r  g r a d i e n t s  a r e  p r e s e n t  w i t h in  th e  t r u n c a l  derm atom es as  
w e l l .  W ith in  th e  t r u n c a l  s k in  o f  c h ic k e n s  an d  r a t s  a  d i s t i n c t  
g r a d i e n t  i s  p r e s e n t  from  th e  m id d le  o f  th e  b a c k  e x te n d in g  
a n t e r i o r l y  a lo n g  th e  c o u rs e  o f  e a c h  s p i n a l  d e rm a to m e . In  th e  
c h ic k e n  t h i s  g r a d i e n t  m atch es  e x a c t l y  th e  se q u e n c e  o f  f e a t h e r  
f o rm a tio n  i n  th e  d o r s o p e lv ic  p t e r y l a  a s  d e s c r ib e d  by  Holmes 
(1 9 3 5 ) . S u p p o r te d  i n  p a r t  by  USPHS R e s e a rc h  G ra n t  NS 19462.

288.10 ONTOGENY OF CENTRAL PROJECTIONS OF LUMBAR PRIMARY 
SENSORY NEURONS IN CHICK F.A. Johnson*, B.M. Davis.,E. Frank. 
Department of Neurobiology and Physiology, Northwestern university, 
Evanston 11., 60201.

The chick spinal cord, and in particular the lumbar lateral motor 
column (LMC), has been the focus of intense study by developmental 
biologists. Numerous studies have explored the birth and death of 
sensory neurons and the ontogeny of their peripheral connections. 
Despite this attention, little is Known about the development of afferent 
connections in the spinal gray matter. In these studies HRP pathway 
tracing methods were used to examine the ontogeny of central 
projections of sensory fibers.

White Leghorn chick embryos were dissected and maintained in 
oxygenated chick Ringer at room temperature. HRP injections were 
made into lumbar dorsal root ganglia (DRG) and/or spinal nerves were 
cut and sucked into HRP-filled glass pipettes. Injections into stage 25 
(E5) DRGs revealed small bipolar sensory neurons projecting centrally 
into the dorsal root and ventrally toward the developing peripheral 
nerve. By stage 28 (E6) injection of HRP into DRG or spinal nerve 
revealead a large number of sensory fibers in the dorsal root. These 
fibers formed a small dense aggregation at the periphery of the spinal 
cord representing the primodium of the dorsal funiculus (or oval bundle 
of His). The majority of these sensory fibers appeared to be coursing 
rostrally and caudally over the surface of the developing spinal cord. A 
few fibers, small and unbranched, penetrated the dorsal horn and 
occasionally extended into the LMC. By this stage numerous 
motoneurons were labeled and many of these had branching dendrites. 
At stage 33 (E8) the sensory fibers projecting into the developing dorsal 
funiculus had spread over the dorsal surface of the spinal cord and had 
begun to grow into the superficial layers of the dorsal horn. A few 
fibers extended into deeper layers. All the sensory fibers at this stage 
were small and unbranched and no difference could be detected 
between those fibers in the superficial layers of the dorsal horn and 
those in deeper layers. By stage 35(E9) all the components of the adult 
sensory fiber projection were present. Sensory fibers could be seen 
throughout the upper laminae of the dorsal horn and numerous fibers 
extended into the zone of the motoneuron dendrites in the LMC. Many 
of the sensory axons at this stage had branched processes. The sensory 
fiber projection into the LMC, which presumably represents muscle 
afferent fibers destined to innervate motoneurons, appeared diffuse 
with ventrally projecting fibers traversing all regions of the dorsal 
horn. By stage 39(E13) the projection to the LMC was formed by a 
dense plexus of sensory fibers originating in the superficial layers of 
the dorsal horn and coursing ventrally through the center of the dorsal 
horn, bisectings it. Our observations suggest that cutaneous and muscle 
fiber projections (those terminating in the dorsal and ventral horn, 
respectively) develop simultaneously as has been observed in frogs and 
mammals. Supported by training grant NS07223 and NS20859 to E.F.

2 8 8 .1 1  THE S - I  HINDPAW REPRESENTATION IN THE RAT AFTER SCIA TIC  NERVE 
SECTION AT DIFFERENT POSTNATAL AGES. L .E .  B a k e r  a n d  J . T .  
W a l l . V a n d e r b i l t  U n i v e r s i t y ,  N a s h v i l l e ,  t N 3 72 4 0 .
T h e  r a t  h ln d p a w  i s  i n n e r v a t e d  by  t h e  s c i a t i c  a n d  s a p h e 
n o u s  n e r v e s .  C u ta n e o u s  m e c h a n o r e c e p t o r s  fro m  e a c h  n e r v e  
c o n t r i b u t e  i n a n  o r d e r l y  w ay t o  a  t o p o g r a p h i c a l l y  o r g a n i z e d  
r e p r e s e n t a t i o n  o f  t h e  h i ndpaw  i n t h e  S - I  c o r t e x .  When t h e  
h ln d p a w  o f  a n  a d u l t  r a t  i s  p a r t i a l l y  d e n e r v a t e d  by s c i a t i c  
n e r v e  s e c t i o n  a n d  l i g a t i o n ,  p a r t  o f  t h e  c o r t i c a l  z o n e  u s u a l l y  
r e p r e s e n t i n g  s c i a t i c  i n p u t s  b e c o m e s  r e s p o n s i v e  t o  s a p h e n o u s  
i n p u t s .  As a  r e s u l t ,  t h e  c o r t i c a l  a r e a  r e p r e s e n t i n g  s a p h e n o u s  
h i ndpaw  i n p u t s  e x p a n d s  i n s i z e .  I n  c o n t r a s t ,  i n  a d u l t  r a t s  
t h a t  w e re  r e a r e d  a f t e r  s c i a t i c  t r a n s e c t i o n  a n d  l i g a t i o n  on  
p o s t n a t a l  d a y  1 ,  t h e  c o r t i c a l  r e p r e s e n t a t i o n  o f  s a p h e n o u s  
h i ndpaw  i n p u t s  d o e s  n o t  a p p e a r  e x p a n d e d  i n  s i z e .  T h e  g o a l  o f  
t h e  p r e s e n t  s t u d y  w a s  t o  d e f i n e  t h e  a g e  p e r i o d  d u r i n g  w h ic h  
s c i a t i c  i n j u r y  c a u s e s  a n  a d u l t  v e r s u s  n e o n a t a l  p a t t e r n  o f  
c o r t i c a l  r e p r e s e n t a t i o n .

T h e  h i n d p aw s o f  6 a n d  16 d a y  o l d  r a t s  w e re  p a r t i a l l y  
d e n e r v a t e d  by t r a n s e c t i n g  a n d  l i g a t i n g  t h e  s c i a t i c  n e r v e  a n d  
t h e  S - I  h i ndpaw  r e p r e s e n t a t i o n  w a s s u b s e q u e n t l y  m ap p e d  w hen  
t h e  a n i m a l s  r e a c h e d  a d u l t h o o d .  R e c e p t iv e  f i e l d s  t o  l i g h t  
t a c t i l e  s t i m u l i  w e re  d e f i n e d  fro m  m u l t i u n i t  r e s p o n s e s  a t  
6 0 - 1 1 0  l o c a t i o n s  a c r o s s  t h e  h i ndpaw  a n d  a d j a c e n t  c o r t i c a l  
r e g i o n  i n k e t a m in e  a n e s t h e t i z e d  a n i m a l s .  C o r t i c a l  a r e a s  
r e p r e s e n t i n g  h ln d p a w  i n p u t s  w e re  m e a s u r e d  w i t h  a  p l a n i m e t e r  
a n d  c o m p a re d  t o  s i m i l a r  d a t a  fro m  a d u l t  a n d  d a y  1 d e n e r v a t e s .  

T h e r e  w e r e  t h r e e  m a in  r e s u l t s .  ( 1 )  T he c o r t i c a l  a r e a s  
r e p r e s e n t i n g  s a p h e n o u s  i n p u t s  fro m  t h e  h i n d p aw s o f  d a y  16 
d e n e r v a t e s  ( x ̅=  .62 mm2, n=5) a n d  d a y  6 d e n e r v a t e s  ( x̅ = 
.6 4  mm2, n=5) w e r e  n o t  d i f f e r e n t  ( t [ 8 ]  = 0 . 1 3 ) .  (2) T h e  
c o r t i c a l  a r e a s  o f  d a y  16  a n d  d a y  6 d e n e r v a t e s  w e re  a l s o  n o t  
d i f f e r e n t  ( r e s p e c t i v e l y ,  t [ 1 0 ]  = 1 .5 0  a n d  1 . 3 1 )  f ro m  t h e  
a r e a s  o f  a d u l t  d e n e r v a t e s  ( x ̅ = .4 7  mm2, n=7). ( 3 )  I n  c o n 
t r a s t ,  t h e  a r e a s  o f  b o t h  d a y  16 a n d  d a y  6 d e n e r v a t e s  w e r e  
s i g n i f i c a n t l y  d i f f e r e n t  ( r e s p e c t i v e l y ,  t [ 1 4 ]  = 8 . 4 0  a n d  
4 . 8 8 ,  p  < . 0 5 )  fro m  a r e a s  o f  d a y  1 d e n e r v a t e s  ( x ̅ = .2 0  mm2 , 
N=1 1 ) .

We s u g g e s t  t h a t  r e m o v a l o f  s c i a t i c  i n p u t s  i n t h e s e  e x p e r i 
m e n ts  a l l o w s  a n  e v a l u a t i o n  o f  t h e  m ax im al c o r t i c a l  p r o j e c t i o n  
a r e a  o f  s a p h e n o u s  h i ndpaw  i n p u t s .  T h e  s i m i l a r i t y  i n c o r t i c a l  
a r e a s  f o r  i n j u r y  o n  o r  a f t e r  d a y  6 ,  a n d  t h e  d i f f e r e n c e s  i n 
a r e a s  f o l l o w in g  i n j u r y  o n  d a y s  1 a n d  6 ,  s u g g e s t  ( 1 )  t h a t  
d e v e lo p m e n ta l  e v e n t s  b e tw e e n  d a y s  1 - 6  a r e  i m p o r t a n t  f o r  t h e  
n o rm a l f o r m a t io n  o f  a  m ax im al s a p h e n o u s  p r o j e c t i o n  a r e a ,  a n d  
( 2 )  t h a t  s c i a t i c  i n p u t s  som ehow  c o n t r i b u t e  t o  t h e s e  e v e n t s .

( S u p p o r t e d  b y  g r a n t s  N S21105  a n d  B N S 8 2 0 5 7 4 5 .)

288.12 PROGRESSIVE CHANGE IN SI CORTEX OF KITTENS AFTER SPINAL TRANSEC
TION. P.A. McKinley and L.Swyter* . Dept. Kinesiology, UCLA, Los 
Angeles, CA 90024

In a previous communication (Soc. Neuroscl. Abst. 11:452, 1985) 
we reported  th a t  re o rg a n iz a tio n  of SI c o r te x  i n ch ro n ic  spinal 
c a ts  a f te r  spinal cord tran sec tio n  a t  T12 a t  6  weeks of age was 
charac te rized  by occupation of the deafferented  hi n d limb region by 
trunk a ffe re n t recep tive  f ie ld s  (RFs). This r e p re s e n ta t io n  d if 
fered  from th a t  found In normal c a t s  In two ways: 1) tru n k  RF 
rep resen ta tio n  was extended to  the medial border but was narrowed 
both r o s t r a l l y  and cau d a l l y ; 2 ) th e  tru n k  map was o r ie n te d  
medi o la te ra lly  ra th e r than rostrocaudal l y with re spec t to  position 
of dorsal and ventra l RFs. We were i n te rested  i n th e  p rocess of 
these  changes and th e re fo re  mapped th e  c o r te x  a t  v a rio u s  times 
post-cordotomy (PC).

RF c h a ra c te r is t ic s  of SI cortex  were mapped e le c tro p h y s i o lo g i
cally  from m ulti u n it re sp o n ses  to  l i g h t  t a c t i l e  s t im u la tio n  In 
k e ta m in e  a n e s t h e t i z e d  k i t t e n s  (n =3 / t i me p e r i o d )  a t  e i t h e r  3 ,  6 ,  9 , 
12 and 16 weeks PC. As a co n tro l, normal k itte n s  were mapped at 6 
weeks of age, and Immediately a f te r  cord t r a n s e c t io n .  No trunk 
RFs were found i n the  6  week old k itte n  e ith e r  before or J u s t  PC. 
By 3 weeks PC, the  deafferented  hi n d limb cortex  was fu lly  occupied 
by trunk RFs along both the ro s trocaudal and medi ol a te r a l  axes. 
RF s iz e  varied  from small to  large. Typical l y , RFs re p re s en tin g  
the  a x i l la  were small, w hile those rep resen ting  th e  tru n k  saddle 
were large. Many RFs were represented  more than  once, and th e re  
was no topological o rgan ization . This p a tte rn  was unchanged up to 
6  weeks PC, although th e re  was a s l i ght narrowing of th e  reoccu- 
pled area along the rostrocaudal margins. By 9 weeks PC, however, 
th e re  was a dramatic reduction  i n rep resen ta tion  w ith in  th e  reoc- 
cupled cortex . Only a centra l core of trunk RFs was found i n the 
deafferented  h i n d limb area th a t  extended to  the medial SI border. 
This core was organized topo log ica lly  i n a p a tte rn  sim ila r to  tha t 
reported  i n i t ia l ly  In the  chronic spinal c a t , and was surrounded 
by regions of no cutaneous response both ro s t r a l l y and caudally.

These re s u l ts  Ind icate  th a t  In c a ts  cordotomized a t  6  weeks of 
age, 1) SI c o rtic a l reorgan ization  occurs i n 2 s tages: In it ia l ly ,  
response to  deaffe ren ta tlo n  Is charac te rized  by d ram atic  c ap tu re  
of the e n t i re  vacated re g io n  by tru n k  RFs t h a t  occu rs  w ith in  3 
weeks; th is  expansion i s not s tab le , however, and i s fo l l owed by 
an equal l y dramatic reduction  In trunk re p re s e n ta tio n  a t  9 weeks 
PC, th a t  Is coupled with an Increase In to p o lo g ica l o rg a n iz a tio n  
of the  remaining rep re sen ta tio n . 2) There may be a l i mi t  to  th e  
amount of cortex  th a t  a p a r t i c u la r  reg io n  of th e  p e rip h e ry  can 
c o n tro l. Supported by NS 19864
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288.13 ALTERATIONS IN THE SYNAPTIC ARCHITECTURE OF THE 
SOMATOSENSORY CORTEX OF THE RAT FOLLOWING NEONATAL 
PERIPHERAL NERVE DAMAGE K. J e n s e n ,  J .  O 'C a l la g h a n  and  
E. G re g o ry . N e u ro to x ic o lo g y  D iv i s io n ,  HERL, U. S . 
E n v iro n m e n ta l  P r o t e c t i o n  A gency , and  N o r th ro p  S e r v i c e s ,  
I n c . ,  R e s e a rc h  T r ia n g le  P a rk ,  NC 27711

P r e v io u s  i n v e s t i g a t i o n s  h av e  d e m o n s t r a te d  t h a t  
t h a l a m o c o r t i c a l  p r o j e c t i o n s  t o  t h e  r a t  s o m a to se n so ry  
c o r t e x  a r e  d i s c r e t e l y  o r g a n iz e d  in  a p a t t e r n  t h a t  mim
i c s  t h e  p a t t e r n  o f  w h is k e r s  on th e  f a c e .  T hese  
o r g n a n iz a t io n  o f  t h e s e  p r o j e c t i o n s  i s  a l t e r e d  f o l lo w in g  
n e o n a ta l  damage t o  th e  w h is k e r  i n n e r v a t i o n .  In  th e  
p r e s e n t  s tu d y ,  we h av e  i n v e s t i g a t e d  th e  immuno
h i s to c h e m ic a l  l a b e l i n g  p a t t e r n  o f  an  a n t ib o d y  to  a 
s y n a p t i c  v e s i c l e  p r o t e i n ,  P -3 8 , i n  t h e  n e o c o r te x  f o l 
lo w in g  n e o n a t a l  p e r i p h e r a l  n e rv e  dam age. P -38  h a s  b een  
i d e n t i f i e d  a s  an  i n t r i n s i c  p r o t e i n  o f  th e  membrane o f  
s m a ll s y n a p t i c  v e s i c l e s  (Jah n  e t  a l . ,  19 8 5 , PNAS 
8 2 :4 1 3 7 -4 1 4 1 ) .

The i n f r a o r b i t a l  n e rv e  was s e c t io n e d  in  L o n g s-E v an s 
r a t  pups on th e  day  o f  b i r t h .  The a n im a ls  w ere  s a c r i 
f i c e d  a t  v a r io u s  t im e s  b e tw een  5 -9 0  d a y s  o f  age. The a n 
im a ls  w ere  s a c r i f i c e d  by p e r f u s io n  w i th  4% p a r a f o r m a l 
dehyde  u n d e r  b a r b i t u r a t e  a n a e s t h e s i a .  The b r a i n s  w ere  
rem oved , p o s t f i x e d  f o r  1 -4  h o u r s ,  and  s e c t io n e d  on 
e i t h e r  a v ib ra to m e  o r  c y r o s t a t .  S e c t io n s  w ere  i n c u b a t 
ed in  e i t h e r  a serum  o r  m o n o c lo n a l a n t ib o d y  t o  P -38  and 
p ro c e s s e d  f o r  i n d i r e c t  f l o u r e s c e i n  and  PAP l a b e l .  In  
a d d i t i o n  a n im a ls ,  th e  s o m a to s e n s o ry  n e o c o r te x  was 
rem oved and  p r o c e s s e d  f o r  ra d io im m u n o a ssa y  o f  P -3 8 .

At h ig h  m a g n i f i c a t i o n ,  t h e  l a b e l  a p p e a re d  a s  s m a ll 
p u n c ta te  c l u s t e r s  s u r r o u n d in g  c e l l  b o d ie s  and  d e n 
d r i t e s .  In  th e  c o r t e x  i p s i l a t e r a l  t o  t h e  n e rv e  c u t  
p a tc h e s  o f  i n t e n s e  l a b e l i n g  a p p e a re d  to  c o r r e s p o n d  to  
th e  c l u s t e r i n g  o f  t h a l a m o c o r t i c a l  p r o j e c t i o n s .  In  th e  
c o r t e x  c o n t r a l a t e r a l  t o  th e  n e rv e  c u t ,  a  c o r r e s p o n d in g  
p a t t e r n  o f  p a tc h e s  w ere  n o t  a p p a r e n t .  T hese  o b s e r v a 
t i o n s  s u g g e s t  t h a t  n e o n a ta l  i n f r a o r b i t a l  n e rv e  c u t  
a l t e r s  th e  o v e r a l l  s y n a p t i c  a r c h i t e c t u r e  o f  th e  so m ato 
s e n s o ry  n e o c o r te x .  One p o s s i b l e  i n t e r p r e t a t i o n  o f  t h e  
p r e s e n t  o b s e r v a t i o n s  i s  t h a t  t h e  t h a l a m o c o r t i c a l  
p r o j e c t i o n s  p ro v id e  a r e l a t i v e l y  l a r g e  p r o p o r t i o n  o f  
th e  s y n a p s e s  t o  t h e  t h e  s o m a to s e n s o ry  c o r t e x .  
A l t e r n a t i v e l y ,  t h e  a l t e r e d  p a t t e r n  o f  s y n a p t i c  l a b e l i n g  
may r e p r e s e n t  num erous s o u r c e s  o f  s y n a p t i c  i n p u t ,  t h e  
o r g a n iz a t io n  o f  w h ich  i s  a l t e r e d  a s  a c o n se q u e n c e  o f  
ch an g es  i n  th e  t h a l a m o c o r t i c a l  p r o j e c t i o n s .

288.14 THE PATTERN OF TYROSINE HYDROXYLASE-POSITIVE FIBERS 
PROJECTING TO THE SOMATOSENSORY CORTEX OF THE RAT: 
ALTERATIONS FOLLOWING NEONATAL INFRAORBITAL NERVE CUT. 
E. G reg o ry  and  K. J e n s e n . N o r th ro p  S e r v i c e s ,  I n c .  and  
N e u ro to x ic o lo g y  D iv i s io n ,  HERL, U. S . E n v iro n m e n ta l 
P r o t e c t i o n  A gency , R e s e a rc h  T r ia n g le  P a rk ,  NC 27711

The s o m a to s e n s o ry  n e o c o r te x  o f  th e  r a t  i s  
c h a r a c t e r i z e d  by a c l u s t e r e d  p r o j e c t i o n  o f  
t h a l a m o c o r t i c a l  a f f e r e n t s  t o  l a y e r  IV . The no rm al 
c l u s t e r i n g  o f  t h e s e  a f f e r e n t s  i s  d e p e n d e n t upon th e  
i n t a c t  i n n e r v a t i o n  o f  th e  v i b r i s s a e  d u r in g  e a r l y  
p o s t n a t a l  d e v e lo p m e n t.  C a te c h o la m in e  ax o n s have  
t e r m in a l  f i e l d s  a s s o c i a t e d  w ith  t h e  v i b r i s s a e - r e l a t e d  
i n  l a y e r  IV . In  th e  p r e s e n t  i n v e s t i g a t i o n  we u s e d  an 
a n t ib o d y  a g a i n s t  t y r o s i n e  h y d ro x y la s e  t o  d e m o n s t ra te  
th e  m o rpho logy  and d i s t r i b u t i o n  o f  t h e s e  ax o n s a n im a ls  
in  w h ich  th e  i n n e r v a t i o n  o f  t h e  v i b r i s s a e  was d i s r u p t e d  
a t  b i r t h .

The i n f r a o r b i t a l  n e rv e  was s e c t io n e d  in  L ong-E vans 
r a t s  on th e  day  o f  b i r t h .  A t s u r v i v a l  t im e s  r a n g in g  
from  5 -30  d ay s  f o l l o w in g  n e rv e  c u t  th e  a n im a ls  w ere  
p e r f u s e d  w i th  4% p a ra fo rm a ld e h y d e  u n d e r  b a r b i t u r a t e  
a n a e s t h e s i a .  The b r a i n s  w ere  rem o v ed , p o s t f i x e d ,  and 
s e c t io n e d  on e i t h e r  a v ib ra to m e  o r  c r y o s t a t .  The 
s e c t i o n s  w ere  in c u b a te d  w ith  a serum  a n t ib o d y  a g a i n s t  
t y r o s i n e  h y rd o x y la s e  (E ugene Tech) and p ro c e s s e d  f o r  
i n d i r e c t  p e r o x id a s e  o r  PAP l a b e l i n g .

In  t h e  c o r t e x  i p s i l a t e r a l  t o  t h e  n e rv e  c u t  t h e r e  
w ere  s e v e r a l  s t r a t a  c o n ta in in g  t e r m in a l  p le x u s e s .  The 
m a jo r i t y  o f  f i b e r s  in  th e  u p p e r  s t r a tu m  b ra n c h e d  in  
l a y e r  I I  and  a sc e n d e d  to  l a y e r  I w here  th e y  b i f u r c a t e d  
and r a n  p a r a l l e l  t o  th e  p i a l  s u r f a c e .  V ery  f i n e  f i b e r s  
w ith  i n t r i c a t e  b ra n c h e s  w ere  o b s e rv e d  i n  an 
i n t e r m e d ia t e  s t r a tu m  a t  th e  l e v e l  o f  l a y e r  IV . The 
f i b e r s  o f  th e  d e e p e s t  s t r a tu m  te n d e d  to  be o r i e n t e d  
o b l iq u e ly  t o  t h e  p la n e  o f  th e  l a y e r  V I. In  t h e  c o r t e x  
c o n t r a l a t e r a l  t o  t h e  n e rv e  c u t ,  a l t e r a t i o n s  w ere  
a p p a r e n t  i n  t h e  p a t t e r n  and  d e n s i t y  o f  th e  f i n e  
i n t r i c a t e  p le x u s  o f  l a y e r  IV . S in c e  th e  c a te c h o la m in e  
f i b e r s  a r e  p r e s e n t  in  t h e  n e o c o r te x  b e f o r e  th e  
t h a l a m o c o r t i c a l  p r o j e c t i o n s ,  o u r  o b s e r v a t i o n s  s u g g e s t  
t h a t  th e  t e r m in a l  p le x u s e s  o f  t y r o s i n e  h y ro d o x ly a s e  
p o s i t i v e  f i b e r s  may u n d e rg o  r e o g r a n i z a t i o n  s e c o n d a ry  to  
th e  a l t e r e d  d e v e lo p m en t o f  t h a l a m o c o r t i c a l  p r o j e c t i o n s .

288.15 THE SENSORY INNERVATION OF THE OVARY: A HORSERADISH 
PEROXIDASE STUDY IN THE GUINEA P I G .  C .M . K l e i n *  a n d  
H.W . B u r d e n *  ( S p o n :  R. R a y ) .  D e p t . o f  A n a to m y ,  E a s t  
C a r o l i n a  U n i v .  S c h . o f  M e d . ,  G r e e n v i l l e ,  NC 2 7 8 3 4

N u m e ro u s  s t u d i e s  h a v e  i n d i c a t e d  t h a t  o v a r i a n  a u t o 
n o m ic  n e r v e s  m ay  b e  i n v o l v e d  i n  t h e  r e g u l a t i o n  o f  
o v a r i a n  a c t i v i t y .  B a s e d  u p o n  e x p e r i m e n t a l  e v i d e n c e  f o r  
v a g a l  i n v o l v e m e n t  i n  o v a r i a n  f u n c t i o n ,  B u r d e n  e t  a l . 
( A n a t . R e c . ,  2 0 7 : 6 2 3 - 6 2 7 ,  1 9 8 3 )  i d e n t i f i e d  p e r i k a r y a  o f  
s e n s o r y  n e r v e s  i n n e r v a t i n g  t h e  r a t  o v a r y  u s i n g  
h o r s e r a d i s h  p e r o x i d a s e  t r a c i n g  t e c h n i q u e s .  I n  t h e  
c u r r e n t  s t u d y ,  o v a r i a n  a f f e r e n t  p e r i k a r y a  i n  t h e  g u i n e a  
p i g  w e r e  i d e n t i f i e d  i n  d o r s a l  r o o t  a n d  n o d o s e  g a n g l i a .  
A d u l t  D u n k i n - H a r t l e y  g u i n e a  p i g s  w e r e  a n e s t h e t i z e d  w i t h  
k e t a m i n e  h y d r o c h l o r i d e  a n d  x y l a z i n e ,  a n d  a  p o l y e t h y l e n e  
e n c l o s u r e  w as p l a c e d  a r o u n d  e a c h  o v a r y  t o  i s o l a t e  i t  
f ro m  a d j a c e n t  v i s c e r a .  H o r s e r a d i s h  p e r o x i d a s e  (H R P ) 
w a s  d i s s o l v e d  i n  i s o t o n i c  s a l i n e  c o n t a i n i n g  10% 
d i m e t h y l s u l f o x i d e . T w e n t y - f i v e  m i c r o l i t e r s  o f  a 25% 
HRP s o l u t i o n  w a s  i n j e c t e d  i n t o  t h e  e n c l o s u r e  o n t o  t h e  
s u r f a c e  o f  t h e  o v a r y .  A f t e r  a s u r v i v a l  p e r i o d  o f  4 
d a y s ,  g u i n e a  p i g s  w e r e  r e a n e s t h e t i z e d  a n d  p e r f u s e d  
t r a n s c a r d i a l l y . N o d o s e  a n d  d o r s a l  r o o t  g a n g l i a  (DRG ) 
w e r e  r e m o v e d  b i l a t e r a l l y ,  s e r i a l l y  s e c t i o n e d  a t  15 u m , 
a n d  c o l l e c t e d  d i r e c t l y  o n t o  g e l a t i n - t r e a t e d  g l a s s  
s l i d e s .  S e c t i o n s  w e r e  i n c u b a t e d  t o  d e m o n s t r a t e  HRP 
u s i n g  a m o d i f i c a t i o n  o f  t h e  t e t r a m e t h y l b e n z i d i n e  m e th o d  
o f  M e su la m  ( J . H i s t o c h e m . C y t o c h e m . 2 6 : 1 0 6 - 1  1 7 ,  1 9 7 8 ) .  
S e c t i o n s  w e r e  e x a m i n e d  u s i n g  d a r k  f i e l d  m i c r o s c o p y .  
L a b e l e d  c e l l s  w e r e  i d e n t i f i e d  i n  t h e  i p s i l a t e r a l  DRG 
f ro m  t h e  T 10  t o  L4 s e g m e n t a l  l e v e l .  L a b e l e d  c e l l s  w e r e  
s c a t t e r e d  t h r o u g h o u t  t h e  DRG a t  a l l  l e v e l s .  
H R P - c o n t a i n i n g  n e r v e  c e l l  b o d i e s  i n  DRG w e r e  
d i s t r i b u t e d  a s  f o l l o w s :  T 1 0 : 2 ± 0 . 9  c e l l s  (N = 5 D R G ), 
T 1 1 : 2 ± 0 . 8  c e l l s  (N = 5 D R G ), T 1 2 : 1 0 ± 4 . 1  c e l l s  (N = 9 D R G ), 
T 1 3 : 3 6 ± 1 1 .6  c e l l s  (N = 8 D R G ), L 1 : 2 6 ± 8 . 5  c e l l s  (N = 8 D R G ), 
L 2 : 1 9 ± 5 . 6 c e l l s  (N = 9 D R G ), L 3 : 2 2 ± 9 . 0  c e l l s  (N = 9 D R G ), 
L4 :2± 2 . 2  c e l l s  (N = 5 D R G ). B o th  t h e  r i g h t  a n d  l e f t  
n o d o s e  g a n g l i a  c o n t a i n e d  l a b e l e d  c e l l s  i n  a p p r o x i m a t e l y  
e q u a l  n u m b e r s  ( 3 ± 0 .5  c e l l s  p e r  g a n g l i o n ,  N= 7 g a n g l i a ) .  
T h e  h i g h  s t a n d a r d  e r r o r s  a t  so m e  s e g m e n t a l  l e v e l s  
p r o b a b l y  r e f l e c t  t h e  i n a b i l i t y  t o  c o n t r o l  t h e  d e g r e e  o f  
a c c e s s  o f  HRP t o  o v a r i a n  n e r v e  t e r m i n a l s .  T h e  
i d e n t i f i c a t i o n  o f  s p e c i f i c  o v a r i a n  a f f e r e n t  n e u r o n s  i n  
t h e  g u i n e a  p i g  p r o v i d e s  a n  a n a t o m i c a l  b a s i s  f o r  t h e  
p a r t i c i p a t i o n  o f  v i s c e r o - v i s c e r a 1 r e f l e x e s  i n  c o n t r o l  
o f  o v a r i a n  f u n c t i o n .

288.16 COMPARISON OF INHIBITORY AND EXCITATORY FUNCTION IN THE 
DEVELOPING LATERAL SUPERIOR OLIVE. D.H. Sanes* and E.W 
R u b e l . D epts. of O to la ry n g o l. and P h y s io l . ,  Univ. of 
V i r g in ia  Med. C t r . ,  C h a r lo t t e s v i l l e ,  V ir g in ia  22908.

A lthough th e  developm ent of e x c i t a to r y  re sp o n se s  
h as  been th e  fo c u s  of much r e s e a rc h , c o m p ara tiv e ly  l e s s  
a t t e n t i o n  has been p a id  to  i n h ib i to r y  c o n n e c tio n s . The 
l a t e r a l  su p e r io r  o l iv a ry  n u c leu s  (LSO), an a u d ito ry  
n u c le u s  in  th e  v e n t r a l  b ra in s te m  of th e  M ongolian 
G e r b i l ,  i s  a f a v o ra b le  system  in  which to  compare th e  
m a tu ra tio n  of an in h ib i to r y  and an e x c i t a to r y  in p u t .  
Neurons in  LSO a re  e x c i te d  by s t im u l i  d e l iv e r e d  to  th e  
i p s i l a t e r a l  e a r  and a r e  i n h ib i t e d  by s t im u l i  to  th e  
c o n t r a l a t e r a l  e a r .

We f i r s t  q u a n t i f ie d  th e  freq u en cy  tu n in g  of s in g le  
u n i t s  f o r  p o s tn a ta l  an im a ls  o f  13-14 d ay s , 15-16 days, 
and 12-16 weeks. Both th e  13-14 and 15-16 day groups 
e x h ib i te d  b ro ad e r freq u e n cy  tu n in g  th an  th e  a d u l t s  
(p < .0 1 ) , a lth o u g h  th e r e  were s e v e ra l  u n i t s  w ith  a d u l t 
l i k e  s e l e c t i v i t y .  The freq u e n cy  tu n in g  of th e  
in h ib i to r y  p ro c e ss  was n e a r ly  i d e n t i c a l  to  t h a t  of th e  
e x c i t a to r y  p ro c e ss  w ith in  each age group. In  11 c a s e s , 
u n i t s  of s im i la r  c h a r a c t e r i s t i c  fre q u e n c y , i s o la te d  
w ith in  th e  same a n im a l, had m arkedly d i f f e r e n t  freq u e n cy  
s e l e c t i v i t y .  We n e x t compared th e  th r e s h o ld  sound 
l e v e l s  r e q u ire d  to  e l i c i t  an in h ib i to r y  or e x c i t a to r y  
re sp o n se . Neurons in  13-14 and 15-16 day an im als  
had n e a r ly  e q u iv a le n t  th r e s h o ld s  f o r  e x c i t a t i o n  and 
i n h i b i t io n .  However, in  a d u l t  a n im a ls ,  e x c i ta to r y  
th r e s h o ld s  ten d ed  to  be lo w e r, e s p e c ia l ly  below 7 kHz.

The i n t e r a c t io n  o f th e  two in p u ts  r e q u i r e s  t h a t  th ey  
be w e ll m atched in  th e  freq u e n cy  domain. T h e re fo re , we 
compared th e  e x c i t a to r y  c h a r a c t e r i s t i c  freq u en cy  (CF) to  
th e  in h ib i to r y  CF f o r  a l l  age g ro u p s. W hereas a d u l t s  
e x h ib i te d  a very  h igh  c o r r e la t i o n  ( r= 0 .99) betw een CFs, 
th e r e  was s t a t i s t i c a l l y  g r e a te r  v a r i a b i l i t y  ab o u t th e  
r e g re s s io n  l i n e  in  bo th  th e  13-14 and 15-16 day g ro u p s. 
F in a l ly ,  we c h a r a c te r iz e d  th e  b in a u ra l  p ro p e r ty  f o r  
which LSO n eurons code, i n t e r a u r a l  i n t e n s i t y  d if fe r e n c e  
( IID ) . The s lo p e s  o f th e  IID  f u n c t io n s ,  in d ic a t iv e  of 
r e s o lu t io n  ( i . e .  Δ  sp ik e  r a t e / Δ  I ID ) , was s im i la r  fo r  
a l l  age g ro u p s , d e s p i te  a much enhanced dynamic range in  
a d u l t  a n im a ls .

We conclude t h a t  th e  f u n c t io n a l  m a tu ra tio n  of th e  
in h ib i to r y  and e x c i t a to r y  system s a re  n e a r ly  i d e n t i c a l .  
One p o s s ib le  e x c e p tio n  i s  t h a t  th e  e f f ic a c y  of th e  
in h ib i to r y  in p u t i s  g r e a te r  in  young th an  in  a d u l t  
a n im a ls . (Sup p o rted  by NIH G ran ts  NS15478 and NS07462).
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288.17 DEVELOPMENT OF MORPHOLOGICAL CHARACTERISTICS OF THE SUPERIOR 
OLIVARY COMPLEX IN THE FERRET. M. E. Wells*, C. K. Henkel, and 
J. K. Brunso-Bechtold. (Spon. J. Ryu). Department of Anatomy, 
Bowman Gray School of Medicine, Wake Forest University, Winston- 
Salem, NC 27103.

The anatomical development of the nuclei involved in 
mammalian sound localization is not well -understood. In an 
attempt to investigate th is development, we have studied cell 
d istribu tion  and morphology in the medial and la tera l superior 
olivary nuclei (MSO and LSO) a t postnatal days 0, 2, 4, 8, 16, 
and 32 in the fe rre t , and compared our observations a t these 
ages with sim ilar observations in the adult fe rre t. Hearing in 
the fe rre t begins at about one month postnatal, allowing us to 
study auditory development for an extended period before the 
onset of function. Two animals at each age were perfused with 
Bouin's fix a tiv e , embedded in paraffin , sectioned a t 10μ, and 
stained with cresyl v io le t.

The adult fe rre t possesses well-defined superior olivary 
nuclei sim ilar to the ca t, although the LSO in the fe rre t is 
more convoluted in appearance. As in the ca t, the MSO and LSO 
ce lls  are bipolar with evenly d istributed  Nissl substance in the 
cytoplasm. In addition, the ce lls are oriented perpendicular to 
the long axes of the nuclei and are loosely packed with 
numerous, interspersed g lia l c e lls . At b ir th , the MSO and LSO 
are re la tive ly  segregated, although they are clearly  less 
organized than in the adult. The ce lls  a t th is time, however, 
are quite immature in appearance; there is scant cytoplasm, the 
bulk of which forms a " ta il"  or cap on one side of the nucleus. 
The most immature ce lls are loosely packed, but g lia l cells 
could not be distinguished between the neurons. During matu
ration the ce lls become more densely packed and more clearly  
oriented. By the second postnatal week, the ce lls are becoming 
more mature in appearance with more cytoplasm and evenly d i s t r i 
buted Nissl substance. Furthermore, by th is time, g lia l cells 
can be distinguished among the neurons, and shortly thereafter 
the ce lls  again appear to be more loosely packed. During the 
ages we have studied, there appears to be a gradient of matu
ration from ventral to dorsal in the MSO and from medial to 
la tera l in the LSO. This gradient is consistent with the high 
frequency to low frequency gradient of anatomical maturation 
described in other species.
Supported by NS 23092.

288.18 SENSITIVE AND CRITICAL PERIODS FOR THE VISUAL CONTROL OF SOUND 
LOCALIZATION. P .F .  Knudsen and E . I .  K nu d sen , D ep a rtm en t o f 
N e u ro b io lo g y , S ta n fo r d  U n iv e r s i ty  S ch o o l o f M e d ic in e , S ta n fo r d ,  
C a l i f o r n i a  94305 .

In  p re v io u s  s tu d i e s  we found t h a t  b a rn  ow ls u se  v i s i o n  to  g u id e  
th e  d ev e lo p m en t o f sound l o c a l i z a t i o n .  H ere we d e m o n s tra te  t h a t  
th e  a b i l i t y  to  a l i g n  a u d i to r y  w ith  v i s u a l  l o c a l i z a t i o n  i s  age 
d e p e n d e n t .

We p la c e d  40 d i o p te r ,  r i g h t  d e v ia t in g  F r e s n e l  p r ism s  on 8 b a rn  
ow ls a t  10, 21 , 35 , 4 2 , 4 9 , 6 3 , 84 and 112 days o f age (1 
d i o p te r  = . 5 7 ° ) .  The ow ls w ere t r a i n e d  to  o r i e n t  t h e i r  h eads 
to w a rd s  a u d i to r y  ( n o is e  b u r s t )  and v i s u a l  (LED) s t i m u l i ,  w hich 
w ere p r e s e n te d  a t  random l o c a t io n s  in  a d a rk e n e d , sound 
a t t e n u a t i n g  ch am b er. The o w ls ' o r i e n t a t i o n s  were m easured  by a 
s e a r c h  c o i l  a t t a c h e d  to  th e  o w ls ' h e a d . The mean re s p o n s e  to  the 
a u d i to r y  s t im u lu s  was com pared to  th e  mean r e s p o n s e  to  th e  v i s u a l  
s t im u lu s ,  and th e  sound l o c a l i z a t i o n  e r r o r  was d e f in e d  as th e  
d i f f e r e n c e  be tw een  th e  two m eans.

We found  t h a t  th e  yo u n g er th e  owl was when th e  p r ism s  were 
a t t a c h e d ,  th e  f u r t h e r  sound l o c a l i z a t i o n  s h i f t e d  to  th e  r i g h t  to  
a l i g n  w ith  v i s u a l  l o c a l i z a t i o n .  The owl t h a t  had p rism s  a t ta c h e d  
a t  10 day s  of age s h i f t e d  i t s  sound l o c a l i z a t i o n  by th e  f u l l  23°, 
so  t h a t ,  w ith  th e  p r ism s  on , i t  was l o c a l i z i n g  sound and l i g h t  
s t i m u l i  in  th e  same p l a c e .  In  c o n t r a s t ,  th e  owl t h a t  had p rism s 
a t t a c h e d  a t  49 day s  o f age s h i f t e d  i t s  sound l o c a l i z a t i o n  by only 
1 2 ° . V is u a l  l o c a l i z a t i o n  was t e s t e d  by h a v in g  th e  owls s t r i k e  a t  
s t a t i o n a r y  v i s u a l  t a r g e t s .  The owls c o n s i s t e n t l y  s t r u c k  to  th e  
r i g h t  o f  th e  t a r g e t  i n d i c a t i n g  t h a t  v i s u a l  l o c a l i z a t i o n  was 
e s s e n t i a l l y  u n a f f e c te d  by p r ism  r e a r in g .  The r e s u l t s  d e m o n s tra te  
t h a t  t h e r e  i s  a  s e n s i t i v e  p e r io d  d u r in g  w hich  sound l o c a l i z a t i o n  
can  be m ax im ally  m o d if ie d  by ab n o rm al v i s u a l  e x p e r ie n c e .

When th e  p r ism s  w ere rem oved from  a young owl t h a t  had s h i f t e d  
i t s  sound l o c a l i z a t i o n ,  th e  owl i n i t i a l l y  e x h ib i t e d  a  sound 
l o c a l i z a t i o n  e r r o r  w hich  g r a d u a l ly  d i s a p p e a re d  o v e r  s e v e r a l  
w eeks. We n e x t  lo o k ed  a t  th e  e f f e c t  o f age on th e  a b i l i t y  to  
a d ju s t  th e s e  v i s u a l l y  in d u ce d  a u d i to r y  e r r o r s .  The p r ism s  were 
rem oved a t  v a r io u s  ag e s  from  9 , p r is m - r e a r e d  ow ls and sound 
l o c a l i z a t i o n  e r r o r s  w ere fo llo w e d  f o r  s e v e r a l  m o n th s . The r e s u l ts  
showed t h a t  ow ls whose p rism s  w ere removed b e fo r e  160 day s  of age 
c o r r e c te d  t h e i r  a u d i to r y  e r r o r s  w i th in  s e v e r a l  w eeks. However, 
when th e  p r ism s  w ere rem oved a f t e r  190 d ay s  o f  a g e , th e  owls 
m ain ta ined  the  v is u a l ly  induced sound lo c a l iz a t io n  e r ro r s  fo r as 
lo n g  a s  th e y  w ere t e s t e d  (3 m o n th s ) .  We b e l i e v e  t h i s  age (190 
d a y s)  to  be n e a r  th e  end o f a  c r i t i c a l  p e r io d  d u r in g  w hich a u d i 
t o r y  cu es  become p e rm a n e n tly  a s s o c i a te d  w ith  l o c a t io n s  in  s p a c e .

(S u p p o rte d  by NIH g r a n t  R0 1 NS 16099-06 and by th e  M arch o f 
Dimes g r a n t  1 -8 6 3 .)

288.19 DUCKING AND ROBBING: AN ETHOLOGICAL TEST OF SENSORIMOTOR FUNCTION 
WITH RESPECT TO ACTIVITY IN CORTICAL AND DOPAMINERGIC SYSTEMS. 
I.Q. Whishaw and J. Tomie*. Dept. Psychology, University of 
Lethbridge, Lethbridge, Alberta, Canada, T1K 3M4

Rats in social groups will attempt to obtain food by robbing 
each other. The victim protects the food by ducking. There are 
two types of ducks: Type I , involves a body turn and rear leg 
step that carries the ra t in a 160° arc contralateral to the robber 
and in which food in held in the front paws; Type I I ,  a body turn 
and rear leg step that carries the ra t in a sim ilar but longer 
arc but in which food is transferred to the mouth and then back 
to the paws. Ducks are triggered by contralateral ta c t i le  stimu
la tio n , particu larly  to the ventral area of the snout. Vibrissae 
removal disrupts ducking.

Hemidecortication in i t ia l ly  abolishes ducks to contralateral 
robs and the robber obtains the food. Recovery occurs over sixty 
days by which time ducking is again normal. There is no ip s i
la tera l impairment.

Unilateral dopamine depletion by n ig rastria ta l bundle 6-hydroxy
dopamine produces d ifferen t effec ts . Impairments emerge over the 
f i r s t  10 postoperative days and there is l i t t l e  subsequent re 
covery. The ra ts  show an apparent contralateral neglect because 
they are frequently robbed from that side, but when ducks occur 
they are normal. The ra ts duck to ip s ila te ra l approaches but the 
ducks are usually abnormal and the direction of the duck is 
usually reversed, ipsiversive to the approach rather than contra
versive.

Ducking is mediated by d ifferen t neural systems than those 
thought to mediate "classical" orienting. Neocortical lesions and 
dopamine lesion effects can be dissociated with respect to th e ir 
e ffects on the behavior. Both sensory and motor system changes 
can d iffe ren tia lly  influence ducking. The demonstration provides 
a new methodology with a new philosophy for studying the neural 
basis of sensorimotor behavior. Other features of ducking and 
robbing are described with respect to stim ulation, movements, and 
the contributions of other neural centers.

288.20 USE OF AN ULTRASONIC ECHOLOCATING PROSTHESIS BY VISUALLY DEPRIVED 
CATS. C. V e ra a r t* , M.-C. W anet-D efalque* and J .  Crémieux* (SPON : 
M. M eu ld e rs) . Lab. o f N europhysio logy, Univ. o f Louvain, UCL-5449, 
B-1200 B ru s se ls , Belgium.

An u l t r a s o n ic  ec h o lo c a tin g  p ro s th e s is  has been designed  in  
o rd e r  to  h e lp  b lin d  peop le du rin g  locom otion; o b s ta c le s  could  be 
lo c a te d , in  d is ta n c e  and in  d i r e c t i o n ,  thanks to  a u d i to r i l y  coded 
s ig n a l s .  A m odified  v e rs io n  o f  t h i s  p ro s th e s is  was developed in  
o rd e r  to  t e s t  i t s  use in  v is u a l ly  d ep rived  c a ts  (V eraart and 
Wanet, in :  " E le c tro n ic  S p a t ia l  Sensing fo r  th e  B lin d " , D.H. Warren 
and E .R . S tre lo w , Eds, M. N ijh o ff  P ub l. D ord rech t, 1985, pp . 217- 
238). This d ev ice  c o n s is te d  in  a sm all u l t r a s o n ic  ec h o lo ca tin g  
u n it  p rov ided  w ith  a p a i r  o f earphones and connected  by w ires  to  
rem ote e le c t r o n ic s  powered w ith  b a t t e r i e s ;  th e  d is ta n c e  o f o b s ta 
c le s  was coded p r o p o r t i o n a l l y  to  th e  p i t c h  o f th e  sounds. Four 
anim als were b i l a t e r a l l y  e n u c lea ted  under deep a n a e s th e s ia  during  
th e  f i r s t  week a f t e r  b i r t h ;  when a d u l t ,  c a ts  were t r a in e d  to  wear 
and use th e  p ro s th e s is  in  s e v e ra l t a s k s .

In  a f i r s t  ta s k ,  th re e  o f th e se  c a ts  were co n d itio n e d  to  cross 
an o b s ta c le  f i e l d  (a  c o r r id o r  p rov ided  w ith  up to  fo u r b a r r i e r s  
p re se n te d  in  v a r io u s  c o n f ig u r a t io n s ) . A fte r  s e v e ra l month o f t r a i 
n in g , no s ig n i f i c a n t  d if f e re n c e s  could  be reco rded  between p e r fo r 
mances o b ta in ed  w ith  and w ith o u t th e  p r o s th e s is .  In  a second ta sk , 
an im als were lo c a te d  on a p la tfo rm , 1 m h igh  from th e  ground, and 
were re q u ire d  to  jump on one o f two s to o ls  whose h e ig h t d i f f e r e d .  
Two anim als were t r a in e d  to  choose th e  h ig h e s t s to o l  and a th i r d  
one, th e  low est one. S ide and h e ig h t (from 0 to  0 .7  m) o f th e  
s to o ls  were changed a t  random. A ll th re e  anim als perform ed a t  a 
h ig h  le v e l  (above 75% o f  su ccess ) w ith  th e  p ro s th e s is  w h ile  
w ith o u t i t ,  t h e i r  perform ance s tay e d  a t  chance l e v e l .  In  a l a s t  
ta s k ,  ag a in  perform ed in  an o b s ta c le  f i e l d ,  one anim al ( th e  one 
t r a in e d ,  in  th e  second ta s k ,  to  choose th e  low est s to o l)  was r e 
warded on ly  when he avoided th e  o b s ta c le s .  In  th e se  c o n d itio n s , 
w ith  up to  two b a r r i e r s ,  th i s  anim al perform ed s ig n i f i c a n t ly  
b e t t e r  w ith  th e  p ro s th e s is  th a n  w ith o u t .

In  c o n c lu s io n , in  jum ping b ehav iou r as w e ll as in  locom otion , 
v is u a l ly  d ep rived  c a ts  proved to  be ab le  to  in t e g r a t e  a r t i f i c i a l  
sen so ry  s ig n a l s ,  coding  s p a t i a l  in fo rm a tio n , in  t h e i r  motor a c t i 
v i t i e s .
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289.1 CONNECTIONS BETWEEN THE HYPOTHALAMUS AND MEDULLARY 
CATECHOLAMINERGIC NEURONS: NEW DATA IN CENTRAL AUTONOMIC CONTROL.
J . J .  V io l a * , K. F u x e , M. G o ld s te in  and M. K a li a (SPON: J .L .  
O s te rh o lm ) .  D ep a rtm en t o f  P h a rm a c o lo g y , Thomas J e f f e r s o n  
U n i v e r s i t y ,  P h i l a d e l p h i a ,  PA 19107

The d i s t r i b u t i o n  o f  c a te c h o la m in e r g ic  (CA) n e u ro n s  in  th e  
m e d u lla  o b lo n g a ta  t h a t  p r o j e c t  to  th e  h y p o th a la m u s  was exam ined in  
th e  r a t  by  th e  im m u n o p ero x id ase  m ethod fo r  im m u n o cy to ch em istry  
com bined w ith  r e t r o g r a d e  l a b e l in g  u s in g  h o r s e r a d is h  p e ro x id a s e  
(HRP) h i s t o c h e m i s t r y .  The u se  o f  c o n ju g a te s  o f  HRP w ith  w heat germ  
a g g lu t i n in  (WGAHRP) and c h o le r a  t o x in  (CTHRP) com bined w ith  
t e t r a m e th y l  b e n z id in e  (TMB) h i s t o c h e m i s t r y  o p t im iz e d  v i s u a l i z a t i o n  
o f  p e ro x id a s e  r e a c t i o n  p ro d u c t  in  th e  r e t r o g r a d e ly  l a b e le d  
p r o j e c t i o n  n e u ro n s .  The g r a n u l a r ,  b lu e  TMB r e a c t io n - p r o d u c t  c o u ld  
be e a s i l y  d i s t i n g u i s h e d  from  th e  sm ooth brown l a b e l in g  o f  
C A -p o s i t iv e  im m u n o re a c t iv i ty . I n  21 m a le ,  p a th o g e n - f r e e ,  S prague  
Daw ley r a t s  (2 5 0 -3 5 0  gms body w e ig h t ) ,  a n e s t h e t i z e d  w ith  c h lo r a l  
h y d r a t e  (3 5 0  m g /k g , i p ) ,  th e  l e f t  h y p o th a la m u s  was i n j e c t e d  w ith  
0 . 2 - 0 . 4  u l  o f  a m ix tu re  o f  WGAHRP (8 .3 % ),  CTHRP (4 .8% ) and FHRP 
(25% , Type VI S ig m a ) . F o l lo w in g  a 4 8 -7 2  h r .  p o s t - i n j e c t i o n  
s u r v i v a l  t im e  th e  a n im a ls  w ere p e r f u s e d  and th e  b r a i n  s tem  was 
p r o c e s s e d  fo r  HRP h i s t o c h e m i s t r y  and t y r o s i n e  h y d r o x y la s e  (TH) 
im m u n o c y to c h e m is try . We exam ined 50 u t h i c k ,  s e r i a l  f ro z e n  
s e c t i o n s  o f  th e  m e d u lla  o b lo n g a ta  from  l e v e l s  2mm c a u d a l  to  3mm 
r o s t r a l  t o  th e  o b e x . S e c t io n s  w ere i n i t i a l l y  p ro c e s s e d  f o r  HRP 
h i s t o c h e m i s t r y .  In  s e l e c t e d  a l t e r n a t e  s e c t i o n s ,  th e  TMB r e a c t io n  
p ro d u c t  was s t a b i l i z e d  w ith  c o b a l t  a c e t a t e  (Rye e t  a l , ’ 84) 
fo llo w e d  by in c u b a t io n  w ith  TH a n ti s e ru m  (1 :1 0 0 0 )  fo r  24 h o u r s .  
A n a ly s is  o f  th e  d o u b le - l a b e l e d  s e c t i o n s  r e v e a l e d  th e  e x i s t e n c e  o f  
3 p o p u la t io n s  o f  CA b u lb o -h y p o th a la m ic  n e u ro n s  lo c a t e d  in  th e  A1 , 
A 2, and Cl c e l l  g r o u p s .  Some n e u ro n s  b i l a t e r a l l y  in  th e  
n o r - a d r e n e r g i c  A1 c e l l  g ro u p s  p r o je c te d  to  th e  h y p o th a la m u s . The 
i p s i l a t e r a l ,  n o r - a d r e n e r g i c  A2 c e l l  g ro u p  a l s o  d e m o n s tra te d  
b u lb o -h y p o th a la m ic  p r o j e c t i o n s  l o c a te d  in  t h e  f o l lo w in g  s p e c i f i c  
s u b - n u c l e i  o f  th e  n u c le u s  o f  th e  t r a c t u s  s o l i t a r i u s  (n T S ): d o r s a l  
s t r i p  (d s ) , d o r s a l  p a r a s o l i t a r y  r e g io n  (dP S R ), m ed ia l nTS (m nTS), 
i n te r m e d ia t e  n u c le u s  ( n I ) and v e n t r a l  nTS (v n T S ). The r o s t r a l ,  
a d r e n e r g ic  Cl c e l l  g ro u p  c o n ta in e d  s c a t t e r e d  h y p o th a la m ic  
p r o j e c t i o n  n e u ro n s .  No non-CA h y p o th a la m ic  p r o j e c t i o n s  w ere found 
in  t h e s e  r e g i o n s .  T h ese  r e s u l t s  d e m o n s tra te  t h a t  p ro m in e n t 
h y p o th a la m ic  p r o j e c t i o n s  a r i s e  from  d i s t i n c t  r e g io n s  o f  m e d u l la ry  
CA c e l l  g ro u p s  and le a d  to  th e  c o n c lu s io n  t h a t  au to n o m ic  r e f l e x e s  
in v o lv in g  th e  m e d u lla  and h y p o th a la m u s  a re  m e d ia te d  p r im a r i l y  by 
CA m ech an ism s . T h is  n e u ro n a l  sy s te m  p ro v id e s  th e  a n a to m ic a l  
s u b s t r a t e  by  w hich  m e d u l la ry  CA n e u ro n s  c o u ld  in d e p e n d e n t ly  
i n f l u e n c e  h y p o th a la m ic  c o n t r o l  o f  c a r d i o v a s c u l a r ,  g a s t r o i n t e s t i n a l  
and r e s p i r a t o r y  f u n c t i o n .  (S u p p o rte d  by USPHS G ra n ts  HL 30991 , 
31997 and HL 33632 to  M .K .) .

289.2 NEUROTRANSMITTERS IN THE HYPOTHALAMO-SPINAL PROJECTION. 
D .F .C e c h e tto  and C .B .S a p e r . D ep ts . o f  Pharm. & P h y s io l. 
S c i .  and N e u ro l . ,  U niv. o f  C hicago, C hicago, IL 60637.

Neurons in  th e  p a r a v e n t r ic u la r  n u c le u s  o f  th e  hypo
th a lam u s (PVH) and th e  a d ja c e n t  l a t e r a l  hypothalam ic  
a r e a  (LHA) p r o j e c t  t o  th e  sy m p a th e tic  p re g a n g lio n ic  
n eu ro n s in  th e  s p in a l  c o rd . P re v io u s  s tu d i e s  have shown 
t h a t  some PV H -spinal neu ro n s c o n ta in  o x y to c in , v aso 
p r e s s in ,  dopam ine, so m a to s ta t in  o r  e n k e p h a lin s , b u t 
o n ly  α-m elan o cy te  s t im u la t in g  hormone (α-MSH) has been 
d em o n s tra ted  in  LH A -spinal n e u ro n s . We have used 
im m unohistochem ical s t a in in g  f o r  13 n e u ro tra n s m it te r  
s u b s ta n c e s  in  co m b in a tio n  w ith  f lu o re s c e n t  r e t ro g ra d e  
t r a c in g  t o  su rv ey  th e  p u ta t iv e  n e u ro tra n s m it te r s  
in v o lv e d  in  h y p o th a lam ic  p r o je c t io n s  t o  th e  sp in a l  
c o rd .

F a s t  b lu e  (200 n l  a t  3 s i t e s )  was i n je c te d  in to  th e  
t h o r a c ic  s p in a l  co rd  in  15 r a t s .  A f te r  5 days th e  
a n im a ls  w ere r e a n e s th e t iz e d  and t r e a t e d  w ith  c o lc h ic in e  
(195 μg  i n t r a v e n t r i c u l a r l y )  and 30 h o u rs  l a t e r  th e  
b r a in s  w ere p ro c e sse d  f o r  im m u n oh istochem istry . The 
a n t i s e r a  u sed  and th e  r e s u l t s  in d ic a t in g  th e  
d i s t r i b u t i o n  o f  n eu ro n s d o u b le - la b e le d  f o r  f lu o re s c e n t  
dye and s p e c i f i c  a n t ib o d ie s  a r e  shown in  th e  t a b l e :
ANTISERA SPINAL PROJECTIONS

PVH LHA
a t r i a l  n a t r i u r e t i c  p e p t id e . . . . . . . . . . . - +
α-m elan o cy te  s t im u la t in g  horm one. . . .......... + ++++
d y n o rp h in  (DYN) .............................. + ++
e n k e p h a lin  .............................. + +
c o r t i c o t r o p h in  r e le a s in g  f a c t o r . . . . .................... - +
a r g in in e  v a s o p re s s in  (AVP) .............................. ++ -
s o m a to s ta t in  .............................. + -
ty r o s in e  h y d ro x y la se  ........................................ + -
n e u r o te n s in  ............................................................ + +
o x y to c in  (OXY)  .................................................. +++ +
c h o le c y s to k in in  ........................................ + -
su b s ta n c e  P  .................................................. - +

galanin .................................................. + +
Our r e s u l t s  su g g e s t  t h a t  th e  m ajo r n e u ro tra n s m it te r  

in  th e  LH A -spinal p r o je c t io n  i s  an α-M SH -like p e p tid e , 
and t h a t  DYN makes a s m a lle r  c o n t r ib u t io n .  No 
p redom inan t t r a n s m i t t e r  h as  y e t  been found in  th e  
PV H -spinal p r o j e c t io n ,  a lth o u g h  ab o u t 25% o f  th e  c e l l s  
s t a i n  f o r  e i t h e r  OXY and AVP.

S uppo rted  by NINCDS 22835, Amer. H ea rt A ssoc. 
850894, McKnight Fdn. and Cdn. H ea rt Fdn.

289.3 FETAL ADRENAL SUBSTANCE P - LOCALIZATION AND REGULATION OF 
MEDULLARY CATECHOLAMINE BIOSYNTHESIS AND RELEASE. C. Y. Cheung and
M.A. Holzwarth. Dept. of Reprod. Med., Univ. of C alif, a t San 
Diego, La J o l l a ,  CA 92093; Dept. Anat. Sci. Univ. I l l i n o i s ,  
Urbana, IL 61801.

In the fe tu s, the adrenal medulla (AM) plays an active role in 
the maintenance of cardiovascular homeostasis under normal and 
stress conditions. In the adu lt, the function of the AM is p r i
marily regulated by the sympathetic nervous system. However i n 
the fe tu s, endocrine factors may play a more important role i n 
th is  regulation than in the adult. We have previously shown that 
i n the ovine fe tu s, catechol amine(CA) release from the AM is  more 
sensitive to hormone regulation than in the adult. Furthermore, 
the fetal adrenal cortex can exert modulatory effects on AM func
tion through the release of peptides. With the iden tifica tion  of 
substance P i n the adult adrenal gland, and i t s  role in modu
lating  ACh-induced CA release i n the AM, i t  i s possible that sub
stance P plays a sim ilar role in the fe tu s. Our present study 
was designed to  i nvestigate the presence of substance P i n fetal 
adrenal gland and to determine i ts  effect on CA release and bio
synthesis in the AM. Adrenal glands from ovine fetuses at 130 
days gestation were used for e ith er immunocytochemi cal localiza
tion of substance P, or for the determination of substance P e f
fects on CA release and tyrosine hydrosylase (TH) ac tiv ity . For 
the immunocytochemi cal study, substance P immunoreactivity was 
visualized using the PAP technique. An extensive network of sub
stance P immunoreactive fibers was found i n the AM. Fibers were 
also found within the splanchnic nerve and i n the capsule. For 
the release study, the fetal AM was dispersed i nto single ce lls  
and incubated with substance P in Krebs Henselei t  buffer contain
ing 0.5% BSA and 10-6M bacitracin . CA release into the medium 
was measured at 5 and 10 mi n, 1 and 3 hours using HPLC methods. 
Substance P at 10-6M caused a transien t 37% i ncrease i n to ta l CA 
(sum of dopamine, norepinephrine and epinephrine concentrations) 
release a t 5 mi n, followed by sign ifican t suppressions of release 
at 10 mi n, 1 and 3 hours by 43%, 37% and 15%, respectively. This 
e f fe c t  was not modified by 200 μM ACh. For the  study of TH 
ac tiv ity , the enzyme was prepared from fetal AM homogenate and TH 
ac tiv ity  assayed using the method of Waymi re et al (1971). Sub
stance P at 10-6M sign ifican tly  i nhibited TH ac tiv ity  by 23%, and 
the effect was augmented by 200 μM ACh (p<0.05). Substance P at 
10-5 and 10-7M were less effective than 10-6M in suppressing CA 
release and TH a c tiv ity . In summary, our study demonstrates that 
i n the ovine fetal adrenal, substance P immunoreactive fibers are 
present, and tha t substance P exerts an i nhibitory effec t on 
medullary CA release and TH ac tiv ity .

289.4 CONNECTIONS OF THE A-1 NORADRENERGIC CELL GROUP: A WHEAT GERM 
AGGLUTININ-HORSERADISH PEROXIDASE AND IMMUNOHISTOCHEMICAL STUDY. 
J . J .  W oulfe*, A.W. Hrycyshyn* and B.A. F lu m e rfe lt (SPON: J .A . 
K ie rn an ) . Departm ent o f Anatomy, H ealth  S ciences C en tre , 
U n iv e rs ity  o f W estern O n ta r io , London, Canada.

A natom ical and p h y s io lo g ic a l ev idence has im p lic a te d  the  
A-1 n o ra d re n e rg ic  c e l l  group o f th e  caudal v e n t r o la t e r a l  m edulla 
in  v a r io u s  a s p e c ts  o f autonomic fu n c t io n . This s tudy  was 
undertaken  to  in v e s t ig a te  th e  c e n tr a l  p ro je c t io n s  of the  A-1 c e l l  
group to  e s ta b l i s h  th e  n e u ra l conn ec tio n s  which u n d e r l ie  i t s  ro le  
in  autonom ic re g u la t io n .  The A-1 c e l l  group was d e lim ite d  
im m unohistochem ically  through  th e  use of a n t i s e r a  to  ty ro s in e  
hydroxy lase  (TH), dopam ine-B -hydroxylase (DBH) and p h en y le th an o l
am ine-N -m ethyl t r a n s f e r a s e  (PNMT). Wheat germ a g g lu t in in -  
con juga ted  h o rs e ra d is h  p ero x id ase  (WGA-HRP) was then  s e le c t i v e ly  
p laced  w ith in  th e  reg io n  o f A-1 u s in g  bo th  d o rs a l and v e n t r a l  
app roaches . WGA-HRP a c t i v i t y  was dem onstrated  u s in g  the  chromogen 
te tra m e th y lb e n z id in e  and th e  r e a c t io n  p roduct was v is u a l iz e d  
under p o la r iz e d  l i g h t .  A djacent s e c t io n s  were s ta in e d  
im m unohistochem ically  fo r  DBH and PNMT. The d i s t r i b u t io n  of 
r e a c t io n  p roduct in  A-1 e f f e r e n ts  as  seen  wi t h  bo th  tech n iq u es  
was then  mapped th roughou t th e  n e u ra x is .

Numerous s i t e s  dem onstrated  te rm in a l l a b e l l in g  fo r  
WGA-HRP, and were DBH +ve and PNMT -v e , in d ic a t in g  th e  p resence  
o f n o ra d re n a lin e . Areas o f g r e a te s t  a c t i v i t y  in c lu d ed : 1) the 
bed n u c leu s  of th e  s t r i a  te r m in a l is ,  p a r t i c u l a r ly  th e  reg io n s  
d i r e c t l y  v e n t r a l  and m edial to  th e  ro s tra lm o s t a n t e r io r  
com m issure, 2) th e  p a r a v e n tr ic u la r  nuc leus  o f th e  hypothalam us 
in  which te rm in a l im m unoreactiv ity  was p re s e n t in  bo th  the  
m ag n o ce llu la r and p a rv o c e l lu la r  d iv i s io n s ,  and 3) th e  p o n tin e  
tegmentum in c lu d in g  th e  lo c u s  c o e ru leu s  in  which WGA-HRP and DBH 
im m unoreactiv ity  were i d e n t i f i e d  in  bo th  th e  p r in c ip a l  and 
su b -c o e ru le a r  a r e a s .  DBH and WGA-HRP la b e l l in g  were s p a rs e ly  
d i s t r i b u te d  in  th e  su p ra o p tic  n ucleus  o f th e  hypothalam us.

R e tro g rad e ly  la b e l le d  c e l l s  were c o n s is te n t ly  observed in  
bo th  th e  m ag n o ce llu la r and p a rv o c e l lu la r  d iv is io n s  o f the  
p a r a v e n tr ic u la r  n u c le u s , in d ic a t in g  a r e c ip ro c a l  p ro je c t io n  
between them and A-1 . C e ll body la b e l l in g  was a ls o  observed in  
lo cu s  c o e ru leu s  and, to  a le s s e r  d eg ree , in  th e  re tro c h ia s m a tic  
a re a  o f th e  hypothalam us and th e  nu c leu s  o f th e  s o l i t a r y  t r a c t .  
These d a ta  p rov ide  ev idence fo r  th e  e x is te n c e  o f ascend ing  A-1 
n o ra d re n e rg ic  p ro je c t io n s  to  d ie n c e p h a lic  and p o n tin e  re g io n s , 
many o f which a re  a s s o c ia te d  w ith  autonom ic fu n c t io n .
(S u p p o rte d  by th e  M e d ic a l R e se a rc h  C o u n c il  o f  C anada)
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289.5 CYTOARCHITECTURE OF THE PARABRACHIAL NUCLEAR 
COMPLEX IN THE HUMAN PONS. C.H. Block, M.L. Estes, 
K.L. Barnes and C.M. F errario . D epartm ents of Brain and Vascular 
R esearch and Pathology, Cleveland Clinic Foundation, C leveland, OH 
44106.

The parabrachia l nuclear com plex in the ra t ,  rabb it, c a t, and monkey 
has been im plicated in autonom ic in teg ration . Lying in the dorsolateral 
pontine tegm entum , surrounding the superior cerebellar peduncle 
(SCP), this com plex is in terconnected  with autonomic cen te rs  in the 
nucleus tra c tu s  so litarius, a rea  postrem a, hypothalam us, thalam us, 
am ygdala, and co rtex . In addition, this region is highly organized 
functionally , cy to - and chem oarchitec tura lly , in the ra t .  However, a 
sim ilar organization of this com plex in human has not been described. 
These studies were designed to  exam ine the cy toarch itec tu ra l fea tu res  
o f this region in the infant and adult human brain.

Postm ortem  human brains were obtained from infant and adult. 
Paraffin  embedded sections were cut a t  10 μm, in coronal or sag itta l 
planes, and stained for Nissl substance and fiber tr a c ts  using Luxol Fast 
Blue, cresyl v io let, and neu tra l red. Examination o f the infant ro s tra l 
pons, from the level of the troch lear nerve decussation through to  the 
level of the abducens nucleus, revealed d istinct m edial and la te ra l 
subdivisions, sim ilar to  the locations described in o ther mammals. 
Medium sized cells (20-25 μm) were observed in the medial subdivision 
and the ven tra l aspect of the la te ra l subdivision. Many small 
(10-15 μm) and medium sized cells were found w ithin the SCP. At the 
level of abducens nerve, round, medium sized cells w ere seen in the 
la te ra l subdivision, ad jacent to the SCP. Groups of cells were also 
found within the SCP and these appeared to  be arranged in cellular 
bridges betw een the medial and la te ra l subdivisions. At the level 
where the SCP exits the cerebellum , there is a  reduction in the size of 
the la te ra l subdivision, but a group o f medium sized cells rem ain within 
the SCP. In the adult, there is less gray m a tte r  associated with the 
very large SCP and only a t  the more ro s tra l levels a re  there d istinct 
m edial and la te ra l subdivisions. At the decussation of the SCP, the 
cells a re  prim arily found in the ven tral aspect of the la te ra l 
subdivision. Medium sized cells a re  found ad jacen t to  and within the 
SCP. In general, these cells a re  round, with cen trally  located  nuclei 
and nucleoli. S cattered  pigm ented cells of the locus coeruleus 
(30-35 μm) a re  found within the SCP. These data  suggest th a t the 
parabrachia l nucleus in the human infant may be cy toarch itec tu ra lly  
suborganized, however this organization is obscured w ith increasing 
m yelination in adulthood. (Supported by NIH Physician Scientist Award 
to M.E. HL-01454).

289.6 DISTRIBUTION OF FOREBRAIN AFFERENTS TO THE PARABRACHIAL NUCLEUS IN 
THE RAT. M.M. Moga, K.M. H u rley -G i u s ,  D .F . C e c h e t to ,  T .S . G ray 
and  C .B . S a p e r . D e p t . o f  Anatom y, L o y o la  U n iv . , Maywood, IL 60153 
and D e p ts .  o f  Pharm . & P h y s io l .  S c i .  and N e u r o l . ,  U n iv . o f  
C h ic a g o , C h ic a g o , IL 60637 .

The p a r a b r a c h ia l  n u c le u s  (PB) r e c e iv e s  heavy  in p u t  from  
s u b re g io n s  o f  th e  h y p o th a la m u s , am ygdala  and c o r t e x  in v o lv e d  in  
c e n t r a l  a u to n o m ic  r e g u l a t i o n .  A p r e v io u s  s tu d y  ( F u lw i l e r  and 
S a p e r ,  '8 4 )  d e m o n s tra te d  t h a t  PB e f f e r e n t  p r o j e c t i o n s  a r i s e  from  
c h a r a c t e r i s t i c  g ro u p s  o f  s u b n u c le i .  I n  t h i s  s tu d y ,  we exam ine 
w h e th e r  PB f o r e b r a in  a f f e r e n t s  a l s o  d i s p l a y  a  s u b n u c le a r  
to p o g ra p h y .

I n j e c t i o n s  o f  1% WGA-HRP w ere made i n to  p r e v io u s ly  i d e n t i f i e d  
f o r e b r a in  s o u rc e s  o f  PB in p u t :  i n f r a l i m b i c  and i n s u l a r  c o r t e x ,  
l a t e r a l  and p a r a v e n t r i c u l a r  h y p o th a la m u s , bed n u c le u s  o f  th e  s t r i a  
t e r m in a l i s  (B S T ), c e n t r a l  n u c le u s  o f  th e  am ygdala  ( CNA) ,  
s u b s t a n t i a  in n o m in a ta  and zona  i n c e r t a .  The p a t t e r n  o f  
a n te r o g r a d e  l a b e l  w i th in  PB v a r i e d  w i th  th e  i n j e c t i o n  s i t e .  In  
g e n e r a l ,  f o r e b r a in  a r e a s  te n d  to  in n e r v a te  th e  same PB s u b n u c le i  
from  w hich  th e y  r e c e iv e  t h e i r  a f f e r e n t s .  H y p o th a la m ic  a f f e r e n t s  
i n n e r v a te  p re d o m in a n t ly  r o s t r a l  p o r t i o n s  o f  PB, p a r t i c u l a r l y  th e  
c e n t r a l  l a t e r a l  and  d o r s a l  l a t e r a l  s u b n u c le i .  The am y g d a lo id  
p r o j e c t i o n  to  th e  PB en d s h e a v i ly  i n  th e  e x t e r n a l  l a t e r a l  and 
'w a i s t '  s u b n u c le i .  C o r t i c a l  a f f e r e n t s  t e r m in a t e  m ost h e a v i ly  in  
th e  c a u d a l  h a l f  o f  PB, p r im a r i ly  w i th in  th e  m e d ia l s u b n u c le i .  The 
p r im a ry  a f f e r e n t  zo n es  f o r  th e  h y p o th a la m u s , am ygdala  and  c o r te x  
a r e  d e p i c t e d  s c h e m a t i c a l l y  be lo w :

The BST, p o s s ib l y  r e f l e c t i n g  i t s  d u a l  n a tu r e ,  p r o j e c t s  to  b o th  
'h y p o th a l a m ic ' and  'a m y g d a lo id ' a r e a s  o f  PB.

In  a d d i t i o n ,  c o n s id e r a b l e  to p o g ra p h y  was fo u n d  w i th in  th e  
i n d iv i d u a l  p r o j e c t i o n s .  F o r e x am p le , 'c a r d i o v a s c u l a r '  r e g io n s  
w i th in  th e  i n s u l a r  c o r t e x  p r o j e c t  m ost h e a v i ly  to  'c a r d i o v a s c u l a r '  
r e g io n s  w i t h in  PB. And, p e p t id e  c e l l - r i c h  a r e a s  w i th in  l a t e r a l  
CNA and l a t e r a l  BST p r o j e c t  p r im a r i ly  to  l a t e r a l  PB s u b n u c le i .  
T h ese  t o p o g r a p h ic a l  d i f f e r e n c e s  p r o v id e  a  s u b s t r a t e  f o r  th e  
d i v e r s i t y  o f  v i s c e r a l  f u n c t io n s  a s s o c i a te d  w i th  th e  PB.

S u p p o rte d  by NS 2 0 041 , NS 22835 , Amer. H e a r t  A s s o c .,  Cdn. H eart 
A sso c . and th e  M cKnight F dn.

289.7 p e p t id e r g ic  EFFERENTS FROM THE PARABRACHIAL NUCLEUS TO THE CENTRAL 
NUCLEUS OF THE AMYGDALA IN THE RAT. A.M. Z a r d e t to -S m i th  and 
T .S .  G ra y . D e p t. A n a t . , L o y o la  U n iv . ,  Maywood, IL 60153 .

The c e n t r a l  n u c le u s  o f  th e  r a t  am ygdala  (CNA) i s  a m a jo r  t a r g e t  
o f  th e  p a r a b r a c h ia l  n u c le u s  (PBN) and r e p r e s e n t s  one r o u te  by 
w h ich  f e e d b a c k  from  v i s c e r a l  r e c e p t o r s  i s  r e l a y e d  to  th e  CNA. 
P re v io u s  s tu d i e s  h a v e  l o c a l i z e d  c a l c i t o n i n  g e n e - r e l a t e d  p e p t id e  
( CGRP) - ,  c o r t i c o t r o p i n  r e l e a s i n g  f a c t o r  ( CRF) - ,  e n k e p h a l in  (EN K )-, 
b o m besin  (BOM)-, and s o m a to s ta t in  (S S )- im m u n o re a c tiv e  c e l l  b o d ie s  
w i th in  th e  PBN. In  t h i s  s tu d y ,  we exam ined th e  p o s s i b i l i t y  t h a t  
CGRP-, CRF-, BOM-, ENK-, and S S -im m u n o re a c tiv e  n e u ro n s  i n  th e  PBN 
p r o j e c t  to  th e  CNA. Long-E vans r a t s  w ere a n e s t h e t i z e d  and u n i l a t 
e r a l  5 0 -1 0 0  n l  o f  th e  r e t r o g r a d e  t r a c e r  F lu o ro -G o ld  was i n j e c t e d  
i n to  th e  CNA. A f t e r  11 d a y s ,  a n im a ls  r e c e iv e d  i n t r a c e r e b r o 
v e n t r i c u l a r  i n j e c t i o n s  o f  c o l c h i c i n e .  The a n im a ls  w ere d e e p ly  
a n e s t h e t i z e d  and  p e r f u s e d  w i th  3% p a ra fo rm a ld e h y d e  24 h l a t e r .  
A d ja c e n t  s e c t i o n s  w ere p ro c e s s e d  u s in g  th e  a v id i n - b io t in - T e x a s  re d  
im m u n o flu o resc e n c e  te c h n iq u e  w i th  a n t i b o d i e s  g e n e ra te d  a g a in s t  
CGRP, CRF, BOM, ENK o r  S S . The s e c t i o n s  w ere  exam ined  f o r  c e l l s  
t h a t  c o n ta in e d  b o th  F lu o ro -G o ld  and  T exas r e d  f lu o r e s c e n c e .  
R e tro g ra d e  l a b e l i n g  ( i n  r e l a t i v e  o r d e r  o f  m a g n itu d e )  was 
d i s t r i b u t e d  w i th in  th e  e x t e r n a l  l a t e r a l ,  v e n t r a l  l a t e r a l ,  c e n t r a l  
l a t e r a l  and  m e d ia l  s u b n u c le i  a s  d e f in e d  p r e v io u s ly  by F u lw i le r  and 
S a p e r  ( '8 4 ) .  CGRP-immunor e a c t i v e  c e l l s  w ere  m o st d e n s e ly  
d i s t r i b u t e d  i n  th e  e x t e r n a l  l a t e r a l  s u b n u c le u s  o f  th e  PBN, c a p p in g  
th e  s u p e r i o r  c e r e b e l l a r  p e d u n c le .  R e t ro g r a d e ly  la b e l e d  CGRP c e l l s  
w ere o b s e rv e d  in  th e  e x t e r n a l  l a t e r a l  s u b n u c le u s .  R e t ro g r a d e ly  
l a b e l e d  E N K -im m unoreactive c e l l s  w ere d i s t r i b u t e d  w i th in  th e  
v e n t r a l  l a t e r a l  and  th e  e x t e r n a l  l a t e r a l  s u b n u c le i .  I n  th e  
e x t e r n a l  and d o r s a l  l a t e r a l  s u b n u c le i  CRF c e l l s  form ed d i s t i n c t  
g ro u p s ,  b u t  none c o n ta in e d  F lu o ro -G o ld .  A few  BO M -im m unoreactive 
c e l l s  w ere  o b s e rv e d  i n  th e  m e d ia l  s u b n u c le u s ,  b u t  th e y  w ere  n o t  
r e t r o g r a d e ly  l a b e l e d .  S S -im m u n o re a c tiv e  c e l l s  w ere  fo u n d  
s c a t t e r e d  i n  th e  d o r s a l  p o r t i o n s  o f  th e  v e n t r a l ,  c e n t r a l  and 
d o r s a l  l a t e r a l  s u b n u c le i .  R e t ro g r a d e ly  l a b e l e d  S S -im m u n o re a c tiv e  
n e u ro n s  w ere n o t  d e t e c t e d .  The r e s u l t s  d e m o n s tra te  t h a t  p e p t id e s  
i n  th e  PBN e x h i b i t  a  c h a r a c t e r i s t i c  d i s t r i b u t i o n  w hich  a r e  r e l a t e d  
to  t h e i r  c o n n e c t io n a l  s p e c i f i c i t y .  CGRP n e u ro n s ,  i n  th e  e x t e r n a l  
l a t e r a l  s u b n u c le u s ,  and ENK n e u ro n s ,  p r im a r i l y  i n  th e  v e n t r o 
l a t e r a l  s u b n u c le u s ,  p r o j e c t  to  th e  CNA. CRF-, BOM -, and SS- 
im m u n o re a c tiv e  n e u ro n s  w ere d i s t r i b u t e d  p r im a r i l y  th ro u g h o u t  
s u b n u c le i  o f  th e  PBN t h a t  do n o t  h av e  th e  CNA a s  t h e i r  m ajo r 
t e r m in a l  f i e l d .  CRF and SS n e u ro n s  i n  th e  CNA h av e  b een  shown to  
p a r t i c i p a t e  i n  th e  d e s c e n d in g  p r o j e c t i o n  to  th e  PBN, w h i le  ENK 
n e u ro n s  do n o t .  T h u s , a l th o u g h  a f f e r e n t  and  e f f e r e n t  c o n n e c t io n s  
e x i s t  b e tw een  th e s e  two n u c l e i ,  t h e i r  p e p t i d e r g i c  p r o j e c t i o n s  a r e  
n o t  n e c e s s a r i l y  r e c i p r o c a t e d .  (S u p p o rte d  by NS 20041 and BRSG 
447-42-LUM C).

289.8 SUBSTANCE P (SP) AND MONOAMINE CONTAINING AFFERENTS TO THE NUCLEUS 
TRACTUS SOLITARIUS (NTS) OF THE RAT: A DOUBLE FLUORESCENCE STUDY 
USING RHODAMINE-FILLED LATEX MICROSPHERES ("rhodamine beads”, RB) AS A 
RETROGRADE MARKER. K. B. Thor, M. Dailey, and C. J. Helke, Dept. of Pharmacol., 
Uniformed Services Univ. of the Health Sciences, Bethesda, MD 20814

The NTS is an area of the medulla which integrates peripheral and central autonomic 
inputs. Nerve terminals in the NTS have been shown to contain SP, serotonin (5HT), and 
dopamine beta hydroxylase (DBH, i.e. catecholamines). The present study was 
conducted to localize central anatomical sources for these immunoreactive (IR) terminals.

Afferent neurons to the NTS were labelled by injecting rats with 25-100 nl of undiluted 
RB from micropipette tips positioned in the intermediate NTS and allowing 3-7 days for 
retrograde transport. The rats were then injected with colchicine and perfused the next 
day. Serial sections were cut, mounted, and processed for 5HT, DBH, or SP 
immunoreactivity using fluorescein (FITC) conjugated secondary antibodies. Counts of 
RB-, FITC-, and doubly -labelled neurons were made with Leitz N2 and I2 filters.

At the injection site, RB were remarkably well contained within the confines of the NTS in 
4 of 6 rats. Longitudinal diffusion of the RB from the injection site (600-900 μm) was more 
extensive than transverse diffusion (100-500 μm). Transverse diffusion of the RB 
appeared restricted by the architectonics of the NTS.

Hindbrain sections processed for DBH-IR contained FITC labelled neurons in the A1/C1, 
A2/C2, A3, A4, A5, locus coeruleus (LC), subcoeruleus (SC), and Kollicke-Fuse (KF) 
regions of the hindbrain. Among these regions, the A1/C1 and A2/C2 areas contained 
the greatest number of RB labelled neurons with 30-50% of the RB labelled A1/C1 cells 
exhibitting DBH-IR while less than 10% of the A2/C2 cells were double labelled. KF also 
contained a large number of RB labelled cells, but none was DBH-IR. The A3 and A5 
regions contained an intermediate number of the RB labelled cells, and high percentages 
of these cells exhibitte d  DBH-IR (30-50% and 50-70%, respectively). The A4, LC, and 
SC areas contained few RB labelled cells, but these few cells were often DBH-IR.

5HT-IR cells were found in nucleus raphe pallidus (NRP), obscurus (NRO), magnus 
(NRM), pontis (NRPo), dorsalis (NRD), and in the ventrolateral medulla (VLM). Of these 
regions, NRM contained the greatest number of RB labelled cells; 20-30% of these also 
exhibitted 5HT-IR. NRP, NRO, and VLM also contained a large number of RB labelled 
cells; 20-40% of these were also 5HT-IR. NRD and NRPo rarely contained RB labelled 
cells, but these few cells were usually 5HT-IR.

SP-IR cells were found in many of the above areas which contained DBH or 5HT-IR cells. 
Of these areas, RB labelled cells in each nucleus which were also SP-IR (expressed as %) 
were seen in A1/C1 ( 5-10%), A3/VLM (5-20%), A5 (0-10%), NRP (30-50%), NRO (20- 
30%), and NRM (0-10%).

These experiments indicate, firstly, that for each transmitter system examined; SP, 
DBH, and 5HT; there is no single projection which could be described as providing "the” 
major transmitter-specific afferent input to the NTS as a whole. Rather, SP, DBH, and 5HT 
containing terminals in the NTS each arise from multiple, often overlapping, areas of the 
hindbrain. Possibly, greater specificity will be found when afferent inputs to individual 
subnuclei of the NTS are examined. Secondly, since all of the nuclei examined in these 
experiments contained RB labelled cells which were not IR for a given transmitter 
substance, it appears that multiple transmitters are contained within each NTS afferent 
nucleus. Thirdly, the anatomical overlap of monoamine and SP containing NTS afferents 
in certain areas of the hindbrain allows for the possibility of colocalization of the 
monoamines and/or SP within single NTS afferent neurons. Finally, since most of the 
areas which contain NTS afferents also project to other autonomic centers in the 
hindbrain, forebrain, or spinal cord, it is tempting to speculate that some individual 
neurons in these areas may provide diffuse collateral networks to various autonomic 
structures in the central nervous system. Supported by NIH grant # NS20991.
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289.9 LOCAL PROJECTIONS FROM THE MEDIAL PART OF THE NUCLEUS 
OF THE SOLITARY TRACT IN RAT. E.T. Cunningham, J r . and P.E. 
Sawchenko. The Salk Institu te  and D ept. N eurosci., Univ. Cal. San 
Diego, La Jolla , CA 92037.

Axonal transport and im m unohistochemical m ethods w ere used to  
investigate the anatom ical organization of local projections from th e  
medial and com missural parts of the nucleus of the so litary  tra c t (NTS) 
in ra t .  D iscrete  iontophoretic deposits of the anterogradely transported  
plant lectin  Phaseolus vulgaris-leucoagglutinin (PHA-L) w ere placed in 
the  medial part of the  NTS a t various rostrocaudal levels. The 
projections w ere then visualized using indirect im m unofluorescence or 
avidin-biotin immunoperoxidase protocols. The most w idespread 
projections w ere seen a f te r  placem ents a t about the level of the area  
postrem a. Such deposits labeled heavy projections within the medial 
part of the nucleus itse lf and w ithin the ad jacent dorsal m otor nucleus 
of the vagus throughout the ir rostrocaudal ex ten t. V entrolaterally  
d irected  projections ram ified w ithin the regions of the C l and A l 
catecholam inergic cell groups (as dem onstrated by concurrent co
staining for both PHA-L and dopamine beta-hydroxylase), while the 
nucleus ambiguus was sparsely innervated. By con tras t, deposits placed 
1.0 to  2.0 mm rostral to  the level of the a rea  postrem a labeled an 
extrem ely  heavy and d iscre te  projection to  the nucleus ambiguus, w ith 
re la tive ly  few labeled fibers being found in the NTS itse lf, in the dorsal 
motor nucleus, or in the  C l or A l regions. Finally, deposits placed 0.5 
to  1.0 mm caudal to  the area  postrem a, w ithin the so-called 
commissural part of th e  NTS, labeled fibers predom inantly within the 
com missural part of the nucleus itse lf, as well as projections to  the 
area  postrem a and the adjoining "subpostrem a" region of th e  NTS. 
More rostral portions of the NTS, nearby vagal and catacholam inergic 
cell groups w ere only very sparsely innervated. Regardless of the 
p lacem ent of the injections, the projections from  the medial part of the 
NTS are b ilaterally  sym m etrical w ith ipsilateral predom inance. These 
results suggest the ex istence of topographically organized projections 
from the medial part of the  NTS to  vagal and ca techolam inergic 
e ffec to r neuron populations in the caudal brainstem . A discre te  rostral 
zone of the medial NTS projects p referen tia lly  to  the  nucleus ambiguus, 
while the more caudally s itua ted  commissural region projects 
predom inantly within the com missural part of the  nucleus itse lf. Mid
level neurons a t about the level of the a rea  postrem a project most 
expansively within the medial NTS, to  the dorsal m otor nucleus, and to  
th e  regions of the C l and A l cell groups.

Supported by HL-35137 and a McKnight Foundation Scholar's Award.

289.10 GASTRIC AND DUODENAL CONTROL BY THE MEDULLA OBLONGATA IN THE RAT: 
AFFERENT AND EFFERENT PROJECTIONS. B. N a th a n * , D .J .  G elb*  and M. 
K a l i a . (SPON: G.B. G ru n w ald ). D ep artm en t o f  P h a rm aco lg y , Thomas 
J e f f e r s o n  U n i v e r s i t y ,  P h i l a d e l p h ia ,  PA 19107

The s e n s o ry  and m oto r c o n n e c t io n s  b e tw een  th e  stom ach ( fu n d u s  
and a n tru m ) and th e  duodenum w ere s tu d i e d  u s in g  t ra n s g a n g l io n ic  
and r e t r o g r a d e  t r a n s p o r t  o f  h o r s e r a d is h  p e ro x id a s e  (H RP). 
C o n ju g a te s  o f  HRP w ith  w heat germ  a g g lu t i n in  (WGAHRP) and c h o le r a  
t o x in  (CTHRP) w ere u sed  t o  i n c r e a s e  th e  s e n s i t i v i t y  o f  th e  
l a b e l in g .  T w en ty -one  m a le , p a th o g e n - f r e e ,  S p rag u e-D aw ley  r a t s  
(1 7 5 -3 5 0  g ) a n e s t h e t i z e d  w ith  c h lo r a l  h y d r a te  (350 m g /k g , i . p . )  
w ere u s e d .  Ten to  15 u l  o f  a m ix tu re  o f  WGAHRP (8 .3 % ),  CTHRP 
(4 .8% ) and f r e e  HRP (25% Type V I, S igm a) was i n j e c t e d  i n t o :  a )  th e  
fu n d u s ( a n t e r i o r  and p o s t e r i o r  a s p e c t s )  -  5 r a t s ;  b ) th e  a n t e r i o r  
a s p e c t  o f  th e  an tru m  -  6 r a t s ;  c )  th e  duodenum  1 cm c a u d a l  to  th e  
p y lo ru s  ( a n t e r i o r  and p o s t e r i o r  a s p e c t s )  -  6 r a t s .  F o l lo w in g  a 
7 2 -9 6  h o u r p o s t - i n j e c t i o n  s u r v iv a l  t im e ,  th e  a n im a ls  w ere p e r fu s e d  
and th e  b r a in s te m  and c e r v i c a l  s p in a l  c o rd  were rem oved and 
p ro c e s s e d  fo r  HRP h i s t o c h e m i s t r y  u s in g  t e t r a m e th y l  b e n z id in e  (TMB) 
as th e  ch rom ogen . We exam ined 60 u t h i c k ,  s e r i a l ,  f ro z e n  s e c t i o n s  
from  l e v e l s  4 .5  mm c a u d a l  to  2 .0  mm r o s t r a l  to  th e  o b e x . 
R e p r e s e n ta t i v e  s e r i e s  from  each  c a s e  w ere c o u n te r s ta in e d  w ith  
n e u t r a l  r e d  to  d e l i n e a t e  n u c le a r  b o u n d a r ie s  in  t h i s  r e g io n .  The 
n u c le u s  o f  th e  t r a c t u s  s o l i t a r i u s  (nTS) r e c e iv e d  s e n s o r y  
p r o j e c t i o n s  from  each  o f  th e  e n t e r i c  v i s c e r a  e x am in ed . Numerous 
d u o d e n a l a f f e r e n t s  te r m in a te d  in  th e  nTS from  - 1 .0 8  to  + 0 .9 0  and 
w ere d i s t r i b u t e d  p r im a r i l y  in  th e  ncom and PVR s u b n u c le i  o f  th e  
nTS. A p ro m in e n t f e a t u r e  o f  t h i s  p r o j e c t i o n  was a d i s t i n c t  band 
50 u w ide in  th e  PVR a t  th e  j u n c t i o n  o f  th e  a r e a  p o s tre m a  and th e  
nTS a t  l e v e l s  - 0 .7 2  to  - 0 .1 8 .  A f f e r e n t s  from  th e  an tru m  were 
s p a r s e  and c o u ld  b e  i d e n t i f i e d  in  th e  nTS a t  l e v e l s  - 2 .1  to  0 .3 6 ,  
l o c a te d  in  th e  d s ,  mnTS, ncom, PVR s u b n u c le i  o f  th e  nTS. The 
fu n d u s ( a n t e r i o r  and p o s t e r i o r  a s p e c t s )  r e s u l t e d  i n  l a b e l in g  o f  a 
few s c a t t e r e d  s e n s o r y  t e r m in a l s  in  th e  d s ,  mnTS, ncom s u b n u c le i  o f  
th e  nTS a t  l e v e l s  - 0 .3 6  to  0 . E f f e r e n t s  to  th e  duodenum , an tru m  
and fun d u s a ro s e  e x c lu s i v e l y  from  th e  d o r s a l  m oto r n u c le u s  o f  th e  
v ag u s (dmnX). D uodenal i n n e r v a t io n  o r ig i n a t e d  from  l e v e l s  - 1 .8 0  to  
+ 0 .5 4  w ith  h e a v ie r  l a b e l in g  on th e  l e f t  s i d e .  The a n tru m  and 
fu n d u s  w ere in n e r v a te d  b i l a t e r a l l y  by th e  dmnX a t  l e v e l s  - 3 .9 0  to  
+ 1 .2 6  and - 3 .4 0  to  + 0 .7 8  r e s p e c t i v e l y .  I n  c o n t r o l  a n im a ls  10-15  u l  
o f  th e  m ix tu re  o f  HRP c o n ju g a te s  was i n j e c t e d  i n to  th e  p e r i t o n e a l  
c a v i t y  r e s u l t i n g  in  3 to  5 l a b e le d  n e u ro n s  in  th e  dmnX. T hese 
r e s u l t s  d e m o n s tra te  t h a t  th e  b r a in s te m  c o n t r o l  o f  e n t e r i c  v i s c e r a  
i s  s e l e c t i v e l y  o r g a n iz e d .  R e g io n a l and s u b n u c le a r  d i f f e r e n c e s  in  
th e  s i t e s  o f  t e r m in a t io n  o f  a f f e r e n t s  and o r i g i n  o f  e f f e r e n t s  as 
r e v e a l e d  by  t h i s  s tu d y  p ro v id e  th e  a n a to m ic a l  s u b s t r a t e  fo r  
fo c u se d  p h y s io lo g ic a l  e f f e c t s .  (S u p p o rte d  by  USPHS G ra n ts  HL 
30 9 9 1 , HL 31997 and HL 3 3 6 3 2 .)

289.11 TRACING OF SPINAL AND SUPRAPONTINE PATHWAYS TO THE PONTINE MICTURI
TION CENTER OF THE CAT. A. Ragoowansi*, J.R. Roppolo and W.C. de 
Groat. (SPON: J.R. Boston) Dept. of Pharmacol., Ctr. for Neurosci., 
Univ. of P ittsburgh, Pittsburgh, PA 15261.

Previous studies suggest that the m icturition reflex pathway is 
a supraspinal pathway, organized with fibers ascending from the 
sacral spinal cord to an area in the dorsolateral pons known as 
the "pontine micturiton center" (PMC) and a descending fiber path
way back to the sacral cord. Studies of areas ro stra l to the PMC 
suggest that they may modulate bladder reflexes, but are not neces
sary for reflex ac tiv ity . In the present study we have used trac 
ing techniques to examine the connections between sacral spinal 
cord and PMC and the projections from suprapontine structures to 
the PMC in the ca t.

Two types of experiments were performed: F irs t , underα -chlora
lose anesthesia the PMC was identified  by e lec trica l stimulation 
through a stereo tax ically  positioned bipolar/concentric electrode 
(coordinates P=2, ML=2, H=-3). The area which gave a short latency 
(< 2  sec) bladder contraction to e lec trica l stimulation was then 
shown to be activated by a excitatory amino acid L-glutamate (0.1- 
1μ l ; 100 mM). This area was then injected with 20% HRP (0.2-0.5 
μ l ) or WGA-HRP 5% (0.7μ l ). Short survival times (20-28 hrs) were 
used to examine rostra l s ite s  which project to the PMC. These 
areas include the hypothalamus and the cortex deep within the sup
rasylvian gyrus. Long survival times (4-6 days) labelled neurons 
in the sacral cord. These neurons were located in lamina V, in 
lamina I on the la te ra l edge of the dorsal horn, and in the in te r
mediolateral gray. In the second series of experiments cats were 
anesthetized with halothane and the second sacral segment (S2) was 
exposed. Three injections of a tracer substance (0.5 to 1μ l  of 
e ither 20% HRP, 5% HRP-WGA, 2% fas t blue, or rhodamine beads) was 
made along its  rostrocaudal length at the level of the sacral para
sympathetic nucleus. Following appropriate times for transport of 
the tracers the animals were perfused and the brainstem examined 
for labeled neurons. A variety of brainstem structures contained 
labeled ce lls  including the la te ra l vestibular nucleus, red nucl
eus, medullary raphe nuclei, and the re ticu la r  formation. In addi
tio n , a group of neurons in the area of the PMC was labeled consis
ten tly . This area corresponds to coordinates mentioned above and 
was medial to the superior cerebellar peduncle, ventral to the 
periaqueductal gray and was adjacent to and p a r tia lly  overlapped 
with the locus coeruleus.

These data support the idea tha t the S2 segment of the spinal 
cord, which is the principal source of parasympathetic efferent 
outflow to the bladder and the s ite  of afferent input from the 
bladder has d irec t interconnections with the region of the brain
stem (the PMC) which controls m icturition. These data also sug
gest tha t the PMC receives d irec t suprapontine input.

289.12 an ANALYSIS OF THE AFFERENT AND EFFERENT PATHWAYS TO THE UTERUS OF 
THE CAT USING AXONAL TRACING TECHNIQUES. M. Kawatani, C. 
Takeshige*, S. Narasimhan*, and W.C. de Groat, Dept. Physiol.,  
Sch. Med., Showa Univ., Tokyo, and Dept. Pharmacol. Sch. Med., 
and Ctr. Neurosci., Univ. Pittsburgh, Pittsburgh, PA 15261.

Clinical studies indicate that sensory input from the female 
reproductive organs is relayed to various segments of the spinal 
cord. In the present experiments, axonal tracing techniques were 
used to examine the segmental d istribu tion  and central terminations 
of afferent pathways to the uterine cervix and uterine horn of the 
ca t. The origin of autonomic efferent input to these organs was 
also studied.

HRP, WGA-HRP or fa st blue (FB) were injected into uterine cervix 
or uterine horns using an intravaginal or intraabdominal approach. 
After 3-5 days transport time for HRP or 14 days transport time 
for FB the animals were anesthetized, perfused with fixa tive  solu
tion and the tissues were processed by standard procedures to iden
t i fy  HRP or FB.

The afferent neurons projecting to the uterus were located in 
the L1-L5 and S1-S3 dorsal root ganglia. The neurons were small 
to medium size averaging 33 μm and 27.5 μm in the lumbar and sacral 
DRG, respectively. When tracers were injected into the uterine 
cervix, an average of 780 ce lls  (range, 590-1454) were identified 
in the dorsal root ganglia, with more than 90% of ce lls  in the S1- 
S3 ganglia. On the other hand when tracer was applied to the u ter
ine horns an average of 461 DRG ce lls  (range, 350-700) were labeled 
with 93% in the L2-L4 ganglia. In the uterine cervix experiments, 
the number of labeled ce lls  was not s ign ifican tly  altered by tran 
section of the pudendal nerve. Afferent projections in the sacral 
spinal cord were labeled following injection of HRP into the cer
vix. Labeled afferents were most prominent in L issauer's tra c t 
and in lamina I on the la te ra l edge of the dorsal horn. A few 
neurons were also identified  in the S2 segment in the region of 
the dorsal band of the sacral parasympathetic nucleus.

Following injection of tracer substances into the uterine horn 
a large number of labeled neurons (1500-2500) were identified  in 
the in ferio r mesenteric ganglia and a few neurons were identified 
in the intermediolateral nucleus of the lumbar spinal cord. In 
the uterine cervix experiments the sacral sympathetic chain gan
g lia  exhibited a considerable number of labeled c e lls .

In summary the resu lts indicate that the uterine cervix is in
nervated by sacral afferent neurons traveling in the pelvic nerve 
whereas the uterine horn is innervated by lumbar afferents presum
ably carried by sympathetic nerves. The central projections of 
uterine cervix afferents to L issauer's tra c t and to la tera l lamina 
I are sim ilar to the projections of afferents from other pelvic 
viscera.
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289.13 DISTRIBUTION OF CELLS AND FIBERS PROJECTING TO THE PENIS OF THE 
CAT. A.M. Booth, J.R. Roppolo, and W.C. de Groat. Department of 
Pharmacolology and Center for Neuroscience, University of P i t ts 
burgh School of Medicine, Pittsburgh, PA 15261.

The penis receives an innervation from somatic nerves as well 
as from autonomic nerves of both sympathetic and parasympathetic 
origin. In the present experiments HRP was employed to identify
ing various components of the penile innervation including: (1) 
autonomic ganglion c e lls , (2) spinal motor neurons projecting to 
the s tria ted  penile musculature, (3) dorsal root ganglion ce lls  
and afferent projections within the lumbosacral spinal cord. HRP 
solution (25% HRP in 2% DMSO and H2O) was either injected into the 
glans and/or shaft of the penis or applied to the proximal stump 
of the cut dorsal nerve of the penis (DNP) midway along i ts  length. 
Following fixation and processing the pelvic ganglion (PG), sympa
the tic  chain (SC), inferio r mesenteric ganglia (IMG) and the sp i
nal cord and dorsal root ganglia caudal to T13 were examined.

After injection into the shaft of the penis, ganglion ce lls  
were found in the IMG, PG at the level of the prostate and SC (S1- 
S3). Motor neurons were found in the v ic in ity  of Onuf's nucleus 
in S2. These neurons had extensive rostral-caudal and dorsal den
d r i tic  projections some of which extended to lamina VI, although 
most were confined to lamina VII. There were also modest la tera l 
dendritic projections to the border of the ventral horn. HRP ap
plied to the DNP did not label motor neurons but did label a ffe r
ent ce ll bodies which were concentrated in the S1-S3 DRGs. In 
these animals central afferent projections coursed medially through 
laminae I-VI of the dorsal horn, with many fibers extending into 
lamina X b ila te ra lly . Densely labeled bundles of afferent fibers 
could be seen entering the dorsal column at intervals along the 
medial course of the afferent pathway. When the shaft of the 
penis was injected a sim ilar medial d istribu tion  of fibers was 
noted and there was also present a compact bundle of fibers which 
followed the la te ra l edge of the dorsal horn in lamina I ventrally  
to the level of lamina IV where i t  abruptly ended. Labeling was 
also present in L issauer's t r a c t ,  however, densely labeled bundles 
of fibers were not seen entering the dorsal columns.

In summary, the present resu lts have revealed the d istribution  
of various populations of neurons innervating the penis of the 
ca t. The iden tifica tion  of postganglionic neurons in the PG 
should allow in future experiments a more detailed analysis of the 
efferent pathways to the penis. In addition, HRP labeling of the 
central projections of penile afferent neurons indicates that the 
medial dorsal horn and the dorsal commissure region are important 
areas for processing afferent input from the penis and presumably 
for coordinating sexual reflexes.

289.14 SPECIFICITY OF SYMPATHETIC PREGANGLIONIC PROJECTIONS: RAT 
PREGANGLIONIC NEURONS PROJECT TO EITHER ROSTRAL OR CAUDAL GANGLIA 
ALONG THE SYMPATHETIC CHAIN. C .J .  F o reh an d  and  E. R u b in . D ep t. o f 
A n a t. and  N e u r o b io l . ,  Wash. U niv . S ch . M ed., S t .  L o u is ,  MO 63110.

A d ja c e n t  s y m p a th e tic  c h a in  g a n g l ia  a r e  i n n e r v a te d  by 
o v e r la p p in g  s e t s  o f  s p in a l  c o rd  s e g m e n ts ; t h e  p e r i p h e r a l  t a r g e t s  
i n n e r v a te d  by th e s e  g a n g lia  o v e r la p  t o  some e x t e n t ,  b u t  a r e  
l a r g e l y  s e p a r a t e  (L a n g le y , J .  P h y s i o l . 1 5 :1 7 6 , 1894; L ich tm an  e t  
a l . ,  J .  P h y s i o l . 2 9 8 :2 8 5 , 1 9 8 0 ). A c c o rd in g ly ,  th e  p r e g a n g l io n i c  
m o to r n e u ro n s  m ust be o r g a n iz e d  in  ways t h a t  e n a b le  s p e c i f i c  
a c t i v a t i o n  o f  p a r t i c u l a r  t a r g e t s .  To e x p lo r e  one a s p e c t  o f  t h i s  
o r g a n i z a t i o n ,  we h av e  mapped th e  r o s t r o - c a u d a l  p r o j e c t i o n  p a t t e r n s  
o f  p r e g a n g l io n i c  axons from  i n d iv i d u a l  s p in a l  se g m e n ts .

The e x p e r im e n ts  em ployed two f lu o r e s c e n t  d y e s , f a s t  b lu e  (FB) 
and  2 -d ia m id in o  y e llo w  (2 DY) ,  t h a t  a r e  t r a n s p o r t e d  r e t r o g r a d e ly  
a lo n g  a x o n s ;  th e s e  dy es  can  be v i s u a l i z e d  s im u lta n e o u s ly  i n  a 
s in g l e  n e u ro n a l  c e l l  bo d y . One o r  b o th  dy es  w ere p la c e d  on th e  
c u t  s y m p a th e tic  t ru n k  a t  d i f f e r e n t  s i t e s  t o  d e te rm in e  th e  
d i r e c t i o n  and  b ra n c h in g  p a t t e r n  o f  axons a r i s i n g  from  n e u ro n s  in  
d i f f e r e n t  s p in a l  s e g m e n ts .

We f i r s t  s tu d i e d  th e  g e n e ra l  p a t t e r n  o f  p r e g a n g l io n i c  o u tflo w  
from  th e  t h o r a c i c  s p in a l  c o rd  u s in g  a  s in g l e  d y e . N e a r ly  a l l  
p r e g a n g l io n i c  axons from  seg m en ts  T1 and T2 c o u rs e  r o s t r a l l y  a long 
t h e  s y m p a th e tic  c h a in ,  w h ereas  axons o r i g i n a t i n g  in  segm ent T10 
and b e low  a re  v i r t u a l l y  a l l  d i r e c t e d  c a u d a l ly .  P r e g a n g l io n ic  axons 
from  in te r m e d i a t e  seg m en ts  p r o j e c t  b o th  r o s t r a l l y  and c a u d a l ly .

To a sk  w h e th e r  t h e  b i d i r e c t i o n a l  o u tf lo w  from  th e s e  
i n te r m e d i a t e  se g m en ts  r e f l e c t s  r o s t r o - c a u d a l  b r a n c h in g  o f  
i n d iv i d u a l  p r e g a n g l io n i c  a x o n s , FB and 2DY w ere c o n c u r r e n t ly  
p l a c e d  on th e  s y m p a th e tic  t r u n k .  One dye was p la c e d  j u s t  r o s t r a l  
and  th e  o t h e r  j u s t  c a u d a l  t o  a  s y m p a th e tic  c h a in  g a n g lio n  m arking 
th e  j u n c t i o n  o f  an i d e n t i f i e d  c o m m u n ica tin g  ram us w ith  th e  tru n k . 
A bout h a l f  o f  t h e  l a b e l e d  p r e g a n g l io n i c  n e u ro n s  from  a g iv en  
segm ent c o n ta in e d  o n ly  FB w h i le  th e  o t h e r  h a l f  c o n ta in e d  o n ly  2DY. 
L ess  th a n  2% o f  t h e  l a b e l e d  n e u ro n s  c o n ta in e d  b o th  d y e s ; 
a p p r o p r i a t e  c o n t r o l s  showed t h a t  a l l  n e u ro n s  c o u ld  be d o u b ly -  
l a b e l e d  by a p p ly in g  b o th  dy es  t o  th e  same s i t e .

We c o n c lu d e  t h a t  w h i le  m id th o ra c ic  seg m en ts  p ro v id e  
p r e g a n g l io n i c  i n n e r v a t i o n  t o  b o th  r o s t r a l  and  c a u d a l  g a n g l i a ,  
i n d iv i d u a l  p r e g a n g l io n i c  n e u ro n s  i n  t h e s e  se g m en ts  g e n e r a l ly  send 
t h e i r  axons e i t h e r  r o s t r a l l y  o r  c a u d a l l y .  Thus th e  u n iq u e  r o s t r o 
c a u d a l  o u tf lo w  p a t t e r n s  o f  d i f f e r e n t  s p in a l  se g m en ts  s im p ly  
r e f l e c t  t h e  r e l a t i v e  num ber o f  r o s t r a l  o r  c a u d a l  p r o j e c t i n g  c e l l s  
c o n ta in e d  w i th in  th o s e  s e g m e n ts .  W hether n e u ro n s  w ith  d i f f e r e n t  
p r o j e c t i o n  p a t t e r n s  a r e  s e g re g a te d  w i th in  t h e  s p in a l  c o rd  i s  
p r e s e n t l y  u n d e r  i n v e s t i g a t i o n .
S u p p o r te d  by NSF G ra n t  BNS-8518844. E .R . was s u p p o r te d  by a Summer 
R e se a rc h  F e l lo w s h ip  from  th e  U. R o c h e s te r  S ch . Med.

289.15 VIP DISTRIBUTION AND COEXISTENCE WITH DOPAMINE-β-HYDROXYLASE IN 
SYMPATHETIC CHAIN GANGLIA OF THE PIG. E. L. Hill* and R. Elde 
( SPON:G. G iesler). Dept. of Cell Biology and Neuroanatomy, 
University of Minnesota, Mpls., MN 55455

Vasoactive in testinal peptide (VIP)-immunoreactive nerve 
fib ers  have been demonstrated in bone and periosteum of several 
species. VIP increases bone resorption in v itro  and VIP 
receptors have been characterized in an osteoblastic cell line , 
suggesting a possible role for VIP in neuronal regulation of bone 
metabolism. In pig VIP-immunoreactive fibers innervating rib 
bone and periosteum originate from cell bodies in sympathetic 
thoracic chain ganglia (Hohmann, e t. a l . ,  Science, in press).

The extent to which VIP occurs in postganglionic ce lls of the 
sympathetic chain and whether these ce lls are noradrenergic, 
cholinergic, or neither is unknown. We have attempted to 1) 
estab lish  the extent of VIP-containing cell bodies and fibers in 
a ll levels of the sympathetic chain and 2) determine the possible 
coexistence of VIP and dopamine-β-hydroxylase (DBH) using immu
nofluorescence.

4-8 week old pigs were perfused in tracard ially  with Zamboni's 
f ix a tiv e . Serial 4-5μ cryostat sections were taken of cerv ica l, 
thoracic and lumbar paravertebral ganglia and alternate  sections 
incubated with primary antisera directed against VIP or DBH. 
Sections were incubated with FITC-labelled goat an ti-rabb it IgG 
and counterstained with ethidium bromide. Areas with VIP-immuno
reactive ce lls and fibers and the equivalent areas in adjacent 
DBH-stained sections were photographed on a fluorescence micro
scope and examined for coexistence.

VIP-immunoreactive ce lls were most evident in the thoracic 
chain ganglia, with fibers present in cervical and lumbar 
ganglia. While the ce lls  were d istributed  throughout individual 
ganglia, intensely stained ce lls consistently occurred ju st 
proximal to exiting fiber bundles and sent long processes into 
these bundles. Varicose fibers with VIP staining were found to 
be especially evident from the caudal cervicothoracic ganglion 
through upper lumbar ganglia, in many cases forming networks of 
beaded varicosities around principal ganglion c e lls . Fibers and 
ce lls  were associated with both interganglionic connectives and 
rami. In adjacent sections, the majority of ce lls were reactive 
fo r DBH. In several ce lls  i t  was possible to demonstrate the 
coexistence of VIP- and DBH-immunoreactivity in the same cell 
body.

We conclude that VIP-immunoreactive ce lls are distributed p ri
marily in the thoracic sympathetic chain ganglia and that fibers 
containing VIP are found in ganglia at all levels. At least some 
VIP-immunoreactive postganglionic neurons are noradrenergic. The 
p o ss ib ility  that noradrenalin acts synergistically  with VIP upon 
bone ce lls is presently under investigation.

289.16 THE CATECHOLAMINE INNERVATION OF THE LUMBOSACRAL
SPINAL CORD OF MALE AND FEMALE RATS. K.E. Mckenna. Dept. of 
Physiology, Northwestern Univ. School of Medicine, Chicago, IL 60611

Pelvic structures are innervated by sympathetic, parasympathetic and 
somatic efferents located in the lumbosacral spinal cord. These include 
sympathetic preganglionic neurons (PGNs) with axons in the hypogastric 
nerve, primarily located in the dorsal gray commissure (DGC) of segments L1- 
L3; sympathetic PGNs with axons in the caudal sympathetic chain, primarily 
located in the intermediolateral column (IML) of segments T11-L2; 
parasympathetic PGNs with axons in the pelvic nerve, located in the IML of 
segments L6-S1; somatic motoneurons (MNs) with axons in the pudendal 
nerve, located in the dorsolateral (DL) and dorsomedial nuclei of L5-L6. It has 
been shown that in the rat and other species, there are significantly more 
hypogastric and pudendal neurons in the male compared to the female.

The present study was undertaken to examine the catecholaminergic 
innervation of these efferent nuclei by immunohistochemistry (IHC) using 
antibodies to dopamine β hydroxylase (DBH) (Eugene Tech). Male and female 
rats 250-400g were deeply anesthetized and perfused with Krebs solution, 
followed by 4% paraformaldehyde, pH 6.5, then 4% paraformaldehyde, pH 
8.5. The lumbosacral spinal cord was removed and 30μ frozen sections cut. 
Tissue was processed for DBH IHC using a free floating technique and the 
avidin-biotin system with visualization using nickel-enhanced DAB.

Strong, specific DBH positive staining was seen in fibers throughout the 
lumbosacral spinal cord. No labelled cells were observed. Fibers were 
submicron in diameter with varicosities every 3-10μ. All pelvic efferent nuclei 
received strong DBH innervation. The strongest labelling was observed in the 
IML of the T13-L2 (sympathetic PGNs). The labelling on and around the 
PGNs was extremely heavy and also followed dendrite bundles of the PGN, 
both medially and laterally. The innervation of the hypogastric PGNs was less 
dense but formed a strong net-like pattern. Innervation of the DGC was strong 
throughout the lumbosacral cord. The parasympathetic PGNs also received a 
strong DBH innervation.

Motoneurons in the DL and DM displayed a dense concentration of labelled 
fibers covering the cells and coursing along their dendrites. A major difference 
was noted between the male and the female in these nuclei. The innervation to 
these nuclei in the male was obviously much heavier than in the female. The 
organization of the DBH innervation was qualitatively different as well. 
Differences in staining technique can be ruled out as the source of this apparent 
dimorphism because a nearby nucleus, the ventral cell column which innervates 
the pelvic diaphragm, displayed a heavy DBH staining in both males and 
females.

The DL and DM nuclei are only involved in the control of the anal and 
urethral sphincters in the female, while in the male they innervate two penile 
muscles as well. The present findings suggest that spinal catecholamines may 
play a role in sexual function.



WEDNESDAY PM REGULATION OF AUTONOMIC FUNCTION II 1057

289.17 SYMPATHETIC NERVE ACTIVITY AFTER COMPLETE SPINAL CORD 
TRANSECTION IN THE ANESTHETIZED RAT. R . F. T a y lo r * and  
L. P. Schramm (SPON: E. Y oung). D ep artm en t o f  B io m e d ic a l 
E n g in e e r in g ,  The J o h n s  H opk ins S ch o o l o f  M e d ic in e , 
B a l tim o re , MD 21205

In  a p r e v io u s  r e p o r t  from  t h i s  l a b o r a to r y  i t  was d e m o n s tra te d  
t h a t  r e n a l  s y m p a th e tic  n e rv e  a c t i v i t y  s i g n i f i c a n t l y  in c r e a s e d  
a f t e r  s p in a l  c o rd  t r a n s e c t i o n  in  t h e  c h lo r a lo s e - a n e s t h e t i z e d  r a t s .  
The p r e s e n t  e x p e r im e n ts  com pare t h e  e f f e c t  o f  c e r v i c a l  s p in a l  
co rd  t r a n s e c t i o n  on r e n a l ,  s p le n i c  and  lum bar s y m p a th e tic  n e rv e  
a c t i v i t y .

C h l o r a l o s e - a n e s th e t iz e d ,  m ale  S p rag u e  Dawley r a t s  w ere p a r a 
ly z e d  w ith  F l a x e d i l  and  a r t i f i c i a l l y  v e n t i l a t e d .  M u l t i - u n i t  
n e rv e  r e c o r d in g s  w ere  o b ta in e d  from  th e  r e n a l ,  s p l e n i c  and  lum bar 
s y m p a th e tic  n e rv e s  u s in g  s t a i n l e s s  s t e e l  b i p o l a r  hook  e l e c t r o d e s .  
The r e c t i f i e d  and  i n t e g r a t e d  a c t i v i t y  from  p a i r s  o f  n e rv e s  was 
com pared b e f o r e  and  a f t e r  c o m p le te  s p in a l  c o rd  t r a n s e c t i o n  a t  C l. 
A r t e r i a l  b lo o d  p r e s s u r e  was m easu red  v i a  a  c a n n u la  p la c e d  i n  th e  
r i g h t  c a r o t i d  a r t e r y .  N erve a c t i v i t y  and a r t e r i a l  p r e s s u r e  w ere 
d i s p la y e d  on a  p o ly g ra p h  and s to r e d  on m a g n e tic  t a p e  f o r  l a t e r  
a n a ly s i s .  The i n t e g r a t e d  n e rv e  s ig n a l  was sam p led  e v e ry  5ms 
f o r  50 se c o n d s  and  e x p re s s e d  in  a r b i t r a r y  u n i t s .  The mean 
a c t i v i t y  o v e r  t h i s  p e r io d  was com pared  f o r  each  p a i r  o f  n e rv e  
( r e n a l  and  s p l e n i c  o r  r e n a l  and  lu m b ar)  b e f o r e  and  a f t e r  t r a n s 
a c t i o n  u s in g  a  p a i r e d  t - t e s t .

I n  8 r a t s ,  t r a n s e c t i o n  in c r e a s e d  mean r e n a l  n e rv e  a c t i v i t y  
s i g n i f i c a n t l y  from  209 ± 51 to  452 ± 50 u n i t s .  In  t h e  same 
r a t s ,  s p l e n i c  n e rv e  a c t i v i t y  i n c r e a s e d  from  157 ± 35 t o  372 ± 75 
u n i t s .  Mean a r t e r i a l  p r e s s u r e  f e l l  s i g n i f i c a n t l y  from  9 9 .6  ± 4 .8  
to  7 5 .1  ± 4 .5  mmHg. In  c o n t r a s t ,  p r e l im in a r y  r e s u l t s  show t h a t  
lum bar s y m p a th e tic  a c t i v i t y  ( s y m p a th e t ic  c h a in  a t  L6) d e c re a s e d  
by 40% a f t e r  c o rd  t r a n s e c t i o n  (n = 4 ).

We c o n c lu d e  t h a t  s p in a l  c o rd  t r a n s e c t i o n  in  r a t s  u n d e r  th e s e  
e x p e r im e n ta l  c o n d i t i o n s  may i n t e r r u p t  a  d e s c e n d in g  i n h i b i t o r y  
pathw ay w hich  r e s u l t s  in  a  s p e c i f i c  e x c i t a t i o n  o f  s y m p a th e tic  
a c t i v i t y  to  th e  a b d o m in a l v i s c e r a .  At t h e  same t im e ,  t r a n s e c t i o n  
may re d u c e  s y m p a th e tic  a c t i v i t y  t o  m u sc le  b e d s  c a u s in g  a  f a l l  in  
a r t e r i a l  p r e s s u r e .  S u p p o rte d  by NIH g r a n t  HL16315.

289.18 SYMPATHOINHIBITION MEDIATED BY DORSOLATERAL SPINAL CORD IN THE 
RAT. L .P .  Schramm, S .R . L iv in g s to n e * , R .F . T a y lo r* , and C .E . 
P a lm e r* . D ep a rtm en t o f  B io m e d ic a l E n g in e e r in g ,  The Jo h n s  H opkins 
S ch o o l o f  M e d ic in e .

A f t e r  s p in a l  t r a n s e c t i o n ,  r e n a l  s y m p a th e tic  n e rv e  a c t i v i t y  in  
th e  c h lo r a lo s e - a n e s t h e t i z e d  r a t  i s  w e l l - m a in t a in e d .  T h is  
a c t i v i t y  i s  re d u c e d  by e l e c t r i c a l  s t i m u l a t i o n  i n '  th e  r e g io n  o f 
th e  c e r v i c a l  d o r s a l  h o rn  and d o r s o l a t e r a l  f u n i c u l u s . T hese  
e x p e r im e n ts  d e te rm in e d  th e  s t im u lu s - r e s p o n s e  c h a r a c t e r i s t i c s  and 
p a th w ay s m e d ia t in g  th e  i n h i b i t i o n s  and th e  d i s t r i b u t i o n  o f th e  
i n h i b i t i o n  among s y m p a th e tic  n e r v e s .  M ale S prague-D aw ley  r a t s  
w ere a n e s t h e t i z e d  w i th  a l p h a - c h l o r a l o s e . T r a c h e a l ,  c a r o t i d  
a r t e r i a l ,  and fe m o ra l  v e n o u s  c a n n u la e  w ere p la c e d  f o r  a r t i f i c i a l  
r e s p i r a t i o n ,  m easurem ent o f  a r t e r i a l  p r e s s u r e ,  and i n f u s i o n s  o f  
d r u g s ,  r e s p e c t i v e l y .  The s p in a l  c o rd  was ex p o sed  v i a  a  Cl to  C6 
lam in ec to m y . R e n a l ,  s p l e n i c ,  o r  lum bar n e rv e s  w ere d i s s e c t e d  
th ro u g h  a  l e f t  f l a n k  i n c i s i o n .  B ip o la r ,  AC r e c o r d in g s  from  
n e rv e s  w ere q u a n t i f i e d  by r e c t i f i c a t i o n  and i n t e g r a t i o n .  
C o n c e n tr ic  b i p o la r  e l e c t r o d e s  w ere u se d  f o r  e l e c t r i c a l  
s t i m u l a t i o n  o f  th e  s p in a l  c o rd .  I n h ib i t i o n s  w ere e l i c i t e d  by 
s t i m u l a t i o n  o f  th e  s u r f a c e  o f th e  s p in a l  c o rd  ra n g in g  from  th e  
m ost l a t e r a l  d o r s o l a t e r a l  f u n ic u lu s  to  th e  m ost m e d ia l p o r t i o n  o f  
th e  d o r s a l  h o r n .  The lo w e s t  t h r e s h o ld s  f o r  i n h i b i t i o n s  w ere 
o b s e rv e d  m ost l a t e r a l l y  and w ere  o f te n  l e s s  th a n  10 m ic ro am p e re s . 
S t im u la t io n  a t  5 and 10Hz e l i c i t e d  i n h i b i t i o n s  w hich  w ere 60 and 
80% o f  m ax im al, r e s p e c t i v e l y .  On th e  a v e ra g e ,  m axim al r e s p o n s e s  
c o n s i s t e d  o f  60% r e d u c t io n s  i n  r e n a l  n e rv e  a c t i v i t y ,  and  th e y  
ra n g e d  from  10 to  95%. R en al and s p le n i c  n e rv e  a c t i v i t y  w ere 
e q u a l ly  i n h i b i t e d  and e x h ib i t e d  s im i l a r  s t im u lu s - r e s p o n s e  c u rv e s .  
In  p r e l im in a r y  e x p e r im e n ts ,  a c t i v i t y  i n  th e  lum bar s y m p a th e tic  
c h a in  a l s o  was i n h i b i t e d .  The e f f e c t s  o f  b o th  s m a ll  and l a r g e  
k n i f e - c u t s ,  c a u d a l  t o  t h e  s i t e  o f  s t i m u l a t i o n ,  w ere  u se d  to  t r a c e  
th e  d e s c e n d in g  p a thw ay  f o r  t h i s  i n h i b i t o r y  s y s te m . S p in a l  c o rd s  
w ere s u b s e q u e n t ly  f ix e d  by p e r f u s io n ,  p a ra f f in -e m b e d d e d ,  
s e c t io n e d  s e r i a l l y ,  and s t a i n e d  to  p e rm it  r e c o n s t r u c t io n  o f 
l e s i o n s .  I n h i b i t i o n s  r e q u i r e d  th e  i n t e g r i t y  o f  th e  d o r s a l  
p o r t i o n  o f  th e  l a t e r a l  f u n ic u lu s  and  th e  v e n t r a l  p o r t i o n  o f  th e  
d o r s o l a t e r a l  f u n i c u l u s .  O th e r  r a t s  w ere k e p t  i n  good c o n d i t i o n  
f o r  p e r io d s  up to  one m onth a f t e r  p r o d u c t io n  o f  b o th  s m a l l  and 
l a r g e  Cl l e s i o n s .  I n h i b i t i o n s  c o u ld  b e  e l i c i t e d  c a u d a l  to  th e  
l a r g e r  l e s i o n s  from  th e  r e g io n  o f  th e  d o r s a l  h o rn  b u t  n o t  from  
m ore l a t e r a l  c o rd .  In tr a v e n o u s  d e l i v e r y  o f  a n t a g o n i s t s  to  GABA, 
g l y c i n e ,  s e r o t o n in ,  and c a te c h o la m in e s  w ere  i n e f f e c t i v e  i n  
p r e v e n t in g  th e  i n h i b i t i o n s .  We c o n c lu d e  t h a t  i n h i b i t i o n s  e l i c i t e d  
by c e r v i c a l  s t i m u l a t i o n  a r e  m e d ia te d  by b o th  d e s c e n d in g  and 
p r o p r i o s p in a l  (o r  a n t i d r o m i c a l l y - a c t i v a t e d ,  a s c e n d in g )  l a t e r a l  
s p in a l  s y s te m s .  The i n h i b i t i o n s  a f f e c t  many t i s s u e s .  The 
t r a n s m i t t e r  m e d ia t in g  th e  i n h i b i t i o n s  re m a in s  unknown. S u p p o rte d  
by  NIH g r a n t  LH16315.

289.19 TONIC DESCENDING INHIBITION OF SPINAL GRAY CELLS RECEIVING RENAL 
AFFERENT INPUT. M. M. K n u e p fe r , E . W. A keyson* and  L . P . Schramm.
D e p t. o f  B iom ed. E n g in . , J o h n s  H o pk ins U n iv . , B a l t im o r e ,  MD 21205 
and D e p t. o f  P h a rm a c o lo g y , S t .  L o u is  U n iv . ,  S t .  L o u is ,  MO 63104.

R en a l a f f e r e n t s  h av e  b e e n  im p l ic a te d  in  c o n t r o l  o f  c a r d io v a s c u 
l a r  f u n c t i o n  and  i n  t h e  m e d ia t io n  o f  p a in  o f  r e n a l  o r i g i n .  S tu d ie s  
in  o u r  l a b o r a t o r i e s  h av e  exam ined  th e  s p in a l  p r o j e c t i o n s  o f  r e n a l  
a f f e r e n t s  t o  b e t t e r  d e s c r i b e  t h e  p a th w ay s  in v o lv e d .  The p r e s e n t  
e x p e r im e n ts  d e te rm in e d  w h e th e r  t o n i c  d e s c e n d in g  m o d u la t io n  o f  
n e u ro n s  r e c e i v in g  r e n a l  i n p u t  e x i s t s .  S tu d ie s  w ere  done in  11 
c h l o r a l o s e - a n e s t h e t i z e d ,  a r t i f i c i a l l y  r e s p i r e d ,  m ale  r a t s .  The 
d o r s a l  s u r f a c e s  o f  t h e  c e r v i c a l  (C1-C4) and  t h o r a c i c  (T10-T 13) 
s p in a l  c o rd  w ere e x p o sed  and  c o v e re d  w i th  m in e r a l  o i l .  The l e f t  
r e n a l  n e rv e  was e x p o s e d , c ru s h e d  d i s t a l l y ,  p la c e d  on b i p o la r  s t a i n 
l e s s  s t e e l  e l e c t r o d e s  and  c o v e re d  w i th  o i l .  D ouble b a r r e l ,  g l a s s  
m ic r o e l e c t r o d e s  ( t i p  d ia m e te r  3 -5  μm) w ere  u se d  t o  r e c o r d  s in g l e  
u n i t  a c t i v i t y  i n  t h e  lo w e r t h o r a c i c  s p i n a l  g r a y  d u r in g  e l e c t r i c a l  
s t i m u l a t i o n  o f  t h e  r e n a l  n e rv e  ( t r a i n s  o f  3 p u l s e s  a t  200 Hz e v e ry  
2 s ) .  S ix te e n  n e u ro n s  r e s p o n d e d  to  r e n a l  n e rv e  s t i m u l a t i o n  (mean 
o n s e t  l a t e n c y  = 33 m s, mean d u r a t i o n  = 27 m s) . S ix  o f  t h e s e  n e u ro n s  
had  a  seco n d  ( l a t e )  r e s p o n s e  (mean o n s e t  l a t e n c y  = 51 m s, mean 
d u r a t i o n  = 36 m s). The s p o n ta n e o u s  f i r i n g  f re q u e n c y  o f  t h e  n e u ro n s  
r a n g e d  from  0 .1  -  41 Hz (mean =  8 .4  H z). D u rin g  r e c o r d in g  o f  10 
o f  t h e s e  n e u ro n s ,  c o t t o n  p l e d g e t s  so ak ed  i n  0.5% l id o c a in e  w ere 
a p p l i e d  to  t h e  c e r v i c a l  s p i n a l  c o rd .  The r e s u l t i n g  l o c a l  a n e s th e 
s i a  o f  c e r v i c a l  c o rd  d e c re a s e d  a c t i v i t y  i n  4 n e u ro n s  (mean f a l l  o f  
46%) and  in c r e a s e d  i t  i n  3 (mean i n c r e a s e  o f  1261% ). E a r ly  r e 
s p o n s e s  t o  r e n a l  n e rv e  s t i m u l a t i o n  w ere  g r e a t e r  i n  50% o f  t h e  
n e u ro n s  t e s t e d  (mean i n c r e a s e  o f  158% ). Of 3 n e u ro n s  w i th  l a t e  
r e s p o n s e s ,  o n ly  one  was a f f e c t e d  (50% d e c r e a s e ) .  I n  6 a d d i t i o n a l  
n e u ro n s ,  t h e  a f f e c t  o f  c o o l in g  t h e  s u r f a c e  o f  t h e  c e r v i c a l  s p in a l  
c o rd  t o  4 -7 °  c a u se d  an  a v e ra g e  d e c re a s e  i n  mean a r t e r i a l  p r e s s u r e  
from  110 to  62 mmHg. S p o n ta n eo u s  a c t i v i t y  r o s e  i n  4 n e u ro n s  (mean 
i n c r e a s e  o f  828%) an d  d e c re a s e d  in  1 n e u ro n  (40% ). The ch an g e  in  
s p o n ta n e o u s  a c t i v i t y  d u r in g  s p i n a l  b lo c k  was c o r r e l a t e d  t o  t h e  
sp o n ta n e o u s  f i r i n g  r a t e  b e f o r e  b lo c k a d e  ( 2 .9  ±  1 .3  Hz f o r  c e l l s  
e x c i t e d  and 2 0 .1  ±  6 .4  Hz f o r  c e l l s  i n h i b i t e d  by s p in a l  b l o c k ) .  
E a r ly  r e s p o n s e s  t o  r e n a l  n e rv e  s t i m u l a t i o n  w ere  i n c r e a s e d ,  i n  50% 
o f  t h e  n e u ro n s  (547% ). A l l  t h r e e  l a t e  r e s p o n s e s  e x h ib i t e d  an  i n 
c r e a s e  i n  s p ik e s  d u r in g  c o ld  b lo c k  (mean i n c r e a s e  o f  274% ). The 
m a j o r i t y  o f  t h e  n e u ro n s  t e s t e d  w ere  a l s o  shown t o  b e  s e n s i t i v e  to  
b o th  l i g h t  to u c h  and  n o x io u s  s t i m u l a t i o n  o f  a d ja c e n t  c u ta n e o u s  
f i e l d s .  T hese  r e s u l t s  i n d i c a t e  t h a t  a  num ber o f  s p in a l  g r a y  n e u ro n s  
r e c e i v in g  r e n a l  a f f e r e n t  in p u t  an d  c u ta n e o u s  in p u t  a r e  t o n i c a l l y  
i n h i b i t e d  by f i b e r s  d e s c e n d in g  from  s u p r a s p i n a l  l e v e l s .  Fewer 
n e u ro n s  may r e c e i v e  t o n i c  d e s c e n d in g  f a c i l i t a t o r y  i n p u t .  (S u p p o rte d  
by NIH G ra n ts  HL16315, HL34446 and  H L 37224).

289.20  INVOLVEMENT OF NUCLEUS RAPHE MAGNUS IN THE SUPRASPINAL CONTROL OF 
SPLANCHNIC INPUT TO THE THORACIC SPINAL CORD OF THE RAT.
E.W. A keyson* , M.M. K n u e p fe r and  L .P .  Schramm. (SPON: 
J .  E b e r h a r t ) . D e p a r tm e n ts  o f  N e u ro s c ie n c e  and  B io m e d ic a l 
E n g in e e r in g ,  The Jo h n s  H op k in s  U n iv e r s i ty  S ch o o l o f  M e d ic in e , 
B a l t im o r e ,  MD 21205.

P r e v io u s  i n v e s t i g a t i o n s  h av e  d e m o n s tra te d  t h a t  d o r s a l  h o rn  
n e u ro n s  r e c e i v in g  s o m a tic  a f f e r e n t  i n p u t  a r e  i n f lu e n c e d  s t r o n g ly  
by s u p r a s p i n a l  s i t e s  in c lu d in g  th e  N u c le u s  Raphe Magnus (NRM). A 
l a r g e  num ber o f  d o r s a l  h o rn  n e u ro n s  i n  th e  t h o r a c i c  s p in a l  c o rd  
a l s o  r e c e i v e  v i s c e r a l  a f f e r e n t  i n p u t .  We s tu d i e d  th e  e f f e c t  o f  
v i s c e r a l  a f f e r e n t  i n p u t  on d o r s a l  h o rn  n e u ro n s  i n  th e  t h o r a c i c  
s p in a l  c o rd  o f  t h e  r a t  and  d e te rm in e d  th e  l e v e l  o f  s u p r a s p in a l  
c o n t r o l  o f  v i s c e r a l - a f f e r e n t  evoked  r e s p o n s e s .  E x t r a c e l l u l a r  
r e c o r d in g s  w ere  made o f  d o r s a l  h o rn  n e u ro n s  r e s p o n s iv e  to  
e l e c t r i c a l  s t i m u l a t i o n  o f  t h e  g r e a t e r  s p la n c h n ic  n e rv e  (GSN) in  
t h o r a c i c  s p in a l  c o rd  seg m en ts  T7-T10 o f  c h lo r a lo s e - a n e s t h e t i z e d  
r a t s .  S u p r a s p in a l  i n f l u e n c e s  w ere  i n v e s t i g a t e d  by m eans o f  b o th  
e l e c t r i c a l  s t i m u l a t i o n  o f  NRM and r e v e r s i b l e  s p i n a l i z a t i o n  by 
p l a c in g  a  c o ld - p r o b e  a t  t h e  C2 s p in a l  c o rd  l e v e l .  N eurons 
re sp o n d e d  to  GSN s t i m u l a t i o n  w i th  e i t h e r  a  s i n g l e  s p ik e  o r  w i th  one 
o r  two b u r s t s  o f  2 -7  s p ik e s  e a c h .  S p o n ta n eo u s  a c t i v i t y  was 
p r e s e n t  i n  52% o f  t h e  n e u ro n s  a t  a  mean r a t e  o f  1 .7  s p ik e s / s e c .  
Of th e  n e u ro n s  re s p o n d in g  w i th  b u r s t s ,  t h e  m a jo r i t y  (76%) 
r e s p o n d e d  w i th  a  s in g l e  b u r s t  w i th  mean l a t e n c i e s  o f  20 .0m s o n s e t  
and  40 .7m s o f f s e t .  The re m a in in g  24% re sp o n d e d  to  n e rv e  
s t i m u l a t i o n  w i th  d u a l  b u r s t s  h a v in g  mean l a t e n c i e s  o f  9 .0m s o n s e t  
and  18 .3m s o f f s e t  f o r  th e  f i r s t  b u r s t  and  29 .7m s o n s e t  and 
65.3m s o f f s e t  f o r  th e  seco n d  b u r s t .  The r e s p o n s e  to  GSN 
s t i m u l a t i o n  i n  th e  m a jo r i t y  o f n e u ro n s  t e s t e d  (1 2 /1 3 )  was 
a t t e n u a t e d  o r  a b o l i s h e d  by s h o r t  t r a i n s  o f  NRM s t i m u l a t i o n  
(10m s/200H z) p r e c e d in g  th e  n e rv e  s t i m u l a t i o n .  The rem a in in g  
n e u ro n  was r e s p o n s iv e  to  NRM s t i m u l a t i o n  o n ly  a t  h ig h  s t im u lu s  
i n t e n s i t i e s .  T y p ic a l  s t im u lu s  I n t e n s i t i e s  f o r  50% i n h i b i t i o n  o f  
th e  GSN r e s p o n s e  w ere  30-40uA , w i th  t o t a l  i n h i b i t i o n  o c c u r r in g  
w i th  80-100uA . The tim e  c o u rs e  o f  t h e  i n h i b i t i o n s  o f t e n  l a s t e d  
i n  e x c e s s  o f  100m s. Upon r e v e r s i b l e  s p i n a l i z a t i o n  w i th  c o ld - b lo c k ,  
th e  n e u ro n s  d i s p l a y e d  c h a n g es  In  b o th  sp o n ta n e o u s  a c t i v i t y  and 
GSN evoked  r e s p o n s e .  I n  some c a s e s ,  n e u ro n s  w i th  no m e a s u ra b le  
s p o n ta n e o u s  a c t i v i t y  becam e s p o n ta n e o u s ly  a c t i v e  a f t e r  c o ld - b lo c k .  
S p o n ta n e o u s ly  a c t i v e  n e u ro n s  in c r e a s e d  t h e i r  f i r i n g  r a t e s  3 -1 0  
t im e s .  GSN evoked  r e s p o n s e s  w ere  3 -5  t im e s  g r e a t e r  a f t e r  c o o l in g .  
T h ese  d a ta  d e m o n s tra te  t h a t  d o r s a l  h o rn  v i s c e r o - r e c e p t i v e  n e u ro n s  
a r e  t o n i c a l l y  and p h a s i c a l l y  i n h i b i t e d  by s u p r a s p i n a l  s i t e s .  The 
s i t e s  p r o d u c in g  t h e s e  i n h i b i t i o n s  a r e  f u n c t i o n a l l y  im p o r ta n t  
s in c e  th e y  p l a y  a  r o l e  i n  m o d u la t in g  v i s c e r a l  a f f e r e n t  in p u t  a t  
a n  e a r l y  s ta g e  i n  i t s  p r o c e s s in g  i n  t h e  s p in a l  c o r d .  S u p p o rte d  
by NIH G ra n t HL16315.
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289.21 BRAINSTEM ORGANIZATION OF VAGAL NUCLEI AND FIBER PATHWAYS IN THE 
RAT. E.A. Fox, E. Baronowsky* , and T.L. Powley. Lab. of Regulato ry  
Psychobiology, Purdue Univ., West Lafayette , IN 47907.

Although e x c e l l e n t  q u a l i t a t i v e  HRP d e s c r i p t i o n s  of vagal 
b ra in s tem  o rg a n iz a t io n  e x i s t ,  l i t t l e  quan t i ta t ive  information is 
a v a i l a b l e .  D e f in i t i o n  of the  medullary  c o o rd in a te s  of vagal 
a f f e r e n t  and e f f e r e n t  f i b e r  d i s t r i b u t i o n s ,  which would a llow 
s e l e c t i v e  i n t r a c r a n i a l  m an ipu la t ion  of the  axons,  have not been 
p rovided.  A d d i t i o n a l ly ,  the  morphology and d is t r ib u t io n  of vagal 
motorneurons w i th in  th e  dorsa l  motor nuc leus  of the  vagus (DMN) 
and the r e t i c u la r  formation have not been fu l ly  characte rized.  To 
provide such parametric analyses, 38 male Sprague Dawl ey r a t s  were 
su b jec te d  to  c e r v i c a l  vagal soaks w ith  HRP and then t h e i r  b ra in s  
and spinal cords were processed with TMB. Complete se ts  of se r ia l  
sections  (f rontal for one group of animals, horizontal for another) 
were examined.

All of the vagal nuclei have ros tra l  borders 1.8mm an ter io r  to 
the  r o s t r a l  pole  of the  a rea  postrema (rAP). The bulk of la be led  
p re g a n g l io n ic s  in th e  DMN and r e t i c u l a r  fo rm at ion  extend 4.5mm 
cau d a l ly  (a l im i t e d  number of c e l l s  con t inue  through th e  upper 
c e r v i c a l  co rd ) ,  while  the  nuc leus  ambiguus and the  r e t r o f a c i a l  
nucleus extend caudal l y only 3.2 and 1.5mm r e s p e c t i v e l y .  A ffe ren t  
axons ente r the dorsola te ra l brainstem only at ros tra l  levels as a 
s in g l e  ro o t  composed of s eve ra l  f a s c i c l e s  1.2mm a n t e r i o r  to  the  
rAP, course medially, and then turn caudal l y to  form the so l i t a ry  
t r a c t .  Some of these  f ibe rs  were traced at least 7.3mm caudal, well 
in to  the  sp ina l  cord .  In c o n t r a s t ,  e f f e r e n t  axons e x i t  the  b ra in  
v e n t r o l a t e r a l l y as  a s e r i e s  o f  r o o t l e t s  d i s t r i b u t e d  from 
rostrocaudal levels  coincident  with much of the  DMN extent (3mm). 
These f i b e r s  is sue  from the  l a t e r a l  DMN pole  and p re se rv e  
rostrocaudal DMN organization by maintaining pa ra l le l  t r a j e c to r i e s ,  
w hile  they course  v e n t r o l a t e r a l l y and c au d a l ly  ( i n i t i a l l y  a t  an 
angle  of  30° and e v e n t u a l ly  65°) in smal l f a s c i c l e s  t h a t  a re  
r e la t iv e ly  evenly spaced (~90μm apart) along the rostrocaudal axis.

Primary dend r i t ic  segments of DMN c e l l s  tend to  remain within 
the  nu c lea r  boundaries  as d e f ined  by the  d i s t r i b u t i o n  of somata. 
In the  ro s t ra l  and caudal DMN the c e l l s  are  fusiform and oriented  
longitudinally ,  while a t  mid rostrocaudal levels , where cel l number 
and cross-sect ional  area a re  th e  g r e a t e s t ,  c e l l s  a r e  m u l t i p o l a r  
with  i n i t i a l  d e n d r i t i c  segments extended medially, l a te r a l ly  and 
longi tudinally . From the rAP caudally,  larger somata predominate in 
the la te ra l  pole of the DMN. Vagal preganglionics in the  re t i c u la r  
formation are sparse ly d is t r ib u ted ,  fusiform and oriented  pa ra l le l  
to  (and within) the e f fe ren t  fa sc ic le s .  F inally ,  several featu res 
of vagal organization are consis tent with previous ontogenetic  and 
phylogenetic analyses. (USPHS grant AM27627.)

289 22 SELECTIVE AS WELL AS TOTAL SUBDIAPHRAGMATIC VAGOTOMIES CAN BE 
ASSESSED WITH A SENSITIVE AND VERSATILE TRACER TECHNIQUE. T.L. 
Pow l e y , E.A. Fox and H.-R. B e r th o u d .  Lab. of  R eg u la to r y  
Psychobiology, Purdue Univers ity , West Lafaye tte , IN 47907.

While vagotomies a re  w idely  used, the  absence of adequate 
ve r i f i ca t io n  t e s t s  for se lec t ive  vagotomies has complicated the use 
of th e se  more r e f in e d  s u r g e r i e s .  A new pro toco l  t h a t  provides  a 
sens i t ive ,  highly re l i a b le  and prac t ical  t e s t  for completeness of a 
number of se lec t ive  (as well as to ta l )  subdiaphragmatic vagotomies 
in the  r a t  is  d e sc r ib ed .  The pro toco l  is  based on our e a r l i e r  
r e p o r t s  t h a t  the  dorsa l  motor nuc leus  of the  vagus (DMN) is 
composed of separate  topographic cel l columns corresponding to  each 
of the  branches  of the  abdominal vagus (Fox and Powley, Br. Res., 
341: 269-282, 1985) and tha t  e s s en t ia l ly  a ll  vagal preganglionics 
innervating the abdominal viscera  can be labeled by intraperi toneal 
admin is tra tion of the fluorescent label True Blue (TB; Sterner et 
a l . ,  J. N e u r o s c i .  M eth . ,  14: 273 -2 8 0 ,  1985).  The vagotomy 
assessm ent  employs a m ic roscop ic  inventory  of f I u o r e s c e n t l y 
labeled vagal e f fe ren ts  to  determine which branches are in tac t and 
which have been destroyed.

Two to  t h r e e  days before  vagotomized animals  are  to  be 
sac r i f iced ,  3mg of TB in a sa l ine  vehicle are injected or in s t i l led  
into the peritoneal cavity. At s ac r i f i c e ,  the animal is perfused 
with 10% bu f fe red  fo rm al in .  The medulla  is  removed and s to red  
overnight in 15% sucrose-buffered formalin a t +4°C. Frozen, ser ia l 
coronal sections  are then taken throughout the extent of the  DMN. 
Sections are  col lected  onto uncoated microscope s l ide s ,  a i r -d r ied ,  
and s to re d  d e s s i c a t e d  in the  dark a t  4°C. All s e c t io n s  are  
examined for TB-labeled motor neurons with a standard uv (360nm) 
e x c i t a t i o n  f i l t e r  system. S tandard ized  coronal l e v e l s  (area 
postrema as landmark) are then used to  determine which of the  five 
c e l l  columns (each co r responding  to  one of the  f iv e  abdominal 
branches)  in the  DMN a re  spared  and which a re  e l im in a te d .  [ The 
vagal branches  must be t r a n s e c t e d  by a c a u t e r y - - or some o the r  
s tra tegy used- - to  prevent cut axons from accumulating the tr ace r .]

The DMN p r o f i l e  of an animal can d i s c r i m i n a t e  not on ly  t o t a l  
vagotomies but a l s o  numerous- - but not a l l  - -  s e l e c t i v e  branch or 
trunk cuts  and combinations of branch cuts.  To date, we have used 
the protocol described in an extensive se r ie s  (218 animals) to  t e s t  
the  completeness of e ight d i f f e r en t  types of se lec t ive  vagotomy or 
combinations of vagal branch t ransec t  ions. Physiological validation 
experiments indicate  tha t  the  True Blue t e s t  described is much more 
a c c u ra te  and s e n s i t i v e  than v isua l  in s p ec t io n  in p r e d i c t i n g  the 
ou tcom e  of  s e l e c t i v e  o r  p a r t i a l  vago tom ies .  S t r en g th s  and 
l im ita t ions  of the True Blue t e s t  for vagotomy will  be identi fied.  
NIH Grant AM27627.

289.23 VAGAL INNERVATION OF THE RAT PANCREAS. L.M. Ri naman* and R.R. 
Mi s e l i s . D epartm ents o f  N euroscience and Animal B io logy , The 
U n iv e rs ity  o f  P e n n sy lv an ia , P h ila d e lp h ia ,  PA 19104.

In  o rd e r  to  id e n t i f y  v ag a l p re g a n g lio n ic  p a ra sy m p ath e tic  
neurons p ro je c t in g  to  th e  p an c re a s , th e  r e t ro g ra d e  t r a c e r  
c h o le ra  to x in -h o rs e ra d is h  p ero x id ase  (CT-HRP) was in je c te d  
th ro u g h o u t th e  p an c re as  o f  a n e s th e t iz e d  r a t s .  T ra c e r  d i f f u s io n  
from  in j e c t io n  s i t e s  was  l im i te d  by i s o l a t i n g  th e  p an c reas  
from  nearby  v is c e r a  u s in g  s t e r i l e  s a lin e -s o a k e d  gauzes and by 
d i l u t i n g  th e  in j e c t io n  s i t e  s u r f a c e s .  C o n tro l in j e c t io n s  were 
made in to  th e  om ental f a t  and th e  abdom inal c a v i ty ,  w ith  th e  
p an c reas  i s o la te d  to  p re v e n t t r a c e r  a b s o rp tio n . 48 hours 
l a t e r  th e  an im als were s a c r i f i c e d  f o r  h i s to l o g ic a l  a n a ly s is .  
The m edu lla , v is c e r a  and s p in a l  co rd  were r e a c te d  u s in g  th e  
TMB p ro to c o l and ana lyzed  fo r  ev idence  o f  la b e l in g .  Our d a ta  
in d ic a te  t h a t  th e  r a t  p an c reas  i s  in n e rv a te d  by ap p rox im ate ly  
50% few er neurons i n  th e  l e f t  d o r s a l  motor n u c leu s  o f  th e  
vagus th a n  in  th e  r i g h t ,  s u g g e s tin g  predom inant in n e rv a tio n  o f  
th e  pan c re as  v ia  th e  do rsad  tru n k  o f  th e  v ag a l n e rv e . Many 
la b e l l e d  c e l l s  s e n t  d e n d r i t ic  p ro je c t io n s  in to  re g io n s  o f  th e  
n u c leu s  o f  th e  s o l i t a r y  t r a c t ,  e i t h e r  te rm in a tin g  th e r e  o r  a t  
th e  b o rd e rs  o f  th e  a r e a  postrem a and f o u r th  v e n t r i c l e .  D ata 
from th e  c o n t ro l  c a se s  in d ic a te  t h a t  th e r e  was minimal  t r a c e r  
le ak ag e  from  th e  i n j e c t i o n  s i t e s . Fu r th e r  a n a ly s is  u s in g  
f lo u re s c e n t  t r a c e r s  and d o u b le - la b e l l in g  te c h n iq u e s  a r e  u n d er
way in  o rd e r  to  c h a ra c te r iz e  th e  d e n d r i t i c  f i e l d s  o f  th e  
l a b e l l e d  neurons as  w e ll a s  to  examine th e  p o s s i b i l i t y  t h a t  
some vaga l  motor neurons send axon c o l l a t e r a l s  to  in n e rv a te  
more th a n  one v is c e ra l  o rg an . S upported  by GM-27739 and an 
O ff ic e  o f  Naval  R esea rch  F e llo w sh ip  to  L.M.R.

289.24 USE OF HORSERADISH PEROXIDASE TO LOCALIZE MOTONEURONS 
INNERVATING THE FELINE UPPER ESOPHAGEAL SPHINCTER 
(CRICOPHARYNGEAL MUSCLE), CERVICAL AND THORACIC 
ESOPHAGUS, AND LOWER ESOPHAGEAL SPHINCTER. W.P. 
Norman, S. P in e o * , M. V isn e r* , S . Benj amin* and R.A. 
G i l l i s * .  D ept. o f  Pharm acology and Anatomy, 
Georgetown U n iv e r s i ty ,  W ashington, D.C. 20007

The l o c a l i z a t i o n  o f  m otoneurons in n e rv a t in g  th e  
esophagus o f  th e  c a t  was s tu d ie d  by i n j e c t i n g  10 to  
40 u l  o f  33% h o r s e r a d is h  p e ro x id a se  (HRP) in to  th e  
m u sc u la r is  e x t e r n i s  o f  th e  u p p e r , m id- and low er 
p o r t io n s  o f  th e  esophagus o f  th e  c a t .  A f te r  
i n j e c t i o n  o f  HRP in to  th e  c r ic o p h a ry n g e a l  m uscle , 
la b e le d  c e l l s  w ere found b i l a t e r a l l y  in  th e  
r e t r o f a c i a l  n u c le u s  and th e  r o s t r a l  p a r t ,  ( i . e . ,  0 to  
2 .0  mm r o s t r a l  t o  obex) o f  n u c le u s  am biguus. 
I n j e c t i o n  o f   HRP in to  th e  c e r v i c a l  p o r t io n  o f  th e  
esophagus r e s u l t e d  in  a s im i l a r  d e g re e  o f  la b e le d  
c e l l s  in  th e  r e t r o f a c i a l  n u c le u s , b u t  no la b e le d  
c e l l s  in  n u c le u s  am biguus. A f te r  i n j e c t i o n  o f  HRP 
in to  th e  t h o r a c ic  p o r t io n  o f  th e  eso p h ag u s, la b e le d  
c e l l s  we r e  p ro m in en t in  th e  d o r s a l  m otor n u c le u s  o f 
th e  vagus (DMV) ( r o s t r a l  p a r t  from  obex to  3 .5  mm 
r o s t r a l  t o  obex , and some s c a t t e r e d  c e l l s  c o n ta in in g  
HRP w ere found in  n u c le u s  re tro a m b ig u u s  (NRA). 
A gain , in te n s e  l a b e l in g  o f  c e l l s  was o b se rv ed  in  th e  
r e t r o f a c i a l  n u c le u s . W ith i n j e c t i o n  o f  HRP in to  th e  
low er e so p h ag ea l s p h in c te r , th e  n u c le u s  show ing th e  
m ost la b e le d  c e l l s  was th e  DMV, w ith  la b e l in g  
o c c u r r in g  from 1 .5  t o  4 .0  mm r o s t r a l  t o  obex, and 
from  0 .5  t o  1 .5  mm c a u d a l t o  obex. I n t e r e s t i n g l y ,  
v e ry  few c e l l s  w ere la b e le d  on e i t h e r  s id e  o f  th e  
obex ( i . e . ,  from  0 .5  mm c a u d a l t o  obex t o  1 .5  mm 
r o s t r a l  t o  o b e x ) . L abeled  c e l l s  w ere a l s o  found in  
NRA. T hese r e s u l t s  in d i c a t e  t h a t  t h e r e  i s  a 
to p o g ra p h ic  o r g a n iz a t io n  to  th e  in n e rv a t io n  o f  th e  
esophagus by th e  m ed u lla . (S u p p o rted  by G ran t AM-NS- 
29975).
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289.25 THE MORPHOLOGY OF PELVIC GANGLIA IN THE DOMESTIC FOWL (G a llu s  
d o m e s t ic u s ) . R.M. K ri e b e l , D .C. F o ss*  an d  S .L . F reed m an . 
D e p a r tm e n ts  o f  Anatomy & N e u ro b io lo g y  an d  A nim al S c ie n c e s ,  The 
U n i v e r s i ty  o f  V erm ont, B u r l in g to n ,  VT 0 5 405 .

The m o rp h o lo g y  o f  th e  a v ia n  p e l v i c  g a n g l i a  and  n e rv e  p le x u s  
was s tu d i e d  u s in g  a  v a r i e t y  o f  a n a to m ic a l  m e th o d s . A l l  s t u d i e s  
w ere  done on a d u l t ,  egg  p ro d u c in g  h e n s .  The f i r s t  p h a se  o f  th e  
w ork  w as t o  e x te n d  p r e v io u s  i n f o r m a t io n  r e p o r t e d  b y  Freedm an and 
S t u r k i e  (A n a t. R ec . 1 4 7 :4 3 1 , '6 3 )  on p e l v i c  n e rv e  f o rm a tio n  and 
g a n g l i a  l o c a t e d  a t  th e  u t e r o v a g in a l  j u n c t i o n .  A m o d i f ic a t io n  o f  
th e  B a l j e t  an d  D ru k k er ( S t a i n  T ech . 5 :3 1 ,  ’ 75) a c e t y l c h o l i n 
e s t e r a s e  g r o s s  n e rv e  s t a i n  p r o v id e d  d e t a i l  on g a n g l i a  and  p le x u s  
o r g a n i z a t i o n  p r e v i o u s ly  n o t  o b s e rv e d .  N o ta b le  was th e  c o m p le x ity  
o f  th e  l e f t  p e lv i c  n e rv e  p le x u s  a s  com pared  to  th e  r i g h t ,  l i k e l y  
r e l a t e d  t o  f u n c t i o n a l  d ev e lo p m e n t o f  o n ly  th e  l e f t  o v id u c t .  
D i s t a l l y ,  th e  p e lv i c  n e rv e  c o n ta in e d  a  s e r i e s  o f  g a n g l i a  g iv in g  
r i s e  to  num erous f i n e  n e rv e  b r a n c h e s .  G a n g l io n ic  e n la rg e m e n ts  
w ere  o b s e rv e d  a t  th e  u t e r o v a g in a l  j u n c t i o n  an d  a l a r g e  g a n g lio n  
was o b s e rv e d  b e n e a th  t h e  a d v e n t i t i a  i n  t h e  v a g in a l  r e g io n .  A 
se c o n d  p a r t  o f  th e  s tu d y  was an  im m u n o h is to ch e m ic a l a n a ly s i s  o f  
s e l e c t e d  p e lv i c  g a n g l i a .  Each g a n g l io n  c o n ta i n s  l a r g e  p e r i p h e r a l  
n e rv e  f a s c i c l e s  an d  i s l a n d s  o f  p o s tg a n g l io n i c  n e u ro n s .  P e r o x i 
d a s e  a n t i - p e r o x i d a s e  t e c h n iq u e s  show ed im m u n o re a c tiv e  n e rv e  
f i b e r s  l a b e l e d  f o r  s u b s ta n c e  P, v a s o a c t iv e  i n t e s t i n a l  p o l y 
p e p t i d e ,  an d  c h o le c y s to k i n i n .  L a b e le d  n e rv e  t e r m in a l s  f o r  each  
o f  t h e s e  p e p t i d e s  w ere  s e e n  i n  c lo s e  a s s o c i a t i o n  w i th  th e  
p o s tg a n g l io n i c  n e u ro n s .  P e lv ic  g a n g l i a  w ere  s tu d i e d  w i th  th e  
e l e c t r o n  m ic ro sc o p e  a s  a  t h i r d  m eth o d . The g a n g l i a  c o n ta in e d  
m y e l in a te d  an d  u n m y e l in a te d  n e rv e  f i b e r s .  P o s tg a n g l io n i c  n e u ro n s  
i n  a g g r e g a t io n s  o f  a  few  to  many w ere  d i s p e r s e d  among th e s e  
f i b e r s .  The d e n d r i t i c  p r o c e s s e s  o f  t h e s e  n e u ro n s  e x te n d e d  in to  
th e  s u r r o u n d in g  b u n d le s  o f  f i b e r s  an d  c o u rs e d  p a r a l l e l  w i th  them . 
I n  t h i s  " n e u r o p i l"  th e  d e n d r i t e s  o f  th e  p o s tg a n g l io n i c  n e u ro n s  
r e c e i v e d  m u l t i p l e  s y n a p t i c  c o n ta c t s  from  b o u to n s  c o n ta in in g  c l e a r  
v e s i c l e s  an d  l a r g e  num bers o f  g r a n u l a r  v e s i c l e s .  The p r e s e n c e  o f  
g r a n u l a r  v e s i c l e s  s u g g e s t s  a  p e p t i d e r g i c  c o n te n t .  The p o p u la t io n  
o f  s y n a p t i c  v e s i c l e s  seem ed to  b e  p o l a r i z e d  w i th  th e  s m a l l  c l e a r  
v e s i c l e s  a d ja c e n t  t o  t h e  s y n a p t i c  d e n s i t y  an d  th e  g r a n u la r  
v e s i c l e s  r e s t r i c t e d  t o  m ore p ro x im a l s i t e s  i n  th e  b o u to n .  The 
n e u r a l  com p o n en ts  d e s c r i b e d  above  a p p e a r  t o  b e  in v o lv e d  i n  th e  
au to n o m ic  i n n e r v a t i o n  o f  th e  r e p r o d u c t i v e  t r a c t .  P e p t id e s  
c o n ta in e d  i n  th e  p e r i p h e r a l  a u to n o m ic  g a n g l i a ,  a s  w e l l  a s  i n  th e  
s a c r a l  r e g io n s  o f  th e  s p i n a l  c o rd  o f  h e n s  (F reedm an  e t  a l . ,  
N e u r o s c i .  A bs. 1 1 :3 5 0 , ' 8 5 ) ,  s u g g e s t s  t h a t  t h e s e  s u b s ta n c e s  may 
b e  in v o lv e d  i n  r e g u l a t i o n  o f  a v ia n  r e p r o d u c t i o n .  S tu d ie s  
c o n t in u e  w h ich  a r e  d e s ig n e d  to  d e f in e  th e  s o u rc e  o f  th e s e  
p e p t i d e s  an d  to  exam ine t h e i r  r o l e  i n  m echan ism s o f  egg  
p r o d u c t io n  an d  o v i p o s i t i o n .

STRESS, HORMONES AND THE AUTONOMIC NERVOUS SYSTEM I

290.1 STRESS-INDUCED INCREASES IN PITUITARY CYCLIC AMP OCCUR IN 
THE ANTERIOR BUT NOT THE POSTERIOR LOBE. E.H. Mougey*, J.L. 
Meyerhoff, L.L. Pennington*, W.L. Gamble*, G.C. Driver*, and G.J. Kant. 
(SPON: F.J. Manning). Department of Medical Neurosciences, Walter Reed 
Army Institute of Research, Washington DC 20307.

We have previously reported that various stressors increase levels of 
pituitary cyclic AM P in vivo in rats. Recently, we have suggested that the 
hypothalamic peptide, CRF, may be the prime stimulus for stress-induced 
increases in pituitary cyclic AMP since iv injection of CRF increases 
pituitary cyclic AMP levels, and injection of CRF antisera prior to stress 
challenge attenuates the pituitary cyclic AMP response. In addition, 
stress-induced increases in pituitary cyclic AMP are highly correlated with 
the release of three hormones regulated by CRF, i.e. ACTH, beta
endorphin and beta-LPH. In our previous work, we measured cyclic AMP 
levels in whole pituitaries following stress. Since the stress-induced 
release of ACTH, beta-endorphin and beta-LPH occurs primarily from the 
anterior lobe, the present study was conducted to determine if the stress- 
induced increase in pituitary cyclic AMP observed in vivo also occurs in the 
anterior lobe.

Male Sprague-Dawley rats weighing approximately 350 g were used in 
these experiments. Control rats were killed by decapitation immediately 
upon removal from their home cages. A second group of rats was exposed 
to 15 min of interm ittent footshock (1.6mA, 5 sec shock duration, variable 
interval schedule with an average intertrial interval of 30 sec). These 
stressed rats were killed immediately following the footshock session. 
Pituitaries were immediately removed and dissected into anterior and 
posterior/neurointermediate lobes, weighed and placed into sodium acetate 
buffer (pH 6.2, 0.05M) at 90°C to prevent post-mortem changes in levels of 
pituitary cyclic AMP. Following sonication and centrifugation, the 
supernatants were stored frozen until assayed for cyclic AMP by RIA. 
Trunk blood was collected in heparinized beakers. Trasylol was added to 
plasma prior to freezing to inhibit peptidases. Plasma ACTH, 
corticosterone and prolactin were measured by RIA.

In control animals levels of cyclic AMP were similar in anterior and 
posterior/neurointermediate lobes: anterior (1.05 ± 0.11) and posterior 
(1.48 ± 0.33), pmoles/mg wet weight ± SEM. Footshock markedly increased 
levels of pituitary cyclic AMP in the anterior but not the posterior lobe: 
anterior (6.12 ± 2.14) and posterior (1.87 ± 0.49) pmoles/mg wet weight ± 
SEM. Footshock increased levels of plasma ACTH from 70 ± 8 to 363 ± 95 
pg/ml ± SEM and plasma corticosterone from 4.6 ± 2.0 to 21.2 ± 1.6 ug/dl ± 
SEM. Footshock also increased plasma prolactin levels from 24.1 ± 3.9 to 
148 ± 26 ng/ml ± SEM.

These results demonstrate that the stress-induced increases in pituitary 
cyclic AMP occur primarily in the anterior rather than in the 
posterior/neurointermediate lobe and support our hypothesis that these 
increases in cyclic AMP are related to release of hormones stored in 
corticotrophs of the anterior lobe and regulated by CRF.

290.2  REGULATION OF RECEPTORS FOR ADRENAL STEROIDS IN RAT HIPPOCAMPUS. 
B .S . McEwen, R .E . B r in to n  and  L. S n y d e r* , L a b o ra to ry  o f  N euro
e n d o c r in o lo g y ,  The R o c k e f e l l e r  U n i v e r s i ty ,  New Y ork, NY 10021

P u t a t a t i v e  r e c e p t o r s  f o r  a d r e n a l  s t e r o i d s  i n  r a t  b r a i n  a r e  
s u b je c t  t o  r e g u l a t i o n  by  a d re n a l  s t e r o i d s  and by c e r t a i n  p e p t id e  
h o rm o n es. M ost o f  t h e s e  e f f e c t s  a r e  d e te c t e d  in  h ipp o cam p u s (HC), 
w h ich  h a s  t h e  h i g h e s t  i n  v iv o  u p ta k e  o f  3H c o r t i c o s t e r o n e  (CORT) 
o f  any b r a i n  r e g i o n .  R e c e n tly  i t  h a s  become a p p a re n t  t h a t  t h i s  
3H CORT u p ta k e  i s  due p r im a r i l y  t o  one r e c e p t o r  s u b ty p e  ("CORT 
r e c e p t o r " )  w h ich  i s  c o n c e n t r a t e d  i n  HC (R eul and D eK lo e t, 
E n d o c r in o lo g y , 1 9 8 5 ) . The o t h e r  r e c e p t o r  su b ty p e  ( G lu c o c o r t ic o id  
o r  "GC r e c e p t o r " )  i s  n o t  c o n c e n t r a t e d  i n  HC b u t  i s  fo u n d  i n  o th e r  
b r a i n  r e g io n s  a s  w e l l  (Fuxe e t  a l . E n d o c r in o lo g y , 1 9 8 5 ) . The 
"GC r e c e p t o r "  h a s  a lo w e r a f f i n i t y  f o r  CORT th a n  th e  "CORT 
r e c e p t o r "  (V e ld h u is  e t  a l . ,  E n d o c r in o lo g y , 1982) b u t  becom es 
e x t e n s i v e l y  o c c u p ie d  in  v iv o  by  s t r e s s  l e v e l s  o f  c i r c u l a t i n g  
CORT (McEwen e t  a l . ,  J .  N e u r o s c i .  M e t. ,  1 9 8 0 ) . B ecau se  p r e v io u s  
s t u d i e s  o f  a d r e n a l  s t e r o i d  r e c e p t o r  r e g u l a t i o n  i n  HC u s e d  3H 
d ex am eth aso n e  (DEX) o r  3H CORT in  v i t r o  u n d e r  c o n d i t i o n s  w here 
b o th  r e c e p to r ,  s u b ty p e s  w ere l a b e l e d ,  we h av e  beg u n  t o  r e e v a l u a t e  
r e g u l a to r y  e f f e c t s  on e a ch  su b ty p e  s e p a r a t e l y  u s in g  3H DEX in  
v i t r o  i n  t h e  p r e s e n c e  o r  a b se n c e  o f  1 0 0 - fo ld  m o la r  e x c e s s  o f  
RU26988, a  s p e c i f i c  "GC r e c e p t o r "  l ig a n d  (R eul and  D e K lo e t, 1 9 8 5 ) . 
HC, k id n e y ,  h y p o th a la m u s  and  p i t u i t a r y  c y to s o l s  w ere in c u b a te d  f o r  
4h w i th  10nM 3H DEX i n  t h e  p r e s e n c e  o f  20 mM Na m o ly b d a te . "GC 
r e c e p t o r s "  w ere a s sa y e d  by  c o m p e t i t io n  w i th  100 x e x c e s s  RU26988 
w h i le  "CORT r e c e p t o r s "  w ere m easu red  a s  t h e  d i f f e r e n c e  b e tw een  
3H DEX b in d in g  i n  t h e  p r e s e n c e  o f  RU26988 and 3H DEX b in d in g  in  
t h e  p r e s e n c e  o f  100 x  e x c e s s  CORT. H y p o th a lam u s, p i t u i t a r y  and 
k id n e y  a l l  h av e  "CORT r e c e p t o r "  l e v e l s  w h ich  a r e  0 .1  t o  0 .2 5  th o s e  
o f  HC w h i le  "GC r e c e p t o r "  l e v e l s  a c r o s s  t i s s u e s  a r e  co m p a ra b le  t o  
HC. We h a v e  com pared  r e c e p t o r  l e v e l s  i n  HC and k id n e y  o f  r a t s  18h 
a f t e r  a d re n a le c to m y  (ADX) and  3d a f t e r  ADX, w i th  r e c e p t o r  l e v e l s  
i n  r a t s  t r e a t e d  f o r  5d w i th  CORT (30 mg K g/day) p r i o r  t o  ADX (18h 
b e fo r e  s a c r i f i c e ) . HC and k id n e y  c y to s o l  "GC" and  "CORT" r e c e p 
t o r s  w ere lo w e s t  i n  CORT t r e a t e d  r a t s  and h i g h e s t  i n  3d ADX r a t s  
com pared  t o  18h ADX c o n t r o l s .  T h ese  r e s u l t s  i n d i c a t e  t h a t  b o th  
r e c e p t o r  s u b ty p e s  a r e  n e g a t i v e ly  r e g u l a t e d  by  CORT. A c o m p a riso n  
o f  "CORT" and  "GC" r e c e p t o r s  i n  m ale  and  fem a le  r a t  HC 3d a f t e r  
ADX r e v e a l e d  a  se x  d i f f e r e n c e ,  w i th  m a le s  h a v in g  m ore "CORT" 
r e c e p t o r s  th a n  f e m a le s .  P o s s ib l e  se x  d i f f e r e n c e s  i n  r e g u l a t i o n  
o f  "GC" and  "CORT" r e c e p t o r s  by  a d r e n a l  s t e r o i d s  a r e  c u r r e n t l y  
b e in g  i n v e s t i g a t e d ,  t o g e t h e r  w i th  t h e  r o l e  o f  g o n a d a l  horm ones 
i n  d e te r m in in g  th e  se x  d i f f e r e n c e .  (S u p p o rte d  by  MH41256 and 
NS07080 t o  BMc and  by  NRSA MH09224 t o  REB).
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290.3 TRANS-SYNAPTIC INDUCTION OF TYROSINE HYDROXYLASE mRNA IN RAT 
ADRENAL GLAND DURING COLD STRESS. M.K.Stachowiak* , E.M.Stricker, 
M.J.Zigmond and B.B.Kaplan. Dept. of Psychiatry, Psychology, and 
Biological Sciences, Univ. of P ittsburgh, P ittsburgh, PA 15213

Chronic cold stress increases the syn thesis and re lease  of 
catecholamines (CA) in the adrenal medulla. Adrenal chromaffin 
ce lls adapt to altered functional requirements by increasing the 
synthesis of tyrosine hydroxylase (TH), the rate limiting enzyme in 
catecholamine synthesis. We have previously demonstrated that the 
induction of TH a c tiv ity  during chronic cold stress (5-7 days) was 
accompanied by a parallel increase (4- to 5-fold) in the re la tive  
abundance and in v itro  translation  ac tiv ity  of TH mRNA (Stachowiak 
et a l . ,  Brain Res. 359: 356, 1985; Stachowiak et a l . ,  J. Neurosci. 
Res. , in press). Increases in TH mRNA levels (approx. 90%) also 
were observed in the brain stem of cold-stressed animals. The 
change in TH mRNA appears specific , as no significant differences 
were observed in the content of adrenomedul l ary to ta l RNA or 
poly(A)RNA. Additionally, the re la tiv e  abundance of PNMT mRNA 
changed by only 20-40% under the identical conditions.

In recent studies, we examined the extracel l u lar mechanisms 
underlying stress-induced a ltera tions in adrenomedul l ary TH mRNA 
levels. Adrenal glands of male Sprague-Dawley rats were u n ila ter
ally  denervated, and 2 wk la te r , animals were exposed to cold (5°C) 
for 5 days. Estimates of TH mRNA levels were obtained by RNA dot- 
blot hybridization and northern analysis using a cloned TH cDNA as 
probe. No detectable differences were observed in basal TH mRNA 
levels in the innervated compared to the denervated adrenal gland. 
In the innervated glands, cold stress increased TH mRNA levels 3- 
to  4 -fo ld . Denervation abolished th is e ffec t, indicating that 
stress-induced a lterations of TH mRNA levels require an in ta c t 
splanchnic nerve. In teresting ly , short-term exposure to cold (12 
hr) resulted in a 5- to 8-fold increase in TH RNA levels. This 
change could be reduced 80-90% by treating  stressed animals with 
the ganglionic blocker, chlorisondamine 1 hr before and 5 hr after 
the onset of cold exposure (2 times for 6 hrs each; 10 mg/kg,ip). 
The administration of chlorisondamine had l i t t l e  e f fe c t on the 
basal levels of TH mRNA (-20%; drug vs vehicle-treated controls). 
In contrast to these findings, the administration of the cholin
ergic agonists carbachol (8.2 umoles/kg,ip) or nicotine (5.0 mg/kg, 
sc ), injected every 12 hr for 3 days resulted in only a small 
increase (approx. 50%) in the re la tive  abundance of adrenomedullary 
TH mRNA. This finding suggests that activation of cholinergic 
receptors are necessary, but not su ffic ien t, to mediate the effects 
of cold stress on adrenomedullary TH mRNA. Taken together, these 
data indicate that cold stress-induced alterations in TH RNA levels 
(1) require an intact sympathetic input, (2) are mediated, in part, 
by nicotinic cholinergic receptors, and (3) precede by 24-36 hr 
comparable a lterations in TH enzyme ac tiv ity .

290.4 ENVIRONMENTALLY-INDUCED M OD IFICA TION OF THE BENZODIAZE
P IN E  RECEPTOR COUPLED CHLORIDE IONOPHORE.
R . T r u l l a s * 1 , H. H a v o u n d j i a n *1 , S .  P a u l * 2 , a n d  P .  
S k o l n i c k 1 .
1La b o r a t o r y  o f  B i o o r g a n i c  C h e m i s t r y ,  NIDDK, a n d  
2C l i n i c a l  N e u r o s c i e n c e ,  NIM H, N a t i o n a l  I n s t i t u t e s  o f  
H e a l t h ,  B e t h e s d a ,  M a r y l a n d  2 0 8 9 2 .

We h a v e  r e c e n t l y  d e m o n s t r a t e d  (H . H a v o u n d j i a n ,  e t  
a l . ,  B r a i n  R e s . ,  3 7 5 : 4 0 3 - 1 0 8 ,  1 9 8 6 )  a  r a p i d  s t r e s s -  
i n d u c e d  m o d i f i c a t i o n  o f  t h e  b e n z o d ia z e p in e / G A B A  
r e c e p t o r  c o u p l e d  c h l o r i d e  i o n o p h o r e ,  m a n i f e s t  a s  a n  
i n c r e a s e  i n  t h e  p o t e n c y  ( d e c r e a s e d  EC5 0 ) a n d  e f f i c a c y  
( i n c r e a s e d  E m a x ) o f  C l - t o  e n h a n c e  [ 3H]  f l u n i t r a z e p a m  
(F L U ) b i n d i n g ,  a n d  a n  i n c r e a s e  i n  t h e  a p p a r e n t  a f f i n i t y  
a n d  n u m b e r  o f  [ 3 5S ] t - b u t y l b i c y c l o p h o s p h o r o t h i o n a t e  
(T B P S ) b i n d i n g  s i t e s .  N e i t h e r  GABA e n h a n c e d  FLU b i n d i n g  
n o r  FLU b i n d i n g  i n  t h e  a b s e n c e  o f  h a l i d e  i o n s  w as  
a f f e c t e d  b y  t h i s  sw im  s t r e s s .

I n  o r d e r  t o  d e t e r m i n e  w h e t h e r  t h e  c h l o r i d e  i o n o p h o r e  
i s  a l s o  u n d e r  t o n i c  r e g u l a t i o n  b y  t h e  e n v i r o n m e n t  we 
h a v e  m a i n t a i n e d  a n i m a l s  i n  a n  e n v i r o n m e n t a l  c h a m b e r  
( " p r o t e c t e d  e n v i r o n m e n t " )  w h ic h  h a s  b e e n  p o s t u l a t e d  t o  
b e  l e s s  s t r e s s f u l  t h a n  c o n v e n t i o n a l  h o u s i n g .  A t e n  
m i n u t e  a m b i e n t  t e m p e r a t u r e  sw im  p r o d u c e d  q u a l i t a t i v e l y  
s i m i l a r  c h a n g e s  i n  t h e  c h l o r i d e  i o n o p h o r e  o f  a n i m a l s  
m a i n t a i n e d  i n  e i t h e r  h o u s i n g  c o n d i t i o n .  I n  w e l l - w a s h e d  
c e r e b r a l  c o r t i c a l  m e m b r a n e s ,  t h e  Em ax o f  C l - - e n h a n c e d  
FLU b i n d i n g  w a s  i n c r e a s e d  b y  76% ( f r o m  33  ± 2% t o  58 
±.3%, p < . 0 1 )  a n d  95% ( f r o m  2 0  ± 3 t o  39 ± 1 , p < . 0 1 )  i n  t h e  
c o n v e n t i o n a l  a n d  p r o t e c t e d  h o u s i n g  g r o u p s ,  r e s p e c t i v e 
l y .  S i m i l a r l y ,  t h e  B max o f  TBPS w a s  i n c r e a s e d  34% i n  
t h e  c o n v e n t i o n a l  h o u s i n g  g r o u p  ( f r o m  2 0 3 0  ± 56 t o  2 7 2 2  
± 6 3  f m o l /m g  p r o t . ,  p < . 0 1 ) a n d  46% ( f r o m  1 4 5 4  ± 94  t o  
2 1 3 1  ± 59 f m o l /m g  p r o t . ,  p < . 0 1 )  i n  t h e  a n i m a l s  m a i n 
t a i n e d  i n  t h e  p r o t e c t e d  e n v i r o n m e n t ,  w h i l e  t h e  K d w as 
s i g n i f i c a n t l y  d e c r e a s e d  b y  22% ( f r o m  37 ± 3 t o  29  ± 2 nM, 
p < . 0 1 )  a n d  29% ( f r o m  35 ±2 t o  25  ± 2 nM , p < . 0 1 ) r e s p e c 
t i v e l y .  D e s p i t e  t h e  q u a l i t a t i v e l y  s i m i l a r  r e s p o n s e  to  
s t r e s s ,  b o t h  t h e  E max o f  C l - t o  e n h a n c e  FLU b i n d i n g  and  
B m ax o f  TBPS w e r e  s i g n i f i c a n t l y  l o w e r  i n  t h e  a n i m a l s  
m a i n t a i n e d  i n  t h e  p r o t e c t i v e  e n v i r o n m e n t  b o t h  b e f o r e  
a n d  a f t e r  sw im  s t r e s s  ( a l l  p < . 0 5 ) .  T h e s e  r e s u l t s  
i n d i c a t e  t h a t  t h e  c h l o r i d e  i o n o p h o r e ,  w h ic h  m ay be 
c o n s i d e r e d  t h e  e f f e c t o r  c o m p o n e n t  o f  t h e  b e n z o d i a z e p i n e  
r e c e p t o r  c o m p l e x ,  i s  s u b j e c t  t o  b o t h  a c u t e  a n d  t o n i c  
e n v i r o n m e n t a l  c o n t r o l .  T h e  l o w e r  B m ax o f  TBPS a n d  E max 
o f  C l - t o  e n h a n c e  FLU b i n d i n g  o b s e r v e d  i n  a n i m a l s  
m a i n t a i n e d  i n  a  p r o t e c t e d  e n v i r o n m e n t  s u g g e s t s  t h a t  
c h a n g e s  i n  t h e  c h l o r i d e  i o n o p h o r e  a f t e r  s t r e s s  r e p r e 
s e n t  a  c o m p e n s a t o r y  a d a p t i v e  r e s p o n s e .

290.5 LITHIUM AND STRESS RESPONSE PATTERNS OF SERUM CORTICOSTERONE, 
MELATONIN AND INTACT PINEAL BETA-ADRENERGIC ([H 3CGP-12177) 
BINDING IN RATS. M ichael W ilk inson , Jo  S egg ie and Gregory M. 
Brown, D epartm ents o f  N eurosciences a nd P s y c h ia try , McMaster 
U n iv e rs ity , H am ilton , O n ta r io , L8N 3Z5, Canada and D epartm ents o f  
Physio logy and B iophysics and O b s te tr ic s  & Gynecology, D alhousie  
U n iv e rs ity , H a lifa x , Nova S c o tia ,  Canada.

L ith ium  s a l t s  have been re p o r te d  to  a l t e r  th e  c i r c a d ia n  
p a t te r n  o f  r e s t i n g  le v e ls  o f  ad re n a l and p in e a l  horm ones. 
H is to r ic a l l y ,  th e  h y p o th a la m ic -p i tu i ta ry -a d re n a l -a x is  and more 
r e c e n t ly ,  th e  p in e a l gland have been no ted  fo r  t h e i r  r e s p o n s iv i ty  
to  en v ironm en ta l s t r e s s .  P in e a l m e la ton in  s y n th e s is  i s  under 
b e ta -a d re n e rg ic  c o n t ro l .  S ince  l i th iu m  has been shown to  a l t e r  
r e s t i n g  24 hour le v e ls  o f  serum c o r t ic o s te ro n e  and m e la ton in  as  
w e ll a s  i n t a c t  p in e a l  b e ta -a d re n e rg ic  b in d in g , i t  was decided  to  
s tu d y  th e  e f f e c t  o f  l i th iu m  on th e  resp o n se  to  s t r e s s f u l  
s t im u la t io n  o f  th e s e  th r e e  v a r ia b le s .  M ale, Long Evans Hooded 
r a t s  w ere m a in ta ined  in  a c o n tro l le d  environm ent w ith  f r e e  access  
t o  food and w ate r under a 12:12 l ig h t :d a r k  l i g h t in g  c y c le . For 
s ix  weeks a f t e r  a d a p ta t io n ,  th ey  w ere fed  e i t h e r  norm al r a t  chow 
o r  chow supplem ented w ith  50 mg/kg o f  l i th iu m  c h lo r id e ,  which 
c h a r a c t e r i s t i c a l l y  r e s u l t s  in  plasm a li th iu m  le v e ls  around 0 .6  
mEq/1 in  t h i s  s t r a i n .  In  th e  m iddle o f  th e  l i g h t  p h ase , an im als 
w ere s a c r i f i c e d  by ra p id  d e c a p ita t io n  a t  r e s t  o r  0 , 5 , 15, 30 o r  
60 min a f t e r  s ta n d in g  in  an ic e w a te r  s lu r r y  fo r  3 min. Trunk 
b lood  and p in e a l  g lands  w ere fro zen  fo r  f u tu r e  a s s a y . Serum 
c o r t ic o s te ro n e  was measured by a p ro te in  b in d in g  a s s a y . Serum 
m e l a t o n i n  w as m e a s u re d  by r a d i o im m u n o a s s a y .  P i n e a l  
b e ta -a d re n e rg ic  b in d in g  was assayed  u s in g  ( [ 3H] CGP-12177) as th e  
l ig a n d . R es tin g  l e v e ls  o f  serum m e la to n in , bu t n o t p in e a l  
b e ta -a d re n e rg ic  b in d in g  o r  c o r t ic o s te ro n e  were s ig n i f i c a n t ly  
e le v a te d  in  l i th iu m  t r e a te d  r a t s  compared to  c o n t ro ls  a t  t h i s  
tim e  o f  day . Fo llow ing  exposure t o  co ld  w ate r s t im u la t io n  serum 
c o r t ic o s te ro n e  l e v e ls  w ere in c re a s e d  f iv e  fo ld  from 5 to  60 min, 
serum m e la ton in  le v e ls  w ere in c re a se d  fo u r  fo ld  d u rin g  th e  f i r s t  
15 min and p in e a l  b in d in g  o f  [H3]CGP-12177 were in c re a s e d  fo u r  
f o ld  from 5 t o  60 min o f  o b s e rv a t io n . F o llow ing tre a tm e n t w ith  
l i th iu m , th e  p a t te r n  o f  th e  s t r e s s  resp o n se  o f  a l l  th r e e  
v a r ia b le s  was s ig n i f i c a n t ly  a l t e r e d .  The c o r t ic o s te ro n e  re sp o n se  
was p o te n t ia te d  th rou g h o u t th e  p e r io d  o f  o b s e rv a t io n . M elatonin 
and p in e a l  re s p o n s e s , a lth o u g h  n o t d i f f e r in g  in  a b s o lu te  l e v e l ,  
w ere a t te n u a te d  in  te rm s o f  th e  m agnitude and la te n c y  o f  th e  
re sp o n se  r e l a t i v e  t o  r e s t i n g  l e v e l s .  S in ce  th e  p a t te r n  o f  
c o r t ic o s te ro n e  s t r e s s  re sp o n ses  depends on th e  tim e  o f  day a t  
which s tim u la t io n  o c c u rs , th e s e  f in d in g s  may be secondary  t o  th e  
e f f e c t s  o f  l i th iu m  on th e  r e s t i n g  c i r c a d ia n  rhythm s o f  th e s e  
v a r i a b le s .  (S upported  by The Canadian M edical R esearch Council 
and The O n ta rio  M ental H ealth  F o u n d a tio n .)

290.6 EFFECT OF STRESS ON CIRCULATING WHITE BLOOD CELLS IN RATS.
D. B. Bower* and W. H. Vogel, Ph.D. Department of Pharmacology, 
Thomas Jeffe rson  U niversity , P h iladelph ia , PA 19 107

S tress is  known to  cause changes in white blood count. To 
e lu c id a te  the e f fe c ts  of s tre s s  on white blood c e l ls  in more 
d e ta i l ,  we exposed ra ts  to  various s tre ss o rs  and measured to ta l 
c irc u la tin g  leukocytes and th e ir  subtypes.

Male Sprague-Dawley r a ts ,  250-300 g, were implanted with a 
jugu la r c a th e te r to  minimize s tre s s  during blood sampling and to 
allow repeated samples to  be taken from the same animal. Results 
from catheter-drawn samples (lymphocytes, 73.0%; neu troph ils , 
23.9%) are s ig n if ic a n tly  d if fe re n t from samples obtained from 
trunk blood a t  decap ita tion  (lymphocytes, 90.4%; neu troph ils , 
6.7%; p <  .05).

S tress  was induced by e ith e r  r e s t r a in t  (R), inescapable 
random footshock without p rio r tra in in g  (RS), or escapable 
footshock in p a irs  of ra ts  which could term inate (con tro llab le  
shock, CS) or could not term inate the shock (non-control l able 
shock, NCS) a f te r  two tra in in g  sessions. Control ra ts  were le f t 
in th e i r  home cages and not s tre ssed .

Total leukocytes increase during s tre s s  in a ll  groups except 
NCS (R = +48%; CS = +49%; RS = +35%; NCS = -2%). Lymphocytes 
increase in number in a ll  groups except NCS (R = +86%; CS = +54%; 
RS = +38%; NCS = -5%). Monocytes decrease in percentage during 
and a f te r  r e s t r a in t  (-70%) but increase in number in RS (+175%). 
Neutrophil percentage decreases during CS (-23%) but increases 
a f te r  RS (+50%). Eosinophil percentage decreases during and 
a f te r  r e s t r a in t  and NCS (R = -63%; NCS = -66%).

These re s u lts  ind ica te  th a t  catheter-drawn blood samples are 
p referab le  to  samples obtained by decap ita tion  fo r blood cell 
counts. Acute s tre s s  causes an increase in to ta l leukocyte 
count in a ll  groups except non-contro lling  ra ts .  The changes 
in d if f e r e n t ia l  vary with the nature of the  s tre s s o r .
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290.7 HYPOTHALAMICALLY-INDUCED STRESS AND PLATELET PHYSIOLOGY.
C. P o t t* , S. Kramer*, A. S ie g e l ,  Y. Arke l * and V. Daya l * . (Spon: 
H. E d in g e r) . D ep t. o f  N eu roscience , N .J . M edical S chool, Newark, 
N .J . 07103; Seton H all U n iv e rs ity , S. O range, N .J . 07079; and 
S t .  M ichael’s  M edical C en te r, Newark, N .J . 07102.

S ince  re c e n t  experim en ts  in  our la b o ra to ry  have suggested  
th a t  s t r e s s  in  humans can p ro found ly  e f f e c t  p l a t e l e t  
a g g re g a tio n , th e  p re s e n t s tudy  was u ndertaken  to  examine th e  
e f f e c t s  o f  a c u te  and c h ro n ic  s t r e s s  on c a t  p l a t e l e t  physio logy  
and c a rd io v a s c u la r  re sp o n se s .

A dult c a t s  were im plan ted  w ith  c h ro n ic  e le c tro d e s  aimed a t  
th e  v en trom ed ia l hypothalam us, which when s t im u la te d ,  e l i c i t e d  
a f f e c t iv e  a g g re s s iv e  behav io r in c lu d in g  p u p i l la ry  d i l a t a t i o n ,  
a rc h in g  o f  th e  back , p i l o e r e c t io n ,  r e t r a c t i o n  o f  th e  e a r s ,  
v o c a l iz a t io n ,  and marked in c re a s e s  in  blood p re s s u re ,  h e a r t  
r a t e ,  and plasm a c a tech o lam in es . A d d itio n a lly , each anim al was 
im plan ted  w ith  an in d w e llin g  c a ro t id  cannu la  fo r  measurements of 
c a rd io v a s c u la r  re sp o n ses  and fo r  a tra u m a tic  p h lebo tom ies . The 
ex p e rim en ta l d es ig n  in v o lv ed  a  com parison o f  th e  e f f e c t s  
o b ta in ed  p r io r  t o ,  d u rin g , and fo llo w in g  h y p o th a lam ica lly  
induced em o tiona l b eh a v io r . A nalyses in c lu d e d : p l a t e l e t  co u n t, 
p l a t e l e t  a g g re g a tio n  to  v a r io u s  a g o n is t s ,  a lp h a -a d re n e rg ic  
re c e p to r  b ind ing  and c a rd io v a s c u la r  re sp o n se s .

A cute ep iso d e s  o f  h y p o th a lam ica lly -in d u c ed  s t r e s s  g en e ra ted  
an in h i b i t i o n  o f p l a t e l e t  a g g re g a tio n  to  e p in e p h rin e , c o l la g e n , 
aden ine  d ip h o sp h a te , and a rac h ad o n ic  a c id .  In  a d d i t io n ,  a c u te  
s t r e s s  caused  a s ig n i f i c a n t  (p< 0 .05) dec re a se  in  
a lp h a -2 -a d re n e rg ic  re c e p to r  b in d in g . Chronic s t im u la t io n  
co n tin u ed  to  d is p la y  in h ib i to r y  e f f e c t s  on p l a t e l e t  a g g re g a tio n . 
M oreover, ch ro n ic  s t im u la t io n  caused  a s tep w ise  d ec re a se  in  th e  
maximum number o f  b in d in g  s i t e s  per p l a t e l e t  over a p e r io d  o f 3 
w eeks. A fte r  2 a d d i t io n a l  weeks du rin g  which th e  an im als  were 
allow ed to  r e s t  u n d is tu rb e d , th e  maximum number o f  b in d in g  s i t e s  
p e r p l a t e l e t  g ra d u a lly  in c re a s e d  to  t h e i r  p r e - s t r e s s  v a lu e s .

These s tu d ie s  dem onstra te  t h a t  p e r io d s  o f  em otiona l a ro u s a l 
g en e ra ted  by hypo thalam ic s t im u la t io n  have a marked e f f e c t  upon 
p l a t e l e t  ag g re g a tio n  and a lp h a -2 -a d re n e rg ic  re c e p to r  b in d in g . We 
h y p o th e size  th a t  no rm a lly , in d iv id u a l s  a re  p ro te c te d  from 
th ro m b o tic  a c c id e n ts  du rin g  p e r io d s  o f s t r e s s ,  by mechanisms 
which reduce  th e  s e n s i t i v i t y  o f  p l a t e l e t s  to  ag g re g a tio n  
a g o n is ts  such a s  e p in e p h r in e . A cco rd ing ly , i t  may be assumed 
th a t  in  c e r t a in  in d iv id u a l s  th e  a g g re g a tio n  resp o n se  to  s t r e s s  
may be l e s s  e f f e c t iv e  and th u s  th e  l ik e l ih o o d  o f throm bus 
fo rm a tion  w i l l  be in c re a s e d .
[S upported  by American H eart A ss o c ia tio n , N .J . A f f i l i a t e  #85-38 
and The F oundation  o f UMDNJ].

290.8 PITUITARY-ADRENOCORTICAL AND ADRENOMEDULLARY RESPONSES TO ACOUSTIC 
STARTLE IN CONSCIOUS DOGS. W.C. E n g e lan d  and D .S . Gann S e c . o f  
N e u ro b io lo g y /D e p t . o f  S u rg e ry ,  Brown U n iv e r s i ty /R I  H o s p i ta l ,  
P r o v id e n c e ,  R . I .  02902

The p r e s e n t a t i o n  o f  u n e x p e c te d  s e n s o ry  s t i m u l i  to  c o n s c io u s  
a n im a ls  r e s u l t s  in  a g e n e r a l iz e d  m o to r o r  " s t a r t l e "  r e s p o n s e .  In  
c o n s c io u s  t r a i n e d  d o g s , b r i e f  e x p o su re  to  a 75dB to n e  w ith  a f r e 
quency  b a n d w id th  o f  0 .2 5 -8  KHz r e s u l t s  in  an a l e r t i n g  re s p o n s e  
t h a t  in c lu d e s  a t t e n d in g  to  th e  so u n d , t a c h y c a r d i a  and h y p e r te n s io n .  
To a s s e s s  th e  a d re n o m e d u lla ry  and p i t u i t a r y - a d r e n o c o r t i c a l  r e 
sp o n s e s  t o  s t a r t l e  evoked by a c o u s t i c  s t im u la t io n ( A S ) , dogs 
t r a i n e d  to  s ta n d  q u i e t l y  in  a m o d if ie d  P a v lo v  s l i n g  w ere p re p a re d  
w ith  a d re n a l  ven o u s and fem o ra l a r t e r i a l  c a n n u la .  E x p e r im e n ts  
done 4 8 -9 6 h  p o s t  s u rg e r y  c o n s i s t e d  o f  p r e s e n t a t i o n  o f  AS f o r  3min 
(n =6) o r  no p r e s e n t a t i o n  o f  AS(n=4 ) .  Sam ples w ere c o l l e c t e d  s im u l
t a n e o u s ly  from  th e  a d re n a l  v e in  and th e  fem o ra l a r t e r y  p r io r  to  
and f o r  30min f o l lo w in g  th e  o n s e t  o f  AS. Sam ples w ere c o l l e c t e d  
c o n t in u o u s ly  d u r in g  th e  i n i t i a l  10min o f  t h i s  p e r io d .  A d ren a l v e 
n ous c o n c e n t r a t i o n s  o f  c a te c h o la m in e s  ( e p in e p h r in e  (E) and n o r e p i -  
n e p h r in e (N E ) ) and o f  c o r t i s o l  w ere d e te rm in e d  by HPLC-EC and HPLC- 
UV, r e s p e c t i v e l y ;  s e c r e t i o n  r a t e s  w ere c a l c u l a t e d  as th e  p ro d u c t  
o f  horm one c o n c e n t r a t i o n  and p lasm a  flo w  r a t e .  A r t e r i a l  ACTH co n 
c e n t r a t i o n  was m easu red  by RIA; a d re n a l  p r e s e n t a t i o n  r a t e  o f  ACTH 
was c a l c u l a t e d  as  th e  p ro d u c t  o f  ACTH c o n c e n t r a t i o n  and p lasm a 
f lo w  r a t e .  I n  r e s p o n s e  to  AS, mean a r t e r i a l  p r e s s u r e  in c r e a s e d  a t  
lm in (+ 18± 2mmHg; p < 0 .0 1 )  and r e tu r n e d  to w a rd s  b a s e l i n e  a t  4m in. 
T h e re  was no ch an g e  in  a r t e r i a l  p r e s s u r e  in  c o n t r o l  d o g s . A d re n a l 
s e c r e t i o n  o f  E and NE in c r e a s e d  a t  1m in (E :+260±21n g /m in ; NE:74± 18 
n g /m in ;  p < 0 .0 1 )  and rem a in ed  e le v a t e d  u n t i l  4m in . A d re n a l s e c r e 
t i o n  o f  E o r  NE d id  n o t  ch an g e  in  c o n t r o l  d o g s . In  r e s p o n s e  to  AS, 
t h e r e  was a s m a l l ,  y e t  s i g n i f i c a n t  in c r e a s e  (p < 0 .0 5 )  in  a r t e r i a l  
ACTH (peak:+10pg/m l a t  6 m in ). How ever, a d re n a l  b lo o d  flo w  in c r e a s e d  
(p < 0 .0 1 )  from  2 -5m in  p o s t  AS ( p e a k :+60% a t  3m in) r e s u l t i n g  in  a 
l a r g e  i n c r e a s e  (p < 0 .0 1 )  in  ACTH p r e s e n t a t i o n  r a t e  to  th e  a d re n a l  
from  3 -7m in  p o s t  AS (p ea k  +79pg/m in  a t  3 m in ) . The r i s e  in  ACTH 
p r e s e n t a t i o n  r a t e  p re c e d e d  an in c r e a s e  (p < 0 .0 1 )  in  th e  s e c r e t i o n  
o f  c o r t i s o l  w h ich  o c c u r r e d  from  7-15m in  p o s t  AS ( p e a k :+ 1 0 .7  u g /m in  
a t  9 m in ) . T h e re  was no ch an g e  in  a r t e r i a l  ACTH, a d re n a l  b lo o d  
f lo w , ACTH p r e s e n t a t i o n  r a t e  o r  c o r t i s o l  s e c r e t i o n  in  c o n t r o l  
d o g s . T hese d a ta  show t h a t  AS p r e s e n te d  to  c o n s c io u s  dogs ev o k es  a 
s e q u en c e  o f  r e s p o n s e s  w ith  r a p id  o n s e t  t h a t  in c lu d e  h y p e r t e n s io n ,  
a c t i v a t i o n  o f  a d re n o m e d u lla ry  s e c r e t i o n  and in c r e a s e d  a d re n a l  co n 
d u c ta n c e ,  fo llo w e d  by a d e la y e d  in c r e a s e  in  a d re n a l  s e c r e t i o n  o f  
c o r t i s o l .  By a m p l i fy in g  th e  m eager change  in  a r t e r i a l  ACTH, th e  
r a p id  in c r e a s e  in  a d re n a l  c o n d u c ta n c e  may be th e  p r im a ry  e lem en t 
in  a u g m en tin g  th e  c o r t i s o l  s e c r e to r y  r e s p o n s e .  T hese f in d in g s  su g 
g e s t  t h a t  b r i e f  e x p o su re  o f  c o n s c io u s  dogs to  u n e x p e c te d  s e n so ry  
s t i m u l i  r e p r e s e n t s  a p o te n t  a c t i v a t o r  o f  a d r e n o c o r t i c a l  and a d re 
n o m e d u lla ry  r e s p o n s e s .  S u p p o rte d  in  p a r t  by NIH G ra n ts  AM2681 and 
GM27946.

290.9 DISSOCIATION OF STRESS-INDUCED HYPERCHOLESTEROLEMIA 
AND CORTICOSTERONE RELEASE. H.U. B r y a n t * ,  N .M .  
A l l e n * ,  J . A .  S t o r y *  a n d  G .K .W .  Y im. D e p ts .  o f  
P h a rm a c o l. and T o x ic o l . and F oods and N u tr . ,  P u rd u e  
U n iv e r s i ty , W. L a fa y e tte ,  IN 47907

C h ro n ic  o r  s u b c h ro n ic  e x p o s u re  t o  im m o b i l i z a t io n  
s t r e s s  e le v a te s  p lasm a and a o r t i c  c h o le s t e r o l  l e v e l s .  
B ased  on th e  a b i l i t y  t o  p r e v e n t  t h e s e  e f f e c t s  w i th  
n a l t r e x o n e  (NTX), and m im ic  them  w i th  m o rp h in e , we 
h ave  s u g g e s te d  p o s s i b l e  e n d o r p h in e r g ic  m e d ia t io n  o f  
s t r e s s - i n d u c e d  h y p e r c h o l e s t e r o l e m i a  (B ry a n t et al., 
1 9 8 6 ). I t  w as t h e  p u rp o s e  o f  t h i s  s tu d y  t o  ex am in e  
o th e r  s t r e s s o r s  f o r  NTX r e v e r s i b l e  h y p e r c h o l e s t e r 
o l e m ic  e f f e c t s  an d  t o  c o m p a re  t h e s e  e f f e c t s  t o  
a c t i v a t i o n  o f  t h e  HPA a x i s  a s  e v id e n c e d  by p la s m a  
c o r t i c o s te r o n e  l e v e l s .  Exposure o f c h o le s te r o l  (1%) -  
c h o l i c  a c id  (0.5%) fe d  r a t s  t o  a 5 day  u n p r e d i c t a b l e  
e l e c t r i c  fo o tsh o ck  (FS) regim en ( th re e  b o u ts  o f 2 o r  4 
h r  F S ; 2 s e c  d u r a t i o n ,  0 .5  mA, a v e r a g e  o f  30 
s h o c k s / h r )  h ad  no  e f f e c t  on p la s m a  o r  t i s s u e  
c h o l e s t e r o l  l e v e l s .  E x p o su re  t o  a s i n g l e ,  2 h r  FS 
s e s s io n  le d  t o  a s l i g h t  in c r e a s e  in  p lasm a c h o le s te r o l  
l e v e l s .  In  c o n t r a s t  a 5 d a y  u n p r e d i c t a b l e  h ig h  
i n t e n s i t y  n o is e  s t r e s s  regim en ( th re e  b o u ts  o f  2 o r  4 
h r  100 dB w id e  b and  n o is e )  i n c r e a s e d  p la s m a  LDL and 
VLDL t r a n s p o r te d  c h o le s t e r o l .  However, t h i s  e f f e c t  was 
n o t  p r e v e n te d  by p r e - t r e a t m e n t  w i th  NTX (1 .0  m g/kg , 
s c ) .  A s i n g l e ,  2 h r  n o i s e  s t r e s s  s e s s io n  p ro d u c e d  
s i m i l a r  r e s u l t s ,  w i th  t h e  m a g n itu d e  o f  t h e  h y p e r 
c h o l e s t e r o l e m i c  r e s p o n s e  b e in g  s m a l l e r .  I n t e r e s t 
i n g l y ,  o n ly  t h e  FS s t i m u l u s  l e d  t o  s i g n i f i c a n t  
e l e v a t i o n s  in  p la s m a  c o r t i c o s t e r o n e  l e v e l s ,  b o th  
f o l lo w in g  th e  2 h r  and  5 day  e x p o s u re  p e r i o d s .  NTX 
a d m in i s t r a t io n  d id  n o t p re v e n t FS -induced  e le v a t io n  o f 
p lasm a c o r t i c o s te r o n e .  N oise s t r e s s  had no e f f e c t  on 
p la s m a  c o r t i c o s t e r o n e .  A d d i t i o n a l l y ,  o n ly  t h e  2 h r 
e x p o s u re  p e r io d  t o  im m o b i l i z a t io n  s t r e s s  e l e v a t e d  
p lasm a c o r t i c o s te r o n e ,  and NTX a d m in i s t r a t io n  d id  n o t 
p re v e n t t h i s  e f f e c t .  M orphine p e l l e t  im p la n ts  (75 mg, 
5 d ay  p e r i o d ) ,  w h ich  e l e v a t e d  p la s m a  c h o l e s t e r o l  
l e v e l s ,  had no e f f e c t  on p lasm a c o r t i c o s te r o n e .  These 
s t u d i e s  i n d i c a t e  t h a t  NTX r e v e r s i b l e  h y p e r 
c h o l e s t e r o l e m i a  i s  n o t  a r e s p o n s e  common t o  a l l  
s t r e s s o r s  and t h a t  t h i s  e f f e c t  i s  n o t dependen t on th e  
r e le a s e  o f  c o r t i c o s te r o n e .  (S upported  in  p a r t  by th e  
A m erican  H e a r t  A s s o c i a t i o n ,  I n d ia n a  A f f i l i a t e ,  I n c . ,  
USPHS BRSG 55 8 6 1 , and  an AFPE HAB D unning M e m o ria l 
F e llo w sh ip  t o  HUB.)

290.10 CATECHOLAMINE AND CORTICOID VARIATIONS ASSOCIATED WITH PREPARED 
AND CONTRAPREPARED DEFENSIVE RESPONSES. C.R. P r in ce *, P. 
A hluw alia  and H. Anisman. Dept of Psychology, Carleton Univ., 
Ottawa, O ntario  KlS 5B6, Canada.

A s e r i e s  o f s tu d ie s  a s s e s s e d  th e  in f lu e n c e  of s t r e s s o r  
c o n t r o l l a b i l i t y  on the  tu rn o v e r  and concen tra tio n s  of b ra in  
n o r e p in e p h r in e  (NE) and dopamine (DA), a s  w e ll as plasm a 
c o r t i c o id s .  Exposure to  foo tshock  was found to  increase  the 
u t i l i z a t i o n  o f  NE in  s e v e ra l  b ra in  re g io n s ,  a lth o u g h  th e  
e f f e c t s  o f th e  s t r e s s o r  were more pronounced in some regions 
th an  in  o th e r s .  Under c o n d itio n s  where con tro l over s tre s s o r  
te rm in a tio n  was p o s s ib le ,  NE lev e ls  were una lte red . However, 
fo llo w in g  an e q u iv a len t amount of uncon tro llab le  shock lev e ls  
o f NE were red u ced . The s tre s s o r-p ro v o k e d  a l te ra tio n s  of DA 
u t i l i z a t io n ,  as determined from the accumulation of DOPAC, were 
more re g io n a lly  sp ec if ic  than those of NE, being most apparent 
in  th e  nucleus accumbens and in the mesolimbic fro n ta l cortex . 
The DA v a r i a t i o n s  were r e a d i ly  e l i c i t e d ,  p a r t i c u l a r l y  in  
f r o n t a l  c o r t e x ,  and even  a l im i t e d  amount of foo tshock  
in c re a s e d  DOPAC accumulation. These changes, however, appeared 
r e g a r d l e s s  o f  w h e th e r  m ice had re c e iv ed  c o n t r o l la b le  o r 
u n c o n t r o l l a b l e  f o o t s h o c k .  F i n a l l y ,  i n c r e a s e d  p lasm a 
c o r t ic o s te r o n e  c o n c e n tr a tio n s  associated  with footshock were 
evident ir re sp e c tiv e  of s tre s s o r  c o n tro l la b i l i ty .  Moreover, the 
tim e co u rse  fo r  th e  co rtico ste ro n e  v a ria tio n s  were comparable 
in  m ice th a t  had been exposed to  e sc a p ab le  o r  in e sc a p a b le  
footshock. Likewise, increased  co rtico ste ro n e  lev e ls  were noted 
in  m ic e  r e q u i r e d  to  e m it  e i t h e r  a h ig h ly  p re p a re d -  o r  
c o n tra p re p a re d  re sp o n se . I n t e r e s t i n g ly ,  as an im als ga ined  
m a s te ry  o v e r  th e  p re p a re d  re sp o n se  th e  c o r t i c o id  le v e ls  
approached those of con tro l anim als, whereas a cq u is itio n  o f the 
c o n trap rep a red  response was not assoc iated  w ith a reduction  of 
c o r t i c o id  c o n c e n tr a t io n s .  Thus, w h ile  th e  v a r ia t io n s  of NE 
le v e l s  appear to  be a consequence o f  lack  of co n tro l over a 
s t r e s s o r ,  th e  c o r t ic o id  changes are  re ad ily  e l ic i te d  and tend 
to  d im in ish  as an im als g a in  m astery  over th e  ta s k .  Such an 
e f f e c t ,  how ever, a l s o  a p p ea rs  to  be dependent upon whether 
an im als a re  re q u ire d  to  em it a re sp o n se  c o n s is te n t  with or 
con trary  to  i t s  na tu ra l defensive s ty le .
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290.11 CARDIOVASCULAR AND RENAL RESPONSES TO INCREASED DIETARY SODIUM 
AND BEHAVIORAL STRESS IN THE BORDERLINE HYPERTENSIVE RAT (BHR). 
B . J .  S a n d e rs ,*  R .H . Cox, & J .E .  L a w le r . P h y s io lo g y  P rogram  
an d  D e p a r tm e n t  o f  P s y c h o lo g y ,  U n i v e r s i t y  o f  T e n n e s s e e ,  
K n o x v i l le ,  TN, 37996.

The F1 c r o s s  b e tw een  th e  s p o n ta n e o u s ly  h y p e r te n s iv e  r a t  and 
W is t a r - K y o t o  (WKY) r a t  d e v e lo p s  s p o n ta n e o u s  b o r d e r l i n e  
h y p e r te n s io n  (HT), and i s  c a l l e d  th e  BHR. T h is  a n im a l d e v e lo p s  
HT when ex p o sed  to  c o n f l i c t  s c h e d u le s  a s  w e l l  a s  in c r e a s e d  
d i e t a r y  so d iu m . The p u rp o se  o f  t h i s  s tu d y  was to  c h a r a c t e r i z e  
t h e  c a r d i o v a s c u l a r  (CV) and r e n a l  r e s p o n s e s  t o  c l a s s i c a l  
c o n d i t i o n in g  and a  h ig h  sodium  d i e t  in  BHR and WKY. Ten m ale 
r a t s  from  e a ch  s t r a i n  w ere p la c e d  on d i e t s  c o n ta in in g  e i t h e r  
n o rm al (.8%) o r  h ig h  (8%) am ounts o f  sodium  (Na+ ) f o r  8 w eeks and 
w ere th e n  ex p o sed  to  5 d ay s  o f  c l a s s i c a l  c o n d i t i o n in g  ( to n e - s h o c k  
p a i r i n g s ) . CV and r e n a l  d a ta  w ere c o l l e c t e d  from  a r t e r i a l  and 
b l a d d e r  c a t h e t e r s ,  r e s p e c t i v e l y ,  in  c o n s c io u s  a n im a ls  d u r in g  
c o n t r o l  and s t r e s s  s e s s i o n s .  The r e s u l t s  i n d i c a t e  t h a t  th e  
c o m b in a tio n  o f  a c u te  s t r e s s  (1 wk) and a c h ro n ic  h ig h  Na+ d i e t  
d o es  n o t  p ro d u ce  a g r e a t e r  d e g re e  o f  HT in  BHR th a n  e x p o su re  t o  a 
c h ro n ic  h ig h  sodium  d i e t  a lo n e  ( c .  180-190  mmHg). In  a d d i t i o n ,  
BHR on a h ig h  sodium  d i e t  e x h ib i t e d  no in c r e a s e  in  b lo o d  p r e s s u r e  
r e a c t i v i t y  (change  s c o re  from  c o n t r o l  p e r io d )  in  r e s p o n s e  to  
s t r e s s  com pared  to  BHR on a  norm al d i e t  (-2  mmHg vs 19 mmHg). 
W ith r e s p e c t  to  WKY, a h ig h  Na+ d i e t  d im in is h e d  th e  a d a p ta t io n  
and r e a c t i v i t y  o f  b lo o d  p r e s s u r e  d u r in g  s t r e s s  com pared to  WKY on 
a norm al d i e t .  S in c e  b o th  n o r e p in e p h r in e  (NE) and e p in e p h r in e  
(E) r e s p o n s e s  w ere b lu n te d  in  WKY on h ig h  Na+ d u r in g  s t r e s s  
com pared to  norm al sodium  c o n t r o l s  (NE: 263 vs 767 p g /m l;  E: 216 
vs 723 p g /m l ) , t h e s e  CV re s p o n s e s  may be a  r e f l e c t i o n  o f  re d u c e d  
s y m p a th e tic  f u n c t i o n in g .  In  c o n t r a s t ,  th e  NE re s p o n s e s  t o  s t r e s s  
w ere co m p a ra b le  in  BHR on norm al and h ig h  sodium  d i e t s  (818 vs 
736 p g /m l, r e s p e c t i v e l y ) .  F i n a l l y ,  t h e  r e n a l  f u n c t io n  d a ta  
i n d i c a t e  t h a t  a h ig h  Na+ d i e t  and s t r e s s  i n t e r a c t  in  th e  BHR to  
d e c re a s e  Na+ e x c r e t io n  and r e n a l  p lasm a  f lo w  d u r in g  s t r e s s  
com pared  to  c o n t r o l  s e s s io n  (3 .8  vs 4 .8  uE q /m in /1 0 0  g BW; 3 .6  vs 
4 .0  m l/m in /1 0 0  g BW, r e s p e c t i v e l y ) . We c o n c lu d e  t h a t  g e n e t i c  and 
e n v iro n m e n ta l  f a c t o r s ,  su ch  a s  b e h a v io r a l  s t r e s s  and in c r e a s e d  
d i e t a r y  so d iu m , a r e  im p o r ta n t  v a r i a b l e s  f o r  th e  d e v e lo p m e n t o f  
h y p e r te n s io n  and may i n t e r a c t  a t  th e  l e v e l  o f  r e n a l  f u n c t io n in g  
to  c o n t r i b u t e  to  th e  d i s e a s e  p r o c e s s .  (S u p p o rte d  by HL-19680 and 
H L -01395) .

290.12 SOUND STRESS-INDUCED (SIH) HYPERTENSION IN THE FISCHER-344 RAT 
(CDF): NEUROENDOCRINE AND NEUROCHEMICAL EFFECTS. J.A. Rosecrans, 
L. Graves*, S.E. Robinson, MC. Boadle-Biber, J .S .  Hong, J.H. 
Johnson, D.J. Mokler and K.C. Corley. Depts. Pharmacol., 
Physiol, and Anatomy, Va. Commonwealth Univ., Richmond, VA 23298 
and NIEHS, Res. Triangle Park, NC 27709

Male CDF ra ts  (90 days of age) were exposed to  a sound 
s tre s s  consis ting  of a 2 sec 110 db tone (Radio Shack Sound 
Alarm No. 49-521 using a VI-60 sec schedule of p resen ta tion  for 
2 hrs (118 /hr). Rats were exposed to  s tre s s  3 times/week (Mon. 
Wed. Th.) in groups of 3 fo r 8 consecutive weeks. Individual 
blood pressures were measured on Fridays of each week using a 
Natume (KN-209) Tail Cuff apparatus. Baseline blood pressures 
were determined over 3 sessions p rio r to the in i t ia t io n  of the 
chronic s tre s s  paradigm; in i t i a l  BP's averaged 108-110 mmHG 
(N=27). SIH was evident w ithin 2 weeks of s tre s s  (130 mmHG, 
N=18) and increased to 140-150 mmHG following 7 weeks of s tre s s .  
BP values increased to an average of 192 mmHG following 24 
s tre s s  exposures (8 wks); control BP values (N=9) averaged 100 
mmHG through out th is  experiment. Rats were exposed to  a 25th 
s tre s s  (Mon. wk 9) and a ll  ra ts  sac rif ic ed  24 hrs la te r .  
Plasma, p i tu i ta r ie s  and selec ted  brain areas were co llected  and 
frozen fo r la te r  neuroendocrine/neurochemical an a ly sis . The 
major finding of th is  experiment indicated  th a t co rtic a l 
tryptophan hydroxylase (+47%) a c t iv i ty  and p itu ita ry  
immunoreactive beta-endorphin leve ls  (+30%) were s ig n if ic a n tly  
increased 24 hrs post to 25 sound-stress exposures. However, 
whether sero tonin  and/or opioid systems are involved in the 
development of SIH needs fu r th e r  c la r i f ic a t io n  (Supported by NIH 
grants 5-T35-HL073-09 and NS-14090-06.

290.13 THE SEROTONIN (5HT) ANTAGONIST LY53857, THE 5HT AGONIST 8 -OH- 
DPAT, AND INTRA-MIDBRAIN RAPHE 5 , 7-DIHYDROXYTRYPTAMINE ( 5 ,7 -  
DHT) LESIONS DO NOT AFFECT CONDITIONED FEAR INDUCED INCREASES 
IN RENIN SECRETION. S .A . L o re n s , S.M. Sai n a t i  and L .D . Van de 
K a r . D ep a rtm en t o f  P h a rm aco lo g y , S t r i t c h  S ch o o l o f  M e d ic in e , 
L o y o la  U n i v e r s i ty  o f  C h ic a g o , Maywood, IL 6 0 1 5 3 .

We p r e v io u s ly  h ave  shown ( B ra in  R e s . 3 1 1 : 3 33 , 1984) t h a t  
e l e c t r o l y t i c  l e s i o n s  o f  th e  m id b ra in  d o r s a l  ra p h e  n u c le u s  (DR) 
b lo c k ,  w h e re a s  e l e c t r o l y t i c  m ed ian  ra p h e  n u c le u s  (MR) l e s i o n s  
p o t e n t i a t e  c o n d i t io n e d  f e a r  (CER) in d u ce d  in c r e a s e s  in  p lasm a 
r e n in  a c t i v i t y  (PR A ). N e i th e r  l e s i o n  a l t e r e d  th e  s t r e s s  
in d u ce d  e le v a t io n s  i n  p lasm a p r o l a c t i n  l e v e l s .  S u b s e q u e n tly ,  
we found  t h a t  th e  i n c r e a s e s  i n  PRA and p lasm a r e n in  
c o n c e n t r a t i o n  (PRC) p ro d u ced  by th e  5HT r e l e a s e r ,  f e n f lu r a m in e ,  
and by th e  5HT a g o n i s t ,  MK-212, w ere b lo c k e d  in  a  d o s e -  
d e p e n d e n t  ( 0 .3  -  1 .0  m g /k g , i . p . )  m anner by  th e  5HT-2 s e l e c t i v e  
a n t a g o n i s t ,  LY53857. We a l s o  have  found t h a t  low  d o s e s  ( 5 .0  -  
5 0 .0  u g /k g ,  i . p . )  o f  th e  s e l e c t i v e  5HT-1A r e c e p t o r  a g o n i s t ,  8 -  
h y d r o x y - 2 - ( d i - N ,N - n - p r o p y la m in o ) t e t r a l i n  (8-OH-DPAT), l e d  to  
s i g n i f i c a n t  r e d u c t io n s  i n  PRA and PRC. In  a d d i t i o n ,  we have  
r e p o r t e d  ( L i f e  S c i .  3 6 :1 1 4 9 , 1985) t h a t  th e  a n x i o l y t i c  5HT-1A 
and dopam ine a u to r e c e p t o r  a g o n i s t ,  b u s p ir o n e  ( 0 .5  and  2 .0  
m g /k g , i . p . ;  33 -  48 m in.  b e f o r e  s a c r i f i c e ) ,  b lo c k e d  CER 
in d u ce d  r e n i n  s e c r e t i o n .  We th u s  exam ined th e  e f f e c t s  o f  th e  
fo llo w in g  t r e a tm e n ts  on CER (12  m in. ) evoked in c r e a s e s  i n  PRA 
and PRC: 1) i n t r a - m e s e n c e p h a l i c  ra p h e  i n j e c t i o n s  o f  5,7-DHT 
(1 0  ug in  1 .0  u l  v e h i c l e ;  45 m in . a f t e r  p r e t r e a tm e n t  w i th  
n o m ife n s in e ,  15 m g /k g , i . p . ) ;  2 ) LY53857 ( 0 .3  -  3 .0  m g/kg , 
i . p . ;  90 m in . b e f o r e  s a c r i f i c e ) ;  a n d , 3) 8-OH-DPAT (5 0  -  250 
u g /k g  i . p . ;  30 m in . b e fo r e  s a c r i f i c e ) .  N e i th e r  5,7-DHT l e s i o n s  
o f  th e  MR, o r  o f  th e  MR p lu s  DR, n o r  LY53857 and 8-OH-DPAT 
p r e t r e a t m e n t s ,  a f f e c t e d  th e  s t r e s s  in d u ce d  i n c r e a s e s  in  PRA and 
PRC. T hese o b s e r v a t io n s  s u g g e s t  t h a t  s t r e s s  in d u ce d  r e n in  
s e c r e t i o n  i s  n o t  m e d ia te d  by DR and MR 5HT n e u ro n s  o r  by 5HT-2 
r e c e p t o r s ,  and t h a t  a c t i v a t i o n  o f  5HT-1A r e c e p t o r s  d o es  n o t 
m o d ify  th e  r e n i n  r e s p o n s e  to  s t r e s s .

290.14 INCREASES IN PLASMA NOREPINEPHRINE AND EPINEPHRINE DURING 
NATURALLY-ELICITED DEFENSE IN THE CAT. S.L. Stoddard, P.E. 
Wilson*, V.K. Bergdall* and B.E. Levin. Dept. of Anat., 
Indiana Univ. Sch. of Med., Ft. Wayne, IN 46805 and Dept. of 
Neurosci., N.J. Med. Sch., Newark, NJ 07103.

The purpose of th is study was to evaluate sympatho-adrenal 
(SA) activation , determined by plasma levels of 
norepinephrine (NE) and epinephrine (E), during naturally- 
occurring defensive behavior. Defensive behavior was 
e lic ite d  by both interspecific  (barking dog) and 
in traspecific  stimuli (hypothalamically-stimulated cat). 
Plasma samples were withdrawn from a cannula placed through 
the external jugular vein to the a tr ia l appendage; plasma 
levels of NE and E were determined by radioenzymatic assay. 
A second cannula, placed through the common carotid artery to 
the aortic  arch, was used for the continuous monitoring of 
heart rate (HR) and mean a rte ria l pressure (MAP). The 
cannulae were secured to the calvarium and were passed out of 
an observation box through a spring during behavioral te s ts . 
Baseline blood samples were taken prior to the 15-sec 
behavioral stimulus, and a t 0.25, 0.5, 0.75, 1.0 and 3.0 min 
following stimulus onset. Three t r ia ls  were run with each 
behavioral stimulus. Responses were measured by determining 
the absolute change from the baseline mean for each 
parameter. In terspecific defense behavior was accompanied by 
adrenal medullary release of both NE and E, which decreased 
with successive t r ia ls .  In traspecific defense behavior was 
in i t ia l ly  associated with release of E from the adrenal 
medulla; successive t r ia ls  evoked the release of NE from the 
sympathetic nerves. Comparison of the responses evoked by a 
dog or stimulus cat on each t r ia l  revealed th a t on the f i r s t  
t r ia l  the increases in a ll parameters were significantly  
greater when the defensive behavior was evoked by a barking 
dog (x̄ ± SEM: ↑ NE = 583 ± 129 pg/ml; ↑ E = 926 ± 260 pg/ml; 
↑ HR = 47 ± 8 bpm; ↑ MAP = 32 ± 4 mmHg) than when the behavior 

was e lic ite d  by a conspecific (x̄ ± SEM: ↑ NE = 244 ± 49 pg/ml; 
↑ E = 155 ± 55 pg/ml; ↑ HR = 28 ± 6 bpm; ↑ MAP = 1 7 ± 4  

mmHg). The data suggest tha t although the empirical 
concomitants of defensive behavior were sim ilar, the cat 
i nterpreted the two stimuli as po tentially  requiring d is tin c t 
behavioral responses ("fight or f lig h t" ) , and responded by 
d ifferen tia l activation of the components of the sympatho
adrenal system.

[Supported by grant # 5-507-RR-5371-BRS-DRR-NIH, and a 
grant from the Harry Frank Guggenheim Foundation.]
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290.15  THE EFFECT OF STRESS ON RENIN AND CORTICOSTERONE SECRETION IS 
BLOCKED BY ELECTROLYTIC LESIONS OF THE MESENCEPHALIC DORSAL 
RAPHE AND HYPOTHALAMIC PARAVENTRICULAR NUCLEI.
K.D. R ic h a rd so n -M o rto n * , L .D . Van de K a r , S .A . L o re n s ,  J .M . 
P a r i s ,  J .H .  Urban* and K. K un im oto* . L oy o la  U n iv e r s i ty  M ed ica l 
C e n te r ,  Maywood, IL 6 0 1 5 3 .

We have p r e v io u s ly  r e p o r t e d  t h a t  e l e c t r o l y t i c  l e s i o n s  o f  th e  
d o r s a l  ra p h e  n u c le u s  p re v e n t  th e  s t r e s s - i n d u c e d  i n c r e a s e  in  
p lasm a r e n in  a c t i v i t y  (PRA ), p lasm a  r e n in  c o n c e n t r a t i o n  (PRC) 
and c o r t i c o s t e r o n e  fo llo w in g  a te n -m in u te  c o n d it io n e d  e m o tio n a l  
( f e a r )  r e s p o n s e  p a rad ig m  d e s ig n e d  to  p ro d u ce  p s y c h o lo g ic a l  
s t r e s s  (R ic h a rd s o n -M o r to n , Van de Kar and L o re n s ,  F e d . P r o c . 
4 5 :6 7 4 , 1 9 8 6 ) . We r e c e n t l y  found t h a t  b i l a t e r a l  e l e c t r o l y t i c  
l e s i o n s  o f  th e  h y p o th a la m ic  p a r a v e n t r i c u l a r  n u c le u s  (PVN) a l s o  
p re v e n t  th e  s t r e s s - i n d u c e d  r i s e  in  PRA, PRC and c o r t i c o s t e r o n e  
l e v e l s .  The p a r v o c e l lu l a r  c e l l s  w ere d e s tr o y e d  in  a l l  th e  
r a t s .  In  a  few r a t s  t h e r e  w ere s t i l l  i n t a c t  m a g n o c e l lu la r  c e l l s  
in  th e  l a t e r a l  p a r t  o f  th e  PVN w hich  e sc a p e d  d e s t r u c t i o n .  T h is  
e f f e c t  i s  r e s t r i c t e d  to  th e  PVN a s  e l e c t r o l y t i c  l e s i o n s  o f  th e  
d o rso m e d ia l  n u c le u s ,  j u s t  c a ud a l  to  th e  PVN, do n o t p r e v e n t  th e  
s t r e s s - i n d u c e d  i n c r e a s e  in  e i t h e r  PRA, PRC, o r  c o r t i c o s t e r o n e  
l e v e l s .  PRA i s  a  m easu re  o f  th e  p r o d u c t io n  o f A n g io te n s in  I  
(A I) from  en dogenous s u b s t r a t e ,  w h i le  PRC i s  a m easu re  o f  AI 
p ro d u c t io n  u n d e r c o n d i t i o n s  o f  s a tu r a t i n g  l e v e l s  o f  ex ogenous 
s u b s t r a t e .  S in c e  PVN l e s i o n s  le a d  to  a r e d u c t io n  o f  
c o r t i c o s t e r o n e  l e v e l s ,  i t  c o u ld  be a rg u e d  t h a t  t h i s  w ould 
d im in is h  th e  s e c r e t i o n  o f  a n g io te n s in o g e n  ( th e  s u b s t r a t e  f o r  
r e n in )  from  th e  l i v e r .  T h e re fo re  PRA would be lo w e r even  i f  
r e n in  l e v e l s  w ere n o t  a f f e c t e d .  I t  i s  im p o r ta n t  to  n o te  t h a t  
b o th  th e  i n c r e a s e  in  s t r e s s - i n d u c e d  PRA a s  w e l l  a s  PRC was 
p re v e n te d  by DR and PVN l e s i o n s .  T hese r e s u l t s  s u g g e s t  t h a t  
th e  e f f e c t s  o f  s t r e s s  on r e n in  s e c r e t i o n  a r e  m e d ia te d  by a 
p a thw ay  from  th e  PVN th ro u g h  th e  d o r s a l  rap h e  n u c le u s  p o s s ib ly  
to  c a r d i o r e g u l a to r y  c e n t e r s  o f  th e  m e d u l la .  A l t e r n a t e l y ,  th e  
pa thw ay  f o r  s t r e s s - i n d u c e d  c o r t i c o s t e r o n e  s e c r e t i o n  may 
o r i g i n a t e  a t  a  m e d u l la ry  s i t e ,  t r a v e l  th ro u g h  th e  d o r s a l  rap h e  
and te r m in a te  in  th e  PVN.
(S u p p o rte d  by Bane C h a r i t a b le  T r u s t ) .

290.16 EXOGENOUS CORTICOTROPIN-RELEASING FACTOR INHIBITS STRESS-INDUCED 
GASTRIC ULCERATION. D.D. K rah n * , B. W rig h t* , C .J .  B i l l i n g to n *  
and A .S . L e v in e  (SPON: M. D y sk e n ). N e u ro e n d o c rin e  R e se a rc h  
L a b o r a to r y ,  VA M ed ica l C e n te r ,  M in n e a p o l is ,  MN, 55417.

S t r e s s - in d u c e d  u l c e r s  a r e  a c a u se  o f g a s t r o i n t e s t i n a l  b le e d in g  
in  m an. E x p o su re  to  r e s t r a i n t  p lu s  c o ld  c a u se s  s t r e s s  u l c e r s  in  
r a t s .  C o r t i c o t r o p i n - r e l e a s i n g  f a c t o r  (CRF) h as  been  im p l ic a te d  
in  th e  m e d ia t io n  o f o th e r  re s p o n s e s  to  s t r e s s o r s .  T h e r e f o r e ,  we 
s tu d i e d  th e  r o l e  o f exogenous and endogenous CRF in  th e  c a u s a t io n  
o f s t r e s s  u l c e r s .

In  o u r f i r s t  e x p e r im e n t ,  c h ro n ic  in d w e ll in g  c a n n u la e  w ere i n 
s e r t e d  i n to  th e  l a t e r a l  v e n t r i c l e s  o f  m ale  S prague-D aw ley  r a t s  5 
days p r io r  t o  e x p e r im e n ta l  p r o c e d u r e s .  24 h o u r  f o o d -d e p r iv e d  
r a t s  w ere th e n  t r e a t e d  w ith  5 μ l  o f  CRF (1 μ g / μl )  o r  s a l i n e  
i c v p r io r  to  e x p o su re  to  one o f t h r e e  s t r e s s  c o n d i t i o n s :  (1 )  
home cage x 2 h o u r s ;  (2 )  r e s t r a i n t  p lu s  c o ld  (4°C ) x 1 h o u r ;  o r  
(3 )  r e s t r a i n t  p lu s  c o ld  x 2 h o u r s .  A f te r  s t r e s s  e x p o s u re ,  r a t s  
w ere im m e d ia te ly  s a c r i f i c e d  and stom achs rem oved f o r  e x a m in a tio n .  
U lc e rs  w ere c o u n te d .  We found t h a t  exogenous CRF s i g n i f i c a n t l y  
d e c re a s e d  th e  number o f  s t r e s s - i n d u c e d  g a s t r i c  u l c e r s  in  r a t s  as 
shown in  T a b le  I .

n S a l in e CRF
(#  o f u l c e r s ; mean ± SEM)

Home Cage 6 0 .3  ± 0 .3 0 ± 0
1 h r r e s t r a i n t  + c o ld 6 1 2 .2  ± 2 .6 3 .9 ± 0 .9 *
2 h r r e s t r a i n t  + c o ld 7 1 6 .1  ± 3 .3 8 .3 ± 2 .1 *

In  a seco n d  e x p e r im e n t ,  r a t s  w i th  in d w e l l i n g ,  l a t e r a l  v e n t r i c 
u l a r  c a n n u la e  w ere  e x p o sed  to  one h o u r  o f r e s t r a i n t  p lu s  c o ld  
a f t e r  p r e t r e a tm e n t  w ith  two 5 μ l  i n j e c t i o n s  o f th e  f o l lo w in g  com
b i n a t i o n s :  (1 )  s a l i n e  + s a l i n e ;  (2 )  s a l i n e  + CRF (1 μ g / p l ) ;  (3 )  
s a l i n e  + a l p h a - h e l i c a l  CRF (9 -4 1 )  (10 μ g / μl ) ;  and (4 )  CRF (1 
p g / p l )  + a l p h a - h e l i c a l  CRF (9 -4 1 )  (10  μ g / μ l ) .  Number o f  u l 
c e r s  a r e  shown b e lo w .
T re a tm en t + S t r e s s Mean Number U lc e rs  + SEM
S a l in e  + S a l in e 8 .4  ± 2 .2 n = 7
S a l in e  + CRF 1 .8  ± 0 .7 * n = 7
S a l in e  + a lp h a - h e l i c a l  CRF (9 -4 1 ) 7 .0  ± 2 .6 n = 5
CRF + a lp h a - h e l i c a l  CRF (9 -4 1 ) 1 0 .9  ± 2 .3 n = 7
A g a in , exogenous CRF r e s u l t e d  in  d e c re a s e d  s t r e s s - i n d u c e d  u l c e r  
fo rm a tio n  in  s t r e s s e d  r a t s .  T h is  e f f e c t  o f exogenous CRF was 
r e v e r s e d  by th e  CRF a n t a g o n i s t ,  a l p h a - h e l i c a l  CRF ( 9 - 4 1 ) .  How
e v e r ,  th e  CRF a n ta g o n i s t  a lo n e  d id  n o t  i n c r e a s e  th e  number o f 
u l c e r s  s e en  a f t e r  s t r e s s .  T h is  s u g g e s ts  t h a t  endogenous CRF i s  
n o t in v o lv e d  in  s t r e s s - i n d u c e d  u l c e r  fo rm a tio n  o r  t h a t  th e  
6 t r e s s o r  used  was to o  g r e a t  to  be r e v e r s e d  by th e  a n t a g o n i s t .  
The a b i l i t y  o f  th e  a n ta g o n i s t  to  r e v e r s e  th e  e f f e c t s  o f  low er 
l e v e l s  o f  s t r e s s  w i l l  be t e s t e d .

290.17 CIMETIDINE TREATMENT AND THE REDUCTION OF GLANDULAR ULCERATION 
DURING EXCESSIVE WHEEL RUNNING IN THE RAT. N. S. Morrow and S . 
W. K ie f e r . D ep t. of Psychology, K ansas S ta te  U n iv e rs ity , Man
h a t ta n ,  KS 66506.

When a la b o ra to ry  r a t  i s  m a in ta ined  on a 1 hour p e r  day r e 
s t r i c t e d  feed in g  schedu le  and housed in  an a c t i v i t y  w heel, th e  r a t  
runs p ro g re s s iv e ly  more each day u n t i l  w heel runn ing  becomes ex
c e ss iv e , g la n d u la r  u lc e r s  form , and e v e n tu a lly  le a d s  to  th e  de
m ise of th e  an im al. P rev ious  re s e a rc h  in d ic a te d  th a t  a d m in is tra 
tio n  of c im e tid in e  du rin g  r e s t r a i n t  s t r e s s  reduced th e  s e v e r i ty  of 
ac u te  g la n d u la r  u lc e r a t io n  (Hemmer e t  a l . ,  R es. Exp. Med. , 1980, 
176, 2 0 7 -2 1 7 .); however in j e c t io n s  of c im e tid in e , ad m in is te red  14 
hours fo llo w in g  th e  feed in g  p e r io d , f a i l e d  to  reduce  e f f e c t iv e ly  
th e  s e v e r i ty  o f u lc e r a t io n  in  a wheel runn ing  s i tu a t io n  (P are e t  
a l . ,  Pharm acol. Biochem. Behav. ,  1978, 8 , 711-715). In  th e  p re s 
e n t s tu d y , th e  a n t i- u lc e ro g e n ic  e f f e c t iv e n e s s  of c im e tid in e  du ring  
e x c e ss iv e  wheel runn ing  was r e -e v a lu a te d  when in j e c t io n s  were ad
m in is te re d  du rin g  th e  6 hour p e r io d  p r io r  to  th e  one hour feed in g  
p e r io d .

To o b ta in  b a s e l in e  m easurem ents of food and w ate r in ta k e , 
body w eig h t, and runn ing  a c t i v i t y  (reco rded  in  th re e  d a i ly  tim e 
p e r io d s ) ,  14 n a iv e  fem ale r a t s  were housed in  an a c t iv i t y  cage 
fo r  5 days. Animals were then  matched by mean b a s e l in e  a c t i v i t y  
and d iv id ed  in to  two ex p e rim en ta l g roups. One group rec e iv e d  
d a i ly  in j e c t io n s  o f c im e tid in e  in  doses o f 100 mg/kg; th e  o th e r  
group rece iv e d  ip  in j e c t io n s  o f s a l i n e .  Follow ing b a s e l in e  
m easures, an im als r e -e n te r e d  th e  a c t i v i t y  w heels and were fed  fo r  
one hour between 1930 and 2030. In je c t io n s  were a d m in is te red  
tw ice  d a i ly  a t  th e  fo llo w in g  tim es : 1300 and 1630. A ll an im als 
sp en t 18 days in  th e  a c t i v i t y  wheel o r  were s a c r i f i c e d  when th e  
fo llo w in g  s ig n s  were observed : a sharp  peak in  runn ing  a c t iv i t y  
accompanied by a r e d u c t io n  in  d a i ly  food in ta k e .  Follow ing sac 
r i f i c e ,  th e  stomach was ex c ised  and l a t e r  sco red  fo r  g a s t r i c  u l 
c e ra t io n .

R e s u lts  showed th a t  bo th  c im e tid in e  and s a l i n e  an im als in 
c rea se d  runn ing  above b a s e l in e  r a t e s  du rin g  te s t i n g ;  th e  g r e a t e s t  
in c re a s e  o cc u rre d  du rin g  th e  tim e p e r io d  j u s t  p r io r  to  th e  one 
hou r feed in g  p e r io d . S a lin e  an im als  ran  s ig n i f i c a n t ly  (p< .05) 
more than  c im e tid in e  an im als  du rin g  th e  1110-1830 runn ing  p e r io d . 
In  a d d i t io n ,  an im als  whic h  re c e iv e d  in j e c t io n s  o f s a l i n e  had a 
s ig n i f i c a n t ly  g r e a te r  (p< .05) number of u lc e r s .  The d a ta  from th e  
p re s e n t experim en t d em onstra te  th a t  c im e tid in e  i s  b e n e f i c ia l  in  
red u c in g  a c u te  g a s t r i c  u lc e r a t io n  du rin g  tim es o f e x c ess iv e  
runn ing  and su g g es ts  th a t  th e  a n t i- u lc e ro g e n ic  p r o p e r t ie s  of 
c im e tid in e  b u f f e r  th e  stomach when i t  i s  most empty. T h e re fo re , 
i t  i s  proposed th a t  th e  g a s t r i c  i r r i t a t i o n  may se rv e  as  an im petus 
f o r  ex ag g era ted  w heel ru n n in g .
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291.1 RE-EXAMINATION OF THE INNERVATION OF THE THYMUS GLAND IN 
MICE AND RATS. D.M. Nance, D.A. Hopkins and D. Biege r . (SPON: P.C. 
Jackson). Dept. of Anatomy, Dalhousie Univ., Halifax, N.S. B3H 4H7 and 
Faculty of Medicine, Memorial Univ., St. John 's, Newfoundland, A1B 3V6 
Canada.

Central to  the postu lated  rela tionsh ip  betw een the brain and the immune 
system  has been evidence for the d irect neural innervation of primary 
organs of the immune system . For example, a su b stan tia l innervation of 
the thymus gland by the 're tro fa c ia l ' nucleus and nucleus ambiguus of the 
brain stem with ancillary input from neurons in the dorsal motor nucleus of 
the vagus nerve and upper cervical spinal cord has been reported  (Bulloch 
and Moore, Am. J . A nat., 162:157,1981). In view of the close anatomical 
proximity of the thymus to  thoracic viscera and neck m usculature known to 
receive motor fib ers  from th ese  a reas  of the spinal cord and brain stem 
nuclei in question, we examined the possib ility  th a t labeled cells  identified 
in the brain stem following injections of anatomical t ra c e rs  in to  the thymus 
were secondary to  the uptake of the tra c e rs  by the esophagus and 
surrounding t is su e . Less than 1.0 ul of a 5% wheat germ agglutin -  
horseradish peroxidase so lution (WGA-HRP) or e lse  a 30% HRP solution was 
injected in to  the thymus, the adjacent esophagus and the m id-cervical vagal 
trunk of mice and ra ts .  In addition, the thymus was also examined for the 
presence of nerve f ibers containing catecholam ines or cholinesterase  
activ ity . Finally, the e ffe c ts  of un ila tera l cranial vagotomy on 
cholinesterase  activity  in the thymus were examined. Tracer injections 
lim ited to  the thymus gland produced l it t le  or no labeling in the brain stem . 
This re su lt  contrasted  strikingly with the r e su lts  obtained a fte r  injections 
into the esophagus in which numerous intensely labeled ce lls  were observed 
in the nucleus ambiguus irrespec tive  of the level of the esophageal 
injection, as well as in o ther regions previously thought to  be re la ted  to  
innervation of the thymus (Bullock and Moore, 1981). Thus, i t  can be 
concluded th a t  injections of tra c e rs  in to  the thymus th a t produce labeling in 
the brain stem  are due to  d iffusion in to  surrounding tis su e  including the 
esophagus and neck musculature. The histofluorescence re s u lts  confirmed a 
major sym pathetic innervation of the thymus and the cholinesterase  
histochem istry revealed an elaborate  subcapsular nerve plexus. The 
cholinesterasic  fib ers  in the thymus were unaltered by a un ila tera l cranial 
vagotomy w hereas cho linesterase  activ ity  was clearly a lte red  in the brain 
stem  nuclei by these  su rg eries . Anterogradely transported  HRP was not 
detected  in the thymus a f te r  injections of HRP in to  the cervical vagal trunk. 
In conclusion, the thymus does receive a su b stan tia l innervation which 
could be relevant to  the control of the immune system , but the brain stem , 
in particu lar the ventral vagal complex, does not appear to  contribute 
directly to  th is  innervation. Supported by MRC of Canada.

291.2 absence of a sexual d im o rph ism  in  the b ra in  of the  a th y m ic , nude 
RAT. D .F . Bloom* and P .E . M icevych (SPON: D. W h itm o y er). D e p ts . 
o f  P sy c h o lo g y  and  Anatomy, and th e  B ra in  R e se a rc h  I n s t i t u t e ,  
UCLA, Los A n g e le s , CA 90024.

The s e x u a l  d i f f e r e n t i a t i o n  o f  t h e  n e rv o u s  sy s te m  i s  th o u g h t  to  
r e s u l t  from  th e  a c t i o n s  o f  g o n a d a l s t e r o i d s  on th e  b r a i n  and s p i 
n a l  c o rd  d u r in g  a p e r i n a t a l  c r i t i c a l  p e r i o d .  T h is  d i f f e r e n t i a t i o n  
r e s u l t s  i n  d i s t i n c t i v e  m ale o r  fem a le  p a t t e r n s  o f  s e x u a l  b e h a v io r  
and LH r e l e a s e .  A lth o u g h  th e  thym us g la n d  h as  n o t  p r e v io u s ly  been 
im p l ic a te d  in  t h e  p r o c e s s  o f  n e u ro n a l  s e x u a l  d i f f e r e n t i a t i o n ,  i t  
i s  r e c o g n iz e d  t h a t  g e n e t i c a l l y  a th y m ic  (n u d e) m ice o r  m ice n eo n a 
t a l l y  th y m ec to m ized  e x h i b i t  r e p r o d u c t iv e  a b n o r m a l i t i e s  t h a t  in c lu d e  
red u c e d  f e r t i l i t y  and  d im in is h e d  l e v e l s  o f  c i r c u l a t i n g  LH, FSH, 
and  g o n a d a l s t e r o i d s .  S in c e  h y p o th a la m ic  a r e a s  a r e  in v o lv e d  in  
t h e  c o n t r o l  o f  t h e s e  e n d o c r in e  e v e n ts  and s in c e  t h e  l e v e l s  o f  LHRH 
a r e  d im in is h e d  in  t h e  nude m ouse, a p o s s ib l e  d e v e lo p m e n ta l  a b n o r
m a l i ty  in  t h e  h y p o th a la m u s  i s  s u s p e c te d .  I n t e r e s t i n g l y ,  nude mice 
a r e  a l s o  r e p o r t e d  t o  be m is s in g  th e  u s u a l  s e x u a l  d im o rp h ism  in  body 
w e ig h t ,  a s  w e l l  a s  th e  re c o g n iz e d  d im o rp h ism s p r e s e n t  in  k id n e y s  
and  s u b m a x i l l a ry  g la n d s .  The p r e s e n t  s tu d y  exam ined th e  e f f e c t  of 
a th y m ia  on b r a in  s e x u a l  d i f f e r e n t i a t i o n .  In  t h e  no rm al r a t ,  th e  
s e x u a l ly  d im o rp h ic  n u c le u s  o f  t h e  p r e o p t i c  a r e a  (MPNc) i s  a 
s te r o id - d e p e n d e n t  n u c le u s  t h a t  i s  m e a s u ra b ly  much g r e a t e r  in  v o l 
ume in  m ale b r a i n s  th a n  in  fem a le  b r a i n s .  We exam ined  th e  dim en
s io n s  o f  t h i s  n u c le u s  i n  a g e n e t i c a l l y  a th y m ic  s t r a i n  o f  r a t .  The 
b r a i n s  o f  10 hom ozygous nude m ale r a t s ,  10 hom ozygous nude fem a le  
r a t s ,  and 10 h e te ro z y g o u s  m ale  and fem a le  r a t s  o f  th e  NIH s t r a i n  
w ere f ro z e n  s e c t io n e d  a t  50 μm t h i c k  in  th e  t r a n s v e r s e  p la n e  and 
s t a i n e d  w ith  t h i o n i n .  T h ree  o b s e rv e r s  o u t l i n e d  th e  l i m i t s  o f  th e  
n u c le u s  th ro u g h o u t  i t s  r o s t r a l  t o  c a u d a l  e x t e n t  u s in g  a  cam era 
l u c i d a  p r o j e c t i o n  s y s te m . Volumes w ere s t a t i s t i c a l l y  com pared 
a c c o r d in g  t o  p u b l is h e d  m ethods (G o rsk i e t  a l . ,  J .  Comp. N e u r o l . ,  
1 9 3 :5 2 9 -5 4 0 , ’8 0 ) .  The b r a in  o f  t h e  h e te ro z y g o u s  NIH r a t  was ob
s e rv e d  t o  have  a f r a n k  s e x u a l ly  d im o rp h ic  MPNc; a n a ly s i s  o f  th e  
hom ozygous, a th y m ic  b r a i n  r e v e a l e d  a d im in is h e d  s e x u a l  dim orphism  
t h a t  was due t o  a d e c re a s e  in  th e  volum e o f  th e  n u c le u s  in  th e  
m ale a n im a l.  The c a u se  o f  t h i s  d im in is h e d  MPNc i s  u n c l e a r .  How
e v e r ,  i t  i s  p o s s ib l e  t h a t  d e p re s s e d  t e s t o s t e r o n e  l e v e l s  a r e  p resen t 
in  t h e  nude r a t  ( a s  th e y  a r e  in  t h e  nude m ouse) d u r in g  th e  c r i t i 
c a l  p e r i n a t a l  p e r io d  f o r  b r a i n  m a s c u l in i z a t io n . Such d e p re s s e d  
s t e r o i d  l e v e l s  m ig h t i n h i b i t  th e  f u l l  e x p r e s s io n  o f  a m a sc u lin e  
MPNc. Thus i n  t h e  nude r a t ,  t h e  l a c k  o f  a  thym us and  th e  ab sen ce  
o f  t h a t  g l a n d 's  known i n t e r a c t i o n s  w ith  th e  h y p o th a l a m ic - p i tu i t a r y -  
g o n a d a l sy s te m , seem to  p re v e n t  t h e  n o rm a l d ev e lo p m en t o f  t h e  male 
b r a i n .

(S u p p o rte d  by NIH g r a n t  NS 21220 and th e  C om m ittee on R esearch  
o f  t h e  Academ ic S e n a te  o f  UCLA.)

291.3 DENERVATION OF SPLENIC SYMPATHETIC FIBERS IN THE YOUNG 
ADULT RAT. D.L. Felten, D.L. Bellinger, K.D. Ackerman*, and S.Y. Felten 
(SPON: B. Weiss). Dept. of Neurobiol. and Anat., Univ. of Rochester, Sch. 
Med., Rochester, NY, 14642.

The origin of noradrenergic (NE) and cholinesterase-positive profiles in the 
spleen was examined in young adult male Sprague-Dawley rats. Surgical 
removal of the superior mesenteric-celiac ganglia and/or bilateral transection of 
the subdiaphragmatic vagus nerves was followed by a 5 day survival period. 
Sham operated and unoperated rats were used as controls for the procedure. 
The innervation pattern of NE fibers was similar in sham operated and 
unoperated controls; fibers distributed around the capsule, trabeculae, and 
vasculature, and within the parenchyma of the white pulp. Complete 
ganglionectomy resulted in total denervation of NE fibers in all compartments of 
the spleen including the vasculature, the capsule, the trabeculae, and the 
parenchyma. The distribution pattern of NE fibers in spleens of the 
vagotomized rats was similar to that observed in unoperated and sham operated 
controls. High performance liquid chromatography with electrochemical 
detection for catecholamines and stereological quantitative evaluation of the 
density of NE varicosities confirmed these observations. Cholinesterase
positive fibers were much less abundant than NE fibers in the spleens of 
controls, and were localized beneath the capsule or in the parenchyma near the 
capsule. Complete removal of the superior mesenteric-celiac ganglia resulted in 
total loss of these fibers. No loss of cholinesterase-positive fibers was seen 
following bilateral subdiaphragmatic vagotomy. In support of these findings, 
cholinesterase-positive neurons were found in the superior mesenteric-celiac 
ganglia, suggesting that they may be the source of the cholinesterase-positive 
fibers in the spleen. Since the distribution of cholinesterase-positive and NE 
profiles overlap in the spleen, it is possible that they coexist. It also is possible 
that the spleen is innervated separately by both NE and cholinergic neurons. 
The presence of both NE and cholinesterase-positive cell bodies in the superior 
mesenteric-celiac ganglia, and the disappearance of both NE and cholinesterase
positive fibers in the spleen following ganglionectomy, but not vagotomy, 
points towards a common origin in collateral ganglia for both adrenergic and 
cholinergic innervation of the spleen. The vagus nerve does not contribute NE 
or cholinesterase-positive fibers directly to the spleen. Both vagotomized and 
ganglionectomized animals demonstrated a significant reduction in body weight, 
probably due to reduced food consumption. The ratio of splenic weight/body 
weight was increased significantly by 35.8% in ganglionectomized animals 
compared with both control groups. This finding suggests that changes in 
splenic architecture, such as an alteration in the number of specific types of 
immune cells, may follow autonomic denervation of the spleen. Supported by 
Grant N00014-84-K-0488 from the Office of Naval Research, and by a 
MacArthur Foundation PrizeFellowship (DLF).

291.4 PARALLEL DEVELOPMENT OF CATECHOLAMINE INNERVATION 
AND T CELL DOMAINS IN THE RAT SPLEEN. K.D. Ackerman*, D.L. 
Bellinger, S. Livnat*. S.Y. Felten. and D.L. Felten (SPON: D.L. Felten). 
Dept. of Neurobiology and Anatomy, and Dept of Psychiatry, Univ. of 
Rochester, Sch. Med. Rochester NY 14642.

Sympathetic noradrenergic innervation is present in the parenchyma of several 
lymphoid tissues and appears to distribute extensively in T lymphocyte zones. 
At present it is unclear how these cellular components of the nervous and 
immune systems interact during development and in the adult. To address this 
issue, spleens from Long-Evans Hooded rat pups at 1,3,6,13,20, and 60+ 
postnatal days of age were examined with fluorescence histochemistry for 
catecholamines and with immunocytochemistry for surface markers on T 
lymphocytes.

In the young adult spleen, T cells were located primarily in the inner region of 
the periarteriolar lymphatic sheath (PALS), surrounded by other lymphoid cells 
and an outer marginal zone. Other putative T cells were scattered within the red 
pulp, mostly in subcapsular areas, but they represented a small percentage of the 
total spleen T cell population. The noradrenergic innervation of the spleen was 
associated with the capsule, the trabeculae, the vasculature (primarily the central 
artery and its branches), and the parenchyma of the white pulp. In 1 day old 
animals a separate PALS was not evident, and the T lymphocytes were evenly 
distributed. A large portion of the spleen was hematopoietic. The sympathetic 
innervation was confined to a few scattered fibers that traveled with blood 
vessels. By 3-6 days of age periarteriolar sheaths of T cells averaging less than 
50 μm in diameter were detected, while outside of these areas, the T cells were 
randomly distributed. Sympathetic innervation remained sparse at this age, but 
was slightly increased in density compared with spleens at 1 day of age. 
Punctate profiles of noradrenergic nerves were first observed exiting from the 
vascular plexus into the parenchyma at 6 days of age.

As development progressed there was a relative increase in the absolute 
amount of white pulp with decline of the hematopoietic areas; T cells were less 
randomly distributed, and T cell zones became more distinct, associating with 
central arteries and their branches. Alternate sections stained for T cell markers 
suggest a close, but not exclusive relationship between noradrenergic fibers and 
lymphocytes in these T cell zones. By 14 days of age, the noradrenergic 
innervation extended into the trabeculae and capsule, and showed a progressive 
increase in density in all areas from 14 days to adulthood.

A growing body of evidence suggests neural modulation of immune function. 
Since lymphocyte development and migration are sensitive to changes in the 
microenvironnment, the ingrowth of noradrenergic fibers at the time when T 
cells and the PALS are developing may provide an important modulatory 
influence over the establishment of immune structure and function.
This work was supported by Grant N00014-84-K-0488 from the ONR, and by 
Grant T32GM07356 from the National Institute of Health.
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291.5 SYMPATHETIC INNERVATION OF SPLEEN IN YOUNG ADULT and 
AGING RATS: A QUANTITATIVE STUDY. D.L. Bellinger, S.Y. Felten, 
T.J. Collier, AND D.L. Felten. Dept. of Neurobiol. and Anat., Univ. of 
Rochester, Sch. Med., Rochester, NY, 14642.

Sympathetic noradrenergic (NE) innervation of the spleen in 8 month old and 
27 month old Fischer 344 rats was examined using fluorescence histochemistry, 
and high-performance liquid chromatography with electrochemical detection for 
measurement of NE. The 27 month old rats were subdivided into two additional 
groups based upon their response to novel gustatory stimuli (gustatory 
neophobia), in which an avoidance response has been associated with acute 
locus coeruleus lesions in young rats, and with diminished NE levels in central 
neurons in aging rats. This permitted us to ascertain whether diminished central 
NE function also was associated with diminished peripheral NE function of the 
spleen. In 8 month old rats, the spleens displayed abundant innervation. NE 
plexuses followed the vasculature and trabeculae into splenic white pulp, mainly 
in association with the central arteries and their branches. Areas of white pulp 
were large and well defined, and contained linear and punctate NE profiles that 
branched from vascular and trabecular plexuses into the parenchyma, and ended 
among T lymphocytes and other cell types. In both groups of 27 month old 
rats, sympathetic innervation was diminished in density and in overall intensity 
of fluorescence. Morphometric analysis revealed a significant decrease in the 
NE profiles associated with the vasculature (79.3%), trabeculae (68.5%), 
capsule (56.4%), and parenchyma (64.9%) compared with their younger 
counterparts. Splenic NE levels also were reduced significantly to 
approximately 50% of the levels in the spleens of 8 month old rats. White pulp 
in the 27 month old rat spleens was diminished in size, and often was difficult to 
delineate from red pulp. While central NE levels were selectively diminished in 
old rats that displayed gustatory neophobia, diminished peripheral sympathetic 
NE content in spleen appeared to be a consistent feature in aged rats. With age, 
diminished immune function is well documented, especially in the cellular arm 
of immunity. The demonstration of NE fibers that end preferentially among 
fields of T lymphocytes in spleens of young control rats provides a basis for 
neural modulation, possibly through an interaction with T lymphocytes. The 
association, in normal aging, of both a decline in immunocompetence and a 
decline in splenic NE innervation opens the possibility of a causal relationship 
between these phenomena. However, NE denervation may be compensatory 
rather than causal to immune dysfunction. Supported by Grant N00014-84-K- 
0488 from the Office of Naval Research, Grant MH 08829 (TJC), and by a 
MacArthur Foundation Prize Fellowship (DLF).

291.6 SYMPATHETIC NORADRENERGIC INNERVATION OF THE MURINE 
SPLEEN REMAINS STABLE FOLLOWING LOSS OF LYMPHOCYTES 
FROM TREATMENT WITH IMMUNOSUPPRESSIVE AGENTS. S.L. 
Carlson, S.Y. Felten, S. Livnat* and D.L. Felten. Dept. of Neurobiology and 
Anatomy, University of Rochester School of Medicine, Rochester, NY 14642.

The sympathetic noradrenergic (NE) innervation of the mouse spleen 
follows blood vessels and branches into the periarterial parenchyma of the white 
pulp, an area comprised primarily of T lymphocytes. These lymphocytes may be a 
target of the NE in the white pulp, with a paracrine-like secretion of NE from the 
varicosities into the parenchyma. Immunosuppressive drugs such as 
cyclophosphamide and the hormone corticosterone are known to deplete the spleen 
and other lymphoid tissues of lymphocytes, reducing the size of the white pulp. 
In this study, we have examined the effects of these agents on the innervation of 
the spleen.

Twenty-four young adult male C3H/HeJ mice were injected 
intraperitoneally with one of the following: a) saline, b) hydrocortisone acetate 
(2.5 mg/mouse), H; c) high dose of cyclophosphamide (250 mg/ kg), Cy-H; or d) 
low dose of cyclophosphamide (50 mg/kg), Cy-L. After two days, the animals 
were sacrificed, and the spleens were removed, weighed, and divided into three 
pieces for analysis of the anatomy, catecholamine innervation, and NE content.

The whole spleen wet weights were decreased 22% in the H group, 54% 
in the Cy-H, and 21% in the Cy-L group. Using HPLC for measurement of NE 
content, there was no change in pmol NE/whole spleen in any of the groups, 
suggesting that the total amount of sympathetic innervation did not change. 
However, as expected, because of the smaller spleen size, the pmol NE/mg protein 
increased 27% in the H group, 153% in the Cy-H group, and 6% in the Cy-L 
group. These data reveal that the sympathetic innervation is stable despite large 
changes in the splenic lymphocyte content induced by immunosuppressive agents.

SPG histofluorescence of the catecholamine innervation confirmed the 
presence of extensive innervation of the vasculature, and fibers that radiated into 
the white pulp following the various treatments, even with a marked overall 
reduction in the extent of the white pulp. In the spleens of drug or steroid treated 
groups, some fibers appeared more densely packed than in spleens of the controls. 
This presumably is due to the changing geometry of the white pulp induced by the 
immunosuppressive agents. In addition, some plexuses of NE fibers appeared 
particularly dense and tangled around the central artery and its branches in the drug 
or steroid treated groups. However, the overall pattern of compartmental 
distribution did not appear to be altered by drug treatment. If the activity of the 
splenic nerve fibers and subsequent release of NE remain constant following these 
immunosuppressive agents, then the effective concentration of NE in splenic white 
pulp may increase, perhaps playing a role in the recovery phase following loss of 
lymphocytes.

Supported by NIH grant 1 F31 MH09356-01 (SLC) and grant N00014- 
84-K-0488 from the Office of Naval Research (DLF).

291.7 USE OF IN  VIVO DIALYSIS FOR EVALUATION OF SPLENIC 
NOREPINEPHRINE AND SEROTONIN. S.Y. Felten, J. Housel*and D.L. 
Felten. Dept. of Neurobiology and Anatomy, Univ. of Rochester Sch. of Med., 
Rochester, NY 14642.

The technique of in vivo brain dialysis developed by Clemens and Phebus 
(Life Sci. 35:671-677) has been used effectively for chronic monitoring of 
dopamine in the striatum of awake rats. We adapted this technique for use in 
chronic monitoring of rat splenic norepinephrine (NE) as part of a study of 
changes in splenic norepinephrine release during immune system challenges and 
manipulations. In the rat, splenic norepinephrine levels are normally substantial, 
averaging 76 pMol/gm wet weight (the average weight of an adult rat spleen is 
0.7 gm). Histofluorescence studies show that the the white pulp is richly 
innervated with NE fibers indicating that at any given time, much of the NE is 
not available to its target without stimulated release. Therefore, measurement of 
total splenic NE gives little information about the concentration of NE in actual 
contact with target cells. Our in vivo dialysis system samples NE (and other 
small molecules) that have been released into the interstitium, providing a better 
approximation of the amount of NE bathing target cells.

Probes were constructed of cellulose dialysis fibers (~250 μm) containing a 
Diamel coated stainless steel wire (0.0013") cemented into Microline tubing 
(0.020" i.d.) with 1 cm of dialysis tubing exposed. A probe was threaded 
lengthwise through the spleen of a rat in such a way as to leave all the dialysis 
tubing inside the spleen. The tubing was brought through the body wall and 
threaded subcutaneoulsy to a stainless steel anchor located on the back between 
the scapulae. The tubing was then flushed with a small amount of distilled water 
and capped to prevent destruction by the animal. Rats were allowed to recover 
from surgery for 1 wk before measurements were made.

For our preliminary study to assess whether adequate NE could be collected, 
rats were anesthetized before each sample was collected. However, it is 
possible to attach the tubing to a swivel and collect samples from awake, 
behaving animals. Saline was perfused through the dialysis tubing at a rate of 5 
μl/min for 20 min. The resulting sample was then injected directly onto our 
LCEC system. NE (and other monoamines and metabolites) was detected using 
a thin layer glassy carbon electrode and BAS amperometric controller. Sample 
recovery was estimated by perfusing dialysis tubing suspended in a solution of 
standards in saline, and averaged 25%.

NE levels corrected for recovery averaged 4.28±0.60 pMol or approximately 
8% of total splenic NE. Serotonin was also measured and found to be 8.8±1.2 
pMol. These pilot studies have shown that it is feasible to measure average 
concentrations of NE (and 5HT) available to target cells. Coupled with time 
based manipulations of the model, it can also provide an index of NE release. 
Combining splenic in vivo dialysis with manipulations of the immune system 
should greatly enhance our understanding of the role played by NE in 
neuroimmunomodulation.
This work was supported by grant N000 14-84-K-0488 from the Office of 
Naval Research.

291.8 NATURAL KILLER (NK) CELL ACTIVITY IN SPLEEN AND PERIPHERAL BLOOD 
AFTER HYPOTHALAMIC DAMAGE. C.P. Phelps, L. Chen* and J. Djeu*, 
Depts. Anat. and Med. Micro., Coll. Med., Univ. S. F la ., Tampa, 
FL 33612.

Destruction of the anterior hypothalamic area (AHA) alone, or 
in addition to the tuberoinfundibular region is reported to reduce 
spleen NK ac tiv ity  in ra ts  (Cross, e t a l . ,  Immunol. 51:399) and 
mice (Forni, et a l . ,  Nature 306:181) respectively. We have inves
tigated whether there are correlations between the location of 
hypothalamic damage in mice and NK ac tiv ity . Male mice (C56BL/6, 
18-22g) received either 1) knife cuts (FC) stereotaxically  located 
a t the rostral border of AHA or 2) destructive lesions (FL) aimed 
a t the AHA, both made by rotating knives (1.2 mm ra d ii) . Opera
tions were performed asep tically  under pentobarbital (35 mg/kg) 
and separate groups received sham surgeries consisting of midline 
knife descents to ju s t above the AHA or remained in tac t. One month 
la te r  a ll mice were rapidly asphyxiated in CO2 and th e ir spleens 
and a blood sample were removed for study of NK ac tiv ity  using 
YAC-1 target ce lls  and natural cytotoxic (NC) ac tiv ity  using WEH1- 
164 c e lls . Brains were removed and fixed for histological study 
of lesion size and location. S ta tis tic a l analysis of group mean 
body, spleen, thymus and adrenal weights revealed no significant 
overall treatment e ffec ts. Lesion of AHA resulted in an overall 
sign ifican t (p<0.01) effect on NK ac tiv ity  in peripheral blood 
(PB), including a sign ifican t increase (p<0.03) in PB mean % cyto
tox icity  a f te r  FL (25.2±5.8) when compared with sham FL (10.9±2.5). 
FL limited to AHA destruction based on histological examination was 
correlated with reduced spleen NK a c tiv ity , whereas partial AHA 
destruction or more ro s tra lly  located lesions were associated with 
increased spleen and PB NK ac tiv ity . Elevation of NK activ ity  in 
the la t te r  individual cases was consistently associated with a re
duction in NC ac tiv ity  in spleen, but not in PB. However, i f  group 
mean NC ac tiv itie s  a f te r  brain damage are considered, th is re la 
tionship is  not apparent. FC produced elevations in PB NK activ 
ity , but no change in group mean splenic NK ac tiv ity . Viewed 
together, these resu lts demonstrate a selective effect on PB NK 
ac tiv ity  4 wk a f te r  re la tiv e ly  small lesions (300-600μ) located 
in the ro stra l AHA. When the la t te r  was p artia lly  disconnected 
(FC) or p artia lly  destroyed there was a greater tendency for PB 
NK to become elevated. These findings suggest that rostral and 
dorsal afferents to the AHA or more posterior regions may include 
neural elements inhibitory to peripheral blood NK ac tiv ity .
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291.9 EFFECT OF CHEMICAL SYMPATHECTOMY ON ONTOGENY OF ANTIBODY 
RESPONSES IN THE RAT. W.L. Dempsey* and L .L . R o ss . D e p t . o f  
Anatom y, M e d ic a l C o lle g e  o f  P A ., P h i l a d e l p h ia ,  PA. 19129

N e u r o t r a n s m i t t e r s  o f  th e  p e r i p h e r a l  a u to n o m ic  n e rv o u s  sy s te m  
a re  c a p a b le  o f  m o d u la t in g  immune r e s p o n s e s .  The m o rp h o lo g ic a l  
l i n k  i n  t h i s  r e g u l a to r y  r o l e  h a s  b een  e s t a b l i s h e d  by th e  
d e m o n s tra t io n  o f  th e  e x te n s iv e  i n n e r v a t i o n  o f  lym phoid  o rg a n s  by 
th e  s y m p a th e tic  n e rv o u s  sy s te m  (SNS). A utonom ic r e g u l a t i o n  o f  
th e  immune sy s te m  may o c c u r  a t  many s ta g e s  d u r in g  th e  r e s p o n s e  to  
a n t ig e n  a s  w e l l  a s  d u r in g  o n to g e n y . Most s tu d i e s  o f  a u to n o m ic  
immune m o d u la t io n  h ave  b een  c o n c e rn e d  w i th  a d u l t  e n d - s ta g e  immune 
r e s p o n s e s .  T h is  p r e s e n t  s tu d y  i s  c o n c e rn e d  w i th  th e  n e o n a te  and 
e x am in es  th e  i n f lu e n c e  o f th e  SNS on th e  o n to g e n e t ic  d ev e lo p m en t 
o f  im m unocom petent c e l l s .

S y m p a th e tic  d e n e rv a t io n  o f  th e  n e o n a ta l  r a t  was o b ta in e d  by 
th e  a d m i n i s t r a t i o n  o f  6 -h y d ro x y d o p am in e  (60HDA). In b re d  Lew is 
r a t s  w ere t r e a t e d  on d a y s  1 ,3 ,5  and 7 o f  l i f e  w i th  60HDA 
( 100m g/Kg, s . c . ) .  A n tib o d y  p la q u e - fo rm in g  c e l l  r e s p o n s e s  (PFC) 
to  th e  T -d e p en d e n t a n t i g e n ,  sh e ep  r e d  b lo o d  c e l l s ,  and  th e  
T - in d e p e n d e n t  a n t i g e n ,  p n eu m o co cca l p o ly s a c c h a r id e  ty p e  I I I  
( S S S - I I I )  w ere m easu red  a t  v a r io u s  t im e s  a f t e r  b i r t h .  A n tib o d y  
r e s p o n s e s  to  SRBC b e g a n  to  a p p e a r  by day 10 o f  l i f e  and  re a c h e d  
a d u l t  l e v e l s  by day 30 i n  b o th  60 H D A -trea ted  and c o n t r o l  a n im a ls .  
A lth o u g h  6 0 H D A -trea ted  and  c o n t r o l  a n im a ls  e x h ib i t e d  s im i l a r  
S R B C -sp e c if ic  PFC re s p o n s e s  on day 10, r e s p o n s e s  w ere d e p re s s e d  
in  60 H D A -trea ted  a n im a ls  on day 20 o f  l i f e .  PFC re s p o n s e s  i n  
6 0 H D A -trea ted  a n im a ls ,  h o w ev er, r e tu r n e d  to  c o n t r o l  l e v e l s  by day 
30 . In  c o n t r a s t ,  PFC re s p o n s e s  to  S S S -I I I  d id  n o t  a p p e a r  u n t i l  
day  30 in  sy m p a th e c to m iz e d  o r  c o n t r o l  r a t s .  6 0 H D A -trea ted  r a t s  
e x h ib i t e d  lo w e r S S S -I I I  s p e c i f i c  PFC r e s p o n s e s  th a n  d id  c o n t r o l s  
on d ay s  30 and 45 o f  l i f e .  No d i f f e r e n c e s  w ere o b s e rv e d  in  th e  
t o t a l  num ber o f  s p le e n  c e l l s  b e tw een  c o n t r o l  and 6 0H D A -trea ted  
r a t s  s u g g e s t in g  t h a t  n e o n a ta l  60HDA t r e a tm e n t  d o es  n o t  e x e r t  any 
o v e r a l l  c y to t o x i c  e f f e c t s  on s p le e n  c e l l s .  T hese r e s u l t s  a r e  
c o n s i s t e n t  w i th  th e  h y p o th e s i s  t h a t  th e  p re s e n c e  o f  an  i n t a c t  
s y m p a th e tic  i n n e r v a t i o n  o f  th e  lym phoid  o rg a n  i s  n e c e s s a r y  f o r  
th e  n o rm a l o n to g e n e t ic  d ev e lo p m en t o f  a n tib o d y  r e s p o n s e s .  The 
e f f e c t s  o f  s y m p a th e tic  d e n e r v a t io n  v a ry  w i th  th e  in d u c in g  a n t ig e n  
sy s te m  and may r e f l e c t  a d i f f e r e n t i a l  s e n s i t i v i t y  o f  
s u b p o p u la t io n s  o f  im m u n o re a c tiv e  c e l l s  to  p r o d u c ts  o f  th e  
s y m p a th e tic  n e rv o u s  sy s te m .

S u p p o rte d  by th e  O f f ic e  o f  M en ta l H e a l th  o f  th e  Commonwealth 
o f  P e n n s y lv a n ia .

291.10 NEUROTRANSMITTER EFFECTS ON CELL SURFACE ANTIGENS 
V. P. CALABRESE, J .  YOSHINO*, G. STONE*, AND D. MADDEN*, 
D ep ts  o f  N eu ro lo g y  and Bi o c h e m i s t r y ,  Med Col  o f Va, 
R ic hmond, Va. and I n f e c .  D i s .  Br a n c h ,  NINCDS, NIH, 
Be t h e s d a ,  Md.

Our l a b o r a t o r y  ha s  been s t u d y i n g  t h e  e f f e c t s  of 
n e u r o t r a n s m i t t e r s  on human b lo o d  m o n o n u c lea r  c e l l s  and 
have  shown t h a t  e p i n e p h r i n e  and s e r o t o n i n ,  a s  w e l l  as 
r e l a t e d  d ru g s  can  m a rk e d ly  a l t e r  t h e  DNA t u r n o v e r  of 
l e c t i n  s t i m u l a t e d  c e l l s .  We have e x t e n d e d  t h e s e  s t u d 
i e s  to  s e e  what e f f e c t s  n o r e p i n e p h r i n e  (NE) ha s  on T 
s u b s e t  a n t i g e n s  e x p r e s s e d  on th e  c e l l  s u r f a c e .

Human p e r i p h e r a l  b lo o d  m o n o n u c lea r  c e l l a were p r e 
p a r e d  by d e n s i t y  g r a d i e n t  c e n t r i f u g a t i o n  and p l a c e d  in 
c u l t u r e  f l a s k s .  NE ( f i n a l  co n c 1 x10-4  M) was added 
f i r s t  f o l l o w e d  w i t h i n  a few m in u te s  by e i t h e r  pokeweed 
m i to g e n  o r  c o n c a n a v a l i n - A . At t h e  end o f  t h e  i n c u b a t 
io n  p e r i o d  some o f  t h e  c e l l s  were  p u l s e d  w i th  3 H th y 
m id in e  and o t h e r s  t r e a t e d  w i th  FITC m onoclonal a n t i 
b o d i e s  to  s u r f a c e  a n t i g e n s .

We found  t h a t  s ev e n  days  i n c u b a t i o n  w i th  NE p ro d u c e d 
a 4 0 - 6 0 % d e c r e a s e  i n  t h y m id in e  u p t a k e .  A n a l y s i s  o f  
s u r f a c e  m a rk e r s  allowed o n ly  a modest d e c r e a s e  i n  th e  
pan T m arke r  OKT-3, OKT-11 and NEI-42 b u t  a v e ry  s i g 
n i f i c a n t  d e c r e a s e  i n  b o th  OKT-4 and OKT-3 m a r k e r s .  In 
one e x p e r im e n t  t h e r e  were l e s s  t h a n  1% OKT-4  and 8 
c e l l s .  When t h e s e  c e l l s  were s t a i n e d  and o b s e r v e d  
m i c r o s c o p i c a l l y  t h e y  a p p e a r e d  to  be m o s t ly  s m a l l  lymph
o c y t e s  w he reas  t h e  l e c t i n  s t i m u l a t e d  c e l l s  were l a r g e  
and p lump. The IA m arke r  r e m a in ed  unchanged  b u t  th e re  
was an i n c r e a s e  i n  OK11. When th e  s tu d y  was r e p e a t e d  
u s i n g  NE w i th  u n s t i m u l a t e d  c e l l s  we found no d i f f e r e n c e  
i n  s u r f a c e  m a rk e r s  be tw een  th e  c e l l s  which had NE and 
v i r g i n  c e l l s .  A t im e  c o u r s e  s tu d y  showed a marked de
c r e a s e  i n  OKT-4 by day t h r e e  i n c u b a t i o n .

These f i n d i n g s  a r e  c o n s i s t e n t  w i th  th e  o b s e r v a t i o n  
t h a t  NE i n h i b i t s  t h e  f u n c t i o n a l  a c t i v i t y  o f  mononuclear 
c e l l s .  Our f i n d i n g  may i n d i c a t e  t h a t  t h i s  d e p r e s s io n  
may n o t  be due to  j u s t  d e c r e a s e d  c e l l  p r o l i f e r a t i o n .  
In  f a c t  ou r  c u l t u r e s  showed s i g n i f i c a n t  i n c r e a s e  in  
c e l l  numbers  a t  s ev e n  days  even th ough  th e  th y m id in e  
u p ta k e  was d e p r e s s e d  a t  t h a t  t im e .  There  may be a de
c r e a s e  i n  th e  f u n c t i o n a l  c a p a b i l i t y  o f  th e  c e l l s .  
F u r t h e r  s t u d i e s  a r e  b e in g  d i r e c t e d  to  answ er t h i s  ques
t i o n .  In a d d i t i o n ,  t h e  e f f e c t s  o f  NE seem to  occu r  
o n ly  on c e l l s  which have been s t i m u l a t e d ,  i . e .  they  
must be o u t  o f  th e  G0 p h a s e .

291.11 LEUKOREGULIN, AN ANTITUMOR LYMPHOKINE, INDUCES 
SINGLE ION CHANNELS IN TARGET CELLS. P. A. 
Sheehy * , S. C. B a rn e t t* , C. H. Evans* and J .  L. 
B a rk e r . LNP. NINCDS & LB. NCI, NIH, B e th esd a , MD. 
(Spon: M. H en k art)

L eu k o reg u lin  (LR) i s  an im m unologic hormone th a t  
i n h i b i t s  th e  grow th and in c r e a s e s  th e  s e n s i t i v i t y  
o f tumor c e l l s  to  n a tu r a l  k i l l e r  (NK) c e l l  
c y to to x ic i t y .  We have begun to  i n v e s t ig a te  th e  
mechanism of LR' s a c t io n  by c h a r a c te r i z in g  i t s  
e f f e c t s  on th e  membrane p e rm e a b i l i ty  of t a r g e t  
c e l l s  u s in g  th e  K562 c e l l - l i n e  model of 
N K -su sc e p tib le  t a r g e t s  u s in g  th e  pa tch -c lam p  
te c h n iq u e . E le c tro d e s  c o n ta in e d  ( in  mM) 140 
K a s p a r ta te .  5 N aC l, 0 .1  CaCl2 . 1 .1  EGTA, 0 .6  
MgCl2 , 10 HEPES, pH 7 .3 .  D is c re te  c u r re n t  s te p s  
induced by th e  a d d i t io n  of LR cou ld  be re so lv e d  
w h ile  r e c o rd in g  in  th e  w h o le -c e ll  mode. Soon a f t e r  
a p p l ic a t io n  (1 -2  m inu tes by b a th  a p p l ic a t io n ,  
seconds by p r e s s u re  p ip e t t e )  la r g e  inward c u r re n t  
s te p s  were o b se rv ed  a t  a h o ld in g  p o te n t i a l  of -80 
mV. E x tra p o la te d  r e v e r s a l  p o t e n t i a l s  (Er ) ranged 
betw een -20 & -30 mV.  U sing -25 mV as Er . s in g le  
channel co n d u c tan ce  i s  approx 100 pS. S ev e ra l 
q u a l i t a t i v e  f e a tu r e s  o f th e  c h a n n e l 's  k in e t i c s  a re  
s t r i k i n g . i )  superim posed  o p en ings have on ly  been 
observed  in  1 o f 20 e x p e r im e n ts . i i )  r e s o lv a b le  
open ings d im in ish  over 5-10 m in u te s , never to  r e c u r  
i i i )  th e  ch an n e l t y p i c a l ly  opens f o r  p e r io d s  on th e  
o rd e r  o f hundreds o f msec iv )  c e l l  i s  r e f r a c to r y  to  
su b seq u en t r e a p p l ic a t io n  o f LR. We conclude  th a t  LR 
has a d i r e c t  a c t io n  on K562 c e l l s  to  induce th e  
opening of transm em brane ion  c h a n n e ls .

291.12 NEUROTRANSMITTER RECEPTORS IN AN AVIAN LACRIMAL GLAND 
K.L. T encer* , J .  S chm idt, M. S chneider*  and B. W alcott 
D epartm ents o f  A natom ical S ciences and B iochem istry , School of 
M edicine, S ta te  U n iv e rs ity  o f  New York, Stony Brook, Long Island, 
New York 11794

The av ian  la c r im a l g land  i s  d en se ly  in n e rv a te d  by ch o linerg ic  
and a d re n e rg ic  f i b e r s . These nerve f ib e r s  a re  b ranched and varicose 
among th e  la rg e  p o p u la tio n  o f  i n t e r s t i t i a l  c e l l s ,  most o f which are 
lym phocytes. The m a jo r ity  o f  th e  lym phocytes have been defined  as 
"p la sm ab la s ts"  and a re  re p o r te d  to  produce th e  immunoglobulins in 
t e a r s ,  th e  f l u i d  s e c re te d  by th e  c o r t i c a l  e p ith e liu m  o f the gland. 
The anatomy, th e r e fo r e ,  s tro n g ly  su g g es ts  neuroimmunomodulation. To 
t e s t  t h i s  h y p o th e sis  and to  examine th e  n e u ra l c o n tro l o f te a r  
s e c r e t io n ,  we have used  ra d io la b e le d  lig a n d s  to  e s ta b l is h  the 
p resen ce  o f  c h o lin e rg ic  and a d re n e rg ic  r e c e p to r s  on th e  two major 
c e l l  types  th a t  make up th e  g land . Glands were d is ru p te d  by hand 
in  a  ground g la s s  hom ogenizer, washed by u l t r a c e n t r i f u g a t io n  and 
th e  r e s u l t in g  membrane p e l l e t  was resuspended . A liq u o ts  o f the 
membrane su sp en sio n  were in c u b a ted  to  e q u ilib r iu m  w ith  radiolabeled 
l ig a n d s  w ith  o r  w ith o u t s p e c i f ic  b lo c k e rs . P o rtio n s  o f  each sample 
were t r a n s f e r r e d  t o  Whatman GF/C g la s s  f ib e r  f i l t e r s  where they 
were washed, d r ie d  and coun ted . [ 125I ] -bungaro tox in  (BTX) showed no 
s ig n i f i c a n t  b in d in g  s u g g es tin g  th e  absence o f  t h i s  c la s s  o f 
n ic o t in i c  a c e ty lc h o lin e  re c e p to r  (AChR) w h ile  [3H]- q u in u c lid in y l 
b e n z i la te  (QNB) showed b in d in g  o f  23.03 + 3.71  pMol/mg wet t i s s u e .  
QNB b in d s  w ith  a  KD o f  1.07 + 0 .36  nM and i s  b locked  by 1 .5  uM 
a t ro p in e  im plying  th e  p resen ce  o f  m usca rin ic  AChR. The b e t a 
a d re n e rg ic  l ig a n d , [ 3H ]-d ih y d ro a lp re n o lo l (DHA), b in d s  w ith  charac
t e r i s t i c s  su g g es tin g  th e  p resen ce  o f  b o th  h ig h  and low a f f i n i t y  
r e c e p to r s .  The h ig h  a f f i n i t y  r e c e p to r s  have 6 .2  + 2 .3  pMol sites/m g 
wet t i s s u e  and b in d  w ith  a KD o f  2 .26  + 0 .33  nM. DHA b in d in g  is  
b locked  by 10 uM p ro p ra n o lo l. The s p a t i a l  d i s t r i b u t io n  o f  binding 
o f  th e  lig a n d s  ( a t  c o n c e n tra t io n s  co rresp o n d in g  to  th e  KD values') 
to  c ry o s e c t io n s  o f  th e  g land  was determ ined  a u to ra d io g ra p h ic a l ly . 
BTX showed no s ig n i f i c a n t  b in d in g  to  g la n d u la r  t i s s u e  although  d is 
c r e t e  p a tch es  were seen  on th e  ad h e rin g  e x t ra o c u la r  m uscle. QNB and 
DHA bound s p e c i f i c a l ly  to  b o th  c e l l  p o p u la tio n s . These d a ta  confirm 
th e  absence o f  th e  BTX c la s s  o f  n i c o t in i c  AChR w h ile  confirm ing  the 
p resen ce  o f  th e  m usca rin ic  AChR and b e ta -a d re n e rg ic  re c e p to rs  which 
appear to  be d i s t r i b u te d  over bo th  th e  e p i t h e l i a l  and lymphoid c e l l  
p o p u la tio n s .

sup p o rted  by NIH NS 19350 (BW) and NS 18839 (JS)
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291.13 THE INDUCTION OF INTERLEUKIN-2 RECEPTORS. ON CULTURED HUMAN 
PERIPHERAL BLOOD MONONUCLEAR CELLS (PMC) BY NERVE GROWTH FACTOR.
L.W. T h o rp e * , K. W e rrb a c h -P e re z * , C . B eck*, and J .R .  P e r e z -  
P o lo .  D e p t. HBC & G, U n iv . T x . Med. B r . ,  G a lv e s to n ,  TX. 77550

The c o n c e p t  o f neuro im m u n o m o d u la tio n  a ro s e  from  s tu d i e s  on th e  
im m u n o re g u la to ry  p r o p e r t i e s  o f  c e r t a i n  horm ones and n e u ro p e p 
t i d e s ,  and o th e r  c e n t r a l  n e rv o u s  sy s te m  e f f e c t s  on immune 
r e s p o n s e .  I t  h a s  b een  s u g g e s te d  t h a t  n e rv e  g row th  f a c t o r  (NGF) 
m ig h t p la y  a r o l e  in  th e  r e g u l a t i o n  o f immune f u n c t i o n .  NGF i s  a 
n e u ro n o -  t r o p h i c  p e p t id e  known to  a c t  on p e r i p h e r a l  and c e n t r a l  
n e u r a l  s t r u c t u r e s .  We have d e m o n s tra te d  th e  p re s e n c e  o f NGF 
r e c e p t o r s  on ly m p h o cy tes  and a c c e s s o r y  c e l l s  and have a l s o  
r e p o r t e d  t h a t  NGF s t im u la te d  p r o l i f e r a t i o n  o f c u l t u r e d  
ly m p h o c y te s . P r o l i f e r a t i o n  o f  ly m p h o cy tes  i s  d e p e n d en t on th e  
i n t e r a c t i o n  o f th e  g ro w th  f a c t o r  i n t e r l e u k i n - 2  ( IL 2 )  and 
r e c e p t o r s  f o r  IL2 (IL 2R ) on lym phocy te  m em branes. P r io r  
s t i m u l a t i o n  o f r e s t i n g  ly m p h o cy tes  by a n t ig e n  o r m ito g e n  i s  
r e q u i r e d  f o r  th e  in d u c t io n  o f IL2R. S in c e  IL2R in d u c t io n  i s  
n e c e s s a r y  f o r  ly m p h o p r o l i f e r a t i o n  to  o c c u r ,  we exam ined th e  
e f f e c t s  o f  NGF s t i m u l a t i o n  on IL2R in d u c t io n  on c u l t u r e d  human 
PBMC. C e l l s  w ere c u l t u r e d  f o r  0 -4  day s  w ith  v a r in g  c o n c e n t r a t i o n s  
o f  e i t h e r  human o r mouse beta-N G F ( 0 .1 - 1 0  u g /m l) .  IL2R b e a r in g  
c e l l s  w ere v i s u a l i z e d  and q u a n t i t a t e d  by f l u o r e s c e n t  m ic ro sc o p y  
a f t e r  s t a i n i n g  by m o n o clo n a l a n ti - IL 2 R  a n t i s e r a  and f l u o r e s 
c e in a t e d  seco n d  a n t ib o d y .  PHA s t im u la te d  c u l t u r e s  w ere u se d  as 
p o s i t i v e  c o n t r o l s .  Over th e  4 day p e r io d  o f c u l t u r e  t h e r e  was an 
i n c r e a s e  in  th e  number o f  IL2R p o s i t i v e  c e l l s  in  NGF s t im u la te d  
v e r s u s  u n s t im u la te d  c u l t u r e s .  The r e s u l t s  o f o u r f in d in g s  a re  
sum m arized  in  th e  f o l lo w in g  t a b l e  and r e p r e s e n t  p o o led  d a ta  from  
5 s e p a r a te  e x p e r im e n ts .

PERCENT IL2-R  POSITIVE CELLS
DAY MEDIA NGF PHA

0 0 0 0
1 7±6 11±4 49±5
2 5± 1 13±5* 92± 10
3 12±5 25± 7* 91±8
4 11±1 24±3* 92± 12

* . s t a t i s t i c a l l y  s i g n i f i c a n t
Our r e s u l t s  d e m o n s tra te  t h a t  NGF i s  c a p a b le  o f in d u c in g  IL2R 

on c u l t u r e d  human ly m p h o cy tes  in  th e  a b se n c e  o f a n t ig e n  or 
m ito g e n .  A lth o u g h  th e  m echanism  o f t h i s  r e c e p t o r  u p r e g u l a t i o n  i s  
unknow n, p r e l im in a r y  e v id e n c e  w ould s u g g e s t  t h a t  NGF i s  a c t i n g ,  
a t  l e a s t  in  p a r t ,  a t  th e  lym phocy te  l e v e l  r a t h e r  th a n  th e  
a c c e s s o r y  c e l l  l e v e l .  C o n t in u in g  s tu d i e s  in  our l a b o r a to r y  a r e  
c u r r e n t l y  fo c u s e d  on th e  m echanism s o f NGF in d u ce d  r e c e p to r  
e x p r e s s io n ,  a s  w e ll  as  th e  p h e n o ty p ic  s p e c i f i c i t y  o f  IL2R b e a r in g  
c e l l s .  S u p p o r te d  by NINCDS NS18708 and R o b e rt W elch G ran t H698.

291.14 CORTICOTROPIN-RELEASING FACTOR (CRF) RECEPTORS IN MOUSE SPLEEN: 
IDENTIFICATION AND CHARACTERIZATION. Elizabeth L. Webster*, 
Michael J . Kuhar, and Errol B. De Souza (SPON: Mathew Lo).
Neuroscience Branch, Addiction Research Center, National In stitu te  
on Drug Abuse, Baltimore, Maryland 21224.

CRF is  the primary physiological regulator of pro-opio- 
melanocortin (POMC)-derived peptide secretion from the p itu itary  
gland. In addition, recent data suggest that endogenous CRF 
functions as a neurotransmitter in the CNS. There is  a growing 
body of li te ra tu re  indicating that the CNS exerts an important 
regulatory control on the immune system. The neuroendocrine and 
immune systems share certain  peptide hormones suggesting tha t the 
two systems may in terac t reciprocally. Blalock and coworkers have 
demonstrated that in v itro , CRF and immunostimulation e l i c i t  the 
secretion of POMC-d erived peptides which in turn act to regulate 
immune responses (J . Immunol. 135: 858s, 1985). Furthermore, 
leukocyte-derived products [in terleuk in -I, hepatocyte-stimulatory 
factor) modulate POMC-derived peptide secretion from the p itu itary  
(Science 230: 1035, 1985).

In order to examine whether the effec ts  of CRF on immune 
function are mediated via specific receptors, we used mouse spleen 
to identify  and characterize CRF binding s ite s . Binding was 
linear with membrane protein concentration, saturable, and of a 
high a ffin ity  with apparent Kd values of 460 ± 42 and 305 ± 58 
pM and Bmax values of 15 ± 2.5 and 8.6 ± 0 .3  fmoles/mg protein 
(mean ± SEM; n = 3) for 125I-Ty r0-rat /human CRF and 125I- 
Tyr0-ovi ne CRF, respectively. The pharmacological specific ity  
of the CRF binding s ite  was examined in competition experiments. 
Rat CRF(1-41)NH2, ovine C RF(1-41)NH2, the putative weak 
receptor antagonist α - helical CRF(9-41)NH2 and the biologically 
more potent analog α- helical CRF inhibited 125I-Tyr0-oCRF 
binding with IC50 values of 0.9 nM, 1.9 nM, 11.6 nM, and 0.7 nM, 
respectively. At 1 uM concentrations, oCRF(1-39)NH2 inhibited 
30% of the specific binding, whereas AcoCRF(4-41)NH2 was equi
potent with rCRF and oCRF. Other CRF-related (rCRF(1-20)OH, 
oCRF(1-22)OH) and -unrelated (VIP, Angiotensin II) peptides did 
not affec t 125I-Tyr0-oCRF binding. These data suggest that 
CRF binding s ite s  in spleen share the same structural character
is t ic s  as those in p itu itary  and brain. Currently we are examin
ing CRF binding in slide-mounted sections of spleen by receptor 
autoradiography and in subpopulations of iso lated  mouse spleen 
c e lls  in order to identify  the specific cell type(s) tha t bind CRF.

In summary, we have iden tified  and characterized specific 
h igh-affin ity  CRF receptors in spleen similar to those in brain 
and p itu ita ry . These data provide evidence for and support the 
suggestion th a t CRF or a CRF-like peptide may play a physiological 
role in neuroimmunomodulation. Supported by USPHS grant MH 25951.

291.15 VISUALIZATION AND FUNCTIONAL DEMONSTRATION OF CCK RECEPTORS IN THE 
IMMUNE SYSTEM: COMPARISON WITH BRAIN RECEPTORS. P. Sacerdote, 
C.J. Wiedermann, M.R. Ruff and C.B. Pert* (SPON: M. Motta).
Section on Brain Biochemistry, Clinical Neuroscience Branch, 
National In stitu te  of Mental Health, ADAMHA, Bethesda, Maryland 
20892.

Evidence is rapidly accumulating to support the existence of a 
neuroimmune axis, suggesting a complex network involving d ifferen t 
cell types and structures capable of emitting and receiving b i
directional signals. Neuropeptides and th e ir receptors play a 
pivotal role in th is network of communication. Thus, i t  seemed 
interesting  to investigate the role in the immune system of 
cholecystokinin (CCK), a neuropeptide involved in a number of 
behavioral actions such as feeding behavior, analgesia, tolerance 
and dependence to morphine, and social behavior.

The a b ility  of the peptide to induce monocyte chemotaxis was 
tested both in v itro  and in vivo. In the in v itro  assay the 
ac tiv ity  of d ifferen t forms of CCK on human monocytes was studied 
over a broad concentration range, proving sulfated CCK8 to be the 
most potent a ttrac tan t tested . CCK antagonists completely blocked 
the chemotactic ac tiv ity . In the in vivo studies sulfated CCK8 
was able to induce a peritoneal mononuclear in f iltra tio n  in ra t;  
the inactive form CCK4 was not. The order of potency of CCK 
analogs in inducing monocyte chemotaxis is consistent with the 
binding potency of these analogs to other tissu es. This structure 
ac tiv ity  analysis and the a b ility  of CCK antagonist to block 
chemotaxis suggest the presence of CCK receptors on monocytes.

In a second group of experiments, we have characterized CCK 
receptors in spleen, using autoradiography on frozen ra t sections. 
U tilizing biologically  active 125I-labeled sulfated CCK8, a single 
class of high a ffin ity  specific binding s ite s  for CCK have been 
detected. Scatchard and Hill plot analyses indicate a Kd of 0.1 
nM and a maximum binding capacity of 0.25 fmol/mg protein. The 
re la tive  potencies of various molecular forms of CCK in displacing 
specific binding were compared. The order of potency is : CCK8 
su lfate  > caerulein > CCK8 not sulfated > CCK4. Most in terestingly  
th is order of potency of CCK analogs in displacing CCK binding to 
spleen is comparable to th e ir potency in chemotaxis induction. 
Combined with the finding of CCK innervation of spleen parenchimal 
tissu e , the presence of CCK receptors in spleen and the CCK 
chemotactic ac tiv ity  suggest the poss ib ility  that the nervous 
system could control, through a release of CCK, immunological 
functions that may include the traffick ing  and homing of immune 
ce lls  in d ifferen t body compartments.

Studies are now in progress to compare CCK receptors in brain 
and spleen, using a crosslinking strategy in order to covalently 
affix  reversible ligands to th e ir recognition molecules for 
subsequent electrophoresis analysis.

291.16 THE EFFECT OF EXPERIMENTAL ALLERGIC ENCEPHALOMYELITIS ON 
THE CATECHOLAMINE CONCENTRATIONS IN THE SPLEEN. U. 
W esselm ann ,* R .J .  K o n k o l,* G .L . L eo ,* D .L . R o erig y ,*+ and D.R. 
H a rd e r .* (SPON: Z . B o sn ja k ). D e p t. o f  N e u ro lo g y , M ed ica l 
C o lle g e  o f  W I, M ilw aukee , WI 53226; +D e p t. o f  A n e s th e s i 
o lo g y ,  VA M ed ic a l C t r . , M ilw au k ee , WI 53295 .

E x p e r im e n ta l  a l l e r g i c  e n c e p h a lo m y e l i t i s  (EAE) i s  a  T - 
c e l l  m e d ia te d  auto im m une in f la m m a to ry  d i s e a s e  w h ich  h a s  
b een  s t u d i e d  a s  a m odel f o r  d e m y e l in a t in g  d i s o r d e r s .
EAE can  be  in d u c e d  in  a n im a ls  by  i n j e c t i n g  m y e lin  b a s i c  
p r o t e i n  e m u l s i f i e d  in  c o m p le te  F reu n d s  a d ju v a n t  (CFA) in 
t o  th e  h in d  f o o tp a d s .  C l i n i c a l l y ,  th e  d i s e a s e  b e g in s  a 
b o u t  10 d ay s  a f t e r  i n o c u l a t i o n  w i th  l o s s  o f  t a i l  to n e  
and  w e ak n ess  o f  t h e  h in d  l e g s .  The p eak  c l i n i c a l  i n c i 
d en ce  o c c u r s  a t  day  13 -14  w i th  p a r a l y s i s  o f  th e  h in d  
l e g s .  R e s o lu t io n  o f  t h e  d i s e a s e  th e n  p r o g r e s s e s  r a p id ly ,  
w i th  f u l l  c l i n i c a l  re c o v e r y  a t  day  2 1 . P r e v io u s  s t u d i e s  
( J .  N eurochem  4 0 :1 7 7 1 -1 7 7 3 ,1 9 8 3 ; E x p e r im e n ta l  A l l e r g i c  
E n c e p h a lo m y e l i t i s , A .R . L i s s ,  NY, 1 9 8 4 , p p : 131 -1 3 8 ) h av e  
shown a d e c r e a s e  i n  t h e  c a te c h o la m in e  c o n te n t  o f  s p i n a l  
c o rd  and  b r a i n  in  a n im a ls  w i th  EAE. The p u rp o s e  o f  th e  
p r e s e n t  s tu d y  was t o  d e te rm in e  th e  e f f e c t  o f  EAE on th e  
c a te c h o la m in e  c o n te n t  o f  ly m p h o id  o r g a n s .  M ale L ew is 
r a t s  (3 -4  m onths o f  ag e) w ere  s a c r i f i c e d  7 ,1 4  and 52 
d a y s  a f t e r  in d u c in g  EAE. R a ts  i n j e c t e d  w ith  o n ly  CFA 
s e r v e d  a s  c o n t r o l s .  The c o n c e n t r a t i o n s  o f  n o r e p i 
n e p h r in e  (N E ), dopa  (D ) , e p in e p h r in e  (EPI) and  dopam ine 
(DA) in  th e  s p le e n  w ere  m e asu red  by HPLC w ith  e l e c t r o 
c h e m ic a l d e t e c t i o n .  No s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r 
e n c e s  ( t - t e s t )  b e tw ee n  th e  s p l e n i c  c a te c h o la m in e  c o n c e n 
t r a t i o n s  o f  t h e  EAE g ro u p  and th e  c o n t r o l  g ro u p  w ere  
fo u n d  on day  7 and  5 2 . H ow ever, on day  14 th e  D c o n c e n 
t r a t i o n s  (128±13 vs 79±1 3 )*  w ere  s i g n i f i c a n t l y  (P < 0 .05 ) 
i n c r e a s e d  and  th e  DA c o n c e n t r a t i o n s  (30±2 vs 42±5 )*  d e 
c r e a s e d  in  t h e  EAE r a t s  com pared  t o  th e  c o n t r o l s . The 
NE (2529±101 vs 2291±2 3 9 )*  and EPI (32±11 vs 10±2 )*  c o n 
c e n t r a t i o n s  te n d e d  to  be  e l e v a t e d  in  th e  EAE g ro u p  b u t  
d id  n o t  a c h ie v e  s t a t i s t i c a l  s i g n i f i c a n c e .  The r e s u l t s  
im p ly  t h a t  t h e r e  i s  a  d i s r u p t i o n  in  t h e  s p l e n i c  a u to n o 
m ic n e rv o u s  s y s te m  c a te c h o la m in e  m e ta b o lism  d u r in g  th e  
p eak  o f  t h e  c l i n i c a l  symptoms o f  EAE. T hese  f i n d i n g s  a l 
so  h i g h l i g h t  a  p o s s i b l e  r o l e  f o r  t h e  s y m p a th e t ic  n e rv o u s  
s y s te m  a t  14 d a y s  p o s t  i n o c u l a t i o n ,  when α1- a d r e n e r g i c  
r e c e p t o r  b lo c k a d e  h a s  b e en  shown t o  s u p p r e s s  t h e  c l i n i 
c a l  c o u r s e  o f  EAE (P ro c . N a t l .  A cad. S c i .  USA 8 2 :5 9 1 5 -  
5 9 1 9 ,  1 9 8 5 ) .
* (n g /g  t i s s u e ; mean ± SEM)
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292.1 TEMPORAL INTEGRATION OF PHOTIC INPUTS TO A MAMMALIAN CIRCADIAN 
SYSTEM. D. N elson* and J .S .  T akahash i. D ept. o f  N eurobiology & 
P hysio logy , N orthw estern  U n iv ., E vanston, I l l i n o i s  60201.

In  mammals r e t i n a l  in p u t to  th e  c i r c a d ia n  system  i s  necessa ry  
f o r  th e  en tra in m en t o f  endogenous rhythm s to  l i g h t - d a r k  c y c le s . 
To c h a ra c te r iz e  th e  p h o to re c e p tiv e  system  w hich m ed ia tes  p h o tic  
in fo rm a tio n  to  a c e n tr a l  pacemaker, we have used th e  phase- 
s h i f t i n g  response  o f  th e  c i r c a d ia n  pacemaker to  d is c r e te  l i g h t  
s t im u la t io n  a s  an  a s sa y . U sing t h i s  approach th e  s p e c t r a l  
s e n s i t i v i t y  and s tim u lu s -re sp o n se  r e l a t i o n s h ip  f o r  phase advances 
have been determ ined  f o r  th e  ham ster (M. a u r a tu s ) locom otor 
rhythm (T akahash i e t  a l . ,  N ature 308:186, 1984). With 900-second 
s t im u li  t h i s  response  was found to  have a  s p e c t r a l  s e n s i t i v i t y  
peak n ea r 500nm and a r e l a t i v e ly  h igh response  th re sh o ld . We 
have begun expe rim en ts  designed  to  examine th e  p ro p e r t ie s  o f  
l i g h t  a d a p ta tio n  and tem poral in t e g r a t io n  in  th e  p h o to re c e p tiv e  
system  su b se rv in g  th e  ham ster c i r c a d ia n  system . To t e s t  f o r  
p o s s ib le  s e n s i t i v i t y  changes i n  th e  c lo c k 's  p h o to re c e p tiv e  
system  we examined th e  e f f e c t s  o f  an ad a p tin g  background upon 
p h a s e - s h if t in g  s e n s i t i v i t y .  A fte r  7 days i n  c o n s ta n t d arkness  
a monochromatic (503 nm, HW = 20 nm) background o f 1.6 x 1012 
photons/cm 2 sec  was p re se n te d  to  th e  ham ster f o r  600 seconds. 
T est s t im u li  o f  300 seconds d u ra t io n  and v a r io u s  s tr e n g th s  w ere 
th en  superim posed upon th e  f i n a l  300 seconds o f  t h i s  background. 
Responses w ere p lo t te d  a s  th e  t o t a l  response  v s  inc rem en t t e s t  
i r r a d ia n c e  and by th e  method o f  Normann and Pearlm an (V is . Res. 
19:391, 1979). R esu lts  su g g es t t h a t  pacemaker re s p o n s iv i ty  to  
l i g h t  s t im u li  i s  d ec reased  by th e  ad a p tin g  background. This 
d e c re a se , however, seems p r im a r ily  due to  th e  com pression  o r 
s a tu r a t io n  o f th e  re sp o n se , w ith  l i t t l e  o r no c o n tr ib u t io n  by 
" tr u e "  a d a p ta tio n . In  a d d i t io n  u s in g  s t im u li  o f e q u iv a le n t 
quanta/cm 2 , we have found th a t  th e  r e c ip ro c a l  r e la t i o n s h ip  
between s tim u lu s  i r r a d ia n c e  and d u ra t io n  i s  m a in ta in ed  over an 
u n u su a lly  lo n g  ran g e . V arying th e  s tim u lu s  d u ra t io n  from 1 
second to  2700 seconds, we f in d  no s ig n i f i c a n t  changes i n  th e  
m agnitude o f  phase advances. O ther experim en ts  su g g es t th a t  two 
one-second p u ls e s  o f  l i g h t  g iv en  a t  ci r c a d ia n  tim e 19 and 20 
(s e p a ra te d  by a one hour in t e r - p u l s e - in t e r v a l )  a r e  in t e r p r e te d  
a s  a  s in g le  s tim u lu s  by th e  c i r c a d ia n  system . Taken to g e th e r  
th e se  expe rim en ts  su g g es t th a t  th e  p h o to re c e p tiv e  system  
su b se rv in g  en tra in m en t o f  th e  c i r c a d ia n  pacemaker i n  th e  ham ster 
i s  cap ab le  o f in t e g r a t in g  l i g h t  in p u ts  over q u i t e  lo n g  p e r io d s  o f  
tim e w ith  changes i n  l i g h t  re s p o n s iv i ty  due only  to  s a tu r a t io n  o f 
th e  p h a s e - s h if t in g  resp o n se .

(S upported  by NSF DOB 8451642 and S e a r le  S c h o la rs  award to  
JS T ).

292.2 THE EFFECTS OF FEEDBACK LIGHTING ON THE CIRCADIAN AND 
PHOTOPERIODIC RESPONSES IN THE IMMATURE DJUNGARIAN HAMSTER.
J . S. F e r r a ro , E. A. D a i l e y , H. N. Krum*, G. T. Wassmer*, and F.M. 
Sulzman*. Dept. o f  b io lo g ic a l  S c ie n ces , S ta te  Univ. o f New 
York, Binghamton, NY 13901.

Feedback l i g h t in g  (LDFB) i s  a l i g h t in g  c o n d itio n  where 
in d iv id u a l  an im als, o th e rw ise  in  c o n s ta n t d a rk n ess  (DD), a re  
exposed to  l i g h t  in  response  to  a m onitored behav io r. The 
s p e c i f ic  purpose o f  th i s  type o f i l lu m in a t io n  i s  to  expose the 
c i r c a d ia n  cy c le  to  l i g h t  on ly  du rin g  th e  s u b je c t iv e  n ig h t. I t  
has p re v io u s ly  been shown, in  th re e  sp e c ie s  o f n o c tu rn a l ro dents 
(R a ttu s  n o rv eg icu s , M esocrice tu s  a u ra tu s  and Mus m u scu lis ) 
and one s p e c ie s  o f d iu rn a l p rim ate  (S a im ir i s c iu r e u s ) , th a t  
th e  f r e e - ru n n in g  p erio d  o f th e  c i r c a d ia n  cy c le  in  LDFB i s  
s im i la r  to  th a t  in  con tinuous l i g h t  (LL) d e s p i te  th e  r e la t iv e  
absence o f  l i g h t  du rin g  th e  s u b je c tiv e  day. A group o f immature 
male D jungarian  ham sters (Phodopus su n g o ru s) were p laced  in  
in d iv id u a l  l i g h t - t i g h t  sound a t te n u a te d  chambers where they were 
exposed to  one o f  th re e  l i g h t in g  c o n d itio n s  (DD, LL o r LDFB) 
fo r  a t  l e a s t  40 days s h o r t ly  a f t e r  weaning. The anim als had 
f r e e  ac cess  to  food, w ate r and an a c t iv i t y  wheel. A c tiv ity  
(wheel runn ing ) was m onitored  c o n tin u o u s ly  on a microcom puter. 
The f re e - ru n n in g  p e r io d s  fo r  th e  anim als exposed to  DD, LL 
and LDFB were 23 .8  ± 0 .2 ,  25 .2  ± 0 .2  and 24.6 ± 0.07 h 
r e s p e c t iv e ly .  T he refo re  i t  appears th a t  LDFB may n o t 
le n g th en  th e  perio d  o f th e  fre e -ru n n in g  a c t iv i t y  rhythm as 
e f f e c t iv e ly  as LL in  th i s  sp e c ie s . I t  i s  p o s s ib le  th a t  th i s  
response  stem s p a r t i a l l y  from th e  immature n a tu re  o f  the  
s u b je c ts  r a t h e r  than  a t ru e  s p e c ie s  d if f e re n c e . However, since a 
ph ase-resp o n se  curve has n o t been i l l u c i da te d f o r  th e  Djungarian 
ham ster and due to  th e  sm all sample s iz e ,  v a r ia t io n  in  age a t 
ex p e rim en ta l o n s e t,  and p re lim in a ry  n a tu re  o f th e  d a ta , i t  is  
d i f f i c u l t  to  draw f irm  conc lusons. Reprodu c t iv e ly ,  i t  appears 
th a t  LDFB may be p h o to in h ib ito ry  in  th e  a d o le sc e n t 
D jungarian  ham ster s im i la r ly  to  th a t  seen  in  th e  a d u l t  S yrian  
ham ster whe re  LDFB was unab le to  m a in ta in  re p ro d u c tiv e  
fu n tio n  (F e r ra ro  and McCormack, B io l. R ep ro d ., 33 : 93, 1985). 
None o f  th e  ham sters exposed to  DD o r  LDFB had f lu id  in  the 
a tro p h ie d  sem inal v e s ic le s  (su g g e s tin g  a  reduced te s to s te ro n e  
l e v e l ) ,  w hereas a l l  ham sters exposed to  LL had f lu id  in  la rg e  
sem inal v e s ic le s .  Pa i re d  t e s t i s  w eigh ts were 21 .3  ± 3 .1 ,  168.6 ± 
45 .9  and 212.1 ± 12.4 mg/10g t o t a l  body w eight f o r  anim als 
exposed to  DD, LDFB, and LL r e s p e c t iv e ly .  As a r e s u l t  o f 
th e se  p re lim in a ry  expe rim en ts, i t  appears th a t  LDFB 
le n g th e n s  th e  fre e - ru n n in g  perio d  o f th e  locom otor a c t iv i ty  
rhythm and y e t may n o t be capab le  o f induc ing  rep ro d u c tiv e  
fu n c t io n  in  immature D jungarin  ham sters d e s p i te  s u b s ta n t ia l  
l i g h t  exposure d u rin g  th e  s u b je c t iv e  n ig h t.

292.3 EXPANDING THE RANGE OF ENTRAINMENT THROUGH THE USE OF LONGER 
DURATION LIGHT PULSES IN THE SQUIRREL MONKEY. K. C. H a lp e rin * , 
F.M. Sulzm an*, and J . S. F e r ra ro  (SPON: N. E. S p ear). Dept. o f  
B io lo g ic a l S c ie n ces , S ta te  Univ. o f New York, Binghamton, NY 
13901.

In  o rd e r  to  examine th e  r e l a t i v e  im portance o f th e  l i g h t  
p u lse  d u ra t io n  used to  e n t r a in  th e  d iu rn a l  p rim ate  (S a im ir i 
s c iu r e u s ) to  v ary ing  T -c y c le s , 11 s q u i r r e l  monkeys were 
exposed to  l i g h t - d a r k  c y c le s  c o n s is t in g  o f  3 h l i g h t  and X h 
dark  (LD 3 :X ), where X v a rie d  from 18 h to  26 h. The r e s u l t s  o f 
t h i s  experim en t were th en  compared to  th e  range o f en tra in m en t 
d e r iv ed  from p rev io u s  f in d in g s  u s in g  a LD 1:X paradigm  (Hoban, 
T. M. and F.M. Sulzman. Am. J . Phys i o l .  249:R274, 1985 ). The 
same group o f  monkeys was used f o r  both  experim en ts  and were 
m a in ta ined  in  tem poral ana s o c ia l  i s o l a t i o n  in  l i g h t - t i g h t  sound 
a t te n u a te d  chambers. The c i r c a d ia n  rhythm  o f  d r in k in g  a c t i v i t y  
was m onitored  through  an e l e c t r o n i c  c i r c u i t  and c o l le c te d  on an 
Apple com puter. S ine waves were f i t t e d  to  th e  d a ta  a f t e r  
e l im in a tin g  th e  f i r s t  5 days as t r a n s i e n t s  and th e  p o s i t i v e ly  
masked d rin k in g  a c t iv i t y .  A re g re s s io n  l i n e  was f i t t e d  through 
th e  ac rophases  to  de term ine  th e  p e rio d  o f  th e  rhythm. The range 
o f  e n tra in m en t f o r  3 h l i g h t  p u ls e s , d e fin ed  as  th e  l a s t  T -cycle  
to  which >50% o f  th e  an im als were e n t ra in e d ,  was 22 .5  (LD 
3 :1 9 .5 )  to  27 .5  h (LD 3 :2 4 .5 ) . This range i s  tw ice as  la rg e  as 
th e  range o f en tra in m en t found u sin g  a LD 1:X paradigm  and s t i l l  
d i f f e r s  from th e  range p re d ic te d  by th e  phase response  curve 
g en e ra ted  fo r  5 o f th e  an im als. The p re d ic te d  range o f 
en tra in m en t d e riv ed  u sin g  1 h l i g h t  p u ls e s  i s  21 .9  to  25 .7  h, 
whereas th e  ex p e rim en ta l range was found to  be 23 .5  to  26 .0  h. 
The r e s u l t s  th u s  su g g es t t h a t  th e  range o f  en tra in m en t in  th e  
s q u i r r e l  monkey can be expanded by in c re a s in g  th e  l i g h t  p u lse  
d u ra t io n . However a p h ase -re sp o n se  curve u s in g  3 h l i g h t  p u ls e s  
may be s u b s t a n t i a l l y  d i f f e r e n t  and th e r e fo r e  p r e d ic t  an even 
g r e a t e r  range o f  en tra in m en t. T h e re fo re  th e  e x p la n a tio n  o f  why 
th e  p re d ic te d  range can n o t be o b ta in ed  e x p e rim e n ta lly , a t  l e a s t  
f o r  th e  s h o r t  end, must aw ait f u r th e r  in v e s t ig a t io n .

292.4 INTERACTIONS BETWEEN ONSET AND OFFSET COMPONENTS OF CIRCADIAN 
RUNNING WHEEL ACTIVITY IN HAMSTERS: FURTHER EVIDENCE FOR 
MULTIPLE OSCILLATORS. J.D. Hallonquist and N. Mrosovsky. 
Departments of Psychiatry and Zoology, University of Toronto, 
Toronto, Ontario M5S 1A1, Canada.

Fifteen adult male Syrian hamsters, Mesocricetus auratus, 
were housed in continuous dim ligh t (LL, 3-6 lux) for 16 weeks 
with access to running wheels. In a ll 15 animals, the 
periodicity  of ac tiv ity  onset was less than that of ac tiv ity  
o ffse t. As a re su lt, the active portion (alpha) of the 
circadian cycle, as defined by the time interval between activity 
onset and o ffse t, became progressively longer. When onset and 
offse t components free-run at d ifferen t p eriod ic itie s, as they 
did in th is experiment, eventually they must meet. We studied 
our animals su ffic ien tly  long to observe what happened when this 
point of co llision  was reached.

In 8 hamsters, co llision  of ac tiv ity  onset and offset was 
followed by disorganization of the circadian rhythms. In 2 
other animals, decreases in the amount of ac tiv ity  made i t  
impossible to provide a clear description beyond the collision 
point. In the 5 remaining animals there was a phase sh if t of 
one component. Most probably, the phase sh if ts  resulted from 
interactions between two osc illa to rs  when in certain phase 
positions. Phase sh if ts  cannot be readily explained by changes 
in thresholds for displaying ac tiv ity , because the to tal amount 
of ac tiv ity  did not simply increase to occupy progressively 
greater portions of the record; rather i t  was alpha that 
increased.

In another experiment, chronic lithium administration 
increased the incidence of colliding of ac tiv ity  onset and offset 
in adult male Syrian hamsters housed in moderately bright LL (30- 
100 lux). Five of the 8 hamsters that received lithium 
carbonate (4.5g/kg food) for 6 weeks showed colliding during this 
period, compared to none of the 9 hamsters which received the 
control d ie t (p < .0 1 ,  Fisher Exact Probability Test). I t  is 
suggested that the phenomenon of colliding of circadian 
a c tiv ity 's  onset and offset may be valuable in studying the 
effects of drugs on the interactions and coupling between 
d ifferen t o sc illa to rs .
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292.5 CIRCADIAN TEMPERATURE RHYTHM IS PRESERVED IN THE BRATTLEBORO RAT. 
M.F. Mazurek*, M.T. Morton* & W.J. Schwartz. Dept of Neurology, 
Mass. Gen. Hosp. and Harvard Med. School, Boston, MA, 02114.

A circadian rhythm of vasopressin (AVP) concentration in cere
brospinal flu id  (CSF) has been observed in several mammalian 
species. The physiological significance of th is  rhythm remains 
unclear. Among the putative actions ascribed to AVP in the central 
nervous system is a role in temperature regulation. Studies of the 
feb rile  response have indicated that the central release of AVP 
might serve an antipyretic function, acting to lower body tempera
tu re . We wondered whether the involvement of AVP in temperature 
regulation might extend to the control of daily temperature rhyth
micity. To investigate th is  hypothesis, we examined whether Brat
tleboro ra ts , which are genetically incapable of synthesizing 
brain AVP, express a circadian temperature rhythm. Brattleboro and 
Long-Evans (LE) ra ts  were surgically prepared with brain thermis
tors (Fenwal) lowered into the striatum and then fixed in place 
with s ta in less steel screws and dental cement. Each animal was 
entrained to a 12:12 h light-dark cycle in an iso lation  box that 
was maintained at 25 ± 1°C. After 3 wks, the ra t was tethered to a 
spring assembly, with the thermistor leads run through the spring 
to an e lec trica l swivel attached to the top of the cage. This was 
connected via a Wheatstone bridge to a chart recorder to permit 
continuous monitoring of brain temperature in the freely-behaving 
unstressed ra t . LE ra ts showed daily fluctuations of brain temper
ature that were s tr ic t ly  entrained to the light-dark cycle, being 
approximately 1°C higher during the dark period. This rhythm 
persisted when the animals were housed in constant darkness. Brain 
temperature in the Brattleboro ra ts  also displayed a clear-cut 
circadian pattern which persisted in constant darkness. The lack 
of AVP in these Brattleboro ra ts  was confirmed by measuring 
drinking behavior (0.95 ± 0.10 cc/gm body weight/day in B rattle 
boro ra ts  vs 0 .1 0 ± 0.01 cc/gm body weight/day in LE ra ts) and by 
post-mortem radioimmunoassay of AVP in plasma and brain (e .g ., 
undetectable levels in Brattleboro neurohypophysis vs 1-2 ng/neural 
lobe in LE r a t s ) .

These findings indicate that the circadian temperature rhythm, 
like other circadian rhythms which have been examined, is pre
served in the Brattleboro ra t . This would suggest that a CSF AVP 
rhythm is not necessary for the expression of circadian temperature 
rhythmicity.

292.6 CIRCADIAN VARIATIONS IN ACTIVITY OF NEUROANATOMICALLY DISTINCT 
RECOMBINANT INBRED MICE AS A FUNCTION OF GENETIC AND MEASUREMENT 
VARIABLES. D.F. Peeler, Department of Neurosurgery, University 
of Mississippi Medical Center, Jackson, MS 39216.

Recombinant inbred (RI) strains of genetically defined mice 
(C57BL/6 and BALB/c) have been reported to form two d istin c t 
groups with respect to the amount of ac tiv ity  they exhibit, 
giving support to the hypothesis that there is  a single major 
gene determining such ac tiv ity . These same strains have been 
found to dichotomize with respect to an aberrant development in 
area CA3 of the hippocampus (hippocampal lamination defect--Hl d ).

This study examined the relationship between genetic (and 
neuroanatomical) variables, ac tiv ity , sex, and the time of day 
during which ac tiv ity  was measured. Male and female mice from 
C57BL/6, BALB/c and 7 RI strains derived from these progenitor 
(P) s tra in s were tested in a runway for 4 minutes at one of 5 
te s t periods. Traverses of the runway were counted by photo
ce lls ; contacts with various objects spaced equidistantly along 
one side of the runway were counted independently. The groups 
consisted of 10 mice each, for a to tal of 900 mice.

There were sign ifican t second-order interactions for both 
ac tiv ity  measures. The reported finding of a dichotomy among the 
RI strains was not supported. As reported in numerous other 
studies, the C57BL/6 were sign ifican tly  more active than BALB/c 
mice with respect to locomotion, but only a t certain  times during 
the day. The RI strains tended to form three or more groups, 
rather than two clusters about the P s tra in s . Furthermore, the 
composition of these groups changed from one time of the day to 
another. Among RI s tra in s , there are some which show l i t t l e  i f  
any change in ac tiv ity  level as a function of time of day, 
whereas others show sign ifican t changes in one or both types of 
ac tiv ity . There were sim ilar findings with the object contact 
measure, except that the sta tus of the P strains was reversed: 
C57BL/6 exhibited low object contact ac tiv ity  and BALB/c high 
ac tiv ity . Sex was not a significant main effect for object 
contact ac tiv ity , but i t  did interact sign ifican tly  with strain  
and time of day. Test period was not a significant main effect 
for locomotor ac tiv ity , but there was a significant interaction 
of s tra in , sex and te s t  period. There was no apparent 
relationship between Hl d and e ither measure of ac tiv ity .

The present data offer no support for the hypotheses that 
ac tiv ity  is under the influence of a single major gene, or that 
the hippocampal aberration Hld affects in any measurable way the 
amount of e ither type of ac tiv ity . Nevertheless, genetic 
composition of the individual is a powerful determinant of the 
amount of ac tiv ity  exhibited. The data do indicate very strong 
influence of circadian variables on both locomotor and object 
contact a c tiv itie s .

292.7 CIRCADIAN AND LIGHT-DARK CONTROL OF SLEEP AND BRAIN TEMPERATURE 
IN THE SQUIRREL MONKEY. Dale M. Edgar and Charles A. F u ller. 
Department of Animal Physiology and California Primate Research 
Center, University of C alifornia , Davis, CA 95616.

Light has d ifferen tia l influences on squirrel monkey arousal 
sta tes and deep brain temperature (TBR). For example, slow wave 
sleep (SMS) is  more sensitive to the inhibitory effects of lig h t 
than is REM sleep, and lig h t can influence the regulated level of 
TBR without invoking changes in arousal s ta te . In th is  study we 
investigated the role of the circadian timekeeping system (CTS) 
in these responses.

Nine adult male squirrel monkeys (Saimiri sciureus) weighing 
980-1150 g were surgically prepared with a miniature chronic 
skull implant permitting the continuous recording of TBR, c o r ti
cal and muscle ac tiv ity , and eye movement. Four of these animals 
also received h isto logically  verified , complete lesions of the 
suprachiasmatic nuclei (SCNx) which eliminated endogenous circa
dian rhythms in a ll variables when monitored in constant lig h t 
(LL). All animals were housed unrestrained within separate sound- 
attenuated, temperature controlled (27°C) chambers. Each animal 
was monitored in LL for several weeks prior to study. They were 
then subjected to  14 days of LD 12:12 followed by 48 hours of LD 
2 :2 .

Light had potent modulating e ffec ts on sleep and TBR in SCNx 
monkeys. However, unlike in tac t animals, SCNx animals showed no 
circadian variation in light-dark ( LD) se n sitiv ity . Total sleep 
time (TST) was significan tly  (p<0.01) reduced in in tac t monkeys 
in LD 2:2 re la tiv e  to that observed in LL. However, SCNx monkeys 
showed no difference in TST under LD 2:2 or LL conditions. SWS 
was inhibited by lig h t in LD 12:12 and LD 2:2. Yet a t no time 
did the peak levels of SWS in in tac t monkeys exceed tha t observed 
in SCNx monkeys. REM also showed LD modulations in LD 2:2, but 
remained arrhythmic in LD 12:12. During subjective night exposure 
to lig h t, in tac t monkeys exhibited 6-7 times more REM sleep than 
th a t observed in SCNx monkeys a t corresponding times. Brain 
temperature showed LD modulations of 0.6-0.8°C under both lig h t 
regimens.

These resu lts suggest that TBR, SWS, and REM are influenced by 
d ifferen t aspects of photic stimuli which are normally mediated 
by the CTS. Thus, SWS and TBR are influenced by the tonic pres
ence of lig h t, whereas REM appears to be sensitive to phasic LD 
tran sitio n s . In addition, d ifferen t mechanisms appear to under
l ie  the circadian control of SWS and REM sleep. The subjective 
night levels of REM appear to be predominantly under the control 
of the CTS, while the regulation of SWS is  more la b ile , and 
appears to be influenced less by the CTS.

This research was supported in part by NASA Grant NAG2-349.

292.8 ENTRAINMENT OF MONKEY CIRCADIAN RHYTHMS: EFFECTIVENESS OF FOOD 
RESTRICTION AND TASK DEMANDS. W.N. Tapp*, D. Creighton*, T .A . 
P ritzel and B .H . Natelson (SPO N :F .S . Knox). VA Medical Center 
an d  New J e r s e y  M edical School, E ast O ran g e , NJ 07018.

Six a d u l t ,  male rh e s u s  m onkeys w ere in d iv id u a lly  h oused  in  
cham bers  d e s ig n e d  to  enab le  u s  to  con tro l th e ir  en v iro n m en t. 
T h re e  monkeys were required to perform a chained vigilance-dis
crim ination  ta sk  to  o b ta in  th e ir  food . T ria ls  o c c u rre d  on th e  
average of every  2.4 min in  the  ta sk . The o ther th ree  monkeys 
m erely h ad  to  p re s s  a k ey  to  o b ta in  food . A c tiv ity , feed in g  
an d  te m p e ra tu re  rh y th m s w ere m onitored  in  all m onkeys.

In  th e  f i r s t  p h ase  o f th e  ex p e rim en t (C o n s ta n t T a sk /F re e  
F e e d ) , the task ran  around the dock and food was available ad 
lib fo r  n o n - ta sk  m onkeys. D u rin g  th is  p h a s e , a ll m onkeys e x 
h ib ite d  norm al f r e e - ru n s  w ith a c tiv i ty , te m p e ra tu re , and  p e r 
formance o r feeding (in the non-task  monkeys) showing the same 
p erio d  an d  s ta b le  p h ase  re la tio n sh ip s  w ith in  a g iven  m onkey. 
In  th e  second  p h a se  o f th e  ex p e rim e n t, ta sk  an d  food av a il
ab ility  w ere r e s tr i c te d  to  8 h r /d a y .  B oth te m p e ra tu re  and  
a c tiv i ty  sy n ch ro n iz e d  well to  th e  time o f ta sk  av a ilab ility  in  
m onkeys tha t were w orking for the ir food. Synchronization was 
much po o re r for the non-task  monkeys, and one monkey even main
tained a d e a r  free-runn ing  component throughout the restric ted  
feeding p a r t of the experim ent. Finally, monkeys were released 
to  free -ru n  in Constant T ask /Free Feed. Monkeys were released 
on d a y s  w hen th e  o n se t o f s u b je c tiv e  d ay  p re d ic te d  from th e ir  
in itia l f r e e - r u n  w as a b o u t 12 h r  o u t o f p h a se  w ith th e  o n se t of 
r e s t r i c te d  ta sk  o r  fe e d in g . A c tiv ity , te m p e ra tu re  and  p e r fo r 
mance all b eg a n  to  f r e e - ru n  sm oothly from th e  p h a se  o f r e 
s t r ic te d  ta s k ,  in d ic a t in g  th a t  th e  p e rio d ic  ta sk  d e m a n d s /re 
s tr ic te d  food com bination t r u ly  e n tra in e d  th e se  rh y th m s . In  
con trast, non-task  monkeys either consolidated the ir rhythm s in 
th e  f r e e - ru n n in g  com ponent th a t  was v is ib le  d u r in g  r e s tr i c te d  
fe e d in g  o r  s h if te d  tow ard  th e  p h a se  p re d ic te d  b y  th e ir  in itia l 
f r e e - r u n ,  i n d i c a t in g  th a t  r e s t r i c t e d  f e e d in g  a lo n e  d id  n o t 
s u c c e ss fu lly  e n t ra in  a c t iv i ty ,  te m p e ra tu re  o r  fe e d in g .

We cannot tell w hether task demands alone would entrain  the 
rh y th m  o r  w h e th e r  th e  ta s k / r e s t r i c t e d  fee d in g  com bination is  
n e c e s s a ry , H ow ever, th e  r e s u l ts  in d ic a te  th a t  p e rio d ic  
co g n itiv e  o r  w ork dem ands can p lay  a ro le  in  e n tra in m en t o f 
p r im a te s .

S u p p o rte d  b y  USAMRDC
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292.9  CHANGES IN THE CIRCADIAN RHYTHMS OF BODY TEMPERATURE AND 
ACTIVITY PREDICT THERMOREGULATORY DEFICITS IN ELDERLY RATS.
E . M e la n ie  W. K i t t r e l l , U n iv . P i t t s b u r g h ,  W PIC-1516, 3811 
O 'H ara  S t . ,  P i t t s b u r g h ,  PA 15213

The m ost commonly r e p o r t e d  a g e - r e l a t e d  change in  c i r c a d i a n  
rh y th m s i s  a  d im in is h e d  a m p l i tu d e .  C hanges i n  p h a s e  an d  
p e r io d  o f  some rh y th m s have  a l s o  been  fo u n d . The f u n c t i o n a l  
s i g n i f i c a n c e  o f  t h e s e  c h a n g es  i s  u n c le a r  a l th o u g h  t h e r e  i s  
e v id e n c e  t h a t  a n o m a l i e s  i n  b i o l o g i c a l  rh y th m s a re  o f t e n  
a s s o c i a te d  w i th  p o o r  m e n ta l  and p h y s ic a l  h e a l t h .  T herm oreg
u l a t o r y  d e f i c i t s  a l s o  accom pany th e  a g in g  p r o c e s s  in  humans 
and r a t s .  The p u rp o se  o f  t h i s  s tu d y  was to  i d e n t i f y  p o s s ib l e  
a s s o c i a t i o n s  b e tw e en  c h a n g e s  i n  th e  c i r c a d i a n  te m p e ra tu re  
rhy thm  (CTR) and  th e r m o re g u la to r y  p ro b lem s in  a g in g  r a t s .

An IBM co m p u te r  m easu red  body te m p e ra tu re  (Tb) and  g e n e r a l  
c ag e  a c t i v i t y  e v e ry  f i v e  m in u te s  i n  r a t s ,  v i a  b io te l e m e t r y  
t h e r m is t o r s  ( M in i - M i t t e r ,  Sun R iv e r ,  OR) im p la n te d  i n t o  th e  
p e r i t o n e a l  c a v i t y .  S ix  r a t s  w ere s tu d i e d  c o n t in u o u s ly  from  
16 to  28 m onths o f  age  and  w ere com pared w i th  a n o th e r  6 who 
ra n g e d  i n  ag e  from  5 to  13 m onths o v e r  th e  c o u rs e  o f  th e  
s tu d y .  They w ere m a in ta in e d  on a  12-12 LD c y c le .  A l l  w ere 
s u b je c t e d  to  a  6 h o u r  p h a s e  ad v a n ce  fo llo w e d  one m onth l a t e r  
by a 6 ho u r p h a se  d e la y  b e g in n in g  when th e y  w ere 27 and 11 
m onths o f  a g e .  A l l  w ere t e s t e d  f o r  t h e r m o re g u la t io n  in  th e  
c o ld  (5°C f o r  90 m in u te s )  a t  28 and 12 m onths o f  a g e . Our 
r e s u l t s  can  be sum m arized  a s  fo l lo w s :

1. CTR a m p li tu d e  d id  n o t  d im in is h  g r a d u a l ly  b u t  f l u c t u a t e d  
f o r  s e v e r a l  4 -6  wk p e r i o d s  be tw een  an  e x a g g e r a t e d  a n d  a 
d i m i n i s h e d  a m p l i t u d e .  J u s t  p r i o r  to  d e a th ,  t h e r e  was a 
p e rm a n e n t d e c l i n e  in  a m p l i tu d e .

2 . A c t iv i t y  c l o s e l y  fo llo w e d  te m p e ra tu re  i n  b o th  young and  
o ld  r a t s ,  b u t  i n  th e  o ld ,  th e  u s u a l  te m p o ra l  p a t t e r n  w i th in  a 
24 h r  p e r io d  so m etim es d i s s o c i a t e d .

3 . I n  th e  e l d e r l y  r a t ,  t h e r e  w ere CTR i n s t a b i l i t i e s  c h a r 
a c t e r i z e d  by su d d en  d ro p s  i n  Tb (3 -5 °C ) t h a t  u s u a l l y  o c c u r r e d  
a t  n ig h t  and r e t u r n e d  to  n o rm a l Tb l e v e l s  a f t e r  12-24 h o u r s .

4 . Many e l d e r l y  r a t s  CTRs "b ro k e -u p "  when p h a se  a d v a n c in g .  
T h is  was r a r e l y  s e e n  in  y o u n g e r r a t s .  P h ase  a d v a n ce s  to o k  
lo n g e r  t o  a d j u s t  t o  th a n  p h a se  d e la y s  r e g a r d l e s s  o f  a g e .

5 . R a ts  whose CTRs a p p e a re d  u n s ta b l e  and " b ro k e -u p "  d u r in g  
p h a se  a d v a n ce s  w ere u n a b le  to  d e fe n d  t h e i r  Tb a g a i n s t  a  c o ld  
c h a l l e n g e .  T h u s , CTR i r r e g u l a r i t i e s  p r e d i c te d  th e rm o re g u la 
t o r y  d e f i c i t s .

The s u p ra c h ia s m a t ic  n u c le i  (SCN) b r a i n  r e g io n s  o f  a l l  r a t s  
w ere exam ined  w i th  c y to c h ro m e -o x id a s e  s t a i n i n g  and th e  h i s t o 
l o g i c a l  r e s u l t s  w i l l  be d i s c u s s e d .

292.10 REPRODUCTIVE SENESCENCE IN FEMALE RATS: NO EVIDENCE FOR DISRUPTION 
OF CIRCADIAN RHYTHMS. B .T a te - O s t r o f f * and R .S .B r id g e s . (SPON: Z. 
B o u lo s ) .  L ab . o f  Human R e p ro d u c tio n  and R e p ro d u c tiv e  B io lo g y  and 
D e p t . o f  Anatomy and C e l lu l a r  B io lo g y ,  H arv a rd  M e d ic a l S c h o o l,  
B o s to n , MA 02115.

A ging i n  th e  fem a le  r a t  i s  a s s o c i a te d  w i th  th e  l o s s  o f  r e g u la r  
e s t r o u s  c y c le s  and th e  o n s e t  o f  a s t a t e  o f  p e r s i s t e n t  v a g in a l  
e s t r u s  (PV E), w h ich  i s  s im i l a r  to  a  s t a t e  in d u ce d  by t r e a tm e n ts  
known to  d i s r u p t  th e  c i r c a d i a n  sy stem  o f  th e  r a t .  I t  h a s  b een  p r o 
p osed  t h a t  a g e - r e l a t e d  ch a n g es  i n  th e  o r g a n i z a t i o n  and f u n c t io n in g  
o f  th e  c i r c a d i a n  sy s te m  may p la y  a r o l e  i n  th e  o n s e t  o f  o v a r ia n  
a c y c l i c i t y  i n  t h e  aged  r a t .  The s tu d y  d e s c r ib e d  h e re  s im u lta n e o u s ly  
m o n ito re d  s p o n ta n e o u s  lo co m o to r  a c t i v i t y ,  body t e m p e ra tu re  rhythm s 
and e s t r o u s  c y c l i c i t y  i n  young (3 m onth o ld )  and m id d le -a g e d  (9 
m onth o ld )  c y c l in g  fem a le  r a t s  h o used  on l i g h t i n g  s c h e d u le  LD14:10 
f o r  a  p e r io d  o f  s e v e r a l  m o n th s . The c h a r a c t e r i s t i c s  o f  th e  c i r c a d 
i a n  rh y th m s i n  a c t i v i t y  and body t e m p e ra tu re  w ere  a n a ly z e d  when 
th e  m id d le -a g e d  r a t s  showed n o rm a l e s t r o u s  c y c le s  and a g a in  a f t e r  
t h e s e  fe m a le s  e n te r e d  a  s t a t e  o f  PVE. A l l  a n im a ls  w ere in d iv id u a l ly  
hou sed  and im p la n te d  w i th  t e l e m e t e r s .  A c t iv i t y  rh y th m  and body tem
p e r a t u r e  d a ta  w ere  c o l l e c t e d  w i th  th e  a id  o f  th e  D a ta q u e s t  I I I  com
p u t e r - a s s i s t e d  d a ta  c o l l e c t i o n  sy s te m . V a g in a l  sm ears  w ere ta k e n  
d a i l y .  D u rin g  th e  tim e  o f  d a ta  c o l l e c t i o n ,  a l l  m id d le -a g e d  fem ales 
e n te r e d  PVE. P r io r  to  t h i s  t im e ,  th e  p r o p o r t io n  o f  d ay s  when 
a n im a ls  d i s p l a y e d  v a g in a l  e s t r u s  d u r in g  a  t e n  day  p e r io d  was equal 
i n  b o th  th e  young and o ld  g ro u p s  (26% ).

Power s p e c t r a  d e r iv e d  from  F o u r ie r  a n a ly s i s  o f  a c t i v i t y  and body 
t e m p e ra tu re  rh y th m s f o r  young and o ld  a n im a ls  d u r in g  t h i s  t e n  day 
p e r io d  showed th e  m a jo r  p e a k  c e n te r e d  a t  24 h o u rs  w i th  no s i g n i f i 
c a n t  d i f f e r e n c e s  b e tw een  s p e c t r a  o f  o ld  and young a n im a ls .  As the 
a n im a ls  a g e d , t h e  o ld e r  a n im a ls  e n te r e d  PVE and th e  p e rc e n ta g e  of 
d ay s  when m id d le -a g e d  fe m a le s  d i s p la y e d  v a g in a l  e s t r u s  r o s e  to  78%. 
Power s p e c t r a  o f  a c t i v i t y  and body t e m p e ra tu re  rh y th m s f o r  r e p ro 
d u c t i v e ly  ag ed  a n im a ls  c o n tin u e d  to  show th e  m a jo r  p eak  a t  24 hours 
T h e re  was no s i g n i f i c a n t  ch an g e  i n  rh y th m s o f  t h e s e  fe m a le s  a s  they 
aged  n o r  d id  th e y  d i f f e r  from  th o s e  o f  young f e m a le s .  The d a ta  r e 
p o r te d  h e re  i n d i c a t e  t h a t  a g e - r e l a t e d  a l t e r a t i o n s  i n  t h e  c ir c a d ia n  
sy s tem  may n o t  p r e c e d e  th e  o n s e t  o f  PVE in  t h e  r a t , and may in stead  
o c c u r  m o nths a f t e r  t h e  o n s e t  o f  PVE. The p a t t e r n  o f  r e p r o d u c tiv e  
s e n e s c e n c e  se e n  in  th e  a g in g  r a t  may r e f l e c t  a  b reakdow n in  th e  
r e p r o d u c t iv e  sy s tem  s p e c i f i c a l l y  and n o t  an  i n i t i a l  d e f i c i t  in  the 
c i r c a d i a n  r e g u l a t i o n  o f  r e p r o d u c t io n .  S u p p o rte d  by NSF G ra n t #DCB 
85-08187 aw arded  to  BTO and NIH P o p u la t io n  G ra n t IP30H006645 
aw arded  to  th e  LHRRB.

292.11 DISRUPTION OF ACTIVITY RHYTHMS IN CARDIOMYOPATHIC HAMSTERS WITH 
SEVERE HEART FAILURE AND IN VERY OLD, NON-DISEASED HAMSTERS. 
J .E .  O ttenweller*, W.N. Tapp*, C . Young*, T .A . Pritzel*, and 
B .H . Natelson. Primate Neurobehavioral Unit (127A ), VA Medical 
C e n te r , E ast O ra n g e , NJ 07018.

C ard iom yopa th ic  (CM; BIO 14 .6 ) h a m ste rs  deve lop  a  slowly 
p ro g re s s iv e  h e a r t  fa ilu re  an d  d ie  w ith s e v e re , u n co m pensated  
h e a r t  f a i lu re . T h e re  a re  sim ilar s ig n s  o f d eb ilita tio n  a t  th e  
end  of th e  lives  o f n o n -d is e a s e d , con tro l (F 1B) h a m s te rs . We 
a ttem p ted  to  dete rm in e  how th e  gene ra l d eb ilita tio n  o f h e a r t  
fa ilu re  o r  old ag e  a ffec ted  th e  b e h a v io r  an d  ph y s io lo g y  o f ham 
s te r s  b y  exam in ing  a c tiv i ty  rh y th m s  and  en d o c rin e  p ro file s  in  
b o th  CM and F1B ham sters throughout the ir respective lifespans 
o f 13 an d  27 months. Male ham sters were maintained on a 12 h r  
photoperiod (0600-1800 h ) with mouse chow and tap  w ater avail
ab le  ad  lib itu m . A ctiv ity  rh y th m s  w ere m onitored  u s in g  ti lt  
cages with activity  being  r e corded in  10 minute bins throughout 
th e  d a y .  Circadian activity rhythm s broke down in 9 out of 10 
F1B h am ste rs  and 16 out of 19 CM ham sters before they  d ied . In 
b o th  groups, half the ham sters tha t broke down did so 1-2 weeks 
before dea th , and the o ther half had d isrup ted  activity  rhythm s 
fo r 3-6 w eeks b e fo re  d e a th .  T he to ta l level o f a c tiv i ty  was 
sim ilar b e fo re  an d  a f te r  d is ru p tio n  o f a c tiv i ty  rh y th m s , b u t  as 
rh y th m s  b ro k e  dow n a c tiv i ty  was d is tr ib u te d  ev e n ly  th ro u g h o u t 
th e  d ay  and  n igh t. These d isruptions in activity  rhythm s p re 
d ic ted  im p en d in g  d ea th  w ell, in  th a t  h am ste rs  d ied  o v e r  a w ide 
ra n g e  of ages (from 8-18 months in CM and 19-42 months in  F1B) 
an d  y e t d is ru p tio n  o f a c tiv i ty  rh y th m s  s h o r tly  p re c e d e d  d ea th  
in  alm ost all c a se s . We h av e  a lso  m easu red  plasm a te s to s te ro n e  
an d  th y ro id  horm one co n c e n tra tio n s  in  th e  tr u n k  blood o f ham 
s te r s  th a t  w ere  d e c a p ita te d  a t  v a r io u s  a g e s .  As CM h am ste rs  
d eve loped  s e v e re  h e a r t  fa ilu re  n e a r  th e  en d  o f th e i r  liv e s , 
th y ro x in e  (T 4 ) le v e ls  fell from 3 .3 ±0 .2  u g /d l (m ean±sem ) in  5 
m onth o lds to  0.9±0.3 u g /d l in  13 month olds. In F1B ham sters, 
T4 dec lined  from 3.4±0.2 u g /d l in  12 month ham sters to 1.0±0.2 
u g /d l  in  26 month ham sters nea r the end of th e ir  lives. T hus, 
in  b o th  old an d  sick  h a m s te rs , a c tiv i ty  rh y th m s  w ere d is ru p te d  
an d  T4 lev e ls  d e c lin e d . W hereas te s to s te ro n e  (T )  dec lin ed  in  
CM ham sters  from 0.8±0.2 ng/m l in  5 month olds to 0.2±0.1 ng/m l 
in  13 m onth o ld s , T was th e  same in  12 m onth (1 .7 ±0 .3  n g /m l) 
and 26 month (2 .3±0.8) F1B ham sters. T hus, testosterone may be 
im plicated  in  th e  d is ru p tio n  o f a c tiv i ty  rh y th m s  in  s ick  CM 
h a m s te r s . Inasm uch as  th y ro id  fu n c tio n  dec lin ed  w hen a c tiv i ty  
rh y th m s w ere d is ru p te d ,  th e  d a ta  s u g g e s te d  a  re la tio n sh ip  
be tw een  low th y ro id  horm one lev e ls  an d  d is ru p tio n  o f 
rh y th m ic i ty . S u p p o rted  b y  VA R esea rc h  F u n d s .

292.12 ANTITHYROID TREATMENT ALTERS CIRCADIAN PERIODICITY AND GONADAL 
ACTIVITY IN HAMSTERS. L. P . M o rin . D e p t. o f  P s y c h ia t r y  and 
B ehav. S c i . ,  SUNY, S to n y  B ro o k , NY 11794.

The th y r o id  h as  b een  im p l ic a te d  in  th e  r e g u l a t i o n  o f  h am ste r  
c i r c a d i a n  p e r io d  r e g u l a t i o n  ( B e a s e ly ,  L . J .  and N e ls o n , R .J .  
E x p e r i e n t i a ,  2 8 :8 7 0 , 1 9 8 2 ) . H ow ever, o u r  d a ta  (M orin  e t  a l . ,  
Am. J .  P h y s i o l . ,  250 :R 151 , 1986) showed t h a t  a th y r o id  hormone 
b lo c k e r ,  p r o p y l t h i o u r a c i l  (PTU ), w ould p ro v id e  a d o s e -r e s p o n se  
le n g th e n in g  in  th e  h a m s te r  c i r c a d i a n  p e r io d  ( t a u ) ,  b u t  n o t  in  
th e  b lo c k a d e  o f  t h y r o id  hormone r e l e a s e .  We t h e r e f o r e ,  examined 
w h e th e r  th e  e f f e c t  o f  PTU on ta u  i s  d e p e n d en t o r  in d e p e n d e n t  of 
th e  t h y r o id  g la n d .  We a l s o  o b ta in e d  d a ta  c o n c e rn in g  th e  e f f e c t  
o f  a n t i t h y r o i d  t r e a tm e n t  on g o n a d a l  f u n c t i o n .

A d u lt m ale  h a m s te rs  w ere b l in d e d ,  p in e a le c to m iz e d  ( t o  p e rm it 
t e s t i c u l a r  m a in te n a n c e  in  th e  a b se n c e  o f  l i g h t ) , g iv e n  powdered 
l a b o r a to r y  chow and a c c e s s  to  a  ru n n in g  w h e e l. When locom otor 
rhy thm s w ere s t a b l e ,  a n im a ls  w ere d iv id e d  i n to  g ro u p s: 
C o n t r o l - - r e c e iv e d  th e  pow dered d i e t ;  PTU- - r e c e iv e d  a  0.6% PTU 
pow dered d i e t ;  LoI - - r e c e iv e d  a  pow dered d i e t  low  in  i o d in e ;  
I 131- - r e c e iv e d  th e  pow dered d i e t  p lu s  a 500 uC i i n j e c t i o n  o f 
sodium  io d id e - 1 3 1 .  The l a t t e r  i s  known to  d e s t r o y  r a t  th y ro id  
g l a n d s .  Rhythms w ere r e c o rd e d  from  a l l  a n im a ls  f o r  m ore th a n  10 
h a l f - l i v e s  o f  th e  I -1 3 1 .

PTU le n g th e n e d  ta u  by a b o u t 0 .1 5  h r ,  b u t  no o t h e r  t r e a tm e n t  
was s i m i l a r l y  e f f e c t i v e .  T h y ro id  w e ig h ts  w ere 1 05 , 18 , 6 and 5 
mg f o r  th e  PTU, LoI , I 131 and C o n tro l  g ro u p s ,  r e s p e c t i v e l y .  
T h y ro x in e  l e v e l s  w ere n o n d e te c ta b le  i n  th e  PTU g ro u p  and 83% 
red u c e d  in  th e  LoI  g ro u p .  T r i i o d o th y r o n in e  was n o rm al i n  a l l  
b u t  t h e  PTU g r o u p  f o r  w h ic h  i t  w as n o n d e t e c t a b l e .  On an 
i n d iv i d u a l  b a s i s ,  change  in  t a u  was n o t  r e l a t e d  to  any  in d e x  o f 
th y r o id  f u n c t i o n .  I n t e r e s t i n g l y ,  b o th  th e  LoI  and PTU 
t r e a tm e n ts  r e s u l t e d  in  g r e a t l y  red u c e d  t e s t e s  s i z e  and a c t i v i t y  
i n  some a n im a ls .  F u r th e r ,  t e s t e s  s i z e  o f  th e  PTU a n im a ls  was 
i n v e r s e ly  r e l a t e d  to  th e  change  in  t a u  d u r in g  PTU t r e a tm e n t  ( r = -  
. 7 6 ) .  I -1 3 1  had no e f f e c t  on any m e a su re .

The d a t a  s u p p o r t  t h e  i d e a  t h a t  PTU a l t e r s  t a u  t h r o u g h  a 
m echanism  n o t  n e c e s s a r i l y  in v o lv in g  th y r o id  f u n c t i o n .  The d a ta  
a l s o  s u g g e s t  t h a t  t a u  and g o n a d a l  a c t i v i t y  may be i n f lu e n c e d  by 
a  common m echanism  n o t  i n v o lv in g  p in e a l  a c t i v i t y .  S u p p o rte d  by 
NIH g r a n t s  NS22168 and AG05773.
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292.13 PROPYLTHIOURACIL DOES NOT AFFECT RUNNING RHYTHMS IN FEMALE HAMSTERS 
H. K le m fu ss , D. Sw ick,* and D .F . K r ip k e * . V e te ra n s  A d m in is t r a t io n  
M ed ica l C e n te r ,  San D ie g o , CA 92161 and D e p t. o f  N e u r o s c ie n c e s ,  
U n iv e r s i ty  o f  C a l i f o r n i a ,  San D iego 92093 .

T h y ro id  horm one l e v e l s  may in f lu e n c e  a c t i v i t y  rh y th m s in  r o d e n t s . 
R ic h te r  ( B io lo g ic a l  C lo ck s  in  M ed ic in e  and P s y c h ia t r y , Thom as, 
1965) r e p o r t e d  t h a t  th y ro id e c to m y  o r  a n t i t h y r o i d  d ru g  a d m i n i s t r a 
t i o n  in d u ce d  p e r i o d i c  d e c re a s e s  in  lo co m o to r  a c t i v i t y  in  fem a le  
Norway r a t s  l a s t i n g  10-14  days a t  i n t e r v a l s  o f  20-45  d a y s . We 
a t te m p te d  to  r e p l i c a t e  t h e s e  f in d in g s  in  th e  i n t a c t  fem a le  h a m s te r .  
R ecen t r e p o r t s  h ave  i n d i c a t e d  t h a t  e x p e r im e n ta l  lo w e rin g  o f  t h y r o id  
horm one l e v e l s  le n g th e n  ta u  and  p ro d u ce  a p h a se  d e la y  in  ru n n in g  
w heel rh y thm s in  m ale  o r  o v a r ie c to m iz e d  h a m s te rs .

We s tu d i e d  th e  w h e e l- ru n n in g  b e h a v io r  o f  20 fem a le  g o ld en  
h a m s te rs  o v e r  a 3-m onth  p e r io d .  S ix te e n  h a m s te rs  w ere g iv e n  d r in k 
in g  w a te r  c o n ta in in g  0.05%  p r o p y l t h i o u r a c i l  (PTU ), w h i le  th e  
rem a in d e r  r e c e iv e d  ta p  w a te r .  H a lf  o f  th e  a n im a ls  in  e a ch  g ro u p  
w ere h o u se d  u n d e r  a 1 6 :8  l i g h t : d a rk  c y c l e ,  w i th  l i g h t  c o r r e s p o n d in g  
to  a b o u t 50 lu x ,  d a rk  l e s s  th a n  2 l u x .  Cage l i g h t i n g  f o r  th e  o th e r  
10 h a m s te rs  fo llo w e d  an  8 :1 6  l i g h t : d a r k  s c h e d u le .  R u n n in g -w h ee l 
a c t i v i t y  was a u to m a t i c a l l y  c o u n te d  f o r  a t  l e a s t  10 w eeks a f t e r  PTU 
t r e a tm e n t  was s t a r t e d .  At th e  c o n c lu s io n  o f  th e  e x p e r im e n t ,  t o t a l  
serum  th y ro x in e  l e v e l s  w ere d e te rm in e d  from  b lo o d  ta k e n  by c a r d i a c  
p u n c tu r e .

PTU t r e a tm e n t  re d u c e d  serum  th y ro x in e  l e v e l s  to  2 .0  ± .2 3  (SEM) 
u g / d l ,  w h ich  was s i g n i f i c a n t l y  l e s s  (p < .0 0 1 )  th a n  c o n t r o l  l e v e l s  o f  
5 .6  ± .92  (SEM) u g / d l .  H ow ever, we fo u n d  no e v id e n c e  f o r  any 
a l t e r a t i o n  in  r h y th m ic i ty  in  P T U -tr e a te d  h a m s te rs .  A c ro p h a se , 
m eso r, and  a m p l i tu d e  o f  ru n n in g  rh y th m s o f  PTU- t r e a t e d  a n im a ls  w ere 
a l l  s im i l a r  t o  rh y th m s o f  c o n t r o l s  u n d e r  th e  same l i g h t : d a r k  
s c h e d u le .  F u r th e rm o re ,  e x a m in a tio n  o f  d o u b le  p l o t t e d  ru n n in g -w h e e l  
r e c o r d s  by an  e x p e r ie n c e d  o b s e rv e r  b l i n d  to  t r e a tm e n t  r e v e a l e d  no 
c h a r a c t e r i s t i c  a b n o r m a l i t i e s  in  a c t i v i t y  l e v e l s  o r  r h y th m ic i ty  
d u r in g  10 w eeks o f  PTU t r e a tm e n t .

A lth o u g h  we d id  n o t  r e p l i c a t e  R i c h t e r 's  r e s u l t s  w i th  r a t s  in  
th e  h a m s te r ,  we c a n n o t e x c lu d e  th e  p o s s i b i l i t y  t h a t  p e r i o d i c  
v a r i a t i o n s  in  lo co m o to r  a c t i v i t y  w ould  d e v e lo p  w i th  more th a n  3 
m onths o f  o b s e r v a t io n  o r  w ith  g r e a t e r  t h y r o id  s u p p r e s s io n .

S u p p o rte d  by th e  V e te ra n s  A d m in is t r a t io n .

292.14 CIRCADIAN PHASE RESPONSE CURVE TO DIAZEPAM FOR HAMSTERS IN CONSTANT 
LIGHT. T.A. Houpt*, Z. Boulos, M.C. Moore-Ede. Dept. of Physiolo
gy and Biophysics, Harvard Medical School, Boston MA 02115.

A pharmacological agent that phase sh ifts  circadian rhythms can 
act e ither centrally  on a circadian clock or peripherally on the 
pathways which mediate zeitgeber (e.g. ligh t) input to the clock. 
With GABA receptors found in the SCN, LGN and re tina , the GABA 
agonist benzodiazepines may act e ither d irectly  on the clock or 
via lig h t input pathways. Ralph & Menaker have reported that dia
zepam, a GABA agonist, blocks light-pulse-induced phase advances 
but not delays in hamsters kept in constant darkness, while bicu
cu lline, a GABA antagonist, blocks light-induced delays but not ad
vances (Soc. N eurosoi. Abs .  11 {1985}: 1140). They suggest that the 
phase advancing and phase delaying effects of lig h t may be media
ted by d ifferen t neurological mechanisms. If  diazepam's resetting 
action is confined to blocking light-induced phase advances, then a 
phase response curve (PRC) to diazepam in LL would be expected to 
comprise only phase delays in la te  subjective night. Male golden 
hamsters (90-100g) were housed individually in cages equipped with 
running wheels and enclosed in lig h t-tig h t ventilated chambers un
der LL (140 lux). After a t least 3 weeks in LL, 12.5 mg/kg diaze
pam was given i .p . Animals received a maximum of 2 injections at 
lea s t 3 weeks apart a t one of the following circadian times (CT): 
0, 4, 8 , 12, 16 and 20h. Diazepam caused phase advances during 
subjective day (CT 4 & CT 8) and phase delays during subjective 
night (CT 16 & CT 20). Both small advances and delays were seen at 
CT 0 & CT 12. Control saline injections had no effec t. The PRC was 
sim ilar to the PRC in hamsters to 2h dark pulses (Boulos & Rusak, 
J . Comp. P h y s io l. 146: {1982} 411-17). Since some animals ran in
term ittently  for several hours a fte r in jection , th is suggests that 
the phase sh if ts  were not caused by a reduction in lig h t input due 
to the animal being unconscious or with eyes closed. Thus diazepam 
either consistently blocks lig h t input to the clock with each in
jection acting like a dark pulse, or i t  acts d irectly  on the clock 
and i t s  PRC cancels out the PRC to lig h t pulses in DD. Since Ralph 
& Menaker' s diazepam injections in DD a t CT 13.5 & 18 did not 
produce phase sh if ts , th is favors diazepam acting like a dark 
pulse. However, i t  is also possible that the PRC to diazepam in DD 
may have a d ifferen t waveform than that in LL, with phase sh if ts  
occurring in DD a t times other than CT 13.5 & CT 18.
Supported in part by AFOSR Grant 83-0194.

292.15 THE SUBTERRANEAN MOLE RAT: AN ANALYSIS OF THE SUB DERMAL EYE. R . 
B re M ille r* , J .  T e rk e l* , E. Schabtach* and G.E. P icka rd  (SPON: D. 
K im ble). I n s t i t .  N euroscience, Univ. Oregon, Eugene, OR 97403 and 
D ept. Z oo l. ,  Tel Aviv U n iv ., Tel Aviv, I s r a e l .

Mammals w hich have r a d ia te d  in to  th e  su b te rran e an  ec o lo g ic a l 
zone have evolved s t r u c t u r a l l y  and fu n c t io n a l ly  fo r  burrow ing and 
l i v in g  underground. Mole r a t s  of the fam ily  S pa lac idae  exem plify 
th e se  s p e c i a l i z a t i o n s ;  body shape i s  tu b u la r , th e  head, which i s  
used fo r  e x c av a tio n , is  f la t t e n e d  and b lu n t , the  nose i s  broad 
and tough and th e  neck i s  s h o r t  and m assive . A lthough th e re  i s  no 
ex te rn a l in d ic a t io n  of an eye, m inute eyes approx im ately  1mm in  
d ia m ete r a re  lo c a te d  subderm ally  adheren t to  a la rg e  H ard erian  
g land . I t  would appear u n lik e ly  th a t  the  prim ary fu n c t io n  of 
th e se  t in y  eyes i s  v is u a l  s ince  they a re  lo c a te d  under a th ic k  
derm is (>1mm) in  an animal which l iv e s  in  underground burrow s. 
However, i t  does appear th a t  th e  mole r a t  u ses p h o tic  s ig n a ls  to  
c o o rd in a te  i t s  beh av io r w ith  the  am bient l i g h t :d a r k  cy c le . There
fo re ,  the  mole r a t  may be a good expe rim en ta l model fo r  examining 
th e  s t r u c tu r e s  and mechanisms u n d erly in g  p h o tic  en tra inm en t of 
c i r c a d ia n  a c t iv i t y .

F e ra l mole r a t s  of e i th e r  sex were m a in ta ined  in  the  la b o ra to 
ry  fo r  sev e ra l months b e fo re  th e  eyes were p rep ared  fo r  a n a ly s is .  
A com plete s e r ie s  of co n secu tiv e  s e c t io n s  ( e i th e r  16μm c ry o s ta t  
o r 2 μm p l a s t i c )  were p rep ared  from sev e ra l eyes. Exam ination of 
N is s l s ta in e d  s e c t io n s  a t  th e  LM le v e l  rev ea led  th a t  th e  co rnea , 
le n s  and a n t e r io r  chamber a re  ab sen t and th a t  th e  n eu ra l r e t in a  
forms a con tinuous sh ee t on th e  e n t i r e  in n e r su rface  of th e  eye. 
The o rg a n iz a tio n  of th e  r e t in a  i s  s im i la r  to  o th e r  roden t r e t in a s  
w ith  some m o d if ic a tio n s . A pigm ent e p i th e l i a l  la y e r  cove rs  th e  
e n t i r e  r e t in a  and i s  th ic k e s t  a t  the  a n te r io r  su rface  of the  eye 
( th e  su rface  ad ja c e n t to  the  d e rm is). The p h o to re cep to r la y e r  
c o n ta in s  s h o r t  o u te r  and in n e r segments and an o u te r  n u c le a r  
la y e r  (ONL) 4-6 c e l l s  th ic k .  Immunocytochemical a n a ly s is  p e r
formed w ith  a cone s p e c i f ic  m onoclonal an tibody  (g enerously  
p rov ided  by V. Lemmon) in d ic a te d  a sm all p o p u la tio n  of cone c e l l s  
among th e  rod  c e l l  p h o to re c e p to rs . A lthough an o u te r  p lex ifo rm  
la y e r  was c le a r ly  e v id e n t, many c e l l s  of th e  ONL were no ted  in  
th e  in n e r  n u c le a r  la y e r  which g iv es  th e  r e t in a  an immature 
appearance . Inward from the  in n e r p lex ifo rm  la y e r  i s  a h e te ro 
genous la y e r  of gan g lio n  c e l l s .  The o p tic  nerve was examined by 
e le c tro n  m icroscopy; i t  i s  l e s s  th an  100 μm in  d iam eter and i s  
composed o f a number of f a s c i c l e s  o f unm yelinated  axons se p a ra te d  
by o lig o d en d ro cy te  p ro c e sse s . We e s tim a te  the o p tic  nerve to  con
t a in  <1000 o p tic  f i b e r s .  E xperim ents designed  to  determ ine the  
s i t e ( s )  o f te rm in a tio n  of th e  o p tic  f i b e r s  a re  in  p ro g re ss .

I t  appears  th a t  the  mole r a t  eye i s  i l l - s u i t e d  fo r  v is u a l  p e r
c e p tio n  a lthough  i t s  morphology i s  t h a t  of a p h o to s e n s it iv e  
organ . S upported by NIH g ra n t NS-21165 (GEP).



1072 BLOOD BRAIN BARRIER I WEDNESDAY PM

293.1 SIZE-DEPENDENT BLOOD-BRAIN BARRIER OPENING DEMONSTRATED WITH 
14C-SUCROSE AND A 2 0 0 ,0 0 0  DALTONS 3H-DEXTRAN, B.K. 
A rm stro n g * , P . J .  R ob inson*  and S . I .  R ap o p o rt (SPON: M. 
O t t i n g e r ) .  L a b o ra to ry  o f N e u r o s c ie n c e s ,  N a t io n a l  I n s t i t u t e  on 
A g in g , NIH, B e th e sd a ,  Md. 20892.

The b lo o d - b r a in  b a r r i e r  (BBB) n o rm a lly  r e s t r i c t s  th e  p a s sa g e  
o f w a t e r - s o lu b l e  s o lu t e s  and m ac ro m o le c u le s  i n t o  th e  b r a i n .  
O sm otic  o p e n in g  h as  b een  u sed  to  augm ent th e  e n t r y  o f  th e s e  
e x c lu d e d  b lo o d -b o rn e  s o lu t e s  i n to  th e  b r a i n  in  a n im a ls  and 
hum ans. We p r e v io u s ly  exam ined th e  p e r m e a b i l i t y  o f  th e  BBB to  
1 4 C - in u lin  (5500  d a l t o n s )  and 3 H -d e x tra n  (7 9 ,0 0 0  d a l t o n s )  
( Z iy l a n  e t  a l . ,  1 9 8 3 ,1 9 8 4 ) and have  now e x te n d e d  t h i s  s tu d y  to  
e l u c i d a t e  th e  e x te n t  o f  BBB o p e n in g  u s in g  a 3 H -d e x tra n  (2 0 0 ,0 0 0  
d a l t o n s ) .

The p e r m e a b i l i t y  o f  th e  BBB was d e te rm in e d  s im u l ta n e o u s ly  f o r  
two n e u t r a l  w a t e r - s o lu b l e  com pounds: 1 4 C -su c ro se  (340  d a l t o n s ,  
r= 5  A) and 3 H -d e x tra n  (2 0 0 ,0 0 0  d a l t o n s ,  r=100 A) a t  d i f f e r e n t  
t im e s  a f t e r  o sm o tic  o p e n in g  in  O sborne-M endel r a t s .  The BBB was 
opened by a  30 s r e t r o g r a d e  i n f u s i o n  o f  1 .8  m o la l  L ( + ) - a r a b in o s e  
i n t o  th e  r i g h t  e x t e r n a l  c a r o t i d  a r t e r y  and p e r m e a b i l i t y - s u r f a c e  
a r e a  (PA) p r o d u c ts  w ere c a l c u l a t e d  a t  6 , 10 , 35 and 55 min 
t h e r e a f t e r  o r  i n  u n in fu s e d  r a t s  (R a p o p o rt e t  a l . ,  Am. J .  
P h y s i o l . ,  2 3 8 :R 4 2 1 -4 3 1 , 1980) i n  10 d i f f e r e n t  b r a in  r e g io n s . 
C o n tro l  PA p ro d u c ts  f o r  s u c ro s e  w ere a p p ro x im a te ly  10-3 s- 1 , 
w h ereas  th e  c o n t r o l  PA p r o d u c ts  f o r  d e x tr a n  d id  n o t  d i f f e r  from  
z e ro  ( p > 0 .0 5 ) .  T h e re  w ere d ra m a tic  i n c r e a s e s  i n  PA f o r  b o th  
s u c ro s e  and d e x tr a n  a t  6 and 10 min a f t e r  BBB o p e n in g , w ith  
d e x tr a n  p e r m e a b i l i t y  r e a c h in g  a b o u t 10- 4 s - 1 a t  6 m in . PA f o r  
b o th  s u b s ta n c e s  f e l l  s i g n i f i c a n t l y  b e tw een  6 and 35 m in a f t e r  
a r a b in o s e  i n f u s i o n  (p < 0 .0 5 ) .  T h e re  w ere no s i g n i f i c a n t  
d i f f e r e n c e s  be tw een  mean r e g i o n a l  d e x tr a n  PA v a lu e s  a t  35 and 55 
m in , w hich  had n o t  r e tu r n e d  to  c o n t r o l  v a lu e s .  S i g n i f i c a n t l y  
lo w e r PA p ro d u c ts  w ere found  f o r  d e x tr a n  th a n  f o r  s u c ro s e  a t  a l l  
tim e  p o i n t s .  R e g io n a l  PA r a t i o s ,  s u c r o s e /d e x t r a n ,  w ere 
c o n s i s t e n t  w i th  r e s t r i c t e d  d i f f u s i o n  th ro u g h  p o re s  a t  35 and 55 
min a f t e r  o p e n in g . At 6 and 10 min th e  r e g io n a l  PA r a t i o  was 
l e s s  th a n  th e  c o r r e s p o n d in g  r a t i o  o f  t h e i r  f r e e  d i f f u s i o n  
c o e f f i c i e n t s  i n  w a te r ,  i n d i c a t i n g  th e  p r e s e n c e  o f  b u lk  f l u i d  
f lo w  from  b lo o d  to  b r a in  a s  h ig h  a s  10-4 cm3 s -1  g- 1  b r a in  in  
some r e g io n s .

T hese r e s u l t s  f u r t h e r  s u p p o r t  a d i f f u s i o n - b u l k  f lo w  m odel f o r  
o s m o tic  o p e n in g  a t  th e  b l o o d - b r a in  b a r r i e r ,  w i th  o p e n in g  o f 
p o re s  w i th in  th e  c e r e b r o v a s c u la r  e n d o th e liu m  and a  red u c e d  p o re  
s i z e  w i th  tim e  a f t e r  a r a b in o s e  i n f u s i o n .

293.2 OSMOTIC OPENING OF THE BLOOD-BRAIN BARRIER IN BALB/C MICE.
Wendy R. Fredericks* and Stanley I. Rapoport (SPON: P. Weinstein). 
Laboratory of Neurosciences, National Institute  on Aging, Bethesda 
MD 20892.

Osmotic blood-brain barrier opening has been used in ra ts ,  
rabbits,  dogs, and monkeys to study brain entry of substances 
normally excluded from the central nervous system. However, a 
number of disease models have been developed in mice in which it  
would be useful to study central nervous system effects of drugs, 
enzymes, antibodies, etc. administered systemically. Therefore, 
a method was developed to unilaterally and reversibly open the 
blood-brain barrier in BALB/c mice, weighing 14-18g.

The technique is similar to that used in rats (Rapoport et al, 
Am. J. Physiol. 238: R421-R431, 1980), with changes in some 
conditions. A PE 50 catheter,  with the end tapered to 0.4 to 
0.5 mm in diameter by heating, was inserted retrograde into an 
external carotid artery and tied with surgical silk . A concen
trated solution of L (+) arabinose in d is t i l led  water was infused 
for 30 sec into the internal carotid artery via the external 
carotid catheter at  a rate of 0.64 ml /min. Evans blue dye, 
2 ml/kg of a 2% solution in 0.9% saline, was injected into a 
saphenous vein 5 min before osmotic opening. The dye forms a 
complex with plasma albumin and is used as a marker of blood-brain 
barrier  integrity. Most consistent dark staining (2+ to 3+) was 
achieved with infusion of 3.0 molal arabinose in water. The 
animals in this group had good survival, with over 90% surviving 
at least 2 h af ter  blood-brain barrier  opening. Animals allowed 
to recover for several days showed no signs of neurological 
dysfunction. Osmotic opening to Evans blue was reversible after 
4 h. Dye injected iv 4 h after  arabinose infusion did not 
produce staining of the brain.

Other concentrations of hyperosmotic arabinose in water were 
tested. 2.5 molal arabinose produced the gamut of staining from 
0 to 3+. Infusions of 1.8 and 1.6 molal arabinose, the optimum 
in ra ts ,  caused consistent l ight (1+) staining. These results 
contrast with the sharp threshold for opening in the rat .  The 
different concentration effects between mice and rats may be due 
to different pressure-flow relations of the viscous arabinose 
through the respective carotid circulations,  as only a fraction 
of infusate concentration bathes the ipsilateral cerebral 
vasculature (Rapoport et  a l , Exper. Neurol. 91: 319-330, 1986).

293.3 CRYOFIXATION OF FROG BRAIN MICROVESSELS AFTER HYPEROSMOTIC AND 
COLD INJURY. Z. Nagy* and M.W. B rig h tm a n * (SPON: J .F e x ) .  L ab . 
o f  N e u ro b io lo g y , NINCDS, NIH, B e th e s d a ,  MD 20892 .

The two p u r p o r te d  r o u te s  by w hich  l a r g e  s o l u t e s  move a c r o s s  a 
p e n e t r a te d  b l o o d - b r a in  b a r r i e r  i s  v i a  p e rm e a b il iz e d  t i g h t  j u n c 
t i o n s  o r  v e s i c u l a r  t r a n s p o r t .  The r o l e  o f  v e s i c u l a r  t r a n s p o r t  h a s  
b e e n  q u e s t io n e d ,  in  p a r t ,  b e c a u s e  many c y to p la s m ic  v e s i c l e s  a p p e a r  
t o  be c r e a t e d  d u r in g  a ld e h y d e  f i x a t i o n  o f  e n d o th e liu m  from  d i f f e r 
r e n t  o r g a n s .  C r y o f ix a t io n  re d u c e s  t h i s  a r t e f a c t  and  was u se d  to  
s e e  th e  s t r u c t u r a l  c h a n g es  i n  c e r e b r a l  e n d o th e liu m  made p e rm e a b le  
to  p lasm a  s o l u t e s  a f t e r  p e r i v a s c u l a r  e x p o s u re  to  h y p e ro s m o tic  ( 2 .5  
- 3  M) u r e a ,  o r  i n j u r y  w i th  a  c o ld  p ro b e  ( -5 0 ° C ) . The f ro g  was 
c h o sen  b e c a u s e ,  u n l ik e  mammals, th e  p i a l  o r  s u r f a c e  v e s s e l s  a r e  
c a p i l l a r i e s  so  t h a t  th e  e n d o th e liu m  i s  a c c e s s ib l e  f o r  o p t im a l  
f r e e z i n g .  The b r a i n s  in  u n t r e a te d  c o n t r o l s  w ere im m e rs e -f ix e d  in  
a ld e h y d e s .  O th e r  c o n t r o l s  and  a l l  o t h e r  b r a i n s  w ere r a p i d l y  f ro z e n  
(R F ) , th e n  s u b s t i t u t e d  a t  low  t e m p e ra tu re  w i th  a c e t o n e - f i x a t i v e .  
H y p o th erm ic  f r o g s ,  k e p t  a t  2 -  5°C f o r  5 d ay s  i n  o r d e r  to  m in im ize  
e n d o c y to s i s ,  w ere a l s o  c r y o f i x e d .  L a rg e  i n v a g i n a t i o n s  o r  p i t s ,  
( a b o u t  0 .0 8  -  0 .3 2  μ m w id e ) o f  th e  e n d o th e l i a l  c e l l  membrane 
c h a r a c t e r i z e  b o th  RF and a ld e h y d e - f ix e d  v e s s e l s .  The p i t s  o f te n  
a p p e a r  a s  i s o l a t e d  v e s i c l e s  i n  t h e  c y to p la s m , b u t  s e r i a l  s e c t i o n s  
r e v e a l  t h a t  many com m unicate  w i th  e i t h e r  th e  c a p i l l a r y  lum en o r  
s u b e n d o th e l ia l  s p a c e .  The num ber o f  p i t s  i n  th e  a ld e h y d e  f ix e d  and 
c o ld - i n ju r e d  sp e c im en s  i s  a b o u t  3 t im e s  g r e a t e r  ( p < .0 1 )  th a n  in  
RF c o n t r o l s .  H y p e ro sm o tic  e x p o s u re -d o e s  n o t  i n c r e a s e  th e  num ber o f  
p i t s  w h e re a s  h y p o th e rm ia  re d u c e s  th e  num ber com pared  to  n o rm o th e r 
m ic c o n t r o l s .  In  th e  h y p o th e rm ic  f r o g s ,  a d e c re a s e d  f l u i d i t y  o f  
th e  c e l l  membrane may a c c o u n t  f o r  th e  u s u a l l y  few e r  p lasm alem m al 
f o ld s  and  p i t s ,  b u t  i t  i s  n o t  y e t  c e r t a i n  w h e th e r  th e  j u n c t i o n s  
a r e  l e s s  d e fo rm a b le  i n  th e  m ore v i s c o u s  l i p i d  m em brane. S i g n i f i 
c a n t l y ,  th e  j u n c t i o n a l  c e l l  m em branes o f  o v e r la p p in g  e n d o th e l i a l  
c e l l s  i n  n o rm o th e rm ic  f r o g s  g iv e n  h y p e ro s m o tic  u r e a  a r e  s e p a r a te d  
p a r t i a l l y  o r  c o m p le te ly  a lo n g  t h e i r  e n t i r e  l e n g th  by  a  c l e f t  15 -  
60 nm w id e . A few  e n d o t h e l i a l  p r o c e s s e s  a r e  s e p a r a te d  by v e ry  
l a r g e  p o r e s  a b o u t  0 .1 4  -  0 .2  μ m w id e . The open c l e f t s  and  th e  
p o r e s  may h av e  b een  c a u se d  by c e l l  s h r in k a g e  b e c a u s e ,  a s  d e t e r 
m ined  m o rp h o m e tr ic a l ly ,  th e  a r e a  (A) o f  th e s e  c e l l s  d im in is h e s  
w h i le  t h e i r  p e r im e te r  (P) re m a in s  a b o u t  th e  same a s  i n  c o n t r o l s .  
The P/A  r a t i o  i n  th e  h y p e ro s m o tic  g ro u p  i s  th u s  g r e a t e r  ( p < .0 5 )  
th a n  i n  th e  c o n t r o l s .  T h e re  i s  a  t r e n d  f o r  an  augm ented  P/A  r a t i o  
(0 .1 < p > .0 5 )  i n  c o ld -d a m a g e d  s p e c im en s  b e c a u s e  o f  an  i n c r e a s e  i n  
P b ro u g h t  a b o u t  by m y ria d  p i t s  o r  i n v a g i n a t i o n s  o f  th e  p lasm a  mem
b r a n e .  T h u s , th e  o s m o tic  o p e n in g  o f  th e  e n d o th e l i a l  t i g h t  j u n c 
t i o n s  h a s  b een  d i r e c t l y  show n. R e a c tiv e  e n d o th e liu m  o f  c o ld -  
damaged b r a i n  c an  be h ig h ly  p l i c a t e d  and  in v a g in a te d .  H ow ever, 
t h e r e  i s ,  a s  y e t ,  no e v id e n c e  o f  a  p a r a j u n c t i o n a l ,  t r a n s c y t o t i c  
pa th w ay  i n  th e  s t i m u l a te d  c a p i l l a r y  e n d o th e liu m  o f  th e  b r a i n .

293.4  TRANSPORT RELATED MICRODOMAINS IN ENDOTHELIAL CELLS IN THE 
DEVELOPING, AGING AND INJURED MOUSE BLOOD-BRAIN BARRIER.
A .S . L o s s in s k y ,  A.W. V o rb ro d t*  and  H.M. W isn ie w sk i* , D epartm en t of 
P a t h o lo g i c a l  N e u ro b io lo g y , New Y ork S t a t e  O f f ic e  o f  M en ta l 
R e ta r d a t io n  and D ev e lo p m e n ta l D i s a b i l i t i e s ,  I n s t i t u t e  f o r  B asic  
R e s e a rc h  i n  D e v e lo p m e n ta l D i s a b i l i t i e s ,  S t a te n  I s l a n d ,  N.Y. 10314.

I n  th e  c o u rs e  o f  o u r  p r e v io u s  s t u d i e s ,  we h av e  o b s e rv e d  
t u b u lo - c a n a l i c u l a r  s t r u c t u r e s ,  p re su m a b ly  r e p r e s e n t i n g  a  t r a n s -  
e n d o t h e l i a l  t r a n s o r t  m echanism  w h ic h , i n  a d d i t i o n  to  v e s i c u l a r  
t r a n s p o r t ,  m a n i f e s t s  i n  b r a i n  e n d o th e l i a l  c e l l s  (ECs) o f  ro d e n ts  
fo llo w in g  damage o f  th e  b lo o d - b r a in  b a r r i e r  (BBB). The p u rp o se  of 
th e  p r e s e n t  s tu d y  was t o :  a )  e v a lu a t e  w h e th e r  th e  tu b u lo -  
c a n a l i c u l a r  s t r u c t u r e s  r e p r e s e n t  d i f f e r e n t i a t e d  m ic ro d o m ain s  o f  the 
EC plasm alem m a; and b) d e te rm in e  i f  t h e s e  s t r u c t u r e s  a p p e a r  p r io r  
to  BBB m a tu r a t i o n  i n  th e  m ouse a n d /o r  w h e th e r  th e y  a p p e a r  i n  th e  
aged  b r a i n  m ic r o v a s c u la tu r e .  The fo llo w in g  e x p e r im e n ta l  g ro u p s of 
m ice  w ere  u s e d :  (1 ) p o s t n a t a l  i n f a n t s :  day 1 -d ay  14; (2 ) norm al 
60 day young a d u l t s ;  (3 ) young a d u l t  m ice  s u b je c t e d  to  c o ld  le s io n  
i n j u r y  and (4 ) aged  m ice  (2 y e a r s  o r  o l d e r ) .  A l l  a n im a ls  re c e iv e d  
e i t h e r  i n t r a v a s c u l a r  i n j e c t i o n s  o f  h o r s e r a d is h  p e ro x id a s e  (HRP) or 
i n  s i t u  i n c u b a t io n  w i th  c a t i o n i c  f e r r i t i n  (CF) i n  o r d e r  to  e v a lu a te  
BBB p e r m e a b i l i t y  o r  EC a n io n ic  n a tu r e  r e s p e c t i v e l y .  U l t r a 
s t r u c t u r a l  a n a ly s i s  i n d i c a t e d  t h a t :  (1 )  HRP le a k s  a c r o s s  deve lop ing  
MBVs f o c a l l y  up to  c a . two w eeks v i a  v e s i c u l o - c a n a l i c u l a r  s t r u c 
t u r e s  and n o t  th ro u g h  open EC j u n c t i o n s ;  (2 )  t h i s  l e a k a g e  was 
s i m i l a r  to  i n ju r e d  BBB t r a n s p o r t ,  n o t  o b se rv e d  i n  n o rm al o r  aged 
m ic e , (3 ) th e  d i s t r i b u t i o n  o f  CF l a b e l in g  i n  e n d o th e l ia  o f  
d e v e lo p in g  b r a i n s  was a l s o  r e m a rk a b ly  s i m i l a r  to  th e  CF p r o f i l e s  
o b s e rv e d  i n  ECs from  i n ju r e d  m ic ro b lo o d  v e s s e l s .  CF g r a n u le s  were 
o b s e rv e d  i n  a l l  e x p e r im e n ta l  a n im a ls  u n ifo rm ly  d i s t r i b u t e d  a lo n g  
th e  lu m in a l  EC plasm am em branes w i th  i n t e r r u p t i o n s  n o t ic e d  a t  
s p e c i f i c  l o c a t io n s  c o rr e s p o n d in g  to  v e s i c l e s  o r  t u b u la r  p r o f i l e s  
b u t  w ere  n o t  p r e s e n t  w i th in  th e  i n t e r i o r  l i m i t s  o f  e i t h e r  o f  th ese  
t r a n s p o r t  s t r u c t u r e s .  More o f  th e s e  ty p e s  o f  membrane i n t e r 
r u p t i o n s  w ere  o b s e rv e d  w i th in  ECs from  d e v e lo p m e n ta l  and in ju r e d  
b r a i n s  and  to  a  l e s s e r  e x te n t  i n  aged  and n o rm a l b r a i n  ECs. Our 
r e s u l t s  s u g g e s t  t h a t  some m echanism s o f  i n c r e a s e d  BBB p e rm e a b il i ty  
a r e  e x p re s s e d  b e f o r e  f u l l  b r a i n  d e v e lo p m e n t, become q u ie s c e n t  
d u r in g  n o rm a l a d u lth o o d  and m a n i f e s t  i n  s i m i l a r  f a s h io n  fo llo w in g  
b r a i n  i n j u r y .  S u p p o rte d  i n  p a r t  by a  g r a n t  from  th e  NINCDS, No. 
N S -18079-03
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2 9 3 . 5  THE MORPHOLOGY AND PERMEABILITY OF THE BLOOD-NERVE 
BARRIER OF THE FROG SCIA TIC  NERVE DURING CHRONIC 
WALLERIAN DEGENERATION C .H .L a t k e r * ,  A. W e e r a s u r iy a *  
a n d  S . I . Rap o p o r t  (SPON: M. C a r p e n t e r )  L ab  o f  
N e u r o s c i e n c e s ,  N a t i o n a l  I n s t i t u t e  on  A g in g ,  N IH , 
B e t h e s d a ,  MD 2 0 8 9 2 .

I n  t h e  p e r i p h e r a l  n e r v e ,  e n d o n e u r i a l  b lo o d  v e s s e l s  
a n d  t h e  p e r i n e u r i u m  fo rm  a  s e l e c t i v e  b a r r i e r ,  t h e  
b l o o d - n e r v e  b a r r i e r  (B N B ), w h ic h  l i m i t s  t h e  e n t r y  o f  
w a t e r - s o l u b l e  s u b s t a n c e s  i n  b lo o d  fro m  r e a c h i n g  t h e  
e n d o n e u r i a l  c o m p a r tm e n t .  D u r in g  W a l l e r i a n  d e g e n e r a 
t i o n  t h e r e  i s  a n  i n c r e a s e  i n  p e r m e a b i l i t y  o f  t h e  BNB 
t o  t r a c e r s  a t  t h e  s i t e  o f  t h e  t r a n s e c t i o n ,  b u t  l i t t l e  
i s  know n a b o u t  c h a n g e s  d i s t a l  t o  t h e  l e s i o n .  We t h e r e 
f o r e  i n v e s t i g a t e d  t h e  m o r p h o l o g ic a l  a n d  p e r m e a b i l i t y  
c h a n g e s  i n  t h e  BNB d i s t a l  t o  a  t r a n s e c t i o n  i n  n e r v e s  
i n  w h ic h  t h e r e  w as no  r e g e n e r a t i o n .  S c i a t i c  n e r v e s  o f  
a d u l t  R ana  p i p i e n s  w e re  c u t  i n  t h e  a b d o m in a l  c a v i t y ,  
t i e d  t o  p r e v e n t  r e g e n e r a t i o n ,  a n d  e x a m in e d  a t  s e v e r a l  
p o i n t s  d i s t a l l y  i n  t h e  t h i g h .  A t i n t e r v a l s  f ro m  3 d a y s  
t o  6  w e e k s  p e r m e a b i l i t i e s  t o  h o r s e r a d i s h  p e r o x i d a s e  
(HRP) a n d  [1 4 C ]s u c r o s e  w e re  m e a s u r e d .  P r o l i f e r a t i o n  o f  

c e l l u l a r  c o m p o n e n ts  w as  e v a l u a t e d  by  t h e  u p t a k e  o f  
[3 H ] t h y m i d i n e . I n  e n d o n e u r i a l  c a p i l l a r i e s ,  a n  i n c r e a s e  
i n  t h e  p e r m e a b i l i t i e s  t o  [1 4 C ]s u c r o s e  a n d  t o  HRP 
s t a r t e d  by  d a y  7 ,  r o s e  4 t o  6  f o l d  a t  3 w e e k s ,  a n d  
r e t u r n e d  to w a r d  n o rm a l v a l u e s  by  6 w e e k s .  T he t r a c e r s  
l e a k e d  i n i t i a l l y  a t  t h e  p r o x im a l  p o r t i o n  o f  t h e  n e r v e  
s tu m p  a n d  l a t e r  a t  t h e  d i s t a l  e n d .  U p ta k e  o f  [3H] 
t h y m i d i n e ,  w h ic h  w as e v i d e n t  w i t h i n  t h e  f i r s t  w e e k , 
w as fo u n d  i n  e n d o t h e l i a l  c e l l s ,  S ch w an n  c e l l s  a n d  t h e  
p e r i n e u r i a l  c e l l s .  T he u l t r a s t r u c t u r e  o f  e n d o n e u r i a l  
v e s s e l s  a p p e a r e d  n o rm a l t h r o u g h  t h e  p e r i o d  e x a m in e d .  
H ow ever by  3 w e e k s  t h e r e  w as a n  a c c u m l a t i o n  o f  l i p i d  
an d  m em brane d e b r i s  w i t h i n  p e r i n e u r i a l  c e l l s .  T h i s  
s tu d y  s u g g e s t s  t h a t :  1 .  W a l l e r i a n  d e g n e r a t i o n  i s  
a s s o c i a t e d  w i th  a l t e r e d  e n d o n e u r i a l  p e r m e a b i l i t y  d i s 
t a l  t o  t h e  l e s i o n  i n  t h e  f r o g  n e r v e ,  2 . t h e r e  i s  a  
t e m p o r a l - s p a t i a l  p a t t e r n  o f  p e r m e a b i l i t y  c h a n g e s  d u r 
in g  t h e  i n i t i a l  s t a g e s  o f  d e g e n e r a t i o n ,  3 .  e n d o t h e l i a l  
c e l l s  a r e  m o r p h o l o g i c a l  u n c h a n g e d  by  t h e  d e g e n e r a t i v e  
p r o c e s s ,  b u t  a f t e r  3 w e e k s  p e r i n e u r i a l  c e l l s  a p p e a r  t o  
r e s p o n d ,  4 .  p r o l i f e r a t i o n  o f  n o n - n e u r o n a l  c o m p o n e n ts  
o c c u r s  w i t h o u t  r e g e n e r a t i o n  o f  n e u r o n a l  e l e m e n t s ,  a n d  
5 .  r e s t o r a t i o n  o f  b a r r i e r  f u n c t i o n  d e p e n d s  on  s t a b i 
l i z a t i o n  o f  t h e  e n d o n e u r i a l  e l e m e n t s  a n d  i s  n o t  
d e p e n d e n t  on  i n t a c t  n e u r a l  c o m p o n e n ts .

293.6 EFFECTS OF MECHANICAL BRAIN INJURY ON CEREBRAL VASCULAR 
PERMEABILITY. F .F .  Sam aha, * K. M e in in g e r , * M.T. S h ip l e y and 
P .A . T o rn h e im . (SPON: T. M andybur) D e p t . o f  A n a t. C e l l  B i o l . ,  
U. C i n c in n a t i  C o l l .  M ed., C i n c in n a t i ,  OH 45267 .

The p r e s e n t  e x p e r im e n ts  w ere d e s ig n e d  to  s tu d y  th e  l o c a t io n  
an d  d u r a t i o n  o f  a l t e r e d  v a s c u l a r  p e r m e a b i l i t y  i n  th e  c e r e b r a l  
h e m is p h e re s  f o l lo w in g  m e c h a n ic a l  i n ju r y  t o  th e  b r a i n .  
A n e s th e t i z e d  c a t s  w ere e i t h e r  h e a d  i n ju r e d  ( u s in g  im p a c t,  
a c c e l e r a t i o n ,  and  r o t a t i o n  o f  th e  s k u l l )  o r  sham i n ju r e d .  A t 15 
m in u te s  and  7 d ay s  a f t e r  t ra u m a , h o r s e r a d i s h  p e ro x id a s e  (HRP) 
was a d m in i s t e r e d  i n t r a v e n o u s l y .  F iv e  m in u te s  l a t e r ,  th e  a n im a ls  
w ere p e r f u s e d  b r i e f l y  w i th  a  s a l i n e  c l e a r i n g  r i n s e ,  fo llo w e d  by 
a  b u f f e r e d  g lu te r a ld e h y d e -p a r a fo r m a ld e h y d e  s o l u t i o n .  A d ja c e n t  
s e r i a l  s e c t i o n s  a t  a p p ro x im a te ly  30 l e v e l s  o f  th e  c e r e b r a l  
h e m is p h e re s  w ere in c u b a te d  w i th  e i t h e r  3 ' 3 ' - d ia m in o b e n z id in e  
(DAB) o r  t e t r a m e th y lb e n z id in e  (TMB) a s  a  ch rom ogen. S e c tio n s  
w ere  ex am in ed  by  b r i g h t  and  d a r k f i e l d  m ic ro sc o p y  f o r  a r e a s  o f  
HRP r e a c t i o n  p r o d u c t .  E x t r a v a s a t io n  o f  HRP from  p e rm e a b le  
v e s s e l s  was assum ed  to  b e  r e p r e s e n te d  by  p e r i v a s c u l a r  r e a c t io n  
p r o d u c t .

I n  a n im a ls  w i th  t i s s u e  h e m o rrh ag e , DAB r e a c t i o n  p r o d u c t  was 
c o n f in e d  to  th e  r e g io n s  im m e d ia te ly  s u r r o u n d in g  th e  s i t e s  o f  
c o n tu s io n s .  By c o n t r a s t ,  w i th  u se  o f  TMB t h e r e  was p e r i v a s c u l a r  
r e a c t i o n  p r o d u c t  a t  a  num ber o f  l o c a t io n s  i n  h e m is p h e re s  w ith  
c o n tu s io n ,  i n c lu d in g :  1) th e  c o r t e x  and  w h i te  m a t t e r  a d ja c e n t  
to  c o n tu s io n ;  2) th e  a r e a  o f  i n t e r f a c e  b e tw e en  th e  l a t e r a l  
v e n t r i c l e ,  w h i te  m a t t e r ,  an d  d eep  g ra y  m a t t e r  co m p a rtm e n ts ; and 
3) th e  a r e a s  o f  i n t e r f a c e  b e tw e en  th e  c e r e b r a l  c o r t e x  and 
s u b c o r t i c a l  w h i te  m a t t e r .  I n  a d d i t i o n ,  th e  v e s s e l  w a l ls  o f  b o th  
c o n t r o l  an d  h e a d - i n ju r e d  a n im a ls  w ere  l i g h t l y  s ta i n e d ,  a llo w in g  
e x a m in a tio n  o f  v e s s e l  m o rp h o lo g y . T hese  f in d i n g s  w ere o b se rv e d  
a t  b o th  20 m in u te s  and  7 d ay s  a f t e r  i n ju r y .

Our r e s u l t s  s u g g e s t  t h a t  TMB i s  q u a l i t a t i v e l y  and  
q u a n t i t a t i v e l y  s u p e r i o r  to  DAB f o r  l o c a l i z i n g  s i t e s  o f  c e r e b r a l  
v a s c u l a r  p e r m e a b i l i t y  t o  p r o t e i n .  W ith  th e  TMB m eth o d , we 
o b s e rv e d  b reakdow n o f  th e  b l o o d - b r a in  b a r r i e r  t o  p r o t e i n  n o t  
o n ly  i n  t i s s u e  s u r r o u n d in g  c o n tu s io n  b u t  a l s o  a t  j u n c t i o n s  
b e tw e e n  t i s s u e  c o m p artm en ts  o f  th e  b r a i n .  The f in d i n g  o f  
p r o t e i n  le a k a g e  a t  th e  g ra y  m a t t e r / w h i te  m a t t e r  i n t e r f a c e  a t  7 
d ay s  f o l lo w in g  tra u m a  was u n e x p e c te d .  T h is  r e s u l t  s u g g e s t s  t h a t  
s e v e r e  b r a i n  i n ju r y  c a n  l e a d  to  e n tr a n c e  o f  p la sm a  c o n s t i t u e n t s  
i n to  t h e  e x t r a c e l l u l a r  sp a c e  o f  th e  b r a i n  f o r  p ro lo n g e d  p e r io d s  
a t  m u l t i f o c a l  s i t e s .  We h y p o th e s iz e  t h a t  t h i s  ty p e  o f  v a s c u la r  
ch an g e  r e s u l t s  from  m e c h a n ic a l  damage to  v e s s e l  w a l l s  se co n d a ry  
t o  s h e a r in g  f o r c e s  d e l i v e r e d  a t  t h e  t im e  o f  i n j u r y .

S u p p o r te d  by  NIH G ra n ts  NS 17975 , NS 23348 an d  USADAMD 17- 
8 6 -C -6 0 0 5 .

293.7 NECROSIS ASSOCIATED WITH BLOOD-BRAIN BARRIER CHANGES FOLLOWING A 
SIMULATED SUBARACHNOID HEMORRHAGE. P r i t i  S . Lacy, Department o f  
Anatomy, U n iv e r s ity  o f  M ichigan M edical S ch o o l, Ann A rbor, MI 
48109.

A bnorm al p o s t - c o n tr a s t  enhancement in  c r a n ia l com pu terized  
tomography observed  up to  20 days a f t e r  subarachnoid  hemorrhage 
has been r e p o r te d  in  reg io n s  b o rd er in g  th e  b asa l subarachnoid  
spaces (SS) su g g e s tin g  i t  i s  n o t " s u b a r a c h n o id "  b u t i s  parenchymal 
and i s  p o s s ib ly  due to  a breakdown o f  th e  b lo o d -b ra in  b a r r ie r  (BBB) 
[Doczi e t  a l .  J . Neurosurg. 60:335, 1984]. D isru p tio n  o f  BBB was 
su b se q u en tly  rep o r te d  by Sasa k i e t  a l .  (J . N eurosurg. 6 3 :433, 
1985) in  m ajor c e reb ra l a r t e r i e s .  The p r e s e n t s tu d y  sough t to  
determ ine i f  p re sen ce  o f  b lood  in  th e  SS r e s u l te d  in  parenchymal 
damage a s s o c ia te d  w ith  BBB changes.

A d u lt m ale Sprague-D awley r a t s  were a n e s th e t iz e d  w ith  Ketamine 
(90 mg/Kg, i .m . ) .  A pproxim ate ly  1 .6  cm o f  a p ie c e  o f  s i l a s t i c  
tu b in g  was le d  to  th e  v e n tr a l SS through a b u rr  h o le  in  th e  l e f t  
fr o n ta l  bone, m aneuvering i t  m anua lly  towards th e  m id lin e  a t  th e  
base o f  th e  s k u l l .  0 .3  ml o f  au to lo g o u s b lo o d  was in tro d u c ed  
through th e  tu b in g  in to  th e  v e n tr a l  subarachnoid  space . C o n tro ls  
were e i th e r  sham o pera ted  o r  were g iven  0 .3  ml s a l in e  in s te a d  o f  
b lood . Anim als were a llow ed  to  s u r v iv e  fo r  5 days. B ra in s  were 
su b se q u e n tly  f i x e d  v ia  p e r fu s io n  w ith  FAM (form aldehyde, g la c ia l  
a c e t ic  a c id ,  m ethano l, 1 :1 : 8 ) .  F o llow ing  dehydra tion  and embedding 
in  p a r a f f i n ,  7 μm s e c t io n s  were c u t and s ta in e d  w ith  hem a toxylin  
and eo s in  and e v a lu a ted  fo r  parenchym al damage.

Exam ination o f  s k u l l s  in d ic a te d  e i th e r  p resen ce  o f  sm all 
q u a n t i t i e s  o f  b lo o d  (n=5) o r  i t s  absence (n=1 ) .  Gross exam ination  
o f  b r a in s  r e v e a le d  dark (b la c k , r e d d ish  brown, g rey) a rea s  on 
l e f t  s id e  o n ly  (n=6). The dark a rea s  corresponded to  th e  lo c a tio n  
o f  b lood  p r e s e n t in  th e  s k u l l  in d ic a t in g  d is r u p tio n  o f  BBB (n=5). 
In  th e  rem ainder (n=1 ) dark grey  area was p r e s e n t w ith o u t ev idence  
o f  b lood  in  th e  s k u l l .  Brain s e c t io n s  r evea led  n e c r o s is  o n ly  in  
an im als w ith  s im u la te d  subarachnoid  hemorrhage which was l im i te d  
to  th e  l e f t  s id e  to  c o r te x ,  s tr ia tu m , am ygdaloid n u c le u s ,  
e n to rh in a l c o r te x  and sub icu lum . Hippocampus appeared normal on 
bo th  s id e s .  The r e s u l t s  in d ic a te  th a t  n e c r o s is  i s  a s so c ia te d  w ith  
d is r u p tio n  o f  BBB and i s  due to  p re sen ce  o f  b lood  in  SS . The 
absence o f  n e c r o s is  on th e  r ig h t  s id e  o f  th e  b r a in s  and i n f i l t r a 
tio n  o f  b lood  in to  b ra in  su r fa c e  on th e  l e f t  s id e  o n ly  a ls o  
in d ic a te d  th a t  parenchym al damage was a s so c ia te d  w ith  d is r u p tio n  
o f  th e  BBB.

293.8  EFFECT OF NMR IMAGING ON BRAIN CORTEX MICROVESSELS OF THE RAT: IN
CREASED PERMEABILITY OF THE BLOOD-BRAIN BARRI ER. R .R . S h iv e r s ,  M. 
K a v a l i e r s ,  F .S .  P r a t o , * and R .-M . P e l l e t i e r .* D e p a r tm e n ts  o f  
Z o o lo g y , N u c le a r  M e d ic in e  and Anatom y. U n iv . o f  W e ste rn  O n ta r io ,  
L ondon, O n ta r io ,  C anada N6A 5B7.

The h ig h ly  r e g u l a t e d ,  s e l e c t i v e l y  p e rm e a b le  i n t e r f a c e  b e tw e en  th e  
v a s c u l a r  and  c e n t r a l  n e rv o u s  s y s te m s  o f  v e r t e b r a t e s ,  t h e  b lo o d - b r a in  
b a r r i e r ,  h a s  b e e n  shown to  be f u n c t i o n a l l y  a l t e r e d  by  a  b ro a d  s p e c 
tru m  o f  p h y s i c a l  and c h e m ic a l  i n s u l t s .  I n c r e a s e d  p e r m e a b i l i t y  o f  
t h i s  b a r r i e r  t o  t r a c e r s  su c h  a s  h o r s e r a d i s h  p e ro x id a s e  i s  t h e  m ost 
f r e q u e n t l y  o b s e rv e d  co n seq u e n c e  o f  p a th o l o g i c a l  a g e n t s ,  in c lu d in g  
p u r e ly  p h y s ic a l  o n e s  ( i e .  s t r e s s ,  m icrow ave i r r a d i a t i o n ,  h ig h  b lo o d  
p r e s s u r e ,  h e a t  s h o c k ) .  The p r e s e n t  s tu d y  on th e  i n t e g r i t y  o f  th e  r a t  
b l o o d - b r a in  b a r r i e r  d u r in g  m a g n e tic  re s o n a n c e  im ag in g  (M R I), u n d e r  
c o n d i t i o n s  i d e n t i c a l  t o  th o s e  u s e d  to  s c a n  human p a t i e n t s ,  c l e a r l y  
shows t h a t  u n d e r  th e  i n t e n s e  m a g n e tic  f i e l d  o f  th e  MRI s i t u a t i o n ,  
t h e  b a r r i e r  becom es p e rm e a b le  t o  h o r s e r a d i s h  p e r o x i d a s e , and  i s  
t h e r e f o r e  p resum ed  t o  be  r e n d e r e d  " le a k y " .  E l e c t r o n  m ic ro s c o p ic  
e x a m in a tio n  o f  f r o n t a l  c o r t e x  m ic r o v e s s e ls  from  w h ich  t r a c e r  had  
e s c a p e d  i n t o  th e  a d ja c e n t  i n t e r c e l l u l a r  com partm en t o f  t h e  b r a i n  
p a ren ch y m a, f a i l e d  t o  d e m o n s tra te  i n t e r e n d o t h e l i a l  t i g h t  j u n c t i o n s  
( z o n u la e  o c c lu d e n te s )  w h ich  h ad  b e e n  c o m p le te ly  p e rm e a te d  w i th  p r o 
t e i n  t r a c e r .  T h ese  j u n c t i o n s  a r e  th u s  c o n s id e r e d  s t r u c t u r a l l y  i n t a c t  
-  a  c o n c lu s io n  s u p p o r te d  by f r e e z e - f r a c t u r e ,  i n  w h ich  a l l  t i g h t  
j u n c t i o n s  exam ined  w ere  s t r u c t u r a l l y  i d e n t i c a l  t o  th o s e  o f  u n a f f e c 
t e d  c o n t r o l  b r a i n  m ic r o v e s s e l s .  On th e  o t h e r  h a n d , t h e  c y to p la s m  o f  
b r a i n  c a p i l l a r y  e n d o th e l i a  o f  M R I- t r e a te d  r a t s  c o n ta in e d  num erous 
t r a c e r - f i l l e d  v e s i c l e s  and  t u b u lo - v e s i c u l a r  p r o f i l e s .  The v e s i c l e s  
w ere  o f t e n  a t t a c h e d  to  t h e  lu m in a l  o r  a b lu m in a l  p lasm a  membrane a s  
w e l l  a s  f r e e  i n  t h e  c y to p la s m . O c c a s io n a l ly ,  th e  t r a c e r - l a d e n  tu b u 
l o - v e s i c u l a r  s t r u c t u r e s  a p p e a re d  to  e x te n d  from  th e  lu m in a l  t o  ab 
lu m in a l  p lasm alem m a, to  w h ich  th e y  w ere  f u s e d ,  th e r e b y  c r e a t in g  
t r a n s - e n d o t h e l i a l  c o n d u i t s  f o r  e x t r a v a s a t io n  o f  t r a c e r  i n t o  th e  
s u b ja c e n t  e x t r a c e l l u l a r  e n v iro n m en t o f  t h e  b r a i n .  E x a m in a tio n  o f  
p la t in u m  r e p l i c a s  o f  b r a i n  c a p i l l a r y  e n d o th e l ia  from  t r e a t e d  r a t s  
c o n f irm e d  o b s e r v a t io n s  made on t h i n  p l a s t i c  s e c t i o n s  and  r e v e a l e d  
v e s i c l e s  and  t r a n s - e n d o t h e l i a l  c h a n n e ls  i d e n t i c a l  to  th o s e  fo u n d  in  
o t h e r  s t u d i e s  o f  b l o o d - b r a in  b a r r i e r  d y s f u n c t io n  ( e g .S h i v e r s ,  B ra in  
R e s .1 7 0 :5 0 9 ,1 9 7 9 ;F a r r e l l  and  S h iv e r s ,  A c ta  N e u r o p a th o l .6 3 :1 7 9 ,1 9 8 4 ; 
S h iv e r s  and  H a r r i s ,  N e u r o p a th o l .A p p l .N e u r o b io l .1 0 :3 4 3 ,1 9 8 4 ;S h iv e r s  
e t  a l ,  A c ta  N e u r o p a th o l .6 4 :1 9 2 ,1 9 8 4 ) . The r o u te  o f  t r a c e r  e x t r a v a 
s a t i o n  o b s e rv e d  i n  t h i s  s tu d y  i s  t h e r e f o r e ,  l i k e l y  v i a  v e s i c u l a r  and 
t u b u l o - v e s i c u l a r  t r a f f i c ; n o t  by p a s s a g e  o f  t r a c e r  th ro u g h  d i s r u p t e d  
i n t e r e n d o t h e l i a l  t i g h t  j u n c t i o n s .  R e s u l t s  o f  t h i s  s tu d y  s t r o n g l y  
s u g g e s t  t h a t  u n d e r  t h e  c o n d i t i o n s  o f  r o u t i n e  c l i n i c a l  NMR im a g in g , 
th e  b lo o d - b r a in  b a r r i e r  o f  r a t s  i s  r e n d e r e d  te m p o r a r i ly  " l e a k y " -  a  
c o n d i t i o n  t h a t  c o u ld  j e o p a r d iz e  c o n s e rv e d  and  r e g u l a t e d  f u n c t io n in g  
o f  t h e  c e n t r a l  n e rv o u s  sy s te m . S u p p o rte d  by  NSERC (RRS,MK).
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293.9 ACUTE MICROWAVE IRRADIATION ALTERS IN VIVO MICRO-PINOCYTOTIC UP
TAKE OF RHODAMINE-FERRITIN COMPLEX BY C N S  CAPILLARY ENDOTHELIAL 
CELLS (CEC). J .  N ierenberg* , R.A. S c h il l in g *  and D.G. Lange. 
D epartm ent o f A n e s th e s io lo g y /C r it ic a l  Care M edicine, The Johns 
Hopkins M edical I n s t i t u t i o n s ,  B a ltim o re , MD 21205

Acute exposure to  microwave r a d ia t io n  (2 .45  GHz, cw, 80 mW/cm2 , 
30 min) in  Sprague-Dawley r a t s  (200-250 gm), has been shown to  
a l t e r  the amount o f h o rs e ra d is h  pero x id ase  s ta in in g  seen  by 
e lec tro n -m ic ro sc o p y . However, the e x is te n c e  of f ix a t io n  a r t i f a c t ,  
and the poor f l e x i b i l i t y  o f the  assay  system  to  p e r tu rb a t io n  by 
o th e r  a g e n ts , a s  w e ll a s  the long tu rn -a ro u n d  tim e, prompted the 
ev a lu a tio n  o f an a l t e r n a t e  i n  v iv o / in  v i t r o  m ic ro -p in o c y to s is  
a s s a y . R hodam in e-F erritin  complex has been dem onstrated  to  e s t i 
mate the up take o f f lu o re s c e n t  m a te r ia l ,  by p in o c y to tic  mecha
n ism s, in to  c a p i l l a r y  e n d o th e l ia l  c e l l s  is o la te d  from ep i didym al 
f a t  pads (Wagner e t  a l . ,  M icrovasc . R e s . , 14:6780, 1977). We 
have ad ap ted  th i s  te chn ique in  b o th  in  v ivo  and in  v i t r o  a ssay  
system s em ploying CEC's i s o la te d  from microwave exposed an im a ls .

In  the  in  v i t r o  a s s a y , r a t s  a re  exposed to  microwave r a d i a t i o n ,  
s a c r i f i c e d ,  and the CEC is o la te d  u s in g  a m odified  techn ique o f 
Betz e t  a l .  ( Am. J .  P h y s io l . , 2 3 6 (1 ):9 6 , 1979). A f te r  i s o la t io n ,  
the CEC a re  in cuba ted  in  the  p resence  o f R hod am in e-F erritin  com
p lex  (5-10  mg/m l). The microwave exposed CEC's showed a non
s ig n i f i c a n t  tim e-dependen t in c re a s e  in  m ic ro -p in o c y to tic  a c t i v i t y  
by 45 m inutes in to  the  in c u b a tio n . S ince m ic ro -p in o c y to s is  in  
CEC's i s  predom inan tly  a lum inal membrane phenomenon (B roadw ell e t  
a l . ,  P roc . N a tl .  Acad. S c i. 80:7352-7356, 1983), the CEC's were 
exposed i n  v ivo  to  the R hod am in e-F erritin  com plex, in  p en to b a rb i
t a l  a n e s th e t iz e d  r a t s ,  by a bo lu s  in trav en o u s  in je c t io n  (~ 30 mg/ 
k g ) . Follow ing e i t h e r  a 30 min sham o r  microwave r a d ia t io n  expo
s u re , the  CEC's were h a rv e s te d  from PBS p erfu sed  b ra in s  (40 ml a t  
pH = 5 .8 ) ,  and assayed  fo r  R h o d am in e-F erritin  complex c o n te n t.

1 Microwave exposure ap p rox im ate ly  doubled the amount o f Rhodamine- 
F e r r i t i n  complex found in  the i s o la te d  CEC's (0 .005 μg /μg DNA vs 
0.009 μ g /μg DNA). T h is in c re a s e  in  up take by the lum inal su r
fa c e  o f CEC’ s was a s s o c ia te d  w ith  a s ig n i f i c a n t  in c re a s e  in  the 
r a t e  of c le a ra n c e  o f R hodam in e-F erritin  complex from the plasma 
( t  1/2  = 57 min in  c o n tro l  vs t  1 /2  = 30 min in  microwaved a n i
m a ls ) . T h is  d a ta  su p p o rts  the h y p o th e sis  th a t  microwave energy 
in c re a s e s  the m ic ro -p in o c y to tic  a c t i v i t y  o f the lum inal su r fa c e  
o f CEC's. (Supported  by ES-03386).

293.10 KINETIC ANALYSIS OF ORGANIC ACID HERBICIDE, 2 , 4 , 5 -  
TRICHLOROPHENOXYACETIC ACID ( 2 , 4 , 5 - T ) ,  UPTAKE BY THE 
RABBIT CHOROID PLEXUS. R .F .  K e i z e r *  and C .S .  Kim*. 
(SPON: C.G. L i n e b e r r y ) .  D e p t . o f  N e u ro lo g y  and B io l .  
S c i .  R es .  C t r . ,  U niv .  o f  N o r th  C a r o l i n a  Sch.  o f  Med., 
C hape l  H i l l ,  NC 27514.

The o r g a n i c  a c i d  h e r b i c i d e s  2 , 4 - d i c h l o r o p h e n o x y -  
a c e t i c  a c i d  ( 2 , 4 - D )  and 2 , 4 , 5 - T ,  com ponents  o f  Agent 
O ra n g e ,  w ere  u s e d  e x t e n s i v e l y  f o r  weed c o n t r o l  d u r i n g  
Vie tnam w ar.  I n c r e a s i n g  d a t a  h a s  p r o v i d e d  e v i d e n c e  
f o r  n e u r o t o x i c  e f f e c t s  among p e o p l e  who have  been  
e x p o s e d  ( IARC m onogr . 1 5 :1 1 1 -1 3 8 ;  2 7 3 -3 0 0 ,  19 7 7 ) .  A 
d i s t i n c t i v e  t r a n s p o r t  s y s te m  f o r  2 ,4 -D  has  b een  
d e s c r i b e d  i n  t h e  c h o r o i d  p l e x u s  (Kim e t  a l . ,  J . 
P h a rm a c o l .  Exp .  T h e r . 2 2 5 :6 9 9 - 7 0 4 ,  1983) and o u r  
p r e s e n t  s t u d y  p r o v i d e s  f u r t h e r  s t u d i e s  on i t s  
c o n g e n e r ,  2 , 4 , 5 - T .  A l l  k i n e t i c  s t u d i e s  were  conducted  
in  a l b i n o  r a b b i t s  o f  e i t h e r  s e x .  Animals  were  
s a c r i f i c e d  by d e c a p i t a t i o n  and t h e  c h o r o i d  p l e x u s  (CP) 
was d i s s e c t e d  f r e e  from t h e  l a t e r a l  and f o u r t h  
v e n t r i c l e  (LV, FV), r e s p e c t i v e l y .  T i s s u e s  w ere  
i n c u b a t e d  f o r  10 min in  a r t i f i c i a l  CSF c o n t a i n i n g  14C- 
2 , 4 , 5 - T  0 . 0 2 μ C i /m l  ( s p e c .  a c t .  23 mCi/mmo l ) .  T i s s u e  
u p t a k e  was e x p r e s s e d  a s  T/M r a t i o  and k i n e t i c  v a l u e s  
w ere  d e t e r m i n e d  by l e a s t  s q u a r e s  r e g r e s s i o n  l i n e  
f i t t e d  t o  a L i n ew e a v e r -B u rk  p l o t  u s i n g  2 , 4 , 5 - T  a t  
s ev e n  d i f f e r e n t  c o n c e n t r a t i o n s  r a n g i n g  from 0 .0 1  t o  
1 .0  mM. A n a l y s i s  o f  t h e  u p t a k e  r e v e a l e d  a g r e a t e r  
Vmax in  LVCP ( 0 . 1 0 7  μ m o l / ml / mi n ) t h a n  t h a t  o f  FVCP 
( 0 . 0 8 6  μ m o l / m l / a i n )  b u t  no ch an g e  in  Km (LVCP, 0 .0 5 8  
mM; FVCP, 0 .0 5 7  mM). The l a r g e r  T/M r a t i o  ( g r e a t e r  
t h a n  1) f o r  2 , 4 , 5 - T  i n d i c a t e s  t h e  i n t r a c e l l u l a r  
a c c u m u l a t i o n  i n  e x c e s s  o f  t h e  medium c o n c e n t r a t i o n  and 
t h e  u p t a k e  was c o n c e n t r a t i o n - d e p e n d e n t  and i n h i b i t e d  
by o u a b a i n  and h y p o t h e r m i a .  I n h i b i t i o n  by o r g a n i c  
a c i d s  was s p e c i f i c  f o r  t h o s e  compounds w hich  s h a r e  the  
o r g a n i c  a c i d  t r a n s p o r t  s y s t e m .  2 , 4 , 5 - T  and 2 ,4 -D  were 
m u t u a l l y  i n h i b i t o r y  i n  a c o n c e n t r a t i o n - d e p e n d e n t  
manner  and t y r o s i n e  f a i l e d  t o  i n h i b i t  t h e  u p t a k e  o f  
14C - 2 , 4 , 5-T  by e i t h e r  FVCP o r  LVCP. The p r e s e n t  
r e s u l t s ,  t h e r e f o r e ,  s t r o n g l y  s u g g e s t  t h a t  a c t i v e  
t r a n s p o r t  o f  2 , 4 , 5 - T  o p e r a t e s  a c r o s s  t h e  C SF-b lood  
b a r r i e r  by o r g a n i c  a c i d  t r a n s p o r t  s y s t e m ,  w h ich  may 
c r i t i c a l l y  a f f e c t  t h e  n e u r o t o x i c i t y  o f  t h e  compound by 
d e t e r m i n i n g  t h e  e f f i c i e n c y  o f  i t s  rem ova l  from b r a i n .  
S u p p o r t e d  in  p a r t  by NIH g r a n t s :  HD-03110 and ES- 
03458.

293.11 A PREVIOUSLY UNREPORTED PATHOLOGIC CONSEQUENCE OF ARGYRIA. Steve 
Landas*, Robert L. Schelper*, Richard Broadwell*1 , Lee D. 
Mitchell* , Lawrence D. Wilki n *, A.Kim Johnson*. (SPON: Alan 
Randich). Departments of Pathology, Univers ity  of Iowa, Iowa 
City , Iowa 52242, and Univers ity  of Maryland1, Baltimore, 
Maryland 21201.

Argyria is systemic in toxica t ion  or overload with s i lv e r  
compounds. S i lver  absorption usually  occurs following indus tr ia l  
or medicinal exposure. In the p re -a n t ib io t i c  era large 
q uan t i t ie s  of s ilve r-con ta in ing  agents were occasionally  used in 
the treatment of some condit ions. Consequences of argyria have 
long been thought to be limited to cosmetic a l t e r a t io n s :  intense 
gray d is co lo ra t ion  of sk in , s c le ra ,  and mucous membranes. We 
have studied the autopsy brain specimen of an e lde r ly  woman with 
argyria and have previously reported findings which demonstrate 
s im i l a r i t i e s  in c ircumventr icular organ vascular permeabili ty  
between experimental animal and human brain s .  In add i t ion ,  we 
have found evidence of s i lv e r  deposit ion in another s i t e  of 
neural-hemal con tact ,  the specia lized  o lfac to ry  epithelium. In 
considera tion of animal models of anosmia induced by application  
of s i lv e r  s a l t s ,  the pa t te rn  of s i lv e r  deposition  in our pa t i e n t ,  
and the markedly shrunken an te r io r  commissure in her bra in ,  we 
believe we have found a s p ec i f i c ,  non-cosmetic pathologic 
consequence of a r g y r i a .  We postu la te  s i lv e r  s a l t s ,  in high 
concentrations ,  may cause cel l death in the zones of neural-hemal 
contact  in argyric  pa t ien ts  with subsequent transynapt ic  
degeneration.  The d is t r ib u t io n  o f  s i lv e r  in crania l nerve 
nuc le i ,  spinal cord, and dorsal root ganglia is a lso examined and 
compared with animal models.

293.PO ISOLATION AND COMPOSITION OF A 4200 DALTON PEPTIDE FROM VASCULAR 
AMYLOID OF ALZHEIMER'S DISEASE. W.M. P a r d r id g e ,  H.V. V i n t e r s * , 
J .  Y ang*, J .  E i s e n b e r g * ,  T. C h o i* , and W.W. T o u r t e l l o t t e . D e p ts . 
o f  M e d ic in e , P a th o lo g y ,  and  N e u ro lo g y , UCLA S c h o o l o f  M e d ic in e , Los 
A n g e le s ,  CA 90024 and  N eu ro lo g y  S e r v ic e ,  W adsw orth V e te ra n s  Admin
i s t r a t i o n ,  Los A n g e le s , CA 90073.

The c a r d i n a l  l e s i o n s  o f  A lz h e im e r ' s d i s e a s e  a r e  n e u r o f i b r i l l a r y  
t a n g l e s ,  n e u r i t i c  p l a q u e s ,  and  v a s c u la r  a m y lo id . The v a s c u la r  
am y lo id  g e n e r a l ly  in v o lv e s  s m a l l  a r t e r i o l e s .  S in c e  r e c e n t  s tu d i e s  
show t h a t  i n t a c t  m ic r o v e s s e ls  can  b e  r e a d i l y  i s o l a t e d  in  h ig h  
y i e l d  from  a u to p s y  human b r a i n  up t o  40 h o u rs  p o s tm o rtem  (P a rd r id g e  
e t .  a l . ,  1 9 8 5 ) ,  t h e  i s o l a t i o n  o f  m ic ro v e s s e l s  from  A lz h e im e r 's  
d i s e a s e  i a  a  new a p p ro a c h  f o r  i s o l a t i n g  t h e  p r o t e i n  c o m p r is in g  th e  
v a s c u l a r  am y lo id  i n  A lz h e im e r 's  d i s e a s e .  C a p i l l a r i e s  and s m a ll  
a r t e r i o l e s  w ere i s o l a t e d  from  t h r e e  A lz h e im e r 's  d i s e a s e  b r a i n s  and 
t h r e e  c o n t r o l  b r a i n s  by m e c h a n ic a l  h o m o g e n iz a tio n ,  d e x tr a n  f l o t a 
t i o n ,  210μ n y lo n  m esh s e iv i n g ,  and P e r c o l l  d e n s i t y  c e n t r i f u g a t i o n .  
One o f  t h e  A lz h e im e r 's  d i s e a s e  b r a i n s  showed e x te n s iv e  a m y lo id  
a n g io p a th y  i n  f o r m a l i n - f i x e d ,  p a ra f f in -e m b e d d e d  6μ s e c t i o n s .  The 
s m a l l  a r t e r i o l e s  i s o l a t e d  from  t h i s  b r a i n  a l s o  showed e x te n s iv e  
am y lo id  a n g io p a th y  a f t e r  s t a i n i n g  w i th  0 .0 5 % Congo r e d .  T hese 
c a p i l l a r i e s  w ere s o l u b i l i z e d  in  90% fo rm ic  a c id  and  t h e  s u p e rn a ta n t  
was s u b je c t e d  t o  u r e a  sodium  d o d e c y ls u l f a t e  (SDS) p o ly a c ry la m id e  
g e l  e l e c t r o p h o r e s i s  (PAGE). The A lz h e im e r  s u b je c t  w i th  e x te n s iv e  
c o n g o p h i l i c  a n g io p a th y  showed a  u n iq u e  4200 D a lto n  p e p t id e  band 
a f t e r  s t a i n i n g  o f  t h e  g e l  w i th  Coom asie b l u e ;  t h e  t h r e e  c o n t r o l s  
and  tw o A lz h e im e r 's  d i s e a s e  s u b je c t s  w i th o u t  am y lo id  a n g io p a th y  
showed no 4200 D a lto n  p e p t id e  on u r e a  SDS-PAGE. The 4200 D a lto n  
b and  was e x t r a c t e d  from  t h e  g e l  and  p u r i f i e d  by  C-4 r e v e r s e  p h a se  
h ig h  p e rfo rm a n c e  l i q u i d  ch ro m a to g ra p h y  (HPLC). Only two p ro m in e n t 
p e a k s  e l u t e d  a t  a p p ro x im a te ly  42 - 45% a c e t o n i t r i l e ,  and t h e s e  tw o 
p e a k s  w ere i n d i v i d u a l l y  e v a p o ra te d  t o  d r y n e s s ,  h y d ro ly z e d  by  a c id ,  
and  a n a ly z e d  f o r  am ino a c id  c o m p o s itio n  u s in g  t h e  P ic o -T a g  sy s te m  
(W a te rs ) .  B o th  p e a k s  e lu t e d  from  t h e  HPLC colum n w ere  o f  e s s e n t i a l 
l y  i d e n t i c a l  am ino a c id  c o m p o s itio n  and  c o n ta in e d  40 am ino a c id  
p e p t id e s  t h a t  w ere  p a r t i c u l a r l y  e n r ic h e d  i n  s m a l l  a l i p h a t i c  am ino 
a c i d s ,  su c h  a s  g l y c i n e ,  a l a n i n e ,  and v a l i n e  r e s i d u e s ,  i . e . ,  amino 
a c id s  e x p e c te d  f o r  a  β- p l e a t e d  s h e e t  p e p t i d e .  The am ino a c id  
c o m p o s itio n  o f  t h e  4200 D a lto n  p e p t id e  i s o l a t e d  from  v a s c u la r  
am y lo id  i s  v e ry  s im i l a r  t o  t h e  am ino a c id  c o m p o s itio n  o f  t h e  4200 
D a lto n  p e p t id e  r e c e n t l y  i s o l a t e d  from  n e u r i t i c  p la q u e s  o r  n e u ro 
f i b r i l l a r y  t a n g l e s  o r  a m y lo id  la d e n  m e n in g e a l v e s s e l s  o f  A lz h e im e r 's  
d i e a s e .  T h e r e f o r e ,  a l l  t h r e e  c a r d i n a l  l e s i o n s  o f  A lz h e im e r 's  
d i s e a s e  a p p e a r  t o  b e  c o m p rise d  o f  t h e  same 4200 D a lto n  c o re  p e p t id e .  
F u tu re  s tu d i e s  on t h e  o r i g i n  o f  t h e  4200 D a lto n  p e p t id e  ( i . e . ,  
b r a i n  v e rs u s  b lo o d  o r i g i n )  may l e a d  t o  a d v a n ce s  i n  t h e  d ia g n o s i s  
and  t r e a tm e n t  o f  A lz h e im e r 's  d i s e a s e .
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294.1 MOLECULAR BASIS OF TARGET SITE RESISTANCE TO NEUROTOXIC 
INSECTICIDES. D. P. Rossignol and P. K. Pipenberg, 
(SPON: J .Carnahan). Bio logical Chemistry Group, Agricul tural 
Products Dept., E. I .  Du Pont De Nemours & Co., Experimental 
S ta t ion ,  Wilmington, DE 19898.

Pe rs is ten t  act ivat ion  of voltage-dependent sodium channels 
is  responsible  for the  neurotoxic e f fec t  of pyre th ro ids,  DDT 
and several s tero ida l  a lka lo id s .  Resistance to  pyrethroids and 
DDT in sec t ic ides  in knockdown re s i s ta n t  (Kdr) in sec ts  is  
through decreased nerve s e n s i t i v i t y  to  these  tox ins .  Analysis 
of neurotoxin binding to  voltage dependent sodium channels and 
acety lcholine  receptors in nerve membrane prepara tions  from 
wild-type and Kdr houseflies  indica tes  tha t  the Kdr mutation 
r e s u l t s  in a decreased  number of vo l tage -dependen t  sodium 
channels.

A membrane f rac t ion  from housefly heads was purif ied  by 
d i f f e r en t ia l  cen t r i fuga t ion .  Neuronal membranes, as iden t i f ied  
by 3H saxitoxin  binding,  were enriched 5-6 fo ld  in the  high 
speed p e l l e t ,  and had a buoyant density of 1.14 g/ml on sucrose 
density g radients .

Membranes from wild-type and Kdr f l i e s  contained a s ing le ,  
high a f f in i t y  binding s i t e  for saxitoxin  tha t  was ident ical  in 
the two s t ra in s  (Kd=2.3nM a t 22°C). However, maximum binding 
(Bmax) in Kdr f l i e s  was 125 ± 51 fmoles/mg, a reduction of 
40-60% when compared to  wild type (Bmax=319 ± 33 fmoles/mg). 
I f  mutational a l t e r a t io n  of the sodium channel polypeptide 
occurred, i t  might re su l t  in an e f fec t  on saxitoxin  binding 
a f f i n i t y .  To t e s t  t h i s ,  b ind ing  was assayed under m ild ly  
denaturing conditions such as various temperatures and pH. In 
addi t ion ,  the d issoc ia t ion  ra te  of 3H saxitoxin was measured. 
No s ig n i f ic an t  di fferences between Kdr and wild type sodium 
channels were de tected ,  suggesting tha t  the  Kdr mutation does 
not re su l t  in a l t e ra t io n  of the sodium channel polypeptide.

In order to  determine i f  th is  decrease in sodium channel 
d e n s i ty  was due to  a general  d ecrease  in the  con ten t  of 
neuronal membrane p ro te ins ,  we measured the binding of 
125I -α -bungarotoxin to  acety lcholine  receptors .  Membranes from 
w i ld - ty p e  and Kdr f l i e s  co n ta in ed  a s i n g l e  c l a s s  of high 
a f f in i t y  binding s i t e s  having ident ical  Kd and Bmax values.

Thus, the  nerve membranes from toxin r e s i s ta n t  f l i e s  contain 
iden t ical  but fewer sodium channels than wild-type f l i e s .  In 
t h i s  case , when a neurotoxic agent causes p e rs is ten t  ac t iva t ion  
of sodium channels , reduction in the  number of sodium channels 
is  one mechanism of toxin re s is tance .

294.2 NEUROTOXIC INSECTICIDES ANTAGONIZE CHLORIDE UPTAKE AT THE MAMMAL
IAN GABAA RECEPTOR-CHLORIDE CHANNEL COMPLEX. J. R. Bloomquist, 
P. M. Adams*, and D. M. Soderlund*. Dept. of Entomology, New 
York State  Agricultural  Experiment S ta t ion ,  Cornell University , 
Geneva, NY 14456.

The GABAa receptor-chlo ride  channel complex is  an important 
mediator of inh ib i to ry  neurotransmission in the mammalian central  
nervous system. Competitive displacement of [ 35S]t-bu ty lb icy
clophosphorothionate (TBPS) binding by cyclodiene i nsectic ides  
has suggested th a t  the to x ic i ty  of these compounds is  due to 
blockage of the chloride  channel th a t  is  coupled to the GABAA 
receptor.  Using a functional 36Cl ion flux assay (Harris and 
Allan,  Science 228:1108, 1985) we found tha t  cyclodienes were 
e f fec t ive  inh ib i to rs  of GABA-dependent chloride  uptake a t  con
centra tions  comparable to those of the es tablished  chloride 
channel antagonists  p icro toxin in  ( I50=11 μM) and TBPS ( I50=1 . 3  μM) 
For a se r ies  of 7 cyclodienes, I50 values spanned a 140 fold 
concentration range in the following order of decreasing potency: 
12-ketoendrin; isobenzan; endri n; di e l d r i n; heptachlor epoxide; 
a l dr in ; and heptachlor.  I 50 values in the chloride flux assay 
were c lose ly  corre la ted  with to x ic i ty  (r=0.871) and inh ib i t ion  
of TBPS binding (r=0.966). Abamectin, an anthelminthic and 
i nsec t ic ide  with GABA-mimetic properti es  in several nerve and 
nerve-muscle p repa ra t ions , did not st imula te  36Cl uptake when 
applied alone a t  micromolar concentrations but inhib i ted  GABA- 
dependent uptake with an I 50 of 93 nM. This finding is  consis
t en t  with our observation th a t  in tracerebra l  or in traperi tonea l  
in jec t ion  of ju s t - l e th a l  doses of abamectin re su l t s  in t ran s ien t  
hyperexci tation and convulsive behavior p r io r  to the onset of 
i t s  profound depressant e f fe c t s .  These r e s u l t s  demonstrate the 
u t i l i t y  of th is  assay fo r  describing and quantifying the d i s 
ruption of normal GABAA receptor function by neurotoxic in s e c t i 
cides. Moreover, they provide evidence th a t  th is  is an important 
t a rg e t  fo r  the toxic  act ion of these compounds in vivo.

294.3 ACTIONS OF GLYCINE ON DISSOCIATED MOUSE SPINAL NEURONES.
M. R. D uchen*, D. L. P a t te r s o n *  and  T . J .  B isc o e *  (SPON: 
J .  A. S te p h e n s ) .  D e p t . o f  P h y s i o l . ,  U n iv . C o l l .  London, Gower S t . ,  
London WC1E 6BT. UK.

A c o m b in a tio n  o f  e n z y m a tic  and  m e c h a n ic a l  p r o c e d u r e s  h av e  b een  
u se d  t o  o b t a i n  a  p r e p a r a t i o n  o f  d i s s o c i a t e d  n e u ro n e s  from  th e  
s p in a l  c o rd s  o f  young (14-21  d ay  o ld )  m ice (B isc o e ,  Duchen & 
P a t t e r s o n ,  J .  P h y s i o l . ,  i n  p r e s s ) .  C e l l s  r e t a i n  t h e i r  m o rp h o lo g 
i c a l  f e a t u r e s  and  ra n g e  i n  s i z e  from  10-35 μm. The p a tc h  clam p 
te c h n iq u e  h a s  b e e n  u s e d  t o  s tu d y  v o l t a g e -  and  t r a n s m i t t e r - g a t e d  
c u r r e n t s  i n  t h e s e  c e l l s .  A random  s e l e c t i o n  o f  50 c e l l s  had  
in p u t  r e s i s t a n c e s  r a n g in g  from  300 MΩ t o  2 .5  GΩ (m ean, 750 MΩ) and 
c a p a c i ta n c e s  o f  1 7 .0  + 4 .1 3  pF (mean ±  SD).

S t a b le  w h o le  c e l l  r e c o r d in g s  w ere m ost r e a d i l y  o b t a in e d  when 
f lu o r id e  was p r e s e n t  i n  t h e  p a tc h  p i p e t t e s .  G ly c in e ,  a p p l i e d  by 
i o n o p h o r e s is  t o  c e l l s  i n  w hich  f l u o r i d e  was t h e  m a jo r  a n io n  
p r e s e n t ,  ev oked  a  r e s p o n s e  w hich  r e v e r s e d  a t  -4 5  mV ( f i l l i n g  
s o lu t io n  (mM): KF, 130 ; CaCl 2 , 1 ; EGTA, 1 1 ; H ep es , 7 .5 ;  pH 7 . 3 ) .  
T h is  i n d i c a t e s  a  r e l a t i v e  p e r m e a b i l i t y  o f  F- :C1-  o f  0 . 2 : 1 .  When 
c o m b in a tio n s  o f  F “ and  C l-  w ere u s e d ,  t h e  r e v e r s a l  p o t e n t i a l  o f  
th e  r e s p o n s e  ch an g ed  a s  p r e d i c t e d  by  th e  N e rn s t  e q u a t io n  f o r  C l- , 
g iv e n  th e s e  r e l a t i v e  p e r m e a b i l i t i e s .

C u r r e n ts  ev o k ed  by a p p l i c a t i o n  o f  g ly c in e  w ere t y p i c a l l y  
a s s o c i a t e d  w i th  an  i n c r e a s e  i n  c u r r e n t  n o i s e .  A n a ly s is  o f  
c u r r e n t  v a r i a n c e  was u n d e r ta k e n  on r e c o r d s  c o n s i s t i n g  o f  s m a ll  
s u s t a i n e d  r e s p o n s e s  t h a t  d id  n o t  d e s e n s i t i s e .  A lo g a r i th m ic  p l o t  
o f  f re q u e n c y  a g a i n s t  v a r i a n c e  was i n v a r i a b l y  f i t t e d  b e s t  by  th e  
sum o f  2 L o r e n tz ia n  c u r v e s ,  w i th  mean c o rn e r  f re q u e n c e s  o f  2 .1 6  ± 
0 .9  an d  3 9 .9  ± 2 3 .6  Hz (mean ±  SD, n = 1 2 1 ) .  S im i la r  d i s t r i b 
u t io n s  w ere s e e n  when s in g l e  c h a n n e l  r e c o r d s  o b t a in e d  from  
o u t s i d e - o u t  p a tc h e s  w ere ex am in ed .

T o ta l  v a r i a n c e ,  c a l c u l a t e d  from  th e  p a ra m e te r s  o f  t h e  L o re n tz ia n  
b e s t  f i t ,  was u s e d  t o  c a l c u l a t e  mean s in g l e  c h a n n e l  c o n d u c ta n c e ,  
h a v in g  d e f in e d  th e  l i n e a r i t y  o f  t h e  v a r ia n c e /m e a n  r e l a t i o n .  Mean 
s in g l e  c h a n n e l  c o n d u c ta n c e  a t  a  h o ld in g  p o t e n t i a l  o f  -7 0  mV and 
w i th  50 mMCl, 80 mMF i n  t h e  p i p e t t e ,  was 24 ±  13 p S . A tte m p ts  
t o  d e f i n e  m axim al ev o k ed  c u r r e n t s  l e d  t o  d e s e n s i t i s i n g  r e s p o n s e s .  
The c u r r e n t  v a r i a n c e  s e e n  d u r in g  th e  d e s e n s i t i s e d  r e s p o n s e  was 
l e s s  th a n  e x p e c te d  from  th e  v a r ia n c e /m e a n  r e l a t i o n ,  s u g g e s t in g  
t h a t  d e s e n s i t i s a t i o n  l e a d s  t o  a  low  c o n d u c ta n c e  s t a t e  o f  t h e  C l-  
c h a n n e l .

A t h o ld in g  p o t e n t i a l s  c lo s e  t o  t h e  c h lo r i d e  e q u i l i b r iu m  
p o t e n t i a l ,  a p p l i c a t i o n  o f  g ly c in e  t y p i c a l l y  c a u se d  a  f a l l  i n  b a s e 
l i n e  n o i s e .  T h is  was n o t  s e e n  when C s+ was u s e d  i n  t h e  p i p e t t e s ,  
s u g g e s t in g  t h a t  g ly c in e  may a c t  t o  c lo s e  K+ c h a n n e ls  a s  w e l l  a s  
o p e n in g  c h lo r i d e  c h a n n e ls .

S u p p o r te d  by  The W ellcom e T r u s t ,  t h e  M .R .C .,  The R o y a l S o c i e ty .

294.4 INTERACTION OF 4-AMINOPYRIDINE, TETRABUTYLAMMONIUM AND DEXOXADROL 
WITH THE RAT BRAIN PHENCYCLIDINE (PCP) RECEPTOR. R.G. S o re n se n  
and M.P. B l a u s t e i n . U n i v e r s i ty  o f  M ary lan d , S ch o o l o f  M e d ic in e , 
B a l t im o r e ,  M ary land  21201

PCP i s  a  d i s s o c i a t i v e  a n e s t h e t i c  and  d ru g  o f  ab u se  t h a t  b lo c k s  
c e r t a i n  v o l t a g e - g a t e d  K c h a n n e ls  ( B a r t s c h a t  & B l a u s te i n ,  PNAS 
8 3 : 189, 1 9 8 6 ) . C o n s i s te n t  w ith  an i n t e r a c t i o n  o f  PCP w ith  K 
c h a n n e l s ,  we h a v e  shown t h a t  K c h a n n e l  b lo c k e r s  com pete  w i th  
[ 3H]PCP f o r  b in d in g  to  s y n a p t i c  m em branes (B io p h y s . J .  4 7 : 3 8 4 a , 
1 9 8 5 ) . The d io x o la n e ,  d e x o x a d ro l ,  w h ich  a l s o  b in d s  t o  th e  b r a in  
PCP r e c e p t o r ,  a l s o  b l o c k s  t h e  sam e P C P - s e n s i t i v e  K c h a n n e l  
( S o c . N e u r o s c i .  1 1 ; 3 16 , 1 9 8 5 ) . We now f u r t h e r  c h a r a c t e r i z e  
t h e  i n t e r a c t i o n  o f  t h e s e  a g e n ts  w ith  th e  r a t  b r a in  PCP r e c e p t o r .  
S e v e ra l  a m in o p y r id in e s  (AP) and t e t r a a l k y la m in e s  (TAA), compounds 
known to  b lo c k  K c h a n n e ls ,  d i s p l a c e d  [ 3H]PCP b in d in g  to  r a t  b r a in  
s y n a p t i c  m em branes. The o r d e r s  o f  p o te n c y  ( a p p a r e n t  IC5 0 , mM) 
w ere ; f o r  th e  A P 's :  4-AP ( 2 .6 )  ≃  3 ,4-D iA P ( 3 .1 )  > 2-AP ( 8 .8 )  >> 
3-AP ( 5 3 .9 ) ;  and f o r  t h e  TAA’ s :  TBA ( 1 .6 )  > TEA ( 6 .7 )  >> TMA 
( 3 3 .6 )  ( t h e  t e t r a b u t y l ,  t e t r a e t h y l  an d  t e t r a m e t h y l  a n a lo g s ,  
r e s p e c t i v e l y ) .  T h is  a g re e s  w ith  t h e i r  o r d e r s  o f  p o t e n c y  f o r  
b lo c k in g  K c h a n n e ls  o r  i n c r e a s i n g  n e u r o t r a n s m i t t e r  r e l e a s e .  4-AP, 
TBA and d e x o x a d ro l  w ere f u r t h e r  t e s t e d  t o  d e t e r m i n e  t h e  t y p e  
o f  i n h i b i t i o n  a t  t h e  PCP r e c e p t o r  e a ch  p ro d u c e d . For th e s e  
e x p e r i m e n t s ,  [ 3H]TCP, a h ig h e r  a f f i n i t y  and more b e h a v io r a l l y  
p o t e n t  a n a lo g  o f  PCP, was u s e d . The e f f e c t  o f  t h e  t e s t  compounds 
on th e  a p p a re n t  b in d in g  c o n s ta n t s  f o r  [ 3H]TCP was d e te rm in e d  by 
m e a s u r in g  th e  d is p la c e m e n t  o f  [ 3H]TCP from  r a t  b r a in  s y n a p t i c  
m em branes by u n l a b e l le d  TCP in  t h e  p re s e n c e  o f  s e l e c t e d  c o n c e n t r a 
t i o n s  o f  4-A P, TBA o r  d e x o x a d ro l .  PCP was a l s o  in c lu d e d  a s  a  
t e s t  compound f o r  c o m p a ra tiv e  p u r p o s e s  an d  a s  a  c o n t r o l  f o r  
" p u r e ” c o m p e t i t iv e  i n h i b i t i o n . A ll  f o u r  t e s t  compounds s p e c i f i c 
a l l y  i n c r e a s e d  th e  a p p a re n t  KD f o r  h ig h  a f f i n i t y  [ 3H]TCP b in d in g  
t o  th e  PCP r e c e p t o r ,  w ith  l i t t l e  change in  th e  a p p a re n t  Bm ax. 
T h is  s u g g e s t s  t h a t  t h e  i n h i b i t i o n  by th e  f o u r  t e s t  compounds i s  
c o m p e t i t iv e .  ( [ 3H]TCP, a s  [ 3H]PCP, a l s o  b in d s  to  low a f f i n i t y  
s i t e s .  The b in d in g  c o n s ta n t s  o f  t h e s e  s i t e s  w ere u n a f f e c te d  by 
th e  t e s t  com pounds.) S c h i ld  p l o t s  o f  th e  d a ta  showed PCP, a s  
e x p e c te d ,  t o  be a  p u re  c o m p e t i t iv e  i n h i b i t o r  ( s lo p e  = - 0 .9 6 ) ,  TBA 
t o  be a  m ixed ( c o m p e t i t iv e  and n o n - c o m p e ti t iv e )  i n h i b i t o r  ( s lo p e  = 
- 0 .7 5 ) ,  and 4-AP and d e x o x a d ro l  t o  be a l l o s t e r i c  i n h i b i t o r s  
( s lo p e s  ≃  - 1 . 5 ) .  We p ro p o se  t h a t  TBA b in d s  t o  th e  same s i t e  as  
PCP: The n o n - c o m p e ti t iv e  i n h i b i t i o n  p r e d i c te d  f o r  TBA p ro b a b ly  
r e s u l t s  from  i t s  weak a f f i n i t y  f o r  t h e  PCP r e c e p t o r .  The S c h i ld  
p l o t  a n a ly s i s  p r e d i c t s  t h a t  2 m o les  o f  4-AP o r  d e x o x a d ro l  a r e  
r e q u i r e d  t o  d i s p l a c e  1 m ole o f  PCP from  th e  r e c e p t o r .  T h u s, 4-AP 
and d e x o x a d ro l  s h o u ld  have b in d in g  s i t e s  d i s t i n c t  from  t h a t  t o  
w hich  PCP b in d s .  S u p p o r te d  by NIH g r a n t  NS-16106 and NRSA N S-07611.



1076 DRUG EFFECTS ON RECEPTORS I WEDNESDAY PM

294.5  EFFECT OF MASTOPARAN ON CA2+ ACTIVATED K+ CHANNELS IN 
BOVINE CHROMAFFIN CELLS. A.  J o s h i  * 2 , J .M . T r i f a r ó  3  and 
M .I .  G la v in o v i ć  1 , 2 , D e p ts .  o f  A n a e s th e s ia  R e se a rc h  
1 ,P h y s io lo g y 2  and P h a rm aco lo g y  and  E x p e r im e n ta l  
T h e r a p e u t ic s 3 , M cG ill U n i v e r s i t y ,  M o n tr e a l ,  Canada H3G 1Y6.

I t  i s  known t h a t  b ee  venom p e p t id e s  ( i . e .  a p am in e ) c an  
a f f e c t  Ca2+ a c t i v a t e d  K+ c h a n n e ls  p r o fo u n d ly .  I t  i s  a l s o  
known t h a t  b ee  venom p e p t id e s  a f f e c t  c a lm o d u lin  a c t i v i t y  
( B a r n e t te  e t  a l . ,  B iochem . P h a rm a c o l.  3 2 :2 9 2 9 -2 9 3 3 , 1 9 8 4 ) . 
I t  h a s  b een  s u g g e s te d  t h a t  c a lm o d u lin  i s  in v o lv e d  in  
a c t i v a t i o n  o f  Ca2+ d e p e n d e n t  K+ c h a n n e ls  (P ap e  & 
K r i s t e n s e n ,  B iochem . B io p h y s . A c ta .  77 0 : 1 - 6 ,1 9 8 4 ) .  In  
t h i s  s tu d y  we t r y  t o  d i r e c t l y  t e s t  w h e th e r  ma s to p a r a n  (b e e  
venom p e p t id e  and p o te n t  i n h i b i t o r  o f  c a lm o d u lin  a c t i v i t y )  
a f f e c t s  Ca2+ a c t i v a t e d  K+ c h a n n e ls .

E x p e r im e n ts  w ere done on e x c is e d  i n s i d e  o u t  p a tc h e s  o f  
b o v in e  c h ro m a ff in  c e l l s .  The p i p e t t e s  w ere f i l l e d  w ith  
Locke s o l u t i o n  w hich  c o n s i s t e d  o f  (mM): 154 N aC l, 2 .2  
Cacl 2 , 1 .2  MgCl 2 , 2 .5  KCl , 2 .1 5  K2HPO4 ,  0 .8 5  KH2PO4 and 10 
d e x t r o s e .  The i n t e r n a l  s o l u t i o n  c o n ta in e d  (mM): 160 
KCl /KOH, 10 H e p e s , 1 MgCl 2 , 0 .5  EGTA and .2 7 9  CaCl 2 a t  pH = 
7 .2 ,  and  n o m in a l ly  had 0 .1  μ M f r e e  Ca2+.

I n  c o n t r o l  s o l u t i o n s ,  a m p l i tu d e  h i s to g r a m s  u s u a l l y  show 
s e v e r a l  'p e a k s '  i n d i c a t i n g  t h a t  th e  p a tc h  h a s  s e v e r a l  Ca2+ 
a c t i v a t e d  K+ c h a n n e l s .  A d d i t io n  o f  m a s to p a ra n  ( 0 .5  -  1 μ M) 
t o  t h e  i n t e r n a l  s o l u t i o n  a l t e r s  a m p l i tu d e  h i s to g r a m s  by  
d im in is h in g  th e  o p e n - s t a t e  p r o b a b i l i t y .  T h is  l e a d s  to  
lo w e r  c u r r e n t  f lo w  th ro u g h  th e  m em brane. M o reo v e r, 
m a s to p a ra n  a l s o  w id en s  t h e  'p e a k s '  and h e n c e  a p p e a r s  to  a c t  
a s  a  f l i c k e r y  b l o c k e r .  F u r th e r  s t u d i e s  w i l l  p ro v id e  more 
i n fo r m a t io n  a b o u t  th e  m echanism  o f  a c t i o n  o f  m as to p a ra n  and 
a b o u t  p o s s ib l e  in v o lv e m e n t o f  c a lm o d u lin  i n  r e g u l a t i o n  o f  
a c t i v i t y  o f  C a 2 + - a c tiv a te d  K+ c h a n n e ls .

T h is  s tu d y  was s u p p o r te d  by  MRC and MDA (C a n a d a ) .

294.6 BACLOFEN INHIBITS RAT LOCUS COERULEUS NEURONS IN BRAIN SLICES BY 
INCREASING K+ CONDUCTANCE. S. S . Osmanovic* and S. A. S h e fn e r. 
Departm ent o f  P hysio logy and B io p h y sic s, U n iv e rs ity  o f I l l i n o i s  
C o llege  o f M edicine, Chicago., IL 60680.

B aclofen  (β-p -ch lo ro p h e n y l GABA) has been shown to  bind 
s p e c i f i c a l ly  to  GABAB re c e p to rs  in  th e  c e n tr a l  nervous system . 
B aclo fen  e f f e c t s  on r a t  lo c u s  co e ru leu s  (LC) neurons were s tu d ie d  
w ith  i n t r a c e l l u l a r  reco rd in g  in  a t o t a l l y  submerged b ra in  s l i c e  
p re p a ra t io n .  Known c o n c e n tra t io n s  o f ( ±)-b a c lo fe n  (1-100 μM), 
( - ) - b a c lo f e n  (100 nM-100 μM) and (+ )-b a c lo fe n  (10 μM-1 mM) were 
a p p lie d  in  th e  b a th . LC neurons showed th e  u su a l r e g u la r  p a t te rn  
o f spontaneous f i r i n g  w ith  f i r i n g  r a t e s  o f 0 .1  to  2 Hz. ( - )  o r 
(±) -b a c lo fe n  (1 -50  μM) r e v e r s ib ly  decreased  th e  r a t e  o f spon
taneous f i r i n g  in  a l l  neurons te s te d  (n = 3 3 ) , com plete ly  b locking  
spontaneous f i r i n g  in  70% o f th e se  c e l l s .  In  91% o f th e se  c e l l s  
in h ib i t i o n  o f f i r i n g  was accompanied by membrane h y p e rp o la r iz a 
t i o n .  Small re d u c t io n s  in  ap p a re n t in p u t r e s is ta n c e  (3-16%) were 
observed a t  th e  peak o f  bac lo fen -in d u ced  h y p e rp o la r iz a tio n s  (n = 
12 ). The membrane p o te n t ia l  was m anually clamped back to  i t s  
predrug  v a lu e  du rin g  th e se  r e s is ta n c e  measurements to  c o n tro l fo r 
changes in  r e s is ta n c e  secondary  to  membrane h y p e rp o la r iz a tio n . 
H y p e rp o la r iz a tio n s  in  response  to  10 μM ( - ) -b a c lo f e n  ranged in  
am p litude  from 1 to  23 mV. H y p e rp o la r iz a tio n  am p litude  was found 
to  be d i r e c t l y  r e l a te d  to  in p u t r e s is ta n c e  ( c o r r e l a t i o n  c o e f f i 
c i e n t  = 0 .8 7 , n = 12 , s i g .  p < .0 1 ) ;  i . e .  c e l l s  w ith  h ig h e r input 
re s is ta n c e s  showed la rg e r  h yperpo la riza tions.

The mean r e v e r s a l  p o te n t ia l  fo r  th e  b ac lo fen -in d u ced  hyper- 
p o la r iz a t io n  c a lc u la te d  from th e  in t e r s e c t io n  o f v o lta g e -c u rre n t 
cu rves  under c o n tro l  c o n d itio n s  and in  th e  p resen ce  o f b ac lo fen  
was -111 mV (n = 14) and d id  n o t d i f f e r  when measured w ith  K chlo
r id e  v e rsu s  K a c e t a t e - f i l l e d  e le c tro d e s .  The b ac lo fen  re v e r s a l  
p o te n t ia l  was s im i la r  to  th e  mean r e v e r s a l  p o te n t ia l  o f th e  po st
s tim u lu s  h y p e rp o la r iz a tio n  (-114  mV, n = 4) and th e  K+ equ ilib rium  
p o te n t ia l  c a lc u la te d  from th e  N ernst eq u a tio n  g iven  th e  K+ con
c e n tr a t io n  o f th e  media (2 .5  mM). B aclofen  e f f e c t s  on LC neurons 
were b locked by e x t r a c e l lu la r  barium  (1 mM).

In  c e l l s  t e s te d  w ith  two o r more b ac lo fen  c o n c e n tra t io n s  (n = 
11 ) ,  e f f e c t s  on membrane p o te n t ia l ,  spontaneous f i r i n g  and inp u t 
r e s is ta n c e  were dose-dependen t. Responses showed s te r e o s p e c i f i 
c i t y ;  ( - ) - b a c lo f e n  was much more p o te n t than  (+ ) -b a c lo fe n . Baclo
fen  e f f e c t s  were n o t an tagon ized  by b ic u c u ll in e  (40-100 μM) and 
p e r s is te d  when tr a n s m it te r  r e le a s e  was blocked w ith  media co n ta in 
ing  0 .25  mM Ca++ and 20 mM Mg++. We conclude th a t  b ac lo fen  a c ts  on 
GABAB re c e p to rs  to  d i r e c t l y  i n h i b i t  r a t  LC neurons by in c rea s in g  
th e  membrane K+ conductance .

G rant S upport: USPHS AA 5846 and CRB 956. SSO i s  a F u lb rig h t 
F ellow .

294.7 STRAIN-SELECTIVE EFFECTS OF NICOTINE ON EVOKED RESPONSES IN MOUSE 
HIPPOCAMPUS. R. K. F re u n d  an d  J .  M. W ehner. I n s t i t u t e  f o r  
B e h a v io ra l  G e n e t ic s  an d  S ch o o l o f  Pharm acy , U n iv . o f  C o lo rad o , 
B o u ld e r ,  CO 80309.

A num ber o f  d i f f e r e n c e s  r e g a r d in g  p resu m ed  n i c o t i n i c  c h o l i 
n e r g i c  t r a n s m i s s io n  h a v e  b e e n  i d e n t i f i e d  i n  DBA and  C3H mouse 
s t r a i n s ,  in c lu d in g  s e n s i t i v i t y  t o  N ic - in d u c e d  s e i z u r e s  (C3H > DBA; 
M in er e t . a l . ,  JPET, 231: 545 , 1984) an d  num ber o f  a lp h a -b u n g a ro -  
t o x in  b in d in g  s i t e s  i n  th e  h ip p o cam p u s (C3H > DBA; M arks e t . a l . ,  
JPET, 226: 291 , 1 9 8 3 ) . We h a v e  ex am in ed  e l e c t r o p h y s i o lo g i c a l  
e f f e c t s  o f  b a th - a p p l i e d  N ic  on s y n a p t i c  t r a n s m i s s io n  and  c e l l  
f i r i n g  i n  th e  CA1 r e g io n  o f  h ip p o ca m p a l s l i c e s  from  DBA and  C3H 
m ice u s in g  e x t r a c e l l u l a r  r e c o r d in g  t e c h n iq u e s .  N ic  h a d  l i t t l e  
e f f e c t  on ev o k ed  s y n a p t i c  f i e l d  p o t e n t i a l s  r e c o r d e d  from  e i t h e r  
s t r a i n  a t  c o n c e n t r a t i o n s  up to  6 .4  mM, w h i le  th e  a n t a g o n i s t  m eca
m ylam ine (Mec) c o m p le te ly  i n h i b i t e d  f i e l d  p o t e n t i a l s  w i th  an  IC50 
o f  2 mM. The e f f e c t s  o f  N ic  on CAl c e l l  f i r i n g  w ere exam ined  by 
m e a s u r in g  ev o k ed  p o p u la t i o n  s p ik e  a m p l i tu d e s  (P S A s) . C om plete 
i n p u t - o u tp u t  ( s t im u lu s  i n t e n s i t y  v s .  PSA) c u rv e s  w ere o b ta in e d  
s e v e r a l  m in u te s  b e f o r e  an d  a f t e r  b a th  a p p l i c a t i o n  o f  N ic . Nic 
(1 0 -8 0 0  uM) i n c r e a s e d  PSAs e l i c i t e d  by  r e l a t i v e l y  low  s t im u lu s  
i n t e n s i t i e s  ( i . e . ,  s t i m u l i  w h ich  e v o k ed  PSAs < 50% o f  th e  maximum 
PSA) f o r  b o th  DBA an d  C3H m ic e . T h is  e f f e c t  o f  N ic  was slow , 
r e a c h in g  a  maximum a t  1 5 -2 0  m in . The N ic - in d u c e d  i n c r e a s e  was 
g r e a t e s t  f o r  s m a l l  PSAs (<  25% o f  th e  maximum PSA), an d  was 
a p p a r e n t ly  s t r a i n - s e l e c t i v e : N ic  (1 0 -8 0 0  uM) in d u c e d  an  in c r e a s e  
i n  PSAs from  0 .2  to  6X f o r  DBA m ic e , w h i le  t h i s  i n c r e a s e  was 1- 
1 .5X  f o r  C3H m ic e . L a rg e r  c o n t r o l  PSAs (>  50% o f  maximum PSA) 
in c r e a s e d  l e s s  a f t e r  N ic  t r e a tm e n t .  Tw enty m in u te  p r e t r e a tm e n t  
w i th  a  1 0 - f o l d  e x c e s s  o f  Mec p a r t i a l l y  i n h i b i t e d  (a p p ro x im a te ly  
50% f o r  b o th  s t r a i n s )  th e  i n c r e a s e  i n  PSA p ro d u c e d  by  40 uM Nic 
f o r  s m a l l  PSAs. F o r l a r g e r  PSAs, th e  Mec p r e t r e a t m e n t  was d i f 
f e r e n t i a l l y  e f f e c t i v e .  N ic  i n  th e  p r e s e n c e  o f  Mec r e s u l t e d  in  a 
s m a l le r  a v e ra g e  PSA th a n  N ic  a lo n e  f o r  DBA m ic e , b u t  Mec d id  n o t  
a f f e c t  th e  N ic  r e s p o n s e  f o r  t h e  C3H s t r a i n .  N ic  (≥ 100 uM) i n 
d u ced  e p i l e p t i f o r m  a c t i v i t y  ( m u l t i p le  e v o k ed  p o p u la t i o n  s p i k e s ) ; 
th e  d e g re e  o f  t h i s  e f f e c t  a p p e a r s  t o  i n c r e a s e  w i th  c o n c e n t r a t i o n ,  
an d  i s  m o st e a s i l y  q u a n t i f i e d  a t  h i g h e r  c o n c e n t r a t i o n s .  A t a 
c o n c e n t r a t i o n  o f  800 uM, N ic in d u c e d  m ore p ro fo u n d  e p i l e p t i f o r m  
a c t i v i t y  i n  DBA th a n  i n  C3H m ic e . T h ese  r e s u l t s  s u g g e s t  t h a t  N ic 
may d i f f e r e n t i a l l y  a f f e c t  c e l l  f i r i n g  i n  h ip p o ca m p a l CAl p y ra m id a l  
c e l l s  from  DBA an d  C3H m ic e . N ic  in d u c e s  a  g r e a t e r  i n c r e a s e  in  
c e l l  f i r i n g  f o r  DBA m ice th a n  f o r  th e  C3H s t r a i n .  The d a ta  i n d i 
c a t e  t h a t  t h e r e  a r e  g e n e t i c  f a c t o r s  r e g u l a t i n g  th e  e l e c t r o p h y s i o 
l o g i c a l  r e s p o n s e s  to  n i c o t i n e  i n  th e  h ip p o c a m p u s , b u t  th e  r e l a 
t i o n s h ip  b e tw e en  t h e s e  r e s p o n s e s  an d  th e  b e h a v io r a l  s e n s i t i v i t y  o r  
b in d in g  d a ta  re m a in  to  b e  d e te rm in e d .  ( S u p p o r te d  by  DA 07043 and a 
g r a n t  from  R. J .  R e y n o ld s , I n c . )

294.8 INTERACTION OF PIPERIDINE DERIVATIVES WITH THE NICOTINIC CHOLINER
GIC RECEPTOR FROM TORPEDO ELECTRIC ORGAN. T .K . N aray an an * 1 , R.S. 
A ronstam 1 , E .X . A lb u q u e rq u e 2 and J.W . D aly 3  ( SPON: A .  H i t r i ) .  
1D e p t. P h a rm a c o l. & T o x i c o l . ,  Med. C o l l .  G e o rg ia ,  A u g u sta , GA 
30912 , 2De p t .  P h a rm a c o l. & Exp. T h e r . ,  U n iv . o f  M ary lan d , Sch. of 
M ed ., B a l t im o r e ,  MD 20201 , and 3L ab . B io o rg a n ic  Chem ., NIADDKD, 
NIH, B e th e sd a ,  MD 20205 .

The i n t e r a c t i o n s  o f  s e v e r a l  p i p e r i d in e s  w i th  n i c o t i n i c  rec e p to r  
co m p lex es  from  T orpedo  c a l i f o r n i c a  e l e c t r i c  o rg a n  w ere s tu d ied  
u s in g  r a d i o l a b e l l e d  p ro b e s  f o r  r e c e p t o r  and io n  c h a n n e l  b inding  
s i t e s .  C i s -  and t r a n s - 2 -m e th y l-6 -n -u n d e c a n y l  p i p e r i d in e s  (C11), 
m a jo r  c o n s t i t u e n t s  o f  f i r e  a n t  venom, d id  n o t  i n h i b i t  [ 1 2 5 I ] a lp h a
b u n g a ro to x in  b in d in g  to  th e  ACh b in d in g  s i t e ,  b u t  d id  in h ib i t  
[3H ] p e r h y d r o h i s t r io n i c o to x in  ( [ 3H]H1 2 -HTX) b in d in g  to  s i t e s  a s s o c i
a te d  w i th  th e  r e c e p t o r - g a te d  io n  c h a n n e l  ( I C 5 0 's =0 .0 8 -0 .2 4  uM). 
C11 a f f i n i t y  f o r  th e  c h a n n e l  was d o u b led  i n  th e  p r e s e n c e  o f  1 uM 
ACh. 2 , 6 -  ( b u t  n o t  3 , 5 - )  d im e th y lp ip e r id in e  was a  m o d era te ly  
a c t i v e  i n h i b i t o r  o f  io n  c h a n n e l  b in d in g  (Ki= 8 .8  uM ). 2-M ethyl 
p i p e r i d in e  was c o n s id e r a b ly  l e s s  a c t i v e  ((K i= 600 uM ), a lth o u g h  i t  
was m ore p o te n t  th a n  3 -  o r  4 - m e th y lp ip e r id in e .  The io n  channel 
a f f i n i t i e s  o f  2 ,6 - d i m e t h y lp i p e r i d in e  and  2 - m e th y lp ip e r id in e  were 
d e c re a s e d  i n  th e  p r e s e n c e  o f  1 uM ACh. C arb a m y lc h o li ne b in d in g  
a f f i n i t y  was in c r e a s e d  by up to  7 f o ld  i n  th e  p re s e n c e  o f  10 and 32 
uM C1 1 , b u t  was d e c re a s e d  i n  th e  p re s e n c e  o f  2 ,6 -d im e th y lp ip e r id in e  
and 2 - m e th y lp ip e r id in e .  The c i s -  and t r a n s - iso m e rs  o f  C11 were 
e q u ip o te n t  i n  p ro d u c in g  e a ch  o f  th e s e  e f f e c t s .  I n  th e s e  a c t i o n s ,  
C11 r e s e m b le s  a  v a r i e t y  o f  o t h e r  compounds d e r iv e d  from  2 ,6 -d i s u b 
s t i t u t e d  p i p e r i d i n e s ,  in c lu d in g  th e  h i s t r i o n i c o t o x i n s ,  g e p h y ro to x 
i n s  and  p u m i l io t o x in s . T hese s tu d i e s  e s t a b l i s h  th e  im p o rta n c e  of 
a lk y l  s u b s t i t u t i o n s  i n  th e  o r th o  p o s i t i o n  o f  th e  p i p e r i d in e  r in g  in  
c o n f e r r in g  io n  c h a n n e l  s p e c i f i c i t y ,  and th e  im p o r ta n c e  o f  s u b s ta n 
t i a l  a l k y l  s id e  c h a in s  i n  c o n f e r r in g  th e  a b i l i t y  o f  c h a n n e l  b lo ck 
e r s  t o  s t a b i l i z e  th e  n i c o t i n i c  r e c e p t o r  com plex  i n  a  h ig h  a f f i n i t y ,  
" d e s e n s i t i z e d "  c o n fo rm a t io n .

T a b le  1 . P i p e r i d in e  I n h i b i t i o n  o f  [3H]H12-HTX B in d in g  to  N ic o t in ic  
R e c e p to r  C om plexes.

Ki, uM
Compound - ACh + ACh (1 uM)

C is -C 11 0 .1 6  ±  0 .0 3 0 .1 3  ±  0 .0 2
T ra n s -C 11 0 .2 4  ±  0 .0 8 0 .0 9 4 ±  0 .0 0 8
2 , 6 - d im e th y lp ip e r id in e 8 .8  ±  1 .3 122 ± 26
3 , 5 - d im e th y lp ip e r id in e 394 ± 42 367 ±  25

Mean ±  S .D .,  N=3 .
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294.9 ALPHA-BUNGAROTOXIN MODIFIES DIHYDRQPYRIDINE BINDING BUT 
NOT THE K+-INDUCED C a2+ UPTAKE IN ANEURALLY CULTURED 
HUMAN MUSCLE. C. Desnuelle, V. Askanas, W.K. Engel. USC 
Neuromuscular C en ter, Los Angeles, CA 90017.

Dihydropyridine (DHP) derivatives belong to the class of Ca2+ 
antagonists, known to  bind specifically and with high affin ity  to the 
voltage-dependent (VD) Ca2 + channel. W e  have recently  shown tha t 
aneurally cultured  human muscle has VD Ca2+ channels and tha t insulin 
tre a tm en t increases the maximum binding capacity  for the DHP derivative 
(+)PN200-110 w ithout change in its affin ity  (Desnuelle e t  al Neurology, 36, 
171-172, 1986). Previously we shown th a t insulin also increases the to ta l 
number of nicotinic acetylcholine receptors (AChRs) in aneurally cultured 
human muscle (Askanas, e t  al, Neurosci L e tt., 61, 213-219, 1985). Since 
the magnitude o f  the AChR increase measured by 125I-labeled alpha- 
bungarotoxin (125I-alpha BT) binding was virtually the same as the increase 
of 3 H(+)PN200-110 binding sites (3 0 0 %  of control) and since o ther 
polypeptide growth fac to rs, viz. fibroblast growth facto r (FGF) and 
epiderm al growth fac to r (EGF), th a t influence o ther muscle param eters 
(i.e. c rea tine  kinase) did not influence e ither binding of a lpha-BT or 
(+)PN200-110 to their respective receptors, we were in terested  to see if 
there is a relationship between AChRs and DHP receptors.

Human muscle cu ltu res were established according to our described 
technique (Askanas and Engel, Neurology, 25, 58-67, 1975). 1x 105 cells 
were plated in 35mm Petri-dish in medium containing 10% fe ta l bovine 
serum (FBS), and supplem ented with 10 ug/m l insulin, 25 ng/m l FGF and 10 
ng/m l of EFG. A fter 48-72 hours, growth facto rs were removed and 
cu ltu res  were m aintained in medium containing only 10% FBS. Twenty 
experim ents from 10 d iffe ren t pa tien t biopsies (to ta l 170 cultures) were 
established. A fter 18-21 days of growth, experim ental cu ltu re were 
trea ted  for 1 hour with various concentrations (10- 10 to  10-5M) of 
unlabeled alpha-BT and quan tita tive m easurem ent of the to tal number of 
DHP receptors and nicotinic AChRs were made from 1/2 to  96 hours la ter. 
As expected, the to ta l number of binding sites for 125I-alpha-BT 
dramatically decreased (70-80%) a f te r  1/2 h of 2x10-6 M alpha-BT 
pretreatm ent; suprisingly, there was also 50-55% decrease of to ta l binding 
sites for 3H(+)PN 200-110 binding. The m agnitude of decrease of both 125I 
alpha-BT and 3H(+)PN200-110 binding sites was sim ilar, re lated  to the 
concentration of unlabeled alpha-BT used to block AChRs (IC50 value of 
2.10-7 M and 6.10-7 M respectively). Total number of receptors for both 
alpha-BT and (+)PN200-110 increased exponentially and paralleled to each 
other during the 96 hours recovery period. K+-induced Ca2+ uptake, 
measured in 40 mM K+ and 5 mM K+, was not a ffec ted  by alpha-BT 
pre trea tm en t, but was blocked when measured in the presence of unlabeled 
nitrendipine. Our studies 1) dem onstrate the previously unknown 
correlation between binding sites of alpha-BT and D H P-derivatives, and 2) 
open a  new avenue for investigating the realationship of the AChR to the 
VD C a2+ channel function.

294.10 SINGLE CHANNEL ANALYSIS OF TH E INTERACTION BETWEEN ANTIESTERASES 
AND CHOLINERGIC AGONISTS ON ACH RECEPTOR ACTIVATION IN RAT 
MYOTUBES. L.A. Merriam and J .F . Fiekers. Dept. Anatomy and 
Neurobiology, Univ. Vermont College of Medicine, Burlington, VT. 
05405.

Anticholinesterase agents resemble cholinergic agonists in 
chemical structure and have recently been shown to activate the 
n ico tin ic  cholinergic receptor in cultured ra t  myotubes. 
Previous studies from th is  laboratory have demonstrated tha t the 
simultaneous presence of low concentrations of both a cholinergic 
agonist and an anticholinesterase agent in the patch p ipette 
produced channel activation  which exceeded the activation 
achieved by either agonist alone. In the present experiments we 
have studied the in teraction  of acetylcholine, carbachol and 
suberyldicholine with an tiesterase agents using the cell-attached 
and inside-out recording configuration of the patch clamp 
technique. Single channel currents were recorded a t 20 degrees C 
from r a t  myotubes cultured in DMEM and 10% horse serum using 
standard c e ll  culture conditions. Neostigmine (0.1uM) increased 
the frequency of channel opening when present simultaneously in 
the patch p ipette  with e ither ACh or Sub. In the presence of 
both agents small amplitude channel activation  was also 
frequently observed which increased the baseline noise level. 
Pretreatment of the myotubes with methane sulfonyl fluoride 
(10mM) for one hour followed by a one hour wash inhibited the 
acetylcholinesterase present but did not a lte r  the synergistic 
agonist in teraction . The frequency of channel activation was 
concentration- dependent increasing with increasing 
concentrations of e ither agent. High concentrations of 
an tiesterase agents produced numerous b rie f  closures within the 
open channel with both ACh and Sub. Mean open time histograms 
with low concentrations of either the agonist or the antiesterase 
agent alone were well f i t te d  by single exponential functions. 
However, the simultaneous presence of both agents frequently 
yielded open time histograms which required two components for an 
adequate f i t .  In low concentrations (<1uM) neostigmine prolonged 
the mean open time of channels activated by ACh and Sub. These 
resu lts  indicate tha t neostigmine may bind to  a s i te  on the 
n ico tin ic  receptor-channel complex to  modify channel activation 
produced by cholinergic agonists. (supported by the Muscular 
Dystrophy Association).

294.11 MECHANISM OF INTERACTION OF THE OXIMES 2-PAM AND HI-6 WITH ORGANO-  
PHOSPHATE-POISONED FROG MUSCLE. M. Alkondon* , K.S. Rao* and E.X. 
A lbuquerque (SPON: J .E .  W arnick). D ept. Pharm acol. & Exper. 
T h e rap ., Univ. Maryland Sch. Med., B a ltim ore , MD 21201.

The acu te  to x ic  and l e th a l  e f f e c t s  of organophosphorus (OP) 
compounds have been a sc r ib e d  to  an i r r e v e r s i b le  in h ib i t io n  of 
c h o l in e s te ra s e  (ChE). A ccord ing ly , oximes thought to  r e a c t iv a te  
the  phospho ry la ted  enzyme were developed as a n t id o ta l  d ru g s . 
However, our re ce n t s tu d ie s  have suggested  th a t  mechanisms o th e r 
than  th e  r e a c t iv a t io n  of ChE could be re s p o n s ib le  fo r  th e i r  
th e ra p e u tic  e f f e c t iv e n e s s .  Thus, we have a ttem pted  to  t e s t  the 
above h y p o th e sis  by stu d y in g  th e  a c tio n s  of oximes 2-PAM and HI-6 
on en d p la te  c u r re n ts  (EPCs) of fro g  muscles poisoned by th e  
i r r e v e r s i b le  OP compounds VX, soman, s a r in  or ta b u n . EPCs were 
recorded  from th e  fro g  s c i a t i c  n e rv e - s a r to r iu s  muscle p re p a r
a t io n s .  OP po ison ing  was achieved by p e rfu s in g  th e  p re p a ra tio n  
fo r  1 h w ith  R in g e r 's  s o lu tio n  co n ta in in g  20 μM of OP and then  
w ith  normal R in g e r 's  fo r  1 h to  remove any excess of OP. This 
procedure r e s u l te d  in  a maximum in h ib i t io n  of ChE as evidenced by 
a marked p ro lo n g a tio n  of EPC decay (>3 tim es th a t  of c o n tro l)  w ith  
minimal d i r e c t  e f f e c ts  of th e se  compounds on th e  e n d p la te . The 
p ro lo n g a tio n  o f EPC decay by OP po ison ing  was seen  even up to  4 h 
a f t e r  OP-wash in  c o n tro l e xperim ents and th i s  allow ed us to  t e s t  
th e  e f f e c t  of oximes on such p r e p a ra tio n s . Both 2-PAM and HI-6 
(50 μM to  1 mM), a t  membrane p o te n t ia ls  between -100 and + 50 mV, 
caused a v o ltag e -in d ep en d en t red u c tio n  in  th e  tim e co n s tan t of EPC 
decay ( τ E P C )  in  OP-poisoned m uscle, which n e a rly  reached c o n tro l 
(p re -O P ) l e v e l s .  In a d d i tio n , e s p e c ia lly  w ith  HI-6 a t  h y p e rp o la r
ized  p o te n t ia l s ,  a s tee p  v o ltage-dependen t d ec rease  of τE P C  was 
observed . On removal of the  oxim es, τE P C  aga in  in c rea sed  to  a 
le v e l n e a re r  to  pre-oxim e v a lu e s . Q u a li ta t iv e ly  s im i la r  r e s u l t s  
were o b ta ined  when 2-PAM was adm in is te red  a f t e r  th e  muscle was 
exposed to  OPs fo r  a b r ie f  p e riod  of 10 min. Both th e se  oximes 
a l s o  a c c e le ra te d  th e  EPC decay in  p re p a ra tio n s  p re t re a te d  w ith  the  
r e v e r s ib le  ChE in h ib i to r  (-)-p h y so stig m in e  (10 μM). To a s se s s  
w hether the  a c c e le ra t io n  of EPC decay i s  due to  a d ec rease  in  
channel opening frequency or to  a sh o rten in g  of s in g le  channel 
open tim es , th e se  oximes were te s te d  a t  low te m p era tu re . When the  
oximes were a p p lied  a lone e i th e r  a t  20 or 10°C, th e  main e f f e c t  
was th e  v o l ta g e - s e n s i t iv e  sh o rten in g  of τE P C  a t  h y p e rp o la rize d  
p o te n t ia l s .  Only a t  very h igh  c o n c e n tra t io n s , HI-6 produced an 
a d d i t io n a l  v o ltag e-in d ep en d en t d ec rease  in  τE P C  accompanied by a 
cu rv a tu re  in  th e  c u rre n t v o ltag e  r e l a t i o n s h ip .  These f in d in g s  
suggest th a t ,  in  th e  presence  of OPs, in  a d d itio n  to  a p rocess 
s im i la r  to  d e s e n s i t iz a t io n ,  th e  oximes produce an open-channel 
blockade s tro n g ly  dependent on v o lta g e . (Support: U .S. Army Med. 
Res. & D evel. Comm. C on trac t DAMD17-84-C-4219).

294.12 EFFECT OF AN ORGANOPHOSPHORUS INHIBITOR OF ACETYLCHOLINESTERASE ON 
CHLORIDE CONDUCTANCES IN APLYSIA CALIFORNIA GANGLIA. M argaret G. 
F i lb e r t* , James P. A pland, and M ichael A d le r. US Army M edical 
R esearch I n s t i t u t e  of Chemical D efense, N eurotoxicology Branch, 
Physio logy  D iv is io n , APG, MD 21010-5425.

Organophosphorus (OP) in h ib i to r s  o f a c e ty lc h o lin e s te ra s e  
(AChE) a re  known to  produce e p i le p t ifo rm  a c t iv i t y .  While the 
mechanisms un d erly in g  OP-induced s e iz u re s  a re  no t w e ll understood , 
th e  abnormal e l e c t r i c a l  d isch a rg es  could be th e  d i r e c t  consequence 
o f a c e ty lc h o lin e  (ACh) accum ula tion . In  the absence of 
t r a n s m it te r  h y d ro ly s is , p e r s i s te n t  ACh m ight produce e p i le p t ifo rm  
a c t iv i t y  by reducing  s teady  po tassium  c u rre n t in  a manner 
s im i la r  to  th e  po tassium  channel b lo c k e rs  4-am inopyrid ine and 
tetraethylam m onium  (K rn jev ic  e t  a l . ,  J .  P h y sio l. 215:247,1971; 
Lebeda, & R u teck i, N eurobiology o f A c e ty lch o lin e , Ed. N .J. Dun, 
Plenum, 1986). O ther convu lsan t drugs a re  b e liev ed  to  e x e r t  
th e i r  e f f e c t s  by in te r f e r in g  w ith  ch lo rid e-d ep en d en t in h ib i to ry  
s y n ap tic  a c t i v i t y  m ediated by the  n e u ro tra n sm it te r  α -am inobu ty ric  
ac id  (GABA). Barnes (p e rso n a l communication) has shown th a t  
paraoxon ( 0 ,0 , -d ie th y l  0 -4 -n itro p h e n y l phosphate) d is p la c e s  
s p e c i f ic  b ind ing  o f th e  cage convu lsan t t - b u ty l -b ic y c lo 
p hospho ro th iona te  (TBPS), a GABA channel b lo c k e r , from b ind ing  
s i t e s  on r a t  and chicken c e re b ra l c o r t i c a l  membranes. Diazepam, a 
m odulator o f GABA-mediated in h ib i to ry  tra n sm iss io n , has been 
shown to  a f fo rd  s ig n i f i c a n t  p ro te c t io n  a g a in s t OP to x i c i t y .  To 
t e s t  th e  p o s s i b i l i t y  th a t  OP in h ib i to r s  in t e r a c t  w ith  c h lo r id e  
conductance ch an n e ls , we have examined the  e f f e c t s  o f paraoxon on 
c h lo r id e  responses o f c e l l  R-2 in  th e  abdominal gang lion  of 
A plysia  c a l i f o r n i c a . R-2 was chosen because th e  ACh and GABA 
re c e p to rs  o f th i s  c e l l  a re  coupled to  c h lo r id e , bu t no t to  sodium 
o r po tassium  channels (Yarowsky and C arp en te r, L ife  Sci 20:1441, 
1977). ACh and GABA were ap p lied  a l t e r n a t e ly  from se p a ra te  
b a r r e l s  o f a t r i p l e - b a r r e l  io n to p h o re tic  p ip e t te  under c o n tro l 
c o n d itio n s , in  the  p resence o f paraoxon and a f t e r  w ashout. 
The r e s u l t in g  c h lo r id e  c u r re n ts  were recorded  w ith  a s in g le 
e le c tro d e  vo ltage-c lam p  a m p lif ie r  (Dagan 8100-1). Paraoxon 
(10-6 -  10-4 M) depressed  both  ACh- and GABA-mediated c h lo r id e  
c u r re n ts  w ith  approx im ately  equa l e f f ic a c y .  IC50 v a lu es  were 
9 .6  x 10- 6 M and 8 .9  x 10-6 M fo r  ACh and GABA re sp o n ses , 
r e s p e c t iv e ly .  Paraoxon reduced th e  s lopes  and maxima o f  ACh and 
GABA dose response cu rv es . This im p lie s  th a t  the  paraoxon 
blockade i s  noncom petitive . Over th e  c o n c e n tra tio n  range 
examined, paraoxon was w ithou t e f f e c t  on r e s t in g  membrane 
p o te n t ia l ,  membrane inp u t r e s is ta n c e ,  or c h lo r id e  re v e r s a l  
p o te n t ia l .  These s tu d ie s  in d ic a te  th a t  paraoxon in t e r f e r e s  w ith  
GABAergic as w ell as c h o lin e rg ic  n eu ro tran sm iss io n , e i th e r  or 
bo th  o f which m ight c o n tr ib u te  to  OP-induced s e iz u re s .
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294.13 AZAPROPHEN (6-METHYL-6-AZABICYCLO[3•2 • 1]OCTANE-3α- OL 2 ,2 -  
DIPHENYLPROPIONATE) AS A NOVEL AND HIGHLY POTENT ANTIMUSCARINIC 
AGENT. P. K. Chiang, R. K. G ordon*, H. W.-K. Yeung*, T. Alonso* 
J . M. W itk in* , P. Abraham* and F. I .  C a r r o l l* . W alter Reed Army 
I n s t i t u t e  o f  R esearch , W ashington, DC. 20307-5100, and R esearch  
T r ia n g le  I n s t i t u t e ,  R esearch  T r ia n g le  P ark , NC 27709.

Azaprophen (6 -m e th y l-6 -a z a b ic y c lo [3 •2 • 1]o c ta n e -3 α- o l  2 ,2 -  
d ip h e n y lp ro p io n a te )  i s  a  novel and h ig h ly  p o te n t m u sca rin ic  
a n ta g o n is t .  The po tency o f  azaprophen to  a c t  a s  an 
a n t im u s c a rin ic  a g e n t, in  com parison to  o th e r  s ta n d a rd  
a n t im u s c a rin ic  a g e n ts , was measured by i t s  a b i l i t y  to  i n h i b i t  
a c e ty lc h o lin e - in d u c e d  c o n tr a c t io n  o f  gu in ea  p ig  ileum , to  b lo c k  
α-am ylase r e le a s e  from p a n c re a t ic  a c in i  c e l l s  induced by 
c a rb a c h o l, and to  i n h i b i t  [N -m ethyl-3H] scopolam ine ( [3H]NMS) 
b in d in g  to  th e  m u sc a rin ic  r e c e p to r s  o f  N4TG1 neurob lastom a 
c e l l s ,  which la c k  th e  m u sca rin ic  sub type  r e c e p to r s .  Among 
th e  compounds t e s t e d ,  v a lu e s  f o r  th e  in h ib i t i o n  o f  [ 3H]NMS 
b in d in g  in  N4TG1 neu rob las tom a c e l l s  c o r r e la te d  p o s i t i v e ly  w ith  
I 5 0  v a l u e s  f o r  th e  in h ib i t i o n  o f  c a rb a ch o l-in d u ced  α-am ylase 
r e l e a s e  from p a n c re a t ic  a c in i  c e l l s  and w ith  KB v a lu es  f o r  th e  
i n h ib i t i o n  o f  a c e ty lc h o lin e - in d u c e d  c o n tr a c t io n s  o f  g u inea  p ig  
ileum . Azaprophen was 50 tim es more p o te n t than  a t ro p in e  a s  an 
a n t im u s c a rin ic  ag e n t a s  measured by th e  in h ib i t i o n  o f  
a c e ty lc h o lin e - in d u c e d  c o n tra c t io n  o f  gu inea  p ig  ileum , and 10 
tim es  more p o te n t th an  a t ro p in e  in  i t s  a b i l i t y  to  b lock  α-  
am ylase r e le a s e  from p a n c re a t ic  a c in i  c e l l s  induced by 
c a rb a c h o l. The rank  o rd e r  o f  po tency fo r  th e  in h ib i t i o n  o f  
[3H]NMS b in d in g  to  th e  m u sca rin ic  r e c e p to r s  o f  N4TG1 
neu rob las tom a c e l l s  was: q u in u c l id in y l  b e n z i la t e  (QNB) > 
q u in u c l id in y l  x a n th in e -9 -c a rb o x y la te  (QNX) > a t ro p in e  > 
b e n a c ty z in e  > azaprophen > a d ip h en in e  > aprophen > 
p ire n z e p in e . From th e se  compounds, a t r o p in e ,  ap rophen , 
azap rophen , and p ire n z e p in e  were s e le c te d  fo r  b e h a v io ra l 
s tu d ie s .  L e v e r-p re s s  re sp o n ses  o f  male r a t s  were m ain ta in ed  by 
food d e l iv e ry  under a  sch ed u le  which re q u ire d  10 re sp o n ses  f o r  
each  food p r e s e n ta t io n .  Response r a t e s  under t h i s  sch ed u le  were 
d ec re a sed  in  a  dose-d ep en d en t manner by a l l  4 compounds. The 
o rd e r  o f  potency f o r  t h i s  b e h a v io ra l e f f e c t  (ED50) was: a t r o p in e  
> azaprophen > aprophen > p ire n z e p in e . B eh a v io ra l d e p re s s a n t 
a c t io n s  o f  th e  a n t im u s c a rin ic  ag e n ts  c o r r e la te d  w ith  t h e i r  
e f f i c a c i e s  in  in h ib i t i n g  [3H]NMS b in d in g . The com parable 
po tency  o f  azaprophen and a t ro p in e  in  a l t e r i n g  o p e ra n t b eh a v io r 
in d ic a te  t h a t  azaprophen may show a w ider s e p a ra t io n  between 
m u sc a rin ic  re c e p to r  b lockage and u n d e s ira b le  s id e - e f f e c t s  th a n  
e x i s t in g  c e n t r a l l y - a c t in g  a n t im u s c a rin ic  d ru g s .

294.14  MUSCARINIC RECEPTOR COUPLING TO G PROTEINS IN RAT HEART IS ALTERED 
BY VOLATILE ANESTHETICS. R .L . D e n n iso n , J r . * ,  B .L . Anthony* and 
R .S . A ronstam  (SPON: S .H . H o b b s). D e p ts .  o f  A n e s th e s io l .  and 
P h a rm a c o l. & T o x i c o l . ,  Med. C o l l . o f  G e o rg ia ,  A u g u s ta , GA 30912, 
and A n e s th e s ia  S e r v ic e ,  V e t .  Adm. Med. C t r . ,  A u g u s ta , GA 30910.

V o l a t i l e  a n e s t h e t i c s  p ro d u ce  d e l e t e r i o u s  e f f e c t s  on m y o card ia l 
f u n c t io n  and a l t e r  th e  a c t i o n s  o f  many c a r d i o a c t i v e  a g e n ts .  To 
d e te rm in e  w h e th e r  v o l a t i l e  a n e s t h e t i c s  a f f e c t  m u s c a r in ic  system s 
in  th e  h e a r t ,  th e  i n f lu e n c e s  o f  h a lo th a n e  and e n f lu r a n e  on m uscar
i n i c  r e c e p t o r  b in d in g  and  c o u p lin g  to  G p r o t e i n s  w ere d e te rm in e d .

M u s c a r in ic  r e c e p t o r  b in d in g  was m easu red  in  m em branes p rep a red  
from  th e  a t r i a  o f  a d u l t  m ale  W is ta r  r a t s  u s in g  [ 3H]m e th y lsc o p o l-  
am ine ( [ 3H]MS). A n e s th e t i c - g a s  m ix tu re s  w ere blow n o v e r  membrane 
s u s p e n s io n s  f o r  20 m in b e f o r e ,  and th e n  d u r in g ,  th e  b in d in g  a s sa y s .

H a lo th a n e  and e n f lu r a n e  a t  c o n c e n t r a t i o n s  up to  8% d id  not 
a f f e c t  th e  b in d in g  o f  [3H]MS ( d i s s o c i a t i o n  c o n s t a n t ,  number of 
s i t e s ,  o r  r a t e  c o n s ta n t s  o f  a s s o c i a t i o n  and d i s s o c i a t i o n ) .  Carbam- 
y l c h o l in e  a f f i n i t y  f o r  c a r d i a c  r e c e p t o r s  was s i m i l a r l y  u n a ffe c te d  
(T a b le  1 ) .  The a b i l i t y  o f  5 '- g u a n y ly l im id o d ip h o s p h a te ,  a  s ta b le  
a n a lo g u e  o f  GTP, t o  lo w er c a rb a m y lc h o l in e  a f f i n i t y  was g r e a t ly  
re d u c e d  i n  th e  p re s e n c e  o f  e i t h e r  a n e s t h e t i c  (T a b le  1 ) .  The elim 
i n a t i o n  o f  th e  g u a n in e  n u c le o t id e  e f f e c t  may r e f l e c t  a  s t a b i l i z a 
t i o n  o f  th e  r e c e p to r - G  p r o t e i n  com plex  due to  e i t h e r  a d i r e c t  
a c t i o n  on th e  G p r o t e i n  o r  to  an  a l t e r a t i o n  o f  th e  p h y s ic a l  s ta t e  
o f  th e  m em brane. A l t e r n a t e l y ,  th e  a b i l i t y  o f  th e  G p r o t e i n  to  bind 
g u a n in e  n u c le o t id e s  may have  b een  com prom ised .

T a b le  1 . I n f lu e n c e  o f  H a lo th a n e  and E n f lu ra n e  on C arbam yl
c h o l in e  B in d in g  to  C a rd ia c  M u s c a r in ic  R e c e p to r s

Gpp(NH)p BH KH kl
C o n tro l 0 0 .6 4 ±0 .0 5 0 .1 3 ±0 .0 4 15±  6

10 uM 0 .4 3 ± 0 .0 3 * 0 .7 2 ±0 .0 8 * 32± 10

H a lo th a n e 0 0 .6 5 ±0 .0 5 0 .1 2 ±0 .0 3 12± 4
2% 10 uM 0 .5 2 ± 0 .04* 0 .6 2 ±0 .0 4 * 26± 11

E n f lu r a n e 0 0 .6 6 ±0 .0 2 0 .1 2 ±0 .0 4 18±  5
2% 10 uM 0 .5 0 ± 0 .0 3 * 0 .5 0 ± 0 .1 5 * 41± 18

A l l  v a lu e s  a r e  m eans ±  S .D . ,  N=3.
* D e c re ase d  i n  th e  p re s e n c e  o f  Gpp(NH)p ( p < .0 5 ,  t  t e s t ) .
BH, f r a c t i o n  o f  r e c e p t o r s  d i s p l a y in g  h ig h  a f f i n i t y  carbam ylcho

l i n e  b in d in g ,  KH and KL , d i s s o c i a t i o n  c o n s ta n t s  (uM) f o r  recep to rs  
d i s p l a y in g  h ig h  and low  a f f i n i t y  c a rb a m y lc h o l in e  b in d in g ,  respec
t i v e l y .  KH was re d u c e d  in  th e  p re s e n c e  o f  b o th  a n e s t h e t i c s  com
p a re d  to  c o n t r o l ,  KL was u n c h a n g ed .

294.15  THE EFFECT OF HALOTHANE ON CNS CAPILLARY ENDOTHELIAL CELL MEM
BRANE FLUIDITY AND TEMPERATURE DEPENDENT PHASE-TRANSITION CHARAC
TERISTICS. A.M. P h e la n * , J .  Ni e re n b e r g * ,  C e c e l i a  F r e d e r ic k *  and  
D.G. Lange (SPON: T -P . S u ) . D e p a r t . o f  A n e s t h . / C r i t .  C are  
M ed ., The J o h n s  H opk ins M e d ic a l I n s t i t u t i o n s ,  B a l t im o r e ,  MD 21205 .

The e f f e c t  o f  H a lo th a n e  on CNS c a p i l l a r y  e n d o t h e l i a l  c e l l  
(CEC) membrane c h a r a c t e r i s t i c s  was c o n d u c te d  u s in g  e l e c t r o n  s p in  
r e s o n a n c e  (ESR) t e c h n iq u e s .  The s p i n - l a b e l  a g e n t ,  1 2 -d o x y l-  
s t e a r i c  a c id  (1 2 -D S ), was s e l e c t e d  b e c a u s e  i t  r e p o r t s  on membrane 
f l u i d i t y  c h a r a c t e r i s t i c s  n e a r  th e  m id d le  o f  th e  e x te n d e d  f a t t y  
a c y l  c h a in  o f  p h o s p h o l ip id s .  T h is  l o c a t io n  on th e  a c y l  c h a in  a p 
p e a r s  to  be a n  e x tr e m e ly  s e n s i t i v e  r e p o r t e r  o f  c h a n g es  i n  f l u i d i t y  
in d u ce d  by ex o g en o u s a g e n ts  ( p r o p r a n o lo l ,  c h o l e s t e r o l ,  tem p er
a t u r e ,  ETOH, e t c . ) ,  and  r e p o r t s  m u l t ip l e  p h a s e - t r a n s i t i o n s  in  
b i o l o g i c a l  an d  m odel membrane s y s te m s .

F o llo w in g  i s o l a t i o n  from  S p rag u e-D aw ley  r a t s  (2 0 0 -2 5 0  gm, n = 7 / 
g r o u p ) ,  th e  CEC's (~  200 mg) w ere in c u b a te d  i n  2 ml o f  PBS b u f f e r  
(pH = 7 .4 0 )  c o n ta in in g  40 μM 12-DS. A f t e r  a  30 min in c u b a t io n  
in  O2 s a t u r a t e d  PBS, th e  c a p i l l a r i e s  w ere w ashed 3x w i th  PBS a t  
500 xg an d  re s u s p e n d e d  in  2 ml o f  PBS w h ich  had b een  p r e v i o u s ly  
e q u i l i b r a t e d  w i th  v a r io u s  c o n c e n t r a t i o n s  o f  H a lo th a n e .  A f t e r  
e q u i l i b r a t i o n ,  2 0 -3 0  m in , th e  c a p i l l a r i e s  w ere p e l l e t e d  (5 0 0  x g , 
10 m in ) , p la c e d  in  a  20 μ l  p i p e t t e ,  and  th e  membrane f l u i d i t y  
c h a r a c t e r i s t i c s  e v a lu a t e d  o v e r  a  t e m p e ra tu re  ra n g e  o f  274°K to  
316°K . A t a l l  te m p e ra tu re s  ex a m in e d , H a lo th a n e  p ro d u ce d  a  m ore 
r i g i d  e n v iro n m e n t ,  a l t h o u g h  t h i s  d e c r e a s e  i n  f l u i d i t y  was 
a t t e n u a t e d  a t  h i g h e r  t e m p e r a tu r e s .

I n t e r e s t i n g l y ,  t h e r e  was a  d o s e -d e p e n d e n t  ch an g e  in  one o f  
th e  p h a s e - t r a n s i t i o n  te m p e ra tu re s  o b s e rv e d  by 12-DS ( c o n t r o l  -  
299°K ; 1% H a lo th a n e  -  300°K ; 3% H a lo th a n e  3 0 2 °K ). T h is  was p r e 
d o m in a n tly  p ro d u ce d  by a  c h an g e  i n  membrane f l u i d i t y  r e s p o n s iv e 
n e s s  o f  th e  CEC o v e r  th e  t e m p e ra tu re  r a n g e  o f  2 8 9-301  °K. L in e a r  
r e g r e s s io n s  o v e r  t h i s  t e m p e ra tu re  r a n g e  d e m o n s tra te d  a  s i g n i f i 
c a n t  i n c r e a s e  i n  te m p e ra tu re - d e p e n d e n t  f l u i d i z a t i o n  o f  th e  a c y l  
c h a in s  e x p re s s e d  a s  a  s lo p e  (b )  f u n c t i o n  ( c o n t r o l :  b = 1 .6 5 ;  1% 
H a lo th a n e :  b = 2 .4 7 ;  3% H a lo th a n e :  b = 2 .7 1 ) .  No c h a n g e s  in  
te m p e ra tu re - d e p e n d e n t  f l u i d i z a t i o n  w ere o b s e rv e d  o v e r  o t h e r  tem
p e r a t u r e  r a n g e s .  The i n t e r a c t i o n  o f  H a lo th a n e  w i th  membrane 
c h o l e s t e r o l  an d  p r o t e i n  was e v a lu a t e d  in  m odel l ip o s o m e s ,  w h i le  
th e  f u n c t i o n a l  s i g n i f i c a n c e  o f  th e  H a lo th a n e  in d u c e d  c h a n g es  
i n  membrane f l u i d i t y  was e v a lu a t e d  by m e a su r in g  CEC m ito c h o n d r ia l  
r e s p i r a t i o n .  T h is  d a ta  s u g g e s t s  t h a t  th e  membrane e f f e c t s  o f  
th e  i n h a l a t i o n a l  a n e s t h e t i c ,  H a lo th a n e ,  a r e  more com plex  th a n  
th ro u g h  s im p le  membrane f l u i d i z a t i o n  (H L -3 2 1 3 4 ).

294.16  KINETICS OF RECOVERY OF ELECTRICAL EXCITABILITY IN AXON MEMBRANE 
FOLLOWING NERVE IMPULSES IN THE PRESENCE OF BUPIVACAINE, 
LIDOCAINE, AND CHLOROPROCAINE. S .A . Raymond and M.T. 
D iF i l i p p o * , A n e s th e s ia  R e s e a rc h  L a b s . ,  B righam  and Women's 
H o s p i t a l ,  H a rv a rd  M e d ic a l S c h o o l,  B o s to n , MA 02115

L o c a l  a n e s t h e t i c s  (L A 's )  c a u se  a g e n t - s p e c i f i c  t r a n s i e n t  
s h i f t s  i n  b lo c k in g  a c t i o n  f o l lo w in g  a c t i o n  p o t e n t i a l s  t h a t  a re  
th o u g h t  t o  r e f l e c t  in c r e a s e d  b in d in g  t o  p a r t i c u l a r  c o n fo rm a tio n s  
o f  c h a n n e l  m o le c u le s  t h a t  e x i s t  when c h a n n e ls  a r e  i n  open  o r  in  
i n a c t i v a t e d  s t a t e s  (K e n d ig , A n e s th e s io lo g y  6 2 :3 8 2 -2 8 4 , 198 5 ). 
F o r  s u b -b lo c k in g  d o s e s  i n  f ro g  n e rv e  a x o n s , t h i s  
" u s e -d e p e n d e n c e "  a p p e a r s  a s  a  t r a n s i e n t  s u b e x c i t a b i l i t y  r e l a t i v e  
to  th e  r e s t i n g  t h r e s h o ld  f o r  e l e c t r i c a l  s t i m u l a t i o n .  We 
com pared  th e  k i n e t i c s  o f  t h i s  s u b e x c i t a b i l i t y  f o r  3 L A 's .

E l e c t r i c a l  s t i m u l a t i o n  was g iv e n  to  a  r e g io n  o f  e x c is e d  f ro g  
s c i a t i c  n e rv e  w i th  s h e a th  i n t a c t  l o c a t e d  m ore th a n  5 cm from  th e  
s u c t i o n  e l e c t r o d e  u se d  f o r  r e c o r d in g  a  s i n g l e  m y e l in a te d  axon . 
The e n t i r e  c o n d u c tio n  p a th  was e x p o sed  to  Boyl e-Conway s o lu t io n  
c o n ta in in g  th e  LA. T o n ic  e f f e c t s  o f  LA w ere  a s s e s s e d  by 
m o n ito r in g  r e s t i n g  t h r e s h o ld  and c o n d u c tio n  l a t e n c y  f o r  c u r r e n t  
p u l s e s  a d m in is te r e d  e v e ry  20 s e c o n d s .  To a s s e s s  p h a s ic  e f f e c t s ,  
t h r e s h o ld  and  l a t e n c y  w ere  m ea su red  a s  a  f u n c t i o n  o f  d e la y  from  
th e  l a s t  p u l s e  o f  a  t r a i n  o f  8 c o n d i t i o n in g  p u l s e s .

The L A 's  d i f f e r e d  i n  p o te n c y  f o r  p h a s ic  a c t i o n .  A lth o u g h  
l i d o c a in e  (MW 234) and  b u p iv a c a in e  (MW 288) a r e  s im i l a r  
a m id e - l in k e d ,  t e r t i a r y  am ine L A 's ,  th e  t r a n s i e n t  s u b e x c i t a b i l i t y  
w i th  b u p iv a c a in e  was g r e a t e r  i n  m a g n itu d e  and  lo n g e r  l a s t i n g .  
S u b e x c i t a b i l i t y  f o r  a l l  L A 's  p eak ed  w i th in  300 -4 0 0  m sec . 
M ag n itu d e  and  tim e  c o u r s e  d ep en d ed  s t r o n g l y  on d o s e ,  th o u g h  even  
f o r  n e a r  b lo c k in g  d o s e s  o f  l i d o c a in e  and  c h lo r o p r o c a in e ,  
s u b e x c i t a b i l i t y  r e c o v e r e d  c o m p le te ly  w i t h in  1 s e c o n d . W ith  0 .0 1  
mM b u p iv a c a in e  ( 2 .8 8  μg /m l)  t o n i c  t h r e s h o ld  r o s e  l e s s  th a n  10%. 
H ow ever, p h a s ic  t h r e s h o ld  i n  some u n i t s  r o s e  so  h ig h  t h a t  f o r  
1 -2  se c o n d s  a f t e r  th e  t r a i n  no im p u lse  c o u ld  be g e n e ra te d  
r e g a r d l e s s  o f  t h e  i n t e n s i t y  o f  s t i m u l a t i o n .  R eco v e ry  was 
c o m p le te  o n ly  a f t e r  1 0 -15  s e c o n d s  i n  a l l  15 u n i t s  t e s t e d  w i th  
b u p iv a c a in e .  A 1 0 - fo ld  v a r i a t i o n  was o b s e rv e d  among f i b e r s  in  
p h a s ic  s u s c e p t i b i l i t y .  The r e s u l t s  s u p p o r t  t h e  p o s s i b i l i t y  t h a t  
d i f f i c u l t  r e s u s c i t a t i o n  fo l lo w in g  c a r d i a c  a r r e s t  w i th  
b u p iv a c a in e  i s  r e l a t e d  t o  an  e x t r a o r d i n a r y  p h a s ic  a c t i o n  o f  t h i s  
a g e n t  (C la rk s o n  and  Hondeghem, A n e s th e s io lo g y  6 2 :3 9 6 -4 0 5 , 1 9 8 5 ). 
A u to rh y th m ic  e l e c t r i c a l  p r o p a g a t io n  a t  t h e  n o rm a l rhy thm  may be 
im p o s s ib le  t o  in d u c e  ( e . g .  by  d e f i b r i l l a t i o n )  o r  to  s u s t a i n  i n  
th e  p r e s e n c e  o f  b u p iv a c a in e  b e c a u s e  o f  p ro n o u n ced  
s u b e x c i t a b i l i t y  t h a t  w i l l  o c c u r  a f t e r  d e p o la r i z a t i o n  o f  Na 
c h a n n e ls  i n  c a r d i a c  P u r k in j e  f i b e r s .  S u p p o rte d  by USPHS 
GM35647.



WEDNESDAY PM DRUG EFFECTS ON RECEPTORS II 1079

295.1 TARGETING LIPOSOME AND NANOPARTICLE DRUG CARRIERS TO  SPECIFIC 
RECEPTORS. Jeffrey S. Nye and Solomon H. Snyder. Departm ents of 
Pharmacology and Neuroscience, The Johns Hopkins University School 
of Medicine, Baltimore, Maryland 21205.

Drug carriers are the subject of recent investigation for 
their potential uses as targetable carriers of therapeutic or 
diagnostic materials. Liposomes, or synthetic lip id  vesicles, and 
nanoparticles of biologically compatible polymers make effective 
microcarriers for a wide variety of substances including drugs, 
enzymes, and radioopaque dyes. These microcarriers can be 
administered systemically and will deliver th eir contents selec
tively to  predetermined organs or tissues. Targeting strategies 
have employed antibodies coupled to the liposomal or particle 
surface, as well as magnetic or heat-sensitive  carriers.

Carriers can be directed to  cells and tissues which bear 
drug-receptors by attaching high  affinity  receptor ligands to 
the carrier's  surface. In our strategy reactive analogs of 
drugs are coupled to  lip id  molecules which are then incorporated 
in to  liposomes. Using ligand analogs for the beta-adrenergic 
receptor, the adenosine (A1) receptor and the opiate receptor, we 
have developed drug-lipid conjugates th at retain  high affinity 
for th eir respective receptors. Liposomes incorporating these 
conjugates show avidity for cell surface receptors. Examples of 
drug and fluorescent dye delivery in  v itro  demonstrate th a t 
modified liposomes transfer their contents specifically to  
cultured cells bearing the appropriate surface receptors.

In a similar strategy, we have designed nanoparticulate drug 
carriers which possess avidity for drug receptors. Reactive 
drug-ligands may be covalently attached to the surface of poly
meric particles. The resulting particles show affinity  for 
drug receptors, and should allow delivery of trapped contents to 
cells expressing receptors.

For therapeutic or diagnostic purposes receptor-targeted 
drug carriers should offer a number of advantages over other 
targeting schemes. In contrast to  targeting schemes w ith a n ti
bodies, receptor-targeted carriers require no  proteins and 
thus avoid the problem of immunological reactions. Furthermore, 
a wide range of normal and diseased tissues may be chosen because 
drug and hormone receptors are ubiquitous but display character
istic  tissue d istributions. For example, certain  tumors such as 
brain glioma and bronchogenic carcinoma frequently express 
specific beta-adrenergic and peptide receptors, respectively.

295.2 BINDING PROPERTIES OF 3H-CYANOIMIPRAMINE ON SLIDE-MOUNTED SECTIONS 
OF RAT BRAIN CORTEX. G.B. Kovachich and D.J. Brunswick*, Veterans 
Administration Medical Center and Dept. of Psychiatry, Univ. of 
Pa. School of Med., Philadelphia, PA 19104.

Experiments were conducted with 3H-cyanoimipramine (CN-IMI) 
to  determine i t s  s u i t a b i l i ty  fo r au toradiographic mapping of the 
sero to n in  nerve te rm ina ls , a preposed s i t e  of action  of several 
t r i c y c l ic  an tid ep ressan ts .

Sprague-Dawley r a ts  (250-350g) were used. Coronal sec tions 
were prepared f rom the f ro n ta l co rtex , a f te r  the o lfac to ry  bulb 
had been removed. From each animal 65 sec tio n s  of 20 micron th ick 
ness were used immediately ro s tr a l  from the forceps minor of the 
corpus callosum (a block o f t is su e  lying approximately between
12.0 and 13.5 mm from the in te ra u ra l l in e ) .  The sec tions  were 
randomized and incubated in  quadruplicate a t  0-4° C, in a medium 
of 50 mM TRIS-HCl , 150 mM NaCl, pH 7 .4 , in the  presence of 0.02 -  
5.0 nM CN-IMI. Incubation of 24 h rs  was necessary fo r  equilibrium  
to  be a t ta in e d .  The sec tio n s  were wiped from the  s lid e s  with f i l 
t e r  d isks  and counted in  a liq u id  s c in t i l la t io n  coun ter. Ncnspe- 
c i f i c  binding was determined by 100 uM desimipramine, and was 
found to  be le s s  than 10% of to ta l  binding a t  a l l  concentrations 
o f CN-IMI. Satu rating  experiments (0.02 -  5.0 nM CN-IMI) were 
analyzed by the method of Scatchard. The re s u l ts  showed a s ing le  
high a f f in i ty  binding s i t e ,  with a Kd o f 0.14 nM. Competition 
s tu d ie s  (0 .2  nM CN-IMI) w ith sero ton in  arid sero ton in  uptake in
h ib i to r s ,  analyzed by the  PROPHET method, y ielded  simple d isp lace 
ment curves with H ill c o e f f ic ie n ts  of approximately 1.0 and the 
following IC50 va lues: norzim elidine 7 nM; s e r t r a l in e  8 nM; f lu 
oxetine  9.5  nM; imipramine 50 nM; desimipramine 900 nM; sero tonin  
1300 nM. Propranolol and spiperone had no e f fe c t  a t  10- 4 M. The 
s te r e o s p e c if ic i ty  of binding was v e rif ied  with the Z and E forms 
of zim elidine (IC50= 85nM and 1600 nM, re sp ec tiv e ly ) . The binding 
o f  CN-IMI was m arkedly reduced 7 days a f t e r  i n t r a v e n t r i c u l a r  
ad m in is tra tio n  o f 200 ug 5,7-dihydroxytryptam ine (5,7-DHT). Des
imipramine was adm inistered to  these r a ts  (25 mg/kg, i p . ,  15 min 
p r io r  to  5,7-DHT) The re s u l ts  are  in agreement with the assumption 
th a t  the binding s i t e  fo r  CN-IMI i s  a ssoc iated  with the nerve 
te rm ina ls  of sero ton inerg ic  neurons.

Our find ings ind ica te  th a t  CN-IMI i s  a s u ita b le  ligand fo r 
au toradiographic  mapping o f p resynaptic s i t e s  associated  with 
sero to n in  re-up take: i t  s a t i s f i e s  pharmacological c r i t e r i a  fo r 
s e le c t iv i ty ,  i t  has low Kd and low non-specific  binding. Further
more, both Scatchard and displacem ent analyses in d ica te  th a t  under 
our cond itions CN-IMI binds to  a s in g le  high a f f in i ty  s i t e ,  in 
c o n tra s t to  the reported  binding p ro p e rtie s  of i t s  parent campund, 
imipramine. Supported by research funds from the veterans 
Administration and from NIMH (MH Grant -  36761).

295.3 DOES 8-OH-DPAT INHIBIT 5-HT SYNTHESIS BY STIMULATING CELL BODY 
(5-HT1A) AUTORECEPTORS? S. H jorth*, T. Magnusson* and A. Carl s -  
son* (SPON: J.A . Engel), Dept. Pharmacol., Univ. Gӧteborg , Gӧte -  
borg, SWEDEN.

We have previously  shown th a t the pu ta tiv e  5-HT recep to r agonist 
8-OH-DPAT, po ten tly  in h ib i ts  various aspects  of in vivo 5-HT neu
ronal a c t iv i ty  in  the r a t  CNS (H jorth e t  a l . ,  J .  Neural Transm. 55: 
169, 1982). For example, there  i s  a marked, dose-dependent reduc
tio n  of the 5-HT sy n thesis  following 8-OH-DPAT. The question  a r is e s  
as to  whether th is  e f fe c t  i s  mediated via 5-HT au torecep tors  on the 
c e l l  bodies or te rm in a ls , and/or v ia  postsynap tic  5-HT recep to rs . 

8-OH-DPAT was adm inistered SC (0.01- 
-0 .3  mg/kg) to  acu tely  u n i la te ra l ly  
axotomised r a ts ,  or infused lo c a lly  
(1 μ g) in to  the do rsa l raphe (DR) of 
in ta c t  r a t s .  The in  vivo 5-HT synthe
s is  (5-HTP formation per 30 min, a f 
t e r  decarboxylase in h ib itio n  by means 
o f NSD 1015) in  the s tria tum  was sub
sequently determined in e ith e r  of the 
two experiments.
While markedly in h ib itin g  s t r i a t a l  
5-HT syn thesis  on the in ta c t  s ide  of 
the hemisectioned anim als, 8-OH-DPAT 
fa ile d  to s ig n if ic a n tly  a l t e r  th is  
measure on the axotomised s ide  u n ti l  
the h ighest dose was reached (F ig . 1) 
Following DR ap p lic a tio n  of 8-OH-DPAT 

there  was a lso  a c le a rcu t reduction  (~40 %) o f the s t r i a t a l  5-HT 
sy n th es is .

Taken to g e th e r, the 5-HT sy n th e s is - in h ib itin g  action  of 8-0H- 
-DPAT appears predominantly (though not exclu sive ly ) dependent upon 
in ta c t  impulse flow in  the 5-HT neurons. Analogising with e .g .  DA 
systems, the  find ings thus seem to  in d ica te  th a t th e re  i s  no major 
te rminal 5-HT au torecep tor involvement in  th is  action  of the 
compound. On the o ther hand, the data suggest th a t 8-OH-DPAT can 
in h ib it  te rminal 5-HT sy n thesis  by acting  a t 5-HT c e ll  body 
au torecep tor s i t e s .  Whether or not there  i s  a lso  a possib le  c o n tr i
bution from postsynap tic  5-HT (5-HT1 A ?) recep to rs  in  the b io 
chemical e f fe c ts  observed a f te r  systemic 8-OH-DPAT cannot be d ec i
ded from these  d a ta .

This study was f in a n c ia lly  supported by "Anna Ahrenbergs Fond", 
"Torsten & Ragnar Sӧderbergs S t i f t e l s e r " ,  "Magnus B ergvalls S t i f -  
te l s e " ,  " S ti f te ls e n  Lars H iertas  Minne" and the Swedish MRC (no. 
155).

Fig. 1

295.4 PERMISSIVE ROLE OF D1 RECEPTORS ON THE D2-DOPAMINE 
MEDIATED FUNCTION. BIOCHEMICAL AND BEHAVIORAL STUDIES.  O. 

G an do l f i ,  R .  D al l 'O l io ,  A.  V a c c h e r i ,  P.  R o n c a d a  a n d  
N.  M o n t a n a r o . I n s t i t u t e  o f  P h a r m a c o l o g y  - U n i v e r s i t y  o f  
B o l o g n a ,  V i a  I r n e r i o  4 8 , 1 - 4 0 1 2 6  B o l o g n a - I t a l y .

U n t i l  now t h e  m a jo r  p r o b l e m  in  d e t e r m i n i n g  a  f u n 
c t i o n a l  r o l e  f o r  D1 an d  D2 DA b r a i n  r e c e p t o r s  h a s  b e e n  
t h e  l a c k  o f  s e l e c t i v e  d r u g s .  T h i s  s t u d y  c o n c e r n e d  t h e  
b e h a v i o r a l  and  b i o c h e m i c a l  e f f e c t s  o f  a c u t e  and  r e 
p e a t e d  t r e a t m e n t s  w i t h  DA s p e c i f i c  a g o n i s t s  an d  a n t a g o 
n i s t s .  Th e b e h a v i o r a l  r e s p o n s e s  e m p lo y e d  w e r e :  h y p e r r mo -  
t i l i t y  e v o k e d  by t h e  D2 a g o n i s t  LY 1 7 1 5 5 5 ,  s t e r e o t y p e d  
b e h a v i o r  i n d u c e d  by  t h e  m i x e d  D1/D2 a g o n i s t  a p o m o r p h i n e  
and  t h e  g r o o m i n g  b e h a v i o r  e l i c i t e d  by t h e  s e l e c t i v e  D1 
a g o n i s t  SKF 3 8339 3 .  A l l  t h e s e  b e h a v i o r s  w e r e  b l o c k e d  by 
t h e  a c u t e  p r e t r e a t m e n t  w i t h  t h e  D1 s e l e c t i v e  a n t a g o n i s t  
SCH 2 3 3 9 0 ,  s u g g e s t i n g  a  r o l e  o f  D1 r e c e p t o r s  i n  t h e s e  
r e s p o n s e s . Howe ver  t h i s  a n t a g o n i s m  a p p e a r e d  t o  b e  n o t  
s p e c i f i c  f o r  t h e  D1 r e c e p t o r s ;  i n  f a c t  e v e n  t h e  D2 
r e c e p t o r  b l o c k e r  YM 09 1 5 1  a n t a g o n i z e d  h y p e r m o t i l i t y , 
s t e r e o t y p y  a n d  g r o o m i n g ;  t h i s  s u g g e s t s  an  i n t e r a c t i o n  
b e t w e e n  D1 and  D2 r e c e p t o r s .  I n  o r d e r  t o  c l a r i f y  t h i s  
v i e w ,  r a t s  w e r e  d a i l y  t r e a t e d  w i t h  SCH 2 3 3 9 0  o r  YM 
09 1 5 1  f o r  3 w e e k s  a n d  t h e  c h a r a c t e r i s t i c s  o f  s t r i a t a l  
DA r e c e p t o r s  w e r e  a s s a y e d  5 d a y s  l a t e r .  R e p e a t e d  a d m i 
n i s t r a t i o n s  w i t h  SCH 2 3 3 9 0  i n c r e a s e d  t h e  num ber o f  D1 
b u t  n e t  D2 r e c e p t o r s ,  w h i l e  t h e  c h r o n i c  t r e a t m e n t  w i t h  
YM 0 9 I S 1 i n c r e a s e d  t h e  Bmax  o n l y  o f  D2 r e c e p t o r s  i n  r a t  
s t r i a t a l  s y n a p t i c  m e m b r a n e s .  M o r e o v e r ,  g r o u p s  o f  D1 
o r / a n d  D2 s u p e r  s e n s i t i v e  r a t s  w e r e  c h a l l e n g e d  w i t h  
t h r e s h o l d  d o s e s  o f  LY 1 7 15 5 5 ,  SKF 3 8 3 9 3  o r  a p o m o r p h i n e .  
O n ly  t h e  a p o m o r p h i n e - i n d u c e d  s t e r e o t y p e d  b e h a v i o r  was 
i n c r e a s e d  in  Dl r e c e p t o r  s u p e r  s e n s i t i v e  r a t s .  On t h e  
c o n t r a r y ,  D2 s u p e r s e n s i t i v e  r a t s  e x h i b i t e d  i n c r e a s e d  
r e s p o n s e s  t o  b o t h  a p o m o r p h i n e - e l i c i t e d  s t e r e o t y p y  a n d  
LY 1 7 1 5 5 5 - e l i c i t e d  h y p e r m o t i l i t y .  The  SKF 3 8 3 9 3 - i n d u c e d  
g r o o m i n g  d i d  n o t  c h a n g e  f o l l o w i n g  a n y  o f  t h e  3 p r e -  
t r e a t m e n t s .  " I n  v i t r o "  s t u d i e s  i n d i c a t e d  t h a t  SCH 2 3 3 9 0  
i s  a  weak c o m p e t i t i v e  i n h i b i t o r  o f  3 H - s p i r o p e r  i d o l  
s p e c i f i c  b i n d i n g  t o  D2 s i t e s  i n  s t r i a t a l  m e m b r a n e s ,  
r u l i n g  o u t  d i r e c t  p h a r m a c o l o g i c  i n t e r a c t i o n s  a s  an  e x 
p l a n a t i o n  f o r  t h e  b e h a v i o r a l  e f f e c t s  o f  t h e  d r u g s  u s e d .  
Our f i n d i n g s  s u g g e s t  t h a t  D1 r e c e p t o r s  a r e  a s  i m p o r t a n t  
a s  D2 r e c e p t o r s  f o r  t h e  e x p r e s s i o n  o f  b e h a v i o r a l  r e s p o 
n s e s ;  i n  t h e  n i g r o s t r i a t a l d o p a m i n e  s y s t e m  t h e  D1 r e c e 
p t o r s  m i g h t  s e r v e  t o  m o d u l a t e  t h e  D2 r e c e p t o r  m e d i a t e d  
f u n c t i o n .
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295.5 BROMOCRIPTINE REQUIRES CONCOMITANT D1  DOPAMINE RECEPTOR 
STIMULATION FOR THE FULL EXPRESSION OF ITS HYPERKINETIC ACTION IN 
MICE. D. M. Jackson and M. Hashizume*, Dept. Pharmacol., Univ. 
Sydney., NSW 2006., A u stra lia .

A p e c u l ia r ity  of b rom ocrip tine 's  ( BRC) pharmacology is  th a t i t  
req u ire s  in ta c t s to re s  of dopamine (DA) for the expression of 
many of i t s  e f fe c ts ,  desp ite  having high a f f in i ty  fo r the D2 
recep tor and producing c o n tra la te ra l ro ta tio n  in "Ungerstedt" 
r a t s .  We recen tly  showed tha t BRC p o ten tia ted  apomorphine's 
stim ulant e f fe c ts  in r a ts  and mice, even under cond itions where 
BRC i t s e l f  was in ac tiv e , and p o ten tia ted  the e f fe c ts  of DA when 
both were applied  together to  the nucleus accumbens of r a ts  
(Jackson, D & Jenkins, O. ,  J . Neural Transm., 62:219, 1985; 
Jenk ins, O & Jackson, D., Neuropharmacol . , in p re s s ) . We 
suggested th a t BRC e ith e r  lacked in tr in s ic  a c t iv ity  a t the D2 
recep to r or th a t BRC requ ired  concomitant D1 s tim ula tion  fo r i t s  
behavioural e f fe c ts  to  be e l ic i te d .  The present study shows th a t 
BRC-induced stim u la tion  in naive mice is  p o ten tia ted  by the D1 
agonist SKF38393, and th a t the a b i l i ty  of DA dep letion  to  block 
BRC's hyperk inetic  e f fe c ts  is  reversed  by concomitant SKF38393 
ad m in is tra tio n . Naive mice were challenged with BRC and 
SKF38393, and th e ir  cumulative locomotion determined 105 to  300 
min. a f te r  in jec tio n  (Table A). In o ther mice, BRC and SKF38393 
were adm inistered 4 h a f te r  re s e rp l ne (10 mg/kg) p lus 
a lpha-m ethyl-p-tyrosine (200 mg/kg) and cumulative a c t iv ity  
measured fo r the following 3 h (Table B). All in je c tio n s  were 
IP, doses are in mg/kg and data are means ± SEMs of (n) 
r e p lic a te s .
DOSE OF SKF38393 DOSE OF BRC
A- I n   Na i ve Mice 0 5 10

0 501 ± 107 (10) 1580 ± 272 (13)
6 658 ± 156 (9) 3073 ± 684 (12)

B-In DA-dep le ted  mice
0 3 5 ± 9 (6) 17 ± 11 (5) 52 ± 16 (7)
6 31 ± 13 (6) 973 ± 324 (10) 2887 ± 455 (10)

SKF38393 p lus BRC reversed  DA depletion-induced ak in esia , 
desp ite  each drug being inac tive  by i t s e l f .  Moreover, SKF38393, 
d esp ite  i t s  in a c tiv ity  in naive anim als, p o ten tia ted  the 
stim ulan t e f fe c t of BRC. These data  suggest th a t BRC req u ires  
concomitant D1 s tim ula tion  fo r the expression of i t s  behavioural 
e f fe c ts  and th a t DA dep letion  blocks BRC by removing DA which is  
necessary fo r D1 s tim u la tio n . A requirement fo r both D1 and D2 
s tim u la tion  may underlie  the o ft- re p o rte d  synergism between BRC 
and L-DOPA in the c l in ic  and i t  is  proposed th a t BRC w ill be more 
e f fe c tiv e  in Park in son 's  d isease  if  combined with a D1 agon ist. 
Sandoz and Smith, Kline & French are  thanked fo r drug donations.

295.6 ACUTE EFFECTS OF PIMOZIDE ON RADIOLIGAND BINDING PROPERTIES OF 
DOPAMINE D2 RECEPTORS. L.H. T ecott and S .J . Peroutka. 
Departments o f Psych iatry , Neurology and Pharmacology, 
S tanford U niversity  School o f M edicine, S tanford, CA 94305

We have re cen tly  reported  th a t  d a ily  adm in is tra tion  o f the  
diphenyl butyl p ip e rid in e  neu ro lep tic  pimozide fo r  a 7 day period 
produces a decrease in  dopamine D2 recep to r binding as measured 
w ith  3H-spiperone in  r a t  s tria tu m . This e f f e c t  i s  opposite to  
the  recep to r increase  produced by chronic adm in istra tion  o f 
equally  po ten t neu ro lep tic s  such as haloperidol . In  the  present 
study, we examined th e  time course o f th i s  e f fe c t .

Pimozide was adm inistered d a ily  (10 mg/kg i . p .  in je c tio n s) for 
1, 3, 5, and 7 days. Radioligand binding assays using 3H-spiperone 
in  r a t  s t r i a t a l  homogenates were performed 24 hours a f te r  the  final 
in je c tio n . A 50% decrease in  3H-spiperone binding was observed in 
animals tre a te d  fo r 7 days, w hile reductions o f 51%, 63%, and 63% 
occurred in  animals th a t  had received  5, 3, and 1 days o f drug 
ad m in is tra tio n , re sp ec tiv e ly .

Scatchard an a ly sis  was then performed 24 hours following a 
s in g le  dose o f pimozide, ha lo p e rid o l, o r v eh ic le . Haloperidol 
treatm ent produced no s ig n if ic a n t change in  Kd o r Bmax, whereas 
pimozide treatm ent produced a 50% reduction  in  Bmax w ithout a 
s ig n if ic a n t change in  KD r e la t iv e  to  co n tro l va lu e s . We further 
stud ied  the  time course o f th i s  e f f e c t ,  w ith  recep to r assays 
performed 1½%, 4, 7, 19, and 48 hours following a s in g le  10 mg/kg 
i . p .  dose. An i n i t i a l  85% reduction  in  binding was seen 1½ hours 
a f te r  in je c tio n . Binding th e re a f te r  increased  w ith longer 
p o s tin je c tio n  in te rv a ls  so th a t  by 48 hour p o s tin je c tio n , binding 
was only reduced to  12% below co n tro l va lues. Satu ra tion  analysis 
again revealed  marked decreases in  Bmax w ithout s ig n if ic a n t 
changes in  KD a t  the  above p o s tin je c tio n  in te rv a ls .

The r e s u l ts  suggest th a t  a  s in g le  dose o f pimozide causes a 
marked and rap id  decrease in  dopamine D2 recep to r binding density. 
The mechanism o f th i s  e f f e c t  i s  c u rre n tly  under in v estigation .

295.7 RECEPTOR STUDIES AFTER CHRONIC LOXAPINE, ALPRAZOLAM OR 
BUSPIRONE TREATMENT IN THE RAT. T y ro n e  L ee , J o h n  B ru n i* , 
B ru ce  C am pbell*  and  C a th y  K n o w les* . P sy c h o p h arm ac o lo g y  
U n i t ,  C la r k e  I n s t i t u t e  o f  P s y c h i a t r y ,  T o r o n to ,  C an ad a .

L o x a p in e , a lp r a z o la m  and  b u s p i r o n e  h a v e  b e en  im p l ic a 
t e d  t o  h a v e  a n t i p s y c h o t i c  a c t i o n .  L o x a p in e , a  t r i c y c l i c  
d ib e n z o o x a z e p in e  w h ich  h a s  b e en  u s e d  a s  an  e f f e c t i v e  
n e u r o l e p t i c ,  h a s  an  u n u s u a l  p o t e n t  d o w n - r e g u la t in g  e f f 
e c t  on c e n t r a l  s e r o t o n i n  r e c e p t o r s  (L ee & T ang , P s y c h ia t .  
R es . 1 2 :2 7 7 ,  1 9 8 4 ) .  A lp ra z o la m , a t r i a z o lo b e n z o d i a z e p 
in e ,  h a s  b e e n  shown t o  re d u c e  n e g a t iv e  sym ptom s i n  
c h r o n ic  s c h i z o p h r e n ic s  when u s e d  a lo n e  (C s e rn a n s k y  e t  a l  
J .  C l i n .  P s y c h o p h a rm a c o l. 4 :3 4 9 , 1984) o r  i n  c o m b in a t io n  
w ith  o t h e r  n e u r o l e p t i c s  (W olkow itz  e t  a l . ,  Am. J .  
P s y c h i a t .  1 4 3 :8 5 , 1 9 8 6 ) .  B u s p iro n e ,  a  n o n -b e n z o d ia z e p in e  
a n x i o l y t i c ,  was shown t o  h a v e  dopam ine  a g o n i s t  and  a n t a 
g o n i s t  a c t i o n  and  i s  a  p o t e n t i a l  a t y p i c a l  n e u r o l e p t i c  
(Wood e t  a l . ,  L i f e  S c i .  3 3 :2 6 9 , 1 9 8 3 ) .  The p r e s e n t  

p a p e r  i s  i n te n d e d  t o  d e te rm in e  i f  t h e r e  i s  a  common mode 
o f  a c t i o n  on  b r a i n  r e c e p t o r s  a f t e r  c h r o n ic  t r e a t m e n t  o f  
t h e s e  a g e n t s  i n  t h e  r a t .

F o u r g ro u p s  o f  a d u l t  m a le  W is t a r  r a t s  w ere  i n j e c t e d  
d a i l y  ( i . p . )  w ith  t h e  f o l l o w in g  d ru g s  a t  t h e  c o r r e s p o n d 
in g  d o s e s  f o r  21 d a y s :  l o x a p in è  (5 mgAg), a lp r a z o la m  
(10 m gA g), b u s p i r o n e  (10 mgAg) and  v e h i c l e  c o n t r o l  
(0 .1  M t a r t a r i c  a c i d ,  1 m l / i n j e c t i o n ) . B ra in  r e c e p t o r s  
w ere  a s s a y e d  a f t e r  t h e  a n im a ls  w ere  s a c r i f i c e d  48 h o u r s  
a f t e r  t h e  l a s t  i n j e c t i o n  u s in g  3H -s p ip e ro n e  ( f o r  
d o pam ine  D2 ) , 3H-8-OH-DPAT ( f o r  s e r o t o n i n  S1A) , 3H - k e t -  
j n s e r i n  ( f o r  s e r o t o n i n  S 2) /  3H-DHA ( f o r  a d r e n e r g i c  β 1 ) , 

3H - c lo n id in e  ( f o r  a d r e n e r g i c  α 2 ) an d  3H - f lu n i t r a z e p a m  
( f o r  b e n z o d ia z e p in e  Bz ) . P r e l i m in a r y  r e s u l t s  a r e :

% Chancre in _ R e c e p to r  D ensi t y
α 2 β 1 D2 S1A S2 Bz

L o x a p in e - 7 -1 3 +34# - 4 -38@ +3
A lp ra z o la m -1 9 * -1 0 -1 2 -9 +3 -8 #
B u s p iro n e +10 -1 3 -7 +6 - 3 - 4
@P < 0 . 0 1 ;  * P < 0 .0 2 ;  # P < 0 .0 5 ,  S t u d e n t 's  t - t e s t .  
U nder t h e  c o n d i t i o n s  o f  t h e  p r e s e n t  s tu d y ,  t h e  d ru g s  

d id  n o t  seem  t o  s h a r e  any  common a c t i o n  on  n e u r o t r a n s 
m i t t e r  r e c e p t o r s  b e in g  s t u d i e d ,  a l th o u g h  a l l  t h r e e  d ru g s  
a p p e a re d  t o  lo w e r  β1- a d r e n e r g i c  r e c e p t o r  d e n s i t y  b u t  t h i s  
e f f e c t  was n o t  s t a t i s t i c a l l y  s i g n i f i c a n t .  (S u p p o r te d  by  
th e  C la r k e  I n s t i t u t e  o f  P s y c h i a t r y  R e s e a rc h  F u n d .)

295.8 NONCOMPETITIVE INHIBITION OF [3h]NIMODIPINE BINDING 
IN MOUSE BRAIN BY CHLORPROMAZINE: MODULATION BY 
VERAPAMIL, DILTIAZEM AND CALCIUM IONS. V. Ramkumar* and 
E.E . E l-Fakahany . D ept. o f Pharmacology and Toxicology, 
Univ. o f Maryland Sch. of Pharmacy, B a ltim o re , MD 21201.

The in te r a c t io n  o f ch lo rp rom azine  w ith  mouse b ra in  [3H] 
nim odipine b ind ing  s i t e s  was s tu d ie d . Chlorpromazine 
d ec reased  th e  maximum b ind ing  a t  lower concentrations 
and in c re a se d  th e  eq u ilib r iu m  d is s o c ia t io n  co n stan t at 
h ig h e r c o n c e n tra t io n s . S ch ild  p lo t  o f s a tu r a t io n  data 
showed a s lo p e  of 0 .8 . In c re a s in g  th e  [3H] nimodipine 
c o n c e n tra tio n  r e s u l te d  in  a s h i f t  to  th e  r ig h t  in 
th e  ch lo rp rom azine  d isp lacem en t cu rves bu t inh ib ition  
c o n s ta n ts  o b ta in ed  from th e se  cu rves showed a 
n o n - lin e a r  r e la t io n s h ip  to  th e  ra d io lig a n d  concen
t r a t i o n .  C hlorprom azine a c c e le ra te d  th e  r a te  of 
d is s o c ia t io n  o f [3H] nim odipine in  a dose- 
dependent f a s h io n , showing a tw o -fo ld  in c re a se  in  the 
r a t e  in, p resence  o f 30 uM ch lo rp rom azine . T his effect 
was a tte n u a te d  in  th e  p resen ce  o f v e rap am il, but not 
d i l t ia z e m . The potency o f ch lorprom azine  fo r  in te r 
a c tin g  a t  [3H] nim odipine b in d in g  s i t e s  was reduced in 
th e  p resence  o f Ca2+ and d il t ia z e m  in  a dose-dependent 
fa s h io n . T his e f f e c t  o f  Ca2+ was observed in  both 
normal and EDTA-was hed membranes. In a d d it io n , the 
a b i l i t y  o f Ca2+ to  r e s to r e  [3H] nim odipine binding  in 
EDTA-washed membranes to  c o n tro l  l e v e ls  was reduced by 
ch lo rp rom azine . C hlorprom azine, in  a dose-dependent 
manner, s h i f te d  verapam il d isp lacem en t cu rv es to  the 
r i g h t .  F urtherm ore , i t  re tu rn e d  tow ards c o n tro l level 
[3H ]nim odipine b ind ing  in h ib i te d  by v e rap am il. These 
r e s u l t s  in d ic a te  a complex in te r a c t io n  between ch lo r
prom azine a t  v a rio u s  s u b u n its  o f th e  Ca2+ channel 
and su g g es t p o te n t ia l  d rug-d rug  in te r a c t io n s  w ith  Ca2+ 
channel b lo c k e rs  when th e se  drugs a re  adm inistered 
c o n c u rre n tly  w ith  n e u ro le p t ic s .

(Supported by a g ra n t from M iles L aborato ry )
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295.9 QUANTITATIVE AUTORADIOGRAPHY OF REGIONAL FRACTIONAL OCCUPANCY OF 
OPIATE RECEPTORS IN VIVO DURING 3H-NALOXONE PRECIPITATED MORPHINE 
WITHDRAWAL. W.A. G eary, I I  and G.F. Wooten. D ep t. o f  N eurology, 
Univ. o f  V irg in ia ,  C h a r lo t t e s v i l l e ,  VA 22908.

E s tim ates  of naloxone f r a c t io n a l  occupancy (FO) o f o p ia te  
re c e p to r s  in  2 0  b ra in  re g io n s  were made u s in g  q u a n t i ta t iv e  
au to rad io g rap h y  o f in  v ivo  and in  v i t r o  3H -naloxone b in d in g . For 
in  v iv o  s tu d ie s ,  morphine dependent r a t s  rece iv ed  in trav en o u s  
pharm acologic doses o f 3H-rialoxone co rresp o n d in g  to  5 , 25, and 
105μg/kg  (200 μCi o f 50-57 Ci/mmole 3H -naloxone combined w ith  
u n la b e led  n a lo x o n e); doses were chosen based  on known 
d o se-resp o n se  r e l a t i o n s  fo r  naloxone p r e c ip i t a te d  w ith d raw al. 
R ats w ere k i l l e d  by p e n to b a rb i ta l  overdose 16 min a f t e r  
3H -naloxone in j e c t io n  ( th e  tim e o f  maximal s p e c i f ic  b in d in g  in  
v ivo  as  measured in  t r a c e r  k in e t ic  s tu d ie s )  and p e rfu sed  
t r a n s c a r d ia l ly  w ith  h e p a rin iz e d  s a l i n e  (0-4°C ; 1 m in ). B ra in s  
were fro z e n  in  Freon (-50°C ). T o ta l e lap sed  tim e fo r  p e r fu s io n  
to  f r eez in g  was 4-6  m in. In  v iv o  b in d in g  (fmol/mg) was e s tim a ted  
by q u a n t i ta t iv e  a u to ra d io g ra p h ic  m ethods; a l l  d a ta  were c o r re c te d  
fo r  d i f f e r e n t i a l  au to a b s o rp tio n  o f t r i t iu m .  S p e c if ic  b in d in g  was 
c a lc u la te d  by s u b tra c t in g  c e re b e l la r  b in d in g  from re g io n a l t o t a l  
b in d in g . Coronal s e c t io n s  a t  th e  le v e l  o f  th e  r o s t r a l  s tr ia tu m  
ty p ic a l ly  bound 2500-4500dpm a f t e r  in  v iv o  3H -naloxone in j e c t io n .  
For in  v i t r o  Bmax s tu d ie s ,  a d ja c e n t s e c t io n s  from th e  same r a t s  
were r in s e d  in  phosphate b u ffe re d  s a l in e  (1 l i t e r  X 3) u n t i l  
r e s id u a l  t r i t iu m  was u n d e te c ta b le . T o ta l b in d in g  was d e fin ed  
u sing  10nM 3H -naloxone a lo n e  (57Ci/mmole, Amersham); n o n s p e c if ic  
b in d in g  was e s tim a ted  u s in g  10μM s u f e n ta n i l .  F ra c t io n a l  
occupancy was c a lc u la te d  a s  [ s p e c i f i c  b in d in g  in  v iv o /Bmax in  
v i t r o ]X100. Pharm acologic doses o f 3H -naloxone produced FO 
v a lu es  in  2 0  b ra in  reg io n s  th a t  co rresponded  w ith  naloxone dose 
response  cu rves  f o r  b e h a v io ra l m easures o f p r e c ip i t a te d  morphine 
w ith d raw al. The mean±SD[range] o f FO v a lu e s  f o r  20 reg io n s  
pooled was 28±10[20-54], 46±11[2 6 -6 7 ], and 93±15[52-114] fo r  5 , 
25, and 105 μg /kg  naloxone d o ses , r e s p e c t iv e ly .  The in  v i t r o  
Bmax v a lu e s  were eq u a l to  in  v iv o  s p e c i f i c  b in d in g  v a lu e s  f o r  th e  
105 μg/kg  dose o f naloxone; t h i s  v e r i f i e d  th e  correspondence of 
in  v i t r o  Bmax and p la te a u  FO v a lu e s  in  v iv o . S tu d ie s  in  n a ive  
r a t s  y ie ld e d  FO v a lu e s  eq u a l to  th o se  in  dependent r a t s  (55±12 
and 90±19 fo r  25 and 105 μg /kg  naloxone, r e s p e c t iv e ly ) .  The d a ta  
su ggested : 1 ) an absence o f  sp a re  r e c e p to r s  f o r  naloxone du ring  
p r e c ip i t a te d  w ithd raw al and 2 ) th a t  p r e c ip i t a te d  w ithdraw al 
mechanisms were a t t r i b u t a b l e  to  p o s t-b in d in g  ev e n ts  in  v iv o . 
Q u a n ti ta t iv e  a u to ra d io g ra p h ic  s tu d ie s  o f i n  v ivo  and in  v i t r o  
b ind ing  p rov ided  new d a ta  concern ing  s p e c i f ic  re g io n a l re c e p to r  
occupancy s t a t e s  in  v ivo  and m easured drug e f f e c t s .  T his work 
was su ppo rted  by g ra n t NIH DA03787.

295 10 IN VITRO DEMONSTRATION OF A PHYSIOLOGICALLY ACTIVE COMPARTMENT 
FOR PHENYTOIN ACCUMULATION
Lothman, E.W., G eary, W.A., I I ,  Wooten, G .F ., and P e r l i n ,  J.B.*, 
D ept. N eurology, Univ. V irg in ia ,  C h a r lo t t e s v i l l e ,  VA 22908.

The mechanisms by which pheny to in  (PHT) i s  d is t r i b u te d  in  
b ra in  a re  in co m p le te ly  un d ers to o d . We sought to  t e s t  fo r  
s p e c i f ic  b ra in  b in d in g  s i t e s  fo r  PHT and to  map th e  p a t te r n  of 
PHT d i s t r i b u t io n  when v a r ia b le s  imposed by sy stem ic  pharmaco
k in e t ic s  were removed. In  v i t r o  b in d in g  s tu d ie s  were conducted 
w ith  r a d io la b e le d  PHT in  th e  absence o r p resence  o f excess 
n o n -la b e led  PHT as  a  co m p e titiv e  d is p la c e r  to  determ ine t o t a l  
(T) and n o n s p e c if ic  (NS) b in d in g  re s p e c t iv e ly  in  e i th e r  s e c t io n s  
(''dead" t i s s u e )  o r s l i c e s  ( " l iv in g "  t i s s u e )  o b ta in ed  from r a t  
b r a in .  S ec tio n s  (20 μm) were p repared  from f re s h - f ro z e n  b r a in s ,  
cu t a t  -15°C , and s to re d  over s i l i c a  g e l d e s s ic a n t a t  -70°C 
u n t i l  th e  tim e of e x p e rim en ta tio n . B ra in  s l i c e s  (hippocampus or 
v e n t r a l  o r d o rs a l fo re b ra in  a t  th e  le v e l  o f the  s tr ia tu m )  were 
p rep are d  by co n v e n tio n a l te ch n iq u e s , cu t a t  400 μm w ith  a 
M cllwain t i s s u e  chopper and m ain ta ined  a t  37°C in  a CO2-b u ffe re d  
a r t i f i c i a l  CSF. B inding experim en ts were done under h igh  
a f f i n i t y  (T=4-9 nM ra d io la b e le d  PHT; NS w ith  a d d i t io n a l  4 μM 
no n lab e led  PHT) o r low a f f i n i t y  (T=1 μM ra d io la b e le d  PHT; NS 
w ith  a d d i t io n a l  100 μM n on labe led  PHT) c o n d itio n s . S ec tio n s  
were in cu b a ted  in  T r is -b u f fa re d  (pH 7 .4 ) s a l in e  o r a r t i f i c i a l  
CSF s o lu t io n s  c o n ta in in g  PHT. A ccum ulation o f r a d io la b e le d  PHT 
was determ ined by l iq u id  s c i n t i l l a t i o n  spec tro sco p y  o r 
q u a n t i ta t iv e  f ilm  au to rad io g rap h y  w ith  c a l ib r a te d  s tan d a rd s  and 
c o r re c t io n s  fo r  re g io n a l a u to a b s o rp tio n . K in e tic  s tu d ie s  
rev e a le d  a s tea d y  s t a t e  fo r  PH T 'accum ulation by 10 m inutes in  
s e c t io n s  and by 30 m inutes fo r  s l i c e s .  No s p e c i f ic  b in d in g  was 
found in  e i th e r  s e c t io n s  o r s l i c e s .  For s e c t io n s  th e re  was no 
a p p re c ia b le  d if fe re n c e  in  PHT accum ulation  a t  22 vs 37°C o r in  
T r is -b u f fe re d  s a l in e  vs a r t i f i c i a l  CSF. A utorad iographs o f 
s e c t io n s  showed a g r e a te r  accum ula tion  o f PHT in  gray  th an  in  
w h ite  m a tte r  s t r u c tu r e s  (w h ite :gray  r a t i o  0 .7 ) ;  in  c o n t r a s t ,  
s l i c e s  showed th e  converse (w h ite :g ray  r a t i o  1 .5 ) .  A w h ite :gray  
r a t i o  > 2  was found p re v io u s ly  in  our experim en ts in  which 
ra d io la b e le d  PHT was a d m in is te red  in  v ivo  (Neurology 35:S155, 
1984). We conclude th a t  th e re  a re  no s p e c i f ic  b in d in g  s i t e s  fo r  
PHT in  th e  b r a in .  The d i s t r i b u t io n  o f PHT in  w h ite  r e l a t i v e  to  
g ray  m a tte r  d i f f e r s ,  how ever, depending on th e  fu n c t io n a l s t a t e  
o f th e  t i s s u e .  For " l iv in g "  s l i c e s  exposed to  PHT in  v i t r o , th e  
drug p r e f e r e n t ia l ly  accum ulates in  w h ite  m a tte r , th e  
d i s t r i b u t io n  seen  in  s i t u . This su g g es ts  th e  p resence  o f an 
a c t iv e  p ro c e s s , perhaps in v o lv in g  g l i a l  c e l l s ,  th a t  s e rv e s  to  
accum ulate o r b ind  PHT by a n o n -sa tu ra b l e p ro c e s s .

295.11 EFFECT OF MILACEMIDE, AN ANTIEPILEPTIC AGENT, RELEASED IONTOPHORE
TICALLY ON RAT AND CAT CNS CELLS IN VIVO.

GODFRAIND J.M .* (SPON: A. ROUCOUX). L a b o ra to ire  de N europhysio lo
g ie ,  F a c u l té de Méd ec in e  UCL, UCL 5449, B-1200 B ru s se ls .

M ilacem ide (Mi) e x e r ts  a n t ic o n v u lsa n t a c t i v i t y .  F ollow ing i t s  
a d m in is tr a t io n ,  e le v a te d  le v e ls  o f th e  in h ib i to r y  am ino-acids GABA 
and g ly c in e  have been n o tic e d  in  some b ra in  a r e a s .  T his o b s e rv a tio n  
prompted th e  su g g e s tio n  th a t  th e  a n t i e p i l e p t i c  a c t i v i t y  of M ilace
mide cou ld  be accounted  fo r  by th e se  in c re a se d  amounts o f in h ib i 
to ry  am in o -ac id s.

In  th i s  s tu d y , e x t r a c e l lu la r  rec o rd in g s  w ere o b ta in e d  from neu
rons  in  th e  c e re b ra l  c o r te x ,  thalam us and hippocampus o f c a ts  and 
r a t s  a n a e s th e tiz e d  w ith  u re th a n e . M ilacem ide was r e le a s e d  io n to -  
p h o r e t ic a l ly  e i t h e r  on c e l l s  f i r i n g  sp o n tan e o u sly , o r  on c e l l s  ex
c i te d  by r e g u la r  io n to p h o re tic  p u lse s  o r  by con tinuous io n to p h o re -  
t i c  a p p l ic a t io n  o f g lu tam a te  (G ), o r a c e ty lc h o lin e .

M ilacem ide was cap ab le  o f d e p re ss in g  th e  f i r i n g  o f p r a c t i c a l l y  
a l l  c e l l s  exam ined; th i s  d e p re s s a n t a c t i v i t y  appeared  r e v e r s ib le  
and d o se-d ep en d en t. By com parison , M ilacem ide was le s s  p o w erfu ll 
th an  GABA ap p lie d  w ith  s im i la r  io n to p h o re tic  c u r r e n t s .  However, 
when th e  e je c te d  amount o f GABA induced a submaximal d e p re s s a n t e f 
f e c t  on f i r i n g  r a t e ,  th e  s im u ltaneous io n to p h o re tic  r e le a s e  o f GABA 
and M ilacem ide in h ib i te d  c e l l  f i r i n g  more p ro found ly  th a n  when GABA 
a lo n e  was a p p lie d .

I t  i s  concluded th a t  M ilacem ide i t s e l f  i s  cap ab le  o f d ep re ss in g  
c e l l  a c t i v i t y  and th a t  i t s  d e p re s s a n t e f f e c t  may be a d d i t iv e  to  
th e  in h ib i to r y  a c t io n  o f  GABA.

With su p p o rt from FNRS and Banque N a tio n a le  de B elg ique .

295.12 EFFECT OF AGE ON THE RESPONSE OF THE GAMMA-AMINOBUTYRIC ACID RECOG
NITION SITE TO ETHANOL IN THE PRESENCE AND ABSENCE OF DIAZEPAM. 
H.L. Komiskey, L.M. Raemont* and K.L. Mundinger*.
Department of Biomedical Sciences, University of I llin o is , 
College of Medicine a t Rockford, Rockford, I llin o is  61107.

Rat brain tissue above the cerebellum was examined for age- 
related  changes in low a ff in ity  3H-gamma-aminobutyric acid (3H-GABA) 
binding a f te r  a single injection of the vehicle, ethanol and/or 
diazepam (180 ug/kg). Young (3-4 mo. old), mature (12-15 mo. old) 
and senescent (28-31 mo. old) male Fischer 344 ra ts  were injected 
(0.05 ml/100 grams of body weight) intravenously with one of the 
above treatments five minutes prio r to decapitation. To expose 
the brain tissu e  of a l l  age groups to sim ilar ethanol concentra
tions, young and mature ra ts  were injected with 60% ethanol, while 
senescent ra ts  were injected with 45% ethanol.

The brain homogenate was washed thoroughly prio r to being used 
in the binding assays. Incubations were conducted a t 0-4°C in a 
1 ml fin a l volume containing aliquots of homogenate, 3H-GABA, and 
various concentrations of unlabeled GABA. Incubations were term
inated by rapid centrifugation.

An acute in jection  of ethanol, with and without diazepam, pro
duced an age-dependent a lte ra tio n  in low a ff in ity  3H-GABA binding. 
For example, ethanol pretreatment did not a l te r  the a ff in ity  of 
3H-GABA binding s i te s  in young ra ts . In contras t ,  the a ff in ity  
of the 3H-GABA binding s i te s  in ethanol-pretreated mature ra ts  
was sign ifican tly  lower than tha t of ethanol-pretreated young ra ts  
and vehicle or diazepam-pretreated mature ra ts . In senescent ra ts , 
the a ff in ity  of 3H-GABA binding s i te s  in ethanol-pretreated ra ts  
was s ign ifican tly  lower than diazepam-pretreated ra ts . In te res t
ingly, the maximum number of binding s i te s  was not s ign ifican tly  
altered  by an acute ethanol injection in any age group. However, 
in young ra ts  a sing le  injection of ethanol with diazepam altered  
both the a ff in ity  and maximum number of 3H-GABA binding s i te s  com
pared to diazepam-pretreated ra ts . In mature and senescent ra ts  
pretreated  in th is  manner, neither the a ff in ity  nor the maximum 
number of 3H-GABA binding s i te s  were altered .

The present re su lts  indicate that ethanol in the presence and 
absence of diazepam e l ic i t s  within minutes an age-dependent a l te r 
ation in low a ff in ity  GABA binding. The age-related effec ts of 
acute ethanol administration on GABA binding nay even play a role 
in the discrepancies reported in the l i te ra tu re  regarding the 
effec ts of ethanol on GABA receptor binding.

Supported by USPHS grant AG-04710 and MSP funds College of 
Medicine a t Rockford.
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295.13 EFFECTS OF ETHANOL ON PINEAL BETA-ADRENERGIC RECEPTOR FUNCTION. 
C.T. Chung*, L. Tamarkin*1, E. M ajchrow icz*, P .L . Hoffman* and 
B. T abako ff. NIAAA, DICBR; 1NIMH, CPB; B ethesda , MD 20892

E th an o l, in  v i t r o , was shown to  enhance is o p ro te re n o l  (ISO )- 
s tim u la te d  ad e n y la te  c y c la s e  (AC) a c t iv i t y  in  mouse c e re b ra l  
c o r t i c a l  membranes b u t a f t e r  c h ro n ic , in  v iv o , e th a n o l tre a tm e n t, 
th e  resp o n se  to  ISO was d im in ish ed . The r a t  p in e a l g land  i s  a 
model system  in  which a c t iv a t io n  o f β-a d re n e rg ic  r e c e p to r s  by 
a g o n is t s ,  in  v i t r o , s t im u la te s  m ela to n in  s y n th e s is  and cAMP 
fo rm a tio n . The s e n s i t i v i t y  o f p in e a l β-a d re n e rg ic  r e c e p to rs  to  
a c t iv a t io n  by a g o n is t s ,  however, was shown to  vary  w ith  a c i r c a d ia n  
rhythm . In  th e  f i r s t  s e t  o f  ex p e rim en ts, r a t s  were g iven  e th a n o l 
c h ro n ic a lly  to  induce p h y s ic a l dependence, and IS O -stim u la ted  AC 
a c t i v i t y  in  p in e a l g land  membranes was measured du rin g  e th an o l 
w ith d raw al, a t  1400 and 0200 h o u rs . In  p in e a l membranes from 
c o n tro l  r a t s ,  th e  s t im u la t io n  o f AC a c t i v i t y  by 10-4M  ISO was 
h ig h e r  a t  1400 hours (184.3  ± 20 .3  pmol cAMP/mg p ro te in /m in )  than  
a t  0200 hours (79 .6  ± 29 .3  pmol cAMP/mg p ro te in /m in ) . In  e th a n o l-  
w ithdrawn r a t s ,  how ever, t h i s  d iu rn a l v a r i a t i o n  was n o t ap p a ren t 
( s tim u la t io n  o f p in e a l  AC a c t iv i t y  by 10-4M ISO a t  1400 and a t  
0200 hours = 113.9 ± 18 .6  and 93 .4  ± 22 .2  pmol cAMP/mg p ro te in /m in , 
r e s p e c t iv e ly ) .  Thus, ch ro n ic  e th a n o l tre a tm e n t and w ithdraw al 
appears  to  r e s u l t  in  a s u b s e n s i t iv i ty  to  ISO o f p in e a l β-a d re n e rg ic  
re c e p to r-c o u p le d  AC a c t i v i t y  a t  th e  1400 hour tim e p o in t .

To a s s e s s  w hether e th a n o l d i r e c t l y  a f f e c t s  p in e a l p ro d u c tio n  o f 
m e la to n in , p in e a l  g lands  were c u l tu re d  in  media f o r  48 hours and 
then  t r a n s f e r r e d  to  f r e s h  c u l tu r e  media w ith  and w ith o u t v a r io u s  
c o n c e n tra t io n s  of e th a n o l, submaximal c o n c e n tra t io n s  o f ISO 
(10-9 m) o r  bo th  e th a n o l and ISO. Media was changed every  30 m inu tes 
fo r  s ix  h o u rs . M ela ton in  co n ten t in  each 30-m inute c o l le c t io n  
sample was determ ined  by RIA. ISO (10- 9m) in c re a se d  b a s a l 
m e la to n in  p ro d u c tio n  by 138% and peak s tim u la t io n  was ach ieved  by 
th re e  hou rs  (b a s a l m e la to n in  p ro d u c tio n  a t  3 hours = 1 .11  ± 0 .79  
n g /g lan d /3 0  min; n=4 ) .  E thano l (5-50mM) a lo n e  d id  n o t appear to  
a f f e c t  b a s a l  m ela to n in  s y n th e s is .  However, e th a n o l (50mM) 
s ig n i f i c a n t ly  p o te n t ia te d  th e  s tim u la t io n  o f m e la ton in  s y n th e s is  by 
10- 9m is o  S tim u la t io n  over b a s a l a t  3 hours = 854%). These d a ta  
su g g est th a t  e th a n o l a l t e r s  p in e a l β-a d re n e rg ic  rece p to r-m e d ia ted  
p ro d u c tio n  o f m e la to n in , and th a t  th e  c u l tu re d  p in e a l g land  may 
p ro v id e  a sim ple model system  to  e lu c id a te  th e  e f f e c t s  o f e th a n o l 
on th e  cascade  of c e l l u l a r  ev e n ts  from re c e p to r  s tim u la t io n  to  
p h y s io lo g ic a l o u tp u t s ig n a l .

MUSCLE II

296.1 FINE STRUCTURE AND FUNCTION OF SEA HORSE (HIPPOCAMPUS) SKELETAL 
MUSCLE CELLS. M. M orales* , D. S. Smith* and J .  d e l  C a s t i l lo * . 
(SPON: G. E sca lona  de M o tta ). Lab. o f  N eurobio logy, U .P .R . ,B lv d . 
d e l  V a lle  201, Old San Ju a n , P .R . 00901 and D ep t. o f  Zoology, U. 
o f  O xford, South P arks Road, Oxford 0X1 3PS, U.K.

In  a d d i t io n  to  th e  slow  c o n tra c t in g  myotome m uscles , w hich make 
up most o f  t h e i r  s k e l e t a l  m uscle m ass, th e  sea  h o rse  (Hi ppocamp u s) 
p o sse ss  h ig h ly  s p e c ia l i z e d  f a s t  m uscles t h a t  move th e  d o r s a l  f in s  
a t  a  r a t e  o f  32 Hz. We a re  conduc ting  a  morphom etric and 
fu n c t io n a l  com parison betw een th e s e  two ty p e s  o f  m uscle f i b e r s .

In  s tu d y in g  th e  f ib e r s  o f  th e  f i n  m uscles , R o l l e t t  [A rch. mi k r .  
A nat. 32; 233 - 2 6 6 , 1888] p ro v id e d  th e  f i r s t  c l e a r  h i s to l o g ic a l  
d i s t i n c t i o n  betw een sarcop lasm  and m y o f ib r ils  in  a  v e r te b r a te  c e l l .  
These f ib e r s  a re  h ig h ly  u n u su a l b o th  in  th e  e x te n t  o f  th e  sa rc o 
plasm  and in  th e  d i s p o s i t i o n  o f  th e  c o n t r a c t i l e  system ; m y o f ib r ils  
ap p e a r , in  t r a n s v e rs e  s e c t io n s ,  a s  sinuous r ib b o n s . The r a t i o  o f  
m y o f ib r ils  ( in c lu d in g  T -system  and SR), to  e x t r a f i b r i l l a r  s a rc o 
plasm  and to  m ito ch o n d ria  i s  c a . 6 :3 :1 .  Lanthanum t r a c e r  s tu d ie s  
show t h a t  th e  T - tu b u le s , a l ig n e d  in  Z - le v e l t r i a d s ,  o r ig in a te  v ia  
cav eo lae  and fo llo w  an i r r e g u la r  cou rse  th rough  th e  sarcop lasm , 
which i s  f i l l e d  w ith  g ra n u la r  c i s te r n a e  inv o lv ed  in  g lycogen syn
t h e s i s .  M itochondria  a r e  co n sp icu o u sly  a l ig n e d  a t  th e  Z-band le v e l  
o f  th e  m y o f ib r i ls .

A verage membrane p o te n t i a l  o f  f i n  m uscle f ib e r s  de te rm in ed , a s  
in  o th e r  t e l e o s t s  ( c f .  Hagiwara & Takahashi J .  P h y s io l.  190: 499-  
518, 1967)  by th e  K conduc tance , i s  -9 2 .2  mV ± 5 .1  (S .D .) . A ction  
p o te n t ia l s  a r e  on ly  a b o r t iv e  in  some p re p a ra t io n s  w h ile  in  o th e rs  
th e y  e x h ib i t  a  w e ll  developed  ov ersh o o t (+20 mV). P ass iv e  e le c 
t r i c a l  c o n s ta n ts  a r e  s im i la r  to  th o se  o f  f ro g  s k e l e t a l  m uscle 
f i b e r s .  These m uscles a r e  p ro fu s e ly  i n n e rv a te d , each  ju n c tio n  
in v o lv in g  two o r  more te rm in a l axons.

Myotome m uscle f ib e r s  d i f f e r  m arkedly in  t h e i r  f in e  s t r u c tu r e .  
The c o n t r a c t i l e  system  i s  in c o m p le te ly  d iv id e d  in to  m y o f ib r ils  and 
f i l l s  th e  c e l l ,  r e s t r i c t i n g  th e  sarcop lasm  to  a  m inim al volume. 
M itochondria  a re  s p a r s e . Sarcom ere le n g th  I s  s im i la r  to  t h a t  o f  
f i n  m uscle, b u t th e  t r i a d s  a r e  s i tu a te d  a t  th e  A -I l e v e l .  Myo
n e u ra l ju n c tio n s  a r e  seldom  seen  in  myotome m uscle.

(T h is work was su p p o rted  by NIH g ra n ts  NS-07464 and NS-14938).

296.2 VARIABILITY IN SDH ACTIVITY AMONG DIAPHRAGM MUSCLE 
UNIT FIBERS. M. F o u rn ie r  and G.C. S ie c k . D ep t. of 
R e s p ir a to ry  D ise a se s , C ity  o f Hope M edical C e n te r, 
D u a r te , CA 91010 and D ep ts . o f  Anatomy and K in e s io 
lo g y , UCLA School o f  M ed ic ine , Los A ngeles, CA 90024.

R ecen t s tu d ie s  in  r a t  (Nemeth, P .M ., J. P h y s io l . 
311: 489, 1981) and c a t  (Nemeth, P .M ., J .   N eu ro sc i. 
in  p r e s s )  h in d lim b  m uscle in d ic a te  t h a t  enzym atic  
a c t i v i t i e s  among m uscle u n i t  f i b e r s  a re  v i r t u a l l y  
i d e n t i c a l .  However, in  th e s e  s tu d ie s  o n ly  a sm a ll 
number o f  m ic ro d is s e c te d  u n i t  f i b e r s  w ere a ssay ed  
m ic ro b io c h e m ic a lly . In  th e  p r e s e n t  s tu d y , su c c in a te  
dehydrogenase  (SDH) a c t i v i t y  o f  u n i t  f i b e r s  in  th e  
c a t  d iaphragm  (DIA) was d e te rm in ed  m ic ro p h o to m e tri-  
c a l l y ,  u s in g  a q u a n t i t a t i v e  h is to c h e m ic a l  method 
w hich f a c i l i t a t e s  th e  a n a ly s is  o f  a much l a r g e r  sam
p le  o f  f i b e r s .  The p u rp o se  o f  t h i s  s tu d y  was to  
compare th e  v a r i a b i l i t y  o f  SDH a c t i v i t y  among m uscle 
u n i t  and n o n -u n it  f i b e r s .

DIA u n i t s  were i s o l a t e d  by d i s s e c t in g  c e r v ic a l  
v e n t r a l  r o o t  f i la m e n ts .  M uscle u n i t s  w ere c h a r a c te 
r i z e d  p h y s io lo g ic a l ly  as  ty p e  S, FR, F in t  o r  FF.
U n it f i b e r s  w ere i d e n t i f i e d  h is to c h e m ic a l ly ,  u s in g  
th e  g lycogen  d e p le t io n  m ethod. M uscle f i b e r s  were 
a ls o  c l a s s i f i e d  a s  ty p e  I  ( l i g h t )  o r  ty p e  I I  (d ark ) 
b ased  on m yosin ATPase s t a in in g .

The number o f  f i b e r s  an a ly z e d  p e r  u n i t  ranged  from 
42 to  89, and t h e i r  SDH a c t i v i t i e s  w ere compared to  
a t  l e a s t  an e q u a l number o f  n o n -u n it  f i b e r s  o f  th e  
same h is to c h e m ic a l  ty p e . The e x te n t  o f  v a r i a t i o n  o f 
SDH a c t i v i t y  w ith in  a s in g le  f i b e r  was a ls o  d e t e r 
mined from  m u l t ip le  s e r i a l  s e c t io n s .  The i n t r a - f i b e r  
c o e f f i c i e n t  o f  v a r i a t i o n  (CV) f o r  SDH ranged  from 3 
to  5%. The mean CV f o r  SDH among ty p e  S u n i t  f i b e r s  
was 16% compared to  a mean CV o f 23% f o r  n o n -u n it  
ty p e  I  f i b e r s .  The mean CV f o r  SDH among ty p e  F 
u n i t s  f i b e r s  was 26% compared to  a mean CV o f  58% fo r  
n o n -u n it  ty p e  I I  f i b e r s .  The o v e r a l l  ran g e  o f  SDH 
a c t i v i t y  was g r e a te r  f o r  ty p e  I I  f i b e r s  compared to  
ty p e  I .  W ith in  t h i s  o v e r a l l  ra n g e , th e  SDH a c t i v i t y  
o f  ty p e  FF and F in t  u n i t  f i b e r s  was r e s t r i c t e d  to  a 
g r e a t e r  e x te n t  th a n  t h a t  o f  ty p e  S o r  FR u n i t  f i b e r s .

These r e s u l t s  in d i c a t e  t h a t  among m uscle u n i t  f i 
b e r s  o f  th e  c a t  DIA th e r e  i s  a r e l a t i v e  hom ogeneity  
o f  SDH a c t i v i t y .  However, compared to  i n t r a - f i b e r  
v a r i a b i l i t y , th e  v a r i a t i o n  in  SDH a c t i v i t y  among 
m uscle u n i t  f i b e r s  i s  s t i l l  s i g n i f i c a n t .
(S u p p o rted  by NIH G ran t H129999-03)
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296.3 SINGLE MUSCLE UNIT TERRITORIES IN THE CAT SARTORIUS. C.A. P r a t t  
ana C.M. Chanaud. Lab. o f  N eural C o n tro l, NlNCDS, NIH, B ethesda, 
MD 20892.

The c a t s a r to r iu s  (SA) m uscle i s  an an a to m ica lly  complex muscle 
th a t  has been shown to  be fu n c t io n a l ly  heterogenous. The m edial 
p o r tio n  o f  SA (SAm) f le x e s  th e  h ip  and knee. The a n te r io r  p o r tio n  
o f  SA (SAa) i s  b i f u n c t io n a l ;  i t  a l s o  f le x e s  th e  h ip  b u t ex tends th e  
knee. D uring tr e a d m ill  w alk ing  bo th  SAa and SAm g en e ra te  a b u rs t  o f  
EMG du rin g  th e  swing phase , bu t SAa a ls o  i s  a c t iv e  d u ring  th e  
s ta n c e  phase . D ire c t ev idence  showed th a t  s e p a ra te  groups o f  
motoneurons (MNs) g en e ra ted  th e  two b u r s ts  o f  EMG in  SAa, and 
in d i r e c t  ev idence  su g g ested  th a t  th e  swing phase EMG in  SAm was 
produced by a  t h i r d  independent group o f  SA MNs (H offer e t  a l . ,  J .  
N europhysio l. In  p r e s s ) .  The p roposal th a t  th e  SA MN pool i s  
p a r t i t i o n e d  in to  3 f u n c t io n a l ly  independent su b se ts  o f  MNs ( ta s k  
g roups) d u rin g  w alk ing  presumes th a t  th e  tem porally  o verlapp ing  
swing phase b u r s ts  in  SAa and SAm a re  produced by an a to m ica lly  
s e p a ra te  m uscle u n i t s .  This presum ption  was t e s te d  in  th e  p re se n t 
ex p e rim en ts .

In  ac u te  experim en ts under p e n to b a rb ito l a n e s th e s ia , s in g le  SA 
m otor axons w ere i s o la te d  in  c u t v e n tra l  ro o t (VR) f i la m e n ts . An 
EMG p a tch  e le c tro d e  w ith  4 b ip o la r  e le c tro d e s  (3×3 mm, 4-5  mm 
in te r e le c t r o d e  sp ac in g , 1-4 in  F ig . ) was p la ced  ac ro ss  th e  w idth  o f 
SA, and a b ip o la r  c u f f  e le c tro d e  was p laced  on th e  in t a c t  SA nerve . 
The q u ad ricep s  and s c i a t i c  ne rv es  were c u t . S in g le  u n i t s  were 
i d e n t i f i e d  by th e  p resen ce  o f  u n i ta ry  orthodrom ic ENG and EMG 
p o te n t ia l s  in  th e  SA nerve  c u f f  and m uscle p atch  e le c tro d e s , 
r e s p e c t iv e ly ,  and u n ita ry  an tid ro m ic  p o te n t ia ls  in  th e  VR f ila m e n t. 
The c r o s s - s e c t io n a l  d i s t r i b u t io n  o f  a  s in g le  m uscle u n i t 's  
t e r r i t o r y  was mapped e l e c t r i c a l l y  by reco rd in g  from a l l  pa tch  
e le c tro d e s  and confirm ed , f o r  some u n i t s ,  h is to lo g ic a l ly  by th e  
glycogen d e p le tio n  method ( s tim u la t io n  paradigm: 40 Hz fo r  330 ms, 
1 t r a in / s e c  fo r  60-120 m in). M u ltip le  s in g le  u n i t s  were mapped 
e l e c t r i c a l l y  on ly  in  un d ep le ted  m uscles.

SA u n i ta ry  EMG p o te n t ia ls  (N=12) were r e s t r i c t e d  to  1 o r 2 o f  
th e  p a tch  e le c tro d e s  ( i e . , t h e  SAa u n i t 's  EMG in  th e  F ig . was 
co n fin ed  to  e l e c tro d e  # 4 ) . SA m uscle u n i t  t e r r i t o r i e s ,  as  rev ea led  
by PAS s ta in in g  (N=4), were lo c a l iz e d  to  le s s  than  20% o f  th e  
c r o s s - s e c t io n a l  a re a  o f  SA (se e  F ig .) .  Thus f ib e r s  be long ing  to  a 
m otor u n i t  l i k e ly  sh a re  
s im i la r  s k e le ta l  le v e r  arm s. 
T h is i s  c o n s is te n t  w ith  th e  
su g g e s tio n  th a t  th e  p a r t i 
t io n in g  o f  MN poo ls  in to  
ta s k  groups r e f l e c t s  th e  
need to  p re se rv e  fu n c t io n a l /  
k in em atic  homogeneity w ith in  
a m otor u n i t  (Loeb, J .  exp.
B io l. 115:1985).

296.4 ASSOCIATIONS OF BIOCHEMICAL AND PHYSIOLOGICAL PROPERTIES IN SINGLE 
MOTOR UNITS. T.M. Hamm, P.M. N em eth, L. S o la n k i* ,  D.A. G ordon, 
R.M. R e in k in g *  and D.G S t u a r t .  D iv . o f  N e u ro b io lo g y , B arrow  
N eu ro lo g ica l I n s t i t u t e ,  Phoenix, AZ 85013; D epts. of N eurology and 
o f  Anatomy and N e u ro b io lo g y , W ash ing ton  U n iv . Med. Sch ., S t .  
L ou is, MO 63110; and Dept. o f P h ysio logy , Univ. of A rizona H ea lth  
S c i. C en te r, Tucson, AZ 85724.

M otor u n i t s  from  th e  c a t  t i b i a l i s  p o s t e r i o r  m u sc le  w ere 
examined fo r  a s s o c ia t io n s  between p h y s io lo g i c a l  and b io c h e m ic a l 
p ro p e r t ie s .  F un c tio n a l l y i s o la te d  m otor u n i t s  were ca te g o riz e d  on 
th e  b a s is  o f t h e i r  p h y s io lo g ic a l p ro p e r t ie s .  This was fo llo w ed  by 
q u a n t i t a t iv e  m icrochem ical a n a ly s is  o f s in g le  m uscle f ib e r s  from 
e a ch  u n i t ,  i d e n t i f i e d  i n  c r o s s - s e c t i o n s  u s in g  th e  g ly c o g e n -  
d e p le t io n  method. The fa t ig u e  r e s is ta n c e  o f the  motor u n i t s  was 
w e ll  c o r r e l a te d  w ith  th e  a c t i v i t i e s  o f m a la te  dehydrogenase and β-  
h y d ro x y a c y l-C o A  d e h y d ro g e n a se . These c o r r e l a t i o n s  were e v id e n t 
between f a t ig a b l e  (ty p e  FF) and f a t ig u e - r e s i s ta n t  u n i t s  ( ty p es  FR 
and S) a n d , m o re o v e r , w ere e v i d e n t  w i th in  th e  f a t i g u e  r e s i s t a n t  
g ro u p . The a c t i v i t i e s  o f  b o th  l a c t a t e  d e h y d r o g e n a s e  and  
ad e n y lo k in ase  were h ighe r in  f a s t -  than  in  s lo w -c o n tra c tin g  u n i t s .  
The a s s o c ia t io n  between p h y s io lo g ic a l and b iochem ical p ro p e r t ie s  
s u b s t a n t i a te s  th e  id e a  th a t  b iochem ical l y d i s t i n c t  groups o f motor 
u n i t s  co rrespond  to  p h y s io lo g ic a l l y i d e n t i f i e d  g roups.

T ab le  1. Mean V alues (±S.D.) o f P h y s io lo g ic a l And B iochem ical 
P ro p e r t ie s  o f P h y s io lo g ic a l l y C h a ra c te rized  Motor U n its .

P h y s io lo g ic a l P ro p e r tie s
U nit P ro g re s s iv e Twitch T e tan ic Axonal
Type F atigue C o n tra c tio n Force Conduction

Index Time (g-w t) V e lo c ity
(F 2 ' /F 0 ' ) (ms) (m/ s)

FF(n=6 ) 0.04±0.02 2 4 .7 ±4.6 80 .3±35.5 72 .7±6.6
FR(n=2) 0 .8 9 ±0.08 2 2 . 0 ±0 . 6 11.7±1.3 89.0
S (n =2) 0 .9 6 ±0.0 42 .4± 1.4 2.9 ±0.8 8 0 .0 ±0.0

Enzyme A c t i v i t i e s  (m ol/kg d ry  w e ig h t/h r)
U nit 
Type

Adenylo
k inase

L a c ta te  
Dehydrogenase

M ala te  
Dehydrogenase

β-hydroxyacyl-CoA  
Dehydrogenase

FF 220.8±19.3 251 .0± 53.2 4 .4 ± 1.2 1.7 ±0.5
FR 181.5±7.8 285 .0±48.1 13.7±0.6 8 .6 ±1.7
S 33.0±0.0 36 .5±7.8 16 .4± 1.3 9 .8 ±0.3

Supported by USPHS g ra n ts  NS18387, NS29544, and HL07249, and by 
a g ra n t from th e  M uscular D ystrophy A sso c ia tio n .

296.5 TRANSIENT ATROPHY OF SKELETAL MUSCLE FIBERS AFTER SPINAL CORD 
INJURY. L. C. Maxwell* and E. Eidelberg. (SPON: M. A. Biedenbech). Department of 
Physiology and Division of Neurosurgery, The University of Texas Health Science 
Center, San Antonio, TX 78284.

Transection of the spinel card in adult rats results in paralysis caudal to the 
transection site. Initially, segmental reflexes are severely diminished or abolished 
("spinal shock") for a period which may last from a few days to weeks. There is 
evidence showing death of some motor neurons caudal to the lesion soon after 
transection. Ultimately, reflexes may recover end exceed normal characteristics. This 
suggests that the initial decline in reflex function may be related to denervation, as 
motor neurons are damaged or killed. The subsequent recovery may include 
reinnervation of orphaned motor units. We asked whether these changes in the motor 
neuron population would be reflected in time-dependent alterations of the 
characteristics of muscle fibers in the paralyzed muscles. Soleus (SOL), extensor 
digitorum longus (EDL), and plantaris (PLN) muscles from rats with complete 
transactions of the spinal cord at T6-T8 were studied by histochemical techniques after 
up to 60 days post-transaction. Fibers were classified based on enzymatic profile, and 
fiber area was determined by digital morphometric analysis. In each of the muscles, 
mean fiber area declined during the first three weeks to approximately 40% of control 
values, but made substantial recovery over the next five weeks. The percentage of 
fibers of various types was relatively unaffected in EDL over this time course. In PLN, 
declining percentages of Type I and IIa fibers and increasing percentages of Type IIb and 
IIc fibers were evident during the later part of the recovery period in SOL, the initial 
predominance of Type I fibers was ultimately replaced by a predominance of Type IIa 
fibers. These changes in histochemical profile began during the third week post
transection and were most pronounced during the eighth week poet-transection. As 
these changes were occuring, Type IIc fibers were observed; they may represent fibers 
in which the myosin isozymes are in transition. At least part of the fiber 
transformation may result from reinnervation of orphaned motor units by motor 
neurons of different characteristics. Whatever the mechanism, SOL was by far the most 
susceptible to alteration of fiber type following spinal transection, while EDL was the 
least affected All three muscles showed partial recovery from the initial fiber atrophy. 
Supported by grants from the Veterans Administration and the NlNCDS (14546).

296 6 MORPHOLOGICAL INTEGRITY OF SKELETAL MUSCLE AFTER CESSATION OF 
CHRONIC ELECTRICAL STIMULATION. B.C. M arts* , K.M. Klueber and 
J.W. Brown*, Medical Sciences Program, Indiana University School 
o f  Medicine, Bloomington, IN 47405.

A card iac  a s s i s t  device (CAD) powered by an autologous 
ske le ta l muscle would enable many patien ts with end-stage heart 
disease to  survive. Chronic e le c tr ic a l stim ulation has been used 
fo r  the purpose o f converting  a fa tig u a b le  s k e le ta l  muscle of 
heterogeneous myofiber populations to  a fa tigue-resis tan t muscle 
of homogeneous myofiber population, a f te r  which, i t  has been used 
to  power a CAD. The e ffec t of chronic e le c tr ic a l stim ulation on 
s k e l e t a l  m uscle h a s  b een  ex am in ed  h i s t o c h e m i c a l l y , 
m orphom etrically  and u l t r a s t r u c tu r a l ly .  Recent in te r e s t  has 
focused on the m yofibrillar in teg rity  of ske letal muscle that has 
been subjected to  such an e le c tr ic a l stim ulation regimen and then 
d iscon tinued . The purpose o f th i s  study was to  examine the 
m yofibrillar in teg rity  of the ske letal muscle a f te r  cessation of 
chron ic  e le c t r i c a l  s tim u la tio n . The 2nd and 3rd supe rio r most 
innervating segmental nerves of the righ t rectus abdominis (RA) 
from  3 m o h g re l/fem a le  dogs (mean w eig h t -  21.7kg) were 
e le c tr ic a lly  stim ulated with an implantable cardiac pacemaker for 
a mean period of 97 days (4.9V, 2Hz, .2msec duration). After the 
stim ulation period, the pacemaker was removed and the muscle was 
l e f t  in tac t for a mean period of 155 days. Biopsies from 4 s ite s  
along the leng th  o f  the RA were obtained p r io r  to  e le c t r i c a l  
stim ulation, a t the end of the stim ulation period, and once again 
a t the completion of the experiment. A portion of the biopsy was 
embedded in  Epon fo r u l t r a s t r u c tu r a l  a n a ly s is , w hile the 
remainder of the specimen was reacted for acid and alkaline pre
incubated myosin ATPase fo r h istochem ica l and morphometrical 
an a ly s is . At the biopsy s i t e  located  between the 2 s tim u la ted  
nerves, 49% o f th e  m yofibers were Type I  (mean area: 2066.3u2) 
before stim ulation. After stim ulation, greater than 99% of the 
myofibers present were Type I  (mean area: 1843.6u2) and a fte r  the 
la s t  biopsy was taken, 98% (mean area: 2076.0u2) of the myofibers 
were Type I .  A s ig n if ic a n t  degree o f atrophy in  the Type I 
fib ers  occurred during e le c tr ic a l stim ulation. After e le c tr ic a l 
s tim u la tio n  had been d iscon tinued , the Type I  m yofibers had 
increased in  size , and were not signficantly  d ifferen t from the 
normal Type I  m yofibers. The Type I I a m yofibers p resen t a f te r  
the stim ulation had been discontinued were sign ifican tly  (P<.05) 
smaller than those before e l e c t r i c a l  s tim u la tio n  (2704.8u2 and 
4159.8u2 respectively). Thus, the canine skeletal muscle has not 
reversed  i t s  f ib e r  type p r o f i le  up to  5 months follow ing 
cessation o f e le c tr ic a l stim ulation, but myofiber size returns to  
near normal for Type I  f ib ers  during th is  period. (This research 
was funded by the Department of Surgery.)
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296.7 EFFECT OF INTRAFUSAL FIBER DAMAGE ON MUSCLE SPINDLE DYNAMICS 
M.N.Kruse* and D.C.Quick. (SPON: J.Fohlm eister). Dept. of 
Physiology and Dept. of Cell Biology & Neuroanatomy, Univ. of 
Minnesota, Minneapolis, MN 55455

The dynamic response of the muscle spindle referred to here 
corresponds to the velocity sensitive portion of the spindle 's 
response. The mechanism which enables the spindle to show th is 
velocity sen sitiv ity  is not known; i t  could be due to an active 
property of the intrafusal muscle fibers (such as stretch  
activation), and/or i t  could be due to the sp indle 's transduction 
properties.

The contribution of the intrafusal muscle fibers to the 
dynamics was tested by damaging the in trafusal fibers and 
monitoring the spindle 's response to see whether the dynamics 
remained. The fibers were damaged by applying a pinch to the 
fibers ju st inside the capsular region. This is a modification 
of a previously reported technique of cutting the intrafusal 
fibers which resulted in severe degeneration of the fibers 
(Quick,D.C. (in press) J.Neurosci. ) .  The pinch was used instead 
of cutting the fibers because we needed to maintain some 
continuity between the capsular and peripheral regions of the 
spindle in order to apply sinusoidal stretches. The pinch 
modification was not as successful as the cutting technique, in 
that i t  always resulted in some damage to the muscle f ib ers , (as 
assayed by ligh t microscopy), but the extent of the damage was 
not consistent.

The dynamic response was determined by applying sinusoidal 
stretches in the range of 0.3-4.0 Hz. The resulting Bode 
plot yields a break point at about 1 Hz that has been attributed  
to the sp indle 's velocity-sensitive dynamic properties. In 
preliminary experiments, we have found that damage to the 
intrafusal muscle fiber had no effect on the Bode plot in th is 
frequency range. If the fibers had been responsible for the 
dynamic response, then we would have expected a change in the 
Bode plot following muscle damage. This suggests that the 
mechanism giving rise  to th is  aspect of the sp indle 's dynamics is 
not the active contraction properties of the intrafusal muscle 
f ib e r, and is consistent with the hypothesis that the sensory 
transduction mechanism is responsible for these dynamics.

296.8 MUSCLE DISUSE INDUCED ALTERATIONS OF HIGH-ENERGY PHOSPHATES IN RAT 
SLOW AND FAST TWITCH MUSCLE. Ramesh C. G upta, Gary T. P a tte rso n  
and W olf-D. D e ttb a m . D ep t. o f  Pharm acology, School o f  Medicine, 
V a n d e rb il t U niv. Med. C t r . , N a s h v ille , TN 37232

Many p r o p e r t ie s  o f  s k e le ta l  m uscle a re  known to  be a l t e r e d  by 
m o d if ic a tio n s  o f  n e u ra l in f lu e n c e s .  A n a ly s is  o f  th e  changes in  
c o n te n t o f  h ig h -en erg y  phosphates d u rin g  e x e rc is e  and in  
p a th o lo g ic a l c o n d itio n s  has been an im p o rtan t to o l  in  e s ta b lis h in g  
m uscle c h a r a c t e r i s t i c s .  Experim ents were c a r r i e d  o u t t o  
in v e s t ig a t e  changes in  h igh -en erg y  phosphate  compounds such as 
p h o sp h o crea tin e  (PC) and th e  aden ine n u c le o tid e s?  adenosine 
tr ip h o s p h a te  (ATP); adenosine d iphosphate  (ADP); and adenosine 
monophosphate (AMP) fo llo w in g  m uscle d is u s e  induced by e i th e r  
d en e rv a tio n  o r  h in d lim b -su sp en s io n . D uring a  two week p e r io d  of 
m uscle d is u s e , th e  s o le u s  developed a  s ig n i f i c a n t  a tro p h y  (50% of 
c o n t ro l  w e ig h t) w h ile  ex te n s o r  d ig ito ru m  longus (EDL) d id  n o t show 
any change in  w eig h t. Both m uscles, however, developed s im ila r  
atrophy following denervation. Quantitative changes in  PC and ATP 
in  r a t  so le u s  and EDL m uscle were determ ined  u s in g  re v e rse d  
phase-HPLC. A s ig n i f i c a n t  d e c lin e  o f  PC t o  50% o f  c o n tro l 
o cc u rre d  w ith in  th r e e  days o f  d e n e rv a tio n  in  bo th  m uscles without 
s ig n i f i c a n t  changes in  c r e a t in e  c o n c e n tra t io n . T h is reduced level 
o f  50% was m ain ta in ed  in  s o le u s  ov er a  fo u r te e n  day p e r io d  while 
i n  EDL a  f u r th e r  r e d u c t io n  t o  25% was seen . D e ta ile d  a n a ly s is  of 
aden ine  n u c le o tid e s  in d ic a te d  t h a t  fo llo w in g  3 days o f  denervation 
a  marked d e c re a se  in  th e  r a t i o  o f  ATP/AMP (8 8 %) compared to  
ATP/ADP (44%) o cc u rre d . T h is was a  r e s u l t  o f  a  d ec re a se  in  ATP 
w ith  a  concom itan t th r e e fo ld  in c re a s e  in  AMP. Suspension-induced 
m uscle d is u s e  ( i n t a c t  in n e rv a tio n )  caused  a  s m a lle r  and slow er 
d ec re a se  in  PC c o n te n t fo llo w in g  th e  sev en th  day o f  d is u s e  (30%), 
w ith  a  f u r th e r  d ec re a se  o n ly  in  so le u s  PC to  56% o f  c o n tro l a t  the 
end o f  th e  fo u r te e n  day p e r io d . The r a t i o  o f  ATP/AMP was reduced 
t o  50% w ith o u t a  s ig n i f i c a n t  change in  ATP/ADP. No changes were 
seen  in  th e  aden ine  n u c le o tid e s  o f  EDL d u rin g  th e  fo u rte e n  day 
su spension  p e r io d . I t  i s  concluded  from th e  p re s e n t experiments 
t h a t  n e u ra l in n e rv a tio n  a s  w e ll a s  lo a d b ea rin g  a c t iv i t y  have 
re g u la to ry  e f f e c t s  upon h ig h -en erg y  n u c le o tid e s  in  s k e le ta l  
m uscle . Supported  by NASA G ran t #NAG 2-301.

296.9 BIOSYNTHESIS OF GLYCOSPHINGOLIPIDS, GLYCOPEPTIDES AND GLYCOSAMINO-  
GLYCANS DURING IN VITRO MYOGENESIS OF RAT L6 MUSCLE CELLS. K.C. 
Leskawa*, R.E. Erwin* and E.L. Hogan (SPON: J.G. Blackburn). 
Department of Neurology, The Medical U niversity  of South Carolina, 
Charleston, SC 29425-2232

Glycoconjugate b iosyn thesis was examined as ra t  L6 myoblasts 
fused to  form m ultinucleated myotubes. L6 muscle c e l ls  were 
cu ltu red  in DMEM + 10% fe ta l  c a lf  serum and t r i p l i c a te  dishes were 
harvested a t  days 2, 3, 4 and 6. 3H-galactose was added to  the 
growth medium 24 hr p r io r  to  co lle c tio n  of c e l ls .  At day 2, 
c u ltu res  consisted  of re p lic a tin g  s in g le -c e lle d  myoblasts, which 
reached confluency and membrane contact ( c e l l - c e l l  recognition) a t  
day 3. By day 4 opposed membranes began fusing and 70 to  80% of 
the to ta l  nuclei were contained w ithin m ultinucleated myotubes by 
day 6. Lipids were ex trac ted , saponified , iso la ted  by reverse- 
phase chromatography and separated by chromatography on DEAE- 
Sephadex. The l ip id - f re e  p ro te in  residue was subjected to  exhaus
tiv e  d igestion  with papain and glycosaminoglycans separated from 
glycopeptides in the supernatant by p re c ip ita tio n  with c e ty lp y ri-  
dinium ch lo rid e . Recoveries of a l l  c la sses  of glycoconjugates were 
g re a te r  than 93%, determined by add ition  of e i th e r  3H-l a c to sy l-  
ceramide, 3H-GM1 ganglioside or 3 H -a sia lo sy l- fe tu in  to  unlabeled  
samples.

Labeling of glycopeptides increased s l ig h t ly  as myoblasts 
achieved con tact and then was lowered so th a t labe ling  by myotubes 
was approximately equal to  th a t of myoblasts. Glycosaminoglycan 
b iosyn thesis  increased s te a d ily  during d if f e r e n t ia tio n , with a 
pla teau  during the times of membrane contact and the onset of 
fusion . Final leve ls  of GAG labe ling  by myotubes were fiv e  times 
higher than values from myoblasts, but absolu te labe ling  was 
always one order of magnitude lower than th a t of glycopeptides.

Incorporation of label in to  neutra l g lyco lip id s  was equivalent 
to  glycopeptides by myoblasts, but decreased s te a d ily  as myotubes 
were formed. B iosynthesis of neutra l g ly co lip id s  by myotubes was 
one-half as g rea t as th a t observed with myoblasts during ce ll 
con tact. As membrane fusion began, labeling  decreased s ig n i f i 
c an tly . Conversely, ganglioside b iosyn thesis doubled when myo
b la s ts  f i r s t  achieved ce ll con tact and membrane opposition . Gang
lio s id e  labe ling  then decreased as myotubes formed so th a t the 
fin a l lev e ls  were s l ig h tly  lower than those seen with myoblasts. 
Q u a lita tiv e ly , L6 c e l ls  biosynthesized large amounts of ganglio
side GM3 during a ll  myogenic phases. Major neu tra l GSL products 
were lactosylceram ide and paragloboside (nLc0se4Cer). Few changes 
in TLC autoradiographic p a tte rn  were noted during d if f e r e n t ia tio n .

These re s u lts  demonstrate an increase  in s ia l i c  acid during 
myoblast fusion and suggest a ro le  fo r membrane gangliosides 
during L6 muscle c e ll recognition  during d if f e r e n t ia tio n .

Supported by grant NS21057 from the NINCDS.

296.10 IMMUNOLOCALIZATION OF BASAL LAMINA IN SKELETAL 
MUSCLE DEGENERATION AND REGENERATION. P.P.Deshmukh 
and L .Z .S te rn . D ep a rtm en ts  o f Anatomy and I n t e r n a l  
M e d ic in e ,  U n i v e r s i t y  o f  A r i z o n a  C o l l e g e  o f  
M edicine,Tucson,A Z 85724.

S k e l e t a l  m u s c l e  f i b e r s  a r e  s u r r o u n d e d  by 
e x t r a c e l l u l a r  m a t r ix  c o m p o n e n ts  t h a t  fo rm  a d i s c r e t e  
c o a t  c a l l e d  th e  b a s a l  la m in a . R e c e n t e v id e n c e  s t r o n g l y  
s u g g e s t s  t h a t  th e  b a s a l  la m in a  p l a y s  an im p o r ta n t  r o l e  
d u r in g  d e v e lo p m e n t and m a in ta in a n c e  o f  v a r io u s  t i s s u e s .  
I n  t h e  s k e l e t a l  m u s c l e  d u r i n g  d e g e n e r a t i o n  a n d  
r e g e n e r a t io n  a s  w e l l  a s  in  in  v i t r o  m y o g en e s is , b a s a l  
l a m in a  c o m p o n e n ts  a r e  d y n a m i c a l l y  i n v o l v e d  i n  th e  
p r o c e s s  o f  m y o fib e r  fo rm a tio n .  F ib r o n e c t in  and la m in in  
a r e  tw o n o n - c o l l a g e n o u s  g l y c o p r o t e i n s  t h a t  a c t  a s  
a d h e s iv e  p r o t e i n s  d u r in g  m u sc le  r e g e n e r a t io n .  In  t h i s  
s t u d y  we h a v e  l o c a l i z e d  f i b r o n e c t i n  a n d  l a m i n i n  by 
im m u n o f lu o r e s c e n c e  i n  r a t  s k e l e t a l  m u sc le  u n d e rg o in g  
d e g e n e r a t i o n  an d  r e g e n e r a t i o n  u n d e r  t h r e e  d i f f e r e n t  
c o n d i t i o n s .  1. E x p e r im e n ta l  ten o to m y  in  a n im a ls  in d u ce s  
c e r t a i n  d e g e n e r a t iv e  an d  r e g e n e r a t i v e  c h a n g e s  i n  th e  
muscle f ib e r  tha t mimic those seen in some human 
d e n e r v a t iv e  d i s o r d e r s .  Yet in  th e  a n im a l s ,  teno tom y 
n e i th e r  damages m uscle f ib e r s  d i r e c t l y  nor in t e r f e r e s  
w ith  t h e i r  ne rv e  su p p ly . 2. The myotoxin m arcaine , when 
i n j e c t e d  in t o  th e  m u s c le , in d u c e s  r a p id  d e g e n e r a t iv e  
and r e g e n e r a t i v e  chan g es  in  m y o f ib e r s .  3. A d u lt  
d e n e r v a t i o n  w i th  m a r c a in e  i n j e c t i o n  i s  a n o t h e r  
c o n d i t i o n  in  w h ic h  b o th  m u s c l e  and  n e r v e  a r e  
t r a u m a t i z e d .  I t  i s  i n t e r e s t i n g  to  c o m p are  th e  
im m u n o lo c a l lz a t io n  o f  la m in in  and f i b r o n e c t i n  u n d e r 
th e s e  d i f f e r e n t  ty p e s  o f  r e g e n e r a t i v e  e f f o r t s .  The 
p a t t e r n  o f  la m in in  an d  f i b r o n e c t i n  d i s t r i b u t i o n  
resem b les  th a t  seen in  th e  normal a d u l t  s k e l e t a l  m uscle 
an d  d i f f e r s  fro m  t h a t  s e e n  in  m a r c a in e  I n d u c e d  
re g e n e ra t io n .
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296.11 SODIUM WITHDRAWAL CONTRACTURES IN TONIC MUSCLE FIBERS OF THE 
FROG. M. H u e rta , J .  Mun ̄i z  & E. S te f a n i* . Ce n tro  
U n iv e r s i t a r io  de In v e s tig a c io n e s  Biomé d ic a s ,  U n ivers idad  de 
Colim a, Apdo. P o s ta l  199, 28000 Colim a, C o l.,  Méx ico  and 
*CINVESTAV-IPN, Apdo. P o s ta l  14-740, Méx ic o , D.F.

C o n tr a c t i le  response  due to  a l t e r a t i o n s  in  [Na]0 was 
in v e s t ig a te d  in  to n ic  m uscle f i b e r s .  Tension was 
is o m e tr ic a l ly  reco rded  from bund les o f c r u r a l i s  m uscle of 
Rana p ip i e n s . Experim ents were done a t  room te m p era tu re  
(20 -22°C ). C o n tro l s o lu t io n  was (mM): NaCl 117 .5 , KC1 2 .5 , 
CaCl 2  1 .8 , pH was a d ju s te d  to  7 .4  w ith  Im id azo le -C h lo rid e . 
Low Na o r N a-free  s o lu t io n s  were p repared  by re p la c in g  
sodium c h lo r id e  w ith  an o s m o tic a lly  e q u iv a le n t amount of 
T r i s -C l ,  TEA-C1, TMA-Cl , or g lucam ine-C l. A ll ex p e rim en ta l 
s o lu t io n s  co n ta in ed  d - tu b o c u ra r in e  (50 uM) to  p rev en t a 
p o s s ib le  a c e ty lc h o l in e - l ik e  e f f e c t .  Sodium w ithdraw al 
c o n tra c tu re s  were evoked in  s o lu t io n s  where th e  
[N a]0 was reduced to  90 , 60, 30 o r 0 mM. The i n i t i a l  
te n s io n  slow ly  developed and reached  a maximum, f a i l i n g  to  
reac h  a p la te a u .  On re tu rn  to  c o n tro l  s o lu t io n  th e re  was a 
second r i s e  in  te n s io n  which re la x e d  S pon taneously . The 
second response  was la r g e r  than  th e  i n i t i a l  re sp o n se . The 
am p litude  o f th e  i n i t i a l  te n s io n  ranged from 6 to  8% o f th e  
te n s io n  e l i c i t e d  by 40 mM of K+ , and th e  second response  
from 10 to  14%. The r e l a t i o n s h ip  between th e  am p litude  o f 
sodium w ithdraw al c o n tr a c tu r e s  and [Na]0 shows th a t  th e  
te n s io n  ro se  a long  an S-shaped curve  when [N a]0 was reduced 
and i t  reached  th e  maximum a t  abou t 0 mM o f Na+ . C o n tra c tu re  
th re sh o ld  was abou t 90 mM o f Na+ .

These r e s u l t s  su g g es t th a t  a  re d u c t io n  o f th e  [N a]0 
has an e f f e c t  on th e  l i n k  between e x c i ta t io n  and c o n tra c t io n  
in  to n ic  m uscle f i b e r s .

Supported  by SEP-SESIC o f M exico, g ra n ts  84-01-0126/8  
and 84 -01-0126 /10 .

296.12 CONTRACTILE PROPERTIES OF HINDLIMB MUSCLES IN THE DEMYELINATING 
NEUROPATHY OF THE TWITCHER MOUSE. R.F. Mayer1, E. P o te s 1, B. 
Dyas1 , A.M. Yeager2 , H.W. Moser2 , and E. Toyoshima1. 1D ept. of 
N eurology, VA Med. C n tr . & Univ. of MD Sch. of Med., B a ltim ore , 
MD 21201, 2D ept. O n co l., P e d i a t r . , & N e u ro l.,  and J .F .  Kennedy 
I n s t . ,  Johns Hopkins Sch. Med., B a ltim ore , MD 21205

The Tw itcher ( tw i)  mouse, an a u th e n tic  anim al model of 
g lobo id  c e l l  leukodystrophy  (K rabbe 's  d is e a s e ) ,  i s  an autosom al 
r e c e s s iv e  d e f ic ie n c y  of g a lac to sy lc e ra m id a se  r e s u l t in g  in  
p ro g re ss iv e  dem yelination  of bo th  the  c e n tr a l  and p e r ip h e ra l 
nervous (PNS) sy stem s. In the  PNS, axons a re  not involved 
(Jacobs e t  a l ,  1982). Motor fu n c t io n  and conduc tion  v e lo c i ty  
(MCV) appear normal a t  b i r t h  but MCV becomes very  reduced and 
th e  motor responses  reduced in  am plitude and tem porally  
d isp e rse d  as the  d em yelinating  neuropathy  p ro g re sse s  (Toyoshima 
e t a l ,  1985). H em atopoietic c e l l  t r a n s p la n ta t io n  (HCT) p ro longs 
l i f e  from 50 to  over 120 days and, a lthough  re m y e lin a tio n  occurs 
in  the  PNS (Y eager e t  a l ,  1984), MCV rem ains reduced . Hindlimb 
m uscles become a t ro p h ic  b u t th e re  i s  l i t t l e  change in  
com position  o r arrangem ent of f ib e r s  w ith in  the  so leu s  even 
a f t e r  16 weeks in  H CT-treated an im als. Type IIA  muscle f ib e r s  
(mean a re a s )  become more a tro p h ic  (34% c o n to ls )  than  type I  
f ib e r s  (64% c o n tro ls )  and approx im ately  4% of type IIA  f ib e r s  
appears to  change to  IIC  f ib e r s  th a t  may be t r a n s i t i o n a l  
(Toyoshima e t  a l ,  1986). The g r e a te r  e f f e c t  on type IIA f ib e r s  
than  type I  may r e f l e c t  th e  i n a b i l i t y  of dem yelinated  nerve  
f ib e r s  to  conduct t r a in s  o f im pulses r a p id ly  r a th e r  than  d e - o r 
r e in n e rv a t io n .  In  o rd er to  s tudy  the  fu c t io n a l  c a p a c ity  of 
m uscle in  th i s  p ro g re ss iv e  dem y elin a tin g  neu ro p a th y , th e  
c o n t r a c t i l e  p ro p e r t ie s  were exam ined. C57BL/6J -  tw i of th e  
bo th  sexes were s tu d ie d  a t  th e  e a r ly  (20-25 days of age) and 
l a t e  (over 35 days of age) s ta g e s  of the  d is e a se  w ithou t 
tre a tm e n t. Under 4% c h lo r a l  h y d ra te  (10μ1 /g  BW, i . p . )  
a n e s th e s ia ,  iso m e tr ic  c o n t r a c t i l e  p ro p e r t ie s  o f whole so leu s  or 
g a c tro s o le u s  m uscles were measured in  v ivo  us ing  e s ta b l is h e d  
te c h n iq u e s . Follow ing the  r e c o rd in g s , muscle w eights were 
o b ta in e d . The d a ta  from th e  so leu s  m uscles showed th a t  th e re  
was l i t t l e  change in  th e  e a r ly  s ta g e .  In  th e  l a t e  s ta g e ,  the  
m uscles were a t ro p h ic , 1 .4± 0 .2  mg. v s . c o n tro ls  of 3 .3±1.3  mg 
(mean ±  SD, 3 a n im a ls ) , mean tw itc h  te n s io n  was reduced , 0 .2± 0 .1  
g wt v s . 1 .5±1.3 g w t, w ith  l i t t l e  change in  tw itc h : te ta n u s  
r a t io s  0 .16  v s . 0 .19  o r c o n tra c tio n  tim es , 20 .0±4.7  ms v s . 
19. 9±3.0 ms, su g g es tin g  th a t  PNS dem yelin a tio n  does n o t a l t e r  
muscle c o n t r a c t i l e  p ro p e r t ie s  excep t th o se  th a t  can be secondary  
to  m uscle a tro p h y .

S u p p o rte d  by th e  V e te ra n s  A d m in is t r a t io n  R e se a rc h  S e r v ic e .

296.13 Progressive Equine Myotonia Resembling Myotonia Dystrophi ca of 
People. G.A. Hegreberg, S.M. Reed,* and W.M. Bay ly .* College 
of Veterinary Medicine, Washington State University, Pullman, 
WA 99164.

A neuromuscular disorder accompanied by c lin ic a l, 
electrophysiologi c a l , and pathological features of myotonia 
dystrophi ca was observed i n three foals. This progressive 
disorder was apparent as early as 1 month of age and was 
characterized by proximal muscle hypertrophy and hypertonicity 
of the rear limbs and muscle stiffn ess and weakness of a ll 
limbs. The muscle s tiffn ess decreased i n functional severity 
with exercise. The proximal muscle hypertrophy and 
hypertonicity was observed i n the semimembranosus, 
semi tendi nosus, and g lu teal  muscles of the hind limb. 
Prolonged dimpling of these large rear-limb muscles was 
e lic ite d  by percussion. Pain i n the affected muscles was not a 
prominent feature of the disease. B ilateral contracture of the 
deep and superficial d ig ita l flexor tendons developed. One 
foal was undersized for his age and had te s tic u la r  hypoplasia. 
Other c lin ica l changes i ncluded early cataract formation and 
borderline glucose i ntolerance.

Myotonic discharges were identified by electromyography i n 
the semimembranosus, semi tendi nosus, and gluteal muscles of the 
hind limb, the tric ep s, supraspi natus, and i nfraspinatus 
muscles of the forelimb and the axial musculature of the back 
and abdominal wall. No sign ifican t change was noted i n the 
peripheral nerve conduction v elocities. Percussion dimpling 
and the typical myotonic discharges persisted a fte r  
neuromuscular blockade with d-tubocurari ne.

D istinctive h istologic muscle changes i ncluded ringed 
fibers and sarcoplasmic mass formation. Other skeletal muscle 
changes were variation i n fiber diameter size, i nternal 
positioning of sarcolemmal nuclei, and an i ncrease i n 
endomysi al connective tissu e .

These cases of myotonia i n the horse resembling myotonia 
dystrophi ca of people represents the i ntroduction of a 
previously undescribed form of myotonia i n animals. A number 
of important components of th is  disease remain undefined, 
i ncluding the i nfluence of genetic factors and the defin ition  
of the primary ce llu la r abnormality. Further i nvestigation of 
th is progressive form of myotonia will provide i nsight i nto the 
human counterpart and will provide a greater understanding of 
the underlying disease processes that occur i n myotonias.

This study was supported i n part by NIH grant RR00515, the 
Equine Orthopedic Research Fund, and Washington State 
University.

296.14 RECORDING SOUND FROM MUSCLE. C .F . B o l to n ,*  T . P a r k e s ,*  R .T . 
Thom pson,* M.R. C la r k ,*  C .J .  S t e r n e .*  SPON: ( J .D .  B row n). 
D e p a r tm e n ts  o f  C l i n i c a l  N e u r o lo g ic a l  S c ie n c e s  and N u c le a r  Med
i c i n e ,  The U n iv e r s i ty  o f  W este rn  O n ta r io ,  London, O n ta r io ,  
C an ad a . N6A 4G5

R e c e n t s t u d i e s  s u g g e s t  t h e  r e c o r d in g  o f  sound from  m u sc le  
may be a  new way o f  s tu d y in g  m u sc le  f u n c t io n  (O s te r ,  G .,  S c ie n  
Amer. ,  2 5 0 :1 0 8 -1 1 5 , 1984; B a r ry ,  D .T . ,  G e i r i n g e r ,  S .R . ,  B a l l ,  
R .D .,  M uscle  & N erv e , 8 :1 8 9 -1 9 4 ,  1 9 8 5 ) . We s tu d i e d  m u sc le  
so und  w aves by s e v e r a l  d i f f e r e n t  t e c h n iq u e s .  S ig n a l  d i s t o r t i o n ,  
a t t e n t u a t i o n ,  movement a r t i f a c t  and  e n v iro n m e n ta l  n o i s e  r e s u l t e d  
from  p o o r  c o u p lin g  o f  t h e  m icro p h o n e  t o  t h e  r e c o r d in g  s u r f a c e ,  
n o t a b ly  from  m ic ro p h o n es  w hich  r e q u i r e d  d i r e c t  c o n ta c t  w i th  th e  
s k in  o r  a i r  i n te r v e n i n g  b e tw een  t h e  s k in  an d  t h e  m ic ro p h o n e . 
The m o st s a t i s f a c t o r y  r e c o r d in g s  w ere  made u s in g  a  p i e z o e l e c t r i c  
m ic ro p h o n e  e n c a s e d  i n  a  p l e x i g l a s s  b e l l .  I t  was f i l l e d  w ith  
u l t r a s o u n d  g e l  and  a t t a c h e d  f i r m ly  t o  t h e  s k in .  The m ic ro p h o n e 's  
o u tp u t  was a m p l i f i e d  an d  lo w p a ss  f i l t e r e d  a t  1 ,0 0 0  Hz, th e  
r e s p o n s e  b e in g  f l a t  from  10 t o  400 Hz.

S ix  h e a l t h y  s u b je c t s  w ere th e n  s tu d i e d .  The s in g l e  tw i tc h  
m ethod was u se d  f i r s t  s i n c e ,  a s  o p p o sed  t o  r e c o r d in g s  d u r in g  
c o n tin u o u s  m u sc le  c o n t r a c t i o n ,  i t  a l lo w s  o b s e r v a t io n s  on th e  
te m p o ra l  r e l a t i o n s h i p s  o f  e l e c t r i c i t y ,  sound  and  f o r c e .  I t  
i s  r e p r o d u c ib l e ,  so  t h a t  t e c h n i c a l  v a r i a t i o n s  can  be ex am in ed . 
The m ed ian  n e rv e  was s t i m u l a te d  a t  t h e  w r i s t  and r e c o r d in g s  
w ere made o f  t h e  compound m u sc le  a c t i o n  p o t e n t i a l  o v e r  th e  
th e n a r  m o to r p o i n t  ( r e f e r e n c e  on th e  t e n d o n ) , o f  sound  from  
v a r io u s  s i t e s  on  th e  h a n d , an d  o f  f o r c e  from  a s t r a i n  gauge 
a t t a c h e d  t o  t h e  thum b. The o n s e t  o f  e l e c t r i c i t y ,  sound and 
f o r c e  w ere  a t  3 .8 ±0 .2 ,  9 .3 ±0 .1  and  1 3 .4 ±1 .8  m se c . ,  r e s p e c t i v e l y .  
The sound  wave was b i p h a s i c ,  c o m p re ss io n  and  r a r e f a c t i o n ,  
was a  d i f f e r e n t i a l  ( v a r i e d  w i th  t h e  r a t e  o f  ch an g e) o f  t h e  
f o r c e .  W ith  t h e  thum b r e s t r a i n e d ,  t h e  sound  a m p l i tu d e  was 
m axim al o v e r  t h e  c e n t e r  o f  t h e  m u sc le  and  d e c l in e d  r a p i d l y  
t o  n e a r  z e ro  o u t s i d e  t h e  b o u n d a r ie s  o f  t h e  m u sc le . F o u r ie r  
a n a ly s i s  r e v e a l e d  p eak  f r e q u e n c ie s  a t  a b o u t  4 and  14 Hz, 4 
Hz d o m in a t in g .  R e c o rd in g  sound  o n ly  w h i le  t h e  b ic e p s  m u sc le  
was c o n t in u o u s ly  c o n t r a c t i n g  r e v e a l e d  m u l t ip l e  f r e q u e n c ie s ,  
v a ry in g  w i th  m ethods o f  f i l t e r i n g  and  f re q u e n c y  a n a l y s i s ,  
b u t  t h e  m a j o r i t y  f a l l i n g  b e lo w  th e  a u d i t o r y  r a n g e .

T h u s, "so u n d "  from  m u sc le  i s  c lo s e l y  r e l a t e d  t o  t h e  r a t e  
o f  ch an g e  o f  t h e  f o r c e  f o r  a  s in g l e  m u sc le  t w i t c h ,  b u t  i t  
i s  a  m ore com plex  phenom enon d u r in g  c o n tin u o u s  c o n t r a c t i o n .  
I t s  t r u e  v a lu e  i n  s tu d y in g  m u sc le  f u n c t io n  r e q u i r e s  f u r t h e r  
i n v e s t i g a t i o n s .
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297.1 OCULOMOTOR IMPAIRMENT FOLLOWING COMBINED LESIONS OF PARIETO
OCCIPITAL CORTEX AND FRONTAL EYE FIELDS IN RHESUS MONKEYS.
J .C . Lynch, J .C . A lliso n * , R .S. H ines* and R.L. Roark*.
D epartm ent of Anatomy, U n iv e rs ity  of M is s is s ip p i M edical C en te r, 
Jack so n , MS 39216.

The f r o n ta l  eye f i e ld s  (FEF) and the  a s s o c ia t io n  c o r te x  o f the 
in f e r io r  p a r i e t a l  lo b u le  and d o rs a l p r e s t r i a t e  reg io n  (IPL-PS) of 
p rim ate s  have been im p lic a ted  in  th e  c o n tro l of p u rposive  eye move
ments th rough s e v e ra l l in e s  of ev id en ce . However, i f  th e  FEF or 
th e  IPL-PS a re  s u r g ic a l ly  d e s tro y e d , on ly  r e l a t i v e ly  m ild  d e f i c i t s  
in  le a rn ed  oculom otor ta sk s  r e s u l t .  In o rd e r  to  s tudy  the  c o n t r i 
b u tio n  of each o f th e se  reg io n s  to  the  o v e ra l l  n e u ra l c o n tro l of 
eye movements, a s e r ie s  o f experim en ts was perform ed to  measure the  
oculom otor im pairm ent fo llo w in g  FEF le s io n s ,  IPL-PS le s io n s ,  and 
combined le s io n s  o f bo th  the FEF and the  IPL-PS c o r te x .  The r e 
s u l t s  of experim en ts in  which le s io n s  were l im ite d  to  the FEF o r 
the IPL-PS c o rte x  were re p o r te d  e a r l i e r .  In the  p re s e n t s e r ie s  o f 
combined le s io n s ,  4 rh esu s  monkeys were t r a in e d  to  f ix a te  and f o l 
low a 0 .1 °  l i g h t  t a r g e t  p ro je c te d  from the  r e a r  of a 52° square- 
ta n g en t s c re e n . Eye p o s i t io n  was measured w ith  ch ro n ic  e l e c t r o 
oculogram  e le c tro d e s  and was d ig i t i z e d  and s to re d  on com puter d isk  
for. l a t e r  c a lc u la t io n  of perform ance p a ram e te rs . Oculomotor p e r 
formance was measured du rin g  h o r iz o n ta l  and v e r t i c a l  saccades 
ran g in g  from 8 ° to  24° in  am p litu d e ; d u rin g  h o r iz o n ta l  and v e r t i c a l  
v is u a l  p u r s u i t  a t  v e l o c i t i e s  o f 1 0 ° /sec  to  4 0 ° /s e c ; and du ring  the  
s tea d y  f ix a t io n  of s ta t io n a r y  ta r g e t s  a t  v a r io u s  lo c a tio n s  on the 
s c re e n . Three monkeys re c e iv e d  b i l a t e r a l  FEF le s io n s ,  were te s te d  
d u rin g  re c o v e ry , then  re c e iv e d  b i l a t e r a l  IPL-PS le s io n s ,  and were 
te s te d  f u r th e r .  One monkey re c e iv e d  a b i l a t e r a l  IPL-PS le s io n  
f i r s t ,  fo llow ed by a u n i l a t e r a l  FEF le s io n .  A ll of th e se  anim als 
had more sev ere  oculom otor d e f i c i t s  than  d id  any monkey a f t e r  b i 
l a t e r a l  le s io n s  o f p r e f ro n ta l  o r p a r i e to - o c c ip i t a l  c o r te x  a lo n e . 
Saccade la te n c ie s  doubled or t r i p l e d  in  some monkeys, saccade 
v e lo c i ty  was red u ced , and accu racy  was much worse than  norm al. 
Both h o r iz o n ta l  and v e r t i c a l  saccades were a f f e c te d .  Recovery to  
p r e - le s io n  le v e ls  of perform ance took longe r than  a f t e r  e i th e r  FEF 
or IPL-PS le s io n s ,  and in  some ca se s  d id  n o t o cc u r. Both h o r i 
z o n ta l and v e r t i c a l  p u r s u i t  g a in  was reduced and p u r s u i t  was accom
p lish e d  by su c c e ss iv e  sm all sacca d es . The oculom otor d e f i c i t s  
reco v e red  to  d i f f e r e n t  deg rees  in  d i f f e r e n t  an im a ls . The r e s u l t s  
su g g es t th a t  th e re  i s  norm ally  some o v e rla p  in  the  oculom otor ro le s  
of th e  FEF and IPL-PS c o rte x  and th a t  each may c o n tr ib u te  to  the  
absence o f a m ajor oculom otor d e f i c i t  when th e  o th e r  i s  d e s tro y e d . 
The reco v e ry  th a t  fo llo w s le s io n s  o f bo th  a re a s  to g e th e r  may be 
m ediated  by the dorsom edial p r e f ro n ta l  c o r te x ,  s u p e r io r  tem poral 
c o r te x ,  prim ary  v is u a l  c o r te x ,  or by s u b c o r t i c a l  s t r u c tu r e s  a lo n e . 
[S upported  by g ra n ts  from NIH (EY-04159) and the  Vaughan S troke  
R esearch T r u s t . ]

297.2 THE PRIMATE FRONTAL EYE FIELDS ARE NECESSARY FOR 
PREDICTIVE SACCADIC TRACING. Charles J. Bruce and Jonathan A. 
B orden. Sect Neuroanatom y, Yale Univ Sch Med, New Haven CT 
06510.

When a target moves in a regular manner the human oculomotor system can anticipate 
such movements. In the case of square wave motion the human initially tracks with 
saccades of normal latency (~200 ms), but soon begins to predictively track the target's 
motion with little or no time tag. Eye movements of macaque monkeys are very similar to 
those of humans; however, monkeys had appeared to lack predictive tracking (Fuchs, J. 
Physiol. 193:161.1967). In response to conventional square wave motion monkeys fail 
to reduce their phase lag and continue to make saccades with normal (~150-200 ms) 
latencies.

We found that the monkey is capable of predictive tracking during a modified 
square-wave task such that the target is turned off for a  brief gap before each step, 
Turning off the current fixation point appears to give the monkey permission to anticipate 
the next target locus, whereas leaving it on obligates him to wait. This task is similar to the 
"express saccade" paradigm in which turning off the fixation light can reduce 
visually-guided saccade latencies to ~100 ms; however, in our experiment saccades are 
made before the visual target appears. The traces below show a monkey predictively 
tracking a such a 'gap' square wave, with a frequency of 1 Hz, a gap of 250 ms, and an 
amplitude of 10°.

We then tested the ability of monkeys with bilateral frontal eye field lesions to track 
both types o f  square waves. For conventional square wave tracking, the lesioned 
monkey is indistinguishable from the normal monkey: Both track well, even at very high 
frequencies (up to 3 Hz), but neither engages in predictive tracking. However, the 
lesioned monkey fails to reduce phase lag in the modified square wave task. Although 
some short latency "expresss saccades" are made, latencies are never reduced to near 
zero as in the normal monkey. Thus, a monkey without its frontal eye fields seems 
incapable of predictive tracking. The traces below show the monkey with a bilateral frontal 
eye field lesion tracking the same waveform as above, but failing to show predictive 
tracking.

We conclude that the monkey is more stimulus-bound than the human, and that 
lesions of the frontal eye fields compound this difference. Our finding also supports the 
idea that one general role of the frontal lobes is to direct behavior using predictable 
aspects of the environment. Supported by EY04740.

297.3 THE ACCESSORY OPTIC SYSTEM, VISUAL CORTEX, AND VERTICAL OPTO
KINETIC NYSTAGMUS: VISUAL INPUTS CONTRIBUTING TO THE UP/DOWN 
ASYMMETRY. K.L. G rasse , M.S. Cynader, and J .D . R a f tu s* . D ept. 
of P sychology, D alhousie  U n iv e r s ity , H a li f a x , Nova S c o tia ,  
Canada.

In  our e a r l i e r  in v e s t ig a t io n s  of th e  f e l i n e  accesso ry  o p t ic  
system  we re p o r te d  t h a t ,  in  normal c a t s ,  app rox im ate ly  equa l 
numbers of c e l l s  w ith in  th e  l a t e r a l  te rm in a l n u c leu s  (LTN) of 
th e  ac cesso ry  o p tic  system  a r e  d i r e c t i o n  s e le c t i v e  fo r  e i t h e r  
upward o r downward v e r t i c a l  w hole f i e l d  m otion . In  a d d i t io n ,  
v e lo c i ty  s e l e c t i v i t y  of LTN c e l l s  i s  d i s t r i b u te d  ac ro ss  th e  
p o p u la tio n  in  a s y s te m a tic  fa s h io n : upward d i r e c t i o n  s e le c t i v e  
LTN u n i t s  p r e f e r  h ig h e r  s tim u lu s  v e l o c i t i e s ,  w h ile  downward d i r 
e c t io n  s e le c t i v e  c e l l s  p r e f e r  slow er s tim u lu s  sp eed s . Both h igh  
v e lo c i ty  p re fe re n c e s  and upward d i r e c t io n  s e l e c t i v i t y  a re  
s e v e re ly  d im in ished  by d e c o r t ic a t io n ,  dark  r e a r in g  and m onocular 
d e p r iv a t io n ,  su g g e s tin g  th a t  th e se  p ro p e r t ie s  a re  p rov ided  by 
th e  s u b s t a n t i a l  v is u a l  c o r t i c a l  in p u t to  th e  LTN. For th e se  
r e a s o n s , we have p o s u tla te d  th a t  th e  v is u a l  s e n s i t i v i t i e s  o f LTN 
c e l l s  m ight u n d erly  th e  up/down asymmetry observed  f o r  th e  slow 
phase ga in  o f v e r t i c a l  o p to k in e tic  nystagm us (VOKN) in  which th e  
response  to  upward s tim u lu s  m otion  i s  more v ig o ro u s  and s e n s i t i v e  
to  a b ro ad e r range o f v e l o c i t i e s  th a t  VOKN response  to  downward 
m otion .

In  l i g h t  of th e se  c o n s id e ra t io n s ,  we te s te d  d i r e c t l y  th e  
e f f e c t s  of c o r t i c a l  le s io n s  on VOKN by m easuring v e r t i c a l  eye 
movements in  c a ts  u s in g  th e  m agnetic  se a rc h  c o i l  te ch n iq u e  b e fo re  
and a f t e r  v is u a l  c o r te x  a b la t io n .  Large f i e l d  s t im u li  r e a r  
p ro je c te d  on to  a ta n g e n t moved e i t h e r  upward o r  downward over a 
range o f v e l o c i t i e s  between 5 and 30 d e g /se c . In  norm al c a t s ,  
th e  g a in  (eye v e lo c i ty /s t im u lu s  v e lo c i ty )  o f slow  phase eye move
ment f o r  upward m otion i s  between 0 .8  and 0 .9  fo r  s tim u lu s  v e lo 
c i t i e s  f r om 5 to  15 d e g / s e c .  At h ig h e r  v e l o c i t i e s  of upward 
movement (from  15 to  30 d e g /se c )  ga in  f a l l s  to  between 0 .5  and 
0 .4 .  For downward m otion , slow  phase g a in  u s u a l ly  d rops below 
0 . 5  f o r  s tim u lu s  v e l o c i t i e s  o f 1 0  d eg /se c  o r l e s s ,  reac h in g  
low er l im i t s  of n e a r  0 .2  f o r  v e l o c i t i e s  of 15 to  30 d e g /s e c . 
F ollow ing d e c o r t i c a t io n , th e  g a in  of upward VOKN i s  a t te n u a te d  
by a s  much as  3 5 %, e s p e c i a l l y  a t  v e l o c i t i e s  of 2 0  d e g /se c  o r  
more. In  c o n t r a s t ,  th e  g a in  o f downward VOKN i s  much le s s  a f f e c 
te d  by c o r t i c a l  le s io n s .  T h is h ig h  v e lo c i ty  d e f i c i t  i n  upward 
VOKN i s  c o n s is te n t  w ith  th e  n o tio n  th a t  th e  v is u a l  c o r te x  (v ia  
th e  LTN) makes a  d i r e c t i o n  s p e c i f ic  c o n tr ib u t io n  to  VOKN s e n s i 
t i v i t y .  However, th e  r e s id u a l  upward VOKN response  fo llo w in g  
d e c o r t ic a t io n  arg u es  fo r  th e  e x is te n c e  of an  a d d i t io n a l  so u rce  
o f upward d i r e c t i o n  s e le c t i v e  in fo rm a tio n  to  th e  v e r t i c a l  op to 
k in e t ic  system  of th e  c a t .

297.4 INTRAVITREAL PICROTOXIN AFFECTS OPTOKINETIC AND VESTIBULAR 
EYE MOVEMENTS VIA A SUBCORTICAL PATHWAY IN CAT. M .A riel and 
F .R .R o b in so n . D epartm ents o f  P sy ch o lo g y , P s y c h ia try , and 
R iysio logy , C en ter f or  N euroscience, U n iv e rsity  o f P ittsb u rg h , 
P ittsb u rg h , PA 15260.

S y n a p tic  d ru g s  w hich b lo c k  GABA in h ib it io n , su ch  a s  
p ic ro to xin , have a  d ram atic e f fe c t on  d ir e c tion a lly -s e n s itiv e  
(DS) r e tin a l c e l ls . When GABA i s  b locked , DS r e tin a l ganglion 
c a l ls  in  ra b b it o r tu r t le  lo s e  th e ir  d ire c tio n a l tu n in g  and 
r espond eq u a lly  to  v is u a l ta rg e ts  moving in  any d ire c tio n . I t  
h as been suggested  th a t DS neurons a t  th e  r e tin a l le v e l serve 
a s  a  d i r e c t  in p u t to  th e  accessa ry  o p tic  system  f or  ra p id  
s ta b i l iz a t io n  o f eye p o s itio n . Me expected  th e re fo re  th a t 
d ire c t a p p lic a tio n  o f a  GABA a n ta g o n ist to  th e  re tin a  would 
d is ru p t senso ry  cont r o l  mechanisms o f eye s ta b iliz a tio n .

E lec tro d es w ere s u rg ic a lly  imp la n te d  around th e  eyes o f each 
c a t to  m easure e le c tro o culogram s (EOGs). A head b o lt was fix ed  
w ith  d e n ta l a c ry lic  to  s ta b iliz e  th e  o a t 's  head to  th e  tu rn 
ta b le  w ith o u t d isco m fo rt. EOGs w ere reco rded  e ith e r  during  
m onocular o p to k in e tic  s tim u la tio n  w h ile  th e  tu rn ta b le  rem ained 
fix e d  o r  d u rin g  v e s tib u la r s tim u la tio n  in  to ta l  darkness. The 
o p to k in e tic  s tim u lu s  w as a  ch ec k e rb o a rd  p a tte rn  d r if tin g  
h o riz o n ta lly  (20 d e g /se c ). The v e s tib u la r s tim u li c o n siste d  o f 
h o r iz o n ta l s in u so id a l ro ta tio n  (0 .1  HZ, peak  v e lo c ity  5-50 
d eg /s e c ) . B efore th e  d rug , EOGs w ere recorded  du rin g  v isu a l 
s tim u la tio n  o f sach  re tin a  and d u rin g  v e s tib u la r  s tim u la tio n . 
A m onocular in tr a v itr e a l in je c tio n  wa s  made o f 100-200 u L o f 
3 .3  mM p ic ro tox in  under lo c a l a n e s th e tic . W ithin a  sho r t tim e, 
EOGs w ere c o lle c te d  u s in g  c o n d itio n s  id e n tic a l  to  th o se  
p resented b e fo re  th e  in je c tio n . Experim ents w ere rep eated  in  
c a ts  in  w hich c o rtic a l a re a s  17, 18, 19, and la rg e  a re a s  o f th e  
la te r a l  su p rasy lv ian  gyrus w ere a b la te d .

D uring th e  d ru g 's  e f fe c t, th e re  was a  spontaneous h o riz o n ta l 
nystagm us w ith  i t s  slow  phase tow ard idle s id e  c o n tra la te ra l to  
th e  in je c te d  e y e . T h is nystagm us was more v igo rous a f te r  
c o r t ic a l ly  a b la tio n . S pon taneous v e r t ic a l  ey e  movements 
occu rred  i f  th e  c a t was ro lle d  on to  i t s  s id e . A ll th e  drug 
e f fe c ts  la s te d  fo r  a t  le a s t  s e v e ra l hou rs b e fo re  recovery .

O p to k in e tic  nystagmus d riv e n  by th e  u n in je c ted  eye was le s s  
a f fe c te d  b y  t id e  sp o n tan eo u s d r i f t  th a n  th e  o p to k in e tic  
nystagm us d riv e n  by th e  in je c te d  ey e. T h is drug-induced d r i f t  
was superim posed on v e s tib u la r ly  d riv e n  eye movements, even in  
t o t a l  d a rk n e ss . In  some c a se s , th e  drug-induced nystagm us 
w ould even  b lo c k  stim u lu s-in d u ced  slow  phase eye movements 
to w a rd s  th e  in je c te d  e y e . T hese f in d in g s  su g g e s t th a t  
d ir e c tio n a l in fo rm a tio n  i s  p rocessed  in  th e  o a t re tin a  to  
s tro n g ly  in flu en c e  b o th  v is u a l and v e s tib u la r  con tr o l o f eye 
p o s itio n  v ia  su b c o rtic a l pathw ays.
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297.5 MODIFICATION OF THE VESTTBULO-OCULAR REFLEX DURING BEHAVIORAL AND 
AMPHETAMINE AROUSAL IN CATS BEFORE AND AFTER 6-OHDA INDUCED 
NOREPINEPHRINE DEPLETION. J.G. McElligott and W. Freedman. Dept. of 
Pharmacology, Temple U. School o f Medicine, Phila, PA. 19140 and Bioengineering Program, 
National Science Foundation, Washington, D.C. 20550

The vestibulo-ocular reflex (VOR) is a reflex that operates to stabilize the eyes in space during 
movements of the head. The system has been described to have a gain of -1 since stimulation of 
the semi-circular canals brought about by head movements will have the effect of causing the 
eyes to rotate an equal amount in the opposite direction. The reflex has also been shown to be 
plastic since the gain of the reflex can be respectively increased or decreased by wearing either 
magnifying lenses or reversing prisms. Change in the gain of the VOR reflex has been put forth 
as a model to study plasticity in the central nervous system. Since numerous studies have 
implicated norepinephrine (NE) in neuroplasticity and modifiability of neural circuits, we 
attempted to determine the effect of NE depletion (via a 6-OHDA intra-cistemal injection) on the 
modifiability of the VOR.

Ten cats were implanted with preformed ocular search coils in order to measure die eye 
movements. Modification of the VOR over a 4 hour period was accomplished by oscillating 
(pseudo-random; linear Combination of frequencies, 0.07 to 0.4 Hz @ ± 12.5 deg.) head 
restrained animals in the horizontal plane while an illuminated optokinetic drum was rotated 180 
degrees out of phase with the animals head. Estimates of VOR gain were made by oscillating 
(0.25 Hz @ ± 10 deg.) the animals in the dark for 1 minute at half hour intervals. A computer 
program automatically removed saccades and selected the best' 40% (i.e., highest VOR gain) 
in each data set. The actual value of the VOR gain was estimated by determining the power (via 
a Fast Fourier Transform) at the oscillating frequency (0.25 Hz) for both the eye position signal 
(with the saccades removed) and the table signal (Gain = FFTeye/FFT table @ 0.25 Hz). 
Arousal levels of each animal were estimated by counting the number of saccades made during 
the period of modification. High levels of behavioral arousal were maintained by auditory 
stimulation. Amphetamine arousal was accomplished by a subcutaneous injection (5 mg) 30 
minutes prior to the initiation of VOR modification. NE depletion in the animals was acchieved 
by injecting 6-OHDA intra-cisternally ( dose range 1.2 - 2.4mg). This resulted in a significant 
reduction of cerebellar norepinephrine (20 % of normal levels). Modification of the VOR in the 
ten animals was carried out under 4 separate conditions: 1) behavior arousal/pre 6-OHDA 
injection, 2) amphetamine arousal/pre 6-OHDA injection, 3) behavior arousal/post 6-OHDA 
injection, 4) amphetamine arousal/post 6-OHDA injection. The post 6-OHDA modification and 
testing of the VOR was carried out 2 weeks after the injection.

The average gain change for the ten animals was 1.3 during behavioral arousal/pre 6-OHDA 
injection. There was a statistically significant (2 way ANOVA p < 0.05) decrease in the ability 
of the animals to modify their gain after NE depletion over die 4 hour period. No changes in 
arousal level (as estimated by counts of saccadic eye movements) were detected during the 4 
hour period either before and after NE depletion. Average gain changes under amphetamine 
in cats before and after NE depletion were not significantly different (2-way ANOVA p > 0.05) 
during the 4 hour period. In fact, the gain change under amphetamine even though the animals 
were at a higher level of alertness was less than that obtained in the behaviorally aroused 
non-depleted animals. These data indicate that decrease in NE levels correlates with a decrease 
in the ability of cats to modify (increase) their VOR gain. This effect cannot be attributed to a 
decrease in arousal levels or other changes in the VOR. The area with the highest NE depletion 
was die cerebellum. However, these present experiments cannot role out the contribution of 
other areas in the brain since there were also reductions in NE in these other areas. (Supported 
by Grants BNS # 8410231 and BRSG # SO7 RR05417)

297.6 DEFICIENT EYE VELOCITY STORAGE AFTER KAINIC ACID LESION OF THE 
INTERSTITIAL NUCLEUS OF CAJAL IN THE CAT. M.Le Taillanter* and 
J.H.Anderson (SPON:E.Lambert). Depts.of Otolaryng.& P h y s i o l .,Univ. 
of Mi nn ., Mpls. ,  MN 55455

The in te r s t i t ia l  nucleus of Cajal (INC) in the mesencephalon 
seems necessary for the normal control of the vertical component 
of eye movement, based on single unit recording of INC neurons 
( c f . ,  King e t a l , J.Neurophysiol. 46:549, 1981) and impaired eye 
movements a f te r  lesions. Kainic acid lesions in the region of INC 
impaired the a b ility  to maintain vertical gaze during fixation and 
the dynamics of the vestibulo-ocular reflex which suggested that 
INC was necessary for normal functioning of a neural integrator 
(Anderson e t a l , Neurosci.Let., 14:259, 1979; King and Leigh, 
Func.Basis Ocular M otil.Di s . , p.267, 1982). The present work 
indicates a role of INC specifically  for mediating the vertical 
component of eye velocity storage.

Eight adult cats were used. In four cats lesions were made by 
injecting 1.0 ul (0.5 ugm/ul) of kainic acid into the region of 
INC on both sides. Eye movements were recorded from 2 days to 5 
months thereafte r. For recording the animals were comfortably 
restrained and positioned on th e ir  sides. The optokinetic 
stimulus (OKS) was an irregu lar pattern which was rotated around 
the animal. The slow phase eye velocity was calculated and f itte d  
by a second order function during optokinetic afternystagmus 
(OKAN). The average eye velocity was calculated during the 100 
msec ju s t before (VB) and a fte r  (VA) each quick phase.

In normal cats the vertical component of individual slow phases 
during OKN was approximately linear for stimulus velocities of 
2-60 deg/s. During OKAN the time constant (Tc) of the function 
f i tte d  to the decay in eye velocity was 10-20 sec for up and 2-12 
sec for down OKAN. After lesioning INC, the individual upward 
slow phases were sign ifican tly  curved, with VA being greater than 
VB, for stimulus velocities of 20-60 deg/s. This was also the 
case during OKAN and suggests that the integrator for upward 
velocity storage was impaired. During OKAN the up Tc could not be 
estimated by the function f i tt in g  because of the curvature of each 
slow phase; the down Tc was 1-6 sec. For the up OKAN the decay 
over time of VA and VB was d ifferen t: VA decreased over 5-12 sec 
and VB over 0-2 sec.

These resu lts show that kainic acid lesions in the region of INC 
resu lt in a marked d e f ic it in the velocity storage mechanism for 
vertical eye movements. Both upward and downward eye movements 
are affected; the up more so. Also, the quick phases seem to 
strongly in terac t with some component of the integrator network.

(Supported by NIH grants NS-16567 and NS-12125.)

297.7 LOSS OF HEAD MOVEMENTS ACCOMPANIES LOSS OF EYE MOVEMENTS 
RESULTING FROM KAINIC ACID LESIONS IN THE PONTINE 
RETICULAR FORMATION IN THE RAT D .W. S i r k i n ,  B .J .M . 
H e s s * ,  J .  L a n n o u * 1 , R . H . I .  B la n k s 2 , a n d  W. P r e c h t * . 
I n s t i t u t  f ü r  H i r n f o r s c h u n g  d e r  U n i v e r s i t ä t  Zü r i c h ,  
8029  Z u r i c h ,  S w i t z e r l a n d ,  L a b o r a t o i r e  d e  
N e u r o p h y s i o l o g i e  S e n s o r i e l l e ,  U n i v e r s i t é  d e  R o u e n , 
7 6 1 3 0  M o n t - S a in t - A i g n a n ,  F r a n c e  ( 1 ) ,  a n d  D e p a r tm e n t  
o f  A natom y a n d  S u r g e r y ,  U n i v e r s i t y  o f  C a l i f o r n i a ,  
I r v in e ,  CA 92717 (2 ) .

E i g h t  y e a r s  a g o  a t  t h i s  m e e t i n g  i t  w as  r e p o r t e d  
t h a t  e l e c t r o l y t i c  l e s i o n s  i n  t h e  m e d ia l  p o n t i n e  
r e t i c u l a r  f o r m a t i o n  ( PRF) i n  t h e  r a t  a b o l i s h e d  n o t  
o n ly  s a c c a d i c  e y e  m o v e m e n ts , a s  w as w e l l  d o c u m e n te d  
i n  o t h e r  s p e c i e s ,  b u t  a l s o  t h e  a n a lo g o u s  h e a d  m o v e m e n ts , 
i . e .  v o l u n t a r y  l a t e r a l  h e a d  m o v e m en ts  ( a n d  b o d y  
t u r n s )  a n d  q u i c k  p h a s e s  o f  h e a d  n y s ta g m u s  [ f o r  a 
r e c e n t  f o l l o w - u p ,  s e e  S i r k i n  e t  a l . ,  E x p . B r a i n  
R e s .  5 8 : 503  ( 1 9 8 5 ) ] .  T h i s  e f f e c t  o f  PRF l e s i o n s  
on  h e a d  m o v e m en ts  h a s  n o t  b e e n  n o te d  i n  o t h e r  s p e c i e s  
i n  c l i n i c a l  o r  e x p e r i m e n t a l  r e p o r t s .  R e c e n t l y ,  
m o n k e y s  w h o se  s a c c a d i c  e y e  m o v e m en ts  w e re  a b o l i s h e d  
b y  k a i n i c  a c i d  (KA) l e s i o n s  i n  t h e  PRF w e re  o b s e r v e d  
t o  h a v e  no  a p p a r e n t  d e f i c i t s  i n  h e a d  m o v e m e n ts  (V . 
H e n n , p e r s o n a l  c o m m u n ic a t io n ) .

We i n s p e c t e d  27 r a t s ,  w h ic h  h a d  b e e n  i n j e c t e d  
w i t h  KA i n  t h e  PRF f o r  a n  e y e  m ovem en t s t u d y  ( H e s s ,  
B la n k s ,  L a n n o u , a n d  P r e c h t ,  i n  p r e p a r a t i o n ) ,  f o r  
l o s s  o f  h e a d  n y s ta g m u s  q u i c k  p h a s e s .  A l s o ,  f ro m  
t h r e e  o f  t h e s e  r a t s ,  h e a d  m ovem en t r e c o r d i n g s  d u r i n g  
o p t o k i n e t i c  s t i m u l a t i o n  w e re  m ade w i t h  a  s e a r c h  
c o i l .  As d i d  t h e  e a r l i e r  e l e c t r o l y t i c  l e s i o n s ,  
KA l e s i o n s  i n  t h e  d o r s o m e d i a l  PRF r o s t r a l  t o  t h e  
a b d u c e n s  n u c l e u s  i m p a i r e d  o r  a b o l i s h e d  s a c c a d i c  
( q u i c k  p h a s e )  m o v e m e n ts  o f  b o t h  e y e  a n d  h e a d .

C o n c l u s i o n s :
1 . H ead  a n d  e y e  m o v e m e n ts  a r e  m e d ia t e d  b y  t h e  s a m e , 
o r  c l o s e l y  n e i g h b o r i n g ,  c e l l s  i n  t h e  r a t  PRF.
2 .  T he im p o r t a n c e  o f  t h e  PRF f o r  h e a d  m o v e m e n ts  
i s  m uch g r e a t e r  i n  t h e  r a t  t h a n  i n  p r i m a t e s .

297.8 CATECHOLAMINE DEPLETION PRODUCES IRREPRESSIBLE SACCADIC EYE 
MOVEMENTS IN NORMAL HUMANS. L. T y c h se n . O ph th a lm o lo g y  B ra n c h , 
U n ite d  S t a t e s  A ir  F o rc e  S c h o o l o f  A e ro sp a ce  M e d ic in e , B rooks 
AFB, San A n to n io , TX 78235.

E x tra p y ra m id a l  p a th w a y s  p l a y  a  m a jo r  r o l e  i n  t h e  c o n t r o l  o f  
ey e  m ovem ents i n  p r im a te s  (H ik o sak a  and  W u rtz , J N e u ro p h y s , 49: 
1230 , 1983) and  e x tr a p y ra m id a l  n e u ro t r a n s m is s io n  i s  known t o  be 
m e d ia te d  in  p a r t  by c a te c h o la m in e s .  I  r e c o r d e d  th e  ey e  m ovem ents 
o f  n o rm al hum ans who w ere  p h a rm a c o lo g ic a l ly  d e p le t e d  o f  c a t e 
c h o la m in e s  and  fo u n d  t h a t  th e y  made i r r e p r e s s i b l e  s a c c a d e s .  
T h ese  i r r e p r e s s i b l e  s a c c a d e s  a r e  s im i l a r  t o  t h o s e  se e n  i n  monkeys 
who h av e  c h e m ic a l  l e s i o n s  o f  t h e  s u b s t a n t i a  n i g r a  (H ik o sak a  and 
W u rtz , J  N e u ro p h y s , 5 3 :2 9 2 , 1 9 8 5 ) .

T h re e  n o rm a l a d u l t s  w ere  g iv e n  a  p la c e b o  f o r  s e v en  d a y s  and 
th e n  a l p h a - m e t h y l - p - ty r o s in e , o r a l l y ,  3 g ram s /d a y  f o r  t h r e e  d a y s .  
M e th y l ty r o s in e  i n h i b i t s  t y r o s i n e  h y d r o x y la s e ,  and  th u s  d e p le t e s  
t h e  CNS and  th e  p e r ip h e r y  o f  dopam ine and  n o r e p in e p h r in e .  The 
d ru g  r e s u l t e d  i n  a  45-60% r e d u c t io n  i n  t h e  u r in a r y  m e ta b o l i t e  
o f  c a te c h o la m in e  (MHPG). S te a d y  f i x a t i o n  o f  a  v i s u a l  t a r g e t ,  
s a c c a d e s  t o  p r e d i c t a b l e  t a r g e t  s t e p s ,  sm ooth  p u r s u i t  o f  p r e d i c t 
a b le  t a r g e t  m o tio n , and  v e s t i b u l o - o c u l a r  r e f l e x  ey e  m ovem ents 
w ere  r e c o r d e d  by i n f r a r e d  o c u lo g ra p h y  on a  p la c e b o  d a y , and  on 
t h e  f i r s t  and  l a s t  m e th y l ty r o s in e  d a y s .

By th e  l a s t  m e th y l ty r o s in e  d a y , a l l  s u b j e c t s  made i r r e p r e s 
s i b l e  s a c c a d e s .  The a m p l i tu d e  o f  t h e s e  s a c c a d e s  ra n g e d  from  3 - 
12X, and  th e  f re q u e n c y  from  4-7X t h a t  o f  t h e  t i n y  s a c c a d e s  se en  
d u r in g  s te a d y  f i x a t i o n  on p la c e b o  d a y s .  I n t e r v a l s  b e tw een  s a c 
c a d e s  w ere  o f  n o rm al d u r a t i o n  (a p p ro x im a te ly  200 m s ) . S a c c a d ic  
l a t e n c y  and  v e l o c i t y  w ere  w i th in  c o n t r o l  r a n g e .  I r r e p r e s s i b l e  
s a c c a d e s  in t r u d e d  on sm ooth  e y e  m ovem ents, b u t  t h e  g a in  o f  p u r 
s u i t  an d  t h e  v e s t i b u l o - o c u l a r  r e f l e x  w ere w i th in  c o n t r o l  r a n g e .

T h ese  r e s u l t s  s u g g e s t  t h a t  c a te c h o la m in e s  m e d ia te  some a s p e c t s  
o f  s u p r a n u c le a r  c o n t r o l  o f  s a c c a d ic  e y e  m ovem ents i n  p r im a te s .
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297.9 THE MOTOR PROGRAMS OF MONKEY'S SACCADES: AN ATTENTIONAL 
HYPOTHESIS. L. Bon* and C. Luc c h e tt i*. (SPON: M. Goldberg). 
I s t i tu to  d i F is io lo g ia , U n iversità d i T r ie s te , Via Fleming 22, 
34127 T r ie s te , I ta ly .

Many rep o rts  suggest th a t v ig ilan ce  leve l modifies the  s p a tia l 
and temporal c h a ra c te r is t ic s  of saccades. In th is  study we asked 
i f  v isu a l  input i t s e l f  could modify the  motor programs of saccades 
o r whether th a t input must have an a tte n tio n al. meaning. One 
monkey (Macaca nem estrina) was tra in ed  to  perforin v isu a l f ix a tio n  
and make saccades to  v isu a l ta rg e ts .  Eye p o s itio n  was recorded 
w ith a magnetic search c o il .  S ignals were d ig i ta l ly  f i l t e r e d  and 
analyzed o f f - l in e  by a d ig i ta l  computer using a low pass non- 
recu rs iv e  FIR f i l t e r  which did not introduce phase s h i f t  or phase 
d is to r t io n . We studied  saccades executed spontaneously in  the 
dark (SPONT-DARK), spontaneously a t the  normal ambient l ig h t  leve l 
of the  laborato ry  (SPONT-LIGHT), and w hile the monkey performed 
the  v isu a lly  guided saccade ta sk  (TASK). By p lo ttin g  
instantaneous v e lo c ity  against time we described th ree  d iffe re n t 
v e lo c ity  p a tte rn s : (1) symmetrical* when the  time to  reach peak 
v e lo c ity  equals the  time to  re tu rn  to  zero v e lo c ity ; (2) 
asymm etrical, when the  r is in g  and f a l l in g  v e lo c ity  phases are 
unequal; (3) ir re g u la r , when the  peak v e lo c ity  reaches a p la teau  
o r the  v e lo c ity  p ro f i le  has m ultip le  maxima or in f le c tio n  p o in ts . 
The normalized frequency d is tr ib u tio n s  of the th ree  d iffe ren t 
v e lo c ity  p a tte rn s  were d iffe re n t among the  th ree  experim ental 
conditions* as follow s:

SPONT-DARK SPONT-LIGHT TASK
1 2 3 1 2 3 1 2 3

HOR 3.5 29.5 67.0 4.5 42.5 53.0 64.5 35.5 0 .0
 VER 9.0 57.0 34.0 10.5 56.0 33.5 58.5 41.5 0 .0

There was no su b s ta n tia l d iffe ren ce  in  the  frequency 
d is tr ib u tio n  of saccade types between the  two r e s t  cond itions, 
SPONT-DARK and SPONT-LIGHT, with ir re g u la r  saccades occurring  h a lf  
the  time in  each condition* and very few symmetrical saccades. In 
the  TASK condition  th e re  were no i r re g u la r  saccades and a m ajority  
of symmetrical saccades. This suggests th a t l ig h t alone cannot 
modify the  motor programs of saccades, unless the  l ig h t  comes from 
an a tte n tio n a lly  meaningful stim ulus. A lte rn a tiv e ly  the 
m odifica tion  could be re la te d  to  the  a r t i f a c t s  of reward in  the  
task* and not to  the  process of a t te n tio n . To d is tin g u ish  between 
these  two a lte rn a tiv e s  we switched on a spot of l ig h t  during a 
f ix a tio n  ta sk . The new stim ulus evoked unrewarded saccades, whose 
the  v e lo c ity  p ro f ile s  were exclusively  types 1 and 2. This re s u l t  
agrees w ith Dichgans' (1973) suggestion th a t v isu a l input requ ires  
an a tte n tio n a l meaning to  modify motor programs.

Research supported by g ran ts  from M inistero Pubblica Is tru z io n e  
and Consiglio Nazionale d e lle  R icerche.

297.10 HEAD-EYE COORDINATION IN ALERT CATS. Carol K. Peck and 
Franklin S. Wartman III .*  School of Optometry, University of 
Missouri-St. Louis, St. Louis, MO 63121.

In monkeys, saccades are programmed to take the eye to a 
target regardless of whether the head moves or not. Cats have 
an oculomotor range (OMR) of only about ± 25° although th e ir 
visual f ie ld  extends to about ±90°. Thus, in orienting to 
peripheral ta rg e ts , cats face a d ifferen t se t of problems than 
do primates. We have examined two questions concerning eye-head 
coordination in cats: 1. the frequency with which cats make 
single gaze sh ifts  larger than the ir oculomotor range and 2. the 
frequency with which both large and small gaze sh ifts  consist of 
so lita ry  saccades unaccompanied by head movements. We have made 
sim ilar analyses for m ultiple-step gaze sh if ts .

Head and eye movements were studied in three cats that had 
been trained to fixate  targets (either visual or auditory) in 
order to obtain food reward. The target locations were arranged 
horizontally in front of, and equally d istan t from, the cat. 
Within the OMR, the task could be accomplished with either 
single or m ultip le-sh ift eye saccades or with coordinated 
eye-head movements (gaze saccades); beyond the OMR, the task 
could be accomplished with e ither single gaze saccades or 
m ultip le-sh ift gaze saccades. Eye movements were recorded with 
a scleral search co il. Head movements were recorded, in the 
horizontal plane only, with a low-torque potentiometer.

When the size of the gaze sh if ts  was small (less than 5°), 
cats made single eye saccades about as often as they made single 
gaze saccades. This d iffers from Guitton e t a l. (J. 
Neurophysiol., 52: 1030, 1984) who reported that cats never made 
single eye saccades unaccompanied by head movement even when 
well within the OMR. As the size of the gaze sh if t increased 
within the OMR, the frequency of eye saccades alone decreased 
until they comprised less than 10% of single gaze sh ifts  between 
21-25°.

M ultiple-step gaze sh ifts  were infrequent when the total 
gaze excursion was well with the OMR. For a ll amplitudes of 
to ta l gaze excursion, m ultip le-shift gaze saccades were far more 
common than m ultip le-sh ift eye saccades, and the ra tio  of gaze 
saccades to eye saccades increased as the amplitude of the total 
excursion increased. Outside of the OMR, single gaze sh ifts  and 
m ultiple-step gaze sh ifts  were made about equally often.

These resu lts are consistent with the view that cats may 
employ d ifferen t motor strateg ies a t d ifferent times during the 
performance of the "same" oculomotor task. Whether these 
d ifferen t motor strateg ies re flec t differences in the summation 
of head and eye movements remains to be determined.
Supported by USPHS grant NS-21238.

297.11 THE EFFECT OF DIFFERENT WAYS OF ATTENDING TO A TARGET ON THE 
SUPPRESSION OF OPTOKINESIS J .  Pola. H .J. Wyatt a nd M. L. Golomb*, 
Schnurmacher I n s t i tu te  fo r Vision Research, SUNY S ta te  College of 
Optometry, 100 East 24th S t., New York, NY 10010.

By fix a tin g  a s ta tio n a ry  ta rg e t  a person can e a s l ly suppress 
O ptokinetic eye movements. One account fo r th i s  suppression i s 
th a t  the  smooth p u rsu it system holds th e  eye on th e  fix a tio n  
ta rg e t  ag a in st th e  o p to k in e tic  movements, where the  s tim ulus for 
f ix a tio n  Is ta rg e t  o f f s e t  o r motion re la t iv e  to  th e  fovea. In 
previous work (Vis Res '84) we found th a t  when su b jec ts  viewed a 
ta rg e t,  foveally  s ta b i l iz e d  ag a in st a moving background f ie ld ,  
optokin e s is was largely  suppressed. This suggests th a t  ta rg e t  
o f f s e t  or motion Is not the  so le  determ inant fo r  suppression, and 
th a t  th e  a c t of viewing the  ta rg e t  may a lso  play a su b stan tia l 
ro le  In suppression.

We have begun fu r th e r  Investiga tion  of th is  type of suppression 
of optokinesi s. In th ese  experim ents we asked su b jec ts  to  view a 
fovea lly  s ta b i l iz e d  ta rg e t  presented ag a in st horizontal s inuso ldal 
motion of a background f ie ld  (e.g., 0.5 Hz). An Important fea tu re  
of these  experim ents Is th a t  we varied  the  mode of a ttend ing  to  
the  t a r g e t : th e  su b jec ts  were Instruc ted  e i th e r  to  "gaze", to  
"look", o r to  "hold". In th e  "gaze" condition  th e  su b jec ts  were 
asked to  regard the  ta rg e t  passive ly , gazing ahead w ithout a tte n 
ding to  the  ta rg e t.  In th e  "look" cond ition , su b jec ts  observed 
the  ta rg e t  a t te n tiv e ly . In th e  "hold" cond ition , su b jec ts  attem p
ted  to  m aintain th e  ta rg e t  a t  a loca tion  d ire c tly  i n fro n t of 
them.

We found th a t  by varying the  viewing task  we notably changed 
the  c h a ra c te r is t ic s  of th e  suppression of op tok tnesls. i n the  
"gaze" cond ition , op tok tnesls  was s u b s ta n tia lly  suppressed, but 
ty p ic a lly  th e re  were small am plitude slow movements roughly in 
phase w ith th e  f ie ld  motion. In the  "look" cond ition , a form of 
hyper-suppresston occurred, Where th e  eye moved In counterphase to  
th e  f ie ld ,  sometimes q u ite  s u b s ta n tia lly . The "hold" condition  
showed th e  b e st suppression, i n th e  sense th a t  th e  eye was re la 
t iv e ly  s t i l l ,  n e ith e r moving w ith nor ag a in st the  f ie ld  motion.

In add ition  to  th e  above, we asked su b jec ts  to  Imagine a ta rg e t  
In th e  plane of th e  moving f ie ld ,  and to  "hold" th e  Imaginary 
ta rg e t  a t  a fixed  p o sitio n  in fro n t of them. S u rp ris ing ly , a ll  
su b jec ts  showed l i t t l e  o r no suppression of optokinesis . This 
Ind icates th a t  besides "paying a tte n tio n " , th e  actual presence of 
th e  ta rg e t  Is Im portant. This i s d if f e r e n t from suppression of 
VOR, where an Imagined ta r g e t  can have a marked Influence.

(Supported by NSF BSN-85-19267)

297.12 PREDICTIVE BEHAVIOR OF PASSIVE OPTOKINETIC EYE MOVEMENTS 
H.J. W yatt and J. Pola , Schnurmacher In s t i tu te  fo r Vision 
Research, SUNY S ta te  College of Optometry, 100 East 24th St., New 
York, NY 10010.

I t  is  well e stab lish ed  th a t  the  smooth p u rsu it eye movement 
system Is capable of p red ic tiv e  behavior If ta rg e t  motion Is 
"p red ic tab le" (e.g. period ic). Recently, Yasul and Young ( '84) 
suggested th a t  op to k in e tic  slow phases a lso  show p red ic tiv e  con
t r o l .  They moved an o p to k in e tic  stim ulus p a tte rn  (90°w × 50°h) 
e i th e r  s in u so id a lly  or quasi-randomly using a sum of sines. 
Responses to  the  quasi-random stim ulus showed Increased phase lags 
re la t iv e  to  sinusoidal s tim u li.

There Is some d if f ic u l ty ,  however, in i n te rp re tin g  data from 
experim ents w ith sum -of-sines s t im u ll  they bring ou t d is t in c t ly  
nonlinear smooth eye movement behavior. P u rsu it and op tok ine tic  
responses to  sinusoidal motion show low-pass behavior: as fre 
quency Increases, gains f a l l  o ff  and phase lags Increase mono
toni c all y. On the  o the r hand, responses to  sums of s ines  show 
marked departures from such sim ple behavior. We have observed 
such departures i n passive op to k in e tic  responses.

Lisberger e t  al ('81) devised a d if f e r e n t quast-random p u rsu it 
s tim ulus: ta rg e ts  moved In a random sequence of halves of s ine  
waves (one frequency and am plitude per t r i a l ) .  Responses to  com
p le te  sinusoidal cycles which happened to  occur i n th e  sequence 
were analyzed and compared to  data  obtained w ith sinusoidal s tim 
u l l . This technique y ielded sim ple low-pass gain and phase curves 
fo r both quasi-random and sinusoidal s tim u l l ; however, th e  respon
ses to  th e  quasi-random stim u ll  were degraded re la t iv e  to  the 
responses to  s inusoids.

We have appl i ed a s im ila r  "random walk of h a lf s in e  waves" 
technique to  optokinesis. Subjects gazed ahead passively  while a 
f u l l - f i e ld  op to k in e tic  stim ulus moved e i th e r  s in u so id a lly  or i n a 
s e r ie s  of h a lf s in es . At frequencies of 0.5 Hz and above, the  
"random walk" s tim ulus gave lower gains and la rger phase lags than 
sinusoidal s tim u la tio n . This argues fo r a form of p red ic tiv e  
control during optokinesis.

i n a second experim ent, we asked i f p red ic tiv e  control i s 
localized  to  cen tra l r e t in a : sinusoidal and "random walk" s tim u ll 
were again used, but th e  cen tra l 40° of the  s tim ulus f ie ld  was 
masked o ff . The e f fe c t  of th e  mask was to  reduce a ll  gains; 
however; making the  s tim ulus non-predic tab le  produced changes in 
gain and phase th a t  were approximately the  same as those th a t  
occurred when th e  fu ll  f ie ld  s tim ulus was made non-predic ta b le.

Optokinesi s , even when driven e n tire ly  through peripheral 
re tin a ,  appears to  employ a form of p red ic tiv e  con tro l.

(Supported by NSF BSN-85-19267)
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297.13 CORDINATES INTRINSIC TO THE SEMICIRCULAR CANALS AND THE EXTRAOCULAR 
MUSCLES IN THE RAT. W.J.Daunicht and A .J .Pellionisz. Dept. Bio
physics, Div. Biocybernetics, Univ. Düsseldorf, D-4000 Düsseldorf 
and Dept. Physiol. Biophys. N.Y.U. Med. Ctr.,New York 10016,U.S.A.

To tre a t  the geometrical aspects of the r a t 's  vestibulo-ocular 
reflex quantitatively  the righ t semicircular canals (SCC) of 3 
pigmented ra ts  were measured in stereotaxic coordinates (intraaural 
line - incisor bar horizontally) and the vectors of maximal sensi
t iv i ty  were determined using the principal component method. Then 
the coordinate system was pitched upward by 30.3° to abolish the 
ro ll component for the horizontal SCC and the sen sitiv ity  vectors 
were recalculated (Fig. 1). The misalignment of 'coplanar' SCC can 
be as large as 15°. In the same coordinate system muscle inser
tio n s, muscle fib re  d irections, and bulbus surface of the r ig h t eye 
were measured. Based on these data the directions of the axes of 
rotation were calculated (Fig .2 ). Misalignment of 'an tagonistic ' 
muscles can be as large as 40°.

The orthogonal projection rule applies to the measurement of 
the vestibular components as well as of the extraocular propriocep
tive  components, while the parallelogram rule applies to  the execu
tion of (in fin itesim al) eye movements. Based on the geometrical 
data the metrics of respective in trin s ic  coordinate systems have 
been calculated and, as proposed by Pellionisz and Llinas (1985, 
Neuroscience 16: 245) a tensorial treatment of the neuronal net
works mediating the vestibulo-ocular sensorimotor transformation in 
the ra t has been performed. This opens the way towards a quantita
tiv e  in terpretation  of the role of proprioception in sensorimotor

Vestibular matrix Extraocular muscle matrix
H A P LR MR SR IR SO 10

PITCH -.022 .768 -.589 PITCH -.540 .098 -.577 .682 .421 -.423
YAW -1 -.031 .093 YAW -.839 .905 .121 .313 -.463 -.196
ROLL 0 .640 .802 ROLL -.066 -.415 -.807 .661 -.779 .885
Supported by the Deutsche Forschungsgemeinschaft Da 199/1-1

297.14 FUNCTIONAL ORGANIZATION OF PRIMARY AND SECONDARY OPTOKINETIC 
AFTER-NYSTAGMUS. C. Maioli* (Spon: C. Terzuolo). Ia titu to  di 
F isiologia dei Centri Nervosi-CNR, via Mario Bianco 9, 20131 
Milano, Ita ly  and In s titu t für  Hirnforschung der Universität  
Zürich , August-Forelstr. 1, CH-8029 Zürich , Switzerland.

The absence of covariation between primary and secondary 
optokinetic after-nystagmus (OKAN I and II)  in a number of 
experimental paradigms led various authors to propose that OKAN 
is  generated by two opposing storage elements, independently 
charged during optokinetic stim ulation. The finding that 
following b ila te ra l labyrinthine lesions OKAN II  can be retained 
in sp ite  of a complete loss of OKAN I gave further support to 
th is  view. However, analysis of OKAN time course strongly 
suggests that the two Storage elements are mutually 
interconnected so that one exerts a negative feedback on the 
other, resulting  in a second order underdamped system (Maioli and 
Precht, Ex p . Brain Res., 55:494-506, 1984). A computer simulation 
was undertaken to  verify  compatibility between th is  model and 
available li te ra tu re  data. Furthermore, optokinetic responses 
were recorded in acute and chronic labyrinthectomized cats and 
interpreted  on the basis of model predictions.

As a f i r s t  step, the comparison between model predictions and 
OKN recorded in normal cats revealed that the dynamic properties 
of the optokinetic system during visual stimulation and during 
i t s  discharge in the dark are d iffe ren t. Responses can be 
modelled by assuming that the storage element responsible for 
OKAN II  is  charged during stimulation but has a l i t t l e  or no 
effect on OKN time course, due to a variable coupling between 
OKAN II  and I storage elements. A second order underdamped model, 
provided with such a feature, can predict, with a proper 
parametric adjustement, OKAN I and II behavior in situations 
which have been used to demonstrate an independent charge of the 
two storage elements; i .e .  prolonged stimulus duration,  
rep e titiv e  stim ulation and b rie f  visual fixation  periods during 
OKAN I.

B ila tera l labyrinthectomy acutely induces loss of OKAN I and 
I I. With time, in the cat a mild degree of compensation occurs. 
In the chronic stage, turning o ff the lig h t during optokinetic 
stim ulation can resu lt in an almost immediate appearance of OKAN 
I I . However, a slow build-up in OKN slow phase velocity  is  
concomitantely seen. In addition, a p a r tia l coming back of the 
slow OKAN component can be inferred also from sinusoidal 
optokinetic responses. Taking into account the above- mentioned 
context dependent changes of OKN dynamic properties and the low 
gain of responses in labyrinthectomized ca ts , also these data can 
be easily  modelled without assuming the independency of OKAN I 
and II storage elements.

297.15 VESTIBULO-OCULAR REFLEX GAIN ASSESSMENT DURING ACTIVE 
HORIZONTAL HEAD MOVEMENTS IN RHESUS MONKEYS. 
R .D .Tom linson* and P .S .B ah ra*  (S PO N :R .H arrison). 
P l a y f a i r  N eu ro sc ie n ce  U n it and D ept. o f 
O to la ry n g o lo g y , U n iv e r s i ty  o f  T o ro n to , T o ro n to , Ont. 
M4T 2S8

R ecen t ex p e rim e n ts  have d e m o n s tra te d  th e  p re sen c e  
o f  a v e lo c i ty  s a tu r a t i o n  in  th e  human v e s t ib u lo - o c u la r  
r e f l e x  when head v e lo c i ty  ex ceed s 350 d e g /s  (P u la sk i , 
Zee and R obinson , B ra in  R e s .2 2 2 :1 5 9 ,1 9 8 1 ) . No s im i la r  
s a t u r a t i o n  h a s  been d e m o n s tra te d  in  th e  monkey; 
how ever, th e  r e c e n t  i n t e r e s t  in  eye head  c o o rd in a tio n  
makes such  in fo rm a tio n  o f  c o n s id e ra b le  im portance 
s in c e  h ig h  head  v e l o c i t i e s  a r e  o f te n  a c h ie v e d  d u rin g  
a c t iv e  head  movements, p a r t i c u l a r l y  when th e  an im als 
a r e  h ig h ly  m o tiv a te d  o r e x c i t e d .  In  o rd e r  to  
i n v e s t i g a t e  t h i s  p o s s i b i l i t y  we re c o rd e d  eye and head 
movements in  two ju v e n i l e  rh e su s  monkeys d u rin g  
h o r iz o n ta l  com bined ey e -h ead  gaze  s h i f t s .  The a n im a ls ' 
h ead s w ere co u p led  t o  a v e r t i c a l l y  o r ie n te d  s h a f t  v ia  
a damped u n iv e r s a l  j o i n t .  T h is  a rra n g em en t a llo w ed  th e  
a n im a ls  com p le te  freedom  o f  movement in  th e  h o r iz o n ta l  
p la n e  b u t  g r e a t l y  r e s t r i c t e d  v e r t i c a l  m o b i l i ty .  Eye 
and head  p o s i t i o n  w ere b o th  m easured  u s in g  a 
Col l e w ijn - ty p e  c o i l  system  CCNC E n g in e e rin g )  w hich was 
l i n e a r  o v e r  th e  e n t i r e  ra n g e  o f  movements.

Rhesus monkeys w ere found t o  make head  movements 
w ith  v e l o c i t i e s  w hich o c c a s io n a l ly  exceeded  1000 
d e g /s .  However, such  h ig h  v e l o c i t i e s  w ere o n ly  seen  to  
o c c u r  d u r in g  l a r g e  com bined ey e -h ead  g aze  sa ccad es 
w here th e  VOR i s  known n o t t o  be fu n c tio n in g  
(Tom linson and B ahra, J .  N e u ro p h y s io l, su b m itte d  fo r  
p u b l i c a t i o n ) . When th e  m easurem ents w ere made d u rin g  
th e  com pensatory  r o l l - b a c k  o f  th e  e y es  fo llo w in g  th e  
sa c c a d e , head  v e l o c i t i e s  w ere found t o  exceed  300 
d e g /s e c  o n ly  v e ry  r a r e ly  and w ere n e v e r  se en  to  exceed 
500 d e g /s .  D uring  th e s e  movements, no exam ples o f 
s a t u r a t i o n  o f  th e  VOR w ere se en  t o  o c c u r . I t  seems 
h ig h ly  u n l ik e ly  t h a t  monkeys a r e  a b le  t o  g e n e ra te  
v e s t i b u l a r  eye movements w ith  p eak  v e l o c i t i e s  o f  more 
th a n  1200 d e g /s  ( th e  peak  head  v e lo c i ty  observed) 
how ever, such  head  movements o n ly  o c c u r  d u rin g  
sa c c a d e s , o u ts id e  o f  such  t im e s  th e  head  v e lo c i ty  i s  
a lw ays s u f f i c i e n t l y  low t h a t  s a t u r a t i o n  does no t 
o c c u r .

S u p p o rted  by th e  Med. R es. C ou n c il o f  Canada.

297.16 THE LINEARIZING EFFECT OF NYSTAGMUS ON SLOW PHASE VOR RESPONSES -  A 
POTENTIAL STRATEGY FOR TRIGGERING QUICK PHASES. H.L. G a lia n a . 
B iom edical E ng ineering  U n it, McGill U n iv e rs ity , M ontrea l, Que. 
Canada H3A 2B4.

Many seco n d -o rd er v e s t ib u la r  c e l l s ,  ly in g  in  the  v e s t ib u la r  
n u c le i  (VN), and combining both eye movement and v e s t ib u la r  
in fo rm a tio n , have been shown to  se rv e  as  the  c e n tr a l  l in k  in  the  
th re e -n eu ro n  v e s tib u lo -o c u la r  r e f le x  a rc  (VOR) [Tom linson & 
Robinson, JNP 5 1 :1121 -1136 ,'84 ; Nakao e t  a l ,  EBR 4 5 :3 7 1 -3 8 5 ,'8 2 ] . 
The r e s t i n g  r a te s  of such c e l l s  in  mammals a re  le s s  than  h a l f  th a t  
o f th e  p r im arie s  a r i s in g  from a s s o c ia te d  s e m ic irc u la r  c a n a ls , and 
y e t the  VOR has a l i n e a r  range o f o p e ra tio n  a t  l e a s t  as la rg e  as 
th a t  o f the  prim ary . T his i s  due in  p a r t  to  th e  f a c t  th a t  du rin g  
v e s t i b u la r  nystagm us, eye-movement r e la te d  VN c e l l s  show a 
read ju s tm en t in  t h e i r  f i r i n g  r a t e  w ith  each f a s t  phase, which 
r a i s e s  th e  a c t i v i t y  le v e l  on the  s id e  c o n t r a la t e r a l  to  the  r o ta t io n  
d i r e c t i o n ,  and hence d e lay s  the  s i le n c in g  o f th e se  c e l l s  d u rin g  the  
n ex t slow -phase response segm ent. This i s  one o f the  fu n c t io n a l 
advan tages o f combining eye p o s it io n  and v e s t ib u la r  in fo rm atio n  a t  
an e a r ly  p re-m otor l e v e l .  Hence the  q u es tio n  ad d ressed  h ere  i s  
w hether one a sp ec t o f th e  s tr a te g y  c o n t ro l l in g  th e  tim ing  o f qu ick  
phases (o r  saccad es) may be th e  p re s e rv a t io n  o f l i n e a r i t y  in  
c e n t r a l  VOR re sp o n ses .

A b i l a t e r a l  model o f the  VOR [G aliana  & O u te rb rid g e , JNP 51: 
2 1 0 -2 4 1 ,'8 4 ] was s im u la ted  on a DEC 11/73 com puter: i t  p rov ides  fo r  
th e  re p re s e n ta t io n  o f c e n t r a l  c e l l s  modulated by both  the  
v e s t i b u la r  s ig n a l  and an e f fe re n c e  copy o f eye p o s i t io n ,  and 
e x h ib i ts  th e  observed r e s e t t in g  e f f e c t  o f f a s t  phases on the  f i r i n g  
r a t e s  o f such c e l l s .  A sim ple s tr a te g y  fo r  th e  t r ig g e r in g  o f f a s t  
phases was im plem ented: enab le  the  qu ick  phase whenever one s id e  
approaches c u t - o f f .  As a r e s u l t  1) the  l i n e a r i t y  o f th e  VOR was 
extended beyond th a t  expected  from the  low c e n tr a l  r e s t i n g  r a t e s ,  
2 ) qu ick  phase am plitude and frequency in c rea sed  w ith  head 
v e lo c i ty ,  3) fo r  f ix e d  peak head v e lo c i ty  and s in u s o id a l  in p u ts , 
th e  number o f qu ick  phases per cy c le  d ecreased  w ith  in c re a s in g  
r o ta t io n  frequency , 4) the  qu ick  phase p a t te rn  could vary  from 
cy c le  to  cy c le  w ithou t r e q u ir in g  changes in  the  t r ig g e r in g  
th re sh o ld .

These s im u la tio n  r e s u l t s  a re  a l l  com patib le  w ith  pub lish ed  
o b s e rv a tio n s  and su g g est th a t  th e  s tr a te g y  fo r  th e  t r ig g e r in g  o f 
f a s t  phases should  not be deduced from eye p o s i t io n  re c o rd s . 
R a th e r, experim en ts should a ttem p t to  look fo r  a  th re sh o ld  s t r a te g y  
on th e  f i r i n g  le v e ls  o f prem otor v e s t ib u la r  neurpns m odulated by 
eye movements.
T h is work i s  suppo rted  by MRC (Canada) and FRSQ (Qué bec) g r a n t s .
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297.17 QUICK-PHASE EYE MOVEMENTS OF GOAL-DIRECTED VESTIBULO-OCULAR 
REFLEX REDUCE GAZE ERROR. B .N .Sega l * & A.K a tsa rk as* , 
D ept. O to la ry n g o l . ,S ir  M ortim er B .D av is-Jew ish  Gen.Hosp. & 
M cGill U n iv ., M on trea l, Canada, H3T 1E2.

To c l e a r ly  see  an o b je c t  d u rin g  ra p id  head  movements, th e  eyes 
must be ap p rox im ate ly  s t a b i l i z e d  w ith  r e s p e c t  to  t h a t  o b je c t .  I f  
a  s u b je c t  i s  b r i e f l y  tu rn e d  in  t o t a l  d a rkness  w h ile  t ry in g  to  
" lo o k ” a t  a ju s t-v ie w e d  w o r ld - f ix e d  t a r g e t ,  b o th  slow - and quick- 
phase eye movements ten d  to  s t a b i l i z e  th e  eyes on th e  a c tu a l 
t a r g e t  (S eg a l, P h y sio l.C an . 1 6 :211, 1985). We now r e p o r t  th a t  
such qu ick -p h ase  movements a c te d  to  reduce gaze e r r o r .

S u b je c ts , s e a te d  w ith  head f ix e d  to  a r o ta t in g  c h a i r ,  were 
to ld  to  look  a t  a w o rld -f ix e d  p o in t .  A ll  l i g h t s  were e x t in g u is h 
ed , th e  c h a i r  was ra p id ly  tu rn e d  to  a  new p o s i t i o n  and stopped , 
w h ile  th e  s u b je c t  co n tin u ed  to  "look" a t  th e  remembered p o in t . 
A f te r  1 .6 s ,  th e  l i g h t s  were tu rn e d  on ag a in  and th e  p o in t  was r e 
f ix a te d ,  i f  n e c e ssa ry . To c h a ra c te r iz e  th e  f u n c t io n a l  c a p a b i l i t i 
es  o f  such s t a b i l i z a t i o n ,  th e  c h a ir  was tu rn e d  by hand, 20-60 
tim es , w ith  p r o f i l e s  th a t  approxim ated  th o se  o f  a c t iv e  head 
movements (peak  v e lo c i ty :  ± 20 -2 2 5 °/s ; d u ra t io n : ≈0 .5  s ) . For each 
tu rn ,  th e  n e t  change in  eye p o s i t io n  (B ), as  w e ll as  th e  cumula
t i v e  slow -phase change in  eye p o s i t i o n  (C, where C=B -{ e ffe c ts  o f 
q u ic k -p h a se s} ) , were m easured j u s t  b e fo re  r e - f i x a t io n .  The eye- 
p o s i t i o n  change re q u ire d  to  e x a c t ly  m a in ta in  gaze on th e  ta r g e t  
was o b ta in e d  from th e  change (A) betw een i n i t i a l  and f i n a l  eye 
p o s i t io n s  in  th e  l i g h t .  Thus, "n e t s t a b i l i z a t i o n "  (B /A ), "cumula
t i v e  slow -phase s t a b i l i z a t i o n "  (C/A) and "cum ulative  qu ick-phase 
s t a b i l i z a t i o n "  ( {B-C}/A) were c a lc u la te d  fo r  each  tu rn .  Note th a t  
u n i ty  s t a b i l i z a t i o n  in d ic a te d  p e r f e c t  gaze s t a b i l i z a t i o n .

In  each o f  5 s u b je c ts ,  average n e t  s t a b i l i z a t i o n  was c lo se  to , 
b u t was u s u a l ly  s ig n i f i c a n t ly  d i f f e r e n t  from , u n i ty  ( i . e . ,  p e r 
f e c t  s t a b i l i z a t i o n ) .  However, e r r o r  in  n e t  s t a b i l i z a t i o n  was 
always l e s s  th a n  th e  c o rre sp o n d in g  slow -phase e r r o r ,  in d ic a t in g  
th a t  q u ic k -p h ases  had reduced  gaze e r r o r .  To c l a r i f y  how th i s  
o cc u rre d , we examined th e  r e la t i o n s h ip  betw een slow - and quick- 
phase eye movements e l i c i t e d  in  a g iven  s u b je c t  d u rin g  in d iv id u a l 
head  tu r n s .  Slow- and qu ick -p h ase  s t a b i l i z a t i o n  were n e g a tiv e ly  
c o r r e l a te d ,  w ith  c o r r e l a t i o n s  b e in g  s ig n i f i c a n t ly  (p<0 .0 0 1 ) non
ze ro  ( -0 .5 6 to -0 .9 4 )  in  a l l  b u t one s u b je c t .  A lso , a  s t r a i g h t  l in e  
a p p ro p r ia te ly  f i t t e d  to  a  p lo t  o f  s low -phase s t a b i l i z a t i o n  vs 
q u ick -p h ase  s t a b i l i z a t i o n  had a  s lo p e  th a t  was p ro p o r tio n a l to  
slow -phase e r r o r ,  in  a l l  s u b je c ts .  M oreover f o r  th e  s u b je c ts  w ith  
s ig n i f i c a n t ly  n e g a tiv e ly  c o r r e l a te d  slow - and q u ic k -p h ases, 
qu ick -p h ase  s t a b i l i z a t i o n  tended  to  eq u a l slow -phase e r r o r .

Thus qu ick -p h ases  o f  th e  g o a l -d i r e c te d  v e s t ib u lo -o c u la r  r e f le x  
e l i c i t e d  in  d a rk n ess , tended  to  be s im i la r  to  m em ory-contingent 
v is u a l  sacca d es , which le a d s  to  s p e c u la tio n  th a t  b o th  may employ 
common mechanisms.
♦Supported by M cGill Fac. Med. and by D ept. OTL o f  JGH.

297.18 CHRONIC GAZE STABILIZATION DEFICITS FOLLOWING UNILATERAL LOSS OF 
PERIPHERAL VESTIBULAR FUNCTION. A. K a tsa rk as* & B. N. S egal* , 
(SPON: D. W a tt), D ept. O to la ry n g o l.,  S ir  M ortim er B. Davis- 
Jew ish  Gen. H o sp ita l & M cGill U n iv ., M on trea l, Canada, H3T 1E2.

When a norm al s u b je c t  i s  tu rn e d  in  t o t a l  d arkness  w hile  try in g  
to  "look" a t  a ju s t-v ie w e d  w o r ld - f ix e d  t a r g e t ,  in adequa te  slow- 
phase eye movements a re  supplem ented by q u ick -phase  eye movements 
w hich c o r r e c t  o c u la r  d e v ia tio n  from th e  a c tu a l  t a r g e t a . Based on 
anim al s tu d ie s ,  p a t i e n t s  who have com pensated fo r  com plete 
u n i l a t e r a l - l o s s  o f  p e r ip h e ra l  v e s t i b u la r  fu n c t io n  shou ld  have 
reduced  v e s t ib u lo -o c u la r  fu n c t io n  d u rin g  ra p id  head movements 
tow ards th e  s id e  o f  th e  le s io n ,  b u t t h i s  has n o t been c o n s is t 
e n t ly  observed . T h e re fo re , we examined slow -phase s ta b i l i z a t i o n  
in  such p a t ie n t s  to  de term ine  w hether i t  was reduced , and i f  so, 
w hether q u ick -phase  eye movements c o r re c te d  fo r  th i s  d e f i c i t .

Three s u b je c ts  were te s t e d .  A ll had t h e i r  v e s t i b u la r  nerve 
s e c t io n e d  d u rin g  rem oval o f sm all a c o u s t ic  neurom as, 3-24 months 
p r io r  to  t e s t i n g ,  and a l l  had norm al oculom otor fu n c t io n  p re- 
o p e ra t iv e ly  and a t  th e  tim e o f  t e s t i n g .  A ll  were judged  to  have 
" c l in ic a l ly "  com pensated to  t h e i r  d y s fu n c tio n , on th e  b a s is  of 
h i s to r y ,  c l i n i c a l  ex am ination , and spontaneous nystagm us. T estin g  
and a n a ly s is  methods were i d e n t ic a l  to  th o se  used  on normal 
s u b je c ts a . B r ie f ly ,  we c h a ra c te r iz e d  th e  fu n c t io n a l  c a p a b i l i ty  of 
th e  p a t i e n t 's  v e s t i b u la r  system  to  s t a b i l i z e  gaze du rin g  pass iv e  
head movements (± 20-160 ° /s  peak v e lo c i ty  and ≈0 .5  s d u ra tio n )  
t h a t  approxim ated  a c t iv e  head  movements.

In  c o n t r a s t  to  normal s u b j e c t s b , slow -phase s t a b i l i z a t i o n  in  
a l l  p a t i e n t s  was h ig h ly  dependent on head  v e lo c i ty ,  ty p ic a l ly  
d e c lin in g  by abou t 50 % d u rin g  ra p id  head  movements d ire c te d  
tow ards th e  le s io n .  Such reduced  slow -phase s t a b i l i z a t i o n  was 
supplem ented by qu ick -p h ases  w hich made n e t  s t a b i l i z a t i o n  le ss  
dependent on head  v e lo c i ty  in  2 s u b je c ts ,  and made i t  independent 
o f  head  v e lo c i ty  in  th e  t h i r d  who had th e  lo n g e s t p o s t-o p e ra t iv e  
p e r io d . As in  norm als, q u ick -phase  movements always reduced gaze 
e r r o r  because  q u ick -phase  s t a b i l i z a t i o n  tended  to  be p ro p o r tio n a l 
to  slow -phase e r r o r .  However in  c o n t r a s t  to  norm als, qu ick-phases 
tended  to  c o r r e c t  on ly  abou t 40 % o f th e  slow -phase e r ro r ,  
d e s p i te  th e  p resen ce  o f  s ig n i f i c a n t  n e g a tiv e  c o r r e la t io n s  between 
slow - and qu ick -p h ases  e l i c i t e d  d u rin g  in d iv id u a l  head tu rn s .

Thus com plete u n i l a t e r a l  lo s s  o f  p e r ip h e ra l  v e s t ib u la r  
fu n c t io n  appeared  to  cause two fu n c t io n a l  d e f i c i t s  o f  v e s t ib u la r  
gaze s t a b i l i z a t i o n :  ( 1 ) d e f i c ie n t  s low -phase s t a b i l i z a t i o n  of 
gaze d u rin g  ra p id  head tu rn s  tow ards th e  le s io n ,  and ( 2 ) 
d e f i c ie n t  q u ick -phase  c a p a b i l i ty  to  c o r r e c t  e r r o r s  in  gaze 
s t a b i l i z a t i o n .  However d u rin g  n a tu r a l  b eh a v io u r, v is io n  may 
com pensate f o r  th e se  d e f i c i t s .
a S egal & K a tsa rk as , t h i s  m eeting ; b S egal, P h y s io l . Can.1 6 : 211,1985 
♦Supported by M cGill Fac. Med. and D ept. OTL o f  JGH.

297.19 DOES THE QUICK PHASE SUPPLEMENT OF GOAL-DIRECTED VESTIBULO-OCULAR 
REFLEX (VOR) REFLECT THE ADAPTIVE STATE OF A MODIFIABLE INTERNAL 
SPATIAL MAP? J .  Bloomberg*. G. M e lv i ll  Jones & B. S e g a l. 
AMRU, D ep t. o f  P h y s io l . ,  M cGill U niv. M ontréa l ,  Canada H3G1Y6.

When a s u b je c t  in  t o t a l  d a rkness  a tte m p ts  " v is u a l"  f ix a t io n  on 
a  remembered e a r th - f ix e d  ta r g e t  d u rin g  p a s s iv e  whole body 
r o t a t i o n ,  th e  slow  phase o f  com pensatory VOR i s  norm ally  
supplem ented  by in t e r m i t t e n t  q u ick  phase eye movements which tend  
to  c o r r e c t  f o r  in s ta n ta n e o u s  gaze e r r o r  (S eg a l & K a tsa rk as , th i s  
m e e tin g ). The p re s e n t  experim en ts  in v e s t ig a te d  t h i s  g o a l-se ek in g  
q u ic k  phase response  a f t e r  a d a p tiv e  a t te n u a t io n  o f  th e  VOR. The 
a d a p tiv e  s tim u lu s  com prised  p ro longed  ( 2  h r )  v is u a l  su p p ressio n  
o f  VOR, w ith  th e  s u b je c t  v iew ing  a f u l l - f i e l d  scene moving w ith  
th e  head  d u rin g  h o r iz o n ta l  s in u s o id a l  r o t a t i o n  a t  1 /6  Hz and 
40°/ s  peak v e l .  To determ ine  th e  e f f e c t  o f  t h i s  a d a p tiv e  s tim u lus  
on n e t  o c u la r  s t a b i l i z a t i o n  (cu m u la tiv e  slow  phase p lu s  quick 
phase eye movements), s u b je c ts  were exposed in  t o t a l  darkness to  
b r i e f  s te p  changes o f  r o t a t i o n a l  p o s i t i o n  (20° ; 40°/ s  peak v e l . )  
w h i ls t  th e y  t r i e d  to  m a in ta in  t h e i r  gaze ( d i r e c t io n  o f  reg a rd ) on 
a p re v io u s ly  seen , b u t now remembered, e a r th - f ix e d  t a r g e t .  Each 
o f  7 human s u b je c ts  underw ent 40 such  c o n t ro l  t e s t s ,  and 60 p o s t-  
a d a p ta tio n  t e s t s .  The d i r e c t i o n  o f  tu rn s  was random ly chosen.

Mean c o n t ro l  v a lu e s  o f  cu m u lative  slow  phase and qu ick  phase 
com pensatory eye movements f  ex p re ssed  a s  p e rc e n ta g e  o f  th e  id e a l 
t o t a l  v a lu e , were 81% and 15% re s p e c t iv e ly ,  re p re s e n t in g  a  n e t 
s t a b i l i z a t i o n  o f  96%. A f te r  a d a p ta tio n  th e  co rresp o n d in g  slow 
phase  v a lu e  was reduced  to  56% w ith  a  q u ic k  phase  c o n tr ib u t io n  o f 
19%. Thus th e  n e t  p o s t-a d a p tiv e  s t a b i l i z a t i o n  o f  75% ( i . e .  
56+19%) was c o n s id e ra b ly  l e s s  th a n  th e  c o n t ro l  v a lu e  o f  96% 
(P<<0 .0 0 1 ) . C onsequently  a f t e r  a d a p ta tio n  th e re  was s iz e a b le  
u n d e rsh o o tin g  o f  th e  t a r g e t ' s  lo c a t io n  in  e x te rn a l  space. 
P a r t i c u la r l y  no tew orthy  i s  th e  f a c t  t h a t  in  b o th  th e  c o n tro l and 
ad ap ted  s t a t e s  th e re  was a  h ig h ly  s i g n i f i c a n t  (P<0.001) n eg a tiv e  
c o r r e l a t i o n  betw een q u ick  and slow  phase c o n tr ib u t io n s ,  
in d ic a t in g  th a t  a  sm a lle r  slow  phase o u tp u t tended  to  be 
supplem ented  by a  la r g e r  q u ic k  phase  c o n t r ib u t io n ,  and v ic e  
v e r s a .

In  c o n c lu s io n , d u rin g  c o n t ro l  t e s t s  q u ic k  phase supplem ents 
g e n e ra l ly  en su red  good n e t  s t a b i l i z a t i o n  o f  gaze on th e  r e a l  
t a r g e t ,  d e s p i te  an in a d eq u a te  slow  phase re sp o n se . Presum ably, 
t h i s  r e f l e c t s  a  p ro p e r ly  c a l ib r a t e d  in t e r n a l  r e p r e s e n ta t io n  o f 
th e  e x te rn a l  s p a t i a l  map. However a f t e r  a d a p ta t io n ,  th e  quick  
phase supplem ents c o n s is te n t ly  u n d e rsh o t th e  p o s i t i o n  o f  th e  r e a l  
t a r g e t .  Perhaps t h i s  m od ified  p o s i t i o n a l  "goal"  o f  th e  su p p le 
m entary  qu ick  phases r e f l e c t s  a d a p tiv e  c o n t r a c t io n  o f  the  
h o r iz o n ta l  component o f  th e  i n t e r n a l  s p a t i a l  map.
S upported  by Canadian MRC and M cGill Hosmer F oundation .
J .  Bloomberg i s  a  Canadian NSERC S ch o la r.

297.20 VISUALLY INDUCED REVERSAL OF VESTIBULAR NYSTAGMUS - PRIMATE DATA 
AND MODEL REALIZATION: U.Schwarz* and W.Waespe* (SPON:M.C. Hepp- 
Reymond. Neurology Dept. Univ., 8091 Zuerich, Switzerland.

Visual-vestibular interaction (VVI) has been investigated as 
conflic t stimulation or foveal fixation . During rotation of the 
subject together with a subject-stationary surround or a single 
ta rg e t, slow phase eye velocity (SPV) of vestibular nystagmus 
(VN) is suppressed. To determine the effect of eye velocity on 
the velocity storage mechanism we used a paradigm consisting in 
visually  inducing a reversal of SPV for short periods during VN.

Normal subjects were rotated in darkness to evoke VN while the 
enclosing optokinetic drum was rotated into the same direction 
but with higher speed. After switching the ligh ts on, the SPV 
reversed within 0.2 to 0.5 s and attained a gain of 0.5 to 1.0 
during the visually  induced response. When lights, were turned 
o ff, SPV reversed i t s  direction again within 1.0 to 5.0 s and 
decayed exponentially as before the visual stimulus.

We examined the paradigm for d ifferen t re la tive  optokinetic 
stimulus velocities (from +50 deg/s, i .e .  in the direction of the 
vestibular SPV, to  -150 deg/s, i . e .  opposite to the direction of 
the vestibular SPV), and d ifferen t lig h t exposure times (1.0 to 
15.0 s). Contrary to present concepts of VVI, an increasing d is
charge effect on the velocity storage mechanism was not found for 
stimulus velocities between zero ( i .e .  conflict) and -150 deg/s 
despite the increasing eye velocity  directed oppositely to the 
vestibular SPV. The response of our paradigm can be simulated 
on existing models by using a very short time constant for the 
velocity storage mechanism or a very low gain for the ‘indirect 
visual pathways' both implying a functional disconnection of 
visual and vestibular signals mediated by the common velocity 
storage element.

In the Rhesus monkey, we found a behavior qualita tively  the 
same and quantitatively  similar to that of human subjects.

To determine the underlying neural mechanism we are currently 
doing single cell recordings in the vestibular nuclei.
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297.21 REBOUND NYSTAGMUS. S.E. Gordon*, T.C. H ain*, D.S. Zee and M. 
F e t t e r *. (SPON: S. Herdman). Dept. Ophthalmol. and N eurol., 
Johns Hopkins H osp ital, Baltim ore, MD 21205

Rebound nystagm us (RN) is  a tra n s ie n t  je rk  nystagmus th a t  
appears in primary p o s itio n  a f te r  prolonged eccen tric  gaze. I t  
commonly occurs in p a tie n ts  with c e reb e lla r  le sio n s. I t  can a lso  
be demonstrated in normals i f  they a re  deprived o f a f ix a tio n  
t a r g e t  when th ey  re tu rn  t h e i r  eyes to  the  primary p o s itio n . 
Accordingly, RN may r e f le c t  a normal physio logical process th a t  is  
seen in p a tie n ts  because of d e fective  p u rs u it /f ix a tio n  mechanisms.

To b e tte r  understand RN we stud ied  5 normal su b jec ts . RN was 
e l ic i te d  a f te r  varying degrees and du ra tions o f eccen tric  fix a tio n  
o f a con tinuously -illum inated  lig h t em itting  diode (f ix a tio n  LED). 
A fter e ccen tric  gaze sub jec ts  returned th e i r  eyes to  a fla sh in g  
LED (10 msec d u ra tion , 1 Hz). This stim ulus enabled the  su b jec ts  
to  keep th e ir  eyes near a sp ec if ic  o rb ita l p o s itio n  but provided 
l i t t l e  re tin a l  s l ip  information fo r f ix a tio n /p u rsu it  mechanisms to  
suppress RN.

T hresho lds  and am p litu d es  o f RN were determined with the  
fla sh in g  LED located a t  0 deg. Eccentric  gaze fo r a constant 
duration  (16 sec) e l ic i te d  RN with an in i t i a l  slow-phase v e lo c ity  
o f 0.3 deg/sec a f te r  f ix a tio n  a t  30 deg. I n i t ia l  eye v e lo c ity  
in c re a se d  to  6 .8  d eg /se c  a f t e r  f ix a tio n  a t  60 deg. With a 
c o n s ta n t e c c e n tr ic ity  (55 deg), RN Increased from 0.3 deg/sec 
a f te r  4 sec of gaze-holding to  5.8 deg/sec a f te r  16 sec and then 
remained about 6 deg/sec fo r longer d u ra tio n s . RN a lso  depended on 
o rb ita l po s itio n  implying th a t  a v e lo c ity  b ia s  alone could not 
account fo r RN. When the  fla sh in g  LED a lte rn a ted  between ± 20 deg 
sub jec ts  showed a c en tr ip e ta l d r i f t  superimposed on the  b ia s . The 
c e n t r ip e ta l  d r i f t  presumably re f le c te d  a decrease in th e  time 
c o n s ta n t (Tn) o f the  cen tra l gaze-holding network (the neural 
in t e g r a to r ) .  By measuring the  v e lo c ity  o f RN a t  ± 20 deg we 
determined both Tn and the  v e lo c ity  b ias and then ca lcu la ted  the  
s h i f t  in the  null (0 deg/sec d r i f t )  p o s itio n . The development of 
the  b ias (up to  8 deg /sec ), th e  decrease in Tn (to  4-5 sec) and 
the  ca lcu la ted  s h i f t  in the  null (as fa r  as 75 deg) varied  with 
the  degree and duration  o f p r io r  eccen tric  gaze. As RN decayed, 
the  ve lo c ity  b ia s  disappeared well before Tn re turned to  normal.

Conclusions: RN re f le c ts  a s h i f t  o f the  null in the  d ire c tio n  
o f  p r io r  e c c e n t r ic  gaze ; i t  may r e f l e c t  th e  a c t io n s  o f  a 
physio logical mechanism to  optim ize ocu lar s t a b i l i t y  in eccen tric  
p o s itio n s  o f gaze. The s h i f t  In th e  null r e f le c ts  two processes: 
development o f a ve lo c ity  b ias - -  which causes th e  null to  move- 
-and a decrease in the  time constant o f  the  neural in te g ra to r- -  
which, toge ther with the  b ias determ ines the  exact location  o f the  
n u ll .  Since, a f te r  eccen tric  gaze, the  time course o f the  decay of 
th e  b ia s  and o f th e  reco v ery  o f  Tn were d if f e r e n t ,  the  two 
components o f RN may r e f le c t  separa te  neural mechanisms.

297.22 APPARENT MOTION REVEALS SEVERAL PROCESSES UNDERLYING PURSUIT EYE 
MOVEMENTS IN MONKEYS. K. Logan* and S. G. Li s b e rg e r . D ep t. of 
P hysio logy , D iv . o f N eurobio logy, U n iv e rs ity  o f C a l if o rn ia ,  
San F ra n c isc o , CA, 94143.

We have used ap p a re n t m o tion , th e  s e q u e n t ia l  p re s e n ta t io n  of 
s ta t io n a r y  t a r g e t s ,  in  o rd e r  to  e lu c id a te  mechanisms invo lved  in  
v is u a l  m otion p ro cess in g  du ring  smooth p u r s u i t  eye movements. Two 
Rhesus monkeys tra ck ed  a  v e r t i c a l  b a r , l ° - .3 °  wide and 1° h ig h , 
t h a t  was f la sh e d  along th e  h o r iz o n ta l  m erid ian  to  produce an ap
p a re n t m otion of 30° / s e c . In  each in d iv id u a l t r i a l ,  th e  tim e in 
te r v a l  between f la s h e s  ( d e l t a - t )  was s e t  to  a va lue  between 5 and 
90 msec. D e l ta - t  v a r ie d  randomly from t r i a l  to  t r i a l .

We found th a t  th e  response  has a t  l e a s t  th re e  d i f f e r e n t  compo
n en ts  th a t  can be d is tin g u is h e d  by vary ing  d e l t a - t  and th e  number 
of f la s h e s :  1) m otion d e te c t io n ;  2) response  la te n c y ; and 3) r e 
sponse m agnitude . We s tu d ie d  motion d e te c t io n  by a n a ly z in g  th e  
param ete rs  n ec essa ry  to  e l i c i t  a re sp o n se . Four f la s h e s  were r e 
q u ire d  to  i n i t i a t e  p u r s u i t  when d e l t a - t  was 10 msec, but on ly  2 
when i t  was 25 msec, in d ic a t in g  th a t  d e te c t io n  was not a fu n c t io n  
of th e  number of f la s h e s .  However, th e  d u ra t io n  of ap p a re n t mo
t io n  (number of i n t e r f l a s h  i n te rv a ls  tim es d e l t a - t )  was s im i la r  in  
th e se  two ca se s  (30 and 25 msec) and was a lso  s im i la r  to  th a t  r e 
q u ire d  f o r  co n tin u o u s ly  i l lu m in a te d  ta r g e t s  to  i n i t i a t e  p u r s u i t .  
This suggest s  th a t  d e te c t io n  i s  a fu n c t io n  of s tim u lu s  d u ra t io n .

L a te n c ie s  f o r  p u r s u i t  i n i t i a t i o n  were lo n g e r f o r  ap p a re n t than  
fo r  r e a l  m otion and in c re a se d  as a fu n c tio n  o f d e l t a - t .  The s h o r t 
e s t  l a te n c i e s  (app rox im ate ly  1 1 0  msec) o ccu rred  when d e l t a - t  was 
10 msec. For each  5 msec in c re a s e  in  d e l t a - t  th e re  was a 15 msec 
in c re a s e  in  la te n c y .  L atency was n o t a f f e c te d  by in c re a s in g  th e  
number of f la s h e s  a t  a  g iven  d e l t a - t .

Response m agnitude was measured by computing th e  smooth eye 
a c c e le r a t io n  d u rin g  th e  f i r s t  1 0 0  msec of th e  response  ( th e  open 
loop i n te r v a l ) .  We observed an e a r ly  and l a t e  component. Eye 
a c c e le r a t io n  d u rin g  th e  f i r s t  2 0  msec was always about 1 0 0 ° /s e c 2 
and was n o t a f f e c te d  by vary in g  th e  param ete rs of ap p a re n t m otion. 
In  c o n t r a s t ,  i n  th e  20 to  100 msec i n te rv a l  a f t e r  p u r s u i t  i n i t i a -  
( th e  l a te  com ponent), eye a c c e le r a t io n  was g r e a te s t  when d e l t a - t  
was 10 msec, and d ecreased  s h a rp ly  a s  d e l t a - t  was in c re a s e d . For 
th e  two monkeys peak eye a c c e le ra t io n s  were 337 and 180 d e g /se c 2. 
Eye a c c e le r a t io n  in  th e  l a te  component was a lso  a fu n c t io n  of th e  
number of f la s h e s  and th e  m otion d u ra t io n .

Thus, va ry in g  th e  param ete rs of a p p a re n t motion d is t in g u is h e s  
among m otion d e te c t io n ,  resp o n se  la te n c y  and response  m agnitude in  
i n i t i a t i o n  of p u r s u i t .  These th re e  p ro cesse s  may be subserved  by 
d i f f e r e n t  p h y s io lo g ic a l sy stem s. (Supported  by NIH g ra n t EY03878).

297.23 ENHANCEMENT OF ANTICIPATORY SMOOTH EYE MOVEMENTS BY TARGET 
EXTINCTION. D.K. Boman* an d  J .R .  H o ts o n . I n s t i t u t e  f o r  M ed ica l 
R e s e a rc h -S a n ta  C la r a  V a l le y  M ed ica l C e n te r ,  San J o s e ,  and  S t a n f o r d  
U n i v e r s i ty  S c h o o l o f  M e d ic in e , S t a n f o r d ,  CA 9 4 3 0 5 .

A n t i c i p a t i o n  o f  p r e d i c t a b l e  t a r g e t  m o tio n  h a s  b e e n  r e c o g n iz e d  
s in c e  e a r l y  r e c o r d in g s  (D odge, 1 9 3 0 ) . P r e v io u s  s t u d i e s  h a v e  shown 
t h a t  p r i o r  t o  ram p o r  s t e p  s t im u lu s  m o tio n s ,  a n t i c i p a t o r y  sm ooth 
e y e  m ovem ents (ASEM) a r e  p ro d u c e d  t h a t  a c t u a l l y  move t h e  fo v e a  
away from  th e  t a r g e t  i n  t h e  d i r e c t i o n  o f  e x p e c te d  t a r g e t  m o tio n  
(K ow ler an d  S te in m a n , 1 9 7 9 a ,b ;  1 9 8 1 ) . T h ese  ASEM a r e  v e ry  low  i n  
v e l o c i t y  (<1 d e g /s e c )  r e q u i r i n g  a  h ig h  r e s o l u t i o n  e y e  movement 
m o n ito r  t o  d e t e c t  th em . I t  was a l s o  fo u n d  t h a t  ASEM w ere 
a b o l i s h e d  when t h e r e  w as no t a r g e t  p r e s e n t .  We h a v e  a l s o  o b s e rv e d  
ASEM b e f o r e  t h e  i n i t i a t i o n  o f  ram p s t im u lu s  m o tio n .  W ith  a  t a r g e t  
c o n t in u o u s ly  p r e s e n t ,  h o w e v e r, we fo u n d  t h a t  t h e  sm ooth  ey e  
m ovem ents w ere  r e g u l a r l y  i n t e r r u p t e d  by  r e f i x a t i o n  s a c c a d e s  t h a t  
r e t u r n e d  t h e  fo v e a  t o  t h e  t a r g e t .  The o c c u r r e n c e  o f  t h i s  
' a n t i c i p a t o r y '  n y s tag m u s  l e d  u s  t o  re e x a m in e  t h e  d ep en d en cy  o f  
ASEM on a  v i s u a l  t a r g e t .

ASEM w ere  e l i c i t e d  by p r e d i c t a b l e  2 -1 0  d e g /s e c  ram ps t h a t  h ad  
th e  t a r g e t  v i s i b l e  o r  e x t in g u i s h e d  a t  t h e  o n s e t  o f  s t im u lu s  
m o tio n .  Eye m ovem ents w ere  r e c o r d e d  w i th  a  d o u b le  P u r k in j e  im age 
e y e t r a c k e r .  When t h e  t a r g e t  w as n o t  e x t i n g u i s h e d ,  a v e ra g e d  ASEM 
v e l o c i t i e s  w e re  a lw a y s  l e s s  t h a n  1 d e g / s e c ,  c o n s i s t e n t  w i th  
p r e v io u s  s t u d i e s . I n  c o n t r a s t ,  ASEM v e l o c i t y  was e n h a n c e d , n o t  
a t t e n u a t e d ,  by  e x t i n g u i s h i n g  t h e  t a r g e t  p r i o r  t o  t h e  i n i t i a t i o n  
o f  t h e  ram p , r e a c h in g  v e l o c i t i e s  a s  h ig h  a s  4 d e g / s e c .  P eak  ASEM 
v e l o c i t y  i n c r e a s e d  a s  t h e  d u r a t i o n  o f  t h e  t a r g e t ' s  d i s a p p e a ra n c e  
in c r e a s e d  fro m  0 t o  600 m sec a n d  a s  t h e  e x p e c te d  ram p sp e e d  
in c r e a s e d  fro m  2 t o  10 d e g / s e c .  Sm ooth e y e  movem ent v e l o c i t y  a l s o  
d e c re a s e d  b e f o r e  t h e  ram p s t im u lu s  was e x p e c te d  t o  s t o p .  A v erag ed  
sm ooth  e y e  movem ent v e l o c i t y  d ro p p e d  fro m  10 d e g /s e c  t o  a s  low  a s  
4 d e g /s e c  p r i o r  t o  t h e  t e r m in a t io n  o f  a  10 d e g /s e c  ram p.

The s e  f i n d i n g s  show t h a t  ASEM a r e  n o t  d e p e n d e n t  on  t h e  p r e s e n c e  
o f  a  v i s u a l  t a r g e t  d u r in g  ram p s t im u lu s  p r e s e n t a t i o n s  an d  e x te n d  
th e  dynam ic r a n g e  o f  v e l o c i t i e s  t h a t  ASEM c a n  a t t a i n ,  th u s  m aking  
them  e a s i e r  t o  d e t e c t  an d  s tu d y .

S u p p o r te d  by  NEI g r a n t  #EY03387.

297.24 SMOOTH PURSUIT IN PSYCHIATRIC DISEASE: ARE THERE SPECIFIC 
DEFECTS IN PATIENTS AND THEIR RELATIVES? L. A. A bel/ R.W. H e r tl e * 
and H.Y. M e ltz e r , O cu la r Motor N europhysio logy Lab/ C leveland  VA 
Medical  C en te r/ D epartm ent o f  B iom edical E ng in eerin g / U n iv e r s ity  
o f  Akron and D epartm ents o f  N eurology and P sy c h ia try / Case 
W estern R eserve  U n iv e r s i ty  and U n iv e r s i ty  H o s p i ta ls  o f  C leveland / 
C leveland  OH 44106

In  th e  p a s t  decade/ numerous p ap e rs  have appeared  exam ining 
th e  eye movements o f  p s y c h ia t r ic  p a t i e n t s .  S ch izoph ren ia  has 
been th e  d is o rd e r  most o f te n  s tu d ie d / a l th o u g h  a number o f  
r e p o r t s  have d e a l t  w ith  th e  a f f e c t iv e  d is o rd e r s .  The 
overwhelm ing m a jo r ity  o f  th e se  s tu d ie s  e v a lu a te d  t h e i r  d a ta  
q u a l i t a t i v e l y /  u s in g  a  v a r i e ty  o f  g lo b a l perform ance m easures. 
O nly  r a r e l y  have m easures such  a s  p u r s u i t  g a in  o r  th e  p resen ce  o f  
in a p p ro p r ia te  saccad es  been a s s e s se d . T h is  has p a r t i c u l a r ly  been 
th e  ca se  in  th o se  s tu d ie s  exam ining th e  eye movements o f  p a t ie n t s  
and t h e i r  r e l a t i v e s .  The p re s e n t  in v e s t ig a t io n  invo lved  th e  
a ssessm en t o f  smooth p u r s u i t  in  33 p a t ie n t s  w ith  R esearch  
D ia g n o s tic  C r i t e r i a  d ia g n o se s  a s  fo llo w s : 15 sch iz o p h re n ic  o r  
s c h iz o a f f e c t iv e /  p r im a r i ly  s c h iz o p h re n ic , 9 b ip o la r  o r  
s c h iz o a f f e c t iv e /  p r im a r i ly  b ip o la r  and  9 u n ip o la r   a f f e c t iv e  
d is o r d e r .  C o n s ta n t -v e lo c ity  t a r g e t s  o f  5 , 10 and 2 0 °/ sec  were 
p re s e n te d  and eye movements reco rd e d  u s in g  in f r a re d  ocu lography . 
Smooth p u r s u i t  g a in s  were below  normal in  a l l  p a t i e n t  g roups/ 
a lth o u g h  m im ina lly  so  in  th e  u n ip o la r  d e p re s s iv e s . In  th e  
b ip o la r  p a t i e n t s , g a in  was low er in  th o se  ta k in g  li th iu m  
c a rb o n a te . No o c u la r  m otor e f f e c t s  o f  n e u ro le p tic  o r  
a n t id e p re s s a n t  m ed ica tion  were observed  in  p a t i e n t s . te s t e d  bo th  
on and o f f  m e d ica tio n . Square wave je rk s  ware abnorm ally  
f r e q u e n t in  th e  s c h iz o p h re n ic , s c h iz o a f f e c t iv e  (m ainly  
s c h iz o p h re n ic )  and b ip o la r  a f f e c t i v e  p a t i e n t s .  The a n t ic ip a to r y  
sacc a d e s  th a t  we had p re v io u s ly  no ted  in  a  s tu d y  o f  th e  r e l a t i v e s  
o f  sc h iz o p h re n ic s  wer e  o n ly  prom inent in  a  few p a t i e n t s , a l l  o f  
whom had b ip o la r  a f f e c t i v e  d is o rd e r .  Why sun ab n o rm a lity  shou ld  
be p re s e n t  in  p a t i e n t s '  p a re n ts  b u t n o t in  th e  p a t ie n t s . 
them selves  i s  u n c le a r .

I d e n t ic a l  a b n o rm a li t ie s  ( l ow g a in  and sq u are  wave je rk s )  ware 
seen  in  p a t i e n t s  and t h e i r  r e l a t i v e s ;  t h i s  was t r u e  f o r  bo th  
sc h iz o p h re n ic  and a f f e c t iv e  d is o rd e r  p a t i e n t s .  The p o s s i b i l i t y  
o f  a  g e n e t ic  l i n k  in  th e  abnorm al eye movements o f  a f f e c t iv e  
d is o rd e r  p a t i e n t s  i s  o f  p a r t i c u l a r  i n t e r e s t /  s in c e  i t  has been 
proposed  th a t  d e f e c ts  o f  t r a c k in g  in  t h i s  p o p u la tio n  a r e  s t a t e /  
r a t h e r  than  t r a i t /  r e l a t e d .  Im pairm ents seen  in  b ip o la r  p a t i e n t s  
have been a s c r ib e d  to  l i th iu m  tre a tm e n t; t h i s  would n o t acco u n t 
f o r  o u r observed  f a m i l i a l  o c c u rre n ce . I t  may be t h a t  th e  more 
g lo b a l assessem en t te c h n iq u es  used  in  p rev io u s  s tu d ie s  were 
i n s u f f i c i e n t ly  s e n s i t i v e  to  d e t e c t  th e  d e f i c i t s  we observed .
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297.25 NORMALIZATION OF SMOOTH PURSUIT TRACKING BY DARK ADAPTATION: 
EVIDENCE OF CEREBELLAR DYSFUNCTION IN PSYCHOSIS. R .T. P iv ik , F.W. 
Bylsma* and P . Cooper*. Lab. o f  P sychophysio logy , U n iv e rs ity  o f 
O ttaw a, O ttaw a, O n ta rio  KlH 8L6 .

P sy c h o tic  p a t i e n t s  have been shown to  ev idence  b o th  reduced 
su p p re ss io n  o f  v e s t i b u la r  nystagm us by v is u a l  f ix a t io n  and a 
h ig h e r  in c id en ce  o f  d is o rd e re d  smooth p u r s u i t  t r a c k in g .  C e re b e lla r  
s t r u c tu r e s  p la y  a s ig n i f i c a n t  r o le  in  f ix a t io n  su p p re ss io n  and 
a f f e c t  smooth p u r s u i t  perfo rm ance. F u rtherm ore , th e  c e r e b e l l a r  
in f lu e n c e  i s  la rg e ly ,  in a c t iv e  in  d a rk n e s s . The purpose  o f  th e  
p re s e n t  in v e s t ig a t io n  was to  d e te rm in e  i f  d is o rd e re d  p u r s u i t  
tr a c k in g  e v id e n t in  p s y c h o tic  p a t i e n t s  under l ig h t-a d a p te d  
c o n d itio n s  would no rm a lize  d u rin g  dark  a d a p ta tio n  when th e  
c e r e b e l l a r  in f lu e n c e  on eye movement c o n tro l  i s  reduced .

Twenty p s y c h ia t r ic  p a t i e n t s —predom inan tly  s c h iz o p h re n ic s  
(n=11) - - and tw enty  normal c o n tro l  s u b je c ts  were s tu d ie d .  
D iagnoses were based  on two independen t p s y c h ia t r ic  e v a lu a tio n s  
u s in g  DSM-III c r i t e r i a ,  h o s p i ta l  d ia g n o s i s ,  and in fo rm a tio n  from 
p a t i e n t  h i s to r y  c h a r t s  and p sy ch o lo g ic a l t e s t i n g .  P a t i e n ts  were 
m ed icated  and none had o v e r t  s ig n s  o f  o rg a n ic i ty  o r motor 
a b n o rm a li t ie s .  C o n tro l s u b je c ts  d id  n o t have p e rso n a l o r  fam ily  
h i s t o r i e s  o f  p sy ch o s is  and were f r e e  from m ed ica tio n  known to  
a f f e c t  eye movements. P a r t i c ip a n ts  s igned  forms o f  inform ed 
c o n s e n t .

H o riz o n ta l and v e r t i c a l  eye movements w ere reco rded  w h ile  
s u b je c ts  v i s u a l ly  tra c k e d  a t a r g e t  l i g h t  o s c i l l a t i n g  a t  0 .45  Hz 
(2 .2  sec  p e r io d s ) .  T racking  t r i a l s  (15-20 o s c i l l a t i o n s / t r i a l )  
w ere reco rded  under bo th  l i g h t -  and d a rk -ad a p ted  c o n d itio n s  (≥10 
min d u ra t io n )  w ith  o rd e r  o f  c o n d itio n s  random ized a c ro s s  s u b je c ts .  
P u r s u i t  accu racy  was determ ined  u s in g  two m easures o f  d e v ia t io n ,  
i . e . ,  th e  in c id en ce  o f  v e lo c i ty  a r r e s t s  (VAs) and th e  g e n e ra l 
co rrespondence  o f  tr a c k in g  and t a r g e t  p a t t e r n s  (ro o t-m ean -square  
e r r o r  d e v ia t io n s :  RMS).

P a t i e n t s '  tr a c k in g  perform ance was s ig n i f i c a n t ly  im paired  
r e l a t i v e  to  t h a t  o f c o n t ro ls  under l ig h t-a d a p te d  c o n d itio n s  (VA: 
p < .0002; RMS: p< .0 2 ) .  W ith in -g roup  com parisons o f  t r a c k in g  
perform ance a c ro s s  c o n d itio n s  were o f  b o rd e r l in e  s ig n i f i c a n c e  fo r  
c o n t r o ls  (VA and RMS l ig h t - d a r k  com parisons , p < .1 0 ) , b u t were 
h ig h ly  s ig n i f i c a n t  fo r  p a t i e n t s  (VA: p<. 0001; RMS: p < .0 0 2 ). 
P a t i e n t s '  d a rk -ad a p ted  perform ance was n o t s ig n i f i c a n t ly  d i f f e r e n t  
from th a t  o f c o n t r o ls  under d a rk -  o r  l ig h t-a d a p te d  c o n d i t io n s .

The o b s e rv a t io n  t h a t  a f u n c t io n a l m a n ip u la tio n  may no rm a lize  
th e  smooth p u r s u i t  t ra c k in g  d y s fu n c tio n  in  a c t iv e ly  p s y c h o tic  
p a t i e n t s  i s  unp reced en ted . The r e s u l t s  a r e  consonan t w ith  th e  
h y p o th e s is  t h a t  c e r b e l la r  d y s fu n c tio n  c o n t r ib u te s  s ig n i f i c a n t ly  to  
d is o rd e re d  smooth p u r s u i t  b u t do n o t exc lu d e  th e  c o n t r ib u t io n  to  
d is o rd e re d  tr a c k in g  from o th e r  in f lu e n c e s .

Supported  by th e  O n ta r io  M ental H ealth  F oundation .
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298.1 MOLECULAR CLONING AND CHARACTERIZATION OF THE RAT NERVE GROWTH 
FACTOR RECEPTOR. M. J . Radeke*, T. P. Mi sko* and E. M. Shooter. 
Dept. of Neurobiology, Stanford University School of Medicine, 
Stanford, CA 94305.

In order to be tter understand the mechanism of action of nerve 
growth factor (NGF) i t  i s  essen tia l to know the structure and 
function of the NGF receptor (NGFR), since i t  is  the binding of 
NGF to i t s  receptor which in it ia te s  ce llu la r  d iffe ren tia tio n . To 
achieve th is , we cloned the ra t NGFR. To carry out the cloning of 
the NGFR a two step approach was used. F irs t , genomic DNA mediated 
gene transfer was used to produce five mouse L ce ll lines which 
expressed NGFRs, one which had greater than 2 × 106 NGFR/cell 
(PCNA). The second step was to rescue the NGFR gene in a cDNA form 
based on the difference in gene expression between L ce lls  and the 
NGFR+ L ce ll transfectan ts.

To recover the NGFR gene a cDNA lib ra ry  was constructed in pUC9 
using PCNA polyA+ RNA. The lib ra ry  was then screened with a 
receptor enriched probe. The probe was made by annealing 32P-cDNA 
prepared from PCNA polyA+ RNA to  L c e ll polyA+ RNA. Constitutive L 
c e ll cDNAs which hybridized to the L ce l l  RNA were then removed by 
hydroxylapatite chromatography. The remaining single stranded 32P- 
cDNA was used to screen 30,000 clones. From th is  screening a few 
hundred positive clones were id en tified . Cross hybridization 
analysis of these in i t ia l  clones revealed a family of related 
clones, each of which was strongly positive when rescreened with 
the enriched probe. When a clone from th is  family was used to 
probe to ta l RNA from various ce lls  which express the NGFR a common 
3.7 Kb message was detected in each. No mRNA was found in RNA from 
c e lls  th a t do not express NGFRs. To determine whether these clones 
rea lly  were NGFR clones, a clone containing a near fu ll  length 3.5 
Kb in se rt was iso lated  from the o rig inal family. The in se rt was 
subcloned in e ither orientation  into pCDL1, a SV40 based 
eukaryotic expression vector. These two constructs were 
cotransfected into L c e lls  and stable transfectants were selected 
by growth in HAT media. Analysis of the transfectants using an ti-  
NGFR binding, 125I-NGF binding and SDS-PAGE of immunoprecipitated 
radioiodinated ce ll surface proteins revealed tha t the in se rt did, 
indeed, code for the ra t low a ff in ity  NGFR. This near fu ll  length 
NGFR clone pNGFR.1 has been sequenced by the Sanger Method. 
Preliminary analysis suggests that there is  one open reading frame 
which covers approximately half of the mRNA with the remaining 3' 
region being untranslated. Further, i t  appears that the protein 
has only one membrane spanning region and tha t the amino terminus 
is  f a ir ly  cysteine rich . The significance of the NGFR sequence 
regarding structure-funotion relationships w ill be discussed.

Funded by NIH grants NS04270-24, 5T32MH17047-04 and 
5F32NS07638-04

298.2 TRANSFECTION OF PC12 DNA INTO MOUSE L CELLS: SELECTION AND 
CHARACTERIZATION OF LINES EXPRESSING THE NERVE GROWTH FACTOR 
RECEPTOR. T. P. Mi sko*, M. J . Radeke* and E. M. Shooter. (SPON: B. 
Wallace) Dept. of Neurobiology, Stanford University School of 
Medicine, Stanford, CA 94305.

The f i r s t  event in nerve growth factor (NGF) induced 
d ifferen tia tion  of responsive ce lls  is  the binding of NGF to i t s  
receptor Thus, knowledge of the structure and function of the 
nerve growth factor receptor (NGFR) w ill give important clues 
regarding the mechanism of action of NGF.

This abstract reports the transfection and the expression of 
the ra t NGFR gene in mouse L c e lls . We have transfected mouse LTK+ 
c e lls  with purified PC12 DNA and DNA coding for thymidine kinase. 
Cells surviving HAT (hypoxanthine,aminopterin,thymidine) selection 
were stained with an anti-receptor monoclonal antibody, MC192 
(Chandler e t . a l . ,  J . Biol. Chem., 259: 6882, 1984) followed by 
goat anti-mouse IgG-FITC. Cells which expressed the NGFR were 
isolated using a fluorescence activated ce ll so rte r. Five 
independent transfectants which specifica lly  bound NGF were 
obtained. Four of the NGFR+ lines had low levels of NGFR 
expression (1-5 × 104 NGFR/cell). NGFR expression in the other line 
proved to be am plifiable. After 10 rounds of ce l l  sorting a stable 
oe ll lin e , PCNA, that expressed 2.3 × 106 NGFR/cell was obtained. 
Binding analysis showed that these lines express predominately low 
a ff in ity  (Ka = 2  nM), fa s t ( t  ½  = 3 0  s) NGFR. Photoaffinity 
crosslinking of 125I-NGF to the TCNA line with HSAB (hydroxy- 
suocinimidyl-4-azidobenzoate) also produces a NGFR-NGF complex of 
100 KD, which is  identical to the low a ff in ity  form of the NGFR in 
PC12s . A purification  of the NGFR from octylglucoside solubilized 
PCNA c e lls  using a ffin ity  chromatography on an anti-NGFR 
monoclonal column has been accomplished. Analysis of the purified 
NGFR using SDS polyacrylamide gel electrophoresis under reducing 
conditions revealed two molecular weight species of 82 and 85 KD 
which appear to be present in approximately equal mass. These same 
two species were observed when ce ll surface radioiodinated PC12 
and PCNA c e lls  were solubilized with 0.5% NP40 and subjected to 
immunoprecipitation using the anti-NGFR monoclonal. An 
approximately 220 KD species was also observed a fte r  
immunoprecipitation; however, the amount re la tiv e  to the lower 
molecular weight species varied.

In conclusion, we have succeeded in getting expression of the 
ra t NGFR by L ce lls  into which PC12 DNA had been transferred . One 
of these lin es, PCNA, possesses over 2 × 106 NGFR/cell and has 
been used as a source for NGFR purifica tion . Finally , because of 
the large number of NGFR in th is  ce ll lin e , we w ill be able to use 
i t  to clone the NGFR.

Supported by NIH grants NS04270-24,5F32NS07638-02 and 
5T32MH17047-04
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298.3 NGF RECEPTOR DENSITY IN DEVELOPING RATS. Qiaò Yan* and Eugene M. 
Johnson, Jr. (SPON: D. H arris). Washington Univ. Med. Sch.. St. 
Louis, MO 63110

To study the developmental expression of nerve growth factor 
(NGF) receptor, a quantitive immunoprecipltation assay was 
conducted using a monoclonal antibody (192-IgG) against ra t NGF 
receptor. Either homogenates or membrane preparations from 
iso lated  tissues or whole embryos were bound with 125I-NGF and 
cross-linked by EDAC. The receptor was then solubilized by 2% 
octylglucoside, bound with 192-IgG and immunoprecipitated by a 
secondary antibody against mouse IgG prebound with Pansorbin. The 
125I-NGF receptor-Ab-Staph A complex was separated from free 
ligand by rapid centrifugation through a 0.15M sucrose cushion. 
The tube was frozen and the tip  containing the radioactiv ity  was 
cut and counted. In some cases, the p e lle t was resuspended in 
SDS-PAGE sample buffer and subjected to a SDS-PAGE autoradio
graphic analysis. The NGF receptor was found in whole embryo 
homogenates as early as embryonic day 11 (E11) (e a r lie s t age 
examined). I ts  content in whole embryos increased 3.5-fold from 
Ell to E18 (35 fmol/mg protein). SDS-PAGE autoradiography showed 
th a t the molecular weights of 125I-NGF bound receptor from 
d ifferen t ages were the same as that of adult (a major band 92KD 
and a minor band 220KD). The NGF receptor content in sc ia tic  
nerve homogenate decreased 23-fold from new born ra ts  (276 fmol/mg 
protein) to adult ra ts . The change of NGF receptor level in 
hindleg muscle had a sim ilar p rofile  as that in sc ia tic  nerve. 
The NGF receptor content in DRG and SCG homogenates were expressed 
in two ways: 1) On per mg protein basis: In DRG, the receptor 
density was re la tive ly  constant from E15 through PO (average of 
100 fmol/mg protein) and then dropped 6.7-fold in adults. In SCG, 
i t  decreased sligh tly  from E20 (80 fmol/mg protein) to adulthood 
(50 fmol/mg protein). 2) On per ganglion basis: In DRG, i t  
increased 9-fold from E15 to PO (1.7 fmol/DRG) and then stayed 
constant through adulthood. In SCG, i t  increased 4.4-fold from 
E20 to adult (7.9 f mol/SCG). The NGF receptor was also found in 
CNS. In brain membrane, i t  dropped 11-fold from E15 (68.9 fmol/mg 
protein) to adulthood. In spinal cord membrane, i t  dropped 7-fold 
from E18 (174.5 fmol/mg protein) to adulthood.

The present study shows th a t: 1) The NGF receptor appears 
very early i n the development and the receptor molecular weights 
do not change. 2) Prenatal l y, the changes of NGF receptor 
content vary with d ifferen t tissues: I t  increases sligh tly  in 
whole embryo, stays re la tive  constant in DRG, SCG and spinal cord, 
and decreases in brain and muscle. 3) NGF receptor density 
dramatically decreases postnatal l y in a ll the tissues we examined 
except SCG. These data suggest that a lte ra tio n s in NGF receptor 
density may play a role in changes in tissue responsiveness to NGF 
during development.

298.4 NERVE GROWTH FACTOR (NGF) PROMOTES CELL SURVIVAL AND NEURITE 
OUTGROWTH OF RAT CNS NEURONS IN CULTURE: CORRELATION WITH 
ONTOGENESIS OF NGF RECEPTOR IMMUNOREACTIVITY. S.Koh*,M.D. Notter and 
R. Loy (Spons. R.J. Joynt) Depart. of Neurobiology and Anatomy, Univ. of Rochester, 
Rochester NY14642

NGF sensitive cells in the Peripheral Nervous System (PNS) respond to NGF by 
increased survival, fiber outgrowth and selective induction of tyrosine hydroxylase and 
dopamine β-hydroxylase. In the CNS, a selective increase in choline acetyltransferase 
(ChAT) is observed in septum, hippocampus and cortex of the neonatal rats following 
intraventricular administration of NGF. Also, dispersed fetal septal neurons in culture 
respond to exogenous NGF by an increase in ChAT activity. In analogy to the PNS, it 
would be expected that the NGF sensitive CNS neurons in culture respond to NGF by 
an increase in survival and fiber outgrowth. The present study addresses whether such 
NGF effects and NGF receptor expression are developmentally regulated. NGF receptor 
was visualized immunocytochemically using the monoclonal antibody 192 IgG 
(characterized and provided by E. Johnson) at E12, E15, E18, E20, PD1, PD4, PD6, 
PD8 and PD 21. At E12, fetal forebrain is devoid of NGF receptor immunoreactivity. By 
E15, a few NGF receptor positive neurons are first visible in the medial septal area and 
nucleus basalis (NB) region. By E18-20, these neurons are quite numerous and appear 
as well defined cell groups in the medial septum, diagonal band of Broca and NB. In 
addition, NGF receptor immunoreactivity is widespread throughout the developing 
brain. Most notably, fiber projections from the basal forebrain neurons to hippocampus 
and to neocortex are intensely immunoreactive. At PD 1-4, the pattern of staining is 
similar to fetal tissue. However, by the end of the first postnatal week, the staining 
pattern starts to resemble that of the adult; intense staining is limited to the cell bodies 
and dendrites of basal forebrain magnocellular neurons. In order to correlate NGF 
responsiveness with NGF receptor immunocytochemistry, prelliminary in vitro studies 
were undertaken. Dissociated telencephalic neuronal cultures were prepared from 
embryonic day 12 fetuses, seeded at 1×106 onto poly D-lysine coated 35 mm cultrure 
dishes and grown in serum-free, growth medium (Optimem®) in the presence or 
absence of 50 ng/ml NGF. At 3 days and 6 days in culture, cells were stained for NGF 
receptor, and the number of immunoreactive cells was counted. An NGF effect on cell 
survival is apparent at 6 days in culture, but not at 3 days. NGF treated cultures show a 
1.5 fold increase in the number of NGF receptor positive cells. To study the NGF effect 
on neurite outgrowth, septum from E 15 fetuses were dissected and allowed to attach to 
a collagen-coated, multi-welled culture dish supplemented with Optimem® ± NGF, and 
observed at 2 days and at 4 days. Short neurite growth from one of the NGF treated 
septal explants was detected at 2 days in culture. By 4 days, all three of the NGF treated 
explants showed cellular migration and neurite elongation, while none of the controls 
grown in the absence of NGF did. Also, septal explants from PD10 pups failed to 
respond to NGF.

The results indicate that the NGF receptor immunoreactivity undergoes time 
dependent changes, reaching a peak at around E18-PD4. Correspondingly, the 
receptor-bearing cells appear to respond to NGF during that period by increased 
survival and fiber outgrowth. NGF sensitive neurons in the CNS may be behaving 
similarly to peripheral sensory ganglia in that they respond to NGF only in a certain 
window of time during development. Supported by NSF grant BNS-8511564 (RL) and 
NS-19711 (MFDN)

298.5 THE TIMING AND SITE OF NGF SYNTHESIS IN DEVELOPING CUTANEOUS TARGET 
FIELDS IN RELATION TO INNERVATION AND NGF RECEPTOR EXPRESSION.
Alun M. Davies, C hristin  Bandtlow, Rolf Heumann, Sigrun Korsching, 
Hermann Rohrer and Hans Thoenen Department of Anatomy, S t. Georges 
Hospital Medical School, Tooting, London SW17 ORE and Department of 
Neurochemistry, Max Planck In s titu te  fo r Psychiatry, M artinsried, 
8033 Munich, West Germany.

The trigeminal ganglion and p art of i t s  peripheral ta rg e t 
f ie ld  (the maxillary process, from which the whisker pad develops) 
were studied in  closely staged mouse embryos. In normal development 
the e a r l ie s t  nerve f ib ers  emerge from the ganglion a t  9½ days gest
a tion  (E9.5, Theiler stage 15)and reach the epithelium of the max
i l la ry  process by E11. The numbers of trigeminal fib ers  and neurons 
increase to  reach a maximum a t  E13 a f te r  which over h a lf are lo s t 
during a phase of c e ll  death.

Using a sensitive tw o-site enzyme immunoassay, NGF was f i r s t  
detected in  the maxillary process a t  E11 and increased 20 fold per 
process by E13 a f te r  which the ta rg e t f ie ld  content of NGF f e l l .  
NGF was f i r s t  detected in  the ganglion a t  E12 and increased in amount 
th e rea fte r. Hybridization of Northern b lo ts  of ta rg e t f ie ld  mRNA 
with a  32 P-labelled cRNA probe revealed th a t NGF mRNA f i r s t  appears 
in  the target f ie ld  ju s t  12 hours before NGF protein  and increases 
with the la t t e r  from E11 to  E12, suggesting th a t p o st-transla tional 
processing i s  not the major ra te -lim itin g  step in  NGF synthesis in  
development. From E12 to  E12.5 there was a substan tial increase in 
the ta rg e t f ie ld  content of NGF mRNA Which coincides with the 
d iffe ren tia tio n  of whisker f o llic le s ,  the most densely innervated 
sensory organs in  the integument. The ep ith e lia l and mesenchymal 
components of the ta rg e t f ie ld , separated by enzymatic digestion of 
the basement membrane, both contained NGF mRNA but with a several 
fold higher concentration in  the epithelium. This was consistent 
with dense labelling  of surface and fo llic u la r  epithelium in  auto
radiographs of sections of whisker pads hybridized with an 35s -  
labelled  cRNA NGF probe.

Autoradiographs of trigeminal neurons incubated with 125I -  
labelled  NGF a f te r  24 hours in  culture  revealed no labelled  neurons 
in  E9 cu ltu res, le ss  than 30% in  E10 cu ltu res, and a progressive 
increase in  cultu res of older neurons to  reach 100% by E14. After 
48 hours in  cu ltu re , however, almost a l l  early  neurons became label
ed, suggesting th a t receptor expression i s  independent of ta rg e t 
f ie ld  innervation.

The absence of NGF receptors on early  nerve fibers a t the 
stage when they are growing to  th e ir  ta rg e ts  together with the 
absence of NGF in  the ta rg e t f ie ld  p rio r to  innervation strongly 
suggest th a t NGF does not guide sensory nerve fib ers  to  th e ir  
ta rg e ts  by chemotaxis during development.

298.6 IMMUNOCYTOCHEMICAL LOCALIZATION OF FIBERS STAINING FOR NERVE GROWTH 
FACTOR RECEPTOR IN THE HIPPOCAMPAL FORMATION OF THE RAT. J. E. Springer and 
R. Loy Department of Neurobiology and Anatomy, University of Rochester Medical 
Center. Rochester, New York. 14642.

The hippocampal formation contains one of the highest levels of nerve growth factor 
(NGF) and messenger RNA encoding for NGF in the central nervous system. Many 
studies have suggested that NGF is synthesized in the hippocampus, taken up 
selectively by septal/diagonal band terminals, and transported retrogradely to the 
ceils of origin, where NGF may have trophic effects in maintaining cell survival. 
Several lines of evidence suggest that the trophic effect of NGF may be on central 
cholinergic neurons in the medial septum. Although it is not known which ceil 
population(s) may be producing NGF, we have used a  monoclonal antibody to the NGF 
receptor (192-IgG, characterized and kindly provided by E. Johnson) to localize fibers 
in the hippocampal formation which may transport NGF. Female Sprague-Dawley rats 
were perfused with 0.1 M PBS (pH 7.4) containing 0.5% paraformaldehyde and 1.0% 
glutaraldehyde and 50 μm Vibratome sections were prepared for NGF receptor 
(NGF-R) immunoreactivity using the ABC method. Control sections were run without 
primary antibody, or by substitution with a  monoclonal antibody to epidermal growth 
factor receptor.

Fibers which are immunoreactive for NGF receptor (NGF-R) are found throughout 
the hippocampal formation, with the densest staining being associated with the granule 
cell and pyramidal cell layers. Specifically, fibers are observed immediately above 
and below the granule cell layer resembling the innervation pattern of septal/diagonal 
band projections. Minimal staining is seen in the granule cell layer itself. Fibers are 
also found, although to a  lesser degree, in stratum moleculare and stratum 
polymorphe. NGF-R positive fibers are found in ail levels of Ammon's horn 
(CA1-CA4), and are observed to penetrate the pyramidal cell layer. The densest 
pattern of fiber staining is found in CA3a subregion.

We have previously reported that following transactions of the fimbria/fornix, 
there is a  loss of cells in the septum/diagonal band which stain for NGF-R. We 
suggested that this disappearance of cells was due to the separation of the 
septal/diagonal band from the source of NGF in the target regions of the hippocampus. 
From the results reported here we suggest that the target region(s) of these 
projections are located throughout the hippocampal formation, and may represent 
those fibers which transport NGF in a  retrograde fashion to cell bodies in the 
septum/diagonal band.

Supported by Grant No. DA-05274 (JS) and BNS-8511 564 (RL).
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298.7 RAT SCHWANN CELL-SCHWANNOMA HYBRID CELLS BIND NGF AND EXPRESS 
THE NGF GENE. I . T a f f * ,  K .H. S o n n e n fe ld * , J .  F i s h e r * ,  AND 
J .E .  P in ta r * . ( SPON: M.D. Y ah r). D ep t. o f  N eurology, Mt. S in a i 
School o f M edic ine, N .Y ., NY 10029, and D ep t. o f  Anatomy and 
C e ll B io logy , Columbia U n iv e rs ity , N.Y.,NY 10032.

Rat Schwann c e l l -Schwannoma h y b rid  c e l l s  po sse ss  p ro p e r t ie s  
o f  Schwann c e l l s  which make them u s e fu l models fo r  s tudy ing  
p ro cesse s  a s s o c ia te d  w ith  Schwann c e l l  fu n c t io n . For example, 
th e  h y b rid  l in e  RNS-5 has th e  a b i l i t y  to  b ind  axolemma (B arbara 
K re id e r and David P le a s u re , p e rsonna l com m unication). These c e l l  
l i n e s  were te s te d  fo r  t h e i r  a b i l i t y  to  s p e c i f i c a l ly  b ind  NGF 
and ex p re ss  th e  NGF gene. F o u r  h y b rid  c e l l  l in e s  were te s te d  
fo r t h e i r  a b i l i t y  to  b ind  125I-NGF. C u ltu red  c e l l s  were h a r 
v e s te d  and in cu b a ted  in  su spension  in  b in d in g  medium (RPMl 1640 
w ith  BSA, 5mg/ml, and HEPES, 25 mM) c o n ta in in g  125I-NGF. Non
s p e c i f ic  b in d in g  was a sse sse d  in  p a r a l l e l  in c u b a tio n s  c o n ta in in g  
u n la b e led  NGF (10 ug /m l) .  S p e c if ic  b in d in g  o f  125I-NGF was 
p re se n t on a l l  c e l l  l i n e s  te s t e d .  When RNS-5 c e l l s  were incuba
te d  in  th e  p resence  o f 125I-NCF (5 ng/m l) a t  37 C, approx im ately  
80% o f  s p e c i f i c a l ly  bound 125I-NGF d is s o c ia te d  r a p id ly  when the 
c e l l s  were t r a n s f e r r e d  to  4 C and u n lab e led  NGF (10 ug/ral) 
was added. This d is s o c ia t io n  i s  c o n s is te n t  w ith  b in d in g  o f 
125I-NGF to  f a s t  NGF re c e p to r  s i t e s .  C om petition  experim en ts 
dem onstrated  th a t  125I-NGF b ind ing  to  RNS-5 c e l l s  has in h ib i te d  
by u n la b e lle d  NGF w ith  an IC50 o f  3nM.

N orthern  b lo t  a n a ly s is  dem onstrated  th e  p resence  o f NGF mRNA 
in  RNS-5 c e l l s .  T o ta l RNA was is o la te d  from th e se  c e l l s  using 
th e  g u a n id in e  i s o th i o c y n a t e - L iC l  p ro c e d u re  and p o ly  A+ RNA 
i s o l a t e d  by o l i g o  dT c h ro m a to g ra p h y . P o ly  A+ RNA's w ere 
se p a ra te d  by aga rose  g e l e l e c t r opho r e s i s , t r a n s f e r r e d  to  Gene- 
Screen (NEN), h y b rid ized  w ith  32P la b e le d  NGF cRNA (sy n th e 
s ize d  fo llo w in g  subclon ing  in to  SP64 o f a P s t fragm ent from an 
NGF cDNA c lo n e  o r i g i n a l l y  o b ta in e d  from  A xel U l l r i c h ) ,  and 
washed to  a f in a l  s t r in g e n c y  o f  0.05X SSC a t  6 8 ° .  A s in g le  
band o f  app rox im ate ly  1300 base p a i r s ,  s im i la r  in  s iz e  to  NGF 
mRNA d e m o n s tra te d  in  t i s s u e s  and c e l l  ty p e s ,  was r e v e a le d  
fo llo w in g  a u to rad io g rap h y . These r e s u l t s  in d ic a te  th a t  Schwann 
cell-Schwannoma hy b rid  c e l l s  can b o th  b ind  NGF and ex p ress  the  
NGF gene. The p o s s ib le  r o le  o f  NGF in  th e  r e g u la t io n  o f  NGF gene 
e x p r e s s io n  by th e s e  c e l l s  i s  p r e s e n t ly  b e in g  in v e s t i g a t e d .  
Taken to g e th e r ,  th e se  r e s u l t s  sug g est th a t  th e se  c e l l s  may serve  
as a p o te n t ia l  model fo r  s tu d y in g  th e  m odulation  o f  NGF recep 
to r s  and NGF sy n th e s is  in  Schwann c e l l s .

Supported by an NIH t r a in in g  g ra n t NS07245 ( I .T ) ,  th e  Neuro
f ib r o m a to s i s  and D ysau tonom ia  F o u n d a tio n s  (K .H .S .)  and NIH 
g ra n t NS-21970 ( J . P . ) .

298.8 PRESENCE AND/OR ABSENCE OF NERVE GROWTH FACTOR (NGF) RECEPTORS ON 
NEURON-LIKE CELLS IN LONG-TERM NEURAL CREST CULTURES. P . B e rn d . 
D epartm ent o f  Anatomy, Mount S in a i School o f M edicine o f  th e  C ity  
U n iv e rs ity  o f  New York, New York, N.Y. 10029.

T h i s  l a b o r a t o r y  h a s  p r e v i o u s l y  d e m o n s t r a t e d  t h a t  a 
s u b p o p u la t io n  o f  c u l t u r e d  n e u r a l  c r e s t  c e l l s  u n d e r g o in g  
d i f f e r e n t i a t i o n  have re c e p to r s  fo r Nerve Growth F ac to r (NGF), and 
e x h ib i t  s p e c i f ic  b ind ing  o f  io d in a te d  NGF ( 125I-NGF; d is s o c ia t io n  
c o n s ta n t o f  3 .2  nM). These c e l l s  a re  l i k e ly  to  be t a r g e t s  o f  NGF 
d u r in g  th e  e a r l y  s ta g e s  o f  em bryon ic  deve lopm ent. This study  
a t te m p te d  t o  i d e n t i f y  th e  p h e n o ty p ic  c h a r a c t e r i s t i c s  o f  th e  
c u l tu re d  n e u ra l c r e s t  c e l l s  t h a t  bear NGF re c e p to r s .

N eu ra l c r e s t  c u l t u r e s  were p repared  from th e  tru n k  reg io n  o f 
48 hr q u a i l  em bryos, and m ain ta ined  fo r  1 week in  com plete medium 
c o n ta in in g  5% ch ick  em bryo e x t r a c t  (CEE) and 15% f e t a l  b o v in e  
serum. Under th e se  c o n d i t io n s , n e u ro n - l ik e  p ro c e ss -b e a r in g  c e l l s  
w ere i d e n t i f i e d  w hich  p o s s e s s e d  p h e n o ty p ic  c h a ra c te r s  such as 
t y r o s i n e  h y d r o x y l a s e - l i k e ,  s e r o t o n i n - l i k e ,  o r  v a s o a c t i v e  
i n t e s t i n a l  p o ly p e p t i d e - l i k e  im m u n o re a c tiv i ty  (TH-LI, 5-HT-LI, 
V IP -L I). A n tibod ies  were used a t  a d i l u t io n  o f  1 :1000, 1 :15 ,000 , 
and 1 :2 0 0 0 , r e s p e c t i v e l y .  In  o r d e r  t o  d e t e r m i n e  i f  c e l l s  
p o s s e s s in g  th e s e  p h e n o ty p ic  c h a r a c t e r s  had r e c e p to r s  fo r  NGF, 
c u l tu re d  n e u r a l  c r e s t  c e l l s  w ere r i n s e d  w ith -C E E -f re e  t i s s u e  
c u l t u r e  medium (2  h r ;  3 7 °C ), in c u b a te d  w ith  125I-NGF (5 ng/m l, 
130 cpm/pg; 1 h r ;  37°C), r a p id ly  r in s e d  s ix  t im e s  w ith  i c e - c o ld  
p h o s p h a te  b u f f e r e d  s a l i n e ,  f ix e d  (4% parafo rm aldehyde in  0.1M 
sodium phosphate b u f f e r ;  1 h r ;  room t e m p .) ,  and p ro c e s s e d  fo r  
im m unocy tochem istry  u s in g  an a v id in -b io t in -p e ro x id a s e  te ch n iq u e . 
The c u l tu r e s  were su b seq u en tly  embedded in  epon and s e c t io n e d  (1 
μm ). E x a m in a tio n  o f  l i g h t  m icro scop ic  rad io au to g rap h s  rev ea led  
th a t  n e i th e r  TH-LI, 5-HT-LI, nor VIP-LI c e l l s  had NGF r e c e p to r s  
as  e v id e n c e d  by a la c k  o f  s i l v e r  g r a in s ,  a lthough  some c e l l s  in  
th e  same s e c t io n  d id  b in d  125I-NGF. The i d e n t i t y  o f  th e  NGF 
re c e p to r  p o s i t iv e  c e l l s  rem ains to  be d eterm ined .

N eural c r e s t  c u l tu r e s  were a l te r n a t iv e l y  grown fo r 1 week w ith 
con tin u o u s exposure to  n o n ra d io a c tiv e  NGF (50 n g /m l), in  a d d itio n  
t o  th e  com p le te  medium d e sc rib ed  above. C o - lo c a liz a tio n  s tu d ie s  
o f  such c u l tu r e s  r e v e a le d , in  c o n t r a s t  to  th e  above r e s u l t s ,  th a t  
some o f  th e  TH-LI c e l l s  posse ssed  NGF r e c e p to r s  and a re  l i k e ly  to  
be re sp o n s iv e  to  NGF. These r e s u l t s  in d ic a te  th e  c r i t i c a l  n a tu re  
o f  th e  m ic ro e n v iro n m e n t in  d e te rm in in g  th e  d i f f e r e n t i a t i o n  
pathw ay  o f  n e u r a l  c r e s t  c e l l s  in  e a r l y  d e v e lo p m e n t. Ongoing 
s tu d ie s  a re  exam ining w hether th e  5-H T-LI o r V IP-L I c e l l s  have 
NGF re c e p to r s  when grown in  th e  p resence  o f  NGF, and w hether h igh 
a f f i n i t y  NGF b in d in g  (0 .0 3  nM) can  be d e t e c te d  u n d e r th e s e  
c o n d i t io n s . Supported by g ra n ts  from th e  NIH (#HD 17262) and th e  
Dysautonomia Foundation .

298.9 MOST CATECHOLAMINE-CONTAINING NEURAL CREST CELLS LACK NGF RE
CEPTORS IN VITRO. C. A. M. G reiner*  and G. G u ro ff. Committee on 
N eurobio logy, U n iv e rs ity  o f  Chicago; S ec tio n  on Growth F a c to r s , 
NICHD, NIH, B ethesda , MD 20892.

We have p re v io u s ly  dem onstrated  th a t  a su b p o p u la tio n  o f  n e u ra l 
c r e s t  c e l l s  ex p re ss  s p e c i f i c  re c e p to r s  f o r  nerve  grow th f a c to r  
(NGF) a f t e r  3 -1 /2  to  4 days in  v i t r o  (Soc. N eu ro sc i. A bst. 1985: 
937); many o f  th e se  c e l l s  a re  s t i l l  m i to t i c a l ly  a c t iv e  a f t e r  9 
d a y s  in  c u l tu r e .  As a p re lu d e  to  d e te rm in ing  th e  p o s s ib le  r o le  
o f  NGF in  th e  developm ent o f  th e s e  c e l l s ,  we sough t to  id e n t i f y  
th e  phenotype o f th e  NGF r e c e p to r - p o s i t iv e  c e l l s .  S ince NGF- 
re sp o n s iv e  n e u ra l c r e s t  d e r iv a t iv e s  in v ivo  in c lu d e  c a te c h o l
am in e -co n ta in in g  c e l l s ,  i . e . ,  sym pathetic  neu ro n s , sm all 
in t e n s e ly - f lu o re s c e n t  (S IF ) c e l l s ,  and a d re n a l ch rom affin  c e l l s ,  
i n i t i a l  s tu d ie s  examined th e  p o s s ib le  c o -e x p re ss io n  o f  c a te c h o la 
m inerg ic  t r a i t s  and NGF; re c e p to r s  by n e u ra l c r e s t  c e l l s .  Prim ary 
c u l tu r e s  were e s ta b l is h e d  from th e  tru n k  re g io n  o f  2 -day  q u a i l  
embryos and grown f o r  4-5  days in  α -MEM, 15% h o rse  serum , and 10% 
ch ick  embryo e x t r a c t .  C e l ls  were then  d is s o c ia te d  and r e p la te d  
a t  low d e n s ity  on to  c o l la g e n -c o a te d  chamber s l id e s  o r  35mm 
d is h e s .  Follow ing an a d d i t io n a l  1-5 days grow th , c e l l s  were 
incu b a ted  w ith  125I-NGF fo r  1 h r a t  37°C, washed r a p id ly ,  and 
f ix e d  w ith  4% form aldehyde, 0.5% g lu ta ra ld e h y d e  in  0.1 M PO4 
b u f f e r ,  pH 7 .4  fo r  2 h r  a t  room te m p era tu re  (FAGLU m ethod). 
Follow ing exposure and developm ent f o r  au to ra d io g ra p h y , c u l tu r e s  
were examined u s in g  p h ase , f lu o r e s c e n t ,  and b r ig h t f i e l d  o p t i c s .

F lu o re sc e n t c e l l s  v a r ie d  in  morphology and inc lu d ed  s m a ll, 
h ig h ly  f lu o re s c e n t  c e l l s  w ith  and w ithou t p ro c e s s e s . O ccas- 
s io n a l ly ,  la r g e r  c e l l s  w ith  long p ro c e sse s  and weaker f lu o r e s 
cence were o b se rv ed . R ega rd less  o f  morphology and c u l tu r e  ag e , 
c a tech o la m in e -c o n ta in in g  c e l l s  g e n e ra lly  lacked  NGF r e c e p to r s ,  
a lth o u g h  a s ig n i f i c a n t  number o f n o n -f lu o re s c e n t c e l l s  in  th e  
same c u l tu r e s  were s p e c i f i c a l ly  la b e le d  w ith  125I-NGF. A c e l l  
p o s i t iv e  f o r  bo th  NGF re c e p to r s  and ca techo lam ines  was observed 
on ly  once in  an exam ination  o f c e l l s  from over 80 p rim ary  c u l 
t u r e s .

The g e n e ra l la ck  o f NGF re c e p to r s  on c a tech o lam in e rg ic  n e u ra l 
c r e s t  c e l l s  in d ic a te s  th a t  NGF i s  n o t re q u ire d  f o r  th e  i n i t i a l  
ex p re ss io n  o f  t h i s  t r a i t  in  v i t r o . F urtherm ore , NGF i s  n o t 
nec essa ry  fo r  th e  m aintenance o f t h i s  ex p re s s io n  du rin g  th e  
c u l tu r e  p e r io d  exam ined. S ince c a tech o lam in e rg ic  n e u ra l c r e s t  
d e r iv a t iv e s  i n  v ivo  do e x h ib i t  s p e c i f i c  NGF r e c e p to r s ,  th e  d a ta  
a d d i t io n a l ly  su g g es t th a t  th e  ca techo lam ine  c e l l s  in  th e se  n e u ra l 
c r e s t  c u l tu r e s  a re  (a )  deve lopm en ta lly  i mmature, (b ) r e p re s e n t  a 
su b p o p u la tio n  o f ca techo lam ine  c e l l s  th a t  a re  N G F-independent, o r  
(c )  la c k in g  an en v ironm en ta l/deve lopm en ta l s tim u lu s  norm ally  
en coun tered  by n e u ra l c r e s t  c e l l s  i n  v ivo  and re q u ire d  fo r  ex ten 
s iv e  NGF re c e p to r  e x p re s s io n .

298.10 FLUORESCENT NERVE GROWTH FACTOR BINDING TO CELLS. M. K asaian* 
and K.E. N ee t. D ept. o f  B iochem istry , Case W estern Reserve 
Univ. Sch. o f M ed., C leveland , OH 44106

The in t e r a c t io n  o f f lu o re s c e in - la b e l le d  nerve  growth 
fa c to r  (NGF) w ith  r a t  pheochromocytoma c e l l s  (PC12) has been 
s tu d ie d . The NGF was m odified  a t  ca rboxy l groups w ith  iodo- 
a c e ta m id o flu o re sc e in , to  a le v e l  o f about 1 f lu o re s c e in  per 
NGF d im er. The m odified  NGF showed f u l l  b in d in g  and b io lo g ic a l  
a c t i v i t i e s  as compared to  u n la b e lle d  NGF. B inding to  u n fix e d , 
l i v e  c e l l s  was assayed  u s in g  th e  f lu o re s c e n c e -a c tiv a te d  c e l l  
s o r te r  (FACS). This method o f f e r s  th e  advantage th a t  unbound 
lig an d  need n o t be se p a ra te d  from th a t  which i s  c e l l -  
a s s o c ia te d ,  th u s  avo id ing  p e r tu rb a t io n  o f th e  b in d in g  
e q u ilib r iu m . F urtherm ore , a n a ly s is  o f each c e l l  o f  th e  
p o p u la tio n  by th e  in s tru m en t a llow s a c c u ra te  and ex te n s iv e  
s t a t i s t i c a l  a n a ly s is .  The main l im i ta t io n  o f th e  method 
appears to  be i t s  r e l a t i v e  la ck  o f s e n s i t i v i t y  as compared 
to  th e  b in d in g  o f r a d io la b e l le d  NGF. The l im i t  o f f lu o re sce n ce  
d e te c t io n  fo r  PC12 c e l l s  co rresponds to  th e  b in d in g  produced 
by about 5. nM NGF. T h e re fo re , s tudy  o f th e  low a f f i n i t y  
re c e p to r  i s  p o s s ib le ,  b u t n o t th e  h igh  a f f i n i t y  r e c e p to r .  
B inding o f th e  fluorescein-N G F was la rg e ly  s p e c i f ic  and 
was s a tu r a b le .  S catchard  a n a ly s is  in d ic a te d  a Kd fo r  b ind ing  
o f 5-7 nM. Tim e-based d a ta  a c q u is i t io n  allow ed a con tinuous 
tim e cou rse  fo r  b in d in g  to  be g en e ra ted . B inding reached  a 
s tea d y  s t a t e  le v e l  w ith in  5 m inutes o f exposure o f  th e  c e l l s  
to  th e  lig a n d . Both th e  Kd and tim e cou rse  determ ined  u sing  
fluorescein-N G F  ag ree  w e ll w ith  d a ta  fo r  b in d in g  to  th e  low 
a f f i n i t y  re c e p to r  produced by 125I-NGF b in d in g  s tu id e s .

A d d itio n a l experim en ts were done to  in v e s t ig a te  th e  
e f f e c t s  o f ch lo ro q u in e  and c o lc h ic in e  on th e  b in d in g  o f bo th  
f lu o re s c e in - la b e l le d  NGF and ep iderm al growth fa c to r  (EGF) to  
PC12 c e l l s  and to  A875 human melanoma c e l l s .  The A875 c e l l s  
c o n ta in  th e  f a s t  NGF re c e p to r ,  b u t do n o t appear to  
i n t e r n a l iz e  th e  lig a n d . These c e l l s  a re  a ls o  a b le  to  b ind  
f luo resce in -E G F . C hloroquine had no e f f e c t  on th e  b in d in g  o f 

e i th e r  lig a n d  to  PC12 o r A875 c e l l s  a t  e i t h e r  4° o r  37 °C. 
C o lc h ic in e , however, caused dec reased  b ind ing  o f bo th  lig an d s  
to  PC12 and A875 c e l l s  a t  4°C. This e f f e c t  may be due to  
d ec reased  re c e p to r  r e c y c lin g  du rin g  th e  3 hour p re - tre a tm e n t 
w ith  th e  drug a t  37 C. (S upported  by NSF G rant 83-14309).
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298.11 RECEPTORS FOR NERVE GROWTH FACTOR ON PRIMARY- SENSORY NEURONS: 
QUANTITATIVE RADIOAUTOGRAPHIC OBSERVATIONS. V.M.K. Verge*, 
P.M. R ichardson and R .J . R io p e l le . D iv . o f N eu ro su rg ., McGill 
Uni v . ,  M ontreal H3G 1A4 and D iv. o f N e u ro l., Queen’ s U n iv ., 
K ingston  K2L 2V8.

NGF-binding s i t e s  on th e  p e r ik a ry a  of r a t  prim ary  sensory  
neurons have been s tu d ie d  by q u a n t i ta t iv e  rad io a u to g ra p h ic  
te c h n iq u e s . Frozen s e c t io n s  o f f i f t h  lum bar d o rs a l ro o t g a n g lia  
(L5 DRG) have been incu b a ted  w ith  125I-NGF, f ix e d ,  d e f a t te d ,  
dipped in  r a d io s e n s i t iv e  em ulsion and developed a f t e r  2-7 days 
exposure in  th e  d a rk . In  40-45% of n eu ro n s , g ra in  coun ts  c l e a r ly  
exceed background le v e ls  f o r  t h i s  la b e l l in g  in  v i t r o  as fo r  
p rev io u s  s tu d ie s  w ith  r e t ro g ra d e  axonal t r a n s p o r t .  The p erik ary o n  
of a la rg e  senso ry  neuron c o n ta in s  approx im ate ly  1 0 0 , 0 0 0  b in d in g  
s i t e s  and th e  d i s s o c ia t io n  e q u ilib r iu m  c o n s ta n t f o r  th e  r e c e p to r  
i s  in  th e  o rd e r  of 60pM by d isp lacem en t m ethods. In  ra d io a u to 
g rap h ic  s tu d ie s  and in  c l a s s i c a l  b in d in g  s tu d ie s ,  th e  number of 
b in d in g  s i t e s  in  L5 DRG i s  reduced by s c i a t i c  ne rv e  t r a n s e c t io n .  
A lso , by a n a ly s is  o f r e t ro g ra d e  axonal t r a n s p o r t  a f t e r  in t r a n e u ra l  
in j e c t io n ,  th e  up take  o f 125I-NGF by axonal r e c e p to rs  i s  
d im in ish ed . The re d u c t io n  in  NGF re c e p to r s  on axotom ized sensory  
neurons cou ld  r e f l e c t  e i t h e r  s e le c t i v e  d ea th  of N G F-receptive 
neurons o r d ec reased  sy n th e s is  o f NGF re c e p to r s  on in d iv id u a l 
n eu ro n s . The o b s e rv a tio n s  a re  r e le v a n t  to  th e  re g u la t io n  of NGF 
r e c e p to r s  and th e  p o s s ib le  fu n c t io n s  o f NGF a f t e r  n e u ra l in ju ry .

TROPHIC AGENTS: NERVE GROWTH FACTOR

299.1 ISOLATION AND SEQUENCING OF A CLONE OF CHICKEN GENOMIC DNA 
ENCODING A PROTEIN HIGHLY HOMOLOGOUS TO MOUSE BETA NERVE GROWTH 
FACTOR. D.L. Shelton, L.F. Reichardt and E.M. Shooter. Dept. 
of Neurobiology, Stanford University, Stanford, CA 94305 and 
Dept. of Physiology, UCSF, San Francisco, CA 94143.

Beta nerve growth factor (NGF) is a protein which is 
necessary for the normal development and maintenance of 
sympathetic and sensory neurons in vivo and in v itro . Recent 
evidence suggests that there are other populations of neurons 
which may also respond to NGF, but at an early stage of 
development. Avian embryos are much easier to manipulate than 
mammalian embryos at these early  stages, but very l i t t l e  is 
known about avian NGF. In order to learn more about the 
structure of avian NGF, a chicken genomic clone encoding the 
protein has been isolated and sequenced.

Southern analysis of chicken genomic DNA revealed bands 
which hybridized strongly to mouse NGF cDNA under stringent 
conditions. On the basis of th is  analysis chicken genomic DNA 
was cut with Bam HI and fractionated by size using sucrose 
gradient sedimentation. Fractions enriched in the hybridizing 
DNA were used to construct a p artia l genomic lib rary  in lambda 
EMBL4. Screening of th is  library  revealed two clones which 
strongly hybridized to the mouse NGF cDNA. These were plaque 
purified and analyzed in greater d e ta il.

Restriction s ite  mapping and Southern analysis showed that 
a ll of the sequence which hybridized-to the NGF cDNA was 
contained in a 2.2 kb Pvu II fragment. This fragment was 
subcloned into M13 and sequenced using the Sanger dideoxy 
technique. The nucleotide sequence showed an open reading 
frame (ca. 0.8 kb), which corresponds to the 3' end of the 
mouse NGF cDNA. This region contains the en tire  sequence 
corresponding to mature mouse NGF, and is highly conserved in 
amino acid sequence. The 5’ end of the open reading frame ends 
at a consensus RNA splice s i te ,  and so presumably marks an 
intron-exon junction. This s i te  matches the known intron-exon 
junction in the human NGF gene.

The isolation and characterization of the NGF gene from 
chicken should enable further studies on the possible role of 
NGF in early development.

299.2 NERVE GROWTH FACTOR mRNA IN PERIPHERAL AND CENTRAL RAT TISSUES AND 
IN THE HUMAN CENTRAL NERVOUS SYSTEM: LESION EFFECTS IN THE RAT 
BRAIN AND LEVELS IN ALZHEIMER'S DISEASE. M. Goedert*, A. Fine, 
S.P. Hunt* and A. Ul l rich+*, Medical Research Council Laboratory of 
Molecular Biology and *Medical Research Council Molecular 
Neurobiology Uni t ,  H ills Road, Cambridge CB2 2QH, UK; and 
+Department of Molecular Biology, Genentech In c ., 460 Point San 
Bruno Boulevard, San Francisco, California 94080, USA.

Using RNA b lo t hybridisation nerve growth factor (NGF) mRNA  was 
found to be widely d istribu ted  throughout peripheral and central 
ra t tissues and throughout the human central nervous system. In 
the r a t ,  high levels of NGF mRNA were found in cerebral cortex, 
hippocampus and thalamus/hypothalamus, medium levels in striatum 
and brainstem and low levels in cerebellum and spinal cord. The 
hippocampal levels did not change 1-4 weeks following the surgical 
transection of the septohippocampal pathway; sim ilarly , the 
ibotenic acid-induced lesion of the nucleus basalis magnocellularis 
did not affec t the amounts of NGF mRNA in the cerebral cortex. NGF 
mRNA was also present in high amounts in human cortex and 
hippocampus, with only low levels in septum/nucleus basalis 
magnocellularis, suggesting th a t NGF may also function as a 
retrograde trophic messenger in the human central nervous system. 
No evidence was obtained for an in su ffic ien t production of NGF mRNA 
in senile dementia of the Alzheimer type (post mortem delay 4-6 h ) . 
In peripheral ra t  tissu es, the highest concentrations of NGF mRNA 
were found in vas deferens, heart, s c ia tic  nerve, submandibular 
gland and skin, with low levels in tissues such as trigeminal 
ganglion and p itu ita ry  gland.
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299.3 LEVELS OF NERVE GROWTH FACTOR AND ITS mRNA DURING DEVELOPMENT AND 
REGENERATION OF THE PERIPHERAL NERVOUS SYSTEM. S . I .  K orsching , 
R. Heumann, A. D av ies* , and H. Thoenen. (SPON: W.V. B le isch ) 
*D ept. o f Anatomy, S t .  G eorges' H o sp ita l Med. Sch. London SW17 
ORE, U.K. and D ept. of N eurochem istry , M aX -P lan ck -In s titu te  fo r  
P sy c h ia try , D-8033, M a r tin s r ie d , F .R .G .

Nerve growth f a c to r  (NGF) p la y s  an e s s e n t i a l  r o le  in  th e  
developm ent and m aintenance of s t r u c tu r e  and fu n c tio n  o f th e  
sym pathe tic  and senso ry  nervous sy stem s. We have ana lyzed  le v e ls  
of NGF and i t s  mRNA du rin g  developm ent and in  the  in ju re d  nerve 
us in g  a tw o -s ite  enzyme immunoassay (PNAS 80 : 3513, 1983) and 
q u a n t i ta t iv e  N orthern  b lo t s  w ith  an RNA-probe ( EMBO J . 3: 3183, 
1984), r e s p e c t iv e ly .

In  th e  mouse w hisker pad NGF i s  f i r s t  d e te c te d  a t  embryonic day 
(E) 11, a long  w ith  th e  f i r s t  t a r g e t  en coun ter of th e  in n e rv a tin g  
tr ig e m in a l senso ry  neurons, and in  th e  subm andibular g lan d , which 
i s  sy m p a th e tic a lly  in n e rv a te d , a t  E13. At E12 and E14 NGF i s  
d e te c te d  in  th e  co rrespond ing  g a n g l ia . The absence of NGF in  
p ro s p e c t iv e  t a r g e t  organs p r io r  to  t h e i r  in n e rv a tio n  by sen so ry  
and sym pathetic  neurons makes i t  u n l ik e ly  th a t  NGF i s  used in  th e  
organism  fo r  i n i t i a l  guidance o f outgrow ing nerve f ib e r s  toward 
t h e i r  t a r g e t s .  I t  i s  in t e r e s t i n g  th a t  du rin g  th e  p e r io d  o f 
sym pathetic  n eu ronal d e a th , NGF le v e ls  in  h e a r t  v e n t r i c l e  and 
subm andibular g land a re  in  th e  same range as those  of normal a d u l t  
sym pathetic  t a r g e t  o rgans ( i . e .  in  th e  ng NGF/g wet w eigh t 
ra n g e ) . The male mouse subm andibular g la n d , an exceed in g ly  r ic h  
sou rce  of NGF in  th e  a d u l t  an im al, shows f i r s t  s ig n s  o f an 
abnorm al b ehav io r a f t e r  p o s tn a ta l  day 18, when NGF le v e ls  in c re a s e  
100 -fo ld  w ith in  th e  fo llo w in g  th re e  days .

To s tu d y  a p o s s ib le  r o le  of NGF in  r e g e n e ra tin g  nerves we ana
lyzed  NGF and NGF mRNA le v e ls  in  th e  a d u l t  r a t  s c i a t i c  nerve 6 h 
to  2 weeks a f t e r  a c u t .  In  agreem ent w ith  r e s u l t s  o b ta in ed  e a r l i 
e r  (N eu ro sc i. L e t t .  39: 1, 1983), up to  1 day a f t e r  le s io n  th e  NGF 
in c re a s e  i s  con fined  to  th e  d i s t a l  nerve segment a d ja c e n t to  th e  
c u t ,  due to  accum ulation  by re t ro g ra d e  axonal t r a n s p o r t  i n i t i a l l y  
p e r s i s t i n g  in  th e  d i s t a l  axon stum ps. Three days a f t e r  th e  c u t , 
when axonal t r a n s p o r t  had ceased  in  th e  d i s t a l  nerve stum p, NGF 
accum ula tion  b u ild s  up a ls o  in  th e  segments o f the  d i s t a l  stump 
f a r th e r  away from the  le s io n  s i t e ,  in d ic a t in g  o n se t o f lo c a l  NGF 
s y n th e s is  in  th e  in ju re d  n e rv e . This i n t e r p r e ta t io n  i s  confirm ed 
by a n a ly s is  of th e  NGF mRNA le v e l s .  Three days a f t e r  le s io n ,  NGF 
mRNA i s  d e te c te d  in  a l l  segments o f th e  d i s t a l  stump analyzed  and, 
s u r p r is in g ly ,  a ls o  in  th e  proxim al stump d i r e c t l y  a d ja c e n t to  th e  
c u t ,  where NGF le v e ls  a re  below c o n tro l v a lu e s . We conclude th a t  
NGF s y n th e s is  i s  induced lo c a l ly  in  th e  in ju re d  nerve (presum ably 
in  g l i a l  c e l l s )  and th a t  NGF s y n th es iz ed  in  th e  proxim al stump i s  
removed by axonal t r a n s p o r t  to  th e  n eu rona l c e l l  b o d ie s , th e reb y  
p o s s ib ly  a t te n u a t in g  th e  e f f e c t s  of ta r g e t  organ d e p r iv a t io n .

299.4 NERVE GROWTH FACTOR IMMUNOHISTOCHEMISTRY: ON THE SPECIFICITY AND 
DISTRIBUTION IN THE CENTRAL NERVOUS SYSTEM AND IN GLANDS OF DIFFER
ENT POLYCLONAL AFFINITY-PURIFIED ANTIBODIES AGAINST MOUSE NGF.
L. O lso n * , C. A y e r -L e L ie v re * , T. E b e n d a l* , A. S e ig e r * ,  I .  S t r ӧm- 
b e rg * . (SPON: L. O lso n , Member ENA). D e p t. o f  H is to lo g y ,  K a ro lin s k a  
I n s t . ,  104 01 S to ck h o lm , Sw eden, D e p t. o f  Z o o logy , U p p sa la  U n iv .,  
751 22 U p p sa la , Sweden.

P o ly c lo n a l  a n t i b o d i e s  w ere r a i s e d  in  r a b b i t s  and  sh e ep  a g a in s t  
m ouse su b m a n d ib u la r  g la n d  NGF. S e v e ra l  p o ly c lo n a l  a f f i n i t y - p u r i f i e d  
a n t i b o d i e s  h av e  b een  c h a r a c t e r i z e d  t h a t  show a s t r o n g  N G F-dependent 
b in d in g  t o  t h e  s e c r e to r y  g r a n u le s  o f  t u b u la r  c e l l s  in  t h e  m ale 
m ouse su b m a n d ib u la r  g la n d  w i th  e x c e l l e n t  s i g n a l - t o - n o i s e  r a t i o s .  
NGF im m u n o re a c tiv ity  can  a l s o  be d e te c t e d  in  s e v e r a l  c lo s e l y  
r e l a t e d  g la n d s  in  m ice  and  r a t s  and  w i th  one o f  th e  a n t i b o d i e s  in  
t h e  m ouse t e s t i s .  B e fo re  t e s t e d  in  b r a in  t i s s u e ,  a n t i b o d i e s  had  to  
p a s s  r i g i d  s p e c i f i c i t y  c o n t r o l s  i n c lu d in g  " a f f i n i t y - p u r i f i e d "  a n t i 
b o d ie s  d e r iv e d  from  serum  p r i o r  t o  im m u n iz a tio n , r e j e c t s  from  v a r i 
o u s  a f f i n i t y  p u r i f i c a t i o n s ,  a n t i b o d i e s  a d s o rb e d  t o  h y d r o p h i l i c  o r  
h y d ro p h o b ic  c h ic k  p r o t e i n s ,  no rm al r a b b i t  s e r a ,  and hyperim m une 
s e r a  from  r a t s  im m unized w i th  n o n r e l a te d  c h ic k  p r o t e i n .  F u r th e r  
c o n t r o l s  in c lu d e d  p r e a d s o r b in g  a n t i b o d i e s  w i th  NGF and p r e t r e a tm e n t  
o f  s e c t i o n s  w i th  NGF. In  a d u l t  r a t  b r a in  two d i f f e r e n t  p a t t e r n s  o f 
im m u n o re a c tiv ity  w ere fo u n d : m ost a n t i b o d i e s  r e v e a l  a  w id e sp re a d  
d i s t r i b u t i o n  o f  im m u n o re a c tiv i ty  ( ty p e  A) in  n e rv e  f i b e r  b u n d les  
and  f i b e r  t r a c t s  a s  w e l l  a s  f i n e r  f i b e r - l i k e  s t r u c t u r e s ,  e . g .  in  
c e r e b r a l  c o r t e x  p a r a l l e l  and  p e r p e n d ic u la r  t o  t h e  c o r t i c a l  s u r f a c e .  
T h is  p a t t e r n  d i s a p p e a r s  upon p r e a b s o r p t io n  o f  t h e  a n t i b o d i e s  w ith  
NGF. A f f i n i t y - p u r i f i e d  a n t i b o d i e s  from  some o f  t h e  imm unized 
a n im a ls  show a d i s t i n c t l y  d i f f e r e n t  p a t t e r n  ( ty p e  B) c h a r a c t e r i z e d  
e .g .  by p o s i t i v e  p y ra m id a l  c e l l  b o d ie s  and  a s c e n d in g  b u n d le s  o f  
a p i c a l  d e n d r i t e s  in  c o r t e x .  T h is  ty p e  B - im m u n o re a c tiv ity  rem a in s  
a f t e r  p r e a b s o r p t io n  o f  t h e  a n t i b o d i e s  w i th  NGF. When a f f i n i t y -  
p u r i f i e d  a n t i b o d i e s  t h a t  show ty p e  A im m u n o re a c tiv ity  a r e  p r e 
a b s o rb e d  w ith  NGF and ty p e  A i s  no lo n g e r  s e e n ,  ty p e  B a p p e a r s .  
M o reo v e r, serum  from  w hich  ty p e  A a n t i b o d i e s  can  be a f f i n i t y -  
p u r i f i e d  so m etim es a l s o  c o n ta in  a n t i b o d i e s  t h a t  do n o t  b in d  t o  th e  
a f f i n i t y  co lum ns and  w hich  can  g iv e  r i s e  t o  ty p e  B s t a i n i n g .  When 
NGF i s  i n j e c t e d  i n t o  b r a in  t i s s u e ,  a l l  a n t i b o d i e s  can  d e t e c t  th e  
i n j e c t e d  NGF and p r e a b s o r p t io n  a lw a y s  c a u se s  d i s a p p e a ra n c e  o f  such  
f lu o r e s c e n c e .  We c o n c lu d e  t h a t  im m u n iz a tio n  w i th  s a l i v a r y  g la n d -  
d e r iv e d  NGF g e n e r a t e s  a n t i b o d i e s  t h a t  g iv e  r i s e  t o  a t  l e a s t  two 
d i f f e r e n t  s t a i n i n g  p a t t e r n s  in  t h e  c e n t r a l  n e rv o u s  s y s te m . S tu d ie s  
now in  p r o g re s s  in c lu d in g  in  s i t u  h y b r id i z a t i o n  and  th e  u s e  o f  
a n t i b o d i e s  d i r e c t e d  a g a in s t  s p e c i f i c  p e p t id e  se q u e n c e s  in  t h e  NGF 
m o le c u le  s h o u ld  c l a r i f y  t h e  r e l a t i o n s h i p  be tw een  th e s e  s t a i n in g  
p a t t e r n s ,  s a l i v a r y  g la n d  NGF, and  th e  r e g io n a l  p r e s e n c e  o f  NGF in  
t h e  b r a i n .  (S u p p o rte d  th e  Sw ed ish  MRC and NFR.)

299.5 SEX DIFFERENCES IN NERVE GROWTH FACTOR LEVELS IN SUPERIOR CERVICAL 
GANGLIA AND PINEALS. L.L. Wright. C. Beck* , and J .R . Perez-Polo. 
Boston U niversity  School of Medicine, Boston, MA 02115; and Univ. 
Texas Med. B r., Galveston, TX 77550.

There is  a normal sex d ifference  in the  numbers of neurons in 
the ra t  superio r cerv ical sympathetic ganglion (SCG), with the 
males having 20-30% more SCG neurons than females a t 60 days of 
age. No sex d ifference  is  present on the day of b ir th  (Wright & 
Smolen, 83,85). NGF admin is te re d  during the early  neonatal period 
is  known to  increase the numbers of neurons in the ra t  SCG ( e .g . ,  
Hendry & Campbell, 76). The curren t s tu d ie s  were undertaken to 
determine whether endogenous leve ls  of NGF d iffe red  fo r males and 
females a t c r i t i c a l  times during the development of SCG neurons. 
Such d iffe ren ces  might help explain the development of the normal 
sex d ifference  in these sympathetic neurons. The leve ls  of nerve 
growth fac to r (NGF) in the SCG and pineal gland of the r a t ,  which 
is  innervated by the SCG, were stud ied  using a one s i t e  
radioimmunpassay. The ages stud ied  were 5 days p o s tn a ta l . which 
is  a t the peak of normal neuron death in the SCG, 15 days, which 
is  a f te r  the m ajority  of normal neuron death, and 30 days.

The pineal gland and the SCG showed s im ila r p a tte rn s  of 
development of NGF lev e ls . In females, the NGF lev e ls  rose between 
5 days and 15 days, then declined  by 30 days. In males, the NGF 
lev e ls  were h ighest a t 5  days.

The presence of higher NGF lev e ls  in p in ea ls  and SCGs of males 
than in those of females a t 5 -days, when neuron death is  
occurring , is  co n sis ten t with the presence of more surv iv ing  
neurons in males following normal neuron death . The s ig n ifican ce  
of the r is e  in NGF lev e ls  in female SCGs and p in ea ls  a t 15 days, 
and subsequent fa l l  is  not understood. The presence of almost 
twice the amount of NGF in the SCGs of males a t 30 days than in 
SCGs of females is  co n sis ten t with the presence of more neurons in 
the SCGs of males a t th is  age.

Mean NGF leve ls  in ng/gland or ganglion (standard  dev ia tion)
d5 dl5 d30

PINEALS
females 0.319 (.040) 0.414 (.030) 0.131 (.001)
males 0.393 (.020) 0.121 (.015) 0.181 (.001)

SCGS
females 0.263 (.270) 0.456 (.050) 0.045 (.003)
males 0. 439 (.012) 0.180 (.020) 0.083 (.004)

This work has been supported in p a rt by NIH g ran ts  NS21577 to  LLW 
and NS18708 to  JRP.

299.6 NERVE GROWTH FACTOR STIMULATES THE HYDROLYSIS OF PHOSPHOINOSI
TIDES IN PC12 CELLS. M. L. C o n tre ra s , and G. G uro ff. S ec tio n  on 
Growth F a c to rs , NICHD, NIH, B ethesda, MD 20892.

Nerve growth f a c to r  (NGF) induces th e  m orphologica l and b io 
chem ical d i f f e r e n t i a t i o n  o f PC12 c e l l s  in to  sym pathetic  neuron
l i k e  c e l l s .  The. second m essenger system s invo lved  in  th e  d i f f e r 
e n t ia t io n  o f PC12 c e l l s  has n o t been c l e a r ly  e lu c id a te d .  In  an 
a ttem p t to  determ ine th e  second m essengers invo lved  in  th e  a c tio n  
of NGF, th e  e f f e c t  o f  NGF on th e  m etabolism  o f p h o sp h o in o s itid e s  
was examined.

NGF s tim u la te d  th e  breakdown o f p h o sp h o in o s itid e s  in  PC12 
c e l l s .  A dd ition  o f NGF to  PC12 c e l l s ,  p re la b e le d  w ith  3H -in o s i
t o l ,  r e s u l te d  in a ra p id  fo rm a tion  o f  t r i t iu m - la b e le d  in o s i to l  
t r isp h o s p h a te  ( 3H -IP3) ,  in o s i t o l  b isphospha te  (3H-IP2 ) ,  and 
in o s i to l  monophosphate ( 3H -IP ). The fo rm ation  o f th e se  in o s i to l  
phosphates was d e te c te d  as e a r ly  as 15 sec  a f t e r  th e  a d d i tio n  o f 
NGF. In th e  p resen ce  o f LiCl , which in h i b i t s  th e  breakdown of IP 
to  i n o s i t o l ,  th e  accum ulation  o f  3h- IP  was measured to  m onitor 
th e  h y d ro ly s is  o f p h o s p h o in o s itid e s . The tim e cou rse  o f  accumu
la t i o n  o f  3H-IP was l i n e a r  fo r  a t  l e a s t  15 min. The NGF-stimu- 
la te d  accum ulation  o f 3H-IP  was dose-dependent w ith  half-m axim al 
s tim u la t io n  o cc u rr in g  a t  0 .34  nM. H ydro ly sis  o f p h ospho inosi
t i d e s  in  resp o n se  to  NGF was dependent on th e  p resence  o f  e x t r a 
c e l lu l a r  ca lc iu m . In  a c a lc iu m -fre e  b u ffe r  co n ta in in g  EGTA, th e  
b a s a l le v e l  o f 3H-IP accum ulation  was low er than  th a t  observed in  
th e  p resen ce  o f ca lc ium . A d d itio n a lly , an NGF-dependent accumu
l a t io n  o f 3H-IP was n o t seen  in  th e  absence o f e x t r a c e l lu la r  
ca lc iu m . In  th e  p resen ce  o f lanthanum , an in h ib i to r  o f ca lcium  
in f lu x ,  bo th  th e  b a sa l and N G F-stiraulated accum ulation  o f 3H-IP 
was in h ib i te d  in  a dose-dependen t m anner. Whereas blockade o f 
ca lcium  in f lu x  in h ib i te d  N G F-stim ulated accum ulation  o f 3H -IP, an 
in c re a s e  in  ca lcium  in f lu x  s tim u la te d  p h o sp h o in o s itid e  breakdown. 
The ca lcium  ionophore . A23187, in  th e  absence o f NGF, s tim u la te d  
th e  accum ula tion  o f 3H-IP in  a dose-dependen t manner w ith  h a l f -  
maximal s t im u la t io n  o cc u rr in g  a t  190 nM. These r e s u l t s  suggest 
th a t  NGF s tim u la te s  th e  breakdown o f p h o sp h o in o s itid e s  in  PC12 
c e l l s  and th a t  t h i s  NGF-dependent h y d ro ly s is  o f p h o sp h o in o s itid e s  
occu rs  by a ca lcium -dependen t mechanism.



WEDNESDAY PM TROPHIC AGENTS: NERVE GROWTH FACTOR 1097

299.7 REGULATION OF CYTOSKELETAL PROTEIN PHOSPHORYLATION BY NGF 
IN PC12 CELLS. G.E. Landreth and L.K. Williams*. Dept. of 
Neurology, Medical U niversity of South C aro lina, C harles
ton, SC 29425.

Nerve growth fa c to r  (NGF) d ire c ts  the biochemical and 
morphological d ifferen tia tion  of i ts  target ce lls , however, the 
mechanisms subserving these ac tio n s are unknown. We have 
investigated the NGF-stimulated phosphorylation of a 250 kDa 
cytoskeletal protein by a protein kinase which is also associa
ted  w ith  th e  T r i to n  X-100 i n s o lu b le  c y to s k e le to n  
(J.C.B. 100:677, 1985). This was detected in it ia l ly  by treating  
the ce lls with NGF, followed by detergent extraction of the 
ce lls  and incubation of the resulting cytoskele 
tons with 32p- ATP. We report here that the NGF-stimulated 
phosphorylation can be detected in v itro  following so lub iliza
tion of both the 250 kDa protein substrate and the kinase from 
the PC12 cytoskeleton. PC12' ce lls  were treated with NGF for 5 
min at 37°, extracted in 0.15% Triton and the cytoskeletal 
proteins solubilized by addition of 2M urea/1% NP40. When the 
solubilized proteins were incubated with 32p-ATP, the labeling 
of the 250 kDa protein was dramatically enhanced in extracts 
obtained from NGF-treated ce lls compared to untreated controls. 
The 250 kDa protein kinase ac tiv ity  eluted in two d is t in c t  
peaks following gel f i l t r a t io n ;  one coeluting with the 250 
kDa substrate and a second with an apparent MW of 60kDa. 
The 250 kDa kinase ac tiv ity  was inhibited by Na+ and K+. The 
phosphorylation of the 250 kDa protein was g re a te r  in the 
presence of Mn++ rather than Mg++.

The 250 kDa substrate is present at very low lev e ls  in 
PC12 c e l l s .  We have p rep ared  an a n tise ru m  to  th i s  
protein. Western b lo t an a ly s is  demonstrated th a t the 250 
kDa p ro te in  was exclusively  associa ted  with cytoskeletal 
elements, both in control and NGF-treated ce lls .

In summary, we have demonstrated that NGF rapidly e l ic i ts  
stable changes in cy to skele ta lly -associa ted  p ro te in  kinase 
a c t iv i ty  which p e r s is ts  in v itro . The retention of these 
effects in a soluble extract will permit characterization of 
both the NGF-regulated kinase and the 250 kDa substrate.

299.8 NERVE GROWTH FACTOR ACTIVATES GLYCOGEN PHOSPHORYLASE IN PC12 
CELLS. L.H. Davis* and F.C. Kauffman. D ept. Pharmacology and 
E xperim ental T h e ra p e u tic s . U niv. Md. School of M edicine, 
B altim o re , MD. 21201.

Glycogen phosphory lase in  PC12 e x i s t s  in  two forms analogous to  
those  found in  b ra in  and m uscle. The a c tiv e  phospho ry la ted  form 
of th e  enzyme, p h o sp h o ry lase -a , re p re s e n ts  about 20-30% of t o t a l  
glycogen phosphory lase in  PC12 c e l l s  measured in  the  presence  of 1 
mM AMP. Conversion of phospho ry lase-b  to  p h ospho ry lase-a  p rov ides 
a conven ien t index of in c re a s e s  in  c y to s o l ic  Ca2+ o r c y c l ic  AMP 
s in c e  both even ts  lead  to  a c t iv a t io n  of phosphorylase k in a se  and 
p h o sp h o ry la tio n  of phospho ry lase-b  in  in t a c t  c e l l s .

In cu b a tio n  o f PCI2 w ith  100 ng 7S NGF/ml r e s u l te d  in  a rap id  
in c re a s e  o f p h o spho ry lase -a  
(F ig u re ) . The in c re a s e  in  
th i s  phosphopro teln  appears 
s p e c i f ic  f o r  NGF s in ce  in 
s u l in  ( 6  ng/m l) o r EGF ( 6  
ng/m l) produced dec re ases  in  
p h o sp h o ry lase -a . A c tiv a tio n  
of p h ospho ry lase-a  by NGF 
was no t accompanied by in 
c rea se s  in  th e  c e l lu l a r  con
te n t  of c y c l ic  AMP over th e  
tim e course of th e  e x p e ri
ment. Removal of e x t r a 
c e l lu l a r  Ca2+ o r in c u b a tio n  
of c e l l s  w ith  ca lcium  
channel b lo c k e rs , verapam il 
o r d i l t i a z e m , in h ib i te d  th e  
a c t iv a t io n  of glycogen 

phosphory lase in  PC12 c e l l s  by NGF. Based on th e se  r e s u l t s ,  i t  i s  
concluded th a t  in c re a s e s  in  p h o spho ry lase -a  a c t i v i t y  in  PC12 c e l l s  
r e p re s e n ts  an e a r ly  response to  NGF and th i s  response  i s  m ediated 
by e le v a tio n  of c y to s o l ic  f r e e  Ca2+.

(S upported , in  p a r t ,  by USAMRICD C on trac t No. DAMD-17-85-C-5091 
and USPHS Grant No. 16596).

299.9 EFFECTS OF LAMININ AND FIBRONECTIN ON NGF-DEPENDENT SURVIVAL AND 
NEURITE OUTGROWTH OF PURIFIED SENSORY NEURONS. A .I . M illa ru e lo * , 
M. N ieto-Sam pedro and C.W. Cotman. (SPON: R.A. Bradshaw ). D ep t. 
o f P sychob io logy , U niv. o f C a l i f o rn ia ,  I r v in e ,  CA 92717.

Nerve grow th f a c to r  (NGF) i s  known to  promote s u rv iv a l  and 
n e u r i te  outgrow th  from ex p lan ted  o r  d is s o c ia te d  senso ry  and sym
p a th e t ic  g a n g lia  in  c u l tu r e  (P h y s io l. Rev. 48 : 534-569, 1968). 
However, a r e l a t i v e l y  sm all p e rce n tag e  o f senso ry  o r sym pathetic  
neurons s u rv iv e  in  th e  p resen ce  o f NGF on a p o ly ly s in e  s u b s t r a te ,  
in  th e  absence of n o n -neu rona l c e l l s  (PNAS USA 77 : 1199-1203; 
EMBO J .  3: 1463-1469, 1984). The s u rv iv a l  and outgrow th  o f neu- 
r i t e s  from sym pathetic  neurons in  resp o n se  to  NGF i s  p o te n t ia te d  
by th e  basem ent membrane p ro te in  lam in in  (EMBO J .  o p . c i t . ) .  The 
p re s e n t work e v a lu a te s  th e  r o le  o f lam in in  and f ib r o n e c t in  on bo th  
s u rv iv a l  and n e u r i t e  outgrow th  from sen so ry  neurons c u l tu re d  in  
th e  p resen ce  o f NGF.

E igh ty  to  n in e ty  p e rc e n t pure  d o rs a l  ro o t gan g lio n  (DRG) neurons 
were o b ta in ed  from E8-10 ch ick  embryos. S u rv iv a l and n e u r i te  o u t
grow th were determ ined  a f t e r  48 h in  c u l tu r e  in  medium co n ta in in g  
1 0 % f e t a l  c a l f  serum, on d i f f e r e n t  s u b s t r a te s .

At E8 , b o th  lam in in  and f ib r o n e c t in  enhanced NGF-dependent s u r 
v iv a l  from 20% (p o ly ly s in e  s u b s t r a te )  to  75% (la m in in  o r f ib ro n e c 
t i n  s u b s t r a t e ) . At E10; th e  resp o n se  to  lam in in  was in c re a se d  to  
80-90%, w h ile  th e  resp o n se  to  f ib ro n e c t in  was s l i g h t ly  d ec reased  
( to  60%). Both lam in in  and f ib ro n e c t in  p o te n t ia te d  NGF-mediated 
n e u r i te  outgrow th  to  v i r t u a l l y  100% (from 40-55% on p o ly ly s in e ) , 
a t  E8  a s  w e ll a s  E10. The e f f e c t s  of lam in in  and f ib ro n e c t in  were 
dose-d ep en d en t. P re lim in a ry  experim en ts su g g es t th a t  t h e i r  e f f e c t s  
on NGF-mediated s u rv iv a l  may be a d d i t iv e .  N e u rite  outgrow th  (e s 
tim a ted  a t  24 h) was evoked more q u ic k ly  by lam in in  th an  by f ib r o 
n e c t in ,  w ith  t h i s  d if f e re n c e  b e in g  more marked a t  l a t e r  deve lop
m en ta l s ta g e s ;  n e u r i t e  outgrow th  was p r a c t i c a l l y  n o n e x is te n t on 
p o ly ly s in e  a t  24 h . We have o b ta in ed  ev idence  th a t  a d d i t io n  of 
a n t i s e r a  a g a in s t  lam in in  and f ib r o n e c t in  reduced NGF-mediated s u r 
v iv a l  to  l e s s  th an  5% o f seeded n eu ro n s , su g g es tin g  an e s s e n t i a l  
r o le  o f th e s e  p r o te in s  f o r  s u rv iv a l  o f senso ry  neu ro n s .

Our r e s u l t s  su g g es t a  co o p e ra tiv e  e f f e c t  o f NGF w ith  lam in in  and 
f ib r o n e c t in  on d eve lop ing  senso ry  g a n g l ia , and su p p o rt th e  r o l e  of 
th e s e  e x t r a c e l lu la r  m a tr ix  p ro te in s  a s  s u rv iv a l-p ro m o tin g  f a c to r s .

Supported by g ra n t MH 19691 and FIC/NIH fe llo w sh ip  F05 TW03302.

299.10 STUDIES ON NERVE GROWTH FACTOR AND LAMININ SYNTHESIZED 
BY MOUSE L929 CELLS IN CULTURE. N .J . P a n ta z is  and R.  
Jensen * . D ep t. o f Anatomy, Bowen S c ien ce  B ld g .,  U niv. 
o f  Iowa M edical S ch o o l, Iowa C ity , IA. 52242.

The mouse f i b r o b l a s t  c e l l  l i n e ,  L929, sy n th e s iz e s  
n erv e  grow th f a c to r  (NGF) and r e le a s e s  i t  in to  th e  
f e e d in g  medium, p ro d u c in g  c o n d it io n e d  medium (CM). The 
L929 NGF i s  i d e n t i c a l  to  th e  beta-NGF found in  th e  
mouse subm andibu lar g la n d . However, th e  a lp h a  and 
gamma s u b u n its  w hich a re  a s s o c ia te d  w ith  th e  beta-NGF 
in  th e  subm andibu lar g lan d  to  form  7S-NGF a re  n o t 
p r e s e n t  in  th e  L929 CM. In  t h i s  s tu d y , c h a r a c t e r i z a 
t i o n  o f  th e  L929 CM on g e l  f i l t r a t i o n  colum ns, u s in g  an 
NGF radioim m unoassay (RIA) to  lo c a te  NGF, showed th a t  
th e  L929 NGF was a s s o c ia te d  w ith  b in d in g  com ponents. 
These b in d in g  com ponents changed w ith  tim e in  c u l tu r e  
and ty p e  o f  m edia u se d . When DMEM medium was u se d , two 
NGF c o n ta in in g  m o lecu les were se e n , one w ith  a m olecu
l a r  w e ig h t (MW) >150,000, th e  o th e r  w ith  a 50,000 MW. 
The c e l l s  were r e fe d  s e v e ra l  tim es  and s e v e ra l  c y c le s  
o f  CM were o b ta in e d . In  DMEM, th e  b in d in g  com ponents 
d isa p p e a re d  by c y c le  5 , r e s u l t i n g  in  an NGF peak a t  
26,000 MW, th e  u n a s s o c ia te d  MW o f  NGF. W ith DMEM/FI2 
medium o r  MCDB 105 d e f in e d  medium, th e  >150,000 MW 
com plex was a g a in  e v id e n t ;  how ever, th e  50,000 MW m ate
r i a l  was m iss in g  and in s te a d  uncom plexed NGF a t  26,000 
MW was se e n . The >150,000 MW peak d id  n o t d isa p p e a r  
w ith  tim e in  c u l tu r e  w ith  e i t h e r  DMEM/F12 o r  MCDB 105.

The g e l  f i l t r a t i o n  peaks were poo led  and exam ined in  
im m unoblo tting  ex p e rim en ts  to  d e te rm in e  w hether th e y  
c o n ta in  NGF. Lam inin, an e x t r a c e l l u l a r  p r o te in  which 
may be in v o lv e d  in  n e u r i t e  o u tg ro w th , was a ls o  ex a
m ined. R e s u l ts  in d ic a te d  t h a t  NGF was p r e s e n t  in  a l l  
p e a k s . Lam inin was d e te c te d  in  th e  >150,000 MW peak .

Was th e  n e u r i t e  ou tg ro w th  s t im u la te d  by L929 CM due 
to  NGF, la m in in  o r  bo th?  Samples were t e s te d  on pheo- 
chromocytoma PC12 c e l l s .  The NGF c o n ta in in g  peaks 
p roduced  n e u r i t e  ou tg ro w th  w hich was co m p le te ly  i n h i 
b i t e d  by anti-N G F a n tib o d y ; l e s s  i n h i b i t io n  o f  o u t 
grow th o c c u rre d  w ith  th e  a n t i - la m in in  a n tib o d y .

In  c o n c lu s io n , NGF sy n th e s iz e d  by L929 c e l l s  was 
a s s o c ia te d  w ith  b in d in g  p r o t e in s ,  w hich changed w ith  
tim e in  c u l tu r e  and ty p e  o f m edia u se d . NGF was p r e 
s e n t  in  m u lt ip le  com plexes in  th e  CM w hich were b io lo 
g i c a l l y  a c t i v e .  Lam inin was d e te c te d  by im m unoblot
t i n g ;  how ever, NGF a p p e a rs  to  be th e  p r in c ip a l  
component f o r  s t im u la t io n  o f  n e u r i t e  o u tg ro w th .

(S u p p o rted  by an NIH g r a n t ,  GM 28644, to  NJP)
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299.11 MODULATION OF TU BULIN mRNA LEVELS AND NEURITE GROWTH BY NERVE 
GROWTH FACTOR. P. Fernyhough and D.N. I s h i i . Physiology and 
Biophysics Dept., Colorado State University, Fort C ollins, CO 
80523.

Nerve Growth Factor (NGF) has profound e ffe c ts  on the 
development of the vertebrate nervous system, including the 
capacity to enhance neurite elongation and growth towards 
higher concentrations of NGF. Microtubules, comprised of 
alpha- and beta-tubulin subunits, are important struc tu ra l 
elements of axons. NGF can increase the formation of 
microtubules in neurites. We, therefore, investigated the 
effec ts  of NGF on alpha- and beta-tubulin mRNA levels in 
cultured E-13 embryonic chick sympathetic, and ra t 
pheochromocytoma PC12 c e lls .  RNA was extracted from cultu res, 
and equal quan tities were analyzed on Northern b lo ts with cDNA 
probes containing the coding regions for the tubulins. 
Sympathetic ganglion c e lls  were cultured in media containing 2 
μg/ml  cytosine arabinocide to v ir tu a lly  elim inate the 
non-neurons. Tubulin tran scrip t levels were higher in 
sympathetic neurons cultured in medium containing 0.4 nM than 
in 0.04 nM NGF. The low concentration was included because 
NGF is  essen tia l for sympathetic c e ll survival. The NGF 
concentrations which enhanced tubulin mRNA levels were sim ilar 
to  those which stimulated neurite outgrowth. This 
relationship  was also found for the elevation of tubulin 
tran scrip t levels by NGF in PC12 c e lls ,  in which 
NGF-supplementation is  not needed for c e ll  survival under 
normal culture conditions. The alpha-tubulin transcrip ts 
accumulated more rapidly than did the beta-tubulin transcrip ts 
in PC12 c e lls .  Following treatment with actinomycin D, the 
ra te  of loss of alpha-tubulin tran scrip ts  was monophasic in 
the absence of NGF, but was biphasic in i t s  presence. A class 
of transcrip ts  with a very slow ra te  of loss was observed in 
the NGF-treated PC12 c e lls .  This suggested th a t NGF may 
elevate tubulin tran scrip t levels by a) stab iliz in g  certa in  
existing  tran sc rip ts , or b) inducing a more stable  c lass of 
tran sc rip ts . We have previously shown that neurite outgrowth 
enhanced by insulin  and insu lin like growth fac to r-II is  
correlated with increased tubulin mRNA levels (J.F. Mill, 
M.V. Chao and D.N. I sh ii ,  Proc. Natl. Acad. Sci. USA 82: 
7126, 1985). Taken together, these data suggest th a t the 
elevation of tubulin mRNA levels is  a common prelude to 
neurite elongation stimulated by NGF and the 
insu lin -in su lin like  growth factor family of neuritogenic 
polypeptides. Supported in part by NIADDKD grant RO1 AM32841, 
and NIH BRSG 2S07 RR05458-23.

299.12 EFFECTS OF AXOTOMY OF THE PERIPHERAL AND CENTRAL PROCESSES AND OF 
NERVE GROWTH FACTOR TREATMENT ON THE POSTNATAL DEVELOPMENT AND 
SURVIVAL OF DORSAL ROOT GANGLION NEURONS. H. K. Yip and E. M. 
Johnson. J r . ,  D ept. o f Pharmacology, Washington Univ. School of 
M edicine, S t. L o u is, MO 63110.

P rev ious  s tu d ie s  have shown th a t  axonal in ju ry  o f e i th e r  
p e r ip h e ra l  o r  c e n t r a l  p ro cess  o f senso ry  neurons in  th e  d o rsa l 
ro o t g ang lion  (DRG) o f newborn r a t s  r e s u l t s  in  a s ig n i f i c a n t  
(50%) re d u c tio n  o f neurona l  number. The r e s u l t s  in d ic a te  th a t 
immature DRG neurons re q u ire  b o th  p e r ip h e ra l  and c e n tr a l  ta rg e t  
a re a s  f o r  t ro p h ic  s u p p o rt. T reatm ent w ith  nerve  growth fa c to r  
(NGF) fo r  5-7 days te m p o ra r ily  p rev en ts  th e  lo s s  o f neurons in  
b o th  c a se s .

The p re s e n t study  examined th e  p o s tn a ta l  dependence o f DRG 
neurons on e i t h e r  p e r ip h e ra l  o r c e n t r a l  ta r g e t s  fo r  s u rv iv a l and 
th e  u t i l i t y  o f NGF as a pharm aco log ica l agen t to  p revent 
perm anently  th e  c e l l  lo s s  a f t e r  axotomy. The response o f r a t  DRG 
senso ry  neurons was s tu d ie d  two months a f t e r  th e  axonal in ju ry .  
Axotomy o f e i t h e r  p e r ip h e ra l  o r  c e n t r a l  p ro cess  was c a r r ie d  out 
a t  0 , 3 , 7 , 14, 21, o r  28 days p o s t partum  and tre a tm e n t w ith  NGF 
was fo r  1 to  3 weeks in  anim als le s io n e d  on day 0.

D uring normal p o s tn a ta l  development th e re  i s  no d ec rease  in 
th e  number o f neurons in  th e  DRG; axotomy o f p e r ip h e ra l  process 
in  th e  s c i a t i c  nerve  o f th e  newborn r a t  (p o st partum  day 0) 
r e s u l te d  in  a 50% lo s s  of c e l l s  in  th e  DRG. The lo s s  o f neurons 
dec reased  to  2 0 % i f  th e  axotomy was done a t  2 1  o r  28 days post 
partum . There was no s ig n i f i c a n t  d if f e re n c e  in  th e  degree of 
c e l l  lo s s  fo llo w in g  a p e r ip h e ra l  nerve c ru sh  o r c u t .  However, 
com plete t r a n s e c t io n  o f th e  c e n tr a l  p ro cesse s  in  th e  d o rs a l root 
r e s u l te d  in  a g r e a te r  lo s s  (60%) o f DRG neurons when compared to  
a c ru sh  le s io n  in  newborn r a t s .

The c e l l  lo s s  a f t e r  p e r ip h e ra l  nerve  c ru sh  in  newborn r a t s  is  
d ec reased  by d a i ly  a d m in is tra tio n  o f NGF (30 ug/kg) fo r  3 weeks 
b u t n o t f o r  1 week. T reatm ent w ith  NGF (1 o r  3 weeks) in  d o rsa l 
rh izo tom ized  anim als com plete ly  p reven ted  th e  c e l l  lo s s  a f t e r  the 
in ju ry .  The d if fe re n c e  in  th e  a b i l i t y  o f exogenous NGF to 
p rev en t c e l l  lo s s  a f t e r  p e r ip h e ra l ,  as  compared to  c e n tr a l ,  
p ro cess  axotomy i s  p robab ly  because o f a p ro g re s s iv e ly  g re a te r  
dependence o f DRG neurons on p e r ip h e ra l  ta r g e t  f o r  s u rv iv a l  as 
th e  anim al d eve lops .

Thus th e  d ec rease  o f c e l l  lo s s  observed a f t e r  NGF 
a d m in is tr a tio n  appears to  be because o f th e  s u rv iv a l o f c e l ls  
th a t  o th e rw ise  would have d egenera ted  a f t e r  axotomy. In 
c o n c lu s io n , th e se  r e s u l t s  a re  c o n s is te n t  w ith  a r o le  fo r  NGF as a 
t ro p h ic  su b stan ce  su p p o rtin g  DRG neurons du ring  th e  p o s tn a ta l 
p e r io d  and dem onstra te  th a t  NGF i s  ca pab le  o f perm anently 
p rev en tin g  senso ry  neu ro n a l lo s s  caused  by axonal in ju ry  in  the 
n e o n a ta l r a t .

299.13 NERVE GROWTH FACTORS ENHANCE NEURITE REGENERATION BUT ARE NOT 
REQUIRED AS SURVIVAL FACTORS FOR ADULT SENSORY NEURONS IN 
CULTURE. R. M. L indsay ,*  (SPON: G. Raism an). The Sandoz 
I n s t i t u t e  f o r  M edical R esearch , 5 Gower P la c e , London WCl E 6BN.

There i s  broad  concurrence  from in v ivo  and in  v i t r o  s tu d ie s  
to  in d ic a te  th a t  nerve  growth f a c to r  (NGF) i s  e s s e n t i a l  f o r  th e  
s u rv iv a l  of deve lop ing  senso ry  neurons o f v e r te b r a te  d o rs a l ro o t 
g a n g lia  (DRG). R ecent in  v i t r o  s tu d ie s  have shown, however, th a t  
NGF i s  n o t a unique n e u ro tro p h ic  f a c to r  f o r  p e r ip h e ra l  n eu rons , 
a s  th e  s u rv iv a l  of c e r t a in  p o p u la tio n s  o f prim ary  sensory  
neurons can a ls o  be promoted by a b ra in -d e r iv e d  n eu ro tro p h ic  
f a c to r  -  BDNF (Barde e t  a l .  EMBO J .  1, 549-553, 1982; L indsay 
e t  a l .  Dev. B io l. 112, 319-328, 1985; D avies e t  a l .  J .  N eu rosci. 
1986, in  p r e s s ) .  A lthough th e re  i s  c o n s id e ra b le  ev idence to  
sup p o rt a r o le  f o r  NGF in  re g u la t in g  c e r t a in  fu n c t io n s  of f u l l y  
d i f f e r e n t ia te d  DRG neu ro n s , th e re  i s  p re s e n t ly  l i t t l e  consensus 
a s  to  w hether o r n o t th e  s u rv iv a l  o f a d u l t  senso ry  neurons i s  
dependent on NGF o r o th e r  n e u ro tro p h ic  f a c t o r s .  I  r e p o r t  h e re  
th a t  n e i th e r  NGF no r BDNF a re  re q u ire d  fo r  th e  long term  (30d) 
s u rv iv a l  of th e  v a s t  m a jo r ity  o f a d u lt  (3 -6  months o ld ) r a t  DRG 
neurons when m a in ta ined  in  v i t r o  as  e s s e n t i a l l y  pure neu ro n a l 
c u l tu r e s  (1-5  × 103 n eu ro n s /lam in in  coa ted  35mm d is h ) .  Both NGF 
and BDNF do, how ever, enhance th e  re g e n e ra tio n  of n e u r i te s  from 
c u l tu re d  a d u l t  DRG n eu ro n s , e s p e c ia l ly  on a lam in in  s u b s t r a te .  
By minor m o d if ic a tio n  of e x i s t in g  p rocedu re s  (S c o tt ,  J .  N eu rob io l. 
8 , 417-427, 1977; McCarthy & P a rtlo w , B rain  Res. 114, 391-414, 
1976), we have d ev ised  a p rocedu re  which le a d s  to  enrichm ent 
(85% + neurons) and h igh  y ie ld  (80%) of a d u l t  r a t  DRG neurons 
a f t e r  d is s o c ia t io n  w ith  co lla g e n a se  and t r y p s in  and s e p a ra t io n  
from non -neu ronal c e l l s  and m yelin  d e b r is  by d i f f e r e n t i a l  
adhesion  to  a p o ly o rn i th in e  coa ted  s u b s t r a te .  A lthough a t  24h 
a f t e r  p la t in g  bo th  NGF and BDNF in c re a s e  th e  number of p ro c e ss 
be a rin g  neurons when compared to  c o n tro l l e v e l s ,  t h i s  
d i f f e re n c e  la rg e ly  d isa p p e a rs  by 2-3 days in  c u l tu r e ,  when a 
un ifo rm ly  h igh  le v e l  of s u rv iv a l  (60-70% of th e  neurons p la te d )  
i s  seen  in  th e  p resen ce  o r absence o f NGF, BDNF o r NGF a n t ib o d ie s .  
N eu rite  outgrow th w as, however, v i s ib ly  g r e a te r  in  NGF t r e a te d  
c u l tu r e s  (compared to  c o n tro ls )  fo r  a t  l e a s t  10 days. While 
e l im in a tio n  o f non -neu ronal c e l l s  was e s s e n t i a l  to  observe 
any s u rv iv a l  a c t i v i t y  th a t  NGF o r BDNF m ight e x e r t  tow ards 
a d u l t  DRG neu ro n s , we observed th a t  th e  p resen ce  (more than  
95% of th e  c e l l s )  o r absence of n o n -neu ronal c e l l s  ( l e s s  than  
10% of th e  c e l l s  a t  th e  o u ts e t ,  and fu r th e r  reduced to  l e s s  than  
1% by c y to s in e  a ra b in o s id e  tre a tm e n t)  d id  n o t n o tic e a b ly  a f f e c t  
th e  le v e l  of neu ro n a l s u rv iv a l  du rin g  th e  f i r s t  few days in  
c u l tu r e .

299.14 THE EFFECT OF NERVE GROWTH FACTOR ON THE DEVELOPMENT OF DENDRITIC 
ARBORS IN THE RAT SUPERIOR CERVICAL GANGLION. W illiam  D. S n id e r , 
D epartm ents o f Anatomy and N eurobiology and N eurology, W ashington 
U n iv e rs ity  School o f M edicine, 660 S. E uc lid  A ve., S t.  L ou is, MO 
63110

F ac to rs  th a t  re g u la te  the  shape and e x te n t o f  d e n d r i t ic  
a rb o rs  o f mammalian neurons a re  poo rly  u n d ers tood . The 
t r a d i t i o n a l  view i s  th a t a f f e r e n t  f ib e r s  e x e r t  th e  prim ary 
in f lu e n c e . However, s tu d ie s  in  autonom ic g a n g lia  have not 
supported  th i s  id e a  and a rb o rs  o f sym pathetic  gan g lio n  c e l l s  
develop alm ost norm ally  in  the  absence o f a f f e r e n t  in n e rv a tio n  
(Voyvodic, 1986). A nother id ea  about r e g u la tio n  o f d e n d r i t ic  
a rb o rs  i s  th a t in te r a c t io n s  w ith  ta rg e ts  may be inv o lv ed , p re 
sumably m ediated v ia  the  up take o f tro p h ic  m o lecu les. One such 
m olecule, nerve growth fa c to r  (NGF), has been id e n t i f i e d  and has 
broad e f f e c t s  on neu ronal s u rv iv a l ,  c e l l  s i z e ,  and a b i l i t y  to  
sy n th e s iz e  t r a n s m it te r  enzymes o f sym pathetic  and d o rs a l ro o t 
g ang lion  c e l l s .

In  o rd e r to  a s s e s s  th e  e f f e c t s  o f nerve  grow th f a c to r  on 
d e n d r i t ic  development I  have ad m in is te red  d a i ly  subcutaneous 
in je c t io n s  o f NGF (k in d ly  provided by E. M. Johnson and P. A. 
Osborne) a t  a dose o f 5 mg per kg to  new-born r a t s  fo r  a  p e rio d  
o f s ix  days. On p o s tn a ta l  day seven th e  an im als were s a c r i f i c e d ,  
the  s u p e r io r  c e rv ic a l  g a n g lia  removed and d e n d r i t ic  a rb o rs  were 
s tu d ie d  by i n t r a c e l lu l a r  s ta in in g  w ith  h o rs e ra d is h  p e ro x id ase . 
F o r ty - f iv e  neurons from tre a te d  anim als were compared w ith  fo r ty  
neurons from c o n tro ls  a t  the  same age.

In  a d d itio n  to  the  expected  e f f e c t s  on neu ro n a l s i z e ,  nerve 
growth f a c to r  had a s t r ik i n g  e f f e c t  on d e n d r i t ic  a rb b rs . T o ta l 
d e n d r i t ic  le n g th  was in c rea sed  by more than 60% over c o n tro l 
peurons (948u compared to  589u). The g r e a te r  d e n d r i t ic  com
p le x i ty  was due to  a  sm all in c re a s e  in  th e  number o f  prim ary  
p ro cesse s  (8 .7  compared to  7 .0 )  and a  la r g e r  in c re a s e  in  th e  
le n g th  and b ranch ing  o f th e se  p ro c e sse s . Some neurons extended 
f in e  p ro cesses  which appeared to  be supernum erary axons; f u r th e r 
more, the  prim ary axons o f s e v e ra l neurons gave o f f  f in e  branches 
th a t  appeared to  a rb o r iz e  w ith in  the  g an g lio n . Such s t r u c tu r e s  
were never observed in  c o n tro l g a n g lia .

In  summary, ex ogenously -adm in is tered  nerve  grow th f a c to r  
promotes th e  growth o f d e n d r i te s  in  sym pathetic  g a n g lio n  c e l l s .  
These r e s u l t s  a re  c o n s is te n t w ith  the  id e a  th a t  ta r g e t  i n t e r 
a c tio n s  m ediated by n eu ro tro p h ic  m olecules may be among the  
f a c to r s  th a t  r e g u la te  normal d e n d r i t ic  developm ent.

Supported by NIH G rants NS 11699 and 18629 to  D. P urves.
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299.15 EFFECT OF NERVE GROWTH FACTOR ON SEPTAL CHOLINERGIC 
NEURONS IN MIXED GLIAL-NEURONAL CULTURES. J .  H artik k a*  
and F. H e f t i .  (SPON.: R. K eane). D ep t. of N eurology, 
U n iv e r s i ty  of Miami School of M edicine, Miami FL 33101.

We have s tu d ie d  th e  e f f e c t s  o f NGF on s u r v iv a l ,  f ib e r  
ou tgrow th  and e x p re ss io n  of t r a n s m i t t e r  s p e c i f i c  enzymes 
of f o re b ra in  c h o l in e rg ic  neurons in  prim ary  c e l l  c u l 
t u r e s .  We e a r l i e r  r e p o r te d  t h a t  NGF s t im u la te s  s y n th e s is  
of c h o lin e  a c e ty l t r a n s f e r a s e  (CAT) bu t f a i l s  to  a f f e c t  
s u r v iv a l  and f ib e r  growth of c h o l in e rg ic  neurons in  pure 
neu ro n a l c u l tu r e s  (H e f ti  e t  a l . ,  N eu ro sc i. 1 4 :5 5 ,1 9 8 5 ). 
We have now s tu d ie d  th e  e f f e c t s  of NGF on c h o l in e rg ic  
neurons grown in  c u l tu r e s  c o n ta in in g  b o th , neurons and 
g l i a l  c e l l s .

C u ltu re s  of d is s o c ia te d  c e l l s  were p rep ared  from 
f e t a l  (E 17) r a t  septum . C e lls  were p la te d  a t  a d e n s ity  
of 3 0 0 ,000/sqcm  in  p o ly - ly s in e  co a ted  d ish e s  and grown 
fo r  5-15 days in  a m od ified  L-15 medium. P r o l i f e r a t i o n  
of g l i a l  c e l l s  r e s u l t e d  in  mixed g l ia -n e u ro n  c u l tu r e s .  
Using im m unocytochem ical m ethods, app. 50% of th e  c e l l s  
were i d e n t i f i e d  as  a s t r o c y te s  and app . 50% were i d e n t i 
f ie d  as neurons a f t e r  te n  days in  c u l tu r e .  C u ltu re s  were 
t r e a te d  w ith  NGF ( 100ng/m l) o r w ith  an anti-N G F serum 
and th en  tak en  fo r  cy to ch em ica l or b io ch em ica l a n a ly s i s .  
C h o lin e rg ic  neurons were i d e n t i f i e d  u sin g  CAT immunocy- 
to c h e ra is try  and a c e ty lc h o l in e s te r a s e  (AChE) c y to c h e 
m is try . The e n t i r e  f ib e r  netw ork of c h o l in e rg ic  neurons 
could  be v is u a liz e d  w ith  AChE c y to c h e m is try .

NGF tre a tm e n t m arkedly in c re a se d  th e  d e n s i ty  of f i 
b e rs  of c h o l in e rg ic  n eu ro n s . There was a s l i g h t  but f a r  
l e s s  pronounced in c r e a s e  in  th e  number of A C hE -positive 
c e l l  b o d ie s . In c re a se d  f ib e r  growth was r e f l e c te d  by a 
tw ofo ld  in c r e a s e  in  AChE a c t i v i t y  as compared to  c o n tro l  
c u l tu r e s .  In a d d i t io n ,  NGF tre a tm e n t r e s u l t e d  in  a f i v e 
fo ld  in c r e a s e  CAT a c t i v i t y .  Anti-NGF serum s l i g h t l y  de
c re a se d  th e  number and f i b e r  d e n s ity  of A C hE -positive 
neurons in  th e s e  c u l tu r e s .  However, anti-N G F tre a tm e n t 
d id  no t d e c re a se  th e  a c t i v i t i e s  of CAT and AChE as 
compared to  u n tre a te d  c u l tu r e s .

R e su lts  in d ic a te  t h a t , in  mixed g l i a l - n e u r o n a l  c u l 
t u r e s ,  NGF in c re a s e s  th e  a c t i v i t y  of CAT and f ib e r  
growth of c h o l in e r g ic  n eu ro n s . The e f f e c t s  o f NGF on 
c h o l in e rg ic  neurons th e r e fo r e  seem to  be more pronounced 
in  t h i s  c u l tu r e  system  th an  th o se  p re v io u s ly  found when 
c h o l in e rg ic  c e l l s  were grown in  absence of g l i a l  c e l l s .

299.16 TROPHIC EFFECTS OF GLIAL CELLS AND ITS RELATION TO NERVE 
GROWTH FACTOR. T . Amano and M. T a k a ta * . D ep artm en t o f  
N e u ro s c ie n c e ,  M i t s u b i s h i - K a s e i  I n s t i t u t e  o f  L i f e  
S c ie n c e s ,  M ach id a , Tokyo 194, J a p a n .

M o n o clo n a l a n t i b o d i e s  t o  mouse n e rv e  g ro w th  f a c t o r  
(NGF) r e c o g n iz e d  th e  a n t ig e n s  in  a s t r o c y t e s  in  th e  
r e g e n e r a t i n g  r a t  b r a i n  (T . Amano, S o c . N e u r o s c i . a b s t r . , 
11 , 9 3 4 , 1 9 8 5 ). C h o lin e  a c e t y l t r a n s f e r a s e  (CAT) 
a c t i v i t i e s  o f  t h e  b r a i n  h o m o g en a tes  d e r iv e d  from  i n ju r e d  
r a t  b r a i n  d id  n o t c h an g e  s i g n i f i c a n t l y  a f t e r  7 , 14 d ay s  
o f  t h e  s t a b  wound o f  t h e  b r a i n .  On th e  o th e r  h an d , CAT 
a c t i v i t i e s  w ere  in d u c e d  a b o u t tw o - f o ld  in  c u l t u r e  o f  
em b ry o n ic  n e u ro n s  o f  t h e  r a t  sep tu m  (H. Gnahn e t  a l . ,  
D e v .B ra in  R e s . , 9 , 4 5 -5 2 , 1 9 8 3 ). To a n a ly z e  f u r t h e r  th e  
m echanism  o f  CAT in d u c t io n  by  NGF, s e r u m - f r e e  c u l t u r e  o f  
G. S a t o ' s  m ethod  was in t r o d u c e d  f o r  c u l t u r e  o f  n e u ro n a l  
c e l l s .

B ra in  e x t r a c t s  w ere  p r e p a r e d  by  c e n t r i f u g a t i o n  o f  
1 0 0 ,0 0 0  x g .  60 min a f t e r  h o m o g e n iz a tio n . C o n d it io n e d  
medium o f  a s t r o c y t i c  c e l l s  w e re  made by  c u l t u r i n g  
a s t r o c y t i c  c e l l  ( GFAP p o s i t i v e )  d e r iv e d  from  7 -d a y -o ld  
r a t  b r a i n  in  s e r u m - f r e e  c u l t u r e  f o r  7 d a y s .  In  low  c e l l  
num ber o f  c u l t u r e  ( l e s s  th a n  1 ,0 0 0  c e l l s / c m 2 ) n e u ro n a l  
c e l l s  ( a n t i - n e u r o f i l a m e n t  p o s i t i v e )  d id  n o t  s u r v iv e  in  
SFDF in  t h e  p r e s e n c e  o f  i n s u l i n  10 μg /m l, t r a n s f e r r i n  10 
μg /m l,  p r o g e s te r o n e  20 nM, P u t r e s c in e  100 μM and 
s e le n iu m  30 nM, f o r  5 d a y s  c u l t u r e .  In  t h e  p r e s e n c e  o f  
b r a i n  e x t r a c t s  (100 -  10 μg /m l)  n e u ro n a l  c e l l s  s u r v iv e d  
more th a n  7 d a y s .  C o n d it io n e d  medium o f  r a t  a s t r o c y t e s  
w ere  a l s o  e f f e c t i v e  f o r  t h e  s u r v i v a l  o f  n e u ro n s .  NGF in  
t h e  ra n g e  o f  100 -  10 n g /m l o f  c u l t u r e  medium d id  n o t 
e x te n d  t h e  s u r v i v a l  o f  n e u ro n s .  In  h ig h e r  c e l l  num ber o f  
c u l t u r e s  (> 106 /cm 2 ) ,  CAT a c t i v i t i e s  in c r e a s e d  tw o - f o ld  
in  t h e  p r e s e n c e  o f  NGF. B ra in  e x t r a c t s  and  a s t r o c y t e -  
c o n d i t io n e d  medium a l s o  in d u c e d  th e  CAT a c t i v i t i e s  a b o u t 
tw o - f o ld .  T h is  i n c r e a s e  o f  t h e  enzym e a c t i v i t i e s  was 
b lo c k e d  a b o u t 50 % in  t h e  p r e s e n c e  o f  p o ly c lo n a l  a n t i  
NGF.

T h ese  r e s u l t s  s u g g e s t  t h a t  f o r  t h e  f u n c t io n in g  o f  
c h o l i n e r g i c  n e u ro n s  i n  t h e  c e n t r a l  n e rv o u s  s y s te m  o th e r  
f a c t o r s  s u c h  a s  g l i a l  e le m e n ts  may be  n e c e s s a r y  b e s id e s  
NGF.

299.17 Par t i a l  reversal of lesion induced d e f ic its  in  co r tic a l 
cholinergic markers by nerve growth facto r. V. Haroutunian*, P.D. 
Kanof* , J .  Segarra* and K.L. Davis* . (SPON:C.Sorenson). Bronx VA 
Medical Center and the Mount Sinai School of Medicine. 130 W. 
Kingsbridge Road, Bronx, N.Y. 10468.

Recent studies have shown that nerve growth factor (NGF), in 
addition to i t s  effec ts on peripheral sympathetic and sensory 
neurons, may also exert an influence on the cen tra l nervous system 
where i t s  a f fin ity  appears to be most pronounced for cholinergic 
neurons (Mobley,W.C. e t a l ,Science, 229,284,1985). This action of 
NGF is  especially sign ifican t i n  lig h t of the involvement of 
cholinergic projections in  Alzheimer's disease (Appel,S.H., 
Ann.Neurol.,10,499,1981). The present study tested  the hypothesis 
tha t NGF adm inistration may reverse some of the effec ts of 
experimentally induced lesions of basal cholinergic neurons (nbM) 
in the ra t .

Twenty-eight male ra ts  (250-275 g) received ibotenic acid (4ug 
in 1u l) lesions of the nbM (bregma-0.5, ML+/-2.8, DV-8.0). A 
cannula, directed a t  e ith e r  the r ig h t or the le f t  la te ra l  
v en tr ic le , was implanted a t  the time of lesion . Fourteen ra ts  
received sham operations. One h a lf  of the nbM lesioned ra ts  
received la te ra l ven tricu lar injections of 5ug of NGF in  10 u l of 
sa line  on post-operative days 2, 4, 8 and 12. The remaining nbM 
lesioned ra ts  received la te ra l ven tricu lar in jections of sa line 
alone. Seven sham operated r a ts ,  7 nbM lesioned sa line  injected 
ra ts  and 7 nbM lesioned NGF in jected  ra ts  were sacrificed  14 days 
post-operativel y. The remaining 7 ra ts  in  each of the three 
groups were sacrificed  6 weeks post-operatively. Cortices from 
each r a t  were assayed fo r choline acety ltransferase (CAT) and 
acetylcholinesterase (ACHE) ac tiv ity .

Lesions of the nbM led to a 32% depletion of c o rtica l CAT 
ac tiv ity  re la tiv e  to sham operated controls irrespective of 
post-lesion  survival times. C ortical ACHE was depleted by 33% two 
weeks following the lesion and by 29% six  weeks a f te r  the lesion. 
Administration of NGF had no e ffe c t on c o rtica l CAT or ACHE 
ac tiv ity  a t the two week post-lesion in terval. There was however 
a dramatic NGF-induced reduction in  c o rtic a l CAT and ACHE 
depletion a t the 6 week post-lesion in terval (Fs[CAT & ACHE a t  
6wks]>16.0, ps<.001). Cortical CAT and ACHE depletions were 
reduced by approximately 50% in  ra ts  which had received 
in traven tricu lar in jections of NGF. CAT and ACHE in  the NGF 
injected group were s ign ifican tly  (ps<.01) depleted re la tiv e  to 
sham operated r a ts ,  but these depletions were not as great as 
those observed in the non-NGF treated  lesioned group.

299.18 NERVE GROWTH FACTOR ATTENUATES LESION-INDUCED DEGENERA
TION OF SEPTAL CHOLINERGIC NEURONS. C. N. M ontero*  and 
F . H e f t i  (SPONs W.A. S h e ra m a ta ) .  D ap t. o f  N e u ro lo g y , 
U n i v e r s i t y  o f  Miami S ch o o l o f  M e d ic in e , Miami FL 33101.

Data accumulated in recent yeare affirm that nerve 
growth factor (NGF) acts as neurotrophic factor for 
cholinergic neurone of the basal mammalian forebrain. 
We have earlier found that NGF is able to prevent the 
les ion-induced degeneration of these neurone after 
les ions of the septo-hippocampal pathway. In these 
earlier studies cholinergic neurone were viaualized 
using acetylcholinesterase histochemistry after DFP 
pretreatment. In the same experimental situation, we 
now visualized cholinergic neurons using choline ace
tyl transferase (CAT) immunocytochemistry and studied 
the expression of NGF receptors (NGFR) by these cells.

A hemi -transsection of the septo-hippocampal pathway 
was performed in female adult ra ts by cutting the 
fimbria. A cannula was implanted ipsilateral to the 
lesion through which 2. 58 NGF (10ug twice weekly), or 
an equal ammount of a control protein was injected 
intraventricularly during four weeks. The animals were 
then perfused intracardially, the brains frozen and 
sections were taken for immunohistochemical visualiza
tion CAT and NGFR (using monoclonal antibody 192, Chan
dler et a l., J. Biol. Chem. 260,3360,1983).

In control animals fimbrial transections resulted in 
a pronounced reduction of CAT-positive and NGFR-posi- 
tive cells in the medial septal nucleus and the verti
cal limb of the diagonal band of Broca. Staining of 
adjacent sections revealed that the same population of 
neurons was stained for both, CAT and NGFR in the basal 
forebrain. In the NBF treated animals there was only a 
slight difference in the number of CAT-positive and 
NGFR-positive cells between lesioned and unlesioned 
sides in these areas. These findings confirm those of 
previous studies in which cholinergic neurons were 
identified with acetylcholinesterase histochemistry. A 
study of the time-course of lesion-induced changes 
revealed that the number of NGFR-positive cells was 
reduced starting 2-5 days after lesioning, reaching 
minimal levels after 2 weeks.

The findings indicate that fimbrial transections 
result in degeneration of septal cholinergic neurons 
as indicated by a loss of CAT and NGFR immunoreactivi
ty. They furthermore confirm that chronic intraventri
cular injections of NBF are able to attenuate th is 
lesion-induced degeneration.
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299.19 INTRACEREBRAL INJECTIONS OF INSULIN AND NERVE GROWTH 
FACTOR (NGF) IN RATS WITH NIGROSTRIATAL LESIONS.
A.T. S a lv a t ie r r a ,  F. H e f t i ,  and W. J . Weiner. Department 
o f  Neurology, U n iv e rs ity  o f  Miami School o f  M edicine, 
Miami FL 33101.

Recent f in d in g s  have shown NGF to  be a n e u ro tro p h ic  
f a c to r  fo r  fo re b ra in  c h o lin e rg ic  neurons. There a re  
s i m i l a r i t i e s  between th e  amimo ac id  sequence o f  NGF and 
th a t  o f  in s u l in  and in s u l i n - l i k e  growth f a c to r s .  These 
p ro te in s  have a ls o  been found to  have n e u ro tro p h ic  p ro 
p e r t i e s  in  c u l tu r e .  In a d d itio n , in s u l in  r e c e p to r s  a re  
w idely  d i s t r ib u te d  in  th e  r a t  b ra in . We have e a r l i e r  
re p o r te d  th a t  NGF prom otes th e  s u rv iv a l o f s e p ta l  c h o l i 
n e rg ic  neurons a f t e r  f im b ria l t r a n s e c t io n .  In t h i s  s t u 
dy, p a r t i a l  le s io n  o f  th e  n ig r o s t r i a t a l  system  was used 
a s  an anim al model o f P a rk in so n 's  d is e a s e . T his ty p e  o f 
le s io n  r e s u l t s  in  re tro g ra d e  d eg e n e ra tio n  o f dopam iner
g ic  neurons in  th e  s u b s ta n t ia  n ig ra . We examined th e  
e f f e c t s  o f  in s u l in  and NGF on t h i s  le s io n -in d u c e d  dege- 
n e ra t  ion .

Female W ista r r a t s  w ith u n i la te r a l  t r a n s ec t io n s  o f 
th e  n i g r o s t r i a t a l  system  were im plan ted  w ith  ch ro n ic  
in je c t io n  cannu lae  a t  th e  s i t e  o f  th e  le s io n . Animals 
were g iven  e i t h e r :  1) bovine in s u l in  (25ug); 2) mouse 
s a l iv a r y  gland 2 . 5S NGF (5ug ); o r  3) cytochrom e c (5ug) 
which was used a s  a c o n tro l p ro te in .  I n s u l in  in je c t io n s  
were g iven  d a i ly ,  w h ile  NGF and cytochrom e c were g iven  
tw ice  a week. Animals were t r e a te d  fo r  two weeks and 
th en  pe rfu sed  in t r a c a r d i a l l y .  F rozen s e c t io n  (30 um) 
were s ta in e d  w ith  c re s y l v io le t  to  v e r i f y  le s io n  s i t e  
and cannu lae  placem ent. T yrosine  h yd roxy lase  (TH) h i s 
to ch em is try  was employed on co n secu tiv e  45 um s e c t io n s  
o f  th e  s u b s ta n t ia  n ig ra . The number o f T H -positive  
c e l l s  in  th e  s u b s ta n t ia  n ig ra  was v i s u a l ly  counted on 
th e  le s io n e d  and in ta c t  s id e s .

H em itran sec tio n  o f th e  n i g r o s t r i a t a l  pathway in  con
t r o l  an im als  r e s u l te d  in  an 80-90% lo s s  o f TH p o s i t iv e  
c e l l s  in  th e  s u b s ta n t ia  n ig ra  on th e  s id e  i p s i l a t e r a l  to  
th e  le s io n . I n s u l in  t r e a te d  an im als showed a s l i g h t l y  
lower lo s s  o f c e l l s  on th e  le s io n e d  s id e  a s  com pa r e d to  
le s io n e d  c o n tro l an im als. NGF t r e a te d  r a t s  showed no 
s ig n i f i c a n t  p rev en tio n  o f  c e l l  lo s s  on th e  le s io n e d  
s id e . These r e s u l t s  suggest th a t  ch ro n ic  in t r a c e r e b ra l  
in je c t io n  o f  in s u l in  o r  NGF a t th e  s i t e  o f th e  n ig ro 
s t r i a t a l  le s io n  does not promote su rv iv a l o f  TH p o s i t iv e  
c e l l s  in  th e  s u b s ta n t ia  n ig ra . R e su lts  a ls o  suppo rt 
p rev io u s  l i t e r a t u r e  su g g es tin g  NGF a s  a n e u ro tro p h ic  
f a c to r  s p e c i f i c  fo r  c h o lin e rg ic  neurons.

TROPHIC AGENTS II

300.1 A VIP-RELATED PEPTIDE IN EMBRYONIC SKELETAL MUSCLE: A 
PUTATIVE TROPHIC FACTOR.
A W Mudge* and H V New* (SPON: J  P B ro ck es). MRC 
D evelopm ental N eurob io logy  Programme, D epartm ent o f  
Zoology, U n iv e r s i ty  C o lleg e  London, Gower S t r e e t ,  
LONDON WC1E 6BT

We have found th a t  th e  d ev e lo p in g  myotome o f  c h ic k s  
and r a t s  c o n ta in s  a p e p t id e  t h a t  i s  a n t ig e n ic a l ly  
r e l a t e d  t o ,  b u t d i s t i n c t  from , v a s o a c tiv e  i n t e s t i n a l  
p e p t id e  (V IP). R a b b it a n t i s e r a  d i r e c te d  tow ards th e  
a m in o - te rm in a l end o f  VIP r e a c t s  w ith  myogenic c e l l s  
w hereas a n t i s e r a  d i r e c te d  to  th e  ca rb o x y - te rm in a l  end 
o f  VIP do n o t .  U sing a c o m p e titiv e  radio im m unoassay, 
we have shown t h a t  th e  c r o s s - r e a c t in g  m a te r ia l  in  th e  
myotome i s  s o lu b le  in  p h y s io lo g ic a l  s a l t  s o lu t io n  and 
t h a t  i t  e lu t e s  from a g e l - f i l t r a t i o n  column as th r e e  
peaks w ith  m o le c u la r  w eig h ts  o f ap p ro x im a te ly  20, 10 
and 6 kD; no im m uno-reactive  m a te r ia l  i s  d e te c ta b le  in  
th e  re g io n  where s y n th e t ic  VIP (3 .5  kD) e lu t e s .  The 
p e p t id e ( s )  in  th e  myotome th e r e fo r e  seem to  be n o v e l, 
b u t  w ith  some homology to  th e  amino end o f VIP. We 
have c a l l e d  i t  in t ra -m u s c le  p e p tid e  (IMP).

 IMP i s  f i r s t  seen  in  c h ick  myogenic c e l l s  a t  S t .  14 
(50-52 h o u rs  o f  in c u b a tio n )  and l a t e r  in  s t r i a t e d  
m yotubes. The i n t e n s i t y  o f im m uno labelling  d e c re a se s  
w ith  em bryonic age so t h a t  i t  i s  b a r e ly  v is a b le  a t  
E12. T h is  su g g e s ts  t h a t  IMP may be p r e s e n t  in  p rim ary  
m yotubes b u t n o t in  secondary  m yotubes which s t a r t  to  
form a t  E12. IMP i s  som etim es seen  in  th e  d i s t a l  end 
o f  p e r ip h e ra l  n e rv es  r a i s in g  th e  p o s s i b i l i t y  t h a t  i t  
i s  r e t r o g ra d e ly  t r a n s p o r te d .  IMP i s  a ls o  p r e s e n t  in  
c u l tu r e d  myotubes and i s  s e c re te d  in  la rg e  amounts 
i n to  th e  c u l tu r e  medium.

These f in d in g s  r a i s e  th e  p o s s i b i l i t y  t h a t  IMP may 
fu n c t io n  a s  a t r o p h ic  f a c to r  d u rin g  n erv e-m u sc le  
developm ent.

300.2 STRIATAL DERIVED NEURONOTROPHIC FACTOR: BIOLOGICAL 
CHARACTERIZATION AND PRODUCTION OF MONOCLONAL ANTI
BODIES. R. Dal Toso*, D. Benvegnù *, G. F e r r a r i* ,  C. 
S o ra n z o * ,P .  D oherty° , F .S . W alsh° , G. T o ffan o , and A. 
Leon. F id ia  N e u ro b io lo g ic a l R esearch  L a b o ra to r ie s ,  
Abano Terme, I t a l y  and °i n s t i t u t e  o f  N euro logy , The 
N a tio n a l H o s p ita l ,  London, U nited  Kingdom.

We have p re v io u s ly  r e p o r te d  t h a t  a d u l t  bov ine cau 
d a te  n u c le i  c o n ta in s  n eu ro n o tro p h ic  f a c to r s  (NTFs) c a 
p ab le  o f  in c r e a s in g  s u r v iv a l  and m a tu ra tio n  o f  mesen
c e p h a lic  and s t r i a t a l  neurons in  se ru m -fre e  c u l tu r e  
c o n d i t io n s  (Dal Toso, R. e t  a l . ,  N euroscience  M eeting , 
a b s . 2 7 9 .1 4 , p . 949, 1985). We now r e p o r t  th a t  f u r th e r  
p u r i f i c a t i o n  p ro c e d u re s , in v o lv in g  m olecu la r se iv e  
f r a c t i o n a t io n  and c a t io n  exchange HPLC chrom atography , 
in d ic a te s  t h a t  th e  NTF a c t i v i t y  i s  a s s o c ia te d  w ith  a 
p r o te in  (14,400 m olecu la r w e ig h t; p I <10) which i s  n o t 
NGF. Moreover t h i s  s t r i a t a l  d e r iv e d  NTF (SDNF) was 
u t i l i z e d  to  immunize mice fo r  th e  p ro d u c tio n  o f  mono
c lo n a l  a n t ib o d ie s .  A s c i t ic  f l u id s  o b ta in e d  from th r e e  
hybridom a c lo n e s ,  showing th e  h ig h e s t  im m u n o rea c tiv ity  
fo r  th e  p u r i f i e d  SDNF, w ere u t i l i z e d  fo r  th e  p ro d u c
t io n  o f  im m unoglobulin f r a c t i o n s .  When co n ju g a ted  to  a 
C N B r-ac tiv a ted  Sepharose r e s in e ,  two o f  th e s e  mono- 
c lo n a ls  were a b le  to  re d u c e , w ith  r e s p e c t  to  a p p ro p r i
a te  c o n t r o l s ,  th e  b io lo g ic a l  a c t i v i t y  p r e s e n t  in  th e  
crude  a c id  p r e c ip i t a t e d  d ia ly z e d  s u p e rn a ta n t ,  o b ta in e d  
from bov ine  cau d a te  n u c le i .
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300.3 THE EFFECTS OF BRAIN-DERIVED NEUROTROPHIC FACTOR (BDNF) 
ON THE SURVIVAL OF RAT RETINAL NEURONS IN  CULTURE. 
J . E .  J o h n s o n ,  Y .- A .  B a rd e  a n d  H . T h o e n e n . D e p a r tm e n t  
o f  N e u r o c h e m i s t r y ,  M ax-P l a n c k  I n s t i t u t e  f o r  P s y c h i a t r y ,  
D -8 0 3 3  M a r t i n s r i e d ,  F .R .G .

B r a i n - d e r i v e d  n e u r o t r o p h i c  f a c t o r  (BDNF) i s  a  
p r o t e i n  (M r-1 2 k d , p I -1 0 )  p u r i f i e d  f ro m  t h e  m a m m a lian  
b r a i n  w h ic h  s u p p o r t s  t h e  s u r v i v a l  o f  p e r i p h e r a l  
s e n s o r y  n e u r o n s .  I n  t h e  p r e s e n t  s t u d y ,  we h a v e  i n v e s t i 
g a t e d  t h e  e f f e c t  o f  BDNF o n  t h e  s u r v i v a l  o f  r e t i n a l  
n e u r o n s  c u l t u r e d  d u r i n g  v a r i o u s  s t a g e s  o f  d e v e lo p m e n t .  
A t E 1 7 , BDNF s u p p o r t e d  t h e  s u r v i v a l  o f  a  s m a l l  s u b 
p o p u l a t i o n  (7%) o f  r e t i n a l  c e l l s  w h ic h  c o u l d  o n ly  b e  
d e t e c t e d  w i t h  t h e  h e l p  o f  c e l l  s p e c i f i c  m a r k e r s .  
U s in g  b o t h  im m u n o f lu o r e s c e n t  l a b e l i n g  o f  T h y - 1 a n d  
p r i o r  r e t r o g r a d e  l e b e l i n g ,  t h e s e  BDNF d e p e n d e n t  c e l l s  
w e re  i d e n t i f i e d  a s  r e t i n a l  g a n g l o n  c e l l s .  A b o u t 80% 
o f  t h e  o r i g i n a l  n u m b e r o f  T h y -1  p o s i t i v e  c e l l s  ( a s  
d e t e r m i n e d  3 h o u r s  a f t e r  p l a t i n g )  c o u l d  b e  s u p p o r t e d  
b y  BDNF f o r  a t  l e a s t  2 w e e k s  i n  c u l t u r e .  No e f f e c t s  
o f  BDNF w e re  d e t e c t e d  o n  e i t h e r  t h e  t o t a l  n u m b e r  o f  
c e l l s  o r  t h e  t o t a l  n u m b e r  o f  t e t a n u s  t o x i n  p o s i t i v e  
n e u r o n s  i n  t h e s e  c u l t u r e s .  N e i t h e r  NGF (5 0  n g /m l ) n o r  
a c i d i c  o r  b a s i c  FGF (2 5  n g /m l)  c o u l d  s u b s t i t u t e  f o r  
t h e  s u r v i v a l  a c t i v i t y  o f  BDNF ( 1 n g /m l)  o n  T h y -1  
p o s i t i v e  n e u r o n s .  I n  a d d i t i o n ,  u n l i k e  a c i d i c  o r  b a s i c  
FG F, BDNF t r e a t m e n t  d i d  n o t  a f f e c t  t h e  n u m b e r o f  
r e t i n a l  c e l l s  l a b e l e d  w i t h  H3- T h y m id in e  i n  c u l t u r e .  
P o s t n a t a l  g a n g l i o n  c e l l s  l a b e l e d  b o t h  w i t h  T h y -1  
im m u n o f lu o r e s c e n c e  a n d  b y  p r i o r  r e t r o g r a d e  l a b e l i n g  
w i t h  HRP c o u l d  b e  e n r i c h e d  a p p r o x i m a t e l y  80 f o l d  o n  a  
m e t r i z a m i d e  d e n s i t y  g r a d i e n t  ( S a r t h y  e t  a l . ,  1 9 8 3 , J .  
N e u r o s c i .  3,  2 8 3 2 - 2 5 4 4 ) .  T h e s e  p u r i f i e d  p o s t n a t a l  
g a n g l i o n  c e l l s  w e re  a l s o  r e s p o n s i v e  t o  BDNF, h o w e v e r  
u n l i k e  l a b e l e d  e m b r y o n ic  g a n g l i o n  c e l l s ,  t h e i r  
s u r v i v a l  w as  o n l y  t r a n s i e n t l y  i n c r e a s e d  w i t h  BDNF. We 
c o n c l u d e  t h e r e f o r e  t h a t  BDNF, a  C N S - d e r iv e d  n e u r o 
t r o p h i c  p r o t e i n ,  a c t s  d i r e c t l y  o n  a  s p e c i f i c  s u b 
p o p u l a t i o n  o f  CNS n e u r o n s  -  t h e  r e t i n a l  g a n g l i o n  
c e l l s .

300.4 BASIC AND ACIDIC FIBROBLAST GROWTH FACTORS INCREASE 
SURVIVAL OF, AND NEURITE OUTGROWTH FROM, HIPPOCAMPAL 
NEURONS IN VITRO. P. Walicke and W.M. Cowan. The Salk Institu te 
and Dept. N eurosciences, UCSD, San Diego, CA 92138.

D issociated hippocampal pyramidal neurons from 18 day fetal rats 
w ere grown in a m odification of Bottenstein and Sato's serum -free 
medium (PNAS 76(79):514-9) a t a density of 16,000 c e lls /cm 2. Under 
control conditions, neuronal survival a t 24 hours was 60-95% depending 
on the substra te  used, but nearly all neurons died by 7 days in v itro .

In the presence of basic fibroblast growth facto r (bFGF), neuronal 
survival a f te r  7 days in v itro  on a plastic substrate  was increased 4-fold 
to  alm ost 60% of cells present a t 1 day. With a more adherent 
substra te , nearly 100% of the neurons could be m aintained for 7 days. 
The change in neuronal survival was not secondary to growth of the 
nonneuronal cell population, which rem ained a t about 10% of the to tal 
cell population as judged by a variety  of standard cell m arkers. Acidic 
FGF (aFGF) also increased neuronal survival, though less effec tive ly  
than bFGF. Comparison of the number of neurons surviving 7 days in 
acidic versus basic FGF yielded a ra tio  of 78.6% ± 5.8% (SEM) for 17 
determ inations on d ifferen t substrates. A dditivity could not be 
dem onstrated  during the 7 day assay, but cu ltures m aintained 2-4 weeks 
contained more surviving neurons in a  com bination of aFGF and bFGF 
than in either alone. H alf-m aximal survival occurred a t 15-30 pg/ml 
bFGF ( 1pM). T itration  of aFGF produced a curve with two plateaus of 
cell support, presumably reflecting  subpopulations with differing 
requirem ents for aFGF. H alf-m aximal survival for one occurred a t 
0.30 ng/ml (20 pM), for the other a t 1.25-2.75 ng/ml (150 pM).

Basic FGF bound to  p lastic or polyornithine-heparin (Phep) 
substrates significantly  increased neurite  extension a t 24 hours in vitro . 
On Phep, bFGF decreased the  proportion of neurons w ithout neurites 
from  29% to  8%. Of neurons with processes, 2/3 w ere shorter than 
30 μm in the contro l. With bFGF 88% had processes longer than 30 μm, 
and 10% had processes longer than 100 μ m. The concentration  of bFGF 
required for stim ulation of neurite  outgrow th was 8-fold higher than 
th a t required for survival. In con tras t, aFGF had much less e ffec t on 
neurite  outgrow th: mean process length on Phep increased from 
23.9 ± 1.5 μ m in controls to  29.1 ± 2.5 μm in the presence of aFGF.

Both bFGF and aFGF have been purified from adult brain. Although 
they contain about 55% sequence homology, they appear to  be distinct 
gene products (Esch, F. e t al., Biochem. Biophys. Res. Comm. 
133(85):554-562). Our observations suggest th a t both a re  capable of 
supporting survival of hippocampal neurons and th a t bFGF also 
strikingly enhances neurite  extension. The d ifferences between the 
effec ts  of aFGF and bFGF suggest th a t they are probably two distinct 
neurotrophic fac to rs, possibly w ith d istinct receptors.

300.5 EFFECTS OF EPIDERMAL GROWTH FACTOR AND BASIC 
FIBROBLAST GROWTH FACTOR ON POSTNATAL MAMMALIAN 
NEURONS IN CULTURE. H.I. Kornblum*, R.S. Morrison, R.A. 
Bradshaw and F.M. Leslie. D epartm ents of Pharm acology and 
Biological C hem istry, U niversity of California , Irvine, C alifornia 92717.

Epiderm al grow th fac to r (EGF) and th e  basic form of fibroblast 
grow th fac to r (bFGF) a re  po ten t mitogenic polypeptides which have 
been identified  in m am m alian brain tissue. We have previously 
dem onstrated  th a t both bFGF and EGF e x e rt trophic e ffec ts  on 
postnata l mam m alian ce n tra l neurons in cu ltu re . bFGF has been shown 
to  a f fe c t cu ltu res derived from the  ce reb ra l co rtex  of 1 day old ra ts  
while EGF has been shown to  influence neurons from the  subneocortical 
te lencephalon. In the p resen t study we have exam ined the possibility 
th a t bFGF and EGF a ffe c t d iffe ren t neuronal subpopulations. 
N eocortices w ere rem oved from 1 day old ra ts  and highly purified 
dissociated  neuronal cu ltu res w ere prepared . Cells w ere f irs t p la ted  in 
the  presence of 10%  fe ta l  c a lf  serum + .5 μM cytosine arabinoside and 
then  sh ifted  to  a chem ically defined medium in the  presence or absence 
o f bFGF, EGF, or both. Neurons tre a te d  with e ith e r fac to r exhibited 
prom inent process outgrow th, while very few con tro l neurons survived 
beyond 5 days. However bF G F -trea ted  neurons w ere m ultipolar with a  
g rea te r  number of prim ary processes than E G F -trea ted  neurons, which 
generally  possessed 2-3 prim ary processes per ce ll. Incubation with 
bFGF and EGF toge ther a t  optim al concentrations for each fac to r 
increased  the to ta l survival of neurons by approxim ately 6 0 % . When 
cu ltu res w ere f irs t tre a te d  with EGF and then  sh ifted  to  medium 
containing bFGF, th e  neurons assum ed a  m ultipolar morphology sim ilar 
to  those originally tre a te d  with bFGF. These d a ta  are  consistent with 
th e  hypothesis th a t d iscre te  populations of neurons exist which express 
recep to rs  for EGF and bFGF. In addition, another population is 
apparently  responsive to  both fac to rs.

Supported by NIH G rant NS 19319 and NS 19964.

300.6 NEURONOTROPHIC FACTORS RELEASED BY C6 GLIOMA CELLS 
R.Westermann* and K.Unsicker. Dept. of Anatomy & Cell Biology, 
University of Marburg, D-3550 Marburq, Fed.Rep.Germany.

Glial cells have previously been shown to synthesize and 
release factors that  promote survival of central and peripheral 
neurons (neuronotrophic factors,  NTFs). We have investigated the 
release of NTFs by C6 glioma cells under different modes of 
conditioning. Protein content of medium conditioned by C6 cells 
(C6CM) was estimated to be about 1 - 3 μg/ml, corresponding to a 
protein secretion rate of about 0.5 pg per cell and day. Using 
the respective antisera we found that C6CM contained the neurite 
promoting factor laminin (about 15 ng/ml ) and, in early passages, 
also S-100. The cytoskeletal protein GFAP, and nuclear proteins 
(histone H1 and HMG 14) could not be detected. This suggests that 
C6CM proteins result  from release rather than cell death. NTF 
activity  of C6CM was tested on embryonic chick sympathetic (SG), 
sensory (DRG), and c i l ia ry  ganglion (CG) neurons using a 24h in 
vitro  survival assay with NGF or c i l ia ry  neuronotrophic factor 
(CNTF) as positive controls. For "normal" conditioning C6 cells 
were grown to confluence in medium containing 10% fetal calf 
serum (FCS), washed twice with FCS-free medium, and conditioned 
for 1 - 4 days with serum-free medium. NTF activity of C6CM 
addressing SG (embryonic day 8 = SG8) and DRG10 neurons increased 
from day 1 to day 2 but decreased during the following 2 days of 
conditioning. Only l i t t l e  activity was found for DRG8 on day 1 
and no activity  on days 2 - 4 .  In contrast,  a linear increase in 
NTF activity  for CG8 was found from day 1 to day 4. These results 
indicate that  C6CM may contain several NTFs, which seem to be 
regulated independently from each other. On separation of C6CM 
proteins by FPLC gel f i l t r a t io n  three fractions with different  
NTF act iv i t ies  were obtained, two of which did not conform to any 
of the established NTFs in terms of the spectrum of target  neu
rons beeing addressed. The third  fraction resembled NGF.

Electrophoretic analysis of C6CM prepared as described above 
showed that about 70 - 80 % of the proteins present in C6CM were 
residual FCS proteins. Therefore we prepared C6CM with only minor 
FCS-contaminations by excessive washing of cells prior to condi
tioning with serum-free medium. C6CMs produced under these condi
tions to ta l ly  lack NTF ac t iv i t ies  for any of the neurons tested. 
Also C6CM from cells grown in the presence of N1-supplement 
instead of FCS showed drastically  reduced NTF ac t iv i t ies .  This 
indicates that  FCS may contain factors that  stimulate NTF-expres
sion and -release by C6 ce lls .  In extracts of C6 cells no NTF 
activity  for any of the neurons tested could be detected.

Further studies concerning the regulation and characterization 
of the d ifferent  NTFs in C6CM are in progress.
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300.7 ASTROGLIAL AND FIBROBLAST GROWTH FACTORS PROMOTE IN VITRO SURVIVAL 
OF NEURONS FROM THE PERIPHERAL AND CENTRAL NERVOUS SYSTEM. 
K. U nsicker, H. R e ic h e r t-P re ib sc h * , B. Pettm ann*, G. L abourdette*  
and M. S ensenbrenner* (SPON: G. te n  B ru g g en ca te ). De p t .  o f  Ana
tomy and Cel l  B io logy , Univ. o f  M arburg, F .R .G ., and C entre  de 
Neurochim ie du CNRS and INSERM, S tra s b o u rg , F rance .

S urv ival and d i f f e r e n t i a t i o n  o f  em bryonic and p o s tn a ta l  neu
rons may be re g u la te d  by neu ro n o tro p h ic  f a c to r s  (NTFs; p ro to ty p e  
NGF). There i s  in c re a s in g  ev idence  to  su g g es t th a t  a v a r ie ty  o f  
t ro p h ic  agen ts  w ith  su rv iv a l prom oting p ro p e r t ie s  may e x i s t .

A s t ro g lia l  growth f a c to r s  (AGFs) 1 and 2 i s o la te d  from bovine 
b ra in  have i n i t i a l l y  been c h a ra c te r iz e d  by t h e i r  c a p a c ity  to  
s tim u la te  p ro l i f e r a t io n  and d i f f e r e n t i a t i o n  o f  a s t r o g l i a l  c e l l s  in 
v i t r o  by t h e i r  resem blance to  th e  a c id ic  and b a s ic  f ib r o b l a s t  
growth f a c to r s  (aFGF, bFGF) (Pettm ann e t  a l . ,  FEBS L e tte rs  189: 
102, 1985). We r e p o r t  now th a t  th e se  m itogen ic growth f a c to r s  
a ls o  su p p o rt th e  in  v i t r o  s u rv iv a l o f  d i s t i n c t  p o p u la tio n s  o f 
p e r ip h e ra l and c e n tr a l  neu rons . AGF 2 and bFGF promoted th e  s u r 
v iv a l o f  p u r i f i e d  c i l i a r y  gang lion  neurons d is s o c ia te d  from E8 
ch ick  embryos w ith o u t ad d re ss in g  em bryonic ch ick  sym pathetic  and 
senso ry  neu rons . Half-maximal su rv iv a l was ach ieved  w ith  1-5 ng/ 
ml o f AGF 2. Neuronal s u rv iv a l was m ain ta ined  over 7 days a t  
p la te a u  v a lu es  id e n t ic a l  to  th o se  seen w ith  c i l i a r y  n eu rono troph ic  
f a c to r .  P e r ip h e ra l neurons showed no o r  very  l i t t l e  response  to  
AGF 1 and aFGF. These d a ta  p o in t a t  d is s im i la r i t ie s  between aFGF 
and bFGF i r r e s p e c t iv e  o f  t h e i r  s ig n i f i c a n t  s t r u c tu r a l  homology 
(Esch e t  a l . ,  P roc. N a tl . Acad. S c i. USA 8 2 : 6507, 1985; Gimenez- 
G allego e t  a l . ,  S cience 230: 1385, 1985). B o th  aFGF and bFGF as 
w ell as th e  co rrespond ing  A GFs suppo rted  th e  su rv iv a l o f sp in a l 
co rd  neurons from E6 ch ick  embryos in  long -term  c u l tu r e .  The 
su rv iv in g  neurons a ls o  in c luded  motoneurons th a t  had been r e t r o -  
g rad e ly  la b e le d  w ith  rhodamine iso th io c y a n a te  p r io r  to  d is s o 
c i a t i n g  th e  s p in a l co rd . Two o th e r  m itogen ic growth f a c t o r s ,  EGF 
and PDGF, f a i l e d  to  enhance th e  in  v i t r o  s u rv iv a l o f any neuron 
t e s t e d .

Work in  p ro g re ss  aims a t  e v a lu a tin g  w hether ( i )  motoneurons a re  
p r e f e r e n t ia l l y suppo rted  by FGFs, ( i i ) o th e r  CNS neurons a lso  
respond to  th e se  f a c t o r s ,  and ( i i i )  c h o lin e  a c e ty l t r a n s f e r a s e  
a c t i v i t y  i s  a f f e c te d .

These r e s u l t s  rev ea l th a t  two groups o f  m itogen ic  growth 
f a c to r s  may a f f e c t  neuronal c e l l  s u rv iv a l in  v i t r o .  The l o c a l i 
z a tio n  o f  FGFs in neurons (Pettm ann e t  a l . ,  N eu rosc i. L e t te rs  1986, 
in  p re s s )  f u r th e r  su p p o rts  th e  n o tio n  th a t  neurons may s to r e  and 
re le a s e  NTFs ( c f .  U nsicker and L ie tz k e , Soc. N eu rosci. A b str . 11: 
1083, 1985).
Supported by g ra n t SFB 103 -  C13 from th e  German Research Foun
d a t io n .

300.8 TYPE I  ASTROCYTES PROMOTE THE SURVIVAL OF NEURONS AND UNIQUELY 
INCREASE THE CELL HETEROGENEITY IN FETAL RAT HINDBRAIN CULTURES. 
K. D obrenis* and V. U term ohlen* (SPON: A .J . Strohm ayer) D ep t. of 
Immunology, C o rn e ll U n iv ., I th a c a ,  NY 14853

A n eu ro tro p h ic  agen t com parable to  nerve growth f a c to r  (NGF) in  
p e r ip h e ra l  nervous system  development has y e t to  be recogn ized  fo r 
th e  c e n t r a l  nervous system  (CNS). Most neurons of th e  CNS do not 
have p e r ip h e ra l  p ro cesse s  and so lo c a l  c e l l s  become im portan t can
d id a te s  fo r  e x t r in s ic  su p p o rt. Indeed , i s o la te d  CNS neurons do not 
grow w e ll in  c u l tu r e .  In  p re lim in a ry  experim en ts w ith  mixed c e l l -  
type c u l tu r e s ,  we found th a t  neurons grew p a r t i c u l a r ly  w ell when in 
p rox im ity  to  a s t r o g l i a .  T he re fo re  we chose to  ex p lo re  w hether 
a s tr o c y te s  can p ro v id e  unique d i f f u s ib l e  n eu ro tro p h ic  ag en ts  by 
u s ing  c e l l  c u l tu r e s  en rich ed  in  CNS neurons o r a s t r o c y te s .

N euronal c u l tu r e s  were p repared  u s in g  day 17 embryonic r a t  h ind
b ra in .  D is so c ia te d  c e l l s  were p la te d  a t  low d e n s ity  on a co llag en  
g e l in  a se ru m -free  d e fin ed  medium as p re v io u s ly  rep o rte d  
(D obren is , K. & U term ohlen, V. ,  Fed. P roc . 42 ( 4 ) :9 9 0 ,1 9 8 3 ). D is
p e rsed  c e l l s  on ly  gave r i s e  to  m orph o lo g ica lly  re co g n izab le  sm all 
and in te rm e d ia te - s iz e d  neurons which bound te ta n u s  to x in  (TT+) and 
d id  n o t c o n ta in  g l i a l  f i b r i l l a r y  a c id ic  p ro te in  (GFAP- ) . V ir tu a lly  
pure r a t  c e re b ra l  c o r te x  a s tro c y te  c u l tu r e s  were p repared  by a 
s l i g h t  m o d if ic a tio n  of th e  method of McCarthy and d e V e llis  (J .  Cell 
B io l . 85 :890 ,1 9 8 0 ). These c u l tu r e s  were composed of f l a t  p ro to 
p la s m ic - l ik e  a s t ro c y te s  (GFAP+ , TT–) . D efined medium was cond i
tio n e d  fo r  24 h r s .  by exposure to  a s tr o c y te  (ACM), r a t  f ib r o b l a s t ,  
r a t  s k e le ta l  m uscle o r L1210 c u l tu r e s  a t  e q u iv a le n t nucl e i/m l  of 
medium r a t i o s .  N euronal c u l tu r e s  were p la te d  and m ain ta ined  w ith 
th e  v a r io u s  co n d itio n e d  media o r d i f f e r e n t  c o n tro l m edia.

C u ltu re s  w ith  ACM dem onstrated  s t a t i s t i c a l l y  s ig n i f i c a n t ly  
g re a te r  lo n g -te rm  ( 1 wk. o r more) s u rv iv a l o r p ro c e ss -b e a r in g  neur
ons than  c o n tro l  medium c u l tu r e s .  This e f f e c t  was n o t reproduced 
by o th e r  c e l l - c o n d i t io n e d  media o r o th e r  a p p ro p r ia te  c o n t ro ls .  The 
r e s u l t s  sup p o rt th e  concept th a t  a s tr o c y te s  a re  a source  o f d i f fu s 
ib l e  n eu ro tro p h ic  ag en ts  in  th e  CNS. C e rta in  o th e r  c e l l s  a lso  
c o n s is te n t ly  appeared  only  in  ACM c u l tu r e s .  These c e l l s  inc luded  
ones resem b ling  o lig o d en d ro cy te s  and sm a ll,  p h a s e -b r ig h t , b i -  or 
t r i p o l a r  ( s t r a i g h t  p ro cesse s  n o t lo n g e r than  0 .1  mm.) c e l l s  th a t  
appeared  to  a r i s e  from o c c a s io n a l a g g reg a te s  seen in  th e  c u l tu r e s .  
There d id  n o t appear to  be any dependant a s s o c ia t io n  between these 
c e l l s  and th e  id e n t i f i e d  neu rons .

D ia ly s is  and Amicon membrane f i l t r a t i o n  s tu d ie s  suggest th a t  the 
m a jo r ity  o f th e  ACM-derived a c t iv i t y  i s  a s s o c ia te d  w ith  a f a c to r  
(o r f a c to r s )  of ap p a ren t m o lecu lar w eight 20-30 ,000 . The tro p h ic  
e f f e c t  i s  no t reproduced by 2.5S β-NGF o r blocked by a n t i - β-NGF 
serum . The d a ta  on c h a r a c t e r i s t i c s  and e f f e c t s  suggest th a t  th i s  
may be a p re v io u s ly  u n id e n tif i e d  f a c to r .

300.9 ISOLATED PLASMA MEMBRANES REGULATE NEUROTRANSMITTER EXPRESSION 
AND FACILITATE EFFECTS OF A SOLUBLE BRAIN CHOLINERGIC FACTOR. 
V. Wong and J.A. K e s s le r . Depts. Neurol ogy & Neuroscience, A lbert 
Ei n te i n College of Medicine, Bronx, New York 10461.

The ch o ic e  o f which n e u ro tra n s m it te r  w i l l  be ex p ressed  by a 
neuron i s i nfluenced by a v a rie ty  of environmental fa c to rs  which 
may i n te ra c t i n reg u la tin g  tra n sm itte r  development. The presen t 
s tudy  was undertaken  to  c h a r a c te r iz e  and beg in  to  p u r ify  
m olecules th a t  s tim u la te  ch o lin e rg ic  and pep tiderg ic  development. 
E x t ra c ts  o f human, b o v in e , and r a t  b ra in  were each found to  
contain a so lu b le  fa c to r which promoted expression of ch o lin e rg ic  
(cho line  acety l transferase-CAT) and pep tiderg ic  (substance P-SP) 
t r a i t s  by c u l tu r e d  r a t  sy m p ath e tic  neurons. The human b ra in  
fa c to r  (SBF), a 50 kDa p ro te in , was p u rif ied  14000 fo ld  by means 
o f ammonium s u lf a te  fra c tio n a tio n  and hepari n-Sepharose a f f in i ty  
chromatography. Treatment of sympathetic neurons with sa tu ra tin g  
l e v e l s o f SBF (20 ug/m l) i ncreased  CAT a c t i v i t y  more th an  85 
fo ld . Treatment a lso  i nduced a small but s ig n if ic a n t le v e l of SP 
(1 fg/neuron), whereas con tro l cu l tu re s  contained no measurable 
peptide. Total p ro te in  and neuron su rv iv a l were unaffected by 
SBF tre a tm e n t.  The f a c to r  s t im u la te d  l e v e l s  o f CAT and SP i n 
c u l tu r e d  s t r i a t a l  as wel l  as sy m ap theti c neurons i n a dose 
dependent manner.

L evel s o f CAT and SP were a ls o  s t im u la te d  by exposure  o f 
c u ltu red  sympathetic neurons to  p u rif ied  p l asma membranes derived 
e i t h e r  from c u l tu re d  gangl ion nonneuro n a l c e l l s (p r in c ip a l l y 
Schwann c e l l s) o r from c u l tu r e d  sy m p ath e tic  neurons. Schwann 
c e l l  membranes were much more e f fe c tiv e  than neuronal membranes 
i n s t im u la t in g  SP, b u t were o n ly  s l i g h t l y  more e f f e c t i v e  i n 
e le v a tin g  CAT a c t iv i ty .  Treatment with Schwann c e l l  membranes 
(100ug/m l) e le v a te d  CAT a c t i v i t y  more th an  25 fo ld  and SP more 
th a n  16 f o l d ,  w h e reas  t r e a tm e n t  w ith  neu ronal membranes 
( 100ug/m l) i n c reased  CAT 12 fo ld  b u t o n ly  t r i p l e d  SP. Plasm a 
membranes from ra t  co rtex  did not a l t e r  CAT a c t iv i ty  suggesting 
s p e c if ic i ty  of the  Schwann ce ll-n eu ro n  i n te rac tio n . F in a lly ,  CAT 
a c t i v i t y  a f t e r  c o n c u r re n t t re a tm e n t w ith  s a tu r a t in g  l e v e l s  o f 
Schwann c e l l  plasma membranes and SBF fa r  exceeded the  sum of th e  
enzyme a c t i v i t i e s  a f t e r  th e  i n d iv id u a l tre a tm e n ts ,  su g g es tin g  
th a t  membrane m olecules and th e  so lu b le  fa c to r f a c i l i t a te d  each 
o th e r .  Thus, c e l l - s u r f a c e  m o le c u le s , which have been shown 
p re v io u s ly  to  i n f lu e n c e  neu ronal m orphogenesis and n e u r i t e  
e longation , may a lso  help  determine the  tra n s m itte r  phenotype of 
the  neuron. Moreover, c e l l - s u r f a c e  m olecules may modulate the  
e f f e c t s  o f d i f f u s i b l e  d i f f e r e n t i a t i n g  f a c to r s .  The mechanism 
mediating these  i n te ra c tio n s , and th e  e f fe c ts  of plasma membranes 
and SBF on o th e r  t r a n s m i t te r  system s, a re  c u r r e n t ly  being  
i nvestigated .

300.10 EFFECTS OF GANGLIOSIDES AND OTHER NEUROTROPHIC AGENTS 
ON HIPPOCAMPAL NEURONS IN  CELL CULTURE. 
W . S e i f e r t ,  S .B e c k h * a n d  F .F ö r s t e r * 
L a b . o f  M o l .N e u r o b io l o g y , D e p t .  N e u r o b i o l . ,  M a x -P la n c k -  
I n s t i t u t  f . b i o p h y s . C h e m . , 3400  Gö t t i n g e n ,  W -G erm any .

S e v e r a l  y e a r s  a g o  we e s t a b l i s h e d  i n  o u r  l a b o r a t o r y  a  
s e r u m - f r e e  c e l l  c u l t u r e  s y s t e m  o f  c e n t r a l  n e u r o n s  fro m  
t h e  d e v e l o p i n g  r a t  h ip p o c a m p u s  ( 1 ) .  T h i s  s y s t e m  w as u s e d  
t o  i n v e s t i g a t e  t h e  t r o p h i c  i n t e r a c t i o n  b e tw e e n  g l i a l  and  
n e u r o n a l  c e l l s  ( 2 ) ,  a n d  t h e  e f f e c t s  o f  c e r t a i n  n e u r o t r o 
p h i c  a g e n t s  s u c h  a s  p y r u v a t e ,  l a m i n i n  (3 ) a n d  g a n g l i o s i -  
d e s  o n  s u r i v a l  a n d  n e u r i t e  o u tg r o w th  o f  p y r a m id a l  n e u r 
o n s  i n  c u l t u r e .

G a n g l i o s i d e s  a r e  know n t o  i n s e r t  i n t o  t h e  m em b ran es  
u p o n  e x o g e n o u s  a d d i t i o n  t o  n e r v e  c e l l s  i n  c u l t u r e  a n d  
t o  e x h i b i t  n e u r o t r o p h i c  e f f e c t s  i n  n e u r o b l a s to m a  c e l l s  
( 4 ) .  S i m i l a r  o b s e r v a t i o n s  w e re  r e p o r t e d  f o r  n e r v e  c e l l s  
o f  t h e  PN S. I n  t h e  p r e s e n t  s t u d y  we i n v e s t i g a t e d  t h i s  
p r o b le m  f o r  n e u r o n s  o f  t h e  CNS u s i n g  t h e  h ip p o c a m p a l  
c e l l  c u l t u r e  s y s t e m .

T he n e u r o t r o p h i c  a c t i v i t y  (NTF) w h ic h  we d e s c r i b e d  in  
c o n d i t i o n e d  m edium  f ro m  c e r e b r a l  a s t r o c y t e s  (2 ) c o n s i s t s  
o f  a  l o w - m o l e c u l a r e  c o m p o n e n t (LMW) a n d  a  h i g h - m o l e c u l a r  
c o m p o n e n t (HMW). LMW c o u l d  b e  i d e n t i f i e d  a s  p y r u v a t e ,  
w h i l e  HMW se e m s  t o  b e  a  l a m i n i n - l i k e  p r o t e i n  p r o d u c e d  by 
a s t r o c y t e s  ( t h e s i s ,  S .B e c k h ) .  I n  o u r  b i o a s s a y  t h e  s u r 
v i v a l  o f  h ip p o c a m p a l  n e u r o n s  i n  s e r u m - f r e e  m ed ium  a f t e r  
24 h r s .  w as p o o r  i n  EM w i t h o u t  p y r u v a t e  (10  % ), b e t t e r  
i n  DMEM w i t h  p y r u v a t e  (30%) a n d  b e s t  i n  CDM ( c o n d i t i o n e d  
DMEM) w i t h  70% c e l l  s u r v i v a l .  D e p l e t i o n  o f  p y r u v a t e  by  
LDH t r e a t m e n t  i n  CDM d e c r e a s e d  t h e  s u r v i v a l  r a t e  s u b s t a n 
t i a l l y .

G a n g l i o s i d e s  s u p p o r t e d  t h e  s u r v i v a l  u p  t o  70% i n  a l l  
c o n d i t i o n s  i n  a  d o s e - d e p e n d e n t  m a n n e r .  H ig h e r  g a n g l i o s .  
l i k e  GD1a a n d  GT1b w e re  s u p e r i o r  t o  a  g a n g l i o s i d e  m ix 
t u r e ,  w h i l e  GM1 h a d  v i r t u a l l y  n o  e f f e c t  o n  t h e  s u r v i v a l ,  
a s  m e a s u r e d  b y  t r y p a n b l u e  e x c l u s i o n .  I n  c o n t r a s t  t o  t h i s  
s u r v i v a l  e n h a n c e m e n t  e f f e c t ,  t h e  a d d i t i o n  o f  g a n g l i o s i -  
d e s  t o  n e u r o n s  i n  CDM a t  c o n e .  1 - 1 0 0 y g /m l  c a u s e d  i n 
h i b i t i o n  o f  n e u r i t e  o u tg r o w th  r a t h e r  t h a n  s t i m u l a t i o n .  
S i m i l a r  r e s u l t s  w e re  o b t a i n e d  w i t h  SEM a n d  t i m e - l a p s e  
c i n e m a t o g r a p h y .
(1 ) W . S e i f e r t  e t  a l . ( 1 9 8 3 )  i n :  N e u r o b i o l . o f  H ip p o c a m p u s ,  (ed. Seifert, AcademicPr.)
(2 ) Mü l l e r . H . W . ,  S .B e c k h ,  W .S e i r e r t   

( 1 9 8 4 ) ,  P r o c . N a t . A c . S c i .  81 , 1248
(3 ) S .B e c k h ,  H.W.Mü l l e r ,  W . S e i f e r t  (1 9 8 6 )  

i n :  G l i a l - N e u r o n a l  C o m m u n i c ,S p r i n g e r , i n p r e s s .
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300.11 GANGLIOSIDE INTERACTIONS WITH THE DOPAMINERGIC SYSTEM IN RATS. 
H. A. T ils o n , G. J .  H arry , K. N anry*, P. Hudson* and J .  S. Hong. 
L abo ra to ry  o f  B ehavioral and N euro log ica l T oxico logy , NIEHS, P.O. 
Box 12233, Research T rian g le  P ark , NC and B io lo g ica l S ciences 
R esearch C en te r , Univ. N orth C a ro l in a , Chapel Hil l , NC 2751.

Rats were g iven u n i l a te r a l  in je c t io n s  o f  6-hydroxydopamine (60- 
HDA) in to  th e  s u b s ta n t ia  n ig ra  (10 μg /0 .5  μ l ) .  Some anim als were 
dosed a t  th e  tim e o f  su rg e ry  and fo r  14 days a f t e r  su rg e ry  w ith  30 
mg/kg, s . c . ,  o f  mixed g a n g lio s id e s  (GM), w hile  o th e rs  rece iv ed  ve
h ic le .  On th e  day a f t e r  th e  l a s t  in je c t io n  o f  GM, the  r a t s  were 
given  1 mg/kg apom orphine, s . c . ,  and th e i r  motor a c t i v i t y  measured 
fo r  60 min; 7 days l a t e r  they  were cha llen g ed  w ith  0 .5  mg/kg o f  apo
m orphine. S u p e r s e n s i t iv i ty  to  apomorphine was a t te n u a te d  in  r a t s  
re c e iv in g  GM; HPLC a n a ly s is  o f  th e  n eo s tria tu m  found th a t  GM a t te n u 
a te d  6 -OHDA-induced d ec re a se s  in  dopamine and DOPAC by app rox im ate ly  
50%. A nother group o f  r a t s  was im planted  w ith  ch ro n ic  in d w ellin g  
cannu las  in  th e  l a t e r a l  c e re b ro v e n tr ic le s  a t  th e  tim e th a t  6-OHDA 
was in je c te d  in to  th e  s u b s ta n t ia  n ig ra . Some r a t s  rece iv ed  25 o r 50 
μg o f  GM fo r  10 days a f t e r  s u rg e ry , w hile  o th e rs  rece iv ed  2 μl o f 
b u ffe red  v e h ic le . Two weeks a f t e r  s u rg e ry , th e  r a t s  were cha llen g ed  
w ith  1 mg/kg o f  apomorphine and a c t i v i t y  measured fo r  1 h r . T re a t
ment w ith  GM a t te n u a te d  th e  s u p e r s e n s i t i v i ty  to  apomorphine r e s u l t 
ing  from in j e c t io n  o f  6-OHDA. S t r i a t a l  d e p le tio n s  o f dopamine and 
DOPAC were a ls o  a t te n u a te d  in  GM -treated r a t s .

A s e p a ra te  experim en t sought to  de term ine  th e  e f f e c t s  o f GM1 on 
th e  th e  developm ent o f  r e c e p to r  s u p e r s e n s i t i v i ty  produced by r e 
pea ted  exposure to  a dopamine re c e p to r  a n ta g o n is t .  Rats were in 
je c te d  w ith  1 mg/kg o f  h a lo p e r id o l , s . c . ,  fo r  8 o r  16 d ays; some 
r a t s  were coadm in iste red  20 mg/kg o f  GM1, s . c .  Four days a f t e r  the  
l a s t  d o se , th e  r a t s  were cha llen g ed  w ith  1 mg/kg o f  apomorphine and 
a c t i v i t y  counted fo r  60 min. T reatm ent w ith  GM1 d ec reased  th e  be
h a v io ra l s u p e r s e n s i t i v i ty  to  apomorphine induced by rep ea ted  expo
s u re  to  h a lo p e r id o l .

These experim en ts su g g es t th a t  tre a tm e n t w ith  GM can have a p ro 
te c t i v e  e f f e c t  a g a in s t  6-OHDA-induced d e p le tio n  o f  dopamine i f  
tre a tm e n t w ith  GM beg ins a t  th e  tim e o f  le s io n in g .  These s tu d ie s  
a ls o  su p p o rt re c e p to r  b ind ing  d a ta  re p o rte d  by o th e r  la b o ra to r ie s  
in d ic a t in g  th a t  tre a tm e n t w ith  GM1 can a f f e c t  p ro cesses  r e s p o n s ib le  
fo r  u p - re g u la tio n  o f  dopamine r e c e p to r s .

300.12 β -SUBUNIT OF CHOLERA TOXIN REVERSELY IN H IB IT S N G F-IN 
DUCED REGENERATION IN PC 12 CELLS. G. F e r r a r i * ,  M. F a -  
v a r o n *  a n d  A. L eon (SPON: M. V i t a d e l l o ) . F i d i a  N e u ro -  
b i o l o g i c a l  R e s e a r c h  L a b o r a t o r i e s ,  A bano T e rm e , I t a l y .

P r e v i o u s  r e p o r t s  fro m  o u r  l a b o r a t o r y  h a v e  d e s c r i b e d  
t h a t  t h e  a d d i t i o n  o f  m o n o s i a l o g a n g l i o s i d e  (GM1 ) t o  
p h e o c h ro m o c y to m a  c e l l s  (PC 12) i n c r e a s e s  t h e  N e rv e  
G ro w th  F a c t o r  (N G F )- in d u c e d  d i f f e r e n t i a t i o n  a n d  r e g e n 
e r a t i o n  ( F e r r a r i ,  G. e t  a l . ,  D ev . B r a i n  R e s . , 8 :2 1 5 ,  
1 9 8 3 ) .  We h a v e  now e x t e n d e d  o u r  i n v e s t i g a t i o n  by  
s t u d y i n g  th e  p o s s i b l e  in v o lv e m e n t  o f  e n d o g e n o u s  g a n 
g l i o s i d e s  i n  N G F -in d u c e d  n e u r i t e  r e g e n e r a t i o n .  F o r 
t h i s  p u r p o s e  we a d d e d  th e  β - s u b u n i t  o f  c h o l e r a  t o x i n ,  
know n t o  b i n d  s p e c i f i c a l l y  t o  GM1 on  t h e  c e l l  s u r 
f a c e ,  a n d  e v a l u a t e d  b o th  i t s  b i n d i n g  a n d  e f f e c t s  on  
n e u r i t e  r e g e n e r a t i o n  in  p r im e d  PC12 c e l l s .  B in d in g  
s t u d i e s  i n d i c a t e d  t h a t  h a l f  m a x im a l s p e c i f i c  b i n d i n g  
o f  t h e  c h o l e r a g e n o i d  t o  t h e  c e l l s  o c c u r r e d  a t  a p p r o x i 
m a te l y  50 n g /m l .  F o r r e g e n e r a t i o n  e x p e r i m e n t s  NGF 
p r im e d  PC12 c e l l s  w e re  s u b c u l t u r e d  i n t o  f r e s h  c u l t u r e  
d i s h e s  w i th  m edium  c o n t a i n i n g  NGF (5 0 n g / m l )  w i th  an d  
w i t h o u t  v a r i o u s  c o n c e n t r a t i o n s  o f  c h o l e r a g e n o i d . w i t h  
NGF a l o n e  m o s t o f  t h e  c e l l s  p r o d u c e d  w i t h i n  24 h o u r s  
lo n g  n e u r i t e s  w h i l e  i n  t h e  p r e s e n c e  o f  NGF t o g e t h e r  
w i th  t h e  β - s u b u n i t  (1 μ g /m l)  n e u r i t e  r e g e n e r a t i o n  w as 
t o t a l l y  s u p p r e s s e d :  t h e  I d 50 w as a p p r o x i m a t e l y  30 
n g /m l .  P r e i n c u b a t i o n  o f  t h e  β - s u b u n i t  w i th  GM1 
f a i l e d  t o  g i v e  t h e  sam e r e s p o n s e .  I n  a d d i t i o n  th e  e f 
f e c t  o f  t h e  β - s u b u n i t  w as r e v e r s i b l e ,  i . e .  w a s h - o u t  
a f t e r  1 d a y  o r  t h e  β - s u b u n i t  f o l l o w e d  by  c o n t i n u e d  e x 
p o s u r e  t o  NGF r e s u l t e d  i n  t h e  r a p i d  a p p e a r a n c e  o f  lo n g  
n e u r i t e s  w i t h i n  24 h o u r s ,  t h e r e b y  i n d i c a t i n g  t h a t  
p r im in g  h a d  n o t  b e e n  l o s t .  T hus i t  c a n  h y p o t h e s i z e d  
t h a t  t h e  p r e s e n c e  o f  GM1 m o l e c u l e s  ( b o th  e x o g e n o u s l y  
s u p p l i e d  o r  e n d o g e n o u s ly  o c c u r r i n g )  on  t h e  n e u r o n a l  
c e l l  s u r f a c e  m o s t p r o b a b l y  p l a y  a  p r o m i n e n t  r o l e  in  
t h e  r e g u l a t i o n  o f  N G F -in d u c e d  n e u r i t e  r e g e n e r a t i o n .

300.13 GLYCOSAMINOGLYCAN SYNTHESIS AND RELEASE BY EMBRYONIC SPINAL CORD 
NEURONS. K.E. Dow* and R .J . R io p e lle  (SPON: H.B. D in sd a le ) . 
Q ueen 's U n iv e r s i ty ,  D epartm ents o f  P e d ia t r ic s  and M edic ine, 
K in g sto n , O n ta rio  K7L 3N6

G lycosam inoglycans (GAGs) a re  im p ortan t c o n s t i tu e n t s  o f  th e  
e x t r a c e l lu la r  m a trix  and have been im p lic a te d  in  neuron ad h e sio n , 
p ro cess  fo rm a tio n  and axona l gu id an ce .

N euron-enriched  d is s o c ia te d  c u l tu r e s  (n eu ro filam e n t p o s i t i v e ,  
g a la c to c e re b io s id e  and g l i a l  f i b r i l l a r y  a c id ic  p ro te in  n e g a tiv e )  
from 8-day  ch ick  embryo s p in a l  co rd  were s ta in e d  fo r  th e  p resence  
o f  GAGs u s in g  th e  A lc ian  b lu e  -  magnesium c h lo r id e  (MgCl 2 ) m ethod. 
P o s i t iv e  s ta in in g  o f  neurons was seen  a t  0 .1  M, 0 .3  M, and 0 .7  M 
MgCl 2 . The absence o f  s ta in in g  a t  1 .0  M MgCl2  su g g es ts  th e  
absence o f  k e ra ta n  s u lp h a te ,  th e  most s tro n g ly  su lp h a te d  GAG, 
w h ile  s ta in in g  a t  MgCl2  c o n c e n tra t io n s  up to  0 .7  M su g g es ts  th e  
p re sen ce  o f  h e p a rin  o r heparan  s u lp h a te  — GAGs c o n ta in in g  b o th  
ca rb o x y la te d  and su lp h a te d  g roups. GAGs were e x t r a c te d  from 35SO4 
la b e le d  s p in a l  co rd  neurons and from neuron co n d itio n e d  media 
a f t e r  7 days in  c u l tu r e  by papa in  d ig e s t io n  fo llow ed  by c e ty l -  
py rid in iu m  c h lo r id e  p r e c i p i t a t i o n .  A fte r  s e p a ra t io n  by c e l lu lo s e  
a c e ta te  e le c t r o p h o r e s i s ,  a  s in g le  band co -m ig ra tin g  w ith  a h e p a rin  
s ta n d a rd  was observed  by rad io au to g rap h y  in  th e  GAG i s o l a t e  o f  
b o th  neurons and neuron c o n d itio n e d  m edia.

Embryonic neurons have p re v io u s ly  been shown to  r e le a s e  
s u b s t r a te  a t ta c h e d  m o lecu la r s p e c ie s  t h a t  promote n e u r i te  
outgrow th  (R io p e lle  and Cameron, Dev. B r. R es. 15 , 1984). The 
p re s e n t s tu d ie s  complement th e s e  o b s e rv a t io n s  by dem onstra ting  
th a t  neurons s y n th e s iz e  and r e le a s e  t o  t h e i r  co n d itio n e d  media a 
GAG w ith  e l e c t ro p h o re t ic  m o b ility  o f  h e p a rin .

300.14 PROMOTION OF SURVIVAL AND NEURITE OUTGROWTH IN 
CULTURES OF NEWBORN RAT SYMPATHETIC NEURONS BY A cAMP 
ANALOG. R.E. Rydel and L.A. G reene. D epartm ent o f Pharmacology, 
New York U niversity  School o f M edicine, 550 F irs t Avenue, New York, 
N.Y. 10016

We have reported  th a t fibroblast grow th fac to r  (FGF), insulin, 
forskolin and various cyclic AMP (cAMP) analogs preven t the  death  of 
clonal PC 12 pheochrom ocytom a cells in se ru m -free  medium to  a sim ilar 
ex ten t as th a t observed w ith nerve grow th fac to r (NGF) (R.E. Rydel and 
L.A. G reene, Soc. Neurosci. Abst. 11:935, 1985). In the  presen t study, 
r a t  sym pathetic  neurons have been analyzed fo r the ability  of these 
agents to  prom ote survival and neurite  outgrow th.

Postnata l day 1 to  3 ra t  superior cerv ical sym pathetic  neurons were 
cu ltu red  on co llagen-coated  dishes in serum -contain ing  medium (85% 
RPMI 1640, 5% fe ta l c a lf  serum  and 10% h e a t-in ac tiv a ted  horse serum) 
supplem ented w ith one o f the  agents to  be te sted . Highly enriched 
neuronal cu ltu res w ere obtained by tre a tm en t w ith 10 μM cytosine 
arabinoside fo r up to  1 week. C ultures w ere fed  every o the r day and cell 
num ber per cu ltu re determ ined a t  various tim es up to  1 week. FGF, 
insulin, phorbol m y rista te  a c e ta te  and elevated  K+ failed  to  maintain 
v iab ility  of sym pathetic neurons when cu ltu red  in the presence or 
absence of nonneuronal cells. These agents ne ithe r enhanced nor 
dim inished N G F-prom oted cell survival o r neurite  outgrow th. Forskolin 
and dibutyryl cAMP had a m oderate e ffe c t upon neuronal survival, with 
all surviving neurons extending neurites. In contrast, 
8(4-chlorphenylthio)-cA M P (CPT-cAM P) m aintained cell survival and 
neurite  form ation  in cultured  sym pathetic  neurons as e ffec tive ly  as NGF.

The e ffec ts  o f CPT-cAM P d iffe red  from  those o f NGF in th a t neurite 
form ation  was delayed 1 to  2 days and neuronal hypertrophy was 
significantly  reduced o r absent. However, the  density  o f neuritic 
outgrow th appeared com parable w ith e ith e r tre a tm e n t a f te r  1 week. 
The e ffec ts  o f CPT-cAM P on survival and neu rite  form ation  were 
independent o f the  p resence o f nonneuronal cells. Removal o f NGF from 
N G F -trea ted  cultures along w ith the  addition o f polyclonal anti-N G F 
antiserum  resu lted  in rapid  loss o f neuronal v iability , while such 
tre a tm e n t followed by th e  addition o f CPT-cAM P afforded com plete 
p ro tec tion  o f cell v iability  and neu rite  in teg rity . This indicates tha t 
NGF and CPT-cAM P a ffe c t iden tical populations of sym pathetic 
neurons. In addition, cu ltures tre a te d  w ith NGF and CPT-cAM P were 
not morphologically distinguishable from  those tre a te d  w ith NGF alone. 
Our findings suggest th a t CPT-cAM P should prove useful for studying 
mechanism s involved in neuronal cell survival and neurite  outgrowth. 
Supported by NIH gran t NS16036 and NIH predocto ral training grant 
GM07827.
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300.15 EFFECTS OF NEONATAL 6-HYDROXYDOPAMINE ON MORPHOLOGICAL 
ORGANIZATION IN THE POSTEROMEDIAL BARREL SUBFIELD OF MOUSE 
SOMATOSENSORY CORTEX. E. P . Loeb. F .-L . F. Chang . and W. T. 
Greenough. Depts. Psychol. and Anat. S c i . , and Neur. & Behav. 
B io l. P ro g ., Univ. I l l i n o i s ,  Chairpaign, IL 61820.

While the  p o ssib le  ro le s  o f non-noradrenergic e f fe c ts  a re  
u n ce rta in , th e  consequences o f neonatal 6- hydroxydopamine (6- 
OHDA) treatm ent upon development of p h ysio log ical and behavioral 
c h a ra c te r is t ic s  of the  v isu a l system are  profoundly d is ru p tiv e  
(Kasamatsu e t  a l . ,  J .  Neurophys. 45: 254; Trombley e t  a l . , 
J .  Neurosci. 6 :266; Bear & S inger, Nature 320: 172). 
Norepinephrine appears to  p lay  a modulatory ro le ,  enhancing the  
r e la t iv e  responsiveness o f c e l l s  to  both e x c ita to ry  and 
in h ib ito ry  inpu t (Yeh & Woodward, Dev. B rain Res. 11 :207). I f  
developmental e f fe c ts  of p e rip h e ra l input a re  so modulated, 
p a tte rn  in  an input-dependent s tru c tu re  should be le s s  w ell 
defined  a f te r  neonatal 6-OHDA trea tm en t. We s tud ied  160 G olgi- 
s ta in ed  (methylene b lue coun terstained) spiny s t e l l a t e  neurons in  
th e  w alls and hollows o f c o r t ic a l  b a rre ls  of 6-OHDA lesioned  
mice. The 6-OHDA le s io n s  produced a t  le a s t  98% norepinephrine 
d ep le tio n . The mice were s a c r if ic e d  on day 60.

We found th a t  6-OHDA had no d iscernab le  e f fe c ts  upon the  gross 
param eters of b a rre ls  ev iden t from measurements of N issl s ta in ed  
c e l l s  b u t th a t  i t  su b tly  d isru p ted  the  o rgan iza tion  of d en d rite s  
in  th e  b a r r e l .  Although gross measures of d e n d ritic  leng th  and 
o r ie n ta tio n  d id  no t d i f f e r  between th e  two groups, neurons of th e  
t re a te d  group reac ted  d if f e r e n t ly  to  the  inner edge of th e  b a rre l  
w a ll. In  6-OHDA mice c e l l s  w ith in  th e  w all m aintained a constan t 
p roportion  of th e i r  d e n d ritic  t r e e s  th e re  reg a rd less  of soma 
lo c a tio n , while in  c o n tro ls  the  c lo se r these  c e l l s  were to  the  
hollow, th e  more d en d rite  they extended in to  i t .  In  th e  hollows, 
co n tro l c e l l s  extended a constan t sm all p ropo rtion  of th e i r  
d e n d ritic  t re e s  in to  the  w all reg a rd less  of soma p o s itio n , while 
th e  p ropo rtion  th a t  t re a te d  c e l l s  extended in to  th e  w all 
decreased s ig n if ic a n t ly  w ith the  d is tance  to  i t .  N either group 
was more l ik e ly  to  grow den d rite s  ou t of th e  b a r re l  (past the  
ou ter edge o f the  w a ll) .

These r e s u l ts  imply th a t  the  d e n d ritic  o rgan iza tion  of 6- 
OHDA tre a te d  c e l l s  i s  no t a s  s tro n g ly  influenced by the  boundary 
between th e  b a rre l  hollow and th e  b a r re l  w all as  i t  i s  in  co n tro l 
c e l l s .  Since the  NE f ib e rs  term inate  in  th e  b a rre l  hollows, i t  
i s  p o ssib le  th a t  these  f ib e rs  a re  involved in  th e  sp ec if ic a tio n  
o f th e  hollow -w all boundary. A lte rn a tiv e ly , s ince  s p e c if ic  
thalam ic a f fe re n ts  a lso  term inate  in  the  hollow s, i t  i s  p o ssib le  
th a t  the  noradrenergic inpu t p o te n tia te s  a f fe re n t a c t iv i ty  
e f fe c ts  on b a rre l  neurons, such th a t  b a rre l  param eters a re  b e tte r  
defined  by p e rip h e ra l in p u t. (Supported by ONR and NIMH)

300.16 TIME-DEPENDENT NEUROCHEMICAL AND NEUROBEHAVIORAL EFFECTS OF INTRA- 
HIPPOCAMPALLY ADMINISTERED COLCHICINE IN RATS. G .J. H arry , H.A. 
T ils o n , L. Grimes*, B.C. R ogers*, and J .N . P e te rso n * . Laboratory  
o f  B ehavioral and N euro log ical T oxico logy , NIEHS, Research T riang le  
P ark , NC 27709 and B io lo g ica l S ciences Research C en te r, U n iv e rs ity  
o f  North C a ro lin a , Chapel H i l l ,  NC 27512.

Prev ious work in  th i s  la b o ra to ry  has concerned th e  e f f e c ts  o f 
g a n g lio s id e s  on neu ro d eg en era tiv e  e f f e c ts  produced by d i r e c t  admin
i s t r a t i o n  o f c o lc h ic in e  in to  th e  hippocampus. This experim ent 
in v e s t ig a te d  s y s te m a tic a lly  th e  tim e-dependen t changes o ccu rrin g  
d u ring  th e  f i r s t  3 weeks a f t e r  a d m in is tra tio n  o f  c o lc h ic in e .  Rats 
were b i l a t e r a l l y  in fu sed  w ith  2.5 μg o f  c o l c h ic in e / s i t e  con ta ined  
in  a volume o f  0 .5  μl a t  do rsa l and v e n tra l s i t e s  w ith in  the  
hippocampus. Motor a c t i v i t y ,  a c o u s t ic  s t a r t l e  re sp o n se , la te n c ie s  
to  respond on a h o t-p la te  and body w eights were measured weekly 
fo r  3 co n secu tiv e  weeks. The r a t s  were then  s a c r i f i c e d  fo r  neuro
chem ical o r h is to lo g ic a l  e v a lu a tio n . Dynorphin c o n c e n tra tio n s  
in  th e  hippocampus were then  measured using  RIA. Some r a t s  were 
p erfu sed  w ith  fo rm a lin  and hippocampal t i s s u e  s ta in e d  w ith Luxol 
f a s t  b lue and c re sy l v io l e t .

In c rea sed  motor a c t i v i t y  and r e a c t iv i t y  to  th e  tone  were o b se r
ved fo r  up to  2 weeks a f t e r  s u rg e ry , but th e  e f f e c t  d im in ished  by 
th e  th i r d  week. C o lch ic in e  a lso  decreased  th e  r a t e  o f body w eight 
g a in . R e a c tiv ity  to  th e  a v e rs iv e  therm al s tim u lu s  was not a f fe c te d . 
The wet w eight o f  th e  hippocampus was decreased  by 20% in  c o lc h i
c in e - t r e a te d  r a t s ;  w eights o f  th e  caudate  o r hypothalam us were not 
a f f e c te d .  C o n cen tra tio n s  o f dynorph in , which is  b e liev ed  to  be 
p r e f e r e n t ia l ly  lo c a te d  in  th e  g ran u le  c e l l s  and mossy f i b e r s ,  were 
decreased  (45-62%) in  c o lc h ic in e - t r e a te d  r a t s .  H is to p a th o lo g ic a l 
a ssessm en t o f  th e  hippocampus found th a t  c o lc h ic in e  decreased  gran
u le  c e l l s  by approx im ate ly  80% w ith  minimal changes in  pyramidal 
c e l l s  (10-15% d e c re a s e ) . These d a ta  su g g es t th a t  co lch ic in e-in d u ced  
d eg e n e ra tio n  o f  th i s  pathway is  re s p o n s ib le  fo r  th e  observed be
h av io ra l e f f e c t s .

In a s e p a ra te  expe rim en t, r a t s  were g iven 20 mg/kg o f  GM1, s . c . ,  
24 h rs p r io r  to  re c e iv in g  c o lc h ic in e .  I n je c t io n s  o f  GM1 or s a lin e  
con tinued  fo r  21 d ay s , a t  which tim e th e  r a t s  were asse sse d  fo r  
h y p e rm o til i ty . In c o n t r a s t  to  th e  p rev ious s tu d y , c o lc h ic in e -  
t r e a te d  r a t s  handled d a i ly  fo r  in je c t io n s  d id  n o t show s ig n s  o f 
in c rea sed  motor a c t i v i t y .  Under th e  co n d itio n s  o f  th i s  s tu d y , GM1 
had no s ig n i f i c a n t  e f f e c t  on behav io ra l a l t e r a t io n s  produced by 
c o lc h ic in e .

(BCR and LG supported  by Toxicology C urricu lum , Univ. North 
C a ro l in a , ES-07126).

300.17 TPA AND RETINOIC ACID IN SERUM-FREE MEDIA INHIBIT ADHESION 
AND NEURITE OUTGROWTH IN A HUMAN NEUROBLASTOMA CELL 
LINE THAT SECRETES FIBRONECTIN
D. Muir*, K.H. Sonnenfeld* and S. Berl. D ep't o f Neurology, Mt. Sinai 
School of Medicine, N.Y., NY 10029.

N eurite outgrow th by the neuroblastom a ce ll line SH-SY5Y is 
dependent on substrate  adhesion. E xtracellu lar com ponents a re  required 
to m ediate a ttach m en t and m otility . SH-SY5Y successfully adhere to 
cu ltu re  surfaces and extend neurites in the presence o f fe ta l bovine serum 
(FBS); NGF enhances the outgrow th response. The tum or prom oter 1 2 -0 - 
te tradecanoy l phorbol-13-aceta te  (TPA) in the presence of FBS induces 
morphologic d iffe ren tia tion  in these ce lls, as evidenced by the form ation 
o f long, s tra igh t neurites with broad growing tips. Retinoic acid also 
induces an outgrow th response in these adheren t ce lls .

In serum -free growth medium (DMEM, 7ug/m l insulin, 7ug/m l 
transferrin , 100uM putrescine, 20nM progesterone, 45nM selenate) freshly 
trypsin-dissociated SH-SY5Y ce lls  were able to adhere to  tissue cu ltu re 
p la tes and, as they released  protein into the media, these ce lls  extended 
long neurites. N eurite outgrow th was enhanced by the addition of NGF 
(200ng/ml), which had sim ilar e ffec ts  w hether added im m ediately or two 
days a f te r  ce ll adhesion had begun. In co n tras t, the addition o f TPA 
(17nM) to the serum -free medium hindered a ttach m en t and subsequent 
neurite  outgrow th. When the substra te  was p re trea te d  with serum, the 
negative e f fe c t o f TPA on adhesion and outgrow th could be diminished. 
P re tre a tm e n t w ith fibronectin-stripped FBS was less effec tiv e  in this 
regard, while readdition of p u r if ie d . fibronectin  (50ug/ml) resto red  
com pletely  the properties o f FBS p re trea tm en t. Retinoic acid (1uM) also 
disrupted SH-SY5Y adhesion and outgrow th in serum -free medium; 
how ever ce lls  first successfully adhered and dem onstrated  neurite  
outgrow th, bu t re tra c te d  and lost adhesion a f te r  6 days. Again, the 
progressive loss of the ability  to adhere was reversed by p re trea ting  the 
substra te  with fibronec tin containing serum .

The addition o f rad ioactive amino acids to media containing FBS or 
FBS stripped of fibronec tin showed th a t SH-SY5Y ce lls  synthesized and 
sec re ted  a radiolabelled pro tein  which was im m unoprecipitated by a n ti-  
fibroneetin  IgG; i t  m igrated  on SDS-PAGE with an Mr=220-240 kD. De 
novo fibronectin was dem onstrated  in conditioned serum -free m edia and 
in ce lls  by im m unostaining e lec trob lo ts  with an ti-fib ronec tin  IgG. An 
ELISA was successful in quantifying fibronectin  (100ng/m l sensitivity) 
p resen t in the conditioned media. Also, the ce llu lar localization  of 
fibronectin  associa ted  with the neurite  outgrow th of SH-SY5Y ce lls  was 
dem onstrated  by im m unocytochem istry. Presently , these techniques are 
being used to  explore the role o f sec re ted  fibronectin  in ce llu lar and 
grow th cone adhesion in SH-SY5Y ce lls  tre a te d  with TPA and retinoic 
acid under serum -free conditions.

Supported by NIH-NINCDS Training G rant NS-07245

300.18 BRAIN NEURON DEVELOPMENT IN A HORMONALLY DEFINED GLIAL-FREE 
ENVIRONMENT: EFFECTS OF TRANSFERRIN, INSULIN, INSULIN-LIKE GROWTH 
FACTOR-I AND THYROID HORMONE. Y. Aizenman 
and J .  de V e lli s . Lab. o f  Biomedical and Environmental S c ie n ces , 
Mental R e ta rd . Res. C en te r, D epts. o f Anatomy and P sy c h ia try , 
B rain Res. I n s t . ,  UCLA School o f  M edicine, Los A ngeles, CA 90024.

We have developed a pure c o r t ic a l  neuronal c u l tu r e  f r e e  o f  
g l i a l  c e l l s ,  grown in  a se rum -free  environm ent. The c u l tu re d  
c e l l s  immunostained p o s i t iv e ly  w ith  neu ro filam en t an tibody  w hile  
th e y  d isp la y ed  v i r t u a l l y  no g l i a l  c e l l  c h a r a c t e r i s t i c s ,  such as 
g l i a l  f i b r i l l a r y  a c id ic  p ro te in ,  g ly c ero l phosphate dehydrogenase 
o r g lu tam ine s y n th e ta s e . In s u lin  and t r a n s f e r r i n  were n ecessa ry  
and s u f f ic i e n t  f o r  neuronal s u r v iv a l , n e u r i te  ex ten s io n  and 
g lu tam ic  ac id  decarb o x y lase  (GAD) e x p re ss io n . I n s u l in - l ik e  growth 
f a c t o r - I  (IGF) was ab le  to  re p la c e  in s u l in  and was a c t iv e  c lo se  to  
i t s  p h y s io lo g ic a l l e v e l s ,  su g g es tin g  i t  m ight be th e  in  vivo 
f a c to r  in f lu e n c in g  neuronal growth in  th e  b r a in .  The d ynamics o f 
th e  developm ental p rocess were s t r ik i n g .  The neurons moved on th e  
p o ly -D -ly s in e  covered p l a s t i c  d is h ,  and rearrangem ents in  
c o n ta c ts  between c e l l s  were observed . At f i r s t  th e  neurons 
underwent a genera l c e l l u l a r  growth m an ifes ted  by a la rg e  in c re a se  
in  th e  c u l tu r e  t o t a l  p ro te in  co n ten t and by th e  i n i t i a t i o n  o f  
n e u r i te s .  A more s p e c i f ic  d i f f e r e n t i a t i o n ,  as in d ic a te d  by th e  
sharp  in c re a s e  in  GAD le v e ls  which was co n c u rre n t w ith  an in c re a se  
in  in te rn e u ro n a l c o n ta c ts ,  lagged behind th e  i n i t i a l  grow th. 
Thyroid hormone (TH), u n lik e  in s u l in  and t r a n s f e r r i n ,  a f fe c te d  
t h i s  d i f f e r e n t i a t i o n  p rocess w ithou t a f f e c t in g  neuronal s u rv iv a l .  
TH caused a f u r th e r  in c re a s e  in  GAD le v e l s ,  and i t s  e f f e c t  a lso  
s ta r t e d  a t  th e  o n se t o f  c o n ta c t fo rm a tio n . This neuronal c u l tu r e ,  
g l i a l  and se ru m -fre e , p rov ides  a new model system  fo r  in v e s t ig a 
t in g  neuronal development and fu n c tio n  in  th e  mammalian c e n tra l  
nervous system . (T h is work was supported  by DOE and NICHD).
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30019  ESTABLISHMENT OF LONG-TERM CULTURES OF EMBRYONIC AND POST-NATAL 
CENTRAL NERVOUS SYSTEM NEURONS. Stephen Rapp*, Wayne Engleman* 
and D ik la Roufa (SPON:P.Manning). S ea rle  R&D S t. L ouis, MO 63198.

S tu d ie s  on c e l lu l a r  in te r a c t io n s  and the e f f e c t  o f environm ent
a l  f a c to r s  on th e  develop ing  and reg e n e ra tin g  CNS are  g re a t ly  f a 
c i l i t a t e d  by th e  a v a i l a b i l i t y  o f t i s s u e  c u l tu re  systems th a t  con
t a in  neu ronal c e l l s  alone o r in  com bination w ith  g l i a l  c e l l s .  We 
re p o r t  h e re  th e  t i s s u e  c u l tu re  methods th a t  enabled  us to  grow c u l
tu re s  o f s e p ta l  a re a , hippocampal and c o r t i c a l  neurons ob ta ined  
from embryonic (E15-E20) o r p o s t-n a ta l  (P2-P5) r a t  b ra in  and main
ta in e d  in  c u l tu re  as "pure" neuronal o r "mixed” n e u ro n a l-g lia l  c u l 
tu r e s .  To study  th e  e f f e c t  o f v a rio u s  exogenous agen ts on th e se  
c e l l s ,  we ro u tin e ly  m a in ta in  th e se  c u l tu re s  fo r  3-5 weeks and in  
some ca ses  up to  8-10 weeks in  v i t r o .  A ll b ra in  t i s s u e s  were d i s 
se c te d  from Sprague Dawley r a t s ,  cleaned of connective  t i s s u e ,  
minced in to  sm all p ie c e s  and d is s o c ia te d  in to  a s in g le  c e l l  su s
pension  using  a 30min in c u b a tio n  a t  37°C in  0.25% trypsin /2%  DNAase 
s o lu t io n  fo llow ed by g e n tle  t r i t u r a t i o n  w ith  a p a s te u r  p ip e t .  The 
c e l l s  a re  p la te d  in  p o ly - ly s in e  coated  24-w ell or 96-w ell m icro
t i t e r  p la te s .  O ptim al c e l l  d e n s ity  fo r  s u rv iv a l had to  be e s ta b 
l i s h e d  fo r  each t i s s u e  type from embryonic and p o s t-n a ta l  an im als. 
P la t in g  d e n s i t ie s  o f 25 ,000-150,000 c e l ls /w e l l  in  96-w ell m icro
t i t e r  p la te s  were used depending on th e  t i s s u e  ty p e , age o f the 
anim al from which i t  was o b ta in ed  and th e  c u l tu r e  medium used. We 
found L e ib o v itz 's  L-15 based medium to  be b e s t  s u ite d  fo r  long-term  
s u rv iv a l o f embryonic s e p ta l  a rea  neurons w hile  E a g le 's  minimum 
e s s e n t i a l  medium (MEM) based medium was b e t te r  fo r  p o s t-n a ta l  sep
t a l ,  and hippocam pal and c o r t i c a l  neurons. The c u l tu re  medium 
co n ta in ed  in  a d d i tio n  to  MEM, 10% human serum o r f e t a l  c a l f  serum, 
0.6% g lucose  and 1% L -glu tam ine (h ig h e r c o n c e n tra tio n  of L -glu  w i l l  
s e le c t i v e ly  k i l l  hippocampal n eu ro n s). A ll th re e  t i s s u e  ty p e s , 
o b ta in ed  from embryonic and p o s t -n a ta l  an im als, can be m ain ta ined  
in  th e  ch em ica lly  defin ed  medium N2 (B o tte n s te in  and S a to , PNAS, 
76:514, 1979). In  o rd e r to  s e le c t i v e ly  e l im in a te  a l l  d iv id in g  non
n eu ronal c e l l s ,  10-50μM u r id in e /f lu o ro d e o x y u r id in e  was added to  the 
c u l tu r e  medium e i th e r  a t  th e  tim e o f p la t in g  (p o s t-n a ta l)  o r a f t e r  
24hr in  v i t r o  (em bryonic). B e t te r  than  90% and in  some cases a l l  
a s tr o c y te s  were e lim in a te d  as confirm ed by GFAP im munocytochemistry. 
We o b ta in ed  op tim al long-term  s u rv iv a l when th e  c u l tu re  medium was 
changed 24hr a f t e r  p la t in g  and was follow ed by no f u r th e r  medium 
changes. In c u l tu re s  where non-neuronal c e l l  p r o l i f e r a t i o n  was not 
c o n tro l le d ,  most neu ronal c e l l s  were e lim in a te d  w ith in  2-3 weeks 
le av in g  a c a rp e t o f g l i a l  c e l l s .  The above p ro to c o ls  p re s e n t con
s id e r a b le  improvement in  the  a b i l i t y  to  m a in ta in  embryonic and 
p o s t - n a ta l  CNS neurons in  v i t r o  fo r  extended p e rio d s  of tim e. 
Immunocytochemical c h a ra c te r iz a t io n  o f th e se  c u l tu re s  i s  desc rib ed  
in  a companion a b s t r a c t  by Roufa e t  a l .

TROPHIC INTERACTIONS II

301.1 THE QUANTITATIVE ASSESSMENT OF NERVE FIBER DISTRIBUTION IN MUSCLES 
DURING THE NORMAL CELL DEATH PERIOD AND FOLLOWING PREVENTION OF 
NEURONAL CELL DEATH. L.M. Dahm and L .T . Landm esser. D ep t. of 
P hysio logy  and N eurob io logy , Univ. o f CT, S to r r s ,  CT 06268.

N a tu ra l ly  o c c u rr in g  c e l l  d ea th  has been proposed as  a mechanism 
to  match th e  s iz e  o f a  n eu ro n a l p o p u la tio n  w ith  i t s  t a r g e t .  To 
s u rv iv e , neurons a r e  though t to  r e q u i r e  u p take  o f a ta rg e t- s u p p lie d  
tro p h ic  f a c to r .  In  c h ic k , q u a i l ,  and c h ic k -q u a i l  ch im eras , th e  
number o f lum bosacra l (LS) m otoneurons s u rv iv in g  th e  c e l l  d ea th  
p e rio d  i s  t i g h t ly  c o r r e la te d  w ith  th e  number o f myotube c l u s t e r s  a t  
i t s  o n s e t,  su g g es tin g  th a t  some a s p e c t o f th e  t a r g e t ,  such as th e  
number o f p o te n t ia l  s y n a p tic  s i t e s ,  may r e g u la te  s u rv iv a l .  Neuro
m uscular b lockade has a ls o  been shown to  p rev en t motoneuron c e l l  
d ea th . However, n e i th e r  d u rin g  norm al developm ent nor d u ring  
tre a tm e n ts  th a t  p rev en t c e l l  d ea th  has th e  a c tu a l  r e l a t i o n s h ip  of 
ne rve  f ib e r s  to  ta r g e t  myotubes been a s se s se d  d u rin g  th e  a c tu a l  
c e l l  d ea th  p e r io d  ( s t  30-36 fo r  ch ick  LS m otoneurons). S ince th i s  
in fo rm a tio n  i s  e s s e n t i a l  f o r  fo rm u la tin g  hypo theses re g a rd in g  th e  
mechanism o f th e  proposed tro p h ic  in t e r a c t io n ,  we have a s se s se d  th e  
tem poral p a t te r n  o f axonal in v a s io n  and ra m if ic a t io n  w ith in  two 
ch ick  h ind lim b  m uscles , th e  p redom inate ly  slow i l i o f i b u l a r i s  (IF ) 
and th e  f a s t  p o s te r io r  i l i o t i b i a l i s  (P IT ). The d i s t r i b u t io n  of 
n erve  f ib e r s  w ith in  th e se  m uscles between s t  30-34 was q u a n t i ta 
t i v e ly  a s se s se d  from s e r i a l  f ro zen  s e c t io n s  s ta in e d  w ith  a mono
c lo n a l an tib o d y  (MAB) to  n erve  f ib e r s  w h ile  myotubes were v is u a l iz e d  
w ith  e i t h e r  MAB to  NCAM o r myosin ATPase s ta in in g .

A lthough nerve  tru n k s  a re  a d ja c e n t to  th e  p resum ptive m uscles by 
s t  26, m uscle n erv es  on ly  form a t  s t  28 c o - in c id e n t w ith  th e  ap
pea rance  o f m ature myotube c l u s t e r s .  Between s t  30-32 axons ra p id 
ly  invade th e  deve lop ing  m uscles to  form h ig h ly  f a s c ic u la te d  i n t r a 
m uscular nerve  b ranches d i s t r i b u te d  in  an o rgan ized  a r ra y  th rough
o u t th e  m uscles. By s t  32 th e re  i s  a ls o  an in c re a s e  in  th e  number 
of ram ify ing  s in g le  axona l p r o f i l e s ,  b r in g in g  them in to  p o te n t ia l  
s y n a p tic  c o n ta c t w ith  most o f th e  a v a i la b le  t a r g e t .  Throughout th e  
c e l l  d ea th  p e r io d , th e  in n e rv a tio n  d e n s ity  o f th e  f a s t  PIT was h a l f  
th a t  o f th e  slow IF .

To determ ine  i f  tre a tm e n ts  which p rev en t c e l l  d ea th  a l t e r  th e  
d e n s ity  an d /o r p a t te r n  o f in n e rv a tio n , embryos were t r e a te d  w ith  
aBTX from s t  26-33 and ana lyzed  as  d e s c r ib e d . We observed a la rg e  
in c re a s e  in  th e  d e n s ity  of in n e rv a tio n  (abou t tw o fo ld ) . In  ad
d i t io n ,  th e  nerve  b ranch  p r o f i l e s  were much more i r r e g u la r ly  d is 
t r i b u te d  and lo o s e ly  f a s c i c u la t e d .  The a l t e r e d  appearance o f th e se  
p r o f i l e s  su g g es ts  th a t  aBTX tre a tm e n t may re sc u e  c e l l s  v ia  a mech
anism  d i f f e r e n t  from th a t  w hich norm ally  r e g u la te s  c e l l  d e a th . I t  
w i l l  now be im p o rtan t to  de term ine  th e  e x te n t to  which th e se  
n eu ro n a l p r o f i l e s  a c tu a l ly  make s y n a p tic  c o n ta c ts  w ith  m yotubes, 
bo th  du rin g  norm al developm ent and fo llo w in g  aBTX tre a tm e n t. 
Supported by NIH g ra n t NS 19640.

301.2 g eo m etrica l  changes o f mouse sym path etic  ganglion  c ells  after  
AXOTOMY. H. YAWO* (SPON: R .D . HADLEY). D e p t. o f  A n a t. and 
N e u r o b io l . ,  W ash in g to n  Un i v .  S ch . M ed., S t .  L o u is ,  MO. 63110 .

The r e l a t i o n s h i p  w i th  p e r i p h e r a l  t a r g e t  t i s s u e  i s  known t o  be  
im p o r ta n t  f o r  t h e  m a in te n a n c e  o f  p r e g a n g l io n i c  s y n a p t i c  c o n ta c t s  
on mam m alian s y m p a th e tic  g a n g lio n  c e l l s  (D. P u r v e s ,  J .  P h y s i o l . 
2 5 2 :4 2 9 ,  1 9 7 5 ). H ere I  r e p o r t  s t u d i e s  o f  t h e  i n f l u e n c e  o f 
p e r i p h e r a l  c o n n e c t i v i t y  on d e n d r i t i c  geo m etry  i n  t h e  mouse 
s u p e r i o r  c e r v i c a l  g a n g lio n  (SCG).

A d u lt  m ice (25  -  30 g) w ere  a n e s t h e t i z e d  and  one o f  t h e  
p o s tg a n g l io n i c  b ra n c h e s  o f  t h e  l e f t  SCG ( th e  e x t e r n a l  c a r o t i d )  
was c ru s h e d  0 .5  -  1 .0  mm from  th e  g a n g l io n .  One t o  4 w eeks a f t e r  
r e c o v e r y  from  t h i s  o p e r a t io n  t h e  a n im a ls  w ere r e a n e s th e t i z e d  by 
an  o v e rd o s e  o f  p e n t o b a r b i t a l  an d  one o r  b o th  SCGs w ere e x c i s e d .  
The SCGs w ere  p l a c e d  i n  a  P l e x ig l a s  cham ber and  s u p e r f u s e d  w ith  
o x y g e n a te d  m ammalian R in g e r  s o l u t i o n .  G a n g lio n  c e l l s  w ere 
im p a le d  a t  random  w ith  a  p i p e t t e  c o n ta in in g  h o r s e r a d is h  
p e ro x id a s e  (HRP; R = 120 -  160 Mohm); t h e  n e u ro n s  w ere  th e n  
l a b e l e d  by i o n to p h o r e s i s  (D. P u rv e s  & R. I .  Hume, J .  N e u r o s c i . 
1 : 4 4 1 , 1 9 8 1 ) . The i d e n t i t y  o f  a x o to m ize d  n e u ro n s  was d e te rm in e d  
by th e  p r e s e n c e  o f  l a b e l e d  a x o n s e x te n d in g  i n t o  t h e  c ru s h e d  
b ra n c h ;  some a x o n s , h o w ev er, t e r m in a t e d  in  th e  g a n g lio n  w i th  
v a r i c o s i t i e s  o r  g row th  c o n e - l ik e  s t r u c t u r e s .  T hese  n e u ro n s  w ere 
a l s o  c o u n te d  a s  h a v in g  b een  a x o to m iz e d . The n e u ro n s  i n  t h e  
i n t a c t  r i g h t  SCG w ere u s e d  a s  c o n t r o l s .

The t o t a l  a v e ra g e  l e n g th  o f  d e n d r i t i c  a r b o r s  m easu red  from  
cam era lu c id a  d raw in g s  o f  58 c o n t r o l  n e u ro n s  was 8 5 0 .7  ± 3 7 .6  μm 
(mean ± S .E .M .) .  T h is  v a lu e  i s  s i m i l a r  t o  t h a t  m easu red  i n  
n o n o p e ra te d  a n im a ls  (D. P u rv e s  & J .  W. L ic h tm a n , S c ie n c e  
2 2 8 :2 9 8 ,  1 9 8 5 ) . A f t e r  7 d a y s ,  some a x o to m ize d  n e u ro n s  showed 
m arked  s h r in k a g e  o f  d e n d r i t e s ;  th u s  a b o u t  30% o f  th e  c e l l s  had  a  
t o t a l  d e n d r i t i c  l e n g th  o f  l e s s  th a n  400 μm. The c o r r e s p o n d in g  
f r a c t i o n  was o n ly  3% i n  t h e  c o n t r o l s .  By 14 day s  a f t e r  n e rv e  
c r u s h ,  t h e  d e n d r i t e s  o f  m ost a f f e c t e d  c e l l s  h ad  r e t r a c t e d  t o  a t  
l e a s t  some d e g re e ;  t h e s e  n e u ro n s  h ad  s h o r t e r  p r im a ry  d e n d r i t e s ,  
fe w e r  t e r m in a l  b r a n c h e s ,  and  s m a l le r  o v e r a l l  d e n d r i t i c  a r e a s .  
The t o t a l  d e n d r i t i c  l e n g th  o f  ax o to m ize d  n e u ro n s  14 d ay s  a f t e r  
n e rv e  c ru s h  was r e d u c e d  t o  4 7 8 .6  ± 5 1 .4  μm (mean ± S .E .M .; N = 
4 1 ) .  The d e n d r i t e s  showed a  te n d e n c y  t o  r e c o v e r  t h e i r  o r i g i n a l  
l e n g th s  by one m onth , a b o u t  t h e  t im e  p e r i p h e r a l  r e c o n n e c t io n  
m ig h t be  e x p e c te d ;  w h e th e r  r e c o v e ry  i s  e v e n tu a l ly  c o m p le te  i s  
u n d e r  i n v e s t i g a t i o n .

T h ese  r e s u l t s  i n d i c a t e  t h a t  t h e  d e n d r i t i c  m orpho logy  o f  SCG 
n e u ro n s  i s  d e p e n d e n t  on th e  n o rm a l a x o n a l  e x te n t io n  t o  p o s t 
g a n g l io n i c  t a r g e t s .  A p o s s ib l e  e x p la n a t io n  o f  t h i s  d ep en d en ce  i s  
t h a t  t r o p h i c  s u b s ta n c e s  from  th e  t a r g e t  t i s s u e s  a r e  n e c e s s a r y  
f o r  t h e  m a in te n e n c e  o f  th e  g a n g lio n  c e l l  d e n d r i t e s .
S u p p o r te d  by  NIH G ra n ts  NS11699 and  NS18629 t o  D. P u r v e s .
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301.3 THE EFFECT OF VESTIBULAR NERVE DEGENERATION AND REGENERATION ON 
THE MORPHOLOGY OF THE MAUTHNER CELL. L.A. Goodman and P.G. M odel. 
D ept. N e u ro s c i. , A lb ert E in s te in  C o ll . of M ed., Bronx, NY 10461

A ffe re n t i n n e rv a tio n  a f f e c t s  th e  p ro p e r t ie s  of t a r g e t  neurons: 
f o r  exam ple, du rin g  developm ent, ingrow ing axons a re  im portan t in  
re g u la t in g  th e  e la b o ra tio n  of normal d e n d r i t ic  a rb o r iz a t io n s  by 
p o s ts y n a p tic  neurons (Goodman and Model, Soc. N eu ro sc i. A bs., 
1 1 :946, 1985). Here we re p o r t  on th e  long -te rm  e f f e c t s  th a t  
neurons have on the  c e l l s  th a t  they  in n e rv a te . We have examined 
w hether a f f e r e n t  c o n ta c ts  a re  re q u ire d  fo r  th e  m aintenance o f th e  
normal morphology o f a s in g le  ta r g e t  neuron , th e  M authner c e l l  
(M -c e ll) .  In  th e  m edulla of th e  a x o lo t l  (Ambystoma mexi canum) , 
M-cel l s occur as a p a i r  of la rg e ,  u n ique ly  i d e n t i f i a b l e  neurons a t  
th e  le v e l  o f e n try  o f th e  v e s t i b u la r  nerve (n V II I ) .  Each M -cell 
r e c e iv e s  synapses from th e  i p s i l a t e r a l  n V III . These te rm in a ls  can 
be id e n t i f i e d  m orphological l y as c lu b  endings and a re  r e s t r i c t e d  
to  an e x te n s iv e ly  branched reg io n  of the  M -cell l a t e r a l  d e n d r i te .

We looked a t  th e  response  of the  M -cell to  d e a f f e r e n ta t io n  in  
th e  p resence  o r absence of reg en e ra te d  a f f e r e n t  c o n ta c ts .  Follow 
ing  th e  u n i l a t e r a l  severence  of nV III in  te n  young a x o lo t l  la rv a e ,  
nV III was allow ed to  re g e n e ra te  in  f iv e .  In  th e  rem aining  la rv a e , 
nV III g an g lio n  c e l l s  were removed to  p rev en t nerve r e g e n e ra tio n . 
The c o n t r a la t e r a l  s id e s  served  as  c o n t r o ls .  A fte r  th re e  months 
s u rv iv a l ,  th e  anim als were p repared  fo r  m icroscopy. Four of th e  
f iv e  an im als w ith  in t a c t  nV III g a n g lia  had s u c c e s s fu l ly  re g en e r
a te d  n e rv e s . The f i f t h  anim al in  th a t  group and th e  f iv e  anim als 
w ith  a b la te d  nV III g a n g lia  had a sm all number o f reg en e ra te d  
axons. C on tro l and expe rim en ta l M -ce lls  were r e c o n s tru c te d  and 
com pared. Three M -ce lls  dep rived  o f nV III a f f e r e n t s  showed a 
s u b s t a n t i a l  lo s s  of d e n d r i t ic  b ranches in  th e  reg io n  th a t  norm ally  
r e c e iv e s  nV III c o n n e c tio n s . Two o th e r  d ep rived  M -ce lls  showed a 
m oderate , b u t s i g n i f i c a n t  lo s s  of b ranches and one on ly  a s l i g h t  
lo s s .  The e x te n t of d e n d r i t ic  b ranch ing  in  a l l  fo u r o f the  
M -ce lls  th a t  rece iv ed  reg en e ra te d  v e s t i b u la r  nerves  approxim ated 
th a t  of th e  c o n t r a la t e r a l  c o n tro l c e l l .  An unexpected  f in d in g  was 
th a t  th e  d i s t r i b u t io n  of d e n d r i t ic  b ranches on many ex p e rim en ta l 
M -ce lls  was b roader than  th a t  on c o n tro l c e l l s .  W hile branches 
were r e s t r i c t e d  to  the  nV III t r a c t  in  th e  c o n tro l  s id e s ,  they  
extended f a r  in to  a d ja c e n t nerve t r a c t s  in  th e  ex p e rim en ta l s id e s .  
We a re  exam ining the  d is p la c e d  d e n d r i t ic  branches to  determ ine 
w hether they  re c e iv e  v e s t ib u la r  synapses .

D e a ffe re n ta t io n  of the  M -cell r e s u l t s  in  a re d u c t io n  of 
d e n d r i t ic  b ranches in  th e  reg io n  dep rived  o f v e s t ib u la r  
c o n ta c ts .  R e s to ra tio n  of th e  b ranches occu rs  when nV III te rm in a ls  
r e - e s t a b l i s h  c o n ta c t on th e  M -c e ll. These d a ta  in d ic a te  th a t  
a f f e r e n t  in n e rv a tio n  i s  n ec essa ry  fo r  the  m aintenance o f d e n d r i t ic  
b ranch ing  p a t te rn s  in  p o s ts y n a p tic  neu rons .
(Supported  by NIH g ra n ts  5T32GM7288 and NS-18823)

301.4 THE EXTENT OF SUPERINNERVATION PRODUCING TRANSSYNAPTIC STIMULATING 
EFFECTS ON MAUTHNER CELL MORPHOGENESIS. P.G.Model and L.A.Goodman. 
D ept. N e u ro s c i., A lb ert E in s te in  C o ll . Med., Bronx, NY 10461

The fo rm ation  of a f f e r e n t  c o n ta c ts  i s  im p ortan t in  re g u la tin g  
th e  m orphogenesis o f deve lop ing  ta r g e t  neurons (Goodman and Model, 
Soc. N eu ro sc i. A bs., 11: 946, 1985). We showed th a t  in  th e  a x o lo t l  
(Ambystoma mexi canum) ,  s u p e rin n e rv a tio n  o f a u n ique ly  id e n t i f i e d  
t a r g e t  neuron , th e  M authner c e l l  (M -c e ll) ,  p roduces an exuberan t 
p o s ts y n a p tic  d e n d r i t ic  b ranch ing  p a t te rn  as compared to  th e  
c o n t r o l .  M -ce lls  occur as  a p a i r  of la rg e  in te rn e u ro n s  in  th e  
m edulla  of th e  a x o lo t l .  A r e s t r i c t e d  p o r tio n  of th e  M -cell 
l a t e r a l  d e n d r i te  re c e iv e s  synapses from th e  i p s i l a t e r a l  v e s t i b u la r  
n e rv e . M -ce lls  were su p e rin n e rv a ted  in  embryos th a t  had developed 
w ith  an e x t ra  v e s t ib u la r  primordium im plan ted  r o s t r a l  to  th e  
in  s i t u  one. In  s e v e ra l la rv a e ,  th e  e c to p ic  nerve was id e n t i f i e d  
by la b e lin g  i t  w ith  h o rs e ra d is h  perox idase  (HRP). Subsequent EM 
exam ination  rev ea led  th a t  la b e le d  axons made s y n a p tic  c o n ta c t on 
th e  a p p ro p r ia te  reg io n  of th e  M -ce ll. The r e s u l t in g  in c re a s e  in  
d e n d r i t ic  growth was r e s t r i c t e d  to  th i s  re g io n . We have now 
q u a n t if ie d  th e  degree o f su p e rin n e rv a tio n  by coun ting  v e s t i b u la r  
synapses on exp e rim en ta l and c o n tro l  M -c e lls .

M -ce lls  were re c o n s tru c te d  from m icrographs o f s e r i a l  LM 
s e c t io n s .  Each th ic k  s e c t io n  was re-embedded and se c tio n e d  fo r  
EM. We examined a r e p r e s e n ta t iv e  th in  s e c t io n  from each th ic k  
s e c t io n  to  determ ine th e  number of v e s t ib u la r  sy n ap ses . Club 
te rm in a ls  were e a s i ly  id e n t i f i e d  because they  a re  very  la rg e  
( 3- 12u in  d ia m e te r ) , they  make m orpho lo g ica lly  mixed (chem ical and 
e l e c t r i c a l )  s y n a p tic  c o n ta c ts ,  they  have m itochond ria  grouped nea r 
th e  c o n ta c ts ,  and they  c o n ta in  densely  packed and h ig h ly  o rgan ized  
n e u ro fila m e n ts . E xperim en tal and c o n t r a la t e r a l  c o n tro l s id e s  of 
fo u r  an im als were ev a lu a te d  and th e  fo llo w in g  r e s u l t s  o b ta in ed :

ANIMAL
| NUMBER OF 
| CONTROL

VESTIBULAR SYNAPSES  
EXPERIMENTAL | % INCREASE

1 | 124 165 | 33
2 | 127 212 | 67
3 | 115 150 | 30 
4 | 115 163 | 42

x ̅: | 120 173 | 43
The mean number of v e s t ib u la r  synapses on ex p e rim en ta l M -ce lls  was 
s ig n i f i c a n t ly  g re a te r  than  th a t  on c o n tro l  c e l l s  (p<0 . 02 , p a i re d -  
sample t - t e s t ) .  The e c to p ic  nerve in  anim al 4 was la b e le d  w ith  
HRP. The su p e rin n e rv a ted  M -cell in  t h i s  anim al had 48 v e s t i b u la r  
synapses in  excess of th e  c o n tro l ;  37 o f th e se  were la b e le d . Thus, 
our te chn ique  la b e le d  most of th e  axons in  th e  e c to p ic  n erv e .

We a re  c u r r e n t ly  a ttem p tin g  to  c o r r e l a te  th e  e x te n t of 
su p e r in n e rv a tio n  w ith  th a t  o f d e n d r i t ic  growth as a m easure o f th e  
tr a n s s y n a p t ic  s tim u la t io n  imposed by a f f e r e n t  c o n ta c ts  on p o s tsy n 
a p t ic  neurons. (Supported  by NIH g ra n ts  5T32GM7288 and NS-18823)

301.5 PRE- AND POSTSYNAPTIC ALTERATIONS AT OUTPUT SYNAPSES SPARED BY 
AXOTOMY. M.Ti tm us and D.S. F a b e r . D ep t. P h y s io lo g y , D iv . 
N eurobiology; SUNY, B u ffa lo , NY 14214.

We p r e v i o u s l y  r e p o r t e d  i n d i r e c t  e v id e n c e  s u g g e s t in g  t h a t  
axotomy o f  th e  g o ld f is h  M authner (M-) c e l l  produces a long term  
d e s ta b i l i z a t i o n  o f  i t s  o u tp u t synapses 4mm o r  more p rox im al to  
th e  l e s i o n  s i t e  (T itm u s  & F a b e r ,  N e u ro s c i.  A b st. 9 :6 0 3 , 1983 ). 
T h is  s u g g e s t io n  h a s  b ee n  c o n f i rm e d  w i th  s im u l ta n e o u s  p r e -  and 
p o s t s y n a p t i c  i n t r a c e l l u l a r  r e c o r d i n g s .  The r e s u l t s  i n d i c a t e  
t h e r e  i s  b o th  im p a i r e d  t r a n s m i t t e r  r e l e a s e  an d  a l t e r e d  
p o s ts y n a p tic  re sp o n s iv e n e ss  a t  th e se  spared  c o n ta c ts .

R e c o rd in g s  w ere  made from  s i n g l e  M -axons and i d e n t i f i e d  
c r a n i a l  r e l a y  n e u ro n s  (CRNs) p o s t s y n a p t i c  to  tham . D ata  a r e  
p r e s e n t e d  f o r  5 c o n t r o l  an d  5 e x p e r i m e n t a l  f i s h .  B o th  
spon taneous m in ia tu re  e x c i ta to ry  p o s ts y n a p tic  p o te n t ia l s  (mEPSPs) 
and evoked EPSPs w ere  re c o rd e d  and a n a ly z e d .  F o llo w in g  d a t a  
c o l l e c t i o n ,  b o th  c e l l s  w ere  i n j e c t e d  w i th  HRP to  c o n f i rm  t h a t  
c o n ta c ts  betw een th e  M-axons and th e  CRNs were s t i l l  i n t a c t ,  a t  
th e  l i g h t  m icro scop ic  le v e l .

In  c o n t r o ls ,  th e  mean am p litu d e , peak tim e  (20-80%) and h a l f  
decay tim e s  o f  th e  mEPSPs w ere, r e s p e c t iv e ly ,  323±145uV (range: 
2 0 7 -5 7 0 ) , 185±62u s  ( r a n g e :  141 -2 0 3 ) and 647±190us ( ra n g e :  40 7 - 
872). The norm al evoked EPSPs ranged from 7.5 to  31mV and alw ays 
t r i g g e r e d  s p ik e s  in  CRNs w i t h  s t i m u l a t i o n  f r e q u e n c ie s  ≤ 0.5Hz. 
In  c o n t r a s t ,  when axotom ized M-axons w ere s tim u la te d  a t  s im i la r  
r a t e s ,  mean EPSP am p litu d e  averaged 0.45±0.25mV. This d if f e re n c e  
i s  n o t  due to  a  ch an g e  in  th e  mEPSP a m p l i t u d e s ,  w h ich  a v e ra g e d  
277±33uV (range: 241-326) in  th e  axotom ized p r e p a ra tio n s . Thus, 
q u an ta l s iz e  was unchanged fo llo w in g  axotomy, and q u an ta l c o n te n t 
(EPSP/mEPSP) was re d u c e d  from  35.8±24.3  ( r a n g e :  13 -6 9 ) to  
1 .64±1.0  ( r a n g e :  0 .7 7 -4 .0 ) .

In  c o n t r o l s  th e  peak  and h a l f  d ec ay  t im e s  o f  s u b th r e s h o ld  
EPSPs evoked a t  s t im u la t io n  r a t e s  from l-4H z, averaged 163±54us 
and 602±205us, r e s p e c t iv e ly —v a lu es  com parable to  th o se  o b ta ined  
fo r  th e  mEPSPs. F o llow ing  axotomy, bo th  p aram e te rs  o f  th e  evoked 
r e s p o n s e s  w e re  s i g n i f i c a n t l y  i n c r e a s e d  (m ean peak  t im e :  
339±80usec, mean decay tim e: 1.29 ±0.4ms). This e f f e c t  m ight be 
due to  a g r e a t e r  te m p o ra l  d i s p e r s i o n  o f  r e l e a s e  a t  th e s e  
synapses , g iv en  th a t  q u an ta l c o n te n t i s  reduced. However, w h ile  
t h e r e  w as no change  in  th e  peak  t im e  o f  th e  mEPSPs (m ean: 
196±19u s ) f o l l o w in g  ax o to m y , th e  d ec ay  t im e s  o f  th e s e  q u a n ta l  
ev e n ts  w ere in c rea sed  (879±190us). This r e s u l t  s u g g e s ts  t h a t  in  
a d d i tio n  to  im paired  r e le a s e  a t  th e  s p a re d  s y n a p s e s ,  lo n g - te rm  
axotomy i s  a l s o  a s s o c ia te d  w ith  e i t h e r  a change in  th e  s t r u c t u r a l  
o rg a n iz a tio n  o f  th e  M-axon’s o u tp u t synapses o r  w ith  a l t e r a t i o n  
in  p o s ts y n a p tic  r e c e p to r  p ro p e r t ie s .

Supported in  p a r t  by g ra n t  NS15335.

301.6 MECHANISMS OF POSTSYNAPTIC PLASTICITY: MODIFICATION OF JUNCTIONAL 
ACETYLCHOLINE RECEPTOR CLUSTERS INDUCED BY MOTOR NERVE TERMINAL 
OUTGROWTH. W-C. Yee*and A. P e s tro n k , N euromuscular D iv is io n , 
Johns Hopkins Sch. o f Med., B altim o re , MD 21205

Motor nerve te rm ina l outgrow th (NTO) a t  neurom uscular ju n c tio n s  
(NMJs) occurs r a p id ly  in  response  to  d en e rv a tio n  changes in  
m uscle. Using a combined c h o l in e s te r a s e - s i lv e r  s t a i n ,  NTO is  
m a n ife s t as an e lo n g a tio n  o f th e  NMJ ( c h o l in e s te r a s e - s ta in in g  
a re a )  w ith  an in c re a se  in  nerve te rm in a l b ranch ing . We have now 
examined th e  NTO-induced changes in  th e  s ta b l e  c l u s t e r  o f 
ju n c tio n a l a c e ty lc h o lin e  re c e p to rs  (J-AChRs) and th e  mechanisms 
underly in g  th e se  changes.

NTO was evoked using  botulinum  to x in  to  block neurom uscular 
tra n sm iss io n  and cause d en e rv a tio n  changes in  th e  so leu s  m uscles 
o f a d u lt  r a t s .  J-AChRs were v is u a l iz e d  using  an a -b ungaro tox in  
(α-BuTx) p ero x id ase  a n t i-p e ro x id a s e  (PAP) te ch n iq u e . In a p re 
v ious s tu d y , we showed th a t  J-AChR c lu s t e r s  were s ig n i f i c a n t ly  
e lo n g a ted  a f t e r  a 7 day p erio d  o f  NTO. The number o f AChRs per 
NMJ, measured using  125I - α -BuTx , in c rea sed  by 62% in  m uscles w ith 
e longa ted  NMJs. No e lo n g a tio n  o f th e  J-AChR c l u s t e r  was seen 
a f t e r  su rg ic a l d en e rv a tio n , su g g es tin g  th a t  NTO i t s e l f ,  and no t 
d en e rv a tio n  changes in  m uscle, i s  r e s p o n s ib le  fo r  J-AChR changes.

In th e  p re s e n t s tu d y , we examined w hether NTO-induced 
e lo n g a tio n  o f J-AChR c lu s t e r s  occured by 1) r e d i s t r ib u t io n  o f 
p r e - e x i s t in g  J-AChRs, o r  2) in s e r t io n  o f  new J-AChRs, d e riv ed  from 
e i th e r  newly sy n th es iz ed  AChRs o r th o se  m ig ra tin g  from e x t r a -  
ju n c tio n a l reg io n s  o f m uscle. To study  p r e - e x i s t in g  J-AChRs ,  
they  were la b e le d  w ith  α-BuTx b efo re  NTO. A fte r  a 7 day perio d  o f 
NTO th e  rem aining p re la b e le d  J-AChRs were v is u a l iz e d  using  an 
α-BuTx PAP te c h n iq u e . We found th a t  th e  d i s t r i b u t io n  o f the 
p re la b e le d  J-AChRs became s ig n i f i c a n t ly  e lo n g a ted  - m irro rin g  
the  changes in  th e  whole p o p u la tio n  o f J-AChRs and in  
c h o l in e s te ra s e .  The c o n tr ib u tio n  o f new J-AChRs to  NMJ e lo n g a tio n  
was then examined by a) in je c t in g  α-BuTx to  block p r e - e x i s t in g  
AChRs, and b) a f t e r  a llow ing  tim e fo r  in s e r t io n  in to  th e  membrane 
o f new AChRs, la b e lin g  them w ith  125I _α _BuTx. We found la rg e  
accum ulations o f new J-AChRs a t  NMJs. A utoradiographs showed 
th a t  th e se  J-AChRs were d if fu s e ly  d is t r i b u te d  over e lo n g a ted  NMJs 
and no t s e le c t i v e ly  in s e r te d  a t  th e  ends as m ight be expected  i f  
e x t ra ju n c t io n a l  AChRs m ig ra ted  to  th e  NMJ. Thus, most new AChRs 
a t  e longa ted  NMJs seem to  be d e riv ed  from newly sy n th es iz ed  
AChRs in s e r te d  over th e  new le ng th  o f  NMJ membrane.

Our r e s u l t s  show th a t  NTO induces ra p id  m o d if ica tio n  o f the  
o th e rw ise  s ta b le  J-AChR c l u s t e r ,  causing  e lo n g a tio n  o f  the  
c l u s t e r  le n g th  w ith  an in c re a s e  in  th e  number o f J-AChRs. These 
changes a re  brought abou t m ainly by r e d i s t r ib u t io n  o f  p re -e x is t in g  
AChRs and in s e r t io n  o f newly sy n th es iz ed  AChRs.
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301.7 INCREASED AChE mRNA IS CORRELATED WITH INCREASED AChE 
ACTIVITY IN FIBRILLATING CULTURED EMBRYONIC RAT MYOTUBES L.H. 
Y ounk in , S.K. B rockm an* , M.F. U siak* , C.F. M cT iernan* , and 
S.G. Y ounk in , D ep ts . o f  P h arm aco lo g y  and P a th o lo g y , Case 
W estern Reserve U n iv e rs ity , C leveland , Ohio 44106 
When c u l tu r e d  em b ry o n ic  r a t  m yo tubes  a r e  t r e a t e d  w ith  
t e t r o d o t o x i n  (TTX) on d a y  4 ,  t h e  i n c r e a s e  in  
a c e ty lc h o lin e s te r a s e  (AChE) a c t iv i t y  th a t  norm ally  begins w ith  
s p o n ta n e o u s  f i b r i l l a t i o n  on day 4 -5  i s  p r e v e n te d .  We have 
p r e v io u s ly  shown ( J .  N e u ro s c i.  4 :1 3 1 -1 4 0 , 1984) t h a t  t h i s  
in c re a s e  in  AChE a c t iv i t y  w ith  f i b r i l l a t i o n  is  th e  r e s u l t  of 
in c rea sed  s y n th e s is  o f AChE. We have now e x tra c te d  mRNA from 
p a r a l l e l  d is h e s  o f  8 -d a y  c u l tu r e d  m yo tubes  grown w ith  o r  
w ith o u t TTX. RNA was e x t r a c te d  w ith  g u a n id in iu m  th i o c y a n a t e  
and  g u a n i d i n e  h y d r o c h o l o r i d e  w a sh e s  (C h irg w in , e t  a l , 
Biochem .,18:5294-5299, 1979); poly(A)+ mRNA was p u r if i e d  on an 
o l i g o  dT c e l l u l o s e  co lum n. F ib r i l l a t i n g  and n o n - f ib r i l l a t in g  
c u l t u r e s  w ere  p ro c e s s e d  as  p a i r s ;  th e  poly(A )+  mRNA o f  each  
was taken  up to  id e n tic a l  f in a l  c o n c e n tra t io n s . There was no 
s i g n i f i c a n t  d i f f e r e n c e  in  th e  am ount o f  mRNA p e r  d is h  o f  
f i b r i l l a t i n g  (27 .4  + 3.3 u g /d i s h )  and n o n - f i b r i l  l a t i n g  (25 .4  
u g / d i s h )  m y o tu b e s .  The r a r e  AChE mRNA w as a s s a y e d  by 
t r a n s l a t i o n  in  th e  Xenopus oocy te. The same c o n c e n tra tio n  of 
mRNA (2 mg/ml in  10 mM HEPES) from  f i b r i l l a t i n g  and non
f i b r i l l a t in g  myotubes was in je c te d  in  50 nl in to  each oocy te; 
50 nl o f  10 mM HEPES was in je c te d  as c o n tro l.  20 oocy tes were 
i n j e c t e d  w ith  each  sa m p le ; th e y  w ere  in c u b a te d  a t  20 ° C f o r  
a b o u t 22 h o u rs  in  0 .3  ml B a r th 's  m ed ium;  th e n  th e  medium was 
removed and th e  oocy tes homogenized in  0.3 ml 0.1 M P04 b u f fe r  
p l u s  1% T r i t o n  X - 1 0 0 .  A f t e r  a d d i t i o n  o f  p - 
c h l o r o m e r c u r i p h e n y l s u l p h o n i c  a c id  (pCMPSA) to  a f i n a l  
c o n c e n t r a t io n  o f  1 mM, t r i p l i a t e s  w ere a s s a y e d  w ith  3H 
a c e ty l c h o l in e .  The AChE p ro d u ced  in  o o c y te s  as  a r e s u l t  o f  
mRNA i n j e c t i o n  i s  c a l c u l a t e d  by f i r s t  s u b t r a c t i n g  non- 
e n z y m a tic  back g ro u n d  from  a l l  v a l u e s ,  th e n  s u b t r a c t i n g  th e  
HEPES-injected values from th e  mRNA-injected va lu es . S ix p a i r s  
o f c u l tu r e s  were assayed . There i s  a s ig n i f i c a n t  d if f e re n c e  in 
th e  AChE a c t iv i t y /d i s h  betw een f i b r i l l a t i n g  (5332 + 688 pm ACh 
h y d r o ly z e d /m in -1 d i s h - 1 ) and n o n - f i b r i l l a t i n g  (1861 + 224) 
c u l t u r e s ;  an d , t h e r e  i s  a s i g n i f i c a n t  d i f f e r e n c e  in  th e  AChE 
a c t i v i t y  produced in  oocy tes as a r e s u l t  o f  m ic ro in je c tio n  o f 
th e  mRNA e x t r a c t e d  from  f i b r i l l a t i n g  (0 .46  + 0.09  pm ACh 
h y d ro ly z e d /m in -1 o o c y t e - 1 ) and n o n - f ib r i l  la t in g  (0.10 + 0.05) 
m yotube c u l t u r e s .  T hus, t h e r e  i s  in c r e a s e d  AChE mRNA in  
f i b r i l l a t i n g  c u l tu r e s  th a t  have in c re a se d  AChE a c t iv i ty .

301.8  EVIDENCE THAT CGRP IS  A MOTONEURON-DERIVED MUSCLE 
TROPHIC FACTOR. H V NEW* and  A W Mudge* (SPON J  G 
J e f f e r y s )  MRC D e v e lo p m en ta l N e u ro b io lo g y  Program m e, 
D e p artm en t o f  Z o o lo g y , U n iv e r s i t y  C o lle g e  London, 
Gower S t r e e t ,  LONDON WC1E 6BT

D u rin g  m u sc le  d e v e lo p m en t i t  i s  th o u g h t  t h a t  
m o to n eu ro n s  p ro d u c e  t r o p h i c  f a c t o r s  t h a t  a r e  in v o lv e d  
in  th e  f o r m a t io n  o f  c l u s t e r e d  a c e t y l c h o l i n e  r e c e p t o r s  
(AChR) a t  t h e  n e u ro m u s c u la r  j u n c t i o n ,  and t h a t  a r e  
r e q u i r e d ,  t o g e t h e r  w ith  m u sc le  a c t i v i t y ,  f o r  d i v i s i o n  
o f  s e c o n d a ry  m y o b la s ts .

By im m u n o h is to c h e m is try  we h a v e  found  c a l c i t o n i n  
g e n e - r e l a t e d  p e p t id e  (CGRP) in  a s u b p o p u la t io n  o f  
c h ic k  m o to n e u ro n s  from  em b ry o n ic  d ay  6 (E6) o n w ard s. 
CGRP i s  a l s o  p r e s e n t  in  some n e rv e  t e r m in a l s  a t  
n e u ro m u s c u la r  j u n c t i o n s  i d e n t i f i e d  by  a c e t y c h o l i n -  
e s t e r a s e  s t a i n i n g .  When added  f o r  24 h o u r s  to  E l l  
c h ic k  m y o tu b es  i n  v i t r o , 10– 8M CGRP c a u s e s  an  i n c r e a s e  
i n  t h e  num ber o f  AChRs a s  m easu red  by  125 I–α BT x 
b in d in g .  T h is  i n c r e a s e  was fou n d  to  be  due t o  an  
i n c r e a s e d  r a t e  o f  in c o r p o r a t io n  o f  new r e c e p t o r s  
r a t h e r  th a n  s t a b i l i s a t i o n  o f  p r e - e x i s t i n g  o n e s .  An 
i n c r e a s e  i n  AChR num ber i s  a p p a r e n t  8 h o u r s  a f t e r  
CGRP a d d i t i o n ;  t h i s ,  t o g e t h e r  w ith  th e  f a c t  t h a t  t h e r e  
was no i n c r e a s e  i n  3H–th y m id in e  i n c o r p o r a t i o n  in  
p a r a l l e l  c u l t u r e s ,  i n d i c a t e s  t h a t  CGRP a f f e c t s  AChR 
num ber in  th e  a b se n c e  o f  any  e f f e c t  on m i t o s i s .

U nder c e r t a i n  c o n d i t i o n s ,  h o w ev er, we a l s o  f i n d  
t h a t  CGRP a c t s  a s  a  m ito g e n . In  t h e s e  e x p e r im e n ts ,  
m u s c le s  w ere  grow n in  a d e f in e d  medium to  e l im in a t e  
t h e  e f f e c t s  o f  m ito g e n s  p r e s e n t  in  serum  and em bryo 
e x t r a c t .  T h e re  was no e f f e c t  o f  CGRP on m i t o t i c  
r a t e  when add ed  in  d e f in e d  medium a lo n e .  H ow ever, 
when CGRP was add ed  to g e t h e r  w ith  t h e  c a lc iu m  
io n o p h o re  A 23187, t h e r e  was a  m arked i n c r e a s e  in  
m i t o s i s  com pared  to  th e  e f f e c t  o f  A23187 a lo n e .  S in c e  
t h e  d i v i s i o n  o f  s e c o n d a ry  m y o b la s ts  i s  th o u g h t  to  
d epend  on a c o m b in a tio n  o f  m u sc le  a c t i v i t y  and 
n e r v e - d e r iv e d  t r o p h i c  f a c t o r ,  th e  io n o p h o re  may be 
s u b s t i t u t i n g  f o r  t h e  e f f e c t s  o f  a c t i v i t y  i n  t h e s e  
e x p e r im e n ts .

S in c e  CGRP i s  p r e s e n t  i n  m o to n eu ro n s  e a r l y  i n  
d e v e lo p m en t and h a s  d e m o n s t ra b le  e f f e c t s  on m u sc le  
c e l l  d e v e lo p m en t in  v i t r o , i t  seem s l i k e l y  t h a t  i t  
f u n c t io n s  a s  a m o to r n e u r o n -d e r iv e d  m u sc le  t r o p h i c  
f a c t o r  i n  v iv o .

301.9 DEVELOPMENTAL AND NEUROTROPHIC REGULATION OF MUSCLE GLUCOCORTICOID 
RECEIPTORS. C .L . W e ill .  D ep ts. o f  N eurology and Anatomy, L o u isian a  
S ta te  U n iv e rs ity  M edical C en te r , New O rle a n s , LA 70112.

T h is s tu d y  c h a ra c te r iz e s  g lu c o c o r t ic o id  b in d in g  s i t e s  in  
em bryonic s k e l e t a l  m uscle m y o b la s ts , in  m yotubes a t  fu s io n  and a f t e r  
3 and 6 days in  c u l tu r e ,  and in  m yotubes t r e a te d  w ith  c o n d itio n e d  
medium from c u l tu r e d  s p in a l  co rd  neurons (SC-CM).

M yoblasts were o b ta in e d  f r om 12 day ch ick  embryo le g  m uscle . 
C u ltu re s  w ere p rep a re d  by p la t in g  8 .5 -1 5  × 106 c e l l s  on c o l la g e n  
co a te d  100mm c u l tu r e  d is h e s  in  E a r l e 's  Minimum E s s e n t ia l  Medium 
co n ta in in g  10% h e a t  in a c t iv a te d  h o rse  serum , 5% ch ick  embryo 
e x t r a c t ,  and a n t i b i o t i c s .  C u ltu re s  were fed  24 h r  a f t e r  p la t in g  and 
eve ry  2 days th e r e a f t e r .  When fu s io n  was > 90% com p le te , c u l tu r e s  
w ere t r e a te d  w ith  10uM araC  f o r  48 h r .

B inding s i t e s  were assayed  u s in g  (3H )dexamethasone and c y to s o ls  
p rep a re d  from  f r e s h ly  d is s o c ia te d  m yob las ts  o r  from  f r e s h ly  
h a rv e s te d  c u l t u r e s . Bin d ing  was l i n e a r  w ith  r e s p e c t  to  p r o te in  and 
s a tu r a b le  w ith  r e s p e c t  t o  tim e . S tandard  a s sa y c o n d i tio n s  were 
0 .0 5 -2 .0  mg p r o te in  p e r  a ssay  p o in t  and 20 h r  a t  4°C.

S a tu ra b le  b in d in g  was observed  f o r  a l l  t i s s u e s .  B inding c o n s ta n ts  
d e term ined  by S ca tch ard  a n a ly s is  w ere; m y o b la s ts , K D=2.6  + /– 0 .3  nM 
(n=5) and Bmax =230.3 + /-  38 .1  fem tano les/m g , m yotubes a t  fu s io n ,  5 .6  
+ / -  0 .8  n M  and 147.9 + /– 5 .5  fm/mg (n= 3 ), 3 day m yotubes, 4 .6  + /-  
1 .8  nM and 48 .2  + / -  1 .9  fm/mg (n= 3 ), 6 day m yotubes, 3 .8  + / -  0 .4  nM 
and 40 .1  + /-  12 .4  fm/mg (n= 3).

The s p e c i f i c i t y  o f  l ig a n d  b in d in g  was determ ined  by co m p e titio n  
a s s a y . The o rd e r  o f  in h ib i to r y  po tency  was; m y o b la s ts , 
Dex>Cort>R5020>R1881>Ald>6α MHP>β  E>Pro>DHT, m yotubes a t  fu s io n , 
Dex>R1881>R5020>Cort>β  E>Ald>6 <α MHP=Pro>DHT, 3 day m yotubes, 
Dex>Cort>R1881>R5020>Ald>β  E>6α  MHP=Pro>DHT, 6 day m yotubes, 
Dex>Cort>R5020>R1881>Ald>β  E>6α  MHP=Pro>DHT.

S ed im en ta tion  a n a ly s is  in  l i n e a r  5-20% su c ro se  g r a d ie n ts  
d em onstra ted  th e  p re sen ce  o f  a  s in g le  peak o f  bound (3H)Dex in  th e  
7S re g io n  o f  th e  g r a d i e n t .  In cu b a tio n  and sed im en ta tio n  in  th e  
p re sen ce  o f  0.4M KC1 r e s u l t e d  in  th e  a n t ic ip a te d  s h i f t  in  S v a lu e  to  
3S.

C u ltu re s  t r e a te d  f o r  6 days w ith  50% SC-CM d is p la y e d  b in d in g  
c o n s ta n ts  o f  1 .7  nM and 54 .7  fm/mg. The o rd e r  o f  l ig a n d  in h ib i to r y  
po ten cy  was Dex>Cort>R5020>R1881>/β E>Pro>6α MHP>DHT.

These d a ta  d em o n stra te  t h a t  g lu c o c o r t ic o id  re c e p to r s  a r e  p r e s e n t  
in  m yob las ts  and in  newly fu sed  and young m yotubes. Upon fu s io n  
th e r e  i s  a  36% d e c re a se  in  th e  number o f  b in d in g  s i t e s  and a  2 - fo ld  
d e c re a s e  in  t h e i r  a f f i n i t y .  M atu ra tio n  o f  myotubes in  c u l tu r e  f o r  6 
days r e s u l t s  in  a  f u r th e r  d e c re a se  in  th e  number o f  s i t e s  t o  27% o f  
th o se  observed  in  newly fu sed  m yotubes w ith  a c o n c a n ita n t 1 .5 - fo ld  
in c re a s e  in  b in d in g  a f f i n i t y .  T reatm ent o f  m uscle c u l tu r e s  w ith  
SC-CM r e s u l t s  in  a  comp a ra b le  number o f  b in d in g  s i t e s  o f  2 - fo ld  
g r e a t e r  a f f i n i t y .  Supported  by NIH g r a n t  NS18642.

301.10 NEURAL CONTROL OF GLUTAMINE SYNTHETASE ACTIVITY IN RAT SKELETAL 
MUSCLE. M. Konagaya*, Y. Konagaya* and S.R. Max. D ept. o f  
N eurology, U n iv e rs ity  o f  Maryland School o f  M edicine, B a ltim o re , 
MD 21201.

S k e le ta l  muscle produces and r e le a s e s  g lu tam in e , which may 
se rv e  as  a s u b s t r a te  fo r  energy m etabolism  o f a number o f 
t i s s u e s ,  in c lu d in g  in t e s t in e  and b ra in .  The p ro d u c tio n  o f  amino 
a c id s  is  enhanced in  s i tu a t io n s  o f  energy d e f ic ie n c y , such as 
f a s t in g  and du ring  muscle w as tin g . Most o f the g lu tam ine is  
sy n th e s iz e d  de novo, and g lu tam ine s y n th e ta s e , th e  enzyme 
re s p o n s ib le  fo r  i t s  s y n th e s is ,  p lay s  an im portan t r o le  in  th i s  
p ro c e s s . T h e re fo re , we s tu d ie d  g lu tam ine sy n th e ta s e  in  r a t  
s k e le ta l  m uscle fo llo w in g  e i th e r  d en e rv a tio n  or limb 
im m o b iliza tio n  as  a s te p  toward und ers tan d in g  th e  ro le  o f 
g lu tam ine  s y n th e ta se  in  muscle a tro p h y . Adult male r a t s  were 
s u b je c te d  to  m id -th igh  s e c t io n  o f  th e  s c i a t i c  n e rv e . At 1, 2 
and 5 hours and 1, 2 and 7 days a f t e r  d e n e rv a tio n , r a t s  were 
d e c a p ita te d ,  and denerva ted  and c o n t r a la t e r a l  c o n tro l s o le u s , 
p la n ta r i s  and gastrocnem ius m uscles were ex c ise d , weighed, 
homogenized and assayed  fo r  g lu tam ine  sy n th e ta s e  and 
g lu tam in ase , which i s  re s p o n s ib le  fo r d eg rad a tio n  o f  
g lu tam in e . G lutam ine sy n th e ta s e  a c t i v i t y  in c rea sed  2-3 fo ld  1 
hour a f t e r  d e n e rv a tio n  in  a l l  3 m uscles. This in c re a s e  in  
enzyme a c t iv i t y  was m ain ta ined  fo r  up to  7 days p o s t
d e n e rv a tio n . Enhanced g lu tam ine  sy n th e ta s e  a c t i v i t y  probably  
does not r e f l e c t  in c rea sed  p ro d u c tio n  o f  g lu tam ine s y n th e ta se  
m olecules because cyclohexiraide d id  not b lock  th e  d e n e rv a tio n -  
m ediated in c re a s e  in  a c t i v i t y .  In c rea sed  a c t iv i t y  was 
a s s o c ia te d  w ith  in c rea sed  ap p a ren t Vmax w ith  no change in  
ap p a re n t Km. However, a mixing experim en t f a i le d  to  y ie ld  
ev idence fo r  the  p resence o f  an enzyme a c t iv a to r  in  denerva ted  
m uscle. Limb im m ob iliza tion  fo r  7 days a ls o  r e s u l te d  in  an 
in c re a s e  in  g lu tam ine s y n th e ta se  a c t i v i t y ,  a l b e i t  sm a lle r  than 
th a t  caused by d en e rv a tio n , su g g es tin g  th a t  muscle usage i s  
invo lved  in  re g u la t in g  the  a c t i v i t y  o f  th i s  enzyme. G lutam inase 
a c t i v i t y  was not a l te r e d  by d en e rv a tio n  o r by limb 
im m o b iliza tio n . These da ta  sug g est a r o le  fo r  g lu tam ine 
s y n th e ta s e  in  m uscle w asting  secondary  to  d is u s e  and 
d e n e rv a tio n . [T h is  work was supported  in  p a r t  by g ra n ts  from 
NASA (NAG 2-100) and NIH (HD-16596)].
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301.11 EFFECT OF NERVE EXTRACT ON ULTRASTRUCTURAL CHANGES IN DENERVATED 
SKELETAL MUSCLE IN VIVO. C.S.Heck* and H.L. D av is. Departm ent of 
Anatomy, M cGill U n iv e rs ity , M on trea l, Canada, H3A 2B2.

D enervation  of a s k e le ta l  m uscle r e s u l t s  in  many changes 
in c lu d in g  a tro p h y , lo s s  of p ro te in  and q u a n t i ta t iv e  and 
q u a l i t a t i v e  u l t r a s t r u c t u r a l  a l t e r a t i o n s  o f component f i b e r s .  I t  
i s  g e n e ra lly  agreed  th a t  changes in  dene rva ted  m uscle f ib e r s  a re  
due to  both th e  d isu se  caused by p a r a ly s is  of th e  muscle and to  
th e  lo s s  of m yotrophic su b s ta n c e s .

I t  has p re v io u s ly  been shown th a t  sy stem ic  a d m in is tr a tio n  of 
nerve  e x t r a c t  to  mice d im in ished  th e  a trophy  of dene rva ted  muscle 
f ib e r s  and a m e lio ra ted  th e  p h y s io lo g ic a l tw itc h  c h a r a c t e r i s t i c s  of 
dene rv a ted  f a s t - tw i tc h  m uscles. The p re s e n t in v e s t ig a t io n  asse s  
sed th e  e f f e c t s  of nerve e x t r a c t  on u l t r a s t r u c t u r a l  changes which 
accompany d e n e rv a tio n , in  d i f f e r e n t  types  of s k e le ta l  muscle 
f i b e r s .

E igh t week o ld  male C57B1 mice were s u b je c te d  to  u n i l a t e r a l  
h ind lim b  d en e rv a tio n  fo r  seven days and were e i t h e r  u n tre a te d  o r 
rece iv ed  d a i ly  in t r a p e r i t o n e a l  in je c t io n s  of s o lu b le  p ro te in s  
e x t ra c te d  from r a t s '  s c i a t i c  nerves (250 mg p ro te in /k g  body 
w e ig h t) . Normal (NOR) and dene rva ted  (DN) m uscles from u n tre a te d  
mice were compared to  th o se  from in je c te d  mice (NOR-Rx and DN-Rx, 
r e s p e c t iv e ly ) .  V arious m orpho log ica l param ete rs  were examined by 
e le c tro n  m icroscopy and q u a n t i ta te d  by s te r e o lo g ic a l  te c h n iq u e s . 
Types I  and IIA  f ib e r s  of so leu s  and type  IIB  f ib e r s  of 
gastrocnem ius m uscles were a s s e s se d .

D enervation  of muscle f ib e r s  f o r  seven days re s u l te d  in  lo s se s  
of a b s o lu te  s iz e  and p ro p o rtio n s  of t o t a l  f i b e r  volume fo r  
sa rco p lasm ic  re t ic u lu m , t - tu b u le s  and m itochond ria  (bo th  
i n te r m y o f ib r i l l a r  and p e r in u c le a r ) .  The m ito ch o n d ria l changes 
were g r e a te r  f o r  type I f ib e r s  whereas changes in  th e  membranous 
system s were g r e a te r  f o r  type I I  f i b e r s .

D enervated m uscles of mice t r e a te d  w ith  nerve e x t r a c t  e x h ib ite d  
s ig n i f i c a n t ly  s m a lle r  changes in  m ito ch o n d ria , s a rco p lasm ic  
re tic u lu m  and t - t u b u le s  th an  th o se  in  u n tre a te d  an im a ls . In  
g e n e ra l,  80 to  90% of th e  p o s t-d e n e rv a tio n  changes were p reven ted  
by th e  e x t r a c t ,  and in  some ca ses  DN-Rx m uscles were not 
s ig n i f i c a n t ly  d i f f e r e n t  from normal m uscles.

Thus, th e  f in d in g s  of th i s  s tudy  in d ic a te d  th a t  tre a tm e n t of 
dene rv a ted  m uscle w ith  nerve e x t r a c t  a m e lio ra te d , alm ost 
com p le te ly , many u l t r a s t r u c t u r a l  changes of m itochond ria  and 
membranous sy stem s. T reatm ent w ith  e x t r a c t  was a ls o  found to  
in f lu e n c e  a tro p h y , co n ten t of p ro te in  and Z - l in e  th ic k n e s s e s  in  
dene rva ted  f i b e r s .

Supported by MRC. C .S.H . i s  a r e c ip ie n t  of a J.W. McConnell 
Memorial F ellow sh ip  (M cGill U n iv e r s i ty ) .

301.12 NEURAL REGULATION OF MUSCLE REGENERATION. G.T. P a tte r s o n  and W-D. 
D ettbar n . Pharmacology D ep t., V a n d e rb ilt Univ. Med. C t r . ,  
N a s h v ille , TN 37232.

The in f lu e n c e  o f  nerve  on m uscle f i b e r  c h a r a c t e r i s t i c s  du rin g  
developm ent, a f t e r  d en e rv a tio n  and upon re in n e rv a tio n  has been 
w e ll s tu d ie d .  Less i s  known abou t th e  in f lu e n c e s  o f  nerve  on 
re g e n e ra tin g  m uscle f i b e r s .  In  t h i s  s tu d y  we have in v e s t ig a te d  
th e  r o l e  o f  n e u ra l in f lu e n c e s  on m uscle f i b e r  ty p e s  and 
a c e ty lc h o lin e s te r a s e  (AChE) re g u la t io n  d u rin g  re g e n e ra tio n  o f  th e  
f a s t  e x te n so r  d ig ito ru m  longus (EDL) and th e  slow  s o le u s  (SOL) 
m uscles o f  th e  r a t .  In n e rv a ted  and d en e rv a ted  EDL and SOL were 
in j e c t e d  in  s i t u  w ith  1 ml o f  0.5% B upivacaine (BFVC, M arcaine) 
s o lu t io n  to  produce comp l e t e  m uscle f i b e r  d eg e n e ra tio n . 
H is tochem ical ATPase a c t iv i t y ,  AChE a c t iv i t y  and i t s  m olecu lar 
form s were  determ ined  on th e  r e g e n e ra tin g  m uscles f o r  up to  8 
w eeks. Complete f i b e r  d e s tru c t io n  was found w ith in  3 days a f t e r  
th e  B upivacaine in j e c t io n  in  b o th  in n e rv a te d  and den e rv a ted  
m uscles . By day 7 th e  o n se t o f  m uscle re g e n e ra tio n  was e v id e n t in  
a l l  t r e a t e d  m uscles. In  th e  in n e rv a te d  re g e n e ra tin g  m uscles, bo th  
th e  EDL and SOL were i n i t i a l l y  p o p u la ted  m ainly  by ty p e  I I  ( f a s t )  
f i b e r s .  With tim e th e  p o p u la tio n  o f  ty p e  I  (slow) f ib e r s  
in c re a s e d  in  SQL to  t h a t  found in  normal SQL m uscles and th e  EDL 
rem ained po p u la te d  m ainly  by ty p e  I I  f ib e r s  s im i la r  t o  t h a t  found 
in  normal EDL. AChE a c t i v i t y  in  b o th  th e  in n e rv a te d  EDL and SOL 
i n i t i a l l y  d ec reased  w ith  f i b e r  d e g e n e ra tio n  fo llow ed  by an 
in c re a s e  t o  above t h a t  o f  c o n tro l  and r e tu r n  tow ards normal 
l e v e l s .  No q u a l i t a t iv e  d if fe re n c e s  in  th e  AChE m o lecu lar forms 
p a t te r n  in  th e  in n e rv a te d  m uscles, compared to  c o n t ro ls ,  were 
found d u rin g  re g e n e ra tio n . In  th e  d en e rv a ted  m uscles, b o th  th e  
EDL and SOL were i n i t i a l l y  re p o p u la te d  w ith  ty p e  I I  f ib e r s  b u t in  
th e  SQL no in c re a s e  in  ty p e  I  f ib e r s  was found w ith  tim e . AChE 
a c t i v i t y  o f  th e s e  d en e rv a ted  re g e n e ra tin g  m uscles rem ained below 
th e  l e v e ls  f o r  c o n t r o ls .  Q u a l i ta t iv e ly ,  th e  AChE m o lecu lar forms 
p a t te r n  in  th e  re g e n e ra tin g  d en e rv a ted  SOL changed tow ards th e  
normal EDL p a t te r n .  These r e s u l t s  su p p o rt th e  view s th a t  
d eve lop ing  n o n -in n e rv a ted  r a t  myotubes have th e  c h a r a c t e r i s t i c  o f 
f a s t  m uscle, a t  l e a s t  f o r  ATPase and AChE re g u la t io n  as  determ ined 
by h is to c h e m ic a l and s u b c e l lu la r  g ra d ie n t  te c h n iq u e s . With 
in n e rv a tio n  and u se  normal c h a r a c t e r i s t i c s  o f  m ature f a s t  and slow 
m uscles a re  e s ta b l is h e d .  Supported  by NASA G rant #NAG 2-301.

301.13 MOTOR AXON REINNERVATION IS  ACCELERATED BY SKELETAL MUSCLE 
REGENERATION FOLLOWING NECROSIS. K.E. M is u lis ,  W-D. D e ttb a m , and 
M.E. C lin to n * . N eurology and Pharmacology D e p ts .,  V a n d e rb ilt 
U n iv ., N a s h v ille , TN 37212.

R ecen t ev idence  has  su p p o rted  a  t r o p h ic  e f f e c t  o f  d en e rv a ted  
m uscle on m otor axons, su g g e s tin g  t h a t  m uscle may p la y  a  r o le  in  
p rom oting  and perhaps  g u id in g  r e in n e rv a t io n .  T h is  t ro p h ic  e f f e c t  
may be a c t iv e  n o t o n ly  in  r e in n e rv a t io n  fo llo w in g  d e n e rv a tio n , b u t 
a l s o  in  f e t a l  developm ent, where th e r e  i s  axona l ex te n s io n  to  
s k e l e t a l  m uscle . In  a  s tu d y  o f  m uscle n e c ro s is  and re g e n e ra tio n  
due t o  M arcaine (b u p ivacaine ) in j e c t io n ,  we found t h a t  m uscles 
developed  th e  b iochem ical c h a r a c t e r i s t i c s  o f  e a r ly  re in n e rv a t io n  
a t  a  tim e when n o n -re g e n e ra tin g  d en e rv a ted  m uscles d id  n o t .  T his 
su g g es ted  t h a t  r e g e n e ra tin g  m uscle may prom ote axonal e x te n s io n  
even more s tro n g ly  th a n  d en e rv a ted  m uscle . T h is  q u e s tio n  was 
d i r e c t l y  ad d ressed  in  t h i s  s tu d y .

The s c i a t i c  n e rv es  o f  young a d u l t  r a t s  w ere le s io n e d  under 
e th e r  a n e s th e s ia  by s e c t io n  o r  c a l ib r a t e d  c ru s h . E xperim en tal 
an im als had e i t h e r  th e  s o le u s  o r  e x te n s o r  d ig ito ru m  longus (EDL) 
m uscle d is s e c te d  f r e e  from su rro u n d in g  c o n n e c tiv e  t i s s u e  and 
in j e c t e d  th ro u g h o u t i t s  le n g th  w ith  0.5% M arcaine. C o n tro l 
an im als had  th e  so le u s  and EDL exposed b u t  r e c e iv e d  no in j e c t io n .  
Wounds w ere c lo se d  and th e  an im als allow ed  t o  r e c o v e r . A t weekly 
in t e r v a l s  th e  an im als w e re  r e - a n e s th e t iz e d  w ith  p e n to b a rb i ta l  
sodium f o r  e le c tro p h y s io lo g ic a l  assessm en t o f  r e in n e rv a t io n .

At 2 weeks a f t e r  n erve  c ru s h  th e r e  was in c ip ie n t  re in n e rv a t io n  
in  c o n t ro l  an im als w ith  tw itc h  te n s io n s  in  th e  s o le u s  and EDL 
b e in g  7.6% and 1.6% re s p e c t iv e ly  o f  non -d en erv a ted  m uscles from 
age-m atched an im a ls . In  an im als which had re c e iv e d  in j e c t io n  o f  
M arcaine i n  th e  s o le u s , th e  so le u s  had reco v e red  t o  23.5% o f  
norm al b u t th e  EDL was 1.5%. W ith i n j e c t io n  o f  th e  EDL, EDL 
te n s io n  was 11.1% o f  norm al w ith  s o le u s  19.9%. AT 2 weeks a f t e r  
n e rv e  s e c t io n  th e r e  was no a c t iv a t io n  o f  e i t h e r  m uscle in  c o n t ro l  
an im als  b u t  some a c t iv a t io n  o f  th e  s o le u s  and EDL in  in j e c t e d  
an im a ls . A t 4 weeks a f t e r  ne rv e  s e c t io n  th e r e  was b eg inn ing  
r e in n e rv a t io n  in  c o n t ro ls  b u t b o th  th e  s o le u s  and EDL in  in j e c t e d  
an im als  had  s ig n i f i c a n t ly  more advanced fu n c t io n a l  r e in n e rv a t io n .

The r e s u l t s  o f  t h i s  s tu d y  in d i c a t e  t h a t  M arcaine-induced  
s k e l e t a l  m uscle n e c ro s is  and re g e n e ra tio n  r e s u l t s  in  a  
f a c i l i t a t i o n o f  r e in n e rv a t io n  n o t o nl y  in  th e  in j e c t e d  m uscle, b u t 
a l s o  in  m uscles in  c lo s e  p ro x im ity . T h is s u g g e s ts  t h a t  
re g e n e ra tio n  r e s u l t s  in  th e  p ro d u c tio n  o f  f a c to r s  w hich s t im u la te  
m otor axon ex te n s io n  a n d /o r  e n d -p la te  fo rm a tio n , and th a t  t h i s  
e f f e c t  i s  s t ro n g e r  th a n  t h a t  p r e s e n t  i n  d en e rv a ted , b u t o th e rw ise  
i n t a c t  s k e l e t a l  m uscle. T h is  may be r e l a t e d  t o  th e  mechanisms o f  
axona l ex te n s io n  in  developm ent.

Supported  by NASA G ran t #NAG 2-301.

301.14 SOMATOFUGAL AXONAL ATROPHY PRODUCED BY BOTULINUM TOXIN. 
B.G. Gold*§, J . W. G r i f f i n , A. P e s tro n k , P. N. Hoffman, E. F. S tan ley  
and D. L. P r ic e . (SPON: H.E. Lowndes) §Rutgers U n iv e rs ity  College 
o f Pharmacy, P isca taw ay , NJ 08854 and The Johns Hopkins 
U n iv e rs ity  School of M edicine, B altim o re , MD 21239

Botulinum  to x in  p re v e n ts  v e s ic u la r  r e le a s e  from s y n ap tic  
te rm in a ls  a t  th e  neurom uscular ju n c tio n  r e s u l t in g  in  an in c re a se  
in  e x t r a ju n c t io n a l  a c e ty lc h o lin e  re c e p to rs  and nerve te rm in a l 
sp ro u tin g . However, th e  resp o n ses  o f th e  neu ro n a l p e rik a ry o n  to  
v e s ic u la r  b lockade a re  poo rly  und ers to o d . In  th e  p re s e n t s tu d y , 
we have examined axonal c a l ib e r s  in  th e  proxim al p o r tio n  of the  
h y p o g lo ssa l nerve fo llo w in g  in j e c t io n  of botu linum  to x in .

Three r a t s  were g iven  a s in g le  u n i l a t e r a l  in j e c t io n  of 
botu linum  type A (1 .2  ng) in  th e  tongue. Two weeks l a t e r ,  
botu linum  to x in - in je c te d  r a t s ,  a long w ith  3 age-m atched c o n t ro ls ,  
were p e rfu sed  w ith  5% g lu ta ra ld e h y d e . The h y p o g lo ssa l r o o ts ,  
e x i t in g  from th e  v e n t r a l  p o r tio n  o f th e  b ra in  stem , were removed 
and p repared  fo r  l i g h t  and e le c tro n  m icroscopy. As an in t e r n a l  
c o n t ro l ,  th e  V c r a n i a l  nerve was taken  to  examine th e  sensory  
f ib e r s  from th e  tongue. In  a second s e r ie s  of expe rim en ts, the  
h y p o g lo ssa l nerve  o f 3 r a t s  were u n i l a t e r a l l y  se c tio n e d  and the  
anim als p e rfu sed  2-4 weeks l a t e r .  M orphometric a n a ly s is  was p e r
formed u sin g  l i g h t  m icro scop ic  p r in t s  (600 f ib e r s /a n im a l ,  s e le c te d  
from g r id  o v e rlay s  due to  th e  non-random d i s t r i b u t io n  o f f ib e r  
s iz e s  w ith in  each r o o t l e t )  to  determ ine axonal d ia m e te rs , a re a s ,  
p e r im e te r s , and m yelin  sh ea th  th ic k n e s s  (MST). Shape f a c to r s ,  an 
in d ic a to r  o f d e v ia tio n  from c i r c u l a r i t y ,  were a lso  c a lc u la te d .  
E le c tro n  m icro scop ic  p r in t s  o f randomly photographed f ib e r s  
(14 /an im al) were used to  determ ine numbers o f n e u ro fila m e n ts .

H istogram s c o n s tru c te d  from axonal d iam ete rs  showed a s i g n i f i 
ca n t (p< .05) s h i f t  tow ards sm a lle r  d iam ete rs  f ib e r s  in  bo tu linum - 
in to x ic a te d  an im als. Mean axona l a re a s  were s ig n i f i c a n t ly  (p<.05) 
reduced by 38%. In  c o n t r a s t ,  axona l p e r im e te rs  and MST were not 
s ig n i f i c a n t ly  changed. Shape f a c to r s  were very  s ig n i f i c a n t ly  
(p< .005) reduced from 0 .78  in  c o n tro ls  to  0 .66  in  bo tu linum - 
in to x ic a te d  an im als. E le c tro n  m icroscopy rev e a le d  a p a u c ity  of 
n eu ro fila m e n ts  w ith in  a tro p h ic  axons; t o t a l  numbers of neuro
f ila m e n ts  and n eu ro filam e n t d e n s i t ie s  were s ig n i f i c a n t ly  (p< .05) 
reduced compared to  c o n tro ls  w ith  s im i la r  axonal p e r im e te rs .
F ib e rs  from hypoglossectom ized r a t s  dem onstrated  s im i la r  a l t e r a 
t io n s  in  c a l ib e r .  In  c o n t r a s t ,  sen so ry  f ib e r s  in  th e  V nerve 
showed no a l t e r a t i o n s .

P rox im al, som ato fugally  sp read in g  axonal a trophy  (beg inn ing  
n ea r th e  p e rik a ry o n  and ex ten d in g  d i s t a l l y  along th e  axon w ith  
tim e) i s  a ls o  observed fo llo w in g  axotomy. I t  i s  suggested  th a t ,  
fo llo w in g  in j e c t io n  o f bo tu linum  to x in ,  a l t e r e d  d e l iv e ry  o f a 
t ro p h ic  su b stan ce  from th e  p e rip h e ry  to  th e  p erik a ry o n  r e s u l t s  in  
th e  developm ent o f th i s  s te r e o ty p ic  response  in  th e  neuron.
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301.15 ENHANCED SYNAPTIC ACTIVITY REGULATES A SYNAPTIC VESICLE 
ANTIGEN DURING POSTNATAL DEVELOPMENT IN THE RAT SUPE
RIOR CERVICAL GANGLION H. Trenchard* and K.F. G reif (SPON.: 
M. Cohen) D ept. of Biology, Bryn Mawr College, Bryn Mawr, PA 
19010

The role of increased synaptic ac tiv ity  as a fac to r regulating 
normal postnatal developm ent in the sym pathetic nervous system  
was studied using male spontaneously hypertensive (SHR) ra ts  as 
a model for enhanced sym pathetic ac tiv ity . A monoclonal antibody 
(SV) d irected  against a 65 kdal integral membrane protein of synaptic 
vesicles (M atthew e t al, J . Cell Biol. 91:257, 1981) was used as a 
m arker of synaptic vesicle levels. Synaptic ac tiv ity  is known to regu
la te  neuro transm itter synthesis in the SCG (Kessler e t al, Science 
214:335, 1981). We have shown in previous work th a t SV levels are 
also subject to regulation by synaptic ac tiv ity  (G reif and Trenchard, 
Soc. N eurosci. A bstr. 10:1056, 1984). N eonatal deaffe ren ta tion  causes 
a decrease in SV levels. Similar results are  obtained by the use of 
ganglionic blocking agents.

In the superior cerv ical ganglion (SCG), antigen levels were signifi
cantly  increased (40%) over the norm otensive control s train , W istar- 
Kyoto (WKY) a t 12 weeks postnatal. The iris and pineal, ta rg e t organs 
of the SCG, showed no significant differences in SV level com pared 
to  WKY ra ts  a t 12 weeks. At 6 and 8 weeks postnatal, SV levels 
in the SCG of SHR did not significantly differ from levels in WKY 
ra ts  of the sam e age, while antigen levels in the iris and pineal 
were reduced. Morrison and Whitehorn (Brain Res. 296:152, 1984) 
reported  enhanced sym pathetic ac tiv ity  in SHR ra ts  resulting in 
an increase in blood pressure. The increase in SV levels corresponds 
to the tim e of onset of hypertension in SHR ra ts , 6 to 20 weeks 
postnatal. These results provide fu rther evidence th a t impulse ac tiv ity  
exerts  a general regulatory e ffec t on the postnatal developm ent 
of the sym pathetic nervous system .

Supported by grants from the Dysautonomia Foundation, Inc., 
Bryn Mawr College and the NSF.

301.16 ROLE OF IMPULSE ACTIVITY IN REGULATION OF EXPRESSION 
OF A SYNAPTIC VESICLE ANTIGEN IN THE RAT SUPERIOR CER
VICAL GANGLION K.F. G reif and K.M. Linderman* D ept. of Biology, 
Bryn Mawr College, Bryn Mawr, PA 19010

We have dem onstrated previously tha t deaffe ren ta tion  of the 
superior cervical ganglion (SCG) a lters  the levels of a synaptic vesicle- 
associated antigen in the SCG of Sprague-Dawley ra ts  (Greif and 
Trenchard, Soc. neurosci, abstr. 10: 1056, 1984). The present study 
was designed to  investigate directly  the role of presynaptic ac tiv ity  
in mediating changes in synaptic vesicle pools. Changes were m onitored 
using monoclonal antibodies directed  against a 65 kD integral m em 
brane protein associated with synaptic vesicles (M atthew et al, J. 
cell biol. 91: 257, 1981). Antigen levels were quantified using radio
immunoassay.

Blockade of synaptic ac tiv ity  in the SCG was achieved by trea tm en t 
w ith chlorisondamine, a ganglionic blocker. N eonatal ra ts  were trea ted  
for 14 days, beginning the day a fte r  birth  (5 mg/kg, s .c., b.i.d.). 
Control litte rm ates  were trea ted  with saline. A fter 14 days, SV 
levels w ere reduced to  60% of control levels in the SCG. This finding 
is consistent with the levels of SV observed in the SCG 14 days 
a fte r  neonatal deaffe ren ta tion .

Previous studies of p lasticity  of SV in adult ganglia (Greif, Soc. 
neurosci. abstr. 11: 1103, 1985) showed th a t both deaffe ren ta tion  
and ganglionic blockade produced an increase in SV in the SCG afte r  
seven days. However, with longer survival periods a f te r  dea ffe ren ta 
tion, SV levels dropped, reaching 40% of control levels by 30 days 
a fte r  surgery. We wished to determ ine w hether reductions in ac tiv ity  
could account for the transien t nature of the increase in SV, or 
w hether o ther facto rs associated with deaffe ren ta tion  might play 
a role. Adult ra ts  were im planted with osmotic pumps (Alza) containing 
e ither chlorisondamine (5 m g/ml, equivalent to 1.2 mg/day) or saline 
and w ere allowed to survive for either 14 or 28 days of drug tr e a t
m ent. A fter 14 days, SV levels in d rug-trea ted  animals did not differ 
from controls, consistent with observations observed following dea ffe r
en tation . A fter 30 days, SV levels in trea ted  SCG had dropped still 
fu rther to 77% of control values. These results confirm  the transient 
nature of the increase in SV levels following deaffe ren ta tion , and 
indicate th a t reduced presynaptic ac tiv ity  plays a significant role 
in m ediating the observed e ffec ts . The sm aller decrease in SV levels 
is likely the result of surviving vesicles in in tac t presynaptic term inals.

These studies provide fu rther evidence th a t impulse ac tiv ity  plays 
a significant role in the regulation of neural antigens in the ra t 
sym pathetic nervous system .

Supported by grants from the Dysautonomia Foundation, Inc. and 
Bryn Mawr College.
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302.1 SPECIFIC BINDING OF 125I-LAMININ TO NEURAL CELLS IN CULTURE. W. 
Harvey* and S. C a rb o n e tto . Neurosciences U nit, The Montreal 
G e n e ra l H o s p i ta l  R esearch  I n s t i t u t e ,  McGill U n iv e rs ity ,  
M ontreal, Quebec, Canada H3G 1A4.

Several observations in vivo and in c u ltu re  in d ica te  th a t  th e  
e x t r a c e l l u l a r  m a trix  (ECM) o f  th e  nervous system strong ly  
i n f lu e n c e s  nerve  f i b r e  g row th . Lam inin, a g ly c o p ro te in  
component o f  th e  ECM, is  p resen t in mammalian PNS and developing 
CNS as well as in amphibian o p tic  nerves undergoing regeneration  
b u t i s  a b se n t in ad u lt mammalian CNS where th e re  is  l i t t l e  
regeneration  follow ing trauma (L ie s i, EMBO.J. 4, 2505; 1985). 
Moreover, laminin is  conspicuous among ECM adhesive p ro te in s  In 
s t im u la t in g  nerve  f i b e r  growth in  c u l tu r e .  However, th e  
m olecular mechanisms o f laminin-neuron in te ra c tio n s  have yet to  
be d e ta ile d . Using 125I-lam in in , we have begun to  charac te riz e  
th e  b ind ing  o f  laminin to  neural c e l l s  in c u ltu re . Laminin 
binds s p e c if ic a l ly  to  chick embryo DRG and sp inal cord c e l l s ,  
r a t  embryonic a s tro cy tes  as well as  neuroblastoma ce ll  lin e  NG 
108. Scatchard an a ly sis  in d ica tes  a s in g le  d is so c ia tio n  constant 
(Kd ) o f 2-4 nM fo r  DRG, spinal cord c e l l s ,  r a t  a s tro cy tes  and NG 
108 w ith  2 0 ,000 -40 ,000  s p e c i f i c  b in d in g  s i t e s  p e r c e l l .  
PC-12 c e l l s  ad h ere  a v id ly  to  lam in in  b u t th e y  have o n ly  
1000-2000 lam in in  binding s i t e s  per c e l l .  Light microscope 
au to rad io g rap h y  o f prim ary neuronal c u ltu re s  DRG and NG 108 
in d ica tes  th a t  125I - laminin binds s p e c if ic a lly  to  nerve f ib e rs  
and c e ll bodies o f neurons, achieving i t s  h ighest d e n s it ie s  on 
growth cones.

These find ings  dem onstrate th e  presence o f s p e c if ic ,  high- 
a f f i n i t y  b in d in g  s i t e s  fo r  lam in in  on n eu ro n s , g l i a  and 
n e u ro b la s to m a .  F u tu r e  s tu d ie s  w ill  be aimed a t  f u r th e r  
s tru c tu ra l  and functional c h a rac te riz a tio n  o f th e se  s i t e s  with 
regard to  th e i r  ro le  in neuron-substratum  adhesion during nerve 
f ib e r  growth.

302.2 ASSAY OF NEURITE EXTENSION FACTOR USING NEURO-2A CELLS 
IN DEFINED MEDIUM. D. K lig m an *  and  L . - S . H s i e h * (SPON: 
H. C h in ) .  L a b .  o f  C e l l  B io l o g y ,  NIMH an d  L a b . o f  
B io c h e m i c a l  G e n e t i c s ,  NHLBI, B e t h e s d a ,  MD 2 0 8 9 2 .

U s in g  a s e n s i t i v e ,  i n  v i t r o  b i o a s s a y ,  a s o l u b l e  
n e u r i t e  e x t e n s i o n  f a c t o r  (N EF) fro m  b o v in e  b r a i n  was 
p a r t i a l l y  p u r i f i e d .  T h is  a s s a y  q u a n t i t a t e s  th e  
e x t e n s i o n  o f  n e u r i t e s  f ro m  s e v e n - d a y  o ld  c h i c k  em bryo  
c e r e b r a l  c o r t i c a l  n e u r o n s  g row n  a t  low  c e l l  d e n s i t y  i n  
a d e f i n e d ,  s e r u m - f r e e  m edium  on a p o l y - l y s i n e  
s u b s t r a t u m .  S u b s e q u e n t l y ,  NEF was p u r i f i e d  t o  a p p a r e n t  
c h e m ic a l  h o m o g e n e ity  by r e v e r s e d - p h a s e  h ig h  p e r f o r m a n c e  
l i q u i d  c h r o m a to g r a p h y .2 C h a r a c t e r i z a t i o n  by SDS g e l  
e l e c t r o p h o r e s i s ,  am ino  a c i d  a n a l y s i s ,  and  
m i c r o s e q u e n c i n g  r e v e a l e d  t h a t  NEF w as a  d i s u l f i d e -  
b o n d e d  o l i g o m e r  o f  S 1 0 0 6 β.

To i d e n t i f y  an d  c h a r a c t e r i z e  th e  c e l l  s u r f a c e  
r e c e p t o r  f o r  NEF, and  t o  s t u d y  i t s  m e c h a n ism  o f  a c t i o n ,  
i t  w o u ld  be u s e f u l  to  h a v e  a n e u r o n a l  c e l l  l i n e  w h ich  
i s  r e s p o n s i v e  t o  NEF. U s in g  an a d a p t a t i o n  o f  t h e  a s s a y  
w i th  p r im a r y  n e u r o n s ,  we now r e p o r t  t h a t  N e u ro -2 A  c e l l s  
( a  m ouse  n e u r o b l a s to m a  c e l l  l i n e )  when g ro w n  i n  a 
d e f i n e d  m ed ium 3 a t  low  c e l l  d e n s i t y  ( 5 ,0 0 0  c e l l s / c m 2 ) ,  
r e s p o n d  t o  NEF by a c h a n g e  i n  m o rp h o lo g y :  t h e  c e l l  
body  b ec o m es  r o u n d e d  a n d  p r o c e s s e s  a r e  e l o n g a t e d .  I n  
t h e  a b s e n c e  o f  NEF, t h e  c e l l s  a r e  f l a t t e n e d  and do n o t  
e x t e n d  p r o c e s s e s .  T h i s  r e s p o n s e  i s  r a p i d ,  o c c u r r i n g  
w i t h i n  4 - 6  h o u r s .  T he r e s p o n s e  i s  d o s e - d e p e n d e n t ,  w i th  
h a l f - m a x im a l  s t i m u l a t i o n  a t  an NEF c o n c e n t r a t i o n  o f  
a b o u t  300  n g /m l .

T he a s s a y  o f  NEF w i th  N e u ro -2 A  c e l l s  s h o u ld  be 
u s e f u l  f o r  t h e  s t u d y  o f  t h e  m e c h a n ism  o f  a c t i o n  o f  NEF, 
an d  o f f e r s  a  m o re  r a p i d  an d  e a s i e r  t o  p e r fo rm  b i o a s s a y .

1 K lig m a n , D. ( 1 9 8 2 ) :  B r a i n  R e s e a r c h ,  2 5 0 ,  9 3 - 1 0 0 .
2K lig m a n , D. and  M a r s h a k ,  D . ( 1 9 8 5 ) :  PNAS, 8 2 , 

71 3 6 -7 1  3 9 .
3v a n  Z o e le n ,  E . J . J .  e t  a l .  ( 1 9 8 4 ) :  PNAS, 8 1 ,  4 0 8 5 -  

4 0 8 9 .
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302.3 THE EFFECT OF MUSCLE EXTRACT FROM ADULT AND AGED RATS ON 
NEURITE OUTGROWTH FROM EMBRYONIC CHICK MOT ONEURON-ENRICHED 
FRACTIONS IN VITRO. J . L . R o s e n h e im e r , K .M .B ork*  and D.O. 
S m ith . D e p t. o f  P h y s io lo g y ,  U n iv .  o f  W isc o n s in , M ad ison , 
WI 53706 .

D u rin g  th e  a g in g  p r o c e s s ,  t h e r e  i s  a d e c l in e  in  th e  
o c c u r r e n c e  o f  new n e rv e  t e r m in a l  g ro w th , o r  s p r o u t in g ,  a t  
th e  n e u ro m u sc u la r  j u n c t i o n .  L ik e w is e , t e r m in a l  s p r o u t in g  in  
re s p o n s e  to  m usc le  d e n e r v a t io n ,  i s  v i r t u a l l y  a b s e n t  a t  th e  
n e u ro m u sc u la r  j u n c t io n s  o f  o ld  a n im a ls .

To se e  i f  t h e r e  i s  a c o n c u r r e n t  a g e - r e l a t e d  d e c l in e  in  
th e  s y n th e s i s  by th e  m uscle  o f  n e u ro n o t ro p h ic  f a c t o r ( s ) ,  th e  
e f f e c t  o f  m uscle  e x t r a c t  on n e u r i t e  o u tg ro w th  from  d i s s o c i 
a te d  em bryon ic  c h i c k  m o to n e u ro n s  was exam ined  in  v i t r o . 
M o toneu rons  from  th e  lum bar r e g io n s  o f  7 -d a y  em bryon ic  c h ic k  
s p i n a l  c o rd s  w ere i s o l a t e d  b ase d  on t h e i r  b u o y an t d e n s i t i e s  
(S c h n a a r  and S c h a f f n e r ,  J. N e u r o s c i . 1 : 204 , 1 9 8 1 ) . C e l ls  
w ere p l a t e d  a t  a d e n s i t y  o f  200 c e l l s  mm–2 and m a in ta in e d  
f o r  72 h o u rs  on p o ly l y s i n e - c o a t e d  p l a t e s  in  D u lb e c c o ’ s m odi
f i e d  medium su p p lem en te d  w ith  10% h o rs e  se ru m , g lu c o s e . 
(33mM), p e n i c i l l i n  (1 0 0  Uml– 1 ) ,  s t r e p t o m y c i n  (5 0 u g  ml– 1 ) 
and m u sc le  e x t r a c t  r a n g in g  in  c o n c e n t r a t io n  from  10 t o  500ug 
p r o t e i n  ml–1 c u l t u r e  m edium  o r  p h o s p h a te - b u f f e r e d  s a l i n e  
(PBS) a s  a c o n t r o l .  M uscle e x t r a c t  was p re p a re d  a c c o rd in g  to  
p ro c e d u re s  d e s c r ib e d  by S m ith  e t  a l . ( J . C e l l  B i o l . 101 :1 6 0 8 , 
1985) from  5 a d u l t  (10 -m os) and 5 aged (25 -m os) F344 m ale r a t  
e x t e n s o r  d ig i to ru m  lo n g u s  m u sc le s  t h a t  had been  u n i l a t e r a l l y  
d e n e rv a te d  f o r  5 d a y s .  E x t r a c t  from  e i t h e r  th e  c o n t r a l a t e r a l  
in n e r v a te d  o r  d e n e rv a te d  m u sc le s  was exam ined  f o r  i t s  e f f e c t  
on n e u r i t e  o u tg ro w th .

A f te r  72 h o u rs  in  c u l t u r e ,  72 .8%  ± 2.1%  o f  th e  c e l l s  
re m a in ed  a t t a c h e d  to  th e  t i s s u e  c u l t u r e  w e l l s .  As ju d g e d  by 
e x c lu s io n  o f  t r y p a n  b l u e ,  65.0%  ± 1.0% o f  th e s e  c e l l s  
a p p e a re d  v i a b l e  in  w e l l s  su p p lem en te d  w ith  c o n c e n t r a t i o n s  o f  
m u sc le  e x t r a c t  l e s s  th a n  2 5 0 μ g p r o t e i n  ml–1 medium. The 
c o n c e n t r a t i o n  o f  e x t r a c t  d e r iv e d  from  in n e r v a te d  and d e n e r -  
v a te d  m u sc le s  from  10-mos a n im a ls  w hich was n e c e s s a r y  to  p ro 
d uce  a h a l f -m a x im a l i n c r e a s e  in  n e u r i t e  o u tg ro w th  o v e r  t h a t  
o b s e rv e d  in  c o n t r o l  w e l l s  w as 19 and  30μ g p r o t e in  ml – 1 , 
m edium , r e s p e c t i v e l y .  C o n c e n t r a t i o n s  o f  186 and 195μg ml–1 
w ere n e c e s s a r y  to  p ro d u ce  s i m i l a r  h a l f -m a x im a l r e s p o n s e s  from  
e x t r a c t  d e r iv e d  from  in n e r v a te d  and d e n e rv a te d  m u s c le s ,  r e s 
p e c t i v e l y ,  from  25-m os r a t s .  T h e r e f o r e ,  i t  a p p e a r s  t h a t  a l 
th o u g h  th e  p o te n c y  o f  e x t r a c t  from  th e  yo u n g er a n im a ls  i s  
g r e a t e r  th a n  t h a t  from  th e  a g e d , d e n e rv a t io n  o f  th e  m uscle  
d o es  n o t r e s u l t  in  a s i g n i f i c a n t  i n c r e a s e  in  t h a t  p o te n c y  in  
r a t s  10-mos o f  age o r  o l d e r .  S u p p o rte d  by NIH g r a n t s  AGO5340 
( JLR) and AGO1572 (DOS).

302.4 THE EFFECTS OF NGF ON THE GROWTH OF EMBRYONIC CHICK METENCEPHALIC 
TRIGEMINAL NEURONS IN CULTURE. M.B. Heaton and D.B. Wayne*. 
D ept. o f N eu roscience , Univ. o f F lo r id a ,  G a in e s v i l le ,  FL 32610.

Nerve growth f a c to r  (NGF) has r e c e n tly  been re p o rte d  to  
in f lu e n c e  the d i f f e r e n t i a t i o n  o f c e n tra l  c h o lin e rg ic  p o p u la tio n s . 
In a d d i t io n ,  R aiv ich  e t  a l .  (EMBO, 4 (3 ) : 637, 1985) found t r a n 
s ie n t  re c e p to r  b ind ing  o f  NGF in  the l a t e r a l  motor column of the 
chick  during  developm ent. This appeared  to  r e l a t e  to  our s tu d ie s  
on the  e f f e c t s  o f the tr ig em in a l ganglion  on the developm ent of 
the  tr ig e m in a l motoneuron p o p u la tio n . In v ivo  s tudy  (Moody and 
H eaton, J .  Comp. N e u r ., 213: 350, 1983) had shown th a t  p rocess 
outgrow th f rom the tr ig em in a l motoneurons was dependent on, and 
d ir e c te d  tow ards, th e  tr ig em in a l gang lion  c e l l s .  The trigem ina l 
g an g lio n , p a r t i a l l y  neu ra l c r e s t  d e r iv e d , i s  resp o n s iv e  to  NGF a t  
an e a r ly  s ta g e . S ubsequent in  v i t r o  study o f the e f f e c t s  of gang
lio n -c o n d it io n e d  medium in c lu d ed  NGF and suggested  th a t  NGF m ight 
a c t  d i r e c t l y  on the  tr ig em in a l motoneuron p o p u la tio n . The purpose 
o f the p re s e n t experim en t was to  c l a r i f y  the d i r e c t  e f f e c t s  o f NGF 
on tr ig em in a l m otoneurons. The m etencephalic  basal p la te  was ex
c ise d  from s ta g e  11 chick em bryos. The ex p la n ts  were c u l tu re d  on 
a combined substra tum  o f co llag en  and po ly -D L -o rn ith in e  in  e i th e r  
c o n tro l medium (F -12 , 10% FBS) or the same medium supplem ented 
w ith  15ng/ml NGF (2 .5 S , Sigm a). Ara-C added a f t e r  36hr prevented  
fu r th e r  c e l l  p r o l i f e r a t i o n  and lim ite d  the neurons p re s e n t to p re 
v io u s ly  e s ta b l is h e d  p o p u la tio n s , a lm ost e x c lu s iv e ly  the trigem inal 
m otoneurons. N eu rite  outgrow th was q u a n t if ie d  a f t e r  6 days in 
c u l tu r e .  The outgrow th index in  the NGF group averaged 526.0 com
pared  to  333.4 in  the co n tro l g roup. NGF s ig n if i c a n t ly  enhanced 
outg row th . In a second study e x p la n ts  were grown in co n tro l medi
um alone  o r supplem ented w ith  1) NGF, 2) NGF and anti-N G F, and 3) 
anti-NGF a lo n e . The mean outgrow th index was 248.8  fo r  co n tro l 
e x p la n ts  compared to  414.3  in  the presence of NGF, and 219.5 w ith 
bo th  NGF and anti-NGF p re s e n t . E xp lan ts grown in anti-NGF alone 
had an average  index o f  195 .8 , compared to  173.0 fo r  th e i r  con
t r o l s .  Thus, e a r ly  tr ig em in a l e x p la n ts  dem onstrate  a s p e c i f ic  re 
sponsiveness  to  NGF. P re lim in a ry  work on d is s o c ia te d  c e l l s  in d i
c a te s  th a t  NGF does n o t a f f e c t  the numbers o f c e l l s  which e lab o 
r a t e  p ro cesse s  b u t may a f f e c t  the le n g th  and branch ing  o f a p ro 
c e ss  once i t  i s  i n i t i a t e d .  (S upported by NIH g ra n t NS20387 to  
M .B.H.)

302.5 REGIONALLY S PE C IFIE D  NEURO-ASTROGLIAL INTERACTION IN 
THE DEVELOPING NERVOUS SYSTEM. A . P r o c h i a n t z ,  B. 
C h am ak * , A . A u t i l l o - T o u a t i * , A . F e l l o u s * ,  L . F e t l e r *  
a n d  A . R o u s s e l e t * . INSERM U .1 1 4 ,  C h a i r e  d e  N e u r o p h a r -  
m a c o l o g i e ,  C o l l è g e  d e  F r a n c e ,  7 5 231  P a r i s  c e d e x  0 5 ,  
F r a n c e .

T he m o r p h o l o g i c a l  m a t u r a t i o n  o f  m e s e n c e p h a l i c  a n d  
s t r i a t a l  n e u r o n s  w as a n a l y s e d  i n  d i f f e r e n t  c o - c u l t u r e  
c o n d i t i o n s  w i t h  a s t r o c y t e s .  S t r i a t a l  o r  m e s e n c e p h a l i c  
a s t r o c y t e  m o n o l a y e r s  w e re  p r e p a r e d  a n d  e m b ry o n ic  
n e u r o n s  fro m  t h e  sam e r e g i o n s  p l a t e d  on  th e m  i n  t h e  
f o u r  p o s s i b l e  c o m b i n a t i o n s .  N e u r o n a l  m o rp h o lo g y  w as 
o b s e r v e d  a f t e r  2 a n d  4 d a y s  w i t h  a  s p e c i a l  f o c u s  on  
d o p a m in e r g i c  n e u r o n s  ( f o r  t h e  m e s e n c e p h a lo n )  a n d  
G A B A erg ic n e u r o n s  ( f o r  t h e  m e s e n c e p h a lo n  a n d  t h e  
s t r i a t u m ) . I t  a p p e a r s  t h a t  m o re  c o m p le x  m o r p h o l o g i c a l  
p a t t e r n s  o f  t h e  n e u r i t i c  a r b o r i z a t i o n  a r e  p r o d u c e d  
w hen  n e u r o n s  a n d  a s t r o c y t e s  a r e  d e r i v e d  f ro m  t h e  sam e 
r e g i o n s  o f  t h e  b r a i n  ( h o m o to p ic  c o - c u l t u r e s ) . T he m a in  
f e a t u r e  o f  t h i s  a r b o r i z a t i o n  i s  t h e  h i g h  n u m b e r o f  
d e p a r t u r e s  f ro m  t h e  som a a n d  t h e  o c c u r r e n c e  o f  
n u m e ro u s  b r a n c h i n g  p o i n t s .  On t h e  c o n t r a r y  i n  h e t e r o 
t o p i c  c o - c u l t u r e s  m o s t  n e u r o n s  g ro w  o n e  m a in  lo n g  a n d  
l i n e a r  n e u r i t e  w i t h  f e w  b r a n c h e s .  I n  o r d e r  t o  e l u c i 
d a t e  t h e  p h y s i o l o g i c a l  s i g n i f i c a n c e  o f  t h i s  p h en o m en o n  
t h e  u l t r a s t r u c t u r e  o f  t h e  n e u r o n s  w as e x a m in e d  i n  
e l e c t r o n  m i c r o s c o p y .  I n  h o m o tb p ic  c o - c u l t u r e s  we c a n  
o b s e r v e  a  l a r g e  a m o u n t o f  n e u r i t e s  w i t h  d e n d r i t i c  
c h a r a c t e r i s t i c s ,  s u c h  a s  f a s t  t a p p e r i n g  o f  t h e  f i b e r  
d i a m e t e r ,  p r e s e n c e  o f  n u m e ro u s  r ib o s o m e s  a n d  p r o x im a l  
b r a n c h i n g .  I n  a d d i t i o n  t h e  c e l l  b o d i e s  l o o k  v e r y  
m a tu r e  w i t h  a  lo w  n u c l e o - c y t o p l a s m i c  r a t i o  a n d  a  w e l l  
d e v e lo p e d  G o lg i  z o n e .  I n  h e t e r o t o p i c  c o n d i t i o n s  
n e u r o n s  a r e  l e s s  m a tu r e  a n d  few  d e n d r i t e s  a r e  p r e s e n t .  
M o st n e u r i t e s  a r e  l o n g ,  t h i n  a n d  l i n e a r  w i t h  no  
r ib o s o m e s  a n d  a  c o n s t a n t  d i a m e t e r  on  t h e i r  e n t i r e  
l e n g t h .  T h e y  e v o k e  im m a tu re  a x o n s .  T h e  p o s s i b l e  
s p e c i f i c  o u tg r o w th  o f  d e n d r i t e s  i n  h o m o to p ic  c o n d i 
t i o n s  w as  c o n f i r m e d  b y  im m u n o s ta in in g  w i t h  MAP-2 
a n t i b o d i e s .  T he p r o p o r t i o n  o f  n e u r o n s  w i t h  MAP-2 
p o s i t i v e  f i b e r s  i s  h i g h e r  i n  h o m o to p ic  t h a n  i n  h e t e r o 
t o p i c  c o n d i t i o n s .  T h e  a s s o c i a t i o n  o f  a n  e n h a n c e d  
n e u r o n a l  m a t u r a t i o n  a n d  o f  a  s p e c i f i c  d e n d r i t i c  
d e v e lo p m e n t  i n  h o m o to p ic  n e u r o - a s t r o g l i a l  c o - c u l t u r e s  
l e a d s  u s  t o  p r o p o s e  t h a t  a s t r o c y t e s  s y n t h e t i z e  r e g i o 
n a l l y  s p e c i f i e d  m o l e c u l e s  w h ic h  a c t  a s  g r o w th  f a c t o r s  
a n d / o r  d e n d r i t e  g r o w th  s i g n a l s  f o r  c o - l o c a l i z e d  
n e u r o n s .

302.6 BIOCHEMICAL HETEROGENEITY OF CULTURED ASTROCYTES FROM 
DIFFERENT PARTS OF THE BRAIN. G. B a r b i n ,  B. C ham ak* , A. 
R o u s s e l e t *  a n d  A . P r o c h i a n t z . INSERM U .1 1 4 ,  C h a i r e  de 
N e u r o p h a r m a c o lo g i e , C o l l e g e  d e  F r a n c e ,  75231  P a r i s  
c e d e x  0 5 ,  F r a n c e .

P r e v i o u s  s t u d i e s  p e r f o r m e d  i n  o u r  l a b o r a t o r y  h av e  
show n t h a t  c u l t u r e d  a s t r o c y t e s  i s s u e d  fro m  d i f f e r e n t  
p a r t s  o f  t h e  r o d e n t  c e n t r a l  n e r v o u s  s y s t e m  e x h i b i t  
d i f f e r e n t  f u n c t i o n a l  p r o p e r t i e s :  m e s e n c e p h a l i c  d o p a m i
n e r g i c  n e u r o n s  h a v e  a  d i f f e r e n t  m o rp h o lo g y  w h e th e r  th e y  
a r e  s e e d e d  o n  m e s e n c e p h a l i c  o r  s t r i a t a l  g l i a l  c e l l s  
( 1 ) .

T he b i o c h e m i c a l  c o u n t e r p a r t  o f  s u c h  a  f u n c t i o n a l  
h e t e r o g e n e i t y  h a s  b e e n  i n v e s t i g a t e d  u s i n g  c o n f l u e n t  
m o n o l a y e r s  o f  m e s e n c e p h a l i c  a n d  s t r i a t a l  g l i a l  c e l l s ;  
i n  b o t h  c a s e s  t h e  m a j o r i t y  o f  t h e  c e l l s  w e re  a s t r o c y t e s  
a s  e v i d e n c e d  b y  t h e i r  g l i a l  f i b r i l l a r y  a c i d i c  p r o t e i n  
c o n t e n t .  C e l l s  w e re  r a d i o l a b e l e d  by  e x t e r n a l  i o d i n a t i o n  
w i t h  N a - 1 2 5 - I  i n  t h e  p r e s e n c e  o f  l a c t o p e r o x y d a s e  and 
g l u c o s e  o x i d a s e .  A n a l y s i s  o f  t h e  i o d i n a t e d  p r o t e i n s  by 
o n e -  o r  t w o - d i m e n s i o n a l  e l e c t r o p h o r e s i s  r e v e a l e d  
q u a l i t a t i v e  d i f f e r e n c e s  f o r  p r o t e i n s  h a v i n g  a  m o l e c u l a r  
w e ig h t  r a n g e  b e tw e e n  100 a n d  200 k i l o d a l t o n s  (Kd) and  
a r o u n d  45 K d.

G l y c o p r o t e i n s  o f  t h e s e  c u l t u r e d  c e l l s  w e re  a l s o  
e x a m in e d  u s i n g  tw o  p r o t o c o l s .  F i r s t  o f  a l l  c e l l s  w e re  
l a b e l e d  w i t h  3 5 - S - m e t h i o n i n e  a n d  t h e i r  g l y c o p r o t e i n s  
i s o l a t e d  b y  b i o t i n y l a t e d  l e c t i n s  c o n j u g a t e d  t o  s t r e p t a 
v i d i n  a g a r o s e .  A l t e r n a t i v e l y  n o n  l a b e l e d  c e l l  e x t r a c t s  
w e re  p r o c e s s e d  th r o u g h  t w o - d i m e n s i o n a l  e l e c t r o p h o r e s i s  
a n d  w e s t e r n  b l o t t i n g  f o l l o w e d  b y  d e t e c t i o n  w i t h  b i o t i 
n y l a t e d  l e c t i n s  a n d  a  s t r e p t a v i d i n - b i o t i n - p e r o x i d a s e  
c o m p le x .  Among s e v e r a l  l e c t i n s  t e s t e d ,  C o n c a n a v a l i n  A 
(C o n A ), L e n s  C u l i n a r i s  (LcA) U le x  E u r o p a e u s  F (UEA-F) 
a n d  t o  a  l e s s e r  e x t e n t  W h e a t Germ  A g g l u t i n i n  (WGA) 
r e v e a l e d  a  l a r g e  n u m b e r o f  g l y c o p r o t e i n s  w h e r e a s  P e a n u t  
A g g l u t i n i n  d e t e c t e d  o n l y  a  few  o n e s .  W ith  ConA , LcA an d  
U EA -F, m any g l y c o p r o t e i n s  r a n g i n g  f ro m  45 t o  200  Kd 
w e re  d e t e c t e d  i n  s t r i a t a l  g l i a l  c e l l  e x t r a c t s  t h a t  w e re  
a b s e n t  f ro m  m e s e n c e p h a l i c  o n e s .

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

(1 ) D e n i s - D o n in i  e t  a l . ,  N a tu r e  30 (1 9 8 3 )  6 4 1 - 6 4 3 .
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302.7 GROWTH OF A PURIFIED POPULATION OF POSTNATAL RAT CORTICAL 
MOTORNEURONS IN CULTURE. B. Swearingen* and L.L.Y. Chun* 
(SPON: N.T. Z e rv as). D ep ts . o f  Neurosurg .  and N e u ro l.,  
Mass. G eneral H o sp ita l , and Program in  N eu roscience , H arvard 
M edical S choo l, B oston , MA 02114.

S tu d ie s  on th e  p o s tn a ta l  developm ent o f  c e n t r a l  nervous system  
neurons in  c u l tu r e  have been d i f f i c u l t  because th e  c e l l s  o b ta in ed  
from c o r t i c a l  d i s s o c ia te s  a re  ex trem ely  he te ro g en eo u s. 
F lu o re s c e n c e -a c tiv a te d  c e l l  s o r t in g  has been a p p lie d  to  th i s  
problem  in  s tu d ie s  o f  em bryonic s p in a l  co rd  and ce re b e llu m . We 
have used t h i s  te ch n iq u e  to  p u r i fy  a  p o p u la tio n  o f  c o r t i c a l  
m otorneurons from th e  p o s tn a ta l  r a t ,  where th e  number o f  
non -neu ronal c e l l s  g r e a t ly  exceeds th e  number o f  prim ary  
m otorneurons. R hodam ine-conjugated la te x  m icro sp h eres  ( .5 -1  u l)  
a re  in je c te d  in to  th e  c o r t ic o s p in a l  t r a c t  o f  th re e  day o ld  r a t  
pups. The beads a re  tr a n s p o r te d  r e t ro g ra d e ly  and la b e l  th e  
pyram idal c e l l s  in  la y e r  V o f  sen so rim o to r c o r te x .  C o r t ic a l  
c e l l s  a re  p rep are d  f r om P5 an im als by enzym atic  and m echanical 
d is s o c ia t io n  using  a m o d if ic a tio n  o f  th e  te ch n iq u e  o f  H u e ttn er 
and Baughman (J .  N eu ro sc i. , in  p r e s s ) . A pproxim ately one p e rc e n t 
o f  th e  d is s o c ia te d  c e l l s  c o n ta in  l a b e l .  These c e l l s  a re  
se p a ra te d  by passage  th rough  a flow  c y tom e te r and p u r i t i e s  o f  
80-90% a re  r o u t in e ly  o b ta in e d . A pproxim ately 104 la b e l le d  c e l l s  
a re  p re s e n t in  a  d i s s o c ia te  o f  10b c e l l s ;  s o r t in g  w ith  th e  
p aram e te rs  we use re c o v e rs  about" 1 /3  to  1 /2  o f  th e s e .  T his 
p u r i f i c a t i o n  te ch n iq u e  a llo w s in  v i t r o  a n a ly s is  o f  a  pure  
p o p u la tio n  o f  CNS p ro je c t io n  neu ro n s . We a re  now a b le  to  
s e le c t i v e ly  r e c o n s t i tu t e  th e  normal c e l l u l a r  environm ent and 
in v e s t ig a t e  th e  in t e r a c t io n s  betw een th e s e  p r o je c t io n  neurons and 
t h e i r  t a r g e t  s p in a l  co rd  and g l i a l  s u p p o r t.  P re lim in a ry  r e s u l t s  
in d ic a te  th a t  th e  s o r te d  c e l l s  w i l l  s u rv iv e  in  c u l tu r e  f o r  a t  
l e a s t  one week when p la te d  o n to  a  m onolayer o f  a s t r o c y te s  o r  
em bryonic s p in a l  co rd .

Supported  by NIH g r a n t s  NS07170 and NS21269, and a  g r a n t  f r om 
th e  S p in a l Cord R esearch  F oundation .

302.8 EXPRESSION OF SEROTONIN, TYROSINE HYDROXYLASE, AND GABA IN CULTURES OF 
NEUROGENIC CELLS FROM NEURAL CREST AND BRANCHIAL ARCHES: EFFECT OF THE 
ADDITION OF BOWEL. H. M. Mackey*. R. F. Payette* and M.D. Gershon. (SPON: L. 
Cote) Dept. of Anat. and Cell Biol., New York, N.Y. 10032

The phenotypically diverse neurons of the enteric nervous system are 
developmentally derived from precursors that migrate to the bowel from the "vagal" 
and sacral regions of the neural crest. In order to gain insight into the generation of 
enteric neuronal diversity we examined the expression of serotonin ( 5-HT), tyrosine 
hydroxylase (TH), and GABA in vitra In the mature avian gut intrinsic neurons 
contain 5-HT or GABA but not TH. These markers were demonstrated 
immunocytochemically, singly or simultaneously, using species-specific secondary 
antisera labeled appropriately with fluorescein or rhodamine (or Texas red). Isolated 
neural crest cells (from cranial, vagal, and truncal levels), neurogenic cells from the 
3rd and 4th branchial arches, dissociated intestine (of 7 days of incubation, following 
colonization by crest) and pancreas were cultured. In addition, crest cells and 
branchial arches were also grown in co-culture with aneuronal hindgut. Since 
catecholaminergic cells non-specifically take up 5-HT, we grew the cultures in a 
medium that was 5-HT-poor. Crest cells from each axial level, cultured by 
themselves, expressed 5-HT, TH, and GABA. The morphologies of the cells expressing 
each of these markers were distinct, suggesting that they constitute separate 
populations. Moreover, the absence of co-localization, when cultures were doubly 
stained with anti-TH and anti-5-HT sera, indicated that the 5-HT-cells were not 
catecholaminergic. Co-culture of crest cells with aneuronal hindgut increased the 
number of 5-HT-immunoreactive cells in the immediate proximity of, but not at a 
distance from the explant of bowel. TH-immunoreactive. but not 5-HT or GABA- 
containing cells developed in cultures of the branchial arches when these structures 
were grown by themselves; however, 5-HT-immunoreactive neurons appeared when 
the branchial arches were co-cultured with aneuronal hindgut. Cultures of dissociated 
bowel contained TH- and GABA-immunoreactive neurons, but not 5-HT. Cultures of 
dissociated pancreas contained none of the markers. These observations indicate that 
the neural crest contains precursor cells able to express 5-HT, TH, and GABA. The 
branchial arches, which are filled with crest cells and contain "vagal" crest migrating 
to the gut, must also contain serotonergic precursors; however, 5-HT is apparently 
not expressed within the branchial arches unless bowel is added. This addition also 
enhances the expression of 5-HT by crest cells in the vicinity of enteric explants; 
therefore, the enteric microenvironment facilitates the expression of at least one 
type of enteric neuron. Dissociation of the gut appears to vitiate this effect of the 
enteric microenvironment. This is seen in the failure of 5-HT-immunoreactive cells 
to develop in cultures of dissociated bowel and in the appearance of TH-containing cells 
in such cultures. The expression of TH, manifest in crest cells and in branchial 
arches in vitro, is normally suppressed and not seen in the avian gut in situ 
Supported by NIH grant NS 15547 and by the Robert Wood Johnson Fdn.

302.9 FAILURE OF VASCULAR SMOOTH MUSCLE TO SUPPORT THE SURVIVAL OF 
CULTURED CILIARY GANGLION NEURONS. D ouglas J .  Creedon and Jeremy 
B. T u t t l e , D ep t. o f  P hysio logy , Univ o f V irg in ia  Sch. o f M edicine, 
C h a r l o t t e s v i l l e ,  VA 22908.

In  v i t r o , neu ro n a l s u rv iv a l  depends upon s o lu b le  and membrane 
f a c t o r s ,  b u t th e  s p e c i f i c i t y  o f t h i s  tro p h ic  e f f e c t  has n o t been 
th o ro u g h ly  in v e s t ig a te d .  In  d is s o c ia te d  c e l l  c u l tu r e ,  th e  e n t i r e  
p o p u la tio n  o f neurons in  th e  c i l i a r y  g ang lion  can d e r iv e  su p p o rt 
from s t r i a t e d  m uscle. T h is occu rs  d e s p i te  th e  f a c t  th a t  cho ro id  
c e l l s ,  which accoun t f o r  app rox im ate ly  h a l f  o f th e  neurons in  th e  
g an g lio n , s e le c t i v e ly  in n e rv a te  v a s c u la r  smooth m uscle (VSM) in  
v iv o . T his s tudy  was undertaken  to  determ ine  i f  a t ro p h ic  r e l a 
tio n s h ip  e x i s t s  between g a n g lio n ic  neurons and a v a s c u la r  smooth 
m uscle t a r g e t .

D is so c ia te d  c i l i a r y  gan g lio n  c e l l s  from 9-day ch ick  embryos 
were added to  m icrow ells  co n ta in in g  one o f th e  fo llo w in g : c o l l 
agen , p e c to r a l  m uscle m yotubes, ch icken  a o r t i c  VSM, o r  r a t  a o r t i c  
VSM. P e c to ra l  m uscle was from 11-day ch ick  em bryos. Chicken VSM 
was c u l tu re d  from a o r ta s  o f  2-3 week o ld  ch ickens  by com bining 
enzym atic and m echan ical d i s s o c ia t io n .  Rat VSM c e l l s  were o b ta in ed  
from th e  t h i r d  o r fo u r th  passage  o f a p rim ary  a o r t i c  VSM ce l l  
l i n e .  Both ty p e s  o f VSM were p la te d  a t  1×104 c e l l s  p e r  cm2 and 
allow ed  to  reac h  con flu en cy , p r io r  to  th e  a d d i t io n  o f th e  neu rons . 
E le c tro n  m icroscopy confirm ed th e  id e n ty  o f th e  VSM. C i l ia r y  
g a n g lia  were d is s o c ia te d  and p la te d  in  th e  absence o f  ch ick  embryo 
e x t r a c t  o r  o th e r  s u rv iv a l  p r o te in .  Counts o f  su rv iv in g  neurons 
were ta k en  a f t e r  one, tw o, f iv e ,  and seven days . On th e  second 
day , 55.9% o f th e  neurons rem ained in  th e  th e  ch ick  VSM co
c u l tu r e s .  By f iv e  days on ly  2% rem ained and 0% rem ained a t  seven 
days . A s im i la r  sequence o ccu rred  in  th e  m irow e lls  c o n ta in in g  
neurons and r a t  VSM: 57.9% o f  th e  neurons rem ained on day 2, 
10.4% on day 5 , and 3.3% a t  one week. T his i s  in  c o n t r a s t  to  p ec 
t o r a l  m uscle c u l tu r e s  in  which no lo s s  o f  neurons was d e te c te d . 
Neurons p la te d  on c o lla g e n  were reduced to  9.3% o f  t h e i r  o r ig in a l  
numbers by day 2. Neurons were a ls o  p la te d  on c o l la g e n , bu t fed  
medium c o n d itio n e d  by each  o f th e  th r e e  m uscle s o u rc e s . Both 
p e c to r a l  m uscle and chick-VSM were p a r t i a l l y  e f f e c t iv e ,  w ith  
52.5% and 21.5% n eu ro n a l s u rv iv a l ,  r e s p e c t iv e ly ,  a t  seven days.

These r e s u l t s  c o n t r a s t  w ith  th e  a b i l i t y  o f  even fo re ig n  
s t r i a t e d  m uscle to  su p p o rt th e  s u rv iv a l  o f g a n g lio n ic  neurons 
d e s tin e d  to  in n e rv a te  bo th  smooth and s k e l e t a l  m uscles. The 
f a i l u r e  o f VSM to  su p p o rt s u rv iv a l  r a i s e s  th e  p o s s i b i l t y  t h a t  no 
tr o p h ic  r e la t i o n s h ip  e x i s t s  w ith  t h i s  t a r g e t .  A l te r n a t iv e ly ,  
s u rv iv a l  cou ld  depend upon f a c to r s  d e r iv ed  from o th e r  e lem en ts o f 
th e  t a r g e t  t i s s u e ,  o r  smooth m uscle may d em onstra te  g r e a te r  
s p e c i f i c i t y  in  t ro p h ic  in t e r a c t io n s  th a n  i t s  s t r i a t e d  c o u n te rp a r t .

Supported  by g ra n ts  from th e  NSF and NIH.

302.10 PC-12 CELLS AND ADRENAL MEDULLARY ENDOTHELIAL CELLS FORM COMPLEXES 
IN CO-CULTURE ANALOGOUS TO CHROMAFFIN CELL/ENDOTHELIAL INTER
ACTIONS SEEN IN MATURE ADRENAL MEDULLA TISSUE. Y. M izrachi1 * , 
P . I .  L e lk es2*,   and H.B. P o lla rd 2 . (SPON: K.L. K elner) 
NICHD (1 ) , NIADDK (2 ) , N a tio n a l I n s t i t u t e s  o f H ea lth , B ethesda, 
MD 20892.

Chrom affin c e l l s  form c lo s e  a s s o c ia t io n s  w ith  e n d o th e l ia l  c e l l s  
in  th e  in t a c t  a d re n a l m edu lla , thus  e n su rin g  prompt in t ro d u c tio n  
o f s e c re te d  su b stan ce s  in to  th e  blood s tream . The g en esis  of th i s  
a s s o c ia t io n  and i t s  m aintenance i s  o b v iously  im p o rtan t, bu t not 
p re s e n t ly  u n d ers tood . We have a ttem p ted  to  mimic th i s  pheno typ ic 
o rg a n iz a tio n  w ith  c o -c u l tu re s  o f PC-12 c e l l s  and bovine ad ren a l 
m edu lla ry  e n d o th e l ia l  (BAME) c e l l s .  Under th e se  co n d itio n s  PC-12 
c e l l s  were found to  adhere r a p id ly  and s p e c i f i c a l ly  to  BAME c e l l s ,  
as  d e fin ed  by a k in e t ic  a s say . The PC-12 c e l l s  f irm ly  adhered to  
th e  e n d o th e l ia l  c e l l s  r a th e r  to  th e  m a tr ix , and th i s  p rocess  
approached com pletion  w ith in  60 m inu tes . The PC-12 e n d o th e lia l  
c e l l  complex was a lso  s ta b le  upon pro longed c u l tu r e ,  th e  PC-12 
c e l l s  form ing c lu s t e r s  upon th e  e n d o th e l ia l  c e l l s  rem in iscen t of 
th e  ch rom affin  c e l l  e n d o th e l ia l  c e l l  in t e r a c t io n s  in  th e  m ature 
a d re n a l m edu lla .

The s p e c i f i c i t y  o f t h i s  c o n ta c t p ro cess  was fu r th e r  m a n ife s t by 
th e  f a c t  th a t  PC-12 c e l l s  showed l i t t l e  adherence to  some o th e r  
c e l l  ty p e s . The adherence of PC-12 c e l l s  to  bovine co rn e a l endo
t h e l i a l  c e l l  m a tr ix  was a ls o  q u a l i t a t iv e l y  d i f f e r e n t .  The r a p id i ty  
and s p e c i f i c i t y  o f complex fo rm ation  between PC-12 c e l l s  and endo
t h e l i a l  c e l l s  le ad  us to  expect th a t  preform ed membrane m olecules 
might be r e s p o n s ib le  fo r  th e  in t e r a c t io n .  We th e re fo re  te s te d  
u rea  e x t r a c ts  c o n ta in in g  plasm a membrane p a r t i c l e s  from bo th  c e l l  
types  fo r  t h e i r  c a p a c ity  to  i n t e r f e r e  w ith  th e  fo rm ation  o f PC-12 
e n d o th e l ia l  com plexes. Indeed we found th a t  th i s  complex fo rm ation  
could  be b locked by th e se  plasm a membrane p a r t i c l e s ,  bu t no t w ith  
plasma membrane p a r t i c l e s  d e riv ed  from o th e r  c e l l s .  We a ls o  found 
th a t  th e  membrane p a r t i c l e s  from PC-12 and e n d o th e l ia l  c e l l s  r e 
s p e c t iv e ly  agg rega ted  when mixed to g e th e r  in  a c e l l - f r e e  system  
when measured by changes in  l i g h t  s c a t t e r in g .

We conclude th a t  PC-12 c e l l s  and e n d o th e l ia l  c e l l s  in t e r a c t  
s p e c i f i c a l l y ,  and th e  in te r a c t io n  i s  m ediated by s p e c i f ic  membrane 
components on each c e l l .  This in te r a c t io n  may a ls o  be im portan t 
in  growth and d i f f e r e n t i a t i o n  o f th e  in t a c t  a d re n a l m edulla .
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302.11 NEONATAL MONOCULAR ENUCLEATION ALTERS THE NEURONAL DEVELOPMENT 
OF ACETYLCHOLINESTERASE, SOMATOSTATIN AND CONNECTIONS IN VISUAL 
CORTEX. L.A. Benevento, J .E .  Camel and S. K. I ta y a . D ept. of 
Anatomy, U n iv e rs ity  of I l l i n o i s  C o llege of M edicine, C hicago, 
IL 60612.

We have s tu d ie d  th e  development of so m a to sta tin  (SS) and 
a c e ty lc h o lin e s te r a s e  (AChE) c o n ta in in g  c e l l s  and neuronal 
co nnec tions  in th e  v isu a l c o r t ic e s  of normal and m onocularly  
en u c lea ted  r a t s .  All e n u c le a tio n s  were done on p o s tn a ta l day 
ze ro  (PND=0). Each b ra in  was s ta in e d  fo r  SS and AChE w ith 
immunocytochemical (A BC-peroxidase) and h is tochem ical (Hedreen 
e t  a l . '8 3 - s i lv e r )  m ethods.

In normal PND=15-17 pups, a rea s  17, 18a and 18 c o n ta in  AChE 
and SS p o s i t iv e  c e l l  bodies co n c en tra ted  in  la y e rs  I I ,  I I I  and 
V, VI. The AChE c e l l  p o p u la tio n  in c lu d es  polym orphic, 
m edium -sized pyram idal and fu s ifo rm  c e l l s ,  w hile SS co n ta in in g  
c e l l s  in c lu d e  a v a r ie ty  of m orphological ty p e s . In PND=15-17 
r a t s  which were m onocularly  e n u c le a te d , a d i f f e r e n t  p ic tu re  
e x i s t s .  In th e  c o n t r a la t e r a l  c o rtex  th e re  i s  a la rg e  red u c tio n  
o f AChE p o s i t iv e  c e l l s  in c o n tr a s t  to  l i t t e r  c o n tro ls  or 
i p s i l a t e r a l  c o r te x . For SS th e  re v e rs e  is  t r u e .  The number of 
SS co n ta in in g  c e l l s  in  th e  c o rtex  c o n t r a la t e r a l  to  th e  
e n u c le a t io n  in c rea sed  about 20%.

In th e  same an im als, HRP in je c t io n s  made 1 to  2 days befo re  
s a c r i f i c e ,  show th a t  in  normal PND=15-17 pups th e  d i s t r i b u t io n  
o f c a l lo s a l ly  p ro je c tin g  c e l l s  (C C -C ells) i s  c o n c en tra ted  in 
colum ns, m ainly in  la y e rs  I I I  and V a t th e  bo rders  of a rea s  
17/18a and 17/18 . In r a t s  which were en u c lea ted  a d i f f e r e n t  HRP 
p ic tu r e  e x i s t s .  At PND=15-17 th e  c o rtex  c o n t r a la te r a l  to  the  
e n u c le a t io n  c o n ta in s  re t ro g ra d e ly  la b e led  CC-Cells in  la y e rs  
I I I  and V (w ith  some in  II  and VI) in  a rea s  18a and 18 and 
th roughou t a rea  17 th u s  dem onstra ting  thw arted  c o l la t e r a l  
e l im in a tio n . That i s ,  th e  c a l lo s a l  co nnec tions  remain in an 
u n d if f e re n t ia te d  n e o n a ta l- l ik e  s t a t e .

Thus, as a r e s u l t  of e n u c le a t io n , CC-Cells in the  
c o n t r a la t e r a l  co r te x  f a i l  to  undergo c o l la t e r a l  e l im in a tio n  and 
th e re  is  a lso  a p re c ip ito u s  dec rease  o f AChE s ta in e d  c e l l s  in 
th e  same la y e r s .  At th e  same tim e , th e re  is  an in c re a se  in the  
number of SS c e l l s  in th e  same c o r t ic a l  a rea s  and la y e r s .  S ince 
both chemical changes and HRP la b e lin g  of CC-Cells tak e  p lace  
in  th e  same c o r t ic a l  a re a s ,  la y e r s ,  and in some c a se s , th e  same 
c e l l  ty p e s , i t  i s  in t r ig u in g  to  hypo th esize  th a t  th e  d ecrease  
in  AChE and in c re a se  in SS in d ic a te s  th a t  they  a re  r e la te d  to  
re g u la tio n  of sy n ap tic  co nnections  e i th e r  as a c o n s t i tu e n t  of 
C C -C ells , or in d i r e c t ly  v ia  i n t r i n s i c  c o n n e c tio n s . (S upported 
by NS 21948)

302.12 LIFESPAN CHANGES IN THE STIMULATORY EFFECT OF POLYAMINES ON 
MITOCHONDRIAL CALCIUM TRANSPORT. J .  R. Jen sen , G. Lynch and M. 
Baudry. C enter fo r  th e  N eurobiology of Learning and Memory, 
Univ. C a l i f . -  I r v in e ,  CA 92717.

M itochondria a re  th ough t to  p lay  an im portan t ro le  in  th e  
re g u la tio n  o f i n t r a c e l l u l a r  Ca2+ c o n c e n tra tio n  ( [Ca2+] i ) ,  p a r t i c 
u la r ly  du rin g  p e rio d s  of in c rea sed  [Ca2+] i . D istu rbances in  m ito 
ch o n d ria l Ca2+ b u ffe r in g  have been p o s tu la te d  to  occur w ith aging 
in  v a rio u s  t i s s u e s  in c lu d in g  b ra in . R ecently  i t  has been rep o rted  
th a t  th e  polyam ines, sperm ine and sp erm id in e , m ight have a p h y s i
o lo g ic a l ro le  as r e g u la to r s  of m itochond ria l Ca2+ cy c lin g  in  
h e p a to c y te s . In th e  p re se n t s tu d y , we in v e s t ig a te d  th e  e f f e c t  o f 
th o se  polyam ines on r a t  b ra in  m itochond ria l Ca2+ tr a n s p o r t .  We 
re p o r t  th a t  polyam ines s tim u la te  t r a n s p o r t  and th a t  th i s  e f f e c t  
d ec re a se s  as a fu n c tio n  o f age o f th e  an im als.

Spermine both in c re a se d  th e  r a te  of Ca2+ accum ulation  and de
c rea sed  th e  s e t - p o in t  a t  which m itochondria  b u ffe r  f r e e  [Ca2+] in  
a d u lt  r a t :  in  th e  p resence  o f sperm ine ex tram i to c h o n d ria l f r ee 
Ca2+ ([Ca2+] e ) was low ered to  values around th e  r e s t in g  [Ca2+] i . 
A nalysis  of th e  k in e t ic s  of ca lcium  accum ulation  rev ea led  th a t  
maximal sperm ine s tim u la t io n  occurs a t  about 1 uM [Ca2+] e ; beyond 
th i s  le v e l th e  s tim u la to ry  e f f e c t  dec re a se s  and sperm ine can even 
in h i b i t  ne t Ca2+ up tak e . The e f f e c t  o f polyam ines was c o n c en tra 
tio n -d ep en d en t w ith a half-m axim al e f f e c t  observed a t  0 .1 -0 .4  mM 
fo r  sperm ine w hile  sperm idine was about 10 tim es le s s  p o te n t. The 
s tim u la t in g  e f f e c t  o f sperm ine was not due to  an in c re a s e  in  th e  
t r a n s p o r t  o f r e s p ir a to ry  s u b s t r a te s  in s id e  th e  m itochondria  nor 
to  an e f f e c t  on th e  enzymes us ing  th e se  r e s p ir a to ry  s u b s t r a te s .

We determ ined th e  e f f e c t  o f sperm ine on Ca2+ tr a n s p o r t  in  h ip 
pocampal m itochondria  from anim als o f d i f f e r e n t  ages and found a 
d ram atic  d ec rease  in  th e  s tim u la to ry  e f f e c t  o f th e  polyam ines on 
NAD-dependent Ca2+ accum ulation  as a fu n c tio n  of age . Spermine 
maximally s tim u la te d  m itochond ria l Ca2+ accum ulation  a t  p o s tn a ta l 
day 12 (4-5  fo ld  s t im u la t io n ) ;  th e  s tim u la t io n  was 2-3 fo ld  in  
a d u l t  r a t s  and was only about 50% above basal in  r a t s  above 2 
y e a rs  o f age .

These r e s u l t s  suggest a c r i t i c a l  ro le  fo r  polyam ines in  the  
r e g u la tio n  o f [Ca2+] i  in  b r a in ,  e s p e c ia l ly  s in c e  polyamine le v e ls  
e x h ib i t  la rg e  v a r ia t io n s  under d i f f e r e n t  c o n d itio n s . M oreover, 
th e  d ec rease  in  th e  s tim u la t in g  e f f e c t  o f polyam ines on m itochon
d r ia l  Ca2+ tr a n s p o r t  w ith  age might be r e la te d  to  a decreased  
a b i l i t y  o f m itochondria  to  b u ffe r  [Ca2+] i , a co n d itio n  th a t  might 
w ell be expected  to  produce neu ro p a th o lo g ies  of th e  type  a s s o c i 
a ted  w ith  ag in g .
(Supported  by NIA #AG-00538 to  G.L. and #NS-18427 to  M.B).

DEVELOPMENT AND PLASTICITY: PROCESS OUTGROWTH III

303.1 DIFFERENTIAL PROMOTION OF RETINAL NEURITE OUTGROWTH BY 
ISOLATED EXTRACELLULAR MATRIX COMPONENTS. R. P e r r i s * , 
N .G . C a r r i  and  T . E b e n d a l* . D e p t . o f  Z o o lo g y , U p p sa la  
U n i v e r s i t y ,  U p p s a la ,  Sw eden.

T he r o l e  o f  t h e  e x t r a c e l l u l a r  m a t r i x  (ECM) i n  t h e  
c o n t r o l  o f  n e u r i t e  e l o n g a t i o n  a n d  g u id a n c e  d u r i n g  
d e v e lo p m e n t  o f  t h e  v i s u a l  s y s t e m  r e m a in s  u n d e t e r m i n e d .  
I n  o r d e r  t o  e x p l o r e  t h i s  a n d  t o  i d e n t i f y  ECM c o n s t i 
t u e n t s  p o s s i b l y  i n v o l v e d  i n  t h i s  p r o c e s s ,  we t e s t e d  t h e  
c a p a c i t y  o f  d i s c r e t e  ECM m o l e c u l e s  t o  s t i m u l a t e  r e t i n a l  
n e u r i t e  o u tg r o w th  i n  v i t r o . A p r e v i o u s l y  d e s c r i b e d  b i o 
a s s a y  b a s e d  o n  o r g a n o t y p i c  c u l t u r e  o f  e m b ry o n ic  c h i c k e n  
r e t i n a ,  g r o w t h - s t i m u l a t e d  b y  o p t i c  l o b e - e x t r a c t ,  w as  
u t i l i z e d  ( C a r r i ,  N .G . & E b e n d a l ,  T . D ev . B r a i n  R e s .  6 ,  
2 1 9 -2 2 9 , 1 9 8 3 ) .  N e u r i t e  e x t e n s i o n  w as h i g h l y  p ro m o te d  
i n  e x p l a n t s  g ro w n  o n  h y d r a t e d  c o l l a g e n  g e l s ,  t h e  f i b e r s  
p r o j e c t i n g  r a d i a l l y  a n d  s h o w in g  p r o n o u n c e d  b u n d le  f o rm 
a t i o n .  R e t i n a l  e x p l a n t s  o n  l a m i n i n  e x t e n d e d  s h o r t e r ,  
m o re  n u m e ro u s  f i b e r s  e x h i b i t i n g  l i t t l e  f a s c i c u l a t i o n .  
N e u r i t e s  i n v a r i a b l y  a v o i d e d  i n t a c t  p la s m a  f i b r o n e c t i n  
(F N ) , v i t r o n e c t i n  a n d  c h o n d r o i t i n  s u l p h a t e  p r o t e o 

g l y c a n s .  T he sam e b e h a v i o r  w as  show n o n  t i s s u e  c u l t u r e  
p l a s t i c  a n d  b o v in e  s e ru m  a l b u m in .

P r o t e o l y t i c  f r a g m e n t s  o f  t h e  FN m o l e c u l e ,  p o s s e s s i n g  
f u n c t i o n a l l y  d i s t i n c t  a c t i v i t i e s ,  d i v e r g e d  i n  t h e i r  
a b i l i t y  t o  s u p p o r t  n e u r i t e  s p r o u t i n g .  A s t r o n g  o u t 
g r o w th  r e s p o n s e  w as e v o k e d  b y  s u b s t r a t a  c o n t a i n i n g  a  
3 1 , 0 0 0 - D a lto n  FN f r a g m e n t ,  r e p r e s e n t i n g  th e  h e p a r in  
b in d in g  do m ain . On t h i s  f r a g m e n t ,  a x o n a l  g ro w th  was 
m ore lu x u r i o u s  th a n  on la m in in ,  w ith  d e n s i t y  and  le n g th  
o f  p r o j e c t i n g  f i b e r s  a s  w e l l  a s  n e u r i t e  b u n d lin g  c l e a r l y  
au g m e n ted . C o n v e r s e ly ,  no o u tg ro w th  was o b s e r v e d  on 
s u b s t r a t a  o f  FN f r a g m e n ts  c o n s t i t u t i n g  th e  c e l l  b in d in g  
( 1 0 5 ,0 0 0 - D a l to n ) , t h e  c o l l a g e n  b in d in g  ( 4 0 ,0 0 0 -D a lto n )  
and  a  c o m b in a t io n  o f  t h e  c o l l a g e n  and  h e p a r in  b in d in g  
r e g io n s  o f  t h e  m o le c u le .  T h ese  r e s u l t s  c o n t r a s t  o b s e r v 
a t i o n s  made on n e u r a l  c r e s t  c e l l  m i g r a t i o n ,  t h e  l a t t e r  
b e in g  p ro f o u n d ly  p ro m o ted  by FN , v i t r o n e c t i n  and  th e  
1 0 5 , 0 0 0 -  D a lto n  FN f r a g m e n t a s  s u b s t r a t a  in  v i t r o .

We p r o p o s e  t h a t  m u l t i v a l e n t  n eu ro n -E C M  i n t e r a c t i o n s  
may b e  c r u c i a l  f o r  n e u r i t e  g r o w th  d u r i n g  d e v e lo p m e n t  o f  
t h e  v i s u a l  s y s t e m .  C o n c e i v a b l y ,  c o l l a g e n s  may p r e 
d o m i n a n t l y  e n h a n c e  e l o n g a t i o n  o f  g ro w in g  n e u r i t e  
b u n d l e s ,  w h e r e a s  l a m i n i n  a n d  s p e c i f i c  p o r t i o n s  o f  t h e  
FN m o l e c u l e  c o u l d  l o c a l l y  i n f l u e n c e  s p r o u t i n g  i n  
t e r m i n a l  a r e a s .

303.2 OLFACTORY BULB NEURITE EXTENSION IN CULTURE IS  AGE AND SUBSTRATE 
DEPENDENT. N. K le itm an  and M .I .  J o h n s o n . D e p t. A n a t . & N e u ro b io l .  
W ash ing ton  U n iv e r s i ty  S choo l o f  M e d ic in e , S t .  L o u is ,  MO, 63110.

P re v io u s  s tu d i e s  h av e  d e s c r ib e d  a  c o r r e l a t i o n  b e tw een  n e u r i t e  
e x te n s io n  r a t e ,  age  o f  do n o r t i s s u e ,  and g row th  cone m orpho logy  in  
s u p e r i o r  c e r v i c a l  g a n g lio n  c u l t u r e s  (A rg iro  e t  a l .  1984 J .  N euro- 
s c i .  4 :3 0 5 1 ) .  I n  p r e p a r a t i o n  f o r  d e v e lo p m e n ta l s t u d i e s  o f  g row th  
c o n e s  from  CNS t i s s u e ,  we h av e  c u l t u r e d  em bryon ic  an d  p e r i n a t a l  r a t  
o l f a c t o r y  b u lb  (OB) t i s s u e  on a  v a r i e t y  o f  s u b s t r a t e s  and com pared 
n e u r i t e  e x te n s io n  r a t e s .  OBs from  day  15 em bryos (E15) t o  7 day  
o ld  p u p s (P 7 ) w ere s tu d i e d .  C u l tu r e  m edia  c o n ta in e d  MEM, 10% human 
p l a c e n t a l  se ru m , 2% c h ic k  embryo e x t r a c t  and  NGF.

E15-E17 OB o u tg ro w th  was com pared  on a  v a r i e t y  o f  s u b s t r a t e s .
On a i r - d r i e d  ty p e  I  c o l l a g e n  (ADC), n e u r i t e  o u tg ro w th  o c c u r r e d  
w i th in  24 h r  ( a v e .  e x te n t  188 ± 31 μm, n=12 e x p la n t s ) .  N e u r i te s  
w ere u n f a s c i c u l a t e d  an d  f r e e  o f  n o n -n e u ro n a l  c e l l s  (NNC). G row th 
c o n tin u e d  f o r  o v e r  2 wk in  c u l t u r e .  On d i lu t e d  ADC (20%; a  f l a t  
s u b s t r a t e ) ,  n e u r i t e s  e x te n d e d  in  f a s c i c l e s  p o p u la te d  w i th  NNC. 
E x p la n ts  a t t a c h e d  p o o r ly  t o  am m oniated  ty p e  I  c o l l a g e n ,  ty p e  IV 
c o l l a g e n ,  f i b r o n e c t i n ,  and  u n c o a te d  g l a s s  c o v e r s l i p s .  E a r ly  
n e u r i t i c  o u tg ro w th  d e ta c h e d  and r e t r a c t e d ;  l a t e r  o u tg ro w th  was 
a s s o c i a t e d  w i th  NNC. On p o l y - o r n i t h i n e ,  OBs a t t a c h e d  an d  e x te n d e d  
s h o r t  n e u r i t e s  a s s o c i a t e d  e n t i r e l y  w i th  NNC. On c o v e r s l i p s  t r e a t e d  
w i th  l a m in in ,  o r  l a m in in  o v e r  p o l y - o r n i t h i n e ,  d i l u t e  ADC o r  t y p e  IV 
c o l l a g e n ,  OBs a t t a c h e d  and e x te n d e d  n e u r i t e s  i n  a s s o c i a t i o n  w ith  
f l a t t e n e d  NNC. N e u r i te  e x te n s io n  r a t e  a p p ro a c h e d  t h a t  s e en  on ADC 
o n ly  on la m in in  a lo n e .  On a  s u b s t r a t e  o f  n o n c e l l u l a r  e x t r a c e l l u l a r  
m a t r ix  [ECM, p r e p a r e d  from  m y e l in a t in g  d o r s a l  r o o t  g a n g lio n  c u l 
t u r e s  on am m oniated  c o l la g e n  (M. Ard e t  a l . ,  s u b m i t t e d ) ,  e x t r a c t e d  
w i th  d e te r g e n ts  (C arey  e t  a l .  1983 J .  C e l l  B io l .  9 7 :4 7 3 )]  OB 
n e u r i t e s  w ere r e l a t i v e l y  f r e e  o f  NNC and fo llo w e d  th e  p a t t e r n  o f  
t h e  ECM l a i d  down by p r e v io u s  Schwann c e l l  o u tg ro w th .  F i n a l l y ,  OBs 
on ADC grown in  d e f in e d  s e ru m -f r e e  medium s u rv iv e d  and e x te n d e d  
n e u r i t e s  c o m p a ra b le  t o  t h o s e  s e e n  i n  s e ru m -c o n ta in in g  m edium .

As n e u r i t e  o u tg ro w th  was m axim al on ADC and u n o b sc u re d  by NNC, 
o u tg ro w th  r a t e  on ADC was s tu d i e d  a s  a  f u n c t io n  o f  a g e .  O u tg ro w th  
d im in is h e d  s i g n i f i c a n t l y  be tw een  E15 and P1 i n  d e n s i ty  and r a t e .  
N e u r i te  e x te n s io n  was n o t  o b s e rv e d  from  o l d e r  e x p la n t s .  R e l a t i v e  
t o  E1 6 o u tg ro w th ,  n e u r i t e  l e n g th  was 45% l e s s  i n  E20 c u l t u r e s  a f t e r  
1 -2 d ,  23-41% l e s s  a f t e r  7d and  24% l e s s  a f t e r  13d i n  c u l t u r e .

We c o n c lu d e  t h a t  l i k e  n e u r i t e  o u tg ro w th  from  s y m p a th e tic  n e u ro n s  
and  s e v e r a l  o t h e r  CNS t i s s u e s ,  OB n e u r i t e  e x te n s io n  i s  a g e -  
d e p e n d e n t .  The c h e m ic a l and  3 -d im e n s io n a l  s t r u c t u r e  o f  th e  
s u b s t r a t e  a r e  a l s o  c r i t i c a l  f a c t o r s .  (S u p p o rte d  by NIH g r a n t s  NS 
07071 , NS 21771 and  NSF g r a n t  BNS 8 5 0 8 1 4 8 .)
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303.3 STIMULATION OF SPINAL CORD NEURITOGENESIS BY A LAMININ SUBSTRATE 
J.M . Thompson and S . t .  P ie rc e * Departm ent o f A natom ical S c ien ces , 
C ollege o f M edicine, U n iv e rs ity  o f I l l i n o i s ,  Urbana, IL 61801.

N eu rite  outgrow th  s tu d ie s  in  v i t r o  a re  im portan t in  
und ers tan d in g  normal neuronal developm ent and in  p ro v id in g  
in s ig h t  in to  c o r re c t in g  developm ental a b n o rm a li t ie s . I t  has been 
p re v io u s ly  found th a t  n e u r i te  outgrow th on c o lla g e n  s u b s t r a te s  
d e c re a se s  w ith  in c re a s in g  g e s ta t io n a l  age o f ch ick  embryo s p in a l  
cord  neurons in  t i s s u e  c u l tu r e  (Thompson and R apoport, D evel. 
B io l . ,  84 :244, 1981). In  th e  c u r re n t s tu d y , we examined th e  
a b i l i t y  o f  a  la m in in  s u b s t r a te  to  promote n e u r i te  outgrow th from 
s p in a l cord  neurons and to  r e v e rs e  th e  developm ental d e c lin e  
which occu rs on c o lla g e n  s u b s t r a te s .  L am in in 's  n e u r i te  ex ten s io n  
prom oting a b i l i t y  has been v e r i f i e d  in  o th e r  system s (L ander, 
F u j i i  and R e ic h a rd t, P roc . N a tl . Acad. S c i. USA, 82:2183, 1985) . 
Laminin, p o ly ly s in e  and c o llag en  were compared in  t h e i r  e f f ic a c y  
in  prom oting n e u r i te  e x ten s io n  from s p in a l  cord  neurons from 
ch ick  embyros aged 6 to  16 days. The p e rc e n t o f neurons w ith  
p ro c e sse s  and th e  le n g th  o f th e  p ro cesse s  were determ ined a t  1 
and 3 days o f  c u l tu r e .  The o rd e r  o f th e  a b i l i t y  o f th e  
s u b s t r a te s  to  promote n e u r i te  outgrow th was lam in in  > p o ly ly s in e > 
c o lla g e n  a t  1 day o f c u l tu r e .  An a n a ly s is  o f v a r ia n c e  
dem onstrated  a  s ig n i f i c a n t  in c re a s e  in  n e u r i to g e n e s is  by lam in in  
compared to  e i t h e r  p o ly ly s in e  o r c o lla g e n . In  3 day c u l tu r e s ,  th e  
o rd e r  o f  prom otion o f  n e u r i te  outgrow th  was la m in in  = p o ly ly s in e > 
co lla g e n  w ith  in c re a se d  p erce n tag e  o f  neurons producing  n e u r i te s  
on c o lla g e n  and p o ly ly s in e  compared to  th e  1 day c u l tu r e s .  
F u r th e r , in  th o se  c u l tu r e s  grown on a  lam in in  s u b s t r a te ,  th e re  
was a  s ig n i f i c a n t  r e v e r s a l  o f th e  d e c lin e  in  n e u r i te  outgrow th on 
co lla g e n  and p o ly ly s in e  which occurs w ith  in c re a s in g  
developm ental age . The d if fe re n c e s  observed  between th e  
s u b s t r a te s  were n o t due to  d i f f e r e n t i a l  s u rv iv a l  r a t e s  o f th e  
s p in a l  cord  c e l l s .  N eu rite  le n g th  measurements a ls o  dem onstrated  
a  s ig n i f i c a n t  s t im u la t io n  o f n e u r i to g e n e s is  by lam in in  compared 
to  p o ly ly s in e  o r co lla g e n  in  1 day c u l tu r e s .  In  3 day c u l tu r e s ,  
th e re  were lo n g e r n e u r i te s  in  c u l tu r e s  from younger embryos, b u t 
no d if fe re n c e  between th e  th re e  s u b s t r a te s .  These r e s u l t s  
in d ic a te  th e  su p e r io r  a b i l i t y  o f lam in in  to  promote 
n e u r i to g e n e s is  as  compared to  e i t h e r  p o ly ly s in e  o r  co lla g e n  a t  
two in c u b a tio n  p e r io d s , and th e  enhancement o f  n e u r i te  growth a t  
a l l  developm ental ag e s. These r e s u l t s  sug g est th a t  th e  
developm ental d e c lin e  in  n e u r i te  e x ten s io n  p re v io u s ly  observed i s  
r e g u la te d  by e x t r in s ic  f a c to r s ,  r a th e r  th a n  i n t r i n s i c  changes in  
th e  o ld e r  n eu ro n s .

303.4 SUBSTRATES FOR CENTRAL NEURONAL AXON EXTENSION. C. L agenaur. 
D ept. o f N eurob io logy , Anatomy and C e ll S c ien ce , C en ter fo r  
N eu roscience , Univ. of P i t t s b u rg h ,  Sch. of M ed., P i t t s b u rg h ,  PA 
15261.

A lthough c e n tr a l  neurons a re  known to  be ab le  to  extend 
n e u r i te s  on s u b s t r a te s  of p o ly - l - ly s in e  (p 11) ,  co lla g e n  and 
la m in in , th e se  a re  u n l ik e ly  to  re p re s e n t n a tu r a l  s u b s t r a te s  
s in c e  they  a re  ab sen t o r p re s e n t a t  v ery  low le v e ls  in  th e  
b r a in .  Two new b ra in  d e riv ed  su b stan ces  th a t  suppo rt the  
ex te n s io n  o f n e u r i te s  by mouse c e re b e l la r  neurons have been 
id e n t i f i e d .  M6 a n tig e n  i s  a 35 k i lo d a l to n  g ly c o p ro te in  th a t  has 
been p u r i f i e d  from mouse b ra in  by im m unoaffin ity  chrom atography. 
E a r l ie r  work has shown th a t  M6 an tibody  in h i b i t s  n e u r i te  ex ten 
s io n  (Lagenaur e t  a l . ,  subm itted  fo r  p u b lic a t io n ) .  M6 an tig en  
coa ted  p e t r i  p la te s  su p p o rt r a p id  attachm ent of p o s tn a ta l  mouse 
c e re b e l la r  c e l l s  in c lu d in g  n eu ronal and nonneuronal c e l l s .  The 
c e l l  s u b s t r a te  a ttachm ent a c t i v i t y  a s s o c ia te d  w ith  M6 i s  r e s i s 
ta n t  to  b o i l in g .  Neurons on M6 extend m ostly  u n fa s c ic u la te d  
n e u r i t e s ,  in  c o n t r a s t  to  neurons on p 11, c o llag en  o r lam in in . A 
second, d i s t i n c t  b ra in  d eriv ed  s u b s t r a te  d es ig n a ted  NEF (n e u r i te  
e x te n s io n  fa c to r )  has a lso  been p a r t i a l l y  p u r i f i e d .  NEF i s  
o b ta in ed  from mouse b ra in  membranes s o lu b il iz e d  in  d eoxycho la te . 
S o lub le  membrane components a re  a d ju s te d  to  30% s a tu r a t io n  w ith  
ammonium s u l f a t e  and c e n tr ifu g e d . The su p e rn a ta n t i s  then  
chrom atographed on S ephacry l S 400. NEF a c t iv i t y  i s  d e te c te d  in  
th e  v o id  volume su g g es tin g  a h igh  m o lecu lar w e ig h t. C e ll 
a ttachm en t i s  poor on NEF b u t th e  c e l l s  th a t  s u c c e s s fu lly  
a t t a c h ,  r a p id ly  ex tend  long u n fa s c ic u la te d  n e u r i te s  th a t  a re  
o f te n  b ranched . U nlike M6 , NEF a c t iv i t y  i s  d es tro y ed  by b o il in g .  
These two su b stan ce s  may re p re s e n t s u b s t r a te s  th a t  p lay  im portan t 
ro le s  in  CNS axon e x te n s io n .

303.5 MODULATION OF NEURITE FORMATION ON DEFINED SUBSTRATES BY THE 
MONOCLONAL ANTIBODY HNK-1. R .J . R io p e lle , S. M irski*  and J .C . 
Roder. D ept. of M edicine (N eu ro logy ),  Queen' s  U n iv e rs ity , 
K ingston , O n t.,  Canada K7L 3n6.

The m onoclonal a n tib o d y  HNK-1 (Leu 7) reco g n ize s  a ca rbohy 
d ra te  e p ito p e  on a fam ily  of g ly c o p ro te in s  sy n th e s iz e d  de novo 
by p e r ip h e ra l  and c e n tr a l  neurons (McGarry, R.C. e t  a l . .  J .  
Neuroimmunol. ,  10:101, 1985). This ep ito p e  has been d e te c te d  
on a n t ig e n ic a l ly - r e la te d  (Grumet, M. e t  a l . .  PNAS U .S .A .. 
81:267, 1984) c e ll- a d h e s io n  m olecules (CAM's) th a t  subserve 
neuron-neuron  and n e u ro n -g l ia  in t e r a c t io n s  (K ruse , J .  e t  a l . ,  
N a tu re , 311:153, 1984), and re c e n tly  has been found to  be 
invo lved  in  n e u r i te  fo rm a tio n  on im m obilized s u b s t r a te s  con
ta in e d  in  co n d itio n e d  medium from n eu ro n -en rich ed  c u l tu r e s  
(R io p e lle , R .J .  e t  a l . , B ra in  R e s .,  367:20 , 1986).

The l a t t e r  s tu d ie s  have been extended to  determ ine i f  the 
HNK-1 ep ito p e  is  invo lved  in  in t e r a c t io n s  o f neurons w ith  the 
d e fin ed  s u b s t r a te s  lam in in , f ib r o n e c t in ,  and pol y-D -l y s in e . On 
lam in in  b u t n o t on f ib ro n e c t in  o r p o ly -D - ly s in e , the monoclo
n a l an tibody  HNK-1 (Leu 7) in h ib i te d  n e u r i te  fo rm a tion  by 
d is s o c ia te d  ch ick  embryo senso ry  neurons in  a dose-dependen t 
m anner. T his e f f e c t  was NGF-independent, p a r t i a l l y  rev e rse d  by 
in c re a se d  s u b s tra te -b o u n d  la m in in , and cou ld  n o t be accounted  
fo r  by a l te r e d  c e l l  a tta ch m en t, c e l l  d ea th , or m ito ch o n d ria l 
d y s fu n c tio n . Immunoblo t t i n g  s tu d ie s  de term ined  th a t  ep i to p e s  
on lam in in  were n o t reco g n ized  by the m onoclonal a n tib o d y .

The neu ronal HNK-1 e p ito p e  may be a r e c e p to r  s i t e  fo r  a 
lam in in  domain invo lved  w ith  n e u r i te  ou tg row th . The p resence  
o f an e p i to p e  fo r  neuron s u b s t r a te  in t e r a c t io n s  on a n t ig e n ic -  
a l l y  r e l a te d  neuron-neuron  and n e u ro n -g l ia  CAM's lends fu r th e r  
su p p o rt to  th e  id e a  th a t  th e se  neu ro n a l g ly c o p ro te in s  subserve  
m u ltip le  adhesion  fu n c t io n s .

This work was su ppo rted  by MRC Canada and th e  MS S o c ie ty  of 
Canada.

303.6 INTERACTION OF CENTRAL AND PERIPHERAL NEURONS WITH PROTEOLYTIC 
FRAGMENTS OF LAMININ. S .L . R ogers. S .L . P a lm * . J .B . M cC arthy* .  
L .T . F u r c h t .  K. H a n lo n * , and P.C . L e tou rneau . D ep t. o f  A n a t., 
U niv. o f New M exico, A lbuquerque, NM 87131 and D ep t. o f  A nat. and 
Lab. Med. and P a th o l . , U niv. o f M inneso ta, M inn eap o lis , MN 55455.

Laminin (LAM) is  a key component o f e x t r a c e l lu la r  m a tr ic e s  and 
has been im p lic a ted  in  a d h e sio n , m ig ra tio n  a n d /o r  d i f f e r e n t i a t i o n  
o f a v a r i e ty  o f c e l l  ty p e s . Embryonic neurons may c o n ta c t LAM 
d u rin g  c e r t a in  s ta g e s  o f d i f f e r e n t i a t i o n  and extend n e u r i te s  in  
response  to  th e  substratum -bound m olecule i n  v i t r o . We have 
begun to  d i s s e c t  th e  m o lecu lar n a tu re  o f  LAM-mediated n eu rona l 
b eh a v io r by exam ining in te r a c t io n s  o f  th e se  c e l l s  w ith  
p r o te o ly t i c  fragm ents o f LAM. Laminin is  a c ro ss -sh a p ed  m olecule 
w ith  one long arm and th re e  s h o r t  arm s, a l l  o f  which co n ta in  
g lo b u la r  domains a t  t h e i r  d i s t a l  en d s . The b ind ing  s i t e  f o r  
non -neu ronal c e l l s  is  though t to  r e s id e  a t , o r  n e a r , th e  
in t e r s e c t io n  o f th e  fo u r arms (T erranova e t  a l . , PNAS 8 0 :4 4 4 ) , 
w hile  one re p o r t  su g g es ts  th a t  neurons b ind  to  a s i t e  n ea r th e  
end o f th e  long arm of th e  m olecule (Edgar e t  a l . , EMBO J .  
3 :1 4 6 8 ) . We have used th re e  LAM fragm ents in  th e  p re s e n t study  
(se e  Palm e t  a l . , B iochem istry  24 :7753 ): a 600 kDa throm bin 
fragm ent c o n ta in in g  th e  two opposing s h o r t  arms and a p o r t io n  o f 
th e  long arm , a 440 kDa chym otrypsin  fragm ent which c o n ta in s  th e  
c e n t r a l  re g io n  o f th e  600 kDa fragm ent m inus i t s  o u te r  g lo b u la r  
dom ains, and a sm all (ap p ro x . 30 kDa) throm bin fragm ent th a t  
appears  to  a r i s e  from th e  d i s t a l  p o r t io n  o f  th e  long arm o f  LAM. 
T issu e  c u l tu r e  p l a s t i c  was t r e a te d  w ith  v a r io u s  c o n c e n tra t io n s  o f 
th e se  p e p tid e s  and d is s o c ia te d  neurons from th e  c e n t r a l  (CNS) and 
p e r ip h e ra l  nervous system s (PNS) o f  em bryonic ch ickens were 
p la te d  on th e se  s u b s t r a ta  in  se ru m -free  medium. Both c e l l  types 
a t ta c h  to  and ex tend  n e u r i te s  on in t a c t  LAM, as we have shown 
p re v io u s ly . In  response  to  th e  600 kDa fragm en t, n e u r i te s  o f 
bo th  CNS and PNS neurons were as long o r  longe r th an  th o se  on 
in t a c t  LAM. A lthough th e se  c e l l s  ex tended n e u r i te s  on th e  sm all 
throm bin frag m en t, in  a l l  ca ses  th e y  were s ig n i f i c a n t ly  s h o r te r  
than  on in t a c t  LAM. The 440 kDa chym otrypsin fragm ent e l i c i t e d  
d i f f e r e n t  resp o n ses  from th e  two types  o f neuron : w h ile  PNS 
neurons extended n e u r i te s  (32% n e u r i te  le n g th  on in t a c t  LAM), CNS 
neurons d id  n o t .  The absence o f CNS n e u r i te s  on th i s  fragm ent is  
pro b ab ly  due in  p a r t  to  f a u l ty  i n i t i a l  adhesion  o f th e  c e l l s  to  
th e  s u b s tra tu m . These o b s e rv a tio n s  su p p o rt th e  h y p o th e sis  th a t  
c e l l s  can have m u l tiv a le n t an d /o r c e l l - s p e c i f i c  in t e r a c t io n s  w ith  
e x t r a c e l lu l a r  m a tr ix  m olecules l ik e  la m in in . I t  appears th a t  CNS 
neurons e i t h e r  u t i l i z e  a s i t e  w ith in  th e  600 kDa fragm ent th a t  is  
d i s t i n c t  from , o r  is  re q u ire d  in  a d d i tio n  t o , th a t  used  by PNS 
c e l l s .  We w i l l  now f u r th e r  ana lyze  th e  adhesive  p ro p e r t ie s  o f 
th e se  domains o f lam in in  and determ ine how th ey  r e l a t e  to  c e l l  
b in d in g  s i t e s  d e sc r ib e d  by o th e r  la b o r a to r ie s .
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303.7 AXON OUTGROWTH OF EMBRYONIC ZEBRAFISH NEURONS IS PROMOTED BY 
LAMININ AND INHIBITED BY FIBRONECTIN. Deanna F ro st*  and Monte 
W e ste rf ie ld  (SPON: J u d ith  S. E ise n ) . I n s t i t u t e  o f N euroscience , 
U n iv e rs ity  o f Oregon, Eugene, OR 97403.

Growth cones of i d e n t i f i e d  motoneurons in  th e  z e b ra f is h  
n av ig a te  along s p e c i f ic  pathways and e s ta b l i s h  s te re o ty p e d  
p e r ip h e ra l  a rb o rs  which a re  segm en ta lly  r e s t r i c t e d .  What 
m olecu lar mechanisms a re  used by motor growth cones to  e s ta b l i s h  
th e se  p a t te rn s ?  We have found th a t  two m acrom olecular components 
of th e  e x t r a c e l lu la r  m a tr ix , lam in in  and f ib r o n e c t in ,  may p lay  
im p o rtan t r o le s  in  n e u r i te  ou tgrow th .

To study  th e  d i s t r i b u t io n  of lam in in  and f ib ro n e c t in  in  th e  
embryo we used p o ly c lo n a l a n t ib o d ie s  g en e ra ted  a g a in s t mouse 
lam in in  and human f ib r o n e c t in .  Throughout th e  tim e of axon 
outgrow th  by m otoneurons, lam in in  appears  to  be un ifo rm ly  
d is t r i b u te d  on th e  s u r fa c e s  upon which growth cones n a v ig a te . 
In  c o n t r a s t ,  du rin g  t h i s  tim e f ib ro n e c t in  i s  found in  reg io n s  
th a t  growth cones avo id— th e  l a t e r a l  s u r fa c e s  of th e  som ites 
and th e  s e p ta  s e p a ra t in g  a d ja c e n t segm ents. F ib ro n e c tin  s ta in in g  
d isa p p e a rs  a t  a l a t e r  tim e when th e  growth cones e n te r  th e se  
r e g io n s . These r e s u l t s  suggested  th a t  la m in in , r a th e r  than  
f ib r o n e c t in ,  may be an im portan t s u b s t r a te  fo r  motor n e u r i te  
outg row th .

We te s t e d  t h i s  h y p o th e sis  by comparing th e  e f f e c t iv e n e s s  of 
lam in in  and f ib ro n e c t in  in  prom oting n e u r i te  outgrow th  in  v i t r o . 
Embryonic t i s s u e s  were d is s o c ia te d  a t  th e  tim e of i n i t i a l  
outgrow th  of prim ary  m otoneurons and were p la te d  in  d is h e s  coa ted  
w ith  p u r i f i e d  lam in in  or f ib r o n e c t in .  Neurons responded to  
in c re a s e d  c o n c e n tra t io n s  of lam in in  by growing lo nge r n e u r i te s .  
This e f f e c t  could  be blocked in  a dose-dependen t manner by 
a d d i t io n  of lam in in  a n t ib o d ie s .  In  c o n t r a s t ,  in c re a se d  
c o n c e n tra t io n s  o f f ib ro n e c t in  d ec reased  th e  le n g th  of n e u r i te s .  
We suggest th a t  lam in in  su p p o rts  and may be re q u ire d  fo r 
axogenesis  by motor growth cones w hereas f ib ro n e c t in  may fu n c tio n  
to  exclude th e se  growth cones from p a r t i c u l a r  re g io n s . We thank 
Jim McCarthy fo r  th e  a n t ib o d ie s .  Supported by NIH NS21132, 
GMO7257 and NSI7963.

303.8 DEVELOPMENT OF EARLY SENSORY SYSTEMS IN THE 
ZEBRAFISH. W.K.Metcalfe. P.Z.Myers*. and B. Trevarrow 
Institute of Neuroscience, University of Oregon, Eugene, OR 
97403.

In the larval zebrafish, the Mauthner cell is known to 
receive sensory input from trigeminal, Rohon-Beard, auditory, 
and lateral line neurons, and to make excitatory outputs to 
primary motoneurons of the spinal cord. Both the Mauthner 
cell and primary motoneurons begin axogenesis in the early 
embryo and form part of a 'primary' neuronal circuit that 
appears to underlie early motile behaviors. We have now 
characterized the development of the sensory components of 
this primary circuit using HRP as a retrograde axonal tracer, 
monoclonal antibodies directed against young zebrafish sensory 
neurons, and fluorescent labeling of sensory neuron precursors 
with lineage tracer dyes.

The first developing sensory systems are thought to respond 
to tactile (Rohon-Beard and trigeminal) and vibratory 
(auditory and lateral line) stimuli, and all project central 
axons into the developing hindbrain. We have found that 
although the times of development of these systems overlap, 
the tactile senses are probably functional first. Rohon-Beard 
cells, which innervate the trunk, and trigeminal sensory 
neurons, which innervate the head, both begin to grow axons 
about 18 hours after fertilization. The peripheral arbors of 
these cells quickly form dense networks and at the same time 
their central axons grow rapidly through the hindbrain.

Posterior lateral line sensory neurons are the first of the 
vibratory sensory neurons to grow axons. Axons emerge 
about 18 hours after fertilization, but their central axons grow 
relatively slowly so that the central axons of the tactile senses 
precede them in the hindbrain. Several hours later, axons of 
the auditory ganglion enter the brain, followed by the 
ingrowth of axons of the anterior lateral line ganglion. The 
central projections of the tactile, auditory, and lateral line 
senses form discrete longitudinal fascicles in the hindbrain.

The axons of all of these sensory neurons grow concurrently 
with primary motor axons and the Mauthner axon. Thus, the 
nervous system of the embryonic zebrafish includes several 
populations of large cells that begin axogenesis early in 
development and that rapidly interconnect to form a complete 
neuronal circuit containing sensory neurons, interneurons, and 
motoneurons.

303.9 DISTINCT MECHANISMS UNDERLIE NEURITE OUTGROWTH ON CELL SURFACES VS. 
EXTRACELLULAR MATRIX. J .L .  B ixby, K .J . Tom aselli , and L .F . R eich- 
a r d t .  D ept. o f  P hysio logy , U .C .S .F .,  San F ra n c isc o , CA. 94143.

During grow th in  v iv o , axonal grow th cones i n t e r a c t  w ith  complex 
s u b s t r a te s ,  in c lu d in g  bo th  th e  e x t r a c e l lu l a r  matrix(ECM ), and non
n eu ro n a l c e l l  s u r f a c e s .  M olecules of th e  ECM, in c lu d in g  lam in i n(LN) 
and f ib ro n e c t in (F N ) , a r e  p o te n t prom oters of n e u r i te  outgrow th  in  
v i t r o . The a b i l i t y  of LN to  promote outgrow th i s  mimicked by LN- 
c o n ta in i ng co n d itio n e d  medium f a c to r s  from a v a r i e ty  o f c e l l  ty p e s . 
In  a d d i t io n ,  p ro fu se  n e u r i te  outgrow th i s  s t im u la te d  when neurons 
a re  c u l tu re d  on m onolayers of s p e c ia l iz e d  non-neu ronal c e l l s  such 
as a s t r o c y te s ,  Schwann c e l l s ,  and m yotubes.

Does th e  a b i l i t y  o f non-neu ronal c e l l s  to  induce n e u r i te  o u t
grow th depend on t h e i r  s y n th e s is  and s e c r e t io n  o f ECM m olecules? 
To ad d re ss  t h i s  q u e s tio n , we have compared n e u r i te  ou tg row th  on 
complex ECM s u b s t r a te s  v s . th a t  on n o n -neu ronal c e l l  s u r f a c e s ,  u s 
ing  neurons of th e  ch ick  c i l i a r y  gang lion(C G ). We found th a t  neur
i t e  outgrow th on LN, FN, and c o n d itio n e d  medium f a c to r s  from a num
b e r  of c e l l  ty p es  depends on in t e r a c t io n s  of th e se  ECM m olecu les 
w ith  a g ly c o p ro te in  complex c a l le d  th e  CSAT a n t ig e n ,  a p u ta t iv e  LN 
and FN rece p to r(H o rw itz  e t  a l  J .  C e l l B io l .  101: 2134, 1985). T his 
was dem onstra ted  by th e  a b i l i t y  of two, a n t ib o d ie s  which reco g n ize  
t h i s  complex(CSAT and JG22) to  b lock  n e u r i te  ou tgrow th  on th e se  
s u b s t r a te s .  The CSAT and JG22 a n t ib o d ie s ,  th e r e f o r e ,  can be used to  
de te rm ine  w hether grow th on c e l l  s u r fa c e s  depends on n eu rona l 
in t e r a c t io n s  w ith  LN and FN, o th e r  ce l l - s u r fa c e  a s s o c ia te d  mole
c u le s ,  o r  b o th . We have grown CG neurons on m onolayers of m uscle , 
Schwann c e l l s ,  a s t r o c y te s ,  and f i b r o b l a s t s ,  in  th e  p resence  and ab
sence  of th e  CSAT and JG22 a n t ib o d ie s .  In  a d d i t io n ,  n o n -neu rona l 
c e l l s  were e x t r a c te d  w ith  n o n -io n ic  d e te rg e n t and used as sub
s t r a t e s  to  ask  w hether c e l l  membranes were n ec essa ry  f o r  induc
t i o n  of n e u r i te  ou tgrow th  by th e  c e l l s .  The r e s u l t s  in d ic a te  th a t  
non -neu ronal c e l l s  p o sse ss  m u l t ip le  mechanisms f o r  s t im u la t io n  
of n e u r i te  ou tgrow th  by th e se  p e r ip h e ra l  neu rons .

Supported by g r a n ts  from th e  N a tio n a l I n s t i t u t e s  of H ea lth  and th e  
M uscular D ystrophy Assn.

303.10 INDUCTION OF NEURITE OUTGROWTH FROM GANGLIA EXPLANTS BY ACTIVATORS 
OF PROTEIN KINASE C. L. Hsu and K.Y. Chen, D epartm ent o f Chemis
t r y ,  R u tgers U n iv e r s ity , P isca taw ay , N .J . 08854

We have dem onstra ted  th a t  th e  pho rbo l e s t e r ,  1 2 -0 - te tra d e c a n -  
o y lp h o rb o l-1 3 -a c e ta te  (TPA) was e f f e c t iv e  in  e l i c i t i n g  a dense 
outgrow th  o f n e u r i te s  from p e r ip h e ra l  g a n g lia  e x p la n ts  (Hsu e t  a l ,  
Cancer Res. 44, 1984). The n a t iv e  re c e p to r  f o r  phorbo l e s te r s  
has been Shown to  be th e  c a lc iu m -a c t iv a te d , p h o sp h o lip id  depend
e n t p ro te in  k in a se  (p ro te in  k in a se  C) (C astagna e t  a l ,  J .  B io l . 
Chem. 257, 1982). P ro te in  k in a se  C i s  in  tu rn  a c t iv a te d  by p ro 
d u c ts  o f p h o sp h o in o s ito l d eg ra d a tio n  in c lu d in g  d ia cy l g ly c e ro ls  
(K aibuchi e t  a l ,  C e l l Calcium 3 , 1982). We now r e p o r t  th a t  th e  
a d d i t io n  o f s y n th e t ic  d ia c y lg ly c e ro ls  to  d e f in e d ,  se ru m -free  growth 
medium induced th e  ra p id  outgrow th  o f n e u r i te s  from 9 day o ld  
em bryonic ch ick  senso ry  g a n g lia  e x p la n ts . We have te s te d  1-ol eoyl  
- 2- a c e ty l -g ly c e ro l , 1 , 2- d io le o y l- r a c - g ly c e ro l  and 1 , 2-d ic a p ry l oyl -  
r a c -g ly c e ro l  and found th e se  to  be e f f e c t iv e  in  prom oting n e u r i te  
developm ent a t  c o n c e n tra t io n s  o f 10-500 μ M in  Ham's F12 medium 
supplem ented w ith  in s u l i n ,  t r a n s f e r r i n ,  selen ium  and p ro g e s te ro n e . 
The dense outgrow th  o f r a d i a l  f ib e r s  from th e  e x p la n t was compar
a b le  to  th a t  observed  w ith  tre a tm e n t o f h igh  c o n c e n tra t io n s  (50- 
100 ng/m l) o f TPA. However, th e  d ia c y lg ly c e ro ls  a t  th e  co n c en tra 
t io n s  t e s te d  d id  n o t produce th e  s h o r t  and th ic k  nerve  bund les 
w hich a re  c h a r a c t e r i s t i c  o f e x p la n ts  m a in ta ined  in  h igh  co n c en tra 
t io n s  o f TPA. P h ospho lipase  C, which in c re a s e s  i n t r a c e l lu l a r  
d ia c y lg ly c e ro l  was a ls o  e f f e c t iv e  in  induc ing  n e u r i te  outgrow th 
a t  c o n c e n tra t io n s  o f 0 .0 1 -0 .0 5  enzyme u n its /m l a lth o u g h  th e  
e f f e c t s  a re  l e s s  d ram a tic . These r e s u l t s  in d ic a te  th a t  exogenous 
d ia c y lg ly c e ro l  and p h o sp h o lip a se  C can mimick th e  n e u rite -p ro m o t
ing  e f f e c t s  o f TPA and su p p o rt our h y p o th e s is  th a t  n e u r i te  
d i f f e r e n t i a t i o n  by pho rbo l e s t e r s  in v o lv es  th e  a c t iv a t io n  of 
p ro te in  k in a se  C.

T h is work i s  su ppo rted  by g ra n ts  from th e  New J e rs e y  S ta te  
Commission on Cancer R esearch  to  LH and KYC.
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303.11 MOUSE SALIVA AND SUBMANDIBULAR GLAND EXTRACTS PREVENT 
NEURITE FORMATION IN PC-12 CELLS. J . Lakshmanan* (SPON: 
M.E. W eichsel, J r . ) ,  Growth Factor Laboratory, Center for  
Neurologic Study, San D iego, CA 92121

A recent study (Am. Soc. fo r  Neurochem., 1986. A bstr. 
208) in  our laboratory in d ica te s  th a t epinephrine-provoked  
adult male mouse s a liv a  con tain s b io lo g ic a l ly  in te r fe r in g  
substances fo r  nerve growth fa c to r  (NGF) dependent n eu rite  
form ation in  rat PC-12 pheochromocytoma c e l l s .  PC-12 c e l l s  
are a lso  known to  extend n eu rites  in response to N6 , O2 
dibutyryl adenosine 3' 5' c y c l ic  monophosphate (Bt2 cAMP), 
but th e  mechanisms o f n eu rite  ind u ction  by NGF and Bt2 cAMP 
were reported to  be d if fe r e n t  (Gunning e t  a l , J . Cel l  B io l. 
29, 240-245, 1981). In the present study we have examined 
th e in flu en ces  o f adult mouse s a liv a  (S) and SMG ex tra c ts  
(SMGE) on th e  n eu rite  outgrowth responses provoked by NGF 
and/or Bt2 cAMP.

C e lls  were cu ltured  at a d en sity  o f  1 × 104 c e l l s/ml in  
th e  incubation medium contain ing RPMI-1640 b uffer  supple
mented with 3% horse serum. S a liva  (5 μ l/d i s h ) ,  SMGE 
(eq u iva len t to  16 mg wet w e ig h t /d is h ) , SMG-NGF (600 n g /d ish )  
and Bt2 cAMP ( f in a l con centration  1 mM) were added to  cu ltu re  
d ish es  con tain in g 2 ml c e l l  su sp en sion s. S a liv a  and SMGE o f  
both male and fem ale mice were added at s im ila r  con centration s  
C ells  were incubated in  6-wel l  p la s t ic  cu ltu re  d ish es  a t 37°C 
and th e n eu rite  responses were recorded at 48 hr. RESULTS:

PC-12 NEURITE RESPONSES IN THE
TREATMENT ABSENCE OF S OR SMGE PRESENCE OF S OR SMGE

NONE NEGATIVE NEGATIVE
SMG-NGF POSITIVE NEGATIVE
Bt2 CAMP POSITIVE NEGATIVE
SMG-NGF and 
Bt2 cAMP POSITIVE NEGATIVE

N e ith e r  s a l iv a  o r  SMG e x t r a c ts  o f a d u l t  male and fem ale 
mice s tim u la te d  n e u r i te  fo rm a tion  in  PC-12 c e l l s .  In a d d i
t i o n ,  th e y  p reven ted  th e  n e u r i te  fo rm a tion  induced by SMG-NGF 
and B t2 cAMP. However, a t  hun d red -fo ld  low er c o n c e n tra t io n s  
n e i th e r  o f them p reven ted  th e  n e u r i te  fo rm a tio n . CONCLUSION: 
The r e s u l t s  o f t h i s  s tudy  in d ic a te  t h a t  mouse s a l iv a  and SMG 
e x t r a c t  c o n ta in  f a c to r s  th a t  p rev en t n e u r i te  fo rm ation  by 
bo th  tra n s c r ip tio n -d e p e n d e n t (NGF) and t r a n s c r i p t i o n -  
independen t (B t2 cAMP) mechanisms.

303.12 HUMAN AMNION MEMBRANE PROMOTES AXONAL GROWTH IN THE ADULT RAT 
CENTRAL NERVOUS SYSTEM. M. M anthorpe, G.E. D avis*1, E. E ngva ll*3 , 
S. Varon1 and F.H. Gage2 . D ep ts . of 1B iology and 2N euroscience , 
Univ. o f C a l ifo rn ia  San D iego, La J o l l a ,  CA 92093 and 2La J o l la  
Cancer R esearch Foundation , La J o l l a ,  CA 92037.

The a c e l lu l a r  human amnion basem ent membrane s u rfa c e  i s  a p o te n t 
prom oter of axonal outgrow th from c u ltu re d  p e r ip h e ra l  and c e n tr a l  
nervous system  neurons (see  a d ja c e n t a b s t r a c t  by G.E. Davis e t  a l ) . 
Here we have exp lo red  the  p o te n t ia l  u s e fu ln e ss  of th i s  membrane as 
a b r id g in g  m a te r ia l  fo r  th e  re g e n e ra tio n  o f axotom ized a d u lt  r a t  
c e n t r a l  nervous system  neurons.

The sep to -h ippocam pal system  was employed as an in  v ivo  model 
fo r  a s s e s s in g  the  grow th on the  amnion membrane of re g e n e ra tin g  or 
sp ro u tin g  axons. P r io r  to  g r a f t in g  in  b r a in ,  the  membrane was 
c o i le d  and c u t in to  s h o r t  segm ents. Follow ing com plete u n i l a te r a l  
a s p i r a t iv e  t r a n s e c t io n  of the  f im b r ia - fo rn ix ,  the  amnion g r a f t  was 
p laced  d i r e c t l y  in to  the  t r a n s e c t io n  c a v ity .  At 2, 4, 6 and 8 
weeks p o s t - t r a n s e c t io n  and - g r a f t i n g ,  the  b ra in s  of the  anim als 
were e v a lu a te d  u s in g  a v a r ie ty  o f h is to lo g ic a l  m ethods.

The r e s u l t s  in d ic a te  th a t  i )  the  g r a f t s  ap p a re n tly  rem ained 
in t a c t  and th e re  was no h i s to lo g ic a l  in d ic a t io n s  of im munological 
r e j e c t i o n  in  the  h o s t b r a in ,  i i )  a c e ty lc h o lin e s te r a s e  (AChE) and 
n eu ro filam e n t a n tib o d y -s ta in e d  f ib e r s  were p re s e n t on th e  amnion 
membrane and could  be i d e n t i f i e d  as  a r i s in g  from the  s e p ta l  s id e  of 
th e  f im b r ia - fo rn ix  le s io n ,  i i i )  many more A ChE-positive f ib e r s  were 
observed in  the  dene rva ted  hippocampus of those  anim als re c e iv in g  
amnion g r a f t s  than  of c o n tro l  an im als and iv )  g l i a l  c e l l s  from the 
h o s t b ra in  m ig ra ted  e x te n s iv e ly  upon th e  amnion membranes. These 
r e s u l t s  su g g est th a t  th e  g ra f te d  a c e l lu l a r  human amnion membrane 
can se rv e  as a t e r r a in  fo r  re g e n e ra tin g  o r s p ro u tin g  c e n tr a l  n e r 
vous system  axons.
Supported by NSF g ra n t BNS 85-02198 and NIH g ra n ts  NS 16349, AG 
06088 and AM 30051.

303.13 HUMAN AMNION BASEMENT MEMBRANE PROMOTES AND GUIDES NEURITE OUT
GROWTH IN VITRO. G.E. D avis* , E. E n g v a ll* 1, S. Varon and 
M. M anthorpe. D ep t. of B io logy , Univ. of C a l i f .  San D iego, La 
J o l l a ,  CA 92093 and 1La J o l l a  Cancer R esearch F oundation , La J o l l a ,  
CA 92037.

Basement membranes a re  known to  c o n ta in  s ig n a ls  which a f f e c t  
c e l l  b eh a v io rs  such as ad h e sio n , m ig ra tio n , d i f f e r e n t i a t i o n  and 
p r o l i f e r a t i o n .  The m ajor id e n t i f i e d  p ro te in s  o f basem ent membranes 
a re  la m in in , c o lla g e n  type IV, heparan  s u l f a t e  p ro te o g ly can s  and 
e n t a c t in .  Our i n t e r e s t  has been w hether such p ro te in s  in f lu e n c e  
n eu ro n a l c e l l  b e h a v io rs . Indeed , we and o th e rs  have re p o r te d  th a t  
p u r i f i e d  lam in in  and la m in in -p ro teo g ly c an  com plexes promote ro b u s t 
n e u r i te  ex te n s io n  from c u l tu re d  p e r ip h e ra l  and c e n tr a l  neu ro n s . In  
t h i s  s tu d y , we have ad d ressed  the  q u es tio n  w hether an in  v iv o -  
c o n s tru c te d  basem ent membrane p o sse sse s  n e u r i te  prom oting a c t i v i t y .  
The model basem ent membrane u t i l i z e d  i s  a p re v io u s ly  d esc rib ed  
a c e l lu l a r  human amnion membrane p re p a ra tio n  (L io t ta  e t  a l . ,  Cancer 
L e t t .  1 1 : 141-152, 1980) which c o n ta in s  an i n t a c t  basem ent membrane 
s u r fa c e  and a co llag en o u s  s tro m a l s u r fa c e .

Amnion membranes were rendered  a c e l lu l a r  by rem oving th e  colum
n a r  e p i t h e l i a l  c e l l  la y e r  w ith  ammonium hydroxide and g e n tle  b ru sh 
in g . The membranes were then  c u t in to  sm all sq u ares  and each 
square  anchored to  n i t r o c e l lu lo s e  paper such th a t  e i t h e r  th e  b ase 
ment membrane s u r fa c e  ( th e  s id e  to  which th e  e p i t h e l i a l  c e l l s  were 
o rg in a l ly  a t ta c h e d )  o r s tro m a l s u r fa c e  was p re se n te d  up. A lte rn a 
t i v e ly ,  th e  membrane was fo ld e d , f ro z e n , c ro s s - s e c t io n e d  and the  
s e c t io n s  anchored to  n i t r o c e l lu lo s e  p ap e r. D is so c ia te d  neurons 
from 8-day embryonic c i l i a r y  (CG) o r d o rs a l ro o t (DRG) g a n g lia  or 
18-day f e t a l  r a t  hippocampus (HIPP) were seeded onto  th e  membranes 
fo r  up to  4 days in  v i t r o  in  a se ru m -free  o r serum -supplem ented 
m edia.

In  se ru m -free  media a l l  th re e  n eu ro n a l p o p u la tio n s  a t ta c h e d  to  
e i t h e r  th e  basem ent membrane o r s tro m a l su r fa c e  b u t grew ex te n s iv e  
n e u r i te s  on ly  on th e  basem ent membrane s id e  (neurons were v i s u a l 
iz e d  u s in g  an immunoperoxidase s t a i n  w ith  a m onoclonal an tib o d y  to  
n e u ro f i la m e n ts ) . In  th e  p resen ce  o f 10% f e t a l  c a l f  serum , n e u r i te  
growth was found to  be in h ib i te d  from CG b u t n o t from DRG o r HIPP 
n eu ro n s . When c ro s s - s e c t io n e d  amnion membranes were seeded w ith  CG 
neurons in  se ru m -free  medium, th e  neurons a t ta c h e d  un ifo rm ly  to  
b o th  th e  paper and th e  s e c t io n s  b u t grew ex te n s iv e  n e u r i te s  p re 
f e r e n t i a l l y  a long  pathways which s t a i n  u s in g  a n t i- la m in in  immuno
f lu o re sc e n c e  h is to c h e m is try . These d a ta  dem onstra te  th a t  th e  human 
amnion basem ent membrane can p rov ide  bo th  n e u r i te  prom oting s ig n a ls  
and n e u r i t i c  guidance cu e s . Thus, th e  a c e l lu l a r  human amnion mem
brane  rep re ise n ts  a novel and in t e r e s t i n g  su b stra tu m  fo r  th e  c u l tu re  
of n e u ra l  c e l l s  and p o te n t ia l ly  could  be used as  n e u r i te  prom oting 
b r id g in g  m a te r ia l  f o r  in  v ivo  re g e n e ra tio n  s tu d ie s .  Supported by 
NSF g ra n t BNS 85-02198 and NIH g ra n t AM 30051.

303.14 MULTIPLE NEURITE-PROMOTING FACTORS IN CONDITIONED MEDIA 
DERIVED FROM DIFFERENT CNS GLIAL CELL POPULATIONS. L.K. 
McLoon and S.C. McLoon. Depts. of Ophthal. and Cell Biology and 
Neuroanat., Univ. of Minn., Minneapolis, MN 55455.

Conditioned media derived from a variety of different vertebrate tissues 
have been described as having neurite promoting activity from a number of 
neuronal types (Adler et al.,’81,Dev. Biol.; Lander et al.,’82,J.Cell Biol.). We 
have examined the ability of conditioned media prepared from glial 
monolayers derived from either postnatal day 7 (P7) optic nerve (ONCM) or 
P7 cerebral cortex (CCCM) to promote neurite outgrowth from embryonic 
tectum in vitro. Monolayer cultures of glia from P7 cerebral cortex or P7 
optic nerve were prepared according to standard procedures. Two days prior 
to use conditioned media were prepared by incubating the monolayer 
cultures in a defined medium. Tecta were dissected from rat fetuses on 
embryonic day 14 or 15 and placed in explant culture on polylysine coated 
dishes. Explant cultures were incubated in defined media, ONCM or CCCM, 
from both short-term and long-term cultures. Media was replaced with fresh 
conditioned media every two days. Neurite outgrowth was assessed every 
day for one week. When explants were grown in the presence of non- 
conditioned  d efin ed  medium, neurites form ed but the neurites were 
relatively short. Tectal explants treated with ONCM responded with rapid 
and extensive neurite outgrowth. Tectal explants did not, however, adhere to 
monolayers of glial cells derived from P7 optic nerve. When the ONCM was 
serially passaged to remove any substrate-adsorbable factor, the neurite 
outgrowth promoting activity was unchanged; neurite outgrowth was still 
rapid and extensive. Tectal explants cultured in the presence of CCCM 
responded rapidly with extensive neurite outgrowth. Neurite outgrowth 
from the tectal explants in the presence of CCCM from short-term glial 
cultures was markedly different from that seen in the presence of CCCM 
from long-term cultures, with the former resulting in more convoluted and 
dense networks of neurites. Tectal explants adhered well to monolayers of 
glial cells from P7 cerebral cortex. After the serial passaging of the CCCM, 
the neurite promoting activity was no longer present in the media. Neurite 
outgrowth from the explants resembled that seen in the presence of defined 
media alone. The neurite promoting activity of both the ONCM and the 
CCCM was inactivated by treatment with trypsin and by heat treatment to 80° 
C. It appears that there are factors present in glial conditioned media that 
have the ability to promote neurite outgrowth from embryonic tectal 
explants in vitro. It is also clear from the serial passaging results that 
d ifferen ces  ex ist in the neurite-prom oting factors contained in the 
con d ition ed  media produced by the two d iffer en t g lia l populations. 
(Supported by NIH grant EY05432.)
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303.15 AN IN VITRO BIOASSAY FOR NEURITE-PROMOTING MOLECULES THAT MAY BE ACTIVE 
DURING EMBRYONIC DEVELOPMENT IN VIVO R. Nishi Dept. of Neurobiology. Harvard 
Medical School, 25 Shattuck St., Boston, MA 02115

Observations of neurite outgrowth during embryonic development in vivo indicate 
that local cues have a powerful influence in directing neurite outgrowth. Studies in 
vitro have helped to elucidate what mechanisms may be used by neurons to recognize 
these local cues. For example, regenerating negrites have the capacity to follow 
artificially produced patterns of substrate molecules. Furthermore, potential candidates 
for substrate molecules in vivo have been identified through systematically assaying the 
ability of purified molecules to induce neurite outgrowth when immobilized to plastic or 
glass. However, it is not clear what relevance the cues identified in vitro have to the 
actual cues in vivo that neurites utilize. In order to test whether such candidate 
molecules may be active in vivo, and to identify others with similar activities I designed 
an in vitro bioassay that tests the ability of antibodies to block neurite-promoting 
molecules associated with the natural substrate of embryonic mouse submandibular 
ganglion neurons, the salivary gland epithelium. The bioassay is based upon the 
observation first reported by M. Coughlin (1975, Dev. Biol. 43: 140) that patterned 
neurite outgrowth of submandibular ganglion neurons is induced by the developing 
submandibular salivary gland epithelium and associated basal lamina, even when they are 
lightly fixed and hence metabolically dead (Coughlin & Rathbone, 1977, Dev Biol 
61:131).

Conventional tissue culture techniques were modified to facilitate the routine 
manipulation of large numbers of embryonic explants. The primary modification was to 
eliminate the need for small rafts or hanging drops by placing explants in the center of 35 
mm tissue culture dishes in a very small amount of medium (.25 ml) to ensure that the 
developing rudiments were always near an air-water interface. Three to 4 explants were 
typically placed in one dish. The growth of explants was readily monitored with an 
inverted microscope. Salivary gland rudiments were removed from E. 13.5 day CD-1 
mice. To exclude the submandibular ganglion from the explant only the distal tip of the 
rudiment including the cap mesenchyme end one epithelial lobe was removed and cultured 
( the ganglion normally sits close to the stalk of the epithelial structure). Within 5 days 
the aganglionic epithelia had undergone extensive morphogenesis and generated a complex 
budded structure. After 6 days test epithelia were incubated with antibodies for 2 -3  hrs 
at 37°C, washed, and fixed for 15 min with 2% paraformaldehyde. After extensive 
washing the fixed epithelia were recombined with freshly isolated submandibular ganglia 
from E13.25 day embryos. Combined explant cultures were fixed 2 days later and 
processed for the Karnovsky-Roots histochemical technique for visualizing AChE in order 
to assess the extent of fiber outgrowth.

Under these conditions: 1). the extent of neurite outgrowth on fixed epithelia was 
comparable to that on living epithelia; 2 ) another epithelium, that of the embryonic lung, 
also stimulated neurite outgrowth if the overlying mesenchyme was removed; 3) a rabbit 
antiserum directed against mouse laminin had no effect at dilutions up to 1:50. The ability 
of other anitbodies to block neurite outgrowth in this assay is currently being examined 
Supported by NIRA grant NS20955 from NINCDS.

303.16 CYCLIC AMP INDUCES RAPID CHANGES IN ORGANELLE DISTRIBUTION AND 
TRANSPORT IN GROWTH CONES OF APLYSIA BAG CELL NEURONS. Paul 
Forscher. Leonard K. Kaczmarek, JoAnn Buchanan* and Stephen J 
Smith*. Sec t io n  of  Molecular Neurobiology and Dept. of 
Pharmacology, Yale School of Medicine, New Haven, CT 06501 

We have used bag c e ll neurons t o  examine s t r u c t u r a l  and 
molecular  ev en ts  i nvolved i n n e u r i t e  outgrowth and s e c r e to r y  
g ran u le  t r a n s p o r t  with video  DIC microscopy and d i g i t a l  image 
a n a ly s i s  te c h n iq u e s .  Re lease of n eu ro ac t iv e  p ep t id es  from bag 
c e l l s i s accompanied by e l e v a t i o n  of  cAMP which has been shown to  
modulate v o l tag e-d ep en d en t  K ch a n n e ls , Increase  t h e  Ca component 
of t h e  a c t i o n  p o t e n t i a l  and s t im u la t e  pep t id e  s y n th e s i s .  We have 
s tu d ie d  d i s s o c i a t e d  bag c e l l s in v i t r o  t o  t e s t  whether acute  
changes in cAMP induce changes i n growth cone m o t i l i t y  or  s t r u c 
t u r e .  Under con t ro l  co n d i t io n s  axoplasmic t r a n s p o r t  i s observ ab le  
i n rea l  ti m e .  Spher ical  o r g a n e l l e s  l i k e ly  t o  be 200 nM neuro
s e c r e t o r y  g ran u le s  a r e  t r a n s p o r t e d  on I linear  t r a j e c t o r i e s  a t  
r a t e s  of 1-2 uM/sec from th e  axon s h a f t  i n to  th e  base of ex tend
ing growth cones .  Micro tubules  probably  provide  th e  s u b s t r a t e  fo r  
t h i s  o rg a n e l l e t r a n s p o r t  (Schnapp et a l  (1 9 8 5 ) ,Cell 40 :455-462) . 
The d i s t a l  edge of a growing cone i s t y p i c a l l y  a g r a n u l e - f r e e  
lamel la  d i s p la y in g  a d i s t i n c t i v e  r e t r o g ra d e  wave like motion as 
t h e  cone advances . Appl i c a t i o n  of f o r s k o l in (20-50 uM) and a 
p h o sp h o d ies te rase  (PDE) I n h ib i to r  (20-50uM RO-20-1724 or  1-2mM 
th eo p h y l l ine) a t  c o n c e n t r a t io n s  known t o  Induce changes i n bag 
c e ll  p r o te in  phoshoryl a t i on r e s u l t e d  i n: 1) rap id  ex ten s io n  of 
g ran u le  t r a n s p o r t  i n to  lam el lae , 2) appa ren t  Increased r a t e  of 
g ran u le  t r a n s p o r t  and 3) c e s s a t i o n  of  growth cone ex ten s io n  and 
r e t r o g ra d e  wave a c t i v i t y .  These changes e f f e c t e d  t ra n s fo rm a t io n  
of  lamel l ae i n to  n e u r i t e  endings  packed with m icro tubu les  and 
g r a n u le s .  Such t r a n s f o r m a t io n s  were r e v e r s i b l e ,  dose dependent,  
p o t e n t i a t e d  by PDE I n h i b i t o r s  and mimicked by 6 -N -b u ty l-8 - b e n z y l-  
t h io-cAMP. P re l im in a ry  r e s u l t s  sug g es t  th e se  e f f e c t s  do not 
i nvolve i n f lux  of  e x te rn a l  Ca as  they  p e r s i s t  In Ca-free/EGTA 
s o l u t i o n s .  In c o n t r a s t ,  acu te  exposure t o  d ep o la r iz in g  high K/Ca 
s o lu t i o n s  r e s u l t e d  i n severa l r ap id  Ca-dependent e f f e c t s  on 
growth cones d i s t i n c t  from th o se  mediated by cAMP: 1) rap id  
ex t en s io n  of  f i lo pod ia ,  2) r ap id  d isappearance  of g ran u le s  and 3) 
disassembly  of  p u t a t i v e  m icro tubu le  a r r a y s .  The i nduced changes 
i n growth cone morphology we r e p o r t  here sugges t  a p o s s ib le  r o l e  
fo r  cAMP dependent  p r o te in  p hosphory la t io n  i n promoting d i f f e r e n 
t i a t i o n  of  growth cones i n to  neuro sec re to ry  end ings . In a d d i t i o n ,  
i ncreased  cAMP l e v e l s  during bag c e ll  a c t i v a t i o n  may f a c i l i t a t e  
p e p t id e  r e l e a s e  by ca using  s e c r e t o r y  g ran u le s  t o  be t r a n s p o r t e d  
p h y s ic a l ly  c l o s e r  t o  t h e i r  r e l e a s e  s i t e s  a t  f a s t e r  r a t e s .  
Supported by: NIH NS16671 and th e  Whitaker Foundatio n (S JS ) , NIH 
NS07914(PF) and NIH NS18492(LKK).

303.17 FILOPODIA ADHESION MEDIATED BY EXTENDED FILAMENTOUS 
STRUCTURES OF ADHERON MOLECULES. H -C , T . T s u i  an d  W.L. 
K le in .  D e p t . o f  A natom y an d  N e u ro b io lo g y ,  W ash in g to n  
U n i v e r s i t y  S c h o o l o f  M e d ic in e , S t .  L o u is ,  MO 63110 
an d  D e p t . o f  N e u ro b io lo g y  an d  P h y s io lo g y ,  N o r th w e s te r n  
U n i v e r s i t y ,  E v a n s to n ,  IL  60201 .

A d h e s iv e  c o n t a c t s  made by  f i l o p o d i a  o f  n e u r o n a l  
g ro w th  c o n e s  a r e  v e r y  l i k e l y  t o  b e  im p o r ta n t  i n  n e u r i t e  
g ro w th  an d  i n  t h e  fo r m a t io n  o f  s y n a p t i c  j u n c t i o n s .  
P r e v io u s  e x a m in a t io n  o f  c u l t u r e d  c h ic k  r e t i n a  n e u ro n s  
w i th  v id e o -e n h a n c e d  c o n t r a s t  d i f f e r e n t i a l  i n t e r f e r e n c e  
c o n t r a s t  l i g h t  m ic ro s c o p y  h a s  shown t h a t  f i l o p o d i a  
f r e q u e n t l y  a t t a c h  t o  one  a n o th e r  a t  t h e i r  t i p s  and  
re m a in  a t t a c h e d  d e s p i t e  g r e a t  m o t i l e  a c t i v i t y .  The 
l i n k e d  m o t i l i t y  o f  t h e  a t t a c h e d  f i l o p o d i a  o c c u r s  ev en  
when a p p a r e n t  g a p s  e x i s t  b e tw e e n  f i l o p o d i a .  
E x a m in a tio n  o f  t h e s e  g a p s  w i th  t h e  e l e c t r o n  m ic ro s c o p e  
r e v e a l e d  t h a t  t h e  a p p o se d  m em branes a r e  c o n n e c te d  by  
f i l a m e n to u s  s t r u c t u r e s  10 t o  13 nm i n  d ia m e te r  an d  30 
t o  100 nm i n  l e n g t h  (PNAS 8 2 :8 2 5 6 -8 2 6 0 ) .

I n  o r d e r  t o  u n d e r s ta n d  t h e  a d h e s iv e  p r o p e r t i e s  o f  
f i l o p o d i a  a t  t h e  m o le c u la r  l e v e l ,  we h a v e  s t u d i e d  t h e  
d i s t r i b u t i o n  o f  N-CAM an d  a d h e ro n  m o le c u le s  on  g ro w th  
c o n e s  an d  f i l o p o d i a .  L iv e  o r  f i x e d  c u l t u r e d  c h ic k  
r e t i n a  n e u ro n s  w e re  l a b e l e d  w i th  t h e  im m unogold m e th o d , 
p r e p a r e d  w i th  t h e  c r i t i c a l  p o i n t  d r i e d  p r o c e d u r e  an d  
e x am in ed  a s  w h o le  m o u n ts  w i th  t h e  e l e c t r o n  m ic ro s c o p e .

L a b e l in g  d o n e  on  f i x e d  c e l l s  show ed t h a t  b o th  N- 
CAM an d  a d h e ro n  m o le c u le s  w e re  p r e s e n t  on  g ro w th  c o n e s  
an d  f i l o p o d i a .  H ow ever, t h e r e  w e re  tw o  m a jo r  
d i f f e r e n c e s  i n  t h e  l a b e l i n g  p a t t e r n s  o f  t h e  tw o 
a n t i b o d i e s .  F i r s t ,  i n  l i v e  c e l l  l a b e l i n g  c o n d i t i o n s ,  
N-CAM m o le c u le s  w e re  f r e q u e n t l y  fo u n d  t o  p a t c h  a t  t h e  
n e u r i t e s  o r  a t  t h e  m id d le  o f  g ro w th  c o n e s .  I n  
c o n t r a s t ,  a d h e ro n  m o le c u le s  w e re  fo u n d  t o  c o n c e n t r a t e  
a t  t h e  e d g e s  o f  g ro w th  c o n e s ,  a t  f i l o p o d i a  w h e re  
a d h e s io n  t o  t h e  s u b s t r a t e  o c c u r r e d ,  an d  a t  a r e a s  w h e re  
f i l o p o d i a  c o n ta c t e d  e a c h  o t h e r .  S ec o n d , f i l a m e n to u s  
s t r u c t u r e s  t h a t  c o n n e c te d  f i l o p o d i a  m em branes t o  t h e  
s u b s t r a t e  o r  t o  o t h e r  f i l o p o d i a  w e re  l a b e l e d  w i th  
a n t i b o d i e s  a g a i n s t  a d h e r o n ,  b u t  n o t  w i th  a n t i b o d i e s  
a g a i n s t  N-CAM. O ur o b s e r v a t i o n s  s u g g e s t  t h a t  a d h e ro n  
m o le c u le s  may b e  p r e s e n t  a s  f i l a m e n to u s  s t r u c t u r e s  
e x te n d in g  fro m  t h e  m em brane an d  t h a t  t h e y  a r e  in v o lv e d  
i n  f i l o p o d i a  a d h e s io n  m ech an ism s .

(S u p p o r te d  by  NIH g r a n t  NS21088)

303.18 TRANSIENT D1 RECEPTOR MEDIATES DOPAMINE INHIBITION OF 
GROWTH CONE MOTILITY AND NEURITE OUTGROWTH IN A 
SUBSET OF VERTEBRATE CNS NEURONS. K. L. L a n k fo r d * , F . 
G. D eM ello* and  W. L. K le in .  (S pon: B. M enco) D ep t. 
N e u ro b io lo g y  & P h y s io lo g y ,  N o r th w e s te r n  U n i v e r s i t y ,  
E v a n s to n  I I .  60201 .

A lth o u g h  d o pam ine  an d  s e r o t o n i n  h a v e  b e en  shown t o  
s e l e c t i v e l y  i n h i b i t  g ro w th  co n e  m o t i l i t y  i n  s p e c i f i c  
n e u ro n s  o f  t h e  s n a i l  H e liso m a , (McCobb e t  a l ,  S o c . 
N e u r o s c i .  A b s t r .  1 1 : 761 1985 , Haydon e t  a l ,  S c ie n c e  
2 2 6 : 5 6 1 , 1 9 8 4 ) ,  l i t t l e  i s  known a b o u t  t h e  e f f e c t s  o f  
n e u r o t r a n s m i t t e r s  on t h e  d e v e lo p m en t o f  n e u ro n s  i n  
h i g h e r  a n im a ls .  To i n v e s t i g a t e  t h e  p o s s i b l e  d e v e lo p 
m e n ta l  s i g n i f i c a n c e  o f  a  t r a n s i e n t l y  e x p r e s s e d  em bryo
n i c  fo rm  o f  t h e  D1 dopam ine  r e c e p t o r  i n  t h e  c h ic k  
r e t i n a  (V e n tu ra  e t  a l ,  Dev. B ra in  R es . 1 2 : 2 1 7 , 1 9 8 4 ), 
we e x p o se d  c u l t u r e d  n e u ro n s  t o  dopam ine  an d  ex am in ed  
b o th  lo n g  te rm  an d  s h o r t  te rm  e f f e c t s  on m o rp h o lo g ic a l  
d i f f e r e n t i a t i o n .  N e u r i t e  num bers w e re  re d u c e d  i n  
c u l t u r e s  e x p o se d  t o  1 uM dopam ine  f o r  on e  d a y , b u t  
n o t  i n  c o n t r o l  c u l t u r e s  e x p o se d  t o  dopam ine  an d  1 uM 
h a l o p e r i d o l .  To i n v e s t i g a t e  t h e  phenom enon f u r t h e r ,  
n e u ro n s  w e re  c u l t u r e d  f o r  1 -5  d a y s  on g l a s s  c o v e r s l i 
p s ,  w h ich  w e re  th e n  a t t a c h e d  t o  s p e c i a l  c h am b e rs , and  
m o n ito r e d  c o n t in u o u s ly  w i th  v id e o  m ic ro s c o p y  th ro u g h  
s e v e r a l  c h a n g e s  o f  c o n t r o l  an d  e x p e r im e n ta l  m e d ia . A t 
e a c h  a g e  t e s t e d ,  a  s u b s e t  o f  n e u ro n s  re s p o n d e d  t o  
d opam ine  w i th  a  r e d u c t io n  i n  f i l o p o d i a l  a c t i v i t y  
a n d /o r  n e u r i t e  r e t r a c t i o n .  C hanges i n  f i l o p o d i a l  
a c t i v i t y  w e re  a p p a r e n t  a lm o s t  im m e d ia te ly  a f t e r  
d o p am in e  a d d i t i o n ,  an d  n e u r i t e s  c o u ld  s h o r t e n  a s  much 
a s  75% w i t h i n  15 m in u te s .  The r e s p o n s e  t o  dopam ine  
a p p e a re d  t o  v a r y  som ew hat w i th  a g e ,  an d  n e u r i t e  
r e t r a c t i o n  w as o b s e r v e d  p r e d o m in a n t ly  i n  y o u n g e r  
c u l t u r e s .  The e f f e c t s  o f  dopam ine  w e re  r e v e r s e d  by  
h a l o p e r i d o l .  R ec o v e ry  from  dopam ine  s t i m u l a t i o n  was 
t y p i c a l l y  s lo w e r  t h a n  t h e  o n s e t  o f  d o pam ine  r e s p o n s e  
an d  t h e  r a t e  o f  r e c o v e r y  d e c r e a s e d  w i th  lo n g e r  
d opam ine  e x p o s u r e s .  E x p e r im e n ts  t o  a s s e s s  t h e  m echan
ism  o f  d opam ine  a c t i o n  h a v e  shown t h a t  f o r s k o l i n  
m im icked  t h e  e f f e c t s  o f  d o p am in e , i n d i c a t i n g  t h a t  t h e  
d opam ine  e f f e c t  may b e  m e d ia te d  by  cAMP e l e v a t i o n .  Our 
d a t a  show t h a t  d o pam ine  e x e r t s  a  p o w e rfu l  i n h i b i t o r y  
e f f e c t  on  g ro w th  c o n e  a c t i v i t y  an d  n e u r i t e  o u tg ro w th  
i n  a  s u b s e t  o f  r e t i n a  n e u ro n s ,  an d  s u g g e s t  t h a t  t h i s  
an d  o t h e r  n e u r o t r a n s m i t t e r s  may p l a y  im p o r ta n t  r o l e s  
i n  t h e  m o rp h o lo g ic a l  d i f f e r e n t i a t i o n  o f  CNS n e u ro n s .  
S u p p o r te d  by  NIH g r a n t s  NS 210 8 8 , DA 03798
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303.19 PROTEASE INHIBITION CAN INFLUENCE THE DIRECTION OF NEURITE 
OUTGROWTH BY NEONATAL MOUSE SENSORY GANGLIA. R.L. Hawkins* 
and N.W. Seeds. Departm ent of Biochemistry, Biophysics & G enetics, 
University of Colorado Medical C en ter, Denver, CO 80262

We have previously observed th a t neonatal mouse dorsal root ganglia 
(DRG) in vitro  sec re te  proteases and tha t addition of soybean trypsin 
inhibitor (STI) or other pro tease inhibitors to the medium can enhance 
the degree of neurite  outgrow th from DRG explants. The curren t work 
examines w hether STI can p referen tia lly  determ ine the direction of ou t
grow th. Two methods have been used th a t allow DRG a choice betw een 
growing tow ards or away from a source of STI. In the first method, 
polyacrylam ide gels are  ca st to  form inner and outer chambers from which 
te s t substances can diffuse tow ards ganglia placed inbetween the wells. 
We have observed a g rea te r ex ten t of neurite outgrow th towards a well 
containing STI a t 10 ug/ml in serum -free medium (N2) than towards a 
well containing N2 alone. In the second method, STI is immobilized on 
the substratum . Glass coverslips are trea ted  with 3-am inopropyl-triethoxy 
silane, bovine serum albumin (BSA) is then bound to the slip via g lu taralde- 
hyde, and then STI is gently coupled to one-half of the slip with 
carbodiimide while the other half is tre a ted  fu rther with BSA. We have 
dem onstrated th a t the STI retains its pro tease inhibitory ac tiv ity  and tha t 
neurite  outgrow th from DRG placed in the cen ter of the derivatized  
coverslip is p referen tia lly  oriented  tow ards the STI-treated side. These 
results provide fu rther confirm ation th a t pro teases and pro tease inhibitors 
can regulate  neurite outgrow th.

(Supported in p art by NSF grant BNS-83-04552 and NIH grant NS-09818).

303.20 SERO TONIN INH IBITION OF GROW TH CONE M O TILITY IS 
BLO C K ED  BY A CETY LC H O LIN E. D .P.M cCobb and S.B.Kater. 
Dept. of Biology, University of Iowa, Iowa City, IA 52242 and Program in 
Neuronal Growth and Development, Colorado State Univ., Fort Collins, CO 
80523.

The electrical activity of a neuron is under the control o f a combination of 
excitatory, inhibitory, and modulatory inputs. The present study suggests an 
analogous combinatorial control of the motile activity o f neuronal growth cones. 
The classical neurotransmitter serotonin (5-HT) was recently shown to inhibit 
the motility of growth cones o f specific identified Helisoma neurons in cell 
culture. (Haydon et al, Science 226:561, 1 984 ). W e now report that the 
presence of a second neurotransmitter, acetylcholine (Ach) negates die inhibitory 
action o f 5-HT on the motility of growth cones.

Cell bodies o f neuron 19 were dissected from buccal ganglia and placed 
individually into cell culture. Growth cones were photographed at 20 minute 
intervals for 2 h. before and 2 h. after the addition of either 5-HT alone (final 
concentration = 1 μM), Ach alone (final concentration = 50 μM), or Ach 
followed in four minutes by 5-HT. Advance o f growth cones was measured in 
reference to fixed points on the substratum.

Consistent with previous studies, the progress of motile growth cones of 
neuron 19 was arrested upon addition of 5-HT to the dish, and filopodia and 
lamellipodia were retracted into a club-like terminal. By contrast, growth cones 
treated with Ach just prior to addition of 5-HT were not arrested, but continued 
to grow, and maintained their growth cone-like structure. Mean post-treatment 
rates o f neurite elongation, expressed as a percentage o f pre-treatment rates (± 
S.E.), were : -2.6 ±  10.6 % for 5-HT treated, and 103.7 ±  12.0 % for Ach + 
5-HT treated growth cones. Ach alone had no effect on growth cone motility.

The study of the combined actions of 5-HT and Ach on growth cone motility 
was motivated by the finding that the electrophysiological actions of these 
transmitters on neuron 19 are opposing. 5-HT alone has a sustained excitatory 
effect, while Ach has an inhibitory effect on electrical activity. In the presence 
o f Ach, the excitatory effect of 5-HT is much reduced. While there are many 
possible mechanisms whereby Ach might oppose the inhibitory action of 5-HT 
on neurite outgrowth, e.g. they m ight have opposing actions on a second 
messenger system, the possibility that the electrophysiological actions of these 
two transmitters are causally related to their actions on outgrowth is intriguing. 
Action potential generation has been directly shown to inhibit the motility of 
growth cones of Helisoma neurons in cell culture (Cohan and Kater, Science. 
1986,in press). Thus the nature o f the actions of 5-HT and Ach on neurite 
outgrowth is consistent with the hypothesis that these actions derive from the 
electrophysiological effects o f these transmitters. A more quantitative study of 
the relationship is in progress.

Supported by NIH grants NS21217, NS15350, and HD18577.
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304.1 DEV ELO PM ENT O F HINDLIM B N EUROM USCULAR PATTERNS IN 
KITTENS: SCRATCHING IN NORMALS, PAW  SHAKING IN NORMALS 
AND SPINALS. N.S. Bradley and J.L. Smith, Dept. Kinesiology, UCLA, Los 
Angeles, CA 90024

Although, the onset o f various motor behaviors in neonatal kittens has been 
described, little is known about the development of neuromuscular patterns. Last 
year, we described the development of hindlimb locomotor patterns in normal 
kittens and kittens spinalized (T-12) at birth (1-d) or 2 weeks (2-wk) o f age (Soc. 
Neurosci. Abstr. 11:1985). We now describe the development o f neuromuscular 
patterns for scratching and the paw-shake response (PSR) in the hindlimb of these 
animals. Muscles were chronically implanted at birth and the implants maintained 
throughout the 2-mo testing period. Results were based on 12 kittens, 4 per 
group. Scratching was elicited by placing tape in the ear canal in normals, but 
was not tested for in spinals as the stimulus is ineffective in eliciting a response 
caudal to the transection. To elicit PSRs, tape was applied to the plantar pad. 
Scratching onset in normal kittens was 21±2 days, while PSR onset in spinals (1- 
d=14±3 days; 2-wk =16±2 days) preceded onset in normals (26±4 days).

Normals. W hile maturation of scratching and the PSR in normal kittens was 
characterized by changes in posture and integration with other behaviors, 
neuromuscular patterns varied little during the 2 mo and were similar to those in 
normal adult cats. Scratching bouts averaged 20±4 cycles at a frequency o f 5 Hz 
and was characterized by coactivation of the ankle extensor, lateral gastrocnemius 
(LG), and knee extensor, vastus lateralis (VL), reciprocally active with the ankle 
flexor, tibialis anterior (TA). Average burst durations (53-61% cycle) were 
similar for all muscles. Initial PSRs averaged 4±1 cycles (increasing to 5±1 at 2 
mo) at a  frequency o f 10 H z and consecutive cycle durations were linearly 
correlated. The TA and VL were coactive near 60% o f the LG cycle, and burst 
durations were shorter for extensors (VL=34±13; LG=29±6 ms) than the flexor 
(TA=60±7 ms). Initially, there was also a VL burst coactive with TA activity.

Spinals. Although the hindlimb PSR was elicited at an earlier age in spinal 
kittens, initial PSRs were shorter (3±1 cycles) and slow er (9 Hz) than initial 
PSRs in normal kittens. Also, a single VL burst was frequently coactive with LG 
rather than TA activity. By the end o f the 2-mo period, cycle frequency increased 
to 10 Hz, but consecutive cycle periods were unrelated, suggesting that the 
temporal structure o f the response was not mature. Further, the pairing o f TA and 
VL activity during PSRs did not develop, and VL activity was particularly erratic.

Conclusions. The data suggest earliest scratching and PSRs in normal kittens 
were characterized by adult-like neurom uscular patterns. W hile spinalization 
accelerated PSR onset in spinal kittens, some features o f the pattern were 
abnormal and failed to mature during the 2-mo period. It is not known whether 
the altered neuromuscular patterns resulted from spinalization-induced changes in 
the lumbosacral networks that produce PSRs, or altered limb dynamics during the 
response. Perturbation o f normal limb afference during PSR in adult spinal cats 
(Cox & Smith, Soc. Neurosci. Abstr. 10:1983) specifically  disrupts VL 
recruitment. W hile the limb dynamics o f PSRs in kittens are not known, the 
pendent hindlimb posture during PSRs in spinal kittens may contribute to altered 
limb dynamics and warrants further study. Supported by NIH grant NS 19864.

304.2 INTRACELLULAR RECORDINGS FROM EMBRYONIC CHICK MOTONEURONS DURING 
SPONTANEOUS AND EVOKED MOTOR ACTIVITY. M.J. O'Donovan. D ept. o f  
P hysio logy  & B iophysics, Univ. o f  Iowa, Iowa C ity , IA 52242 

The is o la te d  s p in a l cord o f  th e  ch ick  embryo g e n e ra te s  
spontaneous motor a c t i v i t y  in  v i t r o . E xtensor motoneurons 
d isc h a rg e  e a r ly  d u ring  each cycl e whereas f le x o r  m otoneurons f i r e  
a t  th e  beg inn ing  o f  th e  cy c le  and aga in  l a t e r  in  th e  c y c le . 
I n t r a c e l l u l a r  reco rd in g s  were o b ta in ed  from a n tid ro m ic a lly  
id e n t i f i e d  motoneurons d u rin g  motor a c t i v i t y  in  15 day embryos to  
ana ly ze  th e  mechanisms c o n t ro l l in g  motoneuron f i r i n g .  We a lso  
used h igh  gain  DC re co rd in g s  from th e  v e n tra l  ro o ts  and 
m uscle nerves to  m onito r th e  tim e co u rse  o f  membrane p o te n t ia l  
changes from p o p u la tio n s  o f m otoneurons. S ta b le  p e n e tra tio n s  
rev ea led  sp ik es  w ith  an am plitude between 30-40 mV and d u ra t io n  2 - 
5 ms. In some c e l l s  th e  a c tio n  p o te n t ia l  was made up o f two 
com ponents, a f a s t  i n i t i a l  component and a slow er component th a t  
d isap p e ared  du rin g  p e rfu s io n  w ith  low calcium  s o lu t io n s .  During 
each c y c le  th e  membrane p o te n t ia l  was d ep o la r iz e d  by up to  30 
mV f o r  a v a ry ing  f r a c t io n  o f  th e  c y c le . M otoneurons d isch a rg ed  on 
th e  r i s in g  phase o f  th e  s te p  and aga in  a f t e r  a d e lay  (which was 
s h o r t  in  e x te n s o rs ) . The am plitude o f  th e  s te p  in c rea sed  w ith  
h y p e rp o la r iz in g  c u r re n t  i n je c tio n  and was reduced by d e p o la r iz in g  
c u r r e n t s ,  su g g es tin g  i t  was m ediated by e x c i ta to ry  synapses . The 
membrane t r a j e c t o r y  d u rin g  th e  d e lay  rem ained f l a t  w ith o u t e v id e n t 
h y p e rp o la r iz a tio n . We a re  c u r r e n t ly  e s ta b l is h in g  i f  th e  d e lay  i s  
th e  r e s u l t  o f  s y n a p tic  o r  i n t r i n s i c  motoneuron p ro p e r t ie s .  DC 
re c o rd in g s  from f le x o r  and e x te n so r  m uscle nerves d u ring  motor 
a c t i v i t y  were p o s i t iv e  going  and s im i la r  in  form su g g es tin g  th a t  
a n ta g o n is t  m otoneurons may sh a re  a common e x c i ta to ry  d r iv e .

F ig . 1. I n t r a c e l l u la r  reco rd s  from a motoneuron i n LS2 and 
s im u ltaneous DC reco rd in g  from LS2 v e n tra l  ro o t d u rin g  spontaneous 
a c t i v i t y .  Supported by th e  NSF (BNS-8402838).
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304.3 DOES SYNAPSE ELIMINATION SHAPE NEUROMUSCULAR COMPARTMENTS? 
A.W. E n g lis h , D ept. Anatomy & C e ll B io logy, Emory  Univ. 
A tla n ta ,  GA 30322

Mammalian s k e le ta l  m uscles a re  p a r t i t io n e d  in to  sm a lle r  e le 
m ents which c o n s is t  o f c o l le c t io n s  o f motor u n i t s .  In  th e  ankle 
e x te n so r  m uscles th e  elem ents a re  o rgan ized  about th e  prim ary 
b ranches o f the  m uscle nerves and a re  known as neurom uscular com
p a rtm en ts . At b i r t h ,  th e  well-known po lyneuronal in n e rv a tio n  of 
m uscle f ib e r s  d ic ta t e s  th a t  in d iv id u a l m otor u n i t s  a re  r e l a t i 
v e ly  la rg e r  than  a d u l ts .  The subsequent lo s s  o f synapses might 
se rv e  to  d e f in e  neurom uscular compartments i f  th e  o r ig in a l  motor 
u n i t  in n e rv a tio n  t e r r i t o r i e s  inc luded  more than  one such par
t i t i o n .  In  th e  r a t  l a t e r a l  gastrocnem ius (Donahue and E n g lish , 
Amer. Zool. 25:107A, 1985) and e x ten so r d ig i to ru m longus 
(B alice-G ordon  and Thompson, Soc. N eu rosc i. A b str . 11:101, 1985) 
th e  a v a i la b le  ev idence has been a g a in s t th i s  h y p o th e s is , but in  
th e  r a t  g lu te u s  maximus muscle (GM), Brown and Booth (N ature 
304:741-742, 1983) have d esc rib ed  a marked p o s tn a ta l  d ec re ase  in  
th e  s iz e  o f th e  in n e rv a tio n  t e r r i t o r i e s  o f in d iv id u a l motor 
u n i t s .  The p re se n t s tudy  has in v e s t ig a te d  the  in n e rv a tio n  p a t
te rn s  o f the  compartments o f GM in  a d u lt (>P17) and n eo n a ta l 
(P0-P7) r a t s  to  de term ine w hether th i s  re d u c tio n  in  motor u n it  
s iz e  se rv es  to  d e f in e  i t s  com partm ents. Both the  s u p e r io r  g lu 
t e a l  nerve (SGN) and th e  in f e r io r  g lu te a l  nerve (IGN) in n e rv a te  
GM. Each nerve c o n ta in s  th re e  prim ary b ranches which in n e rv a te  
th e  s ix  elem ents o r neurom uscular compartments found in  GM. 
U sing evoked EMG a c t i v i t y ,  th e  in n e rv a tio n  p a t te rn s  o f th e se  com
partm en ts  was mapped onto  th e  su rfa c e  o f th e  m uscle. Each com
partm ent occup ies 30-40% o f  th e  in n e rv a tio n  t e r r i t o r y  o f i t s  
re s p e c t iv e  m uscle n erv e , a va lue  in  th e  same range as rep o rted  
fo r  s in g le  motor u n i t s  in  n eo n a ta l r a t s  by Brown and Booth. The 
caudal-m ost compartment o f th e  SGN i s  alm ost e n t i r e ly  overlapped 
by the  ro s tra l -m o s t  elem ent o f the IGN. A naly sis  of the  d i s t r i 
b u tio n  o f m uscle f ib e r s  o f d i f f e r e n t  h is to c h e m ic a l types and of 
m uscle sp in d le s  along w ith  r e c o n s t ru c tio n  o f the  SGN and IGN 
b ranch ing  t e r r i t o r i e s  from s e r i a l  h is to lo g ic a l  s e c t io n s  of the 
m uscle confirm  th e se  p h y s io lo g ic a l f in d in g s . In  n eo n a ta l r a t s ,  
la rg e ly  th e  same com partm ental  in n e rv a tio n  p a t te rn s  were no ted , 
u s in g  bo th  ana tom ical and p h y s io lo g ic a l te ch n iq u e s . Thus the 
bo u n d aries  of the  neurom uscular compartments o f GM are  w ell 
e s ta b l is h e d  a t  b i r t h .  Synapse e l im in a tio n  may change th e  d i s t r i 
b u tio n  o f in n e rv a tio n  of some motor u n i ts  w ith in  com partm ents, 
bu t i t  is  not a p rocess  which forms the  com partm ents. Supported 
by g ran t NS20545 from the  USPHS.

304.4 ONTOGENY AND SEXUAL DIMORPHISM OF FAST TOADFISH SONIC MUSCLE. 
M.L. F in e , N.M. Burns*, and K.R. P ennypacker, D ep t. of B io logy, 
V irg in ia  Commonwealth U n iv ., Richmond, VA 23284.

The O yster to a d f is h  (Opsanus ta u ) produces sounds by s im u ltan e
ously  c o n tra c tin g  f a s t  m uscles on e i th e r  s id e  o f i t s  sw im bladder. 
P rev ious  work has dem onstrated  th a t  th e  combined swimbladder 
son ic-m usc le  complex grows la r g e r  in  m ales than  in  fem ales and 
th a t  grow th i s  p r im a r ily  under androgen ic c o n tro l .  This study  
q u a n t if ie d  growth of th e  so n ic  m uscle and examined i t s  m orphologi
c a l  b a s is  by coun ting  and m easuring m uscle f ib e r s .

M uscles grew la r g e r  in  m ales than  in  fem ales and com prised 
approx im ate ly  60% of th e  organ w eight in  a l l  s iz e d  in d iv id u a ls  
of bo th  sex e s . M uscles in  la rg e  m ales weighed 7-9 gm compared to  
3-4 gm in  la rg e  fem ales . M uscle f i b e r s ,  examined in  g r id s  on a 
l a t e r a l  t r a n s e c t ,  in c re a se d  in  number and decreased  in  s iz e  
toward th e  o u ts id e ,  su g g es tin g  th e  a d d i t io n  of new c e l l s .  A lso , 
f ib e r s  a t  th e  p e rip h e ry  o f f a s c i c le s  were g e n e ra lly  sm a lle r  than  
ones toward th e  c e n te r .  The number o f m uscle f ib e r s  in c rea sed  
alm ost fo u r fo ld  (132,000 to  489,000) as  f i s h  grew. There was an 
a verage  of 38.6% more f ib e r s  in  m ales than  fem ales , which agreed  
w ith  a 39.6% g re a te r  c r o s s - s e c t io n a l  a re a  in  m ales. F ib er 
d e n s ity  was s im i la r  between th e  sex es . Average minimum d iam eter 
of f ib e r s  in c re a se d  from 16 um to  28.6 um. In  f i s h  of com parable 
s iz e s ,  fem ales had la rg e r  m uscle f ib e r s  than  m ales, and androgen 
im p lan ts  d ec reased  f ib e r  d iam eter in  fem ales . In d iv id u a l f ib e r s  
co n ta in ed  sa rcop lasm ic  p o ck e ts , and some f ib e r s  had m y o f ib r ils  
s e p a ra te d  in to  fragm en ts . W ith in  a f i s h ,  la rg e r  f ib e r s  tended to  
have more pocke ts  and fragm en ts . Yet th e  mean number of pocke ts 
and fragm ents p er c e l l  (1 .9  and 1 .6  r e s p e c t iv e ly )  d id  no t in c re a s e  
in  la r g e r  f i s h  which had la rg e r  f i b e r s .  This f in d in g  and m icro
sco p ic  exam ination  of m uscles su g g es t th a t  frag m en ta tio n  r e s u l t s  
in  c e l l  d iv i s io n .  F u r th e r , m u ltip le  pocke ts and fragm ents were 
ev id en t in  sm a lle r  s iz e d  c e l l s  in  th e  a c t iv e ly  growing o u ts id e  
p o r tio n  of th e  m uscle.

In  summary so n ic  m uscles grew by adding  new f ib e r s  and f ib e r  
hyp ertro p h y . M uscles in  m ales were la rg e r  and had more f ib e r s  
than  in  fem ales a lthough  th e i r  c e l l s  were s m a lle r . We propose 
frag m en ta tio n  as  one mechanism of f ib e r  a d d i t io n .  The sm a lle r  
c e l l s  o f m ales and th e  e x is te n c e  o f m u ltip le  pocke ts a re  i n t e r 
p re te d  as  a mechanism fo r  in c re a se d  c o n tra c t io n  speed and fa t ig u e  
r e s i s ta n c e .  Supported by NIH g ra n t MH38921

304.5 DEVELOPMENTAL CHANGES IN THE DISTRIBUTION OF MOTOR CORTICAL 
TERMINATIONS IN THE KITTEN SPINAL CORD. W.G. Ta t ton ,  E. 
T h e r i a u l t  and M. Hay*. P l a y f a i r  Neuroscience U n i t ,  lo ro n to  
Western H o s p i t a l ,  U n iv e r s i ty  of Toronto,  Toronto , Canada M5T 2S8

E l e c t r o p h y s i o lo g i c a l  s t u d i e s  have shown a l e a d - l a g  r e l a t i o n 
sh ip  of approx imately 20 days between the  appearance  of micro
s t im u la t io n -ev o k ed  motor c o r t i c a l  (MC) output to  limb muscu la ture  
[ a t  40 days p o s t n a t a l  (dPN)], and the  development of mechano- 
r e c e p to r  in p u t  to  the MC ( a t  64 dPN) and r a i s e  th e  q u es t i o n  of 
whether th e  s e q u e n t i a l  occurrence  of th e se  even ts  i s  dependent 
upon the  complet ion of s p in a l  synapses  (Bruce & T a t to n ,  1980a,b ; 
1981) . In t h i s  r eg a rd ,  morphometric a n a ly s i s  of  developing 
α -motoneurons has shown th a t  d e n d r i t i c  p ro cesse s  only begin  to  
i n c r e a s e  to  a d u l t  c a l i b e r s  by about 40 dPN d e s p i t e  th e  f a c t  t h a t  
th e  d i s t r i b u t i o n  of somal d ia meters  i s  a l read y  w i th in  the a d u l t  
range  by 20 dPN (Ta tton  e t  a l . ,  1983; 1984) . In th e  p re s e n t  
s tu dy  we examined the  ana tomical d i s t r i b u t i o n  of MC axons in th e  
d o r s o l a t e r a l  columns (DLC) and t h e i r  p a t t e r n  of t e r m in a t io n s  in  
th e  grey ma t te r  of th e  developing  k i t t e n  s p in a l  cord. D is c r e t e  
u n i l a t e r a l  i n j e c t i o n s  of WGA-HRP were made in t o  th e  f o r e -  and 
hindl im b a rea s  of th e  p e r i c r u c i a t e  MC in 14 time-mated  k i t t e n s  
aged 16 to  74 dPN (81-139 g e s t a t i o n a l  days) and 3 a d u l t  c o n t r o l s .  
The animals  were s a c r i f i e d  and th e  i n j e c t i o n  s i t e  and p o r t i o n s  of 
t h e  c e r v i c a l ,  th o r a c i c  and lumbar cord  were s e r i a l l y  se c t io n e d  
and re a c te d  f o r  HRP h is to c h e m is t r y  ( I t o h ,  1979) . Camera lu c id a  
drawings were made us ing  a s tan d a rd ized  2-D g r id ,  and th e  number 
and d i s t r i b u t i o n  of l a b e l l e d  axons in  the  DLC and gray m atte r  
were c a l c u l a t e d  f o r  a l l  th r e e  segmental l e v e l s  in  each an imal . 
T o ta l  MC axon p o p u la t io n s  f o r  each an imal , determined  by counts  
of  the  DLC in  segments j u s t  a n t e r i o r  to  th e  b ra c h i a l  and lumbar 
en la rgem ents , provided  b a s e l in e  values  f o r  in t e r s e g m e n ta l  and 
in t e r - a n im a l  comparisons . These d i s t r i b u t i o n s  were p re sen ted  in  
i n d i v id u a l  3-D h is to gram s superimposed onto camera lu c id a  g r id s  
r e p r e s e n t in g  the  s p in a l  segments. The r e s u l t s  show t h a t  during  
th e  f i r s t  6 weeks of p o s tn a t a l  l i f e  th e r e  appears  to be an over
a l l  r ed u c t io n  (about 20% ) of  MC axons in  th e  c o n t r a l a t e r a l  DLC. 
Im p o r t an t ly ,  t h e r e  i s  a remarkable r e d i s t r i b u t i o n  of th e  i n i t i 
a l l y  widespread and b i l a t e r a l  p a t t e r n  of MC te r m in a t io n s  in  th e  
grey m a t te r .  In young k i t t e n s  MC axons appeared  to  p r o j e c t  
b i l a t e r a l l y  w i th in  a given segment of th e  s p in a l  co rd ,  occupying 
approximate ly  48% of  the  i p s i l a t e r a l  gray m a tte r  and 56% of  th e  
c o n t r a l a t e r a l  gray . By 40-45 dPN an a d u l t - l i k e  d i s t r i b u t i o n  was 
ap p a ren t  in  a l l  l e v e l s  of the  s p in a l  cord where MC te r m in a t io n s  
became l a r g e ly  r e s t r i c t e d  to  th e  medial p o r t i o n  of laminae IV 
through VII . This  p e r io d  of MC te rm in a l  r e d i s t r i b u t i o n  co in c id es  
with  th e  dram ati c  m a tu ra t io n  of the  α -motoneuron d e n d r i t i c  t r e e  
i n  th e  same s p in a l  segments and with  th e  onse t of e f f e c t i v e  MC 
m ic ro s t im u la t io n  in  e l i c i t i n g  limb muscle r e sp o n ses .  These 
o b s e r v a t io n s  sug g es t  t h a t  th e  e s ta b l ish m e n t  and r e d i s t r i b u t i o n  of 
MC inpu t  to  th e  c e r v i c a l  and lumbar segments and th e  shaping  of 
th e  mature p a t t e r n  of  d e n d r i t i c  a r b o r i z a t i o n  of α -motoneurons may 
be involved  in  th e  r e f i n e d  c o n t r o l  of  limb movements observed a t 
t h a t  time.  Suppor ted by MRC g r a n t  MT5 218.

304.6 ROLES OF CELL DEATH AND AXONAL PRUNING IN POSTNATAL SHAPING OF 
CORTICOSPINAL CELL DISTRIBUTIONS IN THE RAT. D.R. Humphrey, 
D. B u ly a le r t* , and D .J. Reed. Lab. o f N europhysio logy, Emory 
Univ. Sch. Med., A tla n ta , GA 30322.

On th e  seven th  day p o s tn a t a l l y ,  c o r t ic o s p in a l  (CS) neurons th a t  
a re  la b e le d  by c e rv ic a l  cord in j e c t io n s  o f re t ro g ra d e ly  t r a n s 
p o rte d  t r a c e r s  a re  d is t r i b u te d  as a con tinuous s h e e t w ith in  lam ina 
V o f th e  f r o n t a l ,  p a r i e t a l  and c in g u la te  a re a s  o f th e  r a t  c e re b ra l 
c o r te x . By p o s tn a ta l  day 21, how ever, in je c t io n s  o f t r a c e r  re v e a l 
th re e  ' i s l a n d s ' o f c e l l s ,  lo c a te d  w ith in  f r o n t a l ,  d o rs a l p a r i e t a l  
and v e n t r o la t e r a l  p a r i e t a l  r e g io n s , r e s p e c t iv e ly  (S chreyer and 
Jo n es , N eu rosci. A b s t r . ,  11: 988). Thus, th e  c o r t ic o s p in a l  neu
rons th a t  were w ith in  th e  gaps which s e p a ra te  th e se  is la n d s  have 
d ie d , t h e i r  s p in a l  axons have been pruned , o r ,  fo r  some rea so n , 
they  cannot be la b e le d .

To in v e s t ig a te  th e  r o le  o f  th e se  f a c to r s  in  shap ing  th e  e a r ly  
p o s tn a ta l  d i s t r i b u t io n  o f CS c e l l s ,  we p laced  sm all gelfoam  p led g e
l e t s  s a tu r a te d  w ith  a f lu o re s c e n t dye (2 % True Blue o r  F as t B lue) 
in to  th e  l e f t ,  t r a n s e c te d  c o r t ic o s p in a l  t r a c t  a t  th e  C4 le v e l  of 
th e  co rd  in  5 to  6 day o ld  r a t s .  The anim als were then  s a c r i f i c e d  
on p o s tn a ta l  days (PNDs) 9, 14 o r  21, and co ro n a l o r p a r a s a g i t t a l  
s e c t io n s  o f th e  c e re b ra l  hem ispheres were p repared  fo r  v i s u a l iz a 
t io n  o f r e t ro g ra d e ly  la b e le d  neu ro n s . Our m ajor r e s u l t s  to  d a te , 
from 14 an im als, a re  as fo llo w s .

(1) On PND 9, th e  la b e le d  c e l l s  form a n e a r ly  con tinuous d i s t r i 
b u tio n , as  d e sc r ib ed  above. (2) By PND 14, however, a  c l e a r  gap 
c o n ta in in g  no la b e le d  neurons i s  seen  in  th e  l a t e r a l  p a r i e t a l  c o r
te x ,  between a d o rs a l f r o n to p a r i e ta l  is la n d  o f c e l l s  and a v e n tro 
l a t e r a l  i s la n d .  (3) No fu r th e r  gaps in  th e  c e l l  d is t r i b u t io n  were 
seen  in  anim als su rv iv in g  to  PND 21.

These r e s u l t s  suggest th a t  th e  l a t e r a l  p a r i e t a l  gap occu rs 
because o f th e  d ea th  o f  c o r t ic o s p in a l  neurons in  th a t  re g io n , 
w hereas th e  gap which i s  seen w ith  in je c t io n s  o f t r a c e r  a f t e r  
PND 20 a t  th e  d o rs a l bo rd er between f r o n ta l  and p a r i e t a l  a re a s  
r e s u l t s  from axonal p run ing  o r some o th e r  mechanism. Thus, th e  
d i s t r i b u t io n  o f c o r t ic o s p in a l  neurons in  th e  a d u l t  r a t  appears  to  
be formed by both  c e l l  dea th  and axonal p ru n in g , w ith  each fa c to r  
o p e ra t in g  p r in c ip a l ly  in  a d i f f e r e n t  c o r t i c a l  re g io n .
(Supported  by NIH G rant NS 20146).
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304.7 DEVELOPMENT of motor cortex ex c it a b il ity  in  normal and in  neo-  
NATALLY BRAIN INJURED RATS. M. Cox* and D.R. Humphrey, Lab. of 
N europhysio logy, Emory Sch. M edic ine, A tla n ta ,  GA 30322.

In th e  deve lop ing  r a t ,  c o r t ic o s p in a l  t r a c t  (CST) axons can be 
seen a t  th e  l i g h t  m icro scop ic  le v e l  to  e n te r  th e  s p in a l  gray  mat
t e r  a t  two weeks o f age , though no CST synapses a re  seen a t  th a t  
tim e a t  th e  e le c tro n  m icro scop ic  le v e l  (S chreyer and Jo n es , J .  
N e u ro s c i., 7: 1837, 1982). Very l i t t l e  i s  known, however, about 
th e  developm ent o f  fu n c t io n a l tra n sm is s io n  through  th e  c o r t ic o 
sp in a l-m u sc le  pathway in  th e  deve lop ing  an im al. To examine th i s  
p ro c e s s , we used in t r a c o r t i c a l  m ic ro s tim u la t io n  (ICMS) methods 
to  examine th e  development o f e x c i t a b i l i t y  w ith in  th e  g en e ra l 
fo re lim b  reg io n  o f  th e  motor c o r te x  in  r a t s  2 to  10 weeks o f age . 
Maps were o b ta in ed  under ketam ine a n e s th e s ia  (60 mg/Kg) from both 
normal an im als (N=13) and from th e  su rv iv in g  c o r te x  o f an im als 
s u b je c te d  to  u n i l a t e r a l  motor c o r te x  a b la t io n  on p o s tn a ta l  day 1 
(N=12). Maps were o b ta in ed  w ith  bo th  m ic ro e le c tro d e s  (20-35 um 
t i p  le n g th )  and m a cro e le c tro d e s  (200 um t i p  le n g th ) ,  u s in g  th e  
fo llo w in g  c u r re n t p a ram e te rs : 0 .2  msec c u r re n t p u ls e s ,  30 p u lse  
t r a i n ,  300 pps, w ith  i n t e n s i t i e s  up to  80 uA (m ic ro e le c tro d e )  o r 
150 uA (m a c ro e le c tro d e ) .

Our m ajor r e s u l t s  were as  fo llo w s . (1) No evoked movements 
were observed a t  two weeks o f age . (2) By th re e  weeks o f age , 
some movements were evoked in  bo th  normal and le s io n e d  anim als 
w ith  th e  m a c ro e le c tro d e . (3) By fo u r weeks o f age , some evoked 
movements were o b ta in ed  w ith  th e  m ic ro e le c tro d e , and a la r g e r  
s e t  w ith  th e  m a c ro e le c tro d e . (4) By s ix  weeks o f  age , th e  fo r e 
limb m otor map was as e x te n s iv e  as th a t  seen in  th e  a d u l t ,  in  
bo th  normal and le s io n e d  an im als , and th re sh o ld s  were in  the  
range th a t  i s  e f f e c t iv e  in  a d u l ts .  (5) At s ix  w eeks, th e  map 
has an a d u l t - l i k e  som atotopy, w ith  two e x c e p tio n s . F i r s t ,  no t 
a l l  normal an im als developed th e  two fo re lim b  zones seen  in  many 
a d u l t  r a t s ,  and th e  n e o n a ta lly  le s io n e d  anim als never developed 
two such zones. Second, th e  developm ent o f th e se  two zones o ccu r
red  in  some ca se s  a f t e r  6 weeks o f age . (6) I p s i l a t e r a l  movements 
were evoked in  bo th  normal and n e o n a ta lly  le s io n e d  an im a ls , but 
they  d id  n o t appear b e fo re  8 weeks o f age in  th e  normal anim al and 
6 weeks of age in  th e  le s io n e d  an im al.

Thus, th e  m otor c o r te x  map f i r s t  ' a p p e a rs ' in  th e  deve lop ing  
r a t  a t  3 weeks p o s tn a t a l l y ,  and resem bles th e  a d u l t  map by 6 weeks. 
O ther re se a rc h  in  our la b o ra to ry  has shown th a t  a l l  such evoked 
resp o n ses  a re  m ediated  by CST axons. Thus, th e  o n to g e n e tic  in 
c re a se  in  th e  s iz e  o f th e  map and th e  d ec re a s in g  c u r re n t th r e s 
h o ld s  fo r  evoked movement su g g est th a t  CST synapses a re  forming 
d u ring  th i s  p e r io d , o r  in c re a s in g  t h e i r  fu n c t io n a l e f f i c ie n c y .  
(Supported  by NIH G rant NS20146 to  DH, and an NSF G raduate 
F ellow sh ip  to  MC).

304.8 THE development o f  b u l b o spin a l  p r o je c t io n s  in  the  chick en  
EMBRYO. J .C .  G lo v e r ,  G. P e t u r s d o t t i r * and  J .K .S .  J a n s e n * . 
P h y s io lo g y  I n s t i t u t e ,  Uni v e r s i t y  o f  O s lo , O s lo , Norw ay.

We u s e d  r e t r o g r a d e  a x o n a l  t r a c i n g  i n  i n  v i t r o  p r e p a r a t i o n s  o f  
t h e  c h ic k e n  em bryo b r a in s te m  t o  c h r o n i c le  t h e  fo rm a tio n  o f  
b u lb o s p in a l  t r a c t s  an d  d e f in e  t h e i r  p a r e n t  c e l l  g ro u p s  a t  
d i f f e r e n t  em b ry o n ic  s t a g e s .  The i n  v i t r o  p r e p a r a t i o n s  a llo w e d  
u s  t o  v e ry  p r e c i s e l y  l o c a l i z e  i n j e c t i o n s  o f  t r a c e r s .  we u se d  
tw o ty p e s  o f  e x p e r im e n ts  t o  v i s u a l i z e  t h e  p r o j e c t i o n  p a t t e r n s  o f  
t h e  b u lb o s p in a l  g ro u p s :  1) i n j e c t i o n s  o f  HRP i n t o  s p e c i f i c  
t r a c t s  on one s id e  o f  t h e  c e r v i c a l  s p in a l  c o rd ,  and  2) i n j e c 
t i o n s  o f  f l u o r e s c e i n -  and  rh o d a m in e -c o n ju g a te d  d e x tr a n -a m in e s  
i n t o  o p p o s i t e  s id e s  o f  t h e  c e r v i c a l  s p in a l  c o rd .

We u s e d  e m b ry o n ic  day 11 (E 11) a s  an a r b i t r a r y  d e v e lo p m e n ta l  
e n d p o in t .  A t t h i s  s t a g e ,  w h ich  i s  midway th ro u g h  e m b ry o g e n e s is ,  
t h e  p a t t e r n  o f  v e s t i b u l o -  and  r e t i c u l o s p i n a l  p r o j e c t i o n s  i s  
s i m i l a r  t o  t h a t  i n  t h e  a d u l t  c h ic k e n .  T h ese  p r o j e c t i o n s  ru n  in  
two d i f f e r e n t  t r a c t s ,  t h e  l a t e r a l  v e s t i b u l o s p i n a l  t r a c t  (LVST) 
an d  t h e  m e d ia l  l o n g i t u d i n a l  f a s c i c u l u s  (MLF)• We fo u n d  a  
p o n t in e  r e t i c u l a r  g ro u p  p r o j e c t i n g  i n  t h e  i p s i l a t e r a l  MLF; 3 
v e s t i b u l a r  g ro u p s  p r o j e c t i n g ,  r e s p e c t i v e l y ,  i n  t h e  i p s i l a t e r a l  
LVST, t h e  i p s i l a t e r a l  MLF, an d  t h e  c o n t r a l a t e r a l  MLF; and  
s e v e r a l  m e d u l la ry  r e t i c u l a r  g ro u p s  p r o j e c t i n g  i n  t h e  MLF, some 
i p s i - ,  some c o n t r a - ,  an d  some b i l a t e r a l l y ,  we c o n c lu d e  from  th e  
d o u b l e - l a b e l l i n g  e x p e r im e n ts  t h a t  1) a l th o u g h  th e  3 
v e s t i b u l o s p i n a l  g ro u p s  a r e  c l u s t e r e d  t o g e t h e r ,  th e y  a r e  
a b s o lu t e ly  d i s c r e t e ,  and  2) b i l a t e r a l l y - p r o j e c t i n g  g ro u p s  a r e  
n o t  com posed o f  b i l a t e r a l l y - p r o j e c t i n g  n e u ro n s ,  b u t  r a t h e r  o f  
i n te r m in g le d  i p s i -  and  c o n t r a l a t e r a l l y - p r o j e c t i n g  n e u ro n s .

The d ev e lo p m e n t o f  t h e s e  p r o j e c t i o n s  b e g in s  on E3, when a  
h a n d fu l  o f  b r a in s te m  n e u ro n s  p r o j e c t  t o  th e  c e r v i c a l  c o rd .  By 
E4 t h e  MLF and a  l a t e r a l  t r a c t  a r e  e v id e n t ,  and  th e  b a s ic  E11 
p a t t e r n  o f  t h e  l a t e r a l i t y  o f  b u lb o s p in a l  n e u ro n s  i s  e s t a b 
l i s h e d .  A t t h i s  s ta g e  t h e  i d e n t i t y  o f  t h e  l a t e r a l  t r a c t  i s  
am b ig u o u s . By E6 t h e  LVST and i t s  p a r e n t  c e l l  g ro u p  c an  be 
u n a m b ig u o u s ly  i d e n t i f i e d ,  b u t  t h e  2 M L F -p ro je c tin g  v e s t i b u l a r  
g ro u p s  a r e  n o t  e v id e n t  u n t i l  E 8 -9 . A t E9 t h e  p a t t e r n  i s  
e s s e n t i a l l y  i d e n t i c a l  t o  t h a t  a t  E11.

A lth o u g h  r e t r o g r a d e  t r a c i n g  s tu d i e s  a r e  n o t  c o n c lu s iv e ,  t h e  
r e s u l t s  s u g g e s t  t h a t  t h e  p r o j e c t i o n  o f  b u lb o s p in a l  ax o n s i s  
d i r e c t e d  from  t h e  o u t s e t ,  w i th  t h e  c h o ic e  o f  s id e  and  t r a c t  
b e in g  made w i th  few  o r  no e r r o r s .  D i f f e r e n t  p r o j e c t i o n s  r e a c h  
t h e  c e r v i c a l  s p i n a l  c o rd  a t  d i f f e r e n t  t im e s .  Now t h a t  we know 
th e  l o c a t io n s  o f  t h e s e  c e l l  g ro u p s  and  t h e i r  a x o n s , we p la n  t o  
b e g in  o r th o g r a d e  t r a c i n g  s tu d i e s  t o  f u r t h e r  c h a r a c t e r i z e  th e  
p r o c e s s  o f  p a th w ay  c h o ic e  i n  t h i s  sy s te m .

304.9 EARLY POSTNATAL DEVELOPMENT OF MONKEY SUBTHALAMIC 
NUCLEUS. Jean E. F isher*, Pedro Pasik and Tauba Pasik. Depts. of 
Neurology & Anatomy, Mount Sinai Sch. Med., CUNY, New York, NY 10029.

The subthalam ic nuclei o f 11 rhesus monkeys, ranging in age from 
newborn to  17 weeks, were exam ined a t  the light (coronal sections) and/or 
elec tron  m icroscopic levels, using com puter-assisted  q uan tita tive  methods. 
The volume o f the s truc tu re  does not change significantly  over the period of 
study. The mean cross-sec tiona l area  of neuronal som ata, however, 
decreases by 33%, and most markedly during the firs t month. Th is is 
paralleled  by a sim ilar change in the mean area  o f ce ll nuclei although the 
perikaryon/nucleus ra tio  increases steadily  a f te r  the f irs t week. Th ere is an 
overall decline in to ta l c e ll num bers from newborn to 17 weeks. C luster 
analyses confirm  the qualita tive  observations o f regional d iffe rences in c e ll 
size a t  a ll ages exam ined. A parvocellu lar segm ent is located  in the m edial 
regions and close to  the borders o f the nucleus, possibly forming a cap  on the 
ro s tra l and caudal poles. A m agnocellular division occupies mostly the core 
and ven tra l a reas. F u rther analyses show a significantly  higher percen tage 
of sm all ce lls  in the m edial and dorsal halves. The re la tive  ex ten t of the two 
regions does not change during the period o f study. Th e possible influence o f 
the plane of section on these results is ruled ou t by sim ilar findings obtained 
from coronal, horizontal, and sag itta l series o f two additional adolescent 
monkeys. The neuronal density is consisten tly  g rea te r  in the parvocellular 
region.

U ltra stru c tu ra l fea tu res  include dendritic grow th cones in the neonatal 
monkey, and signs of axonal degeneration during the en tire  period. In 
addition to conventional axosom atic and axodendritic synapses, there are 
also synaptic junctions betw een vesicle- contain ing  profiles which a re  seen 
only a f te r  the firs t month. Using the Coupland stereologic procedure, the 
distributions of synaptic plaque d iam eters w ere reconstruc ted  from linear 
m easurem ents of synaptic profiles identified  in elec tron  m icrographs taken 
w ithout bias. These distributions w ere used to  ca lcu la te  mean synaptic 
plaque d iam eters and synaptic plaque densities. Finally, since the sam ples 
were obtained w ithout consideration  o f the possible subdivision of the 
s tru c tu re  into m agnocellular and parvocellu lar regions, the density values 
w ere adjusted  to  the volume o f the en tire  nucleus resulting in the absolute 
number o f synaptic plaques. This number is stab le  during the f irs t postnata l 
month, b u t i t  declines markedly in the second m onth, and to  a  lesser degree 
th e rea f te r , so th a t by 4 m onths the value is only 55% of th a t a t  b irth .

Findings indicate the occurrence o f substan tia l changes in the 
subthalam ic nucleus during the firs t 4 p o stnata l months which include a 
m arked synapse elim ination process. A dditionally, the consisten t and 
significant d iffe rences in the size and location  o f two neuronal populations 
found a t  a ll  ages may co rre la te  w ith the topology o f the extrinsic 
connections o f this s truc tu re .

Aided by NIH G rants #NS-18657, NS-11631 and EY-01867, and the 
A m erican Parkinson's Disease A ssociation.

304.10 SELECTIVITY IN RE-INNERVATION OF NEUROMUSCULAR COMPARTMENTS. O . 
I .  Weeks* and A. W. E ng lish  (Spon: J .  W. S c o t t ) ,  D ept o f A nat. 
and C e ll B io l . ,  Emory U n iv ., Sch. of M ed., A tla n ta ,  Ga. 30322.

This i s  th e  f i r s t  in  a s e r ie s  o f s tu d ie s  aimed a t  exam ining the  
s p e c i f i c i t y  o f r e - in n e rv a t io n  of a com partm entalized  m uscle. The 
r a t  l a t e r a l  gastrocnem ius (LG) m uscle, l i k e  th e  c a t ,  i s  com part
m e n ta lized  v ia  i t s  p rim ary  m uscle nerve  b ranches (PMNB). Each 
compartment i s  a rranged  in  a c o n s is ta n t  p a t te r n  w ith  re fe re n c e  to  
the  tendons o f o r ig in  and in s e r t io n  which d iv id e s  i t  in to  th re e  
heads. Each compartment c o n s is ts  of unique p o p u la tio n s  o f motor 
u n i t s  whose m otoneurons a re  arranged  in  a to p o g ra p h ic - lik e  manner 
in  th e  s p in a l  co rd .

The l a t e r a l  g a s tro c n em iu s-so leu s  (LG-S) nerve o f deep ly  an es
th e t iz e d  r a t s  (180-330gms) was crushed w ith  f in e  fo rcep s  a t  i t s  
b ranch ing  p o in t from th e  s c i a t i c  n e rv e . A sm all s i l a s t i c  r in g  
was then  p laced  around th e  crushed re g io n . A fte r  p e r io d s  o f 4 and 
14 days , th e  anim als were r e - a n e s th e t iz e d ,  a s p e c i f ie d  PMNB cu t a t  
i t s  e n try  p o in t in to  the  m uscle and soaked in  h o rs e ra d is h  p e ro x i
dase  (HRP) fo r  2 1 /2 -4  h r s .  As a c o n t ro l ,  th e  co rrespond ing  
b ranch on th e  c o n t r a la t e r a l  s id e  was s im i la r ly  cu t and soaked. 
A fte r  a 48 h r  s u rv iv a l  p e r io d , th e  p a re n t nerve o r a s e le c te d  PMNB 
was s tim u la te d  e l e c t r i c a l l y  to  d e p le te  th e  r e - in n e rv a te d  m uscle of 
s to re d  g lycogen . The e n t i r e  LG m uscle was e x c is e d , q u ic k ly  fro zen  
and h i s to l o g ic a l ly  p rocessed  and s ta in e d  fo r  g lycogen . The anim al 
was then  p e rfu sed  and s p in a l  segments L3-S1 removed and p rocessed  
fo r  th e  dem o n stra tio n  of HRP.

R e su lts  in d ic a te  no ev idence  of r e t ro g ra d e ly  la b e le d  HRP neu
rons  a t  4 days a f t e r  th e  n erve  c ru sh . There i s  no e l e c t r i c a l  o r 
m echan ical response  o f th e  nerve  to  nerve  s tim u la t io n  d i s t a l  to  
th e  c ru sh . F ou rteen  days a f t e r  th e  c ru sh , HRP la b e le d  motoneurons 
in n e rv a tin g  a  g iven  compartment c o n s t i tu te  60-75% of th e  number on 
th e  c o n tro l s id e .  The r a t i o  of la rg e  (α) to  sm all ( ) c e l l s  r e 
in n e rv a tin g  a compartment rem ains r e l a t i v e ly  th e  same. R o s tro - 
cauda l d i s t r i b u t io n s  o f m otoneurons in n e rv a tin g  d i f f e r e n t  PMNB’s 
a re  q u i te  s im i la r  to  c o n t r o ls ,  b u t th e re  a re  s u b tle  d if f e re n c e s .  
A nalyses o f i n t e r c e l l u l a r  sp ac in g s  in d ic a te  th a t  th e  motoneurons 
re - in n e rv a t in g  d i f f e r e n t  LG com partm ents a re  spaced fu r th e r  a p a r t  
than  th e i r  com parable c o n t ro ls .  This su g g es ts  th a t  th e  moto
neurons r e - in n e rv a t in g  a PMNB a re  n o t e n t i r e l y  from th e  same pop
u la t io n  which in n e rv a te d  th e  branch  b e fo re  c ru sh in g , and may r e 
f l e c t  a  type  o f segm en ta lly  s e le c t i v e  r e - in n e rv a t io n  s im i la r  to  
th a t  suggested  by W igston and Sanes (N atu re , 299:464-467, 1982). 
Supported by g ra n t NS20545.
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304.11 ACETYLCHOLINESTERASE MOLECULAR FORMS IN DEVELOPING RAT SKELETAL 
MUSCLE: EFFECTS OF DENERVATION. E.J . Gregory,*1 J.A. Donoso1,2 
and H.L. Fernandez.1,3 Neuroscience Research Laboratory, Veterans 
Administration Medical Center, Kansas City , MO 641281, and 
Department of Neurology2, and Physiology3, Univers ity of Kansas 
Medical Center, Kansas City , KS 66103 (U.S.A.)

The existence of multiple ace ty lcho l ines terase  (AChE) mole
cula r forms in mammalian neuromuscular synapses is well docu
mented. As an ear ly  step toward understanding the developmental 
regula tion of these molecules we studied how they are affected 
by muscle denervation in neonate Sprague-Dawley ra t s .  One of 
the  g r a c i l i s  muscles was denervated (experimental),  while the 
contral a t e r a l muscle was l e f t  in tac t  (con tro l ). At various 
times, t h e re a f t e r ,  AChE forms were analyzed by velocity  sed i
mentation on sucrose g radients .  In one day old ra t  muscles, 
there  was a dramatic decrease in the a c t iv i ty  of a ll AChE forms 
a f t e r  2-to-4 days of denervation.  Fol l owing longer periods 
(4 through 27 days), I6S AChE continued to  gradual l y decrease, 
whereas the 4S and IOS AChE forms showed e i th e r  no fu r ther  
change or  a very s l ig h t  increase. Similar re s u l t s  were obtained 
for 3 and 7 day old ra t  muscles. However, in 14 and 90 day old 
animals, while the  expected 4S and I6S decay was observed 
a f t e r  2 days of denervation, there  was a s ig n i f ic an t  (100% above 
control levels) increase in IOS AChE. Whether t h i s  increase of 
IOS AChE is tr iggered  by muscular a c t iv i ty  i t s e l f  ( e .g . ,  dener
vation induced f i b r i l l a t i o n s )  or by the lack of an inhib itory 
act ion normally exerted by nerve-evoked muscle a c t iv i ty  and/or 
puta tive  "t roph ic " substances re leased by nerve, is current ly  
under invest igation .  Whatever the case may be, our findings 
not only confirm th a t  the  metabolism of muscle AChE forms depends 
on an in tac t  motor innervation,but a lso show th a t  t h i s  dependence 
changes during postnatal development, i . e .  immature muscles ( less 
than 14 days old)  do not respond to  the experimental e limination 
of motor nerve influences in the  same manner as more mature 
muscles (older than 14 days). (Supported by the Medical 
Research Service of the  Veterans Administration and the KUMC-ALS 
Research Service)

304.12 AMPHETAMINE AND RECOVERY OF FUNCTION: USE OF AN ALPHA-2 ANTAGONIST 
PROVIDES FURTHER EVIDENCE THAT NOREPINEPHRINE MEDIATES THE 
AMPHETAMINE-INDUCED ACCELERATION OF RECOVERY OF MOTOR FUNCTION 
AFTER MOTOR CORTEX LESIONS. A. Tyson* , G . M il le r* , D. F eeney  and 
J . D a v is  (SPON: D. L o r t o n ) . VA M ed ic a l C e n te r  and D e p ts . o f  
M edicine, P sy c h ia try , and Pharmacology, Duke Univ. M edical C en ter, 
Durham, NC 27705.

Amphetam ine h a s  been  shown t o  a c c e l e r a t e  r e c o v e ry  o f  motor 
fu n c t io n  a f t e r  u n i l a t e r a l  somatomotor c o r te x  a b la t io n s  in  r a t s  and 
c a t s .  To e v a lu a te  th e  h y p o th e sis  t h a t  t h i s  e f f e c t  o f amphetamine 
i s  m e d ia te d  by n o r e p in e p h r in e ,  we exam ined  th e  e f f e c t  o f  th e  
s e le c t i v e  a lp h a 2 a n ta g o n is t  idazoxan on recove ry  o f  motor fu n c t io n  
in  th e  p resen ce  and absence o f amphetamine.

S e v e n ty - tw o  m ale  S p rag u e-D aw ley  r a t s  w ere t r a in e d  to  walk a 
narrow  beam w ith o u t  s l i p p i n g .  A f te r  r e a c h in g  c r i t e r i o n ,  r a t s  
underw ent r i g h t  somatomotor c o r te x  s u c tio n  a b la t io n  under nem butal 
a n e s th e s ia .  Tw enty-four hours l a t e r  an im als were g iven : 1) s a l in e  
a lo n e , 2) amphetamine (2mg/kg) a lo n e , 3) idazoxan (1 mg/kg) a lo n e , 
o r  4) amphetamine (2mg/kg) p lu s  idazoxan (1m g/kg). F ollow ing drug 
a d m in is tr a tio n  a l l  an im als were t e s te d  h o u rly  fo r  s ix  hours w ith  a 
sc o rin g  system  which r e f l e c te d  u t i l i z a t i o n  o f  th e  l e f t  h indlim b in  
t r a v e r s in g  th e  beam.

Amphetam ine a c c e l e r a t e d  th e  rec o v e ry  o f  beam w alking a b i l i t y  
s ig n i f i c a n t ly  compared to  s a l i n e .  R ecovery  was n o t  a f f e c t e d  by 
am phetam ine p lu s  idazoxan , nor by idazoxan a lo n e . Thus, idazoxan 
blocked th e  e f f e c t  o f  amphetamine on reco v e ry  o f  m otor fu n c t io n .

T hese  d a t a  (1 )  p ro v id e  f u r t h e r  ev idence th a t  NE m edia tes th e  
a c c e le r a t io n  o f  reco v e ry  o f  fu n c t io n  s e e n  w ith  am phetam ine , and 
(2) su g g es t t h a t  NE may be w orking through  an a lp h a -2  re c e p to r .

304.13 NOREPINEPHRINE INFUSIONS INTO CEREBELLUM FACILITATE RECOVERY FROM 
SENSORIMOTOR CORTEX INJURY IN THE RAT. M.G. Boyeson, K.A. 
K robert and J . M. Hughes. D ept. Rehab. M ed., Univ. W isconsin Med. 
S ch ., M adison, WI 53706.

Follow ing th e  i n i t i a l  f in d in g s  of am phetam ine-induced reco v e ry  
of fu n c t io n  a f t e r  u n i l a t e r a l  senso rim o to r c o r te x  (SMX) in ju ry  
(Feeney e t  a l .  S c ience  217, 1982), e f f o r t s  were d ir e c te d  to  d e t e r 
mine th e  r o l e  of ca tech o lam in es  in  reco v e ry  from SMX in ju ry .  I t  
was found th a t  i n t r a v e n t r i c u la r  in fu s io n s  of n o rep in ep h rin e  (NE), 
r a th e r  than  dopam ine, c lo s e ly  mimicked th e  am phetam ine-induced 
reco v e ry  o f fu n c t io n  on a beam w alking ta s k  (Boyeson and Feeney, 
N eu ro sc i. A b s tr . 10, 1984). In  th e  p re s e n t s tu d y , we have made an 
a ttem p t to  lo c a l i z e  th e  NE-induced reco v e ry  o f fu n c t io n . Animals 
were t r a in e d  to  run  on a narrow , e lev a te d  beam, then  e i th e r  
rec e iv e d  sham o r u n i l a t e r a l  6-OHDA le s io n s  of th e  r i g h t  Locus 
C eru leus (LC). No d e f i c i t s  were noted  on th e  beam w alking ta s k  fo r  
th e  fo llo w in g  2 weeks. At th a t  tim e , an im als rec e iv e d  a r ig h t  
u n i l a t e r a l  SMX in ju ry  and had a cannu la  im planted  in to  th e  c o n tra 
l a t e r a l  ce re b e llu m . At 24 h p o s ts u rg e ry , an im als were in fu sed  
w ith  NE or v e h ic le  th rough  th e  cannu la  one tim e and te s te d  on th e  
beam w alking ta s k  a t .5  h in t e r v a l s  th rough  1 .5  h , then  a t  3 , 6 , 
and 24 h p o s t in fu s io n ,  and su b seq u en tly  every  o th e r  day . Animals 
in fu sed  w ith  NE in  th e  absence  of th e  LC recove red  beam w alking 
a b i l i t y  (norm ally  observed in  9 days p o s t in ju ry )  w ith in  6 h, 
a lth o u g h  th e  e f f e c t  was d ru g -d ep en d e n t. In  th e  p resen ce  of th e  
LC, NE in fu s io n  in to  th e  ce rebellum  perm anently  a c c e le ra te d  
reco v e ry  of fu n c t io n  compared to  v e h ic le  c o n t ro ls  on th e  beam 
w alking ta s k .  The r e s u l t s  s u b s t a n t i a te  th e  e f f e c t  of a rem ote 
fu n c t io n a l  d e p re s s io n  ( in  th e  ce rebellum ) th a t  i s  in t im a te ly  
involved in  th e  reco v e ry  of fu n c t io n  from SMX in ju ry ,  and 
a d d i t io n a l ly  p ro v id e s  ev idence th a t  th e  r e s t i t u t i o n  of b e h a v io ra l 
fu n c t io n  i s  m odulated in  la rg e  p a r t  by th e  LC.
Supported by NIH G rant 1-R23NS23003-01 to  MGB.

304.14 SIMPLE DISTURBANCES IN THE NEONATAL PERIOD CAN ALTER CATALEPSY IN 
ADULTHOOD. H. S ch re ib e r I I I ,  G. G allegos* , M. O r tiz * , 
B. G onzalez*, N. J e a n n ito n * . P sy ch o b io l. L a b ., New Mexico High
lan d s  U n iv e rs ity , Las V egas, NM 87701

A g u id ing  p r in c ip le  in  developm ental psychobiology i s  th a t  
seem ingly minor ev e n ts  e a r ly  in  l i f e  can have profound consequen
ces  in  l a t e r  l i f e .  In  th e  two experim en ts p re se n te d  h e re ,  we 
in v e s t ig a te d  th e  consequences o f o rd in a ry  a s p e c ts  o f experim en ta
t io n  in  th e  n e o n a ta l p e rio d  on c a ta le p sy  induced by h a lo p e r id o l 
and c a ta to n ia  induced by m orphine, and on h a lo p e rid o l-in d u c e d  
c a ta le p sy  fo llo w in g  re p e a te d  h a lo p e r id o l in j e c t io n s .

In  Experim ent 1, tw en ty -fo u r l i t t e r s  o f hooded r a t s  (R a ttu s  
no rv eg icu s) were d i s t r i b u te d  to  4 tre a tm e n ts :  Unobserved C ontro l 
(Unobs C) l i t t e r s  and dams were l e f t  u n d is tu rb e d . Observed Con
t r o l  (Obs C) had 10 min tw ice d a i ly  o b s e rv a tio n s  of m a te rn a l be
h a v io r  fo r  7 Ds p ostpartum . E arly  Handled (E a rly  Han) l i t t e r s  
were removed from n e s t  and dam fo r  3 min/D, 21° C p lu s  tw ice 
d a i ly  o b s e rv a t io n s . The fo u r th  group (Mat Sep) had th e  m others 
removed fo r  1 h r  d a i ly  p lu s  tw ice  d a i ly  o b s e rv a t io n s . At 115 Ds, 
male l i t t e r m a te s  were ass ig n ed  to  r e c e iv e  s a l i n e ,  h a lo p e r id o l 
(2 mg/kg) o r  morphine s u l f a t e  (20 mg/kg) and forepaw -on-dow el 
te s t in g  a t  20 min in t e r v a l s  from 20 to  180 min a f t e r  in j e c t io n s ,  
averaged p er h o u r.

A Drug by Time in te r a c t io n  was o b ta in ed , F (4 , 120)=37.34, p< . 0 1 . 
H a lo p e rid o l t r e a te d  s u b je c ts  showed in c re a s in g  c a ta le p sy  over 
tim e and morphine t r e a te d  s u b je c ts  showed d e c re a s in g  c a ta le p sy  
over tim e , as ex p e c ted . A lso , an E arly  Treatm ent by Drug i n t e r 
a c t io n ,  F (6 , 60)=3 .2 5 , p <.01 was found. Among h a lo p e r id o l 
t r e a te d  S s, Unobs C showed s ig n i f i c a n t ly  more c a ta le p sy  than  
Obs C; a ls o  E a rly  Han showed s ig n i f i c a n t ly  more c a ta le p sy  than  
Obs C. Among morphine t r e a te d  r a t s ,  Obs C showed s ig n i f i c a n t ly  
more c a ta le p s y  than  Unobs C, s ig n i f i c a n t ly  more c a ta le p sy  than  
E a rly  Han and s ig n i f i c a n t ly  more c a ta le p sy  than  Mat Sep. Thus, 
c a ta le p sy  and c a ta to n ia  were d is t in g u is h a b ly  in flu e n c e d  by mani
p u la t io n s  im pinging on th e  pup and dam as w e ll a s  by mere o b se r
v a t io n .

In  Experim ent 2 , dams and l i t t e r s  were l e f t  u n d is tu rb e d  or 
were removed (w hile  untouched in  t h e i r  d is h - ty p e  homecage) to  an 
a d jo in in g  room fo r  30 m in/day fo r  10 days a f t e r  b i r t h .  In  a d u l t 
hood, r a t s  re c e iv e d  h a lo p e r id o l o r s a l in e  fo r  3 weeks and then  
were te s t e d  fo r  la te n c y  to  remove forepaw  from dowel fo llo w in g  
h a lo p e r id o l (1 .5  m g/kg). Simple d is tu rb a n c e  of cages d im in ished  
h a lo p e r id o l-in d u c e d  c a ta le p s y ,  and a h i s to r y  of h a lo p e r id o l t r e a t 
ment o b v ia ted  th i s  e a r ly  ex p e rien ce  e f f e c t .

We conclude th a t  o rd in a ry  a s p e c ts  o f ex p e rim en ta tio n  and 
anim al c a re  in  th e  n e o n a ta l p e r io d  can in f lu e n c e  a d u l t  c a ta le p s y .  
(Supported  by NIH-MBRS G rant #RR-08066-13).
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305.1 THE INFLUENCE OF NEIGHBORING BLASTOMERES ON THE LINEAGE OF 
THE V 1 .2  BLASTOMERE OF THE 16-CELL XENOPUS EMBRYO AS 
DETERMINED BY ABLATION EXPERIMENTS. B .C. G a llag h er and S.A 
Moody. D epartm ent o f Anatomy and C ell B io logy , U n iv e rs ity  o f 
V irg in ia ,  C h a r l o t t e s v i l l e ,  Va. 22908.

One o f  th e  g o a ls  o f  developm ental neurob io logy  i s  to  
id e n tif y  th e  f a c to r s  t h a t  le ad  to  c e l l  d i f f e r e n t i a t i o n .  
During c le a v a g e , th e  su b d iv is io n  o f  th e  cytoplasm  among 
dau g h te r c e l l s  may le ad  to  a lo c a liz e d  d is t r i b u t io n  o f 
d e te rm in an ts  which a re  th u s  in h e r i te d  by th e  progeny of 
a n c e s t ra l  c e l l s .  A nother f a c to r  may r e s u l t  from a c e l l ' s  
in t e r a c t io n s  w ith  i t s  n e ig h b o rin g  c e l l s .  One way o f ga in in g  
in s ig h t  in to  t h i s  q u e s tio n  i s  to  compare th e  progeny o f c e l l s  
which r e s u l t  when a neig h b o rin g  c e l l  has been a b la te d  w ith  
t h a t  o f  c e l l s  g en e ra ted  in  th e  unoperated  embryo, u s ing  c e l l  
l in e a g e  a n a ly s is  w ith  HRP.

B la s tom eres a t  th e  animal po le o f  th e  1 6 -c e l l embryo th a t  
g ive  r i s e  to  d i f f e r e n t  numbers o f Rohon-Beard neurons and 
prim ary m otoneurons were in je c te d  w ith  HRP, th e  v i t e l l i n e  
membrane o f  th e  embryo was removed, and a n e ighbo ring  
b lastom ere  was detached  m anually . The c e l l s ,  being  
approx im ate ly  600 -  800 um in  d ia m e te r, could  be pee led  away 
from th e  r e s t  o f  th e  embryo w ith o u t le av in g  any c e l l u l a r  
d e b r is  w ith in  th e  embryo and w ith o u t ap p a re n t damage to  th e  
rem aining c e l l s .  In n e a rly  a l l  c a s e s ,  th e  in je c te d  
b la stom ere  produced few er Rohon-Beard neurons a f t e r  a 
n e ighbo ring  c e l l  was a b la te d  than  i t  d id  in  th e  norm al, 
i n t a c t  embryo (36% -  55% o f  th e  normal num bers). In two 
c a s e s ,  th e  i n je c te d  b l a s t om eres produced th e  normal number o f 
Rohon-Beard n eu ro n s , b u t produced few er prim ary m otoneurons. 
In embryos in  which th e  d es ig n a ted  c e l l  was removed and then  
r e in s e r te d  (sham o p e ra t io n ) ,  th e  t o t a l  numbers o f  Rohon-Beard 
neurons and prim ary  motoneurons were th e  same as in  th e  
norm al, i n ta c t  em bryos. Supported by NIH g ra n t NS20604 to  
S.A.M. and N .I.H . p o s td o c to ra l fe llo w sh ip  IF32NS07868-01 to  
B.C.G.

305.2 FATE MAPPING OF BLASTOMERES INVOLVED IN XENOPUS NEURAL 
DEVELOPMENT: SLOW INTERMIXING OF CELLS. Richard W etts & 
Scott E. F raser. D evelopm ental Biology C en ter and Dept o f Physiology & 
Biophysics. U niversity of Calif, Irvine, CA 92717.

A fter a single cell is in jected  with a v ital dye, the resulting pattern  o f 
labelled cells is a fa te  map of the original cell. Regardless o f how 
modern the dye or how sophisticated  the analysis, a fa te  map alone cannot 
reveal the s ta te  of determ ination  or com m itm ent o f the in jected  cell. For 
exam ple, sea urchin cleavage is stereo typed , and because the re  is no 
interm ixing, individual blastom eres always give rise to  the sam e spectrum  
of ce ll types. This impression o f clonal restric tion  is false because single 
blastom eres, when isolated, can develop into whole em bryos. Similarly, 
apparent clonal restric tions in the CNS of Xenopus laevis could be due to 
a lack of ce ll mixing. To determ ine if  there is lim ited  ce ll mixing in 
Xenopus, we filled single blastom eres with a v ital dye and examined the 
fa te  map a t  various stages of developm ent.

Lysinated fluorescein dextran  was pressure in jected  into single 
blastom eres a t the dorsal/anim al pole o f the 16-cell stage embryo. These 
cells give rise to  a large number of d iffe ren t tissues of all th ree  germ 
layers, including the  bulk of the CNS. At various stages a f te r  injection, 
the em bryos w ere fixed with 4% paraform aldehyde, em bedded in glycol 
m ethacry la te  and serially  sectioned a t  6 microns.

Prior to  gastru lation  (St 9), the labelled cells form a single coherent 
group, but th e  boundary is not absolute: single labelled cells can be seen 
among unlabelled cells, and vice versa. At the end o f gastru lation  (St 16), 
individual cells have spread fu rthe r into the unlabelled area , though the 
m ajority of cells a re  s till clustered  within a single a rea . This area  is 
elongated along the  ro s tra l-caudal axis and many tim es shows a co
distribution of labelled cells in all th ree  germ layers. A fter neurulation 
(St 23), a li t t le  more cell mixing has occurred. In the CNS, the coherence 
is s till qu ite striking. Com pletely labelled areas are  separa ted  from 
unlabelled areas by a narrow zone of interm ixed cells. By St 39, labelled 
cells a re  located  throughout the free-sw im m ing larva, including all regions 
of the CNS. Boundaries betw een labelled and unlabelled regions can no 
longer be seen, suggesting th a t the  slow, progressive mixing seen a t  ea rlie r 
stages has finally become com plete.

Thus, ce ll mixing in Xenopus is slow, beginning a t gastru lation , 
continuing throughout em bryogenesis, and becoming noticeable only a f te r  
hatching stages. In con trast, the interm ixing which occurs in mice and 
zebrafish is rapid and d ram atic . Because o f the slow interm ixing in 
Xenopus, labelled cells a re  likely to  rem ain within any arb itrarily  drawn 
boundary, especially  if blastom eres are  in jected  la te  or if  the  larvae are 
examined early  since this allows less tim e for cell mixing. Thus 
conclusions about clonal res tric tions  in the developing CNS of Xenopus 
must aw ait experim ents in which the  fa te  map is challenged by ablations 
or transp lan tations.

Supported by the NSF, the McKnight Found. and the Monsanto Corp.

305.3 RELATIONSHIP BETWEEN DIFFERENTIATION AND TERMINAL MITO
S IS  OF NEURONAL PRECURSOR CELLS IN  THE CHICK PERIPHERAL 
NERVOUS SYSTEM. H . R o h r e r *  a n d  H . T h o e n e n . (SPON: Y .-A . 
B a rd e )  D e p t . o f  N e u r o c h e m i s t r y ,  M a x - P l a n c k - I n s t i t u t e  
f o r  P s y c h i a t r y ,  D -8 0 3 3  M a r t i n s r i e d ,  F .R .G .

A p o p u l a t i o n  o f  u n d i f f e r e n t i a t e d  c e l l s  h a s  b e e n  
d e t e c t e d  e a r l y  d u r i n g  d e v e lo p m e n t  i n  d o r s a l  r o o t  
g a n g l i a  ( d r g ) , n o d o s e  g a n g l i a  (n o d ) a n d  c i l i a r y  g a n g l i a  
( c i l ) . T h i s  p o p u l a t i o n  i s  c h a r a c t e r i z e d  b y  t h e  a b s e n c e  
o f  s u r f a c e  m a r k e r s  s p e c i f i c  f o r  n e u r o n s  ( t e t a n u s  t o x i n  
r e c e p t o r ,  Q 211 a n t i g e n )  a n d  f o r  g l i a l  c e l l s  (04  a n t i 
g e n ) . T h e  u n d i f f e r e n t i a t e d  c e l l  p o p u l a t i o n s  w e re  i s o l a 
t e d  f ro m  t h e s e  g a n g l i a  a n d  w e re  show n t o  c o n t a i n  n e u r o 
n a l  p r e c u r s o r  c e l l s  w h ic h  w e re  a b l e  t o  d i f f e r e n t i a t e  
i n  v i t r o  t o  n e u r o n s ,  a s  c h a r a c t e r i z e d  b y  m o rp h o lo g y  a n d  
s u r f a c e  a n t i g e n s .  U n d i f f e r e n t i a t e d  c e l l s  w e re  d e t e c t e d  
o n l y  d u r i n g  t h e  p e r i o d  o f  n e u r o n a l  b i r t h  i n  t h e s e  
g a n g l i a ,  i n d i c a t i n g  t h a t  d i v i d i n g  n e u r o n a l  p r e c u r s o r  
c e l l s  d o  n o t  e x p r e s s  n e u r o n - s p e c i f i c  s u r f a c e  m a r k e r s .  
T h i s  w as  d i r e c t l y  show n b y  3H - th y m i d in e  l a b e l i n g  
s t u d i e s .  I n  a d d i t i o n  i t  w a s  d e m o n s t r a t e d  t h a t  t h e  
n e u r o n - s p e c i f i c  s u r f a c e  a n t i g e n s  s t a r t  t o  b e  e x p r e s s e d  
a b o u t  12 h r s  a f t e r  t h e  t e r m i n a l  S - p h a s e  o f  s e n s o r y  
n e u r o n  p r e c u r s o r s  i n  d r g .

I n  s y m p a t h e t i c  g a n g l i a ,  h o w e v e r ,  n o  u n d i f f e r e n t i a t e d  
n e u r o n a l  p r e c u r s o r  c e l l s  w e re  d e t e c t a b l e  a t  d e v e lo p m e n 
t a l  s t a g e s  w hen  s y m p a t h e t i c  n e u r o n s  a r e  b e i n g  b o r n  
( E 7 ) . 3H - th y m i d in e  i n j e c t e d  a t  t h a t  s t a g e  w as i n c o r 

p o r a t e d  i n t o  d i f f e r e n t i a t e d  n e u r o n s  i d e n t i f i e d  b y  
t e t a n u s  t o x i n  a n d  t h e  m o n o c lo n a l  a n t i b o d y  Q 2 1 1 . Q u a n t i 
t a t i v e  f l u o r o m e t r i c  d e t e r m i n a t i o n  o f  D N A -c o n te n t  o f  
d i s s o c i a t e d  s y m p a t h e t i c  g a n g l i o n  c e l l s  a l s o  d e m o n s t r a 
t e d  t h e  p r e s e n c e  o f  a  p o p u l a t i o n  o f  Q 2 1 1 - p o s i t i v e  
s y m p a t h e t i c  n e u r o n s  w h ic h  i s  i n  t h e  G2 p h a s e  o f  t h e  
c e l l  c y c l e .  T h e s e  r e s u l t s  e x t e n d  p r e v i o u s  f i n d i n g s  t h a t  
s y m p a t h e t i c  n e u r o n  p r e c u r s o r s  c o n t i n u e  t o  d i v i d e  a f t e r  
a c q u i s i t i o n  o f  som e a d r e n e r g i c  c h a r a c t e r i s t i c s  
(R o th m an  e t  a l . (1 9 7 8 )  D e v . B i o l .  65 , 3 2 2 - 3 4 1 ) .

I t  i s  c o n c lu d e d  t h a t  t h e  r e l a t i o n s h i p  b e tw e e n  t e r m i 
n a l  m i t o s i s  a n d  o n s e t  o f  d i f f e r e n t i a t i o n  v a r i e s  a c c o r d 
i n g  t o  t h e  t y p e  o f  g a n g l i o n  i n  t h e  c h i c k  p e r i p h e r a l  
n e r v o u s  s y s t e m :  W h e re a s  s y m p a t h e t i c  n e u r o n s  c o n t i n u e  
t o  d i v i d e  a f t e r  t h e  a c q u i s i t i o n  o f  n e u r o n a l  p r o p e r t i e s  
o t h e r  a u to n o m ic  a n d  s e n s o r y  n e u r o n s  s t a r t  t o  d i f f e r e n 
t i a t e  a f t e r  a  t e r m i n a l  m i t o s i s .

305.4 DETERMINING NEURONAL BIRTHDATES IN THE FACIAL MOTOR NUCLEUS USING 
A MONOCLONAL ANTIBODY TO 5-BROMODEOXYURIDINE. A .J . A lle s *and R.M. 
Dom* (SPON: R.A. S chm ied t). Departm ent o f  Anatomy and C e ll 
B io logy , M edical U n iv e rs ity  o f  South C a ro lin a , 171 Ashley Avenue, 
C h a rle s to n , South C a ro lin a  29425.

P regnan t Long-Evans r a t s  were in je c te d  w ith  5-brom odeoxyuridine 
(BrdU) a t  day 12 (E12) o r day 13 (E13) o f  g e s ta t io n  (day 1 being  
th e  day o f  sperm p o s i t i v i t y ) .  At E20 th e  r a t s  were s a c r i f i c e d  and 
th e  f e tu s e s  removed f o r  p ro c e s s in g . The f e tu s e s  were d e c a p ita te d  
and th e  heads were f ix e d  in  C arnoy’s s o lu t io n .  A fte r  p a r a f f in  
embedding 5 m icrom eter s e c t io n s  were c u t and incu b a ted  w ith  an 
a p p ro p r ia te  d i lu t io n  o f  mouse m onoclonal an ti-B rdU . P rim ary a n t i 
body b ind ing  s i t e s  were i d e n t i f i e d  u s in g  th e  a v id in -b io t in  immuno- 
p e ro x id ase  method. D iam inobenzidine was used as  th e  chromogen 
s u b s t r a te  f o r  p e ro x id a se . With th i s  te ch n iq u e  a dark  brown c o lo r  
i s  im parted  to  c e l l  n u c le i  th a t  in c o rp o ra te  BrdU and la b e l le d  
n u c le i  can be c l e a r ly  d is tin g u is h e d  from u n la b e lle d  n u c le i .  In  
f e tu s e s  exposed to  BrdU a t  E13 some la b e l l in g  was seen in  th e  
f a c i a l  m otor n u c leu s . T his c o r r e l a te s  w ith  au to ra d io g ra p h ic  
s tu d ie s  (Altm an, J .  and S.A . Bayer, J .  Comp. N e u ro l., 194:37-56, 
1980) which re p o r te d  th a t  th e  m a jo r ity  o f  f a c i a l  m otor nucleus 
neurons a re  born on E13. Because 80% o f  BrdU i s  c le a re d  from th e  
blood o f  an a d u l t  r a t  w ith in  one h ou r, t h i s  te chn ique  can be used 
to  p in p o in t p r e c i s e ly  th e  tim es o f  b i r t h  o f  d iv id in g  neu rons . In  
a d d i t io n ,  t h i s  te ch n iq u e  i s  l e s s  tim e consuming and le s s  te d io u s  
th a n  a u to rad io g rap h y .
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305.5 EXPRESSION OF HOMEO BOX-CONTAINING GENES IN THE LEECH 
HIRUDO MEDICINALIS . M. Baumgarten* and E.R. Macagno. (SPON: E. 
Holtzman). Dept. o f  Biological Sciences, Columbia University, New York, 
N.Y. 10027.

W e are interested in finding the mechanisms that underlie segmental 
differentiation in the central nervous system o f the leech, Hirudo medicinalis. 
Although a great deal is known about leech development at the cellular level, 
the molecular level has received little attention due in large measure to our 
lack of knowledge of the genetics o f this group o f animals. The homeo box 
is a marker for genes which have important developmental functions in the 
fruitfly, Drosophila melanogaster, in particular genes that affect segmentation 
and segmental differentiation. A number o f recent studies have demonstrated 
the expression o f several homeo box-containing genes in neuronal tissue of 
the developing fruitfly. Several studies have also shown that many other 
animals, including the leech Erpobdella octoculata, contain homeo box-like 
sequences in their genomes (e.g., McGinnis, W. et al., C.S.H. Symp. Quant. 
Biol. L:263-270, 1985). Since insects have evolved from the annelids, we 
might expect that leech genes carrying the homeo box may also play impor
tant developmental roles. W e are, therefore, determining (a) whether the 
Hirudo genome contains homeo box sequences, (b) whether genes so marked 
in the leech are part o f a family, and (c) whether such genes are also involved 
in leech development, specifically in segmentation and segmental 
differentiation in the leech nervous system.

By probing Southern blots of total genomic DNA from Hirudo with 
radiolabelled homeo box sequences from Drosophila genes, we have detected 
a number o f regions in leech DNA which contain homology to the homeo 
box, suggesting the existence of a homeo box-containing gene family in the 
leech. W e have constructed a phage library of Hirudo genomic DNA and 
screened it with the same probes used for Southern analysis. One clone con
taining a 20kb insert has been isolated and subcloned. A 180bp region within 
a 500 bp fragment has been sequenced and its putative translation product is 
85% homologous to that o f the fly Scr homeo box. Using this 500bp clone, 
we have constructed a single stranded probe complementary to the hypotheti
cal mRNA which would give rise to such a translation product. Northern 
analysis indicates that such a transcript, about 2.5kb long, is expressed in the 
adult leech.

Developmentally staged and tissue-specific Northern blots are in progress, 
and in situ hybridization experiments are planned in order to determine the 
spatial expression o f this gene.

305.6 AN ANTIGENIC MARKER FOR NEUROEPITHELIAL PRECURSOR CELLS IN THE 
CNS OF THE RAT. K .F re d e rik sen * , R.McKay, D epartm ents of B iology 
and B rain  S c ie n ces , E25-435, W hitaker C o llege , MIT, Cambridge, 
MA 02139.

We have shown th a t  the  r e l a t i v e  number of c e l l s  in  the  
embryonic CNS o f the  r a t  th a t  exp ress  an a n tig e n  recogn ized  by 
m onoclonal an tibody  Rat-401 (H ockfield  and McKay, 1985 
J .N e u ro s c i .5 3 3 1 0 )  in c re a s e s  from 0 % a t embryonic day 9 (E9) 
to  more than  98 % a t  l a te  E l l .  The an tig e n  is  not expressed  in 
the  CNS o f the  a d u lt  r a t .  The d ec rease  in  the percen tage  of 
c e i l s  e x p re ss in g  the  an tig e n  c o r r e l a te s  w ith  the  tim e when 
neurons a re  known to  be born in  the  s p in a l cord and cerebrum . By 
using  a com bination  o f F luorescence  A ctiv a ted  C e ll S o rtin g  
( FACS),  3H -thym idine la b e lin g  and im munohistochemical s ta in in g  
tech n iq u es  we showed th a t  the Rat-401 pos. c e l l s  a re  a m ajor 
c la s s  o f p r o l i f e r a t i n g  c e l l s  a t  developm ental s ta g e s  when 
neurons become p o s tm i to t i c .  We have used two independant methods 
to  measure the t o t a l  number o f c e l l s  in  the CNS on d i f f e r e n t  
days o f embryonic developm ent. Knowing the t o t a l  number o f c e l l s  
in  the  CNS allow s us to  c a lc u la te  1 . the  number o f Rat 401 pos. 
c e l l s  and 2 . th e  number of neurons born on each day of 
developm ent in  the s p in a l c o rd . This d a ta  shows th a t  th e re  are  
s u f f ic i e n t  Rat 401 pos. c e l l s  p re se n t to  account fo r the  number 
of neurons born  each day of embryonic development in  the sp in a l 
c o rd . These r e s u l t s  suggest th a t  the  Rat 401 a n tig e n  is  
exp ressed  in  a p r o l i f e r a t i n g  neuronal p re cu rso r c e l l .

P o s tn a ta l ly ,  a t  the tim e o f the  peak o f g lio g e n e s is  very 
few c e l l s  rem ain Rat-401 p o s i t i v e ,  su g g es tin g  th a t  g l i a l  c e l l s  
a re  not im m ediately d erived  from a Rat 401 p o s i t iv e  p re c u rso r  in  
v iv o . In  c o n t r a s t  i t  is  common to  f in d  c e l l s  double la b e lle d  
w ith  Rat 401 and the a s t r o c y t ic  m arker GFAP in  c u l tu re s  o f f e t a l  
b ra in  c e l l s .

This d a ta  su g g es ts  th a t  the  Rat-401 an tibody  recogn izes  
bo th  g l i a l  and neu ronal p rec u rso r  c e l l s  a t  E ll and e a r ly  E12 (as  
98% o f the c e l l s  a re  s ta in e d ) .  During neu ro g en esis  neurons are 
born from Rat-401 p o s i t iv e  c e l l s ,  whereas the main p ro p o rtio n  o f 
g l i a l  c e l l s  a re  deriv ed  from p re c u rso r  c e l l s  which have become 
Rat 401 n e g a tiv e .

Using Rat 401 as a m arker we have shown th a t  very  few c e l l s  
which a re  a c t iv e ly  p r o l i f e r a t i n g  in  v ivo  con tin u e  to  do so when 
the c e l l s  a re  d is s o c ia te d  and p la te d  under s tan d a rd  c o n d i t io n s . 
To overcome th i s  problem we a re  now using  r e t ro v iru s e s  c a rry in g  
im m o rta lis in g  oncogenes to  e s ta b l i s h  c e l l  l in e s  from the e a r ly  
v e r te b r a te  nervous system . Some o f th e se  c e l l  l in e s  have 
p ro p e r t ie s  which suggest they w i l l  p rov ide sim ple models fo r a  
m olecu lar a n a ly s is  o f e a r ly  ev e n ts  in  the developm ent o f the 
v e r te b r a te  CNS.

305.7 BLOCKING NEURONAL MIGRATION IN MOUSE RETINAE WITH A 
CELL SURFACE ANTIBODY. V.H. P e r ry , R.D. Lund and C .F. 
L agenaur, U niv. o f O xford , U nited  Kingdom, U niv. o f P i t t s b u rg h ,  
School o f Med. and C en ter f o r  N eu ro sc ien ce , P i t t s b u rg h ,  PA 
15261

A m onoclonal an tib o d y  to  a n eu ro n a l c e l l  su r fa c e  
g ly c o p ro te in  b lo c k s  n e u r i te  outgrow th  in  v i t r o  (Lagenaur e t  
a l . ,  Soc. N eu ro sc i. A b s tr . ,  1 0 :7 5 9 , 1984). We have examined th e  
e f f e c t  o f th e  an tib o d y  on th e  d eve lop ing  r e t i n a  by in j e c t in g  3μg 
o f th e  an tib o d y  o r 2μg Fab fragm ent in to  one eye o f n e o n a ta l m ice. 
Animals were f ix e d  by p e r fu s io n  w ith  paraform aldehyde a f t e r  3 days 
to  6 weeks s u rv iv a l .  C ry o s ta t s e c t io n s  o r  f l a t  mounts o f th e  
r e t in a e  w ere p rep a re d  fo r  s ta in in g  w ith  c r e s y l  v io l e t  o r  w ith  a 
secondary  a n tib o d y  to  d em onstra te  th e  p resen ce  o f in je c te d  M6 
a n tib o d y . The in je c te d  an tib o d y  p e n e tra te d  th e  r e t i n a l  la y e r s  and 
was d e te c ta b le  in  th e  r e t i n a  fo r  one week a f t e r  in j e c t io n .

N iss l  s ta in e d  m a te r ia l  showed many sm all c e l l  b o d ie s  
a r r e s te d  in  th e  in n e r  p le x ifo rm  la y e r ,  which were 
i d e n t i f i a b l e  a t  a l l  s u rv iv a l  tim es exam ined. Counts made a t  
6 weeks p o s tn a ta l  showed, on av e ra g e , a 5 - fo ld  in c re a s e  in  
th e  number o f c e l l s  in  th e  in n e r  p le x ifo rm  la y e r  as  compared 
w ith  s a l i n e  in je c te d  c o n t r o ls .  C e l l  numbers and s iz e s  in  th e  
g an g lio n  c e l l  la y e r  were norm al, in d ic a t in g  th a t  th e  an tibody  
i s  n o t c y to to x ic .  F u rtherm ore , s in c e  i t  i s  though t th a t  th e  
a r r e s te d  c e l l s  a re  d is p la c e d  am acrine c e l l s  d e s tin e d  fo r  th e  
g an g lio n  c e l l  l a y e r ,  i t  su g g e s ts  t h a t  th e se  c e l l s  a re  n o t 
s u s c e p tib le  to  th e  u s u a l c e l l  d ea th  o cc u rin g  in  th e  gan g lio n  
c e l l  la y e r  a t  e a r ly  p o s tn a ta l  tim es .

Supported by g ra n ts  EY05308 from NIH and 503/84 from NATO.

305.8 MONOCLONAL ANTIBODY CROSSREACTING WITH TRANSIENTLY EXPRESSED 
NEURAL NUCLEAR, AXONAL AND GROWTH CONE ANTIGEN. E. Pawlak- 
Byczkowska*. , (SPON: L. A m in i-S ereshk i) D ept. Anatomy, M edical 
C o llege  o f PA, P h ila d e lp h ia , PA 19129.

N uclear p ro te in s  a re  th ough t to  be r e g u la to r s  o f  mammalian 
c e l l  d i f f e r e n t i a t i o n  in  s e v e ra l  organ  system s, in c lu d in g  CNS. 
To su p p o rt t h i s  h y p o th e s is  m onoclonal a n t ib o d ie s  were r a i s e d  to  
th e  em bryonic day 17 (E 17) n eu ro n a l c e l l  n u c le i  (E . Pawlak- 
Byczkowska & P. L e v i t t ,  Soc. f o r  N eu ro sc ien c e , 8 5 ). The 
t r a n s i e n t  appearance o f s e v e ra l  o f th e se  a n t ib o d ie s  was 
c h ro n ic le d  p re v io u s ly  and i t  was found th a t  some o f them were 
im m unoreactive w ith  r a d i a l  g l i a l  f ib e r s  and m i to t i c  n u c le i .  To 
o b ta in  n u c le a r  m arkers f o r  e a r l i e r  e v e n ts  in  neu ro n a l 
d i f f e r e n t i a t i o n  new a n tib o d ie s  to  em bryonic day 14 neu ro n a l 
n u c le i  were developed . T his r e p o r t  i s  on th e  m onoclonal 
an tib o d y  c r o s s r e a c t iv i t y  w ith  a n t ig e n (s )  p re s e n t in  axons, 
t h e i r  grow th cones and m i to t i c a l ly  a c t iv e  n u c le i  as  re v e a le d  by 
lig h t-m ic ro s c o p ic  s tu d ie s  on fro z e n  s e c t io n s  and f ix e d  c e l l  
c u l tu r e s .  A d i s c r e t e ,  speck led  s ta in in g  p a t te r n  was observed in  
th e  nucleoplasm  o f th e  n e u ra l tu b e  in  E8 and E l l  r a t  embryos; 
th e  c e l l  n u c le o l i  and n u c le a r  envelope rem ained u n s ta in e d . 
L a te r  in  developm ent, no a n t ib o d y -p o s i t iv e  n u c le i  were n o ted . 
A ntibody s ta in in g  o f  axons was p re s e n t th roughou t th e  co u rse  o f 
nervous system  developm ent. E xp ress ion  and c e l lu l a r  
d i s t r i b u t io n  o f  a n t ig e n ic  d e te rm in an ts  was a ls o  m onitored  on 
p rim ary  m onolayer c u l tu r e s  o f  d is s o c ia te d  n e u ra l c e l l s  from E14 
embryos u s in g  double im m unofluorescence and Evans b lu e  c o u n te r 
s t a i n  te ch n iq u e ; anti-GFAP and an ti-N F  a n tib o d ie s  were used  to  
e v a lu a te  c e l l  ty p e s  and n e u ro fila m e n ts . N uclear s ta in in g  was 
observed  on neurons on ly  th ro u g h o u t th e  f i r s t  week of 
c u l t iv a t io n ;  s ta in in g  on grow th cones and d i s t a l  p a r t s  o f axons 
rem ained prom inent and c o n s ta n t du rin g  th e  17 days o f c u l tu r e .  
On immunoblots o f  SDS-PAGE th e  a n tib o d y  reco g n ize s  bands n o t 
co -m ig ra tin g  w ith  th e  m ajor N F -sp e c ie s . F u rth e r  s tu d ie s  a re  
underway to  e x p lo re  th e  p o s s i b i l i t y  th a t  (1 ) p r o l i f e r a t i v e  
n eu ro n a l p re c u rs o rs  a re  com mitted to  t h e i r  s p e c i f ic  lin e a g e  
p r io r  to  f i n a l  m i to s is  o r ( 2 )p ro te in s  reco g n ized  by th e  
re p o r te d  a n tib o d y  may a r i s e  from th e  same gene by d i f f e r e n t i a l  
p ro c e ss in g  as  was re c e n t ly  su g g ested  fo r  o th e r  n u c le a r  and NF 
p r o te in s .

Supported  by BRSG funds from th e  Med. C o l l . o f PA. I  am 
g r a t e f u l  to  P. L e v i t t  f o r  h is  s u p p o rt.
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305.9 IDENTIFICATION OF A NEURON-SPECIFIC BETA-TUBULIN. A. 
F ra n k fu r te r* , L . I .  BINDER* and L.R. Rebhun* (Spon: J .B . T u t t l e ) ,  
D ep t. o f  B io logy , Univ. o f V irg in ia , C h a r lo t t e s v i l l e ,  VA 22901 
and D ept. o f  C e ll  B iology and Anatomy, Univ. o f Alabama a t  
Birmingham, Birmingham, AL 35233.

M icro tubu les a re  f ilam e n to u s  p ro te in  polym ers found in  
alm ost a l l  e u c a ry o tic  c e l l s .  These l i n e a r  o rg a n e l le s  have been 
im p lic a te d  in  a v a r ie ty  o f  c e l l u l a r  a c t i v i t i e s ,  such as 
chromosome movement, c e l l  m ig ra tio n , m aintenance and 
m o d if ic a tio n  o f  c e l l  shape , i n t r a c e l l u l a r  t r a n s lo c a t io n  o f 
m acrom olecules and o rg a n e l le s ,  and th e  l a t e r a l  movement o f 
p ro te in s  in  th e  plasm a membrane. The b a s ic  c o n s t i tu te n t  o f 
m icro tu b u les  i s  tu b u l in ,  a d im eric  p ro te in  (Mr 110,000) composed 
o f  two s im i la r  b u t n o n - id e n tic a l  g lo b u la r  s u b u n its  d e s ig n a ted  
a lp h a -  and b e ta - tu b u l in .  H ig h -re so lu tio n  i s o e l e c t r i c  fo cusing  
methods have rev ea led  th a t  bo th  th e  a lp h a -  and b e ta - tu b u l in  
su b u n its  can be re so lv e d  in to  m u ltip le  e l e c tro p h o re t ic  s p e c ie s . 
The most e x te n s iv e  su b u n it h e te ro g e n e ity  has been documented in  
a d u l t  mammalian b ra in .  D uring n e u ra l developm ent, t h i s  complex 
tu b u l in  poo l undergoes s ig n i f i c a n t  m odula tion . The ap p a ren t 
f u n c t io n a l  and b iochem ical h e te ro g e n e ity  o f  m icro tu b u les  has 
r a i s e d  th e  q u es tio n  o f w hether c e l l s  c o n s tru c t b iochem ically  
d i f f e r e n t  m icro tu b u les  to  perform  s p e c i f ic  fu n c t io n s . To 
e s ta b l i s h  h ig h ly  s p e c i f ic  p robes w ith  which to  ad d re ss  t h i s  
q u e s tio n , we a re  deve lop ing  a l i b r a r y  o f a n t i - tu b u l in  m onoclonal 
a n t ib o d ie s ,  u s ing  m icro tu b u le  p ro te in  i s o la te d  from deve lop ing  
r a t  b ra in  a s  th e  so u rce  f o r  th e  a n t ig e n . R ecen tly , we 
id e n t i f i e d  a b e ta - tu b u l in  s p e c i f i c  an tibody  (T u J i)  which 
reco g n ize s  an a n t ig e n ic  d e te rm in an t unique to  n eu ronal tu b u l in .  
B iochem ical and immunocytochemical an a ly se s  in d ic a te  t h a t  th e  
b e ta - tu b u l in  v a r ia n t  recogn ized  by T uJi i s  n o t a component 
e i t h e r  o f  g l i a l  tu b u l in  o r  tu b u l in s  p re s e n t in  a wide v a r ie ty  o f 
n o n -n eu ra l t i s s u e s .  An e x te n s iv e  c h a ra c te r iz a t io n  o f  t h i s  
a n t i - b e t a - tu b u l in  monocloned an tibody  i s  c u r r e n t ly  in  p ro g re s s .

305.10 PRODUCTION OF MONOCLONAL ANTIBODIES TO CYTOSKELETAL PROTEINS FROM 
THE NERVOUS SYSTEM OF ADULT XENOPUS LAEVIS FROGS. B. G. S zaro , 
S. House*, and H. G ain e r. L abo ra to ry  o f  N eurochem istry and 
Neuroimmunology, N a tio n a l I n s t i t u t e  o f  C hild  H ealth  and Human 
D evelopment, N a tio n a l I n s t i t u t e s  o f H ea lth , B ethesda, MD 20892.

Xenopus embryos p ro v id e  a unique system  fo r  s tu d y in g  e a r ly  
m o lecu lar even ts  in  th e  d i f f e r e n t i a t i o n  o f axons and d e n d r i te s  in  
v iv o , because o f t h e i r  ra p id  i n i t i a l  development and s u i t a b i l i t y  
f o r  c e l l  m arking and p e r tu rb a t io n .  The d i s t i n c t i v e  shapes o f 
a d u l t  neurons su g g es t un ique re g u la tio n  o f c y to s k e le ta l  a s s o c ia te d  
p ro te in s  du rin g  developm ent, and th e r e fo r e ,  we have begun to  s tudy  
th e  ex p re ss io n  o f  s p e c i f i c  c y to s k e le ta l  p ro te in s  to  s t r u c t u r a l  
d i f f e r e n t i a t i o n  in  th e  deve lop ing  c e n tr a l  nervous system  (CNS). 
Monoclonal a n t ib o d ie s  (MABs) to  SDS/urea homogenates o f t r i t o n  
in s o lu b le  c y to s k e le ta l  p r e p a ra tio n s  from a d u l t  f ro g  CNS were made. 
Hybridoma s u p e rn a ta n ts  were screened  f i r s t  by a m odified  d o t b lo t  
a ssay  a g a in s t  CNS c y to s k e le ta l  hom ogenates, then  by w estern  b lo t s  
and immunocytochemistry o f  CNS and o th e r  t i s s u e s .  Most a n t ib o d ie s  
gave complex s ta in in g  on w este rn  b lo t s ,  and r e l a t i v e ly  l i t t l e  
t i s s u e  o r c e l l - t y p e  s p e c i f i c i t y  in  immunocytochemical s ta in in g .  
However, 13 MABs produced r e l a t i v e ly  sim ple and d i s t i n c t i v e  
p a t te r n s .  The g e l and immunocytochemical d a ta  o b ta ined  w ith  th e se  
MABs were compared to  r e s u l t s  o b ta in ed  w ith  o th e r  a n t ib o d ie s  
a g a in s t known mammalian in te rm e d ia te  f ila m e n t and c y to s k e le ta l  
p ro te in s  which c ro s s - re a c te d  in  Xenopus. These in c luded  
a n t ib o d ie s  to  v a r io u s  forms o f  200 kD n e u ro filam e n ts  (L. 
S te rn b e rg e r ) , a g en e ra l in te rm e d ia te  f ila m e n t an tibody  (R. P ru s s ) , 
v im en tin  (R. Goldman), c y to k e ra tin s  (R. Goldman and I .  H u i t f e ld t ) ,  
MAP-1, and MAP-2 (R. K lau sn e r) . Of th e  13 Xenopus-d e riv ed  MABs, 
two re a c t  w ith  low m o lecu lar w eight n e u ro n -s p e c if ic  in te rm e d ia te  
f ila m e n ts  p ro te in s ,  one o f  which i s  r e l a t i v e ly  s p e c i f ic  f o r  nerve 
t r a c t s  in  th e  b ra in ; th re e  r e a c t  w ith  a n t ig e n s  s p e c i f ic  to  neurons 
and axons, s im i la r  in  m o lecu lar w eight to  200 kD n e u ro fila m e n ts ; 
one i s  a n t iv im e n tin - l ik e ,  and s ta in s  some neurons and axons in  the  
a d u l t ;  two a re  a n t ik e r a t i n - l i k e ,  bu t s t a i n  d i s t i n c t  CNS 
s t r u c tu r e s ;  and 2 more s t a i n  reg io n s  o f  th e  b ra in  ty p i c a l ly  
s ta in e d  by k e r a t in  a n t ib o d ie s  ( e .g .  in t e r n a l  CNS c a p i l l a r i e s ) ,  bu t 
c r o s s - r e a c t  w ith  h igh  m o lecu la r w eight p ro te in s .  Three a n t ib o d ie s  
do n o t appear to  r e a c t  w ith  in te rm e d ia te  f ila m e n t p r o te in s :  one i s  
nervous system  s p e c i f ic  and s ta in s  n e u ro p i l ,  n eu rona l somas, and 
some b u t no t a l l  axons; th e  second predom inan tly  s ta in s  neu ronal 
c e l l  bod ies  and d e n d r i te s ;  and th e  th i r d  only s ta in s  p e r ip h e ra l  
n e rv es . With th e  ex cep tio n  o f  th e  l a s t  MAB, a l l  a n t ib o d ie s  
s ta in e d  la r v a l  swimming ta d p o le s  by 3 days o f developm ent ( s ta g e  
4 1 ) , and showed d i s t i n c t i v e  t i s s u e  and c e l l  type s p e c i f ic  
d i s t r i b u t io n s .  These MABs w i l l  be used to  s tudy  th e  ex p re ss io n  o f 
s p e c i f ic  p ro te in s  and th e  d i f f e r e n t i a t i o n  o f s t r u c tu r e  in  th e  
e a r ly  embryonic CNS.

305.11 SPATIAL AND TEMPORAL RELATIONSHIPS BETWEEN THE PHOSPHO- AND 
NON-PHOSPHO-DERIVATIVES OF THE 200 KILODALTON NEUROFILAMENT 
PROTEIN DURING DEVELOPMENT IN CULTURE. G .A .F o s te r * , D .D ah l and 
V .M .-Y .L e e . L ab . o f  D e v e lo p m e n ta l N e u ro b io lo g y , NICHD, NIH, 
B e th e s d a ,  MD 20205 , W est R oxbury  VA M e d ic a l C e n te r ,  MA 0 2 132 , 
D iv .  o f  N e u ro p a th o lo g y , U n iv . o f  M e d ic a l S c h o o l,  P h i la d e l p h ia ,  
PA 19104 .

N e u ro f i la m e n ts  c o m p rise  a t  l e a s t  t h r e e  p r o t e i n s ,  o f  m o le c u la r  
w e i g h t s  7 0 ,  150 and  200 k i l o d a l t o n s .  The l a s t  o f  t h e s e  (NF200) 
e x i s t s  i n  v a r io u s  s t a t e s  o f  p h o s p h o r y l a t i o n ,  and  some o f  th e s e  
p h o s p h o p ro te in s  (NF200P) may be d i s c r im i n a t e d  w i th  m o n o clo n a l 
a n t i b o d i e s .  The a b s e n c e  o f  NF200P, b u t  n o t  o t h e r  NF p r o t e i n s ,  
fro m  im m ature  ax o n s  o f  r a t  o p t i c  n e rv e  p ro m p ted  th e  s u g g e s t io n  
t h a t  a  p o s t - t r a n s l a t i o n a l  m o d i f ic a t io n  o f  n a s c e n t  NF200, e g .  
p h o s p h o r y l a t i o n ,  r e n d e r s  th e  s u b u n i t  r e c o g n iz a b le  t o  th e  NF200P 
a n t i b o d i e s . H ow ever, no e v id e n c e  e x i s t s  i n d i c a t i n g  t h a t  th e  
p h o s p h o r y l a t i o n  s t e p  d o e s  in d e e d  f o l lo w  NF200 e x p r e s s io n .  In  
o r d e r  t o  d e te rm in e  w h ich  phenom enon o c c u rs  f i r s t ,  we h a v e  u se d  
a n t i b o d i e s  a g a i n s t  t h e  p h o sp h o -  an d  n o n - p h o s p h o - d e r iv a t iv e s  
(NF200D) o f  NF, and  com pared  t h e i r  a p p e a ra n c e  in  d i s s o c i a t e d  
c u l t u r e s  o f  m ouse s p i n a l  c o rd  and  d o r s a l  r o o t  g a n g l io n .

N F - l ik e  im m u n o re a c tiv i ty  (N F -L I) o c c u r r e d  i n  a l l  n e u ro n e s  
f ro m  d a y  1 i n  c u l t u r e ,  and  was m axim al i n  i n t e n s i t y  by day s  
1 6 - 2 0 .  The f i r s t  l a b e l l i n g  o f  n e u ro n e s  by  NF200D a n t i b o d i e s  
o c c u r r e d  a t  d ay  3 , i n  d o r s a l  r o o t  g a n g l io n  c e l l s ,  b u t  o n ly  in  
t h e i r  p e r i k a r y a  and  p ro x im a l  p r o c e s s e s .  A t l a t e r  t im e s ,  th e  
im m u n o re a c tiv e  r e g io n  e x te n d e d  t o  m ore d i s t a l  p a r t s  o f  th e s e  
n e u ro n e s .  S p in a l  c o rd  n e u ro n e s  f i r s t  e x h ib i t e d  NF200D-LI a t  d ay  
9 ,  b u t  ev en  i n  m a tu re  c u l t u r e s  many N F 2 0 0 D -n eg ativ e  n e u ro n e s  
re m a in e d . N F200P-LI was f i r s t  v i s u a l i z e d ,  i n  ax o n s  b u t  n o t  c e l l  
b o d i e s ,  a t  d ay  17 i n  c u l t u r e ;  t h e s e  f i b r e s  w ere  p re d o m in a n tly  
N F 2 0 0 D -n e g a tiv e . H ow ever, i n  some f i b r e s  t h e  p ro x im a l seg m en t 
was N F 2 0 0 P -p o s itiv e  o n ly ,  w h ereas  t h e  d i s t a l  p a r t  e x h ib i t e d  
s o l e l y  NF200D-LI.

C o m p ared  t o  NF70 and NF150, t h e  200 k i l o d a l t o n  n e u ro f i la m e n t  
p r o t e i n  a p p e a r s  much l a t e r  i n  m o st n e u ro n e s  i n  c u l t u r e .  The 
n o n - p h o s p h o r y la te d  e p i t o p e  i s  s e e n  e a r l i e r  th a n  th e  p h o sp h o - 
d e r i v a t i v e .  P o s t - t r a n s l a t i o n a l  p h o s p h o r y la t io n  o f  NF200 
t h e r e f o r e  seem s t o  b e  a t  a  l a t e r  s t a g e  o f  d ev e lo p m e n t th a n  th e  
i n d u c t i o n  o f  NF200 i t s e l f ,  w h i le  a  w id e  v a r i a t i o n  o f  r a t e s  o f  
i t s  p h o s p h o ry la t io n  o c c u rs  d u r in g  i t s  p a s s a g e  down d i f f e r e n t  
a x o n s .

305.12 IMMUNOCYTOCHEMICAL STUDIES OF NEURONS CONTAINING VASOTOCIN, MESO- 
TOCIN, AND NEUROPHYSINS IN XENOPUS HYPOTHALAMUS. K.M. Conway and 
H. G ain e r. Lab. o f  N eurochem istry and Neuroimmunology, NICHD, 
N ational I n s t i t u t e s  o f  H ea lth , B ethesda , MD 20892

Hypothalamic neurons c o n ta in in g  th e  p ep tid e  hormones, a rg in in e  
v aso to c in  (AVT) and m esotocin (MT), and th e i r  b ind ing  p ro te in s ,  
th e  neurophysins (N Ps), were s tu d ie d  by immunocytochemistry (ICC). 
A f f in i ty  p u r if i e d  r a b b i t  a n t is e r a  were used to  d e te c t  AVT and MT, 
and two monoclonal a n t ib o d ie s  (MABs) were used to  probe fo r NP- 
c o n ta i ning neurons. One MAB (PS-45) was s p e c i f ic  fo r  a rg in in e  
v a so p re ss in  (AVP) a s s o c ia te d  neu rophysin , and an o th er (PS-36) was 
s p e c i f ic  fo r  oxy toc in  (OT) a s s o c ia te d  neurophysin in  th e  r a t  
(Ben-Barak, Y ., e t  a l . ,  J .  N eu rosci. 5 :8 1 , 1985). These MABs have 
sev e ra l advantages as pheno typ ic m arkers in  developm ent: high 
t i t e r ,  low background, ample su p p ly , and a f f i n i t y  fo r th e  p ro 
hormone forms as w ell as fo r  th e  f u l ly  p rocessed  NP p o ly p e p tid e s  
(W h itn a ll, M.H., e t  a l . ,  J .  N eu ro sc i. 5 :9 8 , 1985). Both MABs 
c ro s s - re a c te d  w ith Xenopus a n t i  gens in  ICC (Ben-Barak Y ., e t  a l .  
C e l l .  Mol. N eurob io l. 5 :3 3 9 , 1984). C o - lo c a liz a tio n  s tu d ie s  were 
perform ed in  Xenopus in  o rd e r  to  compare f lu o re s c e n t ICC s ta in in g  
by th e se  MABs versus  t h a t  o f  th e  a n t is e r a  s p e c i f ic  fo r  AVT and MT. 
The PS-45 a n tig en  was found in  each MT-contai ning c e l l ,  and th e  
PS-36 an tig en  i n each AVT-contai n ing c e l l .  Hence, th e  r e la t io n s h ip  
o f  th e  NPs to  th e  p ep tid e  hormones was rev ersed  in  Xenopus as 
compared to  th e  mammal. (The PS-45 an tig en  i s NP-AVP in  th e  r a t ,  
b u t was found in  MT-, n o t AVT-positi ve c e l l s  in  th e  f ro g , and 
co n v e rse ly  fo r  PS-36). S i nce th e se  NP MABs recogn ize  e p ito p es  
which in  mammalian genes a re  coded on a d i f f e r e n t  exon from th e  
p ep tid e  hormones, th e se  r e s u l t s  su g g es t th a t  th e  am phibian genes 
may have 'sw itc h e d ' exons r e l a t i v e  to  th e  mammal. Using th e se  
MABs we mapped th e  lo c a tio n s  o f  im m unoreactive (IR) c e l l s  in  th e  
a d u l t  and develop ing  Xenopus hypothalam us. In a d u l ts ,  PS-36 and 
PS-45 IR c e l l s  were in te rm in g led  and s c a t te r e d  th roughou t th e  mag
n o c e l lu la r  p re o p tic  a re a ,  as a re  AVT- and M T-containing neurons in  
o th e r  am phibian s p ec ie s  (V andesande, F. and D ie rick x , K ., Cell 
T issu e  Res. 175:289, 1976). In Xenopus, small and medium s iz e ,  as 
w ell as la rg e  c e l l s  co n ta in  th e se  a n t ig e n s . Many IR c e l l s  were 
found in  a la rg e  con tiguous reg ion  ex tend ing  c a u d a lly , d o r s a l ly ,  
and l a t e r a l l y  from th e  p re o p tic  a re a .  In te n se  NP and p ep tid e  h o r
mone IR f ib e r s  were seen  in  th e  p re o p tic  a r e a ,  th e  neurohypophysial 
t r a c t ,  and th e  neu ra l lobe  o f  th e  p i t u i t a r y .  PS-45 IR f ib e r s  f i r s t  
became d e te c ta b le  by our methods i n th e  p i t u i t a r y  o f  young ta d p o le s  
between s ta g e  41 and s ta g e  45 and in  neuronal somata o f  ta d p o le s  
between s ta g e  45 and s ta g e  49. NP IR neurons were found i n m arker 
s t r a i n s  ( a lb in o ,  Xenopus b o r e a l i s ) ,  a ff irm in g  th e  f e a s i b i l i t y  o f  a 
g r a f t in g  a n a ly s is  o f  th e  l in e a g e  o f  th e se  two c lo s e ly  r e l a te d  c e l l  
ty p e s , and o f  environm ental in f lu e n c e s  during  developm ent on th e  
e x p re ss io n  o f  t h e i r  p a r t i c u l a r  p e p t id e rg ic  phenotype.



1124 CELL LINEAGE, DIFFERENTIATION AND DEVELOPMENT III WEDNESDAY PM

305.13 IMMUNOCYTOCHEMISTRY OF GABA IN THE THORACIC GANGLIA OF ADULT AND 
EMBRYONIC LOCUSTS. D.A. K u te rb a c h  and A.H.D .W atson*. D ep t. o f  
Zoology, Cambridge Univ., Cambridge CB2 3EJ, England.

The d i s t r i b u t io n  of gam m a-am inobutyric a c id  (GABA) immunoreac- 
t i v e  c e l l  b o d ie s  and a x o n a l t r a c t s  was i n v e s t i g a t e d  in  th e  
t h o r a c i c  g a n g l ia  o f  a d u l t  and em b ry o n ic  lo c u s t s  ( S c h is to c e r c a  
g r e g a r i a ) u s in g  an anti-GABA a n t ib o d y . Em bryos w ere s ta g e d  
a c c o rd in g  to  B e n t le y  e t  a l . J . Exp. E m bryol and M orpho l. 54:47  
(1979). T horacic  g an g lia  were fix e d  in  2.5% g lu ta ra ld e h y d e  in  0.1M 
p h o s p h a te  b u f f e r ,  pH 7 .6 , f o r  2 -4  h o u r s ,  and em bedded. Ten μm 
s e r i a l  s e c t io n s  were p ro c e s s e d  fo r  im m u n o c y to c h e m is try  u s in g  a 
m o d i f ic a t io n  o f  th e  p e ro x id a s e  a n t i - p e r o x id a s e  m ethod  ( S t e r n -  
b e rg e r  e t  a l . J .H is to c h e m  C ytochem . 18:315 1979). Anti-GABA 
a n tib o d ie s  (SFRI, Bordeaux, F rance) were d i lu te d  1:800 or 1:1600 
(s e e  S e g u la  e t  a l . PNAS 12:3888 1984, f o r  s p e c i f i c i t y ) .  C o n tro ls  
were made by p read so rb in g  the an tib o d y  w ith  a GABA/BSA con ju g a te . 
E m bryon ic  s e c t io n s  w ere  i n t e n s i f i e d  w ith  0.1% c o b a l t  c h l o r id e  
b e fo re  r e a c t in g  w ith  d iam m inobenzid ine.

The p a t t e r n  o f  s t a i n i n g  in  each  o f  th e  a d u l t  t h o r a c i c  g a n g l ia  
i s  s i m i l a r  (W atso n , C e l l  T i s s .  R es. in  p r e s s ) .  The th r e e  p a i r s  o f 
in h ib i to ry  m otor neurones s ta in  w ith  the  an tibody . There is  b io 
c h e m ic a l (Emson e t  a l . J .N e u ro b io l .  5 :33  1974) and p h y s io lo g i c a l  
(Usherwood and G ru n fe s t, J .N e u ro p h y s. 28:497 1965) e v id e n c e  t h a t  
th e s e  a r e  GABAergic. F our c l u s t e r s  o f  m e d ia l so m a ta  and two 
c lu s t e r s  o f d o rs a l som ata a re  a l s o  im m u n o re a c tiv e . One c o n ta in s  
som ata o f sp ik in g  lo c a l in te rn eu ro n es  th a t  in te g r a te  senso ry  in 
fo rm a tio n  from the  leg  (S ie g le r  and Burrows, J.Neurophys. 50:1281 
1983). D orsal com m issures IV and V a re  composed of s ta in e d  f ib r e s .  
The supram edian , p o s te r io r  v e n t r a l  and second v e n t r a l  com m issures 
and lo n g i t u d i n a l  t r a c t s  a r e  m ixed . The o th e r  co m m issu re s  a r e  
u n s ta in e d .  T h e re  i s  an even d i s t r i b u t i o n  o f  s t a i n e d  p ro c e s s e s  
th ro u g h  m ost o f  th e  n e u r o p i le  th ough  t h i s  i s  s p a r s e r  in  th e  
a n t e r io r  v e n t r a l  a s s o c ia t io n  c e n tre .

N eu rones  in  em b ry o n ic  g a n g l ia  c o n s i s t a n t l y  s t a i n e d  w ith  th e  
an tib o d y  a t  60% developm ent and le s s  c o n s is ta n t ly  as e a r ly  as 45% 
d e v e lo p m e n t. G roups o f  im m u n o re a c tiv e  c e l l  b o d ie s ,  s i m i l a r  to  
th o s e  in  a d u l t  g a n g l i a ,  w ere i d e n t i f i e d  by 70% d ev e lo p m e n t and 
were seen to  a r i s e  from la rg e r  groups c o n s is t in g  o f a m ix tu re  of 
s t a i n i n g  and n o n - s t a i n in g  s o m a ta . In  s ta g e s  e a r l i e r  th a n  70% 
developm ent, th e  im m unoreactive and n o n -re a c tiv e  som ata a re  mixed 
and d i s t r i b u t e d  a c ro s s  th e  e n t i r e  s u r f a c e  o f  th e  g a n g l ia .  The 
n e u ro p i la r  t r a c t s  th a t  a re  im m unoreactive were the same as in  the 
a d u l t  g a n g l ia .

The r e s u l t s  o f th i s  work w i l l  be d iscu ssed  in  re fe re n c e  to  the  
fo rm a t io n  o f  g ro u p s  o f  n e u ro n e s  w ith  s i m i l a r  p h y s io lo g i c a l  
fu n c tio n  and the  c e l l  l in e a g e  o f sp ik in g  in te rn e u ro n e s . This work 
i s  s u p p o r te d  by NIH g r a n t  NS07896 to  DAK and a B e i t  M em oria l 
F e llow sh ip  to  AHDW.

305.14 PROPERTIES OF CATECHOLAMINE-POSITIVE CELLS WHICH DIFFERENTIATE IN 
NEURAL CREST CULTURES G. D. Maxwell and D. S. C h r i s t i e , D ept. o f  
Anatomy, U niv. o f  C o n n ec tic u t H ea lth  C t r . , Farm ington, CT 06032

We have been  s tu d y in g  th e  ontogeny o f  c a te c h o la m in e -p o s itiv e  
(CA+) c e l l s  in  q u a i l  n e u ra l c r e s t  c u l tu r e s .  Some o f  th e s e  CA+ 
c e l l s  a l s o  deve lop  s o m a to s ta t in - l ik e  im m unoreactiv ity  (S L I). One 
o f  o u r  g o a ls  i s  t o  an a ly ze  th e  s t r u c t u r a l  and fu n c t io n a l  p ro p e r
t i e s  o f  th e  CA+ c e l l s  w hich d i f f e r e n t i a t e  in  n e u ra l c r e s t  c u l tu r e s .

G re a te r  th a n  85% o f  th e  CA+ c e l l s  which developed  in  o u r  n e u ra l 
c r e s t  c u l tu r e s  w ere p o s i t i v e  when s ta in e d  w ith  th e  m onoclonal 
a n t ib o d ie s  HNK-1 o r  A2B5. In  c o n t r a s t ,  few er th a n  10% o f  th e  CA+ 
c e l l s  bound th e  m onoclonal an tib o d y  R24. The u p tak e  o f  3H -norep i- 
n ep h rin e  by th e  c u l tu r e s  was in h ib i te d  by desmeth y lim ip ram in e  and 
by in c u b a tio n  a t  0°C, b u t  was u n a f fe c te d  by  no rm etaneph rine , con
s i s t e n t  w ith  th e  p re sen ce  o f  an  u p ta k e  I  system . O vern igh t t r e a t 
ment w ith  r e s e rp in e  e l im in a te d  th e  h is to c h e m ic a lly  d e te c ta b le  CA 
f lu o re sc e n c e . C hronic r e s e rp in e  tre a tm e n t from days 2-7  in  v i t r o  
p rev en ted  th e  appearance  o f  h is to c h e m ic a lly  d e te c ta b le  CA+ c e l l s ,  
w h ile  norm al numbers o f  ty ro s in e  h y d ro x y la se -p o s i tiv e  and SLI+ 
c e l l s  deve loped . Exogenously added Nerve Growth F a c to r  d id  n o t 
d r a m a tic a lly  a l t e r  e i t h e r  th e  number o r  l i g h t  m icro scop ic  morphol
ogy o f  th e  CA+ c e l l s  u nder o u r c u l tu r e  c o n d i tio n s . The CA+ c e l l s  
in  th e s e  c u l tu r e s  su rv iv ed  when t r e a te d  w ith  a  regim en o f  
6-hydraxydopam ine w hich k i l l e d  o ld e r  em bryonic q u a i l  sympa t h e t i c  
n eu ro n s .

U sing th e  method o f  G r i l l o  e t  a l .  1974 (J . Comp .  N eu ro l. 153: 
1-14) we have dem onstra ted  t h a t  th e  CA+ c e l l s  in  th e  l i g h t  m icro
scope co rresp o n d  to  c e l l s  c o n ta in in g  cy to p lasm ic  g ra n u la r  v e s ic le s  
(GV) c h a r a c t e r i s t i c  o f  ca techo lam ine  s to ra g e  g ra n u le s  observed  in  

o th e r  sy stem s. By morphom e tr ic  a n a ly s is  we have determ ined  th a t  
th e  GV d ia m e te rs  w are q u i t e  s im i la r  i n  c e l l s  examined a f t e r  5 , 7 , 
14 and 21 days in  v i t r o . Most GV d ia m e te rs  w ere 50-200 nm w ith  
mean d ia m e te rs  o f  145, 137, 160, and 190 nm a f t e r  5 , 7 , 14, and 
21 days in  v i t r o  r e s p e c t iv e ly .  The number o f  GV p e r  μm2 o f  c y to 
p lasm  a l s o  rem ained q u i t e  c o n s ta n t a t  a l l  ages  exam ined. Nerve 
te rm in a l p r o f i l e s  c o n ta in in g  50 nm a g ra n u la r  v e s ic le s  and a  few 
100 nm GV w ere o b se rv ed . Some o f  th e s e  te rm in a ls  c o n ta c te d  GV- 
c o n ta in in g  c e l l  b o d ie s  in  c u l tu r e s  a f t e r  14 days in  v i t r o .  At 
p r e s e n t  i t  i s  u n c le a r  w hether th e s e  te rm in a ls  em anated from  GV- 
c o n ta in in g  CA+ c e l l s  o r  from  a n o th e r  c l a s s  o f  neu ro n a l c e l l s .

Our d a ta  su g g e s t t h a t  th e  CA+ c e l l s  w hich deve lop  in  o u r  n e u ra l 
c r e s t  c u l tu r e s  may be  an  in te rm e d ia te  s ta g e  o f  a d re n e rg ic  d i f f e r 
e n t ia t io n  w hich i s  no rm ally  observed  o n ly  t r a n s i e n t l y  d u rin g  av ian  
em bryonic developm ent, b u t  w hich can  p e r s i s t  un d er o u r  t i s s u e  
c u l tu r e  c o n d i tio n s .

Supported  by NIH g ra n ts  NS 16115, RCDA NS 00696 (G.D.M .), and 
NRSA NS 17841 (D .S.C .)

3 0 5 .15 EXPRESSION OF TYROSINE HYDROXYLASE, NEUROTENSIN AND NEUROPHYSIN BY 
HYPOTHALAMIC NEURONS IN SERUM-FREE CULTURE. J .  P. G rierson* . 
S. M cElli g o t t .  R. V e n tim ig l ia , C. Coen† and H. M. G e lle r . D ep t. of 
Pharm acology, U .M .N .D .J., R.W. Johnson M edical School and The 
G raduate School, R u tgers  U n iv e r s ity , P isca taw ay , NJ 08854 and 
†D ept. o f  Anatomy, K in g 's  C o lleg e , London.

The hypothalam us c o n ta in s  h e te rogeneous p o p u la tio n s  o f  neurons 
in v o lv ed  in  a v a r i e ty  o f  re p ro d u c tiv e  and som atic  fu n c t io n s . One 
a s p e c t o f  t h i s  h e te ro g e n e i ty  i s  th e  d iv e r s i t y  o f  n e u ro tra n sm it te rs  
sy n th e s iz e d  by hypo thalam ic neu ro n s . We have u sed  immunocytochem- 
i c a l  methods to  examine th e  e x p re s s io n  o f  th e  enzyme, ty ro s in e  
h y d ro x y la se  (TH), and th e  n e u ro p e p tid e s , n e u ro te n s in  (NT) and 
n eu rophysin  (N P), by hypo tha lam ic neurons in  d is s o c ia te d  c u l tu r e .  
P o p u la tio n s  o f  neurons ex p re s s in g  each  o f  th e se  su b stan ce s  were 
i d e n t i f i e d  in  se ru m -free  (SF) as  w e ll as  serum -supplem ented (SS) 
c u l t u r e s .

D is so c ia te d  c u l tu r e s  o f  r a t  em bryonic hypothalam us were 
p re p a re d  as p re v io u s ly  d e sc r ib e d  (N eu ro sc i. A b str . 11: 1065, 
1985). C u ltu re s  were f ix e d  in  5% a c ro l e in  in  PBS and p erm eab ilized  
w ith  0.25% T r i to n  p r io r  to  in c u b a tio n  in  a n t i s e r a .  S p e c if ic  
b in d in g  o f  a n t i s e r a  d i r e c te d  a g a in s t  TH (A. W. Tank, S.U.N.Y) and 
NT and NP (Immunonuclear C o rp .) , were v is u a l iz e d  u s in g  th e  a v id in - 
b io t in -p e ro x id a s e  te ch n iq u e . The m a jo r ity  o f  neurons were u n la b e l
ed ; im m unoreactive neurons v a r ie d  in  t h e i r  in t e n s i t y  o f  s ta in in g .  
S ta in in g  o f  n o n -neu rona l c e l l s  was n o t observed .

TH im m unoreactiv ity  was d e te c te d  a f t e r  5 days i n  v i t r o  in  both  
SF and SS c u l tu r e s .  The p e rc e n t o f  TH im m unoreactive neurons and 
th e  average  in t e n s i t y  o f  la b e l in g  in c re a s e d  w ith  tim e in  c u l tu r e .  
In  12 day o ld  c u l tu r e s ,  app rox im ate ly  2% o f  neurons were h e a v ily  
s ta in e d .  Im m unoreactiv ity  was o bserved  in  th e  n eu ro n a l p e r ik a ry a , 
p ro c e s s e s  and grow th cones. TH p o s i t i v e  neurons were ty p ic a l ly  
b ip o la r  w ith  a  15 μm c e l l  body d ia m ete r and p ro c e sse s  o f  up to  300 
μm in  le n g th  w ith  m u l tip le  v a r i c o s i t i e s .

P ep tid e  im m unoreactiv ity  (NT & NP) was in v e s t ig a te d  in  12 day 
o ld  c u l tu r e s .  NT p o s i t i v e  neurons were ty p i c a l ly  m u ltip o la r  w ith  
p e r ik a ry a  12μm in  d ia m e te r . Soma and p ro c e s s e s  were un ifo rm ly  
la b e le d .  NP im m unoreactiv ity  was a ls o  observed  in  c u l tu r e s  o f 
com parable age . A s t r i k i n g  o b s e rv a t io n  was t h a t  neurons a s s o c ia te d  
in  c l u s t e r s  ex p re ssed  s im i la r  p e p tid e  im m unoreac tiv ity .

Our r e s u l t s  in d ic a te  t h a t  hypo tha lam ic neurons c u l tu re d  in  
se ru m -free  medium a re  h e te rogeneous in  ex p re s s io n  o f  n e u ro tra n s 
m i t t e r  pheno types. The in c re a s e  in  TH im m unoreactiv ity  w ith  time 
may in d ic a te  a s e le c t i v e  en richm ent f o r  t h i s  phenotype in  d i s s o c i 
a te d  c u l tu r e .  The c o n tro l  o f  e x p re s s io n  o f  th e se  and o th e r  n eu ro 
t r a n s m it t e r s  no rm ally  found in  th e  hypothalam us i s  under c u r re n t 
in v e s t ig a t io n .  (S upported  by g ra n ts  from N .I.H . and N .S .F . (H.G) 
an N .I .H . T ra in in g  G rant (S.McE.) and a  Merck F e llow sh ip  (R .V .).

305.16 CHANGES WITH TIME IN VITRO IN THE NUMBER AND DISTRIBUTION OF 
ACETYLCHOLINE RECEPTORS ON DISSOCIATED CHICK MONONUCLEATED 
MYOGENIC CELLS. M. Morgan* and G.D. Fischbach. Dept. of Anat. and 
N eurobio l., Washington Univ. Sch. of Med., S t. Louis, MO 63110.

When nerves invade the chick limb buds, few m ultinucleated  
myotubes are  p resen t, th e re fo re  we have begun to  in v e s tig a te  the 
appearance and ro le  of ace ty lcho line  recep tors  (AChRs) in  myogenic 
precursor c e l l s .  In  our f i r s t  experiments, AChRs were v isu a lized  
w ith rhodaminated α-bungarotoxin (RH-BTX). chick p ec to ra l muscle 
was minced and t r i tu ra te d  w ithout exposure to  p ro te o ly tic  enzymes. 
The d isso c ia ted  c e l ls  were e ith e r  labeled  w ith Rh-BTX in  
suspension and examined immediately a f te r  they s e t t le d  on collagen 
coated g lass  coverslip s (in  MEM with 5% chick embryo e x tra c t  and 
10% horse serum), or they were labeled  a t  various periods up to  48 
hours a f te r  p la tin g . Between 50 and 100 c e l l s  were examined a t  
each time p o in t. The lab e l was v isu a lized  by epiflu roscence 
microscopy w ith a 63x ob jec tive  (N.A.=1.4) and images were 
co lle c ted  w ith a SIT (Dage MTI66) video camera.

In cu ltu re s  examined immediately a f te r  p la tin g , 70% of the 
c e l l s  were labe led . This must be considered an underestim ate 
because a t  th is  s tage , myoblasts could not be d is tin g u ish ed  from 
f ib ro b la s ts .  Within a few hours of p la tin g , the two c e l l  types 
were d is tin g u ish ab le  by morphologic c r i t e r i a .  The percentage of 
labe led  myoblasts decreased g radually  to  below 50% during the 
f i r s t  24 hours in  c u ltu re , and then i t  increased  to  a maximum of 
approximately 70% a f te r  48 hours. Coincident w ith th is  f a l l  and 
r is e  in  the proportion  of labeled  myoblasts, th e re  was a change in  
the d is tr ib u tio n  of recep tors  on ind iv idua l c e l l s .  Newly p la ted  
myoblasts exh ib ited  dense receptor aggregations, or "hot sp o ts ,"  
th a t  were u su a lly  located  near the nucleus. As the number of 
labe led  c e l l s  declined , the receptor aggregates disappeared and 
the  lab e l became d iffu se ly  d is tr ib u te d  over the e n tire  su rface. 
A fte r 30 hours in  v i t r o ,  sm all, punctute c lu s te r s  reappeared while 
the d iffu se  lab e l p e rs is te d .

R esults obtained w ith enzym atically -d issociated  c e l ls  
d iffe red  from those described above. Very few (5%) o f the  c e l l s  
d isso c ia ted  w ith 0.01% try p s in  were labe led  w ith Rh-BTX 
immediately a f te r  p la tin g . The percentage increased  to  20% by 12 
hours in  c u ltu re . A fter 16 hours, the  percentage labe led  was 
comparable to  th a t  observed in  c u ltu re s  seeded w ith m echanically- 
d isso c ia ted  c e l ls  (45%). In  ad d itio n , the  la rg e , in tense  c lu s te r s  
p resen t in  c e l ls  examined immediately a f te r  mechanical d isso 
c ia tio n  were never seen in  the  try p sin ized  c e l l s .  The appearance 
o f d iffu se  lab e l and punctate aggregates occurred about 8 hours 
e a r l ie r  in  t rypsin tre a te d  c e l l s .

C e l l-c e ll  contact apparently  p lays a ro le  in  the reg u la tio n  
o f AChR expression, as myoblasts in  con tact w ith o ther myogenic 
c e l l s  were more in ten se ly  fluo rescen t than were is o la ted  
m yoblasts. In tr a c e llu la r  in je c tio n s  of carboxyfluorescein showed 
th a t  cytoplasmic fusion was not required  fo r th is  phenomenon.
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305.17 SOME ELECTROPHYSIOLOGICAL PROPERTIES OF LOCUS COERULEUS 
NEURONS IN  FETAL RATS. S .N a k a m u ra  a n d  T . S a k a q u c h i* . 
D e p t . o f  N e u r o p h y s io lo g y ,  I n s t . o f  H ig h e r  N e rv o u s  
A c t i v i t y ,  O sa k a  U n i v e r s i t y  M e d ic a l  S c h o o l ,  K i t a - k u ,  
O s a k a ,  530 J a p a n .

T he l o c u s  c o e r u l e u s  (L C ) , c o m p o se d  p r i n c i p a l l y  o f  
n o r a d r e n e r g i c  (NA) n e u r o n s ,  i s  know n t o  a p p e a r  e a r l y  i n  
t h e  c o u r s e  o f  b r a i n  d e v e lo p m e n t .  I n  t h e  r a t ,  NA 
n e u r o n s  o f  t h e  LC c a n  b e  s e e n  b e tw e e n  e m b ry o n ic  d a y s  
(E )  12 a n d  1 4 ,  a n d  t h e  NA t e r m i n a l s  i n  t h e  c e r e b r a l  
c o r t e x  b eco m e d e t e c t a b l e  b y  E 1 6 -E 1 7 . A c o n s i d e r a b l e  
n u m b e r o f  m o r p h o l o g i c a l  a n d  b i o c h e m i c a l  s t u d i e s  o n  t h e  
d e v e lo p m e n t  o f  t h e  LC a r e  now a v a i l a b l e ,  w h e r e a s  t h e  
e l e c t r o p h y s i o l o g i c a l  p r o p e r t i e s  o f  LC n e u r o n s  i n  e a r l y  
s t a g e s  o f  d e v e lo p m e n t  h a v e  n o t  f u l l y  b e e n  k n o w n . I n  a 
s e r i e s  o f  e x p e r i m e n t s ,  we h a v e  p r e v i o u s l y  e l u c i d a t e d  
t h a t  LC n e u r o n s  a r e  f u n c t i o n a l l y  a c t i v e  a t  b i r t h  
(K im u ra  a n d  N a k a m u ra , D ev . B r a i n  R e s . ,  2 3 :  301 1 9 8 5 ) ,  
a n d  now r e p o r t  o n  t h e  e l e c t r i c a l  a c t i v i t y  o f  LC n e u r o n s  
i n  t h e  f e t a l  r a t s  w h ic h  w e re  k e p t  i n  c o n t a c t  w i t h  t h e  
dam s b y  t h e  i n t a c t  u m b i l i c a l  c o r d .  P r e g n a n t  r a t s  a t  
g e s t a t i o n  d a y s  18 t o  22 w e re  a n e s t h e t i z e d  w i t h  u r e t h a n e  
( 1 . 3  g / k g ,  i . p . )  w h ic h  w as s u p p le m e n te d  a s  n e c e s s a r y  
d u r i n g  e x p e r i m e n t s .  T he a n e s t h e t i c  w as i n j e c t e d  
d i r e c t l y  t o  t h e  f e t u s e s  i f  r e q u i r e d .  T he h e a d  o f  t h e  
f e t u s  w as f i x e d  i n  a  c o n v e n t i o n a l  s t e r e o t a x i c  a p p a r a t u s  
u s i n g  a  s im p l e  d e v i c e  f o r  h e a d  f i x a t i o n .  S t i m u l a t i n g  
e l e c t r o d e s  w e re  i m p la n t e d  i n t o  t h e  d o r s a l  NA b u n d le  
( DNB) a n d  f r o n t a l  c o r t e x  (F C ) ,  a n d  t h e  s i n g l e  u n i t  
a c t i v i t y  o f  LC n e u r o n s  w as r e c o r d e d  e x t r a c e l l u l a r l y  by  
m e a n s  o f  a  g l a s s  m i c r o p i p e t t e  f i l l e d  w i t h  0 .5  M so d iu m  
a c e t a t e  c o n t a i n i n g  2% p o n ta m in e  s k y  b l u e .  T he l o c a t i o n  
o f  t h e  LC w as d e t e r m i n e d  b y  t h e  a p p e a r a n c e  o f  f i e l d  
r e s p o n s e s  t o  DNB s t i m u l a t i o n .  A n t id r o m ic  r e s p o n s e s  o f  
s i n g l e  LC n e u r o n s  w e re  e v o k e d  s u p e r im p o s e d  u p o n  t h e  
f i e l d  r e s p o n s e s .  A l th o u g h  m o s t  o f  LC n e u r o n s  r e c o r d e d  
w e re  n o t  s p o n t a n e o u s l y  a c t i v e ,  a  s m a l l  n u m b e r o f  th e m  
r e v e a l e d  e p o c h s  o f  s p o r a d i c  f i r i n g ,  w h ic h  a p p e a r e d  t o  
o c c u r  s y n c h r o n o u s l y  i n  m any o r  a l l  LC n e u r o n s .  F rom  t h e  
m e a s u re m e n t  o f  d i s t a n c e  b e tw e e n  t h e  DNB a n d  t h e  LC, 
t h e  m ean c o n d u c t i o n  v e l o c i t y  o f  LC a x o n s  w as c a l c u l a t e d  
t o  b e  0 .2 8  m / s e c .  Some LC u n i t s  w e re  a c t i v a t e d  
a n t i d r o m i c a l l y  f ro m  t h e  FC w i t h  l a t e n c i e s  r a n g i n g  fro m  
25 t o  60 m s e c ,  t h a t  w e re  s i m i l a r  t o  v a l u e s  o b t a i n e d  i n  
a d u l t  r a t s .  I n  a d d i t i o n ,  s e n s o r y  s t i m u l a t i o n  ( e . g . ,  a i r  
p u f f s  t o  t h e  s k i n )  w as e f f e c t i v e  i n  a c t i v a t i n g  LC 
u n i t s .  T h e s e  r e s u l t s  i n d i c a t e  t h a t  LC n e u r o n s  a r e  
a l r e a d y  a c t i v e  i n  p r e n a t a l  p e r i o d s .

305.18 EFFECT OF SKELETAL MUSCLE ON THE EXPRESSION OF A CALCIUM-BINDING 
PROTEIN (CALBINDIN) IN DORSAL ROOT GANGLION OF THE CHICK EMBRYO. 
E. P h i l i p p e *  and B. D roz* (SPON: European N euroscience A ssocia- 
t i o n ) .  I n s t .  d 'H i s t o l o g i e  e t  d 'E m bryologie -F a c u l té de Médec ine  
-1005 Lausanne - S w itze rlan d .

Im m unoreac tive  c a lb in d in  (28 KD vitam in  D-dependent C a-binding 
p ro te in )  was rev ea led  in  two subpopu la tions  o f  c h ic k  d o r s a l  r o o t  
g a n g l io n  (DRG) n e u ro n s : th e  s o - c a l l e d  la rg e  A1 neurons and th e  
sm all B1 neurons. A ll th e  o th e r  g a n g lio n  c e l l  b o d ie s ,  s a t e l l i t e  
c e l l s  and Schwann c e l l s  w ere d ev o id  o f  im m u n o s ta in in g . L arge  
m yelina ted  axons, o r ig in a t in g  from th e  A1 c e l l  b o d ie s ,  and sm a ll 
unm yelinated  axons, o r ig in a t in g  from th e  B1 c e l l  b o d ie s , were a lso  
immunostained in  p e r ip h e ra l ro o ts  and n e rv e s . Among t e s t e d  p e r i 
p hera l ta r g e t  t i s s u e s ,  nerve endings o f  th e  neurom uscular sp in d le s  
were found to  d is p la y  im m unoreactiv ity .

S in c e  c a lb in d i n  im m u n o rea c tiv e  n e rv e  f i b e r s  a re  c l o s e ly  
a s s o c ia te d  w ith s k e le ta l  m u s c le s , th e  q u e s t io n  c o u ld  be r a i s e d  
w hether t h i s  t i s s u e  could in f lu e n c e  th e  ex p ress io n  o f c a lb in d in  in  
su b p o p u la tio n s  o f DRG c e l l s .

To answer th i s  q u e s tio n , im munostaining o f DRG was performed in 
ch ick  embryo under v a rio u s  c o n d itio n s :
-  In  th e  c h ic k  em bryo, th e  im m u n o rea c tiv e  m a te r i a l  was n o t 

d e te c te d  a t  E7, th a t  i s  a t a tim e p reced ing  p e r ip h e r a l  s e n s o ry  
p r o j e c t i o n s ,  b u t ap p e a re d  by E10, a f t e r  i n n e r v a t io n  o f  th e  
h ind lim b .

- When DRG were tr a n s p la n te d  a t  E7 on th e  c h o r io a l la n to ic  membrane 
of a h o s t embryo, no im m u n o rea c tiv ity  was o b s e rv e d  a t  3 o r  8 
days a f t e r  g r a f t in g  but when DRG were c o - tra n sp la n te d  a t E7 w ith 
s k e le ta l  m uscle, th e  im m u n o s ta in in g  was d e t e c te d  in  s e v e r a l  
neuronal c e l l  b o d ie s .

- H ow ever, in  DRG t r a n s p l a n t e d  a t  E12 in  th e  absence o f m uscle, 
im m unoreactive su b p o p u la tio n s  were p re se n t a f t e r  3 o r 8 days o f  
g r a f t in g .

I t  i s  concluded th a t  th e  i n i t i a t i o n  o f th e  c a lb in d in  ex p ress io n  
in  sen so ry  neurons seems to  be dependent o f th e  i n t e r a c t i o n  w ith  
s k e l e t a l  m u s c le . In  c o n t r a s t ,  th e  m a in ten an ce  o f th e  ca lb in d in  
ex p re ss io n  would be independent o f th e  t a r g e t  t i s s u e s .
Thus th e  pheno typ ic ex p re ss io n  o f  prim ary  senso ry  neurons could  be 
m odulated by th e  e p ig e n e tic  in f lu e n c e  o f p e r ip h e ra l p ro je c t io n s .  
( S .N .S .F .  3 .4 4 7 -0 .8 3 /D r  M. C e lio  i s  g r a t e f u l ly  acknowledged fo r  
h is  g i f t  o f a n t i- c a lb in d in  a n t i- s e ru m ) .
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306.1 ELECTROPHYSIOLOGICAL FEATURES OF E P IL E P S IA  PA RTIA LIS 
CONTINUA. O .W .W i t te * .  H . H e f t e r * .  V. Hö m b e r e * .  E . N ie o 
d e r mey e r *  a n d  H . – J .  F r e u n d .  N e u r o l o g i s c h e  K l i n i k ,  U n iv ., 
M o o r e n s t r .  5 ,  D -4 0 0 0  Dü s s e l d o r f ,  F .R .G e rm a n y

E p i l e p s i a  p a r t i a l i s  c o n t i n u a  (E P C ) i s  r e g a r d e d  a s  a  
f o rm  o f  r h y t h m i c a l  c o r t i c a l  m y o c lo n u s  u s u a l l y  c h a r a c 
t e r i z e d  b y  g i a n t  s o m a t o s e n s o r y  e v o k e d  r e s p o n s e s  (S S E P ) 
a n d  b y  j e r k - r e l a t e d  EEG p o t e n t i a l s  ( M a r s d e n  e t  a l . ,  i n  
M ovem en t D i s o r d e r s ,  B u t t e r w o r t h ,  L o n d o n , 1 9 8 2 , p .  1 9 6 ) .  
We a n a l y z e d  t h e  e p i l e p t i c  a c t i v i t y  i n  a  c a s e  o f  EPC 
w i t h o u t  j e r k - r e l a t e d  EEG p o t e n t i a l s  r e v e a l e d  b y  b a c k -  
a v e r a g i n g  a n d  w i t h o u t  g i a n t  S SE P .

N e u r o l o g i c a l  e x a m i n a t i o n  g a v e  n o r m a l  r e s u l t s  a n d  
b r a i n  i m a g in g  d i d  n o t  r e v e a l  a  s t r u c t u r a l  b r a i n  l e s i o n .  
T h e  EEG s h o w e d  l e f t - s i d e d  e p i l e p t i c  p o t e n t i a l s  n o t  r e 
l a t e d  t o  m u s c l e  j e r k s .  P o s i t r o n  e m i s s i o n  to m o g r a p h y  
r e v e a l e d  a  g e n e r a l i z e d  l e f t - s i d e d  h y p o m e ta b o l i s m  b u t  
n o  f o c a l  h y p e r m e t a b o l i s m .

T h e  m u s c l e  j e r k s  i n v o l v e d  t h e  f i n g e r  f l e x o r s  a n d  e x 
t e n s o r s  o f  t h e  r i g h t  h a n d .  T h e y  l a s t e d  30  ms a n d  h a d  a  
r e g u l a r  r e p e t i t i o n  r a t e  o f  7 / s .  T h i s  f r e q u e n c y  w as c o n 
s t a n t  d u r i n g  m a i n t e n a n c e  o f  p o s t u r e  a n d  s lo w  m o v e m e n ts .  
T h e  m u s c l e  b u r s t s  c o u l d  n o t  b e  t r i g g e r e d  o r  r e s e t  b y  
e x t e r n a l  s t i m u l i .  R a p id  f i n g e r  e x t e n s i o n s  l e d  t o  a  c o n 
t i n u o u s  i n c r e a s e  o f  b u r s t  r a t e  u p  t o  2 5 / s .

C o m p a r is o n  w i t h  e x p e r i m e n t a l  f o c a l  e p i l e p s y  i n  a n i 
m a ls  r e v e a l s  t h a t  t h e  d e s c r i b e d  f e a t u r e s  o f  EPC c o u l d  
b e  e x p l a i n e d  b y  e n d o g e n e o u s  n e u r o n a l  b u r s t i n g  a s  o b 
s e r v e d  i n  t h e  c h r o n i c  c o b a l t  f o c i  i n  t h e  i n t e r i c t a l  
s t a t e .  I n  c o n t r a s t  t o  p a r o x y s m a l  d e p o l a r i z a t i o n  s h i f t s  
a s  r e c o r d e d  i n  p e n i c i l l i n  f o c i  s u c h  e n d o g e n e o u s  n e u r o 
n a l  b u r s t i n g  i n c r e a s e s  i n  d i r e c t  r e l a t i o n  t o  t h e  a m p l i 
t u d e  o f  e x c i t a t o r y  p o s t s y n a p t i c  p o t e n t i a l s  i m p i n g i n g  
u p o n  t h e s e  c e l l s  u p  t o  c o m p a r a b le  r e p e t i t i o n  r a t e s .  
S u c h  i n t e r i c t a l  n e u r o n a l  b u r s t i n g  i s  n o t  e x p e c t e d  to  
c a u s e  f o c a l  h y p e r m e t a b o l i s m  a n d  i s  n o t  a c c o m p a n ie d  b y  
s i g n i f i c a n t  EEG p o t e n t i a l s .

I t  i s  s u g g e s t e d  t h a t  t h i s  f o rm  o f  EPC w i t h o u t  g i a n t  
S S E P , j e r k - r e l a t e d  EEG e v e n t s  a n d  f o c a l  h y p e r m e t a b o l i s m  
m ay a r i s e  f r o m  e n d o g e n e o u s  m e m b ran e  p o t e n t i a l  a s c i l l a -  
t i o n s  o f  m o to r  c o r t i c a l  n e u r o n s .

( S u p p o r t e d  b y  t h e  D e u t s c h e  F o r s c h u n g s g e m e i n s c h a f t , 
SFB 2 0 0 ,  B 3)

306.2 ALPHA-BAND ACTIVITY AT OCCIPITAL AND CENTRAL DERIVATIONS — A 
SELECTED FREQUENCY ANALYSIS. L .S . Leung and R.E. S tee n h u is , 
(SPON: M.A. Goodale) D epts. Psychology, C li ni ca l N eurological 
S ciences and P hysio logy , Univ. W estern O n ta rio , London, Canada 
N6A 5C2.

S u b jec ts  were sea ted  in  a d a rk , so u n d -a tten u a te d  room and 
alpha-band  a c t iv i t y  was recorded  from th e  c e n tra l  (C3, C4 and 
Cz) and o c c ip i t a l  (01 and 02) d e r iv a t io n s  w ith  re fe re n c e  to  
l in k ed  e a r  e le c tro d e s .  S ig n a ls  were d ig i t iz e d  a t  200 Hz and 
blocked in to  1 .28  sec segm ents. A fte r  d is c a rd in g  segments w ith 
a r t i f a c t s ,  p a i r s  o f s ig n a ls  o f 1 .28 sec d u ra t io n  were su b jec ted  
to  F o u rie r  a n a ly s is  to  y ie ld  autopow er, coherence and phase 
s p e c t ra  (each w ith  d f=6 ) .  For each s u b je c t ,  segments y ie ld in g  
an 02 autopower peak o f one p a r t i c u l a r  alpha-band  frequency  were 
s e le c te d .  The autopower s p e c t ra  a t  01, 02 and C4, and th e  
coherence and phase s p e c tra  o f th e  01-02 and 02-C4 s ig n a ls  were 
a l l  averaged f o r  segments y ie ld in g  th e  s e le c te d  a lpha  peak 
frequency  a t  02. For exam ple, i f  th e  1 s t ,  10 th , 14th and 21 st 
segments were found to  have a peak frequency  o f 7 .8  Hz a t  02, 
th e  s p e c t ra  co rrespond ing  to  th e se  segments were then  averaged 
to  g ive  an average spectrum  w ith  02 peak frequency  a t  7 .8  Hz. 
The use o f 1 .28  sec segments l im i t s  th e  r e s o lu t io n  o f  th e  
f re q u e n c ie s  to  0 .7 8  Hz. (see  Leung, E lec tro en cep h . C lin . 
N europhysio l. 58: 553, 1984 f o r  a s im i la r  a p p l ic a t io n  to  th e  
hippocampal th e ta  rhythm ). This s e le c t iv e  averag ing  techn ique 
a llow s in v e s t ig a t io n  o f  th e  dependence o f  v a rio u s  param ete rs on 
th e  02 a lpha  peak frequency  (independen t v a r i a b le ) .

D e ta iled  a n a ly s is  from 4 s u b je c ts  in  th e  dark  show th a t  th e  
maximal a lpha  power la y  a t  9 .4  o r 10.2 Hz. However, s ig n i f i c a n t  
p e rio d s  o f o c c ip i t a l  a lpha  had low er (7 -8 .6  Hz) o r high (10 .9  
Hz) peak f re q e n c ie s ,  bu t u s u a lly  o f low er power than  th e  9 .4 -  
10.2 Hz a lp h a . Alpha a c t iv i t y  a t  a l l  f re q u e n c ie s  (7 -10 .9  Hz) 
was h ig h ly  co h e re n t ( l i n e a r  coherence > 0 .76 ) between 01 and 02. 
Coherence in  th e  a lp h a -ran g e  frequency  was low er between 02 and 
C4 (range o f l i n e a r  coherence 0 .3 - 0 .7 ) .  The 01-02 phase a t  th e  
a lpha  peak frequency  was always in d is t in g u is h a b le  from ze ro , 
w hile  02-C4 phase ranged 0 °- 8 0 °, o f te n  s ig n i f i c a n t ly  d i f f e r e n t  
from z e ro . This i s  no c o n s is te n t  dependence o f phase on 
freq u en cy . O ccas io n a lly , a lpha  peaks a t  02 and C4 were a t  
d i f f e r e n t  f r e q u e n c ie s . The s e le c te d  a lpha  frequency  a n a ly s is  
em phasizes th e  d i f fe re n c e  between c e n tra l  and o c c ip i t a l  alpha 
a c t i v i t i e s .  I t  ex tends th e  f in d in g  o f  a high coherence between 
o c c ip i t a l  a lpha  rhythms to  a range o f  frequency  o f  7-11 Hz f o r  
each s u b je c t .
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306.3 CARDIAC AND RESPIRATORY CHANGES ASSOCIATED WITH TEMPORAL LOBE 
EPILEPTIFORM ACTIVITY. R .C .F rys i nge r  a n d  R.M. H a rp e r , D e p t.  o f  
Anatomy and B rain  R esearch I n s t . ,  UCLA, Los A ngeles, CA 90024.

E le c t r i c a l  s t im u la t io n  of m esial tem poral lo b e  s t r u c t u r e s  i n 
an im als e le v a te s  a r t e r i a l  p re s s u re , a c c e le r a te s  h e a r t  r a t e ,  and 
d is ru p ts  r e s p i r a t io n ,  w h ereas  e x p e r im e n ta l l y  i nduced s e i z u r e s  
produce s im i la r ,  bu t ex aggera ted  e f f e c t s  on th e  c a r d i o v a s c u la r  
s y s te m , i n c lu d in g  a v a r i e t y  o f  c a r d i a c  a r r h y th m ia s .  M esia l 
tem poral lobe s t r u c tu r e s  may th u s  p lay  an i m p o r ta n t r o l e  i n th e  
c o n t r o l  o f  c a r d i a c  and  r e s p i r a t o r y  f u n c t i o n .  In  p a t i e n t s  
s u f f e r in g  from p a r t i a l  s e iz u r e s ,  e p i le p t ifo rm  d isch a rg e  i n m esial 
te m p o ra l s t r u c t u r e s  c o u ld  d i s r u p t  c a r d i a c  an d  r e s p i r a t o r y  
fu n c t io n , p o s s ib ly  p la y in g  a r o le  i n sudden death  a s s o c ia te d  with 
e p i l e p s y .  T hese  d y s f u n c t io n s  may be p a r t i c u l a r l y  p ro m in e n t 
d u r in g  s le e p  b e c a u se  o f  th e  h e ig h te n e d  p o t e n t i a l  f o r  i c t a l  
d isc h a rg e , and, s in c e  d i f f e r e n t  s lee p  s t a t e s  e l i c i t  a v a r i e t y  o f  
c a r d i o r e s p i r a t o r y  p a t t e r n s ,  s e i z u r e - i n i t i a t e d  c a r d i a c  o r  
r e s p i r a to ry  d is tu rb a n c e s  may be unmasked.

We have recorded  ECG to g e th e r  w ith c h e s t movement and a i r f lo w  
m e a su re s  o f  r e s p i r a t i o n  i n n in e  p a t i e n t s  b e in g  e v a lu a te d  a s  
c a n d id a te s  fo r  s u rg ic a l tre a tm e n t o f  m ed ica lly  r e f r a c to ry  complex 
p a r t i a l  s e iz u r e s .  These i n d iv id u a ls  w ere u n d e rg o in g  l o n g -te rm  
te le m e try  m o n ito rin g , w ith depth e l e c t r o d e s  i m p lan te d  i n to  th e  
am ygdala and h ip p o c am p u s . We w ere  t h u s  a b l e  t o  c o r r e l a t e  
spontaneous i c t a l  o r  i n t e r i c t a l  d ep th  EEG a b n o r m a l i t i e s  w ith  
c a rd ia c  r a t e  o r r e s p i r a to ry  changes.

Both sim ple and complex p a r t i a l  s e i z u r e s  t y p i c a l l y  p ro d u ced  
c a r d i a c  a c c e l e r a t i o n .  H e a r t  r a t e  w as o f t e n  l a b i l e  i n t h e  
p o s t i c ta l  p e r io d , w ith R-R i n t e r v a l s  v a ry in g  by a s  much a s  600 
msec between s u c c e ss iv e  b e a ts .  D if f e r e n t ia t in g  s t a t e  e f f e c t s  on 
th e  c a r d i a c  c o n s e q u e n c e s  o f  s e i z u r e  a c t i v i t y  was d i f f i c u l t ,  
because o f t r a n s i e n t  wakenings a s s o c ia te d  w ith i c t a l  ep iso d e s .

Simple and complex p a r t i a l  s e i z u r e s  a l s o  p ro d u ced  a p n e u s t i c 
ep iso d e s  up to  45 sec  i n d u r a t io n .  In  a d d i t i o n ,  t h r e e  o f  t h e  
n ine  p a t ie n t s  reco rded  to  d a te  s u f fe re d  from v a ry in g  d e g re e s  o f 
s le e p  apnea, w ith  two showing sev e re  mixed o r c e n tra l  apneas over 
most o f th e  n ig h t .  T hese a p n e a s  w ere n o t r e l i a b l y  a s s o c i a t e d  
w ith  EEG a b n o r m a l i t i e s ,  b u t th e y  may be a co n se q u e n c e  o f  an 
u n d e r ly in g  b r a in  l e s i o n ,  a n t i e p i l e p t i c m e d i c a t i o n ,  o r  CNS 
re o rg a n iz a t io n  a s s o c ia te d  w ith  th e  s e iz u re  d is o rd e r .

These f in d in g s  s u g g e s t  t h a t  e p i l e p t i f o r m  d i s c h a r g e  i n th e  
m e s ia l  te m p o ra l lo b e  i s  a s s o c i a t e d  w ith  p o w erfu l d e s c e n d in g  
i n f lu e n ces  on c a rd ia c  and r e s p i r a t o r y  s y s te m s . M o reo v er, th e y  
dem onstra te  th e  i m portance o f o b ta in in g  m easures o f s t a t e - r e l a t e d  
c a rd io r e s p ir a to ry  p a t te rn in g ,  s in c e  s lee p  d e p r i v a t i o n  r e s u l t i n g  
from sev e re  apnea cou ld  i n c rea se  s e iz u re  frequency  and e x a ce rb a te  
p s y c h ia t r ic  d e f i c i t s  commonly found i n t h i s  p a t i e n t  p o p u la tio n . 
S upported by NS 02808-25.

306.4 L o n g -la s tin g  A l te r a t io n  o f Evoked A c tiv i ty  in  P ir ifo rm  C ortex 
Induced by K ind ling  of O lfa c to ry  Bulb. T .P . S u tu la  
& L. B. H aberly . D ep ts. o f N eurology and Anatomy, 
U n iv e rs ity  o f W isconsin , M adison, WI 53706

C hronic reco rd in g  in  r a t s  (R u s se ll  and S t r ip l i n g ,  B ra in  
Res. 361:61) has dem onstra ted  a l t e r a t i o n s  o f evoked a c t iv i t y  
in  th e  p ir i fo rm  c o r te x  ( l a r g e s t  s u b d iv is io n  of o lf a c to ry  
c o r te x )  in  response  to  a c t iv a t io n  o f th e  o l f a c to ry  bulb  (OB). We 
a re  in v e s t ig a t in g  th e  n eu ro n a l ev e n ts  u n d erly in g  th e se  changes 
in  u re th an e  a n e s th e t iz e d  r a t s  in  which s tim u la t in g  and reco rd in g  
lo c a t io n s  and dep th s  can be a c c u ra te ly  c o n tro l le d .

R ats were s tim u la te d  in  th e  OB w ith  d a i ly  t r a in s  o f 60 Hz 
b ip o la r  p u ls e s  u n t i l  k in d led  c l a s s  5 s e iz u re s  were evoked. 
Two to  9 days a f t e r  th e  l a s t  s e iz u r e ,  p o te n t ia l s  were evoked 
in  p i r i fo rm  c o rte x  by s tim u la t io n  o f a f f e r e n t  f ib e r s  in  th e  
l a t e r a l  o lf a c to ry  t r a c t .  The most s t r ik in g  change was th e  
developm ent o f a h ig h  am p litude  complex f i e l d  p o te n t ia l  th a t  
o cc u rre d  in  a l l - o r -n o n e  fa s h io n  b o th  spon taneously  and a t  
v a r ia b le  la te n c y  in  response  to  s tim u la t io n  o f a f f e r e n t  o r  
a s s o c ia t io n  f i b e r s .  In  deep la y e r s  th e  spon taneously  o cc u rrin g  
p o te n t ia l  c o n s is te d  o f a b ip h a s ic  p o s i t iv e -n e g a t iv e  slow wave 
(60-80 msec d u ra t io n )  w ith  a  h ig h  am plitude  n e g a tiv e  " sp ik e"  
component n e a r  th e  o n se t o f th e  i n i t i a l  p o s i t i v e  slow wave. 
When evoked by a f f e r e n t  o r  a s s o c ia t io n  f i b e r  s t im u la t io n  th e  
waveform was dependent on la te n c y  o f o cc u rre n ce , a lth o u g h  i t  
u s u a l ly  resem bled th e  spon taneously  o cc u rrin g  form when 
o v e rly in g  p o te n t ia l s  were s u b tra c te d . Frequency o f occu rrence  of 
th e  a l l - o r -n o n e  p o te n t ia l  i s  in c re a se d  by p a ire d  p u ls e  a f f e r e n t  
f i b e r  s t im u la t io n  w ith  a 30 msec in te rs h o c k  in t e r v a l  and i s  
h ig h e r  w ith  a  s tim u lu s  r e p e t i t io n  r a t e  o f 1 Hz th a n  0 .1  Hz. T his 
p o te n t ia l  o c c a s io n a lly  occu rs  tw ice  o r  more in  su ccess io n  g iv in g  
r i s e  to  an  a f t e r d is c h a r g e - l ik e  resp o n se . E x t r a c e l lu la r  reco rd in g  
re v e a le d  a synchronous d is c h a rg e  of s in g le  a c t io n  p o te n t ia l s  in  
th e  pyram idal c e l l  la y e r s  du rin g  th e  f a s t  sp ik e  component of th e  
a l l - o r -n o n e  f i e l d  p o te n t ia l .  I n t r a c e l l u l a r  reco rd in g s  rev ea led  
th a t  th e  i n i t i a l  deep p o s i t i v e  slow wave component i s  a s s o c ia te d  
w ith  a  h ig h  am p litude  EPSP and th e  second deep n e g a tiv e  slow 
wave a s s o c ia te d  w ith  an IPSP. Long la te n c y , long d u ra t io n  
d e p o la r iz in g  and h y p e rp o la r iz in g  p o te n t ia l s  a l s o  occur.

An in t r ig u in g  f e a tu r e  i s  th a t  i n t e r i c t a l  e p i le p t ifo rm  ev e n ts  
occu r in  th e  o lf a c to ry  c o r te x  o f k in d led  r a t s  in  absence of 
obvious a l t e r a t i o n  in  a f f e r e n t  f i b e r  evoked e x c i ta t io n  and 
in  th e  p re sen ce  of b o th  f a s t  and slow in h ib i to r y  p ro c e sse s . 
We a r e  t e s t in g  th e  h y p o th e s is  th a t  k in d lin g  induces a change 
in  th e  b a lan ce  o f i n t r i n s i c a l l y  m ediated e x c i ta to r y  and in h ib i 
to ry  p ro c e s s e s . Supported  by NIH g ra n t NS19865 (LBH), th e  
E p ilep sy  Foundation  of America (T S ), & TIDA K07-NS808 (TS).

306.5 d ee p  PREPIRIFORM CORTEX AND AMYGDALA KINDLING. D .Zhao* and  
S .L .M oshé  D e p t . o f  N e u ro lo g y , A l b e r t  E i n s t e i n  C o l le g e  o f  
M e d ic in e , B ro n x , N .Y .10461 .

The d e e p  p r e p i r i f o r m  c o r t e x  (DPC) h a s  b e e n  r e c e n t l y  i d e n t i f i e d  
a s  a  c r u c i a l  e p i l e p to g e n i c  s i t e  i n  t h e  r a t  b r a i n  ( P ir e d d a ,  S . and 
G a le ,  K. ,  N a tu re ,  3 1 7 :6 2 3 , 1 9 8 5 ) . I n  t h i s  r e p o r t  we s tu d i e d  t h e  
s u s c e p t i b i l i t y  o f  t h e  DPC t o  t h e  d ev e lo p m e n t o f  e l e c t r i c a l  
k i n d l i n g  a s  com pared  t o  t h a t  o f  t h e  s u p e r f i c i a l  p r e p i r i f o r m  
c o r t e x  (SPC) an d  am y g d a la . A d u lt  r a t s  h ad  e l e c t r o d e s  im p la n te d  
i n  t h e  DPC, SPC o r  am y g d ala  an d  w ere  k in d le d  u s in g  s ta n d a r d  
t e c h n i q u e s .

T h e re  w ere  no  d i f f e r e n c e s  i n  t h e  a f t e r d i s c h a r g e  t h r e s h o ld s  a s  
a  f u n c t i o n  o f  s i t e .  The b e h a v io r a l  s e i z u r e s  in d u c e d  by  DPC and 
SPC k i n d l i n g  w e re  i d e n t i c a l  t o  t h o s e  in d u c e d  b y  am ygdala  
k i n d l i n g .  B o th  DPC and SPC w ere  a s  s e n s i t i v e  t o  t h e  d e v e lo p m e n t 
o f  k in d le d  s e i z u r e s  a s  t h e  am y g d a la . The num ber o f  s t i m u l a t i o n s  
r e q u i r e d  f o r  t h e  d e v e lo p m e n t o f  t h e  f i r s t  s t a g e  5 s e i z u r e  was 
x̅± SE = 1 2 .6  ± 1 .2  f o r  t h e  DPC, 1 3 .2  ± 1 .7  f o r  t h e  SPC and  1 2 .9  ± 
1 .3  f o r  t h e  am ygdala, F ( 2 ,1 7 )  = 0 .0 4 ,  n s .  T h e re  w ere  no s t a t i s 
t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  i n  t h e  a f t e r d i s c h a r g e  d u r a t i o n s  
d u r in g  t h e  f i r s t  g e n e r a l i z e d  s e i z u r e s  among t h e  t h r e e  g ro u p s  
F ( 2 ,1 7 )  = 2 .8 .  H ow ever, EEG r e c o r d in g s  d e m o n s tra te d  t h a t  t h e  
am ygdala  d e v e lo p e d  lo n g  l a s t i n g ,  s e l f - s u s t a i n e d  a f t e r d i s c h a r g e s  
in d e p e n d e n t  from  t h e  DPC o r  SPC a f t e r d i s c h a r g e s  ev en  when t h e  
DPC o r  SPC w ere  t h e  s i t e  o f  s t i m u l a t i o n .

T h ese  r e s u l t s  i n d i c a t e  t h a t  t h e  p r e p i r i f o r m  c o r t e x  (DPC and 
SPC) i s  h i g h ly  s u s c e p t i b l e  t o  t h e  d ev e lo p m e n t o f  k i n d l i n g  
a l th o u g h  t h e  am ygdala  a p p e a r  t o  b e  m ore im p o r ta n t  i n  t h e  k i n d l i n g  
c i r c u i t r y .

306.6 FOUR-AMINOPYRIDINE INDUCED AFTERDISCHARGE ACTIVITY IN THE HIPPO
CAMPAL SLICE OF IMMATURE RATS. T .J .  Chesnut and J.W. Swann. 
Wadsworth Center f o r  L a b o ra to r ie s  and R esearch , N .Y.S. Departm ent 
of H ea lth , A lbany, NY 12201.

Most models used fo r  th e  study  of e p i le p to g e n e s is  in  th e  in  
v i t r o  b ra in  s l i c e  p re p a ra tio n  produce e p i le p t ifo rm  a c t iv i t y  by 
b lockade o f sy n a p tic  in h ib i t i o n .  We r e p o r t  h e re  th a t  th e  convu l- 
s a n t 4 -am inopy rid ine  (4-AP) can e l i c i t  pro longed s e iz u r e - l ik e  
a f te rd is c h a rg e s  in  th e  deve lop ing  hippocampus even though sy n a p tic  
in h ib i t i o n  i s  p re s e n t .

T ransverse  s l i c e s  500 μm th ic k  were c u t from hippocam pi of 
immature r a t s  (10-15 days o f age) and tr a n s f e r r e d  to  th e  su rfa c e  of 
a ny lon  n e t in  th e  ex p e rim en ta l chamber. A ll s l i c e s  were incubated  
a t  32-33°C in  oxygenated a r t i f i c i a l  c e re b ro sp in a l f lu id  (ACSF) 
c o n s ta n tly  p e rfu sed  under th e  n e t a t  0 .5 -1 .0  m l/m in . The upper 
s u r fa c e s  o f th e  s l i c e s  were exposed to  hum ified  95% O2/5% CO2 . The 
s l i c e s  were in cu b a ted  fo r  a t  l e a s t  60 m inu tes b e fo re  exposure to  
th e  4-AP (20-60 μM) which was added d i r e c t l y  to  th e  ACSF. As w ith  
o th e r  c o n v u lsa n ts , s l i c e s  from th e  immature an im als d isp la y ed  more 
p ro longed e p i le p t ifo rm  a c t i v i t y  in  resp o n se  to  th e  4-AP than  d id  
s l i c e s  from m ature an im als. E x t r a c e l lu la r  f i e l d  reco rd in g s  
o b ta in ed  from th e  pyram idal c e l l  la y e r  of a re a  CA3 of s l i c e s  from 
th e  immature anim al in d ic a te d  re g u la r ly  o cc u rr in g  i c t a l - l i k e  
ep iso d es  c o n s is t in g  o f pro longed a f te rd is c h a rg e s  (ADs) in  response  
to  th e  4-AP. O ften , i n t e r i c t a l  b u r s t  d is c h a rg e s  were a ls o  p re s e n t .

I n t r a c e l l u l a r  re c o rd in g s  from presumed pyram idal c e l l s  i n d ic a te d  
a c t io n  p o te n t ia l  a c t i v i t y  co n c u rre n t w ith  th e  e x t r a c e l lu la r ly  
reco rded  p o p u la tio n  sp ik e s  du rin g  th e  ADs and th e  i n t e r i c t a l  b u rs ts . 
The s l i c e s  d isp la y e d  a number o f p a t te r n s  of e p i le p t ifo rm  a c t iv i t y  
in  resp o n se  to  th e  d rug . A lthough th e re  were v a r i a t i o n s  between 
s l i c e s ,  th e  a c t i v i t y  changed very  l i t t l e  w ith in  a s l i c e  once a 
g iven  p a t te r n  was e s ta b l is h e d .  The s l i c e s  d id  have a tendency to  
suddenly  s to p  d is p la y in g  e p i le p t ifo rm  a c t i v i t y ,  a s  i f  th e  a c t i v i t y  
had been so in te n s e  th a t  th e  t r a n s m it te r  supply  had been exhausted . 
S im ultaneous e x t r a c e l lu la r  re c o rd in g s  from bo th  CAl and CA3 
in d ic a te d  th a t  AD a c t iv i t y  sp read  from CA3 to  CAl. P o p u la tio n  
sp ik e  a c t i v i t y  d u ring  th e  AD in  CAl fo llow ed th a t  in  CA3 in  a  one- 
to -o n e  fa sh io n  w ith  a la te n c y  o f 20-60 msec. The d e lay  was constan t 
in  any one AD fo r  a g iven  p o s i t io n  o f each e le c tro d e  p a i r .

I n t r a c e l l u l a r  re c o rd in g s  a ls o  in d ic a te d  th a t  in h ib i to r y  s y n ap tic  
p o te n t ia l s  were p re s e n t du rin g  th e  4-AP induced e p i le p t ifo rm  
a c t i v i t y .  These in h ib i to r y  p o te n t ia l s  o f te n  o ccu rred  d u ring  th e  
i n t e r i c t a l  b u r s ts  and were capab le  o f in h ib i t i n g  a c t io n  p o te n t ia l  
g e n e ra tio n . C u rren t in je c t io n  in d ic a te d  th a t  they  had a r e v e r s a l  
p o te n t ia l  s im i la r  to  th o se  of gam ma-aminobutyric a c id  m ediated 
IPSPs a c t iv a te d  d u ring  re c u r r e n t  in h ib i t i o n .

This work suppo rted  by NIH g ra n t NS22231 to  T .J .C . and NS18309 
to  J.W .S.



WEDNESDAY PM CLINICAL CNS NEUROPHYSIOLOGY: EPILEPSY 1127

306.7 SECONDARY BILATERAL SYNCHRONY FROM STIMULATION OF SUBSTANTIA 
INNOMINATA IN RATS WITH FOCAL PENICILLIN SPIKES. F. B ih a ri * and 
R .S . McLachlan (SPON: T. F easb y ). E p ilep sy  U nit R esearch  L a b ., 
D epartm ents o f C l in ic a l  N eu ro lo g ica l S ciences  and P hysio logy , 
U n iv e rs ity  o f W estern O n ta r io , London, O n tario  N6A 5C1.

Secondary b i l a t e r a l  synchrony i s  th e  developm ent of 
g e n e ra liz e d  synchronous e le c tro g ra p h ic  s e iz u re  a c t i v i t y  from a 
c o r t i c a l  fo c u s . Proposed mechanisms in c lu d e  t r ig g e r in g  o f 
g e n e ra liz e d  d isc h a rg e s  from s u b c o r t i c a l  s t r u c tu r e s  by th e  c o r t i c a l  
focus and reduced in h ib i t i o n  in  th e  c o r te x  from m u ltip le  f o c i  
a llow ing  sy n c h ro n iz a tio n  o f s e iz u re  a c t i v i t y .  The s u b s ta n t ia  
innom inata (S I)  i s  a s u b p a l l id a l  re g io n  o f th e  b a s a l f o re b ra in  
w ith  w idespread  c h o l in e rg ic  e f f e r e n t s  to  th e  n eo c o rtex . S ince 
c h o lin e rg ic  pathways have long  been im p lic a te d  in  th e  
pathophysio logy  o f s e iz u r e s ,  th e  p o s s ib le  r o le  o f SI in  th e  
m ed ia tion  o f g e n e ra liz e d  s e iz u re  a c t i v i t y  was a s s e s se d .

A b ip o la r  s t im u la t in g  e le c tro d e  was p laced  in  th e  SI 
( h i s to lo g ic a l ly  confirm ed) o f u re th an e  a n e s th e tiz e d  W istar r a t s  
and th e  e le c tro c o r tic o g ra m  reco rd ed  from bo th  hem ispheres. 
U n i la te r a l  s t im u la t io n  (0 .2  -  0 .8  mA, 0 .2  -  1 .0  ms, 10 -  50 hz) 
was c a r r ie d  o u t bo th  b e fo re  and a f t e r  a c o r t i c a l  sp ik e  focus  was 
e s ta b l is h e d  over th e  co n v ex ity  o f th e  i p s i l a t e r a l  hem isphere 
u s in g  a 1 mm2 p le d g e t o f f i l t e r  paper soaked w ith  P e n ic i l l i n  G 
100,000 IU /m l. S tim u la t io n  b e fo re  P e n ic i l l i n  e i t h e r  had no 
e f f e c t  o r induced low v o lta g e  g e n e ra liz e d  3-4 hz synchron ized  
waves on th e  e le c tro c o r tic o g ra m . P e n ic i l l i n  induced fo c a l  s p ik e s  
which f re q u e n t ly  sp read  to  homologous c o rte x  o f th e  o p p o s ite  
h em isphere. P e n ic i l l i n  sp ik e  frequency  was in h ib i te d  d u rin g  SI 
s t im u la t io n  and a t  tim es in c re a s e d  a f t e r  s t im u la t io n .  In  
a d d i t io n ,  g e n e ra liz e d  b isynchronous p o ly sp ik e s  and p o ly sp ik e  waves 
appeared  s im u ltan e o u sly  over bo th  hem ispheres w ith  minimum la te n c y  
of one second a f t e r  SI s t im u la t io n  o n se t p e r s i s t i n g  fo r  up to  
70 seconds and o u t l a s t in g  th e  s tim u la t io n  o f f s e t  f o r  up to  60 
seconds. These s e iz u re s  cou ld  be blocked by to p i c a l  a p p l ic a t io n  
o f a t ro p in e  to  th e  c o r te x .  Secondary b i l a t e r a l  synchrony from a 
c o r t i c a l  focus  may be r e l a te d  to  enhanced a c t i v i t y  o f d i f f u s e  
c h o l in e rg ic  a f f e r e n t s  from th e  b a s a l fo re b ra in  to  th e  c o r te x ,  o r 
to  an a l t e r a t i o n  in  c o r t i c a l  re sp o n s iv en ess  to  such in p u ts .

(S upported  by PSI F oundation)

306.8 D(-)APV AND KYNURENIC ACID SUPPRESS ICTAL-LIKE ACTIVITY IN 
PENICILLIN-TREATED HIPPOCAMPAL SLICES. R .J . Brady and J.W. Swann. 
S ec tio n  fo r  Dev. N eu ro p h y s io l., Wadsworth C enter f o r  L a b o ra to r ie s  
and R esearch , NYS Departm ent of H ea lth , A lbany, NY 12201.

Our la b o ra to ry  has p re v io u s ly  dem onstrated  th a t  hippocampal 
s l i c e s  taken  from immature r a t s  9-19 days of ag e , when exposed to  
p e n i c i l l i n  have a pronounced c a p a c ity  to  undergo i c t a l - l i k e  
a c t i v i t y .  P a ire d  i n t r a c e l lu l a r  and e x t r a c e l lu la r  reco rd in g s  in  
th e  CA3 reg io n  show th a t  th e se  d isc h a rg e s  c o n s is t  of a d e p o la r iz a 
t io n  s h i f t  (DS) and a s s o c ia te d  f i e ld  e p i le p t ifo rm  b u rs t  fo llow ed by 
a s e l f - s u s ta in in g  s e r ie s  of a f te rd is c h a rg e s  of up to  30 sec in  
d u ra t io n . I t  i s  though t th a t  N -m eth y l-D -asp a rta te  (NMDA) p re f e r r in g  
e x c i ta to ry  amino ac id  re c e p to r s  a re  invo lved  in  CNS h y p e re x c ita 
b i l i t y ,  in c lu d in g  e p i le p t ifo rm  phenomena. We have p re v io u s ly  
observed th a t  ketam ine, and o th e r  NMDA re c e p to r  a n ta g o n is ts  thought 
to  a c t  a t  th e  PCP/sigma opiod r e c o g n itio n  s i t e ,  e f f e c t iv e ly  
su p p ress  a f te rd is c h a rg e s  and sh o rte n  th e  d e p o la r iz a t io n  s h i f t .  
These e f f e c t s  occur a t  c o n c e n tra t io n s  th a t  s e le c t i v e ly  an tag o n ize  
th e  NMDA response  of CA3 pyram idal c e l l s .

The involvem ent of NMDA-receptor m ediated p ro cesse s  in  a f t e r 
d isc h a rg e  g e n e ra tio n  i s  f u r th e r  suppo rted  by th e  r e s u l t s  of 
experim en ts p re sen ted  h e re , Bath a p p l ic a t io n  o f D (-)2 -am ino-5- 
phosphonovale ra te  (D(-)APV), though t to  be a h ig h ly  s p e c i f ic  NMDA- 
re c e p to r  a n ta g o n is t ,  com plete ly  and re v e r s ib ly  su p p re sse s  a f t e r 
d isc h a rg e s  in  p e n i c i l l i n - t r e a t e d  immature hippocam pal s l i c e s .  
However, a c o n c e n tra t io n  of 400 μM i s  n ec essa ry  fo r  t h i s  b lockade. 
At t h i s  c o n c e n tra t io n  th e  d u ra t io n  of th e  DS i s  a ls o  dec re a sed . 
In  c o n t r a s t ,  b a th  a p p l ic a t io n  of on ly  100 μM of kynuren ic ac id  
(KYN) produces e s s e n t i a l l y  id e n t ic a l  e f f e c t s .  In  p e r fu s io n  media 
co n ta in in g  te tro d o to x in ,  no ca lcium  and 2 mM manganese, 400 μM 
D(-)APV o r 100 μM KYN re v e r s ib ly  su p p ress  th e  response  o f CA3 
pyram idal c e l l s  to  th e  io n to p h o re tic  a p p l ic a t io n s  o f NMDA w hile  
le a v in g  th e  response  e l i c i t e d  by th e  a p p l ic a t io n  o f q u is q u a la te  
r e l a t i v e ly  u n a f fe c te d .

These and o th e r  o b s e rv a tio n s  le d  to  th e  co n c lu s io n  th a t  NMDA- 
re c e p to r  dependent d e p o la r iz a t io n s  a re  a n ec essa ry  p a r t  o f th e  
mechanism of a f te rd is c h a rg e  g e n e ra tio n . The o b se rv a tio n  in  th e  
immature hippocam pal s l i c e  th a t  KYN seems fo u r tim es more p o te n t 
in  su p p re ss in g  a f te rd is c h a rg e s  and NMDA resp o n ses  than  D(-)APV i s  
unexpected . I t  i s  p o s s ib le  th a t  d if f e re n c e s  in  re c e p to r  
s e l e c t i v i t y  make KYN more p o te n t .  I t  i s  a lso  an in t e r e s t i n g  
p o s s i b i l i t y  th a t  in  th e  CA3 a re a  o f th e  immature hippocam pal s l i c e ,  
kynuren ine p r e f e r r in g  NMDA re c e p to r s  p redom inate.

Supported by NINCDS G ran ts R23 NS23071 to  R .J .B . and NS18309 
to  J.W .S.

306.9 INHIBITION OF FOCAL PENICILLIN SPIKES BY ELECTRICAL STIMULATION 
OF THE SUBSTANTIA NIGRA IN RATS. R .S . McLachlan and D. W hitney*. 
E p ilep sy  U n it R esearch  L a b ., D epartm ents o f C l in ic a l  N eu ro lo g ica l 
S c iences  and P h ysio logy , U n iv e rs ity  o f W estern O n ta r io , London, 
O n ta rio  N6A 5C1.

L esions o f s u b s ta n t ia  n ig ra  (SN) and GABA a g o n is ts  in je c te d  
in to  SN bo th  i n h i b i t  b eh a v io u ra l and EEG g e n e ra liz e d  s e iz u re  
a c t i v i t y  su g g es tin g  th a t  SN may h e lp  re g u la te  w idespread  n eu ro n a l 
e x c i t a b i l i t y .

We examined th e  e f f e c t  o f e l e c t r i c a l  s t im u la t io n  o f  th e  SN on 
P e n ic i l l i n  induced fo c a l  c o r t i c a l  sp ik e  a c t i v i t y  in  u re th an e  
a n e s th e tiz e d  W ista r r a t s .  P e n ic i l l i n  G 100,000 IU/ml was 
to p i c a l ly  a p p lie d  to  th e  c o r te x  u s in g  a 1mm square  p le d g e t o f 
f i l t e r  paper to  induce fo c a l  sp ik in g  which could  be m a in ta ined  
f o r  s e v e ra l  h o u rs . Some homologous sp read  o f th e  d is c h a rg e s  
to  th e  o p p o s ite  hem isphere a ls o  o cc u rre d . S tim u la t io n  o f SN 
on th e  s id e  o f th e  fo cu s  u s in g  b ip o la r  e le c tro d e s  (0 .2  -  0 .8  mA, 
0 .2  -  5 ms, 10 -  50 hz) most commonly in h ib i te d  sp ik e  frequency  
d u rin g  and fo r  a b r i e f  p e r io d  a f t e r  s t im u la t io n ,  a lth o u g h  a 
s l i g h t  in c re a s e  in  sp ik e  frequency  d u rin g  s t im u la t io n  o r  no 
change a l s o  o c c u rre d . I n h ib i t io n  was g r e a t e s t  when fo c a l  sp ik e  
frequency  was h ig h . S e iz u re s  were n o t a c t iv a te d  by SN 
s t im u la t io n  and in  some an im als which developed g e n e ra liz e d  EEG 
s e iz u r e s ,  t h i s  a c t i v i t y  cou ld  be te rm in a ted  by s tim u la t in g  SN. 
T h is was in  c o n t r a s t  to  s t im u la t io n  o f th e  r e t i c u l a r  fo rm a tio n  
d o rs a l  to  SN w hich r e g u la r ly  in c re a s e d  sp ik e  frequency  and 
induced s e iz u re s .  I n h ib i t io n  o f i n t e r i c t a l  and i c t a l  a c t i v i t y  
by lo c a l  r e le a s e  o f GABA w ith in  SN by e l e c t r i c a l  s t im u la t io n  
would be c o n s is te n t  w ith  p rev io u s  d a ta  in d ic a t in g  a p ro co n v u lsan t 
a c t io n  o f SN. However, a d i r e c t  a c t iv a t io n  o f SN e f f e r e n t s  could  
a l s o  be re s p o n s ib le  f o r  th e  e f f e c t s  o f e l e c t r i c a l  s t im u la t io n .

(S upported  by PSI Foundation)

306.10 CARBAMAZEPINE ABOLISHES ICTAL BUT NOT INTERICTAL EPILEPTIFORM DIS
CHARGES IN IMMATURE HIPPOCAMPUS IN VITRO. K .L. Smith and J.W. 
Swann. (SPON: V. M ad e lian ). S ec tio n  fo r  Dev. N eu ro p h y s io l., NYS 
D ept. of H ea lth , Wadsworth C tr . f o r  Labs & Res. Albany NY, 12201.

Carbamazepine (CBZ) i s  a w idely  used a n t ic o n v u lsa n t and i s  p a r 
t i c u l a r l y  e f f e c t iv e  in  c o n t ro l l in g  fo c a l s e iz u re s  in  c h i ld re n .  
S ince th i s  form of e p i le p s y  o f te n  o r ig in a te s  from hippocam pal f o r 
m ation , we have s tu d ie d  CBZ's e f f e c t s  on e p i le p t ifo rm  d isc h a rg e s  
produced by p e n i c i l l i n  in  th e  CA3 s u b f ie ld  o f s l i c e s  from immature 
r a t s .  As p re v io u s ly  r e p o r te d , b a th  a p p l ic a t io n  of p e n i c i l l i n  to  
s l i c e s  from r a t s  1-2 weeks of age p roduces i n t e r i c t a l  d isc h a rg e s  
s im i la r  to  th o se  reco rded  in  m ature hippocampus. In  immature 
t i s s u e ,  however, th e  i n t e r i c t a l  d isc h a rg e  i s  fo llow ed by r e p e t i t i v e  
and rhythm ic synchron ized  d isc h a rg e s  o f CA3 pyram idal c e l l s .  These 
d isc h a rg e s  a re  o f te n  30 sec in  d u ra t io n .

Hippocampal s l i c e s  were taken  from r a t s  9-14 days o f  age . Once 
exposed to  p e n i c i l l i n  (1 .7  mM), e p i le p t ifo rm  d isc h a rg e s  were e s ta b 
l i s h e d .  I n t r a c e l l u l a r  and e x t r a c e l lu la r  rec o rd in g s  were ob ta in ed  
from th e  CA3 pyram idal c e l l  body la y e r .  CBZ was b a th  ap p lied  a t  
c o n c e n tra t io n s  of 5-100 μM. In  some in s ta n c e s ,  e f f e c t s  on spon
taneous e p i le p t ifo rm  d isc h a rg e s  were s tu d ie d . However, in  most 
expe rim en ts, e p i le p t ifo rm  ev e n ts  were evoked by o rthodrom ic 
s tim u la t io n  of f ib e r  t r a c t s  in  s tra tu m  rad ia tu m . In  experim en ts in  
w hich dose response  r e l a t i o n s  were s tu d ie d ,  a low frequency  (0 . 1-  
0 .2  Hz) r e p e t i t i v e  s tim u la t io n  paradigm  was employed. This p a ra 
digm r e s u l te d  in  i n t e r i c t a l  sp ik e s  fo llow ed by b r ie f  a f te rd is c h a rg e s  
of r e l a t i v e ly  c o n s ta n t d u ra t io n . Bath a p p l ic a t io n  o f th e ra p e u tic  
c o n c e n tra t io n s  o f CBZ to  s l i c e s  supp ressed  synchron ized  a f t e r 
d isc h a rg e  g e n e ra tio n . C o n ce n tra tio n s  of 30 μM com plete ly  a b o lish ed  
i c t a l - l i k e  d is c h a rg e s . These e f f e c t s  were h ig h ly  dose dependent 
and th e  IC50 was 8 .5  ± 1 .4  μM (SEM N = 7 ) . I n te r e s t in g ly  th e  
d u ra t io n  and am p litude  of th e  i n t e r i c t a l  sp ik e  was u n a ffe c te d  by CBZ 
a t  th e se  c o n c e n tra t io n s . In  a d d i t io n ,  th e  frequency  o f spontaneous 
i n t e r i c t a l  d isc h a rg e s  was u n a l te re d  and, in  some in s ta n c e s ,  a c tu a l ly  
in c re a s e d . At s u p ra th e ra p e u tic  c o n c e n tra t io n s  (100 μM), th e  
d u ra t io n  of th e  i n t e r i c t a l  sp ik e  d ec reased  m in im ally  (only  by 24.4% 
 ± 1 .2 ) .  T hreshold  s t im u la t io n  s tr e n g th  rem ained u n a l te re d ;  th e  
i n t e r i c t a l  sp ik e  m a in ta ined  i t s  c h a r a c t e r i s t i c  a l l - o r -n o n e  p ro p erty .

I n t r a c e l l u l a r  re c o rd in g s  from CA3 pyram idal c e l l s  rev ea led  th a t  
CBZ had no e f f e c t  on r e s t i n g  membrane p o te n t ia l  o r r e s i s ta n c e .  In  
keep ing  w ith  e x t r a c e l lu la r  r e c o rd in g s , a t  c o n c e n tra t io n s  o f 30 μM, 
in t r a c e l lu la r ly - r e c o r d e d  a f te rd is c h a rg e s  were e l im in a te d  by CBZ bu t 
th e  am plitude  and d u ra t io n  o f th e  d e p o la r iz a t io n  s h i f t  was u n a l te r e d  
At 100 μM th e  drug d ec reased  th e  d u ra t io n  b u t had no e f f e c t  on 
d e p o la r iz a t io n  s h i f t  (DS) am p litu d e . Taken to g e th e r  th e se  r e s u l t s  
sug g est th a t  a C B Z -sensitive  p h y s io lo g ic a l p ro c e s s , d i s t i n c t  from 
th o se  u n d e rly in g  DS g e n e ra tio n , p la y s  a key r o le  in  a f te rd is c h a rg e  
g e n e ra tio n . (S upported by NIH G rant NS 18309).
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306.11 DIFFERENCES IN RELATIVE ANTIEPILEPTIC DRUG EFFICACY BETWEEN 
CORTICAL FOCI IN THE RAT. M.W. K alichm an, K.A. Moss* and V .J. 
I r a g u i *. D ep ts. of A n esthesio logy  and N eu ro sc ien ces , VA M edical 
C en ter and U n iv e rs ity  of C a l i f o rn ia ,  San D iego, San D iego, CA 
92161

The r e l a t i v e  e f f i c a c i e s  of p h e n o b a rb i ta l (PB), pheny to in  (PHT), 
carbam azepine (CBZ), and v a lp ro ic  ac id  (VPA) were te s te d  fo r  the  
s u p p re ss io n  of f o c a l  s e iz u re s  produced by e l e c t r i c a l  s t im u la t io n  
of c o r t i c a l  a re a s  3 and 10 in  th e  r a t .  T w enty-six (26) m ale, 
Sprague-Dawley r a t s  (250-300 g) were p rep ared  fo r  th e  study  by 
s te r e o ta x ic  p lacem ent of b ip o la r  e le c tro d e s  e i t h e r  in  c o r t i c a l  
a re a  3 (mm from bregma: AP=0.0, L a t= 3 .0 ) o r 10 (AP=4.0, 
L a t= 2 .0 ) . F ollow ing recove ry  from s u rg e ry , in d iv id u a l 
a f te rd is c h a rg e  th re sh o ld s  were e s tim a ted  and th e i r  s t a b i l i t y  was 
determ ined . S tim u la tio n  c o n s is te d  of a 1 -s  t r a in  of 60 Hz, 
b ip h a s ic  1-ms square  w aves. A f te rd isc h a rg e  th re sh o ld s  (mean ± 
SEM) were n o t s ig n i f c a n t ly  d i f f e r e n t  between c o r t i c a l  a re a s  3 
(5 ,680  ± 1,325 uA) and 10 (5 ,710 ± 1 ,5 4 0 ). Using a random ized, 
rep e a te d  m easures d e s ig n , s u b je c ts  were each p r e - t r e a te d  w ith  a 
coded s o lu t io n  p r io r  to  th re sh o ld  e l e c t r i c a l  s t im u la t io n  by an 
in v e s t ig a to r  b lin d e d  to  th e  id e n t i t y  of th e  drug and dose being  
te s t e d .  The in c id en ce  and d u ra t io n  o f subsequen t a f te rd is c h a rg e  
a c t i v i t y  were reco rd e d . Each s u b je c t was te s te d  once a t  each of 
3 doses o f each drug and w ith  a drug  v e h ic le  as  c o n tro l and on 
each t e s t  day each drug o r c o n tro l dose was te s te d  in  one 
s u b je c t in  each of th e  c o r t i c a l  g roups. At th e  co n c lu s io n  of 
th e  s tudy  th e  r e s u l t s  were unb linded  and th e  r e s u l t in g  
d o se-resp o n se  d a ta  were ana lyzed  fo r  p o s s ib le  d if f e re n c e s  in  
s lo p e  o r e le v a t io n .  The two c o r t i c a l  s i t e s  were d is tin g u is h e d  
by s ig n ic a n t ly  d i f f e r e n t  d o se-resp o n se  curve s lo p es  fo r  the  
s u p p re ss io n  of a f te rd is c h a rg e  d u ra t io n  by PHT, CBZ and VPA (P 
0 .0 5 ) ,  which su g g es ts  more than  one mechanism of a c t io n  fo r  
th e se  d ru g s . The d o se-resp o n se  curve s lo p e s  fo r  PB, on the  
c o n tra ry ,  were n o t s ig n i f i c a n t ly  d i f f e r e n t ,  a lth o u g h  i t s  potency 
was s ig n ic a n t ly  g r e a te r  in  a re a  10 (P 0 .0 0 2 ) . I t  i s  concluded 
th a t  fo c a l  s e iz u re s  e l i c i t e d  by th e  s tim u la t io n  of d i f f e r e n t  
c o r t i c a l  s i t e s  a re  d i f f e r e n t i a l l y  r e f r a c to r y  to  a n t i e p i l e p t i c  
d ru g s . The s ig n if i c a n c e  o f th e se  r e s u l t s  to  th e  c l i n i c a l  use of 
a n t i e p i l e p t i c  d rugs i s  th e  im p lic a tio n  th a t  th e  cho ice  of 
a n t i e p i l e p t i c  tre a tm en t might depend in  p a r t  on the  c o r t i c a l  
focus fo r  p a r t i a l  o r p a r t ia l - g e n e r a l iz e d  s e iz u re s .

306.12 EFFECTS OF ANTICONVULSANT DRUGS ON AFTERDISCHARGE THRESHOLD IN 
KINDLED RATS: A MODEL OF TEMPORAL LOBE EPILEPSY. M.G. 
Vartanian*, P.J. Mickevicius*, B.Z. Stieber*, and C.P. Taylor, 
Dept. of Pharamcology, Warner-Lambert/Parke-Davis Research, Ann 
Arbor, MI 48105

The kindl ing phenomenon as f i r s t  described by Goddard et  a l , 
(Exp. Neurol. 25: 295, 1969) is a progressive intensification of 
seizures after  repeated subconvulsive electrical stimulation of 
the brain, that eventually results in generalized motor convul
sions. These changes in neuronal excitabil i ty  are apparently 
permanent, and may be similar to cl inical epilepsy.

This study investigates changes in the electrical threshold 
for focal seizures (afterdischarges) in hippocampal-implanted 
kindled rats .  We have developed a standardized pharmacological 
procedure as an animal model of temporal lobe epilepsy. A 
separate group of unimplanted rats were used to determine 
behavioral side-effects of each drug, allowing therapeutically 
relevant doses of each drug to be determined.

Effects of several drugs were quantified; ED50 (mg/kg IP) 
follows drug name (carbamazepine 7.4, phenytoin 23; zonisamide 
13; sodium valproate 150; phenobarbital 41; diazepam >10; 
ethosuximide >200; baclofen >10; acetazolamide 15; imipramine 
19). Carbamazepine, phenytoin, zonisamide, and acetazolamide 
were most effective in elevating the afterdischarge thresholds 
without causing behavioral side-effects,  while sodium valproate, 
phenobarbital, and imipramine were somewhat less effective. 
Diazepam, ethosuximide, and baclofen were relat ively ineffective 
at  doses below those causing side effects.  These results 
correlate with cl inical anticonvulsant actions against partial 
seizures, suggesting that  this procedure is an appropriate and 
sensitive animal model.

306.13 COCAINE'S EFFECTS ON EVOKED POTENTIALS IN THE PYRIFORM CORTEX: 
LOCAL ANESTHETIC AND MONOAMINERGIC MECHANISMS. D. K. Patneau 
and J .  S . S t r i p l i n g . D epartm ent of P sychology, U n iv e rs ity  of 
A rkansas, F a y e t te v i l l e ,  AR 72701.

P rev ious  in v e s t ig a t io n s  in  our la b o ra to ry  have examined 
c o c a in e 's  p ro -  and a n t i- c o n v u ls a n t e f f e c t s  on k in d lin g  and 
k in d le d  s e iz u re  e x p re ss io n  in  th e  o lf a c to ry  bu lb  (OB) and p y r i 
form c o r te x  (PC ). A lthough ev idence in d ic a te s  th a t  th e se  e f f e c t s  
a re  due p r im a r ily  to  c o c a in e 's  lo c a l  a n e s th e t ic  a c t io n ,  th e  con
t r i b u t io n  o f c o c a in e 's  monoaminergic a c t io n  needs f u r th e r  e v a lu a 
t i o n .  T his study  examined th e  pharm aco log ica l b a s is  of c o c a in e 's  
e f f e c t s  on th e  o lf a c to ry  fo re b ra in  by com parison w ith  l id o c a in e ,  
an o th er lo c a l  a n e s th e t i c ,  and am phetam ine, a b eh a v io ra l s tim u la n t 
which a ls o  p o te n t ia te s  monoaminergic t r a n sm is s io n .

Male Long-Evans r a t s  were c h ro n ic a lly  im planted  w ith  a stim u
l a t in g  e le c tro d e  in  th e  OB, a re c o rd in g  e le c tro d e  in  th e  PC, and 
an in trav en o u s  c a th e te r ,  and d iv id ed  in to  3 g ro u p s. Evoked 
p o te n t ia l s  (EPs) were reco rd e d  every  5 sec from 2 min b e fo re  to  5 
min a f t e r  in fu s io n  o f each o f 3 doses o f e i th e r  c o c a in e , l id o 
c a in e , or am phetam ine. Drug e f f e c t s  were an a ly zed  on th e  i n i t i a l  
two waves o f th e  p o te n t ia l  evoked by OB s t im u la t io n :  p e r io d  1, 
r e f l e c t i n g  bo th  mono- and d i- s y n a p t ic  e x c i ta t io n  in  th e  PC; and 
p e r io d  2 , b e l ie v e d  to  r e f l e c t  in h ib i to r y  p ro c e s s e s . A l, th e  
m onosynaptic component of p e r io d  1 , r e f l e c t s  a c t iv a t io n  o f PC 
pyram idal c e l l s  v ia  th e  l a t e r a l  o lf a c to ry  t r a c t  (LOT), w h ile  B1, 
th e  d is y n a p t ic  component, i s  produced by a s s o c ia t io n  f ib e r s  
w ith in  th e  PC.

The r e s u l t s  in d ic a te d  th a t  cocaine  has both lo c a l  a n e s th e t ic  
and monoaminergic e f f e c t s  on PC evoked p o te n t ia l s  which a re  d i s 
t in g u is h a b le .  Cocaine and l id o c a in e  d ep ressed  th e  am plitude of 
A l, which i s  c o n s is te n t  w ith  lo c a l - a n e s th e t i c  b lockade of Na+ 
channels  in  LOT axons. Local a n e s th e t ic  e f f e c t s  on Bl and p e r io d  
2 were more com plex, and t h e i r  e v a lu a tio n  re q u ire d  c o n s id e ra tio n  
o f d i f f e r e n t i a l  e f f e c t s  o f lo c a l  a n e s th e t ic s  on m y e lin a ted  and 
unm yelina ted  f ib e r s  an d /o r v a r io u s  i n t r i n s i c  conduc tances. The 
monoaminergic e f f e c t s  o f cocaine  and amphetamine appeared  to  be 
r e s t r i c t e d  to  th e  p o ly sy n a p tic  response  w ith in  th e  PC to  OB s tim 
u la t io n ,  and in c lu d ed  an  in c re a s e  in  Bl an d /o r a dec re a se  in  
p e r io d  2 . These changes suggest th a t  PC e x c i t a b i l i t y  i s  modu
la te d  by c e n tr a l  monoaminergic a f f e r e n t s ,  and may e x p la in  why 
cocaine  has a s u b s t a n t i a l l y  lower co n v u lsiv e  dose th an  lid o c a in e .

Im p lic a tio n s  o f th e se  f in d in g s  fo r  models o f s e iz u re  deve lop
ment and e x p re ss io n  w i l l  be d is c u s s e d , w ith  em phasis on th e  
o l f a c to ry  fo re b ra in  a s  a se iz u re -p ro n e  c o r t i c a l  system , and on 
th e  mechanisms which may u n d e r l ie  th e  convu lsan t and a n t ic o n v u l
san t e f f e c t s  o f lo c a l  a n e s th e t ic s  in  th e  CNS.

306.14 NALOXONE AND CORTICAL SPREADING DEPRESSION. R.C.A. Guedes*, T .P . 
Hicks and F.A.M. de Azeredo* (SPON: H.B. S a rn a t ) . D ept. o f  
N u tr i t io n ,  Fed. U niv. o f  Pernambuco, R e c ife , B ra z i l ;  D ept. o f  Med. 
P h y s io l . ,  Univ. o f  C algary , C algary , A l ta . ,  T2N 4N1; and D ept. o f  
N e u ro b io l .,  Fed. Flum inense U n iv ., N i te ro i ,  RJ, B ra z i l .

Leão f i r s t  d e sc rib ed  th e  phenomenon o f  c o r t i c a l  sp read in g  d e 
p re s s io n  (SD) over f o r ty  y ea rs  ago ( J .  N europhysio l. 7 :359 , 1944), 
bu t i t  s t i l l  rem ains a puzz le  as to  th e  ex a c t mechanism underly ing  
th e  a s s o c ia te d  p rocess o f  th e  slow p o te n t ia l  change (SPC) accom
panying th e  phenomenon. To t e s t  our hyp o th esis  th a t  GABA-mediated 
p ro cesses  a re  involved in th e  SPC and i t s  conductance along th e  
c o r t i c a l  s u r f a c e ,  we have used to p ic a l  a p p l ic a t io n  and m ic ro io n to - 
p h o re t ic  a d m in is tra tio n  o f  pharm acological compounds (GABA, g lu ta 
m ate, b ic u c u ll in e  (BMI) and naloxone) to  c e l l s  o f  th e  c e re b ra l 
c o r t ic e s  o f  r a t s  and g e rb i ls  in  s e v e ra l experim en ta l paradigm s. 
Io n to p h o re tic  experim en ts were perform ed to g e th e r  w ith SPC re c o rd 
ing  and SD e l i c i t a t i o n  us ing  s u r fa c e -a p p lie d  K+ in 10 Sprague- 
Dawley r a t s  a n a e s th e tiz e d  w ith a m ix tu re  o f  u re th an e  and ch l o ra lo se . 
Topical a p p l ic a t io n  o f  naloxone in  co n ju n c tio n  w ith  SPC reco rd in g  
and SD e l i c i t a t i o n  w ith  K+ was conducted in  8 g e rb i ls  and one r a t  
under th e  same a n a e s th e t ic  c o n d i t io n s .  In 6 experim ents w ith  un
a n a e s th e tiz e d  g e rb i ls  p repared  under e t h e r ,  m ain ta ined  w ith  lo c a l 
a n a e s th e s ia  on wound m arg in s , e lec tro sh o c k -in d u c e d  SD was recorded 
and th e  SPC te s te d  w ith  i . p .  naloxone (25-50 m g/kg).

F ourteen  c o r t i c a l  c e l l s  were reco rded  from r a t s ,  u s ing  m u l ti- 
b a r re l  m ic ro p ip e t te s ;  th e se  were in h ib i te d  by GABA and e x c ite d  by 
g lu tam a te . S u rface  s tim u la t io n  w ith  K+ (1 min) b rought abou t a  
p ro p ag a tin g  wave o f SD and accompanying SPC. The SPC was blocked 
by io n to p h o re tic  naloxone (8 o f  9 c e l l s )  b u t n o t by BMI (5 c e l l s ) .  
A d d itio n a lly , th e  t r a n s i e n t  phase o f  neuronal i n e x c i t a b i l i ty ,  which 
occurs subsequen t to  a b r i e f  p e rio d  o f  e x c i ta t io n  p receed ing  th e  
SPC, was p reven ted  by io n to p h o re tic  naloxone bu t was l i t t l e  a f f e c t 
ed by BMI. T o p ica lly  ap p lied  naloxone blocked th e  SPC com pletely  
on 8 g e rb i ls  and one r a t  te s te d  in  t h i s  paradigm . E lec tro shock  
tre a tm e n t to  6 g e rb i ls  evoked s e iz u re  p a t te rn s  w ith  to n ic  and 
sometimes c lo n ic  s e iz u r e - l ik e  a c t i v i t y ,  a f t e r  which a s h o r t  p e rio d  
o f  p a r a ly s is  was observed -  th i s  l a t t e r  phase in v a r ia b ly  was 
accompanied by s u r fa c e  DC reco rd in g  o f  s p ik e -e p i le p t ifo rm  a c t iv i t y  
and subsequen t SD e l i c i t a t i o n .  Follow ing i . p .  naloxone, we blocked 
th e  appearance o f  SD, and th e r e fo r e  could d is s o c ia te  th e  s e iz u re s  
from th e  occurence o f  SD.

These experim en ts p rov ide  ev idence to  su p p o rt th e  view th a t  th e  
p h as ic  neuronal in e x c i t a b i l i t y  fo llo w in g  th e  SPC o f  SD i s  n o t due 
to  s y n a p tic a l ly  re le a s e d  GABA o r  to  conve rs ion  o f  g lu tam ate  to  GABA, 
and f u r th e r  t h a t  a n a lo x o n e -s e n s i t iv e  p rocess  is  req u ired  fo r  th e  
lo c a l e x p re ss io n  o f  th e  SPC and perhaps a ls o  f o r  th e  in t e g r i t y  o f  
th e  p rocess  r e s p o n s ib le  f o r  th e  p ropaga tion  o f  SD.

Supported by th e  B ra z ilia n  CNPq, th e  Canadian MRC and th e  AHFMR.
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306.15 EARLY CHANGES IN FELINE ALUMINUM HYDROXIDE FOCAL CORTICAL EPILEPSY 
D.L. Knox, M.D.*, J .C . Godersky, M.D., and T. Yamada, M.D.*  D iv is io n  
o f N eu rosurgery , U n iv e rs ity  o f Iowa H o s p i ta ls , Iowa C ity , IA 52242

Few s tu d ie s  have been designed  to  e lu c id a te  th e  e a r ly  e l e c t r o -  
en cepha log raph ic  changes o c c u rr in g  in  th e  aluminum hydrox ide model 
o f e p i le p s y . Most s tu d ie s  have assumed th a t  th e  prim ary  s i t e  
must undergo a m a tu ra tio n  p e rio d  and develop  e p i le p t ifo rm  a c t iv i t y  
p r io r  to  th e  development o f a b n o rm a li tie s  in  o th e r  a re a s .

In o rd e r  to  c h a ra c te r iz e  th e  e a r ly  changes, 13 a d u l t  c a ts  were 
s tu d ie d . U t i l iz in g  a s e p t ic  c o n d itio n s  and g en e ra l a n e s th e s ia ,  
com m ercially  m anufactured  c o n c e n tr ic  b ip o la r  reco rd in g  e le c tro d e s  
were p laced  b i l a t e r a l l y  in to  the  hippocam pus, am ygdala, putamen, 
th a lam us, f r o n ta l  and o c c ip i t a l  c o r te x . B ase lin e  e le c tro e n c e p h a lo -  
g rap h ic  reco rd in g s  were done p r io r  to  su b p ia l p lacem ent o f 0 .04  cc 
aluminum hydroxide (Al (OH)3) in  th e  l e f t  sigm oid g y ru s . EEG r e 
co rd in g s  were o b ta in ed  d a i ly  fo r  two weeks, then  every  th re e  days 
fo r  11 weeks u n t i l  s a c r i f i c e d  by in t r a c a r d ia c  p e r fu s io n .

C lin ic a l  e p i le p s y  was induced in  7 o f 13 an im a ls , two o f which 
developed s ta tu s  e p i le p t ic u s .  A ll c a ts  went th rough an e v o lu tio n  
o f EEG changes which were d iv id ed  in to  a c u te , p r e i c t a l ,  and i c t a l  
ph ase s . The ac u te  phase ty p i c a l ly  began th e  day fo llo w in g  Al ( OH) 3 
in j e c t io n  and la s te d  two weeks. B u rs ts  o f sharp  and th e ta  t r a n s i 
e n ts  and sp ik e  and wave a c t i v i t y  predom inated in  th e  r ig h t  f r o n ta l  
and o c c ip i t a l  a re a s  but a ls o  occu rred  in  th e  l e f t  f r o n ta l  and 
th e  l e f t  and r ig h t  tha lam us, amygdala and hippocam pus.

The i n i t i a l  p e rio d  o f th e  p r e i c t a l  phase was c h a ra c te r iz e d  
by a r e s o lu t io n  o f th e  ac u te  phase changes. This g e n e ra lly  la s te d  
5-7 days. The l a t e r  p o r tio n  o f th e  p r e i c t a l  p hase , l a s t in g  3 - 6 .  
days , rev e a le d  a resu rg en ce  o f c o r t i c a l  sharp  and th e ta  t r a n s i e n ts  
w ith  sp ik e  and wave fo rm ation  w ith  l e f t  f r o n ta l  predom inance. 
Deeper s tr u c tu r e s  were a ls o  invo lved  in  a s im i la r  fash io n  w ith  
th e  fo rm a tion  o f sp ik e  and wave a c t i v i t y .  In th e  6 c a ts  th a t  
d id  n o t develop  c l i n i c a l  s e iz u r e s ,  th e  sharp  th e ta  t r a n s i e n t s  
p e r s is te d  w ith  m u ltip le  sp ik e  and wave fo rm ation  d i f f u s e ly  th ro u g h 
o u t th e  c o r te x  and deep n u c le a r  s t r u c t u r e s .  The 7 c a ts  th a t  deve
loped s e iz u re s  went on to  develop  th e  prim ary  focus w ith  freq u en t 
sp ik e  wave a c t i v i t y .  C l in ic a l ly  th e  s e iz u re s  were s h o r t  liv e d  
and c o n s is te d  o f in t e r m i t te n t  m yoclonic head movement. During 
t h i s  i c t a l  phase ty p i c a l ly  sp ik e  and waves and th e ta  t r a n s i e n t s  
p e r s is te d  th roughou t th e  l e f t  hem isphere and l e f t  c o r te x .

E x tensive  a b n o rm a li tie s  become m a n ife s t th roughou t th e  c o rte x  
and in  a number o f s u b c o r t i c a l  a re a s  p r io r  to  th e  o n se t o f c l i n i c a l  
o r e le c tro e n c e p h a lo g ra p h ic  s e iz u re s .  A pparen tly  th e  mechanism 
of a " s in g le  m atu ring  p rim ary  focus" i s  too  s im p l i s t i c  and th e  
in t e r a c t io n  o f th e  p rim ary  c o r t i c a l  focus w ith  o th e r  c o r t i c a l  
and deep n u c le a r  s t r u c tu r e s  i s  c r i t i c a l  fo r  th e  l a t e r  development 
o f a p rim ary  focus and must be co n sid e red  in  th e  mechanism o f 
th e  Al (OH) 3 model o f f e l in e  e p i le p s y .

306.PO EFFECTS ON KINDLED AMYGDALA SEIZURES OF GAMMA VINYL GABA 
INFUSION AND FETAL CEREBELLAR GRAFTS IN ENDOPIRIFORM AREA 
OF RAT BRAIN. J.R . Stevens, I. Phillips, R. Beaurepaire and W. F reed. 
N europsychiatry Branch, NIMH, Washington, D.C. 20032

In 1985 Piredda e t  a l. (Life Sci. 36:1295) reported  finding a sharply 
circum scribed site in the  deep prepiriform  cortex  of the ra t where unilateral 
infusion of only 49 picomoles of the GABA recep to r blocking agent 
bicuculline caused b ilateral clonic seizures. We now report the suppression 
o f am ygdala kindled seizures following infusion of th is area  w ith gamma 
vinyl GABA, (GVG), an irreversible inhibitor of GABA transam inase. To 
study the e ffe c ts  of sustained increase in GABA release in th is  s ite , a 
second group of kindled animals has been im planted with tissue from fetal 
cerebellum  in the endopiriform  area  (EPA) b ilaterally .

Thirty-tw o Sprague-Dawley ra ts  were used in these experim ents. Under 
chloral hydrate anesthesia  the anim als were im planted stereo tax ically  with 
a bipolar stim ulating-recording  elec trode  of tw isted  teflon  insulated stain
less stee l wire in le ft basolateral am ygdala. In 18 anim als stainless stee l 
cannulas w ere im planted b ilaterally  just dorsal to  the deep prepiriform  
co rtex  (A-4;L-3;V-7) and b ilateral dural electrodes were placed over parietal 
regions for co rtica l EEG recording. Following identification  of the critica l 
site  for inducing generalized seizures by infusion of bicuculline methiodide 
through the left and right cerebral cannulas, the anim als were kindled by 
daily e lec trica l stim ulation . The lowest stim ulus current required for 
inducing stage IV-V seizures was then determ ined on three consecutive 
stim ulations. Tw enty-four to  48 hours a fte r  determ ining threshold, GVG 
(2.5 ug/ul) was infused in each  prepiriform  cannula a t a ra te  of .25 ul/min a t 
the depth th a t had given maximum clinical or EEG response to  bicuculline. 
Five animals had generalized seizures during or im m ediately following the 
GVG injection. Two to  six hours following the GVG infusion and daily 
th e re a f te r  animals w ere again te sted  for kindled seizure threshold starting  
w ith stim ulus s treng th  10-20 ua below previously established threshold and 
increasing cu rren t s treng th  a t I m inute intervals to  a level 110-800% of pre- 
GVG threshold. The GVG infusion raised seizure threshold or prevented 
seizures for 1-12 days in 12 of 14 animals.

Fourteen  additional ra ts  were kindled in similar manner and threshold for 
S tage IV-V seizures established. H alf of these animals w ere then im planted 
stereo tax ica lly  in the EPA with cerebellar tissue d issected from Sprague- 
Dawley em bryonic ra ts  of 15-16 days gesta tion . The rem ainder were 
im planted w ith co rtex  from  the same em bryonic brains. The e ffe c ts  of this 
procedure on kindled seizure threshold 2,4,6 and 8 weeks a fte r  grafting  and 
resu lts  of histologic and im munocytochemical studies of g rafted  tissues will 
be reported .
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307.1 HUMAN CEREBRAL CORTICAL RESPONSES TO CONTRALATERAL TRANSCRANIAL 
STIMULATION. V.E. Amassi an and R.Q. C racco . D ep ts. o f P hysio logy  
and N eurology, SUNY H ealth  S c i. C t r . ,  B rooklyn, N.Y. 11203.

We w ished to  develop  a n o n -in v a siv e  e le c tro p h y s io lo g ic a l  m easure 
o f conduc tion  in  and tr a n s s y n a p t ic  a c t iv a t io n  o f human c e re b ra l  
c o r t i c a l  neu ro n s , e .g .  su b se rv in g  th e  t r a n s c a l lo s a l  re sp o n se . 
M erton and M orton showed th a t  lim b movements could be evoked by 
la rg e  t r a n s c r a n ia l  s t im u l i  (N a tu re , 1980, 285:2 2 7 ) . Using ou r
s e lv e s  as  s u b je c ts ,  shock a r t e f a c t s  w ere reduced by: 1) s t im u la t in g  
p e rcu tan eo u s ly  w ith  a fo c a l  anode (5 cm2) s i tu a te d  midway between 
F4 and C4 ( i . e .  r ig h t  f r o n ta l  re g io n , s ta n d a rd  10-20 nom enclatu re) 
and a m e d ia lly  lo c a te d ,  s e m ic irc u la r  grounded ca thode (26 cm2) no 
c lo s e r  th a n  3-4 cm away; 2) reco rd in g  w ith  th e  fo c a l s c a lp  e le c 
tro d e  over homologous l e f t  f r o n ta l  c o r te x  v e rs u s  two o r more r e f 
eren ce  e le c tro d e s  in te rc o n n e c te d  through  v a r ia b le  r e s i s t o r s  and a t  
l e a s t  6 cm away. P u lse s  o f 90-140 mA and l a s t in g  100 μ s  e l i c i t e d  a 
b r i e f  d ip h a s ic  d e f le c t io n  ( la te n c y  2-4 m s), fo llow ed  by an i n i t i a l 
ly  p o s i t i v e ,  o f te n  b i f i d  wave w ith  a la te n c y  o f 10-14 ms, la s t in g  
25-44 ms and re ac h in g  5-10 uV (F ig . 1 shows 10 summed re s p o n s e s ) . 
The i n i t i a l  d ip h a s ic  d e f l e c t i o n  g r e a t ly  in c re a s e d  when th e  stim u
la t i n g  anode was moved l a t e r a l l y  over te m p o ra lis  m uscle, in d ic a t in g  
an EMG o r ig in .  The EMG, b u t n o t th e  p o s i t i v e  wave was e l i c i t e d  
when th e  i n t e r p o la r  d is ta n c e  was reduced to  one cm, which g r e a t ly  
reduced th e  f r a c t io n  o f c u r re n t t r a v e r s in g  th e  c o r te x ; fu r th e rm o re , 
o cc lu d in g  th e  c i r c u la t io n  to  th e  s c a lp  fo r  30 min by ru b b er tu b ing  
above th e  zygomas and brows d u lle d  s e n s a t io n ,  reduced th e  EMG, b u t 
d id  n o t a l t e r  th e  la te n c y  o r  r i s i n g  phase o f th e  p o s i t i v e  wave 
( J .  P h y s io l . ,  1986, in  p r e s s ) .  E a rly  som atosensory  components 
w ere sm all compared w ith  th e  p o s i t i v e  wave. We conclude th a t  th e  
p o s i t i v e  wave i s  m ain ly  a c o r t i c o c o r t i c a l  (CC) re sp o n se . S tim ulus 
i n t e n s i t i e s  re q u ire d  fo r  CC re sp o n ses  were n o t d i s t r e s s in g ;  th o se  
re q u ire d  fo r  movement o f  d i g i t s  d u rin g  v o lu n ta ry  c o n tra c t io n  were 
much h ig h e r  ( > 1 7 0  mA). The CC resp o n se  may be v a lu a b le  in  th e  
com atose p a t ie n t  in  e s ta b l is h in g  c o r t i c a l  v i a b i l i t y .
F ig . 1

307.2 INPUT-OUTPUT RELATIONSHIP OF SOMATOSENSORY EVOKED 
POTENTIALS IN HUMANS UNDER NORMAL AND PATHOLOGICAL 
CONDITIONS : G. A d l e r *  an d  A. C . N a c i m i e n t o ; N e u r o 
s u r g i c a l  R e s e a r c h  L a b o r a t o r y ,  S a a r l a n d  U n i v e r s i t y  
S c h o o l  o f  M e d i c i n e ,  6 6 5 0  H o m b u r g / S a a r , F . R . G .

A s t u d y  was made o f  t h e  r e l a t i o n s h i p  b e t w e e n  t h e  
a m o u n t  o f  a f f e r e n t  a c t i v i t y  ( i n p u t )  e l i c i t e d  by s t i 
m u l a t i o n  o f  t h e  m e d ia n  n e r v e  a t  t h e  w r i s t  a t  v a r i o u s  
s t r e n g t h s  and  f r e q u e n c i e s ,  an d  t h e  c o r r e s p o n d i n g  s o m a 
t o s e n s o r y  e v o k e d  p o t e n t i a l s  (S EP )  ( o u t p u t ) .  SEP w ere  
r e c o r d e d  f rom  c e r v i c a l ,  p a r i e t a l  an d  f r o n t a l  e l e c t r o d e  
l o c a t i o n s  i n  n o r m a l  s u b j e c t s ,  a n d  i n  p a t i e n t s  f o l l o 
w in g  e i t h e r  h e a d  t r a u m a  o r  v a r i o u s  c e r e b r a l  i s c h e m i c  
c o n d i t i o n s .  S t i m u l a t i o n  f r e q u e n c y  was  v a r i e d  b e t w e e n  
1 / s  an d  5 / s .  I n p u t  was m e a s u r e d  a s  t h e  s i z e  o f  t h e  
m a ss  a c t i o n  p o t e n t i a l s  r e c o r d e d  w i t h  an  e l e c t r o d e  p a i r  
p l a c e d  o v e r  t h e  m e d ia n  n e r v e  p r o x i m a l  t o  t h e  s t i m u 
l a t i n g  o n e .  O u t p u t  was d e t e r m i n e d  by m e a s u r i n g  t h e  
a m p l i t u d e  o f  t h e  e v o k e d  c o r t i c a l  N 2 0 -P2 7  c o m p l e x .  I n 
p u t - o u t p u t  c u r v e s  w e r e  o b t a i n e d  by p l o t t i n g  a m p l i t u d e  
c h a n g e s  o f  t h e  N 2 0 -P2 7  c o m p le x  a s  a f u n c t i o n  o f  s i z e  
o f  a f f e r e n t  a c t i v i t y  t r i g g e r e d  by i n c r e a s i n g  s t i m u l a 
t i o n  s t r e n g t h s  o r  f r e q u e n c i e s .  In  n o r m a l  p e r s o n s , N 2 0 -  
P27 a m p l i t u d e  r o s e  s t e e p l y  a t  o n l y  m o d e r a t e l y  i n 
c r e a s e d  s t i m u l a t i o n  s t r e n g t h s ,  t h u s  d i s p l a y i n g  t h e  
low d e g r e e  o f  s p a t i a l  s u m m a t i o n  n e e d e d  f o r  e f f e c t i v e  
s y n a p t i c  t r a n s m i s s i o n  i n  t h e  a f f e r e n t  p a t h w a y s  i n 
v o l v e d .  In  c o n t r a s t ,  N 2 0 -P2 7  a m p l i t u d e  d e c r e a s e d  
a p p r o x i m a t e l y  l i n e a r l y  w i t h  i n c r e a s i n g  s t i m u l a t i o n  
f r e q u e n c y .  U n d e r  t h e  p a t h o l o g i c a l  c o n d i t i o n s  m e n t i 
o n e d  a b o v e ,  t h e  m o s t  s t r i k i n g  c h a n g e s  w e r e  a )  a s i g 
n i f i c a n t  d e c r e a s e  i n  s t e e p n e s s  o f  t h e  i n p u t - o u t p u t  
r e l a t i o n s h i p  b a s e d  on s t i m u l a t i o n  s t r e n g t h ;  an d  b)  
a l o s s  o f  g r a d u a l n e s s  i n  t h e  f r e q u e n c y - d e p e n d e n t  o n e .  
In  t h e  l a t t e r  c a s e ,  SEP a m p l i t u d e  d e c r e a s e d  a b r u p t l y  
a t  s t i m u l a t i o n  r a t e s  much l o w e r  t h a n  i t s  n o r m a l  c o u n 
t e r p a r t s .  A s y s t e m a t i c  s t u d y  o f  t h e  c o r r e l a t i o n  o f  
t h e  p a t h o p h y s i o l o g i c a l  b a s i s  o f  t h e s e  c h a n g e s  w i t h  
t h e  c o r r e s p o n d i n g  c l i n i c a l  p i c t u r e s  i s  b e i n g  made. 
P r e s e n t  r e s u l t s  s u g g e s t  t h a t  t h e  d e t e r m i n a t i o n  o f  i n 
p u t - o u t p u t  r e l a t i o n s h i p s  may c o n s t i t u t e  an  u s e f u l  
p a r a m e t e r  i n  t h e  c l i n i c a l  a s s e s s m e n t  o f  SEP c h a n g e s .
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30 7 .3 EFFECTS OF HYPOXIC-HYPOXIA ON THE CEREBRAL BLOOD FLOW AND THE 
SOMATOSENSORY EVOKED POTENTIAL IN THE CAT-OBSERVATIONS OF OXYGEN 
AVAILABILITY AND CORTICAL NEURONAL ACTIVITY. P.E. Coyer, J . J .  
Michele*, and F.A. Simeone*. Department o f  Neurosurgery, The 
P ennsylvania  H o sp i ta l ,  P h i l a d e lp h i a ,  PA. 19107.

The purpose o f  th e se  experimen ts  was to  measure th e  e f f e c t s  o f  
hypoxic-hypoxia on th e  responses  o f  ce re b ra l  blood flow (CBF) and 
th e  somatosensory evoked p o t e n i t a l  (SEP). CBF was monitored in the 
gray m a t te r  o f  7 c a t s  u t i l i z i n g  th e  hydrogen c l ea ran c e  te ch n iq u e .  
The la ten cy  from th e  time o f  s tim u lu s  to  the  occurrence  o f  the c o r 
t i c a l  component o f  th e  SEP was determined  by s ig n a l  averaging  256 
s u cces s iv e  sweeps o f  the  e lec t roencepha logram  (EEG) during  c o n t r a 
l a t e r a l  forepaw s t im u la t i o n .  C o r t i ca l  neuronal a c t i v i t i e s  and oxy
gen a v a i l a b i l i t i e s  were moni tored using s tan d a rd  e l e c t r o p h y s io l o g 
ic a l te ch n iq u es .  Five  o th e r  c a t s  served  as c o n t r o l s  to  a s c e r t a i n  
the  e f f e c t s  of  experimen tal  le ngth  on th e  CBF and SEP. Al l  animals  
were prem edicated with  ketamine (35 mg/kg) and rece iv ed  subsequent  
doses a t  1 hr  i n t e r v a l s .  The animals  were p ara ly zed  with  a neuro
muscular b lo ck in g  agent  (pancuronium; 0.05 mg/kg) and a r t i f i c i a l l y  
v e n t i l a t e d  under c o n d i t io n s  o f  25, 19, 1 4 , 9, and 3% O2 . A r t e r i a l  
PO2 , PCO2 , and pH were determined  f o r  animals  a t  each change in the 
n i t r o u s  oxide/oxygen m ix tu re . The range o f  PCO2 v a r i a b i l i t y  during 
th e se  changes f o r  a l l  an imals was from 27 . 9 ± 7 . 6 to  35. 6 ± 6 .3  
t o r r .  A r t e r i a l  pH was in v a r i a n t  over  th e  range o f  oxygen mixtu res  
a l though s l i g h t  a c id o s i s  occurred  a t  the  3% le vel (pH=7.28 ± 0 .0 1 ) .

As th e  mean a r t e r i a l  PO2 decreased  from 1 4 0  ± 5 .8  to  115.6 ± 9.8  
t o r r  during  th e  s tep -w is e  change from 25 to  19% O2 , th e  mean c e r e 
b ra l  blood flow decreased  to  9 2 . 4 ± 5.3% o f  con t ro l  corresponding  
to  flow va lues  o f  approximate ly  4 6 ± 3 m l / 100gm/min. A subsequen t 
d e c l in e  to  9 1 . 4  of  co n t ro l  flow was noted as the  p e rce n t  oxygen 
was reduced to 1 4 . Absolu te  blood flow values  were compared on an 
in d iv id u a l  animal b a s i s  us ing p a i red  t- t e s t s .  The r e s u l t s  o f  th e se  
t e s t s  showed s i g n i f i c a n t  dec reases  in CBF a t  the 19 and 14% le v e l s  
compared to  the  con t ro l  value o f  25%. F u r th e r  red u c t io n s  in oxygen 
r e s u l t e d  in more v a r i a b i l i t y  o f  CBF v a lu es .  For the responses  o f  
the  SEP recorded in th e se  experimen tal  an im als ,  a s i g n i f i c a n t  ex
te n s io n  (p<0.05) in the  a b s o lu t e  la ten cy  o f  i t s  c o r t i c a l  component 
occurred  a t  14 and 9% O2 (p a i red  t - t e s t s ) .  Control an imals had SEP's 
w ith  r e l a t i v e l y  s t a b l e  c o r t i c a l  wave l a t e n c i e s  over  the  d u ra t io n  of  
th e  experiment . Oxygen a v a i l a b i l i t y  was s i g n i f i c a n t l y  reduced a t  
th e  lowest O2 p ercen tage  (3%) as th e  c o r t i c a l  component o f  th e  SEP 
was no longer  p r e s e n t .  At t h i s  level of  t i s s u e  oxygen a v a i l a b i l i t y ,  
c o r t i c a l  neuronal a c t i v i t y  was s t i l l  p e r s i s t e n t .  The f a c t  t h a t  c o r 
t i c a l  neurons remained a c t i v e  sup p o r ts  th e  premise  t h a t  th e  co r t ex  
is ab le  to  support th e  c o r t i c a l  component o f  th e  SEP during  graded 
hypoxia bu t t h a t  le ng th en ing  o f  th e  conduction time r e f l e c t s  a l t e r 
a t i o n s  in blood flow in o th e r  a rea s  o f  th e  somatosensory pathway 
such as the thalamus and r a d i a t i n g  f i b e r s .

307.4 MIDLATENCY AUDITORY EVOKED RESPONSES: DIFFERENTIAL EFFECTS OF 
AGE AND SEX. R. Erwin and J .  Buchwald, B ra in  Res. I n s t . ,  
Ment. R et. Res. C t r . ,  D ept. P h y s io l . , UCLA Med. C t r . ,  Los 
A ngeles, CA 90024.

The m iddle la te n c y  a u d ito ry  evoked responses  (MLRs) w hich 
occur between 10-100 msec fo llo w in g  s tim u lu s  o n s e t ,  have 
rece iv ed  renewed a t t e n t io n  in  re c e n t y e a rs . Two o f th e  most 
prom inent MLR components a re  Pa (25-35 msec la te n c y )  and P1 
(50-75 msec la te n c y ) .  We have re c e n tly  shown th a t  P1 , b u t n o t 
Pa, d isa p p e a rs  d u rin g  slow wave s le e p  and reap p e a rs  d u rin g  REM 
(Erwin & Buchwald, EEG, in  p r e s s ) .  P a r a l l e l  d a ta  in  th e  c a t  MLR 
model su g g est th a t  P1 i s  g en e ra ted  by p ro je c t io n s  o f  th e  
ascend ing  r e t i c u l a r  a c t iv a t in g  system  (RAS) to  th e  in t ra la m in a r  
thalam us (Chen & Buchwald, EEG, in  p r e s s ) .  The p re s e n t 
experim ent evolved from d a ta  in  th e  human s le e p  s tu d y  which 
suggested  th a t  P1 la te n c y  d i f f e r e n t i a l l y  in c re a se d  in  o ld e r  women.

Four groups o f  10 s u b je c ts  were te s t e d :  young m ales (18-32 
y e a rs , X=2 2 ) , young fem ales (18-33 y e a rs , X=23), o ld e r  m ales 
(39—57 y e a rs , X=47), and o ld e r  fem ales (42—56 y e a rs , X=47). 
S tim u li were b in a u ra l ly  p re se n te d  r a r e f a c t io n  c l ic k s  (55 db HL, 
1 /s e c ) .  MLRs were recorded  from a v e r te x  (Cz) e le c tro d e  
re fe re n ced  to  l in k e d  m asto id  e le c tro d e s .  The EEG a c t i v i t y  was 
am p lif ie d  200K w ith  a f i l t e r  bandpass o f  10-300 Hz. F ive 
hundred s tim u lu s  t r i a l s  were used  to  g en e ra te  each MLR av e ra g e . 
The components s e le c te d  fo r  an a ly se s  were ABR V, Pa, and P1 . 
Peak am plitude and peak la te n c y  d a ta  fo r  each  component were 
ind ep en d en tly  subm itted  to  an a ly se s  o f v a r ia n c e  w ith  l e v e ls  fo r  
Age (2) and Sex (2 ) .

Am plitude an a ly se s  rev ea led  a  s ig n i f i c a n t  Age main e f f e c t  fo r  
Pa am p litudes  (p < .0 5 ). The am plitude o f  Pa was la r g e r  in  b o th  
o ld e r  groups than  in  th e  younger g roups, in  agreem ent w ith  
p rev io u s  r e p o r ts  (C layw orth & Woods, N eu ro sc i. A b st. 10: 
1140, 1984).

Not p re v io u s ly  re p o rte d  was a s ig n i f i c a n t  Age by Sex 
in t e r a c t io n  o b ta in ed  on ly  fo r  P1 (P<.01) l a te n c i e s ,  w ith  no 
s ig n i f i c a n t  e f f e c t s  o b ta in ed  fo r  e i th e r  ABR V o r Pa la te n c i e s .  
The P1 in t e r a c t io n  e f f e c t  was a t t r i b u t a b l e  to  th e  P1 la te n c i e s  
in  th e  o ld e r  women (65-83 m sec), which were s ig n i f i c a n t ly  lo n g e r 
than  th o se  in  th e  rem aining groups (50-65 m sec).

These d a ta  c l e a r ly  d i f f e r e n t i a t e  th e  e f f e c t s  o f  ag in g  on th e  
MLR components Pa and P1 . Pa shows in c re a se d  am p litu d e , w ith  no 
in c re a s e  in  la te n c y , in  bo th  m ales and fem ales . In  c o n t r a s t ,  P1 
shows a marked in c re a s e  in  la te n c y , b u t o n ly  in  th e  o ld e r  
fem ales . The age range (42-56 y e a rs )  o f t h i s  group can be a 
p e r io d  o f  hormonal i n s t a b i l i t y  d u rin g  which menopause o f te n  
commences. Hormonal changes which occur d u rin g  menopause may 
have some fu n c t io n a l r e la t io n s h ip  to  th e  P1 g e n e ra to r  system  
(h y p o th e tiz ed  to  be a  component o f th e  ascend ing  RAS) and, a s  a 
r e s u l t ,  accoun t fo r  th e  observed P1 la te n c y  s h i f t s .  (Supported  
by USPHS HD-05958 and HD-04612).

307.5 MIDLATENCY AUDITORY EVOKED RESPONSES IN THE CAT: EFFECTS OF 
SCOPOLAMINE, A POSTSYNAPTIC ANTAGONIST OF MUSCARINIC CHOLINERGIC 
NEUROTRANSMISSION. L.  Dickerson, J .  Buchwald and B.M. Chen, 
Brain Research I n s t i tu te ,  Departments of  Physiology and 
Neuroscience, Ment. Ret. Res. Center, UCLA Med. C tr . ,  Los 
Angeles, CA 90024.

A sequence o f aud ito ry  evoked p o te n tia ls  can be recorded from 
the vertex  of the  awake c a t in  response to  re p e t i t iv e  c lic k  
stim u la tio n . The aud ito ry  brainstem  responses (ABR) o rig in a te  
from the aud ito ry  brainstem  re lay  nuc le i w ith in  the  f i r s t  10 
msec following the c lic k  stim ulus. Subsequent to  these  
sh o rt-la ten cy  responses a r is e  m iddle-latency and long -la tency  
p o te n tia ls .  A p o s itiv e  p o te n tia l w ith a 20-25 msec la ten cy  
(wave A) follows the  response generated by prim ary aud ito ry  
cortex  (10-15 msec la ten cy ) . Previous work has shown th a t  wave 
A a r is e s  from a generator system extending from the  dorsomedial 
midbrain r e t ic u la r  formation to  the cen tre  median and c e n t r a l is  
l a t e r a l i s  nuc le i of the  in tra lam inar thalamus. Furthermore, 
wave A vanishes under p en to b arb ita l an esth esia  whereas the  
preceding ABRs and primary c o r tic a l  p o te n tia ls  a re  u n affec ted . 
In  the  unanesthetized  c a t ,  wave A and i t s  subsequent n e g a t iv ity  
dim inish or d isappear completely during stage 3 and 4 s leep  (as 
ind ica ted  by neck EMG, eye movement, and EEG m easures). Wave A 
reappears during REM sleep , a t  or above i t s  am plitude in  the 
awake c a t (Chen and Buchwald; EEG, in  p re s s ) .

These r e s u l ts ,  in  combination w ith s tu d ie s  from o th e r 
la b o ra to rie s  on midbrain cho linerg ic  pathways led  us to  propose 
th a t  wave A a c t iv i ty  might be dim inished or even abolished  by 
adm in is tra tion  o f scopolamine, a postsynap tic  an tag o n ist o f 
m uscarinic cho linerg ic  transm ission . Our experiments in d ic a te  
th a t  th i s  in  fa c t  i s  the  case. A to ta l  o f 6 c a ts  (3 male, 3 
female) were s tud ied  w ith a scopolamine dose response s e r ie s  
(0 .1 , 0 .2 , 0 .4 , 0 .8 , and 1.2 mg I.M .). In  a l l  cases, the  
amplitude of wave A was diminished a t  the  low est doses o f the  
drug, and wave A disappeared a t  moderate and high doses o f the  
drug, w ith no d isce rn ib le  e f fe c t  on the  preceding ABRs or 
prim ary aud ito ry  c o r tic a l  p o te n tia l .  In  ad d itio n , the  negative  
p o te n tia l immediately following wave A tended to  be reduced in  
amplitude w ith a s im ila r time course and dose response behavior, 
suggesting th a t  the  two p o te n tia ls  a re  fu n c tio n a lly  lin k ed  in  
some way. These re s u l ts ,  taken toge ther w ith  re s u l ts  from o th e r 
la b o ra to rie s , suggest th a t  cho line rg ic  a c t iv a tio n  o f 
post-sy n ap tic  ta rg e t  c e l l s  i s  an e s s e n tia l  fe a tu re  o f wave A 
production, and th a t  the  wave A generato r system includes 
cho line rg ic  components o f the  ascending r e t ic u la r  a c t iv a tin g  
system which p ro je c t to  the  in tra lam inar thalam us. (This 
research  supported by USPHS g ran ts  HD-05958 and HD-04612).

307.6 COMPARISON OF SCALP-RECORDED EVENT-RELATED POTENTIALS IN PRE- AND 
POST-SURGICAL EPILEPSY PATIENTS. R. Johnson, J r .  and Paul 
Fedi o* . N a tio n a l I n s t i t u t e s  o f  H ea lth , NINCDS/MNB, B u ild ing  10, 
Room 4N246, B ethesda , MD 20892.

In re c e n t  y e a r s ,  numerous a tte m p ts  have been made to  lo c a l iz e  
th e  n e u ra l g e n e ra to r  o f  th e  P300 component o f  th e  e v e n t- r e la te d  
b ra in  p o te n t ia l  (ERP). Whereas re c o rd in g s  from in d w e llin g , 
tem poral lobe  e le c tro d e s  in  e p i l e p t i c  p a t ie n t s  have p laced  th e  
P300 g e n e ra to r  in  th e  am ygdala, p e s , uncus, and a n t e r io r  
hippocam pal a r e a s ,  s tu d ie s  o f  p o s t - s u r g ic a l  p a t i e n t s  w ith  
u n i l a t e r a l  rem oval o f  th e se  s t r u c tu r e s  su g g es t t h a t  th e se  b ra in  
s t r u c tu r e s  do n o t c o n t r ib u te  to  th e  sc a lp - re c o rd e d  P300. To d a te ,  
no com parisons have been made between th e  sc a lp - re c o rd e d  P300 
a c t i v i t y  in  p r e -  and p o s t - s u r g ic a l  e p i l e p t i c  p a t i e n t s  to  de term ine 
w hether th e  changes in  th e  ERP waveforms observed in  th e  o p e ra ted  
p a t ie n t s  a r e  due to  th e  su rg e ry  o r  to  th e  d is e a s e  p ro cess  i t s e l f .

Seven p a t ie n t s  w ith  a  l e f t  tem poral lobectom y (LTL) (average  
age = 34;  2 m a le s ) , seven w ith  a  r i g h t  tem poral lobectom y (RTL) 
(average  =37; 5 m a le s ) , fo u r  w ith  a  l e f t  tem poral e p i le p t ic  focus 
(LT), (av erag e  age =  31; 1 m a le ), fo u r  w ith  a  r i g h t  tem poral focus 
(RT) (average  age = 30; 2 m a le s ) , and seven norm al c o n tro ls  
(average  age = 41; 3 m ales) were t e s t e d  in  th e  O ddball paradigm . 
The ta s k  was to  coun t m e n ta lly  th e  number o f  in f re q u e n t (10%) 
1000-Hz to n e s  t h a t  were random ly p re se n te d  in  a  s e r ie s  o f  f re q u e n t 
( 90%) 1500-Hz to n e s .  The s t im u l i  were d e l iv e re d  b in a u ra l ly  
th rough  headphones a t  50 dB SL f o r  50 ms. The EEG was reco rded  
from Fz, Cz, Pz, F3, F4, C3, C4, P3, and P4, a l l  r e f e r r e d  to  
lin k e d  m asto id  e le c t r o d e s .  The a m p lif i e r s  were s e t  t o  a 
h ig h -freq u e n cy  c u t - o f f  o f  35 Hz and a tim e c o n s ta n t o f  10 s e c . 
The EEG was sampled a t  200 Hz f o r  an 1150 msec epoch beg inn ing  150 
msec p r io r  to  s tim u lu s  o n s e t .  Eye movements were reco rd e d  and 
con tam inated  t r i a l s  were excluded  from th e  a v e ra g e s .

O v e ra ll ,  ERP a c t i v i t y  in  bo th  th e  p r e -  and p o s t - s u r g ic a l  groups 
c lo s e ly  resem bled  th a t  o f  th e  c o n t r o ls .  The P300 component 
appeared  to  be l i t t l e  a f f e c te d  by th e  s u r g ic a l  rem oval o f  a n t e r io r  
tem poral lo b e  s t r u c t u r e s :  none o f  th e  p a t ie n t  groups showed any 
s ig n s  o f  a  h em ispheric  asymmetry th a t  was r e l a te d  to  th e  lo c a t io n  
o f  e i t h e r  th e  s u r g ic a l  r e s e c t io n  o r  e p i l e p t i c  fo c u s . However, th e  
h em ispheric  asymmetry in  th e  am p litude  o f  th e  N1 component t h a t  we 
observed p re v io u s ly  ( i . e . ,  whereby th e  l a r g e s t  Nls a r e  reco rded  
over th e  s id e  o f  th e  su rg e ry )  ap p ears  to  be th e  r e s u l t  o f  th e  
s u r g ic a l  pocedure s in c e  n e i th e r  p re o p e ra tiv e  group showed t h i s  
r e s u l t .  F in a l ly ,  th e  long  l a s t i n g  f r o n t a l -  c e n t r a l  n e g a tiv e  wave 
reco rd ed  in  th e  LTLs was g r e a t ly  d im in ished  and r e s t r i c t e d  to  th e  
f r o n t a l  e le c tro d e s  in  th e  LTs. We i n t e r p r e t  th e s e  d a ta  a s  
p ro v id in g  f u r th e r  su p p o rt f o r  ou r p o s i t io n  th a t  th e  lim b ic  P300 
g e n e ra to r  does n o t c o n t r ib u te  to  th e  s c a lp - re c o rd e d  P300.
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307.7 EVOKED POTENTIALS IN SUBGROUPS OF SCHIZOPHRENIC PATIENTS WITH 
ABNORMAL CT SCANS. C. K essler* , A. Klin g ,  K. T ach ik i, A. 
S te inberg* , N. Sachinvala*, and H. VonScotti*. P sychiatry  
S erv ice , Sepulveda V eterans A dm inistration Medical Center and 
Department of Psych iatry  and Biobehavioral Science, UCLA School 
of Medicine, Los Angeles, CA 90024.

Auditory and v isu a l evoked p o te n tia ls  were obtained from sca lp  
e lec tro d es  in  subgroups of schizophrenic p a tie n ts  and were 
examined fo r  v a r ia tio n  asso c ia ted  w ith  abnorm ality in  cereb ra l 
tomographic scan. Ten ad u lt male in p a tie n ts  meeting DSM-III 
c r i t e r i a  fo r schizophrenia and 5 ad u lt male h o sp ita liz e d  c o n tro ls  
(non-psychotic p s y ch ia tr ic  in p a tie n ts  w ith  d ive rse  diagnoses) 
p a r tic ip a te d  in  t h i s  s tudy. The su b jec ts  were between 23 and 45 
years of age and were f re e  of neu ro lep tic  m edication fo r  a le a s t  
10 days p r io r  to  te s t in g .  Four of th e  su b jec ts  were re s id u a l 
schizophrenics (RS), 6 were paranoid schizophrenics (PS), and 5 
were h o sp ita lize d  c o n tro ls  (HC). Auditory and v isu a l evoked 
p o te n tia ls  (AEPs and VEPs, resp ec tiv e ly ) were obtained over 500 
m illisecond  epochs fo r  500 p re sen ta tio n s  in  each m odality a t  
f r o n ta l ,  temporal and o c c ip ita l  recording s i t e s .  Concurrent 
measurements were a ls o  made of v e n tr ic le - to -b ra in  r a t io s  (VBRs) 
and c o r t ic a l  atrophy v ia  computerized tomographic scanning fo r  
each su b jec t. When PS and HC groups were compared , s ig n if ic a n t 
d iffe ren ces  were observed in  th e  N100 and P300 components of th e  
AEP. These d iffe ren ces  were p a r t ic u la r ly  pronounced in  th e  l e f t  
temporal a rea  and were su b jec t to  h ab itu a tio n  e f f e c ts .  
Corresponding d iffe ren ces  in  th ese  components were no t found in  
VEP measures. When RS and HC groups were compared, s ig n if ic a n t 
decreases in  am plitude were observed in  th e  N100 and P200 
components of th e  VEP and AEP. These d iffe ren ces  were r e s is ta n t  
to  h ab itu a tio n  and were w idespread, occurring  a t  o c c ip ita l  and 
f ro n ta l  s i t e s  as w ell as  tem poral. The schizophrenic p a tie n ts  
were d ivided in to  2 groups on th e  b a s is  of VBR. One group 
(HVBRS) consisted  of in d iv id u a ls  w ith VBRs of 9 .0 or more? th e  
o th e r group (LVBRS) had VBRs of le s s  than  9 .0 . When compared to  
LVBRS p a t ie n ts ,  th e  HVBRS p a tie n ts  tended to  show amplitude 
d iffe ren c e s , r e s is ta n t  to  h ab itu a tio n , in  e a r ly  components  of 
both AEPs and VEPs. The HVBRS group showed s ig n if ic a n t 
l e f t - r i g h t  d iffe ren ces  in  am plitude and la ten cy  of N100, P200, 
N200, and P300 components  of both AEPs and VEPs a t  tem poral, but 
n o t f ro n ta l  nor o c c ip ita l  s i t e s .  These r e s u l ts  appear to  support 
th e  presence of d if fu se  b ra in  pathology in  re s id u a l 
sch izophren ia . This research  was supported by th e  V eterans 
A dm inistration .

307.8 CAT 'P 3 0 0 ': EFFECTS OF ASSOCIATION CORTEX ABLATION. 
H arriso n  and J . Buchwald. B ra in  R es. I n s t . ,  M ent. R e t. R es. 
C t r . ,  D ept. Phy s i o l .,  UCLA Med. C t r . ,  Los A ngeles, CA 90024.

The human P300 p o te n t ia l  i s  a s c a lp -re c o rd e d  p o s i t i v i t y  
o f  app rox im ate ly  300 msec la te n c y  which o ccu rs  to  unexpected  
s t im u li  randomly p re se n te d  w ith in  th e  c o n te x t o f  expec ted  
s t im u li  o f  th e  same m o d a lity . I t  appears  to  be a  c o r r e l a te  o f  
s h o r t- te rm  memory and s e q u e n tia l  in fo rm a tio n  p ro c e ss in g  and i s  
abnorm al in  demented p a t ie n t s ,  e .g .  A lzh e im er 's  p a t i e n t s .  We 
have been s tu d y in g  an anim al model o f  th e  P300 in  an a tte m p t to  
e lu c id a te  th e  g e n e ra to r  s u b s t r a te .  The 'P 300 ' in  th e  c a t  o cc u rs  
w ith  a  ty p ic a l  P300 p ro to c o l, i s  ta s k - r e l a te d ,  and shows 
p o s i t i v i t y  in  th e  200-500 msec range which i s  s i g n i f i c a n t ly  
g r e a te r  fo r  r a re  than  fo r  f re q u e n t s t im u l i .

We p re v io u s ly  showed th a t  com plete b i l a t e r a l  a b la t io n  o f  
th e  p rim ary  a u d ito ry  c o rte x  d id  n o t a f f e c t  th e  c a t  a u d i to ry  
'P 300 ' ( J .  H arriso n  and J .  Buchwald, EEG and c l i n .  
N eu rophysio l. 63: 180-187, 1986). In  th e  p re s e n t s tu d y  we 
a s se s se d  th e  ro le  o f  po ly sen so ry  a s s o c ia t io n  c o r te x  ( a n t e r io r  
l a t e r a l  gyrus ALA and m edial s u p ra sy lv ia n  gyrus MSA). We were 
in t e r e s te d  in  th e  ro le  o f  th e  po ly sen so ry  c o r t i c a l  a re a s  ALA and 
MSA, a s  th e  P300 can be e l i c i t e d  by s t im u li  o f  s e v e ra l  
m o d a lit ie s .

Our P300 p ro to c o l invo lved  d a i ly  reco rd in g  o f  th e  EEG in  
awake c a ts  from a s k u ll  screw  p re v io u s ly  im plan ted  a t  th e  v e r te x  
under g en e ra l a n e s th e s ia .  Randomly o rd ered  s t im u li  in c lu d ed  
f re q u e n t loud  c l ic k s  (P= .80) and ra re  s o f t  c l ic k s  (P= .15) in  two 
5 0 0 - t r i a l  b lo c k s , w ith  s tim u lu s  p r o b a b i l i ty  co u n te rb a la n ced  in  
two a l t e r n a t e  5 0 0 - t r i a l  b lo c k s . A 4KHz tone  a l s o  o cc u rre d  
r a r e ly  (P = .05 ), and an in s tru m e n ta l c o n d itio n in g  paradigm  
p rov ided  e y e l id  shock on ly  when th e  EMG d id  n o t reach  a 
s p e c i f ie d  le v e l  d u rin g  th e  to n e . Thus th e  c a t 's  a t t e n t io n  was 
focused  on th e  a u d ito ry  s t im u l i .  A f te r  12 p re o p e ra tiv e  
reco rd in g  s e s s io n s ,  MSA and ALA c o r te x  was b i l a t e r a l l y  a s p i r a te d  
under p e n to b a rb i ta l  a n e s th e s ia .  A f te r  recove ry  from s u rg e ry , 
responses  were recorded  fo r  12 more d a i ly  s e s s io n s .  The c a t  was 
th en  te rm in a ted  and th e  b ra in  p e rfu sed  fo r  h is to lo g y . C ats w ith  
MSA and ALA a b la te d  co n tinued  to  show a  'P 3 0 0 '.  These d a ta  
su g g es t t h a t  p o ly sen so ry  a s s o c ia t io n  c o r te x , MSA and ALA, may 
n o t be e s s e n t i a l  fo r  g e n e ra tio n  o f  th e  a u d ito ry  'P 300 ' in  th e  
c a t  model. (Supported  by USPHS HD-05958, AG-04088, and 
HD-04612).

307.9 BRAINSTEM AUDITORY EVOKED RESPONSES ARE DIFFERENTIALLY AFFECT
ED BY HYPOTHERMIA AND ANESTHESIA IN RATS. Raelyn Ja n s se n * , 
Bruce H e tz le r1 John P. C reason2* and R obert S. Dyer (SPON: 
L e s te r  D. G ra n t) . N euro tox ico logy  D iv is io n , and 2Biom etry 
D iv is io n , U .S. Environm ental P ro te c t io n  Agency, R esearch 
T ria n g le  P ark , N.C. 27711, and 1Departm en t o f P sychology, 
Lawrence U n iv e r s ity , A pp leton , W isconsin .

Hypotherm ia and a n e s th e s ia  a re  bo th  common co n d itio n s  under 
which th e  b ra in s tem  a u d i to ry  evoked response  (BAER) i s  rec o rd e d . 
Hypotherm ia in  th e  p resence  o f a n e s th e s ia  in c re a s e s  BAER peak 
la te n c i e s  and may d ec re a se  am p litu d e s . In  humans, m ild hypo
th e rm ia  in c re a s e s  BAER la te n c i e s  w ith o u t a n e s th e s ia .  O thers 
have re p o rte d  th a t  a n e s th e t ic s  have no a p p re c ia b le  e f f e c t s  on 
th e  BAER when tem p era tu re  i s  m a in ta ined  w ith in  normal l i m i t s .  
In  th e  p re s e n t s tu d y , body tem p era tu re  and sodium p en to b a r
b i t a l  dosage were v a r ie d  in d e p en d en tly .

Two experim en ts were perform ed in  which Long-Evans r a t s  With 
c h ro n ic a l ly  im p lan ted  e le c tro d e s  were coo led  to  s e le c te d  r e c t a l  
te m p era tu re s  in  a co ld  room. In  Experim ent I ,  r a t s  were te s te d  
awake a t  3 7 .5 , 37 .0  and 36.5°C in  o rd e r  to  observe  e f f e c t s  o f 
s l i g h t  hypotherm ia on th e  BAER. In  Experim ent I I ,  two g roups 
of r a t s  were m a in ta in ed  and r e p e a te d ly  t e s te d  a t  3 7 .5 , 3 6 .0 , 
34 .5  and 31 .5°C . One group was t e s te d  w hile  awake and th e  
o th e r  was a n e s th e t iz e d  w ith  an ip .  i n j e c t io n  of sodium pen to 
b a r b i t a l  (40 mg/kg body w e ig h t) .

In  bo th  ex p e rim en ts , hypotherm ia s ig n i f i c a n t ly  i n c rea sed  
peak la te n c i e s  and in c re a s e d  p eak -to -p eak  am p litu d es . Sodium 
p e n to b a rb i ta l  produced a d d i t io n a l  la te n c y  in c re a s e s  a t  a l l  
te m p e ra tu re s . The d ru g 's  e f f e c t s  on am p litudes  v a r ie d  a c ro ss  
peaks: i t  p reven ted  th e  co ld -in d u ced  am plitude  in c re a s e  o f P4, 
b u t in c re a s e d  am p litudes  o f o th e r  peaks over and above th e  
e f f e c t  o f hypo therm ia .

In  c o n t r a s t  to  p r io r  r e p o r ts  th a t  a n e s th e s ia  does n o t a f f e c t  
th e  BAER, we found th a t  sodium p e n to b a rb i ta l  s ig n i f i c a n t ly  
a l t e r s  bo th  peak la te n c i e s  and am p litudes  in  th e  r a t ,  indepen
d e n t ly  o f th e  e f f e c t s  o f hypotherm ia .

307.10 EVENT-RELATED CORTICAL FIELD POTENTIALS IN MONKEYS 
DISCRIMINATING VISUAL PATTERNS: EFFECTS OF MANIPULATION OF 
PROBABILITY. R.K. Nakamura, R. Coppola, J .  Johannesen*, 
N a tio n a l I n s t i t u t e  o f M ental H ea lth , B ethesda , MD 20892

We a re  a ttem p tin g  to  map in fo rm atio n  p ro cess in g  ac ro ss  the 
c e re b ra l  c o r te x  o f th e  monkey based on c o r t i c a l  evoked 
p o te n t ia ls  from a r ra y s  o f b ip o la r  e le c tro d e s .  Up to  t h i r t y  
e le c tro d e s  a re  p laced  th roughou t th e  c o r t i c a l  convex ity  of one 
hem isphere, u s in g  s u lc a l  im pressions in  th e  co n cav ity  of the  
s k u ll  as landm arks. The b a s ic  ta sk  is  a go/no-go v is u a l  p a t te rn  
d is c r im in a tio n  w ith  r e v e r s a l  based on c a te g o r ie s  th a t  have no 
lo c a l  f e a tu re  d i s t i n c t i o n s .  The v is u a l  s t im u li  a re  p resen ted  
fo r  100 ms on a s h u t te r  c o n tro l le d  s c re e n . Evoked responses a re  
recorded  from 16 e le c tro d e s  s im u ltan e o u sly , a re  bandpassed a t  . 1 
to  100 Hz, and sampled a t  200 Hz.

M anipu la tion  o f th e  p ro b a b i l i ty  o f a rew arded sim ulus is  
known to  a f f e c t  a component in  th e  ERP th a t  has been c a l le d  P300 
o r P3. This component i s  though t to  r e f l e c t  c o g n itiv e  
p ro cess in g  o f s u r p r is e ,  r e o r i e n ta t io n ,  o r en d -o f-sen so ry  
p ro c e s s in g . The m agnitude o f th e  P3 component i s  la rg e r  fo r  low 
p r o b a b i l i t y ,  unexpected , o r even m iss ing  e v e n ts . We have run 
our monkeys on th e  go/no-go ta sk  w ith  sy stem a tic  v a r ia t io n s  of 
th e  p ro b a b i l i ty  o f a go t r i a l  (from  80% to  20%) w ith  
asym m etrical re in fo rc e m e n t. The r e s u l t s  in d ic a te  th a t  a 
monopolar sc a lp  le ad  d em onstra tes  a p o s i t i v i t y  a t  approx im ately  
400 ms in  each o f two monkeys. This component in c re a s e s  w ith  
reduced p ro b a b i l i ty  o f a go t r i a l .  None o f the  b ip o la r  
e le c tro d e s  in  c o r te x  appear to  r e f l e c t  th i s  component. In  a l l  
reco rded  lo c a t io n s  l a te  components e i t h e r  have d i f f e r e n t  time 
cou rse  o r a d i f f e r e n t  response  to  b eh a v io ra l m a n ip u la tio n . These 
r e s u l t s  su g g est th a t  th e  P3 component i s  n o t g en e ra ted  a t  the  
c o r te x  and th u s  su p p o rts  e a r l i e r  work su g g es tin g  a s u b c o r t ic a l  
so u rce .
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307.11 POTENT IPSILATERAL CONTRIBUTION TO FLASH EVOKED POTENTIALS RE
CORDED FROM RAT CORTEX. Robert S. D yer, N europhysiology Branch, 
U .S .E .P .A ., R esearch  T ria n g le  P ark , NC 27711.

In  th e  hooded r a t ,  on ly  about 10% of r e t i n a l  g an g lio n  c e l l  
axons p ro je c t  to  th e  i p s i l a t e r a l  l a t e r a l  g e n ic u la te  nucleus 
(LGN). The uncrossed  f ib e r s  o r ig in a te  from th e  tem poral r e t in a  
( J e f f r e y ,  1985) and p ro je c t  to  a p o r tio n  o f the LGN which r e 
ce iv e s  bo th  cro ssed  and uncrossed  g an g lio n  c e l l  f i b e r s .  The 
LGN, in  tu r n ,  p ro je c ts  to  a s t r i p  of v is u a l  co r te x  which forms 
th e  l a t e r a l  border o f a re a  17, o r  OclB, and which a ls o  re c e iv e s  
bo th  homotopic and h e te ro to p ic  f ib e r s  from the  c o n t r a la t e r a l  
v is u a l  c o r te x  by way of th e  corpus ca llosum  (O la v a rr ia  and Van 
S lu y te r s ,  1985).

While f la s h  evoked p o te n t ia ls  (FEPs) reco rded  from the 
v is u a l  c o r te x  a re  commonly used to  a s s e s s  the  fu n c t io n a l i n t e 
g r i t y  o f the  v is u a l  system  in  r a t s ,  l i t t l e  i s  known about the  
r e l a t i v e  ro le s  p layed by i p s i l a t e r a l  and c o n t r a la t e r a l  f ib e r s  in  
th e se  re c o rd in g s . S ince am p litudes  of c e r t a in  FEP peaks, p a r t ic u 
l a r l y  N1, vary  s y s te m a tic a l ly  w ith  f la s h  i n t e n s i ty  fo llo w in g  
f u l l  f i e ld  s t im u la t io n ,  i t  m ight be assumed th a t  am plitude o f N1 
r e f l e c t s  the  number o f s tim u la te d  axons. I f  th i s  assum ption  i s  
c o r r e c t ,  then  am p litudes  of FEP peaks produced by s tim u la t io n  of 
th e  i p s i l a t e r a l l y  p ro je c t in g  f ib e r s  should  be about 10% of th o se  
produced by s tim u la t io n  o f the  c o n t r a l a t e r a l l y  p ro je c t in g  f i b e r s .

In  th e  p re s e n t s tu d y , FEPs were recorded  from r a t s  w ith  
s k u l l  screw  e le c tro d e s  im plan ted  over th e  v is u a l  c o r te x . One eye 
was e n u c lea ted  under g e n e ra l a n e s th e s ia ,  and 2-10 days l a t e r  
reco rd in g s  were o b ta in ed  e i t h e r  i p s i l a t e r a l  o r c o n t r a la t e r a l  to  
th e  i n t a c t  a t r o p in e - d i l a te d  eye . In  a s e r ie s  of 57 r a t s  i t  was 
ev id e n t th a t  th e  i p s i l a t e r a l  in p u t produced a response  co n s id e r
ab ly  g r e a te r  than  would be p re d ic te d  i f  am plitude was p ro p o r
t i o n a l  to  p erce n tag e  of f i b e r s .  The FEP P1 , N1, P2, N2, P3 and N3 
peak am p litudes  reco rded  from th e  i p s i l a t e r a l  in p u t were 38, 40, 
32, 66, 118 and 75 p e rce n t of th e  resp o n ses  recorded  from c o n tra 
l a t e r a l  in p u t .  The i p s i l a t e r a l  response  had a s h o r te r  la te n c y  N2 
peak (62 ± 2 vs 73 ± 3 .5  m sec), and a c l e a r ly  b ifu rc a te d  N1 
peak. In  a d d i t io n ,  p re l im in a ry  d a ta  from r a t s  w ith  u n i l a t e r a l  
e n u c le a t io n  fo llow ed by s e c t io n  of th e  corpus ca llosum  su g g es t 
th a t  th e  la rg e  response  to  i p s i l a t e r a l  s t im u la t io n  i s  n o t m ed ia t
ed v ia  c a l lo s a l  in p u t . These d a ta  in d ic a te  th a t  w h ile  FEP peak 
am p litudes  may r e f l e c t  s tim u lu s  i n t e n s i t y ,  they  do no t r e f l e c t  
p ro p o r t io n a te ly  th e  number of f ib e r s  p ro je c t in g  to  th e  v is u a l  
c o r te x . Some FEP peaks e v id e n tly  re q u ire  very  l i t t l e  in p u t to  
ach ieve  maximum am plitu d e .

T his i s  an a b s t r a c t  of a proposed p re s e n ta t io n  and does not 
n e c e s s a r i ly  r e f l e c t  EPA p o lic y .

307.12 EVOKED MAGNETIC FIELD DETECTED FROM ISOLATED TURTLE CEREBELLUM 
IN VITRO DURING PURKINJE CELL ACTIVITY AND SPREADING DEPRESSION. 
Y. C. Okada, M. L au ritzen*  and C. N icho lson . D ep ts. Psychology 
and P h y s io l. & B iop h y s., New York U n iv ., New York, NY 10003.

The evoked m agnetic f i e l d  (EMF) from t u r t l e  ce rebellum  in  
v i t r o  was reco rded  to  determ ine th e  n e u ra l g e n e ra to rs  o f mag
n e t ic  s ig n a l s .  The c e l lu l a r  e lem ents o f th e  t u r t l e  ce rebellum  
conform to  a C a rte s ia n  co o rd in a te  system , a llow ing  fo r  s e le c t iv e  
measurements o f th e  m agnetic f i e ld  due to  c u r re n ts  in  o rthogona l 
d i r e c t i o n s .  The ce rebellum  was p laced  in  a  b a th  of oxygenated 
R inger s o lu t io n ,  w ith  p a r a l l e l  f ib e r s  o r ie n te d  normal and P ur- 
k in je  c e l l s  ta n g e n t ia l  to  b a th  s u r fa c e . The normal component 
(Bz) o f th e  m agnetic f i e ld  o u ts id e  th e  b a th  was thus  expected  to  
be due to  c u r re n ts  o r ie n te d  along th e  lo n g i tu d in a l  a x is  o f P ur- 
k in je  c e l l s .  N eura l a c t i v i t y  was e l i c i t e d  by s tim u la t in g  th e  
d o rs a l  su r fa c e  w ith  a  b r ie f  p u ls e . The r e s u l t in g  Bz was mea
sured  w ith  a superconducting  d e te c to r  (an  asym m etric second 
o rd e r  g rad iom eter w ith  a 1 .0  cm d iam eter pickup c o i l  and 4 .0  cm 
b a s e l in e )  coupled to  a dc-SQUID (superconduc ting  quantum i n t e r 
fe re n c e  d ev ice ) w ith  i t s  a x is  norm al to  th e  b a th  16 mm above th e  
m id lin e  o f th e  ce rebe llum . The e x t r a c e l lu la r  p o te n t ia l  (Ve) was 
m onitored  s im u ltan e o u sly  w ith  Bz u sin g  a g la s s  m ic ro p ip e tte . 
The averaged Bz showed a complex waveform, c o n s is t in g  o f an 
i n i t i a l  b ip h a s ic  sp ik e  ending w ith in  2-3 ms and slow er b ip h a s ic  
v a r i a t i o n  ending a t  about 20 ms a f t e r  s tim u lu s  o n s e t.  The l a t e  
m agnetic component and th e  p o s ts y n a p tic  component of Ve were 
ab o lish e d  when 3 mM Mn2+ was added to  th e  R inger s o lu t io n .  
T e tro d o to x in  ab o lish e d  a l l  components of Bz and of Ve. The 
r e s u l t s  suggest th a t  th e  f a s t  component was due to  d i r e c t  a c t i 
v a t io n  o f P u rk in je  c e l l s ,  w hereas th e  l a t e  component was p o s t
s y n a p tic  in  o r ig in .  In  an o th e r s tu d y , th e  r e a l  tim e dc-coupl ed 
m agnetic s ig n a l  was reco rded  d u ring  sp read in g  d ep re ss io n  (SD). 
SD was e l i c i t e d  w ith  t e ta n i c  s tim u la t io n  o f th e  d o rs a l c e re 
b e l l a r  s u r fa c e ,  a f t e r  c o n d itio n in g  th e  b ra in  w ith  a m odified 
R inger s o lu t io n .  D uring SD, Ve went n eg a tiv e  (20-40 mV) sim ul
taneous w ith  a monophasic la rg e  m agnetic s ig n a l  rang ing  from 2 
to  10 pT. The e l e c t r i c a l  response  was long (2 -5  min) compared 
to  th e  m agnetic s ig n a l  which on ly  la s te d  0 .5 -1  min. M easure
ments o f Bz a t  s e v e ra l lo c a t io n s  showed m irro r-im age s ig n a ls  
a long  th e  ro s tro -c a u d a l  d i r e c t io n  o f ce rebellum  w ith  p o la r i ty  
r e v e r s a l .  T his in d ic a te d  th a t  th e  m agnetic s ig n a l  was due to  
c u r r e n ts  p e rp e n d ic u la r  to  th e  c e re b e l la r  s u r fa c e ,  d ir e c te d  from 
th e  d o rs a l  to  th e  v e n t r a l  s id e .  The above r e s u l t s  dem onstrate  
th a t  th e  in  v i t r o  t u r t l e  ce rebellum  i s  a v a lu a b le  to o l  in  th e  
a n a ly s is  o f th e  m agnetic f i e ld s  a s s o c ia te d  w ith  d i f f e r e n t  forms 
of nerve  c e l l  a c t i v i t y .  Supported by G rants NINCDS NS21149 and 
NS13742.
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308.1 EFFECTS OF HIGH CARBOHYDRATE DIET ON LEARNED HELPLESSNESS AND 
BRAIN MONOAMINE METABOLISM IN RATS. K. A ra s te h , H.W. Sampson*, J. R. 

N ation* , P .J  Wellman* and M.E. T ru lso n . D ept. Anatomy, C o ll . 
Med  and De p t .  P sycho l. ,  Texas A&M (Un i v . ,  C ollege S ta t io n ,  TX 
77843.

Mood d is o rd e rs  have been a s s o c ia te d  w ith d ie ts  th a t  a re  high 
in  c a rb o h y d ra te s . M ineral m etabolism  in mood d is o rd e rs  has been 
in v e s t ig a te d  fo r  many y e a r s .  Calcium m etabolism  in mood d is o rd e rs  
has been s tu d ie d  s in c e  th e  1 9 4 0 's . A lte red  ca lcium  hom eostasis 
a s s o c ia te d  w ith d e p re ss iv e  i l l n e s s  has been rep o rted  on numerous 
o c c a s io n s . I t  has been suggested  th a t  th e re  may be a c o r r e la t io n  
between ca rb o h y d ra te  consumption and le v e ls  of serum ca lc ium . To 
more c lo se ly  examine th e  ro le  of d ie ta ry  ca rb o h y d ra te  on b ra in  
monoamines, calcium  and mood d is o rd e r s ,  we used an animal model of 
depess ion  to  examine th e  e f f e c t s  o f high ca rb o h y d ra te  d ie t  on 
th e se  m easures. Rats were m ain ta ined  on e i t h e r  a s tan d a rd  la b o ra 
to ry  d ie t  or a high ca rb o h y d ra te  d ie t  fo r  6 weeks p r io r  to  t e s t 
in g . The high ca rb o h y d ra te  d ie t  c o n s is te d  o f 50% sucrose  w ith a l l  
o th e r  c o n s t i tu e n t s  being id e n tic a l  to  th e  s tan d a rd  d ie t  w ith th e  
ex cep tio n  of m o d if ic a tio n  in  th e  to t a l  amount of f ib e r  to  make up 
th e  d i f fe re n c e  in  c a rb o h y d ra te . Learned h e lp le s s n e s s ,  locom otor 
a c t i v i t y  (open f i e l d ) ,  pain  s e n s i t i v i t y  ( t a i l  f l i c k ) ,  food and 
w ate r in ta k e ,  ca lcium  measurements (atom ic ab so rp tio n  sp ec to p h o to - 
m e try ) , and monoamine assays  (high perform ance l iq u id  chrom ato
graphy) were a l l  measured acco rd ing  to  s tan d a rd  m ethods. Rats 
m ain ta ined  on a high ca rb o h y d ra te  d ie t  e x h ib ite d  s ig n i f i c a n t ly  
s h o r te r  escape (3 le v e r  p re s s e s )  la te n c ie s  (mean= 9 .7  v s . 16.6 sec 
in  co n tro l an im a ls , maximum tim e = 20 sec ) (P<0.01) when te s te d  on 
a le a rn ed  h e lp le s s n e s s  paradigm . These anim als showed no s i g n i f i 
ca n t changes from c o n tro l va lues on locom otor a c t i v i t y  or pain  
s e n s i t i v i t y .  The r a t s  m ain ta ined  on a high ca rb o h y d ra te  d ie t  
showed s ig n i f i c a n t  in c re a s e s  in  b ra in  (+12.9%) and serum (+11.2%) 
g lu c o se . The anim als showed no s ig n i f i c a n t  changes in  serum 
ca lc iu m . Neurochemical s tu d ie s  rev ea led  no s ig n i f i c a n t  changes in  
b ra in  s e ro to n in ,  5 -h y d ro x y in d o leace tic  a c id ,  dopam ine, hom ovanil- 
l i c  ac id  o r d ih y d ro x y p h e n y lace tic  a c id .  However, n o rep in ep h rin e  
was s ig n i f i c a n t ly  d ecreased  by 10.4% and i t s  m ajor m e ta b o lite  
MOPEG-SO4 was s ig n i f i c a n t ly  in c re a se d  by 21.7%. The d a ta  
su g g es t th a t  pro longed exposure to  a high ca rb o h y d ra te  d ie t  makes 
th e  anim als "manic" and th a t  t h i s  response may be due to  an 
i n c rea se  in  b ra in  n o rep in ep h rin e  m etabolism . These d a ta  may have 
i m p lic a tio n s  fo r  c l in ic a l  co n d itio n s  which have suggested  th a t  
d ie t s  high in  ca rb o h y d ra tes  may produce b ehav io ra l and le a rn in g  
d is o rd e r s  in c h i ld r e n .  The case  h i s to r i e s  o f th e se  c h i ld re n  
d em onstra te  th a t  beh av io ra l a b n o rm a litie s  in c lu d in g  i r r i t a b i l i t y ,  
h y p e r a c t iv i ty ,  and s h o r t  a t te n t io n  span a re  norm ali zed fo llow ing  
m a n ip u la tio n s  o f d ie ta ry  c o n s t i tu e n ts  which dec re a se  th e  amount of 
c a rb o h y d ra te s .

308.2 POSSIBLE ROLE OF NOREPINEPHRINE IN THE 
IMINODIPROPIONITRILE(IDPN)-INDUCED DYSKINETIC SYNDROME. J.L. 
C adet, T. Braun*, F Karoum, D.M. Chuang and W.J. F reed. Neuropsychiatry 
Branch, NIMH, Saint Elizabeth 's Hospital, Washington, D.C. 20032.

A c ritic a l issue in clinical neurosciences is the elucidation of the 
mechanism s involved in the developm ent of the neuropathology of 
degenerative disorders such as H untington's disease(HD). While the 
in tra s tr ia ta l injection of kainic acid mimics some of the biochem ical 
changes seen in the brain of HD patien ts, this drug does not cause a 
dyskinetic syndrome. The neurotoxic substance IDPN causes a se t of 
behavioral abnorm alities consisting of excitem ent, circling behavior, 
choreoatheto id  neck movements (ECC-syndrome), and increased s ta rtle  
response in mice and ra ts . These changes la st throughout the lifespan of the 
anim als. These behaviors are  sim ilar, but not identical, to those induced 
acu tely  by ca techolam inergic and serotonergic (5HT) agonists. The 
syndrome has recently  been proposed as a possible model for HD. Because 
the behavioral syndrome induced by 5HT agonists can be inhibited by 
norepinephrine(NE) antagonists and because ra ts  th a t show increased 
acoustic s ta r tle  reflex  a f te r  ICV injection of 6-OHDA have increased a 1- 
noradrenergic recep to rs (A strachan, D. I. e t al. Brain Res 26:81, 1983) we 
decided to evaluate  the possible involvement of the NE system in the IDPN- 
induced syndrome.

Swiss-W ebster mice (20-30gm) were used in behavioral studies. The 
anim als w ere injected with IDPN (100mg/kg) until the behaviors developed (7 
days). One month a f te r  the la st injection, they were te sted  using a 
dyskinesia scale (Diamond, B. I. e t a l. Adv Neurol vol. 35 p 221, 1982). 
A fter a half hour baseline, the anim als were given IP injection of prazosin 
(1-4mg/kg), clonidine (.050-lmg/kg), or yohimbine (1-4mg/kg). and were 
m onitored for another half hour. Sprague-Dawley ra ts  (150-175gm) were used 
in biochem ical studies. R ats were injected with IDPN as described above. 
They were killed a t various intervals during the period of injection and up to 
6 weeks a f te r  the last injection. Various brain areas were d issected out for 
m easurem ent of catecholam ines and the ir m etabolites. S tria ta l a l -  
adrenergic recep to rs were assayed using 3H-prazosin. Studies of 
phosphatidyl inositol (PI) turnover were carried  out using both s tr ia ta l and 
co rtica l slices.

Both prazosin and clonidine inhibited the IDPN-induced dyskinesia, 
w hereas yohimbine had no e ffe c t. There was no significant change in DA in 
e ith e r the s tria tum  or the hypothalam us. NE was increased in the stria tum  
one month a f te r  the last injection of IDPN. There was, in addition, a 
tran sien t increase in MHPG levels in the hypothalam us. R eceptor binding 
assays revealed a  70% increase in prazosin bindings sites in ra t  s tr ia ta  one 
month a f te r  the la st injection of IDPN. This was accom panied by a 
significant increase in N E-stim ulated, but no change in carbam ylcholine- 
induced, PI turnover in s tr ia ta l slices of tre a ted  animals as com pared to 
controls. These results suggest th a t the NE system is involved in the ECC- 
syndrome. The increase in N E-stim ulated PI turnover suggests th a t 
phospholipid plus ca lcium -stim ulated  mechanisms may be involved in the  
developm ent o f persisten t dyskinesia.
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308.3 SYNERGISTIC EFFECTS OF ALPHA-2 ADRENERGIC AND OPIATE RECEPTOR 
BLOCKADE ON VOCALIZATION IN ADULT SQUIRREL MONKEYS. J . C. H arr is  
and J . D. Newman. Div. o f  Ch ild  P s y c h ia t r y ,  Johns Hopkins 
U n iv e r s i t y ,  B a l t im ore ,  MD 21205 and Lab o f  Comparative Ethology, 
NICHD, NIH, Bethesda,  MD 20892.

S y n e r g i s t i c  e f f e c t s  of  naloxone and yohimbine on an x ie ty  and sex
ual fu n c t io n  have been rep o r t e d  in  human v o lu n te e r s  (Charney and 
Heninger, 1985). An o p i a t e r g i c  mechanism has been shown to  be 
invo lved  in  th e  p roduc t ion  o f  se p a r a t io n - in d u c e d  v o c a l i z a t i o n  in 
s q u i r r e l  monkeys (Newman, Murphy and Harbaugh, 1982). We have 
a l s o  im p l ic a ted  an ad ren e rg ic  mechanism in  t h i s  v o c a l i z a t i o n  by 
dem onst ra ting  t h a t  yohimbine r e v e r s e s  c l o n id in e  i n h i b i t i o n  of  
s e p a r a t io n  c a l l s in t h a t  s p e c i e s ,  as  well as  producing  a small 
b u t  s i g n i f i c a n t  i n c r e a s e  in  s e p a r a t i o n  c a l l s  when given alone 
(H ar r i s  and Newman, 1985). Some s u b je c t s  in c reased  the  produc
t i o n  o f  an o th e r  v o c a l i z a t i o n ,  t h e  t w i t t e r ,  when ad m in is te red  
yoh imbine. The p r e s e n t  experimen t t e s t e d  whether naloxone and 
yohimbine a d m in is te red  t o g e th e r  would produce a s y n e r g i s t i c  en
hancement in  e i t h e r  o f  th e se  v o c a l i z a t i o n s  us in g  th e  same t e s t i n g  
p ro ced u re s .  Four a d u l t  s q u i r r e l  monkeys used as  s u b j e c t s  were 
given  an IM i n j e c t i o n  of  0 .2  mg/kg yohimbine,  0 .4  mg/kg naloxone,  
yohimbine and naloxone co n c u r r e n t ly  in th e se  same doses , o r  
s t e r i l e  w a te r  v e h i c le  as  c o n t r o l .  Both yohimbine and naloxone 
produced in c r e a s e s  in  s e p a r a t io n  v o c a l i z a t i o n  when given a lone; 
th e  e x t e n t  v a r i e d  between s u b j e c t s .  Only yohimbine produced an 
in c r e a s e  in  t w i t t e r s ,  in  agreement with our  e a r l i e r  f in d i n g s .  
Yohimbine and naloxone to g e th e r  r e s u l t e d  in up to  t h r e e - f o l d  
i n c rea se s  in  t w i t t e r s  in  3 s u b j e c t s ;  in  th e  f o u r th  s u b je c t  (which 
neve r  produced t w i t t e r s  in  any t e s t ) ,  t h e r e  was a sev en - fo ld  
in c r e a s e  in  s e p a r a t i o n  v o c a l i z a t i o n s .  Other  behav io ra l  changes 
no ted fo l low ing  th e  naloxone-yohimbine combinat ion were in c reased  
somatic and autonomic d i s tu r b a n c e s  ( s c r a t c h in g ,  paw rubbing ,  
e x c ess iv e  s a l i v a t i o n ) .  There was no c o n s i s t e n t  i n c r e a s e  in 
p e n i l e  tumescence. The c o n s i s t e n t  in c r e a s e  in  v o c a l i z a t i o n  with 
th e  combina tion  of  naloxone and yohimbine compared with  the  same 
doses  o f  th e se  drugs when ad m in is te red  a lone  p rov id es  th e  f i r s t  
ev idence  o f  an i n t e r a c t i o n  o f  o p i a t e  and ad ren e rg ic  systems in 
th e  e x p re s s io n  o f  p r im ate  v o c a l i z a t i o n .

308.4 HPLC ANALYSIS OF SEVERAL MONOAMINE TRANSMITTERS AND METABOLITES IN 
EIGHT BRAIN REGIONS OF ISOLATED FIGHTING MICE M. Gary H adfie ld  
N eurochem istry R esearch L ab o ra to ry , D iv is io n  o f N europathology, 
M edical C o llege of V irginia/V CU , Richmond, V irg in ia  23298

F ig h tin g  b ehav io r produces im portan t neurochem ical changes in  
the  b ra in s  of a g g re ss iv e  an im als. In  p a r t i c u l a r ,  monoamine t r a n s 
m i t te r  fu n c t io n  i s  a l t e r e d .  Y et, i t  i s  d i f f i c u l t  to  know w hether 
th e  changes a re  d i r e c t l y  re s p o n s ib le  fo r  f ig h t in g  b eh a v io r, i f  
they  sim ply m odulate th e  p ro cess  or i f  they  a re  due to  ex traneous 
o r secondary  beh av io rs  th a t  accompany f ig h t in g .

To h e lp  ana lyze  t h i s  problem , we have employed th e  fo llow ing  
b e h a v io ra l and b iochem ical m ethods. A dult male ICR mice were 
i s o la te d  fo r  s e v e ra l weeks to  in c i t e  " n a tu ra l"  a g g re ss io n . Three 
groups of an im als were u t i l i z e d :  ( i )  R es tin g , n o n -f ig h t in g  (base
l i n e )  an im als never exposed to  a f ig h t in g  p a r tn e r  (R ), ( i i )  
an im als p laced  in  th e  f ig h t in g  a ren a  w ith  a combat p a r tn e r  fo r  
whom no f ig h t in g  b ehav io r was recorded  fo r  e i th e r  anim al (NF) and 
( i i i )  bona f id e  f ig h t in g  anim als (F ) . F ig h tin g  d u ra t io n , d e fin ed  
as  ag g re ss iv e  body c o n ta c t ( b i t in g ,  s p a r r in g ) ,  was measured during  
a f iv e  m inute combat p e r io d . The b ra in s  were r a p id ly  removed and 
e ig h t  d is c r e te  reg io n s  o f th e  b ra in ,  r ic h  in  monoamine tr a n s m it te r  
nerve te rm in a ls  were d is s e c te d  [o lfa c to ry  tu b e rc le s  (OT), o l f a c 
to ry  b u lb s  (OB), p r e f r o n ta l  c o r te x  (PC), septum (SP), s tr ia tu m  
(ST), hypothalam us (HT), thalam us (TH) and hippocampus (HC)] .  
These t i s s u e s  were s u b je c te d  to  HPLC a n a ly s is  u s in g  a new method 
p re sen ted  h ere  l a s t  y ea r (Abs. #263.8 and H ad fie ld  e t  a l . ,  J .  
L iqu id  Chromat. 8 :2689-97 , 1985). I t  p e rm its  th e  s im ultaneous 
a n a ly s is  o f s e v e ra l monoamines du ring  a s in g le  run of le s s  than  
20-25 m inu tes w ithou t p r io r  c lean -u p  o f sam ples.

We a re  p re s e n tin g  r e s u l t s  f o r  no rep in ep h rin e  (NE), 3-m ethoxy- 
4 -hydroxypheny lg lyco l (MHPG), norm etanephrine (NM), dopamine (DA), 
d ihyd ro x y p h en y lace tic  ac id  (DOPAC), h om ovan illic  a c id  (HVA), 
3-m ethooxytyram ine (3MT), s e ro to n in  (5HT) and 5 -h yd roxy indo le- 
a c e t i c  a c id  (5HIAA). S ig n if i c a n t  in c re a s e s  and d ec re a se s  in  
monoamine le v e ls  over R a re  ta b u la te d  below.

N E M H PG NM DA D O P A C H V A 3 M T 5 H T 5 H I A A
NF F NF F N F F NF F NF F NF F NF F N F F N F F

O B ↑ ↓ ↑ ↓
OT ↑ ↓ ↑ ↑ ↑
PC ↓ ↓ ↓ ↑ ↓ ↓ ↓ ↑ ↑
SP ↓ ↓ ↑
ST ↓ ↑ ↑ ↓ ↑
HT ↑ ↑ ↑ ↓ ↓ ↑ ↑
TH ↑ ↑
HC ↓ ↓

In general, decreases occured in NE, DA and 5HT and increases occured  in  t h e i r  m e ta b o l ite s , in d ic a t in g  u t i l i z a t i o n  o f neuro
t r a n s m i t t e r .  The d if fe re n c e s  in  p a t te r n  fo r  NF and F a re  rem ark
ab le  because t o t a l l y  d i f f e r e n t  reg io n s  a re  o f te n  invo lved  and 
sometimes m e ta b o l ite s . Where id e n t i c a l ,  F was u s u a lly  g re a te r  
than  NF. The s ig n if ic a n c e  o f th e se  f in d in g s  w i l l  be d isc u sse d .

308.5 MODULATORY ACTION OF CYPROHEPTADINE ON THE LOCOMOTOR PAT
TERN OF SPASTIC PARETIC PATIENTS. M. W ainberg* a n d  H. 
B a rb e au . School o f P h y sica l a n d  O ccupational T h e ra p y , F acu lty  of 
M edicine, McGill U n iv e rs ity , M ontrea l, Q uebec, C anada, H3G 1Y5.

R ecen t s tu d ie s  in d ic a te  a n  im p o rta n t ro le  o f th e  d e sc e n d in g  
s e ro to n e rg ic  p a th w a y s  in  th e  m odulation  o f th e  locom otor p a t te rn  
in  a d u l t  c h ro n ic  sp in a l c a ts  (B arbeau  H, R ossigno l S. Soc N eurosci 
A b s tr  8: 163; R ossigno l S, B arbeau  H, Ju lie n , C. In  D evelopm ent 
a n d  P la s tic ity  o f th e  Mammalian S p in a l C ord , S po le to , I ta ly  (in  
p r e s s ) ) .  In  a d d itio n , B arbeau  e t  a l. (J N eurol N eu ro su rg  P sy c h ia tr .  
45: 413-426) a n d  W ainberg  e t  a l. (J  N eurol, in  p re s s )  h av e  re c e n tly  
d em o n s tra te d  th e  a n t is p a s t ic  a c tio n  o f th e  5-HT a n ta g o n is t  
c y p ro h e p ta d in e  (CYPRO).

T he in te n t  o f th e  p r e s e n t  s tu d y  w as to  d e te rm in e  th e  
m odu la to ry  e ffe c t o f CYPRO on  th e  locom otor p a t te rn  o f p a t ie n ts  
w ith  p a r t ia l  sp in a l co rd  le s io n s  tr a n s e c tio n  a n d  p r e s e n t in g  s p a s 
tic ity . F o u r p a t ie n ts  (age  24 to  56, 7 m onths to  7 y e a rs  p o s t 
in ju r y )  p a r t ic ip a te d  in  th e  s tu d y . E lec tro m y o g rap h ic  (EMG) an d  
k inem atic  (n o t r e p o r te d  h e re )  r e c o rd in g s  w ere  made o f p a t ie n ts  
w alk ing  on  a  tread m ill. D u ring  CYPRO th e  v a r ia b il i ty  ( s ta n d a rd  
d ev ia tio n ) o f  tem pora l d is ta n c e  f a c to r s  (cycle , s ta n c e  a n d  d oub le  
s u p p o r t  d u ra t io n )  is  r e d u c e d  (ra n g e  13.2% -  41.3%). G rea te r  
d e c re a s e s  a r e  n o te d  in  EMG d u ra t io n  v a r ia b il i ty  (g lu te u s  m axim us- 
GM, v a s tu s  la te ra l is )  (59.2% -  61.4%) a n d  im p o rta n t ch a n g e s  a re  
s e e n  in  th e  EMG p a t te rn .  In  th e  c o n tro l p h a se  (below  le f t) , GM 
a c t iv i ty  is  c h a ra c te r iz e d  b y  d is c h a rg e  th ro u g h o u t th e  g a i t cyc le  
a n d  h ig h  v a r ia b il i ty  (co effic ien t o f variation-CV=157% ). With CYPRO 
(below  r ig h t ) ,  th e  GM main b u r s t  is  p ro lo n g e d  b u t  r e s t r i c te d  to  
s ta n c e  p h a se , a n d  th e  p a t te r n  is  le s s  v a r ia b le  (CV=87%). In  some 
c a se s , a p p e a ra n c e  o f b ip h a s ic  a c tiv i ty  in  m edial h a m str in g s  an d  
tib ia lis  a n te r io r ,  a n d  a l te rn a t in g  a c tiv i ty  o f a n ta g o n is ts  a r e  ob 
s e rv e d . F u n c tio n a lly , p a t ie n ts  r e p o r t  le s s  " s tif fn e s s "  an d  a re  
c a p ab le  o f  h ig h e r  w alk ing  s p e e d s  (17%-34%).

S upported  by MRC, FRSO and Merck Sharp & Dohme Canada

308.6 PUTATIVE PRECLINICAL ANTIPSYCHOTIC ACTIVITY OF PIPERAZINE 
SEROTONIN AGONISTS. L.K. Chambers, J .B . H a r re ll* , R.A. 
M astroen l* , T.H. A ndree, I .  Lucki and J .A . Moyer, Wyeth 
L a b o ra to r ie s , I n c . ,  P .  O. Box 8299, P h ila d e lp h ia , PA 19101 and th e  
D ep t. o f P sy c h ia try , U n iv e rs ity  of P ennsy lvan ia , P h ila d e lp h ia , PA 
19104

The p ip e ra z in e  s e ro to n in  a g o n is ts ,  TFMPP, m-CPP and MK 212 
produced p r o f i l e s  s im i la r  to  th o se  o f a n t ip s y c h o tic s  in  a 
d i s c r e te  t r i a l / l e v e r  p re s s  co n d itio n e d  avoidance procedure  in  
r a t s .  T h e re fo re , th e se  compounds were te s t e d  fo r  t h e i r  p o te n t ia l  
to  i n h i b i t  apomorphine (APO)-induced b eh a v io rs  in  m ice.

TFMPP, m-CPP and MK 212 were a l l  e f f e c t iv e  in  an tag o n iz in g  
APO-induced s te re o ty p y  and c lim bing done as  a s in g le  t e s t  in  
m ice. MK 212 and m-CPP resem bled a ty p ic a l  a n t ip s y c h o tic s  in  th i s  
t e s t  s in c e  doses re q u ire d  to  an tag o n ize  clim bing  were much low er 
than  th o se  which an tagon ized  s te re o ty p y . TFMPP, on th e  o th e r  
hand, resem bled th e  ty p i c a l  a n t ip s y c h o tic s ,  s in c e  clim bing  and 
s te re o ty p y  were an tagon ized  a t  e q u iv a le n t doses .

The b lockade of avoidance beh av io r by th e  p ip e ra z in e  se ro to n in  
a g o n is ts  was an tagon ized  by m e te rg o lin e  b u t n o t k e ta n s e r in  in  the  
d i s c r e te  t r i a l / l e v e r  p re s s  co n d itio n e d  avoidance p rocedu re  in  
r a t s .  T h e re fo re , m e te rg o lin e  and k e ta n s e r in  were a ls o  te s te d  fo r  
t h e i r  a b i l i t y  to  b lo ck  th e  e f f e c t s  of th e  p ip e ra z in e  se ro to n in  
a g o n is ts  on apom orphine-induced b eh a v io rs . M ete rgo line  (2 .0  
m g/kg), a n o n s e le c tiv e  s e ro to n in  5HT-1 and 5HT-2 a n ta g o n is t ,  had 
no e f f e c t  on MK 2 1 2 's antagonism  of APO-induced s te re o ty p e d  
s n i f f in g .  However, m e te rg o lin e  d id  b lo c k  MK 2 1 2 's in h ib i t i o n  of 
APO-induced c lim b ing . K e ta n se r in  (4 .0  m g/kg), a s e le c t i v e  5HT-2 
a n ta g o n is t ,  b locked th e  MK 212-induced in h ib i t i o n  of bo th  
s te re o ty p e d  s n i f f in g  and c lim b ing . M ete rgo line  and k e ta n s e r in  
a re  a ls o  being  te s t e d  in  com bination  w ith  m-CPP and TFMPP. 
These d a ta  and th e  f a c t  th a t  th e  p o te n t 5HT-1A a g o n is t ,  8-OH-DPAT 
was in e f f e c t iv e  in  bo th  co n d itio n e d  avoidance and apomorphine 
t e s t s ,  su g g es t th a t  th e  e f f e c t s  of th e  p ip e ra z in e  se ro to n in  
a g o n is ts  on apom orphine-induced b eh a v io rs  may be r e l a te d  to  th e  
s tim u la t io n  of 5HT-2 re c e p to r s .

R ecep to r b in d in g  p r o f i l e s  of th e se  s e ro to n in  a g o n is ts  
dem onstra ted  d i f f e r e n t i a l  s e l e c t i v i t y  a t  s e ro to n in  re c e p to r  
sub types  and low a f f i n i t y  f o r  D-2 and m u sca rin ic  r e c e p to r s .  
These r e s u l t s  su g g es t th a t  5HT-1A re c e p to r s  do n o t m ed iate  th e  
b e h a v io ra l e f f e c t s  observed in  th e se  t e s t s ,  a lth o u g h  5HT-1B and 
5HT-2 r e c e p to r s  may m edia te  th e se  e f f e c t s .  These s tu d ie s  f u r th e r  
su p p o rt a p r e c l in i c a l  a n t ip s y c h o tic  p r o f i l e  f o r  th e  p ip e ra z in e  
s e ro to n in  a g o n is t s ,  TFMPP, m-CPP and MK 212.

S upported in  p a r t  by USPHS G ran ts MH-36262 and GM-34781.
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3 0 8 . 7  PHYSIOLOGICAL STRESS AND THE ACTIVITY OF DORSAL RAPHE SEROTONERGIC 
NEURONS IN FREELY MOVING CATS. C. Forna l ,  D.A. M orilak, and B.L. 
Jacobs. Prog. N eurosci. ,  Dept. o f P sycho l., P rinceton  U niv ., 
P rinceton , NJ 08544.

Serotonergic neurons o f  the  d o rsa l raphe nucleus (DRN) have been 
im plicated  in  the  g loba l modulation o f  the  CNS response to  s t r e s s .  
These neurons p ro je c t to  many regions o f  the  b ra in  involved in  the  
c e n tra l  reg u la tio n  o f  sym pathetic nerve a c t iv i ty  and neuroendo
c rin e  function . We re p o rt here  on the  s in g le -u n it  a c t iv i ty  o f 
sero tonerg ic  DRN neurons in  awake free ly  moving c a ts  in  response 
to  two physio log ical challenges: 1 ) hypoglycemia induced by 
in s u lin  in je c tio n , and 2 ) hypotension induced by p e rip h e ra lly -  
a c tin g  v a so d ila to rs . S in g le -u n it a c t iv i ty  was recorded using 
movable e lec tro d e  bundles co n sis tin g  o f  32 and 64 μ m d ia . 
in su la ted  n ich rome microwires implanted in  th e  DRN. Serotonergic 
neurons were id e n tif ie d  on l in e  by th e i r  slow (< 5 sp ikes/sec) and 
re g u la r d ischarge p a tte rn , and complete cessa tio n  o f  a c t iv i ty  
during REM s leep  and in  response to  th e  sero ton in  agon ist 5- 
methoxy-N,N-dimethyltryptamine (250 μg /k g ,i .m .) .  The dose o f 
in s u lin  used was 2 IU/kg, i . v .  Sodium n itro p ru ss id e  (5-15 μ g/kg , 
i . v . )  and hydralazine hydrochloride (1-3 mg/kg, i . v . )  were used to  
induce b r ie f  and prolonged periods o f  hypotension, re sp ec tiv e ly . 
These drugs were adm inistered v ia  an indw elling ju g u la r c a th e te r  
which was a lso  used fo r ob ta in ing  blood samples. Plasma samples 
were assayed fo r  g lucose, norepinephrine (NE), and epinephrine 
(EPI) concen tra tions . Serotonergic neurons d isp layed no s ig n i f i 
can t changes in  u n it  a c t iv i ty  following in s u lin  in je c tio n , 
although plasma glucose le v e ls  were g re a tly  reduced ( ~ 70%) and 
plasma catecholam ines were e levated  (EPI a, 400%; NE ~ 25%). 
S im ila rly , th e re  were no s ig n if ic a n t changes in  sero tonerg ic  u n it  
a c t iv i ty  following bolus in je c tio n s  o f  sodium n itro p ru ss id e , 
although mean a r t e r i a l  p ressu re  was reduced in  some animals by as 
much as 50 mm Hg. Likewise, no s ig n if ic a n t changes in  u n i t  
a c t iv i ty  were observed following hydralazine ad m in is tra tio n , 
d e sp ite  marked re f le x  a c tiv a tio n  o f sym pathetic outflow  as 
in d ica ted  by increases  in  both h e a r t r a te  (~ 50%), and plasma 
catecholam ine le v e ls  (NE ~200%; EPI ~ 25%). These s tu d ie s  demon
s t r a te  th a t  the  p hysio log ical s t r e s s  o f  hypoglycemia and hypo
ten sio n  have no appreciab le  e f f e c t  on sero tonerg ic  DRN u n it  
a c t iv i ty .  These r e s u l t s  a re  c o n sis ten t w ith  our previous find ings 
th a t  therm oregulatory challenges had no e f f e c t  on DRN sero tonerg ic  
u n its  (Fom al e t  a l . ,  Soc. Neurosci. A bstr. 11:769, 1985), and 
p a ra l le l  the  lack  o f  e f fe c t  o f environmental s tre s s o rs  on these  
neurons (Wilkinson e t  a l . ,  th i s  m eeting). We conclude th a t  any 
involvement o f  DRN sero tonerg ic  neurons in  s t r e s s  may be mediated 
by modulation o f tra n s m itte r  re le a se  a t  th e  axon te rm ina l and not 
by a change in  u n it  a c t iv i ty .  Supported by NIMH g ran t MH23433 and 
po std o c to ra l fellow ship  MH 08869 to  C.F.

308.8 ENVIRONMENTAL STRESS AND ACTIVITY OF DORSAL RAPHE SEROTONERGIC 
NEURONS IN THE FREELY MOVING CAT. L.O. W ilkinson, E.D. 
Abercrombie, and B.L. Jacobs. Prog. N eurosci., Dept. o f 
Psycho l., P rinceton  U niv ., P rinceton , NJ 08544.

A c tiv ity  o f sero tonerg ic  neurons in  th e  DRN i s  p o s itiv e ly  
co rre la te d  w ith  behav ioral a ro u sa l. Since these  neurons a re  
connected w ith  a reas  o f  th e  b ra in  involved in  behav ioral and 
physio log ical aspects  o f  emotion, i t  i s  hypothesized th a t  they may 
p lay  a ro le  in  the  CNS response to  h ighly  arousing and emotional 
s tim u li. The p resen t s tu d ie s  describe  the  e f fe c ts  o f  th ree  
environmental s tim u li, loud w hite n o ise , r e s t r a in t ,  and p resen ta
tio n  o f  a dog, on 5-HT DRN u n it  a c t iv i ty  in  awake, fre e ly  moving 
c a ts .  5-HT neurons were id e n tif ie d  o n -lin e  by e lectrophysio - 
lo g ic a l and pharmacological c r i t e r i a  described  prev iously  (Forna l  
e t  a l . ,  th i s  m eeting). Cats were subjected  to  15 mins. o f white 
noise  o r  r e s t r a in t  as described  by Abercrombie e t  a l .  ( th is  
m eeting), o r to  f iv e  m ins. o f exposure to  a dog through a s te e l  
mesh screen . Heart r a te  was monitored continuously during 
s t re s s o rs ,  and in  some c a ts  blood samples were withdrawn v ia  a 
ju g u la r c a th e te r ,  before  and immediately a f te r  the  s t r e s s fu l  
s tim ulus. Plasma samples were analyzed fo r NE le v e ls  a f te r  
ex tra c tio n  w ith acid-washed alumina, using HPLC-EC. A ll th ree  
s tre s s o rs  produced behav ioral a c tiv a tio n , increases in  h e a r t ra te  
(~ 25%), and plasma NE le v e ls  (~ 120%). Dog p resen ta tio n  induced 
a strong  fe lin e  defense rea c tio n , including  p ilo e re c tio n , broad
side  s tance , and h is s in g . D espite these  increases in  measures o f 
behav ioral and physio log ical a c tiv a tio n , the  discharge o f 
sero tonerg ic  neurons never s ig n if ic a n tly  exceeded the  normal 
b a se lin e  range. The maximal change in  DRN u n it  a c t iv i ty  during 
r e s t r a in t ,  loud noise and dog p resen ta tio n  i s  seen during the  
f i r s t  minute o f the  challenge, when f i r in g  ra te s  a re  35%, 42%, and 
20% above q u ie t  waking (QW) b a se lin e , re sp ec tiv e ly . These in 
creases  a re  no t s ig n if ic a n tly  d if f e r e n t  from th e  increase  in  u n it  
a c t iv i ty  seen during spontaneous changes from QW to  ac tiv e  waking 
(AW) behav ioral s ta te  in  u nstressed  anim als. These r e s u l t s  a re  
co n s is te n t w ith Fom al e t  a l . , ( th is  m eeting), and suggest th a t  
the  CNS response to  environmental s t r e s s  i s  no t accompanied by a 
sp ec if ic  a c tiv a tio n  o f 5-HT DRN u n it  a c t iv i ty .  This co n tra s ts  
w ith  th e  dram atic increase  in  NE u n it  a c t iv i ty  in  the  LC seen 
a f te r  these  m anipulations (Abercrombie e t  a l . , th i s  meeting) and 
suggests a d i f f e r e n t ia l  involvement o f  these  two neu ro transm itte r 
systems in  the  coord ination  o f the  s t r e s s  response. (Supported by 
NIMH g ran t MH23433 and an NSF p redocto ra l fe llow ship to  L.W.)

308.9 PHYSIOLOGICAL STRESS AND THE ACTIVITY OF LOCUS COERULEUS NORADRE
NERGIC NEURONS IN FREELY MOVING CATS. D.A. M orilak, C. Forna l ,  
and B.L. Jacobs. Prog. N eurosci., Dept. o f  Psycho l., P rinceton  
U niv ., P rince ton , NJ 08544.

N oradrenergic (NE) neurons o f  the  locus coeruleus (LC) have been 
im plicated  in  a wide v a r ie ty  o f  func tions , a l l  o f  which may be 
p a r t  o f  a more g loba l process underlying th e  s t r e s s  response. We 
te s te d  th i s  hypothesis by recording  th e  s in g le  u n it  a c t iv i ty  o f 
LC-NE neurons in  awake f re e ly  moving c a ts  in  response to  sev e ra l 
phy sio lo g ica l s tim u li o f  varying in te n s i t ie s  (magnitude o r dura
tio n ), none o f  which increased  behav iora l a ro u sa l. These s tu d ie s  
address two questions: 1) Do LC-NE neurons respond to  physio
lo g ic a l  s tim u li independent o f  behav ioral a ro u sa l, o r  do they  
respond only to  s tim u li which possess a b ehav io ra lly  a c t iv a tin g  
component? and 2) Do LC-NE neurons respond to  graded s tim u li in  a 
graded fashion  ( i . e .  as a  hom eostatic reg u la to ry  system ), o r only 
t o  more extreme stim ulus in te n s i t ie s  ( i . e .  as a general s t r e s s -  
response system)? For record ing  methods, see Fom al e t  a l . ( th is  
volume). NE u n its  were id e n t i f ie d  by th e i r  a) s l ow d ischarge ra te  
( <  3 Hz), b) long-duration  a c tio n  p o te n t ia l , c) complete 
suppression  o f  a c t iv i ty  during  REM s leep , and d) complete 
suppression follow ing system ic in je c tio n  o f  th e  α2 ag o n ist 
c lon id ine  (25 μg /k g ) . Blood pressu re  was decreased w ith 
hydralazine (1-3 mg/kg, i . v . ) .  Hypoglycemia was induced by 
in s u lin  (2 IU/kg, i . v . )  and reversed  by glucose (150 mg/kg, i . v . ) .  
Thermal s t r e s s  was produced by in c reasin g  ambient tem perature to  
43°C fo r  60-90 min. In  ad d itio n  to  u n i t  a c t iv i ty ,  measures were 
taken o f  plasma epinephrine and NE, plasma g lucose, h e a r t r a te ,  
re s p ira to ry  r a te ,  and r e c ta l  tem perature. Hypotension, 
hypoglycemia and h eating  a l l  increased  u n i t  a c t iv i ty  above q u ie t 
waking b ase lin e  (mean inc rease  = 96%, 158% and 127%, respec
tiv e ly ) . However, th e  changes in  u n i t  d ischarge were n o t d ir e c t ly  
re la te d  to  any o f  th e  v a ria b le s  s tu d ied , b u t were re la te d  more to  
th e  occurrence o f  th e  peak stim ulus e f f e c t .  Furthermore, u n i t  
a c t iv i ty  was fu r th e r  e lev a ted  i f  animals became b ehav io ra lly  
a c t iv e . Thus, we conclude th a t :  1) LC-NE neurons can respond to  
p h ysio log ical s tim u li independent o f  changes in  behav ioral 
a ro u sa l. These e f fe c ts  appear to  be a d d itiv e  w ith  those induced by 
behav ioral a ro u sa l. 2) LC-NE neurons respond more l ik e  a  general 
s tre ss -re sp o n se  system than  as a prim ary hom eostatic reg u la to ry  
system. Taken to g e th e r w ith  th e  d a ta  regard ing  LC-NE response to  
em otionally  arousing environm ental s tre s s o rs  (Abercrombie e t  a l . , 
t h i s  volume), th e  LC may function  to  in te g ra te  and coord inate  th e  
em otional and p h ysio log ical responses to  both in te rn a l  and 
ex te rn a l s t r e s s o r s .  Supported by A ir Force g ran t APOSR 85-0034 
and NIMH g ra n t MH23433.

308.10 ENVIRONMENTAL STRESS AND ACTIVITY OF LOCUS COERULEUS NORADRENERGIC 
NEURONS IN FREELY MOVING CATS. E.D. Abercrombie, L.O. Wilkinson 
and B.L. Jacobs. Prog. N eurosc i., Dept. o f Psych o l . ,  Princeton  
U niv., P rince ton , NJ 08544.

N oradrenergic neurons o f  th e  locus coeruleus (LC) have been 
hypothesized to  p lay  a  ro le  in  the  CNS response to  s t r e s s .  This 
hypothesis de rives  f r om s tu d ie s  showing increased  norepinephrine 
(NE) turnover during s t r e s s  and s tu d ie s  showing th a t  dep le tio n  o f 
b ra in  NE dim inishes th e  e ffec tiv en ess  o f th e  organism 's response 
to  s t r e s s .  The p re sen t s tu d ie s  d escribe  th e  e f fe c ts  o f  environ
mental challenges, namely 15 min o f  r e s t r a in t  o r noise  s t r e s s ,  
upon NE neuronal a c t iv i ty  in  fre e ly  moving c a ts .  LC neurons a re  
id e n tif ie d  as noradrenergic by p hysio log ical and neurochemical 
c r i t e r i a  published p rev iously  (see M orilak e t  a l . ,  th i s  volume). 
S tre ss  e f fe c ts  upon p e rip h e ra l physio log ical systems as measured 
by h e a r t r a te  and plasma catecholamine (CA) le v e ls  a re  a lso  
assessed . R es tra in t s t r e s s  involves p lac ing  th e  animal in  a 
canvas handling bag and wrapping e la s t i c  bandage about th e  to rso  
thus precluding  movement o f  the  lim bs. Noise s t r e s s  i s  achieved 
by the  p re sen ta tio n  o f  100 db w hite n o ise . In  o rder to  examine 
the  u n i t  response to  a n o n -s tre s s fu l environmental stim ulus, the  
c a ts  a re  a lso  exposed to  a p a ir  o f  labo ra to ry  r a t s  housed in  a 
w ire mesh cage. Both r e s t r a in t  s t re s s  (n=6) and noise  s t r e s s  
(n=8) cause a s ig n if ic a n t increase  in  NE u n i t  a c t iv i ty  above the  
normal q u ie t  w aking/active waking range. During r e s t r a in t  th e re  
i s  a  mean inc rease  in  f i r in g  r a te  o f  162% by th e  f i r s t  min. By 15 
min p o s t r e s t r a in t  o n se t, th e  mean f i r in g  r a te  remains e levated  
105%. During no ise  s t r e s s ,  a c t iv i ty  increases 234% in  th e  f i r s t  
min and i s  su sta ined  a t  123% a t  15 min. Following term ination  o f 
both s t re s s o rs ,  a c t iv i ty  norm alizes w ith in  5 min. I n c o n tra s t , 
during exposure to  inaccessab le  r a t s  (n=4) u n i t  a c t iv i ty  never 
d ev ia tes  s ig n if ic a n tly  from the  ba se lin e  range d e sp ite  o v e rt signs 
o f  a rousal in  th e  c a t .  Changes in  h e a r t r a te  and u n i t  a c t iv i ty  
a re c o rre la te d : r= .83 fo r  r e s t r a in t ,  r= .73 fo r  no ise  and r=.83 
fo r inaccessab le  r a t s .  The plasma CA d ata  rev ea l s ig n if ic a n t 
sympathetic a c tiv a tio n  in  response to  both s tre s s o rs  (see 
W ilkinson e t  a l . ,  th i s  volume). These r e s u l t s  support the  
con ten tion  th a t  a c t iv a tio n  o f  th e  LC system occurs in  response to  
environmental s tim u li which m obilize the  s t r e s s  response. 
Furthermore, th i s  a c t iv a tio n  i s  s ig n if ic a n tly  g re a te r  than  the  
flu c tu a tio n s  in  f i r in g  r a te  seen during normal behavior and i s ,  
indeed, th e  g re a te s t  we have observed. Both th e  magnitude and 
susta ined  na tu re  o f  th e  LC response in d ica te  th a t  th i s  NE system 
may be im portantly  involved in  coord inating  responses to  s tim u li 
perceived  as s t r e s s f u l .  (Supported by NIMH Grant MHO9256/MH23433 
and A ir Force Grant AFOSR85-0034).
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308.11 EFFECTS OF TRIFLUOROMETHYLPHENYLPIPERAZINE (T FM PP), A 
SEROTONIN AGONIST, ON REM AND NREM SLEEP IN RATS. R .H . 
P astel and J .D . Fernstrom . Department of Psychiatry and the  C en ter 
for N euroscience, University of P ittsburgh , P ittsburgh , PA , 15213.

Serotonin (5HT) neurons may have a  role in sleep. Previous 
experim ents in our laboratory and o thers have shown th a t 5HT 
reup take inhibitors have a suppressive e ffe c t on REM sleep in ra ts  
while having no e ffec t on non-REM (NREM) sleep . To fu rther 
examine the role of 5HT neurons in sleep , we te sted  the e ffec t of 
TFM PP, a  specific 5HT agon ist. TFMPP is an unusual 5HT agonist in 
th a t it does not induce the 5HT motor syndrome [Lucki I, F razer A. 
Soc Neurosci Abstr 8:101, 1982].

Adm inistration of TFMPP (0 .1 -1 .2 5  m g/kg, ip) a t the onset of 
th e  daily light period suppressed REM sleep min/hr in a  dose 
dependent m anner. The time course of the e ffe c t was also dose 
dependent, with the 0 .1  mg/kg dose having no e f fe c t,  th e  0 .3  mg/kg 
dose suppressing REM for 4 hours, the  0.625 dose for 5 hours and the 
1.25 dose for 6 hours. TFMPP decreased the  number of REM 
episodes in the  f irs t six hours and increased REM latency a t all but 
th e  0.1 mg/kg dose.

TFMPP had no e ffe c t on NREM sleep min/hr a t 0 .1  and 0 .3  
mg/kg. At the 0 .625  dose, NREM sleep was enhanced in the second 
hour a f te r  in jec tion . The 1.25 mg/kg dose had a  mixed e f fe c t ,  
suppressing NREM in th e  f irs t hour and increasing it  during th e  second 
and third hour. Sleep la tency was not changed except a t the 1.25 
mg/kg dose which increased la tency . Although TFMPP had no 
consisten t e ffe c ts  on sleep la tency or min/hr of NREM, delta  waves 
w ere increased in a  dose-dependent m anner, with the  e ffe c t seen a t 
th e  0 .1  mg/kg dose.

The dose-dependent suppression of REM by TFM PP, along with 
similar resu lts  with 5HT uptake inhibitors support the notion th a t 
enhancing 5HT transm ission suppresses REM sleep . The dose- 
dependent increase in delta  waves is very in te res tin g . Our previous 
research  with fluoxetine did not reveal a  significant increase of delta  
w aves. Very few compounds a re  known th a t increase delta  w aves. 
O ther NREM sleep measures were not changed in a  consistent or dose- 
dependent m anner. The results suggest th a t 5HT neurons may play a 
ro le in the production of d e lta  w aves, but not in the  induction of 
s leep . Since TFMPP is reported  to be selective for 5HT-1B 
rece p to rs , the  data  suggest th a t the  suppression of REM sleep and the 
enhancem ent of de lta  waves may be due to  the action  of 5HT on 1B 
re c e p to rs .

308.12 ELECTROCONVULSIVE SHOCK DOWNREGULATES BETA-NORADRENERGIC RECEPTORS 
IN RAT BUT FAILS TO ENHANCE AGGRESSION. B. Elchelm an and L.R. 
H egstrand . Wm. S. M iddleton M emorial V eterans H o s p i ta l ,  2500 
O verlook T e rra c e , M adison, WI 53705, and D ep t. o f P s y c h ia t ry , Univ. 
of W isconsin.

B e ta -n o ra d re n e rg ic  r e c e p to r  s u p e r s e n s i t i v i ty  has been found 
c o r r e la te d  w ith  a g g re s s iv e  beh av io r in  th e  r a t  (H egstrand , L.R. 
and E ichelm an, B. Pharmac. Biochem. Behav. ,  19:313-320, 1983). 
A n tid e p re ssa n t d rugs which dow nregulate  b e ta -n o ra d re n e rg ic  recep 
to r s  a ls o  in c re a s e  ro d en t ag g re ss io n  (E ichelm an, B. and B archas, J .  
Pharmac. Biochem. Behav. ,  3 :601-604 , 1975). C onsequen tly , in  two 
experim en ts r a t s  were t r e a te d  w ith  e le c tro c o n v u ls iv e  shock (ECS) 
c h ro n ic a lly  w h ile  te s te d  fo r  a g g re ss iv e  b eh a v io r. A f te r  tre a tm en t 
th e  r a t  c o r t ic e s  were measured fo r  b e ta -n o ra d re n e rg ic  re c e p to r  
number u s in g  a 1 2 5 I-P in d o lo l l ig a n d .

In  th e  f i r s t  experim ent a d u l t  male S prague-D aw ley-derived r a t s  
were t r e a te d  fo r  b a s e l in e  le v e ls  o f shock-induced f ig h t in g  (SIF) 
on f iv e  days (50 f o o ts h o c k s / te s t  o f 2 mA a t  0 .5  s d u ra t io n  
rec y c le d  every  7 .5  s ) . E xperim en tal p a i r s  were exposed to  ECS 
d a i ly  f o r  f iv e  days a f t e r  a n e s th e tiz e d  w ith  e th e r .  C u rren t param
e t e r s  were 150 v ,  b ip h a s ic  a l t e r n a t in g  c u r re n t of 0 .5  s d u ra t io n . 
C o n tro ls  rece iv e d  e th e r  a n e s th e s ia .  P a ir s  were te s te d  fo r  SIF 
f iv e  hours a f t e r  th e  ECS. The exp e rim en ta l group had no change in  
f ig h t in g  from b a s e l in e  le v e ls  a f t e r  5 days , w h ile  th e  c o n tro ls  
showed an in c re a s e  in  f ig h t in g .  T his d if f e re n c e  was s t a t i s t i c a l l y  
s ig n i f i c a n t ,  p< 0.01 , 2 - t a i l e d  Mann-Whitney T e s t . At th e  end o f 
b e h a v io ra l t e s t i n g ,  th e  r a t s  were k i l l e d ;  t h e i r  b ra in s  removed, 
d is s e c te d  on ic e ,  fro zen  on d ry  ic e ;  and th e  n eo co rtex  assayed 
w ith  125I -P in d o lo l to  de term ine  th e  d e n s ity  o f b e ta -n o ra d re n e rg ic  
r e c e p to r s .  For th e  ECS group th e  Bmax was 33 .0  fmol/mg which was 
s ig n i f i c a n t ly  l e s s  than  th e  Bmax fo r  th e  c o n tro l group which was 
40 .3  fmol/mg (p< 0 .05 , 2 - t a i l e d ) .

To a s s e s s  th e  ro le  o f ECS on th e  same day as f ig h t in g  a second 
experim ent was c a r r ie d  o u t. The p aram ete rs  were s im i la r .  However 
a f t e r  b a s e l in e  t e s t in g  fo r  S IF , expe rim en ta l r a t s  rece iv ed  f iv e  
ECS exposures in te r s p e r s e d  by f iv e  non-ECS days on which they  were 
tr e a te d  fo r  SIF. In  th i s  paradigm  ex p e rim en ta l and c o n tro l groups 
d id  n o t d i f f e r  in  change from b a s e l in e  le v e ls  of f ig h t in g  when 
compared a t  th e  end o f f iv e  ECS tre a tm e n ts . The r e s u l t s  o f th e se  
b e h a v io ra l experim en ts in d ic a te d  th a t  enhanced c e n tr a l  no rad ren e r
g ic  fu n c t io n  i s  n o t always c o r r e la te d  w ith  in c re a s e s  in  ro d en t SIF 
and may no t be th e  prim ary  c a u sa t iv e  mechanism in  th e  enhancement 
o f t h i s  b eh a v io r.

S upported by th e  V ete rans A d m in is tra tio n .

308.13 IS DOPAMINE INVOLVED IN THE HYPERACTIVITY PRODUCED BY INJECTIONS 
OF MUSCIMOL INTO THE MEDIAN RAPHE NUCLEUS? D. W ir ts h a f te r ,  
M. K li t e n ic k ,  C. McWilliams and K.E. A sin . D ept. P sy c h o l.,  Univ. 
o f I l l i n o i s  a t  Chicago, Box 4348, Chicago, IL 60680

S ev e ra l a u th o rs  have dem onstrated  th a t  in j e c t io n s  of th e  GABA 
a g o n is t  muscimol in to  th e  median raphe nu c leu s  (MR) le ad  to  a p ro 
nounced in c re a s e  in  locom otor a c t i v i t y ,  b u t l i t t l e  i s  known as to  
th e  n e u ra l b a s is  of t h i s  e f f e c t .  S ince a number o f w orkers have 
su g g es ted  th a t  th e  raphe n u c le i  may to n i c a l ly  i n h i b i t  th e  a c t i v i t y  
o f dopam inergic c e l l s  p ro je c t in g  to  th e  b a s a l  fo r e b ra in ,  one p o s s i
b i l i t y  i s  th a t  intra-M R muscimol in j e c t io n s  produce h y p e ra c t iv i ty  
th rough  d i s in h i b i t i o n  o f dopam inergic mechanisms. The c u r re n t 
s tu d ie s  w ere designed  to  in v e s t ig a t e  t h i s  p o s s i b i l i t y .

We f i r s t  examined th e  e f f e c t s  of intra-M R in j e c t io n s  of muscimol 
on s e ro to n in  (5HT) and dopamine (DA) tu rn o v e r . R ats re c e iv e d  in 
je c t i o n s  o f 100ng o f muscimol and were p la ced  in  a c t i v i t y  boxes fo r  
one hour and th e n  w ere s a c r i f i c e d  and th e  hippocam pus, s t r ia tu m  and 
nu c leu s  accumbens assayed  by HPLC fo r  le v e ls  o f DA, 5HT and th e i r  
m e ta b o l i te s .  Muscimol in j e c t io n s  were found to  d e c re a s e  le v e ls  of 
th e  5HT m e ta b o lite  5HIAA on ly  in  th e  hippocam pus, confirm ing  th a t  
th e  in j e c t io n s  in h ib i te d  th e  a c t i v i t y  o f s e ro to n e rg ic  MR c e l l s .  
L evels o f th e  DA m e ta b o lite s  DOPAC and HVA w ere in c re a s e d  by 80% 
and 102% r e s p e c t iv e ly  in  th e  n u c leu s  accumbens w hereas much sm a lle r  
changes w ere seen  in  th e  s tr ia tu m . These r e s u l t s  a re  com patib le  
w ith  th e  n o tio n  th a t  in h i b i t i o n  o f MR c e l l s  by muscimol le ad s  to  
an in c re a s e  in  DA tu rn o v e r  w ith in  th e  n u c leu s  accumbens.

In  our second expe rim en t, we examined th e  e f f e c t  o f sy stem ic  
tre a tm e n t w ith  v a r io u s  doses o f th e  DA a n ta g o n is t  h a lo p e r id o l 
(0 , 0 .2 ,  0 .8 ,  3 .2  mg/kg, s . c . )  on m uscim ol-induced h y p e r a c t iv i ty .  
O v e ra ll ,  h a lo p e r id o l  was w ith o u t s ig n i f i c a n t  e f f e c t  on th e  muscim
o l  re sp o n se , and even a t  th e  h ig h e s t dose u sed , tended  to  produce 
on ly  a sm all re d u c t io n  in  a c t i v i t y .  In  c o n t r a s t ,  h a lo p e r id o l i s  
a b le  to  com p lete ly  a b o l is h  am phetam ine-induced a c t i v i t y  a t  a dose 
o f 0 .4  mg/kg. These r e s u l t s  d em onstra te  th a t  m uscim ol-induced 
h y p e ra c t iv i ty  i s  n o t dependent on dopam inergic mechanism s.

In  summary, th e  c u r re n t  r e s u l t s  su g g es t th a t  a lth o u g h  intra-M R 
in j e c t io n s  o f muscimol r e s u l t  in  in c re a s e s  in  accumbens DA tu rn 
o v e r , t h i s  change in  DA r e le a s e  i s  u n l ik e ly  to  u n d erly  th e  loco 
m otor re sp o n se  to  th e  in j e c t i o n .  I t  i s  p o s s ib le  t h a t  th e  obser ved 
changes in  DA tu rn o v e r  may r e s u l t  from th e  h y p e ra c t iv i ty  produced 
by th e  muscimol in j e c t i o n ,  r a th e r  th a n  th e  conve rse .

Supported  by NIH RO1 NS21350

308.14 ROLE of serotonergic and non- serotonergic mechanisms in  the 
ROTATIONAL BEHAVIOR PRODUCED BY ASYMMETRIC MEDIAN RAPHE LESIONS. 
W.E. M ontana, D. W ir ts h a f te r  and K.E. Asin (SPON: W. G ia rd in a) 
D ept. P sy c h o l.,  Univ. I l l i n o i s  a t  Chicago, Chicago, IL 60608

I t  has been w e ll e s ta b l is h e d  th a t  asym m etric e l e c t r o l y t i c  
le s io n s  of the median raphe nucleus (MR) r e s u l t  in  pronounced, 
spontaneous c o n t r a la t e r a l  r o ta t io n  in  r a t s .  Since th e  MR i s  one 
o f th e  m ajor sou rces  of fo re b ra in  s e ro to n in ,  s e v e ra l au th o rs  have 
su ggested  th a t  th e  r o ta t io n  may be the  r e s u l t  o f asym m etrical 
d e p le tio n  o f s e ro to n in .  The c u r re n t experim ent was designed  to  
t e s t  th i s  p o s s i b i l i t y .  We reasoned th a t  i f  s e ro to n e rg ic  
mechanisms p lay  an e s s e n t i a l  r o le  in  MR-induced r o ta t io n ,  p r io r  
d e p le tio n  of s e ro to n in  should  modify th i s  e f f e c t .

Twenty r a t s  were g iven  two in je c t io n s  of th e  tryp tophan  
hydroxy lase  i n h ib i to r  p -c h lo ro p h en y la lan in e  (PCPA) (300 mg/kg × 2 
( i . p . ) )  or i t s  v e h ic le .  The in je c t io n s  were s e p a ra te d  by 48 
h r s .  S u b jec ts  were then  g iven  asym m etric, e l e c t r o l y t i c  MR le s io n s  
24 h r s .  a f t e r  th e  l a s t  in j e c t io n .  Tw enty-four hours l a t e r ,  r a t s  
were p la ced  in  a c i r c u la r  ro to m ete r and spontaneous tu rn s  were 
counted over a p e rio d  of 10 m in u tes . I t  was found th a t  PCPA was 
w ith o u t e f f e c t  on the  v igo rous  c o n t r a la t e r a l  r o ta t io n  produced by 
th e  MR l e s io n s .  Since we have found in  o th e r  an im als th a t  the 
PCPA regimen used here  reduced fo re b ra in  s e ro to n in  le v e ls  by more 
th an  90% 48 h r s .  a f t e r  th e  l a s t  in j e c t i o n ,  th e se  r e s u l t s  sug g est 
th a t  s e ro to n e rg ic  mechanisms do not p la y  a  s ig n i f i c a n t  ro le  in  MR 
le s io n -in d u c e d  r o ta t io n .

I f  MR le s io n -in d u c e d  r o ta t io n  does not depend on s e ro to n in ,  i t  
must r e f l e c t  damage to  n o n -s e ro to n e rg ic  c e l l s  o r f ib e r s  of 
p a ssag e . One p o s s ib le  s u b s t r a te  i s  th e  cro ssed  component of th e  
te c to s p in a l  t r a c t  which bo rd ers  th e  MR. To in v e s t ig a te  th i s  
p o s s i b i l i t y  we severed  th i s  pathway by p la c in g  k n ife  cu ts  (u s in g  a 
tu n g s te n  r e t r a c ta b le  k n ife )  through  the  d o rs a l tegm ental 
d e c u ssa tio n  two days p r io r  to  th e  p ro d u c tio n  o f asym m etric MR 
le s io n s .  P re lim in a ry  r e s u l t s  suggest th a t  th e se  k n ife  c u ts  
a t te n u a te  th e  le s io n - in d u c e d  r o ta t io n a l  b eh a v io r.

Supported  by NIH ROl NS21350
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308.15 LOCOMOTOR ACTIVITY FOLLOWING LESIONS WITHIN, ROSTRAL, CAUDAL OR 
VENTRAL TO THE MEDIAN RAPHE NUCLEUS. T.R. S t r a t fo rd  and 
D. W i r ts h a f te r . D ept. P sychology, Univ. I l l i n o i s  a t  Chicago, 
P . O. Box 43 48 ,  C h ic a g o ,  IL 606 80 .

I t  i s  w e l l  docum ented  t h a t  e l e c t r o l y t i c  m ed ian  r a p h e  (MR) l e s i o n s  
p r o d u c e  a s u b s t a n t i a l  i n c r e a s e  i n  l o c o m o t o r  a c t i v i t y .  S t u d i e s  
u t i l i z i n g  i n t r a -M R  i n j e c t i o n s  o f  t h e  e x c i t o t o x i n  i b o t e n a t e  h a v e  
s u g g e s t e d  t h a t  t h i s  h y p e r a c t i v i t y  i s  t h e  r e s u l t  o f  damage b o t h  t o  
c e l l s  w i t h i n  t h e  MR and t o  f i b e r s  o f  p a s s a g e  (A s in  & F i b i g e r ,  B r a in  
R e s e a r c h ,  26 8 , 1983).

I n  t h e  p r e s e n t  s t u d y  we e v a l u a t e d  t h e  r e l a t i v e  c o n t r i b u t i o n s  o f  
v a r i o u s  p a th w a y s  i n  t h e  r e g i o n  o f  t h e  MR t o  t h e  h y p e r a c t i v i t y  by 
co m p ar in g  l o c o m o t o r  a c t i v i t y  l e v e l s  i n  r a t s  g i v e n  e l e c t r o l y t i c  MR 
l e s i o n s  w i t h  t h o s e  o f  a n im a l s  g i v e n  l e s i o n s  o r  k n i f e  c u t s  r o s t r a l ,  
v e n t r a l  o r  c a u d a l  t o  t h e  MR. Locomotor  a c t i v i t y  l e v e l s  were  
a s s e s s e d  i n  a 5- min  open f i e l d  t e s t ,  a 1 h p h o t o c e l l  a c t i v i t y  cage  
t e s t ,  a 2 h t i l t  box t e s t ,  and a  10 min  f r e e - r u n n i n g  t e s t  c o n d u c te d  
i n  an  e i g h t - a r m  r a d i a l  maze.

I n  t h e  f i r s t  e x p e r i m e n t ,  c o r o n a l  k n i f e  c u t s  w ere  p l a c e d  immedi
a t e l y  r o s t r a l  t o  t h e  MR i n  o r d e r  t o  m in im iz e  damage t o  a d j a c e n t  
n u c l e i ,  w h i l e  s e v e r i n g  most  o f  t h e  a s c e n d i n g  f i b e r  s y s t e m s .  These  
l e s i o n s  p r o d u c e d  m a s s i v e  d e p l e t i o n s  o f  s t r i a t a l  and h ip p o ca m p a l  
s e r o t o n i n .  They a l s o  s i g n i f i c a n t l y  i n c r e a s e d  a c t i v i t y  i n  t h e  t i l t  
c a g e s  and p h o t o c e l l  c a g e s ,  b u t  d e c r e a s e d  a c t i v i t y  i n  t h e  open f i e l d  
and r a d i a l  maze .  I n  t h e  s e c o n d  e x p e r i m e n t ,  r a t s  w ere  p r e p a r e d  w i t h  
d i s c r e t e  b i l a t e r a l  l e s i o n s  o f  t h e  n u c l e i  r e t i c u l a r i s  t e g m e n t i  p o n t i s  
(NRTP); t h e s e  l e s i o n s  f a i l e d  t o  a f f e c t  any m ea s u re  o f  a c t i v i t y ,  i n  
c o n t r a s t  t o  t h e  r e p o r t  o f  B ru d z y n s k i  & Mogenson ( B r . R e s . B u l l . ,1 9 8 4 ) .

The p r e v i o u s  s t u d i e s  s u g g e s t  t h a t  t h e  p a th w ay  t h r o u g h  which  MR 
l e s i o n s  a l t e r  op en  f i e l d  a c t i v i t y  emerges  f rom e i t h e r  t h e  c a u d a l  o r  
d o r s a l  b o r d e r  o f  t h e  MR. I n  p i l o t  work  we w ere  a b l e  t o  d e m o n s t r a t e  
a s m a l l  d e s c e n d i n g  t r a c t  o f  d e g e n e r a t i n g  ax o n s  f o l l o w i n g  MR l e s i o n s .  
The t r a c t  r a n  c a u d a l l y ,  a lo n g  t h e  m i d l i n e ,  and we c h o s e  t o  d i s r u p t  
i t  w i t h  a  l e s i o n  a t  t h e  l e v e l  o f  t h e  n u c l e u s  p o n t i s  c a u d a l i s .  
These  l e s i o n s  r e s u l t e d  i n  s i g n i f i c a n t  i n c r e a s e s  i n  a c t i v i t y  d u r i n g  
a l l  o f  t h e  t e s t s .  The i n c r e a s e s  i n  ope n f i e l d  and t i l t  c age  a c t i v 
i t y  w ere  e q u i v a l e n t  i n  m a g n i t u d e  t o  t h o s e  o b s e r v e d  a f t e r  MR l e s i o n s .  
R a t s  w i t h  combined MR and c a u d a l  l e s i o n s  showed l e v e l s  o f  open  f i e l d  
a c t i v i t y  e q u i v a l e n t  t o  t h o s e  o f  a n im a l s  w i t h  e i t h e r  l e s i o n  a l o n e .

These  r e s u l t s  s u p p o r t  t h e  c o n c l u s i o n  t h a t  two o r  more n e u r a l  
s y s t e m s  a r e  i n v o l v e d  i n  t h e  i n c r e a s e s  i n  l o c o m o t o r  a c t i v i t y  l e v e l s  
o b s e r v e d  f o l l o w i n g  e l e c t r o l y t i c  MR l e s i o n s  and  s u g g e s t  t h a t  t h e  
open  f i e l d  h y p e r a c t i v i t y  i s  t h e  r e s u l t  o f  damage t o  a d e s c e n d i n g  
f i b e r  t r a c t  p a s s i n g  t h r o u g h  t h e  MR.

S u p p o r t e d  by NIH RO1 NS21350.

308.16 EFFECTS OF NORADRENERGIC LOCUS COERULEUS LESIONS ON SQUIRREL MONKEY EVENT-RELATED 
POTENTIALS. J. A.  Pineda, S. L. Foote, and H. J .  Neville. Departments of 
Neuroscience and Psychiatry, U.C., San Diego, Salk Institu te and Scripps Clinic 
and Research Foundation, La Jo lla , CA.

The P3a component of the hunan event-related potential (ERP) is  elicited 
under similar conditions as the autonomic indices of the orienting response, and 
thus P3a may reflect the activation of orienting mechanisms by novel events in 
the environment. Since the noradrenergic (NA)-locus coeruleus (LC) system has 
been postulated to be involved in  mediating orienting behavior, the present study 
investigated the effects of NA-LC lesions on monkey surface-recorded ERPs 
analogous to the human P3a.

ERPs were recorded from three squirrel monkeys (Saimiri sciureus) using 
small screws embedded in the skull. These electrodes were placed over midline 
and la teral s ite s, including one on the supra-orbital ridge to monitor the EOG. 
All s ite s  were referenced to an inion electrode. Behaviorally-passive monkeys 
were exposed to a repetitive acoustic stimulus (2 KHz or 6 KHz tones, 40 ms 
duration and 60 dB above human threshold) presented 90% of the time, randomly 
intermixed with an infrequent tone (2 KHz or 6 KHz) presented 10% of the time. 
Following four weeks of baseline recordings, animals were placed under halothane 
anesthesia; a metal electrode was introduced a t the anterior pole of the LC and 
an electrolytic lesion created (0.5 mA/15 sec), followed by a medio-lateral knife 
cut (750 um in each direction). The same procedure was repeated in the other 
hemisphere. After one week of recovery, ERPs were recorded twice a week for four 
weeks. Then, tissue histology and immunohistochemistry, u tiliz ing  anti-dopamine- 
β-hydroxylase (DBH) and anti-tyrosine hydroxylase (HI), were used to verify the 
extent and specificity of the lesion.

Pre-lesion ERPs exhibited a P30, N103, and P150 to both tones, while a la te  
positive complex (LFC) and a negative slow wave (SW) only appeared following the 
infrequent tones. The LFC exhibited a bi-peaked morphology (mean latencies of 
248 and 369 ms, respectively) and was of maximal amplitude over parietal s ite s. 
LC lesions in the anterior pole of the LC, histologically verified for a l l  three 
monkeys, had a marked effect on these surface-recorded ERPs. In two of the 
monkeys, P30, P150, LPC, and SW recorded over frontal and parietal s ite s  were 
attenuated 40-70% following the lesion, while N103 over parietal s ite s increased 
40-100%. In the remaining monkey, while there was a 30-70% reduction in P30, 
N103, P150, and SW, there was a broadening of the LPC. Immunohistochemistry 
revealed that the two monkeys exhibiting an attenuation of P30, P150, LPC, and 
SW, showed a marked reduction in DBH immunoreactivity in most areas of the 
diencephalon and telencephalon. By contrast, in the third monkey, regions of the 
neocortex showed a reduction in DBH imnunoreactivity, but hippocampus, septum, 
and entorhinal cortex did not. In addition, NA-LC lesions did not appear to 
affect the recovery periods of P30, N103, and P150 in two monkeys tested.

These findings suggest that NA-LC may play a  role in  the modulation of 
surface-recorded ERPs without affecting same of their characteristic properties, 
such as recovery periods. NA-LC lesions that cause extensive NA depletions in 
diecephalic and telencephalic regions appear to have marked effects on most 
components of the monkey ERP, including an LPC which appears similar to the hunan 
P3a. (Supported by PHS Grant NS21384 and MH40008).

308.17 ENRICHED AND IMPOVERISHED ENVIRONMENTS: EFFECTS ON MONOAMINE 
NEUROTRANSMITTERS, PRECURSORS, AND METABOLITES. M. J .  Renner 
(D epartm ent o f  P sychology, U n iv e rs ity  o f  W isconsin , Oshkosh, WI 
54901), C. L. B lank, K. Freeman*,  and L. Lin* (D epartm ent o f  
C hem istry , U n iv e rs ity  o f  Oklahoma, Norman, OK 73019)

The e f f e c t s  o f  env ironm en ta l en richm ent and i m poverishment on 
f in e  and g ro ss  neuroanatom y, numerous b e h a v io rs , and the  
c h l in e rg ic  system  have been s tu d ie d  e x te n s iv e ly .  L ess, however, 
i s  known o f  th e  p l a s t i c i t y  o f  o th e r  n e u ro t ra n s m it te r  system s in  
response  to  m an ip u la tio n  o f  th e  b e h a v io ra l env ironm ent. Por, 
B enne tt and Bondy (Behav. and N eur. B io l . , 1982, 34, 132-140) 
re p o r te d  f in d in g  no d if f e re n c e s  in  r e c e p to r  b in d in g  s i t e s  fo r  
s e v e ra l  t r a n s m it te r s  in c lu d in g  s p i r o p e r id o l ,  which p u ta t iv e ly  
b in d s  to  dopamine (DA) and s e ro to n in  (5HT) re c e p to r  s i t e s .  No 
p rev io u s  work has been done, however, on th e  monoamine 
t r a n s m it te r s  th e m se lv e s. In  two r e p l i c a t i o n s ,  25 w eight-m atched 
p a i r s  o f  70-day o ld  Sprague-Dawley r a t s  were randomly a s s ig n e d , 
one to  an en rich ed  c o n d itio n  (group housing  in  a 75 × 75 × 40 cm 
cag e , w ith  a number o f  junk o b je c ts )  and one to  an im poverished  
c o n d itio n  ( s o l i t a r y  housing  in  a sm all cage w ith o u t cagem ates), 
fo r  30 days . A fte r 30 days in  th e se  c o n d i t io n s ,  s u b je c ts  were 
s a c r i f i c e d  (under code  numbers th a t  d id  n o t re v e a l an 
in d iv id u a l ’s env ironm en ta l h is to r y )  by 800 msec o f  10kW microwave 
i r r a d i a t i o n  to  th e  head a t  2 .45  GHz (NJE-2603 Microwave 
I r r a d i a t o r , New Japan Radio Company, L td . ) .  B ra in s  were then  
removed from th e  s k u l l  and d is s e c te d  in to  11 s e c t io n s :  fo u r 
s e c t io n s  from th e  c o rte x  ( o c c i p i t a l ,  so m e s th e tic , f r o n ta l  p o le , 
and rem ain ing  d o r s a l)  and seven o th e rs  (hippocampus and am ygdala, 
corpus s t r ia tu m , hypothalam us, ce re b e llu m , medul l a -p o n s , 
m id b ra in , th a lam u s) . Samples a re  ana lyzed  v ia  l iq u id  
chrom atography combined w ith  e le c tro c h e m ic a l d e te c t io n  (LCEC) 
u s in g  a  rev e rse d  phase column packed w ith  3 m icron p a r t i c l e s  (P . 
Y. T. L in . ,  e t  a l . ,  J . L iq u id . Chromatog. , 1984, 7 (3 ) ,  509-538), 
p e rm itt in g  d e te rm in itio n  o f  10 s p e c ie s  o f  ca tech o lam in es , 
in d o leam in es , p re c u rs o rs  and m e ta b o lite s  (Dopa, DA, 
N orep inephrine (NE), E p in ep h rin e , Dopac, 3-M ethoxytyram ine, 
H om ovanillic A cid, 5HT, 5 -H ydroxy tryp topho l, and 
5 -H yd ro x y in d o leace tic  A cid ). P re lim in a ry  an a ly se s  o f  th e  f i r s t  o f  
two experim en ts in d ic a te  th a t  DA and m e ta b o lite s  a re  n o t 
s u b s t a n t i a l l y  a f f e c te d  in  e i t h e r  o c c ip i t a l  c o r te x  o r hippocampus 
-  am ygdala, b u t th a t  NE le v e ls  may be e le v a te d  in  th e  o c c ip i t a l  
c o r te x  o f  im poverished  an im a ls , w ith o u t be ing  a l t e r e d  in  
hippocampus -  am ygdala. Complete a n a ly se s  w i l l  be r e p o r te d ,  and 
w i l l  a p p a re n tly  be th e  f i r s t  d i r e c t  ev idence  concern ing  th e  
in f lu e n c e  (o r la c k  th e r e o f )  o f  en richm ent o r im poverishm ent o f  
th e  b e h a v io ra l environm ent on monoamine n e u ro t ra n s m it te r  sy stem s.
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309.1 MESOLIMBIC DOPAMINE LESIONS BLOCK THE UNCONDITIONED AND 
CONDITIONED MOTOR EFFECTS OF AMPHETAMINE. L .H .  G o ld , 
N.R.Swerdlow and G.F.Koob. Div. o f  P r e c l i n i c a l  N eurosc ience  
and E ndocrinology, R esearch  I n s t i t u t e  o f  S c rip p s  C l in ic ,  La 
J o l la ,  CA 92037.

U n cond itioned  re sp o n se s  in  r a t s  c an  be  c o n d i t io n e d  to  
s p e c i f i c  e n v iro n m e n ta l  s t i m u l i  f o l l o w in g  r e p e a t e d  d ru g  
ad m in is tra tio n  in  a d is t in c t iv e  environment. D em onstrating th e  
n eu ro p h arm aco lo g ica l changes t h a t  d i c t a t e  c o n d itio n e d  d rug  
e f fe c ts  may reveal im portant fa c to rs  in  th e  maintenance o f drug 
add ic tion  and th e  psychopathology a sso c ia ted  w ith  c h ro n ic  drug 
use .

The a b i l i t y  o f various s tim u lan ts  to  engender a c o n d itio n e d  
locomotor response was evaluated  in  p h o to c e l l  a c t i v i t y  c ag es . 
Rats were in je c ted  d a ily  w ith d-am phetam ine s u l f a t e  0.75mg/kg 
subcutaneously (SC) (amph t e s t  cage group) o r  s a l i n e  ( s a l  t e s t  
cage group) fo r  f iv e  days (p a irin g  t r i a l s ) .  The u n co n d itio n ed  
response, locomotor a c t iv i ty ,  was measured fo r  120 m in u tes . In 
a d d i t io n ,  a p ean u t b u t t e r  sm e ll (c o n d itio n e d  s tim u lu s )  was 
introduced in to  th e  p h o to ce ll room to  enhance th e  s a l i e n c y  of 
th e  environment. At th e  co m p le tio n  o f each  t e s t i n g  s e s s io n ,  
r a t s  were re tu rned  to  t h e i r  home cages  and in je c te d  w ith  th e  
a l te rn a te  so lu tio n . On th e  s ix th  day (c o n d itio n in g  t e s t  d a y ) , 
a l l  su b jec ts  received  s a lin e  in je c tio n s  and were re te s te d  in  the  
p h o to ce ll cages in  th e  p re sen c e  o f  th e  c o n d itin e d  s t im u lu s .  
S u b je c ts  in  t h e  amph t e s t  g ro u p  show ed a s t a t i s t i c a l l y  
s ig n if ic a n t increase  in  locomotion on the  cond ition ing  t e s t  day 
compared t o  t h e  s a l i n e  g ro u p  on m e a su re s  o f  t o t a l  beam 
in te rru p tio n s  and crossovers.

In a second experim ent th e  r o le  o f  m esolim bic  dopamine in  
t h i s  phenomenon was s tu d ied . Rats given e i th e r  b i l a te r a l  6-OHDA 
les io n s  o r sham le s io n s  o f th e  nucleus accumbens w ere in je c te d  
w ith  0.75mg/kg d-am phetam ine SC, o r  v e h ic le .  S u b je c ts  w ith  
le s io n s  d id  n o t d em o n stra te  an u n c o n d itio n e d  o r  c o n d itio n e d  
locomotor a c tiv a tio n  when compared  to  animals w ith  sham le s io n s , 
a f t e r  repeated  amphetamine in je c t i o n s .  Thus, th e  rem oval of 
mesolimbic dopamine by a n e u ro to x in  le s io n ,  p r i o r  to  p a i r in g  
t r i a l s ,  e lim inated  th e  cond itioned  locom otor re sp o n se . These 
re s u l ts  a re  c o n sis ten t w ith  th e  s tu d ie s  o f o th e rs  (B eninger,R .J. 
and H ahn, B. S c ien ce  220:1304, 1983) sh o w in g  t h a t  i n t a c t  
dopamine f u n c t io n  i s  r e q u i r e d  f o r  t h e  d e v e lo p m en t o f  a 
conditioned locomotor response to  d-amphetam ine. F urtherm ore , 
th i s  s tudy suggests th a t  th e  mesolimbic dopamine system  may be 
responsib le  fo r  both th e  unconditioned and conditioned locomotor 
responses to  psychomotor s tim u lan ts .

309.2 SELECTIVE D1 AND D2 DOPAMINE RECEPTOR ANTAGONISTS: SIMILAR 
PROFILES IN CATALEPSY AND SUPERSENSITIVE LOCOMOTOR TESTING IN RATS. 
N. R. Swerdlow 1,2 , I . C reese2 , G .F. Koob1 ,  and M. A m alric1 . 
1 Div Neuroscience and E ndocrinol., Scripps C lin ic  and Res Fdn, La 
J o l la ,  CA 92037, 2Dept N eurosci., UCSD, La J o l la ,  CA 92093

The dopamine recep to r an tagon ists  SCH 23390 and s p ip e ro n e  show 
h ig h ly  s e l e c t i v e  in  v i t r o  a f f i n i t y  f o r  D -l and  D-2 dopam ine 
recep to r su b ty p es , r e s p e c t iv e ly .  I t  i s  o f g r e a t  im portance to  
e s ta b l i s h  w hether such  s p e c i f i c i t y  in  v i t r o  i s  p a r a l l e l l e d  by 
s im ila r ly  sp e c if ic  b eh av io ra l p r o f i l e s  in  v iv o . We s tu d ie d  the  
a b i l i ty  of SCH 23390 and sp ip e ro n e  to  produce c a ta le p s y  and to  
antagonize the  su p ersen sitiv e  locomotor response to  apomorphine in  
r a ts  following 6-hydroxydopamine (60HDA) le s io n s  o f th e  nucleus 
accumbens (NAC).

In the  f i r s t  experim ent, r a t s  (n=56) were t e s t e d  in  a sim ple 
step-down cata lepsy  paradigm. Animals w ere in je c te d  w ith  one of 
fo u r  d o ses  o f SCH 23390 (0 , 0 .0 0 5 ,  0 .0 1 ,  0 .0 5  m g/kg SC) o r  
spiperone (0, 0 .05, 0 .1 , 0 .5  mg/k g SC). 30 min la te r ,  each anim al 
was p o sitio n ed  w ith  f r o n t  paws r e s t in g  on a b a r  9 cm above th e  
f l o o r ,  and th e  la te n c y  to  r e tu r n  b o th  paws t o  t h e  f l o o r  was 
recorded by an ex p erim en ter b l in d  to  d rug  c o n d itio n . Both SCH 
23390 and  s p ip e r o n e  p ro d u c e d  s t a t i s t i c a l l y  s i g n i f i c a n t  
dose-dependent increases in  step-dow n la te n c y .  T h is  e f f e c t  was 
s ig n i f i c a n t  f o r  SCH 23390 a t  a d o s e  o f  0 .0 1  m g /k g , and f o r  
spiperone a t  a  dose of 0.1 mg/k g.

In th e  second experiment, animals (n=15) received  6OHDA le s io n s  
of the  NAC. B eginning one week l a t e r ,  an im als were t e s t e d  fo r  
th e i r  locomotor response to  apomorphine (0.1 mg/k g SC) in  photocell 
cages on four days, w ith each t e s t  day separa ted  by th ree  n o n - te s t  
days. 30 min p r io r  to  tre a tm e n t w ith  apom orphine, an im als were 
in je c ted  w ith one of four doses of SCH 23390 (0, 0.005, 0 .0 1 , 0.05 
mg/k g SC; n=9) o r sp iperone  (0 , 0 .0 5 , 0 .1 ,  0 .5  mg/kg SC; n=6) 
using a L atin  Square design . Both SCH 23390 and spiperone produced 
s t a t i s t i c a l l y  s i g n i f i c a n t  d o s e - d e p e n d e n t  d e c r e a s e s  in  
apom orphine-stim ulated locom otor a c t i v i t y  in  NAC 6OHD A -injected 
r a t s .  This e f fe c t  was s ig n if ic a n t fo r  SCH 23390 a t  a dose of 0.005 
mg/k g (ED50 = 0.01 mg/k g ), and fo r spiperone a t  0.10 mg/k g (ED50 = 
0 .  08 mg/k g ). In  s e p a ra te  u n le s io n ed  a n im a ls , n e i th e r  o f th e se  
th resh o ld  doses depressed b a se lin e  p ho toce ll a c t iv i ty .

These r e s u l t s  in d ic a te  t h a t  d rugs  w ith  d i s t i n c t  i n  v i t r o  
dopamine recep to r binding a f f i n i t i e s  produce s t r i k i n g l y  s im ila r  
e f f e c t s  on  s im p le  m o to r  b e h a v i o r  a n d  s u p e r s e n s i t i v e  
ap o m o rp h in e -s tim u la ted  locom otion  in  th e  r a t .  A lthough i t  is  
p o ss ib le  th a t  the  s p e c if ic i ty  of these  agents in  v i t r o  may n o t be 
m a in ta in ed  in  an i n t a c t  an im a l, i t  i s  more l i k e l y  t h a t  th e s e  
r e s u l ts  r e f le c t  func tiona l s im i la r i t ie s  of b ra in  D1 and D2 dopamine 
recep to rs .

309.3 ATTENUATED ACQUISITION OF SCHEDULE INDUCED POLYDIPSIA 
FOLLOWING 6-HYDROXYDOPAMINE INJECTIONS INTO THE MEDIAL 
PREFRONTAL CORTEX OF THE RAT.
C.N.Ryan* and S.B .D unnett, Department o f Experimental 
Psychology, U niversity  o f Cambridge, UK.

The dopaminergic p ro jec tio n s  from th e  v en tra l tegmental 
a rea  to  th e  nucleus accumbens, as o r ig in a lly  described  by 
Ungerstedt (Acta Physio l. Scand. Suppl. 367, 1-48, 1971), 
have now been extended to  include c o r tic a l  a reas . 
A lte rn a tiv e ly , Bjorklund and Lindval l  (Handbook o f Chemical 
Neuroanatomy , Volume 2, Eds. Bjorklund and H okfelt, 1984) 
have proposed th a t  th e  dopaminergic p ro jec tio n s  to  the  
p re fro n ta l co rtex  and th e  nucleus accumbens form p a r t  of 
d if f e r e n t  systems (the  mesoco r t i c a l  and m e so s tria ta l 
system s, re s p e c tiv e ly ) . In  th e  p resen t study , the  
fu n c tio n a l ro le  o f th e  dopaminergic innerva tion  o f th e  
medial p re fro n ta l co rtex  (PFC) was in v e stig a te d  in  th e  
development o f schedule-induced p o ly d ip sia , a behavioural 
func tion  which i s  s e n s it iv e  to  6-OHDA induced le sio n s  of the  
nucleus accumbens (Robbins and Koob, N ature, 285, 409-412, 
1980). M icroinfusions o f 6 -hydroxydopamine (6- OHDA) in to  
th e  PFC o f r a t s ,  follow ing p e rip h e ra l ad m in is tra tio n  o f 
desmethylimipramine and p a rgy line , d ep le te  PFC dopamine by 
over 80%, and noradrenaline  by 40%, w ithout in fluenc ing  
le v e ls  in  su b co rtic a l a re a s , e i th e r  in  th e  caudate o r  th e  
nucleus accumbens. These were compared to  p re fro n ta l 
e le c t r o ly t ic  le s io n s , in  th e  same s i t e s  a s  those  used fo r  6-  
OHDA in fu s io n . Whereas r a t s  w ith 6-OHDA induced le sio n s  
showed a tten u ated  ad junc tive  d rink ing , r a t s  w ith p re fro n ta l 
e le c t r o ly t ic  le s io n s  ex h ib ited  s ig n if ic a n t ly  increased  
d rink ing . However, in  both le s io n  groups d rink ing  induced 
by w ater d ep riv a tio n  was u n affec ted . These re s u l t s  in d ic a te  
th a t  th e  dopaminergic in n e rv a tio n  o f th e  medial p re fro n ta l 
co rtex  i s  e s s e n tia l  fo r  schedule-induced po ly d ip sia , 
con tra ry  to  previous suggestions, (C h ris tie  e t  a l,' 
Behavioural B rain Research, 19, 183-186, 1986), supporting 
th e  fu n c tio n a l re la ted n ess  o f a reas  innervated  by th e  
mesencephalic dopamine-containing c e l l  bodies in  th e  v e n tra l 
tegm ental a rea .

309.4 BEHAVIORAL AND BIOCHEMICAL EFFECTS OF NOREPINEPHRINE, DOPAMINE, 
AND SEROTONIN DEPLETION WITHIN THE FRONTAL NEOCORTEX OF THE RAT. 
G.L. Wenk, D.J. Hughey, B. Cribbs*, T. U 'P r ic h a rd *, and D.S. Olt o n . 
Dept. o f  Psychology, The Johns Hopkins Univ. B a l t im ore , MD 21218

Dopamine (DA), no rep in ep h r in e  (NE), and se ro to n in  (5HT) a r e  a l l  
found in the  f r o n t a l  n eocortex .  However, th e se  t h r e e  n e u r o t r a n s 
m i t t e r s  d i f f e r  in t h e i r  o r ig i n  and p a t t e r n s  o f  d i s t r i b u t i on, 
sugg es t in g  f u n c t io n a l  d i v i s i o n s .  The p r e s e n t  study in v e s t i g a t e d  
the  involvement o f  th e se  systems in memory by making s e l e c t i v e  
l e s i o n s  with n euro tox ins  a p p l ied  to  th e  n eo c o r t ex ,  and t e s t i n g  r a t s  
in a s p a t i a l  del ayed a l t e r n a t i o n  t a s k .  Each neuro tox in  was 
i n j e c t e d  in to  f i v e  s i t e s ,  1 mm below th e  p i a ,  in th e  f r o n t o l a t e r a l  
neocortex  o f  each hemisphere. DA was dep le ted  by 6-hydroxy- 
dopamine, 10 u g / u l , fo llowing  p r e t r e a tm e n t  with  desip ramine  HCl , 
25 mg/kg, i . p .  5HT was d ep le ted  by 5 ,7 -d ih y d ro x y t ry p tam in e ,  
5 u g /u l .  NE was dep le ted  by DSP-4 (N -(2 -ch lo ro e th y l ) -N -e thy l -2-  
bromobenzylamine HCl ) ,  10 u g /u l .  Control r a t s  were given equal 
volumes o f  th e  v e h i c l e ,  0.9% s a l i n e  co n ta in in g  2% as co rb ic  ac id .

Each r a t  was food deprived  and t r a in e d  in a s p a t i a l  a l t e r n a t i o n  
ta sk  in a T-maze. Accurate performance in t h i s  t a sk  r e q u i r e s  
t r i a l -d ependen t ,  working memory f o r  the  arm o f  the  maze v i s i t e d  
dur in g  th e  immediately  preceding  t r i a l . For the  f i r s t  t r i a l  o f  
each day , one arm was blocked and the  r a t  was fo rced  to  e n t e r  the  
o th e r  arm to  o b ta in  food. For the  nex t 10 t r i a l s ,  th e  block was 
removed so t h a t  th e  r a t  could e n t e r  e i t h e r  arm. However, food 
was lo c a te d  only  in the  arm not en te red  during  th e  immediately 
preceding  run. The i n t e r t r i a l  i n t e r v a l  was 15 sec .  A f te r  30 
days o f  behav io ra l t e s t i n g ,  th e  r a t s  were given pharmacological 
ch a l len g e s  us ing a t r o p in e  (2-5 mg/kg),  p ropranolo l (10-15 mg/kg) , 
and o th e r  s e l e c t e d  r e c e p to r  a n t a g o n i s t s ,  30 min p r i o r  to  behav
io r a l  t e s t i n g .

At th e  s t a r t  o f  behavio ra l t e s t i n g ,  only  r a t s  w ith  DSP-4 
i n j e c t i o n s  showed impaired choice  accuracy .  The accu racy  o f  the se  
r a t s  gradua l l y improved u n t i l  i t  re tu rn ed  to  normal l e v e l s  by 
Day 15 o f  t e s t i n g .  The biochemical and pharmacological da ta  
sugges t  t h a t  th e r e  i s  a complex i n t e r a c t i o n  between the  
c h o l i n e r g i c ,  s e r o t o n e r g i c ,  dopam inergic,  and ad ren e rg ic  a f f e r e n t s  
to  th e  f r o n t a l  neocortex  o f  the  r a t .

Suppor ted by NIH g r a n t s  AG 05146 and NS 20471.
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309.5 FROG-LIKE JUMP IN HALOPERIDOL TREATED RATS 
F.C. Liu* and C.H. Hsu*(SPON:T.C. Fu) .  Department o f  Psychology, 
Nat iona l Taiwan U n iv e r s i t y ,  Ta ipei 10764, Taiwan, R.O.C.

Lewis r a t s  t r e a t e d  with  h a lo p e r id o l  (2 mg/kg) s tayed  in 
a k i n e s i a  and c a t a l e p s i a .  However, i f  they were braced forward 
on the  s u r f a c e  o f  o r  a t  the  edge o f  a t a b l e ,  they could 
d i s p la y  an e n e r g e t i c  jump as  f a r  as 70 cm and as high as 40 cm. 
A f te r  the  jump they re tu rn ed  to  a k i n e s i a  and c a t a l e p s i a  s t a t e  
immediately. Time course  s tudy revea le d  t h a t  a k i n e s i a  and 
c a t a l e p s i a  appeared  e a r l i e r  and ended l a t e r  than f r o g - l i k e  jump 
d id .  Haloperidol induced a k i n e s i a  and c a t a l e p s i a  in f i v e  minutes 
and t h i s  e f f e c t  l a s t e d  fo r  more than one hour.  On th e  o th e r  
h a n d ,  th e  la tency  o f  h a lo p e r id o l  induced jump was abou t 15 
minutes  and th e  f r o g - l i k e  jump cou ld  not be induced 50 minutes 
a f t e r  h a lo p e r id o l  i n j e c t i o n .  Dose response s tudy revea le d  
t h a t  a k i n e s i a  and c a ta le p s y  cou ld  be induced by 0 .5  mg/kg o f  
h a l o p e r id o l .  At t h i s  dose,  f r o g - l i k e  jump cou ld  not  be induced. 
I t  appears  t h a t  th e r e  a r e  two subsystems media t ing  h a lo p e r id o l  
e f f e c t s .

309.6 AUTOMATED ANIMAL ACTIVITY MONITOR: ANALYSIS OF THE EFFECT OF 
HALOPERIDOL AND CYCLO(LEUCYL-GLYCYL) ON APOMORPHINE-INDUCED 
STEREOTYPY. J .Z . F ie ld s , L.P. Gonzalez, L.R. Meyerson, J.M. 
Lee, K.A. S teece, K.M. Federowicz, F.A. DeLeon-Jones* and R.F. 
Ritzmann.  Research Serv ices, Hines V. a.  H osp ita l, Hines, IL 
60141, Westside V.A. H osp ital, Chicago, IL 60680 and Depart
ment o f Physiology and B iophysics, U niversity  o f I l l in o i s  a t  
Chicago, Chicago, IL 60680

Our previous s tu d ie s  ind icated  th a t  the  peptide 
cyclo (leucy l-g lycy l) (cLG) prevents the  development of super
s e n s i t iv i ty  to  dopamine in severa l animal models a t  both 
biochemical and behavioral le v e ls .  We th e re fo re  te s ted  cLG in 
a paradigm more commonly used to  model ta rd iv e  dysk inesia , 
namely, chronic ha loperido l adm in istra tion  to  r a t s .

We found th a t  cLG adm inistered subcutaneously a t  a dose of 8 
mg/kg blocked about 50% of the  su p ersen sitiz in g  e f fe c ts  of 
haloperido l on apomorphine-induced s te reo ty p ic  behaviors 
including s n iff in g  and l ic k in g . The pep tide  by i t s e l f  
increased the  s te reo ty p ic  behaviors compared to  c o n tro ls .

F u rth er, we used a novel method, radio-frequency an a ly sis , 
th a t  q u a n tif ie s  s n iff in g  and o ther s te reo ty p ic  movements. 
Unlike methods th a t  re ly  on v isu a l observation of stereo typy  
and u t i l i z e  an o rd in a l s ca le , these  measurements a re  ra ted  by 
an autom atic m o til i ty  monitor and u t i l i z e  a r a t io  sca le . 
Unlike o ther automated m o til i ty  m onitors, th i s  device can 
d is tin g u ish  between various forms of s te reo ty p ic  behaviors. 
Since param etric s t a t i s t i c s  can be used, th e re  i s  a s ig n if ic a n t 
improvement in the  e ff ic ie n c y  of the  task  of ra tin g  and 
comparing s tereo typy  sco res . There is  an id e n tic a l rank order 
and a good c o rre la tio n  (p<.01) between the  two behavioral 
ra tin g  methods in d ica tin g  the  r e l i a b i l i t y  o f the  automated 
method.

309.7 2-DEQXYGLUCOSE IMPAIRS STRIATAL DOPAMINE RELEASE IN RATS: 
ENHANCED EFFECT AFTER 6-HYDROXYDOPAMINE PRETREATMENT. M.J. 
Zigmond, H. J .  M orris*, R.W. K e lle r , J r .  and E.M. S t r i ck e r. 
Department o f  B io log ical Sciences, C enter fo r  Neuroscience, 
u n iv e rs ity  o f  P ittsb u rg h , P ittsb u rg h , PA 15260.

2-Deoxygluc ose (2DG), an in h ib i to r  o f  glucose metabolism, 
norm ally in c rea se s  food in tak e  in  r a t s .  However, a f t e r  su b to ta l 
damage to  th e  dopamine (DA)-containing n ig r o s t r i a ta l  bundle 
(NSB), 2DG e l i c i t s  acu te  a k in e sia  and sensory  n e g le c t. Because 
th e se  symptoms a re  s im ila r  t o  th e  e f f e c ts  o f  DA an tag o n ists  o r 
complete NSB in ju ry , we sought t o  determ ine whether 2DG impaired 
NSB fu n c tio n . One to  th re e  months a f t e r  r a t s  were g iven o f  6- 
HDA (200 u g ) , coronal s l i c e s  (350 u) o f  s tr ia tu m  were superfused 
(100 ul/m in) w ith  Krebs b icarbonate  b u ffe r  con ta in ing  ty ro s in e  
(75 uM), nom ifensine (10 uM), g lucose (11.5 mM) and 2DG (0-46 
mM), w ith  t o t a l  o sm olarity  m aintained co n stan t by reducing th e  
con cen tra tio n  o f  NaC l. A fte r  one hour o f  p re incubation , s l ic e s  
were exposed to  e le c t r i c a l  f i e ld  s tim u la tio n  (4 .5  Hz, 20 mA, 
b ip o la r) fo r  10 min and DA e f f lu x  was measured and compared 
w ith  t h a t  which occurred during  th e  10 min b e fo re  s tim u la tio n . 
In  a d d itio n , we measured th e  DA con ten t o f  incubated  and 
nonincubated s l ic e s .  Values ware expressed a s  ng DA p e r  mg 
t i s s u e  p ro te in .

S tim u lation  o f  in ta c t  s l i c e s  increased  DA e f f lu x  7 -fo ld  (1. 1 
± .2 t o  8 .0  ± .5  ng/mg), w ith  no d ep le tio n  o f  t i s s u e  DA (82 ± 6 
ng/mg). Comparable r e s u l t s  were ob tained  a f t e r  s tim u la tio n  o f 
s l i c e s  from 6-HDA p re tre a te d  r a t s ,  d e sp ite  a  69% lo s s  o f DA 
te rm in a ls . As a  r e s u l t  n e t  DA overflow  due to  s tim u la tio n  
expressed a s  a  f r a c tio n  o f  t i s s u e  DA was considerab ly  g re a te r  
from le sio n ed  s l ic e s  th an  from in ta c t  s l i c e s  (.30 ± .04 v s .08 
± .01).

Incubation  o f  in ta c t  s l i c e s  in  th e  p resence o f  23 mM 2DG had 
no e f f e c t  on e i th e r  spontaneous o r  s tim u la ted  DA e ff lu x , 
a lthough t i s sue DA con ten t a t  th e  end o f  s tim u la tio n  was reduced 
by 51 ± .09%. In  c o n tra s t ,  whereas 2DG d id  n o t a f f e c t  spontan
eous e f f lu x  from 6-HDA-treated t i s s u e ,  i t  reduced overflow  by 78 
± .06% and dep le ted  t i s s u e  con ten t by 67 ± .08%, r e s u l ts  
comparable t o  th o se  ob tained  w ith  in ta c t  t i s s u e  only when th e  
co n cen tra tio n  o f  2DG was increased  2 -fo ld .

These r e s u l t s  suggest th a t  2DG may in h ib i t  DA sy n th es is  and 
thereby  cause th e  lo s s  o f  DA s ta r e s  during  d e p o la riz a tio n . They 
fu r th e r  in d ic a te  th a t  t ra n s m itte r  re le a s e  from s t r i a t a l  DA 
te rm in a ls  i s  g re a t ly  enhanced a f t e r  6-HDA-induced b ra in  le s io n s  
and i s  p a r t ic u la r ly  s e n s it iv e  t o  th e  in h ib ito ry  e f f e c ts  o f  2DG, 
p o ss ib ly  due to  th e  g re a te r  dependence o f  re le a s e  from th ese  
te rm in a ls  on new DA sy n th e s is . The d e b i l i ta t in g  neu ro log ical 
impact o f  2DG on NSB-l e s ioned anim als may r e f l e c t  t h i s  increased  
s e n s i t iv i ty .

309.8 THE HIPPOCAMPUS AS A DOPAMINE MODULATOR: A MOTOR SEQUENCING 
INTERPRETATION OF HIPPOCAMPAL FUNCTION. J .  K elley* and B. O sborne. 
D ept. o f  Psychology, M iddlebury C o lleg e , M iddlebury, VT 05753.

The p re s e n t  experim en t examined th e  p o s s ib le  r o le  o f  th e  h ippo
campus in  m a in ta in in g  a b a lan ce  o f dopamine in  n e u ra l a re a s .  The 
dopamine a n ta g o n is t  h a lo p e r id o l was in je c te d  in t e r p e r i t o n e a l ly  in to  
fo rn ix  tr a n s e c te d  and o p e ra ted  c o n tro l r a t s .  The experim en t con
s i s t e d  o f two p h ases . In  phase I  th e  r a t s  were observed  in  a novel 
open f i e ld  environm ent; in  phase I I  th e  r a t s  were observed du ring  
one hour o f l im ite d  access  to  food. B ehav io ra l changes in  locomo
t i o n ,  e x p lo ra t io n ,  r e a r in g ,  and frequency  o f  e a tin g  and d r in k in g  
w ere c o n s is te n t  w ith  th o se  found p re v io u s ly  a f t e r  fo rn ix  t r a n s e c 
t i o n .  In  g e n e ra l,  h a lo p e r id o l produced g r e a te r  b e h a v io ra l changes 
in  r a t s  w ith  fo rn ix  t r a n s e c t io n s  th an  in  c o n tro l an im als in  th e  
f i r s t  phase o f  th e  s tu d y . The drug induced changes in  th e  fo rn ix  
tr a n s e c te d  anim als made t h e i r  b eh a v io r more l i k e  t h a t  o f  c o n tro l 
an im als. I n je c t io n s  o f  h a lo p e r id o l were found to  have no e f f e c t  
on e i t h e r  c o n tro l  o r  fo rn ix  tr a n s e c te d  anim als in  th e  second phase 
o f  th e  experim en t. The r e s u l t s  o f  th e  experim en t su p p o rt th e  ro le  
o f  th e  hippocampus as a n e u ra l neurom odulator in  th e  open f i e ld  
environm ent. F u r th e r  in v e s t ig a t io n  i s  n ec essa ry  b e fo re  a conc lu 
s io n  can be drawn as to  th e  neurom odulatory r o le  o f th e  hippocampus 
in  th e  c o n te x t o f  feed in g .
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309.9 DIFFERENT STIMULI CONTROL AMPHETAMINE- AND APOMORPHINE-INDUCED 
ROTATIONS. M.G. Z ie g le r*  and H. Szechtm an. D ept. N eu rosc iences , 
McMaster U n iv e rs ity , H am ilton, O n ta r io , Canada, L8N 3Z5.

A d m in is tra tio n  o f  amphetamine (AMP) o r apomorphine (APO) 
y ie ld s  c i r c l i n g  ( r o ta t io n s )  in  r a t s  w ith  u n i l a t e r a l  6-OHDA 
le s io n s  o f  th e  s u b s ta n t ia  n ig ra  (SN). In  s tu d ie s  which make u se  
o f  th e s e  d ru g -induced  r o t a t i o n s ,  i t  i s  o f te n  assumed th a t  th e  
b e h a v io ra l re sp o n ses  t o  AMP and APO a r e  e q u iv a le n t , excep t f o r  
th e  d i r e c t i o n  o f  r o ta t io n .  However, i f  t h i s  assum ption i s  v a l id ,  
one would exp ec t th a t  under AMP o r  APO bo th  th e  motor form o f  
c i r c l i n g  and th e  s t im u li  c o n t r o l l in g  th e s e  r o t a t i o n s ,  would be 
s im i la r .  Y et, ou r s tu d ie s  su g g es t t h a t  d if f e re n c e s  e x i s t .  In  

•p rev io u s  work, we showed th a t  th e  s te p p in g  p a t te r n s  observed 
d u rin g  AMP- and APO-induced r o t a t i o n s ,  d i f f e r  (Z ie g le r  & 
Szechtm an, CCNP, 1986), as  does th e  topography o f  r o ta t io n s  (see  
p o s te r  by Szechtman & Z ie g le r ) .  In  t h i s  p o s te r ,  we a l s o  show 
th a t  d i f f e r e n t  s t im u li  c o n tro l  th e s e  d rug -induced  r o ta t io n s .  
S p e c i f ic a l ly ,  we found th e  fo llo w in g  in  r a t s  w ith  u n i l a t e r a l  
6-OHDA le s io n s  o f  th e  SN: (1) edges a t t r a c t  th e  an im als under APO 
b u t very  l i t t l e  under AMP; (2) edges m a in ta in  a d i r e c t i o n a l  b ia s  
under APO bu t e l im in a te  th e  b ia s  under AMP; and (3) edges re v e rs e  
th e  ty p i c a l  APO-induced d i r e c t i o n a l  b ia s  observed  in  a ro to m e te r, 
so t h a t  a lm ost no c o n tra v e r s iv e  c i r c l i n g  i s  seen . Rats (n=7) 
were g iven  1-2 m inu te swimming t r i a l s  in  a c i r c u l a r  poo l ( 7 ’ 
d ia ) .  F o llow ing two sw imming t r i a l s  w ith o u t d ru g s , th e y  were 
g iven  e i t h e r  APO ( .2 5  mg/kg s . c . )  o r  AMP (2  mg/kg i . p . )  and 
t e s t e d  ag a in  10, 25 and 50 min l a t e r .  T h e ir  b eh a v io r was 
v ideo tap ed  f o r  subsequen t a n a ly s is  o f  tim e sp en t swimming 
ip s iv e r s iv e ly  o r c o n tra v e r s iv e l y a t  o r away from th e  edge o f  th e  
p o o l. The chosen drug doses y ie ld  s im i la r  numbers o f  c i r c l e s  in  
1 h r  ro to m ete r t e s t s .  R esu lts  in d ic a te :  (1) Under AMP, r a t s  
sp en t 2 4 .6 % o f  t h e i r  t o t a l  swimming tim e a l ig n e d  w ith  th e  edge 
(p < .0 5 ); in  c o n t r a s t ,  under APO o r  w ith o u t d ru g s , th e y  sp en t 
abou t h a l f  o f  t h e i r  swimming tim e  a t  edge (tim e a t  edge vs away 
from edge, n . s . ) .  (2) When away from th e  edge, r a t s  swam in  th e  
d i r e c t i o n  c o n s is te n t  w ith  t h a t  observed  in  th e  ro to m e te r. (3) In  
th e  undrugged and AMP c o n d i t io n s , th e y  showed no d i r e c t i o n a l  b ia s  
when swimming a lig n e d  w ith  th e  edge ( ip s iv e r s iv e  vs c o n tra v e r s iv e  
swimming a t  edge; n . s . )  b u t under APO th ey  sp en t 97% o f  t h e i r  
tim e  a t  edge swimming in  one d i r e c t i o n  (p< .0 2 5 ). (4 ) Under APO, 
th e  d i r e c t i o n a l  b ia s  a t  th e  edge was o p p o s ite  t o  th a t  found in  
th e  ro to m e te r ( ip s iv e r s iv e  vs c o n tra v e r s iv e  swimm ing a t  edge: 
132±43 vs 4±2 s e c ; p < .0 2 5 ). Thus, AMP- and APO-induced r o ta t io n s  
may be c o n tro l le d  by d i f f e r e n t  s t im u l i .  S ince  th e  topography o f  
th o s e  r o ta t io n s  d i f f e r s  as  w e ll ,  i t  i s  p o s s ib le  th a t  th e y  r e f l e c t  
th e  a c t i v i t y  o f  d i f f e r e n t  n e u ra l p ro c e s s e s . (Supported  by NSERC. 
HS i s  a R esearch  A sso c ia te  o f  th e  O n ta rio  M ental H ealth  
F o u n d a tio n .)

309.10 DIFFERENCES IN THE MOTOR FORM OF CIRCLING INDUCED BY AMPHETAMINE 
AND APOMORPHINE. H. Szechtman and M.G. Z ie g le r* (SPON: M.D. 
C ough lin ). D ept. N eu rosciences , McMaster U n iv e rs ity , H am ilton, 
O n ta r io , Canada, L8N 3Z5.

In r a t s  w ith  u n i l a t e r a l  le s io n s  o f  th e  s u b s ta n t ia  n ig ra  
(produced by 6-OHDA), th e  a d m in is tra tio n  o f  amphetamine (AMP) 
induces c i r c l i n g  ( r o ta t io n s )  tow ards th e  s id e  o f  th e  le s io n  and 
th e  in j e c t io n  o f  apom orphine (APO) produces c i r c l i n g  in  th e  
o p p o s ite  d i r e c t i o n .  In  s tu d ie s  which u se  th i s  phenomenon to  
in v e s t ig a t e  s t r i a t a l  fu n c tio n  and mechanisms o f  drug a c t io n ,  i t  
i s  g e n e ra lly  assumed t h a t  th e  two b eh a v io u ra l resp o n ses  a re  
e q u iv a le n t ,  r e f l e c t i n g  th e  s id e  o f  g r e a te r  s t r i a t a l  a c t iv a t io n .  
Y et, ou r an a ly se s  in d ic a te  t h a t  d i f f e r e n t  s t im u li  may c o n tro l 
APO- a n d  A M P -in d u c ed  c i r c l i n g  ( s e e  p o s t e r  by Z i e g l e r  & 
Szechtm an). M oreover, r a t s  u se  d i f f e r e n t  s tep p in g  p a t te rn s  
d u rin g  c i r c l i n g  under APO and AMP (Z ie g le r  & Szechtman, CCNP, 
1986), and , a s  we show in  t h i s  p o s te r ,  th e re  a re  a d d i t io n a l  
d if f e re n c e s  in  th e  topography o f  th e s e  r o t a t i o n s .  Thus, a t  l e a s t  
a t  some le v e l ,  APO- and AMP-induced r o ta t io n s  a re  n o t e q u iv a le n t 
(sym m etrical ) phenomena. Rats were t e s t e d  fo r  c i r c l i n g  in  c le a r  
P le x ig la s  hem ispheres; t h e i r  behav iou r was v ideo taped  o r  film ed  
fo r  subsequen t a n a ly s is  u s in g  th e  Eshkol-Wachman Movement 
N o ta tio n . They were in je c te d  w ith  AMP (2 mg/kg i . p . )  and APO 
(0 .2 5  mg/kg s . c . )  which y ie ld  s im i la r  number o f  c i r c l e s  in  a 1 h r 
t e s t .  R e su lts  in d ic a te  t h a t  r o t a t i o n a l  behav iour under APO and 
AMP d if f e re d  in :  th e  deg ree  o f  l a t e r a l  bending o f  th e  head and 
m idd le to r s o  (maximum under APO b u t v a r ia b le  under AMP); amount 
o f  tu rn in g  in  th e  n o n -p re fe rre d  d i r e c t io n  (minimal under APO, 
la rg e  under AMP); p resen ce  o f  snou t c o n ta c t (con tinuous under 
APO, minim al under AMP); e x te n t o f  d o rs a l  a rc h in g  o f  th e  to r s o  
(maximum under APO, minim al under AMP); d i s t r i b u t io n  o f  w eight 
(p redom inan tly  over th e  h in d leg s  under APO, even ly  balanced  over 
th e  4 lim bs under AMP); and, am plitude  o f  r o ta t io n s  ( l a rg e  and 
alm ost co n tinuous under APO, v a r ia b le  and punctu a ted  by f re q u e n t 
a r r e s t s  under AMP). These d if fe re n c e s  may in d ic a te  t h a t  APO and 
AMP a c t iv a t e  d i f f e r e n t  n e u ra l c i r c u i t s  to  induce c i r c l i n g .  
A lte rn a t iv e ly ,  d if f e re n c e s  in  behav iou r may r e f l e c t  t h a t :  (1) th e  
same n e u ra l c i r c u i t s  a re  a c t iv a te d  by bo th  AMP and APO b u t in  th e  
f i r s t  c a se  th e  a c t iv a te d  system  in t e r a c t s  w ith  an in t a c t  
hem isphere w h ile  in  th e  second ca se  i t  in t e r a c t s  w ith  a 
hem isphere in  which th e r e  i s  a le s io n ;  and, (2) bo th  AMP and APO 
a c t iv a t e  tu rn in g  v ia  th e  same mechanism bu t each drug has 
a d d i t io n a l ,  d i f f e r e n t  b e h a v io u ra l e f f e c t s ,  t h a t  a re  superim posed 
on th e  tu rn in g .  (Supported  by NSERC. HS i s  a R esearch A sso c ia te  
o f  th e  O n ta rio  M ental H ealth  F o u n d a tio n .)

309.11 LESIONS OF NORADRENERGIC PATHWAYS SUPPRESS THE BEHAVIORAL 
DEFICITS INDUCED BY ELECTROLYTIC LESIONS WITHIN THE VENTRAL 
TEGMENTAL AREA. K. T aghzou ti* , H. Simon*, J.M . Deminiè re * , 
D. Hervè* , J.M . S tu d le r* , G. B lanc*, J .  G low inski* , J .P .  T ass in*  
and M. Le Moal .  (SPON: A. C a las) L a b o ra to ire  de P sychob io log ie  
des Comportements A d a p ta t i f s ,  INSERM U .259, U n iv e r s i té Bordeaux 
I I ,  Domaine de C a r r e i r e ,  Rue C am ille S a in t-S a ën s , 33077 Bordeaux 
Cedex and L a b o ra to ire  de N eu ro b io lo g ie , INSERM U .114, C o llè ge de 
F ran ce , 11 p la c e  M arcelin  B e r th e lo t ,  75231 P a r is  Cedex 05. 
F ran ce .

B iochem ical r e s u l t s  in d ic a te  th a t  th e  developm ent of 
dopam inergic (DA) D l- re c e p to r  s u p e r s e n s i t i v i ty  in  th e  p r e f ro n ta l  
c o r te x  fo llo w in g  e l e c t r o l y t i c  le s io n  o f  th e  v e n t r a l  tegm en ta l 
a re a  (VTA), th e  re g io n  where th e  dopamine c e l l  bo d ie s  a re  
lo c a te d ,  depends o f  th e  p resen ce  o f an in t a c t  n o ra d re n e rg ic  (NA) 
in n e rv a tio n  o r ig in a t in g  from th e  locus  co e ru leu s  (LC). In fu s io n  
o f  th e  n eu ro to x in  6-hydroxydopam ine (6-OHDA) in to  th e  l a t e r a l  
pedunculus c e r e b e l l a r i s  s u p e r io r  (PCS), b e fo re  o r  a f t e r  th e  
e l e c t r o l y t i c  le s io n s  o f  th e  VTA a b o lish e d  th e  s u p e r s e n s i t i v i ty  
o f  D1- r e c e p to r s  (T a ss in  e t  a l . ,  J .N eurochem ., 4 6 :2 4 3 , 1986) and 
su ggested  th e  e x is te n c e  o f c o - re g u la t io n s  between th e  two 
n e u ro t r a n s m is t t e r s .  These co -re g u l a t i o ns have been in v e s t ig a te d  
a t  th e  b e h a v io ra l le v e l :  We r e p o r t  th a t  b i l a t e r a l  6-OHDA le s io n s  
o f  n o ra d re n e rg ic  f ib e r s  w ith in  th e  PCS reduced some b e h a v io ra l 
d e f i c i t s  induced by th e  VTA e l e c t r o l y t i c  le s io n s .  Locomotor 
h y p e ra c t iv i ty  induced by V TA -lesions was ab o lis h e d  a f t e r  6-OHDA 
in fu s io n s  when th e  two le s io n s  were perform ed e i t h e r  
s im u ltan e o u sly  o r s u c c e s s iv e ly . D e f ic i t s  in  spontaneous 
a l t e r n a t io n  in  a Y-maze in  r a t s  b e a rin g  V TA -lesions d isap p e a red  
a f t e r  th e  n o ra d re n e rg ic  l e s io n s .  M oreover, enhanced 
v u ln e r a b i l i ty  to  d-am phetam ine s e l f - a d m in is t r a t io n  induced by 
V TA -lesions was n o t observed  when 6-OHDA-PCS in fu s io n  was added 
to  th e  e l e c t r o l y t i c  le s io n s  o f  th e  VTA. B iochem ical c o n tro ls  
in d ic a te  th a t  combined tre a tm e n ts  produces a la rg e  d ec re a se  o f 
c o r t i c a l  DA (-65%) and NA c o n c e n tra t io n s  (-100% ). I t  i s  
im p o rtan t to  n o te  th a t  th e  n o ra d re n e rg ic  le s io n s  do n o t induce 
b e h a v io ra l d e f i c i t s  in  th e  th re e  t e s t s .  I t  i s  concluded th a t  
c o o p e ra tiv e  n eu ro n a l m odulations may e x i s t  betw een bo th  DA and 
NA tra n sm is s io n  a t  bo th  th e  m o lecu lar and th e  b e h a v io ra l l e v e l s .

309.12 CUES SIGNALING MEAL ONSET PRODUCE INCREASES IN 
DOPAMINE TURNOVER. J . R .  B l a c k b u r n , A .G . P h i l l i p s , A. 
J a k u b o v ic  a n d  H .C . F i b i g e r . D e p a r tm e n ts  o f  
P s y c h o lo g y  a n d  P s y c h i a t r y ,  U n i v e r s i t y  o f  B r i t i s h  
C o lu m b ia ,  V a n c o u v e r ,  B .C . C a n a d a , V6T 1W5.

A c o n d i t i o n e d  f e e d i n g  p a r a d ig m  w as u s e d  t o  s tu d y  
t h e  r o l e  o f  b r a i n  d o p a m in e  (DA) s y s t e m s  i n  f e e d i n g  
b e h a v i o u r .  R a t s  w e re  i n d i v i d u a l l y  h o u s e d  i n  so u n d  
a t t e n u a t i n g  c h a m b e rs  f o r  e i g h t  d a y s .  D u r in g  t h i s  
t i m e ,  t h e  o n ly  fo o d  th e y  r e c e i v e d  w as d e l i v e r e d  a s  
s i x  s i g n a l e d  m e a ls  o f  a l i q u i d  d i e t  e a c h  d a y .  W i th in  
a  few  d a y s ,  t h e  a n i m a l s  w o u ld  r e s p o n d  t o  t h e  
c o n d i t i o n a l  s t i m u l u s  (C S + ) s i g n a l i n g  m e a l d e l i v e r y  by 
e n g a g in g  i n  v a r i o u s  a n t i c i p a t o r y  b e h a v i o u r s .  F o r  
e x a m p le ,  t h e y  w o u ld  e n t e r  i n t o  t h e  n i c h e  w h e re  t h e  
fo o d  w as a b o u t  t o  b e  d e l i v e r e d .  P r e v i o u s  s t u d i e s  
h a v e  d e m o n s t r a t e d  t h a t  t h e s e  a n t i c i p a t o r y  b e h a v i o u r s  
a r e  s e v e r e l y  a t t e n u a t e d  by d o s e s  o f  t h e  DA a n t a g o n i s t  
p im o z id e  t h a t  do  n o t  d i s r u p t  c o n s u m m a to ry  f e e d i n g  
b e h a v i o u r s .  T he p r e s e n t  s tu d y  w as c o n d u c te d  t o  
d e t e r m i n e  i f  t h e s e  b e h a v i o u r s  w e re  a c c o m p a n ie d  by 
i n c r e a s e s  i n  d o p a m in e r g i c  a c t i v i t y .

DA t u r n o v e r  w as i n v e s t i g a t e d  u s in g  h ig h  p r e s s u r e  
l i q u i d  c h r o m a to g r a p h y  c o u p l e d  w i th  e l e c t r o c h e m i c a l  
d e t e c t i o n .  R a t s  i n  t h e  e x p e r i m e n t a l  g ro u p  ( n = 7 ) w e re  
s a c r i f i c e d  4 m in  a f t e r  CS+ o n s e t ,  w h i l e  c o n t r o l s  
( n = 7 )  w e re  s a c r i f i c e d  im m e d i a te l y  p r i o r  t o  CS+ o n s e t .  
DA t u r n o v e r ,  a s  m e a s u re d  by t h e  r a t i o  o f  t h e  DOPAC t o  
DA, w as i n c r e a s e d  i n  t h e  n .  a c c u m b e n s  o f  t h e  r a t s  o f  
t h e  e x p e r i m e n t a l  g r o u p .  No s i g n i f i c a n t  d i f f e r e n c e s  
i n  s t r i a t a l  DA t u r n o v e r  b e tw e e n  t h e  tw o  g r o u p s .  I n  
c o n t r a s t ,  a  s e p a r a t e  e x p e r i m e n t  f a i l e d  t o  show  a n y  
d i f f e r e n c e s  i n  DA a c t i v i t y  b e tw e e n  a g ro u p  o f  r a t s  
(n = 8 )  t h a t  co n su m e d  an  u n s i g n a l e d  m e a l o f  l i q u i d  d i e t  
i n  t h e  sam e a p p a r a t u s  a n d  a c o n t r o l  g ro u p  ( n = 8 ) . 
T h e s e  d a t a  a r e  c o n s i s t e n t  w i th  a  r o l e  f o r  DA s y s t e m s  
i n  b e h a v i o u r s  r e l a t e d  t o  t h e  a n t i c i p a t i o n  o f  f o o d  
d e l i v e r y ,  a s  o p p o s e d  t o  c o n s u m m a to ry  f e e d i n g  
b e h a v i o u r .

S u p p o r te d  by MRC P ro g ra m  G r a n t  2 3 .
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309.13 EFFECTS OF DOPAMINE BLOCKADE IN THE NUCLEUS ACCUMBENS 
AND LATERAL CENTRAL STRIATUM ON MOTIVATED BEHAVIOR. J.B. 
Richards* and D. Neill* (SPON: G. Audesirk).Dept. of 
Psychology, Emory Univ., A tlan ta , GA 30322.

There is a large amount of d a ta  which su g g es ts  th a t  
anatom ically s e p a ra te  dopamine (DA) term inal a re a s  underlie 
d iffe ren t kinds or c la sse s  of behavior. We p re s e n t d a ta  which 
su p p o rts  a "c la sses  of behavior approach" to  understanding  
th e  behavioral function  of DA. Specifically, we su g g es t th a t  
la te ra l c en tra l s t r i a ta l  (LCS) DA m odulates th e  occu rance  of 
s ta t io n a ry  behaviors while Nucleus Accumbens (NAS) DA 
m odulates th e  occu rance  of non s ta t io n a ry  locom otor 
behaviors. The c la sses  of behavior approach  can be 
c o n tr a s te d  to  th e  anhedonia hypothesis (Wise, R., Behav. 
Brain Sci.,5:39, 1982) which su g g es ts  t h a t  NAS DA is primarly 
involved in th e  app recia tion  of rew ard.

R ats  were tra in e d  on a ta s k  in a runway involving two 
d is tinc tly  d iffe ren t behaviors: sn o u t poking and locomoting. In 
one com ponet of th e  ta s k  th e  r a t s  remained s ta t io n a ry  a t  
one end of th e  runway, sn o u t poking fo r liquid d ie t. With 
each  drop of liquid d ie t th e  time to  th e  nex t drop increased  
by .2 5 sec . At any time, th e  r a t  had th e  option  of 
locomoting down th e  runway and in te rru p tin g  a pho to  cell 
which r e s e t  th e  a p p a ra tu s  and re tu rn e d  th e  time betw een 
d rops to  a minimum value.

Twelve r a t s  were tra in ed  on th e  tra v e l box ta s k  
described  above. Six of th e  r a t s  were b ilaterally  implanted 
with cannulae aimed a t  th e  NAS (AP9.2;L 1.8;V0.0) The o th e r  
six r a t s  were bilaterally  implanted with cannulae aimed a t  th e  
LCS (AP6.8;14.0;V 1.0). Local DA blockade was induced by 
in jecting  0, 1, 2.5, amd 5 ug of haloperidol (in 1 ul vehicle) 
in to  th e  NAS and LCS. In addition, th e  c o n ce n tra tio n  of liquid 
d ie t was diluted inorder to  determ ine how changes in i ts  
rew arding value e f fe c te d  th e  behavior of r a t s  in th is  ta sk .

In reponse  to  decreasing  th e  rewarding value of th e  
liquid d ie t th e  r a t s  sp en t less  time nose poking and more 
time locomoting (re se ttin g ) . In c o n t r a s t ,  local DA blockade in 
NAS increased  th e  amount of time th e  r a t s  sp en t nose 
poking fo r liquid d ie t and d ecrea sed  th e  locom otor com ponet 
of th e  ta s k . Local DA blockade in th e  LCS had e f fe c ts  
similar to  th o se  ob ta ined  by diluting th e  liquid d ie t and were 
opposite  to  th e  e f f e c ts  of local DA blockade in th e  NAS. 
That is, th e  LCS r a t s  d e c rea se  th e  amount of time sp en t 
nose poking and increased  locomotion.

These re s u lts  a re  c o n s is te n t with th e  c la sse s  of 
behavior app roach  and n o t th e  anhedonia hypothesis of th e  
mesolimbic DA system .

309.14 POTENTIATION OF VENTRAL TEGMENTAL MORPHINE-ELICITED CIRCLING BY 
NOMIFENSINE. A.Gr a t to n 1, G.G e rh a rd t2 , R.A.Wise3 and B .J .H o f fe r1. 
D e p a r tm e n ts  o f  P h a rm a co lo g y 1 and P s y c h ia t r y 2 , U n iv e r s i t y  of 
C olorado H ea lth  S ciences C en te r , D enver, CO, 80262 and Department 
o f  P sychology3 , Concordia U n iv e r s ity , M ontrea l, Canada, H3G 1M8.

U n i la te r a l  in fu s io n s  o f morphine in to  the r a t  v e n t r a l  tegm ental 
a re a  (VTA) e l i c i t  c o n tra v e rs iv e  c i r c l i n g .  There a re  in d ic a t io n s  in 
th e  l i t e r a t u r e  th a t  such c i r c l i n g  is  dopam ine-dependent. VTA s i t e s  
p o s i t i v e  f o r  m o r p h i n e - e l i c i t e d  c o n t r a v e r s iv e  c i r c l i n g  a re  
c o e x t e n s i v e  w i th  th e  m e d ia 1 - l a t e r a l  and  d o r s a l - v e n t r a l  
d i s t r i b u t i o n s  o f  th e  A9 and A10 d o p a m in e rg ic  c e l l  g ro u p s . 
F u rth e rm o re , m o rp h in e -e lic ite d  c i r c l i n g  i s  blocked by bo th  dopamine 
re c e p to r  (p im ozide) and o p ia te  r e c e p to r  (naloxone) a n ta g o n is ts .  In 
th e  p r e s e n t  s t u d y ,  th e  i n t e r a c t i o n  o f  m o rp h in e  w i th  VTA 
dopam inerg ic  c e l l s  was fu r th e r  s tu d ie d  by examining th e  e f f e c t s  of 
th e  ca tech o lam in e  reup take  b lo c k e r , nom ifensine , on th e  r a t e  of 
m o rp h in e -e l ic i te d  c i r c l i n g .  We reasoned  th a t  i f  morphine produces 
c o n t r a v e r s i v e  c i r c l i n g  by c a u s in g  a u n i l a t e r a l  i n c r e a s e  in  
dopam inerg ic  a c t i v i t y ,  then  th e  in c re a se d  c o n c e n tra t io n  o f  dopamine 
a t  p o s ts y n a p tic  s i t e s  fo llo w in g  nom ifensine p re tre a tm e n t should 
p o te n t ia te  th e  r a t e  o f m o rp h in e -e lic ite d  c i r c l i n g .

Anim als e x h ib i t in g  c o n tra v e r s iv e  c i r c l i n g  fo llo w in g  a 0 .5  u l 
i n f u s i o n  o f  7 .5  n a n o m o le s  m o rp h in e  s u l f a t e  ( p r e p a r e d  in  
p h y s i o l o g i c a l  s a l i n e )  i n t o  th e  VTA, v ia  a c h r o n ic  in d w e l l in g  
c a n n u la , were p re t re a te d  w ith  nom ifensine (2 .5  mg/kg s . c . ) .  As 
shown b e lo w , n o m ife n s in e  p r e t r e a tm e n t  r e s u l t e d  in  a 4 -5  fo ld  
in c re a s e  in  th e  r a t e  o f m o rp h in e -e lic ite d  c i r c l i n g .  A d m in is tra tio n  
o f  naloxone (1 .5  mg/kg s . c . )  produced a com plete c e s s a t io n  of 
n o m i f e n s in e - p o t e n t i a t e d  c i r c l i n g .  The p r e s e n t  d a t a  th u s  a re  
c o n s i s t e n t  w ith  th e  id e a  t h a t  th e  b e h a v io r a l l y  a c t i v a t i n g  
p r o p e r t ie s  o f intra-VTA a p p l ic a t io n s  o f  morphine a re  dependent upon 
an o p ia te  r e c e p to r  p o p u la tio n  which in t e r a c t s  w ith  dopam inergic 
m echan ism s in  A10. (S u p p o r te d  by USPHS (D A -02702) and NSERC 
(Canada) to  A .G .)

309.15 STRIATAL DOPAMINE D2 RECEPTOR CONCENTRATIONS DECREASE DURING 
HIBERNATION. T.S. K i l d u f f 1, S.S. Bowers o x 1, R.P. Hammer2 , C. 

M. Radeke3, R.D. C ia r a n e l l o 1, H.C. H e l l e r 3, and W.C. Dement1. 1Dep ts .  
o f  P s y c h ia t r y  and 3B i o l o g ic a l  S c i . ,  S ta n fo rd  U n iv ., S ta n f o r d ,  CA 
94305 and 2D ep t. o f  A nat. and R eprod . B i o l . ,  U n iv . o f  H aw aii, 
H ono lu lu , HI 96822.

P h y s i c a l  o r  f u n c t i o n a l  d e a f f e r e n t a t i o n  o f  n e u r a l  s t r u c t u r e s  
commonly r e s u l t s  in  s u p e r s e n s i t i v i t y  o f  p o s t - s y n a p t i c  r e c e p t o r s .  
During mammalian h ib e rn a tio n , e l e c t r i c a l  a c t i v i t y  o f  v i r t u a l l y  a l l  
b ra in  re g io n s  i s  m arkedly  reduced . Based on a n a ly s is  o f  p e r fu s a te s  
o b t a i n e d  fro m  th e  c a u d a te  n u c l e u s  o f  h ib e r n a t i n g  and n o n 
h ib e rn a t in g  ground s q u i r r e l s ,  Salzman e t  a l .  (1985) have proposed 
t h a t ,  d u r i n g  h i b e r n a t i o n ,  p o o l s  o f  c o n j u g a t e d  a n d  f r e e  
e x t r a c e l l u l a r  dopamine (DA) p r e v e n t  th e  d e v e lo p m e n t o f  r e c e p to r  
s u p e r s e n s i t i v i t y .  U sing  r a d i o l i g a n d  b in d in g ,  we h a v e  d i r e c t l y  
a s s e s s e d  w h e th e r  a l t e r a t i o n s  i n  d o p a m in e  D2 r e c e p t o r  
c h a r a c t e r i s t i c s  occu r in  th e  s tr ia tu m  du rin g  th e  h ib e rn a tio n  c y c le .

G o ld e n -m a n tle d  g ro u n d  s q u i r r e l s  (C i t e l l u s  l a t e r a l i s ) w ere 
im p la n te d  w ith  a b d o m in a l t e l e m e t e r s  to  m o n i to r  body te m p e ra tu r e  
(Tb) c o n tin u o u s ly . Animals were p la c e d  in  a c o n s ta n t tem p era tu re  
e n v iro n m e n t a t  5°C u n d e r  an LD 12:12 p h o to p e r io d .  F o u r a n im a ls  
were s a c r i f i c e d  between 1200-1600 P.S.T. d u rin g  each o f  f iv e  phases 
o f  th e  h i b e r n a t i o n  c y c l e :  e u th e rm ia  (Tb =37°C ); e n t r a n c e  to  
h i b e r n a t i o n  (Tb =20°C ); day  1 o f  deep  h ib e r n a t i o n  (Tb<8°C ); d a y s  4 
o r  5 o f  deep  h i b e r n a t i o n  (Tb <8°C ); and  a r o u s a l  (Tb =20°C). The 
b r a i n s  w ere rem o v ed , d i s s e c t e d  in t o  s u b re g io n s  and f r o z e n  on d ry  
i c e .  Dopamine D2 r e c e p t o r s  w ere m easu red  in  unw ashed s t r i a t a l  
hom ogenates u s in g  15-600pM [ 3H ]s p ip e ro n e  in  th e  p r e s e n c e  o f  40nM 
c in a n s e r in  to  b lo ck  s t r i a t a l  5HT2 re c e p to r s .  N o n -sp e c ific  b ind ing  
was m easu red  in  th e  p r e s e n c e  o f  300nM b u ta c la m o l .  S c a tc h a rd  
a n a ly s e s  r e v e a l e d  t h a t  th e  Bmax v a l u e s  o f  b o th  deep  h i b e r n a t i o n  
groups were s ig n i f i c a n t ly  d ecreased  r e l a t i v e  to  eu therm ic an im als  
(d a y  1 v s .  e u t h e r m i a :  4 4 .5 % d e c r e a s e ,  p < 0 .0 1 ; d a y  4 /5  v s .  
eu therm ia: 32.0% d e c re a se , p < 0.01; 2 - t a i l e d  t - t e s t s  c o r re c te d  fo r  
m u l t i p l e  c o n t r a s t s ) .  Bmax v a l u e s  o f  b o th  e n t r a n c e  and a r o u s a l  
g ro u p s  w ere i n t e r m e d ia te  b e tw een  th e  e u th e rm ic  and h ib e r n a t i o n  
v a lu e s .  B inding a f f i n i t i e s  (Kd) d id  n o t s ig n i f i c a n t ly  change.

In a n o th e r 3 h ib e rn a t in g  an d 3 eu therm ic  s q u i r r e l s ,  D2 re c e p to rs  
were lo c a l i z e d  a u to r a d io g ra p h ic a l ly  u s in g  0.6nM [ 3H ]spiperone in  
t h e  p r e s e n c e  o f  50nM k e t a n s e r i n  t o  b l o c k  5HT2 r e c e p t o r s .  
P re lim in a ry  a n a ly s e s  confirm  th e  f in d in g s  d e sc rib ed  above.

These r e s u l t s  a re  c o n s is te n t  w ith  a  d o w n -reg u la tio n  o f  s t r i a t a l  
D2 r e c e p to r  c o n c e n tra t io n s  a s  a consequence o f  th e  in c re a s e d  f re e  
and co n ju g a ted  DA du rin g  h ib e rn a tio n  documented by Salzman e t  a l .  
Our r e s u l t s  argue a g a in s t  th e  p ro p o sa l th a t  th e  DA system  i s  p ro 
te c te d  a g a in s t  s u p e r s e n s i t i v i ty  du rin g  h ib e rn a t io n ,  s in c e  a down- 
r e g u la t io n  o f  D2 re c e p to r s  i s  in d ic a te d  du rin g  deep h ib e rn a tio n .

Salzman e t  a l .  (1985). B rain  Res. 343: 95-103.

309.16 EFFECTS OF 6 -OHDA LESION OF DOMINANT OR NONDOMINANT NIGROSTRIATAL 
PATHWAY: SEX DIFFERENCES? B.A. Pappas and B. M cBride*. U nit fo r  
B ehav io ra l M edicine and Pharmacology, Department of Psychology, 
C arle to n  U n iv e rs ity , O ttaw a, Canada K1S 5B6.

Female but not male r a t s  show asymmetry in  n e o s t r i a ta l  dopamine 
(DA) c o n te n t. F u rtherm ore, amphetamine e l i c i t s  r o ta t io n s  c o n tra 
l a t e r a l  to  the  n eo s tr ia tu m  (NS) w ith  the  h ig h e r DA co n ten t (domi
nan t NS) in  fem ales (Robinson e t  a l . ,  in  G lic k , S .D ., C ereb ra l 
L a te r a l iz a t io n  in  Nonhuman S p e c ie s , 1985). T his r e la t io n s h ip  be
tween NS DA and r o ta t io n  has n o t , however, been observed fo r  
m a le s . S ince th e se  r e s u l t s  im ply s e x - r e la te d  fu n c t io n a l asymmetry 
of NS DA, a re  th e  seq u e lae  o f u n i l a t e r a l  6-OHDA le s io n  r e la te d  to  
th e  s id e  le s io n ed  ( i . e . ,  dominant v s .  nondominant) a n d /o r to  
gender?

Male and fem ale W istar r a t s  were tw ice  te s te d  fo r  r o ta t io n  
a f t e r  amphetamine (fem ales du rin g  e s t r u s ) .  While fem ales ro ta te d  
more than  m ales , males were more l a t e r a l i z e d  in  term s of p e rce n t 
of t o t a l  ro ta t io n s  which were in  one d i r e c t i o n .  The most h ig h ly  
l a t e r a l i z e d  20 r a t s  of each sex  underwent u n i l a t e r a l  6-OHDA le s io n  
(8 μg /4  μl ,  DMI p re tre a tm e n t)  of th e  dominant o r nondominant sub
s t a n t i a  n ig r a .  Ten c o n tro l r a t s  of each sex  rece iv ed  v e h ic le .  
When r e te s te d  30 days p o s ts u rg e ry , dominant le s io n e d  r a t s  had r e 
v ersed  th e i r  r o ta t io n  d i r e c t i o n  only i f  t h e i r  NS DA d e p le tio n  
exceeded 90%. Sex d id  not in f lu e n c e  th i s  outcom e. Of th e  c o n tro l 
un le sio n ed  r a t s ,  fem ales but no t m ales were found to  r o ta te  con
t r a l a t e r a l  to  th e  NS w ith  th e  h ig h e s t DA c o n te n t.

There was a s ig n i f i c a n t  w eight re d u c tio n  due to  th e  le s io n  but 
t h i s  was not r e la te d  to  w hether th e  dominant o r nondominant s id e  
was le s io n e d . Sex had no e f f e c t  excep t th a t  males showed a more 
p e r s i s te n t  w eight r e d u c t io n . D aily  som atosensory te s t in g  w ith  a 
Von Frey H air showed low er s e n s i t i v i t y  c o n t r a la t e r a l  to  th e  l e s 
ioned s id e  when th i s  was compared to  s e n s i t i v i t y  on the  i p s i -  
l a t e r a l  s id e .  T his was no t r e la te d  to  dominance o r s e x . When 
compared to  u n le sio n ed  c o n t ro ls ,  how ever, th e  le s io n e d  r a t s  d id  
no t show hyposensi t i v i t y  on th e  s id e  c o n t r a la t e r a l  to  le s io n  but 
r a t h e r ,  h y p e r s e n s i t iv i ty  on th e  i p s i l a t e r a l  s id e .  This under
sc o re s  th e  n e c e s s i ty  of u n le sio n ed  c o n tro ls  fo r  th e  in t e r p r e ta t io n  
of u n i l a t e r a l  le s io n  e f f e c t s .  F in a l ly ,  le s io n e d  r a t s  showed im
p a ire d  a c q u is i t io n  of 2-way avo id an ce . T his was u n re la te d  to  sex 
o r to  dom inance.

T hus, n e i th e r  gender nor dominance in flu e n c e d  th e  outcome of 
u n i l a t e r a l  NS DA le s io n  fo r  body w eight r e g u la t io n ,  som atosen- 
s a t io n  o r avoidance a c q u is i t i o n .  Gender was re le v a n t to  r o ta t io n ,  
how ever, as fem ales bu t not m ales ro ta te d  c o n t r a la t e r a l  to  th e  NS 
w ith  th e  h ig h e r DA c o n te n t .  F urtherm ore, 6-OHDA le s io n  of the  
dominant pathway rev e rsed  ro ta t io n  d i r e c t io n  only  i f  th e  d e p le tio n  
exceeded 90%. Our r e s u l t s  g e n e ra lly  ag ree  w ith  th o se  re c e n tly  
re p o r te d  by Robinson e t  a l .  (o p . c i t . ) .
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309.17 REDUCTION IN FOOD-INDUCED ACTIVITY IN RATS WITH 
ADMINISTRATION OF HALOPERIDOL J .D. Salamone* (SPON: 
E.Wong) MSD Neuroscience Research Cen t re ,  Eastwick Rd., 
T e r l in g s  Park , Harlow, Essex,  U.K.

A food-induced a c t i v i t y  p rocedure  was developed in 
which 45mg food p e l l e t s  were p e r i o d i c a l l y  d e l iv e r e d  to  
food-depr ived  r a t s .  The r a t s  were t e s t e d  in a r e c t a n g u la r  
a c t i v i t y  chamber (52x33x33cm) with  t h r e e  wire mesh f l o o r  
pane ls  ba lanced on a rod which could  t r i g g e r  microswi tches  
o u t s id e  t h e  box. P r e s e n t a t i o n  of food p e l l e t s  led to  
i n c rease s  in  a c t i v i t y  which were d i r e c t l y  r e l a t e d  t o  th e  
r a t e  of food p r e s e n t a t i o n .  For drug s t u d i e s ,  a l l  r a t s  
rece iv ed  p e l l e t s  on a f ix e d  time 30 second schedule  in  30 
minute  s e s s i o n s .  H aloperidol ( 0 .1 ,  0 . 2 ,  0 .4  mg/kg IP) 
reduced t o t a l  a c t i v i t y  in  a d o s e - r e l a t e d  manner 
(F 3 ,  15=20.32, p < .0 1 ) .  Following 0 .4  mg/kg h a l o p e r id o l ,  
p r o p o r t i o n a t e l y  more a c t i v i t y  counts  were r e g i s t e r e d  in 
t h e  f i r s t  5- seconds  a f t e r  p e l l e t  p r e s e n t a t i o n  than  a f t e r  
s a l i n e  ( s ig n  t e s t  p < .0 5 ) .  A d m in is t r a t io n  of 0 .2  and 0 .4  
mg/kg h a lo p e r id o l  r e s u l t e d  in d e c l in e s  in  a c t i v i t y  ac ro ss  
t h e  t e s t  s e s s i o n ,  w hile  a c t i v i t y  s tayed  r e l a t i v e l y  
c o n s ta n t  ac ro s s  th e  s e s s io n  a f t e r  s a l i n e  t r e a tm e n t .  Since 
th e  food-induced a c t i v i t y  paradigm i s  seen as r e l a t e d  t o  
th e  i n c e n t i v e  p r o p e r t i e s  of food,  t h e  p r e s e n t  r e s u l t s  a re  
c o n s i s t e n t  w ith  a dopaminergic  involvement i n 
i n c e n t i v e - r e l a t e d  motor a c t i v i t y .  The p a t t e r n  of d e f i c i t s  
produced by h a lo p e r id o l  sugges ts  t h a t  th e  a c t i v a t i o n  
produced by food d e l iv e r y  was not main ta ined  in  time 
a c ro s s  th e  s e s s io n  o r  w i th in  th e  i n t e r - p e l l e t  i n t e r v a l .

309.18 NO LATERALIZATION OF STRIATAL DOPAMINE METABOLISM 
DURING PREFERRED OR FORCED USE OF ONE PAW 
R. S c h w a r t i n g  a n d  J . P .  H u s t o n .  I n s t i t u t e  o f  P s y c h o l o g y  
I I I ,  U n i v e r s i t y  o f  Dü s s e l d o r f ,  D - 4 0 0 0  Dü s s e l d o r f ,  
F e d e r a l  R e p u b l ic  o f  G erm any

A n u m b e r  o f  s t u d i e s  h a v e  s h o w n  t h a t  u n i l a t e r a l  m a n i 
p u l a t i o n s  i n  t h e  m e s o s t r i a t a l  s y s t e m  c a n  l e a d  t o  a s y m m e 
t r i c a l  c h a n g e s  i n  b e h a v i o r .  T h u s ,  i t  h a s  b e e n  r e p e a t e d l y  
d e m o n s t r a t e d  t h a t  u n i l a t e r a l  d e s t r u c t i o n  o f  m e s o s t r i a t a l  
d o p a m i n e  (DA) n e u r o n s  i m p a i r s  o r  a b o l i s h e s  u s e  o f  t h e  
c o n t r a l a t e r a l  f o r e p a w  i n  s p e c i f i c  h a n d e d n e s s  t a s k s  l i k e  
r e a c h i n g  f o r  f o o d  o r  b a r  p r e s s i n g .  H o w e v e r ,  i n f o r m a t i o n  
i s  l a c k i n g  a s  t o  w h e t h e r  s t r i a t a l  DA m e t a b o l i s m  i s  
a s y m m e t r i c a l l y  a f f e c t e d  i n  i n t a c t  a n i m a l s  p e r f o r m i n g  
s u c h  t a s k s .  T h e r e f o r e ,  t h e  p r e s e n t  s t u d y  w a s  d e s i g n e d  t o  
a n a l y z e  DA m e t a b o l i s m  (D A, DOPAC, HVA) i n  a n i m a l s  a s  a 
f u n c t i o n  o f  h a n d e d n e s s .

I n  t h e  f i r s t  e x p e r i m e n t ,  w a t e r - d e p r i v e d  m a l e  W i s t a r  
r a t s  w e r e  t r a i n e d  t o  p r e s s  a b a r  f o r  w a t e r  o n l y  w i t h  t h e  
l e f t  o r  r i g h t  f o r e p a w  a s  d e t e r m i n e d  b y  t h e  e x p e r i m e n t a l  
a p p a r a t u s  ( f o r c e d  h a n d e d n e s s ) .  A b o u t  20  d a y s  o f  t r a i n i n g  
( 2 5 m i n / d a y )  w e r e  e m p l o y e d  t o  e s t a b l i s h  r e s p o n s e  r a t e s  o f  
7 0 0 - 1 0 0 0  b a r  p r e s s e s / 2 0 m i n  u n d e r  a n  FR 10  s c h e d u l e .  R a t s  
w e r e  k i l l e d  d u r i n g  a t r a i n i n g  s e s s i o n  a n d  v e n t r a l  a n d  
d o r s a l  s t r i a t a  o f  b o t h  h e m i s p h e r e s  w e r e  a n a l y z e d  b y  
m e a n s  o f  H P L C -E C .  F o r c e d  h a n d e d n e s s  w a s  n o t  a c c o m p a n i e d  
b y  a s y m m e t r i c a l  c h a n g e s  i n  DA m e t a b o l i s m  (DA , DOPAC, 
HVA) . L e v e l s  o f  DA, DOPAC a n d  HVA i n  t h e  d o r s a l  s t r i a t a  
w e r e  s i m i l a r  t o  t h o s e  o f  u n t r a i n e d  c o n t r o l s  o r  t o  t h o s e  
o f  r a t s  k i l l e d  2 h r s  a f t e r  a t r a i n i n g  s e s s i o n .  L e v e l s  o f  
DOPAC a n d  HVA i n  t h e  v e n t r a l  s t r i a t a  w e r e  h i g h e r  i n  
a n i m a l s  k i l l e d  d u r i n g  t h e  t a s k  t h a n  i n  t h o s e  k i l l e d  
2 h r s  l a t e r .

I n  t h e  s e c o n d  e x p e r i m e n t ,  t h e  p a w  u s e d  w a s  n o t  d e t e r 
m i n e d  b y  t h e  e x p e r i m e n t a l  s i t u a t i o n  ( p r e f e r r e d  h a n d e d 
n e s s ) .  A l l  a n i m a l s  s h o w e d  c l e a r  p a w  p r e f e r e n c e ;  i . e . ,  
t h e y  m a d e  8 0 - 9 5 %  o f  a l l  b a r  p r e s s e s  w i t h  t h e  s a m e  p a w .  
N e u r o c h e m i c a l  a n a l y s i s  y i e l d e d  t h e  s a m e  r e s u l t s  a s  w i t h  
f o r c e d  h a n d e d n e s s ;  i . e . ,  n o  a s y m m e t r i c a l  l e v e l s  o f  DA, 
DOPAC o r  HVA.

T h e  p r e s e n t  r e s u l t s  p r o v i d e  e v i d e n c e ,  f o r  o n e ,  t h a t  
f o r c e d  h a n d e d n e s s  a n d  p a w  p r e f e r e n c e  a r e  n o t  n e c e s s a r i l y  
a c c o m p a n i e d  b y  a s y m m e t r i c a l  c h a n g e s  i n  s t r i a t a l  DA m e t a 
b o l i s m ,  a n d  s e c o n d l y ,  t h a t  p a w  p r e f e r e n c e  ( a s  m e a s u r e d  
i n  t h i s  t a s k )  i s  n o t  c o r r e l a t e d  w i t h  e n d o g e n o u s  
DA a s y m m e t r y .

S u p p o r t e d  b y  g r a n t  Hu 3 0 6 / 4 - 1  f r o m  t h e  DFG.

309.19 DEPOLARIZATION-INDUCED STRIATAL DOPAMINE RELEASE IN RATS SENSITIZED 
TO AMPHETAMINE. E. Cas taneda,  J .B .  Becker, and T.E. Robinson. 
Department of  Psychology and Neuroscience Laboratory B uil d in g , 
The U n iv e r s i ty  of  Michigan, Ann Arbor, MI 48104-1687.

The rep ea ted  i n t e r m i t t e n t  a d m in i s t r a t i o n  of amphetamine (AMP) 
produces  an enduring  h y p e r s e n s i t i v i t y  ( " s e n s i t i z a t i o n " )  t o  i t s  
motor s t im u la n t  e f f e c t s  and an enduring enhancement in AMP- 
s t im u la t e d  endogenous dopamine (DA) r e l e a s e  from s t r i a t a l  t i s s u e  in 
v i t r o . T he re fo re ,  i t  has been hypo th esized  t h a t  in c reased  s t r i a t a l  
DA r e l e a s e  may be p a r t l y  r e s p o n s ib le  f o r  s e n s i t i z a t i o n  t o  AMP. 
Following s e n s i t i z a t i o n  t o  AMP animals a l s o  e x h i b i t  an enhanced r e 
sponse t o  env ironmenta l s t im u l i  ( e . g .  s t r e s s o r s ) ,  and i f  an en
hancement in DA r e l e a s e  media tes  t h i s  phenomenon one would a l so  
ex p ec t  d e p o la r iz a t io n - in d u c e d  r e l e a s e  of  DA to  be enhanced. 
However, i t  i s  no t known i f  th e  ca lc ium -dependent DA r e l e a s e  p ro 
duced by s y n ap t ic  d e p o l a r i z a t i o n  i s  enhanced in r a t s  s e n s i t i z e d  t o  
AMP. (AMP-stimulated r e l e a s e  of  DA i s  not ca lc iu m -d ep en d en t . )  To 
ad d ress  t h i s  q u e s t io n  we have s tu d ie d  t h e  e f f e c t s  of p r i o r  AMP 
t re a tm e n t  on endogenous s t r i a t a l  DA r e l e a s e  in v i t r o  induced by 
e i t h e r  high po tass ium (K+) o r  e l e c t r i c a l  s t im u la t i o n .

In th e  f i r s t  experimen t ovar iec to m iz ed  ( OVX) female r a t s  r e c e i v 
ed e i t h e r  one weekly i n j e c t i o n  of  3 mg/kg d-AMP ( i . p . )  f o r  5 weeks, 
o r  s a l i n e  i n j e c t i o n s  (1 ml/kg , i . p . ) .  One week a f t e r  th e  l a s t  i n 
j e c t i o n  t h e  r a t s  were d e c a p i t a t e d ,  and s t r i a t a l  t i s s u e  pla ced  in to  
s u p e r fu s io n  chambers. E f f lu e n t  samples were c o l l e c t e d  a t  5 min in 
t e r v a l s  and DA r e l e a s e  s t im u la t e d  by th e  a d d i t io n  of  25, 35, o r  45 
mM K+ to  th e  in fu s io n  medium f o r  5 min. The e f f l u e n t  samples were 
l a t e r  assayed  f o r  DA with  HPLC-EC. The a d d i t i o n  o f  K+ to  t h e  medium 
s t im u la t e d  endogenous DA r e l e a s e  in a l l  c a s e s .  However, when DA r e 
le a s e  was s t im u la t e d  with  45 mM K+ s t r i a t a l  t i s s u e  from s e n s i t i z e d  
r a t s  showed a s i g n i f i c a n t l y  g r e a t e r  enhancement in DA r e l e a s e  than 
t i s s u e  from c o n t r o l  an im als .  In c o n t r a s t ,  lower c o n c e n t r a t io n s  of 
K+ s t im u la t e d  th e  same amount o f  DA r e l e a s e  from both g roups .

A second experiment concerns  th e  long-term e f f e c t s  of  AMP on 
s t r i a t a l  DA r e l e a s e  induced by e l e c t r i c a l  s t im u la t i o n ,  and i s  c u r 
r e n t l y  in p r o g r e s s .  OVX r a t s  w i l l  r e c e iv e  e i t h e r :  (1) a s i n g l e  d a i 
ly  i n j e c t i o n  of  3 mg/kg of  AMP f o r  6 days; (2) a s e r i e s  o f  s a l i n e  
i n j e c t i o n s ;  o r  (3) no t r e a tm e n t  ( i . e .  non-handled c o n t r o l s ) .  Non- 
hand led c o n t ro l  r a t s  a r e  inc luded because we have found t h a t  th e  
s t r e s s  o f  s a l i n e  i n j e c t i o n s  and a s s o c i a t e d  handl ing  can a l s o  en
hance AMP-stimulated s t r i a t a l  DA r e l e a s e .  DA r e l e a s e  from s t r i a t a l  
t i s s u e  fragmen ts  ob ta ined  from th e s e  r a t s  w i l l  be s tu d ie d  in a su 
p e r f u s io n  system s i m i l a r  t o  t h a t  d e s c r ib ed  above, excep t DA r e l e a s e  
w i l l  be induced by b ip h a s i c  r e c t a n g u la r  p u lse s  (20 mA, 2 msec d u ra 
t i o n ) .  The frequency o f  t h e  s tim u lu s  w i l l  be v a r i e d  from ap p ro x i
mate ly  10-40 Hz. P i l o t  s t u d i e s  have e s t a b l i s h e d  t h a t  DA r e l e a s e  in 
t h i s  s i t u a t i o n  i s  ca lc ium and te m p era tu re -d ep en d e n t .  The r e s u l t s  
w i l l  be p re sen ted  a t  t h e  meet ing .

309.20 EFFECTS OF DOAPAMINE INJECTIONS IN GENETICALLY INBRED HYPERACTIVE 
RATS. R. E. Musty, L.H. C o n ti* ,  S. V alent*  Neuropsychology 
L ab o ra to ry , D epartm ent o f Psychology, U n iv e rs ity  o f Vermont, 
B u rlin g to n , VT 05405-0132.

The Vermont H yperactive  Rat (HA) i s  h y p e ra c tiv e  but norm oten
s iv e .  and i s  inb red  from th e  Spon taneously  H ypertensive  Rat (SHR) 
and th e  p a ren t s t r a i n ,  th e  W istar-K yoto  r a t  (WKY) [H end ley , E .D ., 
e t  ala. H y pertension , 5:211, 1983] The HA r a t  i s  h y p e ra c tiv e , 
a g g re s s iv e , and has le a rn in g  im pairm ents (Musty, R. E . , N eu ro sc i. 
A b s t r . , 11, 558, 1985). The dopamine system  o f th e  nuc leus  accumbens 
p la y s  a m ajor r o le  in  th e  c o n tro l o f  spontaneous locom otor 
a c t i v i t y  (Cools, A., e t  a l .. N eu rosci.  L e t te r s , 3:335, 1976); 
a d m in is tr a t io n  o f  dopamine in  th e  n u c leu s  accumbens le a d s  to  
in c re a se d  a c t iv i t y  in  randombred r a t s .  The p re se n t s tu d y  was 
designed  to  determ ine  how dopamine a d m in is tr a t io n  in  th e  nuc leus  
accumbens o f  HA r a t s  would a f f e c t  spon taneous locom otor a c t i v i t y  
o f  HA r a t s .

E leven fem ale HA r a t s  o f  th e  F(7) g e n e ra tio n  and 5 fem ale 
randombred W istar r a t s  (C h arles  R iver) were b i l a t e r a l l y  im planted 
w ith  24 gauge s t a i n l e s s  s t e e l  cannu lae  in  n u c leu s  accubens. Each 
anim al was t e s te d  in  an autom ated a c t i v i t y  cage (67 cm square) 
equipped w ith  in f r a re d  l ig h t  s e n so rs  on th e  x and y a x is  o f  th e  
f lo o r  such th a t  each each broken l ig h t  beam c o n s t i tu te d  one u n it 
o f  a c t i v i t y .  Each anim al was te s te d  im m ediately a f t e r  b i l a t e r a l  
in j e c t io n  o f  dopamine (HCl , 1 ug -10ug /u l) o r  th e  v e h ic le  (b u ffe red  
r in g e r s ) .  H alf o f  th e  r a t s  were in je c te d  w ith dopamine on day 1 
and v e h ic le  72 h r s . l a t e r  and v ic e -v e r s a . Cannulae placem ent was 
h i s to l o g ic a l ly  v e r i f i e d .

Change in  a c t i v i t y  was ex p ressed  a s  log  (100 x a c t i v i t y  u n i ts  
a f t e r  d o p a m in e /a c tiv ity  u n i t s  a f t e r  v e h ic le )  and p lo t te d  as  a 
fu n c t io n  o f  log ( a c t i v i t y  u n i t s  a f t e r  v e h ic le ) .  These p lo t s  show 
th e  e f f e c t  o f th e  dopamine on a c t i v i t y  a s  a fu n c t io n  o f a c t i v i t y  
a f t e r  c o n tro l  tre a tm e n t. A ll HA r a t s  showed d e c re a se s  in  locom otor 
a c t i v i t y  w h ile  W ista r r a t s  showed in c re a s e s  o r  no change in  
a c t i v i t y  in  resp o n se  to  in tra-accum bens dopamine. The e f f e c t  o f 
dopamine in  HA r a t s  was s ig n i f i c a n t ly  r a t e  dependent, th a t  i s  
h ig h ly  a c t iv e  HA r a t s  showed th e  g r e a te s t  d ec re a se  in  a c t i v i t y  
w h ile  l e s s  a c t iv e  HA r a t s  showed s m a lle s t  d e c re a se s  in  a c t i v i t y .  
These d a ta  s tro n g ly  suggest th a t  th e  h y p e ra c t iv i ty  o f HA r a t s  i s  
m ediated by a dopamine system  in  th e  nuc leus  accumbens which 
fu n c t io n s  d i f f e r e n t ly  th a t  th a t  o f  th e  norm oactive, randombred r a t  
and i s  s im i la r  to  r e s u l t s  o b ta in ed  in  h y p e ra c tiv e  c h i ld re n  who a re  
a d m in is te re d  L-Dopa s y s te m ic a l ly .
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3 10 .1 ACCUMBENS INFUSION OF AMPHETAMINE INCREASES AND PICROTOXIN 
DECREASES REWARD FROM HYPOTHALAMIC STIMULATION. D. Spencer* and 
J .R . S t e l l a r , Departm ent o f Psychology, H arvard U n iv e rs ity , 
Cambridge, MA 02138.

Dopamine b lockade of th e  n u c leu s  accumbens (NAC) d ec re a se s  
l a t e r a l  hypothalam ic (LH) s e l f - s t im u la t io n  (SS) rew ard , as 
in d ic a te d  by th e  rew ard summation fu n c t io n  (RSF) m ethod, which 
d is c r im in a te s  between rew ard and m otor/perfo rm ance e f f e c t s  
( S t e l l a r  e t  a l .  N eu ro sc i.A b s t. 11:1985). Amphetamine in fu s io n s  
in to  NAC have been shown to  in c re a s e  th e  le v e r -p re s s in g  r a t e s  of 
SS beh av io r (S tephens and H erberg. Psychopharm. 54 :81 -85 , 1977), 
b u t t h i s  in c re a s e  could  be independent o f rew ard and sim ply due to  
th e  d ru g 's  dem onstrated  a b i l i t y  to  e le v a te  g en e ra l b e h a v io ra l 
a c t i v i t y  (Anden. Ad v . B io . Pharm. 16:385-390, 1977). The c u r re n t 
s tudy  u ses  th e  RSF method to  examine th e  rew ard e f f e c t s  o f d - 
amphetamine in fu sed  in to  th e  NAC. In a d d i t io n ,  th e  LH SS e f f e c t s  
of NAC p ic ro to x in ,  a  b e h a v io ra l a c t iv a to r  (Jones e t  a l .  Neuropharm. 
20 :29 -37 , 1980) were examined w ith  th e  RSF paradigm . F in a l ly ,  
b e h a v io ra l a c t i v i t y  was m onitored  fo llo w in g  in fu s io n s  o f bo th  drugs 
in to  the  NAC.

In  LH SS t e s t i n g ,  a s ta b le  RSF b a s e l in e  was f i r s t  e s ta b l is h e d .  
J u s t  p r io r  to  b e h a v io ra l t e s t i n g ,  amphetamine doses o f 0 , 5 , 10, 
20 u g /u l and p ic ro to x in  doses o f 0 , .0 5 , .1 , .2  u g /u l were in fu sed  
b i l a t e r a l l y  in to  th e  NAC o f f r e e ly  moving anim als th rough chron
i c a l l y  im plan ted  cannu la . In  two s e p a ra te  groups o f r a t s ,  behav
io r a l  a c t i v i t y  was m easured u s in g  a  S to e l t in g  Co. m o n ito r. A ll 
in fu s io n  p rocedu res were th e  same as fo r  RSF t e s t i n g .

NAC in fu s io n  o f amphetamine in c re a se d  LH rew ard , b u t NAC 
p ic ro to x in  dec reased  LH rew ard . For exam ple, under amphetamine 
th e  s tim u la t io n  frequency  re q u ire d  to  s u s ta in  h a l f  o f th e  maximal 
respond ing  o f th e  RSF curve d ec reased  an average  o f 0 .21 ± 0.09 
log  u n i t s  a t  th e  h ig h e s t dose; w hereas, under p ic ro to x in  th e  a v e r
age re q u ire d  frequency  in c re a se d  0.16  ± 0.13  log  u n i t s  a t  th e  
h ig h e s t dose. O perant m otor/perfo rm ance c a p a c ity  in c re a se d  under 
am phetam ine, and under p ic ro to x in  i t  showed v a r ia b le  e f f e c t s .  NAC 
in fu s io n s  o f amphetamine produced a dose-dependen t in c re a s e  in  
g e n e ra l b e h a v io ra l a c t i v i t y ,  and p ic ro to x in  d id  so l e s s  r e l i a b l y .

Most im p o r ta n t ly , t h i s  s tudy  d em onstra tes  w ith  p sychophysica l 
b e h a v io ra l m easures th a t  NAC amphetamine in c re a s e s  LH SS rew ard . 
In  a d d i t io n ,  th e  o p p o s ite  a c t io n s  o f th e se  ag e n ts  on LH SS rew ard , 
w ith  common e f f e c t s  on a c t iv a t io n ,  su g g es ts  th a t  NAC dopamine and 
GABA have d i f f e r e n t  ways of producing  b e h a v io ra l a c t iv a t io n .

310.2  NE UROL E P T I C - I NDUC E D CATAL EP S Y:  D - l  RECEP TOR BLOCKADE 
P H E N O M E N O N ?  W.  R.  Kl e m m  a n d  H e l m u t h  Bl o c k *  B r a i n  Re s .  
La b . ,  D e p t .  V e t e r i n a r y  A n a t o m  y,  T e x a s  A&M U n i v e r s i t y ,  C o l 
l e g e  S t a t i o n ,  TX 7 7 8 4 3 .

H a l o p e r i d o l  and  r e l a t e d  n e u r o l e p t i c s  c a u s e  c a t a l e p s y ,  a 
s t a t e  o f  i m m o b i l i t y  in wh i c h  a n i m a l s  m a i n t a i n  a w k w a r d  p o s 
t u r e s .  T h i s  a c t i o n  i s  g e n e r a l l y  a t t r i b u t e d  t o  a c t i o n  o f  
t h e  D - 2  t y p e  o f  d o p a m i n e  r e c e p t o r ,  b e c a u s e  t h e s e  d r u g s  ha ve  
a p r e f e r e n t i a l ,  t h o u g h  n o t  e x c l u s i v e ,  b i n d i n g  wh i c h  b l o c k s  
t h e  D - 2  r e c e p t o r .  R e c e n t l y ,  t h i s  c o n c e p t  w a s  s t r o n g l y  
s u p p o r t e d  b y  d e m o n s t r a t i o n  t h a t  m o l i n d o n e ,  a r e l a t i v e l y  
s p e c i f i c  D - 2  r e c e p t o r  b l o c k e r ,  c o u l d  c a u s e  c a t a l e p s y  in 
m i c e  ( P h a r m a c o l .  B i o c h e m .  Be h a v . , 1 9 8 5 ,  2 3 : 9 1 1 - 9 1 5 ) .

H e r e ,  we  e v a l u a t e d  t h e  D - l  r e c e p t o r ,  a nd  i n t e r a c t i o n s  
w i t h  t h e  D - 2  r e c e p t o r ,  w i t h  s e l e c t i v e  D- 1  d r u g s ,  an a n t a g o 
n i s t ,  S CH 2 3 3 9 0 ,  a nd  an a g o n i s t ,  SKF 3 8 3 9 3 .  C a t a l e p s y  wa s  
m e a s u r e d  as  t h e  t i m e  t h a t  m i c e  r e m a i n e d  i m m o b i l e  in a w k w a r d  
p o s t u r e s  i m p o s e d  by p l a c i n g  t h e m  h e a d  d o wn  on a w i r e  g r i d  
t h a t  wa s  i n c l i n e d  a t  4 5 ° .

The  D- 1  b l o c k e r  c a u s e d  d i s t i n c t  c a t a l e p s y  a t  1 a n d  10  
m g / k g ,  i . p . ,  b u t  n o t  a t  l o w e r  d o s e s .  T h u s ,  c a t a l e p s y  c a n  
be  c a u s e d  by  b l o c k a d e  o f  e i t h e r  D - 1  o r  D - 2  r e c e p t o r s ,  
s u g g e s t i n g  t h a t  j o i n t  b l o c k a d e  wo u l d  be a d d i t i v e .  Th i s  wa s  
c o n f i r m e d  in t h a t  c a t a l e p s y  w a s  g r e a t e s t  a f t e r  c o m b i n e d  
i n j e c t i o n  o f  t h e  D - 1  b l o c k e r  (1 m g / k g )  w i t h  t h e  D - 2  b l o c 
k e r ,  m o l i n d o n e  ( 1 0  m g / k g ) .

The  r o l e  o f  t h e s e  r e c e p t o r s  in c a t a l e p s y  ma y  n o t  be as  
s t r a i g h t f o r w a r d  as  t h e s e  d a t a  s u g g e s t .  P a r a d o x i c a l  e f f e c t s  
h a v e  b e e n  r e p o r t e d  ( P s y c h o p h a r m . , 1 9 8 5 ,  8 7 : 1  2 - 1  5 ) ;  i n j e c 
t i o n  o f  h a l o p e r i d o l  -  t r e a t e d  m i c e  w i t h  t h e  m i x e d  a g o n i s t ,  
a p o m o r p h i n e  ( 4 or  8 m g / k g )  c a u s e d  a m a r k e d  p o t e n t i a t i o n  
o v e r  t h a t  c a u s e d  b y  h a l o p e r i d o l a l o n e .  T h i s  e f f e c t  w a s  
t e s t e d  in t h e  p r e s e n t  s t u d y  w i t h  t h e  s e l e c t i v e  D- 1  a n d  D - 2  
a n t a g o n i s t s .  A p o m o r p h i n e  ( 4 m g / k g )  p o t e n t i a t e d  t h e  c a t a 
l e p s y  c a u s e d  by t h e  D- 1  b l o c k e r ,  b u t  ha d  l i t t l e  e f f e c t  w i t h  
t h e  D - 2  b l o c k e r .  The  s e l e c t i v e  D - 1  a g o n i s t  a c t u a l l y  s e e m e d  
t o  i n t e r f e r e  w i t h  t h e  c a t a l e p s y  i n d u c e d  by D - 2  b l o c k e r .

We c o n c l u d e  t h a t  c a t a l e p s y  i s n o t  a s i m p l e  D - 2  b l o c k a d e  
p h e n o m e n o n  a nd t h a t  s e l e c t i v e  b l o c k a d e  o f  e i t h e r  r e c e p t o r  
t y p e  c a n  c a u s e  c a t a l e p s y .  C a t a l e p s y  i s m o s t  p r o f o u n d  whe n  
b o t h  r e c e p t o r  t y p e s  a r e  b l o c k e d .  C a t a l e p s y  i s a u g m e n t e d  
w h e n  t h e  m i x e d  a g o n i s t ,  a p o m o r p h i n e ,  i s  g i v e n  t o  a D - 1  
b l o c k e d  a n i m a l ;  b u t  t h e  s e l e c t i v e  D- 1  a g o n i s t ,  3 8 3 9 3 ,  d o e s  
n o t  a u g m e n t  c a t a l e p s y  in t h e  D - 2  b l o c k e d  p r e p a r a t i o n .

310.3 ABNORMAL GAIT SEQUENCE IN THE LOCOMOTION RELEASED BY ATROPINE IN 
CA-DEFICIENT AKINETIC RATS. S. M. P e l l i s * , V. C. Pel l i s* and 
P. Tei te lbaum . D epartm ent o f  Psycho logy , U n iv e rs ity  o f F lo r id a ,  
G a in e s v i l le ,  FL 32611.

E x c ess iv e , abnorm al locom otion  can be re le a s e d  w ith  a h igh  dose 
(25-50 mg/Kg) o f a t ro p in e  s u l f a t e  in  r a t s  made o th e rw ise  a k in e t ic  
by ca techo lam ine  d e f ic ie n c y ,  produced by in t r a v e n t r i c u la r  
a d m in is tr a t io n  o f  6-OHDA. A tro p in e , how ever, does n o t induce an 
abnorm al form o f  locom otion  in  i n t a c t  r a t s ,  b u t on ly  in  anim al 
models o f  P ark in son ism . U sing Eshkol-Wachman Movement N o ta tio n  
(EWMN) we found th a t  th i s  abnorm al locom otion  in v o lv es  an abnorm al 
g a i t  sequence (RH, LH, LH, RF in s te a d  o f th e  normal g a i t  sequence 
RH, RF, LH, L F ). In  such an im a ls , a t ro p in e  p ro g re s s iv e ly  (a) 
d ec re a se s  h in d le g  s te p  s i z e ,  (b) d ec re a se s  a rch in g  o f  th e  tru n k , 
and (c) in c re a s e s  fo re le g  s te p  s iz e .  These i ndependent f a c to r s  
combine to  change th e  r a t i o  o f f ro n t /h in d  body su p p o rt. I f  th e  
body becomes too  s tr e tc h e d  o u t , and th e  h in d le g  s te p  becomes too  
sm a ll, th e n  a g iven  h in d le g  s te p  does n o t su p p o rt s u f f i c i e n t  
w eigh t beh ind  i t  to  unw eight th e  fo re le g  on th e  same s id e ,  so th e  
o p p o s ite  f o re le g  must s te p  n e x t ,  p roducing  th e  abnorm al g a i t  
sequence . Thus a t ro p in e  a f f e c t s  g a i t  sequence i n d i r e c t ly .  I t  a c ts  
on a t  l e a s t  th re e  v a r ia b le s  th a t  a f f e c t  how th e  body w eigh t i s  
d i s t r i b u te d  and s h i f te d  d u rin g  locom otion . To m a in ta in  s t a b i l i t y  
du rin g  such locom otion  th e  g a i t  sequence i s  a p p ro p r ia te ly  a l t e r e d .

310.4 DOPAMINE AND HUMAN COGNITIONS rCBF STUDIES IN PARKINSON'S 
DISEASE. D.R. W einberger*, K.F. Berman and T.N. Chase (SPON: A.P. 
O liver). In tram ural Research Program , NIMH, NINCDS, Bethesda, Maryland 
20892.

D opaminergic projections from midbrain to  p refron ta l co rtex  have been 
im plicated in the monkey in ce rta in  cognitive functions m ediated by 
p refron ta l co rtex , e.g. delayed response tasks (Brozowski e t  al. 1979). While 
the  role o f these projections in human cognitive functon is less clear, 
diminished m esoprefrontocortical dopam inergic ac tiv ity  is found in 
Parkinson's Disease, as are  cognitive deficits  suggestive of prefron ta l 
co rtica l dysfunction, e .g ., d ifficu lty  with problem solving (Scatton e t  al. 
1982). The purpose of the presen t study was to  investigate  p refron ta l 
physiology (i.e., rCBF) and cognitive function simultaneously in patien ts  
with Parkinson's D isease before and a f te r  dopam im etic trea tm en t.

Ten m edication free  patien ts  (mean age ± S.D.; 63.9 ± 2.8) with 
idiopathic Parkinson's Disease (stage I=3, II=4, III=2, IV=1) who had never 
received  dopam im etic agents and eleven sim ilarly aged norm al volunteers 
underw ent in counterbalanced sequence tw o Xenon-133 inhalation rCBF 
procedures: once during perform ance of an  autom ated  Wisconsin Card Sort 
Task (WCS), a  te s t  o f p refron ta l co rtex  (PFC) cognitive function th a t in 
norm als selectively  increases PFC rCBF (W einberger e t al. 1986), and once 
during a  simple number m atching te s t  (NM) which served as a baseline. 
These procedures were repea ted  in the p a tien ts  a f te r  th ree  months of 
optimum doses of L-dopa/carbidopa.

Compared with norm als, pa tien ts  had a slight (~15%) but nonsignificant 
reduction in mean brain blood flow during both conditions; L-dopa tre a tm en t 
did not significantly  increase rCBF. It did, however, a ffe c t the  p a tte rn  of 
rCBF during the  cognitive te s ts . Prior to  tre a tm en t, pa tien ts  tended to  
show generalized co rtica l ac tiva tion  during the WCS, which becam e more 
selectively  p refron ta l (i.e ., more like normal) a f te r  trea tm en t. 
Furtherm ore, the  degree of PFC ac tiva tion  during the  WCS (i.e., PFC rCBF 
during WCS divided by rCBF during NM) corre la ted  with perform ance on the 
WCS (r=-.73, p<.01), and also with stage  of illness (r=-.80, p c <.01), degree of 
rig id ity  (r=-.66, p=.05), and bradykinesia (r=-.65, p c <.06), but not with trem or, 
age, or duration of illness.

These d a ta  strongly suggest th a t dysfunction of p refron ta l cortex  
underlies some o f the cognitive sym ptom atology of Parkinson's D isease and 
th a t reduced dopam ine a ffe ren ta tio n  may be the  pathophysiological 
mechanism . This supports the notion th a t m esoprefrontocortical 
dopam inergic projections a re  involved in PFC physiological ac tivation  and 
cognitive behavior.
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310.5 HYPOTHALAMIC KNIFE-CUTS AND BIOGENIC AMINES: THEIR ROLE IN PRE
COCIOUS TESTES DEVELOPMENT. B. A. Davison and W. J . K u e n z e l . Dept. 
o f  P o u l t r y  S c i . ,  Univ. o f  Maryland, Col l ege Park,  MD 20742.

Two experiments  were performed in which p a r a s a g i t t a l  k n i f e - c u t s  
i s o l a t i n g  th e  hypothalamus from l a t e r a l  con n ec t io n s  were made in 
two-week-old b r o i l e r  c h i c k s .  In both  ex p e rim en ts ,  by f i v e  weeks of  
age o p e ra ted  ch ick s  had s i g n i f i c a n t l y  reduced  body weights  and 
e l e v a te d  t e s t e s  weights  compared to  sham-opera ted c o n t r o l s .  Chicks 
were sampled a t  f i v e  weeks o f  age as i t  had p r e v io u s ly  been d e t e r 
mined t h a t  plasma l u t e i n i n g  hormone peaks th r e e  weeks fo llowing  
l a t e r a l  hypo thalamic d e a f f e r e n t a t i o n  (Kuenzel , W. J .  and P. J .  
Sharp, B r . Poul t r y  S c i . , 26 :199, 1985) . Bra ins  were removed, and th e  
hypothal ami d i s s e c t e d  in to  t h r e e  r e g i o n s :  a n t e r i o r  hypothalamus,  
p o s t e r i o r  hypothalamus,  and median eminence. The t i s s u e s  were then 
homogenized in .05 N h y d ro ch lo r ic  a c id ,  and assayed f o r  b iogen ic  
amine c o n te n t  us ing r e v e r s e  phase high performance l i q u i d  chroma
tography w ith  e l ec t ro c h em ica l  d e t e c t i o n .

The f i r s t  experimen t was des igned to  de termine  i f  s t a t i c  hypo
th a lam ic  l e v e l s  o f  th e  b io gen ic  amines were a l t e r e d  in ch ick s  
showing p recoc ious  puber ty  as a r e s u l t  o f  s u rg e ry .  "Responders" 
were chosen from th e  o p era ted  ch ick s  on th e  b a s i s  o f  comb appearance ,  
and were compared to  sham-ope ra ted c o n t r o l s .  Responders had 
s i g n i f i c a n t l y  ( P<.05) reduced no rep in ep h r in e  (NE) and e p in ep h r in e  
(E) l e v e l s  in a n t e r i o r  hypothalamus,  and s i g n i f i c a n t l y  ( P < .05)  
e l e v a te d  NE and dopamine (DA) in median eminence. Sero to n in  was 
s i g n i f i c a n t l y  (P< . 001) in c reased  in a l l  hypotha lamic r eg io n s  o f  
r e sp o n d e rs .

The second s tu dy  was conducted to  de termine  the  s u r g e r y ' s  e f f e c t  
on b io gen ic  amine t u r n o v e r .  P a rg y l in e  (100 mg/kg),  was i n j e c t e d  
i n to  h a l f  o f  the  o p era ted  and sham-ope ra ted c h i c k s ,  and s a l i n e  in to  
th e  rem ainder  o f  th e  c h i c k s .  The d i f f e r e n c e  between th e  b io gen ic  
amine lev e l  in th e  s a l i n e - t r e a t e d  and in th e  p a r g y l i n e - t r e a t e d  
ch ick s  was used as a measure o f  t u r n o v e r .  No s i g n i f i c a n t  d i f f e r e n c e s  
(P>.05) in tu rn o v e r  were found between o p era ted  and sham-opera ted  
c h i c k s ,  p robably  due to  th e  high v a r i a b i l i t y  in t h i s  s tu d y .  However, 
w i th in  p o s t e r i o r  hypothalamus NE tu rn o v e r  was found to  be p o s i t i v e l y  
c o r r e l a t e d  with t e s t e s  weight in o p era ted  ch ick s  (P<.002) , and to  be 
n e g a t iv e l y  c o r r e l a t e d  with  t e s t e s  weight in sham-opera ted ch icks  
(P<.0 2 ) .

310.6 LEVELS OF MONOAMINES AND METABOLITES IN THE NUCLEUS ACCUMBENS AND 
FRONTAL CORTEX OF SELECTIVELY BRED ALCOHOL PREFERRING AND NONPRE
FERRING LINES OF RATS. W .J . M c B rid e , J .M . M u rph y, L . Lumeng * and  
T .-K . L i * . D e p ts .  P s y c h . ,  Med. a n d  B io c h e m ., I n s t .  P s y c h i a t r i c  
R e s . a n d  R e g e n s t r i e f  I n s t i t u t e ,  I n d i a n a  U n iv . S c h . Med. a n d  VA Med. 
C t r . ,  I n d i a n a p o l i s ,  IN 46223

The o b j e c t i v e s  o f  t h i s  s tu d y  w ere  t o  d e te r m in e  t h e  l e v e l s  o f  
s e r o t o n i n  (5 -H T ) , d op am ine  (D A ), n o r e p in e p h r in e  (NE) a n d  t h e  m e ta 
b o l i t e s  o f  5-HT a n d  DA in  t h e  n u c le u s  accum ben s (ACC) a n d  f r o n t a l  
c o r t e x  (FCT X ), w h ich  a r e  r e g i o n s  r e p o r t e d l y  i n v o lv e d  in  t h e  b r a i n  
r e w a rd  s y s te m , o f  tw o l i n e s  o f  r a t s  s e l e c t i v e l y  b r e d  f o r  t h e i r  p r e 
f e r e n c e  o r  a v e r s i o n  t o  d r i n k i n g  e t h a n o l .  The a l c o h o l  p r e f e r r i n g  
(P  l i n e )  r a t s  w i l l  d r i n k ,  i n  a  f r e e  c h o ic e  s i t u a t i o n  w i th  w a t e r ,  
1 0 % e t h a n o l  a n d  fo o d  f r e e l y  a v a i l a b l e ,  g r e a t e r  th a n  5g e th a n o l /k g  
b od y  w t/d a y  w h i le  t h e  n o n p r e f e r r i n g  (NP l i n e )  g ro u p  w i l l  d r i n k  
l e s s  t h a n  1 .5 g  e th a n o l / k g / d .  A d u lt  m ale  r a t s  u s e d  f o r  t h i s  s tu d y  
w ere  a l c o h o l  f r e e  f o r  a t  l e a s t  o ne  m onth  b e f o r e  b e in g  k i l l e d  by  
t h e  n e a r - f r e e z i n g  t e c h n i q u e .  The tw o  r e g i o n s  w ere  d i s s e c t e d  a t  
-2 0 °C  i n  a  c o ld  b ox  a n d  s t o r e d  a t  - 70°C u n t i l  a s s a y e d  by  HPLC w i th  
EC d e t e c t i o n  f o r  5-H T , DA, NE, 3 ,4 - d ih y d r o x y p h e n y l a c e t i c  a c i d  
(DOPAC), h o m o v a n i l l i c  a c i d  (HVA) a n d  5 -h y d ro x y in d o l e a c e t i c  a c i d  
(5 -H IA A ).

The c o n t e n t  o f  5-HT w as a p p r o x im a te ly  2 0 % lo w e r  ( P < 0 . 0 0 1 ) i n  
t h e  ACC ( 7 .9 4  ± 0 .1 5  v s . 9 . 95 ± 0 .3 8  nmol /g  w et w t ;  N = 8 ,1 0 ) a n d  
FCTX ( 5 .0 2  ± 0 .1 9  v s .  6 .0 6  ± 0 .1 0  n m o l/g  w et w t ) o f  t h e  P l i n e  
r e l a t i v e  t o  t h e  N P - l i n e .  T h e re  was a l s o  a  s l i g h t l y  lo w e r  l e v e l  
( 1 2 %) o f  5-HIAA in  t h e  FCTX o f  t h e  P r e l a t i v e  t o  t h e  NP r a t s  
( 2 . 2 4 ± 0 .0 7  v s . 2 .5 4  ± 0 .0 9  n m o l/g  w et w t;  P < 0 . 0 5 ) .  The c o n 
t e n t s  o f  DA, DOPAC a n d  HVA w ere  a p p r o x im a te ly  2 5 % lo w e r  (P  < 0 .0 0 1 ) 
i n  t h e  ACC o f  t h e  P r a t s  th a n  in  t h e  NP l i n e  ( 5 1 ± 2 v s . 67  ± 2 
f o r  DA, 4 .7  ± 0 .2  v s . 6 .2  ± 0 .2  f o r  DOPAC, 1 .5  ± 0 .1  v s . 2 .2  ± 
0 .1  n m o l/g  w et w t f o r  HVA, N = 9 ,1 0 ) w h e re a s  no d i f f e r e n c e s  w ere  o b 
s e r v e d  in  t h e  l e v e l s  o f  t h e s e  com pounds i n  t h e  FCTX. The c o n te n t  
o f  NE i n  t h e  ACC a n d  FCTX w as n o t  d i f f e r e n t  b e tw e e n  t h e  tw o  l i n e s .

The lo w e r  c o n t e n t  o f  5-HT in  t h e  ACC a n d  FCTX o f  t h e  P r a t s  
may i n d i c a t e  a  s m a l l e r  num ber o f  t e r m i n a l s  a n d /o r  lo w e r  m e ta b o l is m  
o f  t h e  s e r o t o n e r g i c  n e u ro n s  i n  t h e  d o r s a l  r a p h e  n u c le u s  w h ich  p r o 
j e c t  t o  t h e s e  r e g i o n s .  L ik e w is e ,  t h e  lo w e r  c o n t e n t s  o f  DA, DOPAC 
a n d  HVA i n  t h e  ACC o f  t h e  P g ro u p  may i n d i c a t e  a  s m a l l e r  num ber o f  
t e r m i n a l s  a n d /o r  lo w e r  m e ta b o l is m  o f  t h e  d o p a m in e rg ic  n e u ro n s  i n  
t h e  v e n t r a l  t e g m e n ta l  a r e a  w h ich  p r o j e c t  t o  t h e  ACC. T h ese  d i f 
f e r e n c e s  i n  5-HT a n d  DA c o u ld  i n d i c a t e  an  im b a la n c e  in  t h e  b r a i n  
r e w a rd  s y s te m  o f  t h e  P l i n e  o f  r a t s  w h ich  m ig h t b e  r e l a t e d  t o  i t s  
e x c e s s i v e  a l c o h o l  d r i n k i n g  b e h a v i o r .  ( S u p p o r t e d  i n  p a r t  b y  AA 
0 3 2 4 3 ) .

310.7 PARADOXICAL EFFECTS OF DEXTROAMPHETAMINE ON INTRASPINAL 
TRANSMISSION TO SYMPATHETIC PREGANGLIONIC NEURONS. 
C h a ic h a n  S a n gd e e * , S c o tt C . S te f f e n s e n * , an d  D onald  N . F ranz  
(SPON: P .R . B u rg e s s ) . D ep artm en t o f  P h a rm a co lo g y , U n iv e rs ity  
o f  U tah  S ch o o l o f  M e d ic in e , S a lt  L ake C i ty ,  U tah  84132.

The p a ra d o x ic a l e f f e c ts  o f  d -a m p h e ta m in e  in  A tte n tio n  D e f ic i t  
D is o rd e r  a re  w e ll-k n o w n  b u t a re  p o o rly  u n d e rs to o d . The p re s e n t  
s tu d y  on  s y m p a th e tic  p re g a n g lio n ic  n e u ro n s  (SPGNs) in  th e  
s p in a l  co rd  m ay p ro v id e  som e u n d e rs ta n d in g  o f  th e s e  e f f e c ts  in  
A tte n tio n  D e f ic i t  D is o rd e r . T h e se  n eu ro n s  a p p e a r  to  b e  in n e rv a te d  
by  e x c i ta to ry  n o re p in e p h rin e  (NE) p a th w a y s  a n d  by  in h ib ito ry  
e p in e p h r in e  p a th w a y s  (N e u ro s c i.  L e t t .  37 :167 , 1983).

S y m p a th e tic  d is c h a r g e s ,  r e c o rd e d  from u p p e r th o ra c ic  p re 
g a n g lio n ic  w h ite  r a m i, w ere  e v o k e d  a t  0 .1  H z by  s tim u la t io n  o f 
d e s c e n d in g  e x c i ta to ry  p a th w a y s  in  th e  c e rv ic a l  d o rs o la te ra l  
fu n ic u lu s  o f  u n a n e s th e t iz e d ,  s p in a l  c a t s .  In tra v e n o u s  in je c t io n  
o f  0 .5  m g /k g  o f  d -a m p h e ta m in e  g ra d u a lly  in c r e a s e d  in t ra s p in a l  
t r a n s m is s io n  to  m ore th a n  300% o f c o n tro l w h ich  w a s  s u s ta in e d  
for s e v e ra l  h o u rs .  E n h a n cem e n ts  by  1 m g /k g  an d  2 m g /k g  w ere  
p ro g re s s iv e ly  m ore r a p id ,  s m a l le r ,  a n d  b r ie f e r .  E n h an cem en t by  
4 m g /k g  w a s  o n ly  15%. H o w e v e r , th i s  d o s e  p ro d u ced  o n ly  
m arked  a n d  p ro lo n g e d  e n h a n c e m e n t (over 200%) a f te r  yoh im b in e  
(0 .5 -1  m g /kg ) a n d  o n ly  m arked  a n d  p ro lo n g e d  d e p re s s io n  (80%) 
a f te r  ch lo rp ro m a z in e  (1-3 m g /k g ) , w h ic h  a l s o  ra p id ly  b lo c k e d  
e n h a n c e m e n t o f  t r a n s m is s io n  by  th e  s m a l le r  d o s e s .  D es ip ram in e  
(1 m g /k g ) c o m p le te ly  p re v e n te d  e n h a n c e m e n t by  a m p h e ta m in e .

T h e se  r e s u l t s  su p p o rt th e  h y p o th e s is  th a t  NE p a th w a y s  a re  
e x c i ta to ry  to  SPG N s b u t do  n o t d ire c t ly  in n e rv a te  th e  in h ib ito ry  
a l p h a - 2 r e c e p to r s .  H o w e v e r , a c t iv a t io n  o f  rem o te  a l p h a - 2 r e c e p 
to r s  by  p ro g re s s iv e ly  in c r e a s in g  th e  r e l e a s e  o f  e x c e s s iv e  NE 
in to  th e  SPGN n e u ro p il w o u ld  a c c o u n t for th e  d im in ish in g  e f f e c ts  
o f  p ro g re s s iv e ly  in c r e a s in g  d o s e s  o f  d -a m p h e ta m in e  on  in t r a 
s p in a l  t r a n s m is s io n .  S im ila r e v e n ts  o c c u rin g  a t  th e  in h ib ito ry  
a l p h a - 2 re c e p to r s  on  lo c u s  c e ru le u s  a n d  o th e r  c e n tr a l  n e u ro n s  
c o u ld  a c c o u n t  in  p a r t  fo r th e  ca lm in g  e f f e c ts  o f  la rg e  d o s e s  o f 
d -a m p h e ta m in e  in  p a t ie n t s  w ith  A tte n tio n  D e f ic i t  D is o rd e r . R ec en t 
o b s e rv a t io n s  th a t  c lo n id in e ,  w h ich  d e p r e s s e s  b o th  lo c u s  c e ru le u s  
a n d  p re g a n g lio n ic  n eu ro n s  by  a c t iv a t in g  a l p h a - 2 r e c e p to r s ,  is  
a l s o  e f f e c t iv e  in  th e s e  p a t ie n t s  a d d s  c l in ic a l  su p p o rt for th i s  
m e ch an ism  o f  a c t io n  o f  d -a m p h e ta m in e  (J. Am. A c a d . C h ild  
P s y c h ia t ry  24 :617 , 1985).

S u p p o rted  by  H L -24085  a n d  G M -0 7 5 7 9 .

310.8 BEHAVIORAL INDEPENDENCE OF AMPHETAMINE REWARD AND LOCOMOTOR 
STIMULATION DEMONSTRATED BY CONDITIONED PLACE PREFERENCE. 
G.D. C a rr , A.G. P h i l l i p s  & H.C. F ib ig e r . D epartm ents o f 
Psychology and P s y c h ia try , U n iv e rs ity  o f B r i t i s h  Columbia, 
Vancouver, BC, Canada, V6T 1W5

The r e l a t i o n s h ip  between th e  rew arding  and locom otor s tim u la n t 
p ro p e r t ie s  o f  psychomotor s tim u la n ts  such a s  amphetamine rem ains 
to  be re s o lv e d . Both e f f e c t s  a r e  m ediated by th e  d ru g 's  
s t im u la t io n  o f  dopam inergic a c t i v i t y  in  th e  n u c leu s  accumbens. 
Given t h i s  c lo s e  l in k  between th e s e  b e h a v io ra l e f f e c t s  a t  th e  
n e u ra l le v e l , a  q u e s tio n  i s  can they  be d is s o c ia te d  in  b eh a v io ra l 
t e s t s .  A c r i t i c a l  q u e s tio n  i s  w hether b e h a v io ra l t e s t s  f o r  rew ard 
may be confounded by in c re a s e d  locom otor a c t i v i t y .  Swerdlow and 
Koob (Psychopharm acology, 1984, 84 , 163) ad d ressed  t h i s  q u e s tio n  
u s in g  th e  c o n d itio n e d  p la ce  p re fe re n c e  (CPP) paradigm , a 
f r e q u e n t ly  used measure o f  drug rew ard . They re p o r te d  th a t  th e  
p re fe re n c e  f o r  a  t e s t  com partm ent p a ire d  w ith  amphetamine 
tre a tm e n t was n o t observed  when d rug-induced  locom otor a c t i v i t y  
was e l im in a te d  by p la c in g  s u b je c ts  in to  sm all r e s t r a in in g  boxes. 
C onsequen tly , th ey  a t t r i b u t e d  th e  p re v io u s ly  re p o r te d  CPPs 
produced by amphetamine to  th e  locom otor s tim u la n t p ro p e rty  o f 
th e  drug r a th e r  th a n  a  c o n d itio n e d  a s s o c ia t io n  w ith  i t s  rew ard ing  
e f f e c t s .  The p re s e n t s tu d y  examined t h i s  h y p o th e s is  in  d e t a i l .  
The f i r s t  experim en t dem onstra ted  t h a t  d ru g -n a iv e  r a t s  showed a 
s tro n g  p re fe re n c e  f o r  th e  compartment in  which they  had been 
r e s t r a in e d  fo r  6 t r i a l s  over one in  which th ey  had been p e rm itted  
to  move f r e e l y .  I t  was hyp o th esized  th a t  t h i s  p re fe re n c e  was due 
to  th e  n o v e lty  o f  th e  com partm ent t h a t  had in a d v e r te n t ly  been 
m ain ta in ed  by th e  r e s t r a i n t .  That s tim u lu s  n o v e lty  a lo n e  could  
produce a  CPP was v e r i f i e d  by dem onstra ting  th a t  l im ite d  exposure 
to  one o f  th e  p a i r in g  com partm ents produced a s tro n g  p re fe re n c e  
fo r  i t  on th e  t e s t  day . The p rev io u s  r e p o r t  t h a t  r e s t r a i n t  can 
e l im in a te  am phetam ine-induced CPP was r e p l ic a t e d  in  th e  f i n a l  
ex p e rim en t. However when th e  n o v e lty  o f bo th  com partm ents was 
reduced  by 3 h a lf -h o u r  p re -ex p o su re s  p r io r  to  c o n d itio n in g , 
r e s t r a in e d  s u b je c ts  developed a s tro n g  p re fe re n c e  fo r  th e  
com partm ent p a ire d  w ith  am phetam ine. The p re s e n t experim en ts 
su g g es t t h a t  th e  absence o f  am phetam ine-induced CPP in  r e s t r a in e d  
r a t s  can be a t t r i b u t e d  to  th e  m aintenance o f  s tim u lu s  n o v e lty  in  
b o th  t e s t  com partm ents t h a t  o cc u rre d  in a d v e r te n t ly  a s  a 
consequence o f  r e s t r a i n t .  The h igh  in c e n tiv e  va lu e  o f th e  novel 
s t im u l i  in  bo th  com partm ents overshadowed th e  r e l a t i v e ly  weaker 
in c e n tiv e  produced by amphetamine p a i r in g s .  The s tudy  a l s o  
d em o n stra tes  th a t  amphetamine rew ard i s  n o t dependent on 
locom otor s t im u la t io n ,  in d ic a t in g  th a t  th e s e  two e f f e c t s  can be 
d is s o c ia te d  a t  a  b e h a v io ra l l e v e l .
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310.9 EXPLORATORY BEHAVIOR OF RATS WITH VISUAL LESIONS AND APOMORPHINE 
TREATMENT. G. C. Midgley* (SPON: P. Wainwrig ti t). Department of  
Psychology,  W i l f r id  L a u r ie r  U n iv e r s i t y ,  Water loo,  O n ta r io ,  N2L3C5.

The e f f e c t  o f  v i s u a l  c o r t ex  (VC) o r  S u p er io r  C o l l i c u l u s  (SC) 
l e s i o n s  and .25 mg/kg o f  apomorphine (AP) o r  v e h i c le  t r e a tm en t  
on behavio r  in an o p e n - f i e ld  was a s se s se d  f o r  3 c o n secu t iv e  
2 min blocks  on each o f  5 c o n secu t iv e  days.  O r ien t in g  responses  
to  v i s u a l  s t im u l i  placed  o u t s id e  the  open f i e l d ,  r e a r i n g  responses , 
s n i f f i n g ,  grooming, and 2 measures  o f  locomotion (number of  
squares  c ro ssed  and d i s t a n c e  t r a v e l l e d )  were a s s e s se d  from v ideo
taped re c o r d in g s .  H ab i tu a t io n  o f  th e se  behav io rs  was a l so  
a s s e s se d .

Locomotor a c t i v i t y  and o r i e n t i n g  responses  were enhanced by 
AP t r e a tm e n t  f o r  i n t a c t  r a t s  and r a t s  with  smal l  VC l e s i o n s  
( a rea  17) on the  f i r s t  day o f  t e s t i n g .  Rats with  SC le s i o n s  or  
l a r g e  VC l e s i o n s  ( a rea s  17, 18 and 7) were h y p e rac t iv e  in th e  
o p e n - f i e ld  on both measures o f  locomotion . Visual o r i e n t i n g ,  
r e a r i n g ,  s n i f f i n g ,  and grooming were suppresse d  f o r  th e se  an imals 
compared to  i n t a c t  c o n t r o l s .

AP t r e a tm e n t  reduced the  h y p e r a c t i v i t y  of  r a t s  w ith  SC l e s i o n s  
with  la r g e  VC l e s i o n s  to  t h a t  o f  i n t a c t  c o n t r o l s .  Visual o r i e n t 
ing ,  r e a r i n g ,  and grooming were f u r t h e r  suppresse d  by APO t r e a t 
ment but s n i f f i n g  was enhanced. These r e s u l t s  were compared to 
the e f f e c t  o f  d-amphetamine on the  a c t i v i t y  and o r i e n t i n g  
behavio r  o f  r a t s  w ith  SC l e s i o n s .  Amphetamine f u r t h e r  exaggerated 
th e  h y p e r a c t i v i t y  o f  SC r a t s  (1) and r e i n s t a t e d  o r i e n t in g  
behavio r  (2 ) .

These r e s u l t s  a r e  d i s cu ssed  with  r egard  to  th e  p ro cess in g  of  
sensory  in fo rm ation  and th e  d i r e c t i o n  o f  a t t e n t i o n  during  e x p l o r 
a t i o n  by th e  v is u a l  and dopaminergic  systems.
(1) Pope e t  a l . ,  Psychopharm. , 1980, 31, 445-457.
(2) Midgley & Tees , Beh. N eu ro sc i . ,  1986, 1 0 0 , 246-251.

310.10 REGIONAL RESPONSES TO AMPHETAMINE IN THE NEOSTRIATUM AND 
NUCLEUS ACCUMBENS OF AWAKE, BEHAVING RATS. T.W. G ard in er, D.A. 
Iverson*  and G.V. Rebec. D ept. P sy c h o l.,  In d ian a  U n iv ., 
Bloom ington, IN 47405.

Both th e  n e o s tr ia tu m  and nuc leus  accumbens have been im p li
ca te d  in  th e  b e h a v io ra l response  to  amphetamine. A lthough 
s e v e ra l  l a b o r a to r ie s  have used e le c tro p h y s io lo g ic a l  reco rd in g  
tech n iq u es  to  e lu c id a te  th e  n e u ra l mechanisms u n d erly in g  th i s  
re sp o n se , d i f f e r e n t  m ethodo log ies have le d  to  d i f f e r e n t  r e s u l t s .  
S in g le -u n it  reco rd in g s  from th e  n eo s tr ia tu m  o f  im m obilized r a t s ,  
f o r  exam ple, in d ic a te  th a t  amphetamine e l i c i t s  e i th e r  e x c i ta to ry  
o r  in h ib i to r y  e f f e c t s  depending on th e  dose and th e  lo c a t io n  o f 
th e  reco rd in g  s i t e  (Rebec & C u r t i s ,  J . N e u ro s c i. , 3 :2240, 1983). 
In  c o n t r a s t ,  m u l t ip le -u n i t  reco rd in g s  from awake, behaving r a t s  
in d ic a te  th a t  th e  n e o s t r i a t a l  response  to  amphetamine i s  
un ifo rm ly  e x c i ta to ry  (W arenycia & McKenzie, Pharm. Biochem. 
B ehav ., 21 :53 , 1984). S in g le -u n it  reco rd in g s  from such anim als 
have rev e a le d  e i t h e r  e x c i ta to ry  o r  in h ib i to r y  responses to  
am phetam ine, b u t th e  p a t te r n  o f  th e se  resp o n ses  does no t 
resem ble th a t  o f  im m obilized r a t s  (Rebec & G ard in er, Soc. Neuro
s c i .  A b s t r . , 11:550, 1985).

In  th e  p re s e n t s e r ie s  o f  expe rim en ts, we have a ttem p ted  to  
r e l a t e  th e  a c t io n s  o f  amphetamine to  th e  fu n c t io n a l re sp o n s iv e 
ness  o f  in d iv id u a l  neurons in  th e  n eo s tr ia tu m  to  t a c t i l e  
s t im u la t io n ,  movement, and o th e r  m a n ip u la tio n s . Our r e s u l t s  to  
d a te  in d ic a te  th a t  neurons in  l a t e r a l  n e o s tr ia tu m  (n = 10) a l t e r  
t h e i r  a c t i v i t y  in  c lo se  a s s o c ia t io n  w ith  s p e c i f i c  movements and 
th a t  d u rin g  amphetamine tre a tm en t th e  n eu ronal response i s  
l in k e d  t i g h t ly  to  b e h a v io ra l changes. Neurons in  m edial 
n eo s tr ia tu m  (n = 11), on th e  o th e r  hand, g e n e ra lly  do n o t a l t e r  
t h e i r  f i r i n g  r a t e s  in  c lo se  tem poral a s s o c ia t io n  w ith  movement, 
no r does th e  neu ro n a l response  to  amphetamine b ea r  a c lo se  
r e la t io n s h ip  to  b eh a v io r o r  to  th e  p re -d ru g  n eu ro n a l resp o n se . 
D ata a ls o  w i l l  be p re sen ted  th a t  d e s c r ib e s  th e se  r e la t io n s h ip s  
f o r  n ucleus  accumbens neurons.

310.11 BEHAVIORAL CORRELATES OF CONTINUOUS ADMINSTRATION OF 
AMPHETAMINE E. M. H ollingsw orth*  and K. J .  M u e lle r . 
Texas C h r is t ia n  U n iv e rs ity , F o rt Worth, Texas 76120.

C ontinuous amphetamine a d m in is tr a tio n  in  an im als  has been 
employed a s  a model o f s c h iz o p h re n ia . Acute and ch ro n ic  
regim ens o f amphetamine a d m in is tr a tio n  have been examined and 
have e s ta b l is h e d  b e h a v io ra l e f f e c t s  o f a  wide range o f d o ses . 
However, dose r e l a te d  d if fe re n c e s  in  b e h a v io ra l c o r r e l a te s  of 
amphetamine a d m in is tr a t io n  have n o t been tho rough ly  examined 
w ith  th e  con tin u o u s regim e. The p re s e n t study  examined dose 
r e l a te d  d if f e re n c e s  in  behav io r p a t te rn s  du rin g  con tinuous 
a d m in is tr a tio n  o f amphetam ine. Amphetamine (AMPH) was in fu sed  
su bcu tnaeously  in  male a lb in o  r a t s  fo r  96 h o u rs . Three doses 
of AMPH were examined (0 .2m g/kg /h , 0 .55m g/kg/h , 0 .9m g/kg/h) 
a s  w e ll a  s a l i n e  (n= 12). Locomotor b eh a v io r , s e lf-g ro o m in g , 
gnawing and l i c k in g ,  s n i f f in g  and head-bobbing were observed 
fo r  each anim al fo r  1 hour in  th e  l i g h t  cy c le  and 1 hour in  th e  
dark  c y le  over th e  fo u r days o f a d m in is tr a t io n .  The low dose 
AMPH group (0 .2m g/kg /h ) e x h ib ite d  in c re a se d  locom otor a c t i v i t y  
over days . The medium (0 .55m g/kg/h) and h igh  (0 .9m g/kg/h) 
dose groups d isp la y e d  in c re a s e d  s te r e o ty p ic  s n i f f in g  and 
se lf-g ro o m in g  over days o f a d m in is tr a t io n .  A lte r a t io n s  in  
c i r c a d ia n  rh y th m ic ity  o f a c t i v i t y  were observed in  th e  f i r s t  
days o f a d m in is tr a t io n  fo r  th e  medium and h igh  dose g roups. 
A lthough th e  b eh a v io rs  e x h ib ite d  were s im i la r  to  p rev io u s  
r e p o r t s  u s in g  con tin u o u s a d m in is tr a t io n ,  th e  p a t te r n s  o f th e  
b eh a v io rs  a re  n o t . T h is f in d in g  may have im p o rtan t im p lic a tio n s  
in  th a t  th e  mode o f co n tinuous a d m in is tr a tio n  o f AMPH may be 
c r i t i c a l  in  th e  modeling o f s c h iz o p h re n ia .

310.12 SEPARATION VOCALIZATIONS: ONTOGENY OF ADRENERGIC EFFECTS IN RAT 
PUPS. P.Kehoe, J . C . H a r r i s . T r i n i t y  C oll ege ,  Department of 
Psychology and The Johns Hopkins U n iv e r s i t y ,  Divis ion  of Child 
P s y c h ia t r y .  H a r t f o r d ,  CT and B al tim ore ,  MD.

U l t r a so n ic  v o c a l i z a t i o n s  (UV) em it ted  by r a t  pups fo llowing 
s e p a r a t io n  from t h e i r  dam o f f e r  a model fo r  the  s tu dy  of s e p a r a 
t i o n  d i s t r e s s .  Morphine produces  a naloxone r e v e r s i b l e  decrease  
in s e p a r a t i o n  v o c a l i z a t i o n  (SV) in r a t s  and in a d u l t  s q u i r r e l  
monkeys (Kehoe & B la ss ,  1986; Newman and McLean, 1984). 
C lon id ine  d ec reases  SVs in ch icks  (Panksepp, 1979) and a d u l t  
s q u i r r e l  monkeys (H ar r is  & Newman, 1985); an e f f e c t  t h a t  is  
r ev e r sed  with  yohimbine, an α2- a d r e n e r g ic  a n t a g o n i s t .  We exa
mined th e  ontogeny of th e  ad ren e rg ic  e f f e c t s  on s e p a r a t i o n -  
induced UVs in r a t  pups ' on days 10, 15, 16, 17 and 18 using two 
doses of  c l o n id in e  and one dose of yohimbine IP.

Day 10 pups given c l o n id in e ,  0.05 mg/kg IP, p r io r  to  m ate r
nal s e p a r a t i o n  showed a s u s t a in e d  high level of c a l l i n g  (200 per 
5 min) f o r  an e n t i r e  25 min i s o l a t i o n  t e s t  p e r io d ,  whereas 
s a l i n e - c o n t r o l  pups em it ted  200 UVs fo r  th e  f i r s t  5 min then 
became s i l e n t .  Yohimbine, 0 .1  mg/kg, given a f t e r  the  c lo n id in e  
rev e r s ed  th e  s u s t a in e d  high le ve l  of c a l l i n g  producing a v o c a l i 
z a t io n  p r o f i l e  s im i l a r  to  th e  s a l i n e - c o n t r o l  s i b l i n g s .  C lonid ine  
in a h ig her  dose ,  0 .5  mg/kg, doubled th e  number of s u s t a in e d  
v o c a l i z a t i o n s  during  the  25 min. t e s t  p e r io d .

F i f t e e n  day old  pups given s a l i n e ,  or c l o n id in e  followed  by 
yohimbine showed i d e n t i c a l  p r o f i l e s  to  those  of th e  10-day-olds  
but had lower b a s e l i n e  c a l l i n g  r a t e s .  On days 16 and 17, pups 
e x h i b i te d  a dose-dependent d i s s o c i a t i o n  in c a l l i n g  r a t e  compared 
to  the  younger pups. C lo n id in e  in low dose,  0.05 mg/kg, produced 
r e s u l t s  s i m i l a r  to  day 10 and 15, however, th e  higher  dose,  0.5 
mg/kg, caused a remarkab le  dec rease  in i s o la t i o n - i n d u c e d  v o c a l i 
z a t i o n s .  Yohimbine did  not r e v e r s e  th e  c lo n id in e - in d u ced  red u c 
t i o n  but caused a f u r t h e r  dec rease  in c a l l i n g .  By day 18, 
c l o n id in e  in e i t h e r  dose caused a r ed u c t io n  in the  b a s e l in e  
c a l l i n g .

These r e s u l t s  i n d i c a t e  t h a t  r a t  pups ' i s o la t i o n - i n d u c e d  UVs 
a re  a f f e c t e d  by both the  ad ren e rg ic  and opio id  systems. Morphine 
produces decreased  UVs in day 10 r a t  pups while c lo n id in e  
i n i t i a l l y  in c r e a s e s  c a l l i n g  a t  t h i s  age fo llowed by a dec rease  by 
day 18. The n o rad ren e rg ic  s y s t em 's  involvement in s e p a r a t io n  
d i s t r e s s  then undergoes o n to lo g ic a l  changes from day 10-18 
p a r a l l e l i n g  changes in a c t i v i t y  l e v e l s ,  i . e . ,  ambulation and wall 
c l imbing (R e in s t e in  & Isaacso n ,  1977). I t  i s  concluded th a t  
t h e r e  may be an i n t e r a c t i o n  between op io id  and ad ren e rg ic  systems 
in m edia t ing  SVs in r a t  pups. However, s in ce  th e  adrene rg ic  
mechanism undergoes m a tu ra t io n a l  changes , th e  r o l e  of th e  s p e c i 
f i c  a d ren e rg ic  r e c e p to r s  involved  r e q u i r e s  f u r t h e r  i n v e s t i g a t i o n .
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310.13 STRAIN DEPENDENT ALTERATIONS OF INTRACRANIAL SELF
STIMULATION FOLLOWING ACUTE STRESSOR APPLICATION. R.M. 
Z acharko , G .  L a l o n d e *  and H. Anisman. P sycho logy  Dept., C arleton  
U n iv e rs ity , O ttaw a , O ntario , K1S 5B6, C anada

Exposure to inescapable footshock produces deficits in responding 
for brain stimulation (ICSS) from the dopamine (DA) containing 
mesolimbic system (e.g., nucleus accumbens, ventral tegmental area). 
These stressor induced alterations in ICSS are not evident from 
nigrostriatal structures (e.g., substantia nigra) where uncontrollable 
stressors do not appreciably alter DA activity. It was thus suggested 
that the response alterations induced by an acute stressor may be 
attributable to the brain region specific effects of uncontrollable 
stressors on DA lability. While previous ICSS investigations in this 
laboratory focused on the CD-1 mouse strain, the present 
experiments evaluated stressor effects in three strains (i.e., BALB/c, 
C57 BL/6, DBA/2J) which differ in neurochemical responsivity to 
uncontrollable stressors. Mice were stereotaxically implanted with a 
stimulating electrode in the nucleus accumbens septi and trained to 
respond for ICSS in a head dipping task. Following baseline training 
animals of each strain were exposed to either a single session of 
inescapable footshock (360 × 2 sec. 150 uA) or no shock, and tested 
for ICSS immediately, 24- and 168-hr afterwards. Mice of the DBA/2 
strain demonstrated a stressor induced reduction of responding for 
ICSS which was evident over the three test intervals examined. In 
contrast, the stressor did not reduce responding in either BALB/c or 
C37BL/6 mice. In fact, the stressor enhanced responding in BALB/c 
mice. Furthermore, unlike the effects of repeated treatm ent with 
desmethylimipramine (DMI) on responding for self stimulation in the 
CD-1 strain, repeated drug administration was without effect on 
performance in DBA/2 mice. It appears that the effects of stressors 
on performance in an ICSS task vary considerably across strains, and 
might be a reflection of the stressor provoked neurochemical 
alterations. Furthermore, it appears that the therapeutic effects of 
DMI on stressor-induced response deficits may be strain dependent. 
The mechanisms responsible for the differential effects of the drug 
treatm ent have not yet been elucidated.

3 1 0 .14 NEUROCHEMICAL CONSEQUENCES OF CONDITIONED CIRCLING: 
INFLUENCE OF INNATE DIRECTIONAL BIA SE S. C . S z o s t a k * , 
A. J a k u b o v i c ,  A .G . P h i l l i p s  a n d  H .C . F i b i g e r . D iv .  
N e u r o l .  S c i . ,  D e p t .  P s y c h i a t . ,  U i v .  B r i t i s h  C o lu m b ia ,  
V a n c o u v e r ,  B .C . ,  C a n a d a ,  V6T 1W5.

B i l a t e r a l  i n c r e a s e s  i n  d o p a m in e  (DA) u t i l i z a t i o n  
w i t h i n  t h e  s t r i a t u m  (S T R ) a n d  n u c l e u s  a c c u m b e n s  (NAS) 
h a v e  b e e n  r e p o r t e d  i n  r a t s  t r a i n e d  t o  c i r c l e  f o r  i n t e r 
m i t t e n t  r e i n f o r c e m e n t .  I t  i s  p o s s i b l e  t h a t  t h e  i n c r e a s e s  
w e re  n o t  s p e c i f i c  t o  t h e  c o n t r a l a t e r a l  s t r u c t u r e s  
b e c a u s e  i n n a t e  d i r e c t i o n a l  b i a s e s ,  w h ic h  h a v e  b e e n  
c o r r e l a t e d  w i t h  s t r i a t a l  DA a s y m m e t r i e s ,  w e re  n o t  t a k e n  
i n t o  a c c o u n t .  T he e x t e n t  t o  w h ic h  t h e  n e u r o c h e m ic a l  
e f f e c t s  o f  c o n d i t i o n e d  c i r c l i n g  a r e  d e p e n d e n t  u p o n  
i n n a t e  p o s i t i o n a l  b i a s e s  w as  a s s e s s e d .

D i r e c t i o n a l  b i a s e s  o f  r a t s  w e re  d e t e r m i n e d  u s i n g  tw o  
s c r e e n i n g  p a r a d i g m s .  T he o r d e r  o f  t e s t i n g  w as c o u n t e r 
b a l a n c e d  a n d  t e s t  s e s s i o n s  w e re  s e p a r a t e d  by  o n e  w e e k . 
A c c o r d in g  t o  t h e  p r o t o c o l  d e s c r i b e d  b y  Gl i c k  a n d  a s s o c 
i a t e s ,  r a t s  w e re  p l a c e d  i n  a  r o t o m e t e r  f o r  15 m in  
w h e r e a f t e r  t h e y  w e re  i n j e c t e d  w i t h  1 .2 5  m g /k g  d - a m p h e t -  
a m in e  a n d  o b s e r v e d  f o r  60  m in .  T he n u m b e r o f  r o t a t i o n s  
t o  t h e  l e f t  a n d  r i g h t  w e re  r e c o r d e d .  T he s e c o n d  p a r a d ig m  
in v o l v e d  w a t e r - d e p r i v i n g  t h e  r a t s  f o r  24 h .  R a t s  w e re  
t h e n  p l a c e d  i n  a  c y l i n d r i c a l  a p p a r a t u s  f o r  20 m in .  E a ch  
r o t a t i o n  e m i t t e d  w as r e c o r d e d  a n d  r e i n f o r c e d  w i t h  w a te r  
( i . e .  n o n - d i f f e r e n t i a l  r e i n f o r c e m e n t ) .  D i r e c t i o n a l  
b i a s e s  w e re  fo u n d  t o  b e  c o n s i s t e n t  a c r o s s  p a r a d i g m s .

I n  a  s e c o n d  e x p e r i m e n t ,  r a t s  w e re  s c r e e n e d  f o r  d i r 
e c t i o n a l  b i a s e s  u s i n g  t h e  n o n - d i f f e r e n t i a l  r e i n f o r c e m e n t  
p a r a d i g m .  T h i s  p a r a d ig m  w as e m p lo y e d  a s  i t  d o e s  n o t  
i n v o l v e  t h e  u s e  o f  a n y  d r u g s  t h a t  c o u l d  a l t e r  t h e  n e u r o 
c h e m ic a l  r e s u l t s .  H a l f  o f  t h e  r a t s  w e re  th e n  t r a i n e d  t o  
c i r c l e  i n  t h e i r  p r e f e r r e d  d i r e c t i o n  u s i n g  i n t e r m i t t e n t  
r e i n f o r c e m e n t .  T he r e m a in i n g  s u b j e c t s  s e r v e d  a s  w a t e r -  
d e p r i v e d  c o n t r o l s .  N e u r o c h e m ic a l  c o n s e q u e n c e s  o f  
c o n d i t i o n e d  c i r c l i n g  w e re  d e t e r m i n e d  u p o n  a t t a i n m e n t  o f  
s t a b l e  l e v e l s  o f  r e s p o n d i n g .  H o m o v a n i l l i c  a c i d  (HVA) w as 
i n c r e a s e d  i n  t h e  STR c o n t r a l a t e r a l  t o  t h e  d i r e c t i o n  o f  
c i r c l i n g .  T h i s  e f f e c t  w as  a l s o  e v i d e n t  w hen HVA:DA 
r a t i o s  w e re  a n a l y z e d .  NAS HVA:DA r a t i o s  i n d i c a t e d  t h a t  
DA t u r n o v e r  w as  e n h a n c e d  b i l a t e r a l l y  i n  t h e  NAS.

T he e f f e c t s  o f  c o n d i t i o n e d  c i r c l i n g  on  s t r i a t a l  DA 
a c t i v i t y  a r e  d e p e n d e n t  u p o n  i n h e r e n t  d i r e c t i o n a l  b i a s e s .  
I n  c o n t r a s t ,  m e s o l im b ic  DA a c t i v i t y  i s  e n h a n c e d  
b i l a t e r a l l y  r e g a r d l e s s  o f  s u c h  i n n a t e  p r e f e r e n c e s .

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

310.15 NEUROPHYSIOLOGICAL STUDIES OF SENSORY GATING IN RATS: EFFECTS OF 
AMPHETAMINE, HALOPERIDOL AND DSP-4. 1 , 3L .E . A d le r, 2 ,3 G.M. Rose, 
2K. Pang and 1 -3R. Freedman. D epts . o f  1P s y c h ia t r y  and 2Pharma- 
co logy , UCHSC, and 3M e d ic a l R esea rch , VAMC, D enver, CO 80262.

C e n tra l mechanisms o f  sen so ry  g a t in g  were a s s e s se d  in  Sprague- 
Dawley r a t s  u s in g  an evoked p o te n t ia l  te ch n iq u e  s im i la r  to  one th a t  
we have p re v io u s ly  employed to  show d im in ished  senso ry  g a t in g  in  
p sy c h o tic  p a t i e n t s .  M iddle la te n c y  (15-50 msec) a u d ito ry  evoked 
p o te n t ia l  resp o n ses  were reco rded  from th e  s k u l l  o f  u n a n e s th e tiz e d , 
free ly -m o v in g  r a t s .  The re c o rd in g  e le c tro d e  was a s ta i n l e s s  s t e e l  
screw  im plan ted  4 mm p o s te r io r  to  bregma on th e  m id lin e . S ig n a ls  
w ere r e f e r e n c e d  to  a p a i r  o f  s t a i n l e s s  s t e e l  w ir e s  p la c e d  in  
p r e f r o n t a l  c o r t e x  w h ich  w ere  c o n n e c te d  to  g ro u n d . G a tin g  
mechanisms were examined u s in g  a c o n d i t io n in g - te s t in g  paradigm  in  
w hich p a i r s  o f 74 dB c l ic k s  were d e l iv e re d ;  th e  i n t e r v a l  between 
th e  c o n d itio n in g  and t e s t  s t im u li  was 0 .5  seconds. C lick  p a i r s  
were g iven  20 seconds-2  m inu tes a p a r t .  S tim ulus p re s e n ta t io n s  were 
c o n t ro l le d  by a com puter, w hich a ls o  d ig i t i z e d ,  s to r e d ,  averaged 
and an a ly sed  th e  evoked waveform s.

Two m id d le - la te n c y  components o f  th e  a u d ito ry  evoked p o te n t ia l  
were exam ined: N25 and N50. Of th e s e ,  on ly  N50 dem onstrated  
s ig n i f i c a n t  su p p re ss io n  to  th e  t e s t  c l i c k .  T his e f f e c t  was s t a t e  
d ependen t, as  th e  g r e a t e s t  c o n d i t io n in g - te s t in g  in h ib i t i o n  was seen 
i f  th e  anim al was awake b u t m o tio n le ss  a t  th e  moment o f  c l i c k  
d e l i v e r y ;  l e s s  s u p p rés s i o n  was s e e n  i f  th e  r a t  was m oving o r  
a s le e p .  For experim en ts in v o lv in g  drug a d m in is tr a t io n ,  o n ly  t r i a l s  
reco rded  d u rin g  s t i l l ,  a l e r t  b eh a v io r were c o l le c te d  fo r  a v e ra g in g .

S y s te m ic  a d m i n i s t r a t i o n  o f  am phetam ine (1 m g /kg , i . p . )  
s i g n i f i c a n t l y  re d u c e d  th e  am ount o f  s u p p r e s s io n  o b s e rv e d  in  
response  to  th e  t e s t  s tim u lu s ; h a lo p e r id o l (1 m g/kg), in je c te d  
a f t e r  th e  am p h etam in e , r e t u r n e d  th e  c o n d i t i o n i n g - t e s t i n g  
s u p p re ss io n  r a t i o  toward norm al v a lu e s . To a id  in  de te rm in in g  th e  
u n d e r ly in g  m echanism  o f  t h e s e  e f f e c t s ,  th e  a n im a ls  w ere  th e n  
t r e a te d  w ith  two d o ses , g iven  a t  a one week in t e r v a l ,  o f  N -(2- 
ch lo ro e th y l-N -e th y l-2 -b ro m o b en zy lam in e  (DSP-4; 50 m g/kg, i . p . ) ,  an 
agen t which s e le c t i v e ly  d e p le te s  c e n tr a l  n o re p in e p h rin e . The 
e x te n t  and s e l e c t i v i t y  o f  th e  d e p le tio n s  were confirm ed a t  th e  
co n c lu s io n  o f  th e  experim ent u s in g  HPLC-EC. P re tre a tm e n t w ith  DSP- 
4 s ig n i f i c a n t ly  a t te n u a te d  th e  re d u c t io n  in  c o n d i t io n in g - te s t in g  
s u p p re ss io n  observed  fo llo w in g  th e  a d m in s tra t io n  o f  amphetamine. 
T h u s , t h i s  w ork s u g g e s ts  a r o l e  f o r  n o r e p in e p h r in e  in  th e  
m odula tion  o f  senso ry  g a t in g .

T h is work was suppo rted  by USPHS g ra n ts  MH-38321 and AA-03527, 
and th e  V ete rans  A dm in stra tio n  M edical R esearch  S e rv ic e .

310.16 THE ROLE OF SEPTO-HIPPOCAMPAL SEROTONIN PROJECTION IN 
NUTRITIONAL MODULATION OF RUNNING ACTIVITY IN HAMSTERS. 
R .B onna* an d  K .T . B o r e r , (SPON: J .  S w a n n ) .D e p t. 
K in e s io lo g y ,  U n iv . M ich ig an , Ann A rb o r, MI 4 8 1 0 9 -2 2 1 4 .

S e r o to n in  i n h i b i t s ,  w h ile  en d o g en o u s o p i a t e s  
f a c i l i t a t e  s p o n ta n e o u s  ru n n in g  a c t i v i t y  i n  r o d e n t s .  
R unn ing  i s  a f f e c t e d  by th e  body e n e rg y  c o n te n t  in  
r o d e n t s :  o v e rw e ig h t l e a d s  to  h y p o a c t i v i t y  and  w e ig h t 
l o s s  t o  h y p e r a c t i v i t y .

E x p e r im e n ta l  a im  was t o  d e te rm in e  w h e th e r  s e p t o -  
h ip p o c a m p a l s e r o t o n i n  f i b e r s  c o n t r o l l e d  o b e s i t y - in d u c e d  
h y p o a c t i v i t y .  To t e s t  t h i s  h y p o th e s i s ,  t h r e e  g ro u p s  o f  
m a tu re  h a m s te r s  o f  s i m i l a r  s t a r t i n g  w e ig h t w ere  e x p o se d  
to  t h r e e  n u t r i t i o n a l  c o n d i t i o n s :  ad  l i b i t u m  P u r in a  
pow der (A L ), r a t i o n e d  (6 0 % o f  ad  l ib i t u m )  P u r in a  pow der 
(REST), and  h i g h - f a t  s u p p le m e n ta t io n  (4 0 % P u r in a  
p o w d er, 60%  s h o r t e n in g )  o f  r e g u l a r  d i e t  (H FD).

W ith in  f i v e  w eek s , d i e t a r y  m a n ip u la t io n  l e d  t o  a b o u t 
20% s e p a r a t i o n  o f  body w e ig h ts  b e tw ee n  th e  i n d i v i d u a l  
g ro u p s .  A ll  h a m s te r s  w ere  th e n  g iv e n  a  1 -2  d ay  a c c e s s  
t o  a  h o r i z o n t a l  a c t i v i t y  d i s c  u n d e r  e a c h  o f  th e  
f o l l o w in g  c i r c u m s ta n c e s :  i n j e c t i o n  o f  t h e  o p i a t e -  
r e c e p t o r  b lo c k e r  n a lo x o n e  (20  m g/kg) o r  s a l i n e  i p  1 h 
p r i o r  o f  t h e  o n s e t  o f  d a r k n e s s ,  i n f u s i o n  o f  s a l i n e  (2 
μ l ) o r  o f  s e r o t o n i n  n e u r o to x in ,  5 ,7  d iO H try p ta m in e  HCl  
(3 / μg f r e e  b a s e /2  μ l  o f  0 .1 % a s c o r b i c  a c i d )  t h r e e  d a y s  
b e fo re h a n d .  D ie ta r y  m a n ip u la t io n  in d u c e d  h y p e r a c t i v i t y  
i n  DEP h a m s te r s  (29657 ± 2182 RPDs) and  h y p o a c t i v i t y  i n  
HFD h a m s te r s  (18616  ± 1759 RPDs, p < 0 .0 1 ) .  N aloxone  
re d u c e d  t o t a l  a c t i v i t y  i n  AL (14826  ± 3668 RPDs) and  
HFD (14394  ± 2411 RPDs) b u t  n o t  in  DEP h a m s te r s  (25809 
±  2532 R P D s). I n t r a s e p t a l  s a l i n e  d id  n o t  a f f e c t  
r u n n in g  a c t i v i t y ,  w h i le  s e r o t o n i n  n e u r o to x in  made a l l  
t h r e e  g ro u p s  h y p e r a c t iv e  and  a b o l i s h e d  a l l  d i e t a r y  
i n f l u e n c e s  o v e r  ru n n in g  a c t i v i t y .  The r e s u l t s  s u g g e s t  
t h a t  s e p to h ip p o c a m p a l s e roto n in  m e d ia te s  n u t r i t i o n a l  
h y p o a c t i v i t y .  EOPs, how ever do  n o t  m e d ia te  n u t r i t i o n a l  
h y p e r a c t i v i t y .

S u p p o r te d  i n  p a r t  by  t h e  NSF g r a n t  PCM 8 1 -0 4 3 7 5 .
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310.17 ATTENUATION OF HALOPERIDOL-INDUCED CATALEPSY IN RATS FOLLOWING 
BILATERAL INFUSION OF HEMICHOLINIUM-3. L .L . Wing, D. W ir ts h a f te r  
and K.E. Asi n . Psychology D e p t., Univ. o f  I l l i n o i s  a t  C hicago, 
P .O. Box 4348, Chicago, IL 60680.

Many s tu d ie s  support th e  e x is te n c e  o f a dynamic in t e r a c t io n  be
tween dopamine (DA) and a c e ty lc h o lin e  (ACh) of an in v e rse  o r 
opponent n a tu re .  For example, th e  use o f a n t ic h o l in e r g ic  drugs 
c o n c u rre n tly  w ith  DA-blocking n e u ro le p t ic s  s e rv e s  to  d ec rease  th e  
i n t e n s i ty  of ex trap y ram id a l s id e - e f f e c t s  such as  P a rk in s o n - lik e  
trem or and r i g i d i t y .  S im ila r  r e s u l t s  have been re p o r te d  u s in g  
anim al m odels. For exam ple, a n t ic h o l in e rg ic  drugs m arkedly i n h i b i t  
th e  c a ta le p t ic  e f f e c t s  o f  n e u ro le p t ic  a g e n ts . In  th e  p re s e n t study  
we sought to  in v e s t ig a te  th e  b ra in  s i t e s  a t  which in te r f e r e n c e  w ith  
c h o l in e rg ic  mechanisms may a n tag o n ize  h a lo p e rid o l-in d u c e d  ca ta le p sy .

Sprague-Dawley r a t s  were o p e ra ted  on under e th e r  a n e s th e s ia ,  and 
s te r e o ta c t i c  in je c t io n s  o f th e  h ig h - a f f i n i t y  ch o lin e  up take  b lo c k e r 
hemichol inium -3 (HC-3) were made in to  th e  cau d a te  n u c le u s , th e  
m idb ra in  o r p o n tin e  r e t i c u l a r  fo rm a tio n , s u b s ta n t ia  n ig r a ,  thalam us 
o r  f r o n ta l  c o r te x . B i l a t e r a l  in fu s io n s  o f  v a r io u s  doses o f  HC-3 
(0 .2ug -  10ug) d is s o lv e d  in  1 u l o f  d i s t i l l e d  w a te r, o r  th e  v e h ic le  
a lo n e , were made th rough  a 27 gauge s ta i n l e s s  s t e e l  c an n u la .

Animals were g iven  a subcutaneous in j e c t io n  of h a lo p e r id o l 
(0 .1 5  mg/kg) th re e  hours p o s t - o p e r a t iv e ly , and te s te d  fo r  c a ta le p 
sy a t  t h i r t y  and s ix ty  m inutes a f t e r  a d m in is tr a tio n  o f th e  neu ro 
l e p t i c .  C a ta lep sy  sc o re s  were based  on th e  a b i l i t y  o f th e  anim al 
to  m a in ta in  each of te n  p o s i t io n s  f o r  15 seconds a f t e r  p la c e 
m ent. Animals re c e iv in g  b i l a t e r a l  in j e c t io n s  o f th e  v e h ic le  a lo n e  
a t ta in e d  h igh  c a ta le p s y  sco res  when te s te d  a t  30 m inutes and n e a r 
maximum s c o re s  a t  60 m in u tes , i r r e s p e c t iv e  o f in je c t io n  s i t e .

I n je c t io n s  o f  HC-3 in  th e  m idb ra in  r e t i c u l a r  fo rm ation  were most 
e f f e c t iv e  in  an tag o n iz in g  h a lo p e r id o l-in d u c e d  c a ta le p s y , producing  
a s ig n i f i c a n t  d ec re ase  o f c a ta le p s y  a t  a dose o f 0 .2ug . No s ig n i f 
ic a n t e f f e c t s  were produced by HC-3 a t  th i s  dose a t  any o f th e  
o th e r  in j e c t io n  s i t e s  in c lu d in g  th e  th a la m ic , n ig r a l  or caudal r e t 
i c u la r  fo rm a tio n  lo c a t io n s .  For example, r a t s  re c e iv in g  b i l a t e r a l  
in j e c t io n s  of HC-3 a t  ca udate  c o o rd in a te s  re q u ire d  a lOug dose 
b e fo re  c a ta le p s y  was s ig n i f i c a n t ly  a t te n u a te d ,  w h ile  f r o n ta l  c o r te x  
s i t e s  d id  n o t show any re d u c t io n  in  c a ta le p s y  in  response  to  a 5ug 
dose of HC-3. These r e s u l t s  suggest th a t  th e  m idbrain  r e t i c u l a r  
fo rm a tio n , r a th e r  th a n  th e  s t r ia tu m , may be a  m ajor s i t e  a t  which 
i n t e r  fe ren c e  w ith  c h o l in e rg ic  mechanisms i s  ab le  to  an tag o n ize  
n e u ro le p t ic  induced c a ta le p s y .

Supported by NIH RO1 NS21350

310.18 INHIBITION OF SPONTANEOUS AND RITALIN-INDUCED ACTIVITY BY INJECTION 
OF KAINIC ACID INTO THE MEDIAN RAPHE NUCLEUS. C. McWilliams*, 
D. W ir ts h a f te r  and K.E. Asin (Sponsor: D. B r ie f ) .  D ep t.o f P sy c h o l., 
Univ. o f I l l i n o i s  a t  Chicago, Chicago, IL 60680 and *Dept. o f 
P harm aco l., Loyola Univ. o f Chicago.

V arious m a n ip u la tio n s  o f th e  median raphe nucleus  (MRN) a re  ab le  
to  p ro found ly  in f lu e n c e  locom otor a c t i v i t y .  For example, e l e c t r o 
l y t i c  le s io n s  o f th e  MRN, and m ic ro in je c tio n s  o f th e  in h ib i to ry  
compound muscimol, a GABA-A a g o n is t ,  in to  th e  MRN produce locom otor 
h y p e ra c t iv i ty  which can exceed th a t  produced by p e r ip h e ra l ly  admin
i s te r e d  amphetamine. In  c o n t r a s t ,  i t  has been re p o rte d  th a t  e le c 
t r i c a l  s t im u la t io n  o f th e  MRN can in h i b i t  ongoing motor b eh a v io r. 
We now r e p o r t  th a t  m ic ro in je c tio n  o f e x c i ta to ry  amino ac id  a g o n is ts  
a lso  i n h i b i t  locom otion .

In  th e  f i r s t  experim en t, r a t s  which had been p re v io u s ly  h a b itu 
a te d  to  th e  p rocedu re  were in je c te d  w ith  k a in ic  ac id  (KA) (0 , 1 .25 , 
5 o r 20ng) and were then  p laced  in  th e  c e n te r  square  o f a 3 X 5 f t .  
open f i e l d  a t  4 p o s t - in j e c t io n  in t e r v a l s  (15, 30, 45 and 60 m in .) , 
and covered w ith  a bucket f o r  15 seconds. The la te n c y  to  le av e  
th e  c e n te r  sq u are  upon rem oval o f th e  b u ck e t, th e  number o f squares 
e n te re d , and th e  number o f r e a r s  were counted fo r  th e  fo llo w in g  two 
m in u te s . Doses o f 5 and 20 ng produced h ig h ly  s ig n i f i c a n t  in c re a s 
es in  th e  la te n c y  s c o re , and h ig h ly  s ig n i f i c a n t  dec re a se s  in  th e  
numbers o f sq u ares  and r e a r s ,  w ith  20 ng being  o f bo th  g re a te r  
e f f e c t  and lo n g e r d u ra t io n  o f a c t io n .

In  th e  second experim en t, r a t s  which had been h a b itu a te d  to  the 
p rocedu re  were p laced  in  a p h o to c e ll  a c t i v i t y  cage where locom otor 
a c t i v i t y  was measured fo r  one hour in  4 m inute b in s . They were 
then  in je c te d  s y s te m ic a l ly  w ith  th e  in d i r e c t  dopamine a g o n is t 
m e thy lphen idate  (RIT) (6mg/kg, i . p . )  and in t r a c r a n i a l l y  w ith  KA 
(0 , 5, o r  20ng /0 .5 u l s a l i n e )  in to  th e  MRN, and re tu rn e d  to  th e  
ap p a ra tu s  fo r  one h ou r. KA (5 and 20 ng) was found to  markedly 
a t te n u a te  R IT-induced h y p e ra c t iv i ty  in  a dose-dependent manner. 
The e f f e c t  was o f im mediate o n se t and la s te d  fo r  about one hour.

We conclude th a t  in h ib i to r y  and e x c i ta to ry  compounds can produce 
o p p o s ite  b e h a v io ra l e f f e c t s  in  th e  MRN. F u rth e r  work i s  being  done 
w ith  o th e r  e x c i ta to ry  amino a c id  a g o n is ts .

Supported by NIH RO1 NS21350

310.19 THE EFFECTS of  SOCIAL STRESS (DEFEAT) ON HYPOTHALAMIC 
AND OLFACTORY BULB MONOAMINES IN C57BL/6 AND DBA/2 
MICE. K. O r n s t e i n  ( 1 ) ,  H. M ilo n  ( 1 ) * ,  H .R . 
F r i s c h k n e c h t  ( 2 ) *  an d  B. S i e g f r i e d  ( 2 ) * .  ( 1 )  N e s t i é 
R e s .  D e p t . ,  N e s te c  L t d . ,  1800 V e v e y , S w i t z e r l a n d  a n d  (2) 
I n s t i t u t e  o f  P h a r m a c o lo g y ,  U n i v e r s i t y  Z u r i c h ,  8006 
Zü r i c h ,  S w i t z e r l a n d .

The e f f e c t s  o f  s o c i a l  s t r e s s  ( d e f e a t  o f  50 b i t e s )  on 
c e n t r a l  m o n o am in es  i n  t h e  o l f a c t o r y  b u lb  ( OB) a n d  
h y p o th a la m u s  (HYP) o f  tw o  s t r a i n s  o f  m ic e  w e re  i n v e s t i 
g a t e d  u s i n g  HPLC. I n  C57 m i c e , d e f e a t  s i g n i f i c a n t l y  
e n h a n c e d  ( p < .0 2 )  d o p a m in e  c o n t e n t  i n  t h e  OB ( x ̅± SD: 
0 . 4 0 ± .0 5  n g /m g  t i s s u e ,  n = 1 1 ) w hen c o m p a re d  t o  c o n t r o l  
m ic e  e x p o s e d  t o  a  n o n a g g r e s s i v e  c o n f r o n t a t i o n  ( 0 . 3 3 ± .0 3  
n = 9 ) .  I n  t h e  HYP a s i m i l a r  b u t  l e s s  p ro n o u n c e d  i n c r e a 
s e  o f  d o p a m in e  w as fo u n d  ( 0 . 5 1 ± . 0 8 , n =11 v s  0 . 4 3 ± . 1 , 
n = 1 0 , p < . 1 ) .  The d o p a m in e  m e t a b o l i t e s  DOPAC (D ih y d ro x y  
p h e n y l a c e t i c  A c id )  a n d  HVA ( H o m o v a n i l l i c  A c id )  w e re  
a l s o  s i g n i f i c a n t l y  i n c r e a s e d  i n  t h e  OB (DOPAC: 0 . 2 0 ± 
. 0 5 ,  n = 11 v s  0 . 1 2 ± . 0 4 ,  n = 9 ; p < .0 0 1 ;  HVA: 0 . 2 8 ± . 0 4 , n=11 
v s  0 . 2 1 ± . 0 5 ,  n = 9 ; p < . 0 1 ) .  I n  DBA m i c e , d e f e a t  enhanced 
t h e  s e r o t o n i n  l e v e l s  i n  t h e  0 B ( 0 . 4 9 ± .0 7 ,  n= 10 v s  0 . 4 2 ± 
. 0 6 ,  n = 1 0 ; p < .0 2 )  a n d  i n  t h e  HYP ( 1 . 3 ± . 2 ,  n=9 v s  1 . 0 ± 
. 1 ,  n = 1 0 ; p < . 0 2 ) .  D opam ine l e v e l  was i n c r e a s e d  i n  t h e  
HYP o n ly  ( 0 . 6 5 ± . 1 1 ,  n=9 v s  0 . 4 6 ± . 1 6 ,  n = 1 0 ;  p < . 0 2 ) .  I t  
i s  c o n c lu d e d  t h a t  d e f e a t  d i f f e r e n t i a l l y  a f f e c t e d  t h e  
d o p a m in e  s y s te m  o f  b o th  s t r a i n s ,  o n ly  e n h a n c in g  d o p a 
m in e  t u r n o v e r  i n  t h e  0B o f  C57 m ic e .  On t h e  o t h e r  h a n d  
d e f e a t  o n ly  i n f l u e n c e d  t h e  s e r o t o n i n  s y s t e m  i n  t h e  DBA 
m ic e .

310.20 PLASTICITY OF STEREOTYPIC BEHAVIOR AFTER AN ACUTE INJECTION OF 
AMPHETAMINE: EVIDENCE FOR A TEMPORAL GRADIENT. C. H. M. B e c k 1, 
H. L. Chow2* and S.  J .  C o o p e r3 .
1D ep ar tm en t  o f  P s y c h o lo g y ,  2Depar tm en t  o f  E d u c a t i o n a l  P s y c h o lo g y ,  
U n i v e r s i t y  o f  A l b e r t a ,  Edmonton, A l b e r t a ,  Canada T6G 2E 1, 3D e p a r t -  
ment  o f  P s y c h o lo g y ,  U n i v e r s i t y  o f  Bi rmingham, Bi rmingham, U n i t ed  
Kingdom B15 2TT.

S a l i n e - t r e a t e d  and a m p h e t a m i n e - t r e a t e d  (7 m g/kg , i p ,  imm edia te )  
m ale  r a t s  from a Sprague  Dawley s u b s t r a i n ,  were  o b s e rv e d  i n  two 
t e s t  e n v i r o n m e n t s  d e s ig n e d  t o  e l i c i t  d i f f e r e n t  i n v e s t i g a t i v e  
r e s p o n s e s  i n  norma l  r a t s .  Sno ut c o n t a c t  w i t h  t h e  s u b s t r a t e  was 
g e n e r a t e d  by p l a c i n g  t h e  r a t  i n  a s m a l l  e n c l o s e d  c a g e .  Nonsnout  
c o n t a c t  was i n d u ce d  by p l ac e m en t  o f  t h e  r a t  on a s q u a re  e l e v a t e d  
p l a t f o r m .  D e t a i l e d  e t h o l o g i c a l  r e c o r d s  were  k e p t  o f  l o c o m o t io n ,  
r e a r i n g ,  s i t t i n g ,  g room ing ,  gnawing and s l e e p i n g  th r o u g h o u t  t h e  90 
min s e s s i o n .

A m p h e ta m in e - t r e a t e d  r a t s  i n c o r p o r a t e d  e n v i r o n m e n t a l l y - c o n t i n 
g e n t  body p o s t u r e s  i n t o  t h e i r  forms o f  s t e r e o t y p e d  b e h a v i o r .  The 
p o s t u r e s  were c h a r a c t e r i s t i c  o f  t h o s e  e n v in c e d  i n i t i a l l y  by th e  
s a l i n e - t r e a t e d  r a t s  i n  t h e  same t e s t  e n v i r o n m e n t .  The c o n t r o l  
r a t s  showed a p p r o p r i a t e  c h a n g es  i n  t h e i r  i n v e s t i g a t i v e  b e h a v i o r  
when t h e  a p p a r a t u s  was ch anged  a t  10 min and a t  30 min p o s t i n j e c 
t i o n .  The a m p h e t a m i n e - t r e a t e d  r a t s ,  h owever ,  were  c o m p l e t e l y  un 
r e s p o n s i v e  t o  such  c h an g es  a t  30 min and o n l y  p a r t i a l l y  so  a t  10 
min p o s t i n j e c t i o n .

I t  was c o n c lu d e d  t h a t  t h e r e  i s  a t e m p o r a l  g r a d i e n t  o f  d e c r e a s 
i n g  r e a d i n e s s  t o  a c q u i r e  new forms o f  a d a p t i v e  b e h a v i o r  which  
o c c u r s  a f t e r  a s i n g l e ,  l a r g e  dose  o f  am phetamine .

S u p p o r te d  by t h e  A l b e r t a  M enta l  H e a l th  A d v i s o ry  C o u n c i l .
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311.1 CLASSIFYING DENDRITIC BRANCH PATTERNS USING TERMINAL ORDERING OF 
SEGMENTS. D. E. H illm an . D ept. o f  P h y s io l. & B iophys., New 
York Univ. Med. C t r . , New York, N.Y. 10016

The arrangem ent o f d e n d r i t ic  segm ents form ing a rb o rs  can be 
ex p ressed  g lo b a l ly  a s  b ranch  p a t te r n s  i r r e s p e c t iv e  o f s iz e  and 
o r ie n ta t io n .  S ince much o f n eu ro n a l shape i s  rev ea led  in  th e  
p a t te r n  o f  b ran ch in g , a  means o f c l a s s i f y in g  a rb o rs  in  n u m erica l 
te rm s i s  e s s e n t i a l  f o r  making com parisons and sp e c ify in g  ty p e s  
o f  b ranch  p a t te r n s .

A method o f  in c rem en ta l o rd e r in g  o f segm ents from te rm in a ls  
to  th e  soma, p ro v id e s  v a lu es  re p re s e n t in g  th e  number o f segments 
ly in g  d i s t a l  to  each  segm ent. T h is method i s  c a l l e d ,  "Term inal 
O rd erin g " . The approach  has been found u s e fu l  in  g e n e ra tin g  a 
n um erica l c l a s s i f i c a t i o n  system  o f b ranch  p a t te r n s  th a t  ranks 
a rb o rs  ac co rd in g  to  th e  degree  o f asymmetry.

In  th e  p ro ced u re , th e  p a th  th a t  has th e  l a r g e s t  number o f 
b i f u r c a t io n s  from th e  soma to  th e  te rm in a l i s  o rd ered  acco rd in g  
to  th e  te rm in a l o rd e r in g  r u le .  The te rm in a l o rd e r  v a lu es  o f 
each  segment a long  t h i s  p a th  a re  summed. A Symmetry Index (S I)  
v a lu e  i s  g en e ra ted  by adding 1 to  t h i s  sum and d iv id in g  by th e  
t o t a l  number o f te rm in a ls  on th e  a rb o r . A ta b le  o f SI v a lu es  
d e s ig n a tin g  8 c la s s e s  o f branch p a t te rn s  from Ia-IV b  i s  used  to  
c l a s s i f y  th e  a rb o r .  The ru le  f o r  d e f in in g  th e  4 m ajor ranges  o f 
S I v a lu es  i s  to  d iv id e  th e  range between 2 and th e  SI v a lu e  fo r  
an a rb o r  having  maximum asymmetry in to  4 ranges  (8 f o r  su b c la s s 
e s ) .  The maximum asymmetry i s  app rox im ate ly  o n e -h a lf  o f th e  
t o t a l  number o f  te rm in a ls  on th e  a rb o r .  The SI v a lu e  o f 
com p lete ly  sym m etrical a rb o rs  i s  alw ays 2. T h is n um erica l 
approach  a llo w s  com puterized  c l a s s i f i c a t i o n  o f n eu ro n a l a rb o rs .

The r e s u l t s  su g g es t a g e n e ra l r u le  f o r  de te rm in in g  th e  SI 
ran g es  f o r  th e  4 m ajor c la s s e s  o f b ranch  p a t te r n s .  The SI v a lu e  
range fo r  C lass  I  i s  between 2 and ap p rox im ate ly  o n e -e ig h th  o f 
th e  t o t a l  number o f te rm in a ls  w ith  th e  a d d i t io n  o f  1 w h ile  th e  
C lass  I I  range i s  from th e  l a t t e r  to  ap p rox im ate ly  o n e - fo u r th  of 
th e  t o t a l  number o f te rm in a ls  w ith  th e  a d d i t io n  o f 1 . The range 
f o r  C lass I I I  i s  from th e  C la ss  I I  to  th r e e - e ig h th s  o f th e  t o t a l  
te rm in a l number w ith  th e  a d d i t io n  o f 1 . The C la ss  IV range 
ex tends  up to  abou t o n e -h a lf  o f  th e  number o f  te rm in a ls . 
Supported  by USPHS G rant NS-13742 from NINCDS.

311.2 OPTIMUM COMPARTMENTAL NEURON MODELS.

K Flach*1. NT Carneva le* and SE Sussman-Fort*1. 
Dept. of E lectrical Engineering1, and Depts. of Neurology and 
Neurobiology and Behavior2, S ta te  Univ. of New York, 
Stony Brook, N.Y. 11794.

Increasingly complex hypotheses of neuronal function, stim ulated by 
a w ealth of anatom ical and biophysical data , in turn require more e ffi
cient methods for neuronal modeling. Therefore we have examined the 
problem of constructing multicompartmental models for optimum accuracy 
in sim ulations of linear electrotonus with minimum computational 
overhead.

Ladder network sim ulations of models w ith identical compartments led 
to  the suggestion th a t neurites more than half a space constant long may 
be represented  with sa tisfac to ry  accuracy by models th a t have only "two 
or th ree  regions [com partm ents] per space constant." [1] We expected 
th a t g rea te r efficiency might resu lt from designing each compartment 
individually so th a t the charging characte ris tic s  of the model would be 
experimentally indistinguishable from the neuronal s tru c tu re  th a t it 
rep resen ts. This approach would be particu larly  applicable to  portions 
of a neuron th a t a c t only as a passive load, i,e . th a t are not the site  
o f any synaptic input or ac tive current.

We have te sted  th is  idea by system atically  comparing theo re tica l 
predictions for equivalent cylinders of typical electro tonic lengths 
w ith the charging cha racte ris tic s  of optimized models th a t consist of 
one, two, or th ree  com partm ents, Design constra in ts for these models 
include DC input conductance, characte ris tic  frequencies of the impulse 
response, and re la tive  error of the impulse response when loaded by a 
simulated soma or voltage clamp. We have addressed the following 
questions:

1.  How well can models of d iffe ren t complexity approximate the 
th eo re tica l predictions?

2.  What is the optimum model design for a required degree of accuracy?
3.  How should the values of the elements in the model (i.e, the series 

resistances and the parallel resistances and capacitances in each 
compartment) be chosen?

4.  How sensitive are  the sim ulations to  variations in the param eters 
used to construct the models?

This study has resulted  in a s e t of design rules th a t we can apply to 
improve the accuracy and speed of la rge-scale  neuronal simulations.

Reference
1. Perkel & Mulloney, J.Neurophysiol. 41:621-639 (1978).

311.3 GIANT APLYSIA NEURON R2 HAS DISTAL DENDRITES: EVIDENCE FOR A 
SECOND SPIKE INITATION SITE AND PROTEIN SORTING. R. T. Ambron 
and S. G. R ay p o rt. D epartm ents o f Anatomy & C ell B iology and 
P s y c h ia t ry ,  C en ter fo r  N eurobio logy & B ehav io r, Columbia P&S, New 
York C ity  10032.

The p o la r iz a t io n  o f  neurons in to  tra n sm is s iv e  and re c e p tiv e  
r e g io n s  i s  r e f l e c t e d  in  th e  c h a r a c t e r i s t i c  f e a t u r e s  o f  p r e -  
and p o s t- s y n a p tic  membranes. Such d if f e re n c e s  must a r i s e  from 
d i s t i n c t i v e  p a t te rn s  o f m acrom olecular s o r t in g .  Since neuronal 
somata a re  th e  s i t e  o f m acrom olecular s y n th e s is ,  mechanisms a re  
re q u ire d  to  s o r t  and d i s t r i b u t e  components to  t h e i r  a p p ro p r ia te  
s i t e s  w i th i n  th e  c e l l .  We h ave been  s tu d y in g  s o r t i n g  u s in g  
n e u ro n  R2 and h ave  found  p o s t s y n a p t i c  s t r u c t u r e s  re s e m b lin g  
d e n d r i te s  in  th e  p le u ra l  g an g lio n  some 4 cm d i s t a l  to  th e  c e l l  
body and 4 cm proxim al to  th e  R2 te rm in a ls  in  th e  body w a ll . 
Schematically, R2 can be depicted:

S t im u la t io n  o f  p e r i p h e r a l  n e rv e s  e l i c i t s  EPSPs in  th e  R2 
axon in  th e  p le u ra l  g an g lio n . This in p u t may m odulate a c t io n  
p o te n t ia ls  a r i s in g  in  th e  abdom inal as w e ll as evoke sp ik es  in  
th e  p le u ra l  g a n g lio n . A second sp ik e  i n i t i a t i o n  s i t e  in  the  
p le u ra l  g an g lio n  may e x p la in  th e  b i - d i r e c t i o n a l  sp ik e  conduc tion  
in  th e  R2 axon in  th e  r ig h t  co n n e c tiv e  [P arsons e t  a l . ,  (1983) 
S cience 221, 1203].

HRP in je c te d  in to  th e  c e l l  body la b e ls  a s e r ie s  o f ev ag i
n a t io n s  from th e  main axon. These p ro cesse s  a r i s e  from w ith in  
th e  axon, a p p a re n tly  suspended by g l i a l  in fo ld in g s .  T his o r ie n 
t a t i o n  may s e le c t iv e ly  d i r e c t  v e s ic le s  in to  th e  p ro c e s s e s . In  
s e r i a l  s e c t i o n s ,  num erous p r e s y n a p t ic  e le m e n ts  a r e  se e n  to  
c o n ta c t th e  R2 p ro c e s s e s . Under th e  EM th e  d e n d r i te s  a re  seen  to  
la c k  rib o so m es, b u t c o n ta in  th e  v e s ic le  types  commonly found in  
th e  r ig h t  co n n e c tiv e  axon.

G iven  t h i s  c y t o a r c h i t e c t u r e , b o th  p r e -  and p o s t - s y n a p t i c  
components sy n th e s iz e d  by th e  c e l l  soma w i l l  be expo rted  in to  
th e  r i g h t  co n n e c tiv e  axon fo r  t r a n s p o r t  to  th e  p e r ip h e ry . In  th e  
p le u ra l  g a n g lio n , f a r  from the  c e l l  body, th e se  p ro te in s  must be 
s o r te d .  U sing a p u lse -c h a se  p ro to c o l w ith  35S -M eth ion ine , we 
hav e  i d e n t i f i e d  by SDS-PAGE 30 r a d i o l a b e l e d ,  r a p i d l y  t r a n s 
p o r te d  p r o t e i n s .  Among th e s e  i s  a 70 kD p r o t e i n  b a n d , t h a t  
i s  t r a n s p o r te d  to  th e  p le u ra l  g a n g lio n , b u t does no t appear in  
th e  p e r ip h e ra l  ne rv es  te rm in a tin g  in  th e  body w a ll .  P o ss ib ly , 
th i s  p ro te in  i s  d ep o s ited  in  th e  d e n d r i te s .  F ind ing  d i s t a l  R2 
d e n d r i te s  adds a s p a t i a l  d im ension  which shou ld  f a c i l i t a t e  the  
e lu c id a t io n  o f  mechanisms invo lved  in  i n t r a c e l l u l a r  s o r t in g .

311.4 ELECTRIC PROPERTIES OF ISOLATED SPINOTHALAMIC TRACT CELLS. 
L.-Y.M. Huang. Marine B iom edical I n s t i t u t e  and Departm ent of 
Anatomy & N e u ro sc ic ie n c e s , U n iv e rs ity  o f Texas M edical Branch, 
G a lveston , TX 77550

The sp in o th a lam ic  t r a c t  (STT) i s  though t to  be one of th e  main 
pathways th a t  tra n sm it n o c ic e p tiv e  in fo rm a tio n  from th e  p e r ip h e ry  
to  th e  b r a in .  The conductance mechanisms o f th e se  c e l l s  and 
tr a n s m it te r  m odulation  o f th e  io n ic  c u r re n ts  in  th e se  c e l l s  a re  
c e n t r a l  to  an u n d ers ta n d in g  o f how p a in  i s  m ediated  by the  
nervous system . We have developed a method fo r  in  v i t r o  re c o rd 
in g s  o f sp in o th a lam ic  c e l l s .

Diamidi no yellow  d ih y d ro c h lo r id e  o r f lu o re s c e n t la te x  m icro
ph eres  was in je c te d  in to  b o th  th e  l a t e r a l  and m edial p a r t  of 
thalam us o f r a t s .  These c e l l u l a r  m arkers were tra n sp o r te d  
r e t ro g ra d e ly  in  th e  axons o f th e  sp in o th a lam ic  t r a c t  c e l l s  and 
su b se q u en tly  were v i s ib l e  in  th e  somata o f STT neurons (Huang e t  
a l . ,  J .  N euroscience Method, 14: 91-96, 1985). A f te r  2-4 day 
s u rv iv a l  tim e , th e  c e rv ic a l  o r lumbar reg io n  o f th e  s p in a l  cord 
was d is s e c te d  o u t. The t i s s u e  was then  incu b a ted  in  b u f fe r  
s o lu t io n  c o n ta in in g  0 .1 -0 .3  mg/ml  papa in  fo r  45-60 min a t  36°C. 
The s o lu t io n  was co n tin u o u s ly  s t i r r e d  and bubbled w ith  O2 du ring  
th i s  p e r io d . The t i s s u e  was then  removed from th e  enzyme s o lu 
t i o n ,  washed w ith  th e  f r e s h  b u f fe r  s o lu t io n  and then  p laced  in  
D u lb ecco 's  m odified  ea g le  medium fo r  s to ra g e . Immediate b e fo re  
u s e , a sm all p ie ce  o f t i s s u e  was taken  from th e  medium and 
t r i t u r a t e d  w ith  a p a s te u r  p ip e t t .  The d is s o c ia te d  c e l l s  were 
allow ed to  s e t t l e  down in  th e  reco rd in g  d is h .  STT neurons 
d isp la y e d  a d if fu s e  f lu o re sc e n c e  o f th e  cytoplasm  in  t h e i r  somata 
and p rox im al d e n d r i te s .

E le c tro p h y s io lo g ic  experim en ts were perform ed on ly  on the  
f lu o re s c e n t  c e l l s .  The whole c e l l  c u r re n ts  o f th e se  c e l l s  were 
measured under v o lta g e  clamp c o n d itio n s  u s in g  th e  p a tch  clamp 
m ethod. The neurons had a r e s t i n g  p o te n t ia l  o f -50  -  -70 mV. 
When th e  clamped p o te n t ia l  was stepped  from a ho ld in g  p o te n t ia l  
o f -100 mV to  -50  mV, a r a p id  inw ard c u r re n t s t a r t e d  to  a c t iv a te  
and then  in a c t iv a te d .  When th e  t e s t  p o te n t ia l  was more p o s i t iv e  
than  -20  mV, th e  i nward c u r re n t was fo llow ed by a m ain ta ined  
outw ard c u r r e n t .  T e tro d o to x in  could  b lo ck  most th e  inward 
c u r r e n t ,  and tra traethylam m onium  e f f e c t iv e ly  reduced th e  outward 
c u r r e n t .  The v o lta g e  dependent p ro p e r t ie s  o f th e se  c u r re n ts  w i l l  
be d is c u s s e d . (Supported  by NIH g ra n ts  NS 23061 and NS 19352.)
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311.5 MORPHOLOGICAL INVESTIGATIONS ON THE INNERVATION OF CILIA IN 
LYMNAEA. W. Winlow, J .D . McKenzie, N .I . Syed And J .  T rip p . 
D epartm ent o f P hysio logy , U n iv e rs ity  o f L eeds, Leeds LS2 9NQ. 
England. U.K.

C i l ia r y  b e a tin g  i s  th e  p rim ary  mode of locom otion in  pond 
s n a i l s  such as  Lymnaea s ta g n a l is  (L .) .  The p a ire d  p eda l g a n g lia  
in n e rv a te  th e  fo o t and a re  though t to  be invo lved  in  th e  c o n tro l 
o f locom otion (1 ) . The " A -c lu s te r"  neurones o f th e  peda l g a n g lia  
c o n ta in  se ro to n in  ( 2) and p re lim in a ry  r e s u l t s  suggest th a t  they  
a re  invo lved  in  c i l i a r y  locom otion . Most o f th e  neurons w ith in  
th e se  c l u s t e r s  a re  weakly e l e c t r i c a l l y  connected  to  t h e i r  nea r 
ne ighbours and have i p s i l a t e r a l  p ro je c t io n s  to  th e  fo o t .  Three 
p a i r s  o f g ia n t  neurones a re  e l e c t r i c a l l y  connected  to  t h e i r  
c o n t r a la t e r a l  homologues and to  th e  A -c lu s te r  c e l l s  th a t  surround 
them. The g ia n t neurones have bo th  i p s i l a t e r a l  and c o n t r a la t e r a l  
p ro je c t io n s  to  th e  fo o t .

Using th e  g ly o x y lic  a c id  te ch n iq u e  th e  p resence  of se ro to n in  
w ith in  th e  fo o t has been dem onstra ted  u s in g  f lu o re s c e n t  m icro
scopy. Im m ediately under th e  c i l i a t e d  ep ith e liu m  i s  a la y e r  of 
s e ro to n in -c o n ta in in g  v a r i c o s i t i e s .  W ith in  th e  deeper t i s s u e s ,  
t r a c t s  c o n ta in in g  s e ro to n in  can be found. These or ig in a te  from 
th e  g a n g lia . U l t r a s t r u c tu r a l  in v e s t ig a t io n  of th e  fo o t re v e a ls  
numerous axon p r o f i l e s  a t  th e  b ase  o f th e  e p i th e l iu m . Many of 
th e se  c o n ta in  dense cored  v e s ic le s .  A pparent synapses , co n ta in in g  
th e se  v e s ic le s ,  a re  made w ith  c i l i a t e d  c e l l s ,  o th e r  e p i th e l i a l  
c e l l s  and th e  sub-ep iderm al m u scu la tu re . I t  i s  h y p o th e sise d  th a t  
th e  A -c lu s te r  neurons in n e rv a te  th e  c i l i a t e d  c e l l s  and m odulate 
locom otion v ia  s e ro to n in -c o n ta in in g  " n e u r o - c i l ia te d  c e l l  
ju n c t io n s " .  (Supported  by an SERC g ra n t to  WW).

(1) Winlow, W. & Haydon, P.G. (1986). Comp. Biochem. P h y s io l. 
83A, 13-21

(2) Casey, C. & Winlow, W. (1985). J .  P h y s io l. 369, 169P.

311.6 ELEMENTAL COMPOSITION OF NEURONS: AN ELECTRON PROBE X-RAY 
MICROANALYSIS STUDY. D.A. Spero* and F . J .  Roisen (SPON: R. 
D u v o is in ). Departm ent of Anatomy, School of M edic ine, U n iv e rs ity  
o f L o u i s v i l le ,  L o u is v i l le ,  KY 40292.

In fo rm atio n  on th e  d i s t r i b u t io n  of elem ents in  neurons i s  of 
c o n s id e ra b le  i m portance to  und ers tan d in g  neuronal f u n c t io n . In  
the p re sen t s tu d y , we compared the i n t r a c e l l u l a r  d i s t r i b u t io n s  of 
e lem ents in  neurons p repared  by th e  fo llo w in g  methods:
1) r a p id - f r e e z in g ,  f re e z e -d ry in g  a t  -80° C and 10–4 t o r r ,
2) r a p id - f r e e z in g ,  f r e e z e - s u b s t i tu t io n  a t  -80° C and
3) conven tio n a l f ix a t io n  a t  20° C. Neuro-2a neuroblastom a and 
9-day embryonic ch ick  d o rsa l ro o t g a n g lia  (DRG) were grown as 
d e sc rib ed  p re v io u s ly  (Spero and R o isen , Dev. B rain  R e s ., 
13 :37 -48 , 1984; Roisen e t  a l . ,  J .  N e u ro b io l ., 4 :347-368 , 1972). 
C e lls  were p la te d  on fo rm var-carbon -coated  gold g r id s  t r e a te d  
w ith  p o ly -L -ly s in e  and m a in ta ined  fo r  48 h r .  For f re e z e -d ry in g , 
c e l l s  were qu ick  fro zen  i n propane (-180°C) and d r ie d  a t  -80°C 
and 10–4 t o r r .  For f r e e z e - s u b s t i tu t io n ,  c e l l s  were fro zen  in  
p ropane, f r e e z e - s u b s t i tu te d  in  a m ix tu re  c o n ta in in g  1% 
g lu ta ra ld e h y d e  and 0.02 M ca co d y la te  b u ffe r  (pH 7 .3 )  in  a b so lu te  
e th an o l a t  -80° C and c r i t i c a l - p o in t - d r i e d .  For conven tional 
f i x a t io n ,  c e l l s  were f ix e d  in  2% g lu ta ra ld eh y d e  in  caco d y la te  
b u ffe r  (pH 7 .3 ) ,  dehyd ra ted  and c r i t i c a l - p o in t - d r i e d .  C e lls  were 
examined w ith  a P h il ip s  EM420T equipped w ith  an EDAX 9100 x -ray  
m ic ro an a ly sis  system . M u ltip le  x -ray  probes of 500 nm d iam eter 
were made in  r e p r e s e n ta t iv e  reg io n s  which in c luded  the  soma, 
n eu ri te  s h a f t  and growth cone to  determ ine the c o n c e n tra t io n  of 
elem ents in  th e se  re g io n s . Background counts from e x t r a c e l lu la r  
reg io n s  were s to re d  in  the  m icrop rocesso r and s u b s tra c te d  from 
th o se  o b ta ined  from i n t r a c e l lu l a r  re g io n s . F re e z e -d r ie d  c e l l s  
had c o n s is te n t ly  h ig h e r  le v e ls  of the d i f f u s ib l e  e lem ents K, Ca, 
Mg, and Na than  c e l l s  p repared  by e i th e r  f r e e z e - s u b s t i tu t io n  or 
co n v en tio n a l m ethods, su g g es tin g  th a t  f re e z e -d ry in g  p rov ides  a 
more a c c u ra te  r e te n t io n  of elem ents than  f r e e z e - s u b s t i tu t io n  or 
co n v e n tio n a l p ro ced u re s . S tu d ie s  u t i l i z i n g  the  r a p id - f r e e z e ,  
f re e z e -d ry in g  procedure dem onstrated  h ig h e r  Ca le v e ls  in  the 
cytoplasm  of nonneuronal c e l l s  and h ig h e r Mg le v e ls  in  DRG and 
N euro-2a neu rons . An exam ination  of the i n t r a c e l lu l a r  
d i s t r i b u t io n  of elem ents w ith in  th e se  two neuronal types 
in d ic a te d  h igh le v e ls  of P and S in  the  soma and h igh  le v e ls  of 
Zn in  n e u r i t i c  p ro cesses  and th e i r  growth cones. W ith in  the 
n e u r i t e s ,  h igh  co n c e n tra t io n s  of Ca were a s s o c ia te d  w ith  
m ito ch o n d ria  and smooth endoplasm ic re t ic u lu m . The ra p id - f r e e z e ,  
f re e z e -d ry in g  method combined w ith  x -ray  m ic ro an a ly sis  p rov ides a 
u s e fu l techn ique fo r  de te rm in ing  the i n t r a c e l l u l a r  d i s t r i b u t io n  
of elem ents and th e i r  a s s o c ia t io n s  w ith  s p e c i f ic  com partm ents. 
Supported by NIH g ran t NS11299.

311.7 EXPRESSION OF KERATIN IN THE CENTRAL NERVOUS SYSTEM. M.C. F ra n k o * , 
C . J .  G ibbs J r . *  and  D.C. G a jd u sek  (SPON: I .  Kl a t z o ) . L a b o ra to ry  o f  
C e n t r a l  N ervous S ystem  S t u d ie s ,  NINCDS, N a t io n a l  I n s t i t u t e s  o f  
H e a l th ,  B e th e s d a ,  MD 20892 .

A m o n o c lo n a l a n tib o d y  d e r iv e d  from  a  m ouse im m unized  w i th  a  
hom ogenate  o f  m ouse b r a i n  i n f e c t e d  w i th  C r e u tz f e ld t - J a k o b  d i s e a s e  
v i r u s  r e c o g n iz e d  an  e p i to p e  p r e s e n t  i n  non - n e u r a l  c y to k e r a t i n s .  By 
i n d i r e c t  im m u n o flu o resc e n c e  on f ro z e n  s e c t i o n s  o f  a d u l t  h a m s te r  
b r a i n ,  t h e  a n tib o d y  r e a c t e d  w i th  i n t r a c y t o p l a s m ic  f i l a m e n t s  i n  a  
s u b - c l a s s  o f  a s t r o c y t e s ,  lo o p  s t r u c t u r e s  w i th in  t h e  c y to p la s m  o f  
P u r k in j e  c e l l s  an d  w i th  ependym al c e l l s .  The im m u n o flu o resc e n c e  
p a t t e r n  t h a t  was se en  i n  c u l t u r e d  a s t r o c y t e s  o f  m ouse b r a i n s  w i th  
t h i s  a n tib o d y  c o n s i s t e d  o f  an a c c u m u la t io n  o f  a n t ig e n  a ro u n d  th e  
n u c le u s  an d  a r r a y s  o f  c y to p la s m ic  f i b e r s  e x te n d in g  t o  t h e  c e l l  
b o r d e r s  c h a r a c t e r i s t i c  o f  i n te r m e d i a t e  f i l a m e n t s .  U sing  
d o u b l e - l a b e l  i n d i r e c t  im m u n o flu o re s c e n c e , t h e  s t a i n i n g  o f  c u l t u r e d  
a s t r o c y t e s  w i th  a n t i - g l i a l  f i b r i l l a r y  a c i d i c  p r o t e i n  a n tib o d y  
r e v e a l e d  th e  c o o r d in a te  e x p r e s s io n  o f  b o th  a n t i g e n s .

Im m unoblo t a n a l y s i s  o f  p u r i f i e d  human e p id e r m is  k e r a t i n  
p o l y p e p t id e s  and  f e t a l  m ouse b r a i n  c u l t u r e  h om ogenate  c o n f irm e d  th e  
r e a c t i v i t y  o f  t h i s  a n t ib o d y  t o  k e r a t i n  p o l y p e p t i d e s .  The a n tib o d y  
r e c o g n iz e s  an e p i t o p e  w h ich  i s  p r e s e n t  i n  a l l  o f  t h e  e p id e rm is  
k e r a t i n  p o ly p e p t id e s  an d  w h ich  i s  s h a re d  w i th  a  5 8 -6 0  kDa 
p o ly p e p t id e  fo u n d  i n  c u l t u r e d  a s t r o c y t e s .

T h is  s tu d y  shows t h a t  a  s u b - c l a s s  o f  a s t r o c y t e s  i n  h a m s te r  b r a i n  
c o n ta in s  a  d i s t i n c t  i n te r m e d i a t e  f i l a m e n t  o f  t h e  k e r a t i n  ty p e  and  
s u g g e s t s  t h a t  t h e  lo o p s  w i t h in  P u r k in j e  c e l l s  r e p r e s e n t  a  k e r a t i n  
i n te r m e d i a t e  f i l a m e n t  o r g a n iz in g  c e n t e r .  A d d i t i o n a l ly ,  t h i s  s tu d y  
shows t h a t  e p id e rm a l  k e r a t i n s  s h a re  an  e p i to p e  among th e m s e lv e s  
an d  w i th  a  " n e u r a l  k e r a t i n " .

311.8 VIP NEURONS IN THE THORACIC AND SACRAL CORD OF CAT AND MONKEY. 
C.C. LaMotte. Sec t io n  o f  Neurological  Surgery and Dept . o f  Anesthe
s io lo g y ,  Yale Univ. Sch. o f  Med., New Haven, CT 06510.

VIP immunoreactive neurons have been i d e n t i f i e d  in h o r iz o n ta l  
s e c t i o n s  o f  monkey and c a t  sp in al cord  (without c o l c h i c i n e  p r e 
t r e a tm e n t ) ,  us ing  th e  PAP method and a f i x a t i v e  o f  5% a c r o l e in  in 
phosphate b u f f e r .  In th e  th o r a c i c  cord c e l l s  were lo c a te d  in 
severa l a r e a s ;  most were found from C8-T6 and th e  lower th o r a c ic  
cord had few VIP neurons . One group o f  m u l t i p o l a r  VIP neurons was 
in lamina X, l a t e r a l  to  th e  c e n t r a l  c a n a l ;  a few i s o l a t e d  VIP c e l l s  
were a l so  found in th e  in t e r m e d io l a t e r a l  nucleus and in the  i n t e r 
c a l a t u s  nuc leus .  Another prominent group was lo c a ted  immediately 
dorsa l and l a t e r a l  to  th e  c e n t r a l  c a n a l , o f te n  in c l o s e  c o n ta c t  
with  ependymal c e l l s .  Each neuron had a s in g l e  l a r g e  ap ica l  den
d r i t e  which was o r i e n t e d  r a d i a l l y  to  th e  c a n a l ,  appearing  to  span 
the  ependymal l a y e r  and to  c o n t a c t  th e  canal s u r f a c e ;  sm al le r  
basal d e n d r i t e s  and a v a r i c o s e  axon were a l s o  p r e s e n t .

In th e  sac ra l  cord two c e l l  types  were observed . One type  was 
e i t h e r  subependymal o r  in  th e  ependyma and v a r i ed  in shape and 
s i z e .  These c e l l s  had long d e n d r i t e s  which s t r e t c h e d  l o n g i t u d i n a l 
l y  along th e  canal s u r f a c e .  Branches o f  th e se  long d e n d r i t e s  com
monly p en e t ra te d  between ependymal c e l l s  and ended as  rounded 
te rm in a l s  in the  canal s u r f a c e .  Long th i n  v a r i c o s e  axons a l so  
a ro s e  from th e se  c e l l s .  A second type  o f  VIP neuron c o n s i s te d  o f  
small c e l l s  w ith  s h o r t ,  h ig h ly  branched and v a r i c o s e  p ro cesse s ;  
th e se  were lo c a te d  among ependymal c e l l s .  The p rocesses  from 
th e se  2 c e l l  types  were s t r i k i n g ,  p a r t i c u l a r l y  in  th e  c a t ;  they  
formed a massive i n t r i c a t e  network extending  d o r s a l l y ,  l a t e r a l l y  
and v e n t r a l l y  along th e  c e n t r a l  c a n a l .  E lec t ron  microscopy o f  th e  
c e n t r a l  canal  reg ion  confi rmed t h a t  many VIP processes  extended 
along th e  canal s u r fa c e  and th e se  gave r i s e  to  l a r g e  v a r i c o s i t i e s  
f i l l e d  with  round c l e a r  v e s i c l e s  and dense core  v e s i c l e s .

The r e s u l t s  i n d i c a t e  both an expanded r o l e  o f  VIP in th e  au tono
mic nervous system by i t s  presence  in  sp in al neurons o f  th e  IML, 
IC and lamina X, and an a d d i t io n a l  fu n c t io n  by i t s  p resence  in CSF 
c o n ta c t i n g  neurons . (Suppor ted by NS13335)
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311.9 MYELIN-ASSOCIATED GLYCOPROTEIN AND Po GLYCOPROTEIN 
IMMUNOREACTIVE MATERIAL IN SMALL SENSORY NEURONS OF 
CHICKEN DRG.
F . X .  O m l i n * ,  E .  P h i l i p p e * ,  B. D r o z * ,  (SPO N : C. M a r -  
c h a n d ) .  I n s t i t u t  d ' H i s t o l o g i e  e t  d ' E m b r y o l o g i e ,  F a c u l t é 
d e  Mé d e c i n e ,  r u e  du Bugnon 9 ,  C H - 1 0 0 5  L a u s a n n e  ( S w i t 
z e r l a n d ) .

M y e l i n - a s s o c i a t e d  g l y c o p r o t e i n  (MAG) i s  an i n t e g r a l  
m e m b r a n e  p r o t e i n ,  w h i c h  i s  s y n t h e s i z e d  by  o l i g o d e n 
d r o c y t e s  an d  S c h w a n n  c e l l s .  T h e  Po g l y c o p r o t e i n  i s  a 
s t r u c t u r a l  p r o t e i n ,  w h ic h  i s  s p e c i f i c a l l y  s y n t h e s i z e d  
b y  m y e l i n a t i n g  S c h w a n n  c e l l s  a n d  l o c a t e d  i n  p e r i 
p h e r a l  m y e l i n ;  Po i s  a b s e n t  f r o m  o l i g o d e n d r o c y t e s  a n d  
CNS m y e l i n .  T h e s e  tw o  g l y c o p r o t e i n s  w e r e  t h o u g h t  t o  be 
s p e c i f i c  f o r  m y e l i n  f o r m i n g  g l i a  and m y e l i n  o f  m am m als .

We h a v e  r e p o r t e d  t h a t  s m a l l  B - s e n s o r y  n e u r o n s  o f  
c h i c k e n  d o r s a l  r o o t  g a n g l i a  (DRG) e x p r e s s  MAG o r  a 
c l o s e l y  r e l a t e d  m o l e c u l e  ( Om l i n  e t  a l . ,  S c i e n c e  2 2 7 ,  
1 3 5 9 ,  1 9 8 5 ) .  U s i n g  t h e  PAP i m m u n o c y t o c h e m i c a l  m e th o d  o f  
S t e r n b e r g e r ,  s p e c i f i c  r e a c t i o n  p r o d u c t s  w e r e  f o u n d  in  
t h e  G o l g i  a p p a r a t u s  and t h e  r o u g h  e n d o p l a s m i c  r e t i c u l u m  
o f  t h e s e  n e u r o n s .  A p a t c h y  d i s t r i b u t i o n  o f  im m u n o 
p r e c i p i t a t e s  was o b s e r v e d  a t  t h e  c e l l  s u r f a c e  o f  t h e  
p e r i k a r y o n .  I n  c o n t r a s t ,  l a r g e  n e u r o n s  o f  t y p e  A 
r e m a i n e d  f r e e  o f  an y  r e a c t i o n  p r o d u c t s .

To t e s t  w h e t h e r  o t h e r  m y e l i n - g l y c o p r o t e i n s  a r e  a l s o  
e x p r e s s e d  in  s m a l l  B - n e u r o n s  o f  c h i c k e n  DRGs, a d j a c e n t  
s e c t i o n s  w e r e  i m m u n o s t a i n e d  w i t h  p o l y c l o n a l  a n t i b o d i e s  
a g a i n s t  Po and MAG, r e s p e c t i v e l y .  To o u r  s u r p r i s e  t h e  
s a m e  MAG p o s i t i v e  n e u r o n s  w e r e  a l s o  i m m u n o s t a i n e d  f o r  
P o .  F u r t h e r m o r e ,  t h e  d i s t r i b u t i o n  o f  i m m u n o p r e c i p i t a t e s  
a s s o c i a t e d  t o  t h e s e  n e u r o n s  was i d e n t i c a l  f o r  b o t h  MAG 
and Po g l y c o p r o t e i n .  A l l  l a r g e  n e u r o n s  o f  t y p e  A w e r e  
n e g a t i v e  f o r  t h e  Po g l y o c o p r o t e i n  as  w e l l  as  f o r  MAG.

I t  i s  s u g g e s t e d ,  t h a t  t h e s e  g l y c o p r o t e i n s  o r  c l o s e l y  
r e l a t e d  m o l e c u l e s ,  w h i c h  w e r e  c o n s i d e r e d  as  s p e c i f i c  
c o n s t i t u e n t s  o f  m y e l i n a t i n g  c e l l s i n  m a m m a ls ,  c o u l d  b e  
e x p r e s s e d  by  c e r t a i n  n e u r o n s  d e r i v a t i n g  f r o m  t h e  n e u r a l  
c r e s t  and  p l a y  a r o l e  i n  c e l l  a d h e s i o n  a n d / o r  r e c o g n i 
t i o n .  ( S . N . S . F .  3 . 4 4 7 - 0 . 8 3 / T h e  a n t i - s e r a  o f  an t i-M AG  
and a n t i - P o  a r e  a g e n e r o u s  g i f t  f r o m  D r s  R . H .  Q u a r l e s  
and  B .D .  T r a p p ) .

311.10 I m m u n o e l e c t r o n  m i c r o s c o p i c  l o c a l i z a t i o n  o f  a  
d e v e l o p m e n t a l ly - r e g u l a t e d  n e u r o n - s p e c i f i c  p r o t e i n  S 54  
i n  d e n d r i t e s  a n d  c l o n i n g  o f  i t s  cDNA. T. S h i r a o * 1 , 
H. K. I n o u e * 2 , Y. Kano* 3 , N. K o j i m a  *1, Y. K a t o *4 a nd  K. 
O b a t a 1. D e p a r t m e n t s  o f  1P h a r m a c o l o g y , 2N e u r o s u r g e r y  
a n d  3A na t om y ,  Gunma U n i v e r s i t y  S c h o o l  o f  M e d i c i n e ,  
4I n s t i t u t e  o f  E n d o c r i n o l o g y ,  Gunma U n i v e r s i t y ,  Gunma 
371,  J a p a n

R e c e n t l y  we d e m o n s t r a t e d  t h r e e  n o v e l  p r o t e i n s  S5,  S6 
a n d  S54  ( m o l e c u l a r  w e i g h t s  9 5 , 0 0 0 ,  1 0 0 , 0 0 0  a n d  
110 , 000 ,  r e s p e c t i v e l y )  i n  t h e  c h i c k e n  b r a i n  ( S h i r a o  and 
O b a t a ,  J .  N e u r o c h e m .  4 4 : 1 2 1 0 - 1 2 1 6 ,  1 9 8 5 ) .  They a r e  
d e v e l o p m e n t a l l y  r e g u l a t e d  a nd  i m m u n o l o g i c a l l y  c r o s s -  
r e a c t e d  w i t h  p o l y c l o n a l  and mo n o c lo na l  a n t i b o d i e s .  S54 
p r o t e i n  i s  n e u r o n - s p e c i f i c  and c o n c e n t r a t e d  i n  c e r t a i n  
t y p e s  o f  n e u r o p i l  ( S h i r a o  a n d  O b a t a ,  Dev.  B r a i n  R es .  
i n  p r e s s ) .  I n  t h e  c e r e b e l l a r  c o r t e x  i m m u n o s t a i n i n g  o f  
S54 p r o t e i n  w a s  o b s e r v e d  o n l y  i n  t h e  c e r e b e l l a r  
g l o m e r u l i .  I t  i s  p r o p o s e d  t h a t  S54 p r o t e i n  h a s  a 
s p e c i f i c  f u n c t i o n  i n  c e r t a i n  t y p e s  o f  s y n a p s e s ;  
h o we ve r ,  i t  had  n o t  be en  d e c i d e d  w h e t h e r  S54 p r o t e i n  i s  
i n  p r e s y n a p t i c  a n d / o r  p o s t s y n a p t i c  s i t e s .

The p r e s e n t  e x p e r i m e n t s  we r e  u n d e r t a k e n  t o  e l u c i d a t e  
e l e c t r o n  m i c r o s c o p i c  l o c a l i z a t i o n  o f  S54 p r o t e i n .  
E l e c t r o n  m i c r o s c o p y  s h o we d  t h a t  i n  t h e  c e r e b e l l a r  
g l o m e r u l i  i m m u n o s t a i n i n g  was  o b s e r v e d  d i f f u s e l y  i n  
p o s t s y n a p t i c  e l e m e n t s  f a c i n g  l a r g e  m o s s y  f i b e r  
t e r m i n a l s .  I n  t h e  o p t i c  t e c t u m ,  S54 p r o t e i n  
i m m u n o r e a c t i v i t y  was a l s o  o b s e r v e d  i n  t h e  p o s t s y n a p t i c  
c o m p o n e n t s  o f  a x o - d e n d r i t i c  s y n a p s e s .  I n  a d d i t i o n ,  
we ak  i m m u n o s t a i n i n g  wa s  o b s e r v e d  i n  t h e  s h a f t  o f  
d e n d r i t e s .  T h e s e  r e s u l t s  s u g g e s t  t h a t  S54 p r o t e i n  i s  
s y n t h e s i z e d  i n  c e r t a i n  t y p e s  o f  n e u r o n a l  s o m a t a ,  
t r a n s p o r t e d  a l o n g  t h e i r  d e n d r i t e s ,  and c o n c e n t r a t e d  i n  
t h e  p o s t s y n a p t i c  s i t e s  o f  d e n d r i t e s .

T h e n ,  we p e r f o r m e d  cDNA c l o n i n g  u s i n g  p o l y ( A )  
e n r i c h e d  RNA f r o m  e m b r y o n i c  c h i c k  b r a i n  i n  o r d e r  t o  
e l u c i d a t e  t h e  m o l e c u l a r  r e l a t i o n s h i p  o f  S5,  S6 and S54 
p r o t e i n s  a n d  t h e  r e g u l a t o r y  m e c h a n i s m  o f  t h e i r  
e x p r e s s i o n .  A m o d i f i c a t i o n  o f  t h e  RNase  H m e t h o d  o f  
Okayama and Berg (1982) was u t i l i z e d  f o r  g e n e r a t i o n  o f  
t h e  s ec o n d  s t r a n d ,  f o l l o w e d  by m e t h y l a t i o n ,  a d d i t i o n  o f  
Eco  R1 l i n k e r s ,  a n d  l i g a t i o n  i n t o  t h e  Eco R1 s i t e  o f  
t h e  e x p r e s s i o n  v e c t o r  λg t 1 1 .  C l o n i n g  e f f i c i e n c y  was  
a b o u t  1 0 8 r e c o m b i n a n t s  p e r  m i c r o g r a m  o f  p o l y ( A ) + RNA. 
F u s i o n  p r o t e i n s  w e r e  s c r e e n e d  i m m u n o l o g i c a l l y  u s i n g  
s p e c i f i c  a n t i b o d i e s .  S c r e e n i n g  o f  2 × 10 5 r e c o m b i n a n t s  
r e s u l t e d  i n  t h e  i s o l a t i o n  o f  p o s i t i v e  c l o n e s .

311.11 PROTEIN PHOSPHORYLATION IN HIPPOCAMPAL TISSUE SLICES. R.K. Yip & 
P.T. Kel l y. Dept. N eu rob io l. & Anatomy, UTHSC, Houston, TX 77025.

P h o sp h o ry la tio n  o f  s y n a p tic  ju n c tio n  (SJ) p r o te in s  by Ca2+/  
ca lm o d u lin -d ep en d en t k in a se  II(CaM -K II) may m ediate  e v e n ts  which 
u n d e r l ie  sy n a p tic  tra n sm is s io n . CaM-KII c o n ta in s  a major 50K and a 
minor 60K s u b u n it;  each b inds  ca lm o d u lin  and i s  au to p h o sp h o ry la ted . 
The p re s e n t s tu d ie s  examined i f  p ro te in s  p h o sp h o ry la ted  in  s i t u  in  
hippocam pal s l i c e s  were s im i la r  to  SJ p ro te in s  p h o sp h o ry la ted  in  
v i t r o  by endogenous CaM-KII. C ond itions  which in f lu e n c e d  th e  in  
s i t u  p h o sp h o ry la tio n  o f CaM-KII and o th e r  endogenous s u b s t r a te s  
were examined. A dult r a t  hippocam pal s l i c e s  were p r e - la b e le d  w ith  

32Pi (1 mCi/ml) in  Krebs R inger b u ffe r  and d e p o la r iz e d  u s in g  h igh  
K+(50 mM). S l ic e s  were homogenized under c o n d itio n s  t h a t  in h ib i te d  
v i r t u a l l y  a l l  d e t e c ta b le  endogenous p hosphata se  and p ro te a s e  a c t i v 
i t i e s .  C y to s o lic  and p lasm a membrane f r a c t io n s  were o b ta in e d ; th e  
l a t t e r  were e x t ra c te d  w ith  T r i to n  X-100 to  o b ta in  S J-e n rich ed  f r a c 
t i o n s .  P ro te in s  in  each f r a c t io n  were an a ly zed  by (a) 2-D IEF/SDS- 
PAGE, (b) p r o te o ly t i c  phosphopep tide mapping, (c) im m unoblotting , 
and (d) a u to rad io g rap h y . Our d a ta  in d ic a te d  th a t  th e  p resen ce  o f 
Ca2+(1mM) in  p r e - l a b e l i n g  and la b e l in g  media r e s u l t e d  in  maximal in  
s i t u  p ro te in  p h o sp h o ry la tio n . This Ca2+ e f f e c t  was d im in ished  by 
1mM EGTA, and a b o lis h e d  by Ca2+-ch a n n e l b lo c k e rs . High K+ d e p o l
a r i z a t i o n  r e s u l t e d  in  s m a ll bu t v a r i a b le  in c re a s e s  in  3 2 P in co rp o 
r a t io n  in to  s l i c e  p ro te in s .  2-D au to rad io g rap h s  showed th a t  th e  
60K s u b u n it o f  CaM-KII was more h ig h ly  p h o sp h o ry la ted  than  th e  50K. 
Enhanced 32P in c o rp o ra tio n  in to  th e  60K s u b u n it was found m ain ly  
in  T r i to n - s o lu b le  (TXS) e x t r a c t s  o f  s y n a p tic  membrane f r a c t io n s .  
In c rea se d  a p p a re n t 60K au to p h o sp h o ry la tio n  was a l s o  o bserved  in  
c y to s o l ic  (S1) f r a c t io n s  bu t to  l e s s e r  d eg ree s . A lthough S J-  
en rich ed  f r a c t io n s  co n ta in ed  1 0 -fo ld  g r e a te r  amounts o f  CaM-KII 
compared to  S1 and TXs f r a c t io n s ,  p h o s p h o ry la tio n  o f  50K and 60K 
s u b u n its  in  th e  S J-e n rich ed  f r a c t io n s  was c o n s id e ra b ly  l e s s  and 
th e i r  2-D au to ra d io g ra p h ic  sp o ts  were o f  s im i la r  i n t e n s i ty .  I d e n t i 
f i c a t i o n  o f  50K and 60K su b u n its  in  hippocam pal f r a c t io n s  was 
v e r i f i e d  by (a) co -m ig ra tio n  in  2-D g e l s  w ith  p u r i f i e d  CaM-KII, (b) 
im m unoblotting  u s in g  a f f i n i t y - p u r i f i e d  a n t ib o d ie s  a g a in s t CaM-KII, 
and (c) p u r i f i c a t i o n  o f  k in a se  s u b u n its  by ca lm o d u lin -S ep h aro se  
chrom atography. P ep tid e  mapping o f  CaM-KII su b u n its  p h o sp h o ry la ted  
in  s i t u  produced s im i la r  p a t te r n s  when compared to  50K and 60K 
su b u n its  au to p h o sp h o ry la ted  in  v i t r o .  Synapsin I ,  tu b u l in ,  and 
p ro te in s  o f  138K, 87K, and 48K were a l s o  p h o sp h o ry la ted  in  
hippocam pal s l i c e s .  These r e s u l t s  in d ic a te  t h a t  th e  60K su b u n it o f  
CaM-KII i s  more h ig h ly  au to p h o sp h o ry la ted  in  s i t u  r e l a t i v e  to  th e  
50K s u b u n it and th a t  th e  60K su b u n it i s  en rich ed  in  TXS e x t r a c t s  o f  
sy n a p tic  membranes. A m a jo r ity  o f  hippocam pal CaM-KII i s  reco v e red  
in  S J-e n ric h e d  f r a c t io n s ,  how ever, i t s  a p p a re n t a u to p h o sp h o ry la tio n  
i s  l a r g e ly  r e f r a c to r y  to  in  s i t u  l a b e l l i n g  c o n d itio n s . (Supported 
by NIH G rant #NS22452 & #NS0 1052.)

311.12 NEURONAL NADPH-DIAPHORASE: BIOCHEMICAL AND HISTOCHEMICAL 
CHARACTERIZATION. B.T. Hope*, B.E. Boyes* and S.R . V incent 
(SPON: D. Schw arz). D iv. o f N eu ro lo g ica l S c ie n ces , D ep t. of 
P s y c h ia t ry , The Univ. o f B r i t i s h  Colum bia, Vancouver, B.C. 
V6T 1W5, Canada.

H is to ch e m is try  based  on th e  enzym atic re d u c t io n  o f a te tra z o liu m  
dye in  th e  p resen ce  o f reduced n ic o tin a m id e  aden ine d in u c le o t id e  
phosphate (NADPH) s e le c t iv e ly  s ta in s  d is c r e te  n eu ronal p o p u la tio n s . 
The endogenous enzyme re s p o n s ib le  fo r  th i s  r e a c t io n  has been termed 
NADPH-diaphorase. S t r i a t a l  neurons c o n ta in in g  th e  n eu ro p ep tid es  
so m a to s ta tin  and n eu ro p ep tid e  Y, and th e  caudal c h o lin e rg ic  column 
o f th e  m esencephalic  and p o n tin e  tegmentum a re  two o f th e  c e l l  
groups known to  co n ta in  th i s  enzyme. We have begun to  c h a ra c te r iz e  
and p u r ify  th i s  enzyme from r a t  and human b r a i n s , and to  compare 
th e  b iochem ical p ro p e r t ie s  o f t h i s  enzyme w ith  th o se  observed in  
h is to c h e m ic a l s tu d ie s .

NADPH-diaphorase a c t i v i t y  was q u a n t i ta te d  u s ing  a method s im i la r  
to  th a t  employed fo r  h is to c h e m is t ry . The in c u b a tio n  medium contained 
1 mM EDTA, 20 μM DTT, 1% T r i to n  X-100, 1 mM NADPH and 0 .5  mM n i t r o  
b lu e  te tr a z o l iu m , in  50 mM T r is -C l (pH = 8 .4  a t  37°C ). The produc
t io n  o f  formazan was assayed  u sin g  th e  absorbance a t  th e  i s o b e s t i c  
w avelength  (585 nm). The enzyme a c t iv i t y  was com pletely  in h ib i te d  
in  th e  p re sen ce  o f 2 mM CDTA o r  a f t e r  t r y p s in  p re tre a tm e n t.

S u b c e l lu la r  f r a c t io n a t io n  o f th e  r a t  s t r ia tu m  in d ic a te d  th a t  
g r e a te r  than  75% o f  th e  t o t a l  NADPH-diaphorase a c t i v i t y  i s  
c y to s o l ic .  A c tiv i ty  was h igh  in  th e  p i t u i t a r y  and ad re n a l g lands 
and v a r ie d  g r e a t ly  between b r a in  r e g io n s . L esions o f th e  s tr ia tu m  
w ith  k a in ic  a c id  reduced NADPH-diaphorase when d e te c te d  biochem i
c a l ly ,  confirm ing  th e  neu ro n a l l o c a l i z a t i o n  o f th i s  enzyme observed 
h is to c h e m ic a l ly .

P a r t i a l  p u r i f i c a t i o n  o f th e  NADPH-diaphorase from human 
n eo c o rtex  was accom plished  u s in g  ammonium s u l f a t e  p r e c i p i t a t io n ,  
io n  exchange chrom atography and s iz e  e x c lu s io n  chrom atography. 
In  a l l  o f  th e se  chrom atographic modes on ly  a s in g le  peak o f 
a c t i v i t y  was observed . HPLC s iz e  e x c lu s io n  chrom atography y ie ld e d  
an ap p a re n t S tokes ra d iu s  o f 22 A, co rrespond ing  to  a g lo b u la r  
p ro te in  w ith  an ap p a ren t m o lecu la r w eigh t o f  15-20 k i lo d a l to n s .  
A f f in i ty  chrom atography su g g ested  th e  p re sen ce  o f a 'd in u c le o t id e  
f o ld ' domain.

The p re s e n t r e s u l t s  in d ic a te  th a t  NADPH-diaphorase i s  a sm all 
o x id o -re d u c ta se  p re s e n t in  th e  cytoplasm  o f  p a r t i c u l a r  neu rons . 
F u rth e r  exam ination  o f  th e  s t r u c tu r e  o f th i s  enzyme may y ie ld  
c lu e s  to  i t s  fu n c tio n  in  th e se  c e l l s .
(S upported  by g ra n ts  from th e  M edical R esearch  C ouncil and the  
B r i t i s h  Columbia H ealth  Care R esearch  Foundation)
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311.13 INOSITOL TRIPHOSPHATE INDUCED CALCIUM RELEASE FROM BRAIN 
MICROSOMES. J .  Shah* and H.C. Pant (SPON : F .F . W eight), 
L abo ra to ry  of P r e c l in ic a l  S tu d ie s , N a tional I n s t i t u t e  on 
A lcohol Abuse and A lcoholism , R o c k v ille , Maryland 20852.

Calcium ion  (Ca++) accum ulation  and re le a s e  from i n t r a 
c e l l u l a r  o rg a n e l le s  may p lay  an im portan t r o le  in  r e g u la 
tin g  many c e l l  fu n c t io n s .  Recent s tu d ie s  show th a t  s e v e ra l 
c e l l  types  which m ob iliz e  i n t r a c e l l u l a r  Ca++ in  response to  
hormones or n e u ro t ra n s m it te r s  a lso  h y d ro liz e  p h o sp h a tid y l-  
i n o s i t o l  4 , 5 b iphospha te  to  produce d ia c y lg ly c e ro l  and a 
w ate r s o lu b le  m olecule i n o s i t o l  t r ip h o sp h a te  ( InsP3) which 
may m edia te  m o b iliz a tio n  of i n t r a c e l l u l a r  Ca++. In the  p re 
s e n t s tu d y , we in v e s t ig a te d  in  r a t  b ra in  microsomes th e  
p o s s ib le  involvem ent of InsP 3 in  Ca2+ m o b i liz a tio n . The 
m icrosomes were p repared  by d i f f e r e n t i a l  u l t r a c e n t r i f u g a t io n  
by th e  method o f  Edelman e t  a l ( J .  N eu roscience , 5: 2609-2617, 
1985) and p u r i ty  was checked by e le c tro n  m icroscopy . Calcium 
up take  and re le a s e  were determ ined by m easuring the  r a d io 
a c t iv e  calcium  trapped  in  th e  m icrosom es.

ATP dependent accum ulation  of ca lcium  was observed in  th e  
b ra in  microsomes and InsP 3 caused a rap id  r e le a s e  of calcium  
w hich was fo llow ed by a slow re -u p ta k e . This r e le a s e  was 
found to  be In sP 3 c o n c e n tra t io n  dependent and was maximal 
a t  a c o n c e n tra t io n  of 0 .2  μM. The In sP 3 induced Ca++ r e le a s e  
r e q u ire d  the  p resence  o f po tassium  c h lo r id e  (100 mM) in  th e  
medium, as no s ig n i f i c a n t  r e le a s e  was observed w ith  In sP 3 
in  su cro se  (250 mM) o r sodium c h lo r id e  (100 mM) media under 
th e  i d e n t ic a l  ex p e rim en ta l c o n d i t io n s . A23187 a lso  showed a 
sudden la rg e  re le a s e  of th e  seq u es te re d  ca lc ium . The two 
o rg a n e l le s  though t to  be re s p o n s ib le  fo r  calcium  s to ra g e  a re  
endoplasm ic re tic u lu m  and m ito ch o n d ria . We found th a t  In s P3-  
induced Ca++ re le a s e  was n o t observed w ith  m itochond ria  
i s o la te d  by th e  method of Edelman e t  a l .  ( J .  N euroscience , 
5 : 2609-2617, 1985). M oreover, th e  p resence  o f m itochon
d r i a l  i n h i b i to r s ,  oligom ycin  (0 .7  μg /m l) and sodium az id e  
(500 μM), du rin g  calcium  up take d id  no t a f f e c t  th e  a b i l i t y  
of In sP 3 to  r e le a s e  Ca++ from th e  m icrosom es. In  a d d i t io n ,  
e l e c t r o n  m icroscopy d id  n o t re v e a l m itochond ria  in  th e  m icro 
somal f r a c t i o n .  These o b se rv a t io n s  suggest th a t  th e  o rg a
n e l l e  re s p o n s ib le  fo r  th e  InsP 3- r e le a s a b le  Ca++ s to r e  i s  
endoplasm ic re t ic u lu m . We conclude th a t  microsomes from r a t  
b ra in  may p ro v id e  a model fo r  in v e s t ig a t in g  th e  re g u la tio n  
of Ca++ m o b iliz a tio n  in  th e  c e n tr a l  nervous system .

311.14 IMMUNOCYTOCHEMICAL LOCALIZATION OF BRAIN-SPECTRIN IN 
RAT CNS. L.S.Perlmutter. C.Gall. F.Aydin*. B.Passani and G.Lynch. 
Depts. of Psychobiology and Anatomy, University of California, Irvine, 
CA 92717.

Members of the spectrin family of proteins are found in most if not 
all cell types. These proteins cross-link actin and other elements of the 
cytoskeleton to the membrane, bind calmodulin, and may regulate cell 
shape and the position and mobility of cell surface proteins. Spectrin is 
also found in a cytoplasmic pool, possibly in a transport/assembly phase, 
and recent biochemical work (Siman et al., submitted) has shown that 
its concentration there varies markedly across brain regions. Immunocy
tochemical studies (Zagon ei al., J. Neurosci., 4: 3089, 1984) using 
antibodies against erythrocyte spectrin also indicate that marked 
regional and cellular differences in spectrin concentration exist. The 
experiments to be reported employed antibodies against brain spectrin to 
provide further information on this issue.

Young adult rat brains were either perfusion or immersion fixed 
with 2-4% paraformaldehyde, 0.0-0.4% glutaraldehyde. Sections were cut 
on a freezing microtome or vibratome and spectrin was immunocyto
chemically localized in brain and cervical spinal cord using rabbit 
anti-rat brain-spectrin (Siman et al., PNAS, 81: 3572, 1984) and the 
biotin-avidin-peroxidase technique (Vectastain). Spectrin-like immuno
reactivity (SI) was localized within neuronal perikarya, axons and 
dendrites in all areas studied although regional differences were 
observed in the intensity and compartmentalization of immunostaining. 
SI was particularly dense in the dendritic processes of cortical, hippo
campal, and subicular pyramidal cells. The perikarya of these neurons 
were less densely immunoreactive. In contrast, the large multipolar 
neurons of the mediodorsal and ventrobasal thalamic nuclei were 
densely but evenly immunoreactive through perikarya and proximal 
dendrites. Neuronal perikarya and dendrites were only lightly immu
noreactive in some other areas including the midline thalamus, 
granule cell layer of the cerebellum  and globus pa lli
dus. Interneurons in several regions were unlabelled. Dense staining 
was observed in axonal processes including the corpus callosum, internal 
capsule, cerebral peduncle, deep cerebellar white matter, spinal tract of 
V, white matter of spinal cord, as well as pericellular baskets in the 
cerebellum. No SI was observed in glial cell bodies, glial processes, or 
myelin in brain or spinal cord.

These data indicate that spectrin concentration does vary markedly 
between brain areas (e.g. striatum vs. globus pallidus; Purkinje vs. 
granule cells in cerebellum) and that the within-cell distribution differs 
greatly as well. The origins of these variations and their potential 
significance to cell functioning will be discussed.

Supported by AFOSR grant 86-0099 and NIA grant AG 00538 to 
G.L., AG 05373 to LP, and RCDA NS00915 to CG.

311.15 MICROTUBULES AND NEUROFILAMENTS: RELATIONSHIP TO AXON CALIBER IN 
CENTRAL AXONS. K.B. Logvinenko* and R.A. Nixon. Mailman Research 
C en te r, McLean H o sp ita l ,  H arvard M edical S chool, Belmont, MA 02178 

The c a l ib e r  o f axons in  p e r ip h e ra l  ne rves  has been re p o r te d  to  
c o r r e l a te  w ith  n eu ro filam e n t (NF) a n d /o r  m icro tu b u le  (MT) number 
and to  v ary  w ith  NF d e l iv e ry  to  axons, su g g es tin g  th a t  one o r both  
o f th e se  c y to s k e le ta l  system s may s p e c i fy ,  o r r e f l e c t ,  th e  r a d i a l  
s iz e  of axons. To id e n t i f y  d e te rm in an ts  of axonal c a l ib e r  in  CNS 
n eu ro n s , we c a r r ie d  ou t m orphom etric an a ly se s  o f NF and MT a long  
axons o f mouse r e t i n a l  gang lion  c e l l  (RGC) neu ro n s . We p re v io u s ly  
showed th a t  th e  d i s t r i b u t io n  o f axon c a l ib e r  s iz e s  i s  th e  same a t  
v a r io u s  le v e ls  a long th e  o p tic  n erve  and t r a c t ,  in d ic a t in g  th a t ,  on 
th e  av e ra g e , RGC axons e x h ib i t  a uniform  c a l ib e r  along  t h e i r  le n g th s  
(J .  C e l l B io l . 102:647, 1986). In  th e  p re s e n t s tu d y , o p t ic  p a th 
ways from p erfu sed  mice were cu t in  tr a n s v e rs e  s e c t io n  a t  le v e ls  of 
1 , 4 , and 7 mm from th e  eye , r e p re s e n t in g  p rox im al, m idd le , and 
d i s t a l  re g io n s  of RGC axons. At each le v e l ,  200-280 axons were se
le c te d  random ly from th e  p o p u la tio n  in  which most NF and MT ap
peared  in  ex a c t c r o s s - s e c t io n .  The NF and MT in  th e se  axons were 
counted v i s u a l ly  from e le c tro n  m icrographs (mag. 75,000 x ) . NF 
number c o r r e la te d  s tro n g ly  w ith  axon c ro s s - s e c t io n a l  a re a  a t  each 
le v e l  ( r  = 0 .9 2 -0 .9 4 , p < 0 .0 0 1 ); how ever, th e  s lo p e s  o f th e  l in e s  
r e l a t i n g  th e se  param ete rs  were s ig n i f i c a n t ly  la r g e r  (p <0 . 001) a t  
p ro g re s s iv e ly  d i s t a l  axonal l e v e l s ,  in d ic a t in g  th a t  NF d e n s i ty  
(number of NF p er μm2 of axoplasm ) was 75% h ig h e r  a t  th e  7 mm le v e l  
than  a t  1 mm. MT number a ls o  c o r r e la te d  h ig h ly  w ith  axon c a l ib e r  
a t  th e  th re e  le v e ls  ( r  = 0 .8 1 -0 .9 0 , p < 0 .001 ); how ever, th e  s lo p es  
o f l i n e s  r e l a t i n g  MT and axonal a re a  dec reased  (p <  0 .001) a t  more 
d i s t a l  axonal le v e l s ,  in d ic a t in g  a d ec re a se  in  MT d e n s ity  o f 75% 
betw een th e  1 mm and 7 mm le v e l s .  The sum of NF and MT (MT number 
was m u l t ip l ie d  by 2 .5  to  r e f l e c t  t h e i r  la r g e r  s iz e  r e l a t i v e  to  NF) 
e x h ib ite d  th e  h ig h e s t c o r r e la t io n s  w ith  axona l a re a  a t  each le v e l  
( r  = 0 .9 4 -0 .9 6 , p<  0 .0 0 1 ) . In  a d d i t io n ,  th e  s lo p es  o f th e  l in e s  
r e l a t i n g  NF + 2 .5  MT to  axona l a re a  were i d e n t ic a l  a t  each axonal 
l e v e l ,  in d ic a t in g  th a t  th i s  param ete r rem ains c o n s ta n t a long  th e  
le n g th s  o f RGC axons. We conclude th a t  th e  d i s t r i b u t io n s  of NF and 
MT a re  non-uniform  along  RGC axons and a re  r e c ip r o c a l ly  r e l a te d .  
The ro b u s t c o r r e la t io n  between NF + 2 .5  MT and axona l a re a ,  which 
i s  independen t o f axona l l e v e l ,  su g g es ts  th a t  bo th  o f th e se  m ajor 
c o n s t i tu e n t s  o f the  group V phase o f slow axoplasm ic t r a n s p o r t  a re  
im p o rtan t in  d e term in ing  th e  r a d i a l  dim ension of c e n t r a l  axons. 
The s e r i a t e  v a r i a t i o n  in  th e  NF:MT r a t i o  along  RGC axons su p p o rts  
th e  view th a t  th e  NF-MT c y to sk e le to n  i s  assem bled in  f i n a l  form 
w ith in  axons w h ile  u n a sso c ia te d  o r weakly a s s o c ia te d  NF and MT a re  
bein g  conveyed by axoplasm ic t r a n s p o r t .  The d ec re a s in g  d e n s ity  of 
MT a t  d i s t a l  axonal le v e ls  a lso  r a i s e s  th e  p o s s i b i l i t y  of r e g io n a l 
d i f f e re n c e s  in  t r a n s p o r t  r a t e  o r c a p a c ity  along  RGC axons. Support: 
NIA, NINCDS, Anna and Seymour G ite n s te in  F oundation .

311.16 A MONOCLONAL ANTIBODY TO TAU PROTEINS LOCALIZES WITH A SUBSET OF 
MICROTUBULES IN CONTROL AND β , β 1-IMINODIPROPIONITRILE (IDPN)- 
TREATED LARGE MYELINATED AXONS OF SPINAL NERVE ROOTS. S. Ch. 
Papasozomenos. Dept. of  P a th . and Lab. Med., Univ. of  Texas Med. 
Sen.,  Houston, TX 77225.

I used a monoclonal an t ibody (Tau-1 ,  provided by Dr. L. I.  
Binder)  which binds  to  a l l  of th e  ta u  p o lypep t ides  (B inde r ,  L. I.  
e t  a l . ,  J .  Cell  B i o l . ,  101:1371, 1985) ,  and th e  p e rox idase-  
a n t ip e r o x i d a s e  s t a i ni ng te ch n iq u e  a t  th e  l i g h t  and e l e c t r o n  
microscop ic  l e v e l s  t o  s tudy th e  d i s t r i b u t i o n  of  ta u  p r o te in s  in 
co n t r o l  and IDPN-treated  r a t s .  Epon-embedded and Vibratome sec
t i o n s  were tak en  from th e  sp ina l  co rd ,  v e n t r a l  and dorsa l r o o t s ,  
o p t i c  ne rve ,  b ra in s t em ,  and b r a i n .

Tau immunoreacti v i t y  l o c a l i z e d  e x c lu s iv e ly  with axonal m ic ro tu 
b u le s  but i t  was absent from axonal t e r m in a l s ,  d e n d r i t e s ,  neuronal 
c e l l  bodies  and g l i a l  c e l l s .  In sp ina l  ven t ra l  and dorsa l r o o t s ,  
while  i n unmyelinated and small myel in a te d  f i b e r s  (<10 μm2 axonal 
c r o s s  s e c t io n a l  a rea )  a l l  m ic ro tu bu les  were i n te n se ly  s t a i n e d ,  in 
l a r g e  myelina ted  f i b e r s  only a subpopula t io n  (~20-30%) of  micro tu 
b u le s  were l a b e l e d .  In white  m a t te r  t r a c t s  a l l  axonal micro tubu
l e s  were l a b e l e d ,  b u t ,  a t  th e  l i g h t  mic roscopic  l e v e l ,  a g r a d i e n t  
o f  s t a i n i n g  i n t e n s i t y  was p r e s e n t ,  with t r a c t s  c o n ta in in g  th e  
s m a l l e s t  axons s t a i n i n g  most i n te n s e ly .  In g e n e ra l ,  th e  s t a i n in g  
i n t e n s i t y  was in v e r s e ly  p ro p o r t io n a l  t o  th e  axonal c ross  se c t io n a l  
a r e a .

IDPN produced s e g r e g a t io n  of  axonal mic ro tu bu les  and membranous 
o rganel l es  from n e u r o f i l aments i n d i s t a l  axons of ven t ra l  and do r
sa l  ro o t s  and accumula tion of  n eurof i lam ents  in proximal axonal 
s w e l l i n g s  (Papasozomenos, S. Ch. e t  a l . ,  J .  Cel l  B io l . ,  81 :866, 
1981; i b i d ,  100:74 ,  1985) . In segrega ted  micro tu bu les  t h e r e  were 
groups of s ta in e d  among uns ta ined  m ic ro tu b u le s ,  but i n proximal 
axonal sw e l l in g s  a l l  m ic ro tu bu les  were i n te n se ly  la b e le d .  Since 
a l l  m ic ro tubu les  became segrega ted  in  th e  c e n t r a l  reg ion  of  d i s t a l  
IDPN axons , t h e s e  f in d i n g s  sugges t t h a t  t a u  p r o t e in s  do not play  a 
r o l e  in  a t  l e a s t  some, i f  not in a l l ,  mi c ro tu b u le -n e u ro f i l a m e n t  
i n t e r a c t i o n s  deranged by IDPN. (Supported by NIH g ran t  NS22453).
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311.17 MECHANISMS FOR LONG TERM SURVIVAL OF ENUCLEATED AXONS I :  INTERCELLULAR PROTEIN 
TRANSFER. J.W. Moehlenbruck*, J.W. Zeagler*, K.R. Seshan, R.A. Sheller and G.D. 
Bittner. Department of Zoology, The University of Texas a t  Austin, Austin, TX 
78712.

Severed d is ta l stumps of many invertebrate axons survive for weeks, months, or 
years. There have been scattered reports for decades of long term survival (LTS) 
in  severed d is ta l stumps of vertebrate axons (see Bittner. Amer. Zool. 13:379, 
1973; Comp. Biochem. Physiol. 68A: 299, 1981). Perhaps the most convincing 
example  of LTS in  vertebrates is  that recently reported for giant Mauthner (M‒) 
axons in goldfish kept a t  13.5°–15.0°C (Zottoli, e t  a l , Neurosci . Abs , ,  1985). 
Such US must resu lt from some combination of (1) axoplasmic protein synthesis, 
(2) low rate of axonal protein turnover and/or (3) intercellular transfer of 
trophic substances, including proteins. Vertebrates and invertebrates may have 
different mechanisms for US, as may different neurons in the same organism.

We now report that the proximal stumps of goldfish M-axons kept a t 20–25°C 
usually degenerate a t  least several mm rostrally  within days. This degeneration 
is evidenced by axonal collapse and disorientation of the myelin sheath (The 
myelin sheath around control, in tact, M-axons appears to lack well defined nodes 
and to be less regular compared to sheaths around mammalian or amphibian 
myelinated axons). In contrast, the severed d is ta l stumps of M-axons and other 
non-giant axons remain relatively in tact as evidenced by the maintenance of axonal 
diameter and cytoplasmic organelles. The myelin sheaths around severed d is ta l 
stumps appear to be more i rregular than those around control axons. 

We have demonstrated glial-axonal and axonal-axonal transfer of 3H-labelled 
proteins and horseradish peroxidase (HRP) in  crayfish medial (MGA) and segmental 
la te ra l (SLGA) giant axons, both of which exhibit US (Bittner, ibid; Sheller, e t  
a l ,  Neurosci . Abs., 1985). We find that HRP, a 40kd protein, transfers 
n o n-artifactua l ly between adjacent SLGA's and that this transfer c an be blocked by 
reduced Ca++ or by the addition of Ca++ antagonists such as Mn++. We also find 
that HRP perfused into EGA's transfers to adaxonal gl i a . HRP placed 
extracellularly to EGA's and SIGA's is  found within the axoplasm, often associated 
with vesicles.

These and other data are consistent with the hypothesis that SLGA's have a 
major trophic dependence on adjacent SLGA's whereas EGA's depend upon adjacent 
g lia . Since severed stumps of crayfish EGA's, SLGA's, and goldfish M-axons a l l  
have US, we are currently examining the ab ility  of HRP to transfer between 
severed M-axons and g lia or adjacent neurons. I f  the myelin sheath surrounding 
M-axons has properties similar to that in  mamma ls  and amphibians, one might a  
priori expect that this M-axon sheath would reduce glial-axonal exchange compered 
to crayfish EGA's. Whatever the mechanism of LTS, in  invertebrates i t  i s 
associated with rapid and specific regeneration of those axons that can 
regenerate. I t  is  yet to be determined whether US is  associated with rapid and 
specific regeneration of M-axons in  gold fi sh.

311.18 MECHANISMS FOR LONG TERM SURVIVAL OF ENUCLEATED AXONS I I :  AXONAL 
PROTEIN SYNTHESIS. R.A. S h e l le r ,  S.A. H a lls , G.D. B i t tn e r ,  and 
K.R. S eshan. Departm ent of Zoology, The U n iv e rs ity  of Texas a t  
A u stin , A u stin , TX 78712.

One p o s s ib le  mechanism fo r  long term s u rv iv a l (LTS) of 
v e r te b r a te  and in v e r te b r a te  en u c lea ted  axons is  lo c a l  axonal 
p ro te in  sy n th e s is  (se e  above a b s t r a c t ) .  A lthough ribosom al 
m a te r ia l  i n th e  form o f rough endoplasm ic re ticu lu m  or 
polyribosom es has n o t been id e n t i f i e d  in  any axonal p rocess  by 
e le c tro n -m ic ro sco p y , th e re  have been re p o r ts  th a t  RNA in  axons can 
be id e n t i f i e d  b io c h em ica lly . Koenig (B rain  R esearch 174:95, 1979) 
has re p o rte d  4S, 5S, 15S, 18S, and 28S RNA i n m y e lin -fre e  g o ld f ish  
M authner (M‒ ) axons. A nalyses of ex truded  axoplasm from squid  
g ia n t  axons show much 4S RNA, b u t l i t t l e  (G iu d it ta ,  A ., e t  a l . ,  J .  
Neurochem. 34:1757, 1980) o r no (L asek , R . J . ,  e t  a l . ,  N ature 
244:162, 1973) 18S and 28S RNA. None of th e se  s tu d ie s  have 
c o n c lu s iv e ly  id e n t i f i e d  the  RNA sp ec ie s  nor have they  e s ta b lis h e d  
th a t  the  RNA p re s e n t i s  a c tu a l ly  u t i l i z e d  fo r  axoplasm ic p ro te in  
s y n th e s is .  M-axons in  g o ld f is h  e x h ib i t  LTS (see  above a b s t r a c t ) ,  
b u t squ id  g ia n t  axons have n o t been te s te d  fo r  LTS because even 
n o n -opera ted  anim als u s u a lly  su rv iv e  only  a s h o r t  time in  
c a p t iv i ty .  M edial g ia n t  axons (MGA’s) of c r a y f is h  e x h ib i t  LTS, 
b u t the RNA found in  th e se  axons has n o t been id e n t i f i e d  as to  
fu n c t io n  o r m olecu lar w eight (A nderson, E .,  e t  a l . ,  Acta Phys. 
Scand. 78 :491, 1970).

We have id e n t i f i e d  RNA in  th e  axoplasm o f th e  c ra y f is h  v e n t r a l  
nerve  cord by e le c tro p h o re t ic  te ch n iq u e s . We a re  c u r re n t ly  
in v e s t ig a t in g  the  chem ical id e n t i t y  of th i s  RNA in  MGA's and 
g o ld f is h  M-axons. A q u a n t i ta t iv e  a n a ly s is  of axoplasm ic RNA is  
being  perform ed by RNA e x t r a c t io n  p rocedures which c o n tro l fo r  
rRNA and c y to s k e le ta l  p ro te in  a s s o c ia t io n s .  RNA is  e x tra c te d  and 
se p a ra te d  on ag a ro se  m icrogels w ith  rRNA and tRNA s ta n d a rd s . 
C e n tr ifu g a t io n  i s  used to  remove m ito ch o n d ria l RNA from th e  
axoplasm . I s o la te d  axoplasm i s  being  te s te d  fo r  the  a b i l i t y  to 
in c o rp o ra te  t r i t i a t e d  amino a c id s  in to  TCA p re c ip i t a b le  p ro te in  
w ith  and w ith o u t th e  a d d i t io n  of cyc lohex im ide , ch loram phenicol , 
and o th e r  in h ib i to r s  o f m ito ch o n d ria l v e rsu s  cy top lasm ic  p ro te in  
s y n th e s is .  Axoplasmic o r m ito ch o n d ria l p ro te in  s y n th e s is  may be 
an im p o rtan t mechanism fo r  LTS in  c r a y f is h  MGA’s and g o ld f ish  
M -axons.

Supported by g ra n ts  to  GDB #NS-19764 from NINCDS and 14‒9700 
from TATRP.

SYMPOSIA

312 TITLE:
PHOSPHOINOSITIDE HYDROLYSIS, PROTEIN KINASES AND 
SYMAPTIC TRANMISSION.
B.W. A g r a n o f f , F.T. Crews, E. C o s t a ,  L. Kaczmarek 
and J .L .  B a r k e r .

Recent d i s c o v e r i e s  h ave  i n d i c a t e d  t h a t  t h e  
h y d r o l y s i s  o f  p h o s p h o in o s i t id e s  (PI) le a d s  to  the  
fo r m a t i o n  o f  a t  l e a s t  two second  m e s s e n g e r s ,  
d i a c y l g l y c e r o l  and i n o s i t o l  1 , 4 , 5 - t r i p h o s p h a t e  
( IP 3 ) ,  which can a c t i v a t e  p r o t e i n  k i n a s e s  and 
r e l e a s e  i n t r a c e l l u l a r  c a l c i u m  s t o r e s .  T h is  
symposium w i l l  dea l  with th e  c h em is try ,  r e c e p to r  
c o u p l in g ,  th e  p l a s t i c i t y  of  PI coupled  r e c e p t o r s ,  
and th e  changes in membrane conductance  subsequen t 
to  s t i m u l a t i o n  of  p h o s p h o in o s i t id e  h y d r o l y s i s .  A 
l a r g e  v a r i e t y  o f  n e u r o t r a n s m i t t e r s  an d  
neu rom odu la to rs  have been shown to  be coup led  to  
p h o s p h o i n o s i t i d e  h y d r o l y s i s .  These r e c e p t o r s  
i n c l u d e  c h o l i n e r g i c ,  a d r e n e r g i c ,  s e r o t o n e r g i c ,  
g l u t a m i n e r g i c ,  and p e p t i d e r g i c  r e c e p t o r s .  
S t im u la t i o n  of  th e s e  r e c e p t o r s  i n i t i a t e s  a cascade  
which can a c t i v a t e  a t  l e a s t  two p r o t e i n  k i n a s e s ,  
eg. p h o s p h a t id y l s e r i n e - c a l c i u m d e p e n d e n t  p r o t e i n  
k in as e  ( p r o t e in  k in ase  C) and c a lc iu m -c a lm o d u l in  
d e p e n d e n t  p r o t e i n  k i n a s e s .  P r o t e i n  k i n a s e s  can 
a l t e r  membrane conductance .  In a d d i t i o n ,  r e l e a s e  
o f  i n t r a c e l l u l a r  c a l c i u m  by IP3 can d i r e c t l y  
a c t i v a t e  c a l c i u m  d e p e n d e n t  c h a n g e s  in membrane 
c o n d u c t a n c e .  The v a r i o u s  p r o t e i n  k i n a s e s ,  t h e i r  
s u b s t r a t e s  and f u n c t i o n a l  c h a n g e s  s u b s e q u e n t  to  
a c t i v a t i o n  o f  t h i s  c a s c a d e  in  b r a i n  w i l l  be 
d i s c u s s e d .

313 SYMPOSIUM. MECHANISMS OF NEUROPEPTIDE ACTIONS ON BEHAVIOR. 
J .  L. M artinez, J r . ,  U niversity  of C alifo rn ia , Berkeley 
(C hair); A. E ttenberg, U niversity  of C a lifo rn ia , Santa 
Barbara; S. Levine, Stanford U niversity ; G.F. Koob, Scripps 
C lin ic  and Research Foundation; C.B. Nemeroff, Duke 
U niversity  Medical Center.

Neuropeptides d ram atically  a f fe c t  many behaviors, and th e ir  
a c tio n s  may be e ith e r  endocrine o r d ire c t ly  in  the  CNS as 
neu ro transm itte rs  or neuromodulators. This symposium i s  
focused on f iv e  pep tides fo r  which th e re  i s  in ten se  cu rren t 
in te r e s t :  [leu]enkephalin , ACTH, CRF, neuro tensin , and 
vasopressin . For each, recen t rap id  progress has been made 
in  understanding th e i r  behavioral functions and 
neurob io log ica l mechanisms of a c tio n .

Recent research  shows th a t  [leu]enkephalin  a f fe c ts  lea rn ing  
in  d iverse  conditioning  s i tu a tio n s .  These e f fe c ts  a re  
mediated ou tside  the  blood b ra in  b a r r ie r .  Further there  
appears to  be an enzyme system th a t  reg u la te s  the 
concen trations of [l eu]enkephalin observed in  plasma and the 
a c t iv i ty  of th is  enzyme system i s  s en s itiv e  to  the  
environmental experience of the  animal.

Both ACTH and ACTH4 ‒  10 re ta rd  e x tin c tio n  o f a 
learned  ta s te  aversion .  In  the  s q u ir re l monkey the 
v o ca liza tio n  response e l ic i te d  follow ing separa tion  i s  
modulated by ACTH4–10. The re la tio n s h ip  between 
these  seemingly d isp a ra te  systems i s  d iscussed .

CRF i s  proposed to  have a  ro le  in  reg u la tin g  endocrine and 
behavioral responses to  s t r e s s .  CRF in je c ted  in to  the 
v e n tr ic u la r  system a c tiv a te s  the  sympathetic nervous system, 
promotes locomotor a c t iv a tio n , f a c i l i t a t e s  a cq u is itio n  o f a 
two-way sh u tt le  avoidance response, and produces an 
anx iogen ic-like  e f fe c t  in  a c o n f lic t  t e s t  th a t  i s  reversed 
by chlord iazepoxide.

Neurotensin may func tion  to  m aintain behavioral hom eostasis. 
In tra v e n tr ic u la r  adm in is tra tion  of neurotensin  produces 
ac tio n s  th a t  a re  s im ila r to  an tip sycho tic  drugs. This 
peptide  reduces locomotor a c t iv i ty ,  p o te n tia te s  ac tio n s  of 
ethanol and b a rb itu ra te s , produces hypothermia, decreases 
food consumption, re lax es  muscle, decreases conditioned 
avoidance responding, and blocks e f fe c ts  of amphetamine, 
methylphenidate and cocaine on a c t iv i ty .

Recent controversy has surrounded our understanding of the  
mechanism of a c tio n  o f vasopressin  as regards memory. 
Evidence i s  presented to  help  c la r i fy  whether i t s  ac tio n s  
a re  c e n tra l or p e rip h e ra l, o r whether i t  a c ts  d ire c t ly  on 
the  neurob io log ical su b stra te  o f memory form ation, or 
a f fe c ts  memory through in d ir e c t  a c tio n s  on hormonal systems.
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314.1 NOREPINEPHRINE (NE) AND DOPAMINE (DA) INNERVATION OF MEDIAL 
PREOPTIC AREA (MPO) LHRH AND GABA NEURONS IN THE RAT 
F .N afto l i n ,*  C .L eranth*  and N.MacLusky* (SPON: L. Masukawa) Yale 
U n iv e rs ity , School o f  M edicine, D ept. o f  O b s te tr ic s  and 
Gynecology and S ec tio n  o f  Neuroanatomy, New Haven, CT. 06510

Turnover r a t e s  f o r  NE and DA in c re a s e  d u rin g  p ro e s tru s  in  
th e  r a t .  I t  h as  been su ggested  th a t  NE d i r e c t ly  s tim u la te s  LHRH 
neu ro n s , and th a t  GABAergic c o n tro l o f  LHRH re le a s e  i s  e x e rte d  
in d i r e c t ly  th rough p re s y n a p tic  i n h ib i t i o n  o f  NE axons (Lam berts 
e t  a l ,  Exp. B ra in  Res. 52 :356 , 1983). However, our p rev io u s  
s tu d ie s  have f a i l e d  to  id e n t i f y  degenera ted  NE axons in  d i r e c t  
co n n ec tio n  w ith  LHRH neurons fo llo w in g  t r a n s e c t io n  o f  th e  
ascend ing  NE pathw ays, w hile  d i r e c t  GABA in n e rv a tio n  o f  LHRH 
neurons was ob serv ed . Based on th e se  f in d in g s  we hypo th esised  
th a t  NE may in n e rv a te  GABA in te rn e u ro n s , which in  tu rn  in f lu e n c e  
th e  a c t i v i t y  o f  th e  LHRH c e l l s .

Two experim en ts  were perform ed to  t e s t  t h i s  h y p o th e s is : a) 
Evidence f o r  d i r e c t  co n n ec tio n s  between th e  GABAergic, 
c a tech o lam in e rg ic  and LHRH system s in  th e  p re o p ti c a re a  was 
sough t by means o f  EM double immunostai n in g , u s in g  a v id in  
f e r r i t i n  and im munoperoxidase as  c o n t r a s t in g  e l e c t ro n  dense 
im m unolabels to  s t a i n  f o r  e i t h e r  ty ro s in e  h yd roxy lase  (TH) and 
LHRH, o r  TH and g lu tam ic  a c id  decarb o x y lase  (GAD); b) 
Immunostai n ing  f o r  GAD o r  TH was perform ed two days fo llo w in g  
s u rg ic a l  t r a n s e c t io n  o f  th e  v e n t r a l  and d o rs a l NE b u n d le s, in  
o rd e r  to  c h a ra c te r iz e  th e  p o s ts y n a p tic  elem ents o f  synapses 
formed by ascend ing  NE f ib r e s  i n  th e  MPO. The r e s u l t s  o f  th e se  
experim en ts  d em onstra te  th a t :  1) LHRH and GAD neurons o f  th e  MPO 
bo th  form synapses w ith  TH im m unoreactive bou tons; 2) 
D egenera ted  NE axons im m unoreactive f o r  TH synapse on GAD 
im m unoreactive p r o f i l e s  in  th e  MPO. No c o n ta c ts  w ere, however, 
i d e n t i f i e d  between d eg e n e ra tin g  NE axons and LHRH im m unoreactive 
neu ro n s .

We conclude th a t  lo c a l  dopamine in te rn e u ro n s  in n e rv a te  LHRH 
as w e ll as  GABAergic in te rn e u ro n s  o f  th e  MPO. A scending NE axons 
do n o t appear to  make sy n a p tic  c o n ta c t w ith  LHRH neurons in  th e  
MPO. These f in d in g s  su g g es t th a t  th e  c o n tro l o f  LHRH re le a s e  by 
NE i s  n o t m ed iated  through  d i r e c t  s y n a p tic  in p u t to  LHRH neurons 
w ith in  th e  p re o p t ic  a r e a .  The NE system  may e x e r t  i t s  e f f e c t s  
i n d i r e c t ly ,  th rough  GABAergic o r  o th e r  in te rn e u ro n s  in  th e  MPO, 
o r  th rough co n n e c tio n s  in  th e  hypothalam us and median em inence.
(S upported  by NIH G rant HD13587)

314.2 NORADRENERGIC PROJECTIONS FROM THE LOCUS COERULEUS AND THE A7 
GROUP TO THE SPINAL CORD. R. Grzanna, W.E. Lyons*, C.D. O'Bryan*, 
B.E. Kosofsky and M.E. Mol l iv e r . Department of Neuroscience, Johns 
Hopkins U niversity , School of Medicine, Baltimore, MD 21205.

Noradrenergic (NA) c e l ls  of the  locus coeruleus (LC), 
subcoeruleus, A5 and A7 ce ll groups Innervate a ll  lev e ls  of the  
spinal cord. To determine whether d if fe re n t subgroups of NA c e l ls  
p ro jec t to  separate  regions of the  spinal cord in the  ra t ,  we have 
traced  descending p ro jec tions  from the  LC and the  A7 group using 
anterograde tra n sp o rt. The le c tin  PHA-L was iontophoresed in the 
ventra l portion of the  locus coeruleus and the  region of the  A7 
group. A fter a 3-week survival sections of c e rv ica l, tho rac ic  and 
lumbar spinal cord were processed fo r PHA-L immunohistochemistry. 
A double immunofl uoresence s ta in in g  method was used to  ve rify  
uptake of PHA-L by NA c e l ls  of the  A7 group.

Following i n jec tions  of the  t ra c e r  in to  the  LC anterogradely 
labeled  f ib e rs  were present a t  a l l  lev e ls  of the  spinal cord. 
Within a spinal cord segment the  highest density  of f ib e rs  was 
observed in th e  su b stan tia  gel a t i nosa and around the  cen tra l 
canal. A small number of labeled  f ib e rs  was seen in the  ventral 
horn and i n the  region of the  intermedi o la te ra l ce ll column 
th o rac ic  le v e ls . In c o n tra s t, tra n sp o rt from the  A7 ce ll group 
labeled  numerous axons in the  ventra l horn but only few fib e rs  i n 
the  dorsal horn and the  i ntermedi ol a te ra l column.

In the  su b stan tia  g e la t i nosa PHA-L labeled fib e rs  formed sho rt, 
th ick  and darkly sta ined  sho rt axon segments with c lose ly  spaced 
v a r ic o s i t ie s .  Anterogradely labeled  f ib e rs  in the  interm ediate 
zone and the  ven tra l horn were of fin e  c a lib e r  and le ss  darkly 
s ta ined . These fib e rs  could often  be followed fo r several hundred 
microns in the  plane of sec tion . A unique morphologic fea tu re  of 
labeled  NA f ib e rs  i s the  presence of numerous sho rt axon 
c o l la te r a l s which term inate  as bulbous sw ellings.

The finding  th a t  NA c e l ls  of the  LC and A7 group p ro jec t to  
separate  regions of the  spinal cord provides the  f i r s t  d ire c t 
evidence fo r topographic organization  of th e  descending NA 
pro jec tions  to  spinal cord. NA c e l l s  p ro jec ting  to  the  spinal 
cord do not c o n s ti tu te  a homogeneous population but can be divided 
in to  subgroups based upon d ifferences  in th e i r  e ffe re n t 
connections: the  LC p ro jec ts  p re fe re n tia lly  to  a ffe re n t nuclei of 
the  dorsal horn while c e l ls  of the  A7 group i nnervate 
predominantly motor nuclei of the  spinal cord. (Support NIH NS 
16654, NS 15199, NS 21011).

314.3 ACETYLCHOLINE STIMULATES THE PHOSPHORYLATION OF TYROSINE 
HYDROXYLASE IN SITU ON DIFFERENT PEPTIDE SITES THAN ARE 
PHOSPHORYLATED IN VITRO BY CAM-KINASE, C-KINASE OR A-KINASE. 
J .  Waymi r e ,  J .  Jo h n sto n , K. Li c k te ig * . N eurobiology and Anatomy, 
The U n iv e rs ity  o f Texas M edical S choo l, H ouston, TX 77025.

T y rosine  h y d roxy la se  (TH ase), th e  r a t e  l im i t in g  enzyme in  
ca techo lam ine  b io s y n th e s i s ,  i s  a c t iv a te d  in  response  to  a l te r e d  
n e u ra l a c t i v i t y  th rough  a mechanism b e l ie v e d  to  invo lve  p ro te in  
p h o sp h o ry la tio n . A lthough CaM -kinase, C -k inase  and A -k inase a re  
a b le  to  p h o sp h o ry la te  THase in  v i t r o , th e  p ro te in  k in a s e (s )  
re s p o n s ib le  f o r  th e  re g u la t io n  of THase in  s i t u  i s / a r e  p re s e n t ly  
unknown. One s tr a te g y  to  in v e s t ig a te  t h i s  is s u e  i s  to  compare 
th e  s i t e s  on THase p hospho ry la ted  in  response  to  a c e ty lc h o lin e  in  
s i t u  w ith  s i t e s  p h ospho ry la ted  in  v i t r o  by known k in a se s . In  the  
p re s e n t s tu d ie s  re v e rs e  phase HPLC o f l im i t  t r y p t i c  p e p tid e s  of 
THase phosp h o ry la ted  in  s i t u  in  response  to  a c e ty lc h o lin e  were 
compared w ith  THase pho sp h o ry la ted  in  v i t r o  in  response  to  
CaM -kinase, C -k inase  o r  A -k in ase . This approach shows th a t  f iv e  
d i s t i n c t  t r y p t i c  phosphopep tides a re  g en e ra ted  from THase 
p h o sp h o ry la ted  in  s i t u  i n  b ov ine  a d re n a l ch rom affin  c e l l s  
p re la b e le d  fo r  one hour w ith  P i .  The d i s t r i b u t io n  o f 32P CPM's 
in  th e  f iv e  peaks s e p a ra te d  on a 0–20% g ra d ie n t o f a c e to n i t r i l e  
and 0.1% TFA over 30 min. i s  a s  fo llo w s : 1 ) 11 m in ., 1286+275; 
2) 16 m in .,  810+59; 3) 18 m in ., 695+58; 4) 19 m in ., 810+159; and 
5) 22 m in ., 585+173. A c e ty lch o lin e  s ig n i f i c a n t ly (*) enhances th e  
p h o sp h o ry la tio n  o f th re e  o f th e se  peaks such th a t  th e  
d i s t r i b u t io n  o f CPM's i s :  1) 11 m in ., 1538+426; 2) 16 m in ., 
1220+58*; 3) 18 m in ., 1064+56*; 4) 19 m in ., 838+ 60; and 5) 22 
m in ., 1251+138*. When th i s  p a t te r n  o f s t im u la t io n  i s  compared 
w ith  in  v i t r o  p h o sp h o ry la tio n  c a r r ie d  o u t in  th e  p resen ce  of each 
of th e  p ro te in  k in a se s  known to  p h o sp h o ry la te  THase, two 
unexpected  f in d in g s  become e v id e n t. F i r s t ,  two of th e  p e p tid e s  
p h o sp h o ry la ted  in  s i t u  a re  n o t ph o sp h o ry la ted  in  v i t r o  by any 
com bination  o f th e  th re e  k in a s e s . Second, w hereas a l l  th re e  of 
th e  k in a se s  p h o sp h o ry la te  th e  p e p tid e  e lu t in g  a t  19 m in ., t h i s  
p e p tid e  i s  u n a f fe c te d  by a c e ty lc h o lin e  s tim u la t io n  in  s i t u . 
These r e s u l t s  su g g es t two p o s s i b i l i t i e s ;  (a) e i t h e r  p ro te in  
k in a s e ( s ) ,  o th e r  than  th e  th re e  th u s  f a r  known to  p h o sp h o ry la te  
THase in  v i t r o , p a r t i c i p a t e ( s )  in  th e  a c e ty lc h o lin e  induced 
p h o sp h o ry la tio n  o f th e  enzyme in  s i t u , o r  (b) th a t  some 
a d d i t io n a l  c o v a le n t m o d if ic a tio n  o f  THase may occur in  response  
to  a c e ty lc h o lin e  w hich a l t e r s  th e  r e te n t io n  tim es o f th e  
ph o sp h o ry la ted  p e p t id e s .  In  e i t h e r  c a se , a c e ty lc h o lin e  induced 
r e g u la t io n  o f  THase th rough  c o v a le n t m o d if ic a tio n  o f th e  enzyme 
does n o t appear to  sim ply  in v o lv e  p h o sp h o ry la tio n  o f THAse by 
CaM -kinase, C -k inase  o r  A -k in ase .
Supported  by NS11061.

314.4 PURIFICATION AND CHARACTERIZATION OF THE SUBUNITS OF DOPAMINE 
β-HYDROXYLASE. D. L. Wong and R. D. Ciaranello. Dept. of 
Psychiatry and Behavioral Sciences, Stanford Univ. Sch. Med., 
Stanford, CA 94305.

Three monomeric forms of soluble bovine adrenal medullary 
dopamine β-hydroxylase (DBH) have been identified on 10 percent 
sodium dodecyl sul fate (SDS)-polyacrylamide gels. These 
monomers have been designated α , β and γ with relative 
molecular weights of 71, 75 and 78 kdaltons. Treatment of 
denatured native enzyme with various endoglycosidases, which 
specifically remove high and complex mannans from 
glycoproteins, suggested that these subunits might be 
glycosylation variants since only a single species of molecular 
weight 66 kdaltons is generated. In addition, a polyclonal 
antibody directed against native DBH reacts with each of the 
subunits as well as the deglycosylated enzyme. This antibody 
is specific for protein epitopes since periodate destruction of 
the carbohydrate in DBH does not interfere with i ts  
immunoreactivity. Thus, the various subunit forms of the 
enzyme appear to share common polypeptide components.

Each of the subunits has been purified and is presently 
being characterized. Homogeneous preparations of each subunit 
are obtained from purified native enzyme using preparative 10 
percent SDS-polyacryl amide gels. Protein is localized on the 
gels by Coomassie blue staining, bands are cut and subunit is 
extracted in 50 mM Tris-HCl, pH 7.4 containing 0.1 percent SDS.

When each subunit is endoglycosidase-treated and examined by 
SDS-polyacryl amide gel electrophoresis or Western analysis, a 
single 66 kdalton species is again observed. Moreover, each 
deglycosylated subunit has lost  i t s  ab il i ty  to bind 
Concanaval in A although i t  remains immunoreactive. 
Densitometric analysis of equal amounts of si lver-stained 
subunits analyzed on SDS-polyacrylamide gels shows equivalent 
signals for the monomers while densitometric analysis of 
identical Western blots show equivalent amounts of the β and α 
subunits and negligible amounts of the γ subunit. 
Immunoreactivity therefore reconfirms decreased amounts of 
carbohydrate in the lower molecular weight subunits and further 
suggests that sugar substituents may hide potential antigenic, 
immunoreactive s i tes .

One dimensional mapping of chymotryptic digests of each of 
the subunits show that d istinct peptides are generated. 
Western analysis of the peptide digests shows that proteolytic 
cleavage destroys polypeptide epitopes of both small and large 
peptides. Relatively limited changes in protein structure may 
thus greatly affect immunoreactivity.
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314.5 IN VIVO BIOSYNTHESIS OF TWO SUBUNIT FORMS OF DOPAMINE 
β-HYDROXYLASE IN RAT BRAIN. E.L. Sabban1, L.J. Kuhn1* and 
B.E. Levin2, 1Dept. of Biochemistry, New York Medical  College, 
Valhalla, N.Y. 10595 and 2V.A. Met. Ctr. ,  East Orange, N.Y. 
07019.

Dopamine beta-hydroxylase (DBH), the enzyme which catalyzes 
the biosynthesis of norepinephrine, is synthesized in the PCI2 
pheochromocytoma cell line as 2 subunit forms in about equal 
amounts. The 77K subunit of the membrane form is a precursor of 
the 73K subunit of the soluble form of DBH (JBC, 1983, 258, 
7812).

In vivo biosynthesis of dopamine β-hydroxylase (DBH) was 
examined in the rat brain. [ 35S]methionine was injected into 
the noradrenergic neurons of the locus coeruleus (LC) using a 
s tereotactic device. Several hours la ter ,  newly synthesized 
[35S]Met-labelled DBH was immunoprecipitated and quantitated. 
Both 77K and 73K subunit forms were present in near-equal 
proportions af ter  4 hrs of labelling and these were 
indistinguishable, by electrophoretic mobility, from those 
isolated from PC12 ce l ls .  Both forms sedimented with the 
vesicular subcellular fraction of LC homogenates, and a portion 
of the 73K form could be released by hypotonic lysis of these 
vesicles. The 77K form predominated in the f i r s t  30 min 
labell ing period, while the 73K form appeared more slowly over 
the next several hours. By 16 hrs, the 73K form comprised about 
2/3 of the total [35S]Met-labelled DBH present. Inhib it ion of 
protein synthesis with puromycin treatment 30 min af ter  [ 35S]Met 
injection into the LC did not prevent the subsequent appearance 
of the 73K form suggesting that this subunit form was the 
product of post-translat ional  modification of the 77K subunit 
form in a fashion similar to that seen in PC cells .

Axonal transport  of newly synthesized [ 35S]Met-label l ed 
DBH from the LC to the anterior hypothalamus showed that 
predominantly the 73K subunit form was transported.

Treatment with the catecholamine-depleting drug reserpine 
(10 mg/kg, ip) produced a 17-fold increase in the relative 
synthesis of DBH two days la ter  without affecting the proportion 
of i ts  two subunit forms. Thus, induction of DBH synthesis was 
regulated separately from the post-translat ional  modification of 
i ts  subunit forms. (Supported by NIH grant NS 20440.)

314.6 PLASMA LEVELS OF FREE AND SULFATED CATECHOLAMINES DURING 
HYPOTENSIVE HEMORRHAGE IN DOGS AND IN CATS. M.K. Dousa*, T.L. 
Yaksh*, D. Gaumann*, and G. M. Tyce. Departm ents of N eurosurgery , 
A nesth esio lo g y , and P hysio logy , Mayo C lin ic  and F oundation , 
R o ch este r, MN 55905.

H ypotensive hemorrhage (HTH) causes a s tro n g  sym pathoadrenal 
s t im u la t io n  r e s u l t in g  in  in c rea sed  plasma le v e ls  of f re e  n o re p i
neph rine  (NE), ep in ep h rin e  (E ), and dopamine (DA). The aim of th i s  
s tudy  was to  determ ine the changes of con jugated  (namely s u lfa te d )  
ca techo lam ines  (CA) as w ell as f re e  CA during  HTH. The experim ents 
were c a r r ie d  out on h a lo th a n e -a n e s th e t iz e d  (0.8%) dogs (n=8) and 
c a ts  (n=10) d iv id ed  in  2 groups: a) anim als w ith  induced HTH (4 
dogs, 5 c a ts )  and b) c o n tro l group (4 dogs, 5 c a t s ) .  Samples were 
taken  s im u ltan eo u sly  from cannu la ted  l e f t  adrenolum bar vein  (ALV) 
and abdom inal a o r ta  a t  1 hour a f t e r  c a n n u la tio n s  and im m ediately 
a f t e r  in d u c tio n  o f HTH. In the c o n tro l group the same p ro to c o l was 
fo llow ed excep t fo r  hem orrhage. F ree and s u lfa te d  CA (S-CA) in  
plasm a were determ ined by h igh  perform ance l iq u id  chrom atography 
w ith  e le c tro c h e m ic a l d e te c t io n .  Under b a sa l co n d itio n s  the h ig h e s t 
plasm a le v e ls  of f re e  CA were found in  ALV w ith  the fre e  E being 
h ig h e s t (152 .2+90.4  ng/ml in  c a ts  and 68 .9+18.7 ng/ml in  dogs) 
fo llow ed by fre e  NE (2 7 .4 +14.8 ng/ml in  c a ts  and 6 .9 +1.9  ng/ml in  
dogs) w ith  DA having the  low est le v e ls  (0 .8 +0 .4  ng/ml in  c a ts  and 
0 .9 +0 .3  ng/m l in  do g s). S-CA in  b a s e l in e  samples re p re se n te d  a 
s ig n i f i c a n t  f r a c t io n  of t o t a l  plasm a CA in  bo th  c a ts  and dogs. 
S u lfa te d  DA (S-DA) was equal to  o r exceeded the co n c e n tra t io n  of 
f r e e  DA in  both  sp ec ie s  (ALV le v e ls  were 0 .8 +0 .3  ng/ml in  c a ts  and 
2 .3 +0 .7  ng/ml in  dogs). In  c a t s ,  b a s e l in e  ad ren a l a r te r io v e n o u s  
(A-V) d if fe re n c e s  were p o s i t iv e  fo r :  f re e  NE (3 0 - fo ld ) , f re e  E 
(3 0 0 -fo ld ) , f r e e  DA (1 0 - fo ld ) ,  and s u lfa te d  E (S-E) (1 0 - fo ld ) .  In 
dogs, b a s e l in e  A-V d if fe re n c e s  were p o s i t iv e  fo r :  f re e  NE 
(5 0 - fo ld ) ,  f re e  E (1 0 0 -fo ld ) , f re e  DA (1 5 - fo ld ) , and S-E ( 5 - fo ld ) .  
There were no b a s e l in e  A-V d if fe re n c e s  fo r  S-NE and S-DA in  e i th e r  
s p e c ie s . In  c a t s ,  HTH r e s u l te d  in  in c re a s e s  in  ALV fo r :  f re e  NE 
(1 3 0 -fo ld ) , f re e  E (3 0 - fo ld ) , f r e e  DA (1 0 0 -fo ld ) , S-NE (1 8 0 -fo ld ) , 
S-E (3 8 - fo ld ) ,  and only a sm all in c re a se  in  S-DA. In  dogs, HTH 
r e s u l te d  in  in c re a s e s  in  ALV fo r :  f re e  NE (2 0 - fo ld ) , f re e  E 
(1 7 - fo ld ) ,  f re e  DA (4 0 - fo ld ) ,  S-E (1 4 - fo ld ) ,  b u t l i t t l e  change in  
S-NE and S-DA. A fte r  HTH th e re  were p o s i t iv e  A-V d if fe re n c e s  fo r 
f re e  CA and S-E in  bo th  sp e c ie s  and in  c a ts  a lso  fo r S-NE. The 
d a ta  in d ic a te  th a t  s u l f a te d ,  as w ell as f r e e ,  CA are  re le a s e d  from 
a d re n a ls  under b a s a l co n d itio n s  and a f t e r  HTH. Cats respond to  HTH 
by a h ig h e r  re le a s e  of CA than  do dogs. Supported by NIH G rants 
NS 16541 and NS 17858.

314.7 ACTIVATORS OF PROTEIN KINASE C OPEN VOLTAGE-SENSITIVE CALCIUM 
CHANNELS OF THE CHICK SYMPATHETIC NEURONS GROWN IN CULTURE. T.D. 
Wakade, and A.R. Wakade (Spon: R. M arg o lis) . Departm ent o f 
Pharm acology, S ta te  U n iv e rs ity  o f New York, H ealth  S cience C enter 
a t  B rooklyn, NY 11203.

R ecen tly  we have shown th a t  p ro te in  k in a se  C a c t iv a t o r s ,  
phorbo l 1 2 ,1 3 -d ib u ty ra te  (Pdbu) and 12–0 - te trad ec an o ly n p h o rb o l 
1 3 -a c e ta te  (TPA) m arkedly enhanced th e  s tim u la tio n -e v o k e d  r e le a s e  
o f n o rep in ep h rin e  from sym pathetic  ne rv es  o f  th e  r a t  s a l iv a ry  
gland (Wakade e t  a l . ,  N aunyn-Schm iedeberg' s A rch. Pharm acol. 
331:122, 1985) and th e  s e c r e t io n  o f  ca techo lam ines  from th e  
r a t  ad ren a l m edulla evoked by n ic o t in e  and excess  K (Wakade 
e t  a l . ,  N ature in  p r e s s ) .  In  none o f th e se  experim en ts phorbol 
e s te r s  had a m easurable e f f e c t s  o f t h e i r  own on th e  s e c r e t io n .  
In  t h i s  com munication we have in v e s t ig a te d  th e  e f f e c t s  Pdbu 
and TPA on th e  r e le a s e  o f t r i t iu m  from 3 H -n o rep in ep h rin e-l oaded 
sym pathetic  neurons and s im u ltan e o u sly  m easured th e  up take  o f 
Ca45 . Sym pathetic neurons d e riv ed  from p e r ip h e ra l  g a n g lia  o f 
10 -day-o ld  ch ick  embryo were c u l tu re d  in  a serum free-m edium  
in  th e  p resence  o f 20 ng/m l nerve growth f a c to r .  Exposure to  
30 nM Pdbu fo r  2 min in c re a se d  th e  ou t f lu x  o f  t r i t iu m  from a 
b a s a l le v e l o f  about 2 .5  ( f r a c t io n a l  overflow ) to  3 .5  and th e  
overflow  in c re a se d  g ra d u a lly  to  alm ost 6 .5  a f t e r  12 min tre a tm en t 
w ith  Pdbu. A fte r  rem oval o f  Pdbu th e  s e c re to ry  response  was 
re s to re d  tow ards th e  c o n tro l l e v e l .  E s s e n t ia l ly  s im i la r  r e s u l t s  
were o b ta in ed  w ith  10 nM TPA. However th e  s e c re to ry  response  
d id  n o t r e tu rn  tow ard th e  b a s a l le v e l  in  20 to  30 min. 10 μM 
v erapam il o r om ission  o f  Ca from th e  medium m arkedly (70 to  
90%) reduced th e  e f f e c t s  o f Pdbu on th e  t r i t iu m  o u tf lu x . 
I n a c t iv a to r  o f  p ro te in  k in a se  C, polym ixin  B (50 μg /m l) , a lso  
produced a s ig n i f i c a n t  re d u c t io n  (48%) in  Pdbu-m ediated ou tflow  
o f  t r i t iu m .  F ive min exposure to  Ca45 medium fo llow ed by 4 
washes w ith  k rebs  s o lu t io n  r e s u l te d  in  th e  accum ula tion  o f about 
22×103 cpm /d ish . I f  th e  same p ro to c o l was rep e a te d  in  th e  
p resence  o f  30 nM Pdbu th e  accum ula tion  was abou t 46×103 cpm /dish . 
I t  i s  concluded th a t  a c t iv a t io n  o f  n eu ro n a l p ro te in  k in a se  C 
r e s u l t s  in  th e  opening o f ca lcium  channels  to  t r i g g e r  th e  r e le a s e  
o f n e u ro t ra n s m it te r .  W hether t h i s  p ro p e rty  i s  unique to  embryonic 
sym pathetic  neurons growing in  a se ru m -free  c u l tu r e  c o n d itio n  
rem ains to  be determ ined .

(S upported  by G ran ts from NSF, BNS8409685 and NIH, HL18601)

314.8 DIFFERENCES BETWEEN PHARMACOLOGIC AND CONDITIONING-INDUCED REDUC
TION OF HERMISSENDA CURRENTS. C. C o ll in * . J .  H arrigan* , and D.L. 
Al kon (SPON: W .J. Adelman, J r . ) .  S e c t ./N e u ra l System s, Lab. Bio
p h y s ic s , NINCDS-NIH, M arine B io l. L ab ., Woods H ole, MA 02543.

R ecent experim en ts dem onstrated  th a t  0 . 1–1 mM of th e  α2+-re c e p -  
to r  a g o n is t ,  c lo n id in e , reduced two outw ard K+ c u r r e n t s ,  I A and 
I Ca2+–K+ (bu t n o t I Ca2 + ), a c ro ss  th e  soma membrane of Hermissenda 
type B pho to recep to 'rs  which had been i s o la te d  by axotomy from a l l  
sy n a p tic  in t e r a c t io n s  and im pulse a c t i v i t y  (S akak ibara e t  a l . ,  J .  
Neurochem ., in  p r e s s ) .  These two c u r re n ts  rem ain reduced on days 
fo llo w in g  c l a s s i c a l  c o n d itio n in g  (bu t n o t c o n tro l p ro ced u re s) o f 
in t a c t  Hermissenda (Alkon e t  a l . ,  S cience 215:639, 1982; Behav. 
N eural B io l . 44 :278, 1985). C lo n id in e 's  e f f e c t  on IA and I Ca 2+–K+ 
was s p e c i f i c a l ly  b locked  by 5 μM yohim bine, as were th e  EPSPs r e 
ce ived  by type B p h o to re c e p to rs  from i p s i l a t e r a l  o p t ic  gang lion  
c e l l s .  C lon id ine  (0 .1– 1 mM) had no e f f e c t  on I Ca 2+, th e  su s ta in e d  
v o ltag e-d ep e n d en t inw ard Ca2+ c u r re n t (–3 .45+1.67  b e fo re  v s . –3 .2+ 
1 .7 4 , N=6, a f t e r  1 mM c lo n id in e ) .  However, we re p o r t  h e re  th a t  
c o n d itio n in g  reduced I Ca 2+, measured 1–2 days a f t e r  t r a in in g  
(–1.755+0 .6 ,  N=9, f o r  co n d itio n e d  v s . –4.025+1 .0 ,  N=8, f o r  c o n tro l ,  
p < .001 ). This i s  a c l e a r  d if f e re n c e  between th e  c lo n id in e  and con
d i t io n in g - in d u c e d  e f f e c t s  on type  B membrane c u r r e n t s .

U sing two m ic ro e le c tro d e  v o ltag e -c lam p , I Ca 2+ was measured 
a f t e r  le a k  c o r re c t io n  as  th e  s u s ta in e d  inw ard c u r re n t e l i c i t e d  by 
a command d e p o la r iz a t io n  to  th e  new e q u ilib r iu m  p o te n t ia l  f o r  K+ 
f lu x  (~0 mV) (from  h o ld in g  p o te n t ia l  a t  –60 mV) in  300 mM K+ , 3 mM 
4 -am in o p y rid in e , 100 mM TEA-ASW. The ex ac t K+ e q u ilib r iu m  po ten 
t i a l  was determ ined fo r  each c e l l  by o n - l in e  d a ta  a c q u is i t io n  and 
p ro c e ss in g  w ith  a PDP 11/34 com puter.

O ther w orkers re p o r te d  (Wu and F a r le y , Soc. N eu rosci. 11:620, 
1984) th a t  0 .1  mM se ro to n in  reduces I A and I Ca 2+–K+ , although  th e re  
i s  no ev idence o f s e ro to n e rg ic  c e l l s  in  H erm issenda's  v is u a l  sy s 
tem. E ffe c ts  of s e ro to n in  were a s se s se d  h e re  in  th e  p resence  o f 
1 mM a sc o rb ic  a c id ,  in  o rd e r  to  p rev en t i t s  o x id a tio n . 1 mM a s c o r
b ic  a c id  a lone  d id  n o t have any e f f e c t  on IA and I Ca 2+–K+ . There 
was no e f f e c t  on th e  K+ c u r re n ts  when. 01–1 .0  mM se ro to n in  was 
added to  th e  e x te rn a l  s o lu t io n .  For exam ple, I A a t  0 mV (from  a 
h o ld in g  p o te n t ia l  a t  -60  mV) was 46 .9  + SD b e fo re  v s . 46 .3+8.2  
(N=12) a f t e r  0 .1  mM s e ro to n in .  I Ca 2+–K+ a t  0 mV was 21 .12+3.9 
b e fo re  v s . 21.16+3.9 (N=12) a f t e r  0 .1  mM s e ro to n in .

These r e s u l t s  su g g es t t h a t  a c l o n id in e - l ik e  su b s ta n c e , b u t no t 
s e ro to n in  e x e r ts  an in h ib i to r y  e f f e c t  on bo th  I A and I Ca 2+–K+, 
b u t n o t on ICa2+, and th e reb y  in c re a s e s  th e  e x c i t a b i l i t y  of type  
B p h o to re c e p to rs . This m odulation  o f K+ c u r re n ts  could am plify  
th e  c o n d i t io n in g - s p e c if ic  d e p o la r iz a tio n  o f th e  type B c e l l  du ring  
a c q u is i t io n  o f th e  c l a s s i c a l l y  co n d itio n e d  b e h a v io ra l resp o n se . 
The p re s y n a p tic  sou rce  o f such m odulation  may be a ca tech o lam in e- 
c o n ta in in g  o p tic  gan g lio n  c e l l  which has been id e n t i f i e d  by h i s to -  
f lu o re s c e n t  m ethods.



1154 CATECHOLAMINES II THURSDAY AM

314.9 BLOOD PRESSURE PERTURBATIONS ELICIT ALTERATIONS IN NOREPINEPHRINE 
RELEASE FROM THE PARAVENTRICULAR NUCLEUS OF THE HYPOTHALAMUS IN 
UNANESTHETIZED FREELY MOVING RATS. J .M . Qualy* and T.C. W e stfa ll 
(SPON: J .  Gibbons).. D ept. o f  Pharm acology, S t .  Louis U n iv e rs ity  
School o f  M edic ine, S t .  L o u is, MO 63104.

The p a r a v e n tr ic u la r  nu c leu s  o f  th e  hypothalam us (PVN) has been 
shown to  p la y  a m ajor r o le  in  th e  r e g u la t io n  o f  th e  c a rd io v a s c u la r  
system . S ince th e  p a rv o c e l lu la r  d iv is io n  o f  th e  PVN re c e iv e s  
n o ra d re n e rg ic  p ro je c t io n s  from th e  A1 , A2 , and A6 c e l l  groups th e  
n e u ro t ra n s m it te r  n o rep in ep h rin e  (NE) may be in v o lv ed  in  th e  re g u la 
t io n  o f  b lood  p re s s u re  by th e  PVN. The purpose o f  th e  p re s e n t 
s tu d y  was to  ex p lo re  th e  e f f e c t s  o f  a l t e r a t i o n s  in  sy stem ic  b lood  
p re s s u re  on th e  r e le a s e  o f  NE from th e  PVN u s in g  p u s h -p u ll  cannu la 
in  u n a n e s th e tiz e d  f r e e ly  moving Spon taneously  H ypertensive  (SHR), 
W istar-K yoto  (WKY), and Sprague-Dawley (SD) r a t s .

Male r a t s  (8–9 wks) were a n e s th e tiz e d  w ith  0 .45  mg/kg pen to 
b a r b i t a l  and th e  head o f  th e  r a t  f ix e d  in  a s te r e o ta x ic  a p p a ra tu s . 
Based on s t e r e o t a c t i c  c o o rd in a te s  f o r  lo c a l i z a t i o n  o f  th e  PVN, a 
22 gauge gu ide can n u la  was low ered th rough  a b u r r  h o le  d r i l l e d  in  
th e  s k u l l  and secu red  w ith  epoxy cement; a dummy cannu la was 
in s e r t e d  in to  th e  gu ide cannu la  to  m a in ta in  p a ten cy . F ive  days 
p o s t- im p la n ta t io n ,  th e  r a t s  were r e a n e s th e t iz e d  and c a th e te r s  were 
p la c e d  in to  th e  abdom inal a o r ta  and ju g u la r  v e in  to  m easure b lood 
p re s s u re  and in tro d u c e  p r e s s o r /d e p re s s o r  d ru g s , r e s p e c t iv e ly .  Two 
days l a t e r ,  a 33 gauge p u s h -p u ll  cannu la  assem bly was in tro d u c e d  
in to  th e  gu ide  cannu la  in  o rd e r  to  p e r fu s e  th e  PVN w ith  a r t i f i c i a l  
c e re b ro sp in a l f l u i d  (18 μ l / mi n ) . C e re b ro sp in a l f l u i d  e f f l u e n t  was 
c o l le c te d  in  10 min f r a c t io n s  f o r  a n a ly z a t io n  o f  NE w ith  h igh  
perform ance l i q u id  chrom atography coupled  to  e le c tro c h e m ic a l 
d e te c t io n .  Cannula p lacem ent was v e r i f i e d  h i s to l o g ic a l ly  a f t e r  
each experim en t.

The b a s a l r e le a s e  o f  NE from th e  PVN was g r e a t e r  in  th e  SHR vs 
WKY and SD r a t s .  A d m in is tra tio n  o f  100 μl  o f p h en y lep h rin e  (10 
μg /k g / i .v . )  a t te n u a te d  th e  r e l e a s e  o f NE from th e  PVN in  a l l  th re e  
s t r a i n s ;  co n v e rse ly  a d m in is tr a tio n  o f  100 μl  o f  sodium n i t r o -  
p ru s s id e  (150 μg/k g / i . v . )  e x a ce rb a ted  th e  r e le a s e  o f  NE from th e  
PVN in  a l l  th r e e  s t r a i n s .  These doses o f  p h en y lep h rin e  and sodium 
n i t r o p ru s s id e  e l i c i t e d  in c re a s e s  in  b lood  p re s s u re  o f  40–45 mmHg 
and d ec re a se s  in  b lood  p re s s u re  o f  45–50 mmHg, r e s p e c t iv e ly .

The r e s u l t s  o f  t h i s  s tudy  show th a t  a l t e r a t i o n s  in  b lood  
p re s s u re  can e l i c i t  a l t e r a t i o n s  in  th e  r e le a s e  o f  NE from th e  PVN 
in  th e  r a t .  In  a d d i t io n ,  th e  in c re a s e d  b a s a l r e le a s e  o f  NE from 
th e  PVN o f  th e  SHR, as  opposed to  th e  WKY and SD s t r a i n s ,  su g g es ts  
NE's involvem ent in  th e  m aintenance o f  h y p e rte n s io n .

(S upported in  p a r t  by USPHS HL 34202 and HL 26319.)

314.10 MIDBRAIN DOPAMINE NEURONS: NICOTINIC CONTROL OF FIRING PATTERN. 
T.H. Svensson, J .  Grenhoff* and G. A s to n -Jo n e s . Dep t. of 
Pharmacology, Karolinska  I n s t i t u t e t ,  Box 60 400, S-104 01 
Stockholm, Sweden.

Several o b se rv a t io n s  p o in t  to  a s t im u la t in g  a c t io n  of  n i c o t in e  
on dopamine (DA) co n ta in in g  neuronal pathways in b r a i n .  N ico t in e  
has been shown to  cause r e l e a s e  o f  DA in b ra in  s l i c e  p r e p a r a t i o n s ,  
and to  produce inc reased  homovanil l ic  ac id  c o n c e n t r a t io n s  and in 
crea sed  DA tu rnove r  in the s t r i a tu m  (L i c h te n s t e ig e r  e t  a l . ,  1976, 
1982). When s y s t e m a t i c a l l y  adm in is te red  or d i r e c t l y  ap p l ied  by 
means of  m ic ro io n to p h o res is  on i d e n t i f i e d  DA neurons, n ic o t in e  
has a dose-dependent s t im u la to r y  e f f e c t  on neuronal f i r i n g ,  as 
d i s c lo se d  in record ings  o f  s i n g l e  neurons in the zona compacta 
(ZC) o f  th e  s u b s t a n t i a  n ig r a  (SN) (L i c h te n s t e ig e r  e t  a l . ,  1976, 
1982; Clarke e t  a l . ,  1985). Thus, the SN-DA neurons may be 
equipped with  n i c o t in e  r e c e p to r s ,  media t ing the  ac t io n  o f  the 
drug . Here we re p o r t  the e f f e c t s  o f  system ic a d m in is t r a t io n  of  
n i c o t in e  or  the n i c o t i n i c  a n t a g o n is t  mecamylamine on th e  midbrain  
dopamine (DA) systems o f  the  r a t  s tu d ie d  w ith  s in g l e  c e l l  r e 
cording  techn iques .

DA c e l l s  of  the zona compacta, s u b s t a n t i a  n ig ra  (ZC-SN) and 
the v en t ra l  tegmental a rea  (VTA) were i d e n t i f i e d  by t h e i r  
c h a r a c t e r i s t i c  a c t io n  p o t e n t i a l s ,  an t id rom ic  s t im u la t i o n  methodo
logy and conventional h i s t o l o g i c a l  p rocedures .  F i r in g  r a t e s  as 
wel l as f i r i n g  p a t t e r n s  were determined  from computer genera ted  
i n t e r s p ik e  i n t e r v a l  h is tograms d e s c r ib in g  b u r s t - f i r i n g  in r e l a t i o n  
to  s in g l e  sp ike  f i r i n g .  A l a r g e r  p r o p o r t io n  of  b u r s t  f i r i n g  DA 
c e l l s  was found in th e  VTA when compared with  the ZC-SN a r e a .  
(‒ ) ‒N ic o t in e  b i t a r t r a t e  (0 .5  mg/kg, i . p . )  not only in c reased  the 
f i r i n g  r a t e  of  ZC-SN neurons but a l s o  the  amount of  b u r s t  f i r i n g  
of the ZC-SN neurons and VTA neurons , r e s p e c t iv e l y .  Mecamylamine 
HCl (4.0  mg/kg, i . p . )  decreased  th e  f i r i n g  r a t e  of  VTA c e l l s ,  
which, in p r i n c i p l e ,  in d i c a t e s  a to n i c  n i c o t i n i c  input  in t h i s  
a r e a .  The in c rease  in f i r i n g  r a t e  o f  c e n t r a l  DA neurons fo llowing 
n i c o t in e  a d m in i s t r a t i o n  was found to  be a s s o c ia te d  with  inc reased  
b u r s t i n g  o f  the  b u r s t  f i r i n g  c e l l s  whereas , in c o n t r a s t ,  the non
b u r s t in g  neurons did  not respond with  b u r s t - f i r i n g .  G enera l ly ,  
the c o r r e l a t i o n  between n ic o t in e  induced changes in f i r i n g  ra t e  
and in b u r s t  f i r i n g  a c t i v i t y ,  was found to  be low fo r  midbrain 
DA neurons.

In c o n c lu s io n ,  th e se  o b s e r v a t io n s ,  in co n ju n c t io n  with the 
prev ious  dem onst ra tion  o f  n i c o t i n i c  r ece p to r s  in the se  a r e a s ,  
in d i c a t e  the  e x i s t e n c e  o f  a n i c o t i n i c  in p u t ,  s p e c i f i c a l l y  r e 
g u la t in g  the f i r i n g  p a t t e r n  of  these  c e n t r a l  DA c e l l s .  This 
neuromodul a to r y  e f f e c t  of  n i c o t in e  may be s i g n i f i c a n t  fo r  i t s  
behavio ra l s t im u la n t  a c t i o n .  In a d d i t i o n ,  i t  could a l t e r  the r a t i o  
of  r e l e a s e  of  c o e x is t in g  neuronal messengers from midbrain  DA 
neu ro n s .

314.11 EFFECTS OF LOCALLY INFUSED PHARMACOLOGICAL AGENTS ON SPONTANEOUS 
AND SENSORY-EVOKED ACTIVITY OF LOCUS COERULEUS NEURONS.
L.M. Adams and S .L . F oo te. D epartm ent of P s y c h ia try , U n iv e rs ity  
o f C a l i f o r n ia ,  San D iego, La J o l l a ,  CA 92093

M icro in fu sio n  of chem ica ls  d i r e c t l y  in to  b ra in  t i s s u e  has been 
used in c re a s in g ly  in  a ttem p ts  to  more p r e c i s e ly  determ ine  th e  ana
to m ica l lo c u s  fo r  th e  b e h a v io ra l e f f e c t s  of pharm aco log ica l a g e n ts . 
In fe re n c e s  about th e  e f f e c t s  of in fu sed  su b stan ces  on th e  e l e c t r o -  
p h y s io lo g ic a l a c t i v i t y  of c e r t a in  c e l l  groups i s  u s u a lly  based on 
m ic ro io n to p h o re tic  s tu d ie s .  However, i t  i s  d i f f i c u l t  to  make mean
in g fu l  com parisons between th e se  two ty p es  of d a ta  because of 
marked d if f e re n c e s  in  volum es, r a t e s  and d u ra t io n  of drug  a p p l ic a 
t io n  between th e se  two m ethods. Using a r e c e n tly  developed method 
fo r  reco rd in g  from lo cu s  c o e ru leu s  (LC) neurons w h ile  s im u ltan e 
o u s ly  in fu s in g  pharm aco log ica l ag e n ts  400 μM l a t e r a l  to  th e  re c o rd 
ing  s i t e  (Soc. N eu ro sc i. A bst. #312.14 , 1985), we have begun to  
in v e s t ig a te  th e  e f f e c t s  of p e p tid e s  and α-a d re n e rg ic  d rugs on th e  
spontaneous and sensory-evoked  a c t i v i t y  of LC n eu rons .

The α-a d re n e rg ic  a g o n is t  c lo n id in e  (CLON), in  c o n c e n tra t io n s  
rang ing  from 5–20 μM (67–270 pg/50  n l  in je c t io n )  r e v e r s ib ly  
supp ressed  a c t i v i t y  w ith  la te n c i e s  to  o n se t o f 5– 15 m in. and d u ra 
t io n s  of 20– 120 min. D uring i n i t i a l  p e r io d s  of supp ressed  f i r i n g ,  
th e  resp o n ses  to  senso ry  s t im u li  (fo o tsh o ck ) w ere r e l a t i v e ly  
p re s e rv e d , b u t a t  l a t e r  tim e p o in t s ,  th e  r e l i a b i l i t y  o f resp o n ses  
to  fo o tsh o ck  were g r e a t ly  reduced . The α-a d re n e rg ic  a n ta g o n is t  
p iperoxane (PIP) r a p id ly  re v e rse d  th e  in h ib i to ry  e f f e c t s  of CLON 
and a ls o  had a c t iv a t in g  e f f e c t s  a lo n e . Whether a d m in is te red  a lo n e  
o r subsequen t to  CLON, th e  e x c i ta to ry  e f f e c t s  o f PIP (250–500 pg/  
50 n l)  were in v a r ia b ly  fo llow ed  by a pro longed p e rio d  o f suppressed  
f i r i n g  d u rin g  w hich senso ry  resp o n ses  were d i f f i c u l t  to  evoke.

These p re lim in a ry  r e s u l t s  in d ic a te  th a t  r e l a t i v e ly  low doses of 
CLON can have p ro longed e f f e c t s  on th e  spontaneous and s tim u lu s  
evoked a c t i v i t y  of LC neurons and m ight be u s e fu l  in  b e h a v io ra l 
s tu d ie s  f o r  te s t in g  th e  e f f e c t s  o f r e v e r s ib l e  LC " le s io n s " .  The 
a b i l i t y  of PIP to  e x c i te  LC neurons and b lo ck  th e  in h ib i to r y  
e f f e c t s  o f CLON a re  c o n s is ta n t  w ith  p rev io u s  r e p o r t s  of th e  e f f e c t s  
of io n to p h o re tic  and sy stem ic  a p p l ic a t io n .  However, th e  subsequen t 
in h ib i to r y  e f f e c t  has n o t been p re v io u s ly  r e p o r te d . A lthough io n 
to p h o re tic  a p p l ic a t io n s  o f PIP u s in g  h ig h  e je c t io n  c u r re n ts  o r long 
d u ra t io n s  have been shown to  produce lo c a l  a n e s th e t ic  e f f e c t s ,  t h i s  
dose n o t appear to  be th e  ca se  in  t h i s  in s ta n c e  s in c e  th e  in h ib i 
t io n  was n o t a s s o c ia te d  w ith  a re d u c t io n  in  sp ik e  am p litu d e . Addi
t i o n a l  s tu d ie s  a re  underway to  f u r th e r  c h a ra c te r iz e  th e  e f f e c t s  of 
α-a d re n e rg ic  drugs and to  determ ine  th e  e f f e c t s  of fragm ents of 
a d re n o c o r tic o tro p in  hormone which have been shown to  induce abnor
mal m otor b ehav io r when in fu sed  d i r e c t l y  in to  th e  LC and to  e x c i te  
LC neurons when a p p lie d  io n to p h o r e t i c a l l y .

(S upported  by th e  D yston ia M edical R esearch  F oundation)

314.12 THE EFFECT OF CHRONIC CORDOTOMY, GM1 GANGLIOSIDE AND FETAL 
MONOAMINERGIC IMPLANTS ON THE CONTENT OF CATECHOLAMINES IN THE 
SPINAL CORD OF THE RAT. J .  Commissiong and G. Toffano, Dept. of 
P h y s io l., McGill Uni v . ,  3655 Drummond S t . ,  Montreal, P.Q., Canada 
H3G 1Y6 and Fidia Res. Lab., 35031 Abano Terme, I ta ly .

Fetal monoaminergic neurons survive fo r several months a f te r  
tran sp lan ta tio n  in to  the adu lt spinal cord (Commissiong, 1984). 
The monosial ganglioside GM1 has a lso been shown to induce a dense 
sprouting of monoaminergic axons in the ro s tra l region of the 
transec ted  spinal cord (Commissiong and Toffano, 1986). Also, 
a f te r  a m id-thoracic tran sec tio n  of the cord in early  postnatal 
l i f e  (before PN.14), the adu lt animals recover s u b s ta n tia lly , and 
walk with good four poin t coordination . In these animals, dopamine 
(DA) is  present a t  20–50% of the control values in the caudal 
region of the cord. In th is  study, a system atic assessment was 
done of the ex ten t to which catecholamines in the cord are 
replenished under the experimental conditions l is te d  above. At PN 
0(4 hrs a f te r  b i r th ) ,  7, 14, 21 and 28, and a t  6 wk animals were 
anesthe tized  with e th e r , and the cord cu t a t the m id-thoracic 
le v e l.  Analyses were done 6 months la te r .  E.16 fe ta l locus 
coeruleus (LC) or mesencephalic dopaminergic neurons (MDN) were 
i mplanted in to  the spinal cav ity  created  by tran sec tio n  (4 
im plan ts), or in to  a small cav ity  in the do rso la te ra l region of the 
cord a t  L1 (one implant) i n young adu lt r a ts .  Those animals 
i mplanted with MDNs were tre a ted  with GM1 (25 mg/kg i .p . )  daily  for 
the f i r s t  21 days, and then every o ther day u n til s a c r if ic e  a t  4½
months a f te r  im plantation. Dopamine (DA) and noradrenaline (NA) 
were analyzed by gas chromatography - mass spectrom etry. The main 
findings a re: 1) A fter cordotomy a t d if fe re n t postnatal ages, 
there  was a very s tr ik in g  i ncrease in NE in the ro s tra l region 
ad jacen t to the tra n sec tio n . The e ffe c t  is  age dependent, being 
most marked fo r PN 14 (7.08 ± 0.95) and lowest fo r PN 28 (3.27 + 
0 .7 1 ) .  The c o n tro l va lue  i s  2.16 + 0 .18  nmol/g + S.D. 
S u rp ris in g ly , except in the sacral region of the PN 0 anim als, DA 
was present a t  between 50–100 pmol/g in the caudal regions of the 
transec ted  cords. GM1, al so caused a very marked increase in NE in 
the ro s tra l region or the transec ted  cord, 6.90 ± 1.84 vs. 1.82 ± 
0.21 nmol/g + S.D. in the co n tro l. The fe ta l LC and MDN implants 
a lso  caused s ig n if ic a n t replenishment of NE and DA in caudal 
regions of the cord a t  up to 25 mm from the s i te  of im plantation. 
A novel fea tu re  of the re s u lts  is  the presence of DA in the caudal 
region of the ch ron ica lly  transec ted  cord. I t  would be in te re s tin g  
to  know whether DA is  involved in the o ft reported a b i l i ty  of the 
ch ron ica lly  sp inalized  adu lt animal to regain a degree of motor 
recovery.

Commissiong, J.W. Neuroscience 12, 839, 1984.
Commissiong, J.W. and Toffano, G. Brain Res. In p ress.
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315.1 ROLE OF THE ARCUATE NUCLEUS (ARC) IN VASORRESSIN (AVP) RELEASE: 
STUDIES EMPLOYING MONOSODIUM GLUTAMATE (MSG). R.L. Dundore* and 
M .J. Brody (SPON: D.D. Lund). D epartm ent o f Pharmacology and 
C a rd io v ascu la r C en te r, U n iv e rs ity  o f Iowa, Iowa C ity , IA 52242.

P rev io u s  work from th i s  la b o ra to ry  in d ic a te d  th a t  e l e c t r i c a l  
s t im u la t io n  o f the  hypothalam ic ARC of r a t s  produced an i n c rea se  
in  a r t e r i a l  p re s su re  m ediated p r im a r ily  by th e  r e le a s e  o f AVP. The 
purpose o f th e  work re p o rte d  h e re  was to  determ ine i f  a le s io n  
in c lu d in g  th e  ARC, produced by n e o n a ta l a d m in is tr a tio n  of MSG, 
a l t e r s  th e  r e le a s e  o f AVP in  response  to  p h y s io lo g ic a l s t im u l i .

Male Sprague-Dawley r a t  pups were in je c te d  sc w ith  MSG (40%, 
4mg/g) o r isom olar NaCl (13%, 0 .0 lm l/g )  on days 2 , 4 ,6 ,8  and 10 of 
l i f e .  At 8–12 weeks o f ag e , r a t s  were se p a ra te d  in to  th re e  
g roups: u n tre a te d  c o n tro ls  (CONT), NaCl- o r M SG -treated, and 
allow ed f r e e  access  to  w ater (norm ally  h y d ra ted , NH) o r were w ater 
dep riv ed  fo r  48 h r (WD). Trunk blood was c o l le c te d  by d e c a p ita 
t i o n .  Plasma [AVP] was measured by RIA; plasma [Na] was measured 
by flam e pho tom etry . In  o th e r  an im a ls , plasm a volume was measured 
by dye d i l u t i o n .  U rine was c o l le c te d  from NaCl and MSG r a t s  2 
days p r io r  to  and 3 days fo llow ing  rem oval o f d r in k in g  w a te r. 
U rine o s m o la lity  was measured by fre e z in g  p o in t d e p re ss io n .

N eonatal MSG a d m in is tr a tio n  d es tro y e d  most neurons in  th e  
ARC. B asal plasm a [Na] (mEq/1) d id  not d i f f e r  among the  g roups. 
Plasma [Na] was i ncrea sed  d u ring  d eh y d ra tio n , however, MSG WD r a t s  
e x h ib ite d  a s ig n i f i c a n t ly  g r e a te r  h y pernatrem ia  when compared to  
CONT or NaCl l i t t e r m a t e s .

[Na] [AVP] PV
CONT NH 134.4±0 .3 6 .2 ±0 .5 —

WD 140.4±0 .8 25.8± 1 .9 —

NaCl NH 135.5±0 .6 7 .1 ±0 .7 42 .1*1 .2
WD 139.9±0 .6 24 .3±2 .3 35.1± 1.1

MSG NH 135.9*0.7 8 .6 ±2 .6 33 .5± 1.6
WD 143.3±0 .8 24 .6±2 .9 29.3± 1.8

S im ila r ly ,  b a s a l [AVP] ( μU/ml) d id  not d i f f e r  among th e  g ro u p s. 
Plasma [AVP] was in c re a se d  by d eh y d ra tio n , however, th e re  were no 
d if f e re n c e s  in  plasma [AVP] among the  WD g ro u p s . U rine o s m o la lity  
was s im i la r  in  NaCl and MSG r a t s  and in c re a se d  to  the same e x te n t 
by w ate r d e p r iv a tio n  (NaCl = 2876±52, MSG = 3038±183 mOsm/kg). 
Plasma volumes (PV, m l/kg) were d ec reased  by MSG tre a tm en t and 
w ate r d e p r iv a t io n .  Both NH and WD r a t s  t r e a te d  w ith  MSG were 
hypovolem ic when compared to  l i t t e r m a te s  t r e a te d  w ith  NaCl.

These d a ta  in d ic a te  th a t  r a t s  t r e a te d  w ith  MSG a re  c h ro n ic a lly  
hypovolem ic and e x h ib i t  a g r e a te r  h y pernatrem ia  du rin g  w ater 
d e p r iv a t io n .  We conclude th a t  le s io n s  in c lu d in g  the  ARC may b lu n t 
AVP r e l e a s e ,  a lthough  th e  a b i l i t y  to  c o n c e n tra te  u r in e  du ring  
w ate r d e p r iv a tio n  i s  not im p a ire d . (S upported  by HLB-14388 and 
HLB-07121.

315.2 AFFERENT AND EFFERENT CONNECTIONS OF SOLITARY TRACT NUCLEI WITH A 
MIDBRAIN PERIAQUEDUCTAL GRAY REGION MEDIATING THE DEFENSE REACTION 
IN THE CAT. R .B andler and I .T ӧrk * .D ept of Anatom y,Univ.of Sydney, 
N.S.W ., A u s t r a l ia  2006 and S ch .o f Anatom y,Univ.of New South W ales, 
K ensing ton ,N .S .W .,A u s t r a l i a  2033.

E l e c t r i c a l  or chem ical s t im u la t io n  of a d i s t i n c t  reg io n  of th e  
m idbrain  p e r iaq u ed u c ta l gray  m a tte r  (PAG) of the  c a t e l i c i t s  a s e t  
of autonomic and som atic responses  c o l le c t iv e ly  d escrib ed  as th e  
"defense  r e a c t io n " .  In  t h i s  s tu d y , th e  connections  of th e  PAG 
defense  reg io n  w ith  s o l i t a r y  t r a c t  n u c le i  were in v e s t ig a te d  by th e  
use of wheat germ aggl utinin-H RP (WGA-HRP) as a t r a c e r .  The te ch 
nique of m ic ro in je c tio n  of e x c i ta to ry  amino a c id s  was f i r s t  used to  
id e n t i f y  th a t  reg io n  o f th e  PAG co n ta in in g  neurons whose e x c i ta t io n  
e l i c i t e d  a  defense  r e a c t io n  in  th e  u n a n e s th e tise d , f r e e ly  moving 
c a t .  Such PAG s i t e s  were su bsequen tly  in je c te d  w ith  50–150 n l  of a 
1.5% WGA-HRP s o lu tio n  and th e  a n te ro g ra d e ly  and re t ro g ra d e ly  t r a n s 
p o rted  lec tin -enzym e complex was dem onstrated  w ith  th e  te tra m e th y l-  
b en z id in e  r e a c t io n .  W ithin th e  s o l i t a r y  complex th e  m a jo rity  o f 
re t ro g ra d e ly  la b e l le d  neurons (73% o f t o t a l  number of la b e lle d  s o l
i t a r y  neu rons) were d is t r i b u te d  in  approx im ately  equal numbers in  
th e  i p s i l a t e r a l  m edial s o l i t a r y  nucleus and both the i p s i l a t e r a l  
and c o n t r a la t e r a l  v e n t r o la t e r a l  s o l i t a r y  n u c le i .  The rem aining  
la b e l le d  neurons were found in  th e  c o n t r a la t e r a l  m edial s o l i t a r y  
n u c leu s , and b i l a t e r a l l y  in  th e  in te rm e d ia te , l a t e r a l  and commis
s u r a l  s o l i t a r y  n u c le i .  The d en ses t P A G -so lita ry  complex e f f e r e n t  
p ro je c tio n  was to  th e  i p s i l a t e r a l  m edial s o l i t a r y  nucleus e s p e c i
a l l y  in  the  reg io n  ex tend ing  approx im ate ly  1 .0  mm r o s t r a l  and 
caudal to  the  obex. L ig h te r  la b e l l in g  was p re sen t in  th e  c o n tra 
l a t e r a l  m edial s o l i t a r y  nucleus and b i l a t e r a l l y  in  the  com missural 
and v e n t r o la t e r a l  s o l i t a r y  n u c le i .  This study  has dem onstra ted , fo r 
th e  f i r s t  tim e , th e  e x is te n c e  of major connections  between th e  PAG 
and s o l i t a r y  t r a c t  n u c le i .  F u r th e r , s in c e  th e  PAG in j e c t io n  s i t e s  
were th e  same s i t e s  from which a defense  re a c t io n  could  be e l i c i t e d  
th e  r e s u l t s  a re  p laced  in  a s p e c i f ic  fu n c t io n a l c o n te x t. I t  has 
been dem onstrated  p re v io u s ly , fo r  exam ple, th a t  th e  e l i c i t a t i o n  of 
a defense  re a c t io n  in  th e  c a t i s  accompanied by a su p p re ss io n  o f 
th e  b a ro re c e p to r  r e f l e x .  I t  has a lso  been rep o rted  th a t  s e le c t iv e  
a c t iv a t io n  of chem oreceptor or b a ro rec ep to r f ib e r s  r e s p e c t iv e ly  
e l i c i t s  or b locks the  occu rrence  of a defense r e a c t io n  in  the  
" th a lam ic" c a t .  A lthough i t  h as been suggested  p rev io u sly  th a t  such 
e f f e c t s  may invo lve  th e  hypothalam us, the  r e s u l t s  of th i s  s tudy 
p rov ide  an ana tom ical b a s is  fo r co n s id e r in g  a c e n tr a l  r o le  fo r th e  
PAG.

315.3 th e  SYMPATHOINHIBITION ELICITED FROM THE CEREBELLAR 
FASTIGIAL NUCLEUS IS MEDIATED THROUGH THE Cl AREA OF THE 
ROSTRAL VENTROLATERAL MEDULLA. K. Chida*, C. Iadecola and 
D.J. Reis (SPON: D. Rottenberg). Lab. of Neurobiology, Cornell Univ. 
Med. Coll., New York, NY 10021.

We have recently observed that the hypertension elicited by electrical 
stimulation of the rostral fastigial nucleus (FN), i.e. the fastigial pressor 
response (FPR), is preserved afte r destruction of intrinsic neurons in FN 
by ibotenic acid, indicating that the FPR is not mediated by local neurons 
but by fibers ending in or passing through FN (Chida e t al., Fed. Proc., 45: 
875, 1986). In contrast, stimulation of local neurons in FN by excitatory 
amino acids results in a marked hypotension and bradycardia, the fastigial 
depressor response (FDR) (Chida e t al., Brain Res., 370:378, 1986). We 
sought to determine: (a) the efferent mechanisms of the FDR, (b) if 
neurons in FN participate to maintain resting arterial pressure (AP), and 
(c) if the FDR, like the FPR (McAllen, J. Physiol., 368:423, 1985), 
depends upon the integrity of the C l area of the rostral ventrolateral 
medulla (RVL) (Ross et al , J. Neurosci., 4:474, 1984), a region containing 
the adrenergic neurons of the Cl group.

Rats were anesthetized (chloralose: 40 mg/kg), paralyzed 
(tubocurarine) and artificially ventilated. AP and heart ra te  (HR) were 
continuously monitored and recorded. The FN was stimulated electrically 
(10–100 μ A, 50 Hz), through microelectrodes, or chemically, by 
microinjection of dl-homocysteate (DLH) (injection volume ≤  100 nl) 
through micropipettes (tip diameter: 50 μ m). Sites of electrical and 
chemical stimulation were histologically verified in all animals.

As before, electrical stimulation of FN (n=10) elevated AP by 48 + 2 
mmHg and HR by 49 + 5 bpm. However, DLH (100 nmol/100 nl) 
microinjected into FN o f in tact ra ts (n=ll) decreased AP by 44+4 mmHg 
and HR by 40+6 bpm (p<0.001). In contrast, microinjection of the 
inhibitory amino acids GABA (10–100 nmol/100 nl, n=5) or glycine (200 
nmol/100 nl, n=5) or tetrodotoxin (10 pmol/100 nl, n=4) did not change 
resting AP or HR (p >  0.05). The fall in AP and HR elicited by DLH was 
not affected by bilateral transection of the vagi (n=4) (Δ  AP= 42+9, 
Δ  HR= 32+4, p>0.05, from intact) nor systemic administration of 
atropine (1.0 mg/kg, i.v., n=5). In contrast, transection of the cervical 
spinal cord (n=7), with AP maintained by infusion of phenylephrine (PE), 
abolished the hypotension (p >  0.05, from resting) and reduced the 
bradycardia (residual Δ  HR= 17+5 bpm; p <  0.05). Bilateral electrolytic 
lesions of the Cl area lowered resting AP by 60+3 mmHg and HR by 
247+16 bpm (n=5) and AP was maintained by PE infusion. After lesions, 
microinjections of DLH in FN (n=5) failed to elicit the FDR (AAP:8+3 
mmHg; Δ HR = 7+4 bpm; p> 0 .0 5  from resting). Similarly, lesions of the 
RVL also abolished the FPR (ΔAP: 3+1 mmHg; Δ HR: 9+5 bpm; p >  0.05).

We conclude that neurons in FN: (a) do not tonically contribute to 
maintain resting AP; (b) when excited, they inhibit resting sympathetic 
tone; and (c) the sympathoinhibition is mediated through the C l area of 
he RVL, probably by inhibition of neurons of the C l group.

315.4 MODULATION OF NUCLEUS MEDIANUS NEURONS BY BRAINSTEM 
NORADRENERGIC CELL GROUPS. D.O . Nelson, C A  Graham* and A.K 
Johnson. Department of Physiology, Northwestern University Medical 
School, Chicago, IL 60611.

A number of studies have demonstrated the importance of structures in the 
anterior ventral third ventricle (AV3V) region in controlling body fluid 
homeostasis and arterial pressure. Of the structures in this region, the nucleus 
medianus (NM) appears to function as a critical integrative structure relaying 
signals related to cardiovascular control to the paraventricular nucleus (PVN), 
supraoptic nucleus (SON) and other hypothalamic structures. Recent 
neuroanatomical and behavior studies have demonstrated the importance of 
ascending noradrenergic projections from the Al and A2 cell groups to the NM. 
This study investigated using electrophysiological techniques the role of 
ascending inputs from these regions to NM neurons, particularly those 
projecting to the PVN and SON. Small bipolar concentric stimulating 
electrodes were placed in the A1 and A2 regions, the PVN, and SON in 
urethane anesthetized rats. Spontaneous NM neuronal activity was recorded 
through one barrel of a multibarrel micropipette. Additional barrels contained 
L-glutamate (10 mM), norepinephrine (1 mM), yohimbine (100 uM), prazosin 
(100 uM), or marking dye and were connected to a custom micropressure 
injection system providing 200 pl resolution. Of 63 NM neurons examined, 
32% and 49% showed increased probability of discharge following single 
shocks (15–100 uA, 0.5 msec duration) applied to the A2 and Al regions, 
respectively. Nearly 85% of the NM neurons receiving brainstem input were 
antidromically activated from the PVN or SON compared to only 25% of the 
unresponsive neurons. Application of femto- and picomole amounts of 
yohimbine reduced or eliminated the neuronal excitation to Al or A2 activation 
of 75% of the neurons examined. Prazosin was effective on approximately 
15% of the cells. Several neurons showed an altered spontaneous discharge 
rate during application of norepinephrine, yohimbine or prazosin. Pretreatment 
with 6-OHDA in 4 animals significantly reduced the percentage of NM neurons 
responding to Al or A2 activation while not significantly altering the 
distribution of cells antidromically activated from the PVN or SON. Average 
spontaneous discharge rates were, however, significantly reduced following 6- 
OHDA treatment. In a separate series of experiments, a midline stimulation 
electrode was inserted into the NM and neuronal activity in the A2 region was 
recorded as described previously. Single shocks applied to the NM elicited 
antidromic activity from about 50% of the cells recorded in the A2 region. The 
spontaneous discharge of a high percentage of these cells was correlated 
negatively or positively with arterial pressure, presumably through baroreceptor 
afferents.

Our results indicate that ascending input from the A2 and A l regions may 
provide tonic excitatory drive to a large precentage of NM neurons and that this 
input is mediated, in part, by noradrenergic receptors. Some of this ascending 
input is likely related to baroreceptor activity since neurons in the A2 region 
projecting to the NM are sensitive to alterations in arterial pressure. These data 
support results from our in vitro studies showing noradrenergic modulation of 
NM cells and subfornical organ input to the NM. (Supported by HL29033).
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315.5 THE AXONS OF VENTROLATERAL MEDULLOSPJNAL SYMPATHOEXCI- 
TATORY NEURONS BRANCH IN THE MEDULLA. G.L. Gebber and S.M. 
Barman. D ept of Pharmaeol./Toxicol., Michigan State Univ., East Lans
ing, MI 48824.

We recently described (J. Neurophysiol. 53:1551–1566, 1985) the spinal 
axonal projection patterns of ca t rostral ventrolateral medullary (VLM) 
neurons with sympathetic nerve-related activity. These neurons were 
classified as sympathoexcitatory in function since they were inhibited by 
baroreceptor reflex activation. Antidromic mapping of the thoracic spinal 
cord revealed that the axons of these neurons coursed through the 
dorsolateral or ventrolateral funiculus to innervate the region of the 
intermediolateral nucleus (IML). Some VLM-spinal axons that projected to 
the eleventh  thoracic (T11) segment branched a t upper and mid-thoracic 
levels. The axonal projections of other VLM-spinal neurons were restricted 
to upper thoracic segments.

The present study demonstrated that the axons of VLM-spinal sympa- 
tooexcitatory neurons also branch in the medullary lateral tegmental field 
(LTF). This was indicated by toe results obtained with two tests. First, 
toe antidromic response latency of VLM-spinal neurons (n=8) was shortened 
(8.6+3.8 ms) when toe stimulus current applied to toe LTF was raised above 
threshold. The longest latency antidromic responses (20.6+5.2 ms) elicited 
with threshold stimulus current likely reflected slowed conduction velocity 
in branches of the main axon. Second, intramedullary axonal branching of 
five VLM-spinal neurons was demonstrated using time-controlled collision 
of toe action potentials initiated by LTF and T2 IML stimulation. Activa
tion of a medullary axonal branch was indicated when toe maximum 
interval a fte r a threshold LTF stimulus a t  which the stimulus applied to T2 
IML failed to elicit an antidromic response a t  toe recording microelectrode 
exceeded the difference between toe onset latencies of toe antidromic 
responses of toe VLM neuron evoked by spinal and medullary stimulation 
plus the spinal axonal refractory period. Although we have not yet located 
the sites of termination of toe medullary axonal branches of these neurons, 
the data suggest that individual VLM neurons influence sympathetic nerve 
discharge by actions mediated a t both spinal and supraspinal levels. 
(Supported by NIH grants HL-13187 and HL-33266.)

315.6 LATERAL TEGMENTAL FIELD NEURONS OF CAT MEDULLA: A 
SOURCE OF BASAL ACTIVITY OF VENTROLATERAL MEDULLOSPINAL 
SYMPATHOEXCITATORY NEURONS. Susan M. Barman and Gerard L. 
Gebber. Dept. of Pharm./Toxicol., Michigan State Univ., East Lansing, MI 
48824.

We (J. Neurophysiol. 53:1551–1566, 1985; J. Neurophysiol. 54:1498- 
1512, 1985) recently showed that both the rostral ventrolateral medulla 
(VLM) and toe medullary lateral tegmental field (LTF) contain toe cell 
bodies of sympathoexcitatory neurons. Their spontaneous activity is 
correlated to that in toe inferior cardiac sympathetic nerve (as demon
strated with spike-triggered averaging), and their firing rate is decreased 
during baroreceptor reflex activation. The axons of VLM neurons project 
to the intermediolateral nucleus (IML) of the thoracic spinal cord. Those 
of LTF neurons, however, do not project to thoracic spinal levels. Thus, 
LTF neurons must exert their influences on sympathetic nerve discharge 
(SND) via neurons located in other brain regions. The current study was 
designed to test the hypothesis that LTF neurons influence SND by 
activating VLM-spinal sympathoexcitatory neurons. If this hypothesis is 
correct, the axons of LTF neurons with sympathetic nerve-related activity 
should project to and branch in toe rostral VLM. Moreover, VLM-spinal 
sympathoexcitatory neurons should be synaptically activated by micro
stimulation of toe LTF. Finally, conduction time in toe pathway from toe 
LTF to the VLM should compare favorably with the difference in toe times 
of occurrence of toe spontaneous action potentials of toe two groups of 
neurons.

We antidromically activated 31 LTF neurons with sympathetic nerve- 
related activity by microstimulation of toe rostral VLM (as indicated by 
time-controlled collision of spontaneous and stimulus-induced action poten
tials). The firing rate of these neurons decreased during baroreceptor 
reflex activation. The axons of 27 of these neurons branched in toe region 
of the rostral VLM as indicated by toe decrease (5.3+1.3 ms) in antidromic 
response latency produced by raising stimulus current above threshold. The 
longer latency response (14.2+1.8 ms) elicited with threshold stimulus 
current likely reflected slowed conduction velocity in axonal branches. 
Two observations indirectly suggest that the axonal branches of LTF 
neurons terminate in toe rostral VLM. First, in all cases tested toe site 
requiring the least stimulus current to elicit the longest latency antidromic 
response was located in toe rostral VLM. Second, 25 VLM sympatooexcita- 
tory neurons were synaptically activated by microstimulation of the LTF. 
The axons of many of these VLM neurons projected to toe thoracic IML. 
Importantly, the modal onset latency of synaptic activation of VLM 
neurons (25.6+2.6 ms) compared favorably with toe difference (31 ms on 
toe average) in the firing times of LTF and VLM neurons relative to toe 
peak of toe cardiac-related sympathetic nerve slow wave. These data are 
consistent with the view that LTF neurons are an important source of toe 
basal activity of VLM-spinal sympathoexcitatory neurons. (Supported by 
NIH grants HL-33266 and HU-13187.)

315.7 SPINAL PROJECTIONS TO BRAINSTEM AUTONOMIC CENTERS. D.A. 
Ruggiero, R.L. Stornetta, S.F. Morrison and D.J. Reis. Lab. 57 
Neurobiology, Cornell Univ. Med. Coll., New York, NY 10021.

Somatic-autonomic reflexes involve spinal and supraspinal components 
and appear to be integrated along multiple levels of the neuraxis (Mitchell 
e t al., Ann. Rev. Physiol. 45:1983). However, the neuroanatomical 
substrates mediating these reflexes have not been characterized. We 
therefore used axonal transport techniques to map the distribution and 
origins of spino-autonomic projection fields.

to anesthetized rats (halothane, 2% in 100 O2), anterograde tracers, 
wheat germ agglutinin-horseradish peroxidase conjugates (WGA-HRP) or 
tritiated  amino acids were microinjected into lumbosacral segments 
innervated by the sciatic nerve.  to other animals, control injections of 
WGA-HRP were made into the thoracic or cervical spinal cord. Animals 
were reanesthetized and perfused; brains and spinal segments were 
sectioned (20–40 um) and processed using tetramethylbenzidine or 
au toradiography.

Anterograde transport was localized to individual ascending spinal 
tracts as well as diffusely throughout toe white m atter of the anterior and 
lateral funiculi. Fibers in passage were also labeled in the posterior 
columns. Labeled terminals were identified in several brainstem 
autonomic nuclei including medial, and to a lesser degree, lateral aspects 
of the rostral ventrolateral medulla. Labeled projections were also found 
in lateral, ventral and commissural subnuclei of nucleus tractus solitarii, 
periventricular grey, lateral tegmental field (in the region of nucleus 
retroambiguus), dorsolateral tegmental nucleus and the noradrenergic A5 
area, to the parabrachial complex, clusters of profuse labeling outlined 
subdivisions of the lateral parabrachial nucleus and nucleus of Koelliker- 
Fuse. Portions of the "precerebellar" lateral reticular nucleus, accessory 
olivary and dorsal column nuclei, nuclei x and f of the vestibular complex, 
cerebellum, pontine reticular formation, midbrain and thalamus were also 
labelled.

Injections of WGA-HRP into RVL (a site mediating the sciatic pressor 
response; Stornetta e t al. Neurosci. Abstr. 1986) retrogradely labeled cells 
primarily in laminae IV-VI of the dorsal horn, and to a lesser extent the 
zona intermedia (lamina VII) and lamina X in lumbosacral and other spinal 
segments.

We conclude: (a) Neurons in the dorsal horn and central grey of the 
spinal cord project to several autonomic sites in the lower brainstem, and 
(b) These projections may serve to mediate various components of 
somatic-autonomic reflexes, in particular, the pressor response to somatic 
afferent stimulation.

315.8 CENTRAL PATHWAYS MEDIATING THE ARTERIAL PRESSURE 
INCREASE EVOKED FROM SURAL NERVE STIMULATION. R.L. 
Stornetta, S.F. Morrison. D.A. Ruggiero and D.J. Reis. Lab. of 
Neurobiology, Cornell Univ. Med. Coll., New York, NY 10021.

The reflex elevation of arterial pressure (AP) elicited from somatic 
afferents, the somatic pressor response (SPR), is integrated within the 
medulla oblongata, however the exact site of integration is not 
established. Both precerebellar lateral reticular nucleus (LRN) (Mitchell 
e t al. Ann. Rev. Physiol. 45:229, 1983) and rostral ventrolateral medulla 
(RVL) (McAllen, J. Physiol. 368:423, 1985) have been proposed to mediate 
the SPR in cat. We sought to establish in ra t if the area of the RVL 
containing adrenergic neurons, a region known to participate in the tonic 
and baroreflex control of AP, also integrates the SPR.

In the first series of experiments, WGA-HRP was iontophoretically 
injected into subregions within the RVL in 16 rats. Retrogradely labeled 
cells were observed in all segments of cord including laminae IV-VII and X 
of lumbar cord. Injections localized to more ventromedial areas of RVL 
resulted in greater numbers of retrogradely labeled cells, corresponding to 
the topographic distribution of spinal afferents to the RVL. In another 
series of animals (n=6), HRP was applied to the cut end of sural nerve (SN) 
or the main sciatic trunk. Labeled terminals were observed in laminae I- 
VI of the dorsal horn of lumbar cord. When lumbar cord was double- 
labeled by injection of HRP into RVL and HRP application to the cut end 
of SN, terminal fields of SN were seen to overlap cells retrogradely 
labeled from the RVL.

The SPR was elicited by electrical stimulation of SN in urethane 
anesthetized, paralyzed and artificially ventilated rats. A threshold AP 
increase of 10 mm Hg was elicited a t an optimal frequency of 20 Hz and 
stimulus intensity of 140 + 12 uA (n=25). This intensity was 7x twitch 
threshold and 45–50x threshold for the A-fiber volley recorded as a 
compound action potential from dorsal roots, thus confirming that 
activation of C-fibers initiates the SPR (Schmidt and Weller, Brain Res. 
24:207, 1970). After eliciting the SPR with supramaximal stimulation (20 
Hz, 600 uA, 3 sec), small electrolytic lesions were placed in various 
regions of RVL and LRN. Lesions of RVL or LRN contralateral but not 
ipsilateral to SN stimulation abolished the SPR. RVL lesions overlapped 
areas containing PNMT-labeled neurons. The response was also 
eliminated by injection of 1 nmol of 100 nl kainic acid into the 
contralateral but not ipsilateral RVL. In contrast, kainic acid injected 
into the contralateral LRN did not abolish the SPR. Contralateral or 
ipsilateral electrolytic lesions of other autonomic areas receiving spinal 
afferents, including the parabrachial complex, the nucleus tractus 
solitarii, A5 region or the inferior cerebellar peduncle (output pathway of 
LRN) did not affect the reflex. We conclude: the RVL including the Cl 
area is a critical region for the integration of somato-autonomic reflexes.
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315.9 RETICULOSPINAL SYMPATHOEXCITATORY NEURONS IN THE Cl 
REGION OF THE ROSTRAL VENTROLATERAL MEDULLA (RVL) MAY 
MEDIATE THE SUPRASPINAL COMPONENT OF THE 
SOMATOSYMPATHETIC REFLEX. S.F. Morrison, T. Milner, V. Picket 
and D.J. Reis. Lab. of Neurobiology, Cornell Univ. Med. Coll., New 
York, NY 10021.

Neurons projecting from the C l region of the RVL to the spinal cord 
provide the sympathoexcitatory drive necessary to maintain basal 
sympathetic nerve activity (SNA) and arterial pressure. Inhibition of 
these cells contributes to the vasodepressor response to baroreceptor 
reflex activation. Neurons in this region are also required for the pressor 
response to sural nerve (SN) stimulation. We sought to determine (1) if 
the same RVL-spinal neurons integrate baroreceptor and somatic reflexes 
and (2) the relationship of these neurons to C l adrenergic cells. 
Reticulospinal neurons were antidromically identified in the RVL of rats 
anesthetized with urethane. Their conduction velocities were distributed 
bimodally with means of 3.7 + 0.2 m/s (n=56) and 0.9 + 0.05 m/s (n=24). 
Such RVL-spinal neurons may be elements of the C l cell group since (1) 
their recording sites were consistently located within 100 urn of cell 
bodies immunoreactive for PNMT and (2) electron microscopy revealed 
that PNMT was contained in both myelinated (0.6‒2.1 urn diameter) and 
unmyelinated (0.1–0.8 urn diameter) spinal axons. The spontaneous 
discharges of RVL-spinal neurons were synchronized to the bursts of 
activity in the splanchnic nerve in the presence and in the absence of 
baroreceptor input. On the average, these cells fired 66 + 3 ms prior to 
the peak of SNA. This time corresponded to the time to peak of the early 
excitation in SNA evoked by stimulation of the RVL. The influence of the 
baroreceptor reflex on the discharge of RVL-spinal neurons was 
demonstrated by (1) the strong cardiac-related component in their 
discharge and (2) the potent inhibition of their firing during the pressor 
responses to norepinephrine infusion or aortic occlusion. RVL-spinal 
neurons of both conduction velocity groups responded orthodromically to 
electrical activation of somatic afferents in the SN a t latencies from 20- 
40 ms and a t threshold intensities of about 100 uA. SN stimulation 
elicited an excitatory potential in SNA with two peaks (90 + 2 ms and 172 
+ 3 ms, n=7). These values were comparable to the sum of  the times to 
peak SNA following RVL stimulation plus the latency to activation of 
RVL-spinal neurons following SN stimulation. Both peaks in the SN- 
evoked potential in SNA were abolished by microinjection of kainic acid 
into the contralateral C l region of the RVL. We conclude that (1) 
sympathoexcitatory neurons in the RVL are located within, and may be 
elements of the C l adrenergic cell group, (2) the effects of these cells are 
transmitted over rapidly and slowly conducting spinal pathways that could 
correspond to the myelinated and unmyelinated spinal axons containing 
PNMT, and (3) spinal afferent excitation of RVL-spinal 
sympathoexcitatory neurons underlies the pressor response to 
somatosympathetic reflex activation.
Supported by NIH Grants NS 22721 and HL 18974.

315.10 CLONIDINE MODULATES THE CAUDAL VENTROLATERAL MEDULLARY CATECHOLA- 
MINERGIC HYPERACTIVITY INDUCED BY CONTROLLED/ HYPOVOLEMIC HYPOTEN
SION. L. Q uintin , J.Y . G illon*. M. Ghignone*, O. C alv illo  and 
J .F .P u jo l* . Neuropharmacology.Roussel U claf, Romainvillie ,F ran ce  
and Anesthesiology, Texas Tech U. Health Sci. C tre, Lubbock, TX.

Catechol (CA) metabolic a c t iv i ty ,  measured with in vivo e le c tro 
chem istry in the caudal v en tro la te ra l (CVL) medulla (Suaud-Chagny 
J Neurochem in p re ss), is  increased during hypotension (G illon Soc 
Neurosci Abs t  1985,11(1):491).C lonidine has been shown to suppress 
th e  CA metabolic hyperactiv ity  of the perikarya of the LC induced 
by immobilization in behaving ra ts(Q u in tin  Brain Res 1986,362:366- 
9 ). Hence c lonid ine was thought of value to modulate the hyperac
t iv i ty  of the ventral NA bundle secondary to hemodynamic d is tu r 
bances. Rats(350g,OFA) were anesthetized  (maintenance: alphachl o- 
ra lo se  10–20 mg kg–1 h–1 i v ) , rewarmed(38°C ).v en tila ted  (PetCo2 
= 30–35 mmHg.Fi 02= 0 .4 ,a r te r ia l  blood gases q l5–60 min) and had 
th e ir  blood pressure(BP) maintained with a dextran-bicarbonate 
in fusion . S table recordings of hemodynamic parameters and of a CA 
oxydation current(CA.0C,+ 55 mV,treated carbon f ib re  e lec tro d e , 
B iopulse,T acussel) in the CVL area (P :0 .3 ,L :1 .9  mm to calamus 
scriptorius;D V : – 2,5 mm, 30°from v e r t ic a l i ty )  were obtained for 4 
hours or more with less  than 10 % v a ria tio n  a f te r  sa line  in je c tio n  
(n=6). Controlled hypotension (CH,sodium n itro p ru ss id e ) lowered BP 
from 101 mm Hg+6 (x + sem) to  67+2 and increased the CA.0C to  173 
%+17 of baseline  ( 100 % ) values ( n=5). Clonidine(200 ug kg–1ip) 
lowered BP (90 mmHg+5 to 67+2) and the CA.0C to 42 %+8 (n=6). Clo
n id ine , in jec ted  30  min(n=3 ) or immediately before CH(n=6), blun
ted almost to ta l ly  the CA hyperactiv ity  secondary to CH. Major he- 
morrhage(HGE,30 % blood volume) lowered BP(110 mmHg+5 to 37+3) and 
increased CA.0C to  187 %+13 (n=5). Blood re in fu s io n le d  to comple
te  hemodynamic s ta b i l iz a tio n  while CA.0C p a r t ia l ly  reverted  toward 
baseline  values. D eafferentation  before HGE suppressed th is  inc 
reased CVL a c t iv ity  (n=5). C lonidine(200 ug kg–1 ip) p a rtly  sup
pressed th is  increased phasic hyperactiv ity  upon HGE(n=5). CA na
tu re  of the 0.C recorded in the CVL area was ascerta ined  with a l-  
pham ethylparatyrosine(n=4),pargyline(n=16),FLA 63(n=3).Immunohis- 
tochemical s ta in in g s  revealed the presence of only NA perikarya in 
th is  area. That c lonid ine suppresses the CA metabolic hy p erac tiv i
ty of the ventral NA bundle secondary to c ircu la to ry  disturbances 
is  in keeping with a previous demonstration of a modulatory e f fe c t 
of th is  drug a f te r  a behavioral stim ulus.C lonidine may be of in 
te r e s t  to t r e a t  sympathetic hyperactiv ity  occuring a f te r  CH in the 
an es th e tic  s e tt in g , or a f te r  trauma in the in tensive  care u n it.

315.11 intrathecal administration of a substance p ( s p ) receptor 
ANTAGONIST: CARDIOVASCULAR ASSESSMENT OF 'NON-SPECIFIC' EFFECTS. 
C .J . H elke, E .T . P h i l l ip s * ,  and J .T .  O 'N e i l l* . Uniformed S e rv ic e s  
U n iv e rs ity  o f th e  H ea lth  S c ie n ces , B ethesda , MD 20814–4799.

SP i s  co n ta in ed  in  v e n t r a l  m edu lla ry  p ro je c t io n s  of th e  i n t e r -  
m e d io la te ra l  c e l l  column ( IML) of th e  s p in a l  co rd  and appears  to  be 
invo lved  in  m ed ia ting  sy m p ath o ex c ita to ry  c a rd io v a s c u la r  responses  
from th e  v e n t r a l  m edu lla . I n t r a th e c a l  ( i . t . )  a d m in is tr a t io n  o f the  
SP a n ta g o n is t ,  [D-Arg1 , D-Pro2 , D-Trp7 , 9 , Leu1 1 ]-SP (D-Arg-SP) 
(3 .3  nmol, i . t . )  d ec reased  mean a r t e r i a l  p re s s u re  (MAP) and th e  
p re s s o r  resp o n ses  e l i c i t e d  by v e n t r a l  m edu lla ry  a d m in is tr a t io n  of 
b ic u c u ll in e  (K ee le r & H elke, 1985). A lthough c o n s id e ra b le  ev idence 
su g g es ts  th a t  D-Arg-SP in t e r a c t s  w ith  SP r e c e p to r s  lo c a te d  on IML 
p re g a n g lio n ic  neu ro n s , o th e r  d a ta  su g g es t th a t  a t  l e a s t  in  some 
system s c e r t a in  o f th e  SP a n ta g o n is ts  have a c t io n s  u n re la te d  to  SP 
re c e p to r  b lockade i . e .  ' l o c a l  a n e s th e t i c ' a n d /o r  lo c a l  v a so a c tiv e  
e f f e c t s .  T h e re fo re , we te s te d  th e  a b i l i t y  o f D-Arg-SP to  an tago 
n iz e  a  sym p ath o ex c ita to ry  c a rd io v a s c u la r  response  e l i c i t e d  by th e  
in t r a th e c a l  a d m in is tr a tio n  o f a  non-SP re c e p to r  a g o n is t ,  sodium 
L-gl u tam ate ( g lu ) .  In a d d i t io n ,  r e g io n a l b lood flow  was e v a lu a te d  
to  a s s e s s  lo c a l  v a s o a c t iv e  and g e n e ra liz e d  v a s o d ila to ry  a c tio n s  o f 
D-Arg-SP.

I . t .  in je c t io n s  were perform ed in  a n e s th e t iz e d ,  v e n t i la te d  r a t s .  
In  c o n tro l  r a t s ,  a d m in is tr a t io n  of g lu  ( i . t . )  caused a dose-depen
d en t p re s s o r  response  w hich was n o t mimiced w ith  th e  in trav en o u s  
a d m in is tr a tio n  o f s im i la r  d o se s . A d m in is tra tio n  o f g lu  (200 μg 
i . t . )  a t  th e  peak of th e  D-Arg-SP (3 .3  nmol i . t . )  response  c o n s is t 
e n t ly  e l i c i t e d  a p re s s o r  response  which was g r e a t e r  than  o r equa l 
to  th a t  e l e c i t e d  in  th e  absence of D-Arg-SP. R eg ional blood flow  
was measured w ith  th e  r a d io a c t iv e  m icro sphere  te ch n iq u e  b e fo re  and 
a f t e r  a d m in is tr a tio n  o f D-Arg-SP (3 .3  nmol i . t . ) .  These s tu d ie s  
showed th a t  w hereas D-Arg-SP reduced MAP, D -A rg-SP-induced v aso d i
l a t i o n  appeared  to  be s e le c t i v e  fo r  c e r t a in  sy m p a th e tic a lly  
i n n erv a ted  t i s s u e s ,  none was a p p a re n t in  k idneys  and a d re n a ls .  No 
changes in  b ra in  b lood flow  were n o te d , however flow s in  th o ra c ic  
and lum bar co rd s  were s ig n i f i c a n t ly  reduced .

W hereas, th e  im portance of th e  D-Arg-SP induced re d u c t io n  in  
s p in a l  co rd  blood flow  rem ains to  be de te rm in ed , th e  a b i l i t y  to  
e l i c i t  a sy m p ath o ex c ita to ry  response  to  g lu  in  th e  p resence  of D- 
Arg-SP and th e  la c k  o f a g e n e ra liz e d  v a s o d ila t io n  o f sy m p ath e ti
c a l ly  in n e rv a te d  o rgans by D-Arg-SP su g g es t th a t  'n o n - s p e c i f ic ' 
n eu ro n a l d y s fu n c tio n  due to  lo c a l  v a s o a c t iv e  p r o p e r t i e s ,  o r  lo c a l  
a n e s th e t ic  e f f e c t s  a re  n o t s o le ly  re s p o n s ib le  f o r  th e  a c tio n s  of 
t h i s  SP a n ta g o n is t .  These d a ta  th e r e fo r e  su p p o rt th e  n o tio n  th a t  
an  i n t e r a c t io n  o f D-Arg-SP w ith  SP r e c e p to r s  in  th e  s p in a l  co rd  i s  
an im p o rtan t component o f i t s  a c t io n s .  Supported  by NIH g ra n ts  
NS19317 and NS20991.

315.12 EVIDENCE FOR GABA-LIKE IMMUNOREACTIVE INPUT ONTO AND SURROUNDING 
RETROGRADELY LABELED SYMPATHETIC PREGANGLIONIC NEURONS IN THE RAT 
AND PIGEON.N . Bogan*, A. Mennone* and J .  C a b o t. D ep t. o f  N euro
b io lo g y  & B ehavior, SUNY a t  Stony Brook, Stony Brook, N.Y. 11794.

P h y s io lo g ic a l and b iochem ical ev idence suggest th a t  sp in a l GABA- 
e r g i c  m echan ism s may be im p o r ta n t  f o r  th e  c e n t r a l  r e g u l a t i o n  o f 
a u to n o m ic  f u n c t io n .  P r e v io u s  o b s e r v a t io n s  by o u r l a b o r a to r y  and 
o th e r s  d e m o n s tr a te d  t h a t  i o n t o p h o r e t i c  a p p l i c a t i o n  o f  GABA o n to  
s y m p a th e t ic  p r e g a n g l io n i c  n e u ro n s  (SPN 's) r e s u l t s  in  fu n c t io n a l 
i n h i b i t i o n ,  th o u g h  th e  io n i c  m echan ism  and s i t e s  o f  a c t i o n  a r e  
unknow n. T h is  s tu d y  p r o v id e s  l i g h t  and e l e c t r o n  m ic ro s c o p ic  
ev idence showing th e  p resence  o f GABA-like im m unoreactive (GABA-IR) 
p ro cesse s  w ith in  th e  SPN n e u ro p il and s p e c i f i c a l ly  docum ents, fo r 
th e  f i r s t  t im e ,  t h a t  one c l a s s  o f  s o m a t ic  in p u t s  o n to  SPN's 
c o n ta in s  GABA-IR. T hese  d a ta  s u g g e s t  t h a t  i n h i b i t o r y  s y n a p t i c  
ev en ts  a f f e c t in g  SPN d isch a rg e  may, in  p a r t ,  be m ed iated  by GABA.

M ale S p rag u e -D aw ley  r a t s  (n =6) and pigeons (Columba l i v i a ) (n=8) 
w ere  s a c r i f i c e d  3 days a f t e r  HRP i n j e c t i o n s  w ere  made in t o  th e  
a d re n a l m edu lla  or p a ra v e r te b ra l  g ang lion  14, r e s p e c t iv e ly .  F o l
low ing in t r a c a r d i a l  p e r fu s io n , th o ra c ic  s p in a l cord was v ib ra tom e 
se c tio n e d  and DAB re a c te d . S ec tio n s  were then  in cuba ted  in  a n t i -  
GABA (g en ero u s ly  p rov ided  by Dr. B. M aley) and subsequen tly  s ta in e d  
u sin g  e i th e r  PAP o r ABC im m unohistochem ical p ro to c o ls .

L igh t m ic ro s c o p ic a lly , th e  pigeon SPN n e u ro p il  c o n ta in s  a dense 
netw ork  o f GABA-IR p ro cesse s  w hich appear to  com p le te ly  o u t l in e  and 
g iv e  r i s e  to  p u n c ta te  s w e l l i n g s  w h ich  ap p o se  SPN so m a ta . GABA-IR 
in te rn e u ro n s  a re  found in te rm in g le d  among H RP-labeled SPN's, in  the  
in te rm e d ia te  s p in a l  g ray  and in  d o rs a l horn . In  r a t  th e  d e n s ity  o f 
GABA-IR p ro cesse s  w ith in  th e  in te rm e d io la te r a l  c e l l  column (IML) is  
q u a l i t a t i v e l y  l e s s  th a n  in  th e  p ig e o n ; h o w ev e r, GABA-IR p r o f i l e s  
d i s t i n c t i v e l y  d o t SPN s o m a ta . GABA-IR c e l l s  a r e  n o t  in  th e  IML, 
bu t p re s e n t in  d o rs a l horn and lam ina X.

The u l t r a s t r u c t u r a l  p a t t e r n  o f  GABA-IR in  th e  SPN n e u r o p i l  i s  
s im i la r  in  bo th  sp e c ie s . Im m unolabeled boutons c o n ta in  e le c t r o n -  
lu c e n t v e s ic le s  50–60nm in  d iam ete r and form sym m etrica l c o n ta c ts . 
U t i l iz in g  a s e r i a l  s e c t io n  a n a ly s is ,  we observe  GABA-IR te rm in a ls  
c o n t a c t i n g  p e r i k a r y a  o f  H R P - l a b e l e d  S P N 's . A lth o u g h  m o re  
f r e q u e n t ly , GABA-IR boutons form ed synapses on p rox im al and d i s t a l  
d e n d r i t i c  e le m e n ts .  L e ss  com m only o b s e rv e d  a r e  a x o -a x o n ic  
c o n f i g u r a t io n s .  In  a d d i t i o n  to  GABA-IR t e r m i n a l s ,  s m a l l  c a l i b e r  
m y e lin a ted  and numerous unm yelina ted  GABA-IR axons cou rse  through 
th e  SPN n e u ro p i l .  O ccas io n a lly , th e se  unm yelina ted  axons co n ta in ed  
v e s i c l e s  in  r e g io n s  a d j a c e n t  to  SPN's w ith  no a p p a re n t  s y n a p t i c  
s p e c i a l i z a t i o n s .  Im m u n o lab e led  d e n d r i t i c  p r o c e s s e s  a r e  p r e s e n t  
w i th i n  th e  SPN n e u r o p i l  o f  b o th  s p e c i e s  and a r e  c o n ta c te d  by 
u n la b e le d  ( p r e d o m in a n tly  R A -type t e r m i n a l s )  as  w e l l  a s  GABA-IR 
t e r m i n a l s .  ( S u p p o r t e d  by H L 24103 ; JBC i s  an  E s t a b l i s h e d  
In v e s t ig a to r  o f  AHA.)
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316.1 OVARIAN STEROIDS POTENTIATE THE NOREPINEPHRINE-MEDIATED 
CYCLIC AMP FORMATION IN RAT HIPPOCAMPUS.
C .C . F o r r a y ,  L .C .B . M edina* and  F . A n tó n -T a y . U n iv e r s id a d  
A u tónoma M e t r o p o l i t a n a - I z t a p a l a p a  and  I n s t i t u t o  M exicano  
de P s i q u i a t r í a ,  Mé x ic o ,  D .F . 14370 .

C a te c h o la m in e rg ic  n e u ro n s  h av e  b e en  shown t o  be  i n 
v o lv e d  in  th e  c o n t r o l  o f  o v u la t i o n  and  r e p r o d u c t iv e  b e 
h a v io r .  The p r e s e n t  s t u d i e s  w ere  c o n d u c te d  t o  g a in  i n s ig h t  
i n t o  th e  p o s s i b l e  a c t i o n  o f  s t e r o i d  horm ones on b r a i n  
a d r e n e r g i c - r e c e p t o r  m e d ia te d  r e s p o n s e s .

G roups o f  o v a r ie c to m iz e d  fe m a le  r a t s  (OVX) w ere  t r e a t e d  
w ith  5 μg o f  e s t r a d i o l  b e n z o a te  (EB) 48 h o u rs  b e f o r e  
s a c r i f i c e  a lo n e  o r  i n  c o m b in a tio n  w i th  1 mg p r o g e s te r o n e  
(P4 ) f o u r  h o u rs  b e f o r e  s a c r i f i c e .  The c y c l i c  AMP (cAMP) 
f o r m a t io n  in d u c e d  by a d r e n e r g i c  a g o n i s t s  was m e a su re d  in  
h ip p o c a m p a l s l i c e s ,  by m eans o f  a p r e l a b e l i n g  t e c h n iq u e  
and  i s o l a t i o n  o f  t h e  r a d i o l a b e l e d  cAMP form ed  by io n -  
ex ch a n g e  and  a lu m in a  c h ro m a to g ra p h y .

The c o n v e r s io n  o f  l a b e l e d  a d e n in e  n u c l e o t i d e s  t o  
l a b e l e d  cAMP was s t im u la t e d  3 f o l d  o v e r  b a s a l  by 10 μM 
n o r e p in e p h r in e  (NE) i n  OVX c o n t r o l s  and  i n  EB t r e a t e d  
a n im a ls .  However i n  EB + P4 t r e a t e d  a n im a ls  th e  same 
d o se  o f  NE in d u c e d  a 6 f o ld  i n c r e a s e  i n  cAMP f o r m a t io n .  
I s o p r o t e r e n o l  25 μM c o n s i s t e n t l y  in d u c e d  a lo w e r s t im u 
l a t i o n  o f  t h e  cAMP f o r m a t io n  when com pared  w i th  NE: 15% 
lo w e r i n  OVX c o n t r o l s  and  50% in  EB and  EB + P4 t r e a t e d  
a n im a ls .  EB t r e a t e d  a n im a ls  a l s o  show ed a lo w e re d  re s p o n  
s iv e n e s s  t o  t h e  β - a d r e n e r g i c  a g o n i s t  (– 37%) when com
p a re d  t o  OVX c o n t r o l s  and  EB + P4 t r e a t e d  g ro u p s .  The 
a d d i t i o n  o f  t h e  α- a g o n i s t  m etoxam ine  (100 μM) d u r in g  
ISO s t i m u l a t i o n  r i s e d  th e  cAMP f o r m a t io n  t o  a  l e v e l  
s i m i l a r  t o  t h a t  o b ta in e d  w i th  NE i n  a l l  g ro u p s  s t u d i e d .  
M oreover t h e  a d d i t i o n  o f  p h e n to la m in e  b u t  n o t  y o h im b in e , 
p r e v io u s  t o  th e  NE s t i m u l a t i o n  in d u c e d  a  r e d u c t io n  o f  
t h e  cAMP fo r m a t io n  to  a l e v e l  s i m i l a r  t o  th e  one o b s e r 
v ed  w i th  ISO a lo n e .

T h ese  d a t a  i n d i c a t e s  t h a t  p r o g e s te r o n e  c an  in d u c e  an 
i n c r e a s e d  r e s p o n s iv e n e s s  t o  N E -m ed ia ted  cAMP f o r m a t io n  
i n  t h e  r a t  h ip p o c a m p u s , th ro u g h  an  e f f e c t  n o t  on th e  
β - a d r e n e r g i c  com ponent o f  t h e  r e s p o n s e ,  b u t  on th e  r e 
c e n t l y  d e m o n s t r a te d  p o t e n t a t i o n  o f  β - a d r e n e r g i c  re s p o n s e  
in d u c e d  by α 1 - a d r e n e r g i c  r e c e p t o r  s t i m u l a t i o n .

316.2 THE ROLE OF THE MEDIAL REGION OF THE AMYGDALA IN ALDOSTERONE- 
INDUCED SALT APPETITE. J .  M arin i* , J .  Schulk in*  and A.N. E p s te in , 
(SPON: A.R. M orriso n ), Univ. o f P en n sy lv an ia , P h ila d e lp h ia , PA. 
19104–6018.

A ldosterone  g e n e ra te s  an a p p e t i t e  fo r  s a l t .  Female r a t s  ty p i 
c a l ly  in g e s t more s a l t  than  male r a t s .  Because th e  c o rt ic o -m e d ia l 
reg io n  o f th e  amygdala (CM Amyg) i s  a s i t e  of r e c e p to r s  f o r  bo th  
a ld o s te ro n e  and th e  gonadal s t e r o i d s ,  we te s te d  th e  id e a  th a t  th i s  
b ra in  reg io n  i s  c r i t i c a l l y  invo lved  in  a ld o ste ro n e -in d u c e d  s a l t  ap
p e t i t e  and in  th e  norm ally  enhanced a p p e t i t e  fo r  s a l t  of fem ale 
r a t s .

Male and fem ale a d u l t  r a t s  re c e iv e d  e l e c t r o l y t i c  le s io n s  of th e  
CM Amyg and v i c i n i t y ,  and were adap ted  to  p e r io d ic  access  to  3% 
NaCl  They were then  p laced  on a sodium d e f i c ie n t  d ie t  and given  
one o f th re e  doses o f a ld o s te ro n e  o r th e  o i l  v e h ic le  (60 , 120, 240 
ng in  o i l  SC) once w eekly in  co u n te r-b a la n ced  o rd e r . The fo llow ing  
day they  were o f fe re d  a 3% NaCl s o lu t io n  in  a d d i t io n  to  w ate r and 
th e i r  24 hour in ta k e s  were measured w h ile  they  con tinued  to  be 
m a in ta ined  on th e  sodium d e f i c ie n t  d i e t .  In  a d d i t io n ,  male r a t s ,  
w ith  and w ith o u t CM Amyg le s io n s ,  were g iven  a sodium d e p le t io n -  
induced s a l t  a p p e t i t e  ( th e  rem oval of am bient sodium and 2 SC in 
je c t i o n s  o f 5 mg furosem ide tre a tm en t s e p a ra te d  by 2 h rs )  and t e s t 
ed fo r  s a l t  a p p e t i t e  as  d e s c r ib e d .

CM Amyg damage r e s u l te d  in  marked im pairm ents in  a ld o s te ro n e -  
induced s a l t  a p p e t i t e  in  bo th  sex es . In  a d d i t io n ,  fem ale le s io n e d  
r a t s  d id  n o t show th e  norm ally  enhanced need f r e e  in ta k e  o f s a l t ,  
as  shown by th e  f a c t  th a t  they  d rank  v ery  l i t t l e  s a l t  when no t 
t r e a te d  w ith  th e  hormone (2 ml in  le s io n e d  r a t s  vs 23 ml in  th e  
n o n -le s io n ed  r a t s ) . Female le s io n e d  r a t s  (n=5) in g e s te d  between 
2 to  3 ml of s a l t  fo llo w in g  60, 120, and 240 ng of a ld o s te ro n e  r e 
s p e c t iv e ly .  N on-lesioned  fem ales (n=5) in g e sted  26 to  30 ml of 
s a l t .  Male le s io n e d  r a t s  (n=4) in g e s te d  2 to  3 ml fo llo w in g  v e 
h ic le  o r 60, 120, and 240 ng o f a ld o s te ro n e  r e s p e c t iv e ly :  w hile  
th e  n o n -le s io n ed  m ales in g e s te d  7 to  19 ml o f s a l t .  B ut, CM Amyg 
damage d id  n o t a b o lis h  d e p le tio n -in d u c e d  s a l t  a p p e t i t e  in  male 
le s io n e d  r a t s  (n=3 ) . They in g e s te d  9 to  12 ml of s a l t :  n o n - le s io n 
ed male r a t s  (n=3) in g e s te d  16 to  24 ml o f s a l t .

These r e s u l t s  r e v e a l th a t  th e  CM Amyg i s  a c r i t i c a l  c e n t r a l  s i t e  
f o r  a ld o s te ro n e -in d u c e d  s a l t  a p p e t i t e  and may a ls o  be c r i t i c a l  fo r  
th e  enhanced a v id i ty  fo r  s a l t  no rm ally  seen in  fem ale r a t s .

L a s t ly ,  d e p le tio n  induced s a l t  a p p e t i t e ,  which a c t iv a t e s  a ld o s 
te ro n e  s e c r e t io n ,  was reduced bu t n o t a b o lis h e d . Presum ably, th e   
le s io n  p reven ted  th e  n a t r io r e x ig e n ic  e f f e c t  o f a ld o s te ro n e , b u t 
o th e r  mechanisms which i n i t i a t e  s a l t  a p p e t i t e  ( in  th e  r a t )  such as 
a n g io te n s in  and a t r i a l  volume r e c e p to r s  rem ained com petent because 
t h e i r  e f f e c t s  a re  m ediated  by n e u ra l s t r u c tu r e s  o th e r  than  the  
c o r t ic o -m e d ia l am ygdala.
R esearch suppo rted  by MacArthur Foundation  and NS03469–25.

316.3 EFFECTS OF TESTOSTERONE ON THE UPTAKE OF TRITIATED ESTRADIOL BY 
CELL NUCLEI IN THE BRAIN OF THE MALE RHESUS MONKEY. Robert W. Bon- 
sall*. Howard D. Rees and Richard P. Michael. Department of Psychiatry, Emory 
University School of Medicine, Atlanta, Georgia 30322 and Georgia Mental Health 
Institute, Atlanta, Georgia 30306.

Testosterone (T) restores the sexual behavior of castrated macaques and 
also regulates gonadotropin releasing hormone secretion by a hypothalamic 
mechanism. Neurons that concentrate [3H]T or its metabolites have been 
localized by autoradiography In the hypothalamus, preopti  area and amygdala. 
The major form of radioactivity In cell nuclei from these areas is [3H]estradiol 
( [3H]E2), an observation that supports the view that aromatizatlon may be 
involved in some of the central effects of T. To determine the extent to which 
nuclear estrogen binding s ites  in the brain are occupied by estrogenic 
metabolites of T, we castrated eight adult rhesus monkeys and Injected four of 
them daily for 3 days with 2 mg testosterone propionate (TP) s.c . (a dose that 
produces high physiological plasma levels of T and Is behaviorally effective). 
One hour before death, all males were Injected with 0.47 mCl/kg [3H]E2 as an 
intravenous bolus (this raised blood levels above the normal levels of E2 In 
intact females). Brains were rapidly removed and placed on ice. The left half of 
each brain was frozen for autoradiography, and cell nuclei were Isolated from 14 
regions dissected from the right half by centrifuging homogenates through 2M 
sucrose. The [3H]E2 contents of ether extracts of the nuclei were estimated by 
subjecting them to high performance liquid chromatography and measuring the 
radioactivity in fractions. In the four males that were not treated with TP, 
concentrations of [3H]E2 in nuclei were significantly (P<0.001) higher In 
hypothalamus, preoptic area and amygdala than In other regions of the brain. 
Autoradiograms showed highest frequencies of labeled cells in the bed nucleus 
(n.) of stria terminalls (which was combined with the preoptlc area for 
biochemical analysis), medial preoptlc n., anterior hypothalamic area, arcuate n., 
ventromedial n. and in the cortical, medial and accessory basal nuclei of the 
amygdala. In the four males that received testosterone pretreatments, nuclear 
concentrations of [3H]E2 were significantly (P<0.025) reduced compared with 
males not receiving testosterone pretreatments: In hypothalamus, 12,700 + 2,000 
vs 51,200 + 5,000 dpm/mg DNA (means + s.e.m.); preoptlc area, 3,300 + 300 vs 
28,600 + 3,900 dpm/mg DNA; and amygdala, 7,000 + 900 vs 18,300 ± 2,500 
dpm/mg DNA. There were no differences between groups In other brain areas. 
importantly, there were no differences In the levels of [3H]E2 In supernatants 
from testosterone pretreated (2,090 + 220 dpm/mg protein) and non-pretreated 
(2,720 ± 700 dpm/mg protein) animals, which suggested  that the reduction In 
nuclear concentrations could be attributed to prior occupation of nuclear est
rogen binding sites by estrogenic metabolites of T rather than to any effects of 
TP treatments on the availability of [3H]E2. This is  consistent with the view that 
some of the central actions of testosterone In the brain of the male primate are 
mediated by estrogen receptor systems.

Work supported by Grant MH 19506 from the National Institute of Mental 
Health. General support from the Georgia Department of Human Resources.

316.4 EVIDENCE FOR THE REESTABLISHMENT OF COPULATORY BEHAVIOR IN
CASTRATED MALE RATS WITH A BRAIN-SPECIFIC ESTRADIOL REDOX DELIVERY 
SYSTEM. W.R. ANDERSON, J.W. SIMPKINS, M. BREWSTER* AND N. BODOR*, 
Departments of Pharmacodynamics and Medicinal Chemistry, 
University of Florida, Gainesville, FL 32610.

We have developed a redox system for brain-specific drug 
delivery based on an interconvertible dihydropyridine ⥊  
pyridinium sa l t  ca rr ie r .  The drug, when combined with the 
lipoidal carr ie r ,  readily crosses the blood-brain barrier. The 
carr ie r ,  upon oxidation, reduces the rate of exit  of the drug from 
the brain and subsequent hydrolysis of the drug-carrier complex 
results in delivery of the drug to the central nervous system. 
The delivery system utilized in th is  study is an 
estradiol-chemical delivery system (E2-CDS), formed by conversion 
of 178-estradiol to a 3, 17β-dinicotinoyl derivative, then 
hydrolyzed to the 17-monoester. The aim of th is  study was to 
evaluate the effects of th is  E2-CDS on copulatory behavior in 
four-week orchidectomized Sprague-Dawley ra ts .  Either the E2-CDS 
or es tradiol valerate (E2-VAL; another C-17 substituted prodrug of 
estradiol) was administered as a single i .v .  injection at  an 
equimolar dose of 3 mg/kg B.W. of estradiol and dimethyl sulfoxide 
(DMSO) served as the control vehicle. Behavioral parameters which 
were assessed were mounting latency and frequency (ML, MF), 
intromission latency and frequency (IL, IF), ejaculation latency 
and to tal  copulatory performance (CP; calculated as total number 
of copulations within 15 minutes af ter  the in i t ia l  mount).
Animals treated with E2-CDS responded with a decrease in ML and IL 
by 3 days and th is  effect persisted for at  least 28 days. The ML 
and IL of rats  exposed to E2-VAL were diminished for 3 to 7 days 
and to a lesser extent than in E2-CDS ra ts .  The intromission 
frequencies of E2-VAL treated rats  were increased only at 1 week 
while animals treated with the E2-CDS increased the number of 
intromissions by 300% over castra te levels through 14 days and 
eight-fold over E2-VAL treated animals through 28 days. 
Intromission frequencies were restored to pre-castrate levels 
through 4 weeks in E2-CDS treated rats while those exposed to 
E2-VAL responded similarly for 7 days. CP in E2-CDS rats was 
increased at 7 days and continued through 4 weeks while E2-VAL 
rats  improved the ir  CP for only 1 week. Neither ejaculation 
latencies nor penile reflexes were restored by ei ther form of 
estradiol in 4-week orchidectomized ra ts .  These studies indicate 
that the E2-CDS can restore male copulatory behavior in 
orchidectomized male rats  to a greater degree and for a longer 
period of time than E2-VAL. These data suggest that a single 
injection of E2-CDS can maintain male copulatory performance for 
up to 4 weeks presumably by a local action of released E2 in the 
brain. (Supported in part by grants AG02021, GM 27167 and a grant 
from Pharmatec, Inc.)
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316.5 SEXUAL PREFERENCE VS. SEXUAL RECEPTIVITY: EFFECTS OF CNS LESIONS 
AND LUTEINIZING HORMONE RELEASING HORMONE (LHRH). C.A. Dudley and 
R.L. Moss. Dept.  Physiology,  UTHSCD, Dal l as ,  TX 75235

Sexual r e c e p t i v i t y ;  i . e . ,  l o r d o t i c  behavior ,  and sexual  
mot ivat ion;  i . e . ,  wi l l i ngnes s  to approach a sexua l l y  ac t i ve  male,  
are both hormonal ly mediated but can be d i s s o c i a t e d .  The pr esent  
s tudy eva l ua t e s  the e f f e c t  of l e s i ons  placed in var i ous  
beha v i o r a l l y - r e l evan t  CNS s i t e s  on sexual  r e c e p t i v i t y  and sexual  
p r e f e r e nce ,  and t e s t s  the a b i l i t y  of es t r ogen (E),  proges t e rone 
(P),  and LHRH to modulate the l e s i on  e f f e c t .

B i l a t e r a l  e l e c t r o l y t i c  l e s i ons  were placed in the ve n t r o 
medial hypothalamus (VMH;n=14), t he medial p r eop t i c  area (MPO; 
n = 13),  or the midbrain c e n t r a l  qray (MCG; n = 14) of OVX female r a t s .  
An add i t i ona l  5 to 7 animals per group rece ived  sham l e s i ons .  
Sexual pr e f e r e nce  t e s t s  were conducted in a choice box appara tus  
(Pharmacol  Biochem Behav. 22: 967, 1985) whi le sexual  r e c e p t i v 
i t y  t e s t s  were conducted by p l ac i ng  the t e s t  female in a mating 
chamber with two sexua l l y  a c t i v e  male r a t s  for  15 min or 15 
mounts.  The i nc en t i ve  choice box animals were a sexua l l y  a c t i ve  
male,  a c a s t r a t e  male,  an OVX female,  and an EP-primed female.  
Two weeks a f t e r  l e s i on ,  the animals  were primed with E (5μ g) ,  and 
48 hrs  l a t e r ,  t e s t ed  in the  choice box and then in the mating 
arena.  In subsequent  weeks the animals  were primed with E and P 
(2.5mg ) and E and LHRH ( 1000ng) .  All i n j e c t i o n s  were subcu
t aneous .  Resul t s  are t ab l ed  below. Sexual r e c e p t i v i t y  i s  ex
pressed in terms of the L/M r a t i o  and sexual  pr e f e r e nce  (PREF) i s  
r epor t ed  as the percent  of t ime spent  c l ose  to SM (25% time being 
the amount expected by chance for  each of the four  i n c e n t i v e s ) .

E E+P . E+LHRH
L/M PREF L/M PREF L /H PREF

VHH . 1 1 * 2 5 . 5 ” . 6 5 * 3 7 . 3 . 2 9 4 2 . 9  LESION
.2 7 * 3 6 . 5 ” . 9 6 * 4 6 .1 .6 4 4 1 . 3  SHAN

HPO .1 4 3 1 . 9 ” . 8 2 3 9 . 4 . 0 8 * 3 4 . 3  LESION
. 0 8 2 3 . 6 ” . 5 3 3 6 .3 . 4 6 * 2 9 . 3  SHAM

MCG . 0 5 3 5 . 7 . 6 0 3 6 .3 .9 0 * 4 3 . 6  LESION
.1 8 4 0 . 2 . 5 0 5 1 . 9 .3 9 * 5 6 . 0  SHAH

l e s i o n  v s .  s h a m: * p < 0 . 0 5 ; t  t e s t  * * p < 0 .0 5 ;  K r u s k a l - Wa l l i s  t e s t

VMH l e s i ons  were e f f e c t i v e  in r educinq L/M and PREF in E and 
EP primed animal s ,  whereas MPO l e s i ons  t ended to enhance both 
behavior s .  LHRH was not  e f f e c t i v e  in f a c i l i t a t i n g  L/M or PREF in 
animals bear i ng VMH or MPO l e s i o n s .  LHRH was e f f e c t i v e  in 
r e s t o r i n g  L/M in MCG-lesioned ani mal s ,  but  did not i nc r ea s e  PREF. 
Resul t s  i n d i c a t e  t ha t  exogenously admini s t e r ed  LHRH may act  
throuqh the MPO or VMH but not  through the  MCG and t ha t  sexual  
r e c e p t i v i t y  and sexual  mot ivat ion  can be d i s s o c i a t e d  by LHRH 
t r e a t ment .  Supported by HD 11814.

316.6 ESTRADIOL INDUCES HYPOTHALAMIC PROGESTIN RECEPTORS AND 
LORDOSIS IN 2 TO 12 DAY OLD MALE AND FEMALE RATS. C .L . 
WILLIAMS, D. LORANG* AND J .D ,  BLAUSTEIN. D ep t. 
P s y c h o l . ,  B a rn a rd  C o l le g e ,  NY, NY 10027 , and  D iv . 
N e u ro s c i .  and  B e h a v .,  U n iv . M a s s . ,  A m h ers t, MA 01003 .

B oth  m ale  and  fe m a le  n e o n a ta l  r a t s  show l o r d o s i s  in  
r e s p o n s e  t o  t a c t i l e  s t i m u l a t i o n  o f  th e  f l a n k s  and  rump 
i f  th e y  a r e  d e p r iv e d  o f  t h e i r  dam f o r  3– 4 h r s  and  
t e s t e d  i n  a  warm (33  ±  2 °C ), m o is t  i n c u b a t o r .  M o reo v er , 
th e s e  r e s p o n s e s  a r e  f a c i l i t a t e d  by e s t r a d i o l  b e n z o a te  
(E B ). I f  4 - d a y - o ld  i n f a n t s  a r e  t r e a t e d  w ith  100 u g /1 0  g 
b .w t .  EB 44 h r s  p r i o r  t o  b e h a v i o r a l  t e s t i n g ,  l o r d o s i s  
f r e q u e n c y ,  d u r a t i o n  and  i n t e n s i t y  a r e  i n c r e a s e d  in  
fe m a le s  and  l o r d o s i s  d u r a t i o n  i s  i n c r e a s e d  in  m a le s .  
I n t e r e s t i n g l y ,  l o r d o s i s  f r e q u e n c y  and  i n t e n s i t y  in  
u n p rim ed  m a le s  te n d s  t o  be h ig h e r  th a n  in  un p rim ed  
f e m a le s .  By 12 d a y s  o f  ag e  l o r d o s i s  i s  r a r e l y  d i s p la y e d  
u n le s s  pups  hav e  b e en  p rim ed  w ith  EB, and  a t  t h i s  tim e  
a sex  d i f f e r e n c e  i n  r e s p o n s i v i t y  t o  e s t r a d i o l  e m e rg e s .

In  a d u l t  r a t s  i n d u c t io n  o f  l o r d o s i s  by e s t r a d i o l  h a s  
b een  a s s o c i a t e d  w ith  in d u c t io n  o f  h y p o th a la m ic  
p r o g e s t i n  r e c e p t o r s .  T h e r e f o r e ,  we ex am ined  th e  
d e v e lo p m en t o f  e s t r a d i o l  i n d u c ib l e  h y p o th a la m ic  
p r o g e s t i n  r e c e p t o r s  u s in g  horm one d o s e s ,  t im in g  and  
p r o t o c o l s  o p t im a l  f o r  t h e  d i s p l a y  o f  l o r d o s i s  in  th e  
n e o n a te .  M ale and  fe m a le  i n f a n t s  (2 – , 4– , and  10–d a y -  
o ld s )  w ere  p rim ed  w ith  e i t h e r  100 ug EB/10 g b .w t .  o r  
o i l ,  and  44 h r s  l a t e r  t i s s u e s  from  th e  MBH-POA and 
c o r t e x  w ere  d i s s e c t e d  o u t ,  f r o z e n  and  th e n  a s s a y e d  f o r  
t h e  p re s e n c e  o f  p r o g e s t i n  b in d in g  s i t e s .  A lth o u g h  th e  
c o n c e n t r a t i o n  o f  r e c e p t o r s  i s  lo w e r i n  i n f a n t  th a n  
a d u l t  b r a i n ,  EB c a u s e d  a s i g n i f i c a n t  in d u c t io n  o f  
c y to s o l  p r o g e s t i n  r e c e p t o r s  i n  MBH-POA, b u t  n o t  c o r t e x ,  
a t  a l l  a g e s .  Sex d i f f e r e n c e s  i n  in d u c t io n  d id  n o t  b e g in  
t o  em erge u n t i l  12 d a y s  o f  a g e .  The c o n c e n t r a t i o n  o f  
p r o g e s t i n  b in d in g  s i t e s  was s i g n i f i c a n t l y  h ig h e r  in  th e  
MBH-POA o f  u n p rim ed  m a le s  th a n  u n p rim ed  fe m a le s  a t  4 
and  6 d a y s  o f  a g e ,  b u t  n o t  a t  12 d a y s  o f  a g e .

T h ese  d a t a  s u g g e s t :  1 . A c t i v a t i o n a l  a c t i o n s  o f  
e s t r o g e n s  on b r a i n  and  b e h a v io r  c an  o c c u r  a s  e a r l y  a s  2 
d a y s  o f  a g e ,  when e s t r o g e n s  a r e  o r g a n iz in g  b r a in  
t i s s u e s  m e d ia t in g  s e x u a l ly  d im o rp h ic  b e h a v i o r s .  2 . In  
i n f a n t  m a le s  en d o g en o u s  s t e r o i d s ,  p e rh a p s  o f  t e s t i c u l a r  
o r i g i n ,  may f a c i l i t a t e  s e x u a l  b e h a v io r  and  in d u c e  
p r o g e s t i n  r e c e p t o r s .  3 . Sex d i f f e r e n c e s  i n  e s t r o g e n  
i n d u c ib l e  p r o g e s t i n  r e c e p t o r s  and  b e h a v io r  em erge a t  
a ro u n d  12 d a y s  o f  a g e .
(S u p p o r t :  NS20671 t o  CLW; NS19327, RCDA NS00970 t o  JDB)

316.7 DIFFERENCES IN HYPOTHALAMIC SITES OF PROGESTIN ACTION ON 
AGGRESSION AND LORDOSIS IN FEMALE HAMSTERS. R .L. M e is e l, 
I .G . F r a i l e * ,  and D.W. P f a f f . L abo ra to ry  o f N eurobiology and 
B ehav io r, The R o c k e fe lle r  U n iv e r s ity , New York, NY 10021.

S tu d ie s  on s o c ia l  and sex u a l b eh a v io rs  in  S y rian  ham sters have 
dem onstrated  th a t  th e re  i s  an in v e rse  r e l a t i o n s h ip  between le v e ls  
of a g g re ss io n  and sex u a l r e c e p t iv i ty  over th e  d u ra t io n  o f th e  
f e m a le 's  e s tro u s  c y c le . In  la b o ra to ry  s tu d ie s ,  low doses of 
e s t r a d io l  have no e f f e c t  on a g g re ss io n  o r r e c e p t iv i ty  ( lo r d o s i s ) ,  
w h ile  subsequen t a d m in is tr a tio n  o f p ro g es te ro n e  bo th  i n h i b i t s  
ag g re ss io n  and f a c i l i t a t e s  lo rd o s is  resp o n d in g . Given th e  e f f e c t s  
o f sy stem ic  p ro g es te ro n e  on th e se  b e h a v io rs , we have begun to  
examine th e  r o le  o f n e u ra l p ro g e s tin  r e c e p to r s  in  m ed ia ting  th e se  
b e h a v io ra l changes.

A dult fem ale h am ste rs , s in g ly -h o u se d , were ovariec tom ized  and 
im plan ted  b i l a t e r a l l y  w ith  s t a i n l e s s  s t e e l  cannu lae  (23 g) aimed 
a t  th e  v en tro m ed ia l hypothalam us (VM) o r th e  cau d a l a n t e r io r  
hypothalam us (AH) n ea r th e  VM. E xperim en ta l fem ales were te s te d  
w ith  a group-housed , ovariec tom ized  fem ale ham ster (ag g re ss io n  
t e s t ) ,  fo llow ed  an hour l a t e r  by a t e s t  w ith  a g roup-housed , in t a c t  
male ham ster ( lo rd o s is  t e s t ) .  This p ro ced u re , conducted w ith in  th e  
ex p e rim en ta l f e m a le 's  home cage , maximized th e  o b s e rv a tio n  o f a 
f e m a le 's  p o te n t ia l  f o r  bo th  ag g re ss io n  and lo rd o s is  w ith in  a s in g le  
t e s t  s e s s io n .

One week a f t e r  ovariectom y and cannu lae  im p la n ta tio n , fem ales 
were te s te d  fo r  t h e i r  b a s e l in e  le v e ls  o f ag g re ss io n  and lo r d o s is .  
F ollow ing th i s  t e s t  s e s s io n ,  a l l  fem ales were in je c te d  sc  w ith  10 μg 
e s t r a d io l  benzoa te  (EB). About 46 h a f t e r  EB in j e c t io n ,  fem ales 
were te s te d  fo r  t h e i r  r e s p o n s iv i ty  to  EB a lo n e . F ollow ing th i s  
t e s t  s e s s io n ,  fem ales re c e iv e d  27 g a p p l ic a to r  cannu lae  co n ta in in g  
a 10% c r y s t a l l i n e  m ix tu re  o f th e  s y n th e t ic  p ro g e s tin  R5020 (d i lu te d  
w ith  c h o le s te ro l)  in  th e  VM (N=7), AH (N=8), o r im p lan ts  o f c h o l
e s t e r o l  (N=7) in  th e  VM o r AH, and te s te d  abou t 6 h l a t e r .

EB a lo n e  had no e f f e c t  on ag g re ss io n  o r  lo r d o s is .  R5020 im
p la n te d  in  th e  VM, b u t n o t AH, s ig n i f i c a n t ly  (p< .01) reduced th e  
number o f a t ta c k s  a g a in s t  s tim u lu s  fem a le s , as  compared w ith  th e  
p r io r  t e s t  fo llo w in g  EB. C h o le s te ro l- im p la n te d  fem ales showed no 
s ig n i f i c a n t  change ac ro s s  t e s t s  in  th e  number o f a t t a c k s .

In  t e s t s  w ith  m a les , i n t r a c r a n i a l  R5020 s tim u la te d  lo rd o s is  in  
4 /8  AH-implanted fem ales , a l b e i t  w ith  a low mean lo rd o s is  d u ra t io n  
(40 sec  o f a 180 sec  t e s t ) . VM im p lan ts  o f R5020 d id  n o t s t im u la te  
lo rd o s is  in  any fem ale (0 /7 ) .  S im ila r ly  no c h o le s te r o l - t r e a t e d  
fem ale (0 /7 ) showed lo r d o s is .

These r e s u l t s  d em onstra te  th a t  i n t r a c r a n i a l  im p lan ts  o f th e  
s y n th e t ic  p ro g e s t in ,  R5020, can in h i b i t  a g g re ss io n  and f a c i l i t a t e  
lo rd o s is  in  e s t r a d io l - t r e a t e d  fem ale h am ste rs . F u rtherm ore , i t  
appears  th a t  th e r e  a re  d if f e re n c e s  in  th e  hypo tha lam ic s i t e s  of 
p ro g e s t in  a c t io n  on th e se  b e h a v io rs .

316.8 CYSTEAMINE INJECTED SYSTEMICALLY INHIBITS LORDOSIS. C. V. Hobbs, 
J .  M. R o th fe ld , and D. W. P fa f f .  (SPON: Z. M. Wenzel) 
R o ck e fe lle r  U n iv e rs ity , New York, NY 10021.

The fem ale sexual b eh a v io r, lo r d o s is ,  can be s tim u la te d  by 
in fu s in g  p ro la c t in  (PRL) in to  the  in idbrain  c e n tr a l  grey  (MCG), and 
can be in h ib i te d  by in fu s in g  an tise ru m  a g a in s t p ro la c t in  (H arlan  
e t  a l . , 1982). F urtherm ore, im m unoreactive p ro la c t in  (irPRL) can 
be d e te c te d  by im munocytochemistry in  c e l l  bodies of the  m edial 
b a sa l hypothalam us, and nerve endings in  the MCG (H arlan  e t  a l . , 
su b m itte d ) . However, i t  i s  not known i f  irPRL in  b ra in  i s  
id e n t ic a l  to  PRL from p i t u i t a r y ;  fu rth e rm o re , the  b iochem ical 
mechanism by which PRL in f lu e n c e s  lo rd o s is  i s  unknown. Cysteamine 
(2 -m ercap toe thy lam ine; 100 mg/kg in je c te d  s . c . )  reduces 
im m unoreactive and b io a c tiv e  PRL from p i t u i t a r y  and serum by 
g r e a te r  than  80%. Cysteamine a lso  reduces so m a to s ta tin  in  b ra in ,  
but does not a f f e c t  le v e ls  of LHRH or s e v e ra l o th e r  p e p tid e s . I f  
b ra in  irPRL i s  id e n t ic a l  to  p i t u i t a r y  PRL, then  cysteam ine should 
reduce lo rd o s is ;  fu r th e rm o re , d e p le tio n  of b ra in  irPRL, follow ed 
by c o n tro l le d  in fu s io n  o f PRL, m ight p rov ide a u s e fu l model fo r  
studying, the  mechanism by which PRL in f lu e n c e s  b eh a v io r. We 
th e re fo re  examined i f  system ic o r c e n t r a l  a d m in is tr a tio n  of 
cysteam ine can b lock  lo r d o s is .  Female Sprague-Dawley r a t s  were 
o v ariec to m ize d , and g iven  s i l a s t i c  im p lan ts  co n ta in in g  e s t r a d io l .  
A fte r  2 weeks r a t s  which e x h ib ite d  lo rd o s is  (manual r e f le x  score  
2 on a 0–3 s c a le )  were g iven  a s in g le  s . c .  in j e c t io n  of s a l in e  
(n= 4 ), o r cysteam ine (90 mg/kg,n=6; o r 270 mg/kg, n=5). S a lin e  
had no e f f e c t  on lo r d o s is .  L ordosis  sc o re s  in  r a t s  g iven  90 mg/kg 
d ec lin e d  from 2 .3  + 0.1  (mean + SEM) b efo re  in j e c t io n  to  0 .6  + 0 .4  
24 h a f t e r  in j e c t io n  (p= 0.008, Mann-W hitney). R ats g iven  270 
mg/kg d ec lin ed  from 2 .6  + 0 .2  to  1 .6  + 0 .4  (p=0.018, 
M ann-W hitney). Cysteamine d id  not in f lu e n c e  r ig h t in g ,  fo o t 
w ith d raw al, o r s t a r t l e  r e f le x e s .  In  most r a t s  lo rd o s is  was low est 
1–3 days a f t e r  cysteam ine in j e c t io n ,  and recovered  f u l ly  by 10 
days a f t e r  in j e c t io n .  In  a second s tu d y , fem ale Long-Evans r a t s  
were ovariec tom ized  (n= 5), g iven  e s t r a d io l  im p la n ts , and f i t t e d  
w ith  b i l a t e r a l  c r a n ia l  cannu lae p laced  in to  th e  d o rs a l MCG. 
In fu s io n  of 50 ug cysteam ine in  2 u l s o lu t io n  in to  the  MCG 
e l i c i t e d  no b eh a v io ra l change. In fu s io n  of 500 ug cysteam ine in to  
the  MCG induced in t e r v a l s  of v o c a l iz a t io n ,  running  and d e fen s iv e  
b e h a v io r, bu t no e f f e c t  on lo r d o s is .  One week a f t e r  in fu s io n , 
in j e c t io n  of cysteam ine s . c .  (90 mg/kg fo llo w ed , 24 h l a t e r ,  by 
270 mg/kg) reduced lo rd o s is  from 2 .9  + 0.05  to  0 .6  + 0 .4  (p=0.004, 
M ann-Whitney). These s tu d ie s  suggest th a t  a lthough  cysteam ine can 
in h i b i t  lo r d o s is ,  th e  s i t e  of a c t io n  does no t appear to  be the  
MCG. Whether cysteam ine reduces lo rd o s is  by d e p le tin g  b ra in  
irPRL, f o r  example in  c e l l  bodies o f th e  m edial b a sa l 
hypothalam us, rem ains to  be determ ined .
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316.9 PROLACTIN REGULATION OF MATERNAL BEHAVIOR IN FEMALE 
RATS: BROMOCRIPTINE TREATMENT DELAYS AND PROLACTIN 
TREATMENT REINSTATES THE RAPID ONSET OF BEHAVIOR. R. S. 
Bridges and P. M. Ronsheim*. Laboratory of Human Reproduction and 
Reproductive Biology, Harvard Medical School, Boston, MA 02115.

Recent findings have indicated that prolactin (PRL) helps stimulate 
the onset of maternal behavior in inexperienced, hypophysectomized, 
steroid-treated female rats (Bridges e t al., Science, 227:782, 1985). In a 
series of four experiments we have further examined the involvement of 
PRL in maternal behavior using nonhypophysectomized rats. In Expt. #1 
we measured plasma PRL levels in ovariectomized (ovx) rats that were 
treated for two weeks with a combination of progesterone (P, 3 x 30 mm 
Silastic implants, days 1–11) and estradiol (E2, 2 mm implant, days 11–13) 
that effectively stimulates maternal behavior in nulliparious rats 
(Bridges, Endocrinology 114:930, 1984). PRL concentrations remained 
low through the duration of P exposure. In contrast, plasma PRL levels 
exhibited daily diurnal (1700 h) increases from days 11–13 following P 
implant removal and E2 insertion (1000 h on day 11). In Expt. #2, ovx, 
steroid-treated (P/E2) rats were administered bromocriptine, CB-154, at 
a dose of 2 mg/kg or 0.5 mg/kg or vehicle twice daily (0900 & 1700 h) 
from day 11 to 13 of steroid treatm ent. The diurnal rise in plasma PRL 
found in the vehicle-treated rats (300–400 ng/ml) was suppressed by both 
doses of CB-154; total suppression was evident in rats given 2.0 mg/kg 
CB-154. In Expt. #3, the effects of CB-154 (2.0 mg/kg) treatm ent on the 
behavioral responsiveness of steroid-treated, ovx, nuliiparous rats 
towards foster young were measured. Testing for maternal behavior was 
conducted daily from treatm ent days 12–22. CB-154 treatm ent (twice 
daily, days 11–22) significantly delayed the onset of maternal behavior. 
The latency to display full maternal behavior was 5.5 days for CB-154 
treated rats, while it was 2.0 and 3.0 for noninjected and vehicle injected 
controls, respectively. In the final study (Expt. #4), the behavioral 
effects of PRL administration were measured in CB-154 plus steroid 
(P/E2) treated, ovx, nuliiparous rats. Prolactin injections (500 ug Ovine 
PRL x twice daily, days 11–22) reversed the disruptive behavioral actions 
of twice daily CB-154 (2.0 mg/kg) treatm ent. The median latencies of 
the CB-154, CB-154 & PRL, and vehicle control groups to exhibit full 
maternal behavior towards foster young were 5.5, 2.0, and 1.0 days, 
respectively. These data demonstrate an involvement of prolactin in the 
induction of maternal behavior in the steroid-treated, 
nonhypophysectomized, nuliiparous rat, and lend further support for a 
role for prolactin in the induction of maternal behavior in the parturient 
female. Supported by March of Dimes Birth Defects Foundation Grant 
# 1–895, NIH #HD 19789 and NIMH RSDA #K02 MH00536 awarded to RSB.

HUMAN BEHAVIORAL NEUROBIOLOGY

317.1 NEUROPSYCHOLOGICAL CORRELATES OF THE FRONTOCAUDATE "COMPLEX LOOP" 
IN NEUROLOGICAL PATIENTS.
J .A. S a in t-C y r, A.E. Taylor* and A.E. Lang* P la y f a i r  N euroscience 
U n it & D epartm ents o f Psychology and M edicine, D iv is io n  of 
N eurology, Toronto W estern H o sp ita l ,  Toronto , Canada, M5T 2S8.

I t  i s  now recogn ized  th a t  th e  e f f e c t s  of b a sa l g an g lia  dys
fu n c t io n  a re  b e s t unders tood  by tr a c in g  e f f e r e n t  connections  
th rough  th e  p a llidum , n ig ra , and thalam us to  th e  c o rtex  
(A lexander e t  a l ,  Ann Rev N eu ro sc i, 9: 357, 1986).

In  P a rk in s o n 's  d is e a s e , motor symptoms have been r e la te d  to  
th e  supplem entary  motor c o rtex  (motor loop) however, th e  func
t i o n a l  m a n ife s ta t io n s  a t t r i b u t a b l e  to  caudate  d y sfu n c tio n  have 
no t been e lu c id a te d .  N euroanatom ical s tu d ie s  have in d ic a te d  a 
p r e f r o n ta l  c o r t i c a l  focus fo r  th o se  c i r c u i t s  (complex lo o p ) .

We have s tu d ie d  150 p a t ie n t s  w ith  id io p a th ic  P a rk in s o n 's  
d is e a se  and 50 matched normal c o n tro l s u b je c ts  us ing  an ex te n s iv e  
b a t te r y  o f n eu ro p sy ch o lo g ica l t e s t s .  A fte r  ru l in g -o u t  th e  
c o m p lic a tin g  f a c to r s  of d e p re ss io n , co n c u rre n t dem entia , drug 
to x i c i t y ,  ed u c a tio n , age , and gender, a sm all c l u s t e r  of cogn i
t i v e  d e f i c i t s  was d efin ed  (T aylor e t  a l . ,  B rain  109: 279, 1986 
and B ra in , 109: in  p r e s s ) .

P a t ie n ts  were s e le c t i v e ly  im paired  on 1) th e  a b i l i t y  to  form 
m ental s e t s ;  2) delayed r e c a l l  o f s p a t i a l  p o s i t io n ;  3) supraspan  
v e rb a l le a rn in g ; 4) s im u ltaneous motor programming; and 5) s e r i a l  
o rd e r  r e c a l l .  A ll of th e se  p ro cesse s  have been r e la te d  to  p re 
f r o n ta l  c o r t i c a l  in t e g r i t y .  Care was  taken  to  en su re  th a t  th e  
p a t i e n t 's  motor d e f i c i t s  d id  not in t e r f e r e  w ith  th e i r  a b i l i t y  to  
perfo rm  th e  re q u ire d  ta s k s .  Degree o f c o g n itiv e  im pairm ent did 
n o t n e c e s s a r i ly  c o r r e l a te  w ith  s e v e r i ty  of motor im pairm ent thus  
in d ic a t in g  a f u n c t io n a l d is s o c ia t io n  between th e  complex and 
motor lo o p s . P a t ie n ts  who expe rienced  secondary  tre a tm en t 
f a i l u r e  were more se v e re ly  im paired  c o g n i tiv e ly  but only w ith in  
th e  domain o f f r o n ta l  lobe -based  fu n c t io n s . These f in d in g s , 
which su g g es t th a t  th e  caudate  nuc leus  may c o n tr ib u te  to  th e  
re c o g n itio n  of ta s k - s p e c i f i c  s tim u lu s  meaning, a re  c o n s is te n t  
w ith  u n i t  reco rd in g  s tu d ie s  (R o lls  e t  a l  Behav Br R es, 1983 7: 
179).

P re lim in a ry  r e s u l t s  u s in g  a t e s t  of p ro ced u ra l le a rn in g  based 
on th e  Tower o f Hanoi have in d ic a te d  im paired  perform ance in  
p a t i e n t s  w ith  P a rk in s o n 's  d is e a se , H u n tin g to n 's  d is e a s e ,  and 
W ilso n 's  d is e a s e ,  as w e ll as in  p a t ie n t s  w ith  damage r e s t r i c t e d  
to  th e  f r o n ta l  lo b e s . These da ta  su p p o rt th e  h y p o th e sis  (M ishkin 
e t  a l ,  N eurobio logy, L earn ing , and Memory, G u ilfo rd  p re s s ,  1984: 
65) th a t  th e  in t e g r i t y  of th e  f ro n to c a u d a te  complex loop may be 
n ec essa ry  fo r  th e  es ta b lish m e n t of c o g n itiv e  h a b it  p a t te r n s .

317.2 CORTICAL PHYSIOLOGICAL ACTIVATION IN ALZHEIMER'S DISEASE: 
rCBF STUDIES DURING RESTING AND COGNITIVE STATES. K.F. Berman 
and D.R. Weinberger*. Section on Clinical Neuropsychiatry, NIMH, Saint 
Elizabeth's Hospital, Washington, D.C. 20032.

New techniques for measuring regional brain physiology in vivo may be 
useful adjuncts for diagnosing neurodegenerative disorders such as 
Alzheimer's Disease (AD) and for understanding the pathophysiology 
underlying them. However, previous studies have not been consistently 
successful in distinguishing patients from elderly controls.

In the current study fifteen patients with AD (mean age 63 years, range 
55–68) and 10 normal control subjects matched for age, sex, and education 
had regional cerebral blood flow (rCBF) measured by the xenon-133 
inhalation method. rCBF was determined during three different testing 
conditions: first during an eyes-closed resting state and then during two 
cognitive activation tasks, one an automated version of Raven's Matrices 
(RM), a task linked to posterior association cortex, and the other a similarly 
automated Number Matching (NM) baseline task. The order of the two 
activation tasks was counterbalanced across subjects.

During all three testing conditions, gray m atter rCBF for every cortical 
area averaged 20% lower in patients with AD than in normal subjects 
(p<.03). However, during RM, both groups increased posterior rCBF over 
that during the baseline NM task. During the RM and the NM, but not 
during resting, clinical status (as assessed by the Mini-Mental State exam) 
correlated with rCBF values for several cortical areas.

Discriminant function analysis was performed on the rCBF values 
derived during each task to create a mathematical model that best 
differentiated the patients from the normal group. Each model was then 
retrospectively applied to classify each subject into one of the two subject 
categories (patient vs. normal), and the relative success rates for each 
model were assessed.

In the retrospective discriminant function analysis, rCBF for each of the 
three testing conditions correctly classified the majority of the patients and 
normals into the appropriate diagnostic category. Compared to the resting 
state, cognitive activations improved the ability of the rCBF models to 
distinguish the two groups (during resting 89% of the normals and 79% of the 
patients were correctly classified; during RM 89% of the normals and 89% 
of the patients; and during NM 93% of the normals and 89% of the patients). 
Discriminant function models derived from rCBF during all three conditions 
retrospectively classified subjects with 100% accuracy.

These data are consistent with previous reports of decreased coritcal 
activity in patients with AD. These findings further suggest that measuring 
coritcal activity during several different conditions, including cognitive 
activation, improves the ability of physiological measures such as rCBF to 
differentiate patients with AD from controls.
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317.3 POST-STROKE MOOD DISORDERS: DYNAMIC CHANGES IN ASSOCIATED 
VARIABLES OVER TWO YEARS OF FOLLOW-UP.
R. M. P a r i kh, T. R. P r ic e  and R, G. R obinson. (SPON: P aul R. 
McHugh), Johns Hopkins Univ Sch Med

As p a r t  o f a p ro s p e c t iv e  s tu d y  o f 103 s tro k e  p a t ie n t s ,  we 
have ana lyzed  the r e l a t i o n s h ip  between s e v e ra l  v a r ia b le s  which 
may be a s s o c ia te d  w ith  the  developm ent o f d ep re ss io n  a t  r e g u la r  
fo llo w -u p  in t e r v a l s  o f 3, 6, 12 and 24 months p o s t - s t r o k e .

We have p re v io u s ly  re p o rte d  th a t  a lthough  le s io n  lo c a tio n  
was th e  s in g le  most im p o rtan t v a r ia b le  in  determ ing  th e  s e v e r i ty  
o f d e p re ss io n  ( r  ~ . 7 )1 ,2 ,3 ,  between in -h o s p i t a l  and s ix  months 
fo llo w -u p  th e re  was an in c re a s in g  r e l a t i o n s h ip  between 
d e p re ss io n  and o th e r  v a r ia b le s  such as  a c t i v i t i e s  o f d a i ly  
l iv in g  as  measured by the Johns Hopkins F u n c tion ing  In v en to ry  ( r  
in c re a s e d  from. 32 in - h o s p i t a l  to . 56 a t  6 m onths), c o g n itiv e  
fu n c t io n  as  m easured by the M ini-M ental S ta te  ( r  in c re a se d  from. 

29 in - h o s p i t a l  to . 45 a t  s ix  m onths), s o c ia l  fu n c t io n in g  as  
a s se s se d  by the S o c ia l  F unc tio n in g  Exam ( r  in c re a se d  from. 25 
in - h o s p i t a l  to . 50 a t  6 m onths)3. At one and two y ea rs  
fo llo w -u p , we found th a t  th e  s tr e n g th  o f the r e l a t i o n s h ip  
between d ep re ss io n  and o th e r  v a r ia b le s  had g e n e ra lly  d e c lin e d  
( th e  s tr e n g th  o f the  c o r r e l a t i o n  between Ham ilton D epression  
S ca le  sc o re s  and th e  JHFI sc o re s  d e c lin e d  from. 64 a t  6 months 
to . 56 a t  12 months and. 31 a t  24 m onths). S im i la r ly , the 
s tr e n g th  o f the  c o r r e l a t i o n  between c o g n itiv e  fu n c t io n  and 
d e p re ss io n  had d e c lin e d  (from, 44 between m in i-m en ta l s c o re s  and 
H am ilton D epression  S cale  sc o re s  a t  6 months to . 28 a t  12 months 
and. 12 a t  24 m onths).

S ince  o th e r  fo llo w -u p  an a ly se s  o f th i s  p a t i e n t  group had 
found th a t  th e  n a tu r a l  (u n tre a te d )  co u rse  o f m ajor d e p re ss io n  in  
th e se  p a t ie n t s  was ab o u t one y ea r in  d u ra t io n ,  th e se  d ec re a se s  
in  c o r r e l a t i o n  between 6 months and 2 y ea rs  fo llo w -u p  p a r a l l e l  
th e  n a tu r a l  co u rse  o f improvement in  p a t i e n t s  who a re  a c u te ly  
d ep ressed  a f t e r  s t r o k e .

R e fe re n c e s :
1. Robinson, R .G ., S z e te la ,  B. (1981 ). Annals N eurol 9 

447–453.
2 Robinson, R .G ., Kubos, K .L ., S ta r r ,  L .B ., Rao, K ., P r ic e ,  

T .R . (1983 ). Compr. P s y c h ia t .  24 555–566.
3. Robinson, R .G ., S t a r r ,  L .B ., Rao, K ., P r ic e ,  T .R . 81984). 

S tro k e  15 510–517.

317.4 RELATIONSHIPS BETWEEN DEPRESSION AND COGNITION IN STROKE 
PATIENTS. J ,  D. B oston*, Karen B olla-W ilson , E. Kaplan, 
and R, G. R obinson. (SPON: L a rry  Tune). D ept. o f P sy c h ia try , 
The Johns Hopkins Univ Sch Med, B a l t . ,  MD. 21205

P rev ious  re se a rc h  in  s tro k e  p a t ie n t s  has dem onstrated  a 
r e l a t i o n s h ip  between d e p re ss io n  and c o g n itio n . Using the  
M ini-M ental S ta tu s  Exam (MMSE) we found th a t  p a t ie n t s  w ith  major 
d ep re ss io n  (MD) had a g r e a te r  degree o f c o g n itiv e  im pairm ent 
than com parable p a t ie n t s  w ith  le s io n s  of the  l e f t  hem isphere 
even though the two groups had com parable s iz e s .  The p re s e n t 
re s e a rc h  a ttem p ts  to  f u r th e r  c l a r i f y  th e  n a tu re  o f c o g n itiv e  
d if fe re n c e s  between major d ep re ss io n  and non d ep ressed  s tro k e  
p a t ie n t s  by exam ining th e i r  perform ance on a v a r ie ty  of 
n eu ro p sy ch o lo g ica l m easures to  determ ine which fu n c tio n s  a re  
most a f f e c te d  by d e p re ss io n .

S u b jec ts  were 65 p a t ie n t s ,  w ith  no p rev io u s  h is to ry  o f b ra in  
traum a, s tro k e ,  o r p s y c h ia t r ic  i l l n e s s .  P a t ie n ts  were 
p redom inan tly  in  th e i r  50–6 0 's ,  b la ck , r ig h t  handed, and o f a 
low er socioeconom ic c l a s s .  Using DSM I I I  c r i t e r i a  groups w ith  
d ep re ss io n  o r  no d ep re ss io n  were e s ta b l is h e d .

On dem ographic v a r ia b le s  no d if fe re n c e s  were found between 
g roups. N eu ro lo g ica l d e f i c i t s  were even ly  d is t r i b u te d  ac ro ss  
g roups . Using m u ltip le  t - t e s t s  w ith  a B onferron i c o r re c tio n  
between group com parisons were made on the  in d iv id u a l ta sk s  o f a 
neuropsych b a t te r y .  Among p a t ie n t s  w ith  l e f t  hem isphere (LH) 
(N=33) those  w ith  major d ep re ss io n  (N=11) perform ed le s s  w ell 
than  non-depressed  p a t ie n t s  on a l l  35 c o g n itiv e  ta s k s .  The 
d if fe re n c e s  were s t a t i s t i c a l l y  s ig n i f i c a n t  on 9/35 s u b te s ts .  
Using m easures o f d ep re ss io n  and perform ance on 
n eu ro p sy ch o lo g ica l ta s k s ,  the  r e la t io n s h ip s  between s e v e r i ty  of 
d ep ess io n  and c o g n itiv e  d e f i c i t s  were a s c e r ta in e d .  In  th e  l e f t  
hem isphere group s e v e r i ty  o f d e p re ss io n  c o r r e la te d  in v e rse ly  and 
reached s t a t i s t i c a l  s ig n if ic a n c e  on 15 neuropsych s u b te s ts .  The 
r i g h t  hem isphere (RH) group (N=32) w ith  major d e p re ss io n  (N=7) 
compared w ith  the nondepressed group perform ed le s s  w ell on 
16/35 c o g n itiv e  ta sk s  b u t none of the  d if fe re n c e s  reached 
s ig n if i c a n c e .

These r e s u l t s  su g g es t th a t  major d e p re ss io n  a s s o c ia te d  w ith  
l e f t  hem isphere s tro k e  s ig n i f i c a n t ly  im pacts on a l l  a sp e c ts  of 
c o g n itio n  in c lu d in g  fu n c t io n s  which a re  g e n e ra lly  " r ig h t  
hem isphere ta sk s"  as w ell as " l e f t  hem isphere ta s k s " .  The 
e f f e c t  o f d ep re ss io n  on co g n itio n  a s s o c ia te d  w ith  r ig h t  
hem isphere in ju ry  i s  le s s  c l e a r .  These fin d in g s  which 
dem onstra te  the s ig n i f i c a n t  im pact of d ep re ss io n  on a l l  a sp e c ts  
of c o g n itiv e  fu n c tio n  u n d e rlin e  the im portance of re c o g n itio n  
and tre a tm en t o f d ep re ss io n  fo llo w in g  s tro k e .

317.5 FOCAL BRAIN ACTIVITY DURING VISUAL LANGUAGE TASKS AS 
MEASURED WITH AVERAGED PET IMAGES OF EVOKED CBF CHANGE 
S .E .  P e t e r s e n * ,  P .T .  F o x , M .I . P o s n e r ,  M.A. M in tu n , & 
M .E. R a i c h l e .  D e p ts .  o f  N e u ro lo g y  & R a d io lo g y , 
W ash in g to n  U n iv . Med. S c h . S t .  L o u is ,  MO

We i d e n t i f i e d  l a n g u a g e - r e l a t e d  b r a i n  a r e a s  u s in g  
m e a su re m e n ts  o f  r e g i o n a l  c e r e b r a l  b lo o d  f lo w  from  12 
n o rm a l v o l u n t e e r s . R esp o n se s  t o  v i s u a l l y  p r e s e n te d  
w ords  p ro v id e d  a  s im p le ,  r e a d i l y  c o n t r o l l e d ,  b u t  p o t e n t  
m eans o f  a c t i v a t i n g  b r a i n  a r e a s  in v o lv e d  i n  r e a d in g  
s i l e n t l y ,  r e a d in g  a lo u d ,  and  p ro d u c in g  w o rd s  w i th  a 
s e m a n t ic  r e l a t i o n  (a  u s e )  t o  a  cu e  w ord (a n  o b j e c t ) .

F o u r c o n d i t i o n s  w e re  p e rfo rm e d  b y  a l l  s u b j e c t s :  1) 
e y e s - c l o s e d  r e s t i n g  s t a t e ; 2 ) p a s s i v e  o b s e r v a t i o n  o f  
v i s u a l l y  p r e s e n te d  w o rd s  (nam es o f  o b j e c t s ) ; 3) v o c a l  
r e p e t i t i o n  o f  v i s u a l l y  p r e s e n te d  o b j e c t  nam es ; 4 ) s a y in g  
a  u s e  f o r  a  v i s u a l l y  p r e s e n te d  o b j e c t  nam e. G aze was 
s t a b i l i z e d  w i th  a  f i x a t i o n  p o i n t .  S t im u lu s  d u r a t i o n  
(150  m sec) and  i n t e r - s t i m u l u s  i n t e r v a l  (8 5 0  m sec) w ere  
i n v a r i a n t .

E ach im age u n d e rw e n t i n t e r - s l i c e  i n t e r p o l a t i o n  t o  
c r e a t e  a  d a t a  a r r a y  w i th  u n ifo rm  p i x e l  s i z e  (2  mm) in  
a l l  3 a x e s .  Im ages th e n  w e re  t r a n s l a t e d  i n t o  a 
s t a n d a r d i z e d ,  s t é r e o t a c t i c  c o o r d in a t e  s p a c e  ( J .  Com put. 
A s s i s t .  Tom ogr. 9 :1 4 1 – 15 3 , 1985) an d  com bined  p i x e l - f o r -  
p i x e l  i n t o  a  s i n g l e ,  a v e r a g e d  im ag e  f o r  e a c h  c o n d i t i o n .  
F o c a l b lo o d  f lo w  c h a n g e s  in d u c e d  b y  s p e c i f i c  a s p e c t s  o f  
t h e  la n g u g a g e  t a s k s  w e re  i d e n t i f i e d  b y  im a g e - to - im a g e  
s u b t r a c t i o n  o f  s e l e c t e d  p a i r s  o f  a v e r a g e d  im a g e s . B ra in  
s t r u c t u r e s  c o r r e s p o n d in g  t o  t h e s e  a r e a s  o f  CBF ch an g e  
w e re  i d e n t i f i e d  i n  a s t e r e o t a c t i c  a t l a s .

P a s s iv e  w ords  (m inus  e y e s  c lo s e d )  a c t i v a t e d  s t r i a t e  
and  e x t r a s t r i a t e  v i s u a l  c o r t e x ,  w i th o u t  a p p a r e n t  
l a t e r a l i z a t i o n .  R e p e a t in g  w ords  (m inus  p a s s i v e  w o rd s) 
a c t i v a t e d :  1 ) i n f e r i o r  r o l a n d i c  c o r t e x  ( s e n s o r im o to r  
m o u th ) ,  L > R; 2 ) s u p p le m e n ta ry  m o to r  a r e a  (SMA); 3) 
a n t e r i o r ,  s u p e r i o r  p re m o to r  c o r t e x ,  L >> R; 4 )  c a u d a te  
h e a d ; 5) c e r e b e l lu m ,  R > L . G e n e r a t in g  u s e s  (m inus  
r e p e a t i n g  w o rd s ) a c t i v a t e d :  l )  a n t e r i o r  c i n g u l a t e  g y ru s ?  
2 ) l e f t  a n t e r i o r ,  i n f e r i o r  f r o n t a l  c o r te x ?  3) SMA.

SMA a c t i v i t y  w as g r e a t e r  w h i le  g e n e r a t i n g  u s e s  th a n  
d u r in g  w ord  r e p e t i t i o n ,  s u g g e s t in g  t h a t  SMA a c t i v a t i o n  
w as n o t  s o l e l y  m o to r .  T h is  was c o n f irm e d  when s i l e n t l y  
m o n i to r in g  f o r  s e m a n t ic  r e l a t i o n s  (N = 5) a l s o  a c t i v a t e d  
SMA. A n te r io r  c i n g u l a t e  was n o t  a c t i v a t e d  by  t h i s  
m o n i to r in g  t a s k .

317.6 Evidence fo r  Abnormal S e ro to n e rg ic  F unction  in  O bsessive 
Compulsive D iso rd e r. W.K.Goodman, L .H .P r i c e , S.A. Rasmussen, 
D. S . Charney, S,W.Woods*, G .R.H en inge r. ,  D ep t. o f  P sy c h ia try , Yale 
U niv. Sch. o f  Med., New Haven, C T ., 06508.

The h y p o th e sis  th a t  an ab no rm ality  o f  s e ro to n in  (5-HT) 
fu n c t io n  i s  r e l a te d  to  th e  e t io lo g y  o f  o b sess iv e  com pulsive 
d is o rd e r  (OCD) i s  based  p r im a r ily  on s a t i s f a c to r y  tre a tm e n t 
response  to  a n t id e p re s s a n ts  w ith  p o te n t 5-HT up take  b lo ck in g  
e f f e c t s .  In  o rd e r  to  f u r th e r  a s s e s s  th e  r o le  o f  5-HT fu n c tio n  in  
OCD, p a t ie n t s  were t r e a te d  w ith  th e  p o te n t and s e le c t i v e  5-HT 
up take  in h ib i to r  fluvoxam ine and th e  b iochem ica l e f f e c t s  o f  5-HT 
s tim u la t io n  were m easured in  d ru g -f re e  OCD p a t i e n t s .  P ro la c t in  
response  to  th e  in trav en o u s  a d m in is tr a tio n  o f  th e  5-HT Type I 
r e c e p to r  a g o n is t  1 –3 -ch lo ro p h e n y lp ip e ra z in e  (MCPP) was compared 
in  p a t i e n t s  and age- and sex-m atched h e a lth y  s u b je c ts .  METHODS: 
TRYP and MCPP t e s t s :  P a t ie n ts  (ages 20 to  48) and h e a lth y  
s u b je c ts  re c e iv e d  7 .0  gm o f  L -try p to p h an  (n=15, 3 m a les ), and. 1 
mg/kg o f  MCPP (n=13, 3 m a le s ), and p lacebo  MCPP on 3 se p a ra te  
t e s t  days. S u b jec ts  f a s te d  o v e rn ig h t and had a c a th e te r  in s e r te d  
a t  8 :30  AM. Repeated b lood  sam pling was c a r r i e d  o u t b e fo re  and 
a f t e r  th e  in fu s io n . Plasma p r o la c t in  (PRL) was assayed  w ith  
s ta n d a rd  RIA methods. Fluvoxamine T r i a l :  Ten in p a t ie n ts  (ages 
20 to  58, 4 m ales) i n i t i a l l y  re c e iv e d  p lacebo  f o r  a t  l e a s t  2 
weeks and th e n  were t r e a te d  w ith  fluvoxam ine (max. dose -  300 mg 
d a i l y ) . T reatm ent response  was determ ined  by sc o re s  on th e  
g lo b a l improvement su b sc a le  o f  th e  c l i n i c i a n  g lo b a l im pression  
(CGI) s c a le  w ith  a change a t  4 weeks from p lacebo  b a s e l in e  o f 
"much improved" o r b e t t e r  d e f in in g  a  p a t i e n t  as a "resp o n d er" . 
N urse r a t e r s  and p a t ie n t s  were b l in d  to  tre a tm e n t c o n d itio n s . 
RESULTS: B ase lin e  PRL le v e ls  were s ig n i f i c a n t ly  low er in  
p a t i e n t s  compared to  h e a lth y  s u b je c ts  on th e  TRYP (2.8.+1 .9  v 
6 .8 +5 .0  n g /m l, p< .01) and MCPP (2 .8 +1 .5  v  5 .2 +3.7  ng/m l, p<.04) 
t e s t  days. P ro la c t in  in c re a s e d  s ig n i f i c a n t ly  le s s  a t  5 o u t o f 7 
sample tim es in  th e  p a t ie n t s  (peak in c re a s e  = 5 .3 +3.7  ng/m l) than 
th e  h e a lth y  s u b je c ts  (peak in c re a s e  = 10 .9± 9.2  ng/m l, p <. 04). 
a f t e r  MCPP compared to  p lacebo  a d m in is tr a tio n . In  c o n t r a s t ,  
a lth o u g h  th e re  was an in c re a s e  in  PRL L evels a t  a l l  sample tim es 
fo llo w in g  in fu s io n  o f  TRYP, th e  p a t ie n t - c o n t r o l  d if f e re n c e s  were 
n o t s ig n i f i c a n t .  P re lim in a ry  r e s u l t s  w ith  fluvoxam ine were very  
p rom iss ing  w ith  7 o u t o f  10 p a t ie n t s  r a te d  as " re sp o n d e rs" . 
DISCUSSION: C l in ic a l  improvement on fluvoxam ine and a b lu n te d  
PRL response  o f  p a t i e n t s  to  MCPP su g g es ts  t h a t  a  p rim ary  
abno rm ality  o f  5-HT fu n c t io n  o r  a  d is tu rb a n c e  o f  o th e r  neu ronal 
system s re g u la t in g  5-HT a c t i v i t y  may be in v o lv ed  in  th e  
p a th o g en es is  o f  OCD. F u rth e r  s tu d ie s  a re  needed to  confirm  these  
f in d in g s  and to  d e f in e  th e  s p e c i f ic  s i t e  o f  5-HT d y sfu n c tio n .
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317.7 ABNORMAL REGULATION OF NORADRENERGIC FUNCTION IN PANIC DISORDERS 
D. S . C harney. S .W.Woods*, W.K.Goodman, G.R.H en ln g e r, D ep t. o f  
P sy c h ia try , Y ale Univ. Sch. o f  Med., New Haven, C T ., 06508.

There i s  ex te n s iv e  p r e c l in i c a l  and c l i n i c a l  ev idence 
su g g e s tin g  th a t  th e  p a th ophysio logy  o f  some forms o f  pan ic  
a n x ie ty  d is o rd e r s  i s  r e l a te d  to  abnorm al r e g u la t io n  o f  b ra in  
n o ra d re n e rg ic  fu n c t io n . In  a  s e r ie s  o f  in v e s t ig a t io n s  in  h e a lth y  
s u b je c ts  and p an ic  d is o rd e r  p a t i e n t s ,  n o ra d re n e rg ic  fu n c t io n  was 
ev a lu a te d  by de te rm in in g  th e  b e h a v io ra l,  b io c h em ica l, and 
ca rd io v a s c u la r  e f f e c t s  o f  th e  a lp h a -2 a d re n e rg ic  a g o n is t ,  
c lo n id in e ,  and th e  a lp h a  a d re n e rg ic  a n ta g o n is t ,  yohim bine.

METHODS: Each p a t ie n t  o r h e a lth y  s u b je c t  had two t e s t  days. 
P lacebo was g iven  on one t e s t  day and yohim bine (20 mg po o r 
c lo n id in e  0.15  mg i . v .  over 10 m inu tes) on th e  o th e r .  Plasma was 
o b ta in e d  from b lood  sam ples drawn th rough  an in d w e llin g  
in trav en o u s  c a th e te r ,  b o th  b e fo re  and a t  s e v e ra l  tim e p o in ts  
fo llo w in g  drug a d m in is tr a t io n .  Plasma MHPG was determ ined  by gas 
chrom atography and mass sp ec tro m e try . Plasma grow th hormone and 
c o r t i s o l  was m easured by RIA. V isu a l analogue s c a le s  and a panic 
a t t a c k  symptom s c a le  were used  to  e v a lu a te  changes in  beh av io r 
and p h y s ic a l symptoms. P l a t e l e t  3H-yohim bine b in d in g  to  p l a t e l e t  
membranes was a ls o  determ ined .

RESULTS: Yohimbine produced p an ic  a t ta c k s  m eeting  DSM-III 
c r i t e r i a  in  37 o f  68 p an ic  d is o rd e r  p a t i e n t s  and on ly  1 o f  20 
h e a l th y  s u b je c ts .  The p a t ie n t s  r e p o r t in g  yohim bine induced pan ic 
a t ta c k s  had s ig n i f i c a n t ly  la r g e r  in c re a s e s  in  plasm a MHPG, 
c o r t i s o l ,  s y s t o l i c  b lood  p re s s u re ,  and h e a r t  r a t e  th an  the  
h e a l th y  s u b je c ts .  P an ic d is o rd e r  p a t i e n t s  (N=9) had a 
s ig n i f i c a n t ly  d ec reased  maximal number o f  yohim bine b in d in g  s i t e s  
(Bmax) b u t normal a f f i n i t y  (Kd) in  com parison to  m atched h e a lth y  
s u b je c t s .

In  a s e p a ra te  group o f  26 p an ic  d is o rd e r  p a t i e n t s ,  c lo n id in e  
produced s ig n i f i c a n t ly  g r e a te r  d ec re a se s  in  plasm a MHPG le v e ls  
and s i t t i n g  and s ta n d in g  d i a s t o l i c  b lood  p re s s u re  and sm a lle r  
in c re a s e s  in  growth hormone and s e l f - r a t e d  d row siness in  th e  
p a t ie n t s  compared to  21 h e a lth y  s u b je c ts .

IMPLICATIONS: These f in d in g s  in d ic a te  t h a t  th e  r e g u la t io n  o f 
n o ra d re n e rg ic  a c t i v i t y  i s  a b e rra n t in  some p an ic  d is o rd e r  
p a t i e n t s .  S im ila r  e f f e c t s  o f  c lo n id in e  and yohim bine have no t 
been observed  in  p a t i e n t s  w ith  s c h iz o p h re n ia , d e p re ss io n , 
g e n e ra liz e d  a n x ie ty , o r o b se ss iv e  com pulsive d is o rd e r  th e reb y  
su p p o rtin g  th e  s p e c i f i t y  o f  th e  p re s e n t  f in d in g s .  The in c rea sed  
dynamic range o f  n o ra d re n e rg ic  a c t i v i t y  observed  as an in c rea sed  
s e n s i t i v i t y  to  b o th  c lo n id in e  and yohim bine may r e f l e c t  
a b n o rm a li t ie s  in  th e  r e g u la to ry  in p u ts  to  n o ra d re n e rg ic  neurons, 
o r d y s fu n c tio n  in  th e  a lp h a -2 a d re n e rg ic  r e c e p to r  e f f e c to r  
c o u p lin g  mechanism o r th e  i n t r a c e l l u l a r  e f f e c to r  system .

317.8 STIMULATION OF LOCUS COERULEUS IN MAN, VIA CHRONICALLY 
IMPLANTED ELECTRODES. B. L i b e t , B. F e i n s t e i n * , and  
C .A . G le a s o n * . M t.Z io n  H o s p i t a l ,  U n i v . C a l i f . ,S an  F r a n 
c i s c o ,  CA. 9 4 143 , and  S ta n f o r d  R e s . I n s t . , P a lo  A l to ,  CA.

B ip o la r  e l e c t r o d e s  w ere  c h r o n i c a l l y  im p la n te d  by B .F . 
i n  1 9 77 , i n  t h e  a n t e r i o r  end  o f  lo c u s  c o e r u le u s  (LC) f o r  
p o s s i b l e  t h e r a p e u t i c  r e l i e f  in  c o n d i t i o n s  in v o lv in g  
h y p e r e x c i t a b l e  n e u ro n a l  s t a t e s .  Of t h e  3 p a t i e n t s  im
p l a n t e d ,  1 had  c e r e b r a l  p a l s y  w i th  s p a s t i c  q u a d r i p l e g i a  
(1 8 - y r  m a le ) , 1 had  "p sy ch o m o to r e p i l e p s y "  (2 6 -y r  fem ale) 
and  1 had  g ra n d  m al e p i l e p s y  (10- y r  f e m a l e ) , a l l  i n t r a c t 
a b l e .  T h e rap y  was b a s e d  p a r t l y  on p h a rm a c o lo g ic a l  
r e p o r t s  and  on o u r  d e m o n s t r a t io n  t h a t  s t i m u l a t i o n  o f  LC 
i n  r a t s  c o u ld  s u p p r e s s  s u b c o n v u ls iv e  s e i z u r e  a c t i v i t y  
( L ib e t  e t  a l . , E p i l e p s i a  1 8 :4 5 1 ,1 9 7 7 ) . E f f e c t i v e n e s s  o f  LC 
e x c i t a t i o n  was c h ec k e d  by MHPG in  j u g u l a r  and  s y s te m ic  
b lo o d  a f t e r  s t i m u l a t i o n  (m easu red  by A n g e lo s  H a l a r i s ) .

S p a s t i c i t y  was and  s t i l l  i s  d i s t i n c t l y  l e s s e n e d  c l i n 
i c a l l y  i n  t h e  p a l s y  p a t i e n t ;  i t  r e t u r n s  t o  s t r o n g e r  
l e v e l s  w i th  d is c o m f o r t  when th e  s t i m u l a t o r  i s  n o t  i n  u se  
o r  n o n f u n c t io n a l  f o r  a  d a y . S t i m u la t io n  f o r  t h e r a p y  con 
s i s t s  o f  100 μs e c  p u l s e s ,  50 t o  60 p p s  a t  0 .1  ma, 0 .5  
s e c  on and  1 s e c  o f f ,  f o r  6 m in ; s e q u e n c e  i s  r e p e a t e d  
e a c h  100 m in . ( S t im u l i  a r e  d e l i v e r e d  to  a s u b c u ta n e o u s  
RF r e c e i v e r  c o i l  v i a  an  o v e r ly in g  e x t e r n a l  t r a n s m i t t e r  
c o i l  c o n n e c te d  t o  a p o r t a b l e  s t i m u l a t o r  b o x .)  In  a s e p 
a r a t e  s l e e p  s tu d y  on t h i s  p a t i e n t  ( K a i t in  e t  a l . , B i o l . 
P s y c h i a t . 2 1 , i n  p r e s s , 1 9 8 6 ), su ch  LC s t i m u l a t i o n  p a ra d o x 
i c a l l y  m a rk e d ly  re d u c e d  b o th  REM and  non-REM s l e e p ,  w ith  
i n c r e a s e d  w a k e f u ln e s s  a t  n i g h t .  ( C l i n i c a l  r e s u l t s  on th e  
o t h e r  2 p a t i e n t s  a l s o  seem ed p o s i t i v e  b u t  w ere  m ore 
d i f f i c u l t  t o  a s s e s s . )

LC s t i m u l a t i o n  in  t h e s e  human s u b j e c t s  n e v e r  p ro d u c e d  
any  i n d i c a t i o n  o f  a n x ie ty  o r  o t h e r  m e n ta l  d i s c o m f o r t  o r  
d i s t u r b a n c e ,  i n  c o n t r a s t  t o  r e p o r t s  f o r  m onkeys ( e . g . ,  
Redmond e t  a l . , B ra in  R es . 1 1 6 :5 0 2 ,1 9 7 6 ) .  I t  i s  p o s s i b l e  
t h a t  some o f  t h e  r o u t i n e  m e d ic a t io n s  may h av e  a f f e c t e d  
any a n x ie ty  r e s p o n s e s  in  t h e  p a t i e n t s . The p sy ch o m o to r 
e p i l e p t i c ,  t h e  o n ly  v e r b a l l y  a r t i c u l a t e  p a t i e n t ,  r e p e a t 
e d ly  r e p o r t e d  h e r  t h i n k i n g  becam e c l e a r e r  and  w ith  
b e t t e r  c o n c e n t r a t i o n .

The r e s u l t s  i n  t h e s e  few  human s u b j e c t s  s u g g e s t  t h a t  
LC a c t i v i t y  may i n h i b i t  some g e n e r a l i z e d  h y p e r e x c i t a b l e  
n e u ro n a l  s t a t e s ,  and  a l s o  may p ro d u c e  some g e n e r a l i z e d  
a r o u s a l .  C l i n i c a l  r e s u l t s  w ith  t h e  one c a s e  o f  i n t r a c t 
a b le  s p a s t i c i t y  a r e  a t  l e a s t  e n c o u r a g in g .  (S u p p o r te d  in  
p a r t  by M t.Z io n  H o sp .M ed .C e n te r  R es .F u n d s  and  USPHS NS- 
0 0 8 8 4 .)

317.9 PERCEPTUAL SKILL LEARNING AND REPETITION PRIMING FOR NOVEL 
MATERIALS IN AMNESIC PATIENTS, NORMAL SUBJECTS, AND NEURON
LIKE NETWORK MODELS. N .J. Cohen*, I .  Abrams*, W.S. Harley*, L. 
T a b o r* , B. Gordon*, & T .J .  Seinow ski . D epartm ents o f 
P s y c h o lo g y , B io p h y sics , & N eurology, The Johns Hopkins 
U niversity  and School of Medicine, Baltim ore, MD, 21218.

Recent memory re sea rc h  has d is t in g u is h e d  between th e  
i n co rp o ra tio n  o f ex p e r ie n ce  i n to  s k i l l e d  performance and 
e x p l ic i t ly  s to red  memory fo r  p a r t ic u la r  processing episodes. 
In v estig a tio n s  of sk il le d  performance have i ndicated both the  
general i zabi l i ty  of s k i l l  to  new m ate ria ls  w ithin th e  tra in ed  
domain and th e  fu r th e r  su p e r io rity  of performance fo r  repeating 
m a te ria ls  ( re p e ti t io n  priming e f f e c ts ) .  This i s p a r t ic u la r ly  
c le a r  i n amnesic p a tie n ts  who, desp ite  profound d iso rders  i n 
r e c a l l  and recogn ition , nonetheless demonstrate both i n ta c t 
s k i l l  learn ing  and re p e titio n  prim ing. The same d isso c ia tio n  
between c la s s e s  o f  memory can a lso  be observed i n normal 
s u b je c ts  w ith  th e  a p p ro p r ia te  t e s t s .  Such find ings have 
i mportant i m plications fo r  understanding th e  organ ization  of 
normal memory systems, and have played a prominent ro le  i n 
several d if f e r e n t th e o re tic a l accounts of memory.

Some a c c o u n ts ,  m ost p a r t i c u l a r l y  th o s e  i nvoking a 
d i s t i n c t i o n  between e p is o d ic  and sem an tic  memory, have 
predicted  th a t  th e  memory system preserved i n amnesia could 
support a f a c i l i t a t io n  of performance based on experience only 
fo r  fa m ilia r m a te ria ls , i . e . ,  m a te ria ls  fo r  which th e re  are  
a lre a d y -e s ta b l i s h e d  r e p r e s e n ta t io n s .  The p resen t s tu d ies  
i nvestigated  th e  acq u is itio n  of s k i l l s  and re p e titio n  priming 
e f fe c ts  fo r  novel o r unfam iliar m a te ria ls  i n amnesic p a tie n ts ,  
normal su b jec ts , and neuron-l i ke network models. i n a s e r ie s  
o f  s tu d ie s  i nvolv ing  de tection  o f th e  axis of symmetry i n 
m irror symmetric checkerboard-based v isual p a tte rn s , each of 
th r e e  am nesic p a t ie n ts  showed acq u is itio n  and re ten tio n  of 
perceptual s k i l l  w ithin and across dai l y te s t in g  sessio n s; and, 
ex tended  t e s t i n g  w ith  two o f th e s e  p a t ie n t s  a ls o  showed 
re p e titio n  priming e ffe c ts  th a t  were a t  le a s t  as la rg e  as those 
shown by normal su b jec ts . P a ra lle l s tu d ies  with quasi -n e u ra l, 
massi v e ly -p a ra lle l network models, i n which no p r io r  knowledge 
was b u i l t  i n a b o u t symmetry d e te c t io n ,  to p o g rap h y , o r 
checkerboard-based p a tte rn s , thus requ iring  completely de novo 
lea rn in g , showed both s k i l l  learn ing  and re p e titio n  priming. 
Indeed, re p e titio n  priming could be demonstrated with as few as 
6 p resen ta tio n s  of th e  primed stim u li spread out among 20,000 
v isual p a tte rn s .

These find ings suggest th a t  s k i l l  learn ing  and re p e titio n  
p r im in g  a r e  a s p e c ts  o f th e  b a s ic ,  p ro ced u ra l le a rn in g  
mechanisms th a t  serve to  configure and reorganize processing 
modules as a consequence of experience.

317.10 EFFECTS OF SELECTIVE ATTENTION ON AUDITORY AND VISUALLY EVOKED 
FIELDS. L.Kaufman, S.Curtis*, B. Luber* and S.J.Williamson. 
Neuromagnetism Laboratory, Departments of Physics and Psychology, 
New York University, New York, NY 10003.

In one experiment subjects were given a dichotic listening 
task, and neuromagnetic fields associated with the stimuli to 
which they attended were compared with fields recorded from the 
same places outside the scalp that  were related to concurrent 
but ignored stimuli. As in event related potentials (ERPs), the 
stimuli to which attention was paid resulted in relative enhance
ment of the neuromagnetic counterpart of the N1 component of the 
ERP. I t  also resulted in relative enhancement of the counterpart 
to the P2 component. The field was measured at  about 60 d i f 
ferent positions on each side of the head during this task. The 
locations of the best f i t t in g  equivalent current dipoles for the 
sources of N1 and P2 deduced from these data were in or near the 
primary auditory cortex, as we have found in other studies where 
attention was not manipulated. The present experiment thus 
demonstrates that  at tention affects act iv i ty  in the vicinity of 
the primary projection area. The positions and orientations of 
these sources suggest that  they can account for a significant  
portion of the variance in the electr ical N1 and P2 recorded near 
the vertex.

In a similar experiement subjects attended to one pattern of 
bars in one quadrant of the visual field while ignoring another 
pattern in another quadrant on the ipsi la teral  side. Again, 
responses to the attended pattern resulted in much enhanced N1 
and P2 components. However, the equivalent current dipole 
sources of these visual components were located in or near the 
visual cortex, apparently deep within the longitudinal fissure.  
Also, the sources of these two components seem to be in separate 
locations. Thus, attention has effects in different regions of 
the brain, depending upon the modality stimulated. The implica
tions for theories of selective attention will be described.
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317.11 EARLY DECLINE OF LOGICAL REASONING SKILLS IN ALZHEIMER'S DISEASE. 
A. Cronin-Golomb, S. Corkin, and J.H. Growdon. Dept. of Brain 
and Cognitive Sciences & Clinical Research Center, MIT, 
Cambridge, MA 02139, and Dept. of Neurology, Mass. Gen. Hosp., 
Boston, MA 02114.

Logical reasoning sk i l ls  are at the core of intellectual 
functioning, and a decline in these sk i l ls  is  evident c l in ically  
in certain disease sta tes of the brain, including Alzheimer's 
disease (AD). For neurological populations with language 
disorders, e .g . ,  AD, i t  is  useful to assess reasoning abil i ty  
nonverbally. The Hukok Logical Thinking Matrices Test was 
developed to measure reasoning nonverbally and apart from visual 
discrimination factors (Darin, 1977). The te s t  uses squares, 
c i rc les ,  and triangles of 3 colors and 3 sizes. Eight stimuli 
and one blank appear in a 3×3 matrix. A response array of 9 to 
12 items appears below the matrix, and the subject verbally or 
manually indicates which item completes the pattern established 
by the 8 stimuli of the matrix.

The Hukok matrices were presented for a prolonged duration (up 
to 30 seconds) to each hemi-field of three complete 
commissurotomy subjects (LB, NG, and AA). Mean scores for the 
three subjects fe l l  within the normal range. No significant 
hemisphere difference in mean scores was seen ( le f t  hemisphere 5, 
right 6). This result  supports the premise that the Hukok te s t ,  
unlike the widely used Raven's Colored Progressive Matrices, does 
not involve visuospatial factors that  may favor right hemisphere 
performance. The Hukok te s t  may therefore be a t e s t  of logical 
reasoning a b i l i t ie s  that  is  not directly tied to language or 
visuospatial proficiency.

The Hukok te s t  has now been used to examine logical reasoning 
a b i l i t ie s  in a variety of neurological populations, including AD 
(N=17), Parkinson's disease without dementia (N=8), cingulotomy 
(N=4), global amnesia (N=5), l e f t  (N=5) or right (N=8) 
penetrating head injury, and l e f t  hemispherectomy (N=2). 
Age-matched control subjects were also given the te s t  (N=23). 
For al l  subject groups except AD, scores were normal (x̄=6), 
indicating that t e s t  performance was uninfluenced by re l atively 
discrete disorders of language, memory, visuospatial , or motoric 
a b i l i t i e s .  In contrast,  the AD group performed very poorly on 
the te s t  (x̄=2.6). Performance correlated negatively with scores 
on the Blessed Dementia Scale (BDS). I t  is  noteworthy that even 
those subjects who were mildly demented (BDS<10) attained Hukok 
scores that were well below the normal range. The findings 
suggest that logical reasoning sk i l l s ,  as measured by th is  te s t ,  
are among the cognitive functions to be disrupted early in the 
course of AD.

Supported by NRSA grant 1 F32 AG05391-01 BNS-3, by MH 32724, 
and by 1 P50 AG05134.

317.12 LONG INTERVALS BETWEEN STIMULATION OF MEDIAN NERVE EVOKES P300- 
LIKE PEAK IN HUMAN SOMATOSENSORY EVOKED POTENTIALS. D.M. Chandross* 
B.H. Pomerans, and A. Kalpi n *Ramsay Wright Zoological Laboratories 
Univ. o f Toronto, Toronto, O ntario , M5S 1A1.

We studied, some of the  l a te  p o te n tia ls  on the sca lp  e l ic i te d  by 
somatosensory s tim u la tion  of the  hand and median nerve in  normal 
human su b jec ts . We compared the  e f fe c ts  o f presen ting  s tim u li a t  a 
long in te rs tim u lu s  in te rv a l (long ISI ) ( 1/ l 8 s e c .,  0.05 H it) with 
those with a  sh o rt in te rs tim u lu s  in te rv a l (sh o rt ISI ) (1/2  s e c .,  
0 .5  Hs) on a  l a t e  p o te n tia l with a  peak  la ten cy  of 286 msec.(P286). 
We compared these  d a ta  to  those obtained by the  oddball paradigm 
to  evoke P300. Our d a ta  showed th a t  the  l a te  p o te n tia l (P286) can 
be evoked by in c reasin g  the  IS I to  18 seconds.This P286 is -g re a t ly  
a ttenuated  o r  absent when the  IS I i s  decreased to  2 seconds.There 
i s  no a tten u atio n  o r lo s s  o f e a r l i e r  components Nl,P2 o r N2 which 
accompanies th i s  frequency-dependent response decrement of P286. 
When randomised s tim u li are given with aun IS I-o f 2 seconds in  the 
oddball paradigm (OP), la rg e  P300's are evoked which a re  s im ila r 
to  P286.Counting o f the  unrandomised long IS I o r  sh o rt IS I s tim u li 
f a i l s  to  a f f e c t  the  amplitude o f P286. This amplitude i s  merely a 
func tion  of IS I i f  tank demand and equivocation a re  no t emphasised 
in  the  experim ental design(un like  the  OP). R eliab le  l a te  p o sitiv e  
p o te n tia ls  can be evoked with long IS I o r  with the  use o f the  OP. 
The long IS I technique o f ob tain ing  P286 i s  a  new one and i t  may 
allow  the study o f l a te  p o te n tia ls  w ithout the use of the  OP. I t  
i s  e a s ie r ,  more re l ia b le  and more o b jec tiv e  to  increase  the  IS I 
ra th e r  than to  ask a  su b jec t to  focus a t te n tio n . This model may 
prove to  be a  u sefu l one fo r  studying the  in te ra c tio n  of 
h ab itu a tio n , a t te n tio n  and human inform ation processing in  the 
somatosensory system.
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318.1 e m b r y o n i c  a n d  p o s t e m b r y o n i c  d e v e l o p m e n t  o f  t h e  
SE R O T O N IN  PH EN O TY PE IN  H E L IS O M A . J.I. Goldberg*. P. 
Natvig* and S B Kater. Dept. of Biology, University of Iowa, Iowa City, IA 
52242 and Program in Neuronal Growth and Development, Colorado State 
Univ., Fort Collins, CO 80523.

Recent experiments utilizing Helisoma  embryos have supported the 
hypothesis that serotonin regulates the morphology and synaptic connectivity of 
specific identified neurons during development (Neurosci. Abstr. 11: 158, 
1985). A corollary to this hypothesis is that development of neuronal form and 
connectivity depends in part on the precise temporal and spatial expression of the 
serotonin phenotype. In the present study, the number and location of 
serotonergic cells throughout embryonic and postembryonic development of the 
Helisoma CNS were determined by wholemount immunohistofluorescence.

Embryonic stages are expressed as a percentage of the total duration of 
embryogenesis (9 days at 24 °C). Serotonin-like immunoreactivity (SLI) was 
first detected within the soma and axon of a bilateral pair of cells at stage 20%. 
These cells were identified as adult neuron C l on the basis of their extremely 
large size, transmitter phenotype, projections and ultimate location within the 
paired cerebral ganglia. Between stages 35%–45%, additional SLI was observed 
bilaterally in 2 smaller cells adjacent to each neuron C l and in 2–3 cells within 
each of the paired pedal ganglia. At stage 55%, by which time the larval embryo 
has metamorphosed into a juvenile form, each cerebral ganglion contained a 
single cluster of 4–5 stained cells, while each pedal ganglion contained 8–12 
serotonergic cells oriented along an anterior-posterior axis. At stage 70%, 2 
distinct clusters of serotonin-immunoreactive cells within each cerebral ganglion 
were observed. Also at this stage, SLI within the posteriorly-located parietal and 
visceral ganglia was first detected in 5–10 cells. Therefore, the number of 
cells tha t express the serotonin phenotype increased th ro u g h o u t 
embryogenesis. Furthermore, the embryonic stage at which SLI was initially 
detected was distinct for each ganglion type.

Three postembryonic stages were also examined to determine whether 
development of the serotonin phenotype progresses beyond embryogenesis. 
Neonatals (2–4 days post-hatching), juveniles (sexually immature; 3 mm verticle 
shell height) and sexually-mature snails (10 mm verticle shell height) were 
studied. From neonatal to juvenile stages, there was a significant increase in the 
number of pedal and cerebral cells expressing SLI. Moreover, from juvenile to 
mature stages, the number of serotonin-immunoreactive cells increased in the 
cerebral, buccal, pleural and parietal ganglia, but not in the pedal and visceral 
ganglia. Therefore, development of the serotonin phenotype is not 
lim ited to em bryogenesis, bu t continues beyond hatching for a 
period determ ined in a ganglion-specific m anner.

Supported by Alberta Heritage Foundation for Medical Research and NIH 
grants NS18819 and NS15350.

318.2 DIFFERENTIATION OF AN IDENTIFIED PAIR OF PEPTIDERGIC NEURONS IN 
THE STOMATOGASTRIC NERVOUS SYSTEM OF THE MOTH, MANDUCA SEXTA. 
P .F . Copenhaver and P.H. T a q h e rt, Dept. A nat. & N eu rob io l. 
Washington U. School o f M edicine, S t .  L ou is, MO 63110

We a re  in t e r e s te d  in  exam ining n eu ronal d i f f e r e n t i a t i o n  in  a 
system  th a t  w i l l  p e rm it c o n tro l le d  m an ip u la tio n s  o f c e l l u l a r  
in t e r a c t io n s  d u rin g  developm ent. The in s e c t  s to m a to g a s tr ic  
nervous system , which in n e rv a te s  th e  gut m uscu la tu re  and s e v e ra l 
a d ja c e n t t a r g e t s ,  has been examined in  t h i s  re g a rd . In  Manduca, 
th e  c e n t r a l  component of th i s  system  i s  th e  f r o n ta l  gang lion  (FG), 
which d e s p ite  i t s  d im in u tiv e  s iz e  p o sse sse s  many o f th e  morpho
lo g ic a l  f e a tu r e s  seen  in  th e  more complex g an g lia  o f th e  CNS. I t s  
50 neurons a re  arran g ed  in  a c o r t i c a l  dome encom passing a v e n t r a l  
n e u ro p i l ,  p o s it io n e d  above th e  d o rs a l su r fa c e  of th e  stomodaeum 
( fo r e g u t) .  I t  i s  jo in e d  p o s te r io r ly  to  th e  more d if fu s e  hypo- 
c e re b ra l  gang lion  (HG) v ia  th e  r e c u r re n t  nerve and w ith  th e  b ra in  
by p a i re d  co n n e c tiv e s . We have id e n t i f i e d  in d iv id u a l neurons by 
t h e i r  s i z e ,  p o s i t i o n ,  t r a n s m it t e r  pheno type, and axonal p ro je c 
t i o n s .  In  p a r t i c u l a r ,  we have id e n t i f i e d  a p a i r  of neurons (FI 
and F2) t h a t  ex p ress  a su b stan ce  im m unologically  r e l a te d  to  th e  
m olluscan  sm all c a rd io a c t iv e  p e p tid e s  (SCP) and th a t  p ro je c t  
th rough  th e  r e c u r r e n t  nerve  to  th e  p o s te r io r  stomodaeum. We have 
a l s o  begun to  c h a ra c te r iz e  th e  d i f f e r e n t i a t i o n  o f th e se  c e l l s  
d u rin g  em bryogenesis.

P rev io u s  h i s to lo g ic a l  s tu d ie s  have in d ic a te d  th a t  th e  
s to m a to g a s tr ic  g an g lia  a r i s e  from th e  d o rs a l stom odaeal s u r fa c e , 
c o in c id e n t w ith  th e  fo rm a tion  o f th e  CNS. We have confirm ed th i s  
developm ental sequence by o b se rv a tio n s  o f l iv in g  embryos under 
Nomarski o p t ic s  and by im m unostaining w ith  m onoclonal a n t ib o d ie s  
to  c e l l  s u r fa c e  a n t ig e n s .  A s in g le  p r o l i f e r a t i v e  zone appears to  
produce th e  c e l l s  of bo th  th e  FG and th e  HG, which i n i t i a l l y  a re  
con tiguous s t r u c t u r e s .  By 35% of em bryogenesis, th e  FG i s  c l e a r ly  
v i s ib l e  and has e s ta b l is h e d  i t s  b i l a t e r a l  conn ec tio n s  w ith  th e  
b r a in .  S ubsequen tly , th e  FG and HG become in c re a s in g ly  d i s t i n c t ;  
th e  FG rounds in to  i t s  c h a r a c t e r i s t i c  form and l i f t s  o f f  th e  gut 
s u r f a c e ,  w h ile  th e  HG assumes a more v a r ia b le  c o n f ig u ra tio n  a long  
th e  r e c u r r e n t  n e rv e . By 50%, dye f i l l s  of F1 and F2 re v e a l th a t  
th ey  have ex tended  axons in to  th e  r e c u r r e n t  n e rv e . S h o rtly  
t h e r e a f t e r ,  SC P -like im m unoreactiv ity  i s  seen w ith in  F1 and F2; 
f i r s t  w ith in  t h e i r  somata a t  60% of development and l a t e r  ( a t  65– 
70%) w ith in  t h e i r  axons and growth cones. S ig n if i c a n t ly ,  t h i s  
e x p re ss io n  p reced es  th e  a r r i v a l  of th e  F1 and F2 growth cones a t  
t h e i r  t a r g e t  s i t e s .  T his system  can now be m anipu la ted  in  c u l tu r e  
to  examine th e  mechanisms u n d e rly in g  th e  e s ta b lish m e n t o f c e l l u l a r  
phenotype in  a r e l a t i v e ly  sim ple gan g lio n .
Supported  by an NIH P o s td o c to ra l F ellow sh ip  to  P .F .C . (F32NS07957) 
and NIH g ra n t to  P .H .T . (NS21749) who i s  a S loan Fellow .
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318.3 SEROTONIN MOSAICS IN LARVAL CNS OF DROSOPHILA A.M, 
Valles and K. White*. Dept. of Biology, Brandeis University, 
Waltham, MA 02254

Genetic mosaics in Drosophila melanogaster offer a unique 
system to study the distribution and organization of biogenic 
amines in developing nervous systems. Mosaic analyses can 
potentially provide information on a) functional foci b) 
causal interactions between subsets of cells and c) insights on 
the rules that govern the internal compartmentalization of 
biogenic amines.

In Drosophila,  the gene Ddc encodes the enzyme dopa 
decarboxylase (Wright e t al, Genetics. 84:287, 1976) that 
catalyzes the conversion of 5HTP to serotonin (5HT) as well as 
L-dopa to dopamine (DA) (Livingstone and Tempel, Nature. 
303:67, 1983). We have constructed genetic mosaics for the 
gene Ddc using the Ring-X chromosome system (Hall e t al, 
1976).  Central nervous systems (CNSs) from mosaic larvae, 
part deficient and part wild-type for the Ddc enzyme activity 
were scored for the presence of 5HT immunoreactive cells.

Three classes of CNS staining patterns were observed: the 
wild-type serotonergic pattern, the Ddc deficiency pattern, 
(Valles and White, J. Neurosci.. in press) and a third mosaic 
group. Within the class of CNSs that yielded mosaic patterns, 
we observed 5HT immunoreactive segments adjacent to 
non-immunoreactive segments, and 5HT immunoreactive 
segments adjacent to weakly immunoreactive segments. All 
CNS mosaics were bilaterally symmetrical. Either a 
wild-type genotype or the ability of mutant cells to accumulate 
5HT (Valles and White, J. Neurosci.. in press) could produce 5HT 
immunoreactive neurons in these mosaics. (Supported by NIH 
Grant GM31503).

318.4 PERTURBED PATTERN OF CATECHOLAMINE-CONTAINING NEURONS IN A 
DOPA DECARBOXYLASE Drosophila MUTANT. V.Budnik* 
L M arttn -M o rn s*  and K .W hite* (SPON: R .C alabrese). D ept. of 
B iophysics and D ept. of Biology, B rande is U n ivers ity , W altham  MA 
02254.

Genetically mutant animals unable to synthesize a 
neurotransmitter provide in vivo model systems to study the effect 
of absence of the neurotransmitter on the development and function 
of the nervous system. We are studying the biogenic amine systems 
in Drosophila m elanogaster as it is possible to generate animals 
that are genetically deficient in dopa decarboxylase (DDC) enzyme 
activity and thus are deficient in serotonin and catecholamines 
(Livingstone and Tempel, Nature, 303:67, 1983). Previously, we 
described the development of catecholamine-containing neurons in 
wild type CNS using the glyoxylic acid (GA) technique (Budnik e t al, 
Soc. Neurosci. Abstr., 11:944, 1985). We are now able to stain the 
same GA-induced fluorescent cells using antibodies directed against 
either dopamine or tyrosine hydroxylase, suggesting that these cells 
are dopaminergic.

We have also extended our investigation to mutant larval CNS 
deficient in DDC enzyme activity. We find that in mutant CNSs 
"novel" neuronal subsets exhibit GA-induced histofluorescence. To 
determine if these novel cells are present in non-mutant CNS, wild 
type larval CNSs were incubated in exogenous catecholamine. 
Incubations in L-dopa (10–5M) or dopamine ( 10–3M), but not 
norepinephrine ( 10–5 to 10–3M), revealed normally non-fluorogenic 
neurons that are able to take up the amine and become fluorogenic. 
Included among these neurons are subsets that are similar to the 
"novel" neurons in the mutant CNS. These results suggest that in the 
absence of DDC activity, subsets of normally non-fluorogenic 
neurons able to sequester L-dopa or dopamine accumulate a 
fluorogenic catecholamine. Studies are in progress to determine the 
identity of the "novel" cells in the mutant CNS. Supported by NIH 
grant NS 23510.

318.5 G E NETIC MAPPING, ALLELES AND GENE DOSAGE  EFFECTS OF 
P A SSO VER . A DROSOPHILA MUTANT A L T E R I NG S YNAPTIC 
C O N N E C T I O N S .  D . H . B a i r d . D e p t . o f  B i o l o g y ,  Y a l e  
U n i v e r s i t y ,  New H a v e n , CT 0 6 5 1 1 .

T h e  m u t a t i o n  P a s s o v e r  ( P a s ) c a u s e s  d o m i n a n t  
d i s r u p t i o n  o f  t h e  v i s u a l l y  e l i c i t e d  e s c a p e  r e s p o n s e .  
P a s  a l t e r s  t h e  a b i l i t y  o f  t h e  G i a n t  F i b e r  (G F )  
i n t e r n e u r o n  t o  d r i v e  tw o m e s o t h o r a c i c  t a r g e t s ,  a  t e r g o -  
t r o o h a n t e r a l  ( " j u m p " )  m u s c l e  m o t o r  n e u r o n  a n d  t h e  
i n t e r n e u r o n  t h a t  d r i v e s  t h e  w in g  d e p r e s s o r  m o t o r  
n e u r o n s  (T h o m a s  a n d  Wyman, 1 9 8 4 , J . N e u r o s c i . 4:5 3 0 -  
5 3 8 ) .  P a s  m a p s  i n  X c h ro m o s o m e  b a n d  1 9E4 b a s e d  on 
u n c o v e r i n g  o f  i t s  a l t e r e d  GF r e s p o s e  by D e f i c i e n c y  (D f)  
16– 3 – 35 ( d e f i c i e n t  f o r  g e n e s  i n  1 9 D 2 1 9 E 4 )  a n d  D f ( 1 ) LB6 
( 1 9E4 ; 20A1 – 2 ) .  T h e s e  d e f i c i e n t  c h r o m o s o m e s  u n c o v e r  
o n ly  o n e  l e t h a l  c o m p le m e n ta t io n  g ro u p  i n  common, 1 ( 1 )R - 
9 -2 9  ( L i f s h y t z  an d  F a l k ,  1 9 6 9 , M u ta t io n  R e s . 8 : 1 47– 1 55 ) 
a n d  i t s  a l l e l e s .  When P a s  i s  c r o s s e d  t o  R– 9– 29 o r  f i v e  
o f  i t s  a l l e l e s ,  t h e  r e s u l t i n g  h e t e r o z y g o t e  h a s  t h e  sam e 
GF r e s p o n s e  a s  P a s  h o m o z y g o t e s .  T h i s  n o n 
c o m p le m e n ta t io n  a l s o  p l a c e s  P a s  i n  1 9 E 4 .

S i n c e  t h e r e  a r e  tw o  o t h e r  a l l e l e s  o f  R– 9– 29 t h a t  
c o m p le m e n t  t h e  n e u r a l  p h e n o t y p e  o f  P a s . t h e  R– 9– 29 
c o m p l e m e n t a t i o n  g r o u p  m ay c o n s i s t  o f  a t  l e a s t  tw o  
r e g i o n s  o r  g e n e s ,  o n e  n e c e s s a r y  f o r  n e u r a l  f u n c t i o n ,  
t h e  o t h e r  f o r  p o s t - e m b r y o n i c  v i a b i l i t y .  A l l  R– 9– 29 
a l l e l e s  i n v o l v e  t h e  l e t h a l  r e g i o n ;  t h e  s i x  a l l e l e s  t h a t  
d o  n o t  c o m p l e m e n t  P a s  a f f e c t  b o t h  r e g i o n s .  R - 9 -  
2 9 / D f ( 1 ) A1 1 8 o r  D f ( 1 ) l 6 – 3 – 35  / D f (1 ) A 1 1 8  ( D f ( 1.) A 118  
l a c k s  1 9 E 5 - E 7 )  h e t e r o z y g o t e s  a r e  v i a b l e  y e t  h a v e  a 
m u t a n t  GF r e s p o n s e .  T h e s e  r e s u l t s  a l s o  s u g g e s t  t h e  
p r e s e n c e  o f  a  r e g i o n  e n c o d in g  a  p u r e l y  n e u r a l  f u n c t i o n .  
P a s  i s  a l l e l i c  t o  a  p r e v i o u s l y  i s o l a t e d  b e h a v i o r a l  
m u t a t i o n  s h a k in g B  ( s h a k B ) (H om yk, S id z o n y a  an d  S u z u k i ,  
1 9 8 0 ,  M o le o . G e n . G e n e t i c s . 17 7 :5 5 3 – 5 6 5 ) ,  sh ak B  h a s  
t h e  sam e GF r e s p o n s e  a s  P as  h o m o z y g o te s  an d  P a s / sh ak B  
h e t e r o z y g o t e s .  The m u ta n t  GF r e s p o n s e  o f  sh ak B  m aps t o  
19E4 a s  w e l l .

The P as  p h e n o ty p e  i s  n o t  c a u s e d  by a n  e l i m i n a t i o n  o f  
w i l d - t y p e  ( P a s * )  g e n e  f u n c t i o n :  D f / P a s * h e t e r o z y g o t e s  
h a v e  a  w i l d - t y p e  GF r e s p o n s e  w h i l e  P a s / P a s * f l i e s  do 
n o t .  The P a s  p h e n o ty p e  i s  n o t  du e  t o  o v e r - p r o d u c t i o n  
o f  P a s * g e n e  p r o d u c t :  a d d i n g  d u p l i c a t i o n s  o f  t h e  
c h ro m o s o m e  r e g i o n  b e a r i n g  P a s + t o  a  P a s  f l y  r e s t o r e s  
t h e  w i l d - t y p e  GF r e s p o n s e .  A d d in g  a P a s  ch rom osom e to  
a  w i l d - t y p e  f l y  c a u s e s  a  m u ta n t  GF r e s p o n s e .  T h u s t h e  
P a s  g e n e  p r o d u c t  i n t e r f e r e s  w i t h  P a s + f u n c t i o n .
S u p p o r te d  by  NIH N S07314 t o  R .J .W y m a n .

318.6 THE DEVELOPMENT OF A POSTEMBRYONIC TOUCH NEURON IN THE 
NEMATODE CAENORHAHDITIS ELEGANS. W. W. W a lth a ll and 
M artin  C h a lf ie .  D ep t. o f  B io l . S c i .  Columbia U n iv e rs ity , New 
York, NY 10027.

The nematode C. e leaan s  responds to  a l i g h t  touch on the  head 
by moving backward. At h a tch in g  la rv a e  p o sse ss  a p a i r  o f 
a n t e r io r ly  lo c a te d  mechanosensory neu rons , ALML and ALMR, which 
form gap ju n c tio n s  w ith  a p a i r  o f i n t e n eu ro n s , c a l le d  AVD, in  
the  m ajor a rea  o f n e u ro p il in  the an im al, the nerve r in g .  The 
AVD in te rn e u ro n s  synapse on to  a s e t  o f m otorneurons th a t  are  
n e c e ssa ry  fo r  backward movement. L a te r  a postem bryonic a n t e r io r  
touch  neuron , AVM, is  added to  th i s  c i r c u i t .  A b ranch  o f AVM 
e n te r s  the  nerve r in g  and forms gap ju n c tio n s  w ith  the ALM touch  
c e l l s  and th e  AVD in te rn e u ro n s . The fo rm a tion  o f the  b ranch  by 
AVM is  p o s i t io n  dependent: i f  AVM is  d is p la c e d  p o s te r io r ly ,  i t  
w i l l  n o t form fu n c t io n a l synapses (C h a lfie  e t  a l . ,  Science 221, 
61–63, 1983). We now re p o r t  th a t  two in te rn eu ro n s  BDUR and BDUL 
a re  re q u ire d  fo r  AVM to  form fu n c t io n a l synapses .

When the  embryonic touch  neurons ALML and ALMR were k i l l e d  
w ith  a l a s e r  microbeam the  r e s u l t in g  anim als were p a r t i a l l y  
s e n s i t iv e  to  head touch  as a d u lts  (n=3 4 ); th u s  AVM alone m ediates 
a p a r t i a l  touch  re sp o n se . However when bo th  the  ALM and the BDU 
c e l l s  were k i l l e d  in  young la rv a e ,  th e  r e s u l t in g  a d u l ts  were 
com plete ly  in s e n s i t iv e  to  head touch  (n=2 5 ) . Thus the BDU c e l l s  
a re  needed fo r  th e  p a r t i a l  s e n s i t i v i t y  produced by AVM. When BDU 
c e l l s  were a b la te d  more th an  20 hours a f t e r  AVM had a r i s e n  i t  had 
no e f f e c t  on AVM m ediated touch s e n s i t i v i t y  (n= 5). Because the 
BDU c e l l s  a re  on ly  needed e a r ly  i t  su g g es ts  th ey  p la y  a 
developm ental r a th e r  th an  a f u n c t io n a l ro le  in  the  e s ta b lish m e n t 
o f AVM sy n ap ses . A d d itio n a l su p p o rt f o r  a developm ental ro le  fo r 
BDU comes from an exam ination  o f AVM branches in  e le c tro n  
m icrographs o f s e r i a l  s e c t io n s  from anim als in  which BDU had been 
k i l l e d .  In  fo u r o f  s ix  anim als no b ranch  was found, in  a f i f t h  a 
sm all b ranch  was observed and in  the  s ix th  a normal b ranch  was 
p r e s e n t .  These d a ta  suggest th a t  the  BDU neurons induce the 
fo rm a tion  o f the  s y n ap tic  b ranch  an d /o r s t a b i l i z e  the  p ro cess  as 
i t  th re a d s  i t s  way th rough  the  nerve r in g .  I t  i s  in t e r e s t i n g  to  
n o te  th a t  two o th e r  postem bryonic n eu rons , PVN and HSN, th a t  
e n te r  th e  nerve r in g  l a t e  in  C. e le a a n s  developm ent a ls o  synapse 
e x te n s iv e ly  on the BDU c e l l s .  Thus, the BDU c e l l s  may serve to  
guide th e  e n t ry  o f  l a t e  deve lop ing  neurons in to  th e  a lre a d y  
e s ta b l is h e d  n e u ro p il o f the  nerve r in g .

T h is re s e a rc h  was supported  by USPHS G rant GM30997 and a 
p o s td o c to ra l g ra n t NS07567.
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318.7 EXTRA CLEAVAGES INDUCED BY INJECTION OF ADENYLIC ACID (POLY A), 
INTO IDENTIFIED CELLS RESULTS IN SUPERNUMERARY TELOBLAST LINEAGES 
IN LEECH EMBRYOS. R.K. Ho* and D.A. W e is b la t , Univ. of C a l if .  
D ep t. of Zoology, B erke ley , CA 94720

In  le ech  em bryogenesis, h ig h ly  d e te rm in an t c leavage d iv is io n s  
g e n e ra te  13 la rg e ,  yolky  c e l l s :  3 m acrom eres, (A, B and C ); a 
b i l a t e r a l  p a i r  o f mesodermal t e l o b l a s t s , (M); and fo u r p a i r s  of 
ec toderm al t e l o b l a s t s ,  (N, O, P and Q ). T e lo b la s ts  a r i s e  e x c lu 
s iv e ly  from one of th e  i n i t i a l  m acrom eres, (D ), which undergoes 
a s t r i c t  s e r ie s  o f sym m etrical d iv i s io n s ,  u n lik e  th e  A, B and C 
macromeres w hich c leav e  no f u r th u r .  T e lo b la s ts  a re  stem c e l l s  
th a t  g e n e ra te  b a n d le ts  o f p rim ary  b l a s t  c e l l s  which d i f f e r e n t i a t e  
to  produce th e  segm ental t i s s u e s  of the  le e c h . The m ic ro in je c tio n  
o f v a r io u s  t r a c e r  m olecu les in to  id e n t i f i e d  t e lo b la s t s  has rev ea led  
th e  l i n e a l  o r ig in s  of most of th e  c e l l s  in  the  le e c h .

We have found th a t  th e  m ic ro in je c t io n  of p o ly -a d e n y lic  a c id ,  
(po ly  A), causes  th e  in je c te d  c e l l  to  undergo e x t ra  c le a v a g e s . In  
th e  A, B and C m acrom eres, p o ly  A in j e c t io n  induces c leav ag e s  which 
norm ally  do n o t o cc u r. In  g e n e ra l,  i n j e c t io n  of po ly  A in to  any of 
th e  t e lo b l a s t  p re c u rs o rs  le a d s  to  th e  o v e rp ro d u c tio n  of t e lo b l a s t s .  
In  th e  t e lo b l a s t  p re c u rs o rs  NOPQ and OP, w hich norm ally  g e n e ra te  
fo u r  and two te lo b l a s t s  r e s p e c t iv e ly ,  po ly  A in j e c t io n s  induce 
e x t r a  c leav ag e s  which g e n e ra te  2 to  4 tim es th e  normal number of 
t e l o b l a s t s .  These supernum erary t e lo b l a s t s  a re  cap ab le  o f p ro 
ducing  v ia b le ,  n u c le a te  b l a s t  c e l l s  w hich undergo ap p a re n tly  
norm al f i r s t  m ito s e s . I n je c t i o n  o f p o ly  A in to  a d i f f e r e n t ia te d  
N te lo b l a s t  a ls o  induces  e x t r a  c leav ag e s  producing  2 to  4 t e lo 
b la s t s  th a t  g e n e ra te  b l a s t  c e l l s .  The n b l a s t  c e l l s  norm ally  
p roduce, ( in  a d d i t io n  to  o th e r  c e l l s ) ,  th e  5-HT c o n ta in in g  neurons 
c a l le d  c e l l s  21, 61 and R e tz iu s . When embryos in  which e x t ra  N 
te lo b l a s t s  have been g en e ra ted  a re  allow ed to  h a tch  and s ta in e d  
w ith  anti-5H T  a n t ib o d ie s ,  e x t ra  im m unoreactive c e l l s  a re  seen 
w ith in  th e  f i n a l  CNS p a t te r n .  These r e s u l t s  su g g es t th a t  po ly  A 
in j e c t io n s  induce e x t r a  c e l l  c leav ag e s  and produce supernum erary 
t e lo b l a s t s  a b le  to  g e n e ra te  v ia b le  b l a s t  c e l l s  which g ive  r i s e  to  
neurons cap ab le  o f ex p re ss in g  a d i f f e r e n t i a t e d  phenotype.

The e f f e c t  of po ly  A in j e c t io n s  in to  em bryonic le ech  c e l l s  i s  
ve ry  s p e c i f i c .  These types  of r e s u l t s  a re  n o t seen  w ith  
in j e c t io n s  o f t r a c e r  m olecu les such as  d e r iv a t i z e d  d e x tra n s  o r HRP. 
M oreover, o th e r  n u c le ic  ac id  homopolymers have d i f f e r e n t  e f f e c t s .  
The in j e c t io n  of po ly -d eo x y ad en y lic  a c id ,  (po ly  dA), causes  th e  
in je c te d  c e l l  to  co n tin u e  c le a v in g  in to  as  many as 40 c e l l s ,  which 
never produce b l a s t  c e l l s .  And in j e c t io n s  of po ly  G o r po ly  C 
im m ediately  s to p  normal c e l l  d iv i s io n s  in  th e  in je c te d  c e l l  w h ile  
le a v in g  th e  c e l l  o th e rw ise  v ia b le .

Supported  by March of Dimes g ra n t no . 5–483, NSF g ra n t no. 
PCM 84–09785 and NIH t r a in in g  g ra n t no. EY 0056116

318.8 EFFECTS OF HYDROXYUREA ON NEUROBLAST DUPLICATION AND THEIR 
IMPLICATIONS ON THE MECHANISMS OF SURVIVAL OF IMMATURE NERVE CELLS 
IN THE CNS OF MANDUCA SEXTA. J . W. Truman and R. Booker D ept. of 
Zoology, Univ. of W ashington, S e a t t le  WA 98195.

The segm ental CNS of an a d u l t  moth i s  a m osaic, c o n s is tin g  of 
rem odeled la r v a l  neurons and c e l l s  th a t  a re  unique to  th e  a d u lt  
s ta g e . The l a t t e r  c e l l s  come from s te re o ty p e d  a r ra y s  of id e n t i f i e d  
stem c e l l s  (n e u ro b la s ts )  lo c a te d  in  each g ang lion . The 
n e u ro b la s ts  become a c t iv e  e a r ly  in  th e  3rd la r v a l  in s ta r  and 
g en e ra te  a n e s t  of up to  100 im aginal n e s t  (IN) c e l l s  by th e  end 
of th e  l a s t  (5 th ) la r v a l  s ta g e . In  c e r t a in  n e s ts  metam orphosis 
r e s u l t s  in  th e  death  of some of th e  IN c e l l s  w hile  th e  su rv iv o rs  
then  d i f f e r e n t i a t e  to  form a d u l t - s p e c i f i c  neurons (Booker & 
Truman, 1985, Soc. N eu ro sc i. A b s t r . ,  11 :958).

The segm ental n e u ro b la s ts  can be k i l l e d  a t  v a rio u s  tim es 
d u ring  la r v a l  l i f e  by in je c t in g  la rv a e  w ith th e  DNA s y n th e s is  
i n h i b i to r ,  hydroxyurea (HU). Beginning on Day 1 of th e  3rd i n s t a r ,  
HU e f f e c t iv e ly  k i l l e d  80 to  90% of th e  n e u ro b la s ts  w hile  le av in g  
p o s tm i to t ic  c e l l s  u n a ffe c te d . The tr e a te d  la rv a e  con tinued  growth 
and e v e n tu a lly  underwent m etam orphosis to  form m orpho log ica lly  
normal moths which had sev ere  d e f i c i t s  in  t h e i r  number of c e n tr a l  
neurons.

Treatm ent w ith HU b efo re  day 1 of th e  3rd in s ta r  r e s u l te d  in 
l i t t l e  NB d e a th , bu t about 10% of th e  id e n t i f i e d  n e s ts  con ta ined  
tw ice  th e  expected  number of IN c e l l s  when examined l a t e  in  the  
5th i n s t a r .  For reaso n s  th a t  a re  unknown, th e  HU tre a tm e n t a t  
t h i s  e a r ly  tim e r e s u l t s  in  th e  random d u p lic a t io n  of a sm all 
p e rce n tag e  o f th e  n e u ro b la s ts . Both of th e  r e s u l t in g  stem c e l l s  
then  appear to  make th e  a p p ro p r ia te  number of progeny, the reby  
adding a double complement of c e l l s  to  c e r ta in  re g io n s  of th e  CNS. 
In th e  case  of n e s ts  in  which some of th e  IN c e l l s  d ie  a t  
m etam orphosis, th o se  a r i s in g  from th e  d u p lic a te d  n e u ro b la s ts  
showed tw ice  th e  number of su rv iv in g  c e l l s ,  a l l  of which 
d i f f e r e n t ia te d  in to  neurons having fe a tu r e s  c h a r a c te r i s t i c  fo r  
t h e i r  re s p e c t iv e  lin e a g e . Thus, th e  CNS has th e  ca p ac ity  to  
su p p o rt many more neurons from a p a r t i c u l a r  n e s t  than  norm ally 
s u rv iv e . These r e s u l t s  su g g es t th a t  th e  h y p o th e sis  th a t  
co m p etitio n  between IN c e l l s  in  a n e s t  i s  th e  s o le  f a c to r  which 
de te rm ines  which c e l l s  w il l  su rv iv e  i s  n o t v a l id .

Supported  by a re se a rc h  g ra n t from N ationa l I n s t i t u t e s  of 
H ealth .

318.9 DEVELOPMENTAL DISAPPEARANCE OF A MONOSYNAPTIC SENSORY-TO-MOTOR 
REFLEX IN THE TOBACCO HORNWORM, MANDUCA SEXTA. G.A. Jacobs  and 
J .C . Weeks. D ep t. o f  Zoology, D ept. o f  E n tom ological S ciences  & 
G raduate Group in  N eurob io logy , UC B erk e ley , B erke ley , CA 94720.

A consp icuous a s p e c t o f in s e c t  m etam orphosis i s  th e  s ta g e -  
s p e c i f i c  lo s s  o f  p a r t i c u l a r  b e h a v io rs , which may be a s s o c ia te d  
w ith  s t r u c t u r a l  changes in  m otoneurons. The la rv a l-p u p a l  t r a n s - '  
fo rm a tio n  o f Manduca in c lu d e s  th e  lo s s  o f  th e  l a r v a l  locom otory 
appendages, th e  p ro le g s ,  and in v o lv e s  th e  d eg e n e ra tio n  o f th e  
p ro le g  m u scu la tu re , and th e  s t r u c t u r a l  r e g re s s io n  and d ea th  of 
one o f  th e  p ro le g  m otoneurons. This m otoneuron, PPR, in n e rv a te s  
th e  p r in c ip a l  p la n ta  r e t r a c t o r  m uscle. PPR lo s e s  over 40% of 
i t s  d e n d r i t ic  a rb o r  p r io r  to  i t s  d ea th  in  th e  pupa, and p rev io u s  
work has shown th a t  th i s  s t r u c t u r a l  r e g re s s io n  i s  accompanied by 
a  re d u c t io n  in  sy n a p tic  d r iv e  to  th e  motoneuron and i t s  p ro g re s 
s iv e  e l im in a tio n  from b eh a v io rs  ( J .  Comp. P h y s io l . 1 55 :423 ,1984 ).

To s tu d y  th e  e f f e c t s  o f d e n d r i t ic  re g re s s io n  on sy n a p tic  
in p u ts to  PPR we have begun to  c h a ra c te r iz e  th e  p ro le g  w ithdraw al 
r e f l e x  in  l a r v a e .  Touching th e  sen so ry  b r i s t l e s  on th e  t i p  o f 
th e  p ro le g  e l i c i t s  b i l a t e r a l  p ro le g  w ithd raw al i n  th e  s tim u la te d  
segm ent. These b r i s t l e s  a r e  s in g ly  in n e rv a te d  by sen so ry  neurons 
w hich a rb o r iz e  v e n t r a l l y  i n  th e  segm ental abdom inal g an g lio n , 
and th e  a f f e r e n t s  o v e rla p  a n a to m ic a lly  w ith  a  v e n t r a l  d e n d r i t ic  
b ranch o f  PPR. S tro k in g  th e  h a i r s  e l i c i t s  pow erfu l e x c i ta t io n  
o f  PPR, and th e reb y  evokes r e f l e x  r e t r a c t i o n  o f th e  p ro le g . 
S im ultaneous re c o rd in g s  from PPR and in d iv id u a l  a f f e r e n t s  re v e a l 
s h o r t  la te n c y ,  c o n s ta n t am p litude  EPSPs in  th e  m otoneuron, w hich 
fo llo w  one f o r  one a t  h ig h  sp ik e  f r e q u e n c ie s . The EPSP i s  
g ra d u a lly  and r e v e r s ib ly  ab o lis h e d  in  h igh  magnesium s a l i n e ,  and 
p e r s i s t s  i n  h ig h  c a lc iu m /h ig h  magnesium s a l i n e .  These e x p e ri
ments a r e  c o n s is te n t  w ith  a  m onosynaptic se n so ry -to -m o to r p a th 
way. The ra p id  and lo n g - l a s t in g  e x c i ta t io n  o f PPR by h a i r  s tro k e  
i s  due to  th e  s y n a p tic  convergence o f many h a i r s  on to  each 
m otoneuron, and to  hom osynaptic f a c i l i t a t i o n  shown by each 
EPSP. The EPSP i s  r e v e r s ib ly  a b o lis h e d  in  c u r a r e ,  s u g g e s tin g  a 
n i c o t in i c  c h o l in e rg ic  pharm acology.

S ince th e  p ro le g s  d e g e n e ra te  d u rin g  norm al developm ent, we 
have u t i l i z e d  a  horm onal te ch n iq u e  to  p re se rv e  th e  p ro le g s  and 
th e  senso ry  a f f e r e n t s  in to  th e  pupal s ta g e  to  s tu d y  how th e  
d e n d r i t ic  r e g r e s s io n  o f  PPR a f f e c t s  i t s  sy n a p tic  in p u ts .  T re a t
ment o f  th e  p ro le g s  w ith  a  ju v e n ile  hormone ana log  d u rin g  th e  
l a r v a l  s ta g e  cau ses  p re s e rv a t io n  o f th e  p ro le g s  in  th e  pupa, and 
we a r e  p re s e n t ly  u s in g  th e se  d eve lopm en ta lly  m osaic an im als to  
in v e s t ig a t e  changes in  sy n a p tic  s tr e n g th  between th e  senso ry  
a f f e r e n t s  and PPR d u rin g  th e  la r v a l - p u p a l  tra n s fo rm a tio n .

Supported  by NRSA g ra n t NS-7882 to  GAJ and USPHS g ra n t 
NS-23208 to  JCW.

318.10 DISSOCIATION OF THE ECDYSTEROID-MEDIATED DENDRITIC REGRESSION AND 
PROGRAMMED DEATH OF A MOTONEURON DURING INSECT METAMORPHOSIS. 
J .C . Weeks. D ept. o f  E n tom ological S ciences & G raduate Group in  
N eurobio logy, UC B erke ley , B erk e ley , CA 94720.

The la rv a l-p u p a l  tra n sfo rm a tio n  o f th e  tobacco hornworm, 
Manduca s e x ta , i s  accompanied by th e  lo s s  o f th e  p r in c ip a l  lo c o 
motory appendages of th e  c a t e r p i l l a r ,  th e  abdom inal p ro le g s . 
The e l im in a tio n  o f th e  p ro le g s  in c lu d e s  th e  d eg e n e ra tio n  o f the  
p ro le g  m uscles, and th e  s t r u c t u r a l  r e g re s s io n  o f t h e i r  motoneu
ro n s . S ubsequently  some, b u t n o t a l l ,  o f th e  re g re s se d  motoneu
rons d ie  ( J . Comp. P h y s io l. 155 :423 ,1984 ). P rev ious  s tu d ie s  have 
co n c en tra ted  on a motoneuron d es ig n a ted  PPR, which in n e rv a te s  
the  p r in c ip a l  p la n ta  r e t r a c to r  m uscle o f th e  l a r v a l  p ro le g . 
M orphometric a n a ly s is  in d ic a te s  th a t  du rin g  th e  3 days p reced ing  
th e  pupal s ta g e ,  PPR’s d e n d r i t ic  a rb o r  i s  reduced by over 40%. 
Two days a f t e r  p u p a tio n , PPR d ie s .  These ev en ts  a re  t r ig g e re d  
by th e  p repupa l r i s e  in  b lood e c d y s te ro id s  ( th e  72 h r  d u ra t io n  
' p repupal peak’ ) ( J . N euroscience 5 :2290 ,1985 ).

The o b se rv a tio n  th a t  n o t a l l  motoneurons which re g re s s  subse
q u en tly  d ie  su g g es ts  th a t  d e n d r i t ic  r e g re s s io n  and d ea th  a re  
in d ep en d en tly  determ ined  developm ental o p tio n s . I  have now 
v e r i f i e d  th i s  h y p o th e sis  by ex p e rim e n ta lly  d is s o c ia t in g  th e  
re g re s s io n  and d ea th  o f  PPR. By a l t e r i n g  th e  d u ra t io n  o f th e  
p rep u p a l peak o f  e c d y s te ro id s  i t  has been p o s s ib le  to  cause PPR 
to  r e g re s s  p a r t i a l l y  o r f u l l y ,  b u t then  su rv iv e  i n d e f in i t e ly  
beyond th e  expected  tim e o f d e a th . For in s ta n c e ,  when th e  72 h r 
long  p rep u p a l peak i s  sh o rten e d  to  10, 34, o r 58 h rs  in  d u ra t io n , 
PPR re s p e c t iv e ly  r e g re s s e s  p a r t i a l l y  b u t s u rv iv e s , re g re s s e s  
f u l l y  b u t s u rv iv e s , o r  r e g re s s e s  f u l l y  b u t d ie s .  In  th e  f i r s t  
two c a s e s , PPR was made to  resem ble o th e r  p ro le g  motoneurons 
which du rin g  norm al developm ent r e g re s s  b u t do n o t d ie .  These 
hormonal m an ip u la tio n s  in d ic a te  th a t  th e  m agnitude o f PPR’s 
r e g re s s io n  i s  p ro p o r tio n a l to  th e  d u ra t io n  o f e c d y s te ro id  expo
s u re ,  and th a t  neu ro n a l d ea th  i s  t r ig g e re d  by fu r th e r  exposure 
beyond th a t  which i s  s u f f i c i e n t  to  induce f u l l  re g re s s io n .  Thus, 
d e n d r i t ic  r e g re s s io n  and programmed neuron d ea th  in  t h i s  system  
a re  s e p a ra te  developm ental o p t io n s ,  w ith  d i f f e r e n t  hormonal 
re q u ire m e n ts .

Supported by NIH BRSG g ra n t 2-S07-RR07006.
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318 .11 AGE-DEPENDANT REORGANIZATION OF SYNAPTIC CONNECTIONS IN 
THE CRICKET CERCAL SENSORY SYSTEM.
D. Shepherd* and R.K.Murphey (SPON: S .B .T iem an). 
N eurobiology Research C en te r, SUNY Albany, Albany, NY 
12222.

A group of 3 id e n t i f i e d  senso ry  neurons (X -neurons) on 
th e  c r i c k e t  ce rc u s  have axons th a t  te rm in a te  in  both 
i p s i l a t e r a l  and c o n t r a la t e r a l  h a lv es  of th e  te rm in a l 
abdom inal g an g lio n . A natom ical s tu d ie s  of th e se  3 neurons 
have shown th a t  they  a re  s t r u c t u r a l l y  id e n t i c a l .  D esp ite  
t h i s  ap p a ra n t ana tom ica l s im i la r i ty  of th e  3 X -neurons, 
t h e i r  s y n a p tic  co n n ec tio n s  in  th e  CNS a re  d i f f e r e n t .

S im ultaneous re c o rd in g s  from one of th e se  sensory  
neu rons , named vpX, and 2 b i l a t e r a l l y  homologous 
p o s ts y n a p tic  c e l l s  th e  m edial g ia n t  in te rn e u ro n s  (M GI's) 
dem onstrated  th a t  a c t i v i t y  in  vpX produces s h o r t  la te n c y  
(1 .4  – 2 .4  mS) e p s p 's  in  both MGI's ( 0 – 1 .0  mV)  
(Shepherd and Murphey, in  p r e s s ) .  S im ila r  re c o rd in g s  made 
from th e  o th e r  two X -neurons, pX and X, rev ea led  th a t  pX 
made only a r e l a t i v e ly  weak connec tion  to  th e  MGI's ( 0 -  
0 .25  mV)  and X never made a d e te c ta b le  connection  to  
e i t h e r  MGI.

The s tr e n g th  of th e  s y n a p tic  connec tion  made by each of 
th e  X -neurons w ith  MGI i s  c o r r e la te d  w ith  th e  age of th e  
neuron: vpX i s  th e  youngest and i t  makes th e  s tr o n g e s t  
connec tion  and X i s  th e  th e  o ld e s t  and i t  makes no 
d e te c ta b le  c o n ta c t .  T h is does no t mean th a t  X f a i l s  to  
make fu n c t io n a l co n n ec tio n s  in  th e  a d u l t  CNS. S im ultaneous 
r e c o rd in g s  from X and an o th er in te rn e u ro n  (10–2 ) , show 
th a t  X makes a c l e a r  c o n ta c t in  a d u l t  an im a ls .

To determ ine i f  th e  d if fe re n c e s  in  th e  co n n ec tio n s  of 
th e  X-neuron w ith  MGI a re  s p e c i f ie d  by th e  age of th e  
neuron, experim en ts were perform ed on la r v a l  c r i c k e t s .  
R e su lts  from th e se  in v e s t ig a t io n s  show a s tro n g  connection  
between X and MGI in  5th i n s t a r  c r i c k e t s ,  t h i s  connection  
i s  ab se n t in  a d u l t s .

The r e s u l t s  su g g es t th a t  as  th e  specimen ag e s, i t s  
synapses between X and MGI a re  l o s t .  Whether th e se  
changes in  c o n n e c tiv i ty  r e p re s e n t a s l id in g  of X 's  
co n n e c tio n s  from MGI in  la rv a e  to  o th e r  in te rn e u ro n s  l i k e  
10–2 in  th e  a d u l t  or sim ply a  shedding of c o n ta c ts  by MGI 
i s n ’t  p re s e n t ly  c l e a r ,  but f u r th e r  experim en ts w il l  
c l a r i f y  t h i s  p o in t .

Supported  by NSF g ran t BNS84–18797 to  R.K.M.

318.12 SYNAPSE FORMATION BY SENSORY NEURONS IS CONTROLLED BY 
PERIPHERAL POSITIONAL INFORMATION
G. Kaemper* and R.  K. Murphey N eurobiology R esearch C enter 

SUNY Albany, N.Y. 12222
We have shown th a t  s p e c i f ic  r e c e p to r s ,  w ith in  an 

o rdered  a r ra y  o f r e c e p to rs  o f s im i la r  m o d a lity , can form 
synapses w ith  d i f f e r e n t  p o s tsy n a p tic  in te rn e u ro n s . These 
d if fe re n c e s  a re  c o r r e la te d  w ith  th e  p o s it io n  of the  
r e c e p to rs  a t  th e  body s u r fa c e .  I t  has been suggested  th a t  
" p o s i t io n a l  in fo rm a tio n "  d i r e c t s  t h i s  type of neuronal 
s p e c i f i c i t y .

In  o rd er to  t e s t  t h i s  h y p o th e sis  a t  th e  p h y s io lo g ic a l 
le v e l  we tr a n s p la n te d  p ie ces  of ep iderm is from th e  c r ic k e t  
G ry llu s  b im acu la tu s  to  an o th er s p e c ie s , A cheta d om esticu s . 
These two sp e c ie s  have ep iderm is  o f d i f f e r e n t  c o lo rs  and 
th u s  donor t i s s u e  can be recogn ized  a f t e r  t r a n s p l a n ta t io n .  
We f i r s t  dem onstrated  th a t  th e se  c ro ss  s p e c ie s  tr a n s p la n ts  
g en e ra ted  fu n c t io n a l synapses , by reco rd in g  sim u ltan eo u sly  
from  t r a n s p l a n t e d  s e n s o ry  n e u ro n s  and a p p r o p r i a t e  
in te rn e u ro n s . These experim en ts rev ea led  th a t  G ry llu s  
senso ry  neurons could  make s y n a p tic  co n n ec tio n s  w ith  th e  
A cheta in te rn e u ro n s .

The c r u c ia l  t e s t  of th e  p o s i t io n a l  in fo rm atio n  
h y p o th e sis  occu rs when t i s s u e s  from d i f f e r e n t  lo c a t io n s  on 
th e  ce rc u s  a re  ju x tap o sed . Under th e se  c o n d itio n s  a p rocess  
o f p a t te rn  re g u la tio n  i s  i n i t i a t e d  which c r e a te s  new ty p es  
of r e c e p to r s  in  a manner c o n s is te n t  w ith  the  new p o s itio n  
of th e  g r a f t  ( i n t e r c a l a t i o n ) .  In  th i s  way two c la s s e s  of 
senso ry  neurons a re  a v a i la b le  fo r te s t in g :  senso ry  neurons 
born b efo re  th e  t r a n s p la n ta t io n  but now lo c a te d  a t  an 
e c to p ic  p o s it io n  and th o se  born a f t e r  th e  t r a n s p l a n ta t io n .

The second c la s s  i s  im p o rtan t. I f  th e se  new c e l l s  make 
c o n n e c tio n s  in  p re d ic ta b le  ways acco rd ing  to  t h e i r  new 
p o s itio n  r a th e r  than  to  th e  o r ig in a l  p o s it io n  of th e i r  
ep iderm al p re c u rs o rs , then  a r o le  fo r  p o s it io n  in  
sy n ap to g e n es is  i s  proven. We found th a t  new neurons, 
formed by th e  tr a n s p la n te d  t i s s u e ,  made conn ec tio n s  
a p p ro p r ia te  to  th e i r  new p o s itio n s  and no t to  th e  o r ig in a l  
lo c a t io n  of th e  p re c u rs o rs . Thus p o s i t io n  a t  th e  tim e of 
t h e i r  te rm in a l m ito s is  d ic ta t e s  both th e  anatomy and the  
sy n a p tic  co n n ec tio n s  of senso ry  neurons.
S upported by DFG g ra n t Ka 662/1–1 to  G.K. and NIH g ra n t 
NS15571 to  RKM.

318.13 DEVELOPMENT OF THE ECDYSIS MOTOR PATTERN IN MANDUCA SEXTA: HOW 
ADULT-SPECIFIC BEHAVIOR ARISES FROM THE CONSERVATION AND MODULATION 
OF A LARVAL MOTOR PROGRAM. K.A. Mesce and J.W. Truman. Dept. of 
Zoology, Univ. o f Washington, S e a tt le ,  WA 98195.

What is  the developmental fa te  of pa tte rn -g en era tin g  c i r c u i t ry ,  
fo r a p a r t ic u la r  s tag e -sp e c if ic  behavior, when th a t  behavior i s no 
longer expressed or has changed in form? We addressed th is  
question by studying the developing hawkmoth, Manduca s e x ta , and 
i t s  period ic  expression o f ecdysis behavior (the  shedding of the 
old c u tic le )  which occurs as i t  molts from one s tage to  the next. 
Although la rv a l ,  pupal and ad u lt ecdyses are  a l l  " triggered" by the 
same neuropeptide, eclosion  hormone, the ad u lt ecdysis pa tte rn  
(termed eclosion) ra d ic a lly  d if f e r s  from la rv a l and pupal ecdyses. 
Such a behavioral d is t in c tio n  r e f le c ts  the  necessity  o f the  pharate 
ad u lt not only to  shed i t s  old c u tic le  but a lso  to  dig i t s e l f  out 
from i t s  underground pupation s i t e .  To accomplish t h i s ,  the ad u lt 
performs a s e r ie s  o f abdominal re tra c tio n s  and ex tensions , the  
l a t t e r  coupled with wing muscle co n trac tio n s . This p a tte rn  is  
q u ite  d is t in c t  from the slowly progressing , a n te r io r ly -d ire c te d , 
abdominal p e r is ta ls e s  expressed by ecdysing larvae and pupae.

I t  was assumed th a t  the  p a tte rn -g en era tin g  c irc u i t ry  fo r la rv a l 
and pupal ecdysis behavior was dism antled during metamorphosis and 
replaced with a d u lt-s p e c if ic  c ir c u i t ry .  To the co n tra ry , we 
found, using behavioral and-e lectrophysio log ica l c r i t e r i a ,  th a t  
the la rva l/pupa l ecdysis p a tte rn -g en era tin g  c irc u i t ry  is  conserved 
through metamorphosis but modified to  produce new a d u lt- l ik e  
behavior (K.A. Mesce and J.W. Truman, 1985, Soc. Neurosci. Abs. 
11 :919 .). When descending neural inputs from the thorax are 
in te rru p ted  su rg ic a lly  or by a re v e rs ib le  co ld -b lock , the  ad u lt 
abdomen rap id ly  lapses in to  the  la rv a l- l ik e  ecdysis ro u tin e . 
Removal o f the b ra in , subesophageal or p ro thoracic  ganglion does 
not s ig n if ic a n tly  a l t e r  the a d u lt-s p e c if ic  motor program. 
A lte ra tio n s  in the  p te ro th o rac ic  ganglion, however, renders the 
ad u lt abdomen incapable o f producing the  ad u lt p a tte rn  and permits 
expression o f only the  la rv a l- l ik e  behavior. Our data suggests 
th a t  the  a d u lt-s p e c if ic  behavior is  generated through the  coupling 
o f two motor programs: the  p e rs is tin g  la rv a l program th a t  is  
d is tr ib u te d  through the segmental g ang lia , and an a d u lt-s p e c if ic  
program located  in  and descending from the p te ro th o rac ic  ganglion. 
In te re s tin g ly , a c tiv a tio n  o f the two motor programs is  not equally  
dependent on eclosion  hormone so th a t  they can be uncoupled and 
s tud ied  independently . We are  cu rren tly  studying th o rac ic  neural 
elements which in te ra c t  with the la rv a l motor program to  y ie ld  the 
a d u lt-s p e c if ic  expression o f the  behavior.

Supported by NIH gran ts  NS-07639 to  K.A.M. and NS-13079 to  J.W.T.
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319.1 A DECREASE IN PUTRESCINE ENHANCES BRAIN PLASTICITY ELICITED BY 
COMPLEX ENVIRONMENT. Vesna A. E te ro v ić and P .A .F erchm in. D ept. 
of B iochem istry , School o f M edic ine, U n ivers idad  C en tra l d e l 
C arib e , Cayey, P uerto  R ico .

The r o le  o f polyam ines in  b ra in  p l a s t i c i t y  was s tu d ie d  by com
p a rin g  r a t s  in je c te d  w ith  d if lu o ro m e th y lo rn ith in e  (DFMO) o r s a l i n e  
and exposed to  e i th e r  a complex o r im poverished environm ent.

DFMO i s  an i r r e v e r s i b l e  i n h i b i to r  o f  o rn i th in e  d ecarboxy lase  
which s p e c i f i c a l ly  i n h i b i t s  p u tre s c in e  s y n th e s is  and consequen tly  
slow s c e l lu l a r  p r o l i f e r a t i o n .  R ecen tly  s e v e ra l  au th o rs  re p o r te d  
th a t  in  some c e l l  l i n e s  DFMO induces d i f f e r e n t i a t i o n .

Rats exposed to  a complex environm ent fo r  seven hours a day 
du rin g  fo u r days had h e a v ie r  b ra in s  and in c re a se d  c o r t i c a l  RNA 
co n te n t th an  l i t t e r m a te s  kep t in  an im poverished  environm ent. 

hese  d if f e re n c e s  were la r g e r  in  DFMO in je c te d  r a t s  than  in  s a l in e  
c o n t ro ls .  At th e  dose u sed , 400 mg/kg, DFMO dec reased  th e  le v e ls  
of c o r t i c a l  p u tre s c in e  by 50%. S a lin e  in je c te d  an im als exposed 
to  th e  complex environm ent showed a 12% d ec re ase  in  c o r t i c a l  
p u tre s c in e  v s . l i t t e r m a te s  k ep t in  im poverished c o n d itio n s .

I t  i s  known th a t  s t im u la n ts ,  l i k e  am phetam ines, enhance th e  
e f f e c t  o f th e  complex environm ent by s tim u la t in g  th e  anim al -  
environm ent in t e r a c t io n .  The a c t io n  o f DFMO d i f f e r s  from amphe
tam ines; DFMO d e c re ase s  th e  in t e r a c t io n  o f r a t s  w ith  th e  complex 
environm ent. The enhancing e f f e c t  o f DFMO cannot be ex p la in ed  
by th e  same mechanism as  am phetam ines.

In  c o n c lu s io n , DFMO which d e c re a se s  p u tre s c in e  c o n c e n tra t io n  
enhances th e  e f f e c t  o f env ironm enta l co m p lex ity , and th e  exposure 
to  env ironm enta l com plexity  p er se  causes a d ec re a se  in  p u tr e s c in e .  
T h e re fo re , a d e c re a se  in  p u tre s c in e  e i th e r  accom panies o r i s  a 
s ig n a l  needed fo r  in c re a se d  b ra in  p l a s t i c i t y .

S upported by NIH-MBRS g ra n t 5S06 RR 8159–08. DFMO was a g i f t  
from Dr.P.McCann, M erre l Dow R esearch I n s t i t u t e .

319.2 EXOGENOUS OXYTOCIN IMPAIRS THE REGENERATIVE CAPACITY OF 
THE HYPOTHALAMIC NEUROSECRETORY SYSTEM. J .P. Herman, M. 
Matise*, F.F. Marciano and D.M. Gash. Dept. of Neurobiology and 
Anatomy and the Center for Brain Research, Univ. of Rochester, 
Rochester, NY 14642.

We have previously demonstrated that chronic administration of 
vasopressin (VP) following neurohypophysectomy (NPOX) inhibits 
regeneration of hypothalamic neurosecretory system (HNS) VP neurons 
and blocks recovery of antidiuretic function (Soc. Neurosci. Abs. 11, 613, 
1985). Oxytocin (OT) neurons, by contrast, were unaffected by VP 
treatm ent. In these experiments, we sought to determine the effects of 
chronic OT administration on regeneration and recovery of function of the 
HNS following NPOX. Male Long-Evans rats were NPOXed and 
immediately implanted with mini-osmotic pumps delivering 0.0, 0.1, 0.5, 
or 2.5 ug/h OT. Two weeks after NPOX, the mini-osmotic pumps were 
removed. Animals were monitored for daily water consumption and urine 
osmolality throughout the experiment, which terminated 7 weeks 
following NPOX. At this time rats were perfused, brains sectioned and 
tissue processed for VP and OT immunocytochemistry.

Administration of 0.5 or 2.5 ug/h OT significantly reduced the severity 
of the transient diabetes insipidus normally seen during the 2-week period 
following NPOX. After removal of the mini-osmotic pumps, a pronounced 
diabetes insipidus occurred in the 0.5 and 2.5 ug/h OT treatm ent groups 
which persisted for the duration of the experiment. Rats receiving 2.5 
ug/h OT were the most adversely affected, excreting extremely dilute 
urine (224 mOsm/kg) and drinking copious quantities of water (87.1 
gm/100 g body weight/day). In contrast, NPOX rats receiving saline 
showed an initial diabetes insipidus which significantly recovered over 
tim e. The 0.1 ug/h dose of OT did not elicit a pronounced antidiuretic 
response over the period of delivery, but did result in slight long-term 
impairment in antidiuretic function. Histological analysis revealed a 
dose-related decrease in number of HNS VP positive cells, with no 
substantial decreases in OT-positive cells.

The results of these experiments indicate that OT administration at 
high titers, like VP administration, impairs the ability of damaged VP 
neurons to regenerate following NPOX, resulting in decreases in the 
number of HNS cells expressing VP immunoreactivity and in long-term 
impairment of antidiuretic function. The deleterious effect of OT is 
directly related to its antidiuretic potency following NPOX. These data 
in addition provide further evidence that osmotic feedback signalling 
release of VP is important in determining capacity to survive following 
NPOX.

Supported by MH08883 and NS15109.

319.3 RECEPTO R UNMASKING: E F F E C T  ON T IM E  COURSE O F PO ST SY N A PT IC  CURRENT 
Donald H, P e rk e l , T h e o re tic a l N eurobiology F a c i l i t y ,  Departm ent 
o f Psychobiology and D epartm ent o f Physio logy  and B io p h y sic s, 
U n iv e rs ity  o f C a l i f o rn ia ,  I r v in e ,  92717.

I t  has been proposed th a t  a c h ie f  c e l l u l a r  mechanism u n d erly in g  
lo n g -te rm  p l a s t i c i t y  i s  th e  unmasking o f p re v io u s ly  n o n fu n c tio n a l 
p o s ts y n a p tic  r e c e p to r s  f o r  n e u ro t ra n s m it te r  (G. Lynch and M. 
Baudry, S cience  224: 1057–1063; 1984). For t h i s  mechanism, 
o r  r e l a te d  ones such a s  m ig ra tio n  and im m o b ilisa tio n  o f rece p 
t o r s ,  to  be e f f e c t iv e  in  in c re a s in g  th e  am p litude  o f p o s ts y n a p tic  
c u r r e n t s  and p o te n t i a l s ,  i t  i s  e s s e n t i a l  t h a t  n e u ro t ra n s m it te r  
be re le a s e d  in  excess  b e fo re  long -te rm  changes ta k e  p la c e , and 
th a t  a f te rw a rd s , any ex cess  be d im in ished  o r  e l im in a te d  by th e  
in c re a s e d  re c e p to r  b in d in g  c a p a c ity  p o s tu la te d .  The dynamics 
o f th e  bound t r a n s m it t e r  and r e c e p to r s  a re  such t h a t  n o t on ly  
th e  am p litude  o f th e  p o s ts y n a p tic  c u r re n t  b u t a l s o  i t s  o v e ra l l  
tim e co u rse  can be expected  to  change fo llo w in g  " le a rn in g " .

We have c a lc u la te d  p o s ts y n a p tic  
c u r r e n t s  u s in g  a  d e t a i l e d  model of 
Ca2+-m ed ia ted  t r a n s m it t e r  r e le a s e  
fo llo w in g  an a c t io n  p o te n t ia l  in  
th e  n erve  te rm in a l ,  d i f f u s io n  o r 
up take  from th e  c l e f t ,  a  cy c le  o f 
s t a t e  changes in  th e  bound re c e p 
t o r s ,  and r e tu rn  o f t r a n s m it t e r  to  
th e  c l e f t .  Under a w ide range of 
assumed param ete r v a lu e s , we found 
t h a t  p o s ts y n a p tic  c u r re n ts  (as  w ell 
a s  co rresp o n d in g  conduc tances and 
p o te n t ia l s )  n o t o n ly  in c re a s e d  in  
am p litude  a f t e r  r e c e p to r  "unmasking"
b u t a l s o  t h a t  th e  tim e co u rse  became n o tic e a b ly  narrow er. A 
ty p i c a l  example i s  i l l u s t r a t e d .  The s y n a p tic  c u r re n ts  (inw ard 
p lo t t e d  upwards) have been norm alized  a t  peak am plitude  to  f a c i l i 
t a t e  shape com parison . B r ie f ly ,  ex cess  t r a n s m it t e r  in  th e  c o n tro l 
ca se  rem ains a v a i la b le  f o r  subsequen t b in d in g  by re c e p to r s  th a t  
become a v a i la b le  a f t e r  channel c lo s in g ,  w h ile  a f t e r  "unm asking", 
th e  in c re a s e d  re c e p to r  p o p u la tio n  r a p id ly  b in d s  v i r t u a l l y  a l l  
t r a n s m i t t e r  r e le a s e d  in to  th e  c l e f t .

These t h e o r e t i c a l  f in d in g s  su g g es t an ex p e rim en ta l t e s t  of 
th e  p ro p o sa l t h a t  lo n g -te rm  sy n a p tic  changes r e s u l t  from in c re a s e d  
r e c e p to r  c a p a c ity  in  th e  absence o f p ro p o r tio n a l in c re a s e s  in  
p re s y n a p tic  r e le a s e  o f t r a n s m i t t e r .  S u f f ic i e n t ly  lo c a l iz e d  
f i e ld - p o te n t i a l  m easurem ents can fu rn is h  com parisons o f s y n a p tic  
c u r r e n t s  b e fo re  and a f t e r  th e  changes. F a i lu r e  to  observe  th e  
p re d ic te d  narrow ing o f s y n a p tic  c u r r e n ts  cou ld  in d ic a te  a s ig n i 
f i c a n t  p re s y n a p tic  c o n tr ib u t io n  to  th e  p l a s t i c i t y  mechanisms. 
S upported  by NIH G ran t NS-16451 and by System D evel. F oundation .

319.4 reactive dendrodendritic synaptogenesis in the adult olfactory 
BULB: REAPPEARANCE OF CONJUGATE INTERNALIZATIONS OF APPOSED DEN
DRITIC MEMBRANES. Charles A. Greer, Sections of Neurosurgery and 
Neuroanatomy, Yale University School of Medicine, New Haven, CT 
06510.

Endocytosis of extracel lular  material is a ubiquitous phenomenon 
in the CNS and is believed to mediate the internalization of extra
cellular  molecules that cannot readily pass the l ipid  bilayer. 
(Anderson & Kaplan, 1983). Eckenhoff & Pysh (1979, 1983) reported 
a developmental endocytotic event in the cerebellum and olfactory 
bulb (OB), the conjugate internalization of apposed pl asmal emma 
membranes. Although this occurred late  in synaptogenesis one a l 
ternative they suggested was that  this event may contribute to the 
remodelling of neuronal membranes.

The mutant mouse PCD, as an adult, loses a principal neuronal 
population in the OB, mitral cells (Greer & Shepherd, 1983). As a 
resu l t ,  there is extensive reorganization of reciprocal dendroden
d r i t ic  microcircuits and a period of reactive dendrodendritic sy
naptogenesis (Greer et a l . ,  1986). The current report explores the 
possible involvement of conjugate internalization of apposed den
d r i t ic  membranes (CIDMs) in synaptogenic events by examining their 
morphology and incidence in the adult PCD OB following the loss of 
mitral ce l ls .

PCD mice, both homozygous recessive mutants and heterozygous l i t -  
termate controls, and 6 ‒ 12 day postnatal rats were perfused with 
aldehydes for conventional EM or prepared with the Golgi-EM pro
cedure of Fairen et  a l . (1977). Micrographs of serial sections 
from the external plexiform layer of the OB were used to assess 
the morphological features and incidence of CIDMs.

The typical CIDM appeared as a coated p it  composed of double 
plasmalemma membranes separated by 10 – 20nm. I t  was goblet shap
ed and extended up to 250nm into the apposed dendrite. CIDMs 
measured approximately 200nm in diameter a t  the widest point and 
narrowed to 30 – 60nm at  the neck. I t  was not uncommon to recog
nize 1 or more vesicles contained within the CIDM. Furthermore, 
they were frequently seen in close association to the reciprocal 
dendrodendritic synapses characteristic of the OB. In the mutant 
mice the incidence of CIDMs increased signif icantly relative to 
controls (2.26 + 0.37/100um2 versus 0.62 + 0 .12/100um2) . Moreover, 
the increase in CIDMs was greater in the deeper sublamina of the 
external plexiform layer which is  more extensively affected by the 
loss of mitral ce l ls .

These data demonstrate that  normally quiescent developmental 
events can be reactivated in the adult and that  membrane remodel
ling mediated by the internalization of apposed membranes may be 
central to the expression of dendrodendritic synaptic p las tic i ty .

Supported in part by March of Dimes 5–420 and NINCDS NS19430.
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319.5 METABOLIC PLASTICITY FOLLOWING CORTIĆAL INFARCTION: A 
2-DEOXYGLUCOSE STUDY IN ADULT RATS. W .  D .  D ie t r i c h , B .  D .  
Watson,  R, Busto and M. D. G in sb e rg , D epartm ents o f N eurology 
and Anatomy and C e ll  B io lo g y , U n iv e rs ity  o f Miami School o f 
M edic ine, Miami, FL 33101.

The c l i n i c a l  l i t e r a t u r e  has shown fo r  y ea rs  th a t  v a r ie d  degrees 
o f  recove ry  may occur fo llo w in g  s tro k e  and o th e r  in ju r ie s  to  the 
c e n t r a l  nervous system . P o ss ib le  mechanisms un d erly in g  fu n c t io n a l  
reco v e ry  fo llo w in g  ischem ic in f a r c t io n  in c lu d e  in ju ry - in d u c e d  
s t r u c t u r a l  a l t e r a t i o n s  r e s u l t in g  in  a b e rra n t fu n c t io n a l  c i r c u i t s .  
A d d it io n a l ly ,  r e c e n t s tu d ie s  have suggested  th a t  p r e - e x i s t in g  
c i r c u i t s  may a l s o  c o n tr ib u te  to  recove ry  p ro c e s s e s . The documenta
t io n  o f th e se  ev en ts  fo llo w in g  c e re b ra l  in f a r c t io n ,  and th e i r  
p o te n t ia l  r e l a t i o n s h ip  to  f u n c t io n a l recove ry  n e c e s s i ta te  e x p e ri
m en ta l s tu d y . The p re s e n t s tudy  was undertaken  to  determ ine 
w hether ex p e rim e n ta lly  induced c o r t i c a l  in f a r c t io n  in  a d u l t  r a t s  
p r e c i p i t a t e s  abnorm al p a t te r n s  o f c o r t i c a l  f i e l d  a c t iv a t io n  induced 
by u n i l a t e r a l  w hisker s t im u la t io n .  R igh t b a r r e l - f i e l d  in f a r c t io n  
o f  th e  f i r s t  som atosensory  c o r te x  was produced p ho tochem ically  in  
a d u l t  r a t s .  F ollow ing 30 d ay s , th e  p a t te r n  o f in c rea sed  c o r t i c a l  
m e tab o lic  a c t i v i ty  induced by u n i l a t e r a l  w hisker s tim u la t io n  was 
a s se s se d  w ith  C -2-deoxyglucose au to rad io g rap h y . L e f t  w hisker 
s t im u la t io n  fo r  45 m inu tes a c t iv a te d  c o n t r a la t e r a l  c o r t i c a l  reg io n s  
a n t e r io r  and l a t e r a l  to  the  in f a r c te d  zone. L a te r a l  to  the  
i n f a r c t ,  a s in g le  reg io n  o f s t im u la t io n -  induced in c re a se d  g lucose  
u t i l i z a t i o n  was a p p a re n t, which was somewhat la rg e r  and extended 
more l a t e r a l l y  than  th e  normal s mI I  b a r r e l - f i e l d  re g io n . 
I p s i l a t e r a l l y  a c t iv a te d  reg io n s  (no t ap p a ren t in  c o n tro l an im als) 
in c lu d ed  som atosensory  c o r t i c a l  a r e a s .  P a tc h - l ik e  ag g reg a te s  of 
m e ta b o l ic a l ly  a c t iv a te d  i p s i l a t e r a l  and c o n t r a la t e r a l  c o r t i c a l  r e 
g io n s  were shown by th re e -d im e n s io n a l re c o n s t ru c tio n  to  vary  from 
th e  a c t iv a te d  p a t te rn s  o b ta in ed  in  c o n tro l r a t s  fo llo w in g  w hisker 
s t im u la t io n .  G lucose u t i l i z a t i o n  was d ep ressed  w ith in  s e v e ra l 
th a lam ic  n u c le i  un d erly in g  th e  in f a r c te d  zone. A d d it io n a l ly , a 
d ec re a sed  c a p a c ity  to  a c t iv a t e  th e  c o n t r a la t e r a l  v e n tro b a sa l 
thalam us in  response  to  w hisker s t im u la t io n  was a ls o  ap p a ren t in  
th e  ex p e rim en ta l r a t s .  The r e s u l t s  dem onstra te  th a t  as a conse
quence o f ch ro n ic  b a r r e l - f i e l d  in f a r c t io n ,  abnorm al p a t te r n s  o f 
s t im u la t io n - in d u c e d  in c re a se d  g lu co se  u t i l i z a t i o n  can be id e n t i f i e d  
w ith in  c o r t i c a l  and s u b c o r t i c a l  b ra in  s t r u c tu r e s .  A lte re d  f i e ld  
a c t iv a t io n  occu rs  in  reg io n s  im m ediately  su rround ing  th e  in f a r c te d  
zone as w ell as in  c o n t r a la t e r a l  a r e a s .  These d a ta  p rov ide  
m e tab o lic  ev idence fo r  f u n c t io n a l p l a s t i c i t y  o c c u rr in g  w ith in  the  
a d u l t  r a t  c e n t r a l  nervous system . Mechanisms re s p o n s ib le  fo r  th e se  
p l a s t i c  changes may in c lu d e  bo th  fu n c t io n a l  changes in  p r e - e x i s t in g  
c o n n e c tio n s  as w ell as s t r u c t u r a l  re o rg a n iz a t io n  a t  s i t e s  ad ja c e n t 
to  th e  d es tro y e d  c o r t i c a l  a re a .  Supported  in  p a r t  by NIH g ra n t NS 
05820, WDD i s  an E s ta b lis h e d  In v e s t ig a to r  o f th e  AHA.

319.6 HYPOTHESIS: PROTEIN KINASE C ACTIVATION ACTS 
SYNERGISTICALLY WITH A CALCIUM-MEDIATED EVENT TO INDUCE 
LONG-LASTING SYNAPTIC CHANGES IN THE HIPPOCAMPUS. P. 
C o l le y * an d  A. R o u t te n b e r g . (SPON: J . P .  R o s e n fe ld )  
C re sa p  N e u r o s c i .  L a b . ,  N o r th w e s te r n  U n i v e r s i t y ,  
E v a n s to n ,  IL . 60201

T r a n s l o c a t i o n  o f  p r o t e i n  k in a s e  C (PKC) t o  th e  
p la sm a  m em brane and  a  c h an g e  in  t h e  p h o s p h o r y la t io n  o f 
a  PKC s u b s t r a t e ,  p r o t e i n  F1 , h a v e  b e e n  o b s e rv e d  
f o l lo w in g  t h e  i n d u c t io n  o f  lo n g - t e r m  p o t e n t i a t i o n  (LTP) 
i n  i n t a c t  r a t  h ip p o cam p u s [B ehav  N eu ra l B i o l . 4 4  (1985) 
1 8 6 ] .  R e c e n t ly ,  t h e  p h o rb o l  e s t e r  12–O– 
t e t r a d e c a n o y l p h o r b o l - 1 3 - a c e t a t e  (TPA ), a  t r a n s l o c a t o r  
an d  a c t i v a t o r  o f  PKC, when e j e c t e d  i n t o  t h e  h i l a r  
d e n t a t e  g y ru s  p ro lo n g e d  p o t e n t i a t i o n  in d u c e d  by  two 
b r i e f  t r a i n s  (20 m sec) o f  400 Hz s t i m u l a t i o n  d e l iv e r e d  
t o  t h e  p e r f o r a n t  p a th  [R o u tte n b e rg  e t  a l . ,  B r R es . 
(1986) i n  p r e s s ] .  I f  TPA e f f e c t s  a r e  m e d ia te d  by  PKC 
t r a n s l o c a t i o n  and  a c t i v a t i o n ,  th e n  TPA a lo n e  s h o u ld  
in d u c e  l o n g - l a s t i n g  c h a n g e s  i n  ev o k ed  f i e l d  p o t e n t i a l s  
s i m i l a r  t o  th o s e  s e e n  i n  LTP. We now h a v e  e v id e n c e  
t h a t  t h i s  i s  n o t  t h e  c a s e ,  s u g g e s t in g  a  s y n e rg ism  
b e tw ee n  t h e  e f f e c t s  o f  TPA and  a  C a2 + -m e d ia ted  e v e n t .

U s in g  e j e c t i o n  p a r a m e te r s  s i m i l a r  t o  th o s e  
p r e v i o u s l y  d e s c r ib e d  [ R o u tte n b e rg  e t  a l . ,  B r R es . 
(1986) i n  p r e s s ]  a n im a ls  w ere  u s e d  a s  t h e i r  own 
c o n t r o l s  t o  show t h a t  TPA a lo n e  h ad  no e f f e c t  on 
b a s e l i n e  s y n a p t i c  a c t i v a t i o n ,  b u t  p ro lo n g e d  
p o t e n t i a t i o n  when d e l i v e r e d  j u s t  p r i o r  t o  t h e  400 Hz 
s t i m u l a t i o n .  R e p o r ts  o f  e f f e c t s  o f  TPA a lo n e  i n  th e  
h ip p o cam p u s  [J  N e u r o s c i .  6 (1986) 475] may b e  r e l a t e d  
t o  d i f f e r e n c e s  i n  p r e p a r a t i o n  and  d o s a g e .  TPA e j e c t e d  2 
h r s  p r i o r  t o  t h e  400 Hz s t i m u l a t i o n  d id  n o t  h a v e  an 
e f f e c t  on p o t e n t i a t i o n .  T h u s , t h i s  p r o l o n g a t io n  o f 
p o t e n t i a t i o n  d e p e n d s  upon  t h e  c l o s e  te m p o ra l  c o n t i g u i t y  
o f  t h e  TPA an d  p e r f o r a n t  p a th  s t i m u l a t i o n  t r e a t m e n t s .

T h ese  d a t a  s u p p o r t  o u r  r e c e n t l y  p ro p o s e d  m odel [Prog  
B r  R e s . V o l . 69 (1 9 8 6 )]  i n  w h ich  TPA a c t s  s y n e r g i s t i -  
c a l l y  w i th  e l e v a t e d  i n t r a c e l l u l a r  Ca2+ in d u c e d  by  400 
Hz s t i m u l a t i o n  t o  p ro d u c e  l o n g - l a s t i n g  s y n a p t i c  
p o t e n t i a t i o n  [ s e e  a l s o  p r o p o s a l  by  N is h iz u k a ;  N a tu re  
308 (1984) 6 9 3 ] ,  B o th  TPA and  Ca2+ co u l d  b e  a c t i v a t i n g  
PKC t o  p ro d u c e  t h i s  s y n e r g is m : TPA v i a  PKC 
t r a n s l o c a t i o n ,  and  Ca2+ v i a  an  PLA2/ o l e a t e  p a th w ay  o f  
PKC a c t i v a t i o n  w h ich  h a s  r e c e n t l y  b e en  d e s c r ib e d  [FEBS 
L e t t s .  192 (1985) 1 8 9 ] .  (T h is  w ork  w as s u p p o r te d  by 
MH 25281– 12 , and  AFOSR83– 0335 t o  A .R .)

319.7 PROTEIN KINASE C SUBSTRATE PHOSPHORYLATION IN PRIMATE 
CEREBRAL CORTEX (E .G . PROTEIN F1 ) IS  INCREASED IN THOSE 
STAGES OF THE OCCIPITOTEMPORAL VISUAL PROCESSING 
PATHWAY IMPORTANT FOR INFORMATION STORAGE. R . B. 
N e ls o n * , D .P . F r ie d m a n , M. M is h k in , an d  A. R o u t te n b e r g .  
C re s a p  N e u ro s c ie n c e  L a b o r a to r y ,  N o r th w e s te r n  U n iv e r 
s i t y ,  E v a n s to n ,  IL  602 0 1 , an d  L a b o ra to r y  o f  N e u ro p sy 
c h o lo g y ,  NIMH, B e th e s d a ,  MD 202 0 5 .

T r a n s l o c a t i o n  o f  p r o t e i n  k in a s e  C (PKC) t o  m em brane, 
an d  i n c r e a s e s  i n  t h e  p h o s p h o r y l a t i o n  o f  o n e  o f  i t s  s u b 
s t r a t e s ,  p r o t e i n  F1 , h a v e  b e e n  p r e v i o u s l y  r e l a t e d  t o  
t h e  i n d u c t i o n  o f  lo n g - t e r m  p o t e n t i a t i o n  i n  t h e  h ip p o 
cam p al f o r m a t io n  [B e h a v . N e u r . B i o l . (1985) 4 3 :3 ;  B r a in  
R e s . (1985 ) 3 4 3 :1 3 7 ; S c ie n c e  (1986) 2 3 1 :5 8 7 ] . S in c e  LTP 
i s  a  m odel f o r  in f o r m a t io n  s t o r a g e ,  we p r e d i c t e d  t h a t  a 
r e l a t i o n  a l s o  e x i s t s  b e tw e e n  r e g i o n a l  PKC s u b s t r a t e  
p h o s p h o r y l a t i o n  an d  b r a i n  r e g io n s  in v o lv e d  i n  in fo r m a 
t i o n  s t o r a g e .  To t e s t  t h i s  p r e d i c t i o n ,  we ex am in ed  
p r o t e i n  p h o s p h o r y l a t i o n  a lo n g  t h e  o c c i p i t o t e m p o r a l  v i s 
u a l  p r o c e s s i n g  p a th w ay  i n  r h e s u s  monkey c e r e b r a l  c o r t e x  
s i n c e  n e u r o b e h a v i o r a l  e v id e n c e  s u g g e s t s  t h a t  te m p o ra l  
l o b e  a r e a s  p a r t i c i p a t e  m ore th a n  o c c i p i t a l  a r e a s  i n  t h e  
s t o r a g e  o f  v i s u a l  r e p r e s e n t a t i o n s .  We fo u n d  t h a t  tw o 
a c i d i c  PKC s u b s t r a t e s  ( o f  50 an d  81 kDa) show ed a  g r a d 
e d  i n c r e a s e  i n  m ean e n d o g en o u s  p h o s p h o r y l a t i o n  m oving  
r o s t r a l l y  a lo n g  t h i s  p a th w ay  from  o c c i p i t a l  t o  te m p o ra l  
c o r t e x  t h e n  t o  e n t o r h i n a l  c o r t e x  (F=2 2 .9 ,  d f =5 , 
p< 0 . 0 0 1 ) .  Ba s e d  on  k in a s e  s p e c i f i c i t y ,  m o le c u la r  
w e ig h t ,  i s o e l e c t r i c  p o i n t ,  an d  tw o -d im e n s io n a l  p h o s p h o -  
p e p t i d e  m aps, t h e  50 kDa p r o t e i n  a p p e a r s  t o  b e  
h o m ologous t o  p r o t e i n  F 1 d e s c r ib e d  i n  r a t .  No o t h e r  
p h o s p h o p r o te in s  a n a ly z e d  from  o n e -  o r  tw o -d im e n s io n a l  
g e l s  d e m o n s t r a t e d ' s y s t e m a t i c  i n c r e a s e s  i n  p h o s p h o r 
y l a t i o n  a lo n g  t h i s  p a th w a y . N e i th e r  t h e  p h o s p h o r y l a t i o n  
o f  s y n a p s in  I a  an d  I b ,  w e l l  c h a r a c t e r i z e d  s y n a p t i c  p r o 
t e i n s ,  o r  t h a t  o f  t h e  a lp h a  s u b u n i t  o f  p y r u v a te  d e h y 
d r o g e n a s e ,  a  k ey  m i to c h o n d r i a l  enzym e, i n c r e a s e d  a lo n g  
t h i s  p a th w a y , s u g g e s t in g  t h a t  t h e  i n c r e a s e s  i n  p h o s 
p h o r y l a t i o n  o f  50 kDa an d  81 kDa w e re  n o t  d u e  t o  
d i f f e r e n c e s  i n  t h e  r e g i o n a l  d e n s i t y  o f  s y n a p s e s  o r  d i f 
f e r e n c e s  i n  e n e r g y  u t i l i z a t i o n  among t h e  c o r t i c a l  
r e g i o n s  a s s a y e d .  T h e se  r e s u l t s  s u g g e s t  t h e  h y p o th e s i s  
t h a t  r e g i o n a l  p a r t i c i p a t i o n  i n  v i s u a l  in f o r m a t io n  
s t o r a g e  i n  p r im a te  may b e  d i r e c t l y  r e l a t e d  t o  r e g i o n a l  
l e v e l s  o f  PKC s u b s t r a t e  p h o s p h o r y l a t i o n .  (S u p p o r te d  by  
MH25281-12 an d  AFOSR 83– 0335 t o  A .R . , an d  NRS 
f e l l o w s h i p  DA05254 t o  R .B .N .)

319.8 PROTEIN F1 , PREVIOUSLY RELATED TO SYNAPTIC PLASTICITY, 
EXHIBITS DECREASED PHOSPHORYLATION IN SENESCENT RAT 
HIPPOCAMPUS. D. L o v in g e r * . C re sa p  N e u ro s c ie n c e  L a b o ra 
t o r y  (CNL), N o r th w e s te r n  U n iv . ,  E v a n s to n , IL  6 0201 , C.A. 
B a r n e s .  S . J .Y .  M izu m o ri. D e p t. P s y c h o l ,  U n iv . C o lo ra d o , 
B o u ld e r  CO 8 0 3 0 9 , S .Y . C han. D. L in d e n * . K. M urakam i*. 
F -S . S h eu * ,  an d . A., Rou t t e n b e r g . (CNL).

The i n  v i t r o  p h o s p h o r y la t io n  o f  p r o t e i n  F l  (47kD , 4 .5  
p I ) , a  s y n a p t i c  m em brane s u b s t r a t e  o f  p r o t e i n  k in a s e  C 
(PKC). i s  p o s i t i v e l y  c o r r e l a t e d  w i th  t h e  p e r s i s t e n c e  o f  
lo n g  te rm  s y n a p t i c  en h an cem en t (LTE) i n  t h e  h ip p o cam p u s 
[B r . R e s . ,  (1985) 343 1 3 7 ] .  I f  p r o t e i n  F l  p h o s p h o r y la 
t i o n  r e g u l a t e s  t h e  d u r a t i o n  o f  LTE th e n  on e  w ou ld  p r e 
d i c t  t h a t  p h o s p h o r y la t io n  o f  t h i s  p r o t e i n  i n  h ip p o cam p u s 
m ig h t b e  d e c r e a s e d  i n  s e n e s c e n t  r a t s  w h ich  h a v e  b e en  
shown t o  e x h i b i t  f a s t e r  d e c a y  o f  en h an cem en t [ J .  Comp. 
P h y s io l .  P s y c h o l . ,  (1979) 93  7 4 ] .  In d e e d  we r e p o r t  h e r e  
t h a t  p h o s p h a te  i n c o r p o r a t i o n  from  32P-ATP i n t o  p r o t e i n  
F l  i n  v i t r o  i s  re d u c e d  i n  d o r s a l  h ip p o cam p u s  from  24 
m onth  o ld  F is c h e r - 3 4 4  r a t s  (x ̄=1 2 .9 0  ±  1 .4 7 ,  n=11) r e l a 
t i v e  t o  r a t s  10 m o n th s , (x ̄=2 2 .0 0  +  1 .5 3 ,  n = 1 3 ) , o r  4 
m o n th s  (x ̄= 1 7 . 66 + 1 .4 0 ,  n= 12) o f  a g e .  P r o t e i n  F l  
p h o s p h o r y l a t i o n  d id  n o t  d i f f e r  s i g n i f i c a n t l y  b e tw ee n  4 
an d  10 m onth  o ld  a n im a ls ,  an d  no s i g n i f i c a n t  d i f f e r e n c e  
i n  p r o t e i n  F l  p h o s p h o r y la t io n  was d e t e c t e d  b e tw ee n  ag e  
g ro u p s  i n  c e r e b e l l a r  c o r t e x .  No o t h e r  p r o t e i n  i n  t h e  
40–90 kD r a n g e  e x h i b i t e d  a n  a g e - r e l a t e d  d i f f e r e n c e  i n  
p h o s p h o r y l a t i o n .

The d e c r e a s e  i n  p r o t e i n  F1 p h o s p h o r y la t io n  d o e s  n o t  
a p p e a r  t o  r e s u l t  from  a  d e c r e a s e  i n  PKC a c t i v i t y .  T o t a l  
PKC a c t i v i t y  i n  h ip p o c a m p a l t i s s u e  from  t h e  sam e a n im a ls  
u s e d  f o r  i n  v i t r o  p h o s p h o r y la t io n  a n a l y s i s  was n o t  d i f 
f e r e n t  among t h e  t h r e e  a g e  g ro u p s .  The d i s t r i b u t i o n  o f  
h ip p o c a m p a l PKC b e tw ee n  c y t o s o l i c  and  mem brane f r a c t i o n s  
[m e a su red  a s  i n  S c ie n c e  (1986) 231 587] a l s o  d id  n o t  
d i f f e r  w i th  a g e .  The d e c r e a s e d  p r o t e i n  F1 p h o s p h o r y la 
t i o n  may b e  r e l a t e d  t o  a  s u b s t r a t e  d e c r e a s e  o r  an  i n 
c r e a s e  i n  p h o s p h a ta s e  a c t i v i t y  i n  a g ed  a n im a ls .  I n  a  
p a r a l l e l  r e p o r t  by  d e  G raan  e t  a l .  [P ro g . B r. R e s . ,  
(1986) Volume §9  i n  p r e s s ]  h ip p o c a m p a l p r o t e i n  F1 c o n 
c e n t r a t i o n  a s  d e te rm in e d  by  ra d io im m u n o a ssa y  w as fo u n d  
t o  b e  lo w e r  i n  28 m onth  o l d -  th a n  i n  2 m onth  o ld  r a t s .  
P r o t e i n  F 1 i s  l i k e l y  t h e  sam e a s  GAP43 [ S n ip e s  e t  a l . ,  
t h i s  m e e t in g ] , an  axon  t e r m i n a l  p r o t e i n  l i n k e d  t o  n e u r 
o n a l  g ro w th , an d  may t h e r e f o r e  p l a y  a  r o l e  i n  s y n a p t i c  
g ro w th  d u r in g  LTE. The l o s s  o f  p r o t e i n  F1 i n  s e n e s c e n t  
r a t  h ip p o cam p u s  m ig h t r e d u c e  t h e  c a p a c i t y  f o r  s y n a p t i c  
g ro w th  l e a d in g  t o  l e s s  p e r s i s t e n t  LTE. (S u p p o r te d  by  
MH25281–1 2 , AFOSR-0335 t o  A .R . , and  AG-03376 t o  C .A .B .)
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319.9 CHARACTERIZATION OF PURIFIED PROTEIN F1 , A SPECIFIC 
PROTEIN KINASE C SUBSTRATE RELATED TO SYNAPTIC 
PLASTICITY. S . Y .  CHAN, K. MURAKAMI* and  A. ROUTTENBERG. 
C re sa p  N e u ro s c ie n c e  L a b o r to r y ,  N o r th w e s te r n  U n i v e r s i t y ,  
E v a n s to n ,  I 1 1 . 60201 .

The i n  v i t r o  p h o s p h o r y l a t i o n  o f  p r o t e i n  F 1 
(Mr=47KDa, p I = 4 .5 )  was s e l e c t i v e l y  i n c r e a s e d  and  
d i r e c t l y  c o r r e l a t e d  w i th  s y n a p t i c  p l a s t i c i t y  o f  lo n g  
te rm  p o t e n t i a t i o n  (B eh a v . N eu r a l B i o l . ,  1 9 8 5 ,4 3 , 3– 1 1 ) .  
P r o t e i n  F1 , a  p r o t e i n  k in a s e  C (PKC) s u b s t r a t e ,  was 
p u r i f i e d  8 0 0 - f o l d  from  a s y n a p to s o m a l m em brane f r a c 
t i o n  u s in g  pH e x t r a c t i o n ,  t h e n  h y d r o x y l a p a t i t e  an d  
p h e n y l - s e p h a r o s e  co lum n c h ro m a to g ra p h y  (Chan e t  a l ..  
1986 , J . N e u r o s c i . ,  i n  p r e s s ) .

M axim al s t i m u l a t i o n  c o n d i t i o n s  f o r  t h e  p u r i f i e d  F1  
p h o s p h o r y l a t i o n  by  PKC was 100 u g /m l PS, 200uM Ca2+ , 
2 .5  mM Mg2+ an d  30 m in  in c u b a t io n  a t  30°C . DiC8 an d  1 ,2  
d i o l e i n ,  i n  t h e  p r e s e n c e  o f  PKC an d  PS lo w e re d  t h e  
r e q u i r e m e n t  o f  Ca2+ f o r  m axim al p h o s p h o r y l a t i o n  t o  5 
uM. C a lm o d u lin  i n h i b i t e d  F1 p h o s p h o r y l a t i o n  i n  a  d o s e -  
d e p e n d e n t  m an n er (m axim al i n h i b i t i o n  a t  3 .6  uM).  S . 
A u re u s  V8 p r o t e a s e  d i g e s t  (2 0 0 u g /m l V8 a t  37°C f o r  2 
h r s . )  g a v e  2 p h o s p h o f ra g m e n ts  o f  13K an d  11K from  a  20% 
SDS g e l .  P hosphoam ino  a c i d  a n a l y s i s  show ed 97% o f  t h e  
i n c o r p o r a t e d  p h o s p h a te  was a s s o c i a t e d  w i th  p h o s p h o -  
s e r i n e .  P u r i f i e d  F1 p h o s p h o r y l a t i o n  w as s t i m u l a t e d  o n ly  
by  PKC b u t  n o t  by  an y  o t h e r  k in a s e s  so  f a r  t e s t e d  
i n c l u d i n g  cA M P-dependen t k i n a s e ,  C a-C aM -d ep en d en t 
k in a s e s  ty p e  I  an d  I I  an d  p h o s p h o r y la s e  b k i n a s e .

P r o t e i n  F1 i s  u n d o u b te d ly  a s s o c i a t e d  w i th  s y n a p to 
so m al m em branes. I n t e r e s t i n g l y ,  b a s e d  on t h e  p h e n y l -  
s e p h a r o s e  colum n e l u t i o n  p r o f i l e ,  p r o t e i n  F 1 was 
o b s e r v e d  t o  h a v e  a  s t r o n g  h y d r o p h i l i c  d o m a in . A ls o ,  
when F 1 w as a p p l i e d  t o  a  P -1 0 0  g e l  f i l t r a t i o n  co lu m n , 
t h e  p r o t e i n  w as e l u t e d  a t  t h e  v o id  vo lum e ( i . e .  >100K 
D a ) , r a i s i n g  t h e  p o s s i b i l i t y  t h a t  F1 may b e  a  s u b u n i t  
o f  a  l a r g e r  m o le c u le .

P r o t e i n  F1 p h o s p h o r y l a t i o n  by  PKC c a n  a l s o  be  
s t i m u l a t e d  by  o l e i c  a c i d  (m axim al s t i m u l a t i o n :  5 0 -  
200uM) i n  t h e  a b s e n c e  o f  p h o s p h o l ip id  and  Ca2 + . 
H ow ever, t h e  am ount o f  p h o s p h o r y l a t i o n  (w i th  50uM 
o l e a t e )  i n  t h e  p r e s e n c e  o f  200 uM Ca2+ was 5 –10 f o l d  
h i g h e r  th a n  i n  t h e  a b s e n c e ,  i n d i c a t i n g  t h a t  o l e a t e  
e f f e c t  may b e  s y n e r g i s t i c  w i th  C a 2+. T h is  s y n e r g is m  may 
c o n t r i b u t e  t o  t h e  c o n t r o l  o f  s y n a p t i c  p l a s t i c i t y  a s  
d i s c u s s e d  by  C o l le y  e t  a l . an d  L in d en  e t  a l . ( t h i s  
m e e t i n g ) . (T h is  w ork  was s u p p o r te d  by  MH25281– 12 and  
AFOSR83– 0335 t o  A .R .)

319.10 PROTEIN KINASE C (PKC) ACTIVATION BY CIS-FATTY ACID IS  
DISTINCT FROM PREVIOUSLY DESCRIBED PHOSPHOLIPID AND 
Ca2+ ACTIVATION K. M urakam i*. S .Y . C han, and  
A. R o u t te n b e r g ,  C re sa p  N e u r o s c i .  L a b . ,  N o r th w e s te r n  
U n iv . ,  E v a n s to n , IL  60201 . (SPON: Z. I q b a l )

O ur l a b o r a t o r y  h a s  shown a n  in c r e a s e  i n  m embrane 
a s s o c i a t e d  PKC a c t i v i t y  f o l l o w in g  lo n g - t e r m  p o t e n t i a 
t i o n  i n  r a t  h ip p o cam p u s  (S c ie n c e  (1986) 2 3 1 :5 8 7 ) .  M ore
o v e r ,  a  b r a i n  PKC s u b s t r a t e  p r o t e i n  F1 (B ra in  R es . 
(1985) 3 3 4 :1 4 7 ; J . N e u r o s c i . (1986) i n  p r e s s )  p h o s p h o ry 
l a t i o n  s t a t e  i s  s e l e c t i v e l y  ch an g e d  by  a  b r i e f  h ig h  
f r e q u e n c y  s t i m u l a t i o n  w h ich  l e a d s  t o  LTP (B ehav . N e u ra l  
B io l .  (1985) 4 3 : 3 ) .  R e c e n t ly  we h a v e  d e m o n s t r a te d  t h a t  
u n s a t u r a t e d  f a t t y  a c i d s  ( o l e a t e ,  a r a c h i d o n a te )  c an  
a c t i v a t e  p u r i f i e d  PKC in d e p e n d e n t ly  o f  p h o s p h o l ip id s  
an d  Ca2+ (FEBS L e t t . (1985) 1 9 2 :1 8 9 ) .  T h is  s u g g e s t s  
t h a t  a n o th e r  m echan ism  may e x i s t  f o r  PKC a c t i v a t i o n ,  
p o s s i b l y  m e d ia te d  by  c i s - f a t t y  a c i d  l i b e r a t i o n  by  PLA2, 
i n  a d d i t i o n  t o  PL C /PI t u r n o v e r  s i g n a l i n g .  In d e e d ,  
i o n t o p h o r e t i c  i n j e c t i o n  o f  o l e i c  a c i d  i n t o  h ip p o cam p u s 
p r o lo n g s  a  s h o r t - l a s t i n g  ch an g e  i n  s y n a p t i c  e f f i c a c y  
( s e e  L in d en  e t  a l .  t h i s  m e e t in g ) .

We h a v e  f u r t h e r  c h a r a c t e r i z e d  t h e  new ty p e  o f  PKC 
a c t i v a t i o n  b y  f r e e  f a t t y  a c i d .  O th e r  c i s - f a t t y  a c i d s  
s u c h  a s  l i n o l e a t e  o r  l i n o l e n a t e  a l s o  a c t i v a t e  PKC a t  
c o n c e n t r a t i o n s  s i m i l a r  t o  o l e a t e  i n  t h e  a b s e n c e  o f  
Ca2+. S a t u r a t e d  f a t t y  a c i d s  (C 4 -C 1 8 ), t h e  t r a n s - f a t t y  
a c i d  e l a i d a t e ,  o r  d e t e r g e n t s  ( T r i t o n  X-100 and  SDS) 
w e ak ly  a c t i v a t e d  PKC. PKC a c t i v i t y  in d u c e d  by  C a2+ / 
p h o s p h a t i d y l s e r i n e  (PS) and  d i a c y l g l y c e r o l  was s t r o n g l y  
i n h i b i t e d  by  t h e s e  d e t e r g e n t s ,  b u t  n o t  when in d u c e d  by  
o l e a t e .  L o w erin g  t h e  c r i t i c a l  m i c e l l e  c o n c e n t r a t i o n  o f  
o l e i c  a c i d  by  i n c r e a s i n g  i o n i c  s t r e n g t h  a l s o  s t r o n g l y  
i n h i b i t e d  o l e a t e  a c t i v a t i o n  o f  PKC. D io l e y lp h o s p h a t i -  
d y l s e r i n e  a c t i v a t e d  PKC e f f e c t i v e l y  (K a=7.2uM ), w h e re a s  
d im i r y s t o y l p h o s p h a t i d y l s e r i n e  c o n ta in in g  s a t u r a t e d  
f a t t y  a c i d  i n  b o th  a c y l  m o i e t i e s ,  f a i l e d  t o  a c t i v a t e  
PKC e v en  i n  t h e  p r e s e n c e  o f  Ca2+. T h ese  o b s e r v a t i o n s  
s u g g e s t  t h a t :  1) PKC a c t i v a t i o n  by  f r e e  f a t t y  a c i d  i s  
s p e c i f i c  t o  t h e  c i s - f o r m  and  i s  n o t  d u e  t o  i t s  
d e t e r g e n t - l i k e  a c t i o n ,  2 ) c i s - f a t t y  a c i d  a c t i v a t i o n  i s  
d u e  t o  t h e  d i r e c t  a c t i v a t i o n  o f  PKC w i th  t h e  m onom eric 
fo rm  o f  c i s - f a t t y  a c i d s  an d  3) c i s - f a t t y  a c i d s  a t  a c y l  
p o s i t i o n s  i n  PS a r e  a l s o  im p o r ta n t  f o r  Ca2+/PS 
a c t i v a t i o n  o f  PKC.
(S u p p o r te d  by  MH 2 5 2 8 1 1 2  an d  AFOSR 83– 0335 t o  A .R .)

319.11 OLEIC ACID, A PROTEIN KINASE C ACTIVATOR, ENHANCES 
HIPPOCAMPAL LONG-TERM POTENTIATION D .J .  L in d e n * ,  K. 
M urakam i* ,  an d  A. R o u t te n b e r g . (SPON:T. B le ck )  C re sa p  
L a b . ,  N o r th w e s te r n  U n iv . ,  E v a n s to n , IL , 6 0201 .

O le a t e ,  an  u n s a t u r a t e d  f a t t y  a c i d ,  h a s  b e e n  shown in  
t h i s  l a b o r a t o r y  t o  a c t i v a t e  p r o t e i n  k in a s e  C (PKC) i n  
v i t r o  (FEBS L e t t e r s ,  1 9 2 :1 8 9 , 1 9 8 5 ) .  S in c e  PKC i s  
a c t i v a t e d  f o l lo w in g  h ip p o c a m p a l lo n g - t e r m  p o t e n t i a t i o n  
(LTP) (S c i e n c e , 2 3 1 :5 8 7 , 1 9 8 6 ) ,  an d  p h o rb o l  m y r i s t a t e  
a c e t a t e ,  a  PKC a c t i v a t o r ,  p r o lo n g s  t h e  d u r a t i o n  o f  t h e  
p o t e n t i a t e d  r e s p o n s e  when a p p l i e d  t o  t h e  h ip p o c a m p u s , 
(B r a in  R e s e a r c h ,  i n  p r e s s )  we w is h e d  t o  d e te r m in e  
w h e th e r  a  d i s t i n c t l y  d i f f e r e n t  PKC a c t i v a t o r ,  o l e i c  
a c i d ,  w o u ld  h a v e  t h e  sam e p r o l o n g a t i o n  e f f e c t  on t h e  
p o t e n t i a t e d  r e s p o n s e .

A m i c r o p i p e t t e  w as p l a c e d  i n  t h e  h i l a r  d e n t a t e  g y ru s  
of. u r e th a n e  a n e s t h e t i z e d  r a t s  f o r  i o n t o p h o r e t i c  
e j e c t i o n  o f  d ru g s  an d  t h e  r e c o r d in g  o f  f i e l d  p o t e n t i a l s  
e v o k ed  by  s t i m u l a t i o n  o f  t h e  p e r f o r a n t  p a t h .  A f t e r  
a p p l i c a t i o n  o f  1 .4  n m o le s  o f  o l e a t e ,  tw o 8 p u l s e  t r a i n s  
o f  h ig h  f r e q u e n c y  s t i m u l a t i o n  (400 Hz) w e re  d e l i v e r e d .

O le a t e  e j e c t i o n  p r i o r  t o  t h e  tw o 400 Hz t r a i n s  
c a u s e d  t h e  r e s p o n s e  t o  p e r s i s t  an d  grow  b ey o n d  t h e  
i n i t i a l  p o t e n t i a t i o n ,  w h e re a s  a  t r i s  c o n t r o l  o r  
e l a i d a t e  ( t r a n s  s t e r e o i s o m e r  o f  o l e a t e ,  a  v e r y  w eak PKC 
a c t i v a t o r )  e j e c t i o n  h a d  no e f f e c t  on  t h e  r e s p o n s e  
p ro d u c e d  b y  t h e  400 Hz t r a i n s ;  t h e  r e s p o n s e  d e c a y e d  t o  
b a s e l i n e  w i t h i n  2 h r  a s  m o n ito r e d  by  0 .1  Hz t e s t  
p u l s e s .  E j e c t i o n  o f  a r a c h i d o n a t e ,  w h ich  s t i m u l a t e s  PKC 
t o  a  l e s s e r  d e g r e e  t h a n  o l e a t e ,  c a u s e d  t h e  r e s p o n s e  t o  
p e r s i s t  b u t  n o t  t o  g ro w . The m ean (n= 6/g r o u p )  
m a g n itu d e  o f  t h e  r e s p o n s e  m e a su re d  tw o  h o u r s  a f t e r  d ru g  
a p p l i c a t i o n  w as p o s i t i v e l y  c o r r e l a t e d  w i th  PKC 
a c t i v a t i o n  b y  t h e  d ru g  i n  v i t r o  ( r= + .9 9 1 ,  d f= 2 ,  p < .0 2 ) .

E j e c t i o n  o f  o l e a t e  w i th o u t  400 Hz t r a i n s  p ro d u c e d  no 
a l t e r a t i o n  o f  t h e  b a s e l i n e  r e s p o n s e ,  an d  e j e c t i o n  o f  
o l e a t e  tw o  h o u r s  p r i o r  t o  t h e  400 Hz t r a i n s  p ro d u c e d  a  
r e s p o n s e  i d e n t i c a l  t o  t h e  t r i s  an d  e l a i d a t e  c o n t r o l s .  
O le a t e  e j e c t i o n  i n t o  t h e  m o le c u la r  l a y e r ,  w h e re  
p e r f o r a n t  p a th  t e r m i n a l s  s y n a p s e  on  g r a n u le  c e l l  
d e n d r i t e s  w as a l s o  s e e n  t o  e n h a n c e  t h e  p o t e n t i a t e d  
r e s p o n s e ,  p o s s i b l y  a t  a  lo w e r  d o s a g e .  S in c e  n e i t h e r  
o l e a t e  a lo n e  n o r  tw o  400  Hz t r a i n s  a lo n e  p ro d u c e d  a  
p e r s i s t e n t  e n h an c e m e n t o f  t h e  LTP r e s p o n s e ,  i t  s u g g e s t s  
t h a t  o l e a t e  may a c t  s y n e r g i s t i c a l l y  w i th  t h e
c o n s e q u e n c e s  o f  tw o 400 Hz t r a i n s  t o  p ro d u c e  
e n h an c e m e n t o f  LTP th r o u g h  PKC a c t i v a t i o n .  (T h is  Work 
w as s u p p o r te d  b y  MH25281– 12 and  AFOSR83– 0335 t o  A .R . )



1170 OPIATES, ENDORPHINS AND ENKEPHALINS: PHYSIOLOGICAL EFFECTS IV THURSDAY AM

320.1 OPIOID RECEPTORS AND ENDOGENOUS OPIOIDS IN DIVERSE HUMAN AND 
ANIMAL TUMORS. P . J . M cLaughlin and I . S . Zagon, D ep t. o f  Anatomy, 
The M.S. H ershey Med. C t r . , Penn S ta te  U n iv ., H ershey, PA 17033

F ollow ing our l a b o r a to r y 's  d isco v e ry  th a t  endogenous o p io id  
system s ( i . e . ,  o p io id  r e c e p to r s  and endogenous o p io id s)  p la y  an 
im p o rtan t r o le  in  r e g u la t in g  neurotum or developm ent and growth 
(S cience  221:671, 1983; L ife  S c i. 35:409, 1984), we have been 
e s p e c ia l ly  in t e r e s te d  in  exam ining w hether th e  components o f the 
endogenous o p io id  system s a re  found in  o th e r  forms o f  ca n cer. In  
th e  p re s e n t  s tu d y , we have e v a lu a te d  a number o f  v a r ie d  human and 
anim al tum ors f o r  th e  p resen ce  o f  endogenous o p io id  immunoreac- 
t i v i t y .  In  a d d i t io n ,  we have perform ed o p io id  re c e p to r  b in d in g  
assay s  to  e s ta b l i s h  th e  p resen ce  o f  r e c e p to r s ,  and pursued  th e  
c h a r a c te r iz a t io n  o f  th e se  r e c e p to r s  as to  ty p e , a f f i n i t y ,  and 
number.

Animal tum ors h a rv e s te d  from tumor t r a n s p l a n ta t io n  experim ents 
in c lu d ed : S20Y murine neu rob las tom a, N115 m urine neurob lastom a, 
B16 mouse melanoma, R3230AC r a t  mammary, and M orris hepatoma 
( r a t ) ;  in  some c a se s , tum ors were a ls o  grown in  nude mice and 
th e se  t i s s u e s  e v a lu a te d . Human tum ors grown in  nude mice 
in c lu d ed : SK-N-MC neurob lastom a and HTB-14 g lio b la s to m a . Human 
tum ors o b ta in e d  from b io p sy  in c lu d ed : adenocarcinom a o f  the  
b r e a s t ,  mixed M u lle r ian  tumor o f  th e  u te r u s ,  squamous c e l l  c a r c i 
noma o f  th e  tongue, p r o s t a t i c  rhabdomyosarcoma, squamous c e l l  
carcinom a o f  th e  sk in , en d o m etria l adenocarcinom a, B -c e ll  
lymphoma, adenocarcinom a o f  th e  cecum, and o v a ria n  fibrom a.

Radioimmunoassays o f  β -en do rph in  a n d /o r  m e t-en k ep h a lin  
re v e a le d  m easurable le v e ls  o f  im m unoreactiv ity  ( a t  l e a s t  40 pg/mg 
p ro te in )  in  th o se  human and anim al tum ors t e s t e d .  In  n e a r ly  a l l  
c a se s , th e re  was no s a tu r a b le  b in d in g  fo r  a p ro to ty p ic  mu lig an d  
(DAGO). B inding  assay s  fo r  d e l t a  re c e p to r s  u s in g  DADLE (and 
a p p ro p r ia te  b lo c k in g  ag e n ts  re v e a le d  s a tu r a b le  b in d in g  in  most 
tum ors; b in d in g  a f f i n i t i e s  (Kd 's )  ranged  from 0 .22  to  25.9 nM and 
b in d in g  c a p a c i t ie s  (Bmax' s ) ranged  from 4 to  77 fmol/mg p ro te in .  
B inding  assay s  fo r  kappa r e c e p to r s  u s in g  EKC (and a p p ro p r ia te  
b lo c k in g  ag e n ts )  a ls o  re v e a le d  s a tu r a b le  b in d in g  in  most tum ors; 
b in d in g  a f f i n i t i e s  ranged  from 0 .12  to  25 .5  nM and b in d in g  
c a p a c i t ie s  ranged  from 10 to  606 fmol b ind ing /m g p ro te in .

Our d a ta  show th a t  endogenous o p io id s  and o p io id  re c e p to rs  are  
c h a r a c t e r i s t i c  o f  a  b road  spectrum  o f  human and anim al tum ors, 
r e p r e s e n ta t iv e  o f  d iv e rse  em bryo log ica l backgrounds. The 
fu n c t io n  o f  endogenous o p io id  system s in  n e u ra l and no n -n eu ra l 
tum ors i s  unknown. Given in fo rm a tio n  d e r iv e d  from e x p lo ra tio n s  
in  m urine neurob lastom a, th e  most in te n s e ly  s tu d ie d  system  thus 
f a r ,  endogenous o p io id s  and o p io id  r e c e p to r s  may be invo lved  in  
a s p e c ts  o f  developm ent and grow th o f  n e o p la s ia .

Supported  by NIH g ra n ts  NS-20623 and NS-20500, and g ra n ts  from 
th e  P ennsy lvan ia  R esearch  C o rp o ra tio n .

320.2 OPIOID ANTAGONIST MODULATION OF MURINE NEUROBLASTOMA IN NUDE 
MICE: STUDIES ON THE ROLE OF IMMUNITY IN ENDOGENOUS OPIOID 
CONTROL OF CANCER. L.  Nagy*, P .J .  M cLaughlin and I .S .  Zagon 
(SPON: T. L loyd). D ept. Anatomy, The M.S. H ershey Med. C tr . ,  
Penn S ta te  U n iv ., H ershey, PA 17033.

O pioid  a g o n is ts  have been shown to  m odulate th e  growth o f 
neu rob las tom a, in  v i t r o  and in  v iv o , in  a s t e r e o s p e c i f ic  and 
n a lo x o n e -re v e rs ib le  fa s h io n . O pioid  a n ta g o n is ts  a ls o  in flu en ce  
tum origen ic  e v e n ts , and do so s te r e o s p e c i f i c a l l y  and in  a manner 
dependent on th e  d u ra t io n  o f  o p io id  re c e p to r  b lockade . For 
exam ple, a d m in is tr a tio n  o f  o p io id  a n ta g o n is ts  a t  dosages which 
b lo c k  th e  re c e p to r  f o r  a s h o r t  tim e each  day, m arkedly in h ib i ts  
tumor response  and ex tends th e  s u rv iv a l  o f  mice in o c u la te d  w ith  
tumor c e l l s .  I t  now appears  th a t  endogenous o p io id s  may be 
in vo lved  in  im m unological resp o n se . To examine th e  ro le  of 
immunity in  o p io id  a n ta g o n is t- in d u c e d  m odulation  o f  ca n ce r, the 
e f f e c t s  o f  o p io id  a n ta g o n is t  a d m in is tr a t io n  on tumor response in  
nude mice (which a re  im m unologically  compromised) were m onitored.

D aily  in je c t io n s  0 .1  mg/kg n a l tre x o n e  (NTX), w hich invoked a 
r e c e p to r  b lockade fo r  6 to  8 h r /d a y  (as  de term ined  by m orphine- 
ch a lle n g e  ex p e rim en ts) , were g iven  to  athym ic nude (nu/nu) mice. 
V arious dosages o f S20Y neurob lastom a (2 .5  × 104 to  106 
ce lls /m o u se )  were in o c u la te d  in to  th e se  nude m ice. N TX -treated 
anim als e x h ib ite d  a 31–92% d e lay  in  la te n c y  tim e p r io r  to  the 
appearance o f  a m easurable tum or, and a 27–49% in c re a s e  in  mean 
s u rv iv a l  tim e; th e  m agnitude o f an titu m o r response  was governed 
by tumor burden . In o c u la tio n  o f  neurob lastom a c e l l s  in to  c o n tro l 
an im als r e s u l t e d  in  m easurable tum ors in  10–13 days, and mean 
s u rv iv a l  tim es o f  30 to  34 days.

In  o rd e r  to  examine w hether th e  tr a n s p la n te d  neuroblastom a 
c e l l s  ex p ressed  endogenous o p io id  im m unoreactiv ity  and o p io id  
r e c e p to r s , turners from c o n tro l an im als were e x c ise d  when tumor 
s iz e  was 15 mm2. Radioimmunoassay p rocedu re s  showed th a t  the 
tumor t i s s u e  c o n ta in ed  im m unoreactive ana logues o f  β -endorphin  
(39 .7  pg/mg p r o te in ) .  O pioid re c e p to r  b in d in g  assay s  fo r  mu, 
d e l t a ,  and kappa re c e p to r s  were conducted . R ad io lab e led  lig an d s  
(3H-DAGO, 3H-DADLE, 3H-EKC) were in c u b a ted  w ith  tumor t i s s u e  and 
s e le c te d  b lo c k in g  a g e n ts , and s p e c i f ic  b in d in g  was determ ined in  
th e  p resen ce  o f  u n la b e le d  DAGO, DADLE, and EKC. R eceptor b inding  
assay s  re v e a le d  s p e c i f ic  s a tu r a b le  b in d in g  fo r  d e l t a  and kappa 
re c e p to r s ,  b u t n o t f o r  th e  mu re c e p to r .

These r e s u l t s  su g g es t t h a t  immunity may n o t p la y  a m ajor ro le  
in  endogenous o p io id  r e g u la t io n  o f  o ncogenesis . In  a d d i tio n , our 
s tu d y  shows th e  f e a s i b i l i t y  o f  u s in g  th e  nude mouse as a v a l id  
model to  ex p lo re  th e  m odulation  o f  human n e o p la s ia  by endogenous 
o p io id s .

Supported  by NIH g ra n t NS-20623.

320.3 IRREVERSIBLE OXYMORPHONE HYDRAZONE DERIVATIVES: ANALYSIS OF 
ANALGESIC POTENCY AND DURATION. R .J . Bodnar, E .F . Hahn*, J .A . 
C lark*  and G.W. P a s te rn a k . C o tz ias  Lab. o f N euro-O ncology, Mem
o r i a l  Sl o an -K e tte r in g  Cancer C t r . ,  D ep ts. of Neurology and 
Pharm acology, C o rn e ll Univ. M edical C o l . ,  and Lab. o f B iochem ical 
E ndocrino logy , R o c k e fe lle r  U n iv ., New York, NY 10021.

Oxymorphone phenylhydrazone (P=OXY) and oxymorphone p - n i t r o -  
phenylhydrazone (PNP=OXY) i r r e v e r s i b ly  in h i b i t  o p ia te  b in d in g  in  
s tandard , co m p etitio n  a s s a y s . The p re s e n t s tudy  compared th e  a n a l
g e s ic  potency and d u ra t io n  o f a c t io n  o f th e se  hydrazone d e r iv a 
t i v e s  w ith  th a t  o f oxymorphone on th e  t a i l - f l i c k  t e s t  in  m ice. At 
30 min fo llo w in g  low (0 .1 – 1.0  m g/kg, SC) d o se s , bo th  hydrazone 
d e r iv a t iv e s  were s ig n i f i c a n t ly  l e s s  p o te n t than  oxymorphone 
(P=OXY: 3 - fo ld ; PNP=OXY: 1 0 - fo ld ) . A ll th re e  d o se-resp o n se  cu rves  
appeared  to  be p a r a l l e l .  D if fe re n t  r e l a t i v e  a n a lg e s ic  p o te n c ie s  
and d u ra t io n s  o f a c t io n  o ccu rred  a t  h ig h e r  d o ses . At low d o se s , 
th e  d u ra t io n  o f a n a lg e s ia  o f th e  hydrazone d e r iv a t iv e s  and o f 
oxymorphone were s im i la r .  As th e  doses in c re a s e d  (6–50 m g/kg), 
th e  d u ra t io n  o f a n a lg e s ia  o f th e  hydrazone d e r iv a t iv e s  in c re a se d  
f a r  more th a n  th a t  o f oxymorphone. For in s ta n c e ,  a t  25 mg/kg, no 
oxymorphone an im als were a n a lg e s ic  by 6 h . Yet 50% o f P=OXY and 
70% o f PNP=OXY mice d isp la y e d  s ig n i f i c a n t  a n a lg e s ia  a t  th i s  dose 
u n t i l  10 h and 12 h r e s p e c t iv e ly .  S im ila r  p a t te r n s  were observed 
in  t h i s  e n t i r e  dose range w ith  th e  d u ra t io n  o f a n a lg e s ia  in c re a s 
in g  as  th e  hydrazone d e r iv a t iv e  dose in c re a s e d . A nalgesia  induced 
by PNP=OXY, l i k e  oxymorphone, was n a lo x o n e - re v e r s ib le . S im ila r 
r e s u l t s  were observed  fo llo w in g  q u a n ta l o r  graded a n a ly s e s . PNP=  
OXY (50 mg/kg) d ec reased  3H-DADL and 3H-DAGO b in d in g  in  w hole- 
mouse b ra in  16 h a f t e r  a d m in is tr a t io n .  At t h i s  d o se , th e  in h ib i 
t io n  was r e l a t i v e ly  m u -s e le c tiv e . These d e r iv a t iv e s  appear to  be 
e x c e l le n t  c a n d id a te s  as lo n g -a c tin g  a n a lg e s ic s  and presum ably a c t 
th rough  t h e i r  i r r e v e r s i b l e  a c t io n s  upon o p ia te  b in d in g  s i t e s .  
(Supported  by ACS PDT 169).

320.4 EVIDENCE FOR MU-DELTA OPIOID RECEPTOR INTERACTIONS IN VIVO. 
Julius S. Heyman, Sheila A. Mulvaney & Frank Porreca (SPON: P. Monroe). 
Department of Pharmacology, University of Arizona, Tucson, AZ 85724

Previous work has suggested the possibility of interactions between 
classes of opioid receptors in vivo and in vitro. Vaught and Takemori (J. 
Pharmacol. Exp. Ther. 208: 86–90, 1978) have demonstrated that 
intracerebroventricular (i.c.v.) administration of subanalgesic doses of 
Leu-enkephalin (a delta opioid ligand) potentiated, while Met-enkephalin 
antagonized, morphine analgesia. Furthermore, instances of non
competitive displacement of labelled mu-ligands by the delta preferring 
enkephalins have led to the suggestion that mu and delta receptors exist in 
an opioid receptor complex (e.g. Rothman and Westfall, Mol. Pharmacol. 
21: 538–547, 1982). This concept was further investigated in vivo using a 
selective delta receptor agonist (D-Pen2 , D-Pen5)-enkephaIin (DPDPE), the 
mu a gonist morphine and a stabilized Met-enkephalin analogue (D-Ala2, 
Mer5)-enkephalinamide (DAMA). Additionally, the selective delta opioid 
antagonist, ICI 174,864 (N,N-diallyl-Tyr-Aib-Aib- Phe-Leu-OH, where Aib is 
alpha-aminoisobutyric acid) and the mu antagonist, beta-funaltrexamine 
(beta-FNA) were used to aid in separation of receptor-mediated events.

The procedure was the mouse (male, ICR, 20–30 gm) warm water (55° 
C) tail-flick test; the latency to a rapid flick of the tail was taken as the 
endpoint and compared before and after graded i.c.v. doses of morphine. 
Testing occurred 20 min after injection. Following the establishment of 
i.c.v. dose-response lines for DPDPE and DAMA, threshold (subanalgesic) 
doses (1 and 0.1 ug, respectively) were given together with an i.c.v. ED50 
dose of morphine (1 ug). Co-administration of DPDPE and morphine 
potentiated the morphine effect; this potentiation was antagonized by 
concurrent administration of ICI 174,864 (1 ug) given together with the 
m o rp h in e /D P D P E  i n j e c t i o n .  When DAMA and m orphine w ere 
co-administered, the morphine analgesic effect was significantly reduced; 
similarly, this reduction was reversed with concurrent ICI 174, 864 (1 ug) 
given together with the morphine/DAMA injection. Tolerance to morphine 
induced by a single subcutaneous morphine injection (100 mg/kg, 5 hr prior 
to testing, a time when no acute morphine effect could be seen) did not 
alter the ability of DPDPE to potentiate an ED50 dose (in tolerant mice) 
of morphine. Pretreatment with the non-equilibrium mu-antagonist, 
beta-FNA (10 ug, i.c.v. at –4 hr) while failing to produce any agonist 
effects alone, displaced the i.c.v. morphine, but not DPDPE, dose-response 
curve to the right. Administration of threshold analgesic doses of DPDPE 
or DAMA concurrently with morphine in beta-FNA pretreated mice failed 
to affect the response to morphine.

The present experiments support the concept of mu-delta interactions 
in vivo. The effects of the mu agonist morphine can be either potentiated 
or antagonized by stabilized enkephalins; these effects can be prevented 
by ICI 174,864, suggesting delta receptor mediation. Additionally, the 
proposed receptor complex may be inactivated by beta-FNA pretreatment. 
These data suggest that the enkephalins may play a modulatory role in 
analgesic processes. Supported by USPHS Grants NS 21193 and AM 36289.
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320.5 EFFECTS OF (+)-N-ALLYLNORMETAZOCINE (SKF 10,047) AND PHENCYCLIDINE 
BINDING SITE LIGANDS ON VISUAL EVOKED RESPONSES IN THE RABBIT. 
G. F. S te in fe ls ,  G. P. Al b e ric i and S. W. Tam, E. I. DuPont de 
Nemours & Co., Biomedical Products D ept., Wilmington, DE., 19898 
U . S . A.

Recent biochemical and anatomical evidence in d ica te  th a t (+)- 
N -allylnorm etazocine (NANM) lab e ls  a binding s i te  d is t in c t  from the 
phencyclidine (PCP) binding s i t e .  Despite these jn  v itro  d i f f e r 
ences, in vivo stu d ies  generally  show th a t  (+)-NANM and PCP produce 
s im ila r pharmacologic actions  which are  usually  assumed to  r e s u lt  
from actions a t  PCP binding s i te s  in the b ra in . Because PCP has 
been previously  shown by in v e s tig a to rs  to  produce e lectroencephalo- 
graphic a lte ra tio n s  and sensory d is ru p tiv e  e f f e c ts ,  we hypothesized 
th a t  examination of a sensory e l ic i te d  evoked p o ten tia l might d is 
crim inate between pharmacologic actions  a t  the PCP or (+)-NANM 
binding s i t e .  Visual evoked p o te n tia ls  (VEP) were recorded in 
awake New Zealand rab b its  from the primary visual cortex  referenced 
to  a m idline e lectrode  over the fro n ta l cortex . For VEP recordings 
the rab b its  were held in re s tra in in g  cages with th e i r  eyes 28 cm 
from the photic s tim u la to r. The v isual stim ulus consisted  of a 15 
u sec f la sh  (4.75 × 106 lumens) delivered  a t a ra te  of 1 /sec . Each 
VEP waveform was an average of 50 samples which were bandpassed a t  
5–100 Hz. Several components were id e n tif ie d  on the VEP, however 
the most s ig n if ic a n t change was in the la tency  of the negative peak 
a t  126 msec (N126). PCP (0 .5 –1.6 mg/kg, im) increased the la tency  
of the N126 peak in a dose dependent manner to  150 msec. S im ilarly , 
(+)-NANM (1–4 mg/kg) a lso  increased the la tency  of N126 to  a max
imum of 135 msec. Receptor binding s tud ies  in a separate  group of 
rab b its  ind ica ted  th a t PCP and (+)-NANM each had s ig n if ic a n t 
a f f in i ty  a t  both PCP and (+)-NANM binding s i t e s .  In te re s tin g ly , 
(+)-pentazocine was more se le c tiv e  than (+)-NANM fo r  the (+)-NANM 
vs. PCP binding s i t e .  However, (+ )-pentazocine, unlike PCP or (+)- 
NANM, produced no change in the N126 la tency  a t  doses up to  10 
mg/kg. Our data suggest th a t the N126 la tency  increases produced 
by (+)-NANM appear b e tte r  co rre la ted  with i t s  binding a t  the PCP 
s i t e  ra th e r than a t  the d is t in c t  high a f f in i ty  (+)-NANM binding 
s i t e .  The recep tor binding data a lso  in d ica te  th a t (+)- 
pen tazoc ine 's  g rea te r s e le c t iv i ty  fo r  the (+)-NANM binding s i te  
make i t  a b e tte r  choice as the p ro to typ ic  (+)-NANM binding s i te  
ligand . In vivo stu d ies  with (+ )-pentazocine might b e tte r  
charac te riz e  the functional relevancy of the (+)-NANM binding s i t e .

320.6 EFFECT OF RECEPTOR SELECTIVE OPIOIDS ON BEHAVIORAL THERMOREGULA
TION: DIFFERENTIAL ALTERATION OF SET POINT. R.L. Spencer and 
T .F . Burks. D ep ts. o f Psychology and Pharm acology, Uni v . o f A r iz . ,  
Tucson, Ari z . 85724

The a b i l i t y  o f o p io id s  to  produce pronounced changes in  body 
te m p era tu re  (Tb) r a i s e s  th e  p o s s i b i l i t y  th a t  endogenous o p io id s  may 
be invo lved  in  th e  c e n tr a l  c o n tro l o f th e rm o re g u la tio n . Tb 
m easurem ents a lone  a re  no t s u f f i c i e n t  to  de term ine  a t  which p o in t 
in  th e  th e rm o reg u la to ry  p ro cess  a drug a c t s .  Exam ination of behav
i o r a l  th e rm o reg u la to ry  resp o n ses  to  drugs allow s d e te rm in a tio n  of 
a l t e r a t i o n s  o f th e  th e rm o reg u la to ry  s e t  p o in t ,  r e f l e c t i n g  m od ifica
t io n  o f th e  c e n tr a l  c o n tro l of Tb. R eceptor s e le c t i v e  o p io id s  were 
s tu d ie d  in  a system  which allow ed m on ito ring  of b eh a v io ra l th e r 
m oregu la to ry  resp o n ses  of r a t s .  Rats were p laced  in  a th e rm ocline  
– a 2 m lo n g , 10 cm wide opaque hollow  p le x ig la s s  tube w ith  an 
i n t e r n a l  l i n e a r  tem p era tu re  g ra d ie n t rang ing  from 6–36 °C. The 
p o s i t io n  o f a r a t  in  th e  th e rm o clin e  (am bient tem p era tu re  s e le c te d )  
was determ ined  by a  s e r ie s  o f in f r a re d  LEDs and p h o to c e l ls .  The Tb 
of th e  r a t  was m onitored  v ia  a te le m e try  th e rm is to r  s u r g ic a l ly  
p laced  in  th e  p e r i to n e a l  c a v i ty .  Rats were te s te d  in  the  thermo
c l in e  w ith  (G+) o r w ith o u t (G– ) th e  p resence  of a tem p era tu re  g ra 
d ie n t .  T e stin g  in  th e  absence o f a tem p era tu re  g ra d ie n t (22+ 1 °C) 
p rov ided  a measure of g e n e ra l a c t i v i t y  l e v e l s .  A ll compounds were 
in je c te d  i . c . v .  The μ a g o n is t [D-Ala2 ,N -m ethyl-Phe4 ,G ly5- o l ]  
en k e p h a lin  (DAGO,. 3 μg) produced a mean (+SEM) in c re a s e  in  Tb of 
+ 2 .5 6 ( .3 6 )  °C in  G+ r a t s  and an in c re a s e  of + 1 .7 4 ( .0 9 )  °C in  G- 
r a t s .  The DAGO t r e a te d  r a t s  s e le c te d  a warmer am bient tem pera tu re  
(Ta) (3 0 .3 + 1 .6  °C) compared to  c o n tro l r a t s  (25+ .4  °C) du ring  the  
r i s in g  phase of th e  the rm ic  response  to  DAGO. The 3 a g o n is t ,  
[D-Pen2 , D-Pen5 ]enkep h a lin  (DPDPE, 30 μg) produced a d ec re a se  in  Tb 
o f – .8 2 ( .1 6 )  °C in  G+ r a t s  and a d ec re ase  of – .6 2 ( .1 6 )  °C in  G- 
r a t s .  The DPDPE t r e a te d  r a t s  s e le c te d  a c o o le r  Ta (1 3 .9 +1.4  °C) 
compared to  c o n tro l r a t s  (1 9 .7 +1.1  °C) du ring  th e  f a l l i n g  phase of 
th e  the rm ic  response  to  DPDPE. The k a g o n is t ,  U50488H (100 μg) 
produced a d ec re a se  in  Tb o f –1 .3 0 ( .1 3 )  °C in  G+ r a t s  and 
–1 .1 3 ( .0 9 )  °C in  G- r a t s .  The U50488H tr e a te d  r a t s  s e le c te d  a 
c o o le r  Ta (1 3 .3 +2 .2  °C) compared to  c o n tro l r a t s  (2 0 .4 +1 .0  °C) 
du rin g  the  f a l l i n g  phase o f th e  therm ic response  to  U50488H. Thus, 
DAGO produced an in c re a s e  in  Tb which was f a c i l i t a t e d  by a behav
io r a l  s e le c t io n  of a warm Ta, w h ile  bo th  DPDPE and U50488H produced 
d ec re a se s  in  Tb which were accompanied by s e le c t io n  of a coo l Ta. 
These r e s u l t s  in d ic a te  th a t  d i f f e r e n t  o p io id  a g o n is ts  a re  a b le  to  
s h i f t  th e  th e rm o reg u la to ry  s e t  p o in t in  o p p o s ite  d i r e c t io n s  and 
p ro v id e s  su p p o rt f o r  the  h y p o th e sis  th a t  endogenous o p io id s  a re  
invo lved  in  the  c e n tr a l  c o n tro l of th e rm o re g u la tio n . (S upported  by 
DA02163.)

320.7 DIRECT IN VIVO EVIDENCE FOR DELTA RECEPTOR MEDIATED ANALGESIA IN 
MU RECEPTOR DEFICIENT INBRED STRAINS OF MICE. J .R .M ath i asen* and 
J .L .  Vaught* (SPON: B. Damiano). D ep t. o f B io lo g ic a l R esearch , 
McNeil P h a rm a c e u tic a l, S pring  House, PA 19477.

A lthough s e v e ra l  types  of o p io id  r e c e p to r s  have been id e n t i f i e d  
u t i l i z i n g  b iochem ical and pharm aco log ica l te c h n iq u e s , a  prom inent 
q u e s tio n  s t i l l  e x i s t s :  can   r e c e p to r s  m ed iate  a n a lg e s ia ?  
C h a i l l e t  e t  a l .  (E u r. J . P harm acol.,1 0 1 :8 3 ,1 9 8 4 )  have suggested  
th a t  on ly  μ r e c e p to r s  m ed iate  a n a lg e s ia .  C o n s is te n t w ith  t h i s ,  
a n a lg e s ic  naloxone pA2 v a lu es  f o r  in t r a c e r e b ro v e n tr i c u l a r ly  
( i c v ) a d m in is te red  morphine s u l f a t e  (MS), a  p ro to ty p ic  μ re c e p to r  
l ig a n d , o r [D-Pen2 ,L-Pen5 ]en k ep h a lin  (DPLPE), a p ro to ty p ic    
re c e p to r  l ig a n d , a r e  th e  same su g g e s tin g  a  s in g le ,  presum ably μ , 
re c e p to r  type m ed ia tin g  a n a lg e s ia  [Heyman e t  a l . ,  L ife  S ciences  
( i n  p re s s )  1986]. P a ra d o x ic a lly , DPLPE i s  n o t c r o s s - to le r a n t  to  
MS when a d m in is te red  i cv to  mice su g g es tin g  more than  one 
rece p to r-m e d ia ted  mechanism [P o rreca  e t  a l . ,  JPET ( in  p re s s )  
1986]. D esp ite  c l a s s i c a l  means to  determ ine  th e  o p io id  re c e p to rs  
i nvolved in  a n t in o c ic e p tio n  th e  q u e s tio n  rem ains u n re so lv e d . We 
have ad d ressed  th i s  u s in g  a reco m b in an t-in b red  s t r a i n  o f mouse 
CXBK, th e  C57BL/6JbgJ and th e  p ro g e n i to r  s t r a i n s  o f  CXBK, 
C57BL/6By and BALB/cBy. We have compared a l l  resp o n ses  to  our 
s ta n d a rd  la b o ra to ry  mice CRS-CD1. CXBK mice a r e  d e f i c ie n t  i n μ 
o p io id  re c e p to r s  (B aran e t  a l . ,  L i fe  S c ie n c e s , 17 :633 ,1975 ). 
A u to rad io g rap h ic  a n a ly s is  has shown   o p io id  b in d in g  i n th e  CNS o f  
C57BL/6By and CXBK n o t to  d i f f e r  w h ile  μ b in d in g  was l e s s  i n CXBK 
(Moskowi t z  and Goodman, B rain  R esea rch ,360 :1 0 8 ,1 9 8 5 ). D uring th e  
co u rse  o f th e se  s tu d ie s ,  we d isco v e red  th a t  C57BL/6JbgJ mice a re  
a l s o  l e s s  re sp o n s iv e  to  MS ( i c v ) .  MS and DAGO ( i c v) a n a lg e s ia ,  a s  
a s s e s se d  i n th e  t a i l  f l i c k  t e s t ,  was com parable i n CRS-CDl and 
p ro g e n i to r  s t r a i n s  o f  m ice . However i n th e  CXBK and C57BL/6JbgJ, 
a  10 to  30x d ec re a se  i n a n a lg e s ic  potency was observed fo r  MS and 
DAGO; c o n s is te n t  w ith  μ r e c e p to r  d e f ic ie n c y .  However, 
DPLPE-i nduced a n a lg e s ia  was s im i la r  a c ro s s  a l l  s t r a i n s  o f m ice. 
G iven th e  o b s e rv a t io n s  o f  Moskowi t z  and Goodman th a t  th e    
r e c e p to r  p o p u la tio n  i s  u n a l te re d  i n CXBK m ice, th e se  d a ta  p rov ide  
c o n c lu s iv e  ev idence  th a t  th e    r e c e p to r  i s  c a p ab le  o f  m ed ia tin g  
a n a lg e s ia .  We a l s o  su g g es t th a t  th e  CXBK o r C57BL/6JbgJ s t r a i n s  
o f  mice p ro v id e  i n v ivo  models f o r  th e  ex am ination  o f  th e  
p h y s io lo g ic a l and pharm aco lo g ica l r o le  o f   o p io id  r e c e p to r s .

MS DAGO DPLPE
CRS-CDl 0 . 3 (0 .1 ‒0 .5 ) 0 .0 1 ( 0 .008–0 .0 2 ) 3 .0 (2 .1 –5 .0 )
C57BL/6By 0 .5 (0 .0 8 ‒ 1 .2 ) 50 ng=75% 3 .2 (2 .0 –6 .5 )
BALB/cBy 0 . 6 ( 0 .4– 1 .1 ) . 0 0 9 ( .004– .01 ) 1 .8 (1 .1 –3 .2 )
CXBK ~10 50 ng=0% 5 .3 (3 .1 ‒15 .4 )
C57BL/6JBgJ 3 .1 (1 .1 ‒ 15 .7 ) 50 ng=25% 3 .7 (2 .9 –4 .6 )

[ED50 v a lu e s  in  ug]

320.8 ENDOGENOUS OPIOID REGULATION OF CELL PROLIFERATION IN THE DEVEL
OPING BRAIN. I .S .  Zagon and P . J , M cLaughlin. D ept. Anatomy, The 
M.S. H ershey Med. C t r . ,  Penn S ta te  U n iv ., H ershey, PA 17033.

S tu d ie s  in  our la b o ra to ry  have dem onstra ted  t h a t  endogenous 
o p io id  system s r e g u la te  th e  grow th o f  th e  d ev e lop ing  nervous 
system  ( S cience 221:1149, 1983; L ife  S c i. 35:2057, 1984). The 
u n d e rly in g  mechanisms a re  u n c le a r , b u t in v e s t ig a t io n s  from our 
group and o th e rs  su g g es t t h a t  m odula tion  o f  m i to t i c  ev en ts  i s  
in v o lv ed . In  th e  p re s e n t  s tu d y , 6 -day o ld  r a t s  were in je c te d  
w ith  n a l tre x o n e  (NTX), an o p io id  a n ta g o n is t .  Dosages o f  e i th e r  
1 o r  50 mg/kg NTX were u t i l i z e d  to  b lo c k  th e  r e c e p to r  f o r  4 –6 
h r /d a y  and 24 h r /d a y , r e s p e c t iv e ly .  T h ir ty  min p r io r  to  
s a c r i f i c e  a t  2 o r  12 h r  fo llo w in g  NTX a d m in is tr a t io n ,  r a t s  
re c e iv e d  an in j e c t io n  o f  3H -thym idine. B ra in s  were p rep a re d  fo r  
h is to lo g y , s e c t io n e d  in  th e  s a g i t t a l  p la n e , and p ro cessed  fo r  
a u to rad io g rap h y . The l a b e l l in g  index (L I) f o r  e x te rn a l  germ inal 
c e l l s  (EGL) was determ ined  in  th e  V III  lo b u le  o f  th e  ce rebellum .

At b o th  2 and 12 h r ,  a 32% LI in  th e  EGL was reco rd e d  fo r  
c o n t ro l  specim ens. Animals g iv en  1 o r  50 mg/kg NTX had LI ’ s o f 
37% and 41%, r e s p e c t iv e ly ;  th e se  e le v a te d  LI ' s  were s t a t i s t i c a l l y  
g r e a t e r  th an  c o n t ro l  l e v e l s .  A t 12 h r ,  th e  50 mg/kg NTX group 
had an LI o f  42%; th i s  was s ig n i f i c a n t ly  d i f f e r e n t  from c o n tro ls . 
The 1 mg/kg NTX group had a  marked re d u c t io n  (p<0.01) in  t h e i r  LI 
(23%) a t  12 h r .

In  o rd e r  to  confirm  and ex ten d  th e se  o b se rv a t io n s  on th e  ro le  
o f  endogenous o p io id  developm ent, a second experim en t was 
d es ig n e d  to  d i r e c t l y  a s c e r t a in  th e  e f f e c t s  o f  m e th io n in e- 
e n k e p h a lin  (Met-Enk) on th e  EGL c e l l s  o f  6 -day o ld  r a t s .  N inety 
m inu tes a f t e r  in j e c t io n  o f  1 mg/kg M et-Enk, an im als re c e iv e d  3H- 
thym idine and were s a c r i f i c e d  2 h r  a f t e r  Met-Enk a d m in is tra tio n . 
C o n tro ls  in c lu d ed  a group g iv en  s t e r i l e  w a te r, as w e ll as a group 
r e c e iv in g  Met-Enk and naloxone (1 m g/kg). C e re b e lla  o f  r a t s  in  
th e  Met-Enk group had an LI o f  22% in  com parison to  a 32% LI fo r  
c o n tro l  an im als; th i s  d if f e re n c e  was s t a t i s t i c a l l y  s ig n i f i c a n t .  
R ats g iv en  naloxone and Met-Enk were com parable to  c o n tro ls  in  
re g a rd  to  L I.

These r e s u l t s  in d ic a te  t h a t  endogenous o p io id s  p la y  an 
i m portan t r o le  in  r e g u la t in g  c e l l  p r o l i f e r a t i o n  in  th e  developing  
b r a in .  Based on th e se  ex p e rim en ts, endogenous o p io id s  appear to  
se rv e  an in h ib i to r y  ro le  on n e u ra l c e l l  p r o l i f e r a t i o n .  Our 
r e s u l t s  a l s o  ex ten d  p rev io u s  f in d in g s  in  w hich an in c re a s e  in  
c e l l  number was reco rd e d  in  deve lo p in g  an im als s u b je c te d  to  a 
com plete d a i ly  o p io id  re c e p to r  b lo c k ad e , as w e ll as a  d ec rease  in  
c e l l  number observed  in  r a t s  s u b je c te d  to  a  tem porary  d a i ly  
r e c e p to r  b lockade (J .  N eurosci . , in  p r e s s ,  1986; D evel. B rain  
R e s . , in  p r e s s ,  1986).

S upported  by NIH g ra n ts  NS-20500 and 20623.
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320.9 INFLUENCE OF NALOXONE AND MORPHINE ON THE MONOAMINE AND CORTISOL 
RESPONSE OF INFANT SQUIRREL MONKEYS TO MATERNAL SEPARATION.
S.G .W iener*, K .F .F a u ll ,  J .D .B archas  and S. L ev ine. 
Departm ent of P sy c h ia try  and B eh av io ra l S c ie n ces , 
S tan fo rd  U n iv e rs ity  School of M edicine, S ta n fo rd , CA 94305.

I t  has been h y p o th e sized  th a t  endogenous b ra in  o p io id s  i n h i b i t  
b ra in  c i r c u i t s  th a t  m ed ia te  th e  d i s t r e s s  of an in f a n t  se p a ra te d  
from i t s  m other. One m easure of s e p a ra t io n  d i s t r e s s  i s  an in c re a s e  
in  in f a n t  v o c a l iz a t io n s .  A b lockade of th e  o p io id  re c e p to r  by 
naloxone in c re a s e s  v o c a l iz a t io n  in  a number o f s p e c ie s . 
C onversely , a d m in is tr a t io n  o f m orphine i n h i b i t s  v o c a l iz a t io n .  
In  a d d i t io n  to  th e  b e h a v io ra l response  to  s e p a ra t io n ,  bo th  th e  
p i t u i t a r y - a d r e n a l  and b ra in  n o rad re n e rg ic  system s a re  a c t iv a te d  
fo llo w in g  s e p a ra t io n  from th e  m other. In  th i s  s tu d y , independen t 
groups of 3- to  5-m onth-old  in f a n t  s q u i r r e l  monkeys were t r e a te d  
i . v .  w ith  m orphine, e i t h e r  of th e  two forms of naloxone 
(+naloxone o r -n a lo x o n e ) , o r s a l in e  p r io r  to  a 4 -h r s e p a ra t io n  
from th e i r  m o thers. D uring th e  s e p a ra t io n  th e  number of s p e c ie s -  
s p e c i f i c  " i s o la t io n  peeps" em itted  by th e  in f a n t  was reco rd e d . 
In fa n ts  were s e p a ra te d  under th e  r e s p e c t iv e  drug tre a tm e n ts  fo r  
3–6 tim es a t  10-day in t e r v a l s .  At th e  end of th e  s e p a ra t io n ,  
e i t h e r  c e rv ic a l  CSF sam ples were c o l le c te d  fo llo w in g  b r i e f  e th e r  
a n e s th e s ia ,  o r  p e r ip h e ra l  b lood sam ples were taken  under e th e r  
a n e s th e s ia .  CSF sam ples were ana lyzed  fo r  th e  monoamine metabo
l i t e s  HVA, MHPG and 5HIAA. Blood sam ples were assayed  fo r  plasm a 
c o r t i s o l  l e v e l s .  Between s e p a ra t io n s  th e  in f a n ts  were l e f t  u n d is 
tu rb ed  w ith  t h e i r  m others in  th e  home s o c ia l  group.

The r e s u l t s  in d ic a te  th a t  morphine tre a tm e n t reduced in f a n t  
v o c a l iz a t io n s  d u ring  th e  4 -h r s e p a ra t io n .  In  c o n t r a s t ,  th e  a c t iv e  
form of naloxone in c re a s e d  in f a n t  v o c a l iz a t io n s .  The in a c t iv e  form 
of naloxone d id  no t change th e  r a t e  o f v o c a l iz a t io n  compared to  
th e  s a l in e  c o n t r o ls .  A lthough th e  monoamine m e ta b o lite  and c o r t i 
s o l  response  of th e  morphine and in a c t iv e  naloxone s u b je c ts  i s  in  
th e  p ro cess  of a n a ly s is ,  th e  a c t iv e  naloxone and s a l in e  i n f a n t s  
response  in d ic a te  th a t  th e  e le v a tio n s  of MHPG and c o r t i s o l  d id  not 
d i f f e r .  Thus, v o c a l iz a t io n  may be a s p e c i f ic  m otor p a t te r n  em itted  
by an in f a n t  fo llo w in g  s e p a ra t io n  which i s  m odulated by th e  o p io id  
system . However, th e  p h y s io lo g ic a l in d ic e s  of a ro u s a l a re  no t 
in f lu e n c e d  by a d m in is tr a t io n  o f th e  a c t iv e  form of naloxone. 
T h e re fo re , th e se  d a ta  a re  n o t su p p o rtiv e  o f an o p io id  h y p o th e sis  
of s o c ia l  bonding.

This re s e a rc h  was su ppo rted  by HD-02881 from NICH&HD to  
S. Levine and MH-23861 from NIMH to  J .  B archas.

320.10 ENDOGENOUS OPIOID REGULATION OF BRAIN GROWTH IS NOT DEPENDENT ON 
THE MU RECEPTOR. S.  D itty * , P .J .  M cLaughlin and I .S .  Zagon 
(SPON: S. P ro u ty ) . Dept. Anatomy, The M.S. H ershey Med. C t r . , 
Penn S ta te  U n iv ., H ershey, PA 17033.

P rev ious  s tu d ie s  in  our la b o ra to ry  have dem onstra ted  th a t  
o p io id  a g o n is ts  r e t a r d  n e u ra l developm ent in  a s te r e o s p e c i f ic  and 
n a lo x o n e -re v e rs ib le  fa s h io n . O pioid a n ta g o n is ts  a lso  in flu en ce  
neurodevelopm ent in  a s t e r e o s p e c i f ic  n a tu re , and in  a manner 
dependent on th e  d u ra t io n  o f  o p io id  r e c e p to r  b lockade. These 
r e s u l t s ,  g a th e red  from ex te n s iv e  in  v ivo  and in  v i t r o  s tu d ie s ,  
in d ic a te  t h a t  endogenous o p io id  system s ( i . e . ,  endogenous opioids 
and o p io id  re c e p to r s )  subserve  a novel and im p o rtan t fu n c tio n : 
grow th re g u la t io n .  In  o rd e r  to  a s c e r t a in  which re c e p to r  
su b ty p e (s )  i s ( a r e )  f u n c t io n a l ly  inv o lv ed  in  c e l l  p r o l i f e r a t i o n  
and d i f f e r e n t i a t i o n ,  we examined th e  e f f e c t s  o f  β -fun a ltrex am in e  
( β-FNA) on developm ent; t h i s  compound b in d s  s e le c t i v e ly  and 
i r r e v e r s i b ly  to  mu r e c e p to r s .  Presum ably, ch ro n ic  a d m in is tr a t ion 
o f  β-FNA, a t  c o n c e n tra t io n s  which an tag o n ize  m orphine-induced 
a n a lg e s ia ,  shou ld  a l t e r  growth i f  mu re c e p to rs  a re  invo lved .

O ffsp r in g  o f  Sprague-Dawley r a t s  were in je c te d  every  48 h r 
from b i r t h  w ith  5 mg/kg β-FNA or s t e r i l e  w a te r. A group o f 
an im als in je c te d  d a i ly  w ith  50 mg/kg n a l tre x o n e , a dosage known 
to  b lo c k  th e  r e c e p to r  th e  e n t i r e  day and which markedly 
in f lu e n c e s  grow th, was a lso  in c lu d ed  and se rv ed  as "p o s itiv e "  
c o n t ro ls .  Animals were s a c r i f i c e d  on day 22 and e v a lu a te d  fo r  
body, b r a in ,  and o rgan w e ig h ts , b r a in  d im ensions, and 
m orphom etric a n a ly s is  o f  t o t a l  c e r e b e l l a r  a re a .

β-FNA had l i t t l e  e f f e c t  on body w eigh t th roughou t th e  
prew eaning p e r io d , nor were body o r o rgan  w eigh ts  a l t e r e d  on day 
22. B ra in  and c e r e b e l l a r  w eigh ts and m easurem ents, as w e ll as 
t o t a l  c e r e b e l l a r  a re a , o f  β-FNA r a t s  were com parable to  c o n tro ls  
In  c o n t r a s t ,  50 mg/kg n a l t r e x o n e - t r e a te d  r a t s  e x h ib ite d  10‒42% 
in c re a s e s  in  body w eigh t and organ w e ig h ts , and 6‒17% in c re a se s  
in  b r a in  and c e r e b e l l a r  w eigh ts  and m easures. These d a ta  
in d ic a te  th a t  a t  c o n c e n tra t io n s  which b lo c k  m orphine-induced 
a n a lg e s ia ,  β-FNA had l i t t l e  e f f e c t  on grow th p ro c e s s e s . This 
would su g g es t th a t  mu re c e p to r s ,  s e le c t i v e ly  an tag o n ized  by β - 
FNA, a re  n o t in vo lved  in  th e  m odulation  o f  growth by endogenous 
o p io id  system s.

Supported  in  p a r t  by NIH g ra n ts  NS-20500 and 20623.

320.11 The ROLE OF SEROTONIN IN OPIATE-INDUCED PROLACTIN SECRETION 
AND ANALGESIA IN THE DEVELOPING RAT. L.A. Bero and C.M. Kuhn 
Dept. of Pharmacol., Duke Univ. Med. C tr . ,  Durham, N.C. 27710

The a n te r io r  p i tu i ta ry  hormone p ro lac tin  (PRL) plays a 
ro le  in sexual function  and the s tre s s  response in both ra ts  
and humans. Because normal PRL sec re tio n  is  necessary fo r 
sexual m aturation in both males and fem ales, an understanding 
of PRL regu la tion  in the developing animal is  p a r tic u la r ly  
im portant. Our labo ra to ry  has demonstrated previously th a t 
op ia tes s tim ulate  PRL re lease  before the PRL response to  
sero tonerg ic  drugs is  fu n c tio n a lly  mature. The present study 
demonstrates th a t op ia tes stim ula te  PRL sec re tio n  through a 
sero tonerg ic  mechanism in adu lt r a t s ,  but a non-serotonergic 
mechanism in neonatal r a ts .

Adult (50 day old) and neonatal (10 day old) ra ts  were 
p re trea ted  with the sero tonin  an tag o n ist, cyrpoheptadine 
(CYPRO) ,  or the neurotoxin, 5,7-dihydroxytryptam ine (5,7DHT). 
Both CYPRO (10 mg/kg, i . p . )  and 5,7DHT (50 μg , i v t .  in 10 day 
o ld s , 100 μg in adu lts  4 days before morphine) a ttenuated  the 
PRL response to morphine in ad u lt,  but not neonatal, anim als. 
5,7DHT decreased sero tonin  and 5-hydroxy-indoleacetic acid 
s u b s ta n tia lly  in the hypothalamus (60% and 70% d ep le tio n , 
re sp ec tiv e ly , in neonates and a d u lts ) .  In te re s tin g ly , when 
ra ts  were p re trea ted  with 5,7DHT a t 3 days of age and 
in jec ted  with morphine a t 25 days of age, sero tonin  dep letion  
was more pronounced, but the PRL response to morphine was not 
blocked. In ad d itio n , the PRL response to  5-hydroxytrypto- 
phan was g rea tly  p o te n tia te d , suggesting th a t  functional 
su p e rse n s itiv ity  developed in the 5,7DHT tre a te d  anim als.

The a b i l i ty  of CYPRO and 5,7DHT to  block the sero tonergic 
component of a d if f e r e n t morphine-induced behavior in the 
neonate was te s ted  using the t a i l  immersion te s t  fo r analge
s ia .  Morphine produced profound analgesia  in the 10 day old 
r a t  pup. When the same treatm ent paradigms used in the hor
mone s tud ies  were given, CYPRO and 5,7DHT a ttenuated  
morphine-induced analgesia  markedly in the 10 day old r a t .

In summary, op ia tes appear to  mediate th e ir  stim ulato ry  
e f fe c ts  on PRL re le a se , a t le a s t  in p a r t ,  through a sero to 
nergic mechanism in adu lt r a t s .  In c o n tra s t , op ia tes do not 
stim u la te  PRL re lea se  through a sero tonerg ic  mechanism in 
neonatal r a t s ,  which lack a PRL reponse to  sero tonin  ago
n i s t s .  This functional d e f ic i t  appears to  be sp ec ific  to  the 
sero ton in  neurons regu la ting  PRL sec re tio n  because the sero
tonerg ic  mechanisms involved in morphine-induced analgesia  
are functional in the neonate. Our findings suggest th a t the 
neural mechanisms by which op ia tes a l t e r  PRL sec re tio n  may 
change during development, making these pathways p a r tic u la r ly  
su scep tib le  to  d is ru p tio n  with lo n g -las tin g  consequences in 
a d u lts .

320.12 ROLE OF OPIOID PEPTIDES IN AUTISM: EFFECTS OF ACUTE ADMINISTRATION 
OF NALTREXONE. B.H. Herman, M.K. Hammock*, A. A rthur-Sm i th * , J .  
Egan*, I ,  C hatoor*, N. Z e ln i k*, M. C orradi ne* , K. A ppelgate* , R.L. 
Boeckx* & S.D. S harp*(SPON: V.P. Bingman). B rain  Res. Cen. & 
D ep ts. P s y c h ia t . ,  N eurosurg. & C lin ic a l  Chem. o f C h ild re n ’s Hosp. 
N a tl .  Med. Cen. (CHNMC) & D epts. P s y c h ia t . ,  N eurosurg. & C hild  
H ealth  & D evelop, o f George W ashington Univ. Sch. Med., CHNMC, 111 
M ichigan A ve., N.W., W ashington, D.C. 20010.

The h y p o th e s is  th a t  some of th e  symptoms of au tism  in c lu d in g  a 
f a i l u r e  to  seek  s o c ia l  a ttach m en ts  may be due to  o v e ra c t iv i ty  in  
some o p io id  system  in  th e  b ra in  was te s t e d .  Animal re s e a rc h  sug
g e s ts  th a t  o p io id s  a re  im portan t fo r  th e  m aintenance of in f a n t -  
m a te rn a l s o c ia l  b ehav io r ( c f .  Panksepp e t  a l . ,  N eu rosci. B iobehav. 
Rev. 4 :473 , 1980). There i s  a lso  re c e n t d a ta  d em onstra ting  s ig 
n i f i c a n t  e le v a t io n s  in  th e  c o n c e n tra t io n s  o f o p io id  p e p tid e s  in  th e  
c e re b ro sp in a l f lu id  of a u t i s t i c  v e rsu s  c o n tro l c h i ld re n  (G illb e rg  
e t  a l . ,  A rch. Gen. P sy c h ia t .  42 : 780, 1985).

The ac u te  e f f e c t s  o f th e  o r a l ly  ad m in is te re d , o p io id  re c e p to r  
a n ta g o n is t-n a l tr e x o n e  HC1 (NLT)-was e v a lu a te d  in  f iv e  a u t i s t i c  
c h i ld re n  (4 m ale, 1 fem ale; 4 to  12 y e a rs  o f a g e ). As re q u ire d , 
s u b je c ts  (Ss) were g iven  NLT (0 .5 ‒ , 1 .0‒ , 1 .5 ‒ and 2.0-m g/kg) once 
per week ac co rd ing  to  an ascend ing  dose regim en w ith  b a s e l in e  and 
p lacebo  su rro u n d s. P re -  and p o s t-d ru g  (2h) se s s io n s  were conduc
te d .  Ss were ev a lu a te d  on th e  BRC S o c ia l P rox im ity  t e s t  (BRC Prox; 
10 min t e s t  designed  to  determ ine s o c ia l  in t e r a c t io n s  o f a c h i ld  
tow ard a f a m il ia r  a d u l t  v o lu n te e r  (V) in  a p lay room ), th e  BRC Au
tism  s c a le  (p a re n t q u e s tio n n a ire )  and th e  BOS S ca le . A ll s e s s io n s  
were v id e o tap ed  fo r  b l in d  a n a ly s is .  Means ± s tan d a rd  e r r o r  o f th e  
means a re  re p o r te d .  S ig n if ic a n c e  i s  p  < .05 .

No s ig n i f i c a n t  e f f e c t s  o f NLT were o b ta in ed  on h e a r t  r a t e ,  blood 
p re s s u re  o r  a x i l l a r y  te m p era tu re . The r e s u l t s  o f th e  BRC Prox 
t e s t s  were as  fo llo w s . C o n s is te n t w ith  a d ia g n o s is  o f au tism , un
der p la ceb o , S s sp en t th e  l e a s t  p e rc e n t o f tim e in  a quad ran t nea r 
th e  V (7 .2  + 3 .7 ) as  compared w ith  th e  th re e  o th e r  empty qu ad ran ts  
(range from 20.6  ± 13.3 to  51 .0  ± 2 0 .2 ) . T his p a t te r n  was no t s ig 
n i f i c a n t ly  a l t e r e d  by NLT. Locomotor a c t i v i t y  (number o f squares  
c ro ssed ) was n o t s ig n i f i c a n t ly  in f lu e n c e d  by NLT, a lthough  a tre n d  
tow ard a dec re a se  w ith  th e  2 .0  mg/kg dose was suggested  (P re = 33.4 
+ 6 .6 ,  P o st = 22 .4  + 1 .0 ) .  Under p la ceb o , a u t i s t i c s  spen t only  7 .3  
% of t o t a l  t e s t  tim e (44 ou t o f 600 sec) in  eye c o n ta c t w ith  V, 
w hereas t h i s  v a lu e  i s  s e v e ra l fo ld  h ig h e r  in  norm als. D uration  o f 
eye c o n ta c t was n o t s ig n i f i c a n t ly  changed by NLT. Number o f spon
ta n e o u s ly  u t t e r e d  words was a ls o  n o t s ig n i f i c a n t ly  a f fe c te d  by NLT.

In  c o n t r a s t  w ith  th e  above, p a re n ts  observed some b e n e f ic ia l  
e f f e c t s  of NLT(decrease abnorm al m otor b eh a v io r , in c re a s e  "en joys  
hug") a s  determ ined  by r e s u l t s  o f th e  BRC Autism S ca le . As meas
u red  by radioim m unoassay, c o n c e n tra t io n s  o f β-e n d o rp h in - l ik e  immun- 
o r e a c t iv i ty  were s im i la r  in  a u t i s t i c s  and age-m atched c o n t ro ls .
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321.1 EFFERENT PROJECTIONS OF THE CENTRAL NUCLEUS OF THE AMYGDALA (CNA): 
A RE-EXAMINATION USING THE PHA-L ANTEROGRADE TRACING METHOD.
T .S . G ray, M.M. Moga and D .J . Magnuson*. D ept. A n a t., Loyola 
S t r i t c h  Sch. M ed., Maywood, IL 60153.
P h y s io lo g ic a l s tu d ie s  have dem onstrated  t h a t  th e  CNA fu n c t io n s  in  
th e  e x p re ss io n  o f autonom ic resp o n ses  a s s o c ia te d  w ith  d e fe n s iv e  o r 
" s t r e s s - l i k e "  b e h a v io rs . These resp o n ses  a re  m ediated th rough the 
CNA's e f f e r e n t  c o n n e c tio n s  w ith  sub reg io n s  of th e  hypothalam us and 
b ra in s tem  th a t  a re  a ls o  invo lved  in  c e n t r a l  autonom ic re g u la t io n .  
In  o rd e r  to  more p r e c i s e ly  d e f in e  th e  o rg a n iz a tio n  o f th e  e f f e r e n t  
subzones in n e rv a te d  by th e  th e  CNA, we have employed th e  h ig h ly -  
s e n s i t i v e  an te ro g ra d e  tr a c in g  te chn ique  developed o r ig in a l ly  by 
G erfen  and Sawchenko (1 9 8 4 ). In je c t io n s  o f P h a se o lis  v u lg a r is -  
le u c o a g g lu t in in  l e c t i n  (PHA-L) were a p p lie d  io n to p h o re t i c a l ly  in to  
th e  CNA of Long-Evans b lack-hooded r a t s  u s in g  s ta n d a rd  s te r e o ta x ic  
te c h n iq u e . Animals were overdosed w ith  sodium p e n to b a rb i ta l  and 
t h e i r  b ra in s  were f ix e d  th rough  v a s c u la r  p e r fu s io n  o f b u ffe red  
parafo rm aldehyde. PHA-L im m unoreactiv ity  was v is u a l iz e d  by 
p ro c e ss in g  20um th ic k  s e c t io n s  u s in g  th e  a v i d in - b io t in  
im munoperoxidase p ro ced u re . I n je c t io n s  of PHA-L con fined  w ith in  
th e  b oundaries  of th e  CNA produced la b e l in g  o f axons and te rm in a l 
v a r i c o s i t i e s  w ith in  a l l  re g io n s  p re v io u s ly  re p o rte d  to  re c e iv e  CNA 
a f f e r e n t s .  These in c lu d e  th e  bed n u c leu s  o f th e  s t r i a  te rm in a lis  
(BNST), p a r a v e n tr ic u la r  and l a t e r a l  hypothalam ic n u c l e i ,  th e  
tha lam us, s u b s ta n t ia  n ig r a - v e n tr a l  tegm enta l a r e a ,  m idbrain  
c e n tr a l  g ray , p a ra b ra c h ia l  n u c le u s , nucleus  t r a c tu s  s o l i t a r i u s  and 
d o rs a l  motor nuc leus  o f th e  vagus. Labeled axons e x i te d  th e  CNA 
by t r a v e l in g  th rough  1) th e  v e n t r a l  pathway over th e  o p t ic  t r a c t ,  
2) th e  s u b s ta n t ia  inom inata and 3) th e  s t r i a  te r m in a l is .  PHA-L 
immunolabeled beaded axons and te rm in a l boutons formed a continuum 
from th e  CNA through  th e  s u b s ta n t ia  inom inata and a n t e r io r  
am ygdaloid a re a  co u rs in g  d o r s a l ly  to  th e  l a t e r a l  BNST. F ib e rs  
a l s o  e n te re d  th e  l a t e r a l  BNST th rough th e  s t r i a  te r m in a l is .  PHA-L 
immunolabeled te rm in a ls  were found w ith in  th e  caudal v e n t r o la t e r a l  
p e r ia q u e d u c ta l  g ray . And, te rm in a ls  were d is t r i b u te d  s e le c t i v e ly  
w ith in  a number p a ra b ra c h ia l  su b n u c le i in c lu d in g  th e  e x te rn a l  
l a t e r a l ,  v e n t r a l  l a t e r a l ,  c e n t r a l  l a t e r a l  and m edial su b n u c le i (as  
d e fin ed  by F u lw ile r  and S aper, '8 4 ) .  In  a d d i t io n ,  th e  PHA-L 
te ch n iq u e  re v e a le d  s e v e ra l  new f in d in g s  n o t observed in  p rev ious  
s tu d ie s  u s in g  a u to ra d io g ra p h ic  an d /o r  HRP an te ro g ra d e  t r a c in g  
m ethods. For exam ple, la b e le d  axons and te rm in a l boutons appeared 
to  in n e rv a te  th e  p e r iv e n t r i c u la r  reg io n  of th e  hypothalam us and 
th e  ependyma of th e  c e re b ra l  aquaduct in  th e  m id b ra in . The 
p re s e n t  r e s u l t s  w i l l  be f u r th e r  d isc u sse d  w ith  r e s p e c t  to  
p o s s ib le  d if f e re n c e  between th e  p ro je c t io n s  o f th e  m edial and 
l a t e r a l  CNA. (S upported  by NS 20041).

321.2 COEXISTENCE OF NEUROPEPTIDES IN SYMPATHETIC PREGANG
LIONIC NEURONS OF THE CAT. T .L . K ru k o ff  and  L . Brem - 
n e r * .  D e p t. o f  Anatomy and  C e l l  B io lo g y ,  F a c u l ty  o f  
M e d ic in e , U n iv . o f  A l b e r t a ,  Edm onton, C an ad a . T6G 2H7.

A r e c e n t  s tu d y  (K ru k o f f  e t  a l . ,  J .  Comp. N e u ro l .  
2 4 0 : 90–1 22 , 1985) h a s  shown t h a t  s y m p a th e t ic  p re g a n g 
l i o n i c  n e u ro n s  (SPN) i n  t h e  c a t  c o n ta in  a t  l e a s t  f o u r  
n e u r o p e p t id e s .  The num bers and  d i s t r i b u t i o n  o f  SPN 
c o n ta in in g  t h e s e  p e p t i d e s  in  t h e  a u to n o m ic  a r e a s  o f  th e  
s p i n a l  c o rd  s u g g e s te d  t h a t  i n d i v i d u a l  SPN c o n ta in  m ore 
th a n  one  p e p t i d e .  To i n v e s t i g a t e  t h i s  p o s s i b i l i t y ,  10 
m a le  c a t s  r e c e i v e d  i n t r a t h e c a l  i n j e c t i o n s  o f  c o l c h i c i n e  
(600 μg in  s a l i n e )  u n d e r  k e ta m in e  a n e s t h e s i a  (35  m g/kg 
i . m . ) .  A f t e r  2 4 ‒ 30 h r ,  c a t s  w ere  r e a n e s t h e t i z e d  and  
p e r f u s e d  w ith  Z a m b o n i's  f i x a t i v e .  F ro ze n  t r a n s v e r s e  
and  l o n g i t u d i n a l  s e c t i o n s  (50 μm) w ere  c u t  from  th e  
th o r a c o - lu m b a r  (T ‒L) s p i n a l  c o r d .  In  o r d e r  t o  d e te rm in e  
w h ich  p e p t id e s  c o e x i s t  i n  SPN, im m u n o h is to c h e m ic a l 
d o u b l e - l a b e l l i n g  was done  u s in g  a n t i b o d i e s  (Immuno 
N u c le a r  C o r p . ,  S t i l l w a t e r ,  MN) f o r  l e u c in e - e n k e p h a l in  
(ENK), n e u r o t e n s i n  (N T ), s o m a t o s t a t i n  (S S ) ,  and  s u b 
s t a n c e  P (SP) i n  a l l  c o m b in a t io n s .  V e c ta  S t a i n  K i t s  f o r  
A B C -p ero x id ase  and  ABC-GO (V e c to r  L a b s , B u rlin g a m e , CA) 
w ere  u s e d  t o  d e m o n s t r a te  im m u n o r e a c t iv i ty  a s  brow n and 
b lu e  r e a c t i o n  p r o d u c ts  i n  t h e  same t i s s u e ,  r e s p e c 
t i v e l y .

The i n t e r m e d i o l a t e r a l  n u c le u s  (IM L ), n u c le u s  i n t e r -  
c a l a t u s  ( I C ) ,  and  c e n t r a l  a u to n o m ic  a r e a  (CA) o f  t h e  T-L 
c o rd  w ere  a n a ly z e d  f o r  SPN w h ich  c o n ta in e d  o n ly  one 
p e p t id e  o r  tw o c o e x i s t i n g  p e p t i d e s .  I t  was fo u n d  t h a t  
SP c o e x i s t s  w ith  a l l  t h r e e  o t h e r  p e p t i d e s ,  SS c o e x i s t s  
w i th  NT and  SP, and  ENK c o e x i s t s  o n ly  w ith  SP . In  a l l  
c a s e s  o f  c o e x i s t e n c e ,  SPN w h ich  c o n ta in e d  tw o p e p t id e s  
w ere  fo u n d  in  t h e  IML in  a lm o s t  a l l  l e v e l s  o f  t h e  T-L 
c o r d .  Much s m a l l e r  num bers o f  SPN w hich  c o n ta in e d  tw o 
p e p t id e s  (sam e c o m b in a t io n s )  w ere  fo u n d  in  t h e  IC and  
n o t  a l l  seg m e n ts  c o n ta in e d  su ch  n e u r o n s .  In  t h e  CA, 
o n ly  on e  n e u ro n  was fo u n d  w h ich  c o n ta in e d  tw o p e p t id e s  
(S P /S S ) . The d i s t r i b u t i o n  o f  SPN c o n ta in in g  tw o 
p e p t id e s  i n  t h e  c o m b in a t io n s  o b s e rv e d  in  t h i s  s tu d y  
s u g g e s t s  t h a t  t h e s e  p a r t i c u l a r  n e u ro n s  may p a r t i c i p a t e  
i n  m ore g e n e r a l  f u n c t io n s  o f  t h e  a u to n o m ic  n e rv o u s  
sy s te m  and  t h a t  th e y  a r e  n o t  l i k e l y  in v o lv e d  in  t h e  
i n n e r v a t i o n  o f  s p e c i f i c  v i s c e r a l  o r g a n s .

(S u p p o r te d  by t h e  M ed ic a l R e s e a rc h  C o u n c i l  o f  C anada 
and  t h e  A lb e r ta  H e r i t a g e  F o u n d a tio n  f o r  M ed ica l 
R e s e a r c h . )

321.3 THE EFFERENT ROLE OF SENSORY AXONS IN NERVE-EVOKED BLADDER 
CONTRACTION. L. Kolton* and C.W. Bowers (SPON: Herman Gordon) 
Howard Hughes M edical I n s t i t u t e  L ab o ra to ry  and th e  D epartm ent o f 
P h y sio lo g y , U n iv e rs ity  o f  C a l i f o r n ia ,  San F ra n c isc o , 94143.

E l e c t r i c a l  s t im u la t io n  o f  th e  b u l l f r o g 's  b la d d e r  nerve  n e a r  
i t s  e n t ry  to  th e  b la d d e r  neck produced a b ip h a s ic  resp o n se  
c o n s is t in g  o f  a  r e l a t i v e l y  f a s t  c o n tr a c t io n  l a s t i n g  10–20 s  w ith  
a  resp o n se  la te n c y  o f  app rox . 2 s  and a  s low er c o n tr a c t io n  o f  
com parable am p litude  l a s t i n g  30–60 s  w ith  a  la te n c y  o f  app rox . 4 
s .  The f a s t  c o n tr a c t io n  was com ple te ly  and s p e c i f i c a l l y  b locked  
w ith  e i t h e r  a t ro p in e  (3 × 10–7M) or  th e  n ic o t in i c  a n ta g o n is t  
d ih y d ro -β-e r y th ro id in e  (DHBE; 10–5M) and cou ld  be e l i c i t e d  
s p e c i f i c a l l y  by s t im u la t io n  o f  th e  d i s t a l  c u t end o f  th e  10th  
v e n t r a l  r o o t .  The s low er c o n tra c t io n  was n o t b locked  by 
a t ro p in e  (10–5M), DHBE (10–4M), m ethyserg ide  (10–5M), c im e tid i ne 
(10–5M), ch lo rp h en iram in e  (2 × 10–5M), phen to lam ine  (10–5M), 
p ro p ra n o lo l (10–6M) o r  indom ethacin  (10–5M) and could  be 
s p e c i f i c a l l y  e l i c i t e d  by s t im u la t io n  o f  th e  d i s t a l  c u t  end o f 
th e  1 0 th  d o rs a l  r o o t  a t  f re q u e n c ie s  a s  low a s  2Hz. S e ro to n in  
(10–8 – 10–6M) s p e c i f i c a l l y  b locked  th e  slow c o n tr a c t io n  w ith o u t 
a f f e c t in g  th e  f a s t  c o n tr a c t io n ;  m ethyserg ide  d id  n o t a f f e c t  t h i s  
b lockade by s e ro to n in .

Imm unocytochemical te c h n iq u e s  dem onstra ted  a  so m a to s ta tin  
( S S ) - l i ke a n t ig e n  in  p a ra sy m p a th e tic  neurons and t h e i r  te rm in a ls  
a s  w e ll a s  a su b stan ce  P (S P )- l i ke a n t ig e n  in  a  p u ta t iv e ly  
sen so ry  netw ork o f  f i b e r s  in  th e  b la d d e r  w a ll .  SS(10–5M) had no 
e f f e c t  on th e  b la d d e r  n o r  i t s  n e u ra l ly  evoked c o n t r a c t io n s ,  
w h ile  SP(10–9M) produced p ro longed  b la d d e r  c o n t r a c t io n s .  The 
e f f e c t s  o f  SP d id  n o t d e s e n s i t iz e  n o r d id  th e  fo llo w in g  
a n ta g o n is ts  (10–5M) a f f e c t  nerve-evoked  o r  SP-induced 
c o n t r a c t io n s :  [D -pro2 , D -phe, D -trp 9 ]-S P ; [D -arg , D -pro2 , D- 
t r p 7 ,9  l e u 11 ]-S P ; [D -pro2 , D -trp 7 ,9 ]-S P ; and [D -arg1 , D -trp 7 , 
D -leu11]-SP  (S p a n tid e ) . ATP (10–5M) a l s o  produced c o n tra c t io n  
o f  th e  f ro g  b la d d e r  b u t α , β-m ethy lene  ATP d id  n o t b lo ck  t h i s  
p u ri n e rg i c re sp o n se .

These r e s u l t s  dem o n stra te  t h a t  a la rg e  p o r t io n  o f  th e  
b la d d e r  c o n tra c t io n  produced by s t im u la t io n  o f  th e  b la d d e r  nerve  
i s  due to  "an tid ro m ic"  s t im u la t io n  o f  sen so ry  axons. I t  i s  
th e r e fo r e  l i k e ly  t h a t  a  s u b stan ce  in  p e r ip h e ra l  sen so ry  
te rm in a ls  (p erh ap s  SP o r  ATP) can be r e le a s e d  a s  an  e f f e c t iv e  
a g o n is t  on b la d d e r  smooth m uscle r e c e p to r s .  Because th e se  
sen so ry  c o n t r a c t io n s  can  be e l i c i t e d  a t  r e l a t i v e l y  low 
fre q u e n c ie s  and because i t  i s  known t h a t  th e r e  a r e  s t r e t c h -  
s e n s i t i v e  sen so ry  axons in  th e  f ro g  b la d d e r  ( S t e l l a ,  G. (1934) 
J .  P h y s io l.  82 :2 2 P ), i t  i s  p la u s ib le  t h a t  th e s e  sen so ry  
te rm in a ls  can a c t  a s  a  lo c a l  e f f e r e n t  r e f l e x  system  in  v iv o .

321.4 SYMPATHETIC NERVE FIBERS IN THE RAT CORNEA DEMONSTRATED BY THE 
HORSERADISH PEROXIDASE-WHEAT GERM AGGLUTININ (HRP-WGA) ANTEROGRADE 
TRANSPORT TECHNIQUE. C a rl F . M arfu rt and Debora A. Huseman. 
N orthw est C en ter f o r  M edical E d u ca tio n , In d ia n a  U n iv e r s ity , Gary,IN  

Small numbers of a d re n e rg ic  f ib e r s  have been dem onstrated  
u s in g  f lu o re s c e n t  te ch n iq u es  in  th e  co rn ea l s trom as and e p i th e l i a  
o f most mammals. However, th e  3 -d im ensional d i s t r i b u t io n ,  te rm ina
t io n  s i t e s ,  and fu n c t io n a l  s ig n if i c a n c e  o f th e se  f ib e r s  rem ain un
c l e a r .

In  th e  p re s e n t s tu d y , we in v e s t ig a te d  th e  sym pathetic  in n e rv a 
t io n  o f th e  r a t  co rnea a t  th e  l i g h t  m icro scop ic  le v e l  us ing  r e t r o 
grade and a n te ro g rad e  HRP-WGA tr a c in g  te ch n iq u es . In  th e  f i r s t  
s e r ie s  o f expe rim en ts, 2% s o lu t io n s  of HRP-WGA in  s a l in e  were ap
p l ie d  to  the  s c a r i f i e d  co rn e a l s u r fa c e s  of 12 a d u l t  r a t s .  The 
t r a c e r  was taken  up by th e  senso ry  and sym pathetic  nerve  f ib e r s  of 
th e  co rnea and tr a n s p o r te d  r e t ro g ra d e ly  to  th e i r  c e l l  bod ies  of 
o r ig in  in  th e  i p s i l a t e r a l  tr ig e m in a l (TG) and s u p e r io r  c e rv ic a l  
(SCG) g a n g l ia . The t i s s u e s  were then  p e r fu s io n - f ix e d  and p rocessed  
fo r  HRP h is to c h e m is try  acco rd in g  to  th e  te tra m e th y lb e n z id in e  (TMB) 
te ch n iq u e . H RP-labeled TG c e l l s  outnumbered g r e a t ly  H RP-labeled 
SCG c e l l s  by an average  o f 330 :1 . The number o f H RP-labeled neu
rons in  th e  TG ranged from 139‒444; th e  number o f H RP-labeled c e l l s  
in  th e  SCG ranged on ly  from 0‒3.

In  a second s e t  o f ex p e rim en ts, th e  s u p e r io r  c e rv ic a l  g an g lia  
of 32 r a t s  were in je c te d  w ith  0 .5 –1 .0 μl  of 2% HRP-WGA. The t r a c e r  
was taken  up by th e  neu ro n a l somas and tra n sp o r te d  in t ra a x o n a l ly  
in to  th e  p e r ip h e ra l  f ib e r s  in  th e  co rn ea . F o r ty -e ig h t  to  72 hours 
l a t e r ,  th e  co rneas were im m ersion -fixed  and p rocessed  fo r  TMB 
h is to c h e m is try  as  w hole mount p re p a ra t io n s .  The HRP-WGA-labeled 
nerve  f ib e r s  were id e n t i f i e d  re a d i ly  by th e  p resen ce  w ith in  t h e i r  
axoplasm s of l i n e a r  a r ra y s  o f c r y s t a l l i n e  HRP-TMB r e a c t io n  p ro d u c t. 
The m a jo r ity  of la b e le d  f ib e r s  seen  in  our s tudy  (45‒ 75 per an im al) 
formed d e l ic a t e  p le x u se s  around lim b a l blood v e s s e ls ;  a sm a lle r  
p o p u la tio n  o f f ib e r s  (0‒9 p er an im al) e n te re d  th e  co rnea p ro p e r . 
Most o f th e  co rn e a l sym pathetic  f ib e r s  e n te re d  th e  strom a in  con
ju n c t io n  w ith  prom inent bundles o f (u n la b e led ) tr ig e m in a l senso ry  
f i b e r s ;  a few, however, fo llow ed independen t pathways in to  the  
co rn ea . The sym pathetic  f ib e r s  branched only  once o r tw ic e , o r no t 
a t  a l l ,  b e fo re  te rm in a tin g . The v a s t  m a jo r ity  d i s t r i b u te d  to  the  
c e n tr a l  h a l f  o f th e  co rn ea , w ith  only a sp a rs e  in n e rv a tio n  p rovided 
to  th e  p e r ip h e ra l  co rn ea . H R P -filled  exp an sio n s, su g g e s tiv e  of 
boutons en p a s s a n t and te rm in a l bo u to n s , were found only in  th e  
most s u p e r f i c i a l  lam inae o f th e  c o rn e a l s trom a. H RP-labeled f ib e r s  
o r boutons were never observed in  th e  c o rn e a l e p ith e liu m .
(SUPPORTED BY PHS GRANT EY05717)
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321.5 PREGANGLIONIC AND SENSORY NEURONS OF THE RAT GREATER SPLANCHNIC 
NERVE: DISTRIBUTION AND MORPHOLOGY. L. Sepulveda* and I .  
Nadel h a ft (SPON: P .J . Jan n e tta ), VA Med. C tr. and Depts. of 
Neurol. Surgery and Pharmacol., Univ. of P ittsburgh  Med. Sch., 
P ittsb u rg h , PA 15261.

Previous rep o rts  on the loca tions of sympathetic preganglionic 
neurons (PGN) in the r a t  have shown them to  be found 
predominantly in the in te rm ed io la te ra l nucleus (IML) and 
ip s i la te r a l  to the nerve la b e lled . In these s tu d ie s , 
horseradish  peroxidase (HRP) was applied to  various nerves: 
cerv ical sympathetic trunk , adrenal gland, abdominal sympathetic 
trunk . Approximately 95% of th PGNs were located in the IML. A 
s tr ik in g  exception to  th is  d is tr ib u tio n  occurred when HRP was 
applied to  the hypogastric nerve. In th a t case 75% of the 
lab e lled  PGNs were found in the dorsal gray commissure and the 
remaining 25% were divided about equally  between the IMLs. To 
see i f  there  were any o ther m edially-located  PGNs, HRP was 
applied to a major nerve not yet examined in r a t :  the g rea te r 
splanchnic nerve.

Several hundred preganglionic neurons were found in segments 
T4 through T13. They were located exclusive ly  ip s i la te r a l  to  
the  experimental side and r e s tr ic te d  overwhelmingly to the 
in te rm ed io la te ra l column (90%). Only 3 c e l ls  were found in the 
dorsal gray commissure. Several thousand sensory neurons were 
found in the ip si la te ra l  dorsal root ganglia T4 through T13. 
Central a ffe re n t p ro jec tions  were noted throughout L issau e r's  
t r a c t  and in the medial and la te ra l  marginal zones. The density  
in the medial c o lla te r a l  pathway was g rea te r than in the la te ra l  
c o lla te r a l  pathway. A p ro jec tion  was a lso  noted to  the spinal 
nucleus of the d o rso la te ra l fu n icu lus . A few longitudinal 
f ib e rs  were found m edially ju s t  below the cen tra l cana l.

321.6 SEXUAL DIMORPHISM IN SYMPATHETIC PREGANGLIONIC NEURONS OF THE 
RAT HYPOGASTRIC NERVE. I .  Nadelhaft and K.E. McKenna. VA Med. 
C tr. and Depts. of Neurol. Surgery and Pharmacol., Univ. of 
P ittsburgh  Med. Sch., P ittsbu rgh , PA 15261.

Horseradish peroxidase applied to  the hypogastric nerve on one 
side lab e lled  sensory and preganglionic neurons associated  with 
segments T11 to  L3. More than 94% of the preganglionic neurons 
were found in segments L1-L2. Most of these were located in the 
dorsal commissural nucleus (75%) with the  balance divided about 
equally  between the in te rm ed io la te ra l nuclei of both s id es . 
There a lso were a small number of c e l ls  labe lled  in the 
in te rc a la tin g  region and a very few in the la te ra l  fu n ic u li .  In 
the male an average of 415 preganglionic neurons were labe lled  
per animal while in the female only 110 neurons were lab e lled .

More than 92% of the labe lled  sensory neurons were found in 
the L1-L2 dorsal root ganglia . Most of these neurons were of 
the sm aller type. An average of 75% were ip s i la te ra l  to  the 
labe lled  nerve and the remaining 25% were in the c o n tra la te ra l 
gang lia . There was no s ig n if ic a n t d ifference  in the number of 
sensory neurons labe lled  in the two sexes; an average of 130 
neurons were labe lled  per animal. Central a ffe re n t p ro jec tions 
were noted in L issau e r 's  t r a c t  and in the la te ra l  and medial 
c o lla te r a l  pathways around the dorsal horns.

In summary, a strong sexual dimorphism was found in the hypo
g a s tr ic  preganglionic neurons but th is  was not shown in the 
sensory components.

321.7 THE ACUTE SURVIVAL NETWORK: CONNECTIONAL EVIDENCE FOR INTEGRATION 
OF CENTRAL AUTONOMIC, ANALGESIC, AND PAIN TRANSMISSION SYSTEMS IN 
THE RAT BRAIN. Edward Tongju Koh* and Gary D. Hammer* (SPON: K. 
H am ilton) D epartm ents o f A nesthesio logy  and N eu roscience , T u fts  
U n iv e rs ity  School o f M edic ine, B oston , Mass. 02111.

The ro le  o f autonom ic resp o n ses  in  " f ig h t  o r f l i g h t "  r e a c t io n s  
has long been reco g n ized . Over th e  l a s t  decade , th e  c e n t r a l  s t r u c 
tu r e s  govern ing  th e se  resp o n ses  have been id e n t i f i e d .  C o n cu rren tly , 
a c e n t r a l  a n a lg e s ic  system  has a ls o  been d e l in e a te d .  Based on 
in te rc o n n e c tio n s  between th e  pathw ays, we p o s tu la te  th a t  th e y , 
to g e th e r  w ith  a p o r tio n  of th e  sp in o th a lam ic  p ro je c t io n ,  may a c t  as 
a u n i t ;  we w i l l  r e f e r  to  t h i s  u n i t  as  " th e  a c u te  s u rv iv a l  ne tw ork ."

The autonom ic c o n tro l system  o r ig in a te s  in  th e  caudal p a r t  o f 
th e  nuc leus  of th e  s o l i t a r y  t r a c t  (n t s ) , ascends to  th e  p a ra -  
b r a c h ia l  reg io n  o f th e  pons (pb) , and in v o lv e s , in  th e  fo r e b ra in ,  
th e  bed nu c leu s  o f th e  s t r i a  te r m in a l is ,  th e  c e n tr a l  am ygdaloid 
nuc leus  (a c ) , and th e  p a r a v e n tr ic u la r  nuc leus  o f  th e  hypothalam us 
(pvn ; B ra in  Res 15 3 :1 ). T his a x is  r e g u la te s  sym p ath e tic  and p a ra 
sym pathe tic  o u tp u t v ia  descend ing  f ib e r s  from ac and pvn, and 
a n t e r io r  and p o s te r io r  p i t u i t a r y  hormones v ia  f ib e r s  from th e  pvn.

The c e n t r a l  a n a lg e s ic  system  com prises th e  c e n tr a l  gray  sub
s ta n c e  ( cg s) , n u c leu s  raphe magnus ( rm) o f th e  m edu lla , and th e  
s u p e r f i c i a l  la y e r s  o f th e  s p in a l  co rd  (Ann Rev N sci 11:1180). M ajor 
in p u ts  to  th e  cgs in c lu d e -tw o  c o r t i c a l  in p u ts ,  from m edia l p re f ro n 
t a l  and s u lc a l  ( d o rs a l to  th e  r h in a l  s u lc u s )  c o r t ic e s  (N sci 7 :1 3 3 ).

S ev e ra l p ro je c t io n s  c ro s s l in k  th e se  two sy stem s. The a u to ra d io 
g rap h ic  s tu d ie s  which re v e a le d  th e  r a p h e -s p in a l t r a c t  a lso  showed 
th a t  rm p r o je c ts  h e a v ily  to  th e  p a ra b ra c h ia l  a re a .  O ther such 
c o n n e c tio n s  in c lu d e  ac to  c g s , pb to  c g s , rm to  p b , and n ts  to  rm. 
F u rtherm ore , on ly  two c o r t i c a l  a re a s  have been im p lic a te d  in  
v i s c e r a l  pathw ays: m ed ia l p r e f r o n ta l  and s u lc a l  c o r t i c e s ,  which 
p r o je c t  to  p b and n t s , and re c e iv e  in p u t from p b (SNS 11 :1275).

The c l a s s i c a l  sp in o th a lam ic  p a th , which a f f e c t s  som atosensory 
c o r te x  v ia  v e n tro b a s a l th a lam us, does n o t i n t e r s e c t  w ith  a n a lg e s ic  
o r  autonom ic pathw ays. However, C ra ig  e t  a l .  have d e sc r ib e d  a 
sp in o th a lam ic  t r a c t  which in v o lv es  n ucleus  subm edius. The p ro je c 
t io n  zone o f nuc leus  submedius i s  s u lc a l  c o r te x  (JCN 2 0 6 :28 ).

F u n c tio n a l in t e g r a t io n  o f th e  system s i s  im p lied  by fin d in g s  
th a t  1) s t im u la t in g  th e  n ts  le a d s  to  a n a lg e s ia  (SNS 1 1 :637 ), 2) pb 
s t im u la t io n  b lo c k s  r e a c t io n  to  a o r t i c  c ro ss -c lam p in g  (SNS 11 :1180), 
and 3) b a ro re c e p to r  a c t iv a t io n  le ad s  to  a n a lg e s ia  (N sci B 8 :3 4 3 ) .

The p h y s io lo g ic  a c t io n  o f t h i s  netw ork may be seen  a t  tim es o f 
d i r e  th r e a t  fo llow ed  by t i s s u e  in ju r y .  Autonomic resp o n ses  p rep a re  
an anim al f o r  combat o r e scap e , a n a lg e s ia  a llow s i t  to  a c t  d e s p ite  
in ju r y ,  and th e  subsequen t p a in  t r i g g e r s  r e c u p e ra tiv e  a c t i v i t y .  A 
s im i la r  fo rm u la tio n  has a lre a d y  been p u t forw ard on b e h a v io ra l 
grounds (Behav B rain  S c i 3 :2 9 1 ); as  review ed above, th e re  i s  ample 
neuroanatom i c a l  ev idence  to  lend  th e se  n o tio n s  f u r th e r  credence .

321.8 lesions of the paraventricular nucleus of the hypothalamus attenu
ates THE PRESSOR AND DRINKING RESPONSE TO ANGIOTENSIN I I  ACTING AT 
THE SUBFORNICAL ORGAN. M.B. Gutman*, D.L. Jones and J .  C i r i e l l o . 
D ept. o f P hysio logy , Univ. o f W estern O n ta r io , London, Canada N6A 
5C1.

A ng io tensin  I I  (AI I ) has been re p o rte d  to  a c t  a t  th e  s u b fo rn ic a l 
organ  (SFO) to  in c re a s e  a r t e r i a l  p re s s u re ,  w ate r in ta k e  and vaso
p re s s in  s e c r e t io n .  N euroanatom ical and e le c tro p h y s io lo g ic a l  te c h 
n iques  have been used to  dem onstra te  d i r e c t  p ro je c t io n s  from the  
SFO to  th e  p a r a v e n tr ic u la r  nuc leus  of th e  hypothalam us (PVH). In  
a d d i t io n ,  le s io n s  o f th e  PVH have been shown to  a t te n u a te  th e  p re s 
so r  response  e l i c i t e d  by e l e c t r i c a l  s t im u la t io n  o f th e  SFO in  anes
th e t iz e d  r a t s .  F urtherm ore , th e  PVH has a ls o  been im p lic a te d  in  
th e  r e g u la t io n  o f in g e s t iv e  b eh a v io r. Taken to g e th e r  th e se  o b ser
v a t io n s  su g g es t th a t  th e  PVH may be invo lved  in  th e  p re s s o r  and 
d r in k in g  resp o n ses  to  AI I  a c tin g  a t  th e  SFO. To in v e s t ig a te  th i s  
p o s s i b i l i t y ,  th e  e f f e c t  o f k a in a te  le s io n s  o f the  PVH on th e  p re s 
so r  and d r in k in g  resp o n ses  e l i c i t e d  by m ic ro in je c tio n  o f AI I  d i r 
e c t ly  in to  th e  SFO was t e s t e d .  Male W istar r a t s  were im planted  
w ith  gu ide cannu lae above th e  SFO and th e  PVH ( b i l a t e r a l l y )  and 
w ith  a o r t i c  c a th e te r s  v ia  th e  fem oral a r t e r y  fo r  ch ro n ic  m on ito ring  
o f a r t e r i a l  p re s s u re .  Follow ing recove ry  (1 day) from th e  s u rg e ry , 
d r in k in g  and c a rd io v a s c u la r  resp o n ses  were e l i c i t e d  by in j e c t io n  of 
5 ng (0 .2  μl )  AI I  in to  th e  SFO o f u n re s tra in e d  an im als. P re s so r  
resp o n ses  always p receded th e  d rin k in g  resp o n ses  and were n o t ac
companied by b e h a v io ra l changes. Both resp o n ses  occu rred  w ith in  2 
min fo llo w in g  in j e c t io n .  Follow ing th i s  i n i t i a l  t e s t  k a in ic  a c id  
(0 .5  μg in  0 .2  μl )  was in je c te d  b i l a t e r a l l y  in to  the  PVH of th e  
r a t s  under p e n to b a rb i ta l  a n e s th e s ia  (60 mg/kg) and th e  anim als were 
allow ed to  reco v e r f o r  1 day. K aina te  le s io n s  o f th e  PVH s i g n i f i 
c a n tly  a t te n u a te d  th e  p re s s o r  response  (15 ± 1 mmHg b e fo re  and 5 ± 
2 mmHg a f t e r  th e  le s io n ,  n = 5) and ab o lish e d  th e  d r in k in g  response 
(7 .7  + 1 .8  m l/h r b e fo re  and 0 m l/h r a f t e r  th e  le s io n ,  n = 6 ) . The 
e f f e c t s  of PVH damage was s p e c i f ic  s in c e  le s io n s  of a d ja c e n t a re a s  
such as th e  zona in c e r ta ,  l a t e r a l  hypothalam us, n ucleus  reu n ien s  
and m edial p re o p t ic  a re a  d id  n o t e f f e c t  th e  re sp o n se s . These ob
s e rv a t io n s  su g g est th a t  th e  PVH p la y s  an im p ortan t r o le  in  m ed ia t
ing  th e  p re s s o r  and d r in k in g  resp o n ses  to  SFO a c t iv a t io n  by AI I . 
(Supported  by M edical R esearch C ouncil of Canada and H eart and 
S troke  F oundation  of O n ta r io ) .
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321.9 PROGRESSIVE AUTONOMIC FAILURE: MICRONEUROGRAPHY OF THE 
DECENTRALIZED POSTGANGLIONIC SYMPATHETIC EFFERENT UNIT. 
R. D o ts o n * . P . M a r c h e t t i n i * , M. C l in e * . J . O choa . (SPON: 
R. S u f i t ) .  D e p a r tm e n t o f  N e u ro lo g y , U n i v e r s i t y  o f  
W isc o n s in  H o s p i t a l ,  M ad iso n , W isc o n s in  53792 , USA.

P a t i e n t  w i th  c h r o n ic  a u to n o m ic  f a i l u r e  had  l o s s  o f  
f u n c t i o n s  r e q u i r i n g  s y m p a th e t ic  e f f e c t o r  a c t i v a t i o n :  
1) V aso m o to r: p o s t u r a l  h y p o te n s io n ,  a  b lo c k e d  V a ls a lv a  
r e s p o n s e  m o n ito r e d  w i th  i n t r a - a r t e r i a l  b lo o d  p r e s s u r e  
r e c o r d in g ,  an d  a b s e n t  c o ld - o r - p a i n - i n d u c e d  s k in  
v a s o c o n s t r i c t i o n  m o n ito r e d  by  p u l s e  p le th y s m o g ra p h y  and  
th e rm o g ra p h y .
2) S u d o m o to r: a b s e n c e  o f  s p o n ta n e o u s  and  o f  h e a t -  
in d u c e d  s w e a t .

Such m a n i f e s t a t i o n s  m ig h t e q u a l l y  r e s u l t  from  p r e 
g a n g l i o n i c ,  p o s t g a n g l i o n i c ,  o r  com bined  d y s f u n c t io n ,  th e  
d i f f e r e n t  fo rm s  h a v in g  d i f f e r e n t  o u tc o m e s . F o r  p r o g 
n o s i s  and  t o  i n v e s t i g a t e  t h e  b a s i s  o f  b o th  a n t i c i p a t e d  
and  p a r a d o x ic a l  c l i n i c a l  f e a t u r e s  ( s p o n ta n e o u s  e p i s o d i c  
p i l o e r e c t i o n  and  c o ld  s k i n ) , we i n v a s i v e l y  t e s t e d  t h e  
s t a t u s  o f  p o s t g a n g l i o n i c  s y m p a th e t ic  n e u ro n s .
a ) C a te c h o la m in e  ( e p in e p h r in e  and  n o r e p in e p h r in e )  and  
dopam ine  l e v e l s  ( s u p i n e ) :  n o rm a l,  i n d i c a t i n g  f u n c t i o n a l  
p o s tg a n g l io n i c  s y m p a th e t ic  n e u ro n s .
b) S k in  n e rv e  b io p s y :  n o rm a l n u m b ers , c a l i b e r  s p e c tru m  
and  u l t r a s t r u c t u r e  o f  u n m y e lin a te d  a x o n s , im p ly in g  
i n t a c t  s u b p o p u la t io n  o f  s y m p a th e t ic  e f f e r e n t  f i b e r s .
c )  M ic ro n e u ro g ra p h y  (m ed ian  an d  u l n a r  s k in  n e rv e  
f a s c i c l e s ) :  a b s e n t  s p o n ta n e o u s  and  r e f l e x l y  in d u c e d  
t y p i c a l  m u l t i - u n i t  s y m p a th e t ic  p o s t g a n g l i o n i c  d i s c h a r g e s  
( n in e  d i f f e r e n t  o c c a s io n s :  h i g h l y  im p ro b a b le  f a l s e  
n e g a t iv e  from  s a m p l in g ) .  F in d in g s  w ere  c o n s i s t e n t  w i th  
s y m p a th e t ic  f a i l u r e  b u t  c o u ld  n o t  d i s c r i m i n a t e  p r e  -  v s .  
p o s t g a n g l i o n i c  l e s i o n .

S t r i k i n g l y ,  on  t h r e e  o c c a s io n s ,  e p i s o d e s  o f  o th e r w is e  
t y p i c a l  s p o n ta n e o u s  s y m p a th e t ic  d i s c h a r g e s  w e re  r e c o r d e d .  
H ow ever, th e y  w ere  n o t  i n f l u e n c e d  by  s y m p a th e t ic  r e f l e x  
m a n e u v e rs . I n  p o s s i b l e  r e l a t i o n  t o  s u c h  d i s c h a r g e s  t h e  
p a t i e n t  v o l u n te e r e d  e p i s o d i c  s p o n ta n e o u s  c o ld  f e e l i n g  
and  o b v io u s  p i l o e r e c t i o n  was w i tn e s s e d  i n  t h e  l im b .

We i n t e r p r e t  th e s e  d i s c h a r g e s  a s  du e  t o  " s p o n ta 
n e o u s ” , a u to m a t ic ,  m ass a c t i v a t i o n  o f  d e c e n t r a l i z e d ,  
b i o l o g i c a l l y  v i a b l e  p o s t g a n g l i o n i c  s y m p a th e t ic  n e u ro n s .  
We s p e c u l a t e  on t h e i r  p o s s i b l e  t r i g g e r i n g  m echan ism s 
an d  u n w an ted  p h y s i o l o g i c a l  c o n s e q u e n c e s ,  w h i le  f o r e 
s e e in g  t h e i r  d i a g n o s t i c  v a lu e .

321.10 A V e r s a t i l e  Method fo r  A n a ly z in g  A utonom ic N erve C o n n e c t iv ity .  
J.C. P r e c h t l  and T.L. Powl ey .  Lab. R e g u l a t o r y  P s y c h o b io lo g y ,  
Purdue Univ., West L a f a y e t t e ,  IN 47907.

A common p ro b le m  e n c o u n t e r e d  in e x p e r i m e n t a l  a n a l y s e s  o f  t h e  
course  and d i s t r i b u t i o n  of autonomic (or o th e r  p e r ip h e r a l )  nerves  
i s  t h a t  complex pathways and p le xuses  can make r e c o n s t ru c t io n s  from 
s e r i a l  s e c t i o n s  p ro b le m a t ic .  In what fo l lo w s  we d es c r ib e  an osmium 
t e t r o x id e -v a p o r  (OsO4 ) whole mount method which ta k es  only a few 
h o u rs  f o r  p r o c e s s i n g  and can be used  t o  a n a ly z e  i n t a c t  n e r v e s  and 
p le xuses  as well as  the  r e s u l t s  of  acu te  nerve m anipu la t ions  (e.g. 
a b l a t i o n s ,  e l e c t r o d e  p l a c e m e n t s ,  e t c . ) .  A p p l ie d  as  a v a p o r ,  t h e  
p e n e t r a t i o n  and accumula tion  of  OsO4 can be e f f i c i e n t l y  metered to  
produce a f i n e  s t a i n in g .

A f te r  an animal is  exsanguinated  by s a l i n e  p e r f u s io n ,  a t i s s u e  
b lo c k  c o n t a i n i n g  th e  n e r v e  o r  p l e x u s  i s  removed ,  and t h e  t i s s u e  
s u r face  is  exposed to  osmium vapors for 20‒50 minutes  by suspending 
t h e  b lo c k  above 2ml of  2% osmium t e t r o x i d e  in a 5cm w id e ,  110ml 
sp ec im en  j a r .  For  t h i s  e x p o s u r e ,  t h e  t i s s u e  b lo c k  i s  l o o s e l y  
p in n e d  t o  a l a y e r  o f  cu r e d  s i l ic o n e  ru b b e r  (Dow C o rn in g  S e a l a n t )  
ad h e re d  t o  t h e  in n e r  s u r f a c e  o f  t h e  l id of  t h e  j a r .  The s o l u t i o n  
i s  h an d led  under  a f u n c t i o n i n g  hood , and i s  p r e p a r e d  by b r e a k i n g  
the  ampoule of  Os O4 w i th in  a g la s s  s toppered  reagent b o t t l e  a l r ead y  
c o n t a i n i n g  t h e  w a t e r .  F o l l o w i n g  Os O4 e x p o s u r e ,  t h e  t i s s u e  i s  
r i n s e d  in s a l i n e  and p in n e d  o n to  a l a y e r  of c l e a r  s i l i c o n e  r u b b e r  
in a p e t r i  d is h  f i l l e d  with s a l i n e .  The s ta in e d  nerve  can then be 
d i s s e c t e d  f r e e  of any obscur in g  t i s s u e s  by using  a l t e r n a t e l y  rear  
and e p i - i l lum inat ion .  P a le ly  s ta in e d  specimens can be reexposed t o  
v a p o r s ,  and e x c e s s  s t a i n i n g  can be removed w i th  an o x i d a n t  (1 % 
H2O2 ). Nerves deeply  embedded in f a t  o f te n  re q u i r e  o sm ica t io n  and 
d i s s e c t i o n  in s t a g e s ,  s i n c e  h e a v i l y  o s m i c a t e d  l i p i d s  o b s c u r e  
d i s s e c t i o n .  The t i s s u e  i s  th e n  d e h y d r a t e d  in g rad ed  a l c o h o l s  and 
c l e a r e d  in xylene  and mounted in permount.

The method d esc r ib ed  is  h i g h l y  s e n s i t i v e ,  r e a d i l y  p e r m i t t i n g  
i d e n t i f i c a t i o n  of  ind iv id ua l m ye lina ted  axons in autonomic nerves . 
The method i s  a l s o  v e r s a t i l e :  1) I t  can be a d a p te d  f o r  EM 
p r o c e s s i n g  ( t i s s u e  c l e a r e d  by e m b e d d i n g  medium).  2) I t  i s  
c o m p a t i b l e  w i th  M i c r o f i l  ru b b e r  v a s c u l a r  e n d o c a s t s  (Os O4 a f t e r  
endocast  cu r in g  and t i s s u e  c l e a r in g  as  recommended by m anufactu re r : 
Canton Bio-medical P roducts ) .  3) D i f f e r e n t  endoneuria l components 
can be d i s t i n g u i s h e d ,  i n c l u d i n g  m y e l i n a t e d  and u n m y e l in a t e d  
p o p u l a t i o n s .  F u r t h e r ,  t h e  method i s  a l s o  c h a r a c t e r i z e d  by i t s  
ea se  and convenience : 1) P ro cess in g  is  very rap id ,  being as s h o r t
a s  a few h o u r s ,  d e p e n d in g  on t h e  amount o f  d i s s e c t i o n  n e c e s s a r y .  
2) Few m a t e r i a l s  a re  needed (Os O4, dehydrant , and c l e a r i n g  ag en t) .  
NIH Grant AM27627.
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322.1 STEROID REGULATION OF mRNA LEVELS ENCODING 
P R E C U R S O R  FO R  G O N A D O T R O P IN -R E L E A S IN G  
HORM ONE (GnRH) AND GnRH-ASSOCIATED PEPTIDE 
(GAP). R.T.Zoeller*. A.J.Mason*. P.H. Seeburg*_and W.S. Young 
III (SPON.P.Brownell). Lab. of Cell Biology, National Institute of 
Mental Health, Bethesda, MD 20892.

Gonadotropin-releasing hormone (GnRH) and an associated peptide 
(GAP) are synthesized as parts of a single precursor. Neuronal cell 
bodies containing this precursor are distributed throughout the septum and 
preoptic area of the rat and mouse brain. The concentration of 
immunoreactive GnRH (and presumably GAP) in specific brain areas 
changes during the estrous cycle of the rat and in response to sex steroid 
manipulation. The nature of these changes implicates sex steroids in the 
regulation of the mRNA encoding this precursor. To examine whether 
sex steroids can influence the cellular level of this mRNA, we 
ovariectomized and implanted (sc) estradiol or empty Silastic capsules in 
female Sprague-Dawley rats. GnRH/GAP precursor mRNA was detected 
and levels quantitated in brain by in situ hybridization histochemistry 
(Young et al. Neurosci. Lett., 1986).

Although our probes (synthetic 48-mers complementary to coding 
regions for both GnRH and GAP) labelled cells in a distribution similar to 
that observed with antibodies for GnRH and GAP, we focused our 
attention on the organum vasculosum of the lamina terminalis (OVLT) 
because we observed the greatest density of cells there and because the 
OVLT has been implicated in the control of gonadotropin secretion. 
GnRH/GAP precursor mRNA was nearly two-fold lower in rats 
implanted with estradiol than in control rats.  However, this effect was 
observed only when comparing medially-located cells (within 3 μm of the 
midline); GnRH/GAP precursor mRNA levels in laterally-located cells 
were not affected by steroid manipulation. To examine whether steroid 
effects on GnRH/GAP mRNA are a feature of normal female rats, we 
also correlated GnRH/GAP mRNA levels with plasma steroid levels 
throughout the normal 4-day estrous cycle.

The relationship between sex steroids and immunoreactive 
GnRH(+GAP) in brain is sexually dimorphic; the development of this 
dimorphism is dependent in part on the steroid milieu during 
development. Thus, the results of experiments with normal rats are 
being compared to similar studies in androgen-sterilized females. In 
addition, we have investigated the regulation of the GnRH/GAP precursor 
mRNA in the hypogonadal mouse (hpg/hpg) which possesses an aberrant 
GnRH gene (Mason et al., 1986) and apparently lacks the GnRH peptide. 
Cells containing the GnRH/GAP precursor mRNA are distributed 
normally throughout the brain of the Hpg mouse, but levels of the 
transcript are reduced from 5–15 fold. Thus, GnRH-containing neurons 
appear to develop normally and express the aberrant GnRH/GAP 
precursor mRNA even in the absence of sex steroids.

322.2 REDUCTION IN NUMBER OF CELLS CONTAINING GONADOTROPIN
RELEASING HORMONE mRNA FOLLOWING CASTRATION IN THE 
BRAIN OF THE ADULT MALE MONKEY, MACACA FASCICULARIS. 
L.J. Standish. L.A. Adams.* L. Vician.* D.K. Clifton.* and R.A. Steiner. Depts. 
of OB/GYN and Physiology & Biophysics, University of Washington, Seattle, 
WA 98195.

Gonadotropin-releasing hormone (GnRH) regulates the activity of the 
reproductive system. Gonadal hormones act at the hypothalamus to influence the 
release of GnRH, but the cellular mechanism of this feedback action is unknown. 
In particular, it is not clear whether or how gonadal hormones influence GnRH 
gene expression. Using in situ hybridization, we measured the number and 
distribution of cell bodies containing the messenger RNA (mRNA) coding for 
GnRH production in the basal forebrain and hypothalamus of intact (n=2) and 
castrate (n=2) adult male monkeys, Macaca fascicularis. Monkeys were 
anesthetized, then perfused with 4% paraformaldehyde. Frontal sections were cut 
from a frozen block of tissue containing the hypothalamus and preoptic/septal 
area. Sections 400 micra apart were incubated overnight at 37 C with an 35-S- 
labeled synthetic oligonucleotide probe (DNA*) complementary to the proGnRH 
mRNA. After incubation, sections were washed, dipped in photographic 
emulsion, and exposed for 2 weeks. The slides were then developed, 
counterstained with cresyl violet, randomized, and read blindly by dark-field 
illumination. Cells containing GnRH mRNA/DNA* hybrids were identified in a 
variety of hypothalamic and forebrain regions, and were most abundant in the 
septal nuclei, diagonal band of Broca (DBB), medial preoptic area (MPOA), 
suprachiasmatic and supraoptic nuclei, and ventromedial hypothalamus (VMH). 
There was a 40% reduction in the total number of labeled cells in castrate 
compared to intact animals, and this reduction was accounted for largely by a 
decrease in the number of labeled cells in the areas listed in the table below.

Region Number of labeled cells
Intact (n=2) Castrate (n=2)

Septal 27 13
DBB 64 43
MPOA 101 54
VMH 127 75

This study documents the distribution of cells containing GnRH mRNA in the 
brains of castrate and intact male monkeys, and suggests that removal of gonadal 
hormones by castration results in a reduction of the number of cells containing 
detectable levels of GnRH mRNA in the basal forebrain and hypothalamus of the 
adult male macaque. Conclusion: The expression of the GnRH gene in certain 
brain areas may depend upon the trophic action of gonadal hormones.
(Supported in part by NIH Grant HD12625)
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322.3 EVIDENCE THAT ESTROGEN INHIBITION OF LH RELEASE IS NOT MEDIATED BY 
LHRH AND OPIOID PEPTIDE NEURONS. J .E .  L ev ine , D.G. K a ra h a lio s*. 
M.B. S h o la n d , P. C. F a l l e s f ,  and J .F .  A zza re llo * . D ept. o f 
N eurobiology & P hysio logy , N orthw estern  U n iv ., Evanston, IL 60201.

The m echanism (s) by which e s tro g e n  (E2) e x e r t s  i t s  n e g a tiv e  
feedback  a c t io n s  on LH r e le a s e  a r e  no t w e ll u n ders tood . I t  i s  
g e n e ra lly  b e lie v e d  th a t  th e  post-o v ariec to m y  in c re a s e ,  and 
E2-in d u c ed  d ec re a se  i n  LH s e c r e t io n  r e f l e c t  changes i n  a n teced e n t 
hypo thalam ic LHRH re le a s e .  I t  h as a l s o  been proposed th a t  E2 
may in d i r e c t ly  i n h i b i t  LH r e le a s e  v i a  in te rm e d ia te  a c t io n s  on 
endogenous o p io id  p e p tid e  (EOP) neu rons , i . e .  E2 may su p p re ss  
LH r e le a s e  by in c re a s in g  EOP in h i b i t i o n  o f  LHRH re le a s e .  These 
s tu d ie s  w ere conducted to  determ ine  i f  E2 n eg a tiv e  feedback  
a c t io n s  on LH a re  a consequence o f ( i )  d i r e c t  E2 e f f e c t s  on LHRH 
re l e a s e ,  ( i i )  in d i r e c t  e f f e c t s  o f  E2 on LHRH re le a s e  v ia  EOP 
neurons, o r  ( i i i )  E2 e f f e c t s  on a LHRH-independent mechanism. 
The p u sh -p u ll p e r fu s io n  (PPP) method was combined w ith  a blood 
sam pling  and rep lacem ent p rocedu re  to  m easure hypo thalam ic LHRH 
r e le a s e  and plasm a LH in  co n sc io u s, free ly -m o v in g  an im als. Female 
r a t s  w ere ovariec to m ized  (0vx) o r  lap aro to m ized  on d ie s t r u s  I  
(D I) 4d o r  8d b e fo re  PPP expe rim en ts. R ats re c e iv e d  s te r e o ta x ic  
p u sh -p u ll can u la  (PPC) im p lan ts  i n to  th e  m ediobasal hypothalam us 
(MBH) a t  f i v e  days, and ju g u la r  c a th e te r s  a t  one day, p r io r  to  
PPP. In  each r a t ,  MBH p e r fu s a te s  w ere c o l le c te d  f o r  5‒8 h rs  and 
s to re d  f o r  LHRH RIA. Plasma from blood sam ples o b ta in e d  d u rin g  
PPP in t e r v a l s  w ere s to re d  f o r  LH RIA. A fte r  2‒3h o f sample 
c o l le c t io n ,  an im als  re c e iv e d  e s t r a d io l  benzoate (E2B, 1ug) o r  o i l  
i n j e c t io n s ,  s . c . . In  a  second s e r i e s  o f ex p e rim en ts, th e  o p ia te  
a n ta g o n is t  naloxone (2 . 5mg/kg o r  10mg/kg) o r  s a l i n e  was in j e c t e d .  
B a se lin e  (p r e - in j e c t io n )  LHRH re le a s e  r a t e s  w ere h ig h e s t i n  DI 
r a t s  (3 .1 0  + 0 .86  pg /10m in), and s ig n i f i c a n t ly  low er i n  Ovx + 4d 
(1 .1 0  + 0.21 pg/10m in) and Ovx + 8d (0 .80  + 0 .50  pg/10m in) r a t s  
(p < .0 5 ) . I n je c t io n s  o f  E2 supp ressed  LH below, o r n e a rly  below 
d e te c ta b le  l e v e l s  w ith in  3h, w h ile  hav ing  no s ig n i f i c a n t  e f f e c t  
upon mean LHRH r e le a s e  o r  LHRH p u lse  am p litu d e . In  th e  second 
s tu d y , DI, Ovx + 4d, and Ovx + 8d an im als  responded naloxone 
in j e c t io n s  w ith  eq u a lly  ro b u s t,  dose-dependen t in c r e a s e s  i n  LHRH 
r e l e a s e .  We conclude th a t  ( 1 ) LHRH re le a s e  i s  n o t in c re a s e d  a t  
4d o r  8d fo llo w in g  Ovx; r a th e r ,  i t  i s  d ec re a sed , ( i i )  a c u te  E2 
a d m in is tr a t io n  su p p re sse s  LH, but n o t LHRH r e l e a s e ,  and ( i i i )  EOP 
in h ib i to r y  tone i s  n o t d im in ished  fo llo w in g  E2 rem oval. On th e  
b a s is  o f  th e se  d a ta ,  we propose t h a t  E2 n e g a tiv e  feedback  on LH 
r e le a s e  i s  m ed iated  by a d i r e c t  e f f e c t  o f  E2 on p i t u i t a r y  
gonado tropes , o r by a  n e u ra l ,  LHRH-independent mechanism. The 
d e c lin e  i n  LHRH r e le a s e  fo llo w in g  Ovx may be a  consequence o f 
in c re a s e d  " s h o r t- lo o p "  feedback  in h i b i t i o n  o f LHRH by r i s in g  
l e v e l s  o f  LH.

322.4 INTRACELLULAR RECORDINGS FROM SUPRACHIASMATIC (SCN) AND MEDIAL 
PREOPTIC NUCLEUS (MPN) NEURONS: EFFECTS OF 17β-ESTRADIOL, 
ACETYLCHOLINE, AND NOREPINEPHRINE. O.K. Ronnekleiv and M.J. 
K elly . Dept. o f  Physiology, Oregon Health Sciences U n ivers ity , 
P ortland , OR 97201.

R esults from our labo ra to ry  have fu rth e r e s tab lish ed  th a t  the  
SCN and MPN are  involved in  the  con tro l o f the  p roestrous surge 
o f LH and p ro la c tin  (PRL) in  the  female r a t .  Lesions o f these 
nuc le i remove a c r i t i c a l  input s ig n a l necessary fo r the re le a se  
o f LHRH on p ro estru s  (Ronnekleiv and K elly , Neuroendocrinology, 
1986). Therefore, we decided to  use the in v i t r o  hypothalamic 
p repara tion  to  study the endogeneous e le c t r ic a l  a c t iv i ty  o f 
SCN/MPN neurons and look a t  the e f fe c ts  o f 17β-e s tra d io l  (E2) 
and neu ro transm itte rs  on these  neurons. Coronal hypothalamic 
s l ic e s  (400 μm) were prepared from cycling female r a t s  during 
the  lig h t-o n  phase (morning) o f p ro e s tru s . E x trace llu la r and 
in tr a c e l lu la r  recordings o f MPN and SCN neurons were made using 
conventional recording techniques (Kelly e t  a l ,  Brain Res B u ll. 
12:399, 1984). E2 (10– l 0M), norepinephrine (NE; 10– 6M), and 
ace ty lcho line  (Ach; 10– 3M) d isso lved  in  a r t i f i c i a l  CSF were 
applied  v ia  a p ressure  p ip e tte  to  the  s l ic e .  In tr a c e l lu la r  
re c o rd in g s  from 12 MPN and 18 SCN neurons revealed a high 
degree o f spontaneous a c t iv i ty  with a mean f ir in g  frequency of 
3.92 Hz, sp ikes over 100 mV,R m 's  o f 300 MΩ and pronounced 
a fte rh y p erp o la rza tio n s. Two c e l l s  exh ib ited  phasic a c t iv i ty ,  
and 31% o f the  c e l l s  could be driven  orthodrom ically  by l a te r a l  
hypothalamic stim u la tio n . E2 hyperpolarized and in h ib ited  the 
spontaneous a c t iv i ty  o f 7 out o f the 13 SCN/MPN neurons. These 
pronounced in h ib ito ry  e f fe c ts  were s im ila r to  i t s  e f fe c ts  on 
guinea pig mediobasal hypothalamic neurons (Kelly e t  a l . ,  1984) 
NE depolarized  and increased the  f ir in g  o f 3 SCN and 1 MPN 
neuron, and 1 MPN neuron was in h ib ite d . ACh depolarized  and 
increased the f i r in g  in  two MPN, but hyperpolarized and 
in h ib ited  two SCN neurons. 30% o f the c e l l s  recorded were 
in jec ted  with procion yellow , and processed through 
immunocytochemistry (Kelly e t  a l . ,  1984). The SCN neurons 
showed a high degree o f dye coupling, and one o f the SCN neurons 
which responded to  E2, NE and Ach was id e n tif ie d  as a 
V IP-containing neuron. Therefore, SCN and MPN neurons not only 
show endogenous spontaneous a c t iv i ty ,  but are  sen s itiv e  to  E2,  
NE and Ach. These find ings in d ica te  th a t  the SCN and MPN 
neurons e x h ib it fe a tu re s  th a t  a re  e s s e n tia l  fo r the con tro l o f  
LHRH neurons and the reproductive cycle of the r a t .
(Supported by NIH g ran ts  HD 19905, HD 16793)

322.5 EFFECTS OF 17β-ESTRADIOL ON THE ELECTRICAL COUPLING OF 
MEDIOBASAL HYPOTHALAMIC NEURONS. M.J. K elly , T .P . Condon and 
O.K. Ronnekleiv, Department o f Physiology, Oregon Health 
Sciences U ., P o rtlan d , OR 97201.

L utein iz ing  hormone and i t s  re le a s in g  fa c to r ,  lu te in iz in g  
horm one-releasing hormone (LHRH) are  known to  be re leased  in  a 
p u ls a t i le  manner in  the  mammal. We have found th a t  LHRH neurons 
in  the  in  v i t r o  s l ic e  p rep a ra tio n  re le a se  LHRH in  a " p u ls a tile "  
manner (Kelly e t  a l . ,  B rain Res 345:264, 1985), and the re fo re  
sought to  id e n tify  the  e le c tro p h y sio lo g ica l p ro p e rtie s  o f 
mediobasal hypothalamic neurons in  the  s l ic e .  S a g it ta l  
hypothalamic s l ic e s  were prepared from in ta c t ,  ovariectom ized 
and ovariectom ized, e s tr a d io l  benzoate tre a te d  female guinea 
p ig s  as  prev iously  d escribed . Arcuate (ARC) and ce ll-p o o r zone 
(CPZ) neurons were recorded over a 12 hr period w ith 
KCL/KCitrate- and procion yellow (PY, 4% )-filled  e le c tro d es . 
The e f f lu e n t medium was c o lle c ted  in  about 50% o f the 
experim ents and assayed fo r LHRH to  v e r ify  th a t  LHRH was 
re lea sed  in  a p hysio log ical manner. With K C L/K C itrate-filled 
e lec tro d es  (R=100 MΩ) we were ab le  to  o b ta in  good p en etra tio n  o f  
the  sm all p a rv o ce llu la r ARC and CPZ neurons. The 
c h a ra c te r is t ic s  o f  these  record ings included RMP's o f 55 – 75 
nV, sp ikes over 100 mV and Rm's  o f 200 – 400 MΩ. 11% o f the 
ARC-CPZ neurons were an tid rom ica lly  (AI ) d riven  by median 
eminence s tim u la tio n . In  neurons which showed robust 
in tr a c e l lu la r  reco rd s , double spike comp lex es  were observed 
spontaneously o r  following AI  s tim u la tio n . We observed these  
presumed coupling p o te n tia ls  in  40 such neurons o f the 
approximately 400 which were recorded. For s t a t i s t i c a l  
a n a ly s is , we d ivided the  th ree  groups o f guinea p ig  in to  two 
ca teg o ries  based on 17β-e s tra d io l  (E2) le v e ls  measured in  th e  
trunk blood. The low estrogen  group had E2 le v e ls  le s s  than 30 
pg/ml (fo llicu la r/o v ariec to m ized  lev e ls )  and the  high estrogen  
group had E2 le v e ls  g re a te r  than 30 pg/ml (p e rio v u la to ry / 
ovariectom ized, E2- t r e a te d ) . A Chi-square a n a ly sis  revealed  
th a t  s ig n if ic a n tly  (p<0 . 01) more coupling events occurred in  the 
high E2 group (N = 31) versus the  low E2 group (N = 9 ) . 
In te re s tin g ly , very l i t t l e  dye coupling (<2%) was observed 
following in je c tio n  o f procion yellow in to  ARC-CPZ neurons 
recorded in  both high and low E2 groups. However, our find ings 
in d ica te  th a t  ARC-CPZ neurons show a higher incidence o f 
coupling in  the  presence o f e strogen  and th e re fo re  suggest th a t  
the  " p u ls a t ile "  re le a se  o f  LHRH might be due to  the  synchronous 
f i r in g  o f LHRH neurons during periods o f e levated  estrogens . 
(Supported by NIH g ra n ts  HD 19905 and HD 16793)

322.6 LHRH - RECEPTOR REGULATION OF Ca++ATPASE ACTIVITY IN MURINE PITUI
TARY GLAND. S .L . Da l t e r i o ,  C.R. E squ ive l*  and S.A. B ernard* . 
D iv is io n  o f M olecular Pharm acology, U n iv e rs ity  o f Texas H ealth  
S cience  C en te r, San A nton io , Texas 78284.

The in t e r a c t io n  o f lu t e in i z in g  hormone re le a s in g  hormone 
(LHRH) w ith  p i t u i t a r y  rece p to r s  r e s u l t s  in  lu t e in i z in g  hormone 
(LH) r e l e a s e .  The r o le  o f Ca++ as  a  m essenger in  t h i s  p ro cess  
has been sugge s te d  by r e p o r t s  t h a t  a g e n ts  which in c re a s e  i n t r a 
c e l lu l a r  Ca++ a ls o  s tim u la te  LH r e l e a s e .  R ecent s tu d ie s  u t i l i z 
ing  i n t r a c e l l u l a r  f lu o re s c e n t  p robes (Quin -2 ) determ ined  th a t  
LHRH s tim u la t io n  produces an in c re a s e  in  Ca++ maximal in 10 sec . 
To a s s e s s  th e  in d i r e c t  e f f e c t  o f LHRH on c y to so l i c Ca++ we have 
examined th e  in t e r a c t io n  o f LHRH d i r e c t l y  on Ca++ -dependent ATP 
h y d ro ly s is  (Ca++ ATPase) in  p i t u i t a r y  membrane p re p a ra t io n s .  The 
fo l l owing d a ta  was d e riv ed  from LHRH re c e p to r  r e g u la t io n  o f 
Ca++ ATPase and c o r r e la t io n  w ith  r e le a s e  o f p i t u i t a r y  LH.

A dd itio n  o f LHRH in  v i t r o  (5 ×10–5–10–9M) to  m urine pi t u i t a r y  
membranes r e s u l te d  in  a  d o s e - re la te d  d ec re a se  in  Ca++ ATPase 
a c t i v i t y  w ith in  15 min. In h ib i to ry  e f f e c t s  o f LHRH (10–7M) 
o ccu rred  a f t e r  90 sec  a nd were maximal w ith i n  120 se c . Eadie 
H ofstee  a n a ly s is  a t  10–7M LHRH a t  va ry in g  C afree  r e s u l te d  in  a 
Km o f  0 .97  μM and Vm a x = 1 9 .2  nm oles/m g/2 min compared to  con
t r o l s  o f Km = 0 . 7 2 μ M  and Vmax = 33 .6  nmoles/mg/2 min. 
P re in c u b a tio n  (5  min) w ith  LHRH  a n ta g o n is t  (LHRH-A) (10–8 M) 
s ig n i f i c a n t ly  rev e rsed  (P<.01 by ANOVA) th e  in h ib i to r y  e f f e c t s  
o f  LHRH (10– 7 ) on p i t u i t a r y  Ca++ ATPase. A dd ition  o f LHRH 
(10–7M) to  p i t u i t a r y  homogenates s ig n i f i c a n t ly  in c rea sed  LH 
r e le a s e  a t  10 - 40 s e c , compared to  b a s a l LH r e le a s e .

System ic a d m in is tr a tio n  o f 50 ng LHRH ( i . p . )  s ig n i f i c a n t ly  
(P < .05) reduced  p i t u i t a r y  Ca++ATPase a c t i v i t y  a f t e r  30, 60 and 
90 min w ith  r e tu rn  to  c o n tro l  a t  120 min. P i tu i t a r y  LH co n ten t 
was s l i g h t l y  in c re a se d  a t  15 min w ith  s ig n i f i c a n t  in c ra s e s  a t  90 
and 120 min p o s t- t r e a tm e n t .  Plasma LH le v e ls  were e le v a te d  a t  5 
and 15 m in, re tu rn in g  to  c o n tro l w ith in  60 min post-LHRH. These 
r e s u l t s  dem onstra te  t h a t  LHRH re c e p to r  a c t iv a t io n  may m odulate 
i n t r a c e l l u l a r  Ca++ le v e ls  v ia  in h ib i t i o n  o f Ca++ ATPase a c t iv i t y .  
F u rtherm ore , th e s e  e f f e c t s  c o r r e l a te  w ith  changes in  LH a c t i v i 
ty .
Supported  in  p a r t  by I n s t i t u t i o n  G rant from UTHSCSA (S .D .) .
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322.7 FURTHER STUDIES OF THE GNRH RELEASING ACTIVITY OF N- 
METHYL-DL-ASPARTATE (NMA) IN THE PREPUBERTAL RHESUS 
MONKEY. T. M. Plant, V. L. Gay* and R. P. Hoffman*, Departments of 
Physiology and Pediatrics, University of Pittsburgh School of Medicine, 
Pittsburgh, PA 15261.

Previous studies with prepubertal male rhesus monkeys, in which 
pituitary gonadotropes were first primed with a chronic interm ittent 
infusion of GnRH (see below), have shown that an iv bolus injection of 
NMA (15 mg/kg BW) stimulates the release of a pulse of LH and FSH. 
That this action of NMA is mediated indirectly via the discharge of 
hypothalamic GnRH was concluded from the concomitant observation that 
pretreatm ent with a potent GnRH antagonist ([AcD2Nal1, 4ClDPhe2, 
DTrp3, DArg6, DAla10]-GnRH HOAc) abolished the gonadotropin 
response to administration of the excitatory amino acid. The purpose of 
the present study was to determine 1) the NMA dose - LH response 
relationship, 2) the effects of excitatory amino acid receptor blockade 
with 2-amino-5-phosphonovaleric acid (2APV, a specific NMA receptor 
antagonist) and γ-D-glutamylglycine (γ-DGG) on the LH response to NMA 
stimulation, and 3) the ability of repetitive NMA stimulation to sustain 
GnRH secretion from the hypothalamus of the immature primate. For 
this purpose, 8 orchidectomized rhesus monkeys were implanted with 
double indwelling cardiac catheters and housed in remote sampling cages 
that permitted simultaneous infusion of saline and the withdrawal of blood 
without anesthesia or restraint. In order to utilize pituitary LH secretion 
as an index of hypothalamic GnRH release, the responsivity of the 
gonadotropes of the prepubertal pituitary to GnRH was increased to adult 
levels by a chronic interm ittent infusion of GnRH (0.1 μg/min for 3 min 
every h). The GnRH infusion was interupted to examine dose response 
relationships. Four doses of NMA (1.5, 4.7, 15, and 47 mg/kg BW) were 
administered to each of 4 animals as a brief iv infusion. Increasing doses 
of NMA resulted in progressively larger discharges of GnRH as reflected 
by plasma LH levels with the exception of the highest NMA dose which 
appeared to be supra-maximal. On the basis of these results, the 4.7 
mg/kg dose of NMA was selected for further experiments. Administration 
of 2APV (9 mg/kg BW; iv in saline; N=4) 1 min before the NMA injection 
abolished the LH response. γDGG (18 mg/kg BW; iv in saline; N=4) 
produced a severely truncated LH response to NMA. Neither receptor 
antagonist compromised the pituitary response to exogenous GnRH. 
Following an additional week of control GnRH priming the iv infusion of 
GnRH was terminated and a chronic interm ittent iv infusion of NMA (4.7 
mg/kg BW as a 1 min pulse every 1 or 2 h) was immediately initiated. 
This interm ittent stimulation with NMA sustained an adult-like pattern 
of pulsatile GnRH release from the hypothalamus of the castrated 
prepubertal monkey for as long as 48 h. Taken together, these findings 
suggest that repetitive activation of specific NMA receptors, presumably 
located within the hypothalamus of the prepubertal primate, should result 
in a premature reawakening of the hypothalamic-pituitary-gonadal axis. 
Supported by NIH grants HD13254 and HD08610

322.8 PULSATILE LHRH PATTERNS FROM FETAL BABOONS AT 
MIDGESTATION. D .C . M eyer and G .J .  P e p e , D e p ar tm e n t o f  
P h y s io lo g y ,  E a s te r n  V i r g i n i a  M ed ic a l S ch o o l N o r fo lk ,  
Va. 23501

S in c e  t h e r e  i s  l i t t l e  r e s e a r c h  d e a l in g  w ith  t h e  
n a tu r e  o f  in  v i t r o  LHRH s e c r e t i o n  in  p r e n a t a l  
p r im a te s ,  in f o r m a t io n  on th e  p r o f i l e  and  m echanism  o f  
LHRH s e c r e t i o n  w ould  be  o f  c r i t i c a l  im p o r ta n c e  in  
u n d e r s ta n d in g  th e  r o l e  o f  t h i s  b r a i n  p e p t id e  in  co n 
t r o l l i n g  LH r e l e a s e  a n d /o r  o th e r  n e u ro e n d o c r in e  
p a r a m e te r s .  P u l s a t i l e  LHRH s e c r e t i o n  was m easu red  from  
t h e  m e d io b a s a l - s u p r a c h ia s m a t i c - p r e o p t i c  (MBH-SCN-POA) 
r e g io n  o f  t h e  h y p o th a la m u s  from  f e t a l  b ab o o n s  (P a p io  
a n u b is )  a t  m id g e s t a t i o n .  The e n t i r e  MBH-SCN-POA (4 7 .6 8  
±  5 m g.) was o b ta in e d  b e tw een  1100 and 1200 h o u rs  and 
im m e d ia te ly  p la c e d  in  i c e  c o ld  p h o s p h a te  b u f f e r  (pH 
7 . 4 ) .  The MBH-SCN-POA u n i t s  w ere  h a lv e d  a t  th e  
m id l in e ,  s u p e r f u s e d  in  p a r a l l e l  a t  3 7 .5  C° f o r  5 
h o u r s ,  and  500 u l .  o f  s u p e r f u s a t e  c o l l e c t e d  a t  10 
m in u te  i n t e r v a l s .  LHRH was m easu red  by r a d io 
im m unoassay  u s in g  t h e  C hen -R am irez  a n t ib o d y .  C o n tro l  
b ab o o n s  (n=3) had  an  a v e r a g e  LHRH p u ls e  a m p li tu d e  o f  
1 6 .1  +  4 .1 9  p g . ,  i n t e r p u l s e  i n t e r v a l  o f  3 3 .0  + 0 .8 9  
m in u te s  and  an  a v e r a g e  10 m in u te  o u tp u t  o f  LHRH o f  
9 .4 9  + 2 .0 3  p g . In  c o n t r a s t  b o th  m id g e s ta t i o n  (n=2) 
f e t a l  b ab o o n s  from  m o th e rs  w i th  h ig h  E2 from  
a n d r o s te n e d io n e  e x p o s u re  o r  te rm  f e t a l  b ab o o n s  (n=2 ) 
from  m o th e rs  w i th  h ig h  en d o g en o u s E2 had  an  a v e ra g e  
LHRH p u ls e  a m p li tu d e  o f  2 .6 3  ±  0 .4 2  p g , i n t e r p u l s e  
i n t e r v a l  o f  3 7 .0  ±  5 .3 3  m in u te s ,  and an  a v e r a g e  10 
m in u te  o u tp u t  o f  LHRH o f  1 .8 7  ±  0 .4 2  p g . T h ese  d a t a  
s u g g e s t  t h a t  a s  e a r l y  a s  m id g e s ta t i o n  f e t a l  b ab o o n s  
d i s p l a y  a  p e r i o d i c i t y  o f  33– 37 m in u te s  in  t h e i r  
p u l s a t i l e  LHRH o u t p u t .  The s i g n i f i c a n t  d e c r e a s e  in  
LHRH p u l s e  a m p li tu d e  and d e c r e a s e  in  t h e  a v e r a g e  10 
m in u te  LHRH o u tp u t  (p < .0 0 1 ) in  t h e  f e t a l  b ab o o n s  from  
m o th e rs  w i th  h ig h  s t e r o i d  l e v e l s  s u g g e s t  t h a t  m a te rn a l  
s t e r o i d s  c an  i n h i b i t  t h e  o u tp u t  b u t  n o t  t h e  
p u l s a t i l i t y  o f  LHRH s y s te m s  a s  e a r l y  a s  m id g e s ta t i o n  
in  t h e  f e t a l  b ab o o n . T h is  s tu d y  was s u p p o r te d  by NICHD 
g r a n t  20535 to  DCM and 13294 t o  GJP.

322.9 SIMULTANEOUS MEASUREMENT OF LHRH, LH AND FSH IN INTACT AND 
CASTRATED MALE RATS. M.T. Duffy* and J .E .  Levine (SPON: M. 
L idow ). D ept. o f  N eurobiology & P hysio logy , N orthw estern  
U n iv e rs ity  E vanston, IL 60201.

P rev ious  work dem onstra ted  a  c l ose tem poral r e l a t i o n s h ip  be
tween p u l s a t i l e  LHRH and LH r e le a s e  i n  ov ariec to m ized  sheep  (Endo. 
111:1449) and monkeys (Endo. 117 :711). In  th e  p re s e n t s tu dy  th e  
p u sh -p u ll p e r fu s io n  (PPP) method was combined w ith  a  blood w ith 
draw al and rep lacem en t p rocedu re  to  s im u ltan e o u sly  m easure LHRH 
re le a s e  and plasm a LH and FSH le v e l s  i n  co n sc io u s, free ly -m o v in g  
m ale r a t s .  Our aims i n  th e se  expe rim en ts  w ere th r e e - f o ld :  ( i )  to  
de term ine  i f  p u l s a t i l e  LH r e le a s e  i s  a s s o c ia te d  w ith  p u l s a t i l e  
LHRH re le a s e  i n  male r a t s ,  ( i i )  to  t e s t  th e  h y p o th e s is  t h a t  a c u te  
changes i n  gonad o tro p in  r e le a s e  fo llo w in g  c a s t r a t io n  a re  a s s o c i
a te d  w ith  a l t e r a t i o n s  i n  th e  p a t te r n  o f  LHRH r e l e a s e ,  and ( i i i ) to  
d i r e c t l y  a s s e s s  th e  r o le  o f  LHRH in  th e  s t im u la t io n  o f  p u l s a t i l e  

FSH r e l e a s e .  Male r a t s  re c e iv e d  u n i l a t e r a l  s te r e o ta x ic  p u sh -p u ll 
ca nnu la  (PPC) im p lan ts  i n to  th e  m ediobasal hypothalam us (MBH) and 
w ere allow ed  5–7 d rec o v e ry . At 24h fo llo w in g  c a s t r a t i o n  o r  sham 
s u rg e ry , and a t  l e a s t  6h a f t e r  ju g u la r  c a th e te r iz a t io n ,  r a t s  
underw ent PPP ex p e rim en ts. A s t y l e t t e  was removed from th e  PPC 
and an  in n e r  cannu la  assem bly (33ga) was in s e r t e d .  The MBH was 
p e rfu sed  w ith  a r t i f i c i a l  CSF a t  15u l/m in  f o r  4‒6h. Ten-m inute 
p e r fu s a te  f r a c t io n s  w ere c o l le c te d  on i c e ,  a c id i f i e d  and s to re d  
f o r  subsequen t LHRH RIA u s in g  EL-14 LHRH an tise ru m . Plasma from 
400ul blood sam ples o b ta in e d  d u rin g  each  10-m inute PPP in t e r v a l  
w ere s to re d  f o r  LH and FSH RIA. D uring ex p e rim en ts, 800ul o f a 
blood rep lacem en t m ix tu re  w ere in j e c t e d  in to  th e  anim al a f t e r  
a l t e r n a t e  blood sam ple w ith d ra w a ls . For d a ta  a n a ly s is ,  p u ls e s  o f 
LHRH, LH and FSH w ere i d e n t i f i e d  i f  % in c re a s e s  from n a d ir  to  peak 
w ere >5x c .v .  in  r e s p e c t iv e  a s sa y s . LHRH re le a s e  p r o f i l e s  w ere 
p u l s a t i l e ,  and mean LHRH re le a s e  r a t e s  w ere s im i la r  i n  i n t a c t  
(0 .6 2  +. 17 p g /10min) and c a s t r a t e  an im als (0 .45  +. 07 p g /10m in). 
Mean frequency  o f  LHRH p u ls e s  was h ig h e r  (p< .01) i n  c a s t r a t e  (1 .85  
+. 14 p u ls e s /h )  compared to  i n ta c t  an im als  (0 .9 8  +. 12 p u ls e s /h ) .  
Plasma LH l e v e l s  w ere in c re a s e d  6- f o ld  i n  ca s t r a t e  v e rs u s  i n t a c t  
r a t s .  Of a  t o t a l  o f  23 LH p u ls e s  observed  i n  10 r a t s ,  19 were 
te m p o ra lly  a s s o c ia te d  w ith  LHRH p u ls e s  (83%) .  In  c o n t r a s t ,  only 
6 o f  19 FSH p u ls e s  (32%) showed t h i s  r e l a t i o n s h ip .  We conclude 
from th e se  s tu d ie s  t h a t  ( i )  th e  LHRH p u lse  g e n e ra to r  ap p ears  to  
s t im u la te  p u l s a t i l e  LH in  m ale r a t s ,  ( i i )  in c re a s e d  LHRH p u lse  
freq u en c y , but n o t am p litu d e , o cc u rs  d u rin g  a c u te  p o s t - c a s t r a t io n  
in c r e a s e s  i n  LH and FSH, and ( i i i ) p u l s a t i l e  FSH s e c r e t io n  i s  no t 
s tro n g ly  c o r r e la te d  w ith  p u l s a t i l e  LHRH re le a s e .  The l a t t e r  f in d 
in g  su g g e s ts  t h a t  a  p h y s io lo g ic a l r e l a t i o n s h ip  between p u l s a t i l e  
LHRH and FSH s e c r e t io n ,  i f  i t  e x i s t s ,  i s  n o t e a s i ly  d isc e rn e d  in  
m ale r a t s .  A l te rn a t iv e ly ,  an o th e r  n e u ra l f a o to r  (FSH-RF) may 
o p e ra te  a s  th e  prim ary n eu ra l s tim u lu s  f o r  p u l s a t i l e  FSH s e c r e t io n .

322.10 IN VITRO DEVELOPMENT OF LHRH CELL SUBTYPES. S.Wray, B.Gahwiler1, 
and H.Gainer. Laboratory of Neurochemistry and Neuroimmunology, 
NIC H D ,  Bethesda, MD 20892, 1Precl i n. Res., Sandoz Ltd, CH-4002 
B asel Sw itzerland.

Luteinizing hormone re leasin g  hormone (LHRH) ce ll subtypes in 
male and female neonatal ra ts  i nclude: 1) smooth, aspinous LHRH 
c e l ls  ( sLHRH) and 2) ir re g u la r  LHRH c e l ls  ( iLHRH) with e ith e r  
knob-like spinous processes (s e s s ile )  or pedunculated spinous 
processes (th in  protuberances with bulbous endings). At b ir th ,  
sLHRH c e l ls  predominate. During postnatal development, a sub
population of sLHRH c e l ls  appears to transform  in to  pedunculated 
iLHRH c e l l s ,  which predominate in the adu lt (Wray and Hoffman, 
Neuroendocrinology, i n p re s s ) . In order to study the in tr in s ic  
and e x tr in s ic  fa c to rs  which influence the development of sp ec ific  
LHRH ce ll subtypes, an in v itro  organotypic cu ltu re  system sim i
la r  to  th a t  described by Gahwil e r (JCN,4:329–342,1981) was used.

400 um diencephalon sec tions from 3–6 day old ra ts  were p la ted  
on g lass c o v erslip s, in ser ted  in  t e s t  tubes (containing 25% horse 
serum, 50% Eagle basal medium, 25% E arles ' BSS, 6.5 mg/ml glucose 
and phenol red) and placed in a r o l l e r  drum a t 36°C. At various 
times (1‒7 weeks), the cu ltu re s  were fixed with 4% paraformal de- 
hyde/0.2% p ic r ic  acid i n 0.1M sodium cacodyl a te  bu ffer (pH 7 .4 ). 
A fter f ix a tio n , the cu ltu res  were rinsed  in phosphate buffered 
sa lin e  (pH 7 .4 ), tre a ted  with 0.2% tr i to n  X-100, blocked in 10% 
normal goat serum, and then placed in the primary antiserum 
(anti-LHRH, 1:5000) overnight a t  4°C. The cu ltu res  were immunocy- 
tochemi c a lly  processed using an av id in -b io tin -perox idase  complex.

Immunoreactive LHRH c e l ls  and numerous f ib e rs  were v isualized  
in cu ltu re s  from male and female anim als. The m ajority of immuno
reac tiv e  LHRH c e l ls  were located  w ithin the ro s tra l sec tio n s , and 
were found to have a d is tr ib u tio n  s im ila r to th a t observed in 
vivo. 637 immunoreactive LHRH c e l ls  were counted and c l a s s i f i e d  
based on th e ir  c e l lu la r  morphology. Approximately 55% of the 
c e l ls  counted were categorized  as sLHRH c e l ls  while 40% were 
c la s s if ie d  as i LHRH c e l ls  with s e s s i le  sp ines. The remaining 5% 
mainly consisted  of c e l ls  whose morphology was uncertain  and thus 
these c e l ls  were not catego rized . Less than 1% were c la s s if ie d  
as iLHRH c e l ls  with pedunculated sp ines. Even a f te r  7 weeks in 
cu ltu re  few i LHRH c e l ls  with pedunculated spines were observed.

Although both immunoreactive LHRH c e l ls  and fib e rs  are main
ta ined  in th is  in v itro  system, i LHRH c e l ls  with pedunculated 
spines do not develop. We are cu rren tly  examining whether the 
addition  of ta rg e t tis su e  and/or a ffe re n t systems (e .g . A1 and 
A2) in a co -cu ltu re  configuration  w ill induce the development of 
both i LHRH ce ll subtypes in th is  in v itro  model.
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322.11 PHOTOPERIODIC CONTROL OF PULSATILE LHRH AND SERUM 
GONADOTROPIN LEVELS IN THE MALE GOLDEN HAMSTER J .E .J o y*. 
J .E .L e v in e . A .E .Je tto n *  and F.W.Turek (SPON:V.Carr) Department 
of N eurobiology and P hysio logy , N orthw estern U n iv e rs ity , 
E vanston, IL 60201.

The re p ro d u c tiv e  system  of th e  golden ham ster i s  t i g h t ly  
re g u la te d  by sea so n a l changes in  d ay len g th . The e f f e c t s  of 
pho toperiod  on re p ro d u c tiv e  fu n c tio n  depend on th e  r e g u la tio n  o f 
serum gonado trop in  le v e ls  (LH and FSH), which a re  e le v a te d in  
anim als exposed to  long days and low in  an im als exposed to  s h o r t  
days . Both LH and FSH a re  r e le a s e d  by th e  p i t u i t a r y  gland in  a 
p u l s a t i l e  fa sh io n  and a re  under c o n tro l o f hypothalam ic LHRH 
which has been shown in  o th e r  sp e c ie s  to  be a ls o  re le a s e d  in  a 
p u l s a t i l e  fa s h io n . I t  has f r e q u e n tly  been concluded th a t  a 
c e n t r a l  f e a tu r e  of p h o tic  r e g u la tio n  of rep ro d u c tio n  invo lves  
r e g u la tio n  o f th e  hypothalam ic n eu ra l p u lse  g e n e ra to r . And y e t ,  
u n t i l  now, no measurements o f p u l s a t i l e  r e le a s e  o f LHRH have 
been made in  p h o to p e rio d ic  anim als under d i f f e r e n t  p h o tic  
c o n d i tio n s .

Using th e  p u sh -p u ll p e rfu s io n  system , we have s u c c e s s fu lly  
measured hypothalam ic LHRH re le a s e  in  v ivo  in  ham sters w ith 
la rg e  t e s t e s  exposed to  LD 14:10 and in  ham sters w ith  reg re s sed  
t e s t e s  exposed to  LD 6 :1 8 . Hypothalamic p e r fu s a te s  and blood 
sam ples (o b ta in ed  v ia  ju g u la r  cannu lae) were c o l le c te d  every  10 
m inu tes over a 6 -hour p e rio d  in  u n a n e s th e tiz e d , u n re s tra in e d  
an im als. LHRH r e le a s e  was c l e a r ly  p u l s a t i l e  and LHRH p u lse s  
o ccu rred  approx im ate ly  once per hour under bo th  l ig h t in g  
c o n d i tio n s . However, s h o r t  day an im als showed much h ig h e r peak 
le v e ls  (≥100 pg LHRH/10 min) than  th e  long day an im als (approx. 
10 pg LHRH/10 m in). The t o t a l  amount o f LHRH re le a s e  was a ls o  
much h ig h e r in  s h o r t  day anim als than  in  long day an im als (mean 
re le a s e  +SEM pg LHRH/10 min: 38 .0  +13.7 and 4 .9  +2 .3 ,  re s p e c 
t i v e l y ) .  Serum gonado trop in  le v e ls  were p u l s a t i l e  in  both long 
and s h o r t  day groups and were w ith in  p re v io u s ly  re p o r te d  ranges  
fo r  t h e i r  r e s p e c t iv e  g roups. Thus an im als exposed to  s h o r t  days 
have ex trem ely  h igh le v e ls  o f LHRH re le a s e  a s s o c ia te d  w ith  low 
serum gonado trop in  l e v e l s ,  whereas an im als exposed to  long days 
have low le v e ls  o f LHRH re le a s e  a s s o c ia te d  w ith  high serum 
gonado trop in  le v e ls .

This s u rp r is in g  f in d in g  r a i s e s  a number o f novel q u e s tio n s  
r e l a te d  to  how th e  hypothalam us m ediates p h o tic -in d u c ed  changes 
in  p i t u i t a r y  gonado trop in  r e l e a s e .  One p o s s i b i l i t y  i s  t h a t  an 
in c re a s e  in  hypothalam ic LHRH re l e a s e ,  induced by exposure to  
s h o r t  day s , r e s u l t s  in  a reduced s e n s i t i v i t y  o f  th e  p i t u i t a r y  to  
LHRH. A lte rn a t iv e ly ,  h igh  LHRH r e le a s e  in  s h o r t  day an im als may 
r e f l e c t  th e  removal o f p i t u i t a r y  o r gonadal feedback .

322.12 CHANGES IN BRAIN BIOGENIC AMINES ASSOCIATED WITH SHORT 
PHOTOPERIOD-INDUCED GONADAL REGRESSION IN THE WHITE-FOOTED MOUSE. 
J .D . G la ss* 1, D. D eaver*2 (SPON: J .A . G a rn e r) . D ept. o f B io lo g ic a l 
S ciences Kent S ta te  U niv. K ent, OH 442421. D ept. D airy and Animal 
Science Penn. S ta t e .  U niv. U n iv e rs ity  P ark , PA 168022.

P ho toperiod -induced  gonadal re g re s s io n  i s  thought to  be 
m ediated by th e  a c tio n  o f b ra in  b io g e n ic  amine system s on the  
s e c r e t io n  o f g o n a d o tro p in - re le a s in g  f a c to r  from th e  hypothalam us 
a n d /o r p r o la c t in  from th e  p i t u i t a r y  g la n d . In  p rev ious  s tu d ie s ,  
ty ro s in e  hydroxy lase i n h ib i to r  was used to  a s s e s s  the  e f f e c t s  of 
s h o r t  pho toperiod  on c e n tr a l  tu rn o v e r o f dopamine (DA) and 
n o rep in ep h rin e  (NE). In  th i s  s tu d y , th e  co n c e n tra t io n s  o f DA, NE 
and 5 -hydroxytryptam ine (5-HT) and th e i r  r e s p e c t iv e  m e ta b o lite s  
were measured as an a l te r n a t iv e  approach to  a s s e s s  th e  e f f e c t s  of 
s h o r t  p h o tope riod -induced  gonadal re g re s s io n  on th e  m etabolism  of 
b io g e n ic  amines in  th e  p re o p tic  a re a  (POA), a n t e r io r  hypothalam us 
(AH) and p o s te r io r  hypothalam us (PH). S exually  m ature fem ale 
w h ite -fo o te d  mice (Peromscus leu co p u s) m ain ta ined  on a long 
(16L:8D; n=5) o r  s h o r t  pho toperiod  (8L:16D; n=5) f o r  7 weeks were 
k i l l e d ,  and th e i r  POA and hypothalam ic reg io n s  d is s e c te d  and 
s to re d  in  l iq u id  n i t ro g e n .  Amines were se p a ra ted  by HPLC and 
q u a n t if ie d  by e le c tro c h e m ic a l d e te c t io n .  The co n c e n tra t io n s  of 
amines a re  ex p ressed  as  ng/mg p ro te in .

Mice exposed to  s h o r t  pho toperiod  had a g r e a t ly  reduced 
rep ro d u c tiv e  t r a c t  w eight ( 4 0 . 5 + 5 .0  mg) compared to  mice under 
long pho toperiod  (112 .5  + 4 .0  mg; p < 0 .0 1 ) .  For mice under s h o r t  
p h o to p e rio d , the  co n cen tr a t io n s  o f DA (8 .5  + 0 .5  ng/m g), and i t s  
m e ta b o lite s  h o m ovan illic  ac id  (HVA;2.5 + 0 .3  ng/mg) and 
3 ,4 -d ih y d ro x y p h e n y lace tic  a c id  (DOPAC;2.4 ng/m g), 5-HT (2 0 .5  +  0 .9  
ng/mg) and i t s  m e ta b o lite  5 -h y d ro x y in d o lace tic  a c id  (5-HIAA;4.4 + 
0 .3  ng/mg) and NE (64 .4  + 4 .5  ng/mg) in  th e  PH were s ig n i f i c a n t ly  
g r e a te r  than  in  mice under long pho toperiod  (DA, 6 .5  + 7 ng/mg; 
HVA, 1 .8  + 0 .2  ng/mg; DOPAC, 1 .5  + 0 .2  ng/mg; 5-HT, 13.9 + 1.7 
ng/mg; 5-HIAA; 3 .0 + 0 .4  ng/mg; NE, 43 .0  + 5 .4  ng/mg; a l l  p < 
0 .0 5 ) .  W ithin th e  AH, th e  c o n c e n tra t io n  o f DA (7 .0  + 0 .4 )  was 
low er, and the  c o n c e n tra t io n  of 5-HT (18 .1  + 1 .1 ) h ig h e r  in  mice 
under s h o r t  compared to  long pho toperiod  (10 .4  +1.9 ng/mg and 
14.4 + 0 .8  ng/mg, r e s p e c t iv e ly ;  both  p < 0 .0 5 ) .  There was no 
e f f e c t  o f p h o tope riod  on th e  c o n c e n tra t io n s  o f am ines in  th e  POA.

These r e s u l t s  a re  ev idence  th a t  in  response  to  exposure to  
s h o r t  p h o to p e rio d , th e re  may be in c rea sed  m etabolism  of DA, NE and 
5-HT in  th e  PH, and d ec reased  DA, but in c re a se d  5-HT m etabolism  in  
th e  AH. The s ig n if ic a n c e  o f th e se  changes i s  unknown, but they  may 
r e f l e c t  s ea so n a l rep ro d u c tiv e  an d /o r th e rm oregu la to ry  
neu roendocrine  a d ju stm en ts .

CHEMICAL SENSORY SYSTEMS: OLFACTION

323.1 THE ODORANT-SENSITIVE ADENYLATE CYCLASE OF OLFACTORY RECEPTOR 
CELLS: DIFFERENTIAL STIMULATION BY DISTINCT CLASSES OF 
ODORANTS. Pamela B. S k lar, Robert R.H. Anholt*, and Solomon H. 
Snyder. The Department of Neuroscience, The Johns Hopkins 
U niversity  School of Medicine, Baltimore, Maryland 21205.

We have charac te rized  odorant-stim ulated  adenylate cyclase 
a c t iv i ty  in iso la ted  chemosensory c i l i a  prepared from frog and 
r a t  o lfac to ry  epithelium . O lfactory recep tor c e l ls  extend a 
dendrite  toward the nasal lumen which c a r r ie s  a t i t s  apex a group 
of chemosensory c i l i a .  These c i l i a  are thought to  be the s i te s  
where the i n i t i a l  recognition  and transduction  events in 
o lfa c tio n  take p lace. C ilia  prepared from both frog  and r a t  
e x h ib it high leve ls  of adenylate cyclase a c t iv i ty .  Basal 
a c t iv i ty  in the  frog and r a t  is  2 .0  nmol/mg/min and 3.6 nmol/ 
mg/min, re sp ec tiv e ly , and is  stim ulated  approximately 2 -fo ld  by 
GTP and approximately 5 -fo ld  by GTPγS (g u an o s in e-5 '-0 -(th io - 
trip h o sp h a te )) and fo rsk o lin . Odorants augment enzyme a c t iv i ty  
30–65%  above the basal level in a t is su e -s p e c if ic  and 
GTP-dependent mann er. Calcium reduces GTP-stimulated a c t iv i ty  
with a half-maximal e f fe c t  a t 10 μM.

Odorants vary in th e i r  influence upon o lfac to ry  adenylate 
cyclase a c t iv i ty .  In general, f r u i ty ,  f lo r a l ,  m inty, and 
herbaceous odorants enhance a c t iv i ty .  C itra lv a , a su b stitu ted  
terpenoid  odorant having a f r u i ty  odor q u a lity , is  one of the 
most potent cyclase s tim u la to rs . Many odorants which are 
s t ru c tu ra l ly  unrela ted  to  c i t r a i va, such as menthone, D-carvone, 
L-carvone, 3-hexyl p y rid ine, 2-hexylpyridine, hedione, h e lio n a l, 
and con ife ran , are a lso  potent s tim u la to rs  of the o lfac to ry  
adenylate cyclase . Several f r u i ty ,  f lo r a l ,  m inty, and herbaceous 
odorants s tim u la te  a c t iv i ty  to  an in term ediate le v e l. Examples 
include am ylsalicy la te , dim ethyloctanol, eu ca ly p to l, eugenol, and 
cinnamic aldehyde. In te re s tin g ly , the c la sses  of f r u i ty ,  f l o r a l ,  
m inty, and herbaceous odorants a lso  contain some non-stim ulating 
odorants such as limonene, ly r a l ,  phenylethylalcohol, l i l i a l ,  and 
e th y lv an il l in . C itra lv a , menthone, D-carvone, L-carvone, and 
2-isobutyl-3-m ethoxypyrazine d isp lay  s im ila r potencies in 
a c tiv a tin g  the  adenylate cyclase with maximal e f fe c ts  a t  100 μM. 
P u trid  odorants and chemical so lvents such as iso v a le r ic  acid , 
t r i ethylam ine, py rid in e , th ia z o le , and methoxypyrazlrie do not 
stim u la te  enzyme a c t iv i ty .  In homologous s e r ie s  of pyrazine, 
th ia z o le  and pyrid ine odorants, compounds with the  longest 
hydrocarbon side  chains are best able to  enhance enzyme 
a c t iv i ty .  The f a ilu re  of c e r ta in  odorants to  a ffe c t adenylate 
cyclase a c t iv i ty  suggests th a t  add itiona l transduction  mechanisms 
besides cAMP are involved in o lfa c tio n . Investiga tions  of 
odorant-stim ulated  phosphatidyl in o s ito l turnover in frog  
o lfa c to ry  c i l i a  are c u rre n tly  in p rogress.

3232  ACTIVATION BY ODORANTS OF A VOLTAGE DEPENDENT, CATION-SELECTIVE 
CHANNEL IN CILIARY MEMBRANES FROM THE OLFACTORY EPITHELIUM OF THE 
BULLFROG. P. L abarca*. S. A. Simon* and  R. R. H. Anholt* (Spon: R. 
E rick so n ). Department of P hysio logy , Duke U n iv e rs ity  Medical Cen
t e r ,  Durham, N.C. 27710.

We have detached chemosensory c i l i a  from th e  o lfa c to ry  
ep ith e liu m  of th e  b u l l f r o g ,  Rana c a te s b e ia n a . and fused th e  i s o 
la te d  c i l i a r y  membranes with preformed p lan ar l i p id  b i l a y e r s .  
S in g le  channel reco rd s  rev ea led  spontaneous openings of a t le a s t  
th re e  d i f f e r e n t  c a tio n  s e le c t iv e  channels w ith conductances of 40 
pS, 100 pS and 230 pS, r e s p e c t iv e ly ,  in 200 mM KCl . Only th e  100 pS 
conductance channel was a c tiv a te d  (opened) by odo ran ts  in  a con
c e n tra t io n  dependent manner. A c tiv a tio n  was observed a t nanomolar 
c o n c e n tra t io n s  of th e  p o te n t b e l l pepper od o ran t, 3 - is o b u ty l ,2 -  
m ethoxypyrazine, and th e  c i t r u s  o d o ran t, c i t r a l v a  (3 ,7 -d im e th y l-  
2 ,6 - o c t a d i e n e n i t r i l e ) . The l i f e t im e  of th e  open s t a t e  of th e  100 pS 
channel in  th e  p resence  of od o ran ts  was in  the  msec range. Channel 
a c t iv a t io n  was r e v e r s ib le  upon removal of th e  odorant from the  
b ila y e r  chamber v ia  p e r fu s io n . The odoran t channel e x h ib ite d  v o l t 
age dependence between –70 mV and +70 mV. The p ro b a b i l i ty  of the  
clo sed  s t a t e  in c rea sed  s ig n i f i c a n t ly  a t n eg a tiv e  ap p lied  v o lta g e s . 
The channel was c a t io n - s e le c t iv e  with s im ila r  p e rm e a b ility  to  
sodium and potassium  io n s . We p o s tu la te  th a t  channel a c t iv a t io n  by 
odo ran ts  may m ediate e x c i ta t io n  of th e  o lfa c to ry  re c e p to r  c e l l ,  
w hereas th e  g en e ra tio n  of cAMP v ia  an o lfa c to ry  ad e n y la te  cy c lase  
observed a t h igher odorant c o n c e n tra t io n s  over a longer tim e sc a le  
may r e f l e c t  odoran t d e s e n s i t iz a t io n .



THURSDAY AM CHEMICAL SENSORY SYSTEMS: OLFACTION 1179

323.3 MEMBRANE CONDUCTANCES IN DISSOCIATED OLFACTORY RECEPTOR NEURONS 
FROM NECTURUS. E. Potter*  and V.E. Dionne* (SPON: J.H . Brown). 
Division of Pharmacology, Department of M edicine, U niversity  of 
C a lifo rn ia , San Diego, CA 92093

O lfactory  recep tor neurons were d isso c ia ted  from the o lfac to ry  
epithelium  of ad u lt Necturus and studied using w hole-cell patch- 
clamp methods. Single c e l ls  were iso la ted  by incubation fo r one 
hour a t  room temperature in Ca++ -f re e  amphibian sa lin e  with 
papain (2 mg/ml), collagenase (2 mg/ml) and DNAse (0.5 mg/ml); 
i s o la te d  neurons re ta in e d  t h e i r  unique morphology and were 
read ily  id e n tif ie d . Whole-cell membrane cu rren ts  were d ig i ta l ly  
recorded from neurons bathed in normal amphibian sa lin e  [mM: 112 
NaCl , 2 KCl , 8 CaCl2 , 3 HEPES; pH 7.2] or in elevated  Ca++ sa lin e  
[mM: 56 NaCl, 2 KCl , 44 CaCl2, 3 HEPES; pH 7 .2 ]. The recording 
e lectrode  contained Cs+ to  mock outward K-currents [mM: 120 
CsCl , 0.500 CaCl2 , 2.5 MgCl2, 1.000 BAPTA, 3 HEPES, 0.1 GTP, 
5 ATP; pH 7.2, pCa  7 .0 ]. 

With 120 mM K+ in the p ip e t, w hole-cell cu rren ts  exh ib ited  
both inward and outward components in response to  depolariz ing  
voltage steps from a holding p o te n tia l of –80 mV (V.E. Dionne, 
ISOT a b s t. 1986). When Cs+ replaced K+ in the p ip e t, the inward 
cu rren t was unaffected while the outward cu rren t was reduced by 
~80%. The inward c u rre n t, which had a rapid onset and was 
t r a n s ie n t,  consisted  of two components: 1. a N a-current which 
could be blocked by 100 nM te trodo tox in  and was to ta l ly  in a c t i 
vated a t  holding p o te n tia ls  >20 mV; 2. a C a-current which was 
weakly s en s itiv e  to  Cd (p a r tia l block with 1 mM) and which was 
fu lly  in ac tiv a ted  a t  holding p o te n tia ls  >40 mV. The Ca-current 
was in sen s itiv e  to t etrodotoxin  and was increased 5-fo ld  or more 
in the elevated  Ca++ bath . The outward c u rre n t, both with and 
w ithout Cs in the p ip e t, was non -in ac tiv a tin g . The component of 
outward cu rren t which p e rs is ted  with Cs+ in the p ipe t consisted  
of two components, one of which was Ca++ -s e n s it iv e .  The number 
o f components which m ight com prise th e  Cs+ -b locked  outward 
cu rren t has not been determined. In these neurons no d e tectab le  
cu rren ts  were evoked by hyperpolarizing  voltage pu lses.

In summary, a t  le a s t  f iv e  d if f e r e n t conductances appear to 
c o n t r ib u te  to  th e  membrane c u r r e n ts  o f i s o la te d  o lf a c to ry  
neurons. To what ex ten t th e ir  cu rren ts  con tribu te  to  the change 
in neuronal f i r in g  th a t  accompanies the response to odorants by 
such neurons remains uncerta in . [Supported by NINCDS gran t 
NS20962]

323.4 THE EFFECT OF AMITRIPTYLINE ON DIFFERENTIATION OF OLFACTORY 
EPITHELIUM IN TI5SUE AND ORGAN CULTURE. A .  I .  Farbman, M.  I .  
Chuah*,  and F. Gonzales*. Dept . of Neurobiology. Northwestern 
Un i v . . Evanston,  IL 60201 and Dept . of Anatomy, Chinese Univ. of 
Hong Kong, Sha t i n ,  N.T. ,  Hong Kong.

In previ ous  s t u d i e s ,  we have shown t ha t  the o l f a c t o r v  bulb 
e xe r t s  an e f f e c t  on the d i f f e r e n t i a t i o n  of the o l f a c t o r y  
epi t he l i um.  The c o - c u l t u r e  of f e t a l  r a t  o l f a c t o r v  bulb with 
o l f a c t o r y  mucosa from f e t u s e s  of the same age r e s u l t s  in a 
doubl ing of the amount of o l f a c t o r v  marker p r o t e i n  (OMP)- 
synthes i zed  bv the ep i the l ium and a doubl ing of the number of 
m u l t i c i l i a t e d  r ecep t o r  e p i t h e l i a l  c e l l s ,  a f t e r  one week in 
c u l t u r e  (Chuah & Farbman. 1983: Chuah et  a l . .  1985).  This 
e f f e c t  appeared to be s p e c i f i c  to the bulb:  s u b s t i t u t i o n  of 
other  p a r t s  of the  nervous system,  inc luding  embryonic cerebrum, 
cerebel lum or sp inal  cord for  the bulb had no e f f e c t  in the 
organ c u l t u r e  system.  In the  pr es en t  s t udy we r epo r t  t ha t  small 
doses of a commonly used a n t i - d e p r e s s a n t  drug,  a m i t r i p t y l i n e ,  
i n h i b i t s  o l f a c t o r y r ece p t o r  neuron d i f f e r e n t i a t i o n .  In one set  
of exper i ment s ,  we explanted o l f a c t o r y  bulbs  in combinat ion with 
o l f a c t o r y  mucosa from E15 f e t a l  r a t s ,  and grew them for  seven 
days in the  presence of medium cont a in i ng  a m i t r i p t y l i n e  in doses 
of 1– 10 l g / ml medium. The amount of OMP in the c u l t u r e s  was 
measured by radioimmunoassay,  and compared to cont r o l  c u l t u r e s  
grown in the  absence of the drug.  A dose response curve showed 
t ha t  as l i t t l e  as 2 to 3 l g/ml of the drug had a s i g n i f i c a n t  
e f f e c t  in reducing the amount of OMP s yn t hes i s  to l e s s  than one 
hal f  of t ha t  of cont r o l  c u l t u r e s .  The r e s u l t s  suggested tha t  
e i t h e r  1) t he enhancing i n f l uence  of the bulb was e f f e c t i v e l y  
abo l i s hed ,  or 2) the drug might have a d i r e c t  e f f e c t  on 
d i f f e r e n t i a t i o n  of the ep i t he l i um.  Using another  c u l t u r e  system,  
we expl ant ed f ragments  of o l f a c t o r y  mucosa from 5 day embryo 
chi cks  in the  presence of 1– 10 lg/ml a m i t r i p t y l i n e .  In 
cont rol  c u l t u r e s ,  axon outgrowth from these  t i s s u e  f ragments 
could be v i s ua l i z e d  as ea r l y  as two davs a f t e r  exp l a n t a t i on .  By 
seven days,  axons grew as long as 1– 2 mm (Gonzales et  a l . ,  
1985).  In c u l t u r e s  cont a i n i ng  the drug,  we noted t ha t  no axonal 
outgrowth occurred in c u l t u r e s  cont a in i ng  5 or 10 lg/ml.  At 
lower doses ,  some axonal outgrowth does occur ,  but s i g n i f i c a n t l y  
l e s s  than t ha t  seen in cont r o l  c u l t u r e s .

These exper iment s  show t h a t  a m i t r i p t y l i n e  e xe r t s  a t oxi c  
e f f e c t  on the development of o l f a c t o r v  epi the l ium in cu l t u r ed  
exp l an t s  of two spec i es  of v e r t e b r a t e  embryos.  The e f f e c t i v e  
doses of the drug in both animals  are  approximately e qu i va l en t .  
The mechanism of t oxi c  ac t i on  of the drug i s  unknown.

Supported by NIH Grant #NS 06181.

323.5 TRANSCELLULAR EFFECTS OF OLFACTORY NERVE SECTION ON THE SECRETORY 
CELLS OF THE SALAMANDER OLFACTORY MUCOSA. M.L. G e tc h e ll* , B. 
Z ie l in s k i*  and T.V. G e tc h e l l . Departm ent of Anatomy and C e ll 
B io logy , Wayne S ta te  U n iv e rs ity  School of M edic ine, D e tr o i t ,  MI 
48236.

H is to lo g ic a l  and m orphom etric exam ination  of th e  o l f a c to ry  
mucosa 7 d a f t e r  u n i l a t e r a l  s e c t io n  of th e  o lf a c to ry  nerve 
a d ja c e n t to  i t s  e n try  in to  th e  o l f a c to ry  bu lb  re v e a le d  bo th  i p s i -  
and c o n t r a l a t e r a l  e f f e c t s .  In  a d d i t io n  to  th e  i p s i l a t e r a l  
d eg e n e ra tio n  of th e  o l f a c to ry  re c e p to r  neu ro n s , changes were 
no ted  in  th e  g l i a l - l i k e  e p i t h e l i a l  s u s te n ta c u la r  c e l l s  and in  the  
o l f a c to ry  g la n d s . S e c re t io n  o f m ucopo lysaccharides in to  the  
o v e rly in g  mucus la y e r  and v a c u o la tio n , in d ic a t iv e  of w ate r and 
e l e c t r o l y te  t r a n s p o r t ,  were induced in  s u s te n ta c u la r  c e l l s  in  the  
i p s i l a t e r a l  and , to  a l e s s e r  e x te n t ,  in  th e  c o n t r a la t e r a l  
e p i th e l iu m . In  s u p e r f ic i a l  Bowman's g lands  (sBG), th e  s e c re to ry  
g ran u le  c o n te n t, m easured as  a re a  o f th e  a c in a r  c e l l s  occupied  by 
s e c re to ry  g ra n u le s , was reduced by 16% (P<0.05) i p s i l a t e r a l l y  and 
28% (P<0.001) c o n t r a l a t e r a l l y  compared to  th a t  o f g lands  in  
n o n -n e rv e -se c tio n e d  t i s s u e ;  v a c u o le s , which r a r e ly  were observed 
in  c o n tro l  t i s s u e ,  were e v id e n t th roughou t th e  a c in a r  c e l l s  on 
b o th  s id e s .  In  deep g lands  (dG ), s e c re to ry  g ran u le  co n ten t was 
in c re a se d  by 34% (P<0.01) and 27% (P<0.05) i p s i -  and 
c o n t r a l a t e r a l l y ,  r e s p e c t iv e ly .  These in c re a s e s  were due in  la rg e  
p a r t  to  s e c re to ry  g ran u le  sw e llin g  as  a r e s u l t  of w ate r and 
e l e c t r o l y te  up take  as in d ic a te d  by th e  p resen ce  of la rg e  v acu o les  
th roughou t th e  c e l l s  o f dG. D iffe re n c e s  in  th e  re sp o n s iv en ess  of 
th e  g lands  to  pharm aco lo g ica l ag e n ts  a ls o  were observed . 
T o p ic a lly  a p p lie d  m e th ach o lin e , a c h o l in e rg ic  a g o n is t ,  caused 
s ig n i f i c a n t ly  (P<0.001) l e s s  re d u c t io n  in  th e  s e c re to ry  g ran u le  
c o n te n t o f sBG bo th  i p s i -  and c o n t r a l a t e r a l l y  from n e rv e -s e c tio n e d  
t i s s u e  th an  from n o n -n e rv e -se c tio n e d  t i s s u e .  In  dG, th e re  was no 
s ig n i f i c a n t  d if f e re n c e  between th e  e f f e c t s  o f m ethacho line  on 
n e rv e -s e c tio n e d  and n o n -n e rv e -se c tio n e d  t i s s u e ;  how ever, the  
a n a ly s is  was com plica ted  by th e  f a c t  th a t  th e  s e c re to ry  g ran u le  
c o n te n t of n e rv e -s e c tio n e d  c o n tro ls  in c re a s e d  due to  w ate r and 
e l e c t r o l y t e  up take  induced by nerve  s e c t io n  a lo n e . I s o p ro te re n o l ,  
a β- a d re n e rg ic  a g o n is t ,  in je c te d  i . p .  caused s ig n i f i c a n t ly  
(P< 0.001) l e s s  r e d u c t io n  in  s e c re to ry  g ran u le  co n ten t in  
n e rv e -s e c tio n e d  th an  in  n o n -n e rv e -se c tio n e d  t i s s u e  i p s i -  and 
c o n t r a l a t e r a l l y  in  bo th  sBG and dG.

These r e s u l t s  su g g es t th a t  d eg e n e ra tin g  re c e p to r  neurons 
t r i g g e r  s e c re to ry  and t r a n s p o r t  p ro c e sse s  in  n e ig h b o rin g  
s u s te n ta c u la r  c e l l s  and in  s u s te n ta c u la r  c e l l s  in  th e  
c o n t r a l a t e r a l  e p i th e l iu m , and th a t  s e c t io n  o f th e  o l f a c to ry  nerve 
a f f e c t s  c h o l in e rg ic  and β - a d re n e rg ic  resp o n ses  of th e  o lf a c to ry  
g la n d s .

S upported by NSF-BNS-07949 (M .L.G.) and NIH-NS-16340 (T.V .G .)

323.6 COLLATERAL SPROUTING OF AFFERENT NERVE AXONS IN THE TONGUE: A 
MORPHOLOGICAL STUDY IN ADULT RATS
E rik  Kinnman* and Hakan A ldskog iu s . D ept. of Anatomy, K aro linska  
I n s t i t u t e t ,  Stockholm , Sweden.

P rev ious  s tu d ie s  have shown th a t  t a s t e  buds in  mammals 
deg en era te  when deprived  o f th e i r  g u s ta to ry  in n e rv a tio n . 
R egenera tion  o f a p p ro p r ia te  nerves  i s  fo llow ed by reappearance  of 
th e  t a s t e  buds. In  th e  p re s e n t s tudy  tra n sg a n g lio n ic  t r a n s p o r t  of 
h o rs e ra d is h  pero x id ase  (HRP) from th e  b ra in  stem to  th e  tongue was 
used to  study  re in n e rv a tio n  by neighbouring  a f f e r e n t  nerve axons 
a f t e r  chorda tym pani o r l in g u a l  nerve le s io n s .

In a f i r s t  s e r ie s  o f experim en ts c e r t a in  m ethodo log ical 
a s p e c ts  on la b e l in g  o f a f f e r e n t  f ib e r s  in  th e  e p ith e liu m  and th e  
t a s t e  buds were a n a ly sed , namely th e  type o f t r a c e r  used and th e  
in f lu e n c e  o f p o s t in je c t io n  s u rv iv a l tim e . Wheat germ 
a g g lu t in in -h o rs e ra d is h  pero x id ase  con juga te  (WGA-HRP) h o rs e ra d ish  
pero x id ase  (HRP) o r a com bination o f both was in je c te d  in  th e  
c e n tr a l  prim ary p ro je c tio n  a re a s  o f th e  a f f e r e n t  nerves o f th e  
tongue . The an im als were aldehyde p erfu sed  20‒48 hours a f t e r  th e  
in j e c t io n  and th e  tongue was s e r i a l l y  se c tio n e d  tr a n s v e rs e ly  or 
lo n g i tu d in a l ly  and p rocessed  ac co rd ing  to  th e  te tra m e th y l 
b en z id in e  method o f Mesulam (1978). O ptim al la b e lin g  of axons in  
th e  tongue p a p i l la e  was o b ta in ed  when 2 μ l  o f 20% HRP was in je c te d  
in  th e  b ra in  stem .

In  a second s e r ie s  of experim en ts th e  normal t e r r i t o r y  of 
s in g le  nerves  was examined by using  t h i s  in j e c t io n  procedure in  
com bination  w ith  t r a n s ec t io n s  o f o th e r  a f f e r e n t  n erves  to  th e  
tongue . G lossopharyngeal nerve axons were found in  th e  
c irc u m v a lla te  p a p i l la  b i l a t e r a l l y  as  w ell as in  f o l i a t e  p a p i l la e  
and th e  e p ith e liu m  of th e  p o s te r io r  1/4 of th e  tongue . Axons from 
th e  chorda tym pani nerve were p re s e n t in  t a s t e  buds in  th e  
fungiform  p a p i l la e  in  th e  a n t e r io r  2 /3  of th e  tongue and in  a few 
of th e  most a n t e r io r ly  s i tu a te d  f o l i a t e  p a p i l la e .  L ingual nerve 
f ib e r s  were found in  th e  e x t ra  gemminal e p ith e liu m  of th e  a n te r io r  
3 /4  of th e  tongue .

In  a th i r d  s e r ie s  of experim en ts th e  nerve t e r r i t o r i e s  of 
in t a c t  ne rv es  in  th e  tongue were examined w ith  th e  same 
methodology 2–12 weeks a f t e r  ch ro n ic  chorda tym pani o r lin g u a l 
nerve le s io n s .  8 weeks a f t e r  th e  chorda tym pani le s io n  i p s i l a t e r a l  
t r ig e m in a l nerve f ib e r s  were found in  th e  t a s t e  buds of fungiform  
p a p i l la e  in  th e  a n t e r io r  2 /3  o f th e  tongue. 12 weeks a f t e r  th e  
l in g u a l  nerve le s io n ,  c o n t r a la t e r a l  tr ig e m in a l nerve f ib e r s  were 
found in  th e  t a s t e  buds o f a few fungiform  p a p i l la e .  These 
f in d in g s  in d ic a te  th a t  t r ig e m in a l nongu sta to ry  axons can 
re in n e rv a te  and reform  fungiform  t a s t e  buds and th a t  th e se  axons 
can ex tend  a c ro s s  th e  m id lin e  o f th e  tongue.
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323.7 FOCAL INJECTIONS OF WGA-HRP INTO OLFACTORY EPITHELIUM 
PRODUCE DIFFUSE AND FOCAL LABELLING OF OLFACTORY BULB 
GLOMERULI. W.T. Nickell. Gloria Adamek and M.T.Shiplev. 
Dept. of Anatomy and Cell Biology, University of Cincinnati College of 
Medicine, Cincinnati, Ohio 45267.

An understanding of the precise nature of the projection between the 
olfactory epithelium (OE) and the olfactory bulb (OB) may provide clues to 
the way in which olfactory information is coded. We have studied this 
projection using very small, localized iontophoretic injections of the tracer 
WGA-HRP into the OE.

The dorsal aspect of the epithelium was exposed by removal of part of the 
nasal bone. In some cases, iontophoretic injections were placed in this 
region after advancing the pipette through the nerve layer. In most cases 
the receptor surface on the medial septum was exposed through a window made 
in the dorsal epithelium. The injection pipette was advanced 80 micron 
beyond the point where electrical contact with the epithelial surface was 
established.

Pipettes (2–5 micron) were filled with 1% WGA-HRP in 0.9 % NaCl and the 
tracer was injected by an intermittent current of 1–3 uA applied for 5 – 10 
minutes. Animals survived 24 hours and were perfused and processed for the 
TMB reaction. To maintain their structure, the epithelia were embedded in 
albumen gelatin and exposed to formalin vapors for 1 week before sectioning.

Transport from the epithelium was very efficient; small (1 mm diameter), 
focal injection sites produced heavy labelling of individual glomeruli which 
was visible in bright field illumination. This labelling appeared to 
represent fascicles of fibers and terminal arbors distributing within 
individual glomeruli. Heavily labelled glomeruli were scattered among 
glomeruli containing little label. Often, label was confined to part of a 
glomerulus.

Surprisingly, these localized injections produced significant diffuse 
labelling distributed throughout the glomerular layer. This labelling 
appeared as small speckles of reaction product. There was considerable 
variability in intensity of this diffuse labelling among glomeruli. In some 
cases individual glomeruli on the side opposite the zone of focal projection 
showed relatively heavy labelling.

These results demonstrate that small regions of the OE, comprising only a 
fraction of the receptive surface, send projections to much of the glomerular 
surface. Even the focal part of this projection fills a significant portion 
of the OB surface. Thus, within any small, contiguous, population of primary 
olfactory neurons (PONs) there are two sub-populations: one which projects 
diffusely throughout the bulb and another which projects more focally to a 
few glomeruli. Since there is continual neuronal turnover in the olfactory 
epithelium, it is tempting to speculate that immature and relatively non- 
selective PONs generate the diffuse label and more odorant selective, mature 
cells have a dense, focal projection.
Supported by grants NINCDS-NS-23348, DAMD17–86-C-6005 and 
NSF-BNS-8544025.

323.8 DIFFERENTIAL INFLUENCE OF PERIPHERAL DEAFFERENTATION ON 
EXPRESSION OF GABA AND DOPAMINE IN JUXTAGLOMERULAR 
NEURONS OF MOUSE MAIN OLFACTORY BULB. H. Baker, A.C. 
Towle* and F.L. Margolis1. Dept. Neurology, Cornell Univ. Med. Col., 
New York, NY 10021 and 1 Roche Inst. Molec. Biol., Nutley, NJ 07110.

Peripheral deafferentation of the rodent main olfactory bulb produces 
profound alterations in intrinsic dopamine neurons. Specifically, in the 
juxtaglomerular neuronal population, enzyme activity and immunoreac- 
tivity of tyrosine hydroxylase, the rate-limiting enzyme in catecholamine 
biosynthesis, was reduced to 25% of control. In the hamster bulb similar 
loss of immunoreactivity was noted for both intrinsic substance P- and 
tyrosine hydroxylase-containing neurons. The heterogeneous juxtaglomer
ular neuronal population also includes a large group of GABA-containing 
cells. In these studies, we focused on possible alterations in bulbar GABA 
synthesis produced by chemical destruction of the olfactory receptor 
epithelium. Mice were analyzed 3 weeks following intranasal irrigation 
with 0.17M ZnSO4. Animals were perfused with fixative containing 
acrolein (3.5%) and formaldehyde (2%) in 0.1 M phosphate buffer and 
brains were processed for immunocytochemistry. Tyrosine hydroxylase 
and GABA were localized in adjacent sections by the indirect peroxidase 
antiperoxidase (TH) or ABC (GABA) techniques using 3,3'- 
diaminobenzidine as the chromogen. In agreement with previous studies, 
the number of immunoreactive tyrosine hydroxylase containing neurons 
was reduced substantially. In contrast, the number of GABA containing 
neurons did not appear to change significantly. However, the distribution 
of neurons stained with GABA was altered as a consequence of the 
degeneration of the axonal processes of the receptor cells and subsequent 
collapse of the glomeruli. The decrease in tyrosine hydroxylase staining 
and relative lack of change in GABA immunoreactivity are consistent 
with previous biochemical studies. The specific activity of the GABA 
synthetic enzyme, glutamic acid decarboxylase (GAD) was unchanged in 
ZnSO4 treated mice. However, GAD activity was reduced by about 30% 
when expressed per bulb reflecting shrinkage of the deafferented bulb. In 
similar experiments tyrosine hydroxylase specific activity was reduced by 
66% and by 75–80% of total activity when expressed per bulb. Unlike 
tyrosine hydroxylase, the changes in the GABAergic system are similar to 
those observed for the enzyme dopa decarboxylase (DDC), the second 

• enzyme in the catecholamine synthetic pathway. In fact, the continued 
presence of DDC activity and immunoreactivity constituted evidence for 
the survival of dopamine neurons despite the absence of tyrosine 
hydroxylase. In conclusion, these studies show that while expression of 
some neurotransmitter phenotypes is highly dependent on peripheral 
afferent innervation others are not.
Supported in part by NSF grant #BNS8317552.

323.9 ODOR INTEGRATION IN THE OLFACTORY BULB; CORRELATIVE 
EVIDENCE FROM INTRACELLULAR RECORDING AND ENHANCED 
RESOLUTION 2-DEOXYGLUCOSE (2DG) MAPPING. J . S .  K auer and  
K. A. H a m ilto n  (D e p ts .  o f  N e u ro s u r g e r y ,  Anatomy and  C e l l  
B io lo g y ,  T u f ts - N .E .M .C . , B o s to n , MA. 0 2 1 1 1 ).

I n t r a c e l l u l a r  r e c o r d in g s  from  s a la m a n d e r  
m i t r a l / t u f t e d  [M/T] c e l l s  (H a m ilto n  & K a u e r , B r . R e s . 
3 3 8 :1 8 1 , 1985) have  shown t h a t  h y p e r p o l a r i z a t i o n  i s  th e  
m ost common i n i t i a l  e v e n t  in  r e s p o n s e  t o  s q u a r e  p u ls e  
o d o r a n t  s t i m u l a t i o n  a t  m o d e ra te  c o n c e n t r a t i o n s .  
C a t e g o r i z a t i o n  o f  t h e  r e s p o n s e s  i n t o  ' E ' and  'S ’ ty p e s  
p r e v i o u s l y  s e e n  in  e x t r a c e l l u l a r  r e c o r d i n g s ,  c an  be made 
by  o b s e r v in g  th e  l a t e n c i e s  o f  d e p o l a r i z a t i o n  and  
e x c i t a t o r y  im p u lse  a c t i v i t y  and  w h e th e r  e x c i t a t i o n  
p re c e d e s  o r  f o l lo w s  h y p e r p o l a r i z a t i o n  a t  th e  h ig h e s t  
o d o r a n t  c o n c e n t r a t i o n s .

At h ig h  i n t e n s i t y  s t i m u l a t i o n  'E ' r e s p o n s e s  a r e  
c h a r a c t e r i z e d  by  s h o r t  l a t e n c y  (6 0 ‒ 90 m s e c .)  
d e p o l a r i z a t i o n s  and  s p ik e  b u r s t s  fo l lo w e d  by 
h y p e r p o l a r i z a t i o n ,  and  'S ' r e s p o n s e s  a r e  c h a r a c t e r i z e d  
by  lo n g e r  l a t e n c y  (2 3 0 ‒ 450 m s e c .)  d e p o l a r i z a t i o n s  and  
s p ik e  b u r s t s  p re c e d e d  by  h y p e r p o l a r i z a t i o n .  P o o le d  
e x t r a c e l l u l a r  d a t a  from  many a n im a ls  show  t h a t  e a c h  o f 
th e s e  M/T r e s p o n s e  ty p e s  c an  be e l i c i t e d  by  a n y  o f  th e  
o d o r a n t s  t e s t e d .  T h is  s u g g e s t s  t h a t  a l l  th e  re s p o n s e  
ty p e s  a r e  e l i c i t e d  s i m u l t a n e o u s l y ,  in  p a r a l l e l ,  a c r o s s  
t h e  M/T p o p u la t i o n  upon s t i m u l a t i o n  w ith  a  s i n g l e  p u ls e  
o f  a n y  one o d o r a n t .

S in c e  t h e  c o o r d in a te d  a c t i v i t y  o f  a l l  th e  M/T c e l l s  
in  th e  b u lb  c a n n o t  be s im u l t a n e o u s ly  ex am ined  u s in g  
c o n v e n t io n a l  e l e c t r o p h y s i o l o g i c a l  m e th o d s , t o  exam ine  
th e  e n se m b le  r e s p o n s e  t o  o d o r s t i m u l a t i o n ,  we h ave  u sed  
en h an c e d  r e s o l u t i o n ,  2DG a u to r a d io g r a p h y .  By 
s u p e r im p o s in g  th e  2DG a u to r a d io g r a p h  on i t s  h i s t o l o g i c a l  
s e c t i o n ,  p r e c i s e  c o m p a r is o n s  b e tw ee n  f u n c t i o n a l  a c t i v i t y  
and  b u lb a r  c e l l  la m in a e  h ave  b een  m ade. U sin g  t h i s  
m e th o d , we h av e  fo u n d  t h a t ,  a t  m o d e ra te  c o n c e n t r a t i o n s ,  
th e  h i g h e s t  l e v e l s  o f  o d o r - in d u c e d ,  2DG u p ta k e  in  
g lo m e r u la r  f o c i  o c c u r  o v e r  p e r ig lo m e r u la r ( P G )  c e l l  
s o m a ta .  We h y p o th e s i z e  t h a t  t h e  a c t v i t y  o b s e rv e d  in  th e  
PG c e l l  p o p u la t i o n  u s in g  2DG may be th e  s o u rc e  o f  th e  
h y p e r p o l a r i z a t i o n  w h ich  we h ave  r e c o r d e d  p re c e d in g  th e  
o n s e t  o f  s p ik e s  in  M/T c e l l s .

S u p p o r te d  by  PHS g r a n t s  N S-20003 t o  JSK and  N S-22035 
t o  KAH.

323.10 THE MODIFIED GLOMERULAR REGION AND PATTERN OF 2-DG UPTAKE IN THE 
OLFACTORY BULB OF RABBIT PUPS EXPOSED TO NIPPLE-SEARCH PHEROMONE 
H. D iste l* , H. Martin* and R. Hudson*. (SPON: H. H ollӓnder) 
In s t . Med. Psychol . ,  Uni v . Münch enT D-8000 München, FRG

Rabbit pups are only nursed fo r about 3 minutes once a day. To 
loca te  n ipples in th is  sho rt time they are to ta l ly  dependent on a 
short ranging pheromone on the m other's be lly  which re leases  and 
guides a highly stereotyped n ipple-search  behavior. This is  the 
case even fo r pups delivered  by caesarian  sec tio n , and thus w ith
out postnatal experience of the pheromone. Newborn r a ts  a lso  depend 
on odor cues to  loca te  n ipp les, and 2-deoxyglucose stud ies of 
a c t iv ity  in the o lfac to ry  bulb have indicated  a modified glomerular 
region adjacent to  the  accessory bulb to  mediate these cues 
(Teicher e t a l . ,  Brain Res. ,  194:530, 1980). I t  was thus the pur
pose of th is  study to  examine whether a s im ila r region is  present 
in the newborn rab b it and, using the 2-DG method, whether i t  is  
s p e c if ic a lly  a c tivated  during exposure to  the pheromone.

Five-day-old ra b b it pups were in jec ted  in tra c a rd ia lly  with 300 
μCi of 14C-labeled 2-deoxy-d-glucose and then placed fo r 45 min on 
e ith e r  the b e lly  of an anesthe tized , pheromone producing female 
ra b b it ,  on a non-pheromone producing female or on a non-pheromone 
producing female scented with the  odor of c i t r a l ,  to  which pups had 
been conditioned to  respond with n ipple-search  behavior (Hudson, 
Dev. P sychobiol., 18:575, 1985).

The autoradiograms revealed loci of high 2-DG uptake adjacent to   
the unlabeled accessory o lfac to ry  bulb, which did indeed cor
respond, when compared to  the Nissl sec tio n s , to  a morphologically 
d is t in c t  reg ion . In the ra b b it ,  th is  region appears to  form a 
c rescen t around the a n te rio r rim of the accessory o lfac to ry  bulb 
and i s  characterized  by a fusing of glom eruli, a much reduced 
external plexiform lay e r, and a lose arrangement of numerous m itral 
c e l ls  below. However, 2-DG-labeling of th is  modified glomerular 
region was not confined to  animals exposed to  n ipple-search  phero
mone but was a lso  c le a r ly  seen in both control cond itions. Further, 
exposure to  the pheromone re su lted  in patches of strong labeling  
d is tr ib u te d  throughout the glomerular layer of the main bulb. A 
strong but not so widespread labeling  of glomeruli was observed in 
the  c i t r a l  cond ition , while a much reduced pa tte rn  of a c t iv ity  was 
obtained fo r the control pups on the unscented non-pheromone 
female. Thus, although pheromone exposure re su lted  in the  s trongest 
lab e lin g , the  actual p a tte rn  of a c t iv ity  could not be regarded as 
d is t in c t iv e ,  p a rt ic u la r ly  with respec t to  a c tiv a tio n  of the  modi
f ied  glomerular reg ion .

(Supported by the  Deutsche Forschungsgemeinschaft, Di 212/3‒1)
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323.11 REGIONAL AUTONOMY IN THE PERIPHERAL PROCESSING OF NIPPLE-SEARCH 
ODORS. R. Hudson* and H. D is te l* . (SPON: A. Hofbauer) 
In s t .  Med. Psychol., Uni v. München, D-8000 München, FRG

Newborn ra b b its  are completely dependent on pheromonal cues on 
the m other's b e lly  fo r the  re le a se  of n ipple-search  behavior, but 
can be rap id ly  conditioned to  respond with the  same search behavior 
to  o ther odors when these  are paired  with suckling (Hudson, Dev. 
Psychobiol. 18:575, 1985). As reported  in the  accompanying 
s t r a c t ,  2 -DG labe ling  is  found throughout the  o lfac to ry  bulb f o l 
lowing exposure to  such n ipple-search  odors. This ra is e s  the ques
tio n  whether the e n tire  bulb is  necessary fo r  mediating th ese , and 
i f  no t, whether sp ec ific  a reas , such as the modified glomerular 
reg ion , are e s s e n tia l .

To t e s t  th is  question , ex tensive b ila te ra l  lesions of the 
m edial, la te ra l  or dorsal bulb were performed on day 4 a f te r  pups 
had been conditioned to  the  odor of c i t r a l  or isopropyl alcohol. 
The next day pups' responsiveness to  both the  pheromone and the 
conditioned odor was te s te d , as well as th e ir  a b i l i ty  to  obtain 
milk in the normal nursing s itu a tio n  in competion with unoperated 
pups. Lesioned pups were able to  suckle in the  n e st, and searched 
vigorously on a t e s t  female scented with the conditioned odor, 
even a f te r  one nare had been tem porarily  c losed . Only in a few 
severely  lesioned cases was a decrement in n ipple-seach p e rfo r
mance observed.

S im ilar lesions  were a lso  performed on naive pups 2 hours a f te r  
b ir th .  They, to o , could respond to  the pheromone and suckle when 
te s ted  the  following day , and furtherm ore, could be conditioned to  
the  novel odors. Reconstruction of the lesion  s i te s  showed them to  
overlap fu lly  so th a t no p a rt of the  bulb had been completely 
spared, and th a t  even pups with le ss  than 30% of the bul b remaining 
in ta c t  could s t i l l  respond with search behavior to  the  various 
odors.

These r e s u lts  not only confirm the e a r l ie r  finding  th a t the 
vomeronasal organ is  unimportant fo r the  mediation of such n ipp le- 
search odors (Hudson & D is te l , Physiol. Behav. 37: in  p re s s ) , but 
a lso  show the modified glomerular region not to  be e s s e n tia l .  
In fac t i t  would seem th a t  any p a rt of the main o lfac to ry  bulb of 
newborn ra b b its  i s  capable of autonomously processing the  pheromone 
or a p o s tn a ta lly  acquired a r t i f i c i a l  odor. By im p lica tion , th is  
a lso  seems to  be tru e  fo r the  o lfac to ry  epithelium  as th is  is  known 
to  p ro jec t i n a broadly topological manner to  the  bulb. However, 
whether these  find ings hold fo r a l l  odors, and fo r the  adu lt animal 
remains to  be in v estig a ted .

(Supported by the  Deutsche Forschungsgemeinschaft, Di 212/3‒1)

323.12 ULTRASTRUCTURAL SIGNATURES OF THE NEURONAL CLASSES WITHIN THE 
GUSTATORY ZONE OF THE NUCLEUS OF THE SOLITARY TRACT IN THE 
HAMSTER. B .J . Davis and T. Jang* . Department o f C e ll B iology and 
Anatomy, U n iv e rs ity  of Alabama a t  Birmingham, Birmingham, AL 
35294.

P rev ious  q u a n t i ta t iv e  l i g h t  m icro scop ic  m orphom etric s tu d ie s  of 
th e  g u s ta to ry  zone o f th e  nucleus o f  th e  s o l i t a r y  t r a c t  (NST) in  
th e  ham ster dem onstrated  fo u r m orp h o lo g ica lly  d i s t i n c t  c la s s e s  o f 
neurons and c h a ra c te r iz e d  th e se  c la s s e s  acco rd in g  to  t h e i r  somal 
a r e a s ,  n u c le a r  p r o f i l e s  and d i s t r i b u t io n s .  Ongoing 
u l t r a s t r u c t u r a l  an a ly se s  a ttem p t to  id e n t i f y  a d d i t io n a l  
m orpho log ica l f e a tu r e s  th a t  serve  to  f u r th e r  c h a ra c te r iz e  th e se  
fo u r  c la s s e s  p r io r  to  r e l a t i n g  such s t r u c t u r a l  fe a tu re s  w ith  
fu n c t io n a l  a t t r i b u t e s  ( e . g . ,  o u tp u t v s .  in te rn e u ro n s  and 
a s s o c ia te d  p u ta t iv e  n e u r o t r a n s m it te r s ) . The s tro n g e s t  p re d ic to r s  
o f c la s s  a re  somal a re a s  and th e  r a t i o  of somal a re a :n u c le a r  
a r e a .  The p re v io u s ly  d e fin ed  X1, X2, X3, and X4 c la s s e s  o f NST 
neurons each  p o sse ss  a c h a r a c t e r i s t i c  and s ig n i f i c a n t ly  d i f f e r e n t  
somal a re a : n u c le a r  a re a  r a t i o  because each  c la s s  d i f f e r s  in  
average  somal and n u c le a r  s i z e s .  The average r a t i o  values  
a r e :  X1: 1 :2 .3  (N=84 ); X2: 1 :2 .6  (N=5 4 ); X3: 1 :2 .0  (N=62); and 
X4: 1 :1 .6  (N=5 9 ) . A 0 .72–0.99 range o f  c o r r e la t io n s  between th e  
a re a  o f th e  soma and a re a  of th e  nu c leu s  among th e  fo u r neu ro n a l 
c la s s e s  c o n tr ib u te s  to  th e  r e l i a b ly  o f th e se  r a t i o  v a lu e s . 
M o rp h o lo g ic a lly , th e se  r a t i o  v a lu es  r e f l e c t  th e  r e l a t i v e  amounts 
o f p e r in u c le a r  cy toplasm  and n u c le a r  a re a  in  each  of the  fo u r 
c la s s e s  o f n eu ro n s . At one ex trem e, X2 neurons p o sse ss  much 
p e r in u c le a r  cytoplasm  th a t  i s  loaded  w ith  v a rio u s  membraneous 
o rg a n e l le s  and th e  la r g e s t  r a t i o  o f  somal a re a :n u c le a r  a r e a .  On 
th e  o th e r  hand, th e  X4 c la s s  i s  no ted  fo r  i t s  n ea r absence o f 
p e r in u c le a r  cy toplasm  and th e  c lo se  o p p o s itio n  o f th e  n u c le a r  and 
o u te r  c e l l u l a r  membranes and th e r e f o r e ,  i t s  r a t i o  va lue  approaches 
1 :1 . The c a lc u la t io n  o f  such r a t i o  v a lu es  a llow s us to  examine a 
neuron u l t r a s t r u c t u r a l l y  and a s s ig n  i t  w ith  con fidence  to  one o f 
fo u r c la s s e s  which a re  bein g  more f u l l y  c h a ra c te r iz e d  by G olgi and 
c o r r e la te d  Gol gi-EM m ethods. These d a ta  allow  us to  in f e r  th e  
r e l a t i v e  p rev a len ce  and d i s t r i b u t io n  o f  any one type of 
m o rp h o lo g ica lly  d i s t i n t i v e  G olgi o r f u n c t io n a l  c la s s  of neuron 
th roughou t th e  d o r s a l ,  in te rm e d ia te  and v e n t r a l  le v e ls  o f th e  
g u s ta to ry  zone from b o th  l i g h t  and e l e c t ro n  m icroscop ic  m a te r ia l  
and add to  our knowledge abou t th e  make-up, la y -o u t and i n t r i n s i c  
o rg a n iz a tio n  o f  th e  n eu ro n a l c o n s t i tu e n c ie s  o f th e  g u s ta to ry  NST.

S upported by NS20517.

VISUAL CORTEX IV

324.1 RETINOTOPIC ORGANIZATION OF HUMAN VISUAL CORTEX USING A 
PET ANALYSIS STRATEGY THAT IMPROVES SPATIAL RESOLUTION 
P .T .  F ox , F.M . M ie z in , J .M . A llm an , M.A. M in tu n , D .C . 
Van E s s e n , & M .E. Rai c h l e . D e p ts .  o f  N e u ro lo g y  and  
R a d io lo g y , W ash in g to n  U. Med. S c h . ,  S t .  L o u i s ,  MO and  
D iv . o f  B io lo g y ,  C a l i f o r n i a  I n s t . o f  T e c h n o lo g y , 
P a s a d e n a , CA

A n n u la r ,  r e d :b l a c k  c h e c k e r - b o a r d  s t i m u l i  w e re  u sed  
t o  in d u c e  f o c a l  c e r e b r a l  b lo o d  f lo w  (CBF) i n c r e a s e s  i n  
human s t r i a t e  c o r t e x .  C o r t i c a l  r e s p o n s e s  w e re  mapped 
f o r  t h r e e  r e t i n a l  e c c e n t r i c i t i e s ;  0 .7  d e g .  (m a c u la r ;  
0 . 1 ‒ 1 .5  d e g ) ;  3 .5  d e g . ( p e r im a c u la r ,  G .5 – 5 .5  d e g ) ;  and  
1 0 .5  d e g .  ( p e r i p h e r a l ;  5 .5 – 1 5 .5  d e g ) .

S e v e n te e n  c o n t r o l : s t im u lu s  p a i r s  o f  CBF im ag es  w ere  
o b t a in e d  from  s i x  v o l u n t e e r s  u s in g  in t r a v e n o u s  b o lu s e s  
o f  o x y g e n -1 5  l a b e l e d  w a te r  an d  p o s i t r o n  e m is s io n  
to m o g rap h y  (P E T ). R esp o n se  f o c i  w e re  im aged  by  
s u b t r a c t i n g  a  c o n t r o l - s t a t e  m easu rem en t ( f i x a t i o n  p o i n t  
o n ly )  from  e a c h  s t i m u l a t e d - s t a t e  m e a su re m e n t. 
R esp o n se s  w e re  i d e n t i f i e d  b y  a  r o v in g ,  c u b ic  (10  cc )  
r e g io n  o f  i n t e r e s t  and  a  c e n t e r - o f - m a s s  a l g o r i t h m .  
R esp o n se  l o c a t i o n s  w e re  p l o t t e d  i n  s t e r e o t a c t i c  
c o o r d in a t e s  ( J .  Com put. A s s i s t .  Tomog. 9 : 141‒ 1 5 3 , 
1985) a s  mm from  t h e  c e n t e r  o f  t h e  AC-PC l i n e .

R esp o n se  l o c a l e  v a r i e d  s y s t e m a t i c a l l y  w i th  s t im u lu s  
f i e l d .  I n  a l l  t r i a l s  t h e  p r im a r y  r e s p o n s e  was on  t h e  
m e d ia l  o c c i p i t a l  s u r f a c e .  Ma c u l a r  r e s p o n s e s  ( 0 .7  d e g .)  
w e re  s l i g h t l y  a n t e r i o r  t o  t h e  p o l e .  P e r im a c u la r  
r e s p o n s e s  ( 3 .5  d e g . )  l a y  6 mm a n t e r i o r  an d  4 mm 
s u p e r i o r  t o  m a c u la r .  P e r i p h e r a l  r e s p o n s e s  ( 1 0 .5  d e g . )  
l a y  3 mm a n t e r i o r  an d  5 mm s u p e r i o r  t o  p e r im a c u la r .  
The sam e o r g a n i z a t i o n  w as s e e n  i n  a l l  s u b j e c t s .  The 
l i n e a r  e x t e n t  o f  s t r i a t e  c o r t e x  t o  w h ic h  e a c h  d e g re e  o f  
r e t i n a l  f i e l d  p r o j e c t s  ( m a g n i f i c a t i o n  f a c t o r )  was 
c a l c u l a t e d  from  t h e s e  d a t a  f o r  3 e c c e n t r i c i t i e s ;  3 .4  
m m /deg. a t  2 .1  d e g . ;  1 .6  m m /deg. a t  5 .6  d e g . ;  0 .9  
m m /deg. a t  7 .0  d e g .

C o r t i c a l  z o n e s  s e p a r a t e d  b y  a s  l i t t l e  a s  3 mm w ere  
d i s t i n g u i s h e d  u s in g  im ag es  w i th  a  r e s o l u t i o n  o f  > 15 
mm. Im proved  e f f e c t i v e  s p a t i a l  r e s o l u t i o n  w as o b ta in e d  
b y  l o c a l i z i n g  e a c h  r e s p o n s e  fo c u s  i n d e p e n d e n t ly  i n  
s u b t r a c t i o n  f o r m a t .  R esp o n se  l o c a l i z a t i o n  i s  n o t  
l i m i t e d  b y  t h e  c o n v e n t io n a l  d e f i n i t i o n  o f  s p a t i a l  
r e s o l u t i o n ,  i . e . ,  f u l l  w id th  a t  h a l f  maximum. 
S im u la t io n s  o f  f o c a l  b r a i n  a c t i v a t i o n  u s in g  b r a i n -  
phan to m  im ag es  i n d i c a t e  t h a t  PET c a n  d i s c r i m i n a t e  among 
s e q u e n t i a l l y  im aged  r e s p o n s e s  l e s s  th a n  1 mm a p a r t .

324.2 ORGANIZATION OF EXTRASTRIATE CORTEX IN THE OWL MONKEY. M .I. 
S eren o , C . T .  McDonald*, and J .M .  Allm an. D iv. o f Biology 216‒76, 
C a ltec h , P asadena, CA 91125.

D e ta iled  e le c tro p h y s io lo g ic a l  mapping s tu d ie s  o f owl monkey 
e x t r a s t r i a t e  c o r te x  had p re v io u s ly  rev ea led  a number o f v isu o -  
to p i c a l ly  o rgan ized  a re a s  beyond V‒ I and V‒11. The p re s e n t 
experim en ts co n c e n tra te d  on th e  r o s t r a l  p a r t s  o f  v is u a l ly  respon 
s iv e  c o r te x . T his reg io n  was mapped in  d e t a i l  in  ch ron ic  e x p e r i
m ents. In each s e s s io n ,  a row o f p e n e tra t io n s  spaced a t  1 mm or 
0 .5  mm in t e r v a l s  was made. We p lo t te d  1200 d i f f e r e n t  r e c e p tiv e  
f i e l d s  from th e  most d ensely  mapped hem isphere.

The o rg a n iz a tio n  o f  se v e ra l p re v io u s ly  d esc rib ed  e x t r a s t r i a t e  
a re a s — VP, VA, MT, and th e  m edial h a l f  o f DL ( re p re s e n tin g  the  
lower v is u a l f i e ld )  —was confirm ed . S evera l new a re a s  were 
found . They w il l  be d e sc rib ed  in  a m edial to  l a t e r a l  sequence . 
Medial and r o s t r a l  to  MT and DL, th e re  i s  a to p o g ra p h ic a lly  
o rgan ized  r e p re s e n ta t io n  o f  most o f th e  v is u a l f i e ld  in  th e  
te m p o ro p a rie ta l re g io n  (TP). D ire c t ly  r o s t r a l  to  MT and DL in  
th e  s u p e r io r  tem poral reg io n  (ST), r e c e p tiv e  f i e ld  s iz e  in c re a s e s  
d ra m a tic a lly  and a lthough  an o rd e r ly  sequence o f re c e p tiv e  f i e l d  
c e n te r s  u s u a lly  occu rred  in  a g iven  p e n e tr a t io n ,  i t  was d i f f i c u l t  
to  d is c e rn  la rg e  s c a le  o rd er in  t h i s  a re a .

A s t r i p  o f  c o r te x  about 1 mm wide a d jo in in g  th e  l a t e r a l  border 
o f MT ( th e  zero  v e r t i c a l  m erid ian  o f  th e  upper v is u a l f i e ld )  
c o n ta in s  a r e p r e s e n ta t io n  o f  p a r t  o f th e  upper v is u a l f i e ld  bu t 
u n lik e  m edial DL, t h i s  l a t e r a l  s t r i p  c o n ta in s  no r e p re s e n ta t io n  
o f  azim uths p a s t 15 d eg rees  from th e  v e r t i c a l  m id lin e . L a te ra l  
to  th e  r o s t r a l  p a r t  o f  th i s  s t r i p  in  p o s te r io r  in fe ro tem p o ra l 
c o r te x ,  th e re  i s  a topog raph ic  r e p r e s e n ta t io n  o f th e  lower ( to  20 
d eg ree s  e c c e n t r i c i t y )  and most o f  th e  upper v is u a l f i e l d .  
F in a l ly ,  r o s t r a l  to  th e  r e p r e s e n ta t io n s  o f th e  upper v is u a l f i e ld  
in  VP and VA on th e  v e n tra l  s u r fa c e ,  th e re  i s  a reg io n  w ith  an 
o rd e r ly  r e p r e s e n ta t io n  o f  th e  c e n te r  o f v is io n  ( to  15 d eg rees  
e c c e n t r i c i t y ) .

These r e s u l t s  su g g es t th a t  th e re  a re  se v e ra l to p o g ra p h ic a lly  
o rgan ized  v is u a l a re a s  in  e x t r a s t r i a t e  c o r te x  o f th e  owl monkey 
beyond th o se  a lre a d y  d e s c r ib e d . Thus, most o f th e  v is u a l ly  
re sp o n s iv e  co rte x  in  th i s  animal shows some degree o f r e t in o to p ic  
o r d e r .

T h is work was su ppo rted  by NIH g ra n ts  F32 EY05887 and EY03851.
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324 3 MULTIPLE to po g r a ph ic  and non- topo g r a ph ic  s u b d iv is io n s  o f the  
TEMPORAL LOBE REVEALED BY THE CONNECTIONS OF AREA V4 IN 
MACAQUES. D .J .  F e l le m a n , J . J .  K n ie rim , and D .C . Van E s s e n . D iv . 
o f  B io l .  216–7 6 , C a l i f .  I n s t i t u t e  o f  T e c h n o l . ,  P a s a d e n a , CA 9 1 1 2 5 .

I n fe r o te m p o ra l  c o r t e x  ( IT )  o f  m acaque monkeys i s  a  l a r g e  
e x p a n se  o f  v i s u a l  c o r t e x  s i t u a t e d  b e tw een  a n t e r i o r  p r e s t r i a t e  
c o r t e x  (V4) and th e  te m p o ra l  p o l e .  P o s t e r i o r  (P IT ) and a n t e r i o r  
(AIT) s u b d iv i s io n s  o f  IT h av e  p r e v i o u s ly  b een  s u g g e s te d  on 
b e h a v io r a l  and a n a to m ic a l  e v id e n c e .  P h y s i o lo g i c a l  s t u d i e s  have  
h e r e t o f o r e  n o t  r e v e a l e d  any d i s c e r n a b l e  to p o g ra p h ic  o r g a n i z a t i o n  
w i th in  IT . In  o r d e r  t o  a d d re s s  th e  i s s u e s  o f  p o s s ib l e  
s u b d iv i s io n s  and to p o g ra p h ic  o r g a n i z a t i o n  in  IT  we h av e  u se d  
a n te r o g ra d e  ( 3H - p r o l in e )  and r e t r o g r a d e  ( HRP and m u l t ip l e  
f l u o r e s c e n t  dye) t r a c e r s  t o  i n v e s t i g a t e  th e  c o r t i c a l  c o n n e c t io n s  
o f  a r e a  V4, th e  m ajo r s o u rc e  o f  c o r t i c a l  i n p u t  t o  p o s t e r i o r  IT .

We exam ined th e  c o r t i c a l  c o n n e c t io n s  o f  b o th  d o r s a l  (V4d) and 
v e n t r a l  (V4v) p o r t i o n s  o f V4, c o r r e s p o n d in g  to  th e  r e p r e s e n ta t i o n s  
o f  th e  i n f e r i o r  and s u p e r io r  v i s u a l  f i e l d s ,  r e s p e c t i v e l y .  T r a c e r  
i n j e c t i o n s  w ere made i n t o  V4d (n=10) and V4v (n=4) e i t h e r  a lo n e  o r  
in  v a r io u s  c o m b in a tio n s  in  9 h e m is p h e re s .  The d i s t r i b u t i o n  o f  
l a b e l  was a n a ly z e d  u s in g  2 - d im e n s io n a l ,  u n fo ld e d  maps o f  e x t r a -  
s t r i a t e  c o r t e x  and 3 -d im e n s io n a l  co m p u te r g r a p h ic  r e c o n s t r u c t i o n s .

We u sed  th e  la m in a r  p a t t e r n  o f  l a b e l in g  and th e  s e g r e g a t io n  o r  
c o n v e rg e n c e  o f  i n p u ts  from  th e  u p p e r  (V4v) a n d /o r  lo w er (V4d) 
v i s u a l  f i e l d  t o  d i s t i n g u i s h  3 p a i r s  o f  s u b d iv i s io n s  lo c a t e d  
r e s p e c t i v e l y  i n  p o s t e r i o r ,  a n t e r i o r  and m e d ia l  p o r t i o n s  o f  th e  
te m p o ra l  l o b e .  T o p o g r a p h ic a l ly  o rg a n iz e d  ( s e g r e g a te d )  c o n n e c t io n s  
w ere o b s e rv e d  w i th  two s e p a r a t e  r e g io n s  w i th in  p o s t e r i o r  IT : 
(1 ) l a t e r a l  t o  a r e a  MT and v e n t r a l  t o  V4d in  th e  STS; (2 )  v e n t r o 
l a t e r a l  c o r t e x  from  th e  crow n o f  th e  STS t o  th e  l a t e r a l  OTS, 
v e n t r a l  t o  V4d and a n t e r i o r  t o  V4v. T h ese  zo n es  w ere c h a r a c 
t e r i z e d  by s t r o n g  r e t r o g r a d e  l a b e l in g  in  s u p r a -  and i n f r a g r a n u l a r  
l a y e r s  f o l lo w in g  f l u o r e s c e n t  dye i n j e c t i o n s  i n t o  V4. A seco n d  
p a i r  o f  s u b d iv i s io n s  w ere lo c a t e d  in  a n t e r i o r  IT : (3 ) a n t e r i o r  
and  v e n t r a l  t o  MT in  th e  f l o o r  o f  th e  STS; and (4 ) a n t e r i o r  to  
r e g io n  2 , from  th e  crow n o f  th e  STS to  th e  OTS. The t h i r d  p a i r  
w ere lo c a t e d  in  m e d ia l  c o r t e x :  (5 )  j u s t  m e d ia l t o  th e  fu n d u s  o f 
th e  OTS (p e rh a p s  a r e a  TF) and (6 ) f u r t h e r  m e d ia l  i n  n e o c o r te x  
(p e rh a p s  a r e a  TH).  Both  th e  a n t e r i o r  IT and m e d ia l s u b d iv i s io n s  
w ere c h a r a c t e r i z e d  by i n f r a g r a n u l a r  r e t r o g r a d e  l a b e l in g  and n o n - 
to p o g ra p h ic  (c o n v e rg e n t)  in p u ts  from  V4.

W hile  n o t  a l l  o f  t h e s e  s u b d iv i s io n s  w ere o b s e rv e d  f o l lo w in g  
e v e ry  i n j e c t i o n ,  some v a r i a b i l i t y  c o u ld  be a t t r i b u t e d  to  
d i f f e r e n t i a l  t r a c e r  s e n s i t i v i t i e s .  The m ost v a r i a b l e  com ponen ts 
w ere lo c a t e d  in  m ost m e d ia l  n e o c o r te x  and a n t e r o l a t e r a l  IT . 
F i n a l l y ,  we found  th e  to p o g ra p h ic  o r g a n i z a t i o n  o f  th e  p o s t e r i o r  
l a t e r a l  s u b d iv i s io n  to  be v a r i a b l e  in  t h a t  th e  r e l a t i v e  l o c a t io n s  
o f  u p p e r  f i e l d  and lo w er f i e l d  i n p u ts  d i f f e r e d  a c r o s s  i n d i v i d u a l s .

324.4 asymmetry of central and peripheral field  INPUTS FROM AREA V4 
INTO THE TEMPORAL AND PARIETAL LOBES OF THE MACAQUE. L.G. 
U n g e rle id e r , R. Desimone and J .  Moran*, Lab. N europsychology, 
N atio n a l I n s t i t u t e  o f M ental H ea lth , B ethesda, MD 20892.

The c o r t i c a l  co nnec tions  o f a rea  V4 were examined by in je c t in g  
m u ltip le  an te ro g rad e  and re tro g ra d e  t r a c e r s  ( t r i t i a t e d  amino 
a c id s , WGA-HRP, and f lu o re s c e n t dyes) in to  p h y s io lo g ic a l ly  
id e n t i f i e d  V4 s i t e s  on th e  p re lu n a te  gyrus in  seven cynomolgus 
monkeys. V isual f i e ld  r e p re s e n ta t io n s  a t  th e  in j e c t io n  s i t e s  
inc luded  th e  c e n te r  o f gaze and p o s it io n s  rang ing  from 2° to 
30° in  th e  lower v is u a l  f i e l d .

As p rev io u sly  re p o rte d  by se v e ra l in v e s t ig a to r s ,  V4 re c e iv e s  
topog raph ic  p ro je c tio n s  from a rea s  V2 and V3 and p ro je c ts  in  tu rn  
to  a w idespread  reg io n  in  th e  i n f e r io r  tem poral (IT ) c o r te x . 
Follow ing V4 in j e c t io n s ,  a n te ro g ra d e ly  la b e le d  te rm in a ls  in  the  
tem poral lobe were found p redom inantly  in  la y e r  IV, and 
re t ro g ra d e ly  la b e le d  c e l l s  were la rg e ly  in  la y e rs  V and VI but 
a lso  in  la y e r  H I .  W ith in  p o s te r io r  IT c o r te x , o r a rc h i te c to n ic  
a rea  TEO, la b e l was found only a f t e r  V4 in je c t io n s  in v o lv in g  the  
r e p re s e n ta t io n  o f about th e  c e n tr a l  10° o f th e  v is u a l  f i e ld ,  
w hereas w ith in  a n t e r io r  IT c o r te x , o r a r c h i te c to n ic  a re a  TE, 
la b e l  was found a f t e r  in je c t io n s  of any p a r t  o f V4. Thus, 
c e n t r a l  but no t p e r ip h e ra l  f i e ld  re p re s e n ta t io n s  in  V4 p ro je c t to  
TEO, w hile  both  c e n tr a l  and p e r ip h e ra l f i e ld  re p re s e n ta t io n s  in  
V4 p ro je c t  to  TE. There was, in  a d d i tio n , a p ro je c t io n  to  the 
l a t e r a l  p o r tio n  of a rea  TF, which was most e x te n s iv e  from V4 
s i t e s  re p re s e n tin g  th e  p e r ip h e ra l  v is u a l  f i e ld .

B esides th e  w idespread  p ro je c tio n s  in to  th e  tem poral lo b e , V4 
was a lso  found to  p r o je c t ,  though le s s  e x te n s iv e ly , in to  the 
p a r i e t a l  lo b e . The lam inar d i s t r i b u t io n  of bo th  a n te ro g rad e  and 
re tro g ra d e  la b e l in  the  p a r i e t a l  lobe resem bled th a t  found in  the 
tem poral lo b e . Follow ing in je c t io n s  o f c e n t r a l  v is u a l  f i e ld  
r e p r e s e n ta t io n s  in  V4, la b e l in  the  p a r i e ta l  lobe was la rg e ly  
confined  to  a p o r tio n  o f a re a  POa on th e  p o s te r io r  bank o f th e  
caudal i n t r a p a r i e t a l  s u lc u s , w hereas fo llow ing  in j e c t io n s  o f 
p e r ip h e ra l  f i e ld  r e p r e s e n ta t io n s ,  th e  p ro je c t io n  a ls o  inc luded  
V3A, DPL, VIP, PO, and as y e t u n id e n tif ie d  p o s te r io r  p a r i e ta l  
a r e a s .  Thus, w hile V 4's m ajor o u tp u ts  a re  in to  th e  tem poral 
lobe , o f those  th a t  a re  d ire c te d  in to  the  p a r i e t a l  lo b e , th e  ones 
re p re s e n tin g  th e  p e r ip h e ra l v is u a l  f i e ld  predom inate.

The predom inance o f c e n t r a l  f i e ld  in p u ts  to  a re a  TEO in  the 
tem poral lobe and o f p e r ip h e ra l f i e ld  in p u ts  to  s e v e ra l a rea s  in  
th e  p a r i e t a l  lobe presum ably r e f l e c t s  the  im portance of th e se  
in p u ts  fo r  o b je c t v is io n  and s p a t i a l  v is io n ,  r e s p e c t iv e ly .  The 
predom inance o f p e r ip h e ra l f i e ld  in p u ts  to  a re a  TF su g g ests  th a t  
th i s  tem poral lobe re g io n , l ik e  p o s te r io r  p a r i e t a l  c o r te x , may 
have c h ie f ly  v is u o s p a t ia l  fu n c t io n s .

324.5 DISTRIBUTION OF PURSUIT CELLS IN THE MEDIAL SUPERIOR TEMPORAL AREA 
(MST) OF THE MONKEY H. Komatsu and R. H. Wurtz Lab. S ensorim otor 
R esearch , N a tio n a l Eye I n s t i t u t e ,  NIH, B ethesda, MD 20892 USA.

C e lls  d is c h a rg in g  in  r e l a t i o n  to  p u r s u i t  eye movements have 
been p re v io u s ly  i d e n t i f i e d  w ith in  th e  s u p e r io r  tem poral su lcu s  
(STS) o f th e  awake macaque monkey. In  th e  p re s e n t experim en t, we 
determ ined  th e  d i s t r i b u t io n  o f th e se  p u r s u i t  c e l l s  in  r e l a t i o n  to  
th e  v is u a l  p ro p e r t ie s  o f c e l l s  in  s p e c i f ic  a re a s  o f th e  STS: th e  
m iddle tem poral (MT) and th e  m edial s u p e r io r  tem poral (MST) a re a s .

We f i r s t  made a s e r ie s  o f v e r t i c a l  e le c tro d e  p e n e tra t io n s  every  
1‒2 mm, reco rd ed  m u l tip le  c e l l  a c t i v i t y ,  and determ ined  th e  v is u a l  
p r o p e r t ie s  o f th e  c e l l s .  MT and MST w ere d is tin g u is h e d  from th e  
su rround ing  c o r te x  by th e i r  h igh  p ro p o r tio n  o f d i r e c t i o n a l ly  
s e le c t i v e  c e l l s ,  and from each o th e r  by th e  la r g e r  re c e p tiv e  
f i e ld s  (RF) in  MST. C e ll d isch a rg e  du rin g  p u r s u i t  eye movements 
was t e s t e d ,  and about 15% o f th e  c e l l s  t e s t e d  were a c t iv a te d .  The 
p u r s u i t  c e l l s  were found p r im a r ily  in  th re e  a re a s :  on th e  
p o s te r io r  bank o f th e  STS in  fo v e a l MT and th e  l a t e r a l  a re a  o f MST 
a d ja c e n t to  fo v e a l MT; on th e  a n t e r io r  bank in  d o rs a l MST, on th e  
fundus o f th e  STS o u ts id e  o f MST and a n t e r io r  to  fo v e a l MT. Very 
few p u r s u i t  c e l l s  were found in  th e  in te rm e d ia te  a re a  o f MST 
between th e  l a t e r a l  and d o rs a l MST a re a s . V isu a l RF o f bo th  th e  
l a t e r a l  and d o rs a l MST u s u a lly  in c lu d ed  o r  were c lo se  to  th e  
fovea .

We th e n  reco rd ed  s in g le  c e l l  a c t i v i t y  in  s e le c te d  a r e a s :  
fo v e a l and e x t ra fo v e a l MT, l a t e r a l ,  d o rs a l and in te rm e d ia te  MST. 
C o n s is te n t w ith  th e  r e s u l t s  d e s c r ib e d  above, most o f th e  p u r s u i t  
c e l l s  w ere o b ta in ed  from fo v e a l MT, l a t e r a l  MST and d o rs a l MST, 
but th e  p r o p e r t ie s  o f th e  p u r s u i t  c e l l s  were d i f f e r e n t  among th e se  
a re a s .  The c e l l s  in  fo v e a l MT had sm all RFs and were s e n s i t i v e  to  
th e  movement o f sm all, w e l l - lo c a l iz e d  v is u a l  s t im u l i .  A c tiv i ty  of 
most c e l l s  d ec reased  d u rin g  p u r s u i t  when v is u a l  s t im u la t io n  was 
reduced by b lin k in g  o f f  th e  p u r s u i t  t a r g e t  in d ic a t in g  th e  v is u a l  
n a tu re  o f th e  p u r s u i t  re sp o n se . The c e l l s  in  d o rs a l MST had la rg e  
RF (>20°) th a t  u s u a lly  in c lu d ed  th e  fo v ea . These c e l l s  tended  to  
respond b e t t e r  to  la rg e  f i e l d  random d o t movement r a th e r  th a n  to  
movement o f sm a ll, w e l l - lo c a l iz e d  v is u a l  s t im u l i ,  and many c e l l s  
had a RF o rg a n iz a tio n  such th a t  p r e f e r r e d  d i r e c t i o n  o f th e  dot 
m otion  changed acco rd in g  to  th e  s iz e  o f th e  f i e l d  o f d o ts . Most 
c e l l s  d id  n o t change a c t i v i t y  d u rin g  b l in k  o f  th e  p u r s u i t  t a r g e t .  
In  l a t e r a l  MST, some p u r s u i t  c e l l s  had th e  same p r o p e r t ie s  as in  
fo v e a l MT, bu t o th e r s  had th e  same p ro p e r t ie s  as  in  d o rs a l MST.

We conclude th a t  p u r s u i t  c e l l s  l i e  in  some but no t o th e r  a rea s  
o f MST. T h is su g g es ts  th a t  MST c o n s is ts  o f s e v e ra l fu n c t io n a l  
su b reg io n s  d is t in g u is h a b le  by t h e i r  v is u a l  and oculom otor 
p r o p e r t ie s .

324.6 PURSUIT AND OKN DEFICITS FOLLOWING IBOTENIC ACID LESIONS IN THE 
MEDIAL SUPERIOR TEMPORAL AREA (MST) OF MONKEY. M. R. Dür s t e l e r .

R. H. W urtz. D. S. Yamasaki. (SPON: F. M ile s ) . Lab. of 
S ensorim otor R esearch , N atio n a l Eye I n s t i t u t e ,  NIH, B ethesda, MD 
20892 USA.

In p rev io u s  experim en ts we found th a t  p u r s u i t  eye movements 
w ere dependent upon v is u a l  m otion p ro c e ss in g  in  th e  m iddle 
tem poral a rea  (MT) o f macaque monkey c e re b ra l c o r te x . In  th e  
p re s e n t experim en ts we determ ined w hether th e  i n t e g r i t y  of a 
v is u a l  a re a  to  which MT p r o je c t s ,  th e  m edial su p e r io r  tem poral 
a rea  (MST), i s  n ec essa ry  fo r  g e n e ra tio n  o f p u r s u i t  eye movements.

Monkeys were t r a in e d  to  f ix a te  on a sm all t a r g e t  spo t and th en  
to  pu rsue  i t  as th e  spo t stepped  to  a p o in t on th e  h o r iz o n ta l 
m erid ian  and th e n  ramped away o r  tow ard th e  f ix a t io n  p o in t .  
F ollow ing in j e c t io n  o f a n e u ro to x in , ib o te n ic  a c id , in to  MST we 
found two d e f i c i t s .  A r e t in o to n ic  d e f i c i t  was observed w ith  
i n i t i a t i o n  o f p u r s u i t ,  to  a t a r g e t  moving in  any d i r e c t io n  in  th e  
a f f e c te d  a re a  o f th e  c o n t r a la t e r a l  v is u a l  f i e l d .  This d e f i c i t  was 
s im i la r  to  th e  d e f i c i t  fo llo w in g  damage to  e x tra fo v e a l reg io n s  of 
MT (Newsome, e t  a l . ,  J .  N eu rosci. 5 :825 , 1985). A d i r e c t io n a l  
d e f i c i t  was observed  w ith  m aintenance o f p u r s u i t  when th e  ta r g e t  
moved tow ard th e  s id e  o f th e  le s io n ,  re g a rd le s s  o f th e  v is u a l  
f i e l d  in  which th e  t a r g e t  f e l l .  This d e f i c i t  was s im i la r  to  th a t  
seen fo llo w in g  in j e c t io n s  o f th e  fo v e a l a re a s  of th e  STS which 
in c lu d ed  a re a s  o f MT and MST (Dür s t e l e r ,  e t  a l . ,  N eu rosci. A bst. 
10:475, 1984). The r e l a t i v e  prom inence of th e se  two d e f i c i t s  
v a r ie d  w ith  th e  lo c a t io n  o f th e  le s io n .  The r e t in o to p ic  d e f i c i t  
was la r g e s t  fo llo w in g  in je c t io n s  w hich inc lu d ed  th e  a n t e r io r  bank 
o f th e  STS. The d i r e c t i o n a l  d e f i c i t  was more prom inent when th e  
le s io n  in c lu d ed  th e  f lo o r  o f th e  STS a d ja c e n t to  MT.

O p to k in e tic  nystagm us (OKN) in  th e se  monkeys showed two 
d e f i c i t s .  One was a reduced i n i t i a l  ra p id  r i s e  in  OKN though t to  
r e s u l t  from a c t iv a t io n  o f th e  p u r s u i t  system . The second was a 
re d u c t io n  in  th e  maximum speed o b ta in ed  by th e  slow bu ildup  o f 
OKN. The reduced ra p id  r i s e  was a s s o c ia te d  w ith  th e  r e t in o to p ic  
p u r s u i t  d e f i c i t  and o ccu rred  fo r  bo th  d i r e c t io n s  o f h o r iz o n ta l 
OKN. The reduced slow bu ildup  was la r g e r  f o r  OKN s t im u la t io n  
moving tow ard th e  s id e  o f th e  le s io n  and was a s s o c ia te d  w ith  th e  
d i r e c t i o n a l  p u r s u i t  d e f i c i t .

We conclude t h a t :  1) MST must l i e  on an  o u tp u t pathway from 
v is u a l  c o r te x  to  b ra in stem  oculom otor a r e a s ;  d i r e c t  p ro je c t io n s  
from MT a re  i n t a c t  a f t e r  MST le s io n s  bu t a p u r s u i t  d e f i c i t  s t i l l  
i s  p r e s e n t .  2 ) th e  d i r e c t i o n a l  p u r s u i t  d e f i c i t  can be produced by 
le s io n s  th a t  sp are  MT, 3 ) Damage to  MST a l t e r s  n o t on ly  th e  
i n i t i a l  f a s t  phase o f OKN bu t s u rp r is in g ly  th e  slow er bu ildup  as 
w e ll .  4) Regions w ith in  th e  STS a re  r e l a te d  d i f f e r e n t i a l l y  to  th e  
r e t in o to p ic  and d i r e c t i o n a l  p u r s u i t  d e f i c i t s  and th e  f a s t  and slow 
phases o f OKN re s p e c t iv e ly .
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324.7 TWO- AND THREE-DIMENSIONAL STRUCTURE FROM MOTION SENSITIVITY IN MONKEYS AND HUMANS. 
R.A. Andersen and R.M. S ie g e l . The Salk I n s t i t u te ,  P.O. Box 85800, San Diego, CA 
92138.

In th ese  experim ents asp e c ts  of the p e rcep tio n  of s t ru c tu re  from motion have 
been examined in  psychophysical ta sk s  using  novel motion d isp la y s . S ub jects in 
th ese  experim ents were one monkey ( Macaca m u la tta ) and two humans. This is  the 
f i r s t  study  to  our knowledge dem onstrating th a t  monkeys p erceiv e  s tru c tu re  from 
m otion. These experim ents are  p a r t  of a la rg e r  study  to  determ ine s ta g e s  in  motion 
p rocessing  in  e x t r a s t r i a t e  v isu a l co rte x  using  a com bination of psychophysical, 
re co rd in g , and les io n  tech n iq u es . In th e  accompanying a b s tra c t  (S iegel and 
Andersen, N eurosci. A b s tr .,  1986) we re p o rt d e f ic i t s  in  motion p ercep tio n  a f te r  
le s io n s  to  th e  middle temporal area  (a rea  MT) th a t  were accessed  using some of 
th ese  psychophysical ta sk s .

The psychophysical ta sk s  are  designed to  determ ine th resh o ld s  fo r  d e te c tin g  
the t r a n s i t io n  from u n s tru c tu re d  v e lo c ity  f ie ld s  to  v e lo c ity  f ie ld s  with various 
degrees of s t ru c tu re  using a re a c tio n  time ta s k . S tim uli a re  generated  by a r e a l 
time computer g raph ics  system and d isp la y ed  on a la rg e  CRT sc reen . The two- 
dim ensional s tru c tu re d  motion s tim u li a re  a su rfa c e  ro ta t in g  in  th e  f r o n to - p a ra l le l 
p lane and a l in e a r ly  expanding dot f i e ld .  The three -d im ensional s tru c tu re  is  a 
revolv ing  hollow c y lin d e r . The d isp la y s  are  composed of moving random dot f ie ld s  
with s h o r t - l iv e d  do ts and are  designed to  remove fa m ilia r  p o s itio n  cues and shape- 
change cues.

The s t ru c tu re  of the d isp la y s  is  pertu rb ed  by d isp la c in g  each motion 
t r a je c to ry  some randomized d is ta n c e  w ith in  l im its  defin ed  in  screen  param eters. 
D iffe re n t degrees of s tru c tu re  are  achieved by changing th e  l im its  fo r d isp la c in g  
th e  motion v e c to rs . Psychom etric curves were ob tained  by p lo t t in g  th e  percen t h i ts  
as a fu n c tio n  of the amount of s t r u c tu re  p re sen t in  the d is p la y s . F if ty  percent 
h i t  th resh o ld s  were determ ined using p ro b it a n a ly s is .

The most s ig n if ic a n t  f in d in g  was th a t  th e  monkey could perform  th ese  tasks 
with ea se . The monkey 50% h i t  th resh o ld s  were s l ig h t ly  h igher than the human 
th re sh o ld s . Fu rther d a ta  w ill be re q u ired  from a d d itio n a l su b je c ts  to  determ ine 
whether t h i s  i s  a d if fe re n c e  between sp ec ie s  or simply v a r ia b i l i t y  among 
in d iv id u a ls  w ith in  a sp e c ie s . The e f fe c ts  on th resh o ld s  of v e lo c ity , point 
d e n s ity , d isp la y  s iz e ,  and p o s itio n  in  the v isu a l f i e ld  w ill be d iscu ssed .

To in v e s tig a te  whether loca l cues such as p a ra lle l is m  were a fa c to r  the tasks 
were a lso  done with only a lim ited  p o rtio n  of the screen  v i s ib l e .  As would be 
p re d ic te d  th resh o ld s  were then d ra m a tic a lly  ra is e d  fo r th e  2-D ta sk s  and i t  was 
im possible fo r the  su b je c ts  to  do the  3-D ta s k .  S ince the a v a i la b i l i t y  of the 
whole s t ru c tu re  of the  motion f ie ld  is  necessary  fo r optim al th resh o ld s  i t  would 
appear th a t  the su b je c ts  were using g lobal p e rcep ts  of s t ru c tu re  from motion in 
accom plishing th ese  ta s k s .

I n te r e s t in g ly ,  th e  900 msec re a c tio n  tim es fo r the  3-D task  were about 300 
msec longer than those recorded fo r the 2-D ta s k . This increased  re a c tio n  time 
could not be accounted fo r by the d i f f i c u l ty  of the ta s k ,  s in c e  the  percentage 
s t ru c tu re  in  the ta sk s  had l i t t l e  e f fe c t  on re a c tio n  tim es. Thus the much longer 
re a c tio n  tim es probably r e f le c t  the  longer com putation tim es re q u ired  to  e x tra c t  3- 
D info rm ation .

324.8 MOTION PERCEPTUAL DEFICITS FOLLOWING IBOTENIC ACID 
LESIONS OF THE MIDDLE TEMPORAL AREA (MT) IN THE 
BEHAVING RHESUS MONKEY. R.M. Siegel and R.A. Andersen. The 
Salk Institute, La Jolla, CA 92037.

The macaque extrastriate area MT predominantly contains neurons 
that respond to visual motion. In order to examine the necessity of 
MT for the perception of motion, a reaction time task was used to assess a 
monkey's visual motion detection before and after an ibotenic acid lesion 
of MT. The detection of shear motion was tested by presenting a 
stationary, 6  square random dot field whose elements were then moved 
according to x = A sin(w tt)sin(w yy). The animal was trained to release a 
response key following the onset of shear while fixating a 0.30 LED. The 
amplitude of the shear and location of the test stimulus relative to the 
LED were varied in a random block design to determine the shear motion 
threshold at different locations in the visual field. Multiunit recordings 
were used to map the retinotopic representation of MT; ibotenic acid (1μ l 
of 15μ g/μ l ) was then injected to destroy a selected part of this 
representation. Lesion were anatomically verified to be in MT.

One day after the lesion, shear motion thresholds were elevated up to 
eight-fold from a prelesion value. Following this large increase, the motion 
thresholds returned to within 130% of the control levels after four days. 
The thresholds did not decrease further for the remaining nineteen days 
tested. The deficit was greatest close to the lesion center in retinotopic 
coordinates. The monkey’s ability to detect contrast was not changed, as 
assessed using a step change from a uniform illuminated 60 field to a 2 
cycle/deg sine wave contrast grating. These results, found in two 
hemispheres of one animal, indicate the presence of a deficit in the 
monkey’s ability to detect shear motion. The fast recovery of shear 
thresholds suggests that simple perceptual motion analysis can recover by 
either rearrangement of receptive fields within MT or by utilization of 
other parallel motion pathways.

A three dimensional structure from motion task, which requires 
global processing of motion information, was also studied in one of the 
hemispheres used for the shear experiments. The animal was required to 
detect a change from an unstructured motion velocity field to a structured 
motion velocity field. The object underlying the structured motion 
velocity field was the rotating surface of a cylinder covered with short 
lived points. The animal was able to perform this task parafoveally prior 
to the ibotenic lesion. Following the lesion, the animal performed at 
chance at a location within the lesioned MT field. However, he could still 
correctly do the task at a second location not in the lesioned field. This 
localized deficit lasted 23 days at which time the animal was sacrificed. 
The structure for motion task was only used three times after the lesion 
whereas the shear task was run daily. If the persistence of the structure 
from motion deficit is not due to lack of post-lesion training, then its long 
time course suggests that MT is necessary for this particular motion 
analysis and that parallel pathways cannot compensate for its loss.

324.9 MT LESIONS IMPAIR DISCRIMINATION OF DIRECTION IN A STOCHASTIC 
MOTION DISPLAY. W.T. Newsome and E.B. Pare*  Dept. of Neurobiology 
and Behavior , SUNY, Stony Brook, NY 117 94

B ecau se  a m a j o r i t y  o f  i t s  n e u r o n s  a r e  d i r e c t i o n  and speed  
s e l e c t i v e ,  e x t r a s t r i a t e  a rea  MT of monkeys i s  though t to  play a 
r o l e  i n  t h e  c o r t i c a l  a n a l y s i s  o f  m o t io n .  To i d e n t i f y  t h e  
p e r c e p t u a l  f u n c t i o n s  t o  w h i c h  n e u r a l  p r o c e s s i n g  i n  MT 
c o n t r i b u t e s ,  we a r e  e x a m in i n g  t h e  e f f e c t s  of  MT l e s i o n s  in  
monkeys t r a in e d  on a p p r o p r i a t e  psychophys ica l ta sk s .

We t r a i n e d  rh esu s  monkeys to  d i s c r i m i n a t e  upward from downward 
motion  in  a dynamic random dot d i s p la y .  The d i s p la y  c o n s i s t s  of a 
s tr eam of  randomly p o s i t i o n e d  d o ts  fo rming a dynamic image l i k e  
t h a t  of "snow" on a TV screen .  A s p e c i f i e d  p r o p o r t i o n  of th e  d o ts  
may be p l o t t e d  nonrandomly ( " c o r r e l a te d " )  so t h a t  they  move w i th  
a u n i f o r m  d i r e c t i o n  and sp eed .  By v a r y i n g  t h e  p e r c e n t a g e  of  
" c o r r e l a t e d "  d o t s ,  t h e  i n t e n s i t y  o f  t h e  m o t io n  s i g n a l  can  be 
c o n t r o l l e d .  We m e as u red  t h e  p e r c e n t a g e  o f  c o r r e l a t e d  d o t s  f o r  
which monkeys s u c c e s s f u l l y  d i s c r i m in a t e d  th e  d i r e c t i o n  of motion. 
In  each  t r i a l ,  t h e  monkey f i x a t e d  a p o i n t  o f  l i g h t  f o r  two 
seconds w h i le  v iew ing  th e  dot p a t t e r n  p e r i f o v e a l l y  (10° d ia m e te r ,  
c e n t e r e d  7° e c c e n t r i c  on t h e  h o r i z o n t a l  m e r i d i a n ) .  When t h e  
f i x a t i o n  p o i n t  was e x t i n g u i s h e d ,  two p o i n t s  of  l i g h t  a p p e a r e d  
s i m u l t a n e o u s l y ,  one  ab ove t h e  p a t c h  o f  d o t s  and one  b e lo w .  The 
monkey made a s accad ic  eye movement to  th e  l i g h t  toward which th e  
m o t io n  was d i r e c t e d .  T h r e s h o l d s  w e r e  m e as u red  by a s t a i r c a s e  
procedure  in  which a c o r r e c t  r esp o n se  r e s u l t e d  in  a 37% chance of 
a more  d i f f i c u l t  d i s c r i m i n a t i o n  on t h e  n e x t  t r i a l  ( f e w e r  
c o r r e l a t e d  d o ts ) ,  and an i n c o r r e c t  resp o n se  r e s u l t e d  in  a s im p le r  
d i s c r i m i n a t i o n  on th e  nex t t r i a l  (more c o r r e l a t e d  d o ts ) .

The monkeys' p r e - l e s i o n  performance on t h i s  t a s k  was s i m i l a r  
t o  t h a t  of humans. For o p t im a l  c o n d i t i o n s ,  t h e  monkeys r e l i a b l y  
d i s c r i m in a t e d  th e  d i r e c t i o n  of  mot ion when fewer  th an  10% of  th e  
d o t s  w e r e  c o r r e l a t e d .  An i b o t e n i c  a c i d  l e s i o n  of  MT in  t h e  l e f t  
hem isphere caused d e f i c i t s  in  th e  r i g h t  h e m if ie ld  w h i le  th e  l e f t  
h e m if ie ld  was u n a f fec ted .  In  an a c u te  phase,  l a s t i n g  t h r e e  days 
p o s t - l e s i o n ,  p s y c h o p h y s i c a l  t h r e s h o l d s  w e r e  d r a m a t i c a l l y  
e l e v a t e d :  t h e  monkey was i m p a i r e d  f o r  c o r r e l a t i o n s  as  h ig h  as  
100%. I n  a c h r o n i c  p h a s e ,  l a s t i n g  1‒ 4 w eek s ,  p s y c h o p h y s i c a l  
t h r e s h o l d s  g r a d u a l ly  approached p r e - l e s i o n  l e v e l s .  In a second 
round of l e s i o n s  in  th e  same hem isphere,  we a t tem p ted  to  des t ro y  
a l l  o f  MT and a s u b s t a n t i a l  p o r t i o n  of  MST as  w e l l .  The a c u t e  
phase was v i r t u a l l y  i d e n t i c a l  to  t h a t  which fo l lo w ed  th e  f i r s t  
l e s i o n  o f  MT. S u b s t a n t i a l  r e c o v e r y  has  o c c u r r e d  d u r i n g  t h e  
ch ro n ic  phase (now 2 weeks), but t h r e s h o l d s  rem ain  e l e v a te d  above 
p r e - l e s i o n  l e v e l s .  Th ese  o b s e r v a t i o n s  s u g g e s t  t h a t  m o t i o n -  
r e l a t e d  v i s u a l  a r e a s  in  th e  STS play a r o l e  in  th e  p e r c e p t io n  of 
mot ion  s i g n a l s  embedded in  v i s u a l  noise .
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324.10 VELOCITY DISCRIMINATION IN THE MONKEY. E. Vandenbussche* 
(SPON; J . Duysens). G.A. Orban and H. Maes*. Laboratorium voor Neuro- 
en Psychofysiologie, K.U.Leuven, Campus Gasthuisberg, B-3000 Leuven, 
Belgium.

In humans the velocity discrimination curve plotting JND in velocity, 
expressed as Weber fraction, as a function of velocity is a U-shaped curve 
with minimal JNDs of 5‒6% measured a t velocities ranging from 4 to 
64°/sec (Orban e t al., Vision Res., 24: 17, 1984). The cat's discrimination 
curve is similarly U-shaped but the level of performance reached at 
optimal speeds is much lower (40‒70% Weber fraction) (Vandenbussche et 
al., Vision Res.. in press, 1986). The present experiments were undertaken 
to test 1) whether the velocity discrimination curve is U-shaped in 
monkeys as in man and cats and 2) whether the levels of performance in 
monkeys are closer to humans than those of cats. We trained four 
monkeys (Macaca Fuscata) to discriminate between two sequences of 
stimuli : one in which the reference velocity (at which performance is 
measured) was repeated and one in which the reference velocity was 
followed by a velocity differing by an amount Av from the reference. 
Such a same-difference design yields thresholds which are double those 
obtained with the method of single stimuli (Vogels and Orban, 
J.exp.Psychol : Human Perception and Performance, in press, 1986). The 
average duration of stimulus movement was shorter than 200 msec and 
the duration of motion varied randomly around the average (maximum 
variation by a factor 2) to avoid the use of motion rather than speed as 
cue for discrimination. The moving stimuli were long narrow slits (0.6° 
wide) of moderate contrast (slit luminance 25 cd/m2, background 
illumination 22 cd/m2). In these standard conditions the velocity 
discrimination curve of all four monkeys was indeed U-shaped with 
minimal JNDs of 10 to 20% for velocities ranging from 8 to 64°/sec. By 
increasing the  contrast, the width of the discrimination curve increases, 
exactly as has been reported for humans.
These results suggest that indeed velocity discrimination of monkeys 
bears an even greater similarity with human velocity discrimination than 
tha t of cats.
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324.11 EYE MOVEMENT RELATED RESPONSES OF NEURONS IN SUPERIOR TEMPORAL 
POLYSENSORY AREA OF MACAQUE C. L. Colby and E. K. M iller* 
Dept. of Psychology, Princeton  U niversity , P rinceton  NJ 08544

The superior temporal polysensory area  (STP) in  macaque i s  a 
polymodal area in  which v isu a l responses predominate. We have 
recorded from s in g le  c e l l s  in  STP in  the  a l e r t  rhesus monkey 
tra in e d  to  f ix a te  and to  perform saccadic and smooth p u rsu it eye 
movements. We have examined both the v isu a l response p ro p e rtie s  
and the  eye movement re la te d  responses of these neurons.

During f ix a tio n , many SIP neurons:
1) respond v igorously  to  sm all, rap id ly  moving spo ts
2) have very la rg e , b i la te r a l  recep tive  f ie ld s  extending across 
th e  tangent screen  (100 x 100 deg)
3) a re  s e le c tiv e  fo r the d ire c tio n  of stim ulus motion, o ften  
fo r s tim u li moving towards or away from the fovea
4) respond w ell to  s tim u li in  the  extreme periphery .
Many c e l l s  in  STP discharge in  re la tio n  to  saccadic eye 

movements. These c e l l s  respond before  and during saccadic eye 
movements w ith an increase  in  f i r in g  r a te .  Several tasks were 
used to  determine whether p resaccadic responses were p rim arily  
v isu a l or p rim arily  motor. In  the  standard saccade ta sk , the 
t r i a l  i s  in i t ia te d  when the  monkey achieves f ix a tio n  of a 0.1 deg 
f ix a tio n  poin t (FP). One sec l a t e r ,  the  FP goes o ff  and the  
saccade ta rg e t appears. The monkey i s  rewarded 1 sec  a f te r  
achieving f ix a tio n  of the ta rg e t .  In  order to  ru le  out the  
p o s s ib i l i ty  th a t  the presaccadic response i s  due to  the  o ff s e t  of 
the  FP, a  saccade-gap ta sk  i s  used. In  th i s  ta sk , the  FP i s  
tu rned  o ff  600 ms before  the  ta rg e t appears but the  monkey mu s t 
not make a saccade during th e  gap. F in a lly , in  order to  
determine whether the  response i s  due to  th e  onset of the saccade 
ta rg e t or to  the  performance of the  saccade, a saccade-over l ap 
ta sk  i s  used. In th i s  ta sk , the  saccade ta rg e t appears 500 msec 
before  the  o f f s e t  of the  f ix a tio n  p o in t, allowing v isu a l and motor 
responses to  be segregated . Using th i s  s e t  of ta sk s , we have 
id e n tif ie d  th ree  c la sse s  of c e l l s  w ith saccade-rela ted  a c t iv i ty :

1) v isu a l c e l l s ,  whose f i r in g  i s  tim e-locked to  the  onset of 
the  ta rg e t stim ulus
2 ) motor c e l l s ,  whose f i r in g  i s  tim e-locked to  th e  in i t i a t io n  
o f the  saccade
3) visuomotor c e l l s ,  which f i r e  throughout the  in te rv a l between 
th e  appearance of th e  ta rg e t and the  execution of the  saccade.
Some neurons in  STP responded v igorously , or were in h ib ite d , 

during smooth p u rsu it eye movements, o ften  in  a d ire c tio n a lly -  
se le c tiv e  manner.

In  conclusion, neurons in  STP respond not only in  re la tio n  to  
sensory s tim u li, as  described  p rev iously , but a lso  in  re la tio n  to  
th e  performance of eye movements.

324.12 "VANISHING" OF FOVEAL TARGETS: A FAILURE TO SUSTAIN VISUAL ATTEN
TION DUE TO BILATERAL ASSOCIATION VISUAL CORTEX LESIONS IN MAN. 
M atthew  R iz z o , MD, R ic h a rd  H u r t ig  PhD*, A n to n io  D am asio , MD, 
PhD. , D iv i s io n  o f B e h a v io ra l  N e u ro lo g y , D ep artm en t o f  N eu ro lo g y , 
U n iv e r s i ty  o f  Iowa C o lle g e  o f  M e d ic in e , Iowa C i ty ,  Iowa 522A2.

A t t e n t i o n  i s  th e  b ro ad  te rm  a p p l ie d  to  th e  n e u ra l  n e tw o rk  t h a t  
c o n t r o l s  in fo r m a t io n  p r o c e s s in g  by e n h a n c in g  and f i l t e r i n g  b o th  
i n t e r n a l  and e x te r n a l  s i g n a l s .  I t  c o n s i s t s  o f  a " s t a t e "  f u n c t io n  
to  s u s t a i n  a t t e n t i o n  and " v e c to r "  f u n c t io n  to  s h i f t  th e  f i n i t e  
CNS p r o c e s s in g  c a p a c i ty .  T h is  m odel o f f e r s  th e  p o s s i b i l i t y  t h a t  
v a r io u s  d i s o r d e r s  o f  h ig h e r  n e rv o u s  f u n c t io n  r e s u l t  from  d e f e c t s  
o f  a t t e n t i o n  a t  d i f f e r e n t  CNS l e v e l s .  We s tu d i e d  th r e e  s u b je c t s  
who r e p o r t e d  th e  a p p a re n t  d i s a p p e a ra n c e  from  d i r e c t  v iew  o f 
s t a t i o n a r y  o b j e c t s  i n  th e  v i s u a l  p anoram a. They had CT d e f in e d  
b i l a t e r a l  l e s i o n s  o f  th e  s u p e r i o r  v i s u a l  a s s o c i a t i o n  c o r t i c e s .  
We t e s t e d  th e  h y p o th e s i s  t h a t  t h e i r  d i s tu r b a n c e  was due to  a 
s p e c i f i c  i n a b i l i t y  to  s u s t a i n  v i s u a l  a t t e n t i o n .  They w ere a l e r t ,  
c o o p e r a t iv e  and had no a b n o r m a l i t ie s  o f  v i s u a l  a c u i t y  o r  f i e l d s  
t o  e x p la in  t h e i r  d e f e c t .  L an g u ag e , v e rb a l  i n t e l l e c t ,  s i n g l e  word 
r e a d in g  and v i s u a l  r e c o g n i t i o n  o f  o b j e c t s  and f a c e s  w ere a l s o  
i n t a c t .  V is u a l  d i s a p p e a ra n c e  was n o t  due to  b in o c u la r  r i v a l r y  o r  
t o  i n t e r n a l  o r  n o n v is u a l  e x te r n a l  s ig n a l  i n t e r f e r e n c e  r e l a t e d  to  
l i s t e n i n g ,  h e a r i n g ,  s p e a k in g ,  m o to r a c t i v i t y  o r  th in k in g  d u r in g  
p ro b lem  s o lv in g .
Eye m ovem ents w ere r e c o rd e d  u s in g  s ta n d a r d  EOG te c h n iq u e  w ith  a 
minimum r e s o l u t i o n  o f  0 .5 ° .  S ig n a ls  w ere d i g i t i z e d  f o r  co m p u ter 
a n a l y s i s .  The s u b je c t s  showed norm al p u r s u i t  v e l o c i t y  and g a in ,  
s a c c a d ic  l a t e n c y ,  a c c u ra c y  and v e l o c i t y .  Compared to  norm al 
c o n t r o l s ,  th e y  e x h ib i t e d  a p p r o p r i a t e  s c a n n in g  o f  p i c t u r e  f a c e s  
and s c e n e s  and showed th e  a b i l i t y  to  c a r r y  o u t g o a l - d i r e c t e d  
s c a n n in g  to  an sw er s p e c i f i c  q u e s t io n s  ab o u t p i c t u r e s .  But th e  
m ost im p o r ta n t  o b s e r v a t io n  was t h a t  th e  s u b je c t s  r e p o r t e d  th e  
d is a p p e a ra n c e  o f  a l i g h t - e m i t t i n g  d io d e  t a r g e t  d u r in g  EOG v e r i 
f i e d  f i x a t i o n .  They c o n tin u e d  to  p ro c e s s  in fo r m a t io n  s u f f i c i e n t 
ly  to  d r iv e  th e  e y e s  a c c u r a te l y  on f i x a t i o n  t a r g e t s ,  b u t th e  
l e v e l  o f  p r o c e s s in g  was i n s u f f i c i e n t  to  m a in ta in  c o n s c io u s  ex p e 
r ie n c e  o f  th e  s t im u lu s .  Thus th e  s u b je c t s  w ere lo o k in g  b u t n o t 
s e e in g .  The r e s u l t s  show t h a t  v i s u a l  a t t e n t i o n  can  be s e p a r a te d  
from  f o v e a t io n  a s  th e  r e s u l t  o f  s e l e c t i v e  l e s i o n s  in  th e  s u p e r io r  
v i s u a l  a s s o c i a t i o n  c o r t i c e s .  F in d in g s  a r e  c o n s i s t e n t  w ith  norm al 
human s tu d i e s  show ing n o n - o b l ig a to r y  l in k a g e  o f  a t t e n t i o n  and 
f o v e a t io n ,  and w ith  m ic r o e le c t r o d e  s tu d i e s  in  p r im a te s  r e p o r t in g  
a l t e r a t i o n  o f  f i r i n g  by p r e s t r i a t e  b u t n o t  s t r i a t e  c e l l s  w ith  
c h a n g es  o f  a t t e n t i o n  d u r in g  f i x a t i o n .  The r e s u l t s  a ls o  s u p p o rt  
th e  n o t io n  t h a t  th e  " s t a t e "  f u n c t io n  f o r  s u s ta in e d  a w a re n e s s , and 
" v e c to r "  f u n c t io n  w hich  s h i f t s  g aze  and d r iv e s  v i s u a l  s e a r c h ,  
h av e  r e l a t i v e l y  s e p a r a te  a n a to m ic a l  u n d e rp in n in g s .

324.13 LONG TERM VISUAL AFTEREFFECTS: 
STRUCTURAL CHANGE IN THE HUMAN VISUAL CORTEX? 

Jerem y M. W o lfe* , (SPON: R. H e ld ) 
E10– 1 3 7 , MIT, C am b rid g e , MA 02139

L o ok ing  a t  one  s t im u lu s  can  ch a n g e  th e  a p p e a ra n c e  o f  a 
s u b s e q u e n t  s t i m u l u s .  F o r ex am p le , l i n e s  t i l t e d  t o  th e  l e f t  o f 
v e r t i c a l  w i l l  make v e r t i c a l  l i n e s  a p p e a r  t o  be t i l t e d  r i g h t .  T hese 
v i s u a l  a f t e r e f f e c t s  (A Es) e x i s t  f o r  o r i e n t a t i o n ,  m o tio n , d e p th ,  
s i z e  ( o r  s p a t i a l  f r e q u e n c y ) ,  c o lo r ,  and p e rh a p s  f o r  p h a se  and 
v e r n i e r  o f f s e t .  Each o f  th e s e  AEs comes in  two fo rm s : s h o r t  term  
and lo n g  te rm . S h o r t  te rm  AEs l a s t  f o r  a  tim e  ro u g h ly  e q u a l  t o  th e  
l e n g th  o f  t im e  t h a t  a  s u b je c t  v iew ed  th e  a d a p t in g  p a t t e r n .  T h u s, a 
s h o r t  te rm  AE w i l l  be gone one m in u te  a f t e r  th e  end o f one m in u te  
o f  a d a p ta t i o n .  Long te rm  AEs a r e  d e f in e d  a s  AEs t h a t  l a s t  a t  l e a s t  
10 t im e s  lo n g e r  th a n  th e  a d a p ta t i o n  p e r io d  and  c a n  l a s t  f o r  w eeks. 
F o r ex a m p le , a  lo n g  te rm  o r i e n t a t i o n  AE can  l a s t  a t  l e a s t  2 w eeks 
a f t e r  j u s t  4 m in u te s  o f  a d a p ta t i o n  (W olfe  & O 'C o n n e l l ,  I n v e s t .  
O p h th a l.  & V is . S c i .  1986 , 2 7 , 538‒5 4 3 ) . P s y c h o p h y s ic a l  
e x p e r im e n ts  s u g g e s t  t h a t  th e  l o c i  o f  b o th  fo rm s o f  AE a r e  i n  v i s u a l  
c o r t e x ,  p ro b a b ly  V I.

The m echanism  o f  s h o r t ,  te rm  a d a p ta t io n  i s  p ro b a b ly  n e u r a l  
f a t i g u e .  C o n s id e r  o r i e n t a t i o n .  When v ie w in g  a  v e r t i c a l  c o n to u r ,  
n e u ro n s  tu n e d  f o r  d e v ia t io n s  t o  th e  l e f t  and r i g h t  w i l l  be  e q u a l ly  
a c t i v a t e d .  A f te r  a d a p ta t i o n  t o  l i n e s  t i l t e d  l e f t ,  n e u ro n s  tu n e d  
f o r  d e v ia t io n s  t o  th e  l e f t  w i l l  be f a t i g u e d .  A t r u l y  v e r t i c a l  l i n e  
w i l l  p ro d u ce  more a c t i v i t y  from  r i g h t  th a n  from  l e f t  tu n e d  n e u ro n s  
and  t h a t  l i n e  w i l l  a p p e a r  to  t i l t  t o  th e  r i g h t .  G iven  t h e i r  tim e  
c o u r s e ,  f a t i g u e  i s  an  u n l ik e l y  e x p la n a t io n  f o r  lo n g  te rm  AEs. 
I n s t e a d ,  th e y  may be due to  s t r u c t u r a l  c h a n g es  i n  v i s u a l  n e u ro n s .  
C o n s id e r  th e  p r e v io u s  ex a m p le . B e fo re  a d a p ta t i o n ,  v e r t i c a l  was 
" d e f in e d "  by e q u a l  a c t i v i t y  i n  l e f t  and r i g h t  n e u ro n s .  In  lo n g  
te rm  a d a p ta t i o n ,  su p p o se  t h a t  e x p o s u re  to  l e f t  i n c r e a s e s  l e f t ' s  
c o n t r i b u t i o n  to  th e  d e f i n i t i o n  o f  v e r t i c a l  p e rh a p s  by s t r e n g th e n in g  
th e  c o n n e c t io n s  b e tw een  a  l e f t  tu n e d  n e u ro n  and s u b s e q u e n t  u n i t s  
t h a t  embody th e  d e f i n i t i o n  o f  v e r t i c a l .  A f te r  a d a p ta t i o n ,  a 
c o n to u r  w ould n eed  to  t i l t  s l i g h t l y  t o  th e  l e f t  i n  o r d e r  t o  a p p e a r  
v e r t i c a l .  A p h y s ic a l ly  v e r t i c a l  s t im u lu s ,  p ro d u c in g  m ere ly  e q u a l  
a c t i v a t i o n  o f  l e f t  and r i g h t  n e u ro n s ,  w ould now a p p e a r  t i l t e d  to  
t h e  r i g h t .  The u n d e r ly in g  m echanism  c o u ld  be s y n a p t i c  f a c i l i t a t i o n  
a s  s e e n ,  f o r  e x am p le , i n  lo n g  te rm  p o t e n t i a t i o n  (L T P ). The tim e  
c o u rs e  o f  lo n g  te rm  AEs i s  co m p a ra b le  t o  t h a t  r e p o r t e d  i n  s tu d i e s  
o f  LTP. Long te rm  AEs may r e p r e s e n t  a  s im p le  m echanism  o f  l e a r n in g  
t h a t  f i n e - t u n e s  th e  c a l i b r a t i o n  o f human v i s i o n .
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325.1 MORPHOLOGICAL CLASSIFICATION OF INTRACELLULARLY HRP 
INJECTED EFFERENT NEURONS OF THE~ DEEPER LAYERS OF THE 
PRIMATE SUPERIOR COLLICULUS. A .  B .  K a r a b e l a s * . A . K. 
M osc h o v a k i s * . a n d  S . M. H i g h s t e i n  ( SPON: D .C . Z u a z a g a  de 
O r t i z ) .  D e p t .  O to l a r y n g o lo g y  a n d  t h e  M cD o n n e ll C e n te r  
f o r  S t u d i e s  o f  H ig h e r  B r a i n  F u n c t i o n ,  W a s h in g to n  
U n i v e r s i t y ,  S t .  L o u i s ,  MO. 6 3 1 1 0 .

I n t r a s o m a t i c  r e c o r d i n g  a n d  i n j e c t i o n  o f  h o r s e r a d i s h  
p e r o x i d a s e  (HRP) w as u t i l i z e d  t o  s tu d y  n e u r o n s  o f  th e  
s u p e r i o r  c o l l i c u l u s  r e s p o n d i n g  t o  e l e c t r i c a l  s t i m u l a 
t i o n  o f  th e  p r e d o r s a l  b u n d le  (P D B ), c o n t r a l a t e r a l  s u p e 
r i o r  c o l l i c u l u s ,  s u b s t a n t i a  n i g r a  p a r s  r e t i c u l a t a  a n d  
c e r e b r a l  p e d u n c le ,  i n  a n e s t h e t i z e d  p a r a l y z e d  s q u i r r e l  
m o n k e y s . R e c o v e re d  e f f e r e n t  n e u r o n s  o f  t h e  d e e p e r  t e c -  
t a l  l a y e r s  c a n  be c l a s s i f i e d  i n t o  tw o  m a jo r  c l a s s e s .

a )  X N e u r o n s . T h e se  h a v e  m edium  to  l a r g e  s i z e  (so m a  
c r o s s - s e c t i o n a l  a r e a  ( S a ) :  7 0 0 – 16 0 0 μm2) m u l t i p o l a r  c e l l  
b o d ie s  l o c a t e d  i n  t h e  s t r a t u m  g r i s e u m  i n t e r m e d i a l e  an d  
v e r t i c a l  o r  r a d i a t i n g  d e n d r i t i c  t r e e s  t h a t  may e x t e n d  
1.4mm i n  one o r  m o re  d i r e c t i o n s .  The a x o n a l  s y s te m  o f  X 
n e u r o n s  i n c l u d e s :  a )  a r e l a t i v e l y  t h i c k  f i b e r ,  3 – 6 μm 
i n  d i a m e t e r ,  t h a t  j o i n s  t h e  c o n t r a l a t e r a l  p r e d o r s a l  
b u n d le  (P D B ). b ) v e n t r a l  a s c e n d i n g  c o l l a t e r a l s , t h a t  
r u n  r o s t r a l l y  i p s i l a t e r a l l y  t o  t h e  c e l l  body  to w a r d s  
t h e  p a r a f a s c i c u l a r  n u c l e u s  o f  t h e  th a la m u s  a n d  t h e  z o n a  
i n c e r t a ,  an d  c )  a  h e a v y  p r o j e c t i o n  t o  t h e  i p s i l a t e r a l  
c e n t r a l  m e s e n c e p h a l i c  r e t i c u l a r  f o r m a t i o n  (cM R F ). The 
a x o n a l  s y s te m  o f  X n e u r o n s  may a l s o  i n c l u d e  t h i n   
recurrent co lla te ra ls .

b) T  N e u r o n s . T h e se  a r e  l o c a t e d  i n  t h e  s t r a t u m  o p t i -  
cum an d  s t r a t u m  g r is e u m  i n t e r m e d i a l e  a n d  h a v e  a s m a l l  
t o  m e d iu m - s iz e d  ( S a :  2 0 0 – 6 0 0 μm2) q u a d r a n g u l a r  o r  o v o id  
c e l l  b o d y . T h e i r  r e l a t i v e l y  t h i n  a x o n s ,  1 . 5 – 3 .5  μm i n  
d i a m e t e r ,  g i v e  r i s e  t o  an  a x o n a l  s y s te m  t h a t  a lw a y s  
i n c l u d e s :  a )  T h in  ( 1 – 2 μm i n  d i a m e t e r )  r e c u r r e n t  
c o l l a t e r a l s , b ) a  t e c t a l  co m m issu ra l f i b e r . T h e re  may 
a l s o  be e i t h e r  a  PDB an d  an  Av f i b e r  t o g e t h e r  w i th  a 
h e a v y  p r o j e c t i o n  to  t h e  oMRF. o r  an  i p s i l a t e r a l l y  
d e s c e n d i n g  f i b e r .

T h e se  f i n d i n g s ,  d e m o n s t r a t e  t h a t  t h e  m a jo r  n e u r o n a l  
t y p e s  o f  t h e  s q u i r r e l  m onkey s u p e r i o r  c o l l i c u l u s  a r e ,  
w i th  m in o r  d i f f e r e n c e s ,  s i m i l a r  to  t h o s e  o f  t h e  c a t  
(M o s c h o v a k is  a n d  K a r a b e l a s , . J . Comp. N e u r o l . . 2 3 9 :2 7 6 ,  
1 9 8 5 ) .

325.2 MORPHOPHYSIOLOGY OF SUPERIOR COLLICULUS PRESACCADIC NEURONS IN 
THE ALERT SQUIRREL MONKEY. A. K. M oschovakis*. A. B. K arabelas* 
and S. M. H ig h s te in , (SPON:S. G o ld rin g ). Dept. O tolaryngology, 
W ashington U n iv e rs ity , S t.  L ouis, M issouri 63110.

In tra a x o n a l reco rd in g  and in j e c t io n  o f h o rse ra d ish  perox idase  
(HRP) were employed in  a l e r t  n a iv e , s q u ir r e l  monkeys to  study 
s u p e r io r  c o l l ic u lu s  (SC) neurons th a t  f i r e  be fo re  spontaneous 
sacca d es . S accade-R ela ted -B urst-N eu rons (SRBNs) have l i t t l e  i f  
any spontaneous a c t i v i t y  and b u rs t b e fo re  spontaneous saccades 
w ith  a  la te n c y  of about 20msec (10–60msec, x=2 3 , S.D.=17) and an 
in s ta n ta n e o u s  f i r i n g  frequency  th a t  may reach  1250 s p ik e s /s e c . 
These neurons have movement f i e ld s  s im i la r  to  those  o f the  
m ovem ent-re lated  neurons o f Sparks, H olland and G u th rie  (B ra in  
R e s ., 113:21 , 1976). The m e d io la te ra l and a n te ro p o s te r io r  lo c a 
t io n  o f the  c e l l  bod ies to g e th e r  w ith  t h e i r  movement f i e ld s  a re  
c o n s is te n t  w ith  the  motor map o f th e  deeper t e c t a l  la y e r s .  Medi
a l ly  lo c a te d  SRBNs f i r e  be fo re  upward saccades  and l a t e r a l l y  
lo c a te d  SRBNs f i r e  b e fo re  downward saccad es . R o s tra l ly  lo c a te d  
SRBNs f i r e  be fo re  sm a lle r  saccades th a n  ca u d a lly  lo c a te d  SRBNs.

SRBN somata recove red  to  date  a re  lo c a te d  in  th e  s tra tu m  o p t i -  
cum (n=5 ) .  They a re  sm all to  medium in  s iz e  (soma c ro ss  s e c t io n a l 
a re a :  265–648μm2 ) and ovoid  i n  shape. They g iv e  r i s e  to  4–6 p r i 
mary d e n d r i te s  th a t  g en e ra te  a v e r t i c a l l y  b ia sed  d e n d r i t ic  t r e e  
th a t  may extend w ell w ith in  th e  s tra tum  griseum  s u p e r f ic i a le .  The 
axons, 2 . 5–3 .5  μm in  d iam ete r, o r ig in a te  from the  c e l l  body o r a 
prim ary d e n d r i te , run v e n t r a l ly  tow ards th e  p e r iaq u ed u c ta l g ray , 
tu rn  l a t e r a l l y  in  th e  s tra tu m  album profundum, c ircu m scrib e  the  
p e r ia q u e d u c ta l gray  and c ro s s  th e  m id lin e  i n  th e  d o rs a l tegm ental 
d e c u ssa tio n  to  jo in  th e  p red o rsa l bundle (PDB). C o n s is ten t mor
p h o lo g ica l axonal f e a tu r e s  in c lu d e : a) Thin (1–2 μm in  d iam eter) 
r e c u r r e n t  c o l l a t e r a l s , about fo u r in  number, th a t  ram ify  in  both 
th e  deeper and s u p e r f ic i a l  la y e r s  of th e  SC, near the  p aren t 
soma, b) a  t e c t a l  com m issu ra l f i b e r , c) v e n t r a l  ascend ing  
c o l l a t e r a l s  (A v), th a t  run r o s t r a l l y  i p s i l a t e r a l l y  to  th e  c e l l  
body tow ards th e  p a r a f a s c ic u la r  nucleus o f th e  thalam us and th e  
zona in c e r ta  and ram ify  w ith in  th e  i n t e r s t i t i a l  nucleus o f C a ja l, 
and d) a  heavy p ro je c t io n  to  th e  i p s i l a t e r a l  c e n tra l  mesen
c e p h a lic  r e t i c u l a r  fo rm a tio n  (cMRF).

These m orphophysio log ica l f in d in g s  dem onstrate th a t  t e c t a l  
SRBNs a re  a  s p e c i f ic  su b se t o f T neurons ( c f .  accompanying 
a b s t r a c t  by K arabelas e t . a l . ,  Soc. Neurosc. A b s t r . , 12, 1986). 
Thus a v e c to r ia l  p re sa c c a d ic  s ig n a l i s  re la y e d  by each te c ta l  
SRBN to  r e t i c u l a r  ta r g e t s  o f the  PDB, c o n t r a la t e r a l  su p e r io r  co l
l i c u lu s  and ascend ing  t a r g e t s  o f th e  Av as  w ell as p o te n t ia l ly  
p a r t i c i p a t in g  in  i n t r a t e c t a l  in fo rm atio n  p ro cess in g . (F rom the 
Departm ent o f O tolaryngology and th e  McDonnell Center f o r  S tu d ie s  
o f H igher B ra in  F u n c tio n ) .

325.3 SACCADIC EYE MOVEMENTS EVOKED BY MICROSTIMULATION OF OPTIC 
TECTUM OF THE CHICKEN. L. Z. W ise*, J .  C. L e te l ie r*  and J .  
Wallman. (SPON: S. S p r in g f ie ld )  D ept. o f  B io logy , C ity  
C o llege  o f  C ity  U n iv e rs ity  o f  New York, New York, NY 10031.

Most ev idence  on which c u r r e n t  th e o r ie s  o f  sacc a d ic  eye 
movement c o n tro l  a re  based  comes from s tu d ie s  o f  th e  
neu rophysio logy  and b eh a v io r o f  p r im a te s , w hich have f r o n ta l ly  
p la ced  fo v ea te  eyes which move in  a  s t r i c t l y  co n ju g a te  manner. 
S ince sacca d ic  t a r g e t s  in  th e  c o n t r a l a t e r a l  v is u a l  f i e l d  a re  
r e p re s e n te d  in  each  s u p e r io r  c o l l i c u lu s ,  and a pathway e x i s t s  
fo r  yoking o f  th e  eyes  a t  th e  m otoneuronal l e v e l , an 
a t t r a c t i v e l y  sim ple model o f  sacca d ic  eye movement c o n tro l  can 
be c o n s tru c te d . In  b i r d s ,  on th e  o th e r  hand, s acca d es , a lth o u g h  
s im u ltan e o u s, a re  n o t c o n ju g a te ; r a th e r  each  eye g e n e ra l ly  
moves in  a  d i f f e r e n t  d i r e c t i o n .  T h is  s i t u a t io n  would seem to  
r e q u ire  a d i f f e r e n t  scheme fo r  saccade g e n e ra tio n .

We m easured h o r iz o n ta l  and v e r t i c a l  eye movements o f  ch ick en s  
w ith  s c l e r a l  sea rc h  c o i l s  in  each  ey e . The o p tic  tectum  ( th e  
av ian  homolog o f  th e  s u p e r io r  c o l l i c u lu s )  was s tim u la te d  v ia  a  
m ic ro e le c tro d e  ( ty p i c a l  s tim u lu s  p a ram e te rs : 0 .5  ms, 200 Hz, 30 
uA p u ls e s  in  200 ms t r a i n s ) .

T e c ta l  m ic ro s tim u la tio n  e l i c i t e d  synchronous s acca d ic  eye 
movements in  e a ch  eye which were in d i s t in g u is h a b le  from 
sp o n tan e o u sly  o cc u rr in g  sac c a d e s . They had a  la te n c y  o f  
app ro x im ate ly  180 ms, and had th e  prom inent o s c i l l a t o r y  
component (25–30 Hz) ty p i c a l  o f  av ian  sacca d es . The f in a l  
p o s i t io n  o f  th e  c o n t r a l a t e r a l  eye was la r g e ly  dependent on th e  
s i t e  o f  s t im u la t io n  ( " g o a l-d ire c te d "  s a c c a d e s ) , b u t was a ls o  
in f lu e n c e d  to  s ome e x te n t  by i n i t i a l  eye p o s i t i o n ,  such th a t  
la rg e  saccad es  tended  to  f a l l  s h o r t  o f  th e  " g o a l ."  In  c o n s t r a s t ,  
th e  sacca d es  o f  th e  eye i p s i l a t e r a l  to  th e  s tim u la t io n  s i t e  
g e n e ra l ly  appeared  u n a f fe c te d  by th e  s t im u la t io n ,  a lth o u g h  a t  
one s i t e  in  which upward, n asa lw ard  saccades  were e l i c i t e d  in  
th e  c o n t r a l a t e r a l  ey e , th e  i p s i l a t e r a l  eye a l s o  made 
g o a l - d i r e c te d ,  upward, nasa lw ard  sacca d es . These d a ta  im ply 
th a t  in  b i r d s  each  tec tum  c o n t r o ls  th e  t r a j e c t o r y  o f  th e  
sacca d es  o f  th e  c o n t r a l a t e r a l  ey e , b u t in  a d d i t io n ,  e x e r t s  some 
d eg ree  o f  c o n tro l  over th e  yoking o f  s acca d es . (S upported  by 
NSF BNS-8510945)

325.4 A MAP OF HEAD MOVEMENTS IN BARN OWLS IS REVEALED BY ELECTRICAL 
STIMULATION OF THE OPTIC TECTUM. Sascha du Lac and E ric  I ,  
Knudsen, Departm ent o f  N eurobio logy, S tan fo rd  U n iv e rs ity , 
S ta n fo rd , C a l if o rn ia ,  U .S.A.

The o p tic  tectum  o f  barn  owls (Tyto a lb a ) co n ta in s  bim odal 
neurons which respond s e le c t iv e ly  to  v is u a l  and a u d ito ry  s t im u li  
in  p a r t i c u l a r  reg io n s  in  sp ace . These neurons a re  arranged  to  
form a lig n e d  maps o f  v is u a l  and a u d ito ry  space such th a t  
ne ig h b o rin g  neurons a re  a c t iv a te d  by s t im u li  in  a d ja c e n t s p a t i a l  
lo c a t io n s .  Barn owls respond to  an i n t e r e s t i n g  senso ry  s tim u lu s  
w ith  a ra p id  s h i f t  o f  gaze tow ard th e  s tim u lu s : s in c e  t h e i r  eyes 
and e a rs  a re  immobile in  th e  head , they  employ a ra p id  head 
movement to  ach ieve  t h i s  gaze s h i f t .  We hypo thesized  th a t  th e  
bim odal space map in  th e  o p t ic  tectum  i s  used to  d i r e c t  o r ie n t in g  
head movements toward s tim u lu s  so u rces  and have begun to  t e s t  th i s  
id e a  by e l e c t r i c a l l y  s tim u la t in g  fo c a l t e c t a l  re g io n s .

E le c tro d e s  were p laced  in to  th e  t e c ta  o f  a n e s th e tiz e d  ow ls, 
v is u a l  and a u d ito ry  re c e p tiv e  f i e ld s  were mapped, and th e  
e le c tro d e s  were f ix e d  in  p la c e . A fte r  24‒48 h o u rs , u n an e sth e tiz e d  
owls were p laced  in  a r e s t r a in in g  tube  which allow ed u n r e s t r i c te d  
head movements and p u ls e - t r a in  s t im u li  were d e l iv e re d  through th e  
im plan ted  e le c tro d e s .  Head movements were m onitored  u s ing  a 
sea rch  c o i l  system .

C on tro l head movements were s tu d ie d  in  owls tr a in e d  to  d i r e c t  
t h e i r  gaze tow ard n o ise  b u r s ts  o r l i g h t  f la s h e s  in  a darkened 
sound a t te n u a te d  chamber. T e c ta l  s t im u la t io n  e l i c i t e d  head 
movements resem bling  th o se  evoked by senso ry  s t im u l i .  At a g iven  
s tim u lu s  s i t e ,  th e  magnitude o f  th e  movement in c rea sed  w ith  both 
s tim u lu s  d u ra t io n  and in t e n s i ty  u n t i l  i t  reached a p la te a u  
v a lu e . I n i t i a l  head p o s i t io n  had some e f f e c t  on movement s iz e  and 
d i r e c t i o n  (movement v e c to r ) , b u t movements were n o t goal 
d i r e c te d .  In  g e n e ra l,  th e  movement v e c to r  matched th e  senso ry  
c o o rd in a te s  o f  th e  e le c tro d e  s i t e .  Thus, in  th e  barn  owl, th e  
o p t ic  tectum  c o n ta in s  a  motor map s p e c ify in g  head movement v e c to rs  
th a t  i s  a lig n e d  w ith  th e  v is u a l  and a u d ito ry  space maps.

(S upported  by NIH g ra n ts  R01 NS 16099–06 and ST32 NS 07158‒0 7 .)
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325. 5 AN ADAPTIVE NEURAL NETWORK MODEL FOR INVARIANT MAPPING OF 
VISUAL TARGET POSITION. M. Kuperstein. Wellesley College, Wellesley, 
MA 02181.

The position of a visual target is perceived as the same when measured by any 
combination of its registration on the retina and the orbital position of the 
eye in the head when the target is presented. This study derives and simulates 
a neural network model that learns to represent visual targets as invariant 
with respect to any combination of these target measures. Computer simulations 
of the model show how it is adaptive to changes of the eye and muscles as well 
as internal system parameters. It even works well with partial damage to the 
networks. The model learns and maintains precise sensory-motor calibrations 
starting with only loosely defined relationships.

There are three key aspects to the model: 1) A new network architecture is 
used to combine the sensory measures of a target. The visual and motor inputs 
in the model are organized into columns that have a global retinal topography 
but a local muscle topography. Each column contains representations from all 
eye muscles. 2) Local computations, that vary across the model’s topography, 
reflect local, linear approximations of the target position. However, 
convergence of all the local computations yields the precise global position 
for any target. 3) Learning is achieved by modifying the distributions of all 
input weights over many performance trials. Incremental changes in the weights 
are made in each trial and are shared for both visual and motor inputs in the 
model.

Computer simulations show that the average error in target orientation after 
learning is as low as 1% of the total visual field. The model is shown to 
maintain good accuracy across choices in 12 different parameter families.

The model is most related to the function of the posterior parietal cortex. 
Testable physiological predictions are made for the columnar topography and 
learning in that brain structure.

Because these results are not constrained by the number of network elements 
or the number of multimodal inputs or the number of networks, they can be 
generalized to adaptive multimodal, multijoint coordination.

325.6 GEOMETRY OF EXTRAOCULAR MUSCLES OF THE RHESUS MONKEY. 
J . I .  Simpson, D. Rudi n g e r* , H. R e is in e  and V. Henn (SPON: 
H. S. Cohen). D ept. P h y s io l. & B iophys., New York Univ. Med. 
C t r . ,  New York, NY 10016 and D ept. N eurology, U n iv e rs ity  
H o sp ita l ,  Z u rich , S w itze rlan d .

I n t e r e s t  in  th re e  d im ensional a s p e c ts  o f com pensatory eye 
movements has r e c e n tly  expe rienced  a r e v iv a l  w ith  a d ec id ed ly  
q u a n t i ta t iv e  b e n t . As a r e s u l t ,  measurements o f th e  s p a t i a l  
arrangem ent o f  th e  s e m ic irc u la r  c a n a ls  and th e  e x tra o c u la r  
m uscles have been made to  determ ine i n t r i n s i c  re fe re n c e  fram es 
u s e fu l  in  in v e s t ig a t in g  th e  v e s tib u lo o c u la r  r e f l e x  a s  a m u lti
d im ensional sen so rim o to r tra n sfo rm a tio n  ( P e l l io n is z  & L lin a s , 
1980; Simpson & G raf, 1981; R obinson, 1982). A lthough th e  
rh esu s  monkey has f e a tu re d  p rom inen tly  in  s tu d ie s  o f compensa
to ry  eye movements, i t s  eye m uscle re fe re n c e  fram e has n o t been 
a v a i la b le .  The o r ie n ta t io n  o f th e  r o ta t io n  a x is  f o r  each  eye 
m uscle a c t in g  a lone  was determ ined in  th re e  rh e su s  monkeys, two 
o f which were used by us p re v io u s ly  (R e is in e , e t  a l . , 1985) in  
d e te rm in ing  an a to m ica lly  and p h y s io lo g ic a l ly  th e  s e m ic irc u la r  
c a n a l o r ie n ta t io n s .  Each muscle a x is  o r ie n ta t io n  i s  g iven  in  
term s o f d i r e c t i o n  co s in e s  in  a  r ig h t-h a n d  C a r te s ia n  re fe re n c e  
fram e f ix e d  to  th e  head , which was p laced  in  th e  H orsley -C la rk  
s te r e o ta x ic  p o s i t io n .  The eye was in  th e  ana to m ica l p o s i t io n  o f 
r e s t .  The Z=0 p lane  i s  h o r iz o n ta l ;  th e  Y=0 p lane  i s  th e  mid- 
s a g i t t a l  p la n e . A n te r io r , l e f t  and d o rs a l  a re  p o s i t i v e .  The 
average  (n=3) d i r e c t i o n  c o s in e s  (X,Y,Z c o o rd in a te s )  of th e  r o ta 
t i o n  a x is  f o r  c o n tra c t io n  o f each  o f th e  l e f t  eye m uscles a re  as  
fo llo w s : MR,. 208,. 086, – .974; LR, – .292 ,. 122,. 949; SR,. 

437, – .899 ,. 035; IR , – .425 ,. 901, – .086 ; SO,. 525,. 831,. 
186; I 0 , – .473 , – .879 , – .052 ; A ccessory LR,. 090, – .719,. 
690. These v a lu es  were o b ta in ed  assum ing th a t  th e  c e n te r  o f 

th e  g lobe i s  th e  c e n te r  o f r o ta t io n  (CR). S ince th e  lo c a t io n  of 
th e  CR o f th e  rh e su s  monkey eye i s  n o t known, th e  o r ie n ta t io n s  
o f th e  r o ta t io n  axes were c a lc u la te d  fo r  each  o f e ig h t p o s s ib le  
CR lo c a t io n s ;  th e  maximum d e v ia tio n  between th e se  r o ta t io n  axes 
f o r  a g iven  muscle ranged from 2° to  9 ° . Comparison o f th e  
monkey d a ta  w ith  human d a ta  o b ta in ed  by Volkmann (1869) re v e a ls  
s e v e ra l  notew orthy  d if f e re n c e s .  F i r s t ,  in  humans th e  s u p e r io r  
and in f e r io r  r e c t i  axes d e p a rt from c o l l i n e a r i t y  by 35°, w h ile  
in  monkeys they  d e p a rt from c o l l i n e a r i t y  by 2° to  20° , depending 
on CR lo c a t io n .  The range o f t h i s  measure fo r  r a b b i t  and c a t 
(Simpson, 1983; Ezure & G raf, 1984) f a l l s  w ith in  th a t  found fo r  
th e  monkey. Second, th e  measurements in d ic a te  th a t  th e  ob liq u e  
m uscles in  monkey produce more v e r t i c a l  th an  to r s io n a l  eye move
m ent, in  c o n t r a s t  to  t h e i r  a c tio n s  in  humans. Because o f th e se  
d i f f e re n c e s ,  contem porary d a ta  on th e  geom etry o f human e x t r a 
o c u la r  m uscles would be welcome. Supported by NS-13742 and 
Swiss Fnd. S c i. Res.

325.7 TENSORIAL RELATIONSHIP FOUND FOR STRUCTURAL & FUNCTIONAL REFERENCE 
FRAMES OF BRAIN FUNCTION: SACCADE NEURONS IN MONKEY UTILIZE FRAMES 
COMPOSED OF THE EIGENVECTORS OF THE FRAME OF EXTRAOCULAR MUSCLES 
A. P e l l i o n i s z , P h y s io l. & B iophys, NYU Med. C tr . N .Y ., N .Y ., 10016

B ra in  fu n c t io n  i s  exp ressed  by m u ltid im en s io n a l i n t r i n s i c  co o r
d in a te s .  Neurons connected  to  th e  p e r ip h e r ie s  o f sen so rim o to r sy s 
tems ( e .g .  v e s t i b u la r  c a n a ls  & e x tra o c u la r  m uscles) must u se  s t r u 
c t u r a l  fram es. T h e ir  r o ta t io n a l  axes have been q u a n t i t a t iv e ly  e s t 
a b l is h e d  f o r  s e v e ra l  s p e c ie s .  T y p ic a l ly , th e y  a r e  n o n -o rth o g o n a l 
overcom plete  m u ltid im en s io n a l fram es (F ig . 1 ) .  S ince  c e n t r a l  neu
rons  o f t h i s  system  use  an  o rth o g o n a l fram e, a s  claim ed  by L usche i 
& Fuchs 1972, K e lle r  1974, B u ttn e r  e t  a l .  1977, King & Fuchs 1979, 
Hepp & Henn 1982, G isbergen e t  a l .  1985: th e re  i s ,  th e n , t h i s  
paradox th a t  th e  param edian p o n tin e  r e t i c u l a r  fo rm a tio n  re p o r te d ly  
c o n ta in s  medium-lead b u r s t  c e l l s ,  whose f i r i n g  r a t e  i s  t i g h t l y  r e 
la te d  to  eye v e lo c i ty  in  e i t h e r  h o r iz o n ta l  o r  v e r t i c a l  s acca d es .

S ince  te n s o r  netw ork th e o ry  o f  th e  CNS c e n te r s  around th e  
g e n e ra l q u e s tio n  o f tra n s fo rm a tio n s  among i n t r i n s i c  c o o rd in a te s  
p lu s  th e  more profound problem  o f  how s t r u c t u r a l  and fu n c t io n a l  
geo m etries  r e l a t e ,  th e  q u e s tio n  em erges a s  to  w hether th e  a p p a r
e n t ly  o rth o g o n a l f u n c t io n a l  fram e i s ,  in  f a c t ,  a l ig n e d  w ith  th e  
e ig e n v e c to rs  o f th e  non -o rth o x o n a l e x t ra o c u la r  s t r u c t u r a l  fram e.

A v a i l a b i l i ty  o f th e  rh e su s  monkey oculom otor fram e (above) p e r 
m its  c a lc u la t io n  o f  i t s  e ig e n v e c to rs  (s e e  P e l l io n i s z  [P] 1983, 
Simpson & [P 3. 1984, G raf & [P] 1 985 ), t h a t  g iv e s  an  a f f i rm a t iv e  
answ er ( s e e  F ig s . 1–2 ) :  F u n c tio n a l and s t r u c t u r a l  g eo m e trie s  a re  
connected  in  a  manner t h a t  th e  fram e i n one u t i l i z e s  th e  e ig e n 
v e c to r s  o f th e  fram e in  th e  o th e r .  T h is  f in d in g  may have Doth 
im p o rtan t t h e o r e t i c a l  and ex p e rim en ta l im p lic a t io n s .  In  th e  m eta
o rg a n iz a tio n  o f  netw orks ( [P ]  & L lin a s  1985), neu rons  must u t i l i z e  
th e  e ig e n v e c to rs  o f  th e  m e tr ic  te n s o r  o f  th e  m otor fram e to  en a b le  
independen t a d a p tiv e  m o d if ic a tio n s , s in c e  e ig e n v e c to rs  form  an  
o rth o g o n a l s e t .  E xp e rim en ta tio n  cou ld  h e lp  by p ro v id in g  f u r th e r  
d a ta  f o r  A) o th e r  s p e c ie s  ( t h a t  have d i f f e r e n t  m otor fram es and 
e ig e n v e c to rs )  and f o r  B) a d a p tiv e  c o o rd in a tio n  a lo n g  e ig e n v e c to r s .

325.8 MORPHOPHYSIOLOGY OF VERTICAL MEDIUM LEAD BURST NEURONS 
IN THE ALERT SQUIRREL MONKEY S . M. H i g h s t e i n . A . K . M os- 
c h o v a k i s * an d  J . D . W a rre n * . D e p t .  O t o l a r y n g o lo g y ,  
W a s h in g to n  U n i v e r s i t y ,  S t .  L o u i s ,  MO. 6 3 1 1 0 .

The m o rp h o lo g y  and  p h y s io lo g y  o f  v e r t i c a l  b u r s t  n e u 
r o n s  (VBN) i n  t h e  o c u lo m o to r  s y s te m  o f  t h e  s q u i r r e l  
m onkey h a v e  b e e n  i n v e s t i g a t e d  u t i l i z i n g  i n t r a a x o n a l  
r e c o r d i n g  a n d  i n j e c t i o n  o f  h o r s e r a d i s h  p e r o x i d a s e  (HRP) 
i n  a l e r t ,  b e h a v in g  a n i m a l s .  T h e se  n e u r o n s  e m i t  a b u r s t  
o f  im p u l s e s  b e tw e e n  4 .6  an d  1 2 . 8 m sec b e f o r e  t h e  o n s e t  
o f  s a c c a d i c  e y e  m o v e m en ts  w i th  a  co m p o n e n t i n  t h e i r  
o n - d i r e c t i o n .  The o n - d i r e c t i o n s  o f  th e  VBNs s t u d i e d  
w e re  e i t h e r  u p w ard  ( 85 – 1 2 1 ° )  o r  dow nw ard  (2 4 2 – 2 9 2 ° ) .  
The c h a r a c t e r i s t i c s  o f  th e  b u r s t  ( d u r a t i o n  an d  num ber 
o f  s p i k e s )  w e re  h ig h l y  c o r r e l a t e d  w i th  p a r a m e t e r s  o f  
t h e  s a c c a d i c  e y e  m o v e m en ts  ( d u r a t i o n  a n d  a m p l i t u d e  o f  
t h e  s a c c a d e  co m p o n e n t i n  t h e  o n - d i r e c t i o n ) .

F o l lo w in g  p h y s i o l o g i c a l  c h a r a c t e r i z a t i o n ,  a x o n s  o f  
VBNs w e re  i n j e c t e d  i o n t o p h o r e t i c a l l y  w i th  HRP f o r  th e  
s u b s e q u e n t  v i s u a l i z a t i o n  o f  t h e i r  s o m a ta  an d  a x o n a l  
p r o j e c t i o n s .  T h e i r  t r i a n g u l a r  o r  q u a d r a n g u l a r ,  s m a l l  to  
m edium  s i z e d  (so m a  c r o s s - s e c t i o n a l  a r e a :  2 5 0 – 450 μ m2 ) 
c e l l  b o d ie s  w e re  r e c o v e r e d  i n  t h e  r o s t r a l  i n t e r s t i t i a l  
n u c l e u s  o f  t h e  m e d ia l  l o n g i t u d i n a l  f a s c i c u l u s  ( r IM L F ) . 
I n  t h e  rIM L F , VBN s o m a ta  do n o t  a p p e a r  t o  be s e g r e g a t e d  
a c c o r d i n g  t o  t h e i r  o n - d i r e c t i o n .  The m e d iu m - s iz e d  
( 2 . 5 – 4 .5 * μm i n  d i a m e t e r )  a x o n s  o f  VBNs o r i g i n a t e  from  
th e  c e l l  b o d y , t r a v e l  c a u d a l l y  w i t h i n  t h e  rIM L F , th e  
i n t e r s t i t i a l  n u c l e u s  o f  C a j a l  (N IC ) a n d  t h e  m e d ia l  
l o n g i t u d i n a l  f a s c i c u l u s  (MLF) i p s i l a t e r a l l y . A l l  VBNs 
h a v e  t e r m i n a l  f i e l d s  w i t h i n  t h e  NIC b i l a t e r a l l y ,  a s  
w e l l  a s  v e r t i c a l  m o to n e u ro n  p o o l s  o f  t h e  I I I  n u c l e u s  
b i l a t e r a l l y ,  a n d ,  i n  t h e  c a s e  o f  do w n -o n  VBNs, t h e  t r o 
c h l e a r  n u c l e u s .  The a x o n s  o f  VBNs t h en  c o n t i n u e  w i t h i n  
t h e  i p s i l a t e r a l  MLF to  a s  y e t  u n d i s c l o s e d  t a r g e t s  c a u 
d a l  t o  t h e  t r o c h l e a r  n u c l e u s .

I n  c o n c l u s i o n ,  t h e  m o rp h o lo g y  an d  p h y s io lo g y  o f  th e  
VBNs h e r e - i n  p r e s e n t e d  s u g g e s t  t h a t  t h e s e  c e l l s  c o u ld  
be th e  m e d iu m - le a d  b u r s t  n e u r o n s  w h ic h  a r e  r e s p o n s i b l e  
f o r  t h e  g e n e r a t i o n  o f  v e r t i c a l  s a c c a d i c  e y e  m o v e m e n ts . 
The b i l a t e r a l  o u t p u t  t o  t h e  NIC c o u ld  p la y  a  r o l e  i n  
p r o v i d i n g  t h i s  s t r u c t u r e  w i th  n e c e s s a r y  s i g n a l s  t o  p e r 
fo rm  an  i n t e g r a t i o n  o f  th e  r a p i d  e y e  m ovem en t s i g n a l .
( S u p p o r t e d  by NIH EY 0 5 4 3 3 ) .
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325.9 VERTICAL AND TORSIONAL RAPID EYE MOVEMENT GENERATION IN THE RIMLF. 
K.Hepp*,T.Vil is  and V.Henn. Physics Dept. ETH and Neurology Dept. 
Un iv . ,  8093 Zuerich, Switzerland.

The common pathway from visual and v e stib u la r input to  rapid 
eye movement output passes through the population of the sho rt- 
lead burst neurons (SBN) in the PPRF for horizontal saccades and 
the riMLF fo r v e rtic a l saccades. We have examined the hypothesis 
th a t two subpopulations of v e rtic a l SBN e x is t in the riMLF with 
on -d irec tio n s  in approximately the planes of the two v e rtic a l 
sem icircular cana ls . Rhesus monkeys were seated in a 3-axes tu rn 
tab le  and s in u so id a lly  o s c il la te d  about four v e rtic a l planes: 
v e rtic a l ( s a g i t t a l ) ,  to rs io n a l (L is t in g 's  p lane), RALP (r ig h t 
a n te rio r - l e f t  p o ste r io r canals) and LARP ( le f t  an te rio r - r ig h t 
p o ste rio r c an a ls ).

During v isu a lly  e lic i te d  saccades with the head s ta tio n a ry , 
SBN with v e rtic a l o n -d irec tio n s , e ith e r  upwards or downwards, 
were observed b i la te r a l ly  (as in Büttn e r  e t a l , Brain Res (1977) 
130:239). During sinusoidal head ro ta tio n  in the dark two fu r th e r 
subpopulations could be d is tin g u ish ed . Downward SBNs in the rig h t 
riMLF and upward SBNs in the l e f t  exhib ited  a more d ire c tio n a lly  
sp ec ific  f ir in g  pa tte rn  during head ro ta tio n  in the RALP plane. 
Thus, re la tiv e  to spontaneous eye movements in the l ig h t ,  the 
u n its  had higher average f ir in g  ra te s  in th e ir  on -d irec tio n s  and 
lower ra te s  in th e ir  o ff -d ire c tio n s  for a given v e rtic a l eye 
displacem ent. The degree of modulation decreased with s a g it ta l  
and to rs io n a l planes of head ro ta tio n s  and the un its  became most 
iso tro p ic  with a LARP or a horizontal plane of head ro ta tio n . 
Upward SBNs in the r ig h t riMLF and downward SBNs in the l e f t  
exhib ited  the m irror image d irec tio n a l p reference. During VOR in 
the l ig h t the d ire c tio n a lly  sp ec ific  modulation became sm aller.

As noted previously  (Henn e t  a l , Exp. Brain Res. (1984) 54: 
166) during l ig h t sleep rapid eye movements are abolished and 
SBNs ex h ib it a ton ic  a c t iv ity  which can be modulated by v e s t i 
bular s tim u la tio n . In th is  cond ition , each of the four subpopu
la tio n s  of SBN in the riMLF behaved lik e  one of the four v e rtic a l 
type I v e s tib u la r neuron populations. Thus for example the tonic 
a c t iv i ty  of downward acting SBN in the r ig h t riMLF increased 
during downward head ro ta tio n  in the plane of the r ig h t an te rio r 
cana l. This modulation decreased fo r head ro ta tio n  in the s a g i t 
ta l  or v e rtic a l planes with the le a s t  modulation occurring in 
the LARP plane.

The findings suggest th a t the on -d irec tio n s  of SBNs in the 
riMLF are approximately coplanar with ip s i la te r a l  v e rtic a l moto
neurons co n sis ten t with an ip s i la te r a l  p ro jec tio n . I t also sug
gests  a c lose  functional re la tio n  with the ip s i la te r a l  a n te r io r  
and p o s te r io r sem icircu lar canals .

325.10 UNILATERAL riMLF LESIONS IMPAIR SACCADE GENERATION ALONG SPECIFIC 
VERTICAL PLANES. T.Vilis,K.Hepp*,U.Schwarz*,V.Henn and H.Haas*. 
Neurology and Neurosurgery Dept. Univ. and Physics Dept ETH, 
8091 Zuerich, Switzerland.

The goal of th is  study was to charac te rize  saccadic d e f ic i ts  
produced by rev e rs ib le  lesions of the v e rtic a l saccade generator. 
The technique involved f i r s t  lo ca liz in g  and charac te riz ing  sac
cade re la ted  neurons in the ro s tra l  iMLF, d e ta ils  are given in 
the companion a b strac t of Hepp e t a l . Secondly a rev e rs ib le  
lesion  of th is  same region was produced by means of a m icroin
je c tio n  of Muscimol, a GABA agon ist. Thirdly the c h a ra c te r is t ic s  
of both v isu a lly  e l ic i te d  saccades and the fa s t phase of nystag
mus during sinusoidal head ro ta tio n  in d iffe ren t planes were 
compared pre and post in jec tio n  using chron ica lly  implanted EOGs. 
In jec tions  of as l i t t l e  as. 3 ul of. 1 % Muscimol produced saccadic 
d e f ic i ts  w ithin 5 to  10 minutes. The d e f ic i ts  pe rs is ted  for 1 to 
2 hours and then gradually  subsided.

B ila te ra l riMLF in jec tio n s  of Muscimol abolished all v e r tic a l 
v isu a lly  e l ic i te d  saccades and the v e rtic a l fa s t  phase of nystag
mus. Horizontal saccades were preserved as were horizontal and 
v e rtic a l VOR and p u rsu it. The in i t i a l  or tra n s ie n t e ffe c t of such 
lesions was the appearance in the v e rtic a l plane of a se r ie s  of 
hypometric v isu a lly  e lic i te d  saccades resembling a s ta irc a s e  and 
shimmering nystagmus during VOR.

U nila teral in jec tio n s  did not produce a v e rtic a l gaze palsy. 
However i t  did d isru p t saccades along spec ific  planes. Right 
in jec tio n s  impaired the generation of v isu a lly  e lic i te d  saccades 
up to the l e f t  and down to the r ig h t .  Conversely l e f t  in je c tio n s  
impaired saccades up to the r ig h t and down to the l e f t .  Such a 
d e f ic i t  would be consis ten t with an ip s i la te r a l  pro jection  from 
b u rs t neurons in the riMLF to v e rtic a l motoneurons. A r ig h t riMLF 
lesion  would re s u lt  in an impaired saccadic drive to one of the 
upward acting pa ir of muscles in each eye, the rig h t in f . oblique 
and the l e f t  sup. re c tu s , and to  one of the downward acting p a ir , 
the rig h t in f . rec tu s and the l e f t  sup. oblique. Such a segrega
tion  was confirmed in terms of d e f ic i ts  in the fa s t  phase of 
nystagmus produced during sinusoidal VOR about various v e rtic a l 
planes. A fter a rig h t in je c tio n , the generation of downward sac
cades was most impaired during head ro ta tio n  in the plane of the 
r ig h t an te rio r cana l, and le ss  impaired in o ther planes of head 
ro ta tio n .

The re s u lts  are co n sis ten t with the suggestion th a t the eye 
can be moved v e r t ic a l ly  in two modes. During v isu a lly  e lic i te d  
saccades, b u rs t neurons in the riMLF are b i la te r a l ly  ac tiv a ted , 
thus preserving L is tin g 's  law. In co n tra st v e s tib u la r ly  e l ic i te d  
f a s t  phase nystagmus can be generated in the plane of head ro ta 
t io n , a plane whose axis is  not n ecessa rily  in L is tin g 's  plane, 
by a p re fe re n tia lly  u n ila te ra l activ a tio n  of riMLF bu rs t neurons.

325.11 Broad-band Gain P la s t ic i ty  of the Human V estibulo-ocular Reflex 
(VOR). J .L . Demer, J . Goldberg, F .I .  P o rter* , and H.A. 
Jenkins*. Cullen Eye In s t i tu te  and Clayton Foundation fo r 
Research Neurotology Laboratory, Baylor College of Medicine, 
Houston, Texas 77030.

I t  has been demonstrated by Lisberger e t a l . ( J Neurosci 
3:1234, 1983) th a t  the mechanism underlying adaptive contro l of 
the VOR of the rhesus monkey is  frequency s e le c tiv e . We now 
rep o rt th a t  th is  may not be the case fo r  the  human VOR, where 
short duration  te le sco p ic  spectacle  viewing a t one frequency of 
head ro ta tio n  induces s im ila r adaptive VOR gain changes a t 
higher and lower frequencies.

Seven ad u lt volunteers underwent passive sinuso idal whole- 
body o s c i l la t io n .  Horizontal eye movements were measured by DC 
coupled electro -ocu lography . Slow phase eye v e lo c ity  was 
ex trac ted  by d ig i ta l  f i l t e r i n g ,  and the sinuso idal envelope of 
slow phase eye v e lo c ity  was estim ated by le a s t  squares curve 
f i t t i n g .  VOR gain was estim ated by div id ing  slow phase eye 
v e lo c ity  amplitude by head v e lo c ity  amplitude a t  each 
frequency. C alib ra tion  was obtained by numerous saccade t r i a l s  
to  ta rg e ts  a t known e c c e n tr ic i t ie s ,  and was performed with 
unmagnified v is io n .

The VOR was observed in darkness a t  pure s inusoidal 
frequencies 0.1 and 0.2 Hz (amplitude 60 deg/sec) p r io r  to  the 
wearing of te le sco p ic  sp ec tac le s . Two sub jec ts  were a lso  te s ted  
a t 0 .8  Hz, amplitude 30 deg/sec ..  Responses to  a sum of 
s inuso idal frequencies of head ro ta tio n  were a lso  observed; 
these  were harmonics (1 , 2, 5, 9, 17) of 0.025 Hz having no 
common sums or d iffe ren ces  and ranging up to  0.425 Hz. The 
amplitude of each component frequency in the  sum of sines 
stim ulus was 15–30 deg/sec.

VOR gain in the l ig h t was highly  reproducib le , both during 
unmagnified v ision  (gain 1.00–1.10) and during wearing of 2X 
binocular te le sco p ic  spec tac les having a f ie ld  of view lim ited  
to  18° (gain 1.60–1 .8 0 ). A fter i n i t i a l  VOR measurements, 
su b jec ts  wore te le sco p ic  spec tac les  to  view a d is ta n t video 
monitor while undergoing ro ta tio n  a t 0 .2 Hz, amplitude 20 
deg/sec fo r 15 min. Observation of the VOR was then repeated . 
VOR gain in th e  l ig h t did not change s ig n if ic a n t ly .  Three of 
seven sub jec ts  exh ib ited  s ig n if ic a n t VOR gain increases in 
darkness of 0.07 to  0 .18; the  remaining four exh ib ited  no 
c o n sis ten t gain in c reases. Gain increases were s im ila r a t a l l  
frequencies te s te d .  This suggests th a t  th e re  is  minimal i f  any 
frequency s e le c t iv i ty  of the  adaptive gain mechanism operating  
during sh o rt term VOR gain p la s t i c i t y  in the  human. However, i t  
is  possib le  th a t  la rg e r gain changes induced by hours of 
adaptation  may ex h ib it frequency s e le c t iv i ty .
(Supported by EY06394 and the Clayton Foundation fo r Research.)

325.12 CELLULAR ACTIVITY IN THE MONKEY SUPERIOR COLLICULUS DURING SHORT 
TERM SACCADIC ADAPTATION. E. J . F itzG ibbon and M. E. G oldberg. 
L abora to ry  of Sensorim otor R esearch , N a tiona l Eye I n s t i t u t e ,  
N .I .H ., B ethesda, MD 20892 USA.

The g a in  o f th e  sacca d ic  system  i s  under ad a p tiv e  c o n tro l and 
changes when e x t ra o c u la r  m uscle a c t i v i t y  i s  in a p p ro p r ia te  f o r  
ta r g e t  a c q u is i t io n .  We used an expe rim en ta l model of sacca d ic  
a d a p ta tio n  in  w hich a rh esu s  monkey f ix a te s  a c e n tr a l  ta r g e t  and 
th e n  makes a saccade to  a p e r ip h e ra l  t a r g e t .  During th e  monkey's 
saccade th e  p e r ip h e ra l  ta r g e t  i s  moved e i th e r  f u r th e r  from c e n tr a l  
f ix a t io n ,  causing  th e  monkey to  undershoo t th e  ta r g e t  (le n g th en in g  
parad igm ), o r c lo s e r  to  c e n tr a l  f ix a t io n ,  causing  th e  monkey to  
o v ershoo t i t s  t a r g e t  ( s h o rte n in g  parad igm ). With t r a in in g ,  th e  
monkey le a rn s  to  make saccades la rg e r  o r sm alle r  than  th o se  
d ic ta te d  by th e  p e r ip h e ra l  t a r g e t ' s  o r ig in a l  p o s i t io n .

We have p re v io u s ly  shown th a t  du rin g  s h o r t- te rm  sacca d ic  
a d a p ta tio n  th e  am plitude of saccades evoked by e l e c t r i c a l  
s t im u la t io n  o f th e  in te rm e d ia te  grey la y e rs  o f th e  su p e r io r  
c o l l ic u lu s  i s  u n a ffe c te d  by th e  a d a p ta tio n  p ro c e ss . This r e s u l t  
had s e v e ra l p o s s ib le  i n t e r p r e ta t io n s :  th e  a d a p ta tio n  could  occur 
b e fo re  th e  c o l l i c u lu s ,  in  which case  th e  c o l l i c u l a r  sensory  
d isch a rg e  would be a p p ro p r ia te  to  th e  s tim u lu s  and th e  c o l l i c u la r  
movement d isc h a rg e  would be a p p ro p r ia te  f o r  th e  adap ted  saccade. 
A l te rn a t iv e ly ,  th e  adapted  saccade m ight a r i s e  as th e  sum of 
s e v e ra l a c t iv e  s i t e s  in  th e  c o l l i c u lu s ,  in c lu d in g  a movement 
d isch a rg e  a p p ro p r ia te  to  th e  r e t i n a l  lo c a tio n  o f th e  t a r g e t  and 
movement a c t i v i t y  a p p ro p r ia te  f o r  th e  d if fe re n c e  between th e  
o r ig in a l  ta r g e t  lo c a t io n  and th e  a c tu a l  adapted  saccade am p litude .

To choose between th e se  a l te r n a t iv e s  we reco rded  c e l lu l a r  
a c t i v i t y  in  th e  su p e r io r  c o l l ic u lu s  du ring  le n g th en in g  and 
s h o rten in g  parad igm s. In  a l l  ca ses  th e  v is u a l  a c t i v i t y  was 
a p p ro p r ia te  f o r  th e  r e a l  r e t i n a l  lo c a t io n  o f th e  t a r g e t  and th e  
movement a c t i v i t y  a p p ro p r ia te  f o r  th e  saccade a c tu a l ly  perform ed. 
For example, in  th e  len g th en in g  paradigm  th e  monkey began by 
making a saccade to  th e  o r ig in a l  ta r g e t  p o s i t io n  and then  a 
c o r r e c t iv e .  V isu a l and movement a c t i v i t y  occu rred  a p p ro p r ia te  f o r  
t h i s  f i r s t  saccade and th e n  fo r  th e  c o r r e c t iv e  saccade. When th e  
monkey made th e  adap ted  saccade, th e  a c t i v i t y  a s s o c ia te d  w ith  th e  
c o r r e c t iv e  saccade ceased , th e  v is u a l  a c t i v i t y  was a p p ro p r ia te  fo r  
th e  o r ig in a l  t a r g e t  p o s i t io n  but th e  movement a c t i v i t y  was 
a p p ro p r ia te  f o r  th e  new saccade.

These r e s u l t s  argue th a t  s acca d ic  a d a p ta tio n  does n o t occur in  
th e  s u p e r io r  c o l l i c u lu s :  th e  c e l l u l a r  a c t i v i t y  in  th e  c o l l ic u lu s  
o cc u rs  a t  th e  s in g le  lo c i  a p p ro p r ia te  f o r  where th e  s tim u lu s  i s  
and what th e  saccade w i l l  be. N eural even ts  a s s o c ia t in g  th e  
o r ig in a l  s tim u lu s  w ith  th e  adap ted  saccade must occur in  
s t r u c tu r e s  a c t iv e  b e fo re  th e  s u p e r io r  c o l l ic u lu s  in  th e  n eu ra l 
ev en ts  a s s o c ia te d  w ith  th e  g e n e ra tio n  o f sacca d ic  eye movements.
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326.1 ENHANCED APOMORPHINE-INDUCED ROTATIONAL BEHAVIOR AFTER SPECIFIC 
D-2 ANTAGONIST PRETREATMENT IN MICE WITH UNILATERAL STRIATONIGRAL 
LESIONS R .J . Mandel and P.K. R andall D epts. Psychology and 
P hysio logy  and B io p h y sic s, USC, Andrus G erontology C t r . ,  L .A ., CA 
90089–0191

R ecent o b s e rv a tio n s  in d ic a te  th a t  s t im u la t io n  o f s p e c i f ic  
dopamine re c e p to r  (DAr) sub types  in  s tr ia tu m  can le ad  to  
s im u ltaneous s te r e o ty p ic  gnawing and c a ta le p s y  (Yurek and 
R an d a ll, L ife  S c i . .  37:1665, 1985). In a d d i t io n ,  
H e rre ra -M arsch itz  and U ngers ted t (B r . R es. 323:269,1985) have 
re p o r te d  th a t  d i f f e r e n t  DAr sub types a re  r e l a te d  to  d i f f e r e n t  
s t r i a t a l  e f f e r e n t s  w ith  D -l s t im u la t io n  a p p a re n tly  being  more 
p re v a le n t in  th e  s t r i a t o - n i g r a l  e f f e r e n t .  These d a ta  sug g est 
th a t  th e  s im u ltaneous hypo-and hyper-dopam inerg ic b eh a v io rs  no ted  
by Yurek and R andall a re  be ing  subserved  by d i f f e r e n t  s t r i a t a l  
e f f e r e n t s .  B iochem ica lly , S too f and Kebabian (N ature 294:366, 
1981) have dem onstated th a t  th e re  i s  a f u n c t io n a l antagonism  
between th e  DAr sub types  in  s tr ia tu m  r e l a te d  to  s tim u la t io n  of 
a d e n y la te  c y c la se .  Taken to g e th e r , th e se  d a ta  su g g est th a t  i f  
th e  b e h a v io ra l o u tp u t o f th e  s t r i a t o n l g r a l  e f f e r e n t  can be 
i s o la te d ,  then  b lockade o f D-2 re c e p to rs  may enhance D-l 
s t im u la te d  b ehav io r r e s u l t in g  from a n o n -s p e c i f ic  DA a g o n is t .  
T h is experim en t u t i l i z e d  a d i s c r e te  u n i l a t e r a l  e l e c t r o l y t i c  
le s io n  in  th e  s t r i a to n lg r a l  pathway to  examine th e  e f f e c t  of a 
low dose o f sp ip ero n e  (SPIP) on apomorphlne (APO) -induced  
r o ta t io n  in  th e  C57BL/6J mouse.

F if te e n  mice were adm instered  e l e c t r o l y t i c  le s io n s  (1mA fo r  5 
sec ) in  th e  s t r i a to n lg r a l  t r a c t ,  u s in g  c o o rd in a te s  –1.6mmAP, + 
1.7mmLAT, and –4.9mm D-V from bregma. The 8 mice th a t  showed 
ro b u s t r o ta t io n a l  b ehav io r to  amphetamine (2 .0  mg/kg, IP) were 
used  in  a d o se-re sp o n se  experim ent in  which APO (7 .7 ,  3 .7 5 , 
1 .875 ,. 9375, and. 46875 mg/kg, IP) was ad m in is te red  a f t e r  
p re tre a tm e n t (30 min) w ith  e i t h e r  0 .01  mg/kg sp ip ero n e  o r th e  1% 
l a c t i c  a c id  v e h ic le .  R o ta tio n a l b ehav io r i p s i l a t e r a l  to  th e  
s t r i a t o - n i g r a l  le s io n  was th e  main dependent m easure.

SPIP p re tre a tm e n t s ig n i f i c a n t ly  e le v a te d  apom orphine-induced 
r o ta t io n a l  behav io r (F (4 ,6 3 )= 8 .7 ;p < 0 .0 1 ) , n e a r ly  d oub ling  i t  a t  
th e  h ig h e s t d o ses . No s h i f t  to  th e  l e f t  in  th e  dose response  
cu rve  was observed (common ED 50=1.5m g/kg:non-linear le a s t- s q u a re s  
e s t im a te ) ,  bu t th e  maximum response  p aram ete rs  were q u ite  
d i f f e r e n t  in  th e  two c o n d itio n s  (SPIP p re tre a tm e n t max 
response= 117 .8 ; v e h ic le  max re sp o n se= 6 5 .7 ) .

These r e s u l t s  in d ic a te  th a t  th e re  i s  a dem onstrab le fu n c t io n a l 
in t e r a c t io n  between D -l and D-2 r e c e p to r s  in  s tr ia tu m , e s p e c ia l ly  
in  r e l a t i o n  to  th e  s t r i a to n lg r a l  pathway. These d a ta  a re  no t 
e x p la in ed  by th e  e f f e c t  of SPIP on a DA a u to re c e p to r  s in c e  th e  
la r g e s t  b e h a v io ra l e f f e c t  occured  a t  th e  h ig h e s t doses of APO.

326.2 BLOCKADE OF DOPAMINE D -l RECEPTORS BY SCH 23390 PREVENTS L-DOPA- 
INDUCED EEG AND BEHAVIORAL ACTIVATION IN THE RABBIT. E. O ngini, 
M.G. C apo ra li*  and M. M a s so tti. Lab. d i  Farm acologia, I s t i t u t o  
S upoerio re  d i S a n itéà, 00161 Roma, I t a ly .

E lec tro e n cep h a lo g rap h ic  (EEG) s tu d ie s  in  th e  r a b b i t  have 
c l a r i f i e d  th e  involvem ent o f dopamine (DA) re c e p to r  sub types in  the 
g e n e ra tio n  o f th e  c e n tr a l  s t im u la to ry  e f f e c t s  of DA a g o n is ts . On 
th e  one hand, b o th  th e  EEG d esy n ch ro n iza tio n  and b e h a v io ra l a ro u s a l 
e l i c i t e d  by th e  D -l ag o n is t SKF 38393 (10 mg/kg iv )  a re  s e le c t i v e ly  
p rev en ted  by th e  D -l a n ta g o n is t  SCH 23390 (0 .003–0.01 mg/kg i v ) , 
b u t n o t by th e  D-2 a n ta g o n is t ,  1 - s u lp ir id e  (25 mg/kg iv )  (O ngini e t  
a l . ,  L ife  S c i, 37:2327, 1985). On th e  o th e r  hand, th e  b e h a v io ra l 
s t im u la t io n  e l i c i t e d  by th e  D-2 a g o n is t LY 171555 (0 .5  mg/kg iv )  i s  
s e le c t i v e ly  b locked  by 1 - s u lp i r id e  (6– 12.5 mg/kg iv )  (O ngini e t  
a l . , su b m it te d ) .

The o b se rv a tio n  th a t  L-DOPA induces in  th e  r a b b i t  c e n t r a l  
s t im u la to ry  e f f e c t s  (EEG d esy n ch ro n iza tio n  and b e h a v io ra l a l e r t :  
F lo r io  and Longo, N europharm acol., 10: 45, 1971), prompted us to  
ex p lo re  w hether th e se  resp o n ses  imply a c t iv a t io n  o f e i th e r  D -l o r 
D-2 r e c e p to r s .

Groups o f r a b b i ts  im plan ted  fo r  EEG reco rd in g  rece iv ed  
CARBIDOPA (2 mg/kg iv )  fo llow ed 10 min l a t e r  by L-DOPA (20 mg/kg 
i v ) . A f te r  th e  l a t t e r ,  a desynchron ized  p a t te r n  em erges, la s t in g  
about one hou r. P re tre a tm e n t, 15 min b e fo re , w ith  SCH 23390 
(0 .003–0.01 mg/kg iv )  causes a d o s e - re la te d  d ec rease  o f the 
d u ra t io n  o f th e  EEG d e sy n ch ro n iza tio n . On th e  c o n tra ry , h a lo p e r id o l 
(0 .3  mg/kg iv )  and 1 - s u lp i r id e  (6 mg/kg iv )  were unab le  to  p rev en t 
L-DOPA e f f e c t s  on EEG. Both n e u ro le p t ic s ,  a t  th e  same d o ses , 
in h ib i te d  LY 171555-induced s t im u la t io n ,  b u t d id  n o t in t e r a c t  w ith  
SKF 38393.

These r e s u l t s  sug g est th a t  th e  D -l re c e p to r  subtype m ediate 
th e  EEG a c t iv a t io n  induced by L-DOPA.

326.3 PRESYNAPTIC NEUROMODULATION OF  A CATECHOLAMINE TRANSMITTER SYST
EM BY ANAPHYLATOXIN (C5a) IN THE RAT HYPOTHALAMUS. C.A .W illiam s. 
N.Schupf,  A.Berkman* and W .S .C a tte ll* . D iv is io n  o f N a tu ra l 
Sciences, SUNY Purchase, Purchase, NY 10577.

An experim ental animal model has been developed to  e lu c id a te  
the  mechanisms by which in fe c tio u s , a l l e r g i c  or autoimnune reac
tio n s  in  the  b ra in  can a l t e r  behavior. Immune conplexing systems 
(ICS) in je c te d  v i a  im p lan ted  c an n u lae  in to  th e  p e r i f o r n i c a l  
hypothalam us have been re p o r te d  to  s t im u la te  e a t in g  in  s a te d  
r a t s  (N.Schupf and C.A. W illia m s , J. Neuroi mmunol.. 9 :1–13, 
1985), th e  same e f f e c t  w hich i s  seen  a f t e r  th e  in je c t io n  o f  
norepinepherine (NE). The complement cascade, when a c tiv a te d  by 
immune complexes, produces a pharm acolog ically  a c t iv e  pep tide , 
C5a a n a p h y la to x in , which i s  a l s o  a b le  to  induce e a t in g  a t  th e  
same b ra in  s i t e  (C.A.W illiam s, N.Sc hupf and T.F.H ugli, J. Neuro
imm un o l . .  9 :14–29, 1985). In c re a se d  food in ta k e  induced by 
e i t h e r  C5a o r NE i s  b lo ck ed  by p h en to lam in e  (PHT), in d ic a t in g  
th a t  an a lpha-ad renerg ic  recep tor system i s  being a c tiv a te d  in  
b o th  c a s e s .  The ICS e f f e c t  can  be b lo ck ed  by s to p p in g  th e  com
p lem en t c ascad e  a t  a  s te p  p r io r  to  th e  p ro d u c tio n  o f  C5a (in  
p r e s s ) ,  su g g e s tin g  t h a t  i t  c o u ld  be th e  a n a p h y la to x in  which 
m ediates th e  e f f e c t  o f the  ICS a t  t h i s  s i t e .  The experiments we 
d esc rib e  in  th i s  re p o rt lead  us to  propose th e  neuropharmacolog- 
i c a l  mechanism by which C5a induces the  b ehav io ra l response in  
th e  r a t .  P r e - in j e c t i o n  o f th e  in a c t iv e  d e s a rg in a te d  form  o f 
human C5a (k in d ly  s u p p lie d  by Dr. T. E. Hugl i)  b lo c k s  C 5a- b u t 
no t NE-induced ea tin g , ind ica tin g  th a t  C5a and NE do n o t a c t  a t  
th e  same p o s ts y n a p t ic  r e c e p to r .  However, s in c e  th e  common 
pathway appeared  to  be th e  NE re c e p to r  system  in  t h i s  s i t e ,  a 
p resynap tic  modulatory mechanism fo r  C5a was proposed. A group 
o f 15 r a t s  were p re tre a te d  fo c a l ly  w ith a lpha-methyl -p -ty ro e in e  
(AMPT) to  b lock the  b io sy n th esis  of the  ca tech o l neurotransm it
t e r s  in  th e  s i t e  and th u s  any p re s y n a p tic  mechanism. Under 
these  co n d itio n s  C5a no longer induced ea tin g , bu t the  response 
to  in je c te d  NE was u n im paired . A lthough  th e  AMPT ex p erim en t 
confirm s the  p resynap tic  ac tio n  of C5a, i t  does no t d is tin g u ish  
betw een NE r e l e a s e  and NE re -u p ta k e  b lo ck ad e  a s  p o s s ib le  
mechanisms. P relim inary  experiments w ith  crude nerve te rm ina l 
p rep a ra tio n s  (synaptosomes) show th a t  C5a causes th e  re le a s e  of 
p re le a d e d  t r i t i a t e d  NE and dopamine (DA), b u t n o t o f a c e ty l 
c h o l in e .  Endogenous DA r e l e a s e  i s  d e te c te d  by HPLC. We 
t e n t a t i v e l y  c o n c lu d e , th e r e f o r e ,  t h a t  a n a p h y la to x in  C5a i s  a 
c a tec h o le rg ic  secretagogue in  th e  r a t  b ra in .

326.4 D-DOPA AND L-DOPA SIMILARLY INDUCE ROTATIONAL BEHAVIOR IN 
RATS WITH UNILATERAL LESIONS OF THE SUBSTANTIA NIGRA 
INDUCED BY 6-HYDROXYDOPAMINE. F. Karoum, H.E. Spoor*, W.J. 
Freed, L-W. Chuanq*, R.J. Wyatt and E. Costa. Neuropsychiatry Branch, 
NIMH, Saint Elizabeths Hospital, Washington, D.C. 20032 and FGIN, Wash
ington, D.C.

We have recently compared the ability of D- and L-DOPA to form 
dopamine and its metabolites in rats. Both amino acids increased hypo
thalamic and striatal dopamine by about the same extent. This unexpected 
result led us to assess the ability of these two amino acids to produce 
rotational behavior in rats with unilateral 6-hydroxydopamine lesions of the 
substantia nigra. The right substantia nigra was lesioned by stereotaxic 
injection of 6-hydroxydopamine and after at least four weeks all rats were 
tested for apomorphine-induced rotational behavior to insure that the 
lesions were essentially complete. D- and L-DOPA, 50 mg/kg, were 
coadministered with 5 mg/kg carbidopa intragastrically and the rats placed 
in rotam eters to count the rate of rotations. L-DOPA produced contra
lateral rotation within 15 minutes of administration, while D-DOPA 
produced contralateral rotational behavior after about 45 min. Once the 
rats began to ro tate, the time course for both drugs was similar. The 
minimum dose of D-DOPA that induced rotational behavior was 30 mg/kg; 
10 mg/kg had no effect. These results suggest that D-DOPA may be useful 
in the treatm ent of parkinsonism.
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326.5 INBRED MOUSE STRAINS DIFFER IN SENSITIVITY TO STIMULANTS ACTING 
ON DIFFERENT DOPAMINE POOLS. R. T in tn e r  and  J .  P r o c to r * . D e p t . 
o f  N e u ro lo g y , S o u th w e s te rn  Med. S c h . ,  U n iv . o f  T exas H e a l th  
S c i .  C t r . ,  D a l l a s ,  TX 75235–9 0 3 6 .

A num ber o f  d i s e a s e s  c h a r a c t e r i z e d  by  th e  p r e s e n c e  o f  a b n o r 
m al i n v o lu n t a r y  m ovem ents h av e  a  s i g n i f i c a n t  h e r e d i t a r y  compo
n e n t .  T hese  m ovem ents a r e  a f f e c t e d  by  d ru g s  w hich  a l t e r  
dopam ine (DA) a c t i o n .  L ik e w is e ,  in b r e d  s t r a i n s  o f  m ice h ave  
b een  shown t o  h av e  h e r i t a b l e  d i f f e r e n c e s  i n  b o th  s p o n ta n e o u s  
an d  d ru g - in d u c e d  a c t i v i t y .  S p e c i f i c a l l y ,  BALB/cj m ice have b e e n  
r e p o r t e d  t o  h av e  h i g h e r  b s e l i n e  a c t i v i t y ,  e n h an ced  r e s p o n s e  t o  
am p h e tam in e , an d  h ig h e r  num bers o f  s u b s t a n t i a  n i g r a  DA n e u ro n s  
th a n s  CBAs; h o w ev er, BALB s t r i a t a l  DA c o n te n t  d o e s  n o t  e x c ee d  
t h a t  o f  th e  CBAs. We t h e r e f o r e  exam ined  th e  p o s s i b i l i t y  t h a t  
b e h a v io r a l  d i f f e r e n c e s  i n  two su c h  s t r a i n s  r e f l e c t  d i f f e r e n c e s  
i n  c o m p a r tm e n ta t io n  o f  DA, an d  n o t  m e re ly  i n  num bers o f  DA n e u 
ro n s  .

L ocom otor a c t i v i t y  (LA) and s t e r e o t y p i c  a c t i v i t y  (SA) w ere 
a s s e s s e d  i n  BALB/c and  CBA m ice a f t e r  s . c .  a d m i n i s t r a t i o n  o f  
e i t h e r  am phetam ine (AMP), w h ich  r e l e a s e s  DA from  a  c y to p la s m ic  
p o o l  o r  a m fo n e lic  a c id  (AFA), w h ich  r e l e a s e s  i t  fro m  a  s to r a g e  
( v e s i c u l a r i z e d )  p o o l .  BALBs h ad  s i g n i f i c a n t l y  g r e a t e r  b a s e l i n e  
LA. AMP c a u s e d :  1) d e c re a s e d  BALB LA a t  low  d o s e s ,  b u t  
i n c r e a s e d  LA ab o v e  5 mg/Kg, 2 ) i n c r e a s e d  CBA LA a t  a l l  d o s e s ,  
3 ) g r e a t e r  SA i n  t h e  BALBs th a n  th e  CBAs. AFA i n c r e a s e d  LA a t  
a l l  d o s e s  t e s t e d  i n  b o th  s t r a i n s .  A t AFA d o s e s  ab o v e  0 .6  mg/Kg 
t h e  CBAs had  s i g n i f i c a n t l y  g r e a t e r  LA th a n  th e  BALBs; i n  
a d d i t i o n ,  t h e  CBAs h a d  LA s c o r e s  c lo s e  t o  tw ic e  t h e  maximum 
in d u c e d  by  AMP. T h is  d a t a  i s  c o n s i s t e n t  w i th  t h e  h y p o th e s i s  
t h a t  a  g r e a t e r  p r o p o r t io n  o f  DA i s  s to r e d  i n  v e s i c u l a r ,  a s  op 
p o se d  t o  c y to p la s m ic ,  p o o ls  i n  t h e  CBA m ic e . The r o l e  o f  
d i f f e r e n t  s u b c e l l u l a r  D A ergic  m echanism s i n  n o n u n i fo r m i ty  o f  
d ru g  a c t i o n  w i l l  b e  d i s c u s s e d .

326.6 OPPOSITE EFFECTS OF THE D1 AGONIST SK & F 38393 AND THE 
D2 AGONIST LY171555 ON ORAL MOVEMENTS IN RATS. Gay lo r d  
E l l i s o n .  P e r  J o h a n s s o n * .  Edw ard L e v in . Lynn Furukaw a* . 
and  L a r s  Gunne* D ept o f  P s y c h o lo g y , UCLA and  
P s y c h i a t r i c  R e s e a rc h  C e n te r  U p p sa la  Sweden

We r e p o r t  t h a t  D1 dopam ine  a g o n i s t s  h a v e  o p p o s i te  
e f f e c t s  on o r a l  a c t i v i t y  from  D2 a g o n i s t s ,  t h a t  t h e s e  
o p p o sed  e f f e c t s  c a n  b e  d i s s o c i a t e d  from  a u t o r e c e p t o r  
m ech an ism s , an d  f u r t h e r  t h a t  c h r o n ic  n e u r o l e p t i c  
a d m i n i s t r a t i o n  a l t e r s  r e s p o n s i v i t y  t o  t h e s e  tw o d ru g s .

O ra l  m ovem ents (OMs) w ere  m o n ito r e d  i n  r a t s  
a d m in i s t e r e d  one  o f  t h r e e  d o s e s  o f  e i t h e r  t h e  D1  
dopam ine  a g o n i s t  SK&F 38393 o r  t h e  D2 dopam ine  a g o n i s t  
LY 171555. OMs w ere  o b s e r v e d  v i a  c l o s e d - c i r c u i t  
t e l e v i s i o n  and  s im u l ta n e o u s ly  a n a ly z e d  u s in g  a 
c o m p u te r iz e d  r e c o r d in g  o f  t h e  d i s t a n c e  b e tw ee n  tw o 
f l u o r e s c e n t  d o t s  p a i n t e d  ab o v e  and  b e lo w  t h e  r a t ' s  
m o u th .

The human o b s e r v e r  d a t a  i n d i c a t e d  t h a t  t h e  tw o d ru g s  
h ad  d i s t i n c t i v e l y  d i f f e r e n t  e f f e c t s  on o r a l  m ovem ents. 
SK&F 38393 in d u c e d  d o s e - d e p e n d e n t  i n c r e a s e s  i n  
t r e m o r o u s  m ovem ents o f  t h e  m a s s e te r  m u s c le s ,  to n g u e  
p r o t r u s i o n s ,  a n d , a t  t h e  h i g h e s t  d o s e ,  an  i n c r e a s e  in  
r e p e t i t i v e  ch ew in g  m ovem ents. C o n v e r s e ly ,  LY171555 
p ro d u c e d  an  i n h i b i t i o n  o f  o r a l  a c t i v i t y  a t  a l l  d o s e  
l e v e l s .  A t t h e  lo w e s t  d o s e  t e s t e d  t h i s  a p p e a re d  t o  
r e f l e c t  an  a u t o - r e c e p t o r  phenom enon, f o r  a l l  a c t i v i t y  
was d e c r e a s e d  and  when OMs o c c u r r e d ,  th e y  w e re  s lu g g is h  
i n  fo rm . B u t h i g h e r  d o s e s  o f  LY171555 in d u c e d  
h y p e r a c t i v i t y  and  e v e n t u a l l y  s t e r e o t y p e d ,  r e p e t i t i v e  
headm ovem ents w e re a s  ch ew in g  m ovem ents, t r e m o ro u s  OM's, 
and  to n g u e  p r o t r u s i o n s  w e re  d e c r e a s e d  o r  c o m p le te ly  
a b s e n t .  The c o m p u te r iz e d  s c o r in g  s y s te m  c o n f irm e d  and 
e x te n d e d  t h e s e  c o n c l u s io n s .  T h u s , Dl an d  D2 r e c e p t o r s  
a p p e a r  t o  h a v e  o p p o s i t e  e f f e c t s  on  O M 's.

A se c o n d  s tu d y  a t te m p te d  t o  d e te r m in e  how t h e s e  
f i n d i n g s  m ig h t c l a r i f y  t h e  r o l e  o f  d o pam ine  m echan ism s 
i n  t a r d i v e  d y s k i n e s i a .  U s in g  t h e  sam e r e c o r d in g  
p r o c e d u r e s ,  r e s p o n s iv e n e s s  t o  t h e s e  tw o dopam ine  
a g o n i s t s  was t e s t e d  i n  r a t s  w h ich  h a d  b e en  c h r o n i c a l l y  
p r e t r e a t e d  w i th  one o f  tw o c l a s s e s  o f  c h r o n ic  
n e u r o l e p t i c s  ( h a lo p e r id o l  v s .  f l u p h e n a z i n e ) .

326.7 AUTORADIOGRAPHIC DEMONSTRATION OF BENZODIAZEPINE AND MUSCARINIC 
RECEPTORS IN TURTLE CORTEX. J.R . Schlegel*, S .J . Peroutka, and 
A.R. K rieg ste in . (SPON: R. Cawthon). Dept. of  Neurology, Stanford 
Univ. Sch. of Med., S tanford , CA 94305.

In v itro  recep to r autoradiography using rad io ligand  binding 
techniques has y ie lded  much inform ation regarding the  d is tr ib u tio n  
of neu ro transm itte r recep tors  in mammalian b ra in . Using th is  
method, we have in v estig a ted  the d is tr ib u tio n  of benzodiazepine 
and muscarinic cho linerg ic  recep tors  in tu r t l e  co rtex . This 
r e la t iv e ly  simple tr i lam in a r  s tru c tu re  co n sis ts  o f a pyramidal c e ll 
la y e r, an overlying molecular la y e r, and an underlying su b ce llu la r 
lay e r. Immunohistochemical and physiologic evidence suggests th a t 
in t r in s ic  c o r tic a l  s t e l l a t e  neurons mediate GABAergic in h ib itio n  
of pyramidal c e l l s .  There is  a lso  evidence th a t  neurons of the 
basal fo reb rain  co n trib u te  a cho linerg ic  innervation  of the tu r t l e  
co rtex , and ACh produces predominantly e x c ita tio n  of c o rtic a l 
pyramidal c e l ls  (see Blanton e t  a l . ,  th is  m eeting). We rep o rt here 
the  r e s u lts  of autoradiographic s tu d ies  dem onstrating the c o rtic a l 
d is tr ib u tio n  of two im portant recep tors  assoc iated  with these 
tra n s m itte r  systems.

Benzodiazepine binding s i te s  were lab e lled  with 1nM 3H- Fl uni- 
trazipam  (3H-FLU). S pecific  binding was defined by the  add ition  
o f 1 μm clonazepam. Autoradiograms were generated using tr i tiu m  
sen s itiv e  film , and the c o r tic a l d is tr ib u tio n  of binding s i te s  was 
in v estig a ted  fu r th e r  using the  cov e rs lip  method developed by Kuhar 
and a ss o c ia te s , allowing simultaneous observation of autoradiogram 
and c o r tic a l  h is to logy . 3H-FLU binding was le a s t  dense in dorso- 
medial co rtex , and was p rogressively  more dense in ventromedial 
cortex  and dorsal co rtex . In a l l  these  c o r tic a l  regions binding 
was g re a te r  over the  ou ter h a lf  of cortex  (ou te r molecular region) 
compared to  the  inner h a lf  (inner m olecular region,  pyramidal c e ll 
la y e r, and su b ce llu la r la y e r) .

M uscarinic binding s i te s  were demonstrated by 1nM 3H-QNB with 
sp ec if ic  binding defined by the  add ition  of 1 μm a tro p in e . 3H-QNB 
binding was most dense in the  ro s tra l  c o r tic a l reg ion , and i t  was 
g re a te s t in dorsal cortex  compared to  medial c o r tic a l  reg ions. 
In c o n tra s t to  3H-FLU binding, 3H-QNB binding appeared more con
cen tra ted  over the  inner m olecular lay e r compared to  the  ou ter 
m olecular lay e r.

The d if f e r e n t ia l  regiona l and laminar d is tr ib u tio n  of benzo
diazepine and m uscarinic recep to rs  in tu r t l e  cortex  may be co r
re la te d  with o ther neurochemical , anatom ical, and physiologic data 
in th is  simple c o rtic a l model.
Supported by NIH gran ts  NS00887, NS21223 (ARK), NS07280 (JRS) 
and NS12151 (SJP).

326.8 FIGHTING STRESS INCREASES BENZODIAZEPINE RECEPTOR BINDING IN 
VIVO. L.G. M il l e r ,* M.L. Thompson,* D .J . G reen b la tt*  
(SPON: A. T is c h le r ) D iv is io n  o f C lin ic a l  Pharmacology and 
D epartm ent o f B iochem istry  and Pharmacology, Tufts-New England 
M edical C en te r, B oston, MA 02111

We examined benzod iazep ine  re c e p to r  b ind ing  in  response to  a 
paradigm  of s t r e s s  in  m ice: a t ta c k  by a r e s id e n t  mouse on an 
in t r u d e r .  Adult male CFW mice were s tr e s s e d  by in d iv id u a l 
p lacem ent in to  home cages of r e s id e n t  CFW m ice . A fter the  
in t ru d e r  mouse had been a t ta c k e d  and b i t t e n  100 tim e s , mice were 
removed. Benzodiazepine re c e p to r  b ind ing  in  v ivo  was determ ined 
by th e  method o f Goeders and Kuhar (L ife  S c i . ,  1985, 3 7 :3 4 5 ). 
Mice were in je c te d  w ith  5 uCL 3H-Rol5– 1788 in tra v e n o u s ly  and 
then  s a c r i f i c e d  and c o r t ic e s  removed, d is s o lv e d ,  and coun ted . 
N onspecific  b ind ing  was determ ined by p re trea tm en t (30 min) w ith  
a s a tu r a t in g  dose o f clonazepam (CNZ, 5 mg/kg 
i n t r a p e r i t o n e a l l y ) ( i . p . ) . For a f f i n i t y  ex p e rim en ts , mice were 
t r e a te d  w ith  CNZ in  v ary ing  doses ( .0 2 –2 mg/kg) i . p .  a f t e r  
s t r e s s  fo r  40 min and re c e p to r  occupancy was determ ined in  h a l f  
th e  c o r te x  as  above. CNZ c o n c e n tra t io n s  were determ ined in  the  
rem aining  c o r te x  by e le c tro n -c a p tu r e  gas chrom atography. In  
some experim en ts mice were p r e - t r e a te d  w ith  lorazepam  (LRZ. 

03– .3  mg/kg) p r io r  to  s t r e s s .  Mean (±SD) re c e p to r  occupancy in  
i n tru d e r  an im als in je c te d  w ith  r a d io lig a n d  im m ediately  a f t e r  
s t r e s s  (n=10) was 24 .0±4.1  cpm/mg compared to  th a t  o f u n s tre s se d  
c o n tro ls  (n=5 , 14 .5± 4.2  cpm/mg) and 13 .0± 4 .2 , n=4 in  r e s id e n t  
CFW m ice . R eceptor occupancy rem ained e le v a te d  when ra d io lig a n d  
was in je c te d  a t  15 m inutes a f t e r  s t r e s s  (156% of c o n t r o l ,  n-3) 
and a t  30 m inutes (141% o f c o n t r o l ,  n -3 ) but a t  45 and 60 
m inutes a f t e r  s t r e s s  occupancy had re tu rn e d  to  c o n tro l l e v e l s .  
C on cen tra tio n  vs occupancy fo r  CNZ y ie ld ed  IC50 26 ng /g  s im i la r  
to  th o se  in  u n s tre s s e d  an im als (IC 50 21 n g /g ) .  P re tre a tm e n t wth 
lorazepam  (LRZ) fo r  1 hour a t  th e  IC50 dose (0 .3  mg/kg) r e s u l te d  
in  s im i la r  re c e p to r  occupancy in  s tr e s s e d  anim als (n=3, 2 .89±0.3 
cpm/mg) and c o n tro ls  (n =3 , 2.24±2.07 cpm/mg). P re tre a tm e n t w ith  
LRZ a t  doses producing  20% and 5% re c e p to r  occupancy (n -3 ,. 1 
mg/kg and n=3 ,. 03 mg/kg) r e s u l te d  in  in c re a se d  re c e p to r  
occupancy in  s tr e s s e d  v e rsu s  u n s tre s s e d  m ice. A lte red  
n o n s p e c if ic  uptake o f Ro15– l788 d id  not e x p la in  occupancy 
changes, s in c e  c o r t i c a l  c o n c e n tra t io n s  o f u n lab e led  Rol5‒ 1788 (5 
mg/kg) were no t changed by LRZ (4 mg/kg) a d m in is tr a t io n .  Thus 
f ig h t in g  s t r e s s  in c re a s e s  c o r t i c a l  benzod iazep ine  b ind ing  in  
v iv o . Since re c e p to r  a f f i n i t y  fo r  CNZ rem ains unchanged, the 
in c re a s e  i s  most l i k e ly  due to  an in c re a s e  in  number o f b ind ing  
s i t e s .  P re tre a tm e n t.w ith  LRZ s u f f i c i e n t  to  produce 50% re c e p to r  
occupancy ab rogated  th e  in c r e a s e ,  b u t p re tre a tm e n t w ith  doses 
p roducing  25% occupancy o r  le s s  d id  n o t .
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326.9 ASSOCIATION OF BEHAVIORAL RESPONSES WITH ACTIVATION OF CENTRAL 
BETA ADRENERGIC SYSTEMS. James M. O 'D onnell, L ife  S c ie n ces  
D iv is io n , Los Alamos N a tio n a l L ab o ra to ry , Los Alamos, NM 87545.

The b e ta  a d re n e rg ic  re c e p to r -a d e n y la te  c y c la s e  system  in  th e  
b ra in  has  been im p lic a te d  in  th e  a c t io n s  o f  a n t id e p re s s a n t  
d ru g s . I t  has been suggested  th a t  l i p o p h i l i c  b e ta  a d re n e rg ic  
a g o n is ts  may p o sse ss  a n t id e p re s s a n t  a c t i v i t y .  For t h i s  re a so n , 
i t  was o f  i n t e r e s t  to  beg in  to  a s s e s s  th e  neuropsychopharm aco- 
lo g i c a l  e f f e c t s  o f  th e se  compounds. I n i t i a l  s tu d ie s  have 
in vo lved  th e  c h a ra c te r iz a t io n  o f  th e  e f f e c t s  o f  c le n b u te ro l .  
C le n b u te ro l in h ib i te d  th e  b in d in g  o f  125I - io d o p in d o lo l to  
membranes p rep a re d  from r a t  c e re b ra l  c o r te x  (m ostly  b e ta ,  
sub type) and ce rebellum  (m ostly  b e ta 2 su b ty p e ) , in  v i t r o . In  
th e  absence o f  guanosine tr ip h o sp h a te  (GTP), th e  a p p a re n t KI 
v a lu e  and H i l l  c o e f f i c ie n t  f o r  c le n b u te ro l in  th e  c e re b ra l  
c o r te x  were 106+18 nM and 0 .89+ .0 2 , r e s p e c t iv e ly .  0 .2  mM GTP 
in c re a s e d  th e  a p p a re n t KI  v a lu e  to  124+18 and th e  H i l l  
c o e f f i c ie n t  to  1 .05+ .02 . In  th e  ce reb e llu m , th e  a p p a re n t KI 
v a lu e  was in c re a se d  from 60+10 to  100+13 nM and th e  H i l l  
c o e f f i c ie n t  was in c re a s e d  from 0 .82+ .04 to  1 .05+ .02 by 0 .2  mM 
GTP. N on linear re g re s s io n  a n a ly s is  o f  th e  c o m p e titio n  cu rv es  
f o r  c le n b u te ro l in d ic a te d  th a t  a  low er p e rce n tag e  o f  th e  b in d in g  
o f  c le n b u te ro l was to  a  h ig h  a f f i n i t y  s t a t e  o f  th e  r e c e p to r  th a n  
was observed  w ith  th e  f u l l  a g o n is t  is o p ro te r e n o l .  C o n s is te n t 
w ith  th e se  f in d in g s ,  assessm en t o f  th e  a b i l i t y  o f  c le n b u te ro l  to  
in c re a s e  l e v e ls  o f  c y c l ic  AMP in  c e re b ra l  c o r te x  o r  ce re b e llu m  
showed i t  to  be a  p a r t i a l  a g o n is t .

S ince  s e v e ra l l i n e s  o f  ev idence  in d ic a te  t h a t  c le n b u te ro l  i s  
c e n t r a l l y  a c t iv e  fo llo w in g  p e r ip h e ra l  a d m in is tr a t io n ,  i t  was o f  
i n t e r e s t  to  examine i t s  e f f e c t s  on b eh a v io r . C le n b u te ro l (0 .003  
to  10 mg/ k g , i . p . ,  30 m inu tes p r io r  to  te s t in g )  reduced locomo
to r  a c t i v i t y  in  a  dose-dependen t manner w ith  and EC5Q v a lu e  o f  
app rox im ate ly  0 .03  mg/ k g . C le n b u te ro l a l s o  reduced response  
r a t e  under a  m u ltip le  f ix e d - in te r v a l  5 -m inu te , f i x e d - r a t i o  
30 -response  schedu le  and reduced response  r a t e  and in c re a s e d  
re in fo rc em e n t r a t e  under a  d if f e re n t ia l - r e in f o rc e m e n t- o f - lo w -  
r a t e  72-second sch ed u le . The e f f e c t s  o f  c le n b u te ro l  on 
locom otor a c t i v i t y  and s c h e d u le -c o n tro l le d  b eh a v io r app eared  to  
be m ed iated  by b e ta  a d re n e rg ic  r e c e p to rs  s in c e  th e y  w ere an tag o 
n iz e d  by th e  b e ta  a d re n e rg ic  a n ta g o n is t  p ro p ra n o lo l in  a  
dose-dependen t m anner. These b e h a v io ra l e f f e c t s  o f  c le n b u te ro l  
resem ble th o se  o f  t r i c y c l i c  a n t id e p re s s a n ts  and monoamine 
o x id ase  in h i b i to r s .  S tu d ie s  a r e  underway to  de te rm in e  i f  th e  
b e h a v io ra l e f f e c t s  o f  o th e r  c e n t r a l l y  a c t in g  b e ta  a d re n e rg ic  
a g o n is ts  resem ble th o se  o f  c le n b u te ro l .  (S upported  by AFOSR 
NL0054 and USPHS G rant MH40694.)

326.10 EFFECTS OF 5-HT DEPLETION AND OF 5-HT AND CATECHOLAMINE 
RECEPTOR ANTAGONISTS ON 8-OH-DPAT-INDUCED FEEDING IN THE RAT. 
C.T. Dourish1 , P.H. Hutson* and G. Curzon*. Dept. o f 
Neurochemistry, I n s t i tu te  o f Neurology, Queen Square, London 
WCIN 3BG, U.K.

In  recen t s tu d ie s  we have shown th a t  th e  novel 5-HT agon ist 
8-hydroxy-2 -(di-n-propylam ino)t e t r a l i n  (8-OH-DPAT) e l i c i t s  
feeding in  s a tia te d  r a t s  a f t e r  both p e rip h e ra l and in tra -rap h e  
in je c tio n s .  Since p o st-sy n ap tic  5-HT recep to r agon ists  
gen era lly  decrease feeding we have proposed th a t  
8-OH-DPAT-induced feeding  may be due to  a c t iv a tio n  o f 5-HT 
au to recep to rs  which would decrease 5-HT sy n thesis  and 
re le a se . In  th e  p resen t study we examined th e  e f fe c ts  o f 5-HT 
d ep le tio n  and o f various sero to n erg ic , dopaminergic and 
adrenerg ic  re cep to r an tag o n ists  on feeding  e l i c i t e d  by 
p e rip h e ra l in je c tio n  o f 8-OH-DPAT.

A ll feeding  t e s t s  were conducted during  th e  daytime in  
nan-deprived male r a t s . To d ep le te  b ra in  5-HT r a t s  were 
in je c te d  w ith  150 mg/k g p-chlorophenylalanine d a ily  fo r  3 
days. This trea tm en t produced a  91% dep le tio n  o f whole b ra in  
5-HT and 5-HIAA and abolished  8-OH-DPAT-induoed feeding . In  
an tag o n ist s tu d ie s , drug o r  v eh ic le  so lu tio n s  were in je c ted  30 
min. p r io r  to  1 mg/kg 8-OH-DPAT (sc) and food in tak e  measured 
fo r  2 h rs .  Feeding was unaffected  by p re trea tm ent w ith  
a lpha-2-adrenoceptor an tag o n is t idazoxan (3 mg/ g ) , th e  
beta-adrenoceptor an tag o n ist p ropranolo l (8 mg/k g ) , th e  5-HT2 
an tag o n ist ke tan se rin  (2.5 mg/kg) o r  th e  non-sel e c tiv e  5-HT 
an tag o n ist methysergide (10 mgAg). In  c o n tra s t , feeding was 
a tten u ated  by (‒ )-p indo lo l (4 mg/kg) and by th e  n eu ro lep tic s  
spiperone (0.05 and 0.1 mg/k g) and h a loperido l (0.1 and 0.2 
mg/kg). These d a ta  show th a t  8-OH-DPAT-induced feeding  does 
no t depend on adrenoceptors o r  5-HT2 recep to rs . Blockade o f 
th e  response by th e  p u ta tiv e  5-HTLA an tag o n ists  (‒ )-p indo lo l 
and spiperone suggests m ediation by th e  5-HTLA recep to r. This 
i s  c o n s is te n t w ith  evidence th a t  8-OH-DPAT has high a f f in i ty  
fo r  th i s  re cep to r and w ith  th e  find ing  th a t  2 o th e r p u ta tiv e  
5-HTLA ag o n ists  buspirone and isap iro n e  a lso  e l i c i t  feeding . 
F u rther, th e  r e s u l t s  in d ic a te  th e  involvement o f dopamine 
recep to rs  as  th e  feeding response was blocked by h a loperido l. 
The d a ta  a s  a  whole suggest th a t  8-OH-DPAT-induced feeding 
involves th e  a c t iv a tio n  o f 5-HT au to recep to rs  loca ted  on the  
c e l l  bodies o f  neurones in  th e  raphe n u c le i. The re s u lt in g  
feeding  response may depend on an in d ir e c t  a c t iv a tio n  of 
dopaminergic recep to r mechanisms caused by removal o f to n ic  
5-HT in h ib it io n .

Supported by th e  M.R.C. and Sanofi Recherche.
1P resen t address: Merck Sharp & Dohme Research L abora to ries , 
T erlings Park, Eastwick Road, Harlow, Essex, CM20 2QR, U.K.

326.11 ACUTE AND CHRONIC BEHAVIORAL AND NEUROCHEMICAL EFFECTS OF 
MPTP IN C57 BLACK MICE. W.C.ROLLER, G.HERBSTER*, N.UNG, 
and M.COLLINS. D epartm ent o f  N eurology and B io c h em istry , 
Loyola M edical C e n te r , C hicago, IL 60153

MPTP ca u se s  in  humans and monkeys b e h a v io ra l ,  
b io c h e m ic a l, and p a th o lo g ic a l  changes s im i la r  to  
P a rk in s o n 's  d is e a s e .  A ro d e n t model o f  MPTP-induced 
p a rk in so n ia n  would p ro v id e  an in e x p en s iv e , m anageable t e s t  
f o r  p o te n t ia l  th e r a p e u tic  a g e n ts . We have in v e s t ig a te d  
a c u te  (5 to  45 mg/k g) and c h ro n ic  (30 to  45 mg/k g , 1 to  5 
days) dosage paradigm s in  young (3–4 wks) and o ld  (11– 12 
months) C57 b la ck  m ice . Locomotion was m easured by an 
a c t i v i t y  m o n ito r . S t r i a t a l  dopamine and i t s  m e ta b o l i te s  
w ere determ ined  by HPLC. D ose-dependent h y p o k in e sia  (up 
to  90% re d u c tio n )  was observed  from 0 .5  to  2 .0  h r s .  a f t e r  
s in g le  i n j e c t io n s ,  w hich was more pronounced in  o ld e r  
an im a ls . P re tre a tm e n t w ith  p a rg y l in e  (MAO in h i b i t o r ) , 
am fen o lic  a c id  (dopamine reu p tak e  in h ib i to r )  b u t n o t 
m e th y lse rg id e  (s e ro to n in  in h ib i to r )  o r a s c o rb ic  a c id  
b locked  MPTP's a c u te  e f f e c t .  The c h ro n ic  in j e c t io n  o f  
MPTP produced no b e h a v io ra l changes o r h y p o k in e sia  a t  1 to  
30 days a f t e r  a d m in is tr a t io n .  L e th a l e f f e c t s ,  
p a r t i c u l a r l y  in  th e  o ld e r  an im a ls , w ere common. S t r i a t a l  
dopam ine and i t s  m e ta b o l i te s  were d im in ish ed  by MPTP 
tre a tm e n t. Dopamine was d ec re a sed  by g r e a t e r  th a n  95% in  
o ld e r  an im als  w ith  c h ro n ic  in je c t io n s , ,

MPTP induces  an a c u te  h y p o k in e sia  t h a t  i s  r e l a te d  to  
dopam ine d y s fu n c tio n  b u t no perm anent b e h a v io ra l syndrome 
was produced d e s p i t e  marked re d u c t io n  o f  s t r i a t a l  
dopam ine. The MPTP mouse model o f  P a rk in s o n 's  d is e a s e  may 
n o t be  ad eq u a te  f o r  th e  t e s t in g  o f  p u ta t iv e  
a n t ip a rk in s o n ia n  d ru g s .
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327.1 CHANNELS FROM ISOLATED GAP JUNCTIONS INCORPORATED INTO PLANAR LIPID 
BILAYERS FOLLOWING SELECTION BY A TRANSPORT-SPECIFIC DENSITY SHIFT. 
A. W a l te r * . J .  Z im m erberg* . D. P a u l* and A.L. H a r r i s . LTB, NCI & 
LCB, NIADDK, NIH, B ethesda, MD, Dept. Anatomy, H arvard  Med. Sch., 
Boston, MA and Dept. B iophys., Johns Hopkins U niv. B a ltim o re , MD.

Study o f  th e  ju n c t io n a l  ch annel w i l l  be f a c i l i t a t e d  by i t s  
in c o rp o ra tio n  in to  p la n a r  b i l a y e r s .  We have (1) in c o rp o ra ted  
m a te r ia l  from is o la te d  gap ju n c tio n s  in to  v e s i c l e s ,  ( 2) a p p l ie d  a 
d e n s ity  s h i f t  te ch n iq u e  to  s e l e c t  v e s ic le s  c o n ta in in g  la rg e  open 
ch a n n e ls  and (3) in c o rp o ra te d  th o se  ch a n n e ls  in to  p la n a r  b i l a y e r s .  
We showed in  p re l im in a ry  s tu d ie s  (Lynch, H a rr is  & P a u l, Biophys. J . 
45:61a) th a t  ch a n n e ls  from is o la te d  gap ju n c tio n s  can be 
re c o n s t i tu te d  in to  l i p id  v e s i c l e s  and fused  in to  p la n a r  b i l a y e r s .  
To improve th e  r a t e  o f su ccess , we m odified  th e  p e rm e a b il i ty  
dependent d e n s ity  s h i f t  te ch n iq u e  o f  G old in  and Rhoden (J . B io l . 
Chem. 253:2575) to  s e l e c t  f o r  open ch a n n e ls  o f la rg e  s iz e .  We used 
a w e ll - c h a r a c te r iz e d  c h a n n e l, v o l ta g e  dependent an ion  channel 
(VDAC), to  d ev e lo p  th e  tech n iq u e . L ip id s  w ith  o r  w ithou t VDAC were 
s o lu b i l i z e d  in  o c ty g lu c o s id e  and a low io n ic  s tr e n g th  b u f fe r  
co n ta in in g  459 mM u rea  and 10 mM c a lc e in  (a f lu o re s c e n t  dye; mw 
622). V e s ic le s  were formed on a g e l - f i l t r a t i o n  column. The v e s ic le s  
were m onodisperse w ith  a mean d iam ete r o f 730 A. +VDAC and -VDAC 
v e s ic le s  were spun on iso -o sm o la r  u rea  to  su cro se  d e n s ity  
g ra d ie n ts .  In  th e o ry , v e s ic le s  w ith  open ch a n n e ls  w i l l  exchange 
u rea  fo r  su cro se  and become more dense. In  f a c t ,  a s ig n i f i c a n t  
f r a c t io n  o f th e  +VDAC v e s ic le s  s h i f te d  to  a h ig h e r  d e n s ity . This 
s h i f te d  +VDAC peak co n ta in ed  80% le s s  c a l c e i n / l i p i d  than  d id  th e  
l i g h t e r  +VDAC peak o r  th e  -VDAC peak. Because c a lc e in  lo s s  and 
d e n s ity  s h i f t  a re  c o r r e l a te d ,  we conc lude  th a t  th e  s h i f te d  v e s ic le s  
co n ta in ed  open ch a n n e ls  perm eable to  c a lc e in ,  u rea  and su cro se .

M a te r ia l  from is o la te d  r a t  l i v e r  gap ju n c tio n s  (F a l lo n  and 
Goodenough, J . C e l l  B io l . 90 :521) was s o lu b i l i z e d  and in c o rp o ra ted  
in to  v e s i c l e s ,  which were se p a ra te d  by th e  p ro to c o l o u t l in e d  above. 
A pproxim ately  o n e -h a l f  o f  th e  v e s i c l e s  s h i f te d  to  a h ig h e r  d e n s ity , 
in d ic a t in g  p e rm e a b il i ty  to  u re a  and su cro se . When a l iq u o ts  o f  
s h i f te d  v e s i c l e  f r a c t io n s  were added to  a b i l a y e r  chamber under 
osm otic c o n d itio n s  known to  promote fu s io n  w ith  p la n a r  b i l a y e r s ,  
la rg e  (100–500 pS) i r r e v e r s i b l e  s te p -w ise  in c re a s e s  in  b i l a y e r  
conductance were seen , co rrespond ing  to  fu s io n  in to  th e  b i l a y e r  o f  
v e s ic le s  c o n ta in in g  s e v e r a l  c h a n n e ls . S ubseq u en tly , s m a l le r  
conductance f lu c tu a t io n s  o f  re p ro d u c ib le  m agnitudes were seen , 
t y p i c a l  o f t r a n s i t i o n s  between conductance s t a t e s  o f c h a n n e ls . 
P redom inan tly  th re e  s iz e s  o f conductance changes were observ ed . In  
symmetric s o lu t io n s  co n ta in in g  182 mM KCl  they  were 20–30, 60–70 
and 110–130 pS, each hav ing  d i f f e r e n t  degrees o f  v o l ta g e  
s e n s i t i v i t y ,  asymmetry and k in e t ic s .  In  s e v e r a l  c a se s , membranes 
c o n ta in in g  s e v e r a l  ch a n n e ls  were an ion  s e l e c t i v e .  Because s in g le  
fu s io n  e v e n ts  o f te n  le d  to  th e  appearance o f  sm a ll  and la rg e  
conductance t r a n s i t i o n s  in  th e  b i l a y e r ,  we su sp e c t th a t  n o t a l l  o f  
th e  observed  changes a re  due to  ch a n n e ls  perm eable to  su c ro se , as 
i s  th e  ju n c t io n a l  ch an n e l. We a re  p r e s e n t ly  pu rsu ing  s te p s  to  
f r a c t io n a t e  th e  ch a n n e ls  f u r th e r  in  o rd e r  to  i s o l a t e ,  id e n t i f y  and 
study  th e  ju n c t io n a l  ch a n n e l. Supported by NIH GM18974–15 to  DAG 
and GM36044–01 to  ALH.

327.2 DEVELOPMENT OF A PHOTOAFFINITY LABEL FOR THE ISOLATION OF A Ca++ 
CHANNEL. David C. Wood, B ehav io ra l N euroscience Program, 
U n iv e rs ity  o f P i t t s b u rg h ,  P i t t s b u rg h ,  PA 15260.

An inw ard re c e p to r  c u r re n t  ( I R )  c a r r ie d  la rg e ly  by Ca++ io n s  i s  
e l i c i t e d  in  th e  p ro to z o an , S te n to r  c o e ru le u s , in  response  to  
m echanical s t im u la t io n .  These m echanoreceptor c u r re n ts  a re  in 
c rea se d  by d e p o la r iz in g  th e  membrane from th e  -50 mV re s t in g  
p o te n t ia l  to  -25 mV though th i s  p rocedu re  reduces  th e  d r iv in g  
fo r c e .  C onversely h y p e rp o la r iz in g  th e  membrane reduces I R. Thus 
th e  channel c a rry in g  IR i s  v o lta g e  dependent (12 .6  mV per e - fo ld  
change in  c o n d u c tan ce ) . This v o lta g e  dependency can be exp la in ed  
by assum ing th e  u n s tim u la ted  channel can e x i s t  in  2 form s: a form 
which predom inates a t  h y p e rp o la r iz e d  p o te n t ia l s  and which cannot 
be opened by a m echanical s tim u lu s  ( th e  U form) and a form which 
predom inates a t  d e p o la r iz e d  p o te n t ia l s  and which can be opened by a 
m echanical s tim u lu s  ( th e  R form) (Wood, D .C ., J . Comp. P h y s io l. 
146:537, 1982).

T ubocurarine  (TC) b lo c k s  IR  in  a dose dependent fa sh io n  a t  con
c e n tr a t io n s  of 1–30 μM (ED50 = 7 .5  μM). This b lockade i s  h ig h ly  
c o r r e la te d  w ith  th e  b in d in g  o f r a d io a c t iv e ly  la b e l le d  TC (TC*) to  
l i v in g  c e l l s  (KD = 22 μM). A d d itio n a l c o r r e la t io n s  based  on in c u 
b a t io n  tim e and s p e c i f ic  drug a f f i n i t y  suppo rt th e  concept th a t  TC 
and o th e r  d rugs of s im i la r  s t r u c tu r e  b ind  to  and b lock  th e  mechano
re c e p to r  t r a n sd u c tio n  mechanism. The b in d in g  o f TC* i s  reduced 
when th e  in c u b a tio n  i s  c a r r i e d  o u t in  d e p o la r iz in g  K+ s o lu tio n s  as  
i s  th e  b lockade of I R when a d e p o la r iz in g  v o lta g e  s te p  i s  ap p lied  
to  th e  c e l l .  These d a ta  in d ic a te  th a t  TC b in d s  p r im a r ily  to  th e  U 
form of th e  m echanoreceptor channel (Wood, D .C ., J . Exp. B io l . ,  
117:215, 1985).

S ince TC b in d in g  i s  of r e l a t i v e ly  low a f f i n i t y  and r e v e r s ib l e ,  
TC* canno t be used a s  a la b e l  f o r  i s o la t io n  of th e  Ca++ ch an n e l. I  
have th e r e fo r e  s y n th es iz ed  th e  p h o to a f f in i ty  la b e l  
b i s  (3 a z id o p y r id in iu m )- l , 10 decane p e rc h lo ra te  (DAPA) which 
c o n ta in s  th e  b is q u a te rn a ry  ammonium s t r u c tu r e  which c h a ra c te r iz e s  
TC. DAPA, l i k e  TC, b lo c k s  I R in  a dose dependent fash io n  and w ith  
a KD somewhat sm a lle r  than  TC. A ction  p o te n t ia l s  and o th e r  e le c -  
trophys io lo g ic a l  pa ram ete rs  a re  n o t changed s ig n i f i c a n t ly  a t  th e se  
c o n c e n tra t io n s  o f DAPA. C e lls  a re  incu b a ted  b r i e f ly  in  r a d io 
a c t iv e ly  la b e l le d  DAPA (DAPA*) and then  exposed to  UV i r r a d ia t i o n  
to  c o v a le n tly  b in d  th e  DAPA*. This b in d in g  i s  i r r e v e r s i b l e  s in c e  
i t  i s  n o t removed from th e  c e l l s  by m ild e x t r a c t io n  w ith  1% SDS. 
The s a tu r a t io n  curve  fo r  DAPA* b in d in g  (KD = 10 μM) i s  h ig h ly  
c o r r e la te d  w ith  th e  b lockade of I R by DAPA. DAPA* b in d in g  can 
a ls o  be la rg e ly  in h ib i te d  by th e  p resen ce  of TC in  th e  in c u b a tio n  
medium. L ike TC b in d in g , DAPA* b in d in g  i s  in h ib i te d  by d ep o la r
iz in g  th e  c e l l s  in  K+ s o lu t io n s .  I t  th e re fo re  appears  th a t  DAPA* 
b in d s  i r r e v e r s ib ly  to  th e  m echanoreceptor Ca++ channel and can be 
used to  i s o l a t e  t h i s  ch an n e l.

327.3 PERMEABILITY OF THE Ca CHANNEL OF RAT SKELETAL MUSCLE TO MONOVALENT 
CATIONS IN THE ABSENCE OF EXTERNAL Ca. I .D . U ribe and R .F . 
V a ld io se ra * . D ep t. of P hysio logy  and B io p h y s ic s . CINVESTAV-IPN. 
Apdo. P o s ta l  14–740, M exico, D .F. 07000.

R ecen tly  we have reco rded  Ca c u r r e n t s  from a f a s t  tw itc h  s k e l
e t a l  m uscle o f th e  r a t  (omohyoid) u s in g  th e  v a s e l in e  gap v o lta g e  
clam p. ( I .  U ribe & R. V a ld io se ra , Soc. N e u ro s c i. ,  A b s t r . , V ol. 11, 
p a r t  1, p . 520, 1985). We found th a t  when Cs was th e  main in t e r n a l  
c a tio n  and w ith  2 mM Ca in  th e  e x te rn a l  s o lu t io n ,  Ca c u r re n ts  were 
fo llow ed  by an outw ard c u r re n t  th a t  was r e v e r s ib ly  reduced o r  a b o l
ish ed  when th e  e x te rn a l  Ca c o n c e n tra t io n  was r a i s e d  to  10 mM. Both 
c u r re n ts  were b locked  when 2 mM Cd were added to  th e  b a th .  In  a 
s im i la r  way when Na was th e  main c a t io n  in  th e  e x te rn a l  s o lu tio n  
and in  th e  p re sen ce  of 2 mM Ca, th e  c u r re n ts  were fo llow ed  by a 
second inw ard c u r re n t  th a t  was re v e r s ib ly  reduced o r  ab o lish e d  when 
th e  e x te rn a l  Ca c o n c e n tra t io n  was r a i s e d  to  10 mM. Again bo th  c u r
r e n t s  w ere b locked  by 2 mM Cd. We suggested  th a t  th e se  f in d in g s  
cou ld  be e x p la in ed  by Ca d e p le tio n  in  th e  tu b u la r  sy stem , low ering  
th e  Ca c o n c e n tra t io n  to  v a lu e s  low enough to  make th e  Ca channel 
perm eable to  m onovalent c a tio n s  a s  h as  been shown to  occur in  fro g  
m uscle. (A im ers, W., E.W. McCleskey and D.T. P a la d e , J . P h y s io l . 
353 :565, 1984). Here we r e p o r t  th e  r e s u l t s  o f experim en ts  c a r r i e d  
o u t to  ex p lo re  th i s  p o s s i b i l i t y .  R ecordings w ere made a t  room tem
p e ra tu re  (22°C) u s in g  th e  v a s e l in e  gap v o lta g e  clam p. E x te rn a l so
lu t io n s  c o n ta in ed  in  mM; TMACH3SO314 9 , MOPS 5 , G lucose 12 and TTX 
1 μM, f i b e r  ends were cu t in  i n t r a c e l l u l a r  medium c o n ta in in g  TMA 
Asp 125, (TMA)2EGTA 20, TMA-Citr a t e  0 .125 and MOPS 5 , pH was ad
ju s te d  to  7 .35  in  b o th  s o lu t io n s .  Under t h i s  c o n d itio n s  no c u r re n ts  
were reco rd ed  in  resp o n se  to  membrane d e p o la r iz a t io n s  in d ic a t in g  
th a t  TMA was n o t perm eant th rough th e  Ca channel in  th e  absence o f 
e x t r a c e l lu la r  Ca, how ever, when Na s u b s t i tu t e d  TMA, a la rg e  inw ard 
c u r re n t  was re c o rd e d . T h is c u r r e n t  s t a r t e d  a t  –55 mV, reached  a 
maximum peak v a lu e  o f 1 mA/cm2 a t  –40 mV in  20 m sec, v a r ie d  w ith  the  
e x te rn a l  Na c o n c e n tra t io n  and was b locked  when 10 μM n if e d ip in e  was 
added to  th e  b a th .  S im i la r ly ,  s u b s t i tu t in g  Cs fo r  TMA in  th e  i n t e r 
n a l  s o lu t io n  an outw ard c u r r e n t  was rec o rd e d . T his c u r re n t  was a ls o  
b locked  in  10 μM n if e d ip in e .  S im ila r  experim en ts u s in g  L i o r  Rb a s  
th e  main e x t r a c e l lu l a r  c a t io n  were done. In  t h i s  c a se  th e  e x p e ri
m ents w ere d i f f i c u l t ,  th e  f i b e r s  d e te r io r a te d  r a p id ly ,  e s p e c ia l ly  
w ith  L i ,  however some expe rim en ts  were done in  th e  p resen ce  o f 2 mM 
Ca to  see  i f  we cou ld  d e te c t  a second peak o f inw ard c u r r e n t .  The 
r e s u l t s  o f th e s e  experim en ts su g g es t th a t  th e se  c a t io n s  a r e  n o t 
perm eant in  t h i s  c o n d i t io n .  No c u r r e n t  were reco rd e d  when K s u b s t i 
tu te d  TMA and 40 mM TEA was a l s o  p re s e n t in  th e  i n t e r n a l  s o lu t io n  
in d ic a t in g  th a t  in  c o n t r a s t  to  fro g  m uscle , K i s  n o t perm eant 
th rough  th e  Ca channel in  th e  absence o f Ca. In co n c lu s io n , th e  Ca 
channel o f r a t  s k e le ta l  m uscle in  th e  absence  o f e x te rn a l  Ca i s  per
meable to  Na and Cs, and v e ry  l i t t l e  i f  any to  L i Rb and K.

327.4 A GTP-BINDING PROTEIN MEDIATES INHIBITION OF 
CALCIUM CHANNELS IN AtT-20 CELLS. Deborah L. Lewis 
and Forrest F. Weight. Laboratory of Preclinical Studies, National 
institute on Alcohol Abuse and Alcoholism, Rockville. MD 20852

Somatostatin inhibits the voltage-dependent Ca2+ current, ICa, 
m easured by the whole-cell patch-clamp technique, in the 
neurosecretory pituitary cell line AtT-20/D16–16. We tested the 
involvement of guanine nucleotide-binding proteins, G proteins, in 
the signal transduction mechanism between the somatostatin 
receptor and the voltage-gated Ca2+ channel.

The patch-clamp method was used to record the Ca2+ current in 
the whole-cell voltage-clamp mode. The extracellular solution 
contained: 150mM TEA-Cl, 0.8mM MgCl2, 5.4mM KCl, 10mM 
CaCl2. 10mM HEPES/CsOH (pH 7.4), and 1 μM tetrodotoxin with 
an osmolarity of 340 mosmol kg–1. The intracellular patch pipette 
solution contained: 120mM CsCl, 11mM EGTA, 2mM TEA-Cl, 2mM 
MgCl2, 10mM HEPES/CsOH (pH 7.4), 4mM Mg ATP, 20mM 
creatine phosphate, and 50 U/ml creatine kinase with an 
osmolarity of 318 mosmol kg–1. The nonhydrolyzable GTP analog, 
guanosine 5'-(3-O-thio)triphosphate, GTPγS was added to the 
patch pipette solution at a  concentration of 100μM. Some patch 
pipettes had an additional 100μM cAMP and 1mM IBMX. Cells 
were voltage clamped to a  holding potential of –80mV and stepped 
to +10mV, the peak of the current-voltage relationship for ICa. All 
recording w as at room tem perature, 20–22°C. [D-I r p8]- 
somatostatin was dissolved in the external solution from a stock 
solution of 100μM and applied to via a  macropipette lowered into 
the recording bath near the surface of the cell under study. The 
macropipette was withdrawn from the bath after a  60s period of 
somatostatin application.

Pertussis toxin treatment (100ng/ml, overnight), which blocks 
the function of the GTP-binding proteins Gi and Go, completely 
abolished the action of somatostatin on ICa. Intracellular 
application of 100μM GTPγS via the patch pipette renendered 
irreversible the somatostatin-induced inhibition of ICa. In addition, 
GTPγS alone caused a  slow decline in the Ca2+ current amplitude 
over 650s. When ICa was inhibited by GTPγS (alone or with 
somatostatin), there was little or no response of ICa to subsequent 
application of somatostatin. The affect of somatostatin on ICa was 
not altered by intracellular application of cAMP (100μM) ana IBMX 
(1mM) alone or in the presence of GTPγS. The results suggest 
that the somatostatin receptor is coupled to a  GTP-binding protein 
which mediates inhibition of voltage-dependent Ca2+ channels in 
a  cAMP-independent manner.
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327.5 PROTEIN KINASE C MODULATES DIHYDROPYRIDINE CALCIUM CHANNEL 
ANTAGONIST BINDING IN PC12 CELLS. R.O .M essing,- C .L .C arpen ter*  
and D .A .G reenberg . E rn e s t G allo  C lin ic  and R esearch  C en te r, 
D epartm ent o f N eurology, U n iv e rs ity  o f C a l i f o r n ia ,  San F ra n c isc o , 
CA 94110.

A gents t h a t  a c t iv a t e  p ro te in  k in a se  C (PKC) modify 
v o ltag e -d ep e n d en t Ca2+ c u r re n ts  in  n e u ra l c e l l s .  We have shown 
th a t  tum or-prom oting phorbo l e s t e r s ,  which a c t iv a t e  PKC, i n h i b i t  
d e p o la r iz a t io n - s t im u la te d  45Ca up tak e  in  th e  m urine n e u ra l c e l l  
l i n e  PC12. To in v e s t ig a te  th e  b iochem ical b a s is  f o r  t h i s  a c t io n ,  
we examined th e  e f f e c t  o f pho rbo l e s te r s  on b in d in g  of th e  
d ih y d ro p y rid in e  Ca2+ channel a n ta g o n is t  [ 3H](+)PN200–110 to  
in t a c t  PC12 c e l l s  and PC12 membranes. P horbol 1 2 -m y ris ta te  
1 3 -a c e ta te  (PMA) reduced  s p e c i f ic  ( n i f e d ip in e - s e n s i t iv e )  b ind ing  
to  i n t a c t  K+-d e p o la r iz e d  c e l l s  w ith  IC50 = 16 + 5 nM and 40 + 
5% maximal in h ib i t i o n  a t  1 uM, w hereas th e  in a c t iv e  compounds 
4-alpha-PMA and pho rbo l had no e f f e c t  a t  100 uM. In  c o n t r a s t ,  1 
uM PMA in h ib i te d  s p e c i f i c  b in d in g  o f [ 3H](+)PN200–110 to  PC12 
membranes by o n ly  14 + 1%. To determ ine  w hether th e  d im in ished  
e f f e c t  o f PMA on [ 3H](+)PN200–110 b in d in g  to  membranes was due 
to  d e p le tio n  o f PKC, we m easured b ind ing  to  membranes 
r e c o n s t i tu t e d  w ith  a c y to s o l ic  f r a c t io n  e n rich ed  in  PKC a c t i v i t y .  
C e lls  were homogenized and c e n tr ifu g e d  a t  100,000 x g , and th e  
s u p e rn a te n t was s u b je c te d  to  D EA E-cellulose (DE52) column 
chrom atography. PKC was e lu te d  w ith  a 0–300 mM con tinuous NaCl 
g ra d ie n t  and appeared  as a s in g le  peak between 30 and 75 mM NaCl . 
In c u b a tio n  o f t h i s  f r a c t io n  w ith  [gamma-32P]ATP, MgCl 2 , 
CaCl2 , p h o s p h a tid y ls e r in e , and 1 ,2  d io l e in  s tim u la te d  32P 
in c o rp o ra tio n  in to  h is to n e  ty p e  I I I - S  f iv e - fo ld  over c o n tro l 
sam ples in c u b a ted  w ith o u t l i p i d s .  R e c o n s t itu t io n  o f PC12 
membranes w ith  PKC-enriched c y to s o l ,  CaCl 2 , ATP, 
p h o s p h a tid y ls e r in e , and 1 ,2  d io l e in ,  rep roduced  th e  maximal 
in h ib i to r y  e f f e c t  o f PMA on [ 3H](+)PN200-110 b in d in g  (44 + 3% 
in h i b i t i o n ) .  The e x te n t  o f in h ib i t i o n  was reduced  to  4-13% when 
ATP, l i p i d s ,  o r Ca2+ was o m itte d , b u t when 1 uM PMA was 
s u b s t i tu t e d  fo r  d io l e in  as a c t i v a t o r ,  in h ib i t i o n  was m a in ta ined  
(38 + 3%).

These r e s u l t s  d em onstra te  t h a t  tum or-prom oting pho rbo l e s te r s  
reduce  Ca2+ channel a n ta g o n is t  b in d in g  in  PC12 c e l l s .  T his 
e f f e c t  i s  Ca2+- and p h o sp h o lip id -d ep en d en t, and appears  to  be 
m ediated  by PKC. M odulation o f th e  Ca2+ channel a n ta g o n is t  
b in d in g  domain by PKC may th e r e fo r e  be invo lved  in  endogenous 
r e g u la t io n  o f v o ltag e -d ep e n d en t Ca2+ ch a n n e ls .

327.6 ENHANCEMENT OF VOLTAGE-DEPENDENT CALCIUM FLUX IN CULTURED PC12 
CELLS BY THE LECTIN, CONCANAVALIN A. D. A. G reenberg, C. L. 
C arp en te r* , and R. O. M essing. D epartm ent o f N eurology and G allo  
R esearch  C en te r, U n iv e rs ity  o f C a l i f o rn ia ,  San F ra n c isc o , CA 
94110.

Changes in  s u r fa c e  membrane p ro p e r t ie s  t h a t  a l t e r  c e l l  
adh esiv en ess  a re  though t to  in f lu e n c e  neu ro n a l m ig ra tio n , 
c e l l - c e l l  r e c o g n i tio n , and sy n ap to g e n es is . A dhesion-prom oting 
le c t i n s  such as  concanavalin  A (Con A) modify membrane ion  f lu x e s  
and i n t r a c e l lu l a r  ion  c o n c e n tra t io n s  in  s e v e ra l expe rim en ta l 
sy stem s, su g g es tin g  th a t  changes in  th e  p ro p e r t ie s  o f membrane 
ion  channels  may c o n tr ib u te  to  th e  developm ent of neu ro n a l 
c o n n e c tio n s . Because Ca2+ in  p a r t i c u l a r  has been im p lic a ted  in  
c e l l  ad h esio n , in  th e  fo rm a tio n , m ain tenance, and m o d if ic a tio n  of 
sy n ap ses , and in  th e  fu n c t io n a l  consequences of l e c t i n  
s tim u la t io n ,  we examined th e  e f f e c t  o f Con A on 45Ca2+ in f lu x  
th rough  v o ltag e -d ep e n d en t Ca2+ channels in  PC12, a c lo n a l c e l l  
l i n e  o f n e u ra l c r e s t  o r ig in .

To m easure 45Ca2+ in f lu x ,  PC12 c e l l s  grown in  th e  absence 
o f nerve  grow th f a c to r  were incuba ted  fo r  2 .5  m inutes a t  25oC 
in  n o n -d e p o la r iz in g  (5 mM K+) o r d e p o la r iz in g  (50 mM K+) 
b u f fe r  co n ta in in g  45CaC12. D e p o la riz a tio n  in c rea sed  
45Ca2+ up take  app rox im ate ly  te n - f o ld .  P re - in c u b a tio n  w ith  
3–100 ug/m l Con A fo r  up to  25 m inu tes had no e f f e c t  on up take  
under n o n -d e p o la r iz in g  c o n d i tio n s , b u t enhanced d e p o la r iz a t io n -  
induced up take  in  a tim e- and c o n c en tra tio n -d ep e n d en t fa s h io n . 
The e f f e c t  o f Con A was maximal (125 % o f c o n tro l)  a f t e r  5–10 
m inutes o f p re - in c u b a tio n , and a t  a c o n c e n tra t io n  of 30 ug/m l. 
No a d d i t io n a l  s t im u la t io n  o f up take  was observed when Con A was 
a ls o  added du rin g  d e p o la r iz a t io n .  In  bo th  th e  absence and 
p resen ce  o f Con A, 45Ca2+ up take  in c re a se d  ra p id ly  du ring  th e  
f i r s t  2 .5  to  5 m inutes o f d e p o la r iz a t io n  and reached  a p la te a u  
between 10 and 20 m in u tes . Con A -stim u la te d  45Ca2+ up take  
was ab o lish e d  by th e  io n ic  Ca2+ channel b lo c k e rs  La3+ and 
Cd2+ (2 mM), and by th e  o rg an ic  Ca2+ channel a n ta g o n is ts ,  
v e rapam il (100 uM) and d il t ia z e m  (1 mM), in d ic a t in g  th a t  th e  
v o ltag e -d ep e n d en t Ca2+ channel was th e  ro u te  o f 45Ca2+ 
e n t r y .

These f in d in g s  su g g es t th a t  m o d if ic a tio n  o f c e l l  s u rfa c e  
g ly c o co n ju g a tes  a l t e r s  th e  fu n c t io n a l p ro p e r t ie s  o f v o lta g e -  
dependent Ca2+ ch a n n e ls . W hile th e  s i t e s  t h a t  m ed ia te  t h i s  
e f f e c t  a re  unknown, ev idence e x i s t s  fo r  a g ly c o p ro te in  component 
of v o ltag e -d ep e n d en t Ca2+ ch a n n e ls , w hich m ight i n t e r a c t  
d i r e c t l y  w ith  exogenous le c t i n s  o r w ith  endogenous c e l l  adhesion  
f a c t o r s .

327.7 DIFFERENTIAL ACTION OF PENTOBARBITAL ON ISOLATED Ca CURRENTS IN 
MOUSE SENSORY NEURONS. R .A .G ross and R .L .M acdonald, D epartm ent of 
N eurology, U n iv e rs ity  o f M ichigan, Ann A rbor, MI, 48104, U .S.A.

B a rb i tu r a te s  have been shown to  i n h i b i t  n e u ro t ra n s m it te r  r e 
le a s e  from bo th  c e n t r a l  and p e r ip h e ra l  neu ro n s; t h i s  i s  though t 
to  be secondary  to  a b lock  o f Ca e n t ry  in to  p re s y n a p tic  te rm in a ls . 
I t  has been shown th a t  b a r b i tu r a te s  sh o rte n  C a-dependent a c tio n  
p o te n t ia l s  and reduce  Ca c u r re n ts  in  d o rs a l  ro o t  gan g lio n  (DRG) 
neurons in  c u l tu r e  (Werz and M acdonald: Mol. Pharm acol. 28 :269, 
1 9 8 5 .) . R ec en tly , Ca c u r re n ts  in  DRG neurons have been s tu d ie d  in  
d e t a i l ,  and th r e e  d i s t i n c t  c u r re n ts  have been d e s c r ib e d  (Nowycky, 
Fox and T s ie n : N atu re  316:440 , 1 9 8 5 .) . T c u r r e n ts  a re  sm all 
t r a n s i e n t  c u r re n ts  t h a t  a c t iv a t e  and in a c t iv a te  n ea r th e  r e s t i n g  
membrane p o te n t ia l  (RMP); N and L a r e  la rg e  c u r re n ts  a c t iv a te d  
p o s i t i v e  to  th e  RMP, and u n lik e  T, a re  s e n s i t i v e  to  cadmium ions  
(C d). L ike T, N i s  t r a n s i e n t .  However, i t  i s  n o t known which 
ca lcium  c u r re n ts  a re  a f f e c te d  by b a r b i tu r a te s  and w hich, by 
in fe re n c e , may be invo lved  in  t r a n s m it t e r  r e l e a s e .  We r e p o r t  h e re  
a d i f f e r e n t i a l  a c t io n  o f p e n to b a rb i ta l  (PB) on T, N, and L 
c u r r e n t s .

I n t r a c e l l u l a r  re c o rd in g s  were o b ta in e d  w ith  m ic ro p ip e tte s  f i l l 
ed w ith  3 M CsCl (20–30 MΩ) from mouse DRG neurons in  c u l tu r e .  
S in g le  e le c tro d e  v o lta g e  clamp was used  to  i s o l a t e  Ca c u r re n ts  
( sw itc h in g  frequency  5–6 kHz; 30–70 d u ty  c y c le ) .  Recording medium, 
pH 7 .3 –7 .4 , co n ta in ed  in  mM: T r is  50; c h o lin e -C l 142; KCl  o r  CsCl 
5 ; TEA, 25; CaCl2  2–5; g lu c o se  5 .6 ;  MgCl2  0 .8 .  P e n to b a rb i ta l  was 
a p p lie d  by p re s s u re  e j e c t i o n  from b lu n t- t ip p e d  m ic ro p ip e tte s  (2 –5 
μm), and cadmium by d if fu s io n  from la r g e r  ( 10–20 μm) m ic ro p ip e t
t e s .  T c u r r e n ts  were evoked from a h o ld in g  p o te n t ia l  o f –100 - 
-90 mV w ith  a d e p o la r iz in g  s te p  to  –60 – –50 mV; T was a  sm all 
(0 .5  – 1 .0  nA), t r a n s i e n t  (~20 msec) c u r re n t  which in a c t iv a te d  a t  
>–60 mV. W ith 20–40 mV s te p s  from –60mV, a la rg e  (2 –10 nA), 
p a r t i a l l y  in a c t iv a t in g  (asym pto te  a t  100–300 msec) c u r re n t  was 
evoked; t h i s  was presumed to  be N and L. At –20 – –40 mV, d ep o l
a r i z in g  s te p s  produced a m oderate (1 –3 nA) n o n - in a c t iv a t in g  L 
c u r r e n t .  T was in s e n s i t iv e  to  20 μM Cd, w h ile  N and L were 
a b o lis h e d .

PB, 500 μM, d id  n o t a l t e r  th e  am p litude  o r  d u ra t io n  o f T c u r 
r e n t s .  In  c o n t r a s t ,  N was b locked  15–50% and L c u r re n ts  30–80%. 
S ince  T was in a c t iv a te d  a t  a h o ld in g  p o te n t ia l  o f –60 mV, and was 
i n s e n s i t iv e  to  PB, w h ile  N and L were p re s e n t a t  t h i s  p o te n t ia l  
and were s e n s i t i v e  to  PB, i t  i s  l i k e ly  t h a t  th e  e f f e c t  o f  PB on 
C a-dependent a c t io n  p o te n t ia l s  and on t r a n s m it t e r  r e le a s e  a re  due 
to  a  s e le c t i v e  e f f e c t  o f PB on th e  N and L Ca c u r r e n t s .

S upported  by NIH NS01019 to  RAG, and NIH NS19692 to  RLM.

327.8 INTERACTIONS OF THE ANESTHETICS PENTOBARBITAL AND ALPHAXALONE 
WITH CALCIUM CONDUCTANCE MECHANISMS IN CULTURED RAT 
HIPPOCAMPAL ( HPC) AND DORSAL ROOT GANGLION (DRG) NEURONS.
D.E.R.Meyers1, N.L.Harrison* and J.L .B arker. Laboratory 
of Neurophysiology and 1Laboratory of Neural C ontro l, 
NINCDS, NIH, Bethesda, MD 20892.

Pentobarbital (PB) has several actions on neuronal membranes 
which may underlie  i t s  anesthe tic  a c t iv i ty ,  including 
p o ten tia tio n  and d ire c t ac tiv a tio n  of GABA-activated Cl-  
conductance ( 9 C l ) a n d  a reduction of voltage-dependent 
calcium conductance (Werz and Macdonald, Mol. Pharmacol. 28: 
269, 1985). The s te ro id  anesthe tic  alphaxalone (AX) shares 
the actions of PB on GABA-activated 9Cl a t anesthe tic  
concentrations ( 1–10μM) in cu ltured  CNS neurons. We have 
the re fo re  studied  the in te rac tio n s  of these  two anesthe tics  
with calcium conductance mechanisms in cu ltu red  neurons using 
the w hole-cell recording technique. Patch p ip e tte s  contained 
(mM): 145 K gluconate or CsCl, 5 EGTA/0 Ca; the bathing 
medium contained luM TTX and 20mM TEA. In cultured  r a t  HPC 
neurons, l – 10μM AX abolished Ca-dependent action  p o ten tia ls  
(Ca–APs) and produced a large increase  in membrane 
conductance (gM); these actions were reversed by addition 
of the  GABAA an tagonist b icucu lline  (100μM). In cultured  
r a t  DRG neurons, which lack functional GABAa recep to rs , AX 
was w ithout e ffe c t  on Ca-APs or Co2+-s e n s it iv e  inward 
curren ts  recorded under voltage-clam p. In co n tra s t , 200μM PB 
reduced the duration of Ca–APs in DRG c e l ls  and reduced the 
magnitude of the  peak Ca curren t w ithout increasing  re s tin g  
gM. We conclude th a t the  action of AX on Ca-APs in HPC 
neurons is  secondary to an increase in gC l, and th a t the 
an esth e tic  action  of th is  s te ro id  p rim arily  re s u lts  from 
'shun ting ' of neuronal membranes (both post- and presynaptic) 
which express functional GABAa recep to rs .

F ig .l 10 μM AX increases gM and abolishes Ca-AP in HPC c e l ls  
but is  without e ffe c t  in DRG c e l l s .
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327.9  PHENYTOIN BLOCK OF LOW THRESHOLD CALCIUM CHANNELS IS  VOLTAGE- AND 
FREQUENCY-DEPENDENT. D.A. Twombly* and  T. N a ra h a sh i  (SPON: D .L . 
C o lb e r n ) . D e p t . o f  P h a rm a c o l. ,  N o r th w e s te rn  U n iv . Med. S c h . ,  
C h ic a g o , IL 60611 .

The a n t i c o n v u ls a n t  p r o p e r t i e s  o f  p h e n y to in  ( d ip h e n y lh y d a n to in ,  
DPH) h av e  lo n g  b e e n  s u s p e c te d  to  d e r i v e ,  a t  l e a s t  i n  p a r t ,  from  an  
i n h i b i t i o n  o f  c a lc iu m  f lu x  th ro u g h  n e u ro n a l  m em branes. R e c e n tly ,  
we r e p o r t e d  t h a t  p h e n y to in  s u p p re s s e s  l o w - th r e s h o ld ,  i n a c t i v a t i n g  
( " ty p e  I " )  c a lc iu m  c h a n n e l  c u r r e n t s  i n  N1E-115 n e u ro b la s to m a ;  th e  
n o n - in a c t i v a t i n g  ( " ty p e  I I " )  c u r r e n t  com ponent o f  t h e s e  c e l l s  was 
i n s e n s i t i v e  to  p h e n y to in  c o n c e n t r a t i o n s  w i t h in ,  and somewhat above 
th e  t h e r a p e u t i c  ra n g e  (Twombly & N a r a h a s h i ,  S oc. N e u r o s c i .  A b s t r .  
11 , 1 9 8 5 ). The o b j e c t iv e  o f  th e  p r e s e n t  s tu d y  was t o  d e te rm in e  
w h e th e r  p h e n y to in  e x e r t s  i t s  b lo c k in g  a c t i o n  by m o d ify in g  i n a c t i 
v a t i o n  p a ra m e te r s  o f  ty p e  I  c a lc iu m  c h a n n e ls .

C alc iu m  c h a n n e l  r e c o r d in g s  w ere  o b ta in e d  from  c u l t u r e d  N1E-115 
n e u ro b la s to m a  c e l l s  w i th  t h e  w h o le - c e l l  v o l ta g e  clam p t e c h n iq u e .  
B arium  (50  mM) was in c lu d e d  i n  th e  e x t e r n a l  medium to  s e rv e  a s  
c h a rg e  c a r r i e r  th ro u g h  c a lc iu m  c h a n n e ls .  C o n d i t io n in g  and t e s t  
p u l s e s  w ere  a p p l i e d  fro m  a h o ld in g  p o t e n t i a l  o f  -8 0  mV. Under 
c o n t r o l  c o n d i t i o n s  ( s t a n d a r d  e x t e r n a l  s o l u t i o n ,  22– 2 3 °C ), ty p e  I  
c u r r e n t s  w ere  a c t i v a t e d  a t  p o t e n t i a l s  p o s i t i v e  to  –40 mV, w i th  
maximum a m p li tu d e s  o c c u r r in g  a t  – 20 mV. P h e n y to in  c o n c e n t r a t i o n s  
h ig h e r  th a n  10–5 M s i g n i f i c a n t l y  re d u c e d  th e  a m p l i tu d e s  o f  ty p e  I  
c u r r e n t s ,  w i th o u t  c h a n g in g  c u r r e n t - v o l t a g e  r e l a t i o n s h i p s  o r  th e  
k i n e t i c s  o f  a c t i v a t i o n  and i n a c t i v a t i o n .  To exam ine th e  e f f e c t  o f  
p h e n y to in  on v o l ta g e  d e p e n d en t i n a c t i v a t i o n ,  –20 mV t e s t  p u l s e s  
w ere  p re c e d e d  by f i v e  seco n d  c o n d i t i o n in g  p u l s e s  to  v a r io u s  mem
b ra n e  p o t e n t i a l s .  I n  d r u g - f r e e  e x t e r n a l  m ed ia , ty p e  I  c u r r e n t  
r e s p o n s e s  d e c re a s e d  i n  a m p l i tu d e  a s  t h e  c o n d i t i o n in g  membrane po
t e n t i a l  becam e l e s s  n e g a t i v e .  P h e n y to in  s h i f t e d  th e  v o l ta g e  d e 
p en d en ce  o f  t h i s  s t e a d y - s t a t e  i n a c t i v a t i o n  i n  th e  h y p e r p o la r i z in g  
d i r e c t i o n ,  a l lo w in g  few e r  c h a n n e ls  t o  open  d u r in g  t e s t  p u l s e s .  
F re q u en c y  d ep en d en ce  o f  ty p e  I  c u r r e n t s  was t e s t e d  by a p p ly in g  a 
s e r i e s  o f  -2 0  mV p u l s e s  from  a  h o ld in g  p o t e n t i a l  o f  –80 mV. At 
s t i m u l a t i o n  f r e q u e n c ie s  h ig h e r  th a n  0 .5  Hz, c u r r e n t  a m p l i tu d e s  
d im in is h e d  w i th  s u c c e s s iv e  t e s t  p u l s e s .  T h is  f re q u e n c y -d e p e n d e n t  
r e d u c t io n  i n  c u r r e n t  was ev en  m ore p ro n o u n ced  i n  th e  p re s e n c e  o f   
p h e n y to in .  The " u s e -d e p e n d e n t  b lo c k "  by p h e n y to in  was c o r r e l a t e d  
w i th  p ro lo n g e d  r e c o v e r y  from  i n a c t i v a t i o n .

V o l ta g e -  and  f re q u e n c y -d e p e n d e n t  b lo c k in g  a c t i o n s  s u g g e s t  t h a t  
p h e n y to in  can  i n t e r f e r e  w i th  ty p e  I  c a lc iu m  c u r r e n t s  by f a v o r in g  
th e  i n a c t i v a t e d  s t a t e  o f  th e  c h a n n e l .  B lo ck  o f  t h e s e  low t h r e s 
h o ld  c a lc iu m  c h a n n e ls  by p h e n y to in  c o u ld  s u p p re s s  a  s i g n i f i c a n t  
p o r t i o n  o f  th e  in w ard  c u r r e n t  u n d e r ly in g  r e p e t i t i v e  d e p o la r i z a t i o n  
s h i f t s .  Such an  e f f e c t  may d im in is h  o p p o r tu n i t i e s  f o r  c e l l u l a r  
s y n c h r o n iz a t io n ,  th e r e b y  l i m i t i n g  th e  s p re a d  o f  s e i z u r e  a c t i v i t y .  
(S u p p o rte d  by th e  A m erican  E p i le p s y  S o c ie ty  and  NIH g r a n t  NS14144)

327.10  e f f e c t  of a calcium  slow channel in h ib it o r  (NIMODIPINE) on 
PICROTOXIN-INDUCED SEIZURES. R. L. I s a a c s o n  & J .  Thomas (SPON:
J .  H. M cLean). D e p t . o f  P s y c h o lo g y , U n iv e r s i ty  C e n te r  a t  
B ing h am to n , B in g h am to n , New Y ork 13901.

I n c r e a s e s  i n  th e  c o n c e n t r a t i o n  o f  i n t r a c e l l u l a r  c a lc iu m  have 
b e e n  i m p l ic a te d  i n  th e  i n d u c t io n  o f  s e i z u r e s  ( S c h a r tz k r o in  & 
W y le r , Ann. N e u ro l . , 7 :9 5 , 1 9 8 0 ). A c l e a r  u n d e r s ta n d in g  o f  th e  
r e l a t i o n s h i p  b e tw een  i n t r a c e l l u l a r  c a lc iu m  l e v e l s  and th e  in d u c 
t i o n  o f  s e i z u r e s  i s  c o m p lic a te d ,  h o w ev er, by th e  f a c t  t h a t  i n  
v i t r o  s tu d i e s  h ave  shown t h a t  some a n t i c o n v u ls a n t  a s  w e l l  a s  c o n -  
v u l s a n t  d ru g s  i n h i b i t  c a lc iu m  u p ta k e  (P in c u s  & H s ia o , B ra in  R e s . ,  
2 1 7 :1 1 9 , 1 9 8 1 ) . T hese f in d in g s  i n d i c a t e  t h a t  t h e r e  i s  a  com plex 
r e l a t i o n s h i p  b e tw een  i n t r a -  and e x t r a c e l l u l a r  c a lc iu m  l e v e l s ,  a 
g e n e ra l  n e u ro n a l  e x c i t a b i l i t y ,  and th e  a c t i v i t y  o f  s p e c i f i c  b r a i n  
r e g io n s  t h a t  may m e d ia te  c e r t a i n  fo rm s o f  s e i z u r e s .

T h is  s tu d y  i n v e s t ig a t e d  th e  e f f e c t s  o f  th e  c a lc iu m  s lo w  c h a n n e l  
i n h i b i t o r ,  n im o d ip in e  (NIM ), on th e  p a t t e r n  o f  s e i z u r e s  in d u ce d  
by p i c r o t o x in  i n  v i v o . F o u r d i s t i n c t i v e  p a t t e r n s  o f  b e h a v io r a l  
s e i z u r e s  w ere in d u c e d  by s . c .  a d m i n i s t r a t i o n  o f  p i c r o t o x in :  myo
c l o n i c ,  " p a r t i a l " ,  " a to n i c " ,  and  g e n e r a l iz e d .  I t  i s  l i k e l y  t h a t  
e a c h  r e f l e c t s  a  d i f f e r e n t  form  o f  n e u ro c h e m ic a l  m e d ia t io n .  T h e re 
f o r e  ch an g es  i n  c a lc iu m  i n f l u x  c o u ld  be  in v o lv e d  i n  some ty p e s  o f  
s e i z u r e s  b u t  n o t  i n  o t h e r s .

M ale L ong-E vans hooded r a t s  w ere p r e t r e a t e d  w i th  0 , 5 ,  1 5 , 25 , 
o r  50 m g/kg o f  NIM and 2 h r  l a t e r  g iv e n  4 .0 ,  4 .5 ,  o r  5 .0  m g/kg 
p i c r o t o x in  and  o b s e rv e d  o v e r  a 60 m in u te  p e r io d  f o r  b e h a v io r a l  
s ig n s  o f  th e  v a r io u s  s e i z u r e s .

None o f  th e  NIM d o se s  had  any e f f e c t  on th e  i n c id e n c e  o f  myo
c l o n i c ,  " p a r t i a l " ,  o r  " a to n i c "  s e i z u r e s .  The e f f e c t  o f  NIM on 
th e  p i c r o to x in - in d u c e d  g e n e r a l iz e d  s e i z u r e s  v a r i e d  a s  a  f u n c t io n  
o f  th e  d o se s  o f  p i c r o t o x in  and NIM u s e d .  In  a n im a ls  t r e a t e d  w i th  
4 m g/kg o f  p i c r o t o x i n ,  p r e - t r e a tm e n t  w i th  NIM i n c r e a s e d  th e  
in c id e n c e  o f  f u l l  s e i z u r e s  a t  th e  5 m g/kg d o se  b u t  re d u c e d  th e  i n 
c id e n c e  a t  d o se s  o f  15 m g/kg and  h i g h e r .  I n  a n im a ls  t r e a t e d  w i th  
4 .5  m g/kg o f  p i c r o t o x i n ,  NIM h ad  no e f f e c t  on th e  in c id e n c e  o f  
f u l l  s e i z u r e s  a t  th e  5 m g/kg d o se  b u t  red u c e d  t h e i r  o c c u r r e n c e  a t  
th e  15 and 25 m g/kg d o se s  and  i n c r e a s e d  t h e i r  o c c u r r e n c e  a t  th e  
50 m g/kg d o s e . P r e - t r e a tm e n t  w i th  NIM had  no e f f e c t  on th e  i n 
c id e n c e  o f  g e n e r a l iz e d  s e i z u r e s  i n  a n im a ls  t r e a t e d  w i th  5 m g/kg 
o f  p i c r o t o x in .

T hese r e s u l t s  s u g g e s t  t h a t  t h e r e  may be a  b i p h a s i c  r e l a t i o n s h i p  
b e tw een  i n h i b i t i o n  o f  c a lc iu m  e n t r y  and th e  a n ta g o n ism  o f  g e n e r a l 
i z e d  s e i z u r e s  t h a t  i s  r e l a t e d  to  th e  l e v e l  o f  n e u ro n a l  a c t i v a t i o n .

327.11 CLONAZEPAM DIFFERS FROM DIAZEPAM AND NITRAZEPAM IN BLOCKING TWO 
TYPES OF CALCIUM CHANNELS. S. Watabe*, M. Yoshii*, N. Ogata* and 
T. Narahashi. Dept. o f Pharmacology, Northwestern Univ. Med. 
Sch. /  Chicago, IL 60611.

Recent action  p o ten tia l study suggests th a t  benzodiazepines 
block calcium channels i n neurons (Johansen e t  a l . ,  PNAS 82, 3935, 
1985). However, the  mechanism by which voltage-gated  calcium 
channels a re  a ffec ted  by benzodiazepines remains to  be seen. We 
have examined th e  e f fe c ts  o f benzodiazepines on calcium channels 
i n mouse neuroblastoma (N1E-115) c e l l s .  Diazepam, nitrazepam and 
clonazepam were se lec ted  fo r  the study: diazepam i s  a sedative  as 
well as an a n t ie p i le p t ic ;  nitrazepam  i s  a hypnotic; clonazepam is  
an a n t ie p i le p t ic .  Calcium channel c u rren ts  as c a r r ie d  by Ba2+ 
(50 mM) were recorded using a w hole-cell v a ria tio n  o f the 
patch-clamp technique.

Two types of i nward Ba2+ cu rre n t could be recorded from the 
same c e l l .  A tra n s ie n t (type I)  cu rre n t was i nduced by a step  
d epo la rization  to  p o te n tia l s  more p o s itiv e  than -50 mV. A long- 
la s t in g  (type I I )  c u rren t was induced a t  p o te n tia ls  more p o s itiv e  
than -20 mV. The e f fe c ts  of diazepam, nitrazepam and clonazepam 
on the  two channel types were compared. Diazepam a t  100 μM 
reduced both types of cu rren t equally  by about 30%. Nitrazepam 
showed a s im ila r bu t s l ig h tly  le s s  po ten t blocking ac tio n  on the  
two channel ty p e s .  On the  co n tra ry , clonazepam (100 μM) reduced 
type I cu rre n t by more than 50% w ithout much a ffe c tin g  type II 
c u rre n t. The suppression o f type I cu rre n t by diazepam, 
nitrazepam o r clonazepam was accompanied by an acce le ra tio n  o f the  
f a l l in g  phase o f the  c u rre n t. Type II  cu rre n t i n the  presence of 
diazepam o r nitrazepam showed a time-dependent decrease. The 
benzodiazepines caused no s ig n if ic a n t change in the  voltage 
dependence of the  s te a d y -s ta te  In ac tiv a tio n  of th e  type I 
channel. No use dependence was found in  the  type I channel block 
caused by diazepam (1 mM).

We conclude th a t  benzodiazepines block vo ltage-gated  calcium 
channels and th a t  th e i r  blocking potency v a rie s  depending on the 
type o f channels and the  kind o f drugs. Diazepam and nitrazepam 
do not e x e r t d if f e r e n t ia l  ac tio n s  on the  two channel types, 
whereas clonazepam p re fe re n tia lly  blocks type I channel. These 
d iffe ren c e s  i n the  action  on the  calcium channels might r e f le c t  
d if f e r e n t  the rap eu tic  p ro f ile s  o f these  drugs. Supported by NIH 
g ran t NS14144.

327.12 BLOCKING ACTION OF CHLORPROMAZINE ON TWO TYPES OF CALCIUM CHANNELS 
IN NEUROBLASTOMA CELLS. N. Ogata*, M. Yoshii* and T. Narahashi 
( SPON: C.A. Berry) . Dept. of Pharmacology, Northwestern Univ. 
Med. S ch ., Chicago, IL 60611.

Biochemical s tu d ies  have suggested th a t  a c e r ta in  c la ss  of 
n eu ro lep tics  a f fe c ts  calcium channels in nerve and muscle 
membranes. However, l i t t l e  i s  known as to  how v o ltag e -sen s itiv e  
calcium channels are modified by the  n eu ro lep tic s . We have 
in v estig a ted  the  e f fe c t  of chlorpromazine (CPZ), a phenothiazine 
n eu ro lep tic , on calcium channels in cu ltu red  mouse neuroblastoma 
( N1E-115) c e l l s .  Calcium channel cu rren ts  as c a rrie d  by Ba2+ 
(50 mM) were recorded using a w hole-cell v a ria tio n  of the patch- 
clamp technique.

We have previously shown th a t  neuroblastoma c e l l s  have two types 
o f calcium channels. A tra n s ie n t (type I) cu rren t was induced a t  
p o te n tia ls  p o s itiv e  to  –50 mV, and a lo n g -las tin g  (type II )  
cu rre n t was i nduced a t  p o te n tia ls  p o s itiv e  to  –20 mV. The 
amplitudes of the  two types of cu rren t were equally  reduced by 20% 
in  th e  presence of 10 μM CPZ. Both cu rren ts  were to ta l ly  
abolished by 0 .5 –1.0 mM CPZ, and recovered completely a f te r  
washing out o f the  drug. There was no change i n the  time course 
o r voltage dependence of e i th e r  type of these cu rre n ts . Apparent 
d is so c ia tio n  constan ts  fo r  CPZ block were 20–30 μM fo r  both types 
o f calcium channels. Type I cu rren ts  recorded by a double pulse 
protocol in  the  presence of CPZ showed a s ig n if ic a n t delay in  the 
time course of recovery from i nac tiv a tio n : the recovery time 
constan t measured a t  –80 mV was i ncreased approximately f iv e  times 
by 100 μM CPZ. CPZ (50 μM) also  caused a s h i f t  in  the po ten tia l 
dependence of the  s tea d y -s ta te  in a c tiv a tio n  o f  type I channel in 
the  negative d irec tio n  by approximately 10 mV. These data 
i nd ica te  th a t  CPZ reduces the  backward ra te  constan t of the  
i n activation  process w ithout a ffec tin g  the forward ra te  constan t. 
Since type II cu rren t lacked f a s t  in a c tiv a tio n , such analyses on 
type I I  channels were not performed. No ind ica tion  of the use 
dependence was obtained in e ith e r  type of channels.

Our re s u lts  suggest th a t  CPZ blocks both types of calcium 
channels i n th e i r  re s tin g  s ta te .  In te rac tio n  with the 
i n activation  ga te  of the  channel i s  a lso  suggested. The CPZ- 
i nduced s h i f t  of the  s te a d y -s ta te  in ac tiv a tio n -v o ltag e  
re la tio n sh ip  in  the  hyperpolarizing  d irec tio n  would s ig n if ic a n tly  
modulate neuronal func tion , because a s l ig h t  depo larization  o f the  
re s tin g  membrane would re s u l t  in  a s izab le  reduction  i n the 
calcium channel c u rre n t. Supported by NIH g ran t NS14144.
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327.13 SEROTONIN AND DOPAMINE REGULATE THE CALCIUM CURRENT OF THE 
IDENTIFIED APLYSIA NEURON R15. D .P. Lotshaw and I .B . L e v ita n . 
D ept. of B iochem istry , B randeis U n iv ., Waltham, MA 02254

The id e n t i f i e d  A plysia  neuron R15 exp resses  an endogenous 
b u rs tin g  pacemaker p a t te rn  of a c tio n  p o te n t ia ls  which i s  dependent 
on an o s c i l l a t i n g  ca lcium  c u r re n t .  S ynap tic  s tim u la t io n  m odulates 
b u rs tin g  a c t iv i t y  in  R15 and the  n e u ro tra n sm it te rs  se ro to n in  
(5-HT) and dopamine mimic some of the  e f f e c ts  of sy n ap tic  
s tim u la t io n .  We have used v o ltag e  clamp techn iques  to  in v e s t ig a te  
e f f e c t s  of 5-HT and dopamine on th e  v o ltag e  dependent ca lcium  
c u rre n t in  i s o la te d  R15 neurons m ain ta ined  in  prim ary c e l t  
c u l tu r e .

R15 was id e n t i f i e d  in  the  abdom inal gang lion  by i t s  r e l a t i v e  
s iz e ,  p igm enta tion  and p o s i t io n .  The somal d iam eter of c e l l s  
s u c c e s s fu l ly  c u l tu re d  (based on the  a b i l i t y  to  extend n e u r i t i e s )  
ranged from 75 to  150 m icrons. These c e l l s  extended n e u r i te s  
w ith in  1 to  3 days a f t e r  i s o la t io n  bu t d id  not e x h ib it  spontaneous 
b u rs tin g  a c t i v i t y ,  a lthough  b u rs tin g  a c t iv i t y  could be induced by 
n e u ro tra n sm it te r  tre a tm e n t.

The v o ltag e  dependent ca lcium  c u rre n t was i s o la te d  by 
io n to p h o re t i c a l ly  load ing  the  c e l l  w ith  Cs+ , us ing  Cs+ a c e ta te  
e le c tro d e s ,  s u b s t i tu t in g  T r is  fo r  e x te rn a l  Na+ o r adding 50 μM TTX 
to  b lock  Na+ c u r r e n t ,  and adding 50 mM TEA and 5 mM 4-AP to  the 
b a th . D ep o la riz in g  0 .5  sec p u lse s  from VH=–60 mV induced an inward 
c u r re n t p ro p o r tio n a l to  the  e x te rn a l ca lcium  c o n c e n tra t io n . Peak 
inward c u r re n t occu rred  between +10 and +20 mV membrane p o te n t ia l .  
5 μM 5-HT re v e r s ib ly  in c rea sed  the peak ca lcium  c u rre n t an average 
of 20% w ith in  2 rain a f t e r  th e  onset of p e r fu s io n . This e f f e c t  was 
mimicked by p e rfu s io n  w ith  50 μM fo r s k o lin  p lu s  15 μM Ro20– 1724, 
an a d e n y la te  cy c la se  a c t iv a to r  and p h o sp h o d ies te rase  in h i b i to r ,  
r e s p e c t iv e ly .  These tre a tm en ts  p r im a r ily  a f fe c te d  the  
in a c t iv a t in g  component of th e  ca lcium  c u rre n t evoked a t  membrane 
p o te n t ia ls  above –25 mV. The n o n - in a c t iv a t in g  component p re se n t 
a t  membrane p o te n t ia ls  le s s  than  –25 mV was a lso  s ig n i f i c a n t ly  
in c re a s e d . T reatm ent w ith  10 μM dopamine r e v e r s ib ly  decreased  
peak ca lcium  c u rre n t approx im ate ly  20%, p r im a r ily  a f f e c t in g  the  
in a c t iv a t in g  component p re se n t a t  membrane p o te n t ia ls  g re a te r  than  
–25 mV but a lso  a f f e c t in g  ca lcium  c u rre n t p re se n t below -25 mV.

The ca lcium  c u rre n t r e g u la te s  b u rs tin g  a c t iv i t y  in  R15. 
S e ro to n in , p re v io u s ly  shown to  r e g u la te  an inw ardly  r e c t i f y in g  K+ 
c u r r e n t ,  a lso  s tim u la te s  the ca lcium  c u rre n t and sp ik e  a c t i v i t y  in  
R15. Dopamine in h i b i t s  sp ik in g  and the  ca lcium  c u rre n t in  R15. 
Dopamine, l i k e  5-HT, appears to  a f f e c t  o th e r  io n ic  c u r re n ts  as 
w e ll .  (T h is work supported  by NSF g ra n t BNS-8400875 to  I .B . 
L e v ita n . D .P. Lotshaw was suppo rted  by a re se a rc h  fe llo w sh ip  from 
th e  American H eart A sso c ., M assachusetts  A f f i l i a t e ,  I n c . ) .

327.14 MODULATION OF APLYSIA BAG CELL NEURON EXCITABILITY BY SYNTHETIC 
DIACYLGLYCEROLS. K.R. B ley and L.K. Kaczmarek. D epts. P hysio logy  
and Pharm acology, Y ale M edical S choo l, New Haven, CT 06510.

In  r e s p o n s e  to  b r i e f  s t i m u l a t i o n  o f an  a f f e r e n t  pathw ay , th e  
o r d in a r i ly  s i l e n t  ba g c e l l  neurons of A p ly s ia  d e p o la r iz e  and f i r e  
r e p e t i t i v e  a c t i o n  p o t e n t i a l s  f o r  20 to  60 m in u te s .  The a c t io n  
p o t e n t i a l s  s e e n  d u r in g  t h i s  d is c h a r g e  h a v e  enhanced  h e ig h t  and 
w id th  r e l a t i v e  to  th o s e  w h ich  can  be e l i c i t e d  in  r e s t i n g  c e l l s .  
I n j e c t i o n  o f  p u r i f i e d  p r o t e i n  k in a s e  C (PKC) in t o  i s o l a t e d  
c u l t u r e d  bag c e l l  n e u ro n s  p ro d u c e s  s i m i l a r  in c r e a s e s  in  a c t i o n  
p o te n t ia l  h e ig h t. At c o n c e n tra t io n s  which a c t iv a t e  PKC in  broken 
c e l l  p r e p a ra tio n s , a p p l ic a t io n  of a phorbo l e s te r  (10– 100 nM TPA) 
to  th e se  c e l l s  enhances v o l t a g e - s e n s i t iv e  Ca c u r re n t . The b a s is  
o f t h i s  enhancem en t i s  th e  unm ask ing  o f a p r e v i o u s l y  c o v e r t  
s p e c i e s  o f v o l t a g e - a c t i v a t e d  Ca c h a n n e l (J .A . S tro n g  e t  a l . ,  
Biophys .  J. 4 9 :430a) .

We f in d  th a t  membrane-permeant s y n th e t ic  d ia c y lg ly c e r o ls  mimick 
th e  e f f e c t  o f TPA. At c o n c e n t r a t io n s  o f 1 uM, 1 ,2 -d io c ta n o y  1 - 
g l y c e r o l  (DOG) and l - m y r i s t e r o y 1 – 2 - a c e t y l g l y c e r o l  (MAG) a l s o  
enhance th e  am p litude  of evoked a c t io n  p o te n t ia l s .  In  c o n t r a s t ,  
l - s te a ro y l-2 - a r a c h id o n y lg ly c e r o l  (SAG), an impermeant p roduct of 
i n o s i t o l  p h o sp h o lip id  h y d ro ly s is ,  has no e f f e c t  a t  th i s  concen
t r a t i o n .  L arge  d o s e s  ( ≤ 50 uM) o f th e  i n a c t i v e  a n a lo g s  4 -α -  
p h o r b o l ,  4 -α -p h o rb o l - 1 2 ,1 3 -d id e c a n o a te  (4 -α -PDD), a s  w e l l  a s  
a r a c h id o n ic ,  l i n o l e n i c  and l i n o l e i c  a c id ,  do n o t in d u c e  t h i s  
e f f e c t .

We h a v e  a l s o  fo u n d  t h a t  h ig h e r  d o ses  o f  TPA and m em brane- 
perm eant s y n th e t ic  d ia c y lg ly c e r o ls  have an a d d i t io n a l  e f f e c t  th a t  
i s n o t observed  w ith  th e  in a c t iv e  an a lo g s . At co n c e n tra t io n s  of 
TPA ≥ 1uM, o r DOG and MAG ≥ 10uM, enhancement of d e p o la r iz a t io n -  
evo k ed  C a -d e p e n d e n t a c t i o n  p o t e n t i a l s  i s  f o l l o w e d  by membrane 
p o te n t ia l  o s c i l l a t i o n s  and th en  by an extended p erio d  (20–70 min) 
of r e p e t i t i v e  a c t io n  p o te n t ia l s .  The o n se t o f r e p e t i t i v e  f i r i n g  
c a u se d  by h ig h e r  d o s e s  o f  TPA and DOG i s  a s s o c i a t e d  w ith  an 
in c re a s e  in  n eu ro n a l in p u t r e s is ta n c e ,  n o t observed  w ith  10– 100 nM 
TPA. The tim e  c o u rs e  o f t h i s  in c r e a s e  p a r a l l e l s  th e  l a t e n c y  of 
s p ik e  en h a n cem e n t, y e t  o c c u rs  in  b o th  n o rm a l and c a l c iu m - f r e e  
media. Thus i t  appears  l i k e l y  th a t  a d d i t io n a l  c u r re n ts  in  th e  bag 
c e l l  n e u ro n s  a r e  a f f e c t e d  by h ig h e r  c o n c e n t r a t io n s  o f  PKC 
a c t iv a t o r s .  Exogenous l i p o p h i l i c  compounds cou ld  produce s e v e ra l  
types  of non-PKC s p e c i f ic  e f f e c t s .  Our c o n tro l  experim ents w ith  
i n a c t i v e  a n a lo g u e s  s u g g e s t  t h a t  a g e n e r a l i z e d  l i p i d  e f f e c t  i s  
u n l i k e l y .  H ow ever, s t i m u l a t i o n  o f  o th e r  enzym es o r  a non
p h y s io  l o g i c a l  h y p e r a c t i v a t i o n  o f PKC a r e  p o s s i b i l i t i e s  w hich  
r e q u ire  f u r th e r  a n a ly s is .

327.15 TRANSMITTER RELEASE FROM ELECTIC ORGAN NERVE TERMINALS: EFFECTS 
OF OMEGA CONUS TOXIN AND L EPTINOTARSIN. R.E. Y eager.  D. 
Y o sh ik am i.  G.P. M i l i a n ic h * (SPON: L. B y e r ly ) . B io l o g ic a l  
S c ie n c e s ,  USC, Los A n g e le s , CA, 90089 and  B io lo g y , U. o f  U tah , 
S a l t  Lake C ity , UT 84112.

C h o l i n e r g i c  s y n a p to s o m e s  f rom O. d i s c o p y g e  e l e c t r o p l a x  
r e l e a s e  ATP in  a Ca2+ -dependent manner upon d e p o l a r i z a t i o n  w i th  
h igh  [K+].  Others  have shown t h a t  ATP and ACh a re  r e l e a s e d  from 
e l e c t r o p l a x  synaptosomes in  th e  same molar  r a t i o  as  i n  i s o l a t e d  
s y n a p t i c  v e s i c l e s  f rom  t h e  same t i s s u e ,  s u g g e s t i n g  t h a t  ATP 
r e l e a s e  r e f l e c t s  ex o c y to s i s  o f  v e s i c l e  co n ten ts .  S r2+ and Ba2+ 
s u p p o r t  d e p o l a r i z a t i o n - d e p e n d e n t  ATP r e l e a s e  when s u b s t i t u t e d  
f o r  Ca2+. Co2+ and  Mn2+ b l o c k  d e p o l a r i z a t i o n - d e p e n d e n t  ATP 
r e l e a s e  i n  t h e  p r e s e n c e  o f  Ca2+. However ,  i n  t h e  p r e s e n c e  o f  
t h e  i o n o p h o r e ,  A23187, 0.5 mM Mn2+ s u p p o r t s  d e p o l a r i z a t i o n -  
i n d e p e n d e n t  ATP r e l e a s e  t o  t h e  same e x t e n t  a s  0.5  mM Ca2+. 
While t r i f l u o p e r a z i n e  (TFP) i n h i b i t e d  K +- e v o k e d  ATP r e l e a s e  by 
65%, b lo c k a d e  o f  r e l e a s e  by TFP was  c i r c u m v e n t e d  by A23187 i n  
t h e  a b s e n c e  o f  d e p o l a r i z a t i o n .  F a i l u r e  o f  TFP t o  b l o c k  ATP 
r e l e a s e  in  th e  p resence  of A23187 su g g es ts  t h a t  th e  drug a c t s  by 
b lock ing  Ca2+ channels  r a t h e r  than  by i n h i b i t i n g  a ca lm o d u l in -  
d e p e n d e n t  p r o c e s s  s u b s e q u e n t  t o  d i v a l e n t  c a t i o n  e n t r y .  
N i t r e n d ip in e  had no e f f e c t  on ATP r e l e a s e .

The p e p t i d e  s h e l l f i s h  t o x i n s ,  omega Conus magus t o x i n  
(CmTX) and C. g e o g r a p h u s  t o x i n  (CgTX), m a x i m a l l y  i n h i b i t  K+ -  
evoked  ATP r e l e a s e  i n  t h e  p r e s e n c e  o f  Ca2 + , S r 2+, o r  Ba2+ by 
80%. H alf -m axim al i n h i b i t i o n  o f  ATP r e l e a s e  by CmTX and CgTX i s  
r e v e r s i b l e ,  i s  a p p r o x i m a t e l y  f i r s t  o r d e r ,  and i s  o n e - h a l f  
complete  i n  4 0  min  f o r  CmTX and 15 min f o r  CgTX. A23187 d e f e a t s  
blockade o f  Ca2+ -dependent ATP r e l e a s e  by CmTX, c o n s i s t e n t  w i th  
d i r e c t  blockade of  Ca2+ channels  by CmTX. Both spontaneous and 
K+ -evoked  i n f l u x  o f  45Ca2+ in t o  th e  synaptosomes a r e  i n h i b i t e d  
by CmTX as  w e l l  a s  Co2+. We  conc lude t h a t  CmTX and CgTX i n h i b i t  
ATP r e l e a s e  by b lo ck in g  Ca2+ f lu x  th rough p r e s y n a p t i c ,  v o l t a g e -  
s e n s i t i v e  Ca2+ c h a n n e l s  o f  t h e  e l e c t r i c  r a y  e l e c t r o p l a x ,  and 
t h a t  t h e s e  t o x i n s  a r e  p o t e n t i a l l y  u s e f u l  f o r  i d e n t i f y i n g  and 
p u r i f y i n g  Ca2+ channels  from t h i s  t i s s u e .

L e p t i n o t a r s i n - d  (LPTd), a p u t a t i v e  Ca2+ c h a n n e l  a g o n i s t  
f rom  p o t a t o  b e e t l e s ,  c a u s e s  Ca2+ - d e p e n d e n t  ATP r e l e a s e  f ro m  
e l e c t r o p l a x  synaptosomes  in  th e  absence of  d e p o l a r i z a t i o n .  CmTX 
cannot  b lock  ATP r e l e a s e  evoked by LPTd, su g g es t in g  t h a t  th e  two 
to x i n s  a c t  a t  d i s t i n c t  s i t e s  on one o r  more Ca2+ channels .  ATP 
r e l e a s e  by LPTd i s  s a t u r a b l e ;  maximal ATP r e l e a s e d  by s a t u r a t i n g  
l e v e l s of  p a r t i a l l y  p u r i f i e d  LPTd was more th an  tw ic e  th e  amount 
of  ATP r e l e a s e d  by d e p o l a r i s a t i o n  w i th  140 mM K+. TFP i n h i b i t e d  
LPTd-evoked r e l e a s e  i n  1 mM Ca2+ by 85%. Mn2+ ( 5 m M) and  Co2+ 
(5 mM) i n h i b i t e d  LPTd-evoked ATP r e l e a s e  i n  1 mM Ca2+ by 25% and 
75%, r e s p e c t i v e l y .  P r e d e p o l a r i z a t i o n  o f  synaptosomes  d id  not 
a f f e c t  t h e  e x t e n t  o f  ATP r e l e a s e  evoked by LPTd beyond t h e  
amount r e l e a s e d  by th e  K+ i t s e l f .  These d a ta  suggest t h a t  LPTd 
a c t s  by o p e n i n g  p r e s y n a p t i c  Ca2+ c h a n n e l s  i n  n e r v e  t e r m i n a l s  
f rom e l e c t r i c  r ay  e l e c t r i c  organ.

We t h a n k  T. H s i ao  f o r  l e p t i n o t a r s i n  hem olymph and B. 
O l iv e ra  f o r  Conus to x in s .

327.16 STIMULATION OF CALCIUM CURRENTS AND ACTH SECRETION 
IN CLONAL PITUITARY CORTICOTROPHS BY BAY-K-8644 AND 
ITS ENANTIOMERS. S . H e i s l e r * ,  Z. M il jk o v ic *  and  J . F .  
M acD onald (SPON: P . P e n n e f a th e r ) .  B io r e g u la t i o n  C e l l ,  
an d  P l a y f a i r  U n i t ,  C e n t r e  h o s p i t a l i e r  d e  l 'U n i v e r s i t e  
L a v a l and  T o ro n to  W es te rn  H o s p .,  S a in te - F o y ,  PQ. G1V 
4G2 and  T o r o n to ,  O n t. M5T 2S8

The 1 ,4 - d ih y d r o p y r id in e ,  BAY-K-8644, b o th  
s t i m u l a t e s  and  a n t a g o n iz e s  t h e  s p o n ta n e o u s  s e c r e t i o n  
o f  im m u n o re a c tiv e  ACTH from  m ouse c l o n a l  p i t u i t a r y  
c o r t i c o t r o p h s ,  A tT -2 0 /D 1 6 – 16 (A tT -2 0 ) A lth o u g h  
BAY-K-8644 i s  known t o  f a c i l i t a t e  in w a rd  c a lc iu m  
c u r r e n t  i n  a  num ber o f  d i f f e r e n t  c e l l  t y p e s ,  a 
s i m i l a r  e f f e c t  t h e s e  s e c r e t o r y  c e l l s  h a s  been  
a ssu m ed , b u t  n o t  d e m o n s t r a te d .

W hole c e l l  v o l ta g e - c la m p  ( d i s c o n t in u o u s  s w i tc h in g ,  
10 t o  16 kHz) w as p e r fo rm e d  upon  c e l l s  a t  60 t o  70% 
c o n f lu e n c y .  V o lta g e  s t e p s  (50 ms) from  h y p e r p o la r iz e d  
h o ld in g  p o t e n t i a l s  w e re  u s e d  t o  ev o k e  s u s t a in e d  
in w a rd  c a lc iu m  c u r r e n t s .  BAY-K-8644 an d  i t s  
e n a n t io m e r s  BAY(+)R4407 and-BA Y(‒ )R 5417 w ere  a p p l ie d  
by  p r e s s u r e  t o  i n d i v i d u a l  c e l l s .  BAY-K-8644 (<1 uM) 
r e v e r s i b l y  p o t e n t i a t e d  c a lc iu m  c u r r e n t s  by  s h i f t i n g  
t h e  c u r r e n t - v o l t a g e  c u r v e s  t o  t h e  l e f t  and  by 
i n c r e a s i n g  p e a k  in w a rd  c a lc iu m  c u r r e n t s .  H ig h e r  
c o n c e n t r a t i o n s  (100 uM) d e p r e s s e d  s u c h  c u r r e n t s .  
R4407 i n  i n  a l l  c o n c e n t r a t i o n s  t e s t e d  c a u s e d  a  s l i g h t  
d e p r e s s io n  o f  p e a k  c a lc iu m  c u r r e n t  w h i le  R5417 c a u s e d  
a  p o t e n t i a t i o n  s i m i l a r  t o  t h e  ra c e m e r .  D e p re s s io n  o f  
p o t e n t i a t e d  c u r r e n t s  (R5417) r e s u l t e d  from  c o 
a p p l i c a t i o n s  o f  b o th  e n a n t io m e r s .  R 5417. ev oked  a 
c o n c e n t r a t i o n - d e p e n d e n t  i n c r e a s e  i n  ACTH s e c r e t i o n .  
H ow ever, c o n c e n t r a t i o n s  o f  10 uM o r  m ore w ere  l e s s  
e f f e c t i v e  (a  down t u r n  i n  t h e  c o n c e n t r a t i o n - r e s p o n s e  
c u r v e ) . I n  c o n t r a s t ,  R4407 i n h i b i t e d  b a s a l  s e c r e t i o n  
o f  ACTH, r e g a r d l e s s  o f  c o n c e n t r a t i o n ,  an d  a n ta g o n iz e d  
t h e  s t i m u l a t i o n  o f  s e c r e t i o n  by  t h e  o t h e r  e n a n t io m e r .

The ( ‒ ) e n a n t io m e r  o f  BAY-K-8644 i s  r e s p o n s i b l e  f o r  
i t s  p o t e n t i a t i o n  o f  c a lc iu m  c u r r e n t s  and  s t i m u l a t i o n  
o f  ACTH s e c r e t i o n  i n  A tT -20  c e l l s .  On t h e  o th e r  
h a n d , a  m a jo r  p o r t i o n  o f  i t s  a n t a g o n i s t i c  a c t i v i t y  
m u s t o r g i n a t e  from  t h e  (+) e n a n t io m e r  w h ich  a p p e a rs  
t o  b e  an  s o l e y  an  a n t a g o n i s t .  T h ese  r e s u l t s  
s u g g e s t  t h a t  BAY-K-8644 a c t i o n s  on o t h e r  s e c r e t o r y  
c e l l s  a r e  a l s o  d e p e n d e n t  upon  t h e  o p p o s in g  e f f e c t s  o f  
i t s  e n a n t io m e r s .  (S u p p o r t :  Q uebec M in i s t r y  o f  
E d u c a t io n  & t h e  MRC)
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327.17 PERTUSSIS TOXIN-SENSITIVE GTP-BINDING -PROTEINS COUPLE ALPHA-2 AND 
GABA-B RECEPTORS TO IN H IB ITIO N  OF NEUROSECRETION IN DORSAL ROOT 
GANGLION CELLS. G.G. H o lz ,  K.  D u n la p  an d  R.M. K re a m .* D e p ts .  
P h y s i o l ,  an d  A n e s t h e s i a  R e s . ,  T u f t s  Med. S ch . B o s to n ,  MA. 0 2 1 1 1 .

N o r e p in e p h r in e  (NE) an d  gamma a m i n o b u t y r i c  a c i d  (GABA) 
i n h i b i t  c u r r e n t  f lo w  t h r o u g h  v o l t a g e - s e n s i t i v e  L - ty p e  Ca 
c h a n n e l s  i n  c h i c k  d o r s a l  r o o t  g a n g l i o n  (DRG) n e u r o n s .  T h is  
i n h i b i t i o n  o f  Ca i n f l u x  may e x p l a i n  how NE an d  GABA i n h i b i t  th e  
r e l e a s e  o f s u b s ta n c e  P (SP) from  th e s e  same c e l l s  ( s e e  a b s t r a c t  by 
D unlap , Kream and H o lz ). To t e s t  t h i s  h y p o th e s i s ,  we i n v e s t ig a t e d  
th e  in v o lv e m e n t o f  G T P -b in d in g  p r o t e i n s  ( G - p ro te in s )  in  th e  a c t i o n  
o f  t h e  t r a n s m i t t e r s .  I t  w as p r e v i o u s l y  r e p o r t e d  t h a t  p e r t u s s i s  
t o x i n  (PTX, a t o x i n  c a t a l y z i n g  A D P - r i b o s y l a t i o n  o f  G - p r o t e i n s )  
b lo c k s  i n h i b i t i o n  o f DRG c e l l  Ca c h a n n e ls  by NE and GABA (H olz e t  
a l . ,  N a tu r e  3 1 9 : 6 7 0 ) . We now r e p o r t  t h a t  PTX a l s o  b l o c k s  t h e  
a b i l i t y  o f  NE and GABA to  i n h i b i t  r e l e a s e  o f  SP from  DRG c e l l s .

P r im a r y  c u l t u r e s  o f  e m b r y o n ic  c h i c k  DRG c e l l s  w e re  g ro w n  on 
c o l l a g e n - c o a te d  t i s s u e  c u l t u r e  d i s h e s  a t  a d e n s i ty  o f  ca . 175,000 
n e u r o n s / 6 0  mm d i s h .  A f t e r  9 – 16 d a y s  i n  c u l t u r e ,  e a c h  d i s h  
c o n t a i n e d  1 3 ,0 6 9  + 653 pg (m ean  + s .e .m . ,  n = 9) o f  s u b s t a n c e  P ( a s  
m e a s u r e d  by RIA an d  a u t h e n t i c a t e d  by HPLC). E l e c t r i c a l  f i e l d  
s t i m u l a t i o n  (1 H z , 90  s e c )  o f  c u l t u r e s  b a t h e d  i n  s a l i n e  
c o n t a i n i n g  ( i n  mM) 132 N aC l, 2 .5  KC1, 1.0 BaCl2  an d  2 .0  CaCl2  
r e s u l t e d  in  th e  C a -d e p en d e n t r e l e a s e  o f  451 + 22 pg S P /d is h  (n=9). 
Each c u l t u r e  was s t i m u l a t e d  3 t im e s :  d u r in g  S 1 and th e  s a l i n e  
c o n ta in e d  no d ru g s ,  w h e re a s  d u r in g  S2 th e  c u l t u r e s  w ere e x p o sed  to  
e i t h e r  50 uM d , l - a r t e r e n o l  (NE) o r  10 uM GABA. By c a l c u l a t i n g  th e  
R e le a s e  R a t io  S2 / [ (S1 +S3 ) /2 )  we com pared  SP r e l e a s e  in  d i f f e r e n t  
t e s t  s o lu t io n s .  T o x in - t r e a t e d  c u l t u r e s  w ere p r e in c u b a te d  a t  37 °C 
in  140 n g /m l PTX f o r  16– 20 h r .  R e p r e s e n ta t i v e  r e s u l t s  a re  l i s t e d :

R e le a s e  R a t io  (No PTX) R e le a s e  R a t io  (PTX)

C o n tro l 1.06 + 0.09 (n=3) 0.88 + 0.06 (n =3)
50 uM NE 0 .5 5  + 0 .0 6  (n= 3)* 0 .7 7  + 0 .1 1  (n= 3)
10 uM GABA 0 .6 4  + 0 .0 9  (n = 3 )* 0 .9 2  + 0 .0 9  (n=3)

In  c u l t u r e s  n o t  t r e a t e d  w i t h  PTX, r e l e a s e  w as s i g n i f i c a n t l y  
i n h i b i t e d  by NE and GABA (* i n d i c a t e s  th e  R a t io  was s i g n i f i c a n t l y  
d i f f e r e n t  from  c o n t r o l ,  p 0 .0 5 ), w h e re a s  in  P T X -tre a te d  p l a t e s ,  
no  s i g n i f i c a n t  i n h i b i t i o n  o f  r e l e a s e  w as o b s e r v e d .  A l th o u g h  th e  
i d e n t i t y  o f  th e  G - p r o te in s  c o u p le d  to  t h e s e  NE and GABA r e c e p t o r s  
r e m a in s  t o  be  d e t e r m i n e d ,  t h e  a c t i o n  o f  PTX w as c o r r e l a t e d  w i th  
A D P - r ib o s y  l a t  i o n  o f  39 an d  4 1 kD s u b s t r a t e s  t h a t  c o - m i g r a t e  on 
p o ly a c r y la m id e  g e l s  w i th  a lp h a  s u b u n i t s  o f  No and Ni  G - p r o te in s ,  
r e s p e c t i v e l y  ( t h e  a u t h o r s  t h a n k  Eva N e e r  f o r  h e r  h e l p ) .  T h e se  
f i n d i n g s  s u g g e s t  t h a t  NE an d  GABA i n h i b i t  e x o c y t o s i s  f ro m  DRG 
c e l l s  by m o d u la t in g  c u r r e n t  f lo w  th ro u g h  L - ty p e  Ca c h a n n e ls .

327.18 ALPHA-2 ADRENERGIC AND GABA-B RECEPTORS MEDIATE TRANSMITTER 
IN H IB ITIO N  OF NEUROPEPTIDE S ECRETION FROM DORSAL ROOT GANGLION 
CELLS. K . D u n la p ,  R.M. K r e a m* an d  G.G. H o lz .  D e p ts .  P h y s i o l . and  
A n e s th e s ia  R es ., T u f ts  Med. S ch ., B o s to n , MA 02111.

N o re p in e p h r in e  (NE) and gamma a m in o b u ty r ic  a c id  (GABA) i n h i b i t  
c u r r e n t  f lo w  th ro u g h  v o l t a g e - s e n s i t i v e  L - ty p e  Ca c h a n n e ls  in  c e l l  
b o d i e s  o f  c h i c k  d o r s a l  r o o t  g a n g l i o n  (DRG) n e u r o n s .  T h i s  
i n h i b i t i o n  o f  d e p o l a r i z a t i o n - i n d u c e d  Ca i n f l u x  r e s u l t s  f ro m  th e  
a c t i v a t i o n  o f  a lp h a - 2  a d r e n e r g i c  an d  GABA-B r e c e p t o r s .  We now 
d e m o n s tra te  t h a t  th e  C a -d e p en d e n t r e l e a s e  o f  s u b s ta n c e  P (SP) from  
DRG c e l l s  i s  a l s o  i n h i b i t e d  by a c t i v a t i o n  o f  a l p h a - 2  an d  GABA-B 
r e c e p t o r s .  T hese f in d in g s  s u g g e s t  t h a t  NE and GABA p r e s y n a p t i c a l l y  
i n h i b i t  p r im a r y  a f f e r e n t  t r a n s m i s s i o n  by s u p p r e s s i n g  Ca i n f l u x  
th ro u g h  L - ty p e  Ca c h a n n e ls  in  s e n so ry  n e rv e  t e r m in a l s .

C h ic k  DRG c e l l  c u l t u r e s  w e re  p r e p a r e d  f o r  e l e c t r i c a l  f i e l d  
s t i m u l a t i o n  a s  d e s c r ib e d  in  th e  acco m p an y in g  a b s t r a c t  (H o lz , Kream 
and D unlap). Each c u l t u r e  was s t i m u l a te d  3 t im e s :  d u r in g  S 1 and 
th e  b a th in g  s o lu t io n  c o n ta in e d  no d ru g s ,  w h e re a s  d u r in g  S2 d ru g s  
w e re  a d d e d .  By c a l c u l a t i n g  t h e  R e l e a s e  R a t io  S2 /  [ (S1 + S 3 ) /2  ] we 
c o m p a re d  SP r e l e a s e  i n  d i f f e r e n t  t e s t  s o l u t i o n s .  I n h i b i t i o n  was 
c a l c u l a t e d  a s :  [ l - ( T e s t  R a t io /C o n t r o l  R a t io ) ]  x 100%. D rugs t e s t e d  
w ere ( in  uM): 50 d , l - a r t e r e n o l  (NE); 10 y o h im b in e  (YOH, an a lp h a -2
a n t a g o n i s t ) ;  10 p r a z o s i n  (PRAZ, an  a lp h a - 1  a n t a g o n i s t ) ;  10 
p r o p r a n o l o l  (P R O P , a b e t a  b l o c k e r ) ;  10 GABA; 10 b a c l o f e n  
(LIORESAL, a GABA-B a g o n i s t ) ;  10 m u s c im o l  (MUSC, a GABA-A 
a g o n i s t ) ;  50  b i c u c u l l i n e  (B I C , a GABA-A a n t a g o n i s t ) .  
R e p r e s e n t a t i v e  r e s u l t s  a r e  s u m m a r iz e d  b e lo w . (* i n d i c a t e s  t h e  
R a t io  was s i g n i f i c a n t l y  d i f f e r e n t  from  c o n t r o l ;  p 0 .05 ; t - t e s t ) .

T re a tm en t R e le a s e  R a t io  ( + / -  s .e .m ) % I n h ib i t i o n

C o n tro l 0 .9 7 +0 . 1 1 (n= 3)
NE 0 .6 2 +0 .0 1  (n= 3)* 36%
NE + YOH 0 .9 0 + 0 .0 3  (n=3) 7%
NE + PRAZ 0 .6 3 + 0 .0 2  (n= 3)* 35%
NE + PROP 0 .6 7 +0 .0 4  (n = 3 )* 31%

C o n tro l 0 .9 3 + 0 .0 2  (n= 3) —

GABA 0 .6 5 + 0 .0 3  (n = 3 )* 30%
LIORESAL 0 .5 3 +0 .0 6  (n= 3)* 43%
MUSC 0 .8 4 + 0 . 10 (n= 3) 10%
GABA + BIC 0 .6 6 + 0 .0 2  (n= 3)* 29%

T h i s  a n a l y s i s  d e m o n s t r a t e s  t h a t  NE an d  GABA i n h i b i t  th e  
r e l e a s e  o f  SP by a c t i v a t i n g  r e c e p t o r s  s i m i l a r ,  i f  n o t  i d e n t i c a l ,  
t o  t h o s e  r e s p o n s i b l e  f o r  i n h i b i t i o n  o f  L - ty p e  Ca c h a n n e l s :  i . e .  
b o th  i n h i b i t o r y  p r o c e s s e s  a re  m e d ia te d  by a lp h a -2  a d r e n e r g ic  and 
GABA-B r e c e p t o r s .  S u p p o rte d  by NIH g r a n t  NS 16483 t o  K.D.

327.19  REGULATION OF SUBSTANCE P RELEASE FROM CULTURED RAT SENSORY NEU
RONES. T.M. Pern e y * , D.A. Ew ald and  R .J .  M i l l e r .  D e p t . o f  Pharm a
c o l .  & P h y s io l .  S c i . ,  U h iv . o f  C h ic a g o , C h ic a g o , IL 6 0 637 .

We ex am in ed  t h e  r e g u l a t i o n  o f  s u b s ta n c e  P (SP) r e l e a s e  from  d o r 
s a l  r o o t  g a n g lio n  (DRG) n e u ro n e s  t a k e n  from  2 day  o ld  r a t  pups and 
c u l t u r e d  f o r  two w e e k s . R e le a s e  o f  SP c o u ld  be  ev oked  by K+- r i c h  
s o l u t i o n s ,  c a p s a i c in ,  b r a d y k in in  (BK ), Ba2+ an d  A23187. K+ evoked  
r e l e a s e  c o u ld  b e  b lo c k e d  by Cd2+ o r  i n  Ca2+  f r e e  s o l u t i o n s .  GABA 
and  n o r e p in e p h r in e  a l s o  p a r t i a l l y  a b o l i s h e d  r e l e a s e .  SP r e l e a s e  
was e x tr e m e ly  s e n s i t i v e  to  i n h i b i t i o n  by d ih y d r o p y r id in e  (DHP)
Ca2+ c h a n n e l  a n t a g o n i s t s  su c h  a s  n i t r e n d i p i n e ,  b e in g  c o m p le te ly  
i n h i b i t e d  a t  10–6M. Ca2+ c h a n n e l  a g o n is t s  en h a n ce d  t h e  K+ in d u ce d  
r e l e a s e  o f  S P . I n  c o n t r a s t ,  SP r e l e a s e  in d u c e d  by  c a p s a i c in  was 
c o m p le te ly  r e s i s t a n t  t o  b o th  Ca2+ c h a n n e l  a g o n i s t s  and  a n t a g o n i s t s .  
We p e rfo rm e d  s t u d i e s  on n e u ro n e s  t h a t  w ere  c u l t u r e d  f o r  v a r io u s  
p e r io d s  o f  tim e  r a n g in g  from  1 to  60 d a y s . R e le a s e  o f  SP c o u ld  be  
ev oked  by  K+  from  n e u ro n e s  o f  a l l  a g e s .  M o reo v e r, a t  a l l  t im e s  
ev o k ed  SP r e l e a s e  w as e n h a n ce d  to  a p p ro x im a te ly  t h e  same e x t e n t  by 
BAY K8644 and c o m p le te ly  b lo c k e d  by  n i t r e n d i p i n e  (1 0 –6m).  We a l s o  
i n v e s t i g a t e d  th e  e f f e c t  o f  c u l t u r i n g  DRG c e l l s  w i th  t h e i r  t a r g e t  
n e u ro n e s .  C o - c u l tu r e s  o f  DRG and  s p i n a l  n e u ro n e s  w ere  grown f o r  a 
p e r io d  o f  two w e e k s . H ow ever, e v e n  u n d e r  t h e s e  c o n d i t i o n s  t h e  DHP 
s e n s i t i v i t y  o f  SP r e l e a s e  rem a in e d  u n a l t e r e d .

In  o r d e r  to  f u r t h e r  e x p lo r e  t h e  p r o p e r t i e s  o f  SP r e l e a s e  from  
a d u l t  n e u ro n e s ,  we h a v e  s t a r t e d  t o  exam ined  t h e  K+ evoked  r e l e a s e  
o f  SP from  s l i c e s  o f  r a t  s p i n a l . c o r d .  P e r f u s io n  o f  su c h  s l i c e s  i n  
medium c o n ta i n in g  70mM K+ s t i m u l a t e d  t h e  r e l e a s e  o f  SP g r e a t l y .  
I n t e r e s t i n g l y ,  p r e l im in a r y  s t u d i e s  u s in g  t h i s  sy s te m  i n d i c a t e  t h a t  
t h e  K+ in d u c e d  r e l e a s e  o f  SP i s  much l e s s  s e n s i t i v e  to  DHP’ s  th a n  
r e l e a s e  ev o k ed  from  c u l t u r e d  n e u ro n e s .  W hole c e l l  v o l ta g e  clam p 
s tu d i e s  on r a t  DRG n e u ro n e s  r e v e a l e d  t h a t  th e y  a p p e a r  t o  e x h i b i t  3 
com ponen ts t o  t h e i r  Ca2+ c u r r e n t .  I f  c e l l s  a r e  h e ld  a t  – 80mV, 
s m a l l  d e p o la r i z i n g  v o l ta g e  s t e p s  p ro d u c e  a  t r a n s i e n t  Ca2+ c u r r e n t  
i n  some b u t  n o t  a l l  c e l l s .  L a r g e r  d e p o la r i z i n g  s t e p s  p ro d u c e  a  
se c o n d  com ponent o f  i n a c t i v a t i n g  c u r r e n t  a s  w e l l  a s  a  l a r g e  com
p o n e n t  w h ic h  show s l i t t l e  i n a c t i v a t i o n .  T h is  p a t t e r n  i s  v i r t u a l l y  
i d e n t i c a l  to  t h a t  r e p o r t e d  p r e v io u s ly  by  Nowycky e t  a l . , (N a tu re ,  
3 1 6 , 4 4 0 , 1985) f o r  c h ic k  DRG n e u ro n e s .  One d i f f e r e n c e  how ever co n 
c e r n s  t h e  e f f e c t  o f  th e  27 am ino a c id  p e p t i d e  w -c o n o to x in  GIVA 
(w-CGTx). T h is  t o x in  b lo c k s  t h e  two h ig h  t h r e s h o ld  com ponen ts o f  
t h e  Ca2+ c u r r e n t  i n  c h ic k  DRG n e u ro n e s  (M cC leskey  e t  a l . ,  B io p h y s . 
J . , 4 9 , 4 3 1 a , 1 9 8 6 ) . However i n  c o n c e n t r a t i o n s  o f  up to  10– 8M th e  
t o x in  h a d  no i n h i b i t o r y  e f f e c t  on K+ ev o k ed  SP r e l e a s e  from  
c u l t u r e d  r a t  DRG n e u ro n e s .  P r e l im in a r y  s t u d i e s  a l s o  r e v e a l  no 
e f f e c t  o f  t o x in  i n  c o n c e n t r a t i o n s  up t o  10–6M on Ca2+ c u r r e n t s  mea
s u r e d  i n  t h e s e  same c e l l s .  We h av e  a l s o  o b s e rv e d  t h a t  s t i m u l a te d  
Ca2+ u p ta k e  i n t o  s i n g l e  DRG n e u ro n e s  c an  b e  m ea su red  u s in g  th e  
F u ra -2  r a t i o  t e c h n iq u e  (T h a y e r  e t  a l . ,  t h i s  v o lu m e . The p r o p e r t i e s  
o f  t h i s  i n f l u x  a re .  c u r r e n t l y  u n d e r  i n v e s t i g a t i o n .

327.20 DIHYDROPYRIDINE DRUGS AND cAMP APPEAR NOT TO AFFECT THE 
K+ STIMULATED Ca++ INFLUX IN RAT SYNAPTOSOMES. M.E. O'Leary* 
and J.B. Suszkiw (SPON: S.H. Bryant). Dept. of Physiol  and Biophys., 
Univ. of Cinti., Coll. of Med., Cincinnati, OH 45267–0576

The dihydropyridine-sensitive, voltage-dependent calcium channels in 
cardiac muscle appear to be modulated by cAMP dependent protein 
phosphorylation (Sperelakis, Membr. Biochem. 5, 1984). Recent evidence 
indicates that the nitrendipine receptor of calcium channels is a substrate 
for cAMP dependent protein kinase (Curtis and Catterall, PNAS 82, 1985). 
These results suggest that the regulation of the calcium channels by 
phosphorylation/dephosphorylation may be exerted via the dihydropyridine 
receptor of the channel. Both dihydropyridine sensitive and insensitive 
Ca++ channels have been detected in neurons (Nowycky et al., Nature, 316 
1985), however it is not certain which type(s) of Ca++ channels are present 
in nerve terminals. The aim of this study was to determine if channel 
mediated Ca++ influx in synaptosomes is modified by dihydropyridines or 
cAMP. The Ca++ channel agonist, Bay K 8644 (0.01–10 μ M) failed to 
enhance depolarization stimulated calcium uptake (20 mM K+, 5 sec). The 
Ca++ channel antagonists, nifedipine and nitrendipine (0.1–10 μ M), did not 
significantly reduce depolarization stimulated Ca++ uptake (52.5 mM K+, 1 
sec). Preincubation of synaptosomes with 1 mM 8-bromo cAMP or 50 μ M 
forskolin did not significantly alter K+-depolarization stimulated calcium 
uptake from control values (20 mM K+, 5 sec). Under identical preincuba
tion conditions forskolin, although not 8-Br-cAMP, caused detectable 
increases in 32P incorporation into a number of synaptosomal proteins. 
These results suggest that synaptosomal calcium channels are not sensitive 
to dihydropyridine drugs and may not be regulated by cAMP dependent 
phosphorylation. Supported by NIH Grant NS 20786.
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327.21 CHARACTERIZATION OF DIHYDROPYRIDINE-SENSITIVE CALCIUM 
CHANNELS IN STRIATAL SYNAPTOSOMES. JJ . Woodward* and S.W. 
Leslie (Spon: W.H. Riffee). Div. of Pharmacology and Toxicology, College of 
Pharmacy, Univ. of Texas at Austin, Austin, TX 78712.

Previous studies have demonstrated the existence of high-affinity binding 
sites for the dihydropyridine calcium channel antagonists in cardiovascular tissue, 
skeletal muscle, and brain. Brain calcium channels appear to be insensitive to the 
potent blocking action of the dihydropyridines observed in other tissues. 
However, it has recently been reported that the novel dihydropyridine, Bay K 
8644, which possesses calcium agonist activity, can activate brain calcium 
channels under certain conditions (Woodward and Leslie, Brain Res. 370, 397, 
1986). This activation was completely blocked by low nanomolar concentrations 
of the calcium antagonist nimodipine. The present study examined the sensitivity 
of brain calcium channels to dihydropyridine calcium agonists under various 
experimental conditions to more fully characterize the dihydropyridine sensitivity 
of these channels. Synaptosomes were isolated from the striata of male, Sprague- 
Dawley rats. Calcium uptake and endogenous dopamine release were measured as 
previously described (Leslie et  al., Brain Res. 325, 99, 1985). Bay K 8644 (1 
nM) potentiated synaptosomal calcium uptake and dopamine release only at 7.5 
mM and 15 mM KCl concentrations. Calcium uptake and dopamine release were 
not altered by Bay K 8644 under resting conditions (5 mM KCl) or in response to 
KCl concentrations greater than 15 mM. Bay K 8644 (1 nM) also enhanced 
synaptosomal calcium uptake and dopamine release in a time dependent manner. 
Significant increases in both calcium uptake and dopamine release only occurred 
during the first three seconds of a 30 second potassium induced depolarization 
period. The greatest increase was observed during the first second of 
depolarization. The agonist activity of Bay K 8644 was attenuated by altering the 
calcium or magnesium ion concentrations in the incubation buffer. Bay K 8644 (1 
nM) did not significantly increase KCl induced calcium uptake at magnesium 
concentrations of 0,50, or 100 uM. Full agonist activity was restored when the 
magnesium concentration was increased to 500 or 1000 uM. Similarly, Bay K 
8644 (1 nM) significantly enhanced KCl stimulated calcium entry at calcium 
concentrations of 100,500, and 1000 uM (magnesium maintained at 1000 uM). 
Decreasing the calcium concentration to 25 or 50 uM abolished this effect. Finally, 
we examined the effects of the stereoisomers of Bay K 8644 and the 
dihydropyridine calcium agonist, 202–791. The (‒) isomer of Bay K 8644 was 
approximately 1000 times more potent than the (+) isomer in enhancing 
synaptosomal calcium uptake and dopamine release. In contrast, the (+) isomer of 
202–791 was roughly 100 times more potent than the (‒) isomer of 202–791. Both 
active isomers of these compounds significantly increased calcium entry and 
dopamine release at a concentration of 1 nM. Neither of the less potent isomers 
possessed any calcium antagonist activity. (Supported in part by a grant from 
Miles Laboratories, NIAAA grant AA05809, a grant from the Texas Advanced 
Research Technology Program and a National Research Service Award to J J.W.)

ACTION POTENTIALS AND ION CHANNELS VIII

328.1 CALCIUM TRANSIENTS RECORDED FROM MOUSE SPINAL CORD NEURONS UNDER 
VOLTAGE-CLAMP. M.L. Mayer, A.B. MacDermott, G.L. Westbrook, S .J . 
Smith and J .L . Barker. Labs Neurophysiology, NIN C D s  and 
Devel opmental  Neurobi o logy, NICHD, NIH, Bethesda, MD 20892.

Use of th e  calcium in d ic a to r  dye arsenazo I I I  in combination 
with voltage clamp techniques can provide useful inform ation on 
changes in  [Ca++]i in ex c itab le  c e l l s .  T rad itio n a lly  such 
experiments were performed using la rge  in v e rteb ra te  neurons and 
muscle f ib r e s ;  using whole c e ll patch clamp recording we have 
been able to  measure op tica l t r a n s ie n t s , re f le c tin g  calcium flux  
through both voltage-dependent and tra n s m itte r  ac tiv a ted  ion 
channels present in  spinal cord neurons grown in t is su e  c u ltu re .

Patch recording was performed using K-gluconate, CsCl or CsMeSO3 
based so lu tio n s  contain ing  (mM) 1.1 EGTA, 10 HEPES and 0 .8 –1.5 
arsenazo I I I ;  c u ltu re s  were bathed in a balanced s a l t  so lu tion  
contain ing  2.5 mM calcium . Light passing through the  c e ll was 
focussed onto a d if f ra c t io n  g ra tin g , and photodiodes used to  
measure th e  absorbance a t  700, 660, 610 and 570 nM. [Ca++]i 
s ig n a ls  were recorded as 570–660 or 700–660 nM.

Depolarizing voltage steps from holding p o te n tia ls  of –50 to  
–60 mV evoked wavelength dependent increases in arsenazo II I  
absorbance (660 > 610 >> 700 nM, with no change a t  570 nM - the  
is o b e s tic  w avelength). Arsenazo I I I  s ig n als  occurred with a 
th resho ld  of c lose  to  –30 mV, peaked a t +10 mV, and declined with 
fu r th e r  d epo la rization  such th a t  responses were too small to  
measure beyond +80 mV, co n sis ten t w ith a decrease in d riv ing  force 
fo r  calcium en try  during strong d e p o la riz a tio n s . For voltage 
s tep s  of < 500 ms duration  the  arsenazo I I I  s ignal was a lin e a r  
function  of step  d u ra tio n , and under the  conditions of our 
experiments (1 mM arsenazo I I I )  i n tercepted  the  baseline  a t around 
10–20 ms; with signal averaging i t  may be possib le  to  de tec t Ca 
en try  during s in g le  action  p o te n tia ls .  For longer s tep s  the  
arsenazo I I I  signal rose exponen tially  to  an asymptote with a 
time constant of c lose  to  7 sec , suggesting th a t  in a c tiv a tio n  of 
Ca channels is  slow and incom plete. Decay of the  arsenazo signal 
following long steps  has more complex k in e tic s  and requ ires a t 
le a s t  two exponen tia ls , of time constan ts of around 10 to  100 
sec , and probably r e f le c ts  removal of in t r a c e l lu la r  calcium by 
ex tru s io n , s eq u es tra tio n , and exchange with dye in the  p ip e tte .  
S im ilar responses have been recorded from molluscan neurons 
using m icroelectrode techniques (e .g .  Gorman & Thomas, 1980).

Calcium s ig n a ls  were a lso  recorded during depo larization  evoked 
by ex c ita to ry  amino a c id s . Arsenazo I I I  s ignals  to  kain ic  acid 
were g rea tly  reduced during voltage clamp; however arsenazo 
s ig n als  evoked by NMDA were le ss  dependent on membrane po ten tia l 
d ep o la riz a tio n , suggesting Ca en try  through NMDA- but not ka ina te- 
or q u isq u ala te -ac tiv a ted  ion channels. Ca in flux  v ia NMDA-receptor 
channels may underlie  long term regu la tion  of e x c i ta b i l i ty .

328.2 EFFECT OF PLATELET ACTIVATING FACTOR ON 
INTRACELLULAR FREE CALCIUM IN HUMAN PLATELETS: 
MEASUREMENT WITH FURA-2. M.A. Javors*, D.E. McGinnis* 
and C.L. Bowden. Depts. of Psychiatry and Pharmacology, The 
University of Texas Health Science Center, San Antonio, TX 
78284.

Platelets have been used as a peripheral model for central 
nervous system nerve endings because they take up, store, and 
release serotonin, a neurotransmitter found in brain. The release 
of neurotransmitter in brain cells and platelets is regulated by 
intracellular free calcium concentration ([C a++]i). The purpose 
of this study was to develop the platelet model for intracellular 
calcium function. The specific purpose of this study was to 
measure the effect of platelet activating factor on [Ca++]i in 
human platelets in the absence and presence of extracellular 
calcium ([C a++]ext). [ Ca++] i was measured with fura-2, a Ca++ 
-chelating fluorescent dye. Fura-2 was loaded into platelet 
cytosol where its fluorescence directly reflected [Ca++] i 
according to Tsien et al (Cell Calcium 6:145, 1985). Platelet 
activating factor (PAF) i s a lipid that binds to platelet 
membranes, raises [Ca++]i, activates platelets, and causes 
release of serotonin. We have shown in this study that [Ca++ ]ext 
has an effect on the stimulation of [Ca++]i by PAF. The Kd 
value for PAF for increasing [Ca++] i does not differ in the 
absence vs. the presence of 1 mM [Ca++]ext, 7.07 ± 5.48 vs. 
1.75 ± 1.15, respectively. For the experiments a t zero 
[Ca++]ext, 50 μM EGTA was added. However, the maximal 
change in [Ca++]i (delta [Ca++]i max) differed in the absence 
vs. the presence of 1 mM [Ca++]ext, 45.0 ± 11 vs. 137 ± 26, 
respectively. These results suggest that calcium from an 
extracellular source enters the platelet when it is activated by 
PAF in the presence of 1 mM [Ca++ ]ext. They also suggest that 
Ca++ does not affect the binding o f PAF to its receptor(s). 
Funded by a grant from the Meadows Foundation, Dallas, Texas.
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328.3 IMMUNOLOCALIZATION AND CHARACTERIZATION OF THE CALMODULIN 
REGULATED Ca2+ PUMPING MEMBRANE ATPase IN NEURONAL TISSUES. 
M. Zurini* B.F. Sisken and T.C. Vanaman* (SPON: R.L. V oile). 
Depts. of Biochem. and Anatomy, Univ. of Kentucky C oll, of 
Med., Lexington, KY 40536–0084

We rep o rt here recen t s tu d ies  on the lo c a liz a tio n  and 
c h a rac te riz a tio n  of the  140 KDa calmodulin regulated  Ca2+ 
pumping membrane ATPase in brain  t is s u e s .  A ntisera were 
prepared in ra b b its  by standard immunization procedures using 
the  de te rgen t so lu b iliz ed  Ca2+-ATPase p u rif ied  to 
homogeneity from human ery th rocy te  ghosts by calmodulin 
Sepharose a f f in i ty  chromatography (N iggli e t  al. , J .  B iol. 
Chem. 254, 9955, 1979). A polyclonal IgG f ra c tio n , sp ec ific  
fo r  the  Ca2+-ATPase, was p u rif ied  from the re su ltin g  
hyperimmune serum by a f f in i ty  chromatography on a small column 
of immunobilized an tigen . Monospecific and reg io sp ec if ic  an ti 
Ca2+-ATPase IgGs were iso la ted  by p repara tive  
immunoabsorptio n  on n itro c e llu lo s e  tra n s fe rs  of SDS-PAGE 
resolved Ca2+-ATPase and i t s  lim ited  try p s in  d igestion  
products (Z urini e t  al. , J .  B io l. Chem., 258, 618, 1984). 
In d irec t immunofluorescence s tu d ies  of paraformaldehyde fixed  
th in  sec tio n s  o f r a t  b ra in s , frozen immediately a f te r  
s a c r if ic e  by d ecap ita tio n , c le a r ly  demonstrate the presence of 
m ateria l which c ross re a c ts  with these  monospecific 
immunoreagents, loca lized  predominantly or exclusive ly  in 
neurones throughout th e  b ra in . In tense immunoreactivity a lso 
was observed in RBCs present in vascu lar elements in these 
sec tions  as would be expected. Preabsorption of the  primary 
ra b b it IgG with p u rif ie d  human ery th rocy te  Ca2+ -ATPase 
abolished a l l  s ta in in g . P a ra lle l immunoperoxidase 
lo c a liz a tio n  s tu d ie s  confirmed the  neuronal d is tr ib u tio n  of 
th is  enzyme and fu r th e r  suggested th a t  i t  is  present in 
neuronal processes as well as in the  c e l l  body. Immunoblot 
analyses of SDS-PAGE resolved membrane p rep a ra tio n s , and 
enzyme assays demonstrated the  presence of high leve ls  of a 
140 KDa polypeptide and calmodulin ac tiv a ted  Ca2+-ATPase 
a c t iv i t ie s  in p u rif ie d  synaptosomal membranes from both human 
and r a t  b rain  t is s u e s .  Chemical and enzymological s tu d ies  
c u rren tly  in progress should provide d e ta iled  inform ation 
concerning the  re la tio n sh ip  between th is  synaptosomal membrane 
enzyme and the  well stud ied  Ca2+ pumping ATPase of human 
ery th rocy te  plasma membrane. The presence of th is  enzyme in 
high concen tra tions in the  synaptosomal membrane provides an 
added dimension to  th e  ro le  of calmodulin in regu la ting  key 
processes in the  neurosecretory  cycle . (Supported by NIH 
Grant NS 21868 and U.K. College of Medicine P .S .P . Funds.)

328.4 Ca2+/CALMODULIN DEPENDENCE OF REGULATION OF NEURON EXCITABILITY 
BY INTRACELLULAR pH. R. G i l l e t t e  & D .J .  G re e n . D ep a rtm en t o f  
P h y s io lo g y  & B io p h y s ic s ,  U n iv . o f  I l l i n o i s ,  U rb an a , IL  61801. 
The a c t i v i t y  and  e x c i t a b i l i t y  o f  f e e d in g  command n e u ro n s  in  th e  
b u c c a l  g a n g lio n  o f  th e  p r e d a to r y  m o llu sk  P le u ro b ra n c h a e a  
c a l i f o r n i c a  a r e  s e n s i t i v e  t o  s m a ll  c h a n g es  in  i n t r a c e l l u l a r  pH 
(0 .0 5  u n i t )  su c h  a s  o c c u r  d u r in g  norm al a c t i v i t y .  The 
s e n s i t i v i t y  h a s  b een  shown to  a r i s e  from  pH m o d u la t io n  o f  a 
slo w  Na+ c u r r e n t  c o - a c t iv a t e d  by c y c l i c  AMP and Ca2 + . The 
a m p l i tu d e  and d u r a t i o n  o f  th e  c u r r e n t  r e s p o n s e  a r e  augm ented  by 
s m a l l  c h an g es  in  p H i, e i t h e r  a c id  o r  b a s i c .  T h is  r e f l e c t s  a 
m ark e d ly  s t e e p  p H / a c t i v i t y  r e l a t i o n  and i n d i c a t e s  t h a t  t h e  pH 
optim um  f o r  th e  enzyme n o rm a lly  l i e s  a t  th e  r e s t i n g  pHi o f  t h e  
n e u ro n .

At l e a s t  two d i f f e r e n t  m echanism s r e g u l a t e  s e n s i t i v i t y  to  
p H i. S a l in e  a p p l i c a t i o n  o f  th e  c a lm o d u lin  b lo c k in g  a g e n ts  W-7 
and t r i f l u o p e r a z i n e  (TFP) e n h a n ce s  th e  c u r r e n t  r e s p o n s e  and 
a l s o  c o m p le te ly  b lo c k s  a u g m e n ta tio n  o f  th e  r e s p o n s e  n o rm a lly  
c a u se d  by i n t r a c e l l u l a r  a l k a l i n i z a t i o n .  How ever, th e  
a u g m e n ta tio n  o f  th e  c u r r e n t  r e s p o n s e  c a u se d  by i n t r a c e l l u l a r  
a c i d i f i c a t i o n  i s  n o t  b lo c k e d  by th e  c a lm o d u lin  b lo c k e r s .  W-7 
d o e s  n o t  c a u se  c h a n g es  i n  pHi d e t e c t a b l e  w ith  i n t r a c e l l u l a r  pH 
m ic r o e l e c t r o d e s . P h o rb o l e s t e r  a c t i v a t o r s  o f  K in ase  C, a 
p o s s ib l e  t a r g e t  o f  W-7 and TFP, h av e  no e f f e c t s  on th e  c y c l i c  
AMP c u r r e n t  r e s p o n s e  (N=6 ) ;  t h i s  s t r e n g th e n s  th e  l ik e l ih o o d  
t h a t  th e  a c t i o n s  o f  W-7 and  TFP a r e  e f f e c t e d  th ro u g h  a 
Ca2+/c a lm o d u l in  p a th w ay .

The pH s e n s i t i v i t y  o f  th e  c y c l i c  AMP s t i m u l a te d  Na+ c u r r e n t  
a p p e a r s  t o  a r i s e  in  l a r g e  p a r t  from  th e  s e n s i t i v i t y  o f  th e  
d e g r a d a t iv e  enzyme f o r  c y c l i c  AMP, a Ca2+/c a lm o d u l in  d ep e n d en t 
p h o s p h o d ie s te r a s e  (PD E). PDE a c t i v i t y  i s  r e f l e c t e d  in  v iv o  in  
t h e  a m p l i tu d e  and d u r a t io n  o f  th e  Na+ c u r r e n t  r e s p o n s e  to  
i n j e c t e d  c y c l i c  AMP ( S o c . N e u r o s c i . a b s . 11 , 2 3 8 .7 ,  1 9 8 5 ).

Our r e c e n t  o b s e r v a t io n s  show t h a t  th e  pH optim um  o f  th e  
c y c l i c  AMP c u r r e n t  r e s p o n s e  can  a d a p t  to  a  new pHi ( 7 .0  – 7 .6 )  
m a in ta in e d  f o r  20–30 m in u te s .  Such r e g u l a t i o n  o f  c e l l  
p r o c e s s e s  may r e l a t e  t o  p r e v io u s  e v id e n c e  t h a t  s u b c e l l u l a r  
c a lm o d u lin  d i s t r i b u t i o n  i s  h ig h ly  s e n s i t i v e  t o  pH ( B ra in  R e s . 
3 3 1 ,1 9 0 , 1983) and  th e  p re s e n c e  in  CNS e x t r a c t s  o f  
Ca2 + /c a lm o d u lin  d e p e n d e n t p h o s p h o ry la t io n  a l s o  s e n s i t i v e  t o  pH 
( L ip e s k i ,  G i l l e t t e ,  & G i l l e t t e ,  t h i s  m e e t in g ) .  S u p p o rte d  by 
NSF BNS 83–0 8551 .

328.5 NEURONAL LOCALIZATION OF A CYTOPLASMIC PROTEIN THAT REGULATES 
CALCIUM-DEPENDENT POTASSIUM TRANSPORT. Y. Tomozawa, L. S. 
Sei n so th * , P.H . White and G.A. P l is h k e r* . Departm ent of 
N eurology, B aylor C o llege  o f M edic ine, H ouston, TX 77030.

In  th e  human red  blood c e l l ,  C a-dependent K t r a n s p o r t  i s 
r e g u la te d  by a 23,000 d a l to n  cy top lasm ic  p ro te in  (ca lp ro m o tin ) 
th a t  a s s o c ia te s  w ith  th e  membrane in  th e  p resen ce  o f Ca. The 
amount a s s o c ia te d  w ith  th e  membrane in c re a s e s  as  Ca in c re a s e s  
(10– 100μM ). This e f f e c t  i s  seen  in  i n t a c t  c e l l s  and g h o s ts .
The ca rboxym ethy la tion  o f ca lp ro m o tin  c o r r e l a te s  d i r e c t l y  w ith  
th e  lo s s  o f C a-dependent K t r a n s p o r t  in  r e s e a le d  g h o s ts  (Am. J .  
P h y s io l.  248: C419-C424, 1985). A n tibod ies  r a i s e d  a g a in s t 
ca lp ro m o tin  i n h i b i t  Ca-dependent K tr a n s p o r t  in  r e s e a le d  g h o s ts .

In  one week c u l tu r e s  o f d is s o c ia te d  r a t  em bryonic c e re b ra l  
c o r te x ,  c a lp ro m o tin  was lo c a l iz e d  in  neurons and d id  n o t appear 
to  be p re s e n t in  g l i a .  B io t in - a v id in  im m unostaining te chn ique  
was used fo r  d e te c t io n .  Preimmune serum d id  no t show p o s i t iv e  
s ta in in g  under th e  same c o n d i t io n s .  N euronal l o c a l i z a t i o n  was 
e s ta b l is h e d  by double s ta in in g  w ith  a n t ib o d ie s  a g a in s t neuron 
s p e c i f i c  en o la se  and ca lp ro m o tin . Absence o f t h i s  p ro te in  in  
g l i a  was confirm ed by double s ta in in g  w ith  a n t ib o d ie s  a g a in s t  
c a lp ro m o tin  and G lia l  F ib r i l l a r y  A cid ic  P ro te in  (GFAP). The 
ca lp ro m o tin  was s ta in e d  by a b io t in - a v id in  complex and a s t r o g l i a  
m arker was s ta in e d  by. im m unofluorescence. There were a low 
number o f o lig o d e n d ro g lla  in  th e se  c u l tu r e s .

C alprom otin  was ex p ressed  in  d is s o c ia te d  c u l tu r e s  p repared  
from 12– 13 day o ld  em bryonic c e re b ra l  c o r te x .  In  c u l tu r e s  from 
12 day em bryonic c o r te x ,  30% o f th e  neurons s ta in e d  p o s i t iv e  fo r  
ca lp ro m o tin  and th e  s u b c e l lu la r  l o c a l i z a t i o n  o f t h i s  p ro te in  was 
l im ite d  to  th e  soma. G rea te r  th a n  90% o f th e  neurons from 14 
day em bryonic c o r te x  s ta in e d  p o s i t i v e  fo r  ca lp ro m o tin . In  
c u l tu r e s  from 16 day embryos th e  ca lp ro m o tin  was found in  both  
th e  soma and p ro c e s s e s ;  w ith  19 day embryos i t s  d i s t r i b u t io n  
extended in to  branched p ro c e s s e s . P a r a l l e l  q u a n t i t a t iv e  s tu d ie s  
o f e x t r a c t s  from c e re b ra l  c o r te x  e s ta b l is h e d  th a t  c a lp ro m o tin 
in c re a s e d  d u rin g  em bryonic developm ent. Enzym e-linked 
immunoabs o rb a n t a ssay s  (ELISA) showed th a t  th e  amount of 
ca lp ro m o tin  doubled  between 14 and 18 days o f developm ent. SDS 
p o lyacry lam ide  g e ls  and immunoblots o f e x t r a c t s  s u b je c te d  to  
e le c tro p h o re s i s  confirm ed th a t  th e  23,000 d a l to n  p ro te in  was 
in c re a s e d .

T his work was suppo rted  by N a tio n a l I n s t i t u t e s  of H ealth  
G rants NS-11535 and GM-30594.

328.6 SINGLE CHANNEL CURRENTS RECORDED IN RAT PERITONEAL MAST CELLS. 
J .F .  F iekers . Dept. Anatomy and Neurobiology, Uhiv. Vermont 
College o f Medicine, B urlington , VT. 05405.

Mast c e l l s  sec re te  a wide v a r ie ty  o f chemical m ediators which 
a re  thought to  be involved in  numerous a l le rg ic  and inflammatory 
responses. A ctiva tion  and degranulation  of mast c e l l s  can r e s u l t  
from d iv e rse  s tim u li including  s p e c if ic  an tigens and substances 
l ik e  compound 48/80. The p resen t study was designed to  record 
and analyze the  conductance changes in  the  mast c e l l  membrane 
re s u ltin g  from receptor-m ediated mast c e l l  a c t iv a tio n . Mast 
c e l l s  were obtained by p e rito n e a l lavage procedures and p u rif ie d  
using d en sity  g rad ien t c en tr ifu g a tio n . Single channel cu rren ts  
were recorded from mast c e l l s  p r io r  to  and during mast c e l l  
a c t iv a tio n  using th e  patch clamp recording technique in  both 
c e l l-a tta c h e d  and excised  in s id e -o u t recording co n fig u ra tio n s . 
At l e a s t  two types o f s in g le  channel cu rren ts  were recorded from 
mast c e l l s  in  response to  48/80-induced a c t iv a tio n .

48/80 when p resen t in  the  patch  p ip e tte  produced inward 
c u rren ts  w ith b r ie f  (<lmsec) and longer open tim es. Channels 
w ith  longer open tim es frequen tly  exh ib ited  b r ie f  c lo sing  events 
w ith in  th e  open s ta t e .  H yperpolarization of the  patch increased  
th e  cu rren t am plitude of both inward cu rren ts  and prolonged the  
mean open tim es. S u b s titu tio n  of KCl  fo r NaCl  in  the  p ip e tte  or 
symmetrical so lu tio n s  in  excised patches d id  not a l t e r  the  
magnitude of th e  cu rre n ts .

An ad d itio n a l outward c u rren t was recorded a t  depolarized  
clamp p o te n t ia ls .  Both the  frequency and duration  of channel 
openings increased  as the  in tr a c e l lu la r  membrane surface was made 
more p o s it iv e .  B ursting behavior o f t h i s  channel was a lso  
observed w ith  channels open fo r seconds w ith an increase  in  open 
channel n o ise . Two exponen tials were requ ired  to  f i t  the  
observed channel open tim es. This channel was no t p resen t in  
o n -c e ll patches w ithout 48/80 in  the  p ip e t te ,  mast c e l l s  
p rev iously  t re a te d  w ith EGTA in  th e  absence of 48/80 and o n -c e ll 
patches w ith  th e  p ip e tte  contain ing  zero calcium w ith 48/80. 
A fte r th e  establishm ent o f an o n -c e ll patch , superfusion  of mast 
c e l l s  w ith  e ith e r  A23187 or 48/80 in  the  presence o f calcium 
increased  channel a c t iv i ty .

These r e s u l ts  suggest th a t  th e re  a re  a t  le a s t  two channels 
p resen t in  the  mast c e l l  membrane- a  nonspecific  c a tio n  channel 
and a calc ium -ac tiva ted  K channel. The ca tio n  channel req u ires  
ex te rn a l recep to r a c tiv a tio n  w hile the  Ca(K) channel i s  a c tiv a te d  
by a  r i s e  in  cy to so lic  calcium and i s  influenced by calcium 
concen tra tion  and the  clamp v o ltag e , (supported by U niversity  of 
Vermont Biomedical Research G ran t).
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328.7 OSCILLATIONS OF Ca2+-ACTIVATED K+ CHANNELS AROUND VARIOUS 
CLOSED STATES IN BOVINE CHROMAFFIN CELLS, M. I .  G la v ln o v ić 
(SPON: R. C h a s e ) .  D e p ts .  o f  A n a e s th e s ia  R e s e a rc h  and 
P h y s io lo g y  and  B io m e d ic a l E n g in e e r in g  U n i t ,  M cG ill 
U n i v e r s i t y ,  M o n tr e a l ,  Canada H3G 1Y6

Ca2+ a c t i v a t e d  K+ c h a n n e ls  w i th  L a rg e  s in g l e  c h a n n e l  
c o n d u c ta n c e  h a v e  b e e n  o b s e rv e d  i n  a  v a r i e t y  o f  c e l l s .  A 
m odel f o r  g a t in g  o f  th e s e  c h a n n e ls  h a s  b een  s u g g e s te d  from  
s tu d i e s  i n  r a t  m yo tubes o f  ( a )  p r o b a b i l i t y  d i s t r i b u t i o n  o f  
open  and  s h u t  i n t e r v a l s  and  ( b )  b u r s t i n g  k i n e t i c s  (M agleby 
& P a l l o t t a ,  J .  P h y s i o l . , 3 4 4 :5 8 5 – 6 0 4 , 1983; M agleby & 
P a l l o t t a ,  J .  P h y s io l .  3 4 4 :6 0 5 – 6 2 3 , 1 9 8 3 ) . C o n d i t io n a l  
p r o b a b i l i t y  a n a ly s i s  r e v e a l e d  h o w e v e r , t h a t  t r a n s i t i o n s  to  
and  from  lo n g  s h u t  s t a t e s  o c c u r  a lm o s t  e x c lu s i v e l y  v i a  
s h o r t  d u r a t i o n  open  s t a t e  ( P a l l o t t a ,  J .  P h y s i o l . , 3 6 3 :5 0 1 -  
5 1 6 , 1985) and  to  and from  s h o r t  s h u t  s t a t e  th ro u g h  open 
s t a t e s  o f  lo n g  d u r a t i o n  (McMannus e t  a l . ,  N a tu r e , 3 1 7 :6 2 5 -  
6 2 7 , 1 9 8 5 ) . T h is  i s  an  a t t e m p t  t o  f u r t h e r  exam ine th e  
t r a n s i t i o n a l  p a th w ay s b e tw e en  v a r io u s  o pen  and  s h u t  s t a t e s  
o f  Ca2+ a c t i v a t e d  c h a n n e ls .

E x p e r im e n ts  w ere done on e x c is e d  i n s i d e  o u t  p a tc h e s  o f  
b o v in e  c h ro m a ff in  c e l l s .  The p i p e t t e s  w ere f i l l e d  w ith  
Locke s o l u t i o n  w hich  c o n s i s t e d  o f  (mM): 154 N aC l, 2 .2
CaCl 2 , 1 .2  MgCl 2 , 2 .5  KCl , 2 .1 5  K2HP04, 0 .8 5  KH2P04 and 10 
d e x t r o s e .  The i n t e r n a l  s o l u t i o n  c o n ta in e d  (mM): 160
KCl /KOH, 10 H e p e s , 1 MgC12, 0 .5  EGTA and. 279 CaC12 a t  pH = 
7 . 2 ,  and n o m in a l ly  had  0 .1  μ M f r e e  Ca2+.

Our r e s u l t s  c o n f i rm  t h a t  lo n g  s h u t  s t a t e s  a r e  p re c e d e d  
and fo llo w e d  by s h o r t  open  s t a t e s  and  s h o r t  s h u t  s t a t e s  by 
lo n g  open  s t a t e s .  O s c i l l a t i o n s  a ro u n d  lo n g  s h u t  s t a t e  
p e r s i s t  and a s  many a s  t e n  o p e n in g s  p r e c e d in g  and  fo llo w in g  
i t  a r e  s h o r t e r  th a n  a v e ra g e  w h i le  th e  c o r r e s p o n d in g  
c lo s i n g s  a r e  ab o v e  a v e ra g e .  O s c i l l a t i o n s  a ro u n d  s h o r t  s h u t  
s t a t e  a r e  a l s o  q u i t e  p r o lo n g e d .  No e v id e n c e  o f  te m p o ra l  
asym m etry  o f  o p e n in g  and c lo s i n g  a ro u n d  e i t h e r  lo n g  o r  
s h o r t  s t a t e  i s  o b s e rv e d .  T hese f i n d i n g s  s u g g e s t  t h a t  a 
' p a i r '  o f  lo n g  s h u t  and  s h o r t  o pen  s t a t e s  i s  c o n n e c te d  to  
a n o th e r  ' p a i r '  o f  s h o r t  s h u t  and  lo n g  open  s t a t e  th ro u g h  a 
s h u t  s t a t e  o f  i n te r m e d i a t e  d u r a t i o n  - ' g a tew ay  s t a t e ' .  
H ow ever, m ore th a n  two ' p a i r s '  o f  o p e n -s h u t  s t a t e s  may 
e x i s t  s in c e  t h e  a v e ra g e  open  t im e  p e r  o p e n in g  f o r  e a ch  
b u r s t  ( e x c lu d in g  th e  f i r s t  and  l a s t  o p e n in g ;  b u r s t  i s  
d e f in e d  a s  i n  M agleby & P a l l o t t a ,  J .  P h y s i o l .  3 4 4 :6 0 5 -6 2 3 , 
1983) i s  p o s i t i v e l y  a l th o u g h  w eak ly  c o r r e l a t e d  w i th  th e  
num ber o f  o p e n in g s  p e r  b u r s t .

T h is  s tu d y  was s u p p o r te d  by MRC and MDA (C a n a d a ) .

328.8 MUSCARINIC RECEPTOR-LINKED INCREASE IN CALCIUM-ACTIVATED 
POTASSIUM CHANNEL ACTIVITY IN 1321N1 ASTROCYTOMA IS DEPENDENT ON 
EXTRACELLULAR CALCIUM. S.A. Oglesby & B.S. Pal lo t ta , Curriculum in 
Neurobiology and Department of Pharmacology, University of North 
Carolina, Chapel Hill ,  NC 27514

The plasma membranes of 1321N1 human astrocytoma cells contain 
a large conductance (290–320 pS) voltage- and Ca2+ -sensitive 
K+ channel. Using conventional patch clamp techniques, we have 
previously shown that in excised membrane patches the channel is 
sensitive to sub-micromolar concentrations of Ca2+ (0.01 to 10 μM), 
and that  the apparent sensitivity  to Ca2+ is dependent upon the 
membrane voltage (–60 to +60 mV) such that membrane depolarization 
increases channel % open time (Pallotta & Oglesby, Biophys. J. 
(1986)49: 171a). We now demonstrate that the channel is highly se- 
lective for K+ over Na+, and that activation of the channels in 
on-cell patches by bath-applied carbachol requires extracellular 
Ca2+ and is reversibly blocked by atropine.

Current-voltage relat ions constructed from single channel cur
rents in inside-out excised patches were linear over the voltage 
range -50 to +50 mV in symmetric 110 mM KCl solutions. Replacing 
KCl with equimolar NaCl on the intracellular  surface caused a pro
nounced curvature of the I-V relation such that no outward cur
rents or reversal potential were observed at voltages as great as 
+100 mV. These results suggest that the channel is at least 50-fold 
more selective for K+ than for Na+. Current-voltage relations ob
tained from cells bathed in normal Na+ (150 mM) suggested that  nor
mal cell resting potentials varied from –50 to -70 mV (41 cells) 
and that the normal intracellular  K+ concentration was ~110 mM.

Bath application of 1 μM carbachol+2,3 mM Ca+ caused a rapid 
(sec) and large increase in channel open probability in 9 out of 21 
polarized ce lls .  In responsive ce l ls ,  the % open time increased 
from a resting level of <1% to 38–61%. This effect  did not occur 
when 1 μM atropine was present, although atropine would not de
crease channel act ivi ty  which had already been induced by carbachol. 
Application of carbachol in the absence of extracel lular  Ca2+(0 
added Ca2++lmM EGTA) did not increase channel activity  in ei ther  
polarized or depolarized (110 KCl ) cells which responded in the 
presence of Ca2+ .

These results suggest that the observed carbachol-induced in
creases in channel activity  required the stimulation of muscarinic 
receptors, and that at least one event linking channel activity 
with receptor activation required extracellular C a 2+.

Supported by NIH grant GM32211.

328.9 CYCLIC AMP-DEPENDENT PROTEIN KINASE MODULATION OF SINGLE, CALCIUM- 
ACTIVATED POTASSIUM CHANNELS FROM RAT BRAIN IN PLANAR BILAYERS.
D. K. B a r tsc h a t* , R. J. French*%, A. C. N airn* # , P . G reengard# , and 
B. K. K rueger. (SPON: R. G ru en er). D epts. o f  P h y s io lo g y  and B iophy
s i c s %, Univ. Maryland Sch. o f  Med., B a ltim o r e , MD 21201 and Lab. o f  
M olecu lar C e l lu la r  N e u r o sc ie n c e # , R o c k e fe lle r  U n iv ., NY, NY 10021.

C a lc iu m -a c tiv a te d  p otassiu m  ch a n n e ls  (CAKC’s)  from r a t  b ra in  
membranes were in c o rp o ra te d  in to  p la n a r  l ip i d  b i la y e r s  to  d eterm in e  
w hether th e  a c t i v i t y  o f  th e s e  ch a n n e ls  was s u s c e p t ib le  to  en zym atic  
m o d if ic a t io n  by th e  p u r i f ie d  c a t a l y t i c  su b u n it  o f  cAMP-dependent 
p r o te in  k in a se  (C S). When b ra in  membranes were added to  one s id e  o f  
th e  b i la y e r ,  la r g e ,  u n ita r y , p o t a s s iu m -s e le c t iv e  con d u ctan ce e v e n ts  
(2 5 0  pS in  sym m etrica l 150 mM KCl) were o b served  under v o lta g e  
clamp c o n d it io n s .  The p r o b a b i l i t y  o f  th e  ch an n el b e in g  open (P o ) 
co u ld  be in c r e a se d  by d e p o la r iz a t io n  or by in c r e a s in g  [Ca++] on th e  
n orm ally  in t r a c e l l u l a r  s id e  o f  th e  ch a n n el. I n t r a c e l lu la r  CS (1  - 
10 μg /m l) , in  th e  p resen ce  o f 2 mM Mg++, 0.2 mM ATP and 25 μM Ca++, 
cau sed  th e  CAKC to  e n te r  a p rolon ged  and c o m p le te ly  n o n con d u ctin g  
s t a t e ;  th e  la te n c y  from a d d it io n  o f enzyme to  com p lete  " c lo su re"  
v a r ie d  in v e r s e ly  w ith  th e  CS c o n c e n tr a t io n . At low CS (1  – 3 
μg /m l) ,  th e  CAKC fr e q u e n tly  p assed  through a t r a n s ie n t  p er io d  o f  
a l t e r e d  g a t in g  ( s t a g e  1) which in v a r ia b ly  proceed ed  to  com p lete  
q u ie sc e n c e  ( s t a g e  2 ) . S ta g e  1 was c h a r a c te r iz e d  by a low Po , a l 
though d e p o la r iz in g  p o t e n t i a l s ,  but n o t th e  a d d it io n  o f 200 μM 
Ca++i , in c re a se d  Po . During s ta g e  2, n e i th e r  h igh  [Ca++] i  nor 
s tr o n g  d e p o la r iz a t io n s  e l i c i t e d  o p en in g s. E f f e c t s  o f  CS were seen  
in  about 807. o f  a l l  ex p er im en ts  (N = 4 2 ) . They were n ev er  o b served  
w ith  b o i le d  CS, when MgATP was o m itte d , or when CS + MgATP was 
added to  th e  e x t r a c e l lu la r  s id e  o f th e  CAKC. In some p r e lim in a r y  
e x p e r im e n ts , p r o te in  p h o sp h a ta ses  or CS + h ig h  ADP were a b le  to  
r e s t o r e  ch an n el a c t i v i t y  resem b lin g  th a t  o f  s ta g e  1. These r e s u l t s  
in d ic a t e  th a t  CAKC's from mammalian b ra in  can be m odulated by 
p h o sp h o ry la t io n  o f th e  ch an n el or a t i g h t l y  a s s o c ia t e d  component by 
CS. M oreover, a ch an n el may c o n ta in  more than  one r e g u la to r y  s i t e ,  
each  o f w h ich , when p h o sp h o ry la ted , a l t e r s  ch an n el g a t in g  an d /o r  
co n d u ctio n . (S u p p orted  by NIH and th e  U. S. Army M edical R esearch  
and Developm ent Command.)

F ig u r e : A. C o n tro l w ith  in t r a c e l l u l a r  MgATP. B. A fte r  a d d it io n  o f
CS. S in g le  ch an n el c u rren t = 5 pA; each record  i s  50 se c  lon g .

328.10 A TRANSIENT CALCIUM-DEPENDENT POTASSIUM CURRENT IN CULTURED RAT 
DORSAL ROOT GANGLION CELLS. K. Sugiyama* and M.L. Mayer. Lab. 
of Developmental Neurobiology, NICHD, NIH, Bethesda, MD 20892.

The characteristics of transient Ca-dependent potassium current 
(IKca) are not as well established compared to those of the 
sustained IKca (e .g . Adams e t a l , 1982). Calcium-dependent tran
s ien t outward currents have been described in sympathetic and 
hippocampal pyramidal neurons (MacDermott & Weight, 1982; Zbicz 
and Weight, 1985). A recent study has shown a transient IK 
e lic ite d  in cultured rat dorsal root ganglion c e l ls  (DRGs, e .g .  
Kostyuk e t a l , 1981), however the involvement of Ca ions in the 
production of th is  transient IK was not examined. We have 
investigated the Ca-dependence of the transient IK in cultured 
rat DRGs, i t s  k in etics and i t s  s en sit iv ity  to potassium channel 
blockers, using whole ce ll patch recording.

Cultures prepared from neonatal rat DRGs were bathed in medium 
containing (mM) 2.5 Ca, 1.0 Mg, 142 Na and 2.5 K. The patch 
solution contained 140 KMeSO4 , 10 HEPES, 1.1 EGTA and 2 MgCl2. 
Transient outward currents (TOC) were activated by membrane 
depolarization more p ositive  than -60 mV after conditioning 
prehyperpolari zation ( –120 mV, 500 msec). Records with and with
out prepulses were subtracted to reveal the TOC which increased 
lin early  in amplitude with increasing depolarization up to 0 mV. 
The time to peak of the TOC was 5–10 msec at –20 mV. Steady  
sta te  inactivation for the TOC occurred between -120 and –60 mV 
with a h alf-inactivation  at –84 +6 mV (n=5). Both the removal 
and the development of i nactivation of the TOC followed an 
approximately single exponential time course with mean time 
constants of 30+3 msec at –120 mV and 82+28 msec at –50 mV (n=3). 
Mean reversal potential of the TOC was –74+4 mV (n=5) in media 
containing 2.5 mM K and the positive  s h if t  on raising the external 
K concentration 10-fold was 40+3 mV (n=5). The amplitude of the 
TOC decreased in low Ca media and was a lso depressed by Mn and Cd. 
The TOC was blocked by 4-aminopyridine (4-AP), barium and quini
di ne, but not by tetraethyl ammonium (TEA). Sustained outward 
currents which had a N-shaped current-voltage rela tion , could 
also be evoked by depolarizing voltage steps more p ositive  
than –30 mV from holding poten tia ls of –50 to –60 mV, and were 
depressed by Mn and Cd. This sustained Ca-dependent outward 
current was a lso blocked by TEA, 4-AP and quinidine.

These resu lts  suggest that the transient outward current gen
erated in cultured rat dorsal root ganglion c e l ls  is  probably a 
Ca-dependent potassium current (IKca) with rapid voltage depend
ent activation and inactivation k in etics and that the transient 
IKca can be pharmacologically separated from the sustained IKca 
by TEA.
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328.11 SENSORY NEURON ULTRASTRUCTURE FOLLOWING WHOLE CELL PATCH RECORD- 
ING. E.A. Neale, M.L. Mayer and L.M. Bowers* . Laboratory of 
Developmental Neurobiology, NICHD, NIH, Bethesda, MD 20892

Following development of the improved patch-clamp technique by 
Neher, Sakmann and colleagues (Hamill, O.P ., e t a l . ,  1981) whole 
c e ll recording has become widely used for voltage clamp experi
ments on vertebrate neurons. Whole ce ll recording has several 
well-known advantages over conventional recording techniques. 
However, the degree of ce llu la r  disorganization induced by perfu
sion of the cytoplasm with the p ipette solution is  not known.

We have examined, in the electron microscope, mouse dorsal root 
ganglion neurons in culture that were used for gigaseal whole ce ll 
recording. P ipettes were f i l le d  with KCl or K-aspartate (140 mM) 
solutions containing in addition (in mM) 1.1 EGTA, 10 HEPES and 
2 MgCl2 (pH, 7.2; ca. 315 mOsM). After establish ing whole ce ll  
recording, the series resistance was monitored continuously for 
20 min and kept between 5–10 MΩ; the pipette was withdrawn to 
form an outside-out patch, and within 10–20 min the c e l ls  were 
fixed for electron microscopy.

In some experiments, exchange of Lucifer Yellow from a patch 
pipette was followed using a fluorescence microscope; dye diffused  
into the neuronal soma and in i t ia l  processes within seconds after  
breakthrough, suggesting rapid perfusion. With the recording 
solutions that we have tested , ce llu la r  ultrastructure showed some 
d istortion , although overa ll, the organization of ce llu la r  con
tents was fa ir ly  well-maintained rela tive  to 'control' neurons in 
the same f ie ld .  The mitochondria of patched neurons were the most 
consisten tly  altered organelles. In neurons patched with the KCl 
solution , mitochondria were smaller and more electron dense than 
those of control c e l l s ,  and frequently were associated with myelin 
figures suggestive of degeneration. Although Golgi sacs were 
somewhat swollen and vacuolated, the rough endoplasmic reticulum 
and nuclear envelope did not exh ib it signs of sw elling. In 
K-aspartate patched neurons, mitochondria were a lso small and 
electron dense, and occasionally dumbbell- or cup-shaped. In 
these c e l l s ,  there was le ss  Golgi vacuol ation . In order to compen
sate for possible lo ss  of ATP during recording, 2 mM ATP was added 
to the K-aspartate recording solution . In two neurons patched 
with th is  so lution , cisternae of the rough endoplasmic reticulum  
were somewhat swollen and some Golgi cisternae appeared vesic- 
ulated. However, mitochondria in these neurons were very sim ilar  
to controls, suggesting that washout of ATP may be responsible 
for changes in mitochondrial morphology, perhaps reflectin g  tran
s itio n  to a sta te  of high oxidative metabolism.

Our resu lts  suggest that whole ce ll patch recording need not 
produce grossly d istorted u ltrastructure. However, modifications 
of the recording solution (use of aspartate, addition of ATP) 
appear to minimize structural a lteration s in recorded c e l l s .

328.12 PURIFICATION OF CHARYBDOTOXIN, A SPECIFIC INHIBITOR OF HIGH CON
DUCTANCE CALCIUM ACTIVATED POTASSIUM CHANNELS. C.D. S m ith * ,
M. P h i l l i p s *  and C. M il le r *  (SPON: G. Y e l le n )  G ra d u a te  D e p t.
o f  B io c h e m is try ,  B ra n d e is  U n iv . , W altham , MA 02254.

C h a ry b d o to x in  (CTX) i s  a  h i g h - a f f i n i t y  s p e c i f i c  i n h i b i t o r  o f  
th e  l a r g e  c o n d u c ta n c e  Ca++ a c t i v a t e d  K+ (CaK) c h a n n e l  found  in  th e  
p lasm a  membrane o f  many v e r t e b r a t e  c e l l  t y p e s .  We h av e  u se d  CaK 
c h a n n e ls  r e c o n s t i t u t e d  i n t o  p l a n a r  l i p i d  b i l a y e r s  to  a s s a y  CTX 
c h a n n e l  b lo c k in g  a c t i v i t y .  U sin g  t h i s  m eth o d , we h av e  p u r i f i e d  
th e  t o x in  p r o t e i n  from  th e  venom o f  th e  I s r a e l i  s c o rp io n  L e iu ru s  
q u i n q u e s t r i a t u s . S o l u b i l i z e d  venom was f r a c t i o n a t e d  on SP- 
S ephadex in  a  c h ro m a to fo c u s in g  mode to  rem ove o v e r  90% o f  th e  
c o n ta m in a t in g  venom p r o t e i n .  The to x in  i s  e lu t e d  from  th e  column 
by a  pH g r a d i e n t  o f  9– 12. A l l  a c t i v i t y  e l u t e s  in  a  s h a rp  p e a k  a t  
pH 1 0 .8 – 11.

The to x in  i s  p u r i f i e d  to  h o m o g en e ity  by C8 r e v e r s e  p h a s e  HPLC. 
The m o b ile  p h a se  i s  a  0– 50% m eth a n o l g r a d i e n t  i n  50mM a c e t a t e  
pH4. The e l u t i o n  p r o f i l e  g iv e s  t h r e e  p e a k s ,  th e  p re d o m in an t one 
c o n ta in in g  th e  CTX a c t i v i t y .  We r e c o v e r  o v e r  80% o f  th e  CTX 
a c t i v i t y  and a c h ie v e  a  3 0 0 - fo ld  p u r i f i c a t i o n  o v e r  th e  c ru d e  venom 
by t h i s  p r o to c o l .  The r e s u l t i n g  p r o t e i n  shows a  s in g l e  band on 
SD S -urea p o ly a c ry la m id e  g e l s .  T h is  band e l u t e s  from  n o n re d u c in g  
g e l s  w i th  f u l l  a c t i v i t y .

Amino t e r m in a l  a n a ly s i s  o f  p u r i f i e d  p r o t e i n  y i e l d s  v a l i n e  a s  
th e  s i n g l e  am ino g ro u p  p r e s e n t  i n  th e  p r o t e i n  sa m p le . T h is  r e s u l t  
a g re e s  w i th  th e  N - te rm in u s  o b ta in e d  in  a  p a r t i a l  p r o t e i n  s e q u e n c e . 
Amino a c id  a n a ly s i s  f u r t h e r  i n d i c a t e s  t h a t  th e  p r o t e i n  i s  p u r e ,  
h a s  a  m o le c u la r  w e ig h t  o f  10kD, and c o n ta in s  a  l a r g e  p r o p o r t io n  o f  
b a s ic  r e s i d u e s .  The to x in  c o n ta in s  t y r o s i n e  and c a n  be i o d in a t e d  
to  a  s p e c i f i c  a c t i v i t y  o f  2× 108 cpm /nm ole by th e  l a c to p e r o x id a s e  
m ethod w i th  no l o s s  o f  c h a n n e l  b lo c k in g  a c t i v i t y .  The p r o t e i n  
a l s o  c o n ta in s  c y s t e i n e s ,  a t  l e a s t  some o f  w hich  a r e  p r e s e n t  in  
d i s u l f i d e  l in k a g e s  e s s e n t i a l  f o r  c h a n n e l  b lo c k in g  a c t i v i t y .

U nder o u r  s ta n d a r d  a s s a y  c o n d i t i o n s ,  th e  p u re  t o x in  i n h i b i t s  
CaK c h a n n e ls  i n  a  1 :1  s to i c h io m e tr y  w i th  d i s s o c i a t i o n  c o n s ta n t  
o f  3.5nM . The p r o t e i n  i s  e x c e p t i o n a l l y  s t a b l e ,  w i th  a c t i v i t y  
b e in g  i n s e n s i t i v e  to  b o i l i n g  o r  e x p o s u re  to  o r g a n ic  s o lv e n t s ,  
u r e a  o r  e x tre m e  r a n g e s  o f  pH and io n i c  s t r e n g t h .  The to x in  d o es  
l o s e  a l l  a c t i v i t y  when c le a v e d  w i th  c h y m o try p s in  o r  r e a c t e d  w i th  
l y s i n e  a c y l a t i n g  r e a g e n t s  su ch  a s  c i t r i c o n i c  a n h y d r id e .

We a r e  c u r r e n t l y  c h a r a c t e r i z i n g  125I-CTX b in d in g  to  p lasm a  
m em branes o f  b o v in e  a d r e n a l  c h ro m a ff in  c e l l s .  The h ig h  a f f i n i t y  
and s p e c i f i c i t y  o f  CTX f o r  CaK c h a n n e ls  make i t  a  good c a n d id a te  
a s  a  l ig a n d  to  a s s a y  c h a n n e ls  d u r in g  p u r i f i c a t i o n .

328.13 Low MICROMOLAR CONCENTRATIONS OF PHENOTHIAZINES AND HALOPERIDOL 
SELECTIVELY BLOCK CA-ACTIVATED K CHANNELS IN RAT BRAIN SYNAPTO- 
SOMES. C .G . B e n is h in ,  B .K . K ru e g e r , and M .P. B l a u s t e i n . D e p a r t 
m ent o f  P h y s io lo g y ,  U n iv e r s i ty  o f  M ary lan d  S ch o o l o f  M e d ic in e , 
B a l t im o r e ,  M ary land  21201.

M ic ro m o la r c o n c e n t r a t i o n s  o f  th e  p h e n o th i a z in e s ,  f lu p h e n a z in e  
and  t r i f l u o p e r a z i n e ,  s e l e c t i v e l y  i n h i b i t e d  th e  C a -d e p en d e n t 86Rb 
e f f l u x  from  i s o l a t e d  n e rv e  e n d in g s .  86Rb e f f l u x  was s t i m u l a te d  
w ith  e le v a t e d  e x t r a c e l l u l a r  K in  th e  a b s e n c e  an d  p r e s e n c e  o f  
Ca. The C a -d e p e n d e n t  d i f f e r e n c e  in  f l u x  r e p r e s e n t s  f l u x  th ro u g h  K 
c h a n n e ls  a c t i v a t e d  by Ca and v o l ta g e  ( B a r t s c h a t  and B l a u s t e i n ,  J . 
P h y s i o l .  3 6 1 : 419–440 and  441– 4 5 7 , 1 9 8 5 ) . I n h i b i t i o n  by th e
p h e n o t h i a z i n e s  w as d o s e  d e p e n d e n t  and r e v e a l e d  t h a t  th e  Ca- 
d e p e n d e n t K c o n d u c ta n c e  c o n s i s t e d  o f  two com ponen ts w i th  d i f f e r i n g  
s e n s i t i v i t i e s  t o  th e  p h e n o th ia z in e s  ( w i th  IC5 0 '  s of 20–30 nM and 
1–3 μ M). 10 nM t o  30 μM p h e n o th i a z in e s  m in i m a l ly  i n h i b i t e d  
d e p o l a r i z a t i o n - i n d u c e d  45Ca u p ta k e ,  r u l i n g  o u t  th e  p o s s i b i l i t y  
t h a t  t h e  p h e n o th ia z in e  e f f e c t  on C a -d e p e n d e n t K c h a n n e ls  was due 
t o  an i n h i b i t i o n  o f  Ca u p ta k e .  W-7, a  n o n - p h e n o th ia z in e  calm od
u l i n  a n t a g o n i s t ,  was i n e f f e c t i v e  a t  i n h i b i t i n g  C a - d e p e n d e n t  K 
c h a n n e l s .  H o w e v e r, h a lo p e r i d o l ,  a n o th e r  a n t i p s y c h o t i c ,  b u t  a 
w e a k e r  c a lm o d u l i n  a n t a g o n i s t ,  i n h i b i t e d  t h e  C a - d e p e n d e n t  K 
c h a n n e l s  w i t h  a  s i n g l e  IC 50 o f  0 .5  μM. S u l p i r i d e ,  a  p o te n t  
a n t i p s y c h o t i c  w i th  wea k a n t i - c a lm o d u l in  a c t i v i t y ,  was r e l a t i v e l y  
i n e f f e c t i v e  a t  i n h i b i t i n g  C a -d e p e n d e n t K c h a n n e ls ,  b u t  a  h ig h  
c o n c e n t r a t i o n  ( 1 0  μ M )  b lo c k e d  th e  h ig h e r  s e n s i t i v i t y  com ponen t. 
T h ese  r e s u l t s  i n d i c a t e  t h a t  s e v e r a l  c l a s s e s  o f  a n t i p s y c h o t i c  d ru g s  
a r e  p o t e n t  and  s e l e c t i v e  i n h i b i t o r s  o f  C a -d e p e n d e n t K c h a n n e ls  i n  
n e rv e  e n d in g s .  T h is  f u n c t io n  do es  n o t  a p p e a r  t o  be m e d ia te d  v i a  
c a lm o d u lin .  One c l a s s  o f  a n t i p s y c h o t i c s ,  t h e  p h e n o t h i a z i n e s ,  
d i s t i n g u i s h e d  tw o com ponen ts o f  C a -d e p en d e n t K c h a n n e ls  w hich 
d i f f e r  i n  s e n s i t i v i t y  t o  t h e s e  d r u g s .  T h is  work was s u p p o r te d  by 
an  MDA P o s t -D o c to r a l  F e l lo w s h ip  t o  C.G. B e n is h in ,  and  NIH g r a n t s  
N S-16285 t o  B .K . K ru e g e r and  N S-16106 t o  M .P. B l a u s t e i n .

328.14 APAMIN DEPRESSES SELECTIVELY THE AFTER-HYPERPOLARIZATION OF 
CAT SPINAL MOTONEURONS. L.  Zhang* and K.  K rn je v i ć .
D e p a r tm e n ts  o f  A n a e s th e s ia  R e s e a rc h  and P h y s io lo g y ,  M cG ill 
U n i v e r s i t y ,  M o n tr e a l ,  Canada H3G 1Y6.

Apam in, a  p e p t id e  com ponent o f  b ee  venom , c a u se s  a  b lo c k  o f  
C a - a c t iv a t e d  K c o n d u c ta n c e  (G K(Ca)) i n  c e l l s  from  a v a r i e t y  o f  
t i s s u e s  in c lu d in g  l i v e r ,  m u sc le  and n e u ro b la s to m a  (H aberm an, 
198 4 , P h arm ac . T h e r . 2 5 , 2 5 5 ) .  A cc o rd in g  t o  L a z d u n sk i (1 9 8 3 , 
C e l l  C a lc iu m , 4, 42 1 ) o n ly  th e  s lo w  GK(Ca) r e s p o n s ib le  f o r  th e  
l a t e  a f t e r - h y p e r p o l a r i z a t i o n  (AHP) i s  s e n s i t i v e  t o  a p a m in , a  
s u g g e s t io n  c o n firm e d  by r e c e n t  o b s e r v a t io n s  on b u l l f r o g  
s y m p a th e tic  g a n g l i a  ( P e n n e f a th e r  e t  a l . , 1985, P ro c .  N a t .  A cad. 
S c i .  8 2 , 3 0 4 0 ) . So f a r  a  s i m i l a r  e f f e c t  h a s  n o t  b een  s e e n  in  
CNS n e u ro n s .  In  c a t s  u n d e r  p e n to b a r b i to n e  o r  c h lo r a lo s e  
a n a e s t h e s i a ,  a c t i o n  p o t e n t i a l s  and AHP's w ere evoked i n  lumbo
s a c r a l  m o to n eu ro n s by a n t id r o m ic  s t i m u l a t i o n  o f  v e n t r a l  r o o t s .  
A s e c o n d ,  e x t r a c e l l u l a r  m ic r o e l e c t r o d e ,  f i l l e d  w i th  200 μM 
apam in  (S ig m a) i n  0 .1 5  M s a l i n e ,  was s e p a r a te d  from  th e  
i n t r a c e l l u l a r  e l e c t r o d e  by  a  d i s t a n c e  o f  30 μm. When r e l e a s e d  
by a  c u r r e n t  o f  80 nA f o r  3– 5 m in , apam in  d e p re s s e d  th e  
a m p l i tu d e  o f  AHP's and  i n c r e a s e d  AHP r e s i s t a n c e  i n  13 
m o to n e u ro n s , w i th  o n ly  m in o r a l t e r a t i o n s  i n  r e s t i n g  p o t e n t i a l  
o r  r e s i s t a n c e ,  and  w i th o u t  a f f e c t i n g  th e  s i z e  and  t im e  c o u rs e  
o f  a c t i o n  p o t e n t i a l s .  The d e p r e s s io n s  o f  AHP a m p l i tu d e s  w ere 
by 22– 74%; th e y  w ere o b s e rv e d  f o r  a s  lo n g  a s  20 m in u te s ,  w i th  
no s ig n  o f  r e c o v e r y .  M o to n e u ro n a l f i r i n g ,  evoked  by 500 ms 
d e p o la r iz i n g  c u r r e n t  p u l s e s ,  was in c r e a s e d  by 42– 120% a f t e r  
io n to p h o r e s i s  o f  a p am in , b u t  p o s t s y n a p t ic  p o t e n t i a l s  evoked  by 
d o r s a l  r o o t  s t i m u l a t i o n  w ere n o t  o b v io u s ly  c h a n g ed . T hese 
r e s u l t s  c o n f irm  p re v io u s  d a ta  ( K r n je v i ć e t  a l . ,  J .  P h y s io l .  
275: 199– 2 2 3 , 1978) i n d i c a t i n g  t h a t  th e  AHP o f  c a t  s p in a l  
m o to n eu ro n  i s  m ed ia te d  by  a  GK (c a ) , w h ich  can  m o d u la te  
m o to n e u ro n a l f i r i n g .  They a r e  i n  k e e p in g  w i th  p r e v io u s  
o b s e r v a t io n s  t h a t  apam in  ( g iv e n  i n t r a t h e c a l l y )  e n h a n ce s  s p in a l  
r e f l e x e s  (H aberm an, 1 9 8 4 ) .

S u p p o rte d  by C an ad ian  M e d ic a l R e s e a rc h  C o u n c il.
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328.15 Ca++-DEPENDENT OUTWARD CURRENTS ACTIVATED BY Ca+ +  
INJECTION IN VISCERAL SENSORY NEURONS. W.F . W onderl in  
and  D. We i n r e i c h . D e p t. P h a rm aco lo g y  & Expe r . T h e ra p . 
U n iv . M ary lan d  S c h . o f  M e d ic in e , B a l t im o r e ,  MD 21 2 0 1 .

A c tio n  p o t e n t i a l s  in  C - f i b e r  ( u n m y e lin a te d )  v i s c e r a l  
s e n s o ry  n e u ro n s  o f  t h e  r a b b i t  n o d o se  g a n g l io n  can  
a c t i v a t e  tw o Ca++-d e p e n d B n t s p ik e  a f t e r h y p e r p o l a r -  
i z a t i o n s  ( a . h . p . s ) :  ( 1 ) a  f a s t ,  T E A - in s e n s i t iv e  a . h . p .  
l a s t i n g  l e s s  th a n  500 m sec, and  (2 )  a s lo w  a . h . p . ,  
l a s t i n g  1 t o  30 s e c .  To c h a r a c t e r i z e  f u r t h e r  t h e  
s p e c i f i c  s u b c e l l u l a r  p r o c e s s e s  r e s p o n s i b l e  f o r  a c t i 
v a t i o n  o f  th e s e  a . h . p . s ,  we h av e  com pared  th e  Ca+ + - 
d e p e n d e n t  K+- c o n d u c ta n c e s  a c t i v a t e d  d u r in g  th e  f a s t  and  
s lo w  a . h . p . s  w ith  t h e  o u tw a rd  c u r r e n t s  t h a t  c an  be 
a c t i v a t e d  by in t r a s o m a t i c  i o n o p h o r e t i c  Ca++ i n j e c t i o n .

A c u te ly  d i s s o c i a t e d  n o d o se  n e u ro n s  w ere  im p a le d  w ith  
tw o m ic r o e l e c t r o d e s ;  one  e l e c t r o d e  was u s e d  t o  s i n g l e 
e l e c t r o d e  v o l ta g e - c la m p  th e  membrane p o t e n t i a l  w h ile  
Ca++ was i o n o p h o r e t i c a l l y i n j e c t e d  from  a se c o n d  e l e c 
t r o d e  t h a t  c o n ta in e d . 2 M CaCl2 . I o n o p h o r e t i c  Ca++-  
i n j e c t i o n  ( 3 –7 nA, 50 0 – 1000 m sec d u r a t i o n )  a c t i v a t e d  
tw o te m p o r a l ly  and  p h a r m a c o lo g ic a l ly  d i s t i n c t  o u tw a rd  
c u r r e n t s  in  n o d o se  n e u ro n s :  (1 )  a  f a s t ,  T E A -s e n s i t iv e
o u tw a rd  c u r r e n t  ( I c , f a s t ) t h a t  i s  s t r o n g l y  v o l t a g e -  
d e p e n d e n t w ith  an  e - f o l d  i n c r e a s e  in  p eak  c o n d u c ta n c e  
f o r  e a c h  ≈ 10 mU d e p o l a r i z a t i o n  beyond  –40 mU; and  (2 )  a 
s lo w  o u tw a rd  c u r r e n t  ( I c , s l o w ; τ on ≈1200 m sec, τ o f f  
≈1500 m sec) w h ich  i s  T E A - in s e n s i t iv e ,  v o l ta g e - in d e p e n 
d e n t  and  e x c l u s i v e l y  a s s o c i a t e d  w ith  n e u ro n s  t h a t  a l s o  
e x h i b i t  a  s lo w  a . h . p .  F o r s k o l in  (1  μM) c o m p le te ly  
i n h i b i t e d  I c ,s lo w  and  t h e  s lo w  a . h . p .  w i th o u t  e f f e c t  on 

o r  t h e  f a s t  a . h . p .
I c ,s lo w  p r o b a b ly  r e p r e s e n t s  t h e  sam e K+-c o n d u c ta n c e  

a c t i v a t e d  d u r in g  th e  s lo w  a . h . p . ,  b a se d  on i t s  s lo w  
t im e  c o u r s e ,  b lo c k  by f o r s k o l i n  and  i n s e n s i t i v i t y  t o  
TEA. W ith r e g a r d  t o  t h e  f a s t  a . h . p . ,  n e u ro n s  t h a t  
e x h i b i t  I c , f a s t  a l s o  p o s s e s s  a Ca++- d e p e n d e n t  com ponent 
o f  t h e  f a s t  a . h . p . ,  a s  d e m o n s t r a te d  by rem o v a l o f  
e x t e r n a l  Ca+ + . I n h i b i t i o n  o f  I c , f a s t  by TEA a l s o
p ro d u c e s  s p ik e  b ro a d e n in g  in  t h e s e  n e u ro n s .  Howe ve r ,  
we h av e  n o t  b een  a b l e  t o  a c t i v a t e  w ith  Ca++- i n j e c t i o n  a 
T E A - in s e n s i t iv e  o u tw a rd  c u r r e n t  t h a t  c o r r e s p o n d s  t o  th e  
T E A - in s e n s i t iv e ,  Ca+ + -d e p e n d e n t com ponent o f  t h e  f a s t  
a . h . p .  T h is  work was s u p p o r te d  by an  NIH g r a n t .

328.16 CALCIUM-ACTIVATED INWARD CURRENT IN APLYSIA NON-BURSTING NEURONS: 
EVIDENCE FOR A NONSELECTIVE CATIONIC CONDUCTANCE. Wilkie A.
Wilson, Leslie S. Jones, Darrell Lewis, Depts. of Peds. (Neurol.) 
and Pharm., Duke Univ. Med. Center and the Veterans Administration 
Hospital, Durham, N.C. 27710

We have been studying the triphasic current response to Ca2+ 
iontophoresis into the s i len t ,  non-bursting neurons of Aplysia 
(Jones et  a l . ,  Brn. Res., in press). This response consists of an 
early outward current, thought to be Ic, during the injection, 
followed by an inward current (phase II) that peaks 10–20 seconds 
after  the end of the injection, then followed by a very slow out
ward current that develops over many seconds, peaking 50–100 
seconds after  the injection is terminated. We report here that 
the second phase, an inward current that occurs in response to the 
injected Ca2+, appears to be a nonselective cationic conductance 
carried by both Na+ and Ca2+.

Identified, non-bursting neurons were impaled with a recording 
electrode containing 1.5 M KCl and two electrodes for iontophore
s is ,  one with. 5 M KCl and the other with 50 mM CaCl 2. The cells 
usually were vol tage-clamped at –30mV, as the triphasic response 
is most apparent at  s lightly depolarized potentials, and Ca2+ was 
ejected for 20 seconds using currents of about 100 nA. To tes t  
the dependence of the inward phase II on external Na+, bathing 
solutions containing zero Na+ (Na+ replaced by sucrose or b is - t r is -  
propane) were used. To tes t  the dependence of phase II on exter
nal Ca2+, zero Ca2+ solutions were used (Ca2+ removed and 1 mM 
EGTA added), also Ca2+ channel blockers such as manganese (25 mM 
MnCl 2) or lanthanum (3 mM LaCl 3) were added to the bathing solu
tion. Since none of these manipulations alone blocked the expres
sion of phase I I ,  in some experiments Ca2+ channel blockers were 
applied in conjunction with a zero Na+ bathing solution. Only 
under these conditions, where there was zero extracellular Na+ 
and a Ca2+ channel blocker was present (25mM MnCl 2), was the 
appearance of phase II blocked. These results point to phase II 
being a current that can be carried ei ther  by Na+ or Ca2+, as we 
can block phase II only by preventing both cations from contribut
ing to the current.

This work was supported by NSF grant BNS 850–7603, by a 
research grant from the Epilepsy Foundation of America, and by the 
Veterans Administration.

328.17 CALCIUM -ACTIVATED, INWARD CURRENT CHANNELS IN  SN A IL  NEURONS.

L .D . P a r t r i d g e , D. S w andu l l a * a n d  H. D. Lux.  M ax -p l a n c k  
I n s t i t u t e  f o r  P s y c h i a t r y ,  D-8033 P l a n e g g - M a r t i n s r i e d , F.R.G.

T h e  d e p o l a r i z i n g  d r i v e  t h a t  m a i n t a i n s  b u r s t i n g  i n  H e l ix  
p o m a t i a  n e u r o n s  i s  c a r r i e d  b y  a  l o n g - l a s t i n g  in w a r d  c u r r e n t .  
P r e s s u r e  i n j e c t i o n  o f  Ca i n t o  m any  s n a i l  n e u r o n s  a c t i v a t e s  a  
s i m i l a r  l o n g - l a s t i n g  in w a r d  c u r r e n t  t h a t  i s  c a r r i e d  n o n - s e l e c 
t i v e l y  b y  c a t i o n s .  T h i s  c u r r e n t  h a s  a  r e v e r s a l  p o t e n t i a l  o f  
a p p r o x i m a t e l y  – 20 mV a n d  a  d e c a y  h a l f  t i m e  o f  s e v e r a l  h u n d r e d  
m se c  a n d  i t  c a n  b e  c a r r i e d  b y  i o n s  a s  l a r g e  a s  T r i s  ( S w a n d u l l a  
a n d  L u x , N e u r o p h y s i o l . 54: 1430). c h a r a c t e r i z a t i o n  o f  t h i s  
c u r r e n t  i s  h a m p e re d  b y  t h e  t e m p o r a l  o v e r l a p  o f  s e v e r a l  o u tw a r d  
c u r r e n t s .  u s i n g  c e l l - a t t a c h e d  a n d  i n s i d e - o u t  p a t c h e s ,  we h a v e  
i d e n t i f i e d  a  p o p u l a t i o n  o f  c h a n n e l s  t h a t  i s  p r o b a b l y  r e s p o n s i b l e  
f o r  t h i s  c u r r e n t .  A s i m i l a r  C a - a c t i v a t e d ,  n o n - s e l e c t i v e  c a t i o n  
c h a n n e l  h a s  b e e n  d e s c r i b e d  i n  o t h e r  t i s s u e s .

T h e  r i g h t  p a r i e t a l  f a s t  b u r s t e r  a n d ,  o c c a s i o n a l l y ,  o t h e r  
l a r g e  n e u r o n s  o f  H e l i x  p o m a t i a  w e re  c l e a n e d  o f  g l i a l  c o v e r i n g  
w i t h  t r y p s i n .  T h e y  w e re  v o l t a g e  c la m p e d  w i t h  a  s t a n d a r d  tw o -  
e l e c t r o d e  c l a m p ,  p r e s s u r e  i n j e c t e d  w i t h  Ca f ro m  a  t h i r d  e l e c 
t r o d e ,  a n d  p a t c h  c l a m p e d .  P a t c h e s  w e re  e x c i s e d  d i r e c t l y  i n t o  t h e  
s t r e a m  f l o w i n g  fro m  a  m i n i - p e r f u s i o n  p i p e t t e  p o s i t i o n e d  a b o u t  
100 u  f r o m  t h e  c e l l  s u r f a c e .

These patches exhibited from 1 to 6 unitary current levels, 
but only rarely were currents of different unitary amplitudes or 
both inward and outward current processes observed in the same 
patch. One population of unitary currents was inward at -50 mV 
and showed an increased probability of opening when Ca was in
jected or when excised patches were bathed in solutions with 
10–7 M or more Ca. Cell-attached patches (patch electrodes with 
low Ca Ringer) had single channel conductances near 30 pS with 
reversal potentials near -20 mV; excised patches had similar 
conductances in symmetrical Na solutions and reversal potentials 
within a few mV of zero. Calculations assuming a simple 
spherical cell yield a channel density of only about 1/20 u2. 
The increased channel opening probability characteristically 
persisted well beyond the duration of the transient whole-cell 
inward current. We conclude from this that the later phase of 
Ca-activated inward current is normally masked by an opposing 
outward current.

328.18 INTRACELLULAR CALCIUM ACTIVATES A NON-SELECTIVE CATION CHANNEL IN 
BC3H-1 CELLS. R. E. Sheridan. Dept. of Pharmacology, Schools of 
Med. and Dent., Georgetown Univ., Washington, DC 20007.

The BC3H-1 c lon al c e l l  l in e  is  g en era lly  considered to be a 
"muscle" c e l l  l in e  due to  i t s  expression of n icotin ic receptors 
when th e c e l l s  are e ither grown to confluency or grown in reduced 
concentrations of serum. However, the BC3H-1 clone lin e used in 
th is  laboratory can express both a ca tion  current activated by 
e x tr a c e llu la r  ch o lin er g ic  agonists and a separate non-selective  
cation current activated by in tracellu lar Ca++. These two channel 
typ es are d is t in g u ish a b le  e lectrop h ysio log ica lly  with the patch 
clamp technique and are expressed under d ifferent tissu e  culture 
conditions.

The presence of micromolar concen trations of Ca++ on the 
cytoplasm ic face  of BC3H-1 c e l l  membranes activates a cation 
conductance. In in ta c t  membrane patches, the in tracellu lar Ca++ 
con cen tration  is  t y p ic a l ly  too low to  a c t iv a te  these channels, 
although the n icotin ic  receptor channels can be readily activated  
by e x tr a c e llu la r  ch o lin er g ic  a g o n is ts . Excised, inside-out 
patches of membrane with symmetric solutions of 155 mM NaCl inside  
and ou tsid e  the patch exhibit Ca++-dependent sing le  channels with 
a conductance o f 20 pS at 20°C and 34 pS at 30°C. By comparison, 
th e n ic o tin ic  receptor channels in intact membrane patches have a 
conductance of 35 pS at 20°C. Like th e n ico tin ic  receptor 
channel, the Ca++-a c tiv a ted  channel shows l i t t l e  se le c t iv ity  
between Na+ and K+ but is  highly se lec tiv e  for cations over Cl–, 
as measured by s h i f t s  in the reversa l poten tia l following  
replacement of Na+, K+ and/or Cl– on the extracellu lar face of the 
membrane patch . K in e t ic a lly ,  the Ca++-activated channel has at 
le a s t  two mean open s ta te  life tim es. At 20°C, one lifetim e is  in 
excess of several hundred msec while the other, shorter lifetim e  
i s  le s s  than 8 msec. The shorter l i f e t im e  is  sim ilar to the 
l i f e t im e  of the dominant open s ta te  in th e n ico tin ic  receptor 
channels under sim ilar conditions.

Unlike n ic o t in ic  receptors, Ca++-activated channels in BC3H-1 
c e l l s  are present before the c e l ls  become confluent and when the 
serum le v e ls  are above 10–15%. Further, BC3H-1 c e l ls  grown in 
media supplemented with micromolar concentrations of 
polyunsaturated fa t t y  acids do not have n ic o tin ic  receptors on 
th e ir  plasma membranes, although the Ca++-activated channels are 
present and functional.

The Ca++-a c tiv a ted  ca tion  channels may be coupled to alpha1- 
adrenergic recep tors on BC3H-1 c e l l s  through m obilization of 
in tr a c e llu la r  Ca++ (Brown e t .a l . ,  J. B io l. Chem., 259:7554–7562, 
1984) s in ce  exposure o f intact c e l ls  to  micromolar phenylephrine 
can s tim u la te  the appearance of th ese  channels in an otherwise 
quiescent intact patch of membrane.
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328.19 ACTIVATION OF THE CALCIUM-DEPENDENT CHLORIDE CURRENT IN AtT‒20 
PITUITARY CELLS. S te p h en  J .  Korn and F o r r e s t  F . W e ig h t. L ab . o f  
P r e c l i n i c a l  S tu d ie s ,  NIAAA, R o c k v i l l e ,  MD 20852.

A Ca++–d e p e n d en t C l– c u r r e n t  h a s  been  o b se rv e d  in  s e v e r a l  
ma mma l i a n  and non–m ammalian c e l l  t y p e s ,  i n c lu d in g  b o th  n e u ro n s  and 
s e c r e to r y  c e l l s .  To u n d e rs ta n d  th e  r o l e  o f  t h i s  c u r r e n t  in  th e  
r e g u l a t i o n  o f c e l l  e x c i t a b i l i t y ,  we a r e  i n v e s t i g a t i n g  th e  m echa
n ism s t h a t  u n d e r ly  i t s  a c t i v a t i o n  and d e a c t i v a t i o n  in  AtT‒20 mouse 
p i t u i t a r y  c e l l s .  The Ca++– d e p e n d e n t  Cl– c u r r e n t  can  be a c t i v a t e d  
i n  AtT‒ 20 c e l l s  by s t e p - d e p o l a r i z a t i o n  i n to  th e  ran g e  t h a t  
a c t i v a t e s  th e  v o l t a g e - a c t i v a t e d  Ca++ c u r r e n t  (F e d . P ro c . 4 5 , 
1008 , 1 9 8 6 ). In  th e  s t u d i e s  d e s c r ib e d  b e lo w , we h av e  u sed  b o th  
th e  w h o le - c e l l  and e x c is e d  p a tc h  clam p te c h n iq u e  to  exam ine th e  
r o l e s  o f  v o l ta g e  and Ca++ in  th e  a c t i v a t i o n  o f th e  C l– c u r r e n t .

V o ltag e -c la m p ed  c e l l s  w ere h e ld  a t  – 80 mV and p e r f u s e d  i n t e r 
n a l l y  w i th  Cs+ to  e l i m in a te  K+ c u r r e n t s .  When th e  e x t e r n a l  s o lu 
t i o n  c o n ta in e d  Ca+ + , v o l ta g e  s t e p s  to  be tw een  – 30 mV and +60 mV 
a c t i v a t e d  th e  Cl– c u r r e n t .  W ith rem o v al o f e x te r n a l  Ca+ + , a p p l i 
c a t i o n  o f 0 .4  mM Cd+ + , i n t e r n a l  p e r f u s io n  o f th e  c e l l  w i th  more 
th a n  1 mM  EGTA o r  BAPTA, o r  r e p la c e m e n t o f  e x t e r n a l  Ca++ w ith  
Ba+ + , th e  Cl–  c u r r e n t  was n o t  a c t i v a t e d .  C e l ls  t h a t  w ere b a th e d  
i n  an e x t e r n a l  s o l u t i o n  n o t  c o n ta in in g  Ca++ and p e r f u s e d  i n t e r n a l l y  
w ith  a s o lu t io n  c o n ta in in g  0 .5  t o  1 uM  Ca++ d i s p la y e d  a s te a d y  
l e a k  c u r r e n t  t h a t  was n o t  o b s e rv e d  when th e  i n t e r n a l  Ca++ was 
b u f f e r e d  a t  0 . 1 uM. T h is  l e a k  c u r r e n t  was n o t  d im in is h e d  by h y p e r 
p o l a r i z a t i o n  to  –100 mV. C u r r e n t - v o l t a g e  p l o t s  d e m o n s tra te d  t h a t  
t h e  l e a k  c u r r e n t  r e c t i f i e d  i n  th e  d i r e c t i o n  o f th e  C l–  c o n c e n t r a 
t i o n  g r a d i e n t .  The d i r e c t i o n  o f th e  r e c t i f i c a t i o n  c o u ld  be r e v e r s e d  
upon r e v e r s a l  o f th e  C l– c o n c e n t r a t i o n  g r a d i e n t .  W ith  Ca++–f r e e  
e x t e r n a l  s o l u t i o n  and 1 uM i n t e r n a l  Ca+ + , a  tim e -d e p e n d e n t  c u r r e n t ,  
s im i l a r  in  t im e c o u r s e  and d i r e c t i o n  to  th e  Ca++-d e p e n d e n t  C l– 
c u r r e n t ,  was n o t  o b s e rv e d  u n t i l  s t e p  d e p o la r i z a t i o n s  r e a c h e d  +40 
mV. T hese d a ta  s u g g e s t  t h a t  th e  Ca++– d e p e n d e n t  C l–  c u r r e n t  i s  
a c t i v a t e d  p r im a r i ly  by Ca+ + , and t h a t  v o l ta g e  h as  l i t t l e  o r  no 
r o l e  i n  i t s  a c t i v a t i o n .

S u p p o rt f o r  t h i s  h y p o th e s i s  was o b ta in e d  from  s in g l e  c h a n n e l 
r e c o r d in g s  made from  e x c is e d  membrane p a tc h e s .  The s o lu t io n  b a th in g  
th e  e x te r n a l  membrane c o n s i s t e d  p r im a r i l y  o f  N -m ethy l g lu c a min e  
s u l f a t e ;  t h a t  b a th in g  th e  c y to p la s m ic  s u r f a c e  c o n s i s t e d  p r im a r i ly  
o f C sC l . No c h a n n e l  a c t i v i t y  was o b s e rv e d  when th e  c y to p la s m ic  
mem b r a n e  
was exposed to a Ca++ concentration buffered at 0.1 uM (Vm = – 20 mV ). I n c r e a s in g  th e  Ca++ c o n c e n t r a t i o n  above 1 uM r e s u l 
te d  i n  th e  o c c u r r e n c e  o f in w ard  c h a n n e l  c u r r e n t s .  T hese r e s u l t s  
s u g g e s t  t h a t  t h i s  c h a n n e l  i s  th e  Ca++–d e p e n d e n t C l– c h a n n e l  t h a t  
u n d e r l i e s  th e  c u r r e n t  o b s e rv e d  i n  w h o le - c e l l  r e c o r d in g s .
(S u p p o rte d  i n  p a r t  by a  PRAT f e l l o w s h ip  to  SJK from  NIGMS)

328.20 A CALCIUM-DEPENDENT CHLORIDE-CONDUCTANCE IN 
AN IDENTIFIED LEECH NEURON. J. Johansen and A.L. 
Kleinhaus. Dept. of Neurology, Yale Univ. School of Medicine, New 
Haven, CT 06510.

In this study we demonstrate the presence of a Ca-activated 
chloride-conductance in an identified leech neuron. Such a 
conductance has thus far been described in some algae and a few 
vertebrate preparations, but to our knowledge not in invertebrates.

Neurons from the glossiphoniid leech H aem enteria  were 
studied under two electrode voltage clamp with outward K-currents 
eliminated by replacement of intracellular K with Cs, and with Na- 
currents blocked by 1 µM TTX. Recording was done with 2.5 M CsCl 
containing electrodes. Due to leakage from the electrodes this typically 
resulted in an intracellular Cl-concentration of about 100 mM as 
estimated from analysis of tail-current reversal potentials. Among the 
leech neurons studied under these conditions, we found a specific 
chloride-conductance only in the identified AL1 cell (Kramer & 
Goldman, J. Comp. Physiol. 1 4 4  : 435; 1981) which is a putative 
motoneuron. The reversal potential of tail currents of this conductance 
varied with [Cl]o as predicted for the equilibrium potential of Cl by the 
Nernst equation and was unaffected by changes in the extracellular 
cation-concentration. The decay of the tail currents followed a process 
which could be decribed by the sum of two exponentials with time 
constants of about 100 msec and 750 msec, respectively. No voltage- 
dependence of the time constants was apparent.

All current flow was abolished in Mn-containing Ringer and the 
chloride-dependent current was absent when Ca was substituted with 
Ba. Furthermore, the activation and size of the chloride-current was 
directly related to the amount of Ca-influx, and no chloride-current flow 
could be induced at depolarizations at or beyond the apparent reversal 
potential for the Ca-current. These results strongly suggest that the 
chloride-conductance is dependent on Ca for its activation. However, 
the role of Ca could be substituted for by Sr which also was able to 
activate the Chloride-current.

Since only a few of the examined identified neurons in the leech 
possessed a Ca-activated chloride-conductance, it is conceiveable that 
this conductance may be directly involved in regulation of these cells’ 
functional properties.

Supported by USPHS Grant NS‒06208–19.
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329.1 EFFECTS OF PYRETHROIDS ON INTRACRANIAL SELF STIMULATION. E.A. 
S te in ,  C. Walczak* and A.S. Bloom1. Departm ent of B io logy, 
M arquette  U n iv e rs ity , M ilwaukee, WI 53233 and 1d e p a rtm e n t of 
Pharm acology, M edical C o llege  of W isconsin , M ilwaukee, WI 53226.

The p y re th ro id  in s e c t ic id e s  a r e  known to  have h igh  in s e c t :  
mammal l e t h a l i t y  when used in  a c u te , e f f e c t iv e  env ironm enta l d o ses . 
In  a d d i t io n ,  w h ile  h igh  p a r e n ta l  doses a re  known to  r e s u l t  in  
profound b e h a v io ra l syndromes o f te n  le ad in g  to  d e a th , under
s tan d in g  of th e  CNS e f f e c t s  of low doses in  mammals i s  poo rly  
u n d ers to o d . We have r e c e n tly  dem onstrated  th a t  o p e ran t respond ing  
fo r  food can be an e f f e c t iv e  in d ic a to r  of th e  a c u te  CNS to x ic o 
lo g ic  e f f e c t s  of su bconvu ls ive  doses o f p y re th ro id s .  However, i t  
i s  p o s s ib le  th a t  th e se  ag e n ts  ac ted  on s i t e s  (perhaps in  th e  
p e r ip h e ry )  to  make food somewhat a v e rs iv e  and th u s  n o t a c t  a t  
n e u ra l s i t e s  r e s p o n s ib le  fo r  th i s  b eh a v io r. To t e s t  th i s  p o s s i
b i l i t y ,  in t r a c r a n i a l  s e l f  s t im u la t io n ,  a r e in f o r c e r  th a t  does no t 
have to  be consumed by th e  s u b je c t and i s  r e l a t i v e ly  n o n - s a t i a b le ,  
was used to  m a in ta in  o p e ran t resp o n d in g . Monopolar s t im u la t in g  
e le c tro d e s  were im plan ted  in to  e i th e r  th e  v e n t r a l  tegm enta l a re a  
or m ed ia l fo re b ra in  bundle re g io n  of m ale, Holtzman r a t s .  F o l
low ing reco v e ry , r a t s  were te s te d  fo r  i n t r a c r a n i a l  s e l f  s tim u la 
t io n  behav io r and tr a in e d  to  respond on a CRF sch ed u le . E igh t 
c u r re n t  i n t e n s i t i e s  were p re se n te d  fo r  2 min each  in  an a scen d in g / 
descend ing  manner. T echn ica l P e rm e th rin  (0 , 15, 30 o r 60 ng/kg) 
o r D e ltam eth rin  (0 , 1 , 3 o r 5 mg/kg) were g iven  once/wk IP 20 min 
p r io r  to  t e s t i n g .  P re lim in a ry  ev idence in d ic a te s  m inim al e f f e c t s  
o f e i th e r  agen t a t  any dose o r c u r re n t  t e s t e d .  There were a lso  
no e f f e c t s  o f s t im u la t io n  s i t e s .  Data a re  d iscu ssed  in  term s of 
th e  p u ta t iv e  site s/m ech an ism s of a c t io n  of th e  p y re th ro id s .

Supported by g ra n t ES03102 from NIEHS.

329.2 EFFECT OF SOMAN ON BRAIN WEIGHT AND REACTIVITY TO AN ACOUSTIC 
STARTLE STIMULUS. H.E. Modrow*, B.L. H arding*, M.Z. Mays*, N .J. 
Jaax* , and J .A . Romano. U.S. Army M edical R esearch I n s t i t u t e  of 
Chemical D efense, APG-EA, MD 21010–5425.

A s in g le  exposure to  the  organophosphonate soman may produce 
ex te n s iv e  n e u ra l damage, w ith  le s io n s  most s ev ere  in  th e  hippo
campus, s e p ta l  nucleus and p y rifo rm  c o r te x . S ince experim en ta l 
le s io n s  o f e i t h e r  th e  s e p ta l  nucleus  o r th e  hippocampus r e s u l t  in  
in c rea sed  r e a c t iv i t y  to  v a r io u s  s t im u l i ,  th i s  s tudy  examined 
w hether r a t s  exposed to  co n v u lsion -p roduc ing  doses of soman would 
show s im i la r  changes in  b e h a v io ra l r e a c t iv i t y .

One week p r io r  to  soman exposu re , b a s e l in e  r e a c t iv i t y  to  an 
a c o u s t ic  s t a r t l e  response  was o b ta in ed  fo r  a d u l t  male r a t s  (300 to  
350 g ) ,  u s in g  a  Columbus In s tru m en ts  Responder IV a p p a ra tu s . A ll 
r a t s  were g iven  40 h a b i tu a t io n  t r i a l s ,  w ith  each t r i a l  c o n s is t in g  
o f a 100‒db 1000‒Hz tone d e l iv e re d  fo r  500 msec. On the  day of 
soman exposu re , th e  r a t s  were randomly d iv id ed  in to  3 groups and 
in je c te d  sc w ith  s a l i n e  o r w ith  70 o r 100 ug/kg o f soman. Using 
th e  same t e s t  procedure  as in  th e  b a s e l in e  phase , 10 r a t s  from each 
group were te s te d  a t  one o f the  fo llo w in g  tim es:3 h r s ,  1 day, 3 
days , 7 days , 1 month, 3 months o r 6 months a f t e r  exposure. A fte r  
each p o s t-ex p o su re  t e s t ,  s u b je c ts  were perfu sed  w ith  fo rm a lin , and 
the  b ra in s  removed and w eighed.

Exposure to  70 ug/kg soman r e s u l te d  in  approx im ate ly  30% l e t h a l 
i t y  a t  7 days , w h ile  a d m in is tr a tio n  of 100 ug/kg soman produced 
app rox im ate ly  70% l e t h a l i t y .  Among th e  su rv iv in g  soman-exposed 
an im a ls , s i g n i f i c a n t  changes in  r e a c t iv i t y  to  th e  a u d ito ry  stim u
lu s  were seen . Animals g iven  e i t h e r  dose o f soman were le s s  re a c 
t i v e  1 and 3 days p o s t-e x p o su re , an e f f e c t  probab ly  due to  g e n e ra l 
d e b i l i t a t i o n .  But a t  7 days p o s t-ex p o su re  and a t  a l l  l a t e r  i n t e r 
v a l s ,  th e  r e a c t iv i t y  o f an im als r e c e iv in g  70 ug/kg soman was no 
d i f f e r e n t  from c o n t ro ls .  However, an im als r e c e iv in g  100 ug/kg soman 
were s ig n i f i c a n t ly  more re a c t iv e  to  th e  s tim u lu s  a t  a l l  t e s t  tim es 
a f t e r  3 days. These anim als a ls o  d id  n o t h a b i tu a te  to  th e  tone as 
r a p id ly  as the  c o n t ro ls .

Soman exposure a ls o  r e s u l te d  in  s ig n i f i c a n t  d if f e re n c e s  in  b ra in  
w eig h t. At 3 h rs  p o st-ex p o su re  both  soman-exposed groups d isp la y ed  
a n o n s ig n if ic a n t  tendency tow ards h e a v ie r  b ra in s  than  th e  c o n t ro ls .  
However, r a t s  re c e iv in g  100 ug/kg soman and te s te d  a t  3 days p o s t
exposure and l a t e r  had s ig n i f i c a n t ly  l i g h t e r  b ra in s  than  d id  th e  
s a l in e  c o n t r o ls .  These anim als a ls o  d isp la y ed  sev ere  n e c ro s i s ,  min
e r a l i z a t i o n  and m e lacia  th roughou t th e  lim b ic  system  and tha lam us. 
Animals w ith  sev e re  patho logy  in  th e  hippocampus and s e p ta l  nucleus 
d isp la y ed  g r e a te r  le v e ls  of h y p e r r e a c t iv i ty .  The c o r r e l a t i o n  be
tween th e  b e h a v io ra l and p a th o lo g ic a l r e s u l t s  confirm  p rev io u s  in 
form al o b se rv a tio n s  and dem onstra te  perm anent i r r e v e r s i b l e  d e f i c i t s  
due to  a s in g le  exposure to  soman.
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329.3 EFFECT OF GAMMA-HEXACHLOROCYCLOHEXANE (LINDANE) *ON CEREBELLAR 
CYCLIC GMP. B.E. Fishman* and G. G ian u tso s . S e c tio n  o f  Pharma
c o l .  & T o x ico l. U. C o n n ec tic u t, S to r r s ,  CT 06268.

The a c t iv e  isom er o f  hexach lo rocyclohexane (HCH), th e  gamma 
isom er commonly c a l le d  l in d a n e , has  been used  as  a  p e s t i c id e  fo r  
a  v a r i e ty  o f  pu rp o ses . T o x ic ity  r e s u l t in g  from overexposure in  
mammals, in c lu d in g  humans, i s  m an ifes ted  by s e iz u re  a c t i v i t y .  
O ther isom ers ( e . g . ,  d e l t a )  a re  n o t u s e fu l  a s  p e s t i c id e s  and a re  
n o t co n v u lsan t a g e n ts . R ecent work has a ttem p ted  to  d e f in e  th e  
mechanism o f  a c t io n  o f  lin d a n e . Lindane has been shown to  in h i 
b i t  th e  b in d in g  o f  ra d io lig a n d s  fo r  th e  GABA-mediated c h lo r id e  
channel in  r a t  b ra in  (Lawrence and C asida , L ife  S c i. 35 :171, 1984). 
O ther a g e n ts  known to  be a n ta g o n is ts  a t  t h i s  s i t e  o r  a t  o th e r  
s i t e s  o f  th e  GABA-receptor complex have been shown to  in c re a s e  
c y c l ic  GMP in  th e  ce rebellum  (Mao e t  a l . ,  A rch. Pharm acol. 289: 
369, 1975; M attsson  e t  a l . , N ature 268:752, 1977). In  o rd e r  to  
examine th e  e f f e c t s  o f  HCH isom ers on c y c l ic  GMP, mice were t r e a te d  
w ith  gamma o f  d e l t a  HCH and s a c r i f i c e d  by microwave i r r a d i a t i o n  1 
h r  a f t e r  a d m in is tr a t io n . C y c lic  GMP was measured by radioimmuno
assay  u s in g  a  com m ercially  a v a i la b le  k i t .  L indane d o se-dependen tly  
in c re a s e d  th e  accum ula tion  o f  c y c l ic  GMP in  th e  ce rebellum  a f t e r  
IP  in j e c t io n  o f  40 –  120 mg/kg, w h ile  no in c re a s e  in  c y c l ic  GMP 
was observed  a f t e r  a  400 mg/kg IP  dose o f  d e l t a  HCH. The d e l ta  
HCH a l s o  f a i l e d  to  induce s e iz u re  a c t i v i t y .  In  a  r e l a te d  s tu d y , 
s try c h n in e , a  co n v u lsan t a c t in g  v ia  g ly c in e  r e c e p to r s ,  induced a 
s ig n i f i c a n t  in c re a s e  i n  c y c l ic  GMP a t  doses which induced 
s e iz u re s ,  b u t th e  m agnitude o f  e f f e c t  was s m a lle r  th an  th a t  ob
se rv ed  a f t e r  l in d a n e  o r  p ic ro to x in ,  a  co n v u lsan t d rug  b e l ie v e d  to  
a c t  a t  th e  GABA-mediated c h lo r id e  ch an n e l. S ince b o th  l in d a n e  and 
p ic ro to x in  (b u t n o t s try c h n in e )  i n h i b i t  th e  b in d in g  o f  3H‒TBOB, 
a  l ig a n d  f o r  t h i s  s i t e ,  i t  i s  su ggested  th a t  th e  e le v a t io n  in  
c e r e b e l l a r  c y c l ic  GMP observed  a f t e r  lin d a n e  may be due to  an 
i n h ib i to r y  e f f e c t  a t  th e  GABA-mediated c h lo r id e  ch an n e l. The d ose- 
dependent in c re a s e  i n  c e re b e l la r  c y c l ic  GMP produced by lin d a n e , 
combined w ith  th e  la c k  o f  e f f e c t  o f  la r g e r  doses o f  d e l t a  HCH 
su g g es ts  th a t  t h i s  response  i s  due to  a  s p e c i f ic  ( r e c e p to r )  i n t e r 
a c t io n  and n o t to  a  g e n e ra l membrane e f f e c t .  The r e s u l t s  suggest 
th a t  th e  in c re a s e  in  c e re b e l la r  c y c l ic  GMP may p la y  a  r o le  in  th e  
s e iz u re  a c t i v i t y  m a n ife s ted  by lin d a n e .

329.4 EFFECTS OF SOMAN OR PYRIDOSTIGMINE ON PRIMATE EQUILIB
RIUM PERFORMANCE AND BLOOD CH OLINESTERASE. EL_ W. 
B l i c k * , M. R. Mu r p h y * , G. C . B r o w n * ,  M. G. Y o ch m o 
w i t z * ,  a n d  S. L. H a r t g r a v e s . S y s te m s  R e s e a r c h  L a b o r a 
t o r  i e s ,  I n c .  (DWB, MRM, & GCB) a n d  R a d i a t i o n  S c i e n c e s  
D i v i s i o n ,  USAF S c h o o l  o f  A e r o s p a c e  M e d i c i n e ,  B r o o k s  
AFB, S an  A n to n io ,  TX 7 8 2 3 5 –5301.

C h a n g e s  i n  s e r u m  ChE a n d  i n  p e r f o r m a n c e  o f  a c o m 
p e n s a t o r y  t r a c k i n g  t a s k  ( P r i m a t e  E q u i l i b r i u m  P l a t f o r m ,  
PEP) w e re  m e a s u re d  f o l l o w i n g  a c u t e  e x p o s u r e  o f  R h e s u s  
m a c a q u e s  to  an  o r g a n o p h o s p h a t e  (Som an) o r  a c a r b a m a t e  
( P y r i d o s t i g m i n e )  a n t i c h o l i n e s t e r a s e  a d m i n i s t e r e d  b y  
i n t r a m u s c u l a r  i n j e c t i o n .  T he PEP p e r f o r m a n c e  m e a s u r e ,  
t h e  a d j u s t e d  r o o t - m e a n - s q u a r e  ( i . e . ,  σ ) o f  p l a t f o r m  
p o s i t i o n ,  w as o b s e r v e d  f o r  f i v e  5‒ m in  p e r i o d s  p r i o r  to  
a n d  f o r  f i f t e e n  5 - m i n  p e r i o d s  a f t e r  i n j e c t i o n .  T h e  
l i m i t s  o f  n o rm a l  p e r f o r m a n c e  w e re  e s t a b l i s h e d  th r o u g h  
t h e  u s e  o f  b a s e l i n e  ( p l a c e b o  i n j e c t i o n )  r u n s  a n d  t h e  
L i e b e r m a n  & M i l l e r  m e th o d  o f  s i m u l t a n e o u s  t o l e r a n c e  
l i m i t s  (P = .9 5 ,  α = .0 5 ) .

F o r S o m an , t h e  t h r e s h o l d  d o s e  p r o d u c i n g  p e r f o r m a n c e  
d e c r e m e n t s  w as d e t e r m i n e d  by  t h e  u p -a n d -d o w n  m e th o d . 
E i g h t  m o n k e y s  w e re  e a c h  e x p o s e d  to  a s i n g l e  d o s e  (2 .2 1  
t o  3 .5 0  µg / k g ) .  ED50 w a s  2 .5 0  µg / k g  (95% c o n f i d e n c e  
l i m i t s :  2 .3 0  to  2 .7 2  µg / k g ) .  T h e  ED 50 d o s e  p r o d u c e d  
6 9 + 3.5% i n h i b i t i o n  o f  s e r u m  ChE m e a s u r e d  2 h r  a f t e r  
e x p o s u r e .  R e c o v e r y  o f  ChE a c t i v i t y  w a s  s l o w  ( h a l f 
t i m e  a p p r o x i m a t e l y  7 d ) , w h i l e  p e r f o r m a n c e  g e n e r a l l y  
r e c o v e r e d  i n  24 t o  48 h r .  T h e  d o s e - e f f e c t  f u n c t i o n  
w a s  v e r y  s t e e p  – – no p e r f o r m a n c e  d e c r e m e n t  c o u l d  b e  
d e t e c t e d  a t  2 .2 1  µg / k g ,  w h i l e  3 o f  3 a n i m a l s  s h o w e d  
o b v io u s  d e c r e m e n t s  a t  2 .7 8  µg /k g .

F o r  P y r i d o s t i g m i n e ,  e i g h t  m o n k e y s  e a c h  r e c e i v e d  
f o u r  d o s e s  ( . 1 2 ,  . 2 4 ,  .4 8  & .9 6  m g /k g )  a t  o n e - w e e k  
i n t e r v a l s .  P eak  s e ru m  ChE i n h i b i t i o n  o c c u r r e d  a b o u t  
30  m in  a f t e r  e x p o s u r e ;  r e c o v e r y  o f  ChE a c t i v i t y  w as  
e s s e n t i a l l y  c o m p l e t e  i n  24 h r .  T h e  ED 50 d o s e  f o r  
p e r f o r m a n c e  d e c r e m e n t  w a s  e s t i m a t e d  ( m e t h o d  o f  
s p l i n e s )  t o  b e  0 .6 6  m g / k g .  T h i s  d o s e  w o u ld  p r o d u c e  
a p p r o x i m a t e l y  77±3% i n h i b i t i o n  o f  s e ru m  ChE.

S t u d i e s  o f  t h e  p e r f o r m a n c e  e f f e c t s  o f  d r u g  c o m 
b i n a t i o n s  ( s o m a n  + a t r o p i n e  a n d  p y r i d o s t i g m i n e  p r e 
t r e a t m e n t  + s o m a n  + a t r o p i n e )  a r e  c u r r e n t l y  i n  p r o g 
r e s s .

329.5 DISCRIMINATION-REVERSAL LEARNING IN OFFSPRING OF RHESUS MONKEYS 
(M. M u la t ta ) EXPOSED TO LOW LEVELS OF 2 ,3 ,7 ,8‒TETRACHLORODIBENZO‒ 
P‒DIOXIN. S. L. Schantz* , R, E. Bowman, S, A. F erguson* , 
H. C. Van V alkenberg* and K, M, Boehm* Harlow P rim ate L ab o ra to ry , 
U n iv e rs ity  o f  W isconsin, M adison, WI 53715

2 ,3 ,7 ,8 ‒te tra c h lo ro d ib e n z o ‒p‒d io x in  (TCDD) i s  a h ig h ly  to x ic  
env ironm ental contam inant which i s  l i p o p h i l i c  and poorly  
m e tab o lized . Follow ing m a te rna l exposure , TCDD accum ulates in  
ad ipose  t i s s u e  and i s  m ob iliz ed  and tr a n s f e r r e d  to  th e  deve lop ing  
organism  d u ring  g e s ta t io n  and la c ta t io n .  I t  i s  w e ll documented 
th a t  TCDD doses w ell below th o se  to x ic  to  th e  m other a re  f e to to x ic  
and te ra to g e n ic  to  th e  o f f s p r in g .  However, th e  neu ro b eh av io ra l 
e f f e c t s  o f  p e r in a ta l  TCDD exposure have no t been e x te n s iv e ly  
s tu d ie d .

We ev a lu a te d  th e  long -term  e f f e c t s  o f  p e r in a ta l  TCDD exposure on 
c o g n i tiv e  beh av io r o f  rh esu s  monkeys. A dult fem ale rh esu s  monkeys 
were exposed to  0 , 5 o r  25 p a r t s  per t r i l l i o n  (p p t)  TCDD in  t h e i r  
d ie t s  fo r  approx im ate ly  4 y e a rs . The fem ales were bred  to  
unexposed m ales a f t e r  7 and 26 mo. o f TCDD exposure (C ohort I  and 
I I  o f f s p r in g ) ,  and ag a in  10 mo. a f t e r  th e  end o f TCDD exposure 
(C ohort I I I  o f f s p r in g ) .  A ll in f a n ts  were weaned a t  4 mo. o f age. 
The 25 ppt fem ales gave b i r t h  to  too  few v ia b le  o f f s p r in g  to  
c o n t r ib u te  to  C ohorts 1 and I I  which in c luded  0 and 5 p p t o f f s p r in g  
o n ly . Cohort I I I  in c lu d ed  0, 5 and 25 ppt o f f s p r in g .

C ohorts I  and I I  were te s t e d  on 4 d is c r im in a t io n - r e v e r s a l  
le a rn in g  (DRL) problems in  th e  W isconsin G eneral T est A pparatus a t  
14 mo. o f  age. Cohort I I I  was te s te d  on th e  same s e r ie s  a t  16 mo. 
o f  age . Each problem c o n s is te d  o f  an a c q u is i t io n  phase fo llow ed by 
a s e r ie s  o f  r e v e r s a l s .  An i n i t i a l  s p a t i a l  problem w ith  no 
secondary  s t im u li  and a s p a t i a l  problem w ith  c o lo r  and shape as 
i r r e le v a n t  s tim u lu s  dim ensions were fo llow ed by two problems in  
which f i r s t  c o lo r  and th e n  shape became th e  r e le v a n t  s tim u lu s  
d im ension . The TCDD-exposed o f f s p r in g  o f Cohorts I  and I I  were no t 
im paired  in  t h e i r  a b i l i t y  to  perform  th e  s p a t i a l  o r  c o lo r  
d is c r im in a t io n s ,  b u t d id  show perform ance d e f i c i t s  on th e  shape 
d is c r im in a t io n .  Cohort I I I  i s  c u r r e n t ly  being  te s te d  on t h i s  
problem s e r i e s .

P e r in a ta l  exposure to  p o ly c h lo r in a te d  b ip h e n y ls , which a re  
s t r u c t u r a l l y  and to x ic o lo g ic a l ly  s im i la r  to  TCDD, has been found to  
have very  long -term  e f f e c t s  on n eu ro b eh a v io ra l fu n c tio n . 
T h e re fo re , Cohort I  was r e t e s te d  on an o th er s e r ie s  o f  DRL problem s 
a t  64 mo. o f  age (young ad u lth o o d ). The s e r ie s  inc luded  s p a t i a l ,  
c o lo r ,  shape and s iz e  d is c r im in a t io n s .  No d if fe re n c e s  between th e  
TCDD and c o n tro l o f f s p r in g  were seen  on any o f  th e se  l a t e r  
d is c r im in a t io n s .  Cohort I I  w i l l  a lso  be te s t e d  on t h i s  DRL s e r ie s  
when th ey  reach  64 mo. o f  age.

329.6 EFFECT OF NEUROLEPTIC MEDICATION ON THE REACTION TIME (RT) 
RESPONSE IN SCHIZOPRENICS. P.B. V r tu n s k i ,  D.M, S im pson* , K.M. 
W eiss*, and H.Y. M e ltze r. C leveland VA M edical C en ter, 
B re c k s v i lle  OH 44141.

We have re c e n t ly  re p o r te d  a d if f e re n c e  in  th e  m otor 
component o f a  cho ice  RT response  betw een sc h iz o p h ren ic  and 
n o n sch izoph ren ic  s u b je c ts  (P sy c h ia try  R esearch , in  p re s s ) . 
Motor response  t r a j e c t o r i e s  in  sch iz o p h ren ic s  w ere lo n g e r and 
co n ta in ed  more m otor d i s c o n t in u i t i e s .  S ince most s tu d ie d  
sc h iz o p h re n ic s  were r e c e iv in g  n e u ro le p t ic s ,  th e  p o s s i b i l i t y  
th a t  drug e f f e c t s  c o n tr ib u te d  to  th i s  d i f f e re n c e  cou ld  n o t be 
ru le d  o u t .

In  th e  p re s e n t fo llo w -u p  s tu d y , th e  cho ice  RT response  was 
exam ined in  th r e e  groups o f in p a t ie n ts :  N onpsychotic c o n tro ls  
(N=20), d ru g - f re e  sch iz o p h re n ic s  (N=15) and n e u ro le p t ic - t r e a te d  
sc h iz o p h re n ic s  (N=16). Both p ic tu r e s  and spoken words were used 
as  s t im u l i  f o r  th e  cho ice  RT ta s k .  Three dependent v a r ia b le s  
w ere e x t r a c te d  from  th e  an a lo g  rec o rd  o f fo rc e  ex e rted  on 
p re s s u re  tra n sd u c e rs  by th e  s u b je c ts ’ index  f in g e r s :  prem otor 
tim e  ( in t e r v a l  from  s tim u lu s  o n se t u n t i l  th e  i n i t i a t i o n  of 
re sp o n se ) , m otor tim e  (from response  i n i t i a t i o n  u n t i l  th e  
response  c r i t e r i o n  was a t ta in e d ) ,  and number o f m otor 
t r a j e c t o r y  d i s c o n t in u i t i e s  du rin g  th e  ascend ing  p o r tio n  o f th e  
m otor resp o n se .

For a l l  th r e e  dependent v a r ia b le s ,  th e  l a r g e s t  d e f i c i t s  
were observed  in  m ed icated  s c h iz o p h re n ic s . For th e  th r e e  groups 
o f c o n t r o ls ,  nonm edlcated and m edicated  sc h iz o p h re n ic s , th e  
observed average  v a lu es  were prem otor tim e s : 771, 1019 and 1172 
ms, r e s p e c t iv e ly  (p<.0001); m otor tim e s : 238, 318, and 420 ms, 
r e s p e c t iv e ly  (p<.0001); number o f t r a j e c t o r y  d is c o n t in u i t i e s :  
2.9, 4.5 and 6.3 v e lo c i ty  changes p er re sp o n se , r e s p e c t iv e ly  
(p<.01). The two s tim u lu s  c o n d itio n s  a ls o  w ere s ig n i f i c a n ly  
d i f f e r e n t  f o r  a l l  th r e e  dependent v a r ia b le s  w ith  words 
g e n e ra tin g  h ig h e r  v a lu es  th an  p ic tu r e s .  The two m otor v a r ia b le s  
o f  m otor tim e  and number o f  t r a je c t o r y  d is c o n t in u i t i e s  
g en e ra ted  s ig n i f i c a n t  group x s tim u lu s  c o n d itio n  in t e r a c t io n s ,  
as w e ll .

P ost hoc a n a ly s is  d em onstra ted  t h a t  nonm edlcated 
sc h iz o p h re n ic s  d i f f e re d  s ig n i f i c a n t ly  from  both  c o n tro l 
s u b je c ts  ( in  a l l  th re e  dependent v a r ia b le s )  and from  m edicated  
s c h iz o p h re n ic s  ( in  two m otor v a r ia b le s ) .  T h e re fo re , we conclude 
th a t  a lthough  n e u ro le p t ic  m e d ica tio n  appeared  to  have an e f f e c t  
on th e  m otor component o f th e  RT re sp o n se , d ru g -f re e  
sc h iz o p h re n ic s  s t i l l  e x h ib ite d  a b n o rm a li t ie s  s im i la r  to  th o se  
we have p re v io u s ly  r e p o r te d .

S upported by th e  VA M edical R esearch Program.
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329.7 CHARACTERISTICS OF ORAL DYSKINESIAS IN NEUROLEPTIC-TREATED RATS 
AS MEASURED BY TWO DIFFERENT ASSESSMENT TECHNIQUES. R .E .S ee , 
E .D .Levin, and G .D .E lliso n . D ep t.o f Psychology, UCLA, Los A ngeles, 
CA 90024.

Chronic tre a tm e n t w ith  n e u ro le p t ic s  has been shown to  produce a 
syndrome in  ro d en ts  c h a ra c te r iz e d  by an in c re a s e  in  spontaneous 
o r a l  movement a c t i v i t y .  I t  has been suggested  th a t  t h i s  may p rov ide  
a v a l id  anim al model fo r  ta rd iv e  d y s k in e s ia , how ever, i t  has been 
re p o r te d  th a t  th e se  vacuous chewing movements develop too  e a r ly  
fo llow ing  drug tre a tm en t to  q u a l ify  as ta rd iv e  and a re  normal in  
appearance and cannot be d esc r ib e d  as  be ing  d y s k in e t ic  in  c h a ra c te r .

We have developed a means o f p r e c i s e ly  m easuring o r a l  a c t i v i t y  
by com puterized a n a ly s is  o f v ideo  images to  ach iev e  more o b je c tiv e  
reco rd in g s  o f n e u ro le p tic - in d u c e d  changes. The p re s e n t study  
compared th i s  tech n iq u e  ( in  which r a t s  a re  p a r t i a l l y  r e s t r a in e d  in  
a p le x ig la s  tube) w ith  th e  o ld e r  te ch n iq u e  o f human o b serv er 
recorded  a c t iv i t y  of th e  r a t s  in  a la r g e r  o b s e rv a tio n  cage. R ats 
were ad m in is te red  ch ro n ic  f lu p h en az in e  decan o a te , h a lo p e r id o l 
decanoa te , o r v e h ic le  w ith  in j e c t io n s  o cc u rr in g  once every  3 weeks 
fo r  fo u r  months. A f te r  a two month p e r io d  of w ith d ra w al, in j e c t io n s  
were r e in s t a te d .  O ral movement a c t i v i t y  was m onitored  bo th  p r io r  
to  and j u s t  a f t e r  each drug in j e c t io n .

Human o b se rv e r sc o re s  showed a s ig n i f i c a n t  in c re a s e  in  vacuous 
o r a l  movements a f t e r  4 months o f tre a tm e n t. The d if f e re n c e  between 
c o n tro ls  and d ru g - tre a te d  anim als was even g r e a te r  a t  th e  end o f 
th e  d ru g -f re e  i n t e r v a l .  R ein sta tem en t o f drug tre a tm en t caused a 
d ec re a se  in  o r a l  movement a c t i v i t y ,  b u t d ru g - tre a te d  anim als 
rem ained s ig n i f i c a n t ly  h ig h e r  than  c o n t ro ls .  I n i t i a l  com puter 
scored  r e s u l t s  showed an ac u te  s e d a t io n  e f f e c t  in  b o th  drug tr e a te d  
groups as measured by t o t a l  number o f o r a l  movements. These 
anim als a lso  showed more a lu g g ish  openings and c lo s in g s  o f th e  jaws 
as seen  by th e  average s lo p e  o f each in d iv id u a l movement. The 
com puter reco rd s  in d ic a te  th a t  each anim al has a c h a r a c t e r i s t i c  
type  o f o r a l  movement and th a t  changes in  th e  form o f th e se  move
ments over tim e may in d ic a te  th e  development o f a q u a l i t a t iv e l y  
d y s k in e t ic  syndrome.

These two assessm ent te ch n iq u es  p ro v id e  d i f f e r e n t  a sp e c ts  o f 
n e u ro le p tic - in d u c e d  o r a l  d y sk in e s ia  in  r a t s .  The r e s u l t s  o b ta in ed  
g ive  a d d i t io n a l  su p p o rt f o r  th e  developm ent o f a ta rd iv e  d y s k in e t ic  
syndrome, which can be c h a ra c te r iz e d  by b o th  q u a n t i ta t iv e  in c re a s e s  
in  o r a l  a c t i v i t y  as w e ll as more s u b tle  changes in  th e  type of 
o r a l  movements seen  in  n e u r o l e p t i c - t r e a te d  an im als.

(Supported  by MH39961)

329.8 DYSKINETIC ORAL MOVEMENTS IN GUINEA PIGS FOLLOWING CHRONIC
NEUROLEPTIC TREATMENT. D. L. W e in ste in ,*  G. D. E l l i s o n ,  E. D. 
L evin , and R. E. See. (SPON: D. N ovin ). D ept. o f Psychology, UCLA, 
Los A ngeles, CA 90024

The p re s e n t study  examined th e  e f f e c t s  o f ch ron ic  flu p h en az in e  
decanoate  on o r a l  movement in  gu inea p ig s .  The guinea p ig  i s  id e a l  
as an anim al model o f ta rd iv e  d y sk in e s ia  (TD). I t  has an extrem ely  
w e ll a r t i c u l a te d  o r a l  reg io n  and develops a c le a r  s u p e r s e n s i t iv i ty  
response  to  ch ro n ic  n e u ro le p t ic  tre a tm e n t. We have s tu d ie d  in  
d e t a i l  th e  changes in  o ro f a c ia l  beh av io r in  gu inea p ig s  as a 
r e s u l t  o f ch ro n ic  f lu p h en az in e  decanoate tre a tm e n t. TD -like o r a l  
movements ("vacuous" movements) were s ig n i f i c a n t ly  e le v a te d  in  th e  
f lu p h e n a z in e - tr e a te d  anim als fo llo w in g  4 months o f tre a tm en t 
(F=4.99, d f= l,3 0 , P < 0 .01). The "low" and "h igh" groups rece iv e d  an 
in j e c t io n  of 0 .07  mg/kg/day and 0 .2  mg/kg/day flup h en az in e  
decanoate r e s p e c t iv e ly  once every  two weeks. O ral movement was 
reco rded  by bo th  a com puterized movement d e te c tio n  c i r c u i t  and 
human o b s e rv a tio n .

Follow ing 9 months o f ch ro n ic  tre a tm e n t, th e  f lu p h en az in e  dose 
was in c re a se d  to  1 mg/kg/day fo r  bo th  d ru g - tre a te d  groups and 
a d m in is te red  once a month. O ral movement was suppressed  
im m ediately  fo llo w in g  th e  dose in c re a s e . This e f f e c t  mimics th e  
human TD c o n d itio n . However, a week l a t e r ,  vacuous movements d id  
n o t appear as p re v io u s ly  observed . R a th e r, sm all t i c k - l i k e  o r a l  
movements c h a r a c t e r i s t i c  o f tw itc h in g  were e le v a te d  in  th e  
f lu p h e n a z in e - tr e a te d  anim als (no t s i g n i f i c a n t ) . Human o b se rv a tio n  
dem onstrated  a drug dependent e f f e c t  on tw itc h in g  beh av io r 
(F=4 .4 8 , d f=l ,2 7 ,  P <0 .05). In  guinea p ig s ,  ch ro n ic  n e u ro le p tic  
tre a tm en t appears to  a l t e r  th e  form o f TD -like o r a l  a c t i v i t y  over 
tim e, The i n i t i a l  occu rren ce  o f vacuous movements g ra d u a lly  
d e c lin e s  and i s  e v e n tu a lly  rep laced  by tw itc h in g  movements. 
T w itching  b eh a v io r i s  d y s k in e t ic  in  n a tu re  which i s  c o n s is te n t  
w ith  th e  d y s k in e t ic  o r a l  a c t i v i t y  seen  in  human TD p a t ie n t s .  In  
a d d i t io n ,  tw itc h in g  movement appears l a t e  in  th e  course  o f 
tre a tm e n t which i s  c o n s is te n t  w ith  th e  tim e course  o f human TD. 
A d d itio n a l t e s t in g  fo llo w in g  drug w ithdraw l w i l l  h e lp  to  e lu c id a te  
th e  v a r io u s  forms o f o r a l  a c t i v i t y  in  ro d en ts  which model human 
TD.

(Supported  by MH39961)

329.9 BOTH NUCLEUS ACCUMBENS AND PERIAQUEDUCTAL GREY SITES PARTICIPATE 
IN MAINTENANCE OF OPIATE SELF-ADMINISTRATION. W.A. C o r r ig a ll*  and 
F .J .  V accarino  (SPON: J.M. K hanna). A d d ic tion  R esearch  Foundation  
o f  O n ta r io , T o ro n to , Canada M5S 2S1 and Departm ent o f  Psychology, 
U n iv e rs ity  o f  T o ron to , O n ta r io , Canada M5S 1A1.

One o f  th e  f i r s t  s te p s  re q u ire d  in  sp e c ify in g  b ra in  s u b s t r a te s  
f o r  o p ia te  abuse i s  a  mapping o f  th e  d i s t r i b u t io n  o f  o p ia te  rece p 
t o r  s i t e s  u n d e rly in g  venous s e l f - a d m in i s t r a t io n .  To t h i s  end 
d i f f e r e n t  in v e s t ig a to r s  have shown an involvem ent o f r e c e p to r s  in  
th e  v e n t r a l  teg m en ta l a re a  (VTA) and in  th e  nuc leus  accumbens 
(n.ACC), u s in g  m ic ro in je c tio n s  o f  o p ia te  a n ta g o n is ts  in to  th e se  
s i t e s  to  b lo ck  a g o n is t b in d in g  lo c a l l y .  We a re  u s in g  a  s im i la r  
te ch n iq u e  to  determ ine  th e  d i s t r i b u t io n  o f  o th e r  b ra in  s i t e s  
in v o lv ed  in  m aintenance o f  low -dose i . v .  h e ro in  s e l f - a d m in is t r a 
t i o n  in  r a t s .  To t h i s  end we have examined two s i t e s ,  th e  n.ACC 
in  o rd e r  to  confirm  an e a r l i e r  r e p o r t  o f i t s  invo lvem en t, and th e  
p e r ia q u e d u c ta l  g rey . The l a t t e r  s i t e  was chosen because i t  has 
been im p lic a te d  in  b o th  o p ia te  rew ard and p h y s ic a l dependence.

Animals were p rep a re d  w ith  ch ro n ic  venous c a th e te r s  and , fo llo w 
in g  reco v e ry  from s u rg e ry , were allow ed a p e r io d  o f  5–10 d a i ly  
180‒m inute s e s s io n s  to  ac q u ire  h e ro in  s e l f - a d m in is t r a t io n  'a t  a 
dose o f  0 .06  m g/kg /in  fu s io n  on an FR1 sch ed u le . Animals were th e n  
p rep a re d  w ith  b r a in  cannu lae d i r e c te d  a t  th e  t a r g e t  s i t e s ,  and 
aga in  allow ed  access  to  h e ro in  in  d a i ly  (M on-Fri) s e s s io n s .  On 
tre a tm e n t d ay s , an im als re c e iv e d  a  b i l a t e r a l  in fu s io n  o f  th e  
q u a te rn a ry  o p ia te  a n ta g o n is t  m ethyl n a l tr e x o n e ,  ad m in is te red  as a 
volume o f  0 .5  m ic r o l . / s i d e  over a  p e r io d  o f  2 m in u tes ; doses o f  
0 , 0 .1 ,  0 .3 ,  1 .0  and 3 .0  micrograms o f  a n ta g o n is t  were u sed .

In  th e  n.ACC, th e s e  tre a tm e n ts  caused  dose-dependen t in c re a s e s  
in  th e  number o f  h e ro in  in fu s io n s  ta k en  by th e  an im a ls , w ith  
prom inent e f f e c t s  a t  th e  beg in n in g  o f  th e  s e s s io n  and, in  a d d i t io n ,  
in c re a s e s  in  th e  number o f  resp o n ses  o c c u rr in g  d u rin g  th e  tim e -o u t 
p e r io d  fo llo w in g  each drug d e l iv e ry .  This in c re a s e  in  response  
r a t e  i s  in t e r p r e te d  as  b e in g  a  com pensatory resp o n se  o f  th e  anim al 
to  a  d ec reased  e f f e c t iv e n e s s  o f  th e  r e in f o r c e r  due to  th e  a c tio n  
o f  th e  a n ta g o n is t  w ith in  th e  n.ACC.

In  th e  PAG, a n ta g o n is t  p re - t re a tm e n ts  a l s o  caused  an in c re a s e  
in  d ru g -a p p ro p r ia te  re spond ing  w ith , how ever, a d i f f e r e n t  tim e 
cou rse  o f  e f f e c t  th a n  in  th e  n . .ACC; in  th e  PAG th e r e  was an i n i t i a l  
su p p re ss io n  o f  resp o n d in g  fo llow ed  by in c re a s e s  l a t e r  in  th e  
s e s s io n .  These r e s u l t s  a re  n o t i n t e r p r e te d  as r e f l e c t i n g  an tago 
n i s t  p r e c ip i t a te d  h y p e ra c t iv i ty  because th e r e  were no s u s ta in e d  
tr e n d s  on th e  a c t i v i t y  c o n tro l  le v e r  r e s u l t in g  from a n ta g o n is t  p r e 
tre a tm e n t .  R a th e r , th e  d a ta  i s  in t e r p r e te d  to  mean th a t  b o th  n.ACC 
and PAG s i t e s  p a r t i c i p a t e  in  m aintenance o f  o p ia te  s e l f - a d m in is t r a 
t i o n .

S upported  by th e  A d d ic tion  R esearch  F oundation  o f  O n ta rio .

329.10 NEONATAL CAPSAICIN MODIFIES MORPHINE WITHDRAWAL SIGNS IN THE 
RAT. L.G. Sharpe and J.H . Ja ffe* . A ddiction Res. C t r . , Nat. 
In s t ,  on Drug Abuse, Baltim ore, MD 21224

Rats received in je c tio n  of e ith e r  capsa ic in  (50 mg/kg, s .c .)  
or the  capsa ic in  veh ic le  a t  2 days of age. When the  animals were 
90–120 days of age they were implanted with morphine or placebo 
p e l le ts  ( s .c . )  fo r 3 (1 p e l le t)  or 6 (3 p e lle ts )  days. Naloxone 
(0.4 mg/kg, s .c . )  produced no e f fe c ts  in  the  placebo p e lle ted  
groups but e l ic i te d  s a liv a tio n , lacrim ation  and rh inorrhea in  the 
m orphine-treated anim als. These abstinence signs were le ss  
severe in  the  morphine p e lle ted  r a ts  (3– and 6‒day groups) th a t  
were tre a te d  as neonates with capsa ic in . However, the  capsa ic in  
tre a te d  animals th a t  were implanted with morphine p e l le ts  
exh ib ited  more na loxone-prec ip ita ted  wet-dog shakes than the 
veh ic le  co n tro ls ; in  the  case o f the  3‒day but not the  6-day 
p e lle ted  group the  increase  was s t a t i s t i c a l l y  s ig n if ic a n t.  Since 
capsa ic in  i s  known to  induce long la s t in g  d ep le tion  of substance 
P and o ther peptides in  p e rip h e ra l neurons, i t  was concluded th a t  
substance P may be involved in  the  expression o f sane signs of 
opioid w ithdrawal.
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329.11 TOLERANCE AND SENSITIZATION TO MORPHINE IN RESTRAINED AND 
FREELY-MOVING RATS. K.S. Schwarz & C.L. Cunnin gham*. D ept. of 
M edical Psychology.O regon H ealth  S ciences U n iv . .P o r t la n d , OR 97201.

Morphine causes an i n i t i a l  b rad y ca rd ia  fo llow ed by ta c h y c a rd ia  
When ad m in is te red  in tra v e n o u s ly  to  r a t s .  R e s t r a in t - s t r e s s  augments 
the  b rad y ca rd ia  and a t te n u a te s  the ta c h y c a rd ia . The p re s e n t study  
a sse sse d  to le ra n c e  and s e n s i t i z a t io n  to  the h e a r t - r a te  e f f e c t s  of 
v a r io u s  doses o f morphine in  r e s t r a i n t - s t r e s s e d  and free ly -m oving  
r a t s .

Male a lb in o  r a t s  were ass igned  to  one o f  fo u r dose g roups: 0 
( s a l i n e ) ,  2 , 4 o r 8 mg m orphine/kg body w eigh t. W ithin each dose 
group th e re  were both  re s tr a in e d  (R) and u n re s tra in e d  (U) r a t s  
matched in  p a i r s  by w eigh t. The experim ent c o n s is te d  of two main 
p hases: drug exposure and to le ra n c e  t e s t .  During drug exposu re , 
a l l  r a t s  rece iv ed  one in fu s io n  d a i ly  fo r  12 days ac co rd ing  to  dose 
group assignm en t. During the  to le ra n c e  t e s t ,  r a t s  were exposed to  
each dose on d i f f e r e n t  days in  a coun te rb a lan ced  o rd e r . Magnitude 
of to le ra n c e  was assesse d  by comparing th e  responses  of the  s a l in e  
groups w ith  th o se  of the  drug g roups. H eart r a te  was recorded fo r  
1 h r b e fo re  (b a s e l in e )  and 2 h rs  a f t e r  in fu s io n .

In g e n e ra l ,  h e a r t  r a te  was e le v a te d  i n i t i a l l y  due to  h and ling  
and decreased  over the  p re - in fu s io n  b a s e l in e  hour. Over the  drug 
exposure phase , mean b a s e l in e  h e a r t - r a te  d ec lin e d  s l i g h t ly  in  Dose 
Groups 0 and 2. In Dose Groups 4 and 8 , mean b a s e l in e  h e a r t - r a te  
in c rea sed  and was s ig n i f i c a n t ly  h ig h e r r e l a t i v e  to  Dose Groups 0 
and 2. Upon morphine in fu s io n ,  h e a r t  r a te  d e c re a se d , then 
in c rea sed  in  a dose-dependen t manner. Over the drug exposure 
phase , a s ig n i f i c a n t  a t te n u a t io n  in  th e  magnitude of b rad y ca rd ia  
occu rred  in  a l l  morphine dose groups excep t Group R8. Group U8 
a ls o  showed a s ig n i f i c a n t  a t te n u a t io n  in  the m agnitude of 
ta c h y c a rd ia ;  how ever, no s ig n i f i c a n t  change in  ta c h y c a rd ia  occurred  
in  any o th e r  group.

During th e  to le ra n c e  t e s t  phase , s e p a ra te  com parisons among the 
R and U groups were made. T o lerance to  the b rad y ca rd ic  e f f e c t  was 
rev ea led  in  Groups R4, R8, U2 and U4, but no t in  Groups R2 and U8. 
S e n s i t i z a t io n  to  the  ta c h y c a rd ic  e f f e c t  was rev ea led  in  Groups U2, 
U4 and U8 but no t in  any of th e  R g roups.

These r e s u l t s  a re  c o n s is te n t  w ith  Solomon and C o r b i t 's  (1974) 
o p ponen t-p rocess  th eo ry  which s ta t e s  th a t  fo r  a g iven  response 
( e . g . ,  b ra d y c a rd ia )  to  a s tim u lu s  (m orph ine), th e re  i s  an opposing 
response ( ta c h y c a rd ia )  g en e ra ted  which se rv es  to  dec re a se  the 
m agnitude of th e  f i r s t  resp o n se . Chronic morphine exposure le ad s  
to  s tre n g th e n in g  of the  ta c h y c a rd ia , r e f le c te d  as a d ec rease  in  
b rad y ca rd ia  ( to le r a n c e )  and an in c re a s e  in  ta c h y c a rd ia  
( s e n s i t i z a t i o n ) .  In Dose Groups 4 and 8 , e x p e c ta t io n  of drug 
e f f e c t s  may have re s u l te d  in  the  occu rrence  of ta c h y c a rd ia  b efo re  
morphine a d m in is tr a t io n ,  im p lic a tin g  le a rn in g  in  th e  development of 
to le ran ce .(F u n d e d  by NHLBI #HL07332, N.L. T a r ta r  Research Fund & 
NIDA #DA03608)

329.12 NEUROCHEMICAL AND BEHAVIORAL EFFECTS OF CHRONIC 
NALTREXONE TREATMENT IN RATS. M. T. Bardo and J .  L. 
N eisew ander*. D ept. of Psychology, U n iv e rs ity  o f Kentucky, Lexing
to n , KY 40506.

A dult male r a t s  were im planted  w ith  a s lo w -re le a se  p e l l e t  of n a l
trex o n e  th a t  was removed 10 days l a t e r  o r were g iven  sham s u rg e r ie s .  
T w enty-four hours a f t e r  p e l l e t  rem oval, s p e c i f ic  b ind ing  o f the 
m u -recep to r ra d io lig a n d  3H-DAGO (4 nM) was a s s e s se d . The r e s u l t s  
showed th a t  n a ltre x o n e  p re tre a tm e n t in c re a se d  s p e c i f ic  DAGO b ind ing  
r e l a t i v e  to  sh am -trea ted  c o n t ro ls .  A d m in is tra tio n  o f  morphine 
(15 mg/kg, s .  c . )  d id  n o t enhance s p e c i f ic  DAGO b ind ing  in  e i th e r  
n a l tre x o n e  o r  sh am -trea te d  an im als.

To a s s e s s  th e  e f f e c t  o f ch ro n ic  n a ltre x o n e  tre a tm en t on dopam iner
g ic  a c t i v i t y ,  r a t s  were ad m in is te red  m orphine (15 mg/kg, s .  c .)  
o r  s a l i n e  on th e  day a f t e r  p e l l e t  rem oval. T h ir ty  min a f t e r  th i s  
i n j e c t io n ,  an im als were e i t h e r  s a c r i f i c e d  o r  in je c te d  w ith  th e  
ty ro s in e  hyd roxy lase  in h ib i to r  a lp h a -m e th y lty ro s in e  (250 mg/kg, 
i .  p .)  in  o rd e r  to  a s s e s s  fu n c t io n a l dopamine tu rn o v e r . Animals 
th a t  were in je c te d  w ith  a lp h a‒m e th y lty ro s in e  were s a c r i f i c e d  a t  
e i th e r  60 o r  120 min a f t e r  a lp h a‒m e th y lty ro s in e  a d m in is tr a tio n . 
L evels o f  dopamine and th e  m e ta b o lite  d ihyd ro x y p h en y lace tic  ac id  
(DOPAC) were measured in  s tr ia tu m  u sin g  h ig h -p re s s u re  l iq u id  chrom
atog raphy  w ith  an e lec tro c h e m ic a l d e te c to r .  As expected , morphine 
in c re a se d  s t r i a t a l  DOPAC l e v e l s .  However, n a ltre x o n e  p re trea tm en t 
d id  no t a l t e r  s ig n i f i c a n t ly  t h i s  m orphine-induced neurochem ical 
e f f e c t .  F u r th e r , n a l tre x o n e  p re tre a tm e n t d id  no t a l t e r  s i g n i f i 
c a n tly  th e  le v e l  o f  dopamine in  th e  s tr ia tu m , in d ic a t in g  th a t  
fu n c t io n a l tu rn o v e r  was no t a l t e r e d .

We a ls o  a s s e s se d  th e  e f f e c t  o f ch ro n ic  n a l tre x o n e  tre a tm en t on 
th e  r e in fo rc in g  e f f ic a c y  o f morphine us ing  th e  s i n g l e - t r i a l  p la ce  
p re fe re n c e  p ro ced u re . One day a f t e r  p e l l e t  rem oval, h a l f  o f th e  
r a t s  rec e iv e d  m orphine (5 o r  8 mg/kg, i .  v . )  o r  s a l i n e  and were 
p laced  in  a w h ite  compartment f o r  30 min p o s t - in j e c t io n .  The o th e r  
h a l f  were p laced  in  a b la ck  compartment f o r  30 min w ithou t drug .
On th e  second day, th e  an im als rec e iv e d  th e  a l te r n a t iv e  tre a tm en t 
as  th a t  g iven  on th e  f i r s t  day . The th i r d  day, an im als were given 
f re e -a c c e s s  to  bo th  environm ents sim u ltan eo u sly  fo r  15 min. The 
r e s u l t s  show th a t  n a l tr e x o n e - t r e a te d  r a t s  sp en t s ig n i f i c a n t ly  more 
tim e in  th e  m o rp h in e -a sso c ia ted  compartment than  sh am -trea ted  r a t s  
c o n d itio n e d  w ith  m orphine, a lthough  th i s  e f f e c t  d id  no t reach  
s t a t i s t i c a l  s ig n if i c a n c e  in  a subsequen t r e p l ic a t io n .  S u persensi
t i v i t y  to  th e  rew arding e f f ic a c y  o f morphine was ap p a re n t a t  5 mg/ 
kg, bu t n o t a t  8 mg/kg m orphine, fo llow ing  n a ltre x o n e  p re tre a tm e n t. 
(S upported  by USPHS g ra n t DA03460).

329.13 ROLE OF METABOLISM IN THE DEVELOPMENT OF TOLERANCE TO 
METHAMPHETAMINE (IN BIOCHEMICAL SYSTEMS), M. Alburges*, G. R. 
Hanson, J.W. Gibb, (SPON: J.W. Woodbury) Dept. Biochemical 
Pharmacology and Toxicology, College of Pharmacy and School of 
Medicine, University of Utah, Salt  Lake City, UT 84112

We have previously observed (Schmidt e t  a l . ,  1985) that pre
treatment with gradually increasing doses of METH attenuates the 
effects of multiple doses of METH on the dopaminergic and seroto
nergic systems normally observed in naive rats .  In order to 
understand the mechanism of this tolerance, untreated rats (naive) 
and rats pretreated with METH (2.5, 5.0, 7.5 and 10 mg/kg, s . c . ,  
6-hr intervals with a 24‒hr drug-free period between each increase 
in dose) were challenged with 5 doses of METH (15 mg/kg, s . c . ,  6-hr 
intervals). The metabolism of METH in brain, l ive r ,  and blood was 
studied by measuring the concentration of METH and i t s  metabolites 
2,4,6,8 and 10 hr af ter  the las t  drug dose by gas chromatography/ 
mass spectrometry techniques. Samples were homogenized in 0.1 M 
perchloric acid and extracted into n-butyl chloride. Pseudo- 
ephedrine and phentermine were used as internal standards; 
3‒fluoroacetylated derivatives were formed and injected onto a 
12.5‒meter cross-linked dimethylsilicone (0.2 mm) capillary column.

The forebrain concentrations of METH in the pretreated animals 
were significantly lower than those observed in the forebrain of 
naive animals. Liver concentrations of METH in the pretreated 
animals were not significantly changed with respect to the naive 
animals, but amphetamine and the p-hydroxylated metabolites, 
p-hydroxyamphetamine (p-OH-AMP) and p-tiydroxymethamphetamine 
(p-OH-METH), were significantly greater than those observed in the 
naive group. Blood levels of METH and AMP were also signif icantly 
increased in the pretreated animals.
(Supported by USPHS grant DA 00869).

329.14 CHRONIC AMPHETAMINE TREATMENT: EFFECTS ON BEHAVIOR 
AND LOCAL CEREBRAL GLUCOSE UTILIZATION. M ich a e l  R. 
K o z lo w sk i, L i s a  C ondon*, D o ri F e rn * ,  Ju d y  H oude*, 
Edward M a r t in d a le *  and R o b e r t S k la n s * .  P f i z e r  C e n t r a l  
R e s e a r c h ,  G ro to n ,  CT 06340 and D e p t. o f  P s y c h o lo g y , 
C o n n e c t ic u t  C o l le g e ,  New London, CT 06320 .

C h ro n ic  am phetam ine  i n g e s t i o n  in  hum ans p ro d u c e s  
sym ptom s o f  e n d o g en o u s  p s y c h o s i s ,  and t h e r e f o r e  may 
r e p r e s e n t  a m odel o f  s c h iz o p h r e n ia .  The p r e s e n t  s tu d y  
ex am ined  th e  e f f e c t s  o f  c h r o n ic  am phetam ine  t r e a tm e n t  
on b o th  b e h a v io r  and l o c a l  c e r e b r a l  g lu c o s e  
u t i l i z a t i o n  (LCGU) in  th e  r a t .

F o u r te e n  m a le ,  S p rag u e-D aw ley  r a t s  h o u sed  
com m unally  w ere  o b s e rv e d  f o r  2 h r  d a i l y ,  and r a t e d  in  
e a c h  o f  t h e  fo l lo w in g  b e h a v i o r a l  c a t e g o r i e s :  
w i th d r a w a l ,  s o c i a l  b e h a v i o r s ,  s t a r t l e ,  s t e r e o t y p y  and 
a c t i v i t y .  A f te r  1 w eek , th e  a n im a ls  w ere  d iv id e d  i n t o  
2 g ro u p s  and im p la n te d  w ith  m in i- o s m o tic  pumps w hich  
d e l i v e r e d  e i t h e r  0 .5  m g /k g /h r  o f  am p h e tam in e , o r  a 
s i m i l a r  volum e o f  th e  v e h ic l e  ( s a l i n e ) .  The a n im a ls  
w ere  r a t e d  f o r  t h e  n e x t  3 w eeks by  o b s e r v e r s  who w ere  
b l in d  to  w h ich  t r e a tm e n t  e ac h  g ro u p  had  r e c e i v e d .  
LCGU was th e n  m easu red  in  e ac h  a n im a l by  th e  t e c h n iq u e  
o f  S o k o lo f f  e t  a l . ( J .  N eurochem . 2 8 , 89 7 , 1 9 7 7 ) .

D u rin g  th e  f i r s t  week o f  p o s t - i m p l a n t a t i o n  
o b s e r v a t i o n s ,  th e  a m p h e ta m in e - tr e a te d  r a t s  showed a 
s i g n i f i c a n t  e l e v a t i o n  o f  a c t i v i t y  ( t - t e s t ,  p < .0 5 ) ,  
and an  a lm o s t  s i g n i f i c a n t  i n c r e a s e  in  s t e r e o t y p y  (p = 
. 05) com pared  to  th e  v e h ic l e  g ro u p .  D u rin g  th e  seco n d  
and t h i r d  w eeks (com bined  d a t a )  t h e  a c t i v i t y  o f  t h e  
a m p h e ta m in e - t r e a te d  a n im a ls  was s t i l l  e l e v a t e d  
r e l a t i v e  t o  t h e  v e h i c l e  g ro u p ,  b u t  t h e  s t e r e o t y p y  
s c o r e  was now a t  v e h ic l e  l e v e l .  O th e r b e h a v io r s  d id  
n o t  d i f f e r  s i g n i f i c a n t l y  a t  any  t im e .  When th e  LCGU 
v a lu e s  f o r  t h e  a n im a ls  g iv e n  am phetam ine (n=4) o r  
v e h i c l e  (n=5) w ere  co m p a red , 70% o f  th e  a r e a s  m e asu red  
had  e l e v a t e d  v a lu e s  (2– 18%) in  th e  am phetam ine g ro u p . 
The i n c r e a s e s  in  th e  o l f a c t o r y  t u b e r c l e ,  p r im a ry  
o l f a c t o r y  c o r t e x ,  a n t e r i o r  n u c le u s  accum bens s e p t i ,  
l a t e r a l  p r e f r o n t a l  c o r t e x  and  o l i v a r y  n u c le u s  w ere  
s t a t i s t i c a l l y  s i g n i f i c a n t  ( t - t e s t ,  p < .0 5 ) .

The p e r s i s t e n c e  o f  h y p e r a c t i v i t y  b u t  n o t  o f  
s t e r e o t y p y  and  th e  p a t t e r n  o f  c h an g e s  in  LCGU o b s e rv e d  
a f t e r  3 w eeks o f  am phe tam ine  t r e a tm e n t  s u g g e s t  a 
p r im a ry  e f f e c t  on l im b ic  b r a i n ,  w hich  i s  c o n s i s t e n t  
w ith  t h e  p s y c h o to m im e tic  e f f e c t s  o f  c h r o n ic  
am phetam ine  i n g e s t i o n  in  man.
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330.1 PHORBOL ESTER INDUCED CONRTACTURE OF THE MUSULATURE OF 
SCHISTOSOMA MANSONI. K.L.Blair, J.L.Bennett* and R.A.Pax. 
Zoology, Mich. St. Univ.,E.Lansing, MI 48824.

Experiments were conducted to assess the potential role of 
the protein kinase-C (PKC) in muscle conrtacti1i ty  of the 
parasitic trematode Shistosoma mansoni. Various phorbol esters 
were used to stimulate PKC. β ‒ 12‒0‒tetradecanoyl‒13‒acetate 
(TPA), β ‒ phorbol‒12,13‒dibutyrate, and β ‒ phorbol‒12,13‒didecan
oate produced dose dependent increases in muscle tension through 
the ranges tested (1 nM ‒ 10 µM). This is in contrast to 
reports of no response or relaxation in vertabrate muscle 
preparations. Mezerin, another activator  of PKC, also produced, 
at  10 µM, an increase in tension. α -Phorbol and α -phorbol‒12 ,1‒- 
didecanoate were without effect on the musculature. The calcium 
ionophore, A‒23187, produced a dose dependent increase in tension. 
Contractures induced by either  TPA (100 nM) or A-23187(10 μM) 
were reversed by carbachol ( 100 µµ) ,  but when both compounds were 
present, the increased tension was not reversed by the carbachol. 
Tamoxiphen, an antiestrogenic with anti-PKC act iv i ty ,  caused a 
relaxation of the musculature at 100 µM. 17‒β‒Estradiol(100 nM) 
was without effect on the musculature. DMSO (.1 – 1%), dibutyryl 
C-AMP (100 µM), and dibutyryl C-GMP (100 µM) were without effect  
on the con trac t i l i ty  of the musculature. These results strongly 
indicate that PKC is involved in the regulation of muscle 
con trac t i l i ty  and tension in this organism, but that  the 
physiological role i t  plays may be different from that in 
vertabrate muscle.

330.2 CENTRAL CONTROL OF CILIARY ARREST IN THE ASCIDIAN CHELYOSOMA 
PRODUCTUM. S.A. Arkett*, (SPON: D. Paul). Dept. of Biology, 
Univ. of Victoria, Victoria, B.C. V8W 2Y2 Canada

Ascidians circulate water by cil ia ted stigmata of the branchial 
basket and feed on par ticulate matter suspended in these currents. 
Water enters the branchial siphon, passes through ci l ia ted st ig-  
matal openings, and exits through the a t r ia l  siphon. 'Foreign' 
material causes a basket-wide arrest of c i l i a  beating. Electrical 
activity  associated with c i l ia ry  arrests (ci l ia ry arrest  
potentials,  CAPs) has been recorded from Corella willmeriana 
(Mackie, G.O., et al. Proc. R. Soc. Lond. B., 187:1,1974). Ciliary 
arrest is often accompanied by rapid contractions of siphons, 
mantle, and branchial sac, sometimes resulting in a rapid ejection 
of water from the siphons (MacGinitie, G.E., Biol. Bull. ,  77:443, 
1939). Coordination of c i l ia ry  arrest  and siphon contraction is 
thought to be under CNS control, however, the lack of information 
on neuronal organization in ascidians has precluded any con
clusions about the control of these effector systems. I describe 
a new preparation for physiological and morphological identifica
tion of neurons, which are involved in ci l ia ry  arrest and siphon 
muscle contractions, in the central ganglion of Chelyosoma  
productum.

The central ganglion, located between the two siphons and dorsal 
to the branchial basket, is exposed in a semi-intact animal and 
treated with collagenase to allow microelectrode penetration of 
individual cells for recording and Lucifer Yellow injection. Cells 
to date are putative motorneurons. One cell (RP ‒60mV) spikes 1:1 
with CAPs recorded extracellularly  from the branchial basket. This 
cell is rarely spontaneously active. Brief stimulation of one 
branchial medial root results in one to three action potentials 
(over 10s period) of 50mV amplitude and 40ms duration followed by 
a 5–10mV hyperpolarized phase lasting l –3s. LY f i l l s  show a cell 
body (15–20 µm diameter) with a single, unbranched axon exiting the 
ganglion via one a tr ia l  medial root. Intracellular  recordings from 
cil ia ted  stigmatal ce lls (RP ‒40mV) show PSPs with a 20–35mV 
depolarized phase lasting ca. 400ms. PSPs are time-locked, 1:1 
with CAPs. Branchial c i l ia ry  arrest is directly associated with 
these depolarizations. The depolarization in ci l ia ted cells :  
1) appears to be a post-synaptic event, produced by the identified 
central ce l l ,  2) may spread either passively or actively through 
gap junctions connecting cil ia ted cells thereby causing c i l iary  
arrest.
Supported by NSERC grant to G.O. Mackie.

330.3 NEURAL SUBSTRATES OF LOCOMOTION IN HERMISSENDA. E.M.Schuna n . 
J .F a r le v .  W.G.Ri ch a rd s . P rog , in  N eu ro sc i. & B ehav io r, P r in ce to n  
U n iv e rs ity , P r in c e to n , NJ 08544.

Locomotion in  many m o llu scs  i s  accom plished by means o f  e i th e r  
a peda l wave o r  by c i l i a r y  a c t io n .  P rev io u s  s tu d ie s  o f  p h o to ta x ic  
b eh av io r in  Herm issenda have f a i l e d  to  e s ta b l i s h  which 
p e r ip h e ra l  mechanism th e  anim al i s  u s in g , and in s te a d  have chosen 
to  c h a ra c te r iz e  th e  beh av io r in  te rm s o f  i t s  la te n c y  to  commence 
and i t s  v e lo c i ty  once i n i t i a t e d .  We have ana lyzed  h ig h - re s o lu t io n  
v id e o ta p e s  o f  m agn ified  p o r t io n s  o f  th e  v e n t r a l  s u r fa c e  o f  th e  
a n im a l 's  f o o t ,  w h ile  engaged in  spon taneous and lig h t-e v o k e d  
locom otor b eh a v io r , and f in d  th a t  th e  c h a r a c t e r i s t i c  mode o f 
locom otion  in v o lv es  a peda l wave. During locom otion , lo n g i tu d in a l  
m uscles which r a i s e  and move forw ard  su c c e s s iv e  p o r t io n s  o f  th e  
fo o t  c o n t r a c t .  These movements a r e  accompanied by 
p e r i s t a l t i c - l i k e  c o n t r a c t io n s  and expansions  o f  th e  p e r ip h e ra l  
edges o f  th e  f o o t .  In  s e m i- in ta c t ,  r e s t r a in e d  an im a ls , e l e c t r i c a l  
s t im u la t io n  o f  th e  two major peda l n e rv es  (PI & P2; R ichards  & 
F a r le y , S oc. N eu ro sc i. A b a tr . . 1985) which in n e rv a te  th e  pedal 
m u scu la tu re  re v e a le d  th a t  s t im u la t io n  o f  nerve  P1 r e s u l te d  in  
c o n t r a c t io n s  o f  th e  lo n g i tu d in a l  m uscles o f  th e  p o s te r io r  
th r e e - q u a r te r s  o f  th e  f o o t ,  w h ile  s t im u la t io n  o f  nerve  P2 r e s u l te d  
in  lo c a l iz e d  c o n t r a c t io n s  o f  th e  a n t e r io r  p e r ip h e ry  o f  th e  fo o t .

Four new c l a s s e s  o f  p u ta t iv e  mo to rn e u ro n s , w ith  c e l l  bo d ie s  in  
th e  peda l g a n g l ia , have a l s o  been d isco v e red  and have been s tu d ie d  
by s im u ltan eo u s re c o rd in g s  o f  w hole-nerve m u ltip le  u n i t  a c t i v i t y  
(MUA) and i n t r a c e l l u l a r  re c o rd in g s  from p u ta t iv e  MNs. M otorneuron 
5 c e l l s  e x h ib i t  a t r a n s i e n t  l i g h t  resp o n se  b u t do n o t b u r s t .  
M otorneuron 6 c e l l s  a l s o  d is p la y  a t r a n s i e n t  l i g h t  re sp o n se  b u t 
b u r s t  in  phase w ith  nerve P2. M otorneuron 7 c e l l s  undergo a 
marked in c re a s e  in  im pulse a c t i v i t y  d u rin g  l i g h t  and b u r s t  in  
phase w ith  MUA a c t i v i t y  in  nerve  P2. M otorneuron 8 c e l l s  a re  
i n h ib i te d  by l i g h t ,  b u r s t  in  phase w ith  P2 and e x h ib i t  a  marked 
h y p e rp o la r iz a tio n  between b u r s t s .  We have begun to  r e l a t e  th e  
p a t te r n  o f  w hole-nerve a c t i v i t y  to  th e  peda l wave w ith  th e  aim o f  
p ro v id in g  a more com plete d e s c r ip t io n  o f  how locom otion i s  
accom plished  in  t h i s  an im al, and how a s s o c ia t iv e  t r a in in g  reduces  
p h o to ta x is .
S upported  by NSF BNS-8316707 to  J .F a r le y .

330.4 NEUROMUSCULAR CONTROL OP UNSTEADY PLOWS BY DRAGONFLIES. M.  K li s s* 
and M.W. Luttges. Aerospace E n g in ee rin g  S c ie n c es , U n iv e rs i ty  o f  
Colorado, Boulder, Colorado 80309*

The remarkable a e r ia l  maneuvers o f d rag o n flies  have been shown 
to  r e l y  on th e  u t i l i z a t i o n  o f  u n s tead y  s e p a ra te d  flo w s . Such 
f lo w s  a re  b o th  t r a n s i e n t  and s p a t i a l l y  d is p a r a te .  S p e c if ic  
c o n s tra in ts  on f l i g h t  rhythm are  exacted by th e  use o f unsteady 
flo w s . The p re s e n t in v e s t ig a t i o n  fo c u se s  on th e  mechanisms 
th ro u g h  which th e  neu rom uscu lar system  can  be co o rd in a te d  to  
u t i l i z e  wing in t e r a c t io n s  w ith  th ese  r e l a t i v e ly  complex flow s. 
Understanding th e  operations o f th e  c e n t r a l l y  g e n e ra ted  f l i g h t  
program is  the  goal o f these  s tu d ie s . High speed 16 mm movies of 
re s tra in e d  d ragonfly  wing k in em a tic s  d em o n stra te  a  s p a t i a l  and 
tem poral synchronization  o f  both tandem wing s e ts  w ith  p eriod ic  
v o r t i c a l  s t r u c tu r e s .  In te g ra te d  fo r c e  b a la n c e  m easurem ents 
c o r r e la te d  wing k in e m a tic s  in s ta n c e s  w ith  h ig h  peaks o f  l i f t  
generation . A nalysis o f th e  wing box k in e m a tic s  r e v e a le d  th a t  
a g o n is t  and a n ta g o n is t  m uscles  a c t  on o p p o s ite  s id e s  o f  a  wing 
b ase  p iv o t  p o in t  to  produce wing e l e v a t io n  and d e p re ss io n . 
D isp lacem en ts  and t i l t i n g  o f  th e  scutum  and s c l e r i t e s  a re  
p rim arily  re sp o n sib le  fo r  changes in  p ro n a tio n  and s u p in a t io n . 
D irec t e l e c t r i c a l  s tim u la tio n  o f th o rac ic  muscular systems show 
th a t  g ross wing kinem atics a re  r e l a t i v e ly  robust, a r is in g  from a  
combination o f p e rip h e ra l m usculature and mechanics. More s u b tle  
k in e m a tic s ,  such  a s  phase a n g le  betw een fo r e  and a f t  w ings, can 
be d riv en  a t  0° -  180° phase ang les. Basic feedback c o n tro ls  a lso  
produce on ly  minor m odifications in  wing kinem atics. Removal o f 
en cepha lization  in flu en ces  led  to  la rg e r  am plitude e l e c t r i c a l l y -  
e l i c i t e d  wing responses. P lig h t episodes were o f longer dura tion  
th a n  th o s e  o f an i n t a c t  in s e c t ,  b u t were more d i f f i c u l t  to  
e l i c i t .  H is to lo g ic  te c h n iq u es  were employed to  de te rm in e  
popu la tions, lo ca tio n s  and fu n c tio n a l connections o f c e l l  bodies 
fo r  th e  main f l i g h t  m otor neu rons . G raphic r e c o n s tr u c t io n  
provided a  s im p lifie d  w iring  diagram fo r th e  c e l l  bodies. P in a l 
m otor p a th  r o l e s  o f  th e  l a r g e r  c e l l s  have  been  p a r t i a l l y  
id e n tif ie d . E le c t r ic a l  s tim u la tio n  o f th e  meso and m etathoracic 
g a n g lia  e l i c i t e d  coordinated wing responses through a  wide range 
o f  f r e q u e n c ie s .  High v o l ta g e  s t im u la t io n  l e v e l s  produced 
complete f l i g h t  episode k inem atics th a t  did no t correspond to  the  
s t im u la t io n  freq u en cy  or phase r e l a t i o n s h ip  o f  th e  e l e c t r i c a l  
s t im u l i .  I n i t i a l  e x t r a c e l l u l a r  re c o rd in g  s tu d ie s  r e v e a l  a  
r e l a t i v e l y  com plex r e l a t i o n s h ip  betw een f l i g h t  neuron f i r i n g  
p a t te r n s  and th e  r e s u l t a n t  d r iv in g  o f  th e  f l i g h t  m u scu la tu re . 
These f in d in g s  a re  compared to  th o s e  known f o r  f l i g h t  c o n t r o l  
mechanisms o f  th e  lo c u s t .  U n lik e  th e  lo c u s t ,  where d e t a i l s  o f  
the  flu id -w in g  in te ra c tio n s  a re  no t w e ll e s ta b lish e d , th e  r e s u l t s  
in  th e  d ra g o n f ly  can be r e l a t e d  to  th e  f l u i d  dynam ics t h a t  
support the  observed f l i g h t  modes.
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330.5 BREATHING IN FAT AND THIN LOCUSTS: ADAPTATIONS BY VENTILATION 
MOTOR PATTERN GENERATORS TO ALTERED MECHANICAL-PROPERTIES OF THE 
ABDOMEN. S. F. Giszter* (SPON: E. Bizzi). Dept. Brain and 
Cognitive Sciences, MIT, Cambridge, MA 02139.

The principle breathing mechanism of resting locusts is a dorso
ventral pumping of the tergum and sternum. This motion is produced 
by two antagonistic muscle groups in each segment. The motoneurons 
controlling these are driven by a master osc illa tor  in the meta
thoracic ganglion by way of local segmental osc illa tors in 
abdominal ganglia. The local segmental osc illa tors are networked 
together as phaselocked loops with delay lines. The delay line 
arrangement forms a phaselocked loop able to closely follow the 
metathoracic command transi tions of expiration to inspiration as 
frequency varies. In this manner, the abdominal segments pump in 
t ight synchrony.

In young adult locusts, the duration of the expiratory portion 
of the pattern covaries with the duration of the total  breathing 
cycle, while inspiration is relatively fixed. In contrast , older 
locusts show the same general pattern, but inspiration covaries 
with breath cycle and expiration is short and fixed.

Young adult locusts can be switched to the "older" pattern by 
appropriate loading of the abdomen, which increase the degree of 
expansion of tergum relative to sternum, and the extent of inspi
ratory motion. This switching pattern seems to be an adaptation to 
increase of fa t  supplies and egg loads in older animals.

The switching of duration control based on load experienced in 
the abdomen may be achieved in a number of ways. An adjustment 
might be made local to a segment based on i t s  individual load, 
though this would interfere with segment synchronization. Alter
natively, all  segments could be switched, simultaneously, by 
alteration of signals from the metathoracic osc illa tor .  In this 
l a t te r  case, the metathoracic ganglion could switch patterns based 
either  on i t s  own state  alone, or on combined information from all  
segments to obtain some "consensus" decision as to which pattern to 
use.

Evidence for which of these switching mechanisms is used will be 
discussed.

Research supported in part by a postdoctoral scholarship at  the 
Crump Inst i tu te  for Medical Engineering, UCLA, and NIH Grant 
NF21033–01 awarded to G. Hoyle.

330.6 SEGREGATION OF VISUAL INTERNEURONS ONTO DENDRITIC DOMAINS OF BLOW
FLY DESCENDING NEURONS IS REVEALED BY TRIPLE FLUORESCENT STAINING. 
N.J.Strausfeld and H.S.Seyan*, EMBL, 6900 Heidelberg, West Germany.

In insects, descending neurons (DNs) arise in the lateral  deutocer
ebrum of the brain and send their  axons to motor centers of thoracic 
and abdominal ganglia. DN activity  is thought to play a crucial 
role in determining the release and maintainance of motor programs.

The dendritic trees of most DNs are complex. I t  is thought that 
each part of the tree receives a typical pattern of inputs; primary 
afferents from receptors and sensory interneurons originating in 
sensory neuropils of the brain and body-ganglia. Previous neuroanat- 
omical studies demonstrating the convergence of sensory neurons at 
DNs relied on double staining - cobalt or HRP backfills  followed by 
Golgi impregnation. So far ,  these somewhat capricious methods have 
provided descriptions of sensory convergence onto two DNs only,both 
postsynaptic to endings of giant motion-sensitive interneurons and 
to certain small visual elements (Strausfeld,N.J. and Bassemir,U.K., 
c e l l  and Ti s s .Res. ,240:617,1985 & 242:531,1985). However, the vast 
majority of small-field visual interneurons have proven relatively 
refractive to conventional neuroanatomical techniques.

We have now simplified the analysis significantly using two dyes, 
Texas Red (Sigma, as 4% solution) and Lucifer Yellow (Sigma, as 6% 

solution), applying them consecutively into ei ther living or form
alin-fixed tissue. Texas Red is introduced f i r s t ,  by diffusion into 
cut axons f i l l in g  the cells completely af ter  18h. Lucifer Yellow is 
next applied iontophoretically (10–30 min) from an electrode which 
is inserted "blind" into a selected area. A t ip  diameter of 1–4 µm 
is sufficient to damage axons of up to a dozen neurons so that  they 
too are f i l le d  in the ir  entirety . This is an advantage over in tra 
neuropil application of cobalt or HRP. After dye f i l l in g ,  tissue is 
fixed in buffered formalin (1h) and then postfixed in the same but 
containing 1% of the blue fluorescing nuclear stain , Hoechst bisben- 
zimide H33458.

Using appropriate excitation f i l t e r s  for viewing serial plas tic 
sections, we make multiple exposures onto positive film from which 
we reconstruct complex cell relationships. Perikarya of dye-fi l led 
neurons can be directly related to the intensely blue-stained nuclei 
of  the perikaryal rind. Typically, clusters of DNs ar ise from groups 
of cell bodies. Each DN cluster receives the endings of up to ten 
classes of small-field visual interneurons each of which projects 
to a characteristic part of the DN dendritic f ie ld .  Thus, a single 
DN can receive up to 50000 visual interneurons, each class compris
ing about one ninth of the total number of ommatidia of the compound 
eye. The retinotopic organization of the small-field interneurons is 
usually lost during the ir  passage from the lobula to the target  DN 
where they segregate out into functional classes. We are now further 
developing the method for combined light and electronmicroscopy.

330.7 PROCESSING OF PROPRIOCEPTIVE SIGNALS BY SPIKING LOCAL 
INTERNEURONES IN THE LOCUST. M. Burrows. D epartm ent o f Zoology, 
Downing S t r e e t ,  Cambridge CB2 3EJ, England.

P ro p rio c e p to rs  m onito r the movement of jo i n t s  and the 
p re v a i l in g  s ta tu s  of the  m uscles to  p rov ide  a means fo r ra p id  
c o r re c tio n s  of the  m otor o u tflo w . Such c o r re c tio n s  a re  i n i t i a t e d  
a t  s e v e ra l le v e ls  in the  nervous system  so th a t  the c e n tr a l  
e f f e c t s  of p ro p r io c e p tiv e  a f f e r e n ts  should  be w idespread . The 
connections  made by a f f e r e n ts  from a p a r t i c u l a r  p ro p rio c e p to r  a t  
the fe m o ro - t ib ia l  j o i n t  in  a h ind  leg  o f a lo c u s t ,  the fem oral 
ch o rdo tona l organ , were th e re fo re  determ ined  by making 
i n t r a c e l lu l a r  reco rd in g s  from m otor neurones and sp ik in g  lo c a l 
in te rn e u ro n e s  in the c e n tr a l  nervous system  and from a f f e r e n t  
c e l l  bodies in  the  p e rip h e ry . This re c e p to r  was chosen because 
i t s  apodeme can be moved w ith o u t s t im u la t in g  o th e r  r e c e p to r s .

S ta in in g  the  c e n tr a l  p ro je c tio n s  o f th e  a f f e r e n t  neurones w ith  
dye in tro d u ced  in to  th e i r  axons a t  the r e c e p to r ,  and the 
i n t r a c e l lu l a r  in je c t io n  o f dye in to  m otor neurones and 
in te rn e u ro n e s  shows th a t  th e  branches o f a l l  th re e  c la s s e s  of 
neurone o v e rlap  in  s p e c i f ic  reg io n s  o f n e u ro p ile .

A ffe re n ts  e x c ite d  by an ex ten s io n  o f the  f e m o ro - t ib ia l  j o i n t  
e x c i te  f le x o r  t i b i a e  m otor neurones and some sp ik in g  lo c a l 
in te rn e u ro n e s . A ffe re n ts  e x c ite d  by a f le x io n  movement e x c i te  
ex te n so r  t i b ia e  m otor neurones and a d i f f e r e n t  s e t  o f sp ik in g  
lo c a l in te rn e u ro n e s . Spikes in  a f f e r e n ts  th a t  e x c i te  f le x o r  
m otor neurones evoke d e p o la r iz in g  p o te n t ia ls  th a t fo llow  each 
sp ik e  w ith  a c o n s is te n t  c e n t r a l  la te n c y  o f some 1.5ms. The 
am p litude  o f th e se  p o te n t ia ls  is  dependent upon the  membrane 
p o te n t ia l  o f the  m otor neurone and each can evoke m otor s p ik e s . 
This ev idence p o in ts  to  the  connec tion  being  d i r e c t  and the 
p o te n t ia ls  being  EPSPs. S im ultaneous reco rd in g s  from c e r ta in  
sp ik in g  lo c a l in te rn e u ro n e s  and f le x o r  m otor neurones show them 
to  be d riv e n  in  a p a r a l l e l  fash io n  by movements of the  re c e p to r  
apodeme. Spikes o f some a f f e r e n ts  evoke EPSPs in  both neurones 
w ith  the  same co n s is te n c y  and w ith  the  same la te n c y . An a f f e r e n t  
can th e re fo re  synapse d i r e c t l y  upon a m otor neurone and a sp ik in g  
lo c a l in te rn e u ro n e . Each a f f e r e n t  synapses on s e v e ra l m otor 
neurones and s e v e ra l in te rn e u ro n e s . In  tu rn  each m otor neurone 
and each in te rn e u ro n e  re c e iv e s  in p u ts  from s e v e ra l a f f e r e n ts .

These pathways th e re fo re  u n d e r l ie  c l a s s i c a l  r e s is ta n c e  
r e f le x e s  whereby an imposed movement is  r e s i s te d .  The d i r e c t  
co nnections  w ith  m otor neurones form th e  e x c i ta to ry  lim bs o f the 
r e f l e x  loops. The p a r a l l e l  co nnec tions  w ith  the  sp ik in g  
in te rn e u ro n e s  could  p rov ide fo r the  in h ib i to ry  lim bs by v i r t u e  o f 
th e  in h ib i to ry  connections  o f th e se  neuroens w ith  the 
a n ta g o n is t i c  m otor neurones or w ith  nonsp ik ing  in te rn e u ro n e s .

This work was suppo rted  by NIH g ra n t NS16058.

330.8 INTRACELLULAR ANALYSIS OF THE SYNAPTIC ACTIVITY IN THE POSTURAL 
MOTOR NEURONS EVOKED BY MECHANICAL STIMULATION OF THE SWIMMERET 
IN THE LOBSTER ABDOMEN. V.C. KOTAK* and C.H. PAGE. R utgers 
U n iv e rs ity , Bureau o f  B io lo g ic a l R esearch , P isca taw ay , NJ 08854

Using e x t r a c e l lu l a r  re c o rd in g s  we have shown th a t  s tro n g  
s tim u la t io n  o f  th e  swimmeret p roduces to n ic  ex te n s io n  in  th e  
abdomen o f  th e  lo b s te r  (J .  Comp. P h y s io l . , 158:225–233, 1986). 
The p re s e n t in v e s t ig a t io n  employed i n t r a c e l l u l a r  reco rd in g  to  
examine th e  sy n a p tic  resp o n ses  o f th e  p o s tu r a l  motoneurons th a t  
a re  evoked by th e  swimmeret m echanorecep to rs. The p re p a ra tio n  
c o n s is te d  o f  th e  second and th i r d  abdom inal g a n g lia  w ith  
a t ta c h e d  second l e f t  swimmeret. Almost a l l  o f  f le x o r  e x c i to r  
m otoneurons ( f l , f 2 , f 3 , f 4  b u t n o t f6) as w e ll as th e  f le x o r  
i n h i b i to r  (f5) were spon taneously  a c t iv e  w hile  th e  ex te n so rs  
were q u i e s c e n t .M o t o n e u r o n  p o te n t ia l s  were recorded  
in t r a s o m a t ic a l ly  w ith  5% L u c ife r  yellow  f i l l e d  m ic ro e le c tro d e s . 
A 5g, 100ms s tim u lu s  g en e ra ted  by a probe (d iam eter 0.5mm) f ix e d  
to  a sp eak er was used to  s tim u la te  lo c a l iz e d  swimmeret 
m echanorecep to rs to  study  evoked sy n a p tic  p o te n t ia l s  and 
la te n c i e s  in  th e  p o s tu r a l  m otoneurons. S tro n g e r resp o n ses  were 
g en e ra ted  by manual s t im u la t io n  w ith  a f in e  b ru sh .

M echanosensory s tim u la t io n  o f  th e  swimmeret su rfa c e  produced 
th e  fo llo w in g  motoneuron re sp o n ses : The p e r ip h e ra l  f le x o r  
i n h i b i to r  f5  was e x c ite d  by epsps which le d  to  an in c re a s e  in  
i t s  spontaneous f i r i n g  w h ile  th e  ex te n s o r  i n h i b i to r  e5 was 
h y p e rp o la r iz e d . Swimmeret s t im u la t io n  a ls o  induced la rg e  ip sp s  
in  th e  f le x o r  e x c i to r s  f2 and f3 and epsps in  u n id e n tif i e d  
e x te n so r  e x c i to r s  which o f te n  le d  to  t h e i r  s p ik in g .

The e x te n t  o f sy n a p tic  e x c i ta t io n  and in h ib i t i o n  in  th e se  
abdom inal p o s i t io n in g  m otoneurons was dependent upon th e  k ind  o f 
re c e p to r s  s tim u la te d  as  w e ll as  th e  i n t e n s i t y ,  frequency  and 
d u ra t io n  o f  th e  s tim u lu s . S tim u la tio n  o f  th e  smooth h a i r s  
( fe m a le ) , f e a th e re d  h a i r s  (both sexes) and c u t ic u l a r  su rfa c e  
(both  sexes) e l i c i t e d  e x ten s io n  resp o n ses  w hereas b r i s t l y  sp ine  
(male) s t im u la t io n  e x c ite d  th e  f le x o r  e x c i to r s .  The r i s e  tim e , 
shape and am plitude o f  th e  touch  evoked epsps d i f f e r e d  ac co rd ing  
to  th e  k in d  o f  m echanorecep to rs s tim u la te d . The s y n a p tic  
p o te n t ia l s  produced in  motoneurons fo llo w in g  s tim u la t io n  o f th e  
swimmeret were i n i t i a t e d  a f t e r  a m inimal la te n c y  o f  25 ms.

The r e s u l t s  ag ree  w ith  ou r p rev io u s  o b se rv a tio n  th a t  t a c t i l e  
s t im u la t io n  o f  a swimmeret u s u a lly  fa v o rs  abdom inal e x te n s io n . 
The v a r ia t io n s  in  sy n a p tic  p o te n t ia l s  and la te n c ie s  a r i s in g  by 
s tim u la t io n  o f  d i f f e r e n t  m echanoreceptors may in d ic a te  
d if f e re n c e s  in  th e  neu ro n a l pathways th a t  a f f e c t  th e  
m otoneurons. The occu rrence  o f  e x c i ta to ry  and in h ib i to ry  
p o s ts y n a p tic  p o te n t ia l s  a f t e r  a 'lo n g ' de lay  (>25 ms) su g g es ts  
t h a t  th e se  m otor neuron resp o n ses  a re  m ediated  by p o s tu r a l  
in te rn e u ro n s  in  th e  abdom inal nerve co rd .
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330.9 INTERSEGMENTAL INHIBITION OF ABDOMINAL POSTURAL RESPONSES EVOKED 
BY MECHANOSENSORY STIMULATION OF THE SWIMMERET IN LOBSTER. F.A. 
ABENANTE*, V.C. KOTAK* and C.H. PAGE (SPON: J.  INSERRA). Rutgers 
University, Bureau of Biological Research, Piscataway, NJ 08854.

Intersegmental modulation of postural activity  produced by 
mechanostimulation of a swimmeret was investigated in a 
preparation that  included the second swimmeret attached to an 
isolated abdominal nerve cord. The effects of three successive 
stages of isolation of the second ganglion were examined: (1) 
intact  abdominal nerve cord; (2) af ter  sectioning the posterior 
connective between ganglia 2 and 3; (3) af ter  to ta l ly  isolat ing 
ganglion 2 by sectioning the anterior connective between ganglia 
1 and 2.The responses of the tonic flexor motor neurons 
( f l ‒f6) in ganglion 2 were analyzed based upon the ir  relative 
spike  amplitudes and  f iring patterns in extracellular 
recordings.

In the intact nerve cord, ta c t i le  stimulation of the 
feathered hairs,  which line the rami, never produced a postural 
response. In contrast,  a f ter  sectioning the posterior 
connective stimulation of the feathered hairs e l ic i ted  a flexion 
inhibition response – –an increase in f iring of the flexor 
inhibitor  (f5) and a decrease in f iring of the flexor excitors.  
Total isolat ion of  the second ganglion by sectioning the 
anter ior connective further  increased the response. In the 
intact nerve cord, threshold stimulation (2.5g) of the swimmeret 
surface produced weak flexion inhibition;  which included 
excitation of the flexor inhibitor f5 and inhibition of the 
f lexor excitors,  When the posterior connective was sectioned, 
stimulation of the swimmeret surface (2.5g) produced stronger 
excitation of f5 and greater inhibition of the flexor excitors.  
Complete isolat ion of the second ganglion further  increased the 
f iring of f5 and inhibition of the flexor excitors. The 
response of the flexor inhibitor f5 to constant strength 
stimulation increased as the second ganglion was progressively 
isolated. The threshold for an f5 response decreased following 
each stage of second ganglion isolation, changing from a 2.5g 
tap in the intact preparation to a 0.5g tap in the isolated 
ganglion.

These results indicate that intersegmental interneurons can 
modulate the neuronal responses to swimmeret mechanostimulation. 
Isolating the ganglion by cutting the connectives enhanced the 
sensory responsiveness by disinhibiting neurons that mediate the 
flexor responses in i t ia ted  by stimulation of the swimmeret 
mechanoreceptors. This disinhibition is particularly striking 
in the case of feathered hair stimulation which does not affect  
flexor motor activi ty  unless the ganglion is isolated from 
adjacent abdominal ganglia.

330.10 ANATOMICAL AND PHYSIOLOGICAL CHARACTERIZATION OF THE 
PERIPH ERA L SERO TO NERGIC NEU RON S IN NERVA TIN G  THE 
STOMATOGASTRIC GANGLION. P.S. Katz and R.M. Harris-W arrick. 
Neurobiology and Behavior, Cornell University, Ithaca, N.Y. 14853.

The stomatogastric ganglion o f decapod Crustacea contains 2 central pattern 
generators for stomach muscle movements. These CPGs (pyloric and gastric) 
are modulated by inputs from other parts o f the nervous system. Serotonin has 
been shown to be a neuromodulator of the pyloric rhythm in lobsters and crabs 
(Beltz, B., e t .a l., J.Exp.Biol.. 109:35–54, 1984). We have now identified and 
characterized the source of the serotonergic innervation in Homarus americanns, 
Cancer borealis, and Procambarus clarkii.

W e have shown, using anti-serotonin antisera (Immunonuclear), that all three 
species have bipolar cells that are situated in peripheral nerves and send 
serotonergic processes centrally (as described by Beltz, et.a l., for Cancer 
irroratus.) We have found that the axonal projections, but not the somata and 
dendrites, o f the bipolar serotonin cells in Homarus contain immunologically 
detectable levels of serotonin. However, preincubation o f the tissue in 10–4M 
serotonin allowed these cell bodies and their dendrites to be visualized using the 
antisera. There are no other cells in this region of the nervous system that take 
up serotonin.

The axons of the serotonin cells travel to the stomatogastric ganglion (STG) 
where they branch profusely. W e found that they then exit the STG and 
continue through the stomatogastric nerve as a very tight bundle. Our 
electrophysiological and anatomical data show that each axon then bifurcates and 
sends one branch out each superior oesophogeal nerve, terminating in each 
commissural ganglion. There are no descending serotonergic axons projecting 
to the STG from central ganglia.

In Homarus, we have found that there are 8 bipolar serotonergic cells, 4 
located in each peripheral lateral ventricular nerve (LVN). These cells send 
processes to the bilaterally symmetric gastric muscle gm9. They each send 
branches out small nerves and form arborizations and varicosities on the muscle 
as they run along it. In both Cancer and Procambarus there are 2 serotonergic 
neurons in each LVN. In Cancer, each o f the cells projects to different 
bilaterally symmetric gastric muscles. One cell innervates gm9a, the other 
innervates gm8b. Both o f these muscles, however, are driven by the same 
gastric motomeuron, the MG cell. The homologous gastric motomeuron 
innervates gm9 in Homarus.

The morphology o f the bipolar cells is typical for arthropod sensory neurons. 
In Homarus, sensory action potentials were recorded in nerves closely 
associated with gm9 in response to muscle movement. Concurrently, a 
modulation o f the pyloric pattern with some serotonin-like characteristics was 
observed. These data strongly suggest that the serotonergic bipolar cells may 
provide sensory feedback to the pyloric CPG.

This work was supported by Hatch grant #NYC‒191410, NIH #NS 17323 to 
R.M.H-W., and a Sigma Xi grant-in-aid o f research to P.S.K.

330.11 BACKWARD WALKING INHIBITS TA ILF LIP IN CRAYFISH. N.  S. P h i l l i p s  
and D. H. E dw ards, D ep artm en t o f  B io lo g y , G eo rg ia  S ta t e  U n iv ., 
A t la n ta , G A  30303.

Animals must be a b le  to  d is c r im in a te  between senso ry  in p u t 
from  e x t e r n a l  s o u rc e s  and t h a t  due to  t h e i r  own m otor a c t s .  One 
m echanism  by w hich  a n im a ls  can  r e d u c e  o r  e l i m i n a t e  b e h a v io r a l  
r e s p o n s e s  to  t h e i r  own m ovem ent i n v o l v e s  th e  p ro d u c t io n  o f  a 
c o r o l l a r y  d isc h a rg e  o r e f fe re n c e  copy. These s e rv e  to  reduce o r 
e l im in a te  r e a f fe re n c e  th a t  r e s u l t s  from an an im al’s  motor a c ts .  
As a r e s u l t ,  in a p p ro p r ia te  r e f l e x  pathways a re  n o t a c t iv a t e d ,  and 
r e l e v a n t  en v iro n m en ta l s t im u l i  a re  n o t o v erlo o k ed .

We h a v e  shown t h a t  s t i m u l a t i o n  o f  th e  command pathw ay  f o r  
backw ard  w a lk in g  in  c r a y f i s h  i n h i b i t s  e le m e n ts  o f  th e  l a t e r a l  
g ia n t  (LG) t a i l  f l i p  escape c i r c u i t r y  w h ile  i t  r e l e a s e s  backwards 
w a lk in g . T h is  c e n t r a l l y  d e r i v e d  i n h i b i t i o n  i s  s u p p le m e n te d  by 
in h ib i t i o n  produced by le g  p ro p r io c e p to rs  t h a t  a re  a c t iv e  du rin g  
w a lk in g  ( F r ic k e ,  R.A. e t  a l . ,  J .  Comp. P h y s i o l . ,  1 4 9 (2 ):2 5 1 , 
1982). T h is  i n h i b i t i o n  i s  d i r e c t e d  p r e -  and p o s t s y n a p t i c a l l y 
a g a in s t m echanosensory in t e r n e u r o n s  t h a t  e x c i t e  th e  LG command 
n eu ro n  f o r  t a i l f l i p .  Both ty p e s  o f  i n h i b i t i o n  w ould a p p e a r  to  
p r o t e c t  th e  a n im a l from  r e a f f e r e n t  s t i m u l a t i o n  o f  th e  e s c a p e  
system  as i t  moves backwards in to  i t s  burrow.

To determ ine  th e  b e h a v io ra l consequences o f  t h i s  in h ib i t i o n ,  
we h a v e  e l e c t r i c a l l y  s t im u la t e d  f r e e l y  b e h a v in g  c r a y f i s h  to  
t a i l f l i p  when th e y  w ere q u ie s c e n t  and w h ile  th e y  w ere w a lk in g  
backw ards. E l e c t r i c a l  s t im u la t io n  i s  p rov ided  by 1.5 ms v o lta g e  
p u ls e s  ac ro ss  a p a i r  o f  e le c t ro d e s  im plan ted  around th e  fo u r th  
r o o t  o f  th e  t e r m in a l  ab d o m in a l g a n g l io n .  T h is  r o o t  c o n t a in s  
sen so ry  a f f e r e n t s  to  th e  escape s y s te m. Animals were s tim u la te d  
o v e r a range o f  v o l ta g e s  and th e  response  (LG-mediated t a i l f l i p ,  
a s  ju d g e d  by l a t e n c y  and b e h a v io r )  f r e q u e n c y  was d e te rm in e d . 
We i l lu m in a te  p r e v io u s ly  d ark -ad ap ted  c r a y f is h  v e n t r a l l y  to  cause 
them  to  w a lk  b ac k w ard s  (E dw ards, D.H. J ,  exp . B io l . , 1 09 :291 , 
1984) I l l u m i n a t i o n  e x c i t e s  th e  c a u d a l  p h o to r e c e p to r  n e u ro n s  
which r e l e a s e  backwards w alk ing .

We found th a t  a much la r g e r  v o l ta g e  s tim u lu s  i s  n ec essa ry  to  
e l i c i t  t a i l f l i p  escape when th e  anim al i s  w alk ing  backwards. The 
s tim u lu s  v o l ta g e  n ec essa ry  fo r  a 50% response  frequency  in c rea sed  
from  0 .9  V to  1.3 V, w h ile  th e  r e s p o n s e  f re q u e n c y  a t  1.2 V 
d e c re a s e d  from  84% to  36%. T h e re  was no d i f f e r e n c e  b etw een  
t a i l f l i p  re sp o n s iv e n e s s  o f  c o n t ro l  an im als  in  th e  dark  and th o se  
t h a t  w ere ex p o sed  to  l i g h t  b u t d id  n o t w a lk . T h is  r e s u l t  i s  
c o n s i s t e n t  w ith  th e  o b s e r v a t io n  t h a t  l e g  m ovem ent a n d /o r  
backw ards-w alking  command neuron a c t i v i t y  i s  n ec essa ry  to  in h i b i t  
th e  e s c a p e  c i r c u i t r y .  The r e l a t i v e  c o n t r i b u t i o n s  o f  l e g  
p r o p r io c e p to r s  and c e n t r a l  w a lk in g  command n e u ro n s  to  th e  
b e h a v io ra l  in h ib i t i o n  a re  no t y e t known.

330.12 A MODEL DESCRIBING THE KINEMATIC PROPERTIES OP THE 
CRAYFISH CLAW DURING THE DEFENSE RESPONSE. T.M. Kelly. 
D epartm en t of Physiology and  Neurobiology, U n iv ers ity  of 
Connecticut, S to rrs ,C T  06268.

In o rd e r to m ore  fu lly  describe th e  defense response in  th e  . 
c ra y fish , a  k inem atic  model of the  c law  w a s  developed. The 
model, based on expe rim en ta lly  observed p a ra m e te rs , produced 
s im u la ted  tra je c to r ie s  of the  cheliped th a t  exhibited close 
correspondence to a c tu a l tra jec to rie s .

The cheliped w a s  rep resen ted  as  tw o  segm ents. The p rox im al 
segm ent w a s  a  com posite of th e  coxopodite, basipodite, 
ischiopodite and  m eropodite. In  the  c ray fish , the  basipodite and 
ischiopodite a re  fused and  excursion  a t the  
ischiopodite-m eropodite a rticu la tio n  is ex trem e ly  lim ited. The 
d is ta l segm ent corresponded to th e  carpopodite. The basal 
jo in ts , th e  thoracico-coxopodite and  th e  coxopodite-basipodite 
a rticu la tio n s , w e re  modelled as  a  single jo in t w ith  tw o  degrees 
of freedom . This com posite jo in t p e rm itted  m ovem ent in  the  
elevation  (p itch ) an d  ro ta tio n  (y a w ) axes. The 
m eropodite-carpopodite (MC) jo in t w a s  modelled as  a  sim ple 
hinge jo in t w ith  one degree of freedom . The axis of th e  MC jo in t 
w a s  offset fro m  the  ax is  of the  m eropodite by  a  fixed angle th a t 
w a s  d eterm ined  fo r each  an im al.

The a c cu racy  of the  model w a s  assessed  by  com paring  the  
tra je c to r ie s  of th e  cheliped observed d u rin g  a  v isu a lly  evoked 
defense response to  those genera ted  by  the  s im ula tion . The 
record ing  of th e  m eropodite, carpopodite and  propopodite in  th re e  
d im ensional space by  a  com pu ter controlled optical device 
described p rev io u sly  (Kelly, T .M ., Soc. N eurosci. A bstr. 1985) 
w a s  followed by  the  ca lcu la tion  of elevation , ro ta tio n  and  MC 
angles. W hen th e  C artes ian  coordinates of th e  cheliped w e re  
reg en e ra ted  fro m  these  jo in t angles and  th e  m easu red  segm ent 
lengths, r a w  and  s im u la ted  tra je c to r ie s  w e re  n e a r ly  
superim posable.

The w o rk in g  model of th e  c ra y fish  c law  p e rm its  the 
a ssessm en t of th e  d ynam ics  of cheliped m otion d u rin g  th e  
defence response. This in fo rm ation , w h e n  com bined w ith  the  
EMG p a tte rn s  recorded fro m  re le v a n t m uscles, w ill be helpfu l in  
elucidating  th e  m echan ism s of contro l th a t  a r e  o pera tive  du rin g  
th is  s tereo typed  m ovem ent.

Supported  b y  NSF g ra n t BNS‒8505694.
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330.13 THE CAUDAL PHOTORECEPTORS: IDENTIFIED NEURONS THAT PROJECT THE 
LENGTH OF THE CRAYFISH CNS. Ted W. Simon and D onald  H. E dw ards, 
D ep artm en t o f  B io lo g y , G eo rg ia  S t a t e  U n iv e r s i t y ,  A t l a n t a ,  GA 
30303.

The C auda l P h o to r e c e p to r s  (CPRs) o f th e  c r a y f i s h  a re  
a p a i r  o f  p h o t o s e n s i t i v e  n e u ro n s  in  th e  c a u d a l  ab d o m in a l 
g a n g lio n  which send th e i r  axons forw ard in to  th e  r o s t r a l  CNS. 
Sudden b r ig h t  i l lu m in a t io n  o f  th e  cau d a l g an g lio n  w i l l  cause th e  
CPRs to  f i r e  a t  w e l l  o v e r  100Hz (L. W ilk e n s  & J . L. L a r im e r , J . 
Comp. P h y s io l.  80:389–407, 1972) and to  produce le g  movements i n' 
an in t a c t  an im al. V en tra l i l lu m in a t io n  o f  in t a c t  f r e e l y  moving 
an im als  w i l l  e l i c i t  backwards w alk ing  b e h a v io r . (D. H. Edwards, 
J . Exp. B i o l . 109 :2 9 1 – 306, 1984) We h a v e  p r e v i o u s l y  shown t h a t  
e l e c t r i c a l  s t im u la t io n  o f  a s in g le  CPR a t f re q u e n c ie s  o f  g re a te r  
th a n  60–70Hz can  e l i c i t  a m otor r e s p o n s e  i d e n t i c a l  to  t h a t  
p ro d u ced  by a b ackw ards  w a lk in g  command sy stem  (T. W. Simon & D. 
H .E d w a rd s , N e u ro s c i.  A b s t r .  10 :627 , 1984). C u t t in g  th e  n e rv e  
c o rd  a t  th e  th o ra c o -a b d o m in a l  ju n c t io n  w i l l  a b o l i s h  th e  m otor 
r e s p o n s e .  Thus, i t  i s  l i k e l y  t h a t  th e  C auda l P h o to r e c e p to r s  
e x c i t e  t h i s  command sy stem  som ew here in  th e  r o s t r a l  n e rv o u s  
system .

To d e te rm in e  th e  lo c u s  o f  t h i s  e x c i t a t i o n ,  we t r a c e d  th e  
p r o j e c t i o n  o f  th e  CPRs in t o  th e  r o s t r a l  CNS. We w ish  to  
r e p o r t  th a t  th e  Caudal P h o to rec ep to rs  p ro je c t  a l l  th e  way 
from th e  cau d a l g a n g lio n  to  th e  su p raesophagea l g an g lio n  o r 
b ra in  o f  th e  c r a y f is h  and have e x te n s iv e  te rm in a ls  in  bo th  th e  
b ra in  and subesophageal g an g lio n .

The CPRs h a v e  a c h a r a c t e r i s t i c  m o rp h o lo g y  in  th e  c a u d a l  
g a n g l i o n  w i th  s e v e r a l  l a r g e  b r a n c h i n g  d e n d r i t e s  and a 
c o n t r a l a t e r a l  soma. In  a l l  th e  c o n n e c t iv e s ,  th e  CPR axons 
m a in ta in  a c h a r a c t e r i s t i c  v e n t ro m e d ia l  p o s i t i o n .  In  th e  o th e r  
abdom inal g a n g lia  and th e  th o ra c ic  g a n g l ia ,  o n ly  sm a ll b ranches 
p ro je c t  l a t e r a l l y  from th e  v en tro m ed ia l lo c a t io n  o f  th e  CPR axon.

In th e  subesophageal g a n g lio n , th e  CPR axons ascend a long  the  
m id lin e  o f  th e  g an g lio n . Twelve e v e n ly  spaced b ranches p ro je c t  
l a t e r a l l y .  The fo u r  r o s t r a l  b ra n c h e s  in  t h i s  g a n g l io n  a r e  
th ic k e r  and have a more e x te n s iv e  a rb o r iz a t io n  than  th o se  lo c a te d  
more cau d a l ly .

In  th e  b r a i n ,  th e  C auda l P h o to r e c e p to r s  g iv e  o f f  t e r m in a l  
b ra n c h e s  in  b o th  th e  t r i t o c e r e b r u m  and d e u te ro c e re b ru m . The 
cauda l b ranches in  th e  b ra in  appear to  p ro je c t  to  th e  a n te n n a l
tegum entary  n e u ro p i le  and th e  r o s t r a l  te rm in a l b ranches p ro je c t  
to  th e  p a r o l f a c to r y  o r o p t ic  n e u ro p ile .

The Caudal P h o to rec ep to rs  e x c i te  th e  backwards w alk ing  command 
system  in  th e  r o s t r a l  p o r tio n  o f  th e  CNS. V isua l and a n ten n a l 
in p u t s  can  a l s o  ev o k e  back w ard s  w a lk in g ,  and t h e r e f o r e ,  th e  
con n ec tio n  p ro b ab ly  occu rs  in  a reg io n  where th e se  th re e  in p u ts  
can converge  ‒ ‒ e i th e r  th e  b ra in  or th e  subesophageal g an g lio n .

S u p p o rte d  by NIMH p r e d o c t o r a l  f e l l o w s h i p  IF  31 MH09271‒ 0 1 to  
T.W.S. and NINCDS g r a n t  1R0 1 NS21136‒O1A1 to  D.H.E.

330.14 SYNAPTIC INTEGRATION IN EXCITATORY AND INHIBITORY CRAYFISH 
MOTONEURONS. D onald H. Edwards, Department o f B io logy, Georgia 
S ta te  U n iv e rs ity , A tla n ta , GA 30303.

The d i f f e r e n t  shapes o f  neurons e n a b le  them to  make c o r r e c t  
c o n n e c tio n s  and to  in te g ra te  sy n a p tic  in p u ts  in  ways th a t  produce 
a p p r o p r i a t e  r e s p o n s e s .  I  h a v e  s tu d ie d  sy n ap tic  in te g ra t io n  in 
two i d e n t i f i a b l e  m o to n eu ro n s  in  th e  ab d o m in a l g a n g l ia  o f  
c r a y f i s h ,  a f a s t  f le x o r  e x c i to r  (FE) and a f a s t  f le x o r  in h ib i to r  
(FI) o f  th e  abdom inal f a s t  f le x o r  m uscle th a t  produces t a i l f l i p .

I  o b ta in e d  m easu rem en ts  o f  each  c e l l ' s  membrane tim e  
c o n s t a n t  (Tm), in p u t  r e s i s t a n c e  (Rn) and th r e e - d im e n s io n a l  
s t r u c t u r e .  For FE, Tm = 12 ms and Rn = 4.9 M; f o r  F I , Tm = 36 ms 
and Rn = 2.5M. F I i s  c o n s id e r a b ly  l a r g e r  th a n  FE, w hich 
accoun ts  fo r  i t s  low er Rn. I used th e se  measurments to  c o n s tru c t 
m ulticom partm ent m odels o f  th e  p a s s iv e  e l e c t r i c a l  s t r u c tu r e s  o f 
b o th  c e l l s ,  and used  th e s e  m o d e ls  to  c a l c u l a t e  r e s p o n s e s  to  
s im u la te d  s y n a p tic  in p u ts . Each compartment rep re se n te d  a sm all 
r e g io n  o f  a c e l l ,  and was c h a r a c t e r i z e d  by a lumped membrane 
r e s i s t a n c e  and c a p a c i t a n c e  in  p a r a l l e l  to  g ro u n d , as  w e l l  a s  
c o u p lin g  r e s is ta n c e s  to  ne ighboring  com partm ents.

The resp o n ses  o f  th e  m odels to  s im u la te d  e l e c t r i c a l  sy n ap tic  
in p u t from g ia n t neurons were q u ite  s im i la r  to  the  responses  o f  
th e  two motoneurons to  in p u t from th o se  c e l l s :  th e  FE response  i s  
l a r g e r ,  r i s e s  f a s t e r  and d ec ay s  more q u ic k ly  th a n  th e  FI 
response . This in d ic a te s  th a t  d if f e re n c e s  in  th e  c e l l s '  p a s s iv e  
i n t e g r a t i v e  c h a r a c t e r i s t i c s  can l a r g e l y  a c c o u n t f o r  t h e i r  
d i f f e r e n t  r e s p o n s e s  to  g i a n t  in p u t .  Those r e s p o n s e s  a r e  th e n  
supplem ented by in p u t from c o r o l la r y  d isch a rg e  in te rn e u ro n s  (J. 
Wine & D. M is tic k , J N europhys.,40:904, 1977), which to g e th e r  
cause the  FE to  f i r e  a t  3 ms to  produce a f a s t  abdom inal f le x io n ,  
and c a u se  th e  F I to  f i r e  a t  15 ms to  p ro d u ce  f l e x o r  m u sc le  
r e l a x a t i o n  (D. Kennedy & K. T akeda, J . exp . B i o l .,  43:21 1, 1965).

The m ode ls  w ere a l s o  u sed  to  s tu d y  th e  i n t e g r a t i o n  o f  
l a t e r a l i z e d  in p u t  to  b o th  n e u ro n s . W h ile  b o th  c e l l s  h av e  
i p s i l a t e r a l  and c o n t r a l a t e r a l  d e n d r i t i c  b r a n c h e s ,  th e y  a re  
arranged  d i f f e r e n t ly .  The major d e n d r i te s  o f  FE a l l  r a d ia te  from 
a s m a ll reg io n  (< 200 um) o f  th e  c e l l ' s  in te g r a t in g  segment th a t  
re m a in s  u n i l a t e r a l ,  w ith  a soma a t  one end and an axon a t  th e  
o th e r .  The m a jo r d e n d r i t e s  o f  F I em erge a lo n g  an in t e g r a t i n g  
segment th a t  p ro je c ts  ac ro ss  th e  g an g lio n  (> 500 um) from a soma 
to  a c o n t r a l a t e r a l  axon.

The re s p o n s e  o f  th e  m o d e ls  to  s im u la te d  l a t e r a l  in p u t s  
i n d i c a t e d  t h a t  th e  FE w ould g iv e  s i m i l a r  r e s p o n s e s  to  e q u a l 
i n p u t s  from  l e f t  and  r i g h t ,  w h i l e  F I w o u ld  re s p o n d  
a sy m m e tr ic a lly , w ith  in p u ts  i p s i l a t e r a l  to  th e  axon being  more 
e f f e c t iv e  in  f i r i n g  th e  c e l l .  These p re d ic tio n s  were v e r i f ie d  
e x p e rim e n ta lly :  l e f t  and r ig h t  FE neurons produce very  s im i la r  
re sp o n ses  to  u n i l a t e r a l  s t im u la t io n  o f  senso ry  a f f e r e n ts ,  w h ile  
l e f t  and r ig h t  F Is  respond w ith  sp ik e s  e i th e r  a lo n e  o r e a r l i e r  to  
in p u t th a t  i s  i p s i l a t e r a l  to  th e  c e l l ' s  axon.

330.15 COORDINATION OF SWIMMERET RHYTHMS IN CRAYFISH. 
B. M u llo n e y  Z o o lo g y  D e p t . ,  U n iv . o f  C a l i f . ,  D a v is ,  CA 
95616

The c o o r d in a te d  m ovem en ts o f  t h e  a b d o m in a l l im b s ,  o r 
s w i m m e r e t s ,  o f  c r a y f i s h  show  a c h a r a c t e r i s t i c  p h a s e 
s h i f t  b e tw e e n  l im b s  on  a d j a c e n t  s e g e m e n ts  o f  t h e  body. 
M ovem en t o f  e a c h  l i m b  i s  d r i v e n  by a c e n t r a l  p a t t e r n 
g e n e r a t i n g  c i r c u i t  i n  t h e  a b d o m in a l  g a n g l i o n  t h a t  
i n n e r v a t e s  i t .  To t e s t  th e  n e c e s s i t y  o f  l o n g - p r o j e c t i o n  
i n t e r s e g m e n ta l  c o n n e c t io n s  t o  c o o r d in a t e  th e  sw im m e re t 
p a t t e r n - g e n e r a t o r s  i n  d i f f e r e n t  s e g m e n t s ,  we u s e d  
p r o c t o l i n  t o  i n d u c e  s t a b l e  s w i m m e r e t  r h y t h m s  i n  
i s o l a t e d  v e n t r a l  n e r v e  c o r d s  a n d  th e n  s u r g i c a l l y  
r e d u c e d  t h e  num ber o f  c o n n e c te d  g a n g l ia .

P e r f u s i o n  w i t h  t h e  p e p t i d e  p r o c t o l i n  m i m i c s  
s t i m u l a t i o n  o f  com m and i n t e r n e u r o n s  t h a t  e x c i t e  t h e  
sw im m ere t p a t t e r n - g e n e r a t i n g  s y s te m  i n  th e  c r a y f i s h e s ,  
P r o c a m b a r u s  a n d  P a c i f a s t i c u s . T he r a n g e  o f  e f f e c t i v e  
c o n c e n t r a t i o n s  o f  p r o c t o l i n  i s  1 0 – 7 t o  1 0 – 5 M. 
C o m p a r is o n s  o f  t h e  p e r i o d s  a n d  i n t e r s e g m e n t a l  p h a s e s  
t h a t  o c c u r  in  s p o n ta n e o u s ly  a c t i v e  i s o l a t e d  n e rv e  c o rd s  
w i th  th o s e  t h a t  o c c u r  i n  p r o c t o l  i n - p e r f u s e d  c o rd s  show 
t h a t  t h e s e  p a r a m e te r s  o f  t h e  m o to r p a t t e r n s  a r e  s i m i l a r  
u n d e r  t h e s e  c o n d i t i o n s .  The d u r a t i o n s  o f  p o w e r - s t r o k e  
b u r s t s ,  h o w e v e r , a r e  s i g n i f i c a n t l y  d i f f e r e n t .

W hen t h e  n u m b e r o f  c o n n e c t e d  g a n g l i a  w as  r e d u c e d  
fro m  s i x  t o  tw o , n e i t h e r  th e  p e r io d s  n o r  th e  p h a s e s  o f 
p o w e r - s t r o k e  b u r s t s  i n  n e ig h b o r in g  g a n g l i a  ch an g ed . Two 
k i n d s  o f  t w o - g a n g l i o n  c h a i n s  w e re  t e s t e d  ‒ ‒ G5‒ G4 
c h a i n s  a n d  G4‒ G3 c h a i n s .  B o th  k in d s  r e s p o n d e d  i n  t h e  
sam e  w ay . T h e r e f o r e ,  t h e  i n f o r m a t i o n  t r a n s m i t t e d  
b e tw e e n  a d j a c e n t  g a n g l i a  d u r i n g  p r o d u c t i o n  o f  t h e  
s w im m e r e t  rh y th m  i s  s u f f i c i e n t  t o  a c c o u n t  f o r  t h e  
m e ta c h r o n o u s  p h a s e - s h i f t  c h a r a c t e r i s t i c  o f  t h e  l im b  
m ovem en ts i n  t h e  i n t a c t  a n im a l .

S w im m e re t  i n t e r n e u r o n s  t h a t  p r o j e c t  t h r o u g h  o n e  
g a n g l io n i c  t r a c t  h av e  c h a r a c t e r i s t i c s  o f  c o o r d in a t in g  
i n t e r n e u r o n s .  T he r o l e s  o f  t h e s e  i n t e r n e u r o n s  i n  
c o o r d in a t in g  n e i g h b o r i n g  p a t t e r n - g e n e r a t i n g  c i r c u i t s  
w i l l  be d e s c r ib e d .

S u p p o r te d  by NSF G ra n t  BNS 84– 06931.
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331.1 ONTOGENETIC DEVELOPMENT IN THE NORMAL RAT,..EXAMINING BEHAVIOR AND 
NEURAL RESPONSES DURING PREWEANING PERIOD IN CONNECTION WITH 
MATERNAL BEHAVIOR. Moto Sakuma and R. P e t t e r s . D ept. of B io l . ,  
Wayne S ta te  U n iv ., D e tro i t ,  MI 48202; D ept. of B io l . W ichita  S t . ,  
U niv. W ich ita , KA 67208

D ata from p rev ious  s tu d ie s  on th e  r a t  have dem onstrated  th a t  the 
m an ip u la tio n  of pregnancy by d ie t s  of d i f f e r in g  tryp tophan  con
te n t s  can produce changes in  o f fs p r in g  development (Sakuma e t  a l . ,  
Fed. P roc . 622, 1984; Neuro S c i .  668, 1983). The o b je c tiv e  of the 
p re s e n t study  i s  to  c h a ra c te r iz e  the normal development of r a t s  
fed  P u rina  Lab Chow by a r a t in g  s c a le  of behav io r and n e u ra l r e 
f le x  o n to g e n e tic a l ly . Twenty s ix  pups from th re e  P u rina  Lab Chow 
dams (Sprague-D aw ley) e x h ib ite d  th e  s tepw ise  development in  the  
w eekly b ase . The cry  behav io r and u p r ig h tin g  behav io r from su p in - 
a l  p o s i t io n  which a re  observed from b i r t h .  Three days a f t e r  b i r t h  
b eh av io rs  such as locom otion , abd u c tio n  of lim bs and p ina d e tach 
ment b eg in . On Day 5 c lim bing and runn ing  beh av io rs  b eg in . On Day 
7 body h a i r  appears l ik e  f r o s t ,  and c o o rd in a tiv e  beh av io rs  such as 
r e s is ta n c e  to  g r a v i ty ,  h e a d - l i f t i n g ,  face  w ashing, and p iv o tin g  
a re  s t a r t e d .  Day 11 i s  observed by s l i t - l i k e  opening of one eye , 
a ttem p ts  to  g ra sp , a ttem p ts  a t  h id in g , and the  p o s it io n in g  of th e  
abdomen a t  a h igh  l e v e l .  On Day 14 eyes a re  com pletely  opened; 
th u s , the  acquirem ent of v is io n  proceeds to  e n la rg e  th e  a c tio n  
r a d iu s .  O ther sensory  responses such as eye b l in k ,  movement of 
th e  e a r ,  v is io n ,  grooming and s i t t i n g  a l s o  occur on Day 15. How
e v e r , response to  sound and sm ell occurs a t  17 days of age and on 
Day 21 the  anim als d is p la y  re a r in g  a c t i v i t y .

The n u rs in g  behav io r of th re e  dams a re  recorded  by a r a t in g  
s c a l e .  Dams d is p la y  nu rs in g  a c t iv i t y  in  two manners d e s ig n a ted  as 
heavy n u rs in g  and l i g h t  n u rs in g . U n til  day 7 of l a c ta t io n ,  dams 
show no locom otion , no r e a r in g ,  no grooming, and no face  w ashing 
a c t i v i t y .  R a th e r , the  rem ain the  whole day in  the n e s t ca rin g  fo r  
th e i r  pups. This heavy n u rs in g  g ra d u a lly  changes to  l i g h t  n u rs in g  
which co n tin u es  u n t i l  weaning (23rd day of l a c t a t i o n ) .  On Day 10 
of la c ta t io n  a l l  dams s ta y  o u ts id e  the  n e s t when r e s t i n g ,  how ever, 
p u p -c le a n in g , n e s t  c le a n in g , and feed ing  a c t iv i t y  a re  s t i l l  c a r 
r ie d  o u t. A lthough p u p - r e t r i e v a l  a c t i v i t y  i s  no t observed a f t e r  
day 14 of l a c t a t i o n ,  the  n u rs in g  p o s tu re  i s  c o n tin u a l ly  observed 
u n t i l  day 17 of la c ta t io n .

Thus, i t  i s  p o s s ib le  to  a f f e c t  the  development of o f fs p r in g  
d esc r ib ed  above by in a p p ro p r ia te  n u rs in g  b eh a v io r, p a r t i c u l a r ly  
du rin g  th e  heavy n u rs in g  p e r io d . Twenty s ix  te s te d  pups were 
found to  have s ig n i f i c a n t ly  h e a v ie r  body w eights a t  th e  0.01  le v e l  
( t - t e s t )  than  10 n o n - te s te d  pups from b i r t h  to  23 days of age . 
A ll u t i l i z e d  anim als were rep laced  to  th e  o th e r p ro je c t  and 
t r e a te d  acco rd ing  to  the  NIH Guide fo r  Care and the  Use of 
L abo ra to ry  Animals (1985).

331.2 A STUDY OF THE TEMPORAL AND SPATIAL SEQUENCE OF THE SENSORY 
INNERVATION OF THE CHICK AUDITORY RECEPTOR. S.G. Hemond* and D.K. 
Morest. Univ. Conn. Health C tr . ,  Farmington, CT 06032.

The cochlear ganglion neurob lasts  in  the chick embryo separate 
from the o tocyst by stage 20 (Hamburger-Hamilton). The periphera l 
processes of these neurons grow out during the next 3–4 d and 
p enetra te  the basal lamina underlying the epithelium  of the de
veloping b a s ila r  p a p illa  (BP), which elongates considerably dur
ing th is  period . The purpose of th is  study was to  determine i f  
there  i s  a temporal or s p a t ia l  g rad ien t of f ib e r  ingrowth.

White Leghorn specimens, containing the otocyst with adjacent 
ganglia and medulla from stages 12–29, were prepared fo r l ig h t 
microscopy with 3–5 µm sec tio n s , to lu id in e  blue s ta in in g , and 
mixed aldehyde f ix a tio n . Our findings apply to  the f i r s t  f ib e r  
bundles to  reach each BP region but not iso la ted  f ib e rs  or f ib e rs  
of newly formed ganglion c e l ls  track ing  e a r l ie r  ones.

At stage 21, the BP anlage appears as a ventromedial evagina- 
tio n  of the o to cy st. The f i r s t  few f ib e r  bundles observed grow 
in to  the base of the evag ination . By stage 22, the evagination 
e longates s l ig h t ly  to  assume the tubu lar form of the BP; more 
f ib e r  bundles appear a t  the base of the BP. By stage 24, the BP 
has lengthened by about 30% ( a l l  increases re : stage 22); while 
innervation  s t i l l  i s  seen a t  the base, a conspicuous bundle ex
tends ap ic a lly  from the now elongating cochlear ganglion to  a 
po in t about 3/4 of the d istance  to  the apex. Although f ib e rs  
c le a r ly  penetra te  the basal lamina a t  th a t p o in t, there  i s  a mid
zone devoid of d ire c t  f ib e r  ingrowth separating  the two innerva t
ed a reas . By stage 25, the BP has lengthened about 200%; the p a t
te rn  of f ib e r  ingrowth resembles th a t of the previous s tage , but 
the mid-zone i s  now innervated . F iber bundles are  s t i l l  not seen 
in  the ap ica l reg ion . By stage 26, the BP has lengthened 300%. 
The basal region of the BP is  innervated , but the extent of th is  
region i s  r e la tiv e ly  reduced compared to  the present length  of 
the BP. The ap ica l region is  innervated p ra c tic a lly  to  the end. 
Notably lacking in  d ire c t  f ib e r  ingrowth i s  the mid-basal region, 
which appears to  be newly formed. Underlying the epithelium  in  
th is  region are  mesenchymal c e l l s ,  which separate  the ganglion 
from the recep tor epithelium . By stage 29, the BP has lengthened 
about 35056, and a s im ila r innervation  p a tte rn  appears. The unin
nervated zone in  the m id-basal region has become re la tiv e ly  re 
duced and no doubt i s  subsequently innervated .

We conclude th a t there  i s  a d is t in c t  tem poro-spatial p a tte rn  
of the ingrowth of f ib e r  bundles to  the developing BP. The 
primary p a tte rn  i s  not described as any simple l in e a r  g rad ien t. 
F iber ingrowth begins b a sa lly , s h i f t s  to  an ap ica l and then to  a 
m id-basal reg ion . This p a tte rn  may r e f le c t  not only the sequence 
o f f ib e r  ingrowth but a lso  the passive displacement of f ib e rs  by 
new c e l ls  in  the elongating  BP. Supported by NIH gran t NS14354.

331.3 THE PROJECTION OF SPINOCEREBELLAR FIBERS IN THE CHICK 
FOLLOWING TARGET REMOVAL. S.  Furber* and N. Okado. 
Dept. of Anat., Univ. of Tsukuba, Inst. Basic Med. 
Sci., Ibaraki 305, Japan.

The present study was carried out to determine the 
mechanisms involved with pathway formation. We 
injected lectin horseradish peroxidase (HRP) in the 
lumbar spinal cord of the chick embryo and 
anterogradely labelled the terminals of the mossy 
fibers as well as the fibers from the cells of origin 
up to the target. On embryonic day (E) 7 a small 
number of fibers are seen penetrating the cerebellar 
plate. On E8 a large number of fibers are found in the 
cerebellar plate, decussating at the dorsal part of 
the cerebellar plate; growth cones are also labelled 
with HRP. Also on E8 no major errors in the projection 
pattern to the cerebellar plate were observed. On E10 
cerebellar lobules can be distinguished and mossy 
fiber terminals appear in the internal granular layer. 
By E14 the terminals form longitudinal strips in the 
cerebellum. The topographical organisation of this 
pathway in the chick embryo makes this an extremely 
useful model for studying pathway formation.

We intend to c la rify  whether the target is 
necessary for formation of the correct pathway. 
Removal of the cerebellar plate was carried out on E4 
1/2–  E5 (stages 24– 26) using electrocautery. The 
brain and spinal cord were processed and examined to 
determine the formation of the projection pattern and 
to confirm the success of the cerebellar plate 
removal. In both normal and experimental cases the 
spinocerebellar fibers appear in the dorsal part of 
the lateral funiculus of the spinal cord, the ventral 
part of the medulla and the cerebellar peduncle. Also 
in cases with partial removal of the cerebellar plate, 
fibers were found in the remaining portion of the 
cerebellar plate and growth cones were found on the 
tips of the axons. In a case with almost to tal removal 
of the cerebellar plate, fibers were found in the 
rostral part of the cerebellar peduncle and the axon 
terminals were projecting in many directions as if 
searching for their target. Our present findings 
indicate that the spinocerebellar fibers choose the 
correct pathway even if no target is present.

331.4 PATTERNS OF NEURAL CREST MIGRATION IN THE CHICK EMBRYO. J .F . 
L o r in g* and C.A. E r ic k s o n *  (SPON: H. A n d erso n ). D ep t. o f  
Z o o lo g y , U niv . o f  C a l i f . ,  D a v is , CA 95616.

N eural c r e s t  c e l l s  m ig ra te  d u ring  em bryogenesis to  g ive  r i s e  
to  seg m e n ted  s t r u c t u r e s  o f  th e  v e r t e b r a te  p e r ip h e ra l nervous 
s y s te m : d o r s a l  r o o t  g a n g l ia  and th e  s y m p a th e t ic  c h a in .  How
e v e r ,  n e u r a l  c r e s t  c e l l s  a r i s e  from  th e  d o r s a l  n e u r a l  tu b e  
where they  a re  a p p a re n tly  unsegm ented. I t  i s  g e n e ra lly  agreed  
t h a t  th e  s e g m e n ta l ly  a r ra n g e d  so m ites  impose segm en ta tion  on 
m i g r a t i n g  c r e s t  c e l l s ,  b u t th e r e  i s  d is a g re e m e n t  a b o u t tw o 
b a s ic  q u e s t i o n s :  (1 ) e x a c t ly  w hat p a th w a y s  do n e u r a l  c r e s t  
c e l l s  use to  move th rough o r around so m ite s , and (2) do n eu ra l 
c r e s t  c e l l s  a c t iv e ly  m ig ra te  or a re  they  p a s s iv e ly  d isp e rse d  by 
movement o f som ite  c e l ls ?  The answ ers to  bo th  q u es tio n s  a re  
c r i t i c a l l y  im p o r ta n t  to  any f u r t h e r  u n d e r s ta n d in g  o f  th e  
mechanisms u n d e rly in g  th e  p r e c i s e  d i s t r i b u t i o n  o f  th e  n e u r a l  
c r e s t  c e l l s  th a t  develop in to  g an g lia .

We have done an th o ro u g h  s tu d y  o f th e  l o c a t i o n s  o f n e u r a l  
c r e s t  c e l l s  in  ch ick  embryos du rin g  e a r ly  s ta g e s  of th e i r  move
m ent, u s in g  a n t ib o d ie s  to  n e u ra l c r e s t  c e l l s  (HNK‒1), grow ing 
n e r v e  p r o c e s s e s  (E /C 8 , a g i f t  f ro m  G. C im e n t ) ,  and  
e x t r a c e l lu la r  m a tr ix  m o lecu les . Our r e s u l t s  show th a t :  (1) Some 
n e u r a l  c r e s t  c e l l s  in v a d e  th e  e x t r a c e l l u l a r  s p ace  b e tw e en  
a d ja c e n t so m ite s , bu t th e  m a jo r ity  move in to  th e  so m ites  them
s e lv e s  along  th e  b o rder betw een dermomyotome (DM) and s c le ro 
tome. (2) N eural c r e s t  c e l l s  rem ain  a s s o c ia te d  w ith  th e  a n te r 
i o r  h a l f  o f  th e  DM o f  d e v e lo p in g  s o m ite s  as  th e y  t r a v e l ,  su g 
g e s t i n g  t h a t  th e  DM may be u sed  a s  a m ig r a to r y  s u b s t r a tu m . 
S uppo rting  th i s  idea  i s  our o b se rv a tio n  th a t  th e  developm ent of 
th e  DM b a s a l  la m in a  c o in c id e s  in  t im e  and l o c a t i o n  w i th  th e  
o n s e t  o f  c r e s t  m i g r a t i o n  th ro u g h  th e  s o m i t e . ( 3 ) N e u ra l c r e s t  
c e l l s  ad v a n ce  th ro u g h  th e  s o m ite  w h ile  th e  l e n g th  o f  th e  DM 
pathway rem ains c o n s ta n t, su g g es tin g  a c t iv e  locom otion  a t  le a s t  
in  t h i s  e a r l y  p h ase  o f  d e v e lo p m e n t. (4 ) N e u ra l c r e s t  c e l l s  
leave  th e  DM a t  a l a t e r  s ta g e  o f developm ent, to  a s s o c ia te  w ith  
th e  d o rs a l a o r ta  w here sy m p ath e tic  g an g lia  form , and to  assoc
i a t e  w i th  new ly  em e rg in g  f i b e r s  o f  th e  v e n t r a l  r o o t  n e rv e ,  
where they  persum ably g ive r i s e  to  neu ro n a l su p p o rtiv e  c e l l s .  
Thus we propose th a t  th e  e s ta b lis h m e n t o f th e  segm ental p a t te rn  
o f  th e  p e r i p h e r a l  g a n g l ia  and n e rv e s  dep en d s on th e  t im e ly  
d e v e lo p m e n t o f  a p p r o p r i a t e  s u b s t r a t a  to  guide and d i s t r i b u t e  
m ig ra tin g  n e u ra l c r e s t  c e l l s  d u rin g  th e  e a r ly  s ta g e s  o f embryo- 
g e n e s is .
(S u p p o r te d  by NIH G ra n t DE05630 to  CAE and a UCD F a c u l ty  
Research Award to  JFL).
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331.5 DEFECTIVE INNERVATION OF CHICK LIMBS IN THE ABSENCE OF 
PRESUMPTIVE SCHWANN CELLS. Ellen M. Carpenter and Margaret Hollyday. 
Committee on Neurobiology, University of Chicago, Chicago, IL 60637.

We have examined a possible role for Schwann cells in the development of limb 
muscle innervation in chick embryos. We first studied the relationship of presumptive 
Schwann cells to outgrowing axons in normal embryos using immunohistological 
methods. Staining was carried out with antibodies to NgCAM (kindly provided by G. 
Edelman), and HNK‒1, a specific marker for neural crest cells (Becton Dickinson). Some 
sections were counterstained with Hoechst 33258 (a fluorescent nuclear dye). 
Examination of the normal embryos at stages 25–26 (during the period of initial fiber 
outgrowth) revealed that outgrowing fibers are associated with a distinctive population of 
cells having elongate nuclei. These cells have been tentatively identified as Schwann 
cells (cf., Harrison, JCN 3 7:123–205 (1924)). Elongate nuclei were seen along the 
entire length of the peripheral nerve pathway, from the ventral root exit zone to the distal 
growing axon tips in the limb bud, with a higher concentration of cells in the distal 
portions of the pathway.

Schwann cell precursors were destroyed by electrocauterization of the neural crest 
in spinal cord segments known to supply either wing or hindlimb muscles. Crest lesions 
of brachial cord segments were done in embryos having 15–18 somite pairs; operations 
meant to affect lumbar segments were performed in embryos having 22–24 somite pairs. 
The embryos were allowed to survive until they reached stages 25 or 26 (wing) or stage 
30 (hindlimb). They were then fixed and processed for immunohistochemical or 
conventional Nissl staining techniques. After radical neural crest removals, the 
presumptive Schwann cell population was largely absent as judged by a lack of elongate 
nuclei present in fiber pathways, and as confirmed in some cases by lack of staining with 
antibodies to HNK‒1. In addition, all DRGs and some sympathetic ganglia were also 
missing in embryos in which the neural crest removal proved extensive enough to ablate 
Schwann cells. In all embryos lacking Schwann cells, axonal trajectories as 
reconstructed from sections stained with NgCAM were normal proximal to either the 
brachial or lumbar plexus and in the ventral axial nerve branches. However, in the 
absence of Schwann cells, motor axons failed to penetrate limb tissue. Fibers 
converged at the base of the limb, medial to the limb girdle, in the region of the plexus. 
A division of fibers into dorsal and ventral populations was observed, but no further distal 
growth could be seen unless fibers encountered blood vessels. No significant 
differences were seen between experimental wings and hindlimbs. In some of our 
cases, the crest removals were extensive enough to ablate the DRGs, but did not fully 
remove the Schwann cells. Axonal outgrowth and motor innervation were not disrupted 
in these embryos.

We conclude from these observations that Schwann cells may be involved in 
promoting motor axon growth beyond the plexus region.

Supported by the Brain Research Foundation, University of Chicago. E. C. is 
supported by PHS GM 07839.

331.6 PATHWAY SELECTION IN MUSCLELESS CHICK LIMBS. K. Phelan* and 
M. Hollyday. Committee on Neurobiology, Univ. of Chicago, Chicago, IL 60637.

We have examined axonal guidance in chick limbs which are devoid of skeletal 
muscle fibers, in order to determine whether myocytes are required for 
pathway selection by motoneurons during development. Chick/quail chimera 
studies by others have shown that the limb musculature is exclusively derived 
from somitic mesoderm, with connective tissue and cartilagenous elements 
arising from lateral plate mesoderm (Christ et al., Anat. Embryol. 
150:171–186. 1977). By surgically removing those somites unilaterally 
which normally contribute to the wing musculature before their cells have 
begun lateral migration, we produced embryos lacking muscle in one limb. Our 
primary criteria for lack of muscle in experimental limbs were: 1) absence of 
motility in ovo, 2) complete unilateral absence of the myotomes adjacent to the 
spinal cord at wing levels, as assessed histologically, 3) absence of myosin 
immunoreactivity, as visualized with mAb 31A directed against embryonic 
chick myosin (Sweeney et al., PNAS 81:797–800, 1984). The contralateral 
limb was used as an internal control in all embryos.

The chicken spinal cord is organized such that motoneurons which lie medially 
in the lateral motor column (LMC) normally innervate muscles derived from 
the ventral muscle mass, while those located laterally innervate muscles 
derived from dorsal muscle mass. Axons from segments 13–16 converge at the 
brachial plexus and subsequently diverge along two major pathways, one leading 
to ventral muscle mass and the other to dorsal muscle mass. Injections of 
WGA-HRP were made into peripheral nerves (Brachialis inferior, Pectoralis) 
which diverge from the ventral nerve trunk just distal to the dorsal-ventral 
branch point. When these nerves were injected in normal embryos, only 
medially positioned motoneurons were labelled in the LMC. WGA-HRP was also 
transported anterogradely, which allowed us to assess the specificity of the 
peripheral nerve injection. We tested the pathfinding abilities of motor axons 
in stage 28 embryos. At this stage muscle fibers in the wing normally express 
the myosin subtype to which our antibody binds and the specific motor 
projection pattern is established in normal embryos.

In those embryos which were muscleless according to the above criteria, and 
were specifically injected in the periphery, we detected no aberrantly 
positioned motoneurons in the spinal cord. In no case did we obtain labelled cells 
in the lateral portion of the LMC after a specific injection into a nerve 
projecting to ventral mass. Labelled cells were also appropriately positioned 
along the rostro-caudal axis of the spinal cord, as determined from spinal cord 
reconstructions and comparison to control motor pool maps. From these 
experiments we conclude that the presence of muscle is not required for 
pathway selection at the dorsal-ventral branch point in the chick wing. It is 
likely that lateral plate mesodermal (somatopleural) derivatives are sufficient 
for axon guidance at this choice point.

Supported by the Brain Research Foundation, University of Chicago. K.P. is 
supported by PHS GM 07839.

331.7 PROXIMAL TISSUES AND PATTERNED NEURITE OUTGROWTH INTO THE 
CHICK HINDLIMB. K. W. Tosney. Department of Biology, University of 
Michigen, Ann Arbor, Ml 48 I09.

Tissues between the spinal cord and the base of the hindlimb in the 
chick embryo have been suggested to provide pathways and specific cues 
that guide motoneuron growth cones (Tosney & Landmesser 1985, Develop. 
Biol. 109: 193). I have examined the ro le of the somite and its  individual 
components, the myodermatome (the  dorsal portion of a somite, which 
gives rise  to axial muscles and dermis) and the sclerotome (the  ventral 
portion of a somite, which gives ris e  to cartilage). I removed these 
tissues before or during early  neu r ite outgrowth ( stages 14–18) and 
assessed both the development of the gross anatomical nerve pattern and 
the precision with which motoneurons select the dorsal and ventral nerve 
trunk pathways in the limb.

When one or more myodermatomes were ablated the gross anatomical 
nerve pattern developed normally  and motoneurons projected correctly  to 
dorsal and ventral targets. This shows that the myodermatome is not an 
obligatory substratum for growth cones and it does not have to be present 
for outgrowth to become segmented into discrete spinal nerves, for the 
myotomal nerve (which normally Innervates the myodermatome) to form, 
or for axons to deploy into the proper nerve trunk pathway.

In contrast, the sclerotome appears to be required for spinal nerve 
segmentation. When an en tire  somite (myodermatome and 80 – 1 0 0 %  of 
the sclerotome) was removed, axons from the deprived segment joined 
adjacent spinal nerves. When less sclerotome was removed spinal nerves 
were small or abnormal. These resu lts  suggest that the sclerotomal 
mesenchyme that lies in the path of outgrowing axons is  of c ritica l 
Importance to spinal nerve formation.

Removal of several adjacent lumbosacral somites at stages 15– 17 often 
resulted In sm aller limb muscles and altered spinal nerve segmentation. 
Despite th is , neurites  continued to project correctly  to dorsal and ventral 
targets. This suggests that, even though muscle nerves do not form in the 
absence of muscle (Lewis e t  al. 1981 J . Embrvel. Exp. Mocehol. 64: 211) .  
the specificity of motoneuron projection is  to a large extent independent 
of the migration of muscle precursor cells from the somite.

A few embryos seemed to show a sh ift in the spatial relationships among 
the notochord, spinal cord and limb following removal of several somites. 
In these cases some axons made – – and corrected – – projection e rro rs . 
Axons were observed to course into the dorsal nerve trunk pathway, make 
a U -turn  in the limb, re tu rn  to the plexus region and project correctly  
along the ventral nerve trunk pathway. This reduction in the precision 
with which growth cones select the proper dorsal or ventral pathway is 
being analyzed further.

* Supported by NIH grant NS 21308 and a Rack ham Faculty Or ant

331.8 DISTRIBUTION OF LAMININ AND COLLAGEN TYPE IV DURING EARLY AXONAL 
GROWTH IN THE MOUSE CNS. A.Madsen*, S.Palm*, L.Furcht, and 
P.Letourneau. Depts. of Cell Biology and Neuroanatomy, and 
Laboratory Medicine and Pathology, Univ. of Minnesota, 
Minneapolis, MN. 55455.

L it t le  is known about the morphogenesis of the highly ordered 
axonal circuitry  of the mammalian CNS. However, i t  is known that 
growth cones must adhere to surfaces to be able to advance. 
Previous in vitro demonstrations of neurite outgrowth on laminin 
(Lm)- and collagen-treated surfaces have led us to study the 
distribution of these extracel lular  molecules relat ive to the 
formation of axonal pathways in the mouse CNS.

Mice from embryonic day 8 to newborn were dissected free from 
membranes following removal from the uterus. They were immersed 
in 4% phosphate-buffered paraformaldehyde, then tranferred to 5% 
sucrose in phosphate-buffered saline.  Frozen 10–15 µm sections 
were cut in a cryostat and incubated overnight in a combination 
of primary antibodies. Alternate sections were reacted with 
polyclonal antibodies to Lm or collagen type IV in conjunction 
with a mouse monoclonal antibody to the 200kD neurofilament pro
te in  (RT97; g if t  of Dr. John N. Wood). Rhodamine- and 
fluorescein-labeled secondary antibodies were used.

Immunoreactivity for Lm and collagen type IV were present at 
day 8 in the external limiting membrane (ELM) of the brain and 
spinal cord, as well as in somites, skin and blood vessels. 
Neurofilament immunoreactivity was present at day 9 and later . 
In addition to intense staining of the ELM, concentrated punctate 
staining f ϒ Lm was seen in the lateral  margins of the neural 
tube in close association with early developing t rac ts . of axons, 
proximal to the ELM. The floor plate of the nerve tube did not 
show the same punctate staining, and axons crossing in this region 
were close to the Lm-containing ELM. This staining for Lm seemed 
to be on the basolateral surfaces of neuroepithelial cells 
constituting the wall of the neural tube. In older embryos with 
multilayered tracts  of axons, the concentrated punctate 
immuoreactivity for Lm was absent. At no time during CNS deve
lopment was comparable punctate immunoreactivity for collagen type 
IV seen.

These results suggest that Lm is located within the developing 
CNS, and may be accessible to elongating CNS growth cones. Growth 
cones may encounter Lm not only in the ELM, but also on the sur
faces of the primitive glia or neuroepithelium of the neural tube. 
(Supported by NIH grants CA21463, CA29995, AM32660, HD19950 and a 
grant from the Spinal Cord Society.)
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331 .  LAMININ IS TRANSIENTLY EXPRESSED IN THE DEVELOPING RAT 
OPTIC NERVE DURING THE TIME RETINAL AXONS ARE GROWING. 
S.C. McLoon. L.K. McLoon. S.L. Palm* and L.T, F urch t. Depts. of Cell 
Biology & Neuroanatomy, Ophthalmology and Laboratory Medicine & 
Pathology, University of Minnesota, Minneapolis, MN 55455.

Axons in the developing central nervous system grow along unique and 
highly stereotyped courses often through a complex cellular terrain. One 
possib le  e x p lan a tio n  fo r the un iq u e  course tak en  by d if f e re n t  axon 
populations is that there are a variety of axon substrate molecules, each with 
a unique distribution in the developing brain. Growing axons require a 
substrate to which they can adhere in order to extend. However, no axon- 
substrate molecules have been defin itively  identified  in the developing 
central nervous system. Evidence obtained in tissue culture suggests that 
laminin is a suitable substrate molecule for the growth of retinal axons. We 
have screened the optic stalk and nerve of developing rats before, during and 
after the period in which retinal axons are growing for the presence of 
laminin. Rats were fixed at two day intervals from  embryonic day 14 (E14) 
to postnatal day 14 (P14). The optic stalk or nerve of these animals was 
processed for immunohistochemistry and reacted with an a ffin ity  purified 
antibody to laminin. On E14 laminin im m unoreactivity was present in the 
ventral portion of the optic stalk, the same region in which the first retinal 
axons grow. Over subsequent days as retinal axons grew into the stalk the 
optic nerve was formed. Between E16 and P 10, cells positive for laminin 
were distributed throughout the cross-sectional area of the nerve. The 
lam inin positive cells in the E20 to P10 nerve were also reactive for glial 
fib rilla ry  acidic protein (GFAP) which indicates they are astrocytes. By P12 
the  only  la m in in  re a c tiv i ty  w hich  rem ain ed  w ith in  the  op tic  nerve 
surrounded the vasculature. At this age and all older ages the staining for 
laminin on astrocytes was no longer visible. P12 is a fter the last retinal 
axons have grown through the optic nerve. The presence and distribution of 
laminin in the optic stalk and nerve is consistent w ith the hypothesis that 
laminin is an adhesive substrate for growing retinal axons and tha t laminin 
may in part regulate the path taken be growing retinal axons.

In o rd e r to d e te rm in e  the c e llu la r  basis fo r  the loss o f lam in in  
im m unoreactivity in perinatal optic nerve, we examined the type of astrocyte 
which is laminin positive. Monolayer cell cultures were prepared from 
perinatal rat optic nerves and stained immunohistochemically for GFAP, 
A2B5 and laminin. Type-1 astrocytes which compose the immature nerve are 
GFAP+ , A2B5– and lam inin+. Type‒2 astrocytes which compose the mature 
nerve are GFAP+, A2B5+ and laminin". Thus, the loss of laminin 
im m unoreactivity appears to correlate with the m aturation of the astrocyte 
population of the nerve.

(Supported by NIH grant EY05371.)

331.10 AXONS ADDED TO THE OPTIC PATHWAY SUBSEQUENT TO ITS REGENERATION 
REESTABLISH THE NORMAL FIBER TOPOGRAPHY LOST DURING REGENERATION. 
R, Bernhardt, S.S. Easter, J r . ,  P. Raymond, and P. Rivlin*. The 
University of Michigan, Ann Arbor, MI 48109.

We have previously shown that axon topography in the goldfish 
optic pathway reflects  the retinal  position of the parent somata 
(Bernhardt and Easter, Soc. Neurosci. Abstr. 11:174, 1985). We 
have now examined the axon topography in the optic pathway of 
fish which had survived for more than one year af ter  a nerve 
crush. Because ganglion cells  continue to be added at the retinal 
margin (Johns, J .  Comp. Neurol. 176:343, 1977) two groups of 
axons were present: those from ganglion cells in central ret ina,  
born before the time of nerve crush, had regenerated simultane
ously; and those from peripheral ce l ls ,  born post-crush, had been 
added to the optic pathway one after  another over the entire 
post-crush period. Axons of these two groups were labeled 
selectively on the tectum and the ir  paths and retinal origins 
were studied. To distinguish between retina already present pre
crush and retina added only post-crush, ganglion cells formed at 
the time of nerve crush were labeled with 3H-thymidine, for la ter  
identification in autoradiographs of retinal wholemounts.

Labeling fascicles on central dorsal tectum backfilled ganglion 
cells that  were scattered over central retina rather than confined 
to a ventral annulus as in normals (Stuermer and Easter, J. 
Neurosci. 4:1045, 1984). These somata were confined within the 
ring of 3H-thymidine labeled ce l ls .  They had therefore been 
present before the time of nerve crush. Labeling a fascicle at 
the tectal  periphery backfilled cells occupying a partial  annulus 
which, as expected from normal animals, extended from the nasal 
pole into the ventrotemporal retinal quadrant. These cells were 
always peripheral to the ring of radioactive cells and thus must 
have been added to the retina subsequent to the nerve crush.

Axons labeled from central tectum were scattered throughout the 
trac t  rather than clustered as in normals. Axons labeled at the 
tectal periphery were clustered in a narrow band near the pial 
surface, the normal location.

Axons added to a regenerated pathway in a normal developmental 
sequence reestablish a normal fiber  topography even though this 
has been lost  by the regenerated axons. Therefore, growing optic 
axons do not navigate by tracking the axons of neighboring, 
s lightly  older ganglion ce l ls .  (Supported by EY-00168 to SSE and 
a grant from the Janggen-Poehn Foundation to RB.)

331.11 SOME CALLOSAL NEURONS OF THE FETAL MONKEY FRONTAL CORTEX HAVE 
AXONS IN THE CONTRALATERAL HEMISPHERE PRIOR TO THE COMPLETION OF 
MIGRATION. M.L. Schwartz and P.S. Goldman-Rakic. Sec. Neuroanat., Yale University 
School of Medicine, New Haven, CT 06510.

Developmental studies of the cerebral cortex have revealed that many migrating cells 
of the subplate and intermediate zones have axonal processes, although little information 
is available on the targets or extent of elaboration of these processes. In the present 
report we present evidence that in the macaque frontal cortex, some callosal projection 
neurons may have axons within the contralateral hemisphere prior to the completion of 
their migration into the cortical plate. We addressed this issue using retrograde tracing 
methodologies and 3H-thymidine autoradiography in monkeys ranging in age from 
embryonic day 82 (E82) to birth.

Between E82 and E104 large injections of HRP or retrograde fluorescent tracers into 
the cortical plate and prospective white matter (the intermediate and subplate zones at 
this stage of development) of one hemisphere resulted in the following pattern of label in 
the opposite hemisphere: 1) a large number of labeled neurons in the lower half of the 
cortical plate (CP; prospective layers V and VI); and 2) a moderate number of labeled 
neurons in both the subplate zone(SPZ) and intermediate zone(IZ). Comparable 
injections at or after E104 resulted in a different pattern in which: 1) few if any cells were 
labeled within the cortical white matter; 2) the density of labeled neurons within 
infragranular layers V and VI was reduced; and 3) labeled neurons were found in layer III, 
which emerges as a distinctive stratum at this age.

To determine whether any of the callosally labeled neurons in the IZ, SPZ and 
infragranular CP prior to E104 might be prospective layer III callosal neurons in the 
process of migrating to more supérficial positions in the CP, we examined sections from 
monkeys prepared for 3H-thymidine autoradiography that had received a pulse injection 
of 3H-thymidine between E70 and E80, the period of generation for layer III neurons 
(Rakic and Wikmark, personal communication) and which were sacrificed between E80 
and E91. As late as 14 days after their last cell division, many layer III cells are still 
migrating to positions in the cortical plate and can be found in the superficial IZ, SPZ and 
at all depths in the CP. These results indicate that prospective layer III neurons are still 
migrating through the IZ, SPZ and lower CP at the ages in which we found retrogradely 
labeled callosal neurons in these same zones. These data strengthen the possibility that 
some of the HRP labeled neurons in these regions at midgestation might be migratory 
neurons. To obtain more definitive evidence for this possibility we have injected 
3H-thymidine into a fetal monkey at E75 and then subsequently injected HRP into one 
hemisphere on E84 to label callosal neurons in the opposite hemisphere. The analysis of 
this latter double-label experiment has yet to completed; however, on the basis of the 
single-label results described above we predict that a population of cells in the IZ, SP and 
deep half of the CP will be double labeled with both HRP and 3H-thymidine.

In summary, we have found ectopic callosal neurons in zones of the fetal monkey 
cerebrum at ages when these zones contain high numbers of migrating neurons which 
are destined for supragranular cortical layers. These findings are compatible with the 
hypothesis that some cortico-cortical neurons of the primate neocortex have axons which 
approach distant targets of the contralateral hemisphere well in advance of reaching their 
final position within the cortical plate. Supported by NS 22807 and MH 38546.

331.12 DEVELOPMENT OF ACETYLCHOLINESTERASE ACTIVITY IN 
DORSAL THALAMIC NUCLEI: TRANSIENT AND PERMANENT 
PATTERNS OF ACTIVITY. R ichard T. Robertson, Saved J . 
M irrafati*  and Jen  Yu. D epartm ents of Anatomy and Neurobiology 
and Physical Medicine and R ehabilitation , College of Medicine, 
U niversity of California , Irvine, CA 92717.

We have dem onstrated  recen tly  th a t the prim ary sensory areas of 
cerebral co rtex  in the ra t  display pattern s  of acety lcho linesterase 
(AChE) ac tiv ity  transien tly  during the firs t th ree  weeks of post-natal 
life. The area l and lam inar pa ttern s  of the AChE correspond to  the 
tha lam ic recip ien t zones of these co rtica l areas and suggest th a t the 
AChE may be a  m arker for zones of tha lam ocortical term inations. 
The present study was undertaken to  determ ine w hether 
tha lam ocortical neurons display AChE.

Subjects w ere laboratory  born Long-Evans or Sprague-Dawley ra ts  
of 0–30 post-natal days (DPN) of age. Animals w ere sacrificed  by 
vascular perfusion with 10% form alin. Some animals received 
system ic injections of 1.5 mg/kg DFP 3–5 hr prior to  sacrifice. AChE 
ac tiv ity  was detec ted  histochem ically in series of 40–64 urn frozen 
sections by a  modified version of the  method of Koelle. N on-specific 
cholinesterase ac tiv ity  was inhibited by 10–4M iso-OMPA. A djacent 
sections w ere processed for a  Nissl stain .

AChE positive tha lam ic nuclear groups could be divided into two 
groups. Group 1, which included the  an terio r dorsal nucleus, the 
ventral nucleus of the la te ra l geniculate body and the parafascicular 
nucleus, displayed AChE staining of neuronal som ata th a t f irs t 
appeared a t 5–8 DPN and rem ained prom inent through adulthood. 
Group 2 included the ventrobasal complex (VB), the dorsal nucleus of 
the  la te ra l geniculate  body (dLGN) and the ventral nucleus of the 
medial geniculate body (vMG). These nuclei display intense, but 
transien t, p a ttern s  of AChE during the firs t two postnatal weeks. 
AChE staining of neurons is present in VB a t  b irth , reaches peak 
in tensity  a t  about 5–7 DPN and then disappears by about 14 DPN. 
AChE staining of dLGN appears a t  about 4–5 DPN, reaches peak 
in tensity  a t  about 7–9 DPN, and then is reduced to  adult levels by 
about 20 DPN. The vMG shows onset of AChE ac tiv ity  a t  3–4 DPN, 
peak ac tiv ity  a t  7–10 DPN and is elim inated by about 16 DPN. 
Experim ents w ith DFP adm inistration dem onstrated  th a t AChE 
ac tiv ity  in each of these th ree  thalam ic nuclear groups was present in 
neuronal som ata.

These da ta  dem onstrate  th a t tha lam ocortical neurons in the th ree  
prim ary sensory relay nuclei display tran sien t AChE ac tiv ity  during 
the  firs t two postnatal weeks of life. Taken toge ther w ith the  findings 
th a t tran sien t pa ttern s  of AChE are  also seen in som atosensory, visual 
and auditory areas of the cerebral co rtex , these da ta  suggest th a t 
tran sien t pa ttern s  of AChE are  ch a ra c te ris tic  of tha lam ocortical axon 
term inals a t the tim e when these axons a re  invading the cerebral 
co rtex  and establishing synaptic connections with co rtica l neurons.
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331.13 R E PAIR OF NERVE DAMAGE IN PLATWORMS OCCURS BY AXONAL FUSION. M.A. 
Holman* and H. Koopowltz (SPON: R. H am m erschlag). Developm ental 
and  C e ll B io logy , U n iv e rs ity  o f  C a l i f o rn ia ,  I r v in e ,  CA 92717

The o b je c t iv e  o f  t h i s  study  was to  examine a t  th e  c e l l u l a r  
l e v e l  th e  e x te n t  o f  s p e c i f i c i t y  o f  in d iv id u a l  axons du rin g  r e p a i r  
o f  c u t n e rv es  and to  c o r r e l a te  th e  tim e cou rse  o f  r e p a i r  w ith  
b e h a v io ra l re c o v e ry .

The anim al used  was N otoplana a c t l c o l a , a f r e e - l i v in g  m arine 
f la tw o r m t h a t  has a  s in g le  d i s c r e te  b ilo b e d  gan g lio n  and an i n t r i 
c a te  nerve  p le x u s  anastom osing  in to  s ix  p a ire d  v e n t r a l  nerve co rds  
t h a t  e n te r  th e  b r a in .  The r a t e  o f  r e p a i r  o f  th e se  n erve  co rds  and 
r e tu r n  o f  b e h a v io ra l fu n c t io n  i s  ex trem ely  ra p id —between 24 and 
48 hours a f t e r  in ju r y .  Three p o s s ib le  mechanisms f o r  t h i s  reco v 
e ry  a r e  th e  u se  o f  a l t e r n a t e  e x i s t in g  pathways in  th e  nerve  p le x u s , 
v e ry  ra p id  re g e n e ra tio n  to  t a r g e t  t i s s u e s ,  o r  r e jo in in g  o f  c u t 
n e rv e  ends. We a re  r e p o r t in g  on th e  t h i r d  mechanism. H is to lo g i -  
c a l  s tu d ie s  in d i c a t e  th a t  th e  c u t ends o f  m ajor n e rv es  r e a l ig n  
d u rin g  h e a l in g ,  b u t th e  s p e c i f i c i t y  o f  in d iv id u a l  axonal r e a l ig n 
m ent h as  n o t been examined.

In  o rd e r  to  t e s t  f o r  axona l f u s io n ,  an im als had t h e i r  m ajor 
lo n g i tu d in a l  ne rv e  c u t on one s id e  o f  th e  body a t  t= 0 . At v a r io u s  
tim es  a f t e r  t h i s ,  an im als were p rep a re d  f o r  i n t r a c e l l u l a r  dye i n 
je c t i o n  by c le a r in g  th e  ep ith e liu m  from over th e  b ra in  and p a r t i a l 
ly  d ig e s t in g  th e  b ra in  sh ea th  w ith  c o l la g e n a se . The b r a in s  were 
p inned  w ith  c a c tu s  sp in e s  to  im m obilize them. C e l ls  were f i l l e d  
io n to p h o r e t i c a l ly  w ith  L u c ife r  Yellow and examined under a f l u o r 
escence  m icroscope. Axonal sp ro u tin g  was e v id e n t by 8 h o u rs , and 
by 23 h o u rs , numerous e lo n g a te d  f i l i p o d i a  cou ld  be seen in  th e  
a re a  o f  th e  c u t .  Between 24 and 27  h o u rs , a  f il lp o d iu m  made 
c o n ta c t  w ith  a  d i s t a l  axon segment and th e  two ends fu s e d , r e s u l t 
in g  in  th e  d i s t a l  end f i l l i n g  w ith  L u c ife r  Y ellow . Axonal fu s io n  
in  t h i s  b r i e f  tim e fram e was seen in  o v er tw enty an im als and in  a 
v a r i e ty  o f  d i f f e r e n t  c e l l s .  This mechanism d i f f e r s  from o th e r  
I n v e r t e b r a te  p re p a ra t io n s  where c u t t in g  axons r e s u l t s  in  new 
axona l grow th to  t a r g e t  t i s s u e s .

C oncanavalin  A d e layed  b e h a v io ra l reco v e ry  f o r  24 hours when i t  
wa s  a p p lie d  to  th e  c u t ends a t  t= 0 , and i t s  e f f e c t s  on axonal 
fu s io n  and s p e c i f i c i t y  have been in v e s t ig a te d .  Evidence f o r  spec
i f i c i t y  was seen in  a  sm all number o f  an im als  where two f i l i p o d i a  
from  one axon made c o n ta c t w ith  a  s in g le  d i s t a l  axon segm ent.
Two f i l i p o d i a  were never seen fu s in g  w ith  two d i s t a l  segm ents, 
in d i c a t in g  a  h ig h  degree  o f  s p e c i f i c i t y  in  axonal fu s io n .

331.14 VARIANTS OF ASCARIS WITH MIRROR IMAGE NEURONAL MORPHOLOGIES 
C. D. J o h n so n , P. S i th i g o r n g u l * , and A. O. W. S t r e t t o n . 
Dept. o f  Zoology, Univ. o f  W isconsin, M adison, WI 53706

The nervous system  o f  A scaris  c o n ta in s  298 neurons; each neuron 
i s  an id e n t i f i e d  c e l l  whose m orpho log ica l f e a tu re s  a re  
r e p ro d u c ib le  from anim al to  an im al. The neurons have been d iv id ed  
in to  123 m o rpho log ica l c la s s e s ;  th e  morphology o f  neurons In  25 o f  
th e  c l a s s e s  i s  asym m etric in  th e  r i g h t / l e f t  p la n e . The la r g e s t  
c l a s s e s  o f  asym m etric c e l l s  a re  m otor neurons whose c e l l  bodies 
a re  lo c a te d  in  th e  v e n t r a l  ne rv e  cord. Each motor neuron b e long ing  
to  c l a s s e s  DE1, DE2, DE3, DI o r  VI ( S t r e t t o n ,  A.O.W., e t  a l . ,  PNAS 
75: 3497, 1978) has a s in g le  p ro cess , re fe re d  to  as a commissure, 
which e x i t s  from th e  v e n t r a l  cord and runs c i r c u m fe re n t ia l ly  
around th e  body to  th e  d o rs a l  n e rv e  cord. A lthough in  g e n e ra l the  
commissure o f  each neuron i s  rep ro d u c ib ly  to  th e  r ig h t  o r to  the  
l e f t ,  we have found r a r e  in d iv id u a l s  in  which th e  handedness o f  
s p e c i f ic  commissures i s  re v e rse d .

In  some an im als  o n ly  one o r  two commissures a re  re v e rs e d ; th e se  
r e v e r s a l s  a re  no t randomly d is t r i b u te d  bu t occur a t  s p e c i f ic  s i t e s  
in  th e  an im al.

We a l s o  fin d  two types  o f  v a r ia n t  an im als  in  which e n t i r e  
c l a s s e s  o f  motor neurons have re v e rse d  com missures. In  one type , 
a l l  DE2, DE3 and DI com missures a re  re v e rse d  w hereas DE1 and VI 
com missures a re  norm al. In  th e  o th e r  type  o f  v a r i a n t ,  a l l  f iv e  
c l a s s e s  o f motor neurons have re v e rse d  commissures. S ince in  C. 
e le g a n s , neurons ana logous to  th e  DE2, DE3 and DI neurons a re  
g en e ra ted  du ring  erabryogenesis w hereas th e  DE1 and VI neurons a re  
from post-em bryon ic lin e a g e s  (S u ls to n , J . E., P h i l .  T rans. Roy. 
Soc. Lond. B275:287, 1976), we r e f e r  to  th e se  two types o f v a r ia n t  
an im als  as  MIR-EMB and MIR-ALL r e s p e c t iv e ly .  A n a ly s is  o f  
a d d i t io n a l  asym m etric neurons in d ic a te s  th a t  o th e r  embryonic 
neurons have m irro r  image m orphologies in  bo th  MIR-EMB and MIR-ALL 
an im als  w hereas o th e r  post-em bryonic neurons have normal shapes in  
MIR-EMB an im als  b u t a re  re v e rse d  in  MIR-ALL v a r ia n ts .  In  c o n tr a s t  
to  th e se  changes in  p ro cess  morphology, we fin d  th a t  th e  lo c a t io n s  
o f  a sy m m etr ica lly  p o s itio n e d  n eu rona l c e l l  bod ies  a re  no t rev e rse d  
in  e i t h e r  o f  th e  v a r ia n ts .  Thus i t  appears  th a t  MIR an im als  a re  
no t com plete  m irro r  images o f  th e  normal an im als; r a th e r  th e  
a l t e r a t i o n s  observed  a re  r e s t r i c t e d  to  p ro cess  morphology. 
Somewhat s u r p r is in g ly ,  n e i th e r  MIR-EMB nor MIR-ALL an im als  have 
any r e a d i ly  ap p a ren t b e h a v io ra l a l t e r a t i o n ;  a l l  o f  th e  an im als 
found were f u l l y  grown a d u l ts .  These v a r ia n ts  may r e f l e c t  
(g en e tic? ) a l t e r a t i o n s  o f the  mechanism re s p o n s ib le  fo r  sp e c ify in g  
th e  r i g h t / l e f t  a x is  in  normal an im als.

Supported by NIH g ra n t AI 20355

331.15 unc‒5 & unc‒6 MUTANTS DISRUPT DORSAL/VENTRAL GUIDANCE CUES FOR 
THE OUTGROWTH OF BOTH AXONS AND OTHER TISSUES. D. H. H a l l , E .M. 
Hedgecock* and J .G . C u lo t t i* .  D ept. N e u ro s c i. ,  AECOM, Bronx, NY 
10461; Roche I n s t .  Mol. B io l . ,  N u tley , NJ 07110; and D ept. B io l. 
S c i . ,  N orthw estern  U ., E vanston , IL 60201.

Axonal guidance i s  b e lie v e d  to  invo lv e  adhesive  m olecules on 
th e  su b stra tu m  which a re  recogn ized  by th e  growth cone. D if fe re n t 
neurons may be guided by o v erlap p in g  su b se ts  o f guidance 
m o lecu les  in  o rd e r  to  reach  d i f f e r e n t  ta r g e t s  in  3D sp ace . In  th e  
nem atode, C aeno rhabd iti s e le g a n s , we have s tu d ie d  a s e r ie s  of 
m u ta tio n s  a f f e c t in g  th e  developm ent of many d i f f e r e n t  C e l ls .  
D o rsa l axonal m ig ra tio n s  a re  d is ru p te d  in  th e  u n c‒5 m u tan ts , 
c a u sin g  a  com plete absence o f th e  d o rs a l and d o rs a l  s u b la t e r a l  
n e rv e  c o rd s . Both d o rs a l and v e n t r a l  axona l m ig ra tio n s  a re  
d is ru p te d  in  unc‒6 m u tan ts . S e r ia l  th in  s e c t io n  s tu d ie s  of two 
unc‒5 m u tan ts  re v e a le d  th a t  in  th e  absence of d o rs a l cu e s , some 
m otor axons adopt a new s e t  of c h a r a c t e r i s t i c  l a t e r a l  p o s i t io n s  
and form NMJs on to  both  a p p ro p r ia te  and in a p p ro p r ia te  muscle 
c e l l s .  N on-neuronal c e l l  m ig ra tio n s  a long  th e  d o r s a l / v e n tr a l  
a x is  can a l s o  be a f f e c te d ,  in c lu d in g  th o se  o f th e  ex c re to ry  
c a n a ls  and o f th e  d i s t a l  t i p  c e l l s  (DTC) o f th e  gonad. Some of 
th e se  phenotypes were sco red  by Nomarski o p t ic s  o r FITC s ta in in g  
o f  l i v in g  an im a ls , re v e a lin g  s u b s t a n t i a l  v a r ia t io n s  w ith in  and 
between s e v e ra l m utant a l l e l e s  o f each gene . In  some a l l e l e s ,  th e  
d o r s a l / v e n t r a l  guidance cues a re  more d is ru p te d  fo r  c e l l  
m ig ra tio n s  to p o lo g ic a l ly  e x te rn a l  to  th e  ep iderm al basement 
membrane, w h ile  in  o th e r  a l l e l e s  th e  re v e rs e  i s  t r u e .  This 
s u g g e s ts  th e  unc‒5 and unc‒6 gene p ro d u c ts  may norm ally  be 
lo c a l iz e d  on bo th  th e  basement membrane and th e  ep iderm al plasma 
membrane, and th a t  some m u ta tio n s  a l t e r  th e  p a t te r n  of 
l o c a l i z a t i o n  r a th e r  than  th e  ad h esiv en ess  o f th e  guidance cue . 
S e r ia l  r e c o n s t ru c t io n  of th re e  DTCs d u rin g  m ig ra tio n  showed th a t  
t h i s  c e l l  la c k s  le a d in g  f i l i p o d ia  o r growth co n es, b u t th a t  i t s  
b lu n t  le a d in g  edge adheres c lo s e ly  to  th e  basem ent membrane o f 
p r e f e r r e d  c e l l  types  along  i t s  p a th . The t r a i l i n g  edge of th e  
DTC adhe re s  to  p rev io u s  gu ide  c e l l s ;  th e  r e s t  of th e  gonad i s  no t 
bound to  i t s  n e ig h b o rs . The DTC a ls o  forms i t s  own th ic k  
basem ent membrane and i s  f i l l e d  w ith  p e r in u c le a r  c i s te rn a e  
c o n ta in in g  f lo c c u la r  m a te r ia l  resem b ling  th e  basem ent membrane. 
S m aller numbers o f c i s te r n a e  a re  lo c a te d  a t  th e  t r a i l i n g  edge of 
th e  DTC. The c o n te n ts  of th e  c i s te r n a e  may be r e l a te d  to  th e  
c e l l ' s  a d h e s iv i ty ,  s in c e  t h e i r  d i s t r i b u t io n  m atches th e  
s t i c k i e s t  p o r tio n s  of i t s  p e r im e te r . Thus th e  DTC may m ig ra te  by 
a  d i f f e r e n t  mechanism from axonal ou tg row th , y e t sh a re s  some of 
th e  same guidance cu e s . In  a l l  a l l e l e s ,  m ig ra tio n  o f th e  DTC i s  
more o f te n  normal in  th e  a n t e r io r  than  in  th e  p o s t e r i o r , 
s u g g e s tin g  th a t  some o th e r  d o r s a l / v e n t r a l  cues a re  r e ta in e d  nea r 
th e  nerve  r in g ,  and th a t  th e se  guidance cues may be d lf f u s a b le .

331.16 EFFECTS OF ALTERED MEMBRANE RECYCLING PROCESS ON NEURONAL 
DEVELOPMENT: ANALYSIS OF CULTURED NEURONS OF THE DROSOPHILA 
MUTANT, SHIBIREt s l . Y .-T . Kim* and C .-F . Wu. D ept. o f  B io logy, 
Univ. o f Iowa, Iowa C ity , Iowa 52242.

The membrane re c y c lin g  p ro cess  in  th e  te m p e ra tu re -s e n s it iv e  
m utant o f D ro so p h ila , s h ib i r e t s l  ( s h i t s l ) , has been shown to  be 
r e v e r s ib ly  blocked a t  r e s t r i c t i v e  tem p era tu re  (> 29° C) because of 
enhanced v e s ic le  fu s io n  and d is ru p te d  membrane p in c h -o ff  (Poodry 
and Edgar, J .  C e ll B io l . ,  81:520, 1979; Kosaka and Ikeda , J . 
N eurobio . ,  14:207, 1983 and J .  C e ll B io l . ,  97:499, 1983). We 
examined th e  ro le  o f membrane re c y c lin g  in  n eu ronal development a t  
th e  s in g l e - c e l l  le v e l  by comparing neu ronal c u l tu r e s  d is s o c ia te d  
from s h i t s l  and normal l a r v a l  CNS.

At 30° C, a d h e s iv i ty  o f s h i t a I  neurons was reduced , as 
in d ic a te d  by a d ec reased  number (30% o f th a t  a t  22° C) o f c e l l s  
a t ta c h e d  to  sub stra tu m  du rin g  p la t in g .  In  c o n t r a s t ,  th e  number 
o f a t ta c h e d  c e l l s  in  normal c u l tu r e s  a t  30° C was in c rea sed  to  
130% o f th a t  a t  22° C. The compounding e f f e c t  o f membrane 
re c y c lin g  b lock  and reduced a d h e s iv ity  r e s u l te d  in  poor growth 
cone fo rm a tio n . A fte r  4–8 hours exposure to  30° C, few er growth 
cones cou ld  be d e te c te d  in  s h i t s l  c u l tu r e s .  SEM sam ples o f  th e  
h e a t - t r e a te d  s h i t s l  neurons showed no la m e llip o d ia , bu t only  
f i lo p o d ia ,  a t  th e  t i p s  o f n e u r i te s .

T im e-lapse s tu d ie s  dem onstrated  t h a t ,  a t  30° C, n e u r i te  
i n i t i a t i o n  and e lo n g a tio n  in  s h i t s l  c u l tu r e s  were supp ressed . 
However, fo llo w in g  th e  d o w n -sh ifts  o f te m p era tu re , th e  r a t e s  of 
n e u r i te  i n i t i a t i o n  and e lo n g a tio n  showed a rebound and were even 
a c c e le r a te d .  Even w e ll d i f f e r e n t ia te d  s h i t s l  neurons were 
a f f e c te d ,  e x h ib i t in g  r e t r a c t i o n  o r com plete re a b s o rp tio n  o f 
n e u r i te s  a f t e r  lon g -te rm  (24 h o u rs) in c u b a tio n  a t  30° C.

D ecrease in  n e u r i te  b ranch ing  in  s h i t s l neurons became ev id en t 
a f t e r  o n ly  4 hours exposure to  30° C. At r e s t r i c t i v e  te m p era tu re , 
s h i t s l  neurons e x h ib ite d  m ainly  prim ary  n e u r i te s  and no t e r t i a r y  
branch could  be d e te c te d , w hereas th e  secondary  and t e r t i a r y  
b ranches were abundant in  normal neurons a t  th e  same te m p era tu re .

Our r e s u l t s  p rov ide  a new l i n e  o f ev idence th a t  membrane 
re c y c lin g  mechanisms ta k e  a c t iv e  p a r t s  in  r e g u la t io n  o f neuronal 
membrane adhesion  and growth cone a c t i v i t y ,  which in  tu rn  
determ ine  n e u r i te  i n i t i a t i o n ,  e lo n g a tio n  and b ranch ing .

Work su ppo rted  by NIH g ra n ts  NS 00675, NS 15350 and NS 18500.
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33117 ANDROGEN PREVENTS SYNAPSE ELIMINATION IN A HORMONE-SENSITIVE 
MUSCLE OF THE RAT. C .L. Jo rd an , M.S. L e ti n sky and A .P. A rno ld . 
D epartm ents o f  Psychology and P h ysio logy . U n iv e rs ity  o f  
C a l if o rn ia ,  Los A ngeles, CA 90024.

Mammalian muscle f ib e r s  a re  m u ltip ly  in n e rv a ted  a t  b i r t h .  In  
r a t s ,  th e  a d u l t  p a t te rn  o f  s in g le  in n e rv a tio n  i s  g e n e ra lly  
e s ta b l is h e d  by th e  end o f  th e  second p o s tn a ta l  week. The 
le v a to r  a n i (LA), an a n d ro g e n -s e n s it iv e  p e r in e a l  muscle o f  th e  
r a t ,  i s  unusual in  th a t  synapse e l im in a tio n  o ccu rs  l a t e r  (3–4 
weeks a f t e r  b i r t h ) ,  and some a d u l t  f ib e r s  rem ain m u ltip ly  
in n e rv a te d  (Jo rdan  e t  a l . ,  N eurosc. A b s t r . ,  1 1 :3 1 .1 ,  1985). 
F u rtherm ore , androgens delay  th e  normal e l im in a tio n  o f  m u ltip le  
in p u ts  du rin g  p o s tn a ta l  developm ent (Jo rdan  e t  a l . ,  NMD VI, 
1986). We now re p o r t  th a t  androgens given  p o s tn a ta l ly  r e s u l t  in  
a d ram atic  in c re a se  in  th e  amount o f  m u ltip le  in n e rv a tio n  
p re s e n t in  th e  a d u l t  LA, long a f t e r  c e s s a t io n  o f  androgen 
tre a tm e n t.

Male r a t  pups were ass ig n ed  to  one o f  3 groups (n=4–5 per 
g ro u p ): 1) gonadectomy a t  p o s tn a ta l  day 7 (P7) p lu s  
t e s to s te r o n e  p ro p io n a te  (100 ug/50g BW), 2) gonadectomy p lu s  th e  
v e h ic le  o i l ,  or 3) sham gonadectomy p lu s  o i l .  T reatm ents were 
g iven  P7 to  P34. Four weeks from th e  end o f  tre a tm e n t (P63– 66), 
th e  LA was d is s e c te d  f re s h  and s ta in e d  w ith  t e t r a n i t r o b lu e  
te tr a z o l iu m . We e s tim ated  th e  number o f  p re te rm in a l axons 
synapsing  onto s in g le  muscle f i b e r s ,  th e  number o f  s e p a ra te  
te rm in a l s i t e s  p e r  m uscle f ib e r  and th e  s iz e  o f  muscle f ib e r s  
f o r  a l l  s u r fa c e  muscle f ib e r s  hav ing  f u l ly  v i s ib l e  synapses (.> 
35 muscle f ib e r s  p e r  muscle sam pled).

Androgens had th re e  e f f e c t s :  1) M u ltip le  in n e rv a tio n  was 
m arkedly in c rea sed  in  a n d ro g e n -tre a te d  m uscles (71+2% vs 27+4% 
in  sham o p e ra te d  c o n t ro ls ,  and 17+ 1% in  o i l  t r e a te d  c a s t r a t e s ) .  
2) A ndro g en -trea ted  m uscles were a l s o  unusual in  th a t  
s u b s t a n t i a l  numbers o f  m uscle f ib e r s  had m u ltip le  te rm in a l s i t e s  
(24+5% v s . 4+1% in  o i l  t r e a te d  shams and 0 .6 +0 .4  in  o i l  t r e a te d  
c a s t r a t e s ) .  3) A n d rogen -trea ted  m uscles had la r g e r  m uscle 
f i b e r s  (33+2 um) than  o i l  t r e a te d  c a s t r a t e s  (26+0 .4  um), and o i l  
tr e a te d  shams had th e  la r g e s t  LA f ib e r s  (37+0 .4  um).

Androgens du ring  developm ent a re  c r i t i c a l  in  d e term in ing  th e  
in n e rv a tio n  p a t te rn  o f  th e  a d u l t  LA. During p o s tn a ta l  
developm ent, androgens can re g u la te  two param ete rs  o f  muscle 
f i b e r  in n e rv a tio n , prom oting both m u ltip le  in n e rv a tio n  a s  w ell 
a s  m u l t i - s i t e  in n e rv a tio n . Because androgen tre a tm e n t o v e rlap s  
w ith  th e  period  o f  normal synapse e l im in a tio n  in  th e  LA, th e se  
r e s u l t s  suggest th a t  androgens p rev en t synapse e l im in a tio n  in  
th e  LA, causing  m u ltip le  in n e rv a tio n  to  p e r s i s t ,  perhaps 
perm anen tly , in to  adu lth o o d .
S upported by g ra n ts  NS13470 and NIH HD15021.

3 3 1 .1 8  DEVELOPMENT OF AXONAL CONNECTIVITY IN RELATION TO A LEARNED 
BEHAVIOR. S.W. B o t t l e r .  S .A . Brown* & E.A. M lesner* . Departm ent 
o f  Psychology, UCLA, Los A ngeles, CA 90024

Male zebra f in c h e s  le a rn  a s p e c i f ic  voca l p a t te rn  du ring  a 
" c r i t i c a l "  pe rio d  o f  developm ent. We have shown th a t  th e  
fo re b ra in  nuc leus  MAN (m ag n o ce llu la r nucleus  o f  th e  a n te r io r  
n e o s tria tu m ) i s  un ique ly  involved in  v oca l le a rn in g  du rin g  a 
r e s t r i c t e d  period  o f  developm ent: Lesion o f  MAN in  ju v e n ile  m ales 
d u rin g  e a r ly  voca l developm ent (25–50 days) produces profound and 
perm anent im pairm ent o f  song b eh a v io r, w hereas th e  same le s io n  in  
o ld e r  b ird s  has no e f f e c t  (B o t t je r  e t  a l ,  1984). There is  a 
m assive lo s s  o f  neurons from MAN du rin g  th e  tim e th a t  le s io n s  a re  
e f f e c t iv e  ( B o t t je r  e t  a l ,  1985), and th i s  lo s s  appears  to  be due 
to  a period  o f  c e l l  dea th  th a t  peaks around 30 to  35 days. Thus, 
MAN has many neurons when b ird s  a re  f i r s t  le a rn in g  to  produce song 
(25 d ay s), b u t has only h a l f  a s  many neurons by th e  tim e le s io n s  
a re  becoming in e f f e c t iv e  (55–60 d ay s ) . During th e  period  o f  
neu ro n a l lo s s ,  th e  a b s o lu te  number o f  androgen t a r g e t  c e l l s  in  MAN 
rem ains c o n s ta n t, a lthough  th e  a b i l i t y  o f  in d iv id u a l MAN c e l l s  to  
accum ulate androgen ic hormones i s  much g r e a te r  in  o ld e r  (60‒day) 
b i r d s  ( B o t t je r  4 A rnold , 1985).

We now re p o r t  th a t  th e  only known a f f e r e n t  in p u t to  MAN (from 
th e  m edial n ucleus  o f  th e  d o r s o la te r a l  tha lam us: DLM) is  
e s ta b l is h e d  very  l a te  in  developm ent. I n je c t io n  o f  h o rs e ra d is h  
p ero x id ase  (HRP) in to  DLM o f  a d u l t  b ird s  (>90 days) r e s u l t s  in  
heavy an te ro g rad e  la b e l  over MAN. The same tech n iq u e  a p p lied  to  
younger b ird s  y ie ld s  th e  fo llow ing  p a t te r n :  DLM axons have grown 
up to  MAN by 25 days, bu t they  remain c lu s te re d  around th e  medio- 
d o rs a l  b o rd e r u n t i l  a t  le a s t  40 days; by 45 days th e re  a re  some 
th ic k  la b e led  p ro cesse s  th roughou t MAN, bu t th e  f in e -g ra in e d  la b e l  
c h a r a c t e r i s t i c  o f  th e  a d u l t  p a t te rn  on ly  ap p ears  some tim e between 
45 and 60 days. In  c o n t r a s t ,  th e  only e f f e r e n t  p ro je c t io n  f r om 
MAN (to  RA: ro b u s t nucleus  o f  th e  a rc h is tr ia tu m )  i s  e s ta b l is h e d  by 
25 days. RA in  tu rn  p ro je c ts  d i r e c t l y  onto th e  voca l motor 
neu rons .

The o v e ra l l  p a t te rn  o f  r e s u l t s  su g g es ts  th e  fo llo w in g : MAN 
may subserve  some fu n c tio n  th a t  i s  c r i t i c a l  fo r  v o ca l le a rn in g ,  
and may be d i r e c t l y  invo lved  in  voca l p ro d u c tio n  by ju v e n ile  b ird s  
(a lth o u g h  i t  i s  c le a r ly  n o t on th e  main motor pathway in  
ad u lth o o d ) . The lo s s  o f  neurons from MAN may be im p o rtan tly  
r e l a te d  to  voca l developm ent, bu t does n o t c o r r e l a te  d i r e o t ly  w ith 
th e  ap p a re n t change in  fu n c tio n  o f  MAN. The fo rm ation  o f  axonal 
co n n e c tio n s  from DLM to  MAN does seem to  c o r r e l a te  w ith  th e  
d ecreased  e f f e c t iv e n e s s  o f  MAN le s io n s .  One h y p o th esis  we a re  
c u r r e n t ly  in v e s t ig a t in g  i s  th a t  DLM in p u t in c re a s e s  th e  a b i l i t y  o f 
MAN c e l l s  to  c o n c e n tra te  androgen, which could in  tu rn  promote 
perm anent b iochem ical o r m orpho log ica l changes in  RA th a t  a re  
n ec essa ry  fo r  vo ca l le a rn in g .

ENDOCRINE CONTROL OF DEVELOPMENT I

332.1 DYE COUPLING AND PHYSIOLOGY ARE SEX SPECIFIC PROPERTIES OF 
LARYNGEAL MUSCLE FIBERS IN THE FROG, XENOPUS LAEVIS. M.L. 
Tobias and D.B. Kelley, Dept Biol. Sci., Columbia Univ., New York, N.Y. 10027

Xenopus laevis uses sexually dimorphic vocalizations as part of its reproductive 
repertoire. We have previously shown that male laryngeal muscle is capable of 
contracting at rates required to produce the male specific mate call. Female laryngeal 
muscle cannot contract as rapidly, and is thus incapable of producing the mate call 
(Soc. Neurosci. Abs. 11:152.4, 1985). In a further effort to characterize the basis of 
sexual dimorphism in this system we have examined the physiological and 
morphological properties of individual fibers in male and female laryngeal muscle. 
Our results indicate that even the physiological characteristics of individual muscle 
fibers are sex-typical. Further, labelling with Lucifer Yellow has revealed that only 
females display dye coupling between fibers.

Male laryngeal muscle contains two predominant fiber types. Type 1 fibers 
respond to single shocks of the laryngeal nerve in a voltage dependent manner: a low 
voltage stimulus results in an EPSP and a higher voltage stimulus results in an action 
potential. Stimulus trains at the subthreshold voltage result in an initial EPSP 
followed by action potentials which follow stimulus pulses 1:1 for the duration of the 
train. Type 2 fibers require repetitive stimulation to produce an action potential. 
Single stimuli never result in an action potential regardless of stimulus strength. 
Stimulus trains result in EPSPs which increase in amplitude and eventually give rise 
to an action potential. Type 2 fibers can be further subdivided. In some cells (Type 
2a) action potentials are produced after a specific number of subthreshold events, 
regardless of stimulus frequency. In the other type (2b), the number of action 
potentials produced is frequency dependent; the first action potential is generated 
earlier in the train as the frequency increases. Lucifer Yellow injection into either 
Type 1 or Type 2 fibers results in labelling of  only one fiber.

Female laryngeal muscle contains one predominant fiber type, whose 
physiological characteristics are distinct from male fibers. Female fibers respond in an 
all or none fashion to single stimuli. Subthreshold voltages result in no response, 
suprathreshold voltages result in an action potential. Stimulus trains result in action 
potentials which follow stimulus pulses 1:1. Lucifer Yellow injection into 3/5 female 
fibers results in multiple labelled cells; as many as twelve fibers are labelled per 
injection.

In either sex, physiological fiber types typical of the other sex are rarely 
encountered. We have recorded 4/35 male type fibers in females, and 3/36 female 
type fibers in males.

In males, repetitive firing of laryngeal axons should first recruit Type 1 and then 
Type 2 fibers; thereby increasing the number of fibers contracting as the stimulus 
proceeds. This pattern of recruitment is consistent with the increase in amplitude of 
individual clicks within a male mate call trill. In females, coupling of fibers may 
insure an effective contraction in response to the low stimulus rates used to produce 
the female-typical vocalization, ticking.

Supported by NS 07685 (MLT) and NS 23684 (DBK).

332.2 ORGANIZATION AND ACTIVATION OF SEXUALLY DIMORPHIC 
VOCALIZATIONS; ANDROGEN LEVELS IN DEVELOPING AND ADULT 
XENOPUS LAEVIS. LT. Lambdin* and D.B. Kelley, Dept. Biol. Sci., Columbia 
Univ., New York, N.Y. 10027

Mate calling in adult male South African clawed frog Xenopus laevis is regulated 
by gonadal androgens. Gonadotropin induces and gonadectomy eliminates mate 
calling; calls can be reinstated by exogenous androgen (Wetzel and Kelley, Hormones 
and Behavior, 1983). Females do not mate call even when androgen treated 
(Hannigan and Kelley, J. Comp. Physiol., 1986). The neuroeffector organ for vocal 
behaviors, the larynx, undergoes dramatic physiological and morphological changes in 
response to androgen during early post-metamorphic (pm) development (Sassoon et. 
al., Dev. B iol, 1986). Androgen induces myogenesis and chondrogenesis resulting in 
masculinization of the phenotypically female, juvenile larynx. Both adult and 
developing larynx and laryngeal motor neurons express high levels of androgen 
receptor (see Kelley, J. Neurobiol., 1986 for review). The larynx of adult females 
hypertrophies in response to androgen. Thus, endogenous levels of androgen are 
critical to the normal development of the larynx and also to the ultimate expression of 
vocal behavior. In this study we measured circulating androgen levels in males and 
females at various stages of development and in adulthood.

Blood was collected and total androgen titers measured by radioimmunoassay from 
five developmental stages: 1) 0 months pm; 2) 2–3 months pm; 3) 6 months pm; 4) 
10 months pm; 5) > 24 months pm (adults). Androgen levels at 0 months pm were 
sexually monomorphic: 34 pg/ml. Male levels had risen to 446 pg/ml by 2–3 months 
pm whereas female levels were 115 pg/ml. Six month pm males had levels of 862 
pg/ml, comparable to adult male levels of androgen. Female 6 month values were 138 
pg/ml. Male values at 10 month pm were 900 pg/ml, while 10 month female values 
were 221 pg/ml. Circulating adult values were sexually dimorphic: male, 955 pg/ml 
and female, 369 pg/ml. Thus, androgen levels were sexually dimorphic throughout 
post metamorphic development. Injection of human chorionic gonadotropin (HCG) 
into adults increased androgen levels in both sexes. Peak values 6 hours after 
injection were approximately 8 times basal levels. Androgen levels in HCG-injected 
females were approximately twice basal values in uninjected males.

The failure of HCG and of exogenous androgen to induce male mate calling in 
females suggests that adult females are behaviorally insensitive to androgen. 
Developing males exhibit high levels of androgen by 6 months pm, whereas females 
undergo a gradual increase in androgen levels throughout development The period 
from metamorphosis to 6 months is a critical one for the establishment of sex 
differences in the larynx. We suggest that male-specific levels of androgen secretion 
during this period are responsible for laryngeal masculinization and the ultimate 
expression of a masculine vocal repertoire.

Supported by NS 23684
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332.3 PROGRESSIVE SEXUAL DIFFERENTIATION OF BRAIN AROMATASE AND REPRO
DUCTIVE BEHAVIOR IN THE JAPANESE QUAIL.
M. Schumacher* (1 ) , J .B . H utchison  (2) and J .  B a l th a z a r t*  (1 ) . 
(SPON : E .N .A ). (1) Lab. Comp. and Gen. B iochem ., Univ. L iege (B) 
and (2) MRC U nit on th e  Development and In te g ra t io n  of B ehav., 
M adingley, Cambridge (UK).

The b ra in  m etabolism  of te s to s te ro n e  (T) determ ines th e  s e n s i
t i v i t y  to  th e  c i r c u la t in g  hormone. In  th e  hypothalam us, T is  
converted  in to  b e h a v io ra lly  a c t iv e  m e ta b o lite s  such as  e s t r a d io l  
(E2) and 5 a -d ih y d ro te s to s te ro n e  (5a-DHT) and in to  in a c t iv e  5 b -re -  
duced m e ta b o l ite s . In  q u a i l  l i k e  in  many o th e r  v e r t e b r a te s ,  a ro 
m a tiz a tio n  of T in to  E2 is  im portan t f o r  th e  a c t iv a t io n  by T of 
male sexual b eh a v io r.

Sexual d if f e re n c e s  in  b ra in  s e n s i t i v i t y  to  b eh a v io ra l e f f e c t s  
of T have been observed and have been r e l a te d  to  d if fe re n c e s  in  T 
m etabolism . In most mammals and b i r d s ,  fem ales a re  le s s  s e n s i t iv e  
than  m ales to  th e  a c t iv a t in g  e f f e c t s  of T. In  q u a i l ,  T induces 
co p u la to ry  beh av io r in  c a s t r a te d  m ales b u t n o t in  o v ariec tom ized  
fem ales . T a ls o  induces le s s  e f f i c i e n t ly  th e  p re o p tic  arom atase 
a c t i v i t y  in  gonadectom ized fem ales than  m ales. This r e p re s e n ts  
a p re c is e  m o lecu lar c o r r e l a te  fo r  th e  b eh a v io ra l dimorphism and 
many experim ents suggest th a t  i t  could  have a ca u sa l v a lu e . We 
a re  c u r r e n t ly  in v e s t ig a t in g  th e  p re c is e  neuroana tom ical d i s t r i b u 
t io n  of th e  se x u a lly  dim orphic arom atase u s in g  th e  P a lk o v its  punch 
te ch n iq u e .

I t  i s  g e n e ra lly  accep ted  th a t  th e  b e h a v io ra l dimorphism in 
a d u l ts  i s  due to  th e  perm anent o rg an iz in g  a c tio n  of s te ro id s  on 
the  b ra in  d u ring  a l im ite d  p e rio d  of e a r ly  developm ent. We have 
shown however th a t  in  q u a i l ,  th e  sexual d i f f e r e n t i a t i o n  i s  not 
r e s t r i c t e d  to  a s h o r t  embryonic p e rio d  b u t only  ends se v e ra l weeks 
p o s t h a tc h in g . S im ila r ly , th e  T - in d u c ib le  arom atase i s  no t s ex u a l
ly  d i f f e r e n t ia te d  du rin g  th e  f i r s t  week p o s t-h a tc h  as  i t  i s  in  
a d u l ts .  There i s  a developm ental d e c lin e  in  s e n s i t i v i t y  of th e  
fem ale b ra in  to  th e  in d u c tiv e  e f f e c t s  o f T on arom atase which c o r
r e l a t e s  w ith  th e  p o s tn a ta l  lo s s  of s e n s i t i v i t y  to  th e  b eh a v io ra l 
e f f e c t s  o f T. A d d itio n a l experim en ts r e l a t i n g  th e  p re o p tic  aroma
ta s e  to  th e  d i f f e r e n t i a t i o n  and a c t iv a t io n  of co p u la to ry  beh av io r 
in  m ales and fem ales du ring  development a re  now in  p ro g re ss  and 
suppo rt th e  n o tio n  th a t  p re o p tic  arom atase p lays  a ca u sa l r o le  in  
th e  c o n tro l of b eh a v io r .

332.4 SEX DIFFERENCES IN THE SONGBIRD BRAIN INVOLVE NEURONS BORN DURING 
ADOLESCENCE. K.W. NORDEEN AND E .J . NORDEEN. DEPT. OF 
PSYCHOLOGY, U. OF ROCHESTER, ROCHESTER, N.Y. 14627.

In  a d u lt z e b ra  f in c h e s , s e v e ra l n eu ra l reg io n s  c o n tro l l in g  
song behav io r c o n ta in  more neurons in  males (who s in g )  than  in  
fem ales (who do n o t s in g ) .  R egional d if f e re n c e s  in  the ontogeny 
of th e se  sex  d i f f e re n c e s  su g g es t s e v e ra l  mechanisms th rough which 
neuron number may be re g u la te d . For in s ta n c e ,  in  nucleus 
ro b u s tu s  a r c h i s tr ia tu m  (RA) and m ag n o ce llu la r nucleus o f the 
a n t e r io r  n eo s tr ia tu m  (MAN), males r e t a in  neurons th a t  a re  lo s t  in  
fem ales du rin g  ad o le scen ce . In  c o n t r a s t ,  males (b u t no t fem ales) 
add neurons to  h y p e rs tr ia tu m  v e n tra le  p a rs  caudale (HVc) du rin g  
th i s  same ju v e n ile  p e r io d . In  the p re s e n t s tu d y , we determ ined 
w hether these  ap p a re n t d if f e re n c e s  in  the r e g u la tio n  o f neuron 
number correspond to  re g io n a l d if f e re n c e s  in  the in c o rp o ra tio n  of 
neurons born d u rin g  ad o lescen ce .

Beginning a t  20 days of age , 3 zeb ra  f in c h es  of each sex 
rece iv ed  in j e c t io n s  of 3H-thymidine (2 .5  uCi/gm) every  12 hours 
f o r  10 day s . At 55 days of age , b ird s  were k i l l e d  and co ro n a l 
s e c t io n s  ( 10 um) were p rocessed  fo r  au to rad io g rap h y . In  HVc and 
RA, the inc id en ce  of la b e led  neurons was determ ined fo r  both 
sex es . The in c id en ce  of la b e le d  neurons in  MAN and Area X was 
on ly  determ ined in  m ales, s in ce  th e se  reg io n s  are  no t r e a d i ly  
i d e n t i f i a b le  in  fem ales . C e lls  w ith  a la rg e  n u c leo lu s  and a 
d i s t i n c t  nucleus surrounded by d a rk ly  s ta in in g  cytoplasm  were 
c l a s s i f i e d  as n eu rons .

In  RA, v i r t u a l l y  no th y m id in e -lab e led  neurons were p re se n t in  
e i t h e r  sex (<2%). L ikew ise, in  male MAN few la b e led  neurons were 
p re s e n t (2%). The p a u c ity  o f la b e le d  neurons in  th e se  two 
reg io n s  i s  c o n s is te n t  w ith  th e re  being no a d d itio n  o f RA o r MAN 
neurons in  e i th e r  sex a f t e r  20 days o f age ( i . e . ,  th e  f i r s t  day 
of 3H-thymidine i n j e c t i o n s ) .

In  c o n t r a s t ,  our d a ta  in d ic a te  many HVc and Area X neurons a re  
born du rin g  ad o le scen ce . In  male Area X, 14% of the neurons were 
la b e le d  by 3H -thym idine, su g g es tin g  th a t  sexua l d i f f e r e n t i a t i o n  
o f t h i s  a rea  may invo lve  neurons born a f t e r  20 days o f age . 
L ikew ise, a la rg e  number o f th y m id in e -lab e led  neurons were 
p re s e n t in  HVc. More im p o rta n t ly , the p ro p o rtio n  o f la b e le d  HVc 
neurons in  males (13%) was h ig h e r  than  in  fem ales (6%). Since 
the t o t a l  number o f HVc neurons i s  much g r e a te r  in  males than in  
fem ales a t  55 days o f age , the above d a ta  r e f l e c t  a ro b u s t sex 
d if fe re n c e  in  th e  a b so lu te  number o f su rv iv in g  HVc neurons born 
d u rin g  ad o le scen ce . M oreover, s in ce  th e se  newly g en e ra ted  
neurons a re  born a f t e r  the  time d u rin g  which hormone exposure can 
induce m a sc u lin iz a tio n  of song c o n tro l n u c le i ,  our d a ta  suggest 
th a t  hormones may enhance neuron p r o l i f e r a t i o n ,  as w e ll as 
r e te n t io n ,  to  c r e a te  sex d if f e re n c e s  in  neuron number.
(Supported  by USPHS g ra n t HD20503).

332.5 THE d e v e l o p m e n t  o f  s e x u a l  d im o r p h is m  in  a r e a  X 
OF THE ZEBRA FINCH SONG SYSTEM 
J. R. Kim and T. J. DeVoogd. Department of Psychology, Cornell 
University, Ithaca, NY, 14853

Area X exhibits the largest sexual dimoiphism of any nucleus in 
the Zebra Finch song system. This nucleus is prominent in adult 
males but absent in females (Nottebohm & Arnold, 1976; Ryan & 
Arnold, 1979). Ontogenetically, X may also be unique among song 
nuclei. HVc (Hyperstriatum ventrale pars caudale) and RA 
(Robustus Archistriatalis) are less dimorphic during development 
than in adulthood (Bottjer, et al., 1985; Konishi & Akutagawa, 
1985), whereas female X  is not visible with Nissl stain at any age. 
Differential cell death is involved in the establishment of sex 
differences in HVc and RA cell number (Kim & DeVoogd, 1985). 
This report describes cell death in Area X and surrounding Lobus 
Parolfactorius (LPO).

In 10–20µ cresylecht violet stained coronal brain sections from 
10 (10–11), 15 (15–17) and 20 (19–25) day old finches, the position 
of X in LPO was determined in males and was used to define 
putative X in same-age females (n = 2–3 birds/sex/age). In 5 
sections, the entire LPO including X was scanned for degenerating 
cells, and the number of degenerating cells per 1000µ2 was 
calculated.

Collapsing across ages, no overall sex difference in LPO cell 
death was observed (x̄ + SD = 4.93 + 3.13 degenerating cells (dc) 
in males; 5.24 ± 1.73 dc in females), or on day 20 (males = 3.87 ± 
0.97; females= 3.76 + 0.75). In contrast large sex differences were 
observed on days 10 and 15. (Day 10 males = 9.38 ± 0.98 dc; 
females = 5.36 ± 1.83 dc; day 15 males = 2.74 ± .001 dc; females 
= 5.95 ± 2.16 dc).

The occurance of greater cell death in males than in females at 
10 days appears paradoxical: a simple process of sculpting a male- 
female dimorphism by differential cell death appears unlikely. 
However, pemaps cells destined for X are bom and die in a 
restricted time interval after day 10. Preliminary 3H thymidine data 
indicate that neurons destined for X in males may be generated as 
late as 4 weeks after hatching. Further thymidine and degeneration 
analyses are in progress to resolve this issue.

Supported by the Alfred Sloan Foundation NIH Grant HD‒21033.

332.6 DENDRITIC RETRACTION AND SPINE ELIMINATION IN FEMALES 
CONTRIBUTE TO SEX DIMORPHISMS IN THE AVIAN SONG SYSTEM 
Timothy J. DeVoogd. Heidi Norden*. and Christine Gould*. Department of 
Psychology, Cornell University, Ithaca, NY, 14853

The avian song control network has proven to be a highly productive 
model system in which to study neural sex differences in relation to a 
dimorphic behavior. Typically, male songbirds sing and females do not; the 
brain regions involved in song production are substantially larger in males than 
in females.

W e have begun to study the development of dimorphic anatomy in song 
system nucleus RA in zebra finches. It has been shown that this nucleus is 
5.5 times larger in mature males than mature females (Nottebohm and Arnold, 
1976), and that divergence in nucleus volume in the early weeks of life results 
both from growth in the male and from condensation in the female (Konishi 
and Akutagawa, 1985). We have shown that during this time interval, cell 
death is occuring in females at 2–4 times the rate seen in males, suggesting that 
divergent cell death contributes to the sex difference in RA size (Kirn and 
DeVoogd, 1985). We now assess the morphology of dendritic fields and 
spines during the time in early life of morphological divergence between the 
sexes.

Male and female zebra finches were killed at weekly intervals from 2 to 8 
weeks after hatching. The brains were stained with a Golgi-Cox procedure 
(Van der Loos, 1956), sectioned at 90–120µm and counterstained with thionin 
and methylene blue. Well-stained type IV neurons (DeVoogd and Nottebohm, 
1981) in RA were quantified in three dimensions using a  semi-automated 
microscope system, in order to obtain total dendritic field size, and spine 
density at 20 µm intervals from soma to dendritic tips.

We find similar dendritic fields in males and females at 2 weeks (927 and 
871µm respectively). Female fields remain constant to 4 weeks and decrease 
thereafter such that at 8 weeks, a 23% decrease in field size has occured.

Spine density is also similar in males and females at 2 weeks, then rises 
in males at 3 weeks leading to a density 20–25% higher in males than in 
females through 8 weeks. We then multiplied mean spine density by mean 
dendritic field size to get an estimate o f spines/neuron at each age. Spine 
number follows the same pattern: similar between the sexes at 2 weeks (M = 
582, F  = 659), substantially different at 3 weeks because of a male rise (M = 
1425, F  = 789), a difference that persists in spite o f subsequent drops in both 
sexes (M = 1092, F  = 542 at 8 weeks).

W e believe the male hypertophy in these measures at three and four 
weeks o f age and the female atrophy somewhat later may result from the 
afferentation from HVc which is then occuring in males but not females 
(Konishi and Akutagawa, 1985). Thus the growth and regression seen in the 
nucleus as a  whole may result in part from changes occuring at the dendritic 
and synaptic level.

Supported by Alfred P. Sloan and NIH grant HD‒21033.
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332.7 EFFECT OF BIRTH ON PLASMA STEROIDS AND ON HYPOTHALAMIC ACTIVITY OF 
AROMATASE AND CONCENTRATIONS OF ESTRADIOL IN THE FERRET. M.S. 
E rsk in e , S.A. Tobet and M .J. Baum. D ept. o f B io logy , Boston 
U n iv e rs ity , B oston , Ma. 02215.

C irc u la t in g  and hypothalam ic c o n c e n tra t io n s  o f te s to s te ro n e  (T) 
and e s t r a d io l  (E2) in c re a s e  d ra m a tic a lly  in  male r a t s  w ith in  two h . 
a f t e r  b i r t h  (Rhoda e t  a l . ,  E n d o c rin o l. , 114:1754, 1984). S ince 
m a sc u lin iz a tio n  o f sex u a l b eh a v io r in  male f e r r e t s  may be promoted 
by p o s tn a ta l  s e c r e t io n  o f t e s t i c u l a r  s te r o id s  (E rsk in e  & Baum, 
E n d o c rin o l. 114:2440, 1984), we examined th e  p a t te rn s  o f T and E2 
s e c r e t io n  im m ediately  a f t e r  b i r t h  in  th i s  s p e c ie s .  I n i t i a l l y ,  f e r 
r e t  k i t s  were d e l iv e re d  by c a e sa r ia n  s e c t io n  on g e s ta t io n a l  days 40 
o r 41 (norm al g e s ta t io n  = 42 d a y s ) . Plasma and p re o p t ic  a re a  (POA) 
+ m ediobasal hypothalam us (MBH) were taken  e i th e r  im m ediately  (0 h) 
o r 2 h a f t e r  d e l iv e ry ,  and were pooled  p r io r  to  s te r o id  RIA. Plasma 
T c o n c e n tra t io n s  w ere s ig n i f i c a n t ly  h ig h e r  a t  2 h than  a t  0 h in  
bo th  sexes and were s ig n i f i c a n t ly  h ig h e r  in  m ales than  in  fem ales 
a t  bo th  tim es (means fo r  m ales: 0 h , 3 .3  n g /m l, 2 h , 9 .5  ng /m l; 
f o r  fem ales : 0 h , 1 .2  ng /m l, 2 h , 3 .4  n g /m l). Plasma E2 le v e ls  
were below th e  assay  d e te c tio n  l i m i t  in  17/22 sam ples. The le v e ls  
o f E2 measured in  th e  POA + MBH were v a r i a b le ,  b u t tended to  be 
h ig h e r  2 h a f t e r  d e l iv e ry ,  r e g a rd le s s  of sex . E s tim ates  of aroma
ta s e  a c t i v i t y  in  th e  POA and in  th e  MBH were e q u iv a le n t a t  0 h and 
a t  2 h in  bo th  s e x e s . Thus any r i s e  in  POA + MBH c o n c e n tra t io n s  of 
E2 a f t e r  b i r t h  p robab ly  r e s u l t s  from in c re a se d  a v a i l a b i l i t y  o f T 
s u b s t r a te  and n o t from a c t iv a t io n  of arom atase . Tn a subsequen t 
study  f e r r e t  k i t s  were removed from th e i r  m others im m ediately  a f t e r  
n a tu r a l  d e l iv e ry ,  and plasm a was taken  a t  0 h and a t  2 h . A gain, 
in  bo th  sexes s ig n i f i c a n t  inc rem ents in  c i r c u la t in g  T occu rred  
w ith in  2 h , and a t  bo th  0 h and 2 h T v a lu es  were h ig h e r  in  males 
than  in  fem ales (means fo r  m ales: 0  h , 6 .4  ng /m l, 2 h , 22 .0  ng /m l; 
f o r  fem ales : 0  h , 2 .8  n g /m l, 2 h , 6 .6  n g /m l). Plasma E2 le v e ls  
were e q u iv a le n t in  m ales and fem ales , w ith  s ig n i f i c a n t  e le v a tio n s  
being  d e te c te d  2 h a f t e r  n a tu r a l  d e l iv e ry  (means of combined sex es : 
0 h , 66 pg /m l, 2 h , 292 p g /m l) . A bso lu te  plasm a c o n c e n tra t io n s  of 
T and E2 were a t  l e a s t  2 tim es h ig h e r  in  k i t s  d e l iv e re d  n a tu r a l l y  
as opposed to  by c a e sa r ia n  s e c t io n .  W ith in  2 h of n a tu r a l  d e l iv e ry  
plasm a T and E2 c o n c e n tra t io n s  reached  o r exceeded th e  le v e ls  of 
th e se  s te r o id s  norm ally  seen  in  a d u l t  male and fem ale f e r r e t s  du r
ing  th e  b reed in g  seaso n .

These r e s u l t s  c o rro b o ra te  p rev io u s  f in d in g s  in  th e  r a t ,  and 
r a i s e  th e  p o s s i b i l i t y  th a t  in  f e r r e t s ,  as in  r a t s ,  la rg e  p o s tn a ta l  
inc rem ents in  sex  s te r o id  a v a i l a b i l i t y  may in f lu e n c e  b ra in  and 
b e h a v io ra l s ex u a l d i f f e r e n t i a t i o n .

(su p p o rted  by HD 21094 and MH 00392)

332.8 GONADAL-INDEPENDENT ACTION OF MELATONIN ON 
PULSATILE LH RELEASE IN OVARIECTOMIZED PREPUBERTAL 
R A TS. H .F . U rb a n sk i* an d  S .R . O jeda* (SPON: S .M . 
M cC ann). D ep artm en t of P h ysio logy , T he U n iv e rs ity  of T exas  
H ealth  S cience C e n te r  a t  D allas, D allas, T ex as  75235–9040.

In female r a t s  a d iu rn a l p a t te rn  of LH sec re tio n  becomes 
e s ta b lis h e d  d u r in g  th e  ju v e n ile -p e r ip u b e r ta l  p e r io d , w ith LH 
d is c h a rg e s  being  more p rom inen t in th e  a fte rn o o n  th a n  in th e  
m orn ing . We h ave re c e n tly  found  th a t  th is  a c tiv a tio n  o f LH 
re lea se  o r ig in a te s  c e n tra lly  as  it can  be d em o n stra ted  even  in th e  
a b sen ce  of th e  o v a r ie s , u s in g  a s h o r t- te rm  ovariectom y (OVX) 
p arad ig m . In th e  p re s e n t  s tu d y  we in v e s tig a te d  th e  p o ss ib ility  
th a t  th e  w ell-know n delay in g  e ffe c t of m elatonin on th e  tim ing of 
p u b e r ty  may be re la te d  to  an  a lte ra tio n  of th is  c e n tra lly -d r iv e n  
d iu rn a l p a t te rn  of LH re le a se .

Im m ature fem ale r a ts  w ere m ain ta ined  u n d e r  a 14L:10D 
pho to p e rio d  ( l ig h ts  on 5 .00–19.00 h ) and  g iv en  daily  s . c .  
in jec tions  o f m elatonin (100 µg in sa lin e ) a t  16.00 h (from  day  20 
u n til th e  time o f vag inal o p e n in g ) . M elatonin s ig n ifjcan tly  
( P<0.05) de lay ed  th e  ag e  a t  vag inal o pen ing  (41 .6  + 1.2 d a y s , 
n=22, m e la to n in - tre a te d  anim als v s  37 .8  + 0 .8  d a y s , n=21, 
s a lin e - tr e a te d  c o n tro ls ) .  T h is  same regim en was th e n  u sed  to 
exam ine th e  e ffe c t o f m elatonin on LH re lea se  in s h o r t- te rm  OVX, 
3 6 -d ay -o ld  r a t s .  T h e  anim als w ere  t r e a te d  daily  w ith m elatonin 
(from  20–35 d a y s  of a g e ) .  T hey  w ere OVX a t 32 d a y s  and  4 
d a y s  la te r  blood sam ples (150 µ l) w ere co llected  e v e ry  5 min 
(from  13.00–18.00 h ) u s in g  a p rev io u sly  d e s c r ib e d  autom ated  
blood sam pling  te c h n iq u e . T he plasm a was a s sa y e d  fo r LH by 
RIA. Ind iv idual plasm a LH p ro files  w ere ana lyzed  u s in g  th e  
PULSAR a lgo rithm  an d  com pared  to  th o se  o b ta in ed  from u n tre a te d  
OVX anim als o f th e  same a g e , e i th e r  in th e  m orning  (from  
8 .0 0 –13.00 h ) o r  in th e  a fte rn o o n  (from  13.00–18.00 h ) .  As 
re c e n tly  show n (P ro c . Soc. S tu d y  o f F e r ti l i ty , 1986), th e  to tal 
LH s e c re to ry  o u tp u t in u n tre a te d  OVX ra ts  was g r e a te r  in th e  
a fte rn o o n  th a n  in th e  m orn ing . M elatonin s ig n if ic a n tly  (P<0.05) 
red u c e d  th e  to ta l a fte rn o o n  LH s e c re to ry  o u tp u t so th a t  it 
becam e in d is tin g u ish a b le  from th a t  o b se rv e d  in th e  m orn ing . 
Inh ib ition  o f en h a n ced  a fte rn o o n  LH sec re tio n  by  m elatonin was 
f u r th e r  in d ica ted  by  a s ig n if ic a n t (P <0.05) su p p re s s io n  of th e  
n a d ir  plasm a LH le v e ls . On th e  o th e r  h a n d , no d iffe re n c e s  w ere 
found  betw een  LH p u lse  am p litu d e , in te rp u ls e  in te rv a l o r peak  
plasm a LH levels  o f th e  v a r io u s  g ro u p s .  T h e se  fin d in g s  s u g g e s t 
th a t  m elatonin may e x e r t  its  de lay in g  e ffe c t on th e  tim ing of 
fem ale p u b e r ty  by  in h ib itin g  th e  c e n tra lly -d r iv e n  a f te rn o o n  
a c tiv a tio n  o f LH re lea se  th a t  o c c u rs  d u r in g  th e  p e r ip u b e r ta l  
p e riod  o f deve lo p m en t. (S u p p o rte d  by  NIH G ra n t HD-09988, IV)

332.9 TREATMENT OF NEONATAL RATS WITH GONADAL STEROIDS AFFECTS 
IMMUNOREACTIVE BETA-ENDORPHIN LEVELS IN THE ADULT. L. Forman, 
and S . E s ti lo w * , D epartm ent o f M edic ine, UMDNJ-School of 
O steo p a th ic  M edic ine, Camden, NJ 08103.

A d m in is tra tio n  of te s to s te ro n e  to  n e o n a ta l male r a t s  o r 
e s tro g e n  to  n e o n a ta l fem ale r a t s ,  has a profound e f f e c t  on th e  
fu n c t io n  o f th e  h y p o th a la m ic -p itu ita ry  u n i t  in  th e  a d u lt  
an im al. C o nsidering  th a t  gonadal s t e r o id s  m odulate 
hypo thalam ic and p i t u i t a r y  le v e ls  o f b e ta -en d o rp h in  (BE) in  
a d u lt  male and fem ale r a t s ,  th e  e f f e c t s  of n e o n a ta l gonadal 
s t e r o id  tre a tm e n t on BE le v e ls  in  th e  a d u lt  anim al were 
in v e s t ig a te d .  N eonatal Sprague-Dawley (S- D) male r a t s  were 
a d m in is te red  te s to s te ro n e  p ro p r io n a te  (500 u g /r a t /d a y ,  sc  in  
corn o i l )  a t  2 ,4 ,6  and 8 days of age . N eonatal S-D fem ale r a t s  
re c e iv e d  e s t r a d io l  b enzoate  (50 u g /r a t /d a y ,  sc  in  corn  o i l )  a t  
2– 10 days o f age . Matched c o n tro l l i t t e r m a t e s  were adm in is te red  
corn  o i l  a lo n e . A ll an im als were s a c r i f i c e d  a t  90 days of age 
and im m unoreactive b e ta -en d o rp h in  (IR-BE) was measured by 
radioim m unoassay and column chrom atography. N eonata l gonadal 
s te r o id  tre a tm e n t d id  n o t a f f e c t  th e  le v e l  o f IR-BE in  th e  
a n t e r io r  p i t u i t a r y  (AP) o f male r a t s ,  b u t d id  r e s u l t  in  a 
s ig n i f i c a n t  in c re a s e  in  IR-BE in  th e  AP o f fem ale r a t s .  
N eonata l a d m in is tra tio n  o f gonadal s te r o id s  produced a 
s ig n i f i c a n t  in c re a s e  in  IR-BE in  th e  n eu ro in te rm e d ia te  lobe  of 
th e  p i t u i t a r y  (NIL) o f bo th  male and fem ale r a t s ,  w ith  th e  
m agnitude of th e  in c re a s e  being- g r e a te r  in  th e  NIL o f th e  
fem ale r a t s .  IR-BE le v e ls  in  th e  hypothalam us of th e  male o r 
fem ale r a t s  were n o t a l t e r e d  by th e  t r e a tm e n ts . Column 
chrom atography in d ic a te d  th a t  th e  in c re a s e  in  IR-BE in  the  AP 
of fem ale r a t s  re p re s e n te d  a p ro p o r tio n a l in c re a s e  in  BE and 
b e t a - l i p o t r o p in ,  w hereas th e  re d u c tio n  in  IR-BE in  th e  NIL of 
th e  t r e a te d  r a t s  re p re s e n te d  a re d u c tio n  in  BE. These f in d in g s  
su g g es t th a t  gonadal s te r o id s  may in f lu e n c e  a) th e  developm ent 
o f th e  n e u ro t ra n s m it te r  system s which r e g u la te  BE le v e ls  in  th e  
a d u l t  p i t u i t a r y ,  b) th e  developm ent o f th e  b io s y n th e t ic  
mechanisms o f th e  a d u lt p i t u i t a r y ,  c) o r  b o th . F u rtherm ore , 
th e  developm ental e f f e c t s  o f gonadal s te r o id s  appear to  be more 
pronounced in  fem ale than in  male r a t s .

Supported  by a g ra n t from th e  E l i  L i l l y  Co. to  LJF.

332.10 SPECIFIC PROTEINS OF THE ARCUATE-MEDIAN EMINENCE AFFECTED BY 
ESTRADIOL IN PREPUBERAL FEMALE RATS. J .F .  R o d rig u e z -S ie rra , 
W.E. Heydorn, G .J . Creed* and D.M. Jacobow itz .
D ept. Anatomy, U niv. N ebraska Med. C t r . ,  Omaha, NE 68105 and 
Lab. C l in ic a l  S c ie n ce , NIH-NIMH, B ethesda, MD 20892.

The a rc u a te  nucleus  of th e  hypothalam us (AH) undergoes m ajor 
s t r u c t u r a l  changes d u ring  norm al pu b erty  o r i f  exposed to  a 
p u lse  o f e s t r a d io l  in  th e  p re p u b e ra l p e r io d . Those changes a re  
exp ressed  by in c re a se d  sy n ap togenesis  and by a d r a s t i c  
a l t e r a t i o n  in  th e  feedback c o n tro l o f a n t e r io r  p i t u i t a r y  g land 
hormone r e l e a s e .  Two s tu d ie s  were conducted to  determ ine 
w hether th e  e f f e c t s  o f e s t r a d io l  a f fe c te d  th e  co n c e n tra t io n  o r 
fo rm ation  o f p ro te in s  in  th e  AH. In  th e  f i r s t  experim en t, 
25‒day -o ld  fem ale r a t s  were ad m in is te red  e s t r a d io l  benzoate (EB, 
10 ug , sc in  o i l )  o r  v e h ic le .  F o r ty -e ig h t hours a f t e r  
t r e a tm e n ts , an im als were d e c a p ita te d  t h e i r  b ra in s  removed, and 
s e c t io n e d . The AH-median eminence reg io n  was d is s e c te d  ou t and 
p ro cessed  f o r  i s o e l e c t r i c  fo cu s in g  fo llow ed by s la b  g e l 
e le c t r o p h o r e s i s .  The r e s u l t in g  2‒d im ensional e le c tro p h o re t ic  
g e ls  were f u r th e r  ana lyzed  to  q u a n t i ta te  th e  s p e c i f ic  p ro te in s  
reso lv e d  u s in g  a scanning  m ic ro d en s ito m e tric  m ethod. Out o f 235 
p ro te in s  m easured, 8 p ro te in s  were found to  be s ig n i f i c a n t ly  
in c rea sed  and 4 were dec reased  by EB tre a tm e n t. The p ro te in s  
th a t  were in c re a se d  in  c o n c e n tra t io n  ranged in  m o lecu lar w eight 
(MW) from 14,000 to  43,000 D altons and i s o e l e c t r i c  p o in ts  (p I ) 
o f  4 .9  to  7 .0  The fo u r  p ro te in s  th a t  were d ec reased  by EB 
tre a tm e n t were 43 ,000 , 67 ,000 , 70,000 and 75,000 D altons in  MW 
and th e i r  p I ' s  ranged from 6 .3  to  7 .2  In  th e  second experim en t, 
2 5 d a y -o ld  fem ale r a t s  were ad m in is te red  EB (10 ug, sc  in  o i l )  
o r  o i l  v e h ic le .  The anim als were d e c a p ita te d  a t  e i th e r  17 or 42 
hours a f t e r  EB tre a tm e n t. The b ra in s  were removed, b locked and 
s e r i a l l y  se c tio n e d  w ith  a V ibratome (300 um). The AH-median 
eminence a re a  was d is s e c te d  out and incubated  fo r  6 hours in  a 
medium co n ta in in g  35S-m eth ion ine  and 35S -cy s te in e    P ro te in s  
were se p a ra te d  by tw o-d im ensional g e l e le c t ro p h o re s i s ,  and th e  
r e s u l t in g  a u to f lu o ro g rap h s  were ana lyzed  by scanning  
d e n s ito m e try . Our r e s u l t s  show th a t  in c o rp o ra tio n  of la b e lle d  
amino a c id s  was in c rea sed  in  10 p ro te in s  o f r a t s  k i l l e d  a t  17 
hours a f t e r  EB, w h ile  3 p ro te in s  d ec re a sed . At 42 hours a f t e r  
EB, 6 p ro te in s  showed an in c rea sed  in c o rp o ra tio n  o f la b e l le d  
amino a c id s  and two p ro te in s  showed a d e c re a s e . Our r e s u l t s  
p o in t to  th e  p o s s i b i l i t y  th a t  one o r more o f th e  a f fe c te d  
p ro te in s  i s  invo lved  in  th e  neu roendocrine  and m orpho log ica l 
changes produced by e s t r a d io l  du rin g  th e  p u b e ra l p e rio d  o f 
developm ent in  th e  fem ale r a t  and to  th e  i s o la t io n  o f a sy n ap tic  
growth f a c to r  induced by e s t r a d io l .  (T h is work was p a r t i a l l y  
supported  by a F acu lty  Development F ellow sh ip  from th e  U niv. 
N ebraska M edical C e n te r) .
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332.11 O N TO G EN Y  A ND STERO ID  D EPEN D EN CY  O F A SEX UA LLY  
DIMORPHIC OPIATE SYSTEM IN THE PREOPTIC AREA OF THE RAT. 
R.E. W atson. Jr.. G.E. Hoffman. S.J. W iegand. K.A. Allan*, and T.S. 
Peppy*. Department o f Neurobiology and Anatomy, University o f Rochester 
School o f Medicine, Rochester, NY 14642.

A profound sexual dimorphism in the density o f methionine enkephalin (m- 
ENK) immunoreactive (ir) fibers exists in the periventricular preoptic area 
(pePOA), a cytoarchitectonically dimorphic region, in the rat. A dense plexus of 
m-ENK ir fibers, approximately 100 pm  wide, is present in the subependymal 
zone in females, but not in males. W e have observed that expression of the 
female-typical system can be altered in both an organizational and activational 
manner by the gonadal steroids. Exposure of the female neonate to aromatizable 
androgen blocks expression of the m-ENK system at adulthood. Additionally, 
ovariectomy of the adult female causes loss of expression o f the system, whereas 
estrogen replacement reverses it. Preliminary experiments also showed that the 
female-typical system was not expressed in the juvenile pre-pubertal female. 
Therefore, we undertook a more com plete study exam ining the temporal 
relationship o f expression o f the pePOA m-ENK system with pubertal onset.

Juvenile rats were perfused prepubertally (days 10–30), or peri-pubertally (days 
32–40), and their brains processed for the immunocytochemical localization of m- 
ENK using the biotin-avidin technique. The results showed that the female- 
typical dense m-ENK fiber plexus was not expressed until the peri-pubertal 
period and during this time there was considerable variation in the density of m- 
ENK ir present in the pePOA.

The effects o f exogenous estrogen exposure were also examined in the 
prepubertal female. On postnatal days 15, 20, or 25, rats were injected with 10 
µg o f estradiol benzoate, and on the following day were implanted sc. with a 
Silastic capsule (10 mm. in length) containing estradiol. Control animals received 
an oil injection and were implanted with an empty Silastic capsule. Following 
steroid exposure for a total of 3 or 7 days, the animals were perfused, and m- 
ENK immunocytochemistry performed. At all time points, exposure to estrogen 
for 3 days resulted in detectable expression o f the - ENK ir fiber plexus, 
whereas exposure for 7 days brought about full expression o f system, such that it 
was indistinguishable from that o f normal adult females. Control animals had no 
enhanced m-ENK ir in the pePOA.

These results further demonstrate the steroid dependence of this opiate system 
within a sexually dimorphic component of the preoptic area. These data, together 
with our recent finding with immunoelectron microscopy o f enkephalinergic 
terminals in the pePOA, suggests that this region is a critical site at which opiate 
effects are exerted upon sexually differentiated functions.

{Supported by NIH HD 18418}.

332.12 SEXUAL DIM ORPHISM  OF V ASOPRESSIN INNERVATION OF THE 
PREOPTIC AREA OF THE HAMSTER BRAIN. G.E. Hoffman. R.E. Watson. 
Jr., and S.J. Wiegand. Department of Neurobiology and Anatomy, University of 
Rochester School o f Medicine, Rochester, N.Y., 14642.

The preoptic area (POA) is host to a variety of sexually dimorphic reproductive 
functions including the regulation of hormone cyclicity and appropriate sexual 
behavior. Cytoarchitectonic sex differences in POA nuclear structures (Bleier, el 
al., JCN 212: 118, 1982; Gorski, et al., JCN 193: 529, 1980) as well as 
differences in the innervation o f the POA (Simerly, et al., Br. Res. 330: 55, 1985; 
W atson, et al., Soc. Neurosci. Abstr. 11: 160, 1985) may underlie these 
functional differences. But thus far, generally, a direct link between the regulated 
functions and structural dimorphisms is lacking.

In the hamster, infusion of the neuropeptide vasopressin (VP) into the POA of 
either males or females elicits flank-rubbing behavior, generally typical of the male 
(Ferris, et al., Sci 224: 521, 1984). This suggests that the target neurons of the 
POA that are sensitive to VP are present in both sexes, but that the VP signal may 
differ in males and females. Thus, in the present study VP innervation of the POA 
was examined in 6 male and 6 female (in proestrus) adult Syrian hamsters. The 
animals were anesthesized and perfused transaortically with saline followed by 
Zamboni's fixative. Each brain was removed, sectioned on a vibrating microtome 
and processed using the avidin-biotin technique for the immunocytochemical 
localization o f specific neurophysins. Antiserum to rat neurophysin (RNP) 2, the 
binding protein specific for vasopressin, was purchased from Cal. Med., while 
anti-RNP 4, specific for both oxytocin and vasopressin, was generously provided 
by Dr. Alan Robinson.

The results showed virtually no difference in the patterns o f labeling in the 
POA between brains stained for RNP 2 and RNP 4, indicating that the innervation 
is principally vasopressinergic. Comparison of tissue from males and females 
revealed a clear sexual dimorphism in a component o f the POA. Specifically, in 
males, the anteriorly situated medial preoptic nucleus (Bleier, et al., JCN 212: 
118, 1982) and its immediately surrounding lateral zone were consistently more 
heavily innervated. This study demonstrates that the hamster, like the rat (Watson, 
et al., Soc. N eurosci. Abstr. 10: 436, 1984), possesses a striking sexual 
dimorphism of VP innervation in the POA, and suggests that differences in the VP 
input to the POA dictate certain sexually dimorphic behaviors.

{Supported by HD 18418 and AM 16166}

332.13 PRENATAL MANIPULATION OF SEROTONIN AND DEVELOPMENT OF THE SEXUALLY 
DIMORPHIC NUCLEUS OF THE PREOPTIC AREA. M. H ines and R.A. G o rsk i. 
D ept. o f Anatomy and Lab. o f N euroendocrinology, B rain  Res. I n s t . ,  
UCLA Sch. o f M ed., U niv. o f C a l i f o rn ia ,  Los A ngeles, CA. 90024.

The volume o f th e  se x u a lly  dim orphic nucleus  of th e  p re o p tic  
a re a  (SDN-POA) i s  s e v e ra l tim es g r e a te r  in  a d u l t  male than  in  
a d u l t  fem ale r a t s ,  and i s  ap p rox im ate ly  2 tim es g re a te r  in  male 
than  in  fem ale n eo n a te s . S ev e ra l s tu d ie s  in d ic a te  th a t  th e  s iz e  
o f th e  SDN-POA i s  r e l a te d  c lo s e ly  to  th e  gonadal hormone en v iro n 
ment du rin g  e a r ly  l i f e .  R ec en tly , we have been in t e r e s te d  in  th e  
p o s s i b i l i t y  th a t  s e ro to n in  (5HT) a ls o  may in f lu e n c e  SDN-POA de
velopm ent. Neurons in  th e  SDN-POA appear to  be in n e rv a te d  by 5HT 
f ib e r s  (S im erly  e t  a l . ,  J ,  Comp, N eu ro l. 225: 151– 166, 1984; 
L a rriv a-S ah d  e t  a l . ,  Soc. N eu rosc i. A b s tr . 11: 1229, 1985), and 
n e u ra l developm ent in  o th e r  b ra in  re g io n s  th a t  r e c e iv e  5HT in n e r 
v a tio n  i s  in f lu en ced  by p re n a ta l  m an ip u la tio n  o f 5HT ( e . g . ,  L auder, 
Psychoneuroendo. 8 : 121–155, 1983). In  a p r io r  study  we t r e a te d  
p regnan t r a t s  w ith  an in h i b i to r  o f 5HT s y n th e s is ,  p a rac h lo ro p h en y l-  
a la n in e  (PCPA), o r w ith  s a l i n e ,  and a s se s se d  th e  volume o f th e  
SDN-POA in  male and fem ale o f f s p r in g  on th e  day o f b i r t h  (Handa e t  
a l . ,  su b m it te d ) . The PCPA tre a tm e n t e l im in a te d  th e  sex d if fe re n c e  
in  th e  SDN-POA by enhancing th e  volume o f th e  nucleus  in  fem ale 
r a t s .  T h is in f lu e n c e  appeared  to  be independen t of s te r o id  ho r
mone s e c r e t io n .  Plasma te s to s te ro n e  and e s t r a d io l  le v e ls  were un
changed in  PCPA -treated r a t s .  The p re s e n t s tu d y  was in ten d ed  to  
determ ine  i f  th e  e f f e c t  o f p re n a ta l  exposure to  PCPA on th e  SDN- 
POA p e r s i s t s  in to  ad u lth o o d . P re n a ta l  tre a tm e n ts  were id e n t ic a l  
to  th o se  used in  th e  p rev io u s  s tu d y . On day 8 o f g e s ta t io n ,  p reg
nan t r a t s  were im plan ted  subcu taneously  w ith  osm otic minipumps 
(ALZET CORP.) c o n ta in in g  e i t h e r  400 mg PCPA in  2 ml s a l i n e ,  o r 
2 ml s a l i n e  a lo n e . These pumps re le a s e d  approx im ate ly  0 .14  ml 
s o lu t io n  per day u n t i l  p a r t u r i t i o n .  O ffsp rin g  o f PCPA- and s a l i n e -  
t r e a te d  p reg n an c ies  were s a c r i f i c e d  in  adu lthood  and SDN-POA v o l
umes were a s se s se d  a s  d e sc rib ed  in  p rev io u s  p a p e rs . R e su lts  sug
g es te d  th a t  p re n a ta l  exposure to  PCPA had no in f lu e n c e  on a d u lt  
SDN-POA volum es. There were com parable (app rox im ate ly  5 - fo ld )  sex 
d if f e re n c e s  in  s a l i n e -  and PCPA -treated g roups. A lso , both  PCPA- 
t r e a te d  male and fem ale r a t s  had s im i la r  SDN-POA volumes to  th o se  
o f s a l i n e - t r e a te d  an im als . One p o s s ib le  e x p la n a tio n  o f th e se  d a ta  
i s  th a t  in h ib i t i o n  o f 5HT s y n th e s is  delayed s y n a p tic  a c t i v i t y  and 
fu n c t io n a l  in n e rv a tio n  o f SDN-POA neu rons , and th u s  postponed 
th e i r  d ea th  in  th e  fem ale r a t .  I f  so , mechanisms u n d erly in g  neu
ro n a l dea th  in  th e  SDN-POA may resem ble th o se  observed fo r  motor 
neurons in  th e  ch ick  s p in a l  co rd , where b lockade of neurom uscular 
t ra n sm iss io n  d e lay s  c e l l  d ea th  u n t i l  th e  b lock ing  ag en t i s  removed 
( e . g . ,  P ittm an  and Oppenheim, J .  Comp. N eu ro l. 187: 425–446,
1979). S upported by USPHS G ran ts  #NS 20687 to  MH and #HD01182 to  
RAG.

332.14 LONG TERM EFFECTS OF NEONATAL SEX HORMONE MANIPULATION ON MPOA 
OPIATE RECEPTORS. M. H ija z i*  and R .P. Hammer. J r .  (SPON: H. 
G i l l a r y ) .  D epts. o f P hysio logy and Anatomy & Reprod. B io l . ,  Univ. 
o f Hawaii School of M edicine, H onolulu, HI 96822.

In th e  a d u l t  r a t  th e  o p ia te  re c e p to r  d i s t r i b u t io n  in  th e  m edial 
p re o p tic  a re a  (MPOA) o f th e  hypothalam us has been shown to  be 
s e x u a lly  dim orphic (Hammer, B ra in  Res. 308 :172 ). Normal a d u l t  
fem ales in  e s t r u s  e x h ib i t  a reg io n  o f h igh  o p ia te  re c e p to r  d e n s ity  
w ith in  th e  MPOA, w hereas m ales show a l e s s  dense and more uniform  
MPOA o p ia te  re c e p to r  d i s t r i b u t io n .  The sex d if fe re n c e  in  MPOA 
o p ia te  r e c e p to r s  i s  ap p a re n t by p o s tn a ta l  day 6 . M oreover, t h i s  
e a r ly  s e x - s p e c if i c  o p ia te  re c e p to r  d i s t r i b u t io n  can be a l te r e d  by 
n e o n a ta l  sex hormone m a n ipu la tion  (Hammer, B rain  Res. 360 :65 ); 
n e o n a ta l ly - c a s tr a te d  male pups develop th e  ty p ic a l  fem ale MPOA 
re c e p to r  c o n c e n tra t io n  by day 6 , w h ile  fem ale pups t r e a te d  w ith  
te s to s te ro n e  from b i r t h  to  p o s tn a t a l  day 5 d e v e lo p  th e  m ale 
p a t t e r n  of o p ia te  r e c e p to r  d i s t r i b u t io n .  The purpose of t h i s  
s tudy  i s  to  de term ine w hether p e r in a ta l  sex  hormone m an ipu la tion  
can  p erm an en tly  a l t e r  MPOA o p ia te  re c e p to r  d i s t r i b u t io n .  One 
group o f male pups were c a s t r a te d  a t  b i r t h  (day 1 ) . Another group 
o f fem ale pups were in je c te d  w ith  te s to s te ro n e  p ro p io n a te  (TP– 
250ug/day) subcu taneously  fo r  5 c o n secu tiv e  days s t a r t i n g  on day 1 
and e n d in g  on p o s tn a ta l  day 5 .C o n tro l groups in c lu d e  sham
o p e r a te d  m a les  and u n t r e a t e d  fe m a le s .  T hese  a n im a ls  w ere 
d e c a p i t a t e d  a t  60 days o f age . B ra in s  were r a p id ly  removed, 
fro zen  in  –30°C is o p e n ta n e , and se c tio n e d  in  a  c ry o s ta t  a t  – 14°C. 
T issu e  s e c t io n s  were incuba ted  in  2 .5  nM [3H ]naloxone a t  0°C fo r  
60 min, r in s e d ,  d r ie d ,  f ix e d ,  d e f a t te d ,  and exposed to  t r i t iu m -  
s e n s i t i v e  f i lm . Film  a u to rad io g rap h s  were q u a n t i ta t iv e ly  analyzed  
u sin g  a c o m p u te r - a s s is te d  d e n s i to m e t ry  s y s te m . P r e l im in a r y  
r e s u l t s  i n d i c a t e  th e  p re sen ce  o f an ap p a re n t o p ia te  re c e p to r  
d e n s ity  in  normal fem ales and n e o n a ta l ly - c a s tr a te d  m ales. Sham- 
o p e ra ted  m ales and T P -tre a te d  fem ales , on th e  o th e r  hand, d id  no t 
e x h ib i t  an MPOA o p ia te  r e c e p to r  c o n c e n tra t io n . Thus, th e  sex  
horm one-induced a l t e r a t i o n  o f MPOA o p ia te  re c e p to r  co n ten t endures 
th roughou t developm ent and in to  ad u lth o o d . T h is long -term  e f f e c t  
o f p e r in a ta l  sex hormone m an ip u la tio n  on MPOA o p ia te  system s could 
prove to  be th e  b a s is  f o r  some behav io r d i f f e re n c e s  in  th e s e  
an im a ls . (Supported  by PHS G rant HD 19951)
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332.15 MODULATION OF AROMATASE ACTIVITY BY TESTOSTERONE IN TRANSPLANTS OF 
FETAL RAT HYPOTHALAMUS-PREOPTIC AREA. C .M . P a d e n  a n d  C .E . R o s e l l i . 
D e p t .  o f  B io lo g y ,  M o n ta n a  S t a t e  U n i v . , B ozem an , MT 5 9 7 1 7  a n d  D e p t .  
o f  P h y s io l o g y ,  O re g o n  H e a l t h  S c i e n c e s  U n i v . ,  P o r t l a n d ,  OR 9 7 2 0 1 .

C o n v e r s io n  o f  a n d r o g e n s  t o  e s t r o g e n s  b y  n e u r a l  a r o m a t a s e  
a p p e a r s  t o  b e  a  p r e r e q u i s i t e  f o r  a  v a r i e t y  o f  e f f e c t s  o f  a n d r o g e n s  
o n  b r a i n  f u n c t i o n ,  i n c l u d i n g  s e x u a l  d i f f e r e n t i a t i o n .  A c t i v i t y  o f  
a r o m a t a s e  i s  m o d u la t e d  b y  i t s  s u b s t r a t e  t e s t o s t e r o n e  (T) i n  a d u l t  
h y p o t h a l a m u s - p r e o p t i c  a r e a  (HPOA), r e s u l t i n g  i n  s i g n i f i c a n t l y  
h i g h e r  l e v e l s  i n  t h e  m a le  ( R o s e l l i  e t  a l . , 1 9 8 5 ,  E n d o c r i n o l .  
1 1 4 : 1 9 2 ) .  P e r i n a t a l  s e x  d i f f e r e n c e s  i n  a c t i v i t y  h a v e  a l s o  b e e n  
o b s e r v e d  i n  h y p o th a l a m u s ,  POA a n d / o r  a m y g d a la  (R ed d y  e t  a l . , 1 9 7 4 ,  
E n d o c r i n o l .  9 4 :1 1 7 ;  M acL usky  e t  a l . ,  1 9 8 5 , P s y c h o n e u r o e n d o c r i n o l . 
1 0 : 3 5 5 ; T o b e t  e t  a l . ,  1 9 8 5 , D e v . B r a i n  R e s .  2 3 : 1 7 1 ) .  I t  i s  n o t  
know n i f  h i g h e r  l e v e l s  i n  t h e  p e r i n a t a l  m a le  o c c u r  i n  r e s p o n s e  t o  
c i r c u l a t i n g  a n d r o g e n s .

I n  o r d e r  t o  i n v e s t i g a t e  t h e  i n f l u e n c e  o f  e a r l y  s t e r o i d  e x p o s u r e  
o n  t h e  d e v e lo p m e n t  o f  n e u r a l  a r o m a t a s e  a c t i v i t y ,  E17 f e t a l  HPOA w as 
t r a n s p l a n t e d  o n t o  t h e  c h o r o i d a l  p i a  o f  a d u l t  o v a r i e c t o m i z e d -  
a d r e n a l e c t o m i z e d  (OVX-ADX) H o ltz m a n  f e m a le  h o s t s  a s  p r e v i o u s l y  
d e s c r i b e d  ( S t e n e v i  e t  a l . ,  1 9 7 6 , B r a i n  R e s .  1 1 4 : 1 ) .  I n  t h e  f i r s t  
e x p e r i m e n t ,  t h e  e f f e c t  o f  a n d r o g e n  e x p o s u r e  o n  a r o m a t a s e  a c t i v i t y  
i n  m a tu r e  HPOA t r a n s p l a n t s  w as d e t e r m i n e d .  H o s t s  r e c e i v e d  T 
s i l a s t i c s  s c  o r  sham  s u r g e r y  7 w e e k s  a f t e r  t r a n s p l a n t a t i o n  a n d  w e re  
s a c r i f i c e d  7 d a y s  l a t e r .  A r o m a ta s e  a c t i v i t y  w a s d e t e r m in e d  i n  v i t r o  
u s i n g  t h e  s t e r e o s p e c i f i c  p r o d u c t i o n  o f  3 H2 0  f ro m  [ l β – 3 H ] a n d r o s t e n e -  
d i o n e  a s  a n  i n d e x  o f  e s t r o g e n  f o r m a t io n  ( R o s e l l i  e t  a l . ,  i b i d . ) .  
A r o m a ta s e  a c t i v i t y  w a s  s i g n i f i c a n t l y  g r e a t e r  i n  T - t r e a t e d  HPOA 
v e r s u s  c o n t r o l s  ( 4 4 .1 8  v s  1 0 .8 1  f e m t o m o l e s / h r  mg p r o t e i n ;  F = 1 0 .5 4 ,  
p < .0 0 5 ,  d f = l / 2 6 )  . A c t i v i t y  w a s n o t  a f f e c t e d  b y  t h e  s e x  o f  t h e  d o n o r  
f e t u s .  I n  t h e  s e c o n d  e x p e r i m e n t ,  t h e  e f f e c t  o f  a n d r o g e n  e x p o s u r e  
d u r i n g  t h e  f i r s t  6 d a y s  f o l l o w i n g  t r a n s p l a n t a t i o n  o f  E 17 HPOA 
( c o r r e s p o n d i n g  t o  t h e  l a s t  g e s t a t i o n a l  w eek ) w a s d e t e r m i n e d .
OVX-ADX h o s t s  w e re  e i t h e r  sham  o p e r a t e d  o r  im p la n t e d  s c  w i t h  T 
s i l a s t i c s .  A r o m a ta s e  a c t i v i t y  w a s m uch h i g h e r  t h a n  i n  8 w eek  t r a n s 
p l a n t s ,  a n d  T t r e a t m e n t  a g a i n  r e s u l t e d  i n  s i g n i f i c a n t l y  e n h a n c e d  . 
l e v e l s  v e r s u s  c o n t r o l s  ( 3 2 4 .9  v s  1 1 8 .7  f m o l e s / h r  mg; F = 9 .9 7 ,  p  <.0 1 , 
d f  = 1 / 1 1 ) .  T h e r e  w as n o  e f f e c t  o f  t h e  s e x  o f  t h e  f e t a l  d o n o r .

T h e s e  r e s u l t s  i n d i c a t e  t h a t  b o t h  b a s a l  l e v e l s  a n d  t h e  a n d r o g e n  
s e n s i t i v i t y  o f  a r o m a t a s e  w i l l  d e v e l o p  i n  t h e  r a t  HPOA o f  b o t h  s e x e s  
w i t h o u t  e x p o s u r e  t o  g o n a d a l  s t e r o i d s  a f t e r  E 17 , a n d  w i t h o u t  t h e  
i n f l u e n c e  o f  n e u r a l  i n p u t s  t o  t h e  HPOA. I n  a d d i t i o n ,  t h e y  e s t a b l i s h  
t h a t  t h e  m e c h a n is m  o f  a n d r o g e n i c  m o d u l a t i o n  o f  HPOA a r o m a t a s e  i s  
f u n c t i o n a l  i n  t h e  l a t e  e m b r y o n ic  p e r i o d .  H o w e v e r , f u r t h e r  s t u d i e s  
a r e  n e e d e d  t o  d e t e r m in e  i f  n o r m a l l y  o c c u r r i n g  l e v e l s  o f  c i r c u l a t i n g  
T a r e  s u f f i c i e n t  t o  c a u s e  t h e  r e p o r t e d  p e r i n a t a l  s e x  d i f f e r e n c e s  i n  
r a t  b r a i n  a r o m a t a s e .

T h i s  r e s e a r c h  w as s u p p o r t e d  b y  NIH g r a n t s  N S17974 a n d  H D 18196.

332.16 AROMATASE ACTIVITY IN EXPLANT CULTURES OF THE DEVELOPING MOUSE 
BRAIN: IS THE RODENT CEREBRAL CORTEX A TARGET FOR LOCALLY- 
SYNTHESIZED ESTROGEN? N .J. MacLuskv*. A.S. Clark and C.D. Toran- 
A llerand. Dept of OB/GYN, Yale U niversity  Medical School. New 
Haven, CT.06510 and Center fo r  Reproductive Sciences, College of 
Physicians and Surgeons, Columbia U niversity , New York, NY.10032

Estrogen recep tors  a re  present in  the rodent cerebral cortex 
during p e rin a ta l and ea rly  p ostnata l l i f e  (MacLusky e t  a l .  Brain 
Res. 178:129, 1979; Gerlach e t  a l ,  Dev. Bra in  Res. 11:7, 1983). 
Estrogen has been reported  to  exert m aturational e f fe c ts  on the 
r a t  c ereb ral cortex and to  enhance n eu rite  outgrowth from mouse 
cingulate  cortex  in  organotypic cu ltu re  (Toran-Allerand, Prog. 
Brain Res. 61:63, 1984). The physiologic ro le  of the c o r tic a l 
estrogen recep to rs , however, remains uncerta in . Unlike o ther 
e stro g en -sen s itiv e  regions of the developing rodent b ra in , the 
cortex has not been shown to contain the aromatase enzyme 
complex necessary fo r estrogen biosynthesis from c irc u la tin g  
androgens. In  the present study, we have examined the a b i l i ty  of 
organotypic cu ltu res  prepared from regions of the newborn mouse 
brain  to  arom atize 19‒hydroxy androstenedione (19OHA). Tissues 
were cu ltu red  fo r th ree  days in  the presence o f [6,7–3H] 19OHA 
(8.7 pm ol/cu ltu re). Unlabeled estrone (250 pg) and e s trad io l 
(2.5 ng) were added to each cu ltu re  to  l im it fu r th e r  metabolism 
of the estrogen products. Radioaotive m etabolites in  the 
cu ltu res  were characterized  by th in  layer chromatography, 
a ce ty la tio n , reverse iso tope d ilu tio n  and c ry s ta l l iz a tio n  to  
constant s p ec if ic  a c t iv i ty .  Highest ra te s  of estrogen 
b iosyn thesis  were observed in  cu ltu re s  from the septum, a n te rio r 
hypothalamus and p reop tic  area (270–470 fmol p roduct/µg tis su e  
DNA/day). Aromatization was not demonstrable in  cu ltu res  from 
the pons, medulla, cerebellum or sp inal cord (<2 fm ol/µg 
DNA/day). Low lev e ls  of estrogen biosynthesis were observed in  
cu ltu res  from the midbrain cen tra l grey (19.6 + /– 3.1 fm ol/µg 
DNA/day; mean + /–  SEM, N=3), hippocampus (13.1 fm ol/µg DNA/day; 
N=2) and cingu la te  cortex (13.4 + /– 2.8 fm ol/µg DNA/day; N=5). 
These re s u lts  demonstrate th a t several areas of the newborn 
mouse b rain  are  capable of synthesiz ing  estrogen under in  v itro  
organotypic cu ltu re  conditions. They also suggest th a t the 
estrogen-m ediated developmental e f fe c ts  of arom atizable 
androgens may not be re s tr ic te d  to the hypothalamus, p reoptic  
area  and amygdala, but may also  include o ther areas in  the mid
brain  and lim bic system. The high estrogen recep tor le v e ls  
observed in  the c ingu la te  cortex during early  l i f e  may thus be 
involved in  responses to  loca lly -syn thesized  estrogen, as well 
as to  the c irc u la tin g  hormone (Supported by NIH g ran ts  NS07724, 
HD08364 and MH00192).

332.17 STEROID HORMONE BINDING AND METABOLISM IN CEREBRAL CORTEX AND 
LIMBIC STRUCTURES OF THE DEVELOPING RHESUS MONKEY. A .S. C la rk . 
N . J .  MacLusky* and P .S . Goldman-Rakic. S e c t. Neuroanatomy and 
D ept. OB/GYN, Y ale Univ. Sch. Med., New Haven, CT 06510.

In  many mammalian sp e c ie s  sex u a l d i f f e r e n t i a t i o n  of th e  b ra in  
r e f l e c t s  e a r ly  exposure to  s e x - s p e c i f i c  p a t te r n s  of gonadal 
s te r o id  s e c r e t io n .  Many s tu d ie s  have examined th e  a c tio n s  of 
s te r o id  hormones on n eu roendoc rine  t i s s u e s ,  p a r t i c u l a r ly  th e  
hypothalam us. These a c tio n s  a re  known to  in f lu e n c e  re p ro d u c tiv e  
en d p o in ts  in c lu d in g  gonado trop in  s e c r e t io n  and sex u a l b eh a v io r.
The p o s s i b i l i t y  e x i s t s  th a t  m a tu ra tio n  of th e  c e re b ra l  c o r te x  may 
a l s o  be re g u la te d  by gonadal hormones. Our la b o ra to ry  is  
in v e s t ig a t in g  th e  ro le  of gonadal s te r o id s  in  th e  developm ent and 
o rg a n iz a tio n  o f th e  p rim ate  n eo c o rtex . T his work has im p lic a tio n s  
fo r  u n d ers ta n d in g  th e  im pact of exposure to  gonadal s te r o id s  
du rin g  e a r ly  l i f e  on th e  developm ent of c o g n itiv e  fu n c t io n .

Androgen b in d in g  and m etabolism  were a s se s se d  in  b ra in  reg io n s  
from in d iv id u a l  f e t a l  (E127 days onward) and p o s tn a ta l  ( b i r th -8  
months) monkeys. Most commonly, one hem isphere was taken  fo r  
s te r o id  b ind ing  experim en ts w h ile  th e  o th e r  was p rocessed  fo r  
m etabolism  s tu d ie s .  T issu es  tak en  fo r  a n a ly s is  in c lu d ed : h y p o th a l
am us-p reop tic  a r e a ,  am ygdala, hippocam pus, d o r s o la t e r a l  p r e f r o n ta l  
c o r te x ,  o r b i t a l  p r e f r o n ta l  c o r te x , a n t e r io r  c in g u la te  c o r te x , 
p a r i e t a l ,  v i s u a l ,  som atosensory  and motor c o r t i c e s .  Androgen 
b in d in g  was determ ined in  th e  c y to so l f r a c t io n  u s ing  {3H}methyl- 
tr ie n o lo n e  (R1881) a s  th e  l ig a n d . The m etabolism  of 4 -{ 3H }andro- 
s te n e ‒3 ,17‒d ione in  t i s s u e  homogenates was s tu d ie d  u s in g  
s tan d a rd  p roduct i s o la t io n  te c h n iq u e s .

S p e c if ic  h ig h - a f f i n i t y  androgen b in d in g  s i t e s  (Kd fo r  {3H}R1881
0 .  04–0 .3  nM) were observed in  many a re a s  of th e  e a r ly  p o s tn a ta l  
monkey b r a in .  These a re a s  in c lu d ed  (bu t were n o t l im ite d  to )  th e  
hypothalam us, o r b i t a l  p r e f r o n ta l  c o r te x , v is u a l  and som atosensory 
c o r t i c e s .  The h ig h e s t l e v e l  of b ind ing  was observed in  th e  
hypothalam us (8– 11 fm/mg p r o te in ) .  C o r t ic a l  sam ples had c o n s is 
t e n t ly  low er b in d in g  le v e ls  (1–5 fm/mg p r o te in ) .

Androgen m etabolism  v ia  a ro m a tiz a tio n  and 5α- re d u c t io n  pathways 
d isp la y e d  a d i s t i n c t  r e g io n a l  p a t te r n  and an in t e r e s t i n g  
developm ental p r o f i l e .  O v e ra ll p ro d u c tio n  of e s tro g e n s  and 5a- 
reduced androgens d e c lin e d  s u b s t a n t i a l l y  from l a t e  f e t a l  to  e a r ly  
p o s tn a ta l  l i f e .  F e ta l  monkeys had m easurab le arom atase complex 
a c t i v i t y  in  lim b ic  a re a s  and in  every  c o r t i c a l  reg io n  s tu d ie d . 
E a rly  p o s tn a ta l  an im als had m easurab le arom atase a c t i v i t y  in  
l im b ic  t i s s u e s  and in  th e  a s s o c ia t io n  c o r t i c e s ;  however, a c t i v i t y  
in  th e  prim ary  c o r t i c a l  a re a s  was d ra m a tic a lly  reduced . 
5a-R eductase a c t i v i t y  appeared  to  be evenly  d i s t r i b u te d  in  th e  
b ra in  reg io n s  s tu d ie d ,  and t h i s  d i s t r i b u t io n  d id  n o t change 
a p p re c ia b ly  d u ring  developm ent.
Supported by MH 38546, NS 07724  and J a v i t s  C en ter NS 22807.

332.18 ULTRASTRUCTURAL CHANGES IN CEREBRAL AND CEREBELLAR CORTICES OF 
DEVELOPING CRETINOID RATS Max Ham burgh*,Ilya I .G le z e r ,C h a r le s  
G ison*,Ebba K.Ebba*,Mark L e v ie* ,C a lv e r t W arren*,G erard L o is-Jac q u - 
e s * ,W ill Lee* and A str id  Mendoza*. The C ity  C o llege  of New York 
and CUNY M edical School,New York,NY 10031

Our re s e a rc h  was c o n c en tra ted  on fin d in g  perm anent m orphologi
c a l  changes o f c o r t i c a l  neurons in  develop ing  r a t s  s u b je c te d  to  
ch ron ic  tre a tm e n t w ith  a g o ite ro g e n . H ypothyroidism  was induced 
by o f f e r in g  g o ite ro g e n ic  d ie t ,c o n ta in in g  0.2% p ro p y lth io y ra c i l  
(PTU) s t a r t i n g  15 ‒ th  day p r e n a ta l ly  and up to  60 -th  day 
p o s tn a ta l ly .  Neurons o f both c e re b ra l  and c e re b e l la r  c o r t ic e s  
a re  c h a ra c te r iz e d  by a t r a n s i to r y  re d u c t io n  in  f r e e  polysom es, 
r e ta rd e d  developm ent of th e  endoplasm ic re t ic u lu m , m itochond ria  
and components o f th e  sy n ap se s (sy n a p tic  v e s ic le s ,  p re  and p o s t-  
sy n a p tic  membranes and th e i r  d e n s i t i e s ) .  However, m entioned 
u l t r a s t r u c t u r a l  changes have d isap p eared  w ith  p ro g re ss  o f th e  
b ra in  developm ent. In  c e re b ra l  c o r te x  they  d isap p eared  by day 20 
o f p o s tn a ta l  age , in  ce rebellum  by day 25. The most c o n s is te n t  
change in  bo th  c e re b ra l  and c e re b e l la r  c o r t i c a l  neurons i s  
a s s o c ia te d  w ith  th e  plasm a membrane o f neu ro n a l p e r ik a ry o n , th a t  
was in te r ru p te d  by osm iophobic gaps in  c r e t in o id  an im als. This 
f e a tu r e  was v i s ib l e  a t  b i r t h  and p e r s is te d  t i l l  day 60 when 
experim ent was te rm in a te d . In  c e re b e l la r  n eu ro n s (g ra n u la r  c e l l s  
and P u rk in je  c e l l s )  th e  damage o f th e  plasm a membrane was le s s  
sev e re  than  in  neurons o f th e  f r o n ta l  and o c c ip i t a l  c o r t i c e s .  
P robably  d i f f e r e n t  reg io n s  o f th e  b ra in  respond d i f f e r e n t ly  to  
th e  la c k  o f th y ro id  hormone d u ring  m a tu r a t io n . l t  i s  tem pting  to  
s p e c u la te  th a t  th e  perm anent damage to  th e  plasm a membrane 
induced in  hypo thy ro id  anim als may be in s tru m e n ta l in  b rin g in g  
about th e  la s t in g  m ental and m otor d i s a b i l i t i e s  which a re  
a s s o c ia te d  w ith  c r e t in o id  syndrome. (S upported in  p a r t  by NIH 
g ra n t RR 08168, th e  MBRS Program and CRS Program of th e  C ity  
C o llege  o f New Y ork).
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332.19 DEVELOPMENTAL EXPRESSION OF THE SOMATOSTATIN GENE IN RAT BRAIN 
IS REGION SPECIFIC.
W.L. Lowe, J r* ,  A.E. S c h a ffn e r , C.T. R o b erts , J r . * ,  D. LeRoi th  
(Spon:,M . B e re low itz ) D iabe tes Branch, NIADDK and L abo ra to ry  of 
N europhysio logy, NINCDS, NIH, B ethesda , M aryland 20892

The p o ly p e p tid e  hormone so m a to s ta tin  (SRIF) has been d em onstra t
ed in  m u ltip le  reg io n s  of th e  b ra in  by radioimm unoassay and immuno
cy to ch em is try . Except fo r  th e  ro le  o f hypo thalam ic SRIF in  th e  
r e g u la t io n  of growth hormone and TSH s e c r e t io n ,  th e  ex a c t fu n c tio n  
o f SRIF in  th e  b r a in  rem ains und efin ed . To examine th e  p o s s ib le  
r o le  o f SRIF in  Sprague-Dawley r a t  b ra in  developm ent, th e  le v e ls  
o f SRIF RNA in  o lf a c to ry  bulb  (OB), hypothalam us (HTH), b ra in s tem  
(BST), c o r te x  (COR) and ce rebellum  (CER) were determ ined du rin g  
8 s ta g e s  o f developm ent, from 16‒day embryos (16E) to  82 days p o s t
n a t a l  (82P ). H y b rid iz a tio n s  were perform ed u s in g  a r a t  SRIF cDNA 
probe which in c lu d ed  th e  e n t i r e  coding reg io n  as  w e ll as s h o r t  po r
t io n s  o f th e  3 '– and 5 '–u n tr a n s la te d  reg io n s  o f SRIF mRNA. H ybrid
iz a t i o n  o f th e  32P - la b e l le d  probe to  N orthern  b lo t s  o f t o t a l  RNA 
under s t r in g e n t  c o n d itio n s  dem onstrated  th e  p resen ce  o f SRIF RNA 
in  a l l  b ra in  reg io n s  s tu d ie d ; th i s  RNA c o n s is te d  o f a s in g le  
h y b r id iz in g  band  ~ 670 base  p a i r s  in  le n g th . Q u a n ti ta t io n  o f 
SRIF RNA le v e ls  was perform ed by d e n s ito m e tr ic  scann ing  o f s l o t  
b lo t s  o f th e  same RNA samples h y b rid iz e d  w ith  th e  SRIF cDNA probe.

16E 21E IP 3P 8P 13P 22P 82P
CER 3 .0 3 .7 4 .3 3 .6 3 .0 3 .1 1 .4 0 .3
COR 1 .1 2 .3 2 .4 4 .3 6 .6 8 .1 5 .8 5 .5
BST 7.5 12.1 9 .9 10.9 13.9 12.9 5 .8 4 .9
HTH 1.2 1 .7 2 .0 3 .0 3 .6 3 .4 3 .3 3 .2
OB - 0 .2 0 .4 0 .3 0 .4 0 .6 0 .8 2 .3

SRIF RNA le v e ls  ex p ressed  as a r b i t r a r y  d e n s ito m e tr ic  u n i t s / µg t o t a l  
RNA.

D if fe re n t  developm ental p a t te rn s  of SRIF gene ex p re ss io n  were seen . 
SRIF RNA le v e ls  were h ig h  in  BST and CER e a r ly  in  developm ent w ith  
a marked d ec re a se  l a t e  in  developm ent, w hereas th e  o p p o s ite  p a t te rn  
was seen  in  COR and HTH.

We conclude th a t  t r a n s c r ip t i o n  and presum ably t r a n s l a t i o n  o f 
SRIF RNA occu rs in  m u ltip le  reg io n s  o f r a t  b ra in  and th a t  th e  
p a t te r n  o f ap p a ren t SRIF gene ex p re ss io n  d i f f e r s  in  th e se  v a r io u s  
b ra in  reg io n s  du rin g  developm ent. These changes in  SRIF gene 
e x p re ss io n  du ring  development su g g es t th a t  SRIF may in f lu e n c e  
b r a in  developm ent.

332.20 SEX AND ENVIRONMENTAL EFFECTS ON THE ULTRASTOUCTURE OF THE RAT 
CORPUS CALLOSUM. J .  R . K o p c ik *,. J ,  M . J u r a s k a  
and D. L.  Washburrn e * . Dept. o f Psychology and Neural and Behavioral 
Biology Program, Univ. of I l l i n o i s ,  Chanpaign, IL 61820.

Juraska and Meyer (Neurosci. A b e t.. 11:528,1985) found th a t  
th e re  were no sex d iffe ren ces  in  th e  g ross m id -sa g itta l s iz e  of 
the  corpus callosum in  r a ts  a t  55 days of age. However, the  
re a rin g  environment (conplex v s . iso la ted ) d id  a f f e c t  th e  s iz e  
o f th e  p o s te r io r tw o-th irds of the  corpus callosum (by 15–17%). 
In  the  p resen t study we examined th e  splenium of the  corpus 
callosum with e le c tro n  microscopy in  hooded r a ts  of both sexes 
ra ised  fo r one month post-weaning in  e ith e r  a  re la t iv e ly  complex 
(with ob jec ts  and o ther ra ts )  or an is o la ted  environment. Eight 
micrographs per animal were examined in  f iv e  l i t t e r s  (20 
an im als).

The u l t r a s tru c tu ra l  an a ly sis  revealed d iffe ren ces  th a t  were 
no t apparent in  th e  g ross s iz e  measures. Unmyelinated axons 
were the  most numerous (90%), and females had s ig n if ic a n tly  
more (10%) unmyelinated axons per micrograph (p<.004), so th a t  
even though th e re  were no o v e ra ll sex d iffe ren ces  in  the  gross 
s iz e  of the  a re a , females had more to t a l  unmyelinated axons than 
m ales. In  a d d itio n , r a ts  of both sexes ra ised  in  the  complex 
environment had 9% fewer unmyelinated axons per micrograph 
(p<.007) than is o la te d  r a t s .  However, the  17% g re a te r  area  of 
the  corpus callosum in  complex environment r a ts  in d ica te s  th a t  
r a t s  from th i s  environment s t i l l  had a  somewhat g rea te r t o ta l  
number of axons. There was a  s ig n if ic a n t sex by environment 
in te ra c tio n  (p<.01) in  th e  number of myelinated axons per 
micrograph such th a t  females showed no d iffe ren ces  between the  
environments w hile in  males, th e re  was a  higher number of 
myelinated axons per micrograph in  is o la te d  r a ts  (17.5%). This 
in d ica te s  th a t  the  sexes d i f f e r  in  what underlies  th e ir  
equ iva len t environmental e f fe c t  (complex>isolated) on the  gross 
s iz e  o f the  corpus callosum . Females from th e  complex 
environment would have more m yelinated axons than  is o la ted  
females w hile in  males from the  complex environment, the  lower 
number of myelinated axons would be o f f s e t  by th e  la rg e r o v e ra ll 
area  and axon number would no t change between groups. 
Measurements of axon s iz e  a re  c u rren tly  being made. The sex 
d iffe ren ces  in  unmyelinated axon numbers and th e  sex d iffe ren ces  
in  reac tio n  to  the  environments in  myelinated axon numbers 
in d ica te  th a t  many d iffe ren ces  can be concealed w ith in  
unchanging o v e ra ll s iz e .

Supported by NSF and the  U niversity  of I l l in o i s  Research Board.

ENDOCRINE CONTROL OF DEVELOPMENT II

333.1 MORPHOLOGY OF RAT SPINAL MOTONEURONS WITH NORMAL AND HORMONALLY 
ALTERED SPECIFICITY. E.M. Kurz. D.R. Sengelaub. and A.P. Arnold. 
Dept. o f Psychology, UCLA, Los Angeles, CA 90024.

The r a t  lumbar sp in a l cord con tains two sexually  dimorphic 
motor n u c le i, the sp in a l nucleus o f the bulbocavemosus (SNB) and 
the  d o rso la te ra l nucleus (DLN). In males, these nuc le i p ro je c t to 
the  bulbocaverno su s/lev a to r an i (BC/LA) and ischiocavernosus (IC) 
muscles re sp ec tiv e ly . Normal ad u lt females lack these muscles; 
however, females tre a ted  p ren a ta lly  with the  androgen dihydro
te s to s te ro n e  propionate (DHTP) re ta in  the  BC/LA muscles, which are 
anomalously innervated by motoneurons in  the  DLN (Breedlove, 85). 
The morphology o f SNB and DLN motoneurons normally d if f e r s  
s ig n if ic a n tly ;  to  in v estig a te  the  fa c to rs  which determine neuronal 
morphology, we compared the s tru c tu re  o f SNB and DLN motoneurons 
having e ith e r  normal or hormonally a lte re d  s p e c if ic i ty .

Timed pregnant r a ts  (Sprague-Dawley) received DHTP (2 mg/day in  
o i l ,  SC) from embryonic (E) days 17 to 22; a t  b ir th  (E23) pups 
were c ro ss-fo s te red  to o the r la c ta tin g  fem ales. At 60 days o f age 
DHTP-females were given te s to s te ro n e  Implants to increase  muscle 
mass fo r r e lia b le  id e n tif ic a tio n . Motoneuron somas and d en d ritic  
a rbors were v isualized  by in je c tin g  0 .5– 1.0 u l o f cholera to x in - 
HRP (CT-HRP, .2%) u n ila te ra lly  in to  e ith e r  the BC/LA (n=5) or the 
IC (n=5) of males, or the BC/LA (n=6) o f DHTP-females, a t  83–85 
days o f age. A fter 48 hours, cords were processed with TMB and the  
number, lo ca tio n , soma s iz e ,  number and o rie n ta tio n  o f primary 
p rocesses, and d is tr ib u tio n  and amount o f d e n d ritic  arbor o f HRP- 
labeled  c e l ls  were recorded.

Comparable numbers o f motoneurons were labeled  across groups 
( x̄=41–51 per anim al); in  males, 96% o f the  c e l ls  labeled  a f te r  
BC/LA in je c tio n s  were in  the  SNB, while a f te r  IC in je c tio n s  95% 
were in  the DLN. In co n tra s t , only 35% o f the  c e l ls  labeled  a f te r  
BC/LA in je c tio n s  in  DHTP-females were located  in the  S NB, and 65% 
in  the  DLN. In males, SNB motoneurons had s ig n if ic a n tly  more 
primary processes (6 .9  vs. 5 .4) and more arbor per c e l l  (4280 vs. 
2390 um) than motoneurons in  the  DLN, although soma area  did not 
d i f f e r  (1185 v s . 1066 um2) . The o rie n ta tio n  o f primary processes 
a lso  d iffe red  s ig n if ic a n tly ,  as did the  d is tr ib u tio n  o f d e n d ritic  
arbo r, being b i la te r a l  in  the  SNB and u n i la te ra l  in the  DLN.

SNB motoneurons in  DHTP-females were id e n tic a l  in  a l l  re sp ec ts  
to  those o f males. However, while process o r ie n ta tio n  and arbor 
d is tr ib u tio n  o f motoneurons in  the  DLN o f  DHTP-females were l ik e  
th o se  o f  m ales, soma area  (568 um2), number o f primary processes 
(4 .7 ) , and amount o f arbor per c e l l  (1375 um) were s ig n if ic a n tly  
lower. These re s u l ts  suggest th a t  motoneuronal morphology i s  not 
determined by the p e rip h e ra l ta rg e t ,  and only p a r t ia l ly  influenced 
by anatom ical lo ca tio n .
(Supported by USPHS HD15021 and NRSA NS07 355–02)

333.2 DEVELOPMENT OF NEURON NUMBER IN A SEXUALLY DIMORPHIC SPINAL 
NUCLEUS IN THE ANDROGEN INSENSITIVE (Tfm) RAT. D.R. Sengelaub. 
C.L. Jordan. E.M. Kurz. and A.P. Arnold. Dept. o f Psychology, 
UCLA, Los Angeles, CA 90024.

The sexually  dimorphic sp in a l nucleus of the bulbocavernosus 
(SNB) contains many more motoneurons in  male ra ts  than in females. 
Androgens produce th is  sex d iffe ren ce  by reg u la tin g  normally 
occurring c e l l  death, and p e rin a ta l androgen treatm ent a tten u ates  
th is  death in females. Male ra ts  with the te s t ic u la r  fem inization 
m utation (Tfm) have reduced androgen recep to rs , and th e ir  SNB has 
a feminine number o f motoneurons in  adulthood. Given the 
importance o f androgens fo r the development o f a masculine SNB, we 
compared the  development o f the  SNB in  Tfm males to th a t  o f normal 
males and females to determine how th e ir  in s e n s it iv ity  to 
androgens a f fe c ts  the  ontogeny of motoneuron number and ex ten t of 
c e l l  death .

Normal males, females, and Tfm males were obtained from timed 
pregnant females (King-Holtzman) a t  embryonic (E) day 22, and 
p o s tn a ta l (P) days 1, 4, and 10 (P1= day o f b i r th ) ;  these days 
encompass the major period fo r the development o f sex d ifferences  
in  SNB motoneuron number. The lumbar sp in a l cords were removed, 
embedded in  p a ra ff in , sectioned , and sta ined  with c resy lech t 
v io le t .  Counts o f SNB motoneurons were made in a lte rn a te  sec tions  
and corrected  fo r sampling frequency and s p l i t  n u c leo li. Counts of 
degenerating c e l ls  in  the SNB were a lso  made a t  a l l  ages.

At E22 SNB motoneuron number is  s u b s ta n tia lly  elevated over 
l a t e r  le v e ls ,  and normal males and Tfm males have s ig n if ic a n tly  
more motoneurons than females (375 and 284 vs. 188). Between E22 
and P1, motoneuron number declines p rec ip ito u s ly  and s ig n if ic a n tly  
in  a l l  groups, and a t  P1 Tfm males no longer d if f e r  from females 
(135 vs. 111), and both have s ig n if ic a n tly  fewer motoneurons than 
normal males (289). Motoneuron number declines to adu lt ranges in 
a l l  groups by P10, with normal males having s ig n if ic a n tly  more 
motoneurons (237) than females or Tfm males which do not d if f e r  
(88 vs. 90). During th is  period o f motoneuron lo s s , s ig n if ic a n tly  
more degenerating c e l ls  can be seen in the  SNB o f females and Tfm 
males than in  normal males, and by P10 the  frequency o f 
degenerating c e l ls  is  near zero.

Our re s u l ts  suggest th a t the development o f SNB motoneuron 
number in  Tfm males and females is  s im ila r. Ju s t as androgen 
treatm ent a tten u a te s  c e l l  death in the  SNB o f females, re su ltin g  
in  masculine motoneuron numbers, the in s e n s it iv ity  to androgens of 
the  Tfm male re s u lts  in  a fem ale-typ ical c e l l  death, producing a 
feminine SNB motoneuron number.
(Supported by USPHS HD15021 and NRSA NS07 355–02)
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333.3 EFFECTS OF TESTOSTERONE ON REINNERVATION OF BULBO
CAVERNOSUS MUSCLES IN ADULT MALE RATS. Mark N. Rand & S. 
Marc Breedlove, Dept. of Psychology, University of California, 
Berkeley, CA 94720.

In ra ts, the spinal nucleus of the bulbocavernosus (SNB) and its 
perineal ta rg e t muscles, bulbocavernosus (BC) and levator ani (LA) 
are sensitive to androgen exposure during development and in 
adulthood. We decided to measure reinnervation of SNB motoneurons 
following a nerve crush procedure in adult male rats  to see whether 
testo sterone  acce le ra tes  speed of axonal regeneration of these 
motoneurons, as it does hypoglossal motoneurons (Yu and Yu, Exp. 
Neurol. 80:349, 1983). Data from the present study do not indicate 
tha t te stosterone has a fac ilita tive  e ffe c t upon speed of reinnervation 
in this hormone-sensitive system.

The branch of the pudendal nerve innervating the BC muscle was 
unilaterally  crushed in either gonadally-intact or gonadectomized male 
ra ts . Side of crush was randomly selected . Gonadectomized animals 
were implanted with 30 mm silastic capsules containing testosterone 
or blank silastic capsules a t the time of nerve crush. Gonadectomized 
ra ts  given blank capsules were also given a 5 mg injection of 
Flutamide (Schering Corp.). The crush procedure was verified in pilot 
animals by injecting horseradish peroxidase (HRP) into the BC muscles 
the day a fte r  the crush and seeing no HRP in the SNB nucleus 
ipsilateral to  the crush. Six days a fte r  crush all animals had 18 pL of 
HRP bilaterally  injected into their BC muscles (six 3‒pL injections, 3 
injections/side). Animals were sacrificed  20 hours la te r , and the SNB 
area  of the spinal cord was cu t and processed for HRP reaction 
product. SNB cell bodies with discernable nuclei were counted, and 
the ratio  of labelled cells on the crushed s ide:in tact side was 
ca lcu la ted . The mean proportions + SEM (N) were:

333.4 POSSIBLE BRAIN SITES INNERVATING SPINAL NUCLEUS OF THE 
BULBOCAVERNOSUS. Edward P. Monaghan & S.M. Breedlove. Dept.of 
Psych., Univ. California , Berkeley, CA.

The spinal nucleus of the bulbocavernosus (SNB) innervates the 
bulbocavernosus and levator ani muscles which are present in male 
but not in fem ale ra ts. The motoneurons in the SNB region of males 
are significantly larger and more numerous than those in the same 
region of fem ale spinal cords. The dimorphic nature and hormone 
sensitivity  of this neuromuscular system makes it useful in studying 
the development of the nervous system. The purpose of the present 
work is to  identify supraspinal areas which might innervate the SNB, 
thus taking the first step in defining a  sexually dimorphic system 
from peripheral muscles to brain nuclei.

One of two retrograde tracers , horseradish peroxidase (HRP) or 
w heat germ agglutinin conjugated HRP (WGA-HRP), was injected (1 
µ1) into the SNB region of adult male ra ts . A fter 48 hours, the 
animals were sacrificed and perfused. Their brains and spinal cords 
were cu t into 50 pm sections, and labelled cells were visualized by a 
te tram ethyl-benzidine procedure. The spinal cord was examined to 
verify the accuracy of the injection site . The brain sites which were 
labelled in both HRP and WGA-HRP injected animals were considered 
as possible areas innervating the SNB. These sites included reticu lar 
nuclei of medulla and pons, raphe nuclei, vestibular nuclei, red nuclei, 
nucleus of solitarius, locus ceruleus, and the hypothalamus, 
specifically the paraventricu lar, periventricu lar, dorsomedial, and 
la tera l nuclei. If these candidate sites are confirmed to be afferen ts 
to  the SNB, then the sex d ifference in SNB numbers may result in 
sexual dimorphism in the supraspinal afferen ts  as well.

Supported by NSF BNS‒8451367.

_______T__________________Blank______________ Intact_____

0.832 + 0.10(6) 0.852 + 0.11(8) 0.898 + 0.10(7)

There were no significant d ifferences between the th ree groups. 
While it may be th a t shorter survival times and/or more severe crush 
procedures might reveal an androgen e ffe c t, there was no evidence 
for androgen accele ration  of SNB regeneration in this experim ent. 

Supported by NSF BNS-8451367.

333.5 RADIAL GLIA IN THE FETAL RAT SPINAL CORD MAY GUIDE THE 
MIGRATION OF SEXUALLY DIMORPHIC MOTONEURONS. R enata B. 
Fishman & S.M.Breedlove, Dept. Psych., Univ. Cal., Berkeley, CA 94720.

In the sexually dimorphic spinal nucleus of the bulbocavernosus (SNB), 
motoneurons are located  in the dorsomedial portion of the ventral horn of 
the spinal cord spanning L5 and L6. Embryonic SNB cells may undergo a 
secondary migration from the la tera l dorsolateral nucleus (DLN) to  the 
more medial SNB region. Horseradish peroxidase (HRP) injected into the 
ta rg e t bulbocavernosus (BC) muscle a t embryonic day 18 (E18), postnatal 
day 1, and E19–21 labelled cells in the DLN, SNB, and in term ediate 
p o s i t i o n s  r e s p e c t iv e l y ;  th o s e  i n t e r m e d ia t e  m o to n e u ro n s  showed 
morphological cha rac te ris tic s  of migrating cells (Sengelaub and Arnold, 
Soc. Neurosci. Abstr., 10: 453, ’84). Furtherm ore, androgens may a ffec t 
the specificity  of motoneuron to BC connectivity  by altering  SNB cell 
m igration. HRP injected into the BC muscles of prenatally  
dihydrotestosterone propionate (DHTP) tre a ted  females labelled 
motoneurons residing in the DLN (Breedlove, Science, 227: 1357, ’85). It is 
possible th a t DHTP prevents SNB cell la te ra l to  medial migration.

In the present study we examined w hether or not SNB cells normally 
undergo a secondary migration from the DLN to  the SNB. In the CNS, 
radial glia appear to  guide migrating neurons to their appropriate 
destination . Using rabbit antibodies to  glial fibrillary acidic protein 
(GFAP; courtesy of L. Eng) and monoclonal antibodies to vimentin 
(BioGenex) we stained for the presence of radial glia. Sprague-Dawley ra t 
fetuses aged E20 and E22 were perfused with saline and cold para
formaldehyde solution, the ir spinal cards removed, and segments L5 and 
L6 w ere parraffin  embedded and sectioned a t 6 microns. Sections were 
stained for GFAP or vimentin by incubation with anti-G FA P or 
anti-vim entin, and PAP or ABC immunoperoxidase. Sections were 
counterstained  with hematoxylin to visualize motoneurons.

A ntisera to  both GFAP and vimentin stained radial glia in the lumbar 
spinal cord a t the level of the SNB a t E20 and E22. A t both ages, radial 
glia traverse  the pathway between the DLN and SNB, and motoneurons 
can occasionally be seen in association with them. The presence of radial 
glia in the lumbar cord a t E20 and E22 suggest th a t SNB cell migration 
may occur a t these times and th a t radial glia could provide the necessary 
pathway.

Supported by NIH NS 19790.

333.6 STRAIN DIFFERENCES IN MORPHOLOGY OF THE SPINAL NUCLEUS OF 
THE BULBOCAVERNOSUS (SNB) IN MICE. B. E. F. Wee and L. G. 
Clemens. Neuroscience Program and Zoology D ept., Michigan 
S ta te  U niversity , East Lansing, MI 48824

The Spinal Nucleus of the  Bulbocavernosus (SNB) of the 
sp in a l cord ex h ib its  a  sexual dimorphism in  the  ' r a t  
(Breedlove, S. M., Prog. Br. R es ., 61:147–170, 1984). SNB 
neurons a re  la rg e r  and more abundant in  males than in  
fem ales, and both the  neurons and th e i r  ta rg e t musculature 
bind androgen. In  r a t s ,  c a s tra tio n  reduced the  s iz e  o f SNB 
neurons, but had no e f fe c t  on c e l l  number.

The purpose of the  p resen t study was to  examine the  
e f fe c ts  of c a s tra tio n  and genotype on SNB morphology in  
mice. Adult male mice (Mus musculus) from th ree  inbred 
s t r a in s  were used : DBA/2J, C57B1/6J, and the  B6D2F1 hybrid 
( r e s u ltin g  from the  c ross between a  C57B1/6J female and a 
DBA/2J m ale). A ll mice were te s te d  fo r masculine sexual 
behavior before  and a f te r  c a s tra tio n  o r sham operation  (Wee 
e t  a l . ,  Neurosci A bs., 11:738, 1985). At the  end of the  sex 
behavior t e s t s  (approx. 7 months a f te r  su rg e ry ), males were 
s a c r if ic e d , and sp in a l cords were removed and processed fo r 
h is to lo g y  following procedures described  by Breedlove and 
Arnold, Br. R es ., 225:297–307, 1981), except th a t 60 um 
th ic k  sec tio n s  were used. Data were analysed w ith  K ruskall- 
W allis and Mann Whitney U nonparametric t e s t s ,  w ith 
s ig n ific a n ce  le v e ls  of p < .05.

Among the  gonadally in ta c t  males, the  DBAs had 
s ig n if ic a n t ly  fewer SNB neurons than e i th e r  the  C57s o r the  
F Is , which d id  not d i f f e r  s ig n if ic a n tly  from each o th e r. In  
c o n tra s t , genotype d id  not in fluence neuronal a rea  in  the 
in ta c t  anim als. No s ig n if ic a n t d iffe ren ces  were observed 
between the  c a s tra te s  of th e  th ree  s t r a in s  fo r e i th e r  
neuronal s iz e  o r number.

C as tra tio n  s ig n if ic a n t ly  reduced neuronal a rea  in  the  F1 
hybrid and DBA (the p a te rn a l s t r a in ) ,  but not in  the  C57. 
F u rther, c a s tra tio n  s ig n if ic a n t ly  reduced neuronal number in  
th e  F1 and C57 (the  m aternal s t r a in ) ,  but not in  the  DBA.

In  c o n tra s t to  the  r a t ,  c a s tra tio n  influenced both 
neuronal number and neuronal s iz e  in  B6D2F1 mice. The 
e f fe c ts  of c a s tra tio n  on SNB morphology observed in  the  
hybrid  occured in  one, but not both of th e  p a ren ta l s t r a in s .  
Therefore, th e  e f fe c t  of c a s tra tio n  on neuronal s iz e  appears 
to  be in h e rite d  independent of th a t  fo r  neuronal a rea . The 
observation  o f s t r a in  d iffe ren ces  in  SNB c e l l  number fu r th e r  
dem onstrates the  in fluence o f genotype on SNB morphology.

Research funded by an M.S.U. Research Grant to  L.G.C.
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333.7 ABSENCE OF ANDROGEN ACCUMULATION BY MOTONEURONS OF 
NEONATAL RATS. S.M.Breedlove, Psych. Dept., U.C. Berkeley, CA.

P erinatal androgen spares motoneurons in the spinal nucleus of the 
bulbocavernosus (SNB) and their bulbocavernosus (BC) ta rg e t muscles 
from dying in male ra ts . The absence of androgenic hormones in 
developing fem ales results in the loss of both BC and SNB cells, and 
consequently, a very sexually dimorphic SNB system. In adult males, 
both SNB cells and BC muscles have androgen receptors, which 
suggests two hypotheses of androgen action: th a t hormone firs t spares 
the muscles and thereby indirectly  spares SNB cells, or tha t androgen 
spares the motoneurons and thereby indirectly  spares the BC. We 
have previously shown tha t SNB cells which are themselves androgen 
insensitive can be spared by androgen, and tha t the BC muscles of 
newborn fem ales can be maintained by androgen in the absence of 
innervation from the SNB. These findings are com patible only with 
the firs t hypothesis. We now report repeated  failure of newborn rat 
motoneurons to exhibit androgen accumulation in autoradiography, 
fu rther suggesting tha t the motoneurons themselves are not the 
primary ta rg e t for androgenic masculinization of the SNB.

Male ra t pups were ca stra ted  (N=6) or ca stra ted  and adrenal
ectom ized (N=2) on the day of birth and injected (either s.c. or i.p.) 
on the second day of life (N=6) or the third day of life (N=2) with 
one of 3 tr i tia te d  steroids (87–152 Ci/mmol; New England Nuclear): 
te sto sterone  (N=l @10µCi, 1 @100µCi), dihydrotestosterone (N=l 
@10µCi, 1 @100µCi) or the synthetic androgen methyltrienolone 
(R1881: N=2 @9µCi, 2 @25µCi). In addition, two fem ale pups were 
in jected  with 8 µCi of R1881 on day 2 a fte r  day 1 ovariectom y, and a 
male and fem ale pup were each injected with 10 µCi R1881 on day 2 
w ithout previous gonadectomy. Pups were sacrificed by decapitation 
53–122 min a f te r  injection. The spinal cords were rapidly removed, 
frozen and sectioned 5–6 pm thick in a darkroom. Sections were 
applied to slides previously dipped in nuclear track  emulsion and 
stored a t 4°C in light tight boxes for 29–624 days. The slides were 
then photographically developed, stained with thionin and examined 
with light microscopy. At least 25 SNB cells and 25 other motoneur
ons were examined from each animal.

Despite the heterogeneity  of trea tm en ts , the resulting autoradio
grams from these 12 ra ts  were very similar: there were no convincing 
signs of steroid accumulation over the nuclei of motoneurons in 
either the SNB or other lumbar motor groups. The density of silver 
grains over these cell nuclei was always less than 3 times background 
density, although other cells in the brain or spinal cord of each 
animal did reach this c rite rion , and in adulthood the majority of 
motoneurons exceed the c rite rion . These findings do not rule out a 
stero id  action independent of nuclear accumulation and, in theory, 
another technique might reveal accum ulation. Still, it seems unlikely 
th a t motoneurons are androgen ta rg e ts  in newborn ra ts.

Supported by NIH # HD15021, NS19790 and the March of Dimes.

333.8 THE MAJOR PELVIC GANGLION: ANDROGEN CONTROL OF POSTNATAL 
MATURATION. R.W. Hami l l  and J .E . M elvin . D ept. of N eurology, 
N eurobiology and Anatomy, Univ of Roch Med C tr and Monroe 
Community H o sp ita l .

P re v io u s ly  we rep o rted  the  e f f e c t s  of p o s tn a ta l  c a s t r a t io n  
on th e  p o s to rg a n iz a tio n a l developm ent of the sym pathetic  hypo
g a s t r i c  g an g lio n  (H am ill & Guer nsey '83; M elvin  & H am ill '86). 
We now re p o r t  r e s u l t s  which suggest th a t  the c l a s s i c a l l y  de 
f in e d  p arasym pathetic  major p e l v ic  g an g lio n  (PG) i s  s im i la r l y  
r e g u la te d  by te s to s te ro n e  during  developm ent. C holine a c e ty l_ 
t r a n s f e r a s e  (CAT) and ty ro s in e  h yd roxy lase  (TOH) a c t i v i t i e s  
were u t i l i z e d  to  examine normal PG ontogeny. During normal 
developm ent, CAT and TOH a c t i v i t i e s  in c re a se  50 and 110 fo ld  
r e s p e c t iv e ly  and th e se  two n e u ro tra n sm it te r  sy n th e s iz in g  
enzymes e x h ib ite d  d i f f e r e n t  developm ental p r o f i l e s :  CAT in 
in c re a s e  d isp la y ed  a c o n s is te n t s lope  reach ing  a p la te a u  
between 60–90 days w hereas the in c re a se  in  TOH a c t iv i t y  a c c e l
e ra te d  p e r io d ic a l ly  and f a i le d  to  reach  a p la te a u .

P o s tn a ta l  c a s t r a t io n  a t  10– 11 days of age co m p le te ly  p re 
v en ted  the p o s to rg a n iz a tio n a l deve lopm ental in c re a se  of TOH 
a c t i v i t y .  At 12 p o s to p e ra tiv e  weeks TOH a c t i v i t y  in  c a s t r a te s  
was ap p rox im ate ly  6% of the c o n tro l an im als (c o n tro l 2880+127 
p m o le s /g an g lio n .h r , c a s t r a te d  161+ 16 p m o le s /g an g lio n .h r; 
p<0.001). In  f a c t ,  by o n ly  one p o s to p e ra tiv e  week the m atura
tio n  of TOH a c t i v i t y  was a lre a d y  s ig n i f i c a n t ly  d elayed  in  ca s 
t r a te d  an im als ( c o n tro l 480+69 p m o le s /g an g lio n .h r , c a s t r a te d  
179+6 p m o le s /g an g lio n .h r; p<0.001). CAT a c t i v i t y  and t o t a l  
g an g lio n  p ro te in  were a l s o  s ig n i f i c a n t ly  reduced by one p o s t
o p e ra t iv e  week. In  c o n tra s t  to  TOH a c t i v i t y ,  how ever, th e se  
in d ic e s  con tinued  to  d ev e lo p  a t  d im in ished  r a te s .  By 12 p o s t
o p e ra t iv e  weeks CAT a c t i v i t y  and t o t a l  g an g lio n  p ro te in  in  
c a s t r a te s  were 30% and 50% of c o n tro l v a lu e s ,  r e s p e c t iv e ly .  
A d d itio n a lly , enzyme s p e c i f ic  a c t i v i t y  fo r  both  CAT and TOH 
were s ig n i f i c a n t ly  a l te r e d  a t  a l l  tim e p o in ts  fo llow ing  ca s
t r a t i o n .  T e sto s te ro n e  rep lacem ent rev e rse d  the c a s t r a t io n  
induced d eve lopm en ta l d e f i c i t s  of TOH and CAT a c t i v i t i e s .

These r e s u l t s  suggest th a t hormonal mechanisms r e g u la te  
th e  p o s to rg a n iz a tio n  developm ent of the  p arasym pathetic  major 
p e lv ic  g an g lio n . Viewed w ith  p rev io u s  s tu d ie s  of the sympa
th e t i c  nervous system , th e se  in v e s t ig a t io n  suggest th a t 
hormonal f a c to r s  r e g u la te  p re sy n ap tiq  and p o s tsy n a p tic  
elem ents of th e  p arasym pathetic  as w ell as sym pathetic  
components of the  p e r ip h e ra l autonomic nervous system .

Supported by NRSA DE05387–02 (NIDR) and U of R/MCH 
R esearch Fund.

333.9 ONTOGENY OF SEX DIFFERENCES IN NUMBER OF TRIGEMINAL 
MOTONEURONS IN GUINEA PIGS. K ate Townsend-Merino & S.M. 
Breedlove. Dept. Psych., Univ. of C alifornia , Berkeley, CA 94720.

The jaw closing muscles of guinea pigs are  very responsive to 
adult androgen manipulation, and we previously reported a sex 
d ifference in the motoneuronal pool innervating these muscles. 
Specifically, male guinea pigs have more neurons in the trigeminal 
motor nucleus (MoV) than do fem ales. This sex difference cannot be 
accounted for by differences in body weight alone, and the re  is no 
sex d iffe rence  in MoV of ra ts  (Neurosci. A bstr. 11 , 530, 1985). In 
prepara tion  for studies of the ontogeny of this sexual dimorphism in 
guinea pigs, we now report th a t the number of MoV neurons has 
reached adult values in newborn males, but are  g rea te r in newborn 
fem ales than adult fem ale guinea pigs. These results suggest tha t 
motoneuronal death in the MoV is com plete a t birth  in male but not 
fem ale guinea pigs. We also counted neurons in the mesencephalic 
trigem inal nucleus (MesV), since a  portion of these cells provide 
a ffe re n t inform ation from jaw closing muscles.

Three male and 5 fem ale guinea pigs were overdosed with 
pentobarbital on the day of birth  and perfused with saline and 
buffered formalin. The brains were removed, postfixed in formalin 
for a t least 2 weeks, paraffin  embedded, sectioned a t 15 µm and 
stained with thionin. B ilateral counts of MoV and MesV cells were 
made in every fifth  section. Cell nuclear cross-sections were 
measured and cell counts co rrec ted  for split nuclei e rro r.

There were 2475.2 +181.8(SEM) .MoV neurons in male newborn 
guinea pigs, which is not significantly d iffe ren t from the number in 
adulthood (2 2 6 0 .9 + 1 0 8 .1 ).However, newborn fem ales had 2265.7 
+164.0 MoV neurons, which is significantly more than in adulthood 
(1706.4 +70.0). There was no sex d ifference in the cross-sectional 
a rea  of MoV neuronal nuclei a t e ither age, nor was the re  a  sex 
d iffe rence in the number of adult MesV cells.

The finding th a t the adult sex d ifference in the number of MoV is 
not yet present a t birth  suggests th a t the period of ontogenetic cell 
death  which has been dem onstrated for several motoneuronal groups 
is not yet com plete in the newborn fem ale guinea pig 's MoV. The 
MoV of newborn males, on the other hand, is a t or near the  adult 
number, suggesting th a t MoV cell death is com plete in th a t sex. If 
the  eventual sex d ifference in MoV is the result of androgen action 
in males, then e ithe r the re  is a neonatal sex d ifference in androgen 
levels, or else prenatal androgen programs a postnatal sex d ifference 
in the death of MoV neurons. The MesV contains afferen ts  from the 
jaw closing muscles and from the periodontium. The lack of a  sex 
d iffe rence in the adult number of MesV neurons suggests th a t e ither 
th e re  is no sexual dimorphism in the a fferen ts  to the jaw closer 
muscles, or only a  small proportion of MesV neurons serve this role.

Supported by NSF BNS–8451367 and the March of Dimes.

333.10 AXONAL MATURATION IN THE RAT BRAIN: EFFECTS OF EARLY HYPO- AND 
HYPERTHYROIDISM. R. Hawkes*, R. S a s s e v ille * , and C. Gravel 
(SPON: L. P o ir ie r )  L a bo ra to ry  o f N eurobiology, Laval U n iv e rs ity , 
Quebec, Canada, G1J 1Z4.

In hypo thyro id  r a t s  th e re  i s  an alm ost com plete su p re ss io n  of 
a n e u ro f i la m e n t-a s s o c ia te d  ep ito p e  (m onoclonal an tibody  mabN210) 
in  th e  b ask e t c e l l  axons o f  th e  c e re b e l la r  co rtex  and in  th e  
axons o f  th e  co rpus callosum  w hile o th e r  c e re b e l la r  and c o r t i c a l  
axons were l i g h t ly  or no t a f f e c te d .  I t  appears th a t axons a l 
ready in  p la ce  b e fo re  th e  o nset o f  th y ro id  fu n c tio n  (around E18 
in  r a t s )  a re  in s e n s i t iv e  to  th y ro id  su p p re ss io n , and th a t  axons 
growing a f te rw a rd s  a re  dependent upon th y ro id  hormone le v e l s .  To 
ex p lo re  t h i s  f u r th e r ,  p regnan t r a t s  and th e i r  l i t t e r s  were t r e a t 
ed w ith n -p ro p y l- th io u ra c i l  from E16–17 to  P25 o r P45. At b i r t h ,  
some pups rece iv ed  d a i ly  th y ro x in e  in j e c t io n s ,  scheduled and 
dosed so as to  f u l f i l l e d  minimal th y ro x in e  req u irem en ts, e i th e r  
from P0‒P25, P14‒P25, P34‒P45 o r only a t P14 and P15. O ther 
g roups rece iv ed  no th y ro x in e  and f in a l ly  some groups rece ived  
ex cess  th y ro x in e  from P0 to  P25 dosed to  produce e i th e r  l i g h t  or 
severe  h y p e rth y ro id ism s . Animals were s a c r i f i c e d  by in t r a c a rd ia c  
p e rfu s io n  o f  f ix a t iv e  a t v a rio u s  ages and th e  c e re b e l la  were sec
tio n e d  and p rocessed  for mabN210 im m unocytochem istry. The corpus 
callosum  from P25 c o n tro l and hypo thyro id  an im als was Epon- 
embedded, cu t a 1 um and s ta in e d  w ith m ethylene b lue to  count 
m yelina ted  axonal p r o f i l e s .  U ltr a th in  s e c t io n s  were a lso  cu t fo r 
e le c tro n  m icroscopy.

The r e s u l t s  were as fo llo w s:
The d e f i c i t  in  mabN210 im m unoreactiv ity  seen a t th e  le v e l o f  

bask e t c e l l  axons in  th e  cerebellum  o f hypothyroid  anim als can be 
alm ost com pletely  r e s to re d  by th y ro x in e  in je c t io n s  s ta r t in g  from 
P0 o r  P14, bu t not from P34. Thus, th e  d is tu rb a n c e  in  axonal 
m a tu ra tio n  can be cu red  p as t th e  normal b i r th d a te  o f  b ask e t 
c e l l s ,  bu t th e  perio d  o f  p l a s t i c i t y  i s  l im ite d .

Excess th y ro x in e  ad m in is te red  to  hypo thyro id  anim als from P0 
led  to  a p reco c io u s  m a tu ra tio n  o f  mabN210 im m unoreactiv ity  and 
r e s u l te d  a t P25 in  a dose-dependent supra-norm al p roduction  o f 
b ask e t c e l l  axons.

The c a l lo s a l  d e f i c i t  in  mabN210 im m unoreactiv ity  observed in  
P25 hypo thy ro id  anim als c o r re la te d  w ith a d e f i c i t  in  th e  number 
o f  m yelina ted  axons. By c o n t r a s t ,  e le c tro n  m icroscopy rev ea led  
th a t  th e  t o t a l  number o f c a l lo s a l  axons was much h ighe r in  hypo
th y ro id s  than  in  norm als. Thus, th e  absence o f  mabN210- 
im m unoreactiv ity  from th e  corpus callosum  r e f l e c t s  th e  im m aturity  
o f  th e  p ro je c tio n  ra th e r  than  th e  lack  o f  axons.
Supported by th e  MRC Canada (R .H .) and by the  FCAR (C .G .) .
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333.11 SYMPATHETIC NEURON DEVELOPMENT IS ALTERED IN THE PRESENCE OF 
ABNORMAL LEVELS OF CIRCULATING THYROID HORMONES. P. B easton- 
Wimmer*, J .  F ranzer*  and A .J . Smolen (SPON: W.H. Goldman).
D ept. o f  Anatomy, The M edical C o llege  o f P a . ,  P h ila d e lp h ia , PA 
19129.

Abnormal le v e ls  o f c i r c u la t in g  th y ro id  hormone a re  known to  
r e s u l t  in  d ram atic  a b n o rm a li t ie s  in  th e  developm ent o f c e r t a in  
re g io n s  o f th e  c e n tr a l  nervous system . The p re s e n t s e r ie s  o f 
experim en ts was undertaken  in  o rd e r  to  examine th e  r o le  th a t  
th y ro id  s t a t e  p la y s  in  th e  developm ent o f sym pathetic  neu rons . 
A ll experim en ts were perform ed u s in g  Sprague-Dawley r a t s .  One 
group o f  r a t s  was made h y p e rth y ro id  by d a i ly  subcutaneous 
a d m in is tr a t io n  o f t r i io d o th y ro n in e  (T3; 0 .1  mg/kg) f o r  th e  
f i r s t  two weeks o f  l i f e .  L i tte rm a te s  were t r e a te d  d a i ly  w ith  
v e h ic le  a lo n e . A second group was made hypo thy ro id  by d a i ly  
subcutaneous a d m in is tr a tio n  o f p ro p y lth io u ra c i l  (PTU; 50 u l  o f 
a 0.2% s o lu t io n )  f o r  th e  f i r s t  two weeks of l i f e .  Some anim als 
were examined d u ring  th e  tre a tm e n t (p o s tn a ta l  day 7 ) , some 
im m ediately  fo llo w in g  th e  tre a tm e n t (day 14), and o th e rs  a f t e r  
a p e r io d  o f reco v e ry  (90 d a y s ) . The number o f neurons in  th e  
s u p e r io r  c e rv ic a l  sym pathetic  gan g lio n  (SCG) were coun ted , and 
th e  co n te n t o f  n o rep in ep h rin e  (NE), th e  n e u ro t ra n s m it te r  o f 
th e s e  n eu ro n s , was m easured. In  th e  h y p e rth y ro id  an im a ls , no 
s ig n i f i c a n t  a l t e r a t i o n s  were observed  on p o s tn a ta l  day 7. By 
day 14, however, th e  p ro te in  c o n te n t o f th e  SCG o f t r e a te d  r a t s  
was le s s  th a n  in  c o n t ro ls .  NE c o n te n t was even more g r e a t ly  
reduced , r e s u l t in g  in  a re d u c t io n  o f t r a n s m it t e r  p e r mg 
p ro te in .  T h is d e f i c i t  p e r s is te d  a t  90 days. There was no 
a l t e r a t i o n  in  th e  number o f sym pathetic  neurons in  th e  
h y p e rth y ro id  r a t s ,  so th a t  th e  amount o f NE co n te n t p e r 
sym pathetic  neuron was d ec re a sed . This dec re a se  may re p re s e n t  
in c re a se d  a c t i v i t y  and r e le a s e  o f t r a n s m it t e r  from c e l l s  in  th e  
h y p e rth y ro id  an im als. In  th e  hypo thy ro id  r a t s ,  NE c o n te n t was 
s l i g h t l y  low ered a t  14 days. There were s ig n i f i c a n t ly  more 
c e l l s  in  th e  SCG o f hypo thy ro id  r a t s  a t  14 days , due to  a 
re d u c t io n  in  th e  e x te n t o f  n a tu r a l l y  o cc u rr in g  neuron d ea th .
By 90 days , th e  anim als which were hypo thy ro id  had 
s ig n i f i c a n t ly  few er neurons in  th e  SCG. Thus th e  re d u c t io n  in  
n a tu r a l l y  o c c u rr in g  neuron d ea th  was on ly  tem porary , and neuron 
s u rv iv a l  was u l t im a te ly  n o t as  good in  th e  hypo thy ro id  an im als. 
NE c o n te n t a t  90 days was s l i g h t l y  reduced , bu t th e re  was no 
d if f e re n c e  in  NE c o n te n t ex p ressed  p er mg p ro te in  o r  p e r 
sym pathe tic  neuron. Thus e i t h e r  hyper- o r hypo thyro id ism  
d u rin g  th e  n e o n a ta l p e r io d  r e s u l t s  in  d ram atic  d e f i c i t s  in  th e  
developm ent o f sym pathetic  neu rons .
(S upported  by NINCDS G rant NS15952 to  A .J .S .)

333.12 ULTRASTRUCTURAL DISTURBANCES OF DEVELOPING INTRAOCULAR LOCUS 
COERULEUS NEURONS INDUCED BY THYROID HORMONE DEFICIENCY.
K .‒O. Hedlund,* A.-Ch. Granholm1* and A. S e ig e r l * (SPON: A. S e ig e r , 
member ENA). D ept. o f Zoology, Uppsala U niv ., 751 22 U ppsala, Swe
den, and U ppsala U n iv ., U ppsala, Sweden, and 1D ept. of H is to lo g y , 
K aro lin ska  I n s t . ,  104 01 Stockholm, Sweden.

The th y ro id  hormone dependency o f th e  develop ing  c e n tr a l  nervous 
system  has long been known. A number o f l i g h t  m icro sco p ica l s tu d ie s  
have shown m orpho log ica l d is tu rb a n c e s  o f b ra in  m a tu ra tio n . However, 
very  few u l t r a s t r u c t u r a l  s tu d ie s  have been u n dertaken . C en tra l 
monoamine neurons have re c e n tly  been shown to  be m arkedly dependent 
on normal le v e ls  o f th y ro id  hormones fo r o rg an o ty p ic a l m a tu ra tio n  
upon t r a n s p la n ta t io n  to  th e  a n t e r io r  chamber of th e  eye . Reduced 
f a s c i c le  fo rm ation  and numerous accum ulations along axon te rm in a ls  
were found by monoamine h is to f lu o re s c e n c e . The aim o f th e  p re s e n t 
study  was to  u l t r a s t r u c t u r a l l y  s c r u t in iz e  th e  abnormal developm ent 
o f lo cu s  c o e ru le u s -d e r iv e d , n o ra d re n a lin e -c o n ta in in g  n e u r i te s  in  
th e  hypo thyro id  s t a t e  o f in t r a o c u la r  b ra in  stem g r a f t s .  The abun
d an t p e r ip h e ra l accum ula tions o f f lu o re sc e n t m a te r ia l ,  on ly  found 
in  th e  thy ro id ec to m ized  g roup, corresponded u l t r a s t r u c t u r a l l y  to  
axonal sw e llin g s , u s u a lly  exceeding  f iv e  m icrons in  w idth  and 
f i l l e d  w ith  d en se-co red  v e s ic le s ,  m itochondria  or smooth endo
p lasm ic re t ic u lu m . No m icro tu b u les  were observed . Locus co e ru leu s  
axons w ith  c o n s id e ra b ly  th in n e r  d iam ete rs  bu t w ith  s im i la r  c o n te n ts  
were numerous. Axonal sw e llin g s  in  th e  h o s t i r i d e s  were found a l l  
over th e  outgrow th d e riv ed  from th e  locus  c o e ru le u s , a lth o u g h  th e i r  
numbers were h ig h e r c lo s e  to  and underneath  th e  g r a f t .  The sw e ll
ings  a ls o  appeared  in  n e u ro p il o f th e  b ra in  stem g r a f t .  Outgrowing 
monoaminergic f ib e r s  in  th e  th y ro idec tom ized  group u s u a lly  lacked  
accompanying g l i a l  c e l l  p ro c e s s e s , w h ile  c o n tro ls  co n ta in ed  f ib e r  
bundles ensheathed  by g l i a l  c e l l s .  Membrane s p e c ia l i z a t io n s  were 
never observed on axonal sw e llin g s  co n ta in in g  d ense-co red  v e s ic le s  
o r m itochondria  and on ly  r a r e ly  on th o se  co n ta in in g  smooth endo
p lasm ic re t ic u lu m . In je c t io n s  of th y ro id  hormone g iven  to  th y ro id 
ectom ized h o s ts  r e s u l te d  in  f ib e r  outgrow th and axonal u l t r a 
s t r u c tu r e  s im i la r  to  t h a t  o f th e  c o n t ro ls .  This s tro n g ly  in d ic a te s  
a r o le  fo r  th y ro x in  in  th e  p ro cess  of nerve f ib e r  fo rm ation  from 
g ra f te d  locus  co e ru leu s  neurons. S ince th y ro x in  has been shown to  
p lay  an im portan t r o le  fo r  m icro tu b u le  assem bly, i t  i s  p o s s ib le  
th a t  th e  m orpho log ica l d is tu rb a n c e s  rep o rte d  h e re , in d ic a t in g  a 
hampered axonal t r a n s p o r t  o f o rg a n e l le s  and a la ck  o f m ic ro tu b u le s , 
a re  caused by th e  hypo thy ro id  e f f e c t s  on tu b u lin  assem bly in  th e  
immature locus  c o e ru leu s  neurons.

333.13 CELLULAR DISTRIBUTION OF THYROID HORMONE BINDING PROTEINS (THBP) 
IN THE CEREBELLAR CORTEX: IMMUNOFLUORESCENT DEMONSTRATION. L.L .
H all*  and K.R. Latham* (SPON: G .J . B e n n e tt) .  D ep ts. o f  
P hysio logy  and M edic ine, USUHS, B ethesda , MD 20814–4799.

The a rb o r iz a t io n  o f c e r e b e l l a r  P u rk in je  c e l l s  d u rin g  deve lop
ment i s  one example o f  th e  profound dependence o f th e  c e n tr a l  
nervous system  (CNS) on th y ro id  hormones b u t d e t a i l e d  in fo rm atio n  
on which c e l l s  in  th e  CNS a re  th y ro id  hormone ta r g e t s  has been 
l im ite d .  In  th e  p re s e n t  s tu d ie s ,  we have u t i l i z e d  th e  s p e c i f i c i t y  
o f  m onoclonal a n t ib o d ie s  (MAB) d i r e c te d  a g a in s t  THBP to  id e n t i f y  
c e l l s  in  s e c t io n s  o f  c e r e b e l l a r  c o r te x  t h a t  c o n ta in  r e c e p to r s .

A l i b r a r y  o f  MAB was p re v io u s ly  developed a g a in s t  THBP p u r i f i e d  
from bov ine l i v e r  ( S e l l i t t i  e t  a l . ,  Exp. C e ll  R e s ., 158 :223 ,1985). 
P rev io u s  l i g h t  m icro scop ic  im m unofluorescent s tu d ie s  o f 
benzpy rene-transfo rm ed  bovine e n d o th e l ia l  c e l l s  (BEC) id e n t i f i e d  
two h igh  a f f i n i t y  a n t ib o d ie s  w ith  d i f f e r e n t  s p e c i f i c i t i e s :  MAB 
1–11 dem onstra ted  e x te n s iv e  c e l l u l a r  s ta in in g  in  a p a t te r n  
resem b ling  th e  d i s t r i b u t io n  o f  th e  in te rm e d ia te  f i la m e n t (IF) 
v im en tin  w h ile  MAB 5–6 showed e x te n s iv e  n u c le a r  s t a in in g .

In  th e  p r e s e n t  s tu d y , 5 µm fro zen  s e c t io n s  o f  a d u l t  bovine and 
r a t  c e r e b e l l a r  c o r te x  were s ta in e d  w ith  MAB to  mouse v im en tin  MAB 
1 1 –1, and MAB 5–6 . F o llow ing in c u b a tio n  in  p rim ary  MAB (1:1000 in  
PBS w ith  1% normal g o a t serum) o r c o n tro l  serum a t  4°C o v e rn ig h t 
and s e v e ra l  washes (PBS w ith  1%BSA), th e  s e c t io n s  were la b e le d  
w ith  F IT C -conjugated  g oa t-an tim ouse  IgG (1 :2 0 , C appe ll) f o r  30 
m in u tes . Washed s e c t io n s  were mounted and f lu o re s c e n t  pho tom icro 
g raphs p re p a re d . P a r a l l e l  t i s s u e  s e c t io n s  were s ta in e d  w ith  
C resy l v io l e t  f o r  c l a s s i c a l  i d e n t i f i c a t i o n  o f  c e l l  ty p e s .

A rttiv im en tin  MAB p o s i t i v e ly  s ta in e d  Bergmann f ib e r s  from G olgi 
E p i th e l i a l  c e l l s  and a few a s tro c y te s  in  th e  w h ite  m a tte r  o f  bo th  
th e  bov ine and r a t  c o r te x . Bergmann f ib e r s  d isp la y e d  a f a m il ia r  
p a r a l l e l  arrangem ent to  th e  lo n g i tu d in a l  p la n e  o f  th e  fo lium  in  
th e  m o lecu la r la y e r .  In  c o n t r a s t  to  BEC s ta in in g ,  MAB 1–11 d id  
n o t show a v im en tin  s ta in in g  p a t te r n  and d id  n o t b in d  to  any o th e r  
c e l l u l a r  component in  th e  r a t  o r  bov ine ce reb e llu m . However, MAB 
5–6 showed a  s tro n g  n u c le a r  s ta in in g  in  g ran u le  c e l l s  in  bo th  
bovine and r a t  ce rebe llum  .

The p re s e n t  d a ta  su g g es t a h e te ro g e n e ity  o f  THBP d i s t r i b u t io n  
in  d i f f e r e n t  TH ta r g e t  c e l l s ;  w h ile  MAB 1–11 showed in te n s e  BEC 
s ta in in g ,  no r e a c t i v i t y  was dem onstra ted  in  th e  c e r e b e l l a r  c o r te x . 
G lia  and a l l  c e l l s  in  th e  m o lecu la r la y e r  a re  n o t TH t a r g e t s  by 
ou r c r i t e r i a  s in c e  re c e p to r  s ta in in g  was co nsp icuously  ab se n t in  
th e se  p o p u la tio n s . The absence o f  P u rk in je  c e l l  s ta in in g  
su g g es ts  t h a t  t h i s  c e l l  p o p u la tio n  may be a TH t a r g e t  on ly  d u rin g  
developm ent; a l t e r n a t iv e l y ,  P u rk in je  c e l l s  may respond to  p ro d u c ts  
from o th e r  TH t a r g e t  c e l l s  in  th e  ce reb e llu m . The s tro n g  p o s i t iv e  
s ta in in g  o f g ran u le  c e l l s  by MAB 5–6 i s  ev idence  in  su p p o rt o f  
t h i s  n e u ra l su b p o p u la tio n  as  a th y ro id  hormone t a r g e t .

333.14 CORTICOSTERONE EFFECTS ON IN VITRO DEVELOPMENT OF CHICK EMBRYO 
AND HUMAN FOETAL BRAIN.
F. Grem o,S.Torel l i* ,U .L ecca* ,C .M arcello*  & M.A. M a rz i ll i*  
I n s t i t u t e  o f  Human Anatomy and I n s t i t u t e  o f  C lin ic a l O b s te tr ic s  
and Gynecology, U niv .of C a g lia r i  School o f  M edicine, 09100 
C a g lia r i  ( I t a ly )

T issue c u l tu r e s  p rov ide  a very  u se fu l to o l to  study  th e  e f 
f e c t s  o f  endogenous and exogenous su b stan ce s  on neuronal d i f f e 
r e n t ia t io n  and m a tu ra tio n . In p rev ious  work we have shown th a t  
c o r t ic o s te ro n e  a f f e c t s  neuronal sp ro u tin g  in  v i t r o .  In v iv o , i t  
induces th e  appearance o f  a new m usca rin ic  c h o lin e rg ic  r e c e p to r  
s u b c la ss  which i s  n o t p re s e n t in  th e  c o n t r o ls .  Also a d ren e rg ic  
re c e p to r  m a tu ra tio n  i s  a f fe c te d  by hormone tre a tm e n t.

Human b r a in s ,  o b ta in ed  from e i th e r  spontaneous o r  from me
d ic a l l y  induced a b o r t io n s , o r 8–day o ld  ch ick  embryo r e t in a s  we
r e  f r e s h ly  d is s e c te d  and in cuba ted  w ith  0.2% o f  s t e r i l e  t r y p s in .  
C e lls  were m echan ica lly  d is s o c ia te d ,  d i lu te d  w ith medium (DMEM) 
+ 10% f e t a l  c a l f  serum and p la te d  on p o ly ly s in e - tr e a te d  d is h e s .  
A fte r  24–48 hours in  v i t r o ,  c e l l s  a t ta c h e d  to  th e  substra tum  
and s ta r t e d  deve lop ing  p ro c e s s e s . At d i f f e r e n t  i n t e r v a l s ,  c e l l s  
were f ix e d  w ith  co ld  methanol f o r  im m unocytochem istry. Monoclo
nal a n t ib o d ie s  a g a in s t c h o lin e  a c e ty l t r a n s f e r a s e  (ChAT), g l i a l  
f i b r i l l a r  a c id  p ro te in  (GFA-P), v im entin  (VT), desmin (DM) and 
n eu ro filam e n t su b u n its  (NF68K, NF160K, NF200K) were u sed . Re
s u l t s  showed th a t  th e  d i s t r i b u t io n  o f  d i f f e r e n t  a n tig en s  v a r ie d  
w ith  developm ent. In p a r t i c u l a r ,  NF200K were p re v a le n tly  l o c a l i 
zed in s id e  th e  c e l l  b o d ie s , w hereas NF160K were p re v a le n t in  th e  
p ro cesse s  and in s id e  th e  n u c leu s . GFA-P never s ta in e d  r e t in a  
c e l l s .  On th e  c o n tra ry ,  in  human c u l tu r e s  some c e l l s  w ith  th e  
ty p ic a l  m orphological f e a tu r e s  o f  a s tro c y te s  appeared to  be 
GFA-P p o s i t i v e .  Very seldom , c e l l s  p o s i t iv e  f o r  ChAT were p re 
s e n t in  both  c u l tu r e  ty p e s . VT s ta in e d  bo th  neuronal and non
neuronal immature c e l l s .

When c u l tu r e s  were t r e a te d  w ith c o r t ic o s te ro n e  (10–7M) th e  
d i s t r i b u t io n  o f  n eu ro filam e n t s u b u n its  was a f f e c te d .  The n u c le a r  
s ta in in g  d isap p eared  in  t r e a te d  c e l l s .  The o th e r  a n tig e n s  were 
n o t a f f e c te d .  These f in d in g s  cou ld  be c o r r e la te d  w ith  th e  capa
b i l i t y  o f  th e  hormone to  b ind  to  n u c le a r  a c id s  and conseq u en tly  
a f f e c t  c e l l  m a tu ra tio n .
(Supported  by M .P .I. G rant 1985 to  F. G .)
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333.15 THE RELATIONSHIP BETWEEN ENRICHMENT- AND ADRENALECTOMY-INDUCED 
CORTICAL GROWTH. L .D evenport, S. D a lla s* , C. C arp en te r* , and M. 
Renner. D epartm ent of Psychology, U n iv e rs ity  of Oklahoma, Norman, 
OK 73019, and U n iv e rs ity  of W isconsin a t  Oshkosh, Oshkosh, WI 
54901.

Envirom ental enrichm ent c o n d itio n s  (EC) have long been known to  
a l t e r  b ra in  developm ent. The most s t r ik in g  e f f e c t  of EC i s  an in 
c re a se  in  b ra in  w eight th a t  i s  c h ie f ly  a t t r i b u t a b l e  to  th e  th ic k e n 
ing  of n e o c o r t ic a l  t i s s u e  la y e r s  (1 ) . Adrenalectom y a lso  in 
c re a se s  b ra in  growth (2) owing to  th e  rem oval of g lu c o c o r tic o id s  
( 3 ) ,  and i t  too  th ick en s  n eo co rtex  (4 ) . This being  th e  c a se , we 
wondered i f  th e  EC e f f e c t  might n o t be m ediated  v ia  th e  a d ren a l 
c o r te x .

I f  t r u e ,  EC e f f e c t s  would depend upon v a r ia b le  a d re n o c o r tic a l 
o u tp u t and should  be a b o lish ed  by adrenalec tom y w ith  c o n s ta n t 
g lu c o c o r tic o id  rep lacem en t. Sprague-Dawley r a t s  (C harles  R iv e r, 
Male, 30 days o ld ) were ad rena lec tom ized  (ADX) or sham -opera ted . 
H alf th e  anim als from each s u rg ic a l  co n d itio n  were m a in ta ined  fo r  
30 days in  en rich ed  envirom ents ( s o c ia l  housing  w ith  changing 
p h y s ic a l item s) o r in  th e  s tan d a rd  is o la te d  la b o ra to ry  c o n d itio n  
(IC ). ADXs were im plan ted  w ith  con tinuous in fu s io n  d ev ices  (A lza) 
th a t  d e l iv e re d  c o r t ic o s te ro n e  a t  a dose of about 2 .0  mg/kg body 
w eig h t. Shams were im planted  w ith  b lan k  pumps. At th e  end of the  
env ironm en ta l tre a tm e n t, th e  anim als were s a c r i f i c e d ,  th e i r  b ra in s  
f ix e d  in  b u ffe re d  fo rm a lin , and coded fo r  b lin d  a n a ly s is .  Frozen 
s e c t io n s  40u were taken  a t  v a r io u s  p la n e s , and th e  dim ensions of 
17 s t r u c tu r e s  and a re a s  were determ ined by p ro je c t io n  m icroscope.

S ig n if i c a n t  EC-induced in c re a s e s  in  c o r t i c a l  dep th  in  f r o n t a l ,  
p a r i e t a l  and o c c ip i t a l  re g io n s  were o bserved , and th e  EC e f f e c t  
was as e v id e n t in  ADXs as in  Shams. No s u b c o r t i c a l  s t r u c tu r e s  or 
f ib e r  t r a c t s  were changed by EC. The rep lacem ent dose o f c o r t ic o 
s te ro n e  was no t h igh  enough to  com pletely  supp ress  ADX e f f e c t s ,  
and a v a r i e ty  of a re a s  were in c re a se d  in  s iz e  owing to  s u rg ic a l  
c o n d itio n . In  n e a rly  a l l  c a s e s , th e se  were th e  same reg io n s  th a t  
were s e n s i t i v e  to  EC (r  = .8 8 ) . This f re q u e n tly  r e s u l te d  in  the  
doub ling  of th e  EC e f f e c t .  Thus, w h ile  EC- and ADX-induced growth 
were com pletely  independen t of each o th e r ,  they  o p e ra ted  on th e  
same la rg e  con tiguous p a tch  of " p la s t i c "  n e o c o r t ic a l  t i s s u e .
1. Bennet e t .  a l .  (1964). S c ie n ce , 146, 610.
2. D evenport. (1979). Behav. N eur. B io l . , 27, 218.
3. Devenport & D evenport. (1985). Exp. N eu ro l. , 90, 44.
4 . Thomas & D evenport. (1985). Soc. N eu rosci. A b s t r . , 11, 899.

333.16 DEVELOPMENT OF SEX DIFFERENCES IN NEURON NUMBERS IN THE RAT 
SUPERIOR CERVICAL GANGLION: EFFECTS OF DEAFFERENTATION. P, 
Calecas* and L.L. Wright (SPON: D. Lake). Boston University School 
of Medicine. Boston. MA 02115.

The normal sex difference in neuron numbers in the superior 
cervical sympathetic ganglion (SCG) develops over the f i r s t  two 
postnatal weeks. During this time. 30–40% of the principal neurons 
die. and synaptogenesis within the ganglion and innervation of the 
targets is progressing. Neonatal deafferentation of the S CG 
prevents the normal development of tyrosine hydroxylase within t he 
ganglion and the normal innervation of i ts  target tissue (Black & 
Mytilineou, 76). The present study was undertaken to determine 
whether the presence of afferent input to the SCG was required for 
the development of this sex difference.

Male and female Sprague Dawley rats received bilateral 
transection of the cervical sympathetic trunk (CSTX) on the day of 
b ir th , when numbers of neurons in the superior cervical ganglion 
(SCG) are equivalent in males and females. On postnatal day 15. 
after normal development of the SCG sex difference, the animals 
were killed, and their  superior cervical ganglia were removed ano 
embedded in paraffin. Counts of neuronal nuclei were taken from 
sections throughout the ganglia, and were corrected by the 
Abercrombie (46) method.

Our results confirmed our previous finding of more SCG neurons 
in males than in females. In addition, the results showed a 
difference in response to the CSTX in males and females. Maies 
with CSTX had significantly fewer neurons (26%) in the SCG than 
did sham operated littermates. Females with CSTX showed only 14% 
fewer SCG neurons than female sham operates, which was not 
s t a t i s t ic a l ly  significant.  Because of the disparate effects of 
CSTX on SCGs of males and females, the sex difference was reduced 
from 28% more neurons in males than females in the control group 
to 11% more neurons in males than females after CSTX.

These results suggest that the development of the normal sex 
difference in numbers of SCG neurons requires an intact afferent 
input.

Numbers of SCG neurons at 15 days 
(n per group, standard error)

Males Females
sham controls 26500 (19,2379) 20661 (16,1108)
CSTX 19683 (19,1003) 17751 (17.1257)

This work has been supported in part by NIH grant NS21577 to LLW.

333.17 LESION-INDUCED PLASTICITY: GENETIC OR HORMONAL CONTROL? J.K.Morse,
S.T. DeKosky, and S.W. Scheff. Depts. of Anatomy and Neurology, 
VA and Univ. oT Kentuclty Medical Center, and Sanders-Brown 
Research Center on Aging, Lexington KY 40536

We have been investigating the role of sex steroids in lesion- 
induced circuity changes in the CNS. Untreated male and female 
rats demonstrate equivalent p las t ic i ty  in the hippocampus follow
ing removal of the entorhinal cortex (ERC). However, gonadecto- 
mized (GDX) animals display a sexually dimorphic sprouting respo
nse, with only the ovarectomized females showing a significant 
reduction from control levels. I t  appeared that estrogen, the 
female gonadal hormone, was necessary, while the male gonadal 
steroid testosterone was not. Could th is  dimorphic sprouting 
reaction be due to the genetic makeup of the animal or do 
circulating neonatal sex steroids play a key role,  as they do in 
the differentiation of the brain?

Lit ters of newborn Sprague Dawley pups were separated by sex 
and culled to 10 pups each. Male pups were feminized by castra
tion on postnatal day 5 (grp 1). This creates a genetic male 
animal with a female brain. Female rat pups were masculanized by 
injection of testosterone on day 4, thus creating a genetic 
female ra t  with a male brain. The females were divided into 2 
groups (grp 2 & 3). On day 35 the group 2 females were ovarecto
mized. At 60 days of age all  animals were subjected to unilat
eral removal of the ERC and subsequently kil led  15 days la ter .  
Changes in the hippocampal commissural-asociational fiber  plexus 
were quantified using light microscopic techniques.

Genetic males pups with feminized brains decreased their  
sprouting response, equal to that of adult ovarectomized females. 
Masculinized, ovarectomized, genetic females responded with an 
outgrowth equal to adult controls and adult castrated males. 
However, the masculinized genetic females who were not ovarecto
mized, decreased their  sprouting response signif icantly from both 
the controls and adult ovarectomized females. These results 
indicate that  the sprouting mechanism is indeed influenced by the 
perinatal hormone environment, and infact  overrides the genetic 
makeup of the animal.
(Supported by NIH grant NS21541 and the VA Medical Research 
Service)

333.18 GLUCOCORTICOIDS INCREASE THE LEVEL OF INTRACELLULAR DOPAMINE IN 
FETAL RAT BRAIN NEURONS CULTURED UNDER SERUM-FREE CONDITIONS. 
A. Al-Hader*, T. Schmidt* and R.E. Fellows. Dept. of Physiology, 
Univ. of Iowa College of Medicine, Iowa City, IA 52242.

Elevated glucocorticoids promote behavioral and aging-asso
ciated disorders in adult brain. However, re lat ively l i t t l e  is 
known about the effects of glucocorticoids on CNS neurons during 
fetal development. Cytoplasmic glucocorticoid receptors have 
been found in regions of fetal brain from several mammalian 
species. While glucocorticoids are known to induce cholinergic 
systems during CNS development, the ir  effects on monoaminergic 
neurons in developing brain are less clear.

In the present study, we have determined the effects of 
glucocorticoids on the in tracellu lar  levels of dopamine (DA) in 
neuron-enriched cultures of fetal ra t  brain grown in serum-free 
defined medium. Intrace llular  levels of DA were measured by 
HPLC with electrochemical detection in 0.1 M PCA extracts of 
neuronal cultures from 18 day fetal rat  diencephalon- 
mesencephalon. Cells were prepared by mechanical and enzymatic 
dissociation, plated at a density of 8000 cells/mm2 and main
tained in serum-free defined medium. Basal levels of 
in trace llu lar  DA increased from 126.5+9.19 pg/mg protein at the 
time of plating to 571.0+2.8 pg/mg protein after  12 days in 
culture, with no significant increase in cell number. Neurons 
were maintained in medium alone for 3 days before exposure to 
steroids. To determine i t s  effects on DA concentrations as a 
function of time, 250 nM triamcinolone acetonide (TA) was added 
every 3 days. Maximum increases in DA levels were observed 
af ter  6–7 days of treatment. To determine concentration depend
ence, medium was replaced with defined medium containing 1.0- 
1000 nM TA or corticosterone (CS) af ter  3 and 6 days and cells 
were harvested at 9 days. Significant increases (p<0.05) in DA 
levels were observed at 25 nM and maximum increases were ob
tained at 250 nM CS or TA. At that concentration, CS and TA 
increased DA levels 104% and 117% over control, respectively. 
At 250 nM, 17β-estradiol and diethylstibestrol also increased 
DA levels, by 72% and 63% respectively. The effects of 250 nM 
17 β–estradiol and 250 nM TA were additive, increasing DA levels 
185%. Progesterone, aldosterone or 5α-dihydrotestosterone at 
250 nM concentrations had no signif icant effect on DA levels .

These data demonstrate that  both natural and synthetic 
glucocorticoids modulate levels of in tracellu lar  dopamine in 
cultured fetal  ra t  brain neurons and suggest that in th is  cul
ture system glucocorticoids, as well as estrogens, may be 
important in the expression of the dopaminergic phenotypes.
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333.19 GLUCOCORTICOID RECEPTORS IN FETAL RHESUS MONKEY BRAIN. 
S. P om erantz, P. Brigham*, H. Uno*, J . K em nitz, and M. Engle*, 
D epartm ent of Physiology, University of P ittsburgh School of Medicine, 
Pittsburgh, PA 15261 and Wisconsin Regional P rim ate R esearch C enter,
and D epartm ent of Pedia trics, University of Wisconsin, Madison, WI 53715 

Glucocorticoids can influence neurological developm ent of the fetus. 
Presumably, these e ffec ts  are m ediated through the  in terac tion  of 
glucocorticoids with high affin ity  in tracellu lar recep to rs located  in the 
brain. In the present study we sought to  dem onstrate  and ch a rac te rize  
glucocorticoid-binding ac tiv ities in fe ta l rhesus monkey brain.

Cytosolic ex trac ts  of brain from 135 day postconception male and 
fem ale fetuses were prepared using a buffer containing 10 mM Tris-HCl,
1.5 mM EDTA, 10% (v/v) glycerol, 1 mM m ercaptoethanol, and 25 mM 
sodium molybdate (pH 7.4). Cytosolic ex trac ts  from cerebral cortex  were 
incubated for 16 hr a t 0–4° C with 0.4–28 nM 3H–dexam ethasone (3H-dex) 
in the presence or absence of 200–fold excess unlabeled cortisol. 
M acrom olecuiar bound radioactiv ity  in duplicate – ul samples of the 
incubates was determ ined by Sephadex LH-20 gel f iltra tion . Scatchard 
analysis revealed high affin ity  saturable binding with an apparent Kd=1.94 
nM and Bmax=56.3 fm ol/m g protein. The steroid specificity  of the 
binding reactions was studied by incubating cytosolic fractions with 13 nM 
3H-dex and various unlabeled steroids a t 10–, 100–, and 200–fold excess 
concentrations. C ortisol was the most vigorous com petito r followed by 
progesterone, while estradio l and dihydrotestosterone were ineffective 
com petitors. Single point analyses of binding ac tiv ity  in d iscre te  brain 
regions using 13 nM 3H-dex revealed a widespread distribution  of binding 
which included frontal, parie ta l, tem poral, and occip ital lobes of cerebral 
cortex , cingulate gyrus, amygdala, hypothalam us-preoptic area , and 
hippocampus (range 15.3–35.6 fm ol/m g protein). Evidence of dex-induced 
depletion of cytosolic recep to r binding was obtained from an experim ent 
showing tha t adm inistration  of unlabeled dex to the pregnant m other (2.5 
mg/kg) every 12 hours beginning 72 hr and ending 36 hr prior to  delivery 
of the  fetus resulted  in a 58–92% decrease in 3 H -dex-binding ac tiv ity  
depending on the brain region being sampled. In con tras t, adm inistration  
of a single 15 m g/kg injection of dex 72 hr before delivery did not result 
in any change in binding ac tiv ity .

These findings verify  the existence in the brain of fe ta l rhesus mohkeys 
of a specific glucocorticoid recep to r which may be im portant in mediating 
influences of glucocorticoids on neurological developm ent.
(Supported by NIH grants HC27358 and RR00167)

333.20

WITHDRAWN

333.21 ONTOGENY OF MESENCEPHALIC TYROSINE HYDROXYLASE 
IMMUNOREACTIVE NEURONS IN THE BRAIN OF THE FARM PIG 
T .B . F reem an , L . B r a n d e i s * ,  J .  P e a r s o n ,  R .A . Noonan* 
and  J - P .  M ich e l*  NYU M ed ic a l C e n te r ,  D e p ts .  o f  
N e u ro s u r g e r y ,  P a th o lo g y ,  New Y ork , Ny 10016; Hann 
B i o l o g i e s ,  I n c . ,  B e r k e l e y ,  CA 94710

The o n to g e n y  o f  t y r o s i n e  h y d ro x y la s e  was s t u d i e d  
im m u n o c y to c h e m ic a lly  i n  t h e  b r a i n  o f  t h e  fa rm  p ig .

A t em b ry o n ic  d a y  (ED) 22 ( CRL = 11– 12 mm), l a b e l l e d  
c e l l  b o d ie s  w i th  s h o r t  p r o c e s s e s  a r e  f i r s t  a p p a r e n t  i n  
t h e  m a n tle  l a y e r  o f  t h e  c a u d a l  m e s e n c e p h a l ic  f l e x u r e  
j u s t  v e n t r a l  t o  t h e  ependym al z o n e . They a r e  
r e s t r i c t e d  t o  t h e  m id l in e .

By ED 24 (CRL = 15– 16 mm) th e  num ber o f  l a b e l l e d  
c e l l s  i n  t h e  m e s e n c e p h a l ic  f l e x u r e  h a s  i n c r e a s e d .  
T h e re  i s  l a t e r a l  and  r o s t r a l  m ig r a t i o n  o f  some c e l l  
b o d ie s  t o  t h e  r e g io n  o f  t h e  m id m e s e n c e p h a l ic  
f l e x u r e .  C e l l  p r o c e s s e s  h av e  s p a r s e l y  p e n e t r a t e d  t h e  
n ew ly  d e v e lo p in g  s t r i a t u m .

A t a  l a t e r  s t a g e  o f  d e v e lo p m en t ED 26 (CRL = 19 – 20 
mm) th e  l a t e r a l  an d  r o s t r a l  m ig r a t i o n  o f  c e l l  b o d ie s  
h a s  c o n t in u e d ,  an d  th e  m o s t l a t e r a l l y  p la c e d  c e l l s  a r e  
fo u n d  a t  t h e  r o s t r a l  m e s e n c e p h a l ic  f l e x u r e .  C e l l  
e x t e n s io n s  h av e  b eg u n  t o  fo rm  a  d e n s e  a r b o r i z a t i o n  
w i t h i n  t h e  s t r i a t u m .

The c e l l s  t h a t  fo rm  th e  p re s u m p tiv e  n i g r o s t r i a t a l  
p a th w ay  i n  p ig  t h e r e f o r e  becom e d i f f e r e n t i a t e d ,  
m ig r a te  and  b e g in  e x te n d in g  ax o n s  from  ED 22 – 2 4 . The 
t e r m i n a l  f i e l d s  a r e  f i r s t  d e t e c t e d  from  ED 24– 26 and  
h a v e  r e a c h e d  t h e i r  t a r g e t  b e f o r e  l a t e r a l  m ig r a t i o n  o f  
t h e i r  c e l l  b o d ie s  i s  c o m p le te d .
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334.1  TOPOGRAPHY OF MOTOR FUNCTIONS IN THE RAT’S STRIATUM: FORELIMB 
FIXATION, BITING AND LOCOMOTION. M. P is a . D epts. o f N eurosciences 
and P sy c h ia try , McMaster U n iv e rs ity , H am ilton, O n t., Canada L8N 3Z5.

The aim of th i s  s tudy  was to  examine th e  e f f e c t s  o f r e g io n a l 
n eu ro d eg e n e ra tiv e  le s io n s  o f th e  r o s t r a l  s tr ia tu m  on p o s tu r a l  f ix a 
t io n  o f th e  fo re l im b s , b i t in g  and locom otion . A fte r  t r a in in g  to  
run  fo r  food rew ard on an e le v a te d  wooden beam 5 cm w ide, male 
W istar r a t s  were a n e s th e tiz e d  w ith  E q u ith e s in  (3 .5  cc /kg  ip )  and 
ass ig n ed  to  groups (N=8 to  10) fo r  b i l a t e r a l  s te r e o ta x ic  in je c t io n s  
of e i t h e r  ib o te n ic  a c id  (7 .5  ug in  .5  u l  o f PBS v e h ic le  s o lu tio n )  
o r an equa l volume o f v e h ic le  s o lu t io n  in to  e i t h e r  of th e se  reg io n s  
o f th e  r o s t r a l  s tr ia tu m ; dorsom edial (DMS); d o r s o la t e r a l  (DLS); 
v e n t r o la t e r a l  (VLS); dorsom edial and ven tro m ed ia l (MS); d o rs o la 
t e r a l  and v e n t r o la t e r a l  (LS). Both p r e o p e ra tiv e ly  and on p o s to p e r
a t iv e  Days 2, 15 and 30, the  r a t s  were v ideo tap ed  du rin g  5-min 
s e s s io n s  o f m a n ip u la tio n  and e a t in g  o f r e l a t i v e ly  la rg e  (5 g) food 
p e l l e t s ,  and du rin g  t r i a l s  o f food re in fo rc e d  locom otion a c ro ss  the  
beam. In  th e  locom otor ta s k ,  th e  number of f o o t s l i p s  and f a l l s  and 
th e  tim e to  locom ote ac ro ss  th e  beam were reco rd e d . In  th e  manipu
la to r y  ta s k ,  feed in g  e f f i c ie n c y  (food in ta k e / fe e d in g  tim e ) , du ra 
t io n  of th e  food b i t e s ,  and number of s ta b le  and u n s ta b le  p o s tu ra l  
f ix a t io n s  o f th e  fo re lim b s  du rin g  p e l l e t  h o ld ing  and b i t in g  were 
reco rd e d . At th e  end o f t e s t i n g ,  th e  s i t e s  of ax o n -sp a rin g , soma
to d e n d r i t i c  le s io n s  were v e r i f i e d  h i s to l o g ic a l ly .  Enduring 
im pairm ents produced by th e  le s io n s  were as  fo llo w s : 1) In  the  
m a n ipu la to ry  ta s k ,  th e  LS le s io n s  produced th e  most severe  im p a ir
ments o f feed in g  e f f i c ie n c y ,  b i t in g  speed and fo re lim b  f ix a t io n ;  
th e  VLS le s io n s  produced q u a l i t a t i v e l y  s im i la r ,  b u t le s s  severe  
im pairm ents of a l l  th e se  b eh a v io rs ; th e  DLS le s io n s  r e l i a b ly  im
p a ire d  feed in g  e f f i c ie n c y  and fo re lim b  f ix a t io n ,  bu t n o t b i t in g  
speed; n e i th e r  th e  MS le s io n s  nor th e  DMS le s io n s  r e l i a b l y  a l te r e d  
any of th e  measured b e h a v io rs . 2) In  th e  locom otor ta s k ,  none of 
th e  le s io n  tre a tm e n ts  r e l i a b l y  in c re a se d  th e  fo o t s l i p s  o r the  
f a l l s  o f f  th e  beam, and on ly  th e  LS le s io n s  produced a ch ron ic  
in c re a s e  o f locom otion  tim e .

C o n s is te n t ly  w ith  p rev io u s  f in d in g s  (P is a , Soc. N eu rosci. 
A b s t r . ,  1985, 1 1 :6 8 5 ), th e  p re s e n t d a ta  in d ic a te  a to p o g ra p h ic a l ly  
o rg an ized  ro le  of th e  r a t ’ s r o s t r o l a t e r a l  s tr ia tu m  in  o ro f a c ia l  
and fo re lim b  m otor c o n t ro l ,  w ith  th e  d o r s o la t e r a l  reg io n  a p p a re n tly  
f a c i l i t a t i n g  p o s tu r a l  f ix a t io n  o f th e  fo re l im b s , and th e  v e n tro 
l a t e r a l  reg io n  f a c i l i t a t i n g  bo th  fo re lim b  f ix a t io n  and b i t in g  
speed . From th e  p re s e n t f in d in g s  i t  a p p e a rs , however, th a t  th e  
r o s t r o l a t e r a l  s tr ia tu m  does n o t p lay  an im p ortan t r o le  in  limb 
c o n tro l d u rin g  locom otion , and th a t  th e  ro s tro m e d ia l s t r ia tu m  does 
n o t im p o rta n tly  in f lu e n c e  any p h y s ic a l pa ram ete rs  o f movement 
(su ppo rted  by th e  MRC o f Canada. M.P. i s  an OMHF S c h o la r) .

334 .2  CORTICAL-STRIATAL RELATIONSHIPS: SENSORIMOTOR AND VISUAL 
FUNCTIONS IN THE RAT. D.B.Neill* and  K.E.Sabol* (SPON: K, 
Wallen). D ep t. of Psychology, Emory U niversity , A tla n ta , GA 
3 0 3 2 2 .

S u b reg ions  w ithin s t r ia tu m  rec e iv e  an a to m ica l p ro je c t io n s  
from  c o r te x  in a to p o g ra p h ic a l m anner. Divac (J .o f Comp.and 
P hysio l.P sych .,6 3 :1 8 4 – 190 ,1967 ) s u g g e s te d  t h a t  fu n c t io n s  of 
s t r i a t a l  s u b re g io n s  a r e  r e l a te d  t o  th e  fu n c t io n s  o f c o r t ic a l  
re g io n s  b a s e d  on th e  p a t t e r n  of c o r t ic a l  in n e rv a tio n . The 
p u rp o s e  o f t h e s e  ex p e rim en ts  w as t o  s tu d y  th is  h y p o th e s is  in 
r e g a rd  t o  2 fu n c tio n a l s y s te m s : s e n s o r im o to r  and v isual 
s y s te m s . B ased  on an a to m ica l ev idence ava ilab le , th e  c o r t ic a l  
p ro je c t io n  th e o ry  p r e d ic ts  a fu n c tio n a l re la tio n sh ip  b e tw e en  
s e n s o r im o to r  c o r te x  and la te r a l  s t r ia tu m ; and b e tw e en  v isual 
c o r te x  and p o s te r io r  s tr ia tu m .

E x p t . l :  42 r a t s  w ere given b ila te ra l  a s p ira t io n  le sio n s  of 
s e n s o r im o to r  c o r te x  (SMC), o cc ip ita l c o r te x  (OC) o r w ere 
sham  o p e r a t e d  (Sh). One week a f t e r  su rg e ry  th e  r a t s  w ere 
t e s t e d  on a forelim b t a s k .  They w ere re q u ire d  t o  r e a c h  in to  
n a rro w  s lo t s  fo r  small 45 mg food  p e l le ts . A f te r  3 w eeks 
th e y  re a c h e d  fo r  la rg e r , 190 mg p e l le ts . SMC lesioned  r a t s  
w ere sev e re ly  im paired on b o th  small and la rg e  p e lle t t e s t in g ,  
while th e  OC and  Sh r a t s  w ere unim paired.

E xp t.2 : 68 r a t s  rec e iv e d  b i la te ra l  chem ical le sions  of 
s t r ia tu m . The n e u ro to x in  quinolinic acid  (6 .25  ug) o r  vehicle 
(PBS,pH=7.0) w as in je c te d  in to  one of 4 s i te s :  medial a n t e r io r  
(MAS) A 8 .6 , L 2 .0 , H 2 .0  ( r e fe re n c e  t o  th e  in te r a u ra l  line 
and n o se  b a r  s e t  a t  5 .0); la te r a l  a n t e r io r  (LAS) A 8.S , L 
3 .5 , H 0.5; la te r a l  c e n t r a l  (LCS) A 7.2, L 4.0 , H 0.5; 
p o s te r io r  (PS) A 5 .8 , L 4 .5 , H 0.5. The MAS and LCS r a t s  
w ere unim paired on th e  r e a c h  ta s k .  PS r a t s  w ere im paired on 
small p e lle t te s t in g  and th e  LAS group  w as im paired only on 
th e  la rg e  p e lle t t e s t .

E xp t.3 : The c o r t ic a l ly  lesioned  anim als d e sc r ib e d  ab o v e  
w ere t e s t e d  on th e  ac q u is itio n  of 2 v isual t a s k s :  
h o r iz o n ta l -v e r t ic a l  (H-V) and b r ig h tn e s s  d isc rim in a tio n s . The 
r a t s  w ere given 50 t r i a l s /d a y  in a co m u p te r c o n tro lle d  
a p p a r a tu s  w ith food  rew ard . SMC lesioned  r a t s  did n o t  d iffe r  
f ro n  c o n t r o ls  in e i th e r  d iscrim ina tion . Eleven of 12 OC anim als 
failed  t o  a c q u ire  th e  H-V t a s k  a f t e r  250 0  t r i a ls .  This g roup  
w as a lso  im paired on b r ig h tn e s s .

E xp t.4 : The s t r i a t a l  le sioned  anim als w ere t e s t e d  in th e  
tw o  v isual t a s k s .  Only th e  PS g roup  w as im paired on th e  H-V 
d iscrim in a tio n . None o f th e  s t r i a t a l  g ro u p s  show ed a d e f ic it  
on th e  b r ig h tn e s s  d iscrim ina tion .

O verall, th e s e  r e s u l t s  s u p p o r t  th e  c o r t ic a l  p ro je c t io n  
th e o ry  o f s t r i a t a l  fu n c tio n . H owever, o th e r  in t e r p r e t a t i o n s  
of th e  d a t a  a r e  d isc u sse d .

33 4 .3  SOME EFFECTS OF CAUDATE NUCLEUS LESIONS IN RATS DURING A FIXED-RATIO TASK ON 
RESPONSE INITIATION AND FORCE EMISSION. J.V. Harrell and W.T. Haues*. Dept. 
ofPsychology, Hampden-Sydney Col., Hampden-Sydney, YA 2 3 9 4 3 .

We have examined the effects of caudate nucleus lesions in  ra ts  on ab ility  to perform  
ballistic  movements required in an FR–5 operant task. The task required the ra ts  to pre33 
w ith its  forepaw upon an isom etric , force transducer w ith a force above 20  g‘ in  order to 
advance the fixed -ra tio  counter. Five ra ts received bilateral caudate nucleus (CN) 
lesions, 2 ra ts  received b ilateral parietal cortex (PC) lesions, and th ree  ra ts  were 
unoperated. The PC and unoperated ra ts  served as controls.

Subjects were trained to reach through a small opening in  Skinner box 8nd press upon a 
disc attached to the transducer in o rder to receive w ater re in forcers. This a rrange-m ent 
assured 8 uniform topography and eliminated extraneous form s of responding. Response 
param eters studied were peak force of responding, response duration, and response effort. 
In addition, s t r ip  chart recordings of selected sessions were made. All programming 
contingencies, data collection, and data storage were accomplished by com puter in  
conjunction w ith standard reed relay  and solid state buffer dev ices ..

After shaping and stabilization on the operant task , a baseline of 20  days data wa\s 
collected. The following day, under pentobarbital anesthesia, lesions w ere perform ed using 
a monopolar electrode, insulated to w ithin 0 .5  mm of the tip . Lesioning param eters were 2 
ma of cu rre n t for 20  sec for both CN and PC anim als. The dsy after su rgery  anim als testing 
resumed under preoperative conditions and ran continuously for 24days. Thereafter they 
w ere tested twice more at th ree  week in tervals for th ree  consecutive days. Thus the final 
postoperative session occurred 61 days following surgery . All lesioned anim als were then 
perfused and histologies performed to verify  lesion placement.

P rim ary  lesion effects in  the CN anim als w ere 1 )  d isruption of ability  to in itia te  
responses and g) loss of ab ility  to make sustained bu rsts  of responses, p rim a rily  w ithin 
the f i r s t  10 postoperative sessions. W ith the exception of one subject which never 
responded postoperative!y, all CN subjects w ere responding independently (w ithout 
prom pting) by the eighth postoperative session and by the second postoperative week were 
able to make sustained bursts  of responses. Control subjects showed no response 
dysfunction at any point postoperative!y.

W hile all CN subjects received substantial damage to the caudate nucleus sub jects with 
the greatest ta sk - related deficits also received damage to the globus pallidus (G P ). The one 
non-responding CN received, in particu la r, received substantial bilateral GP damage. The 
last CN subject to recover independent, postoperative responding also received significant 
GP damage, although lim ited more to one hem isphere. In general, observed deficits 
appeared to be corre la ted  to lesion placement. O verall, lesion size was consistent across 
subjects.

These data a re  in marked contrast to those from  a previous study using a sim ila r 
apparatus but requiring  sustained, precision force output for reinforcem ent. The previous 
date suggested that damage to fa irly  disparate regions of the caudate nucleus significantly 
and perm anently disrupted ab ility  to perform  sustained responses. Results from  these 
studies support views of the basal ganglia in  ra ts  as serving ram p-generating  functions and 
governing sustained more than ballistic  type responses.

334.4 CHARACTERIZATION OF A DIETARY HALOPERIDOL REGIMEN TO INDUCE 
CHANGES IN DOPAMINE AND GABA RECEPTOR BINDING WITHIN RAT BASAL 
GANGLIA, J.M . F rey , W.W. Morgan, M.K. T icku and R.D. Huffman, 
D ept. o f  Pharmacology and C e l lu la r  and S tr u c tu r a l  B io logy, 
U n iv e rs ity  o f Texas H ealth  S cience  C en te r, San A ntonio , TX 78284.

S ev e ra l b iochem ical and b e h a v io ra l m easures were employed to  
a s s e s s  th e  e f f e c t s  o f ch ro n ic  h a lo p e r id o l [HAL] a d m in is tra tio n  on 
th e  dopamine [DA] and GABA system s w ith in  th e  r a t  b a s a l g an g lia  
[BG]. For th e se  expe rim en ts, HAL was ad m in is te red  in  th e  d ie t  
f o r  30 days in  th re e  in c re a s in g  c o n c e n tra t io n s  [7–15 mg/kg/day] 
(Huffman and T icku , Pharmacol Biochem Behav, 19 :199 ,1983). S ince 
o th e r  s tu d ie s  o f  th e  e f f e c t s  o f ch ro n ic  HAL on GABAergic b ind ing  
w ith in  th e  BG have been conducted w ith  r a t s  th a t  had rec e iv e d  HAL 
by p a r e n te r a l  modes o f a d m in is tr a tio n  (F erkany e t  a l . ,  J  Neur- 
ochem, 34 :247,1980; G a le ,K ., N a tu re , 283 :569 ,1980), we a lso  
d ec ided  to  compare th e  r e s u l t s  o f  our feed in g  model [CHAL] w ith  
th o se  o b ta in ed  from one o f th e  p a r e n te r a l  models [0 .7  mg/kg, once 
d a i ly ,  SC;SCHAL] . As in d ic e s  o f th e  " s e n s i t i v i ty "  o f th e  DA 
system  w ith in  th e  BG, s t r i a t a l  3 H -sp iro p e rid o l b in d in g , apomor- 
ph ine  [APO]-induced s te re o ty p e d  b ehav io r [SB] and spontaneous 
locom otor a c t i v i t y  [SLA] were m easured. In  a d d i t io n ,  DA b ind ing  
was examined w ith in  th e  g lobus p a l l id u s  [GP] and th e  s u b s ta n t ia  
n ig r a ,  p a rs  r e t i c u l a t a  [SNR], and GABA b ind ing  was measured w ith 
in  th e  GP, SNR and th e  peduncu lopon tine  n u c leu s  [PPN], S catchard  
a n a ly s is  o f 3 H -sp iro p e rid o l b ind ing  iso therm s rev e a le d  s i g n i f i 
c a n t in c re a s e s  [39–60%] in  th e  Bmax o f  h ig h  a f f i n i t y  b ind ing  
s i t e s  [KD≈55pM] w ith in  th e  s tr ia tu m  o f bo th  SCHAL- and CHAL- 
t r e a te d  r a t s  fo llo w in g  c e s s a t io n  o f HAL tre a tm e n ts  [C o n tro l: 319 
+ 12(SE),N=4; CHAL:509 + 26,N=4; SCHAL:444 + 34fmol/mg p ro t,N =3 ] . 
A n o n s ig n if ic a n t  tr e n d  tow ard a  h ig h e r  Bmax was observed w ith in  
th e  s tr ia tu m  o f CHAL-treated r a t s .  W ithin th e  SCHAL-treated 
group , a  second , low er a f f i n i t y  s i t e  was re so lv e d  w hich was n o t 
d e te c te d  w ith in  th e  s t r i a t a l  homogenates o f CHAL-treated o r con
t r o l  an im als [KD=336 + 74pM; Bmax=786 + 139fmol/mg p r o t ] .  At 48 
h r s  p o s ttre a tm e n t:  a )  SLA and APO-induced SB were in c re a se d  in  
bo th  groups o f H A L -treated r a t s  [p < .0 5 ]; APO-induced SB was s ig 
n i f i c a n t ly  g r e a te r  in  CHAL- vs SCHAL-treated r a t s  a t  8 days a f t e r  
c e s s a t io n  o f th e  ch ro n ic  HAL tre a tm e n ts ;  b) S p e c i f ic  3H -sp iro - 
p e r id o l  [O.lnM] b ind ing  was in c re a se d  by more th an  200% w ith in  
th e  GP o f CHAL-treated r a t s  vs c o n tro l  an im als [p<0.001,N =3 ] ; c ) 
GABAA re c e p to r  [3H-muscimol] b ind ing  was enhanced 30–50% w ith in  
th e  GP and th e  SNR o f CHAL-treated r a t s  [p<.05,N =3 ] , w hereas 
p re l im in a ry  b ind ing  experim en ts in d ic a te d  th a t  GABAB [3H -baclo- 
fen ] b in d in g  was g r e a t ly  reduced w ith in  th e se  reg io n s  as  w e ll as 
w ith in  th e  s tr ia tu m  [≈80%,N=1 ]; d) W ithin th e  PPN o f CHAL- 
t r e a te d  r a t s ,  a  second, low er a f f i n i t y  3H–GABA b ind ing  s i t e  was 
d e te c te d  w hich was n o t p re s e n t in  c o n tro l an im als [KD–226 + 56nM; 
Bmax=353 + 46 fmol/mg p r o t ,  N=4 ] .
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334.5 INTRASTRIATAL ESTRADIOL ENHANCES HALOPERIDOL-INDUCED CATALEPSY. 
C. Van Hartesveldt, A. Kalehua* and B. Boeve*. Psychology 
Department, University of Florida, Gainesville, FL 32611.

Previous research has shown that exogenously administered 
estradiol enhances haloperidol-induced catalepsy. Since halo- 
peridol induces catalepsy by blocking striatal dopamine receptors, 
it is possible that estradiol also acts on the striatum to enhance 
catalepsy. However, 1) there are no classical estrogen receptors 
in the striatum, and 2) peripherally administered estrogens might 
change the rate of metabolism of haloperidol. The present study 
was conducted to determine whether estradiol acts directly on 
the striatum to enhance haloperidol-induced catalepsy.

Male Long-Evans hooded rats were anesthetized and bilaterally 
implanted with permanent 21 GA stainless steel guide cannulae 
positioned 1 mm above target sites in the anterior dorsal striatum, 
ventral striatum, or cerebral cortex. After a 1 week recovery 
period, 27 GA cannulae filled with either 17α-estradiol or 17β- 
estradiol were inserted through the guide cannulae. Half of the 
animals received 17α-estradiol and the other half, 17 β- 
estradiol. Forty-five minutes after the hormone treatment the 
rats were given 0.0625 mg/kg haloperidol S.C. in the flank. 
After 15 min rats were tested for bar clinging every 15 min for 
the next 2 hr. After 1 week, rats received the alternate form 
of estradiol and were tested in the same way. Separate groups 
of rats received the same hormone treatments but were administered 
the vehicle solution.

Inplants of 17 0-estradiol in the dorsal striatum significantly 
enhanced haloperidol-induced bar clinging in catparison with 
intrastriatal implants of 17α-estradiol. Inplants in the ventral 
striatum and cerebral cortex were without effect. Neither 
hormone affected bar clinging in any group of rats administered 
the vehicle solution.

Unilateral intrastriatal implants of 170β-estradiol were 
previously shown to induce ipsilateral postural deviation (Joyce 
and Van Hartesveldt, Pharmacol. Biochem. Behav., 20:575–581,
1984). The present results lend further weight to the idea 
that estradiol acts directly on the striatum to affect dopamine- 
mediated behaviors.

334.6 CORRESPONDING REGIONAL INFLUENCES OF THE WEAVER MUTATION ON 
STRIATAL DOPAMINERGIC INNERVATION AND RECEPTOR DISTRIBUTION.
J.M . Pu l l a r a * . D.W. Sapp*. J .N . J o y c e , and J .F .  M arsh a ll. 
D ept. o f  Psychob io logy , U niv. o f C a l if o rn ia ,  I r v in e ,  CA 92717.

In  a d d i tio n  to  t h e i r  c e re b e l la r  d e f e c ts ,  mice homozygous fo r  
th e  autosom al re c e ss iv e  gene weaver (wv) e x h ib i t  a re g io n -  
s p e c i f ic  d e p le tio n  o f  fo re b ra in  dopamine (DA). This has been 
dem onstrated  b io c h em ica lly  and v is u a l iz e d  an a to m ica lly  w ith 
ca techo lam ine  h is to f lu o re s c e n c e .  DA is  reduced approx im ately  70% 
in  th e  d o rs a l s tr ia tu m  o f  homozygotes (wv/wv) r e l a t i v e  to  
heterozygous (+/wv) c o n tro ls  w hile  DA c o n ten t in  v e n t r a l  s tr ia tu m  
(nuc leus  accumbens and v e n tra l  caudate-putam en) i s  unchanged 
(Schmidt e t  a l ,  J .  N eu ro sc i. 2 , 376–380, 1982; R o ff le r -T a r lo v  and 
G rayb ie l N ature 307, 62–66 ,1984 ).

The goal o f th e  p re s e n t s tudy  was to  determ ine i f  th e  lo s s  o f 
fo re b ra in  DA in  wv/wv mice can be accounted fo r  by abno rm alties  
in  m idbra in  D A -containing c e l l  bo d ie s  and w hether t h i s  lo s s  is  
accompanied by changes in  s t r i a t a l  D. r e c e p to r s .  We examined 
ca techo lam ine h is to f lu o re s c e n c e  in  th e  v e n tra l  m idbrain  o f wv/wv 
mice and +/wv l i t t e r m a t e s .  Compared to  +/wv c o n t ro ls ,  wv/wv mice 
had f a r  few er f lo u re s c e n t c e l l  bo d ie s  in  th e  s u b s ta n t ia  n ig ra  
(SN) and a le s s  pronounced, more d if fu s e  re d u c tio n  o f v e n tra l  
tegm ental a rea  (VTA) f lu o re s c e n t som ata. We us ed q u a n t i ta t iv e  
au to rad io g rap h y  to  determ ine th e  d e n s ity  o f  [3 H ]sp iro p e rid o l 
b in d in g  s i t e s  in  th e  s tr ia tu m  o f wv/wv mic e and +/wv l i t t e r m a t e s .  
B ra in  s e c t io n s  were incubated  in  0 .7  nM [ 3H ]sp iro p e rid o l (89 
Ci/mmol) in  th e  p resence  o f  40 nM k e ta n s e r in  w ith  o r w ithou t 1 µM 
(+ )-b u ta c la m o l. A fterw ard , t i s s u e  s e c t io n s  were d r ie d  com plete ly , 
f ix e d  u s ing  paraform aldehyde v ap o rs , and th e  w h ite  m a tte r  removed 
by ch lo ro fo rm  e x t r a c t io n  (Sapp e t  a l ,  t h i s  m e e tin g ). T issue  
s e c t io n s  and s tan d a rd s  were apposed to  t r i t iu m  s e n s i t iv e  f ilm  fo r  
17 days . A uto rad iographs were d ig i t i z e d ,  l i n e a r i z e d ,  and the  
d e n s ity  o f  s p e c i f ic  [ H ]sp iro p e rid o l b in d in g  in  reg io n s  o f 
s tr ia tu m  determ ined  by com puterized  image a n a ly s is .  Compared to  
+/wv l i t t e r m a t e s ,  wv/wv mice e x h ib ite d  h ig h e r  D2 b ind ing  in  th e  
s tr ia tu m . The most pronounced and c o n s is te n t  in c re a se  in  D2 
b in d in g  was found in  dorsom edial caudate-putam en.

These r e s u l t s  suggest th a t  th e  re g io n a l e f f e c t s  o f th e  weaver 
m u ta tio n  on s t r i a t a l  DA co n ten t r e s u l t  from a d i f f e r e n t i a l  lo s s  
o f  DA neurons in  SN and VTA. The correspondence between th e  
re g io n a l lo s s  o f  s t r i a t a l  DA and th e  re g io n a l in c re a s e s  in  
[3H ]sp iro p e rid o l b in d in g  shown in  th e  p re s e n t s tudy  suggest th a t  
a re g io n a l re d u c t io n  in  DA r e s u l t s  in  a lo c a l iz e d  in c re a se  in  D2 
re c e p to r  d e n s ity  a n d /o r a f f i n i t y .  Thus, th e  weaver mouse appears 
to  p ro v id e  a model fo r  stu d y in g  re g io n a l re c e p to r  re g u la t io n  
under co n d itio n s  o f  n a tu r a l l y  occu ring  n e u ro tra n s m it te r  
d e f ic ie n c y . S tu d ie s  now underway w il l  examine th e  d i s t r i b u t io n  of 
D1 re c e p to rs  and DA up take s i t e s  in  th e  s tr ia tu m  o f  t h e s e  m ic e .

334.7 HEREDITARY EFFECTS ON MESOTELENCEPHALIC TYROSINE HYDROXYLASE 
ACTIVITY AND COMPONENTS OF OPEN-FIELD BEHAVIOR. C. Vadasz*, G. 
Kobor*, I .  Sziraki*, A. Lajtha (SPON: D. Ford). Neurochemistry 
Division, Nathan 5. kl i ne in s t i tu te ,  Orangeburg, N.Y. 10962.

Phenotypic consequences of genotypic differences can be 
expressed in different functions and forms of behavior, and in the 
central nervous system. Usually, when the genotypes differ  at 
several genetic loci, 1t becomes very d i f f icu l t  to disentangle the 
pleiotropic effects of the individual genes. As part of our work to 
construct animal model lines that differ  at  only one or a few loci 
affecting central dopamine systems, male mice of (C57BL/6ByJXBALB/ 
cJ)F2 (Type"C"), and (C57BL/6ByJXCXBI/ByJ)F2 (Type "I") segregating 
generations were rank ordered according to their  mesencephalic TH 
activity  and animals with extreme high or low values were back- 
crossed to C57BL/6ByJ females. Resemblances between the male off
spring and their  F2 fathers were investigated for neurochemical and 
behavioral t r a i t s ,  including mesencephalic and s t r ia ta l  TH activity  
(TH/SN and TH/CS respectively),  distance covered in an open-field 
t e s t ,  time spent not moving, speed of locomotion, agoraphilia, 
frequency of exploratory rearing on the hind legs, touching the 
wall with forepaws, repetitive facial grooming bouts, and overhead 
stroke grooming patterns.  Genetic correlation matrices, based on 
offspring-parent cross-covariances of non-transformed data of Type 
"C" and Type "I" populations were further analyzed by multivariate 
methods.

Factor analysis yielded different loading patterns for Type 
"C" and Type "I" correlation matrices, reflecting differences in 
the genetic architecture of the two populations. In Type "C" high 
factor loadings (>0.5) were found for speed of movement and TH/SN 
on Factor 1, for rearing and agorophilia on Factor 2, for 
defecation on Factor 3, and for overhead stroke and TH/CS on Factor 
4. In Type "I" high factor loadings (>0.5) were found for speed, 
distance covered, rearing, and agoraphilia on Factor 1, for TH/SN 
on Factor 2, for repetitive facial grooming, defecation and rearing 
on Factor 3, and for overhead stroke and TH/CS on Factor 4. Since 
factors formed from genetic correlation presumably represent groups 
of characters affected by the same gene(s), results of genetic 
factor analysis may allow insight into the architecture of 
brain-behavior relationships.

334.8 MOTOR EFFECTS OF RIMORPHIN IN THE RAT SUBSTANTIA NIGRA. 
A.M.Lohof*, R.R.M atsumoto, R .L .P a tr ic k , and J.M .W alker. 
D epartm ent o f Psychology and S ec tio n  o f N eurobio logy, Brown 
U n iv e rs ity , P rov idence , RI 02912.

I n te r a c t io n s  between th e  s tr ia tu m  and th e  s u b s ta n t ia  n ig ra  
have been shown to  be im p ortan t in  th e  p ro d u c tio n  o f movement. A 
s t r i a t o n i g r a l  t r a c t  which re le a s e s  p ro d u c ts  o f th e  o p ia te  
p re c u rs o r  p rodynorphin  in to  th e  s u b s ta n t ia  n ig ra  p a rs  r e t i c u l a t a  
has been id e n t i f i e d .  O ther in v e s t ig a t io n s  su ggested  th a t  n e u ra l 
a c t i v i t y  in  th e  p a rs  r e t i c u l a t a  a f f e c t s  th e  dopam inergic 
n i g r o s t r i a t a l  p ro je c t io n .  The p rodynorphin  d e riv ed  o p io id  
p e p tid e s  could  th e r e fo r e  have a fu n c t io n  in  motor beh av io r.

U n i la te r a l  a d m in is tr a tio n  o f rim orph in  in  th e  s u b s ta n t ia  n ig ra  
p a rs  r e t i c u l a t a  o f th e  r a t  (d o ses : 2 .6 7 , 5 .3 3 , and 10.65 nmol) 
r e s u l te d  in  s ig n i f i c a n t  c o n t r a la t e r a l  r o ta t io n ,  in d ic a t in g  motor 
a c t iv a t io n  on th e  s id e  o f  in j e c t io n .  The e f f e c t  was an tagon ized  
by sy stem ic  a d m in is tr a tio n  o f na loxone, in d ic a t in g  th a t  rim orph in  
a c t io n s  a re  m ediated  by o p ia te  r e c e p to r s .

The h y p o th e sis  th a t  th e  dopam inergic s t r i a t o n i g r a l  t r a c t  
m ed ia tes  th e  motor e f f e c t s  was t e s t e d  in  two ways. The 
c o n c e n tra t io n s  o f dopamine and th e  dopamine m e ta b o lite  3 ,4 -  
d ih y d ro x y p h e n y lace tic  a c id  (DOPAC) were measured in  th e  l e f t  and 
r ig h t  s t r i a t a  20 m inutes a f t e r  th e  u n i l a t e r a l  i n t r a n ig r a l  
in fu s io n  o f rim o rp h in . Catecholam ine le v e ls  were q u a n t if ie d  
u s in g  h igh  p re s s u re  l iq u id  chrom atography and e le c tro c h e m ic a l 
d e te c t io n .  In  eve ry  anim al t e s t e d ,  c o n c e n tra t io n s  o f bo th  
dopamine and DOPAC were h ig h e r  in  th e  s tr ia tu m  i p s i l a t e r a l  to  th e  
s id e  o f i n j e c t io n .  A d d itio n a lly , th e  p e rce n tag e  e le v a t io n  in  
DOPAC c o n c e n tra t io n  in  th e  in je c te d  hem isphere was s ig n i f i c a n t ly  
c o r r e la te d  w ith  th e  numbers o f  c o n t r a la t e r a l  r o ta t io n s  t h a t  th e  
an im als perform ed.

The involvem ent o f  dopamine was a ls o  suggested  by experim en ts 
in  which s e le c t i v e  le s io n s  to  th e  p a rs  com pacta dopamine neurons 
were made u s in g  6-hydroxydopam ine (6OHDA). The motor e f f e c t s  
norm ally  produced by rim orph in  were s ig n i f i c a n t ly  reduced in  r a t s  
t r e a te d  w ith  6OHDA. These r e s u l t s  su g g es t t h a t  rim o rp h in , 
r e le a s e d  from th e  s t r i a t o n i g r a l  t r a c t ,  e x e r t s  i t s  motor e f f e c t s  
v ia  th e  p a rs  compacta dopamine neurons.



1226 MOTOR SYSTEMS AND SENSORIMOTOR INTEGRATION: BASAL GANGLIA IV THURSDAY AM

334.9 ROTATIONAL BEHAVIOR FOLLOWING INTRANIGRAL MICROINJECTION OF 
SPECIFIC MU, KAPPA, AND DELTA OPIATE AGONISTS. R.R.M atsumoto, 
K .H .B r in sf ie ld * , D .L .C herlin*  and J .M .W alker. D epartm ent o f 
P sychology, Brown U n iv e rs ity , P rov idence , RI 02912.

O p ia tes  induce c o n t r a la t e r a l  c i r c l i n g  when u n i l a t e r a l l y  
in je c te d  in to  th e  s u b s ta n t ia  n ig ra  p a rs  r e t i c u l a t a  (SNR). 
C irc lin g  produced by drugs such as m orphine, dynorph in , and Met– 
enkep h a lin  may r e s u l t  from in t e r a c t io n s  w ith  v a r io u s  o p ia te  
r e c e p to r  ty p e s . T his p o s s i b i l i t y  i s  suppo rted  by re c e p to r  
a u to ra d io g ra p h ic  s tu d ie s  w hich show p o p u la tio n s  o f mu, d e l t a ,  and 
kappa o p ia te  r e c e p to r s  in  th e  s u b s ta n t ia  n ig ra .  However, p a s t  
s tu d ie s  have been unab le  to  e lu c id a te  th e  e x te n t o f involvem ent 
o f each  o p ia te  r e c e p to r  ty p e  in  c i r c l i n g  behav io r s in c e  h ig h ly  
s e le c t i v e  lig a n d s  have been developed on ly  r e c e n tly .  The purpose 
o f t h i s  s tu d y , th e r e f o r e ,  was to  use th e s e  h ig h ly  s e le c t i v e  
lig a n d s  to  a s s e s s  th e  involvem ent of th e  mu, d e l t a ,  and kappa 
o p ia te  r e c e p to r  ty p e s  in  e l i c i t i n g  r o ta t i o n a l  behav io r in  th e  
r a t .

The fo llo w in g  lig a n d s  were chosen fo r  t h e i r  200‒fo ld  o r 
g r e a te r  a f f i n i t i e s  f o r  s e le c t  o p ia te  r e c e p to r  ty p e s : D–P en 2 ,5 ]– 
enkep h a lin  (DPEN, d e l ta  l ig a n d ) ,  [D–Ala2,M ePhe4,Gly–o l5 ] – 
enk ep h a lin  (DAGO, mu l ig a n d ) ,  and U‒50,488H (kappa l ig a n d ) .  Three 
equim olar doses o f each  d rug , a d ju s te d  fo r  p e p tid e  c o n te n t, were 
in fu se d  in to  th e  SNR th rough  a 31‒gauge m ic ro in je c tio n  n ee d le  in  
a 0 .5  u l  s a l i n e  v e h ic le .  A ro to m ete r was used  to  count th e  t o t a l  
number o f c o n t r a la t e r a l  and i p s i l a t e r a l  r o ta t io n s  and th e se  
numbers were reco rd ed  every  m inute f o r  30 m in u tes . T he 
r e s u l t s  show th a t  a l l  th r e e  lig a n d s  a re  capab le  o f producing  
s ig n i f i c a n t  c o n t r a l a t e r a l  r o ta t io n s  in  a dose–dependent manner. 
P re lim in a ry  in d ic a t io n s  su g g es t th a t  th e se  e f f e c t s  a re  naloxone 
r e v e r s ib l e .  The peak e f f e c t  o f each drug occu rs du rin g  d i f f e r e n t  
in t e r v a l s  fo llo w in g  a d m in is tr a tio n . At th e  5 nmol dose , th e  
e f f e c t s  o f U‒50,488H peak a f t e r  5 m inu tes ; th e  e f f e c t s  o f DAGO 
le v e l  o f f  a f t e r  20 m inu tes ; and th e  e f f e c t s  o f DPEN a re  s t i l l  
in c re a s in g  a f t e r  30 m inu tes .

The a b i l i t y  o f a l l  th r e e  re c e p to r  s p e c i f i c  lig a n d s  to  induce 
r o t a t io n a l  b ehav io r su g g es ts  th a t  a l l  th r e e  o p ia te  r e c e p to r  
ty p e s  a re  invo lved  in  e l i c i t i n g  c i r c l i n g  in  r a t s .  A m ajor in p u t 
o f o p ia te s  to  th e  s u b s ta n t ia  n ig ra  has been a t t r ib u t e d  to  th e  
d y n o rp h in e rg ic  pathway from th e  ca u d a te . The p o te n t e f f e c t s  of 
DPEN on r o t a t io n a l  b ehav io r in  t h i s  s tu d y , how ever, su g g es ts  a 
s ig n i f i c a n t  e n k e p h a lin e rg ic  im pact v ia  i t s  in p u t to  th e  p a rs  
com pacta (SNC). The o r ig in  o f th e  SNC e n k e p h a lin e rg ic  c e l l s  a re  
as  y e t unknown, b u t w arran t f u r th e r  in v e s t ig a t io n .  A lso , 
in t e r a c t io n s  o f o p ia te  r e c e p to rs  w ith  dopam inergic and GABAergic 
system s have y e t to  be in v e s t ig a te d .

334.10 INTRANIGRAL INFUSIONS OF GABA ANTAGONISTS ELICIT VACUOUS CHEWING 
BEHAVIOR. Susan E. Bachus, Karen Gal e & Lars M. Gunne*. Dept. 
Pharmacol., Georgetown Univ. Sch. Med. & D ent., Wash. D.C., 20007; 
and *Uppsala Psych iatric  Res. C tr . ,  Sweden.

Chronic neuroleptic treatm ent has been found to  cause a s ig n if 
icant depletion  of n igral GABA in those animals exh ib iting  p e rs is 
ten t dyskinetic symptoms (Gunne & Häg g strӧm, Psychopharm. 81:191, 
1983; Gunne e t a l . ,  Nature 309:347, 1984). We were therefore  
in te re s ted  in examining the  a b i l i ty  of acute in te rference  with 
nigral GABA transm ission to  induce dysk inetic  behaviors.

B ila te ra l in tran ig ra l infusion of the GABA receptor antagonist 
b icucu lline  methiodide (BIC) (98 pmoles/.5µl/4  min, given sim ulta
neously on each side) through ch ron ica lly  implanted cannul ae pro
duced an increased ra te  of vacuous chewing movements (VCM) in 
r a ts .  The chewing ra te  increased from a p re in jec tio n  level of 3.7 
VCM/min to  a maximum of 18.0 VCM/min at 5 min a fte r the end of 
in fusion . By 15 min a f te r  infusion , the VCM incidence was nearly 
back to  pre-drug base line  le v e l. In ad d itio n , iso n ico tin ic  acid 
hydrazide (INH), an in h ib ito r  of GABA sy n th es is , was infused 
b i la te r a l l y into the su b stan tia  nigra in a concentration (.51 
µm o le s /.5 µ l/4 min) th a t causes depletion  of nigral GABA by at 
le a s t 50%. INH also induced VCM which reached a maximum of 23.6/ 
min at 20‒30 min a f te r  in fusion . During the peak e ffec t the 
vacuous chewing behavior was occasionally  replaced by o b jec t– 
d irec ted  b itin g , such as th a t reported by Arnt & Scheel–Krü ger to 
be evoked by BIC (Eur. J . Pharmacol. 62:51, 1980).

A fter in tran ig ra l in je c tio n , INH depletes GABA a fte r  a 20 min 
latency (Iadaro la  & Gale, Brain Res. 183:217, 1980); our 
behavioral observations were consisten t with th is  time course. The 
fac t th a t the onset of action of the d ire c t receptor antagonist 
BIC was very rapid (w ithin min) whereas the e ffe c t of the GABA 
depleting  agent INH occurred only a f te r  a s ig n if ic a n t latency, 
strong ly  im plicates reduction of n igral GABA transm ission as the 
mechanism responsib le fo r inducing VCM.

We have previously im plicated the GABAergic nigrotegmental 
p ro jec tion  in mediation of dyskinetic behaviors (Childs & Gale, 
Life S c i. 33:1007, 1983). We also examined whether the VCM 
e lic i te d  by in tran ig ra l INH could be modified by in terven tion  at 
the nigrotegmental ta rg e t region. Muscimol infusions into th is  
region completely blocked VCM evoked by in tran ig ra l INH. Control 
tegmental sa line  infusions did not diminish peak INH–evoked VCM.

The observations reported  here may link  a reduced nigral 
GABAergic tone to  an increase in involuntary oral a c t iv ity ,  in 
support of the GABA hypothesis fo r ta rd iv e  dyskinesia (Gunne et 
a l . ,  Nature 309:347, 1984).

Supported by HHS grants MH32359 & NS07453, Swedish MRC grant #4546

334.11 CONTRALATERAL ROTATION TO AMPHETAMINE FOLLOWING U N ILATERAL 
LESIONS OF OLFACTORY TUBERCLE DOPAMINE. J . DeVeaugh–G e iss* ,M .R . 
Lynch and  R .J .C a r e y , D e p t. P s y c h ia t ry ,S .U .N .Y .  H e a l th  S c i .C t r .  and 
V. A. Med. C t r . ,  S y ra c u s e ,  NY 13210

We h ave  p r e v i o u s ly  r e p o r t e d  t h a t  r a t s  w i th  s e v e r e  b i l a t e r a l  
(> 40%  l o s s )  d e p le t i o n  o f  DA i n  th e  o l f a c t o r y  t u b e r c l e  r e g io n  a r e  
h y p e r s e n s i t i v e  t o  th e  lo c o m o to r  s t i m u l a to r y  e f f e c t s  o f  d –am p h e ta– 
m in e . T h u s, w h e re a s  DA d e p le t i o n  o f  th e  n u c le u s  accum bens 
a b o l i s h e s  am phetam ine– in d u ce d  b e h a v io r a l  s t i m u l a t i o n  ( i n d i c a t i n g  
t h e  im p o r ta n c e  o f  t h i s  l im b ic  s t r u c t u r e  i n  f a c i l i t a t i n g  b e h a v io r a l  
o u t p u t ) , o t h e r  t e r m in a l  p r o j e c t i o n  a r e a s  o f  th e  m eso lim b ic  DA s y s 
tem  may s e rv e  an  a n t a g o n i s t i c  f u n c t i o n ,  i . e . ,  b e h a v io r a l  i n h i b i t i o n  
(C o o ls  & Van Rossum, L i f e  S c i . ,2 7 :1 2 3 7 ‒ 1 2 5 3 ,1 9 8 0 ) . More r e c e n t  
f i n d i n g s  from  o u r  l a b o r a to r y  s u g g e s t  t h a t  t h i s  h y p e r s e n s i t i v i t y  to  
d -am p h e tam in e  i s  m a n i f e s t  i n  b e h a v io r s  t y p i c a l l y  o b s e rv e d  o n ly  w i th  
h ig h e r  d o s e s  o f  t h i s  d ru g  ( > 1 . 0  m g/kg) . T h a t  i s ,  r a t s  w i th  s e v e r e  
b i l a t e r a l  (< 22% ) DA d e p le t i o n s  o f  th e  o l f a c t o r y  t u b e r c l e s  and c o n 
c o m i ta n t  a s y m m e tr ic a l  s t r i a t a l  DA c o n c e n t r a t i o n s  show v ig o ro u s  
t u r n i n g  i n  r e s p o n s e  t o  1 .0  m g/kg d –am p h etam in e . T h is  i s  i n  co n 
t r a s t  t o  a n im a ls  w i th  s e l e c t i v e  u n i l a t e r a l  d e p l e t i o n  o f  c a u d a te  DA, 
who t y p i c a l l y  f a i l  t o  t u r n  i n  r e s p o n s e  t o  d o s e s  b e lo w  2 .0  m g/kg . 
A ls o , a m p h e ta m in e -in d u c ed  tu r n i n g  i n  t h e s e  t u b e r c l e – l e s io n e d  r a t s  
i s  c o n t r a l a t e r a l  t o  th e  s id e  o f  th e  m o st s e v e r e  DA d e p le t i o n  
(v e r s u s  i p s i l a t e r a l  i n  c a u d a te –d e p le t e d  a n im a l s ) . We in f u s e d  5 
r a t s  u n i l a t e r a l l y  i n t o  th e  o l f a c t o r y  t u b e r c l e  (A + 1 .6 ,L +2 .5 ,D ‒8 .1 )  
w i th  2 µ l  o f  3 µ g /µ l  6‒OHDA (a s  b a s e )  f o l l o w in g  DMI p r e t r e a t m e n t .
As we h av e  p r e v i o u s ly  fo u n d  w i th  b i l a t e r a l  t u b e r c l e  l e s i o n s ,  t h e s e  
r a t s  w ere s e v e r e ly  h y p o a c tiv e  f o r  5 d a y s  p o s t – s u r g e r y .  They a l s o  
r o t a t e d  s p o n ta n e o u s ly  (x ̄= 4 .6  t u r n s / 1 0  m in  on d ay  2 and  5 .2  on day  
th r e e )  i n  a  d i r e c t i o n  i p s i v e r s i v e  t o  t h e  l e s io n e d  h e m is p h e re . 
T re a tm e n t w i th  1 .0  m g/kg d –am phetam ine (1 /2  h r  b e f o r e  t e s t i n g )  on 
day  4 , h o w ev er, p ro d u c e d  v ig o ro u s  c o n t r a v e r s i v e  r o t a t i o n  (x ̄=85 
t u r n s / 1 0  m in ) . F o u r a n im a ls  u n i l a t e r a l l y  l e s io n e d  w i th  6 ‒OHDA in  
t h e  c a u d a te  a l s o  t u rn e d  s p o n ta n e o u s ly ,  i p s i v e r s i v e  t o  t h e  l e s io n e d  
h e m isp h e re  on d a y s  2 and  3 p o s t –s u r g e r y  b u t  made few  t u r n s  in  
r e s p o n s e  t o  d -am p h e tam in e  on d ay  4 (x̄ = 2 .4 ) .  (Those t u r n s  t h a t  w ere  
r e c o r d e d  w ere  i p s i l a t e r a l  t o  t h e  l e s io n e d  h e m is p h e re .)  A lso , 
t h e s e  c a u d a te –l e s i o n e d  a n im a ls  showed s t i m u l a t i o n  o f  lo co m o to r  
a c t i v i t y  in  an  o pen  f i e l d ,  p a r a l l e l i n g  t h a t  o b s e rv e d  f o r  v e h ic l e -  
i n f u s e d  c o n t r o l  r a t s  t r e a t e d  w i th  am p h etam in e . L a s t l y ,  t u r n in g  
r e s p o n s e s  w ere  a t  no t im e  o b s e rv e d  in  5 v e h i c l e – in fu s e d  c o n t r o l  
a n im a ls .  In  c o n c lu s io n ,  h y p e r r e a c t i v i t y  t o  t h e  b e h a v io r a l  s t im u 
l a t o r y  e f f e c t s  o f  d –am phetam ine o b s e rv e d  in  t h i s  and o u r  p r e v io u s  
s tu d i e s ,  i n  o l f a c t o r y  t u b e r c l e  d e p le t e d  r a t s ,  i n d i c a t e s  a  d i s i n h i -  
b i t i o n  o f  t h e  d o p a m in e rg ic  a r e a s  t h a t  r e g u l a t e  t h i s  b e h a v io r a l  
o u t p u t .

334.12 ULTRASTRUCTURAL AND BEHAVIORAL EFFECTS OF MPTP IN MICE.
J .C . L in d e r , H. K lem fuss, and P.M. G roves, D ept. P sy c h ia try , M‒003, 
Univ. C a l i f o rn ia ,  San D iego, La J o l l a ,  CA 92093.

Chronic exposure to  th e  n eu ro to x in  1‒methyl‒ 4‒phenyl‒ 1 ,2 ,3 ,6 ‒ 
te tra h y d ro p y r id in e  (MPTP) causes p ark in so n ian  symptoms in  p rim ates  
and lo n g -te rm  lo s s  of dopam inergic c e l l s  in  th e  p a rs  compacta of 
th e  s u b s ta n t ia  n ig ra  of p r im a te s , mice and o th e r  an im als. These 
dopam inergic c e l l s  have th e i r  te rm in a ls  in  th e  caudate  nucleus 
where ac u te  sy stem ic  a d m in is tr a tio n  of MPTP a l t e r s  dopamine meta
bo lism  and 2‒deoxyglucose u p ta k e , b u t where ac u te  u l t r a s t r u c t u r a l  
a c tio n s  of MPTP have n o t been p re v io u s ly  re p o r te d .

We examined th e  b e h a v io ra l and u l t r a s t r u c t u r a l  e f f e c t s  o f sub
cu taneous in j e c t io n s  of 20‒40 mg/kg MPTP or s a l in e  in  35 a d u lt  C57 
Black m ice. The p resen ce  o r absence o f unusual beh av io rs  was noted  
fo r  fo u r 15‒min in t e r v a l s  a f t e r  each in j e c t io n ,  and a t  30‒min 
in t e r v a l s  u n t i l  th e  beh av io r re tu rn e d  to  normal o r th e  anim als were 
k i l l e d .  A fte r  s u rv iv a l  tim es of 1 .5  to  75 h r ,  mice were p erfu sed  
and f ix e d  fo r  e le c tro n  m icroscopy u sin g  s tan d a rd  p ro ced u re s.

MPTP produced a v a r ie ty  o f b eh a v io rs  in  th e  mouse, bu t alm ost 
a l l  an im als showed p i lo e r e c t io n ,  s a l i v a t io n  and reduced locom otion 
beg inn ing  w ith in  30 min o f in j e c t io n .  A fte r  30 o r 40 mg/kg d o ses , 
th e se  symptoms were o f te n  fo llow ed by 0 .5 ‒1.5  h r  of d ra m a tic a lly  
in c re a se d  locom otion and h y p e r r e a c t iv i ty ,  u s u a lly  fo llow ed by 
c a ta le p sy  fo r  1‒3 h r .  Some mice a lso  had p e rio d s  o f gnawing, 
te e th  c h a t t e r ,  S traub  t a i l ,  and c lo n ic  je r k s .  A fte r  40 mg/kg MPTP, 
over h a l f  o f th e  mice had convu lsions  and d ie d . Most of th e  o th e rs  
appeared to  r e tu rn  to  normal w ith in  4 h r .

E le c tro n  m icroscopy rev e a le d  a la rg e  amount o f d ark  d eg e n era tio n  
in  th e  caudate  n u c le i  o f MPTP–tr e a te d  mice compared to .c o n t r o l  
an im als. D egenera tion  reached  a maximum a t  6‒10 h r  and then  
d e c lin e d , a lthough  some was p re s e n t as e a r ly  as 2 h r  a f t e r  a s in g le  
30 mg/kg in j e c t io n .  Areas o f d eg e n e ra tio n  could  co n ta in  as many 
as 0 .8  dark  p ro cesse s /1 0 0  µm2 of t i s s u e ,  bu t n o t a l l  a re a s  o f the 
caudate  co n ta in ed  d eg e n e ra tio n . Most d eg e n e ra tin g  synapses made 
sym m etric c o n ta c ts  w ith  d e n d r i te s  or d e n d r i t ic  s p in e s , b u t some 
asym m etric synapses onto  sp in e  heads were a lso  p re s e n t .  Dark 
p o s ts y n a p tic  e lem ents were seen  in  a m in o rity  o f an im als. S e r ia l  
s e c t io n  a n a ly s is  rev e a le d  some very  b la c k , h ig h ly  branched 
s t r u c tu r e s  whose form resem bled th a t  o f g l i a l  p ro c e sse s . In  s e v e ra l 
m ice, m itochond ria  showed s ig n s  of a l t e r a t i o n .

This s tudy  has c l e a r ly  shown th a t  MPTP can produce d eg e n e ra tio n  
in  th e  ca udate  nucleus  of mice w ith in  a few hours o f in j e c t io n .  We 
may be rec o rd in g  th e  beg inn ing  of th e  p ro cess  th a t  le ad s  to  the  
dopam inergic c e l l  d ea th  in  th e  s u b s ta n t ia  n ig ra .

Supported by g ra n ts  PHSDA 02854, PHSDA 00079 and PHSDA 05235.
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334.13 FARLY MORPHOLOGICAL CHANGES IN SUBSTANTIA NIGRA OF CAT AFTER 
MPTP ADMINISTRATION. I . J .  Bak, J . S. Schneider and C.H. Markham. 
Department of Neurology, UCLA School of Medicine, Los Angeles, 
CA 90024

Our experiments were designed to  study early  MPTP e ffe c ts  on 
u ltr a s tru c tu ra l  level in the ca t su b stan tia  nigra where dopami
nergic neurons are profuse. A fter in trap e rito n ea l in jec tio n s  of 
10 mg/kg per day fo r two days, animals were perfused with para
formaldehyde and g lutaraldehyde f ix a tiv e . Brains were removed 
and su b stan tia  nigra and putamen punched ou t. These small 
t is su e  blocks were fu r th e r  postfixed  in cacodylate buffered 
osmium te tro x id e  f ix a tiv e  fo r 2 hrs and dehydrated and embedded 
in a ra ld i te  and polymerized.

There were 3 d is t in c t  early  morphological e ffe c ts  in sub
s ta n t ia  n ig ra . F i r s t ,  in cross sec tio n , loosely  bundled 
th in ly  myelinated axons, 0.8 µ  to 5 µ  in diam eter, often 
showed myelinated membrane inside  the axoplasm. Some were 
c le a r  invag ina tions, continuous with the outside  membrane. 
Others showed herniated  myelinated membrane outside  the axon. 
C ross-sectioned axons showed normal tubules and m itochondria. 
Possibly the membrane changes in te r fe re  with axonal tra n sp o rt.

Second, g lia l  c e l ls  contained m u ltilam ilated  membrane s tru c 
tu re s . These g lia l  c e l ls  made extensive surface con tact with 
n ig ral neurons. Such con tacts  were not observed in normal 
co n tro ls .

Third, in the n eu rop il, unusual e le c tro n –dense p a r tic le s  were 
observed in g lia l  processes and also  in the dendrites  of n igral 
neurons as well as in some boutons. These s tru c tu re s ,  measuring 
600–700 A° in diam eter, resembled glycogen p a r t ic le s .

Conclusion: I t  is  c le a r  th a t major changes occur in the 
su b stan tia  nigra soon a f te r  MPTP adm in is tra tion . I t  is  not 
c e r ta in  whether neural or g lia l  changes are f i r s t .

334.14 MPTP INDUCES SELECTIVE TERMINAL DEGENERATION IN THE 
MOTOR REGION OF THE STRIATUM IN DOG. G , D . M o rro w ,* 
J . S ,  W i ls o n  a n d  B .H . T u r n e r .  D e p a r tm e n t  o f  A n a to m y , 
H ow ard  U n i v . ,  W a s h i n g to n ,  D .C . 2 0 0 5 9 .

T he n e u r o t o x i n  MPTP i n d u c e s  a  P a r k i n s o n i a n – l i k e  
s y n d ro m e  i n  d o g s  a n d  m o n k ey s t h a t  i s  a s s o c i a t e d  w i th  
n e u r a l  d e g e n e r a t i o n  o f  t h e  p a r s  c o m p a c ta  o f  t h e  
s u b s t a n t i a  n i g r a  a n d  l o s s  o f  s t r i a t a l  d o p a m in e .  We h a v e  
m ade i n t r a c e l l u l a r  r e c o r d i n g s  i n  t h e  c a u d a t e  (Cd) 
n u c l e u s  o f  MPTP– t r e a t e d  d o g s  s h o w in g  t h i s  sy n d ro m e  a n d  
f o u n d  t h e  g r e a t e s t  p h y s i o l o g i c a l  a b n o r m a l i t i e s  i n  
n e u r o n s  r e c o r d e d  d o r s o l a t e r a l l y . T h e s e  d a t a  s u g g e s t  
t h a t  MPTP may b e  s e l e c t i v e l y  t o x i c  t o  d o p a m in e  
t e r m i n a l s  i n  t h e  d o r s o l a t e r a l  Cd n u c l e u s ;  h o w e v e r ,  
t h e r e  i s  no  a n a t o m i c a l  d a t a  t o  s u p p o r t  t h i s  i n  d o g .  
T h e r e f o r e ,  t h e  p u r p o s e  o f  t h i s  s t u d y  w as t o  map 
a n a t o m i c a l l y  t h e  p a t t e r n  o f  t e r m i n a l  d e g e n e r a t i o n  
p r o d u c e d  b y  MPTP. A P a r k i n s o n i a n – l i k e  s y n d ro m e  w as 
in d u c e d  i n  b e a g l e s  b y  m a k in g  a  s i n g l e  i n j e c t i o n  o f  MPTP 
( 3 .0  m g /k g ; i . v . ) .  We h a v e  f o u n d  t h a t  t h i s  p r o t o c o l  
r e s u l t s  i n  e x t e n s i v e  n e u r a l  d e g e n e r a t i o n  o f  t h e  p a r s  
c o m p a c ta .  One a n d  tw o  d o g s  w e re  s a c r i f i c e d  2 a n d  4 d a y s  
a f t e r  t h e  i n j e c t i o n ,  r e s p e c t i v e l y .  C o r o n a l  s e c t i o n s  o f  
t h e  b r a i n s  w e re  c u t  a n d  d e g e n e r a t i n g  a x o p la s m  w as 
s t a i n e d  b y  t h e  F i n k – H e im er a n d  c u p r i c  s i l v e r  m e th o d s .  
Two d a y s  a f t e r  t h e  i n j e c t i o n  o f  MPTP, we f o u n d  l i t t l e  
i n d i c a t i o n  o f  c e l l u l a r ,  a x o n a l  o r  t e r m i n a l  
d e g e n e r a t i o n .  F o u r  d a y s  a f t e r  t h e  i n j e c t i o n ,  i n t e n s e  
t e r m i n a l  d e g e n e r a t i o n  w as fo u n d  t h r o u g h o u t  t h e  p u ta m e n .  
M o d e ra te  t e r m i n a l  d e g e n e r a t i o n  w as a l s o  f o u n d  i n  t h e  
d o r s o l a t e r a l  b o d y  a n d  h e a d  o f  t h e  Cd n u c l e u s  a t  t h e  
l e v e l  o f  t h e  a n t e r i o r  c o m m is s u r e .  L i t t l e  o r  n o  t e r m i n a l  
d e g e n e r a t i o n  w as o b s e r v e d  r o s t r a l  t o  t h e  a n t e r i o r  
c o m m is s u re  o r  w i t h i n  t h e  m e d ia l  o r  v e n t r a l  r e g i o n s  o f  
t h e  Cd n u c l e u s .  A l th o u g h  t h e  o b s e r v e d  d e g e n e r a t i o n  w as 
v e r y  e v i d e n t  a t  4 d a y s ,  t h e  c e l l s  o f  t h e  p a r s  c o m p a c ta  
a p p e a r e d  n o r m a l .

T h i s  p a t t e r n  o f  t e r m i n a l  d e g e n e r a t i o n  i s  v e r y  
s i m i l a r  t o  t h e  c o r t i c o s t r i a t e  p r o j e c t i o n s  w h ic h  
o r i g i n a t e  f ro m  m o to r  a r e a s  4 & 6 (T a n a k a  e t  a l . ,  B r a i n  
R e s . ,  1 7 2 :1 5 0 ,  1 9 7 9 ) .  T h e s e  d a t a  i n d i c a t e  t h a t  t h e  
n i g r a l  p r o j e c t i o n s  t o  t h e  m o to r  a r e a s  o f  t h e  s t r i a t u m  
a r e  m o s t v u l n e r a b l e  t o  MPTP. We a l s o  s u g g e s t  t h a t  t h e  
c e l l s  o f  t h e  n i g r o s t r i a t a l  p a th w a y  l a t e r  d i e  
r e t r o g r a d e l y  a f t e r  MPTP d e s t r o y s  t h e i r  a x o n  t e r m i n a l s .  
( S u p p o r te d  b y  MBRS S 0 6 ‒RR‒ 0 8 0 1 6 ) .

334.15 IMMUNOCYTOCHEMICAL ALTERATIONS INDUCED BY 1‒METHYL‒4‒ 
PHENYL‒1 ,2 ,3 ,6  TETRAHYDROPYRIDINE (MPTP). J .L .C arlso n , M.E. 
Melnick and L.L. Vacca-Gallowav. Departments of Anatomy and 
Physical Therapy Education, U niversity  of Kansas Medical 
Center, Kansas C ity , Kansas 66103.

The C57 Black mouse dem onstrates severe lo ss  or damage to  
nerve c e l l s  in the  zona compacta of the  su b stan tia  n igra (SN) 
when subjected  to  MPTP. I t  was a lso  demonstrated th a t MPTP 
induces neurotoxic action  on both dopamine and noradrenaline 
term inals  in the  mouse brain  (Hillman e t  a l .   1984). This 
condition  mimics the human pathology induced by MPTP which 
produces symptoms of Parkinson’ s d isease . Our study 
in v estig a ted  long–term immunocytochemical changes in two 
neuromodulators (Substance P,SP; and Leucine Enkephalin, LE) 
and one dopamine tra n s m itte r  enzyme (Tyrosine Hydroxylase, TH) 
a f te r  MPTP treatm ent of C57 Black Mice. The mice were tre a ted  
fo r 3 days, 5 days, or 10 days with e ith e r  MPTP (30 mg/kg/day, 
i . p . )  or the so lvent so lu tio n . The mice were perfused a t 30 and 
60 days a f te r  in i t i a l  in je c tio n . Immunocytochemical a lte ra tio n s  
were then examined fo r each immunoreactive (IR) antigen in the 
30 day anim als. I t  was concluded th a t  MPTP e ffec ted  an increase 
o f IR–SP in the s t r ia to -n ig r a l  neurons of the  caudate nucleus 
and a t  th e i r  term inals  in su b stan tia  n ig ra . A dditiona lly , MPTP 
decreased IR–TH a t the  term inal f ie ld s  of the  dopaminergic 
n ig ro - s tr ia ta l  neurons in caudate nucleus. IR–LE demonstrated a 
small increase  w ithin the in tre n s ic  neurons of caudate nucleus 
a f te r  MPTP trea tm ent. Animals examined 60 days a f te r  in i t i a l  
in je c tio n  are c u rren tly  being analyzed q u a li ta t iv e ly  fo r 
a l te ra tio n s  in th e i r  immunoreactivity.

334.16 DESTRUCTION OF NORADRENERGIC AND DOPAMINERGIC NEURONS IN THE 
MURINE BRAINSTEM BY l ‒M ethyl‒4‒Phenyl‒l , 2 , 3 , 6 ‒te tra h y d ro p y r id in e  
(MPTP). N.A. Seniuk* and W.G. T a tto n . P la y fa ir  N euroscience 
U n it ,  Toronto Western H o sp ita l , U n iv e rs ity  of T oronto, Toronto, 
Canada, M5T 258.

The m eperid ine analogue, MPTP produces a P a rk in so n ia n –l ik e  
syndrome in  humans and non–human p r im a te s . I t  re p o rte d ly  causes 
s e le c t i v e  d e s tru c tio n  of dopam inergic neurons in  th e  s u b s ta n t ia  
n ig ra  compacta (SNc) in  p rim ates  and ro d en ts  w hile the  numbers of 
am inerg ic  neurons in  o th e r  CNS s t r u c tu r e s  such as th e  locus 
c o e ru leu s  (LC), v e n tra l  tegm ental a rea  (VTA) and hypothalam us are 
unchanged. The apparen t d iscrepancy  between the  r e s t r i c t e d  c e l l  
dea th  in  th e  MPTP syndrome and the  w idespread h is to p a th o lo g y  of 
id io p a th ic  P a rk in s o n 's  d ise a se  (IPD) prompted the  reexam ina tion  
o f the  presumed s e le c t iv e  c y to to x ic  a c tio n  o f MPTP. The e f f e c t  
o f vary ing  t o t a l  dosages of MPTP (3 7 .5 ‒300 mg/kg) was examined in  
th e  C57BL/6J mouse u s in g  q u a n t i ta t iv e  m orphologica l te ch n iq u es . 
C atecho lam ine rg ic  neurons were im munocytochemically defined  using  
a ty ro s in e  hydroxy lase (TH) s p e c i f ic  an tise ru m . S e r ia l ,  20 µ m 
th ic k ,  co ro n a l s e c t io n s  were cu t on a cryotome and thaw–mounted 
on s l i d e s .  One s e r ie s  of a l t e r n a t e  s e c t io n s  was incubated  w ith a 
1 :5 00 d i lu t io n  of an tiserum  and p rocessed  us ing  an immunoperoxi– 
dase method w ith DAB as th e  chromogen. The second s e r ie s  was 
N is s l  s ta in e d .  Im m unoreactive c e l l s  were lo c a liz e d  in  d i s c r e te ,  
d e fin ed  CNS re g io n s . In d iv id u a l c e l l  coun ts were made in  the 
SNc, LC, VTA and in  A13 o f the hypothalam us. Only im munoreactive 
c e l l s  co n ta in in g  a nucleus were counted . In d iv id u a l s e c t io n  c e l l  
coun ts  were norm alised  a g a in s t an average c o n tro l va lue . 
Computer–re c o n s tru c te d  s e r i a l  s e c t io n s  of the  b ra in stem  volumes 
c o n ta in in g  TH+ n eu rons , made from camera lu c id a  draw ings, i l l u s 
t r a t e d  th e  e x te n t of c e l l  lo s s  among MPTP–tr e a te d  anim als as 
compared to  normal c o n tro ls .  H istogram s of th e  TH+ somal lo ca
tio n s  fo r  th e  LC, SNc, VTA and A13 rev e a le d  a s im i la r  d i s t r i b u 
t io n  of neurons among the  c o n tro l p o p u la tio n s  w ith in  each s t r u c 
tu r e .  There was a d e te c ta b le  c e l l  lo s s  w ith  the low est cumula
t i v e  dose of 37 .5  mg/kg of MPTP. There was a monotonic c e l l  lo ss  
f o r  each dosage schedu le  among th e  s p e c i f ic  n eu ra l p o p u la tio n s  
and th e re  was a p ro g re ss iv e  lo s s  of TH+ neurons as the  cum ulative 
dose of MPTP in c re a s e d . N orm alised t o t a l  c e l l  counts taken  from 
a l l  c a tech o lam in e rg ic  n u c le i examined were pooled and the  mean 
v a lu es  p lo t te d  fo r  each dosage of MPTP. The "cum ulative dose
c e l l  number" cu rves re v e a l a s t r ik in g ly  s im i la r  and p ro g re ss iv e  
lo s s  of ca tech o lam in e rg ic  neurons in  a l l  n u c le i w ith in c re a s in g  
amounts of MPTP. These r e s u l t s  e s ta b l is h  d i f f e r e n t i a l  c y to to x ic 
i t y  over s e le c te d  dosage ranges fo r  s p e c i f ic  ca tech o lam in erg ic  
n e u ra l p o p u la tio n s  and appear to  suppo rt homology between c e l l  
lo s s  in  IPD and MPTP‒park inson ism  in  the  murine model. Supported 
by MRC g ra n t MT5218 and the  P ark inson  Foundation of Canada.
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334.17 INTRACAROTID AND INTRAVERTERBRAL INFUSIONS OF 1 ‒METHYL– 
4 ‒ PHENYL‒ l , 2 , 3 , 6 ‒ TETRAHYDROPYRIDINE (MPTP) IN PRIMATES 
AND CANINES. R .S .  B u r n s * , L .E .  B a k e r * , R.W . K e s s l e r * ,  
D .E . S c h m id t  a n d  M .H. E b e r t * . D e p t .  o f  P s y c h i a t r y ,  
V a n d e r b i l t  U n i v . , N a s h v i l l e ,  TN 3 7 2 3 2 .

U n i l a t e r a l  v s  b i l a t e r a l  r e p r e s e n t a t i o n  o f  
e x t r a p y r a m i d a l  m o to r  f u n c t i o n  i n  t h e  s t r i a t u m  w as 
s t u d i e d  u s i n g  s e l e c t i v e  d e l i v e r y  o f  MPTP i n t o  t h e  
i n t e r n a l  c a r o t i d  a r t e r y  (ICA) i n  p r i m a t e s  a n d  c a n i n e s .  
I n  a  p i l o t  e x p e r i m e n t ,  2 r h e s u s  m o n k ey s r e c e i v e d  MPTP 
by  ICA i n f u s i o n  ( 0 .5  m g /k g  i n  12 m i n ) .  M o to r  c h a n g e s  
i n c l u d e d  a  G l a b e l l a r  r e f l e x ,  m a rk e d  h y p o k i n e s i a  a n d  
f l e x e d  p o s t u r e  o f  t h e  a rm , a n d  m i ld  h y p o k i n e s i a  o f  t h e  
l e g  c o n t r a l a t e r a l l y .  T h e s e  f i n d i n g s  s u g g e s t e d  t h a t  i n  
p r i m a t e s  t h e  h e a d  a n d  t h e  arm  a r e  p r e d o m i n a n t l y  u n i 
l a t e r a l l y  r e p r e s e n t e d  i n  t h e  s t r i a t u m  a n d  t h e  l e g  i s  
r e p r e s e n t e d  b i l a t e r a l l y .

A p r e l i m i n a r y  s t u d y  w as c a r r i e d  o u t  i n  t h e  d o g  t o  
d e t e r m i n e  t h e  e x p e r i m e n t a l  p a r a m e t e r s  ( d o s e ,  d u r a t i o n  
o f  i n f u s i o n ,  b r a i n : b o d y  w e ig h t  r a t i o ,  b lo o d  f lo w  r a t e )  
t o  d e s t r o y  n i g r o s t r i a t a l  d o p a m in e  n e u r o n s  on  o n e  s i d e  
o f  t h e  b r a i n  w i t h  m in im a l  dam ag e  t o  t h e  o t h e r  s i d e .  
D ogs a r e  h i g h l y  s e n s i t i v e  t o  c e l l  d e s t r u c t i o n  by  MPTP 
( B u r n s ,  R .S .  e t  a l . ,  S o c .  N e u r o s c i .  A b s . ,  1 9 8 4 ) .  T he 

g r e a t e r  (4 ‒ 5X) b o d y : b r a i n  w e i g h t  r a t i o  o f  t h e  d o g  th a n  
t h e  m onkey i s  a  t h e o r e t i c a l  a d v a n ta g e  i n  r e d u c i n g  t h e  
t o x i c  e f f e c t s  on  b r a i n  o f  MPTP w h ic h  ' s p i l l s  o v e r '  i n t o  
t h e  g e n e r a l  c i r c u l a t i o n  a f t e r  ICA i n f u s i o n .  D e c r e a s i n g  
t h e  c e r e b r a l  b lo o d  f lo w  r a t e  u n i f o r m l y  by  r a i s i n g  t h e  
i n t r a c r a n i a l  p r e s s u r e  w as u s e d  t o  i n c r e a s e  t h e  r e s i d u a l  
t i m e  o f  MPTP i n  b r a i n .  To i n v e s t i g a t e  w h e th e r  MPTP 
' a c t s '  a t  t h e  c e l l  b o d y  o r  t e r m i n a l  r e g i o n  o f  t h e  c e l l ,  
MPTP w as a l s o  i n f u s e d  s lo w ly  ( 0 .7 5  mL/m in )  i n t o  o n e  
v e r t e b r a l  a r t e r y  (VA) a n d ,  a s s u m in g  l a m in a r  f lo w  i n  t h e  
b a s i l a r  a r t e r y ,  t h e  r e s u l t s  c o m p a re d  w i t h  ICA i n f u s i o n .  
T w e lv e  d o g s  (1 6 ‒ 25 Kg) r e c e i v e d  MPTP b y  i n f u s i o n  i n t o  
t h e  ICA (1 mg i n  33 m in ; 2 .5  mg i n  33 m in ; 2 .5  mg i n  98 
m in) o r  i n t o  t h e  VA ( 2 .5  mg i n  98 m in) a n d  w e re  k i l l e d  
a t  30 d a y s .  Two d o g s  g iv e n  2 .5  mg i n t o  t h e  ICA 
d e v e lo p e d  i p s i l a t e r a l  c i r c l i n g ,  a n d  a  f l e x e d  p o s t u r e  o f  
t h e  f o r e l i m b  a n d  h y p o k i n e s i a  a n d  t r e m o r  o f  b o th  l im b s  
c o n t r a l a t e r a l l y . N e rv e  c e l l  l o s s  i n  t h e  s u b s t a n t i a  
n i g r a  c o m p a c ta  (SNC) on  o n e  s i d e  o f  t h e  b r a i n  v s  t h e  
o t h e r  w as f o u n d  a f t e r  ICA i n f u s i o n .  D opam ine  l e v e l s  
w e re  r e d u c e d  by  up  t o  70% a n d  HVA l e v e l s  by  u p  t o  90% 
i n  t h e  i p s i l a t e r a l  c a u d a t e  n u c l e u s  a f t e r  i n f u s i o n  o f  
MPTP i n t o  t h e  ICA .

334.18 ALTERATIONS OF LOCAL CEREBRAL GLUCOSE UTILIZATION IN A PRIMATE 
MODEL OF HEMIPARKINSONISM. L .J .P o r r in o , E.Palombo* , V.W.Ho*. 
A.M.Crane* , K.Bankiewi cz* , I .J .K o p in , L.Sokol o f f . 
ARC,NIDA,Baltimore, MD 21224/ NIMH/NI NCDS, B eth esd a , MD 20892

P a rk in s o n 's  d is e a se  in  i t s  i n i t i a l  s ta g e s  i s  o f te n  
c h a ra c te r iz e d  by symptoms l im ite d  to  one s id e  o f  th e  body. An 
anim al model o f  hem iparkinsonism  i s  p ro v id ed  by th e  u n i l a t e r a l  
in t r a c a r o t id  in j e c t io n  o f  N–methyl‒ 4 ‒phenyl‒ 1 ,2 ,3 ,6 ‒ 
te tra h y d ro p y r id in e  (MPTP), a n eu ro to x in  known to  d e s tro y  
dopam inergic c e l l s  o f  th e  s u b s ta n t ia  n ig r a  p a rs  compacta (SNpc) 
in  rh e su s  monkeys. These monkeys d is p la y  u n i l a t e r a l  b rad y k in es ia  
and trem or, and in  some ca se s  spontaneous tu rn in g  beh av io r 
tow ards th e  MPTP–tr e a te d  s id e .  We have used  th e  q u a n t i ta t iv e  
a u to ra d io g ra p h ic  2‒[ 14C]deoxyglucose method (S o k o lo ff  L e t  a l ,  
J .Neurochem. ,28 :897 ,1977) to  d e f in e  th e  p a t te r n s  o f lo c a l  
c e re b ra l  g lucose  u t i l i z a t i o n  (LCGU) a s s o c ia te d  w ith  th i s  
h em ipark in son ian  syndrome.

LCGU was m easured in  3 monkeys (Macaca m u la tta )  a t  l e a s t  3 
months fo llo w in g  in t r a c a r o t id  in j e c t io n  o f  MPTP. D ecreases in  
LCGU were e v id e n t on MPTP– tr e a te d  s id e  in  th e  SNpc, subthalam ic 
n u c le u s ; motor and prem otor c o r te x , as w e ll as in  b a s o la te r a l  
nu c leu s  o f  am ygdala. A s ig n i f i c a n t  in c re a s e  in  g lucose  use was 
seen  in  th e  e x te rn a l  segment o f  th e  g lobus p a l l id u s  on the  
t r e a te d  s id e .  No s id e –t o –s id e  d if f e re n c e s  were seen  in  the  
s tr ia tu m  o r in  s t r u c tu r e s  o f  th e  m e so c o rtico lim b ic  system . The 
p a t te r n  o f  u n i l a t e r a l  changes in  energy m etabolism  found here  is  
s im i la r  to  th e  p a t te r n  o f  b i l a t e r a l  LCGU a l t e r a t i o n s  a s s o c ia te d  
w ith  Park inson ism  (P o rrin o  LJ e t  a l ,  J .C ereb .B lood. Flow and 
M etab.,5 :S 1 6 7 ,1 9 8 5 ) , r e s u l t in g  from system ic  a d m in is tr a tio n  o f 
MPTP to  rh esu s  monkeys.

L–DOPA tre a tm e n t r e v e rs e s  th e  symptoms o f  P arkinsonism  in  the 
u n i l a t e r a l l y  t r e a te d  monkeys and cau ses  tu rn in g  away from the 
s id e  o f  MPTP tre a tm e n t. R ates o f  LCGU were m easured in  3 monkeys 
w ith  u n i l a t e r a l  SNpc damage fo llo w in g  4 days o f  L–DOPA (200 
mg/day) and ca rb id o p a  (20 mg/day) th e rap y . Animals were s tu d ie d  
30 m inutes a f t e r  th e  l a s t  dose o f  L–DOPA. In  th e se  anim als no 
ev idence  o f  asymmetry in  g lucose  use was found. In  th o se  a rea s  
in  which s id e –t o –s id e  d if fe re n c e s  had been found p r io r  to  L–DOPA 
th e ra p y , L–DOPA re s to r e d  LCGU on th e  MPTP–t r e a te d  s id e  o f the 
b r a in  to  normal l e v e l s .  This n o rm a liz a tio n  i s  in  sharp  c o n tra s t  
to  th e  e f f e c t s  o f  L–DOPA tre a tm e n t in  monkeys w ith  MPTP–induced 
b i l a t e r a l  P ark inson ism , in  w hich la rg e  in c re a s e s  in  LCGU above 
norm al c o n tro l  r a t e s  were seen  th rou g h o u t th e  b r a in .  The e x te n t 
o f  damage to  th e  SNpc th e n , appears to  be an im p o rtan t f a c to r  in  
d e te rm in in g  th e  e f f e c t s  o f  L–DOPA on lo c a l  c e re b ra l  energy 
m etabolism .

334.19 ACUTE MPTP TREATMENT INCREASES GLUCOSE UTILIZATION IN SUBSTANTIA 
NIGRA PARS COMPACTA. E.Palom bo*. L .J .P o r r in o . A,M.Crane* , 
V.W.Ho* , K .B ankiew icz, I .J .K o p in . L .S o k o lo ff  (SPO N .T.Jay). NIMH, 
NIDA and NINCDS, B ethesda , MD, 20892.

Exposure to  1‒methyl‒ 4 ‒phenyl‒ 1 ,2 ,3 ,6 ‒te tra h y d ro p y r id in e  
(MPTP) in  humans and monkeys i s  known to  produce a  c h ro n ic  syn
drome c lo s e ly  re sem b ling  id io p a th ic  P a rk in s o n 's  d is e a s e .  These 
symptoms develop  over weeks fo llo w in g  MPTP exposure (D avis GC e t  
a l ,  P sy c h .R e s ., 1 :249 , 1979; Burns SR e t  a l ,  P ro c .N a t.A c a d .S c i. , 
80 :4546, 1983). In  c o n t r a s t  to  th e  long  term  e f f e c t s ,  ac u te  
a d m in is tr a t io n  o f  MPTP r e s u l t s  in  im m ediate symptoms c o n s is t in g  
o f  sudden in v o lu n ta ry  j e r k s ,  s a l i v a t i o n  and e y e l id  c lo s u re , 
fo llow ed  by e x te n s io n  o f  th e  head  and e y e–w iden ing . These 
b e h a v io ra l changes have been  a t t r i b u t e d  to  t r a n s i e n t  a c t iv a t io n  
o f  b o th  s e ro to n in e rg ic  and o p io id  system s (L angston  WJ, L ife  
S c ie n c e , 36:201, 1985). In  o rd e r  to  e lu c id a te  th e  ana tom ica l and 
fu n c t io n a l  b a s is  o f  th e  a c u te  p h arm aco lo g ica l e f f e c t s  o f  MPTP, 
th e  2 ‒ [14C]deoxyglucose (DG) method (S o k o lo ff  L e t  a l ,  
J . Neurochem. , 28 :897, 1977) was u sed  to  m easure r a t e s  o f  lo c a l  
c e re b ra l  g lu co se  u t i l i z a t i o n  (LCGU) in  4 rh e su s  monkeys (Macaca 
m u la t ta ) .  Two re c e iv e d  a  s in g le  I .V . in j e c t io n  (4 mg/kg o f  MPTP 
d is s o lv e d  in  s a l i n e )  15 min. p r io r  to  i n i t i a t i o n  o f  th e  DG 
p ro ced u re ; th ro u g h o u t th e  experim en t th e y  d is p la y e d  b e h a v io ra l 
changes c o n s is t in g  m ostly  o f  head  e x te n s io n , e y e ‒w iden ing , 
g rim acing  and s t r u g g lin g .  Two monkeys re c e iv e d  v e h ic le  a lo n e  
A ll p h y s io lo g ic a l  p a ram ete rs  rem ained norm al.

LCGU was m easured in  73 b r a in  a r e a s .  Most o f  th e  reg io n s  
showed a d e c re a se  in  energy m etabolism . The most prom inent 
d e c re a se s  ( ‒30 to ‒ 45%) were found in  n e o c o r t ic a l ,  h ippocam pal, 
th a lam ic  and c e r e b e l l a r  r e g io n s . S m aller d e c re a se s  ( ‒25 to ‒ 35%) 
were a l s o  found in  th e  e x trap y ram id a l system  and in  th e  
m esolim bic s t r u c t u r e s .  In  c o n t r a s t ,  s t r i k i n g  in c re a s e s  o f  LCGU 
were observed  in  s u b s ta n t ia  n ig r a  p a rs  com pacta (+70%) as w ell as 
in  th e  v e n t r a l  la m e lla  o f  i n f e r io r  o l iv e  (+43%). Our s tudy  
dem o n stra tes  th a t  th e  a c u te  pharm aco lo g ica l e f f e c t s  o f  MPTP a re  
w idesp read  in  t h e i r  d i s t r i b u t io n .  M oreover, s u b s ta n t ia  n ig ra  
p a rs  com pacta i s  an im mediate t a r g e t  o f  t h i s  compound, and i s  
a f f e c te d  in  an un ique way as  compared to  o th e r  s t r u c t u r e s .  The 
p re s e n t  d a ta  show a c l e a r  d if f e re n c e  in  th e  p a t t e r n  o f  m e tabo lic  
changes compared to  th e  r e s u l t s  o b ta in e d  in  ch ro n ic  MPTP– re a te d  
P a rk in so n ia n  monkeys (P o rr in o  LJ, J .C e reb .B lo o d  Flow and M etab ., 
5 :S 1 6 7 ,1 9 8 5 ), where th e  e f f e c t s  occu r in  a re a s  s p e c i f i c a l l y  
r e l a t e d  to  m otor c o n t ro l .

334.20 MPTP–INDUCED PARKINSONIAN SYNDROME ASSOCIATED WITH ALTERATIONS OF 
GLUCOSE UTILIZATION IN THE PRIMATE OCULOMOTOR SYSTEM. V.W.Ho*, 
L .J .P o r r in o , E. Palombo*, A.C rane*, K .B ankiew icz*, I .J .K o p in ,
L .S o k o lo ff  ( SPON:C.Kennedy).Howard Hughes M edical In s titu te /N ID A / 
NIMH/NINCDS, B ethesda, MD 20892

C hronic 1‒methyl‒ 4 ‒pheny l ‒1 ,2 ,3 ,6 ‒te tra h y d ro p y r id in e  (MPTP) 
tre a tm e n t in  p rim a te s  causes  symptoms o f  a k in e s ia ,  r i g i d i t y ,  
trem or and f re e z in g ,  w hich c lo s e ly  resem ble id io p a th ic  
P a rk in s o n 's  d is e a se  (Burns RS e t  a l ,  P ro c .N a t.A c a d .S c i. , 
80 :4546 ,1983 ). In  a d d i t io n ,  d e f ic ie n c y  in  eye movement 
p ro d u c tio n , a n o th e r f e a tu r e  o f  park in so n ism , was observed  in  MPTP– 
t r e a te d  monkeys. In  o rd e r  to  d e l in e a te  th o se  c i r c u i t s  
c o n t r o l l i n g  eye movements a f f e c te d  by MPTP tre a tm e n t, th e  
q u a n t i t a t iv e  a u to ra d io g ra p h ic  2‒[ 14C ]deoxyglucose (DG) method 
(S o k o lo ff  L e t  a l ,  J .Neurochem. ,  28 :897,1977) was employed.

R ates o f  g lucose  u t i l i z a t i o n  (LCGU) were m easured in  11 
monkeys (Macaca m u la tta )  d iv id e d  in to  fo u r  groups: normal , normal 
w ith  ch ro n ic  L–DOPA a d m in is tr a t io n ,  MPTP–t r e a te d ,  and MPTP– 
t r e a te d  w ith  ch ro n ic  L–DOPA a d m in is tr a t io n .  Each MPTP–tr e a te d  
monkey re c e iv e d  a  t o t a l  o f  4 mg/kg MPTP i . v .  d iv id e d  over a f iv e  
day p e r io d . At l e a s t  th re e  months e la p se d  betw een MPTP tre a tm en t 
and th e  DG s tu d ie s .  LCGU was determ ined  in  20 s t r u c tu r e s  known 
to  be in v o lv ed  in  th e  p ro d u c tio n  o f  eye movements. D ecreases in  
LCGU in  MPTP–t r e a te d  monkeys as compared to  norm al c o n tro ls  were 
observed  in  th e  p a ra l amel l a r  p o r t io n  o f  th e  m ed iodorsa l nucleus 
o f  th e  thalam us and i t s  c o r t i c a l  p r o je c t io n  in  th e  f r o n ta l  eye 
f i e l d .  In  c o n t r a s t ,  no d if f e re n c e s  betw een norm al and MPTP– 
t r e a te d  groups were found in  any p o r t io n  o f  th e  s u p e r io r  
c o l l i c u lu s ,  th e  ac ce sso ry  oculom otor n u c le i ,  o r  b ra in s tem  n u c le i  
in n e rv a tin g  th e  e x t ra o c u la r  m uscles. MPTP tre a tm e n t, th en , 
tended  to  a l t e r  LCGU in  th o se  p o r t io n s  o f  th e  oculom otor system  
in v o lv ed  in  th e  i n i t i a t i o n  o f  v o lu n ta ry  eye movements, th e  most 
prom inen t oculom otor d e f i c i t s  o f  P a rk in so n ia n  p a t ie n t s .  
F urtherm ore , w hereas L–DOPA a d m in is tr a t io n  produced no 
s ig n i f i c a n t  changes o f  LCGU in  norm al monkeys, i t  in c re a s e d  LCGU 
above c o n tro l  v a lu e s  in  a l l  s t r u c tu r e s  o f  th e  oculom otor system  
o f  MPTP–t r e a te d  monkeys.

LCGU was a ls o  m easured in  6 monkeys w ith  u n i l a t e r a l  
P ark inson ism  induced by a  u n i l a t e r a l  in t r a c a r o t id  in j e c t io n  o f 
MPTP (2 .5  mg/kg) a t  l e a s t  th re e  months e a r l i e r .  These anim als 
showed b e h a v io ra l asym m etries c h a ra c te r iz e d  by r o ta t io n  and gaze 
tow ards th e  t r e a te d  s id e .  LCGU was d e c re a sed  in  th e  t r o c h le a r  
and th e  oculom otor n u c le i  b u t in c re a s e d  in  th e  abducens nucleus 
o f  th e  t r e a te d  s id e  compared to  th e  norm al s id e .  L–DOPA 
tre a tm e n t re v e rs e d  th e  r o t a t io n a l  b eh a v io rs  and th e  predom inant 
gaze d i r e c t i o n  as w e ll as  th e  p a t te r n  o f  LCGU in  th e  b ra in stem  
n u c le i  in n e rv a tin g  th e  e x t ra o c u la r  m uscles.
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335.1 Ca++ CHANNELS AND DEVELOPMENT: ω – CONOTOXIN BINDING IN CHICK 
BRAIN. M.J. L itz inger* , A. Azimi, L .J . Cruz and B.M. Ol iv e ra . 
Depts. of P ed ia tric  Neurology and Biology, University of Utah, 
S a lt Lake C ity , UT 84112 and Dept. of B iochemistry, U niversity of 
the Phil ipp ines, Manil a.

The development of the voltage sen s itiv e  calcium channel (VSCC) 
has been studied in ve rteb ra te  t is su e  cu lu tre  (L itz inger and 
Brenneman, BBRC, 127:112,1985) and membrane preparations (Marangos 
e t al . ,  J .  Neurochem., 42:1338, 1984) using [ 3H]–N itrendipine 
(NTP), a calcium channel ligand . Recent e lectrophysio log ic  e v i
dence shows 3 types of calcium channel (N, T, L). NTP is  believed 
to  act at the L channel (Nowychy et a l . ,  Nature, 316:440, 1985). 
ω–Conotoxin (ωCgTx) a peptide neurotoxin from the Conus sn a il , has 
been shown to  act on the N and some L channels (McCleskey e t a l . ,  
subm itted, 1986). Binding experiments show th a t NTP binds a t 
s i te s  d if fe re n t from the ω–CgTx (Cruz and O livera, J .  B io l. Chem., 
in p re ss , 1986). We have measured ω–CgTx binding in chick whole 
brain preparations as a function of development to  compare to  a l 
ready published data fo r NTP binding in chick whole brain p repar
a tions (Marangos e t a l . ,  1984).

Membranes were prepared from chick brain e s s e n tia lly  as de
scribed by C a tte ra l l  e t a l .  ( J .  B io l. Chem., 254:11379, 1979). To 
measure nonspecific binding, 0.25 µM of cold ω–CgTx was preincu
bated fo r 30 min with th is  membrane preparation  before 125I –ω CgTx 
was added. The mixture was then incubated at room tem perature fo r 
30 min, f i l t e r e d ,  washed and the f i l t e r s  counted as described p re
viously (Cruz and O livera , 1986).

The developmental curve fo r ω–CgTx binding ranged from day 10 
of incubation to  day 4 a f te r  hatching . The ω–CgTx binding re 
mained s tab le  and low u n til days 18‒20 of incubation; the period 
during which the chick is  hatching. Prelim inary data show th a t ω– 
CgTx binding leve ls  off a f te r  the chick has hatched. This pa tte rn  
is  markedly d iffe re n t than th a t seen with NTP which increases 
gradually throughout development.

We in te rp re t  these data as showing devel opmentally th a t the ω– 
CgTx binding s i t e  is  d if fe re n t from the NTP binding s i t e .  More 
im portantly , the number of ω–CgTx s i te s  show a sudden increase  
a ssoc iated  s p e c if ic a lly  with the ch ick 's  hatching. Supported by 
GM22737.

335.2 CALCIUM CHANNEL BINDING SITE DISTRIBUTION IN CAT AND KITTEN 
VISUAL CORTEX. C .  Shaw1  M. W ilk inson2 and M.  Cynader1,2 . 
1D epts. o f  Psychology and 2P hysio logy  and B iophysic s, D alhousie  
U n iv e rs ity , H a lifa x , Nova S c o tia , Canada.

In  a  re c e n t  s e r i e s  o f  p u b lic a t io n s  we have d e sc r ib e d  th e  
c h a r a c t e r i s t i c s  and lam inar d i s t r i b u t io n s  o f  v a r io u s  
n e u ro t ra n s m it te r  (NT)/ neurom odulator (NM) re c e p to r s  in  c a t  v is u a l  
c o r te x  d u rin g  p o s t–n a t a l  developm ent. The fu n c t io n  o f  NT/NM 
re c e p to r s  may in v o lv e  c o a c t ivatican o f  v o lta g e  dependent ca lcium  
(Ca++) ch an n e ls  whose p re sen ce  h a s  been  r e l a te d  t o  th e  d e n s i ty  o f  
s y n a p tic  c o n n e c tio n s . We have c h a ra c te r iz e d  Ca++ channel b in d in g  
s i t e s  in  c a t  v is u a l  c o r te x  and examined th e i r  lam inar 
d i s t r i b u t io n s  d u rin g  p o s t–n a t a l  developm ent u s in g  [ 3H] PN‒200‒110 
( [ 3H] PN; Amersham, 82 Ci/mmol), a  1 .4  d ih y d ro p y rid in e  Ca++ 
channel a n ta g o n is t .

S ix te e n  m icron th ic k  s e c t io n s  o f  c a t  v is u a l  c o r te x  w ere c u t 
w ith in  th e  same 24 h r .  p e r io d  and thaw–mounted o n to  subbed g la s s  
s l id e s . The s e c t io n s  were p re –in c u b a ted  fo r  10 min. in  c o ld  T r i s  
HC1 (170 nM, pH 7 .7 ) w ith  th e  a d d i t io n  o f  0.2% form aldehyde. Two 
a d d i t io n a l  5 min. r in s e s  in  T r i s  HCl  a lo n e  com pleted th e  p re 
in c u b a tio n . In  i n i t i a l  c h a r a c te r iz a t io n  s tu d ie s  th e  s e c t io n s  
w ere in c u b a ted  in  0 .1 ‒1 .0  nM [ 3H] PN in  T r i s  HCl . E q u ilib riu m  
b in d in g  was reach ed  in  30 min. R inses i n  co ld  T r is  HCl  (w ith  
0 .25  mg/ml  f a t t y  a c id  f r e e  BSA) reduced  s p e c i f i c  b in d in g  t o  50% 
a t  18 min. [ 3H] PN b in d in g  was s a tu r a b le  and r e v e r s ib l e .  Non
s p e c i f i c  b in d in g  (0 .1  nM [ 3H] PN) in  th e  p re sen ce  o f  10 ‒5M 
n if e n d ip in e  was abou t 10% o f  t o t a l  b in d in g . E adie–H ofstee  
an a ly s e s  o f  b in d in g  d a ta  in  a d u l t  c a ts  showed a  KD o f  0 .0 5  nM.

S e c tio n s  from th e  v is u a l  c o r te x  o f  an im als  o f  d i f f e r e n t  ages 
w ere in c u b a ted  w ith  0 .1  nM [ 3H] PN a s  d e s c r ib e d  above and exposed 
t o  LKB u l t r o f i lm .  The au to rad iog ram s re v e a le d  a  lam inar s p e c i f i c  
p a t t e r n  o f  b in d in g  a t  each  age examined: in  young k i t t e n s  (<20 
days o f  age) b in d in g  was d e n s e s t in  la y e r  4 ; a f t e r  30 days p o s t
n a t a l ,  lam inae 1‒3 and t o  a  l e s s e r  e x te n t ,  lam ina 6 , showed th e  
d e n s e s t b in d in g .

S im ila r  r e d i s t r ib u t i o n s  o f  r e c e p to r  b in d in g  d u rin g  p o s t–n a t a l  
devel opment have  been  shown t o  be a  c h a r a c t e r i s t i c  o f  a  number o f  
NT/NM re c e p to r s  in  c a t  v is u a l  c o r te x  (eg . m u sca rin ic  ACh, 
c h o le c y s tok in i n ) . In  young k i t t e n s ,  most r e c e p to r  p o p u la tio n s  
a r e  c o n c e n tra te d  in  la y e r  4 a s  a r e  Ca++ channel b in d in g  s i t e s .  
The Ca++ channel b in d in g  p a t te r n  in  a d u l t  c a t  v is u a l  c o r te x  
resem b les t h a t  o f  m u sca rin ic  ACh, c h o le c y s to k in in , adenosine  and 
β–a d re n e rg ic  r e c e p to r s ,  a s  w e ll a s  o p ia te  and g lu tam a te–r e l a te d  
b in d in g  s i t e s .

The p r e s e n t  d a ta  su g g es t th e  p o s s i b i l i t y  o f  a  fu n c t io n a l  
c o r r e l a t i o n ,  a t  c e r t a in  ag e s , o f  s e v e ra l  d i f f e r e n t  NT/NM 
re c e p to r s  w ith  Ca++ ch a n n e ls .
S upported  by th e  Canadian  MRC.

335.3 ONTOGENY OF CRF RECEPTORS IN RAT BRAIN AND PITUITARY.
T.R. In se l, D. Fairbanks* and E.B. De Souza, Lab. of C lin ical 
Science, NIMH, P o o le sv ille , MD 20837 and Neuroscience Branch, ARC, 
NIDA, Baltim ore, MD 21224.

Receptors fo r the  41 amino acid pep tide , co rtic o tro p in  re leasing  
fa c to r  (CRF), have been previously id e n tif ie d , ch arac te rized , and 
loca lized  in ra t brain  and p i tu ita ry  using both homogenate binding 
and in v itro  autoradiographic techniques (De Souza, E.B. e t a l . ,  
J .  N eurosci. ,  5:3189‒3203, 1985). Although CRF receptors in brain 
and p i tu i ta ry  show s im ila r  k in e tic  p ro p e rtie s , p i tu i ta ry  receptors 
appear to  be regulated  d if fe re n t ly  than those in  the  brain  
(De Souza, E.B. e t al. , Neurosci. L e tte r s , 56:121‒128, 1985). To 
fu r th e r  compare CRF receptors in brain  and p i tu i ta r y ,  we in v e s t i
gated the  ontogeny of the  receptor in both s i t e s .

Fetuses of timed pregnant S–D ra ts  were delivered  by C–section  
every o ther day from day 15 through day 21 of g e s ta tio n . In addi
t io n ,  r a t  pups a t post–na ta l days 2, 8 , 14, 21, and 28 were used. 
B rains (and post–natal p i tu i ta r ie s )  were removed, dropped in to  10% 
sucrose and sa lin e  a t 4° fo r 5 m inutes, and then frozen a t ‒70° C. 
Because of the  d i f f ic u l ty  of obtain ing  in ta c t p i tu i ta r ie s  from 
fe ta l r a ts ,  in  an add itional s e r ie s  of anim als, the  e n tire  skull 
was frozen without d is se c tio n . CRF receptors in brain  were 
measured using both whole brain  homogenates and in v i t ro  auto
radiography. Both methods employed a 120 minute incubation with 
0.1 nM 125I –t y r –0–rCRF with non–s p ec if ic  binding determined using 
unlabeled r –CRF (1 uM). P itu ita ry  CRF binding was measured using 
in v itro  autoradiography alone.

125I–crf binding in  whole brain  homogenates appeared by day 
17 of g esta tio n  (Bmax = 2 0 .6  + 1.3 fmo l/mg p ro te in ) increasing  
s te a d ily  to  a peak a t post natal day 8 (Bmax = 150.1 + 7.5 fmol/mg 
p ro te in ) ,  then, decreasing to  lower values a t days 21 and 28 (55.7 + 
3.4  and 48.1 + 3.5 fmol/mg p ro te in ) .  This p a tte rn  did not re f le c t  
changes in p ro te in  con ten t. Autoradiographic images revealed a 
s im ila r time course with dense labe ling  in  the  developing co rtex , 
as well as in several o ther regions th a t appear le ss  conspicuously 
labeled  in the  ad u lt.  P itu ita ry  CRF receptors followed a sim il a r 
time course with sp ec if ic  binding present by day 19 g esta tion  and 
marked binding evident from post–natal day 2 onwards.

Recently, physiologic s tu d ies  have demonstrated th a t  CRF recep
to rs  in p itu ita ry  are fu n c tio n a lly  ac tiv e  early  in development 
(Walker, e t al . , Endocrinology, 118:1445‒1451 , 1986). The ontogeny 
of b rain  receptors fo r CRF appears to  p a ra lle l th is  development in 
p i tu i ta r y ,  although the  function  of these  receptors in the  develop
ing b rain  remains to  be e lu c id a ted .

335.4 D‒l  AND D‒2 DOPAMINE RECEPTOR DISTRIBUTIONS IN KITTEN AND MONKEY 
STRIATUM. E.K. R ic h f ie ld .  A.B. Young and J .B . Penney. D ep t o f 
N eurology, U n iv e rs ity  o f M ichigan, Ann A rbor, MI, 48104.

D‒l  and D‒2 dopamine r e c e p to r s  were s tu d ie d  in  two n e o n a ta l 
k i t t e n s  (P2 and P7) and fo u r a d u l t  monkeys u s in g  q u a n t i ta t iv e  
au to rad io g rap h y . A djacen t u n fix e d  c ry o s ta t  t i s s u e  s e c t io n s  were 
p ro cessed  fo r  D‒l  and D‒2 dopamine r e c e p to r s  and a c e ty lc h o lin e s 
te r a s e  (AChE) s ta in in g .  D‒l  r e c e p to rs  were la b e le d  u s in g  [3H]– 
S chering  23390 and D‒2 r e c e p to r s  were la b e le d  u s in g  [3H]–s p iro p e r 
id o l .  Both l ig a n d s  were in c u b a ted  a t  c o n c e n tra t io n s  equa l to  
t h e i r  r e s p e c t iv e  KDs and a t  one–h a l f  KD to  a llow  d i r e c t  com parison 
o f  th e  number o r D‒l  and D‒2 r e c e p to r s .  S p e c i f ic  b ind ing  was 
determ ined  u s in g  500 nM c i s –f l u p e n th ix o l as  a  b lank  fo r  D‒l  b in d 
ing  and 10 µM dopamine fo r  D‒2 b in d in g . AChE s ta in in g  was p e r 
formed u s in g  a m od ified  method o f G eneser–Jensen  and B lack stad  ( Z. 
Z e l l i o r s c h . , 114:460, 1971). AChE s ta in in g  d u ra t io n s  were v a r ie d  
fo r  k i t t e n s  and monkeys to  r e v e a l maximal c o n t r a s t  between a re a s  
o f  h ig h  and low a c t i v i t y .  A reas o f in c re a se d  s ta in in g  (p a tc h e s )  
were e a s i ly  seen  in  k i t t e n s ,  w h ile  a re a s  o f dec reased  s ta in in g  
(s tr io s o m e s )  were e a s i ly  seen  in  monkeys. Both p a tch es  and s t r i o – 
somes had appearances and d i s t r i b u t io n s  c o n s is te n t  w ith  o th e r  
r e p o r t s .

D‒l  r e c e p to r s  were heterogeneous in  k i t t e n  s tr ia tu m  w ith  a  mod
e r a t e  amount in  m a tr ix  and denser a re a s  o f in c re a se d  b ind ing  th a t  
were o f te n  in  r e g i s t e r  w ith  AChE p a tc h e s . D‒2 r e c e p to r s  in  k i t 
te n s  were more homogeneous, b u t w ith  sm all a re a s  o f d ec reased  
b in d in g  th a t  co rresponded  to  a re a s  o f low AChE s ta in in g .  D‒l  r e 
c e p to rs  w ere much g r e a te r  th a n  D‒2 r e c e p to r s  a t  bo th  ag es. In  th e  
P2 k i t t e n ,  D‒l  and D‒2 r e c e p to r s  were p re s e n t in  th e  m a trix  w ith  a 
d e c re a s in g  g ra d ie n t  from d o rs a l  to  v e n t r a l .  In  th e  P7 k i t t e n ,  
th e s e  g ra d ie n ts  were n o t p r e s e n t .  The P7 k i t t e n  dem onstrated  
in c re a s e d  b ind ing  o f  bo th  D‒l and D‒2 r e c e p to r s  in  th e  m a trix  
compared to  t h a t  a t  P2, which tended  to  mask th e  h e te ro g e n e i t ie s  
p r e s e n t .  The AChE s t a i n  dem onstrated  a d ec re a s in g  g ra d ie n t from 
l a t e r a l  to  m e d ia l, b u t n o t d o rs a l  to  v e n t r a l  a t  b o th  ages.

In  th e  a d u l t  monkeys, D‒l  r e c e p to r s  were a ls o  much g r e a te r  than  
D‒2 r e c e p t o r s . B o t h  D‒l  and D‒2 re c e p to r s  appeared  q u ite  
homogeneous when compared to  th e  AChE h e te ro g e n e ity . There was a 
5 to  15% v a r i a t i o n  in  b in d in g  in  some a r e a s ,  b u t th e se  a re a s  d id  
not  co rrespond  to  s tr io so m e s  seen  w ith  AChE s ta in in g .

Dopamine D‒l  and D‒2 re c e p to r s  a re  he terogeneous in  develop ing  
k i t t e n  s tr ia tu m . The developm ent o f D‒l  and D‒2 re c e p to r s  a re  
d i s t i n c t  and d i f f e r  from each o th e r .  The ontogeny o f th e  dopamine 
re c e p to r s  p a r a l l e l s ,  b u t d i f f e r s  from AChE s ta in in g  in  t h e i r  
d i s t r i b u t io n s .  A dult dopamine r e c e p to r s  a re  more homogeneous and 
do n o t match th e  d i s t i n c t  h e te ro g e n e ity  o f AChE s ta in in g .

S upported  by th e  T o u re tte  Syndrome A sso c ia tio n  and USPHS g ra n t 
NS 19613.



1230 BIOCHEMICAL AND PHARMACOLOGICAL CORRELATES OF DEVELOPMENT II THURSDAY AM

335.5 ONTOGENY OF B1 AND B2 ADRENERGIC RECEPTORS IN THE BABOON: AN IN 
VITRO AUTORADIOGRAPHIC STUDY. P.A. Slesing e r , P.R. Lowenstein,  
L.C. Walker, M.F. Casanova*, D. L  P rice . J.T . Coyl e and H.S. 
Singer*. Depts. of Neuroscience, Pathology and Neurology, The 
Johns Hopkins U niversity  School of Medicine, Baltimore, MD 21205.

Norepinephrine (NE) appears early  in development and has been 
shown to  be involved in synaptogenesis and neuronal p la s t ic i ty .  
Adrenergic recep to rs , which mediate the action of NE, are divided 
in to  two c la sses , Alpha 1 and 2 and Beta 1 and 2. Since NE is  
im plicated in development, a d e ta iled  descrip tion  of the ontogeny 
of Beta (B) recep tors  might prove useful in e lu c id atin g  how and 
where NE ac ts . We repo rt on the ontogeny and devel opmental p a t
te rn  of B1 and B2 recep to rs  in baboon, using in  v itro  au to ra
dio graphy.

Brains from term baboons (approx. 180 days) and juven ile  
baboons (3 years old) were processed fo r Beta receptor au to ra
diography with 125I ‒iodocyanopindol ol , using standard au to ra
diographic techniques. Beta recep tor subtypes were d istingu ished  
with the se le c tiv e  an tagon ists  fo r B1 (ICI 89,406) and fo r B2 
(ICI 118,551) recep to rs.

In the term baboon, areas of high binding to  B1 receptors 
include the caudate and putamen (s tria tu m ), globus p a llid u s , th a 
lamus, la te ra l  gen icu late  body, cerebral cortex (lay e rs  I , I I , I I I  
and VI) and hippocampus. B2 recep tors  are seen only in the den
ta te  gyrus. D is tribu tion  of B1 and B2 recep tors  is  s im ila r in the 
ju v en ile  baboon. In co n tra s t , the p a tte rn  of binding in the cor
tex and s tria tum  is  s tr ik in g ly  d if fe re n t between the term and 
ju v en ile  baboons. Patches of B1 recep to rs  and a pronounced medial 
(high binding) to  la te ra l  (low binding) gradient are observed in 
the  s tria tum  of the term baboon, whereas the s tria tum  of the juve
n ile  baboon is  denser and more uniform. Additional l y , only the 
term baboon has B1 recep tors  in layer VI of the cortex .

The primary p ro jec tion  of NE f ib e rs  to cortex is  from the locus 
coeruleus. The B1 recep to rs  found in the cortex of both term and 
ju v en ile  baboons may mediate the e f fe c ts  of th is  NE inpu t. The 
lo s s  of B1 recep to rs  in c o rtic a l layer VI of the ju v en ile  baboon 
in d ica tes  some reorgan ization  of these  recep tors  during develop
ment. In c o n tra s t , the s tria tum  receives l i t t l e  NE innervation , 
y e t B1 recep to rs  are present in high concen trations. In addi
t io n , we have found th a t B1 recep tors  are loca lized  in to  d isc re te  
patches in the stria tum , and th is  pa tte rn  of binding becomes more 
uniform during development. Other in v estig a to rs  have shown a 
s im ila r developmental p a tte rn  with ace ty l chol i nesterase  s ta in in g , 
dopamine h istochem istry , op iate  recep to rs , and Hemichol inium‒3 
binding s i te s .  This study provides evidence fo r a dynamic, orga
nized p a tte rn  of Beta recep tors  during development of the primate 
s tria tum  and cortex .

335.6 DEVELOPMENT OF CHOLINERGIC AND DOPAMINERGIC PRE– AND POSTSYNAPTIC 
MARKERS IN THE BABOON AND HUMAN STRIATUM. P.R. Lowenstein, P.A. 
S lesinger, H.S. Singer*, L.C. Walker, M.F. Casanova*, D.L. P rice 
and J.T .Coyle. Depts. of Neuroscience, Pathology and Neurology, 
The Johns Hopkins Univ. School of Medicine, Bal to . ,  MD 21205.

The caudate and putamen, which p a rtic ip a te  in the processing of 
motor and cognitive  inform ation, are part of p a ra lle l basal 
gangl ia –th a l amocortical c i r c u i ts .  Rather than being a homogeneous 
s tru c tu re , these nuclei are d iv is ib le  in to  d is t in c t  domains, based 
on anatomical, biochemical and e lectrophysio log ica l c h a rac te r is 
t i c s .  To understand the ontogeny and developmental organization 
of these c i r c u i t s ,  we studied the m aturation of two neurotransm it
t e r  systems w ithin baboon and human stria tum . Markers fo r p re– 
and postsynaptic cho linerg ic  ( s t r i a ta l  interneurons) and 
dopaminergic (n ig ral a ffe re n ts ) systems were investigated  using 
autoradiographic and histochem ical techniques.

Cerebral hemispheres from term baboons, human abortuses 
(approx. 18 weeks) and 3 year old baboons were rap id ly  d issec ted , f ro 
zen on dry ice and processed fo r autoradiography. Serial sections 
were obtained through the e n tire  ro s tro –caudal ex tent of the cor
pus stria tum . [ 3H]Hemicholinium‒3 (C3H]HCh‒3), which binds to 
high a f f in i ty  choline uptake, was used as a presynaptic ch o li
nergic marker. [ 3H]Mazindol, which binds to dopamine uptake in 
the  s tria tum , was used as a presynaptic dopaminergic marker. Ml 
m uscarinic recep tors  were measured using [ 3H]Pirenzepine. AChE 
histochem istry  was performed on frozen and fixed  tis su e .

In the term baboon, [ 3H]HCh‒3 autoradiography demonstrated 
patches of high a c t iv ity  in a la te ra l  (high) to medial (low) den
s i ty  g rad ien t. This d is tr ib u tio n  of binding s i te s  is  p a ra lle led  
by the AChE s ta in . A s im ila r [ 3H]HCh‒3 and AChE p a tte rn  is  also 
evident in an 18 week human fe tu s . In c o n tra s t , [ 3H]HCh‒3 binding 
in the 3 year old baboon s tria tum  showed a la te ra l  to  medial gra
d ien t, with no high density  patches apparent. [ 3H]Mazindol 
autoradiography in the term baboon also showed patches, with non
patch areas having homogeneous binding, whereas in the adu lt, 
these  dopaminergic term inal s displayed a f a i r l y  homogeneous p a t
te rn . [ 3H]Pirenzepine lab e lled  muscarinic Ml recep tors  in both 
the term baboon and fe ta l  human s tria tum  showing patches in the 
caudate and putamen. In the 3 year old baboon, Ml receptors 
showed a la te ra l  to  medial binding gradient to the caudate and 
putamen.

These re s u lts  emphasize the existence of an important reorgan i
zation  w ithin the postnatal caudate and putamen. This reorganiza
tio n  occurs a f te r  the generation of s t r i a ta l  neurons and a f te r  
c o rtic a l and n ig ral innervation  of the stria tum  have been 
achieved. Further stud ies are required to  determine whether these 
p a tte rn s  are modulated by in tr in s ic  or a ffe ren t systems.

335.7 POSTNATAL DEVELOPMENT OF GP‒50, A MAJOR GLYCOPROTEIN OF 
ISOLATED RAT BRAIN SYNAPTIC MEMBRANES, STUDIED WITH A MONOCLONAL 
ANTIBODY
T. P a la d in o *, P. W. B eesley*; C. G ravel*, R. Hawkes and J .  Gurd 
D ept. o f  B iochem istry , Scarborough C o lleg e , U n iv e rs ity  o f  Toronto 
O n t.,  M1C1A4, Canada; D ep t. o f  B iochem istry , Royal Holloway and 
B edford New C o lleg e , Egham, S u rrey , U .K .; D ept. o f  B iochem istry  
and C en ter f o r  R esearch  in  N eurob io logy , Laval U n iv ers ity ,Q u eb ec , 
P .Q ., Canada.

We have d e s c r ib e d  p re v io u s ly  a  m onoclonal a n tib o d y , mabSMgp50, 
t h a t  re co g n ize s  a neuron–s p e c i f i c ,  concan av a lin  A–b in d in g  g ly c o 
p ro te in  th a t  i s  en rich ed  in  i s o la te d  s y n a p tic  membranes (B eesley  
e t  a l . ;  Biochem. Soc. T ra n s .,  in  p r e s s ) .  Immunocytochemical 
s ta in in g  o f  a d u l t  r a t  c e r e b e l l a r  c o r te x  s u g g e s ts  t h a t  th e  e p i to p e  
i s  c o n c e n tra te d  in  th e  g ra n u le  c e l l s .  T h is  mab has now been used 
in  b iochem ical and immunocytochemical experim en ts to  s tu d y  th e  
developm ental p r o f i l e  o f  th e  e p i to p e  in  r a t  f o re b ra in  and c e re 
bellum . S o lid  phase radioim m unoassay and W estern b lo t s  o f  
f o re b ra in  and c e r e b e l l a r  homogenates show th a t  gp50 i s  p re s e n t 
on ly  a t  low le v e l s  (10% o r  l e s s  o f  a d u l t)  d u rin g  th e  e a r ly  s ta g e s  
o f  p o s tn a ta l  developm ent. In  f o re b ra in  th e  gp50 a n t ig e n  in c re a s e s  
t o  80% o f  i t s  a d u l t  le v e l  between p o s tn a ta l  days P16 and P33. The 
developm ental p r o f i l e  shows a 2 day la g  in  ce re b e llu m . S p e c i f ic  
g ra n u le  c e l l  im m unoreactiy ity  i s  f i r s t  i d e n t i f i e d  a t  P12‒P15 and 
in c re a s e s  t h e r e a f t e r .  At P25 th e  i n t e n s i t y  o f  s ta in in g  i s  s t i l l  
w e ll below th a t  o f  a d u l t  c e r e b e l l a r  c o r te x .  A n a ly s is  o f  a  range 
o f  fo re b ra in  and c e r e b e l l a r  s u b c e l lu la r  f r a c t io n s ,  in c lu d in g  
sy n a p tic  membranes, microsomes and th e  P2 p e l l e t ,  shows th a t  th e  
developm ental p r o f i l e s  mimic t h a t  f o r  th e  p a re n t homogenate w ith  
no r e d i s t r ib u t i o n  o f  gp50 between f r a c t io n s .  However, in  
s y n a p tic  membrane th e  m ajor in c re a s e  in  gp50 i s  d e layed  w ith  
r e s p e c t  to  th e  hom ogenates, o c c u rr in g  between P24 and P33. Gp50 
i s  p re s e n t in  c e r e b e l l a r  g ra n u le  c e l l  c u l tu r e s  b u t n o t in  
c u l tu r e s  e n rich ed  in  a s t r o c y te s .  I t  i s  f i r s t  d e te c te d  in  g ra n u le  
c e l l  c u l tu r e s  a f t e r  4 days in  v i t r o  and co n tin u e s  to  in c re a s e  in  
c o n c e n tra t io n  th roughou t th e  c u l tu r e  p e r io d  (maximum 12 days in  
v i t r o ) .

S upported  by g ra n ts  from th e  M edical R esearch  C ouncil o f 
Canada (R .H ., J .G .)  and by a  Royal S o c ie ty  – N .S .E .R .C . 
F e llo w sh ip  (P .W .B .).

335.8 Na+,K+ –ATPase A ctivity in the Developing Brain of Fetal Guinea Pigs 
During Normoxia and Hypoxia. O. P. Mishra and M. Delivoria– 
Papadopoulos,* D ept. of Physiology, University of Pennsylvania, 
Philadelphia, PA. 19104

The guinea pig is noted for its high degree of neurological m aturity  a t 
b irth . In this species, the ra te  of brain growth in term s of increase in 
w eight is maximum a t 35 days of gesta tion . However, maximum increase 
in te rm s of DNA and cholesterol con ten t occurs during the last week of 
gesta tion . The present study aims to  examine the developm ental pa ttern  
of Na+,K+–ATPase ac tiv ity , an index of membrane functional m aturation, 
in guinea pig fe ta l brain during the period of gestation  and determ ine the 
e ffe c t of prenatal hypoxia on the ac tiv ity  of this enzyme.

Guinea pig fetuses of d iffe ren t days of gesta tion  (35, 40, 45, 50, and 60 
days) were obtained from m others. Following decapita tion , fe ta l brains 
were quickly rem oved and frozen in liquid nitrogen. The brain tissue was 
homogenized in 50 mM Tris–HCl buffer, pH 7.4, to produce a 2.5% W/V 
hom ogenate. ATPase ac tiv ity  was determ ined in 1 ml assay medium 
containing 100 mM N aCl, 20 mM KCl, 6 mM Na2 ATP, 6 mM MgCl2, 50 
mM Tris–HCl buffer, pH 7.4, and 0.1 ml tissue hom ogenate. The reaction 
was carried  out in both the presence and absence of 1 mM ouabain a t 
37 C for 5 min. Ouabain–sensitive ac tiv ity  was taken as a measure of 
Mg++–ATPase. Protein was determ ined by the method of Lowry e t al. 
Enzyme ac tiv ity  was expressed as umoles of P i/m g protein/hour.

Na+,K+–ATPase, Mg++–ATPase, and to ta l ATPase ac tiv ities  rem ained 
unchanged during the early  periods (35‒ 45 days) of gesta tion . However, 
these ac tiv ities  increased significantly during the last 1 0 ‒ 12 days of 
gesta tion . The ac tiv ity  of these enzym es a t 35, 40, 45, 50, and 60 days of 
gestation are as follows: Total ATPase (5.89+0.86, 6.56+0.97, 6.79+1.21, 
9.67+ 0.62, and 16.75+ 1.10 umoles of P i/m g protein/hour); Na+,K+–ATPase 
(4.71+0.28, 4.33+0.58, 4.17+0.75, 5.89+0.51, and 8.29+0.93 umoles of Pi/m g 
protein/hour); Mg++–ATPase (1.57+0.40, 2.24+0.46, 2.61+0.60, 3.78+0.36, 
and 8.45+0.81 umoles of P i/m g protein/hour). Na+,K+–ATPase ac tiv ity  in 
the 60 day fetus was sharply reduced (50%) by m aternal hypoxia (F1O2 7% 
for 40 min), w hereas the 50 day fe ta l brain Na+,K+–ATPase was 
unaffec ted . Results show th a t a rapid increase in the Na+,K+–ATPase 
ac tiv ity  occurs during the last week o f gesta tion  and the ac tiv ity  is highly 
sensitive to  hypoxia during this period. On the basis of these results, it  is 
proposed th a t the fe ta l brain cell membrane functions are  more 
susceptible to  hypoxia a t te rm  than in preterm  periods.
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335.9 TRANSFERRIN BINDING IN CULTURED EMBRYONIC CHICK 
RETINAL NEURONS. G. D.  Z e e v a lk  & A.  G.  H yndm an R u tg e r s  
U n i v e r s i t y ,  D e p t .  B io l . S c i . ,  P i s c a t a w a y ,  N . J .  0 8 8 5 4

As p r e v i o u s l y  r e p o r t e d  ( N e u r o s c i .  A b s . ,  ’ 8 5 ) ,  
d e v e l o p i n g  c h i c k  r e t i n a l  n e u r o n s  b i n d  hum an 
t r a n s f e r r i n  i n  v i t r o . E v id e n c e  i n  t h e  l i t e r a t u r e  
(K im u ra ,  e t  a l . ,  D e v e lo p .  G ro w th  & D i f f e r . ,  2 4 :3 6 9 ,  
'8 2  a n d  o t h e r ) ,  h o w e v e r ,  s u g g e s t s  s p e c i e s  d i f f e r e n c e s  
am ong t r a n s f e r r i n s  w i t h  r e g a r d  t o  b i n d i n g  a n d  
f u n c t i o n a l  p r o p e r t i e s .  We t h e r e f o r e ,  i n v e s t i g a t e d  
c h i c k  t r a n s f e r r i n  ( c o n a lb u m in )  b i n d i n g  i n  o u r  c u l t u r e d  
r e t i n a l  n e u r o n s .  S in c e  t h e  m a jo r  r o l e  f o r  t r a n s f e r r i n  
i s  t h e  t r a n s p o r t  o f  i r o n  i n t o  t h e  c e l l ,  we a l s o  
i n v e s t i g a t e d  hum an a n d  c h i c k  t r a n s f e r r i n  m e d ia t e d  i r o n  
u p ta k e  b y  o u r  c u l t u r e d  n e u r o n s .  T r a n s f e r r i n  b i n d i n g  
w as e x a m in e d  b y  f l u o r e s c e n c e  im m u n o c y to c h e m is t r y  u s i n g  
a r a b b i t  p o l y c l o n a l  a n t i b o d y  a g a i n s t  c h i c k  t r a n s f e r r i n  
( g e n e r o u s  g i f t  o f  D r .  G e o rg e  M a r k e l o n i s )  o r  a g o a t  
p o l y c l o n a l  a n t i b o d y  a g a i n s t  hum an t r a n s f e r r i n  (C a p p e l  
L a b . ) .  I r o n  u p ta k e  w as e x a m in e d  u s i n g  r a d i o a c t i v e l y  
l a b e l e d  59F e . A t 72h  i n  v i t r o , n e u r o n s  d e r i v e d  fro m  
8 d a y  e m b ry o n ic  r e t i n a  a n d  g ro w n  i n  a t r a n s f e r r i n – f r e e  
d e f i n e d  m ed iu m , b o u n d  b o t h  hum an a n d  c h i c k  t r a n s f e r r i n  
o n  t h e i r  s u r f a c e  w hen a s s a y e d  a t  4 °C . When 
i n c u b a t e d  w i t h  hum an o r  c h i c k  t r a n s f e r r i n  a t  3 7 ° ,  
t h e n  f i x e d  a n d  s o l u b i l i z e d  w i t h  c o l d  95% e t h a n o l : 2 
p a r t s  g l a c i a l  a c e t i c  a c i d ,  b i n d i n g  w as fo u n d  t o  
c o n s i s t  o f  b r i g h t l y  f l u o r e s c e n t  g r a n u l e s  w i t h i n  t h e  
som a s u g g e s t i n g  i n t e r n a l i z a t i o n  o f  t h e  t r a n s f e r r i n .  
W h ile  b o th  hum an a n d  c h i c k  t r a n s f e r r i n  sh o w ed  b i n d i n g  
a n d  i n t e r n a l i z a t i o n ,  t h e  am o u n t o f  f l u o r e s c e n t  l a b e l  
a s s o c i a t e d  w i t h  t h e  n e u r o n s  w as a lw a y s  m uch g r e a t e r  
w i t h  c h i c k  t r a n s f e r r i n .  I r o n  u p ta k e  b y  c u l t u r e s  g row n  
i n  t h e  a b s e n c e  o f  t r a n s f e r r i n  w as 43 + 1 f m o l e s / l 0 3 
c e l l s . a f t e r  20 m in  o f  i n c u b a t i o n .  T h e  a d d i t i o n  o f  
hum an o r  c h i c k  t r a n s f e r r i n  (6 2 .5 n M  f i n a l  
c o n c e n t r a t i o n )  e n h a n c e d  i r o n  t r a n s p o r t  i n t o  t h e  
n e u r o n s ,  h o w e v e r ,  t h e  am o u n t o f  i r o n  t a k e n  up  w as much 
g r e a t e r  i n  t h e  p r e s e n c e  o f  c h i c k  t r a n s f e r r i n  (6 0 + 1 .3  
f m o l e s / 1 0 3 c e l l s  f o r  hum an t r a n s f e r r i n  c o m p a re d  w i t h  
1 0 7 + 1 .2  f m o l e s / 1 0 3 c e l l  f o r  c h i c k  t r a n s f e r r i n . ) .

T h e s e  r e s u l t s  show  t h a t  w h i l e  c u l t u r e d  c h i c k  
n e u r o n s  c a n  b i n d  a n d  u t i l i z e  hum an t r a n s f e r r i n ,  t h e y  
do  s o  w i t h  l e s s  e f f i c i e n c y  t h a n  t h e i r  own s p e c i e s  o f  
t r a n s f e r r i n .  T h i s  may e x p l a i n ,  i n  p a r t ,  why m any 
d e f i n e d  m e d ia  t h a t  c o n t a i n  hum an t r a n s f e r r i n  u s e  
u n p h y s i o l o g i c a l l y  h i g h  c o n c e n t r a t i o n s .

335.10 VITAMIN D DEPENDENT CALCIUM BINDING PROTEINS IN THE CEREBELLUM OF 
RODENTS. J .  M aria n i, C.O. P a rk es ,* M. Thom asset,* J .L .  G uenet*and 
N. D elhaye–Bouchaud.* UA 1199 CNRS and Lab. N europhysio log ie Onto– 
géné tiq u e ,  Univ. P. e t  M. C u rie , P a r is ,  and I n s t i t u t  P a s te u r , 
P a r is ,  F rance .

Among th e  la rg e  fam ily  of in t r a c e l lu l a r  ca lcium  b ind ing  p ro 
te in s ,  some a re  u b iq u ito u s  (eg ca lm odulin) whereas o th e rs  show a 
s p e c i f ic  t i s s u e  d i s t r i b u t io n .  In  the  l a t t e r  group a re  th e  ch o le– 
c a lc in s  o r c h o le c a lc i f e ro l  induced ca lcium  b ind ing  p ro te in s  
(CaBPs). In  mammals a sm all 9K c h o le c a lc in  i s  found in  the i n t e s 
t in e  and a 28K c h o le c a lc in  i s  found m ainly in  th e  kidney and in  
the  c e n tr a l  nervous system , where the  la r g e s t  c o n c e n tra tio n  i s  by 
f a r  observed in  th e  ce rebellum . Moreover re c e n t h is to c h em ica l s tu 
d ie s  (Jande e t  a l . ,  1981; Baimbridge and M il le r ,  1982; Legrand 
e t  a l . ,  1983) have c l e a r ly  shown th a t  c e re b e l la r  CaBP i s  r e s t r i c 
ted  to  th e  P u rk in je  c e l l s ,  in  bo th  ch ickens and r a t s .  The physio 
lo g ic a l  fu n c t io n  o f th i s  p ro te in  and i t s  r o le  in  the  re g u la tio n  
of th e  in t e r n a l  c o n c e n tra t io n  of f r e e  Ca++ in  th e  c e l l  rem ains 
however la rg e ly  unknown.

In  th e  f i r s t  p a r t  of th e  p re s e n t su ty  the  CaBP co n ten t was mea
sured  w ith  a s p e c i f ic  radioim m unoassay (RIA) in  the ce rebellum  of 
d i f f e r e n t  m utant m ice; in  th re e  o f them, ie  P u rk in je  c e l l  degene
r a t io n  (p c d ) , nervous (rd ) and s ta g g e re r  (sg)whose ce rebellum  i s  
alm ost la ck in g  o f P u rk in je  c e l l s ,  th e  CaBP was alm ost ab sen t in  
the  ce rebellum .

By c o n t r a s t  the  CaBP le v e l  was alm ost normal in  the  cerebellum  
of r e e l e r  and weaver mice which a re  dep rived  of g ran u le  c e l l s .  
These r e s u l t s  g ive  q u a n t i ta t iv e  su ppo rt to  the  id e a  th a t  th e  en
t i r e  pool of c e re b e l la r  CaBP is  a s s o c ia te d  w ith  th e  P u rk in je  c e l l  
(P .C .)  p o p u la tio n .

In  th e  second p a r t  of th i s  s tudy  we have t r i e d  to  m an ipu la te  
the  in t r a c e r e b e l l a r  le v e l  of 28K CaBP w ith o u t changing the  s iz e  
of th e  PC p o p u la tio n . P re lim in a ry  r e s u l t s  in d ic a te  th a t  the c e re 
b e l l a r  le v e l  of CaBP i s  s e v e re ly  d ep le ted  in  two new m u tan ts , 
hypersp iny  P u rk in je  c e l l  (hpc) and nodding (n d ) , w ith o u t no g ross 
change in  PC s number. D esp ite  the  d e fe c t in  CaBP co n ten t d is c lo 
sed by radioim m unoassay, im m unocytochemistry rev ea led  th a t  a l l  the 
PCs p re s e n t in  th e se  m utants were un ifo rm ely  s ta in e d  w ith  an a n t i  
CaBP an tib o d y . Since the  P u rk in je  c e l l s  in  th e se  m utants e x h ib i t  
m orpho log ica l and e le c tro p h y s io lo g ic a l  a b n o rm a li t ie s , e s p e c ia l ly  
o f t h e i r  d e n d r i te s ,  they  could be u s e fu l models to  study  th e  ro le  
o f 28K CaBP in  th e  developm ent and the  fu n c t io n  of PCs.

335.11 CYTOCHALASIN B BINDING SITES IN ADULT AND NEONATAL RAT BRAIN. 
A.M. M orin, B.E. Dwyer*, D.G. Fujikaw a and C,G. W a ste r la in * . 
Neurology and E p ilep sy  Res. L abs, V.A. Med. C t r . ,  Sepu lveda, CA 
91343 & D ept. Neurology & B rain  R esearch  I n s t . ,  U .C.L.A . School 
o f M edic ine.

During s e iz u re s  o r  hypox ia , b ra in  g lu co se  i s  p ro found ly  
d e p le te d  in  normoglycemic n e o n a ta l an im a ls . T h is  i n a b i l i t y  o f 
g lucose  supp ly  to  keep up w ith  g lu co se  u t i l i z a t i o n  has been 
su g g es ted  a s  a  cause  o f  s e le c t i v e  neu ro n a l damage s u f fe re d  
du ring  pro longed  s e iz u r e s .  One p o s s ib le  ex p la n a tio n  fo r  b ra in  
g lu c o se  d e p le t io n  i s  th a t  v u ln e ra b le  a re a s  in  neo n a tes  co n ta in  
few er g lu c o se  t r a n s p o r t  s i t e s  and th u s  have d ec reased  ac c e ss  to  
g lu c o se  a t  a  tim e when i t  i s  most needed. The o b je c t  o f  th i s  
s tudy  was to  m easure th e  b ind ing  o f  3H–c y to c h a la s in  B to  th e  
g lu c o se  t r a n s p o r t e r  in  a d u l t  and 4 day o ld  r a t  pup b ra in s  and to  
c o r r e l a te  r e g io n a l  d if f e re n c e s  in  t r a n s p o r t e r  w ith  a re a s  o f 
in c re a s e d  v u ln e r a b i l i ty .  The b in d in g  o f  3H–c y to c h a la s in  B, a 
p o te n t i n h i b i to r  o f  g lu c o se  t r a n s p o r t ,  i s  used  as  a  m easure o f 
t r a n s p o r t e r  (D ick e t  a l . ,  P roc . N a tl . Acad. S c i . .  81 :7233, 
1984). S p e c i f ic  b in d in g  i s  th e  d if f e re n c e  in  b in d in g  in  th e  
p resen ce  o f D–g lu c o se  (500mM) o r L–g lu co se  (500mM). The r e s u l t s  
o f  b in d in g  s tu d ie s  in  whole hom ogenates (washed tw ic e  w ith  0.05M 
T r i s –HCl , pH 7 .4 )  in d i c a t e  t h a t  in  c o r te x ,  th e r e  i s  
s i g n i f i c a n t ly  l e s s  t r a n s p o r t e r  in  n eona te  th a n  a d u l t  (n eo n a te , 
1 .9 8 +l . l 3  pmol/mg p r o t ;  a d u l t ,  8 .78+ 0 .9 2  pmol/mg p r o t ,  P < 0 .025 ). 
S ca tchard  a n a ly s is  o f  3H–c y to c h a la s in  B b ind ing  in  c o r te x  
in d ic a te d  a d u l t  c o r te x  h as  a  h ig h e r  Bmax ( 4 6 .8 pmol/mg p r o t )  th an  
n e o n a ta l c o r te x  ( 6 .8  pmol/mg p ro t )  w h ile  th e  b in d in g  a f f i n i t i e s  
a r e  r e l a t i v e l y  c lo s e  ( a d u l t  KdO.20uM; neona te  Kd=0.23uM ). In  
c o n t r a s t ,  b in d in g  in  b ra in  stem  and ce reb e llu m  were n o t 
s ig n i f i c a n t ly  d i f f e r e n t  when n eo n a te s  were compared w ith  
a d u l t s .  The r e s u l t s  in d i c a t e  th a t  o f th e  th r e e  b ra in  a re a s  
exam ined, t r a n s p o r t e r  c o n c e n tra t io n  in c re a s e s  g r e a t e r  th an  5 
fo ld  a s  th e  c o r te x  m atu res w h ile  b ra in s tem  and ce rebe llum  
t r a n s p o r t e r  c o n c e n tra t io n s  rem ain c o n s ta n t .  The l im ite d  
t r a n s p o r t  c a p a c ity  o f  n e o n a ta l c o r te x  may e x p la in  i t s  s e le c t i v e  
v u ln e r a b i l i ty  and th e  i c t a l  developm ent o f  c o r t i c a l  g lu co se  
d e p le tio n  in  th e  f a c e  o f  norm oglycem ia.

T h is  re s e a rc h  was su p p o rted  by th e  R esearch  S e rv ic e  o f  th e  V. 
A, th e  U nited  C e re b ra l P a lsy  R esearch  and E d u c a tio n a l 
F o unda tion , I n c . ,  G rant NS13515 from NINCDS, and th e  E p ilep sy  
F oundation  o f  America.

335.12 DEVELOPMENTAL CHANGES IN THE NEURONAL CYTOSKELETON OF PYRAMIDAL 
TRACT NEURONS IN GOLDEN HAMSTERS: BIOCHEMICAL AND IMMUNOCYTOCHEMI– 
CAL STUDIES. J .  P ickett*  and M.M. Oblinger (SPON: C.M. Combs), 
Dept. B io l. Chem. & S tru c ., Chicago Med. Sch, N. Chicago, IL 60064

The biochemical composition of the neuronal cytoskeleton 
determines many of i t s  s tru c tu ra l and functional p ro p e rtie s . 
During development, the axonal cytoskeleton undergoes marked 
morphological changes and c e rta in  functional p ro p erties  of axons, 
such as p la s t ic i t y ,  also  change. At p resen t, l i t t l e  molecular 
inform ation is  av a ilab le  on changes in the composition of the 
cytoskeleton during development of CNS neurons. To address th i s ,  
we examined the expression and tran sp o rt of cy to ske le ta l and 
associated  p ro te ins in developing co rticosp inal neurons. Since 
hamster pyramidal t r a c t  axons grow p o s tn a ta lly , th is  system was 
used to  assess changes which occur during the period of in i t i a l  
axon growth and m aturation .

Cytoskeletal p ro te in s were labeled during synthesis by in je c 
tio n s  of 35S‒methionine in to  the motor cortex of golden hamsters 
aged 1‒28 d; animals were sac rif ic ed  lh r‒7d la te r .  To examine 
axonal l y transpo rted  p ro te in s , pyramidal t r a c t  axons were d issec 
ted from 0 .5 ‒1 mm frozen s e r ia l sections of brains and spinal 
cords and subjected to  SDS–PAGE/fluorography. In another experi
mental s e r ie s ,  samples from motor cortex and pyramidal decussation 
were d issec ted  from l ‒28d old pups and equal amounts of p ro te in  
were run on SDS–PAGE and e le c tro p h o re tic a lly  tran sfe rred  to  n i t ro 
c e llu lo se . The b lo ts  were probed with monoclonal antibodies to  
phosphorylated or nonphosphorylated neurofilam ent (NF) p ro te in s , 
an tibodies to tu bu lin  (T) and a monoclonal antibody to  the tau 
c la ss  of m icrotubule associated  p ro te in s . For h is to lo g ica l 
s tu d ie s , brains were fixed in 4% paraformaldehyde and sections 
were cut e ith e r  w ithout embedding a t 50 urn using a Vibratome or at 
10 um a f te r  parafin  embedding. H isto logical m aterial was stained 
using the PAP procedure with various cy to ske le ta l an tibod ies.

Gel analysis  of axonally transpo rted  p ro te ins revealed a 
number of s ig n if ic a n t changes. These included markedly fa s te r  
ra te s  of tran sp o rt of major cy to ske le ta l p ro te ins in younger 
compared to  o lder postnatal or adult axons and major increases in 
the proportion of labeled NF protein  to tubu lin  between 3 and 28 
days. Immunoblots ind icated  th a t  the f i r s t  s ig n if ic a n t expression 
of the 200 kd NF subunit in the motor cortex occurred on day 3. 
Additional l y , the expression of a group of 3 tau p ro te ins (60‒65 
kd) began on day 9 and increased through day 28; between days 1‒9 
the  expression of a 57 kd tau decreased to  zero . In the caudal 
pyramidal t r a c t ,  a 110 kd tau pro te in  was f i r s t  observed on day 9. 
Examination of h is to lo g ica l m aterial provided additional d e ta il on 
ro s tro –caudal g rad ien ts  in the molecular development of the 
cytoskeleton in . co rtico sp in a l neurons.
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3 3 5 .1 3  THE E F F E C T S  O F P E R IN A T A L  P H E N Y T O IN  A D M I N I S T R A T I O N  ON  
CE R E B R A L  GLUCOSE METABOLISM IN  THE ADULT R A T . J.W . M e lis i* , 
D .L. Dow–Edw ards, an d  T .H . M i lh o r a t .  (SPON: A . I .  K o b rin e) 
L a b o r a t o r y  o f  C e r e b r a l  M e ta b o l i s m ,  D e p a r tm e n t  o f  
N e u ro s u rg e ry ,  SUNY H e a l th  S c ie n c e  C e n t e r  a t  B r o o k ly n ,  
B rook lyn , N.Y. 11203.

P h e n y to i n  a d m i n i s t r a t i o n  d u r in g  p re g n a n c y  may h av e  
ad v e rse  m orpho log ic , b e h a v io ra l and p h y s io lo g i c  e f f e c t s  in  
b o th  human and a n im a l o f f s p r i n g .  In  o rd e r  to  id e n t i f y  th e  
n eu ro n a l s t r u c t u r e s  w h ich  m ig h t b e  r e s p o n s ib l e  f o r  t h e s e  
c h a n g e s ,  we a d m in is te r e d  th e  d ru g  d u r in g  th e  p o s t n a t a l  
p e r io d  when th e  b r a in  i s  r a p id ly  d ev e lo p in g .  A f te r  r e a c h in g  
m a t u r i t y ,  we em ployed th e  q u a n t i t a t i v e  [14C]deoxyglucose 
a u t o r a d io g r a p h i c  m ethod to  m e a su re  th e  r a t e  o f  in  v iv o  
g lu c o s e  u t i l i z a t i o n  in  th e  r a t  b r a i n  (S o k o lo f f  e t  a l ,  J  
N eurochem istry  28:897‒916, 1977).

Newborn m ale r a t  pups w ere  ran d o m ly  a s s ig n e d  to  e i t h e r  
e x p e r i m e n t a l  o r  c o n t r o l  g ro u p s .  The e x p e r im e n ta l  g ro u p  
r e c e iv e d  one s u b c u ta n e o u s  i n j e c t i o n  o f  0.25m g D i l a n t i n  
(p h e n y to in  sod ium  i n j  250m g/50m l, P arke–D avis) in  a t o t a l  

volume o f  5ul on p o s tn a ta l  days 1 , 3 ,and 5 and 0.5mg in  10u l 
on days 7 and 9 (app rox im ate ly  23mg/kg).  The c o n t r o l  g ro u p  
r e c e iv e d  e q u i v a l e n t  vo lum es o f  v e h ic le  k in d ly  su p p lie d  by 
P ark e-D av is . Each dam nursed  a t o t a l  o f  e ig h t  p u p s . A n im als 
w ere  h o u sed  u n d e r  s ta n d a r d  l a b o r a t o r y  c o n d i t io n s  w ith  12 
h o u r  l i g h t –d a rk  c y c l e s  and  fo o d  an d  w a te r  ad  l i b .  A l l  
a n im a ls  w ere  w eaned a t  21 d a y s .  No d i f f e r e n c e s  in  body 
w eigh t g a in  w ere observed  between th e  g ro u p s .

At t h r e e  m onths o f  a g e ,  c e r e b r a l  g l u c o s e  m e t a b o l i c  
a c t i v i t y  was a s s e s s e d .  S t r u c t u r e s  examined in c luded  th o se  
from th e  f o r e b r a i n ,  m id b ra in  and h in d b r a in .  A ll  d a t a  was 
s u b je c te d  to  s t a t i s t i c a l  a n a l y s i s  u s in g  S tu d e n t 's  T–t e s t .  
Only v e ry  s u b t le  changes in  lo c a l  c e r e b r a l  m e tab o l ism  w ere  
no ted  in  th e  d rug–t r e a te d  group  compared to  c o n t ro l  an im a ls . 
T his m inor e f f e c t  on g lu c o se  m etabolism  w i l l  be d is c u s s e d  in  
l i g h t  o f  o u r  p r e s e n t  u n d e r s ta n d in g  o f  th e  f e t a l  hydan to in  
syndrome.

Supported  in  p a r t  by th e  E p ilep sy  F oundation  o f  A m erica.

3 3 5 .1 4  THE DEVELOPMENTAL SEQUENCE OP LOCAL CEREBRAL GLUCOSE UTILIZATION 
(LCGU). E.L. McCann. H.W. Holloway . D.M. Larson and S .I. Raponort* 
(SPON: W.B. Marks).Laboratory of Neurosciences, National In s titu te  
of Aging, National In s titu te s  of Health, Bethesda, MD 20892.

Past developmental investigators have found generalized 
increases in the cerebral metabolic rate  for glucose (CMRglu) 
between 30 and 90 days in developing ra ts  (London, e t a l . ,  1981). 
However regional determination of CMRglu in a number of age groups 
during development have not been performed. Therefore, 
Fischer‒344 ra ts  between the ages of 7 and 90 days received 
[14‒C]‒2 deoxyglucose with subsequent determinations of local 
cerebral glucose u tiliz a tio n  (LCGU) according to the Sokoloff 
method (Sokoloff, e t a l . ,  1977).

As illu s tra te d  in Table 1 (below), LCGU increased between 7 
and 90 days of age with a sign ifican t peak (p < 0.05) a t 45 days 
in 40 % of 106 brain regions examined. Between 45 and 90 days the 
increase of cerebral metabolism was of the order of 15‒ 35% A 
phylogenetic sequence of development was found with the caudal 
brain areas (myelencephalon) having a higher LCGU than the rostra l 
brain sections (neocortex) p rior to 20 days. A reversal occurred 
a f te r  20 days in the neocortex/myelencephalic ra tio . Plasma 
ketone bodies were elevated throughout the suckling period (less 
than 20 days) with a sign ifican t peak (p < 0.05) a t 15 days.

In conclusion, there is  a gradual increase in LCGU from the 
postnatal period through adulthood with a peak a t 45 days. 
Regional analysis of th is  increasing LCGU demonstrates adherence 
to  a phylogenetic sequence (Leon and Clark, 1984). The 45 day 
peak for glucose u tiliz a tio n  is  in contrast to the 20 day peak of 
plasma palmitate incorporation, which corresponds to the maximal 
rate  of brain lip id  synthesis (Tabata, e t a l , 1985). The changes 
occur in the presence of high plasma concentration of ketone 
bodies and enzymes for th e ir  u tiliz a tio n , functioning a t 4 times 
th e ir  adult capacity (Yeh, e t a l , 1977 and Booth, e t a l, 1980). 
Glucose u tiliz a tio n  re flec ts  the developmental time course of 
brain oxidative metabolism, as opposed to  plasma palmitate 
incorporation, which re flec ts  the rate of brain lip id  synthesis 
during develpment.

Table 1: Cerebral glucose u tiliz a tio n  and neocortex/myelencephalic 
ra tio  in ra ts  a t d ifferen t ages (6 animals for each age).

DAYS 7 30 45 90
LCGU, AVERAGE 10.8+2.0 77.0+2.0 104.4+3.0 86.1+3.0
NEOCORTEX 9.2 + 0.1 98.2 + 5. 5 130.9 + 4 .0 107.6 + 3.0
NEO/MYEL LCGU 65.7% 120.2 % 115.8 % 125.2 %

Values are mean + SEM.

335.15 local RATES OF CEREBRAL GLUCOSE UTILIZATION IN ADULT MALE RATS 
FOLLOWING 30 DAYS OF AN "ENRICHED ENVIRONMENT". M.C. Diamond, 
C.B. Smith, A. York2 * ,  and E.R. Greer *. Depts. Physiology/ 
Anatomy and Zoology2 , Univ. CA., Berkeley, CA. 94720 and 
Lab. Cereb. Metabolism, NIMH, Bethesda, MD. 20892

The purpose of these  experiments was to  examine the e f fe c ts  of 
30 days of an "enriched environment" on local ra te s  of cerebral 
glucose u t i l iz a t io n  in ad u lt male Long–Evans r a ts .  "Enriched 
conditions" consisted  of housing 12 ra ts  in a la rg e  cage with 
novel ob jec ts  which were changed twice weekly. "Standard 
conditions" consisted  of ra ts  housed 3 /smal l  cage w ithout novel 
o b jec ts . I t  had been shown previously (Diamond e t  a l . ,  J . 
Neurobiol.7: 75‒85, 1976) th a t  ad u lt ra ts  maintained fo r 30 days 
under these  "enriched conditions" have s ig n if ic a n t increases in 
c o r tic a l th ickness in o c c ip i ta l ,  fro n ta l and p a rie ta l cortex  as 
compared with age–matched animals maintained under "standard 
cond itions" . In these  present s tu d ies  the q u a n tita tiv e  au to rad io 
graphic deoxyglucose method (Sokoloff e t  a l . ,  J .  Neurochem. 28 : 
897‒916, 1977) was used to  measure local ra te s  o f glucose 
u t i l iz a t io n  in 30 brain  regions. Results from 4 "enriched" ra ts  
were compared with re s u lts  from 6 "standard" r a ts .  Because th is  
was a p i lo t  study s t a t i s t i c a l  analyses were ca rried  out with an 
a n a ly sis  of variance and a S tuden t's  t –t e s t .  No co rrec tio n  was 
made fo r  m ultip le  comparisons. Brain regions examined included 
8 c o r tic a l a re as , 9 lim bic a reas , 10 o ther subcortical a reas , 
2 regions o f white m a tte r, and the  r e t ic u la r  form ation. Of these 
regions only fro n ta l and p a rie ta l cortex  were s ig n if ic a n tly  
changed (P<.05). In both o f these  areas ra te s  o f glucose 
u t i l iz a t io n  were 13% lower in the  "enriched" r a ts  as compared with 
the  "standard" c o n tro ls . Whether or not these  e f fe c ts  are  random 
events or a re  a c tu a lly  due to  the experimental conditions can only 
be determined by a second s e r ie s  o f experim ents. I t  is  o f in te re s t  
th a t  these  changes occurred only in brain regions in which changes 
in c o r tic a l th ickness had been found previously . That the 
"enriched" animals had decreased ra th e r  than increased ra te s  of 
glucose u t i l iz a t io n  was somewhat unexpected. I t  is  conceivable 
th a t  d iffe ren ces  in a d ap tab ili ty  between the  "enriched" and 
"standard" animals to  the  experimental environment during the 
measurement of cerebral glucose u t i l iz a t io n  may have con tribu ted  
to  these  r e s u l ts .

335.16 LOCAL CEREBRAL METABOLIC RATES FOR GLUCOSE (LCMRglc) DURING HUMAN 
BRAIN DEVELOPMENT STUDIED WITH 2‒DEOXY‒2[18F]FLUORO–D–GLUCOSE (FDG) 
POSITRON EMISSION TOMOGRAPHY (PET). Harry T. Chugani*, M ichael E. 
P helps and John C. M azzio tta  (SPON: Eduardo H. R u b in s te in ) . 
D epartm ents o f N eurology and P e d ia t r ic s ,  and th e  D iv is io n  of 
N uclear M edicine and B io p h y s ic s, UCLA School o f M edicine, Los 
A ngeles, CA 90024, USA.

The d e l in e a t io n  o f m a tu ra tio n a l changes o cc u rrin g  in  d i f f e r e n t  
b ra in  reg io n s  du ring  developm ent would p rov ide  a means whereby 
v a r io u s  b eh a v io ra l phenomena can be r e la te d  to  s p e c i f ic  b ra in  
s t r u c t u r e s ,  and enhance our u n d e rs tand ing  o f c e re b ra l  s t r u c tu r e -  
fu n c t io n a l r e l a t i o n s h ip s .  We have measured LCMRglc u sing  FDG and 
PET in  over 100 c h i ld re n  w ith  v a r io u s  n e u ro lo g ic a l d is o rd e rs  in  
o rd e r to  de term ine fu n c t io n a l b ra in  d is tu rb a n c e s  c h a ra c te r iz in g  
th e se  d is o rd e r s .  From t h i s  la rg e r  group o f c h i ld re n ,  we 
r e t r o s p e c t iv e ly  s e le c te d  o u t a subgroup o f c h i ld re n  who had 
s u f fe re d  t r a n s i e n t  n e u ro lo g ic a l ev e n ts  th a t  d id  n o t s ig n i f i c a n t ly  
a l t e r  n e u ro lo g ic a l developm ent, and th e r e fo r e ,  a re  reasonab ly  
re p re s e n ta t iv e  o f normal c h i ld r e n .  Using a s im i la r  s t r a te g y  in  9 
c h i ld r e n ,  we have p rev io u sly  d esc rib ed  (S cience  231:840‒843, 1986) 
changes in  th e  ana tom ical d i s t r i b u t io n  o f LCMRglc during  th e  f i r s t  
yea r o f l i f e .  We now re p o r t  a b s o lu te  (a s  opposed to  r e l a t i v e )  
v a lu es  o f LCMRglc in  23 such c h i ld re n  (age 5 days‒ 12 y e a rs ) .  
These v a lu es  were compared to  th o se  o f 7 young h e a lth y  a d u l ts  (age 
19‒30 y e a rs )  s tu d ie d  under s im i la r  c o n d i tio n s . Our r e s u l t s  show 
th a t  LCMRglc a re  low a t  b i r t h  (2‒4 m g/m in/l00gm), r a p id ly  r i s e  to  
reach  a d u l t  v a lu es  (4‒5 mg/min/lOOgm) by 2 to  3 y ea rs  bu t then 
co n tin u e  to  r i s e  u n t i l ,  by 4 to  5 y e a rs , LCMRglc in  most reg io n s  
reach  v a lu es  o f 8‒11 mg/min/lOOgm. These h igh  r a t e s  a re  m ain ta ined  
th roughou t th e  rem ainder o f ch ildhood  when, a t  abou t 10 y e a rs , they 
begin  to  d e c lin e  and reach  a d u l t  r a t e s  ag a in  by abou t 12 to  14 
y e a rs . LCMRglc fo r  tha lam us, ce rebellum  and b ra in stem  a t  b i r t h  a re  
c lo s e r  to  t h e i r  a d u l t  r a t e s  compared to  most o th e r  s t r u c tu r e s ,  and 
t h i s  i s  c o n s is te n t  w ith  th e  r e l a t i v e ly  e a r ly  fu n c t io n a l m a tu ra tio n  
o f th e se  p h y lo g e n e tic a lly  o ld e r  s t r u c t u r e s .  The h igh  energy demand 
o f th e  deve lop ing  b ra in  between 3 and 11 y ea rs  o f age can p o ss ib ly  
be accounted  fo r  by th e  h igh  energy ex p e n d itu re  re q u ire d  fo r  
m aintenance o f membrane p o te n t ia ls  a s  a r e s u l t  o f  ex c ess iv e  
p ro d u c tio n  o f  neu rons , synapses and d e n d r i t ic  s p in e s  d u ring  b ra in  
developm ent. The subsequen t s e le c t i v e  e l im in a tio n  o f ex c ess iv e  
neurons and o th e r  c e l l u l a r  e lem ents during  th e i r  ’fu n c t io n a l 
s t a b i l i z a t i o n '  le a d s  to  a  low er c e re b ra l  energy demand during  
ad o le scen ce . O ther a s p e c ts  o f c e re b ra l  m a tu ra tio n , such as  
m y e lin a tio n , may a ls o  c o n tr ib u te  to  th e  h igh  energy ex p e n d itu re  o f 
th e  deve lop ing  b r a in .  The mapping o f f u n c t io n a l changes in  th e  
norm ally  deve lop ing  b ra in  i s  a p r e r e q u is i te  to  th e  study  o f c e n tr a l  
nervous system  p l a s t i c i t y  in  d i f f e r e n t  d is e a se  s t a t e s .
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335.17 CYTOCHROME b561 IS ASSOCIATED WITH ASCORBIC ACID-REQUIRING ENZYMES 
IN MANY NEUROENDOCRINE SECRETORY VESICLES. Rebecca M. Pruss* and 
Emily A. Shepard*(SPON: R.Cook–Deegan). Lab of Cel l  Biology, NIMH, 
Bethesda, MD 20892.

Cytochrome b561 (cyt b561) is  a major chromaffin granule 
p ro te in . I t  rep resen ts  between 10‒20% of the granule membrane 
p ro te in  and about 3% of the to ta l  p ro te in  of the adrenal medulla.
I t  is  the only heme– or iro n –containing p ro te in  in the granule 
membrane, and thus the only candidate fo r an e lec tro n  c a r r ie r  in 
these granules. Dopamine β‒hydroxylase (DBH) is  a mixed function 
oxygenase which requ ires copper, molecular oxygen, and ascorbic 
acid fo r converting dopamine to  norepinephrine w ithin chromaffin 
granules and adrenergic or noradrenergic synaptic v e s ic le s . 
Ascorbic acid donates an e lec tro n  during th is  reaction  and cyt b561 
is  proposed as the e lec tro n  c a r r ie r  fo r regenerating  reduced 
ascorbate in chromaffin granules. We have a monoclonal antibody 
which is  sp ec ific  fo r cyt b561. This antibody was generated by 
immunizing mice with chromaffin granule membranes. Although i t  
d e tec ts  cy t b561 in homogenates of adrenal medul l a ,  th is  monoclonal 
antibody has not detected  cyt b561 in homogenates of o ther t is s u e s .  
Immunocytochemistry allows one to  lo c a liz e  an antigen which is  not 
abundant i f  i t  is  concentrated in d isc re te  subcel l u la r  regions. 
We have used our monoclonal antibody to  study the d is tr ib u tio n  of 
cyt b561 in bovine t is su e s  fixed by immersion in 4% paraform alde
hyde. Since the function  of cyt b561 as an e lectron  c a r r ie r  has 
not been abso lu te ly  e s tab l ished , we compared i t s  d is tr ib u tio n  with 
th a t  of catecholamine sy n th e tic  enzymes, DBH and PNMT, chromo– 
granin A (another major chromaffin granule p ro te in ) , and a number 
of neuropeptides and peptide hormones (VIP, enkephalin, NPY, 
galan in , and in s u lin ) .  Cyt b561 was found in both the neural and 
endocrine lobes of the p i tu i ta ry ,  the inner nuclear layer of the 
re t in a ,  g a s tro in te s tin a l nerve f ib e rs  and plexuses, in te s tin a l  
crypt c e l ls  (including  typ ica l e n te r ic  endocrine c e l l s ) ,  heart 
muscle f ib e r s ,  and a l l  adrenal medullary chromaffin c e l l s .  I ts  
d is tr ib u tio n  was best co rre la ted  with th a t of DBH or ami dated 
neuropeptides. Many neuropeptides share the fea tu re  th a t th e ir  
C–term inal amino acid is  ami dated. This m odification is  the 
r e s u lt  of a mixed function  oxygenase found in pep tiderg ic  
sec re to ry  v e sic le s . This peptide α–amidating enzyme, lik e  DBH, 
requ ires copper, molecular oxygen, and ascorbic acid . Since the 
pep tide–containing v esic le s  of the g u t, p i tu i ta ry ,  and re tin a  do 
not contain DBH, i t  appears th a t cy t b561 may be required  fo r 
ascorbic  acid regeneration  in pep tiderg ic  ascorbic ac id –containing 
v esic le s  as wel l  as DBH–containing granu les. Cyt b561 may, 
th e re fo re , be a useful and in te re s tin g  marker fo r studying the 
development o r pathology of p ep tiderg ic  and DBH–containing neural 
and endocrine t is s u e s .

SEROTONIN III

3336.1 A PHARMACOLOGIC PROFILE OF MDA AND MDMA ON BRAIN RECEPTORS AND 
UPTAKE SITES. Theresa Kopajtic*, George B a ttag lia , and Errol B. De 
Souza (SPON: W. k in n le r) . Neuroscience Branch, Addiction Research 
C enter, National In s t i tu te  on Drug Abuse, Baltim ore, MD 21224.

MDA and MDMA, rin g  su b stitu ted  d e riv a tiv e s  o f amphetamine and 
methamphetamlne, re sp ec tiv e ly , re ta in  the stim ulan t p ro p e rtie s  of 
th e i r  paren t compounds but ad d itio n a lly  e x h ib it psychotomimetic 
p ro p e rtie s . Although these  compounds a re  reported  to  e x h ib it 
s im ila r pharmacologic p ro f ile s  i n various species i ncluding man, 
recen t behavioral data from stim ulus general iz a tio n  s tu d ies  
suggest th a t  the e f f e c ts  of MDA and MDMA might d if f e r  markedly i n 
some re sp ec ts . For example, (+)MDA e x h ib its  complete stim ulus 
general iz a tio n  to  (+)MDMA, amphetamine, cocaine and hallucinogens 
(eg. LSD, (+)D0M) but (+)MDMA does not stim ulus generalize  to  the 
ha llucinogens. A dditiona lly , i n man, R(‒ )MDA i s considered the 
more ac tiv e  i somer while fo r MDMA i t  i s the S(+) Isomer which 
e x h ib its  g re a te r a c t iv i ty .  These data suggest th a t  while some of 
the  e f fe c ts  of MDA and MDMA might be mediated through s im ila r 
neuronal systems th e ir  e f fe c ts  might be q u ite  d if f e r e n t on o th e rs . 
These stu d ies  were designed to  d e lin ea te  an in  v itro  pharmacologic 
p ro f ile  fo r MDA and MDMA a t  various b ra in  recognition  s i te s  using 
rad io ligand  binding techniques. Our data i nd icate  th a t  MDA and 
MDMA e x h ib it s im ila r and p re fe re n tia l high a f f i n i t i e s  a t  5HT and 
NE uptake s i te s  ( l ‒2uM) as well 5HT2 recep to rs  (4‒5uM) with 
s ig n if ic a n tly  lower a f f i n i t i e s  a t  DA uptake s i t e s  (45‒70uM) and 
alpha1 adrenergic recep to rs  (25‒50uM). In c o n tra s t to  th e ir  
a f f i n i t i e s  a t  alpha] adrenergic re c ep to rs , MDA and MDMA e x h ib it 
substanl ta l l y higher a f f i n i t i e s  fo r al pha2 s i t e s  (2‒6uM). Of 
i n te re s t ,  (+ )MDMA has a high a f f in i ty  (2.5 uM) fo r sigma recep to rs  
which i s nearly  5‒fo ld  g re a te r  than th a t  of (+)MDA (12uM), sug
gesting  th a t  perhaps some o f the  psychotomimetic e f f e c ts  o f MDMA 
may be sigma recep to r–mediated a s  are  those o f PCP, SKF 10,047 
and o ther sigma ag o n is ts . A f f in it ie s  i n excess of 100 uM were 
observed a t  mu and del ta  o p ia te , benzodiazepine and c o rtic o tro p in 
re lea s in g  fa c to r  re cep to rs  and calcium channels. The e f fe c ts  o f 
i n vivo adm in is tra tion  o f MDA and MDMA on the  reg u la tio n  o f the 
h ig h e r  a f f i n ity  s i t e s  i s c u rre n tly  being i nv estig a ted . In sum
mary, we re p o rt here the  rank o rder o f a f f i n i t i e s  o f (+)MDA a t  
various b ra in  recep to rs  and uptake s i t e s  a s  being: NE up take≥ 5HT 
uptake = a lpha2 adrenergic >  5HT2 >  5HT1A = Sigma = M1/M2 
m uscarinic >  beta adrenergic >  alpha1 adrenergic >  DA uptake> 
D2 dopamine. With re sp ec t to  (+)MDMA we observed a rank order 
o f: 5HT uptake ≥  NE uptake = sigma >  5HT2 = M1/M2 m uscarinic≥ 
alpha2 ad renergic ≥ 5HT1a>  beta adrenergic >  alpha1 adrenergic > DA 
uptake = D2 dopamine. These data suggest th a t  s im i la r i t ie s  i n 
the  e f f e c ts  o f MDA and MDMA may be mediated by sero tonin  re c ep to rs , 
sero tonin  uptake s i te s  and/or alpha2 adrenergic  re c ep to rs , while 
d iffe ren ces  i n d iscrim ina tive  stim ulus p ro p e rtie s  may r e la te  to  
th e i r  d if f e r e n t ia l  a f f i n i t i e s  a t  sigma recep to rs .

336.2 SYSTEMIC MDA AND MDMA, PSYCHOTROPIC SUBSTITUTED AMPHETAMINES, 
PRODUCE SEROTONIN NEUROTOXICITY. E.O'Hearn*, G .B attag lla , 
E.B.DeSouza, M.J.Kuhar and M.E.Mol l iv e r . Dept. of Neuroscience, 
Johns Hopkins Uni v .Sch.of Med.; and NIDA, Baltimore, MD 21205

Several amphetamine d e riv a tiv es  a re  reported to  have long–term 
to x ic  e f fe c ts  upon monoamine neurons. A recent study repo rts  th a t  
th e  psychotropic drug methylenedloxyamphetamlne (MDA) se le c tiv e ly  
reduces sero tonin  (5‒HT) lev e ls  i n the  r a t  brain [Ricau rte  e t  al . 
Science 229 (1985)]. We have i nvestigated  th e  cytopathologlc 
e f fe c ts  of systemic MDA and of methylenedioxymethamphetamine 
(MDMA), another su b stitu ted  phenethylamine reportedly  used fo r i t s  
mood a lte r in g  e f fe c ts .  Immunocytochemistry of monoami nergic axons 
was used to  i den tify  th e  sp ec if ic  neuronal elements a ffec ted  and 
to  charac te riz e  the  ex ten t, regional d is tr ib u tio n , and tra n sm itte r  
s p e c if ic i ty  of th e  drug i nduced neu ro tox ic ity . Rats were 
adm inistered (+)MDA, (+)MDMA (20 mg/kg) or sal ine s .c .  every 12 
hours fo r  4 days. The ra ts  were sac rif ic ed  two weeks l a te r  and 
brain sec tions  were i ncubated with an tibod ies to  ty ro s in e  
hydroxylase (TH) [courtesy of Dr. T. Joh] and to  5‒HT. To study 
acute to x ic  e f fe c ts  add itional ra ts  were k ille d  1 and 3 days a f te r  
4 doses of MDA.

MDMA and, more markedly, MDA produce profound reductions i n 
th e  density  of 5‒HT axon te rm ina ls , most evident i n cerebral 
cortex , thalamus, ol fac to ry  bulb, and s tria tum  but al so i n 
hippocampus, hypothalamus, and septum. Ablation of 5‒HT axons i s 
as ex tensive a t  1 day as a t  2 weeks a f te r  i n jec tio n s. In cortex , 
the  f in e  5‒HT te rm ina ls  with small v a r ic o s i t ie s  are e sp ec ia lly  
vulnerable , whereas th e  la rg e r  axon term inals with spherical 
v a r ic o s i t ie s  appear to  survive. Remaining 5‒HT axons are g rea tly  
reduced i n number but a re  i ncreased i n diameter and 5‒HT sta in in g  
i n te n sity , probably due to  accumulation of 5‒HT and o ther axonal 
components i n f ib e rs  a f te r  lo s s  of th e  term inal branches. S im ilar 
changes may cause the  i ncreased 5‒HT s ta in in g  i n th e  basal 
fo reb rain , where d ila te d , i n tensely  stained  5‒HT axons ascend i n 
the  medial fo reb rain  bundle. At 1 day survival , the  swol l en, 
i ntensely  s ta in in g  i n te rv a rl cose segments and g ian t abnormal 5‒HT 
v a r ic o s i t ie s  i n co rtex  a re  evidence fo r acute axonal degeneration. 
The same drugs do not a ffe c t  th e  5‒HT s ta in in g  or cytology of 
raphe ce ll bodies, nor are  th e re  changes i n the  density  or 
morphology of catecholamine (TH‒posi t i ve) axons. We concl ude th a t  
MDA and MDMA produce rap id , se le c tiv e  and extensive destruction  of 
5‒HT axon term inal s , which may re s u lt  from th e  binding of these  
compounds to  th e  5‒HT uptake s i te s .  The sparing of 5‒HT ce ll 
bodies and preterm i nal axons may provide th e  po ten tia l fo r 
regenerative  sprou ting . [Support: NIH NS15199, NS21011, & 
NS19920]
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336.3DIRECT INTRACEREBRAL ADMINISTRATION OF MDA AND MDMA DOES NOT 
PRODUCE SEROTONIN NEUROTOXICITY. M.E. Mol l i ver, E. O'Hearn*, 
G. Battagl i a, and .E. B. De Souza. (SPON: B. Kosofsky). Dept. of 
Neuroscience, Johns Hopkins Un1v. School of Medicine; and ARC, 
National In s t i tu te  on Drug Abuse, Baltim ore, MD 21205

Methylenedloxyamphetamine (MDA) and methyl enedioxymethamphet
amine (MDMA, Ecstasy) are  psychotropic su b stitu ted  phenethyl amines 
which a re  se le c tiv e ly  neurotoxic to  sero tonin  (5HT) axon term inals 
when adm inistered systemi c a lly  to  ra ts  (c f, O'Hearn e t  al ; Yeh e t  
al , t h i s  vol ). In th i s  study we mi c ro i n jec ted  MDA and MDMA 
d ire c tly  i n to  th e  cereb ral co rtex  to  determ ine th e  e f fe c ts  of 
these  amphetamines on neuronal processes and to  control local drug 
c o n c e n tr a t io n .  S in g le  s te r e o t a x ic  mi c ro i n je c t i ons of (+ )MDA 
(n=12) or (+ )MDMA (n=13) [3, 10, or 12 ug in 0 .3‒0.5 u l]  were made 
i nto r ig h t fron tal cortex  of male ra ts  through 70 um t ip  g la ss  
p ip e tte s . Vehicle control i n jec tio n s  of 0.9% NaCl were placed i n 
co n tra la te ra l cortex  (n=16). Mi c ro i n je c t ions i ncluded a pulse of 
rhodamine labeled  la te x  m icrospheres to  i den tify  th e  i n jection  
s i t e  loca tion . To suppress MDA or MDMA oxidation* ascorbic acid 
(0.1 mg/ml) was added to  the  drug veh icle  i n h a lf  of the  ra ts  
(n=12). A fte r surv ival tim es of 3 days to  3 weeks, 5‒HT and 
catecholamine (CA) axons were v isu a lized  by immunocytochemi s try  i n 
brain sec tions  i ncubated with an tibod ies to  5‒HT [courtesy of H. 
Li dov] and to  ty ro s in e  hydroxylase (TH) [courtesy of T.H. Joh].

5‒HT and CA axon density  surrounding MDA and MDMA i n jec tion  
s i te s  could not be d is tingu ished  from th a t  a t  NaCl  contro l s i te s .  
Many fin e  5‒HT and TH axons could be traced  d ire c tly  up to  and 
through the  in jec tio n  s i te s .  This absence of a cy to tox ic  e f fe c t  
was found a t  a ll  survival tim es and i n jec tio n  dosages. Addition 
of ascorbic acid to  the  drug veh ic le  had no e f fe c t .  Ni s s l–s ta i ned 
sec tions  revealed a small zone of g l io s is  a t  th e  in jec tio n  s i te s .  
The cortex  around the  cen ter of the  i n jec tion  s i te s  (100‒200 um 
zone) i n MDA, MDMA, and NaCl i n jec tio n s  exh ib ited  a few 5‒HT and 
TH axons with i ncreased diameter and immunoreacti v i ty  and, ra re ly , 
a very su b tle  decrease i n 5‒HT and TH f ib e r  density ; more than 
300 um away, th e  c o r te x  was com ple te ly  normal. The l a t t e r  
find ings i n MDA, MDMA, and NaCl i njected  ra ts  are  co n sis ten t with 
nonspecific e f fe c ts  i nduced by the  trauma of mi c ro i n je c ti ons. In 
c o n c lu s io n , s in g le  la rg e  doses o f MDA o r MDMA, adm inistered 
d ire c tly  i n to  b ra in  t i s s u e ,  have no e f f e c t  on th e  d en sity , 
morphology, or s ta in in g  i n ten sity  of 5‒HT or CA axon term inals . 
This i nd icates th a t  th e  dramatic neuro tox ic ity  demonstrated a f te r  
subcutaneously adm inistered MDA and MDMA depends upon systemic 
adm in istra tion  of these  substances. These data suggest strongly  
th a t  th e  neurotoxin i s a peripheral m etabolite  of MDA and MDMA, a 
fe a tu re  th a t  may prove c ru c ia l to  e lu c id a te  th e  mechanism of 
action  and to  prevent the  neu ro tox icity  of MDA and MDMA.

[Support: NIH gran ts  # NS15199, NS21011, & NS19920]

336.4 MDA AND MDMA (ECSTASY) INTERACTIONS WITH BRAIN SEROTONIN RECEPTORS 
AND UPTAKE SITES: IN VITRO STUDIES George Battagl ia ,  Michael J .  
Kuhar and Errol B.D e  Souza. Neuroscience Branch, ARC, National 
I n s t i tu te  on Drug Abuse, Baltimore, MD 21224.

MDA and MDMA are  methylenedi oxy d e riv a tiv e s  of amphetamine and 
methamphetami ne, re sp ec tiv e ly . These compounds e x h ib it psycho
tomimetic and stim ulant p ro p erties  and have been i ncreasingly 
encountered i n i l l i c i t  drug t r a f f i c .  Recent data suggest th a t  MDA 
and MDMA may be tox ic  to  brain  serotonin neurons. Although the 
sero tonergic system has been i m plicated i n some of the physiologic 
and behavioral responses to  MDA and MDMA, the p rec ise  in te ra c tio n s  
of these compounds with b rain  serotonin recognition  s i te s  have y e t 
to  be e lu c id a ted . These s tud ies  were designed to  d e lineate  an i n 
v itro  pharmacological p ro f ile  of MDA and MDMA on pre– and post –  
synaptic serotonin recognition  s i te s  using rad io ligand  binding 
techniques.

5HT1A, 5HT2 and 5HT uptake s i te s  were se le c tiv e ly  lab e lled  
using 3h WB4101 (+30 nM p razosin ), 3H‒Ketanseri n and 3h‒ 
Paroxeti ne, re sp ec tiv e ly , i n appropria te  b rain  regions. At 5HT 
uptake s i te s  i n fro n to p arie ta l co rtex , the a f f i n i t i e s  (K1 ' s) of 
(+)MDA (2.1 uM) and (+)MDMA (1.1 uM) were comparable with t he S(+) 
i somer of each being 4‒ and 8‒fo ld  more po ten t, re sp ec tiv e ly , than 
the R(‒ ) i somer. These compounds were 11‒13 fo ld  more potent a t 
th is  s i te  than th e ir  respec tive  parent compounds, (+)amphetami ne 
(22.7 uM) and (+)methamphetami ne (15 uM). A dditionally , S(+)MDMA 
(0.64 uM) was only 5‒fo ld  le s s  potent than serotonin (0.14 uM). 
With repect to  hippocampal 5HT1A s i t e s ,  the a f f i n i t i e s  of MDA 
(12 uM) and MDMA (7 uM) were s ig n if ic a n tly  le s s  than those 
observed a t  the uptake s i te .  Furthemore, the s te re o s p e c if ic ity  a t  
5HTI a recep to rs  was the opposite of th a t  a t  the uptake s i te s  
with the R(‒ ) i somer of both MDA and MDMA being more potent than 
the S(+) i somer. At c o rtic a l 5HT2 recep to rs  (+)MDA (5.4 uM) and 
(+ )MDMA (4.9 uM) were equi potent and exh ib ited  a s te ro sp e c if ic ity  
si m ilar to  th a t  observed a t  5HTI a recep to rs .

Of i n te re s t ,  MDA and MDMA appear to  have ag o n istic  p ro p erties  
a t  5HT2 recep to rs  i n th a t they can d iscrim inate  high and low 
a f f in i ty  components o f binding and e x h ib it GTP–sensi t i vi ty .

In conclusion , these data suggest th a t ,  I n v ivo , both MDA and 
MDMA may e x e rt a potent and p re fe re n tia l e f fe c t  on the 5HT uptake 
System assoc iated  with serotonin axons and presynapti c term inals. 
Also, the find ings of d if fe re n t potencies and of reverse  s te reo – 
speci f i c i ty  a t  uptake s i te s  vs. recep to rs  may help e lu c id a te  the 
primary si te ( s )  responsib le  fo r the psychotomimetic e f fe c ts  i n 
man. For example, the S(+) i somer o f MDMA and the R(‒ ) i somer of 
MDA are reported  to  be the more potent psychotomimetic i n man, 
suggesting th a t  the e f fe c ts  of MDMA may prim arily  i nvolve 5HT 
uptake s i te s  while those of MDA may be mediated by i t s  i n te rac tion  
with 5HT2 recep to rs .

336.5 EFFECTS OF MDA AND MDMA (ECSTASY) ON BRAIN MONOAMINERGIC SYSTEMS: 
IN VIVO STUDIES. S.Y. Yeh*, G. B a ttag lia , E. O'Hearn*, M.E. 
Mo l l iv e r , M.J. Kuhar and E.B. be Souza (SPON: A. Goldberg). 
Neuroscience Branch, Addiction Research Center, National In s t i tu te  
on Drug Abuse, and Dept. o f Neuroscience, Johns Hopkins Uni v. Sch. 
o f Med., Baltimore, MD 21224

(+)3 ,4  methylenedi oxyamphetami ne (MDA) and (+)3,4 methylene
dioxymethamphetamine (MDMA) are  compounds which possess psychoto
mimetic and stim ulan t p ro p e rtie s . These so ca lled  "designer 
drugs" have found i ncreased popu larity  among rec rea tio n a l drug 
u sers . Recent s tu d ies  suggest th a t  MDA may ex e r t potent 
neurotoxic e f fe c ts  on b ra in  sero tonerg ic  systems (Science 229:986, 
1985). Our s tu d ies  were designed to  i n v estigate  the e f fe c ts  o f i n 
vivo adm in istra tion  o f MDA and MDMA on the regional concentration  
o f various b rain  monoamines and th e ir  m etabo lites  as wel l  as on 
the  p re– and post-synap tic  binding s i te s  ( i . e .  uptake s i te s  and 
re c ep to rs) .

Male, Sprague Dawley r a ts  were i n jected  s .c .  with e i th e r  sa lin e  
(1 ml/Kg), MDA o r MDMA (20 mg/Kg) tw ice a day fo r four consecutive 
days. Two weeks following the  l a s t  i n jec tion  the  animals were 
k il le d  and various b rain  regions d issec ted . Brain concen trations 
o f monoamines and th e i r  m etabo lites  were measured using RP–HPLC. 
Radioligand binding techniques were employed to  monitor changes i n 
the a f f in i ty  and/or density  o f uptake s i te s  and recep to rs .

MDA caused dramatic decreases i n 5HT (65, 26 and 33%) and 5HIAA 
(58, 64 and 40%) content i n fro n to p a r ie ta l cortex  (FPC), hippo
campus (HIP), and hypothalamus (HYP), re sp ec tiv e ly . MDMA produced 
s im ila r but le s s  dramatic decreases i n 5HT (42, 15, and 18%) and 
5HIAA (46, 55 and 26%) i n FPC, HIP and HYP, re sp ec tiv e ly . These 
compounds caused sm aller changes i n s t r i a t a l  5HT content (10‒20%), 
while the  decreases i n s t r i a t a l  5HIAA le v e ls  e l ic i te d  by both MDA 
(33%) and MDMA (36%) were comparable to  th a t  i n o ther reg ions. In 
p a ra lle l with the  observed decreases 5HT and 5HIAA con ten t i n FPC, 
s ig n if ic a n t and q u a n tita tiv e ly  s im ila r decreases i n the Bmax of 
3H–Paroxeti ne– labeled 5HT uptake s i te s  were e l ic i te d  by Doth 
MDA(69%) and MDMA(62%). In c o n tra s t ,  n e ith e r MDA nor MDMA 
e l ic i te d  any changes i n the le v e ls  o f NE, DA, DOPAC o r HVA i n any 
o f the  b ra in  regions examined. Also, th e re  was no d iffe ren ce  i n 
the  number o f 3H–Mazi ndol–1abeled NE uptake s i te s  i n FPC 
following e i th e r  MDA o r MDMA ad m in is tra tio n . Monoamine recep to r 
adap tations to  the i n d ire c t o r d ir e c t  e f fe c ts  o f these  compounds 
a re  p resen tly  being i n vestigated .

In summary, our find ing  o f s e le c t iv e  and profound decreases i n 
presynapti c sero ton in  markers following chronic adm in istra tion  of 
MDA and MDMA support our i mmunocytochemi cal s tu d ies  which i ndicate 
th a t  these  changes rep re sen t the  se le c tiv e  d e stru c tio n  o f sero 
ton in  te rm ina ls .

336.6 NEURONAL RECEPTORS OF ALCOHOL–PREFERRING (P) AND NON–PREFERRING 
(NP) RATS. D. T. Wong, L. Lumeng*, P. G. T h re lk e ld * , L. R. Reid* 
and T. K. L i* . L i l ly  R esearch  L a b o ra to r ie s , E l i  L i l ly  and C o., 
I n d ia n a p o lis , IN 46285, and Ind iana  U n iv e rs ity  School o f 
M edic ine, I n d ia n a p o lis , IN 46223.

N eurochem ical s tu d ie s  show th a t  P r a t s  have low er le v e ls  of 
s e ro to n in  (5HT) in  c e re b ra l  co r te x  and hippocampus and h ig h e r 
le v e ls  o f  n o rep in ep h rin e  in  c e re b ra l c o r te x  in  com parison w ith  NP 
r a t s  (Murphy e t  a l ,  Pharm acol. Biochem. Behav. 16:145, 1982). In 
th e  p re s e n t  s tu d ie s ,  by means o f  ra d io re c e p to r  a s s a y s , we found a 
h ig h e r  b in d in g  o f 3H‒5HT to  5HT1 re c e p to rs  in  membranes is o la te d  
from f r o n ta l  c o r te x  and hippocampus o f 6‒month–o ld  P r a t s  w ith  
s ig n i f i c a n t  in c re a s e s  in  re c e p to r  numbers (Bmax) o f 47% and 90%, 
r e s p e c t iv e ly ,  b u t w ith o u t change in  a f f i n i t y  (Kd). No c o n s is te n t  
d i f f e re n c e  was seen between P and NP r a t s  in  Kd and Bmax va lu es  
fo r  3H–k e ta n s e r in  b in d in g  to  5HT2 re c e p to r s .  S im i la r ly , no 
d if fe re n c e s  in  3H–WB4101, 3H–c lo n id in e  and 3H–d ih y d ro a lp re n o lo l 
b in d in g  to  α 1 , α2 and β–a d re n e rg ic  re c e p to rs  in  c o r t i c a l  
membranes was observed between th e se  r a t s .  These p re lim in a ry  
f in d in g s  have been r e p l ic a te d  a t  l e a s t  once and a re  c o n s is te n t  
w ith  th e  involvem ent o f th e  se ro to n e rg ic  system  in  a lo ch o l 
p re fe re n c e .
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3 3 6 .7  SEROTONIN (5 H T )  UPTAKE IN  BRAIN OF ALCOHOL– PR EFER R IN G  ( P )  AND 
NON– PR EFER R IN G  (N P )  R A T S. F .  P .  B y m a s t e r * ,  D . T .  Wong, 
L. Lumeng* and T. K. L i,v (SPON: M. D. H ynes). L i l ly  Research 
L a b o ra to r ie s , E l i  L i l ly  and C o., In d ia n a p o lis , IN 46285, and 
Ind iana  U n iv e rs ity  School o f M edicine, In d ia n a p o lis , IN 46223.

I n h ib i to r s  o f 5HT u p ta k e , in c lu d in g  f lu o x e tin e  (F ) , a re  
capab le  o f low ering  e th an o l in ta k e  in  P r a t s  (Murphy e t  a l ,  
A lcohol 2 :349 , 1985). Synaptosomes p rep ared  from c e re b ra l co rtex  
o f 8 P and NP r a t s  were compared fo r  t h e i r  a b i l i t y  to  accum ulate 
3H‒5HT (0 .04  µM) a t  37°C. Both groups e x h ib ite d  equal r a te s  o f 
3H‒5HT uptake (3 .00  + 0.11 and 3.05 + 0 .18  pmole/mg p ro te in  fo r  P 
and NP r a t s ,  r e s p e c t iv e ly ) ,  as w ell as s im i la r  Km and Vmax 
v a lu e s . F b locked 50% o f 3H‒5HT uptake in  synaptosomes o f P and 
NP a t  124 and 114 nM, re s p e c t iv e ly .  B inding o f 3H–F a t  4°C to  
5HT uptake c a r r i e r s  (Wong e t  a l ,  Drug Dev. Res. 6 :397 , 1985) in  
membranes i s o la te d  from b ra in  stem , m idbrain  and ce rebellum  was 
compared between P and NP r a t s .  A 15% h ig h e r a f f i n i t y  fo r  3H–F, 
as in d ic a te d  by th e  sm a lle r  d is s o c ia t io n  c o n s ta n ts , was seen in  
b ra in  stem and m idbrain  o f P r a t s ;  a 20% low er number o f b ind ing  
s i t e s  fo r  3H–F was seen  only  in  b ra in  stem o f P r a t s .  P re lim 
in a ry  s tu d ie s  c o n s is te n t ly  show th a t  no s ig n i f i c a n t  d if f e re n c e  
between P and NP r a t s  in  3H‒5HT uptake in  c o r t i c a l  synaptosom es. 
A low er number o f 5HT uptake c a r r i e r s  was observed in  th e  b ra in  
stem o f P r a t s .

336.8 SEROTONIN (5‒HYDROXYTRYPTAMINE, 5‒HT) HYPERPOLARIZATION 
OF HIPPOCAMPAL CA1 N E U R O N S :P H A R M A C O L O G IC A L  
CHARACTERIZATION AND POTENTIATION BY ETHANOL. P.H. Wu,* N. 
Gurevich and P.L. Carlen, P layfa ir N euroscience Unit, Toronto W estern 
Hospital, Neurology and Clinical Pharmacology Programs, Addiction 
R esearch Foundation, and D epartm ents of Medicine and Physiology, 
University of Toronto, Toronto, Canada.

5‒HT hyperpolarizes hippocampal neurons in v itro . The 5‒HT receptor 
subtypes which m ediate the 5‒HT hyperpolarization are not known. 
Although ethanol is known to  inhibit 5‒HT release and turnover, the 
mechanism for this in teraction  a t the single neuronal level has not been 
investigated. We report the  pharm acological characte rization  of 5‒HT 
hyperpolarization and ethanol‒5‒HT in teraction  on hippocampal CA1 
neurons.

Hippocampal slices from male Wistar ra ts  (150‒200 g) w ere prepared 
and perfused with standard a rtif ic ia l CSF or an ethanol (20 mM) containing 
medium. 3 M KCl m icroelectrodes (50‒180 Meg ohms) w ere used for 
in tracellu lar recordings. 5‒HT, (+)‒8‒OH–dipropylam inotetralin (8‒ 
OHDPTA), cyproheptadine, mianserin and m ethysergide were dissolved in 
the medium and focally applied by pressure ejection.

5‒HT (10‒6 to  10‒4 M) hyperpolarized (2 to  12 mV) hippocampal CA1 
neurons fo r 10 sec to  a few minutes in a dose–dependent manner,. During 
the  5-HT hyperpolarization, post-spike afterhyperpolarizations w ere often 
increased. 8‒OHDPTA, a 5‒HT1 p artia l agonist, produced a weak (≤  2 mV) 
hyperpolarizing response a t  10‒5 M. At 10‒7 M, it did not cause a 
hyperpolarization, but the spontaneous spiking ac tiv ity  of CA 1 neurons was 
decreased. Following the 5‒HT hyperpolarization, the re  was often  a 
delayed depolarization (1 to  10 mV) lasting up to  5 minutes, associated with 
increased spontaneous spiking, which could occur following the 5‒HT 
hyperpolarization without a depolarization. Both the 5‒HT 
hyperpolarization and delayed depolarization were not antagonized by 
cyproheptadine (10‒ 7 to  1 0 ‒ 5 M) or mianserin ( 1 0 ‒5 M), puta tive 5‒HT2 
recep to r antagonists. The 5‒HT hyperpolarization was not po ten tia ted  by 
MK212 a 5‒HT recep to r agonist. However, m ethysergide (10‒4 M), a non- 
selective 5‒HT recep to r antagonist blocked the 5‒HT hyperpolarization. 
Our resu lts  suggest th a t the 5‒HT induced CA 1 neuronal hyperpolarization 
is probably m ediated through the 5‒HT1 recep to r subtype. This is 
consistent with reports indicating the  high localization of 5‒HT1 recep to r 
sites in the  hippocampal CA1 region. Ethanol (20 mM) significantly 
po ten tia ted  the 5‒HT hyperpolarization.

Supported by the  MRC, ABMRF and OMHF.

3 3 6 .9  SEROTONIN MEDIATED SUPPRESSION OF FOCAL EPILEPTIFORM ACTIVITY BY 
NOXIOUS STIMULATION. P.M. Thompson* and R.S. Neuman. Faculty 
o f Medicine, Memorial U niversity , S t. Jo h n 's , NFLD., Canada, A1B 
3V6

Noxious stim ulation  (NS) suppresses p e n ic ill in  (PG)–induced 
focal ep ilep tifo rm  a c t iv ity  (FEA) in the r a t  (Neuman, EEG C lin. 
N europhysiol., in  p re ss ) . The presen t study in vestiga ted  the 
hypothesis th a t serotonin  (5HT) mediates the suppression of FEA 
by NS. In tra c o r tic a l  recordings (0 .5‒75 Hz) and PG ap p lica tio n  by 
pressure e jec tio n  were made using g lass m icroelectrodes 
positioned  1mm deep in the cortex (layers 4‒5 ). Sprague Dawley 
ra ts  (both sexes) anaesthetized  with urethane were used. NS 
consisted  of mechanical or e le c tr ic a l  stim u la tion . All drugs were 
administered iv .

Desimipramine (DMI, 3mg/kg), a blocker of norepinephrine (NE) 
uptake, fa ile d  to  reduce the suppression of FEA by NS. On the 
o ther hand, imipramine (IMI, 3 mg/kg), which blocks uptake of 
both NE and 5HT, with or without the p rio r adm inistration  of DMI, 
blocked the suppressant e f fe c t  of NS. The se lec tive , 5HT1a 
ag o n is t, 8‒OH‒2‒ (d i–n–propylam ine)tetra lin  (DPAT, 0.2‒0.5 mg/kg), 
l ik e  IMI, antagonized the suppression of FEA by NS. Baclofen (1‒ 
10 mg/kg), a GABAB recep tor agon is t, reduced but did not 
completly abo lish  NS induced suppression of FEA.

Since IMI but not DMI depresses raphe u n it a c t iv i ty  (Sheard e t  
a l . ,  1972, Brain Res.) the present r e s u l ts  are  co n sisten t with 
the hypothesis th a t  the re lease  of 5HT, but not NE, i s  important 
fo r the suppressant e f fe c t  of NS. DPAT binds to  raphe neurones 
(Verge e t  a l . ,  1985, Eur. J .  Pharm.) which suggests the fa ilu re  
o f NS to  suppress FEA follow ing DPAT might re s u l t  from 5HT 
autoreceptor a c tiv a tio n  and consequent in h ib itio n  of raphe 
neurones leading to  decreased 5HT re le a s e . Stim ulation evoked 5HT 
re lease  in  c o r tic a l  s l ic e s  i s  reduced by baclofen (Schlicker e t 
a l . ,  1984, N.S. Arch Pharm.), which l ik e ly  accounts fo r the 
action  of baclofen in reducing the suppressant e ffe c t of NS in 
the presen t study. IMI, DPAT and baclofen a l l  appear to  reduce 
5HT re le a se . Since a l l  th ree  agents antagonize the suppression of 
FEA by NS the p resen t observations are co n sisten t with 5HT, a t  
le a s t  in  p a r t,  mediating the suppression.
Supported by the MRC(C) and the Faculty of Medicine.

336.10 EVIDENCE FOR 5‒HT–l a  RECEPTOR ACTIVATION BY NOVEL ANXIOLYTICS 
IN THE RAT. Jam es I .  K oenig. H e rb e r t  Y. M s ltz e r  and Gary A. 
G udelsky , D epartm ent o f  P s y c h ia t ry , C ase W estern  R eserve  Uni
v e r s i t y ,  C leve land , Ohio 44106

We have shown p re v io u s ly  t h a t  a c t iv a t io n  o f  5‒HT–l a  rece p 
t o r s  r e s u l t s  i n  1) a  s t im u la t io n  o f  c o r t ic o s te r o n e  s e c r e t io n  
and 2) a  d e c re a s e  i n  body te m p e ra tu re  i n  th e  r a t  (A bstr. 
Soc. N eu ro sc i. 11 :359, 1985; Ph a rm aco l. Biochem. Behav. 
22:489‒492, 1985). T h is  c o n te n tio n  i s  b a sed  on th e  a b i l i t y  
o f  th e  5‒HT–l a  a g o n is t  8‒OH– DPAT t o  e l i c i t  th e s e  resp o n ses  
and th e  b lo ck ad e  o f  8‒OH–DPAT–induced  hypo therm ia and c o r t i 
c o s te ro n e  s e c r e t io n  by  s p ip e ro n e  and (‒ ) –p in d o lo l ,  b o th  o f  
w hich have  h ig h  a f f i n i t y  f o r  th e  5‒HT–l a  r e c e p to r .  Buspi
ro n e , g e p iro n e  and TVX Q 7821 a r e  non–b en z o d iaze p in e  anx io 
l y t i c  a g e n ts  t h a t  have been  shown t o  b in d  t o  5‒HT–l a  recep 
t o r s .  I n  t h e  p r e s e n t  s tu d y , we exam ined w hether th e s e  
a n x io ly t i c  a g e n ts  a l s o  e l i c i t  5‒HT–l a  r e c e p to r–m ediated  
s t im u la t io n s  o f  c o r t ic o s te r o n e  s e c r e t io n  and d e c re a s e s  in  
body te m p e ra tu re  i n  t h e  r a t .  B usp irone , g e p iro n e  and TVX Q 
7821 each  p roduced  a  dose–r e l a t e d  hypo therm ic resp o n se  be
tw een 1‒10 mg/kg. A d e c re a s e  i n  body te m p e ra tu re  o f  ap p ro x i
m a te ly  1.5°C  was observ ed  60 min a f t e r  th e  a d m in is tr a t io n  o f  
10 mg/kg o f  each  o f  th e s e  a g e n ts . The hypo therm ic  resp o n ses  
t o  b u s p iro n e , g e p iro n e  and TVX Q 7821 w ere in h ib i te d  70‒80% 
i n  an im als  t r e a t e d  w ith  s p ip e ro n e  (1 m g /kg ). T reatm ent o f  
r a t s  w ith  th e  5‒HT‒2 a n ta g o n is t  k e ta n s e r in  (1 mg/kg) d id  n o t 
s ig n i f i c a n t ly  a l t e r  th e  hypo therm ic re sp o n se s  t o  any o f  th e s e  
a n x io ly t i c s .  P lasm a c o n c e n tra t io n s  o f  c o r t ic o s te ro n e  were 
s ig n i f i c a n t ly  in c re a s e d  i n  a  d o se–r e l a t e d  manner by  b u sp i
ro n e , g e p iro n e  and  TVX Q 7821. Plasm a c o r t ic o s te r o n e  concen
t r a t i o n s  w ere 5 .6  + 1 .6  u g /d l  i n  v e h ic le –t r e a t e d  r a t s  and 
w ere 2 9 .8  +  0 .8 ,  2 0 .8  +  1 .9  and 15 .8  + 3 .6  u g /d l  a f t e r  3 
mg/kg o f  b u sp iro n e , g e p iro n e  and TVX Q 7821, r e s p e c t iv e ly .  
The c o r t ic o s te r o n e  re sp o n se s  t o  b u s p iro n e , g e p iro n e  and TVX Q 
7821 w ere i n h ib i te d  80‒90% by  sp ip e ro n e  (3 m g/kg). K etanse
r i n  (1 mg/kg) had  no s ig n i f i c a n t  e f f e c t  on th e  c o r t ic o s te ro n e  
re sp o n se s  t o  any o f  th e  a n x io ly t i c  a g e n ts . Thus, th e  e f f e c t s  
o f  b u s p iro n e , g e p iro n e  and TVX Q 7821 t o  p roduce  hypotherm ic 
re s p o n se s  and e le v a te d  p lasm a c o n c e n tra t io n s  o f  c o r t ic o 
s te ro n e  a r e  s im i la r  t o  t h e  a c t io n s  o f  th e  5–HT–l a  a g o n is t  
8‒CH–DPAT. I t  i s  conc luded  t h a t  th e  tre a tm e n t  o f  r a t s  w ith  
b u s p iro n e , g e p iro n e  o r  TVX Q 7821 r e s u l t s  i n  th e  a c t iv a t io n  
o f  r e c e p to r s  o f  th e  5‒HT–l a  s u b ty p e . I t  i s  o f  i n t e r e s t  t o  
c o n s id e r  th e  v iew  t h a t  a c t i v a t io n  o f  5‒HT–l a  re c e p to r s  by 
th e s e  non–b en z o d iaze p in e  a n x io ly t i c s  i s  p a r t  o f  th e  mechanism 
th ro u g h  w hich th e s e  a g e n ts  e x e r t  t h e i r  th e r a p e u t i c  e f f e c t .
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336.11 IN VIVO NEUROCHEMICAL EFFECTS OF A LONG ACTING SEROTONIN– lA 
AGONIST. W. C. Boyar*, R. F. N eale* , A. H utchison* and R. A. 
Love11 (SPON: B. S. G la e se r ) .  N euroscience R e s ., Pharm. D iv . , 
CIBA–GEIGY C o rp ., ,Summit, NJ 07901.

A novel b enzopy ranopy rid ine , CGS 18660A, w ith  a r e l a t i v e  
s e l e c t i v i t y  f o r  s e ro to n in ‒1A (5HT‒ 1A) b in d in g  s i t e s  in  v i t r o  
was s tu d ie d  in  v iv o  by com parison w ith  two known 5HT‒ 1A 
a g o n is ts ,  8‒hydroxydipropyl a m in o te tra l in  (8OHDPAT, J .  N eural 
T rans. 55: 169, 1982) and TVXQ 7821 (N .–S. A rch. Pharm acol. 
328: 467, 1985). The fo llo w in g  am ines and m e ta b o lite s  were 
m easured in  male Sprague–Dawley r a t s  (200‒300 g) by HPLC w ith  
e le c tro c h e m ic a l d e te c t io n :  5HT, 5‒hydroxy tryp tophan  ( 5HTP), 
5‒h y d ro x y in d o le a c e tic  a c id  (5HIAA) and h o m o v a n illic  a c id  (HVA) 
in  th e  f r o n t a l–p a r i e t a l  c o r te x  (FPC); 5HT, 5HIAA, dopamine (DA), 
d ihyd rox y p h en y la lan in e  (DOPA), d ih y d ro x y p h e n y lace tic  a c id  
(DOPAC) and HVA in  th e  s tr ia tu m . The ED25 v a lu e s  f o r  
in h ib i t i o n  o f 5HTP accum ula tion  in  th e  FPC were 0 .08  mg/kg s . c .  
fo r  8OHDPAT, 0 .1  mg/kg s . c .  f o r  TVXQ 7821 and 0 .85  mg/kg i . p .  
fo r  CGS 18660A. O ral ED25 v a lu e s  were 0 .5 ,  3 .3  and 2 .4  mg/kg, 
r e s p e c t iv e ly .  A ll 3 compounds in c re a se d  5HT and dec reased  
5HIAA in  th e  FPC. However, a t  i . p .  doses o f 10 mg/kg, 
CGS 18660A and TVXQ 7821, b u t n o t 8OHDPAT, in c re a se d  s t r i a t a l  
DOPAC and HVA and FPC HVA. At a h ig h  o r a l  dose (10 m g/kg), 
on ly  TVXQ 7821 in c re a s e d  s t r i a t a l  DOPA accum ula tion  a t  
1, 2 and 4 h o u rs . A lthough 8OHDPAT i s  s e le c t i v e  fo r  th e  5HT 
system , i t  h as  a s h o r t  d u ra t io n  o f a c t io n ,  l a s t i n g  o n ly  1 hour 
a f t e r  o r a l  dosage . TVXQ 7821 i s  n o t s e le c t i v e  when g iven  
o r a l ly ,  a f f e c t in g  b o th  DA and 5HT system s fo r  a t  l e a s t  4 h o u rs . 
When o r a l ly  a d m in is te re d , CGS 18660A i s  r e l a t i v e ly  s e le c t i v e  
f o r  th e  5HT system  fo r  a t  l e a s t  4 h o u rs . CGS 18660A has  th e  
p o te n t ia l  f o r  c l i n i c a l  u se  as  a n o v e l, s e le c t i v e  and r e l a t i v e ly  
long  a c t in g  5HT‒ 1A a g o n is t .

336.12 BEHAVIORAL PHARMACOLOGY OF THE NOVEL 5‒HT RECEPTOR–SELECTIVE 
ANXIOLYTIC IPSAPIRONE (TVX Q 7821) J.T raber* , W. U. Dompert*, 
T .Glaser*, T.Schuurman* and D.G.Spencer (SPON: F .–K. Pierau) 
Neurobiology Department, Troponwerke, Neurather Ring 1, D‒5000 
Kӧ in 80, FRG.

Ipsapirone (TVX Q 7821), a pyrim idinylpiperazine d e riv a tiv e , 
produces an x io ly tic - lik e  e ffec ts  in many animal models of anxiety 
(Traber e t  a l . ,  Brain Res. B u ll., 12:741, 1984). This compound 
binds with high a f f in i ty  to  the 5‒HT subtype of 5‒hydroxy- 
tryptamine (serotonin) recep to rs , but not to  benzodiazepine or 
GABA recep to rs . 5‒HT recep tors are predominantly present in 
the hippocampal formation (excluding dorsal subiculum) of d if fe 
re n t spec ies. Behavioral experiments point to  a complex ip sap i
rone in te rac tio n  with the 5‒HT system. Although i t  generalizes 
in a drug discrim ination  paradigm to  the 5‒methoxy–dimethyl– 
tryptamine stimulus (see D.G. Spencer, th is  meeting), i t  does 
not evoke any of the elements of the 5‒HT syndrome unlike the 
reference compound 8‒OH–DPAT. P rio r adm inistration of ipsapirone 
to  r a ts  in the shock–suppressed drinking t e s t  re su lted  in an 
increased number of punished responses. Moreover, ipsapirone 
reduced aggressive and fe a r–re la ted  behavior and increased posi
t iv e  soc ial behavior. The l a t t e r  e f fe c t could not only be ob
served under high l ig h t  conditions, in  which benzodiazepines are 
a lso  a c tiv e , but a lso  under low lig h tin g . Since c la s s ic a l anxio
ly tic s  lik e  the benzodiazepines o ften  impair memory processes, 
the e ffec t of ipsapirone on r a t  working memory in a 8-arm rad ia l 
maze was stud ied . Administration of diazepam strongly reduced 
arm choice accuracy, whereas ipsapirone had no amnesic e f fe c t 
in th is  t e s t .  These data  ind ica te  th a t  ipsapirone in te rac ts  
with 5‒HT1A recep tors and has a unique and novel pa tte rn  of 
behavioral a c t iv i ty . Thus, ipsapirone could not only be a new 
too l to  e luc idate  the functional ro le  of c en tra l 5‒HT recep tors , 
but may a lso  e luc idate  new neurobiological aspects of anxiety.

336.13 ANTAGONISM OF SEROTONIN–MEDIATED BEHAVIORS IN RATS BY PRETREATMENT 
WITH THE NONBENZODIAZEPINE ANXIOLYTICS BUSPIRONE OR ISAPIRONE. 
Irw in  Lucki and Hal R. Ward*. Departm ent o f P sy c h ia try , U n iv e rs ity  
o f P en n sy lv an ia , and th e  N europsychopharmacology U n it, V ete rans 
A d m in is tra tio n  M edical C en te r, P h i la d e lp h ia , PA 19104.

Two s im i la r ly –s tru c tu r e d  a z a s p i ro –decane compounds, busp irone  
and is a p iro n e  (TVX Q7821), have emerged r e c e n tly  as  im portan t 
nonbenzod iazep ine a n x io ly t i c  compounds. The mechanism o f th e r a 
p e u tic  a c t io n  fo r  th e se  compounds i s  u n c le a r  but may inv o lv e  
re c e p to r s  fo r  s e ro to n in  (5 ‒HT). In  o rd e r to  a s s e s s  t h e i r  a c t io n  
a t  5‒HT r e c e p to r s  i n v iv o , th e se  compounds were s tu d ie d  fo r  t h e i r  
e f f e c t s  on two b e h a v io ra l resp o n ses  in  r a t s  th a t  a re  caused by 
th e  a c t iv a t io n  o f d i f f e r e n t  types of 5‒HT re c e p to r s ;  th e  5‒HT 
b e h a v io ra l syndrome and th e  head shake resp o n se .

The 5‒HT b e h a v io ra l syndrome was produced by a d m in is te r in g  
e i t h e r  5‒methoxy–N,N–d im eth y ltry p tam in e  (5 ‒MeODMT, 3 .0  mg/kg) or 
8‒hydroxy– l – ( d i –n–p ro p y la m in o ) te tra l in  (DPAT, 2 .0  m g/kg), a s e le c 
t i v e  5‒HT1A re c e p to r  a g o n is t .  The symptoms of th e  5-HT syndrome 
(forepaw  tre a d in g ,  head w eaving, r e s t i n g  trem or, h indlim b abduc
t i o n ,  p o s tu ra l  p o s i t io n ,  and S tr a u b 's  t a i l )  a re  though t to  invo lve  
th e  a c t iv a t io n  o f 5‒HT1A. re c e p to rs  (Lucki e t  a l . ,  JPET, 1984, 228: 
133‒139). N e ith e r b u sp irone  nor is a p i ro n e  ad m in is te red  a lone  
caused  th e  5‒HT b e h a v io ra l syndrome, a lthough  both  compounds 
produced a low o u ts tr e tc h e d  p o s tu re  s im i la r  to  th a t  caused  by 
5‒MeODMT o r DPAT. The rem ain ing  symptoms o f th e  5‒HT syndrome when 
caused  by 5‒MeODMT were b locked in  a .d o se-d ep e n d en t manner by 
p re tre a tm e n t w ith  e i t h e r  b u sp irone  o r is a p i ro n e ,  w ith  th e  e x c ep tio n  
o f h ind  lim b ab d u c tio n . S im i la r ly ,  p re tre a tm e n t w ith  e i t h e r  
b u sp irone  o r is a p i ro n e  blocked th e  appearance of th e  5‒HT syndrome 
when produced by DPAT.

Head sh ak ing  b ehav io r was produced by a d m in is te r in g  q u ip az in e  
(2 .0  m g/kg). This behav io r i s  caused  by th e  a c t iv a t io n  of 5‒HT2 
r e c e p to r s  (Lucki e t  a l . , 1984). Both b u sp irone  and is a p iro n e  
caused  a dose–dependent re d u c t io n  in  th e  head shake response 
produced by q u ip a z in e , a lth o u g h  n e i th e r  drug a lone  caused shak ing .

A d m in is tra tio n  o f e i t h e r  b u sp iro n e , is a p i ro n e ,  o r  t h e i r  p r in c i 
p a l common m e ta b o lite  ( l ‒2 (p y r id im in y l) -p ip e ra z in e  (1 ‒PP) reduced 
th e  locom otor a c t i v i t y  of r a t s ,  a lth o u g h  1‒PP was most p o te n t a t  
c a u sin g  th i s  e f f e c t .  However, 1‒PP was no t e f f e c t iv e  a t  b lo ck ing  
e i t h e r  5‒HT–m ediated  b e h a v io ra l re sp o n se , i . e . ,  th e  5-HT syndrome 
o r head shake b eh a v io r . This in d ic a te s  th a t  th e  a b i l i t y  o f bus
p iro n e  and is a p i ro n e  to  an tag o n ize  5‒HT–m ediated  b e h a v io ra l r e s 
ponses was n o t due to  n o n s p e c if ic  m otor–im pairing  e f f e c t s  o f th e se  
compounds. The r e s u l t s  su g g es t th a t  d im in ished  fu n c t io n  a t  5‒HT 
r e c e p to r s  shou ld  be co n s id e red  as  a p o s s ib le  mechanism fo r  the  
th e ra p e u tic  a c t io n s  o f b u sp iro n e  and is a p i ro p e .

Supported by USPHS g ra n ts  MH‒36262 and GM‒34781.

336.14 SEROTONIN UPTAKE AND IMIPRAMINE BINDING IN PLATELETS ARE 
CORRELATED IN MAJOR DEPRESSION HERBERT Y. M E T Z E R . RAMESH 
ARORA, JOSEPH LOCASCIO*. KEN  PRABUCKI* AND JAR–CHI IEE*, CASE 
WESTERN RESERVE UNIVERSITY, CLEVELAND, OHIO 44106

P l a t e l e t  s e ro to n in  (5‒HT) u p ta k e  s i t e s  and  3H–im ipram ine b ind 
in g  (IB) s i t e s  may b e  c h a ra c te r iz e d  by  t h e i r  number and a f f i n i 
t i e s   K m  and Vmax, Kd and Bmax, r e s p e c t iv e ly .  The IB 
s i t e s  have  been  shown t o  b e  a l l o s t e r i c  r e g u la to r s  o f  5‒HT up – 
ta k e .  D ecreased  numbers o f  5‒HT u p ta k e  s i t e s  (Vmax) and IB 
s i t e s  (Bmax) have  been  found i n  d e p re sse d  p a t i e n t s  b u t  no zero  
o rd e r  c o r r e l a t i o n s  betw een th e  two have been  observ ed . No ab
n o rm a li t ie s  i n  Km o r  have been  re p o r te d .  We have found 
t h a t  Vmax and Km  a r e  p o s i t i v e ly  c o r r e l a te d  i n  norm al con
t r o l s  ( nc) (rho= 0 .57 , N=L58, p  < .0001) a s  a r e  Kd and Bmax 
(0 .4 2 , N=120, p  < 0 .0 0 0 1 ). No z e ro  o rd e r  c o r r e l a t i o n s  between 
Km  and Bmax o r  Kd  and Vmax have been observ ed  in  NC. 
M ajor d e p re s s iv e s  (MD) shows a  s ig n i f i c a n t  c o r r e l a t i o n  between 
Km  and Vmax (rh o =0 . 43 , N=117, p  < 0.0001) b u t  n o t between Kd 

and Bmax (rh o = 0 1 1 , N=66) . However, Km  and Bmax  a re  
c o r r e l a te d  i n  MD (rho= ‒0 .3 4 , N=58, p  < 0 .0 1 ) .  T h is  c o r r e la t io n  
p e r s i s t s  a f t e r  t r e a tm e n t w ith  t r i c y c l i c  a n t id e p re s s a n ts .  I t  
s u g g e s ts  t h a t  u p ta k e  and IB  s i t e s  a r e  p o s s ib ly  co–re g u la te d .  We 
h y p o th e s iz e d  t h a t  th e  t r u e  r e l a t i o n s h i p  betw een Vmax  and 
Bmax  m igh t b e  obscu red  by  th e  in f lu e n c e s  o f  K m   an d Kd , on 
t h e  number o f  u p ta k e  and IB  s i t e s ,  r e s p e c t iv e ly .  A m u ltip le  
r e g r e s s io n  o f  Vmax  on Bmax , a f t e r  co v a ry in g  o u t K m  and 
Kd, r e s p e c t iv e ly ,  was s ig n i f i c a n t .  Whereas t h e  z e ro  o rd e r  
c o r r e l a t i o n  was 0 .052 (N=51) betw een th e s e  tw o v a r i a b le s ,  we 
found t h a t  Vmax  was h ig h ly  c o r r e l a te d  w ith  Bmax  w ith  th e  
c o v a r ia te  a n a ly s is  (T=2 .7 1 , p=0 .009 , N=5 1 ) . T h is  r e la t io n s h ip  
a l s o  was found i n  u n ip o la r  and  b ip o l a r  d e p re sse d  p a t ie n t s  b u t 
n o t  i n  sc h iz o p h re n ic s , m anics o r  NC. These r e s u l t s  in d ic a te  
t h a t  m u l t iv a r ia t e  m ethods a r e  needed t o  a s s e s s  th e  r e la t io n s h ip s  
o f  l ig a n d  b in d in g  s i t e  k in e t i c  c o n s ta n ts  t o  r e l a t e d  b iochem ical 
sy stem s such  a s  am ine u p ta k e  s i t e s .  I n  MD, d e c re a s e s  i n  Bmax  
w ith o u t comp e n s a to ry  d e c re a s e s  i n  K d  a p p e a r  t o  b e  th e  prim ary  
a b n o rm a lity  i n  p l a t e l e t s ,  w ith  changes Vmax i n  K m  and being  
com pensatory  t o  th e  a b n o rm a li t ie s  i n  im ipram ins b in d in g .
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336.15 BIOCHEMICAL AND BEHAVIORAL PHARMACOLOGY OF THE PUTATIVE 

ANTIDEPRESSANT TIFLUCARBINE (TVX P 4495) T . G la se r* , W.U. Dompert*, 

T. Schuurman* and J .  T raber*  (SPON: J . Tautz)  N eurobiology 

D epartm ent, Troponwerke, N eu ra the r Ring 1, D‒5000 Kӧ1n 80, FRG.
In  th e  sea rc h  fo r  new a n t id e p re s s iv e  d ru g s , t i f lu c a r b i n e  

(TVX P 4495) has been found to  be very  e f f e c t iv e  in  anim al t e s t s  

p r e d i c t i v e  fo r  a n t id e p re s s iv e  a c t i v i t y  in  such models as  amphet

amine p o te n t ia t io n ,  r e s e rp in e  antagonism  and b e h a v io ra l d e s p a i r .  

Male r a t s  s u b je c te d  to  re p e a te d  d e f e a t  by dom inant r a t s  deve lop  a 
syndrome c h a ra c te r iz e d  by reduced  open f i e l d  a c t i v i t y ,  s o c ia l  

in t e r a c t io n  and sex u a l b e h a v io r . Subchronic tre a tm e n t o f  such 
c h ro n ic a l ly  s t r e s s e d  r a t s  w ith  t i f l u c a r b i n e  r e s u l t e d  in  a  p a r t i a l  

n o rm a liz a tio n  o f  th e  b e h a v io r . In  a d d i t io n ,  a n t i –a g re s s iv e  and 

a n x io ly t i c  a c t io n  has  been o b serv ed . B iochem ical experim en ts 
p o in te d  to  an in t e r a c t io n  o f  t i f l u c a r b i n e  w ith  th e  s e ro to n in  (5‒HT) 

system . The compound had a m oderate (K1=180 nm ol/1) a f f i n i t y  f o r  

5‒HT2 re c e p to r s  b u t n o t f o r  a  v a r i e ty  o f  o th e r  n e u ro t ra n s m it te r  
r e c e p to r s .  F u rtherm ore , i t  p o te n t ly  in h ib i te d  5‒HT r e –u p ta k e , b u t 

n o t t h a t  o f  n o ra d re n a lin e  o r  dopam ine. Animal b eh av io r s tu d ie s ,  
such as  in d u c tio n  o f  th e  5‒HT syndrome o r  5‒methoxy–d im eth y l– 

try p tam in e  d rug  d is c r im in a t io n  experim en ts c o r ro b o ra te d  a  r o le  o f  
5‒HT in  t i f l u c a r b i n e 's  mechanism o f  a c t io n .  L ike some o th e r  a n t i 

d e p re s s a n ts , t i f l u c a r b i n e  dow nregulated  bo th  β–a d re n e rg ic  and 5‒HT2 

re c e p to r s  in  th e  r a t  b r a in  a f t e r  subch ron ic  a d m in is tr a t io n .  
T if lu c a rb in e  had a weak a f f i n i t y  f o r  a c e ty lc h o lin e  r e c e p to r s ,  and 
a  m oderate in –v iv o  p ro –c h o l in e rg ic  r a th e r  th a n  a n t ic h o l in e rg ic  

a c t i v i t y .  T h is  d i f f e r e n t i a t e s  t i f lu c a r b i n e  from many o th e r  a n t i 
d e p re s s a n ts ,  whose s tro n g  a n t ic h o l in e r g ic  a c t io n s  m ight be 

r e s p o n s ib le  f o r  u n d e s ire d  s id e  e f f e c t s .  The p r e s e n t  s tu d ie s  

su g g es t t h a t  t i f l u c a r b i n e  i s  an a n t id e p re s s iv e  drug  w ith  an 

in t e r e s t i n g  com bination  o f  a c t io n s .

336.16 PRECLINICAL EVALUATION OF McN‒5652‒Z‒68 AS A POTENTIAL 
ANTIDEPRESSANT. R .P . Shank, J .L .  V aught*, C.R. S chne ider* , 
J .R . Mathi asen* , J .F .  G ardocki* , C. Gambarana*† , B.E. M aryanoff*, 
and D .F. McComsey*. D ep ts . o f B io lo g ic a l and Chemical R e s ., 
McNeil P h a rm a ceu tica l, Spring  House, PA 19477, and †D ept. of 
P s y c h ia try , U niv. PA Sch. o f M edicine, P h i l a . ,  PA 19104.

McN‒5652‒Z‒6 8 [t r a n s ‒1 ,2 ,3 ,5 ,6 ,10b–Hexahydro‒6‒ [4‒ (me th y l th io )  
p h e n y l]p y rro lo [2 , 1‒a] is o q u in o lin e  p e rc h lo ra te ]  i s  p o te n tly  a c t iv e  
in  a v a r ie ty  o f t e s t s  con sid e red  to  be p re d ic t iv e  o f a n t i 
d ep re ssa n t a c t i v i t y .  In  v i t r o , McN‒5652‒Z‒68 p o te n tly  i n h i b i t s  
th e  synaptosom al uptake of 5‒HT(K1 ~ 0.6nM) and NE (K1 ~ 3nM), 
and i n h ib i ts  th e  synaptosom al uptake o f DA w ith  m oderate potency 
(K1 ~40nM ). P o ten t a c t i v i t y  in  v ivo  i s  in d ic a te d  by r e s u l t s  of 
ex v ivo  s tu d ie s  (ED50 fo r  in h ib i t i o n  of 5‒HT and NE uptake were 
 ~2 and ~10 mg/kg p .o . ,  r e s p e c t iv e ly  a t  2 h r p o s t d o s in g ) , and 
t e s t s  in  v ivo  th a t  a re  in d ic a t iv e  o f an enhancement o f 
s e ro to n e rg ic  fu n c tio n  (L‒5‒HTP i nduced head tw itch  in  mice and 
s e ro to n in  syndrome in  r a t s ) .  In  the  mouse head tw itch  t e s t ,  
ED50 v a lu es  fo r  McN‒5652‒Z‒68 a f t e r  s . c . ,  i . p . ,  and p .o . 
a d m in is tra tio n  were 0 .0 1 , 0 .03  and 0 .5  mg/kg, r e s p e c t iv e ly  45 min 
a f t e r  d o s in g . At 6 h r po st p .o . dosing  the ED50 was ~2 mg/kg in  
th e  mouse head tw itc h  t e s t .  In  th e  r a t  s e ro to n in  syndrome t e s t ,  
th e  ED50 v a lu es  of McN‒5652‒Z‒68 1 h r a f t e r  s . c .  and p .o . dosing  
were 0 .20  and 1.6 mg/kg, r e s p e c t iv e ly .  McN‒5652‒Z‒68 was 
g e n e ra lly  more p o te n t in  th e se  t e s t s  than  o th e r  known 5‒HT uptake 
in h i b i to r s .  McN‒5652‒Z‒68 e f f e c t iv e ly  p reven ted  te tra b e n a z i ne 
m e thanesu lfona te  (TBZ) i nduced p to s is  in  mice and r a t s ,  bu t TBZ 
induced s e d a tio n  was e f f e c t iv e ly  p reven ted  only  fo r  b r ie f  p e rio d s  
a f t e r  dosing  (≤lh r )  in  m ice, and a t  no tim e p erio d  s tu d ie d  in  
r a t s .  McN‒5652‒Z‒68 d isp la y ed  some a c t iv i t y  in  5‒HT1 , 5‒HT2 , 
α 1  and D2 re c e p to r  a s s a y s , b u t in  no case  was th e  potency 
s u f f i c i e n t  to  i n d ic a te  an a p p re c ia b le  c o n tr ib u t io n  to  the o v e ra l l  
pharm aco log ica l e f f e c t s  in  v ivo  ( i . e . ,  app. K1 > 200nM). In  
v iv o , McN‒5652‒Z‒68 in h ib i te d  3H–cyanoim ipram ine b ind ing  in  r a t  
CNS t i s s u e s  w ith  an ED50 o f 0 .09  mg/kg ( i . p . ) ,  fu r th e r  
dem onstra ting  i t s  h igh  potency as a 5‒HT uptake in h i b i to r .  When 
a d m in is te red  i . p .  f o r  10 days a t  10 mg/kg b . i . d . ,  McN‒5652‒Z‒68 
caused a h ig h ly  s ig n i f i c a n t  down re g u la t io n  o f th e  β ad ren e rg ic  
re c e p to r  in  r a t  c e re b ra l c o r te x .  In  o th e r  s tu d ie s  McN‒5652‒Z‒68 
was found to  be devoid o f a n t ic h o l in e rg ic  and a n t ih is ta m i n e rg i c 
a c t i v i t y ,  and was n o t a b eh a v io ra l s tim u la n t a t  p h arm aco log ica lly  
re le v a n t  do ses . O v e ra ll ,  our s tu d ie s  in d ic a te  th a t  McN‒5652‒Z‒68 
i s  a  h ig h ly  p o te n t in h i b i to r  o f 5‒HT up take w ith  a long d u ra t io n  
o f a c t i v i t y ,  and th a t  i t s  potency as an in h ib i to r  o f NE uptake i s  
s u f f i c i e n t  to  c o n tr ib u te  a p p re c ia b ly  to  i t s  t o t a l  pharm aco log ical 
a c t i v i t y  in  v iv o .
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337.1 SEROTONERGIC RECEPTORS ON INDIVIDUAL NEURONES IN THE GUINEA–PIG 
SUBMUCOUS PLEXUS. A.Surprenant* and J .C r is t*  (SPON. E.Cherubini) 
Neuropharmacology Lab, MIT, Cambridge, MA. 02139 and Beth I s ra e l  
H osp ita l, Harvard Medical School, Boston, MA. 02215

5‒HT increases in te s t in a l  secre to ry  a c t iv i ty  p rim arily  by 
a c tiv a tin g  5‒HT recep to rs  on submucous plexus neurones which 
innerva te  the  mucosa. Ionophoretic ap p lic a tio n  o f 5‒HT onto 
submucous neurones has been shown to  cause b r ie f  dep o la riza tio n s  
a ssoc iated  with a conductance increase  (H irs t ε  S ilin sk y , 
J .P h y s io l. 251, 817 ,' 75). In the  p resen t study , in t r a c e l lu la r  
recordings were made from submucous plexus neurones and 5‒HT was 
app lied  by ionophoresis, p ressure  pu lse  and superfusion ; the  
e f fe c ts  o f 5‒HT (and numerous p u ta tiv e  5‒HT agon ists  and 
an tag o n ists) were examined on membrane p o te n tia l or membrane 
cu rren t under s in g le –e lectrode  voltage–clamp co n d itio n s .

5‒HT evoked membrane dep o la riza tio n s  a sso c ia ted  with 
increased  membrane conductance in  a l l  neurones; dep o la riza tio n s  
a ssoc iated  with a decreased membrane conductance were a lso  
observed in  a m ajority  o f c e l l s .  The former type o f response 
was b r ie f  (minimum dura tions  evoked by 5‒HT pressure  pu lse  were 
100 ms), i ncreased in  amplitude when the  membrane was hyper- 
po la rized  and showed an ex trapo la ted  re v e rsa l p o te n tia l between 
0 and ‒30 mV. The .l a t t e r  type o f d ep o la riza tio n  was slow 
(minimum dura tion  2‒ 10 s )  and was found to  be due to  a decreased 
potassium conductance. 5‒HT a ls o  caused p resynap tic  in h ib itio n  
o f the  f a s t  and slow e x c ita to ry  synap tic  p o te n tia ls  and the 
In h ib ito ry  synap tic  p o te n t ia l .

K etanserin , m ianserin , spiperone, hexamethonium and cyprohep
tad in e  had no e f f e c t  on th e i r  own, o r on any o f the  5‒HT–induced 
responses; 8‒hydroxy–dipropylamino–te t r a l in  (DPAT) and m– 
trifluorom ethy lphenylp iperazine (TFMPP) acted  as α2–adrenoceptor 
an tag o n is ts ; methysergide and cocaine in h ib ite d  5‒HT depo lariza
tio n s  only a t  concen tra tions which produced marked lo c a l 
an ae s th e tic  a c tio n s . 2‒methyl‒5‒HT produced membrane d ep o la ri
zations  a sso c ia ted  with conductance in c rea se s; i t  d id  not 
decrease potassium  conductance nor cause p resynap tic  in h ib it io n . 
ICS‒205‒930 (20 ‒ 200 nM) s p e c if ic a lly  blocked th is  response to  
5‒HT or 2‒methyl‒5‒HT.

Thus, the  sero tonerg ic  re c ep to r(s ) which mediate potassium 
conductance decreases and p resynap tic  in h ib itio n  in  the  guinea– 
p ig  submucous plexus a re  not 5‒HT1a , 5‒HT1b, 5‒HT2, o r 5‒HTm 
re c ep to rs . The 5‒HT recep to r which depo larizes the  membrane v ia 
a ca tio n  non–sp ec if ic  conductance inc rease  i s  the  5‒HTM recep
to r .

337.2 PHARMACOLOGICAL EVIDENCE SUGGESTING AN INVOLVEMENT OF CHLORIDE IN 
SEROTONIN MEDIATED INHIBITION. J . C . S t r a h l e n d o r f ' M. L ee, J. 
N e tz e b a n d * , R. C o o p e r , and H. S t r a h l e n d o r f . P h y s io lo g y  and 
M ed ic a l and S u r g ic a l  N e u ro lo g y , T exas Tech U n iv e r s i t y  H e a l th  
S ciences  C en te r, Lubbock, TX 79430.

In  o u r  i n i t i a l  s t u d i e s ,  i o n t o p h o r e t i c  s e r o t o n i n  ( 5 ‒ HT) 
e l i c i t e d  one o f th re e  e f f e c t s  on c e re b e l la r  P u rk in je  c e l l s  (PCs); 
i n h ib i t i o n ,  a b ip h a s ic  re sp o n se , and e x c i t a t i o n  ( S t r a h l e n d o r f  e t  
a l . , B ra in  R e s . B u l l . I I :  265‒269, 1983). These a c tio n s  o f 5‒HT 
appeared  to  be c o r r e l a te d  w ith  th e  i n i t i a l  f i r i n g  r a t e s  o f  PCs 
( S t r a h l e n d o r f ,  Exp. B ra in  R e s . 5 6 : 50‒58 , 1984). F urtherm ore, 
i n h i b i t o r y  e f f e c t s  o f  5‒HT w ere d e c r e a s e d  s i g n i f i c a n t l y  by 
c o n t in u o u s  a p p l ic a t io n  o f th e  c h lo r id e  (Cl – ) ionophore a n ta g o n is t  
p ic ro to x in ,  a t  c u r re n ts  th a t  a l s o  induced s i g n i f i c a n t  an ta g o n ism  
o f  GABA–e l i c i t e d  i n h i b i t i o n  o f  PCs (Lee e t  a l . , t h i s  vo lum e, 
1986). B ic u c u ll in e  f a i l e d  to  in d u c e  s i g n i f i c a n t  a t t e n u a t i o n  o f 
5‒HT m e d ia ted  in h ib i t i o n .  These f in d in g s  su ggested  th a t  5‒HT may 
induce i t s  in h ib i to r y  a c t io n s  th rough  a Cl–  io n o p h o re . In  l i g h t  
o f  t h i s  s u g g e s t io n ,  we have i n v e s t i g a t e d  th e  e f f e c t s  o f sodium 
p e n to b a rb i ta l  (P b ), an agen t r e p o r te d  to  en h an ce  GABA–a c t i v a t e d  
C l– f lu x  (S tu d y  and B ark e r, P roc . N a tl . Acad. S c i . 78 : 7180‒7184, 
1981) on 5‒HT and GABA–m e d ia te d  i n h i b i t i o n  o f  PCs in  u r e th a n e  
a n e s t h e t i z e d  r a t s .  Pb a t  c u r r e n t s  th a t  augmented GABA-mediated 
i n h i b i t i o n  en h an ced  5‒HT m e d ia te d  i n h i b i t i o n  in  24 o f  26 PCs 
t e s t e d .  P u l s a t i l e  i o n t o p h o r e t i c  a p p l ic a t io n s  of 5‒HT (10‒50 nA 
f o r  20‒ 30 s e c )  in d u c e d  an a v e ra g e  d e c re a s e  o f  11.1 + 1 . 2% in  
s p o n ta n e o u s  a c t i v i t y  o f PCs. Continuous a p p l ic a t io n  o f Pb (5‒25 
nA) s ig n i f i c a n t ly  augmented 5‒HT m e d ia te d  i n h i b i t i o n s  o f  PCs to  
3 0 .2 + 4 .2 %  In  16 PCs, io n to p h o r e t i c  5‒HT produced e x c i ta t io n  
and Pb re v e rs e d  e x c i ta t io n  to  in h ib i t i o n  in  12 o f th e  16 n e u ro n s .  
S p e c i f i c a l l y ,  in  th e s e  12 i n s t a n c e s ,  5‒HT in d u c ed  an a v e ra g e  
in c re a s e  o f 24 .2  + 5 .7 % and in  th e  p resence  o f  Pb, 5‒HT c a u se d  a 
2 1 .3  +  6 .3 % d e c re a s e  in  s p o n ta n e o u s  a c t i v i t y .  These f in d in g s  
f u r th e r  s u b s t a n t i a te  our su g g e s tio n  th a t  5‒HT m ediated  i n h i b i t i o n  
o f  c e r e b e l l a r  PCs u t i l i z e s  a  Cl – io n o p h o re , and  th e  o b s e rv e d  
r e v e r s a l  o f  5‒HT m e d ia te d  e x c i t a t i o n  may f u r t h e r  s u p p o r t  th e  
e x i s t e n c e  o f more than  one 5‒HT re c e p to r  s i t e .  (Supported  by NIH 
G rant R01 NS 19296.)
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337.3 EFFECTS OF SEROTONIN ON PURKINJE CELL FIRING IN THE IN VITRO 
CEREBELLAR SLICE. E. J. D arrow , H. K. S t r a h l e n d o r f  , J . C. 
S t r a h l e n d o r f , and M. L e e . D e p ts . o f  P h y sio logy  and N eurology, 
T exas Tech U n iv . H l th .  S c i . C t r . ,  S ch . o f  M ed ., L u b b o c k , TX 
79430.

P re v io u s  work from our l a b o r a to r ie s  has dem onstrated  a complex 
p a t t e r n  o f r e s p o n s e s  o f c e r e b e l l a r  P u r k i n j e  c e l l s  (P C s)  t o  
m ic r o io n to p h o r e t ic a l l y  a p p lie d  s e ro to n in  (5‒HT) in  s i t u . I n i t i a l  
s tu d ie s  have shown th re e  e f f e c t s  o f 5-HT on PC s im p le  s p ik e  (SS) 
a c t i v i t y :  i n h i b i t i o n  (62% o f PCs), b ip h a s ic  a c t i v i t y  (27%), or 
e x c i ta t io n  (11%). These resp o n ses  appear to  be r e l a t e d  to  b a s a l  
SS r a t e .  In  a d d i t i o n ,  5 ‒ HT ca n  m o d u la te  PC r e s p o n s e s  to  
a m in o -a c id  n e u r o t r a n s m i t t e r s  (L ee e t  a l . , B ra in  R e s . ,  1 9 8 5 ) . 
E x c i t a to r y  b u t n o t i n h i b i t o r y  a c t i o n s  o f 5‒HT a r e  b lo c k e d  by 
m ixed 5‒HT1 and 5‒HT2 a n t a g o n i s t s  ( S t r a h l e n d o r f  e t  a l . , E xp . 
B r a i n  R e s . , 1 9 8 4 ) .  E x c i t a to r y  r e s p o n s e s  a r e  n o t ,  ho w ev er, 
blocked by p u ta t iv e  5‒HT2 a n t a g o n i s t s .  In  f u r t h e r  s tu d y  o f  SS 
a c t i v i t y  i n  v i t r o , we have com pared th e  r e s p o n s e s  o f  PCs to  
p e rfu s io n  (10‒400µ M) and m ic ro io n to p h o re tic  a p p l i c a t i o n  o f 5 ‒HT 
in  c e r e b e l l a r  s l i c e s .  A lthough  PCs re sp o n d  to  bo th  methods of 
a p p l ic a t io n  w ith  e i th e r  e x c i t a t i o n  o r  i n h i b i t i o n ,  th e  r e s p o n s e  
c h a r a c t e r i s t i c s  a r e  q u i te  d i f f e r e n t .  S ix ty –seven p e rce n t o f PCs 
responded to  p erfu sed  5‒HT w ith  e x c i t a t i o n ;  33% re s p o n d e d  w ith  
i n h i b i t i o n .  W ith  i o n t o p h o r e s i s  o f 5‒HT, how eve 65% o f PCs 
responded w ith  in h ib i t i o n ;  32% responded w ith  e x c i t a t i o n ,  and 3% 
had  a b i p h a s i c  r e s p o n s e .  In  a d d i t i o n ,  r e s p o n s e s  o f PCs to  
io n to p h o re tic  5‒HT, b u t n o t p e r fu s e d  5‒HT, a p p e a re d  to  be r a t e  
d e p e n d e n t . F i n a l l y ,  when resp o n ses  of th e  same PCs to  p e rfu s io n  
and io n to p h o re s is  were com pared , i t  was s e e n  t h a t  80% o f th o s e  
c e l l s  d i s p l a y i n g  i n h i b i t o r y  r e s p o n s e s  to  io n t o p h o r e t i c  5‒HT 
showed e x c i ta t io n  w ith  5‒HT p e r fu s io n , w hereas 67% o f PCs e x c i t e d  
by io n to p h o re s e d  5‒HT responded a ls o  w ith  e x c i ta t io n  to  perfu sed  
5‒HT.

T hese r e s u l t s  s u g g e s t  th e  p re se n c e  o f a t  l e a s t  two d i f f e r e n t  
5‒HT re c e p to r  sub types on PCs. This i s  s u p p o r te d  by th e  f in d i n g  
t h a t  e x c i t a t o r y  r e s p o n s e s  t o  p e r f u s i o n  o f  d i f f e r e n t  
c o n c e n t r a t i o n s  o f 5‒HT d e m o n s tra te  an a t y p i c a l  d o s e - r e s p o n s e  
r e l a t i o n s h i p .  E x c i ta to r y  r e s p o n s e s  a r e  dose r e l a te d  w ith  5‒HT 
c o n c e n tra t io n  between 10 and 100 µM. A peak e x c i t a t o r y  r e s p o n s e  
o f  21 + 2% i s  o b s e rv e d  w ith  100 µM 5‒HT. W ith 200 and 400 µM 
5‒HT, however, th e  response  d e c lin e s  to  13%. T h is  s u g g e s ts  t h a t  
w ith  i n c r e a s in g  5‒HT c o n c e n tra t io n s , th e  e x c i ta to ry  response  may 
d e c l in e  b e c a u s e  o f  a s u b t r a c t i v e  e f f e c t  o f  a c t i v a t i o n  o f  
i n h i b i t o r y  r e c e p t o r s .  C u rre n t ly , we a re  s tu d y in g  th e  e f f e c t s  of 
p u ta t iv e  5‒HT re c e p to r–s p e c i f i c  a g o n is ts  and a n ta g o n is ts  on th e s e  
r e s p o n s e s .  R esearch funded in  p a r t  by Tarbox P a rk in s o n 's  D isease  
I n s t i t u t e ,  TTU.

337.4 DIFFERENTIAL EFFECTS OF γ– AMINOBUTYRIC ACID (GABA) ANTAGONISTS 
PICROTOXIN ( PTX) AND BICUCULLINE (BIC) ON SEROTONIN ( 5 ‒ H T)– 
MEDIATED INHIBITION OF PURKINJE CELLS (PC s). H. K. S tra h le n d o r f , 
M. L e e , and J. C  S t r a h l e n d o r f . D e p ts .  o f  N e u ro lo g y  and 
P h y s i o l o g y ,  T e x a s  T ech  U n iv e r s i t y ,  H e a l th  S c ie n c e s  C e n te r ,  
Lubbock, TX 79430.

S tu d ie s  from  t h i s  l a b o r a to r y  have shown t h a t  io n to p h o re t i c  
a p p l ic a t io n  of 5‒HT induced in h ib i to r y ,  e x c i t a t o r y ,  and b ip h a s i c  
e f f e c t s  on PCs ( S t r a h l e n d o r f  et  a l . , Exp. B rain Res. 56, 1984). 
U nlike e x c i ta to ry  re sp o n se s , in h ib i to ry  re s p o n s e s  o f  PCs to  5‒HT 
a r e  r e s i s t a n t  to  c l a s s i c a l  5‒HT a n ta g o n is ts .  However, th e  GABA 
a n ta g o n is ts  PTX an d /o r BIC can a n ta g o n iz e  i n h i b i t o r y  e f f e c t s  o f 
5‒HT on n e u ro n s  o f  o th e r  a r e a s  o f b r a in  (M ayer and S traughan , 
Neuropharm. 20 , 1981; S eg a l, B ra in  R e s . 1 0 3 , 1 9 7 6 ) . T h is  s tu d y  
was p la n n e d  to  exam ine and compare th e  e f f e c t s  of PTX and BIC on 
i n h i b i t o r y  r e s p o n s e s  o f c e r e b e l l a r  PCs to  5‒HT in  u r e t h a n e -  
a n e s th e tiz e d  r a t s .

I o n t o p h o r e t i c  a p p l i c a t i o n  o f  5‒HT e l i c i t e d  one o f  th r e e  
e f f e c t s :  i n h ib i t i o n ,  b ip h a s ic  r e s p o n s e ,  o r e x c i t a t i o n  a s  shown 
in  p r e v io u s  s t u d i e s .  O nly PCs th a t  were in h ib i te d  by 5‒HT were 
u sed  in  t h i s  s tu d y .  5‒HT (1 5 ‒ 0 nA f o r  20‒30s )  in d u c e d  an 
a v e ra g e  d e c re a s e  o f  1 8 .0  + 1.1% in  th e  spon taneous a c t i v i t y  of 
PCs. C ontinuous a p p l i c a t i o n  o f  PTX (2 ‒30 nA) a t t e n u a t e d  5-HT- 
m e d ia te d  i n h i b i t i o n s  of PCs to  8 .0  + 1 .1% (n=37). The e f f e c t  of 
PTX on 5‒HT–m e d ia te d  i n h i b i t i o n s  o f  PCs w as s t a t i s t i c a l l y  
s i g n i f i c a n t  (P < 0 . 0 0 0 1 ) .  PTX a t t e n u a t e d  5 ‒HT–m e d ia t e d  
i n h i b i t i o n  in  a l l  c e l l s  t e s t e d  an d  a n t a g o n i z e d  i n h i b i t o r y  
re s p o n s e s  c o m p le te ly  in  6 o f  th e s e  c e l l s .  The e f f e c t  of PTX on 
GABA–induced in h ib i t io n s  of PCs (n= l4) was a l s o  s i g n i f i c a n t  (P < 
0 .0001) . P u l s a t i l e  i o n t o p h o r e t i c  a p p l ic a t io n  o f GABA (2‒20 nA) 
e l i c i t e d  an average dec re a se  in  PC a c t iv i t y  o f 5 4 .3  + 8.0% . PTX 
a n ta g o n iz e d  GABA–m ediated in h ib i t io n s  to  15.4 + 2.4%. Continuous 
a p p l i c a t i o n  BIC a t  c u r r e n t s  t h a t  s i g n i f i c a n t l y  a n t a g o n i z e d  
GABA–m e d ia te d  i n h i b i t i o n  o f PCs (n=37) f a i l e d  to  a t te n u a te  5‒HT– 
m ediated  in h ib i t i o n s .  Among th e se  50 PCs t e s t e d ,  BIC a t t e n u a t e d  
5‒HT–m e d ia te d  i n h i b i t i o n s  i n s i g n i f i c a n t l y  in  26 c e l l s ,  had no 
e f f e c t  in  15 c e l l s ,  and p o t e n t i a t e d  i n h i b i t i o n  in  9 n e u ro n s .  
A lo n e , 5‒HT in d u c ed  an a v e ra g e  d ec re ase  in  spontaneous a c t iv i ty  
of 17.4 + 1.1%; in  th e  p re s e n c e  o f  BIC, i t  e l i c i t e d  an a v e ra g e  
d e c re a s e  o f  17.5 + 2.3%. Thus, BIC caused v i r t u a l l y  no change in  
5‒HT–m ediated  in h ib i t i o n s .

In  sum m ary, i o n to p h o r e t i c  a p p l ic a t io n  o f PTX an tagon ized  both 
5‒HT– and GABA–m ediated in h ib i to ry  resp o n ses  of PCs; how ever, BIC 
a n ta g o n iz e d  o n ly  GABA–m e d ia te d  i n h i b i t i o n s .  (Supported  by NIH 
G rant R01 NS 19296)

337.5 DIFFERENT SEROTONIN AGONISTS AFFECT THE Ca++ DEPENDENT 
PLATEAU OF ACTION POTENTIALS FROM FROG DORSAL ROOT 
GANGLION CELLS IN OPPOSITE DIRECTIONS. R. Scroggs* and E.G. 
Anderson. D ept. of Pharm acology, U niversity o f Illinois College of 
Medicine, Chicago, IL 60612.

Previous wor k in Aplysia neurons has shown th a t serotonin (5‒HT) 
blocks a  slow K+ current,, re suiting in an increase in ac tion  poten tia l (AP) 
width and increased Ca++ influx (Klein and Kandel, PNAS 75: 3572, 1978). 
In frog dorsal root ganglion cells, 5‒HT decreases the width of the 
te trae thy lam  mo nium (TEA) broadened ac tion  po ten tia l, probably by 
decreasing  Ca++ influx (Holz, Shefner and Anderson, J .  Neurosci. 6: 620, 
1986). We have now com pared the e ffec ts  of 5‒HT with two serotonin 
agonists which have a  high a ffin ity  for 5‒HT. binding s ites on APs 
recorded in tracellu larly  from frog dorsal root ganglion cells. Surprizingly, 
th e  5‒HT agonists, 8‒OH DP AT (+ 8‒OH dipropylam inotetralin  HBr) and 5 
OME DMT (5‒methoxy–n, n–dim ethyltryptam ine oxalate) a c ted  in the 
opposite m anner from 5‒HT. Both 8-OH DPAT (20‒80 µM) and 5 OME 
DMT (50 µM) widened the AP p la teau  induced by TEA, while 5‒HT (10 µM) 
narrow ed th is  p la teau . Exposure to  40 µ M 8‒OH DPAT produced an 
average increase of 41% + SE 8.4 in the width of th e  AP in the presence of 
10 mM TEA (11 cells). A pplication of 10 µ M 5‒HT decreased  the width of 
the TEA broadened AP by an  average of 29% + SE 6.6 (7 cells). The 
responses to  all compounds w ere dose dependent, readily  reversible and 
li t t le  desensitization  was observed. In the absence of TEA, 5‒HT was 
w ithout e f fe c t on the AP w idth, but 8‒OH DPAT produced a  m odest 
increase in AP w idth. This increase was more prom inent in those cells in 
which the norm al AP was broadened by shallow shoulder on its  descending 
lim b.

Two d iffe ren t recep to r system s appear to  be involved in the ac tions of 
5‒HT and 8‒OH DPAT. A la rger percen tage of cells responded to  8‒OH 
DPAT than to  5‒HT (85% and 47%, respectively). Of 10 ce lls exposed to  
both compounds; 6 w ere sensitive to  both, 2 responded only to  8‒OH DPAT 
and 2 responded to neither substance. Thus, some cells have recep to r 
system s responsive only to  8‒OH DPAT.

C oncentrations of the Ca++ channel blocker Mn++ , which only partia lly  
block the TEA broadened p a rt of the AP, markedly reduce the ability  of 
8‒OH DPAT to  in d i te  AP widening. I t  appears th a t 8‒OH DPAT a ffe c ts  
the  opening of a  C a++ channel. I t  is not ye t known if th is a f fe c t is d irec t 
or ind irect via an  ac tion  on a  K+ channel. (Supported in p art by USPHS NS 
17834.

337.6 EFFECTS OF SEROTONIN (5HT) ON MEMBRANE PROPERTIES OF RAT LATERAL 
SEPTAL NEURONS IN VITRO. M arianne J o e ls  , J o e l  P . G a lla g h e r , and 
P a t r i c i a  Shi n n ic k –C a lla g h e r . U n iv e rs ity  o f  Texas M edical Branch, 
G alveston , TX 77550.

The l a t e r a l  septum o f  r a t s  i s  known to  r e c e iv e  a se ro to n e rg ic  
p ro je c t io n  from the  d o rs a l raphe nucleus  and d is p la y s  a h igh  den
s i t y  o f  b ind ing  s i t e s  p a r t i c u l a r ly  fo r  s e le c t i v e  5HT1 lig a n d s . 
We have s tu d ie d  i n t r a c e l lu l a r ly  th e  e f f e c t  o f  5HT on membrane 
p ro p e r t ie s  o f  neurons in  a t ra n s v e rs e  s l i c e  o f  r a t  b ra in  c o n ta in 
ing  the s e p ta l  n u c l e i .  S uperfu sion  o f  5HT o x a la te  (10 µM) on 
l a t e r a l  s e p ta l  neurons induced a h y p e rp o la r iz a tio n  (6 .1  + 1.2 mV, 
mean + SEM, n = l8 ) o f  th e  membrane p o te n t ia l  accompanied by a 
d ec re ase  in  membrane r e s is ta n c e  (2 3 .0 + 4.0%, n= 21). Neurons th a t  
were spon taneously  a c t iv e  were in h ib i te d  du ring  5HT a p p l ic a t io n .  
The 5HT response  was ra p id  in  o n s e t,  dem onstrated  l i t t l e  desen
s i t i z a t i o n ,  and was s h o r t  l a s t i n g .  T hreshold c o n c e n tra t io n  fo r  
the  response  was 1 µM, maximal h y p e rp o la r iz a tio n  (7 .0  + 0 .9  mV, 
n=9) and d ec rease  in  r e s is ta n c e  (4 2 .0  + 1.4%, n3) occurred  a t  30 
and 100 µM r e s p e c t iv e ly .  At c o n c e n tra t io n s  h ig h e r  than  30 µM th e  
h y p e rp o la r iz a tio n s  were sometimes masked by a subsequen t d ep o la r
i z a t i o n .  In 5 n eu ro n s , on ly  d e p o la r iz in g  resp o n ses  a s s o c ia te d  
w ith  a dec re a se  in  membrane re s is ta n c e  were ob serv ed . The o n se t 
o f  th e  d e p o la r iz in g  response was slow ( c a .  1‒3 m in u tes ); th e  
response  la s te d  fo r  a c o n s id e ra b le  tim e (up to  10 m inutes) and in  
some c a se s  th e  membrane p o te n t ia l  d id  no t r e tu rn  com pletely  to  
p re tre a tm e n t l e v e l .  The in te r c e p t  o f  th e  s lo p es  o b ta ined  from 
c u r r e n t–v o ltag e  r e la t io n s h ip s  b e fo re  and d u ring  5HT su p e rfu s io n  
y ie ld ed  a r e v e r s a l  p o te n t ia l  fo r  th e  h y p e rp o la r iz in g  response a t  
9 6 .6 + 2 .6  mV (n= 7). H y perpo la riz ing  resp o n ses  were a lso  o b ta ined  
w ith  5HT p re s s u re -e je c te d  from m ic ro e le c tro d e s  p o s itio n e d  in  the 
medium near the  reco rd in g  e le c tro d e .  Data c o l le c te d  w ith  th i s  
method rev ea led  r e v e r s a l  p o te n t ia ls  a t  9 6 .8  + 3 .6  mV. These 
v a lu es  suggest t h a t  the  h y p e rp o la r iz in g  response to  5HT in  s e p ta l  
c e l l s  i s  due to  an in c re a s e  in  K+ c–o nduc tance . The h y p e rp o la r iz 
ing  resp o n ses  to  superfu sed  o r p re s s u re –e je c te d  5HT p e r s is te d  in  
a low C a/high  M g-containing Krebs s o lu t io n  o r  in  th e  p resence  o f  
te tro d o to x in  (1 µM), in d ic a t in g  a p redom inantly  p o s ts y n a p tic  s i t e  
o f  a c t io n .  In  a l im ite d  number o f  neurons t e s t e d ,  th e  d e p o la r
iz in g  response  to  5HT was m arkedly d ec reased  in  low C a/high Mg 
s o lu t io n  o r du rin g  a p p l ic a t io n  o f  te t r o d o to x in .  We conclude th a t  
5‒HT (1 ‒30 µM) h y p e rp o la r iz e s  l a t e r a l  s e p ta l  neurons through  an 
in c re a s e  in  K+ –conductance o f  th e  p o s ts y n a p tic  membrane. At 
h ig h e r c o n c e n tra t io n s  5HT evokes a b ip h a s ic  o r e x c lu s iv e ly  depo
la r iz i n g  re sp o n se . The io n ic  mechanism o f  th e  d e p o la r iz in g  
re sp o n ses  i s  y e t to  be d e te rm in ed . (Supported  by MH‒39163 to  
JPG)
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337.7 IDENTIFICATION OF TWO TYPES OF PERIPHERAL NEURAL RECEPTOR FOR SEROTONIN. 
G. M, Mawe. T. A. Branchek. and M. D. Gershon Department of Anatomy & .Cell Biology, 
Columbia Univ., P. & S., New York, NY 10032

The enteric nervous system (ENS) has both serotonergic neurons and serotonin (5‒ 
HT) receptors. These receptors are found in enteric ganglia and in the mucosa. 
Stimulation of these "M" receptors in ganglia by 5‒HT activates cholinergic neurons, 
which cause the gut to contract. Activation of mucosal 5‒HT receptors stimulates 
intrinsic enteric afferent neurons that initiate the peristaltic reflex. We have 
previously reported the existence of specific binding sites for 3H‒5‒HT (Kd=2.7 nM) 
in the gut. These sites were localized by radioautography to myenteric ganglia and the 
intestinal mucosa. Since the structure–activity relationship for the ability of a variety 
of compounds to antagonize the binding of 3H‒5‒HT was the same as that for their 
ability to act as agonists or antagonists of a neuronal response to 5‒HT, we concluded 
that the 3H‒5‒HT binding sites in the bowel are 5‒HT receptors. We now report that 
there are at least 2 types of 5‒HT receptor on enteric neurons, neither of which 
resembles any 5‒HT receptor that has been found in the brain. One causes a slow 
depolarization of myenteric ganglion cells associated with an increase in input 
resistance. Agonists at this receptor include, in addition to 5‒HT ( in order of potency), 
5‒ and 6‒ hydroxy–[(indolyl‒3)‒2 ethyl]‒4 piperidine (Pharmuka), and 2‒methyl- 
5‒HT. These responses are antagonized by N–acetyl‒5‒hydroxytryptophyl‒5‒ 
hydroxytrypto-phan amide (5‒HTP–DP). High affinity specific binding of 3H‒5‒HT is 
antagonized by the agonists and by 5‒HTP–DP, but not by ICS 205‒930 (Sandoz), a 
drug reported by Richardson et al. (1985) to be a specific “M" receptor antagonist, or 
by D–LSD. ICS 205‒930 also does not antagonize the slow response to 5‒HT. The 
other enteric neural 5‒HT receptor induces a fast depolarization of myenteric neurons 
associated with a fall in input resistance. These fast responses to 5‒HT are antagonized 
by ICS 205‒930. 2‒Methyl‒5‒HT can mimic the fast responses to 5‒HT, and this 
effect of 2‒methyl‒5‒HT is antagonized by ICS 205‒930. Thus, one enteric neural 
receptor for 5‒HT appears to have a high affinity for the amine and is labeled by 3H‒5‒ 
HT. This receptor seems to be responsible for the slow depolarization that is mimicked 
by indalpines and antagonized by 5‒HTP–DP. The other appears to have a lower affinity 
for 3H‒5‒HT, and thus is not labeled by that radioligand. This receptor is responsible 
for the fast depolarization of myenteric neurons that is specifically antagonized by ICS 
205‒930. Supported by NIH grant #  NS 12969 and the P.M.A.F.

337.8 DIFFERENCES IN RESPONSE OF DORSAL AND MEDIAN RAPHE SEROTONINERGIC 
NEURONS TO 5HT-1 RECEPTOR LIGANDS. C .M .Sinton and S .L .F a llo n * . 
P h arm aceu tica ls  D iv n ., C iba–Geigy C orp ., Summit, NJ 07901.

R ecent r e s u l t s  in d ic a te  th a t  th e  se ro to n in  5HT‒1 re c e p to r  
e x i s t s  in  a t  l e a s t  two sub types which have been termed 5HT-1A and 
5HT‒1B s i t e s ,  and th a t  th e re  i s  a good c o r r e la t io n  between 5HT‒1A 
a g o n is t a c t io n  and in h ib i t i o n  of 5HT c e l l  f i r i n g  in  th e  DRN. A 
re c e n t r e p o r t  d e s c r ib in g  th e  d i s t r i b u t io n  of 5HT‒1 re c e p to rs  
(Pazos e t  a l . ,  B r. Res. 346:205, 1985) dem onstra tes th a t  th e re  i s  
a low er d e n s ity  o f 5HT‒1 r e c e p to r s  in  th e  median raphe nucleus 
(MRN) than  in  th e  DRN, and th a t  th e  p ro p o rtio n  of 5HT‒1B s i t e s  may 
be h ig h e r  in  th e  form er s t r u c tu r e .  The p re s e n t study  examined th e  
p o s s ib le  f u n c t io n a l s ig n if ic a n c e  of th e se  d if fe re n c e s  in  b ind ing  
by de te rm in ing  th e  a c t io n  o f r e l a t i v e ly  s e le c t i v e  p u ta t iv e  5HT‒1A 
and 5HT‒ 1B lig a n d s  on f i r i n g  r a t e s  of 5HT c e l l s  in  bo th  th e  DRN 
and MRN. R ats were a n a e s th e tiz e d  w ith  c h lo ra l  h y d ra te  and a g la s s  
m ic ro e le c tro d e  was low ered s te r e o ta x ic a l ly  to  th e  DRN o r MRN. 
Spontaneously  a c t iv e  5HT u n i t s  were recorded  e x t r a c e l lu la r ly  and 
id e n t i f i e d  o n - l in e .  The lo c a t io n  of th e  reco rd in g  s i t e  was v e r i f ie d  
h is to lo g ic a l ly  a t  th e  com pletion  of an experim en t. B ase lin e  f i r i n g  
r a t e s  were e s ta b l is h e d  b e fo re  t e s t  ag en ts  were adm in is te red  
in tra v e n o u s ly  and an ED50, th e  dose which changed th e  spontaneous 
f i r i n g  r a t e  by 50%, was c a lc u la te d  from a mean dose response  p lo t  
of 5 s e p a ra te  ex perim en ts: one c e l l  was recorded  in  each anim al.
TVX Q 7821 and 8‒hydoxy‒2‒ [n‒d ip ro p y la m in o ] te tr a lin  (8‒OH–DPAT) 
were chosen as s e le c t i v e  5HT‒1A lig a n d s , and tr i f lu ro m e th y lp h e n y l 
p ip e ra z in e  (TFMPP) and a novel p y rro lo q u in o x a lin e , CGS 12066B, as 
s e le c t i v e  5HT‒ 1B l ig a n d s . In  c o n firm a tio n  of p rev io u s  r e p o r t s ,  DRN 
5HT neurons were in h ib i te d  by TVX Q 7821 (ED50 of 14 µg/kg) and by 
8‒OH–DPAT (0 .4  µg/kg) and by CGS 12066B (203 µg /k g ) , b u t TFMPP d id  
no t cause any c o n s is te n t  e f f e c t s  – r e l a t i v e ly  sm all changes in  
f i r i n g  r a t e  were seen w ith  th i s  compound. In  c o n t r a s t ,  a lthough  
MRN 5HT neurons were a lso  in h ib i te d  by TVX Q 7821 (30 µg/kg) and 
by 8‒OH–DPAT (6 µg /k g ) , th e  ED50 in  each case  was s ig n i f i c a n t ly  
h ig h e r  than  th a t  recorded  fo r  DRN c e l l s .  In  a d d i t io n ,  bo th  TFMPP 
and CGS 12066B, a t  low d o ses , ex e rted  an e x c i ta to ry  a c tio n  on MRN 
5HT u n i t s  w ith  an ED50 o f 12 µg/kg and 5 µg /kg , r e s p e c t iv e ly .  Only 
a t  much h ig h e r  doses d id  th e se  r e l a t i v e ly  s e le c t i v e  5HT‒1B 
compounds cause an in h ib i t i o n  o f MRN 5HT c e l l  f i r i n g .  Thus th e  
d if fe re n c e s  in  5HT‒1 s i t e s  in  th e  raphe n u c le i  appear to  have 
fu n c t io n a l s ig n if i c a n c e  fo r  drug re sp o n ses , and, in  p a r t i c u l a r ,  
th e  a c t io n  of 5HT‒ 1B lig a n d s  cannot be e n t i r e ly  c h a ra c te r iz e d  by 
th e i r  a c tio n  on DRN neu ro n s . These r e s u l t s  may have im p lic a tio n s  
fo r  u n d ers ta n d in g  th e  mechanisms o f a c t io n  o f novel a n x io ly t i c s ,  
such as b u sp iro n e , which a re  b e lie v e d  to  e x e r t  t h e i r  th e ra p e u tic  
e f f e c t s  by a c tin g  a t  5HT‒1 s i t e s .

337.9 the PUTATIVE, NOVEL ANXIOLYTIC, TVX Q 7821, DEPRESSES NEURONAL 
ACTIVITY IN THE DORSAL RAPHE NUCLEUS AND THE HIPPOCAMPAL 
FORMATION. A. Basse-Tomusk and G.V. Rebec, D ept. P sy c h o l., 
Indiana Univ., Bloomington, IN 47405.

TVX Q 7821 be longs to  a  new c la s s  o f p u ta t iv e  a n x io ly t i c  drugs 
th a t  do n o t i n t e r a c t  w ith  th e  GABA–b en z od iazep ine  re c e p to r  
com plex, b u t r a th e r  e x h ib i t  s p e c i f i c ,  h ig h  a f f i n i t y  b in d in g  to  
5‒HT1Ar ec e p to rs  (P e ro u tk a , B ra in  R es. ,  344:167, 1985). To in v e s t i 
g a te  th e  fu n c t io n a l  s ig n i f i c a n c e  o f  th i s  e f f e c t ,  we used s in g le 
u n i t  re c o rd in g  te ch n iq u es  to  m on ito r th e  a c t io n  o f TVX Q 7821 on 
s e ro to n e rg ic  neurons in  th e  d o rs a l  raphe  n u c leu s  and on neurons 
i n  reg io n s  o f  th e  hippocam pal fo rm a tion  known to  re c e iv e  
s e ro to n e rg ic  in p u t .  A ll o f th e se  reco rd in g  s i t e s  co n ta in  h igh  
d e n s i t i e s  o f  5‒HT1a r e c e p to r s  (Pazos and P a la c io s ,  B ra in  R es. ,  
346:205, 1985).

A dult male r a t s ,  a n e s th e tiz e d  w ith  u re th a n e , re c e iv e d  i n t r a 
venous in j e c t io n s  o f TVX Q 7821 in  in c re a s in g  in c rem en ta l doses 
beg in n in g  w ith  a  dose o f 31 .3  µg /k g . The predom inant response  in  
a l l  a re a s  te s t e d  was a d e p re ss io n  of neu ro n a l a c t i v i t y .  A ll 
neurons in  th e  d o rs a l raphe n ucleus  and d e n ta te  gyrus were in h ib 
i t e d  by low doses o f  TVX Q 7821 (median e f f e c t iv e  dose fo r  a  50% 
in h ib i t i o n  was 125.0 µg/kg  in  bo th  a r e a s ) .  The response  o f CA1 
pyram idal c e l l s  was more v a r ia b le  b u t r e l a te d  d i r e c t l y  to  b a se 
l i n e  f i r i n g  r a t e .  The s lo w es t f i r i n g  c e l l s  w ere more s e n s i t i v e  
th an  th o se  in  th e  d o rs a l  rap h e , w hereas f a s t  f i r i n g  neurons 
f a i l e d  to  e x h ib i t  any c o n s is te n t  change in  a c t i v i t y  up to  a dose 
o f 500 .0  µg /k g . The profound e f f e c t s  o f TVX Q 7821 on s e ro to 
n e rg ic  n e u ro tra n sm iss io n  may p la y  an im p o rtan t r o le  in  th e  
a n x io ly t i c  a c t io n s  o f  t h i s  d rug .

S upported by M iles L a b o ra to r ie s  (New Haven, CT, U .S .A .) and 
Troponwerke GMBH (K oln, F .R .G .)

337.10 INHIBITION OF SEROTONERGIC DORSAL RAPHE NEURONS IN THE RAT BRAIN 
SLICE BY THE 5‒HT1 AGONIST 5‒CARBOXAMIDOTRYPTAMINE. 
C.P. VanderM aelen, G. G ehlbach, F.D. Yocca and R .J . M attson* , 
P r e c l in .  CNS R e s ., B r i s to l–Myers C o., W allin g fo rd , CT 06492.

5‒C arboxam idotryptam ine (5‒CONH2–T) i s  a 5‒HT analog  which 
b inds  to  5‒HT1A and 5‒HT1B re c e p to rs  (Engel e t  a l . ,  Naunyn 
S chm iedeberg 's  Arch. P harm aco l., 1983, 324, 116‒124). 5‒CONH2–T 
i s  a p o te n t a g o n is t  in  a guinea p ig  hippocampal ad e n y la te  cy c lase  
assay  s e n s i t i v e  to  5‒HT1A lig an d s  (Shenker e t  a l . ,  E u r . J .  
P harm aco l., 1985, 109, 427‒429). A number o f 5‒HT1a a g o n is ts  
have been shown to  i n h i b i t  th e  f i r i n g  of se ro to n e rg ic  d o rs a l 
raphe (DR) neu rons , a p p a re n tly  by a c tin g  d i r e c t l y  a t  som atic and 
d e n d r i t ic  5‒HT a u to re c e p to rs  on th e se  c e l l s  ( e .g .  Sprouse & 
A ghajan ian , Soc. N eu rosc i. A b s t .,  1985, 11, 47; A ghajanian & 
L akosk i, B ra in  R e s .,  1984, 305, 181‒185; VanderMaelen & Wilderman, 
Fed. P ro c . ,  1984, 43, 947). The p re s e n t s tudy  examined th e  e f 
f e c t s  o f 5‒CONH2–T on th e  f i r i n g  o f r a t  s e ro to n e rg ic  DR neurons 
in  a b ra in  s l i c e  p re p a ra tio n .

E x t r a c e l lu la r  s in g le –u n i t  reco rd in g s  were made from s e ro to n e r 
g ic  DR neurons in  r a t  b ra in  s l i c e s ,  as p re v io u s ly  d esc rib ed  (Van
derM aelen & A ghajan ian , B rain  R e s ., 1983, 289, 109‒119). Male 
a lb in o  Sprague–Dawley r a t s  (100‒150 g) were a n e s th e tiz e d  w ith  
c h lo ra l  h y d ra te , d e c a p ita te d ,  and 400 µM th ic k  f r o n ta l  m idbrain  
s e c t io n s  cu t on a V ibratom e. S lic e s  were p la ced  in  an atm osphere 
o f 95% O2 , 5% CO2 and bathed  in  c o n tin u o u s ly –flow ing a r t i f i c i a l  
CSF o f th e  fo llo w in g  com position  in  mM: NaCl, 130; KC1, 5 .0 ; 
CaCl2 , 1 .25 ; MgSO4 , 1 .25 ; NaHCO3 , 24; NaH2PO4 , 1 .25 ; D–glu c o se , 
10. P heny lephrine  (10 pM) was always p re s e n t to  p ro v id e  to n ic  
e x c i ta to ry  in p u t to  recorded  neurons. In c re a s in g  c o n c e n tra tio n s  
o f 5‒CONH2–T were g iv en , w ith  a t  l e a s t  15 min. a llow ed a t  each 
c o n c e n tra t io n  fo r  asym p to tic  response to  be ach iev ed . The con
c e n t r a t i o n - e f f e c t  curve and IC50 v a lu e  were o b ta in ed  by computer 
a n a ly s i s .

5‒CONH2–T q u ite  p o te n t ly  in h ib i te d  th e  f i r i n g  o f se ro to n e rg ic  
DR neurons in  th e  r a t  b ra in  s l i c e .  The c a lc u la te d  IC50=28.9 nM. 
Complete in h ib i t i o n  o f f i r i n g  sometimes occu rred  w ith  c o n c en tra 
tio n s  o f 25, 50 and 100 nM. In  c o n t r a s t  to  some o th e r  5‒HT1A 
a g o n is ts  ( e .g .  b u sp iro n e , VanderMaelen & W ilderman, Soc. N eurosci 
A b s t .,  1984, 10, 259) recove ry  from th e  in h ib i to ry  e f f e c t s  o f 
5‒CONH2–T was r e l a t i v e ly  ra p id  and com plete , p robab ly  c lo se ly  
p a r a l l e l in g  th e  e x t r a c e l lu l a r  c o n c e n tra tio n s  o f th e  drug du ring  
wash–o u t. S ince th e  som atic  and d e n d r i t ic  5–HT a u to re c e p to r  
appears to  be s im i la r  to  th e  5–HT1A b u t n o t th e  5–HT1B re c e p to r , 
(Verge e t  a l .  , E ur. J .  P harm acol. , 1 9 8 5 ,  113, 463‒464; Weissman- 
N anopoulos, Neurochem. I n t . , 1985, 7, 1061‒1072), i t  i s  concluded 
th a t  5‒CONH2–T p o te n t ly  in h i b i t s  s e ro to n e rg ic  DR neurons by a d i 
r e c t  a g o n is t  a c t io n  on som atic  and d e n d r i t ic  5‒HT a u to re c e p to rs  
lo c a te d  on th e se  neurons.
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337.11 INHIBITION OF SEROTONERGIC DORSAL RAPHE CELL FIRING BY 5‒HT‒1A 
AGONISTS: STEREOSELECTIVE BLOCKADE BY PROPRANOLOL. J .S .  
Sprouse* and G.K. A ghaianian  (SPON: T. Baker) D ep t. o f  
P sy c h ia try , Y ale U n iv e rs ity  Sch. o f  Med., New Haven, CT 06508.

P rev ious  a ttem p ts  to  b lo c k  th e  so m a to d en d rit ic  a u to re c e p to rs  
o f  s e ro to n e rg ic  (5 ‒HT) neurons in  th e  d o rs a l raphe nucleus  w ith  
c l a s s i c a l  5‒HT a n ta g o n is ts  have been u n su c c e s s fu l ( J .  N eural 
T ra n s . 35: 257, 1974). S ev e ra l l i n e s  o f  ev idence  now in d ic a te  
th a t  th e se  a u to re c e p to rs  a re  o f  th e  5‒HT‒1A re c e p to r  subtype 
(E ur. J . Pharm acol. 113: 463, 1985; Soc. N eu ro sc i. A b str . 11: 
47, 1985). R ecep to r b in d in g  s tu d ie s  have d em onstra ted  th a t  
th e  β–ad ren o c ep to r a n ta g o n is t  p ro p ra n o lo l (PRO) s te r e o s e le c -  
t i v e ly  b in d s  to  c e n t r a l  5 ‒HT s i t e s  (N ature 267: 289, 1977) and 
b e h a v io ra l s tu d ie s  su g g es t t h a t  i t  may have 5‒HT‒1A 
a n ta g o n is t i c  p ro p e r t ie s  (E u r. J . P harm acol. 106: 271, 1985; Br. 
J  P harm acol. 84 : 473, 1985). The p o te n t ia l  u s e fu ln e ss  o f PRO 
in  e l e c tro p h y s io lo g ic a l  s tu d ie s  o f  5‒HT r e c e p to r  sub types has 
n o t been p re v io u s ly  ex p lo red .

E x t r a c e l lu la r  s in g l e –c e l l  re c o rd in g s  in  th e  d o rs a l raphe 
n u c leu s  were made from c h lo r a l  h y d ra te –a n e s th e t iz e d  r a t s .  
Compounds were a p p lie d  by m ic ro io n to p h o re s is  from 5‒b a r re le d  
m ic ro p ip e tte s  and in c lu d ed  two 5‒HT‒lA –s e le c t iv e  a g o n is ts ,  
is a p i ro n e  (ISA; TVX Q 7821) and 8 ‒OH–DPAT.

At low m ic ro io n to p h o re tic  c u r re n ts  which a lo n e  d id  n o t a f f e c t  
spon taneous r a t e ,  ( ‒) –PRO r e v e r s ib ly  b locked  th e  su p p re ssa n t 
e f f e c t s  o f  ISA. One min o f  ( ‒) –PRO p re tre a tm e n t was s u f f ic i e n t  
to  cause  a s ig n i f i c a n t  b lockade o f  ISA–induced  s u p p re ss io n  
(mean % b lockade + S. E.  = 6 5 + 9,  n = 11); 2‒10 mins o f  ( ‒) –PRO 
exposure t y p i c a l ly  produced com plete b lo c k ad e . ( ‒) –PRO a lso  
b locked  th e  s u p p re ssa n t e f f e c t s  o f  8 ‒OH–DPAT; how ever, longe r 
p e r io d s  o f  p ro p ra n o lo l exposure were re q u ire d  to  ach ieve  
b lo ck ad e . U nlike ( ‒) –PRO, 1‒2 mins o f  p re tre a tm e n t w ith  (+ )– 
PRO was la r g e ly  in e f f e c t iv e  in  a n ta g o n iz in g  th e  a c t io n  o f  ISA 
(12 + 6 v s . 53 + 9 %, n -  7, p < 0 .0 0 2 ) .

( ‒) –PRO was a co m p ara tiv e ly  weak a n ta g o n is t  o f  5‒HT i t s e l f  
s in c e  a  d is c e rn a b le  b lockade (>20%) was ach iev ed  in  on ly  5 o f 
14 c e l l s  t e s t e d .  Mean % b lockade in  th o se  5 c e l l s  was on ly  63 
+ 5 d e s p i te  p ro longed  exposure to  ( ‒) –PRO (mean ‒ 8 .8  m ins).
In  th e  rem ain ing  c e l l s , no d is c e rn a b le  b lockade was observed 
even a f t e r  6‒23 mins o f  ( ‒) –PRO a p p l ic a t io n .

These r e s u l t s  in d ic a te  th a t  ( ‒) – b u t n o t (+ )–PRO i s  an 
e f f e c t iv e  a n ta g o n is t  o f  th e  s u p p re ssa n t e f f e c t s  o f  5‒HT‒1A 
a g o n is ts  on spon tan eo u sly  f i r i n g  5‒HT neurons in  th e  d o rs a l 
raphe n u c le u s . The co m p ara tiv e ly  weak antagonism  o f  5‒HT by 
( ‒) –PRO su g g es ts  t h a t  5‒HT may have a c t io n s  on d o rs a l  raphe 
neurons in  a d d i t io n  to  th o se  a t  5‒HT‒1A s i t e s .

(S upported  by MH 14276, 17871, 25642, and th e  S ta te  o f  CT.)

337.12 INTRACELLULAR RECORDINGS FROM SEROTONERGIC DORSAL RAPHE NEURONS IN 
UNRESTRAINED CATS: ELECTROPHYSIOLOGICAL CHARACTERIZATION DURING 
SLEEP. A. Hosseini and M.E. T rulson. Dept. Anatomy, C oll. Med., 
Texas A&M Univ., College S ta tio n , TX 77843.

The e lectrophysio log ical p roperties  of sero tonergic dorsal 
raphe (RD) neurons have been characterized  in anesthetized  ra ts  
(Brain R es., 238, 1982, 463‒469). RD neurons exh ib it a pronounced 
post-action  po ten tia l hyperpolarization  followed by a slow in te r 
spike d epo la rization . This gradual depo larization  continues to 
the next spontaneous sp ike. This pa tte rn  of a c tiv ity  has been 
called  a "pacemaker p o ten tia l"  and appears to  account fo r the 
slow, rhythmic discharge pa tte rn  of RD neurons. Although the 
"pacemaker p o ten tia l"  is  the most lik e ly  explanation for the d is 
charge pa tte rn  of sero tonergic  neurons, i t  is  w ell‒known th a t 
an esth e tic s  dram atically  a l te r  the membrane p roperties  of neurons 
(Trends Pharmacol. S c i.,  5, 1984, 287‒289). Furthermore, i t  is  
impossible to  examine the membrane p roperties  of neurons during 
behavior when the animal is anesthe tized . Therefore, we developed 
a technique fo r recording the in tr a c e llu la r  a c t iv ity  of s ing le  RD 
neurons in unrestrained  c a ts . A p la te  designed to securely hold 
the slave cylinder of a Trent Wells motorized microdrive was 
cemented to the cats skull under pentobarbital anesthesia . After 
complete recovery from the anesthesia the slave cylinder was 
attached to  the base p la te . The e lectrode was 2 mm (o .d .)  omega 
dot glass tube beveled by the th ick  slu rry  method of Lederer et 
a l . (Pflugers Arch. 381, 1979, 287‒288) with an impedance of 15‒30 
megohms and f i l le d  with 1 M potassium a ce ta te . Six insec t pins 
were positioned 3 mm apart in a hexagonal fashion around th RD to  
minimize p u lsa tio n s. RD neurons were impaled by the use of a 2 
msec 20V DC pulse which was passed through the breakaway box of a 
M707 WP am plifie r. Only in tr a c e llu la r  recordings of neurons with 
s tab le  spontaneous discharge ra te s  fo r a given behavioral s ta te  
(Brain Res. 163, 1979, 135‒150) and action p o ten tia ls  of g rea te r 
than 50 mV were stud ied . RD c e l ls  showed the slow (2.7 
sp ik e s /sec ), rhythmic discharge pa tte rn  previously described. A 
hyperpolarization  of 4‒5 mV occurred a f te r  each action po ten tia l 
during quiet waking, and there  was a gradual ramp of depo lariza
tion  preceding each sp ike. As the cat entered slow wave s leep , 
the overall a c t iv ity  of RD un its  decreased s ig n if ic a n tly  to 1.6 
sp ik es /sec . During th is  phase of s leep , the hypolarization  f o l 
lowing an action po ten tia l was g rea te r (8‒10 mV) than during quiet 
waking. When the animal entered REM sleep RD neurons became v i r 
tu a lly  s i le n t (0.9 sp ik es /sec ). The hyperpolarization  following a 
spike during REM sleep was much la rg e r (12‒15 mV) and remained 
constant a t th is  level for prolonged periods of tim e. During the 
few seconds immediately preceding another spike during REM sleep , 
there  was a rapid depo larization  to 6‒8 mV, and then a slow ramp 
of depo larization  immediately preceeding the spike.

33713 LATERAL HABENULAR LESIONS ATTENUATE THE SUPPRESSION OF DORSAL 
RAPHE NEURONAL ACTIVITY DURING REM SLEEP IN UNRESTRAINED CATS. 
J .  C. Joe*, K. A rasteh, A. Hosseini and M.E, Trulson. (SPON. 
N.H. McArther). Dept. Anatomy, C o ll. Med., Texas A&M Univ., 
College S ta tio n , TX 77843.

Serotonin (5HT)–containing nucleus raphe d o rsa lis  (RD) 
neurons become v ir tu a lly  s i le n t  during rap id–eye–movement (REM) 
s leep . The s ig n ifican ce  of th is  suppression of a c t iv ity  is  not 
known. The RD receives a ffe ren t input from many CNS regions, in 
cluding the cerebellum , caudate nucleus, la te ra l  hypothalamus, 
spinal cord, p refron tal co rtex , and the  ro s tra l basal fo reb ra in . 
However, the most pronounced input to  the RD is  from the la te ra l  
habenula n u c le i. E lec tric a l stim ulation  of the la te ra l  habenula 
nuclei has been shown to  produce a profound in h ib itio n  of RD 
c e l l s .  I f  a ffe ren t input to  the RD via the habenula nuclei play a 
ro le  in the suppression of RD c e l ls  during s leep , then lesions of 
the habenula should block th is  depressant e f fe c t .  Adult female 
cats received b ila te ra l  lesions of the la te ra l  habenula n u c le i. 
Subsequent h is to lo g ica l analysis  revealed th a t the lesions were 
confined almost exclusively  to  the la te ra l  habenula n u c le i. Dur
ing the same surgical procedure, the cats  received macro– and 
m icroelectrode implants as previously described (Brain Res. 163, 
1979, 135‒150). A fter recovery from surgery the cats  were placed 
in a recording chamber and allowed to  adapt to  the novel s e tt in g . 
The m icrodrive was then slowly advanced, and when a s in g le  unit 
disp laying  the c h a ra c te r is t ic s  of a 5HT–containing RD cell was 
is o la te d , the cat was allowed to  go through the e n tire  s leep 
waking cycle while sim ultaneously recording un it a c t iv i ty .  The 
data revealed th a t the spontaneous a c t iv ity  of RD c e l ls  was s ig 
n if ic a n tly  fa s te r  in lesioned animals (Mean + SEM= 3.11 + 0.13, N= 
46) than in sham-lesioned control animals (Mean + SEM= 2.79 + 0.09 
sp ik es /sec , N= 66, P<0.05). During REM s leep , the discharge ra te  
of RD c e l ls  in sham lesioned cats  v ir tu a lly  ceased (0.11 + 0.01 
sp ik e s /sec ) , while th a t of habenula lesioned animals continued a t 
a s l ig h tly  slower ra te  than normal (Mean + SEM= 1.97 + 0.08 
sp ik e s /sec ) . This l a t t e r  discharge ra te  is  comparable to  th a t 
seen in normal cats  during drow siness-early  slow–wave s leep . 
These data demonstrate th a t a ffe ren t input to  the RD via the l a t 
e ra l habenula exert a ton ic  suppression on the a c t iv ity  of RD 
neurons, since the discharge ra te  was s ig n if ic a n tly  higher follow 
ing habenula le s io n s . This is  consis ten t with the finding th a t RD 
neurons show a s ig n if ic a n tly  higher discharge ra te  in v itro  than 
in v ivo. Furthermore, the dramatic decrease in RD un it a c t iv ity  
observed during REM sleep in normal cats is  apparently due, a t 
le a s t  in p a r t ,  to  an a ffe ren t input th a t en ters  the RD via the 
la te ra l  habenula.

337.14 MICROIONTOPHORESIS IN FREELY MOVING CATS: EFFECTS OF SEROTONIN ON 
FACIAL MOTONEURONS. D.W. P reussler and M.E. Trulson. Dept. 
Anatomy, C oll. Med., Texas A&M Univ., College S ta tio n , TX 77843.

A nesthetics have been shown to  dram atically  a l te r  the outcome 
of stud ies in v estig a tin g  the e ffe c ts  of drugs on brain neurons 
(Trends Pharmacol. S c i . ,  5, 1984, 287‒289). Therefore, i t  would 
be of great advantage to  be able to  apply substances to  single  
neurons in awake, behaving anim als. A technique for io n tophoreti- 
ca lly  applying substance to  s ing le  c e lls  in free ly  moving ra ts  was 
recently  developed by West and Woodward (Soc. Neurosci. A b str., 
10, 1983, 227). We have developed a m odification of th e ir  tech
nique to io n tophoretica lly  apply substances to  brain neurons in 
awake free ly  moving c a ts .  A base was implanted on the c a t 's  skull 
d ire c tly  over the ta rg e t area (in th is  case, the fac ia l motor 
nucleus), and the cat was allowed to  recover from surgery. Four- 
barre led  glass m icropipetts were pulled to  a fine  t ip  (4‒8 µm t ip  
d iam eter). The e lectrode b a rre ls  were f i l le d  with 2 M NaCl sa tu 
rated with Fast Green dye (recording e le c tro d e ) , 4 M NaCl (for 
curren t balancing), serotonin (5HT) c rea tin in e  s u lfa te  (0.04 M, pH 
4 .0 ) , and L–glutamate (0.2 M, pH 8 .0 ). The microdrive was custom 
made and was shaped such th a t the 4‒barreled  micropipet would f i t  
firm ly in to  p lace. The e lectrode was in serted  in to  the micro
d riv e , which was then attached to  the base. Turning the outer 
cy lin d e r, which was threaded to the inner cy linder of the micro
d riv e , advanced the m icroelectrode to  the proper depth (up to  8 
mm). There was no ro ta tio n  of the m icropipet as i t  was advanced 
through the b ra in . E lec tric a l s ignals  were led from and to the 
recording, balance and drug b a rre ls  via s i lv e r  w ires. The wires 
were attached to  a low noise cable which led to  a 24 channel s lip  
ring assembly. Unit action p o ten tia ls  were am plified , f i l te r e d  
and displayed on an o scillo scope . Iontopheretic curren ts were 
con tro lled  by Medical Systems Corp. IP‒2 iontophoretic  pumps. 
Since fac ia l motoneurons show bursts of a c t iv ity  which are co rre
la ted  with movement, recordings were performed when the animal 
became drowsy and showed no movement. During these conditions the 
neurons displayed l i t t l e  a c t iv i ty .  After obtaining a s tab le  base
l in e ,  5HT was ion to p h o re tica lly  applied by 10‒100 nA pulses for 
10‒30 sec . 5HT co n sis ten tly  produced a dosedependent increase in 
fa c ia l motoneuron a c t iv ity  of approximately 5‒60 sp ik es/sec . 
These neurons were a lso  co n sis ten tly  excited  by L–glutam ate. 
Simultaneous app lication  of 5HT and glutamate produced an add itive  
e f fe c t .  When the cats were anesthetized  with chloral hydrate (400 
mg/kg, i . p . )  ion to p h o re tica lly  applied 5HT no longer excited these 
c e l ls ;  however, they could s t i l l  be excited by glutam ate. These 
data are in con trast to  previous stud ies which reported th a t 5HT 
alone had no e ffe c t on fac ia l motoneurons in anesthetized  r a ts ,  
and underscore the importance of conducting such s tud ies in unan
e sth e tized  animals.
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337.15 POSSIBLE INVOLVEMENT OF SEROTONIN AS AN EXCITATORY NEUROTRANSMITTER 
OF DESCENDING FIBERS PRODUCING SLOW SYNAPTIC POTENTIAL IN THE 
ISOLATED RAT SPINAL CORD. H. Akagi* and K. A kita* (SPON: M. 
O tsuka). Departm ent of N eu roscience , M its u b is h i–K asei I n s t i t u t e  of 
L ife  S c ie n ces , M achida, Tokyo 194, Japan .

The dense p ro je c t io n  of descend ing  s e ro to n e rg ic  f ib e r s  to  th e  
v e n t r a l  and l a t e r a l  horns in  th e  s p in a l cord has been dem onstrated  
by many h is to c h em ica l s tu d ie s .  So f a r ,  however, th e  fu n c t io n a l ro le  
of se ro to n in  (5‒HT) in  th e se  a rea  of th e  s p in a l  cord i s  s t i l l  
u n c le a r ;  bo th  e x c i ta to ry  and in h ib i to r y  fu n c t io n s  a re  p o s tu la te d . 
The aim of th e  p re s e n t s tudy  i s  to  c l a r i f y  th e  ro le  of 5‒HT 
co n ta in ed  in  th e se  descending f ib e r s  in  th e  i s o la te d  s p in a l cord 
p re p a ra tio n  of th e  n eo n a ta l r a t .

The s p in a l  cord  below th o ra c ic  le v e l  was i s o la te d  from 
3‒5–day–o ld  r a t  and p erfu sed  w ith  a t r i f i c i a l  c e re b ro sp in a l f lu id  
c o n ta in in g  3 mM Ca2+ and 7 mM Mg2+ a t  27°C. Responses of lumbar 
s p in a l  neurons to  nerve s tim u la t io n  o r some chem icals  were reco rded  
e x t r a c e l lu la r ly  from a v e n t r a l  ro o t (L 4 o r L 5) w ith  a su c tio n  
e le c tro d e .

When a s in g le  shock s tim u lu s  was g iven  to  th e  v e n tro –l a t e r a l  
a rea  of upper th o ra c ic  cord  (Th 1‒5 ) , sp ik e  p o te n t ia ls  of f a s t  tim e 
co u rse s  and a subsequent slow d e p o la r iz in g  response  were reco rded  
from th e  lumbar v e n t r a l  r o o t .  The l a t t e r  component, th e  descending 
slow d e p o la r iz a t io n ,  peaked a t  a la te n c y  of 2‒5s and la s te d  20‒30s.

The descend ing  slow d e p o la r iz a t io n  was m arkedly reduced by 
m e thyserg ide , a 5‒HT a n ta g o n is t ,  a t  20‒100 nM w hereas th e  response  
was not a f f e c te d  by [D–Arg1, D–P ro 2, D–T rp7’ 9 , Leu11] substance  P 
(20 µM), phento lam ine (3 µM) or a tro p in e  ( 1. µM). In  th e  p resence  of 
0 .6  µM te tro d o to x in ,  5‒HT (3 mM) ap p lie d  by a b r ie f  p u lse s  of 0 .4 ‒s 
d u ra t io n  caused  a long–la s t in g  d e p o la r iz a t io n  of th e  v e n t r a l  ro o t 
and th e  response  was dep ressed  by 50 nM m ethyserg ide .

T re a tin g  th e  s p in a l  cord w ith  5 ,7‒d ihyd roxy tryp tam ine  (5 ,7 ‒DHT, 
a s e le c t i v e  5‒HT n e u ro to x in ) in  v i t r o  caused  a d ec re a se  in  th e  
amount of 5‒HT in  th e  t i s s u e  (analyzed  by H PL C -electrochem ical 
d e te c t io n )  in  c o n c e n tra t io n – and tim e–dependent m anners. The amount 
of 5‒HT was reduced to  le s s  th an  10% of th e  c o n tro l  le v e l  by th e  . 
tre a tm en t w ith  5 ,7 ‒DHT (30 µM, 2 h r )  whereas* th o se  of substance  P, 
th y ro t ro p in –r e le a s in g  hormone (m easured by radioim m unoassay), 
a s p a r a t ic  a c id , g lu tam ic  a c id , g ly c in e  and GABA (m easured by HPLC– 
amino ac id  a n a ly z e r)  were not a f fe c te d  by th e  d rug . The descending 
slow d e p o la r iz a t io n  was com plete ly  ab o lish ed  du rin g  th e  a p p l ic a t io n  
of 5 ,7 ‒DHT (30 µM, 2 h r)  and a f t e r  th e  rem oval of th e  drug no 
reco v e ry  occu rred  du rin g  th e  subsequent p e rio d  of 90 min.

These r e s u l t s  suggest th a t  5‒HT r e le a s e d  from c e r t a in  descending 
f ib e r s  produces a slow d e p o la r iz a t io n  in  lumbar s p in a l  neurons 
in c lu d in g  motoneurons a n d /o r sym pathetic  p reg a n g lio n ic  neurons.

337.16 EFFECT OF HALLUCINOGENS ON SPONTANEOUS AND EVOKED LOCUS COERULEUS 
UNIT ACTIVITY IN THE RAT: REVERSAL BY SELECTIVE 5‒HT2 ANTAGONISTS. 
K urt Rasmussen and George K. A gha jan ian . D epts. o f  P sy c h ia try  and 
Pharmacology, Y ale Univ. Sch. o f Med., New Haven, CT 06508.

There a re  two m ajor types  o f  p sy ch ed e lic  h a l lu c in o g e n ic  drugs, 
th e  indo leam ines ( e .g .  LSD) and th e  pheny le thy lam ines (e .g . 
m e sc a lin e , DOM). D esp ite  s t r u c t u r a l  d if f e re n c e s  between th e  two 
g roups, a common s i t e  o f  a c t io n  has been p roposed due to  th e i r  
s im i la r  e f f e c t s  on autonom ic fu n c t io n  and b e h a v io r. One common 
a c t io n  th a t  has been  dem onstra ted  fo r  th e  two ty p es  o f  h a llu c in o g en s  
i s  in  th e  r a t  lo cu s  co e ru leu s  (LC) , where system ic  a d m in is tra tio n  o f 
LSD o r m escaline  has been  shown to  dep ress  spontaneous a c t iv i ty  
w h ile  s im u ltan e o u sly  f a c i l i t a t i n g  a c t iv a t io n  by s c i a t i c  nerve 
s t im u la t io n .  R ecen tly , s e v e ra l s tu d ie s  have shown th a t  
indoleam ine and phenethylam ine h a llu c in o g e n s  sh are  th e  common 
p ro p e r ty  o f  in t e r a c t in g  w ith  5‒HT2 r e c e p to r s .  In  l i g h t  o f the se  
f in d in g s  we examined th e  a b i l i t y  o f  th e  s e le c t i v e  5‒HT2 an ta g o n is ts  
LY 53857 and r i t a n s e r in  to  b lo ck  th e  e f f e c t s  o f  LSD, m esca lin e , and 
DOM on LC neu rons . These two 5‒HT2 a n ta g o n is ts  belong to  d i f f e r e n t  
s t r u c t u r a l  c la s s e s  and th e i r  on ly  known common a c t io n  i s  on 5‒HT2 
re c e p to r s .  LC s in g le  u n i t  re c o rd in g s  were o b ta in ed  from c h lo ra l 
h y d ra te  a n e s th e t iz e d  male r a t s  and drugs were ad m in is te red  
in tra v e n o u s ly . As p re v io u s ly  re p o r te d , sy stem ic  a d m in is tr a tio n  o f 
th e  h a llu c in o g e n s  LSD (5 ‒10 µg /kg) and m escaline  (2 mg/kg) produced 
a d ec re a se  in  spontaneous a c t i v i t y  b u t ,  p a ra d o x ic a l ly , f a c i l i t a t e d  
a c t iv a t io n  o f  LC neurons by s c i a t i c  n erve  s t im u la t io n .  DOM (20‒80 
µg /kg) was found to  have s im i la r  e f f e c t s .  System ic a d m in is tra tio n  o f 
th e  s e le c t i v e  5‒HT2 a n ta g o n is ts  LY 53857 ( 0 .1 ‒0 .8  mg/kg) and 
r i t a n s e r i n  ( 0 .1 ‒0 .3  mg/kg) com p lete ly  re v e rs e d  bo th  a c tio n s  o f the 
h a llu c in o g e n s  on th e  LC and re tu rn e d  th e  spontaneous and evoked 
a c t i v i t y  to  a  le v e l  th a t  was n o t s ig n i f i c a n t ly  d i f f e r e n t  from 
b a s e l in e .  In  c o n t r a s t ,  LY 53857 d id  n o t re v e rs e  th e  e f f e c t s  o f the 
s tim u la n t drug (+ )–amphetamine (0 .5  mg/kg) on th e  spontaneous or 
sen so ry  evoked a c t i v i t y  in  th e  LC. The io n to p h o re tic  a p p l ic a t io n  
o f  LSD and m escaline  on LC neurons does n o t mimick th e  e f f e c t s  o f 
s y s te m ic a l ly  ad m in is te red  LSD and m esca lin e , and th e re  a re  few, i f  
any, 5‒HT2 r e c e p to r s  in  th e  LC. Thus, th e  h a llu c in o g e n s  a re  most 
l i k e ly  a c t in g  on a f f e r e n ts  to  th e  LC, a f f e r e n ts  th a t  a re  a f fe c te d  
d i r e c t l y ,  o r in d i r e c t ly ,  by 5‒HT2 re c e p to r s .  In  a d d i t io n , LY53857 
and r i t a n s e r i n  ad m in is te red  a lone  produced a s l i g h t  b u t s ig n i f i c a n t  
in c re a s e  in  spontaneous LC a c t i v i t y  (a lth o u g h  they  d id  n o t a l t e r  
evoked LC a c t iv i t y )  , in d ic a t in g  th a t  th e se  a f f e r e n ts  a f f e c te d  by 5‒ 
HT2 re c e p to rs  may have a low le v e l  o f  to n ic  a c t i v i t y  in  the 
a n e s th e t iz e d  r a t .  We conclude th a t  th e  common a c tio n s  o f 
indoleam ine and phenethylam ine h a llu c in o g e n s  d isp la y e d  in  the  LC 
a re  m ed iated  v ia  5‒HT2 re c e p to r s ;  however th e se  re c e p to rs  a re  
lo c a te d  o u ts id e  th e  LC.

Supported  by PHS G rant MH‒17871 and th e  S ta te  o f  C onnec ticu t.

33717 ELECTROPHYSIOLOGICAL CHARACTERIZATION OF THE EFFECTS OF COCAINE 
ON SEROTONIN (5‒HT) NEURONS. K. A. Cunningham and J , M, Latk o s k i. 
Dept Pharmacology, Univ Taxas Mad Branch, G alveston, TX, 77550.

Biochemical research  suggests th a t ,  in add ition  to i t s  
a b i l i ty  to s tim u la te  catecholamine neurotransm ission, cocaine 
a lso  a l t e r s  cen tra l 5‒HT function  (Ross & Renyi, EJP 7 ; 270, 
1969). Therefore, we have begun to explore the e f fe c ts  of 
system ic and m icroiontophoretic ap p lica tio n  of cocaine on the 
spontaneous a c t iv i ty  of 5‒HT neurons recorded e x tra c e llu la r ly  
in the dorsal raphe nucleus (DRN) of the r a t .

Systemic cocaine e l ic i te d  a potent (cumulative ED50 = 0.65 
mg/kg, i . v . ) ,  rap id  (w ithin m inutes), and re v e rs ib le  in h ib itio n  
of 5‒HT c e l l  f ir in g  in the ch lo ra l hydrate anesthetized  r a t ;  the 
suppression of f i r in g  was complete in a l l  animals te sted  (N=15). 
In c o n tra s t , procaine (N=10) or lidoca ine  (N=5) did not 
s ig n if ic a n tly  a l te r  c e l l  f i r in g  in cumulative doses up to 16‒32 
mg/kg ( i . v . ) .

M icroiontophoretic ap p lica tio n  of cocaine (HC1, 0.01 M, pH 
4‒4.5) produced a cu rren t–dependent depression of c e l l  f i r in g  in 
72% of c e l l s  responsive to 5‒HT (c re a tin in e  s u lfa te ,  0.04 M, pH 
4‒4 .5 ; N=43). In te re s tin g ly , continuous ap p lica tio n  (2‒ 16 min) 
of cocaine a t low c u rren ts  (1‒8 nA), which in i t i a l l y  did not 
a l te r  f i r in g ,  gradually  produced a s ig n if ic a n t in h ib itio n  in 
c e l l  f i r in g  (N=7). On the other hand, m icroiontophoretic 
ap p lic a tio n  of procaine (0 . 01 or 0.04 M; pH 4‒4.5) re su lted  in 
depression  of f i r in g  in only 37% of the 5‒HT–s en s itiv e  c e l l s  
te s ted  (N=19).

These re s u l ts  with procaine and lidocaine adm in istra tion  
suggest th a t local an esth e tic  ac tio n s  cannot so le ly  account for 
the observed e f fe c ts  of cocaine. Moreover, the fa c t th a t 
cocaine in h ib its  5‒HT reuptake suggests th a t the a b i l i ty  of th is  
drug to depress 5‒HT a c t iv i ty  is  possib ly  re la ted  to a 
s tim u la tio n  of au to recep tors  in the DRN. Our m icroiontophoretic 
find ings  a lso  suggest th a t neuropharmacological a l te ra t io n s  
underlying the suppression of 5‒HT c e l l f i r in g  by systemic 
cocaine occur a t the level of the 5‒HT c e l l  body. However, in 
ad d itio n  to 5‒HT, the r e la t iv e  importance of other 
n eu ro transm itte rs  found in the DRN must a lso  be considered.

Supported by the J .  W. McLaughlin Foundation (KAC) and NIA 
AG06017 (JML).

33718  SEROTONERGIC DORSAL RAPHE NEURONS: DECREASED RESPONSIVENESS TO 
5‒MeODMT FOLLOWING LONG–TERM AMPHETAMINE TREATMENT. B.A. 
H eldenre ich*  and G.V. Rebec. D ept. P sy c h o l.,  In d ian a  U n iv ., 
B loom ington, IN 47405.

Amphetamine su p p re sse s  th e  f i r i n g  r a t e  o f dopam inergic neurons 
in  th e  s u b s ta n t ia  n ig ra  and v e n t r a l  tegm ental a re a . During long
term  tre a tm e n t, t h i s  e f f e c t  d im in ish es  s ig n i f i c a n t ly  in  bo th  
s i t e s  and o f te n  sw itch e s  to  an e x c i ta t io n .  In  a d d i t io n ,  ampheta
mine p re tre a tm e n t a c c e le r a te s  th e  spontaneous a c t i v i t y  o f  th e se  
neurons and a t te n u a te s  t h e i r  response  to  ch a lle n g e  in j e c t io n s  of 
a  d i r e c t–a c t in g  a u to re c e p to r  a g o n is t .  Taken to g e th e r ,  th e se  
d a ta  su g g es t th a t  long–term  amphetamine tre a tm en t reduces the  
s e n s i t i v i t y  of dopamine a u to re c e p to r s .

We have begun a com parable s e r ie s  o f  in v e s t ig a t io n s  on se ro 
to n e rg ic  neurons in  th e  d o rs a l raphe nuc leus  (DRN). In  our 
i n i t i a l  r e p o r t ,  we dem onstrated  a  com parable d e c lin e  in  
re sp o n s iv en ess  to  amphetamine w ith  long– term  tre a tm e n t, a lthough  
th e  p re tre a tm e n t dose re q u i r e d  to  produce th i s  e f f e c t  was 
h ig h e r  in  th e  DRN th an  in  dopam inergic n u c le i  (H eldenre ich  e t  
a l . ,  Soc. N eu rosci. A b s t r . , 4 5 :11 , 1985). We now r e p o r t  t h a t ,  
l i k e  dopam inergic neu ro n s , s e ro to n e rg ic  c e l l s  lo s e  t h e i r  s e n s i
t i v i t y  to  a  d i r e c t–a c t in g  a u to re c e p to r  a g o n is t .  In  th e se  
ex p e rim en ts, r a t s  were p r e t r e a te d  w ith  s a l i n e  o r  10 .0  mg/kg 
d-amphetamine tw ice  d a i ly  f o r  6 days and th en  cha llen g ed  12 h r  
l a t e r  w ith  in c re a s in g  in c rem en ta l doses o f  5‒MeODMT.. Whereas 
s a l i n e  p r e t r e a te d  r a t s  w ere ex trem ely  s e n s i t i v e  to  5‒MeODMT 
(8 µg /kg  o r  l e s s  produced a c le a r  s u p p re s s io n ) , amphetamine 
p re tre a tm e n t s ig n i f i c a n t ly  a t te n u a te d  th i s  response  and, in  
some c a se s , produced an e x c i ta t io n .  Spontaneous a c t i v i t y  in  th e  
DRN a ls o  tended to  be e le v a te d  by amphetamine p re tre a tm e n t 
compared to  s a l i n e  c o n t ro ls .  I t  ap p e a rs , th e r e fo r e ,  th a t  a 
common e f f e c t  o f m u l t ip le  amphetamine in j e c t io n s  in  bo th  
dopam inergic and s e ro to n e rg ic  n u c le i  i s  a  re d u c t io n  in  au to 
re c e p to r  s e n s i t i v i t y .
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337.19 MODULATION OF SUBSTANTIA NIGRA DOPAMINE NEURONS BY SEROTONIN 5HT‒1 
RECEPTOR LIGANDS. S .L .F a llo n *  and C .M .Sinton (SPON: J .A .N orm an). 
P h arm aceu tica ls  D iv n ., C iba–Geigy C o rp ., Summit, NJ 07901.

Recent d a ta  show th a t  th e re  i s  a h igh  d e n s ity  of s e ro to n in  
5HT‒ 1B b in d in g  s i t e s  in  th e  s u b s ta n t ia  n ig ra  (SN) p a rs  r e t i c u l a t a  
(Pazos e t  a l . ,  B r. Res. 346:205, 1985). This f in d in g , in  
c o n ju n c tio n  w ith  a known s e ro to n in e rg ic  in n e rv a tio n  from th e  
d o rs a l raphe nuc leus  (DRN) to  th e  SN, suggest th a t  p u ta t iv e  
lig a n d s  a t  5HT‒ 1 s i t e s ,  which a f f e c t  th e  f i r i n g  r a t e  o f DRN 5HT 
c e l l s ,  a re  l i k e ly  to  m odulate th e  im pulse a c t i v i t y  of SN dopamine 
(DA) c e l l s .  The p re s e n t study  examined th i s  p o s s ib le  m odulation  
and e v a lu a te d  d if fe re n c e s  between lig a n d s  a t  th e  two sub types of 
th e  5HT‒  s i t e ,  namely th e  5HT‒ 1A and 5HT‒ 1B s i t e s .  R ats were 
a n a e s th e tiz e d  w ith  c h lo r a l  h y d ra te  and a g la s s  m ic ro e le c tro d e  was 
low ered s te r e o ta x ic a l ly  to  th e  SN. Spontaneously  a c t iv e  DA c e l l s  
were reco rded  e x t r a c e l lu l a r ly  and id e n t i f i e d  on‒l i n e ;  th e  lo c a t io n  
o f th e  reco rd in g  s i t e  was l a t e r  v e r i f i e d  h i s to l o g ic a l ly .  B ase lin e  
f i r i n g  r a t e s  were e s ta b l is h e d  b e fo re  t e s t  ag en ts  were ad m in is te red  
in tra v e n o u s ly  and an ED50, th e  dose which reduced th e  spontaneous 
f i r i n g  r a t e  by 50%, was c a lc u la te d  from a mean dose response  p lo t  
from 5 s e p a ra te  expe rim en ts: one c e l l  was reco rded  in  each an im al. 
TVX Q 7821 and 8‒hydroxy‒2‒ [n–d ip ro p y la m in o ] te tr a lin  (8‒OH–DPAT) 
were chosen as  s e le c t i v e  5HT‒1A lig a n d s , and tr i f lu ro m e th y lp h e n y l 
p ip e ra z in e  (TFMPP) and a novel p y rro lo q u in o x a lin e , CGS 12066B, as 
s e le c t i v e  5HT‒ 1B l ig a n d s .  TVX Q 7821 and 8‒OH–DPAT showed v a r ia b le  
e x c i ta to ry  and in h ib i to r y  e f f e c t s ,  though a t  h ig h e r  doses 
in h ib i t i o n  p redom inated: th e  ED50 fo r  TVX Q 7821 was n o t determ ined 
as  th e  in h ib i to r y  a c t io n  p la te a u e d  a t  about 30%, and fo r  8‒OH–DPAT 
th e  ED50 was about 1 mg/kg. These su p p re ssa n t e f f e c t s  on f i r i n g  
r a t e  could  be rev e rse d  by h a lo p e r id o l .  In  c o n t r a s t ,  TFMPP and CGS 
12066B showed c o n s is te n t  in h ib i to r y  a c tio n s  w ith  an ED50 o f 190 
µg /kg and 110 µg /k g , r e s p e c t iv e ly ,  and th e se  e f f e c t s  could  n o t be 
rev e rsed  by h a lo p e r id o l .  These d a ta  show no c o r r e l a t i o n  w ith  th e  
r e l a t i v e  po tency  o f th e  compounds to  reduce DRN 5HT c e l l  f i r i n g  
r a t e ,  and su g g est th a t  in h ib i t i o n  o f a DRN in p u t to  th e  SN may only  
have r e l a t i v e ly  m inor e f f e c t s  on SN DA im pulse flow ; fo r  example in  
causing  th e  e x c i ta t io n  seen  w ith  low doses o f th e  5HT‒ 1A lig a n d s .  
The r e v e r s a l  by h a lo p e r id o l o f th e  in h ib i to r y  a c t io n s  o f th e  l a t t e r  
compounds on DA c e l l s  could  be caused by in d i r e c t  changes in  th e  
le v e l  o f membrane p o la r iz a t io n ,  o r  by an e f f e c t  m ediated th rough 
DA r e c e p to r s .  S ig n if i c a n t ly ,  how ever, th e s e  r e s u l t s  a lso  suggest 
th a t  th e  p u ta t iv e  5HT‒ 1B lig a n d s  t e s te d  have a d i r e c t ,  r e l a t i v e ly  
p o te n t ,  a c t io n  on DA c e l l s  in  th e  SN, p o s s ib ly  m ediated  from th e  
SN p a rs  r e t i c u l a t a .  T his f in d in g  could  have i md ic a t io n s  fo r  
dopam inergic s id e  e f f e c t s  o f compounds ta rg e te d  to  m odulate th e se  
5HT re c e p to r s .

TRANSMITTERS AND RECEPTORS IN DISEASE II

338.1 NATURALLY OCCURING ANTI–ACETYLCHOLINE AND ANTI–ANTI–ACETYLCHOLINE 
IN MYASTHENIA GRAVIS.M.L Souan,M .Geffard,J.V ieillem aringe,P.Lebrun– 
Grandié and J.M.Orgogozo.Lab.of Neuroimmunology,IBCN/CNRS,Bordeaux 
33077‒ F ranee; Lab. of Neuroendocrinol ogy UA–CNRS U niverslte  de Borde 
aux I 33405 Talence Cedex France; Centre H o sp ita lle r U n iv e rs ita ire  
C linique Neurologique Bordeaux 33077 Cedex–France.

Although the humoral and c e l lu la r  mechanisms in Myasthenia Gravis 
(MG) has been stud ied  ex ten siv e ly , the trig g e rin g  mechanism of the 
auto-immune process remains unc lear. The a n t i–acety lcho line  receptor 
(ACh–R) antibodies found in the sera  of p a tien ts  su ffe ring  from MG 
can undoubtably damage the neuromuscular junction  but what ro le  they 
play in  the onset of the disease? The demonstration of o ther antibo  
dies in sera of myasthenic p a tie n ts  in re la tio n  with id io ty p ic /a n ti 
id io ty p ic  network in te ra c tio n s  lead us to  te s t  the existence of an ti 
bodies d irec ted  against another ta rg e t ,  the conjugated ACh i t s e l f .  
Using an adapted ELISA method, we have detected  in blood samples 
higher leve ls  of a n t i–ACh an tibod ies in p a tie n ts  su ffe rin g  from MG 
than control p a tie n ts  and p a tie n ts  su ffe ring  from o ther neurologic 
d isorder (OND), Parkinson, Epilepsy and M ultiple S c le ro s is . These 
levels  are usually  3 times higher than the ones found in control and 
OND p a tie n ts .  This in d ica tes  th a t a n t i–ACh an tibod ies occur and incr 
ease n a tu ra lly  as the d isease  p rogresses. In order to  evaluate which 
antigen is  best recognized by"natural a n t i–ACh an tib o d ie s" ,sera  from 
myasthenic, contro l and OND p a tie n ts  were preincubated with ACh or 
analogs of ACh (cho line , b u ty ry lcho line , choline–poly–L–A spartate , 
choline–poly–L–Glutamate, choline–succin ic  anhydride–BSA and choline 
g lu ta r ic  anhydride–BSA) and te s ted  with our ELISA method. The most 
immunoreactive compounds were choline–SA–BSA and choline–GA–BSA no 
m atter what sera were used. The human antibody recognition  takes pla 
ce on antigen determ inant mimicking ACh but only when i t  is  conjuga 
ted . For sera from p a tie n ts  su ffe rin g  from MG, displacement occurred 
between 10‒8 and 5 10‒6 M, fo r the o ther sera between 10‒8 and 5 10‒4M 
Thus, a b e tte r  expression of the d isease  may re s u lt through a simul 
caneous increase  of antibody a f f in i ty  and t i t e r  during the course of 
the d isea se . The ex istence of a n t i–a n ti–ACh in sera  fro m myasthenic 
p a tie n ts  was a lso  demonstrated. These immunoglobulins recognized 
both the antigen–combining s i t e  of human a n t i–ACh an tibod ies and the 
ACh–R. This a n t i–a n t i–ACh antibody recognition  was evaluated with 
ACh–R from Torpedo Marmorata coated on well p la te s  and with immuno- 
cytochemical ap p licatio n s  on locust b ra in . The demonstration of 3 
types of a n tib o d ie s :a n ti–ACh, a n t i–a n t i–ACh and a n t i–ACh–R in sera 
of myasthenic p a tie n ts  suggests th a t the tr ig g e rin g  mechanism of the 
onset of MG could be due to  another ta rg e t than ACh–R. I t  could be 
ascribed  to e ith e r  the increasing  leve ls  of conjugated ACh or a brea 
kdown in the physio logical regu la tion  of the immune system (genetical 
ly determined) co n tro llin g  the id io ty p ic /a n ti–id io ty p ic  mechanisms.

338.2 INDUCTION OF EXPERIMENTAL MYASTHENIA IN MICE BY IMMUNIZATION WITH 
A SYNTHETIC PEPTIDE OF THE ACHR– A.R.Padiner*. E.Brooks*, E .S  
Kantor*. P.Wilson*. T. L. Lentz, and E. Hawrot. Departments of Neu
rology, Medicine, Pharmacology, and Cell Biology, Yale Univ. School 
of Medicine, New Haven,CT 06510.

We m ultip ly  immunized C57B1/6 mice with a sy n th e tic  peptide 
o f the a lpha-subunit o f AChR from Torpedo c a l ifo rn ic a . This 
pep tide , which has previously been described by Wilson e t . a l .  
(Proc.N at.A cad.Sci. 82:8790,1985) . corresponds to  the sequence 
173‒204, and has been shown to  s p e c if ic a lly  bind alpha–bungaro– 
tox in . Sera from these mice contained a high t i t e r  o f an tibodies 
to the peptide as measured by a standard ELISA, as well as 
antibodies to AChR on the surface o f BC3H1 c e l l s ;  antibody to 
so lu b iliz ed , p u rif ied  Torpedo AChR could not be de tected . 
However, sera  from mice m ultip ly  immunized with Torpedo AChR had 
antibodies d irec ted  ag a in st the peptide .

We then te s ted  the peptide–immunized mice fo r c lin ic a l  weak
ness and defects in  neuromuscular transm ission as measured by 
electromyography(EMG). Weakness was de tectab le  in the C57B1/6 
mice a f te r  the second and th ird  immunizations and resembled the 
weakness seen in mice immunized with Torpedo cal i form  c a . 
S ig n ific an t decremental responses c h a ra c te r is t ic  o f myasthenia 
were seen in  83% o f immunized mice. The EMG findings were 
id en tic a l to those found in humans with myasthenia and mice with 
experimental myasthenia: exacerbation with tubocurarine , 
fa ra d iz a tio n , and increased body tem perature, and improvement with 
cho lineste rase  in h ib ito r s .

This is  the  f i r s t  demonstration of experimental myasthenia in 
the mouse induced by the immune response to  a syn thetic  peptide 
o f the  ace ty lcho line  recep to r, and supports the hypothesis th a t 
the "myasthenogenic" immune response in human myasthenia could be 
induced by a lim ited  number o f epitopes o f the AChR.

Supported by the Muscular Dystrophy A ssociation and National 
In s t i tu te s  of Health grants AI17716, GM32629.
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338.3 MEASUREMENT OF IMMUNOREACTIVE ANGIOTENSIN I I  LEVELS IN MICRODIS– 
SECTED BRAIN NUCLEI OF THE DEVELOPING SPONTANEOUSLY HYPER
TENSIVE AND WISTAR KYOTO RAT. J.M . M eyer, D.L. F e lte n  and J .A . 
Weyhenmeyer, N eural and B eh av io ra l B io logy Program and C ollege 
o f  M edic ine, U n iv e rs ity  o f  I l l i n o i s ,  U rbana, IL , 61801; D epart
ment o f  Anatomy, U n iv e rs ity  o f  R ochester School o f  M edicine, 
R o ch e ste r, NY, 14642.

The u n d e rly in g  cause  fo r  th e  developm ent and m aintenance o f 
h y p e rte n s io n  in  th e  spon tan eo u sly  h y p e rte n s iv e  r a t  (SHR) i s  
unknown, however s e v e ra l  mechanisms have been proposed in c lu d in g  
changes in  th e  b ra in  r e n in –a n g io te n s in  system  (RAS). The SHR 
b ra in  shows a b ro ad er and more dense d i s t r i b u t io n  o f  a n g io te n s in  
I I  (ANG I I ) –l ik e  im m unoreactiv ity  th a n  W istar Kyoto (WKY) b ra in ,  
in c lu d in g  a re a s  im p lic a te d  in  c a rd io v a s c u la r  o o n tro l 
(Weyhenmeyer and P h i l l i p s ,  H y p e rte n s ., 4 :514 , 1982).

In  th e  p re s e n t s tu d y , l e v e ls  o f  im m unoreactive ANG I I  were 
measured by radioim m unoassay in  s p e c i f i c  m ic ro d is se c te d  n u c le i  
from th e  b ra in s  o f  newborn (NB–le s s  th a n  1 week o f  a g e ) , 4‒ , 8‒ 
and 12‒week o ld  SH and WKY r a t s .  The n u c le i  in v e s t ig a te d  were 
th e  p a r a v e n tr ic u la r  o f  the  hypothalam us (PVH), n u c leu s  o f  the  
s o l i t a r y  t r a c t  (NTS), d o rs a l m otor n u c leu s  o f  th e  vagus nerve  
(DMN o f  X), lo c u s  c o e ru leu s  (LC) and th e  A1 re g io n  o f  th e  
m ed u lla . A s e c t io n  o f  c e re b e l la r  c o r te x  was used as  a c o n t ro l .  
No d i f fe re n c e  in  ANG I I  im m unoreactiv ity  between SHR and WKY was 
seen  in  any o f  th e  n u c le i  in  th e  NB o r 4‒week o ld  r a t s .  At 8‒ 
w eeks, th e  SHR b ra in  had s ig n i f i c a n t ly  h ig h e r  ANG I I  immuno
r e a c t iv e  l e v e ls  in  th e  PVH, NTS and DMN o f  X when compared to  
WKY, and a t  12‒w eeks, th e  PVH, NTS, DMN o f  X and LC o f  th e  SHR 
b ra in  c o n ta in ed  s ig n i f i c a n t ly  h ig h e r  le v e ls  o f  im m unoreactive 
ANG I I  th an  WKY r a t  b ra in .  In  both  s t r a i n s ,  ANG I I  immuno
r e a c t iv e  l e v e ls  in c re a s e d  in  each  nu c leu s  ex cep t th e  LC, in  
which le v e l s  d ec reased  as  th e  an im als aged . No d e te c ta b le  
l e v e ls  o f  ANG I I  im m unoreactiv ity  were found in  th e  c e re b e l la r  
c o r te x  in  e i t h e r  s t r a i n  a t  any ag e . These d a ta  su p p o rt p rev io u s  
f in d in g s  from t h i s  la b o ra to ry  t h a t  have shown neurochem ical 
d if f e re n c e s  in  ANG I I  l e v e ls  between a d u l t  SH and WKY r a t  b ra in  
and a  concom itan t d ec re a se  in  ANG I I  r e c e p to r  le v e ls  in  a d u l t  
SHR b ra in .

The n u c le i  in  t h i s  s tu d y  have been im p lic a te d  in  th e  n e u ra l 
c o n tro l  o f  c a rd io v a s c u la r  f u n c t io n .  The d if f e re n c e s  in  immuno
r e a c t iv e  ANG I I  l e v e ls  between h y p e rte n s iv e  and norm otensive 
s t r a i n s  d u rin g  developm ent s u g g e s ts  a  p o s s ib le  r o le  f o r  ANG I I  
in  th e  p a th o g en es is  o f  h y p e rte n s io n  in  th e  SHR.

T h is re s e a rc h  was su ppo rted  by NIH HL27757 and Amer. H eart 
A ssoc. (IL ) g ra n ts  to  J.A.W . and NIH SITG GM07143 F e llow sh ip  to  
J.M.M.

3384  IS  NEUROPEPTIDE Y INVOLVED IN THE PATHOGENESIS OF 
MAJOR DEPRESSION? – RELATIONSHIP TO MONOAMINE TURNOVER AND 
CORTICOTROPIN-RELEASING FACTOR. C. W ahlested t* , R Ekman, R. 
Håkanson*, My H e il ig * , E  Rosengren* and. E  W iderlӧ v.  D epartm ents 
o f Pharmacology, P sy c h ia try  & N eurochem istry , U n iv e rs ity  o f 
Lund, Lund, Sweden.

The l a s t  decades has seen a ttem p ts  to  ex p la in  th e  pa th o g en es is  
o f  m ajor d ep re ss io n  in  term s o f a m a lfunction  o f monoaminergic 
neu ro n a l sy stem s. The re c e n t d isco v e ry  o f a long l i s t  o f  neu ro 
p e p tid e s  p o s s ib ly  a c t in g  as  n e u ro t ra n s m it te r s  a n d /o r  as  monoamine 
c o t ra n s m it te r s  makes i t  a t t r a c t i v e  to  t r y  to  expand th e  monoamine 
h y po theseses  o f d e p re ss io n  to  in c lu d e  some n e u ro p e p tid e s . The 
p re s e n t s tudy  e v a lu a te s  a p o s s ib le  r o le  f o r  neu ro p ep tid e  Y (NPY) 
in  th i s  c o n te x t. The CSF c o n c e n tra t io n s  o f NPY a re  e le v a te d  in  
p a t ie n t s  w ith  m ajor d e p re ss io n . NPY occu rs  in  a  la rg e  number o f 
c e n t r a l  neu rons , in  some ca se s  th e  p e p tid e  c o e x is ts  w ith  n o ra d re 
n a l in e  (NA) o r  a d re n a lin e . In  th e  p re se n t s tudy  we ad m in is te red  
NPY in t r a c e r e b r o v e n tr ic u la r ly  in  th e  r a t  du rin g  one week by th e  
use o f osm otic m in i–pumps. The NA c o n c e n tra t io n s  were e le v a te d  
in  a l l  b ra in  a r e a s .  The c o n c e n tra t io n s  o f dopamine and i t s  
m e ta b o lite  dihydroxyphenyl a c e t i c  a c id  were u n a f fe c te d . The 
s e r o to n in /5‒hydroxy in d o le  a c e t ic  a c id  r a t i o  was in c rea sed  in  
th e  hypothalam us. F in a l ly ,  a connec tion  between NPY and c o r t i 
c o tro p in –re le a s in g  f a c to r  (an o th e r neu ro p ep tid e  being  e le v a te d  
in  d ep ressed  p a t ie n t s )  i s  p roposed, because m ic ro in je c tio n  o f 
NPY in to  th e  p a r a v e n tr ic u la r  nuc leus  e le v a te s  th e  plasma concen
t r a t i o n s  o f  ACTH and c o r t ic o s te ro n e  in  th e  r a t .

338.5 CORTICOTROPIN–RELEASING FACTOR AND DEPRESSION: RELEVANCE OF 
ANIMAL EXPERIMENTS. R. Ekman. R.  Håkanson* , C.  W ahlestedt*  and 
E. W iderlӧv . D epartm ents o f  P sy c h ia try  & Neu rochem istry  and 
Pharm acology, U n iv e rs ity  o f  Lund, Lund, Sweden.

R ecen tly , e le v a te d  c o n c e n tra t io n s  o f  c o r t ic o t ro p in –r e le a s in g  
f a c to r  (CRF)–l i k e  im m unoreactiv ity  was found in  th e  CSF o f  d e p re s s 
ed p a t ie n t s  (Nemeroff e t  a l . ,  S cience  226;1342, 1984). This f in d 
in g  may add to  ou r u n d e rs ta n d in g  o f  why a d is tu rb e d  g lu c o c o r tic o id  
hom eostas is  i s  a  f re q u e n t o b s e rv a tio n  in  d e p re s s io n . The p re s e n t 
s tu d y  i s  an a tte m p t to  use th e  r a t  a s  an ex p e rim en ta l model f o r  
re s e a rc h  on p o s s ib le  r e l a t i o n s h ip s  between CRF and d e p re s s io n . 
In  one s e r ie s  o f  experim en ts r a t s  were g iven  s a l i n e  o r  an a n t i 
d e p re s s a n t drug  (im ipram ine o r  z im eld ine  tw ice  d a i ly  f o r  th r e e  
w eeks). By m easuring  CRF w ith  a  h ig h ly  s e n s i t i v e  radioim m unoassay 
(d e te c t io n  l i m i t  4 pg /0 .1  ml; IC=50 p g /0.1 ml) in  v a r io u s  b ra in  
re g io n s  i t  was no ted  th a t  th e  CRF c o n c e n tra t io n  in  th e  h y p o th a la 
mus was low ered in  th e  im ipram ine– and ( le s s  pronounced) in  th e  
z im e ld in e–g roups a s  compared to  th e  s a lin e g ro u p . CRF was m easur
a b le  a l s o  in  o th e r  b ra in  a r e a s ,  b u t th e se  CRF system s seemed un
a f f e c te d  by th e  a n t id e p r e s s a n ts .  Bulbectom y, which i s  a  f a i r l y  
w e ll e s ta b l is h e d  r a t  model o f  d e p re s s io n , d id  n o t appear to  
a f f e c t  th e  l e v e ls  o f hypo thalam ic CRF, a lth o u g h  bu lbectom ized 
r a t s  have e le v a te d  p la sm a c o rtic o s te ro n e  c o n c e n tra t io n s  (C a im c ro ss  
e t  a l . ,  P sychoneuroendocrinology 4 :2 5 3 , 1979).

338.6 ANTIMYOCLONIC ACTION OF MILACEMIDE IN p ,p ’–DDT–INDUCED MYOCLONUS 
IN MICE. C. H unter* . E. Chung, and M.H. Van Woe r t .  G raduate Program 
in  N eurobio logy, D epartm ents o f Neurology and Pharm acology. Mount 
S in a i School o f M edic ine, New York, NY 10029

The in s e c t ic id e  p ,p ’–DDT (200 to  600 mg/kg, p . o . ) produces 
g e n e ra liz e d , i r r e g u la r ,  s tim u lu s–s e n s i t i v e  myoclonus in  mice and 
r a t s .  p , p '–DDT–induced myoclonus in  ro d en ts  i s  an e x c e l le n t  anim al 
model fo r  L‒5‒hydroxy tryp tophan(L ‒5HTP)–re sp o n s iv e  human in te n t io n  
m yoclonus. We p re v io u s ly  re p o r te d  th a t  p ,p '– DDT–induced myoclonus 
in  mice i s  reduced by L‒5HTP c o n c o m ittan tly  w ith  5HT up take  in h ib i 
to r  f lu o x e tin e ,  o th e r  5HT a g o n is ts  and clonazepam . R ec en tly , we 
dem onstrated  th a t  lo c a l  s te r e o ta x ic  u n i l a t e r a l  in fu s io n s  o f p , p '– 
DDT in to  th e  m edu lla ry  r e t i c u l a r  fo rm a tion  (MRF) produced g e n e ra l
iz e d , s tim u lu s –s e n s i t i v e  myoclonus s im i la r  to  th a t  produced by o r a l  
a d m in is tr a t io n  o f  p , p '–DDT(Exp. N eu ro l.85 :273 , 1984). p , p '–DDT 
causes rep e a te d  neu ro n a l f i r i n g  in  response  to  a s in g le  s tim u lu s  
which may e x p la in  i t s  a b i l i t y  to  produce a  h y p e re x c ita b le  s t a t e  in  
th e  MRF. In je c t io n s  o f th e  g ly c in e  re c e p to r  a n ta g o n is ts  s try c h n in e  
o r b ru c in e  in to  th e  same MRF s i t e s  produced s im i la r  m yoclonus, w h ile  
in j e c t io n s  of p ic ro to x in  o r bicuculline,G A B A  re c e p to r  a n ta g o n is ts  
were w ith o u t e f f e c t .  T he refo re  we have proposed th a t  MRF neurons 
may be under g ly c in e rg ic  in h ib i to r y  c o n tro l  and th a t  th e  b lockade 
o f th i s  in h ib i t i o n  by s try c h n in e  o r b ru c in e  r e s u l t s  in  a  hyperex
c i t a b l e  f o c i  which i s  m an ifes ted  as  m yoclonus. Based on th e se  ob
s e rv a t io n s  we were in t e r e s te d  in  dete rm in in g  w hether pharm aco log ica l 
a g e n ts  which cou ld  enhance g ly c in e rg ic  n eu ro tran sm iss io n  might have 
an tim y o c lo n ic  a c t io n .

M ilacem ide(2‒pen tlyam ino–acetam ide) i s  a  g lycinam ide d e r iv 
a t iv e  which has been shown to  have a n t ic o n v u lsa n t a c tio n s  in  a 
number o f an im al models o f s e iz u re s (A rc h . i n t . Pharmacodyn.. T h e r. 
266:239, 1983). In  a d d i t io n  to  in c re a s in g  b r a in  g ly c in e  l e v e l s ,  
m ilacem ide has been shown to  p o te n t ia te  try p to p h an –induced behav
io r a l  changes. We th e re fo re  in v e s t ig a te d  th e  e f f e c t  o f m ilacem ide 
a g a in s t  500 mg/kg p .o .  p ,p ’–DDT induced myoclonus in  m ice. Milacem
id e  (300 mg/kg p .o .   ×3 , eve ry  2 h o u rs) tre a tm e n t alm ost com pletely  
an tagon ized  m yoclonic a c t i v i t y .  P re tre a tm e n t o f mice w ith  p - 
c h lo ro p h en y la lan in e  (400 mg/kg i . p .  24 hours p r io r )  d id  n o t a l t e r  
an tim y o c lo n ic  a c t io n  o f m ilacem ide.

These r e s u l t s  su g g es t th a t  as  opposed to  L‒5HTP which may a c t  
in  th e  I n f e r io r  O live  (N eurosci. L e t t .24 :103‒ 108, 1981), th e  g ly c in e  
d e riv ed  from m ilacem ide could  be d i r e c t l y  in h ib i t i n g  r e t i c u lo s p in a l  
neurons which p a r t i c i p a t e  i n  th e  r e t i c u l a r –r e f l e x  myoclonus 
m ediated  by DDT.

(S upported by NS12341)
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338.7 STIMULATION OF CALCIUM UPTAKE IN NEURAL CELLS BY THE ALKYL– ETHER 
PHOSPHOLIPID PLATELET ACTIVATING FACTOR(PAF). E. K o rn e c k i, D.H. 
H a rd w ick * , J .  B e rg d a h l* , R. H. Lenox and Y. H. E h r l ic h  The 
N euroscience R esearch U n it, Dept. o f  P sy c h ia try , U n iv e rs ity  o f 
Vermont, B u rlin g to n , VT 05405

P l a t e l e t  a c t i v a t i n g  f a c t o r  (PAF) i s  a n a t u r a l l y  o c c u rin g  
phosph o lip id  ( 1‒0‒a lk y l‒2‒a c e ty l–sn–g ly c e ry l‒3‒phosphorylcho– 
l i n e ) .  PAF s e r v e s  a u n iq u e  fu n c t io n  a s  an e x t r a c e l l u l a r  
m essenger in  c e l l –c e l l  com m u n ica tio n  in  a v a r i e t y  o f  s y s te m s . 
In  a d d i t i o n  to  b e in g  a p o te n t  a c t i v a t o r  o f  p l a t e l e t s ,  PAF i s  
known to  a c t i v a t e  o th e r  c e l l s ,  such  a s  sm ooth  m u s c le . Our 
p rev io u s  s tu d ie s  (K ornecki, e t  a l „  S cience , 226:1454‒56, 1984) 
have  s u g g e s te d  t h a t  PAF may p la y  a r o l e  in  n e u ro n a l  f u n c t io n .  
To t e s t  th i s  p o s s i b i l i t y  we have examined in th e  p re s e n t study  
th e  e f f e c t s  o f  PAF on two c lo n a l c e l l  l i n e s  d e riv ed  from n e u ra l 
t i s s u e ;  th e  n e u ro b la s to m a  X g lio m a  h y b r id  NG108‒ 15, and th e  
g liom a c lo n e  C6BU‒ 1. C e lls  o f  th e  c lone  NG108‒ 15 were grown in 
c u l t u r e  in  a s e r u m - f r e e ,  c h e m ic a l ly  d e f in e d  medium (CDM), as  
d e s c r ib e d  (E h r l i c h  e t  a l . .  N a tu re ,  3 2 0 :6 7 ‒7 0 , 1986). Under 
th e se  grow th c o n d itio n s  th e re  i s  some spontaneous m orpho log ica l 
d i f f e r e n t i a t i o n  o f  t h e  c e l l s  ( i b i d ) .  A d d i t i o n  o f  PAF 
s i g n i f i c a n t l y  a c c e l e r a t e d  th e  r a t e  o f  n e u r i t e  e x te n s io n  by 
NG108‒ 15 c e l l s .  In  CDM, en h a n cem e n t o f  n e u r i t e  e x te n s io n  was 
seen  w ith  as  l i t t l e  a s  50nM PAF, and m ax im a l e f f e c t s  w ere 
measured w ith  2.5uM PAF. Higher PAF c o n c e n tra t io n s  (>3uM) were 
c y t o to x ic  to  NG108‒ 15 c e l l s  grow n in  CDM. T hese n e u r o to x ic  
e f f e c t s  were c o n c e n tra t io n -  and tim e –dependen t, su g g es tin g  th e  
i n i t i a t i o n  o f  p ro g ra m m e d -c e ll  d e a th .  To examine th e  p o s s ib le  
mechanisms invo lved , we have measured th e  e f f e c t s  o f  PAF on th e  
le v e l  o f  f r e e  ca lc ium  io n s  in  in t a c t  c e l l s .  This was done u s ing  
th e  b io lu m in e s c e n t  p ro b e  a e q u o r in ,  and m e a s u r in g  a e q u o r in  
s i g n a l s  w ith  a P l a t e l e t  Io n iz e d  C alc ium  A ggregom ete r (PICA, 
C hrono-L og C o rp ., PA) a t  37°C w ith  c e l l s  s t i r r e d  a t  300 RPM. 
Aequorin was loaded in to  NG108– 15 and C6BU– 1 c e l l s  t r a n s i e n t ly  
perm ea lized  by tre a tm e n t w ith  5mM ATP in  th e  p resence  of EDTA. 
PAF p ro d u ced  a c o n c e n t r a t i o n –d e p e n d e n t (0 .5 – 10uM) in c r e a s e  in  
f r e e  io n iz e d  c a lc iu m  i n s id e  th e  c e l l s .  T h is  in c r e a s e  was 
co m p le te ly  blocked by 1mM EGTA, in d ic a t in g  th a t  PAF induces an 
i n f l u x  o f  c a lc iu m  io n s .  The r e s u l t s  s u g g e s t  t h a t  low  PAF 
c o n c e n tra t io n s  may p lay  a r o le  in  n eu ra l developm ent, w hereas 
h ig h e r  c o n c e n t r a t i o n s  o f  PAF may c o n t r i b u t e  to  i r r e v e r s i b l e  
damage induced in  th e  nervous system  by traum a and s tro k e . The 
mechanism u n d e rly in g  th e se  e f f e c t s  may invo lve  in c re a se d  uptake 
o f  e x t r a c e l lu la r  ca lc ium  io n s .

338.8 PERINATAL CEREBRAL HYPOXIA–ISCHEMIA DISRUPTS EXCITATORY NEUROTRANS
MITTER RECEPTORS. F. S i lv e r s te in * ,  L. Torke*, J .  Barks*, R. Chen*, 
M.V. Johnston . U n iv e rs ity  of M ichigan M edical School, Ann A rbor, MI 
48109.

The r o l e  o f  e x c i t a t o r y  n e u r o t r a n s m i t t e r  r e l e a s e  i n  th e  p a th o 
g e n e s i s  o f  is c h e m ic  n e u ro n a l  i n ju r y  i n  im m ature  b r a in  i s  unknown. 
In  a d u l t  s tro k e  m odels, ex c ess iv e  r e le a s e  of glutamate(GLU) in  
reg io n s  w ith  h igh  d e n s i t ie s  of GLU re c e p to rs  may c o n tr ib u te  to  
neu ro n a l v u ln e r a b i l i ty .  Large numbers o f GLU re c e p to rs  a re  p re se n t 
in  th e  immature b ra in  but th e i r  d i s t r i b u t io n  & pharmacology d i f f e r  
from th a t  in  m ature anim als (Greenamyre e t  a l  Soc. N eurosci 
A b s tra c ts  10:225 1984). A lthough k a in a te  i s  non tox ic  in  th e  imma
tu re  b r a in ,  we found th a t  i n t r a –c e re b ra l  q u is q u a la te  in je c t io n  (100 
nm o l/u l) causes  n e c ro s is  in  s tr ia tu m  & hippocampus in  7 day o ld  
r a t s ,  su g g es tin g  th a t  GLU re c e p to rs  m ediate  n eu ronal in ju ry .  To ex
amine th e  r e la t io n s h ip  between GLU re c e p to rs  & s e le c t iv e  neu ronal 
damage we used 7 day o ld  r a t s  su b jec ted  to  u n i l a t e r a l  c a ro t id  
a r te r y  ligation(U C L ) & exposure to  2 .5  h rs  of 8% oxygen. This le ad s  
to  c e re b ra l  ischem ic in ju ry  in  fo re b ra in  on th e  s id e  of UCL. We 
used q u a n t i ta t iv e  in  v i t r o  au to rad iog raphy  w ith  3H–GLU to  measure 
changes in  re c e p to r  d is t r i b u t io n  during  24 h rs  a f t e r  in ju ry .  The 
d i s t r i b u t io n  of c h o lin e rg ic  r e c e p to rs  (3H–QNB) was examined in  ad
ja c e n t  s e c t io n s .  Acute ischem ic c e l l  damage was a sse sse d  by N is s l 
s t a i n .  S ide to  s id e  d if fe re n c e s  in  10 reg io n s  were compared in  
le s io n e d  an im als & c o n tro ls .  Both GLU & QNB re c e p to rs  were v u ln e r 
ab le  in  a re g io n a l ly  s e le c t iv e  fa s h io n , bu t GLU re c e p to rs  in  DG 
were d is ru p te d  e s p e c ia l ly  e a r ly  & s e v e re ly . 1 h r a f t e r  hypoxia few 
changes were a p p a re n t; GLU b ind ing  was reduced on th e  s id e  of UCL 
only in  d e n ta te  gyrus(DG) (18+5%, n=7, p<. 01, t – t e s t )  w h ile  QNB 
b ind ing  was p re se rv ed . Over 24 h rs  we found p ro g re ss iv e  s e le c t iv e  
re d u c tio n s  in  GLU b ind ing  i p s i l a t e r a l  to  UCL. At 24 h r s ,  3H–GLU 
b in d in g  was reduced m aximally in  DG. (‒50+14%, n=15, p< . 005). 
Sm aller b u t s ig n i f i c a n t  re d u c t io n s  were noted  in  CA1 (‒23%), CA3 
(‒26%), caudate  (‒ 10%), g lobus pallidum  (‒ 15%). At 24 h rs  QNB b in d 
ing  was a lso  reduced i p s i l a t e r a l  to  UCL: ‒40% in  DG, CA1 & CA3 & 
‒30% in  ca u d a te . H is to lo g ic a l  damage & ch ron ic  neu ronal changes 
were observed in  reg io n s  w ith  ex te n s iv e  re c e p to r  lo s s .  Our r e s u l t s  
suppo rt the  h y p o th e sis  th a t  ischem ic re le a s e  of e x c i ta to ry  neuro
t r a n s m it te r s  causes s e le c t iv e  n eu ronal in ju ry  in  the  develop ing  
b ra in .

338.9 OXIDATIVE STRESS IN RABBIT RETINA AND LENS FOLLOWING MPTP/MPP+ 
TREATMENT. C.G.  Wong. T. W. Brulce*,F. Robertson*, and 
S. H art*. Dept. Ophthalmology, USC School of Medicine, 
Los Angeles, CA 90033; Dept. Pathology, UCLA School of 
Medicine, Los Angeles, CA 90024; A llergan Pharm aceuticals, 
2525 Dupont Drive, Irv ine, CA 92715.

Oxidative metabolism of 1‒methyl‒4‒ pheny1‒ 1 ,2 ,3 ,6 ‒t e t r a -  
hydropyrldine (MPTP) by MAO B In brain  t issues produces the  
actual neurotoxic spec ies, 1‒methyl‒4‒phe nyIpyrid in i um ion 
(MPP) . O xidative s t r e s s  Induced by MPP+ to  form damaging 
re a c tiv e  oxygen species has been suggested as the  primary 
mechanism in producing neuronal c e ll death. D etox ifica tion  
of re a c tiv e  oxygen species such as hydrogen peroxide can occur 
by reaction  with g lu ta th ione  (GSH) and GSH peroxidase. This 
process increases production of g lu ta th ione  d is u lf id e  (GSSG). 
Measuring leve ls  of GSH/GSSG Is a method fo r iden tify ing  
ox ida tive  s t r e s s  in v ivo . Since catecholamine metabolism In 
th e  pigmented ra b b it re t in a  i s perturbed by MPTP which a lso  
appears to  damage sp ec if ic  re tin a l c e l ls  (Exp. Eye Res. 4 0  
509, 1985), fu r th e r  s tu d ie s  were In it ia te d  to  determine the  
level of re tin a l MAO a c t iv i ty ,  clearance of re tin a l MPTP, and 
possib le  generation of MPP+. Whether modulation occurs in 
re tin a l  and lens GSH/GSSG leye ls  a f te r  in traocu la r MPTP/MPP+ 
adm in istra tion  was a lso  stud ied .

MAO a c t iv ity  in th e  ra b b it re t in a  is 11.2 + 0.86 nmoles 
tryptaiplne oxidlzed/mg p ro te i n /hr so th a t  re tin a l  generation 
of MPP+ from MPTP is po ssib le . A fter In traocu lar (10) admin
is t ra t io n  of 7.15 nmoles, MPTP could not be detected  In the  
re tin a  24 hrs la te r .  At th a t  time a peak appeared with an R, 
Identical to  MPP+. However, MPP+ could not be detected  follow
ing incubation of re tin a l  homogenate (1.68 mg proteln/m l) with 
0.1 mM MPTP. 10 in jec tion  of 168 nmoles MPP+ re su lted  In to ta l  
re t in a l  n ecro sis . C ataract form ation was a lso  noted In some of 
th e  anim als.

Retinal GSH lev e ls  as measured by HPLC EC d e tec tio n  averaged 
45 nmole/mg p ro te in . Current work i s underway to  determine i f 
a diurnal rhythm i n re tin a l GSH/GSSG leve ls  i s p resen t. Data on 
th e  modulations of re tin a l  GSH/GSSG a f te r  MPTP treatm ent and of 
lens GSH/GSSG a f te r  both MPTP and MPP adm in istra tion  wi l l  be 
p resented .

(This work was p a r t ia l ly  supported by th e  USC Faculty 
Research and Innovation Fund and NEI–EYO‒5810‒07K awarded 
to  CGW.)
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3391 ACETYLCHOLINESTERASE HISTOCHEMISTRY IN THE CEREBRAL CORTEX OF 
ALZHEIMER'S DISEASE. H. Tago*, P.L. McGeer and E.G. McGeer (SPON: 
B.R. S a s try ) . Kinsmen Laboratory of Neurological Research, Dept of 
P sychiatry , Univ. of B ritish  Columbia, Vancouver, B .C., Canada

Recently, we have demonstrated c lea r f ib e r  t r a c ts  and c e l ls  in 
human post–mortem brains by.a new, s en s itiv e  histochemical method 
fo r ace ty lch o lin e s te rase  (AChE). We report pathological changes of 
AChE p o sitiv e  s tru c tu re s  in the cortex of Alzheimer's brains as 
compared with co n tro ls . Brains of 6 A lzheimer's p a tien ts  and 3 
con tro ls  were sampled fo r biochemical assays and then perfused and 
postfixed  overnight. Frozen sections were stained  s e r ia l ly  for 
AChE, modified Bielschowsky and cresyl v io le t .  For AChE histochem
i s t r y ,  free  flo a tin g  sections were incubated in a Karnovsky and 
Roots' medium d ilu ted  1:100 with maleate b u ffer, pH 6 .0 . Reaction 
products were v isualized  by in te n s if ic a t io n  with 0.03% diami noben
z id in e , 0.3% nickel ammonium su lfa te  and 0.005% H20 2 in Tris buffer 
(pH 7 .4 ).

By biochemical assay, the A lzheim er's brains had 22% as much 
ChAT and 43% as much AChE a c t iv ity  in the cortex (average of 7 
samples) as the normals. In the co rtices  of control b ra in s , the 
AChE p o s itiv e  axons, were mostly perpendicular to  the co rtic a l 
surface and showed c le a r laminar d if fe re n t ia tio n  with frequent 
branching and regu larly  placed small v a r ic o s i t ie s .  In most cases, 
th e re  were a lso  some p o s itiv e ly  s ta in in g  pyramidal neurons mainly 
in layer III  with occasional small p o s itiv e ly  s ta in in g  neurons in 
a ll  lay e rs . Only the ce ll bodies and proximal dendrites  of these 
neurons were s ta in ed . There was a remarkable reduction in AChE– 
p o s itiv e  fib e rs  in the fro n ta l and temporal lobes in A lzheimer's 
b ra in s , s im ila r to  th a t seen in ra ts  with e le c tro ly t ic  lesions of 
the  basal fo reb ra in . Such a c o rre la tio n  would suggest th a t c o r t i 
cal AChE–p o sitiv e  f ib e rs  are la rge ly  derived from basal fo reb rain  
cho linerg ic  neurons. A d ifference  between lesioned ra t and 
A lzheim er's b ra in s , however, was th a t in Alzheim er's d isease  the 
residual AChE–po s itiv e  f ib e rs  a lso  showed pathological changes with 
d isrup tions  and sw ellings. Seria l sec tions stained  by the 
Bielschowsky method revealed th a t these corresponded with c la ss ic a l 
sen ile  plaques of various s iz e s .  AChE–p o sitiv e  s ta in in g  tended to 
be lower in the la rg e r plaques. Developing AChE p o sitiv e  plaques 
were e sp ec ia lly  seen in layer I where m ultip le  small plaques were 
occasionally  arranged on a s ing le  axon. The re su lts  suggest:1) 
plaques develop i n i t i a l l y  from swellings on impaired AChE axons 
w ith , u sually , m ultip le  s i te s  on a s in g le  axon; 2) the  a lte re d  
axon f ib e r  d isappears; 3) the plaque continuously expands with 
m aterial spreading irre g u la r ly  from the core giving the appearance 
of an exploding halo.
(Supported by grants from the MRC of Canada, the  Mr. and Mrs. P.A. 
Woodward's Foundation and the Medical Services Health Found, of BC)

339.2 INVOLVEMENT OF THE CHOLINERGIC PONTOMESENCEPHALIC 
TEGMENTUM IN ALZHEIMER'S D ISEASE. R.W. J a c o b s , N . J .  
W o o lf ,  M .C . H e r n i t * , a n d  L .L . B u t c h e r . D e p a r tm e n t  o f  
P s y c h o lo g y  a n d  B r a i n  R e s e a r c h  I n s t i t u t e ,  UCLA, Los 
A n g e le s ,  CA 9 0 0 2 4 .

P a t i e n t s  d i a g n o s e d  w i th  d e m e n t i a  o f  t h e  A lz h e im e r  
t y p e  (DAT) c o n s i s t e n t l y  d e m o n s t r a t e  r e d u c e d  l e v e l s  o f  
s y n t h e t i c  a n d  d e g r a d a t i v e  c h o l i n e r g i c  en z y m es  ( s e e  
T e r r y  a n d  D a v i e s ,  A nn . R e v . N e u r o s c i . , 3 : 7 7 ,  1 9 8 0 ) .  
C o r r e l a t e d  w i th  t h e s e  b io c h e m i c a l  r e d u c t i o n s ,  m a rk e d  
c e l l  l o s s  h a s  b e e n  n o te d  i n  t h e  b a s a l  f o r e b r a i n  o f  DAT 
b r a i n s  ( P r i c e  e t  a l . ,  N e u r o s c i .  Com m ., 1 :  8 4 ,  1 9 8 2 ) .  
A n o th e r  l a r g e  g r o u p  o f  c h o l i n e r g i c  p r o j e c t i o n  c e l l s  i s  
f o u n d  i n  t h e  p o n to m e s e n c e p h a l i c  te g m e n tu m  (W o o lf an d  
B u t c h e r ,  B r a i n  R e s .  B u l l . , 1 6 : 1 9 8 6 ) ,  a n d  we h a v e  
e x a m in e d  t h e s e  c h o l i n e r g i c  c e l l s ,  w h ic h  l i e  i n  t h e  
p e d u n c u l o p o n t i n e  t e g m e n t a l  n u c l e u s  (PPT ) a n d  t h e  d o r s o 
l a t e r a l  t e g m e n t a l  n u c l e u s  (D L T ), i n  a c e t y l c h o l i n e s t e r 
a s e  (A C hE ), c r e s y l  v i o l e t ,  a n d  t h i o f l a v i n – S s t a i n e d  
b r a i n  s e c t i o n s  fro m  d e m e n te d  a n d  n o rm a l i n d i v i d u a l s .

T i s s u e  s e c t i o n s  fro m  t h r e e  DAT b r a i n s  w e re  a n a l y z 
e d .  C e l l  c o u n t s  m ade on AChE– s t a i n e d  s e c t i o n s  a n d  
c o m p a re d  w i th  t h o s e  fro m  a d j a c e n t  N i s s l – s t a i n e d  s e c 
t i o n s  r e v e a l e d  t h a t  p u t a t i v e  c h o l i n e r g i c  c e l l s  i n  t h e  
PPT a n d  DLT o f  o n e  o f  t h e  DAT p a t i e n t s  w e re  r e d u c e d  t o  
a p p r o x i m a t e l y  30% o f  a g e –m a tc h e d  c o n t r o l  c e l l  n u m b e r s .  
T he o t h e r  tw o  DAT b r a i n s ,  a s  w e l l  a s  b r a i n s  f ro m  tw o  
P a r k i n s o n ' s  d i s e a s e  d e m e n t i a  p a t i e n t s  a n d  o n e  m u l t i 
i n f a r c t  d e m e n t i a  p a t i e n t ,  sh o w ed  l i t t l e  o r  no  c e l l  
l o s s  o f  c h o l i n e r g i c  s o m a ta  i n  t h e  PPT a n d  DLT. N o n e th e 
l e s s ,  n e u r o p a t h o l o g i c  p r o f i l e s  w e re  m ore  p r e v a l e n t  i n  
t h e  t h r e e  DAT b r a i n s  t h a n  i n  b r a i n s  f ro m  p a t i e n t s  who 
w e re  n o rm a l o r  h a d  o t h e r  t y p e s  o f  d e m e n t i a .  N um erous 
n e u r o f i b r i l l a r y  t a n g l e s  a n d / o r  p l a q u e – l i k e  l e s i o n s  
w e re  o b s e r v e d  i n  t h e  PPT o f  t h e  DAT b r a i n s ,  w h e re a s  
f e w e r  o r  n o n e  o f  t h e s e  n e u r o p a t h o l o g i c a l  e n t i t i e s  w e re  
fo u n d  in  t h e  o t h e r  b r a i n s .

T h e s e  r e s u l t s  s u g g e s t  t h a t ,  i n  a d d i t i o n  t o  t h e  
b a s a l  f o r e b r a i n  c h o l i n e r g i c  s y s t e m ,  t h e  c h o l i n e r g i c  
p o n to m e s e n c e p h a l i c  te g m e n tu m  may b e  a f f e c t e d  i n  DAT, 
a l t h o u g h  l e s s  c o n s i s t e n t l y ,  a s  i n d i c a t e d  by  r e d u c e d  
c e l l  n u m b e rs  i n  o n e  a f f e c t e d  i n d i v i d u a l  a n d  t h e  
i n c r e a s e d  o c c u r e n c e  o f  n e u r o f i b r i l l a r y  t a n g l e s  a n d  
p l a q u e – l i k e  l e s i o n s  t h a t  w e re  e v i d e n t  i n  a l l  t h r e e  
c a s e s  o f  DAT.

S u p p o r t :  N S10928 t o  L .L .B .

339.3 CHOLINERGIC AND SOMATOSTATINERGIC NEURITES ARE ASSOCI
ATED WITH SENILE PLAQUES IN THE SUBSTANTIA INNOMINATA 
OF ALZHEIMER'S DISEASE PATIENTS. E . G o u ld * ,  N . J .  
W o o lf ,  J . L .  W i l l i a m s * ,  G. B r u c e * + ,  L .B . H e r s h - t ,  a n d  
L .L .  B u t c h e r . D e p a r tm e n t  o f  P s y c h o lo g y  a n d  B r a i n  
R e s e a r c h  I n s t i t u t e ,  UCLA, L os A n g e le s ,  CA 90 0 2 4  a n d  
+ D e p a r tm e n ts  o f  B i o c h e m i s t r y ,  P h y s i o lo g y  a n d  P s y c h i a 
t r y ,  U n i v e r s i t y  o f  T e x a s  H e a l t h  S c i e n c e  C e n t e r ,  
D a l l a s ,  TX 7 5 2 3 5 .

S e n i l e  p l a q u e s  f o u n d  i n  t h e  s u b s t a n t i a  i n n o m in a t a  
o f  p a t i e n t s  d i a g n o s e d  w i th  d e m e n t i a  o f  t h e  A lz h e im e r  
t y p e  (DAT) ( J a c o b s  e t  a l . ,  N e u r o s c i .  L e t t . , 5 6 : 3 4 7 , 
1 9 8 5 )  a n d  t h e i r  a s s o c i a t i o n s  w i th  c h o l i n e r g i c  a n d  
s o m a t o s t a t i n e r g i c  n e u r i t e s  w e re  s t u d i e d  im m u n o h is to – 
c h e m i c a l l y  ( a v i d i n – b i o t i n  p e r o x i d a s e  m e th o d )  by  u s e  o f  
a n t i b o d i e s  a g a i n s t  c h o l i n e  a c e t y l t r a n s f e r a s e  (ChAT) 
a n d  s o m a t o s t a t i n  (S R IF )  c o m b in e d  w i th  t h i o f l a v i n – S 
h i s t o l o g y  f o r  a m y lo id .

T he v a s t  m a j o r i t y  o f  s e n i l e  p l a q u e s  i n  t h e  s u b s t a n 
t i a  i n n o m in a t a  o f  DAT b r a i n s  h a d  ChAT a n d  SR IF  n e u r 
i t e s  em b ed d ed  i n  t h e  a m y lo id  m a s s .  Many o f  t h e  SR IF  
p r o c e s s e s  fo u n d  i n  t h e  s u b s t a n t i a  i n n o m in a t a  p l a q u e s  
c o u l d  b e  t r a c e d  t o  SR IF  c e l l  b o d i e s .  T y p i c a l l y ,  s e n i l e  
p l a q u e s  w e re  o b s e r v e d  2 5 – 100  pm f ro m  SR IF  s o m a t a .  A 
few  ChAT– c o n t a i n i n g  n e u r i t e s  c o u l d  a l s o  b e  t r a c e d  t o  
t h e i r  p a r e n t  c e l l  b o d i e s .

I n  c o n t r a s t  t o  t h e  r e l a t i o n s h i p s  o b s e r v e d  i n  t h e  
s u b s t a n t i a  i n n o m i n a t a ,  s e n i l e  p l a q u e s  f o u n d  i n  t h e  
a m y g d a la ,  h ip p o c a m p u s ,  a n d  f r o n t a l  a n d  t e m p o r a l  c o r 
t i c e s  o f  t h e  sam e DAT b r a i n s  w e re  l e s s  o f t e n  a s s o c i 
a t e d  w i t h  ChAT– o r  S R IF – im m u n o r e a c t iv e  n e u r i t e s .  Amy
l o i d  d e p o s i t s ,  a s  v i s u a l i z e d  w i t h  t h i o f l a v i n – S , w e re  
l a r g e r  i n  d i a m e t e r  a n d  m o re  n u m e ro u s  i n  t h e  a m y g d a la ,  
h ip p o c a m p u s ,  a n d  c e r e b r a l  c o r t e x  t h a n  i n  t h e  s u b s t a n 
t i a  i n n o m i n a t a .  A d d i t i o n a l l y ,  a  l a r g e  n u m b e r o f  c e l l s  
i n  t h e  s u b s t a n t i a  in n o m in a t a  w e re  im m u n o r e a c t iv e  f o r  
S R IF , a n d  t h e s e  n e u r o n s  e x h i b i t e d  i n t e n s e  im m u n o s ta in – 
i n g ,  w h e r e a s  f e w e r  S R IF – p o s i t i v e  c e l l s  w e re  d e t e c t e d  
i n  t h e  a m y g d a la ,  h ip p o c a m p u s  a n d  c e r e b r a l  c o r t i c e s ,  
a n d  t h e y  d e m o n s t r a t e d  l e s s  i n t e n s e  SR IF  i m m u n o r e a c t i v i – 
t y .

T h e s e  r e s u l t s  i n d i c a t e  t h a t  a  g r e a t e r  p r o p o r t i o n  o f  
s e n i l e  p l a q u e s  i n  t h e  s u b s t a n t i a  i n n o m in a t a  o f  DAT 
b r a i n s  c o n t a i n  ChAT– a n d  S R IF – im m u n o r e a c t iv e  n e u r i t e s  
t h a n  do  s e n i l e  p l a q u e s  i n  t h e  a m y g d a la ,  h ip p o c a m p u s ,  
a n d  c e r e b r a l  c o r t i c e s  o f  t h e  sam e b r a i n s .

S u p p o r t :  N S10928 t o  L .L .B .  a n d  A G05893 t o  L .B .H .

339.4 NUCLEUS BASALIS MAGNOCELLULARIS (nBM) LESIONS INCREASE CORTICAL 
SOMATOSTATIN LEVELS WHILE INDUCING CORTICAL CHOLINERGIC 
HYPOFUNCTION. G.W. A rendash, E.M. Meyer, W .J. M illa rd , and A .J. 
Dunn. D iv is io n  of Physio logy  and Development, D ep t. o f B io logy , 
Univ. o f South F lo r id a ,  Tampa, FL 33620 and D epts. of 
Pharm acology, Pharmacodynamics, and N euroscience , Univ. of 
F lo r id a ,  G a in e s v i l le ,  FL 32610.

Although d e f i c i t s  in  c o r t i c a l  c h o lin e rg ic  m arkers a re  
c o n s is te n t ly  found in  s e n i le  dem entia o f th e  A lzh e im er 's  Type 
(SDAT), a d y s fu n c tio n  o f c o r t i c a l  so m a to s ta tin e rg ic  neurons a ls o  
appears  to  b io c h em ica lly  c h a ra c te r iz e  th e  d is e a s e .  In  t h i s  
c o n te x t, d ec re a se s  in  c o r t i c a l  s o m a to s ta tin  le v e ls  and re c e p to r  
numbers have b o th  been re p o rte d  in  SDAT. S ince nuc leus  b a s a l is  
of M eynert (NBM) c h o l in e rg ic  neurons (which norm ally  p rov ide  most 
o f th e  c h o l in e rg ic  in n e rv a tio n  to  th e  c o r te x )  d eg e n era te  o r 
become d y s fu n c tio n a l in  SDAT, e x c i to to x ic  le s io n s  o f th e  
analogous r a t  nBM were perform ed to  determ ine i f  a lo s s  of 
c o r t i c a l  c h o l in e rg ic  in n e rv a tio n  i s  invo lved  in  th e  c o r t i c a l  
so m a to s ta tin  d y s fu n c tio n  o f SDAT.

A dult male Sprague–Dawley r a t s  were g iven  b i l a t e r a l  in fu s io n s  
o f ib o te n ic  a c id  (5 ug /1  u l)  in to  th e  nBM and s a c r i f i c e d  te n  
months l a t e r .  C o r t ic a l  s o m a to s ta tin  le v e ls  were d ra m a tic a lly  
in c re a se d  a t  10 months in  nBM–le s io n e d  anim als compared to  
sham -lesioned  c o n tro l  v a lu e s  (748 +  77 v s .  362 +  52 pg/mg 
t i s s u e ) .  In  th e  same le s io n e d  an im a ls , c o r t i c a l  c h o lin e rg ic  
m arkers were u n iv e r s a l ly  d ec reased  (c h o lin e  a c e ty l t r a n s f e r a s e  
a c t i v i t y  down 42%, a c e ty lc h o lin e  s y n th e s is  down 32%, and h igh  
a f f i n i t y  ch o lin e  up take down 37%) compared to  v a lu e s  in  
sham -lesioned  c o n tro l  an im als . In  c o n t r a s t ,  no s ig n i f i c a n t  
e f f e c t s  o f nBM le s io n in g  on c o r t i c a l  n o rep in ep h rin e  m arkers (NE, 
MHPG), dopamine m arkers (DA, DOPAC, HVA), o r s e ro to n in  m arkers 
(5‒HT, 5‒HIAA) were found a t  10 months a f t e r  le s io n in g .

S ince a c e ty lc h o lin e  i s  a  pow erfu l r e l e a s e r  o f c o r t i c a l  
s o m a to s ta tin , th e se  b iochem ical r e s u l t s  su g g es t t h a t ,  in  SDAT, a 
d y s fu n c tio n  o f c o r t i c a l  s o m a to s ta tin e rg ic  neurons i s  secondary  to  
a lo s s  o f c h o l in e rg ic  in n e rv a tio n  to  th e  c o rte x  from th e  b a s a l  
fo r e b ra in .  A d d itio n a lly , nBM–le s io n e d  anim als were memory 
d e f i c ie n t  on a v a r i e ty  o f ta s k s  and e x h ib ite d  s ig n i f i c a n t  
n eu ro n a l lo s s e s  and SDAT–lik e  n e u ro p a th o lo g ic a l changes w ith in  
th e  c o rte x  (see  a b s t r a c t  by P anzari no , A rendash, Mouton, and 
G onzalvo). The combined d a ta  s tro n g ly  sug g est th a t  a  
d y s fu n c tio n a l "NBM to  c o rte x "  c h o lin e rg ic  pathway i s  a  prim e 
f a c to r  in  th e  p a th o g en es is  o f SDAT.
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339.5 HIPPOCAMPAL NMDA RECEPTORS IN ALZHEIMER'S DISEASE. J.W. 
Geddes and C.W. Cotm an. D epartm ent o f Psychobiology, University of 
California, Irvine, CA 92717.

A m ajor site  of Alzheimer's disease (AD) neuropathology is the 
hippocam pal region, including the subiculum and entorh inal co rtex . The 
neuronal loss in these areas is postu la ted  to  functionally disconnect the 
co rtex  from the  hippocampus, providing a  plausible explanation for some 
of the memory d efic its  in AD. The N–m ethyl–D–a sp a rta te  (NMDA) 
subclass of exc ita to ry  amino acid recep to rs a re  involved in memory 
form ation and in excito toxin  m ediated neuronal degeneration. Their 
s ta tu s  in Alzheimer's d isease may therefo re  indicate  (i) the  functional 
capacity  of pathways involved in memory (long term  potentia tion), and 
(ii) the possible involvem ent o f excito toxic mechanisms in AD–re la ted  
neurodegeneration.

We used quan tita tive  in v itro  autoradiography to  exam ine the 
hippocam pal distribution  and density of NMDA displaceable L‒3H– 
glu tam ate  binding s ite s  which correspond to  NMDA recep to rs  (Monaghan 
and Cotm an, J . Neurosci. 5, 2909, 1985). Hippocampal sam ples w ere 
obtained postm ortem  from 5 neurologically norm al and from 5 
Alzheimer's disease pa tien ts . Postm ortem  delays ranged from 1.5 to  
30h. L‒3H–g lu tam ate  binding was stab le  for up to  72 h postm ortem . 
Binding was q uan tita ted  in CA3 and CA1 of stra tum  radiatum  and 
stra tum  pyram idale, in the inner and ou te r m olecular layers of the 
den ta te  gyrus, and in the hilus, s tratum  oriens, s tra tum  lacunosum– 
m oleculare, and subiculum.

We observed no significant changes in the d istribution or density of 
hippocam pal NMDA recep to rs in A lzheim er's disease. This con tras ts  to  
the reported  decrease o f NMDA recep to rs in co rtica l regions 
(G reenam yre e t  a l., Science 227, 1496, 1985). It appeared th a t the re  was 
a  correspondence betw een the d istribution of NMDA recep to rs  and the 
p redilection  to  AD–re la te d  neuropathology in hippocam pal subfields. 
Areas w ith a  high density  o f NMDA recep to rs included CA1, subiculum, 
and ou te r layers o f the entorh inal co rtex , a ll of which show 
neurofibrillary and granulovacular degeneration in AD. In addition, the 
d en ta te  gyrus m olecular layer, also rich in NMDA recep to rs, has a 
p redilection  for neuritic  plaques. The strong correlation  o f A lzheim er's  
d isease pathology with NMDA recep to r density suggests th a t excito toxic 
mechanism s might con tribu te to  the progressive pathogenesis of this 
disease. Furtherm ore, in hypoxia, ischem ia, hypoglycemia, and epilepsy, 
NMDA recep to r antagonists have been shown to  p ro te c t against 
neurodegeneration. It is possible th a t such agents may eventually have 
the rapeu tic  value in Alzheimer's disease.

We thank R.C. Kim, B. Choi, and U.T. Slager for neuropathololgical 
evaluation, H.–C. Chui and I.T. Lott for clin ical evaluation, and S. 
Cooper and M. Borja for techn ica l assistance. Supported in p a r t by the 
N ational Institu te  on Aging (NIA) g ran t AG00538 and the John D. and 
C atherine T. Mac Arthur Foundation Research Program on Successful 
Aging.

339.6 SELECTIVE CHANGES IN MO, DELTA AND KAPPA OPIOID RECEPTOR BINDING 
IN CERTAIN LIMBIC REGIONS OF THE BRAIN IN ALZHEIMER'S DISEASE 
PATIENTS. J.M . H i l l e r* ,  Y. I tz h ak *  and E .J .  Simon. D epts. of 
P sy c h ia try  and Pharm acology, New York U n iv e rs ity  Med. C t r . ,  New 
York, NY 10016.

The t o t a l  o p io id  b in d in g  le v e ls  and le v e ls  of th e  th re e  major 
types o f o p io id  b in d in g  s i t e s  were measured in  homogenates of 
v a r io u s  lim b ic  s t r u c tu r e s  from p o s t–mortem b ra in s  o f A lzh e im er 's  
D isease  p a t ie n t s  and age–matched c o n tro l in d iv id u a l s .  The most 
c o n s is te n t  f in d in g  in  A lzh e im er 's  D isease  b ra in s  was an in c re a s e  
in  kappa b in d in g  in  a l l  s ix  a re a s  o f th e  lim b ic  system  examined, 
w ith  th e  putamen and caudate  reg io n s  showing s ig n i f i c a n t  in c re a s e s  
of 114% and 53%, r e s p e c t iv e ly .  In  a d d i t io n ,  the  A lzhe im er's  
D isease putamen showed a s ig n i f i c a n t ly  h ig h e r  le v e l  of t o t a l  b in d 
ing  (85% in c r e a s e ) .  The amygdala of A lzh e im er 's  D isease  p a t ie n t s  
e x h ib ite d  s ig n i f i c a n t ly  low er le v e ls  o f mu and d e l ta  b in d in g  (41% 
and 55% d e c re a se , r e s p e c t iv e ly ) .  T o ta l b in d in g  and b ind ing  to  mu 
and d e l ta  r e c e p to rs  in  f r o n ta l  c o r te x , ca udate  and hippocampus of 
A lzh e im er 's  D isease  b ra in s  was in d i s t in g u is h a b le  from le v e ls  seen  
in  th e se  b ra in  a re a s  from c o n tro l in d iv id u a l s .  I t  i s  suggested  
th a t  th e  in c re a s e  in  kappa s i t e s  could  be th e  r e s u l t  of u p re g u la tic  
due to  a dec re a se  in  dynorph in , th e  p u ta t iv e  endogenous kappa 
l ig a n d .
Funded by NIDA g ra n t DA‒00017 and A lzheim er A sso c ia tio n  g ra n t 
83‒003

339.7 EFFECTS OF ESTRADIOL, AF64A, AND POST–MORTEM TREATMENTS ON RAT 
BRAIN HC‒3 BINDING AND ACH SYNTHESIS. R.D. Hautam aki, C. O 'M alley*,
M. K e lley , G. A rendash, and E.M. M eyer. Departm ent o f Pharm acology, 
U niv. F lo r id a ,  G a in e s v i l le ,  FL, 32610 and D epartm ent o f B io logy , 
Univ. South F lo r id a ,  Tampa, FL.

The lo s s  o f f u n c t io n a l  c h o l in e rg ic  in n e rv a tio n  o f th e  c e re b ra l  
c o r te x  rem ains one o f th e  e a r l i e s t  neurochem ical d e f i c i t s  a s s o c i
a te d  w ith  A lzh e im er 's  d is e a s e .  [3H]–H emicholinium‒3 i s  a po ten 
t i a l  m arker f o r  c h o l in e rg ic  te rm in a ls  in  t h i s  t i s s u e ,  s in c e  i t  
b in d s  in  a s a tu r a b le ,  h igh  a f f i n i t y  (Kd = 2‒7 nM) manner to  c h o lin e  
up take  s i t e s  th a t  a re  s p e c i f i c  f o r  c h o l in e rg ic  neurons and r a t e  
l im i t in g  fo r  ACh s y n th e s is .  To determ ine  th e  p o te n t ia l  u s e fu l
n ess  o f t h i s  lig a n d  fo r  d iag n o sin g  c h o l in e rg ic  h y p o func tion  c l i n i 
c a l l y ,  we s tu d ie d  [3H]–hem icholinium ‒3 b in d in g  in  r a t  c e re b ra l  
c o r t i c a l  membranes a f t e r : 1) s e v e ra l  tre a tm e n ts  th a t  we re c e n tly  
found to  d ec re a se  (ovariec tom y , AF64A) o r  in c re a s e  ( e s t r a d io l )  
ACh s y n th e s is  in  t h i s  t i s s u e ;  and 2) s e v e ra l  p o s t–mortem tre a tm e n ts  
to  which human t i s s u e s  a r e  exposed (slow  c o o lin g  and rep ea ted  
f re e z e –thaw p ro c e d u re s ) . I n t r a c e r e b r a l  c o r t i c a l  in j e c t io n s  of 
AF64A (2 , 1 .0  u l  b i l a t e r a l  in fu s io n s  o f  1 n m o l/u l/hem isphe re ) 
reduced h ig h  a f f i n i t y  c h o lin e  up take  and [3H]–hemichol in iu m -3 
b in d in g  in  t h i s  t i s s u e  by 42% and 40% when assayed  3 weeks l a t e r .  
S ince i t  has been sug g ested  th a t  p o s t–m enopausal women may be 
more l i k e ly  to  e x h ib i t  A lzh e im er 's  d is e a s e  symptoms, we a ls o  s tu 
d ie d  th e  e f f e c t s  o f ovariectom y and e s t r a d io l  rep lacem ent on c o r
t i c a l  c h o l in e rg ic  a c t i v i t y .  Ovariectom y reduced c e re b ra l  c o r t i c a l  
h ig h  a f f i n i t y  c h o lin e  up take  and ACh s y n th e s is  by over 50% when 
measured a t  l e a s t  30 days l a t e r ;  th e se  c h o l in e rg ic  d e f i c i t s  r e 
tu rn e d  to  norm al a f t e r  3 in j e c t io n s  o f 10 ug/kg  o f e s t r a d io l  ben
z o a te ,  a d m in is te red  su bcu taneously  every  o th e r  day. However, no 
change in  newly sy n th e s iz e d  [3H]–ACh r e le a s e  was observed w ith  
th e s e  hormonal a l t e r a t i o n s .  F u r th e r , p re l im in a ry  ev idence  shows 
no change in  [3H]–hem icholinium ‒3 b in d in g  w ith  th e se  hormonal 
a l t e r a t i o n s .  C onceivab ly , AF64A reduces  th e  number o f f u n c t io n a l 
c h o l in e rg ic  t r a n s p o r te r s  w h ile  e s t r a d io l  a f f e c t s  th e  a f f i n i t y  of 
th e  t r a n s p o r t e r  f o r  c h o lin e  in  a  manner th a t  i s  n o t r e f l e c te d  by 
changes in  hem icholinium ‒3 b in d in g . Slow co o lin g  o f i n t a c t  r a t  
b r a in s ,  a t  a r a t e  s im i la r  to  th a t  o f human b r a in  c o o lin g  a f t e r  
d ea th  a t  room te m p era tu re  had no e f f e c t  on h igh  a f f i n i t y  [3H] – 
hem icholinium ‒3 b in d in g  fo r  up to  5 h o u rs . One o r  two f r e e z e -  
thaw c y c le s ,  how ever, reduced b in d in g  by 14% and 45%, r e s p e c t iv e ly . 
These r e s u l t s  su g g es t th a t  la b e l le d  hem icholinium ‒3 b in d in g  may 
be u s e fu l  fo r  p o s t–mortem c l i n i c a l  an a ly se s  of c h o l in e rg ic  func
t i o n  under some c o n d i tio n s . They a l s o  su g g es t th a t  s t e r o i d a l  
hormones may a f f e c t  th e  s y n th e s is  o f ACh in  th e  c e re b ra l  c o r te x  
to  an e x te n t  n o t p re v io u s ly  d e s c r ib e d .

339.8 CHANGES IN GABA–A AND GABA–-B RECEPTORS IN HIPPOCAMPUS OF 
ALZHEIMER'S INDIVIDUALS. DCM Chu, JB Penney and AB Young. D ept. 
o f  Neurology and N euroscience Program, Ann A rbor, MI 48104.

In  dem entia o f th e  A lzh e im er 's  ty p e  (DAT), th e r e  i s  marked c e l l  
lo s s  in  hippocam pal CA1 f i e l d ,  subiculum  and e n to rh in a l  c o r te x  
w ith  r e l a t i v e  sp a r in g  o f CA3 neurons and presub icu lum  (Hyman, B.T. 
e t  a l . ,  S c ience  225:1168, 1984). We have examined th e  s ta t u s  o f 
GABA–A and GABA–B r e c e p to r s  in  hippocam pi from 6 in d iv id u a ls  
d iagnosed  w ith  DAT upon au topsy  and 6 age–matched c o n tro ls  w ith o u t 
n e u ro lo g ic  d is e a s e ,  u s in g  a  q u a n t i t a t iv e  a u to ra d io g ra p h ic  method 
w ith  3H–GABA as  p re v io u s ly  d e sc r ib e d  (Chu, D.C.M. e t  a l . ,  A b s tr . 
Soc. N eu ro sc i. 11 :725 ). S a tu ra t io n  b ind ing  s tu d ie s  in  s e r i a l  
hippocam pal s e c t io n s  were ach ieved  by th e  i s o to p ic  d i l u t io n  o f 
3H–GABA w ith  n o n ra d io a c tiv e  GABA to  y ie ld  a range o f 25‒1025 nM 
f r e e  GABA. Bound v a lu es  in  pmol/mg p ro te in  were o b ta in ed  
d e n s i to m e t r ic a l ly .  S ca tch ard  p lo t s  o f 3H–GABA b ind ing  rev e a le d  
changes in  th e  Bmax and n o t in  th e  KD fo r  bo th  GABA–A and GABA–B 
r e c e p to r s  as  fo llo w s:

R ecep to r Reaion o f  I n t e r e s t B m ax(contro ls) Bmax(DAT)  %D ecline
GAM–A stra tu m  pyram idale 

o f  CA1
3.499+0.421 
pmol/mg p ro te in

1.711+0.561* 51%

GABA–B s tra tu m  m o lecu lare  
o f d e n ta te  gyrus

1.094+0 . 154 0 .592+0.122* 46%

stra tu m  lacunosum/ 
m o lecu la re  o f CA1

0.846+0.099 0.389+0.074** 54%

stra tu m  pyram idale 
o f  CA1

1.047+0.138 0 .343+0.118** 67%

*p<0.05, **p<0.01 by 2 - t a i l e d  u n p a ired  S tu d e n t 's  t - t e s t
The d ec re a se  in  GABA–A re c e p to r  d e n s i ty  in  s tra tu m  pyram idale 

o f  CA1 may r e f l e c t  lo s s  o f neurons in  CA1, s in c e  GABA–A re c e p to rs  
a r e  th o u g h t to  e x i s t  on c e l l  bod ie s  o f pyram idal neurons in  t h i s  
re g io n . GABA–B re c e p to r s  a re  th o ugh t to  be p re s y n a p tic  on te rm in 
a l s  o f  c e r t a in  proposed g lu ta m a te rg ic  pathw ays. For in s ta n c e ,  th e  
CA3 S c h a e ffe r  c o l la te ra l/c o m m is su ra l f ib e r s  te rm in a tin g  on CA1 
n eu ro n s , and th e  m ed ial p e r fo ra n t  pathway te rm in a tin g  in  s tra tu m  
m o lecu la re  o f  th e  d e n ta te  gyrus a re  bo th  s e n s i t i v e  to  th e  GABA–B 
a g o n is t ,  b ac lo fen  (A u lt, B. and N ad le r, J .V . ,  B r. J .  Pharm acol. 
80:211 , 1983). Loss o f c e l l s  in  e n to rh in a l  c o r te x  may accoun t f o r  
th e  d e c lin e  in  GABA–B r e c e p to r s  in  s tra tu m  m o lecu la re  o f d e n ta te  
gyrus and in  s tra tu m  lacunosum o f  CA1. The lo s s e s  o f GABA–B 
r e c e p to r s  in  CA1 s tra tu m  pyram idale  a r e  l e s s  c l e a r  s in c e  te rm in a ls  
in  CA1 a r i s e  from th e  r e l a t i v e l y  sp ared  CA3 neu rons . Perhaps some 
GABA–B re c e p to r s  a re  lo c a te d  p o s ts y n a p tic a l ly  in  CA1, o r  CA3 
te rm in a ls  d e g e n e ra te  w ith  th e  lo s s  o f t h e i r  t a r g e t  neu rons . 
S upported  by USPHS g ra n t NS 15655.
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340.1 PHYSIOLOGICAL AND MOLECULAR MEASURES OF ALPHA2 ADRENERGIC 
RECEPTOR SENSITIVITY IN DEPRESSED PATIENTS DURING ANTIDEPRESSANT 
TREATMENT. N. W olfe. A .J . G elenberg*, B.M. Cohen*. H arvard U n iv ., 
D ept. of Psychology, Cam bridge, MA 02138.

Mechanisms o f a n t id e p re s s a n t  a c t io n  were s tu d ie d  u s in g  
m o lecu lar and p h y s io lo g ic a l s tu d ie s  o f a lp h a 2 a d ren e rg ic  
r e c e p to r s  in  p a t ie n t s  w ith  Major D ep ress ive  D iso rder (MDD) 
be fo re  and a f t e r  tre a tm e n t. P a t ie n ts  p a r t ic ip a te d  in  doub le
b lin d  t r i a l s  o f im ipram ine (2 .5  m g/kg /day ), ty ro s in e  (100 
m g/kg/day) o r p la ceb o , f o r  fo u r to  s ix  weeks. 3H–yohim bine 
b in d in g  to  p l a t e l e t  membranes was perform ed u sin g  1‒ep in ep h rin e  
as  th e  d i s p la c e r .  B inding was ra p id ,  s a tu r a b le ,  h ig h ly  s p e c i f ic  
(x̄ = 68%), and s e le c t i v e  fo r  th e  a lp h a 2 ad re n e rg ic  sub type of 
r e c e p to r .  No tre a tm en t appeared  to  s ig n i f i c a n t ly  change a lp h a 2 
re c e p to r  c h a r a c t e r i s t i c s  as in d ic a te d  by re c e p to r  number (Bmax) 
(F (2 ,2 3 )= .6 8 , p= .5 2 ) ,  ( lo g (Bmax))  (F (2 ,2 3 )= .56,  p= .58) or 
re c e p to r  a f f i n i t y  (Kd ) (F (2 ,2 3 )= .9 2 , p= .4 2 ) .

A lpha2 a d re n e rg ic  r e c e p to r s  were a ls o  s tu d ie d  u s in g  
c lo n id in e –induced hypo tension  and s e d a t io n  b e fo re  and du ring  
a n t id e p re s s a n t  th e ra p y . C lo n id in e–induced hypo tension  d id  not 
d i f f e r  s i g n i f i c a n t ly  fo llo w in g  tre a tm e n t:  F (2 ,1 1 )= .198 , p . =82. 
R epeated m easures a n a ly s is  o f v a r ia n c e  rev e a le d  no ev idence 
of d e s e n s i t iz a t io n  in  a more d e ta i l e d  exam ination  o f d i a s t o l i c  
and s y s t o l i c ,  ly in g  and se a te d  blood p re s s u re .  C lo n id in e– 
induced s e d a t io n , e x t ra c te d  as  a f a c to r –based  sco re  from the  
V isu a l Analogue Mood S c a le , a ls o  d id  n o t d i f f e r  fo llo w in g  
tre a tm e n t. No m easure o f a lp h a 2 a d re n e rg ic  r e c e p to r  s e n s i t i v i t y  
was s ig n i f i c a n t ly  c o r r e la te d  w ith  c l i n i c a l  improvement (change 
in  H am ilton s c o re ) .  However, in  th e  seven p a t ie n t s  who 
p a r t ic ip a te d  in  bo th  s tu d ie s ,  c e n t r a l l y –m ediated  changes in  blood 
p re s s u re  were h ig h ly  c o r r e la te d  w ith  changes in  p l a t e l e t  
r e c e p to r  b in d in g . Mean blood p re s s u re  changes were c o r r e la te d  
w ith  changes in  re c e p to r  number (Bmax)(R = .6 9 , p= .05) and 
re c e p to r  a f f i n i t y  (Kd )(R= .8 0 , p= .0 2 ) . S ev era l f a c to r s  
c o n tr ib u t in g  to  th e se  r e s u l t s  a re  d is c u s s e d .

I t  i s  concluded th a t  a lp h a2 d e s e n s i t iz a t io n  may n o t be a 
m ajor mechanism of a c t io n  fo r  im ipram ine o r ty ro s in e .  However; 
s tu d ie s  u s in g  two d i f f e r e n t  m easures o f a lp h a 2 s e n s i t i v i t y  
(c lo n id in e –induced hypo tension  and 3H–yohiLmbine b in d in g  to  
human p l a t e l e t  membranes) m ight be exam ining s im i la r  u n d e rly in g  
phenomena. Because th e se  two s e p a ra te  m easures were h ig h ly  
c o r r e l a te d ,  i t  i s  p o s s ib le  th a t  they  r e f l e c t  u n d e rly in g  a lp h a 2 
changes in  th e  c e n tr a l  nervous system .

340.2 PLATELET α2–ADRENERGIC RECEPTORS IN DEPRESSED PATIENTS: THE 
EFFECT OF DESIPRAMINE AND ECT. E .S . W erstiuk , M. S te in e r ,  S .E . 
A u ffa r th * , G. Bean. D epartm ents o f  N eurosciences and P sy c h ia try , 
McMaster U n iv e rs ity , H am ilton, O n ta r io , L8N 3Z5, Canada.

S u p e r s e n s i t iv i ty  o f  p l a t e l e t  α 2 – ad re n e rg ic  r e c e p to rs  in  
d e p re ss io n  has been su g g es ted , ana tre a tm e n t w ith  t r i c y c l i c  
a n t id e p re s s a n ts  and ECT has been re p o rte d  by some in v e s t ig a to r s  
t o  d ec re a se  α2–re c e p to r  numbers (Bmax) to  v a lu es  o f  normal 
c o n t r o ls .  These f in d in g s  however, a r e  c o n t ro v e r s ia l .  The 
p re s e n t s tu d y  was undertaken  to  a s s e s s  th e  e f f e c t  o f  tre a tm e n t 
w ith  desip ram ine  (DMI) and ECT on p l a t e l e t  α2–ad re n e rg ic  b in d in g  
param ete rs  in  d ep ressed  p a t ie n t s .

S u b je c ts  f o r  t h i s  s tu d y  were 20 a c u te  p s y c h ia t r ic  in p a t ie n ts  
who met th e  R esearch D iag n o stic  C r i t e r ia  f o r  Major D epressive 
D iso rd e r . 26 normal v o lu n te e rs  se rv ed  as  c o n tro l  s u b je c ts .  
P a t ie n ts  were ass ig n ed  (on a c l i n i c a l  b a s is )  to  tre a tm e n t w ith  
DMI o r ECT. P l a t e l e t  α2–a d re n e rg ic  re c e p to r  b in d in g  was measured 
p re - tre a tm e n t and 28 days in to  DMI tre a tm e n t;  and 48 hours a f t e r  
su c c e s s iv e  ECTs, as w e ll as 14 days a f t e r  th e  l a s t  ECT. P la t e le t  
membranes w ere i s o la te d . fro m – in t a c t  p l a t e l e t s  p rep ared  under 
p h y s io lo g ic a l c o n d i t io n s '.  3H–C lo n id in e  (0 .1  ‒ 32 nM), an 
α2–a g o n is t  was s e le c te d  as  l ig a n d , and s p e c i f i c  b in d in g  was 
d e fin ed  as  th e  d if f e re n c e  between t o t a l  bound r a d io a c t iv i ty  and 
th a t  n o t d is p la c e d  by excess  co ld  c lo n id in e  (6 .4  × 10‒5M). KD 
and Bmax were c a lc u la te d  by th e  com puter program "Ligand".  The 
va lu es  in  u n tre a te d  p a t ie n t s  were (Mean + S .D ev.) KD: 1.87 + 1.54 
nM and Bmax: 156 + 88 fmoles/mg p ro te in .  Long–term  (28 days) 
tre a tm e n t w ith  DMI had no s ig n i f i c a n t  e f f e c t  on th e s e  param ete rs 
KD: 1.79 + 1.30 nM and Bmax: 153 +  79 fmoles/mg p r o te in .  In  
c o n t ro l  s u b je c ts ,  we found v a lu es  o f  KD: 1.74 + 1.24 and Bmax: 
141 + 72 fm oles/m g p ro te in  which w ere n o t d i f f e r e n t  from th o se  
observed  in  th e  p a t i e n t s .  S u ccess iv e  ECT tre a tm e n ts  r e s u l te d  in  
a g rad u a l in c re a s e  in  Bmax v a lu es  w ith  no s ig n i f i c a n t  e f f e c t  on 
th e  KD.

Our d a ta  do n o t sup p o rt th e  p ro p o sa l t h a t  th e r e  i s  a 
d y sfu n c tio n  o f  th e  h ig h  a f f i n i t y  s t a t e  (α 2H) o f  th e  p l a t e l e t  
α2–re c e p to r  in  d e p re s s io n . S im i la r ly ,  r e s u l t s  o b ta in ed  fo llow ing  
lo n g –term  DMI and ECT a re  n o t c o n s is te n t  w ith  a tre a tm e n t induced 
d o w n-regu la tion  o f  p l a t e l e t  α2–r e c e p to r s . Our f in d in g s ,  however, 
do n o t exc lude  th e  p o s s i b i l i t y  t h a t  th e  fu n c t io n a l s t a t e  o f  th e  
α2–re c e p to r  may be a l t e r e d  in  d e p re s s io n . (Supported by th e  S t .  
Jo se p h ’s H o sp ita l F oundation , H am ilton, O n ta rio . E.S.W. h o ld s  a 
c a re e r  award from th e  O n ta rio  M ental H ealth  F o u n d a tio n .)
1. A u ffa r th , S .E . ,  S te in e r ,  M. and W erstiuk , E .S . , P rog . N euro. 
Psychopharm acol. & B io l . P s y c h ia t . ,  9: 579, 1985.
2 . Munson, P .J .  and Rodbard, D ., A nal. B iochem ., 107: 220, 1980.

340.3 BLOOD ELEMENT ADRENERGIC RECEPTORS IN AFFECTIVE PSYCHIATRIC 
DISORDERS. E.L. G ille r ,  S.M. Southwick*and B.D. P erry . Dept of 
Psych iatry , Yale U niversity  School of Medicine, New Haven, CT 06519 
and West Haven VAMC, West Haven, CT 06523

Dysfunction of CNS monoamine systems (NE, 5‒HT) has been pro
posed as a primary e tio lo g ic a l fa c to r in major depressive d iso rd e rs .
A v a rie ty  of c l in ic a l  and p re c lin ic a l s tu d ies  have suggested spec
i f i c  dysregulation  of CNS adrenergic receptors (in c lu d in g β  andα - 
adrenergic) as a po ten tia l s i t e  of pathology. P a ra lle l d is tr ib u tio n  
o f  α2– an d  β– recep tors  (R) in brain and blood elements (p la te le tα2 
and i ymphocyte/3)has allowed evaluation  of blood element (BE) Rs 
using radio ligand binding and o ther biochemical techniques in a 
v a rie ty  of p sy ch ia tr ic  populations, including major depressives(MDD). 
These s tu d ie s , though somewhat in co n sisten t, indeed suggest d i f f e r 
e n tia l BE–R regu la tion  in MDD when compared to "co n tro ls" . Other 
p sy ch ia tr ic  d iso rders  have "depressive" symptoms such as dysphoria, 
anhedonia, anergy and somatic co m p la in ts(e .g ., borderline  personal
ity  d iso rd e r, p o st–traum atic s tre s s  d iso rd e r, chronic pain syndrome) 
Within the c l in ic a l  spectrum many of these d iso rders  a re  c la s s if ie d  
as d is t in c t  e n t i t i e s  yet some would suggest th a t they a re  v a rian ts  
of the same underlying pathological process. Indeed tra d itio n a l 
a n tidep ressan t m edications (o stensib ly  acting  on the CNS monoamine 
systems) a re  e ffic ac io u s  in these d iso rd e rs . The cu rren t s tud ies 
were performed t o assess p o ten tia l s im ila r i t ie s  in BE adrenergic R 
parameters in these a f fe c tiv e  d iso rders  re la tiv e  to  MDD and "con tro l"

Subjects were in good physical h ea lth , met DSM III and SADS 
c r i t e r i a  fo r e i th e r  MDD, Bo rd e rlln e  p ersonality  d iso rd e r, Post trau 
matic s tre s s  d iso rder or were 'norm al1 healthy c o n tro ls . Subjects 
were drug free  fo r a t  le a s t two weeks. P la te le ts  and lymphocytes 
were i so lated  from 50 cc of whole blood using standard techniques. 
Membranes were prepared, washed ex tensive ly  with EDTA containing 
bu ffers  and rad io ligand  binding assays were performed in PLTs using 
3H-rauwolseine,.(RAUW) (Eur. J.Pharm. 84:79,1982) and In the lympho
cytes using 125I–cyanoplndolol ( ICYPT“(N.Sch.Arch.Pharm. 317:277,1981) 
For both systems, sa tu ra tio n  and com petition stud ies  were performed. 
Epinephrine com petition a t  RAUW s i te s  In the presence and absence of 
GTP, and isoproterenol comp, a t  ICYP s i te s  plus/minus GTP revealed 
two s i te s  of in te rac tio n  with GTP a lte r in g  the ra t io  of high to  low 
a f f in i ty  agon ist s i t e s .  Computer re so lu tion  of these s i te s  demon
s tra te d  no group d iffe ren ces  in the estim ated KD values fo r the s i te s  
however, there  did appear to  be an increased number of agonist high 
a f f in i ty  s ta te s  in the PTSD group. No group d ifferen ces  in RAUW 
or ICYP sa tu ra tio n  parameters were observed, i . e . ,  no KD or Bmax 
d iffe ren ces  between groups. The s ig n ifican ce  of d ifferen ces  In 
the ra t io  of high to  low a f f in i ty  s ta te s  is unc lear, however the 
re la tio n sh ip  between changes in ra tio  of a f f in i ty  s ta te s  and the 
process of R in te rn a liz a tio n  (down–regulation?) has been noted.

Mo re d e f in it iv e  s tu d ies  a re  in progress.

340.4 DECREASED ALPHA‒2 NORADRENERGIC RECEPTORS IN THE DORSOMEDIAL 
HYPOTHALAMUS IN RATS FED A HIGH FAT DIET. C.A. Wilmot and B .E. 
L ev in . VA M edical C t r . ,  N eurology S e rv ic e , E. Orange, NJ, 
07019, Univ. Med. D ent. NJ, Newark, NJ, 07903, and R utgers 
I n s t .  Anim. B ehav ., Newark, NJ, 07903.

The in ta k e  o f a h ig h  f a t  (17%)–h igh  c a lo r ie  (4 .6  kca l /g )  
d i e t  by r a t s  over a 3‒month p e r io d  produces a s ig n i f i c a n t  
in c re a s e  in  body w eight and c a rc a s s  l i p i d  co n ten t in  one–h a l f  
to  two–th i r d s  o f th e  an im als. In  t h i s  anim al model of 
d i e t –induced o b e s i ty ,  s e le c t i v e  d ec re a se s  in  th e  tu rn o v e r  o f 
dopamine (DA) have been re p o r te d  in  th e  hypothalam ic 
dorsom edial nu c leu s  (DMN) and th e  median eminence (ME) in  th e  
d ie t- in d u c e d  obese r a t s  (DIO) compared to  r a t s  w hich e a t  th e  
same d i e t  b u t do n o t become obese , ( d i e t - r e s i s t a n t ;  DR) and 
chow -fed (CHOW) r a t s  (L evin  e t  a l . , Pharm acol. Biochem. Behav. 
24: 299, 1986). N orep inephrine  (NE) tu rn o v e r was in c rea sed  
s ig n i f i c a n t ly  w ith  bo th  DIO and DR r a t s  in  th e  p a ra v e n tr ic u la r  
n u c leu s  and DMN o f th e  hypothalam us. The fo llo w in g  
experim en ts  were perform ed to  determ ine  w hether th e r e  were 
d if f e re n c e s  in  th e  le v e ls  o f n o rad ren e rg ic  and dopam inergic 
re c e p to r s  in  th e  DIO, DR and CHOW r a t s .

Using q u a n t i ta t iv e  au to ra d io g ra p h ic  p ro ced u re s , 
s l i d e –mounted t i s s u e  s e c t io n s  from th e  b ra in s  o f DIO, DR and 
CHOW r a t s  were in cuba ted  w ith  one o f th e  fo llo w in g  lig a n d s : 
[3]H–d ih y d ro a lp re n o lo l (DHA), [3]H–p a ra –am inoclon id ine  (PAC), 
[3]H–P razo s in  (PRZ), o r [3]H–s p iro p e r id o l  (SPIR ). R e su lts  
th u s  f a r  in d ic a te  a s ig n i f i c a n t  e f f e c t  o f d ie t  on th e  number 
o f n o re p in e p h rin e –d is p la c e a b le  PAC b ind ing  s i t e s  in  th e  DMN 
and th e  a re a  d o rs a l  (DA) to  th e  DMN. L evels f o r  th e  DIO and 
DR groups were r e s p e c t iv e ly  60% and 65% o f th e  CHOW group. 
A lso , th e r e  was a  s ig n i f i c a n t  n e g a tiv e  l i n e a r  c o r r e la t io n  
between th e  number o f PAC b ind ing  s i t e s  and body w eight ga in  
in  th e  DMN and DA ( r =‒0 .5 4 6 , p<0.035, and r =‒0 .533 , p<0.041, 
r e s p e c t iv e ly ,  n=15). No s ig n i f i c a n t  d if f e re n c e s  between d ie t  
groups have been d e te c te d  in  th e  b ind ing  o f DHA and SPIR to  
hypothalam ic n u c le i .  These r e s u l t s  su g g es t t h a t  changes in  
th e  s e n s i t i v i t y  o f a lp h a ‒2 n o ra d re n e rg ic  r e c e p to rs  in  th e  DMN 
and th e  DA o f  th e  hypothalam us may be r e l a te d  to  d ie ta r y  
com position  and a s s o c ia te d  w ith  th e  degree o f body w eight 
g a in .
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340.5 EFFECT OF CHRONIC SENSORIMOTOR SEIZURES ON GLUTAMATE BINDING. E.M. 
S a n to r i ,  T. P e r , L. Lymer*, D. Z inck*, and R.C. C o l l in s ; D epts. 
Neurology and N eu ro lo g ica l S urgery , and the  McDonnell C en ter fo r  
th e  Study o f H igher B rain  F unction , W ashington U n iv e rs ity , S t.  
L ou is, MO 63110

The p ro cess  by which re c u r re n t ex p e rim e n ta lly –induced fo c a l 
n e o c o r t ic a l  s e iz u re s  p ro g re s s iv e ly  in c re a s e  in  s e v e r i ty  i s  an 
in t r ig u in g  example of neuronal p l a s t i c i t y .  In  a d d i t io n ,  th i s  type 
o f k in d lin g  may have c l i n i c a l  re lev an ce  as  an anim al model o f 
sim ple p a r t i a l  e p i le p s y . L ines o f ev idence have su ggested  th a t  
in c re a s e s  in  e x c i ta to ry  g lu ta m a te rg ic  neuro– tra n sm iss io n  may se rv e  
an im portan t r o le  in  th e  g en e sis  o f th i s  k in d lin g  phenomenon. We 
have sought to  t e s t  fo r  p o s ts y n a p tic  changes th rough an 
au to ra d io g ra p h ic  exam ination  o f 3H–L–g lu tam a te  b in d in g .

R ats were s te r e o ta x ic a l ly  im planted  w ith  b ip o la r  e le c tro d e s  in  
th e  c o r t i c a l  fo re lim b  senso rim o to r o v e rlap  zone. Animals were 
c h ro n ic a lly  s tim u la te d  w ith  1‒2 second t r a in s  o f 1 msec p u lse s  
d e l iv e re d  a t  50 HZ, a t  c u r re n ts  above the  a f te rd is c h a rg e  (AD) 
th re sh o ld .

At the  tim e o f s a c r i f i c e  th e  r a t s  had been s u b je c te d  to  a mean 
o f 39 s t im u la t io n s .  AD d u ra t io n  had in c rea sed  from an i n t i a l  mean 
o f 7 seconds to  19 seconds. The s e iz u re  resp o n se , th a t  i n i t i a l l y  
co n s is te d  o f m ild c lo n ic  fo re lim b  movements and upper body 
bobbing, grew to  in c lu d e  r e a r in g ,  to n ic  muscle c o n t r a c t io n s ,  and 
balance  lo s s .

The r a t s  were s a c r i f i c e d  24 hours a f t e r  t h e i r  l a s t  s t im u la t io n .  
P r io r  to  b in d in g , b ra in  s e c t io n s  were s u b je c te d  to  a  d e f a t t i n g  
xy lene d ip  follow ed by a b u ffe r  prew ash. The s e c t io n s  were 
incubated  on ic e  w ith  800 nM 3H–L–G lutam ate made up in  T r i s – 
a c e ta te  b u f fe r .  The s e c t io n s  were then washed fo r  15 seconds.

No s ig n i f i c a n t  a l t e r a t i o n s  in  s p e c i f ic  g lu tam a te  b in d in g  could 
be dem onstrated  fo r  the  focus o r any o f i t s  a re a s  o f p ro je c t io n :

Mean fmole/mg t i s s u e  + S.E.M.
C on tro l (n=5) K indled (n=5)

Focus 536 + 51 514 + 49
Caudate 505 + 45 495 + 44
Globus p a l l id u s 259 + 33 242 + 20
V en trobasa l thalam us 391 + 26 412 + 40
S u b s ta n tia  n ig ra 291 + 27 333 + 23

In  a d d i t io n , no c le a r  p e r tu rb a tio n s  o f am ygdaloid o r 
hippocampal lig an d  b ind ing  could be d em onstra ted . One k in d led  
su b je c t d id  have a profound lo s s  o f s p e c i f ic  b in d in g  in  the  
s tra tu m  lucidum of the  hippocampal CA‒3 reg io n .

The s tro n g  ev idense  su g g es tin g  th a t g lu tam a te  b inds to  a t  l e a s t  
th re e  d i s t i n c t  c la s s e s  o f e x c i ta to ry  re c e p to rs  co m p lica tes  the  
in t e r p r e ta t io n  o f th e se  d a ta . Our r e s u l t s  do in d ic a te  th a t  
senso rim o to r c o r t i c a l  k in d lin g  does not s tro n g ly  a f f e c t  the  t o t a l  
d e n s ity  of g lu tam ate  b ind ing  s i t e s  in  s ie z u re  pathways.

340.6 EFFECTS OF TRANSIENT CEREBRAL ISCHEMIA ON EXCITATORY AMINO ACID RECEPTORS IN 
RAT HIPPOCAMPUS.
++E. Westerberg*, +D. ttxiaghan, +C. Potman, and ++T, Wieloch* (SPON: A. 
Rotter). +Dept. of Psychobiology, University of California Irvine, Irvine, CA 
92717, and ++laboratory for Experimental Brain Research, University of Lund, 
S‒221 85 Lund, Sweden

Ten minutes of cerebral ischemia leads to selective degeneration of 
pyramidal neurons in  the CA1 and subicular regions of the septal hippocampal 
formation. This damage is  evident as a delayed neuronal necrosis appearing 3‒4 
days following the ischemic insu lt. Several recent lines of evidence have 
suggested that glutamate (NMDA) receptors may play an important role in the 
development of the damage.

In order to study possible changes in the properties of glutamate receptors 
during and following ischemia we have investigated the NMDA sensitive 
3H–glutamate-, 3H–AMPA, and 3H–Kainic acid binding to 6 um brain sections using 
autoradiographic methods.

Ifale Wistar rats were subjected to 10 minutes of transient cerebral 
ischemia, induced by b ilateral comon carotid occlusion combined with 
hypotension, and allowed to recover for various periods of time (5 minutes‒7 
days). At the end of the experimental period the rats  were either perfusion 
fixed for la te r  histological evaluation or decapitated, frozen in isopenthane, 
sectioned a t ‒20°C, and processed for autoradiography. The binding was 
quantified by computer–aided densitometry.

Our data revealed a biphasic pattern of the AMPA binding. Furthermore the 
glutamate receptor classes displayed different sensitiv ities to the ischemic 
insu lt. In the early recovery periods the AMPA–binding transiently decreased by 
30‒40% but returned to control levels a t one day following the ischemic insult. 
In CA1 and subiculum a secondary decrease in  binding by 50‒60% was noted at 
2 days and decreased further up to 7 days following ischemia. This decrease 
in binding preceded light microscopic evidence of neuronal necrosis. In areas 
where necrosis was not evident following th is period of transient ischemia, 
such as the dentate gyrus or cerebral neocortex, the secondary decrease in  
AMPA binding was not observed. The NMDA sensitive glutamate– and kainic acid 
binding was not affected by ischemia with up to 7 days of recovery.

We conclude that the in i t ia l  decrease in AMPA–binding reflects a reversible 
desensitization of the receptors due to the increased extracellular levels of 
excitatory amino acids during the ischemic insult. The secondary decrease 
probably is  an early sign of irreversible neuronal dysfunction and possibly 
indicate a s ite  of neuronal injury.

Supported by USPHS grant 5R01NS07838 and grant MMD 17‒83‒C‒3189.

3 4 0 .7  DOPAMINE D1 AND D2 RECEPTORS IN HUNTINGTON’S CHOREA.

N a ta lie  H. BZOWEJ* and P h i l ip  SEEMAN. D ept. o f Pharmacology, 
U n iv e rs ity  o f T o ron to , T oron to , Canada M5S 1A8.

H un ting ton ’ s Chorea (HC) i s  an autosom al dominant n e u ro lo g ic a l 
d is o rd e r  c h a ra c te r iz e d  by in v o lu n ta ry  chore ifo rm  movements and 
dem entia . N eu ro p a th o lo g ica lly  i t  i s  c h a ra c te r iz e d  by severe  b a sa l 
g a n g l ia r  neu ronal d e g e n e ra tio n . Dopamine D1 and D2 re c e p to r  
a l t e r a t i o n s  in  the  b a sa l g a n g lia  may be one of th e  causes of the 
abnormal motor movements found in  HC. R e isin e  e t  a l .  (1977) and 
C ross and Rossor (1983) have re p o rte d  d e c re a se s  in  D2 b ind ing  in  HC 
s t r i a t a .  However, in  th e se  s tu d ie s  no d i s t i n c t i o n  was made between 
n e u r o le p t ic - t r e a te d  and u n tre a te d  HC p a t ie n t s .  I t  i s  known th a t  
c h ro n ic  p re tre a tm e n t of r a t s  w ith  dopamine a n ta g o n is ts  r e s u l t s  in  
an in c re a s e  in  th e  number of dopamine b ind ing  s i t e s .  Cross and 
Rossor (1983) re p o rte d  a d ec rease  in  D1 b inding  s i t e s  o f HC s t r i a t a  
u s ing  the  n o n s e le c tiv e  D1 l ig a n d , 3H–p i f l u t i x o l .  Thus, we 
conducted an ex te n s iv e  s tudy  to  in v e s t ig a te  the  e f f e c t  of 
n e u ro le p t ic s  on D2 re c e p to r  d e n s i t ie s  in  HC s t r i a t a ,  and to  measure 
D1 re c e p to r  d e n s i t ie s  in  HC s t r i a t a ,  us ing  th e  s e le c t iv e  D1 lig a n d , 
3H–S chering–23390.

The D1 re c e p to r  d e n s ity  (Bmax) was measured by re c e p to r  
s a tu r a t io n - ty p e  experim en ts us ing  a range of 100 to  4000 pM 3H– 
S chering‒23390. The D2 d e n s ity  was measured us ing  10 to  1000 pM 
3H– sp ip e ro n e . The Bmax v a lu es  were determ ined by S catchard  
a n a ly s is .  Non– s p e c i f ic  b ind ing  fo r  D1 and D2 was d e fin ed  as th a t 
b ind ing  in h ib i te d  by 1 µM (+ )–b u tac lam o l.

The D2 Bmax v a lu es  (pmoles/gm wet t i s s u e )  were:

BRAIN
REGION

HUNTINGTON'S CHOREA
CONTROL no n e u ro le p tic s  w ith  n e u ro le p tic s

PUTAMEN 11.3 + 0 .5  (30) 6 .7  + 0 .6  (8) 10.3 + 0 .9  (16)
CAUDATE 10.1 + 0 .4  (30) 6 .0  + 0 .8  (10) 9 .0  + 1.0  (14)
ACCUMBENS 11.0 + 0 .5  (30) 5 .7  + 0 .7  (8 ) 9 .4  + 1 .4  (8 )

V alues a re  mean + S.E.M. V alues in  p a ren th ese s  a re  number of 
b ra in  samples used in  th e  ex p e rim en ts.

The D2 d e n s i t ie s  in  a l l  th re e  reg io n s  o f n e u ro le p t ic – f r e e  HC 
b ra in s  were reduced by about 40%. This in d ic a te s  th a t  th e  d is e a se  
by i t s e l f  low ers th e  D2 d e n s i ty .  The D2 d e n s i t ie s  in  the  
n e u ro le p tic -m e d ic a te d  HC b ra in  r e g io n s , however, were app rox im ate ly  
36% h ig h e r than  th e  n e u ro le p t ic – f r e e  t i s s u e s .  This n e u ro le p t ic -  
induced e f f e c t  of 36% i s  s im i la r  to  th a t  seen a f t e r  long– term 
n e u ro le p tic  m ed ication  in  g e n e ra l.
(S upported  by OMHF and MRC).

3 4 0 .8  IN TERA CTIO N S O F THEMORGENIC MYCOTOXINS W ITH GABA RECEPTORS OF RAT 
B R A IN . D a n i e l  B . G a n t * , R i c h a r d  J . C o l e * + , M o h y e e  E .  B l d e f r a w i *  

a n d  A m i r a  T .  El d e f r a w i . D e p a r t m e n t  o f  P h a r m a c o l o g y  a n d  

E x p e r i m e n t a l  T h e r a p e u t i c s ,  U n i v e r s i t y  o f  M a r y l a n d  S c h o o l  o f  
M e d i c i n e ,  B a l t i m o r e ,  M a r y l a n d  2 1 2 0 1 .  + N a t i o n a l  P e a n u t  R e s e a r c h  
L a b o r a t o r y ,  USDA, S E A , A R , S R , P . O .  B o x  6 3 7 ,  D a w s o n ,  G e o r g i a  
3 1 7 4 2 .

M y c o t o x i n s  h a v e  b e e n  i m p l i c a t e d  i n  s e v e r a l  n a t u r a l l y  o c c u r r i n g  
n e u r o l o g i c a l  d i s o r d e r s ,  p r i m a r i l y  o f  c a t t l e ,  c a l l e d  s t a g g e r s .  T h e  
p r i n c i p a l  c l i n i c a l  s i g n s  o f  t h e  d i s e a s e  a r e  m u s c l e  t r e m o r s  a n d  
h y p e r e x c i t a b i l i t y .  M y c o t o x i n – i n d u c e d  t r e m o r s  i n  e x p e r i m e n t a l  
a n i m a l s  w e r e  a n t a g o n i z e d  b y  i n j e c t i o n s  o f  g – a m i n o b u t y r i c  a c i d  
(G A B A ), s u g g e s t i n g  t h a t  GABA r e c e p t o r s  m a y  b e  t a r g e t s  f o r  t h e  
t o x i c  a c t i o n  o f  t h e s e  m y c o t o x i n s .

I n  t h i s  i n v e s t i g a t i o n ,  t h r e e  t r e m o r g e n i c  m y c o t o x i n s  ( a f l a t r e m ,  
p a s p a l i n i n e ,  p a x i l l i n e )  a n d  a  n o n t r e m o r g e n i c  m y c o t o x i n  
( v e r r u c u l o t o x i n )  w e r e  t e s t e d  f o r  t h e i r  e f f e c t s  o n  GABA– i n d u c e d  
3 6 C l –  i n f l u x  a n d  o n  3 5 S – t – b u t y l b i c y c l o p h o s p h o r o t h i o n a t e  ( T B P S ) ,  
3 H– m u s c i m o l ,  a n d  3 H– f l u n i t r a z e p a m  b i n d i n g  t o  GABA r e c e p t o r s  o f  r a t  
b r a i n .  GABA– i n d u c e d  3 6 C l –  i n f l u x  i n t o  r a t  b r a i n  m i c r o s a c s  w a s  
d o s e  d e p e n d e n t ,  s a t u r a b l e ,  a n d  h a d  a  H i l l  c o e f f i c i e n t  o f  1 . 9 .  T h e  
c o m p e t i t i v e  a n t a g o n i s t  b i c u c u l l i n e  w a s  o v e r  1 0 ‒ f o l d  m o r e  p o t e n t  
t h a n  ( ‒ ) b i c u c u l l i n e  i n  i n h i b i t i n g  t h e  i n f l u x .  I t  w a s  a l s o  
i n h i b i t e d  b y  t h e  n o n c o m p e t i t i v e  a n t a g o n i s t s  p i c r o t o x i n i n  a n d  T B P S . 
I n h i b i t i o n  o f  3 6 C l –  i n f l u x  b y  t h e  t r e m o r g e n i c  m y c o t o x i n s  h a d  IC 50  
o f  3 8  t o  7 9  µ M, w h i l e  v e r r u c u l o t o x i n  h a d  n o  e f f e c t .  T h e  
t r e m o r g e n i c  m y c o t o x i n s  a l s o  d i s p l a c e d  3 5 S – TB PS b i n d i n g  w i t h  IC 50  
v a l u e s  r a n g i n g  f r o m  3 . 5  t o  1 0 . 6  µ M ,  a n d  a g a i n  v e r r u c u l o t o x i n  h a d  
n o  e f f e c t .  A l l  m y c o t o x i n s  h a d  n o  s i g n i f i c a n t  e f f e c t ,  o n  3 H–  
m u s c i m o l  b i n d i n g ,  w h i l e  3 H– f l u n i t r a z e p a m  b i n d i n g  w a s  e n h a n c e d  b y  
t h e  t r e m o r g e n i c  m y c o t o x i n s ,  b u t  n o t  b y  v e r r u c u l o t o x i n .  T h e  d a t a  
s u g g e s t  t h a t  t r e m o r g e n i c  m y c o t o x i n s  i n h i b i t  t h e  C l ‒  c h a n n e l  o f  t h e  
GABAa  r e c e p t o r  b y  b i n d i n g  a t  o r  n e a r  t h e  3 5 S – T B PS b i n d i n g  s i t e ,  
a n d  t h e y  a l i o s t e r i c a l l y  i n c r e a s e  t h e  a f f i n i t y  o f  t h e  
b e n z o d i a z e p i n e  b i n d i n g  s i t e .  ( S u p p o r t e d  i n  p a r t  b y  N IH  g r a n t  ES  
0 2 5 9 4 ) .
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340.9 BRAIN [3H]–GABA RECEPTOR BINDING AND PLASMA GABA LEVELS IN RATS 
WITH THIOACETAMIDE–INDUCED ACUTE HEPATIC ENCEPHALOPATHY. J .E .  
M addison*, P .R . Dodd*, M. M orrison* , G.A.R. Jo h n sto n , G.C. F a r r e l l*  
D ept Pharmacology & Dept M edic ine, U n iv e rs ity  of Sydney, NSW 
A u s t r a l i a  2006.

A lte r a t io n  of GABAergic n eu ro tran sm iss io n  has been p o s tu la te d  to  
be invo lved  in  th e  p a th o g en es is  of th e  n e u ro p s y c h ia tr ic  d is tu rb a n c e s  
th a t  occur in  h e p a tic  encephalopathy  (HE). I t  has been h y po thesized  
th a t  g u t–d e riv ed  plasm a GABA i s  in c re a se d  in  HE and c ro s s e s  an 
a l t e r e d  b lood b ra in  b a r r i e r  to  induce in c re a se d  d e n s ity  o f GABA 
re c e p to r s  (Jones e t  a l .  Y ale J .  B io l . Med. 1984 5 / ,  301‒316). We 
have in v e s t ig a te d  b ra in  GABA re c e p to r  b ind ing  and plasm a GABA le v e ls  
in  a model o f a c u te  h e p a tic  encephalopa thy  in  r a t s .  R ats were 
in je c te d  w ith  th io ace tam id e  (TAA) (250mg/kg ip  d a i ly  f o r  3 d a y s ) ; 
c o n tro ls  re c e iv e d  an equa l volume of v e h ic le  (0.9% N aC l). In  
a d d i t io n ,  a group of r a t s  were n e i th e r  in je c te d  nor handled  du rin g  
th e  ex p e rim en ta l p e r io d  (non–in je c te d  c o n t r o ls ) .  B ra in  GABA 
re c e p to r  d e n s ity  and a f f i n i t y  was determ ined  in  T r i to n –tr e a te d  crude 
whole b r a in  synaptosom al membranes u s in g  [3H]–GABA. Plasma GABA 
was determ ined  by h ig h  perform ance ion-exchange l iq u id  chrom atog
raphy in  th e  l i th iu m  phase w ith  p o s t–column d e r i v i t i z a t i o n  w ith  
o -p h th a ld eh y d e . Plasma GABA le v e ls  were s ig n i f i c a n t ly  in c re a se d  in  
th e  TAA t r e a te d  r a t s  compared w ith  c o n tro ls  (759+227, n=7 vs 226+36 
n=9 x̄ + s .e .m . p< 0 .005 ). However, th e re  was no s ig n i f i c a n t  
d if f e re n c e  in  low a f f i n i t y  GABA re c e p to r  d e n s ity  o r a f f i n i t y  between 
r a t s  in je c te d  w ith  TAA o r 0.9% NaCl. The h igh  a f f i n i t y  GABA s i t e  
was n o t d e te c ta b le  in  most membrane p re p a ra tio n s  from b o th  th e  TAA 
and NaCl t r e a te d  r a t s .  In  c o n t r a s t ,  2 r e c e p to r  s i t e s  were 
c o n s is te n t ly  id e n t i f i e d  in  th e  n o n - in je c te d  c o n tro l r a t s .  In  
a d d i t io n ,  th e re  was a s ig n i f i c a n t  in c re a s e  in  th e  d e n s ity  o f th e  
low a f f i n i t y  re c e p to r  in  b o th  th e  TAA and NaCl t r e a te d  r a t s  when 
conroared w ith  th e  non–in ie c te d  c o n t ro ls .
T reatm ent(n ) High a f f i n i t y  s i t e Low a f f i n i t y  s i t e

KD (nM) Bmax* KD (nM) Bmax*
NaCl (7) ‒ ‒ 120+10 9550+1402
TAA (7) ‒ ‒ 107+13 7708+1087ns
N o n -In je c te d (5) 10+3 244+53 297+41 2710+757a

D ata ex p ressed  a s  mean + s .e .m . n=# experim en ts on membrane 
p re p a ra t io n s  from 3‒4 pooled  b r a in s .  a S ig n if i c a n t ly  d i f f e r e n t  
from NaCl p< 0.001. NS n o t s ig n i f i c a n t ly  d i f f e r e n t .  C onclusions: 
1. Plasm a GABA i s  in c re a se d  in  r a t s  w ith  TAA–induced h e p a tic  
en cepha lopa thy . 2 . However, b ra in  GABA low a f f i n i t y  re c e p to r  
d e n s ity  and a f f i n i t y  i s  u n a l te r e d .  3. S t r e s s f u l  m a n ip u la tio n s  such 
as h a n d lin g  and in t r a p e r i t o n e a l  in j e c t io n  s ig n i f i c a n t ly  a l t e r  b ra in  
GABA b in d in g .

340.10 THE EFFECT OF POSTMORTEM FACTORS ON MUSCARINIC RECEPTOR SUBTYPES 
IN RAT BRAIN. RE Burke, D Greenbaum*. Dept Neurology, Columbia 
U niversity , NY, NY, 10032.

S tudies o f neu ro transm itte r recep to r binding in  human postmortem 
b ra in  have made im portant co n trib u tio n s  to  the  understanding o f 
neurologic d iseases . C r i t ic a l  to  the  in te rp re ta tio n  o f these  
studies,how ever, i s  inform ation about the  e f fe c t  o f postmortem 
fa c to rs  on recep to r b inding. While p r io r  s tu d ies  support the  
v a l id i ty  o f measuring to ta l  m uscarinic binding in  postmortem b ra in  
(Whitehouse e t  a l ,  1984), th e re  has been no s im ila r study o f the  

m uscarinic recep to r subtypes Ml and M2, as defined by high and low 
pirenzepine (Pir) a f f in i ty .  We have the re fo re  stud ied  the  
e f fe c t  o f postmortem delay, s torage a t  4° and ‒20* C and m ultip le  
freeze-thaw  cycles on m uscarinic subtypes by assaying [3H]QNB and 
[3H]Pir binding in  r a t  b ra in  homogenates. In  a f i l t r a t i o n  assay 
a t  a concen tration  o f 12 nM, [3H]JP ir binds almost exclu sive ly  to  
the  Ml s i t e .  [3H]Pir binding was performed as described  by 
Watson e t  a l  (Life S ci, 1983) in  10 mM NaKP04 (pH 7.5) ,  incubated 
a t  25° C fo r 1 hour. [3H]QNB was assayed in  p a ra l le l  fo r  each 
specimen in  th e  same b u ffe r .

We found th a t  both [3H]QNB and [3H]Pir binding were unchanged 
compared to  fresh  t is s u e  following a 4 hour postmortem delay a t  
room tem perature, o r sto rage a t  4° C fo r 24 hours, o r a t  ‒20° C fo r 
4 weeks, o r a f te r  3 freeze-thaw  cy cles . The only change was an 
increase  in  [3H]QNB binding, b u t no t [3H]Pir, a f te r  15 hours a t  
room tem perature; Scatchard an a ly sis  revealed  a 20% increase  in  
binding s i t e s  w ith no change in  a f f in i ty .  We in te rp re te d  th is  
increase  as due to  enhanced access o f [3H]QNB to  s i t e s  o rd in a rily  
sequestered from the  ligand  in  fresh  t is s u e , following p a r t ia l  
t is s u e  a u to ly s is . In  th is  re sp ec t [3H]QNB binding in  postmortem 
t is s u e  d if f e r s  from th a t  o f [3H]NMS, which decreases; the  
d iffe ren ce  may be due to  d if f e r e n t l ip id  s o lu b i l i t ie s  o f the  
lig an d s . These r e s u l ts  support the  v a l id i ty  o f measuring [3H]QNB 
and [3H]Pir binding in  postmortem t is s u e , bu t they ra is e  concern 
about the  in te rp re ta tio n  of the  d iffe ren ce  between to ta l  and Ml 
binding as an in d ir e c t  measure o f M2 binding.

Supported by NINCDS TIDA #1 K07 NS00746‒02, The Dystonia Medical 
Research Foundation, and The Park inson 's  Disease Foundation

340.11 THE relationship between striatal dopamine activity, glucose 
METABOLISM, AND BLOOD FLOW FOLLOWING TRANSIENT FOREBRAIN ISCHEMIA 
IN THE RAT. Jh Y.-T. Globus,  M.D. Ginsberg, R.  Busto*, S. I .  
Harik, and W.D. D ie trich .  Department of Neurology, U niversity  
of Miami, School of Medicine, Miami, FL, 33101.

N eurotransm itter re lease  and increased synaptic a c t iv i ty  are 
believed to  play a major ro le  in  the mediation of ischemic c e ll  
in ju ry . The small–to medium–sized s t r i a t a l  neurons are among 
those known to  be se le c tiv e ly  vulnerable to  ischemia. Dopamine 
(DA) i s  a major s t r i a t a l  neuro transm itter. We have recen tly  
described th a t while 45 min of ischemia did not a l te r  s t r i a t a l  
lev e ls  of DA and i t s  m etabo lites , 30 min of rec ircu la tio n  
increased i t  s ig n if ic a n tly  (Neurol, in  p re ss). We have also  shown 
th a t ,  following tran s ie n t ischemia in  the r a t ,  r e la tiv e  glucose 
hypermetabolism occurs in the s tria tum , together with hypoperfu
sion , re su ltin g  in  marked e levation  of the metabolism/flow ra tio ,  
and th a t th is  c o rre la te s  with morphological evidence of se lec tiv e  
s t r i a t a l  in ju ry  (Ann Neurol 18: 470‒81, 1985). These re su lts  
suggest th a t dopaminergic h y perac tiv ity  might be re la ted  to the 
se lec tiv e  v u ln e ra b ility  of s t r i a t a l  neurons to ischemia, e ith e r  by 
accentuating  postischem ic hypoperfusion or by a d ire c t  metabolic 
e f f e c t .  The present study was undertaken to  assess the ro le  of DA 
in  the development of postischemic hemodynamic and metabolic 
changes in the s tria tum . To th is  end we stud ied , by double–lab e l 
autoradiography, the e f fe c t of s t r i a t a l  DA depletion  on the 
recovery of lo ca l b ra in  glucose u t i l iz a t io n  (lCMRgl) and blood 
flow (1CBF) a f te r  30 min of global ischemia produced by 4‒vessel 
occlusion in the r a t .  U n ila te ra l s t r i a t a l  DA depletion  (approx. 
90%) was produced 2 weeks e a r l ie r  by 6‒hydroxydopamine les io n  of 
the su b stan tia  n ig ra . In order to assess the e ffec tiv n ess of the 
le s io n , and in  order to c o rre la te  postischemic 1CBF and lCMRgl 
p a tte rn  with lo ca l DA changes, s t r i a t a l  DA and i t s  m etabolite lev
e ls  were determined using HPLC–EC. Our re su lts  show a s ig n if ic a n t 
increase in s t r i a t a l  DA metabolism and turnover (as measured by 
DOPAC/DA and HVA/DA ra tio s )  on the unlesioned side a f te r  10 min 
(by 300%), lh (by 400%), 2h and 4h (by 100%) post– ischemia. O n  
the lesioned side DA and i t s  m etabolite lev e ls  were very low and 
no s ig n if ic a n t change was found a t  any re c ircu la to ry  time p o in ts . 
1CBF lev e ls  were sim ilar in  the DA–depleted vs. non–depleted 
s t r i a t a  a t a l l  re c ircu la to ry  time p o in ts . However, the complete 
norm alization of lCMRgl found on the non-depleted s t r i a t a  was 
s ig n if ic a n tly  supressed on the DA–depleted side a f te r  2 and 4 hrs 
of rec ircu la tio n  (by 22% and 16% re sp e c tiv e ly ), thus s ig n if ic a n tly  
diminishing the degree of lCMRgl/ICBF uncoupling. These re su lts  
suggest th a t dopaminergic a c t iv ity  is  responsible for postischemic 
metabolism/flow uncoupling in the striatum  and might therefore  
con tribu te  to  se lec tiv e  ischemic in ju ry  to th is  s tru c tu re .

Supported by NIH Grants NS 05820.

340.12 REDUCED STRIATAL DOPAMINE FOLLOWING MICRO–INJECTION OF HERPES 
SIMPLEX VIRUS IN MICE R.F. Seegal and D .J. McFarland*. 
Wadsworth C en ter fo r Labs and R esearch , NYS Department of H ea lth , 
A lbany, NY 12201.

Prev ious work (Seegal e t  a l . ,  1978; Seegal e t a l . ,  1981) 
in d ic a te d  th a t in t r a c e r e b ra l  ( i . c . )  in o c u la t io n  of herpes sim plex 
v iru s  (HSV) in to  mice a l t e r s  spon taneous, d-am phetam ine-induced 
locom otor a c t i v i t y  and m o r ta li ty  induced by exposure to  high 
le v e ls  of d–amphetamine. The underly in g  b a s is  fo r th e se  behav
io r a l  and to x ic o lo g ic a l even ts is  thought to  invo lve a l t e r a t io n s  
in  the ca tech o lam in erg ic  systems of the b ra in . However, incon
c lu s iv e  r e s u l t s  have been rep o rted  when c e n tr a l  nervous system 
t i s s u e  was analyzed fo r e i th e r  a c t i v i t y  of ty ro s in e  hydroxy lase  or 
co n c e n tra t io n s  of b iogen ic  amine m e ta b o lite s  (Lycke and Roos,
1974; Bak e t  a l . ,  1979; E liza n  e t a l . ,  1982).

BALB/C mice were s te r e o t a c t i c a l l y  in je c te d  in  s tr ia tu m  w ith  
e i th e r  100 plaque forming u n its  of the  M acIntyre or MP s t r a i n  of 
HSV or th e  c o n tro l v e h ic le .  The in je c t io n  volume in  a l l  in s ta n c e s  
was 0 .1  µ l . Animals were k i l l e d  th re e  days l a t e r  by c e rv ic a l  
d is lo c a t io n  and the  s tr ia tu m  ra p id ly  d is s e c te d .  The t i s s u e  was 
weighed and im m ediately homogenized in  20 volumes of ic e –cold 
p e rc h lo r ic  ac id  co n ta in in g  100 mg/1 of EGTA.

C o n cen tra tio n s  of dopamine (DA), hom ovan illic  ac id  (HVA) and 
3 ,4 –d ih y d roxypheny lace tic  ac id  (DOPAC) were determ ined by h ig h – 
perform ance liq u id  chrom atography w ith e lec tro c h e m ic a l d e te c t io n .

C o n cen tra tio n s  of DA in  th e  MP and M acIntyre in je c te d  mice were 
s ig n i f i c a n t ly  lower than in  th e  v e h ic le  in je c te d  anim als (p< .0 2 ). 
HVA c o n c e n tra tio n s  in  s tr ia tu m  were s ig n i f i c a n t ly  e le v a te d  in  only 
the  MP in o c u la ted  anim als (p < .0 1 ). R atio s  of HVA to  DA, a recog 
n ized  m easure of neuronal tu rn o v e r , (W esterink , 1979) were a lso  
shown to  be e le v a te d  in  MP in o c u la ted  mice when compared w ith 
M acIntyre or c o n tro l an im als. No d if fe re n c e s  were noted in 
s t r i a t a l  s e ro to n in  c o n c e n tra t io n s . Immunoperoxidase s ta in in g  in 
s e p a ra te  anim als in d ic a te d  th a t  the  in fe c tio u s  p rocess  was 
r e s t r i c t e d  to  the  s i t e  of in je c t io n .

These r e s u l t s  p rov ide  a neurochem ical b a s is  fo r  th e  observed 
b eh a v io ra l changes p rev io u sly  rep o rte d  by Seegal e t  a l . ,  (1978; 
1981) and o th e r s .  S ig n if ic a n t  d if f e re n c e s  in  HVA c o n c e n tra tio n s  
and HVA/DA r a t io s  between th e  two v iru s  s t r a in s  suggest e i th e r  
th a t  th e  neurochem ical a c tio n s  of th e se  two s t r a in s  of HSV d i f f e r  
in  the  mouse or th a t  the  r a t e  a t which v i r a l  pa thogenesis  
developed d if f e re d  between the  two v iru s  s t r a i n s .
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340.13 STRIATAL ACETYLCHOLINESTERASE NEURONS AND TYROSINE HYDROXYLASE 
IMMUNOREACTIVITY ARE PRESERVED IN HUNTINGTON'S DISEASE.
R .J . F e r ra n te , N.W. K owall, E. Ross, J .B . M artin , E .P . R ichardson , 
J r . , M assachusetts  G eneral H o sp ita l ,B o s to n , MA. 02114

In  H u n tin g to n 's  d is e a s e  (HD) and in  normal b r a in ,  th e  s tr ia tu m  
d is p la y s  p a tch es  o f low–a c e ty lc h o lin e s te r a s e  (AChE) a c t i v i t y  w ith  
an in te rv e n in g  m a trix  o f h ig h –AChE a c t i v i t y .  The h ig h –AChE m a trix  
zone i s  d ec reased  in  a re a  in  HD, w h ile  th e  s iz e  and t o t a l  a re a  o f 
low–AChE p a tch es  rem ain w ith in  normal l i m i t s  ( J .  N eu ropatho l. Exp. 
N e u ro l., a b s t r a c t  in  p r e s s ) .  In  c o n t r a s t  to  th e  p e r s i s te n t  AChE 
p a t te r n  in  HD, patchy  enkep h a lin  im m unoreactiv ity  ( i r )  i s  ab sen t 
in  th e  d o rs a l s tr ia tu m  ( J .  N eu ropatho l. Exp. N eu ro l., a b s t r a c t  in  
p r e s s ) .

In  o rd e r  to  c h a ra c te r iz e  f u r th e r  th e  p re se rv ed  p a tch –m a trix  
p a t te r n  in  HD, we examined th e  s tr ia tu m  in  8 ca se s  of HD and in  12 
normal age-m atched c o n tro ls  u s in g  im m unohistochem istry fo r  
ty ro s in e  hyd ro x y la se  (TH) to  dem onstra te  c a te c h o lim in e rg ic  
p ro je c t io n s ,  and AChE enzyme–h is to c h e m is try  to  id e n t i f y  AChE 
p o s itiv e -n e u ro n s .

In  th e  normal human s tr ia tu m , TH i r  was d i s t r i b u te d  in  an 
i r r e g u la r  p a t t e r n .  Comparison of TH to  AChE a c t iv i t y  in  a d ja c e n t 
s e c t io n s  showed th a t  dense TH i r  was con fined  to  th e  h ig h –AChE 
m a tr ix . In  HD, th e  co rrespondence o f TH i r  to  th e  AChE m a trix  
p e r s i s te d .  The a re a  of TH i r  was d ec reased  in  s iz e  w ith o u t any 
a l t e r a t i o n  in  i n t e n s i t y  of a c t i v i t y .  C e l lu la r  AChE a c t iv i t y  was 
predom inan tly  found in  la rg e  s t r i a t a l  neurons (25+4 µ m in  maximum 
d ia m e te r ) . They were d i s t r i b u te d  th roughou t th e  s tr ia tu m  in  both  
h ig h – and low–AChE com partm ents. T h e ir  d e n s ity  was s ig n i f i c a n t ly  
g r e a te r  in  bo th  th e  cau d a te  n u c leu s  (HD: 600+82 c e lls /c m  ; co n tro l: 
168+36, P<0.001) and putamen (HD: 645+122 c e lls /c m  ; c o n t ro l :  
230+43, P<0.005) in  HD. T h is r e f l e c t s  th e  combined e f f e c t s  of 
t i s s u e  sh rin k ag e  and neu ro n a l s p a r in g .

The p e r s is te n c e  o f TH s ta in in g  confirm s th e  p re s e rv a t io n  of th e  
p a tc h –m a tr ix  p a t te r n  in  HD. The in c re a s e d  AChE neu ro n a l d e n s ity  
su g g es ts  th a t  t h i s  su b se t o f chem ica lly  d i s t i n c t  neurons i s  
r e s i s t a n t  to  th e  d e s t r u c t iv e  p ro cess  in  HD.

340.14 SEROTONIN AND TYROSINE-HYDROXYLASE IMMUNOREACTIVE FIBRES AND 
TERMINALS IN SPINAL CORD OF GUINEA PIGS DURING CHRONIC RELAPSING 
EXPERIMENTAL ALLERGIC ENCEPHALOMYELITIS. D. Vyas,* D. Bi eger and 
S.R. White1. (SPON: D. McKay) Faculty of Med, Memorial Univ. of 
Newfoundland, St. John 's , N fld ., Canada and 1. Dept. of VCAPP, 
College of V eterinary Med, Washington S tate  Univ, Pullman, WA, USA.

Chronic re lapsing  experimental a lle rg ic  encephalom yelitis 
(CrEAE) i s  an inflammatory autoimmune disease of the cen tra l 
nervous system. CrEAE is  accompanied by demyelinating les ions and 
ex h ib its  d is t in c t  re lapses and rem issions. Because of i t s  
h is to lo g ica l and c lin ic a l  s im ila r ity  to  m ultiple sc le ro s is  (MS), 
CrEAE is  regarded as a b e tte r  model of MS than acute EAE.

We previously have observed d is t in c t  signs of damage to both 
bulbospinal catecholamine–containing and serotonin–immunoreactive 
(5HTIR) axons and term inals in the spinal cord of rodents with 
acute EAE. The purpose of th is  study was to  examine the ex ten t of 
damage in supraspinal 5HTIR and ty rosine–hydroxylase–immunoreactive 
(THIR) f ib re s  and term inals in  guinea pigs a ffec ted  with CrEAE.

CrEAE was induced in  juven ile  Hartley guinea pigs by inoculation 
in  the nuchal area with homologous sp inal cord in complete Freund's 
adjuvant. Control animals received sim ilar inoculations devoid of 
sp inal cord t is s u e . Animals sen sitiz ed  with CNS tis su e  showed 
signs of the f i r s t  a ttack  of pa ralysis  between 15 and 25 days a f te r  
inocu la tion . This was followed by a period of complete recovery 
la s tin g  from 10‒20 days before the next c lin ic a lly  d is t in c t  re lapse 
occurred. Sections from c e rv ica l, tho rac ic  and lumbar cords were 
processed fo r 5HT and TH immunoreactivity using the PAP method.

Our r e s u l ts  demonstrate th a t CrEAE, during both re lapse and 
rem ission, is  associated  with marked loss of axons and term inals 
immunoreactive fo r 5HT and TH, the sev erity  of which increased in 
the cervico-lumbar d irec tio n . Thus, the lumbar cord appeared 
v ir tu a l ly  denuded of 5HTIR neurop il. The few 5HTIR term inals which 
remained in tho rac ic  and lumbar cord were d is to rte d  and swollen. A 
p a ra lle l  but le s s  marked depletion  of THIR axons and term inals was 
evident a t  both lev e ls . By co n tra s t, the cerv ica l cord did not 
d isp lay  any de tectab le  change in immunoreactivity fo r e ith e r  5HT or 
TH. The immunohistochemical changes evident in  caudal sp inal cord 
remained e s se n tia lly  unaltered  ir re sp ec tiv e  of whether animals were 
in remission or re lap se . No signs of e ith e r  axonal regrowth or 
p ro life ra t io n  of surviving term inals were found. I t  i s  in te re s tin g  
to note th a t  ra ts  which recovered from acute monophasic EAE show 
re –innervation  of thorac ic  and lumbar cord by 5HTIR term inals 
(White e t  a l . ,  Neuroscience, 1985). We conclude th a t  ( i)  no 
co rre la tio n  e x is ts  between the degree of bulbospinal monoaminergic 
fib e r  loss and the motor d e f ic i t  of CrEAE; ( i i )  recovery of caudal 
sp ina l motor function is  not associated  with the regeneration or 
sprouting of the bulbospinal f ib e rs .
(Supported by The M ultiple S c lerosis  Society of Canada)

340.15 SYNAPTOSOMAL UPTAKE AND RELEASE OF SEROTONIN IN CEREBRAL ISCHEMIA 
AND POSTISCHEMIA OF GERBILS. V. C v e jic* , K. Kumami* and M. S patz 
(SPON: H. Y e l l in ) .  Lab. o f N europathology and N euroanatom leal 
S c ie n ces , NINCDS, N atio n a l I n s t i t u t e s  o f H ea lth , B ethesda, MD 
20892 .

S ero to n in  (5‒HT) has been im p lic a ted  in  th e  p a th o g en es is  
o f a t  l e a s t  th re e  m ajor c e re b ro v a s c u la r  d is e a s e  p ro c e sse s  ( is c h e 
mia, vasospasm and m ig ra in e ). T h e re fo re , we in v e s t ig a te d  th e  up
ta k e  and r e le a s e  o f 5‒HT by synaptosom es o b ta in ed  from g e r b i l s  
c e re b ra l  c o r te x , s t r ia tu m  and hippocampus in  ischem ia and p o s t
ischem ia . R esp ec tiv e  sham o p e ra ted  g e r b i l s  served  as  c o n t ro ls .

As a model f o r  t h i s  s tu d y , we used common c a ro t id  a r t e r y  o cc lu 
s io n  fo r  15 min w ith  o r w ith o u t 1 h r  o f  re f lo w . Crude synap to so 
mal f r a c t io n s  were i s o la te d  by th e  method o f  Booth and C la rk  
(Biochem. J .  176: 365, 1978). Uptake and r e l e a s e  o f 5‒HT were 
measured ac co rd in g  to  th e  m odified  procedure  o f Kuhar (L ife  S c i .
13: 1623, 1973). A liq u o ts  o f  synaptosom al su spension  (0 .2  ml 
c o n ta in in g  1‒5 mg o f  p ro te in s )  were incu b a ted  in  f r e s h ly  p repared  
K rebs–H e n s e le i t  s o lu t io n  (1 ml f i n a l  volume) w ith  1 .9  × 10” 9 M o f 
3h 5‒HT a t  37°C and 0°C fo r  5 min. The re a c t io n  was te rm in a ted  by 
p ass in g  h a l f  o f  th e  sample th rough  GF/B f i l t e r s .  The o th e r  h a l f  
o f  th e  sam ple was re in c u b a te d  fo r  10 min and th e  r e a c t io n  was 
te rm in a ted  fo r  th e  r e l e a s e  a s  f o r  th e  u p ta k e . The up take  (pmol o f 
3h 5‒HT/mg p ro te in s /m in )  was c a lc u la te d  as  th e  d if f e re n c e  between 
v a lu es  o b ta in ed  a t  37°C and 0°C w h ile  th e  d if f e re n c e  between 3h 
5‒HT up take  and th e  rem ained r a d i o a c t i v i ty  ( a f t e r  10 min Of 
re in c u b a tio n )  se rved  as  a measure o f  th e  r e l e a s e .

A fte r 15 min ischem ia , up take  was s ig n i f i c a n t ly  d ec reased  38 
and 42 p er ce n t in  c o r t i c a l  and hippocam pal bu t n o t in  s t r i a t a l  
synaptosom es. In  c o n t r a s t ,  in  th e  re flo w  p e r io d , a s ig n i f i c a n t  de
c re a se  o f up take  was observed in  th e  s tr ia tu m  and to  a l e s s e r  de
g ree  in  th e  c o r te x  a s  compared to  th a t  in  ischem ia . However, h ippo
campal uptake rem ained th e  same as  in  ischem ia a lo n e . In  ischem ia , 
r e l e a s e  o f 5‒HT was s ig n i f i c a n t ly  in c re a se d  by 50, 130 and 90 per 
c e n t above th e  c o n tro l in  c o r t i c a l ,  s t r i a t a l  and hippocampal 
synaptosom es, r e s p e c t iv e ly .  A fte r  1 h r o f  re f lo w , th e  in c re a s e  o f 
5‒HT re le a s e  p e r s is te d  b u t to  a  l e s s e r  e x te n t  in  th e  c o r te x  and 
th e  s tr ia tu m  w h ile  th e re  was no change in  th e  hippocampus as  
compared to  th a t  in  c o n t ro l .

These d a ta  a re  in  agreem ent w ith  th e  p re v io u s ly  re p o r te d  im
pairm ent o f  s e ro to n in  tu rn o v e r  and marked accum ula tion  o f w ater 
under th e  same c o n d itio n s  (C v e jic  e t  a l ,  Acta N europatho l. B e rl . 
51: 71, 1980). Thus, th e se  f in d in g s  p ro v id e  f u r th e r  ev idence  fo r  
th e  involvem ent o f t h i s  n e u ro t ra n s m it te r  in  th e  fo rm a tio n  o f 
ischem ic b ra in  edema. M oreover, th e  observed  re g io n a l d if f e re n c e s  
in  c e re b ra l  up take  and r e l e a s e  m ight be one o f  th e  f a c to r s  respon 
s ib l e  f o r  th e  s e le c t i v e  v u ln e r a b i l i ty  o f  ischem ic in ju ry .

340.16 ALTERATIONS IN PLATELET 5-HYDROXYTRYPTAMINE UPTAKE AND MONOAMINE 
OXIDASE ACTIVITY IN PREMENSTRUAL SYNDROME. C.R. A shby, J r . * ,  L.A. 
C a r r ,  C.L. Cook*, M. S te p to e *  and D. F ranks*. Dept. o f 
P harm aco lo g y  and  T o x ic o lo g y , D ep t. o f  O b s t e t r i c s  and G ynecology 
and D ep t. o f  P s y c h ia t r y  and  B e h a v io r a l  S c ie n c e s ,  U niv . o f  
L o u is v i l le ,  L o u is v i l le ,  KY 40292.

P rem e n stru a l syndrome (PMS) i s  c h a ra c te r iz e d  by th e  occurrence  
o f  v a r io u s  p sy ch o lo g ic a l and so m a tic  sym ptom s b e g in n in g  s e v e r a l  
days  p r i o r  t o  th e  o n s e t  o f  m enses and t e r m in a t in g  w ith  m enses. 
P harm aco log ica l, b io ch em ica l and  c l i n i c a l  e v id e n c e  s u g g e s t  t h a t  
many o f th e  in d iv id u a l  symptoms a s s o c ia te d  w ith  PMS may be r e l a te d  
t o  an  a l t e r a t i o n  in  c e n t r a l  s e r o to n e r g i c  n e u ro n a l  f u n c t io n .  
Because blood p l a t e l e t s  and b ra in  s e ro to n e rg ic  neurons have been 
d e m o n s tr a te d  t o  have  many p h a rm a c o lo g ic a l  and  b io c h e m ic a l  
s i m i l a r i t i e s ,  th e  p l a t e l e t  was u t i l i z e d  in  th e  p re s e n t study  as  a 
model to  de te rm in e  p o s s ib le  a l t e r a t i o n s  in  s e ro to n e rg ic  mechanisms 
in  i n d i v i d u a l s  w ith  a  d ia g n o s i s  o f  PMS. H e a lth y  v o lu n te e r s  
b e tw e e n  th e  a g e s  o f  22 and  42 y e a r s  w ere  r e q u e s te d  t o  c o m p le te  
d a i ly  a n x ie ty  assessm en t s c a le s  and a  m e n stru a l symptom d ia ry  fo r  
t h r e e  c o m p le te  m e n s t r u a l  c y c le s .  The M in n e so ta  M u l t ip h a s ic  
P e r s o n a l i t y  I n v e n to ry  was p e r fo rm e d  in  th e  f o l l i c u l a r  phase and 
a g a in  i n  th e  l u t e a l  p h a s e  i n  e a ch  s u b j e c t .  PMS p a t i e n t s  and  
c o n tro l  s u b je c ts  were s e le c te d  fo r  th e  study  based on th e  r e s u l t s  
o f  th e se  t e s t s .  Blood sam ples w ere c o l le c te d  on Day 5 and Day 23 
o f  th e  t h i r d  a n d /o r  f o u r th  c y c le .  P l a t e l e t  m onoam ine o x id a s e  
(MAO) a c t i v i t y ,  u p ta k e  o f  5‒h y d r o x y t r y p t a m i n e  ( 5 ‒HT) i n t o  
p l a t e l e t s ,  5‒HT c o n te n t  i n  p l a t e l e t s  and  p la sm a  t o t a l  and  f r e e  
try p to p h an  le v e ls  were d eterm ined  fo r  each s u b je c t.

The Vmax o f  5‒HT u p ta k e  in  p l a t e l e t s  from  PMS p a t i e n t s  was 
s i g n i f i c a n t l y  d e c re a s e d  on Day 23 com pared  t o  c o n t r o l  s u b je c t s .  
There was a  s m a lle r  dec re a se  in  Vmax o f  PMS p a t ie n t s  compared to  
c o n t r o l s  on Day 5. The Km o f  5‒HT u p ta k e  was h ig h e r  on Day 23 
t h a n  Day 5 i n  PMS p a t i e n t s .  P l a t e l e t  MAO a c t i v i t y  w as 
s ig n i f i c a n t ly  in c re a s e d  on Day 23 in  PMS p a t ie n t s  compared to  Day 
5. T h e re  was no d i f f e r e n c e  i n  p la sm a  t o t a l  and  f r e e  t r y p to p h a n  
l e v e l s  b e tw e e n )PMS p a t i e n t s  and  c o n t r o l  s u b je c t s  on e i t h e r  day . 
The d e c re a s e  i n  5‒HT u p ta k e  c o r r e l a t e d  w i th  th e  a p p e a ra n c e  o f  
sym p tom s, s u g g e s t in g  t h a t  a l t e r e d  c e n t r a l  s e r o to n e r g i c  n eu ro n  
a c t i v i t y  may u n d e r l ie  o r be a s s o c ia te d  w ith  th e se  symptoms. The 
in c re a s e  in  MAO a c t i v i t y  du rin g  th e  p e r io d  o f  h igh  a n x ie ty  in  th e  
l u t e a l  p h a s e  i n  PMS p a t i e n t s  may r e f l e c t  en h a n ced  s e r o to n e r g i c  
n e u ro n  a c t i v i t y .  Any a l t e r a t i o n  in  n e u ro n a l  o r  p l a t e l e t  5‒HT 
f u n c t io n  d oes  n o t a p p e a r  t o  have r e s u l t e d  from  c h a n g es  in  
s u b s t r a te  a v a i l a b i l i t y  s in c e  p lasm a f r e e  try p to p h an  le v e ls  d id  not 
d i f f e r  betw een th e  tw o groups.
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340.17 GABA S tim u la te d  36Cl  In f lu x  in  th e  G e p e tic a l ly  E p ilep sy -P rone  
R a t. S. W ie la n d 1 , A. I s to c k * .  P.D. W eeks*, and H.E. L a ird  I I .  
1D ep t. o f  P sy c h o lo g y ; D e p t. o f  P h a rm a co lo g y  and T o x ic o lo g y , 
C o llege  o f Pharm acy. U n iv e rs ity  o f A rizona . Tucson. AZ. 85721.

G e n e tic a l ly  ep ile p sy -p ro n e  r a t s  (GEPR) have been w idely  used 
a s  an a n im a l m odel o f  e p i l e p s y .  The u n d e r ly in g  m e ch an ism (s )  
fo r  th e  s e iz u re -p ro n e  s t a t e  in  th e se  r a t s  i s  unknown. Recent 
p u b lish e d  r e p o r ts  have suggested  th a t  th e  GABA/BZ complex may 
be invo lved  in  th i s  g e n e t ic a l ly  based phenomenon. This study  is  
an a tte m p t to  e v a lu a te  th e  fu n c t io n  o f th e  GABA/BZ complex in  
no n -p rev io u sly  convulsed  GEPR-9 r a t s .

GABA s t im u la t e d  36Cl  i n f l ux was m e asu red  in  GEPR-9 and 
Sprague-D aw ley (SD) c o n tro ls  by a m o d if ic a tio n  o f th e  method o f 
H a r r i s  e t  a l .  ( S c i e n c e , 2 2 8 , 1 9 8 5 ) . I n  t h i s  p r o c e d u r e ,  
p a r t i c u l a te  p re p a ra tio n s  o f c o r te x  from s e iz u re -n a iv e  GEPR-9s 
( th e  r a t  l i n e  h a v in g  th e  m ost s e v e re  s e i z u r e  e p i s o d e )  and 
s e i z u r e - n a iv e  c o n t r o l s  w ere  in c u b a te d  (3 sec .) w ith  36Cl  (100 
n C i) in  th e  p r e s e n c e  o r  a b s e n c e  o f  g ra d e d  c o n c e n t r a t i o n s  o f  
GABA (10-1000 uM). The in c u b a tio n  was te rm in a te d  by d i l u t io n  
w i th  i c e - c o ld  b u f f e r  (K re b s -R in g e r ,  pH 7 .5 ) and r a p i d ly  
f i l t e r e d  th rough GF/C f i l t e r s .

The r e s u l t s  showed th a t  GABA s tim u la te d  36Cl  in f lu x  was dose 
d e p e n d e n t in  b o th  ty p e s  o f  r a t s .  H ow ever, th e  GEPR-9s w ere  
l e s s  r e s p o n s iv e  to  G A B A -stim u la ted  Cl -  i n f l u x  a s  shown by a 
lo w e r  a b s o lu t e  m ax im a l 36Cl  i n f l u x  (40% l e s s )  a t  s a t u r a t i o n .  
In  a d d i t io n ,  th e  GEPR-9s reached maximal Cl -  in f lu x  a t  a low er 
GABA c o n c e n t r a t i o n  (100 uM) a s  com pared  to  SD c o n t r o l s  (500 
uM). No d if fe re n c e s  in  b a s a l 36Cl  in f lu x  were observed between 
GEPR-9 and c o n tro ls .  These d a ta  a re  s im i la r  to  th o se  re p o rte d  
by Yu e t  a l .  (F ed . P ro c . ABST No. 2395 , 1986) in  DBA 2 /J  m ice .

Our o b s e r v a t io n s  a r e  c o n s i s t e n t  w i th  p r e v io u s  w ork in  
s e iz u r e - e x p e r i e n c e d  GEPR-9s show ing  t h a t  th e y  w ere  l e s s  
s e n s i t i v e  to  i o n t o p h o r e t i c a l l y  a p p l ie d  GABA in  th e  i n f e r i o r  
c o l l i c u l u s  (G eh lbach  and F a in g o ld ;  F ed . P ro c . ABST No. 569. 
1984). Our o b se rv a tio n  coupled w ith  th e  work o f Gehlbach and 
F aingo ld  suggest th a t  th e  d if fe re n c e s  seen in  th e  GEPR-9’s GABA 
s tim u la te d  Cl -  in f lu x  i s  g e n e t ic a l ly  d eterm ined  and n o t due to  
p rev io u s  co n v u lsiv e  a c t i v i t y .

Supported by a g ra n t from th e  E p ilep sy  F oundation  o f Am erica 
and a BRS G ra n t from  th e  C o lle g e  o f  P h arm acy , U n iv e r s i t y  o f  
A rizo n a .

340.18 TIME EFFECT ON NORMAL HUMAN INTACT PLATELET 3H-IMIPRAMINE BINDING. 
A. G o z io tis  and S.W. Tang. Psychopharmacology U n it, C larke 
I n s t i t u t e  of P sy c h ia try , Toron to , Canada M5T 1R8.

I f  th e  p l a t e l e t  3H -im ip ram in e  b in d in g  s i t e  i s  to  be u se d  a s  a 
p o s s ib l e  b io c h e m ic a l  m ark e r in  p s y c h i a t r i c  s t u d i e s ,  th e  d i s c r e p a n 
c i e s  and w ide ran g e  o f  r e p o r t e d  v a lu e s  in  th e  l i t e r a t u r e  m ust be 
a c c o u n te d  f o r .  T r a d i t i o n a l  a s s a y  p ro c e d u re s  u s in g  p l a t e l e t  mem
b ra n e  p r e p a r a t i o n s  have  b een  shown to  c o n ta in  v a ry in g  p r o p o r t io n s  
o f  i n t r a c e l l u l a r  p r o t e i n  c o n ta m in a t io n ,  p o s s ib ly  i n v a l i d a t i n g  th e  
p r o t e i n  r e f e r e n c e  w hich  assum es membrane o r i g i n .  F r ie d l  and 
P ro p p in g  ( P sy c h o p h a rm a co lo g y , 8 0 :9 6 ,  1983) p ro p o se d  th e  u se  o f 
i n t a c t  b lo o d  p l a t e l e t s  to  m in im ize  th e  b in d in g  v a r i a t i o n .  We have 
now c o m p le te d  a n in e -m o n th  s tu d y  on i n t a c t  p l a t e l e t  3H -im ip ram in e  
b in d in g  in  12 norm al s u b je c t s  sam pled  m o n th ly . U sing  t h i s  im proved 
a s s a y ,  b o th  Bmax and Kd f o r  3H -im ip ram in e  b in d in g  s t i l l  e x h ib i t e d  
l a r g e  m o n th - to -m o n th  v a r i a t i o n  (a  low o f  1010 fm o le s /1 0 9 p l a t e l e t s  
and a h ig h  o f  1430 fm o le s /1 0 9 p l a t e l e t s ) .  In  c o m p a riso n  w i th  
v a lu e s  r e p o r t e d  in  o th e r  l o n g i t u d in a l  s t u d i e s  u s in g  p l a t e l e t  
membrane p r e p a r a t i o n s  ( E g r i s e  e t  a l . ,  N e u ro p h y s io lo g y  1 0 :1 0 1 , 1983; 
W h ita k e r e t  a l . ,  P s y c h ia t .  R e s . 1 1 :1 2 7 , 1984; Tang and M o rr is ,  
P s y c h ia t .  R e s . 1 6 :1 4 1 , 1 9 8 5 ), no c o n s i s t e n t  s e a s o n a l  t r e n d  i s  
o b s e rv e d .

The r e s u l t  o f  t h i s  and o th e r  l o n g i t u d in a l  s t u d i e s  r a i s e  an 
im p o r ta n t  q u e s t io n  r e g a r d in g  th e  v a l i d i t y  o f  r e p o r t e d  c l i n i c a l  d a ta  
w i th o u t  c o n t r o l  f o r  th e  tem p o ra l, i n f l u e n c e .  F u r th e rm o re , th e  
s u b s t a n t i a l  i n t e r i n d i v i d u a l  v a r i a t i o n  o b se rv e d  in  th e  p r e s e n t  s tu d y , 
and th e  v a ry in g  d e g re e s  o f  change in  Bmax v a lu e s  o v e r  tim e  w i th in  
each  s u b je c t ,  may l i m i t  th e  c l i n i c a l  u s e f u ln e s s  o f  t h i s  b io c h e m ic a l  
p a ra m e te r .

340.19 TRITIATED IMIPRAMINE BINDING TO PLATELETS IS MARKEDLY REDUCED IN 
ELDERLY DEPRESSED PATIENTS. D.L. Knight, * K.R.R. Krishnan, * 

D.G. Blazer* and C. B.  Nemeroff. (SPON: D. Kimmel, J r . ) .  Dept. 
Psychiatry  and Pharmacol., Duke Univ. Med C tr . ,  Durham, NC 
27710.

The number of 3H-imipramine binding s i te s  (Bmax) in  
p la te le t s  has p reviously  been reported  to be reduced in  
depressed p a tie n ts  when compared to  normal con tro ls  (Raisman e t 
a l . ,  Psychopharmacol. 75:368, 1981; B riley  e t  a l . , Science 
209:303, 1980). In most of the stud ies  thus fa r  conducted, the 
p a tie n t populations have consisted  p rim arily  of young and 
middle-aged depressed p a tie n ts  (<50 years o ld ). In the p resen t 
study, the number (Bmax) and a f f in i ty  (Kd) of p la te le t  
3H-imipramine binding s i te s  was measured in  four groups: 1) 
normal sub jec ts  under 50 years of age (n=25); 2) normal sub jects  
g rea te r than 60 years (n=12); 3) depressed p a tie n ts  (DSM-III 
c r i t e r i a  fo r  major depression) le ss  than 50 years old (n=24); 
and 4) depressed p a tie n ts  60 years of age or o lder (n=17). A 
f i f t h  group, comprised of p a tie n ts  w ith o ther neuropsych iatric  
d iso rders  (n=9) including  A lzheim er's d isease  and schizophrenia, 
were a lso  stud ied . A ll sub jec ts  were drug-free  fo r a t le a s t  
fiv e  days p r io r  to  venipuncture. The 3H-imipramine binding 
assay, as w ell as the method of p la te le t  p repa ra tion , was th a t 
of B riley  e t  a l .  (1980) w ith minor m odifica tions. The Bmax, but 
not the Kd, of 3H-imipramine binding was reduced in  both the 
young and e ld e rly  depressed p a tie n ts  when compared to th e ir  
appropria te  age-matched c o n tro ls . The reduction  in  Bmax in  the 
e ld e rly  depressed p a tie n ts  was of a much g rea te r magnitude than 
th a t observed in  the younger depressed p a tie n ts ;  there  was 
l i t t l e  overlap in  the Bmax values in  the e ld e rly  normal con tro ls  
and the e ld e rly  depressed p a tie n ts .  There were no age- or 
sex -re la ted  d iffe ren ces  in  Kd or Bmax in  the normal con tro ls  or 
in  any of the p a tie n t groups. No a lte ra tio n s  in  3H-imipramine 
binding were observed in  p a tie n ts  w ith A lzheim er's d isease  or 
schizophrenia. These find ings confirm and extend previous 
observations th a t the number of p la te le t  3H-imipramine binding 
s i te s  are reduced in  p a tie n ts  w ith major depression . The robust 
nature of the reduction  of binding s i te s  in  the e ld e rly  
depressed p a tie n ts  and the normal number of binding s i te s  in  
o the r neu ropsych iatric  d iso rders  such as A lzheim er's d isease are 
concordant w ith the hypothesis th a t th is  labo ra to ry  t e s t  may 
have d ia g n o s t ic  u t i l i t y  in  depression in  the e ld e rly . 
(Supported by NIMH MH-40159).

340.20 THE EFFECTS OF INTRATHECAL ADMINISTRATION OF SEVERAL INHIBITORY 
AMINO ACIDS AND AN EXCITATORY AMINO ACID ANTAGONIST IN THE 
SPASTIC MUTANT MOUSE, D.K. Boyd, P.A. Boxer, P.J. Barr*, G.W. 
Campbell, S.M. Yuhas*, and R.J. Anderson.
Warner-Lambert/Parke-Davis Pharmaceutical Research, Ann Arbor, MI 
48105

The genetically mutant mouse SPA/SPA exhibits neurological 
signs that  resemble those seen in spasticity. These include 
extension and tremor of the limbs, toe walking, loss of righting 
reflex and r ig id ity  of the back and t a i l .  These animals have a 
severe deficiency in the number of glycine receptors in the brain 
and spinal cord, and i t  has been hypothesized that this is 
responsible for many of the abnormalities that are observed. 
Consequently, increasing spinal cord levels of glycine, other 
inhibitory neurotransmitters or blocking excitatory 
neurotransmission might ameliorate the degree of neurological 
impairment. Since the amino acids (glycine, GABA, serine, 
taurine) and the amino acid antagonist, 2-amino-7- 
phosphono-heptanoic acid (APH), do not cross the blood brain 
barrier  (or do, so marginally), i t  is d i f f icu l t  to determine 
whether they would have any beneficial effects using conventional 
routes of administration.

To circumvent th is  problem a 5 microliter  injection was made 
between the fourth and f i f th  lumbar vertebrae. The effect of 
various drugs was assessed by rating limb tremor and toe walking 
by three independent observers at  two minute intervals for 14 
minutes following injection. The drugs tested were glycine 
(300 mM), GABA (100 mM), serine (300 mM), taurine (300 mM) and APH 
(100 mM).

Intrathecal injections of saline produced improvements in both 
limb tremor and toe walking compared to the pre-injection base
line.  Therefore, the actions of al l  other compounds were 
compared to the saline control group. Glycine, serine and taurine 
accentuated both toe walking and limb tremor as compared to the 
saline control. GABA had only a s l ightly  beneficial effect on 
toe walking but no effect on limb tremor. APH had no effect on 
either of these parameters.

These data indicate that direct administration of glycine onto 
the spinal cord has a deleterious effect  in the spastic mouse. 
Serine, a possible precursor of glycine and taurine a putative 
inhibitory neurotransmitter, likewise worsen the def ic i ts  seen in 
the spastic mouse. GABA, an inhibitory neurotransmitter, and 
APH, a glutamate antagonist, have vir tua lly  no effects on the 
spastic mouse when injected intra thecally.
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341.1 THE VENTRAL STRIATUM IS THE "VISCERAL" STRIATUM. E .J .  N eafsey and 
R.R. T e r re b e r ry . D epartm ent o f Anatomy, Loyola U n iv e rs ity  M edical 
C e n te r , 2160 S. F i r s t  Avenue, Maywood, IL 60153.

R ecent an a to m ica l and p h y s io lo g ic a l s tu d ie s  by our la b o ra to ry  
have im p lic a ted  th e  in f ra l im b i c reg io n  o f th e  r a t  m edial f r o n ta l  
c o r te x  (MFC) in  c o n tro l  o f v i s c e r a l  fu n c t io n  (T e rre b e rry  and 
N eafsey , BR 278, 1983; H urley-G ius and N eafsey , BR 365, 1986), 
su g g e s tin g  th i s  c o r te x  fu n c t io n s  as  a " v is c e r a l"  m otor c o r te x .  
The p re s e n t  stu d y  examined th e  e f f e r e n t  p ro je c t io n s  from th i s  
c o r te x ,  fo cu s in g  e s p e c ia l ly  on th e  p a t te r n  o f te rm in a tio n s  in  th e  
s t r ia tu m . S te re o ta x ic  in j e c t io n s  o f 0 .03  u l o f 1% WGA-HRP were 
made in  30 r a t s  a n e s th e tiz e d  w ith  ketam ine HCl  (100 m g/kg). A fte r 
a 48 h s u r v iv a l ,  th e  an im als were deep ly  a n e s th e t iz e d ,  pe rfu sed  
w ith  1% g lu ta ra ld e h y d e  and 1.25% parafo rm aldehyde, and th e  b ra in s  
removed. F i f ty  urn f ro z e n  s e c t io n s  were c u t and p rocessed  fo r  HRP 
h is to c h e m is try  u s in g  th e  TMB method o f Mesulam. The s e c t io n s  were 
th en  examined under b r ig h t  f i e l d ,  dark  f i e l d  and p o la r iz e d  l i g h t  
f o r  th e  p resen ce  and lo c a t io n  of la b e l  w ith in  th e  s tr ia tu m .

In je c t io n s  which invo lved  th e  v e n t r a l  in f ra l im b lc  re g io n  o f th e  
MFC r e s u l te d  in  b i l a t e r a l ,  a n te ro g ra d e , " te rm in a l - l ik e "  la b e l in g  
in  th e  n u c leu s  accumbens, th e  o l f a c to ry  tu b e rc le ,  and th e  m edial 
p o r t io n  o f th e  caudate-pu tam en . Label in  th e  o l f a c to ry  tu b e rc le  
avoided th e  i s l e t s  o f C a l le ja  and th e  v e n t r a l  p a llid u m , b u t was 
found in  th e  " c e l l  b r id g e s"  co n n ec tin g  th e  n u c leu s  accumbens w ith  
th e  o l f a c to ry  tu b e rc le .  These r e s u l t s  ag ree  w ith  th e  f in d in g s  o f 
Jayaram an in  th e  c a t  (N eu ro sc i. A b str . 11, 1985) and th o se  of 
Newman and Winans in  th e  ham ster (JCN 191, 1980).

The nu c leu s  accumbens and o l f a c to ry  tu b e rc le  have been termed 
th e  " v e n tra l"  o r  lim b ic  s tr ia tu m  by Heimer and h is  cow orkers (TINS 
5 , 1982). Our f in d in g s  su g g es t t h a t  th i s  " v e n tra l"  s tr ia tu m  
fu n c t io n s ,  a t  l e a s t  in  p a r t ,  as  a " v is c e r a l"  s tr ia tu m , w ired in to  
th e  fo r e b ra in  in  p a r a l l e l  w ith  more d o rs a l "som atic" s tr ia tu m  
(cauda te-pu tam en) r a th e r  than  in  s e r ie s  w ith  i t .
Supported  by NIH g ra n t  NS16146 and BRSG and P o t t 's  fund g ra n ts  
from Loyola U n iv e r s ity .

341.2 THE EFFERENT CONNECTIONS OF THE MEDIAL PREOPTIC NUCLEUS. R.B. Si me r l y and L.W. 
Swanson. Howard Hughes Medical I n s t . and Salk I n s t . ,  La J o l l a ,  CA 92138.

The medial pre op t ic  nucleus(MPN) has been implicated in a number of 
neuroendocrine, autonomic, and somatomotor func t ions  re la t e d  pr im ar i ly  to 
reprod uct ion ,  thermoregulat ion,  and f l u i d  balance.  The a f f e r e n t s  of the MPN 
suggest  th a t  the nucleus is  in a unique p o s i t i o n  to  i n t e g r a te  o l fa c to ry ,  visual ,  
a udi to ry ,  and t a c t i l e  sensory information to geth er  with the influence of 
c i r c u l a t i n g  gonadal hormones(Simerly and Swanson,1986). Fu rther ,  these inputs  are 
d i s t r i b u t e d  d i f f e r e n t i a l l y  within the nucleus.  As a f i r s t  s t ep  toward determining 
the funct i onal  systems impacted by th i s  sensory information we have examined the 
p ro j e c t io n s  of the MPN by using the ante rog radel y t r an spor te d  l e c t i n  phaseolus 
vu lg ar i s  leucoagglut inin(PHA-L). Over 60 male Sprague-Dawley r a ts  received 
i n j e c t i o n s  of PHA-L into the MPN and the b ra in s  were processed as described 
elsewhere(Gerfen and Sawchenko,1985).

The MPN was found to  p ro je c t  ext e nsiv e ly  to  widely d i s t r i b u t e d  regions in both 
the fo r eb ra in  and brainstem, most of which supply inputs  to the nucleus.The 
important neuroendocrine ro le  of the MPN is  underscored by i t s  extensive 
p ro j e c t io n s  to  a l l  par ts  of the p e r iv e n t r i c u l a r  zone of the hypothalamus including 
the ant e ro ven tra l  p e r iv e n t r i c u l a r  nucleus,  and the paraventricular(PVH) and 
arcuate(ARH) nuclei of the hypothalamus, and a ro l e  in autonomic funct ion is 
i ndi cat ed  by p ro j ec t ions  to  such regions as the do rsal  and l a t e r a l  pa r v ic e l lu l a r  
p a r ts  of the PVH, the nucleus of the s o l i t a r y  t r a c t ,  and the l a t e r a l  par t  of the 
par abrachial  nucleus.  Other p ro j ec t io n s  of the MPN suggest  t hat  the nucleus may 
p a r t i c i p a t e  in the i n i t i a t i o n  of sp e c i f i c  motivated behaviors .  Inputs  to nuclei  of 
the medial zone of the hypothalamus such as the ventromedial  and dorsomedial  nuclei  
may r e l a t e  to  the control  of reproduct ive and inges t i ve behavior  re spe ct iv el y ,  but 
the p oss ib le  func t ion of the s t rong p ro j ec t io n  to  the ven tra l  premammillary nucleus 
is  uncle ar .  Execut ion of these behaviors  may involve a c t iv a t io n  of somatomotor 
regions via  p ro j ec t io n s  to  the s u b s t a n t i a  inominata,  p e r i f o rn i c a l  region,  
per ipe duncu la r , and pedunculopontine n ucl e i .  S im il ar ly ,  MPN ef f e r e n t s  to regions 
th a t  p ro j e c t  to  the spinal  cord such as the per iaqueductal  gray,  the la t erodorsal  
tegmental  nucleus,  c e r t a i n  medullary raphe n ucl e i ,  and the magnocellular  re t i c u l a r  
nucleus may a l so  be involved in t h i s  fun c t io n .  F in a l ly ,  the MPN may inf luence a 
wide v a r ie ty  of physio logic al  mechanisms and behaviors  through i t s  massive 
p ro j e c t io n s  to  area s  l ik e the ven tra l  l a t e r a l  septum, the bed nucleus of the s t r i a  
t e rm in a l i s ,  the  supramammillary nucleus,  and the ve n tra l  tegmental  area, a l l  of 
which have e i t h e r  d i r e c t  or i n d i re c t  connections with multimodal a s soc ia t ion areas  
of the ce reb ra l  co r te x .  Although the PHA-L method does not  demonstrate 
unequivocal ly  d i f f e r e n t i a l  p ro j ec t ions  of each subdivis ion of the MPN, our re su l t s  
suggest  th a t  each subdivis ion p ro j e c t s  in a unique p a t t e r n .  In general ,  the 
ce n t ra l  par t  of the MPN has the most extensive connect ions with the 
t e l en cephalo n( inc luding l imbic re gions ) ,  as well as  to  those regions known to 
conta in large  numbers of c e l l s  th a t  accumulate gonadal s t e r o i d s ;  the medial par t  of 
the MPN appears  to  be p r im ar i ly  involved in neuroendocrine func t ions by way of 
s t rong connect ions with the PVH and ARH; and the l a t e r a l  par t  of the MPN has the 
most exte nsive p ro j ec t io n s  to  regions thought  to  be involved in general behavioral  
arousal  such as the l a t e r a l  and p o s t e r i o r  hypothalamic ar eas ,  the per iaqueductal  
gray, and regions of the caudal  brainstem.

341.3 CONNECTIONS OF THE BASAL FOREBRAIN WITH THE AMYGDALA IN THE RHESUS 
MONKEY. K. K. HREIB AND D. L. ROSENE. D ep t. o f  Anatomy, Boston 
U niv. Sch. o f M ed., B oston , MA 02118.

I n je c t io n s  o f  re t ro g ra d e  t r a c e r s  (HRP and f lu o re s c e n t  dyes,FD) 
o r  an te ro g ra d e  t r a c e r ,  r a d io a c t iv e ly  la b e l le d  amino a c id s  (RLAA), 
where made in  th e  amygdala and in  n u c le i  o f th e  b a s a l fo re b ra in  
(BF): th e  m edial septum (MS), th e  v e r t i c a l  and h o r iz o n ta l  n u c le i  
o f th e  d ia g o n a l band (VDB, HDB) and th e  nu c leu s  b a s a l is  (NB). An 
RLAA in j e c t io n  in  th e  v e n t r a l  p a r t  o f th e  MS and th e  VDB r e s u l te d  
in  dense la b e l  o ver th e  a n t e r io r  am ygdaloid a re a  (AAA), th e  
c o r t i c a l  n u c le i  (CN) and th e  c o rt ic a l-a m y g d a lo id  t r a n s i t i o n  a re a  
(CTA) and l i g h t e r  la b e l l in g  over th e  c e n t r a l  (CE) and a c cesso ry  
b a s a l (AB) n u c le i .  However an RLAA in j e c t io n  in  NB r e s u l te d  in  
dense la b e l  over th e  d o rs a l  p a r t  o f la te r o b a s a l  n u c leu s  (LB) a s  
w e ll a s  th e  AAA, CN, CE, and l i g h t e r  la b e l l in g  over th e  v e n t r a l  
p a r t  o f LB. A la rg e  HRP in j e c t io n  in  th e  amygdala confirm ed a l l  
th e  a n te ro g ra d e  r e s u l t s .  More l im ite d  in j e c t io n s  o f FD in  th e  CN 
la b e l le d  neurons in  a l l  fo u r  BF n u c le i  b u t an i n j e c t io n  in  th e  AAA 
and d o rs a l  AB la b e l le d  neurons m ainly in  th e  NB, and an in j e c t io n  
in  v e n t r a l  LB la b e l le d  neurons m ainly in  th e  l a t e r a l  p a r t  o f NB. 
Thus th e  AAA, CN and CE re c e iv e  p ro je c t io n s  from a l l  fo u r n u c le i  
w h ile  th e  AB and LB re c e iv e  p r o je c t io n s  m ainly from th e  NB.

To in v e s t ig a t e  th e  p o s s ib le  r e c ip r o c i ty  o f  am ygdaloid e f f e r e n t s  
to  th e  BF, RLAA in j e c t io n s  were made a t  d i f f e r e n t  lo c i  in  th e  
am ygdala and th r e e  HRP in j e c t io n s  were made a t  d i f f e r e n t  lo c i  in  
th e  BF. An RLAA in j e c t io n  r e s t r i c t e d  to  th e  AAA and th e  d o rs a l AB 
produced la b e l l in g  over th e  VDB, HDB and NB. An HRP in j e c t io n  
in to  th e  NB la b e l le d  c e l l s  in  th e  AAA and th e  AB, b u t an in j e c t io n  
in to  th e  VDB-HDB la b e l le d  c e l l s  on ly  in  AB. F u rtherm ore , no 
la b e l le d  c e l l s  were observed  in  th e  d o rs a l p a r t s  o f th e  l a t e r a l  
(LT) o r LB n u c le i  a f t e r  any o f th e  HRP in j e c t io n s ,  b u t a  la rg e  
number were found in  v e n t r a l  LB and a few in  v e n t r a l  LT a f t e r  HRP 
in j e c t io n s  in  NB o r  VDB-HDB. A la rg e  RLAA in j e c t io n  th a t  invo lved  
th e  m ed iobasal n u c leu s  (MB), CTA, AB, and v e n t r a l  LB r e s u l te d  in  
la b e l  over th e  NB and HDB. A ll HRP c a se s  showed la b e l le d  neurons 
in  th e  AB w h ile  l a b e l l in g  in  CTA was observed on ly  from in j e c t io n s  
in v o lv in g  MS o r  VDB-HDB. F in a l ly  an RLAA in j e c t io n  in to  th e  CN and 
CTA showed l a b e l l in g  in  th e  NB and some in  v e n t r o la t e r a l  VDB and 
b o th  n u c le i  co n ta in ed  HRP la b e l le d  neurons a f t e r  HRP in j e c t io n s  
in to  VDB-HDB o r NB. Thus th e  am ygdaloid p r o je c t io n s  to  th e  BF 
o r ig in a te  from th e  same n u c le i  th a t  r e c e iv e  BF a f f e r e n t s  b u t th e re  
I s  no t i g h t  r e c ip r o c i ty  amoung in d iv id u a l  n u c le i .

S ince  th e  BF n u c le i  which p ro je c t  to  th e  amygdala have been 
im p lic a te d  in  bo th  p s y c h ia t r ic  ( a g g re s s io n )  and c o g n i tiv e  (memory) 
d is o rd e r s  t h a t  a r e  known to  depend upon th e  amygdala a s  w e ll ,  th e  
in te rc o n n e c t io n s  between th e se  two s t r u c tu r e s  may p lay  a  c r i t i c a l  
r o le  in  th e s e  fu n c t io n s .

(S upported  by NIH g ra n ts  NS19416 and AG04321)

341.4 CONNECTIONS BETWEEN THE INTERPEDUNCULAR NUCLEUS AND THE BASAL FORE
BRAIN. B. Fass and R.P. Vertes. Anatomy Dept., UMDNJ/Rutgers Med. 
Sch., Piscataway, NJ 08854; Mercer Univ. Med. Sch., Macon, GA 31207

The interpeduncular nucleus (IPN) is organized into seven sub
nuclei which can be recognized on the basis of morphological fea
tures (1). In addition, there is evidence for a heterogeneous or
ganization of the IPN's connections. For example, afferents to the 
IPN originating from the diagonal band nucleus (NDB) are: 1) d if 
ferential ly  distr ibuted across IPN subnuclei; and 2) most heavily 
concentrated in the apical subnucleus and least concentrated in the 
lateral  subnucleus (2). Recently, Vertes (3) found evidence that 
the IPN projects back to the NDB. The present study further ana
lyzed the subnuclear organization of these reciprocal connections. 

Adult male albino rats were given injections of WGA-HRP into 
specific regions of the basal forebrain. The brains were processed 
with TMB as the chromogen, to reveal anterograde terminal labeling 
and retrograde cell labeling. Injections were aimed at:  1) medial 
septum (MS) and vertical limb of NDB (vNDB); 2) lateral  septum 
(LS); 3) horizontal limb of NDB (hNDB); or 4) substantia innominata 
(SI) and magnocellular preoptic nucleus (MPN).

The major findings of this study are: 1) apical,  central , and 
lateral subnuclei contain the highest concentration of neurons pro
jecting to MS/vNDB; 2) apical , central,  and rostral  subnuclei con
tain the highest density of efferents from MS/vNDB; 3) apical , l a t 
era l ,  and intermediate subnuclei contain the highest concentration 
of neurons projecting to LS; 4) LS does not project back to IPN; 5) 
apical , central, and lateral  subnuclei contain the highest concen
tration of neurons projecting to hNDB; 6) central and rostral sub
nuclei contain the highest density of efferents from hNDB; 7) IPN 
does not project to SI/MPN; 8) central , intermediate, and rostral 
subnuclei contain the highest density of efferents from SI/MPN; and 
9) rostral  subnucleus does not contain neurons which project to the 
basal forebrain. These findings indicate a heterogeneous distribu
tion of projection neurons and efferent  terminal fields across IPN 
subnuclei. The IPN and regions of the basal forebrain share recip
rocal connections which may serve as a substrate through which 
these structures directly influence each other 's  functional ac t iv i
ty.

Supported by NINCDS training grant NS07229 (B.F.) and NSF grant 
8403544 (RPV).

(1) Hamill and Lenn, J. Comp. Neurol., 1984, 222, 396-408.
(2) Hamill and Fass, Neurosci. L e t t . , 1984, 48, 43-48.
(3) Vertes, Neurosci. Abstr . , 1985, 11, 1224.
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341.5 ESTRADIOL CONCENTRATION BY SUBSTANCE R IMMUNOREACTIVE NEURONS OF 
THE HYPOTHALAMIC VENTROMEDIAL AND ARCUATE NUCLEI. T .R . A kesson 
and  P .E . M icev y ch . D e p t. o f  Anatomy and M e d ic in e  an d  th e  B ra in  
R e s e a rc h  I n s t i t u t e ,  UCLA S ch o o l o f  M e d ic in e , Los A n g e le s , CA 9 0024 .

An a b u n d a n t  p o p u la t i o n  o f  s u b s ta n c e  P im m u n o re a c tiv e  (S P i r )  
n e u ro n s  can  be fo u n d  in  t h e  r a t  m e d io b a s a l  h y p o th a la m u s . SP 
h a s  b een  shown t o  be an  e x c i t a t o r y  p e p t id e  i n  t h e  s p in a l  c o rd  
and  am y g d a la , how ever a  r o l e  i n  t h e  h y p o th a la m u s  h a s  n o t  y e t  
b een  e s t a b l i s h e d .  A g ro w in g  body o f  e v id e n c e  d o e s  s u g g e s t  
t h a t  SP may p a r t i c i p a t e  i n  r e p r o d u c t iv e  f u n c t i o n s .  
I n t r a v e n t r i c u l a r  i n j e c t i o n s  o f  SP h av e  b een  shown t o  f a c i l i t a t e  
r e l e a s e  o f  l u t e i n i z i n g  horm one in  t h e  fem a le  r a t  and  n e u ro a c 
t i v e  f ra g m e n ts  o f  t h i s  p e p t id e  d i s r u p t  (p ro lo n g )  n o rm a l e s t r o u s  
c y c l i c i t y .  Numbers o f  S P ir  n e u ro n s  i n  t h e  a r c u a t e  n u c le u s  
v a ry  w i th  t h e  e s t r o u s  c y c le  and  s u b c e l l u l a r  a l t e r a t i o n s  in  
t h e s e  c e l l s  s u g g e s t  in c r e a s e d  r ib o s o m a l  a c t i v i t y  d u r in g  p r o e s -  
t r u s  and  e s t r u s .  SP c o n te n t  o f  t h e  m e d io b a s a l  h y p o th a la m u s  
h a s  a l s o  b een  shown t o  v a ry  w i th  t h e  e s t r o u s  c y c l e .  We h av e  
u se d  th e  com bined  t e c h n iq u e s  o f  s t e r o i d  a u to r a d io g r a p h y  and 
im m u n o h is to c h e m is try  t o  t e s t  f o r  e s t r o g e n  c o n c e n t r a t i n g  c a p a c 
i t y  among h y p o th a la m ic  n e u ro n s  w hich  e x p re s s  SP.

A u to rad io g ram s  w ere p r e p a r e d  a c c o r d in g  t o  t h e  m ethod o f  
M o rr e l l  and  P f a f f  (M eth. E nzym ol. ,  1 0 3 ;6 3 9 , ’83) w i th  some 
m o d i f ic a t io n s .  They w ere p o s t f i x e d  in  B o u in ' s  s o l u t i o n ,  
d e v e lo p e d  in  D-170 (K o d ak ), p h o to f ix e d  in  10% sodium  t h i o s u l 
f a t e ,  and t i s s u e s  w ere in c u b a te d  w i th  p r im a ry  a n t i s e ru m  a t  
room te m p e ra tu re  f o r  48 h .  L o c a tio n  o f  p r im a ry  a n t i b o d i e s  
was v i s u a l i z e d  w ith  t h e  ABC m ethod ( V e c to r ) .  T h is  m ethod 
h a s  a l s o  a llo w e d  u s  t o  s u c c e s s f u l l y  v i s u a l i z e  im m u n o re a c tiv e  
c h o le c y s to k in in  and  e s t r o g e n  a c c u m u la t in g  c e l l s .  E s t ro g e n  
(E) c o n c e n t r a t i n g  c e l l s  w ere i d e n t i f i e d  u s in g  a c o m p u te r - a s s i s 
t e d  g r a in  c o u n te r .  D i s t r i b u t i o n  o f  SP- and  E - la b e l e d  n e u ro n s  
a p p e a re d  t o  be co m p a ra b le  t o  r e s u l t s  we h av e  o b ta in e d  from  
t i s s u e  o p t im a l ly  p r o c e s s e d  f o r  im m u n o h is to c h e m is try  o r  a u t o r a 
d io g ra p h y  s e p a r a t e l y .

S P ir  n e u ro n s  w ere fo u n d  a t  a l l  l e v e l s  o f  t h e  h y p o th a la m u s . 
S u b s t a n t i a l  num bers o f  l a b e l e d  c e l l s  w ere  fo u n d  in  t h e  p r e o p t i c . 
a r e a ,  l a t e r a l  h y p o th a la m u s , d o r s o m e d ia l ,  v e n tr o m e d ia l ,  a r c u a t e ,  
and  v e n t r a l  p rem a m m illa ry  n u c l e i .  O c c a s io n a l  c a s e s  o f  c o e x is 
te n c e  w ere fo u n d  i n  t h e  l a t e r a l  h y p o th a la m u s  and  a  s m a l l  b u t  
c o n s i s t e n t l y  d o u b le - l a b e l e d  p o p u la t i o n  was d i s c o v e r e d  in  t h e  
a r c u a t e  n u c le u s .  The m a j o r i t y  o f  n e u ro n s  w hich  c o e x p re s s  
SP and r e c e p t o r s  f o r  E , h o w e v e r , w ere l o c a t e d  i n  t h e  
v e n t r o l a t e r a l  p a r t  o f  t h e  v e n tr o m e d ia l  n u c le u s .  T h ese  r e s u l t s  
p r o v id e  a n a to m ic a l  s u p p o r t  f o r  t h e  h y p o th e s i s  t h a t  d i s c r e t e  
s u b p o p u la t io n s  o f  S P ir  n e u ro n s  may be f u n c t i o n a l l y  l in k e d  
t o  e s t r o g e n ic  r e g u l a t i o n  o f  g o n a d o tro p in  s e c r e t i o n  a n d /o r  
r e p r o d u c t iv e  b e h a v io r .

S u p p o r te d  by NS21220 t o  P .E .M .

341.6 LOSS OF SEPTO-HIPPOCAMPAL CONNECTIONS FOLLOWING TEMPORARY BLOCK
ADE OF AXON TRANSPORT IN THE FORNIX/FIMBRIA. B. D. Fantie, R. H. 
Dyck and R . J .  Sutherland. Dept. of Psychology, The University of 
Lethbridge, Lethbridge, Alberta, Canada, T1K 3M4.

The hippocampal formation receives input from cholinergic and 
noncholinergic neurons of the medial septal nucleus and nucleus 
of the diagonal band of Broca. Septal cholinergic neurons have 
been shown to retrogradely transport nerve growth factor from 
terminal fields in the hippocampal formation and, following coro
nal transections that include fornix/fimbria, a substantial 
proportion of both cholinergic and noncholinergic septal neurons 
degenerate. We examined two questions: 1. Does the maintenance 
of septo-hippocampal connections require continuity of axonal 
transport through the fornix/fimbria? and 2. Do cholinergic and 
noncholinergic neurons d if fer  in the ir  response to axonal trans
port blockade.

Colchicine, a tubulin-binding agent, was injected (1 μg/μl 
physiological saline) unilaterally  into the fornix/fimbria. At 
least two weeks af ter  colchicine treatment, the rats received 
injections of a retrogradel y-transported fluorescent dye, True 
Blue (0.2 μl ) ,  into the ipsi la teral  dorsal hippocampus. One week 
la te r  the rats were treated with diisopropyl fluorophosphate then 
sacrificed 5 hours la te r .  The brains were sectioned at  40 μm 
through the medial septum, diagonal band, and hippocampus. 
Fluorescent cel ls were photographed and counted. The sections 
were then stained for AChe using a modification of the Karnovsky 
and Roots method and rephotographed. The numbers of fluorescent 
cells in the medial septal nucleus and nucleus of the diagonal 
band which were AChe-positive or AChe-negative were then calcu
lated. Control rats were treated identically except that 
colchicine was not injected.

Consistent with other results ,  we found that only a minority 
of cells in the septum projecting to the hippocampus were AChe- 
positive (40-50%) in control ra ts .  In contrast,  a much greater 
proportion of cells projecting to the hippocampus were AChe- 
positive (65-75%) in rats treated with colchicine. In addition, 
there were fewer retrogradely-labelled septum neurons. Both 
effects of colchicine--the increase in proportion of cholinergic 
to non-cholinergic cells and the reduction in number of ce lls 
projecting to the hippocampus--were more apparent in the nucleus 
of the diagonal band than in the medial septal nucleus.

The results suggest that  there is a preferential  loss of non
cholinergic septo-hippocampal connections following temporary 
blockade of axonal transport in the fornix/fimbria. One interpre
tation is that noncholinergic septal neurons, particularly those 
in the nucleus of the diagonal band, are more dependent upon a 
continuity of retrograde transport of trophic substance(s) through 
their  axons in the fornix/fimbria than are cholinergic neurons.

341.7 PROJECTIONS OF AMYGDALOID NEURONS CONTAINING SOMATOSTATIN, 
VASOACTIVE INTESTINAL PEPTIDE, OR GABA. A .J . McDonald D ep t. 
of Anatomy. Univ. o f So. C a ro lin a  Sch. o f M ed., Colum bia, SC 
29208.

The p re s e n t study  examined the  axonal p ro je c t io n s  o f amygdaloid 
neurons c o n ta in in g  GABA, s o m a to s ta tin  (SOM), or v a so a c tiv e  
i n t e s t i n a l  p e p tid e  (V IP). Sprague-Dawley r a t s  (n=43) rece iv ed  
in je c t io n s  o f WGA-HRP in to  te le n c e p h a lic  and d ie n c e p h a lic  a re a s  
known to  re c e iv e  am ygdaloid p ro je c t io n s .  A f te r  24 h r anim als 
were p erfu sed  w ith  2 .5 %. para fo rm ald eh y d e-0 .5 % g lu ta ra ld e h y d e . 
B ra ins were p rocessed  fo r  HRP h is to c h e m is try  ( s ta b i l i z e d  TMB 
p ro to c o l o f Rye e t  a l . ,  '8 4 ) fo llow ed by PAP im m unohistochem istry 
(p rim ary  a n t ib o d ie s  o b ta in ed  from Immuno N uclear C o rp .) .

With in je c t io n s  in to  th e  bed n ucleus  o f th e  s t r i a  te rm in a l is  
(BST) o r m edial hypothalam us numerous SOM -positive re t ro g ra d e ly  
la b e le d  neurons (SOM-HRP c e l l s )  were seen in  th e  amygdala. 
Most o f th e se  double la b e le d  c e l l s  were lo c a te d  in  th e  m edial 
nucleus  and in tra -am y g d a lo id  p o r tio n  o f  th e  BST (BSTia). Sm aller 
numbers o f SOM-HRP c e l l s  were observed in  th e  a n t e r io r  amygdaloid 
a re a , basom edial n u c leu s , and m edial s u b d iv is io n  o f th e  c e n tr a l  
n u c le u s . With l a t e r a l  hypothalam ic in je c t io n s  SOM-HRP neurons 
were a ls o  seen in  th e  l a t e r a l  su b d iv is io n  o f th e  c e n tr a l  n u c leu s . 
O ccasiona l d o u b le - la b e le d  VIP-HRP neurons were observed in  the  
a n t e r io r  am ygdaloid a rea  o r BSTia w ith  hypothalam ic and BST 
i n j e c t io n s .

In je c t io n s  in to  th e  c e re b ra l  c o r te x  o r s tr ia tu m  re t ro g ra d e ly  
la b e le d  numerous c e l l s  in  th e  l a t e r a l  and b a s o la te r a l  am ygdaloid 
n u c le i  (L-BL) b u t , w ith  th e  ex c ep tio n  o f an o c c a s io n a l SOM-HRP 
neuron , no d o u b le - la b e le d  c e l l s  were observed . L ikew ise, no 
d o u b le - la b e le d  neurons were observed in  L-BL w ith  in je c t io n s  
in to  th e  m ed iodorsal tha lam us, hypothalam us, o r BST. The r e s u l t s  
o f experim en ts in  which sm all io n to p h o re tic  in je c t io n s  were 
made in to  in d iv id u a l am ygdaloid n u c le i  su g g est th a t  axons o f 
most SOM, VIP, and GABA c o n ta in in g  c e l l s  in  L-BL do no t ex tend 
more than  500 μm from th e  c e l l  body o f o r ig in .  There i s  ev idence , 
however, fo r  a s o m a to s ta tin  co n ta in in g  p ro je c t io n  from th e  l a t e r a l  
n u c leu s  to  th e  basom edial n u c le u s . In  a d d i t io n ,  a few 
SOM -positive neurons appear to  p ro je c t  axons to  th e  c e n tr a l  
n u c le u s .

Thus, th e  r e s u l t s  o f t h i s  s tudy  sug g est th a t  most SOM, VIP, 
and GABA c o n ta in in g  neurons in  L-BL a re  invo lved  in  
in tra -am y g d a lo id  co n n ec tio n s  w h ile  in  th e  c o r tic o m e d ia l amygdala 
a s ig n i f i c a n t  number o f SOM co n ta in in g  neurons p ro je c t  to  th e  
BST and hypothalam us. S upported by NIH G rant NS 19733.

341.8 COEXPRESSION OF OPSIN-LIKE AND VIP-LIKE IMMUNOREACTIVITY IN 
CSF-CONTACTING NEURONS OF THE AVIAN BRAIN. P. Horvat h *1 , P . 
W itkovsky2 , M. Lehman3 , and R. S i lv e r 1 . 1Barnard C o lleg e , NY,NY 
10027; 2New York U n iv e rs ity  M edical S chool, NY,NY; 3u n iv e r s i ty  
o f  C in c in n a t i ,  C o llege  o f M edicine, C in i n a t t i ,  Ohio 45221.

C S F -con tac ting  c e l l s  in  both  s e p ta l  and tu b e ra l  a re a s  in  th e  
b ra in  of th e  r in g  dove ( S t r e p to p e l ia  r o s e o g r is e a ) la b e le d  by 
RET-P1 ( g i f t  o f  C .J . B a rn s ta b le ) , a m onoclonal an tib o d y  which 
r e a c ts  w ith  in n e r  and o u te r  segment membranes o f r e t i n a l  
p h o to re c e p to rs  in  a v a r i e ty  o f v e r te b r a te s  (F ekete  and 
B a rn s ta b le  1983, J .  N eurocy to l 12: 785-803). Most s e p ta l  
R E T -P1-positive c e l l s  a re  rough ly  s p h e r ic a l  in  shape w ith  
d ia m ete rs  o f ~ 7 -1 0 um. Many have d e n d r i t ic  p ro cesse s  p e n e tra tin g  
th e  ependyma, and bea r a k n o b -lik e  te rm in a l (~ 2 .5um) suspended 
in  th e  l a t e r a l  v e n t r i c l e .  The c e l l s  a ls o  em it o th e r  p ro c e sse s . 
Some form a p lex u s  in  th e  reg io n  o f c e l l  b o d ie s , w h ile  o th e rs  
r a d i a te  to  th e  o v e rly in g  n e u ro p i l .  The c e l l  bod ies a re  
suenpendymal and l i e  on th e  m edial w a ll o f th e  l a t e r a l  v e n t r i c l e  
ex ten d in g  d o r s a l ly  ~ 600um from th e  v e n t r a l  t i p  o f th e  v e n t r i c l e .

R E T -P1-positive c e l l s  in  th e  tu b e ra l  a re a  have s im i la r  
m orpho log ica l c h a r a c t e r i s t i c s  to  t h e i r  c o u n te rp a r ts  in  s e p ta l  
a re a . The p o p u la tio n  o f s ta in e d  c e l l s  in  th e  tu b e ra l  a re a  i s  
1/6  t h a t  o f th e  s e p ta l  p o p u la tio n , and ex tends  ~ 500um along th e  
v e n t r i c l e .  Im m unoreactive f ib e r s  a re  seen  in  th e  a re a  bounded 
by th e  m ed ial a s p e c t o f th e  l a t e r a l  v e n t r i c l e  in  th e  s e p ta l  
re g io n . A few s c a t te r e d  f ib e r s  p r o je c t  d o r s a l ly  to  th e  
hippocam pus. Many d i f f u s e  im m unoreactive f ib e r s  a re  w idely  
d is t r i b u te d  in  th e  d iencephalon  from th e  le v e l  o f th e  septum to  
th e  le v e l  o f  th e  in fundibulum . A d d itio n a lly , a d i s c r e te  band o f 
la b e le d  f ib e r s  occu rs  in  th e  e x te rn a l  la y e r  o f th e  median 
em inence. P re lim in a ry  s tu d ie s  in v o lv in g  Japanese  q u a i l  
( C o tu rn ix  c o tu rn ix ) and th e  dom estic  Cayuga duck (Anas 
p la ty rh y n c h o s ) su g g es t th a t  th e  s e p ta l  a re a  o f th e se  s p e c ie s  
a ls o  c o n ta in s  R E T -P1-positive c e l l s .  The in fu n d ib u la r  reg io n  
rem ains to  be s tu d ie d . Use o f an im m unofluorescent d o u b le - la b e l 
te ch n iq u e  in v o lv in g  rhodam ine and FITC la b e ls  dem onstra tes  th a t  
R E T -P1-positive c e l l s  coexp re ss  V IP -lik e  im m unoreactiv ity . 
V IP -p o s it iv e  c e l l s  in  o th e r  b ra in  a re a s  a re  n o t R E T -P 1-positive .

We a re  p r e s e n t ly  exam ining th e  u l t r a s t r u c t u r e  o f th e se  c e l l s .  
Such s tu d ie s ,  to g e th e r  w ith  p h y s io lo g ic a l experim en ts a re  being 
pursued to  probe th e  p o s s ib le  r o le  o f th e s e  c e l l s  as  "deep 
en c ep h a lic  p h o to re c e p to r s ."

Supported  by g ra n ts  EY 03570 ( to  PW), HD20463 ( to  ML), W h iteh a ll 
F oundation  and NIMH 293280 ( to  RS).
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341.9 ORGANIZATION OF PYRAMIDAL CELL AXONAL COLLATERALS 
IN FIELD CA3 OF THE RAT HIPPOCAMPUS. N. Ishizuka, K. 
Krzemieniewska and D.G. Amaral (SPON: J. Lindstrom). The Salk 
Institute, La Jolla, CA 92037.

The distribution of local collaterals arising from the pyramidal 
cells of the CA3 region of the rat hippocampus have been studied by 
two methods. In the first, single pyramidal cells in the hippocampal 
slice preparation were intracellularly injected with HRP. The whole, 
400μm thick slice was reacted for the demonstration of the enzyme 
and the plexus of axonal collaterals was plotted using a three 
dimensional computer reconstruction system. The second method 
involved the stereotaxic placement of small, iontophoretic injections 
of the anterograde tracer. Phaseolus vulgaris leucoagglutinin (PHA-L) 
into different portions of field CA3. Animals were allowed to survive 
for 7-10 days and 30μm sections through the hippocampus were 
immunohistochemically processed for the localization of the tracer.

In adddition to the well known Schaffer collaterals which project 
to field CAI, each pyramidal cell had approximately 4 additional 
local collaterals originating from the parent axon. Regardless of the 
position of the cell body of origin, some of these collaterals extended 
towards field CAI while others projected back towards the dentate 
gyrus and ramified either in stratum oriens or in stratum radiatum of 
field CA3. No collaterals entered any portion of the dentate gyrus. 
The collaterals from pyramidal cells located near the dentate gyrus 
traveled mainly in the superficial aspect of stratum radiatum and few 
entered stratum oriens. The pyramidal cells located in the mid and 
distal portions of field CA3, in contrast, gave rise to extensive axonal 
plexuses both in stratum oriens and in stratum radiatum. The 
position and number of presumed presynaptic varicosities along the 
collaterals were also determined; as many as 2300 varicosities were 
observed on the collaterals of one cell. The collaterals were clearly 
not confined to the thickness of the slice since most were cut at one 
of the slice surfaces. The PHA-L preparations confirmed the 
observations from the intracellular preparations and further 
demonstrated that the CA3 collateral plexus can extend for several 
millimeters along the septotemporal axis of the hippocampus. These 
observations provide evidence that CA3 pyramidal cells are 
potentially influenced by other pyramidal cells from all transverse 
positions of the same hippocampal level via local collaterals and by 
more distant pyramidal cells through the longitudinal association 
bundle.

N.l. was supported by a grant from the Ministry of Education, 
Science and Culture of Japan. The work was supported, in part, by 
NIH grants 16980, 20004 and by the Clayton Foundation for 
Research-California Division.

341.10 SYNAPSIN 1 IMMUNOHISTOCHEMICAL ASSESSMENT OF DEVELOPMENT IN THE 
HYPOTHALAMUS IN THE RAT. M.F. B e rn s te in  and R.Y. Moore. D epts. of 
Neurology and N eurobiology and B ehav io r, SUNY a t  Stony Brook, 
Stony Brook, N.Y. 11794.

Synapsin 1 i s  a neuron s p e c i f ic  phosphopro te in  which i s  an endo
genous s u b s t r a te  fo r  c y c l ic  A M P-specific and C a/calm odulin 
dependent p ro te in  k in a se s . S ynap tic  1 i s  p re se n t in  te rm in a ls  of 
th e  p e r ip h e ra l  and c e n tr a l  nervous system s where i t  i s  lo c a te d  in  
th e  membrane of sm all sy n a p tic  v e s ic le s  (D eCam illi e t  a l . , 1979; 
1983; Navone e t  a l . ,  1984). In  a p rev io u s  study  we used synapsin  1 
im m unoreactiv ity  a s  a m arker fo r  synapse development in  th e  r a t  
hypothalam us (B e rn s te in  and Moore, 1985). The development of 
synapsin  1 im m unoreactiv ity  in  th e  su p rach iasm atic  nucleus  e x h ib it
ed a d i s t i n c t i v e  p a t te rn  th a t  d if f e re d  from a d ja c e n t a n t e r io r  
hypothalam us and c o r r e la te d  e x a c tly  w ith  th e  developm ent of 
synapses dem onstrated  by e le c tro n  m icroscopy. Thus, synapsin  1 
im m unoreactiv ity  appears  to  be an e x c e l le n t  m arker f o r  synapse 
fo rm a tio n . In  a d d i t io n ,  in  our p r io r  s tu d y , th e re  was some 
in d ic a t io n  th a t  p e r ik a ry l  la b e l in g  preceded th a t  o f sy n a p tic  f ie ld s  
su g g es tin g  th a t  one s ta g e  o f development m ight be marked by h igh  
le v e ls  o f synapsin  p ro d u c tio n  in  a neuron b e fo re  i t s  te rm in a l 
f i e ld s  a re  e la b o ra te d .

In  th e  p re s e n t study  we examined th e  development o f synapsin  1 
im m unoreactiv ity  in  th e  p a ra v e n tr ic u la r  (PVN) and su p ra o p tic  (SON) 
hypothalam ic n u c le i .  These n u c le i  a re  d e riv ed  from th e  germ inal 
ep ith e liu m  between embryonic days 13 (E13) and E15 (Altman and 
Bayer, 1978), and bo th  co n ta in  s u b f ie ld s  w ith  o x y to c in -  and vaso
p re s s in -c o n ta in in g  neurons (Sawchenko and Swanson, 1982,1983,1984). 
Synapsin 1 im m unoreactiv ity  was s tu d ie d  in  PVN and SON from E18 to  
P6. In  PVN th e re  i s  a s t e a d i ly  in c re a s in g  number o f synapses from 
E18 to  P6. At E19 th e  f i r s t  d i s t i n c t  sy n a p tic  f i e ld s  appear in  
d o rs a l and m edial PVN and they  become more h e a v ily  la b e le d  and 
expand in  s iz e  w ith  age . By P6 th e  d e n s ity  of synapsin  1 immuno
r e a c t iv i t y  approx im ates th a t  seen in  th e  a d u l t .  Large numbers o f 
PVN p e r ik a ry a  e x h ib i t  im m unolabeling a t  E18-E19 su g g es tin g  th a t  
th e se  neurons a re  producing  te rm in a l axonal a rb o r iz a t io n  s h o r t ly  
th e r e a f te r .  In  SON th e re  i s  some la b e l in g  of synapses a t  E18 and 
th e  nuc leus  becomes p ro g re s s iv e ly  and un ifo rm ly  more densely  
la b e le d  u n t i l  P6. P e r ik a ry a l s ta in in g  i s  no ted  on ly  r a r e ly  in  SON.

In  summary, SON and PVN a re  in n e rv a ted  p ro g re s s iv e ly  through 
l a t e  f e t a l  and e a r ly  p o s tn a ta l  l i f e .  P e r ik a ry a l s ta in in g  i s  w ide
sp read  in  PVN bu t v e ry  uncommon in  SON, in d ic a t in g  th a t  th i s  i s  not 
a r e l i a b l e  in d ic a to r  o f synapse fo rm a tio n . We a re  g r a te f u l  to  D rs. 
P aul G reengard and C harles  Ouimet fo r  p ro v id in g  th e  synapsin  1 
an tib o d y . Supported by NIH g ra n t NS-16304.

341.11 IMMUNOHISTOCHEMICAL MAPPING OF ADENOSINE DEAMINASE-CONTAINING 
NEURONS AND FIBERS IN THE RAT BRAIN. Wm. A. S ta in e s * ,  P .E. 
Daddona* and J . I .  Nagy; D epartm ent o f P hy sio lo g y , U n iv e rs ity  o f 
M anitoba, 776 Bannatyne A ve., W innipeg, M anitoba Canada R3E OW3.

We have re p o r te d  p re v io u s ly  on th e  im m unohistochemi c a l  
d e te c t io n  o f  adenosine  deam inase (ADA) in  neurons i n  th e  
p o s te r io r  hypothalam us and s e v e ra l  o th e r  s t r u c tu r e s  o f th e  r a t  
b ra in  (Nagy e t  a l . ,  S c ience  224 (1984) 1 6 6 -168 ). We now have 
com pleted  a  d e t a i l e d  mapping o f  th e  d i s t r i b u t io n  o f ADA- 
im m unoreactive (ADA-IR) neurons and f ib e r s  in  th e  e n t i r e  b ra in  
o f  t h i s  s p e c ie s .  ADA was found to  have a  h ig h ly  r e s t r i c t e d  
l o c a l i s a t i o n ,  be ing  s e le c t i v e ly  ex p ressed  w ith in  neurons o f on ly  
a  few , w e ll -d e f in e d  b ra in  s t r u c tu r e s  and o f te n  by on ly  
su b p o p u la tio n s  o f neurons w ith in  th e se  s t r u c t u r e s .

The most prom inent group o f  c e l l s  s ta in e d  were th o se  o f  th e  
tuberomammi l l a r y  n u c leu s  o f  th e  hypothalam us. In  a d d i t io n ,  
p o s i t i v e  neu rons  were seen  in  th e  a n t e r io r  o l f a c to r y  n u c leu s , 
th e  a n t e r io r ,  p o s te r i o r ,  r e t r o s p l e n i a l  and e n to rh i n a l  c o r t i c e s ,  
th e  m ed ia l b o rd e r o f  th e  s t r ia tu m , th e  o lf a c to ry  tu b e r c le ,  th e  
septum , th e  l a t e r a l  ex trem e o f  th e  h o r is o n ta l  lim b o f  th e  
d ia g o n a l band, th e  c e n t r a l  n u c leu s  o f  th e  am ygdala, th e  l a t e r a l  
hypo thalam us, th e  p a r a f a s i c u la r  n u c le u s , s u p e r io r  c o l l i c u lu s ,  
c e n t r a l  g re y , m edu lla ry  r e t i c u l a r  fo rm a tio n  and p re g a n g lio n ic  
p a ra sy m p a th e tic  n u c le i .

ADA-IR f ib e r s  and v a r i c o s i t i e s  appeared  to  f a l l  in to  two 
c a te g o r ie s .  (1 ) A very  s t r i k i n g  netw ork o f  lo n g , la r g e - c a l ib e r  
v a r ic o s e  f i b e r s ,  a p p a re n tly  a r i s i n g  from th e  c e l l s  o f  th e  TM, 
showed dense r a m if ic a t io n  th rou g h o u t th e  hypothalam us and more 
s p a rs e  d i s t r i b u t io n  th ro u g h o u t most o th e r  r e g io n s  in c lu d in g  
c o r te x ,  s t r ia tu m , septum , m id lin e  th a lam ic  n u c le i  and d iv e r s e  
re g io n s  w ith in  th e  m idb ra in  and b ra in s tem . The hypo thalam ic 
o r ig in  o f  t h i s  c la s s  o f f i b e r  was confirm ed in  p re lim in a ry  
ex p e rim en ts  in v o lv in g  e l e c t r o l y t i c  le s io n s  o f  th e  TM. Some 
re d u c tio n s  in  th e  d e n s i ty  o f  ADA-IR f ib e r s  i p s i l a t e r a l  to  th e  
le s io n s  a r e  seen  in  tem p o ra l and f r o n t a l  c o r i t i c a l  a r e a s ,  bed 
n u c leu s  o f  th e  s t r i a  te r m in a l is  and a n t e r io r  m ed ia l hypo thalam ic 
a r e a s .  (2 ) ADA-IR presum ptive  te rm in a l f i e l d s  o f  a  f in e ,  
p u n c tu re  n a tu re  were seen  in  a  number o f n u c le i  b u t were 
p a r t l c u l a r y  dense in  th e  d o r s a l  mi db ra i n ,  m ed ia l habenu la  and 
s u b s ta n t ia  n ig r a .  These l a t t e r  two a r e  c o r r e l a te d  w ith  th e  
p re sen ce  o f p o s i t i v e  c e l l s  i n  th e  septum and s t r ia tu m .

The docum entation  o f  neurons and f ib e r s  c o n ta in in g  ADA i s  
ex p e c ted  to  a id  s tu d ie s  o f  th e  fu n c t io n a l  s ig n i f i c a n c e  o f t h i s  
enz yme in  r e l a t i o n  to  aden o sin e  m etabolism  in  th e  CNS.

341.12 THALAMOCINGULATE PROJECTIONS AS REVEALED BY RHODAMINE MICROSPHERES 
USED AS A RETROGRADE TRACER. K yoi Horkawa* and  E r v in  W .P o w ell. 
D e p t . o f  N e u ro s u rg e ry ,  U n i v e r s i ty  o f  t h e  R ukyus, O kinaw a, Ja p a n  
and  D e p t . o f  A natom y, U n i v e r s i ty  o f  A rk a n sa s  f o r  M e d ic a l S c ie n c e s ,  
L i t t l e  R ock , AR 72205 .

T h is  s tu d y  i d e n t i f i e s  n e u ro n s  o f  t h e  a n t e r i o r  th a la m ic  g ro u p  o f  
n u c l e i  p r o j e c t i n g  t o  s p e c i f i c  a r e a s  o f  t h e  c in g u l a t e  g y r u s .  
A lth o u g h  th e  c o n n e c t io n  i s  w e l l  known, t h e r e  a r e  d i f f e r e n c e s  i n  
r e p o r t s  o f  s p e c i f i c  p r o j e c t i o n s .  The a n t e r i o r  and  p o s t e r i o r  p a r t s  
o f  a r e a s  24 an d  29 w ere  i n j e c t e d  w i th  1μl  o f  a  100% s o l u t i o n  o f  
rh o d am in e  m ic r o s p h e r e s .  S e v e n ty - tw o  h o u r s  l a t e r  t h e  r a t  ( n = ll )  
was p e r f u s e d  th ro u g h  t h e  l e f t  v e n t r i c l e  o f  t h e  h e a r t  w i th  a  10% 
s o l u t i o n  o f  fo rm a ld e h y d e . The b r a i n  was f ro z e n  and  30 μm s e c t i o n s  
w ere  c u t ,  m ounted  an d  d r i e d  on s l i d e s .  The s e c t i o n s  w ere  s tu d i e d  
u s in g  a  L e i t z  m ic ro sc o p e  e q u ip p e d  w i th  e p i f l u o r e s c e n c e  and  a  
PLOEMOPAK M2.  f i l t e r .  R e s u l t s  a r e  com pared  i n  T a b le  1 . The 
a n t e r o v e n t r a l  (AV) and  a n te r o m e d ia l  (AM) n u c l e i  p r o j e c t  t o  
a n t e r i o r  and  p o s t e r i o r  a r e a s  o f  r e g io n  2 9 . We fo u n d  no 
p r o j e c t i o n s  from  a n te r o d o r s a l  (AD) and  AV n u c le i  t o  a n t e r i o r  a r e a  
2 4 . The d e n s i t y  and  to p o g ra p h y  o f  l a b e l e d  n e u ro n s  d i f f e r e d  i n  t h e  
t h a la m ic  n u c l e i  s t u d i e d .  F u r th e rm o re ,  t h e  p e r c e n t  o f  n e u ro n s  
r e t r o g r a d e l y  l a b e l e d  i n  t h e  a n t e r i o r  n u c l e i  t o t a l e d  111% f o r  AD; 
113% f o r  AV; 205% f o r  AM. T h e r e f o r e ,  we s u s p e c t  t h a t  
c o l l a t e r a l i z a t i o n  e x i s t s  from  t h e  a n t e r i o r  n u c l e i  t o  a r e a s  o f  t h e  
c in g u l a t e  g y r u s .  L a b e le d  n e u ro n s  w ere  n o t  p r e s e n t  i n  t h e  l a t e r a l  
d o r s a l  an d  d o r s a l  m e d ia l  n u l c e i  o f  t h e  th a la m u s  u s in g  t h i s  t r a c e r .

TABLE 1
THALAMIC PROJECTIONS TO CINGULATE GYRUS

A rea  24 A rea  24 A rea  29 A rea  29
a n t e r i o r p o s t e r i o r a n t e r i o r p o s t e r i o r

AD -  -  N  - - -  -  N -  - O R N D F O R D N F O
AV -  -  N  - - -  -  N -  - O -  D N F O -  D N F O
AM R D N F O R D N F O -  -  N F O -  -  N F O

R = Rose and  W oolsey ; D = D om esick; N = N iim i e t  a l . ;  F = F in c h  
and  D e l ia n ;  O = O urs
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341.13 THE TOPOGRAPHY AND FINE STRUCTURE OF SUBICULAR CORTEX PROJECTIONS 
TO THE MAMILLARY NUCLEI IN THE RAT. G.V. Allen* and D.A. Hopkins. 
Dept. of Anatomy, Dalhousie University, Halifax, Canada, B3H 4H7.

The mamillary body (MB) constitutes a major hypothalamic link 
between cortex (subicular)  and brain stem (dorsal and ventral 
tegmental nuclei) for afferent information relayed to the thalamus 
and cingula te  cor tex .  However, l i t t l e  is known regarding the 
ultrastructure  of afferent fibers in the MB. In order to elucidate 
the synaptic organization of subicular  a f fe ren ts  to the MB, 5% 
wheat germ agg lu t in in -horse rad ish  perox idase  (WGA-HRP) was 
injected in different regions of the subicular cortex in 23 male 
Wistar ra ts .  After 1-2 days the animals were perfused and the 
brains processed for  HRP h i s to c h e m is t ry  using t e t r a m e th y l 
benzidine (TMB) and cobalt  ch loride-glucose oxidase enhanced 
diaminobenzidine (DAB) for l ight and electron microscopy.

Following localized  in jec t ions  of WGA-HRP in the subicular  
cor tex ,  anterograde labeling was found to be topographically  
distr ibuted in the MB. In jec t ions  in the ro s t r a l  par ts  of the 
subicular cortex resulted in anterograde labeling in the dorsal 
MB, b ila tera l ly .  Caudal and ventral subicular injections produced 
a n te ro g ra d e  l a b e l in g  in more v e n t r a l  reg io n s  of the MB, 
b ila tera l ly .  In addition, injections in la te ra l  subicula r  cortex 
produced label in the medial subdivision of the posterior MB which 
contrasted with medial subicular  in jec t ions  which resu l ted  in 
anterograde labeling in the la tera l  as well as medial poste r io r  
MB, b i l a t e r a l l y .  Anterograde label was seen in the l a t e r a l  
mamillary (LM) nucleus, primarily ip s i la te ra l ly ,  af ter  in jec t ions  
in parasubiculum and caudoventral presubiculum but no anterograde 
label was observed in the LM following in jec t ions  of WGA-HRP in 
the dorsal presubiculum.

At the electron microscopic level anterograde label was best 
visualized following s t a b i l i z a t i o n  of TMB reaction  product by 
subsequent app l ica t ion  of the DAB h is to ch e m ica l  p rocedure .  
Electron dense reac tion  product was found in synaptic boutons 
which were mainly characterized by round vesicles and asymmetrical 
synaptic junctions. Labeled terminals  were observed to synapse 
primarily on dendritic processes while only occasional  labeled 
terminals were observed in contact with neuronal somata. The 
characteristics of these terminals  con tras t  with those of axon 
terminals of ascending projections from the brain stem tegmentum 
which consisted of axosomatic and axodendritic synapses with 
pleomorphic v es ic les  and symmetrical j u n c t io n s  (Allen and 
Hopkins,'84).

In summary, spe c if ic  groups of subicular  neurons p r o j e c t  
topographically to the MB. Subicular a f fe ren t  f ib e rs  in the MB 
comprise a d is t inc t  c lass  of axon terminals  which co n t ra s ts  in 
type and location with synapses formed by brain stem tegmental 
afferent  projections to the MB. Supported by MRC of Canada.

341.14 COMBINED ELECTROPHYSIOLOGICAL AND IMMUNOCYTOCHEMICAL STUDIES OF 
HUMAN HIPPOCAMPUS FROM PATIENTS WITH TEMPORAL LOBE EPILEPSY.
K.R. E rick so n * , M .J. K e lly , K.D. L axer* , T .J .  Rosenbaum*, and 
O.K. R onnekleiv (SPON: O.S.M. M arin ). D ept. o f  P h ysio logy , 
Oregon H ea lth  S c ie n ces  U n iv e r s ity , and N europhysiology 
L a b o ra to ry , Good S am aritan  H o sp ita l ,  P o r tla n d , OR 97201.

The in  v i t r o  s l i c e  te ch n iq u e  has  been a p p lie d  to  hippocam pal 
t i s s u e  in  many s p e c ie s ,  b u t no re p o r te d  s tu d ie s  have focused  
s p e c i f i c a l ly  on human hippocampus us ing  combined e le c tro p h y s io -  
lo g i c a l  and immunocytochemical te c h n iq u e s . In  t h i s  s tu d y , human 
hippocampus was o b ta in ed  from p a t ie n t s  undergoing tem poral 
lobectom y fo r  c o n tro l  o f  r e f r a c to r y  p a r t i a l  complex s e iz u r e s .  
The a n t e r io r  1 .5 -2 .0  cm o f  hippocampus was removed fo r  s e iz u re  
c o n t r o l .  P a r t  o f  t h i s  t i s s u e  was im m ediately p la ced  in to  c o ld , 
oxygenated  a r t i f i c i a l  c e re b ro sp in a l f lu i d  (ACSF) and 450 
μm -th ick  t r a n s v e rs e  s l i c e s  were made through  th e  hippocam pus. 
Sane s l i c e s  were im m ediately f ix e d  in  4% paraform aldehyde 
(phosphate b u ffe re d  to  pH 7 .4 ) .  10 μm c r y o s ta t  s e c t io n s  were 
made, and th e  s e c t io n s  were p ro cessed  im munocytochemically u sing  
th e  a v id in - b io t in  m ethod. Prim ary  a n t i s e r a  to  th e  fo llow ing  
su b stan ce s  were used a t  a  1:1500 to  2000 d i lu t io n :  su b stan ce  P , 
n eu ro p ep tid e  Y, s o m a to s ta tin , s e ro to n in ,  dynorph in , en k e p h a lin , 
and VIP. O ther hippocam pal s l i c e s  were t r a n s p o r te d  in  ACSF to  
th e  re c o rd in g  chamber and m a in ta ined  fo r  10 h r s  w h ile  
e le c tro p h y s io lo g ic a l  s tu d ie s  were c a r r ie d  o u t .  E le c tro p h y s io -  
lo g ic a l  re c o rd in g s  were made in  th e  CA3 and CA1 c e l l  la y e r  w ith  
s t im u la t io n  o f  th e  d e n ta te  fo r  o rthodrom ic  a c t iv a t io n  and th e  
a lv e u s /f im b r ia  f o r  an tid ro m ic  a c t iv a t io n  o f  pyram idal neu rons . 
Upon lo c a t in g  v ia b le  c e l l s ,  n o rep in ep h rin e  (NE), a c e ty lc h o lin e  
(Ach) and s e ro to n in  were a p p lie d  in  nanodrop q u a n t i t i e s  v ia  
m ic ro p ip e t te s .  Robust in t r a c e l lu l a r  a c t i v i t y  was reco rd ed  in  
th e  pyram idal c e l l  la y e r  up to  10 h r s  fo llo w in g  s u rg ic a l  
rem oval. C e l ls  showed spontaneous a c t i v i t y  ran g in g  from 3-15 
Hz, and were a n t id ro m ic a lly  d r iv e n  by a lv eu s  s t im u la t io n .  Ach 
d e p o la r iz e d  and in c re a se d  th e  f i r i n g  frequency  in  s e v e ra l  c e l l s ,  
and NE m ostly  in h ib i te d  c e l l  f i r i n g .  Immunocytochemical 
s ta in in g  re v e a le d  in te n s e  la b e lin g  o f  c e l l  b o d ie s  and f ib e r s  fo r  
su b stan ce  P , s o m a to s ta tin , and n eu ro p ep tid e  Y. A h igh  
c o n c e n tra t io n  o f  d y n o rp h in -p o s it iv e  f ib e r s  were observed  in  th e  
CA3 c e l l  l a y e r ,  and la rg e  c a l ib e r  en k ep h a lin  f ib e r s  were 
observed  in  th e  d e n ta te  c e l l  la y e r .  Both CA1 and CA3 neurons 
appeared  to  be h e a v ily  in n e rv a te d  by s e ro to n in  f i b e r s .  These 
s tu d ie s  in d ic a te  t h a t  combined e le c tro p h y s io lo g ic a l  and 
immunocytochemical s tu d ie s  a re  p o s s ib le  on hu man p a th o lo g ic a l  
t i s s u e ,  and such s tu d ie s  shou ld  y ie ld  some in fo rm a tio n  on th e  
b a s ic  c e l l u l a r  p a th ophysio logy  u n d erly in g  e p ile p s y .(S u p p o r te d  by 
NIH g ra n t s :  HD 19905 to  MJK; HD 16793 to  OKR; AG 05354 to  KRE)

341.15 LOCAL CIRCUIT INTERACTIONS BETWEEN ORIENS/ALVEUS INTERNEURONS AND CA1 
CELLS: PAIRED INTRACELLULAR RECORDINGS AND ELECTRON MICROSCOPY. J.-C. 
Lacaille, D.D. Kunkel,* P.A. Schwartzkroin. Dept. Neurological Surgery. Univ. 
of Wash., S eattle . WA 98195.

To fu rther determine the ro le of interneurons in the CA1 region of hip
pocampus, we examined the synaptic in teractions between oriens/alveus 
(O/A) interneurons and neurons in stratum pyramidale of hippocampal slices 
of guinea pigs, f ir s t ,  with simultaneous in trace llu la r recordings from O/A 
interneurons and CA1 cells, and second, with electron  microscopy of HRP- 
injected O/A interneurons.

(1) Electrophysiology: Tests for synaptic in teractions were performed in 
53 pairs of ce lls  (O/A interneurons: RMP -57 ± 14 mV; spike amplitude 58 ± 
11 mV). In 29 of 45 pairs (64%) of O/A interneuron-CA1 pyramidal ce lls  
tested , EPSPs were seen in  O/A interneurons immediately following depo
larization-induced action potentia ls in CA1 pyramidal ce lls  (unitary EPSP 
mean amplitude 2.16 ± .95mV; mean peak latency 3.83 ± .92 ms; p (failure) 
0.34). In 10 of these 29 pairs, EPSPs were sometimes la rge enough to f ire  
action  po tentia ls in the interneurons (mean latency from pyramidal ce ll 
spike to  A/O spike 3.79 ± 1.24 ms).

Stimulation of A/O interneurons produced fewer synaptic in teractions in 
pyramidale neurons. In 3 of 42 O/A interneuron-CA1 pyramidal ce ll pairs, 
small amplitude inhib itory  postsynaptic poten tia ls  (IPSPs) were seen in 
pyramidal ce lls  during  depolarization-induced firin g  of O/A interneurons. 
These IPSPs were su ffic ien t to  inh ib it CA1 action po tentia ls normally 
evoked by rheobasic cu rren t injection. In 1 of 6 pairs of O/A interneuron- 
s tr . pyramidale interneurons tested , IPSPs were also observed in the pyra
midale interneuron during a burst of action po tentia ls in O/A interneurons. 
In one O/A interneuron-CA1 pyramidal ce ll pair, reciprocal in teractions 
were found. Stimulation of the pyramidal ce ll produced EPSPs in the 
interneuron, and stim ulation of the i nterneuron produced an IPSP in the 
pyramidal cell.

(2) Electron microscopy: Following HRP in jection  (positive current 
pulses: 3-5 nA, 20 msec, 33 Hz, for 2-10 min.). 4 O/A interneurons with well- 
f il le d  processes were recovered and processed for EM. HRP-filled fusiform 
somata and dendritic  processes were oriented p ara lle l to  the alveus a t  the 
O/A border. The axon le f t  the soma, coursed para lle l to  the alveus, then 
turned and descended toward s tr . pyramidale. HRP-filled symmetric synaptic 
contacts were seen on pyramidal dendrites in  stratum oriens and radiatum, 
as well as on pyramidal ce ll somata. Similar HRP-filled symmetric contacts 
were made on non-pyramidal ce ll dendrites in  s tr . oriens.

These electrophysiological and anatomical resu lts  suggest th a t O/A in 
terneurons are d irec tly  excited  by CA1 cells, and, in turn, inh ib it these 
ce lls . Thus, they may mediate feedforward and feedback inhibition of CA1 
cells.

Supported by NIH, NINCDS gran t NS 18895 and by NSERC of Canada.

341.16 NEW CONNECTIONS OF THE SUBFORNICAL ORGAN OF THE RAT: PROJECTIONS 
TO THE AMYGDALA, CORTEX AND THALAMUS. M.L. Weiss and R.R. 
M is e l i s . D epts. o f  B io logy, Animal B iology and th e  I n s t i t u t e  o f  
N eu ro lo g ica l S c ie n ces , U n iv e rs ity  o f  P ennsy lvan ia , P h ila d e lp h ia , 
PA 19104-6045.

The s u b fo rn ic a l  organ (SFO) m ed ia tes th e  d rin k in g , v a so p re ss in  
and p re s s o r  resp o n ses  to  p e r ip h e ra l ly  a d m in is te red  a n g io te n s in  
I I .  The neu roana tom ical s u b s t r a te  which su b se rv es  th e se  
resp o n ses  has been d e sc r ib e d  p re v io u s ly  (M ise lis  e t  a l . ,  ’79; 
M is e lis ,  ’ 82 ). We sought to  confirm  and ex tend  p rev io u s  
d e s c r ip t io n s  o f  a d d i t io n a l  p ro je c t io n s  o f  th e  SFO (W eiss and 
M is e lis ,  ’84; Lind and Swanson, ' 85) u s in g  new and s e n s i t i v e  
t r a c e r s  c h o le ra  to x in  con ju g a ted  to  HRP (CT-HRP) and F lu o ro -g o ld . 
I n je c t io n s  o f  CT-HRP in to  th e  SFO produced a l l  o f  th e  known 
e f f e r e n t  co n n e c tio n s  o f  th e  SFO: th e  m agn o ce llu la r n u c le i  o f  th e  
hypothalam us ( in c lu d in g  th e  a c cesso ry  a r e a s ) ,  p a rv o c e l lu la r  
su b n u c le i o f  th e  p a r a v e n tr ic u la r  n u c leu s , nucleus  medianus (NM), 
organum vasculosum  o f  th e  lam ina te rm in a l is ,  bed n ucleus  o f  th e  
s t r i a  te rm in a l is  (m edial o r  p a r a s t r i a l  and l a t e r a l  s u b d iv is io n s ) , 
s p e c i f i c  re g io n s  o f  th e  l a t e r a l  hypothalam us (LH) and th e  m edial 
and l a t e r a l  p re o p t ic  a re a s  (MPO/LPO), a n te ro v e n tra l  
p e r iv e n t r i c u la r  nuc leus  (AVPV), p a r a v e n tr ic u la r  n ucleus  o f  th e  
tha lam us, s u b s ta n t ia  innom inata, zona in c e r ta  and su p rach ia sm a tic  
n u c leu s . In  a d d i t io n ,  we saw p ro je c t io n s  in to  th e  in f ra l im b ic  
c o r te x  (ILC ), th e  c e n tr a l  m edial tha lam us, and th e  c e n tr a l  and 
m edial n u c le i  o f  th e  am ygdala. A few f ib e r s  were d e te c te d  in  th e  
a rc u a te  nuc leus  and th e  median emminence. S ev era l o f  th e se  
p ro je c t io n s  were confirm ed by in j e c t io n s  o f  e i t h e r  CT-HRP o r 
F lu o ro -g o ld  in to  t h e i r  r e s p e c t iv e  te rm in a l a re a s .  A ffe re n ts  to  
SFO were found in  th e  d o rs a l m edial hypothalam ic n u c leu s , l a t e r a l  
p a ra b ra c h ia l  n u c leu s , NM, AVPV, LH, MPO, p e r iv e n tr ic u la r  s tra tu m , 
d o rs a l and m edial raphe n u c le i  and m edial septum . Newly 
d e s c r ib e d  a f f e r e n t s  were found in  th e  ILC, locus  co e ru leu s  and 
th e  tu b e ra l  s u p ra o p tic  n u c leu s . These f in d in g s  su g g es t th a t  th e  
SFO i s  in t im a te ly  connected  w ith  a  s e t  o f  s t r u c tu r e s  which 
m odulate e n d o c rin e , autonom ic and b e h a v io ra l a s p e c ts  o f  
h o m eo stas is . S upported  by GM 27739 and MH 15092.
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341.17 SEPTAL PROJECTIONS TO ACCESSORY MAGNOCELLULAR NEURONS OF THE PRE
OPTIC-HYPOTHALAMIC REGION. D .A .S co tt* , M.L.Weiss and R .R .M ise lis . 
(SPON: R .O .D av ies). D epts o f  B io logy , Animal B iology and I n s t i t u t e  
o f  N eu ro lo g ica l S c ie n ces , Univ. o f  P en n ., P h i l a . , PA 19104.

The r o le  o f  th e  septum in  f l u i d  b a lan ce  has been u n c le a r . P as t 
le s io n  s tu d ie s  im p lic a te d  i t  as  a so u rce  o f  in h ib i t i o n  to  t h i r s t  o r  
a  f a c i l i t a t o r  o f  a n t id iu r e s i s .  These s tu d ie s  were done w ith o u t 
knowledge o f  th e  n e u ra l c i r c u i t r y  em anating from th e  s u b fo rn ic a l 
o rgan , n u c leu s  m edianus o r  th e  organum vasculosum  which l i e  in  th e  
lam ina te rm in a l is  j u s t  beh ind  th e  s e p ta l  n u c le i .  T h e re fo re , i t  i s  
n o t c e r t a in  w hether th e  r e s u l t s  were due to  in a d v e r te n t damage to  
s t r u c tu r e s  o f  th e  lam ina te rm in a l is  o r  th e  s e p ta l  n u c le i  (Eng and 
M is e l is ,  ' 81 ). With th e  u se  o f  t r i t i a t e d  amino a c id s  and h o rse 
ra d is h  p e ro x id ase  (HRP) i t  had been found th a t  th e  septum d id  no t 
p ro je c t  d i r e c t l y  in to  th e  c l a s s i c a l  m a g n o ce llu la r [ s u p ra o p tic  (SON) 
and p a r a v e n tr ic u la r  (PVN)] n u c le i  o f  th e  hypothalam us in d ic a t in g  
th a t  th e  septum ’s in f lu e n c e  on v a s o p re ss in  s e c r e t io n  would have to  
be m u l tis y n a p t ic . However, th e  SFO had been found to  have th e  most 
prom inent p ro je c t io n s  to  th e  SON and PVN a s  w e ll as  to  a l l  th e  
ac ce sso ry  m a g n o ce llu la r (AcM) n u c le i  o f  th e  p reo p tic -h y p o th a lam ic  
reg io n  (M is e lis  e t  a l ,  ’79; M is e lis  ’82) su g g e s tin g  a  more d i r e c t  
in f lu e n c e  on v a s o p re ss in  s e c r e t io n  compared to  th e  septum . In th e  
c u r re n t  s tu d y  we reexam ined th e  s e p ta l  p ro je c t io n s  to  th e  p r e o p t ic -  
hypo tha lam ic reg io n  u s in g  wheat germ a g g lu t in in  o r  c h o le ra  to x in  
(CT) co n ju g a ted  to  HRP w ith  p a r t i c u l a r  a t t e n t io n  to  th e  appa ren t 
te rm in a l f i e ld s  ov er th e  AcM n u c le i .  We f in d  th a t  th e  septum 
p r o je c ts  h e a v ily  in to  th e  v i c in i t y  o f  th e  SON and PVN such th a t  i t  
o u t l in e s  th e  b o u n d aries  o f  th e s e  n u c le i  w ith o u t e n te r in g  them 
(O ld f ie ld  and S ilverm an , ’85 ). However, th e r e  was s ig n i f i c a n t  
ap p a re n t te rm in a l f i e l d  la b e l l in g  o v e r ly in g  th e  AcM n u c le i  th a t  was 
in d e p en d en tly  i d e n t i f i e d  by CT-HRP in j e c t io n s  in to  th e  p o s te r io r  
p i t u i t a r y .  These in c lu d ed  th e  fo llo w in g  AcM a re a s : nuc leus  o f  th e  
a n t e r io r  com m issure, n u c leu s  c i r c u l a r i s ,  p o s te r io r  f o r n ic a l  nucleus 
and th e  nu c leu s  o f  th e  m edial fo re b ra in  bund le (P e te rso n , ’66). 
There were a d d i t io n a l  m ag n o ce llu la r n eu ro n a l c o l le c t io n s  p ro je c t in g  
to  th e  p o s te r io r  p i t u i t a r y  g land  which were in  r e s t r i c t e d  p a r t s  o f 
th e  p e r iv e n t r i c u la r  s tra tu m  (K elly  and Swanson, ’80) th a t  a ls o  had 
ap p a re n t te rm in a l f i e l d  la b e l l in g  o r ig in a t in g  from s e p ta l  in je c 
t i o n s .  Our f in d in g s  su g g es t th a t  s e p ta l  p ro je c t io n s  may have 
d i r e c t  c o n ta c t w ith  th e  c e l l s  o f  th e  AcM a re a s ; and, th e r e fo r e ,  may 
d i r e c t l y  a f f e c t  v a s o p re s s in  s e c r e t io n .  Double la b e l l in g  s tu d ie s  
a r e  underway to  p ro v id e  d e f i n i t i v e  c o n firm a tio n . The d i s t r i b u t io n  
o f  AcM neurons l a b e l l e d  by p o s te r io r  p i t u i t a r y  in j e c t io n s  o f  CT-HRP 
su g g e s ts  th a t  many o f  th e  SFO’s p ro je c t io n s  to  th e  p r e o p t ic -  
hypo tha lam ic  re g io n  may be to  AcM neurons fo r  th e  pu rposes o f  
m odula ting  p o s te r io r  p i t u i t a r y  s e c r e t io n s  r a th e r  than  a f f e c t in g  
o th e r  fu n c t io n s  o f te n  a s s o c ia te d  w ith  th e s e  s p e c i f i c  a re a s . 
Supported  by NIH g ra n t GM 27739.

341 18 ANATOMICAL EVIDENCE FOR OLFACTORY INPUT TO THE SUPRAOPTIC NUCLEUS 
OF THE RAT: AN ANTEROGRADE STUDY EMPLOYING THE LECTIN PHASEOLUS 
VULGARIS LEUCOAGGLUTININ (PHA-L). D .E . H o l lo w e ll* , K.G. S m ith so n * 
a nd G. I . H a tto n  (SPON: G .R ichm ond). N e u ro s c ie n c e  Program  & 
D ep artm en t o f  P h y s io lo g y ,  C o lle g e  o f  O s te o p a th ic  M e d ic in e , 
M ich ig an  S t a t e  U n iv e r s i ty ,  E. L a n s in g , MI 48824.

T e rm in a l d e g e n e r a t io n  h a s  been  se en  l a t e r a l  to  th e  more v e n t r a l  
and c a u d a l  p o r t i o n s  o f  th e  s u p r a o p t ic  n u c le u s  (SON) f o l lo w in g  
l e s i o n in g  o f  th e  r a t  m ain o l f a c t o r y  b u lb  (R .C . S w itz e r  & L. 
H eim er, u n p u b l is h e d ) .  I t  h a s  been  s u g g e s te d  t h a t  b o th  
o s m o re g u la t io n  and m a te rn a l  b e h a v io r  may be in f lu e n c e d  in  p a r t  by 
o l f a c t o r y  b u lb  in p u t  to  th e  h y p o th a la m u s . T h e r e f o r e ,  one m igh t 
e x p e c t  to  f in d  in p u ts  from  th e  o l f a c t o r y  b u lb  to  c e l l s  t h a t  
s y n th e s i z e  and r e l e a s e  v a s o p r e s s in  and o x y to c in ,  b o th  o f  w hich  a r e  
p ro d u ce d  by c e l l s  w i th in  th e  SON. We have  i n v e s t i g a t e d  t h i s  
p ro p o se d  c o n n e c t io n  by i n j e c t i o n  o f  th e  a n te r o g r a d e ly  t r a n s p o r t e d  
l e c t i n ,  P h a s e o lu s  v u l g a r i s  l e u c o a g g lu t in in  (PHA-L; B ra in  R e s . ,  
2 9 0 : 219 , 1984) i n to  th e  m ain o l f a c t o r y  b u lb .

D i s c r e t e  i o n to p h o r e t i c  i n j e c t i o n s  o f  PHA-L w ere s t e r e o t a x i c a l l y  
p la c e d  i n to  th e  m ain o l f a c t o r y  b u lb .  The a n im a ls  w ere a llo w e d  to  
s u r v iv e  f o r  7 -1 4  d ay s  a f t e r  w hich  t h e i r  b r a in s  w ere f ix e d  by 
t r a n s c a r d i a l  p e r f u s io n ,  embedded in  p o ly e th y le n e  g ly c o l ,  and 
s e c t io n e d  a t  15-25  um. The p re s e n c e  o f  th e  l e c t i n  was d e te c t e d  
im m u n o cy to ch em ica lly  w i th  an  a v i d i n - b i o t i n y l a t e d  p e ro x id a s e  
p r o c e d u r e .

S ta in e d  f i b e r s  in  t h e  a r e a  o f  SON w ere m ost o f te n  se en  p a s s in g  
l a t e r a l l y  to  th e  n u c le u s  a s  th e y  c o n tin u e d  to  more p o s t e r i o r  
s t r u c t u r e s ,  p o s s ib l y  c o u r s in g  in  th e  m edian f o r e b r a in  b u n d le .
Many o f  t h e s e  f i b e r s  g ave  r i s e  to  c o l l a t e r a l  b ra n c h e s  whose 
p u t a t i v e  t e r m in a l s  ended  a lo n g  th e  l a t e r a l  and more p o s t e r i o r  
m arg in  o f  th e  SON. A d d i t io n a l ly ,  a  s m a l le r  p e rc e n ta g e  o f  t e r m in a l  
p r o f i l e s  w ere a l s o  o b se rv e d  w i th in  t h e  n u c le u s  i t s e l f .  P u t a t i v e  
t e r m in a l s  w ere a l s o  o b s e rv e d  in  th e  t u b e r a l  p o r t i o n  o f  SON.

T hese  r e s u l t s  c o n firm  o b s e r v a t io n s  s e e n  w i th  t e r m in a l  
d e g e n e r a t io n  s t u d i e s .  A d d i t io n a l ly ,  th e y  p ro v id e  new in fo r m a t io n  
by d e m o n s t ra t in g  a d i r e c t  c o n n e c t io n  be tw een  th e  m ain o l f a c t o r y  
b u lb  and  th e  s u p r a o p t ic  n u c le u s .  F u r th e r  e v id e n c e  f o r  t h i s  
c o n n e c t io n  i s  p ro v id e d  by d a ta  o b ta in e d  from  an 
e l e c t r o p h y s i o lo g i c a l  i n v e s t i g a t i o n  o f  t h i s  pathw ay ( s e e  D o u g h erty  
e t  a l . a b s t r a c t ) .  S u p p o rte d  by NIH g r a n t s  NS16942 & NS01940 and 
by a  f e l l o w s h ip  from  th e  M ed ica l S c i e n t i s t  T r a in in g  Program  to  
KGS.

341.19 EVIDENCE FOR ZONA INCERTA/PERIFORNICAL PROJECTIONS TO THE 
SUPRAOPTIC AND PARAVENTRICULAR NUCLEI OF RAT HYPOTHALAMUS. K.G. 
Sm ithson* and G .I .H a tto n  (SPON: L .I .  O 'K elly ) N euroscience 
Program & Dept o f P hysio logy , C o llege  o f O steo p a th ic  M edicine, 
M ichigan S ta te  U n iv e rs ity , E. L ansing , MI 48824.

R ecent re se a rc h  has le d  to  th e  su g g es tio n  th a t  lo c a l neuronal 
c i r c u i t s  connect th e  hypothalam ic p a r a v e n tr ic u la r  (PVN) and 
s u p ra o p tic  (SON) n u c le i  to  a d ja c e n t b ra in  a r e a s .  Support f o r  t h i s  
h y p o th e s is  i s  p rov ided  by th e  p resen ce  o f neurons which send axon 
c o l l a t e r a l s  to  te rm in a te  w ith in  nearby  a r e a s .  Furtherm ore 
r e c ip ro c a l  p ro je c t io n s  between PVN neurons and neurons of th e  
p e r i f o rn i c a l  reg io n  (B rain  Res. B u l l . ,  14: 123, 1985) as  w ell as 
between th e  SON and th e  l a t e r a l  hypothalam us (N e u ro sc i., 11: 169, 
1984) have been d em onstra ted .

E f fe re n t  p ro je c t io n s  of c e l l s  from a re a s  t h a t  re c e iv e  axon 
c o l l a t e r a l s  from PVN neurons were s tu d ie d  u s in g  th e  a n te ro g ra d e ly  
t r a n s p o r te d  l e c t i n ,  P haseo lus v u lg a r is  le u c o a g g lu t in in  (PHA-L) 
e s s e n t i a l l y  acco rd in g  to  th e  te ch n iq u e  of G erfen and Sawchenko 
(B rain  R e s .,  290: 219, 1984). D is c re te  io n to p h o re tic  in je c t io n s  
o f PHA-L were s te r e o ta x ic a l l y  p laced  in  an a re a  im m ediately  
p o s te r io r  to  th e  PVN, d o rs a l to  th e  f o rn ix ,  and which in c luded  
an te ro m ed ia l p o r tio n s  o f th e  zona i n c e r ta .

Two prom inent s e t s  o f la b e le d  f ib e r s  o r ig in a te d  from th e se  
in j e c t io n  s i t e s .  The most prom inent pathway tr a v e le d  a n t e r io r ly  
from th e  in j e c t io n  s i t e ,  ta k in g  a  co u rse  m edial and v e n t r a l  to  th e  
fo rn ix .  As t h i s  group o f f ib e r s  approached th e  base o f th e  b ra in  
i t  tu rn e d  l a t e r a l l y  ap p e arin g  to  jo in  th e  m edial fo re b ra in  bund le . 
Throughout th e  co u rse  o f t h i s  pathway many te rm in a l p r o f i l e s  were 
ob serv ed . Of p a r t i c u l a r  i n t e r e s t ,  w ith  r e s p e c t  to  th e  
m a g n o ce llu la r n eu roendoc rine  system , was a dense p lexus  of 
te rm in a l p r o f i l e s  seen  to  d e c o ra te  th e  l a t e r a l  b o rd e rs  o f PVN and 
l a t e r a l  and m edial b o rd e rs  o f SON. A sm all p e rce n tag e  o f th e se  
te rm in a ls  were found w ith in  each m a g n o ce llu la r n u c leu s . The 
second group o f f ib e r s  ran  a n t e r io r ly  from th e  in j e c t io n  s i t e ,  b u t 
p assed  l a t e r a l  and v e n t r a l  to  th e  fo rn ix  to  jo in  th e  m edial 
f o r e b ra i n bund le . T h is group o f f ib e r s  a l s o  appeared  to  
c o n t r ib u te  to  th e  te rm in a l p r o f i l e s  su rro u n d in g  SON l a t e r a l l y .

These o b se rv a t io n s  p ro v id e  a d d i t io n a l  ev idence  fo r  th e  
e x is te n c e  o f lo c a l  c i r c u i t s  in v o lv in g  th e  p e r i f o rn i c a l  reg io n  and 
th e  PVN. I t  ap p ears  th a t  SON may a l s o  p a r t i c i p a t e  in  t h i s  c i r c u i t ,  
how ever, a r e c ip ro c a l  p ro je c t io n  from SON to  th e  p e r i f o rn i c a l  
reg io n  rem ains to  be d e s c r ib e d . S upported  by NIH g ra n ts  16942 ft 
09140 and by a  fe l lo w sh ip  from th e  M edical S c ie n t i s t  T ra in in g  
Program to  KGS.

341.20 SYNAPTICALLY MEDIATED RESPONSES RECORDED INTRACELLULARLY IN RAT 
SUPRAOPTIC NUCLEUS INDUCED BY LATERAL OLFACTORY TRACT STIMULATION. 
P .J .  D ougherty*, Q.Z. Yang and G .I . H atton (SPON: J .  Zacks). 
N euroscience Program, M ichigan S ta te  U n iv e rs ity , E ast L ansing , 
MI 48824

Lesion  o f th e  main o lf a c to ry  bulb in  r a t  r e s u l t s  in  te rm in a l de
g e n e ra tio n  l a t e r a l  to  th e  more v e n t r a l  and p o s te r io r  p o r tio n s  of 
th e  su p ra o p tic  nucleus  SON (R.C. S w itze r & L. Heimer, u n p u b lish e d ). 
A nterograde tr a n s p o r t  o f l e c t i n  in je c te d  in to  th e  main bu lb  have 
confirm ed and extended th i s  f in d in g  (see  H ollow ell e t  a l .  a b s t r . ) .  
There have been su g g es tio n s  in  th e  lo r e  and l i t e r a t u r e  over th e  
y ea rs  th a t  th e  o lf a c to ry  system  may p lay  ro le s  in  bo th  w ate r b a l
ance and m a te rn a l b eh a v io r. Thus, in p u ts  from th i s  system  to  th e  
c e l l s  th a t  sy n th e s iz e  and re le a s e  v a s o p re s s in  and o x y toc in  m ight 
have been ex p ec ted . We e le c tro p h y s io lo g ic a l ly  in v e s t ig a te d  th i s  
d i r e c t  i p s i l a t e r a l  p ro je c t io n  from th e  bu lb  to  th e  SON reg io n  u sing  
b ra in  s l i c e s .  H o riz o n ta lly  cu t 500 μm th ic k  s l i c e s  inc lu d ed  th e  
b a s a l hypothalam us and v e n t r a l  c o r te x  ex tend ing  s e v e ra l m illim e te rs  
a n t e r io r  to  th e  o p t ic  chiasm . T ra n s illu m in a tio n  o f such s l i c e s  
c l e a r ly  re v e a ls  th e  compact l a t e r a l  o lf a c to ry  t r a c t  (LOT) co u rs ing  
p o s te r io r ly  as w e ll as th e  f u l l  e x te n t o f th e  SON. One b ip o la r  
s t im u la t in g  e le c tro d e  was p laced  in  th e  LOT about 2 mm a n te r io r  to  
th e  SON; a second one was p laced  away from th e  LOT, e q u id is ta n t  
from th e  SON as  a c u r re n t sp read  c o n t ro l .  SON neurons were im paled 
w ith  0 .25  M LiA cetate/5%  L u c ife r  Y e llo w -f i l le d  (LY) e le c tro d e s  and 
p o s ts y n a p tic  responses  to  e x t r a c e l lu la r  e l e c t r i c a l  s t im u la t io n  
(25-150 μA, 0 .1  ms) were reco rd e d . S ynap tic  resp o n ses  from a t o t a l  
o f 27 c e l l s  were s tu d ie d  in  s l i c e s  from 24 r a t s  (8 each: l a c ta t in g ,  
v i r g in  fem ales and u n tre a te d  m a le s ) . LOT s tim u la t io n  evoked sh o rt 
la te n c y  (1-2  ms) e x c i ta to ry  and in h ib i to ry  s y n a p tic  responses  in  
SON n eu rons . In  1 neuron from a l a c ta t in g  and in  2 from v irg in  
r a t s ,  IPSPs were evoked. One o f th e se  c e l l s  f i r e d  a c t io n  po ten
t i a l s  (APs) w ith  a 35-40 ms la te n c y  a f t e r  evoked IPSPs. The m ajor
i t y  of resp o n ses  were e x c i ta to r y ,  c o n s is t in g  o f :  APs fo llo w in g  each 
s tim u la t io n  (@ 50 b u t n o t 100 Hz); t r a in s  o f APs a f t e r  s in g le  s tim 
u la t io n s ;  only  one EPSP p e r s tim u la t io n ;  o r EPSPs le ad in g  to  APs 
w ith  in c re a se d  c u r r e n t .  LY in je c t io n s  rev ea led  th a t  s in g le  as w ell 
as dye coupled neurons in  a l l  groups were among th e  c e l l s  s y n a p ti
c a l ly  in f lu en ced  by s tim u la t io n  o f th i s  pathway. In  no ca se  d id  
s tim u la t io n  v ia  th e  c o n tro l e le c tro d e  r e s u l t  in  re sp o n se s . I d e n t i 
f i c a t i o n  o f th e  p e p tid e  co n te n ts  o f th e  L Y -in jec ted  c e l l s  has n o t 
y e t  been done. These r e s u l t s  su p p o rt th e  e x is te n c e  o f a mono- o r 
d is y n a p t ic  (o r bo th ) o lf a c to ry  in p u t to  th e  SON. Supported by NIH 
g ra n t NS16942
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341.21 DIRECT EVIDENCE FOR ELECTRICAL COUPLING AMONG RAT SUPRAOPTIC 
NUCLEUS NEURONS. G .I . H atton  and Q.Z. Yang. N euroscience Program, 
M ichigan S ta te  U n iv e rs ity , E ast L ansing , MI 48824

T ra n sfe r  o f th e  f lu o re s c e n t  dye, L u c ife r  Yellow (LY), from one 
in t r a c e l l u l a r l y  in je c te d  neuron to  a n o th e r has been used as in d i 
r e c t  ev idence  fo r  th e  e x is te n c e  o f  e l e c t r o to n ic  in t e r a c t io n s  
between such dye coupled c e l l s  in  a number o f b ra in  a r e a s .  D ire c t 
ev idence fo r  e l e c t r i c a l  co up ling  o b ta in ed  by re co rd in g  from two 
coupled c e l l s  a t  once has been gained  fo r  hippocam pal neu ro n s , b u t 
n o t fo r  hypothalam ic m ag n o ce llu la r neu roendocrine  c e l l s  (MNCs). 
Reasons fo r  t h i s  a re  th a t  q u a l i ty  im palem ents a re  d i f f i c u l t  to  
m a in ta in  and th a t  MNCs a re  o f te n  coupled v ia  d i s t a l  d e n d r i te s  w ith  
c e l l  b od ie s  100-200 μm a p a r t .  S ince i n t e r p r e ta t io n s  o f th e  func
t i o n a l  s ig n if i c a n c e  o f dye co u p lin g  depend upon i t s  f a i t h f u l l y  
r e p re s e n t in g  e l e c t r i c a l  c o u p lin g , we a ttem p ted  to  o b ta in  d i r e c t  
ev idence  fo r  e l e c t r o to n ic  in t e r a c t io n s  among MNCs. C oronally  cu t 
s l i c e s  o f male r a t  hypothalam us were p repared  as  in  our p rev ious  
s tu d ie s .  P a ir s  o f SON MNCs were im paled u s in g  m ic ro e le c tro d e s  
f i l l e d  e i t h e r  w ith  3M KAcetate o r 5% LY-.25M L iA c e ta te . Taken as 
ev idence  fo r  e l e c t r i c a l  co up ling  w ere: membrane d e p o la r iz a t io n s  
in  one c e l l  th a t  were synchron ized  w ith  spon taneously  o cc u rr in g  
a c t io n  p o te n t ia l s  in  th e  o th e r  c e l l ;  synchronous changes in  th e  two 
membrane p o te n t ia l s  w ith  c u r re n t in j e c t io n ;  and a b i l i t y  to  evoke 
a c t io n  p o te n t ia l s  in  bo th  neurons w ith  c u r re n t in j e c t io n  in  one. 
F ive d u a l im palem ents produced p a i r s  o f e l e c t r i c a l l y  coupled c e l l s .  
In  each ca se  th a t  th e re  was ev idence fo r  e l e c t r i c a l  c o u p lin g , dye 
co up ling  r e s u l te d  from LY in j e c t io n  v ia  one o f th e  e le c t ro d e s .  A ll 
c e l l s  were d e n d ro d e n d r i t ic a lly  coup led . That th e  two e le c tro d e s  
were n o t in  th e  same neuron was ev id e n t s in c e  membrane resp o n ses  
between coupled c e l l s  were never sym m etrica l, c u r re n t in je c t io n s  in  
c e l l  A o f a p a i r  could  evoke a c t io n  p o te n t ia l s  in  c e l l  B, b u t n o t 
v ic e  v e r s a ,  and in t e r e l e c t r o d e  d is ta n c e s  were always too  g re a t to  
a llow  b o th  e le c tro d e s  to  im pale one c e l l .  C a p a c ita tiv e  coup ling  
between th e  e le c tro d e s  was ru le d  o u t by th e  fo llo w in g  o b s e rv a t io n s : 
c e l l s  in  th e  same t i s s u e  p e n e tra t io n  as th e  coupled c e l l  showed no 
resp o n ses  to  membrane v o lta g e  changes in  th e  prim ary  c e l l ;  no r e 
sponses were seen  when th e  second e le c tro d e  was p laced  e x t r a c e l l 
u la r ly  o r  in  th e  medium; and s im i la r  co u p lin g  p o te n t ia ls  were a lso  
seen  when one c e l l  was reco rded  w ith o u t a second e le c tro d e  p re s e n t .  
These r e s u l t s  in d ic a te  th a t  e l e c t r i c a l  cou p lin g  e x i s t s  among MNCs 
in  b ra in  s l i c e s  and th a t  i t  i s  r e f l e c te d  in  dye co u p lin g .
Supported by NIH g ra n t NS16942.
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342.1 ASTROGLIA INDUCES CHANGES IN TIGHT JUNCTIONS OF CEREBRAL ENDO
THELIUM IN VITRO. J .-H . Tao-Cheng, Z. Nagy* and M.W.Brightman*. 
Lab. o f Neurobiology,NINCDS,NIH,Bethesda.MD 20892.

Does th e  a s t r o c y te ,  th e  n e a re s t  n e ighbo r o f  th e  c e re b ra l  c a p i l 
l a r y ,  in f lu e n c e  th e  fo rm a tio n  o f t i g h t  ju c t io n s  (TJ) between the  
e n d o th e l ia l  c e l l s ?  C e re b ra l c a p i l l a r i e s  have zo n u la r T J, whose 
s tr a n d s  anastom ose e x te n s iv e ly  w ith o u t f r e e  en d s , and a re  devoid 
o f  gap ju n c t io n s .  C e re b ra l endo thelium  in  c u l tu r e  a ls o  has TJ b u t 
t h e i r  frequency  and e x te n t a re  g r e a t ly  red u ced , e s p e c ia l ly  in  sub
c u l tu r e s .  We have examined more than  20 d i f f e r e n t  su b c u ltu re s  o f 
c e re b ra l  endo thelium  a t  d i f f e r e n t  s ta g e s  from 6 a d u l t  b ee f  b ra in s  
and TJ were in f re q u e n t in  a l l  o f  them. Even though our s u b c u ltu re s  
o f e n d o th e l ia l  c e l l s ,  i d e n t i f ie d  by th e i r  up take  o f fluorochrom e 
la b e le d ,  low d e n s i ty  l i p o p r o te in ,  were h ig h ly  en rich ed  and homo
genous in  c e l l  ty p e , on ly  a sm all p ro p o r tio n  (5 -10%) o f c e l l s  had 
TJ. The TJ u s u a l ly  c o n s is te d  o f s h o r t  segm ents o f anastom osing  
s tr a n d s  w ith  many f r e e  ends . There was u s u a l ly  more th a n  one TJ 
p a tch  in  a membrane; th e se  p a tch es  cou ld  be v e ry  c lo se  to  each 
o th e r  y e t c l e a r ly  s e p a ra te d . Many gap ju n c t io n s  la y  between th e  TJ 
s t r a n d s .  The freq u en cy , le n g th  and com plex ity  o f  th e  TJ u s u a l ly  
in c re a s e d  w ith  tim e ; beyond 15 days in  v i t r o , th e  TJ o c c a s io n a lly  
c o n s is te d  o f a few, v e ry  long  anastom osing  s tr a n d s  e n c lo s in g  many 
gap ju n c t io n s .  However, th e se  TJ were s t i l l  s e p a ra te d  from o th e r  
p a tch es  o f  TJ in  th e  same membrane. To see  i f  a s t r o c y te s  in f lu e n c e  
th e  fo rm a tion  o f  e n d o th e l ia l  T J, we c o -c u l tu te r e d  a s t r o g l i a  w ith  
c e re b ra l  endo thelium . In  9 d i f f e r e n t  endo thelium  s u b c u ltu re s  grown 
w ith  p rim ary  c u l tu r e s  o f a s t r o g l i a  from 2 day o ld  r a t s ,  th e  
f req u en c y , le n g th ,  w id th  and com plex ity  o f th e  TJ were m arkedly 
in c re a s e d . The a re a  o f  gap ju n c t io n  enc lo sed  by th e  TJ s tr a n d s  was 
g r e a t ly  red u ced . S ig n if i c a n t ly ,  th e  TJ formed co n tin u o u s , long  
netw orks r a th e r  th an  s e p a ra te  p a tc h e s . The changes appeared  as  
e a r ly  as  6 days when, in  one s e t ,  th e  average  TJ le n g th  and w id th  
were 3 .7 μ and 0 .7 μ in  th e  c o - c u l tu r e ,  and 1.4 μ and 0 .2 μ in  th e  
c o n t r o l .  These changes a l s o  in c re a s e d  w ith  tim e . In  one 17 day o ld  
c o - c u l tu r e ,  th e  average  TJ le n g th  and w id th  were 7 .7 μ and 2 .3 μ , 
w h ile  th o se  in  th e  c o n t ro l  o f  th e  same age were 4 .8 μ and 0 .5 μ . 
Secondary , e n r ic h e d , a s t r o g l i a l  c u l tu r e s  i nduced s im i la r  changes. 
F ib r o b la s t s ,  smooth m uscle c e l l s  and c o n d itio n e d  medium from 
a s t r o g l i a l  c u l tu r e s  had no e f f e c t  on th e  TJ. A s t ro g lia  d id  n o t 
i nduce TJ fo rm a tio n  in  b ee f pulm onary o r  a o r t i c  endo thelium , o r  in  
human u m b ilic a l endo thelium . In  summary, when c e re b ra l  e n d o th e l ia l  
c e l l s  a re  grown w ith  a s t r o g l i a ,  TJ morphology approaches th a t  o f 
c e re b ra l  c a p i l l a r i e s  in  s i t u . The tre n d  tow ard c o n t in u i ty  o f  th e  
TJ in  c o - c u l tu r e s  i s  what would be expected  o f a b lood  b ra in  
b a r r i e r  s e a l .  F u r th e r ,  gap ju n c t io n s ,  ab sen t from e n d o th e l ia l  
c e l l s  o f  c e re b ra l  c a p i l l a r i e s  in  s i t u , a re  d im in ished  m arkedly in  
number upon th e  a d d i t io n  o f  a s t r o g l i a .  Thus, th e  c e re b ra l  endo
t h e l i a l  TJ in  v i t r o  i s  "n o rm a lized" in  th e  company o f a s t r o g l i a .

342.2 IMMUNOLOGICAL DEFENSE OF THE BRAIN: ROLE OF THE CHOROID PLEXUS. 
James A. N athanson and Linda L.Y. Chun*. Program in  N euroscience, 
Harvard Medical S chool, Department o f  Neurology, M assachusetts  
G eneral H o sp ita l ,  Boston, MA 02114

Because th e  b ra in  la c k s  a tru e  lym phatic system , i t  i s  u n c lea r 
how, du rin g  d is e a se  s t a t e s ,  p e r ip h e ra l lym phocytes i n i t i a l l y  r e 
cogn ize  fo re ig n  an tig e n s  p re s e n t in  th e  CNS. F urtherm ore , because 
th e  b ra in  parenchyma i s  la rg e ly  i s o la te d  from th e  system ic c i r c u 
la t io n  by th e  b lo o d -b ra in  and blood-CSF b a r r i e r s ,  i t  i s  u n c lea r 
how a n tig e n -p re s e n tin g  c e l l s  (p o s s ib ly  m ic ro g lia  and a s tro c y te s )  
p re s e n t in  th e  CNS can i n i t i a l l y  i n t e r a c t  w ith  lym phocytes lo c a ted  
in  th e  p e r ip h e ry .

Foreign  su b stan ce s  p re s e n t in  b ra in  e x t r a c e l lu la r  f lu id  a re  
known to  move by bu lk  flow  in to  th e  CSF, which i t s e l f  p a sse s  
th rough  th e  v e n t r ic u la r  system in to  th e  c i s t e r n a  magna. The p re 
s e n t study  dem onstra tes  th a t  th e  choro id  p lex u ses  may be capab le  
o f  d e te c tin g  fo re ig n  an t ig e n s  p re s e n t in  CSF and communicating 
t h i s  in fo rm atio n  to  th e  p e r ip h e ry . Choroid p lexus  t i s s u e  no t on ly  
c o n ta c ts  CSF in  th e  v e n t r ic l e s  bu t i s  s t r a t e g i c a l ly  p re s e n t a t  the  
narrow v e n t r ic u la r  foram ina th rough which CSF must p a s s . A lso, 
cho ro id  e p i th e l i a l  c e l l s  form an in te r f a c e  between CSF and p e r i 
phery , s in c e  t h e i r  a p ic a l s id e  face s  CSF and th e i r  b a sa l s id e  
fa c e s  f e n e s t ra te d  p e r ip h e ra l c a p i l l a r i e s .

In t h i s  s tu d y , h ig h ly  en rich ed  su spensions  o f  d is s o c ia te d  
B alb /c  mouse choro id  p lexus  ep ith e liu m  were i r r a d ia te d  to  p rev en t 
c e l l  d iv is io n  and c o -c u l tu re d  w ith  a T h e lp e r  c e l l  c lone  (03 , 
L3T4+ , Ly2-) in  th e  absence o r p resence  o f  th e  a n t ig e n , ch icken 
ovalbum in. In th e  p resence  o f  a n t ig e n , cho ro id  e p i th e l i a l  c e l l s  
and T lym phocytes developed numerous a c t iv a te d  c e n te r s ,  a s s o c ia te d  
w ith  a marked in c re a s e  o f  t r i t i a t e d  thymi d i n e  in c o rp o ra tio n , 
in d ic a t iv e  o f  lymphocyte p r o l i f e r a t i o n .  P r o l i f e r a t i o n  was blocked 
by a m onoclonal an tibody  to  I ad , and c e l l  m arkers dem onstrated  
th a t  th e  a c tiv a te d  c e n te r s  con ta ined  lym phocytes and choroid  
e p i t h e l i a l  c e l l s  b u t no m acrophages o r a s t r o g l i a l  c e l l s .  Because 
cho ro id  e p ith e liu m  has access  to  p e r ip h e ra l lym phocytes and i s  
cap ab le  o f  ta k in g  up p ro te in s  and v iru s - s iz e d  p a r t i c l e s  from th e  
CSF, our s tu d ie s  suggest th a t  th e  choro id  p lexus  may be involved 
in  im m unological s u rv e i l la n c e  in  th e  CNS.



1258 BLOOD BRAIN BARRIER II THURSDAY AM

342.3 DIFFERENCES IN STRUCTURE AND TRANSPORT PROCESSES OF CAPILLARY 
SYSTEMS BETWEEN TWO HYPOTHALAMIC NUCLEI IN THE RAT BRAIN 
J . D. F e n s te rm a c h e r , N.M. S p o si to * , S .E . P e t t e r s e n * , and P.M. 
G ro ss . D epartm ent o f N eu ro lo g ica l S urgery , SUNY a t  Stony Brook, 
NY 11974.

The p r in i ci pal fu n c tio n  o f c a p i l l a r y  system s in  most CNS a rea s  
i s  to  d e l iv e r  s u b s t r a te s  such as g lu c o se  and oxygen to  n eu ra l 
t i s s u e .  In  th e  hypothalam us, however, th e  c a p i l l a r y  system s may 
no t only subserve  t h i s  d e l iv e ry  fu n c tio n  b u t a ls o  p a r t i c ip a te  in  
th e  "sen s in g "  o f  b lood-borne  in fo rm a tio n  such as plasma o sm o la lity  
and c i r c u la t in g  le v e ls  o f hormones. A ccord ing ly , we hypo thesized  
th a t  th e  s t r u c tu r a l  and tr a n s p o r t  p ro p e r t ie s  o f c a p i l l a r y  beds 
would no t be th e  same among hypothalam ic n u c le i and te s te d  th i s  
h y p o th e sis  by comparing th e  m orphologica l and p h y s io lo g ic a l 
fe a tu re s  o f  the  c a p i l l a r y  system s o f two hypothalam ic n u c le i ,  th e  
s u p ra o p tic  nucleus (SON) and ven trom ed ia l nucleus  (VMH), and o f 
one non-hypothalam ic s t r u c tu r e ,  th e  i n f e r io r  c o l l i c u lu s  ( IC ) . The 
experim en ts were perform ed on Sprague-Dawley r a t s  u s in g  s e v e ra l 
r a d io a c t iv e  t r a c e r s ,  q u a n t i ta t iv e  au to rad io g rap h y , 
co m p u te r-a s s is te d  image p ro cess in g , and l i g h t  and e le c tro n  
m icro scop ic  morphometry. The fo llow ing  param eters were a s se s se d : 
1) c a p i l l a r y  blood flow; 2 ) t r a n s c a p i l l a r y  in f lu x  c o n s ta n t fo r AIB 
(K i); 3) c a p i l l a r y  p e rm e a b il i ty -s u r fa c e  a re a  p roduct (PS) fo r AIB; 
4 ) c a p i l l a r y  t r a n s i t  tim e o f  album in; 5) c a p i l l a r y  p r o f i l e  
d e n s i ty ,  s u r fa c e  a re a , and volume f r a c t io n  from l i g h t  m icrographs; 
6) frequency o f v e s ic le s ,  i n t e r c e l l u l a r  ju n c t io n ,  and m itochond ria  
w ith in  c a p i l l a r y  e n d o th e lia l  c e l l s  from e le c tro n  m icrographs. The 
rank ing  o f  c a p i l l a r y  su r fa c e  a re a , volume f r a c t io n ,  and p r o f i l e  
d e n s ity  was: SON > IC > VMH. D esp ite  th e  g r e a t e r  " c a p i l l a r i t y "  o f 
th e  SON, th e  r a t e  o f blood flow  was s im i la r  to  th a t  o f the  VMH and 
about o n e -h a lf  th a t  o f th e  IC. A n a ly sis  o f the  mean m icro v ascu la r 
t r a n s i t  tim es o f album in and o f th e  Ki and PS p roducts  fo r  AIB 
p lu s  com parisons o f  the  r a d io t r a c e r  and m orphom etrically  d e te r 
mined c a p i l l a r y  b lood volumes in d ic a te  th a t  about 80% o f th e  VMH 
c a p i l l a r i e s ,  50% o f  th e  IC c a p i l l a r i e s ,  and 30% o f SON c a p i l l a r i e s  
were p erfu sed  in  c o n tro l r a t s  d u ring  th e  p erio d  o f th e se  e x p e ri
m ents. The Ki and PS p roducts  fo r AIB were very  low and q u ite  
s im i la r  among IC, SON and VMH and in d ic a te d  th e  t ig h tn e s s  o f t h e i r  
c a p i l l a r i e s .  The e n d o th e lia l  c e l l s  o f th e  SON, VMH, and IC were 
u n fe n e s t ra te d  and co n ta in ed  s im i la r  numbers o f m itochond ria , b u t 
th e  frequency of e n d o th e lia l  c e l l  v e s ic le s  was s e v e ra l - fo ld  h ig h e r 
i n  SON th a n  in  VMH and IC . The c a p i l l a r y  beds o f the  SON, VMH, 
and IC ap p a re n tly  d i f f e r  w ith  r e s p e c t to  volume f r a c t io n ,  s u rfa c e  
a re a , blood flow , p ro p o rtio n  o f  perfu sed  c a p i l l a r i e s ,  and number 
o f m ic ro v e s ic le s . These v a r i a t i o n s  in  c a p i l l a r y  system s may w ell 
r e f l e c t  d if f e re n c e s  n o t only  in  lo c a l m etabolism  and s u b s t r a te  
supply  b u t a l s o  i n  the  sen s in g  o f b lood -bo rne  in fo rm a tio n .

342.4 COMPUTER SIMULATION OF BLOOD-BRAIN BARRIER TRANSPORT. George A. 
O yler* and R ichard  A. Hawkins. (SPON: Anke Mans) D epartm ents of 
A nesthesia  and P hysio logy , Hershey M edical C en te r, P ennsy lvan ia 
S ta te  Univ. C o llege of M edicine, H ershey, PA 17033

K in e tic  a n a ly s is  of f a c i l i t a t e d  t r a n s p o r t  a c ro ss  th e  b lo o d - 
b ra in  b a r r i e r  (BBB) in  v ivo  i s  com plicated  by th e  f a c t  th a t  two 
membranes a re  in v o lv ed . When s tan d a rd  te ch n iq u es  o f m easuring 
th e  up take  o f a s u b s t r a te  a re  u sed , th e  appa ren t k in e t ic  con
s ta n t s  o f th e  th e  o v e ra l l  system  may n o t a c c u ra te ly  r e f l e c t  the 
k in e t ic s  o f th e  c a r r i e r s  in  each in d iv id u a l membrane. For 
in s ta n c e  t r a n s p o r t  by the  m onocarboxylic a c id  (MCA) system  can be 
d esc r ib ed  by two com ponents, one w ith  M ichaelis-M enten  k in e t ic s  
and th e  o th e r  n o n -s a tu ra b le . During b ra in  m a tu ra tio n  th e  a c t i v i 
ty  o f th e  MCA system  d ec re a se s  m arkedly. T his i s  accompanied by 
an expected  d ec re ase  in  Vmax b u t an unexpected  in c re a s e  in  
a f f i n i t y .  The q u es tio n  a r i s e s  w hether th e  change in  Km im p lie s  
the  p resen ce  o f more than  one tr a n s p o r t  system  or w hether i t  can 
be p re d ic te d  by a s in g le  c a r r i e r  p re s e n t on bo th  membranes.

We developed a m athem atical model o f th e  BBB to  help  p re d ic t  
i t s  k in e t ic  beh av io r and to  a s s i s t  in  th e  a n a ly s is  of d a ta . The 
b a s is  o f th e  model i s  a c a p i l l a r y - t i s s u e  u n i t  c o n s is t in g  o f th re e  
com partm ents: th e  c a p i l l a r y  lumen, th e  e n d o th e l ia l  c e l l ,  and the 
c e re b ra l  t i s s u e  space . The com partm ents a re  se p a ra te d  by concen
t r i c  e n d o th e l ia l  c e l l  membranes. M ichaelis-M enten t r a n s p o r t  
k in e t ic s  can be a ss ig n ed  to  each membrane. The e f f e c t s  of blood 
flow  and c o n c e n tra t io n  g ra d ie n ts  along th e  le n g th  of the  c a p i l 
la ry  a re  taken  in to  c o n s id e ra tio n . Due to  the  c o m p lex itie s  of 
th e  m odel, num erica l s o lu tio n s  a re  u sed . For th e  MCA system  the 
model p r e d ic ts  th a t  one c a r r i e r  s p e c ie s  i s  s u f f ic i e n t  to  e x p la in  
th e  ex p e rim en ta l o b s e rv a t io n s . By in c re a s in g  th e  d e n s ity  of 
c a r r i e r s  in  on ly  one of th e  two membranes, w h ile  keeping the  
a f f i n i t y  of th e  c a r r i e r  c o n s ta n t and equa l in  each , th e  apparen t 
Vmax and Km w i l l  bo th  in c re a s e . A Kd o r n o n -s a tu ra t in g  component 
o f BBB tr a n s p o r t  i s  no t p re d ic te d  m a them atica lly  to  r e s u l t  from 
having  two f a c i l i t a t e d  t r a n s p o r t  system s in  s e r ie s  when each 
tr a n s p o r t  system  has s im i la r  Vmax and Km.

The model can be a p p lie d  to  b ra in  up take  index experim en ts to  
p r e d ic t  and q u a n tify  th e  e f f e c t  o f having  u n la b e led  s u b s t r a te  
endogenous to  th e  c e re b ra l  t i s s u e  compartment tra n sp o r te d  in to  
th e  c a p i l l a r y  lumen, where i t  m ixes and competes w ith  la b e le d  
s u b s t r a te s  f o r  u p ta k e . A lso , th e  model p r e d ic ts  th a t  i f  th e  same 
Vmax and Km a re  a ss ig n ed  to  each membrane, th e  ap p a ren t Vmax w i l l  
be sm a lle r  than  th e  ass ig n ed  Vmax and th e  ap p a ren t Km w il l  be 
la r g e r  than  th e  ass ig n ed  Km.

In  co n c lu s io n  th i s  model o f BBB tr a n s p o r t  i s  g e n e ra lly  a p p l ic 
ab le  and can d e s c r ib e  d iv e rse  ex p e rim en ta l s e t t in g s ,  such as th e  
b ra in  up take  index tech n iq u e  and con tinuous in fu s io n  m ethods.

Supported in  p a r t  by NS16737 and HL07477.

342.5 COMPARISON OF [14C]UREA AND [14C]SUCROSE AS INDICATORS OF REGIONAL 
BLOOD-BRAIN BARRIER PERMEABILITY USING QUANTITATIVE 
AUTORADIOGRAPHY. Quentin R. Smith and Jean M. Gnaedinger. 
Laboratory of Neurosciences, NIA, NIH, Bethesda, Mb 20892.

Blood-brain b arrier i ntegrity  can be evaluated in brain 
regions as small as 100 um2 using the intravenous administration 
method and quantitative autoradiography (QAR). In most studies, a 
cerebrovascular permeability-surface area product (PA) i s 
determined from the unidirectional uptake of a slowly-penetrating 
tracer i nto each brain region. This analysis requires th a t there 
i s minimal net diffusion of tracer between adjacent brain regions 
and th a t i nflux across cerebral cap illa r ie s  i s the predominant 
route for tracer uptake i nto the brain. These requirements, 
however, are not met by several commonly-used tracers , such as 
22Na, 36C1 and [14C]AIB, which have sign ifican t CSF components of 
uptake i nto the brain. Therefore, we examined the regional brain 
uptakes of [14C]urea and [14C]sucrose to determine i f  e ith er of 
these compounds would provide a suitable autoradiographic tracer 
of cerebrovascular PA.

Regional brain uptake was determined using awake, Long-Evans 
ra ts  (250-350 g). Each ra t received ~1 mCi of [14C]urea or 
[14C]sucrose as a bolus i njection i nto the femoral vein. Blood 
samples were collected a t fixed times from the femoral artery  for 
15-30 mi n, when the ra t was k illed . After a CSF sample was 
obtained from the ci sterna magna, the brain was removed from the 
skull and frozen a t -50° C. Regional brain concentrations of 
radiotracer were determined using QAR, whereas plasma and CSF 
concentrations were measured by sc in tilla tio n  counting. 
Cerebrovascular PA products were calculated from the parenchymal 
brain content of tracer divided by the i ntegral of plasma 
concentration.

 Cerebrovascular PA in frontal cortex equaled 1.04  ± 0.05 × . 
10-5 s-1 (mean ± SEM, n=3) for [14C]sucrose and 1.01  ± 0 .07 × 10-4 
s-1 for [14C]urea, and did not d if fe r  sign ifican tly  f rom values 
obtained by tissue  dissection and sc in tilla tio n  counting. PA 
values for both tracers were ~3-fold greater in gray matter than 
i n white m atter, consistent with th e ~ 3-fold greater capillary  
surface area i n gray matter. However, the pattern of uptake of 
[14C]urea suggested sign ifican t uptake i nto CSF with subsequent 
diffusion of tracer from CSF to brain. [14C]Urea concentrations 
w ere~2-fold greater i n brain tissue immediately adjacent to 
ventricular or subarachnoid CSF. In con trast, brain [14C]sucrose 
concentrations were not elevated i n brain tissue adjacent to CSF.

These resu lts  suggest that [14C]sucrose is  a suitable tracer 
for autoradiographic determination of local cerebrovascular PA. 
[14C]Sucrose, unlike [14C]urea or 36Cl , does not have a 
s ign ifican t CSF component of uptake i nto the ra t brain.

342.6 COMPARISON  BETWEEN A QUARTERNARY AMMONIUM CHOLINESTERASE 
INHIBITOR AND [14C] SUCROSE AS MARKERS FOR STUDYING BLOOD-BRAIN 
BARRIER PERMEABILITY CHANGES. I .R a b in o v itz * , Y .A shani*, 
J .L em p ert* , D.Levy*, and E.Cohen*#. ( SPON: N .A llon) . I s r a e l  
I n s t i t u t e  F o r B io lo g ic a l R esea rch , N e s s -Z io n a ,I s ra e l and F a c u lty  
o f  A g r ic u l tu re # , Hebrew U n iv .o f Je ru sa lem , Rehovot, I s r a e l .

The m ost f r e q u e n t ly  employed m arkers f o r  s tu d y in g  b lo o d -b ra in  
b a r r i e r  (B-BB) p e rm e a b il i ty  changes i n  e x p e rim en ta l an im als  a r e  
non-roetabo lized  ra d io tr a c e r s .T h e  r a d io t r a c e r  [14C ]sucrose h as  
been  used  succe s s f u ly  t o  d e te rm in e  v a s c u la r  p e rm e a b il i ty -a re a  
p ro d u c t (PA) in  d i f f e r e n t  c e re b r a l  re g io n s  o f  r a t s  (Ohno e t  
a l . , Am. J .  P h y s io l.  235:H 299,1978). I n  o rd e r  t o  ex ten d  th e  c h o ice  
o f  a v a i la b l e  m arkers i n  B-BB s tu d ie s ,  a  new approach  based  on  th e  
a n t i - c h o l in e s te r a s e  (an ti-C hE ) a c t i v i t y  o f  q u a r te m a ry  m o lecu les 
was su g g es ted  and dem o n stra ted  w ith  r e s p e c t  t o  p h ospho line  io d id e  
and MEPQ (A shani e t  a l . , L i f e  S c i . ,  3 6 :493 ,1985 ). To f u r th e r  
s u b s t a n t i a te  th e  a p p l i c a b i l i t y  o f  th e s e  q u a r te m a ry  an ti-C hE  
compounds i n  B-BB r e s e a rc h ,  we compared th e  p e rm e a b il i ty  o f  
o sm o tic a lly - in d u o e d  b a r r i e r  open ing  t o  b o th  MEPQ and [14C] su c ro se  
a d m in is te re d  s im u lta n e o u s ly  t o  th e  same r a t .  A du lt r a t s  (CD, 
Charl s  R iv e r , U .K .) w eighing  300-400g w ere a n e s th e t iz e d  w ith  
sodium p e n to b a rb i ta l  and  c a th e te r s  w ere p la c e d  i n  th e  l e f t  common 
c a r o t id  a r t e r y  and th e  l e f t  fem oral a r t e r y .  F iv e  and 60 m inu tes 
fo llo w in g  i n j e c t i o n  o f  50% g ly c e r o l - s a l i n e  s o lu t io n  in t o  th e  
exposed c a r o t id  a r t e r y ,  th e  r a t s  w ere a d m in is te re d  a  m ix tu re  o f  
MEPQ(15 μ g/Kg) and [14C ]sucrose  (7 .5  μC i ) a s  a  b o lu s  v ia  th e  
c a r o t i c  c a th e te r .  Blood sa n p le s  w ere c o l le c t e d  from  th e  fem oral 
a r t e r y .  P e rc e n t o f  b r a in  ChE in h i b i t i o n  and PA v a lu e s  f o r  
[14C ]sucrose w ere m easured a s  d e s c r ib e d  b e fo re  (A shani e t  a l .  and 
Ohno e t  a l . ,  r e s p e c t iv e ly ) .  I n  c o n t ro l  an im als  w here g ly c e ro l  was 
re p la c e d  by s a l i n e ,  b o th  th e  l e f t  and  r i g h t  hem ispheres o f  th e  
c o r t e x ,  a n d  th e  b r a in  stem  d is p la y e d  th e  same PA v a lu e s  [5 (± 
2 )×10-6  se c - 1 ] .  B ra in  ChE in h i b i t i o n  i n  th e s e  r e g io n s  was found 
t o  be  p r a c t i c a l l y  z e ro . F iv e  and 60 m inu tes fo llo w in g  th e  
a p p l ic a t io n  o f  th e  o sm o tic  lo a d  th e  PA v a lu e s  in c re a s e d  up to  
200×10-6  se c - 1  and  60×10-6  s e c -1 i n  th e  l e f t  and r i g h t  
c o r t e x ,r e s p e c t iv e ly .  An av e rag e  o f  70% in h i b i t i o n  o f  ChE a c t i v i t y  
i n  th e  l e f t  c o r te x  and 30% enzyme in h i b i t i o n  i n  th e  c o n t r a l a t e r a l  
s id e  w ere o b ta in e d  in  good c o r r e l a t i o n  w ith  th e  PA v a lu e s  
r e p o r te d  above . The b a r r i e r  p e rm e a b il i ty  was l e s s  damaged in  
o th e r  b r a in  re g io n s  such  a s  th e  b r a in  stem , ce re b e llu m  o r  th e  
hypothalam us a s  e x p re ssed  i n  th e  c o r r e spond ing  PA v a lu e s  and 
p e rc e n t i n h i b i t i o n  o f  b r a in  ChE a c t i v i t y .  B-BB p e rm e a b il i ty  o f  
c o n t r o l  an im a ls  i n  w hich th e  m arkers m ix tu re  was a d m in is te re d  s ix  
h o u rs  fo llo w in g  th e  s a l i n e  in c re a s e d  s i g n i f i c a n t ly .  The r e s u l t s  
c l e a r ly  in d i c a t e  a  c o r r e l a t i o n  betw een p e n e tr a t io n  o f  la b e le d  
s u c ro s e  and  MEPQ th ro u g h  th e  osm otically -dam aged  B-BB.
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342.7 ION SELECTIVITY OF THE CRAYFISH BLOOD BRAIN BARRIER: AN 
ELECTROPHYSIOLOGICAL STUDY. A .M .B utt* , P. H arg i t t a i *  and E.M. 
Li eb e rm an . (SPON: W. R. W ooles) D ep t. P h y s io lo g y , Sch. Med., E a s t 
C a ro lin a  U., G re e n v il le , NC 27834.

P revious s tu d ie s  from th i s  la b o ra to ry  (Lieberm an e t  a l . ,  Biophys 
J . ,  4 6 ,1 4 6 a , 1985) p r e s e n te d  e v id e n c e  t h a t  th e  p e r in e u r iu m  
su rro u n d in g  the  v e n tra l  nerve cord (blood b ra in  b a r r i e r )  i s  h ig h ly  
s e l e c t i v e  to  th e  m a jo r  i o n s ,  b e in g  1 0  t im e s  more p e rm e a b le  to  K+ 
than  Cl -  and p r a c t i c a l ly  im perm eant to  Na+.

The v e n t r a l  n e rv e  co rd  i s  rem oved i n t a c t  from  th e  a n im a l w ith  
s p e c i a l  r e g a rd  to  a v o id in g  p h y s ic a l  s t r e t c h  and e x p o su re  to  a i r ,  
th u s  m a in ta in in g  th e  i n t e g r i t y  o f  th e  p e r m e a b i l i t y  p r o p e r t i e s  o f 
th e  s h e a th .  U sing  s ta n d a rd  e l e c t r o p h y s i o l o g i c a l  te c h n iq u e s  th e  
p erineu rium  and th e  m ed ia l g ia n t  axon a re  im paled . In t h i s  way th e  
p o te n t ia l  a c ro ss  the  sh ea th  and the axon membrane can be m onitored  
by d i f f e r e n t i a l  reco rd in g .

In  c o n t r o l  so lu tio n (1 9 0 m M  Na, 5.4mM K  c r a y f i s h  p h y s io lo g i c a l  
s o lu t io n )  th e re  i s  no p o te n t ia l  a c ro ss  th e  sh ea th . Exchange o f th e  
c o n t r o l  s o l u t i o n  w ith  one c o n ta in in g  100 mM [K] (Na s u b s t i t u t e d )  
c a u s e s  a r a p id  change in  p o t e n t i a l  to  +42±2 mV, i n s id e  p o s i t i v e ,  
peaking w ith in  10 seconds. This i s  fo llow ed  by a f a l l  in  p o te n t ia l  
w ith  a p la te a u  v a lu e  o f app ro x im ate ly  +25mV. The peak p o te n t ia l  i s  
used to  e v a lu a te  ion  s e l e c t i v i t y  o f th e  b a r r i e r .

The p e r m e a b i l i t y  s e l e c t i v i t y  seq u en ce  f o r  s e v e r a l  m o n o v a len t 
c a t i o n s  i s  K+ = Rb+ >> NH4+ > Cs+ = L i+ > Na+ > T r i s +. Based on th e  
e f f e c t  o f  Na d e p l e t i o n ,  and Cs+, L i+ , and T r i s + s u b s t i t u t i o n  on 
the  a c tio n  p o te n t ia l  th e se  ions  a re  e f f e c t iv e ly  im perm eant w ith in  a 
tim e fram e of 30 m inu tes exposure .

The p o te n t ia l  response o f th e  p e r in e u r ia l  sh ea th  to  100mM Rb+ i s  
o f  p a r t i c u l a r  i n t e r e s t .  A lth o u g h  th e  peak  r e s p o n s e  i s  th e  same 
(40± 1 mV) as  i n  100 mM K, th e  p l a t e a u  i s  much lo w e r  (1 1 ± 1 mV). In  
s e v e ra l  expe rim en ts  spontaneous s p ik e s  occu rred  a t  t h i s  p o te n t ia l  
w h ile  th e  p r e p a r a t i o n  was c o n t in u o u s ly  b a th e d  in  Rb s o l u t i o n .  
C u r r e n t - V o l ta g e  r e l a t i o n s  o f  t h e  s h e a t h  sh o w e d  a n e g a t i v e  
r e s is ta n c e  reg io n  in  the range o f 10-15mV. The a d d i t io n a l  sp ik es  
had th e  same approx im ate am p litu d e  and tim e cou rse  o f  th e  i n i t i a l  
s p ik e . The rem oval of Ca2 + from 100 mM K s o lu t io n  g r e a t ly  dep ressed  
th e  s p ik e  b e h a v io r  o f  th e  b a r r i e r  and s lo w ed  th e  p o t e n t i a l  
re s p o n s e .

The d a t a  s u g g e s t  t h a t  th e  p e r m e a b i l i t y  a c ro s s  th e  p e r i n e u r i a l  
s h e a th  o f  th e  c r a y f i s h  n e rv e  co rd  i s  m o d u la te d  by K - s e l e c t iv e  
ch a n n e ls . These channels appeared  to  be v o lta g e  and ion  s e n s i t i v e ,  
y e t w ere no t a f fe c te d  by 30 m inu tes exposure to  Ba2+ (2-5mM), TEA 
( 1mM) and 3,4-DAP (0.5mM).

S u p p o r te d , in  p a r t ,  by g r a n t  from  th e  Army R e se a rc h  O f f ic e  
No. DAAL03-86-K-0023.

342.8 THE EFFECTS OF DISULFONIC STILBENE AND PROSTAGLANDIN E2 ON CSF 
PRODUCTION RATE IN ADULT RATS. Q.S. Deng and C.E. Johanson, D ep t. 
o f Pharm acology, U niver. o f U tah, S a l t  Lake C ity , UT 84132 and 
D ep t. o f N eu rosurgery , Brown U niver. & Rhode Is la n d  H o sp ita l ,  Prov
id e n ce , RI 02903.

P rev io u s ly  we have shown th a t  1) DIDS (d is u lfo n ic  s t i lb e n e )  in 
h ib i te d  and PGE2 s tim u la te d  c h lo r id e  t r a n s p o r t  in  th e  r a t  choroid  
p l exus-CSF system  (Fed. P roceed . 4 4 (5 ): 1746, 1985 and 45 (4 ): 892, 
1986); and 2) DIDS a ls o  in h ib i te d  sodium movement from blood in to  
th e  choro id  plexus(CP)-CSF system  (Fed. P roceed . 45 (4 ): 892, 1986. 
S ince Cl i s  th e  prim ary  an ion  and Na th e  main c a tio n  in  th e  CSF se 
c re to ry  p ro c e s s , d rugs th a t  a f f e c t  e i th e r  Cl o r Na tr a n s p o r t  l i k e ly  
a l t e r  CSF p ro d u c tio n . The purpose o f t h i s  s tudy  was to  in v e s t ig a te  
th e  e f f e c t s  o f DIDS and PGE2  on CSF fo rm a tion  r a t e .

V e n tr ic u lo -c i s te r n a l  p e r fu s io n s  were c a r r ie d  ou t on male r a t s  
w eighing 150-300 g. A ll an im als were a n e s th e tiz e d  w ith  ketam ine 
HCl . The v e n t r i c u l a r  system  was p e rfu sed  w ith  a r t i f i c i a l  CSF a t  
18 u l/m in  th rough  a 27-gauge need le  in  th e  l a t e r a l  v e n t r i c l e  o f 
th e  l e f t  c e re b ra l  hem isphere. The ou tflow s over 15-min in te r v a l s  
were c o l le c te d  from a 2 2 -gauge n eed le  in  th e  c i s te r n a  magna. 3H-  
in u l in  (3 uC/ml CSF) and drugs were added to  th e  CSF s to c k  s o lu t io n  
on th e  p e r fu s io n  day. S te a d y -s ta te  c o n d itio n s  were g e n e ra lly  a - 
ch ieved a f t e r  an hour o f p e r fu s io n . The r a d io a c t iv i ty  of th e  p e r
fu s a te  was determ ined by l iq u id  s c i n t i l l a t i o n .

DIDS in h ib i te d  CSF p ro d u c tio n  r a t e  by 25-30%, by reduc ing  Cl as 
w e ll as  Na t r a n s p o r t .  The prim ary  in  v ivo  e f f e c t  of DIDS appears 
to  be in h ib i t i o n  o f Cl -HCO3 exchange in  th e  choro id  p le x u s . This 
i s  c o n s is te n t  w ith  our e a r l i e r  f in d in g  th a t  DIDS and SITS (an o th er 
s t i lb e n e )  reduced C1-36 up take  and s te a d y - s ta te  d i s t r i b u t io n  in  th e  
in  v i t r o  choro id  p le x u s .

PGE2 boosted  CSF p ro d u c tio n  in  th e  a d u lt  r a t s  by n e a rly  30% by 
a c c e le r a t in g  Cl movement in to  bo th  CP and CSF, compared to  c o n tro l .  
A lthough PGE2 may d i r e c t l y  s tim u la te  th e  an ion  exchange system , i t  
i s  n o t p o s s ib le  to  r u le  ou t p ro s ta g la n d in - in d u c e d  augm entation  of 
blood flow  to  th e  choro id  p le x u s .

Supported by NINCDS g ra n t NS 13988-09.

342.9 CHOROID PLEXUS ANTIPORT AND SYMPORT MECHANISMS THAT DRIVE THE SE
CRETION OF CEREBROSPINAL FLUID. C.E. Johanson , Q .S. Deng and V.A. 
Murphy.* D ep t. o f  N eu rosu rgery , Brown U n iver. & Rhode I s la n d  Hosp. 
P ro v id en c e , RI 02902 and D ep t. o f Pharm acology, U n iver. o f U tah , 
S a l t  Lake C ity ,  UT 84132

To t e s t  f o r  c a r r i e r  t r a n s p o r t  o f Na-22 and C l-36  from blood in 
to  th e  cho ro id  plexus(CP)-CSF system , we have ana lyzed  th e  k in e t ic s  
o f  d i s t r i b u t io n  (0 to  1 h r)  o f th e se  io n ic  t r a c e r s  in  a d u lt  male 
Sprague-Dawley r a t s .  S te a d y -s ta te  C-14 d im ethadione (DMO) d i s t r i 
b u tio n  was used to  e s tim a te  pH and b ic a rb o n a te  (c a lc u la te d )  g rad
ie n t s  a c ro s s  th e  b a s o la te r a l  (p la sm a-fac in g ) and a p ic a l  (CSF s id e )  
membranes o f th e  c h o ro id a l e p i th e l iu m . Drugs were a d m in is te red  in  
doses to  g iv e  f i n a l  c o n c e n tra t io n s  o f 0 .01 to  1 mM in  th e  plasm a 
o r  c e re b ro sp in a l f l u i d .  Such doses cause 30-50% a l t e r a t i o n  (max
im al) in  CSF s e c r e t io n  r a t e .

A m ilo ride and ace tazo lam id e  m axim ally in h ib i te d  Na up take  by CP 
and CSF ( c i s t e r n a  magna) from th e  plasm a c o n ta in in g  a s ta b l e  le v e l  
o f r a d io is o to p ic  Na-22; c o n v e rse ly , in s u l in  tended  to  enhance up
ta k e  o f  Na. The d is u l fo n ic  s t i l b e n e ,  DIDS, d r a s t i c a l l y  reduced 
C l-36  perm eation  in to  th e  CP e p i th e liu m  and s e c re te d  f l u i d ;  in  con
t r a s t ,  n e i th e r  furosem ide nor bum etanide in h ib i te d  Cl movement from 
b lood in to  th e  CP-CSF system . PGE2 , a w e ll known s tim u la to r  of an
io n  (C l and HCO3) exchange in  o th e r  t i s s u e s ,  augmented th e  pene
t r a t i o n  o f C l-3 6 . I t  i s  concluded th a t  Na and Cl movement, blood 
in to  choro id  p le x u s , o ccu rs  p r im a r ily  by th e  p a r a l l e l  o p e ra t io n  o f 
b a s o la te r a l  Na-H and Cl-HCO3 exchangers r a th e r  th an  by t i g h t ly  
coupled  Na-Cl  c o t ra n s p o rt  (sy m p o rt) .

A p ica l io n  e x t ru s io n  mechanisms u n d e rly in g  CSF s e c r e t io n  a re  a l 
so being  co n s id e re d . DIDS, an i n h i b i to r  o f Na-HCO3  e x tru s io n  by 
sym port in  o th e r  t i s s u e s ,  d ep ressed  th e  Na-22 and C l-36  t r a n s p o r t ,  
cho ro id  c e l l  to  CSF; b u t i t  a p p a re n tly  d id  n o t i n h i b i t  th e  Na-K 
exchange pump (because  n e i th e r  CP [K] no r [K ]/[N a] was a l t e r e d ) .  
Transmembrane HCO3  g ra d ie n ts  w ere a ls o  c o n s is te n t  w ith  th e  working 
h y p o th e s is  th a t  a p ic a l  membrane Na-HCO3 symport i s  th e  main Na- 
pumping mechanism d i r e c t l y  invo lved  in  f lu i d  g e n e ra tio n . On th e  
o th e r  hand, th e  Na-K exchanger has a t  l e a s t  a  p e rm iss iv e  r o l e ,  i . e .  
in  m a in ta in in g  transm embrane g ra d ie n ts  f o r  Na s u f f i c i e n t  f o r  no r
mal o p e ra t io n  o f th e  o th e r  N a - tra n s lo c a tin g  mechanism s. T h is  model 
does n o t p re c lu d e  th e  p o s s i b i l i t y  th a t  some a p ic a l  e f f l u x  o f Cl 
a n d /o r  HCO3 o cc u rs  by d i f f u s io n  v ia  c h a n n e ls , from th e  cho ro id  c e l l  
in to  CSF.

S upported by NS 13988-09.

342.10 ATRIOPEPTIN RECEPTORS IN BLOOD-BRAIN AND BLOOD-CSF BARRIERS. L. 
S te a rd o ,*  C .J . Owen,* E .J .  Hunni c u t t ,  and J .A . N athanson, D ept. o f  
N e u ro l., Harvard Med. S chool, Mass. Gen. H osp., B oston, MA 02114.

A tr io p e p tin s  (A P 's ) , sy n th es iz ed  by a t r i a l  c a rd io c y te s , a re  
though t to  r e g u la te  in t r a v a s c u la r  volume. They appear to  be 
re le a s e d  in to  th e  c i r c u la t io n  in  response to  s t r e tc h in g  o f  th e  
c a rd ia c  a t r i a  by f lu id  o v e rlo ad , and cause a rap id  and in te n s e  
d iu r e s i s  and n a t r i u r e s i s  through d i r e c t  and p o s s ib ly  in d i r e c t  
e f f e c t s  on th e  k idney . D esp ite  th e  well-known anatom ical and 
p h y s io lo g ic a l s im i l a r i t i e s  between choro id  p lexus ep ith e liu m  and 
re n a l tu b u le  c e l l s ,  th e re  have been as y e t no rep o rte d  s tu d ie s  
examining th e  p o s s ib le  e f f e c t s  o f  A P's on CSF p roduction  o r CNS 
w ater b a la n c e . Both th e  e p i th e l i a l  c e l l s  o f  th e  choroid  p lexus 
( c o n s t i tu t i n g  th e  blood-CSF b a r r i e r )  and th e  e n d o th e lia l  c e l l s  
c o n s t i tu t in g  th e  b lo o d -b ra in  b a r r i e r  have p o te n t ia l  access  to  AP's 
from th e  system ic c i r c u la t io n .  In a d d i t io n ,  th e se  t i s s u e s  could 
c o n c e iv a b ly  r e c e iv e  i n n e r v a t i o n  from r e c e n t l y  d is c o v e re d  AP- 
co n ta in in g  neu rons . Because o f  t h i s ,  we have undertaken  e x p e ri
ments to  de term ine 1) i f  re c e p to rs  fo r  AP's might e x i s t  in  b ra in  
b a r r i e r  t i s s u e s ,  2 ) w hether th e se  r e c e p to rs  a re  coupled to  a 
second messenger system , and 3) i f  AP's m ight e x e r t  p h y s io lo g ic a l 
e f f e c t s  on b r a in - b a r r ie r  t i s s u e s .

Recent ev idence su g g es ts  th a t  AP re c e p to r  occupancy i s  a s s o c i
a ted  w ith  th e  in t r a c e l lu l a r  p roduction  o f  c y c l ic  GMP. T h e re fo re , 
to  determ ine w hether AP r e c e p to r s  a re  p re s e n t in  b r a in - b a r r ie r  
t i s s u e s ,  we examined th e  a b i l i t y  o f  AP's to  a c t iv a te  guan y la te  
cy c la se  in  membrane f r a c t io n s  o f  r a b b i t  o r p o rc in e  choroid  p lexus 
and c e re b ra l m ic ro v e sse ls  (p rep ared  by frag m en ta tio n  and d e n s ity  
g ra d ie n t c e n t r i f u g a t io n ) .  Rat a t r i a l  p ep tid e  (S er-Leu-A rg-A rg- 
A PIII) caused s ig n i f i c a n t  a c t iv a t io n  o f  g u an y la te  cy c la se  both in  
r a b b i t  m ic ro v esse ls  (Vmax=190% o f  c o n tro l ;  Ka =0.3 nM) and in  
cho ro id  p lexus  (Vmax= 155% o f  c o n t ro l ;  Ka=50 nM). S tim u la ted  
a c t iv i t y  was, however, v ery  low in  p ia -a rach n o id  and in  d u ra l 
s in u s .  C h a ra c te r iz a t io n  o f  s t im u la t io n  in  cho ro id  p lexus rev ea led  
th a t  AP fragm ents 1-11 and 13-28 were much le s s  a c t iv e  than th e  
in t a c t  p e p tid e , s im i la r  to  th e  s i tu a t io n  which we observed in  
p a r t i c u l a te  p re p a ra tio n s  o f  k idney . G uanylate cy c la se  p re se n t in  
broken c e l l  p re p a ra tio n s  o f  p u r if i e d  choro id  ep ith e liu m  showed 
g r e a te r  re sp o n s iv en ess  to  AP than  did  f r a c t io n s  en riched  in  
cho ro id  v e s s e ls ,  su g g es tin g  th a t  th e  s e c re to ry  e p ith e liu m , i t s e l f ,  
c o n ta in s  AP r e c e p to r s .  In p h y s io lo g ic a l s tu d ie s ,  under c o n d itio n s  
o f  c o n s ta n t ICP, v e n t r i c u l a r - c i s te r n a l  p e rfu s io n  w ith  r a t  a t r i a l  
p e p tid e  caused a s ig n i f i c a n t  dec rease  (a s  much as 75%) in  CSF 
fo rm ation  r a t e  w ithou t a s ig n i f i c a n t  change in  p e r ip h e ra l blood 
p re s s u re .  This r e s u l t ,  to g e th e r  w ith  th e  above d a ta  dem onstra ting  
th e  e x is te n c e  o f  r e c e p to rs  and second m essenger system s fo r  A P's 
on b r a in - b a r r ie r  t i s s u e s ,  su g g es ts  th a t  AP's may a f f e c t  th e  w ater 
p e rm e a b il ity  (an d /o r c o n ten t)  o f  th e  brain/C SF com partm ents.
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342.11 BLOOD-BRAIN BARRIER MONOAMINE OXIDASE: [3H] PARGYLINE BINDING TO 
CEREBRAL MICROVESSELS. R.N. Kalaria. M.J . Mitchell* and S .I. 
Hari k. Department of Neurology, Case Western Reserve Univ. Sch. 
of Med., Cleveland, OH 44106.

In addition to the structural characteristics of the mammalian 
blood-brain b arrier (BBB), manifested by capillary  endothelial 
ce lls  with tig h t in te rce llu la r junctions and small pinocytotic 
vesicles, there is accumulating evidence suggesting the existence 
of a biochemical component of the BBB. An example of the la t te r  
is  the finding of monoamine oxidase (MAO) in cerebral 
microvessels from a variety of mammalian species, which can 
degrade monoamine neurotransmitters which may escape the 
structural b arrier under physiological or pathophysiological 
conditions. We measured MAO of the BBB by assessing the specific 
binding of [3H]pargyli ne to cerebral microvessels isolated from 
the cerebral cortex of man, ra t, mouse, guinea pig, pig, and 
rabbit. [3H]pargyli ne binding to cerebral microvessels from a ll 
these species was compared to the binding resu lts of the 
mitochondrial-enriched P2 fraction of cerebral cortical and 
liver samples. [3H]pargyline binding to tissue  preparations was 
irreversib le  and linear with the amount of tissue protein in the 
incubation mixture. Specific binding was defined as the d if 
ference between to ta l binding and nonspecific binding, assayed i n 
the presence of excess (20 μM) unlabeled pargyline. Also, the 
re la tive  concentration of the two forms of MAO, A and B, were 
assessed by the re la tive  inhibition of [3H]pargyline binding by 
unlabeled deprenyl and unlabeled clorgyline, respectively. We 
find tha t ra t and rabbit cerebral microvessels exhibit higher 
capacity for pargyline binding than human, mouse, guinea pig, and 
pig cerebral microvessels. In a ll species, brain microvessel MAO 
B exceeded MAO A, the ra tio  of B to A being highest in ra t 
microvessel preparations (4 :1). [3H]pargyline binding to the 
P2 fraction  of the cerebral cortex and liv er preparations did 
not show the marked interspecies differences tha t were noted for 
cerebral microvessels. Solubilization of brain microvessels a f te r  
pargyline binding, followed by polyacrylamide gel electrophoresis 
revealed two radioactive peaks corresponding to molecular weights 
of 60,000 and 55,000 consistent with previous studies. The 
rad ioactiv ity  in the MAO B peak was several-fold greater than 
th a t of MAO A in ra t cerebral microvessels. These results 
indicate that cerebral microvessels from various mammalian 
species vary in th e ir  content of MAO and that the BBB of humans 
appears re la tive ly  poor in MAO ac tiv ity . This finding may have 
important basic and c lin ica l implications regarding the entry of 
MAO substrates from blood-to-brain.

342.12 THE EFFECT OF FATTY ACIDS ON pH] -OUABAIN BINDING TO 
CEREBROVASCULAR (Na+ + K+)-ATPase. Mary Lou Caspers and Paula 
Grammas*. Dept. of Chemistry, Univ. of Detroit, Detroit, MI 48221 
and Dept. of Pathology, Wayne State Univ., Detroit, MI 48201.

The effect of fa tty  acids on [3h] -ouabain binding to 
cerebrovascular (Na+ + K+)-ATPase was investigated because non- 
es te rif ied  fa tty  acids are known to possess detergent-like 
properties which can disrupt ce llu la r membranes and the 
functioning of membrane-bound enzymes and receptors. In addition, 
fa tty  acids can serve as an energy source for brain endothelial 
ce lls . A microvessel preparation was obtained from the cerebral 
cortices of 24 ra ts . The binding of [3H] -ouabain to microvessel 
(Na+ + K+)-ATPase was measured at 37°C for 15 min in an assay 
mixture containing 75 - 100 μg microvessel protein, 100 mM Tris 
HCl (pH 7.4), 200 mM NaCl, 10 mM MgCl 2, 5 mM ATP, 10 μM bovine 
serum albumin and 30 - 40 nM [3H] -ouabain. Non-specific binding, 
measured in the presence of 50 μM unlabeled ouabain, was less than 
2% of to ta l binding. Under these assay conditions, Scatchard 
analysis yielded a Bmax of 11.1 pmol/mg and a KD of 46 nM; the 
la t te r  is  consistent with the presence of the high a ffin ity  (α+) 
form of the (Na+ + K+)-ATPase in cerebral endothelium. The 
resu lts indicate tha t arachidonic acid (0.1 - 100μ M) ,  when added 
at the time of assay, stimulated [3H] -ouabain binding. An 
increase in binding of 12% was noted at 1.0μ M arachidonic acid. 
The saturated fa tty  acid palmitic acid did not significantly  
stimulate [3H] -ouabain binding. 4-Pentenoic acid, a compound 
known to inhib it the e-oxidation of fa tty  acids, caused no 
sign ifican t stimulation of [3H]-ouabain binding to cerebral 
microvessel (Na+ + K+)-ATPase when added in the range 1 μ M to 
1 mM. However, a t 10 mM 4-pentenoic acid, [3H]-ouabain binding 
was increased by 51%. In summary, these data suggest that long 
chain, polyunsaturated fa tty  acids, but not saturated fa tty  acids, 
stimulate [3H]-ouabain binding to cerebrovascular (Na+ + K+)- 
ATPase in a dose dependent manner. Therefore, these fa tty  acids 
may be involved in the regulation of blood-brain barrier 
(Na+ + K+)-ATPase and may play a role in the cerebral disfunction 
associated with diseases such as hepatic encephalopathy and Reye's 
Syndrome where elevated plasma levels of non-esterified fatty  
acids are prominent. (Supported in part by USPHS HL 23603.)

342.13 THE COMPARATIVE EFFECT OF 2 , 4 , 5-TRICHLOROPHENOXYACETIC 
ACID ( 2 , 4 , 5 - T )  AND QUINOLINIC ACID ON 5-HYDROXY-3- 
INDOLEACBTIC ACID (5-H IA A ) TRANSPORT BY THE RABBIT 
CHOROID PLEXUS. C .S .  K im *, R .F .  K e iz e r *  a n d  G .R . 
B r e e s e . (SPON: M .I .  G a g e ) .  D e p ts .  o f  N e u r o lo g y ,  
P s y c h i a t r y  a n d  B i o l .  S c i .  R e s .  C t r . , U n iv . o f  N o r th  
C a r o l i n a  S c h . o f  M e d ., C h a p e l  H i l l ,  NC 2 7 5 1 4 .

Q u i n o l i n i c  a c i d  i s  p r e s e n t  i n  t h e  b r a i n  o f  
v a r i o u s  a n im a l  s p e c i e s  i n c l u d i n g  man a n d  i s  know n t o  
p r o d u c e  m o to r  e x c i t e m e n t  a n d  c l o n i c  c o n v u l s i o n s  
( L a p in ,  J .  N e u r a l  T ra n s m . 4 2 : 3 7 - 4 3 ,  1 9 7 8 ) .  P a t i e n t s  
w i th  h e p a t i c  com a h a v e  e l e v a t e d  5-H IAA  a n d  q u i n o l i n i c  
a c i d  i n  c o r t e x  ( F .  M o ro n i e t .  a l . ,  N e u r o s c i .  A b s. 11 : 
8 2 1 ,  1 9 8 5 ) ,  s u g g e s t i n g  an  i n t e r a c t i o n  o f  q u i n o l i n i c  
a c i d  w i t h  t h e  a c t i v e  pump m e c h a n is m  f o r  5-H IAA  l o c a t e d  
a t  t h e  c h o r o i d  p l e x u s  (C P ) .  F o r  t h i s  r e a s o n ,  t h e  
e f f e c t  o f  q u i n o l i n i c  a c i d  a n d  2 , 4 , 5 - T  on t h e  t r a n s p o r t  
o f  5-H IA A  f ro m  c h o r o i d  p l e x u s  w as c o m p a re d  t o  a c t i o n s  
p r o d u c e d  by  o c t a n o i c  a c i d ,  an  o r g a n i c  a c i d  p r e v i o u s l y  
show n t o  i n h i b i t  t h e  u p t a k e  o f  5-H IAA  (Kim e t . a l . ,  
B r a i n  R e s .  3 1 0 :1 4 9 - 1 5 3 ,  1 9 8 4 ) .  The a c t i o n  o f  2 , 4 , 5 - T  
on t h i s  s y s t e m  h a s  n o t  b e e n  i n v e s t i g a t e d .  Y oung a d u l t  
a l b i n o  r a b b i t s  o f  e i t h e r  s e x  w e re  s a c r i f i c e d  by  
d e c a p i t a t i o n .  L a t e r a l  an d  f o u r t h  v e n t r i c u l a r  CP 
(LVCP, FVCP) w e re  re m o v e d  a n d  i n d i v i d u a l  CP w e re  
p l a c e d  i n  2 .5  ml o f  a r t i f i c i a l  CSF o f  c o n t r o l  o r  
e x p e r i m e n t a l  m e d ia  c o n t a i n i n g  1 4 C -5-H IA A  0 .0 2  μ C i /m l  
( s p e c .  a c t .  60 m C i/m m o l) . A f t e r  5 m in  i n c u b a t i o n ,  T/M 
r a t i o  o f  2 . 2± 0 .4  ( S .D . )  a n d  2 .1  ± 0 .5  w e re  a c h i e v e d  in  
LVCP a n d  FVCP, r e s p e c t i v e l y ,  i n  c o n t r o l  m e d ia .  When 
t h e  i n c u b a t i o n  m edium  c o n t a i n e d  e i t h e r  0 .1  mM o r  1 .0  
mM 2 , 4 , 5 - T ,  t h e  u p t a k e  o f  1 4 C -5-H IA A  w as r e d u c e d  in  a  
d o s e - r e l a t e d  m a n n e r  ( 6 6 % a n d  7 6 % i n  LVCP; 5 7 % a n d  6 7 % 
in  FVCP, r e s p e c t i v e l y ) .  S i m i l a r  r e s u l t s  w e re  o b t a i n e d  
w i t h  o c t a n o i c  a c i d .  H o w e v e r , t r e a t m e n t  w i th  
q u i n o l i n i c  a c i d  a t  t h e  sam e c o n c e n t r a t i o n  d i d  n o t  
i n h i b i t  14 C -5-H IA A  u p ta k e  b y  e i t h e r  FVCP o r  LVCP. The 
p r e s e n t  s t u d y  d e m o n s t r a t e s  t h a t  q u i n o l i n i c  a c i d  in  
c o n t r a s t  t o  2 , 4 , 5 - T  o r  o c t a n o i c  a c i d  d o e s  n o t  
i n t e r f e r e  w i t h  t h e  u p t a k e  o f  5-H IAA  b y  c h o r o i d  p l e x u s  
t h r o u g h  a  m e c h a n is m  know n t o  b e  a  m a jo r  r o u t e  f o r  
e x c r e t i o n  o f  5-H IAA  fro m  t h e  b r a i n  i n  v i v o . S u p p o r t e d  
in  p a r t  b y  NIH g r a n t s :  H D -03110  a n d  E S -0 3 4 5 8 .

342.14 CALCIUM REGULATION IS ABSENT IN THE FROG PERIPHERAL 
NERVE DURING CHRONIC CHANGES IN PLASMA [C a]. K. C. 
Wadhwani, H. L e v ita n , S. I . R apoport. Lab. o f N eurosciences, 
NIA, NIH, B ethesda, MD 20892.

The s t a b i l i t y  o f  ca lcium  in  th e  v e r te b r a te  p e r ip h e ra l nerve 
a f t e r  a c u te  a l t e r a t i o n s  o f  [Ca] in  th e  e x te rn a l  medium 
in  v i t r o  has been known fo r  sometime. However, w hether 
p e r ip h e ra l nerve r e g u la te s  ca lcium  fo llow ing  ch ro n ic  changes 
in  serum [Ca] has n o t been s tu d ie d .  To in v e s t ig a te  i f  ca lcium  
i s  r e g u la te d  in  p e r ip h e ra l nerve du rin g  ch ro n ic  hypocalcem ia 
and hyperca lcem ia , ca lcium  c o n te n ts  in  th e  whole s c i a t i c  
n e rv e , desheathed  nerve and th e  p e r in e u r ia l  sh ea th  o f  male 
Rana p ip ie n s  were measured as  a fu n c tio n  o f  th e  c o n c e n tra t io n s  
o f  io n ized  ca lcium  in  th e  plasm a. Chronic hypocalcem ia was 
induced by para th y ro id ec to m y . Chronic hypercalcem ia was 
induced by in tram u scu la r in je c t io n  o f  300,000 IU o f  v itam in  
D3 , and by b a th in g  th e  fro g  in  ta p  w ater co n ta in in g  50 mM 
Ca Cl2  fo r  up to  14 days . Blood and nerve t i s s u e  were 
c o l le c te d  fo r  a n a ly s is  o f  t o t a l  calcium  by atom ic ab so rp tio n  
sp ec tro m e try . Plasma io n ized  calcium  was measured by ion 
s e le c t i v e  e le c tro d e .  The ca lcium  c o n te n ts  o f  whole n e rv e , 
desheathed  n e rv e , and th e  p e r in e u r ia l  sh ea th  v a r ie d  l i n e a r ly  
w ith  th e  amount o f  io n ized  plasm a ca lc ium , which ranged from 
0 .3  mM to  8 mM b u t was n o t l i n e a r l y  r e la te d  to  t o t a l  plasma 
ca lc ium . P lo ts  o f  t i s s u e  ca lcium  v s . plasma io n ized  calcium  
y ie ld ed  c o r r e la t io n s  ( r )  o f  0 .9 7 , 0 .96  and 0 .86  and s lo p es  o f  
0 .7 2 , 0.71 and 1.72 [(ramol/kg wet w e ig h t) / ( mm o l/1 ) ]  fo r  whole 
n e rv e , desheathed  nerve and p e r in e u r ia l  sh e a th , r e s p e c t iv e ly  
(p< 0.001) .  In  c o n t r a s t ,  th e  ca lcium  c o n te n t in  th e  cerebrum 
o f  th e  same anim als d id  n o t change when plasm a io n ized  calcium  
v a rie d  from 0 .5  mM to  1 .5  mM confirm ing  r e s u l t s  in  r a t s  by 
Murphy e t  a l .  (Fed. P roc . A b str . 45 :184, 1986). Our 
r e s u l t s  p rov ide  no ev idence fo r  ca lcium  r e g u la t io n  in  th e  fro g  
p e r ip h e ra l nerve d u rin g  ch ro n ic  hypocalcem ia and 
h y p erca lce m ia .
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342.15 REGIONAL BLOOD-BRAIN BARRIER TRANSPORT OF GLUCOSE DURING ACUTE 
AND CHRONIC HYPERGLYCEMIA IN RATS. S .I. Harik, K.A. McCracken*, 
and J.C. LaManna. Dept. Neurology, Case Western Reserve Univ. 
Sch. of Med., Cleveland, Ohio 44106.

Glucose diffusion across the blood-brain b arrier is fac ilita ted  
by means of a specific ca rr ie r. I t  is of in te rest to determine if  
the transport characteristics of th is  system can be affected by 
chronic changes in blood levels of i t s  substrate. To study the 
role of glucose levels in regulating the blood-brain glucose 
transporter, male Wistar rats (300 g) were made hyperglycemic by 
treatment with streptozotocin (SZ) (60 mg/kg in c itra te  buffer, 
i .p .)  and kept for 2 or 4 weeks before study. Littermates, given 
buffer only, were used as controls. SZ-treated rats became hyper
glycemic within a few days and continued to have blood glucose 
levels of 25-50 mM for weeks following a single dose of SZ. These 
ra ts lo st about 10% of th e ir  in i t ia l  body weight in the f i r s t  
week, and failed  to gain weight a f te r  th a t, whereas th e ir  l i t t e r 
mates gained body weight by about 25% over the same period.

At the end of 2 or 4 weeks, SZ-treated rats and th e ir  l i t t e r -  
mate controls were anesthetized with chloral hydrate in order to 
place an a r te r ia l catheter via the external jugular vein, and a 
femoral a r te r ia l cannula. Unidirectional glucose transport and 
regional brain blood flow was determined in awake, restrained 
rats by the dual-label indicator fractionation method using 
[14c]butanol and [3H]D-glucose. Non-specific glucose uptake 
was corrected by subtraction of the calculated [3H]L-glucose 
space. Control ra ts were made acutely hyperglycemic by i.p . 
administration of 50% dextrose in water to raise th e ir  blood 
glucose levels to about that of the SZ-treated rats a t the time 
of the study.

Both acute and chronic hyperglycemia were associated with a 
25% reduction in regional blood flow when compared to normo
glycemic controls. A somewhat larger reduction was seen in the 2 
week chronic hyperglycemic group, especially in the hippocampus, 
cerebellum, and striatum . Unidirectional flux of D-glucose was 
not s ign ifican tly  d ifferen t in any brain region between acute 
hyperglycemic rats and SZ-treated rats a t e ither time period. 
Therefore, we were unable to detect any decrease in the glucose 
transport capacity in response to chronic hyperglycemia. However, 
the [3H]L-glucose space was sign ifican tly  lower (by 25%) in 
both chronic hyperglycemic groups compared to acute hyperglycemic 
ra ts . Thus, while there does not seem to be a regulation of the 
glucose transporter with chronic exposure to high blood glucose 
levels, there does seem to be a physiological attempt to lim it 
the brain exposure to glucose through control of capillary  blood 
volume and flow.
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343.1 EAR-CANAL RECORDED DISTORTION PRODUCTS IN RABBIT: SITES OF ORIGIN.
G.K. Martin, B. Stagner, R. Probst, A.C. Coats* and B.L. Lonsbury- 
Martin*. Dept. of Otorhinolaryngology & Communicative Sciences, 
Baylor Col. of Med., Houston, TX 77030.

Ear-canal recorded d isto rtion  products (DP) have predictable 
mathematical relationships to th e ir primary tones, f 1 and f 2 , and, 
thus, promise to provide frequency-specific information concerning 
the s ta te  of the cochlea following experimental manipulation. How
ever, i t  is not clear whether the emitted difference tones (DT) 
2f1- f 2 and 2f2- f 1 solely re fle c t basilar-membrane non-linearities 
a t  t he s ite s  of primary tones or i f  the DP s i te  makes a sign ifican t 
contribution to the retrograde signal. Results from studies in
volving suppression and adaptation of otoacoustic emissions and N1 
responses indicate that the emitted 2f1- f 2 (cubic-difference tone, 
CDT) can be a ttribu ted  almost exclusively to  the primary-tone s i te .  
However, other emission data implicate reemission of the response 
from the DP s i te  as a potential contributor to response magnitude. 
In the present work, we attempted, in rab b it, to establish  the 
precise contributions of the basilar-membrane regions involved in 
generating emitted DPs using suppression and temporary threshold 
sh if t  (TTS) techniques. Suppression contours (6-dB reduction c r i 
te r ia )  were obtained for 2-and 4-kHz CDTs and the associated 
2f2- f 1 DT with primary-tone levels of 65 dB SPL (f2/ f 1 ratio=1.25). 
The same DPs were examined in TTS experiments using pure tones (90 
dB SPL, 3 mins) e ither a t  the DP, f 1  or f 2 frequency, or 1/2- 
octave below these frequencies. Resalts for both CDTs, indicating 
tha t suppression was maximum when the suppressor tone was near the 
f 1 or f 2 frequency, with no suppression occurring a t the CDT f re 
quency,  implicated the primary-frequency regions as major co n tri
butors to the emitted CDT. Contrasting resu lts were obtained for 
the 2f2- f 1 DT in th a t maximal reduction occurred when b asila r- 
membrane regions s lig h tly  basal to the DP s i te  were affected by 
our procedures. Following b rief TTS episodes, CDTs were s ig n if i
cantly reduced to as low as 10% of th e ir  original amplitudes and 
recovered slowly, depending on exposure frequency. For both CDTs, 
exposure 1/2-octave below f 2 produced the greatest reduction in 
emitted-response amplitude,2with exposures a t f1 and 1/2-octave 
below f J producing the next greatest response reduction. In sum
mary, the resu lts  presented here infer tha t the ear-canal recorded 
CDT is primarily a reflec tion  of cochlear ac tiv ity  generated a t 
primary-tone s ite s  within the organ of Corti, while the 2f2- f 1 DT 
re flec ts  ac tiv ity  above the primary tones and nearer to the DP 
place. Consequently, depression of the CDT following cochlear in 
su lt seems to re flec t hair-ce ll damage in the region of the p r i
mary tones while changes in 2f2- f , implicate the DP s ite  as co n tri
buting to a reduced ear-canal recorded response.

343.2 STEREOSPECIFICITY OF THE OTOTOXIC EFFECTS OF THE LOOP DIURETIC 
INDACRINONE. L. P. Rybak and C. A. Whitworth*. Depts. of Surgery 
and Pharmacology, SIU Sch. of Med., Springfield, IL 62708.

Indacrinone (MK-196) is a loop diuretic which consists of a 
racemic mixture. The (-)-enantiomer, known as MK-199, is a very 
potent loop d iuretic (Blaine et a l . ,  Clin Exp Hypertension A4: 
161-176, 1982). By contrast, the (+)-enantiomer (MK-197) is a 
much weaker d iu retic  and may act on a d ifferen t s ite  in the 
nephron. The purpose of th is study was to evaluate the individual 
enantiomers in the chinchilla model to determine whether these 
compounds affect auditory function and whether a difference in 
ototoxic potency ex is ts . Chinchillas weighing 400-600 grams were 
anesthetized with ketamine 45 mg/kg IM, followed by pentobarbital 
30 mg/kg IM. A jugular vein was cannulated for intravenous 
injection of d iu re tic . The auditory bulla was opened to expose 
the round window membrane. A microelectrode was inserted into 
scala media, through the basilar membrane to monitor the endo
cochlear potential (EP). The compound action potential (CAP) of 
the eighth nerve was monitored at the round window by using a 
tungsten wire connected to a preamplifier (WPI DAM 60). The CAP 
was further amplified and displayed on an oscilloscope, and a 
permanent record was made using a computer averager, with an x-y 
p lo tte r. Auditory stimuli consisted of 0.1 millisecond c licks, 
delivered at 5 per second, through a David Kopf, hollow, chinchilla 
ear bar. CAP threshold and input-output functions were determined 
prior to drug adm inistration. After a stable EP and CAP threshold 
were obtained, a solution of either enantiomer was injected over a 
dosage range of 10-150 mg/kg. The EP was monitored continuously 
and the threshold and 30dB suprathreshold CAP responses were 
repeatedly tested at various in tervals. Very l i t t l e  change of EP 
or CAP was noted in animals receiving the (+)-enantiomer. On the 
other hand, chinchillas injected with the (-)-enantiomer were found 
to have a dose related reduction in both CAP and EP, with a 
disproportionately greater effect on the CAP. These findings 
suggest the p ossib ility  that the d iu retic  receptor in the kidney 
and the receptor mediating ototoxicity  in the cochlea, may have 
sim ilar s te ric  requirements for interacting with loop d iu re tics.

Acknowledgement: This work has been supported by NIH (NS 22530) 
(LPR)
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343.3 FOURIER ANALYSIS OF INNER HAIR CELL BASOLATERAL 
MEMBRANE RECEPTOR POTENTIALS. D.C. Mountain*+ and A.R. 
Cody * (SPON: R. Remmel) .  MRC N e u r o p h y s i o l o g y  Group,  
School  of  B i o l o g i c a l  S ci ences ,  Univ. of  Sussex,  Falraer ,  
Br igh ton ,  Sussex BN1 9QG U.K.
+ Dept .  o f  B i o m e d i c a l  Eng. ,  Bo s t o n  Uni v. ,  B o s t on ,  HA 
02215

The b a s o l a t e r a l  membrane p o t e n t i a l  of  i n n e r  h a i r  
c e l l s  ( IHC) was  c a l c u l a t e d  by s u b t r a c t i n g  t h e  
e x t r a c e l l u l a r  p o t e n t i a l  (EC) me a s u re d  n e a r  t h e  c e l l  
from t h e  i n t r a c e l l u l a r  r e c e p t o r  p o t e n t i a l .  S t i m u l u s  
f r e q u e n c i e s  ranged f rom 60 Hz. t o  4 kHz. The magni tude 
a n d  p h a s e  of  t h e  f u n d a m e n t a l  o f  t h e  b a s o l a t e r a l  
m e m b r a n e  p o t e n t i a l  was  c a l c u l a t e d  u s i n g  F o u r i e r  
a n a l y s i s .

The m a g n i t u d e  o f  t h e  r e c e p t o r  p o t e n t i a l  f o r  
f r e q u e n c i e s  abo v e  250 Hz grew and t h e n  s a t u r a t e d  w i t h  
i n c r e a s i n g  sound p r e s s u r e  l e v e l  (SPL).  For  v e r y  low 
f r e q u e n c y  s t i m u l i  t h e  m a g n i t u d e  g r o w t h  wa s  mo r e  
comp le x ,  w i t h  s i g n i f i c a n t  d e p a r t u r e s  f rom l i n e a r i t y  
oc c u r i ng  a t  r e c e p t o r  p o t e n t i a l  l e v e l s  which would be i n  
t h e  l i n e a r  r an ge  f o r  h i gh  f r e q u e n c y  s t i m u l i .  These  
same s t i m u l u s  c o n d i t i o n s  produced c o n s i d e r a b l e  harmonic 
d i s t o r t i o n .  In some ca s es  t h e  energy in t h e  harmonics  
exceeded t h a t  i n  t he  fundamenta l  component .

The p ha s e  of  t h e  f u n d a m e n t a l  r e f e r e n c e d  t o  t h e  SPL 
showed c o n s i d e r a b l e  v a r i a b i l i t y  a c r o s s  a n i ma l s  v a r y i ng  
f rom 100 t o  270 d e g r e e s .  The p has e  was a l s o  c ompared  
t o  t h e  p ha s e  of  t h e  e x t r a c e l l u l a r  p o t e n t i a l  wh i ch  i s  
b e l i e v e d  t o  be l a r g e l y  an o u t e r  h a i r  c e l l  (DHC) 
response .  In a p p r ox im a t e l y  1/2 t he  a n i ma l s  s t u d i e d  the  
IHC r e s p o n s e  l e d  t h e  EC r e s p o n s e  by a t  l e a s t  130 
d e g r e e s  f o r  low SPL s t i m u l i .  In many c e l l s  t h e  p h a s e  
v a r i e d  by as much as  150 d eg r ees  w i t h  SPL.

In  a n u m b e r  o f  c e l l s  t h e  c a l c u l a t e d  r e c e p t o r  
p o t e n t i a l s  w e r e  g r e a t e r  t h a n  t h e  e x t r a c e l l u l a r  
p o t e n t i a l s  s ug g es t i ng  t h a t  the  complex behav i or  a t  low 
f r e q u e n c i e s  r e f l e c t s  t h e  mechanical  i npu t  t o  t he  c e l l .  
F u r t h e r  suppor t  f o r  t h i s  h y po th e s i s  was o b t a i ne d  f rom 
measurement s  of  t he  r e s i s t a n c e  changes a s s o c i a t e d  wi t h  
low f reque ncy  a c o u s t i c  s t i m u l a t i o n .

343.4 DIFFERENTIAL DISTRIBUTION OF F-ACTIN IN HAIR CELLS IN THE GUINEA 
PIG COCHLEA
L. C a r l i s l e  *, P .R . Thorne *, G. Z a jic  *, J .  S chach t, R.A. A lts c h u le r . 
K resge H earing R esearch  I n s t i t u t e ,  U n iv e rs ity  o f M ichigan, Ann 
A rbor, MI 48109

The d i s t r i b u t io n  o f f ilam e n to u s  (F )-  a c t in  in  h a i r  c e l l s  of th e  
gu inea  p ig  organ o f C o r ti  was examined u s in g  rhodam ine - la b e l le d  
p h a l lo id in  (a  s p e c i f ic  m arker f o r  F - a c t in ) .  The e n t i r e  co c h lea r  
s p i r a l  was examined in  s u r fa c e  p re p a ra tio n s  and c ry o s ta t  s e c t io n s  
a f t e r  aldehyde f ix a t io n .  Both l iv in g  and f ix e d  is o la te d  h a i r  c e l l s  
were a ls o  exam ined. A ll  p re p a ra tio n s  were incu b a ted  in  p h a l lo id in ,  
r in s e d  and examined under e p i f lu o re s c e n t  i l lu m in a tio n .

P rev ious  s tu d ie s  (Drenckhahn e t  a l .  1985, Zenner 1986) have 
d e s c r ib e d  la b e l l in g  in  s t e r e o c i l i a ,  th e  c u t ic u l a r  p la te  and syn
a p t ic  reg io n  o f h a i r  c e l l s  and Slepecky & Cham berlain (1985) found 
s im i la r  r e s u l t s  w ith  a n t ib o d ie s  to  a c t in .  We confirm  and extend 
th e s e  r e s u l t s  in  our s tu d ie s .  We observed a ’’s c a llo p e d "  ap p e ar
ance o f c u t ic u l a r  p la te  la b e l ,  as  th e  F -a c t in  o n ly  extended to  th e  
edge o f th e  h a i r  c e l l  a t  in t e r m i t te n t  p o in t s .  Zenner (1986) a lso  
d e sc r ib e d  a c e n t r a l l y  lo c a te d  bundle o f F - a c t in  f ila m e n ts  ex tend ing  
from th e  c u t ic u l a r  p la te  in to  th e  p e r in u c le a r  re g io n . Our system a
t i c  exam ination  o f th e  e n t i r e  organ of C o r t i ,  u s in g  s u r fa c e  p re p a r 
a t io n s ,  re v e a le d  a d i f f e r e n t i a l  d i s t r i b u t io n  of th i s  s t r u c tu r e  in  
h a i r  c e l l s  a long th e  c o c h le a r  s p i r a l .  T h is s p i r a l l i n g  filam e n to u s  
netw ork o f F - a c t in  l a b e l l in g  was g r e a t e s t  in  h a i r  c e l l s  in  th e  
upper tu rn s  o f th e  co ch lea  and d ec reased  in  th e  low er tu rn s .  I t  
was observed  in  a l l  h a i r  c e l l s  in  th e  a p ic a l  tu rn .  Towards th e  
b ase , a long th e  co c h le a r  s p i r a l ,  t h i s  l a b e l l in g  o f F - a c t in  de
c rea se d  and th e n  d isap p e a red  i n i t i a l l y  in  th e  f i r s t  row o f o u te r  
h a i r  c e l l s  and then  in  th e  second row. By th e  f i r s t  (most b a s a l)  
tu rn  o f  th e  co ch lea  on ly  minimal la b e l l in g  was observed  in  th e  
th i r d  row and none in  th e  f i r s t  two rows. In  th e  most b a s a l p o r tio n  
o f  th e  f i r s t  tu rn  th e r e  was no la b e l  in  any h a i r  c e l l s .  This 
f ilam e n to u s  netw ork o f l a b e l l in g  was on ly  o c c a s io n a lly  observed in  
in n e r  h a i r  c e l l s .  I t  i s  i n t e r e s t i n g  th a t  t h i s  d i s t r i b u t io n  i s  
s im i la r  to  th e  p a t te r n  o f a f f e r e n t  in n e rv a tio n  o f o u te r  h a i r  c e l l s  
and th e  converse of t h e i r  e f f e r e n t  in n e rv a tio n . T h is s tu d y  adds 
an o th e r  o b s e rv a tio n  to  th e  in c re a s in g  l i s t  o f d if f e re n c e s  between 
b a s a l  and a p ic a l  c o c h lea .

S upport by G ran ts No. NS-05785, NS07106, USPHS TW03473, and USDHC 
NS11731.

343.5 PATHOLOGICAL CHANGES IN THE CYTOPLASM OF AUDITORY HAIR CELLS AND 
NERVES WITH NOISE-INDUCED TEMPORARY AND PERMANENT DEAFNESS.
M. J . Mulroy. Dept. of Anatomy, Sch. of Med., Medical College of 
Georgia, Augusta, GA 30912.

Exposure to loud noise can cause structural changes to both 
the input (sensory hair bearing pole) and output (neural, synaptic 
pole) regions of auditory hair c e lls . This study compares the 
cytoiogical changes occurring in the neural pole of auditory hair 
ce lls  during temporary threshold sh if t (TTS) with the irreversib le  
changes occurring during permanent threshold sh if t  (PTS). Two ears 
with temporary threshold sh if ts  were prepared by measuring th e ir 
cochlear potentials immediately before exposing them to broadband 
noise a t a level of 87 dB SPL for 2 and 16 minutes. This exposure 
resulted in a decrease in the cochlear potential which did not 
recover to i t  original amplitude until a f te r  a recovery period of 
a t leas t 30 minutes. The ears were then exposed to the same noise 
again and perfused with fixative within 5 minutes a fte r the noise 
exposure, presumably during a period of temporary deafness. One 
ear was exposed to broadband noise at a level of 106 dB SPL for 2 
hours and fixed a fte r  a recovery period of 29 days, presumably 
during a period of permanent deafness. Semiserial transmission 
electron micrographs through the neural pole of the free-standing 
hair c e lls  of these ears were prepared and analyzed. Hair ce lls  
fixed during temporary deafness had an increase in the number and 
volume of clear vacuoles in th e ir  neural pole compared with 
unstimulated controls. Their nerve terminals were swollen and had 
more disrupted cell membranes than controls. Hair ce lls  fixed 
during permanent deafness were very pathological in appearance. 
They were shrunken, th e ir  cytoplasm and nucleoplasm were extremely 
electron dense, and th e ir  mitrochondria swollen compared with TTS 
and control hair c e lls . Like the TTS hair c e lls  the PTS hair ce lls  
had an increase in th e ir  cytoplasmic vacuoles. I in terpret the 
increased vacuoles in the neural pole of TTS hair ce lls  to be the 
cytoiogical sign of reversible metabolic fa ilu re  of the synaptic 
end of the hair cell during TTS. I can not be certain  whether the 
PTS hair c e lls  examined in th is  study had stab ilized  or whether 
they would have been resorbed i f  the recovery period had been 
longer. Examining PTS ears with much longer recovery periods will 
resolve th is  issue. Supported by NIH Grants NS 22105 and 18871.

343.6 EFFECTS OF EXCITATORY AND NON-EXCITATORY SUPPRESSOR TONES ON TWO- 
TONE RATE SUPPRESSION IN AUDITORY NERVE FIBERS. J.A. Costalupes, 
N.C. Rich and M.A. Ruggero. Dept. of Otolaryngol ogy, Univ. of 
Minnesota, 2630 University Ave. SE, Minneapolis, MN 55414.

Previous studies have shown that the dynamic range portions of 
tone-evoked rate-level functions can be shifted to higher tone 
levels in the presence of wideband noise. Such dynamic range 
sh if ts  can extend the overall operating range of rate responses of 
auditory nerve f ib ers . I t has been shown that dynamic range sh ift 
is a ttribu tab le  primarily to two-tone suppression produced by the 
background noise and is limited to those cases where the noise 
spectrum level is su ffic ien tly  high to excite the fib er. To date, 
however, most studies of two-tone suppression have considered the 
properties of suppressor tones that do not excite the fiber being 
studied. The purpose of th is  study is to compare the properties 
of two-tone suppression produced by excitatory suppressor tones 
with those of two-tone suppression produced by non-excitatory 
suppressor tones.

Recordings were made from individual auditory nerve fibers in 
anesthetized chinch illas. Test stimuli were 200-ms tones at fiber 
best frequency (BF) presented once per second. Analyses are based 
on rate-level functions for BF tones in the presence of suppressor 
tones at selected frequencies and in te n s itie s . Suppressor tones 
were gated simultaneously with te s t tones. For each rate func
tio n , in tensity  of the suppressor tone was held constant while the 
BF tone level was varied.

Results show that addition of a non-excitatory suppressor tone 
( i . e . ,  one that did not evoke a rate change by i ts e lf )  to the BF 
tone resulted in an approximately parallel sh if t of dynamic range 
to higher BF tone levels with no change in low-level or saturated 
response ra te s . Addition of an excitatory suppressor tone ( i . e . ,  
one tha t did evoke a rate change by i ts e lf )  resulted in greater 
sh if ts  of dynamic range and in reduced slope of the dynamic range 
portion of rate functions. The rate of sh if t (log-log coordi
nates) is  an approximately linear function of the in tensity  of the 
suppressor tone for both excitatory and non-excitatory suppressor 
tones. Preliminary resu lts suggest that the rate of sh if t for 
above-BF suppressor tones is  approximately .45 dB of sh if t per dB 
increase in suppressor tone level. For below-BF suppressor tones, 
the rate of sh if t is approximately 1.17 dB per dB. These resu lts 
indicate that properties of excitatory suppressor tones are con
sis ten t with those of non-excitatory suppressor tones.

(Supported by NSF Grant BNS-8304587 and NINCDS Grant NS12125.)
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343.7 DETERMINATION OF THE MAXIMUM INTEGRATION TIME IN THE AUDITORY 
NERVE OF THE TREEFROG, E. COQUI. R. Dunia and P.M. Narins. 
Interdepartmental Neuroscience Program and Department of Biology, 
University of C alifornia, Los Angeles; Los Angeles, C alif. 90024.

Neural processing occurs in two d is tin c t domains: the time 
domain, and the frequency domain. The most common methods of des
cribing the auditory nerve are by i t s  frequency characteristics . 
However, much information about the auditory nerve can be obtained 
by describing i t s  temporal features. One such feature is the max
imum integration time, or temporal in tegration . This study invol
ves calculating the maximum integration time through a systematic 
determination of thresholds for tones of various durations.

Adult E. coqui (3-7g) were anesthetized with nembutal (1 .5ul/g; 
50 mg/ml) and immobilized with curare (1.5 u l/g ; 20 mg/ml). A 
small diameter hole d rilled  through the roof of the mouth exposed 
the auditory nerve as i t  entered the brain. In trace llu lar recor
dings were made with 3 M KCl f ille d  glass micropipettes (30-50 MΩ).

The paradigm used to determine the maximum integration time was 
the ra te -in ten sity  function (RF). In th is procedure, a constant 
duration tone (closed f ie ld ) is  played a t various sound levels 
(0-110 dB SPL) in 3 dB increments produced in a random order a t 
the rate  of 1/500 ms. The spike rate  is  measured as a function of 
of the stimulus in tensity . The procedure is  repeated four more 
times so that each RF is the average of five individual determina
tions. The duration of the tone was system atically varied from 
25-450 ms., changing a f te r  the completion of each set of five 
individual determinations. Various levels of continuous white 
noise (20-50 dB/Hz) were then added and the en tire  procedure was 
repeated in the presence of the background noise.

The c rite rio n  for determination of threshold in each averaged 
RF was the point a t which the local slope of the curve differed 
sign ifican tly  (p<.01) from the slope of the baseline. We then 
plotted the threshold as a function of tone duration for each 
auditory neuron.

In the pooled data se t of 400 threshold determinations from 
80 auditory neurons, the calculated maximum integration time was 
275 ms. With the addition of continuous noise, the maximum in te 
gration time decreased slig h tly  to 225 ms. These resu lts are con
s is te n t with o thers' resu lts for the maximum integration times of 
th is frequency range in mammals and humans, and indicate no sig 
nifican t differences despite the differences in the auditory sys
tems of the various species.

(Supported by NIH grant NS 19725.)

343.8 KYNURENIC ACID SUPPRESSES THE COMPOUND ACTION POTENTIAL (CAP) OF 
THE GUINEA PIG COCHLEA. R. P. Bobbin and G. C easar* . Kresge 
H earing  Research L a b ., D ep t. of O to rh ino laryngo logy , L.S.U . 
M edical C en te r, New O rlean s , LA 70119.

Evidence e x i s t s  to  suggest th a t  the  h a i r  c e l l  t r a n s m it te r  i n 
o c t a v o la t e r a l i s  system s i s an e x c i ta to ry  amino a c id  such as 
g lu tam a te  (Bobbin e t  a l . , In  A uditory  B io ch em istry ; E d ited  by 
D resch er, D. G ., pp. 102, Thomas, 1985). However th e re  a re  few 
chem icals th a t  a re  e f f e c t iv e  in  b lock ing  tra n sm iss io n  between the 
h a i r  c e l l s  and th e  a u d ito ry  n erv e . N otably w ith o u t e f f e c t  a re  
th e  NMDA-type of e x c i ta to ry  amino ac id  a n ta g o n is ts ,  i . e . ,  
a lph a-am in o ad ip a te  and 2 -am ino -5 -phosphonovalera te . This study 
ad d re sse s  th e  q u e s tio n  of w hether kynu ren ic  ac id  a f f e c ts  the 
compound a c t io n  p o te n t ia l  of the a u d ito ry  nerve (CAP).

P e rily m p h a tic  spaces of guinea p ig  coch leae  were perfu sed  w ith  
R inger s o lu tio n s  co n ta in in g  0 .6  to  10 mM c o n c e n tra tio n s  of 
kynu ren ic  ac id  (Sigma) a t  a r a t e  of 2 μl/m in . fo r  10 min. 
(B ledsoe , e t  a l . ,  H ear. R es. 4 :109, 1981). Im m ediately a f t e r  
each p e rio d  of p e r fu s io n  th e  CAP, c o c h lea r m icrophonics (CM) and 
th e  summating p o te n t ia l  (SP) evoked by 10 kHz tone b u rs ts  of 
va ry in g  in t e n s i ty  were reco rded  from a w ire in s e r te d  in  th e  b a sa l 
tu rn  s c a la  v e s t i b u l i .  These responses  were compared to  those  
e l i c i t e d  im m ediately a f t e r  p e r fu s io n  w ith  normal R inger s o lu t io n .  
The cro ssed  o liv o c o c h le a r  bundle was s tim u la te d , and the  
endococh lear p o te n t ia l  (EP) to g e th e r  w ith  th e  evoked slow 
p o te n t ia l  change produced in  th e  s c a la  media (COCP) were recorded 
in  some an im als. The e f f e c t  of 5 mM kynuren ic ac id  was te s te d  on 
th e  EP and COCP and compared to  th e  e f f e c t s  of R inger s o lu t io n .

K ynurenic ac id  (0 .6 -1 0  mM) r e v e r s ib ly  suppressed  th e  CAP, but 
d id  not a f f e c t  th e  CM and SP (n =5 ) . Maximum CAP su p p ressio n  
o ccu rred  a t  about 5 mM kynu ren ic  a c id  and was e q u iv a le n t to  more 
th a n  a 40 dB re d u c tio n  in  sound in t e n s i ty .  Kynurenic a c id  (5mM) 
reduced th e  EP s l i g h t ly  ( 10 mV) and r e v e r s ib ly ,  but d id  not a f f e c t  
th e  COCP.

These r e s u l t s  suggest th a t  kynuren ic  a c id , which has b lock ing  
e f f e c t s  a t  non-NMDA type of e x c i ta to ry  amino a c id  r e c e p to r s , 
b locks re c e p to rs  which a re  involved in  the  g en e ra tio n  of the  CAP, 
b u t not re c e p to rs  used to  g en e ra te  th e  e f f e r e n t  response . 
C o n s is te n t w ith  th i s  p o s s i b i l i ty  L -g lu tam ic a c id -d ie th y l  e s t e r ,  
an a d d i t io n a l  non-NMDA type b lo c k e r , has been rep o rte d  to  
supp ress  th e  CAP (Bobbin e t  a l . ,  ARO A b s tr a c ts , pp. 27-28, 1981). 
F u tu re  experim ents w i l l  examine th e  pharmacology of kynuren ic 
a c id  in  g re a te r  dep th .
(S upported  by an NSF re se a rc h  g ran t # BNS-8419241, Kresge 
F oundation  and th e  L o u isian a  L ions Eye F o u n d a tio n .)

343.9 L O C A L IZ A T IO N  O F P U T A T IV E  S P IK E  IN IT IA T IN G  SITES W ITHIN 
T H E  LA G EN A  O F T H E  TEL EO ST FISH , HELO STO M A  T E M IN C K I 
W illiam  M. Saidel. D ep t. o f  A natom y, G eorgetow n U niv ., Schools o f  Med. 
an d  D en t., W ashington , D.C. 20007

Single m y elin a ted  a f f e r e n t  axons to  th e  lag en a r sensory  ep ith e lia  o f 
f ish  in n e rv a te  m any h a ir  cells. T hese axons a re  sp a tia lly  d is tr ib u te d  w ith  
a la rg e  d iam e te r  class fo rm in g  sy n ap tic  re la tio n s  w ith  h a ir  cells in  the  
c e n tra l ep ith e liu m  an d  a  sm all d iam e te r  class p r im a ri ly  syn ap sin g  w ith  
h a ir  cells in  th e  p e rip h e ra l e p ith e liu m .

A q u estio n  o f fu n c tio n a l  in te re s t is ra ised  by th e  in n e rv a tio n  p a tte rn . 
Does a sing le  h a ir  cell g en e ra te  a  sp ik e  in  an  axon  as a consequence o f a 
su p ra th re sh o ld  p o st-sy n ap tic  p o ten tia l (PSP) o r do  m any  h a ir  cells 
g e n e ra te  su b -th resh o ld  PSP’s w h ich  sum m ate a t  an  ax o n a l sp ik in g  zone? 
T h e  cy to ch em ica l p ro ced u re  o f  Q u ick  an d  W axm an (J. N eurocy to l., 1977, 
6:555-570 an d  J. N euro l. Science, 1977, 31:1-11) w as used to  s tu d y  th is  
q u estio n  as i t  se lec tiv e ly  s ta in s  sp ik in g  sites  o f  p e rip h e ra l an d  c e n tra l 
m y elin a ted  axons.

In  lag en a r sensory  e p ith e liu m , b lu e  p rec ip ita te , c h a ra c te r is t ic  o f 
p o sitiv e  s ta in in g , w as fo u n d  on ly  in  th e  c e n tra l  e p ith e lia l reg ion  in  two 
s tra ta ,  a basal level co rre sp o n d in g  to  in tra e p ith e l ia l  nodes o f  R a n v ie r  and  
a n  a p ica l level, c o rre sp o n d in g  to  th e  s tr a ta  in  w h ich  h a ir  cells synapse 
w ith  8 th  n e rv e  a ffe re n ts .  N odal lab e lin g  w as fo u n d  in  a ll d iam e te r  axons 
e x te rn a l to  th e  sensory  e p ith e liu m .

By TEM , some o f  these p o sitiv e  s ta in in g  sites id e n tif ie d  h a ir  cell 
synapses. These synapses h ad  m u ltip le  dense bodies, each  su rro u n d e d  w ith  
sy n ap tic  vesicles, an d  th e  p o st-sy n ap tic  axons w ere in v ag in a te d  in to  th e ir  
resp ec tiv e  p re-sy n ap tic  h a ir  cells. A t o th e r n e a rb y  a f f e r e n t  synapses, the  
p o st-sy n ap tic  axons d id  n o t s ta in .

T h e  resu lts  o f  th is  e x a m in a tio n  suggests a  d if fe re n c e  in  sp ike 
in i t ia t io n  o f lag en a r axons. (1) T h e  sp ike  t ra in  o f  sm all d iam e te r  f ib e rs  
in  the  p e rip h e ra l reg ion  a p p a re n tly  resu lts  f ro m  su m m atio n  o f 
su b th resh o ld  PSPs fro m  m any  h a ir  cells a t  a sp ike  in it ia t in g  zone located  
some d is tan ce  f ro m  th e  e p ith e liu m . (2) Some synapses on to  larg e  d iam e te r 
f ib e rs  in  th e  c e n tra l ep ith e liu m  ap p e a r to  h av e  th e  ca p ac ity  fo r  
g e n e ra tin g  sp ikes in  an  a f f e r e n t  f ib e r . O n ly  a few  o f  th e  m any  h a ir  cells 
sy n ap sin g  on these f ib e rs  s ta in ed . C o n seq u en tly , fo r  th e  larg e  d iam e te r 
f ib e rs , some synapses m ay g e n e ra te  sp ikes w h ile  o th ers  do  not. P erhaps in 
th is  class o f  lag en a r f ib e rs , irre g u la r ity  o f  o bserved  in te rsp ik e  in te rv a ls  
m ig h t be a consequence o f  com bin ing  sub- a n d  su p ra -th re sh o ld  PSPs.

(S u p p o rted  by  N IH  an d  O N R )

343.10 N E U R O N A L  IN N E R V A T IO N  O F IN D IV ID U A L  SEN SO R Y  H A IR  
CELLS IN  TH E  SA CCU LA R E PIT H E L IU M  O F T H E  E A R  O F A 
T EL EO ST FISH. A. N. P opper, W. M. S a id el, M. U hlm an*. D ep t. o f 
A natom y an d  Cell B iology, Schools o f  Med. an d  D ent., G eorgetow n U niv., 
W ashington, D. C. 20007.

T h e  saccu la r  sensory  e p ith e liu m  o f the  e a r  o f  the  oscar, 
A stro n o tu s  o scella tus co n ta in s  tens o f  th o u san d s o f sensory  h a ir  cells and  
is in n e rv a te d  by b o th  a f f e r e n t  an d  e ff e r e n t  neurons. T h e  nu m b er of 
sensory  h a ir  cells g rea tly  o u tn u m b ers  the  neu ro n s by a ra t io  exceeding  
25:1 (P opper, A. N. an d  B. H o x ter, H ea rin g  Res., 15 :133,1984). While 
in d iv id u a l  neu ro n s m ust in n e rv a te  m any h a ir  cells, a c h a ra c te r iza tio n  o f 
a f f e r e n t  an d  e f f e r e n t  synapses on single  h a ir  cells is lack ing .

We h av e  a n a ly zed  in d iv id u a l h a ir  cells in  A stro n o tu s  fo r  a ffe re n t  
an d  e f f e r e n t  sy n ap tic  c h a rac te ristic s . S accu lar e p ith e lia  fro m  several 
f ish es  o f  the  sam e size (to  ap p ro x im ate  th e  sam e nu m b er o f  h a ir  cells in 
each  ep ith e liu m ) w ere c u t in to  sm all p ieces an d  se ria lly  cross-sectioned  in 
a tran sv e rse  p lan e  a t ap p ro x im ate ly  70 - 80 nm. Sections w ere m ounted 
on g rid s , an d  v iew ed by TEM . P ho to g rap h s o f the  sections w ere used to 
rec o n s tru c t th e  types an d  ex te n t o f  synapses on each  h a ir  cell.

F 1 an d  F3 sensory  h a ir  cell have a f f e r e n t  an d  e f f e r e n t  synapses, 
a lth o u g h  th e  nu m b er o f  synapses o f  each  type  v aries  am ong cells. T he 
n u m b er o f  a f f e r e n t  synapses on a single cell ranges fro m  1 to  a t least 6, 
w h ile  th e  nu m b er o f  e ff e r e n t  synapses ranges fro m  1 to  a t least 10. 
A p p ro x im a te ly  75 per cen t o f th e  cells ex am in ed  (N = 17) have  tw o to 
th re e  tim es m ore e f f e r e n t  th an  a f f e r e n t  synapses. In  th e  o th er 25 per 
cen t o f  cells the  n u m b er o f  a f f e r e n t  an d  e ff e r e n t  synapses a re  
a p p ro x im ate ly  equal.

T h e  positio n s  o f  a f f e r e n t  an d  e f f e r e n t  synapses on in d iv id u a l cells 
d i f f e r .  E f fe re n t  synapses a re  d is tr ib u te d  m ore w ide ly  th a n  a f f e r e n t  
synapses a long  th e  len g th  o f  the  cell. A f fe re n t  synapses a re  fo u n d  along 
th e  base o f  th e  cell, an d  along  th e  b asal sides o f  th e  cell m em brane to  a 
level ju s t below  the  nucleus. E f fe r e n t  synapses a re  fo u n d  f ro m  the  base 
o f  the  cell an d  along  the  cell m em brane to a level c o rre sp o n d in g  to  the 
m id d le  o f  th e  nucleus.

T he p resence o f e f f e r e n t  synapses on ev ery  sensory  h a ir  cell, 
d esp ite  th e  fe w  e f f e r e n t  f ib e rs , suggests CNS m o d u la tio n  o f h a ir  cell 
response. M u ltip le  a f f e r e n t  synapses suggest a  com p lex ity  in  cod ing  o f 
the  a f f e r e n t  in fo rm a tio n  an d  its  t ra n sm itta l  to  th e  CNS. A lthough  d a ta  
a re  f ro m  a lim ited  n u m b er o f  cells, o u r resu lts  in d ic a te  co n sid erab le  
in te r-c e ll  v a ria b il i ty  o f  n eu ro n a l in n e rv a tio n  w ith in  sm all saccu lar 
reg ions as w ell as along  th e  saccu la r  e p ith e liu m . T h is  v a ria b il i ty  d if fe rs  
f ro m  th e  m ore reg u la r  o rg an iz a tio n  o f in n e rv a tio n  p a tte rn s  in  some 
to n o to p ica lly  o rg an ized  a u d ito ry  e p ith e lia  an d  m ay suggest th a t  th ere  is 
o th e r  th an  ton o to p ic  o rg an iza tio n  in  th e  saccu le  o f  A strono tus. A t the  
sam e tim e, we suggest th a t  the  ex ten siv e  a f f e r e n t  an d  e ff e r e n t  
in n e rv a tio n  in  th e  A stro n o tu s  saccule  is l ik e ly  to in d ic a te  p e rip h e ra l 
co m p u ta tio n  o f in fo rm a tio n  reg a rd in g  th e  aco u stic  stim ulus. (Supported  
by N IH  an d  O N R )
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343.11 PROJECTIONS OF TYPE II NEURONS FROM THE GUINEA PIG COCHLEA. M.C. Brown. 
Research Laboratory of Electronics, M.I.T., and Eaton-Peabody Laboratory, Massachusetts Eye 
& Ear Infirmary, Boston, MA 02114.

Although the projections of the more numerous type I ganglion cells from the mammalian 
cochlea have been extensively studied, the peripheral and central projections of type II cells are 
less well known. The present study describes the peripheral and the initial portion of the cen
tral projections of type II cells at the light microscopic level, after labeling with extracellular 
injections of horseradish peroxidase into the spiral ganglion. The focal injections were 
confined to a narrow region of the basal turn in guinea pigs (7 to 275 ganglion cells labeled).

Labeled type II ganglion cells were distinguished by their small size (avg. soma silhouette 
area=100, st. dev.=19 sq. microns), compared to the larger type I cells (avg. area=216, st. 
dev.=40 sq. microns) and because their thin central and peripheral processes were about equal 
in diameter near the soma, whereas type I cells had central processes greater in diameter than 
peripheral processes. In eight cases, type II ganglion cells could be traced peripherally to outer 
spiral fibers (OSFs) contacting outer hair cells, whereas 11 type I cells contacted single inner 
hair cells immediately radial to the injection site. Thus the guinea pig innervation plan is simi
lar to that of the cat (Kiang et al., Science 217:175, 1982).

Each of the 34 reconstructed OSFs spiralled basally within the organ of Corti 90 to 600 
um before contacting outer hair cells, thus the topographic map from organ of Corti to the 
ganglion is offset for type II cells, relative to type I cells. Most of the OSFs contacted outer 
hair cells within one row and the OSF characteristics were row-dependent Third-row fibers 
showed the most extensive innervation and the longest spiral and termination lengths. For 
instance, OSFs from the first row contacted between 5 and 12 outer hair cells whereas those 
from the third row contacted between 14 and 28 outer hair cells. Of 69 OSFs traced to a 
predominant row of innervation, 46% contacted first-row outer hair cells, with the remainder 
distributed to the second or third rows. Even though the number of OSFs contacting the third 
row seems to be fewer than the number contacting the first row, the difference in the number 
of terminals formed leads to the conclusion that there are more afferent boutons on the third 
row than on the first row of outer hair cells.

Labeled axons from type II cells were traced centrally through serial sections of a block 
containing the cochlea, auditory nerve and cochlear nucleus. Type II ganglion cells sent thin 
axons (avg. diam. = 0.45 urn) centrally into the auditory nerve to travel with the thick central 
axons of the type I ganglion cells (avg. diam. = 2 um). The thick axons exhibited periodic 
constrictions interpreted as nodes of Ranvier whereas the thin axons did not. Most of the type 
II axons (23/24) were unbranched within the nerve and could be followed into the cochlear 
nucleus before fading. Five type II axons traced deeply into the interstitial portion of the 
cochlear nucleus bifurcated within the region of the thick-fiber bifurcation. Three descending 
and one ascending branches could be traced into the postero-ventral and antero-ventral divi
sions of the cochlear nucleus, respectively, and these coursed with the labeled thick fibers, 
although in no cases was the complete central projection obtained (due to fading of the reac
tion product within the axon). Although preliminary, these results suggest that the initial pro
jection of type I and II cells from spiral ganglion to cochlear nucleus is topographically simi
lar. This implies that the topographic map from the organ of Corti to the cochlear nucleus is 
slightly offset for the two types of neurons. Conduction times calculated from the respective 
fiber diameters would lead us to expect type II information to take more than 4 msec longer 
than type I information to travel from the periphery to the bifurcation point. The differences in 
peripheral innervation and axonal caliber suggest greatly different functions for the type I and 
II afferent neurons. (Supported by NIH grants T32 NS-07047 and POl NS-13126.)

343.12 A  MONOCLONAL ANTIBODY (RT-97) LABELS TYPE I I  NEURONS OF THE 
SPIRAL GANGLION. A.M. Berglund and D.K. Ryugo. D ept. Anatomy 
and C e l lu la r  B io logy , H arvard Med. School, Boston, MA 02115 and 
Eaton-Peabody L a b o ra to ry , M assachusetts  Eye & E ar In f irm a ry , 
B oston , MA 02114.

S p ir a l  gan g lio n  neurons in  th e  mammalian co ch lea  have been 
c l a s s i f i e d  on th e  b a s is  of m orpho log ica l c h a r a c te r i s t i c s  o f 
t h e i r  c e l l  b od ie s  a n d /o r  th e  p a t te rn  o f h a i r  c e l l  in n e rv a tio n  
( e . g . ,  Kiang e t  a l . ,  in  L. B o lis  e t  a l . ,  e d s . ,  Comp. P h y s io l, 
o f Sensory System s, p . 143, 1984). Type I  neurons have 
r e l a t i v e ly  la rg e  c e l l  b o d ie s , in n e rv a te  in n e r  h a i r  c e l l s ,  and 
com prise 95% of th e  gan g lio n  p o p u la tio n . Type I I  neurons have 
r e l a t i v e ly  sm all c e l l  b o d ie s , in n e rv a te  o u te r  h a i r  c e l l s ,  bu t 
r e p re s e n t only  5% o f th e  p o p u la tio n . While c y to lo g ic a l 
c r i t e r i a  enab le  one to  id e n t i f y  each gan g lio n  c e l l  as  type I  o r 
type  I I ,  th e  in f re q u e n t type  I I  neurons a re  in te rm ix ed  w ith  th e  
more p re v a le n t type I  neurons and a re  th e re fo re  d i f f i c u l t  to  
d e t e c t .  As a  r e s u l t ,  c e l l  coun ts and p o p u la tio n  s tu d ie s  would 
be f a c i l i t a t e d  i f  type I I  neurons could  be s e le c t i v e ly  and 
d i s t i n c t l y  la b e l l e d .

L ig h t and e le c tro n  m icroscop ic o b se rv a tio n s  in d ic a te  th a t  
th e  type I I  c e l l  b od ie s  c o n ta in  an abundance of n eu ro filam e n ts  
and a p a u c ity  o f ribosom es. The h i s to lo g ic a l  a f f i n i t y  o f type 
I I  c e l l  bo d ie s  f o r  n e u ro filam e n t s ta in s  (Kiang e t  a l . ,  i b i d ) i s  
c o n s is te n t  w ith  th e  s p e c i f ic  la b e l l in g  by p ro ta rg o l of p ro te in s  
th a t  form n eu ro filam e n ts  (G am betti e t  a l . ,  S c ie n ce , 213:1521, 
1982). In  t h i s  c o n te x t, we hypo th esized  th a t  th e  c e l l  bodies 
o f type I I  neurons m ight be p r e f e r e n t ia l ly  la b e l le d  by the  
n e u ro filam e n t an tib o d y , RT-97 (Wood and A nderton , B iosci . 
R e p o r ts , 1 :263 , 1981).

C och lear t i s s u e  o f r a t  and c a t  was f i r s t  s ta in e d  w ith  
to lu id in e  b lue  in  o rd e r  to  id e n t i f y  type I  and type I I  c e l l  
b o d ie s . P hotom icrographs and camera lu c id a  draw ings p rovided 
reco rd s  o f c e l l  types  and th e i r  p o s i t io n  in  th e  g a n g lia . The 
to lu id in e  b lue  was then  washed away and th e  t i s s u e  p rocessed  by 
immunocytochemical methods. Type I I  c e l l  bod ies were 
d i s t i n c t l y  s ta in e d  w hereas a l l  o th e r  c e l l s  were u n s ta in ed  o r 
only  l i g h t ly  s ta in e d .  In  t h i s  way, we d i r e c t l y  dem onstrated  
th a t  type I I  neurons d e fin ed  by b a s ic  dye c r i t e r i a  a re  th e  same 
as  th o se  d is tin g u is h e d  by n e u ro filam e n t c o n te n t. S tu d ie s  
in v o lv in g  type I I  c e l l  co u n ts , p lo t s  o f t h e i r  d i s t r i b u t io n  
w ith in  th e  g an g lio n , o r  morphometry w i l l  be g r e a t ly  ex ped ited  
by th i s  s im ple and r e l i a b l e  method.

Supported by NIH g ra n t NS 13126.

343.13 COCHLEAR INNERVATION IN THE MONGOLIAN GERBIL. S.M. E c h te le r  
and K. O h lem ille r* . A uditory  P hysio logy L ab o ra to ry . D epartm ent 
o f N eurobiology and P hysio logy . N orthw estern  U n iv e rs ity , 
E vanston , IL 60201.

The p a t te r n  o f in n e rv a tio n  o f  mammalian in n e r  ( IHCs) and 
o u te r  (OHCs) h a i r  c e l l s  i s  known on ly  in  g e n e ra l te rm s and 
f o r  a r e l a t i v e ly  few s p e c ie s .  M oreover, many p rev io u s  s tu d ie s  
o f c o c h le a r  in n e rv a tio n  have employed th e  Golgi method, which 
works b e s t in  young anim als and may n o t com pletely  r e f l e c t  th e  
p a t te r n  o f c o c h le a r  in n e rv a tio n  in  m ature mammals. R ecen tly , 
e x t r a c e l lu l a r  h o rs e ra d is h  p ero x id ase  la b e l in g  methods have 
been a p p lie d  to  th e  a d u l t  a u d ito ry  p e r ip h e ry  in  c h in c h i l la s  
(Schm eidt and Feng, H earing Res. ,  2 :79 , 1980), c a ts  (Kiang e t .  
a l .  S c ie n ce , 217:175, 1982), and mice (Berglund and Ryugo, 
Soc. N eu ro s i. A b s tr . , 11:246, 1985). While th e se  s tu d ie s  
r e v e a l a  com plete s e g re g a t io n  o f a f f e r e n t  and e f f e r e n t  i n 
n e rv a t io n  to  a d u l t  IHCs and OHCs, they  a l s o  su g g es t th a t  
s ig n i f i c a n t  d if f e re n c e s  may e x i s t  in  th e  p re c is e  p a t te r n  o f 
in n e rv a tio n  o f c o c h le a r  r e c e p to r s  in  c a ts  and ro d e n ts .

As p a r t  o f a  combined s t r u c tu r e / f u n c t io n  s tudy  o f th e  
a u d ito ry  p e r ip h e ry  in  th e  Mongolian g e r b i l ,  HRP (10% w/v) 
was io n to p h o resed  (+ 2-3 uA DC c u r re n t  f o r  20-30 m in s .)  in to  
th e  c o c h le a r  n e rv e . Four to  e ig h t  hours a f t e r  in j e c t io n ,  
an im als were p e rfu sed  th rough  th e  h e a r t  and co ch lea  w ith  2.5% 
g lu ta ra ld e h y d e  in  0 .1  M phosphate b u f fe r .  F ollow ing d e c a l
c i f i c a t i o n  (0 .1  M EDTA) f o r  2-4 days , coch leae  were re a c te d  
w ith  d iam in o b en z id in e , embedded in  a r a l d i t e  and viewed as  
s u r fa c e  p re p a ra t io n s .

B ip o la r neurons tr a c e d  to  OHCs have sm all ( le s s  th an  10 ums )  
s p h e r ic a l  c e l l  bod ie s  ly in g ,  a lm ost e x c lu s iv e ly , a t  th e  p e r i 
phery o f th e  s p i r a l  g an g lio n , n ea r  th e  in t r a g a n g l io n ic  s p i r a l  
b und le . The p e r ip h e ra l  p ro cesse s  o f th e se  c e l l s  a re  th in  
( l e s s  than  0 .5  um) and, a f t e r  c ro s s in g  th e  tu n n e l o f C o r ti ,  
th ey  s p i r a l  b a s a l ly  f o r  200 ums o r more b e fo re  te rm in a tin g  on 
5-10 OHCs.

R ad ia l f ib e r s - (R F s )  p ro je c t in g  to  IHCs a r i s e  from la r g e r  
b ip o la r  neu rons . A fte r  p a ss in g  th rough  th e  habenu la p e r f o r a ta ,  
a s in g le  RF may: 1) form a s in g le  bouton on th e  n e a re s t  IHC, 
2) co u rse  f o r  s h o r t  d is ta n c e s  a p ic a l ly  o r  b a s a l ly  form ing 
pronounced v a r i c o s i t i e s ,  s u g g e s tiv e  o f en p a s s a n t synapses , on 
up to  th r e e  IHCs o r  3) branch to  in n e rv a te  two a d ja c e n t IHCs.

C ochlear e f f e r e n t  f i b e r s  in n e rv a tin g  OHCs have a l s o  been 
la b e le d .  P re lim in a ry  re c o n s t ru c t io n s  re v e a l th a t  th e se  neurons 
in n e rv a te  re c e p to r s  along  r e s t r i c t e d  (250 ums o r  l e s s )  p o r tio n s  
o f th e  b a s i l a r  membrane.

(S upported  by NIH postdoc  fe l lo w sh ip  NS07438 to  S.M .E .)

343.14 ELECTRON-MICROSCOPIC OBSERVATIONS ON AN HRP-FILLED, PHYSIOLOGI
CALLY-CHARACTERIZED MEDIAL OLIVOCOCHLEAR AXON IN THE GUINEA PIG 
COCHLEA.
J.S . White, D. Robertson* and W.B. Warr, Dept. of Anatomy, Creigh
ton Univ. School of Med., Omaha, NE 68178, Dept. of Physiology, 
Univ. of Western A ustralia, Nedlands, WA 6009, A ustralia, and Boys 
Town National In s titu te , Omaha, NE 68131

There is substantial evidence that the efferent innervation of 
the cochlea is provided by two systems of olivocochlear (OC) 
neurons, la tera l and medial, which have separate distributions in 
the brain stem and which synapse in the organ of Corti, respecti
vely, with radial afferent fibers and outer hair ce lls . However, 
i t  is s t i l l  not clear whether the post-synaptic targets of the 
la tera l and medial systems may be broadly viewed as being mutually 
exclusive or partia lly  overlapping.

In the present study, we examined the fine structure of a medial 
OC axon which had been impaled by a microelectrode inserted into 
the intraganglionic spiral bundle of an anesthetized guinea pig, 
i t s  physiological characteristics determined (CF 11 kHz, respon
sive to ip sila te ra l sound), and i ts  peripheral segment f ille d  with 
HRP by iontophoresis (see Robertson, D., Hear. Res. 15:113, 1984, 
for d e ta ils ) . Subsequent histological processing and ligh t- 
microscopic examination showed that th is f ib er, before terminating 
in relation to outer hair c e lls , coursed for some 80 μm within the 
inner spiral bundle (ISB), where i t  displayed varicosities quite 
reminiscent of the pre-synaptic specializations of la tera l OC 
axons which travel in the same region.

U ltrastructural study of th is fiber showed that i t  was myelina
ted up to the habenula perforata and that the varicosities in the 
ISB contained a dense accumulation of synaptic vesicles, partia lly  
masked by the HRP reaction product, but iden tica l in appearance to 
those in terminals contacting outer hair ce lls . The labeled vari
cosities p artia lly  enveloped and were in apparent synapse with 
small, but as yet unidentified, axons in the ISB.

Al though these observations indicate that the same medial OC 
axon that innervates outer hair cells may also form synapses in 
the ISB, such synapses may not be typical of a ll medial OC fibers , 
because many pass d irectly  to the outer hair cells without 
coursing in the ISB (Liberman, M.C., Hear. Res. 3:189, 1980).

Supported by NSF Grant BNS 83-20336 to JSW, Grants from the 
National Health and Research Council of Australia to DR, and by 
NSF Grant BNS 82-09987 to WBW.
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344.1 ENDBULBS OF HELD IN A COCHLEAR NUCLEUS, NUCLEUS MAGNOCELLULARIS 
IN THE RED-EARED TURTLE, CHRYSEMYS SCRlPTA ELEGANS. R .H . Brow ner 
and  D.M. P i e r z . D e p a rtm e n t o f  Anatom y, New York M e d ic a l C o l le g e ,  
V a l h a l l a ,  N .Y. 1 0 595 .

F o r ty  a d u l t  t u r t l e s  w ere im p re g n a te d  w i th  t h e  G o lg i-K o p sc h  
m eth o d . The G o lg i im p re g n a te d  b r a i n s  w ere  embedded in  A r a ld i t e  
and s e c t io n e d  in  c o ro n a l  and  h o r i z o n t a l  p la n e s  a t  120 μm. The 
in n e r  e a r  i n  30 t u r t l e s  was i n j e c t e d  w i th  h o r s e r a d is h  p e ro x id a s e  
(HRP) to  d e te rm in e  th e  c o n n e c t io n s  o f  a u d i t o r y  g a n g lio n  c e l l s  and 
i t s  ty p e s  o f  e n d in g  i n  th e  c o c h le a r  n u c l e i  ( n u c l e i  m a g n o c e llu -  
l a r i s  and  a n g u l a r i s ) .  The t u r t l e s  w ere  a n e s t h e t i z e d  w i th  a 
c o m b in a tio n  o f  n i t r o u s  o x id e ,  h a lo t h a n e ,  and  o x y g e n . The 
te m p o ra l  m u sc le  was rem oved o v e r  t h e  te m p o ra l  bone and  th e  i n n e r  
e a r  ex p o sed  by d r i l l i n g .  A g l a s s  m ic r o p ip e t t e ,  w i th  a  20 μm t i p ,  
was p la c e d  in  t h e  i n n e r  e a r .  A 30% s o lu t io n  o f  HRP was 
i o n t o p h o r e t i c a l l y  i n j e c t e d  f o r  15 m in u te s  i n t o  th e  i n n e r  e a r .  
The bony o p e n in g  was c ap p ed  w i th  d e n ta l  cem ent and th e  a n im a l was 
m oving w i th in  15 m in u te s  f o l lo w in g  s u r g i c a l  c l o s u r e .  F iv e  d a y s  
f o l lo w in g  th e  i n j e c t i o n  th e  t u r t l e s  w ere  k i l l e d  w i th  an o v e rd o s e  
o f  N em b u ta l. The t u r t l e s  w ere  t r a n s c a r d i a l l y  p e r f u s e d  w i th  
R e p t i l i a n  R in g e rs  fo l lo w e d  by a  f i x a t i v e  o f  1 .2 5  g lu ta r a ld e h y d e  
and  1 .0  p a ra fo rm a ld e h y d e  in  0 .1  M p h o s p h a te  b u f f e r ,  pH 7 .4 .  The 
b r a i n s  w ere  p r e p a r e d  f o r  HRP h i s t o c h e m i s t r y . The s e c t i o n s  w ere 
c u t  a t  40 μm in  t h e  c o ro n a l  p la n e  and th e n  r e a c t e d  w i th  e i t h e r  
BHDC o r  TMB. The s e c t i o n s  w ere  c o u n te r s ta i n e d  w i th  N e u t r a l  Red.

E ig h th  n e rv e  f i b e r s  e n te r e d  th e  b r a i n  s tem  d o r s o l a t e r a l l y  and 
c o u rs e d  t o  b o th  c o c h le a r  n u c l e i . They e n te r e d  th e  n u c le u s  m agno- 
c e l l u l a r i s  and  s p re a d  th ro u g h o u t  th e  n u c l e u s . A p re d o m in a n t  8 th  
n e rv e  e n d in g  was t h e  e n d b u lb  o f  H e ld . T h e re  w ere  3 m o d i f ic a t io n s  
o f  e n d b u lb s  o f  H e ld . One was o f  an  e n la r g e d  cup  w hich  s u rro u n d e d  
th e  n e u ro n  f o r  a t  l e a s t  one h a l f  o f  i t s  som a. I t  h ad  no a d d i 
t i o n a l  a p p e n d a g e s . A seco n d  h ad  an e n la r g e d  te r m in a l  w i th  2 t o  3 
th ic k e n e d  a p p e n d ag e s  a r i s i n g  from  i t s  b a s e .  The t h i r d  was h a n d 
l i k e .  I t  h ad  a  w id e  p o r t i o n  w i th  3 t o  4 f i n g e r - l i k e  e x p a n s io n s  
a r i s i n g  from  th e  ed g e  o f  t h e  ex p an d ed  a r e a .  T h ese  e x p a n s io n s  
a rc h e d  a ro u n d  th e  som a. A l l  t h e  e n d in g s  w ere  p r e s y n a p t ic  t o  
m o d e ra te ly  s iz e d  b u sh y  n e u ro n s .

The p r e s e n c e  o f  e n d b u lb  o f  H eld  in  t h e  t u r t l e ,  b i r d  ( J h a v e r i  
and M o re s t ,  JCN, 7 :8 0 9 ,  '8 2 ;  SN, 1 1 , '8 5 ) ,  and mammal (Ryugo and 
F e k e te ,  JCN, 2 1 0 :2 3 9 -2 5 7 )  i s  f u r t h e r  e v id e n c e  f o r  s i m i l a r i t i e s  in  
t h e  a m n io te  a u d i t o r y  s y s te m . (S u p p o rte d  by th e  C u lp e p e r  
F o u n d a t io n ,  4 8 -3 2 0 ) .

344.2 14c- glycine release in the guinea p ig  cochlear nucleus after 
AXOTOMY OF COCHLEAR AND CENTRIFUGAL FIBERS. C. Staa tz-Benson and 
S . J .  P o ta s h n e r , Dept. Anatomy. Univ. Connec ticu t Hea lth  Cen ter , 
Farmington, CT 06032.

Me p rev io u s ly  p resen ted  evidence t h a t  g ly c in e  may be a 
t r a n s m i t t e r  in the coch lea r  nucleus  (CN), as the CN con ta in s  
mechanisms fo r  the  s y n ap t ic  r e l e a s e  and the h i g h - a f f i n i t y  uptake 
of g lyc ine  (Neurosci .  Abs.,  11: 1048. 1985). The p resen t  s tudy was 
performed to  determine i f  the axonal endings t h a t  r e l e a s e  g lyc ine  
in the CN are  c o n t r ib u te d  by c e n t r i f u g a l  p r o je c t i o n s  to  the  CN 
from o th e r  b ra in  stem a u d i to ry  n u c l e i ,  by coch le a r  nerve f i b e r s ,  
or  by c e l l s  i n t r i n s i c  to  the CN.

The e l e c t r i c a l l y - e v o k e d ,  ca lcium-dependent r e l e a s e  of exo
genous [14C]glycine (GLY) was measured, in v i t r o , in the th ree  
major su b d iv i s io n s  of the guinea pig CN, the an t e r o v e n t r a l  (AVCN), 
p o s t e r o v e n t r a l (PVCN), and dorsa l (DCN) coch le a r  nuc leus .  For com
p a r a t i v e  purposes , we measured the r e l e a s e  of exogenous 
[ 3H ]-D-aspar ta te  (D-ASP), a non-m etabol izable  marker taken up and 
r e l e a s e d  by the axonal endings of g lu tam a te rg ic  and a s p a r t a t e r g i c  
neurons . Re lease was compared using th re e  t e s t  groups: unle s ioned 
c o n t r o l s ;  a f t e r  d e s t r u c t io n  of the l e f t  coch lea r  nerve by coch le a r  
a b l a t i o n ;  and a f t e r  s e c t io n  of the c e n t r i f u g a l  p ro j e c t i o n s  to the 
r i g h t  PVCN and DCN th a t  course in the t r a p ezo id  body and the 
a c o u s t i c  s t r i a e .  In t h i s  l a s t  group, most of the c e n t r i f u g a l  p ro 
je c t i o n s  to  the r i g h t  AVCN were spared .

Two days a f t e r  s e c t i o n  of the  t r a p e z o id  body and the a c o u s t ic  
s t r i a e  on the r i g h t .  GLY r e l e a s e  was depressed  in the r i g h t  PVCN 
(by 41%) and DCN (by 37%), when compared to  unle s ioned  c o n t r o l s .  
GLY r e l e a s e  in the r i g h t  AVCN, and in a l l  th re e  CN su b d iv i s io n s  on 
the l e f t ,  was s im i l a r  to  t h a t  of the  un le s ioned  c o n t r o l s .  D-ASP 
r e l e a s e  was u n a f fec ted  by t h i s  l e s io n .  Two to four  days a f t e r  
a b l a t i o n  of the l e f t  cochlea , GLY re l e a s e  was in d e n t ic a l  to  th a t  
of the u le s io n ed  c o n t r o l s .  By c o n t r a s t ,  D-ASP re l e a s e  was 
depressed  in the l e f t  AVCN (by 7 8 %) , PVCN (by 80%). and DCN (by 
60%), but not in the CN su b d iv is io n s  on the r i g h t  s id e .

These f in d in g s  suggest t h a t  a p ro p o r t io n  of the  g ly c in e r g i c  
axonal endings  in the PVCN and the DCN are  probably  c o n t r ib u te d  
both by c e n t r i f u g a l  p r o j e c t i o n s  from o th e r  b ra in  stem au d i to r y  
nuc le i  and by c e l l s  i n t r i n s i c  to  the CN. They a l s o  suggest th a t  
a l th ough  the co ch lea r  nerve  may use L-GLU/L-ASP as t r a n s m i t t e r s ,  
i t  may not co n ta in  g ly c in e r g i c  f i b e r s .

(Supported by NINCDS g ran t  NS19036).

344.3 IM M U NO CYTOCH EM ICAL LOCALIZA TION O F G LYCIN E IN THE 
C O C H LEA R  NUCLEUS AND SU PERIO R OLIVARY CO M PLEX  O F THE 
GUINEA PIG . R . J . W entho ld , R . A. A ltsc h u le r , D . H u ie * , M. H. 
P a ra k k a l* , and  K. A. R e e k s* . L ab . o f  N e u ro -o to la ry n g o lo g y , NIN CDS, 
NIH , B e th e sd a , MD 20892, and  K resg e  H e a rin g  R e se a rc h  In st., Ann A rb o r, 
MI 48109.

O u r r e c e n t  s tu d ie s  on th e  im m u n o c y to c h e m ic a l d is tr ib u tio n  o f th e  
g ly c in e  p o s tsy n a p tic  r e c e p to r  (A ltsc h u le r  e t  a l . ,  B ra in  R e s . 369:316, 1986), 
show ed a  d e n se , w id esp read  d is tr ib u tio n  o f re c e p to rs  in th e  c o c h le a r  
n u c le u s  (CN) and  su p e rio r  o liv a ry  co m p lex  (SOC), su p p o rtin g  p rev io u s  
f ind ings t h a t  su g g ested  g ly c in e  is a  m ajo r n e u ro tr a n s m it te r  in th e se  
n u c le i. We h av e  now stu d ie d  g ly c in e  im m u n o re a c tiv e  lab e lin g  to  f u r th e r  
c h a ra c te r iz e  g ly c in e rg ic  sy n ap ses  in th e  CN an d  SO C. A n tib o d ies , m ade 
in  r a b b its  a g a in s t  g ly c in e  c o n ju g a te d  to  BSA w ith  g lu ta ra ld e h y d e , w ere  
a f f in i ty  p u r if ie d  by p assing  th ro u g h  a  co lu m n  o f g ly c in e  c o n ju g a te d  to  
o v a lb u m in . Bound a n tib o d ie s  w e re  e lu te d  w ith  a c id , n e u tra liz e d  and  
p assed  th ro u g h  a  co lu m n  c o n ta in in g  GABA c o n ju g a te d  to  BSA. The 
unbound f ra c tio n  w as used  in th e s e  s tu d ie s .  Im m u n o b lo t an a ly s is  using  
ov a lb u m in  c o n ju g a te s  o f  s e v e ra l  am in o  a c id s  show ed in te n s e  re a c t io n  w ith  
g ly c in e , m inor r e a c t io n s  w ith  a la n in e  and  b e ta - a la n in e ,  and  no s ig n if ic a n t 
r e a c t io n s  w ith  o th e r  am in o  ac id s . F o r im m u n o c y to c h e m ic a l s tu d ie s , 
g u in ea  p igs w e re  p e rfu se d  w ith  PBS, fo llo w ed  by 4% p a ra fo rm a ld e h y d e  
c o n ta in in g  0.25%  g lu ta ra ld e h y d e . L ab e lin g  w as d e te rm in e d  using  b o th  
im m u n o flu o resc e n c e   and  im m u n o p ero x id ase  te c h n iq u e s  on v ib ra to m e  
se c tio n s .

In th e  C N  im m u n o re a c tiv e  c e ll  b o d ies  w ere  m o st a b u n d a n t in th e  
d o rsa l c o c h le a r  n u c le u s  (D CN ), w it h  lab e le d  c e lls  found in b o th  s u p e rf ic ia l 
and  d e e p  la y e rs . In th e  v e n tr a l  c o c h le a r  n u c leu s  (VCN), only  s c a t te r e d  
im m u n o re a c tiv e  c e lls  w e re  se en . A t le a s t  tw o  p o p u la tio n s  w e re  p re se n t;  
l a rg e r  c e lls  w e re  m o st ab u n d a n t in  th e  caudal-A V C N  w hile  sm a lle r  c e lls  
w e re  o f te n  found in  th e  g ran u le  c e ll  c a p . In th e  SO C in te n se  c e ll  lab e lin g  
w as se en  in th e  m ed ia l n u c leu s  o f  th e  t ra p e z o id  body (MNTB), w h ile  only  
s c a t te r e d  c e ll  lab e lin g  w as p re s e n t  in th e  la te r a l  su p e rio r  o liv e  (LSO). 
P u n c ta  rese m b lin g  p re sy n a p tic  te rm in a ls  w e re  p re s e n t  th ro u g h o u t th e  
c o c h le a r  n u c leu s . In th e  VCN th is  lab e lin g  w as o f te n  p re s e n t  a ro u n d  
n e u ro n a l c e ll  b o d ies  re se m b lin g  p a t te rn s  se en  u sing  an ti-G A B A  a n tib o d ies . 
H eav y  p u n c ta te  lab e lin g  w as p re s e n t  in th e  LSO . T he  g ly cin e  
im m u n o re a c tiv e  c e ll  b o d ies  in  th e  s u p e rf ic ia l  DCN a p p e a re d  s im ila r  to  a  
c la s s  o f  c e lls  lab e le d  w ith  an ti-G A B A  and a n ti-G A D  a n tib o d ies  (W enthold  
e t  a l . ,  B ra in  R e s . In P re ss ) . T h e  p o ssib le  c o e x is te n c e  o f g ly c in e  and  
GABA in th e s e  c e lls  w as s tu d ie d  using  ra b b i t  a n ti-g ly c in e  a n tib o d ie s  and  
gu in ea  p ig an ti-G A B A  a n tib o d ie s . T h ese  s tu d ie s  r e v e a l  t h a t  so m e n e u ro n s 
in th e  s u p e rf ic ia l  DCN a re  im m u n o re a c tiv e  to  b o th  a n tib o d ie s . T he 
p re s e n t  s tu d ie s  add  su p p o rt t h a t  g ly c in e  is a  n e u ro tr a n s m it te r  in th e  
co c h le a r  n u c leu s  an d  SO C . Som e g ly c in e rg ic  in p u ts  to  th e  c o c h le a r  
n u c le u s  m ay o r ig in a te  w ith  th e  im m u n o re a c tiv e  c e lls  in th e  D C N . The 
in te n s e  lab e lin g  o f c e lls  in th e  MNTB an d  te rm in a ls  in th e  LSO is 
c o n s is te n t  w ith  th is  p a th w a y  b e in g  g ly c in e rg ic .

344.4 DISTRIBUTION OF CHOLINE ACETYLTRANSFERASE ACTIVITY IN THE COCHLEAR 
NUCLEUS COMPARED AMONG THREE STRAINS OF RAT. D.A. G o d fre y . 
L. C arlson* , and C.D. R oss. D ept. of P hysio logy , O ral Rober t s  
U n iv ., T u lsa , OK 74171.

Recent r e s u l t s  have suggested  th a t  sensory  system s of a lb in o  
anim als may have p e c u lia r  f e a tu r e s  ( e .g .  C ree l, Pharm acol. 
Biochem. Behay . 12(1980)969). T h e re fo re , d is t r i b u t io n s  of ch o lin e  
a c e ty l t r a n s f e r a s e  (ChAT) a c t i v i t i e s  in  th e  co c h le a r  nuc leus  of 
2 pigm ented r a t  s t r a i n s  -  Long Evans Hooded and Norway Brown -  
have been measured fo r  com parison to  th a t  p re v io u s ly  measured fo r  
an a lb in o  s t r a i n  -  Spraque-Dawley. T ransverse  s e c t io n s  a t  3 
r o s tro c a u d a l le v e ls  th rough  th e  c o c h lea r  nucleus  in  each r a t  were 
m ic ro d is s e c te d , and a l l  sample lo c a t io n s  mapped. O v era ll compar
iso n s  among th e  3 r a t  s t r a i n s  a re  co n ta in ed  w ith in  th e  ta b le  
below, w ith  ChAT a c t i v i t i e s ,  in  μm ol/kg d ry  w t/m in a t  38°C, shown 
as mean ± S.E (no . of r a t s )  f o r  each re g io n .

Region Spraque-Dawley Long Evans Brown
A lbino Hooded Norway

G ranu lar l a t .  to  PVCN 221±39(4) 181±25(3) 246±14(3)
G ranu lar d o r s o la t .  to  AVCN 333±57(7) 275±20(3) 264±7 (3)
DCN m olecu lar la y e r 242±26(6) 126±31(3) 191±33(3)
DCN fu s ifo rm  soma la y e r 432±31(6) 322±31(3) 403±13(3)
DCN deep la y e r 318±20(3) 246±31(3) 293±20(3)
PVCN 317±15(5) 195±8 (3) 224±20(3)
AVCN ca u d o v en tra l 343±41(4) 234±23(3) 225±48(3)
AVCN caudodo rsa l 498±42(4) 326±60(3) 280±32(3)
AVCN r o s t r a l 424±37(7) 387±36(3) 322±32(3)
IN 43±14(5) 22±5 (3) 43±4 (3)
A coustic  s t r i a e 226±34(4) 159±29(3) 199 (2)
T rapezoid body 123±34(4) 89±21(3) 77±9 (3)

A c t iv i t i e s  o f ChAT a re  c o n s is te n t ly  somewhat h ig h e r in  th e  
a lb in o  than  in  th e  pigm ented s t r a i n s ,  bu t th e  r e l a t i v e  d i s t r i b u t io n  
among re g io n s  i s  s im i la r  in  a l l  3 s t r a i n s .  H ighest a c t i v i t i e s  tend  
to  be in  r o s t r a l  and caudodo rsa l re g io n s  o f th e  a n te ro v e n tra l  
co c h le a r  nu c leu s  and in  th e  fu s ifo rm  soma la y e r  o f th e  d o rs a l 
c o c h le a r  n u c le u s . There may be some d if f e re n c e s  between th e  two 
pigm ented s t r a i n s ,  in  th a t  a c t i v i t i e s  tend  to  be h ig h e r ca u d a lly  
in  Brown Norway than  in  Long Evans Hooded, bu t h ig h e r r o s t r a l l y  in  
Long Evans. At a more d e ta i l e d  l e v e l ,  s e v e ra l tre n d s  were s im i la r ly  
observed in  a l l  3 s t r a i n s .  In  th e  d o rs a l co c h le a r  n u c le u s , ChAT 
a c t i v i t i e s  were h ig h e r in  deeper v s .  more s u p e r f ic i a l  p a r t s  of th e  
m o lecu lar la y e r  and , u s u a l ly ,  in  more s u p e r f ic i a l  v s .  deeper p a r t s  
o f th e  fu s ifo rm  soma la y e r .  In  th e  a n te ro v e n tra l  co c h lea r  n u c leu s , 
ChAT a c t i v i t i e s  were h ig h e r d o r s o la t e r a l l y  than  v en tro m e d ia lly . 
O v e ra ll , th e  d a ta  show minor r a th e r  than  m ajor d if f e re n c e s  among 
th e  3 r a t  s t r a i n s .  (Supported  by NIH G rant NS17176).
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344.5 ENDBULBS OF HELD AND SPHERICAL CELLS: ACTIVITY-DEPENDENT 
VARIATIONS IN MORPHOLOGY. T .E . Benson, S. S ento* , and 
D.K. Ryugo. D ept. o f  Anatomy and C e l lu la r  B io logy , H arvard 
Med. Schoo l, B oston , MA 02115, and Eaton-Peabody L ab o ra to ry , 
M assachusetts  Eye & Ear In f irm a ry , B oston, MA 02114.

In  th e  v e n t r a l  c o c h le a r  nu c leu s  (VCN) o f c a t s ,  type  I  
a u d ito ry  nerve  (AN) f ib e r s  g iv e  r i s e  to  l a r g e ,  axosom atic 
end ings c a l le d  endbulbs o f H eld . These endings c o n ta c t 
s p h e r ic a l  c e l l s  and a re  though t to  convey w ith  g r e a t  f i d e l i t y  
th e  a c t i v i t y  o f th e  p re s y n a p ti c f i b e r .  Spike d isc h a rg e s  occur 
in  s in g le  u n i t s  o f th e  VCN in  th e  absence o f c o n tro l le d  
a c o u s t ic  s t im u l i .  Most o f t h i s  spontaneous a c t i v i t y  (SR) i s  
dependent on th e  SR o f th e  AN (K oerber e t  a l . ,  Exp. N eu ro l. ,  
6 :1 1 9 , 1966). In  th i s  c o n te x t ,  i t  may be in f e r re d  th a t  th e  SR 
o f an in d iv id u a l  AN f ib e r  i s  a  rough in d ic a to r  o f bo th  i t s  
g e n e ra l a c t i v i t y  le v e l  (L iberm an, J .  A coust. Soc. Am. ,  63:442 , 
1978) and th a t  o f i t s  p o s ts y n a p tic  s p h e r ic a l  c e l l .  G iven th a t  
type  I  AN f ib e r s  can be se g reg a ted  in to  s e p a ra te  f u n c t io n a l  
groups on th e  b a s is  o f SR, we i n v e s tig a te d  th e  e x te n t  to  which 
SR d if f e re n c e s  m ight be r e f l e c te d  in  th e  s t r u c tu r e  o f endbulbs 
and t h e i r  p o s ts y n a p tic  t a r g e t s .

In  th e  p re s e n t s tu d y , s e le c te d  p a i r s  (n=9) o f p h y s io lo g ic a l ly  
c h a ra c te r iz e d  AN f ib e r s  from 5 c a ts  were i n t r a c e l l u l a r l y  
in je c te d  w ith  h o rs e ra d is h  p e ro x id a se . By u sin g  f ib e r s  th a t  
were from th e  same anim al and w ith in  an oc tave  o f each o th e r  in  
c h a r a c t e r i s t i c  freq u en cy , we examined m orpho log ica l param ete rs  
w ith  re s p e c t to  d if f e re n c e s  in  SR. We determ ined s i lh o u e t te  
a re a s  and p e r im e te rs  f o r  "coded" te rm in a l endbulbs and th e  a re a  
o f t h e i r  p o s ts y n a p tic  t a r g e t s ,  th e  somata o f s p h e r ic a l  c e l l s .  
The p ro p o r tio n , endbulb a re a  d iv id ed  by p e r im e te r , produced a 
"form f a c to r "  r e f l e c t i n g  geom etric  co m p lex ity . V alues o f t h i s  
f a c to r  se p a ra te d  endbulbs o f low ( ≤ 1 8  sp i k e s /s e c )  and h ig h  (>18 
s p ik e s /s e c )  SR f ib e r s  in to  two nonoverlapp ing  groups re g a rd le s s  
o f v a r i a t i o n s  in  endbulb s iz e .  F urtherm ore , s p h e r ic a l  c e l l s  
p o s ts y n a p tic  to  low SR endbulbs were s ig n i f i c a n t ly  sm a lle r  than  
th o se  p o s ts y n a p tic  to  h igh  SR endbulbs (Smirnov t e s t ,  p< 0 .0 0 1 ) .

These o b se rv a t io n s  re v e a l  th a t  low SR f ib e r s  te rm in a te  in  
com p lica ted  endbulbs th a t  c o n ta c t r e l a t i v e ly  sm all s p h e r ic a l  
c e l l s ,  w hereas h ig h  SR f ib e r s  g iv e  r i s e  to  r e l a t i v e ly  sim ple 
endbulbs th a t  c o n ta c t l a r g e r  s p h e r ic a l  c e l l s .  Some o f th e  
e f f e c t s  o f low SR f ib e r s  on t h e i r  p o s ts y n a p tic  t a r g e t s ,  when 
compared to  th o se  o f h ig h  SR f ib e r s ,  appear to  be mimicked by 
e f f e c t s  o f ex p e rim e n ta lly - in d u c e d  d e p r iv a tio n  ( e . g . ,  Benson e t  
a l . ,  J .  N eurosci . ,  4 :6 3 8 , 1984). F in a l ly ,  th e  d a ta  argue 
a g a in s t  f ib e r s  of d i f f e r e n t  SR groups converg ing  on to  th e  same 
s p h e r ic a l  c e l l .

Supported  by NIH g ra n t  NS20156 and NSF g ra n t BNS 8520833.

344.6 A MORPHOMETRIC ANALYSIS OF THE ANTEROVENTRAL COCHLEAR 
NUCLEUS IN TWO MOUSE MODELS OF PRESBYCUSIS. J .F .  
W i l l o t t , L .M .Jackson* and K .P .H u n te r*. D ept. 
P s y c h o l . ,  N orthern  I 11. U n iv ., DeKalb, IL 60115.

The d im ensions and volume o f th e  a n t e r io r  v e n t r a l  
c o c h le a r  n u c leu s  (AVCN), th e  number o f AVCN n eu ro n s , 
and th e  s i z e  o f bo th  soma and n u c le i  ( in  N is s l - s ta in e d  
t i s s u e )  were d e term ined  in  two mouse models of 
a g e - r e la te d  h e a r in g  lo s s :  The C57BL/6J s t r a i n ,  which 
undergoes p ro g re s s iv e  c h ro n ic  s e n s o r in e u ra l  h e a rin g  
lo s s  w ith  o n se t d u rin g  young ad u lth o o d  and th e  CBA/J 
which d em o n s tra te s  on ly  m oderate h e a r in g  lo s s  w ith  
o n se t l a t e  in  l i f e .  F ro n ta l  and h o r iz o n ta l  AVCN 
s e c t io n s ,  a s  w ell a s  c o c h le a s , were an a ly zed  in  4 C57 
age g roups ( 1- ,7 - ,1 2 - ,1 9 +  months) and in  3 CBA age 
groups ( 1 - ,  1 0 - ,22- m onths). No s i g n i f i c a n t  changes 
were o b served  in  e i t h e r  AVCN d im en sio n s , volum e, or 
t o t a l  number o f neurons a s  a fu n c tio n  o f age in  e i t h e r  
s t r a i n .  In  ag in g  C57 m ice , how ever, AVCN m u ltip o la r  
c e l l s  show a s l i g h t  d e c re a se  in  s i z e ,  bu t s p h e r ic a l  
and g lo b u la r  c e l l s  in c r e a s e  in  s i z e .  The in c r e a s e  in  
c e l l  s i z e - -a t  l e a s t  in  s p h e r ic a l  c e l l s  - - i s  due 
p r im a r i ly  to  an in c r e a s e  in  soma s i z e ,  a s  in d ic a te d  by 
n u c le u s  to  cy top lasm  r a t i o s .  The s iz e  in c r e a s e s  a re  
most c o n s i s te n t  in  th e  d o r s a l  (h igh  freq u en cy ) reg io n  
o f  th e  AVCN, and a re  c o r r e la te d  w ith  lo s s  o f s p i r a l  
g a n g lio n  c e l l s  which i s  most se v e re  in  th e  b a s a l  (h igh  
freq u e n cy ) re g io n  o f th e  c o c h le a . In  ag ing  CBA m ice, 
a l l  3 AVCN c e i l  ty p e s  tend  to  d e c re a se  in  s i z e .  The 
d a ta  in d ic a te  th a t  ag ing  i s  a s s o c ia te d  w ith  d i f f e r e n t  
c e n t r a l  a n a to m ica l consequences depending on AVCN c e l l  
ty p e r , g en o ty p e , a n d /o r  th e  ty p e  o f  p e r ip h e ra l  h e a r in g  
lo s s  in v o lv e d .

The C57 and CBA AVCNs a ls o  d i f f e r  in  s e v e ra l  
a s p e c ts  i r r e s p e c t iv e  o f ag e . The volume o f AVCN and 
number o f  AVCN neurons a re  s ig n i f i c a n t l y  g r e a te r  in  
C57 m ice. T h is i s  du e , in  p a r t ,  to  th e  f a c t  th a t  th e  
v e n t r a l  p o r t io n  o f  th e  C57 AVCN i s  w id e r , m edio- 
l a t e r a l l y , th an  th e  CBA AVCN.

Supported  by NIH g ra n ts  R01 AG03069 and RR 07176 
and RCDA K04 AG00234 to  J.F .W .

344.7 DUAL ORIGIN OF NEURONS IN  THE DORSAL COCHLEAR NUCLEUS. 
F .W . WILLARD AND G .F .  MARTIN. 1 D e p a r tm e n t  o f  A n a to m y , 
U n i v e r s i t y  o f  New E n g l a n d ,  Bi d d e f o r d ,  M a in e  0 4 0 0 5  a n d  
T h e  O h io  S t a t e  U n i v e r s i t y ,  C o lu m b u s , O h io  4 3 2 1 0 .1

T h e  d o r s a l  c o c h l e a r  n u c l e u s  (DCN) i n  t h e  o p o s su m  i s  
c o m p o se d  o f  f o u r  l a y e r s .  F u n d a m e n ta l  t o  t h i s  
a r r a n g e m e n t  a r e  tw o  t y p e s  o f  m a c r o n e u r o n s :  p r i n c i p a l  
c e l l s  a n d  g i a n t  c e l l s . V a r i o u s  fo r m s  o f  m i c r o n e u r o n s  
a r e  f o u n d  s u r r o u n d i n g  t h e s e  l a r g e r  c e l l s .  P r e v i o u s  
s t u d i e s  s u g g e s t e d  t h e  rh o m b ic  l i p  a s  t h e  s o u r c e  o f  DCN 
n e u r o n s  ( T a b e r  P i e r c e ,  J .  Comp. N e u r o l .  1 9 6 7 ) .  H ow ever 
r e c e n t l y  w e h a v e  sh o w n  t h a t  t h e  m a c r o n e u r o n s  m i g r a t e  
f ro m  a  m e d i a l l y  l o c a t e d  c y t o g e n e t i c  z o n e  i n t o  t h e  DCN 
o v e r  t h e  p r e s u m p t i v e  d o r s a l  a c o u s t i c  s t r i a  (D A S ). We 
now  r e p o r t  o n  a  G o lg i  s t u d y  o f  t h e  DCN w h ic h  
i n v e s t i g a t e s  t h e  d i f f e r e n t i a t i o n  o f  i t s  m i c r o n e u r o n s .

An a g e - g r a d e d  s e r i e s  o f  p o u c h - y o u n g  o p o s su m s  h a s  
b e e n  p r e p a r e d  u s i n g  t h e  R a p i d - G o l g i  a n d  S t e n s a a s  
v a r i a n t  o f  t h e  G o lg i - K o p s c h  t e c h n i q u e .  S e c t i o n s  w e re  
t a k e n  i n  s e v e r a l  p l a n e s  a t  8 0 - 1 0 0  u m t h i c k n e s s .

A t 2 5 - 3 0  mm s n o u t - r u m p  l e n g t h  (SRL) m a c r o n e u r o n s  
w i t h  t h i n ,  v a r i c o s e  d e n d r i t e s  w e r e  p r e s e n t  w i t h i n  t h e  
DCN o r  t h e  p r e s u m p t i v e  DAS. T h e s e  c e l l s  w e r e  em b ed d ed  
i n  a  m a t r i x  o f  p r i m i t i v e  n e u r o e p i t h e l i a l  (PNE) c e l l  
p r o c e s s e s .   T h e  PNE c e l l  s o m a ta  w e r e  a l i g n e d  a l o n g  t h e  
v e n t r i c u l a r  s u r f a c e  a n d  t h e i r  p r o c e s s e s ,  c o v e r e d  w i th  
t h i n  f i l a p o d i a ,  e x t e n d e d  v e n t r a l l y  i n t o  t h e  b r a i n  s te m .  
By 40  mm (SRL) t h e  m a c r o n e u r o n s  w e re  f o u n d  w i t h i n  t h e  
DCN a n d  h a d  t h i c k ,  t a p e r i n g  d e n d r i t e s .  M any PNE c e l l s  
h a d  l o s t  t h e  d i s t a l  p o r t i o n s  o f  t h e i r  v e n t r a l l y  
o r i e n t e d  p r o c e s s  a n d  h a d  now  d e v e l o p e d  g n a r l e d  a n d  
r e c u r v i n g  p r o c e s s e s .  I n  t h e  68 mm (SRL) a n i m a l ,  t h e  
m a c r o n e u r o n s  h a d  f i l a p o d i a  a n d  r u d i m e n t a r y  d e n d r i t i c  
a p p e n d a g e s .  Few PNE s o m a ta  w e r e  l o c a t e d  n e a r  t h e  
v e n t r i c u l a r  l i n i n g ,  h o w e v e r  m any p r e s u m p t iv e  
m i c r o n e u r o n s  w i t h  g n a r l e d  p r o c e s s e s  w e r e  now fo u n d  
s c a t t e r e d  t h r o u g h o u t  t h e  n u c l e u s .  By 80  mm (SRL) b o th  
m a c r o -  a n d  m i c r o n e u r o n s  h a d  r e c o g n i z a b l e  d e n d r i t i c  
s p i n e s .  F i n a l l y  b y  1 60  mm (SRL) t h e  a d u l t - l i k e  
d e n d r i t i c  m o rp h o lo g y  o f  t h e  DCN n e u r o n s  w as  e v i d e n t  a n d  
n o  PNE c e l l s  w e re  d e f i n a b l e .

O u r o b s e r v a t i o n  o f  a n  a g e - g r a d e d  t r a n s i t i o n  o f  
r h o m b ic  l i p  PNE c e l l s  i n t o  m i c r o n e u r o n s ,  c o u p l e d  w i t h  
t h e  p r e v i o u s l y  d o c u m e n te d  m i g r a t i o n  o f  m a c r o n e u r o n s  
f ro m  a  m e d i a l l y - p o s i t i o n  c y t o g e n e t i c  z o n e  ( W i l l a r d  a n d  
M a r t i n ,  J .  Com p. N e u o l .  1 9 8 6 ) ,  s u p p o r t s  t h e  n o t i o n  t h a t  
t h e  n e u r o n s  o f  DCN h a v e  a  d u a l  o r i g i n .  [ S u p p o r t :  
B N S -8 3 0 9 2 4 5  a n d  N S -1 0 1 6 5  (GFM) a n d  NSO 6 8 2 9 -0 2  (FHW)]

344.8 EFFECTS OF LOCAL INJECTIONS OF LIDOCAINE IN THE COCHLEAR NUCLEUS 
ON RESPONSE PROPERTIES OF TYPE IV UNITS IN CATS. W.P. Shofner 
and E.D. Young. D ep t. o f  B iom edical E n g in eerin g , The Johns Hopkins 
Univ. Sch. o f  M ed., B a ltim o re , MD 21205

In  u n a n e s th e tiz e d , d e c e re b ra te  c a t s ,  Type IV u n i t s  a re  reco rded  
from th e  p r in c ip a l  c e l l s  o f  th e  d o rs a l c o c h le a r  nucleus (DCN) 
(Young, E .D ., B ra in  R es. ,  200 :23 , 1980). Type IV u n it s  a re  
c h a ra c te r iz e d  by t h e i r  nonmonotonic b e s t  frequency  (BF) r a t e  vs 
le v e l  fu n c t io n s ; th e y  g ive  e x c i ta to ry  resp o n ses  to  BF to n e s  nea r 
th r e s h o ld ,  b u t g ive  in h ib i to r y  resp o n ses  to  BF to n e s  a t  30-40 dB 
above th r e s h o ld .  One sou rce  o f  in h ib i to r y  in p u t to  Type IV u n its  
comes from DCN in te rn e u ro n s  which p o sse ss  Type I I  response  
p ro p e r t ie s  (V o ig t, H.F. and Young, E .D ., J .  N eu ro p h y s io l., 44 :76 , 
1980). However, e l e c t r i c a l  s t im u la t io n  o f  th e  a u d ito ry  nerve 
evokes in h ib i to r y  resp o n ses  in  bo th  Type I I  and IV u n i t s  im plying  
th a t  p a r t  o f  th e  in h ib i to r y  in p u t to  Type IV u n i t s  comes from 
a d d i t io n a l  so u rces  b e s id e s  Type I I  in te rn e u ro n s  (S h o fn er, W.P. and 
Young, E .D ., J .  N eu rophysio l. ,  54 :917 , 1985). T h e re fo re , we 
in v e s t ig a te d  w hether p ro je c t io n s  from th e  a n te ro v e n tra l  co c h lea r  
nucleus  (AVCN) to  th e  DCN a re  a  sou rce  o f  in h ib i to ry  in p u t to  DCN 
as concluded by Evans and N elson (Exp. B ra in  R es. ,  17 :428 , 1973).

A dult c a ts  were d e c e re b ra te d  a t  th e  le v e l  o f  th e  m id b ra in . The 
ce rebellum  was a s p i r a te d  in  o rd e r  to  view th e  l a t e r a l  f r e e  s u rfa c e  
o f  th e  DCN and i t s  a ttachm ent to  th e  ce rebellum . Broken tip p e d  
g la s s  m ic ro p ip e tte s  coupled  to  a  H am ilton sy rin g e  were in s e r te d  
in to  th e  AVCN th rough  th e  Ju n c tio n  between th e  DCN and ce rebe llum . 
Responses o f  Type IV u n i t s  were s tu d ie d  b e fo re  and a f t e r  100-300 
n l  in je c t io n s  o f  2 % l id o c a in e  h y d ro c h lo r id e .

When th e  p ip e t te  was lo c a te d  in  th e  cau d a l AVCN, th e r e  i s  a 
weakening o f  th e  in h ib i to r y  resp o n ses  o f  Type IV u n i t s  a f t e r  
l id o c a in e  i s  in j e c t e d .  These weakened in h ib i to r y  resp o n ses  a re  
seen  as an in c re a s e  in  d isc h a rg e  r a t e ,  which in  some ca ses  
in c re a s e  to  r a t e s  above spontaneous a c t i v i t y .  M oreover, th e  
weakened in h ib i to r y  resp o n ses  a re  observed  a t  fre q u e n c ie s  n ea r BF, 
b u t no t a t  f re q u e n c ie s  off-B F . These r e s u l t s  sug g est th a t  th e  
AVCN p ro v id e s  BF in h ib i to r y  in p u t to  th e  DCN, b u t does n o t p ro v id e  
in h ib i to r y  sideband  in p u t . I t  i s  unknown w hether AVCN p ro je c tio n s  
form in h ib i to r y  synapses on DCN p r in c ip a l  c e l l s  (Type IV u n i t s )  o r 
form e x c i ta to ry  synapses on DCN in te rn e u ro n s  (Type I I  u n i t s ) .  
When th e  p ip e t te  and sp read  o f  l id o c a in e  were n ea r a u d ito ry  nerve 
f ib e r s  and g ran u le  c e l l  dom ains, we observe a lo s s  o f  a c o u s t ic a l ly  
d r iv e n  resp o n ses  and spontaneous a c t i v i t y .  In  one c a t ,  th e  
p ip e t te  was p la c e d  in  th e  deep DCN, and fo r  one AVCN Type I / I I I  
u n i t  th e r e  was an in c re a s e  in  th e  e x c i ta to ry  d isch a rg e  r a t e  nea r 
BF, b u t n o t o ff-B F  fo llo w in g  in j e c t io n  o f  l id o c a in e .

Supported  by g ra n ts  from NIH.
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344.9 DEVELOPMENT OF TEMPORAL RESPONSE PROPERTIES IN THE AUDITORY 
PERIPHERY OF CATS. E.J. Walsh and J. McGee*. Depts. of Surgery 
and Pharmacology, Southern I l l ino is  Univ. Sch. of Med., 
Springfield, IL 62702.

Neurons located in the auditory nerve and the cochlear nucleus 
of kittens between birth and 14 postnatal days respond 
"rhythmically" to tone-burst and broad-band stimuli. "Rhythmic" 
responses are characterized by an onset discharge burst consisting 
of one to several action potentials,  followed by al ternating 
bursts of discharge activi ty  and quiet intervals.  Specific 
temporal discharge patterns depend on the type of neuron 
considered and i t s  location. Temporal patterns of auditory nerve 
fibers exhibit a pronounced onset peak which decays rapidly to 
near spontaneous rates, with subsequent discharge bursts occurring 
approximately every 100 msec throughout the duration of stimula
tion. The temporal pattern of evoked discharge activ i ty  in the 
auditory nerve of immature kittens is relatively homogeneous. 
Certain neurons recorded from the cochlear nucleus, on the other 
hand, often respond with a single action potential at stimulus 
onset, remain quiescent for as long as 100 msec, and display 
discharge burst patterns with a frequency similar to that noted 
for auditory nerve f ibers ,  but with more precise rhythmic 
discharge characteristics .  Other cochlear nucleus neurons 
recorded from young animals exhibit temporal discharge patterns 
during the f i r s t  50 msec of stimulation that are similar to the 
complex responses found in adult animals, followed in time by 
rhythmic bursting activ i ty  that resembles the temporal response 
profile of auditory nerve fibers. As a rule,  discharge burst 
frequency remains stable regardless of stimulus frequency and 
intensity , although sl ight  deviations from this behavior have been 
noted. The majority of neurons in the auditory periphery exhibit 
the same burst frequency throughout development, however, 
exceptions are occasionally observed. The percentage of neurons 
responding rhythmically decreases as kittens age, so that bursting 
discharge patterns give way to more sustained patterns of 
ac t iv i ty  by the end of the second postnatal week. Examples of 
poststimulus time histograms from cochlear nucleus neurons are 
i l lus t ra ted .  (Supported by a grant from the Deafness Research 
Foundation) .

344.10 THE REPRESENTATION OF THE STEADY-STATE VOWEL SOUND / ε /  IN THE 
TEMPORAL DISCHARGE PATTERNS OF CAT ANTEROVENTRAL COCHLEAR NUCLEUS 
NEURONS. C .C . B la c k b u rn *  and  M.B. S a c h s . D e p t . o f  B io m e d ic a l 
E n g in e e r in g ,  The Jo h n s  H opkins U n iv e r s i ty  S c h o o l o f  M e d ic in e , 
B a l t im o r e ,  MD 21205.

The e n c o d in g  o f  s p e c t r a l l y  com plex , s p e e c h - l i k e  so u n d s  i n  
p o p u la t i o n s  o f  a u d i to r y - n e r v e  f i b e r s  h a s  b e e n  s tu d i e d  i n  some 
d e t a i l .  We h a v e  u n d e r ta k e n  a  s e r i e s  o f  e x p e r im e n ts  d e s ig n e d  to  
i n v e s t i g a t e  th e  t r a n s f o r m a t io n s  o f  th e  a u d i to r y - n e r v e  code w hich  
ta k e  p l a c e  i n  t h e  c o c h le a r  n u c le u s .  S in c e  m o rp h o lo g ic a l  a n a ly s e s  
make i t  c l e a r  t h a t  t h i s  n u c le u s  c o n s i s t s  o f  a  com plex o f  s u b s y s 
tem s , e a c h  w i th  i t s  own s t r u c t u r e ,  r e s p o n s e  c h a r a c t e r i s t i c s ,  and  
c o n n e c t io n s ,  i t  i s  im p o r ta n t  t o  b e  a b le  t o  i d e n t i f y  and  s e g r e g a te  
s u b p o p u la t io n s  i n  an a n a ly s i s  o f  p r o c e s s in g  i n  t h i s  s t r u c t u r e .  
S tu d ie s  c o u p lin g  H R P - la b e lin g  w i th  e le c t r o p h y s i o lo g i c a l  r e c o r d in g  
i n d i c a t e  t h a t  i n  th e  a n t e r o v e n t r a l  d i v i s i o n  o f  t h e  c o c h le a r  
n u c le u s  (AVCN), th e  t h r e e  m ajo r e l e c t r o p h y s i o l o g i c a l  u n i t  ty p e s  
o b s e rv e d  c a n  l a r g e l y  b e  c o r r e l a t e d  w i th  t h e  t h r e e  m a jo r  
m o rp h o lo g ic a l  c e l l  t y p e s ,  w i th  p r im a r y - l i k e  u n i t s  r e c o r d e d  from  
s p h e r i c a l  b u sh y  c e l l s ,  p r im a ry - n o tc h  u n i t s  r e c o r d e d  from  g lo b u la r  
b u sh y  c e l l s ,  and  c h o p p e r  u n i t s  r e c o r d e d  from  s t e l l a t e  c e l l s .

P l a t i n u m - ir id iu m  m ic r o e l e c t r o d e s  w ere  u se d  t o  c h a r a c t e r i z e  
s i n g l e  u n i t s  i n  th e  AVCN o f  n e m b u ta l - a n a e s th e t i z e d  c a t s  and  to  
s tu d y  th e  r e s p o n s e s  o f  t h e s e  u n i t s  t o  th e  s y n t h e t i c  vow el / ε / ,  
w h ich  h a s  fo rm a n ts  a t  0 .5 1 2 ,  1 .7 9 2 , and  2 .4 3 2  kH z. U n i ts  w ere  
c h a r a c t e r i z e d  on th e  b a s i s  o f  t h e i r  PST h is to g ra m s  i n  r e s p o n s e  to  
s h o r t  to n e  b u r s t s  a t  c h a r a c t e r i s t i c  f re q u e n c y  (CF) and t h e i r  
i n t e r - s p i k e  i n t e r v a l  r e g u l a r i t y .  P r im a r y - l ik e  and  p r im a ry - n o tc h  
u n i t s  w i th  CFs n e a r  t h e  fo rm a n t f r e q u e n c ie s  show ed s t r o n g l y  
p h a s e - lo c k e d  r e s p o n s e s  t o  th o s e  f o rm a n ts ,  a s  e v id e n c e d  by t h e i r  
F o u r ie r  t r a n s f o r m s .  C hopper u n i t s  w i th  CFs h e a r  th e  s e co n d  and 
t h i r d  fo rm a n ts  show ed l i t t l e  o r  no p h a s e - lo c k in g  to  th e  vow el 
f o rm a n ts .  E s t im a te s  o f  th e  p o p u la t i o n  r e s p o n s e s  t o  th e  vow el w ere 
made by  c o m p u tin g  a v e ra g e  l o c a l i z e d  s y n c h ro n iz e d  r a t e  (ALSR) 
p r o f i l e s  f o r  e a c h  u n i t  ty p e ,  u s in g  d a ta  p o o le d  a c r o s s  c a t s  w i th  
s i m i l a r  t h r e s h o ld s .  ALSR i s  th e  a v e ra g e  p h a s e - lo c k e d  r e s p o n s e  a t  
a  p a r t i c u l a r  h a rm o n ic  o f  t h e  s t im u lu s  among th e  u n i t s  w i th  CFs 
n e a r  t h a t  h o rm o n ic , and  th u s  r e f l e c t s  p h a s e - lo c k in g  in f o r m a t io n ,  
f re q u e n c y  e n c o d in g ,  and  a v e ra g e  r a t e  w i t h in  a  p o p u la t i o n  o f  
r e l a t e d  u n i t s .  ALSR p r o f i l e s  o f  p r im a r y - l i k e  and  p r im a ry - n o tc h  
p o p u la t i o n s  h a d  w e l l - d e f i n e d  p e a k s  c o r r e s p o n d in g  t o  th e  s e co n d  
an d  t h i r d  fo rm a n t f r e q u e n c ie s  o f  t h e  v o w e l, w h i le  ALSR p r o f i l e s  
o f  c h o p p e r  u n i t s  d id  n o t .  T h u s, t e m p o r a l ly  en co d ed  in fo r m a t io n  
from  a u d i to r y - n e r v e  f i r i n g  p a t t e r n s  i n  r e s p o n s e  t o  com plex  
s t i m u l i  i s  p r e s e r v e d  i n  p r im a r y - l i k e  and  p r im a ry - n o tc h  
p o p u la t i o n s  b u t  i s  s e r i o u s l y  d e g ra d e d  i n  c h o p p e r  p o p u l a t i o n s . 
(S u p p o rte d  by NIH g r a n t s  NS12112, NS07283, and  NIMH g r a n t  
MH18030.)

344.11 RESPONSES TO PARALLEL FIBER STIMULATION IN SLICES OF THE GUINEA PIG 
DORSAL COCHLEAR NUCLEUS. P .B . M an is* (SPON: W.E. B r o w n e l l) .  D e p ts .  
o f  O to la ry n g o lo g y -H e a d  & Neck S u rg e ry  an d  N e u ro s c ie n c e ,  The Jo h n s  
H o pk ins U n iv e r s i ty  S c h o o l o f  M e d ic in e , B a l t im o r e ,  MD 21205 .

R e c e n t  a n a to m ic a l  s t u d i e s  h a v e  p r o v id e d  im p o r ta n t  i n s i g h t s  i n t o  
th e  c y to a r c h i t e c t u r e  an d  u l t r a s t r u e t u r a l  o r g a n i z a t i o n  o f  t h e  m ole
c u l a r  l a y e r  (ML) o f  t h e  d o r s a l  c o c h le a r  n u c le u s  (DCN). S e v e ra l  
a n a to m ic a l  f e a t u r e s ,  i n c l u d i n g  a  l o n g i t u d i n a l l y  o r i e n t e d  p a r a l l e l  
f i b e r  s y s te m , a r e  p a r t i c u l a r l y  r e m in is c e n t  o f  t h e  c e r e b e l l a r  ML. 
H ow ever, l i t t l e  i s  known a b o u t  t h e  e le c t r o p h y s i o lo g y  o f  t h e  p a r a l l 
e l  f i b e r  s y s te m  o f  t h e  DCN. We h a v e  ex am in ed  e x t r a c e l l u l a r  f i e l d  
p o t e n t i a l s  an d  s i n g l e  u n i t  r e s p o n s e s  p ro d u c e d  by  d i r e c t  p a r a l l e l  
f i b e r  s t i m u l a t i o n  i n  v i t r o . S l i c e s  o f  g u in e a  p ig  DCN 300 μm th i c k  
w ere  c u t  p a r a l l e l  t o  t h e  s t r i a l  a x i s  o f  th e  n u c le u s  an d  m a in ta in e d  
i n  m am m alian s l i c e  R in g e rs  a t  34° C. The s u p e r f i c i a l  p a r a l l e l  
f i b e r s  w e re  s t i m u l a t e d  w i th  a  b i p o l a r  e l e c t r o d e  p l a c e d  a g a i n s t  th e  
p i a l  s u r f a c e  o f  t h e  s l i c e .  E x t r a c e l l u l a r  r e c o r d in g s  w ere  made w i th  
s a l i n e - f i l l e d  g l a s s  p i p e t t e s  0 .5 - 1  mm from  th e  s t i m u l a t i o n  s i t e .

P a r a l l e l  f i b e r  s t i m u l a t i o n  p ro d u c e d  a  s h o r t - l a t e n c y , p r im a r i l y  
n e g a t iv e  t r i p h a s i c  w av e , l-3mV i n  a m p l i tu d e  i n  t h e  ML. T h is  
v o l l e y  was fo l lo w e d  by  a  s m a l l  n e g a t iv e  wave 5 -1 0  m sec i n  d u r a t i o n ,  
w h ich  was s e l e c t i v e l y  a b o l i s h e d  by  b lo c k in g  s y n a p t i c  t r a n s m i s s io n  
w i th  a  low -C a++ s o l u t i o n .  When p a i r e d  s t i m u l i  w e re  g iv e n  15 m sec 
a p a r t ,  p o t e n t i a t i o n  o f  th e  se c o n d  ( t e s t )  r e s p o n s e  was r e v e a l e d .  
The f i e l d  p o t e n t i a l  i n  th e  p y ra m id a l  c e l l  l a y e r  (PCL) was s m a l le r  
an d  m ore co m p lex . An i n i t i a l  f a s t  Ca++- in d e p e n d e n t  n e g a t iv e  wave 
was fo l lo w e d  by  a  f a s t  n e g a t iv e  an d  s lo w  p o s i t i v e  Ca++-d e p e n d e n t  
w av e . The f a l l i n g  p h a se  o f  th e  p o s i t i v e  wave u s u a l l y  h a d  a  b r i e f  
n e g a t iv e  d e f l e c t i o n .  The PCL p o s i t i v e  w ave was a l s o  p o t e n t i a t e d  
by  p a i r e d  s t i m u l i .

The r e s p o n s e s  o f  s i n g l e  u n i t s  i n  th e  PCL t o  p a r a l l e l  f i b e r  s t i 
m u la t io n  w ere  a l s o  s tu d i e d .  A s i n g l e  s t im u lu s  t o  t h e  p a r a l l e l  
f i b e r s  u s u a l l y  r e s u l t e d  i n  one a c t i o n  p o t e n t i a l  i n  e a c h  o f  t h e  5 
u n i t s  r e c o r d e d  t o  d a t e .  H ow ever, e q u a l  a m p l i tu d e  p a i r e d  s t i m u l i  
w i th  i n t e r v a l s  b e tw e e n  5 an d  50 m sec r e v e a l e d  s i g n i f i c a n t  f a c i l i t a 
t i o n  o c c u r in g  d u r in g  th e  t e s t  s t i m u l u s .  When th e  Con d i t i o n in g  
s t im u lu s  was s u b th r e s h o ld ,  t h e  c e l l s  r e s p o n d e d  t o  n e a r l y  e v e ry  t e s t  
s t i m u l u s .  W ith  s u p r a t h r e s h o l d  c o n d i t i o n in g  s t i m u l i ,  two t o  f o u r  
a c t i o n  p o t e n t i a l s  w e re  ev o k ed  by  th e  t e s t  s t i m u l u s .

I n  sum m ary, DCN f i e l d  p o t e n t i a l s  e v o k ed  by  p a r a l l e l  f i b e r  s t im u 
l a t i o n  c lo s e l y  r e s e m b le  th o s e  r e p o r t e d  f o l lo w in g  l o c a l  s t i m u l a t i o n  
o f  c e r e b e l l a r  p a r a l l e l  f i b e r s .  S u b s t a n t i a l  p o t e n t i a t i o n  o f  b o th  
s y n a p t i c  f i e l d  p o t e n t i a l s  an d  s i n g l e - c e l l  r e s p o n s e s  was r e v e a l e d  
u s in g  p a i r e d  s t i m u l i .  The r e s u l t s  s u g g e s t  t h a t  DCN p a r a l l e l  f i b e r s  
a r e  e x c i t a t o r y  t o  d e n d r i t i c  e le m e n ts  o f  th e  m o le c u la r  l a y e r  an d  t o  
s i n g l e  c e l l s  o f  t h e  PCL.

344.12 ANATOMICAL AND PHYSIOLOGICAL STUDIES OF A CLASS OF 
WIDE DYNAMIC RANGE NEURONS IN THE CAT COCHLEAR 
NUCLEUS. W .S . R hode*  a n d  P .H .S m i th . D e p t . o f  
N e u r o p h y s io lo g y ,  U n iv .  o f  W i s c o n s i n ,  M a d is o n ,  
W is c o n s in  5 3 7 0 6 .

R e c o r d in g s  fro m  t h e  c a t  v e n t r a l  c o c h l e a r  n u c l e u s  
( VCN) r e v e a l  a  v a r i e t y  o f  r e s p o n s e  p a t t e r n s  t o  a  
s e r i e s  o f  25 m s e c . to n e  p i p s .  The m o s t f r e q u e n t l y  
o b s e r v e d  p o s t s t i m u l u s  t im e  h i s t o g r a m  (PSTH) r e s p o n s e  
h a s  b e e n  d e s i g n a t e d  o n s e t - c h o p p e r  ( OC ) b e c a u s e  o f  
t h e  a b r u p t  o n s e t  p e a k  f o l l o w e d  b y  1 t o  3 l e s s  w e l l  
t im e d  p e a k s  i n  t h e  r e s p o n s e .  T h i s  p a t t e r n  h a s  b e e n  
o b s e r v e d  i n  b o th  t h e  p e n t o b a r b i t a l  a n e s t h e t i z e d  a n d  
t h e  u n a n e s t h e t i z e d  p r e p a r a t i o n s .

T h i s  n e u r o n a l  c a t e g o r y  e x h i b i t s  s e v e r a l  v e r y  
u n iq u e  r e s p o n s e  p r o p e r t i e s :  1 ) t h e  m o s t b r o a d l y  
t u n e d  ( w i d e s t  f r e q u e n c y  r a n g e )  u n i t s ,  2 ) t h e  w i d e s t  
r a t e - i n t e n s i t y  f u n c t i o n s  o f t e n  u p  t o  80 dB S PL , 3 ) 
t h e  l o w e s t  s t a n d a r d  d e v i a t i o n  o f  t h e  f i r s t  s p i k e  
l a t e n c y  ( . 0 9  v s .  .7 3  m s e c , f o r  e i g h t h  n e r v e  f i b e r s ) ,  
4 )  i n t r a c e l l u l a r  d e p o l a r i z a t i o n s  w h o se  a m p l i t u d e  
i n c r e a s e s  w i th  i n c r e a s i n g  s t i m u l u s  i n t e n s i t y .

N e u ro n s  d i s p l a y i n g  t h e s e  p r o p e r t i e s  w e re  l a b e l e d  
i n t r a c e l l u l a r l y  w i th  h o r s e r a d i s h  p e r o x i d a s e  a n d  
s u b s e q u e n t l y  a n a l y z e d .  T h e s e  l a r g e  s t e l l a t e  c e l l s ,  
l o c a t e d  i n  t h e  t h e  PVCN n e a r  t h e  e n t r a n c e  o f  t h e  
e i g h t h  n e r v e  r o o t ,  h a v e  a  few  l a r g e  d e n d r i t e s  w h ic h  
b r a n c h  s p a r i n g l y  y e t  t r a v e r s e  m uch o f  t h e  
d o r s o v e n t r a l  e x t e n t  o f  t h e  PVCN. T he m y e l i n a t e d  a x o n  
g i v e s  r i s e  t o  a  n u m b er o f  c o l l a t e r a l s  som e o f  w h ic h  
b r a n c h  e x t e n s i v e l y  i n  t h e  v i c i n i t y  o f  t h e  p a r e n t  
som a a n d  d e n d r i t e s  a n d  t e r m i n a t e  o n  t h e  c e l l  b o d i e s  
a n d  l a r g e  d e n d r i t e s  o f  n e i g h b o r i n g  n e u r o n s .  O th e r  
c o l l a t e r a l s  p r o j e c t  t o  o t h e r  r e g i o n s  o f  t h e  v e n t r a l  
c o c h l e a r  n u c l e u s  a n d  to w a r d  t h e  d o r s a l  c o c h l e a r  
n u c l e u s .  A t t h e  e l e c t r o n  m i c r o s c o p i c  l e v e l  t h e  
c o l l a t e r a l  t e r m i n a l s  o b s e r v e d  t h u s  f a r  c o n t a i n  
p le o m o r p h ic  v e s i c l e s .  T he c e l l  b o d y  i s  c o v e r e d  w i t h  
s y n a p t i c  t e r m i n a l s  m any o f  w h ic h  c o n t a i n  l a r g e  ro u n d  
v e s i c l e s  a n d  a r e  p re s u m e d  t o  o r i g i n a t e  f ro m  e i g h t h  
n e r v e  f i b e r s ,  w h i l e  f l a t  a n d  p l e o m o r p h ic  v e s i c l e  
t e r m i n a l s  a r e  a l s o  s e e n .
T h i s  r e s e a r c h  w as s u p p o r t e d  b y  g r a n t  NS 1 2 7 3 2  f ro m  
t h e  N a t i o n a l  I n s t i t u t e  o f  H e a l t h .
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344.13 MULTICHANNEL UNIT RECORDINGS FROM AVCN IN GUINEA PIG D .J . Ander
son and B.M. C lop to n . K resge H earing R esearch  I n s t i t u t e ,  The 
U n iv e rs ity  o f M ichigan, Ann A rbor, M ichigan 48109

A d o r s a l - t o - v e n t r a l  p e n e tra t io n  o f th e  a n te ro v e n tr a l  co c h lea r  
n u c leu s  (AVCN) was made u s in g  a p a s s iv e  s i l i c o n  s u b s t r a te  m u l t i 
channel e le c tro d e  w ith  fo u r  s i t e s  (BeMent, S .L . e t  a l . ,  IEEE 
T rans. B iom edical E n g in ee rin g , BME 33 :230, 1986). S i te  sp ac in g s  
u t i l i z e d  a t  v a r io u s  s ta g e s  o f t h i s  s tu d y  were 30, 50 and 100 
m icrons a rran g ed  e i t h e r  p a r a l l e l  o r p e rp e n d ic u la r  to  th e  ax is  o f 
p e n e tr a t io n .  S i t e  a re a s  were 60-100 sq . m icrons w ith  impedances 
o f  5-10 Mohms a t  1 kHz. S i te s  n o t reco rd in g  sp ik e  a c t i v i t y  were 
used  as r e fe re n c e s  fo r  th e  a c t iv e  s i t e s  to  reduce th e  la rg e  f i e ld  
p o te n t ia l  which o f te n  i n t e r f e r e s  w ith  u n i t  i s o la t io n  in  AVCN. 
Using t h i s  te c h n iq u e , up to  th re e  u n i t s  cou ld  be w e ll i s o la te d  
s im u lta n e o u s ly . P e n e t ra tio n s  a c ro ss  iso freq u en c y  p la n es  us ing  
lo n g i tu d in a l ly  spaced s i t e s  sampled a d ja c e n t u n i t s  in  a to n o to p ic  
sequence th u s  a f fo rd in g  an o p p o r tu n ity  to  observe  s t a t i s t i c a l  
r e l a t i o n s h ip s  among c lo s e ly  spaced c e l l s  having  o v e rlap p in g  p r i 
mary a f f e r e n t  in p u ts .

Spontaneous r a t e  and resp o n ses  to  ga ted  s in u s o id s  and s y n th e 
s iz e d  complex p e r io d ic  sounds were observed . A n a ly s is  methods 
in c lu d e  p o s t s tim u lu s  and in t e r v a l  h is tog ram s fo r  in d iv id u a l c e l l s  
and c ro s s  co rre log ram s fo r  p a i r s  o f c e l l s .  I t  was determ ined  in  
t h i s  p re l im in a ry  s tu d y  th a t  hav ing  v a r i e ty  o f s i t e  sp ac in g s  and 
o r ie n ta t io n s  was v a lu a b le  f o r  d is c o v e rin g  th e  encoding s t r a t e g i e s  
o f sm all com m unities o f n e ig h b o rin g  c e l l s .  T here i s  a t r a d e - o f f  
between hav ing  wide s i t e  sp a c in g s , such as 100-200 m icrons , which 
y ie ld s  independen t sp ik e s  on each  channel b u t a low er p r o b a b i l i ty  
o f a s s o c ia t io n ,  v e rsu s  c lo s e ly  spaced s i t e s  w hich in c re a s e s  th e  
p ro b a b i l i t y  o f  i n t e r r e la t io n s h ip s  b u t a ls o  in c re a s e s  th e  amount o f 
c ro s s  t a lk  among c h a n n e ls . The a lignm ent o f th e  s i t e s  can compen
s a te  f o r  r e s t r i c t e d  an g le s  o f approach to  th e  n u c le u s . Our con
tin u in g  e f f o r t s  to  o p tim iz e  bo th  th e  e le c tro d e  d es ig n  and s ig n a l  
p ro c e ss in g  and a n a ly s is  p ro ced u re s  needed fo r  a m u ltic h an n e l e l e c 
tro d e  a r r a y  have been a  m ajor component o f t h i s  s tu d y  and w i l l  be 
d is c u s s e d .

S upported  by NO1-NS-1-2384, PO1-NS-05785-20 and RO1-NS-21769-01.

344.14 INTRACELLULAR RESPONSES TO PURE TONES FROM IDENTIFIED NEURONS IN 
THE VENTRAL COCHLEAR NUCLEUS OF THE GERBIL. J .F eng* , E.-M. 
O sta p o ff , S . Kuwada and D.K. M orest, Departm ent o f  Anatomy, 
U n iv e rs ity  o f  C onnec ticu t H ealth  C en te r, Farm ington, CT 06032.

T his i s  a  p re lim in a ry  r e p o r t  on th e  e le c tro p h y s io lo g y  and mor
phology o f  co c h le a r  nucleus  neurons in  young a d u l t  Mongolian g e r -  
b i l s  (M eriones u n g u ic u la tu s ) .  A coustic  repoonses were determ ined 
in t r a c e l l u l a r l y  and im paled c e l l s  were in je c te d  io n to p h o re t ic a l ly  
w ith  HRP. We have re c o n s tru c te d  9 la b e le d  c e l l s  from 25 in t r a c e l 
l u l a r ly  recorded  u n i t s .

Under p e n to b a rb i ta l  and ketam ine a n e s th e s ia ,  a h o le  was made 
in  th e  tem poral bone in t e r n a l  to  th e  a rc  d e sc rib ed  by th e  su p er
io r  s e m ic irc u la r  c a n a l. Beveled m ic ro p ip e tte s , f i l l e d  w ith  4% 
HRP, t r a v e rse d  th e  p a ra f lo c c u lu s  en ro u te  to  th e  co c h lea r  nu
c le u s .  A coustic  s t im u li  were g en e ra ted  d i g i t a l l y  and d e l iv e re d  
th rough a s e a le d , c a l ib r a te d  system . The in t r a c e l l u l a r  responses  
were reco rded  on FM ta p e  and su b seq u en tly  d ig i t i z e d .  B rain  stem s 
were c u t on a Vibratome (50 μm), r e a c te d  w ith  DAB, and p rocessed  
fo r  bo th  l i g h t  and e le c tro n  m icroscopy. C e lls  were re c o n s tru c te d  
from com plete s e r ie s  o f  s e c t io n s  a t  600-1200X.

In  th e  r o s t r a l  p a r t  o f  th e  c o c h le a r  nerve ro o t reg io n  we r e 
covered a g lo b u la r  bushy c e l l  and a s t e l l a t e  c e l l .  Both gave su s 
ta in e d  resp o n ses  to  tone  p ip s .  The b e s t  frequency o f  th e  bushy 
c e l l  was 9-10 KHz. A lthough th e  s t e l l a t e  c e l l  was tuned to  low 
f re q u e n c ie s  (700 Hz), i t  d id  n o t e x h ib i t  p hase-locked  d is c h a rg e s . 
The o th e r  7 c e l l s  were lo c a te d  in  th e  caudal p a r t  o f th e  co c h lea r 
nerve  ro o t re g io n . Two were oc topus c e l l s .  Of th e s e ,  one showed a 
su s ta in e d  d e p o la r iz a t io n  fo r  th e  d u ra t io n  o f  th e  tone  b u r s t ,  bu t 
each s tim u lu s  on ly  evoked one a c t io n  p o te n t i a l .  The resp o n ses  o f 
th e  o th e r  a re  s t i l l  being  a n a ly zed . Three were s t e l l a t e  c e l l s .  
Two were c h a ra c te r iz e d  as having  "chopper" response  p a t te r n s .  One 
was a  very  la rg e  s t e l l a t e ,  w ith  a b e s t  frequency  around 5 KHz, 
and a t  th e  low er end o f  i t s  frequency  range (2 KHz) was an in d i 
c a tio n  o f  phase-locked  d is c h a rg e s . The th i r d  s t e l l a t e  c e l l  had an 
u n u su a l, u n id i r e c t io n a l ly  o r ie n te d  d e n d r i t ic  f i e ld  w ith  a le n g th  
o f  abou t 400 pm and la rg e  c la w -l ik e  en d in g s . I t  showed a ro b u s t 
and s u s ta in e d  d e p o la r iz a t io n  and d isch a rg e  p a t te rn  to  a c o u s t ic  
s t im u la t io n .  The l a s t  2 recovered  c e l l s  were la rg e  e lo n g a te  
neu ro n s . One o f  th e se  has a b e s t  frequency  around 6  KHz and gen
e r a l l y  resem bled a p au ser type d is c h a rg e . The response  type o f 
th e  o th e r  e lo n g a te  c e l l  was u n c le a r .

In  g e n e ra l,  t h i s  p re p a ra tio n  o f f e r s  r e l a t i v e ly  lo n g , s ta b le  
re c o rd in g s  and a h igh  y ie ld  o f  recovered  c e l l s .  One can use th i s  
to  advantage in  an a ly z in g  th e  r e la t io n s h ip  between p h y s io lo g ic a l 
resp o n ses  to  a c o u s t ic  s t im u li  and sy n a p tic  o rg a n iz a tio n .

Supported  by NIH g ra n ts  NS14347 and NS18027.

344.15 INTRACELLULAR MEASUREMENTS OF TIME CONSTANTS IN 
ACOUSTICALLY RESPONSIVE NEURONS IN GERBIL COCHLEAR 
NUCLEUS. H.F. Vo i g t  a nd T.A. M cM ullen*. D e p a r tm e n ts  
o f B iom ed ical E n g in e e rin g  and O to la ry n g o lo g y , B oston 
U n iv e r s i ty ,  B oston, MA 02215.

We h a v e  u se d  s i n g l e  e l e c t r o d e  i n t r a c e l l u l a r  
r e c o r d i n g  t e c h n i q u e s  t o  m e a s u re  b o th  a c o u s t i c  
r e s p o n s e s  and v o l t a g e  r e s p o n s e s  to  i n j e c t e d  c u r r e n t  
p u l s e s  f ro m  n e u r o n s  in  t h e  c o c h l e a r  n u c l e u s  o f  
b a r b i tu r a t e - a n e s th e t i z e d  young a d u l t  g e r b i l s  (M eriones 
u n g u i c u l a t u s ;  T u m b le b ro o k  F a r m s ) .  M i c r o p i p e t t e  
e l e c t r o d e s ,  f i l l e d  w i th  4 m o la r  p o ta s s iu m  a c e t a t e ,  
w ere  s e l e c t e d  f o r  r i s e  t im e s  o f l e s s  th a n  300 u s in  
resp o n se  to  c u r re n t  p u ls e s  o f +1 to  -1 nA. E le c tro d e s  
w ere  p a s s e d  th ro u g h  th e  p a r a f lo c c u l u s  and i n t o  th e  
c o c h le a r  n u c le u s  v ia  th e  t r a n s b u l la  approach  d e s c r ib e d  
by F r i s in a  e t  a l .  [H earing  R esearch  6 (1982) 259-275]. 
U nder c o m p u te r  c o n t r o l ,  a s e r i e s  o f n in e ,  50-m s 
d u r a t i o n  c u r r e n t  p u l s e s  w e re  d e l i v e r e d  t o  t h e  
e le c t r o d e  fo r  th e  purpose  of e i t h e r  in j e c t i n g  c u r re n t  
t o  a n  im p a le d  c e l l  o r  t e s t i n g  t h e  e l e c t r o d e  
c h a r a c t e r i s t i c s .  V o lta g e  re sp o n se s  were d i g i t i z e d  and 
s to r e d  fo r  a n a ly s is .

E s t i m a t e s  o f  t h e  t i m e  c o n s t a n t s  o f  t h e  
i n t r a c e l l u l a r  v o lta g e  decay c u r v e  were com puted a s  a 
f i r s t  s t e p  i n  d e t e r m i n i n g  t h e  e l e c t r o t o n i c  
c h a r a c t e r i s t i c s  of a c o u s t i c a l l y  re sp o n s iv e  c e l l s .  The 
decay cu rve  was app ro x im ated  a s  a sum of e x p o n e n tia ls .  
The tim e  c o n s ta n ts  were e s t im a te d  by f i t t i n g  a l i n e a r -  
q u a d r a t i c  s p l i n e  to  th e  l o g a r i th m  of th e  d ecay  c u rv e  
[A z a r ro  e t  a l . ,  IEEE T r a n s a c t io n s  on BME, BME-28 
(1981) 7 5 5 -7 6 0 ] . In  o r d e r  to  i n s u r e  t h a t  th e  t im e  
c o n s t a n t s  o f th e  i n t r a c e l l u l a r  d ecay  c u rv e  w ere  
s u f f i c i e n t l y  d i f f e r e n t  from  th e  tim e  c o n s ta n ts  of th e  
e l e c t r o d e  r e s p o n s e ,  r e c o r d s  o f th e  m i c r o e l e c t r o d e  
p u l s e  r e s p o n s e  w ere  o b ta in e d  b e f o r e  i n t r a c e l l u l a r  
p e n e t r a t i o n  and a f t e r  l o s s  of i n t r a c e l l u l a r  c o n t a c t .  
These re c o rd s  w ere a n a ly zed  w ith  th e  same a lg o r ith m . 
Time c o n s ta n t  e s t im a te s  w ere c a lu la te d  fo r  c e l l s  t h a t  
r e sp o n d e d  to  a c o u s t i c  s t i m u l a t i o n .  In  a b o u t h a l f  of 
th e  c e l l s ,  th e  e s t im a te d  membrane tim e  c o n s ta n ts  w ere 
b e tw e e n  1 a n d  2 m s. F o r  t h e  o t h e r  c e l l s ,  t im e  
c o n s t a n t  e s t i m a t e s  w ere  l e s s  th a n  1 ms and  w ere  n o t  
s i g n i f i c a n t l y  d i f f e r e n t  from  th o s e  o f th e  e l e c t r o d e  
resp o n se  a lo n e . (T his work was su p p o rted  by NSF.)

344.16 IS THERE TUNING OF NEURONAL INTERACTIONS IN RAT DORSAL COCHLEAR 
NUCLEUS? J .A . K altenbach , P.M. Gochin, and G. L. G e rs te in . Dept 
o f P hysio lo g y , U niv. of Penna. P h i l a . , PA 19104

The ex p re ss io n  o f a sy n a p tic  connec tio n  between neurons i s  
n o t f ix e d  but depends on a v a r ie ty  o f f a c t o r s .  This can 
be dem onstrated  p h y s io lo g ic a l ly  by c r o s s - c o r r e la t io n  a n a ly s is  
which p lo t s  th e  p ro b a b i l i ty  o f f i r i n g  o f one neuron as a func
t i o n  o f tim e fo llo w in g  th e  f i r i n g  o f an o th e r neu ron . Indeed, 
two in te rc o n n e c te d  neurons may show s ig n s  o f nea r synchronous 
f i r i n g  which v a r ie s  ac ro ss  th e  s tim u lu s  spectrum . For 
exam ple, re c e n t s tu d ie s  in  our la b o ra to ry  su g g est th a t  th e  
s tr e n g th  o f an e x c i ta to ry  connec tio n  between neurons in  
a u d ito ry  c o r te x  may be "tuned" to  lo c a t io n  o f a sound source
( 1) even though s in g le  neurons appear to  show no s ig n s  o f lo c a 
t io n  s e l e c t i v i t y .  The p resence  of "tuned in te r a c t io n s "  im p lie s  
th a t  c e r t a in  s tim u lu s  param ete rs may be re p re s e n te d  by th e  syn
chronous f i r i n g  of groups o f neurons r a th e r  than  by th e  f i r 
ing  p a t te rn s  o f s in g le  neu ro n s . In  a d d i t io n ,  d i r e c t  
in t e r a c t io n s  have a lso  been observed to  e x h ib i t  p r e f e r 
ences f o r  s p e c i f ic  sequences o f tone  b u rs ts  ( 2 ) .

An is s u e  which needs to  be exp lo red  i s  w hether th e  s o r t  of 
tu n in g  observed in  th e  synchronous f i r i n g  between neurons can 
be dem onstra ted  in  th e  frequency  and in t e n s i ty  dom ains. I t  i s  th i s  
domain in  which s in g le  neurons d is p la y  frequency  th re sh o ld  tu n in g . 
I t  i s  th u s  o f i n t e r e s t  to  know how th e  a rea s  in  which in t e r a c t io n s  
occur between neurons compare w ith  frequency  response  a rea s  
o f in d iv id u a l  neu ro n s . To ad d ress  t h i s  is s u e  we a re  re c o rd 
ing  th e  s im ultaneous a c t i v i t y  o f m u ltip le  neurons in  th e  r a t  
d o r s a l co c h le a r  nucleus in  response  to  each o f 64 d i f f e r e n t  
f r e q u e n c y /in te n s i ty  com binations which d e f in e  th e  response  a re a  
o f each  u n i t .  A c ro s s  c o r r e l a t i o n  h is tog ram  i s  then  c o l le c te d  fo r  
each p a i r  o f neurons a t  each o f th e  64 s t im u li  and th e se  a re  
assem bled in to  a c ro ss  c o r r e l a t i o n  map (see  3 ) . This in  tu rn  
can be s p l i t  in to  a map fo r  d i r e c t  n eu rona l in t e r a c t io n  and a map 
f o r  shared  in p u t .  In  bo th  ca ses  we can d e f in e  th e  frequency  and 
in t e n s i t y  a re a s  over w hich th a t  c la s s  o f in t e r a c t io n  between 
two neurons i s  d i s t r i b u t e d .  We d e s c r ib e  th e  s t r u c tu r e  o f th e se  
" in t e r a c t io n  a re a s"  and re p o r t  th e  r e la t io n s h ip s  th e se  have to  
frequency  response  a re a s  seen  in  s in g le  u n i t s .

(1 ) Bloom, M. and G e rs te in , G ., N eu rosc i. Abs. p .2 4 5 , 1984.
(2 ) E sp in o sa , I .  and G e rs te in , G ., N eu ro sc i. Abs. p .2 4 5 , 1984.
(3 ) V o ig t, H. and Young, E . ,  Exp. B rain  Res. 60 :594-598, 1985.

Supported by NIH NS07719, and Systems Development F oundation  0013.
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344.17 STIMULUS LINKED TEMPORAL CHANGES IN INTERACTIONS OF NEURONS IN 
RAT DORSAL COCHLEAR NUCLEUS. P.M. Gochi n . J .A . K altenbach  and 
G.L . G e rs te in , D ep t. o f P hysio logy , Univ. o f P enna., P h ila . PA 
19104

I t  has long  been e s ta b l is h e d  (G e rs te in , 1970) th a t  d i r e c t  
sy n a p tic  i n te r a c t io n s  can be d e te c te d  in  th e  f i r i n g  o f 
s im u ltan e o u sly  reco rded  neurons in  c a t  d o rs a l c o c h le a r  n u c le u s . 
More re c e n t s tu d ie s  have d esc r ib ed  in t e r a c t io n s  o f such neuron 
p a i r s  (V oig t & Young, 1980) which su g g es t p a r t i c i p a t io n  o f type 
I I / I I I  neurons in  th e  fo rm a tion  o f th e  r e c e p tiv e  f i e l d  p r o p e r t ie s  
o f type  IV n eu ro n s . F urtherm ore , i t  has been observed th a t  
p a t te rn s  o f c o n n e c tiv i ty  may be s tim u lu s  dependent (V oigt & 
Young, 1985). No in v e s t ig a t io n s  have been conducted , however, 
w hich a ttem p t to  r e l a t e  th e  PST h istogram  p a t te rn s  e s ta b l is h e d  by 
P f e i f f e r  (1966) to  n e u ra l i n t e r a c t io n s .

The p re s e n t s e r ie s  o f experim en ts in v e s t ig a te s  th e  d e t a i l s  o f 
in t e r a c t io n s  o f neuron p a i r s  in  th e  r a t  d o rs a l c o c h le a r  nucleus  
w ith  r e s p e c t to  PST s t r u c t u r e .  In  a d d i t io n ,  th e  e f f e c t s  o f 
b in a u ra l s t im u la t io n  and s tim u lu s  frequency  on in t e r a c t io n  
p r o f i l e s  a re  exam ined. The c ro s s  c o r r e l a t i o n  h is tog ram , commonly 
used in  e v a lu a tio n  o f neuron in t e r a c t io n s ,  i s  i nadequate to  s tudy  
dynam ically  changing modes o f i n t e r a c t io n  w ith in  a  s h o r t  tim e 
span , such as  th e  50 msec pure tones  used in  th i s  s tu d y . J o in t  
p e r i - s t im u lu s  s c a t t e r  diagram s (G e rs te in  & P e rk e l, 1969; A beles 
1982), however, p rov ide  a g rap h ic  means fo r  d e ta i l e d  exam ination  
o f th e  tim e cou rse  o f r e la t io n s h ip s  between two and th re e  neu ro n s .

P re lim in a ry  r e s u l t s  show th a t  th e  mode of in t e r a c t io n s  w ith in  
neuron p a i r s  reco rded  on th e  same e le c tro d e  can d i f f e r  in  accord  
w ith  d if f e re n c e s  in  PST p a t te r n s .  S h if t  c o n tro ls  confirm  th a t  
th e  observed c o r r e l a t i o n s  a re  d i r e c t  in t e r a c t io n s ,  and n o t sim ply 
due to  changes in  f i r i n g  r a t e .  In  some in s ta n c e s ,  s tim u lu s  
p ro p e r t ie s  in f lu e n c e d  th e  modes o f in t e r a c t io n s ,  w hereas in  o th e r  
ca se s  th e  in t e r a c t io n  p a t te rn s  were s tim u lu s  in v a r ia n t .  Our 
r e s u l t s  su g g est th a t  n eu ro n a l in t e r a c t io n s  w ith in  th e  d o rs a l 
c o c h le a r  nu c leu s  cou ld  p la y  a r o le  in  th e  commonly observed PST 
p a t te r n s ,  and may e x p la in  some o f  th e  v a r ia t io n s  in  th e se  
p a t te rn s  th a t  a re  observed when s tim u lu s  c o n d itio n s  a re  a l t e r e d .

A be le s, M. 1983. IEEE T rans. B io. Eng. BME-30, No. 4 : 235 -239 .
G e rs te in , G.L. and P e rk e l, D.H. 1969. S cience 164:828.
G e rs te in , G.L. 1970. N eurosci Second Study Prog. Pg. 648.
P f e i f f e r ,  R.R. 1966. Exp. B ra in  R es. 1 :220-235 .
V o ig t, H .F ., Young, E.D. 1980. JNP 44 :76-96 .
V o ig t, H .F ., Young, E.D. 1985. BR 60:594-598.

S upported in  p a r t  by Systems Development F oundation  00013 and 
O ff ic e  of Naval Research N14-83-K-0387.

344.18 EXCITATORY INTERCONNECTIONS IN THE MOUSE COCHLEAR NUCLEI. 
Robert E. Wickesberg*, Judith A. Hirsch and Donata Oertel. 
Dept. of Neurophysiology, University of  Wisconsin - Madison, 
Madison, Wisconsin 53706.

The cochlear nuclear complex, where the VIIIth nerve synapses, 
is a complicated, interconnected s t ruc tu re .  Lorente de No 
described a two-way connection between the dorsal cochlear nucleus 
(DCN) and the anteroventra l cochlear nucleus (AVCN) (Laryngoscope, 
48: 327-350, 1933). An inhib i tory  influence tha t  the AVCN has on 
the DCN was demonstrated by Evans and Nelson (Exp. Brain Res. , 17: 
428-442, 1973). We report here tha t  the DCN provides an exc i ta 
tory  input to the AVCN.

The neuronal c i r c u i t ry  of the cochlear nuclear complex was 
studied by recording in t r a c e l l u la r ly  from neurons in brain s l ices  
of mouse cochlear nucle i.  The recordings of the synaptic respon
ses to e le c t r ica l  s timulation of the auditory nerve were made from 
c e l l s  in the AVCN in s l ices  containing portions of the  DCN. The 
t i s su e  s l ic es  were made with a s ing le ,  parasagit ta l cut 200 μm to 
300 μm below the pial surface.

The exci ta to ry  input from the DCN to the AVCN appeared as long- 
latency EPSP's in response to s timulation of the auditory nerve 
stump. These l a t e  EPSP's were not seen in preparat ions lacking 
the DCN. I f  the  st imula ting  e lectrodes  were placed d i r e c t ly  on 
the DCN, the EPSP's could be e l i c i t e d  without act ivat ing  the 
Vll l th  nerve inputs to the AVCN neuron.

The addit ion of 1 mM glutamate to the bathing sal ine  produced 
t r a in s  of EPSP's in c e l l s  in the AVCN. Neurons in the AVCN were 
not themselves exci ted by bath-applied glutamate, they showed no 
change in input impedance, and the glutamate-induced EPSP's were 
not a l te red  by current pulses delivered through the recording 
e lectrode.  Since the glutamate-induced EPSP's were not present 
when the DCN was missing, these findings suggest tha t  glutamate 
ac t iva tes  DCN neurons, which in turn exci te  AVCN neurons.

The application  of 1 mM kynurenic acid blocked the long-latency 
EPSP's, but not short- la tency EPSP's, a f t e r  e le c t r ica l  stimulation 
of the  auditory  nerve. Kynurenic acid also antagonized the EPSP's 
evoked by s timulating the DCN d i rec t ly  or by applying 1 mM glu
tamate.

This research was supported by grants NS 12732, NS 17590 and 
NS 07026.
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345.1 CO-LOCALIZATION OF 3H GABA AND GABA-LIKE IMMUNOREACTIVITY IN 
SUPERIOR OLIVARY NEURONS RETROGRADELY LABELED FROM GUINEA PIG 
COCHLEAR NUCLEUS. R.L.Saint Marie, E-M. Ostapoff, and D.K. Morest. 
Dept. of Anatomy, Univ. Conn. Health Center, Farmington, CT 06032

I t  has been proposed that GABAerglc neurons in the superior 
olivary complex (SOC), projecting to the cochlear nucleus (CN), 
can take up 3h-GABA and transport label retrogradely from 
in jections in the CN (Ostapoff e t a l . ,  SN Abstr. 11: 1051, ' 85). 
The present study is  to te s t  th is  proposal and to compare two 
methods for localizing  GABAerglc neurons: immunocytochemistry 
and high a ff in ity  uptake with transport. Following in jections of 
3H-GABA in CN, individual semi-thin p la s tic  (Epon) sections, or 
adjacent pa irs, of the SOC were prepared for autoradiography and 
immunostained with an tisera  to a GABA-glutaraldehyde-BSA conjugate 
(Altschuler, e t a l . ,  SN Abstr, 11: 1048,' 85). Preliminary findings 
indicate that two-thirds of the retrogradely radiolabeled axons 
and periolivary neurons were also GABA immunoreactive.

The autoradiographic re su lts  duplicated the previous ones. Ra
diolabeled ce lls  were present in a l l  of the periolivary nuclei, 
with some nuclei more heavily labeled than others. No neurons were 
labeled in the medial (MSO) and la te ra l  (LSO) superior olivary 
nuclei or medial nucleus of the trapezoid body (MNTB).

The postembedding technique of GABA-like immunostaining yielded 
light-to-very-dark staining of c e ll  bodies and dendrites. Axons 
and terminals always stained darkly. Many fusiform ce lls  in LSO 
exhibited moderate-to-dark immunostaining, as did small ce lls  
in the h ilus and a few large c e lls  in MSO. Many ce lls  in the 
ventral trapezoid (VNTB) and dorsal periolivary nuclei exhibited a 
range of immunoreactivities, as did fewer ce lls  in other 
periolivary nuclei. A very few large neurons in MNTB and 
dorsomedial periolivary nucleus were lig h tly  labeled. A few small 
ce lls  in the periphery of these two nuclei were moderately 
sta ined. Immunostained terminals were most abundant in VNTB, rare 
in LSO, and intermediate in number in the other olivary nuclei.

Two-thirds of the radiolabeled c e lls  (those projecting to the 
cochlear nucleus) were also immunostained. Double labeled ce lls  
appeared in each periolivary nucleus that had radiolabeled 
c e lls . Many double labeled axons projected through the ventral 
acoustic s t r ia .  One-third of the radiolabeled ce lls  bodies and 
axons were considered to be immunonegative. Some of these were 
heavily labeled, indicating that the radiolabel was not immuno- 
detectable in these c e lls . E ither some non-GABAergic neurons 
are accumulating and rapidly transporting radiolabel from the CN, 
or some GABAerglc periolivary neurons do not have immunodetectable 
levels of GABA in th e ir  soma and axons. Nevertheless, the finding 
of double labeled neurons strengthens the hypothesis that these 
neurons form GABAerglc projections to the CN.

Supported by NIH grant NS14347.

345.2 EXCITANT AMINO ACID RECEPTOR TYPES IN THE LATERAL SUPERIOR OLIVARY 
NUCLEUS. D.M. Caspary and C.L. Faingold. Dept. of Pharmacology, 
Southern I l l ino is  University School of Medicine, Springfield, IL 
62708.

Principal cel ls of the lateral  superior olivary (LSO) nucleus 
receive a direct  excitatory input from the ipsilateral ventral 
cochlear nucleus (VCN) and an inhibitory input from the contra
lateral VCN via a secure synapse in the medial nucleus of the 
trapezoid body. These LSO neurons are thought to code for the 
localization of sound in space, are excited by ipsilateral acoustic 
stimuli, and inhibited by binaural stimuli (IE). Ipsilateral  
acoustic stimulation at characterist ic frequency (CF) results in a 
phasic "chopper" response which is suppressed by like binaural 
stimulation at CF. These neurons are also sensit ive to interaural 
time and intensity differences. The inhibitory neurotransmitter 
mediating binaural inhibition is thought to be glycine (Moore and 
Caspary, J .  Neurosci., 3:237-242, 1983) while the neurotransmitter 
mediating the ipsi la teral  excitatory response remains to be identi
f ie d .  LSO principal cel ls in 24 anesthetized chinchillas were 
identified  by characterizing response properties, horseradish 
peroxidase (HRP) injection and track reconstruction. Iontophoretic 
application of excitant amino acids and the ir  receptor antagonists 
were used in attempts to block and mimic ipsi la teral  tone-evoked 
ac tiv i ty  in 34 neurons displaying "on-chopper" response patterns 
and binaural inhibition. Effects of N-methyl-D-aspartate (NMDA) 
and i t s  receptor antagonist DL-2-amino-5-phosphonovalerate (APV) 
were compared to the effects of quisqualate and cis-2,3,piperidine- 
dicarboxylate (PDA). PDA reportedly acts as an antagonist at 
quisqualate receptors as well as NMDA and kainate receptors. 
Iontophoretic application of PDA reduced ipsi la teral  tone-evoked 
ac t iv i ty  (a reversible 20% or greater effect) in 90% (9/10) of LSO 
neurons examined compared to 50% (9/18) with APV. Eighty-five 
percent (16/19) of LSO neurons.examined were sensitive to iontopho
re t ic  application of quisqualate which shifted rate-intensity 
functions to the l e f t ,  while only 44% (8/18) of the LSO neurons 
examined were sensit ive to NMDA. The effectiveness of PDA relat ive 
to APV suggests that  i f  an excitatory amino acid receptor mediates 
the ipsi la teral  excitatory response of LSO IE neurons i t  is 
unlikely to be of the NMDA receptor type but rather of the 
quisqualate or kainate receptor type. (Supported by NIH grant NS 
15640, and a g i f t  from the Pearson Family Foundation.)
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345.3 ASSYMETRY IN THE BILATERAL PROJECTIONS OF THE LATERAL SUPERIOR 
OLIVARY NUCLEI TO THE INFERIOR COLLICULUS IN THE CAT. Craig K. 
Henkel and Ami Shneiderman. Department of Anatomy, Bowman Gray 
School of Medicine, NC 27103.

Cells of the la teral superior olivary nuclei (LSO) are excited 
by ipsi la teral  sounds and are sensitive to interaural intensity 
differences which represent the ipsi la teral  hemifield; however, 
the axonal projections of LSO end b ila tera l ly  in the inferior 
colliculus.  There is very l i t t l e  information about how these two 
representations of act ivi ty  in LSO are processed that would 
account for response properties of cells in the inferior 
colliculus. Thus, we examined the distr ibution of LSO 
projections in the cat using anterograde tracing methods to 
compare the organization of the crossed and uncrossed 
representation of LSO in the inferior colliculus.  Either wheat 
germ agglutinin conjugated with horseradish peroxidase or 
t r i t i a te d  leucine was injected in LSO and the distribution of the 
projections was compared by carefully matching the inferior 
coll iculus on both sides. The results showed that although both 
the ipsi la teral  and contralateral  projection shared a common 
topographic arrangement there were d ist inc t  differences in the 
pattern of distr ibution within the central nucleus. F irs t ,  the 
area of terminal f ields on each side was measured and expressed 
as a ratio of contralateral area relative to the ipsi la teral  
area. Interes tingly, a trend was found in which the ratio in 
cases with injections in the low frequency lateral limb of LSO 
was 0.4 to 1.0 and increased to more than 2.0 with more medial 
injections. Second, regardless of the tracer  being used, the 
uncrossed projection exhibited a d ist inc t  banding pattern in the 
central nucleus comprised of dense sheets of labeling flanked by 
unlabeled or very lightly labeled bands. In the frontal plane 
these dense bands extended from ventrolateral to dorsomedial 
approximately 1.3-1.6 mm and were 150-200 μm thick. The crossed 
projection was more uniformly distr ibuted although embedded in 
the projection area were denser bands of labeling resembling the 
more d is t inc t  ipsi la teral  pattern. When the ipsi la tera l  and 
contralateral bands were compared by superimposing carefully 
matched sides i t  was found that they were not homotopic. 
Reconstruction of the patterns suggested that there were 
al ternating ipsi la teral  and contralateral bands. This 
heterotopic pattern was confirmed in sections processed for both 
labels in a second group of experiments with LSO injections on 
both sides. These differences in the uncrossed and crossed 
projections of LSO in two important anatomical domains are most 
l ikely related to differences in the intrins ic  connectivity of 
these projections related to their  functional role in the 
inferior colliculus.  Supported in part by NIH Grant NS 18627.

345.4 QUANTITATIVE EM STUDIES OF AXOSOMATIC SYNAPTIC TERMINALS 
IN THE RAT LATERAL SUPERIOR OLIVARY NUCLEUS. M.A. Casey. 
Department of Cell Biology and Anatomy, U n iv e rs i ty  of  
Alabama a t  Birmingham, Birmingham, AL 35294.

This  study i s  p a r t  o f  an ongoing i n v e s t i g a t i o n  in to  
the  e f f e c t s  of  aging on the  morphology of  the  r a t  
a u d i to ry  pathway. Young a d u l t  (3 months of  age) male 
F isch e r  344 a lb in o  r a t s  ob ta in ed  from th e  NIA c o n t r a c t -  
su pported  colony were pe rfused  with mixed a ldehydes , and 
b ra in s te m  b locks  c o n ta in in g  th e  l a t e r a l  s u p e r io r  o l iv a r y  
nucleus  (LSO) were p repared  r o u t i n e ly  fo r  t r a n sm iss io n  
e l e c t r o n  microscopy. Photographic  montages of  p r in c ip a l  
c e l l s  were c o n s t ru c te d  a t  a f i n a l  m a g n if ic a t io n  of  
15,000X fo r  morphometric a n a ly s i s  of  axosomatic 
t e r m in a l s .  Thus f a r ,  25 neurons from 3 an imals  have 
been ana ly zed .  The pooled d a ta  show th a t  about 75% 
(mean = 7 6 .4 ,  SEM = 1 .4 ,  N = 25) of  the  p e r ik a r y a l  
s u r f a c e  of  p r i n c ip a l  c e l l s  i s  apposed to sy n a p t ic  
t e r m in a l s ,  almost a l l  (97 .5%) of  which c o n ta in  
pleomorphic sy n a p t ic  v e s i c l e s  and form s l i g h t l y  
asymmetric membrane s p e c i a l i z a t i o n s .  Of the  474 
axosomatic te rm in a ls  examined so f a r ,  8 (1 .7  %) 
c on ta in ed  la rg e  s p h e r i c a l  v e s i c l e s ,  and 4 (0.8%) 
con ta in ed  sm a l l ,  dense ly-packed s p h e r i c a l  v e s i c l e s .  
While th e  te rm in a ls  with la rg e  s p h e r i c a l  s y n a p t ic  
v e s i c l e s  r a r e l y  form axosomatic synapses , they 
f r e q u e n t ly  form a x o d e n d r i t i c  synapses in  th e  LSO 
n e u r o p i l .  D en d r i t ic  s p in e s  in th e  neu ro p i l  of  th e  LSO 
a re  p o s t s y n a p t ic  only to te rm in a ls  with la rg e  s p h e r i c a l  
v e s i c l e s  and asymmetric sy napses .  Term inals  c o n ta in in g  
pleomorphic v e s i c l e s  a l so  synapse in  th e  n e u r o p i l ,  but 
mainly te rm in a te  on la rg e  d e n d r i t e s .  These p re l im in a ry  
f i n d in g s ,  along with r e c e n t l y  p ub li shed  s t u d i e s ,  su ggest 
th a t  s y n a p t ic  r e l a t i o n s h i p s  in  the  LSO a re  remarkably 
s im i la r  among F isch e r  344 r a t s ,  Sprague-Dawley r a t s  
(White, N eurosci.  A b s t r . 9 :765 , 1983), and c a t s  (Cant, 
JCN 227:63, 1984; H e l f e r t  and Schwartz, JCN 244:533, 
1986). Questions  now be ing  addressed  in c lu d e :  1) Does 
th e  synapto logy in  n u c le i  of  th e  su p e r io r  o l iv a r y  
complex d i f f e r  s i g n i f i c a n t l y  between a lb in o  and 
pigmented r a t s  ( i . e . ,  Creel e t  a l . ,  Bra in  Res. 260:1 , 
1983; Conlee e t  a l . ,  JCN 225:141, 1984), and 2) Do 
a u d i to ry  s t r u c t u r e s  in  pigmented r a t s  e x h ib i t  aging 
changes s im i l a r  to  th o se  r e p o r te d  in  a lb in o  r a t s  (Casey 
and Feldman, Neurobio l.  Aging 3:187 , 1982; JCN 232:401, 
1985).

Supported by a g ra n t  from the  American F e d e ra t io n  for  
Aging Research.

345.5 ULTRASTRUCTURAL CHARACTERIZATION OF OLIVOCOCHLEAR EFFERENT  
NEURONS IN THE GERBIL LATERAL SUPERIOR OLIVE LABELED RETROGRADELY 
BY UPTAKE OF 3H-D-ASPARTIC ACID AND/OR HORSERADISH PEROXIDASE FROM 
THE COCHLEA. R.H. H e lf e r t1 , 2 . I .R , Schw artz2 , and A .F, Ryan3*. 
1D ept. of Anatomy and 2D iv . of Head & Neck S urgery , UCLA Sch. M ed., 
Los A ngeles, CA 90024; and 3Div. o f O to la ryngo logy , VA M e d .C tr .  
and UCSD Sch. M ed., La J o l l a ,  CA 92093.

To study  th e  f in e  s t r u c tu r e  o f o liv o c o c h le a r  neurons r e s id in g  in  
th e  l a t e r a l  s u p e r io r  o l iv e  (LSO), M ongolian g e r b i l  co c h lea s  were 
p e rfu sed  w ith  a r t i f i c i a l  perilym ph c o n ta in in g  3H -D -asp artic  ac id  
(DASP) a n d /o r h o rs e ra d is h  p e ro x id ase  con jugated  to  wheat germ 
a g g lu t in in  (HRP). The tr a n s v e rs e  b ra in stem  s e c t io n s  were developed 
fo r  HRP u s in g  d iam inobenzid ine  a s  th e  chromogen, enhanced w ith  
c o b a lt  c h lo r id e ;  and were th en  p repared  fo r  l i g h t  and e le c tro n  
m icro scop ic  a u to rad io g rap h y .

Two p o p u la tio n s  o f o liv o c o c h le a r  neurons were i d e n t i f i e d  w ith in  
th e  n e u ro p il  of th e  LSO, based on th e i r  d i f f e r e n t i a l  la b e l in g  
p a t te r n s .  One p o p u la tio n  o f neurons co n ta in ed  b o th  HRP and DASP, 
w h ile  th e  second p o p u la tio n  la b e le d  w ith  HRP o n ly . From a sample 
of 31 p e r ik a ry a l  p r o f i l e s  r e p re s e n t in g  18 in d iv id u a l neurons th a t  
la b e le d  w ith  b o th  t r a c e r s ,  a l l  were sm all (≤ 18 μm) and fu s ifo rm , 
posse ssed  n u c le i  w ith  m u l t ip le  deep nucleop lasm ic  in fo ld in g s ,  and 
co n ta in ed  a  s c a n t cy toplasm  w ith  few , i f  any , N is s l  b o d ie s . Less 
th an  12% (N=31, x̄=5 .5% ,s=3 .9 )  o f th e  s u r fa c e  o f any g iven  p r o f i l e  
was apposed to  axosom atic p re s y n a p tic  te rm in a ls , a l l  o f which con
ta in e d  sm a ll, round v e s ic le s  w ith  sym m etrical s y n a p tic  s p e c i a l i z a 
t i o n s .  Roughly one h a l f  o f th e se  te rm in a ls  a ls o  co n ta in ed  one o r 
more dense co re  v e s ic le s .  The d e n d r i te s  o f th i s  n eu ro n a l c la s s  
r e c e iv e  a sm all number o f a x o d e n d ri t ic  s y n a p tic  te rm in a ls  (u s u a lly  
1 te rm in a l p e r  d e n d r i t ic  c ro s s  s e c t io n ) .  The v a s t  m a jo r ity  o f 
th e se  te rm in a ls  a ls o  co n ta in ed  an abundance o f sm all round v e s ic le s ,  
w ith  a few dense co re  v e s ic le s .  Very r a r l y  were o th e r  ty p e s  o f 
te rm in a ls  seen  on th e  d e n d r i te s  ( i . e . ,  th o se  w ith  la rg e  round, f l a t ,  
o r  p leom orphic v e s i c l e s ) .  These "double la b e le d "  neurons can be 
c l a s s i f i e d  as  sm all neu rons , u s in g  th e  c r i t e r i a  p re v io u s ly  e s ta b 
li s h e d  fo r  ty p in g  LSO neurons ( H e l f e r t& S chw artz, N eu ro sc i. A b s ts .,  
1985).

L igh t m icro scop ic  d a ta  su g g es ts  th a t  a few neurons in  th e  LSO 
may be re t ro g ra d e ly  la b e le d  w ith  HRP o n ly . These c e l l s  have a 
d i s t r i b u t io n  s im i la r  to  th a t  o f c la s s  f iv e  neurons (op . c i t . ) ,  
which can on ly  be id e n t i f i e d  w ith  c e r t a in ty  a t  th e  e le c tro n  
m icro scop ic  l e v e l .  P re lim in a ry  e le c tro n  m icro scop ic  s tudy  o f HRP 
and double la b e le d  m a te r ia l  has n o t y e t been a b le  to  confirm  th e  
i d e n t i t y  o f th e  la r g e r  HRP la b e le d  n eu ro n s , a lth o u g h  fu r th e r  
a n a ly s is  i s  in  p ro g re s s .

Supported by NIH g ra n ts  NS 14503, NS 09823, NRSA NS 07093, and 
a g ra n t from th e  Hope fo r  H earing F oundation .

345.6 ASCENDING AND DESCENDING INPUT TO SUBDIVISIONS OF RAT INFERIOR 
COLLICULUS. J .R . Coleman, P. Cash*, T. Kobus*and W.J. C l e r i c i . 
D epartm ents o f Psychology and P hysio logy , U n iv e rs ity  o f South 
C a ro lin a , Columbia, South C aro lin a  29208.

The in f e r io r  c o l l ic u lu s  (IC ) i s  a m ajor s t r u c tu r e  o f the 
c e n tr a l  a u d ito ry  pathway which may be d iv id ed  in to  a c e n tr a l  
n u c leu s , an e x te rn a l  c o r te x  and a d o rs a l c o r te x . The in pu t to  
th e se  reg io n s  o f IC was th e  focus o f th i s  s tu d y . We used the 
h o rs e ra d is h  pero x id ase  (HRP) method fo r  r e tro g ra d e  and an te ro g rad e  
a n a ly s is  in  16 Sprague-Dawley r a t s .  Animals su rv ived  18-30 h rs  and 
co ro n a l b ra in  s e c t io n s  cu t a t  40 um were p rocessed  fo r  HRP h i s to 
ch e m is try . L abelled  c e l l s  were examined m ic ro sc o p ic a lly  and the 
p o s i t io n  o f th e se  c e l l s  r e l a t i v e  to  c y to a rc h i te c to n ic  boundaries 
confirm ed w ith  a p an tog raph ic  system .

F ollow ing m ic ro io n to p h o re tic  in je c t io n s  in to  IC numerous s i t e s  
w ith in  the  b ra in stem  and n eoco rtex  were re t ro g ra d e ly  la b e lle d  
depending on the  lo c a tio n  o f th e  in j e c t io n .  When the  c e n tr a l  
nucleus  was in je c te d  la b e l le d  c e l l s  were observed in  s e v e ra l 
b ra in s tem  a u d ito ry  groups. P a r t i c u la r ly  ev id en t was b i l a t e r a l  
la b e l l in g  o f th e  l a t e r a l  s u p e r io r  o liv a ry  n u c le u s , and i p s i l a t e r a l  
l a b e l l in g  of th e  m edial s u p e r io r  o l iv a ry  nucleus and s u p e rio r  
p e r io l iv a ry  n u c leu s . L abelled  c e l l s  were observed b i l a t e r a l l y  in  
th e  l a t e r a l  nuc leus  o f th e  tra p e z o id  body, and i p s i l a t e r a l  v e n tr a l  
nucleus  o f the  tra p e z o id  body. No la b e l was seen in  the  m edial 
nuc leus  o f th e  tra p e z o id  body. Label in  the  d o rs a l and v e n tr a l  
c o c h le a r  n u c le i  was m ostly  on the  s id e  c o n t r a la t e r a l  to  the 
in j e c t io n .  L abelled  c e l l s  were observed in  a l l  su b d iv is io n s  o f the 
c o n t r a la t e r a l  IC. L i t t l e  o r no la b e l was observed in  n eoco rtex  
fo llo w in g  in je c t io n s  o f c e n t r a l  n u c leu s . When the  in je c t io n  was 
con fined  to  th e  e x te rn a l  c o r te x  o f IC only  very  sp a rse  la b e l l in g  
was observed in  th e  c o n t r a la t e r a l  co c h lea r  n u c le i  and none in  the  
su p e r io r  o l iv a ry  complex. In  th i s  case la b e l le d  neurons o f the 
i p s i l a t e r a l ,  and to  a le s s e r  e x te n t ,  c o n t r a la t e r a l  nucleus o f the 
IC were observed along w ith  th o se  in  o th e r  c o l l i c u l a r  s u b d iv is io n s . 
HRP re a c t io n  was found in  the  p a ra b ra c h ia l  nucleus and deep su p e r io r  
c o l l i c u lu s ,  as w e ll as in  a re a s  41 and 39 o f a u d ito ry  c o r te x . HRP 
in je c t io n s  o f d o rs a l c o r te x  o f IC r e s u l te d  in  l i g h t  la b e l l in g  of 
neurons o f the  l a t e r a l  su p e r io r  o liv e  (m ainly i p s i l a t e r a l )  and in  
su b d iv is io n s  o f th e  o l iv a ry  com plex, and some la b e l in  the  c o n tra 
l a t e r a l  d o rs a l and v e n t r a l  co c h le a r  n u c le i .  B i l a te r a l  la b e l was 
observed in  s u b d iv is io n s  o f IC and d o rs a l nucleus o f l a t e r a l  lem
n is c u s . Numerous c lu s t e r s  o f la b e l le d  c e l l s  in  la y e r  V of c o r t i c a l  
a re a s  41, 20 and 36 appeared  a f t e r  IC d o rs a l c o r te x  in je c t io n .  
A nterograde la b e l  from a u d ito ry  c o r te x  in je c t io n s  was h e a v ie s t  in  
th e  caudal p a r t  o f d o rs a l c o r te x  o f IC. L abelled  c e l l s  o f the  
c o n t r a la t e r a l  d o rs a l column n u c le i  and tr ig e m in a l nucleus  were 
observed on ly  a f t e r  e x te rn a l  c o r te x  in j e c t io n .  These r e s u l t s  show 
d i f f e r e n t i a l  in p u ts  to  su b n u c le i o f th e  IC. (Supported  by NS-20785)
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345.7 DIFFERENTIAL PROJECTIONS TO MONAURAL AND BINAURAL REGIONS OF THE 
MUSTACHE BAT'S INFERIOR COLLICULUS. L .S . Ross* and G.D. P o ll a k , 
D ep t. o f  Zoology, U n iv e rs ity  o f Texas, A u stin , TX 78712.

The c e n tr a l  nu c leu s  o f  th e  in f e r io r  c o l l ic u lu s  (ICc) in  th e  
m ustache b a t has a d iv i s io n  devoted  s o le ly  to  p ro cess in g  th e  60 
kHz component o f  i t s  e c h o lo c a tio n  c a l l .  T his en la rg ed  i s o f r e 
quency re g io n , th e  d o rs o p o s te r io r  d iv i s io n  (DPD) i s  f u r th e r  ch a r
a c te r iz e d  by a s p a t i a l  s e g re g a t io n  o f m onaural and b in a u ra l  r e 
sponse ty p e s . T his s e g re g a t io n  c o n s is ts  o f a d o rs a l monaural 
re g io n  and fo u r b in a u ra l  re g io n s ; two EI reg io n s  lo c a te d  l a t e r a l l y  
and v en tro m e d ia lly , and two EE re g io n s  lo c a te d  v e n t r o la t e r a l l y  and 
d o rso m ed ia lly . The iso freq u en c y  DPD re c e iv e s  b i l a t e r a l  p ro je c 
t io n s  from th e  l a t e r a l  s u p e r io r  o l iv e s  (LSO) and th e  d o rs a l n u c le i  
o f  th e  l a t e r a l  lem niscus (DNLL), c o n t r a la t e r a l  p ro je c t io n s  from 
th e  co c h le a r  n u c leu s , and i p s i l a t e r a l  p ro je c t io n s  from th e  m ed ial 
s u p e r io r  o l iv e  (MSO) and th e  v e n t r a l  and th e  in te rm e d ia te  n u c le i  
o f  th e  l a t e r a l  lem niscus (VNLL & INLL).

In  o th e r  mammals, each o f th e se  low er b ra in s tem  a u d ito ry  n u c le i  
p o sse sse s  a  c h a r a c t e r i s t i c  to n o to p ic  o rg a n iz a tio n  and a u ra l  p rop
e r t i e s  which a r e  e i t h e r  m onaural o r b in a u r a l .  C e l ls  which p ro 
j e c t  to  th e  DPD form seg reg a ted  s h e e ts  o f neurons in  th e  low er 
monaural and b in a u ra l  n u c le i .  These s h e e ts  o f c e l l s  presum ably 
re p re s e n t  th e  co rrespond ing  60 kHz r e p re s e n ta t io n  in  th e  low er nu
c l e i .

Here we r e p o r t  on th e  p ro je c t io n s  to  th e  d i f f e r e n t  a u r a l  r e 
g io n s  w ith in  th e  DPD. The boundary o f an a u ra l re g io n  was d e t e r 
mined p h y s io lo g ic a l ly ,  and a sm all (200 m icrons) d e p o s it  o f  HRP 
was made io n to p h o re t i c a l ly  w ith in  a r e s t r i c t e d  p o r tio n  o f th a t  
a u r a l  r e g io n . D eposits  in  m onaural reg io n s  o f th e  DPD r e s u l te d  in  
la b e l in g  o f  c e l l s  in  th e  m onaural n u c le i  o f  th e  b ra in s tem , in 
c lu d in g  th e  co c h le a r  n u c le u s , th e  VNLL, and th e  INLL. However, 
th e re  appears  to  be a d i f f e r e n t i a l  p ro je c t io n  p a t te r n  w ith in  th i s  
la rg e  m onaural re g io n . The r o s t r a l  p o r t io n  re c e iv e s  i t s  in p u t p r i 
m a rily  from th e  VNLL and th e  INLL, w h ile  th e  caudal p o r tio n  r e 
c e iv e s  p ro je c t io n s  p r im a r ily  from th e  d o rs a l c o c h le a r  nu c leu s  and 
th e  VNLL. We have a ls o  begun to  t r a c e  th e  p ro je c t io n s  to  th e  ven
tro m ed ia l EI  re g io n . The p ro je c t io n s  to  t h i s  reg io n  come p rim ar
i l y  from th e  DNLL b i l a t e r a l l y ,  w ith  m inor p ro je c t io n s  ascend ing  
from th e  i p s i l a t e r a l  INLL and th e  c o n t r a la t e r a l  LSO. A n o te a b le  
f e a tu r e  o f t h i s  p ro je c t io n  p a t te r n  was th e  absence o f a f f e r e n ts  
from th e  MSO. These r e s u l t s  dem onstra te  th a t  monaural reg io n s  
w ith in  an iso freq u en c y  re g io n  can be f u r th e r  c h a ra c te r iz e d  by th e  
su b se t o f n u c le i  th a t  p ro v id e  th e  dominant in p u t .  Our p re lim in a ry  
d a ta  su g g es t th a t  t h i s  i s  a ls o  t r u e  fo r  th e  b in a u ra l  r e g io n s .

Supported by a  g ra n t from th e  NIH (NIH PHS NS21286-03).

345.8 BINAURAL PHYSIOLOGY OF ISOFREQUENCY EI NEURONS IN MUSTACHE BAT'S 
INFERIOR COLLICULUS. J .  W en stru p , Z. F u z e s se ry , and G. P o l i a k . 
D ep artm en t o f  Z o o lo g y , U n iv e r s i ty  o f  T ex as , A u s t in ,  T exas 78712 .

S in g le  u n i t  r e s p o n s e s  t o  d i c h o t i c  s t i m u l i  w ere o b ta in e d  from  
th e  60 kHz r e g io n  o f  t h e  m u stach e  b a t ’ s  i n f e r i o r  c o l l i c u l u s  ( I C ) .  
The im m ed ia te  g o a l  o f  t h e  s tu d y  was t o  exam ine th e  ra n g e  o f  b in a u 
r a l  re s p o n s e s  among EI  n e u ro n s  i n  one i s o f r e q u e n c y  r e p r e s e n ta t i o n  
o f  IC . A b ro a d e r  g o a l  was t o  u n d e rs ta n d  v a r i a t i o n s  in  EI p r o p e r 
t i e s  t h a t  may u n d e r ly  t h e  en c o d in g  o f  s p a t i a l  l o c a t io n .

R esp o n ses  t o  i n t e r a u r a l  i n t e n s i t y  d i s p a r i t i e s  ( I I D s ) ,  o b ta in e d  
from  125 EI  u n i t s ,  w ere c h a r a c te r i z e d  by t h r e e  f e a t u r e s :  1) The 
s t r e n g th  o f  i n h i b i t i o n  was e x p re s s e d  a s  th e  maximum p e rc e n ta g e  o f  
i n h i b i t i o n  e l i c i t e d  by  i p s i l a t e r a l  so u n d . About 60% o f  EI u n i t s  
w ere s u p p re s s e d  by 90% o r  m ore. 2 )  The s h a rp n e s s  o f  i n h i b i t i o n  
was e x p re s s e d  a s  th e  IID  r a n g e  o v e r  w hich  th e  r e s p o n s e  d e c re a s e d  
from  80% t o  20% o f  th e  maximum re s p o n s e .  N e a r ly  70% o f  th e  u n i t s  
had  "8 0 -2 0 % IID  r a n g e s "  o f  15 dB o r  l e s s .  3 ) The c u to f f  I I D was 
a s s e s s e d  a s  t h e  IID  a t  w h ich  th e  re s p o n s e  was s u p p re s s e d  by 50%. 
T h ere  was a  b ro a d  ra n g e  o f  c u to f f  I ID s ,  from  -1 7  dB ( i p s i l a t e r a l  
i n t e n s i t y  l e s s  th a n  c o n t r a l a t e r a l  i n t e n s i t y )  t o  +30 dB ( i p s i  
g r e a t e r  th a n  c o n t r a ) .  S in c e  th e s e  f e a t u r e s  do n o t  c o -v a ry  w i th in  
o u r sam ple o f  EI  u n i t s ,  th e  n e u ra l  m echanism s d e te rm in in g  th e s e  
d im e n s io n s  o f  IID  s e n s i t i v i t y  may d i f f e r .

The e f f e c t  o f  c h a n g es  in  s t im u lu s  i n t e n s i t y  upon u n i t  re s p o n s e s  
w ere s tu d i e d .  Many 60 kHz EI  u n i t s  d i s p l a y  s h a rp ly  no n -m o n o to n lc  
r a t e / i n t e n s i t y  f u n c t i o n s ;  th e y  resp o n d e d  b e s t  a t  10-20  dB above 
th r e s h o ld ,  and  o v e r  h a l f  w ere re d u c e d  to  50% below  t h e i r  maximum 
re s p o n s e  a t  30 dB above t h r e s h o ld .  In  72 u n i t s ,  IID  f u n c t io n s  
w ere o b ta in e d  a t  more th a n  one c o n t r a l a t e r a l  ( e x c i t a t o r y )  
i n t e n s i t y .  M ost u n i t s  (7 4 %) d i s p la y e d  l im i t e d  ch an g es  i n  t h e  
s t r e n g th  o f  i n h i b i t i o n  a s  a  f u n c t io n  o f  i n t e n s i t y ,  so  t h a t  th e  
maximum s t r e n g th  o f  i n h i b i t i o n  ch an g ed  by l e s s  th a n  25# a c ro s s  th e  
i n t e n s i t y  r a n g e  t e s t e d .  Where a  change  was n o te d ,  m ost u n i t s  
(6 7 %) d i s p la y e d  a  r e d u c t io n  in  th e  s t r e n g th  o f  i n h i b i t i o n  a t  
h ig h e r  i n t e n s i t i e s .  R e g a rd in g  th e  IID  c u t o f f , m ost u n i t s  (6 2 %) 
showed a  l im i t e d  s h i f t  i n  th e  IID  c u to f f  v a lu e  a s  a  f u n c t io n  o f  
i n t e n s i t y .  In  u n i t s  f o r  w hich th e  IID  c u to f f  d id  change  a s  a  
f u n c t io n  o f  i n t e n s i t y ,  i t  g e n e r a l ly  s h i f t e d  t o  a  more n e g a t iv e  
c u t o f f  ( i . e . ,  c u t o f f  a t  lo w er r e l a t i v e  i p s i l a t e r a l  i n t e n s i t i e s ) .

T hese IID  r e s p o n s e  f e a t u r e s  s h a p e , in  p a r t ,  th e  r e s p o n s e s  o f  EI 
u n i t s  t o  f r e e - f i e l d  so u n d . V a r ia t io n s  among u n i t s  in  th e  
s t r e n g th  o f  i n h i b i t i o n , th e  s h a rp n e s s  o f  c u t o f f , and th e  e f f e c t s  
o f  s t im u lu s  i n t e n s i t y  may add " n o is e "  in  t h e  en c o d in g  o f  s p a t i a l  
l o c a t io n ,  w h ereas  v a r i a t i o n s  in  IID  c u to f f  may encode s p a t i a l  
l o c a t io n .  The e f f e c t  o f  t h e s e  IID  r e s p o n s e  f e a t u r e s  upon th e  
r e s p o n s e  t o  f r e e - f i e l d  sou n d s can  be m odeled u s in g  a  p r e d i c t i v e  
m ethod o u t l i n e d  p r e v io u s ly  (F u z e s s e ry  and W enstrup , Soc. N e u ro sc i.  
A b str .  1 1 :7 3 4 , 1 9 8 5 ). S u p p o rte d  by g r a n t s  from  NIH.

345.9 RESPONSES TO AMPLITUDE-MODULATED SOUNDS IN THE INFERIOR 
COLLICULUS OF THE MUSTACHED BAT.
H.D. Lesser, R.D. Frisina, and W.E. O 'Neill. Center for Brain 
Research, Univ. of Rochester Sch. of Med. & Dent., Rochester, NY 
14642.

Rapid changes in sound amplitude, amplitude modulation (AM), 
are important features of communication sounds, and may be 
especially  sign ifican t to echolocating mammals in  pursuit of 
flying prey. The mustached bat (Pteronotus p a rn e llii)  biosonar 
signal contains a long constant-frequency component, the echo of 
which can be amplitude-modulated by the beating wings of insects? 
behavioral studies have shown that these bats are especially  
attrac ted  to flu tte r in g  insects. However, the encoding of 
amplitude-modulated sounds in the auditory system has not yet 
been investigated. The in ten t of the present study was to  record 
the responses of in ferio r colliculus neurons to AM frequencies 
th a t might normally be encountered by a bat hunting flying 
insects.

We reco rded  from 92 s in g le  u n i t s  w ith  b e s t  f re q u e n c ie s  (BF) in  
th e  59-64 kHz (CF2 ) range in  8 awake an im a ls . S tim u li had BF 
c a r r i e r s  and c o n s is te d  o f  b o th  pu re  to n e s  and s in u s o id a l  AM 
(33-800 Hz, 79% m odulation) a t  i n t e n s i t i e s  from th re s h o ld  t o  90 
dB above th re s h o ld .  Synchronous resp o n ses  to  AM were an a ly zed  by 
com puting th e  f i r s t  F o u rie r  c o e f f i c ie n t  ( r )  from p e r io d  
h is to g ra m s . For -73% o f  th e  u n i t s ,  p lo t s  o f  r  v s  AM freq u en cy  
showed a  low pass c h a r a c t e r i s t i c .  The o th e r  u n i t s  had non
monotonic r  v s  AM fu n c t io n s . The predom inance o f  maximal 
synchronous responses  a t  lo w  AM fre q u e n c ie s  a g re e s  w ith  p re v io u s  
f in d in g s  in  r a t  (R ees,A ., Mø l l e r ,A .R .,  H earing  R e s . , 10 :301 , 
1983). A nalyses o f  average  f i r i n g  r a t e  showed a  w ider v a r i e ty  o f  
response  p a t te r n s .  The m a jo r ity  o f  u n i t s  (92%) showed changes in  
average  r a t e  in  response  to  AM; most u n i t s  (71%) showed enhanced 
f i r i n g  r a t e s ,  w hereas 29% were su p p re sse d . P lo ts  o f  av e rag e  r a t e  
v s  AM frequency  fo r  f a c i l i t a t e d  u n i t s  showed s e v e ra l  u n i t  ty p e s . 
Some had a  b e s t  am p litude  fo r  A M -responsiveness (BAM) n ea r 
th re s h o ld , o th e r s  had BAMs a t  m oderate i n t e n s i t i e s ,  and s e v e ra l  
had h ig h  in t e n s i t y  BAMs. In d iv id u a l u n i t s  were tuned  to  AM 
fre q u e n c ie s  th roughou t th e  AM frequency  range t e s t e d ,  a  f in d in g  
c o n s is te n t  w ith  p rev io u s  r e s u l t s  in  th e  c a t  ( S c h re in e r ,C ., 
L angner,G ., Soc. N eu ro sc i. A b s t r . , 10 :395 , 1984). For exam ple, 
some u n i t s  showed v ig o ro u s  resp o n ses  to  low -frequency  AM and w ere 
su pp ressed  a t  h ig h  f re q u e n c ie s ;  o th e r s  responded co n v e rs e ly . 
Most u n i t s  had on, o f f ,  o n -o f f  o r  chopper p o s t- s tim u lu s - tim e  
h is to g ra m  response  p a t te r n s .  A ll  choppers showed AM 
re sp o n s iv en ess  w hereas some o f  th e  on, o f f  and o n -o f f  u n i t s  w ere 
n o t AM re sp o n s iv e .

We a r e  p re s e n t ly  ex p lo r in g  which f e a tu r e s  o f  th e  AM s t im u li  
a r e  c r i t i c a l  t o  th e  p ro d u c tio n  o f  th e  resp o n ses  we o b serv ed . 
[S upported  by BNS83-11627 (NSF), 2-F32-NS07343 (NINCDS), and 
5-T32-GM07356 (PHS)].

345.10 STRUCTURAL COMPONENTS OF BINAURAL INFORMATION PROCESSING IN THE 
AUDITORY MIDBRAIN. PHYSIOLOGY AND ANATOMY OF HRP-INJECTED CELLS 
IN THE CAT AND GERBIL. D.L. O liv e r , S. Kuwada, R. B atra , 
T.R. S tan fo rd , & C. H enkel. Department of Anatomy, U n iv ers ity  
of C onnecticu t H ealth  C en ter, Farmington, CT 06032.

The in f e r io r  c o l l ic u lu s  (IC) in te g ra te s  b in a u ra l in p u ts  from 
su p e r io r  o liv a ry  and lem nisca l sources as w ell as monaural in p u ts  
from the  co c h lea r n u c leu s . These in p u ts  converge in  the c e n tra l  
nucleus of the  IC and con tinue  to  prim ary a u d ito ry  c o rtex  v ia  a 
synapse in  the  m edial g e n ic u la te  body. This c e n tr a l  pathway may 
ca rry  a v a r ie ty  of b in a u ra l in fo rm a tio n . In c o n t r a s t ,  pathways 
from th e  co rte x  of th e  IC and th e  tegmentum of th e  IC a re  d i r e c t 
ed a t  non-prim ary au d ito ry  c o r t i c a l  a re a s . The fu n c tio n a l 
d if fe re n c e s  between th e se  pathways a re  u n c le a r . Are s im i la r  
responses found in  th e se  d i s t i n c t iv e  m idbrain reg ions?  Are 
th e i r  responses r e l a te d  to  e i th e r  th e  a f f e r e n ts  of th e  IC or to  
in te rc o n n e c tio n s  w ith in  th e  m idbrain?

I n t r a c e l l u la r  reco rd in g  and in je c t io n  of HRP ad d resses  d i r e c t 
ly  th e  r e la t io n s h ip  of c e l l  types in  the  IC’s su b d iv is io n s  to  
th e  in fo rm ation  they  p ro cess . The approach was to  record  the 
i n t r a c e l lu l a r  responses  of neurons in  the  IC of b a rb i tu r a te  an 
e s th e t iz e d  anim als to  a c o u s t ic  s tim u li  follow ed by io n to p h o re s is  
of HRP in to  the  im paled c e l l .  In  most ca se s , the  responses to  
monaural and b in a u ra l tones were determ ined. S e n s i t iv i ty  to  FM 
and AM s ig n a ls  and to  in te r a u ra l  time (phase) and in te n s i ty  d i f 
fe ren c es  was assessed  whenever p o s s ib le . H is to lo g ic a l p re p a ra 
t io n  inc luded  f ix a t io n  in  mixed aldehydes, Vibratome s e c t io n in g , 
and an in te n s i f ie d  DAB r e a c t io n .

Tw enty-six u n its  from 13 experim ents were recovered  fo r  a n a t
omical s tu d y . Numerous a d d itio n a l u n its  were s tu d ie d  but not 
in je c te d .  In th e  c e n tr a l  n u c le u s , both d isc-shaped  and s t e l l a t e  
neurons were d riv en  by a wide v a r ie ty  of b in a u ra l or monaural 
pu re -to n e  s t im u li .  In je c te d  c e l l s  inc luded a sm all s t e l l a t e ,  
p o s s ib le  Golgi I I  c e l l ,  w ith  an e la b o ra te  axonal a rb o r near i t s  
d e n d r i t ic  f i e l d .  Axons from la rg e r  s t e l l a t e s  sometimes extended 
over much w ider a rea s  q u ite  d is ta n t  from th e  d e n d r i te s . In th e  
c o r te x , where most neurons a re  s t e l l a t e  c e l l s ,  u n i ts  a lso  r e 
sponded w ell to  pure tone s t im u li ;  however, some u n its  responded 
to  FM sweeps in  p re fe re n ce  to  pure to n e s . Most w e ll-d r iv e n  
in je c te d  s t e l l a t e  c e l l s  were deep in  the  d o rsa l c o rtex  where 
they  may re c e iv e  d i r e c t  in p u ts  from co c h lear nucleus a f f e r e n ts .  
In  th e  tegmentum of th e  IC, u n its  responded to  FM s t im u li ;  
no t a l l  responded to  pure to n e s . Axons of in je c te d  c e l l s  w ith  
d e n d r i te s  in  the  IC had d i r e c t  p ro je c tio n s  to  th e  i n t e r c o l l i c u l a r  
tegmentum and cuneiform  n u c leu s . H R P -filling  of IC c e l l s  and 
axons may show how au d ito ry  in fo rm ation  is  d is t r ib u te d  from the  
c e n tr a l  nucleus to  th e  c o r t i c a l  and tegm ental pathways.

Supported by USPHS g ra n ts  NS18391 and NS18027.
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345.11 AGING AND BASAL METABOLISM OF GLUCOSE IN THE CENTRAL 
AUDITORY SYSTEM OF RATS AND MICE. K.P. H u n te r*, 
J . F . W i l l o t t , W.J . C l e r i c i , and J . R. Coleman 
(SPON.: C .L . L in t s ) .  D ep t. o f P s y c h o l. ,  N orthern  I 11. 
U n iv ., DeKalb, IL 60115 and D ep ts . o f P sy c h o l. and 
P h y s io l . ,  Univ. South C a ro l in a , C olum bia, SC 29208.

B asal r a t e s  o f  g lu c o se  m etabo lism  were e v a lu a te d  in  
ag in g  mice and r a t s  u s in g  2 -deoxy-D -g lucose  (2DG) 
a u to ra d io g ra p h y , and an a ly zed  w ith  o p t ic a l  
d e n s ito m e try . Male Sprague-D aw ley r a t s  in  2 age 
g ro u p s- - "young" a d u l t s  (8-16 mo.) and "aged" a d u l t s  
(27-36 mo.) were in je c te d  ( i . v . )  w ith  t r i t i a t e d  2DG, 
p la c e d  in  q u ie t  fo r  45 m in ., and s a c r i f i c e d .  X -ray 
f i lm  a u to ra d io g ra p h s  were p re p a re d  from s e r i a l  f r o n t a l  
s e c t io n s  (20um), and o p t i c a l  d e n s i ty  was c o n v e rted  to  
t i s s u e  c o n c e n tr a t io n s  o f  t r i t i u m .  In  com paring 
d o r s o l a t e r a l ,  m id d le , and v e n tro m e d ia l re g io n s  o f th e  
i n f e r i o r  c o l l i c u l u s  ( IC ), 2DG in c o rp o ra t io n  was 
g r e a t e s t  in  th e  v e n tro m e d ia l re g io n s  o f young r a t s .  
No s i g n i f i c a n t  d i f f e r e n c e s  in  2DG le v e l s  were found 
betw een young and o ld  g ro u p s . However, th e r e  was a 
tr e n d  tow ard in c re a se d  u t i l i z a t i o n  o f g lu c o se  in  aged 
r a t s ,  e s p e c ia l ly  in  th e  d o r s o l a t e r a l  and m iddle IC.

"Young" (1 -2  m o .) , "m idd le-aged" (1 -y e a r)  and 
"aged" (2 -y e a rs )  mice o f th e  C57BL/6J and CBA/J 
s t r a i n s  were u se d . A dult C57 mice undergo p ro g re s s iv e  
s e n s o r in e u ra l  h e a r in g  lo s s  w ith  profound  im pairm ent by 
th e  second y ear o f l i f e ;  CBA mice m a in ta in  good 
h e a r in g  u n t i l  ve ry  l a t e  in  l i f e .  Mice were in je c te d  
( i . p . )  w ith  14C-2DG, p la c e d  in  q u ie t  fo r  45 m in ., and 
s a c r i f i c e d .  A u to rad io g rap h s were p rep a red  from 30um 
f r o n ta l  s e c t io n s .  2DG d e n s i t i e s  o f th e  a n te r io r  
v e n t r a l  c o c h le a r  n u c leu s  (AVCN) and IC were d e term ined  
r e l a t i v e  to  d e n s i t i e s  o f  th e  t r ig e m in a l  n e rv e . In  a l l  
s u b je c t  g roups th e r e  was r e l a t i v e l y  more 2DG in c o rp o r 
a t io n  in  th e  IC th an  in  th e  AVCN. No s i g n i f i c a n t  
d i f f e r e n c e s  in  2DG la b e l in g  were observed  a s  a fu n c 
t io n  o f  age o r s t r a i n .  However, in  th e  CBA s t r a i n  
th e r e  was a tre n d  tow ard in c re a se d  la b e l in g  in  bo th  
th e  AVCN and IC in  th e  o ld e s t  age g roup .

In  summary, a g in g , w ith  o r w ith o u t p r e s b y c u s is ,  i s  
n o t a s s o c ia te d  w ith  a d e c re a se  in  b a s a l  l e v e l s  of 
g lu c o se  u p take  by c e n t r a l  a u d i to ry  n eu ro n s; in  f a c t ,  
th e r e  i s  a su g g e s tio n  o f  s l i g h t l y  enhanced a c t i v i t y .

Supported  by NIH g r a n ts  R01 AG03069, RR 07176, RCDA 
K04 AG00234 (J .F .W .)  and AG 1571 ( J .R .C .) .

345.12 NEURONS OF THE RAT MEDIAL GENICULATE BODY: GOLGI OBSERVATIONS. 
W. J. C leric i, J. R. Coleman, A. J. McDonald, M. Miller* and 
R. Thompson*. Departments of Psychology, Physiology and Anatomy, 
University of South Carolina, Columbia, South Carolina 29208.

Three major divisions of the medial geniculate body (MGB) can 
be identified  in the cat and tree shrew based on observations of 
morphology and density of perikarya and neuropil in silver 
impregnated m aterial. The present work confirms the existence 
of characteristic  neuronal features in ventral (MGv), dorsal (MGd) 
and medial (MGm) divisions of the ra t MGB prepared with the rapid 
Golgi method. Adult Sprague-Dawley ra t brains were perfused with 
4% paraformaldehyde and blocked into 3 mm slabs which were 
postfixed in osmium tetroxide, placed in .75% silv er n itra te  
solution and embedded in paraffin. Frontal and horizontal 
sections of 150 um thickness were inspected for silv er stained 
neurons; every th ird  section (50 um) was stained with thionin 
for cytoarchitectural examination. Separate brains were prepared 
with hematoxylin for study of myeloarchitecture.

MGv occupies the ventrolateral region throughout most of the 
MGB and is composed of densely packed medium and small sized, 
re la tive ly  darkly staining somata in Nissl preparations. In Golgi 
stained material principal neurons of MGv have characteristic  
small rounded somata from which tu f ts  of dendrites forming acute 
angles to one another emerge before branching. Small s te lla te  
neurons are also found in MGv. MGd is situated superior to MGv 
and occupies the caudal pole of MGB where fibers of the brachium 
of the in ferio r colliculus are also observed. Hematoxylin and 
Golgi sta ins reveal a dense band of fibers which separates MGd 
from MGv. Both round and fusiform cell bodies of loosely packed 
neurons are found in MGd; the most prominent neurons have medium 
to large sized somata with an extensive radiate dendritic pattern 
that occupies a spheroidal fie ld . Primary dendrites of these 
neurons leave the perikarya in various directions and branch 
evenly and at wide angles. MGm is located medial to MGv and 
composed of medium and large sized multipolar neurons of low 
packing density. Principle neurons with both tufted and radiate 
dendritic patterns are observed in MGm. Our observations suggest 
that the auditory thalamus of ra t shows features typical of other 
mammalian species. (Supported by NIH grant NS-20785.)

345.13 ORGANIZATION OF BINAURAL INTERACTIONS IN THE HIGH FREQUENCY 
REPRESENTATION OF THE VENTRAL NUCLEUS OF THE CAT' S MEDIAL GENICU
LATE BODY. T .J. Imig and A. Morel*. Dept. of Physiology, Univ
e rs ity  of Kansas Medical Center, Kansas C ity, KS 66103.

We have studied the organization of binaural interactions 
exhibited by single units and clusters of units in the high 
frequency representation (best frequencies > 5kHz) of the ventral 
nucleus of barbiturate anesthetized ca ts . Tone pips were 
delivered to each ear using a closed system, and sound pressure 
levels at each were independently controlled. Unit responses 
were recorded using glass insulated tungsten microelectrodes 
which passed v ertica lly  through the ventral nucleus. At each 
recording s i te  in the ventral nucleus, un its ' best frequencies 
were determined f i r s t .  Next, best frequency tone pips were 
delivered separately to each ear, and f in a lly  to both ears simul
taneously. In teraural in tensity  d isp a rities  as great as 30 dB 
were introduced in order to study binaural in teractions. A great 
majority of neurons exhibited one of two types of responses; 1) 
EE responses in which stimulation of both ears together produced 
a greater response than stimulation of either ear alone, or 2) EI 
responses in which stim ulation of the con tralatera l ear was 
excitatory and simultaneous stimulation of the ip s ila te ra l ear 
reduced or inhibited the response. An electrode passing through 
the ventral nucleus typ ically  encountered sequences of neurons 
exhibiting sim ilar binaural in teractions, and sequences extended 
for distances ranging from several hundred micrometers to over 
one m illim eter. Our most complete maps exhibit consistent 
patterns of binaural in teractions in the ventral nucleus. The 
vast majority of neurons in the dorsorostral quadrant of the high 
frequency representation exhibit EE responses, although EI 
neurons sure found along the ro s tra l pole of the nucleus. In the 
ventral half of the high frequency representation, the vast 
majority of neurons exhibit EI responses. In the dorsocaudal 
quadrant, EE and EI neurons occupy segregated regions. These 
physiological maps of EE and EI neurons are largely  consistent 
with patterns of retrograde thalamic labeling resulting  from HRP 
injections into EE and EI bands in AI (Middlebrooks, J.C . and 
J.M. Zook, Neurosc i . 3:203-224, 1983). (Supported by NINCDS NS 
17220)

345.14 THE AUDITORY THALAMUS OF THE MUSTACHED BAT: CONVERGENT INPUT AND CO
INCIDENCE OF EXCITATION FROM THE ORIENTATION SOUND AND ECHO. J .F .  
O lsen* and N. Suga. D e p t .B io l .,  W ashington U ., S t.  L ou is, MO 63130 

The o r ie n ta t io n  sound (p u lse ) of the  m ustached b a t c o n s is ts  of 
fo u r harm onics; each harm onic c o n s is ts  of a co n s ta n t-freq u en c y  com
ponent fo llow ed by a frequency-m odula ted  component (FM). Many 
neurons in  th e  m ed ical g e n ic u la te  body (MGB) a re  f a c i l i t a t e d  by com
b in a t io n s  o f FM components in  p a i r s  of s y n th e t ic  o r ie n ta t io n  sounds 
(p u lse s )  and echoes (O lsen , J .  F. and N. Suga, Soc. N eurosci . A bstr. 
9 :768 , 1 9 8 3 .) . These "FM-FM” neurons a re  tuned to  th e  com bination  
of th e  FM component of th e  fundam ental o f th e  p u lse  w ith  th e  FM com
ponent of th e  second, t h i r d ,  o r fo u r th  harm onic of th e  echo. Thus, 
each FM-FM neuron i s  tuned to  two d i f f e r e n t  frequency  bands, approx
im ate ly  harm o n ica lly  r e l a te d .  Echo d e la y , th e  cue used by b a ts  to  
de term ine  t a r g e t  ran g e , i s  an im portan t param eter to  f a c i l i t a t e  FM- 
FM neu rons . The b e s t d e lay  (BD), which v a r ie s  among FM-FM neurons, 
i s  th e  echo d e lay  th a t  produces th e  l a r g e s t ,  f a c i l i t a t e d  resp o n se . 
In  t h i s  r e p o r t ,  ev idence  i s  p re sen ted  fo r  a scheme in  which combin
a t io n - s e n s i t i v i t y  in  th e  frequency  and tim e domains i s  produced by 
a convergen t p ro je c t io n  to  th e  MGB. The resp o n ses  of th a lam ic  FM- 
FM neurons to  s y n th e t ic  p u ls e s  and echoes were recorded  e x t r a c e l lu 
l a r l y .  We found 56 FM-FM neurons th a t  responded , a lthough  p o o rly , 
to  s in g le  FM com ponents; th e se  same FM com ponents, when p re sen ted  
to g e th e r  a t  th e  b e s t d e lay  (BD), maxim ally f a c i l i t a t e d  th e  neu ron ’ s 
re sp o n se . The BD of th e se  neurons i s  c o r r e la te d  s tro n g ly  w ith  th e  
la te n c y  of th e  response  to  th e p u lse  FM component ( r  = 0 .8 8 ) , bu t 
on ly  weakly w ith  th a t  of th e  response  to  th e  echo FM component (r  =  
0 .1 4 ) . The BD i s  c o r r e la te d  b e s t  w ith  the  d if f e re n c e  between p u lse  
and echo response  la te n c i e s  (s lo p e  = 0 .9 1 , r  = 0 .9 6 ; p< 0 .0 0 1 ) . 
Thalam ic FM-FM neurons were found on ly  in  th e  d o rs a l  and m edial d iv 
is io n s  of th e  MGB. Io r tto p h o re tic  in je c t io n s  of w heat germ a g g lu t
in in -c o n ju g a te d  HRP (WGA-HRP) p laced  w ith in  th e se  reg io n s  (5 hem is
p h eres ) produced an te ro g rad e  la b e l  w ith in  la y e r  IV o f a u d ito ry  co r
te x .  Based on c y to a rc h i te c tu re  and p h y s io lo g ic a l maps of co r te x  in  
th e  in je c te d  hem isphere, an te ro g rad e  la b e l  appeared to  be confined  
to  c o r t i c a l  a re a s  c o n ta in in g  FM-FM n eu rons . R e tro g ra d e ly - la b e le d  
c e l l s  were found w ith in  th e  c e n tr a l  nuc leus  o f the  IC (ICC), where 
they  formed a t  l e a s t  two d i s t i n c t  bands. These d a ta  suppo rt the  
h y p o th e s is  th a t  th e  harm onic s e n s i t i v i t y  o f th a lam ic  FM-FM neurons 
i s  formed by a  convergence of a f f e r e n ts  from th e  ICC, a s t r u c tu r e  
known to  be to n o to p ic a l ly  o rgan ized  (Zook, J .  M. e t  a l . , J .  Comp. 
N eu ro l. 231:530, 1985), b u t la ck in g  c o m b in a tio n -se n s itiv e  neurons 
(O 'N e i ll ,  W. E . ,  J .  Comp. P h y s io l.  157:797, 1985). The n e a r -p e r fe c t  
c o r r e l a t i o n  between d e lay -dependen t f a c i l i t a t i o n  and th e  co inc idence  
o f p u ls e -  and echo-evoked e x c i ta t io n  appears to  r e s u l t  from a d e lay  
i n t r i n s i c  to  th e  p a r t  of th e  ascend ing  a u d ito ry  pathway in  which 
th e  fundam ental o f th e  o r ie n ta t io n  sound i s  re p re s e n te d . (Supported 
by PHS R01-NS17333).
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345.15 ANATOMICAL ORGANIZATION OF THE MEDIAL GENICULATE BODY OF THE 
MUSTACHED BAT.
M.L. Z ette l*, R.D. Frisina and W.E. O 'N eill. Center for Brain 
Res., Univ. of Rochester Sch. of Med  & Dent., Rochester, NY 
14642.

Neurophysiological studies of the mustached bat (P te ro n o tu s  
p a m e l l i i ) auditory cortex have revealed tha t neurons are 
specialized for encoding specific features of echolocation 
signals. V irtually  a l l  the information passing between the 
brainstem and auditory cortex is  processed in the medial 
geniculate body (MGB). Despite the importance of th is  thalamic 
nucleus for auditory signal processing, i t s  anatomical 
organization in the mustached bat has not been the subject of any 
published reports. To remedy th is , we have investigated the 
structure of the MGB in 7 animals (14 MGBs) using Golgi-Cox, 
N issl, Weil and Kluver-Barrera s ta in s.

The location, major divisions and neuronal types of the 
mustached bat MGB are sim ilar to those of cat and man as 
described by Winer (Advances in Anatomy, Embryology  & Cell 
Biology, 86, 1986; Hearing Res., 15:225, 1984). Despite basic 
s im ila ritie s , some organizational differences ex is t. 1) In 
mustached bats the in ferio r colliculus (IC) l ie s  more dorsal than 
in other mammals and therefore the brachium of the IC (BIC) 
enters the MGB from a dorsocaudal d irection . Thus, the 
in te r s t i t ia l  nucleus of the BIC l ie s  dorsocaudal to the MGB. 2) 
In coronal sections the prominently laminated ventral division 
extends more dorsally  and occupies a re la tiv e ly  larger area than 
in other mammals. In horizontal and sa g itta l sections, 
an terio rly  the ventral division laminae appear continuous with 
laminae in the auditory radiation (AR) although the c e ll density 
is  decreased in AR. 3) Along the en tire  an terio r-posterio r 
extent of the medial aspect of the medial d ivision, a d is tin c tiv e  
region ex ists containing primarily oval-shaped neurons with soma 
sizes of approximately 15 × 35 μm. These neurons have tu f ts  of 
dendrites extending from the long axis of the soma th a t course up 
to 250 μm dorsomedially or ven tro laterally  in coronal sections, 
and anteromedially or postero laterally  in horizontal sections. 
The s tr a t if ie d  orientation  of the somata and dendrites gives a 
highly laminated appearance to th is  region, especially  in Golgi 
m aterial. These neurons resemble the w ide-field neurons found in 
the cat medial division, although there they are not segregated 
from other neurons and have a d ifferen t orien tation . In th is  
"wide-field" nucleus of the mustached bat medial d iv ision , a few 
large s te lla te  ce lls  with truncated dendritic f ie ld s and Golgi 
type II  c e lls  are also found. Although i t  i s  not yet c lear what 
the functional significance is  of these differences in  the 
mustached bat MGB, they are probably related to  the decoding of 
certain  aspects of the echolocation signals upon which th is  
species re lie s  so heavily for i t s  survival.
[Supported by NSF and NIH]

345.16 NEURAL STRUCTURES MEDIATING ACOUSTIC AND TACTILE STARTLE REFLEXES 
AND THE ACOUSTICALLY-ELICITED PINNA RESPONSE IN RATS : ELECTROLYTIC 
AND IBOTENIC ACID STUDIES. J .V .C a s s e l la  and M .Davis. D ept. of 
P s y c h ia t . , Y ale Univ. Sch. o f  Med., New Haven, CT, 06508.

The mammalian s t a r t l e  r e f l e x ,  c h a ra c te r iz e d  by a d i s t i n c t iv e  
p a t te r n  o f  w hole-body m uscular re sp o n se s , i s  e l i c i t e d  by a sudden, 
in te n s e  a u d ito ry  o r t a c t i l e  s tim u lu s . A n o ta b le  component o f the 
s t a r t l e  r e f l e x  in  r a t s  i s  a f le x io n  o f  th e  e a r s ,  th e  p inna  response . 
The am p litude  o f  s t a r t l e  and th e  p inna  response  can be m odified  by 
v a r io u s  b e h a v io ra l and p h arm aco log ica l m a n ip u la tio n s . In  o rd e r  to  
s tu d y  th e  c e l l u l a r  mechanisms u n d e rly in g  th e se  b e h a v io ra l changes i t  
i s  n ec e ssa ry  to  know th e  n e u ra l pathways m ed ia tin g  th e se  re sp o n se s . 
E l e c t ro ly t i c  le s io n  and s tim u la t io n  tech n iq u es  su ggested  th a t  a 
prim ary  a c o u s t ic  s t a r t l e  c i r c u i t  in  th e  r a t  c o n s is te d  o f  th e  au d ito ry  
n e rv e , v e n t r a l  c o c h le a rn .  (VCN), n . v e n t r a l  l a t e r a l  lem niscus (VLL), 
n . r e t i c u l a r i s  p o n tis  c a u d a lis  (RPC), and s p in a l  neurons (Davis e t  
a l . ,  J .N e u r o s c i . , 1982,3 ,791 -805 ). However, w ith  th e se  te chn iques  i t  
was n o t p o s s ib le  to  d i f f e r e n t i a t e  betw een f ib e r s  o f  passage  and c e l l  
b o d ie s  a t  each  o f  th e se  n u c le i .  The p re s e n t  s tu d y  employed the 
s e le c t i v e  c e l l  body n e u ro to x in , ib o te n ic  a c id , to  reexam ine the 
pathway p roposed by D avis e t  a l .  In  a d d i t io n ,  th e  involvem ent o f  the 
VLL and RPC in  t a c t i l e  s t a r t l e  and th e  a c o u s t i c a l l y - e l i c i t e d  p inna 
response  was examined u s in g  e l e c t r o l y t i c ,  and su b se q u en tly , ib o te n ic  
a c id  le s io n s .

A coustic  and t a c t i l e  s t a r t l e  resp o n ses  were m easured in  r a t s  1 day 
b e fo re  and 3 and 10 days fo llo w in g  s u rg e ry . T h ir ty  w h ite  n o ise  b u rs ts  
o r 30 a i r  p u f f  s t im u l i  were p re s e n te d  a t  a 20 -sec  in te rs tim u lu s  
in t e r v a l  on each t e s t  s e s s io n .  S t a r t l e  was measured by an 
ac ce le ro m e te r  a t ta c h e d  to  a  s p e c i a l l y  d esigned  cage . P inna responses 
were e l i c i t e d  a c o u s t ic a l ly  and reco rd e d  on v id e o ta p e  w h ile  th e  animal 
was h e ld  in  a r e s t r a i n in g  cage. A frame by frame a n a ly s is  o f the 
v id e o ta p e  d u rin g  th e  p re s e n ta t io n  o f  each s tim u lu s  was conducted and 
th e  response  fo r  each p in n a  was sco red  as 0 o r 1 . E le c t ro ly t i c  le s io n s  
were made by p a ss in g  0 . 1mA anodal DC c u r r e n t  f o r  30 o r  60 s e c . Ib o te n ic  
a c id  was made in  phosphate b u f f e r  (pH=7 .4 )  a t  a c o n c e n tra t io n  o f  10 
μg / 1 μ l . L esions were produced by b i l a t e r a l l y  in fu s in g  0 .5  μl o f  th i s  
s o lu t io n  over a 12-min p e r io d .

E le c t ro ly t i c  as w e ll as ib o te n ic  a c id  le s io n s  o f  th e  VCN, VLL, or 
RPC e l im in a te d  a c o u s t ic  s t a r t l e  re sp o n ses . E l e c t ro ly t i c  o r ib o te n ic  
a c id  le s io n s  o f  th e  VLL o r RPC a ls o  e lim in a te d  t a c t i l e  s t a r t l e .  
E l e c t ro ly t i c  le s io n s  o f  th e  VCN o r VLL b u t n o t th e  RPC e l im in a te d  the 
a c o u s t ic  p inna  resp o n se . These r e s u l t s  su p p o rt e a r l i e r  sugg estio n s  
o f  a  prim ary  a c o u s t ic  s t a r t l e  pathway. F u r th e r  s tu d ie s  w i l l  employ 
ib o te n ic  a c id  to  determ ine  th e  com plete s tim u lu s -re sp o n se  pathways 
fo r  each o f  th e se  b e h a v io rs .

345.17 THE CONTRIBUTION OF THE LATERAL LEMNISCUS TO THE DESCENDING 
AUDITORY PATHWAY John M. Zook D ept. o f  Z o o lo g ica l & 
B iom edical S cience and th e  C o llege o f  O steo p a th ic  M edic ine, Ohio 
U n iv e r s ity , A thens, Ohio 45701.

Three c e l l  groups a re  found w ith in  the ascend ing  a u d ito ry  f ib e r s  
o f  th e  l a t e r a l  lem niscus in  the mammalian b ra in s tem . While th e se  
c e l l s  m ain ly  p ro je c t  to  the  in f e r io r  c o l l i c u lu s ,  th e re  i s  a sm all 
b u t s ig n i f i c a n t  descend ing  p ro je c t io n  which has no t been 
ad e q u a te ly  d e sc r ib e d  in  any mammal. In the  m ustache b a t ,  
P te ro n o tu s  p a r n e l l i i , th e  n u c le i  o f the l a t e r a l  lem niscus a re  
u n u su a lly  w e ll d e fin ed  and c o n v e n ien tly  lo c a te d  fo r e le c tro p h y -  
s io lo g ia l  and ana tom ical s tu d y .

S in g le  and double b a r r e l  g la s s  m ic ro p ip e t te s ,  f i l l e d  w ith  e i t h e r  
a t r a c in g  su b stan ce  (PHA-L t r i t i a t e d  le u c in e  o r h o rs e ra d is h  
p e ro x id a se )  o r a m etal s t im u la t in g  e le c tro d e ,  were in tro d u ced  in to  
the  n u c le i  o f th e  l a t e r a l  lem n iscus . With th e se  m u ltip u rp o se  
e le c tro d e s  u n i t  resp o n ses  to  sound s t im u li  could  be c h a ra c te r iz e d .  
In  some ca se s  e l e c t r i c a l  c u r re n t was passed  a t  a s p e c i f i c  
le m n isca l locus  w h ile  re c o rd in g  from u n i t s  in  th e  c o c h le a r  n u c le i .  
I t  was thus  p o s s ib le  to  t e s t  w hether lem n isca l s t im u la t io n  could  
a l t e r  th e  response  o f  co c h le a r  n u c le i  u n i t s  to  sound s t im u l i .  In 
a l l  c a se s  th e  re c o rd in g  a n d /o r s tim u la t io n  s i t e s  were marked w ith  
one o r more ana tom ical t r a c in g  su b s ta n c e s .

Of th e  th re e  le m n isca l n u c le i ,  th e  in te rm e d ia te  n u c leu s  makes 
th e  g r e a t e s t  c o n tr ib u t io n  to  th e  descend ing  a u d ito ry  pathw ay, both  
p h y s io lo g ic a l ly  and a n a to m ic a lly . A c o n s is te n t  e f f e c t  o f  s t im u la 
t io n  was an in h ib i t i o n  o f  th e  normal response  to  sound fo r  a 
sm all number o f u n i t s  w ith in  th e  a n te ro v e n tra l  c o c h le a r  nuc leus  
(AVCN) i p s i l a t e r a l  to  th e  s tim u la t io n  s i t e .  The AVCN does no t 
p ro je c t  to  the  in te rm e d ia te  nuc leus  on the  same s id e  o f  th e  b r a in .  
However, an te ro g ra d e  tr a n s p o r t  from d e p o s its  a t  s t im u la t io n  s i t e s  
re v e a l a sm a ll, b u t c o n s is te n t  and to p o g ra p h ic a l ly  o rg an ized  
descend ing  p ro je c t io n  to  th e  i p s i l a t e r á l  AVCN. A descend ing  p ro 
je c t i o n  to  th e  co re  o f  th e  d o rs a l co c h le a r  nucleus  i s  a ls o  seen in  
th e se  c a s e s . F o llow ing sm all d e p o s its  o f HRP in  th e  in te rm e d ia te  
n u c leu s  o f  th e  l a t e r a l  lem n iscu s , la b e le d  c e l l s  a re  alw ays found 
a t  s i t e s  in  the  c o n t r a l a t e r a l  AVCN th a t  a re  the  m ir ro r  image o f 
th e  ta r g e t  s i t e s  o f descend ing  p ro je c t io n s  w ith in  th e  i p s i l a t e r a l  
AVCN. D escending p ro je c t io n s  were a lso  seen  from bo th  the  
in te rm e d ia te  and v e n t r a l  n u c le i  o f  the  l a t e r a l  lem niscus to  
p e r io l iv a ry  c e l l  groups o f  th e  s u p e r io r  o l iv a ry  com plex. D is c re te  
descend ing  p ro je c t io n s  were a ls o  observed  to  i p s i l a t e r a l  m ed ical 
and l a t e r a l  s u p e r io r  o l iv e  and c o n t r a la t e r a l  l a t e r a l  s u p e r io r  
o l i v e .  F u r th e r  experim en ts w i l l  a ttem p t to  l in k  th e se  ana tom ical 
f in d in g s  w ith  u n i t  response  p ro p e r t ie s .

Supported  by NIH G rant NS20986, OURC G rant 756 and th e  Ohio 
U n iv e rs ity  C o llege  o f  O steo p a th ic  M edicine.
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346.1 GAD IMMUNOCYTOCHEMISTRY IN THE CEREBRAL CORTEX OF THE MUSTACHE 
BAT, PTERONOTUS P. PARNELLII. D.C. F i tz p a tr ic k *  and O.W. Henson, 
J r . *  (SPON: C. PRICE). Dept. o f Anatomy, Univ .  o f North C a ro lin a , 
Chapel H i l l ,  NC 27514.

The p hysio logy  of the  a u d ito ry  c o rte x  of the  mustache b a t has 
been d escrib ed  by Suga and h is  co lleag u e s  (J .  N eu rophysio l. 
4 7 :225-255, 1982; 49:1573-1626, 1983). H o w le r , l i t t l e i s  known 
concern ing  th e  c e l l u l a r  arrangem ent of th e  c o rte x  of th i s  s p e c ie s .  
The purpose of th i s  s tu d y  i s to  d e s c r ib e  th e  p a t te rn  of g lu tam ic  
a c id  decarboxy lase  (GAD) la b e l l in g  in  th e  c o r te x .  GAD i s  a good 
marker fo r GABA-ergic neurons and te rm in a ls  which p rov ide  th e  bulk  
of i n t r a c o r t i c a l  in h ib i t i o n  i n mammals. Thus, the  p a t te rn  of GAD 
la b e l l in g  can p rov ide in fo rm atio n  reg a rd in g  b a s ic  p ro cesses  
o cc u rr in g  in  the  c o r te x .

Animals were p erfu sed  w ith e i th e r  a paraform aldehyde (4%)-Zn 
s a l i c y l a t e  (0.5%) or a sodium p e r io d a te  ( .1 M )-Iy s i ne ( .1 M)- 
paraform aldehyde (2%) m ix tu re . The c o rte x  was s e c tio n ed  a t  25μm 
u s in g  a vibratom e and the s e c t io n s  were incuba ted  w ith  an a n tib o d y  
a g a in s t GAD (O e r te l ,  W.H., e t  a l . ,  N eurosci . 6 :2715-2735). 
C o r t ic a l  s e c t io n s  were then  l i g h t l y  c o u n te r s ta in e d .

For the  purposes of th i s  e v a lu a tio n  th e  c y to a r c h i te c tu r a l  
la y e r s  of the  mustache b a t c o r te x  a re  d efin ed  in  term s of fo u r 
zones: a) zone 1 i s  e q u iv a le n t to  la y e r  1; b) zone 2  co rresponds 
to  a d i s t i n c t ,  s u p e r f ic i a l  band of la y e r  2 c e l l s ;  c) zone 3 com
b in e s  th e  rem ainder of la y e r  2 , la y e r  3, and la y e r  4 ( th e  l a t t e r  
i s  sm all in  th i s  an im al, even in  p rim ary  sen so ry  a r e a s ) ;  and d) 
zone 4 corresponds to  la y e rs  5 and 6 ; i t  can be d is tin g u is h e d  from 
zone 3 because c e l l  d e n s i ty  i s  reduced .

GAD la b e l l in g  of c e l l  bodies and axonal te rm in a ls  was found in  
a l l  zones but th e  p a t te rn  of l a b e l l in g  v a r ie d  among zones. Zone 1 
showed co n s id e ra b le  la b e l l in g  of te rm in a ls  in  i t s  s u p e r f ic i a l  h a l f  
w ith  fewer la b e l le d  te rm in a ls  in  i t s  deeper p o r t io n .  A la rg e  p ro 
p o r tio n  of c e l l  bodies in  zone 1 were la b e l le d ;  th e se  appeared to  
be r e l a t i v e l y  sm all c e l l s .  Zone 2 co n ta in ed  v e ry  few la b e l le d  
c e l l s  but many c e l l s  were o u tl in e d  by la b e l le d  te rm in a ls ;  t h i s  
f e a tu r e  was a lso  c h a r a c t e r i s t i c  of th e  rem aining  zones. Zone 3 
had sp a rse  la b e l l in g  of m ostly  sm all c e l l s  in  i t s  upper h a l f ;  the  
low er h a l f  was c h a ra c te r iz e d  by e x te n s iv e  la b e l l in g  of bo th  sm all 
and la rg e  c e l l s .  Zone 3 a lso  showed a s u b tle  band of in c rea sed  
te rm in a l d e n s i ty  which was v i s ib l e  under d a rk f ie ld  m icroscopy; 
th i s  f i e ld  corresponded to  th e  a re a  of g r e a te s t  c e l lu l a r  
l a b e l l i n g .  By c o n t r a s t ,  te rm in a l la b e l l in g  in  zones 2 and 4 was 
homogeneous. Zone 4 showed la b e l l in g  p r im a r i ly  in  sm all c e l l s .

These r e s u l t s  i n d ic a te  th a t  the broad o u tl in e s  of GAD la b e l l in g  
in  the  mustache b a t co r te x  a re  s im i la r  to  those  seen  in  o th e r  mam
mals but th a t  th e re  a re  d if fe re n c e s  in  d e t a i l s .  Q u a n ti ta t iv e  
d a ta ,  and a com parison of th e se  r e s u l t s  w ith o th e r  sp e c ie s  w il l  
be p re s e n te d . (Supported  by USPHS G rants NS12445 and NS19031)

346.2 TONOTOPIC ORGANIZATION OF GERBIL AUDITORY CORTICES MAPPED WITH 
2-DEOXYGLUCOSE. H. S cheich , P. H eil*  and G. Langner.
Z oo log ica l I n s t i t u t e ,  T echn ica l U n iv e rs ity , 6100 D arm stadt, FRG

The o rg a n iz a tio n  o f a u d ito ry  c o rte x  o f awake g e r b i ls  (M eriones 
u n g u ic u la tu s )  was mapped w ith  l4 -C -d eoxy -2 -fluo ro -D -g lucose  (2DG) 
18μC i/an im al u s in g  s t im u li  em itted  from a loudspeaker such as 
narrow -band frequency  and am plitude m odulated tone  b u rs ts  w ith  
v ary in g  in t e r v a l s  and tone b u rs ts  w ith  a l t e r n a t in g  fre q u e n c ie s . 
Methods corresponded  to  th o se  in  Gonzales-Lima and S cheich , B rain  
Res. 344, 70-88 (1985). With th e se  types  o f s t im u li  and not w ith  
con tinuous tones  bands o f s tro n g  2DG la b e lin g  were o b ta in ed  in  th e  
a re a  o f a u d ito ry  c o rte x  which s h i f te d  p o s i t io n  as a fu n c tio n  o f 
tone  frequency . This su g g es ts  th a t  a u d ito ry  c o rte x  may ta k e  l i t t l e  
i n t e r e s t  in  la s t in g  a u d ito ry  s t im u l i .  Tonotopic bands in  one 
dim ension took a roughly  d o rs o v e n tra l cou rse  and in  th e  o th e r  
covered a l l  la y e r s  o f c o r te x . At l e a s t  two reg io n s  o f a u d ito ry  
c o rte x  were id e n t i f i e d  showing p a r a l l e l  bu t m irro r  imaged to n o to p ic  
o rg a n iz a tio n . In  a p o s te r io r  reg io n  th e  p ro g re ss io n  from low to  
h igh  f re q u e n c ie s  was from caudal to  r o s t r a l  and in  an a n t e r io r  
reg io n  th e  converse was found. Thus th e  two reg io n s  appeared  to  
fu se  in  th e  h igh  frequency  range . The s im i la r i ty  o f t h i s  o rg an iza 
t io n  in  c a t (K nigh t, P .L . ,  B rain  Res. 130, 447-467 (1 9 7 7 )), and 
gu inea p ig  (Hellweg e t  a l . ,  Exp. B rain  Res. 29, 467-474 (1977)) led  
us to  name th e  p o s te r io r  re g io n  AI  and th e  a n t e r io r  reg io n  a n te r io r  
a u d ito ry  f i e l d  (AAF). The s p a t i a l  r e s o lu t io n  fo r  f req u en c ie s  was 
h ig h e r  in  AI th an  in  AAF and b e s t between 500 Hz and 8  kHz. I s o 
frequency  con to u rs  d ive rged  in  th e  v e n t r a l  h a l f  o f th e  two au d i
to ry  f i e l d s ,  which may p rov ide  b e t t e r  r e s o lu t io n  fo r  complex 
p a ram e te rs . The d o rs o v e n tra l e x te n t o f AI  as seen w ith  2DG was 
about 3 mm and th a t  of AAF about 1.5 mm c e n te red  about th e  middle 
o f AI . The la r g e s t  ro s tro c a u d a l w idth  o f th e  two f ie ld s  to g e th e r  
was about 4 mm. In  most ca ses  s tim u la t io n  w ith  one frequency 
y ie ld e d , b e s id e  a band o f s tro n g  la b e l in g ,  s e v e ra l weaker band 
a long o th e r  frequency  c o n to u rs , su g g es tin g  p re fe r re d  in t e r a c t io n s .

I t  i s  notew orthy  th a t  m u ltip le  bands o f more o re  le s s  weak 
la b e lin g  were o b ta in ed  in  anim als l e f t  w ith o u t any s tim u la t io n . 
Such bands r a r e ly  covered th e  whole d o rs o v e n tra l e x te n t of an is o 
frequency  con tou r and had a "d isco n tin u o u s"  appearence . S im ila r 
la b e lin g  w ith  l i t t l e  r e la t io n s h ip  to  stim u lu s  frequency  was a lso  
seen in  anim als h ea rin g  con tinuous to n e s . Roughly homogeneous 
spontaneous la b e lin g  ac ro ss  AI  and AAF (no bands) was o b ta in ed  
on ly  in  some anim als w ith  e a r  p lu g s . This su g g ests  th a t  s e l f 
s tim u la t io n  and p o s s ib ly  n o n -au d ito ry  e x c i ta t io n  o f c o r te x  a re  
c o n tr ib u tin g  fa c to r s  bu t c l e a r ly  weaker in  t h e i r  e f f e c t s  than  th e  
d esc r ib e d  tim e vary in g  s ig n a l s .

Supported by DFG, SFB 45

346.3 DYNAMIC CHANGES IN CORTICAL CONNECTIVITY DURING SOUND 
LOCALIZATION. M. J .  Bloom and G. L. G e rs te i n . 
D epts o f A n es th es ia  and P hysio logy U niv. o f Penna. P h i l a . , PA 
19104

We p rev io u sly  re p o rte d  (1 ) th a t  f in e  l o c a l i z a t i o n  of 
sound might be an em ergent p ro p e rty  o f th e  c o r r e la te d  f i r i n g  of a t  
l e a s t  two c e l l s .  Much e f f o r t  has been ap p lie d  to  ex ten d in g  th e  
c o n c lu s io n s  beyond sim ple response  p la n es  and to  f in d  p re s e n ta t io n  
fo rm ats f o r  th e  r e s u l t s .

A b la tio n  s tu d ie s  (2 ) show th a t  Al i s  n ec essa ry  fo r  c a ts  to  
lo c a l i z e  sound, b u t no s in g le  c e l l s  w ith  such s e l e c t i v i t y  have 
been found in  A l.

E x t r a c e l lu la r  p o te n t ia ls  were reco rded  from A udito ry  c o r
te x  o f c a ts  u s in g  a bundle o f tu n g s te n  m ic ro e le c tro d e s . D ich o tic  
tone  p ip s  were d e l iv e re d  th rough  matched earphones a t  2 per 
second . Spike t r a in s  from up to  16 c e l l s  were ana lyzed  u sing  
c ro s s - c o r r e la t io n s  and th e  r e s u l t s  were used to  c o n s tru c t response  
p la n es  and fu n c t io n a l  w irin g  d iagram s. The diagram s show a l l  
i n te r a c t io n s  among a l l  p a i r s  s e p a ra te d  fo r  each  s tim u lu s .

P rev ious  r e s u l t s  showed c r o s s - c o r r e la t io n  had sh a rp e r  tu n 
in g  fo r  p o s i t io n  th an  in d iv id u a l c e l l  PSTs. Now, fu r th e r  a n a ly s is  
o f a l l  p a i r  in t e r a c t io n s  in  an assem bly show th a t  th e  p a t te rn s  of 
w hole-assem bly "w iring" d i f f e r  w ith  s tim u lu s  lo c a t io n ,  b u t we do 
n o t have a p a ram e tr ic  m easure o f th e  "w iring" to  a s s e s s  w hether 
s p a t i a l  tu n in g  o c c u rs . F u r th e r , th e  fu n c t io n a l  w irin g  o f th e  
assem bly does n o t change in  th e  same way f o r  p o s i t io n s  sim u la ted  
by I n te r a u r a l  A mplitude D if fe re n c e s , I n te r a u r a l  Time D if fe re n c e s , 
o r  b o th . In d iv id u a l c e l l s  and c e l l  p a i r s  appear to  se rv e  m u ltip le  
fu n c t io n s ;  th e  fu n c t io n a l c o n n e c t iv i t ie s  a re  d i f f e r e n t  f o r  d i f 
f e r e n t  s t im u l i .  S tim u li were p re sen ted  e i t h e r  in  long b locks o f 
th e  same s tim u lu s  o r  in  in te r le a v e d  sequences o f d i f f e r e n t  
s t im u l i .  The changes o f e f f e c t iv e  c o n n e c tiv i ty  were observed in  
bo th  s i t u a t io n s ,  i . e .  a tim e s c a le  from m inutes to  le s s  th an  one 
second .

These r e s u l t s  sug g est th a t  a s in g le  neuron can p a r t i c i p a te  
in  d i f f e r e n t  su b -asse m b lies  when d i f f e r e n t  lo c a l i z a t i o n  cues a re  
p re s e n te d . Presum ably each  such sub-assem bly  s e le c t i v e ly  a c t iv a t e s  
d i f f e r e n t  t a r g e t  c e l l s .

(1 ) BLOOM, M. and GERSTEIN, G. M ultineuron  a n a ly s is  shows s p a t i a l  
tu n in g  n o t found in  S in g le  U nit R esponses. N eu ro sc l. A b s tra c ts  
10:245, 1984.
(2 )  JENKINS, W. and MERZENICH, M. Role o f Cat Prim ary A udito ry  
C ortex  fo r  S o u n d -L o ca liza tio n  B ehav io r. J .  Neurophys. 52:819, 
1984.

Supported by NIH NS00859, NS05606, and 
Systems Development F oundation  00013.

346.4 SINGLE CELLS' TONE SEQUENCE SELECTIVITY IS  POOR WHEN 
COMPARED WITH THAT OF CELL PAIRS FUNCTIONALLY 
CONNECTED. I . E .  E s p in o s a  a n d  G .L . G e r s t e i n , U n iv .  o f  
P e n n s y l v a n i a ,  D e p t . o f  P h y s i o l o g y / G 4 , P h i l a . ,  PA 19104

We h a v e  p r e v i o u s l y  show n s i g n i f i c a n t  d i f f e r e n c e s  i n  
t h e  c r o s s c o r r e l a t i o n  o f  a u d i t o r y  c e l l  p a i r s  r e s p o n d in g  
t o  t h r e e - t o n e  s e q u e n c e s ,  s u g g e s t i n g  t h a t  m e lo d y  
d i s c r i m i n a t i o n  i s  p o s s i b l y  r e f l e c t e d  i n  t h e i r  
f u n c t i o n a l  c o n n e c t i v i t y  ( 1 ) .  To c o m p le m e n t t h e s e  
r e s u l t s  we s t u d i e d  t h e  s i n g l e  c e l l s '  r o l e  i n  m e lo d y  
s e l e c t i o n .  We c o m p a re d  a r e a s  u n d e r  PST h i s t o g r a m s  f o r  
e a c h  o n e  o f  t h e  19 d i f f e r e n t  s t i m u l i  i n c l u d e d  i n  6 
d i f f e r e n t  t o n e  s e q u e n c e s .  D a ta  c o n s i s t e d  o f  26  s i n g l e  
n e u r o n  a n d  6 m u l t i p l e  ( u n s e p a r a b l e  s p i k e s )  n e u ro n  
r e c o r d i n g s  ( T h e s e  h a d  b e e n  r e c o r d e d  i n  3 g r o u p s  f o r  
o u r  e a r l i e r  c e l l  p a i r  s t u d y  ( 1 ) ] .  F o r  P S T 's  
c a l c u l a t e d  f o r  194  m s , 4 s i n g l e  c e l l s  a n d  4 m u l t i p l e  
c e l l s  (25% ) sh o w e d  s i g n i f i c a n t  i n c r e a s e  i n  
r e s p o n s e  ( s e l e c t i v i t y )  t o  a  s p e c i f i c  t o n e  s e q u e n c e .

T h u s ,  s i n g l e  c e l l s  a r e  c a p a b l e  o f  i d e n t i f y i n g  a n d  
s e l e c t i n g  a  t o n e  s e q u e n c e .  H o w e v e r , o u r  p r e v i o u s  
r e s u l t s  ( 1 )  s u g g e s t  t h a t  t h e  i n t e r a c t i o n  b e tw e e n  
n e u r o n s  e n h a n c e s  s u c h  s e l e c t i v i t y .  N a m e ly , p a i r  
s e l e c t i v i t y  i s  h i g h e r  (46% ) a n d  c a n  b e  show n 
e v e n  b e f o r e  t h e  3 r d  t o n e  i n  a  s e q u e n c e  h a s  e n d e d .  
S i n g l e  c e l l  s e l e c t i v i t y  n e e d s  a  l o n g e r  t im e  t o  show  
u p .  A ls o ,  a  s e l e c t i v e  s i n g l e  c e l l  d o e s  n o t  d e t e r m i n e  
t h e  s e l e c t i v i t y  o f  a  p a i r  i n  w h ic h  i t  p a r t i c i p a t e s :  
t h e  s e l e c t e d  m e lo d y  may b e  d i f f e r e n t  f o r  t h e  s i n g l e  
c e l l  a n d  f o r  t h e  c e l l  p a i r .  T h e re  a r e  a l s o  s e l e c t i v e  
s i n g l e  c e l l s  w h ic h  d o  n o t  p a r t i c i p a t e  i n  t h e  s e l e c t i v e  
p a i r s  i n  a  g r o u p .  T h u s ,  s i n g l e  c e l l  s e l e c t i v i t y  a n d  
c e l l  p a i r  s e l e c t i v i t y  seem  t o  b e  d i s t i n c t  c o d in g  
m e c h a n is m s .  T h i s  i s  p o s s i b l y  d u e  t o  d i f f e r e n t  c e l l  
p r o c e s s e s  t a k i n g  p l a c e  b o th  d u r i n g  a n d  a f t e r  t h e  
s t i m u l u s .  As we h a v e  s u g g e s t e d  ( 1 ) ,  t h i s  m e c h a n ism  
m ig h t  t a k e  p a r t  i n  a  s h o r t - t e r m  m em ory p r o c e s s .

I t  i s  l i k e l y  t h a t  h i g h e r  o r d e r  c r o s s c o r r e l a t i o n s  
w o u ld  p r o d u c e  s i g n i f i c a n t  d i f f e r e n c e s  t h a t  c o u l d  b e  
i n t e r p r e t e d  a s  a  f a s t e r  s e l e c t i v e  m e c h a n is m . P r o b a b ly  
t h e  b r a i n  i s  u s i n g  a  f a i r  a m o u n t o f  c o n n e c t i v i t y  a n d  
r e d u n d a n c y  t o  p r o d u c e  f a s t  a n d  r e l i a b l e  d e c i s i o n  
m a k in g  a l g o r i t h m s ,  a s  A b e le s  h a s  s u g g e s t e d  i n  h i s  
s y n f i r e  c h a i n  m o d e ls  ( 2 ) .
( 1 )  S o c .  N e u r o s c i .  A b s t r .  1 1 : 2 4 9 ,  1 9 8 5 .
( 2 )  A b e l e s ,M . , LOCAL CORTICAL C IR C U ITS, S p r i n g e r  1 9 8 2 . 
( S u p p o r t e d  by  NIH N S 0 5 6 0 6 , T he S y s te m s  D e v e lo p m e n t 
F o u n d a t i o n  a n d  CONACyT)
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346.5 TERMINAL ARBORIZATION OF AFFERENTS TO AUDITORY CORTEX : A COM
PARISON OF THALAMOCORTICAL AND CALLOSAL AXONS USING THE PHA-L 
METHOD. N. T. McMullen and E. M. G la s e r . D ept. o f  P hysio logy , 
Univ. o f  Maryland School o f M edicine, B altim o re , MD 21201.

We have s tu d ie d  th e  te rm in a l a rb o r iz a t io n s  o f  
th a lam o co rtic a l(T C ) and c a llo sa l(C C ) axons to  th e  a u d ito ry  c o rtex  
o f  th e  NZW r a b b i t  u s ing  th e  a n te ro g rad e  t r a c e r  PHA-L (G erfen and 
Sawchenko, 1984). Io n to p h o re tic  in j e c t io n s  o f  PHA-L in to  th e  ip -  
s i l a t e r a l  m edial g e n ic u la te  body (MGB) o r su p ra g ra n u la r  la y e r s  o f 
c o n t r a la t e r a l  a u d ito ry  cortex(A C) were made using  g la s s  m icro p i
p e t te s  (7-15 um t i p  d iam ete r)  w ith in t e r m i t t e n t  p o s i t iv e  c u r re n t 
o f  1-3 uA fo r  20-30 m in u tes . The a n te ro g ra d e ly  tra n sp o r te d  l e c t i n  
was im munocytochem ically v is u a l iz e d  u s in g  th e  ABC method to  y ie ld  
a G o lg i- l ik e  image o f a f f e r e n t  axons. Large in je c t io n s  in to  th e  
MGB o r AC y ie ld ed  dense te rm in a l a rb o r iz a t io n s  which p e rm itted  po
p u la tio n  a n a ly se s  o f c o r t i c a l  lam inar te rm in a tio n . Sm aller in j e c 
t io n s  la b e le d  a s p a rse  p o p u la tio n  o f  a f f e r e n t  axons which were 
then  follow ed in  s e r i a l  s e c t io n s  from th e  w hite  m a tte r  to  t h e i r  
c o r t i c a l  te rm in a l zones. In some c a s e s ,  s in g le  a f f e r e n t s  were 
re c o n s tru c te d  from s e r i a l  s e c t io n s  us ing  our image combining com
p u te r  m icroscope. A uditory c o r t i c a l  in j e c t io n s  o f  PHA, in  a d d i
t io n  to  la b e lin g  th e  c a l lo s a l  pathway, a lso  la b e le d  c o r t ic o g e n ic u -  
l a t e  and c o r t i c o c o l l i c u la r  a f f e r e n t s .  TC a f f e r e n t s  rem ained un
branched u n t i l  they  p e n e tra te d  th e  grey m a tte r  and te rm in a ted  in  
la y e r s  VI, I I I / I V  and I  w ith th e  most dense te rm in a l f i e ld  in  
I I I / I V . A ssocia ted  w ith  th e  dense a rb o r iz a t io n  in  I I I / I V  were 
s p a rse  v e r t i c a l  sp ray s  o f  axonal f a s c i c le s  to  I I / I I I .  Large i n 
je c t io n s  in to  th e  MGB la b e le d  c o r t i c a l  "p a tc h e s " o f  v e r t i c a l l y  a r 
b o r iz in g ,  bou ton-studded  te rm in a l axons in  I I I / I V  th a t  formed 
s t r i p s  e longa ted  in  th e  a n te r io r - p o s te r io r  p la n e . S in g le  MGB ax
ons may co u rse  d ia g o n a lly  fo r long d is ta n c e s  in  th e  c o r t i c a l  g rey  
b e fo re  b ranch ing  and te rm in a tin g . Small in je c t io n s  o f PHA-L in to  
th e  s u p ra g ra n u la r  AC la b e le d  m irro r-im age fo c i in  th e  c o n t r a la 
t e r a l  c o r te x . F a s c ic le s  o f c a l lo s a l  axons tra v e rse d  th e  v e n t r a l -  
most p o rtio n  o f  th e  w hite m a tte r and te rm in a ted  in  th e  form o f  
v e r t i c a l  axonal colum ns. C a llo s a l axons o c c a s io n a lly  branched r e 
p e a te d ly  in  th e  w hite  m a tte r which in  some c a se s  gave r i s e  to  
p ia l ly - d i r e c te d  o f f s h o o ts .  A s in g le  c a l lo s a l  a f f e r e n t  may th e r -  
fo re  in n e rv a te  more than  one c o r t i c a l  p a tc h . The major te rm in a 
t io n  o f c a l lo s a l  axons occu rred  as  a v e r t i c a l  sp ray  o f  bouton 
studded axons which spanned from la y e r s  I- IV . Although most c a l 
lo s a l  axons rem ained in  th e  w hite  m a tte r  b e fo re  tu rn in g  p i a l l y  to  
te rm in a te ,  o th e r s  t r a v e le d  d ia g o n a lly  in  th e  g rey  m a tte r  fo r  long 
d is ta n c e s  ( 3 - 5  mm) unbranched b e fo re  te rm in a tin g  in  a c l u s t e r  o f 
v e r t i c a l ly - o r ie n te d  axons in  I - IV . (Supported by NIH G rants 
NS17861, IR24RR02169 and th e  D eafness Research F oundation)

345.6 THALAMOCORTICAL AFFERENTS ONTO IDENTIFIED NEURONS OF THE PRIMARY 
AUDITORY CORTEX OF THE RHESUS MONKEY: AN ULTRASTRUCTURAL 
ANALYSIS. P.B . C ip o llo n i, D.N. Pandya and V.M. Knowlton.* 
Boston U n iv e rs ity  School o f M edicine, Boston, MA 02118 and ENR 
Memorial V eterans H o sp ita l ,  B edford, MA 01730.

The th a la m o c o rtic a l a f f e r e n t  p ro je c tio n s  to  th e  prim ary 
a u d ito ry  c o rte x  o f the  rhesus monkey have p rev io u s ly  been 
dem onstrated  a t  th e  l i g h t  m icro scop ic  le v e l (Pandya and Rosene, 
N eu ro sc i. A bst. 9: 954, 1983). The p re s e n t u l t r a s t r u c t u r a l  s tudy 
dem onstra tes  th a la m o c o rtic a l a f f e r e n ts  forming synapses w ith  
id e n t i f i e d  neurons in  th i s  prim ary a u d ito ry  c o rte x  u s ing  the 
Golgi-EM techn ique (F a ire n , e t  a l . ,  J .  N eu rocy to l. 6: 311-337, 
1977) in  com bination  w ith  le s io n -in d u ced  d eg e n e ra tio n .

Follow ing le s io n s  o f the  m edial g e n ic u la te  body, d eg e n era tin g  
axon te rm in a ls  were found p redom inate ly  in  c o r t i c a l  la y e r  IV w ith  
some a lso  found in  lower la y e r  I I I  and upper la y e r  V. P o rtio n s  
o f  e ig h t id e n t i f i e d  neurons, which inc luded  f iv e  sp inous and 
th re e  smooth c e l l s ,  found in  th e se  la y e rs  were examined in  s e r i a l  
th in  s e c t io n s .  The f iv e  spinous inc lude  a la y e r  I I I  pyram idal 
neuron , a la y e r  IV " s ta r "  pyram idal neuron, and th re e  la y e r  VI 
pyram idal neurons. The th a la m o c o rtic a l synapses, a l l  o f  which 
formed asymm etric synapses w ith  th e i r  p o s tsy n a p tic  elem ents 
(C o lo n n ie r, B rain  Res. 9: 268-287, 1968), were onto sp in es  o f  the 
a p ic a l  s h a f ts  o r b a s a l s k i r t s  o f th e se  c e l l s .  No c o n ta c ts  on 
th e i r  somata were found and none would be expected  s in ce  the  
somata o f pyram idal neurons do no t form asymm etric synapses. 
These th re e  smooth neurons inc luded  a la y e r  IV b ip o la r ,  a la y e r  V 
b ip o la r  and a la y e r  IV smooth b i tu f te d  neuron. The 
th a la m o c o r tic a l synapses o f th e se  neurons were onto th e i r  
d e n d r i te s  and som ata.

These r e s u l t s  in d ic a te  a l l  th e  neurons which have 
p o s t- s y n a p tic  elem ents in  the  f i e ld  o f te rm in a tio n  of 
th a la m o c o r tic a l axonal a f f e r e n ts  th a t  form asymm etric synapses 
may do so w ith  th e se  a f f e r e n t s .  Thus, our r e s u l t s  in  the  monkey 
c o r te x  a re  in  agreem ent w ith  s im i la r  s tu d ie s  in  o th e r  lower 
anim als ( e .g .  P e te r s ,  e t  a l . ,  J .  N eu rocy to l. 8: 331-357, 1979 and 
Ichikaw a, e t  a l . ,  B rain  Res. 345: 87-101, 1985.

This work was supported  by NIH g ra n ts  NS20967 and NS16841 and by 
th e  V eterans A d m in is tra tio n .

345.7 TWO EFFERENT POPULATIONS IN LAYER V OF RAT AUDITORY CORTEX: CELLS 
PROJECTING TO THE INFERIOR COLLICULUS AND CONTRALATERAL CORTEX. 
K ate  D. Games and  J e f f e r y  A. W in e r. D ep a rtm en t o f  P h y s io lo g y -  
Anatomy, U n iv e r s i ty  o f  C a l i f o r n i a ,  B e rk e le y ,  C a l i f o r n i a  94720.

We i n j e c t e d  HRP i n to  t h e  i p s i l a t e r a l  i n f e r i o r  c o l l i c u l u s  and 
c o n t r a l a t e r a l  a u d i to r y  c o r t e x  i n  a d u l t  r a t s  t o  com pare th e  
d i s t r i b u t i o n  and  s o m a to d e n d r i t i c  p r o f i l e s  o f  t h e  c e l l s  o f  o r i g i n  
i n  l a y e r  V o f  t h e  a u d i to r y  c o r t e x .  The p a t t e r n  o f  r e t r o g r a d e  
la b e l in g  in  t h e  c o c h le a r  n u c le i  o r  i n  t h e  m e d ia l  g e n ic u l a t e  
com plex  s e rv e d  a s  a  ch e ck  on th e  lo c u s  o f  i n j e c t i o n .

HRP i n j e c t i o n s  i n  t h e  c o n t r a l a t e r a l  a u d i to r y  c o r t e x  l a b e l e d  
n e u r a l  so m ata  i n  ho m o to p ic  r e g io n s  o f  t h e  o p p o s i te  c o r t e x .  Many 
s m a l l ,  p o ly m o rp h ic  n e u ro n s  w ere l a b e l e d  in  l a y e r  V, and  in  l a y e r s  
I I ,  I I I ,  IV , and  V I. Many o f  th e  l a b e l e d  l a y e r  V c e l l s  h ad  a  
t r i a n g u l a r  s o m a tic  sh a p e  and  a  p r im a ry  d e n d r i t e  o r i e n t e d  to w a rd  
th e  p i a ;  t h e i r  s o m a to d e n d r i t i c  p r o f i l e s  r e se m b le d  th o s e  o f  s m a ll  
p y ra m id a l  c e l l s  i n  l a y e r  V; h ow ever, t h e  r e t r o g r a d e  f i l l i n g  o f  
t h e i r  a p i c a l  d e n d r i t e s  r a r e l y  e x te n d e d  beyond  l a y e r  IV . O th e r 
l a b e l e d  c e l l s  h ad  a  m ore f u s i f o rm  p r o f i l e  and  c o u ld  n o t  be 
d e f i n i t i v e l y  c l a s s i f i e d  a s  p y ra m id a l  c e l l s .

In  c o n t r a s t  t o  t h i s  p a t t e r n ,  i n j e c t i o n s  i n  t h e  i n f e r i o r  
c o l l i c u l u s  c o n s i s t e n t l y  l a b e l e d  l a y e r  V c e l l s  w i th  l a r g e r ,  
t r i a n g u l a r  so m ata  and  whose r o b u s t l y  f i l l e d  a p i c a l  d e n d r i t e s  o f te n  
e x te n d e d  t o  l a y e r  I . The form  o f  t h e s e  c e l l s  m atch es  t h a t  o f  
l a r g e  p y ra m id a l  c e l l s  i n  G o lg i m a t e r i a l .  L a b e le d  c e l l s  w ere a l s o  
o b s e rv e d  in  l a y e r  V I. The s m a l le r  c e l l s  o b s e rv e d  w ere n o t  l a b e l e d  
by  HRP i n j e c t i o n s  i n  t h e  i n f e r i o r  c o l l i c u l u s .

HRP i n j e c t i o n s  i n  t h e  i p s i l a t e r a l  i n f e r i o r  c o l l i c u l u s  and  
c o n t r a l a t e r a l  c o r t e x  r e s u l t e d  i n  o v e r la p  o f  la m in a r  o r i g i n s  and  
c e l l  p o p u la t i o n s  i n  l a y e r  V. I n f e r i o r  c o l l i c u l u s  c e l l s  w ere 
s i g n i f i c a n t l y  l a r g e r  (P > .0 0 5 , d f  = 130, t :  6 .5 9 ;  X = 196 μm2, 
s . d .  =  50 μm2) th a n  co m m issu ra l c e l l s  (X = 147 μm2, s . d .  = 32 
μm2) .  The m orpho logy  an d  so m a tic  a r e a s  o f  co m m issu ra l n e u ro n s  in  
l a y e r  V d id  n o t  d i f f e r  s i g n i f i c a n t l y  from  t h a t  o f  r e t r o g r a d e ly  
l a b e l e d  co m m issu ra l n e u ro n s  i n  t h e  o th e r  c o r t i c a l  l a y e r s .

The s p a t i a l  d i s t r i b u t i o n  o f  c o m m issu ra l and  t e c t a l  c e l l s  was 
p l o t t e d  a c r o s s  l a y e r  V. T h i r t y - s i x  p e r c e n t  o f  t h e  c o m m issu ra l 
n e u ro n s  w ere fo u n d  i n  t h e  u p p e r  o n e - f o u r th ,  w h ich  c o n ta in e d  o n ly  
756 o f  t h e  c e l l s  p r o j e c t i n g  t o  t h e  i n f e r i o r  c o l l i c u l u s .  The number 
o f  c o r t i c o t e c t a l  c e l l s  in c r e a s e d  t o  3356 i n  t h e  n e x t  q u a r t e r ;  th e  
lo w er h a l f  o f  l a y e r  V c o n ta in e d  more t e c t a l  (60%) th a n  co m m issu ra l 
(3956) c e l l s .

We c o n c lu d e  t h a t  l a y e r  V r e p r e s e n t s  a t  l e a s t  two e f f e r e n t  
sy s te m s  b e s id e s  i t s  p a r t i c i p a t i o n  in  i p s i l a t e r a l  c o r t i c o c o r t i c a l  
p a th w a y s . T hese sy s te m s  h av e  a  d e g re e  o f  su b la m in a r  and  
c y to l o g i c a l  s e g r e g a t io n  w hich  im p l ie s  t h a t  th e y  a r e  a n a to m ic a l ly  
d i s t i n c t .  T h is  r e s e a r c h  was s u p p o r te d  by USPHS G ra n t R01 NS16832, 
and  SIB T r a in in g  G ra n t USPHS 5-T32-GM 07379.

346.8 CELLS OF LAYER V IN CAT PRIMARY AUDITORY CORTEX ( A l ) .  J e f f e r y  A. 
W in e r, D ep a rtm en t o f  P h y s io lo g y -A n a to m y , U n iv e r s i ty  o f  C a l i f o r n i a ,  
B e rk e le y , C a l i f o r n i a  94720.

The n e u ro n s  and  i n t r i n s i c  o r g a n iz a t io n  in  l a y e r  V o f  c a t  
p r im a ry  a u d i to r y  c o r t e x  (AI ) w ere s tu d i e d  in  G o lg i ,  N i s s l ,  and 
p la s t ic - e m b e d d e d  s e m i - th in  p r e p a r a t i o n s .  The g o a l  o f  t h e s e  
s tu d i e s  i s  t o  c l a s s i f y  th e s e  c e l l s  w ith  s u f f i c i e n t  p r e c i s io n  to  
u l t i m a t e l y  u n d e rs ta n d  t h e i r  f u n c t i o n a l  r o l e  in  c o r t i c o c o r t i c a l ,  
c o m m issu ra l,  o r  c o r t i c o f u g a l  p r o j e c t i o n  s y s te m s , and t o  i d e n t i f y  
w hich  t y p e ( s )  t a k e  up [3H ]gam m a-am inobu ty ric  a c id  (GABA) o r  have  
an  i n t r i n s i c  r o l e .

L ay er V h a s  an o u te r  h a l f  ( l a y e r  Va) in  w hich  m ed iu m -sized  
c e l l s  and  n e u r o p i l - r i c h  z o n e s  p red o m in a te  b e tw een  c l u s t e r s  o f  
n e u ro n s ,  w h i le  l a y e r  Vb c o n ta in s  th e  f u l l  ra n g e  o f  c e l l  s i z e s  and 
a  more d i s p e r s e d  p a t t e r n  o f  n e u r o p i l  o r g a n i z a t i o n .  Seven ty p e s  o f  
n e u ro n s  w ere r e c o g n iz e d  in  G o lg i p r e p a r a t i o n s  on th e  b a s i s  o f  
t h e i r  s o m a to d e n d r i t i c  form  and t h e i r  a x o n a l o r g a n i z a t i o n .  T hese 
in c lu d e  (1 )  m e d iu m -s iz e d  p y ra m id a l  and  (2 )  la rg e  p y ra m id a l  c e l l s  
whose p r im a ry  a p i c a l  d e n d r i t e  o f te n  e x te n d e d  t o  th e  s u p e r f i c i a l  
l a y e r s ,  and  whose axon h ad  many l o c a l  b r a n c h e s ,  some e n t e r in g  th e  
w h i te  m a t t e r ;  ( 3 )  s ta r  p y ra m id a l  c e l l s  h ad  a  s t e l l a t e - s h a p e d  
d e n d r i t i c  f i e l d  and  an  axon l i k e  t h a t  o f  o th e r  p y ra m id a l  c e l l s ;  
( 4 )  in v e r te d  p y ra m id a l  c e l l s  w ere q u i t e  common in  l a y e r  Vb [R .A . 
Code, J . A. W in er, Anat. R e c . , 1985, 212:226A -227A , and in  
p r e p a r a t i o n ;  J .A .  W in er, N e u r o s c ie n c e , 1986, in  p r e s s ]  and  had  an 
axon w hich  c o u ld  o f te n  b e  t r a c e d  t o  t h e  w h ite  m a t t e r ; b o th  
(5 )  sm a ll m u ltip o la r  and  ( 6 )  m e d iu m -s ize d  m u ltip o la r  c e l l s  have 
sm ooth o r  s p a r s e ly  s p in o u s  d e n d r i t e s  and  l o c a l  a x o n a l b r a n c h e s ;  
(7 )  b i tu f te d  c e l l  d e n d r i t e s  have  m o d e ra te ly  s p in o u s  d e n d r i t e s  
a r i s i n g  from  e a c h  so m a tic  p o le  and  fo rm in g  v e r t i c a l  t u f t s .  Some 
o f  t h e s e  n e u ro n s  ( e . g . ,  t h e  m ed iu m -s ized  and  s t a r  p y ra m id a l  c e l l s )  
r e se m b le  co m p a ra b le  ty p e s  o f  c e l l s  i n  o th e r  l a y e r s  o f  AI  ( l a y e r  
I I I  [ J .A .  W in er, J . Comp. N e u r o l .,  1984, 2 2 9 :4 7 6 -4 9 6 ]  and  I I  [ J .A .  
W in er, J . Comp. N e u r o l . , 1985, 2 3 8 :1 0 -3 7 ) ,  w h ile  o t h e r s  ( e . g . ,  th e  
i n v e r t e d  p y ra m id a l  c e l l s )  a p p e a r  t o  be u n iq u e  t o  l a y e r  V. T h is  
r a i s e s  t h e  p o s s i b i l i t y  t h a t  b o th  common and u n iq u e  n e u ro n a l  
p o p u la t io n s  c o e x i s t  w i th in  e a ch  l a y e r  o f  AI . I t  rem a in s  t o  be 
d e m o n s tra te d  i f  t h e  p r e s u m p tiv e ly  c o r r e s p o n d in g  c l a s s e s  o f  n e u ro n s  
in  t h e  d i f f e r e n t  l a y e r s  h ave  a n a lo g o u s  p a t t e r n s  o f  c o n n e c t i v i t y  o r  
e q u a l  a f f i n i t y  f o r  n e u r o t r a n s m i t t e r  c a n d id a t e s .

T h is  r e s e a r c h  was s u p p o r te d  by USPHS g r a n t  R01 NS16832.
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346.9 GAD IMMUNOREACTIVITY IS CORRELATED WITH FUNCTIONAL INHIBITION IN 
THE AUDITORY SYSTEM OF THE BARN OWL. C. C a r r , N. Brecha and 
M. K on ish i. D iv is io n  o f B io logy , C a ltec h , Pasadena CA 91125, and 
D epartm ent of M edic ine, UCLA, Los A ngeles, CA 90024.

S in g le  u n i t  s tu d ie s  have dem onstrated  th a t  in h ib i to r y  p ro cesse s  
m ed iate  many b in a u ra l  in t e r a c t io n s .  At l e a s t  p a r t  of t h i s  in h ib i t i o n  
may be GABAergic in  n a tu r e ,  a s  i n h ib i t i o n  in  some a u d ito ry  n u c le i  i s  
c o r r e la te d  w ith  th e  p resen ce  of im m unoreactiv ity  to  th e  GABA 
b io s y n th e t ic  enzyme, g lu tam a te  d ecarboxy lase  (GAD). In  th i s  s tudy  
a s p e c i f i c  an tise ru m  to  GAD was used to  determ ine  th e  d i s t r i b u t io n  
o f GABAergic c e l l s  and axon te rm in a ls  in  a u d ito ry  b ra in s tem  and 
m idb ra in  n u c le i  o f th e  owl.

The barn  owl u ses  b in a u ra l  tim e and in t e n s i t y  d if f e re n c e s  fo r  
sound lo c a l i z a t i o n ,  and p ro c e sse s  th e se  tim e and in t e n s i ty  cues in  
p a r a l l e l  ch a n n e ls . E igh th  nerve  a f f e r e n t s  in n e rv a te  th e  in t e n s i ty  
coding nu c leu s  a n g u la r is  (NA) and th e  tim e coding nu c leu s  magno- 
c e l l u l a r i s  (NM). The in t e n s i t y  pathway in c lu d e s  th e  s u p e r io r  o liv e  
(SO), th e  v e n t r a l  p a r t  o f th e  n u c leu s  o f the  l a t e r a l  lem niscus(LLv) 
th e  p o s te r io r  p a r t  o f th e  v e n t r a l  nu c leu s  o f th e  l a t e r a l  lem niscus 
(VLVp) and p a r t  o f th e  c e n tr a l  nu c leu s  of th e  i n f e r io r  c o l l ic u lu s  
(ICC). The p ro je c t io n s  o f th e  tim e coding pathway a re  to  nuc leus  
la m in a r is  (NL), th e  a n t e r io r  p a r t  o f VLV (VLVa), and p a r t  of ICC. 
Once in  th e  i n f e r io r  c o l l i c u lu s ,  tim e and in t e n s i ty  pathways 
recom bine to  compute th e  lo c a t io n  o f th e  a u d ito ry  s tim u lu s  in  the  
space-mapped reg io n  o f th e  i n f e r io r  c o l l ic u lu s  (ICX).

M oiseff and K onish i ( J .N e u ro sc i. 3 :2553, 1983) c l a s s i f i e d  
neurons in  th e  a u d ito ry  system  on th e  b a s is  of response  ty p e s , and 
d esc r ib ed  in h ib i to r y  resp o n ses  ( E l , I I , 01 ,00) in  VLV and IC. This 
p h y s io lo g ic a l in h ib i t i o n  c o r r e l a te s  w ith  th e  d i s t r i b u t io n  of 
GABAergic c e l l  bo d ie s  observed in  th e  p re s e n t s tu d y .

in t e n s i ty tim e bo th
NA S O LLv VLVp NM NL VLVa ICC ICX OT

response E EE,EO EO EI E EE EE EE,EI , OO 00 , I I 00
GAD+ve
somata - + + +++ - - ++ +++ 44 -

GAD+ve
te rm in a ls ++ 4+ ++ + + 4 4 4 4 444 ++ 4 4

Each a u d ito ry  n u c leu s  r e c e iv e s  a c h a r a c t e r i s t i c  in n e rv a tio n  by 
GABAergic te rm in a ls . A ll  neurons o f th e  tim e pathway re c e iv e  la rg e  
p e r i som ati c GABAergic te rm in a ls  o f a s  y e t unknown fu n c t io n ,  w hile  
th e  i n te n s i ty  pathway i s  c h a ra c te r iz e d  by more GABAergic neurons 
and f in e r  te rm in a ls  d i s t r i b u te d  th roughou t each n u c le u s . In  a d d i tio n  
c o lc h ic in e  tre a tm e n t has unmasked a number of GABAergic c e l l  types  
in  VLV, ICC and ICX.

S upported by NIH g ra n t NS07475 to  CC and g ra n t NSI 14617 to  MK.

346.10 AN IMMUNOHISTOCHEMICAL MARKER FOR A FUNCTIONAL PATHWAY IN THE 
AUDITORY SYSTEM OF THE BARN OWL. T . T a k a h a sh i ,  C. E. C a r r ,  N. 
B rech a  and M. K o n is h i . D iv i s io n  o f  B io lo g y , C a l te c h ,  P a sa d e n a , 
CA 91125 , and D ep artm en t o f  M e d ic in e , UCLA, Los A n g e le s , CA 
9 0 0 2 4 .

I n t e r a u r a l  tim e  and i n t e n s i t y  d i f f e r e n c e s ,  th e  p r im a ry  cu es  
f o r  sound  l o c a l i z a t i o n  in  th e  b a rn  o w l, a r e  p ro c e s s e d  in  
s e p a r a te  p a th w a y s . N u c leu s  la m in a r i s  (NL) i s  th e  s i t e  a t  w hich 
th e  t im in g  o f  a u d i to r y  s ig n a l s  from  th e  two s id e s  a r e  
co m p ared . I t  i s  th u s  th e  o r ig i n  o f  th e  pathw ay  d e v o te d  to  th e  
p r o c e s s in g  o f  i n t e r a u r a l  tim e  d i f f e r e n c e s .  We r e p o r t  h e re  t h a t  
v i ta m in  D -d e p e n d e n t c a lc iu m  b in d in g  p r o t e i n  (C a B P )- lik e  
im m u n o re a c tiv i ty  i s  c o n g ru e n t  w ith  th e  t e r m in a l  f i e l d s  o f  NL and 
i s  t h e r e f o r e  a  u s e f u l  m ark er f o r  th e  tim e  p a th w ay .

Our a n ti s e ru m  was m o n o sp e c if ic  f o r  CaBP. C a B P -p o s i t iv i ty  was 
a s s e s s e d  by s t a i n i n g  w i th  th e  p e r o x id a s e - a n t ip e r o x id a s e  and 
a v i d i n - b i o t i n  m e th o d s . S e r i a l  d i l u t i o n s  c o n firm e d  t h a t  th e  
d e g re e  o f  s t a i n i n g  i s  p r im a ry  a n tib o d y  d e p e n d e n t .

NL i n n e r v a te s  th e  e n t i r e t y  o f  n u c le u s  v e n t r a l i s  le m n is c i  
l a t e r a l i s  (VLV) p a r s  a n t e r i o r  and th e  c e n t r a l  " c o re "  o f  th e  
c e n t r a l  n u c le u s  o f  th e  i n f e r i o r  c o l l i c u l u s  ( I C c ) .  CaBP- 
im m u n o re a c tiv i ty ,  w hich  c o n s i s t e d  o f a  p le x u s  o f  f i b e r s  en d in g  
i n  b o u to n - l ik e  s w e l l i n g s  u s u a l l y  a ro u n d  g h o s ts  o f  so m a ta , 
con fo rm ed  p r e c i s e l y  to  th e  t e r m in a l  f i e l d  o f  NL. By c o n t r a s t ,  
im m u n o re a c tiv i ty  was a b s e n t  in  th e  p o s t e r i o r  d i v i s i o n  o f  VLV and 
from  th e  " s h e l l "  w hich  s u r ro u n d s  th e  c o re  in  IC c . The l a t t e r  
r e g io n s  a r e  i n n e r v a te d  in  t h e i r  e n t i r e t y  by th e  p r o j e c t i o n s  o f  
n u c le u s  a n g u la r i s ,  a  c o c h le a r  n u c le u s  and th e  o r ig i n  o f  th e  
p a th w ay  d e v o te d  t o  th e  p r o c e s s in g  o f  i n t e r a u r a l  i n t e n s i t y  
d i f f e r e n c e s .

Som ata o f  NL w ere a l s o  C a B P -p o s i t iv e . A r e s t r i c t e d  l e s i o n  in  
NL r e s u l t e d  in  a  l o c a l i z e d  lo s s  o f  C a B P -p o s itiv e  t e r m in a l s  i n  
th o s e  r e g io n s  o f  ICc and VLV t h a t  a re  in n e r v a te d  by th e  le s io n e d  
a r e a  o f  NL. In  a d ja c e n t  s e c t i o n s  p ro c e s s e d  by th e  F in k -H e im er 
m eth o d , d e g e n e r a t in g  axons w ere o b se rv e d  in  th e  re g io n  o f  th e  
d e f i c i t  i n  im m u n o re a c tiv i ty .  The s im p le s t  e x p la n a t io n  i s  t h a t  
th e  im m u n o re a c tiv e  f i b e r  p le x u s  i s  th e  t e r m in a l s  o f  axons 
o r i g i n a t i n g  i n  NL.

E a r l i e r  s t u d i e s  showed t h a t  i n j e c t i o n s  o f  t r i t i a t e d  p r o l i n e  
i n t o  th e  c o c h le a  l a b e l s  th e  t a r g e t s  o f  n u c le u s  a n g u la r i s  and i s  
th u s  a  m ethod f o r  th e  d e l i n e a t i o n  o f th e  i n t e n s i t y  p a th w ay . The 
C a B P -im m u n o re ac tiv ity  d e s c r ib e d  above p r o v id e s  a  co m p lem en tary  
te c h n iq u e  f o r  th e  d e l i n e a t i o n  o f  th e  tim e  p a th w ay .

346.11 THE EFFECTS OF KAINIC ACID LESIONS OF THE SUPERIOR OLIVARY NUCLEUS 
ON SOUND LOCALIZATION BY THE FERRET. G.L. Kavanagh* and J .B . K elly  
(SPON: D .C .S. R o b e r ts ) .  D ept. of Psychology, C a rle to n  U n iv e rs ity , 
O ttaw a, Canada Kl S 5B6.

The s u p e r io r  o l iv a ry  complex p ro v id es  th e  f i r s t  o p p o rtu n ity  in  
th e  a u d ito ry  pathway fo r  b in a u ra l i n t e r a c t io n .  P h y s io lo g ic a l and 
ana tom ical s tu d ie s  have shown th a t  c e l l s  w ith in  th e  s u p e r io r  o l i 
v ary  complex a re  b in a u ra l ly  in n e rv a te d  and a re  s e n s i t i v e  to  sm all 
d if f e re n c e s  in  s t im u la t io n  o f th e  r ig h t  and l e f t  e a r .  S ec tio n  of 
th e  t ra p e z o id  body r e s u l t s  in  im paired  sound lo c a l i z a t i o n  under 
co n d itio n s  in  which b in a u ra l cues a re  im p o rta n t. Thus, th e  su 
p e r io r  o l iv e  i s  im p lic a te d  by s e v e ra l l i n e s  of ev idence  as an im
p o r ta n t s t r u c tu r e  f o r  sound lo c a l i z a t i o n .  D ire c t s tudy  of th e  
fu n c t io n a l c o n tr ib u t io n  o f th e  s u p e r io r  o l i v e ,  however, has been 
lim ite d  by th e  f a c t  th a t  damage to  th e  s u p e r io r  o l iv a ry  complex 
u sin g  th e  a b la t io n  tech n iq u e  b r in g s  w ith  i t  m assive d is ru p tio n  of 
f ib e r s  of passage w ith in  th e  tra p e z o id  body i t s e l f .  T h e re fo re , 
i n t e r p r e ta t io n  of th e  b eh a v io ra l d e f i c i t s  which r e s u l t  from such 
le s io n s  i s  d i f f i c u l t .  In th e  p re s e n t s tu d y , we have examined the  
e f f e c t s  of u n i l a t e r a l  le s io n s  o f th e  s u p e r io r  o l iv a ry  complex 
u s in g  th e  n eu ro to x in , k a in ic  a c id ,  to  d e s tro y  c e l l s  in  the  su 
p e r io r  o l iv a ry  complex w ith o u t m assive d e s tru c t io n  of f ib e r s  in  
th e  tra p e z o id  body. I n je c t io n s  o f 5 nmoles of k a in ic  ac id  in  1 μ l 
of L ocke 's  s o lu t io n  were made w ith  a m ic ro p ip e tte  in s e r te d  j u s t  
above th e  o l iv a ry  com plex. Animals were allow ed 10-12 days to  
reco v e r from t r a n s i e n t  e f f e c t s ,  and were te s te d  in  a sem ic i r c u l a r  
a p p a ra tu s  to  de term ine  sound lo c a l i z a t i o n  a b i l i t y  a t  v a rio u s  
p o s i t io n s  in  th e  azim uth p la n e . Severe im pairm ents in  sound lo 
c a l i z a t io n  were found w ith  th e  most p re v a le n t d e f i c i t s  ap pearing  
i p s i l a t e r a l  to  th e  le s io n  s i t e .  The r e s u l t s ,  g e n e ra l ly ,  confirm  
e x p e c ta t io n s  th a t  th e  s u p e r io r  o l iv e  i s  im p o rtan t f o r  sound lo 
c a l i z a t i o n .

T h is work was suppo rted  by g ra n t No. 7654 from th e  N atu ra l 
S ciences and E ng ineering  Research Council o f Canada.

346.12 REPRESENTATION OF SOUND FREQUENCY IN THE PRIMARY AUDITORY CORTEX 
OF THE FERRET. P.W. Judge*, J .B . K elly  and D .P. P h i l l i p s . 
D epartm ents of Psychology, C a rle to n  U n iv e rs ity , O ttaw a, O n ta rio , 
K1S 5B6, and D alhousie U n iv e rs ity , H a lifa x , Nova S c o tia , B3H 4J1 .

The f e r r e t  (M ustela p u to r iu s ) i s  a h ig h ly  a l t r i c a l  c a rn iv o re  
w ith  a r e l a t i v e ly  l a t e  p o s tn a ta l  m a tu ra tio n  of a u d ito ry  fu n c t io n . 
The sp e c ie s  i s ,  th e r e fo r e ,  p a r t i c u l a r ly  w ell s u i te d  fo r  deve lop
m ental s tu d ie s  of the  a u d ito ry  system  (Moore, 1982), and has been 
used in  p h y s io lo g ic a l in v e s t ig a t io n s  of sensory  development (King 
e t  a l . ,  1985). A lso , th e  f e r r e t  has been employed re c e n tly  in  a 
number of b eh a v io ra l s tu d ie s  of h e a r in g . For exam ple, le s io n s  of 
a u d ito ry  co rte x  have been shown to  r e s u l t  in  im pairm ents in  sound 
lo c a l i z a t i o n  w ith  d e f i c i t s  in  th e  c o n t r a la t e r a l  sound f i e ld  
(Kavanagh and K elly , 1986). In the  p re se n t s tu d y , we have used 
n eu ro p h y s io lo g ic a l mapping tech n iq u es  to  determ ine th e  response 
p ro p e r t ie s  of c e l l s  in  th e  a u d ito ry  co rte x  of th e  f e r r e t .  We have 
found neurons w ith in  th e  m iddle e c to s y lv ia n  gyrus of the  
b a rb i tu r a te - a n e s th e t iz e d  anim al which e x h ib i t  s h o r t  la te n c ie s  
(12-19 msec) and narrow  tun ing  to  sound freq u en c y . Neurons o r 
c lu s t e r s  of neurons w ith  s im i la r  b e s t  freq u e n c ie s  a re  o rgan ized  
in to  iso freq u en c y  c o n to u rs . These con tours a re  o r ie n te d  in  a 
rough ly  r o s t r a l  to  caudal a lignm ent w ith  h igh  fre q u e n c ie s  r e p r e 
sen te d  d o rs a l ly  and low freq u e n c ie s  rep re se n te d  v e n t r a l l y .  Thus, 
th e  m iddle e c to s y lv ia n  gyrus has a c o c h leo to p ic  re p re s e n ta t io n  
s im i la r  to  th a t  found in  th e  prim ary a u d ito ry  c o rte x  of o th e r  
mammalian s p e c ie s .  There was no evidence of any frequency  re v e r s 
a l s  w ith in  th e  c o r t i c a l  a re a  sam pled, which su g g es ts  th a t  we have 
mapped a s in g le  a u d ito ry  f i e ld  co rrespond ing  to  AI in  th e  c a t .  
The q u es tio n  of w hether o th e r  frequency  o rgan ized  f i e ld s  a re  p re s 
e n t in  a rea s  o u ts id e  th e  m iddle e c to s y lv ia n  gyrus has y e t to  be 
r e s o lv e d . The p re s e n t s tudy  has dem onstrated  th e  p resence  of a 
s in g le  frequency  o rgan ized  prim ary a u d ito ry  a re a  in  th e  middle 
e c to s y lv ia n  g y ru s . The d a ta  p rov ide  a g en e ra l framework fo r  f u r 
th e r  work on th e  fu n c t io n , p h y s io logy , and development of au d ito ry  
c o r te x  in  th e  f e r r e t .

T h is  work was suppo rted  by g ra n ts  No. 7654 to  J .B . K elly  and 
No. U0442 to  D .P. P h i l l ip s  from th e  N atu ra l S ciences and E ng ineer
ing  Research C ouncil of Canada.
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346.13 THE EFFECTS OF PRIMARY AUDITORY CORTICAL LESIONS ON SOUND 
LOCALIZATION BY THE FERRET: STIMULUS DURATION. J.B . Kelly, 
P.L. Stanton*, and S .J. White*. Dept. of Psychology, Carleton 
University, Ottawa, Canada K1S 5B6.

Previous studies have shown that lesions of the primary audi
tory cortex in the fe rre t resu lt in impaired sound localization 
(Kavanagh and Kelly, 1985). In behavioral te s ts  with a single 
click presented at the beginning of each t r i a l ,  fe rre ts  with uni
la tera l lesions of auditory cortex are incapable of responding 
correctly  to sounds located within the contralateral sound f ie ld . 
No d e fic its  are found in the ip sila te ra l f ie ld . Following b i
la tera l lesions impairments in localization are found on both le f t  
and right sides of the te s t apparatus. In contrast, no d e fic its  
in sound localization are found when clicks are repeated at a rate 
of 2/sec throughout a t r i a l .  These results suggest that the e f
fects of auditory cortical lesions on sound localization are sys
tem atically dependent on stimulus duration. We have tested th is  
idea in the present study using fe rre ts  with e ither unilateral or 
b ila tera l lesions of the primary auditory cortex. The animals 
were tested in an apparatus designed to assess sound localization 
a b ility  at d ifferen t positions in the horizontal plane. Thus, 
each animal was tested separately in both le f t  and right la tera l 
fie ld s with single bursts of broad band noise. Four d ifferent 
durations were used, v iz ., 60 msec, 30 msec, 15 msec and 7 msec. 
The resu lts generally confirmed the outcome of our previous 
studies by showing that unilateral lesions of the primary auditory 
cortex result in impaired localization in the contralateral hemi- 
f ie ld , and that b ila te ra l lesions resu lt in impairments in both 
hemifields. The impairments were most evident, however, with 
stimuli of very brief duration, and were not reliably  found with 
durations of 30 or 60 msec. The improved performance with longer 
durations was not associated with head movement within the sound 
f ie ld . Videotapes of the animals' behavior during the te s t ses
sions indicated that the latency to execute a movement was in 
every case greater than 60 msec.

This work was supported by grant No. 7654 from the Natural 
Sciences and Engineering Research Council of Canada.

346.14 THRESHOLDS FOR PURE TONE DETECTION BY THE FERRET. J .C .H . D alton , 
G.L. Kavanagh*, and J .B . K e lly . Department of psychology, 
C a rle to n  U n iv e rs ity , O ttaw a, Canada, K1S 5B6.

The f e r r e t  ( M ustela p u to r iu s ) has been the  s u b je c t in  a number 
o f re c e n t s tu d ie s  o f th e  c e n tr a l  au d ito ry  system . The im portance 
of a u d ito ry  s t r u c tu r e s  f o r  sound lo c a l i z a t i o n  has been i n v e s t i 
g a ted  by t r a d i t i o n a l  b e h a v io r /a b la t i on te c h n iq u e s . The p h y s io lo g 
i c a l  responses  o f c e l l s  in  th e  in f e r io r  c o l l ic u lu s  and a u d ito ry  
c o rte x  have a lso  been exam ined. In a d d i t io n ,  f e r r e t s  have been 
employed in  developm ental s tu d ie s  of h e a rin g , a re se a rc h  a re a  fo r  
which they  a re  p a r t i c u l a r ly  w ell s u i te d  by v i r tu e  of th e i r  r e l a 
t i v e ly  l a t e  p o s tn a ta l  m a tu ra t io n . The in c re a s in g  use of th e  f e r 
r e t  fo r  re s e a rc h  in  a u d ito ry  neu rosc ience  has encouraged us to  
determ ine th e  a n im a l 's  s e n s i t i v i t y  to  pure tones u sing  b eh a v io ra l 
te s t in g  p ro ced u re s . A bsolute th re sh o ld s  fo r  a wide range of f r e 
quenc ies were ob ta in ed  by th e  method of l im i t s  fo r  two a d u l t  male 
f e r r e t s .  The r e s u l t in g  audiogram s showed th a t  f e r r e t s  a re  s e n s i 
t i v e  to  sounds between 16 Hz and 48 kHz. The upper and lower 
l im i t s  of h ea rin g  as determ ined by the  o f te n  used 60dB SPL c u t-o f f  
c r i t e r io n  were 44 kHz and 36 Hz r e s p e c t iv e ly .  The g r e a t e s t  s e n s i 
t i v i t y  was found fo r  sounds in  th e  8-12 kHz re g io n . In d iv id u a l 
an im als showed narrow  tun ing  to  freq u e n c ie s  w ith in  th i s  range w ith  
a maximum s e n s i t i v i t y  o f -6  to  -10  dB SPL. The f e r r e t  i s  s im i la r  
to  o th e r  ca rn iv o re  s p e c ie s  in  having a very  broad range of h e a r 
in g .  The average audiogram i s  alm ost id e n t ic a l  to  th a t  rep o rted  
fo r  th e  dog, but i s  g e n e ra lly  e le v a te d  in  com parison w ith  th e  c a t .  
The upper l im i t  of h ea rin g  i s  somewhat le s s  than  re p o r te d  fo r  the  
c a t .  F u rth e r  s p e c i f i c  com parisons can be made w ith  th e  racoon , 
and l e a s t  w ease l. In  g e n e ra l ,  th e  f e r r e t  has e x c e l le n t  h ea rin g  
over a broad range of f re q u e n c ie s , and i s  a good anim al f o r  
f u r th e r  re s e a rc h  on th e  mammalian a u d ito ry  system .

T h is  work was su ppo rted  by g ra n t No. 7654 from the  N atu ra l 
S ciences and E ng ineering  R esearch C ouncil of Canada.

346.15 PRECISION OF SOUND LOCALIZATION AND COORDINATION OF EYE AND PINNA 
MOVEMENTS BY CATS PRESENTED WITH VISUAL AND AUDITORY TARGETS. 
P ,H a r t l in e , D .Northmore*, Eye R esearch I n s t i t u t e ,  B oston, MA 02114

C ats r e a d i ly  le a rn  to  look  tow ard a l i g h t  or sound sou rce  in  the  
f r o n ta l  q u ad ran t; th e  l a t t e r  r e v e a ls  th a t  a u d ito ry  l o c a l i z a t i o n  can 
be p re c is e  to  ±2-3 d eg ree s . P inna movements th a t  a re  h ig h ly  c o r re 
la te d  w ith  ta r g e t  p o s i t io n  occur more o r l e s s  s im u ltan e o u sly .

A c a t ,  i t s  head f ix e d  in  f r o n t  o f an a r ra y  of LEDs, was tr a in e d  
by tu rn in g  on LEDs s in g ly  and fo llo w in g  LED o f f s e t  w ith  l iq u id  
food . The c a t  le a rn e d  to  look  tow ard th e  v is u a l  ta r g e t  (v ia  s a c -  
cade [ s ]) a f t e r  a few h o u rs ' ex p e rie n c e . S ubsequen tly , h idden  loud
sp eak ers  in  l i n e  w ith  s e le c te d  LEDs p layed  b r i e f  n o ise  b u r s ts  100- 
300 msec b e fo re  th e  co rrespond ing  LED was i l lu m in a te d ; rew ard f o l 
lowed LED o f f s e t .  The c a t r a p id ly  le a rn ed  to  look  tow ard th e  source  
of sound. The l e f t  eye and p inna  were m onitored  u s in g  an e l e c t r o 
m agnetic sea rch  c o i l  f o r  th e  eye and a n o th e r c o i l  f ix e d  to  the  
p in n a . The p in n a 's  predom inant m otion w ith in  th e  forw ard q u ad ran t, 
( r o ta t io n  abou t 2 a x e s ) , was d ig i t i z e d  along  w ith  eye o r ie n ta t io n .

V isu a l ta r g e t s  (up to  ±20° e c c e n t r i c i t y ) : A ngular s c a t t e r  o f 
f ix a t io n s  a f t e r  s e v e ra l  t r a in in g  s e s s io n s  seldom exceeded ±2°, a 
f ig u re  th a t  cou ld  be reduced by rew arding  c o n s is te n t  perform ance. 
Even when th e  c a t  had n o t been exposed to  th e  a u d ito ry  s t im u l i ,  
v is u a l  saccades  were u s u a lly  accompanied by n e a r ly  s im ultaneous 
h igh  v e lo c i ty  movements o f th e  p in n a , w ith  changes o f azim uth and 
e le v a t io n  as i f  to  p la ce  th e  p inna  in  a p re fe r re d  p o s i t io n  fo r  each 
ta r g e t  lo c a t io n .  However, th e  mapping o f ta r g e t  lo c a t io n  to  p inna 
o r ie n ta t io n  seems to  have l e s s  th an  u n ity  m a g if ic a tio n  ( l e s s  than  
0 .5  fo r  e l e v a t io n ) .  S c a t te r  o f p inna  o r ie n ta t io n s  fo r  a g iven  LED 
was e q u iv a le n t to  ±5° t a r g e t  u n c e r ta in ty .

A ud ito ry  t a r g e t s  (up to  ±20° e c c e n t r i c i t y ) :  A f te r  s e v e ra l  t r a i n 
ing  s e s s io n s  on th e  a u d ito ry  ta s k ,  a  50 msec n o ise  b u r s t  evoked 
ra p id  b a l l i s t i c  p inna  and (sa c c a d ic )  eye movements. The s c a t t e r  o f 
sound-evoked v is u a l  f ix a t io n s  was ± 2 -3°, double th a t  f o r  LED-evoked 
f ix a t io n s ;  th e  mean p o s i t io n  f ix a te d  was th e  same fo r  6ach speaker 
as f o r  th e  co rresp o n d in g  LED. The d i s t r i b u t io n  o f p inna  f ix a t io n s  
was s im i la r  to  th a t  f o r  v is u a l  t a r g e t s .

Was th e  c a t  lo ok ing  a t  th e  remembered p o s i t io n  o f th e  LED a sso 
c ia te d  w ith  each sp eaker (p o s s ib ly  id e n t i f i e d  by a n o n - s p a t ia l  cue)? 
A pparen tly  n o t ,  s in c e  i t  c o r r e c t ly  looked tow ard in te r le a v e d  novel 
speaker lo c a t io n s ,  none o f which was fo llow ed  by an LED cue.

L a te n c ie s : For v is u a l  o r a u d ito ry  ta s k s ,  most eye movement l a 
te n c ie s  f e l l  between 80-140 msec. For th e  v is u a l  ta s k s ,  most p inna  
la te n c i e s  f e l l  between 80-100 msec, w h ile  fo r  a u d ito ry  ta s k s ,  th e  
la te n c i e s  were 60-80 msec. There was n o t a s te re o ty p e d  r e la t io n s h ip  
between la te n c y  o f eye and p inna  m otion; in  some c a s e s , eyes o r 
p inna  b u t n o t bo th  were moved. These r e s u l t s  in d ic a te  a degree of 
independence o f th e  d e c is io n s  to  command eye and p inna  movements 
tow ard v is u a l  o r a u d ito ry  t a r g e t s .

346.16 GABA-ERGIC NEURONS IN AUDITORY NEOCORTEX : QUANTITATIVE IMMUNO- 
CYTOCHEMICAL ANALYSIS USING COMPUTER ASSISTED MICROSCOPY. J . P. 
Ross*, N. T. McMullen, M. E. Blue, M. Molliver and E. M. Glaser (SPON: 
D. Ruchkin). Dept. of Physiology, Univ. of Maryland School of 
Medicine, Baltimore, MD 21201.

We have used computer microscopy to quantitatively analyze 
the laminar d istribution  and ce ll areas of GAD and GABA positive 
c e lls  - - putative inhibitory local c ircu it neurons -- in rabbit audi
tory cortex. Neurons were immunocytochemically labeled for the 
synthetic enzyme GAD (Oertel e t a l . ,  Neurosci. ,  1981) or GABA 
(Altschuler e t a l . ,  Soc. Neuro. , 1985). A region of auditory cor
tex 4 mm in pial length was mapped in 30-40 um thick coronal sec
tions using our Image Combining Computer Microscope which included 
d ig itiza tion  of the contours of the area of in te re s t, iden tifica
tion and marking of GAD+ neurons a t high magnification and d ig it i
zation of cross-sectional soma area. Sections stained for GAD and 
GABA are qualita tive ly  sim ilar in th e ir  d istribution  of labeled 
neurons. Two sections each from 2 animals stained for GAD have 
been quantitatively  analyzed. Major findings were: a) GAD+ c e lls  
are present in a l l  co rtica l layers (I-VI); b) GAD+ ce lls  are most 
numerous in the supragranular layers 200-400 um beneath the pia 
and are especially concentrated a t the I / I I  border; c) in terms of 
cross-sectional area, the largest GAD+ c e lls  (250-500 um2) are 
p referen tially  d istributed  in lamina III/IV  and upper layer V, the 
major terminal zone of afferents arising  from the medial genicu
la te  body; d) in terms of soma morphology and laminar d istribu 
tio n , the largest GAD+ c e lls  located in III/IV  are identical to 
the major nonpyramidal ce ll type in these layers- - the large 
spine-free ce ll described in previous quantitative Golgi studies 
(McMullen, e t a l . ,  JCN, 1984); e) unlike the largest GAD+ ce lls  
th a t are d istributed  in III/IV , the smallest GAD+ c e lls  (50-125 
um2) have a bimodal d istribu tion  in the supra- and infragranular 
layers. The smallest GAD+ c e lls  are most numerous in layers I I  
and upper layer I I I  and correspond to those layers containing the 
g reatest variety of nonpyramidal ce lls  described in e a rlie r  Golgi 
studies (McMullen and Glaser, JCN, 1982). The laminar d istribu 
tion of these putative inhibitory neurons d iffe rs  markedly from 
those described in other sensory co rtices, e .g . ,  visual and soma
tosensory. These re su lts  imply tha t local c ircu it neuron d is t r i 
bution may have sign ifican t species as well as sensory modality 
differences. (Supported by The Deafness Research Foundation and 
NIH Grants NS 17861 and IR24RR02169)
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346.17 SOURCE LOCALIZATION OF LONG LATENCY AUDITORY EVOKED MAGNETIC 
FIELDS IN HUMAN TEMPORAL CORTEX. D.L. A rth u r* , G. S u lliv a n * , E.R. 
Flynn & S .J .  W illiam son+ . Los Alamos N a tio n a l Lab, P hysics 
D iv is io n , Los Alamos, NM 87545 & +New York U n iv e r s ity , D ept. of 
P h y s ic s , New York, NY 10003.

S tu d ie s  o f th e  neurom agnetic f i e l d  evoked by a u d ito ry  s t im u li  
have th e  c a p a b il i ty  o f lo c a l iz in g  so u rces  of th e  v a r io u s  evoked 
components in  d i f f e r e n t  reg io n s  of th e  prim ary senso ry  c o r te x . 
The p re s e n t s tudy  was designed  to  se rv e  two fu n c t io n s : f i r s t  to  
in dependen tly  r e p l ic a t e  and ex tend  p rev io u s  r e p o r ts  on source  
lo c a l i z a t i o n  o f long la te n c y  m agnetic f i e ld  responses (P50m, N100m 
P200m, SFm) and secondly  to  p ro v id e  a d d i t io n a l  d a ta  about th e  
frequency dependence of th e se  re sp o n ses .

M easurements were c a r r ie d  ou t in  a m a g n e tica lly  sh ie ld e d  room 
w ith  fo u r s u b je c ts .  A uditory  s t im u li  were p re sen ted  b in a u ra l ly  
to  th e  s u b je c ts  by means of s ta n d a rd  p l a s t i c  a i r l i n e  h e a d se ts . 
Two d i f f e r e n t  f req u en c ie s  of a c o u s t ic  s t im u li  were used: 250 and 
2500 Hz, p re se n te d  randomly and eq u ip ro b a b ly . The m agnetic f i e ld  
was measured w ith  a second o rd e r  g rad iom eter coupled to  a DC 
SQUID. The ou tp u t v o lta g e  from th e  SQUID e le c t ro n ic s  was ap p lied  
to  a bandpass f i l t e r  s e t  to  0 .01  to  50 Hz and th e  averaged 
waveforms were d i g i t a l l y  f i l t e r e d  from 0 to  25 Hz. E x tensive  
f i e ld  maps were o b ta in ed  over th e  l e f t  hem isphere in  th re e  
s u b je c ts  and over th e  r ig h t  hem isphere in  th e  fo u r th . The la te n c y  
and am plitude of th e  evoked response  was measured a t  about 40 
p o s i t io n s  ta rg e t in g  th e  a u d ito ry  c o r te x .

In  a l l  s u b je c ts  good q u a l i ty  AEFs were o b ta in ed . The am plitude 
of th e  P50m, N100m, P200m and SFm had two c le a r  extrem a of 
o p p o s ite  p o la r i ty  lo c a te d  a t  th e  e s tim a ted  ends of th e  S y lv ian  
f i s s u r e .  To determ ine th e  sou rce  lo c a t io n  o f th e  c o r t i c a l  
a c t i v i t y  evoked by th e  to n e s , a c u r re n t d ip o le  in  a conduc ting  
sp h ere  was used as a th e o r e t i c a l  m odel. The th e o r e t i c a l  f i e ld  was 
c a lc u la te d  and th e  observed f i e ld s  were computed. The param ete rs 
de te rm in ing  th e  d ip o le  were then  a d ju s te d  by com puter u n t i l  th e  
sum of th e  squared  d e v ia tio n s  was m inim al. By th i s  te ch n iq u e , i t  
was found th a t  th e  N100m could be d is tin g u is h e d  in  lo c a t io n  from 
th e  P200m in  3 out o f 4 s u b je c ts .  The only frequency dependence 
th a t  was observed was an in c re a s e  in  depth o f th e  P50m to  th e  
h ig h e r  frequency tone  in  3 out o f 4 s u b je c ts .

346.18 AUDITORY CHARACTERISTICS AND SEXUAL DIMORPHISM IN THE GYPSY 
MOTH, Lym antria d is p a r ,  (L e p id o p te ra : L ym an triid ae). 
B. Cardone* and J .H . F u lla rd . (SPON: P. B raw ley). Department 
o f  Zoology, E r in d a le  C o lleg e , U n iv e rs ity  o f  Toron to , 
M ississau g a , O n ta r io . L5L 1C6. Canada.

The a u d i to ry  c h a r a c t e r i s t i c s  o f  two p o p u la tio n s  o f  gypsy 
n o th  were exam ined, (co lony  and w ild ) .  L. d is p a r  e x h ib i ts  
m orpho log ica l and b eh a v io u ra l sex u a l dim orphism. Females 
a re  much l a r g e r  th a n  m ales and a r e  f l i g h t l e s s  w h ile  m ales 
a c t iv e ly  se a rc h  f o r  fem ale pheronone t r a i l s .  S ince v a r io u s  
moths p o sse ss  a u d i to ry  o rgans to  d e te c t  th e  e c h o lo c a tio n  
s ig n a ls  o f  sy m p a tric , in s e c tiv o ro u s  b a t s ,  and show r e s u l t a n t  
avoidance b eh a v io u rs , th e  a u d i to ry  c h a r a c t e r i s t i c s  o f  th e  
gypsy moth and se x u a l dim orphisms w ere in v e s t ig a te d .

T hresho lds to  pu re  to n es  o f  5-150 kHz were reco rd e d  u s in g  
e x t r a c e l lu l a r  te c h n iq u e s . Two a u d i to ry  c e l l s  A1 and A2 ,  
and a  p u ta t iv e  p ro p r io c e p to r  B c e l l  w ere i d e n t i f i e d .  Both 
sexes  have fu n c t io n a l  ty mp a n ic  o rgans w ith  fem ales e x h ib i t in g  
h ig h e s t s e n s i t i v i t y  to  10-30 kHz and m ales e x h ib i t in g  g r e a te s t  
s e n s i t i v i t y  a t  20-70 kHz. Audiogram com parisons o f  w ild  
m ales and fem ales (F ig u re  1) r e v e a l  s t a t i s t i c a l l y  s ig n i f i c a n t  
d if f e re n c e s  between th re sh o ld s  ( in d ic a te d  by *) a t  5-15 kHz, 
30-120 kHz, and 130-140 kHz w ith  fem ales l e s s  s e n s i t i v e  a t  
a l l  b u t th e  low est f r e q u e n c ie s . Mean b e s t  frequency  d a ta  
(F ig u re  2) r e v e a l  fem ales to  be s e n s i t i v e  to  low er f re q u e n c ie s . 
We su g g es t th a t  male gypsy moths need t h e i r  e a rs  to  d e te c t  
th e  e c h o lo c a tio n  c a l l s  o f  sym patric  b a ts  and a re  tuned  to  
t h e i r  f re q u e n c ie s  (30-60 kHz). F l ig h t le s s  fem ales a r e  no t 
exposed to  p re d a t io n  p re s s u re  and a s  a  r e s u l t  have d e g e n e ra te  
e a r s .

Comparisons o f  co lony  r a i s e d  v e rsu s  w ild  gypsy moths showed 
th a t  audiogram s o f  co lony  m ales e x h ib i t  g r e a t e r  v a r i a b i l i t y .  
T his su g g es ts  an a r t i f i c i a l  so u rce  o f  a u d i to ry  d e g e n e ra tio n  
due to  th e  absence o f  exposure to  b a t  p re d a t io n  o v er m u ltip le  
g e n e ra tio n s  o f  la b o ra to ry  b reed in g . We c a u tio n  a g a in s t u s in g  
co lony  an im als when t e s t i n g  f o r  resp o n ses  depending upon 
n a tu r a l l y  occurring s i tu a t io n s .

346.19 PERCEPTUAL ORGANIZATION OF SIMPLE AND COMPLEX ACOUSTIC 
SIGNALS IN THE BUDGERIGAR(MELOPSITTACUS UNDULATUS) . R. 
Do o l i n g , T . P a r k * , S . B ro w n * , a n d  K. O k a n o y a * . 
P s y c h o lo g y  D e p a r tm e n t ,  U n i v e r s i t y  o f  M a r y la n d ,  C o l l e g e  
P a r k ,  MD 2 0 7 4 2 .

T he b u d g e r i g a r  i s  a  h i g h l y  v o c a l  a n d  s o c i a l  p a r r o t  
w i t h  a  c o m p le x  v o c a l  r e p e r t o i r e .  I n  t h i s  s p e c i e s ,  
l e a r n i n g  i s  i n v o l v e d  i n  t h e  d e v e lo p m e n t  o f  
v o c a l i z a t i o n s  a n d  t h e r e  i s  e v i d e n c e  f o r  u n u s u a l  
f r e q u e n c y  r e s o l v i n g  p o w e r i n  t h e  s p e c t r a l  r e g i o n  
i m p o r t a n t  f o r  v o c a l  c o m m u n ic a t io n .

I n  t h e  f o l l o w i n g  e x p e r i m e n t s ,  b u d g e r i g a r s  w e re  
t r a i n e d  w i t h  o p e r a n t  c o n d i t i o n i n g  t e c h n i q u e s  t o  
d i s c r i m i n a t e  am ong p a i r s  o f  a c o u s t i c  s t i m u l i .  I n  t h i s  
" S a m e \ D i f f e r e n t "  d i s c r i m i n a t i o n  t a s k ,  r e s p o n s e  l a t e n c y  
w as u s e d  a s  a  m e a s u r e  o f  p e r c e p t u a l  s i m i l a r i t y .  
R e s p o n s e  l a t e n c i e s  w e re  t h e n  a n a l y z e d  u s i n g  
m u l t i d i m e n s i o n a l  s c a l in g (M D S )  p r o c e d u r e s  t o  p r o d u c e  a  
s p a t i a l  r e p r e s e n t a t i o n  o f  t h e  p e r c e p t u a l  s i m i l a r i t i e s  
am ong s t i m u l i .

R e s u l t s  f o r  s im p l e  s o u n d s  s u c h  a s  p u r e  t o n e s  w h ic h  
v a r y  a l o n g  t h e  d im e n s io n s  o f  f r e q u e n c y ,  i n t e n s i t y ,  o r  
d u r a t i o n  i n d i c a t e  t h a t  t h e  b u d g e r i g a r  i s  f a r  m o re  
s e n s i t i v e  t o  f r e q u e n c y  c h a n g e s  t h a n  i n t e n s i t y  o r  
d u r a t i o n  c h a n g e s .  MDS a n a l y s i s  a l s o  p e r m i t s  
c o n s t r u c t i o n  o f  p i t c h  s c a l e  a n d  l o u d n e s s  s c a l e s  f o r  
t h e  b u d g e r i g a r .  T h e s e  r e s u l t s  a r e  c o m p a re d  t o  p i t c h  
a n d  l o u d n e s s  s c a l e s  f o r  t h e  h um an .

R e s u l t s  f o r  c o m p le x  s o u n d s  s u c h  a s  c a l l s  d ra w n  fro m  
t h e  v o c a l  r e p e r t o i r e  o f  t h e  b u d g e r i g a r  i n d i c a t e  t h a t  
t h e r e  a r e  n a t u r a l  p e r c e p t u a l  c a t e g o r i e s  f o r  t h e  
f u n c t i o n a l  c l a s s e s  o f  t h e s e  c a l l s  ( i e .  f o o d - b e g g i n g  
c a l l s ,  a l a r m  c a l l s ,  c o n t a c t  c a l l s ) .  H um ans show  t h e  
sam e p e r c e p t u a l  c a t e g o r i e s  f o r  t h e s e  c a l l s  b u t  t h e  
r e l a t i o n  am ong c a t e g o r i e s  i s  d i f f e r e n t  f o r  t h e  tw o  
s p e c i e s .  T he a c o u s t i c  d im e n s io n s  a c c o u n t i n g  f o r  t h e  
s p a t i a l  a r r a n g e m e n t  o f  c o m p le x  c o n t a c t  c a l l s  a r e  q u i t e  
c l e a r  f o r  t h e  hum an b u t  n o t  f o r  t h e  b u d g e r i g a r .  T h e s e  
r e s u l t s  i n d i c a t e  t h a t  b u d g e r i g a r s  a n d  h um ans a t t e n d  t o  
d i f f e r e n t  f e a t u r e s  o f  t h e  c o m p le x  b u d g e r i g a r  c o n t a c t  
c a l l .  T e s t s  w i t h  c o m p u te r - m o d i f i e d  c a l l s  show  t h a t  
b u d g e r i g a r s  p r o b a b l y  u s e  a  c o m b in a t io n  o f  f e a t u r e s  i n  
d i s c r i m i n a t i n g  am ong t h e s e  c o m p le x  s p e c i e s - s p e c i f i c  
a c o u s t i c  s i g n a l s .

W ork s u p p o r t e d  b y  NIH g r a n t s  t o  RD.

346.20 EFFECTS OF SEX AND HORMONAL STATE ON ACOUSTIC RESPONSIVENESS IN 
THE HAMSTER. O.R. Floody and R.D. Lisk*. Dept. of Psychology, 
Bucknell Univ., Lewisburg, PA 17837 and Dept. of Biology, 
Princeton Univ., Princeton, NJ 08544.

Semi-quantitative [ 14C]2-deoxyglucose (2DG) autoradiography was 
used to map the neural responses of golden hamsters to ultrasounds 
resembling the ca lls used for communication during courtship and 
mating. One study examined the processing of ultrasounds and 
ambient noise by estrous females, some of which were deafened or 
hemideafened with p lastic  ear plugs. Comparisons of relative 
levels of 2DG uptake failed  to reveal responses specific to the 
ultrasounds. However, hemispheric differences were pronounced, 
especially in the hemideafened subjects. For the ventral cochlear 
nucleus (VCN), 2DG uptake was elevated contralateral to the plug 
and ip sila te ra l to the effective stimulus. In pontrast, uptake by 
more rostral structures (dorsal n. of the la tera l lemniscus = 
DNLL; ventral n. of the la tera l lemniscus = VNLL; central n. of 
the in ferior colliculus = CIC; medial geniculate n.) was elevated 
ip s ila te ra l to the plug and contralateral to the stimulus.

A second experiment examined responses to unilaterally  
presented sounds in groups of intact or castrated males and 
females. Effects of sex, hormonal sta te  and hemideafening were 
sought in the auditory system and in forebrain areas rich in 
hormone-concentrating neurons. As before, re la tive  levels of 2DG 
uptake differed across the hemispheres for auditory structures 
including the VCN, trapezoid body, VNLL, DNLL, and CIC. In 
addition, intact females showed higher levels of uptake than males 
in the DNLL, auditory nerve (AN), and la tera l lemniscus (LL). 
Females also tended to show higher anterior hypothalamic uptake 
than males, but ju s t in the hemisphere contralateral to the 
stimulus. Together with previous behavioral data, these results 
suggest tha t male and female hamsters d iffe r in acoustic 
responsiveness, and partly  because of hormonal effects at 
re la tive ly  peripheral s ite s  in the central auditory system. 
(Supported by MH-08070 and MH-33191 from the N.I.H. and 
PCM-7812582 from the N.S.F.).
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347.1 THE EFFECTS OF CLICK POLARITY ON PERIPHERAL AND BRAINSTEM 
AUDITORY RESPONSES IN BIRDS. K. B org* , H. Brown-Borg*, M. 

Beck (SPON: M. D o slak ) D ep t. A nim al S c ie n c e ,  UNL. and T.A. 
J o n e s , D ep t. O ra l B io lo g y , U.N.M.C., L in c o ln ,  Ne 68503.

There i s  com pelling  ev idence to  sug g est th a t  in  mammals 
a f f e r e n t  a u d i to r y  n e u ro n s  a r e  a c t i v a t e d  p r e f e r e n t i a l l y  
d u r in g  o n e - h a l f  c y c le  o f a s i n u s o i d a l  s t im u lu s  (D av is 
1976). In v e r t in g  th e  p o la r i ty  of s in u s o id a l c l ic k  s t im u l i  
under th e se  c ircu m stan c es  should  produce la te n c y  s h i f t s  in  
the  compound a c tio n  p o te n t i a l  w h ich  a p p ro x im a te  o n e - h a l f  
c y c le  o f an e q u i v a le n t  s in e w a v e . In  th e  p r e s e n t  s tu d y , 
p e r ip h e ra l and b ra in s tem  a u d i to r y  re s p o n s e s  (PBAR's) w e re  
r e c o rd e d  in  W h ite  L egho rn  c h ic k s  in  o rd e r  to  e x p lo r e  th e  
p o s s ib le  e x is te n c e  of a s i m i l a r  ' r e c t i f i c a t i o n '  o r  p h a s e -  
p r e f e r e n c e  in  th e  a v ia n  c o c h le a .  F a r - f i e l d  PBAR's w e re  
reco rded  in  response  to  e i th e r  r a r e f a c t io n  or condensation  
c l ic k s ,  (512 sam ples w ere averaged , th e  EEG was a m p lif ie d  
X10K and f i l t e r e d  LF=100, HF=10KHz). L a te n c i e s  and 
a m p li tu d e  of b o th  p e r i p h e r a l  (P la  and P2a) and c e n t r a l  
(P3a) PBAR co m ponen ts  w e re  m e asu red  in  e i g h t  2 -w e e k -o ld  
c h ic k s .  The a c o u s t i c  o u tp u t  o f th e  s t im u lu s  d r i v e r  was 
m o n i to re d  u s in g  a  c a l i b r a t e d  m ic ro p h o n e  to  v e r i f y  t h a t  
c l i c k  in v e r s i o n  p ro d u ced  e q u i v a le n t  ( a l th o u g h  in v e r te d )  
s tim u lu s  am p litu d es  and s y m m e tr ie s . C o n d e n sa tio n  c l i c k s  
p ro d u c e d  t h e  s h o r t e s t  l a t e n c i e s  i n  a l l  a n i m a l s  
( c o n d e n s a t io n :  P1a=1 .1 8 ± 0 .1 3 8 , P2a=1 .4 4 ± 0 .110 , P3a= 
2.67 0 .166 ; r a r e f a c t i o n :  P la=  1.56 0 .1 0 7 , P2a= 1.89 
0 .064 , P3a= 3 .02  ± 0 .116 m sec). S i g n i f i c a n t  d i f f e r e n c e s  
betw een resp o n ses  to  r a r e f a c t io n  and co n d en sa tio n  c l ic k s  
w ere  p ro d u c e d  in  a l l  p ea k s  (P < .001). Mean la te n c y  s h i f t s  
o b ta in ed  w ere : P1a= 0.37 4, P2a= 0.37 2 and P34a= 0.352 msec. 
Using th e  mean ac ro ss  a l l  peaks, th e  s h i f t  would correspond  
to  t h a t  e x p e c t e d  fro m  a p u r e  s in e w a v e  s t i m u l u s  o f  
a p p ro x im a te ly  1.4kHz. T hese  r e s u l t s  a r e  c o n s i s t e n t  w i th  
th e  h y p o th e s i s  t h a t  th e  c o c h le a  of th e  b i r d ,  l i k e  t h a t  of 
th e  mammal, p ro d u c e s  n e u r a l  a c t i v a t i o n  p r e f e r e n t i a l l y  
d u r in g  one h a l f - c y c l e  of a s t im u lu s .  U n lik e  th e  mammal 
how ever, i t  appears th a t  t h i s  p re fe re n c e  i s  f o r  th e  p e rio d  
co rresp o n d in g  to  a co ndensation  in  th e  i p s i l a t e r a l  e x te rn a l 
au d ito ry  m eatus.

347.2 ORIGINS OF NEURAL ACTIVITY IN BRAINWAVES OF NORMAL AND AUDIOGENIC 
MUTANT CHICKS H.M. Brown-Borg* and  M.M. Beck, Department of 
Animal Science, University of Nebraska-Lincoln, and T.A. Jones, 
Dept. of Oral Biology, University of Nebraska Medical Center, 
Linooln, NE 68583.

In previous work, i t  has been shown that paroxysmal ( p x ) chicks 
show extensive and progressive degeneration of central auditory 
and vestibu lar nuclei and fiber tra c ts  (Beck e t a l., 1983). 
Additionally, a more recent study has shown that ABRs recorded 
from the scalp of the px. chick range from essen tia lly  normal to 
severely abnormal in comparison to those of non-px sib lings (Beck 
and Jones, 1984). In an attempt to determine which auditory 
neurons contribute to the abnormal waveforms seen, studies were 
conducted to identify  the origins of the major components of the 
peripheral and brainstem auditory responses (PBARs) in px chicks. 
Two and three-wk-old normal and px chicks were anesthetized and 
presented with a rarefaction c lick  stimulus to the right ear, the 
l e f t  being occluded with petroleum je l ly .  Major auditory 
projections were iden tified  su rg ica lly  using one of three knife 
outs (ro s tra l coronal, s a g itta l , and uni- and b i- la te ra l  VIIIth 
nerve), a l l  confirmed h isto lo g ica lly . No changes in response 
waveform were detected following ro s tra l coronal sections, 
indicating that higher-order pathways (above midbrain) do not 
contribute sign ifican tly  to the PBARs. S ag itta l sections 
interrupted e ith e r  the crossed dorsal cochlear tra c t (Ccd) or the 
trapezoid (CTz) fibers. Cod-section decreased (P<.05) amplitudes 
of peaks a f te r  P2B but interruption of the CTz alone did not 
change waveform morphology. In normal chicks, uni- and b ila te ra l  
VIIIth nerve sections, separating the nerves near the points of 
insertion  into the brainstem, l e f t  peaks P1 and P2A in tac t, 
suggesting that these early  po ten tia ls do not re ly  on central 
projections. Peaks subsequent to P2A (P2B -  P5A) appear to 
represent a c tiv ity  of cen tral auditory pathways, primarily the 
crossed dorsal and uncrossed fibers projecting from the cochlear 
nuclei to higher order ip s i la te ra l  and con tra la te ra l brainstem 
relays. Comparisons of our re su lts  with those of mammalian 
lesion  studies show differences between effec ts of CTz lesions, 
suggesting that the avian Ccd, connecting ip s i-  and contra
la te ra l  nuclei laminaris may carry fibers homologous to those 
found in the mammalian ventral trapezoid s tr iae . Effects of 
V IIIth  nerve sections differed in px chicks as compared to 
normals in that in normals, N2A but not P2A was sign ifican tly  
reduced in amplitude whereas in px the opposite was found. In 
e ith er case, dependence on central neurons did not extend beyond 
components of wave 2. (Supported by University of Nebraska 
A gricultural Research Division Funds (13-061) and by UNMC College 
of Dentistry Research Grants 83-25, 84-30-60, 85-37.)

347.3 RAT AUDITORY CORTEX: PRIMARY EVOKED RESPONSES AND THEIR CONTRI
BUTIONS TO SKULL RECORDED EVOKED POTENTIALS. G.V. Simpson and 
R.T . K n ig h t. U n iv e r s i ty  o f  C a l i f o r n ia ,  D ep t. o f  N eurology, 
V.A. Med. C t r . , M artin ez , CA 94553

A u d ito ry  ave rag ed  evoked p o te n t i a l s  w ere re c o rd e d  e p id u r -  
a l l y  o v e r  th e  a u d i to ry  c o r te x  and s im u lta n e o u s ly  from  screw  
e le c t r o d e s  im p lan ted  i n  th e  s k u l l  o v e r  f r o n t a l  c o r te x  (FCx), a t  
t h e  v e r t e x  (Vx), a t  th e  p o s t e r o l a t e r a l  edge o f  th e  d o r s a l  s k u l l  
o v e r  v i s u a l  c o r te x  (PL) and  o v e r  t h e  a u d i to ry  c o r te x  (ACx) con
t r a l a t e r a l  t o  t h a t  b e in g  re c o rd e d  w ith  e p id u ra l  le a d s .  A ll  
re c o rd in g s  w ere r e fe re n c e d  t o  a  s k u l l  le a d  o v e r  th e  f a r  f r o n ta l  
s in u s .  S even teen  F is c h e r  344 m ale r a t s  10-12 m onths o f  age  w ere 
re c o rd e d  from  w h ile  u n d e r p e n to b a rb i to l  a n e s th e s ia .  F o llow ing  
e p id u ra l  mapping o f  th e  c o r t i c a l  evoked re sp o n se  th e  d u ra  was 
removed o v e r  th e  a r e a  o f  maximal re sp o n se  and l u l  o f  a  100 
u g /u l  s o lu t io n  o f  GABA ( a t  body te m p era tu re ) was t o p i c a l ly  
a p p l ie d  fo llo w e d  by  w ash ing  w ith  R in g e r s o lu t io n  f o r  10 s e c . 
Evoked re s p o n se s  w ere re c o rd e d  a t  th e  c o r t i c a l  s u r f a c e  b e fo re  
t h e  a p p l ic a t io n  o f  GABA and a t  30 s e c  i n t e r v a l s  fo llo w in g .

The p rim ary  a u d i to ry  c o r te x  re sp o n se  re c o rd e d  e p id u ra l ly  
c o n s is te d  o f  a  b ip h a s ic  p o s i t i v e - n e g a t iv e  p o t e n t i a l  w ith  th e  
p o s i t i v i t y  o c c u rr in g  a t  14 m sec. (P14) and th e  n e g a t iv i ty  a t  20 
m sec. (N20) fo llo w in g  th e  c l i c k  s t im u lu s . The same b ip h a s ic  
re s p o n s e  c o u ld  b e  re c o rd e d  front th e  l a t e r a l  s k u l l  le a d  (ACx). 
E p id u ra l mapping o f  t h i s  re sp o n se  re v e a le d  a  r e g io n  o f  maximal 
a m p litu d es  c e n te re d  o v e r  K r ie g 's  a r e a  41 and  c o rre sp o n d in g  t o  
t h e  p r o je c t io n  a r e a  o f  th e  v e n t r a l  d iv i s io n  o f  th e  m ed ia l g e n i
c u l a t e  (H.A. P a t te r s o n  1976 d i s s e r t a t i o n ) . However, re sp o n ses  
o f  d e c re a s e d  am p litu d e  ex ten d ed  t o  more r o s t r a l  a r e a s  w hich 
o v e r la p  t h e  p r o je c t io n  a r e a  o f  t h e  m e d ia l d iv i s io n  o f  th e  
m e d ia l g e n ic u la te .  The P14 and N20 a p p e a r  t o  b e  l o c a l l y  gen
e r a t e d  w ith in  a u d i to ry  c o r te x  a s  ev id en ced  by  th e  sh a rp  d e c l in e  
i n  am p litu d e  o u ts id e  th e  a u d i to ry  c o r te x  re g io n . F urtherm ore , 
t o p i c a l  a p p l ic a t io n  o f  GABA a t  th e  lo c a t io n  o f  maximal c o r t i c a l  
re s p o n s e s  r e s u l t e d  i n  a  r e v e r s ib l e  d e c re a s e  i n  th e  am p litu d e  o f  
b o th  t h e  P14 and N20 by  80-100%.

R eco rd ings  from  d o r s a l  s k u l l  le a d s  (FCx, Vx, PL) i n  th e  
a n e s th e t iz e d  an im al r e v e a le d  no  comp o n e n ts  fo llo w in g  th e  f a r -  
f i e l d  b ra in s te m  evoked p o te n t i a l s  (1 -6  m sec ). W hereas, s im u l
ta n e o u s  r e c o rd in g s  from  th e  s u r f a c e  o f  t h e  a u d i to ry  c o r te x  and 
from  th e  ACx s k u l l  le a d  p roduced  a  l a r g e  P14 and N20. T h is  sug
g e s t s  t h a t  a c t i v i t y  i n  t h e  a u d i to ry  c o r te x  d oes  n o t  c o n t r ib u te  
t o  t h e  d o r s a l l y  re c o rd e d  a u d i to ry  evoked p o te n t i a l s  i n  r a t s .  
T h is  i s  c o n s i s te n t  w ith  t h e  l a t e r a l  lo c a t io n  o f  a u d i to ry  c o r te x  
i n  t h e  r a t  w hich would s u g g e s t a  g e n e ra to r  w ith  an  e q u iv a le n t 
d ip o le  o r ie n t a t i o n  o r th o g o n a l t o  t h e  d o r s a l  s k u l l  s u r f a c e .

347.4 THE RAT'S AUDITORY EVOKED ORIENTING RESPONSE DURING 
WAKING AND SLEEPING.K. R u d o lph* . (SPON: 3 . Mambrito) 
D e p t . o f  Z o o p h y s io lo g y ,U n iv . o f  T u e b in g e n ,M o rg e n s te l
l e  2 8 ,D -7 4 00 T u e b in g e n ,W e st G erm any.

A u d ito ry  s t i m u l i  o f  m o d e ra te  i n t e n s i t y  c an  evoke  
b e h a v i o r a l  (m o to r) a s  w e l l  a s  au tonom ous r e a c t i o n s  
o f  an  o rg a n is m . T hese  r e a c t i o n s  h a b i t u a t e  upon r e 
p e a t e d  p r e s e n t a t i o n  o f  t h e  same s t im u lu s  and  a r e  co n 
s id e r e d  a s  " O r ie n t in g  R esp o n se s"  (OR). M ost e x p e r i 
m en ts  on t h i s  s u b j e c t  h av e  b een  c a r r i e d  o u t  w i th  hu 
mans and c o m p a r a t iv e ly  few  w i th  a n im a ls .

In  t h e  p r e s e n t  s tu d y ,  t h e  r a t ' s  OR was m easu red  
u n d e r  c a r e f u l l y  c o n t r o l l e d  c o n d i t i o n s  t o  e n s u r e  d e 
f in e d  s t a t e s  o f  v i g i l a n c e .  S t i m u l i  w ere  d e l i v e r e d  
d u r in g  t h e  awake s t a t e  (W) and  s lo w  wave s l e e p  (SWS). 
E l e c t r o c o r t i c o g r a m  (ECoG), E l e c t r o c a r d io g r a m  (ECG) 
and m o t i l i t y  o f  t h e  u n r e s t r a i n e d  r a t  was t r a n s m i t t e d  
v i a  a m in i a tu r e  FM t r a n s m i t t e r  p la c e d  on th e  a n i m a l 's  
h e a d . A d d i t i o n a l l y ,  b r e a th in g  m ovem ents w ere  r e c o r 
d e d . W hite  n o i s e  and  16-kHz to n e s  (40 t o  80 dB SPL, 
2 s e c  d u r a t io n )  s e r v e d  a s  s t i m u l i .

The r a t ' s  a u d i t o r y  ev oked  OR i s  c h a r a c t e r i s e d  b y : 
A ro u s a l r e a c t i o n s  i n  t h e  ECoG; A d ip h a s i c  h e a r t  r a t e  
r e s p o n s e  (a d e c e l e r a t i o n  fo l lo w e d  by an  a c c e l e r a t 
io n )  ; The r e s p i r a t o r y  OR c o n s i s t s  o f  a  r e s p i r a t o r y  
p a u se  and  a  r e d u c t io n  in  b r e a th in g  a m p li tu d e  f o l 
lo w in g  b o th  to n e  o n s e t  and  o f f s e t .  W ith  t h e  e x c e p t io n  
o f  h e a r t  r a t e  a c c e l e r a t i o n ,  a l l  o f  t h e s e  r e s p o n s e s  
show c l e a r  h a b i t u a t i o n  d u r in g  w ak ing  and  s l e e p i n g ,  
c o n t r a d i c t o r y  t o  t h e  h y p o th e s i s  t h a t  " s l e e p  and  h a 
b i t u a t i o n  a r e  in c o m p a t ib le "  (JOHNSON, L .C . & LUBIN, 
A . , EEG C l in .N e u r o p h y s io l . 2 2 :1 1 -2 1 ,1 9 6 7 ) .

No lo n g te rm  h a b i t u a t i o n  was o b s e r v e d :  t h e  OR r e 
c o v e re d  c o m p le te ly  w i th in  one w eek .

T h is  w ork was s u p p o r te d  by th e  D e u tsc h e  F o r -  
s c h u n g s g e m e in s c h a f t  g r a n t  S ch n . 1 3 8 /1 3 -1 5  and by th e  
SFB 30 7 o f  t h e  U n iv e r s i t y  o f  T u e b in g e n .
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347.5  BINAURAL INTERACTIONS IN AUDITORY BRAINSTEM RESPONSES IN CAT 
AND OTHER SPECIES. L.J. Achor. A.Starr. and K.S..Wregg*. Dept of 
Psychology, Baylor Univ., Waco, Texas 76798 and Depts. of Neurology and 
Psychobiology, Univ. of Calif., Irvine 92717.

Binaural interaction (BI) was examined in scalp recordings of auditory brainstem 
responses (ABRs) in cats and other mammalian species. Three aspects of binaural 
interaction were investigated: (1) BI in the absence of interaural time or intensity 
differences, (2) BI as a function of interaural intensity differences, and (3) BI as a 
function of interaural time differences. ABI waveform was derived for each value of the 
independent variable in each of these conditions. The BI waveform was computer-derived 
by subtracting the binaural ABR from the sum of the appropriate monaural ABR 
waveforms. The BI waveform was presumed to reflect activity selectively occuring only 
when both ears were stimulated. As previously found in several different laboratories, BI 
was present in all of the species tested (rhesus monkey, cat, rabbit, guinea pig, and rat). 
Six cats formed the main subject group with comparative data obtained from one animal 
within each of the other species. In each of the species, except the rat, BI was evident as 
a decrease in the amplitude of the binaural ABR relative to the sum of the monaural 
ABRs. In all of the species more than one component of the binaural ABR was affected 
by binaural interaction. In addition there was a similarity in the latency of onset of the 
binaural interaction and in the duration of maximum effect. In all of the species, except 
the rat, the BI waveform could be characterized as a positive-negative-positive sequence 
of components, although in some cases the leading or trailing positive component was 
very small. For comparison purposes these components were labelled A, B, and C. A 
peak-to-peak amplitude was obtained between components A and B (A-B) and between B 
and C (B-C). A comparison of peak-to-peak amplitudes in the BI waveform versus the 
sum of the monaural ABR waveforms was used as a measure of the amount of binaural 
interaction. In the cat component A-B of the BI waveform was 44% of the 
corresponding peak of the sum of the monaural ABRs. For component B-C it was 36%. 
In the other species these figures ranged from 20% to 62%. In the first part of the study 
with no interaural differences, the percentage of BI was found to remain fairly constant as 
the intensity of the stimulus to the two ears was decreased. Over a 50 dB range in the 
cat the value for component A-B ranged from 43-47% and for component B-C 35-44%. 
In the second part of the study BI was found to vary as a function of the interaural 
intensity difference. In the cat components A-B and B-C steadily decreased in amplitude 
as the interaural intensity difference increased. Both decreased by approximately 50% 
when the intensity difference reached 40dB. The analysis in the other species was 
inconclusive. In the third part of the study BI was found to vary as a function of the 
interaural time difference. In the cat the percentage of BI decreased systematically from 
44% to 15% over a 4.00 msec range of interaural intensity differences. Similar findings 
were obtained in the rhesus monkey, guinea pig, and rabbit, however the rates of 
decrease differed. Although the comparative data are based on a very small number of 
subjects, the similarity in findings across species for BI waveform morphology and for 
the effects of interaural time differences suggest that analogous sites may be involved in 
the generation of the BI components across species.

347.6 ABR CHANGES TO TONAL STIMULI IN THE SENESCENT FISCHER 344 RAT. 
W. A. Cooper, J r .* , J. R. Coleman, E. H. Newton* and A. E. Youatt*. 
(Spon: J. J. Freeman) Departments of Communicative Disorders, 
Psychology and Physiology, University of South Carolina, Columbia, 
South Carolina 29208.

One of the consequences of aging is decreased sensitiv ity  to 
auditory stim uli. These changes are well documented in humans but 
may be confounded with environmental and genetic factors. The rat 
has proven to be a useful model in early developmental studies of 
the auditory system and may provide inform ation regarding the 
process of aging of the hearing mechanism.

The auditory brainstem response (ABR) to one msec tone pips 
of 3, 8 and 40 kHz was evaluated in groups of 12 and 25 month-old 
Fischer 344 ra ts . Vertex-chin recordings were obtained from 
animals anesthetized with pentobarbital. We examined age-related 
changes in threshold (the lowest in tensity  producing an observable 
response) and in peak and interpeak latencies.

Stimulation a t 8 kHz (in the region of greatest behavioral 
sensitiv ity ) in young adults produced threshold responses a t lower 
in ten sities  than did higher and lower te s t frequencies. 
Thresholds in aged animals increased by 30 dB or more at each 
frequency. The largest change occurred for the high-frequency 
probe. Five waves were usually observed within the f i r s t  5 msec 
for animals in the young adult group to stimulation a t 90 dB PeSPL. 
The expected decrease in latency with increase in frequency was 
uniformly observed for wave I , but th is  relationship was not as 
consistent for la te r  waves. In older animals there was a 
prolonged latency of wave I a t each frequency. In contrast to 
young adults, wave I latency in aging animals does not produce 
the expected frequency dependent relationship. In older subjects 
the f i r s t  four waves show shorter latencies to 8 kHz stimulation 
than to the other frequencies. In addition, the I-111, I-IV and 
III-V interpeak latencies increase with age by a t least 0.3 msec. 
Our resu lts suggest that both threshold and latency parameters 
change in senescent animals. The increase in latency of wave I 
implies peripheral change while the increased interpeak latencies 
suggest that central transmission is  also altered in older 
animals. (Supported by NIH Grant AG-1571 and a grant from the 
Veterans Administration.)

347.7 dose- dependent effects of ketamine anesthesia  on the rat brain
stem AUDITORY EVOKED POTENTIAL. M.W. Church and R. G r itz k e .* 
R esearch I n s t i t u t e  on A lcoholism , B u ffa lo , NY 14203.

Because ketam ine i s  b o th  an abused substance  and a commonly 
used v e te r in a ry  a n e s th e t ic ,  i t s  e f f e c ts  on b ra in  and sensory  
fu n c tio n s  a re  of i n t e r e s t .  The p re s e n t study examined th e  
dose-dependent e f f e c ts  of ketam ine a n e s th e s ia  in  the  r a t ,  u sing  
th e  b ra in stem  a u d ito ry  evoked p o te n t ia l  as an o b je c tiv e , 
q u a n t i ta t iv e  m easure of th i s  s u b s ta n c e 's  acu te  e f f e c ts  on b ra in  
and sensory  e le c tro p h y s io lo g y .

S u b jec ts  were 11 young a d u l t  fem ale Long-Evans r a t s .  BAEPs 
were recorded  from s k u ll  screw e le c tro d e s  ( s tim u li  = 70, 90, 110 
dBpeSPL, 0 .1  msec c l i c k s ,  1 2 .5 /sec )  w hile  each anim al was 
r e s t r a in e d  in  a f ix e d  p o s i t io n  r e l a t i v e  to  a p ie z o e le c tr ic  speaker 
in s id e  a sound is o la t io n  chamber. BAEPs were recorded during  a 
b a s e l in e  perio d  as w e ll as a f t e r  s a l in e  and ketam ine tre a tm e n ts . 
Ketamine was ad m in is te red  ( i . p . )  in  two s e r i a l  doses. The f i r s t  
dose (100 mg/kg) was fo llow ed 30 min l a t e r  by a second dose (a lso  
100 m g/kg). Equal volumes of normal s a l in e  were a lso  in je c te d  
s e r i a l l y .  An in t e r v a l  of 1-2 weeks occurred  between th e  s a l in e  
and ketam ine tre a tm e n ts , w ith  tre a tm e n t o rd er coun te rb a lan ced . 
R ec ta l te m p era tu res  were m ain ta ined  w ith in  ± 0.2°C of b a s e l in e  to  
c o n tro l fo r  p o s s ib le  te m p e ra tu re - re la te d  e f f e c t s .

Ketamine produced p ro lo n g a tio n s  in  th e  la te n c ie s  of a l l  BAEP 
components (P1 th rough  P 6 ) th a t  were s t a t i s t i c a l l y  s ig n i f i c a n t  
r e l a t i v e  to  b a s e l in e  and s a l in e  c o n tro l v a lu e s . These la te n c y  
s h i f t s  were p ro g re s s iv e ly  g r e a te r  f o r  waves P1 through P4 ( s h i f t s  
in  P5 and P6 approxim ated th e  P4 s h i f t ) .  For example, fo llow ing  
th e  f i r s t  in j e c t io n ,  P1 and P4 were pro longed by .058 and .141 
msec, r e s p e c t iv e ly ,  ( a t  90 dBpeSPL). The e f f e c t  of th e  second 
ketam ine in je c t io n  was to  n e a r ly  double th e  la te n c y  s h i f t s .  For 
example, PI and P4 were pro longed by .090 and .255 msec, 
r e s p e c t iv e ly ,  fo llo w in g  th e  second in j e c t io n .  Ketamine a lso  had 
s ig n i f i c a n t  e f f e c t s  on BAEP am p litu d es , causing  dose-dependent 
in c re a s e s  in  P1 th rough  P4 am p litudes and dec reases  in  P5 and P6 
am p litu d es . The ketam ine-induced  changes were n o t a t t r ib u t a b le  to  
changes in  co re  te m p era tu re , c i r c a d ia n  v a r ia t io n ,  or au d ito ry  
s e n s i t i v i t y  as measured by BAEP th re s h o ld s .

Ketamine is  sometimes used in  anim al BAEP s tu d ie s  as a form of 
chem ical r e s t r a i n t .  W hile th e  p re v a i l in g  view has been th a t  
ketam ine does no t a l t e r  th e  BAEP, only two p r io r  s tu d ie s  have 
p a r t i a l l y  in v e s t ig a te d  th i s  is s u e .  The r e s u l t s  of the  p re se n t 
s tu d y , combined w ith  th o se  from s e v e ra l re ce n t s tu d ie s  
in v e s t ig a t in g  v a r io u s  o th e r  d rugs ( e .g . ,  a lc o h o l, p e n to b a rb i ta l ,  
i s o f lu r e n e ,  l id o c a in e ) ,  a re  ch a lle n g in g  th e  b e l ie f  th a t  th e  BAEP 
i s  r e s i s t e n t  to  th e  e f f e c t s  of a n e s th e t ic s ,  s e d a t iv e s , and 
h y p n o tics  and suggest th a t  th e  BAEP is  u s e fu l in  c h a ra c te r iz in g  
th e  CNS and sensory  e f f e c t s  of th e se  a g e n ts .

347.8 COMPARISON OF THE HUMAN NORMAL MONAURAL AVERAGED BRAINSTEM 
AUDITORY EVOKED RESPONSES IN THE HYPERBARIC 6 ATA AIR ENVIRON
MENT TO SURFACE CONTROL. S. J .  Whidden, T. Thorn * , 
T. B orresen* , K. Van M eter* , JESM Barom edical R esearch 
I n s t i t u t e ,  New O rlean s , L o u isian a  70114, U.S.A.

A udito ry  b ra in stem  evoked responses  were reco rded  w ith  conven
t i o n a l  EEG d is k  e le c tro d e s  p laced  on th e  sk in  a t  th e  v e r te x  (Cz) 
and e a rlo b e s  (A1, A 2), u s in g  G rass EEG p a s te  a t  th e  s u r fa c e , a t  
165 FSW (6 ATA), a t  40 FSW (2 ATA) and back a t  th e  s u r fa c e . 
D i f f e r e n t ia l  a m p lif ic a t io n  (Cz to  A1 o r A2) o f 1 ,000,000 (1×106) 
tim es was accom plished by two a m p lif ie r  l in k s  in  s e r i e s .  The 
a m p lif ie r  band-pass was between 100 h e r tz  and 3 k i lo h e r tz  to  
ach ieve  re s o lu t io n  of th e  h ig h  frequency components of th e  au d i
to ry  b ra in s tem  re sp o n se . The a c o u s t ic  t r a n s i e n t  c l ic k s  were 
g en e ra ted  by p ass in g  square  wave p u lse s  0 .10  m illise c o n d s  in  
d u ra t io n  through an a t te n u a to r  f o r  r e g u la t io n  o f i n t e n s i ty  and 
a m p lif ic a t io n .  The c l i c k  r a t e  used in  th e se  s tu d ie s  was 11 /sec . 
and th e  i n t e n s i ty  o f th e  s ig n a l  was no ted  in  r e fe re n c e  m easure
ment to  be 80 dB. The com puter tim e base was t r ig g e re d  by each 
c l i c k  fo r  a t o t a l  of 2 ,048 c l i c k s .  The r a t e  o f 11 c l ic k s  per 
second re q u ire d  on ly  abou t 10 m inutes to  o b ta in  one s e t  of 
average  m onaural re sp o n se s . The c l i c k  g e n e ra tin g  and a m p lif ie r  
equipment used nex t to  th e  chamber was a T racor A n a ly tic  3000 
evoked p o te n t ia l  system . Amplitude and la te n c y  d a ta  were 
o b ta in ed  from th re e  in d iv id u a l  expe rim en ts. Latency was 
m easured when th e re  was a sharp  r i s e  and f a l l .  When th e  wave 
forms were b ro ad , as o ccu rred  w ith  low in t e n s i ty  waves, la te n c y  
was d e fin ed  as th e  b is e c t io n  p o in t o f l i n e s  drawn over the 
ascend ing  o r descend ing  s lo p e s . The com ponent's am plitude was 
measured from th e  p o s i t iv e  trough  to  th e  subsequen t n eg a tiv e  
peak . In  th e se  c l i n i c a l  t e s t s  u s in g  m onaural s ig n a l s ,  re co rd 
in g s  were always made between th e  v e r te x  and th e  ea rlo b e  
i p s i l a t e r a l  to  s tim u la t io n .  The su rfa c e  r e s u l t s  i n d ic a te  th a t  
th e re  were 5 wave forms and th e  mean la te n c y  in  m illise c o n d s  
were Wave I ,  1 .8  ± 0 .8 ; Wave I I ,  2.69 ± 0 .1 2 ; Wave I I I ,  3 .49 ± 
0 .  15: Wave IV, 4 .92  ± 0 .1 1 ; Wave V, 5 .8  ± 0 .1 1 . The d a ta  sug
g e s t th a t  th e  mean la te n c y  does n o t vary  from measurements made 
on th e  s u rfa c e  to  th o se  made in  a h y p e rb a ric  6 ATA a i r  env iron 
m ent. The s u rfa c e  am p litudes  measured in  m ic ro v o lts  w ere: Wave 
1 , 0 .2  ± 0 .1 ; Wave I I ,  0 .16  ± 0 .1 ; Wave I I I ,  0 .25  ± 0 .9 ; Wave 
IV, 0 .12  ± 0 .0 8 ; Wave V, 0 .34  ± 0 .1 2 . These d a ta  suggest th a t  
b ra in s tem  a u d ito ry  evoked p o te n t ia ls  may be used as  a v ia b le  
te ch n iq u e  fo r  e v a lu a tin g  b ra in s tem  fu n c t io n .
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3 4 7 . 9  S C A L P  T O P O G R A P H Y  O F  H U M A N  A U D I T O R Y  E V O K E D  P O T E N T I A L S .  

S .  S a t y a - M u r t i * ,  A . T .  C a c a c e *  a n d  J . R .  W o l p a w  ( S P O N :  

A . J .  P o p p ) .  D e p t s  N e u r o l ,  S u r g  &  A n a t ,  A l b  M e d  C o l l ,  

a n d  W a d s w o r t h  L a b s ,  N Y S  D e p t  H e a l t h ,  A l b a n y ,  N Y  1 2 2 0 8 .

A u d i t o r y  s t i m u l a t i o n  b e g i n s  a  c o m p l e x  s e r i e s  o f  C N S  

e v e n t s  r e f l e c t e d  i n  v o l t a g e  g r a d i e n t s  a t  t h e  s c a l p .  

E a r l y  p o t e n t i a l s  h a v e  b e e n  i n t e n s i v e l y  s t u d i e d .  L a t e r  

a c t i v i t y  h a s  b e e n  l e s s  w e l l  d e f i n e d .  R e c e n t  s t u d i e s  

i n d i c a t e  t h a t  l a t e r  A E P s  r e f l e c t  a c t i v i t y  i n  s e v e r a l  

c o r t i c a l  a r e a s ,  i n c l u d i n g  p r i m a r y  a n d  s e c o n d a r y  

a u d i t o r y  c o r t i c e s .  W e  r e c o r d e d  A E P s  t o  b i n a u r a l  a n d  

m o n a u r a l  c l i c k s  ( 1 2 8  t r i a l s ,  6 6 d B  S L ,  3 . 3 s  I S I )  f r o m  3 2  

l o c a t i o n s  r e f e r r e d  t o  a  n o n c e p h a l i c  r e f e r e n c e  i n  5 8  

v o l u n t e e r s  a g e s  2 0 - 7 9 ,  a n d  g e n e r a t e d  i s o v o l t a g e  

t o p o g r a p h i c  m a p s  f r o m  2 0 - 2 5 0 m s  p o s t - s t i m u l a t i o n .

P r o m i n e n t  f e a t u r e s  w e r e :  a  v e r t e x  3 0 m s  p o s i t i v e  

( p o s )  p e a k  ( p k ) ;  4 5 m s  t e m p o r a l  ( t e m p )  p o s  p k s ?  a  v e r t e x  

5 0 - 5 5 m s  p o s  p k ,  a c c o m p a n i e d  b y  t e m p  n e g a t i v e  ( n e g )  p k s ;  

t h e  v e r t e x  8 0 - 8 5 m s  N 1  p k ,  a c c o m p a n i e d  b y  t h e  t e m p  T a  

p o s  p k s  o f  t h e  T  c o m p l e x ?  t h e  1 2 0 m s  t e m p  T b  n e g  p k s  o f  

t h e  T  c o m p l e x ;  a n d  t h e  v e r t e x  1 7 0 m s  P 2  p o s  p k .  T h e  

f i g u r e s  i l l u s t r a t e  t h e s e  f e a t u r e s .  S o l i d  c o n t o u r  l i n e s  

i n d i c a t e  p o s  v o l t a g e ,  d o t t e d  i n d i c a t e  n e g .  " H "  i s  t h e  

h i g h e s t  p o i n t ,  " L "  i s  t h e  l o w e s t .  W h i l e  b i n a u r a l  a n d  

m o n a u r a l  m a p s  h a d  s i m i l a r  f e a t u r e s ,  s t r i k i n g  a n d  

c o m p l e x  h e m i s p h e r i c  a s y m m e t r i e s  w e r e  e v i d e n t  ( C a c a c e  e t  

a l ,  t h i s  v o l ) .  ( S u p p o r t e d  b y  N I H  N S 1 9 8 9 1 . )

NEURAL PLASTICITY IN ADULT ANIMALS V

348.1 PLASTICITY OF CHOLINERGIC MARKERS IN MOTOR NEURONS FOLLOWING 
AXOTOMY. J . Rosenfeld and D.L. P r ic e . Neuropathology Laboratory, 
The Johns Hopkins U niversity  School of Medicine, Baltimore, 
Maryland 21205-2182.

NeurochemicaT stud ies following lesions of peripheral nerves 
have documented changes in choline acetyl tra n sfe ra se  (ChAT), 
a ce ty lch o lin este rase  (AChE), and acety lcho line  (ACh) w ithin motor 
axons. R elative ly  few s tu d ie s , however, have focused on 
a lte ra tio n s  occurring in tran sm itte r markers within perikarya of 
motor neurons. The present study addresses th is  issue . In r a ts ,  
the s c ia t ic  nerve was crushed at the level of the lumbar plexus. 
Using a monoclonal antibody d irec ted  against ChAT in 
immunocytochemical methods, we observed changes in perikaryal 
immunoreactivity at various times a f te r  axotomy. Recently 
developed computer imaging allowed us to q u a n tita te  d ifferences in 
c e ll s ize  and immunostaining in te n s ity  at the c e l lu la r  lev e l. 
These re s u lts  were co rre la ted  with changes in ChAT enzymatic 
a c t iv i ty  and cholinerg ic  receptor binding (measured by in v itro  
recep tor autoradiography). At three  days following axotomy, 
leve ls  of ChAT immunoreactivity were reduced in motor neurons 
ip s i la te r a l  to  the lesion . Between 3-6 days following axotomy, 
ChAT enzymatic a c t iv ity  in the ip s i la te r a l  ventra l horn was 
reduced. By six  days, the d ifference  in s ta in ing  in te n s ity , 
compared with c o n tra la te ra l motor neurons, was more prominent, and 
the  reduction in immunoreactivity was g re a te s t 14 days following 
axotomy. By ten weeks, ChAT immunoreactivity in the most affected  
motor neurons returned to  normal, and ChAT a c t iv ity  in the 
ip s i la te r a l  ventra l horn was not s ig n if ic a n tly  d iffe re n t from the 
co n tra la te ra l ventra l horn. Changes in receptor binding were 
dependent on the receptor subtype and on the ligand used to 
v isu a lize  binding s i te s .  Three days following axotomy, 
h ig h -a ff in ity  cho linerg ic  recep tor (M2) binding, v isualized  with 
[ 3h] N-methyl scopolamine and carbachol, was s ig n if ic a n tly  reduced 
in the ip s i la te r a l  ventral horn. The binding remained lower than 
control values through 14 days. H ig h -a ffin ity  Ml cholinerg ic  
recep tor binding, v isualized  with [3H] pirenzepine, was not 
a ffec ted  as severe ly , but some reduction of binding was observed 
by 14 days following the lesion . By ten weeks following axotomy, 
prelim inary  observations suggest th a t receptor binding re tu rn s  to 
normal. P eripheral axotomy is  the sim plest model of neuronal 
in ju ry  and provides a d ire c t means for studying changes in 
tra n sm itte r markers re su ltin g  from axonal in ju ry . Several more 
complex degenerative d iseases , e . g . ,  amyotrophic la te ra l  sc le ro s is  
and Alzheim er's d isease , involve abnorm alities of cholinerg ic  
neurons. Studies of simpler systems, e .g . ,  axotomy of spinal 
motor neurons, may provide an advantageous model fo r understanding 
some of the processes underlying degeneration and regeneration  of 
cho linerg ic  neurons.

348 2 RECOVERY OF RAT HIPPOCAMPAL MONOAMINERGIC &  CHOLINERGIC 
MARKERS FOLLOWING DORSAL INPUT LESIONS. U. E .  G a s s e r *  
a n d  A. R. D r a v i d  ( S p o n .  M. K a r o b a t h ) .  P r e c l i n i c a l  R e s .  S a n d o z  
L t d . ,  B a s e l ,  S w i t z e r l a n d .

We r e c e n t l y  r e p o r t e d  t h a t  in 8 w e e k s  a f t e r  p a r t i a l  
l e s i o n s  of f i m b r i a  in a d u l t  r a t s ,  m a r k e d  b u t  i n c o m p l e t e  h om o-  
t y p i c  r e c o v e r y  of h i p p o c a m p a l  c h o l i n e r g i c  s y s t e m  o c c u r s  ( B r a i n  
R e s .  3 2 4 :1 1 9 ,  1984) .  S p a r e d  a x o n s  in t h e  d o r s a l  p a t h w a y  a r e  
e s s e n t i a l  f o r  t h i s  r e c o v e r y ,  a n d  s y m p a t h e t i c  i n v a s i o n  of t h e  
h i p p o c a m p u s  d o e s  no t  c o m p e te  w i t h  it ( B r a i n .  R e s .  367: 368, 
1 9 8 6 ) . In v i ew  of  a m i n e r g i c  d e g e n e r a t i o n  a f t e r  s u c h  l e s i o n s ,  
we e x a m i n e d  r e c o v e r y  of c h o l i n e r g i c  e n z y m e s  (A C h ) ,  a n d  u p t a k e  
of n o r a d r e n a l i n e  (NA) a n d  S e r o to n i n  (5 -HT)  in s e p t a l  ( S ) ,  
m e d i a l ,  a n d  t e m p o r a l  (T) h i p p o c a m p a l  r e g i o n s  in t h e  s a m e  r a t  
a f t e r  p a r t i a l  ( m e d i a l ,  l a t e r a l )  o r  t o t a l  l e s i o n  of t h e  d o r s a l  
p a t h w a y .

Th e  r e s u l t s  i n d i c a t e  t h a t :  (1 ) T h e  % d i s t r i b u t i o n  of 
NA, 5-HT a n d  ACH f i b e r s  in m e d i a l  &  l a t e r a l  (M:L) p a r t s  of 
d o r s a l  i n p u t  w a s :  8 0 : 2 0 ,  6 0 :4 0 ,  a n d  5 0 :5 0 ,  r e s p e c t i v e l y .  (2 ) 
M a jo r  t e r m i n a l  f i e l d s  of M & L f i b e r s  w e r e  S & T h i p p o c a m p a l  
f i e l d s ,  r e s p e c t i v e l y .  H o w e v e r ,  t h i s  p a t t e r n  w a s  l e a s t  m a r k e d  fo r  
5 -H T,  p r o n o u n c e d  f o r  ACh a n d  e x c l u s i v e  f o r  NA. (3) R e c o v e ry  
a f t e r  M o r  L l e s i o n :  ACh: c o m p l e t e  a t  8 w k s  in S & T b u t  
i n c o m p l e t e  in m e d i a l  r e g i o n  e v e n  a t  6 Mo. NA: c o m p l e t e  a t  
8 w k s  a f t e r  L - l e s i o n ,  p a r t i a l  a f t e r  M - l e s io n  e v e n  a t  6 Mo. 
5 -H T:  n e g l i g i b l e  a f t e r  e i t h e r  l e s i o n .  (4) R e c o v e ry  a f t e r  t o t a l  
l e s i o n :  ACH: o n l y  in T r e g i o n ,  a p p a r e n t  a t  8 w k s ,  im p r o v e m e n t  
a t  6 Mo b u t  s t i l l  i n c o m p l e t e .  NA: c o m p l e t e  in m e d i a l  & T 
r e g i o n s  a t  6 Mo, m a r k e d  b u t  i n c o m p l e t e  in S r e g i o n  a t  8 w k s  
w i t h  n o  i m p r o v e m e n t  a t  6 Mo. 5-HT:  n o n e .  (5)  U n i -  v s .  
b i l a t e r a l  l e s i o n s  r e v e a l  c o n t r a l a t e r a l  c o n t r i b u t i o n  to r e c o v e r y  of 
NA. (6 ) E x p t s .  ± SCG i n d i c a t e  c o n t r i b u t i o n  of c e n t r a l  a n d  
p e r i p h e r a l  f i b e r s  t o w a r d s  r e c o v e r y  of  NA. (7)  S p a r e d  d o r s a l  o r  
i n t a c t  v e n t r a l  f i b e r s  c o n t r i b u t e  to r e c o v e r y  of ACh a n d  NA 
s y s t e m s  d e p e n d i n g  on  l e s i o n - t y p e  a n d  h i p p o c a m p a l  r e g i o n .  (8) 
T h e  5-HT s y s t e m  e x h i b i t s  p o o r  r e c o v e r y  a l t h o u g h  i n t a c t  f i b e r s  
a r e  p r e s e n t .

T h e  f u n c t i o n a l  r e l e v a n c e  of p o s t l e s i o n  h o m o ty p i c  r e i n 
n e r v a t i o n  h a s  b e e n  p r e v i o u s l y  i n d i c a t e d .  Th e  p r e s e n t  mod el  is  
t h u s  s u i t a b l e  to s e a r c h  f o r  m e a n s  to e n h a n c e  s u c h  r e c o n 
s t r u c t i o n  a n d  h e n c e  t h e  p o s s i b l e  r e c o v e r y  of f u n c t i o n  a f t e r  
b r a i n  i n j u r y .
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348.3 LESION-INDUCED DOPAMINERGIC SYNAPSE PLASTICITY IS ALTERED IN THE 
OLFACTORY TUBERCLE OF ADULT RAT EXPOSED TO ETHANOL IN UTERO. 
Z. G o tte s fe ld ,  R.B. Lingham*, C .J . G arcia*  and R.B. C h ro n is te r* . 
D ep t. of N eu rob io l. & A nat. and D ept. o f P harm aco l., Univ. of 
Texas Med. Sch. H ouston, TX 77025; D ept. o f A n a t., Univ. o f S. 
Alabama, M obile, AL 36688.

T his work was designed to  examine th e  le s io n -in d u c e d  
p l a s t i c i t y  o f th e  dopam inergic (DA) synapse in  th e  o lf a c to ry  
tu b e rc le s  (OT) o f a d u l t  r a t  exposed to  e th a n o l in  u te r o .

The ex p e rim en ta l p ro to c o l c o n s is te d  of th re e  groups o f 
w eigh t-m atched , tim ed -p regnan t r a t s  (n=15/group) re c e iv in g  one of 
the  fo llo w in g  d ie t  p la n s : (1) normal d ie t  ad l i b , (2) l iq u id  
d ie t  c o n ta in in g  35% e th a n o l-d e r iv e d  c a lo r ie s  on days 5-21 of 
g e s ta t io n  and (3) i s o c a lo r ic  d ie t  ( p a i r - f e d ) .  At b i r t h ,  a l l  pups 
were c ro s s - fo s te r e d  to  normal dams and weaned a t  22 days o f age . 
A fte r  m a tu r ity , p a r t  o f th e  o f f s p r in g  in  each group were su b je c t 
to  b i l a t e r a l  o l f a c to ry  bu lb  le s io n s  and th e  rem aining 
l i t t e r - m a te s  were sham -operated  (n= 1 5 /g ro u p ). To a llow  fo r  DA 
axon s p ro u tin g  in  th e  OT, a l l  o f f s p r in g  were s a c r i f i c e d  3 weeks 
p o s t-o p e ra t iv e  (G ilad  and R e is , B ra in  Res. 160:17 , 1979). 
B iochem ical and immunocytochemical te ch n iq u es  were used to  
examine components of th e  DA synapse in  th e  p a r t i a l l y  
d e a ffe re n te d  OT. The p re sy n a p tic  compartment of th e  DA 
in n e rv a tio n  was id e n t i f i e d  by m easuring ty ro s in e  h yd roxy lase  (TH) 
a c t i v i t y  and amount, a s  w e ll a s  f lu o re sc e n c e  in t e n s i ty  of 
TH-immunoreactive axon te rm in a ls ;  t h i s  was q u a n t i ta t iv e ly  
measured through a 35μ × 3 5 μ window by co m p u te r-co n tro lle d  
m ic ro sp e c tro f lu o ro m e te r . The p o s ts y n a p tic  s i t e  was c h a ra c te r iz e d  
by th e  a c t i v i t y  of D A -sen sitiv e  ad e n y la te  c y c la se  (AC) (K rieg e r, 
B rain  Res. 183:383 , 1980; Lingham and G o tte s fe ld ,  J .  N e u ro s c i. ,  
in  p r e s s ) .

The r e s u l t s  in d ic a te  th a t  (1) th e  le s io n -in d u c e d  in c re a s e  in  
TH a c t i v i t y  and number of m olecules a t  3 weeks p o s t-o p e ra t iv e  i s  
supp ressed  by p r e n a ta l  exposure to  e th a n o l;  (2) th e  f lu o re sce n ce  
in t e n s i ty  of TH -im munoreactive te rm in a ls  in  th e  c o n tro l an im als 
tends  to  be g r e a te r  on th e  dene rv a ted  l e f t  OT in  com parison to  
th e  c o n t r a la t e r a l  in t a c t  s id e ;  th i s  d i f f e re n c e  i s  n o t a p p a re n t, 
however, in  th e  e than o l-ex p o sed  r a t s ;  and (3) th e  le s io n -in d u c e d  
in c re a se d  a c t i v i t y  o f GTP-, NaF- and fo r s k o lin - s t im u la te d  AC i s  
supp ressed  in  th e  OT of p r e n a ta l  a lc o h o lic s .  However, th e  GTP- 
and GTP/DA-stimulated AC a c t iv i t y  i s  n o t s ig n i f i c a n t ly  a f f e c te d .

I t  i s  concluded th a t  consum ption o f e th a n o l du rin g  g e s ta t io n  
su p p re sse s  le s io n -in d u c e d  p l a s t i c i t y  of DA s y n a p tic  elem ents in  
th e  OT. These may have d e tr im e n ta l consequences on fu n c t io n a l 
recovery  fo llow ing  b ra in  in ju ry  in  the  a d u lt  o f f s p r in g .

Supported  by USPHS g ra n t AA06I58 (ZG)

348.4 GLUCOCORTICOIDS AFFECT THE CONCENTRATION OF THE ASTROCYTE PRO
TEIN, GLIAL FIBRILLARY ACIDIC PROTEIN, IN THE INTACT AND TRI- 
METHYLTIN-DAMAGED CENTRAL NERVOUS SYSTEM. J .P .  O 'C allaghan and 
D.B. M il le r . N euro tox ico logy  and E xperim ental B iology D iv is io n s , 
H ea lth  E f fe c ts  R esearch L a b o ra to ry , U .S. Environm ental P ro te c tio n  
Agency, Research T rian g le  P ark , NC 27711.

Damage to  th e  CNS r e s u l t s  in  complex c e l lu l a r  re sp o n ses , one 
of which i s  p r o l i f e r a t i o n  and hypertrophy  of a s t r o c y te s .  We have 
dem onstrated  th a t  a s tro c y te  r e a c t iv i t y   can be c h a ra c te r iz e d  and 
q u a n t if ie d  by im m unohistochem istry and radioimm unoassay (RIA) of 
th e  a s tro c y te  p r o te in ,  g l i a l  f i b r i l l a r y  a c id ic  p ro te in  (GFAP). Re
ce n t ev idence su g g es ts  th a t  the  immune system  may p la y  a r o le  in  
a s t r o c y t ic  response  to  in ju ry  ( B i l l in g s le y  e t  a l .  J .  Immunopharma- 
c o l .  5 :9 5 , 1982). A drenal g lu c o c o r tic o id s  a lso  may p a r t i c i p a te  in  
t h i s  response  e i th e r  by su p p ressin g  immune fu n c tio n  o r by in c re a s 
ing  m e tab o lic  v u ln e r a b i l i ty  in  s te r o id  re c e p to r  en rich ed  reg io n s  of 
th e  CNS ( e .g .  hippocampus: S apolsky, J .  N eurosci: 5 :1228, 1985). 
To ex p lo re  th e se  p o s s i b i l i t i e s  we examined th e  e f f e c t s  o f exogenous 
c o r t ic o s te ro n e  (CORT) and adrenalec tom y (ADX) on g l i a l  response  to  
CNS in ju r y .  T rim e th y ltin  (TMT), a n eu ro to x ic a n t th a t  p r e f e r e n t ia l 
ly  damages neurons in  lim b ic  s t r u c t u r e s ,  was used to  produce con
s i s t e n t  d e s tru c t io n  o f hippocampal pyram idal n eu rons . RIA o f GFAP 
was used to  m onitor a s t r o c y t ic  re sp o n se , c y to p a th o lo g ic a l e f f e c t s  
o f TMT were v e r i f i e d  by l i g h t  m icroscopy, and immune su p p ressio n  
was d e te c te d  by a l t e r a t i o n s  in  thymus and sp leen  w e ig h ts .

Male LE r a t s  were t r e a te d  d a i ly  w ith  CORT (10 m g /ra t)  fo r  12 
days o r were ad ren a lec to m ized . Data were c o l le c te d  4 weeks a f t e r  
i n i t i a t i n g  CORT tre a tm en t o r ADX. CORT in c re a se d  GFAP by 60% and 
28% in  hippocampus (HIP) and f r o n ta l  co r te x  (FC), r e s p e c t iv e ly ;  
and ADX in c re a se d  GFAP by 28% and 29% in  HIP and FC, r e s p e c t iv e ly .  
CORT suppressed  thymus and sp leen  w e ig h ts , whereas ADX in c re a se d  
th e  w eigh ts o f th e se  t i s s u e s .  N e ith e r c o n d itio n  caused o v e r t neu
ro n a l damage to  the  HIP. Because excess CORT p r e f e r e n t ia l ly  in 
c rea sed  GFAP In  a CORT-receptor en rich ed  re g io n , th i s  e f f e c t  may 
be m ediated  th rough a g lu c o c o r t ic o id - re g u la te d  mechanism. Because 
ADX a ls o  in c re a se d  GFAP, bu t n o t in  a r e g io n - s e le c t iv e  m anner, th e  
ad ren a l gland may e x e rt  an in h ib i to r y  in f lu e n c e  on GFAP th a t  i s  
no t m ediated  th rough  g lu c o c o r tic o id  a c tio n  on th e  CNS.

When TMT (8 .0  mg /k g , i . v . )  was ad m in is te red  one week fo llow ing  
th e  i n i t i a t i o n  o f CORT tre a tm en t o r ADX, GFAP was in c re a se d  in  HIP 
and FC in  c o n t r o l ,  CORT-treated and ADX s u b je c ts .  However, th e  i n
c re a se  in  HIP and FC GFAP due to  TMT was le s s  in  CORT-treated r a t s  
and g r e a te r  in  ADX r a t s .  The e x te n t of TMT-induced damage to  HIP 
neurons was u n a ffe c te d  by CORT b u t was enhanced by ADX. Because 
CORT a t te n u a te d  and ADX ex acerb a ted  th e  e f f e c t s  TMT on GFAP in  bo th  
s t e r o id - s e n s i t iv e  (HIP) and s te r o id - in s e n s i t i v e  (FC) re g io n s , i t  i s  
u n lik e ly  th a t  the  n eu ro to x ic  e f f e c t s  of TMT a re  m ediated through 
g lu c o c o r t ic o id - re g u la te d  p ro cesse s  in  th e  CNS.

348.5 GLUCURONIC ACID IN EPENDYMINS: GLYCOPROTEINS OF GOLDFISH AND HUMAN 
CSF. V.E. Shashoua, F .B . Jungalw ala , P .F . D an ie l, D.K.H. Chou, and 
M.E, Moore*. McLean H o s p i ta l ,  H arvard M edical S chool, Belm ont, MA 
02178 and E.K. S h riv e r  C en te r, Waltham, MA 02254

Monoclonal an tib o d y  HNK-1 reco g n ize s  th e  s u lf a te d  g lucu ro n y l 
g ly c o lip id s  (SGGL) p re s e n t in  th e  em bryonic b ra in  o f ro d en t and 
human and a ls o  in  a d u l t  p e r ip h e ra l  nervous system  o f v a r io u s  spe
c i e s .  The s t r u c tu r e  of th e  m ajor SGGL component i s  3 - s u lf a te d  g lu -  
cu ro n y lp a rag lo b o s id e  (Chou e t  a l . , BBRC 128:383, 1985). HNK-1 a lso  
b in d s  to  th e  ca rb o h y d ra te  p o r tio n  o f m y e lin -a ss o c ia te d  g ly c o p ro te in  
(MAG) and to  s e v e ra l n e u ra l c e l l  adhesion  m o lecu les , such as  N-CAM, 
L I, L2 and J1 a n t ig e n s . SGGL i s  ab sen t in  a d u l t  mammalian b ra in .  
We f in d ,  however, th a t  a d u l t  g o ld f is h  b ra in  and e x t r a c e l lu l a r  f lu id  
(ECF) c o n ta in  SGGL in  th e  te t r a s ia lo g a n g l io s id e  f r a c t io n  e x tra c te d  
from th e  t i s s u e  and ECF. Immunoblots o f th in - la y e r  chromatograms 
c l e a r ly  dem onstra te  the  p resence  o f th e  g ly c o lip id .

In  a d d i t io n a l  ex p e rim en ts, W estern b lo t s  in d ic a te  th a t  a number 
o f g ly c o p ro te in s  p re s e n t in  th e  g o ld f is h  b ra in  and ECF a re  HNK-1 
p o s i t i v e .  The most h ig h ly  HNK-1 re a c t iv e  compnents were th e  β. and 
γ ependymins o f th e  ECF. These g ly c o p ro te in s  have been im p lic a ted  
in  sy n a p tic  changes a s s o c ia te d  w ith  th e  p ro cess  o f le a rn in g  and the  
m o d if ic a tio n  o f n e u ra l c i r c u i t s  (Shashoua, C e l l .  Molec. N eu rob io l. 
5 :183 , 1985). T reatm ent o f th e  ECF g ly c o p ro te in s  w ith  endoglyco- 
s id a s e  F com plete ly  a b o lish ed  th e i r  r e a c t iv i t y  w ith  HNK-1 an tib o d y , 
su g g es tin g  th a t  a common ca rb o h y d ra te  e p ito p e  may e x i s t  in  th e se  
m o lecu les . H N K -1-reactive g ly c o p ro te in s  were a ls o  found in  mouse 
b ra in  and ECF as  w e ll as in  CSF o f a d u l t  human b r a in .

The ca rb o h y d ra te  m oiety o f ependymin was found to  be an N -linked  
g ly c an . Gas ch rom atographic a n a ly s is  in d ic a te s  i t s  10% ca rb o h y d ra te  
co n ten t i s  composed of th e  fo llo w in g  su g a rs : fu co se , mannose, 
g a la c to s e ,  N -acety lg lucosam ine , g lu c u ro n ic  a c id  and N -ace ty ln e u ra -  
m inic a c id .  Mass spec tro m etry  confirm ed th e  p resence  of g lu c u ro n ic  
a c id  in  the  m olecu le.

(Supported  by NIA g ra n t No. AG05675.)

348.6 MORTALITY AFTER ISCHEMIA IN GERBILS REDUCED BY GANGLIOSIDE TREAT
MENT. S.E. Karpiak, Y.S. Li* and S.P. Mahadik. Div. Neuroscience, 
NYS Psychiatric In s t .,  Depts. Psychiatry, and Biochan. & Molecu
la r  Biophys., C oll. of Phys. & Surg., Columbia U ., NY, NY 10032.

We have found th a t  Gml g a n g lio s id e  a d m in is tr a t io n  reduces  
c e re b ra l  edema fo llo w in g  open-head in ju ry  (1 ) .  A lthough gan
g l io s id e  tre a tm e n t o f an im als  w ith  v a r io u s  CNS i n j u r i e s  r e s u l t s  
in  lo n g -te rm  fu n c t io n a l  reco v e ry  th a t  may be due to  f a c i l i t a t e d  
n eu ro n a l r e g e n e ra tio n , i t  i s  becoming in c re a s in g ly  e v id e n t t h a t  
g a n g lio s id e s  a l s o  e x e r t  a c u te  e f f e c t s  on CNS in ju ry  p ro c e s s e s . 
Focusing  on th e  a c u te  e f f e c t s ,  we a r e  s tu d y in g  th e  e f f e c t iv e n e s s  
o f  g a n g lio s id e s  in  red u c in g  CNS damage due to  isch em ia . Ischem ia 
was induced  in  m ale M ongolian g e r b i l s  (80gr: N=295) by u n i l a te r a l  
l i g a t i o n  o f  th e  r i g h t  common c a r o t id  a r t e r y .  S ince  most g e r b i ls  
have an incom plete  c i r c l e  o f  W i l l i s ,  w ith  l i t t l e  o r  no communi
c a t in g  v a s c u la r  system  between th e  hem ispheres , th e  ischem ia  i s  
la r g e ly  l a t e r a l i z e d  to  one c e re b ra l  hem isphere in  th e  m a jo r ity  o f  
an im a ls , a llo w in g  for  com parisons between th e  occ luded  and non- 
o cc luded  s id e s  o f th e  b r a in .  The e x te n t  o f  ischem ia induced by 
t h i s  p rocedu re  i s  s u b s t a n t i a l  enough t o  r e s u l t  in  app rox im ate ly  
50% m o r t a l i ty .  We found t h a t  48hrs a f t e r  l i g a t i o n ,  c o n tro l  g e r 
b i l s  ( s a l i n e  in je c te d )  showed 48.6% m o r ta l i ty ,  w hereas g e r b i l s  
t r e a t e d  (20mg/kg /d a y : FIDIA R esearch  Labs) w ith  e i t h e r  GM1 o r  
AGF2 (an in t e r n a l  e s t e r  d e r iv a t iv e  o f  GM1 ) had m o r t a l i t i e s  o f  
26.6% and 26.1% r e s p e c t iv e ly .  G an g lio sid e  tre a tm e n t th u s  r e s u l t e d  
in  a  48% d ec re a se  (p<0.001) in  m o r t a l i ty .  By com paring occ luded  
w ith  non-occ lu d ed  s id e s  o f  th e  b ra in  (c o rte x  & hippocampus) we 
found a  lo s s  o f  membrane Na, K-ATPase a c t i v i t y  due to  th e  ischem ia 
in  c o n tro l an im a ls . No d if f e re n c e s  were found between th e  hem
is p h e re s  o f g a n g lio s id e  t r e a t e d  g e r b i l s  w ith  isch em ia . We hypoth
e s iz e  t h a t  g a n g lio s id e s  may be " p ro te c tin g "  membrane fu n c t io n  a s  
in d ic a te d  by ATPase a n a ly s e s . G an g lio s id es  m ight be reduc ing  th e  
e x te n t  o f  lo c a l  CNS damage a t  th e  tim e  o f  in ju ry  ( i . e .  reduced  
c e l l  l o s s ,  f i b e r  d e g e n e ra tio n , membrane f a i l u r e ) .  By l i m i t i n g  th e  
e x te n t  o f  a c u te  CNS t i s s u e  damage, c o n d itio n s  may be o p tim ized  
fo r  subsequen t CNS regrow th  and fu n c t io n a l  re c o v e ry .
[S upported  in  p a r t  by NSF[BNS8500296].
1 . K arp iak  and M ahadik. J .  N eurosci Res 12:484-492[ 1984].
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348.7 THE NMDA RECEPTOR ANTAGONIST APV BLOCKS LONG-TERM POTENTIATION 
( LTP) ,  BUT NOT NOREPINEPHRINE-INDUCED LONG-LASTING POTENTIATION, 
IN RAT DENTATE GYRUS. J.M. Sarvey and G. D ecker*. Departm ent of 
Pharm acology, Uniformed S e rv ic e s  U n iv e rs ity  o f th e  H ealth  
S c ie n ces , B ethesda, MD 20814.

LTP i s  a lo n g - la s t in g  in c re a s e  in  th e  am plitude of th e  popu
l a t io n  sp ik e  which can be induced in  hippocampus o r d e n ta te  
gyrus by a b r ie f  t r a in  of h ig h -freq u en cy  a f f e r e n t  s t im u la t io n .  
We have p rev io u sly  shown th a t ,  in  d e n ta te ,  b a th  a p p l ic a t io n  of 
n o rep in ep h rin e  a ls o  induces a p o te n t ia t io n  th a t  p e r s i s t s  fo r  
hours a f t e r  w ash-out of n o rep in ep h rin e  (S tan to n  & S arvey, B rain  
Res 361:276, 1985). To fu r th e r  compare th e se  two types  of po
t e n t i a t i o n ,  we examined th e i r  s u s c e p t i b i l i t i e s  to  APV, which is  
an N -m ethy l-D -aspa rta te  (NMDA) e x c i ta to ry  amino ac id  re c e p to r  
a n ta g o n is t  th a t  has been re p o rte d  to  b lock  LTP in  f i e ld  CA1.

P o p u la tio n  sp ik es  were recorded  in  th e  g ran u le  c e l l  la y e r  of 
d e n ta te  gyrus of r a t  hippocampal s l i c e s .  A h igh -freq u en cy  t r a in  
(100Hz X 2sec) to  th e  p e r fo ra n t p a th  r e l i a b ly  induced LTP, 
measured 30 min a f t e r  th e  t r a i n .  ( - ) -N o re p in e p h rin e  (5 0 μM) ,  
b a th -a p p lie d  fo r  30 min, p o te n t ia te d  th e  p o p u la tio n  sp ik e  during  
no rep in ep h rin e  a p p l ic a t io n  and a f t e r  30 min wash w ith  d ru g -f re e  
s o lu t io n .  P o te n t ia t io n  was d efin ed  as a s ig n i f i c a n t  i nc re a se  in  
sp ike  am plitude (P < 0 .05 ). In LTP ex p e rim en ts, D-(-)-APV was 
b a th -a p p lie d  fo r  15 min b e fo re , and washed o u t im m ediately a f t e r ,  
th e  h ig h -frequency  t r a i n .  In n o rep in ep h rin e  ex p e rim en ts, expo
su re  to  APV began 15 min b efo re  and con tinued  du rin g  and fo r  
10 min a f t e r  n o rep in ep h rin e  a p p l ic a t io n .

D-(-)-APV (50 o r 100μM) r e v e r s ib ly  d ep ressed  th e  popula
t io n  sp ike  10 to  35%. N ev e rth e le s s , th e se  c o n c e n tra t io n s  of APV 
had no e f f e c t  on n o re p in ep h rin e -in d u ced  p o te n t ia t io n .  APV d id , 
however, com pletely  b lock  LTP.

We conclude th a t  (1 ) NMDA re c e p to rs  a re  invo lved  in  normal 
s y n a p tic  tra n sm iss io n  in  the  d e n ta te ,  and (2 ) a c t iv a t io n  o f NMDA 
re c e p to rs  i s  req u ired  fo r  in d u c tio n  o f LTP, bu t no t NELLP, in  th e  
d e n ta te . T h e re fo re , i t  would appear th a t  e i t h e r  (1 ) th e  mechan
isms underly in g  LTP and NELLP a re  d i f f e r e n t ,  o r  (2 ) th e  f i n a l  
mechanism of LTP and NELLP i s  th e  same, bu t n o rep in ep h rin e  i n i t i 
a te s  p o te n t ia t io n  by a c t in g  a t  a l a t e r ,  A P V -in sen s itiv e , s te p  in  
the sequence of even ts  re q u ire d  fo r  p o te n t ia t io n .  (S upported  by 
USUHS G rant No. C07514.)

348.8 SYSTEMIC INJECTIONS OF GM1 GANGLIOSIDES AND d-AMPHETAMINE REDUCE 
SPATIAL LEARNING DEFICITS CAUSED BY BILATERAL DAMAGE TO THE 
CAUDATE NUCLEUS G.L .Dunbar*,M.DeAngelis*,S.Hecht*,S.Merbaum*, 
and D. G. Stein. (SPON: L. Kennedy). Brain Research Laboratory, Clark 
University, Worcester, MA 01610 USA.

Previous work in our laboratory (Sabel, B. A. et. al. Science. 225:340) 
demonstrated how GM1 treatments could reduce spatial reversal learning 
deficits in rats with bilateral lesions of the caudate nucleus (CN). The 
present study replicated and expanded these findings by analyzing the time- 
course of behavioral recovery and directly comparing the efficacy of GM1 
ganglioside- and d-amphetamine- induced recovery of function.

Three groups of male albino rats were given bilateral CN lesions and 
received daily IP Injections for 14 days, beginning immediately after 
surgery: group L (n=8) was given saline, group LA (n=9) was given 2 
mg/kg d-amphetamlne, and group LG (n=9) was given 30 mg/kg GM1 
gangliosides. A fourth group, group C (n=8), received sham surgery and 
daily IP injections of saline.

Using essentially the same testing parameters as in our previous study 
(Sabel, B. A. et. al. Science, 225:340), each group was tested on a series of 
spatial reversals for 30 days. Analysis of the total number of reversals 
indicated that LG animals made significantly more reversals than LC animals. 
They performed at a level which was statistically indistinguishable from the 
sham-operdted controls. The amphetamine treated animals performed at an 
intermediate level, with the total number of reversals being statistically 
indistinguishable from either group LC or group C. Time-course analyses 
indicated a significant ganglioside effect as early as the first week of testing, 
whereas amphetamine treated animals showed significant impairment relative 
to the sham-operated controls during the first week. However, the LA 
animals showed significant improvement when compared to the LC group 
during the second week of testing.

These data can be taken to suggest that perhaps two or more different 
mechanisms may underlie ganglioside and amphetamine-induced functional 
recovery. Gangliosides may operate by rescuing neurons that would 
ordinarily die as a result of the injury. These rescued neurons (as well as 
remaining, intact cells) may then be stimulated by the amphetamine 
treatments to release more dopamine in the zone of injury. We are currently 
beginning to examine this hypothesis in more detail.

We are  g ra te fu l fo r the support of Fidia Research Labor
a to r ie s ,  Abano Terme, I ta ly  in the conduct of th is  research

348.9 SOCIAL ENVIRONMENT MODULATES THE DEVELOPMENT OF A FOREBRAIN 
PEPTIDERGIC NUCLEUS IN THE CICHLID FISH HAPLOCHROMIS BURTONI. 
M.R. D avis*, and R.D. F ernald  (SPON: R. L a n e ). I n s t i t u t e  of 
N euroscience, Univ. o f Oregon, Eugene, OR. 97403.

For many v e r te b r a te  s p e c ie s ,  s o c ia l  rank  i s  known to  a f f e c t  
both  gonadal m a tu ra tio n  and o n se t o f re p ro d u c tiv e  b eh a v io r . In  
th e  A frican  c i c h l id  f i s h ,  H. b u r to n i , young a d u l t  m ales 
(age: 14 weeks) who a re  p laced  in  s o c ia l  environm ents f r e e  from 
th e  p resen ce  o f  l a r g e r ,  th re a te n in g  c o n s p e c if ic s  ("group A") 
d is p la y  p reco c io u s  a t ta in m e n t o f t e r r i t o r i a l i t y ,  s o c ia l  dominance, 
and re p ro d u c tiv e  com petence. In  c o n t r a s t ,  male s ib l in g s  who a re  
fo rced  to  sh a re  tanks  w ith  l a r g e r ,  in t im id a t in g  c o n s p e c if ic s  
("group B") show a d elay  in  developm ent o f a d u l t  body c o lo r a t io n ,  
s o c ia l  dom inance, and a b i l i t y  to  spawn. F ish  i n group A show 
p recoc ious  m a tu ra tio n  of t e s t e s ,  w ith  gonadosom atic in d ic e s  
(G S I= (te stes  w t/body wt × 100)) o f about 0 .7 4 , w h ile  group B 
m ales have GSIs of from 0 .2  to  0 .4 .

In  t h i s  an im al, s o c ia l  environm ent a ls o  m odulates c e l l  growth 
and th e  e x p re ss io n  o f LHRH-like im m unoreactiv ity  (irLH RH) in  a 
fo re b ra in  n u c le u s , th e  a n t e r io r  m ag n o ce llu la r p re o p t ic  nucleus  
(aMPn). This r e s u l t  i s  o f i n t e r e s t  because th e  irLHRH fo re b ra in  
a x i s ,  a p h y lo g e n e tic a lly  a n c ie n t system  found in  most v e r te b r a te  
c l a s s e s ,  i s  a lre a d y  im p lic a te d  in  some a s p e c ts  of re p ro d u c tiv e  
com petence. The r o s t r a l  irLHRH p r o je c t io n s ,  ex tend ing  c e n t r i -  
p e ta l ly  from th e  nuc leus  o f t h e  te rm in a l n e rv e , th rough  th e  aMPn, 
and in to  th e  hypothalam us (H t) , a re  im p lic a ted  in  th e  t r a n s 
d u c tio n  o f sex-pherom one p e rc e p tio n  in  g o ld f is h .  In  a d d i t io n ,  
fo re b ra in  m a g n o ce llu la r neurons a re  known to  p lay  a r o le  in  th e  
m odulation  of p i t u i t a r y  o u tp u t o f lu t e in i z in g  hormone (mammals) 
o r gonado trop in  ( f i s h e s ) .  The aMPn may be one o f th e  n u c le i  
invo lved  in  t h i s  c o n t ro l .  P i t u i t a r y  hormones in  tu rn  m odulate 
th e  d i f f e r e n t i a l  m a tu ra tio n  o f t e s t e s  d e sc r ib e d  above.

Three c r i t e r i a  a re  used to  a s s e s s  th e  e x te n t o f aMPn m atur
a t io n :  number o f c e l l s  exceeding  15 m icrom eters (um.) in  soma 
s iz e ,  number o f c e l l s  showing a m u ltip o la r  p a t te r n  o f proxim al 
n e u r i t e s ,  and outgrow th  o f p ro je c tio n s  to  th e  H t.

Group B anim als a t  age 6½ months (N=3) show abou t 15% m ature 
n eu ro n s , as sco red  by p a t te r n  o f proxim al n e u r i t e s ,  and soma s iz e  
g r e a te r  than  15 um .. In  p reco c io u s  (group A) f i s h  o f com parable 
age and s iz e  (N=3 ) , how ever, la rg e  m u ltip o la r  neurons make up 
about 30% o f th e  aMPn c e l l  p o p u la tio n . C o rre la tin g  w ith  th i s  
d if f e re n c e  in  c e l l  s iz e  and morphology i s  an ap p a re n t doub ling  o f 
aMPn p ro je c t io n s  to  th e  Ht in  p re c o c io u s ly  m atu ring  m ales.

At age 5 months (N=2 anim als fo r  each g ro u p ) , group A m ales 
show 20% and 30% m ature aMPn n eu ro n s , and rud im enta ry  f ib r e  s t a i n 
in g , w h ile  group B f i s h  show 0% to  7% m ature c e l l s ,  and no s ta in e d  
f i b r e s .  Supported  by NIH T ra in in g  G rant 07257 and NIH EY05051-02.

348.10 HOUSING COMPLEXITY AFFECTS BODY AND ADRENAL WEIGHT OP ADULT RATS 
WITHIN 10 DAYS EXPOSURE C .S .W allace , * J .E .B la c k , H.M.Hwang & 
W.T.Greenough  School o f  M edic ine, D epts o f  Psychology & 
A natom ical S c ie n c e s , N eural & B eh av io ra l B io logy Program, 
U n iv e rs ity  o f  I l l i n o i s ,  U rbana, IL 61801 (SPON: P .V .Johnston)

G e lle r ,  e t  a l .  ( J  Neurochem, 1 2 , 1965) and Uphouse & Brown 
(Dev Psychob i o l , 1 4 , 1981) have b o th  re p o r te d  t h a t  young r a t s  
re a re d  in  complex environm ents (EC) had l i g h t e r  a d re n a ls  and 
l i v e r s  th a n  r a t s  r e a re d  in  i s o l a t i o n  ( IC ). In  o rd e r  t o  de term ine  
i f  th e s e  t r e n d s  h o ld  fo r  a d u l t  r a t s ,  body and en d o c rin e  o rgan  
w eig h ts  w ere o b ta in e d  in  co n ju n c tio n  w ith  a  s tu d y  o f  e ig h ty -tw o  
male 9 0 -d ay -o ld  r a t s .  They were housed in  e i t h e r  a  complex 
environm ent (EC), a  la rg e  cage w ith  w ith  to y s  and o th e r  r a t s ;  a  
s o c ia l  c o n d i tio n  (SC), p a i re d  w ith  an o th e r r a t  in  an  emp ty  cage; 
o r  an  is o la te d  c o n d itio n  ( IC ), housed in d iv id u a l ly  in  an  emp ty  
ca g e . A f te r  10 d ay s , 24 r a t s  w ere p e rfu se d  in  p re p a ra t io n  fo r  a  
TEM exam ination  o f  b r a in  t i s s u e . w eigh ts  f o r  t o t a l  body, 
a d r e n a ls ,  and l i v e r  were a l s o  o b ta in e d . A f te r  30 days exp o su re , 
a n o th e r  26 r a t s  w ere s im i la r ly  p e r fu se d  and w eighed. The 
rem aining  r a t s  from EC and IC w ere th e n  a s s ig n e d  t o  fo u r g ro u p s: 
EC-EC, in  EC f o r  60 day s; EC-IC, in  EC fo r  30 days and th e n  in  IC 
f o r  30 d ay s ; IC -IC , in  IC f o r  60 day s; and IC-EC, in  IC f o r  30 
days and th e n  in  EC f o r  30 d ay s . These " re v e r s a l"  an im als  were 
s im i la r ly  p e r fu s e d  and w eighed a t  th e  end o f  th e  60 d ay s . Group 
d if f e re n c e s  were ana lyzed  s e p a ra te ly  fo r  th e  10-day , 30-day , and 
60-day c o n d i t io n s .  The 10 -day , 30 -day , and 60-day an im als each  
had main e f f e c t s  o f  housing  com plex ity  f o r  change in  body w eig h t, 
a d re n a l w e ig h t, and ad ren a l/b o d y  r a t i o ,  b u t no s ig n i f i c a n t  
e f f e c t s  w ere found f o r  l i v e r  w e igh t o r  l iv e r /b o d y  r a t i o .

The p r e s e n t  f in d in g s  o f  h e a v ie r  a d re n a ls  and  no change in  
l i v e r  w eigh t among a d u l t  EC r a t s  i s  in  s h a rp  c o n t r a s t  t o  th e  
changes observed  in  young EC r a t s ,  su g g e s tin g  t h a t  a  s u b s t a n t i a l  
deve lopm ental change o cc u rs  in  th e s e  en d o c rin e  o rg an s ' 
s e n s i t i v i t y  t o  e x p e rie n c e . In  a d d i t io n ,  th e  change in  a d re n a l 
w eigh t o cc u rs  in  l e s s  th a n  10 days exposure in  a d u l t  r a t s ,  and 
th e  change a p p e a rs  t o  have p e r s i s te d  f o r  30 days in  th e  EC r a t s  
re v e rs e d  t o  th e  IC c o n d i t io n .  S ince  th e  p e r ip h e ra l  en d o c rin e  
e f f e c t s  o f  a  complex environm ent a r e  o p p o s ite  in  developm ent and 
ad u lth o o d , w hereas th e  e f f e c t s  on c e re b ra l  c o r t i c a l  neu ro n a l 
morphology a r e  s im i la r ,  i t  seems u n lik e ly  t h a t  en d o c rin e  changes 
a r e  r e s p o n s ib le  f o r  th e s e  b r a in  changes.

MEAN ± S .E . ADRENAL WEIGHT (mg)
Exposure EC SC IC EC-IC IC-EC
10 days 31±1 26±1 24±1 - -
30 days 3 0±1 24±l 22±1 - -
60 days 28±1

-
23±2 27±1 29±2

Supported  by NIMH 35321 and PHS EY07005.
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348.11 MULTIVARIATE ANALYSES OF MORPHOLOGICAL MEASUREMENTS CAN 
DISTINGUISH AMONG RATS REARED IN COMPLEX, SOCIAL OR INDIVIDUAL 
ENVIRONMENTS.  A n ita  M. S ir e vaag. and  W i ll ia m  T . Gr ee ro u g h . D ep ts . 
P sych . & A nat. S c i .  & N eu ral & Behav. B io l .  P ro g . ,  U niv. 
I l l i n o i s ,  Urbana-Champaign, IL 61820.
S tu d ie s  o f  o c c ip i t a l  c o r te x  have compared m orpho log ica l m easures 
from  r a t s  re a re d  in  complex env ironm ents (EC) w ith  s o c ia l  (SC) o r  
in d iv id u a l  environm ents ( IC ) . U n iv a r ia te  a n a ly s e s  had shown t h a t  
EC had a  low er d e n s i ty  o f  l a r g e r  neu rons  w ith  more axon and 
d e n d r i te /n e u ro n  and more sy n a p s e s / neuron  and t h a t  th o se  synapses  
w ere l a r g e r ,  had  more p o s ts y n a p tic  th ic k e n in g  (PST) and la r g e r  
p re s y n a p t ic  bou tons th a n  IC . EC had a  g r e a te r  volume f r a c t io n  
(Vv) o f  g l i a  and c a p i l l a r i e s  and few er n eu ro n s , synapses  and g l i a  
p e r  c a p i l l a r y  W  and la r g e r  c a p i l l a r i e s  t h a t  w ere c lo s e r  
to g e th e r .  EC a l s o  had  few er neurons and s y n a p s e s /g l ia  W . On most 
v a r ia b le s  SC had in te rm e d ia te  v a lu e s .  M u lt iv a r ia te  a n a ly s e s  o f  
m orpho log ica l v a r i a b le s  a llo w  us t o  d is t in g u is h  among g roups and 
in d ic a te  r e l a t i o n s h ip s  n o t  e v id e n t in  u n iv a r ia te  a n a ly s i s .  
S tepw ise d is c r im in a n t a n a ly s is  p re s e n te d  8 v a r ia b le s  t h a t  
acco u n ted  f o r  45% o f  th e  v a r ia n c e  among env ironm ents (p< . 01) . 
C anon ical d is c r im in a n t  a n a ly s is  d e term ined  2 c a n o n ic a l v a r i a te s  
( l i n e a r  com b inations o f  th e  v a r ia b le s )  t h a t  r e l i a b l y  a s s ig n e d  
an im als  i n to  groups (p < .0 1 ) . The i s t  in c o rp o ra te d  synapse and 
c a p i l l a r y  r e l a te d  m easu res, th e  2nd sy n apse /neu ron  and  g l i a l  
m easu res. F a c to r  a n a ly s is  i d e n t i f i e d  3 f a c to r s  t h a t  accoun ted  fo r  
46% o f  v a r ia n c e  a c ro s s  g ro u p s . The i s t  f a c to r  in c o rp o ra te d  s iz e  
o f  c a p i l l a r i e s  and g l i a l  m easures, th e  2nd s y n a p tic  s t r u c t u r e  and 
W  o f  axon, th e  3 rd  sy n a p ses /n eu ro n , sy n a p s e s / c a p i l l a r y  Vv, 
d e n s i ty  o f  neu rons  and c a p i l l a r i e s  and d is ta n c e  betw een 
c a p i l l a r i e s .  ANOVA showed a l l  environm ents d i f f e r e d  from  each 
o th e r  on f a c to r  1 ,  EC d i f f e r e d  from  SC and IC on f a c to r  2 , IC 
d i f f e r e d  from EC and SC on f a c to r  3 (p< . 01) .
S tepw ise  D isc rim . A n a ly s is Canonical D iscrim . Analysis
v a r ia b le % v a ria n c e v a r i a t e  1 v a r i a te  2
Vv c a p i l l a r i e s 39 PST le n g th sy n ap ses/n eru o n
Vv a s t r o c y te s 24 sy n . c o n ta c t s i z e  & Vv a s t r o .
sy n ap ses /n eu ro n 10 Vv c a p i l l a r i e s s iz e  & Vv o l ig o .
synapse  c l e f t  w id th 9 c a p i l l a r y  d e n s ity
mean s i z e  o f  a s t r o . 8 in t e r  c a p . d is ta n c e
c a p i l l a r y  d e n s i ty 7 syn./vol. of cap.

fac to r Analysis
F a c to r1 F a c to r  2 F a c to r  3
Vv & s i z e  a s t r o . PST le n g th s y n . /v o l .  c a p i l l a r y
Vv & s i z e  o l i g o . sy n . c o n ta c t  l e n . i n t e r  c a p . d is ta n c e
s y n . /v o l .  a s t r o . 
s y n . /v o l .  o l ig o .

p re s y n . bou ton  s iz e sy n ap ses/n eu ro n
Vv axon n eu ro n a l d e n s i ty

c a p i l l a r y  d iam eter Vv c a p i l l a r i e s c a p i l l a r y  d e n s i ty
S upported  by NIMH 35321 and PHS-5-32-GM07143

348.12 PERSISTENCE OF VISUAL CORTEX DENDRITIC ALTERATIONS INDUCED BY 
POSTWEANING EXPOSURE TO A "SUPERENRICHED" ENVI RONMENT IN RATS. 
G. S . W ith e rs , J .  E. Camel* and W. T . Greenough . D ep ts . P sy c h o l. 
and A nat. S c i .  and N eur. & Behav. B io logy P r o g . , U niv. I l l i n o i s ,  
Urbana-Champ a ig n , IL  61820.

Q u a n ti ta t iv e  l i g h t  and e le c t ro n  m icro scop ic  in v e s t ig a t io n s  o f  
r a t s  re a re d  in  comp le x  (EC) and is o la te d  (IC) environm ents have 
in d ic a te d  t h a t  th e r e  a r e  b o th  more d e n d r i t ic  m a te r ia l  and more 
synapses  p e r  neuron in  th e  v is u a l  c o r te x  o f  th e  EC r a t s .  The 
p r e s e n t  s tu d y  in v e s t ig a te s  th e  r e l a t i v e  perm anence o f  th e  
d e n d r i t ic  changes in  r a t s  re a re d  fo r  30 days post-w ean ing  in  a  
" su p e ren ric h ed "  environm ent (Kuenzle and Knüs e l , P h y s io l. Behav. , 
1974) th e n  su b se q u en tly  housed fo r  30 days in  in d iv id u a l ca g e s . 
The " su p e ren ric h ed "  environm ent (SEC) c o n s is te d  o f  two la rg e  
cages  f i l l e d  w ith  to y s  connected  by a  4 - le v e l  c l e a r  P le x ig la s  
maze comp le x  w ith  in te rc h a n g e a b le  b a r r i e r s .  The r a t s  were 
re q u ire d  to  s o lv e  in c re a s in g ly  d i f f i c u l t  maze problem s f o r  ac cess  
t o  food  and w a te r . Four groups o f  weaning age (23-25 d) male 
Long-Evans hooded r a t s ,  u s in g  a  s p l i t - l i t t e r  d e s ig n , were runs 
SEC -  30 days in  th e  " su p eren ric h ed "  env ironm ent; IC -  30 days in  
in d iv id u a l  c a g es; SEC/IC -  30 days in  th e  "su p eren rich ed "  
environm ent fo llow ed  by 30 days in  in d iv id u a l ca g es; IC /IC  -  60 
days in  in d iv id u a l  c a g e s . We q u a n t i f ie d  d e n d r i t ic  f i e l d s  o f  
la y e r  IV a sp in o u s  nonpyram idal neurons and b a s i l a r  b ranches  o f 
la y e r  I I I  pyram idal c e l l s  in  a re a  17 o f  th e  v is u a l  c o r te x ,  by 
co u n tin g  th e  number o f  in t e r s e c t io n s  between d e n d r i te s  and a  
s e r i e s  o f  sp h e re s  a t  10 m icron in t e r v a l s  around  th e  soma, and by 
m easuring th e  le n g th  and number o f  b ran ch e s . For o v e ra l l  
d e n d r i t i c  f i e l d  s iz e  m easures ( t o t a l  r in g  in t e r s e c t io n s ,  t o t a l  
d e n d r i t i c  le n g th ,  t o t a l  number o f  b ranches) in  b o th  c e l l  
p o p u la tio n s  th e r e  were s u b s t a n t i a l  main e f f e c t s  o f  i n i t i a l  
environm ent (EC > IC ) , le s s e r  e f f e c t s  o f  age o f s a c r i f i c e  and no 
in t e r a c t io n s .  Thus th e  g e n e ra l r e s u l t  i s  f o r  th e  e f f e c t s  o f 
i n i t i a l  exposure t o  th e  "su p eren rich ed "  environm ent t o  p e r s i s t  
th ro u g h  a  su bsequen t p e r io d  o f in d iv id u a l h o u sin g . However, fo r  
san e  m easures i n t e r a c t io n s  were p r e s e n t ,  in d ic a t in g  l e s s  th a n  
t o t a l  p e r s is te n c e  o f  th e  e a r ly  ex p e rien ce  e f f e c t s .

SEC IC SEC/IC IC /IC
NONPYRAMIDAL CELLS
Ring I n t 's /N e u r . 81.1 77 .1 79.9 64 .9
T o ta l B ranches 24.2 23.3 22.4 20.6
T o ta l Length (μm) 953.8 905.3 931.0 771.9
PYRAMIDAL CELLS
Ring I n t 's /N e u r . 126.3 106.9 115.1 105.7
T o ta l B ranches 39.0 37.6 38.7 34.6
T o ta l Length (μm) 1435.4 1242.5 1301.6 1193.8
S upported  by NIMH 35321 and th e  R e tirem en t R esearch  Foundation

348.13 SYNAPTIC PLASTICITY IN ADULT RAT OCCIPITAL CORTEX FOLLOWING 
SHORT-TERM, LONG-TERM, AND REVERSAL OF, DIFFERENTIAL HOUSING 
ENVIRONMENT COMPLEXITY. H.-M . Hwang & W. T . Greenough N eural & 
B eh a v io ra l B io logy  Program , and D epartm ents o f  P sychology and 
A natom ical S c ie n c e , U n iv e rs ity  o f  I l l i n o i s ,  Champaign IL  61820

A nim als exposed t o  a  complex env ironm ent, such  a s  a  la rg e  
w ire  cage f i l l e d  w ith  v a r io u s  to y s ,  le a r n  mazes more ra p id ly  th a n  
r a t s  r e a re d  in  la b o ra to ry  c a g e s . R e la t iv e  t o  r a t s  re a re d  
in d iv id u a l ly  o r  s o c i a l l y  in  s ta n d a rd  c a g e s , th e  o c c ip i t a l  c o r te x  
o f  th e s e  an im als  i s  h e a v ie r  and th i c k e r  w ith  more d e n d r i t ic  
m a te r ia l  and more synapses  p e r  neuron  a s  w e ll  a s  la r g e r  synapses  
in  some l a y e r s .  S y n ap tic  s tu d ie s  have been  perform ed o nl y  on 
young r a t s ,  i . e . ,  th o s e  re a re d  d i f f e r e n t ly  f o r  30 days a f t e r  
weaning a t  23-25 days o f  a g e , and i t  i s  o f  i n t e r e s t  t o  d e term ine  
w hether e q u iv a le n t  e f f e c t s  occu r in  m atu re a n im a ls . I f  th e y  
occu r in  a d u l t  b r a in ,  i t  i s  o f  i n t e r e s t  t o  de te rm in e  how ra p id ly  
th e y  can  be d e te c te d  and how long  th e y  a r e  m a in ta in ed  in  th e  
absence  o f  d i f f e r e n t i a l  h o u s in g . To answ er th e s e  q u e s t io n s ,  we 
examined s y n a p tic  a l t e r a t i o n s  in  o c c ip i t a l  c o r te x  o f  a d u l t  hooded 
r a t s  a t  v a r io u s  s ta g e s  o f  d i f f e r e n t i a l  h o u s in g . 120 day o ld  Long 
Evans hooded r a t s  w ere a s s ig n e d  t o  th r e e  d i f f e r e n t  housing  
c o n d i t io n s :  33 grouped in  la r g e  t o y - f i l l e d  cag es  w ith  a  d a i ly  
change o f  to y  arrangem ent and  o p p o r tu n ity  f o r  p la y  ex p e rie n c e  in  
an  " o p e n - f ie ld ” a l s o  w ith  a  d a i ly  v a r i a t i o n  in  to y  arrangem ent 
f o r  one hour p e r  day (env ironm en ta l co m p lex ity , EC), 16 in  p a i r s  
( s o c ia l  c o n d i t io n ,  SC), 33 in  in d iv id u a l  c ag es  ( IC ) . A f te r  10 
d a y s , o n e - fo u r th  o f  th e  EC and IC an im als  and h a l f  o f  th e  SC 
an im als  w ere used  t o  examine th e  s h o r t- te rm  e f f e c t  o f  
d i f f e r e n t i a l  h o u s in g . A f te r  30 d a y s , an o th e r  f o u r th  o f  th e  ECs 
and  ICs and  th e  rem ain ing  SCs w ere used  t o  examine th e  lo n g -te rm  
e f f e c t .  H a lf  o f  th e  rem ain ing  ECs and ICs w ere re v e rs e d  in  
ho u sin g  c o n d i t io n s ,  i . e . ,  from EC t o  IC o r  from  IC t o  EC. 
A nother h a l f  o f  th e  ECs and  I Cs rem ained in  th e  o r ig i n a l l y  
a s s ig n e d  c o n d i t io n s .  A f te r  an o th e r  30 d ay s , th e s e  an im als  w ere 
used  t o  examine th e  p e r s is te n c e  o r  r e v e r s i b i l i t y  o f  th e  e f f e c t s  
o f  d i f f e r e n t i a l  h o u s in g . I t  was found t h a t  ECs had  more synapses  
in  la y e r  IV o f  o c c ip i t a l  c o r te x  th a n  SCs and ICs even a f t e r  j u s t  
10 days o f  h o u s in g . The in c re a s e  in  synapse  numbers due t o  30 
days  o f  d i f f e r e n t i a l  housing  was l a r g e ly  m a in ta in ed  f o r  a t  l e a s t  
30 days fo llo w in g  rem oval from th e  EC c o n d i t io n .  D e ta ile d  
a n a ly s is  o f  o th e r  dhanges in  s y n a p tic  s t r u c t u r e ,  such  a s  s y n a p tic  
s i z e ,  c u rv a tu r e ,  and d i s t r i b u t io n  o f  po ly rib o so m al a g g re g a te s  
a s s o c ia te d  w ith  d e n d r i t i c  s p in e s ,  which i s  th o u g h t t o  be a  
p o s s ib le  in d ic a n t  o f  sy n a p to g e n e s is , i s  in  p ro g re s s .
S upported  by NIMH 35321 and Sigma Xi R esearch  Fund

348.14 EFFECTS OF ENVIRONMENTAL COMPLEXITY AND FEEDING REGIMEN ON BRAIN 
MORPHOLOGY AND BEHAVIOR IN MICE. E. B resnahan, N. Muth*, 
M. Morucci * , J .  Freeman*, AND D. Ingram *. Essex Conun. C o llege , 
B altim ore  MD 21237 and G erontology R esearch C en te r, NIA, B altim ore 
MD 21224

M easures of c e re b ra l  c o r t i c a l  a re a  and e x p lo ra to ry  a c t i v i t y  were 
conducted on 3-4 mo o ld  male C57BL/6J mice o b ta in ed  from a study  
designed  to  a s s e s s  b e h a v io ra l,  an a to m ica l, and p h y s io lo g ic a l e f f e c t s  
of d i f f e r e n t i a l  env ironm enta l tre a tm e n ts  (housing  co n d itio n  and 
d ie t )  a c ro ss  th e  l i f e s p a n .  At 5 wk of ag e , 256 mice were in troduced  
to  one o f fo u r housing  c o n d itio n s : en rich ed  (E ) , s o c ia l  (S ) , con
v e n tio n a l (C ), or i s o la te d  ( I ) .  W ithin each housing  c o n d itio n , 
groups were ass ig n ed  to  one of two d i e t s :  ad l ib itu m  (AL) or d ie t  
r e s t r i c t i o n  by in t e r m i t te n t  feed in g  3 days/wk (RES). For bo th  
E & S c o n d i tio n s , 32 mice were f r e e  to  move th roughou t 3 la rg e  
in te rc o n n e c te d  cages (44×28×17 cm). For E g roups, o b je c ts  o f fe r in g  
se n so ry , m otor, and le a rn in g  s t im u la t io n  were s y s te m a tic a lly  
changed 3 tim es/w k. C groups were housed 4 per s ta n d a rd -s iz e d  
p l a s t i c  cage (28x17x13 cm); w hereas, I  groups were housed 1 per 
cage. Area m easurem ents, taken  from th io n in - s ta in e d  p o s te r io r  
c o r t i c a l  s e c t io n s ,  were analyzed  by ANOVA. R esu lts  in d ic a te d  s ig 
n i f i c a n t  main e f f e c t s  o f environm ent ( p 's < 0 .0 1) and d ie t  ( p 's  < 
0 .05) w ith  l i t t l e  i n t e r a c t io n .  Area m easurements in  th e  som ato- 
s e n s o ry /a u d i to ry /v is u a l  c o r t i c a l  reg io n s  fo r  E were 5-10% h ig h e r 
than  th o se  observed in  o th e r  c o n d itio n s . In  s e v e ra l r e g io n s , 
a re a  m easures fo r  AL were 3-6% h ig h e r than  RES. These morpho
lo g ic a l  measurements a re  c o n s is te n t  w ith  th e  p a t te r n  of body w eight 
growth in  th a t  RES mice weighed le s s  than  AL m ice. Environment 
had l i t t l e  e f f e c t  on body w eigh t. R egarding b e h a v io ra l e f f e c t s  
as  m easured by am bulation  in  an o p e n -f ie ld  fo r  7 m in, on ly  th e  
env ironm enta l c o n d i tio n s , n o t d i e t ,  had a s ig n i f i c a n t  e f f e c t  w ith  
E mice th e  most a c t iv e .  Thus, c u r re n t assessm ent o f th e se  d a ta  
in d ic a te  th a t  th e  env ironm enta l tre a tm en t r e p l ic a te d  p a s t f in d in g s  
su g g es tin g  a c c e le r a t io n  o f c o r t i c a l  developm ent; w hereas, d ie ta ry  
r e s t r i c t i o n  could r e ta r d  c o r t i c a l  developm ent. F u rth e r  a s s e s s 
ment o f th e  a d d i t iv e  and in t e r a c t iv e  e f f e c t s  o f th e se  tre a tm e n ts  
ac ro ss  th e  l i f e s p a n  w i l l  be conducted .
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348.15 P E R IP H E R A L  IN JU R Y  IN D U C E S  M O T O R  C O R T E X  R E O R G A N IZ A T IO N  
IN  a d u l t  R A T S  S.S u n e r*, J . P .  D o n o g h u e , B . L . S ch laggar*  an d  J . N . 
S anes  (SPO N : V .A . Jenn ings). C en ter fo r  N eu ra l Science, B row n U niversity , 
Providence, R I and  H um an M o to r Contro l S ection, N IN C D S, B ethesda, M D.

Peripheral nerve injury in  neonatal anim als alters the som atotopic organization 
o f  M I (D onoghue and  Sanes, in  press). T h e  p resen t studies w ere designed  to 
determ ine (1) the ex tent o f  M I reorganization  in adults and  (2) the effect o f  m otor 
nerve  lesion on M I som atotopy.

In o n e  g ro u p  o f  ad u lt ra ts , the  r ig h t fo re lim b  (FL) w as am p u ta ted  at the 
shoulder jo in t. A fter a  survival period  o f  at least 1 m onth , the organization o f  M I 
w as m apped  du rin g  ke tam in e  an esth esia  using  in traco rtica l m icrostim ulation  
(IC M S ) techniques. M icroelectrode penetrations w ere spaced  100-500 μ m  apart 
th roughou t the  presum ptive M I F L  and  ad jacen t areas. C urren t in tensities up  to 
6 0  μ A w ere  d e liv e red  1.8 m m  b e lo w  th e  p ia l surface . C o n tro l m aps w ere  
obtained  from  norm al adult rats.

In  norm al rats the  size and  location  o f  the M I F L  rep resen tation  w ere sim ilar 
to  those described  in  previous studies. IC M S a t less than  35 p A  m ost com m only 
evoked  w rist ex tension  o r e lbow  flex ion  in  spatia lly  separate  rostral and caudal 
zones o f  M I. P rox im al F L  m ovem ents w ere o bserved  only  by increasing  levels 
o f  IC M S  a t som e d ista l F L  sites an d  w ere typically  found  in  the  caudal zone. In 
a ll  a m p u ta te d  ra ts ,  IC M S  in  th e  c a u d a l re g io n  o f  th e  p re su m p tiv e  F L  
rep resen ta tio n  p roduced  d iscre te  m ovem ents ab o u t the sh o u ld er o r  scapu la  at 
low er thresholds than  in  controls. L arge zones w here IC M S was ineffective were 
n o t ev iden t. T h e  M I reg io n  in  w h ich  IC M S  p ro d u ced  p ro x im al m ovem ents 
overlapped  the norm al caudal F L  rep resen tation , b u t w as sm alle r than  the usual 
F L  area. W ith in  M I, the  rem a in in g  p o rtio n s  o f  th e  p resu m p tiv e  F L  zone 
co n ta in ed  rep resen ta tio n s  o f  the  v ib rissa  an d  n eck , w h ich  are  n o t no rm ally  
represented  in this area.

A m putation  rem oves peripheral affe ren t and  effe ren t pathw ays o f  M I; thus it 
is u n c lear w h eth er dam age  to  a  m o to r n e rv e  a lone  is su ffic ien t to  induce  M I 
reo rgan ization . In  a  separate  group  o f  rats , the branches o f  the V llth  nerve that 
innerva te  the  v ib rissa  w ere transected , e lim in a tin g  the  m o to r connection  to  the 
v ib rissa  w ith o u t in te rrup ting  the sensory  p a thw ays. A fte r  8-35 d ays, M I was 
m apped. A t th resho ld  currents com parab le  to  those in  the  norm al rat, ICM S i n 
the p resum ptive  v ib rissa  reg ion  ev oked  m ovem ents o f  the  d ista l forelim b, neck, 
eye and  facial m uscles surrounding  the eye. T h e  M I reg ion  representing  the eye 
and  fac ia l m uscles a round  the  eye m ore than  d o u b led  in  s ize  a fte r V llth  nerve 
transection . A dditionally , IC M S in experim en ta l rats  ev o k ed  ey e  o r  periorbital 
m ovem ents in conjunction w ith m ovem ents o f  the forelim b, trunk o r hindlim b (15 
sites in  4  rats), b u t n ot in norm al anim als.

F rom  these d a ta  w e conclude that p eripheral injury induces reorganization  o f 
the  M I som atotopy in  adu lt m am m als. F utherm ore, transection  o f  a  m otor nerve 
is su ffic ien t to  change M I ou tp u t o rgan iza tion . T h ese  d a ta  su g g est a  general 
princip le  o f  m odifiability  o f  cortical ou tpu t pathw ays. (Supported  by N IH  grant 
#N S 22517 and O N R  con tract #N 000081-K -0136.)

348.16 EFFECTS OF ASSISTANCE, PRACTICE AND LEARNING RATE ON RECOVERY 
FROM SENSORIMOTOR CORTEX LESIONS IN RATS. J .S tep h en s  (SPON: 
J . J .O 'N e i l ) .  Dept of Phys. Therapy, Moss R e h a b il i ta t io n  H o sp ita l 
P h ila d e lp h ia , PA 19141.

Many anim al models a re  c u r re n t ly  under development to  s tudy  
th e  p ro cesse s  and mechanisms of recovery  from b ra in  in ju ry .  The 
r a t  model i s  p a r t i c u l a r ly  a t t r a c t i v e  because i t s  neurochem istry  
and pharm acology have been w idely  s tu d ie d  and experim ents can be 
done w ith  m u ltip le  an im als r e l a t i v e ly  q u ic k ly . T his study  has 
been done to  t e s t  w hether o r h o t s e v e ra l v a r ia b le s  re le v a n t to  
human r e h a b i l i t a t i v e  p h y s ic a l th e rap y  can be s tu d ie d  in  th e  r a t .

Male Sprague-Dawley r a t s  (250-300g) were k ep t w ate r dep riv ed , 
½ h o u r/d a y , and in d iv id u a l ly  housed fo r  a t  l e a s t  4 days b e fo re  
being  tr a in e d  to  run  an e le v a te d  beam. T ra in in g  co n s is te d  of 12 
t r i a l s  on a 1½" beam and 24 t r i a l s  on a 1" beam. Animals were 
then  g iven  a r ig h t  senso rim o to r c o r te x  a b la t io n .  P o s t - le s io n ,  
an im als were g iven  t r i a l s  on th e  1" beam on days 1 , 2 ,  3 then  
every  o th e r  day u n t i l  day 17. P o s t - le s io n  anim als were d iv id ed  
in to  4 g roups: I )  2 t r i a l s ,  no a s s is ta n c e ;  I I )  6 t r i a l s ,  no 
a s s is ta n c e ;  I I I )  2 t r i a l s ,  a s s is ta n c e ;  IV) 6 t r i a l s ,  a s s is ta n c e .  
Beam runn ing  was ana ly sed  from v ideo  ta p e  fo r  tim e to  c ro ss  th e  
beam (R) and accuracy  o f s te p  placem ent (Q ). Before th e  beam run
n ing  ta sk  each day, an im als were te s t e d  fo r  two m inutes on a mod
i f i e d  open f i e l d .

Open f i e l d  a c t i v i t y  ( t o t a l  sq u ares  c ro ssed ) was d ep ressed  fo r  
3 days p o s t le s io n  b u t th e re  were no s ig n i f i c a n t  d if f e re n c e s  
between groups e i t h e r  d u ring  t r a in in g  o r reco v e ry . Recovery in  
th e  beam runn ing  ta sk  showed s e v e ra l main e f f e c t s .  Time (R) show
ed d if fe re n c e s  between groups based  on le v e l  of a s s is ta n c e ,  F (1, 
16)=8 .1 5 , and le v e l  o f p r a c t i c e ,  F (1,16)= 4.93  w ith  a s ig n i f i c a n t  
in t e r a c t io n  of a s s is ta n c e  over tim e, F (4 ,6 4 )= 2 .6 . Foot p lacem ent 
(Q) showed no s ig n i f i c a n t  d if f e re n c e s  between groups b u t s ig n i f 
ic a n t  in t e r a c t io n s  of a s s is ta n c e  over tim e ,F (9 ,1 4 4 )=2.56 and 
p r a c t ic e  over tim e , F (9 ,1 4 4 )= 1 .99 . (Q/R) showed a d if fe re n c e  
between groups based  on p r a c t i c e ,  F (1 ,1 6 )=4.61 and a s ig n i f i c a n t  
in t e r a c t io n  of a s s is ta n c e  x p r a c t ic e  over tim e , F (9 ,1 4 4 )=2 .4 5 . 
A cross a l l  groups th e re  was a l i n e a r  r e l a t i o n  between tim e to  
reach  a  t r a in in g  c r i t e r io n  o f (R) < 2 se c . and tim e to  reach  a 
recove ry  c r i t e r io n  of (R) < 3 se c . For groups w ith  2 t r i a l s /d a y  
r = .65 (n=16). For groups w ith  6 t r i a l s / d a y ,  r = .63 (n=1 2 ). There 
was a ls o  a tr e n d , n o t s ig n i f i c a n t ,  tow ard low er number of t r i a l s  
to  c r i t e r io n  in  beam running and h ig h e r  a c t i v i t y  sco re s  on th e  
open f i e ld .

These r e s u l t s  suggest t h a t  recovery  from sen so rim o to r c o r tex  
in ju ry  i s  f a c i l i t a t e d  by h ig h e r  le v e ls  of a s s is ta n c e  and p r a c t ic e  
du ring  th e  recove ry  p e rio d  and a s s o c ia te d  w ith  h ig h e r  r a te s  of 
le a rn in g  and e x p lo ra to ry  b eh a v io r du rin g  th e  t r a in in g  p e r io d .

348.17 B ehav io ra l Consequences o f P ho tochem ically  Induced C o r t ic a l  
Whisker B a r re l -F ie ld  I n f a r c t io n .  B.E. Hurwitz*,W .D. D ie tr ic h ,P .M . 
McCabe,B.D. Watson*and N. Schneiderm an. ( SPON:M.Gellman). D ep ts . of 
P sych . and N e u ro l.,  Univ. of Miami, C oral G ab le s, FL 33124.

E le c t ro ly t i c  a b la t io n  o f th e  c o r t i c a l  w hisker b a r r e l - f i e l d s  and 
rem oval o f th e  v ib r i s s a e  have been re p o rte d  to  induce d is ru p tio n  o f 
s e v e ra l complex b eh a v io rs  such a s  locom otion and d is c r im in a tio n  of 
s u r f a c e s .  The a b la t iv e  le s io n s  in  th e se  s tu d ie s ,  how ever, extended 
in to  o th e r  som atosensory  re g io n s . We have used a photochem ical 
r e a c t io n  in  vivo to  induce th rom bosis le a d in g  to  fo c a l c e re b ra l 
in f a r c t io n  (CI ) in  th e  prim ary  c o r t i c a l  w hisker b a r r e l - f i e l d s  of 
r a t s .  T his p rocedure has been found to  produce th e  main 
p a th o lo g ic a l f e a tu r e s  o f human s tro k e  ( c f .  W atson, B.D. e t  a l . ,  
Annals N eu ro l. ,  17:497, 1985).

The p re s e n t s tudy  was undertaken  to  determ ine in  a d u l t  r a t s  
w hether a b eh a v io ra l ta s k  in  th e  dar k re q u ir in g  v ib r i s s a l  p a lp a tio n  
would be d is ru p te d  a f t e r  sham, u n i l a t e r a l  or b i l a t e r a l  
photochem ical b a r r e l - f i e l d  i n f a r c t i o n .  Food-deprived  a d u l t  male 
r a t s  (N=14) were t r a in e d  to  c ro s s  a gap between two e le v a te d  
p la tfo rm s . D uring th e  b a s e l in e  s e s s io n s ,  th e  d is ta n c e  between th e  
p la tfo rm s  was s y s te m a tic a lly  in c re a se d  every  3-5 t r i a l s  and 
o th e rw ise  was randomly v a r ie d  between t r i a l s .  U sua lly  50-80 t r i a l s  
were g iven  u n t i l  a d is ta n c e  was e s ta b l is h e d  th a t  th e  anim al would 
n o t c r o s s .  I n  a d d i t io n ,  on each t r i a l  th e  la te n c y  to  c ro s s  to  th e  
o th e r  p la tfo rm  was m easured. P ost-C I t e s t in g  was th en  perform ed 
over th e  fo llo w in g  50 days.. The b i l a t e r a l  or u n i l a t e r a l  CI  groups 
d id  n o t d i f f e r  from sham c o n tro ls  in  p e rce n tag e  o f t r i a l s  c ro ssed  
p r io r  to  CI .  However, from th e  fo u r th  day a f t e r  CI , th e  b i l a t e r a l  
CI  r a t s  d isp la y ed  up to  a 30% decrem ent in  th e  percen tag e  o f t r i a l s  
c ro ssed  a t  d is ta n c e s  c ro ssed  b e fo re  i n f a r c t i o n .  T h is d e f i c i t  
p e r s is te d  th roughou t th e  50-day te s t in g  p e r io d . C onversely , 
u n i l a t e r a l  and sham an im als d id  n o t d is p la y  any d e f i c i t ,  bu t in  
f a c t  a 15-20% in c re a s e  was observed in  th e  p ercen tag e  o f t r i a l s  
c ro s s e d . F u rtherm ore, th e  b i l a t e r a l  CI  r a t s  e x h ib ite d  a 14 sec 
in c re a s e  in  th e  la te n c y  to  c ro s s ;  w hereas th e  sham and u n i l a t e r a l  
r a t s  r e s p e c t iv e ly  d isp la y ed  a 17 and 21 sec re d u c tio n  in  th e  
la te n c y  to  c ro s s .

The r e s u l t s  dem onstrated  th a t  as  a consequence o f b i l a t e r a l  
b a r r e l - f i e l d  in f a r c t io n ,  r a t s  c ro ssed  s h o r te r  d is ta n c e s  and 
h e s i t a te d  lo n g e r b e fo re  c ro s s in g  than  they  d id  p r io r  to  i n f a r c t io n ,  
presum ably r e s u l t in g  from a v ib r i s s a l  d e f i c i t  in  th e  a b i l i t y  to  
lo c a te  th e  su rfa c e  o f th e  o th e r  p la tfo rm . However, r a t s  w ith  
u n i l a t e r a l  CI  were a b le  to  com pensate fo r  th e  la ck  o f r ig h t  
b a r r e l - f i e l d s  a p p a re n tly  by u s in g  th e  i n t a c t  v ib r i s s a e  c i r c u i t  and 
perform ed as  w ell as sham c o n t r o ls .  Supported by AHA (FA505f) and 
NINCDS (NS18749) re s e a rc h  g r a n t s .

348.18 CHANGES IN CELL DENSITY OF GAMMA-AMINOBUTYRIC ACID (GABA)- IMMUNO- 
REACTIVE CELLS IN THE RAT KINDLING MODEL OF EPILEPSY.
W.Kamphui s * , W .J.W adman*, R .M .B u ijs 1 )* an d  F .H .L o p es d a  S i lv a * .  
(SPON: K.S.WONG). U n iv e r s i ty  o f  Am sterdam ; D ept o f  G e n e ra l  
Z o o lo g y . K r u is la a n  3 20 , 1098 SM Am sterdam , N e th e r la n d s .  1 ) N e th e r 
la n d s  I n s t i t u t e  f o r  B ra in  R e s e a rc h . M e ib e rg d re e f  3 3 , 1105 AZ 
A m sterdam , N e th e r l a n d s .

D a i ly  r e p e a t e d  e l e c t r i c a l  t e t a n i c  s t i m u l a t i o n  o f  l im b ic  o r  
o t h e r  b r a i n  r e g io n s  r e s u l t s  i n  p r o g r e s s iv e  e p i l e p t i f o r m  a c t i v i t y  
o f  i n c r e a s i n g  s e v e r i t y ,  c u lm in a t in g  i n  g e n e r a l iz e d  s e i z u r e s .  T h is  
phenom enon, r e f e r r e d  t o  a s  " k i n d l i n g " ,  i s  p e r s i s t e n t  f o r  a  lo n g  
p e r io d  a f t e r  i n d u c t io n  and  may be a  p e rm an en t c h a n g e . A p r e l i m i 
n a ry  s tu d y  o f  ch a n g es  i n  t h e  f i e l d p o t e n t i a l s , e l i c i t a t e d  by s t im u 
l a t i o n  o f  S c h a f f e r  c o l l a te r a l / c o m m is s u r a l  f i b e r s  i n  CA1 r e g i o n ,  
shows t h a t  p a i r e d - p u l s e  i n h i b i t i o n  d e c re a s e s  i n  t h e  c o u rs e  o f  
k i n d l i n g .  T h is  s u g g e s t s  an  im p a irm e n t o f  l o c a l  i n h ib i t o r y  
f u n c t i o n s .

GABA i s  c o n s id e r e d  to  b e  th e  m a jo r  t r a n s m i t t e r  t h a t  m e d ia te s  
i n h i b i t o r y  p r o c e s s e s  i n  t h e  h ippocam pus and i t  i s  g e n e r a l ly  a c c e p 
t e d  t h a t  an  im p a irm e n t o f  i n h i b i t o r y  s y n a p t i c  t r a n s m is s io n  c a n  
l e a d  t o  th e  o c c u r r e n c e  o f  c o n v u ls iv e  d i s o r d e r s .  W hether th e  
i n c r e a s e  i n  s e i z u r e  s u s c e p t i b i l i t y  i n  t h e  k i n d l i n g  m odel o f  
e p i l e p s y  i s  r e l a t e d  t o  a  d e c re a s e  i n  GABA-ergic f u n c t io n s  i s  n o t  
y e t  c l e a r .  T h e r e f o r e  we s tu d i e d  th e  d i s t r i b u t i o n  o f  GABA-lmmunore- 
a c t i v i t y  i n  two g ro u p s  o f  k in d le d  r a t s  and i n  c o n t r o l  a n im a ls  
u s in g  a n t i b o d i e s  a g a in s t  GABA.

R a ts  w ere im p la n te d  w i th  e l e c t r o d e s  t o  a llo w  d a i l y  t e t a n i z a t i o n  
o f  t h e  S c h a f f e r  c o l l a te r a l / c o m m is s u r a l  f i b e r s  o f  t h e  d o r s a l  h ip p o 
campus and  t o  r e c o r d  th e  e l i c i t e d  a f t e r d i s c h a r g e .  A f t e r  a t  l e a s t  
s i x  g e n e r a l iz e d  c o n v u ls io n s  t h e  k i n d l i n g  s t i m u l a t i o n s  w ere e n d e d . 
One g ro u p  ( I )  o f  r a t s  was f i x e d  24 h .  a f t e r  t h e  l a s t  c o n v u ls io n .  
A se co n d  g ro u p  ( I I )  h ad  a  r e s t  p e r io d  o f  24 d ay s  fo llo w e d  by a  
s h o r t  se co n d  s t i m u l a t i o n  p e r io d ;  r e s u l t i n g  i n  t h r e e  g e n e r a l iz e d  
s e i z u r e s .  The r a t s  o f  t h i s  g ro u p  w ere  a l s o  f ix e d  24 h .  a f t e r  th e  
l a s t  c o n v u ls io n .  N u m erica l c e l l -  d e n s i t i e s  (CD) o f  GABA-immunore- 
a c t i v e  c e l l b o d ie s  w ere d e te rm in e d  i n  t h e  CA1 r e g io n s  a t  t h e  i p s i 
l a t e r a l ,  s t i m u l a te d  s id e  and a t  t h e  h o m o to p ic  c o n t r a l a t e r a l  s i d e .

In  g ro u p  I  mean CD a t  t h e  i p s i l a t e r a l  s i d e  showed no s i g n i f i 
c a n t  d i f f e r e n c e  com pared  t o  t h e  c o n t r o l  g ro u p , a l th o u g h  th e  d en 
s i t y  o f  t h e  im m u n o la b e ll in g  was s l i g h t l y  d e c re a s e d .  A t t h e  c o n t r a 
l a t e r a l  s i d e  a  s i g n i f i c a n t  i n c r e a s e  o f  22% was fo u n d . In  g ro u p  I I  
how ever mean CD was s i g n i f i c a n t l y  d e c re a s e d  a t  t h e  i p s i l a t e r a l  
s id e  by 35%. F o r  t h e  c o n t r a l a t e r a l  s i d e  no d i f f e r e n c e  was fo u n d .

T h ese  r e s u l t s  i n d i c a t e  t h a t  k i n d l i n g  i s  p a r a l l e l e d  by a  lo n g 
te rm  d e c re a s e  i n  G A B A -im m unoreac tiv ity . The in c r e a s e  i n  CD fo u n d  
a t  t h e  c o n t r a l a t e r a l  s i d e  i n  g ro u p  I s u g g e s t s  t h e  p o s s i b i l i t y  o f  
a d a p ta t io n  o f  i n h i b i t o r y  m echan ism s.
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348.19 LOW INTENSITY 60-HZ MAGNETIC FIELDS AND SEIZURE DEVELOPMENT: 
EFFECT OF MAGNETIC FIELD PRE-EXPOSURE ON ELECTRICAL KINDLING IN 
RATS. K .-P .  O ssen k o p p , D .P . C a in , and  S . S m ith * . D e p a r tm e n t o f  
P s y c h o lo g y , U n i v e r s i ty  o f  W e ste rn  O n ta r io ,  London, Canada 
N6A 5C2.

Num erous r e p o r t s  o f  b i o l o g i c a l  e f f e c t s  o f  m a g n e tic  f i e l d s  
h a v e  p ro m p ted  c o n c e rn  a b o u t  p o s s ib l e  a d v e rs e  e f f e c t s  o f  n a t u r a l  
and  man made s o u rc e s  o f  low  i n t e n s i t y  m a g n e tic  f i e l d s .  Of 
s p e c i a l  i n t e r e s t  i s  t h e  e x tr e m e ly  low f re q u e n c y  b an d  in  t h e  
ra n g e  o f  5 0 -6 0  Hz s in c e  t h i s  i s  t h e  f re q u e n c y  o f  a l t e r n a t i n g  
c u r r e n t s  u s e d  a s  s o u rc e s  o f  e l e c t r i c a l  e n e rg y  by  man. We 
p r e v i o u s ly  r e p o r t e d  t h a t  a c u te  (1 h ) e x p o s u re  t o  low i n t e n s i t y  
60-Hz m a g n e tic  f i e l d s  re d u c e d  th e  in c id e n c e  o f  l e t h a l  
p e n t y l e n e t e t r a z o l - i n d u c e d  s e i z u r e s  i n  r a t s .  In  t h e  p r e s e n t  
e x p e r im e n t we i n v e s t ig a t e d  th e  e f f e c t s  o f  a c u te  p r e - e x p o s u re  t o  
60-Hz f i e l d s  on th e  d e v e lo p m e n t o f  e l e c t r i c a l  k i n d l i n g  in  r a t s .

The 60-Hz m a g n e tic  f i e l d s  (1 g a u s s ,  l i n e a r l y  p o l a r i z e d )  w ere 
p ro d u c e d  by  two l a r g e  (100 cm d ia m e te r )  H e lm h o ltz  c o i l s .  
B ip o la r  e l e c t r o d e s  w ere im p la n te d  i n  t h e  b a s o l a t e r a l  am ygdala  o f  
a d u l t  m ale  ho o d ed  r a t s .  H a lf  o f  t h e  a n im a ls  w ere g iv e n  d a i l y  1 
h o u r  e x p o s u re s  t o  th e  60-Hz m ag n e tic  f i e l d  fo llo w e d  im m e d ia te ly  
b y  low l e v e l  e l e c t r i c a l  b r a i n  s t i m u l a t i o n  ( e l e c t r i c a l  k in d l in g  
p ro c e d u re )  u n t i l  e l e c t r o g r a p h ic  and b e h a v io r a l  s e i z u r e s  
d e v e lo p e d .  The o t h e r  a n im a ls  w ere g iv e n  d a i l y  1 h o u r  e x p o s u re s  
t o  a  sh a m -m ag n e tic  f i e l d  c o n d i t i o n  and  a l s o  k in d le d .  
M easurem ent o f  t h e  num ber o f  a f t e r d i s c h a r g e s  (AD) r e q u i r e d  to  
p ro d u c e  a  g e n e r a l iz e d  s e i z u r e  i n d i c a t e d  no s i g n i f i c a n t  
d i f f e r e n c e  b e tw e en  th e  sham and  m a g n e tic  f i e l d  ex p o sed  g ro u p s  
(m eans o f  1 2 .7  and  1 5 .6 ,  r e s p e c t i v e l y ) .  D u r a t io n s  o f  AD a s  a 
f u n c t i o n  o f  s t i m u l a t i o n  t r i a l s  r e v e a l e d  a  t r e n d  f o r  s h o r t e r  AD 
d u r a t i o n s  i n  t h e  60-Hz e x p o sed  g ro u p  (p = .0 8 4 ) .  When e a ch  r a t  
h a d  d e v e lo p e d  a  g e n e r a l iz e d  s e i z u r e  th e  f i e l d  e x p o s u re  c o n d i t i o n  
on t h e  f o l lo w in g  d ay  was s w itc h e d  f o r  t h e  tw o g ro u p s  and a n o th e r  
s e i z u r e  e l i c i t e d .  M easurem ents  o f  AD d u r a t i o n s  f o l lo w in g  th e  
c r o s s - o v e r  d e s ig n  r e s u l t e d  i n  a  s i g n i f i c a n t  (p = .028) 
s u p p re s s io n  o f  AD d u r a t i o n s  when th e  r a t s  w ere p re -e x p o s e d  to  
t h e  60-Hz m a g n e tic  f i e l d .  T h u s , e x p o s u re  t o  t h e  low  i n t e n s i t y  
m a g n e tic  f i e l d s  r e s u l t e d  i n  s u p p re s s io n  o f  some o f  t h e  s e iz u r e  
i n d u c in g  e f f e c t s  o f  e l e c t r i c a l  k i n d l i n g  i n  r a t s .

(S u p p o rte d  by  a  c o n t r a c t  from  t h e  New York S t a t e  O verhead  
Pow er L in e s  P r o j e c t  and  g r a n t s  from  The N a tu r a l  S c ie n c e s  and 
E n g in e e r in g  R e se a rc h  C o u n c il  o f  C anada t o  KPO and DPC)

348.20 KINDLING IN THE HILUS OF THE DENTATE GYRUS AND ITS EFFECTS ON 
FIELD POTENTIALS. G.M. Grace*, R.W. Skelton and M.E. Corcoran. 
Dept. of Psychology, Univ. of V ictoria, V ictoria, B.C. V8W 2Y2.

Despite the large number of studies investigating neural plas
t ic i ty  in the dentate gyrus (DG), there is surprisingly l i t t l e  
information regarding the suscep tib ility  of th is  region to kind
ling. The purpose of the present study was to characterize h ila r 
kindling electrographically and behaviorally. Changes in synaptic 
ex c itab ility  of the dentate granule ce lls  were also monitored by 
recording fie ld  potentials evoked by stimulation of the perforant 
path (PP) and measuring the amplitudes of the population spikes.

Once daily for 60 days, male hooded ra ts received one sec of 
high-frequency stimulation in the le f t  h ilus, a t an intensity  
su ffic ien t to evoke afterdischarge (AD). On alternate  days, 
evoked potentials were recorded from the hilus following stimu
lation of the PP with single 0.1 msec pulses at six current 
in ten sitie s . Field potentials were also monitored in control 
ra ts during the same period.

Despite the 60-day stimulation period, most ra ts developed 
only partia l (stage-1 or stage-2) seizures (Partial group), 
although a few ra ts did develop generalized stage-5 seizures 
(Generalized group). Kindling was very unstable in that most 
ra ts displayed no AD on some stimulation days or regressed from a 
higher behavioral stage to a lower one. Some development in 
electrographic complexity was observed, but growth in AD duration 
was observed only in the Generalized group. Hilar stimulation 
resulted in an in it ia l  increase in population spike amplitudes, 
followed by a decrease to below control levels. By 60 days, 
amplitudes had p artia lly  recovered. The Generalized group showed 
a greater decrease in population spike amplitudes than the Partial 
group.

The two major findings in the present study are: F irs t , h ila r 
kindling possesses several characteristics that set i t  apart from 
typical limbic kindling, including low rate of kindling, marked 
in s ta b ility  of the seizures, and l i t t l e  or no growth of AD dura
tion . Second, kindling in the hilus did not resu lt in permanent 
potentiation of the PP-DG population spike. Rather, a f te r  an 
in i t ia l  increase in population spike amplitudes, there was a large 
and lasting  decrease.

Supported by grants from NSERC awarded to RWS and from NSERC 
and MRC awarded to MEC.

348.21 REPEATED i . v . naloxone induces dose- response kindling effect and 
SENSORY PRECIPITATION OF GENERALIZED SEIZURES IN CATS. F .P e l l i c e r ,*  
J.M. C alvo ,*  L. Rocha,* R. F ernández ,*  and A. F ernánd ez -G u ard io la . 
I n s t .  Mex. P s iq u ia t r í a and Fac. P s ic o lo g í a UNAM. Camino Xochim ilco 
101, cp 14370 Méx ic o  D.F.

There i s  a g e n e ra l agreem ent on th e  co n v u lsan t e f f e c t s  o f h igh  
doses of naloxone in  s e v e ra l  an im al s p e c ie s . (S nyder, E.W. e t  a l . ,  
J .  Pharm acol. Exp. T h e r .,  217:299, 1981). In  a model o f senso ry  
p r e c i p i t a t i o n  of s e iz u re s  (Papio  P ap io ) naloxone re v e r s e s  th e  pho to 
m io c lo n ic  response  d ep re ss io n  induced by th e  ICV a d m in is tr a tio n  of 
s y n th e t ic  endogenous o p io id s  (Meldrum, B .S. e t  a l .  B rain  R e s ., 170: 
333, 1979). A lso naloxone enhances p o s t - t e ta n i c  p o te n t ia t io n  and 
p re v e n ts  h a b i tu a t io n  of s u r a l  nerve  p o ly sy n a p tic  v e n t r a l  r o o t  
re sp o n ses  in  th e  s p in a l  co rd  (F ernán d ez -G u a rd io la , A. e t  a l .  EEG 
and C lin . N eu rophysio l. Suppl. 36: 257, 1982; P e l l i c e r ,  F . , 
N eu ro sc i. Abs. 14 2 .7 , 1984).

As p a r t  of an ongoing in v e s t ig a t io n  of th e  p o s s ib le  r o le  of 
endogenous o p io id s  in  e p i le p to g e n e s is , 21 c a ts  (Encephale i s o l é ) 
c u ra r iz e d  and a r t i f i c i a l l y  v e n t i l a te d  were u sed . A group of a n i 
m als (12) re c e iv e d  nalo x o n e-a lo n e  (2 , 4 , and 8 mg/Kg, I .V .)  w ith  a 
15 m in. i n t e r v a l .  The o th e r  group re c e iv e d  naloxone on th e  same 
schedu le  and dose and in t e r m i t t e n t  p h o tic  s tim u la t io n  (IPS) a f t e r  
each  a d m in is tr a t io n .  The e l e c t r i c a l  a c t i v i t y  o f bo th  tem poral lobe 
am ygdalae, v is u a l  c o r te x  and sensory-m otòr  c o r te x  was co n tin u o u s ly  
m o n ito red , evoked v is u a l  p o te n t ia l s  were averaged  and a power 
s p e c t r a l  a n a ly s is  (PSA) was perform ed on l i n e  (d a ta  sampled a t  320 
p o in t / s e c ,  frequency  ra n g e , 0-20 H z). 2 , 4 and 8 mg/Kg naloxone 
doses produced a n o tic e a b le  enhancement of evoked p o te n t ia l s  (EP) 
am plitude in  th e  v is u a l  c o r te x  du rin g  e le c tro g ra p h ic  parox ism al 
a c t i v i t y .  A lso th e  EP p ro g re s s iv e ly  p ro p ag a ted , f i r s t  to  bo th  
amygdalae and a f t e r  to  th e  sensory-m otor c o r te x . In  t h i s  s ta g e  
e le c tro g ra p h ic  c lo n ic - to n ic  g e n e ra liz e d  s e iz u re s  ap p eared . The 
nalo x o n e-a lo n e  t r e a te d  group a ls o  d isp la y e d  in c re a s in g  paroxism s 
and g e n e ra liz e d  s e iz u re s  w ith  in c re a s e d  r e p e t i t i v e  naloxone d o ses . 
The PSA r e s u l t s  show th a t  senso ry  p r e c i p i t a t io n  of s e iz u re s  occu rs  
when th e  sensory-m otor c o r te x  i s  invaded by a c t iv i t y  from o th e r  
re g io n s  of d i f f e r e n t  sen so ry  in p u t ,  as th e  v i s u a l  or th e  lim b ic  a f 
f e r e n t s .  These p ro g re s s iv e  e f f e c t s  on e p i le p to g e n e s is  a re  k in d l in g 
l i k e  and cou ld  be due to  e n k e p h a lin e rg ic  d i s in h i b i t i o n  or to  GABA 
antagonism  induced by n a loxone , o r to  b o th  mechanism s, as  has been 
proposed by Hydén (C upello , A. and Hydén . , J .  N eu ro sc i. R e s .,  6: 
579, 1981).

348.22 NONLINEAR SYSTEMS ANALYSIS OF KINDLED RABBIT HIPPOCAMPUS. 
G.B. Robinson, R .J. Sclabassi and T.W. Berger. Departments 
o f Psychology, Psychiatry and Neurological Surgery, Univ. 
of Pittsburgh, P ittsburgh, PA 15260.

Kindling re fe rs  to  a progressive and re la tiv e ly  permanent 
increase in  both the c e llu la r  and behavioral response to  re
peated epileptogenic e le c tr ic a l stim ulation. In  th e  dentate 
gyrus of the hippocamp a l formation, kindling increases the mag
nitude of inh ib ition , which could reduce the  probab ility  or 
severity  of subsequent seizures by decreasing excitatory  input 
to  CA3, an area th a t i s  extremely epileptogenic. As a f i r s t  
step  in  the examination of th is  hypothesis, we used nonlinear 
systems analysis procedures to  examine the  development and dur
ation  of kindling-induced changes in  perforant path-dentate 
synaptic transmission in  the rabb it.

Kindling stim ulation (2 s , 60 Hz tr a in  of 1.0 ms impulses) 
was applied d aily  to  the  perforant path u n ti l  3 consecutive 
stage 5 seizures were e lic ite d . P rio r to , during the  develop
ment of, and following the  l a s t  fu l l  motor seizure a random 
stimulus tr a in  (4064 impulses drawn from a Poisson d istribu tion , 
λ =2 Hz) was applied to  the  perforant path and the amplitude of 
the  dentate population spike in  response to  each impulse was 
measured. Cross-correlation techniques were used to  compute 
f i r s t ,  second and th ird  order kernels.

Kindling decreased the peak amplitude of the f i r s t  order 
kernel, possibly re flec tin g  an increased duration and magnitude 
of stimulation-evoked inhib itory  e ffe c ts . However, the peak of 
the  f i r s t  order kernel a lso  sh ifted  so th a t the  m ajority of 
poet-kindling responses occurred a t  a shorter latency. Second 
order kernels values approached zero ( i . e . , the  response became 
linear) following the  f i r s t  afterdischarge, and as kindling 
progressed a l l  second order in teractions became inhib itory . 
Third order kernels a lso  were a lte red  by kindling. Before 
kindling, th ird  order values were mainly inhib itory , i . e . ,  the 
two preceding in tervals resu lted  in  a  smaller population spike 
than would be predicted from the f i r s t  and second order ker
n els . A fter kindling, however, th ird  order values were mainly 
positive , i . e . ,  the  population spikes were la rge r  than pre
dicted . The kindling-induced changes in  f i r s t ,  second and th ird  
order kernels were slow to  develop and persis ted  fo r up to  20 
weeks following the  l a s t  motor seizure. Supported by The 
Whitaker Foundation, NIMH (MH00343) and a NSERC Postdoctoral 
Fellowship.
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349.1 THE SURVIVAL OF INTRACEREBRAL XENOGRAFTS. K. Rao*, R.D. Lund, 
H.W. Kunz *° and T .J .  G i l l  I I I * ° , (SPON: W.Cameron), D ept. of 
N eurob io logy , Anatomy and C e ll S c ien ce , C en ter fo r  
N eu roscience , and °D ep t. of P ath o lo g y , Univ. o f P i t t s b u rg h ,  Sch. 
o f M ed., P i t t s b u rg h ,  PA 15261.

We have found th a t  embryonic n e u ra l t i s s u e  s u rv iv e s  fo r  a t  
l e a s t  one y ea r a f t e r  t r a n s p la n ta t io n  to  n e o n a ta l r a t  b r a in s ,  b u t 
i s  r e je c te d  r a p id ly  i f  p laced  in  a d u l t  h o s ts .

We have a ls o  s tu d ie d  th e  e f f e c t  o f r e c ip ie n t  age on th e  
r e j e c t i o n  p ro cess  by t r a n s p la n t in g  d is s o c ia te d  embryonic 
c o r t i c a l  t i s s u e  from CD1 mice in to  n e o n a ta l Sprague-Dawley r a t s  
o f d i f f e r e n t  ages. We found th a t  t r a n s p la n ts  su rv iv ed  a t  l e a s t  
6 weeks when p laced  in  8 day o ld  r e c ip ie n t s  b u t s ig n s  of 
r e j e c t i o n  were e v id en t w ith in  1 week a f t e r  t r a n s p la n ta t io n  in  
12,16 and 20 day o ld  r e c ip ie n t s .

We have a lso  examined w hether r e j e c t i o n  o f such x e n o g ra f ts  in  
the  n eo n a ta l r a t  b ra in  can be induced by p la c in g  CD1 mouse sk in  
on th e  f la n k  of r e c i p ie n t s .  We f i r s t  g ra f te d  mouse r e t in a e  
(E13-14) to  th e  m idb ra in  of n e o n a ta l Sprague-Dawley r a t s .  Then, 
one month l a t e r ,  sk in  from a d u l t  CD1 mice was g ra f te d  onto  th e  
f la n k  of some of th e se  r e c i p ie n t s .  The r e s t  of th e  r e c i p ie n t s ,  
which c o n s t i tu te d  th e  c o n tro l group , rece iv ed  sk in  a u to g ra f ts .  
A ll th e  an im als w hich had re c e iv e d  s k in  x e n o g ra f ts  r e j e c te d  
them. These were th en  s a c r i f i c e d  a t  4 day in t e r v a l s  and fro zen  
s e c t io n s  of th e  b ra in  were s ta in e d  and examined.

These s e c t io n s ,  when compared to  th o se  of th e  c o n tro l 
an im a ls , showed a m assive i n f i l t r a t i o n  o f lym phocytes and a 
p ro g re s s iv e  lo s s  o f t i s s u e  id e n t i t y .  A ro b u s t p ro je c t io n  of 
axons from th e  t r a n s p la n t  to  th e  h o s t tectum  th a t  was i n i t i a l l y  
seen , d egenera ted  as th e  r e j e c t i o n  response  p ro g re ssed .

Thus, mouse x e n o g ra f ts  p laced  in  r a t  b r a in s ,  b e fo re  th e  
r e c ip ie n t s  become im m unologically  com petent, in te g r a te  w e ll  w ith  
th e  h o s t n e u ro p i l ,  bu t a re  s t i l l  s u s c e p tib le  to  r e j e c t i o n  i f  
a p p ro p r ia te  immunogens a re  p re se n te d  o u ts id e  th e  CNS.

Supported by g ra n ts  EY05283, CA18659 from NIH, and a g ra n t 
from th e  Samuel and Emma W inters Foundation .

349.2 O BSERVATIONS ON THE BLOOD-NERVE BARRIER (BNB) OF 
SU R V IV IN G  NERVE ALLOGRAFTS IN RATS. Y. K adota,* S. Wakai,* 
N.A. Azzam and A.A. Z alew ski. Lab. o f N eu ro ch em istry , N IN CDS, NIH, 
B ethesda, MD 20892 an d  D ep t. o f A natom y (N.A.A.), G eorgetow n 
U n iv e rs ity , W ashington, D.C. 20007.

P eronea l nerve  g ra f ts , 2 cm long, w ere tak en  fro m  a d u lt ACI ra ts  and 
su tu re d  to the  cu t ends o f  th e  pero n ea l nerv e  o f im m unologically  
d e fic ie n t  n ude  ra ts  or no rm al F isch er ra ts  th a t  w ere im m unosuppressed 
w ith  cyclosporin -A  (Cy-A). T he purpose  o f  th is  s tu d y  was to investigate  
w h e th e r th ere  w ere an y  acu te  or ch ro n ic  changes in  the  BNB of a 
su rv iv in g  nerv e  a llo g ra f t th a t  m igh t a ff e c t  host ax o n al regenera tion  
th ro u g h  it. T he p e rm eab ility  o f  the  BNB was s tu d ied  by using 
h o rse rad ish  p erox idase  (H R P ) as a t ra c e r, w h ich  was in jected  
in trav en o u s ly  in to  a vein  d is ta n t fro m  the  g ra f t. A t various 
p o sto p e ra tiv e  in te rv a ls , th e  BNB w as v iew ed  by l ig h t an d  electron  
m icroscopy a f te r  the  nerves w ere su b jec ted  to a h isto ch em ical reaction  
th a t  reveals p erox idase  a c tiv ity . In  norm al nerves, the  reac tio n  p roduct 
fo r  H R P w as seen  in  the  lum en  o f en d o n e u ria l blood vessels w h ich  are 
know n to be n o n -fe n e s tra te d  an d  th e re fo re  im perm eab le  to HRP. In 
c o n tra s t, the  tra c e r  leak ed  fro m  fe n e s tra te d  e p in e u r ia l vessels, bu t its 
m ovem ent in to  the  e n d o n eu riu m  was re s tric te d  by the  in n er layers o f the 
p e rn e u r ia l sh ea th  cells. As expected , a ll n e rv e  a llo g ra f ts  su rv ived  in 
nude ra ts  o r no rm al ra ts  tre a te d  w ith  Cy-A. In these a llo g rafts , the 
e n d o n e u ria l blood vessels becam e m ark ed ly  perm eab le  to H R P at 1-4 
weeks. T h e re a f te r ,  a g rad u a l d ec line  in  p e rm eab ility  o ccu rred  fro m  4-16 
w eeks, w h ich  was fo llow ed  by recovery  (i.e. im p erm eab ility )  a t 17-24 
weeks. H R P  passed fro m  vessels th ro u g h  en d o th e lia l ju n c tio n s  th a t  were 
tig h t  in  norm al nerve. It is in te re s tin g  th a t  a t all tim es in  the  a llo g rafts, 
as in  norm al nerv e , the  p e rin e u riu m  rem a in ed  im perm eab le  to H R P th at 
leak ed  ou t o f ep in e u r ia l vessels. The p e rm eab ility  changes th a t  occurred  
in  the  e n d o n eu ria l v a scu la tu re  d id  not in h ib i t  host nerve f ib er 
reg en e ra tio n  th ro u g h  the g ra f ts , s ince lo n g er-te rm  g ra f ts  con tained  
num erous rem y e lin a ted  axons. S im ila r resu lts  w ere o b ta in ed  w ith  nerve 
au to g ra fts . We conclude th a t  the  v ascu la r e n d o n eu ria l p e rm eab ility  th a t 
occurs in  su rv iv in g  nerve  a llo g ra f ts  w ith o u t (i.e., in  n u d e  ra ts) or w ith 
im m unosuppression  (i.e., in Cy-A  tre a te d  ra ts) does n o t h in d e r  host axonal 
reg en e ra tio n  th ro u g h  them  or the  a b ility  o f  these f ib e rs  to re in n e rv a te  
m uscles o f the  peronea l nerve.

349.3 T H IR D  V ENTRICULA R TR A N SPLA N T O F FETA L NEURA L TISSUE 
PREVEN TS THE SEX -SPEC IFIC  SYSTOLIC HY POTENSIO N PR O D U CED  
BY NEON ATA L MSG IN FEM A LE RA TS. R.W . C lough , P .A . A ra v ic h * , 
C .D . S ladek  and  J .R . S ladek , J r .  D e p ts . o f N eurob io logy  and  A natom y 
and  N eu ro lo g y , U niv . o f R o c h e s te r  Sch. o f  M ed. and  D e n t.,  R o c h e s te r ,  NY 
14642.

M onosodium  g lu ta m a te  (MSG), a  n e u ro to x in  to  dev e lo p in g  
c ir c u m v e n tr ic u ia r  o rg an s , h y p o th a la m ic  a r c u a te  tis s u e , and  p o rtio n s  o f 
th e  m ed u lla  o b lo n g a ta , p ro d u ces  se v e ra l  ad en o h y p o p h y sea l r e la te d  
e n d o c rin o p a th ie s  fo llow ing  n e o n a ta l ex p o su re . O ur p rev io u s  s tu d ie s  h av e  
in v e s t ig a te d  th e  e f f e c ts  o f n e o n a ta l  MSG on neu ro h y p o p h y sea l fu n c tio n  
and  b lood p ressu re  p ro file s  in m ale  and  fe m a le  r a t s .  C o n c e n tra t io n s  of 
v aso p ress in  in se v e ra l  b ra in  a re a s  and  in se ru m  d u ring  b asa l co n d itio n s  a re  
u n a lte re d  in  M S G -tre a te d  a n im a ls . B asal w a te r  in ta k e  and  u rin e  o u tp u t 
a re  u n ch an g ed  and  M S G -tre a te d  r a t s  a re  a b le  to  c o n c e n tr a te  u rin e  
e f f e c t iv e ly  in  th e  p re se n c e  o f w a te r  d e p riv a tio n . P la sm a  o sm o la lity  an d  
se ru m  h e m a to c r i t  a re  a lso  n o t d i f f e re n t  in M S G -tre a te d  co m p a re d  to  
c o n tro l  r a t s .  T h ese  d a ta  in d ic a te  th a t  th e  neuroh y p o p h y sea l 
v a so p re ss in e rg ic  sy s te m  is r e s is te n t  to  th e  n e u ro to x ic  e f f e c ts  of n e o n a ta l 
MSG. In c o n tr a ry ,  n e o n a ta l  M S G -tre a te d  fe m a le  r a t s  ex h ib it  a  s ig n if ic a n t 
d e g re e  of sy s to lic  h y p o ten sio n  a s  a d u lts  ( p < 0.05), b u t fa i l  to  show 
a l te r a t io n  in h e a r t  r a te s  (C lough e t  a l . , B r. R e s . B ull., in p ress). The 
p re s e n t  s tu d y  in v e s t ig a te s  w h e th e r  do p am in e  c o n ta in in g  m ed io b asal 
h y p o th a la m ic  (DA-M BH) t ra n s p la n ts  in to  th e  th ird  v e n tr ic u le  o f th e  
hy p o th a la m u s  (n ea r th e  M SG -lesioned  a re a )  w ill p re v e n t  th e  d e v e lo p m e n t 
of sy s to l ic  h y p o ten sio n  in  M S G -tre a te d  fe m a le  r a t s .  A t 28 days o f a g e , 
M S G -tre a te d  (4 m g /g  bw , day s  1, 3, 5, 7, 9 p o s tn a ta l)  o r c o n tr o l - t r e a te d  
r a t s  w e re  a n e s th e s iz e d  and  p re p a re d  fo r s te r e o ta x ic  su rg e ry . C o r t ic a l  or 
DA-M BH tra n s p la n ts  w ere  ta k e n  fro m  16 day  p o s tc o n c e p tio n  f e ta l  r a t s  
and  p lac e d  in to  th e  th ird  v e n tr ic le .  S y sto lic  blood p ressu re s  w ere  
re c o rd e d  a t  a p p ro x im a te ly  3 m on th s  o f a g e  by t a i l  c u ff  p ley th sm o g rap h y . 
R e su lts  a r e  in d ic a te d  in  th e  fo llow ing  ta b le :

G R O U P (N) SYSTOLIC BLOOD PR ESSU RE
C o n tro ls  (10) 129.8 + (m m  HG)
MSG (6) 107.0 + 6 * ( p < 0.05)
M S G -H ypotha lam ic  t ra n s p la n ts  (12) 125.4 + 6
M S G -C o rtica l tra n s p la n ts  (6) 124.6 + 3

M S G -tre a te d  fe m a le  r a t s  ex h ib it  c o n s is te n t  sy s to l ic  h y p o ten sio n  as 
a d u lts .  We h av e  d e m o n s tra te d  t h a t  th e  d ev e lo p m e n t o f sy s to lic  
h y p o ten sio n  in M S G -tre a te d  fe m a le  r a t s  is e f f e c t iv e ly  p re v e n te d  by 
s te r e o ta x ic  p la c e m e n t o f n e u ra l t ra n s p la n ts .  F u r th e rm o re , th e s e  d a ta  
in d ic a te  t h a t  b o th  DA-M BH and  c o r t ic a l  t is s u e  a r e  e f f e c t iv e  in th is  
re g a rd .  H is to lo g ic a l e x a m in a tio n  o f th e  tra n s p la n ts  is  in p ro g re s s . 
S u p p o rted  by PHS g ra n t  NS 15816 and HL 28172.

349.4 Experimental Cerebral l s chemia, T issue Damage, and Neur onal 
T ran sp lan tation . S. D.  Farber 1, S . H . Murphy 1, D.G. Wel l s2*, B . 
P. Vi e t i e 2* , J .  W e lls 2 ,  and W.C. Low1 , 1De p t . o f  P h y s io lo g y  and 
B io p h y s ic s, Ind iana  U n iv e rs ity  School of M edicine, I n d ia n a p o lis ,  
IN 46223, and 2Dept. of Anatomy and N eurobio logy, U n iv e rs ity  of 
Vermont, B u r lin g to n , VT 05405.

The 4 v e s s e l  o c c lu s io n  (4 VO) m odel o f is c h e m ic  c e r e b r a l  
v a s c u l a r  a c c id e n t  (CVA) d e v e lo p e d  by P u l s i n e l l i  and B r i e r l e y  
( S t r o k e ,  1 0 :2 6 7 -2 7 2 , 1979) was u t i l i z e d  to  r e l i a b l y  p ro d u ce  
i n f a r c t s  o f th e  h ippocam pus and s t r i a tu m  in  a d u l t  m a le  W is ta r  
r a t s .  E x p e rim e n ts  w ere d e s ig n e d  to :  1) c h a r a c t e r i z e  th e  
h i s to l o g ic a l  and b e h a v io ra l e f f e c t s  of CVA; 2) and examine the 
f e a s i b i l i t y  o f u s in g  la b e l e d  n e u r a l  t r a n s p l a n ts  in  age-m atched 
unopera ted  c o n t ro ls  and in  th i s  model of b ra in  ischem ia in  o rd er 
to  id e n t i f y  the  tr a n s p la n te d  c e l l s  among those  of th e  h o s t.

S u rg ic a l p re p a ra tio n  fo r  s to k e  in d u c tio n  in c lu d ed  a n e s th e tiz in g  
a n im a ls , perm anen tly  occ lu d in g  p a r a v e r te b r a l  a r t e r i e s  and lo o s ly  
p la c in g  a t r a u m a t ic  c l a s p s  aro u n d  each  common c a r o t i d  a r t e r y  
w ith o u t d is ru p tin g  b lood  flow . Animals were a llow ed  to  reco v e r  
o v e rn ig h t from the  su rg e ry . A fte r re c o v e ry , on day 1 p o s t-s u rg e ry , 
c a r o t i d  c l a s p s  w ere th e n  t ig h te n e d  in  th e  u n a n e th e t i z e d  r o d e n t  
producing 4 VO of 30 m inutes d u ra t io n  fo llo w e d  by rem oval of the 
c la s p s .  Sham o p era ted  c o n t ro ls  re c e iv e d  a n e s th e s ia  w ith  exposure 
o f th e  p a r a v e r t e b r a l  and c a r o t i d  a r t e r i e s .  A l l  a n im a ls  w ere 
t e s t e d  f o r  s e n s o ry  o r i e n t a t i o n  ( a d a p te d  from  M a r s h a l l  and 
T e ite lb a u m , J . Comp. P h y s io lo g y P s y .,  8 6 :3 7 5 -3 9 5 , 1974) and 
locom otor a c t i v i t y  14 days a f t e r  CVA. Animals were su b seq u en tly  
k i l l e d  and b ra in s  were p rocessed  fo r  h is to l o g ic a l  a n a ly s is .

R e su lts  of sensory  t e s t s  dem onstrated  s ig n i f i c a n t  d if f e re n c e s  
b e tw e en  CVA and sham a n im a ls  in  th e  a r e a s  of o r i e n t a t i o n  to  
l i g h t  touch and p re s s u re ,  and in  s t a t i c  e q u ilib r iu m  response . CVA 
an im als  showed marked re d u c t io n  in  o r ie n tin g  to  bo th  p ro to p a th ic  
and e p i c r i t i c  s t i m u l i  and w ere n o t a b l e  to  make p o s tu r a l  
ad ju stm en ts  to  l a t e r a l  d isp la cem en t a p p lie d  to  the  sh o u ld e rs  and 
h ip s . S m a lle r  d if f e re n c e s  were noted  during  in v e r te d  su sp en sio n , 
v i s u a l  t r a c k i n g ,  r i g h t i n g  and g r a s p  r e f l e x e s  w ith  CVA a n im a ls  
d e m o n s tra t in g  w eak er o r  d e la y e d  r e a c t io n s  compared to  c o n t ro ls .  
H is to lo g ic a l  a n a ly s is  of CVA ro d en t b ra in s  r e v e a le d  c e l l  lo s s  and 
marked a trophy  of the  CA1 pyram idal c e l l  reg io n  of the  hippocampus 
and d o r s o l a t e r a l  s t r i a tu m  w h i le  sham c o n t r o l s  d e m o n s tra te d  a 
no rm a l c e l l u l a r  p r o f i l e .  T hese h i s t o l o g i c a l  a b n o r m a l i t i e s  
c o r r e l a te d  w ith  observed  b e h a v io ra l a l t e r a t i o n s  of sensory  n e g le c t  
and dysphagia and p e r s e v e ra t io n .

F or t r a n s p l a n t a t i o n  s t u d i e s ,  h o r s e r a d i s h  p e ro x id a s e  (HRP) 
l a b e l e d  c e l l  s u s p e n s io n  from  em bryon ic  r a t  h ippocam pus was 
im p la n te d  i n t o  th e  CA1 r e g io n  o f  th e  h ip p o c am p a l fo rm a tio n  o f 
age-m atched unopera ted  c o n t r o ls .  One week p o s t - in j e c t io n ,  an im als 
were k i l l e d ,  b ra in s  were removed and p rocessed  fo r  h is to l o g ic a l  
e x a m in a t io n . HRP la b e l e d  p y ra m id a l -1  ik e  c e l l s  w ere found in  
c l u s t e r s  w i t h i n  th e  i n j e c t i o n  s i t e  and  w e re  c l e a r l y  
d is t in g u is h a b le  from hippocam pal pyram idal c e l l s  of the h o s t.  The 
in c o rp o ra tio n  of id e n t i f i a b l e  t r a n s p la n te d  n erv e  c e l l s  in to  t i s s u e  

d a m a g e d  b y  b r a i n  i s c h e m i a  m a y  p r o v i d e  a  m e a n s  o f  r e c o n s t r u c t i n g  
neu ronal c i r c u i t r i e s  le ad in g  to  a r e s to r a t io n  of fu n c tio n .
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349.5  GLIAL RESPO N SE TO  FET A L BRAIN CELLS TR A N SPLA N TED  INTO 
PREVIOUSLY LESIONED HIPPO CA M PU S OF TH E AD ULT RA T.
A.  R a m ire z * , A . S h e m er* , P . W h ita k e r-A z m itia * , and  E .C . A z m itia  
(SPON : F .A . H enn). D e p a r tm e n t o f  B io logy, W ashington  S q u a re , New 
Y ork  U n iv e rs i ty , New Y o rk , N .Y . 10003 an d  D e p a r tm e n t o f  P sy c h ia try , 
SUNY a t  S to n y  B rook, N .Y . 11794.

T ra n sp la n ta t io n  o f  f e t a l  ra p h e  tis su e  in to  a d u lt  h ip p o cam p u s h a s  b e e n  
show n to  r e s u l t  in  th e  fo rm a tio n  o f a  g lia  s c a r  (A z m itia  an d  W h itak e r, 
N e u ro sc i., 38:145, 1983). In  o rd e r  to  p ro m o te  m ore  c o m p le te  in te g ra t io n  
o f t ra n s p la n t  an d  h o s t t is su e s , w e h a v e  a t t e m p te d  to  l im it  th e  a m o u n t o f 
s c a r in g . F rom  p re lim in a ry  s tu d ie s  i t  a p p e a rs  t h a t  th e re  a r e  f e w e r  g lia  
f ib r il la ry  a c id ic  p ro te in  (GFA) p o s itiv e  c e lls  su rro u n d in g  th e  seco n d  s e r ia l  
les io n  th a n  th o se  su rro u n d in g  th e  f i r s t  s e r ia l  les io n  o r  th e  u n i la te r a l  and  
b i la te r a l  les io n s  (S h em er e t  a l . ,  A b s t ra c t .  N e u ro sc i. S o c ., 1984). 
T h e re fo re , we d e c id e d  to  e x a m in e  th e  g l ia l  resp o n se  to  f e t a l  b ra in  c e lls  
t ra n s p la n te d  in to  th e  h ip p o cam p u s o f a d u lt  r a t s  m ec h a n ica lly  les io n ed  
p rev io u s ly . We c o m p a re d  th e  g l ia  re sp o n se s  in  fo u r e x p e r im e n ta l  g roups: 
1) les io n  a lo n e  2) ra p h e  tra n s p la n t  a lo n e  3) le s io n  fo llo w ed  tw o  w eeks l a t e r  
by ip s i la te ra l  t ra n s p la n t ,  and  4) les io n  fo llo w ed  tw o  w eeks l a t e r  by 
c o n tr a la te ra l  t ra n s p la n t .

M inced m ese n c e p h a lic  rap h e  t is su e  fro m  f e t a l  r a t  (13-14 day s  o f  
g e s ta tio n )  w as in je c te d  th ro u g h  a  g lass  p ip e t te  in to  h ipp o cam p u s o f 
S p rague-D aw ley  r a t s  w eigh ing  220-250 g ram s (co o rd in a te s : 4 .5  mm 
a n te r io r  an d  1.5 m m  la t e r a l  to  lam b d a  an d  3.7 m m  below  sk u ll). A 
h y p o d erm ic  n e e d le  w as u sed  to  les io n  th e  h ip p o cam p u s using  th e  
c o o rd in a te s  2.5 mm  l a t e r a l  to  th e  tra n s p la n t .  C h lo rap e n t (200 m g /kg) w as 
a d m in is te re d  a s  a n e s th e tic .  T h e  a n im a ls  w e re  p e rfu se d  tw o  w eek s a f t e r  
th e  t ra n s p la n t  w ith  4% p a ra fo rm a ld e h y d e  and  0.05%  MgSO 4 in 0.1 M 
p h o sp h a te  b u f fe r  (pH 7 .2). T h e  b ra in s  w e re  s e c t io n e d  fo r  
im m u n o c y to c h e m is try  on  a  v ib ra to m e  a t  50 um . P r im a ry  an tib o d y  a g a in s t  
GFA w as u sed  a t  1 /1000 d ilu tio n  fo r  18 h o u rs. T h e  an tib o d y  w as 
v isu a lized  w ith  th e  p e ro x id a se -a n tip e ro x id a se  p ro ce d u re  using  
d iam in o b en z id in e  a s  s u b s tr a te .  In  th e  le s io n  a lo n e  g ro u p , a  g l ia l  resp o n se  
to  th e  les io n ed  a r e a  w as c le a r ly  s e e n . In th e  rap h e  t ra n s p la n t  a lo n e  g ro u p  
we o b se rv e d  a  m ark e d  g l ia l  s c a r  su rro u n d in g  th e  tra n s p la n t .  We o b se rv ed  
c le a r  e v id e n c e  o f less  GFA p o s itiv e  c e lls  su rro u n d in g  th e  a r e a  o f  th e  
tra n s p la n t  o f  s e r ia lly  les io n ed  b ra in s , c o m p a re d  to  th o se  b ra in s  t h a t  
re c e iv e d  th e  t ra n s p la n t  a lo n e . We a lso  r e p o r t  no n o t ic e a b le  d iff e re n c e s  in 
th e  g l ia  resp o n se  w h e th e r  th e  s e r ia l  le s io n  is c a r r ie d  o u t  ip s i la te ra l ly  o r  
c o n tr a la te ra l ly .

I t  is in te r e s t in g  t h a t  b o th  ip s i la te ra l  an d  c o n tr a la te r a l  p re -le s io n in g  
d im in ish ed  th e  g l ia l  re sp o n se  to  ra p h e  tra n s p la n t .  I t  m ay  b e  w o rth  n o tin g  
t h a t  th e  m ec h a n ica l les io n  re s u l te d  in  r e a c t iv e  g l ia l  c e lls  w ith in  th e  
co rp u s  ca llo su m  a s  i t  s t r e tc h e s  fro m  one s id e  o f  th e  b ra in  t o  th e  o th e r .  
T h ese  r e s u l ts  su p p o rt th e  id ea  t h a t  g l ia l  m ig ra tio n  p lay s  a n  im p o r ta n t  ro le  
in  th e  s c a r  fo rm a tio n  and  m ay  u se  e s ta b lish e d  f ib e r  p a th w a y s  a s  a  g u id e .

349.6 RELATIONSHIP OF ASTROCYTES AND TANYCYTES TO GONADOTROPIN 
RELEASING HORMONE ( GnRH) AXONS GROHING FROM THIRD VENTRI
CULAR GRAFTS INTO HOST HYPOTHALAMUS. R. S i lv e r m a n , M. J. 
G ib s o n + and A.J.  S i lv e r m a n . Dep ts .  o f Anatony & C e l l  B io l,  
Columbia  Univ,  N. Y. and +Dept. M edic ine,  Div. E n d o c r in 
o logy ,  Mt S i n a i  Sch Med, N.Y. NY. 10029

G e n e t i c a l l y  hypogonada l  ( hpg) mice l a c k  t h e  
neurohormone,  GnRH and have,  t h e r e f o r e ,  an i n f a n t i l e  
r e p r o d u c t i v e  t r a c t .  T r a n s p l a n t a t i o n  o f  normal  f e t a l  o r  
n e o n a t a l  p r e o p t i c  a r e a  ( POA) c o n t a i n i n g  GnRH n e u ro n s  i n t o  
t h e  I I I  v e n t r i c l e  of hpg mice r e s u l t s  i n  r e s t o r a t i o n  of 
g o n a d a l  f u n c t i o n .  V a r i c o s e  GnRH axons  e x i t  t h e  t r a n s p l a n t ,  
a r c h  l a t e r a l l y  and v e n t r a l l y  t h ro u g h  t h e  a r c u a t e  n u c l e u s  t o  
c o n v e rg e  on t h e  median  eminenc e  ( ME), t h e  normal  
n e u r o s e c r e t o r y  t e r m i n a l .  Because  t h e s e  f i b e r s  grow toward  
t h e i r  t a r g e t  i n  a d i r e c t e d  and c o n s i s t e n t  way, i t  i s  of  
i n t e r e s t  t o  i d e n t i f y  t h o s e  f a c t o r ( s )  which migh t  m e d ia te  
o u tg ro w th ,  g u i d a n c e  o r  t a r g e t  r e c o g n i t i o n .  To d e t e r m i n e  i f  
g l i a l  a r c h i t e c t u r e  p l a y s  a r o l e  i n  t h e s e  p r o c e s s e s ,  we 
s t u d i e d  t h e  d i s t r i b u t i o n  o f  a s t r o c y t e s  and t a n y c y t e s  u s in g  
GFA and v i m e n t in  i m m u n o r e a c t i v i t y  a s  m ark e rs ,  r e s p e c t i v e l y .  
GnRH c e l l s  and p r o c e s s e s  were a l s o  i d e n t i f i e d  immunocyto-  
c h e m i c a l l y .  I n  normal  a n im a l s ,  some t a n y c y t e s  r a d i a t e  
l a t e r a l l y  from t h e  v e n t r i c u l a r  w a l l  a r c h i n g  v e n t r a l l y  
t o w a rd s  t h e  ME. O t h e r s  form p a r a l l e l  a r r a y s  i n  t h e  e x t e r n a l  
zone o f  t h e  ME. GnRH f i b e r s  and v a r i c o s i t i e s  a r e  se en  
i n t e r d i g i t a t i n g  be tw een  t h e  t a n c y t e s .  Whether GnRH axons 
em erg in g  from t h e  t r a n s p l a n t s  f o l l o w  t h e s e  p r o c e s s e s  i s  now 
u n d e r  s tu d y .  In  b o th  normal  and hpg mice,  t h e  p e r i v e n t r i 
c u l a r  zone  i s  r i c h  i n  GFA p o s i t i v e  e le m e n ts .  At r o s t r a l  
l e v e l s ,  l o n g  t h i n  GFA p r o c e s s e s  a r c h  v e n t r a l l y  t ow ard  t h e  
p i a l  s u r f a c e .  I n  t h e  ME, t h e  i n t e r n a l  zone  i s  h e a v i l y  
i n v e s t e d  w i th  GFA e l e m e n t s .  Both s h o r t  t erm  ( 5 day) and 
lo n g  term  (>60 day) t r a n s p l a n t s  have  d e n s e  n e tw o rk s  of 
a s t r o c y t e s ,  f a r  g r e a t e r  t h a n  t h a t  o b s e rv e d  i n  t h e  normal 
POA. GnRH n e u ro n s  a r e  s i t u a t e d  w i t h i n  b a s k e t l i k e  p o c k e t s  of 
t h e s e  a s t r o c y t i c  p r o c e s s e s  and GnRH f i b e r s  can be s e en  
p a s s i n g  o u t  o f  t h e  g l i a l  mass, t r a v e r s i n g  t h e  v e n t r i c u l a r  
w a l l  be tw een  ependymal c e l l s .  I n  t h e  h y p o th a l a m ic  p a r e n c h y 
ma i n t o  which  t h e s e  f i b e r s  grow t h e r e  i s  a l s o  a s u b s t a n t i a l  
number o f  r e a c t i v e  a s t r o c y t i c .  GnRH f i b e r s  a p p e a r  t o  grow 
c l o s e  t o  t h e i r  s u r f a c e s .  D e s p i t e  t h i s  i n c r e a s e  i n  r e a c t i v e  
a s t r o c y t e s  b o th  i n  t h e  h y p o th a l a m u s  and i n  t h e  g r a f t ,  t h e r e  
i s  no a p p a r e n t  b a r r i e r  t o  f i b e r  o u tg ro w th  from g r a f t  t o  
h o s t .  The a s t r o c y t i c  r e s p o n s e  c a n n o t ,  t h e r e f o r e ,  be c o n s i d 
e r e d  a  's c a r r i n g '  r e s p o n s e .  I n s t e a d  g l i a  may p r o v id e  a 
needed  s c a f f o l d i n g  on which f i b e r s  can grow. S u p p o r te d  by 
USPHS NS 20335 and a B ro o k d a le  F e l l o w s h i p  (RS).

349.7 MONOAMINE NEURON SYSTEMS IN THE BRAIN OF THE SKATE. C.B. Jaeg e r  
and C. N ich o lso n . D ept. P h y s io l. B io p h y s ., New York U niv. Med. 
C t r . ,  New York, NY 10016.

I t  has been suggested  th a t  neurons which s y th e s iz e  monoamine 
t r a n s m it t e r s  a re  o rgan ized  p r im a r ily  w ith in  and arround  th e  cen
t r a l  b ra in  co re  (N ieuwenhuys, C hem oarch itectu re o f th e  B ra in , 
S p rin g e r , '8 5 ) and t h i s  may r e p re s e n t a fundam ental c o n s tru c tio n  
p la n  o f th e  nervous system  th roughou t th e  v e r te b r a te  phylum. 
S ince  l i t t l e  i s  known abou t th e  d i s t r i b u t io n  o f ca techo lam ine  
neurons in  c a r t i l a g in o u s  f i s h e s  we s tu d ie d  t h i s  in  th e  s k a te , 
R aja e r in a c e a . S p e c i f ic  a n t i s e r a  to  ty ro s in e  h yd roxy lase  (TH) 
were used f o r  immunocytochemlcal i d e n t i f i c a t i o n  o f ca tech o lam i- 
n e rg ic  n eu ro n s , w hich a re  known to  c o n ta in  t h i s  enzyme. In  ad
d i t i o n ,  s e ro to n in  (5HT) was lo c a l iz e d  in  a d ja c e n t s e c t io n s ,  to  
observe  p o s s ib le  o v e rlap  o f th e  two d i f f e r e n t  monoaminergic 
neuron system s. Mappings were made in  fo re b ra in  and b ra in stem  
r o s t r a l  to  th e  e x i t in g  f ib e r s  o f o f th e  t h i r d  n e rv e .

Numerous d is p e rs e d  TH p o s i t iv e  c e l l  groups were found in  th e  
re g io n  s tu d ie d . R o s t r a l ly ,  a d i f fu s e  group o f sm all TH-immunore
a c t iv e  c e l l s  was seen  in  n u c leu s  i n t e r s t i t i a l i s  commissurae an
t e r i o r i s  and in  n u c leu s  0 . In  th e  d iencephalon  s ix  groups o f 
ca techo lam ine  neurons were id e n t i f i e d  by t h e i r  a s s o c ia t io n  w ith  
m ed ia l and l a t e r a l l y  m ig ra te d .c e l l  m asses (Sm eets e t  a l :  The CNS 
o f C a r t ila g in o u s  F is h e s , S p rin g e r '8 3 ) .  A ro s t r o v e n t r a l  group 
was lo c a l iz e d  in  m edial p o r tio n s  o f th e  pr e o p t ic  and s u p ra c h ia s 
m a tic  n u c le i .  A d o rs a l  m id lin e  c l u s t e r  o ccu rred  v e n t r a l  to  th e  
h ab e n u la r n u c le i .  The l a r g e s t  m id lin e  group extended d o rs a l  to  
n u c leu s  medius hypothalam i to  th e  p e r iv e n t r i c u la r  g ray . T his 
group se g reg a ted  b i l a t e r a l l y  in to  ag g re g a te s  in  th e  p a ra c e n tra l  
c o re , and a t  i t s  d o r s a l  a s p e c t two l a t e r a l l y  m ig ra tin g  TH -posi- 
t i v e  neuron c l u s t e r s  were e v id e n t. The m esencephalon co n ta in ed  
two co n tiguous g roups. R o s t r a l ly ,  a  group o f  l a r g e r  TH c o n ta in 
in g  c e l l s  was lo c a l iz e d  in  th e  la te r o v e n t r a l  re g io n  o f th e  mes
e n c ep h a lic  tegmentum. M edial to  i t  o ccu rred  th e  l a r g e s t  m idbrain  
g roup , w hich d i s t r i b u te d  w ith in  n u c leu s  in t e rp e d u n c u la r is , p a rs  
d o r s a l i s , and extended from th e  cau d a l d iencepha lon  up to  th e  
l e v e l  o f  th e  t h i r d  n e rv e . At t h i s  l e v e l  t h i s  l a t t e r  group was 
a d ja c e n t to  5HT c o n ta in in g  neurons which had a  more cau d a l 
e x ten d . L i t t l e  o v e rla p  e x i s te d  between 5HT and TH c o n ta in in g  
neuron g roups. We conclude th a t  th e  monoaminergic neurons o f th e  
s k a te  a r e  c o n c e n tra te d  in  a  c e n t r a l  co re  s t r u c t u r e .  In  a d d i t io n  
a s u b s t a n t i a l  number o f ca techo lam ine  c o n ta in in g  neurons a re  
lo c a l iz e d  l a t e r a l l y  i n  a g g reg a te s  t h a t  a re  co n tiguous w ith  th e  
c e n t r a l  c o re . P a r ts  o f t h i s  s tu d y  were u n d ertak en  a t  th e  Mount 
D ese rt I s la n d  B io lo g ic a l L a b o ra to ry . S upported by g ra n ts  
NS-19699 ( C .J . )  and NS-13742 (C .N .) from NINCDS.

349.8 IM PLANTS O F PC 12 CELLS INTO RATS WITH UNILATERAL 
NIG ROSTRIATA L LESIONS. G. Bing1 , M .F .D . N o t te r  1, C . K ellogg2 , and 
D.M . G ash1 . D e p a r tm e n ts  o f N eurobio logy and A n a to m y 1 and 
Psychology2, U n iv e rs ity  o f  R o c h e s te r ,  R o c h e s te r ,  NY 14642.

The r a t  p h e o c h ro m o c y to m a  c e ll  lin e  PC 12 has th e  c a p a c i ty  to  
sy n th e s iz e , s to r e ,  and  re le a se  high lev e ls  o f d o p am in e . PC 12 c e lls  can  be 
ind u ced  to  c e a se  p ro life ra tio n  by m ito m y c in  C , a n d /o r  n e rv e  g ro w th  
f a c to r  (NGF) t r e a tm e n t .  We h av e  found th a t  t r e a tm e n t  w ith  NGF a lo n e  
d ra m a tic a lly  in c re a se s  th e  lev e ls  of d o p am in e , n o rep in e p h rin e , and 
s e ro to n in  in c u ltu re d  PC 12 c e lls  a s  shown by high  p e rfo rm a n c e  liquid  
c h ro m a to g ra p h y .

U n d if fe re n tia te d  
P C -1 2  C e lls

N G F -D iffe re n tia te d  
P C -1 2  C e lls

D opam ine 48.00  n g /m g  p ro te in 4328.60' n g /m g  p ro te in
D O PA C 0.705 11.41
N o rep in ep h rin e 5.85.1 30.06
S ero ton in 2.600 40.51

In s e a rc h  o f a l t e rn a t iv e  so u rc e s  o f  donor tis su e  fo r g ra f t in g  purposes 
in s te a d  o f em b ry o n ic  b ra in , w e h av e  in v e s t ig a te d  PC 12 c e ll  im p la n ta tio n  
in to  r a t s  w ith  u n ila te ra l  6-OH DA n ig ro - s tr ia ta l  les io n s . Both 
im m u n o su p p ressed  and  non -im m u n o su p p ressed  r a t s  h ave  se rv e d  as  tis su e  
re c ip ie n ts .  S p ec if ic  p a th o g en  f re e  young a d u lt m ale  Long Evans r a ts  
(C h arle s  R iv e r Labs) h ave  b een  used  fo r th e  s tu d ie s . U n ila te ra l  
n ig ro s t r ia ta l  les io n s  w ere  p ro d u ced  by s te r e o ta x ic a l ly  in je c tin g  12 μ g o f 
6-OH DA in to  th e  s u b s ta n tia  n ig ra . Im m unosuppression  w as induced  by 
o ra lly  a d m in is te re d  C y c lo sp o rin e  A. All an im a ls  w e re  te s te d  fo r 
r o ta t io n a l  p re fe re n c e  w ith  i .p . a d m in is tra t io n  o f D -a m p h e ta m in e  (5 
m g /k g  body w e ig h t)  on day  7, 10, 13, 17, and  20 fo llow ing  t ra n s p la n ta tio n .

PC 12 c e lls  w e re  lab e lle d  w ith  H 3-th y m id in e  and  th e n  induced  to  
d i f f e r e n t ia te  by t r e a tm e n t  w ith  n e rv e  g ro w th  f a c to r  plus m ito m y c in  C , or 
by n e rv e  g ro w th  f a c to r  a lo n e . D if fe r e n tia te d  PC 12 c e lls  w e re  im p la n te d  
in to  fo u r d i f f e re n t  s ite s  (40 ,000 c e l ls /s i te )  in to  th e  d e n e rv a te d  c a u d a te  
n u c leu s . S u rv iv ab ility  o f PC 12 c e lls  w as d e te rm in e d  by sp e c if ic  ty ro s in e  
h y d ro x y lase  im m u n o re a c tiv ity  and  H 3-th y m id in e  a u to ra d io g ra p h y . S tud ies 
to  d a te  h av e  found  th a t  g r a f te d  P C 12 c e lls  c an  su rv iv e  and  m a in ta in  an 
a m ito t ic  s ta t e  fo r  up to  2 w eek s. Im m unosuppression  w ith  c y c lo sp o rin e  A 
r e s u lte d  in  an  a p p a re n tly  low er d e g re e  of ly m p h o cy te  p e n e tra tio n  when 
c o m p a re d  to  th e  a n im a ls  in  n o n -im m u n o su p p ressed  groups a s  re v e a le d  by 
N issl s ta in ; th is  t r e a tm e n t  m ay  h av e  a lso  e n h an ced  th e  v iab ility  o f th e  
t ra n s p la n te d  c e lls .  T he ro ta t io n a l  t e s t s  in d ic a te  th a t  PC 12 c e ils  
im p la n te d  in to  b o th  d o rsa l an d  la te r a l  c a u d a te  m ay d im in ish  and  p a r t ia l ly  
re v e rs e  m o to r  d y s fu n c tio n  b ro u g h t a b o u t by u n ila te ra l  6-OH DA les io n s .

S u p p o rted  by NIH g ra n t  N S15109. We a lso  w ish to  th an k  G eo rg e  
R u sy n iak , R o b e r t Babkow ski and  J ohn Lory fo r th e i r  a s s is ta n c e  w ith  th is  
s tu d y .
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349.9 TRANSPLANTATION OF BI6/C3 MELANOMA CELLS TO THE RAT AND 
MOUSE BRAIN. W.J. Freed, R.W. Hargraves*#, U. Patel-Vaidya, H.E. 
Spoor*, A. Adinolfi##, J.D.Laskin# # # ,  H.M. Geller###. (SPON: S.M. 
Stine). Neuropsychiatry Branch, NIMH, Saint Elizabeths Hospital, Washing
ton, D.C. 20032; #Department of Neurosurgery, Naval Hospital, Bethesda, 
Maryland; ##Department of Anatomy, UCLA, Los Angeles, California and 
###UMDNJ-R.W Johnson Medical School, Piscataway, New Jersey.

B16/C3 melanoma cells are capable of production of both catechol
amines and melanin in tissue culture (Laskin et al., J. Cellular Physiol. 
113:481, 1982). The properties of these cells after transplantation into the 
brain were investigated.

Cells were transplanted by stereotaxic injection into the caudate- 
putamen of rat hosts with unilateral lesions of the substantia nigra. Normal 
Swiss-Webster and C57BI mice received cell grafts by freehand injection 
into the head of the caudate-putamen under Chloropent anesthesia. Each 
animal received 10,000-15,000 cultured BI6/C3 cells. Animals were 
examined after one day to several months.

In rat hosts, numerous cells positive for catecholamine fluorescence 
were seen at the injection site after one day. Many of these cells had 
processes. After one week, catecholaminergic cells were more numerous 
but were more rounded and found in clumps, as if undergoing division. After 
2-3 weeks, melanin-containing cells were observed, and outnumbered the 
catecholaminergic cells in most animals. Some extracellular melanin was 
also present. No cells containing both melanin and catecholamines could be 
found. At six weeks and thereafter, few or no catecholamine-containing 
cells were found, and numerous round densely-pigmented cells were 
observed. Although pigmented cells were seen at the injection site for at 
least several months, their viablity at longer periods after transplantation 
has not been confirmed.

In mouse hosts, the BI6/C3 cell grafts grew rapidly, leading to death of 
the hosts within seven to 28 days. Numerous pigmented cells were observed 
histologically. These cells had spread out from the injection site, invading 
surrounding areas of the brain and also forming metasteses in other parts of 
the brain and body. Growth of the tumor was similar in both mouse strains. 
The tumor did not appear to be circumscribed as was the case in rat host 
animals.

Thus, BI6/C3 cells produce catecholamines for short periods of time 
after transplantation into the brain of rat host animals, but after 2-3 weeks 
catecholamine production ceases and only melanin is produced. Growth of 
the transplanted cells was restricted in rats, but in mice the tumor grew 
rapidly leading to death of the host. These data suggest that immunological 
mechanisms are involved in the restriction of BI6/C3 melanoma growth in 
rat hosts. Additional electron microscopic studies and results of attempts 
to recover viable cells from the brain after transplantation will also be 
presented.

349.10 A  M U L T ISY ST E M  A N A L Y SIS O F  D IFFE R EN TIA TED  N EU RO BLA STO M A  
C E L L S  A S A  SO U R C E  O F  D O N O R  T IS S U E  F O R  T R A N S P L A N T A T IO N . 
J.H . K ordow er. M .F .D . N o tte r , H .H . Y eh , and  D .M . G ash. D e p t. o f  N eurobiol. 
&  A natom y, U niv. o f  R ochester Sch. M ed., R ochester N .Y . 14642.

The present series o f  experim ents aim ed to evaluate differentiated neuroblastom a 
c e lls  as a p o ten tia l so u rce  o f  ce lls  fo r  n eu ra l tran sp lan ta tio n . In  the  f irst 
experim ent, LA -N -2 cells, w ere  d ifferentia ted  w ith m itom ycin  C /Brdu treatm ent 
and  p laced  in  an in  v i tr o  co cu ltu re  system  w ith  m uscle  cells . In tracellu lar 
record ing  from  the m uscle  w as m ade in  the  p resence o r absence o f  the LA -N -2 
cells . T he L A -N -2  cells innerva ted  the m uscle  cells  as early  as 3h follow ing 
coculture . Synap tic  po ten tials  w ere only  o bserved  w hen  one o r m ore LA -N -2 
cells  co u ld  be  loca lized  ad jacen t to, o r  on, the  m uscle  ce ll being  sam pled  thus 
d em o n stra tin g  th a t d iffe ren tia ted  n e u ro b la s to m a  ce lls  an d  m usc le  can  form  
functional synapses.

In  the second experim ent, fou r groups o f  rats received  electrolytic m edial septal 
(M S ) les io n s . S ev en  day s  la te r, g ro u p s 1 an d  2 rec e iv ed  tran sp lan ts  o f 
undifferentiated C 1300 o r LA -N -2 cells respectively in to  the dorsal hippocam pus. 
G roups 3 and 4  rece ived  sim ilar transplants o f  cells that w ere differentia ted  with 
m ito m y cin  C /B rdu . T h e  d iffe ren tia ted  ce lls  had  been  p re trea ted  w ith  3 -H  
thym idine for autoradiographic (ARG ) visualization. A ll rats w ere sacrifice 7 days 
a fter transplantation . T he undifferentia ted  cells d id  n o t m igrate  significantly  and 
d isp lay ed  con tinued  p ro liferation . T hey  often  com pletely  encircled  host blood 
vessels w ith up to  7 layers o f  cells. In contrast, follow ing differentiation, both the 
C 1300 and LA -N -2 cells m igrated aw ay from  the injection site, rem ained amitotic 
an d  w e re  v isu a liz e d  in  th e  p a re n c h y m a  o f  th e  h o s t h ip p o ca m p u s  and 
subependym al reg ions o f  the host.

In  the th ird  experim ent, M S  lesioned  rats received  in trah ippocam pal transplants 
o f  d iffe ren tia ted  C 1300  o r LA -N -2 cells and w ere sacrificed  7, 30, and 120 days 
later. A t 7 days post-transplant, num erous A R G  labelled  cells o f  both type were 
d iscerned  in  the host parenchym a, around blood vessels, and in the subependym al 
reg ion . A t 30  an d  120 days, few er cells  w ere seen . T he C 1300 cells  were 
predom inantly  found in  parenchym a w hile the LA -N -2 cells w ere p rim arily  in the 
subependym al region. T here  w as no  evidence fo r these cells reverting  back  to a 
tum ous state n or any evidence o f  a  significant im m une response.

In the fourth  experim ent, the effects o f  transplants upon cognitive dysfunction 
w ere  eva lua ted . G roups 1-3 rece iv ed  M S lesions fo llo w ed  7 days la te r by 
d iffe re n tia ted  C 1300, L A -N -2 , o r  sh am  tran sp lan ts  resp ec tiv e ly . G roup  4 
rece ived  a  sham  lesion  and  sham  transp lan t (all n=8). T hree m onths later they 
w ere tes ted  on  a  d e layed  n on-m atch ing  to  sam ple tes t in  a T -m aze. The M S 
le s io n -sh am  g rafted  an im als w ere  im p a ired  re la tiv e  to  sham  lesioned-sham  
im plan ted  anim als (p< .01). In  contrast, rats that rece iv ed  e ither the C 1300 or 
L A -N -2  g rafts  d isp lay ed  an en h an ced  p erfo rm an ce  re la tiv e  to  lesioned-sham  
transplanted  anim als (p<.05).

T hese  studies indicate  th at d ifferen tia ted  neurob lastom a cells m ay be a viable 
source o f  donor tissue fo r transplantation.
(JH K  is a  John  D oug las F rench  F e llow  fo r the  S tudy o f  A lzheim er's  D isease; 
S u p p o rted  by  A D R D A  86-063 (JH K ), B R S G  2 507R R 0 5 4 0 4 2 3 -2 3  (H H Y ), 
N S19711 (M F D N ) and N IH 15109 D M G ).

349.11 PURIFICATION OF MOUSE MUSCLE GPI-1B AND GPI-1C FOR ANTIBODY 
PRODUCTION. H. J . Li*, M. G. Wang*, T. G. Goodwin* and P. K. 
Law. Depts. of Neurol, and Physiol./Biophys., University of 
Tennessee Memphis, Memphis, TN 38163 USA

Through genetic complementation mechanisms, implantation of 
cultured normal myoblasts sign ifican tly  improved the structure 
and function of dystrophic mouse muscles. Genotype markers 
GPI-1B and GPI-1C were used to determine the proportion of host 
and donor c e lls  in muscles receiving implants. In the process 
to produce antibodies to these isozymes for immunocytochemical 
localization , we have developed a procedure to purify these 
isozymes using column chromatography and preparative agarose gel 
electrophoresis.

About 50g of mouse skeletal muscle was homogenized in 100 ml 
of buffer A (10 mM triethanolamine, 1 mM EDTA, 0.1% 
2-mercaptoethanol, pH 11). The mixture was centrifuged at 
27,000 xg for 30 minutes. The supernatent was concentrated with 
Amicon u l t ra f i l tra t io n  (XM50) and dialyzed against buffer A with 
the pH now adjusted to 7.5. The dialyzed solution was 
re-centrifuged at 27,000 xg for 30 minutes. The supernatent was 
then loaded on the phosphate cellulose column (2.5 × 60 cm), and 
eluted with buffer B (25 mM triethanolamine HCl , 0.1% 
2-mercaptoethanol, pH8). The fraction containing GPI was 
collected and concentrated to  about 10 ml. I t  was further 
purified with Sephacryl S-200 column (3.0 × 90 cm) by elution 
with 10 mM Tris HCl buffer a t pH 8.2 containing 1 mM EDTA and 
0.1% 2-mercaptoethanol . All steps were carried out a t 0-4°C. 
The procedure above sign ifican tly  increased the GPI 
concentration from crude muscle ex trac t. Further purification  
involved preparative gel electrophoresis which was conducted, 
anode to cathode, on slab gels (184 × 97 × 2 mm) of 1% (w/v) 
agarose and 5% (w/v) sucrose in T ris-barb ita l buffer, pH 8.6, at 
4°C for 5 hours with f ie ld  strength of 1.5 V/cm. The position 
of GPI in the gel was confirmed with GPI - specific s ta in 
reported previously. Staining with Coomassie Blue did not 
reveal any protein adjacent to the GPI band. GPI isolated by 
th is  method was found to be of high purity  and high ac tiv ity .

(Supported by USPHS NS-20251 and MDA to PKL. Drs. Li and Wang 
are exchange sc ie n tis ts  from The Peoples' Republic of China).

349.12  SURVIVAL AND INTEG RA TION O F FETA L HY POTHA LAM IC CELLS 
FOLLOW ING FLOW CYTOM ETRY AND TRANSPLAN TATIO N INTO THE 
RA T C E N TR A L NERVOUS SYSTEM. J .J .  L o p ez -L o zan o , D .M . G ash , J .F . 
L ea ry  and  M .F .D . N o t te r . D e p ts . o f  N eurob io l. and A n a t. and  P a th o lo g y , 
U niv. o f  R o c h e s te r  Sch. o f M ed., R o c h e s te r ,  NY 14642

O ur re s e a rc h  g roup  is  dev e lo p in g  p ro ce d u re s  fo r  f lu o re sc e n c e  
a c t iv a te d  c e ll  so rtin g  o f re la tiv e ly  p u re  p o p u latio n s  o f em b ry o n ic  or 
n e o n a ta l  n eu ro n s in o rd e r  to  s tu d y  th e  b eh av io r of th o se  pop u latio n s  a f te r  
be in g  tra n s p la n te d . This r e p o r t  ex am in es  th e  in flu e n ce  of flow  c y to m e try  
and  c e ll  so rtin g  te c h n iq u e s  on a  p o p u latio n  o f f e ta l  a n te r io r  h y p o th a lam u s 
so r te d  c e lls  t ra n s p la n te d  in to  th e  h y p o th a lam u s o f a d u lt  Long Evans r a t s .  
T im ed  p reg n a n t fe m a le  Long Evans r a t s  w e re  in je c te d  w ith  3H -th y m id in e  
a t  12-14 days p o st c o itu s  (dpc). S e v en teen  dpc r a t  fe tu s e s  w ere  
d e c a p i ta te d  and  th e  a n te r io r  h y p o th am u s , f re e  o f m en in g es , w as quickly  
d iss e c te d  o u t ,  m in ced , and  p lac e d  in  a  co ld  C a-M g f re e  b u f fe r .  T issue was 
d isp e rsed  by a  try p s in -D N a se  p ro ce d u re  w ith  90%  v iab ility  and  m inim um  
d e b ris . A sin g le  suspension  of c e lls  (1 × 106 c e lls /m m 3) flow ing  a t  a  r a te  
o f 1000 c e l ls /s e c  w as an a ly z e d  by m u lt ip a ra m e te r  f low  c y to m e try  and w as 
so r te d  on tw o  p a ra m e te r s  acco rd in g  to  sp e c if ic  w indow s. The rec o v e re d  
suspension  o f a n te r io r  h y p o th a la m ic  c e lls  w as th e n  in cu b a te d  in 0.03%  
fa s t  b lu e . A f te r  w ashing  aw ay  th e  e x c ess  d y e . The c e lls  w ere  im p la n te d  
in to  th e  p o s te r io r  h y p o th a la m u s , in c lo se  c o n ta c t  to  th e  m ed ian  e m in e n c e , 
o f  p rev io u sly  n eu ro h y p o p h y sec to m ized  a d u lt r a t s .  A t t im e  perio d s  ran g in g  
fro m  1 day  to  4 w eek s, a n im a ls  w e re  in tra c a rd ia l ly  p e rfu se d  w ith  
a p p ro p r ia te  f ix a t iv e .  T he s tu d y  o f th e  s tru c tu ra l  o rg an iz a tio n  o f th e  
im p la n te d  s o r te d  c e lls  w as m ad e  by m ean s o f; f lu o re sc e n c e  m icro sco p y , 
im m u n o c y to c h e m is try , and  a u to ra d io g ra p h y . We h av e  found t h a t  f e ta l  
n eu ro n s and  g lia l c e lls ,  includ ing  v aso p ress in  n e u ro n s , su rv iv e  th e s e  
p ro ce d u re s , m ig ra te ,  and  b eco m e  s tru c tu ra lly  in te g ra te d  in to  th e  ho st 
b ra in . The re s u lts  o f th is  s tu d y  ra ise  th e  p o ssib ility  t h a t  flow  c y to m e try  
c a n  be used  to  s o r t  s p e c if ic  p o p u la tio n s  o f c e lls  to  p rov ide  a  so u rc e  of 
donor t is su e  fo r  t ra n s p la n ta tio n .

S u p p o rted  by NS 19711 to  M .F .D .N ., NS 15109 to  D .M .G . J .J .L .L .  is a  
F u lb rig h te -M E C  and  FISS fe llo w .
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349.13 UTILIZATION OF CULTURED BRAIN CELLULAR AGGREGATES FOR NEURAL TRANS
PLANTATION. Jorge A. Colombo and Santiago Molina*. Dept. of Anat
omy, College of Med., Univ. of South Florida, Tampa, FL 33612.

In order to manipulate experimentally the biological conditions 
of neural ce llu la r pools before transplantation (for the purpose 
of labelling c e lls , incorporate precursors, modify the ra tio  be
tween neurons and g lia , modify th e ir v iab ility  or growth, e tc .) ,  
i t  seems necessary to develop an adequate se t of procedures for 
'in  v itro ' culture and transfer of such m aterial. While various 
types of 'in  v itro ' cultures could be u tilized , the formation of 
ce llu la r aggregates (Moscona 1961) offers the poss ib ility  of grow
ing ce lls  in culture conditions where ce lls  remain d ifferen tia ting  
and viable, as well as physically readily available. Transplanta
tion of dopaminergic ce lls  a f te r  being cultured in cell monolayers 
has been recently reported while th is work was in progress (Brudin 
e t a l . , 1985).

Fetal ra t brains (E 15-17) were subjected to mechanical d issoci
ation and sieving procedures, a f te r  which they were seeded (1.1 × 
106 viable cells/m l) either in DMEM-serum supplemented or in a de
fined (PC-1, Ventrex Labs.) medium, with a pen ic ill in/streptomycin 
mixture, in 35 mm polylysine coated multiple p lastic  wells. Cul
tures were subjected to continuous rotation (75 rpm) while incuba
ted a t 37°C, 95% humidity and 8% C02 for periods of up to two 
weeks. The addition of fluorescent latex microspheres (Tracer 
Technology) resulted in a non-homogeneous d istribu tion  of the 
label. For the most part, ce lls  that incorporated the label re 
mained isolated or formed small clumps, some of which were seg- 
gregated within the ce llu la r aggregates. No differences could be 
observed in short term cultures between those fed with undefined 
or defined media. The ce llu la r aggregates were collected by means 
of a microcapillary glass tube and stereotaxically  transferred to 
the thalamus or hippocampus of pentobarbital anesthetized adult 
ra ts . After survival periods of 7 or 40 days animals were per
fused with 4% paraformaldehyde under P.B. anesthesia. The fluor
escent beads, incorporated to the transplanted material while 
cultured 'in  v i t r o ',  were identified in an inverted microscope 
equipped with f i l t e r s  for rhodamine. Alternate sections stained 
for Nissl substance showed a d is tin c t population composed of 
round ce lls  with dark nuclei and other larger ce lls  with pale 
nuclei. This ce llu la r mass overlapped with ce lls  showing intense 
fluorescence. Present resu lts  indicate the fe a s ib ility  and 
practical convenience of culturing neural ce lls  in aggregate forms 
before the ir transfer to a host brain.

(Supported by grant NIH-BRSG #2 S07 RR05749).

349.14 TRANSPLANTS SUPPORT THE GROWTH OF CORTICOSPINAL 
(CST) AXONS ACROSS THE SITE OF SPINAL CORD LESIONS 
IN NEWBORN RATS. D .I .  LaPasha* and B .S . Bregman 
(SPON. M. Murray) U n iv e r s i ty  o f M aryland School of 
M ed ic ine , B a ltim o re , MD 21201

A fte r  s p in a l  cord  le s io n s  a t  b i r t h ,  immature 
c o r t i c o s p in a l  axons a re  a b le  to  ta k e  an a b e r ra n t  
ro u te  around th e  s i t e  of th e  l e s io n ,  th rough  
a d ja c e n t  undamaged n e u ra l t i s s u e  to  reach  norm al 
t a r g e t  a r e a s .  These la te -g ro w in g  undamaged axons a re  
un ab le  to  c ro s s  th e  g l i a l  s c a r  a t  th e  le s io n  s i t e ,  
how ever. We a re  u s in g  n e u ra l  t i s s u e  t r a n s p l a n t s  of 
f e t a l  s p in a l  cord  t i s s u e  in to  s p in a l  cord  l e s io n s  in  
newborn r a t s  in  o rd e r  to  de te rm in e  w hether th e  
t r a n s p l a n t s  can p ro v id e  a t e r r a i n  fo r  axonal 
e lo n g a tio n  t h a t  i s  more fa v o ra b le  th a n  th a t  
en co u n te red  in  th e  g l i a l  s c a r  a t  th e  le s io n  s i t e .

Newborn r a t s  (1 day p o s tn a ta l )  re c e iv e d  s p in a l  
cord  l e s io n s  ("ove r -h e m is e c tio n "  o r t r a n s e c t io n )  a t  
a m id - th o ra c ic  l e v e l .  T ra n s p la n ts  o f f e t a l  s p in a l  
cord  t i s s u e  from f e tu s e s  14 days in  g e s ta t io n  were 
s t r ip p e d  of m eninges and d o r s a l  ro o t g a n g lia  and 
p laced  in to  th e  le s io n  s i t e .  L it te rm a te s  w ith  
s p in a l  cord  le s io n  b u t n o t r e c e iv in g  a t r a n s p la n t  
se rv ed  as c o n t r o l s .  A ll an im als su rv iv e d  a t  l e a s t  8 
w eeks. H o rse ra d ish  p e ro x id a se  o r h o rse ra d ish  
p e ro x id a se -w h e a t germ a g g lu t in in  (HRP-WGA) was 
in je c te d  in to  th e  se n so r im o to r  c o r te x  fo r  
a n te ro g ra d e  n eu ro an a to m ica l t r a c in g .  A f te r  48 hours 
s u r v iv a l ,  an im als were p e r fu se d  i n t r a c a r d i a l l y  and 
th e  t i s s u e  re a c te d  fo r  h is to c h e m ic a l d em o n s tra tio n  
o f  HRP.

In  an im als w ith  le s io n s  and t r a n s p l a n t s ,  CST 
axons grow in to  and p r o je c t  e x te n s iv e ly  th ro u g h o u t 
th e  t r a n s p l a n t  t i s s u e .  At s p in a l  cord  l e v e l s  caudal 
to  th e  l e s io n  and t r a n s p l a n t ,  th e  p a t t e r n  o f 
in n e rv a t io n  i s  b i l a t e r a l l y  sym m etrica l and ex ten d s  
as f a r  as th e  lu m b o sac ra l c o rd . T hus, th e  immature 
t r a n s p la n te d  t i s s u e  i s  a b le  to  su p p o rt th e  
e lo n g a tio n  o f th e  d ev e lo p in g  c o r t i c o s p in a l  axons . 
The axons a re  a b le  to  c ro s s  from h o s t to  t r a n s p la n t  
and a re  n o t impeded by th e  p re sen c e  o f a g l i a l  s c a r .  
S upported  by NIH G rant NS 19259 and B a s il  O'Connor 
S t a r te r  R esearch  G ran t #5-448 from th e  March of 
Dimes B ir th  D e fe c ts  F oundation  to  BSB.

349.15 DEVELOPMENT OF INTRASPINAL TRANSPLANTS OF DISSOCIATED RAT FETAL 
SPINAL CORD. J.  D .  Houle  a n d  P .  J .  R e ie r  D ep ts. o f 
N eu ro lo g ica l Surgery  and N eu roscience , Univ. o f F lo r id a  C o llege  o f 
M edicine, G a in e s v i l le ,  FL. 32610.

A natom ical r e c o n s t ru c t io n  o f  th e  in ju r e d  a d u l t  r a t  s p in a l  cord  
has been o b ta in e d  fo llo w in g  th e  t r a n s p la n ta t io n  o f  f e t a l  r a t  s p i 
n a l co rd  (FSC) e i t h e r  im m ediately  a f t e r  in ju ry  o r  fo llo w in g  a 
p o s t - le s io n  delay  o f up to  7 w eeks. In  p a s t ex p e rim en ts, whole 
segm ents o f donor t i s s u e  were in tro d u c e d  in to  e x te n s iv e  r e s e c t io n  
c a v i t i e s .  I t  has n o t been ex p lo red , however, w hether in j e c t io n s  
o f  d is s o c ia te d  c e l l  su sp e n sio n s  can o f f e r  a  more p r a c t i c a l  s t r a 
tegy  tow ard r e p a i r  o f  la rg e  zones o f  n e c ro s is  and c a v i ta t io n .  
This c o n s id e ra tio n  e s p e c ia l ly  a p p l ie s  to  ch ro n ic  le s io n s  i n  which 
minimal m an ip u la tio n  o f  p re se rv ed  h o s t t i s s u e  p r io r  to  t r a n s p l a n t 
a t io n  would be d e s ire d .

T his is s u e  has been ad d ressed  by th e  p re s e n t experim en ts  i n  
which h e m i- re s e c t io n  c a v i t i e s  were made a t  lum bar l e v e l s  o f  th e  
a d u l t  r a t  s p in a l  co rd . Embryonic day 14 (E14) FSC was d is s e c te d  
in to  sm all fragm en ts which were d is s o c ia te d  e i t h e r  by t r y p s in -  
i z a t i o n  o r m echanical d is ru p t io n .  The r e s u l t i n g  c e l l  su sp en sio n s  
were p e l le t e d  by c e n tr i f u g a t io n  and in tro d u c e d  in t o  th e  le s io n  
c a v ity  e i t h e r  im m ediately  a f t e r  in ju ry  o r a f t e r  a  6-7 week p o s t
in ju ry  d e la y . T ra n sp lan t r e c ip ie n t s  were s a c r i f i c e d  30-120 days 
l a t e r  and t i s s u e s  were p repar ed fo r  study  by l i g h t  o r e le c tro n  
m icroscopy o r im m unocytochem istry fo r  GFAP or s e ro to n in .

The le s io n  s i t e  i n  approx im ate ly  50% o f  r e c i p ie n t  an im als was 
f i l l e d  by a cohesive  mass o f  d i f f e r e n t i a t e d  CNS t i s s u e  th a t  was 
d i r e c t l y  apposed to  both gray  and w h ite  m a tte r  re g io n s  o f  th e  h o s t 
s p in a l  co rd  w ith o u t an o b se rv ab le  in te rv e n in g  g l i a l  s o a r . In  th e  
b e s t c a se s , s i l v e r - s t a i n s  in d ic a te d  th a t  some degree  o f  axonal in 
t e r a c t io n  was e s ta b l is h e d  between h o s t and donor t i s s u e s .  In  th e  
rem ain ing  an im als  a  lo o se  m a tr ix  o f neu ronal elem ents in te r s p e r s e d  
w ith  g l i a l  and mesenchymal c e l l  com ponents, was form ed.

W hile s u rv iv a l  and growth o f  t r ansp la n te d  d is s o c ia te d  embry
o n ic  CNS t i s s u e s  has been ach ieved  i n  o th e r  s tu d ie s ,  such g r a f t s  
have been made in to  e s s e n t i a l l y  i n t a c t  r e g io n s  o f  th e  h o s t b ra in  
and s p in a l  co rd . Our f in d in g s  dem onstra te  th a t  i n t r a s p in a l  g r a f t s  
o f  FSC in  a  d is s o c ia te d  form can promote s t r u c t u r a l  r e p a i r  i n  ex
te n s iv e  le s io n s  o f  th e  s p in a l  co rd . Because o f  th e  modest amount 
o f  h o s t t i s s u e  m a n ip u la tio n  re q u ire d  by t h i s  approach , su spension  
g r a f t in g  may o f f e r  c o n s id e ra b le  advan tages  i n  th e  experim en ta l  
tre a tm e n t o f co m p ress io n -le s io n ed  s p in a l  co rd s  -  an i s s u e  which we 
a r e  c u r r e n t ly  in v e s t ig a t in g .
Supported  by NIH G rant NS 22316.

349.16 DEVELOPMENT OF PEPTIDE-CONTAINING NEURONS IN SPINAL CORD ISOLATES. 
A. H en sch en * , M. G o l d s t e i n 1, T. Hӧk f e l t ,  A. S e ig e r*  and  L. O ls o n * . 
(SPON: L. M o o re). D e p t . o f  H is to lo g y ,  K a ro lin s k a  I n s t i t u t e ,  104 01 
S to ck h o lm , Sw eden, 1D e p t. o f  P s y c h ia t r y ,  New York U n iv . Med. C t r . ,  
New Y ork , NY 10016

The d ev e lo p m e n t and  d i s t r i b u t i o n  o f  a  v a r i e t y  o f  p e p t i d e s ,  
t r a n s m i t t e r s  and  t r a n s m i t t e r - s y n t h e s i z i n g  enzym es h av e  b een  a n a 
ly z e d  in  i s o l a t e d  i n t r a o c u l a r  c e r v i c a l  s p in a l  c o rd  g r a f t s ,  and 
s t a i n i n g  p a t t e r n s  h av e  been  com pared  t o  norm al s p in a l  c o rd .  Our 
e a r l i e r  s t u d i e s  h av e  in d i c a t e d  t h a t  i s o l a t e d  s p in a l  c o rd  g r a f t s  
h av e  a  s u b s t a n t i a l  d e g re e  o f  i n t r i n s i c  d e te r m in a t io n .  M onoamine- 
c o n ta in in g  n e rv e  f i b e r s  a r e  d e r iv e d  from  s u p r a s p i n a l l y  l o c a t e d  c e l l  
g ro u p s  in  t h e  no rm al s p in a l  c o rd  and  c o n s e q u e n t ly  no monoamine 
c o n ta in in g  n e u ro n s  o r  f i b e r s  a r e  found  in  i s o l a t e d  g r a f t s  u s in g  th e  
F a l c k - H i l l a r p  f lu o r e s c e n c e  m eth o d . U sing  an a n ti s e ru m  a g a in s t  t y r o 
s in e  h y d r o x y la s e ,  a  m ark e r f o r  c a te c h o la m in e  n e u ro n s ,  i t  was how
e v e r  p o s s ib l e  t o  v i s u a l i z e  s i n g l e ,  l a r g e  d i s t i n c t  n e u ro n s  w i th  n o n - 
v a r i c o s e  f i b e r s  in  some g r a f t s .  S t a in in g  w i th  an  a n ti s e ru m  a g a in s t  
c a l c i t o n i n  g e n e - r e l a t e d  p e p t id e  (CGRP), a  m ark e r f o r  m o to n eu ro n s 
and  p r im a ry  s e n s o ry  a f f e r e n t s  in  t h e  no rm al s p in a l  c o rd ,  r e v e a l e d  a 
d e n s e  te r m in a l  n e tw o rk  and  many l a r g e  c e l l  b o d ie s  s i m i l a r  t o  
m o to n e u ro n s . No CGRP f i b e r s  seem ed t o  l e a v e  th e  i s o l a t e d  g r a f t s .  A 
r i c h  n e tw o rk  o f  s o m a t o s t a t i n - p o s i t i v e  t e r m in a l s  was fo u n d  w i th  a  
v e ry  h ig h  d e n s i t y  in  a p e r i p h e r a l  zo n e . A la rg e .n u m b e r  o f  medium
s iz e d  s o m a t o s t a t i n - p o s i t i v e  n e u ro n s  w ere found  th ro u g h o u t  t h e  
g r a f t s .  T h is  i s  in  c o n t r a s t  t o  no rm al s p in a l  c o rd  w here p o s i t i v e  
n e u ro n s  a r e  d i f f i c u l t  t o  v i s u a l i z e  and  m a in ly  fo u n d  in  t h e  d o r s a l  
h o rn  o f  t h e  m a tu re  c o rd .  E n k e p h a lin - im m u n o re a c tiv e  f i b e r s  w ere 
fo u n d  th ro u g h o u t  a l l  g r a f t s .  A d i s t i n c t  zone w i th  a  d e n se  f i b e r  
n e tw o rk  was o f t e n  fo u n d  p e r i p h e r a l l y ,  re s e m b lin g  th e  d e n se  e n k e p h a 
l i n  n e tw o rk  p r e s e n t  in  s u b s t a n t i a  g e l a t i n o s a .  No e n k e p h a l in - p o s i 
t i v e  c e l l  b o d ie s  c o u ld  be v i s u a l i z e d .  A l l  g r a f t s  had  a  m o d era te  t o  
r i c h  n e u ro p e p t id e  Y (NPY) t e r m in a l  n e tw o rk . N P Y -p o s it iv e  c e l l s  w ere  
a l s o  fo u n d . In  n o rm al s p in a l  c o rd  NPY i s  found  m a in ly  in  t h e  su b 
s t a n t i a  g e l a t i n o s a  w i th  a  s p a r s e  t e r m in a l  n e tw o rk  in  t h e  v e n t r a l  
h o rn .  The d i s t r i b u t i o n  o f  s u b ta n c e  P - im m u n o re a c tiv i ty  was s im i l a r  
t o  t h a t  o f  e n k e p h a l in .  D ense a r e a s  s im i l a r  t o  s u b s t a n t i a  g e l a t i n o s a  
w ere  fo u n d  p e r i p h e r a l l y ,  a l th o u g h  f i b e r s  w ere fo u n d  th ro u g h o u t  t h e  
g r a f t s .  As f o r  e n k e p h a l in ,  no c e l l  b o d ie s  c o u ld  be s e e n .  The above 
r e s u l t s  c o n f irm  o u r  e a r l i e r  f in d i n g s  t h a t  t h e  f e t a l  s p in a l  c o rd  
c a r r i e s  w i th  i t  a  c o n s id e r a b l e  d e g re e  o f  i n t r i n s i c  d e te r m in a t io n  
r e g u l a t i n g  i t s  no rm al d e v e lo p m e n t. D evelopm ent in  t o t a l  i s o l a t i o n  
from  t h e  r e s t  o f  t h e  c e n t r a l  n e rv o u s  sy s te m  d o e s  how ever l e a d  t o  
d i s t u r b a n c e s  in  t h e  e x p r e s s io n  o f  s e v e r a l  o f  t h e  p e p t i d e s ,  p o s s ib l y  
s u g g e s t in g  a  r e t a r d e d  m a tu r a t io n  o f  t h e  g r a f t s  p e rh a p s  due t o  l a c k  
o f  n orm al c o n n e c t io n s  s u p r a c e r v i c a l l y  o r  w ith  t a r g e t  t i s s u e s .  The 
i n t e r a c t i o n s  o f  s p i n a l  c o rd  g r a f t s  w i th  c o g r a f t s  o f  o th e r  n e u r a l  
t i s s u e s  in  o c u lo  a r e  c u r r e n t l y  u n d e r  s tu d y .
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349. 17 TRANSPLANTATION OF CEREBELLAR GRAFTS INTO ADULT 'PURKINJE CELL 
DEGENERATION' (pcd) AND WEAVER NUTANT NICE. B . G h e t t i . 
L.C. T r ia rhou  and W.C. Low. Depts o f  Pa tho logy and Phys iol ogy & 
Biophysics, Indiana Univ. Sch. of Med., Indianapol is ,  IN 46223.

'P u rk in je  c e l l  d e g en e ra t io n '  (pc d) and weaver (WV) mutant 
mice a r s - r e s p e c t l v e l y  c h a r a c t e r i z e d  by th e  s e l e c t i v e  l oss  o f  
Purkinje and granuLe ceLLs. The aim of t h i s  study was to t e s t  the 
a b i l i t y  of gene t ica l ly  normal c e r e b e l l a r  t i s s u e  to  s u rv iv e  and 
d i f f e r e n t i a t e  in  th e  m u ta n t  h o s t  e n v i r o n m e n t  a f t e r  t h e  
degeneration o f  Purkinje or granule c e l l s  had taken place. Grafts  
were obtained from normal mouse embryos e t  ge s ta t iona l  day 15 and 
implanted i nto the cerebellomedullary c i s t e r n  o f  15 adult  pcd and 
12 a d u l t  wv m utan ts .  At 27-39 days p o s t - t r a n s p l a n t a t i o n ,  the  
r e c i p i e n t s  were pe r fu s ed  and t h e i r  b r a in s  were p rocessed  fo r  
l ight  end e lectron microscopy. Grafts  placed into both pcd and WV 
rec ip ien ts  exhibited a Layered c e l lu l a r  organization reminiscent 
o f  the normal c e reb e l la r  cortex.  Molecular ,  Purkinje , and granuLe 
c e l l  Layers were i d e n t i f i e d .  G ra f ted  P u rk in je  c e l l s  d i s p la y ed  
c h a r a c te r i s t i c  cy to log ical  fea tu res ,  such as hypolemmal c i ste rnae 
in assoc ia t ion  with mitochondria in the perikaryon, and lamellar 
s t r u c t u r e s  in t h e i r  axons.  O c ca s io n a l ly ,  s tubby som at ic  th o rn s  
were observed in P u r k in je  c e l l s .  The c y t o l o g i c a l  f e a t u r e s  o f  
g ra n u le  c e l l  somata in the  g r a f t s  appeared  s i m i l a r  to  those  o f  
mature  g ran u le  c e l l s .  E l ec t ro n  m ic roscop ic  exam inat ion  o f  the  
molecular layer o f  cerebe l la  transplanted  i nto pcd mutant hosts  
r e v ea led  th e  p re sence  o f  s m a l l  axons th e  c a l i b e r  o f  p a r a l l e l  
f i b e r a ,  which were not o r i e n t e d  in a p a r a l l e l  fa s h io n ;  the  
m a jo r i t y  o f  t h e i r  axon t e r m i n a l s  were p re s y n a p t i c  to  p r o f i l e s  
which were id e n t i f ied  as dendr i t ic  spines.  Overall,  there  was a 
r e la t iv e  paucity of dendri te s  and of p a ra l l e l  f i b e r - l ik e  axons. 
In  some o f  the  p r e p a r a t i o n s ,  c l u s t e r s  o f  la rge  neurons  were 
t e n ta t iv e ly  i den t i f ied  as deep nuclear neurons; synapses upon the 
i n i t i a l  segment o f  dendrites  and the somata of such neurons were 
seen .  These f i n d i n g s  concern ing  th e  s u r v iv e l  o f  g r a f t e d  normal 
Purkinje  and granule c e l l s  within the mutant environments point  
to the  p o s s ib i l i t y  o f  repair ing a l te red  ce rebe l la r  c i r c u i t r i e s  in 
g e n e t i c  c o n d i t i o n s  by r e p la c in g  missing nerve c e l l  populations. 
(Supported by PHS grant  R01-NS14426 to B.G., S07-RR5371 and R03- 
AG5575 to  W.C.L., and by g ra n t  85-174 from E l i  L i l l y  and Co.].

349.18 CYTOARCHITECTURAL ORGANIZATION OF CEREBELLAR EXPLANTS TRANS
PLANTED TO ADULT RAT HOSTS. E.B. Ezerman D epartm ent o f Anatomy 
and N eurobio logy, U n iv e rs ity  o f  Vermont, B u rlin g to n , VT 05405

I t  has r e c e n tly  been  dem onstra ted  th a t  i t  i s  p o s s ib le  to  
s u c c e s s fu l ly  t r a n s p la n t  to  th e  r a t  b r a in  CNS t i s s u e  from v ario u s  
re g io n s  which has p re v io u s ly  been grown in  e x p la n t c u l tu re  
(L indsay  & Raisman, N eu rosci. 12 (1984) 513-530; Ezerman & 
Kromer, Soc. N eurosci A b s t . , 11 (1985) 253). The r a t  cerebellum  
has been used  as  a model f o r  numerous s tu d ie s  o f  c e re b e l la r  
developm ent, o rg a n iz a tio n  and c y t o d i f f e r e n t ia t io n  in  e x p lan t 
c u l tu r e  and, more r e c e n t ly ,  u s in g  th e  in t r a c e p h a l ic  tr a n s p la n t  
paradigm . As th e re  a re  c e r t a in  f e a tu r e s  o f  b o th  th e  c u l tu r e  and 
t r a n s p l a n t  paradigm s th a t  a re  u s e fu l  in  developm ental s tu d ie s ,  
we asked w hether e a r ly  f e t a l  c e r e b e l l a r  t i s s u e  cou ld  be grown in  
c u l tu r e  fo r  s e v e ra l  days, su b seq u en tly  be t r a n s p la n te d  to  a 
c a v i ty  in  th e  CNS and would m a n ife s t th e  ty p i c a l  c y to a rc h i-  
te c to n ic  o rg a n iz a tio n  seen  in  c e r e b e l l a r  t r a n s p l a n t s .

E13 c e r e b e l l a r  p rim o rd ia  were i n i t i a l l y  p la ced  in  ex p lan t 
c u l tu r e  on c o l la g e n  fo r  two o r fo u r days. At 2 days p o s t 
e x p la n ta t io n ,  some la rg e  neurons a re  s t i l l  p r o l i f e r a t i n g ;  by 4 
days neurons have begun to  ex tend  n e u r i te s  onto  th e  s u b s t r a te .  
The e x p la n ts  were e x c ise d  from th e  c u l tu r e  d is h  w ith  o r w ith  out 
th e  c o l la g e n  sub tra tum  and p la ced  in  p re v io u s ly  made 
i n t r a c e p h a l ic  c a v i t i e s .  H is to lo g ic a l  a n a ly s is  one month p o s t 
t r a n s p l a n ta t io n  showed th a t  norm al c y to a r c h i t e c tu r a l  o rg a n iz a 
t i o n ,  in c lu d in g  th e  t r i la m in a r  c o r t i c a l  a r ra y s  (m olecu lar la y e r , 
P u rk in je  c e l l  la y e r ,  in t e r n a l  g ra n u la r  la y e r ) ,  i s  p re s e n t in  
b o th  th e  one and 4 day e x p la n t t r a n s p l a n t s .  The o r ie n ta t io n  o f 
th e  c o r t i c a l  a r ra y s  w ith in  th e  e x p la n t t r a n s p la n ts  and w ith  
r e l a t i o n  to  th e  h o s t b r a in  and p ia l-v a s C u la r  bed i s  s im i la r  to  
t h a t  seen  in  t r a n s p la n ts  which have n o t been  in  e x p la n t c u l tu r e . 
E x te rn a l germ inal c e l l s  (EGL) a re  s t i l l  p re s e n t  l in in g  p ia l  
in v a g in a t io n s  o r around b lood  v e s s e ls  as i s  a ls o  seen  in  
re a g g re g a te  t r a n s p l a n t s . Thus, a b r i e f  so jo u rn  in  e x p la n t 
c u l tu r e  has no ap p a re n t e f f e c t  on th e  o rg a n iz a tio n  o f  E13 
c e r e b e l l a r  e x p la n t t r a n s p l a n ts .  On th e  o th e r  hand, p o s tn a ta l  
c e r e b e l l a r  t i s s u e ,  which grows v ery  w e ll in  e x p la n t c u l tu r e ,  
deve lops p o o rly  in  th e  in t r a c e p h a l ic  c a v i ty  p re p a ra t io n ,  even 
a f t e r  p r io r  e x p la n ta t io n .  E a rly  p o s tn a ta l  c e re b e l la r  verm is 
t i s s u e  was e x p lan ted  to  c u l tu r e  f o r  s e v e ra l days a t  which time 
th e re  was g l i a l  and n e u r i t i c  outgrow th  w ith  numerous g ranu le  
c e l l s  v i s i b l e .  T ra n sp la n ta t io n  o f th e se  e x p la n ts  y ie ld e d  very  
l i t t l e  s u rv iv in g  t i s s u e  showing poor c y to a r c h i t e c tu r a l  o rg a n iz a 
t i o n .  In fo rm a tio n  w i l l  be p re s e n te d  co ncern ing  th e  s u rv iv a l and 
c y t o a r c h i t e c tu r a l  o rg a n iz a tio n  o f  f e t a l  c e r e b e l l a r  p rim ord ia  
grown c o n tin u o u s ly  in  c u l tu r e  fo r  8-12 days (e q u iv a le n t to  
p o s tn a ta l  days 0-4) p r io r  to  t r a n s p l a n ta t io n  in to  an a d u l t  r a t  
h o s t .

METABOLISM OF BIOGENIC AMINES

350.1 A RE-EVALUATION OF SOME OF THE MECHANISMS THAT REGULATE STRIATAL 
DOPAMINE DYNAMICS. C. Sl imovitch*, and J.W. Commissiong (SPON. 
T. Sourkes), Dept. of P h y sio l., McGill Univ., 3655 Drummond S tre e t, 
M ontreal, P.Q ., Canada H3G 1Y6.

Among the hypotheses th a t guide our th inking about s t r ia ta l  
dopamine dynamics ar e: 1) a f te r  blockade of the postsynaptic 
dopamine recep tor (eg. by neu ro lep tics) negative feedback control 
operates to  a c tiv a te  the dopaminergic ce ll body in the substan tia  
n ig ra ; 2) lev e ls  of DOPAC and HVA in the stria tum  are an index of 
dopaminergic neuronal a c t iv i ty ;  3) dopamine re lease  in the 
stria tum  i s dependent mainly on orthodromic action  p o te n tia ls  in 
the  neurons. Experiments were done using female Sprague-Dawley 
r a t s ,  225-250 g .  The l e f t  ni g ro s tr i a ta l t r a c t  (L-NST) was 
stim ulated  e le c t r ic a l ly  (400 μA; 15 Hz., 20 mi n) or chem ically 
blocked (TTX 300 μM) or completely severed, using a knife cut tech
nique. Experiments were done a f te r  acute (1-10 hrs) or chronic (6 
days) i n te rru p tio n  of th e  L-NST. The t e s t  dose of haloperi dol 
(HAL) used was 1.0 mg/Kg i .p . Dopamine (DA), DOPAC and HVA were 
analyzed by gas chromatography-mass spectrom etry. The main 
find ings a re : 1) Iso la ted  dopaminergic nerve term inals re ta in  the 
capac ity  to  regu la te  the syn thesis  and metabolism of DA for up to 
24 hours a f te r  the  tra n sec tio n . 2 )  Under con d itio n s . of i ntense 
c irc lin g  i nduced by le sion  of the L-NST, a t  4 hrs p o s t- tra n sec tio n , 
DOPAC increased from 28 to  87, and HVA from 6 to  53 nmol/g on the 
l e f t  s id e , with no s ig n if ic a n t change of e ith e r  m etabolite  on the 
r ig h t  s id e . 3) A fter the in je c tio n  of TTX i nto the L-NST, the 
i ncreases i n DOPAC and HVA following the i n jec tion  of HAL were the 
same i n both the l e f t  and r ig h t s t r i a t a .  4) A fter the knife cut of 
the L-NSf, DOPAC and HVA in the l e f t  s tria tum  were s t i l l  s ig n i f i 
can tly  i ncreased (p < 0.01) vs the v e h ic le - in jec ted  co n tro l, a f te r  
HAL. 5) Increases i n DOPAC and HVA in the s tria tum  are not an i n
v a ria n t find ing  a f te r  e le c tr ic a l  s tim ulation  of the L-NST or a f te r  
ch lo ra l hydrate anesthesia  (> 400 mg/Kg l . p . ) .  When the animals 
a re  deeply anesthe tized  and s tre s s  is  kept to  a minimum, the 
in creases  i n DOPAC and HVA are not s t a t i s t i c a l l y  s ig n if ic a n t.  The 
following conclusions can be drawn from the above observations. 1) 
the  negative feedback hypothesis fo r the control of the f ir in g  of 
dopaminergic c e l ls  may not always be v a lid . 2) There must ev iden t
ly  be a massive heteroreceptor-m ediated  control of s t r i a ta l  
dopaminergic nerve term inal dynamics ( r e s u l t  No. 2 ). 3) Under 
c e r ta in  co n d itio n s , reuptake mechanisms would appear to  be adequate 
to  match tra n sm itte r  supply to  demand, and tra n sm itte r catabolism  
i s kept to  a minimum during the re lease /reup take  p rocess. 4) HAL 
apparently  has a s ig n if ic a n t d ire c t  presynaptic e f fe c t  in in
creasing  the syn thesis  and metabolism of DA i n the nerve term inal. 
This e f fe c t  may be i ndependent of postsynaptic DA recep tor blockade 
( r e s u l ts  3 and 4 ) . These re s u lts  w ill be useful in guiding our 
fu tu re  th ink ing  about the regu la tion  of s t r i a ta l  DA dynamics.

350.2 EVIDENCE THAT INTRANEURONAL METABOLISM OF NEWLY SYNTHESIZED 
DOPAMINE IN THE MEDIAN EMINENCE REFLECTS THE ACTIVITY OF 
TUBEROINFUNDIBULAR DOPAMINERGIC NEURONS

K.J.Looki ngland, H.D.Jarry* and K.E.Moore, Dept. Pharmacology 
and Toxicology, Michigan State Univ., E. Lansing, MI 48824

Dopamine (DA) released from tuberoinfundibular (TI) DA 
neurons terminating in the median eminence (ME) is transported 
via the hypophysial portal blood to the an terior p itu itary  
gland where i t  acts to inh ib it prolactin secretion. TIDA 
neurons have a low a ffin ity  reuptake system for released amine 
and, most lik e ly , dihydroxyphenylacetic acid (DOPAC) measured 
in the ME predominantly re flec ts  the intraneuronal metabolism 
by mitochondrial monoamine oxidase (MAO) of newly synthesized 
DA rather than metabolism of DA that has been released and 
recaptured by these neurons. Since- procedures that a lte r  
the a c tiv ity  of TIDA neurons also a l te r  the rate of DA 
synthesis., changes in TIDA ac tiv ity  may be reflected by 
corresponding changes in DA metabolism. Accordingly, the 
purpose of the present study was to examine the effects of 
increasing or decreasing the ac tiv ity  of TIDA neurons on DOPAC 
concentrations in the ME.

Blockade of DA synthesis with α-methyltyrosine (250 mg/kg; 
i .p .)  produced a sim ilar decrease in DOPAC concentrations 
in control and nomifensine-treated ra ts . These resu lts 
demonstrate that DOPAC in the ME primarily reflec ts  the 
intraneuronal metabolism of newly synthesized DA in TIDA 
neurons. Within 5 min following the administration of the 
MAO inhib ito r pargyl ine (50 mg/kg, i .v .)  ME DOPAC concentrations 
decline to 15% of control indicating that th is  metabolite 
has a very high turnover rate and is rapidly removed from 
the ME. Probenecid (250 mg/kg, i .p .)  produced a time-dependent 
increase in ME DOPAC Concentrations indicating that DOPAC 
is  a t leas t p a rtia lly  transported out of the ME via an acid 
transport system.

Prolactin (10 ug/rat; i cv; 12 h), which is reported to 
increase TIDA neuronal ac tiv ity  increased, DOPAC concentrations 
in the ME of control and probenecid-treated male ra ts . 
Restraint s tress (30 min), which is reported to decrease TIDA 
neuronal ac tiv ity , decreased ME DOPAC concentrations in 
diestrous female ra ts . ME DOPAC concentrations in diestrous 
female ra ts , whose TIDA neuronal ac tiv ity  is  reported to be 
higher than in the male, were two-fold greater than that 
measured in male ra ts . The resu lts from the present study 
suggest that DOPAC concentrations in the ME can be employed 
as an index of TIDA neuronal ac tiv ity . (Supported by USPHS 
Grant NS09174)
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350.3 CORTICAL DOPAMINE AND NOREPINEPHRINE RELEASE IN THE 
RAT: GC-MS MEASUREMENT OF 3-METHOXYTYRAMINE (3-MT) AND 
NORMETANEPHRINE (NMN). H .S. Kim, C.A. A l ta r  and P .L . 
Wood. N eu ro sc ien ce  R e search , R esearch  D e p t., Pharma
c e u t i c a l  D iv is io n , C iba-G eigy  C o rp ., Summit, N .J . 
07901.

The a s sessm en t o f  monoamine r e l e a s e  in  th e  c o r te x  
h as  been r e s t r i c t e d  to  p u s h -p u l l  p e r fu s io n  experim en ts  
in  th e  p a s t .  We now r e p o r t  a s im p le  c lean u p  p ro ced u re  
w hich a llo w s  th e  s im u lta n e o u s  GC-MS m easurem ent o f 
dopam ine, 3-MT, n o re p in e p h rin e  and NMN in  r a t  c o r t i c a l  
r e g io n s .  T h is  in v o lv e s  th e  i s o l a t i o n  o f  b o th  th e  
p a r e n t  am ines and t h e i r  m e th y la te d  m e ta b o l i te s  u s in g  a 
l i q u i d  io n  ex ch an g e r. The sam ples a r e  n e x t back- 
e x t r a c te d  in to  a c id ,  f r e e z e - d r ie d  and r e a c te d  w ith  
p e n ta f lu o ro p r o p r io n ic  a n h y d rid e . T urnover s tu d ie s  can 
a l s o  be perfo rm ed  by m o n ito rin g  th e  accu m u la tio n  o f 
th e s e  m e th y la te d  m e ta b o l i te s  a f t e r  t r e a tm e n t  w ith  
p a r g y l in e .  The c o r t i c a l  r e g io n s  exam ined w ere th e  
p r e f r o n t a l ,  c in g u la te  and p y r ifo rm  c o r t i c e s ,  which were 
com pared w ith  th e  s t r ia tu m  and o l f a c to r y  tu b e r c le .

S te a d y - s ta te  l e v e l s  o f  3-MT and NMN in  th e  c o r t i c e s  
w ere low ( < 0 .2  pmol/mg p r o t . )  b u t  f u n c t io n a l ,  showing 
a r a p id  accu m u la tio n  a f t e r  p a rg y l in e  t r e a tm e n t .  3-MT 
l e v e l s  were much h ig h e r  in  th e  s t r ia tu m  ( 2 . 2  pmol/mg 
p r o t . )  and o l f a c to r y  tu b e r c le  ( 1 . 7  pmol/mg p r o t . ) ,  
however tu rn o v e r  r a t e s  were s im i l a r  t o  th o se  in  th e  
c o r te x .  A lthough m easu rab le  amount o f  NMN was p re s e n t  
in  th e  s t r ia tu m  ( 0 .12  pmol/mg p r o t . ) ,  t h i s  poo l d id  
n o t ap p ea r t o  be fu n c t io n a l  s in c e  NMN le v e l s  d id  no t 
in c r e a s e  a f t e r  p a r g y l in e .

H a lo p e r id o l s e l e c t i v e l y  e le v a te d  th e  s t e a d y - s ta te  
l e v e l s  o f  3-MT in  th e  s t r ia tu m  and o l f a c to r y  tu b e r c le  
w h ile  3-MT tu rn o v e r  was in c re a s e d  in  th e s e  a re a s  as 
w e ll  a s  in  th e  c o r t i c a l  a r e a s .  N om ifensine in c re a se d  
th e  s t e a d y - s t a t e  l e v e l s  and tu rn o v e r  o f  b o th  3-MT and 
NMN in  a l l  r e g io n s .  In  c o n t r a s t ,  th e  a lp h a -2  a g o n is t ,  
c lo n id in e  s e l e c t i v e l y  d e c re a se d  NMN le v e l s  and tu rn o v e r  
in  th e  c o r te x .

In  summary, t h i s  new a s sa y  a llo w s  th e  in  v ivo  
e v a lu a t io n  o f  d rug  e f f e c t s  on c o r t i c a l  dopamine and 
n o re p in e p h rin e  r e l e a s e  w ith o u t any s u r g ic a l  m anipu la
t i o n s .

350.4 DETERMINATION OF FREE HOMOVANILLIC ACID (EVA) IS HUMAN PLASMA 
FILTRATES USING HPLC WITH ELECTROCHEMICAL DETECTIONS. C. J .D re b in g * , 
G. A .Ge r h a r d t , C .S te p h e n *  a nd  R .F re ed m a n  (SPON: N .W e in e r ) .  
D ep a rtm en ts  o f  Pharm acology and P s y c h ia t ry ,  U .C .H .S .C ., D enver, CO 
80262.

The measurement of free homovanillic acid (HVA) in human plasma 
has c lear ly  shown some u t i l i t y  as a therapeutic marker for changes 
in CHS dopaminergic a c tiv ity  with neuroleptic drug treatm ent. 
Although many methods ex ist for the measurement of th is  substance 
by GC or LC methods, most of the previous reports e n ta il  some type 
of p rio r plasma extraction  procedure tha t is  often time consuming. 
We now report a procedure fo r the rapid determination of HVA in 
human plasma by f i l t r a t io n  followed by d irec t i n jection  in to  an 
i so cratic  HPLC system with electrochem ical detection .

Human blood samples were collected  in green top tubes and the 
plasma was removed by cen trifuga tion ; these were stored a t -20°C. 
On the day of the assay, 0.5ml of thawed plasma, e ith e r  spiked or 
unspiked, was added to an Amicon Centrifree™  f i l t e r .  These f i l t e r  
cartridges were centrifuged for 15 minutes in a c lin ic a l  benchtop 
c e n t r ifu g e . F i f ty  m ic ro l i t e r s  of the re s u l t in g  f i l t r a t e  was 
d i r e c t ly  in je c te d  in to  an l s o c r a t i c  HPLC system . The system 
consisted of a Beckman Model 114 pump, Altex 210 in je c to r, ESA 
5100A Coulochem dual-channel electrochem ical de tecto r (5011 c e l l ) ,  
and a Fisher 5000 dual-pen recorder. All separations were performec 
on an Altex 4.6mm X 7.5cm Ultrasphere ODS (3 micron p a rtic le s )  
reverse phase column. The eluent was a 0.1M c itra te -a c e ta te  buffer 
(pH 3.9) containing 10% methanol plus EDTA (0 .05g /l) and octane 
s u lfo n ic  acid  ( 0 .1 g / l ) .  R ep resen ta tiv e  spiked  and unspiked 
chromatograms are seen below. Peak heights and standard addition 
procedures were employed for quan tita tion . The method currently  
involves 2(10 minute) chromatography runs per sample. We w ill 
report on the evaluation of th is  technique as well as the use of 
in te rn a l standards. (Supported by USPHS (MH-38321))

350.5 CH AN GES IN THE LEVELS OF 5-S- CYSTENYLDOPAM INE AND RELATED 
ADDU CTS IN RA T STRIATUM FOLLOWING D IFFE R EN T PH ARM A COLO
GICA L TREATM ENTS. B. F o rn s te d t*  (SPON :Z. W iesenfe ld -H allin ), E. 
R o sen g ren *  and  A rv id  C arlsso n * .

T he n eu ro n a l d e g e n e ra tio n  in n eu ro m e la n in -c o n ta in in g  b ra in s te m  n u c le i 
in P a rk in so n 's  d ise a se  (PD) an d  n orm al ag in g  re s u lts  in a  d e c re a s e  o f 
c a te c h o la m in e  lev e ls  in th e  in n e rv a te d  a re a s  V arious h y p o th es ie s , involv ing  
b o th  g e n e tic  an d  e n v iro n m en ta l f a c to rs ,  h a v e  b een  p re s e n te d  in o rd e r  
t o  e x p la in  th e  m echanism  b eh ind  th e  a p p a re n t  v u ln e ra b ility  o f  c a te c h o l-  
am in e rg ic  n eurons. O u r w ork  is b a sed  on th e  f a c t  t h a t  c a te c h o la m in e s  
a r e  rea d ily  a u to x id iz e d  in v i tro  to  r e a c t iv e ,  c y to to x ic  sem iqu inones 
an d  q u inones u n d er th e  g e n e ra t io n  o f to x ic  oxygen sp ec ie s . S tu d ie s  
on u r in e , se ru m , a d re n e rg ic  a lly  in n e rv a te d  o rg an s  an d  o th e r  tis s u e s  
h a v e  shown t h a t  th e  q u inone  form  o f dopa b inds to  th e  S H -groups of 
c y s te in e  an d  g lu ta th io n e  to  g iv e  r is e  to  5 -S -c y s te in y ld o p a  an d  5-S- g lu - 
ta th io n ed o p a . This p ro m p ted  us to  in v e s t ig a te  w h e th e r  c a te c h o ls  in  
d o p am in e -rich b ra in  a re a s  u n d e rg o  a u to x id a tio n  in  v ivo  an d  g iv e  r is e  
to  th e  co rre sp o n d in g  c y s te in y l  a d d u c ts . We h a v e  th u s  d e te c te d  5 -S -c y s te i-  
n y ldopam ine, 5-S-C y ste iny ldopa  an d  5 -S -c y s te in y ld o p ac  in p re fe re n tia l ly  
d o p am in e -rich  b ra in  p a r ts  o f e ig h t d i f f e re n t  m am m alian sp ec ie s . Man, 
h o rse  an d  sh e ep  a p p e a r  to  h a v e  th e  h ig h es t an d  r a t  th e  lo w es t lev e ls  
o f th e  a d d u c ts ,  w ith  R h esu s  m onkey, M arm oset m onkey, dog an d  c a t  
fo rm ing  an  in te rm e d ia te  group. A u to x id a tio n  o f c a te c h o ls  m ust th e r e fo r e  
b e  c o n s id e red  in a d d itio n  to  th e  c la s s ic a l  m e tab o lic  p a th w ay s. T h e  possib i
l ity  t h a t  th e  c y s te in y l  a d d u c ts  a r e  m e re ly - in te rm e d ia te s  in  th e  sy n th e s is  
o f n eu ro m elan in  is n o t  su p p o rte d  by th e  a v a ila b le  d a ta . T h e  ad d u c ts  
do o c c u r  in th e  do p am in erg ic  n e rv e  te rm in a l  reg io n s  in  a ll  th e  sp e c ie s  
in v e s t ig a te d , includ ing  th e  r a t  w h e re a s  n eu ro m elan in  is fo u n d  only in 
th e  c e ll  b o d ies  an d  h as  n o t b e e n  d e te c te d  in th e  r a t .  In o rd e r  to  o b ta in  
f u r th e r  in fo rm a tio n  on th e  new  m e tab o lic  p a th w a y  fo r  dopam ine, w e 
h a v e  s tu d ie d  th e  b io ch em ica l e v e n ts  in  r a t  b ra in  fo llow ing  d i f f e re n t  
p h a rm a c o lo g ic a l t re a tm e n ts  using  high  p re s su re  liqu id  c h ro m ato g rap h y  
w ith  e le c tro c h e m ic a l  d e te c t io n .  T h e  re s u lts  from  th e s e  s tu d ie s  w ill 
b e  p re s e n te d  a t  th e  m ee tin g .

350.6 SYNTHESIS OF γ -GLUTAMYLTYRAMINE AND γ-GLUTAMYLOCTOPAMINE IN THE 
NERVOUS SYSTEM OF LIMULUS POLYPHEMUS. I B-A. B a t te l l e ,  S. C. 
Edwards*, H. M. M aresch*, and 2S. K. P ie rc e * . 1. C. V. Whitney 
L ab o ra to ry  and The Departm ent o f N eu roscience , U n iv e rs ity  of 
F lo r id a ,  S t .  A u g u stin e , FL 32086, and 2. D epartm ent of Zoology, 
U n iv e rs ity  o f M aryland, C o llege  P ark , MD. 20742

We have shown th a t  t i s s u e s  in  the  Limulus nervous system  
which sy n th e s iz e  and s to r e  octopam ine (OCT), namely Limulus eyes 
and th e  c a rd ia c  g an g lio n , a lso  s y n th e s iz e  and s to re  co n ju g a tes  of 
OCT and ty ram ine (TA) th a t  a re  p o s i t iv e ly  charged a t  pH 1 .9 . In  
a d d i t io n ,  we showed th a t  v e r a t r id in e  s tim u la te s  th e  r e le a s e  of the 
co n ju g a te s  from th e se  t i s s u e s  in  a  Ca++-dependen t manner. We have 
now id e n t i f i e d  th e se  co n ju g a tes  as γ -g lu tam y lty ram ine  (γ-Glu-TA) 
and γ -g lu tam yloctopam ine ( γ-Glu-OCT).

We sp e c u la te d  th a t  th e  co n ju g a tes  were pep tidoam ines. To 
determ ine  which amino ac id s  th e  amines m ight be con jugated  to ,  th e  
co n ju g a te s  were i s o la te d  from a c id  e x t r a c ts  Limulus l a t e r a l  eyes 
and c a rd ia c  g a n g lia , by h igh  v o lta g e  paper e le c tro p h o re s is  (HVEPH) 
fo llow ed  by acending paper chrom atography in  b u ta n o l, a c e t ic  a c id  
and w ate r ( 1 :1 :1 ) ,  and hydrolyzed u sing  m ild ly  a c id ic  c o n d itio n s . 
The h y d o r ly sa te s  were then  d e r iv i t i z e d  w ith  OPA and f r a c t io n a te d  
u sing  a h igh  perform ance l iq u id  chrom atographic system  fo r  th e  
s e p a ra t io n  and d e te c t io n  of O P A -deriv itized  amino a c id s .  A la rg e  
peak e lu t in g  w ith  a r e te n t io n  tim e id e n t ic a l  to  th a t  o f s tan d a rd  
g lu tam ic  ac id  (G lu) was p re s e n t in  th e  hydrolyzed samples and was 
ab sen t in  unhydrolyzed c o n tro l sam ples. This r e s u l t  suggested  
th a t  th e  amines were con jugated  to  G lu. C o n s is te n t w ith  th i s  
h y p o th e sis  a re  th e  o b se rv a tio n s  th a t  ra d io la b e le d  co n ju g a te s , 
i s o la te d  from v e n t r a l  eyes as  d e sc rib ed  above a f t e r  in c u b a tin g  th e  
eyes in  v i t r o  w ith  ra d io la b e le d  TA, co -m ig ra ted  w ith  s tan d a rd  
γ -G lu-O ct and γ-Glu-TA in  re v e rs e  phase h igh  perform ance l iq u id  
chrom atography. F urtherm ore , ra d io la b e le d  Glu i s  in c o rp o ra te d  
in to  a su b stan ce  in  th e  l a t e r a l  eye th a t  co -m ig ra te s  w ith  γ -Glu-TA 
on HVEPH fo llow ed by ascend ing  chrom atography.

The fu n c t io n s  of γ-Glu-TA and γ-Glu-OCT in  Limulus a re  not 
y e t known. They may be amine in a c t iv a t io n  p ro d u c ts . C o n s is te n t 
w ith  th i s  h y p o th e sis  i s  our o b se rv a tio n  th a t  th e  blood v e s s e l 
sh ea th  which su rrounds th e  nervous system  in  Limulus a ls o  
s y n th e s iz e s  -Glu-TA from TA. However, the  o b se rv a tio n  th a t  
d e p o la r iz a t io n  s tim u la te s  th e  r e le a s e  o f γ -Glu-TA and γ -G lu  OCT 
from Limulus eyes and the  c a rd ia c  g an g lio n , but no t th e  blood 
v e s s e l  s h e a th , r a i s e s  th e  p o s s i b i l i t y  th a t  th e se  m olecules may 
a ls o  serve  as  i n t e r c e l l u l a r  m essengers in  th e  nervous system . 
(Supported  by th e  W h iteh a ll F oundation , Palm Beach, FL. and NIH 
G rant EY05724. γ -Glu-TA and γ-G lu OCT were o b ta in ed  through the  
NIMH Chem ical S y n th es is  P rogram ).
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350.7 PARTIAL PURIFICATION OF ENDOGENOUS MONOAMINE 
OXIDASE INHIBITORS FROM BABOON CEREBROSPINAL 
FLUID. L. I s a a c , R. Schoenbeck* and B. L. C u rrie*  
(Spon: K. R. U nna). D ep t. o f  P h a rm aco l., C ol. o f 
M edicine and D ep t. o f  Med. Chem. and Pharmacog, 
C o l. o f  Pharm acy, U niv. o f  I 11. a t  C hicago , 60680.

P re v io u s  work d em o n s tra ted  th e  e x is te n c e  o f 
endogenous monoamine o x id a se  i n h i b i t o r s  (EMAOI) in  
f e l i n e  CSF and r a t  b r a in  ( I s a a c  e t  a l .  N eu ro sc i. 
L e t t .  In  P re s s ,  1986). Because e le c t ro c o n v u ls iv e  
shock r e s u l t e d  in  an e le v a t io n  in  th e  l e v e l  o f 
EMAOI a c t i v i t y  in  f e l i n e  CSF and r a t  b r a in  we 
d i r e c t e d  o u r a t t e n t i o n s  t o  i t s  p u r i f i c a t i o n .  We 
began i s o l a t i o n  p ro c e d u re s  o f  EMAOI from baboon 
CSF b ecau se  o f  th e  q u a n t i t i e s  o f  CSF a v a i l a b le ,  
i t s  low p r o te in  c o n te n t  and b ecau se  EMAOI a c t i v i t y  
i s  in  a s o lu b le  form o n ly .

CSF was c o l l e c t e d  from baboons and p o o led  to  
volum es o f  20 t o  40 ml s ,  d ia ly z e d  a g a in s t  w a te r  (6 
L) f o r  24 h r s  and ly o p h i l i z e d .  The r e s id u e  was 
d is s o lv e d  in  0 .5  M a c e t i c  a c i d / a c e t o n i t r i l e  (3 :1) 
and a p p l ie d  t o  a p r e p a r a t iv e  r e v e r s e  p hase  column 
f o r  h ig h  p erfo rm ance l i q u i d  ch rom atography . The 
e f f l u e n t  was m o n ito red  a t  214 nm and was o b ta in e d  
by a s te p  g r a d ie n t  o f  a c e t o n i t r i l e  (25%, 40%, 55% 
and 70%) in  0 .5  M aqueous a c e t i c  a c id .  EMAOI 
a c t i v i t y  was a ssay ed  a g a in s t  MAO d e r iv e d  from r a t  
b r a in  u s in g  14 C - s u b s t ra te s ,  5 -h y d ro x y try p tam in e  
and p h en e th y lam in e , t o  a s s e s s  MAO A and MAO B 
i n h ib i to r y  a c t i v i t y ,  r e s p e c t iv e ly .

T hree f r a c t i o n s  w ith in  th e  25% s te p  were 
c o l l e c t e d ,  two each  in  th e  40% and 55% s te p  and 
one in  th e  70% s t e p .  Based on an a v e rag e  o f  a t  
l e a s t  20% in h i b i t io n  o f  MAO A o r  MAO B (n=3) we 
found EMAOI a c t i v i t y  a g a in s t  MAO A in  th e  25% and 
55% s te p  and MAO B i n h ib i to r y  a c t i v i t y  in  s te p s  
40% and 55%. These d a ta  d e m o n s tra te  th e  p re se n c e  
o f  EMAOI a c t i v i t y  in  baboon CSF and p a r t i a l  
s e p a ra t io n  o f  EMAOI a c t i v i t i e s  f o r  MAO A and MAO 
B. B ecause o f  th e  w ide s e p a ra t io n  o f  MAO A 
i n h i b i t o r  a c t i v i t y  in  th e  25% and 55% f r a c t i o n s ,  
i t  i s  l i k e l y  t h a t  th e s e  EMAOI a c t i v i t i e s  r e s u l t  
from d i f f e r e n t  su b s ta n c e s .

350.8 THE TYPE OF MONOAMINE OXIDASE ISOZYME ASSOCIATED WITH 
THE METABOLISM OF SEROTONIN IN SEROTONERGIC NERVE TER
MINALS. G.M. W illiam s, L.M. Brown, J .B . Amedro*, A .J . 
A zzaro , and D .J . S m ith , D ep ts . o f  A n e s th e s ., N eu ro l., and 
P harm aco l. /T o x ic o l . ,  WVU Med. C t r . ,  Morgantown, WV 26506

Im munocytochem ical a n a ly s is  in d ic a te s  t h a t  th e  Type B 
monoamine o x id a se  (MAO) isozyme i s  p r e s e n t  w ith in  r a t  
s e ro to n e rg ic  neu rons (PNAS. 79 :6385 , 1982). O n t h e  o th e r  
hand, s e ro to n in  (5HT) a p p ea rs  to  be p r e f e r e n t i a l l y  m eta
b o liz e d  by Type A MAO in  r a t  b r a in  (Biochem. Pharm acol. 
17:1285 , 1968). In  t h i s  s tu d y  a su p e rfu se d  synaptosom al 
p r e p a r a t io n  o f  r a t  s p in a l  co rd  t i s s u e  was used  to  d e t e r 
mine th e  ty p e  o f  MAO r e s p o n s ib le  f o r  th e  deam in a tio n  o f  
5HT in  s e ro to n e rg ic  n erv e  te r m in a ls .  In  t h i s  p re p a ra 
t i o n ,  s e ro to n e rg ic  n erv e  te rm in a ls  a re  s e l e c t i v e ly  
la b e l l e d  and 5HT m etabo lism  o c c u rs  e x c lu s iv e ly  in  th e  
cy top lasm  o f  th e s e  te rm in a ls  ( J .  Neurochem. 45 :1886, 
1985). The a b i l i t y  o f  s e l e c t i v e  and n o n - s e le c t iv e  MAO 
i n h i b i t o r s  to  d e c re a s e  5HIAA e f f lu x  was examined to  e v a l
u a te  th e  r o l e  o f  each  MAO isozyme in  th e  d eam in a tio n  o f 
5HT.

C o n tro l 5HIAA e f f lu x e s  were a p p ro x im a te ly  810 DPM and 
d e c lin e d  to  ap p ro x im a te ly  530 DPM (a 35% re d u c tio n )  
d u r in g  a 40 m inu te  su p e r fu s io n . T h is  d e c l in e  r e p re s e n ts  
th e  lo s s  o f  b o th  5HIAA formed d u r in g  th e  l a b e l l i n g  p ro 
ced u re  and 5HIAA formed th ro u g h o u t su p e r fu s io n . During 
th e  same p e r io d , t r e a tm e n t w ith  p h e n e lz in e  (10-5 M), a 
n o n - s e le c t iv e  MAO i n h i b i t o r ,  reduced  5HIAA e f f lu x  by 83%. 
S in ce  p h e n e lz in e  a t  t h i s  c o n c e n tr a t io n  should  co m p le te ly  
i n h i b i t  MAO A and MAO B a c t i v i t y ,  i t  i s  assumed t h a t  th e  
rem ain in g  17% o f  5HIAA e f f lu x  i s  due to  th e  m e ta b o li te  
formed d u r in g  th e  l a b e l l i n g  p ro c e d u re . C lo rg y lin e  
(10- 7M), a s e l e c t i v e  MAO A i n h i b i t o r ,  induced  a d e c l in e  
in  5HIAA o f  th e  same m agnitude a s  t h a t  ob se rv ed  w ith  
p h e n e lz in e . In  c o n t r a s t ,  d ep ren y l (10- 7M), a s e l e c t i v e  
MAO B i n h i b i t o r ,  had no e f f e c t .

In  o rd e r  to  p e rm it an in c re a se d  p r e s e n ta t io n  o f  5HT 
to  m ito c h o n d ria l MAO, r e s e r p in e  (10- 5M) was used  to  d i s 
ru p t  v e s ic u la r  s to ra g e  and e le v a te  cy to p la sm ic  t r a n s m i t 
t e r  c o n c e n t r a t io n .  R e serp in e  induced a d ra m a tic  (up to  
3 .4  X) in c r e a s e  in  th e  e f f lu x  o f  5HIAA. T h is  in c r e a s e  
was co m p le te ly  in h ib i t e d  by p h e n e lz in e  and c lo r g y l in e  
b u t n o t by d e p re n y l .

R e g a rd le ss  o f  th e  a p p a re n t p re se n c e  o f  b o th  MAO A and 
B, th e s e  d a ta  s t r o n g ly  su g g e s t t h a t  o n ly  MAO A i s  r e 
sp o n s ib le  fo r  th e  m etabo lism  o f  5HT in  s e ro to n e rg ic  
te r m in a ls .  S uported  by NIH g r a n ts  GM 30002 & T32 
GM07 039, th e  WVU Med. Corp. and a Swiger Fellowship(LMB).

350.9 DIFFERENTIAL BRAIN DISTRIBUTIONS OF HUMAN MONOAMINE OXIDASE TYPES 
A AND B DETERMINED BY POSITRON EMISSION TOMOGRAPHY USING 
[11C]CLORGYLINE AND [11C]-L-DEPRENYL. C.D. A rn e t t ,  J .S .  Fow ler*, 

R .R . MacGregor*, A .P . W olf*, H. S achs* , M. Smi th * , Chem. D ep t. ,  
Brookhaven N a tio n a l L a b o ra to ry , Upton, NY 11973; C . H a lld i n* and 
B. L a n g s trӧm*, I n s t i t u t e  o f C hem istry , U niv. o f  U ppsala, Sweden

In  an a ttem p t to  extend th e  u t i l i t y  and p o te n t ia l  o f p o s itro n  
em ission  tomography (PET) fo r  s tu d y in g  normal and d ise a se d  human 
b ra in  beyond m etabolism  and n e u ro tra n s m it te r  re c e p to r  b ind ing  
s tu d ie s ,  we have dem onstrated  th e  a p p l ic a t io n  o f  PET to  th e  study  
o f a key enzyme in  th e  m e tabo lic  in a c t iv a t io n  o f many b io g en ic  
am ines, monoamine ox id ase  (MAO). MAO e x i s t s  in  two form s, MAO-A 
and MAO-B, w ith  d i f f e r e n t  s u b s t r a te ,  i n h ib i to r ,  and immunochemical 
s p e c i f i c i t i e s .  C lo rg y lin e  and L -d ep ren y l, s e le c t i v e  i r r e v e r s i b le  
in h ib i to r s  of MAO ty p es  A and B r e s p e c t iv e ly ,  were ra d io la b e le d  
w ith  ca rbon -11 , a p o s i tro n  e m itt in g  n u c lid e  w ith  a h a l f - l i f e  o f 
20 .4  m in. S tu d ie s  in  mice dem onstrated  the  s e l e c t i v i t y  o f th e se  
two ra d io lig a n d s  fo r  s tu d y in g  th e  in  v ivo  d i s t r i b u t io n s  of MAO-A 
and MAO-B a c t i v i t i e s  (MacGregor, R .R ., e t  a l . ,  Biochem. 
P harm acol. 34 :3207, 1985). Double in j e c t io n  PET s tu d ie s  in  th e  
baboon, w ith  an i n te rv e n in g  dose of u n la b e led  L -d e p re n y l, demon
s t r a t e d  a h igh  r e t e n t io n  o f  [ 11C ]-L -dep reny l r a d io a c t iv i ty  in  the  
b r a in ,  w ith  s p e c i f i c  d i s t r i b u t io n  to  some a rea s  as h igh  as 80 p e r 
ce n t o f th e  t o t a l  d i s t r i b u t io n  (A rn e tt ,  C .D ., e t  a l . ,  A b s t ra c ts ,  
IV th World Congress B io l . Psychi a t . ,  1985). By a d m in is te r in g  
[11 C ]-D -deprenyl to  th e  same baboon, t h i s  d i s t r i b u t io n  was shown 
to  be s te r e o s p e c i f i c ,  s in ce  th e  [11C]-D -dep reny l was no t r e ta in e d  
in  th o se  a re a s  ( in  p r e p a ra t io n ) .  [ 11C]C lo rg y lin e  d id  not e x h ib i t  
a  s im i la r  s p e c i f ic  r e te n t io n  in  th e  b ra in  o f th e  a n e s th e tiz e d  
baboon. We have extended th e se  s tu d ie s  to  th e  human by a double 
i n je c t io n  paradigm  o f [ 11-C ]-L -deprenyl fo llow ed 2 .5  hours l a t e r  by 
[ l l C ]c lo rg y lin e . PET scans were o b ta in ed  s e r i a l l y  fo r  up to  105 
min a f t e r  each in j e c t io n .  A t im e - a c t iv i ty  curve fo r  a r t e r i a l iz e d  
venous plasm a was o b ta in ed  fo r  up to  110 min a f t e r  in j e c t io n  and 
c o r re c te d  fo r  m e ta b o l ite s . The b ra in  in f lu x  co n s ta n t ki  ( P a t la k ,  
C .S .,  JCBFM 3 :1 ,  1983) was measured as an i n d ic a tio n  of fu n c t io n a l  
enzyme a c t i v i t y  in  v a r io u s  b ra in  reg io n s  fo r  each ra d io lig a n d . 
The r e s u l t s  in d ic a te  q u a l i t a t i v e l y  s im i la r  re g io n a l d i s t r i b u t io n s  
fo r  th e  two ra d io l ig a n d s ,  b u t th e  k i f o r  [ 11C ]-L -dep reny l in  the  
thalam us was h ig h e r  than  th a t  f o r  [ 11C ]c lo rg y lin e . This i s  con
s i s t e n t  w ith  h ig h e r  MAO-B th an  MAO-A a c t i v i t y  found in  human 
thalam us o b ta in ed  a t  au topsy  (O reland , L . ,  Mod. P ro b l. Pharmaco- 
p s y c h la t . 19 :246 , 1983). Only about 2 p e rce n t o f th e  ra d io 
a c t i v i t y  was e x c re te d  In  th e  u r in e  in  th e  f i r s t  2 hours a f t e r  
a d m in is tr a t io n .  Carbon-11 la b e le d  CO2 was found to  be p re s e n t in  
a i r  exha led  from th e  s u b je c t .  This i s  th e  f i r s t  d em onstra tion  of 
th e  u se  o f PET fo r  mapping enzyme d i s t r i b u t io n s  in  th e  human 
b r a in .  R esearch  su p p o rted  by USDOE, OHER, NIH NS-15380 and 15638.

350.10 ACUTE VS. CHRONIC EFFECTS OF IMIPRAMINE ON BRAIN p-HYDROXY- 
PHENYLGLYCOL AND ON BRAIN AND PLASMA TYROSINE LEVELS IN RATS. 
D.J. Edwards, D.A. Sorisio* and M.L. Sedlock*. Dept. Pharma
cology-Physiology, Univ. Pittsburgh Sch. Dent. Med., Pittsburgh, 
PA 15261.

This laboratory previously has shown that one injection of 
imipramine (IMI) decreases the brain concentration of p-hydroxy- 
phenylglycol (pHPG), a neutral metabolite of octopamine, 
measured 6 or 24 hours la te r , but pHPG levels had returned to 
control levels 24 hours a fter the la s t of 14 daily injections 
(Sedlock et al. ,  Neuropharmacology 24, 705, 1985). We now have 
examined the effects of IMI 6 hours rather than 24 hours a fter 
the la s t daily  in jection . Groups of male Sprague-Dawley ra ts 
were injected with IMI (20 mg/kg, i .p .)  for 14 days (chronic 
group), with saline for 13 days and IMI on the 14th day (acute 
group) or with saline for 14 days (control group). The animals 
were decapitated 6 hours after the la s t in jection . Brain pHPG 
levels were determined by gas chromatography-mass spectrometry. 
Brain and plasma levels of tyrosine were assayed by high 
performance-liquid chromatography with electrochemical detection 
(HLPC-EC). Brain pHPG was 51% of control (p<.005) in the rats 
given an acute IMI injection and 55% of control (p<.05) in the 
ones treated chronically (controls = 2.40 ± 0.35 ng/g). Plasma 
tyrosine was sign ifican tly  decreased to 85% of control (p<.05) 
in the acute treatment group but was unaltered (99% of control) 
in the chronic group (controls = 15.5 ± 1.0 μg/ml). Brain 
tyrosine levels were unchanged in both groups. Plasma levels of 
IMI and i ts  metabolites (determined by HPLC-EC) indicated that 
chronic treatment led to an accumulation of desmethylimipramine 
(352 ± 47 vs. 77 ± 13 ng/ml) but no significant accumulation of 
e ither IMI (chronic, 30 ± 4 vs. acute, 23 ± 5 ng/ml or of 
didesmethylimipramine (chronic, 66 ± 13 vs. acute, 49 ± 10 
ng/ml). Even though IMI did lower plasma levels of tyrosine, 
the amino acid precursor of pHPG, th is would not appear to 
explain the reduction in pHPG, since 1) tyrosine was not 
decreased in the brain; 2) no decrease in plasma tyrosine was 
seen in the chronically treated ra ts ; and 3) the decreases in 
tyrosine were much smaller than in pHPG. In our ea rlie r  
studies, the a b ility  of IMI to lower brain pHPG appeared to show 
tolerance afte r repeated treatment; however, the present resu lts 
suggest that th is  is  not the case. The finding that pHPG is 
lowered to the same extent in acute and chronic treated animals 
6 hours a fte r the la s t injection (but not at 24 hours) indicates 
that pHPG levels return to control more rapidly afte r chronic 
treatment. Supported by NIMH grant MH-28340.
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350.11 EFFECT OF AGE ON REGIONAL BILATERAL SEROTONIN METABOLISM. C.A. 
T a y lo r  and T .P . J e r u s s i . D e p t . o f  Pharm . & T o x . , R u tg e rs  U n iv . , 
P .O. Box 789 , P is c a ta w a y ,  NJ 08854 and Anaquest/BO C H e a l th  C are  
G roup, 100 M o u n ta in  A v e .,  M urray H i l l ,  NJ 07974.

R e g io n a l  b i l a t e r a l  s e r o t o n in  (5-HT) m e ta b o lism  was i n v e s t i g a t e d  
in  two g ro u p s  o f  fem a le  S p rag u e-D aw ley  r a t s ,  10 and 16 w eeks o f 
a g e . R a ts  w ere t e s t e d  tw ic e  f o r  one h o u r ,  a week a p a r t ,  f o r  d -am - 
p h e ta m in e  ( 1 . 0m g/kg , ip ) - in d u c e d  r o t a t i o n .  One w eek l a t e r ,  th e  
a n im a ls  w hich  had  a t  l e a s t  10 f u l l  r o t a t i o n s / h o u r  w ere d e c a p i t a t e d  
a t  0 , 5 o r  10 m in u te s  fo llo w in g  th e  a d m i n i s t r a t i o n  o f  p a r g y l in e  
(50m g/kg , i p ) .  The c o n c e n t r a t i o n  o f  5 - h y d ro x y in d o le a c e t ic  a c id  
(5-HIAA) was d e te rm in e d  by HPLC-EC in  th e  l e f t  and r i g h t  s t r i a t a ,  
t u b e r c u la  o l f a c to r iu m  (TO) and  f r o n t a l  c o r t i c e s  (F C ).

T h ere  w ere no s i g n i f i c a n t  l e f t - r i g h t  d i f f e r e n c e s  i n  s te a d y  s t a t e  
c o n c e n t r a t i o n s  o f  5-HIAA. H ow ever, th e  5-HIAA tu rn o v e r  r a t e s  in  
th e  s t r i a t a  and th e  TO w ere l a t e r a l i z e d  in  b o th  age  g ro u p s .  More
o v e r ,  th e  p a t t e r n  o f  asym m etry  was age  d e p e n d e n t .  A t 10 w eek s, th e  
tu rn o v e r  r a t e  o f  th e  l e f t  s t r i a t u m  was g r e a t e r  th a n  t h a t  o f  th e  
r i g h t  b u t  th e  tu rn o v e r  r a t e  o f  th e  r i g h t  TO was g r e a t e r  th a n  th e  
l e f t .  In  c o n t r a s t ,  a t  16 w eek s, t h e s e  a sy m m e tr ie s  w ere r e v e r s e d —  
th e  t u rn o v e r  r a t e  o f  th e  r i g h t  s t r i a t u m  was g r e a t e r  th a n  t h a t  o f  
th e  l e f t  and th e  l e f t  TO was g r e a t e r  th a n  th e  r i g h t .  I n  th e  FC, 
h o w ev er, o n ly  16 week o ld  r a t s  w ere l a t e r a l i z e d  w i th  r e s p e c t  to  th e  
5-HIAA tu r n o v e r — th e  r i g h t  FC was g r e a t e r  th a n  th e  l e f t .

B i l a t e r a l  n e u ro c h e m ic a l  a sy m m e tr ie s  w ere a l s o  e v id e n t  w i th  
r e s p e c t  to  th e  d i r e c t i o n  o f  r o t a t i o n .  At 10 w eek s, th e  c o n t r a 
l a t e r a l  TO had  a  g r e a t e r  5-HIAA tu rn o v e r  r a t e  th a n  th e  i p s i l a t e r a l  
TO w h i le  th e  i p s i l a t e r a l  FC had  a  g r e a t e r  tu rn o v e r  r a t e  th a n  th e  
c o n t r a l a t e r a l  FC. At 16 w eek s, a l l  t h r e e  r e g io n s  w ere l a t e r a l i z e d .  
The s t r i a t a  and  FC had g r e a t e r  tu rn o v e r  r a t e s  c o n t r a l a t e r a l l y  
w h ile  i n  th e  TO th e  tu rn o v e r  r a t e  a s  w e l l  a s  th e  s te a d y  s t a t e  
c o n c e n t r a t i o n  o f 5-HIAA w ere  g r e a t e r  i p s i l a t e r a l l y .

I t  i s  e v id e n t  from  th e s e  d a ta  t h a t  th e  b r a i n s  o f  16 week o ld  
r a t s  a r e  m ore l a t e r a l i z e d  w i th  r e s p e c t  to  th e  m e ta b o lism  o f  5-HT 
and th e  p a t t e r n  and d e g re e  o f  asym m etry  a r e  age  r e l a t e d .  More
o v e r ,  th e s e  a s y m m e tr ie s  a r e  i n  th e  o p p o s i t e  d i r e c t i o n  to  th o s e  
r e g i o n a l  b i l a t e r a l  d i f f e r e n c e s  r e p o r t e d  f o r  d o p a m in e rg ic  m etabo
l is m  (T a y lo r  and  J e r u s s i ,  S oc . N e u ro s c i .  A bs. 11: 4 4 3 , 1 9 8 5 ).

FEEDING AND DRINKING III

351.1 some aspects of feeding and drinking behavior in the spiny mouse 
(Acomys cahirinus). D.A. Czech and S.E. Schrank.* Dept. of 
Psychol ogy. Marquette Univ., Milwaukee, WI 53233.

We previously observed that the murid rodent, Acomys cahirinus 
(spiny mouse), does not adjust well to a re s tric ted  feeding sche
dule, seeming unable to ingest adequate amounts of food during 
lim ited access. In the present study, we investigated several 
consummatory-1inked behaviors in the adult spiny mouse in order 
to further characterize feeding and drinking behavior in th is 
species, which is being increasingly used in behavioral studies, 
particu larly  in early behavioral development (Birke e t a l . ,  
Behav Neural Biol 43:143, 1985).

In the f i r s t  experiment, the temporal patterns of feeding and 
drinking were monitored in animals placed on a 12:12 L/D cycle. 
Entries into the food hopper and water intake data(drops) were 
collected in 15-min periods throughout the L/D cycle. Acomys 
exhibited a very robust circadian drinking rhythm; however, as 
reported for certain  other species of rodents, such as the ham
s te r , gerbil and guinea pig, circadian feeding patterns in the 
spiny mouse were generally re la tive ly  weak or absent. These an i
mals ate frequent small meals throughout the 24-hr period.

In a second experiment, one group of animals was placed on a 
re str ic ted  feeding schedule in which 24-hr periods of ad lib  food 
a v a ilab ility  were alternated  with 24-hr periods of food depriva
tion. A comparison group had food available a t a ll times. Unlike 
hamsters, which fa il to engage in compensatory increases in feed
ing following sim ilar periods of deprivation, spiny mice compensa
ted quite e ffec tive ly , increasing th e ir intake on days when food 
was available to approximately 170% of pre-deprivation baseline 
levels (p<0.001, compared to ad lib  contro ls). Comparable 
compensatory overeating (162% of baseline) has been reported for 
the ra t (Silverman & Zucker. Physiol Behav 17:271, 1976).

In the th ird  experiment, spiny mice were injected IP with three 
doses of 2-deoxy-D-glucose (2-DG) (250, 500 & 1000 mg/kg) and 
normal saline vehicle in a w ithin-subject counterbalanced design, 
and powdered food intake was measured a t 1, 2, 6 & 24 hours. 
Injections were separated by a t lea s t 4 days. No dose of 2-DG 
tested led to sign ifican tly  greater food consumption when compared 
to baseline (vehicle injection) intake. On the other hand, in
takes were reduced a t both 6 & 24 hr a t the highest dose, which 
was sign ifican tly  d ifferen t from all other treatments (p < 0.05 
or 0.01). Failure of 2-DG to induce feeding responses has been 
reported for other species of rodents as well, including hamster 
and gerbil (e .g ., Rowland. Physiol Behav 21:291, 1978). Results 
are discussed.

351.2 PEPTIDE YY AND NEUROPEPTIDE Y STIMULATE FOOD BUT NOT WATER INTAKE IN 
AN AVIAN SPECIES. W. J. Kuenzel. Dept. of Poultry S ci., Univ. of 
Maryland, College Park, MD 20742.

Two members of the pancreatic polypeptide family, neuropeptide Y 
(NPY) and petide YY (PYY) have been shown to be potent stimulators of 
food intake in ra ts . Experiments were conducted to determine i f  NPY 
and PYY are orexigenic agents in an avian species. Broiler chicks 
that have been genetically selected for rapid growth rate and 
increased food intake were used as experimental animals. Eighteen 
chicks were chronically implanted with polyethylene cannulas d i
rected to the la tera l ventricles of the brain. For each of the three 
days, 6 chicks were injected with either physiological sa line , NPY 
or PYY in a sp lit-p lo t Latin Square design. Three dose levels were 
administered within each experimental group: 1, 5 and 9 μg. The 
saline group received 1, 5 or 9 μ l . Food intake and time spent 
feeding, drinking, pecking, walking, standing, s it t in g , sleeping, 
and preening were monitored throughout three 60 min periods follow
ing intracerebroventricular (ICV) injection of one of the neuro
peptides or saline.

Food intake of b ro ilers given 5 μg of NPY or PYY was nearly twice 
tha t of the saline controls during the f i r s t  hour post-in jection . 
Analysis of variance followed by Student-Newman-Keuls te s t for mean 
separation showed that a ll groups treated with NPY or PYY consumed 
sign ifican tly  more food and spent sign ifican tly  more time feeding 
over the 3 hr. observation period than did controls. No difference, 
however, was observed in the time spent drinking among the  three main 
treatment groups. The saline controls spent significantly  more time 
standing and walking compared to the two peptide groups. The PYY 
birds spent the least amount of time standing and the least amount of 
time preening (P<0.05). At the end of each 3 hr. observation period, 
crops were palpated to determine to what degree they were f ille d  with 
feed. Those chicks receiving ICV injections of PYY consistently had 
larger crops which were harder to the touch than those birds which 
received NPY or sa line. Experiments are in progress to determine 
whether the paraventricular nucleus is a locus within the avian 
brain that is quite sensitive to the effects of the two neuropeptides 
and whether i t  contains endogenous levels of NPY.

It is  concluded that NPY and PYY are potent stimulators of food 
intake in chicks but have l i t t l e  i f  any effec t on water intake.
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351.3 THE DIPSOGENIC POTENCY OF ANGIOTENSIN II  (AII) AFTER 
REMOVAL OF VARIOUS POSTINGESTIONAL INHIBITORY FACTORS 
J . J . S a l i s b u r y *, N.E. Rowland and M.J.Freg ly*. Depts 
Psychol & Physiol, Univ Florida, Gainesville FL 32611.

Rats treated  with All drink more i sotonic NaCl than 
water, suggesting tha t ta s te  fa c i l i ta te s  and/or tha t 
consequences of water ingestion terminate All-induced 
drinking. Further, preloads of water potently suppress 
All-induced drinking, but 0.15M NaCl preloads are less 
e ffec tiv e . Two new experiments d issect these fac to rs .

In the f i r s t  study, ra ts  f i t te d  with indwelling 
g astric  catheters received All in jec tions (200 ug/kg, 
SC) while water or 0.15M NaCl intake was recorded. 
During experimental sessions, e ithe r water or 1.5M 
NaCl was injected via the gastric  catheter during 
drinking bouts, in a volume of 0.1 ml for each ml 
water drunk. Thus, the 1.5M in jection  would be d ilu ted  
to iso tonic in the stomach without the ra t  tasting  
NaCl. The mean water intake did not d iffe r  among the 
no in jec tion  (6.4 ml), water in jection  (5.4 ml) and 
NaCl in jec tion  (6.4 ml) conditions. In con trast, the 
oral intake of 0.15M NaCl was much higher, 29.6 ml. In 
a p a ra lle l study using IV All infusion (125 ng/min) as 
the stim ulus, the intakes in the corresponding in je c t
ion conditions were 10.0, 8.4 and 14.4 ml (not s ig .) .

In the second se rie s  of experiments, ra ts  were 
f i t te d  with a chronic g astric  f is tu la  and were tested  
repeatedly, a lternating  between open and closed te s ts . 
(In the open f is tu la  condition, flu id  consumed flowed 
out with l i t t l e  or no absorption.) Rats drank more

T rial #: 1 2 3 4 5 1 2

Closed f i a t . 9.3* 10.2 9.3 10.4 33.5 * 18* 20*
Open f ia tu la 17.7 18.1 24.0 37.1 58.4* 40* 80*

*Mean water or (*)0.15 NaCl intakea/3h a f te r  AI I (SC) 
water or sa line  on the f i r s t  open t r i a l  than on closed 
t r i a l s ,  and intakes continued to  r is e  across t r i a l s  in 
the open condition. Sham drinking was also increased 
a f te r  ICV in jec tion  (2.5 ng) or IV infusion of AI I .

These studies indicate th a t multiple postingestive 
fac to rs , including osmodilution, ta s te , and learned 
sa tia tio n , lim it the quantity consumed a f te r  an AII 
stimulus. The present methods allow an "open loop" 
measure of the AII stimulus to drink [NIH AM31837-03] .

351.4 MUSCIMOL-INDUCED FEEDING AND DRINKING: A COMPARISON BETWEEN THE 
MEDIAN RAPHE AND DORSAL RAPHE NUCLEI. M.A. K li te n i ck and 
D. W i r ts h a f te r , D ept. Psychology, U niv. o f IL a t  Chicago 
C hicago, IL 60680.

A lte ra t io n s  of food and w ate r in ta k e  have been dem onstrated  
fo llo w in g  m ic ro in je c tio n  o f a v a r ie ty  o f n e u ro a c tiv e  su b stan ces  
in to  d is c r e te  reg io n s  o f th e  b r a in .  In  p a r t i c u l a r ,  s e v e ra l w orkers 
have re p o r te d  in c re a se d  food and w ate r in ta k e  fo llo w in g  in je c t io n  
o f muscimol, a GABA a g o n is t ,  in to  th e  d o rs a l raphe nucleus (DR). 
The p re s e n t experim en ts were designed  to  compare th e  e f f e c t s  upon 
feed in g  and d r in k in g  of muscimol in je c te d  in to  th e  DR or th e  median 
raphe n ucleus  (MR). Rats were p repared  w ith  ch ro n ic  ind w ellin g  
cannu la aimed a t  th e  DR o r MR and food and w ate r in ta k e  were 
measured 2 h rs  a f t e r  in t r a - r a p h e  muscimol (0 , 6 .2 5 , 12.5 and 
25 n g /0 .2 5  u l)  in j e c t io n s .

We found th a t  in j e c t io n  o f muscimol in to  e i th e r  th e  MR or DR 
e l i c i t e d  a s ig n i f i c a n t  in c re a s e  in  bo th  food and w ate r in ta k e ,  b u t 
th e  MR appeared  to  be a much more s e n s i t i v e  s i t e  in  term s o f both  
th e  th re sh o ld  dose fo r  e l i c i t i n g  in g e s t iv e  b eh a v io r and th e  
maximal m agnitude of th e  e f f e c t .  For example, food in ta k e  was 
in c re a se d  by 7.7 g over b a s e l in e  by in je c t io n  of th e  25 ng dose 
in to  th e  MR, compared to  a 2 .8  g in c re a s e  w ith  th e  DR p lacem en ts . 
F u rtherm ore , w a te r in ta k e  was in c re a se d  11.3 ml over b a s e l in e  
fo llo w in g  25 ng of muscimol in je c te d  in to  th e  MR compared to  a 
2 .4  ml in c re a s e  a f t e r  25 ng muscimol in je c te d  in to  th e  DR.

The f a c t  th a t  th e  dose-resp o n se  curve i s  s h i f te d  to  th e  r ig h t  fo r  
th e  DR placem ent su g g es ts  th a t  th e  DR may n o t be th e  a c t iv e  s i t e  o f 
th e  muscimol e f f e c t ,  b u t r a th e r  th a t  th e  feed in g  may be due to  
d if fu s io n  v e n t r a l l y  in to  th e  MR. I t  i s  i n t e r e s t i n g  to  n o te  th a t  a 
s im i la r  s i t u a t io n  e x i s t s  w ith  re s p e c t  to  locom otor a c t i v i t y  where 
muscimol in je c t io n s  in to  th e  MR produce a much la r g e r  in c re a s e  in  
a c t i v i t y  than  th a t  seen  a f t e r  DR in j e c t io n s .

P re lim in a ry  d a ta  in d ic a te  th a t  h a lo p e r id o l (0 .8  mg/kg, s . c . )  
ad m in is te red  1 h r p r io r  to  an intra-M R in j e c t io n  of muscimol 
(25 n g /0 .2 5 u l)  a t te n u a te s  bo th  food and w ate r in ta k e .  In  c o n t r a s t ,  
naloxone (5 mg/kg, s . c . )  a t te n u a te d  w ate r b u t n o t food in ta k e  
fo llo w in g  intra-M R muscimol (25 n g /0 .2 5  u l ) .

Supported by NIH G rant RO1 NS21350

351.5 AN EXAMINATION OF FEEDING AND DRINKING BEHAVIOR FOLLOWING SEROTONIN 
REUPTAKE BLOCKADE. K. G i l l*  and  Z. Amit (S p o n s o r:  L. S w itzm an ). 
C e n te r  f o r  S tu d ie s  in  B e h a v io ra l  N e u ro b io lo g y , C o n c o rd ia  U n iv e r s i ty  
M o n tr e a l,  C anada H3G 1M8.

T h e re  i s  c o n s id e r a b l e  e x p e r im e n ta l  e v id e n c e  to  s u g g e s t  t h a t  
S e r o to n in  ( 5HT) i s  in v o lv e d  in  t h e  r e g u l a t i o n  o f  consum m atory  b e h a 
v i o r .  A g en ts  w h ich  d e p le t e  c e n t r a l  5HT h ave  b een  r e p o r t e d  t o  p r o 
d u ce  h y p e rp h a g ia  and  o b e s i t y  in  r a t s .  On th e  o th e r  h a n d , S e r o to n e r 
g i c  a g e n ts  su c h  a s  d i r e c t  a c t i n g  a g o n i s t s  and  r e u p ta k e  b lo c k e r s  o r  
th o s e  w hich  i n c r e a s e  r e l e a s e  and  s y n th e s i s  re d u c e  th e  c o n su m p tio n  
o f  fo o d  a n d /o r  f l u i d s  in c lu d in g  e th a n o l  s o l u t i o n s .  T h is  work ta k e n  
a s  a w ho le  h as  s u g g e s te d  t h a t  5HT p la y s  an i n h i b i t o r y  r o l e  in  f e e d 
ing?  p o s s ib l y  p a r t i c i p a t i n g  in  t h e  p r o c e s s e s  w hich  m e d ia te  s a t i e t y .  
In  o r d e r  t o  i n v e s t i g a t e  t h i s  n o t io n ,  t h e  S e r o to n in  r e u p ta k e  b lo c k e r  
Z im e ld in e  (Zim ) was exam ined  f o r  i t s  e f f e c t s  on th e  i n i t i a t i o n ,  
d u r a t i o n  and  f r e q u e n c y  o f  fo o d  and  f l u i d  b o u ts  u n d e r  f r e e - f e e d in g  
c o n d i t i o n s .  1) The f i r s t  s tu d y  exam ined  th e  e f f e c t s  o f  Zim on th e  
l a t e n c y  t o  i n i t i a t e  f e e d in g  and  e a t i n g  r a t e  in  a p a ra d ig m  w here 
a n im a ls  w ere p r e s e n te d  w i th  m u l t i p l e  m eal seg m en ts  c o n s i s t i n g  o f 
Noyes s u c ro s e  rew a rd  p e l l e t s .  S u b je c t s  w ere m ale  L ong-E vans r a t s ,  
i n d i v i d u a l l y  h o u se d  w i th  f r e e  a c c e s s  t o  r a t  chow and  w a te r  in  th e  
home c a g e .  A n im als w ere t r a i n e d  to  e a t  s u c ro s e  p e l l e t s  d u r in g  d a i l y  
20 m in f e e d in g  s e s s i o n s ,  in  s p e c i a l l y  e q u ip p e d  t e s t  cham bers co n 
t a i n i n g  an  a u to m a tic  fo o d  d i s p e n s in g  a p p a r a tu s .  D u rin g  th e  d a i l y  
s e s s i o n ,  t h e  a n im a ls  w ere  p r e s e n te d  w i th  17 m eal seg m en ts  e a ch  co n 
s i s t i n g  o f 2 p e l l e t s .  Each segm ent was a u to m a t i c a l l y  in t r o d u c e d  i n 
t o  t h e  ch am b er, f o r  36 s e c  a t  7 2 - s e c  i n t e r v a l s .  Once b a s e l i n e  co n 
s u m p tio n  s t a b i l i z e d  th e  a n im a ls  w ere t r e a t e d  w i th  v e h ic l e  f o r  2 
c o n s e c u t iv e  d ay s  fo l lo w e d  by a  t e s t  day  w here  th e y  r e c e iv e d  Zim (20 
m g /k g ) . A l l  i n j e c t i o n s  w ere  g iv e n  i n t r a p e r i t o n e a l l y , 2 h r  p r i o r  t o  
t h e  f e e d in g  s e s s i o n .  L a te n c y  and  d u r a t i o n  s c o r e s  a c r o s s  th e  17 m eal 
s eg m en ts  on v e h ic l e  vs  t e s t  day  w ere com pared . Zim p ro d u c e d  a s i g 
n i f i c a n t  i n c r e a s e  in  b o th  th e  l a t e n c y  t o  i n i t i a t e  f e e d in g  a s  w e l l  
a s  t h e  r a t e  o f  e a t i n g .  The p a t t e r n  o f  c h a n g e s , in d u c e d  by th e  d ru g  
a c r o s s  th e  17 m eal s e g m e n ts ,  s u g g e s te d  en h an ced  r a t e  o f  s a t i a t i o n .  
2) A se co n d  s tu d y  exam ined  th e  e f f e c t s  o f  Zim on th e  te m p o ra l  p a t 
t e r n  o f  fo o d , w a te r  and e th a n o l  i n ta k e  in  a n im a ls  c o n t in u o u s ly  
m a in ta in e d  in  o p e ra n t  cham bers e q u ip p e d  w i th  d r in k o m e te r  c i r c u i t s  
and  a  fo o d  p e l l e t  d e l i v e r y  sy s te m . A n a y ls is  o f  fo o d  and  f l u i d  b o u t 
i n i t i a t i o n ,  d u r a t i o n ,  f re q u e n c y  and  s i z e  was c a r r i e d  o u t .  F o llo w in g  
s t a b i l i z a t i o n  o f  b a s e l i n e  i n t a k e  p a t t e r n s ,  a n im a ls  w ere t r e a t e d  
w i th  v e h ic l e  f o r  2 c o n s e c u t iv e  d ay s  fo llo w e d  by a t e s t  day w here 
a n im a ls  r e c e iv e d  Zim (20 m g/kg) f o r  2 h r  p r i o r  t o  t h e  o n s e t  o f  th e  
d a rk  c y c le .  C o m p ariso n s  o f  b a s e l i n e  vs  d ru g  day in d i c a t e d  t h a t  Zim 
p ro d u c e d  a s t r o n g  s u p p re s s io n  o f  fo o d  b o u t  s i z e  and  f re q u e n c y  and  a 
s u p p re s s io n  in  t h e  f l u i d  m ost c lo s e l y  a s s o c i a t e d  w i th  p o s t - p r a n d i a l  
d r in k i n g .  T h ese  r e s u l t s  a r e  d i s c u s s e d  in  te rm s  o f  t h e  r o l e  o f  
S e r o to n in  in  s a t i e t y .

351.6 EFFECTS OF VAGOTOMY ON SUCROSE INTAKE IN RATS. 
M. VIGORITO and A. SCLAFANI. Departm ent o f Psychology, Brooklyn 
C ollege o f CUNY, Brooklyn, NY 11210.

P rev ious work in  our la b o ra to ry  in d ic a te s  th a t 
subd iaphragm atic  vagotomy su p p resse s  the in tak e  o f sucro se  
s o lu t io n  bu t not sucro se  powder (S c la fa n i and Kramer, 
1983). Whether th i s  is  due to  a n o n sp e c if ic  e f f e c t  o f vagotomy 
on the  p o s tin g e s t iv e  d is p o s i t io n  o f l i q u id s ,  o r r e p re s e n ts  a 
s p e c i f ic  a l t e r a t i o n  in  sucro se  a p p e t i t e  is  u n c e r ta in . (N ote, in  
normal r a t s  sucro se  promotes g re a te r  hyperphag ia and o b e s ity  
when p re sen ted  in  s o lu tio n  r a th e r  than  powder fo rm .) This 
q u e s tio n  was ad d ressed  in  two expe rim en ts.

Exp. 1 compared the  e f f e c t s  o f t o t a l  subdiaphragm atic  
vagotomy (VAG), sham vagotomy (SHAM), and p y lo ro p la s ty  (PYLOR) 
on l iq u id  (20%) and g ra n u la r  sucro se  in tak e  (chow and w ater were 
a v a i la b le  ad l i b ) .  The groups d id  not d i f f e r  in  t h e i r  a b so lu te  
o r p e rce n t in ta k e  (24 h r/d a y )  o f g ra n u la r  sucro se  but the VAG 
group consumed le s s  sucro se  s o lu t io n  than  the  SHAM and PYLOR 
groups; the SHAM and PYLOR groups d id  not d i f f e r  in  sucrose  
s o lu t io n  in ta k e .  When both  g ra n u la r  and l iq u id  sucro se  were 
a v a i la b le  24 h r /d a y  the  VAG group consumed more g ra n u la r  than 
l iq u id  sucro se  w hereas the  SHAM and PYLOR groups consumed more 
l iq u id  than  g ra n u la r  su c ro se . Thus, vagotomy not only reduces 
l iq u id  su cro se  in ta k e  but a ls o  re v e rs e s  the normal p re fe re n ce  
fo r  l iq u id  over g ra n u la r  su c ro se . To the  e x te n t th a t  
p y lo ro p la s ty  im pairs  the g a s t r i c  em ptying o f l i q u id s ,  the  
f in d in g  th a t  the PYLOR and SHAM groups d id  not d i f f e r  in  t h e i r  
response  to  l iq u id  and g ra n u la r  sucro se  su g g es ts  th a t  the a f f e c t  
o f  vagotomy on l iq u id  sucro se  in tak e  is  not due s o le ly  to  
g a s t r i c  dumping.

Exp. 2 compared the e f f e c t s  o f t o t a l  subdiaphragm atic  
vagotomy (VAG) and s e le c t iv e  g a s t r i c  vagotomy (GAST) on sucro se  
in ta k e . Both tre a tm en ts  suppressed  the  in ta k e  o f l iq u id  (20% o r 
32%) sucro se  but not g ra n u la r  sucro se  r e l a t i v e  to  sham 
su rg e ry . When 32% su cro se  was p re sen ted  as a s o l id  gel the  VAG, 
GAST, and SHAM groups d id  no t d i f f e r  in  th e i r  ab so lu te  o r 
p e rce n t su cro se  in ta k e , but the  VAG and SHAM groups consumed 
le s s  o f a 20% sucrose  gel than  d id  th e  SHAM group. The VAG and 
GAST groups bo th  drank le s s  w ate r than  the  SHAM group, but only 
th e  VAG group m ain ta ined  below normal w eight le v e ls .  These 
r e s u l t s  in d ic a te  th a t  the  e f f e c t s  o f t o t a l  vagotomy on l iq u id  
su cro se  in ta k e  a re  due p r im a r ily  to  the lo s s  o f g a s t r i c  vagal 
fu n c t io n , and a re  a s s o c ia te d  w ith  im pairm ents in  w ater in tak e  
re g u la t io n  r a th e r  than  im pairm ents in  in g e s t iv e  motor responses 
(d r in k in g  v s . e a tin g )  o r in  th e  re g u la tio n  o f energy balance  o r 
ca rbohyd ra te  in ta k e .
(Supported  by NIH G rant AM31135)
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351.7 CONSISTENTLY GREATER DRINKING IN RATS FOUND AFTER LOW 
DOSES OF NALOXONE. G.  A. Olson . M. F . P ig n a t i e l l o * , A. 
J .  K a s tin . and R .  D .  O lson. D ept. o f  Psychology , 
U n iv e r s i ty  o f  New O rle a n s , New O rle a n s , LA 70148.

There have been in c o n s is te n t  outcom es in  
d e m o n s tra tio n s  o f  th e  e f f e c t  o f  low d o ses o f  n a loxone on 
d r in k in g  b e h a v io r  in  r a t s ,  w ith  in c re a se d  d r in k in g , 
d e c re a se d  d r in k in g , o r no e f f e c t  a l l  b e in g  re p o r te d . I t  
now a p p ea rs  t h a t  m e th o d o lo g ica l v a r ia b le s  r e l i a b l y  
p roduce  each r e s u l t ,  and th o s e  le a d in g  to  in c re a se d  
d r in k in g  have been i d e n t i f i e d .

In E xperim ent 1, d o ses o f  e i t h e r  0 .0001 , 0 .0 0 1 , o r 
0 .0  mg/kg o f  n a loxone were a d m in is te re d  to  young (30 day 
o ld ) ,  m ature  (90 day o ld ) ,  and o ld  (228 day o ld )  r a t s .  
In je c to n s  were made a t  8 :0 0  am, and m easures o f 
consum ption  o f  a 10% su c ro se  s o lu t io n  were ta k e n  a t  
i n t e r v a l s  o f  30, 60, 120, 240, 360, and 480 min a f t e r  
in j e c t i o n .  Among th e  young an im a ls , dose  le v e l  p roduced 
no d i f f e r e n c e s  in  d r in k in g . For th e  m ature  r a t s ,  th e  
s m a lle s t  d o se  produced  s i g n i f i c a n t l y  g r e a t e r  d r in k in g  
th a n  e i t h e r  o f  th e  o th e r  two d o se s . The o th e r  two d o se s 
were n o t  s i g n i f i c a n t l y  d i f f e r e n t  from one a n o th e r , 
a lth o u g h  th e  c o n tro l  g roup d ran k  th e  l e a s t .  S im ila r  
f in d in g s  o c c u rre d  f o r  th e  o ld  r a t s ,  a lth o u g h  betw een- 
group  d i f f e r e n c e s  o n ly  app roached  s ig n i f i c a n c e .

A second s tu d y  confirm ed  th e  a b i l i t y  o f  th e  0.0001 
mg/kg d o se  to  in c r e a s e  d r in k in g  in  m ature (94 -d ay  o ld )  
r a t s ,  u s in g  th e  same p ro c e d u re s  as E xperim ent 1. T o ta l 
consum ption  o f  th e  an im als  t h a t  re c e iv e d  t h a t  do se  was 
s i g n i f i c a n t l y  g r e a t e r  th a n  t h a t  o f  th e  c o n t r o ls .

The young r a t s  o f  th e  f i r s t  s tu d y  were t e s te d  ag a in  
when th e y  reach ed  60 days o f  age t o  d e te rm in e  i f  
m a tu ra tio n  o f  th e  o p ia te  system  m ight be im p o rta n t to  
th e s e  f in d in g s .  The o r ig in a l  th r e e  d ose  l e v e l s  were 
u sed , and a lth o u g h  no s i g n i f i c a n t  d i f f e r e n c e s  ap p eared , 
t h e r e  was a t r e n d  f o r  th e  l a r g e r  dose  o f  n a loxone to  
in c r e a s e  d r in k in g . I t  i s  h y p o th e s iz e d  t h a t  th e  o p ia te  
system  i s  s t i l l  im m ature a t  t h i s  age, th u s  r e q u i r in g  a 
h ig h e r  do se  to  p roduce  any e f f e c t ;  i t  m ight b eg in  to  
show re sp o n s iv e n e s s  t o  n a loxone a t  60 d ay s , however, 
d e m o n s tra tin g  a  change from th e  30-day  perfo rm ance, when 
no re sp o n se  t o  n aloxone was found.

In a d d i t io n ,  d u r a t io n  o f  th e  t e s t i n g  s e s s io n  i s  
im p o rta n t, s in c e  s i g n i f i c a n t  d i f f e r e n c e s  in  consum ption 
d id  n o t ap p ear u n t i l  a t  l e a s t  fo u r  hou rs a f t e r  th e  
in j e c t i o n s  and were g r e a t e s t  a f t e r  8 h o u rs . Thus, 
s e s s io n  le n g th , sm a ll d ose  le v e l  (0 .0001  m g/kg), and age 
o r  m a tu r i ty  seem t o  be c r i t i c a l  v a r ia b le s  f o r  p ro d u c in g  
in c re a se d  d r in k in g  w ith  naloxone in  r a t s .

351.8 HINDBRAIN COMPONENTS OF AN INHIBITORY SYSTEM INFLUENCING EXTRA
CELLULAR THIRST
L.E. Ohman and A.K. Johnson, D epts. o f Psychology and Pharmacology 
and th e  C ard io v ascu la r C en te r, U n iv e rs ity  of Iowa, Iowa C ity , IA 
52242

A b la tio n  o f e i th e r  th e  a re a  postrem a (AP), a c irc u m v e n tr ic u la r  
o rg an , or v e n t r a l  l a t e r a l  reg io n  of th e  l a t e r a l  p a ra b ra c h ia l  nu
c le u s  (VLLPBN) in  th e  r a t  produces enhanced d r in k in g  in  response  to  
s y s te m ic a l ly  ad m in is te red  a n g io te n s in  I I  (ANG I I )  and is o p ro te re n 
o l .  In  c o n t r a s t ,  an im als w ith  e i th e r  AP or VLLPBN le s io n s  do n o t 
o v e rd rin k  to  c e l l u l a r  d eh y d ra tio n  induced by system ic  a d m in is tra 
t io n  o f h y p e rto n ic  s a l i n e .  I t  has been hypo thesized  th a t  AP and 
VLLPBN le s io n s  in t e r r u p t  in fo rm atio n  e i th e r  about c i r c u la t in g  ANG 
I I  l e v e l s , presum ably m onitored  by th e  AP, o r ascend ing  b a ro rec ep - 
to rs /v o lu m e re c e p to r  in fo rm a tio n . P re se n t experim en ts examine th e  
e f f e c t  o f AP and VLLPBN le s io n s  on d rin k in g  to  d ip so g en ic  c h a l l 
enges ad m in is te red  in t r a c e r e b r o v e n tr ic u la r ly  ( i . c . v . ) .  R ats were 
g iven  b i l a t e r a l  e l e c t r o l y t i c  o r sham le s io n s  of th e  VLLPBN; an o th er 
group of s u b je c ts  re c e iv e d  e i th e r  the rm al c a u te ry  or sham therm al 
c a u te ry  o f th e  AP. A ll r a t s  were im planted  w ith  ch ro n ic  cannula 
to  d e l iv e r  ANG I I  in to  th e  l a t e r a l  v e n t r i c l e .  S u b jec ts  were then  
te s te d  fo r  d r in k in g  in  response  to  sy s te m ic a l ly  ap p lied  ang io - 
te n s io n  I I  and c e n t r a l l y  ad m in is te red  ANG I I  (50 , 100 ng/2  u l)  and 
ca rb a ch o l (100, 250 ng /2  u l ) . As a n t ic ip a te d ,  b o th  th e  AP and th e  
VLLPBN le s io n  r a t s  overd rank  w ith  r e s p e c t to  t h e i r  c o n tro ls  fo llow 
ing  a d m in is tr a tio n  of system ic  ANG I I .  S im i la r ly , bo th  groups of 
le s io n e d  r a t s  over-responded  to  c e n t r a l l y  ap p lied  ANG I I  30 min 
p o s t - in j e c t io n  (VLLPBN: F (1 ,20 ) = 16.26; p < .0 0 1 ); AP: F (1 ,14) 
= 10 .33 ; p < .0 1 ) . In  c o n t r a s t ,  d r in k in g  to  ca rb ach o l a d m in is te r
ed c e n t r a l l y  was n o t s ig n i f i c a n t  fo r  e i th e r  group a t  30 min 
(VLLPBN: F (1 ,20  = 3 .37 ; p > .05 ; AP: F (1 ,14 ) = 4 .1 1 ; p > .0 5 ) .

Taken to g e th e r  th e  r e s u l t s  in d ic a te  th a t  a n g io te n s in  I I  r e la te d  
ch a lle n g e s  a re  enhanced by e i th e r  AP o r VLLPBN a b la t io n  re g a rd le s s  
o f w hether th e  ANG I I  i s  ad m in is te red  sy ste m ic a l ly  o r c e n t r a l l y .  
F urtherm ore , as  in  th e  ca se  of system ic c h a lle n g e s , th e re  i s  
s p e c i f i c i t y  f o r  th e  o v e rd rin k in g  response  to  c e n t r a l l y  ap p lied  
d ipsogens in  th a t  o v e rd rin k in g  was n o t found in  response  to  th e  
c e n t r a l l y  ad m in is te red  c h o lin e rg ic  a g e n t, c a rb a c h o l, which has 
been a s s o c ia te d  w ith  th e  c e n tr a l  m ed ia tio n  of c e l l u l a r  t h i r s t .

351.9 CNS-INDUCED NATRIURESIS WITH CARBACHOL IN INFANT RATS. 
S t e l l a  Y.  Chow* and Douglas A.  Fitt t s *  (SPON: John B. 
Simpson) , Department of  Psychology, U n iv e r s i ty  of  
Washington, S e a t t l e ,  WA 98195.

I n j e c t i o n  of a c h o l in e r g ic  drug, ca rbachol (CBC), 
in to  the  c e r e b r a l  v e n t r i c l e s  of  a d u l t  r a t s  causes  
n a t r i u r e s i s  and d r in k in g .  Because d r in k in g  to CBC 
doe s not appear u n t i l  p o s tn a ta l  day 4, we examined the 
development of CBC-induced n a t r i u r e s i s  in r a t  pups 0 
to 4 days of age . Two pups per l i t t e r  rece iv ed  
i n j e c t i o n s  of  2 .12  nmol CBC, and 2 l i t t e r m a t e s  
re c e iv e d  an e q u a l ,  1 .0 - u l  volume of s a l i n e  v e h ic l e  in 
th e  l a t e r a l  v e n t r i c l e s ,  with 2 to 4 l i t t e r s  per age 
group. Urine volume and Na and K e x c r e t io n s  were then 
examined a f t e r  1 hr in o rder  to e s t a b l i s h  the  age of  
o n se t  o f  th e  n a t r i u r e t i c  response  to CBC. No in f lu e n c e  
of  age was found . CBC in c reased  Na c o n c e n t r a t io n  to 
6 7 .3 ±29.4  from 17.1±15.7 umol/ml (mean and S.D .) and 
Na e x c r e t io n  to  7 1 .5 ±5 0 . 1 from 17.7±24.1 umol/100 g 
compared with th e  v e h i c l e - i n j e c t e d  c o n d i t io n s  a c ro s s  
a l l  15 l i t t e r s .  Potassium c o n c e n t r a t io n  and e x c r e t io n  
were not a f f e c t e d  by th e  i n j e c t i o n s .  Muscarin ic  
r e c e p to r s  media te  th e  n a t r i u r e s i s  in in f a n t s  as  in 
a d u l t s ,  because  th e  response  was com ple te ly  blocked by 
isomolar c o - i n j e c t i o n  of  a t r o p in e  s u l f a t e .  A p o s i t i v e  
c o r r e l a t i o n  between Na e x c r e t io n  and u r in e  volume 
( r (17)=+.74) fo l lo w in g  CBC suggeste d  t h a t  the  
n a t r i u r e s i s  a l so  s t im u la te d  d i u r e s i s  (Y=7. 05X-0.5 4 ) .  
Plasma c o n c e n t r a t io n s  d id  not d i f f e r  1 hr fo l lo w in g  
CBC or v e h ic le  i n j e c t i o n s  in i n f a n t s ; r e s p e c t i v e  
averages  were: p r o t e i n ,  2 . 2 ±0 .2  and 2 .3 ±0 . l ;  Na, 
137 .0±4 .3  and 134.2±5 .9 ;  and K, 5 . 0 ±0 . 7 and 5 .2 ±0 .4 .  
Thus, i t  appears  t h a t  th e  n a t r i u r e t i c  response  
develops  p r i o r  to th e  d r in k in g  response  to 
i n t r a v e n t r i c u l a r  i n j e c t i o n s  of  CBC.

Supported by NS-22274 and HL-21B00.

351.10 HISTAMINE ELICITS DRINKING WHICH CAN HE INHIBITED BY H1 AND H2 
ANTAGONISM IN WEANLING RATS. S.M. Specht and L.P. Spear. 
Department o f  Psychology and Center fo r  Neurobehavioral Sciences, 
S ta te  U niversity  o f  New York a t  Binghamton, Binghamton, New York 
13901.

Release o f  endogenous histam ine (H) fran  g a s tr ic  mucosa has been 
proposed to  p lay  a  major ro le  in  drink ing  e l i c i t e d  by ea tin g  in  
a d u lt r a t s  (Kraly & Specht, 1984). Given th a t  antagonism o f  H1 
and H2 recep to rs  fo r  h istam ine, using  dexbrompheniramine (DXB) 
and cim etid ine (C), re sp ec tiv e ly , abo lishes d rinking  e l i c i t e d  by 
exogenous H in  a d u lt r a t s ,  th ese  drugs can be used as a  pharma
co lo g ica l probe fo r  in v e s tig a tin g  whether endogenous H p lays a 
ro le  in  drink ing  e l i c i t e d  by e a tin g  in  a d u lt r a t s  (Kraly, 1983).

In  o rder to  begin to  a sse ss  th e  f e a s ib i l i ty  o f  using  such a 
pharm acological probe to  in v e s tig a te  drinking  a t  th e  tim e o f 
weaning, d rink ing  in  22-day o ld  weanling Sprague-Dawley-derived 
r a t s  was measured fo r  a  1-hr period  during th e  dark phase o f  the  
lig h t/d a rk  cycle  following in je c tio n  o f :  1) 0 .0 , 2 .5 , 5 .0 , 7 .5 , 
10 .0 , 20.0 Or 40.0 mg/kg H s .c .  and 2) 20 mg/kg H s .c .  preceded 
by i . p .  trea tm ent w ith  32 mg/kg C, 2 mg/kg DXB o r both drugs in  
combin a tio n .

Weanling r a t s  drank in  a  dose-dependent manner to  s .c .  H, 
d rink ing  s ig n if ic a n tly  more than  s a lin e  co n tro ls  when given 20.0 
and 40.0 mg/kg H (p 's  < .0 5 ). These doses, however, a re  la rg e r  
than  th e  low est dose ( i . e . , 5 mg/kg H) necessary to  s ig n if ic a n tly  
in c rease  w ater in tak e  in  s im ila r ly  te s te d  ad u lt r a t s .  While 
DXB and C, when given sep a ra te ly , tended to  a tten u a te  somewhat 
th e  d rink ing  response to  H, combined antagonism o f  H1 and H2 
recep to rs  abolished  drink ing  in  response to  H, decreasing w ater 
in tak e  to  a le v e l no t d if f e r e n t  from b a se lin e .

These r e s u l t s  suggest th a t  combined antagonism o f  H1 and H2 
recep to rs  fo r  histam ine may provide a  u se fu l pharamco lo g ica l 
probe fo r  in v e s tig a tin g  drink ing  behavior in  young r a t s .
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351.11 EFFECTS of intracerebroventricular antagonism of histamine  
RECEPTORS ON DRINKING IN THE RAT. F .S . K ra ly , R.L. A ria s* , S.D. 
Geasey*, R. C o rn e ilso n * , C .J . K linko* and J .A . L a sse r* . D ept. of 
P sychology, C o lgate  U n iv ., H am ilton , NY 13346.

Combined antagonism  of H1 and H2 re c e p to rs  u s in g  i . p .  dexbrom- 
pheniram ine (DXB) and c im eti d ine  (C) a b o lis h e s  d r in k in g  e l i c i t e d  by 
s . c .  h is ta m in e  and i n h i b i t s  d r in k in g  e l i c i t e d  by e a t in g  in  th e  r a t  
(K ra ly , A p p e ti te , 6, 153, 1985). To beg in  e v a lu a tin g  w hether th e se  
e f f e c t s  o f i . p .  DXB and C on d rin k in g  r e s u l t  from antagonism  o f 
b ra in  an d /o r p e r ip h e ra l  h is ta m in e  r e c e p to r s ,  we s tu d ie d  the  e f f e c t s  
o f  i . c . v .  p u ls e  in j e c t io n s  o f DXB and C on d r in k in g  ( in  1 -h r  t e s t s )  
in  66 a d u l t  male Sprague-Dawley r a t s  equipped w ith  a s t a i n l e s s -  
s t e e l  gu ide cannu la  d i r e c te d  tow ard th e  th i r d  v e n t r i c l e .  P lacem ent 
of th e  cannu la was v e r i f i e d  fo r  each r a t  b e h a v io ra lly  (d r in k in g  in  
response  to  100 ng a n g io te n s in  I I  i . c . v . )  and a n a to m ica lly  ( In d ia  
in k  i . c . v .  a t  a u to p sy ) .

D rink ing  e l i c i t e d  by s . c .  h is ta m in e . Combined antagonism  i . c . v .  
of H1 and H2 re c e p to r s  (12 .5 -50  ug DXB p lu s  25-100 ug C) in h ib i te d  
( p 's  < .01) w a te r in ta k e  e l i c i t e d  by h is ta m in e  s . c .  (5 mg/kg; tw ice 
th e  ED50 fo r  d r in k in g ) ; 50 ug DXB p lu s  100 ug C in h ib i te d  d rin k in g  
by 98%. The 50 ug DXB a lone  f a i l e d  to  i n h i b i t  in ta k e  ( p > .0 5 ) ,  
w hereas 100 ug C a lo n e  ab o lish e d  (p < .001) d r in k in g  e l i c i t e d  by 
s . c .  h is ta m in e . I n h ib i t io n  appeared  to  be r e l a t i v e ly  s e le c t i v e  fo r  
d r in k in g  e l i c i t e d  by h is ta m in e , s in c e  50 ug DXB p lu s  100 ug C f a i l 
ed ( p > .10 ) to  i n h i b i t  in ta k e  a f t e r  12-h r w ate r d e p r iv a tio n .

D rink ing  e l i c i t e d  by e a t in g . Combined antagonism  i . c . v .  o f  H1 
and H2 r e c e p to r s  (dosages as above) f a i l e d  to  s ig n i f i c a n t ly  ( p 's 1> 
.05) i n h i b i t  d r in k in g  e l i c i t e d  by e a tin g  p e l le t e d  chow a f t e r  24-h r 
food d e p r iv a tio n . S t a t i s t i c a l l y  n o n s ig n if ic a n t  in h ib i t i o n  o f w a te r 
in ta k e  was ap p a re n t on ly  when DXB (25-50 ug) p lu s  C (50-100 ug) 
delayed ( p 's  < .05) th e  i n i t i a t i o n  o f  e a t in g .  The 50 ug DXB alone  
f a i l e d  to  i n h i b i t  food o r  w ate r in ta k e s  ( p 's  > .1 0 ) ,  w hereas 100 ug 
C a lo n e  in h ib i te d  food and w ate r in ta k e s  ( p 's <  .05) by 48% and 62%, 
r e s p e c t iv e ly .

These r e s u l t s  w ith  i . c . v .  DXB and C c o n t r a s t  w ith  e a r l i e r  r e 
s u l t s  w ith  i . p .  DXB and C: F i r s t ,  i . c . v .  C (H2 antagonism  alone) 
i s  s u f f i c i e n t  to  a b o lis h  d r in k in g  e l i c i t e d  by s . c .  h is ta m in e , 
w hereas i . p .  C must be combined w ith  i . p .  DXB ( i . e . , combined H1 
and H2 antagonism ) to  a b o l is h  d r in k in g  e l i c i t e d  by s . c .  h is ta m in e . 
Second, i . c . v .  C o r C p lu s  DXB in h i b i t s  fo o d - re la te d  d r in k in g  only 
s l i g h t ly  and s e c o n d a r i ly  to  th e se  d ru g s ' e f f e c t s  on e a t in g ,  w hereas 
i . p .  C o r C p lu s  DXB can i n h i b i t  d r in k in g  e l i c i t e d  by e a t in g  w ith 
o u t i n h ib i t i n g  e a t in g .  These f in d in g s  can be taken  to  su p p o rt th e  
h y p o th e sis  th a t  p r im a r ily  p e r ip h e ra l  (and n o t c e n t r a l )  H1 and H2 
r e c e p to r s  to g e th e r  m ed ia te  a h is ta m in e rg ic  component o f  d r in k in g  
e l i c i t e d  by e a t in g  in  th e  r a t .

351.12 EFFECT OF PERIPHERALLY-ADMINISTERED CAPTOPRIL ON THE DIPSOGENIC 
AND PRESSOR RESPONSES TO PERIPHERALLY-INFUSED ANGIOTENSIN I. 
S. K. Thompson and K. E. Moe. Dept. Psychology, Washington State 
University, pullman, WA 99164-4830.

Captopril (CAP), an angiotensin converting enzyme (ACE) inhibi
to r , has been used by investigators to assess the role of angio
tensin in water and sa lt  intake. Low doses of peripherally admin
istered CAP have been assumed to block conversion of angiotensin I 
(ANG I) to angiotensin II (ANG I I ) ,  as they attenuate the pressor 
response to peripherally administered ANG I. However, these CAP 
doses paradoxically enhance water intake e lic ited  by dipsogenic 
stim uli. One commonly-voiced explanation for th is enhancement is 
the "spillover" hypothesis: the high circulating levels of ANG I 
that are known to resu lt from CAP'S d irect and indirect stimulation 
of renin release cross the blood-brain barrier and are converted 
in the brain to ANG I I , which then acts to increase water intake. 
An a lternative  explanation is that while these doses of CAP may 
block ANG II synthesis in the general circulation  (thus blocking 
the pressor response to ANG I ) , they may not be high enough to 
block conversion a t the subfornical organ (SFO) and organum vascu- 
losum of the lamina terminal is (OVLT). These circumventricular 
organs contain high levels of ACE, and are not protected.by a blood 
brain b arrier. Thus, the increased ANG I that resu lts from CAP 
treatment could be converted to dipsogenically active ANG II a t 
those s ite s .

The purpose of th is study was to determine whether peripherally 
administered CAP is blocking conversion of ANG I to ANG II outside 
of the blood-brainba r r ie r , by assessing the a b ility  of CAP-treated 
ra ts to show a dipsogenic or pressor response to peripheral infu
sion of ANG I.

Eight rats received ANG I through a brachial a rte ria l catheter 
(100 pmol e/50 ul saline/min) for 20 minutes. Water intake during 
infusion and for 10 minutes post-infusion was recorded. Water was 
then replaced with CAP-adulterated water (0.1 mg/ml) for 18 hours, 
followed by a second ANG I infusion and te s t.

CAP treatment a t th is commonly-used doses did not attenuate the 
dipsogenic response to peripheral infusion of ANG I, indicating 
that blockade of ACE did not occur a t some s ite (s )  involved in this 
response. Effect of th is treatment on the pressor response to 
peripheral infusion of ANG I will also be reported.

351.13 role of THE SUBFORNICAL ORGAN (SFO) IN CAPTOPRIL-INDUCED 
DRINKING. Thunhors t,  R.L.,  D.A. F i t t s *  & J . B .  Simpson.  
D ept. of  Psychology, Univ. of  Washington, S e a t t l e  98195.

The a n g io te n s in - c o n v e r t in g  enzyme (CE) i n h ib i t o r  
c a p to p r i l  (CAP) in c re a s e s  water and NaCl in ta k e  in  r a t s ,  
p o s s ib ly  v ia  CNS co nvers io n  of  a n g io te n s in  I to 
ang io ten sn  I I ,  which then produces th e s e  e f f e c t s .  
Experiments invo lv in g  b r a in  le s io n s  determ ined th a t  th e  
SFO i s  necessa ry  fo r  CAP-induced w a te r ,  but not NaCl, 
in t a k e .  Rats  with c o n t ro l  l e s io n s  drank more w ate r ,  and 
NaCl when i t  was a v a i l a b l e  in  cho ic e  with w ate r ,  when 
d r in k in g  f l u i d s  were t r e a t e d  with CAP (0.1  mg/ml). Rats  
with SFO l e s io n s  f a i l e d  to in c re a s e  water in ta k e ,  but 
d id  d r in k  more s a l i n e  i f  i t  was a v a i l a b l e  during CAP 
t r e a tm e n t .  A tw o - b o t t l e  t e s t  o f  water and CAP-treated 
water demonstra ted  t h a t  th e  above e f f e c t s  were not 
a t t r i b u t a b l e  to th e  t a s t e  of CAP. Experiments involv ing  
b r a in  cannulae  a re  dete rm in in g  i f  th e  n e u ro lo g ic a l  b a s i s  
fo r  th e  e f f e c t s  of  SFO le s io n s  on CAP-induced in g e s t io n  
in vo lv es  CE known to e x i s t  in th e  SFO. F i r s t ,  CAP 
a d m in is te red  i . p .  (2 mg/kg) produced r e l i a b l e  d r in k in g  
in r a t s  with s e p t a l / v e n t r a l  f o r n i c a l  commissure c o n t ro l  
l e s io n s  (n=6) , and t h i s  d r in k in g  was reduced and 
e l im in a te d  in r a t s  with p a r t i a l  (n=5) and complete (n=S) 
SFO l e s io n s ,  r e s p e c t i v e ly  (90 min intakes+SEM were 
6 .5 ±0 .6 ,  2 . 9 ±0 .6 ,  and 0 . 5 ±0 .2 ,  r e s p e c t i v e l y ) .  
Drinking e l i c i t e d  by i . p .  CAP (4 mg/kg) was suppressed  
in  a dose-dependent manner by sim ultaneous  a p p l i c a t i o n  
of  CAP to th e  l a t e r a l  v e n t r i c l e s  (90 min in ta k e s  
fo l lo w in g  0 , 0 .5 ,  5 and 25 μ g /μl CAP i . v . t .  were 
5 . 3 ±1 .3 , 5 . 3 ±1 .1 ,  2 .8 ±1 .1 ,  and 1 .1±0 .7 ,  r e s p e c t i v e l y ) .  
CAP a p p l ie d  i . v . t .  ( 2 5 μ g / μ l)  did  not s i g n i f i c a n t l y  
reduce d r in k in g  to  s . c .  2 M NaCl (3 .33  ml/kg) or to s . c .  
i s o p r o te r e n o l  ( 5 0 μ g /k g)J  r e d u c t io n  in  d r in k in g  i s  
s p e c i f i c  to t h i r s t  aroused by systemic  a p p l i c a t i o n  of  
CAP and i s  l i k e ly  due to  i n h i b i t i o n  o f  b r a in  CE 
necessa ry  fo r  th e  re sp o n se .  Ongoing experim ents  a re  
d ete rm in in g  th e  lo c a t io n  of th e  b r a in  CE r e s p o n s ib le  fo r  
the  d r in k in g  fo l lo w in g  sys temic  CAP a d m in i s t r a t io n .

Supported by HL-21800 and NS-22274 .

351.14 CENTRAL OXYTOCINERGIC NEURONAL ACTIVITY: ROLE IN THE CONTROL 
OF SODIUM APPETITE IN RATS. Edward M. S tr ic te r  and Joseph G. 
V erbalis. Depts. of Psychology and Medicine, and Center for 
Neuroscience, un iversity  o f Pittsburgh, P ittsburgh, PA 15260

The b io lo g ic a l bases o f  sodium appetite  have remained 
elusive despite  the  a v a ila b ility  o f several w ell-established 
laboratory models of th is  drive. Although there  i s  l i t t l e  
doubt th a t  angiotensin and aldosterone can a c t synergetically 
to  e l i c i t  sodium appetite  in  r a ts ,  th e ir  jo in t  actions cannot 
explain the  sodium appetite  of adrenalectomized ra ts ,  in  which 
m ineralocorticoids are  absent, the sodium appetite  of ra ts  
t r e a te d  w ith  desoxy cor t i costerone acetate  (DOGA), in  which 
renin secretion  i s  suppressed, o r the  sodium appetite  th a t 
p e rs is ts  in  r a ts  trea ted  with polyethylene glycol a f te r  the 
induced hypovolemia has been repaired, a t  which time the 
secre tion  of both renin and aldosterone are  normal.

The present experiments examined neurohypophyseal ac tiv ity  
in  th e se  th re e  models o f sodium appetite  in  r a ts .  Basal 
plasma levels o f oxytocin (OT) were found to  be l ow both in 
sodium-deficient adrenalectomized r a ts  and in  in ta c t r a ts  with 
surplus body sodium resu lting  from repeated d a ily  treatments 
w ith  DOCA. In  c o n tra s t ,  basal plasma levels o f arginine 
vasopressin (AVP) were not affected . Plasma OT also  were a t  
basal levels in  collo id - trea ted  r a ts  a f te r  the  induced plasma 
volume d e f ic i ts  had been repaired. Such l ow levels of plasma 
OT re p re se n t th e  f i r s t  f a c to r  known to  accompany sodium 
appetite  in  each of these d isparate experimental conditions. 
Additional experiments indicated th a t  sodium appetite  in  these 
models could be in h ib ite d  by ip  adm inistration o f e ith er 
lith iu m  chloride o r copper su lfa te , agents which stimulate 
secre tion  of OT in  much la rg er amounts than AVP in  r a ts .  The 
c ircu la tin g  levels o f OT do not appear to  be a d ire c t factor 
in  the  control o f sodium appetite  because adm inistration of 
OT did not in h ib it NaCl consumption nor d id adm inistration of 
an OT receptor antagonist enhance NaCl intake. Assuming th a t 
OT secre tion  occurs in  p a ra lle l with ac tiv ity  o f OT-containing 
neurons in  th e  b ra in , th e se  r e s u l t s  suggest th a t  sodium 
appetite  may be inhib ited  by a c tiv ity  in  paraventricular or 
supraoptic nuclei, the location  of neurons responsible fo r OT 
synthesis, and may emerge only when a c tiv ity  in  those neurons 
i s  suppressed, our data therefore support the  p o ss ib ility  
th a t  sodium appetite  i s  controlled both by inh ib itory  and 
e x c ita to ry  c e n tra l  mechanisms, sim ilar to  th e  cont ro l of 
t h i r s t .  (Supported by Research Grants MH-25140 and AM-16166 
from th e  National In s titu te s  of Health.)
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351.15 SODIUM APPETITE OF FISCHER-344 RATS. E .E . M id k iff ,*  D.A. 
F i t t s , *  J .B . Simpson, & I .L .  B e rn s te in . Departm ent o f 
Psychology, U n iv e rs ity  o f W ashington, S e a t t l e ,  WA 98195.

F isch er-3 4 4  (F -344) r a t s  f a i l  to  p re fe r  sodium c h lo r id e  
(NaCl) s o lu t io n s  a t  any c o n c e n tra t io n , and indeed avoid  NaCl 
s o lu t io n s  a t  c o n c e n tra t io n s  ( _ > 0.7%) maximally p re fe r re d  by 
o th e r  s t r a i n s .  The response  o f F-344 r a t s  to  tre a tm e n ts  which 
s u b s t a n t i a l l y  e le v a te  NaCl in ta k e  o f o th e r  r a t  s t r a i n s  was 
th e r e fo r e  exam ined. Follow ing 12 days o f m aintenance on a 
N a -d e f ic ie n t d i e t ,  F-344 r a t s  subseq u en tly  drank only s l i g h t ly  
more NaCl than  c o n t r o ls ,  and then  on ly  in  th e  f i r s t  15 min. of 
a c c e s s . I n je c t io n  o f fu ro sem ide, a d iu r e t i c  which prom otes 
n a t r i u r e s i s ,  in  doses up to  10 mg/kg was found to  e l i c i t  a 
v igo rous  sodium a p p e t i t e  in  W istar but no t F-344 r a t s .  W istar 
r a t s  drank 0 .3  M NaCl r a p id ly  when p re s e n te d , and in g e s te d  Na 
in  ex cess  o f need based on c a lc u la t io n s  o f Na b a lan ces  over th e  
p erio d  o f o b s e rv a t io n . In  c o n t r a s t ,  a lth o u g h  NaCl in ta k e  of 
F-344 r a t s  was e le v a te d  r e l a t i v e  to  t h e i r  b a s e l in e  in ta k e ,  they  
in g e s te d  f a r  l e s s  NaCl than  W istar r a t s  d id . They a ls o  
e x c re te d  f a r  l e s s  Na d u rin g  th e  p e rio d  o f NaCl a c c e s s , and 
conseq u en tly  ach ieved  sodium ba lance  a t  24 h which was 
com parable to  t h a t  o f W is ta rs . Thus, F-344 r a t s  responded to  
an a c u te  so d iu m -d ep le tio n  tre a tm e n t p r im a r ily  by r e te n t io n  of 
Na r a th e r  than  by o v e r in g e s tio n  o f NaCl a s  seen in  W istar r a t s .  
A drenalectom y, which p rev en ts  th e  r e te n t io n  o f Na a t  th e  
k idney , b locked th e  r e n a l response  to  Na c h a lle n g e s . 
Adrenalectom y was th e  only  ch a lle n g e  which e l i c i t e d  th e  ro b u s t 
and pro longed sodium a p p e t i t e  which i s  ty p i c a l ly  seen in  o th e r  
s t r a i n s  a s  a r e s u l t  o f Na d e p le t io n :  F-344 r a t s  markedly 
in c re a se d  th e i r  in ta k e  o f 0 .15  M NaCl and 0 .3  M NaCl in  
response  to  ad rena lec tom y . The r e s u l t s  su g g es t th a t  F-344 r a t s  
d i f f e r  from W ista rs  in  t h e i r  response  to  a m oderate c h a llen g e  
to  sodium r e g u la t io n ,  u s in g  r e n a l r a th e r  th a n  b e h a v io ra l 
re sp o n se s . However, when denied  a d re n a l mechanisms fo r  Na 
r e t e n t io n ,  F-344 r a t s  can and do g r e a t ly  in c re a s e  Na in g e s t io n .

Supported by NS-20568, HL-21800, NS-22274, & HD-07239.

351.16 A STUDY OF TASTE PREFERENCES AND POLYDIPSIC DRINKING ELICITED BY 
SACCHARIN BUT NOT ASPARTAME IN RAT, MOUSE, AND HAMSTER, 
W.J. P izzi1,2 , R.R. Hol son 1*, G. Merkel2* and B. Gough 1*. 
1Nat. Center For Tox. Res/FDA, Jefferson, AR 72079; 
2
Northeastern I llin o is  Univ., Chicago, IL 60625.

The a r t i f ic ia l  sweetener, saccharin, in a 3% glucose solution 
induces polydipsic drinking in ra ts (Valenstein e t a l . ,  1967). 
In an attempt to find highly palatable solutions in which drugs 
could be administered in a nonstressful manner over a long time 
period, we provided ra ts , mice, and hamsters with various con
centrations of the a r t i f ic ia l  sweeteners saccharin and aspartame, 
with and without 3% glucose. In a ll three species, there was a 
clear preference for saccharin solutions as measured against 
intake of water or 3% glucose intake, or on two-bottle preference 
te s ts .

No such preference was found for aspartame. Consumption of 
solutions containing aspartame was sim ilar to that obtained for 
the vehicle, whether water or 3% glucose. Male and female rats 
and female mice could detect the presence of aspartame in 
solutions, since on two-bottle preference te s ts  they clearly 
preferred a glucose solution over the same solution with 
aspartame, in concentrations of 0.125% and 0.5%. Male mice and 
both male and female hamsters failed  to show evidence of an 
ab ility  to detect the presence of aspartame in solution. We 
conclude from these data that the rodents tested do not tas te  
aspartame solutions as sweet.

Comparisons between species revealed tha t hamsters showed much 
less avidity for saccharin solutions than did mice and ra ts . 
Hamsters did not display synergistic polydipsia when presented 
with saccharin in 3% glucose solutions, as did both mice and ra ts . 

These findings suggest tha t the strategy of comparing the 
anatomical and physiological differences between those animals 
tha t do or do not ta s te  aspartame as sweet may be useful in 
uncovering the structural conformation required of molecules to 
stimulate ta s te  receptors for the sensation of sweet. Further, 
these data may be of in terest to those studying the influence of 
ta s te  on regulatory behavior, and in the development of methods 
whereby rodents can be reliab ly  induced to self-adm inister 
large volumes of flu id .

351.17 NALOXONE EFFECTS ON SHAM FEEDING OF SUCROSE IN FOOD DEPRIVED 
RATS.J .A .S tuckey*  and D .C .J i m erson. S ec tio n  on B iom edical 
P s y c h ia t ry , L abo ra to ry  of C l in ic a l  S c ie n ce , NIMH, B ethesda , MD 
20892.

Naloxone has been re p o r te d  to  reduce food in ta k e  in  s e v e ra l 
sp e c ie s  under a v a r i e ty  o f s i t u a t io n s .  I t  has been su ggested  
th a t  th e  re d u c t io n  in  food in ta k e  produced by naloxone i s  a 
r e s u l t  of an tagonism  o f endogenous o p ia te  system s in  th e  CNS 
th a t  a re  invo lved  in  th e  m o n ito ring  o f food p a l a t a b i l i t y  an d /o r 
rew ard . Sham feed in g  o f f la v o re d  s o lu t io n s  p ro v id e s  a s e n s i 
t i v e  b e h a v io ra l measure o f th e se  fu n c t io n s . Naloxone has been 
shown to  dec re a se  th e  sham feed in g  o f su cro se  in  w ate r d ep rived  
r a t s  (Rockwood and R eid , P h y s io l. Behav. ,29 :1175 , 1982). In 
o rd e r  to  c l a r i f y  f u r th e r  th e  e f f e c t  o f naloxone on p a l a t a b i l i t y  
a n d /o r  rew ard in  r e l a t i o n s h ip  to  fe e d in g , we examined th e  
e f f e c t  o f naloxone on sham feed in g  o f su cro se  by food dep rived  
r a t s .

Male Sprague-Dawley r a t s  (300-350g) were a n e s th e tiz e d  w ith  
p e n to b a rb i ta l  and im plan ted  w ith  s t a i n l e s s  s t e e l  g a s t r i c  
c a n n u la s . Follow ing reco v e ry  (2 weeks) th e  r a t s  were adap ted  to  
a t e s t  sch ed u le . R ats were d ep rived  o f food fo r  17.5 h r .  
T h ir ty  m inu tes b e fo re  th e  t e s t ,  th e  g a s t r i c  cannu las  were 
opened, th e  r a t s ’ stom achs were g e n tly  f lu sh e d  w ith  0 .15  N 
NaCl, and d ra in ag e  tu b es  were a t ta c h e d .  The t e s t  p e rio d  
c o n s is te d  o f 30 min access  to  a su c ro se  s o lu t io n .  At th e  end of 
th e  t e s t  p e r io d  th e  cannu las  were c lo se d  and th e  r a t s  rece iv ed  
s o l id  food fo r  s ix  h o u rs . When adap ted  to  th e  sch ed u le , th e  
r a t s  were t e s te d  w ith  20% su cro se  (w /v ), 5% su c ro s e , then  10% 
su c ro s e . T h ir ty  m inu tes b e fo re  th e  t e s t  th e  r a t s  rec e iv e d  
I .P .  in j e c t io n s  o f naloxone (1 mg/kg and 10 mg/kg) o r 0 .15  N 
NaCl as v e h ic le  c o n t ro l .  R ats rece iv ed  b o th  doses o f naloxone 
a t  a l l  su cro se  c o n c e n tra t io n s . A ll t e s t i n g  w ith  a p a r t i c u l a r  
c o n c e n tra t io n  o f su cro se  was com pleted b e fo re  t e s t in g  a t  
an o th e r c o n c e n tra t io n . Sucrose in ta k e s  were m easured every  
th re e  m in u tes .

D uring sham feed in g  t e s t s  w ith  20% su c ro s e , 30 min in ta k e s  
( in  ml) f o r  an i n i t i a l  group o f fo u r an im als were 3 6 .2 , 2 9 .2 , 
and 15 .8  a f t e r  doses o f naloxone of 0 , 1 .0 ,  and 10 .0  mg/kg 
r e s p e c t iv e ly .  Naloxone a ls o  reduced sham feed in g  in  a dose 
r e l a te d  manner w ith  5% and 10% su cro se  c o n c e n tra t io n s . The 
a d m in is tr a t io n  o f naloxone had th e  same ap p a re n t e f f e c t  as 
d e c re a s in g  su cro se  c o n c e n tra t io n . These p re l im in a ry  d a ta  
su p p o rt th e  h y p o th e s is  th a t  naloxone d ec re a se s  p a l a t a b i l i t y  
an d /o r  rew ard v a lu e  o f food .

351.18 CHRONIC NALOXONE AND NALOXONAZINE: EVIDENCE FOR A 
SPE CIFIC  OPIOID RECEPTOR SUBTYPE IN MAINTENANCE OF 
BODY WEIGHT AND FOOD INTAKE. P . E .  M ann .  R . J .  B o d n a r . 
G.  C u r r e r i * ,  E . L u b i n ,  E . F .  H a h n  a n d  G. W.  P a s t e r n a k . 
D e p t . o f  P s y c h o l o g y ,  Q u e e n s  C o l l e g e ,  CUNY, F l u s h i n g ,  
NY 1 1 3 6 7 ,  C o t z i a s  L a b .  o f  N e u r o - O n c o l o g y ,  M e m o r i a l  
S l o a n - K e t t e r i n g  C a n c e r  C t r . ,  a n d  L a b .  o f  B i o c h e m i c a l  
E n d o c r i n o l o g y ,  R o c k e f e l l e r  U n i v .  New Y o r k ,  NY 1 0 0 2 1 .

A c u t e  a d m i n i s t r a t i o n  o f  e i t h e r  n a l o x o n e  ( NAL) o r  
n a l o x o n a z i n e  (NAZ) r e d u c e s  f o o d  i n t a k e  in  f r e e -  
f e e d i n g  a n d  d e p r i v e d  r a t s ,  s u g g e s t i n g  i n v o l v e m e n t  o f  
t h e  mu-1 b i n d i n g  s i t e  in  t h e s e  e f f e c t s .  H o w e v e r ,  
o n l y  NAL r e d u c e s  f e e d i n g  i n d u c e d  by  g l u c o p r i v a t i o n  o r  
a d m i n i s t r a t i o n  o f  o p i o i d  r e c e p t o r  a g o n i s t s  i n d i c a t i n g  
a  non mu-1 s o u r c e  o f  o p i o i d  a c t i o n .  The  p r e s e n t  
s t u d y  e v a l u a t e d  t h e  e f f e c t s  o f  c h r o n i c  i n t r a v e n o u s  
a d m i n i s t r a t i o n  o f  v e h i c l e ,  NAL ( 1 0  m g / k g )  o r  NAZ ( 1 0  
m g / k g )  on b o d y  w e i g h t  m a i n t e n a n c e  a n d  f o o d  i n t a k e  in  
a d u l t ,  a d o l e s c e n t  a n d  d i e t a r y - o b e s e  r a t s .  A d u l t  r a t s  
( 5 4 0 g )  t r e a t e d  d a i l y  o v e r  14 d a y s  d i s p l a y e d  o r d e r l y ,  
g r a d u a l  a n d  s i g n i f i c a n t  r e d u c t i o n s  in  b o d y  w e i g h t  
f o l l o w i n g  NAL (5%) a n d  NAZ (9%) a n d  a l s o  r e d u c t i o n s  
in  d a i l y  f o o d  i n t a k e  f o l l o w i n g  NAL (13% ) a n d  NAZ 
( 2 3 % ) .  A d o l e s c e n t  r a t s  ( 3 0 0 g )  t r e a t e d  d a i l y  o v e r  14 
d a y s  s h o w e d  m a r k e d  a n d  s i g n i f i c a n t  r e t a r d a t i o n  o f  
b o d y  w e i g h t  g a i n  w i t h  NAL ( 4 4 g ,  32% r e d u c t i o n )  
g a i n i n g  s i g n i f i c a n t l y  l e s s  t h a n  v e h i c l e  ( 6 5 g )  a n d  NAZ 
( 3 1 g ,  52% r e d u c t i o n )  g a i n i n g  l e s s  t h a n  e i t h e r  v e h i c l e  
o r  NAL. F o o d  i n t a k e  w a s  a l s o  s i g n i f i c a n t l y  r e d u c e d  
b y  NAL (13% ) a n d  NAZ ( 2 2 % ) .  F o o d  i n t a k e  e f f e c t s  
c o u l d  n o t  a c c o u n t  f o r  b o d y  w e i g h t  r e d u c t i o n  in  a d u l t  
o r  a d o l e s c e n t  r a t s .  A f t e r  c e s s a t i o n  o f  NAL a n d  NAZ 
t r e a t m e n t ,  b o t h  a d u l t s  a n d  a d o l e s c e n t  r a t s  r e c o v e r e d  
t o  v e h i c l e  v a l u e s  w i t h i n  3  w e e k s .  I n  c o n t r a s t  t o  
o p i o i d  a n d  mu-1 r e c e p t o r  c o n t r o l  o f  b o d y  w e i g h t  a n d  
f o o d  i n t a k e  i n  a d u l t  a n d  a d o l e s c e n t  r a t s ,  a n i m a l s  
made o b e s e  b y  a  6  w eek  e x p o s u r e  t o  a  " s u p e r m a r k e t "  
d i e t  ( s w e e t e n e d  e v a p o r a t e d  m i l k ,  c o o k i e s ,  v e g e t a b l e  
s h o r t e n i n g )  f a i l e d  t o  d i s p l a y  c h a n g e s  i n  b o d y  w e i g h t  
o r  m i l k  c o n s u m p t i o n  f o l l o w i n g  8  d a y s  o f  NAL o r  NAZ 
t r e a t m e n t .  T h i s  c o n t r a s t s  w i t h  i n c r e a s e d  s h o r t - t e r m  
s e n s i t i v i t y  t o  NAL o b s e r v e d  in  o b e s e  r a t s ,  a n d  
i l l u s t r a t e s  f u r t h e r  t h a t  o p i o i d  m o d u l a t i o n  o f  w e i g h t  
c o n t r o l  a n d  i n t a k e  a p p e a r s  t o  be  d e p e n d e n t  u p o n  
h e t e r o g e n e o u s  o p i o i d  r e c e p t o r s .  ( S u p p o r t e d  by  
PSC/CUNY G r a n t  6 - 6 5 1 9 3 ,  NIH BRSG RR07064 a n d  NIDA 
G r a n t  D A 0 0 2 6 1 5 . )
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351.19 F OOD RESTRICTION AND DIETARY PROTEIN EFFECTS ON BLOOD AMINO 
ACIDS AND ON BRAIN TRYPTOPHAN AND TYROSINE LEVELS, CHOLINE 
ACETYLTRANSFERASE ACTIVITY AND BIOGENIC AMINES INTERACTIONS 
IN CAT. L. Thibault* and A.G. Roberge. Laboratoire de Neuro- 
chimie et de Nutrition, F.S.A.A., Universitē Laval, Quēbec, 
Gl K 7P4.
Adult cats were adapted for 37 consecutive days to e ither iso- 
proteinic-isoglucidic or isoproteinic-hypoglucidid semi-purified 
casein and soya d ie ts . Serum neutral amino acids content and 
tryptophan and tyrosine levels in the medulla were measured as 
well as brain biogenic amines content in 9 d ifferent structures 
using a fluorim etric method. Choline acethyltransferase (ChAT) 
a c tiv ity  was measured in the brain structures using radiochemi
cal method. When isoproteinic-isoglucidic d iets were compared, 
soya d iet showed a lower serum methionine content but higher 
phenylalanine and tyrosine concentrations than casein d ie t. 
Moreover, isoproteinic-hypoglucidic soya diet induced a s ig 
nificant decrease in serum valine and methionine levels when 
data were compared to isoproteinic-isoglucidic soya d ie t. On 
the other hand, to unchanged serum values of free tryptophan 
and tyrosine : neutral amino acids ra tio s  corresponded a higher 
tyrosine level in the medulla in isoglucidic and hypoglucidic 
soya d iets than in isoglucidic casein d ie t. Moreover, an en
hancement of 5-HT u tiliza tio n  or i t s  degradation in the limbic 
system in cats fed hypoglucidic casein diets and in the brain
stem structures in cats fed isoglucidic and hypoglucidic soya 
d iets was demonstrated. The lower DA : NA ra tio  corresponding 
to increased NA levels in the striatum and medulla in hypo
glucidic soya d iet suggested an enhanced DA u tiliza tio n  whereas 
in the isoglucidic soya diet a rather DA mobilization was sug
gested in the brainstem. The selective decrease in CHAT ac
tiv i ty  observed in the striatum and mesencephalon in cats fed 
soya (isoglucidic and hypoglucidic) d iets associated with a 
potentiation of 5-HT and DA metabolism in these structures 
suggest an interaction between cholinergic and aminergic me
tabolisms. These resu lts suggest that in cats , the dietary 
protein composition as well as the carbohydrate : protein ra tio  
in the d iet rather than serum neutral amino acids ra tio s have 
d ifferen tly  affected the neurochemical parameters. In fac t, 
the hypoglucidic casein d iets have favored a faste r 5-HT me
tabolism in the limbic system, the hypoglucidic soya d ie t, a 
fa ste r 5-HT metabolism in the motor system and brainstem as 
well as a faste r DA metabolism in the brainstem, thus sug
gesting possible interactions between neurotransmitters which 
mimic some functional behaviours observed in anorexia.
(Supported by NSERC of Canada and Fonds FCAR, Quebec)
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352.1 DUAL MOTOR OUTPUT INTERNEURONS
David M urchison* and James L . L a rim er. D epartm ent o f 

Zoology, The U n iv e rs ity  o f T exas, A u s tin , TX 78712.

I t  was suggested  some tim e ago from e x t r a c e l lu la r  d a ta  th a t  
c e r t a in  prem otor in te rn e u ro n s  i n  c ru s ta c e a n s  could  perhaps 
i n f lu e n c e  bo th  abdom inal p o s it io n in g  and swimmeret beh av io rs  
(Evoy and Kennedy, 1967, J .E .Z . 165:223. W illiam s and L arim er 
1981, J .C .P .  1 4 3 :2 7 .) .  B ehav io ra l o b s e rv a tio n s  su p p o rt th e  
n o tio n  th a t  th e  u n d erly in g  n e u ra l b a s is  f o r  th e  two b eh av io rs  
may be o v e rlap p in g  o r  coupled  through synapses and common 
e lem en ts . M etachronous b e a tin g  o f  th e  swimmerets u s u a lly  
accom panies th e  i n i t i a t i o n  o f  w alk ing , w h ile  abdom inal ex te n s io n  
g e n e ra lly  p recedes  th e  i n i t i a t i o n  o f th e  swi mmeret rhythm . In  
a d d i t io n ,  abdom inal f le x io n  re q u ire s  th a t  th e  swimmerets be in  
th e  r e tu r n  s tro k e  p o s i t i o n .  In  o rd e r  to  avoid  th e  am b ig u itie s  
o f e x t r a c e l lu l a r  m ethods, we have re-exam ined th e  n e u ra l b a s is  
o f th e se  two b eh av io rs  u s in g  in t r a c e l l u l a r  re c o rd in g , 
s t im u la t io n  and d y e - f i l l i n g  tech n iq u es  in  th e  abdom inal nerve  
cord  o f th e  c r a y f i s h  Procam barus c l a rk i i . We have reco rded  
s im u ltan e o u sly  th e  f i r s t  ro o ts  (swi mmeret in n e rv a tio n )  of 
v a r io u s  abdom inal g a n g l ia , from second ro o ts  (e x te n s o r  motor 
n eu rons) and from th i r d  ro o t  ( f le x io n  motor n eu rons) w h ile  
in j e c t in g  d e p o la r is in g  c u r r e n t  in to  i mpaled in te rn e u ro n s . This 
p rocedu re  was fo llow ed  by d y e - f i l l i n g  and m orpho log ica l 
exam in a tio n .

We have encoun tered  numerous c e l l s  which a r e  cap ab le  o f 
evoking v a r io u s  swi mmeret and p o s i t io n in g  b e h a v io rs . These 
c e l l s ,  how ever, a r e  n o t  co n fin ed  to  evoking abdom inal 
ex te n s io n /sw i mmeret b e a tin g  n o r swi mmeret r e tu rn  
s troke/abdom i n a l  f le x io n ,  b u t o th e r  com binations as  w e ll .  L ike 
th e  p o s i t io n in g  c e l l s  examined in  e a r l i e r  s tu d ie s ,  th e se  vary  
g r e a t ly  in  e f f i c a c y .  Not a l l  c e l l s  we en co u n te r in f lu e n c e  bo th  
th e  swi mmeret and th e  p o s i t io n in g  sy stem s; many a f f e c t  on ly  one 
o r  th e  o th e r .  Most o f th e  c e l l s  examined th u s  f a r  a re  
in te r g a n g l io n ic ,  how ever, a  s u b s t a n t i a l  number a r e  l o c a l .

In v e s t ig a t io n s  a r e  underway to  determ ine  th e  n e u ra l b a s is  o f 
th e  d u a l e f f e c t s .  Dual e f f e c t s  cou ld  r e s u l t  from th e  sy n a p tic  
re c ru i tm e n t o f  pure  p o s i t io n in g  and pure  swi mmeret neurons o r 
from th e  d i r e c t  synapses between th e  d ua l o u tp u t c e l l s ,  th e  
d r iv e r  and m otor neurons o f b o th  system s o r  from some 
com bination  o f b o th . An exam ination  o f  p a i r s  o f i n te rn eu ro n s  
and i n te rn eu ro n /m o to r  neuron  p a i r s  f o r  sy n a p tic  in t e r a c t io n  w i l l  
be re q u ire d  to  r e s o lv e  t h i s .  (T h is  r e s e a rc h  was su ppo rted  by 
G ran t NS 05423 from NIH).

352.2 AN IDENTIFIED LOCUST PROPRIOCEPTOR MEDIATES LOAD 
COMPENSATION: EVIDENCE FROM SELECTIVE SENSORY  
STIMULATION IN FREELY MOVING ANIMALS. S.N . Z ill D e p t. o f  
A natom y, Univ. Colo . M ed. Sch ., D enver, CO 80262.

M any r e c e n t  s tu d ie s  have  show n th a t  re f le x  e f f e c ts  o f  m o st 
p ro p rio c e p to rs  a re  n o t  c o n s ta n t  b u t  c a n  b e  m o d ified  by th e  CNS to  a d ju s t  
m o to r  a c t iv i ty  only w hen sen so ry  in p u ts  a re  b e h a v io ra lly  re le v a n t.  T hese 
s tu d ie s  im ply  th a t  i t  is n e c essa ry  to  ex am in e  sen so ry -m o to r  in te g ra t io n  in 
n a tu ra lly  beh av in g  p rep a ra tio n s  to  e v a lu a te  th e  fu n c tio n s  o f  d i f f e re n t  
r e c e p to r  m o d a litie s . I h av e  s tu d ie d  an  id e n tif ie d  jo in t  an g le  re c e p to r ,  th e  
lo c u s t  m e ta th o ra c ic  fe m o ra l ch o rd o to n a l o rg an , and  h ave  p rev io u sly  found 
th a t  co n s id e rab le  p la s t ic i ty  o c c u rs  in r e f le x  e f f e c ts  i t  p ro d u ces  in leg  
m o to n eu ro n s in r e s tra in e d  p re p a ra tio n s  (Z ill, J .  Exp. Biol. 116:463,1985). 
T hese re f le x e s  h av e  a lso  b een  d e m o n s tra te d  to  c o n s is te n tly  ch an g e  to  
to n ic  c o m p e n sa to ry  r e a c t io n s  in a n im a ls  th a t  h av e  b een  t ra in e d  to  
m a in ta in  a  leg  p o sitio n  using  a  lea rn in g  parad ig m  (Z ill & F o rm an , J . Exp. 
B iol. 107 :385, 1983). I h e re  r e p o r t  on a  new  a d a p ta t io n  o f  th is  p re p a ra tio n  
t h a t  p e rm its  s e le c tiv e  m e c h a n ica l s tim u la tio n  o f  th is  p ro p rio c ep to r , 
m im ick in g  sudden  ch a n g es  in jo in t  a n g le , in fre e ly  m oving an im a ls , to  
d ire c tly  e v a lu a te  i ts  fu n c tio n s  in b eh av io r.

A dult lo cu s ts  (S c h is to c e rc a  g re g a r ia )  a re  f i r s t  re s t ra in e d  and  a  
p ie z o e le c t r ic  c ry s ta l  is a t t a c h e d  to  th e  p ro x im a l fem o ra l s e g m e n t o f  th e  
h in d leg . A sm a ll window is c u t  in th e  d is ta l  fem u r an d  a  m e ta l  hook is 
in se r te d  th ro u g h  th e  w indow u n d er th e  m ain  lig a m e n t o f  th e  o rg an . This 
l ig a m e n t m ech a n ica lly  links th e  o rg an  to  th e  t ib ia l  s e g m e n t o f  th e  leg  and  
is s tr e tc h e d  by jo in t  flex io n  sp e c if ic a lly  e x c it in g  re c e p to rs  t h a t  sig n a l 
jo in t  p o s itio n  an d  m o v em e n t. The p ro tru d in g  end  o f  th e  hook is th en  
w axed  to  th e  c ry s ta L  A nim als a re  th en  re le a se d  in to  a  w alk ing  a re n a . 
E le c t r ic a l  s tim u li ap p lied  to  th e  c ry s ta l  p ro d u ce  m ec h a n ica l 
d isp la c e m e n ts  o f  th e  o rg an  t h a t  s ig n a l 1 0 -1 5 ° jo in t  flex io n s. R e flex  
resp o n ses  o f  th e  tib ia l  e x te n so r  an d  f le x o r m u sc le s  a re  m o n ito red  
m y o g rap h ica lly .

E x c ita to ry  re f le x  resp o n ses  a re  e l ic ite d , th a t  c o u n te r  th e  a p p a re n t  
jo in t  m o tio n , w hen s tim u li a re  ap p lied  to  th e  o rg an  du rin g  sp o n tan eo u sly  
a ssu m ed  p o s tu re s  in w hich a c t iv i ty  is p re s e n t  in th e  slow  e x te n so r  
m o to n eu ro n  to  su p p o rt th e  an im aL  S u sta in ed  d isp la c em e n ts  o f  th e  
lig a m e n t p ro d u ce  to n ic  in c re a se s  in e x te n so r  f ir in g  th a t  a re  m ain ta in e d  
th ro u g h o u t th e  d u ra tio n  o f  th e  s tim u lu s  (m ax . 3 m in .). The co n s ta n c y  o f 
th e se  re f le x e s  a re  in c o n tr a s t  to  th e  v a ria b il i ty  o f  resp o n ses  o f  re s tra in e d  
p re p a ra tio n s  b u t  a re  rem a rk a b ly  s im ila r  to  r e f le x e s  o b ta in e d  from  a n im a ls  
t h a t  h ave  b e e n  t ra in e d  to  m a in ta in  a  le g  p o s itio n . T hese s tu d ie s  have 
th e re fo re  d e m o n s tra te d  th a t  th e  c h o rd o to n a l o rg an  m ed ia te s  load  
c o m p e n sa to ry  re a c t io n s  in a c tiv e ly  a ssu m ed  p o s tu re s  and  can  a id  in 
s e t t in g  to n ic  lev e ls  o f  m o to n eu ro n  a c t iv i ty .  S eco n d arily , th e se  s tu d ie s  
c o n firm  t h a t  leg  p o s itio n  lea rn in g  is a  u se fu l tech n iq u e  fo r s tu d y in g  th e  
m ec h a n ism s  u n d e rly in g  how in se c ts  n a tu ra lly  assu m e a c tiv e  p o s tu re s  
(F o rm an , J .  N eurob io l. 15:127, 1984).
S u p p o rted  by  g ra n ts  from  NIH NS22682 and th e  W hiteha ll F o u n d a tio n .



1300 POSTURAL CONTROL THURSDAY AM

352.3 MOTOR UNIT FIRING IN FREELY MOVING NORMAL AND BASAL GANGLIA 
LESIONED CATS. C .G .K u k u lk a , A .G .R u s s e l l  an d  K.Ku l t a s - I l i n s k y . 
P h y s ic a l  T h e rap y  R e se a rc h  Labs and  th e  D e p artm en t o f  Anatomy. The 
U n iv e r s i ty  o f  Iowa C o l le g e  o f  M e d ic in e , Iowa C i ty ,  IA 52242 .

In  e x p e r im e n ts  d e s ig n e d  t o  e v a lu a t e  p o s tu r e  and  movem ent d i s t u r 
b a n c es  fo l lo w in g  u n i l a t e r a l  b a s a l  g a n g l i a  l e s i o n s  in  th e  c a t ,  we 
h av e  b een  a b le  t o  i s o l a t e  and  e v a lu a t e  s in g l e  m o to r u n i t s .  C a ts  
(n=3) p e rfo rm e d  a  s e l f  i n i t i a t e d  fo re l im b  p la c e m e n t t a s k  in  w hich  
th e y  l i f t e d  t h e i r  l e f t  f o r e l im b  and  p u sh e d  an e le v a t e d  b a r  p r e s s .  
V e r t i c a l  r e a c t i o n  f o r c e s  from  a l l  l im b s  and  in t r a m u s c u la r  EMG from  
7 m u sc le s  w ere c o n t i n u a l l y  r e c o r d e d .  S in g le  m o to r u n i t  s p ik e  t r a i n s  
w ere o b ta in e d  from  3 m u s c le s :  t r i c e p s  b r a c h i i  b i l a t e r a l l y  and  r i g h t  
v a s tu s  l a t e r a l i s .  U n i l a t e r a l  k a in i c  a c id  l e s i o n s  w ere made in  th e  
e n to p e d u n c u la r  n u c le u s  and  s u b s t a n t i a  n i g r a  r e t i c u l a t a .

F o r th e  25 s p ik e  t r a i n s  a n a ly z e d  t o  d a t e ,  21 c o n ta in e d  33 t o  121 
i n t e r s p i k e  i n t e r v a l s  ( IS I s )  (x = 6 9 ) . The re m a in in g  4 , a l l  from  v a s tu s  
l a t e r a l i s ,  r a n g e d  from  13 to  21 I S I s .  Mean f i r i n g  r a t e s  r a n g e d  
from  3 6 - 6 5 /s  f o r  r i g h t  t r i c e p s  (n = 1 2 ) , 4 3 - 6 5 /s  f o r  l e f t  t r i c e p s  
(n=7) and  2 1 - 3 4 /s  f o r  v a s tu s  l a t e r a l i s  (n = 6 ) . A m a jo r i t y  o f  th e  
s p ik e  t r a i n s  w ere g e n e r a t e d  d u r in g  q u i e t  s ta n d in g  in  w hich  l i t t l e  
ch an g e  in  th e  v e r t i c a l  r e a c t i o n  f o r c e s  was d i s c e r n a b l e . We t h e r e 
f o r e  f e e l  th e s e  f i r i n g  r a t e s  r e f l e c t  m o to r u n i t  b e h a v io r  u n d e r  
i s o m e t r i c - l i k e  c o n d i t i o n s .

T h ree  g e n e r a l  o b s e r v a t io n s  w ere e v id e n t .  F i r s t ,  no o b v io u s  d i f 
f e r e n c e s  i n  mean r a t e s  w ere fo u n d  p r e  and  p o s t  l e s i o n .  The u se  o f  
a  mean r a t e  may be an in a d e q u a te  c r i t e r i o n  t o  ju d g e  m o to r u n i t  
b e h a v io r  u n d e r  t h e  c o n d i t i o n s  d e s c r ib e d  h e r e .  The l a c k  o f  a  c l e a r  
c u t  s te a d y  s t a t e  o f  f i r i n g  was t h e  g e n e r a l  r u l e  and  s u g g e s t s  t h a t  
o t h e r  c h a r a c t e r i s t i c s  o f  f i r i n g  m ig h t  b e t t t e r  d e s c r ib e  th e  b e h a v io r  
( i . e .  v a r i a b i l i t y  o f  f i r i n g ,  in c id e n c e  o f  lo n g  I S I s  fo l lo w e d  by 
s h o r t ) . T hese f a c t o r s  a r e  c u r r e n t l y  b e in g  e v a lu a t e d .  S eco n d , th e  
h ig h  mean f i r i n g  r a t e s  in  t r i c e p s  f o r  p e r io d s  o f  .5  t o  3 s e c  o f  
a c t i v i t y ,  i n d i c a t e  t h a t ,  in  a  f r e e l y  m oving c a t ,  m o to n eu ro n s  f i r e  
in  th e  s e c o n d a ry  ra n g e  o f  th e  f r e q u e n c y - c u r r e n t  r e l a t i o n s h i p  u se d  
t o  d e s c r i b e  i n t r a c e l l u l a r l y  s t i m u l a te d  h in d lim b  m o to n eu ro n s;. T h i rd ,  
s i n g l e  u n i t  i d e n t i f i c a t i o n  i s  c o m p lic a te d  in  awake b e h a v in g  a n im a ls  
by i n c o n s i s t e n c i e s  in  a m p l i tu d e  an d  wave sh a p e  o f  th e  a c t i o n  
p o t e n t i a l s .  A d d i t io n a l  t e s t s  a r e  n e e d ed  t o  c o n f irm  th e  u n iq u e n e s s  
o f  a  s i n g l e  u n i t .  One su c h  t e s t ,  p r e s e n t e d  h e r e ,  i s  t h e  e x a m in a tio n  
o f  th e  d i s t r i b u t i o n  o f  I S I s  f o r  a  p re p o n d e ra n c e  o f  e x c e s s iv e ly  
s h o r t  i n t e r v a l s .  A m odel i s  p r e s e n t e d  w hich  d e s c r i b e s  th e  in fo rm a 
t i o n  o b ta in e d  when two u n i t s  a r e  d e te c t e d  and  a n a ly z e d  a s  o n e . A 
co m p a riso n  i s  made b e tw een  th e  m odel and  a c tu a l  s p ik e  t r a i n  d a t a .

S u p p o rte d  in  p a r t  by th e  F o u n d a tio n  f o r  P h y s i c a l  T h e rap y  and  
NIH R 0119280.

352.4 PREPARATORY POSTURE PATTERNS IN NORMAL AND BASAL GANGLIA LESIONED 
CATS. A .G .R u sse ll, C.G.Kukulka and K .K u l ta s - I l in s k y . P h y sica l 
Therapy Research Labs and th e  Departm ent of Anatomy, The U n iv e rs ity  
o f Iowa C ollege of M edicine, Iowa C ity , IA 52242.

Experim ents were designed to  ev a lu a te  p o s tu ra l d is tu rb a n c e s  
fo llo w in g  k a in ic  le s io n s  of the  c a t b a s a l g a n g lia . We have been 
ab le  to  document a change in  the  p o s tu ra l  ad justm en t p receed ing  
a movement in  a le s io n e d  c a t .  C ats (n=5) perform ed a fo re lim b  
placem ent ta s k  c o n s is t in g  of l i f t i n g  the l e f t  fo re lim b  upward 
tow ards an e le v a te d  bar p r e s s ,  pushing  on the  bar p r e s s ,  and then  
re tu rn in g  the  limb to  i t s  s tan d in g  suppo rt p o s i t io n .  V e r t ic a l  
r e a c t io n  fo rc e s  from a l l  lim bs were measured du ring  s ta n d in g , 
p r io r  to ,  d u rin g , and fo llo w in g  the  movement. In tra m u scu la r EMG 
was reco rded  from 7 m uscles u s in g  c h ro n ic a lly  im planted  f in e  w ire 
e le c tro d e s .  U n ila te r a l  k a in ic  ac id  le s io n s  were made in  the 
r ig h t  en topeduncu la r and s u b s ta n t ia  n ig ra  r e t i c u l a t a  n u c le i .

In  1 c a t ,  i t  was p o s s ib le  to  c h a ra c te r iz e  a change in  the  
p o s tu r a l  ad justm en t p r io r  to  movement fo llo w in g  le s io n in g . Changes 
in  th e  v e r t i c a l  r e a c t io n  fo rc e  under th e  l e f t  fo re lim b  was used to  
c h a ra c te r iz e  th e  p o s tu ra l  ad justm en t and subsequent movement. 
P r io r  to  le s io n in g ,  the  anim al m ain ta ined  a s ta b le  d is t r i b u t io n  of 
body w eight among a l l  4 lim bs. The movement was s ig n a le d  by an 
ab ru p t d ec rease  in  th e  l e f t  fo re lim b  fo rce  p la te .  The frequency of 
occurence fo r  t h i s  s t r a te g y  was 76% (19/25 t r i a l s )  and 100% (12/12) 
f o r  2 days o f t e s t in g  p r io r  to  le s io n in g .  Three to  6 days post 
le s io n ,  th e  movement c o n s is te d  o f 2 s ta g e s . The f i r s t  was a 
g rad u a l d ec re ase  in  th e  l e f t  fo re lim b  re a c t io n  fo rc e  la s t in g  3-5 
se c , fo llow ed by the  ab ru p t un load ing  o f th e  lim b. The frequency 
o f o ccu rrence  fo r  th i s  a l t e r e d  movement was 82% (23/28 t r i a l s )  3 
days p o s t le s io n ,  82% (28/34) 5 days p o s t le s io n ,  and 86% (25/29) 
6 days p o s t le s io n .  By 8 days, a t r a n s i t i o n  appeared  w ith  the slow 
approach to  th e  movement la s t in g  a s h o r te r  d u ra t io n . By 9 days, 
th e  movement was s im i la r  to  th a t  of th e  n o n -le s io n ed  c a t .

F requencies  o f o th e r  movement p a t te rn s  p re  and p o s t le s io n  a re  
p re s e n t ly  being  analyzed  to g e th e r  w ith  th e  more q u a n t i ta t iv e  d a ta  
on fo rc e  o n se t la te n c y , r a t e  o f fo rce  change, and p e rce n t of body 
w eight t r a n s f e r r e d  du ring  th e  p o s tu ra l  ad justm en t and movement. 
For the  anim al p re sen ted  h e re , th e  lo c a l iz e d  le s io n  to  the  
s u b s ta n t ia  n ig ra  su g g es ts  th a t  even a sm all in te r r u p t io n  of the 
b a s a l g a n g lia  ou tp u t may produce an a l t e r a t i o n  in  the  p o s tu ra l 
ad justm en t which occurs p r io r  to  a s in g le  fo re lim b  movement. The 
e f f e c t  of th i s  le s io n  on th e  p o s tu r a l  ad ju stm en t appears  s h o r t  
l iv e d ,  w ith  th e  anim al r e tu rn in g  to  a p re le s io n  p a t te rn  w ith in  9 
days p o s t le s io n .

Supported in  p a r t  by th e  F oundation fo r  P h y s ic a l Therapy and 
NIHR0119280

352.5 POSTURAL RESPONSES IN CATS TO MOVEMENTS OF THE SUPPORT SURFACE IN 
THE HORIZONTAL PLANE -  COMPARISON OF LATERAL AND LONGITUDINAL 
DISPLACEMENTS J .M . M acpherson  an d  L .S .  C r a ig * . D e p t. o f  Anatomy, 
Q u e e n 's  U n iv . , K in g s to n ,  O n t.  K7L 3N6.

P o s t u r a l  r e s p o n s e s  i n  c a t s  t o  d i s r u p t i o n s  o f  s ta n c e  a r e  
c e n t r a l l y  g e n e ra te d  p ro g ram s w hich  a r e  t r i g g e r e d  by p e r i p h e r a l  
i n p u t .  T h is  s tu d y  i s  t h e  f i r s t  o f  a  s e r i e s  d e s ig n e d  t o  
i n v e s t i g a t e  th e  h y p o th e s i s  t h a t  th e s e  c e n t r a l  p rogram s a r e  
o r g a n iz e d  i n  te rm s  o f  g ro u p s  o f  m u s c le s ,  o r  s y n e r g i e s .  T hese  
e x p e r im e n ts  com pare th e  p o s t u r a l  r e s p o n s e s  i n  f r e e ly - s t a n d i n g  c a t s  
t o  d i s p la c e m e n ts  o f  th e  s u p p o r t  s u r f a c e  i n  two d i r e c t i o n s  i n  th e  
h o r i z o n t a l  p l a n e ,  i n  o r d e r  to  c o n f i rm  t h a t  th e  s t r a t e g i e s  f o r  
c o r r e c t i o n  a r e  d i s t i n c t  and  c h a r a c t e r i s t i c  f o r  each  d i r e c t i o n .

C a ts  a r e  t r a i n e d  to  s ta n d  q u i e t l y  on a  p la t f o r m ,  w i th  e a c h  paw 
p la c e d  on an  i n d iv i d u a l ,  t r i a x i a l  f o r c e  p l a t e .  The s u p p o r t  
s u r f a c e  c a n  b e  moved i n  an y  d i r e c t i o n  i n  th e  h o r i z o n t a l  p la n e  
u s in g  h y d r a u l i c  c y l i n d e r s .  The p l a t f o r m  i s  c o m p u te r -o p e ra te d  (DEC 
PD P11/73) and  th e  d a t a  a r e  r e c o r d e d  o n - l i n e  i n  i n d iv i d u a l  t r i a l s  
o f  500 ms p e r io d s  and a t  a  r a t e  o f  1 kHz. T hese d a t a  c o n s i s t  o f  
12 f o r c e s  (3 f o r  e a c h  l im b ) ,  p o s i t i o n s  o f  6 c y l i n d e r s  ( s e n s e d  by 
LVDTs), and  8 c h a n n e ls  o f  e le c t ro m y o g ra p h ic  s ig n a l s  (EMG).

In  e a c h  c a t ,  e i g h t  h in d lim b  m u sc le s  a r e  im p la n te d  w i th  
e l e c t r o d e s  c o n s i s t i n g  o f  p a i r s  o f  t e f l o n - c o a t e d ,  m u l t i s t r a n d e d  
s t a i n l e s s  s t e e l  w i r e s  t h a t  a re  draw n th ro u g h  th e  m u sc le  b e l l i e s  
and  s t i t c h e d  i n  p l a c e .  The EMG s i g n a l s  a r e  b a n d -p a s s  f i l t e r e d  
(260Hz & 2KHz) ,  f u l l -w a v e  r e c t i f i e d ,  and f i n a l l y ,  f i l t e r e d  th ro u g h  
a  f o u r - p o le  low  p a s s  d i g i t a l  l o g i c  f i l t e r  (3dB c u to f f  o f  100H z).

S ta n c e  w as d i s r u p t e d  by d i s p l a c in g  th e  p la t f o rm  1 .5  cm 
l a t e r a l l y ,  o r  4 .0  cm l o n g i t u d i n a l l y ,  o v e r  a  p e r io d  o f  100 m s. The 
d i f f e r e n c e  i n  a m p l i tu d e s  r e f l e c t s  th e  d i f f e r e n c e  i n  s t a b i l i t y  o f  
th e  c a t  i n  th e  tw o d i r e c t i o n s .

L a t e r a l  m ovement o f  th e  p l a t f o r m  t o  th e  l e f t  in d u c e d  a  sw ay o f  
th e  c a t  t o  th e  r i g h t ,  th u s  lo a d in g  th e  r i g h t  and  u n lo a d in g  th e  
l e f t  l im b s .  To c o r r e c t  th e  sw ay , th e  c a t  e x e r t e d  a  f o r c e  w i th  a 
r ig h tw a r d  l a t e r a l  co m p o n en t, u s in g  p r im a r i l y  th e  lim b s  on  th e  
r i g h t  s i d e .  T h u s , l a t e r a l  p e r t u r b a t i o n s  e v o k ed  r e s p o n s e s  i n  
a b d u c to r s  o f  th e  lo a d e d  h in d lim b , w i th  l i t t l e  o r  no a c t i v a t i o n  o f  
a d d u c to r s  o f  th e  o t h e r  h in d lim b . By c o n t r a s t ,  l o n g i t u d i n a l  p e r 
t u r b a t i o n s  in d u c e d  sway i n  t h e  s a g i t t a l  p l a n e ,  and  w ere  c o r r e c te d  
p r i m a r i l y  by  b i l a t e r a l  a c t i v a t i o n  o f  h i p  f l e x o r s  o r  e x te n s o r s  
( fo l lo w in g  p o s t e r i o r  o r  a n t e r i o r  t r a n s l a t i o n ,  r e s p e c t i v e l y ) ,  
c o n f i rm in g  p r e v io u s  f i n d i n g s  (Rushm er e t  a l ,  Exp. B ra in  R e s . 
5 0 :4 5 -6 1 ,  1 9 8 3 ) . T h e r e f o r e ,  l a t e r a l  and l o n g i t u d i n a l  t r a n s l a t i o n s  
o f  th e  s u p p o r t  s u r f a c e  ev o k e  two d i s t i n c t  po s t u r a l, s t r a t e g i e s  t o  
re d u c e  b ody  sw ay. We may now p ro c e e d  t o  s tu d y  th e  i n t e r a c t i o n s  o f  
th e  m u sc le  s y n e r g i e s  c h a r a c t e r i s t i c  o f  e a ch  s t r a t e g y .
S u p p o r te d  by M .R.C. o f  C anada and  Q u e e n 's  U n iv .

352.6 INTERACTIONS BETWEEN REFLEXIVE AND VOLUNTARY POSTURAL ACTIVITY. 
C .S . Layne* and L.D. Abraham (SPON: R .P. F a r r a r ) .  D ep t. of 
P h y sic a l E d u ca tio n , Univ. of T exas, A u s t in , Texas 78712.

Normal s ta n d in g  s u b je c ts  d is p la y  a d is ta l- to -p ro x im a l  p a t te rn  
o f m uscle a c t iv a t io n  as an au tom atic  p o s tu r a l  ad ju stm en t (APA) to  
a h o r iz o n ta l  d isp lacem en t o f th e  f e e t  (N ashner, Exp. B r. R e s . , 
30: 1977). A lso , p o s tu ra l  ad ju stm en t p a t te rn s  (PAP) p r io r  to  
prim e mover a c t iv a t io n  du rin g  an arm r a i s in g  ta s k  have been r e 
po rted  ( e .g .  Lee, J .  M tr. B eh ., 12: 1980). I t  has been presumed 
th a t  t h i s  low er limb a c t iv i t y  m inim izes p e r tu b a tio n s  of th e  body’s 
c e n te r  o f g ra v i ty  a s s o c ia te d  w ith  upper limb movement, s im i la r  to  
th e  a c t io n  o f responses  to  d isp lacem en t o f th e  f a c t .  Thus, th i s  
a c t i v i t y  has been re f e r r e d  to  as " p o s tu r a l" , w ith  th e  prim e mover 
a c t i v i t y  being  la b le d  " v o lu n ta ry " . In  o rd e r  to  c h a ra c te r iz e  
b e t t e r  th e  n a tu re  of th e s e  p a t te r n s ,  we examined th e  EMG responses 
o f co lleg ed -a g ed  m ales du rin g  a b i l a t e r a l  reach in g  ta s k  in  a 
sim ple r e a c t io n  tim e (RT) paradigm . In  p a r t i c u l a r ,  we examined 
th e  i n t e r a c t io n  between v o lu n ta r i l y  and r e f l e x ly  i n i t i a t e d  
" p o s tu ra l"  a c t i v i t y .

Four ex p e rim en ta l c o n d itio n s  w ere employed: (A) unexpected 
backward h o r iz o n ta l  d isp lacem en ts  designed to  allow  us to  id e n t i f y  
th e  r e f l e x ly  i n i t i a t e d  a c t iv i t y  p a t t e r n ,  (B) v o lu n ta ry  reach  to  
a v is u a l  s tim u lu s  fo llo w in g  a f ix e d  w arning i n t e r v a l ,  (C) same 
as B w ith  th e  a d d i t io n  of 3 lb .  w r is t  c u f f s ,  and (D) a com bination 
o f A and B w ith  th e  d isp lacem en ts  o cc u rrin g  a t  s e le c te d  tim es 
r e l a t i v e  to  th e  RT s tim u lu s . S u rface  EMG was used to  m onitor 
th e  a c t i v i t y  o f th e  fo llo w in g  m uscles o f th e  r ig h t  s id e :  s o le u s , 
g a s tro c re m iu s , b icep s  fe m o ris , and b ic ep s  b r a c h i i .  Ten t r a i l s  of 
each c o n d itio n  w ere analyzed  to  id e n t i f y  p a t te rn s  based on la te n c y  
and am p litude .

In  A, s u b je c ts  d isp la y ed  a d is ta l- to -p ro x im a l  APA p a t te r n ,  
w h ile  in  B PAPs were observed . The a d d i t io n a l  w eigh t in  C 
re s u l te d  i n  la r g e r  EMG b u r s ts  and s l i g h t ly  lo n g e r RTs. In  D, 
when th e  p e r tu rb a t io n  occu rred  p r io r  to  th e  o n se t o f th e  v o lu n ta ry  
re sp o n se , PAP was a b sen t w h ile  th e  APA response  rem ained in t a c t .  
When th e  p e r tu rb a t io n  occu rred  du rin g  th e  PAP, th e  APA was no t 
observed . When th e  p e r tu rb a t io n  occurred  a f t e r  th e  PAP, th e  APA 
occu rred  as in  A. T hus, i t  appeared th a t  when p e r tu rb a t io n s  
occu rred  e a r ly  enough in  an RT paradigm , s u b je c ts  were ab le  
to  r e ly  on th e  r e f l e x ly  i n i t i a t e d  response  to  s ta b l iz e  th e  body, 
e l im in a tin g  th e  e a r ly  low er limb a c t i v i t y .  However, th e  on se t 
o f th e  PAP seemed to  te m p o ra r ily  i n h i b i t  th e  APA.
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352.7 SKILL-RELATED DIFFERENCES IN NEUROMUSCULAR AND KINEMAT  IC POSTURAL 
ADJUST MENT S DURING A BALLET SKILL (GRAND BATTEMENT DEVANT) . M. K. 
Cook* and L.D, Abraham (SPON: W. C. Abraham). D ept. of P h y s ic a l and 
H ealth  E ducation , Univ. o f Texas a t  A u stin , A u stin , TX 78712.

S tu d ie s  of p o s tu r a l  ad ju stm en t p a t te rn s  (PAP) in  humans have 
ty p i c a l ly  focused  on upper limb movements w ith  p o s tu r a l  m uscles 
s tu d ie d  in  th e  low er lim bs and back (B o u isse t & Z a t ta ra ,  N eurosc. 
L t r s . , 22: 263–270, 1981). In  t h i s  s tu d y , two groups were compared 
to  determ ine  th e  e f f e c t s  o f s k i l l  le v e l  on EMG and k inem atic  
p aram ete rs  o f PAPs fo r  a f r e e - s ta n d in g  forw ard le g  swing from 
b a l l e t .  S upporting  le g  EMG p a t te rn s  o f b icep s  fem oris  (BF), 
r e c tu s  fem oris  (RF), t i b i a l i s  a n t e r io r  (TA) and gastrocnem ius (GAS) 
were reco rded  from s ix  s k i l l e d  (S) and s ix  u n s k ille d  (U) s u b je c ts .  
L a ten c ie s  and s tan d a rd  d e v ia tio n s  (SD) o f la te n c ie s  o f pre-movement 
s i l e n t  p e r io d s  and th e  f i r s t  two b u rs ts  of EMG were compared 
between g roups. High speed film  re c o rd s  (48 fp s ) of a l l  s u b je c ts  
were ana lyzed  fo r  tim ing  o f th e  e le v a t io n  im pulse o f th e  r a is e d  
le g ,  h o r iz o n ta l  d isp lacem en t o f th e  c e n te r  o f g ra v i ty  (CG), tim e 
to  g r e a t e s t  backward le a n  of th e  su p p o rtin g  le g ,  and maximum 
an g u la r a c c e le r a t io n  o f th e  r a i s e d  le g  (AA). K inem atic d a ta  were 
tim e norm alized  over th e  d u ra t io n  of th e  le g  l i f t .

EMG la te n c i e s  and k inem atic  v a r ia b le s  were ana lyzed  w ith  
two-way ANOVA and SD sc o re s  w ith   t - t e s t s .  For a l l  k inem atic  and 
most EMG m easures, no d if f e re n c e s  were found between groups 
(p > 0 .0 5 ) .  D iffe re n c e s  were found between groups in  th e  
o ccu rren ce  o f pre-movement EMG s i l e n t  p e r io d s  (Abraham & Cook, 
Biomech. X, in  p r e s s ) , in  th e  mean la te n c y  o f th e  second TA b u rs t  
(S = 212 m sec; U = 113 msec) and in  th e  mean c o n s is te n c y  (SD) of 
th e  second GAS b u rs t  (S = 197 msec; U = 105 m sec).

The r e l a t i v e  c o n s is te n c y  between groups in  EMG p a t te rn s  
su ggested  th a t  th e  tim ing  o f th e  e le v a t io n  im pulse and th e  AA of 
th e  r a i s e d  le g  determ ined  th e  o v e ra l l  PAP re q u ire d  to  m a in ta in  
s ta t io n a r y  b a lan ce  a s  th e  w eight was s h i f te d  from two f e e t  to  one 
fo o t .  V a r ia b i l i ty  in  th e  tim ing  of th e  second b u r s ts  o f TA and 
GAS between groups suggested  th a t  S and U b a l l e t  s tu d e n ts  may have 
used d i f f e r e n t  s t r a t e g i e s  fo r  co u n te rb a la n c in g  th e  to rq u e  c re a te d  
by th e  le g  swing. When th e  CG was allow ed to  s h i f t  forw ard 
i n i t i a l l y ,  c o u n te ra c t iv e  fo rc e s  a t  th e  an k le  j o i n t  were n ec essa ry  
l a t e r  in  th e  le g  swing (S s t r a t e g y ) .  However, th e  average  tim ing  
o f th e  second TA and GAS b u r s ts  o f th e  U group occu rred  about th e  
same tim e a s  th e  maximum AA of th e  r a is e d  le g  (peak o f e le v a tio n  
im p u lse ). Thus, w h ile  th e  U group appeared  to  have been re a c t in g  
to  th e  d is tu rb a n c e  c re a te d  by th e  le g  swing, th e  S group was 
c o n t ro l l in g  b a lan ce  le s s  r e a c t iv e ly .
(Supported  in  p a r t  by a G raduate S tuden t R esearch G rant from The 
Univ. of T exas .)

352.8 INFLUENCE OF INITIAL STANCE POSITION ON HUMAN POSTURAL 
RESPONSES. S.P. .Moore*, F.B Horak, and L.M. Nashner 
Neurological Sciences In s t i tu te , Good Samaritan Hospital and" 
Medical Center, Portland, Oregon 97209

Previously, we reported that latencies and amplitudes of 
automatic postural muscle responses to surface perturbations 
could be influenced by expectation of perturbation direction. 
However, i t  was also noted that subjects appeared to change 
their in itia l  stance position when the perturbation was 
expected. To determine whether changes in in itia l stance 
position could account for expectation e ffec ts , we studied the 
influence of in itia l  stance position on automatic postural 
muscle responses.

Subjects were exposed to 50 forward and 50 backward 
horizontal support surface translations (6 cm, 240 ms) which 
were randomly presented in blocks of 10 t r ia ls .  For each block, 
subjects assumed one of 5 in itia l stance positions, each which 
involved leaning about the ankles: normal, maximum forward, half 
maximum forward, maximum backward and half maximum backward. 
Stance position was monitored using a linear potentiometer 
attached via a lig h t rig id  rod to a b e lt around the subjects' 
hips. Prior to each t r ia l ,  subjects leaned to instructed 
positions using visual feedback provided from an oscilloscope 
which displayed the potentiometer signal. Surface EMG activ ity  
of 6 leg and trunk muscles, forces exerted by each foot on the 
surface and anteroposterior (AP) sway of the body center of mass 
were collected for a ll t r ia l s.

Postural responses for subjects in the normal and half-lean 
positions had very similar EMG onset latencies, patterns and 
ac tiv ity  levels. Also, l i t t l e  change in muscle ac tiv ity  was 
seen when subjects leaned maximally in the direction opposite 
of the perturbation-induced AP sway.

Subjects changed their postural s trateg ies when perturbed 
while leaning near their forward or backward boundaries of 
s ta b ility . When th is maximal leaning was in the same direction 
as the perturbation-induced AP sway, subjects changed from using 
ankle torque to exerting both horizontal shear force and ankle 
torque to move the body center of mass. This was associated 
with reduced and delayed activation of the stretched d istal 
muscle and with an e a rlie r  onset and increased activation of 
proximal muscles.
Therefore, al though in it ia l  stance position may change postural 

muscle activation patterns, these changes are not consistent 
with local stretch-induced effec ts. Furthermore, changes in 
in i t ia l  stance position cannot explain expectation-related 
changes in postural muscle response latencies and amplitudes. 
(Supported by NIH grants NS12661 and NS06926).

352.9 CONTRIBUTION OF THE VESTIBULOSPINAL SYSTEM TO DEVELOPMENT OF 
POSTURAL COORDINATION,. A. Shumway-Cook, F.B. Horak and F.O. 
Black, Neurological Sciences In s titu te , Good Samaritan Hospital  
and Medical Center, Portland, Oregon 97209.

An in tac t vestibular system has been considered c ritic a l to 
development of normal coordination of posture and movement. 
This study investigated the effects of vestibular d efic its  on 
postural muscl e'response patterns and motor sk ill proficiency in 
chi l dren.

Tests of vestibular function and postural motor coordination 
were correlated in 95 children ages 8–12 : 52 norma l  30 hearing 
impaired and 15 learning disabled (LD). Vestibular function 
de fic its  were assessed by testing the vestibul o-ocul ar reflex 
and 2) vestibulospinal function (changes in amount of body sway 
when vision and somatosensory inputs are a lte red ). Based on 
these resu lts , children were classified  as having 1) normal ,  2) 
reduced or absent (4 normal and 20 hearing impaired), or 3) 
d istorted  vestibular/sensory organization d efic its  (15 LD and 3 
hearing-impaired). Postural motor coordination was tested by 
examining body kinematics and the la tencies , patterns and 
integrated areas of surface EMG activ ity  in six trunk and leg 
muscles in response to platform translations while the children 
stood on e ither a normal surface or across a 9 cm wide beam. 
Motor performance (b ila te ra l coordination, strength, speed and 
balance) were measured using the Bruininks-Oseretsky Test.

Postural motor coordination (EMG latencies , amplitudes, and 
patterns) in response to postural perturbations while standing 
on the normal surface were normal in all children regardless of 
vestibular d e f ic it. Normal movement stra teg ies on the narrow 
beam however, were found only in children With normal vestibulo
spinal function, regardless of vestibul o-ocul ar function. 
Children with absent or reduced vestibular function had absent 
or reduced amplitudes of postural EMG responses to 
perturbations while standing on the beam but normal latencies 
and patterns. In contrast, children with d istorted  vestibular 
function had abnormal temporal and spatial components of EMG 
responses to perturbations while standing on the beam, even with 
practice. Motor proficiency, other than balance scores, were 
normal in children with reduced or absent vestibular function, 
whereas a ll aspects of motor proficiency were below the 8th 
percentile in children with distorted vestibular function.

Results suggest that reduced or absent vestibulospinal 
function may reduce or eliminate the motor strateg ies necessary 
for balancing on a beam without affecting the coordination of 
muscle action within available s trateg ies or other aspects of 
motor proficiency. In contrast, distorted and/or central sensory 
organization d efic its  may a ffe c t postural coordination and motor 
proficiency. Supported by NIHR, MRF, and NIH 19222, 133FH30086.

352.10 A MECHANICAL MODEL FOR THE PREDICTION OF UPRIGHT BALANCE 
STRATEGIES IN HUMANS. J.F.Y ang, D.A.Winter, R.P.Wells* Dept . of 
K ines io logy,  U n iv e r s i t y  o f  Water loo, Waterloo, O n ta r io ,  Canada,
N2L 3G1

Upright s ta n d in g  and walking balance  has been s tu d ie d  by many 
from a n eu ro lo g ica l  and feedback co n t ro l  p e r s p e c t iv e .  Balance is 
a mechanical t a s k ,  governed l a r g e ly  by th e  laws o f  dynamics, hence 
mechanical an a ly ses  could shed l i g h t  on movement s t r a t e g i e s  to  
meet th e se  mechanical demands. Mechanical l y f e a s i b l e  compensating 
s t r a t e g i e s  to  an ex t e rn a l  d is tu r b a n c e  were s tu d ie d  using a s im ula
t i o n  model  A p la n a r  l i nk segment model c o n s i s t i n g  o f  f e e t ,  le g s ,  
th ig h s  and a t ru n k  was simulated  on a d i g i t a l  computer. Ligaments 
were simula te d  as  n o n - l i n e a r  to r s io n a l  s p r in g s  and dampers which 
were a c t i v a t e d  a t  the  extremes o f  j o i n t  range.  Inputs  to  the  model 
were id e a l i zed  j o i n t  to rques  a t  th e  h ip s ,  knees and an k les .  
Outputs were th e  body segment k inem at ics . Mechanical d i s tu rb a n c e s  
to  the  f e e t  and t runk  were s im u la ted ,  and a l l  mechan ical ly p o s s i 
b le  compensating s t r a t e g i e s  were i d e n t i f i e d  by an i t e r a t i v e  
p rocedure .  Each j o i n t  to rque  could take  on any v a lu e between + 140 
to  – 140 N.m. Al l  p o s s i b l e  to rque  combinat ions  were i t e r a t e d  in 
10 N.m s t e p s .  Balance was cons id ered  to  have been s u c c e s s f u l l y  
main ta ined  i f  a l l segments were w i th in  5 deg rees  o f  the  u n p er tu rb 
ed p o s i t i o n  a f t e r  100 ms. Only very  s p e c i f i c  combinat ions of  j o i n t  
to rques  were su ccess fu l  in m a in ta in in g  ba lance .  A s o lu t i o n  space 
( i . e .  su ccess fu l  combinat ions o f / j o i n t  to rques)  was mapped ou t fo r  
each d i s tu r b a n c e .  The s o l u t i on /space  was dependent on th e  d i r e c 
t i o n  and the  lo c a t io n  o f  th p / a i s tu r b a n c e  a p p l i c a t i o n ,  and on the  
i n i t i a l  c o n d i t i o n s .  The so l u t io n  space f o r  d i s tu r b a n c e s  to  the  
f e e t  could  be compared q ua l i t a t i v e l y with EMG experimenta l r e s u l t s  
(Nashner e t  a l . ,  Exp Brain Res, 36:463, 1979). The model p red ic ted  
t h a t  th e  s t r a t e g i e s  r ep o r ted  by o th e r s  a r e  p o s s ib le  s o l u t i o n s ,  but 
o th e r  mechanic a lly  f e a s i b l e  s o lu t i o n s  e x i s t .  The f e a s i b l e  s o lu 
t i o n s  formed a continuum, not d i s c r e t e  a r e a s .  The model p re d i c te d  
t h a t  a l though each j o i n t  to rque  could ta ke  on a wide range of  
va lu e s ,  the  r e l a t i o n s h i p  between each o f  th e  j o i n t  to rques  must 
remain f ix ed  to  be s u c c e s s f u l .  This f ixed  r e l a t i o n s h i p  was appro
x im ate ly  2:1 fo r  th e  an k le :k n ee ,  and 1.5:1 fo r  the  h ip :knee . 
These r e l a t i o n s h i p s  remained in v a r i a n t  fo r  d i f f e r e n t  d i s tu r b a n c e s .  
In summary, the  experimen tal  r e s u l t s  a r e  in accordance  with  th e  
model p r e d i c t i o n s ,  and th e  model was ab l e  to  sugges t o th e r  
f e a s i b l e  movement s t r a t e g i e s .
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352.11 POSTURAL ADJUSTMENT FOR INTERLIMB COORDINATION IN MAN DURING ARM 
LOCOMOTION. K. Nakaj i ma* and A.M. Sherwood. D ept. o f  
C l in ic a l  N europhysio logy, The I n s t i t u t e  f o r  R e h a b i l i ta t io n  and 
R esearch  and th e  D ep t. o f  R e h a b i l i ta t io n ,  B aylor C o llege o f  Medi
c in e , H ouston, TX 77030

We examined th e  c o o rd in a tio n  o f  m uscle a c t i v i t y  o f  th e  arms 
and and le g s  when h e a lth y  s u b je c ts  w alked on t h e i r  arms w hile  
b o th  le g s  were suspended h o r iz o n ta l ly  b eh ind  them. We analyzed  
th e  ev e n ts  d u rin g  i n i t i a t i o n  and d u rin g  s t a b i l i z e d  arm locom otion 
from re c o rd in g s  o f fo rc e  p la te  and e lec tro m y o g rap h ic  d a ta .

On i n i t i a t i o n  o f  arm w alk ing , we observed  an a n t ic ip a to ry  
p o s tu r a l  ad ju stm en t which c o n s is te d  o f  a c t iv a t io n  o f  th e  
i p s i l a t e r a l  t r i c e p s  b r a c h i i  and q u ad ric e p s , and th e  c o n t r a la t e r a l  
t r i c e p s  b r a c h i i  and ham strin g  b e fo re  a b u r s t  o f  a c t i v i t y  in  the  
i p s i l a t e r a l  b ic e p s  b r a c h i i  o f  arm swing. T his a n t ic ip a to r y  
a c t i v i t y  p ro v id e s  a d ia g o n a l su p p o rt p a t t e r n ,  i . e . ,  th e  i p s i l a t e 
r a l  q u ad ricep s  and c o n t r a l a t e r a l  t r i c e p s  b r a c h i i  m uscle a c t iv i ty  
m a in ta in  th e  p o s tu re , in  e s s e n t i a l l y  th e  same a c t i v i t y  p a t te r n  as 
th e  subsequen t arm locom otion . We c o n s is te n t ly  observed  th i s  
d ia g o n a l p a t t e r n  in  a l l  s u b je c ts  w ith o u t ex c e p tio n .

The fo rc e  p la tfo rm  d a ta  showed th a t  th e  c e n t r a l  command fo r  
i n i t i a t i o n  o f  arm locom otion  produced an i n i t i a l  s h i f t  o f  the  
c e n te r  o f  g ra v i ty  tow ard th e  s id e  o f  th e  swing phase movement, 
p r io r  to  th e  r e a d i ly  ap p a re n t s h i f t  c o n t r a la t e r a l l y . The 
a n t ic ip a to r y  m uscle a c t i v i t y  co in c id e d  w ith  th i s  i n i t i a l  s h i f t  of 
th e  c e n te r  o f  g r a v i ty .  Both th e  a n t ic ip a to r y  a c t i v i t y  on 
i n i t i a t i o n ,  and th e  d ia g o n a l su p p o rt p a t t e r n  d u rin g  arm w alking 
were su p p ressed  w ith  body su p p o rt.

We th e r e fo r e  assumed th a t  t h i s  p ro p e r ty  o f  a n t ic ip a to r y  
a c t i v i t y  i s  e s s e n t i a l l y  i d e n t ic a l  to  th e  p o s tu r a l  ad ju stm en t 
w hich i s  observed in  le g  m uscles when man asked  r a i s e  an arm in  
s ta n d in g  p o s i t io n  (Belenky e t  a l . ,  B io f iz ic a ,  12 :135–141, 1967). 
We f u r th e r  assumed th a t  th e  p o s tu r a l  ad ju stm en t in  locom otion is  
c e n t r a l l y  programmed and i s  u t i l i z e d  on th e  i n i t i a t i o n  o f 
locom otion , and th a t  subsequen t com pensatory and a n t ic ip a to ry  
movements o cc u rre d  a t  th e  s p in a l  o r m edu lla ry  l e v e l .

352.12 BIOMECHANICAL ANALYSIS OF STANDING POSTURE WITH RAPID ARM 
MOVEMENTS. L.G. Cohen*, W. Friedli*, M. Halle tt, S. Stanhope* and S.R. 
Simon*. Sec. of Human Motor Control, Medical Neurology Branch, IRP, 
NINCDS, NIH, Bethesda, MD 20892.

In a previous presentation we showed some biomechanical correlations of 
postural muscle activity (Friedli e t al. Soc. Neurosci. Abst. 9; 66, 1983). We 
have now performed further studies and theoretical analyses. The execution 
of a symmetric arm movement generates two main postural problems: 
maintain the center of gravity of the body over the base of support and 
maintain the body parts in relation to each other. The purpose of this study 
is to better understand the nature of these problems as well as the 
mechanisms used for their solutions. We addressed the first problem by 
studying the internal and external translational forces which act within and 
on the body and the second by utilizing a theoretical model to evaluate the 
magnitude and direction of joint reaction torques.

Normal human volunteers standing on a force plate made bilaterally 
symmetric fast elbow movements (flexion from 180 to 90 and 90 to 0 
degrees; extension from 0 to 90 and 90 to 180 degrees). Vertical and 
anterior-posterior translational external forces as well as center-of-foot- 
pressure location measurements were derived from the force plate. Internal 
translational forces acting on individual body segments were estimated using 
inverse dynamics calculations. Body motions were obtained using a VICON 
motion analysis system.

For mechanical reasons stability in the anterior-posterior direction is 
more volatile than in the vertical direction. The analysis of the external 
vertical forces indicates that changes in the magnitude of these forces 
during arm flexion are directly related to the vertical acceleration of the 
forearm. The rest of the body contributes little to these dynamic changes. 
The analysis of anterior-posterior forces reveals an external force which is 
the sum of the anterior-posterior forces produced by the rapid elbow flexion 
and compensatory reaction accelerations of the various body parts. Hence, 
the body does indeed compensate in the theoretically more destabilizing 
direction. Despite significant joint reaction torques, movements of the body 
parts with respect to each other are only minimal. The muscular forces 
which are represented by the EMG activity in postural muscles (Friedli e t al. 
3. Neurol. Neurosurg. Psychiat. 47; 611, 1984) are appropriate; for 
minimizing the effects of joint reaction torques while allowing for necessary 
compensatory body movements to occur.

The postural activity which the body exhibits involves the simultaneous 
successful solution of both types of postural problems.

This work was su ppo rted  by th e  V iv ian  L. Smith F oundation  fo r  
R e s to ra tiv e  N eurology, Houston, TX

352.13 ALTERED WEIGHT BEARING IN A PATIENT WITH HVPERREETEXIA: EFFECTS 
ON CENTER OF PRESSURE AND TENDON JERK REFLEX RESPONSES. LNosse*. 
TJ Myers. JFC usick*. EM M vklebust, Prog. Phys. T h e r ., M arquette 
U n iv ., Depts. o f  Neurosurg. & Neurol . , Med. Col l , o f  W is., 
Sensory-Motor Performance l a b . , Zablocki VAMC, Milwaukee, WI, 
53295.

Randolph has suggested th a t  a  means o f  modulating p o s tu ra l 
abno rm alities  in  p a tie n ts  w ith  h y p e rre flex ia  i s  to  s h i f t  
w eightbearing o f f  th e  a n te r io r  p a r t  o f  th e  fo o t (1) .  This 
technique was evaluated  in  a  p a t ie n t  w ith  c e reb ra l p a lsy  and 
c e rv ic a l  spondylo tic  myelopathy w ith  hyperref l ex ia  and to e  
clawing. A p a i r  o f  "heel-support shoes" was fa b ric a te d  to  l im it  
w eight bearing  to  th e  calcaneous.

The p a t ie n t  was te s te d  be fo re  and a f t e r  wearing th e  h e e l-  
support shoes fo r  30 min w hile  s tand ing . For each t e s t  cond ition ,
20 A ch ille s  tendon ta p s  were manually app lied  w ith  a  re f le x  
hammer, and su rface  EMGs were recorded from so leus  (SOL) and 
t i b i a l i s  a n te r io r  (TA) muscles (2). P o s tu ra l s tead in e ss  was 
a ssessed  during  s tand ing  on a  t r ia n g u la r  fo rce  p la tfo rm . The 
p la tfo rm  measured th e  c e n te r  o f  p re ssu re  (the  v e r t i c a l  p ro je c tio n  
o f  th e  c en te r  o f  g rav ity ) a s  w ell a s  th e  sim ultaneous sep a ra te  
v e r t i c a l  fo rces  under th e  f e e t .

SOL re f le x  responses to  A ch ille s  tendon ta p s  were unremarkable 
and unchanged by wearing th e  shoes. Abnormal TA responses were 
evoked by A ch ille s  tendon ta p s  b efo re  wearing th e  shoes. For 100 
ms follow ing th e  ta p , TA EMG was randomly evoked a t  o nset 
la te n c ie s  which d id  n o t correspond to  th e  SOL EM3. The TA 
am plitude was 4 tim es la rg e r  than  SOL. A fte r  wearing th e  shoes, 15 
tendon ta p s  evoked no TA EMG. Random TA b u rs ts  were only recorded 
from 5 ta p s  when th e  SOL response was weak. The TA am plitudes were 
reduced 75%.

When stand ing  b a re fo o t, th e  amount o f  fo r e - a f t  sway was more 
th an  3 tim es th e  m e d ia l- la te ra l sway. The prim ary e f f e c t  o f  th e  
shoes was t o  s h i f t  th e  c en te r  o f  p ressu re  p o s te r io r ly .  The shoes 
a ls o  increased  th e  m e d ia l- la te ra l  sway and th e  frequency o f  sway.

P o ssib le  mechanisms fo r  th e  sh o rt-te rm  change in  th e  TA EMG 
a c t iv i ty  and i t s  re la tio n s h ip  t o  p o s te r io r  s h i f t  o f th e  c en te r  o f 
p re ssu re  include muscle fa tig u e  and modulation o f  segmental and 
suprasegm ental e x c i ta b i l i ty  le v e ls .

This work was supported in  p a r t  by VA Medical R esearch M erit 
Review 1655–03P.
(1) HeningerMC, Randolph SL: Neurophysio logical  C o n cep t in  Human 
Behavior . S t. Louis, Mosby, 1981, p  127–9.
(2) Myklebust EM, G o ttlieb  GL, Agarwal  GC: S tre tc h  re f le x e s  in  
th e  normal human in fa n t.  Dev Med C hild Neurol ( in  p r e s s ) .

352.14 SOME VISUAL INFLUENCES ON HUMAN POSTURAL EQUILIBRIUM: 
BINOCULAR AND MONOCULAR FIXATION. Charles R. Fox. Visual 
Science Lab., Columbia Univ., New York, N.Y. 10027.

The Importance of vision to postural equilibrium has long been 
known in both clinical and non-clinical populations. A highly 
structured, stationary visual field attenuates sway relative to 
sway while the eyes are closed. If the field is moving, the 
observer is destabilized in a manner related to the visual motion. 
Traditionally, this visual control of posture has been analyzed in 
terms of optical and/or retinal phenomena. There has however, 
been some suggestion that binocular and monocular fixation of 
identical field conditions has different effects. The current 
research systematically examines this differential effect during 
quiet standing.

Three experiments were conducted which measured movement 
of the body's center-of-gravity while varying field structure, 
ankle proprioception, and fixation. Field structure was varied from 
total darkness, to single and multiple LEDs in the dark, to full 
field structure. These structures provided visual feedback about 
body sway through self-generated visual field motion. Ankle 
proprioception was manipulated by using either a standard or 
tandem Romberg posture. Fixation was manipulated by having the 
observer fixate a target within the structured fields or a 
remembered target in a totally dark field with both eyes, or with 
only the non-dominant eye.

The results indicate that 1) Ankle joint input is an important 
factor, 2) binocular fixation attenuates sway relative to 
monocular fixation of identical targets under identical field 
conditions, 3) this difference also exists in totally dark fields. 
Taken together, the data indicate that the visual influence on 
postural equilibrium results from a complex synergy which 
modulates postural reflexes. A simple optical/retinal explanation 
is not sufficient.
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353.1 ENCODING OF MOVEMENT PARAMETERS BY RUBROMOTONEURONAL CELLS.
P.D . Cheney and K.H. Mewes*. D epartm ent o f  P hy sio lo g y , U niver
s i t y  o f Kansas M edical C e n te r , Kansas C ity ,  KS 66103.

In  p rev io u s  w ork, we id e n t i f i e d  co rticom o toneu rona l (CM) c e l l s  
in  awake rhesus-m onkeys by th e i r  p o s ts p ik e  f a c i l i t a t i o n  (PSF) in  
s p ik e - t r ig g e re d  ave rages  o f r e c t i f i e d  emg a c t iv i t y  (F etz  and 
Cheney, J .  N europhysiol . 44:751, 1980). Another ma jo r  descend ing  
system  th a t  s h a re s  th e  same ta r g e t  m uscles as th e  CM system  i s  th e  
rubrom otoneuronal (RM) system . In  th i s  s tu d y , we id e n t i f i e d  RM 
c e l l s  us ing  s p ik e - t r ig g e re d  ave rag ing  o f r e c t i f i e d  emg a c t iv i t y  
and in v e s t ig a te d  th e  fu n c t io n a l  p ro p e r t ie s  o f th e se  c e l l s  under 
c o n d itio n s  s im i la r  to  th o se  p re v io u s ly  used fo r  CM c e l l s .  In  
re c o rd in g s  from 120 red  nucleus  c e l l s ,  we id e n t i f i e d  21 RM c e l l s ,  
20 o f which were t e s te d  under a l t e r n a t in g  ram p-and-hold w r is t  
movements a g a in s t  d i f f e r e n t  s p r in g - l ik e  lo ad s  (auxo ton ic  cond i
tio n s )  . The p a t te r n s  o f  RM c e l l  m odulation  d u ring  ram p-and-hold 
a u x o to n ic  w r is t  movements f e l l  in to  4 c a te g o r ie s :  1) p h a s ic - to n ic  
(9 c e l l s ) ,  2) p h as ic  on ly  (7 c e l l s ) ,  3) to n ic  on ly  (1 c e l l  under 
bo th  au x o to n ic  and is o m e tr ic  c o n d i t io n s ) ,  4) unmodulated (3 
c e l l s )  . Mean dep th  o f m odulation  was 73 Hz (range 27– 115 Hz) over 
background f i r i n g  r a t e ;  o n ly  4 c e l l s  showed m odulation  o f  le s s  
th a n  50 Hz. Of th e  17 m odulated c e l l s ,  15 f a c i l i t a t e d  e x ten so r 
m uscles and were p r e f e r e n t i a l l y  r e l a te d  to  e x te n s io n . Only 2 
c e l l s  f a c i l i t a t e d  f le x o r s ;  both were r e l a te d  to  w r is t  f le x io n .  
The o n se t o f RM c e l l  a c t i v i t y  ranged from 220 ms p reced ing  t a r g e t  
m uscle emg o n se t to  100 ms fo llo w in g  i t .  Only 3 c e l l s  had o n s e ts  
c o in c id e n t w ith  or fo llo w in g  t a r g e t  m uscle emg o n s e t .  The 
r e l a t i o n s h ip  between to n ic  f i r i n g  r a t e  and s t a t i c  to rq u e  measured 
d u rin g  th e  ho ld  phase o f  th e  ta sk  was examined fo r  15 RM c e l l s  
over a 4 fo ld  o r g re a te r  range o f  to rq u e s . Of th e s e ,  9 showed a 
c o n s is te n t  p o s i t iv e  r e l a t i o n  fo r  th e  a g o n is t d i r e c t i o n  o f move
m ent. However, th e  mean r a te - to rq u e  s lo p e  was abou t h a l f  th e  
s lo p e  fo r  CM c e l l s .  The p o s s i b i l i t y  th a t  th e  p h a s ic  d isch a rg e  
m ight encode th e  r a t e  o f  change o f to rq u e  (dT /dt) o r v e lo c i ty  was 
examined fo r  12 RM c e l l s  w ith  p h a s ic  components o f d is c h a rg e . 
Both peak and mean p h as ic  d isc h a rg e  were p lo t te d  a f t e r  f i r s t  
s u b tr a c t in g  th e  s t a t i c  d isc h a rg e  a s s o c ia te d  w ith  th e  ho ld  phase • 
o f th e  ta s k .  S ix  c e l l s  were n o t c o n s is te n t ly  r e l a te d  to  e i th e r  
d T /d t or v e lo c i ty .  The o th e r  6 c e l l s  showed a c o n s is te n t  r e l a t i o n  
to  both v e lo c i ty  and dT/ d t  under au xo ton ic  c o n d i tio n s . However, 
fo r  4 c e l l s  th e  r e l a t i o n  to  v e lo c i ty  was b e t t e r .  The p h a s ic  
component o f two o f th e se  c e l l s  was ab se n t o r g r e a t ly  reduced 
under is o m e tr ic  c o n d i t io n s ,  con firm ing  i t s  dependence on 
v e lo c i ty .  We conclude th a t  th e  s t a t i c  d isch a rg e  o f some RM c e l l s  
encodes s t a t i c  to rq u e  w hereas th e  p h a s ic  d isch a rg e  encodes e i th e r  
v e lo c i ty  or dT/ d t .  Supported  by NSF g ra n t BNS–8216608.

353.2 CHARACTERISTICS OF RUBROMOTONEURONAL POSTSPIKE EFFECTS IN EMG 
ACTIVITY OF WRIST AND HAND MUSCLES IN THE BEHAVING MONKEY. K.H. 
Mewes* and P .D . Cheney (SPON: Marsha E. M e ln ick ). Departm ent of 
P hysio lo g y , U n iv e rs ity  o f Kansas M edical C e n te r , Kansas C ity ,  KS 
66103.

The motor o u tp u t e f f e c t s  o f one hundred tw enty red  nucleus 
c e l l s  were te s te d  on s ix  ex ten so r and s ix  f le x o r  forearm  m uscles 
in  th e  awake rh esu s  monkey u sing  s p ik e - t r ig g e re d  ave rag ing  o f emg 
a c t iv i t y  (F etz  and Cheney, J .  N europhysiol . ,  44:751, 1980). 
Twenty-one c e l l s  produced p o s tsp ik e  f a c i l i t a t i o n  (PSF) o f a g o n is t 
m uscles in  s p ik e - t r ig g e re d  averages a t  la te n c ie s  c o n s is te n t  w ith  
a m onosynaptic in p u t to  th e i r  motoneuron p o o ls . They were th e re 
fo re  termed rubrom otoneuronal (RM) in  analogy to  th e  co rticom o to - 
neu ronal (CM) c e l l s  o f th e  motor c o r te x . Three c la s s e s  of RM 
c e l l s  were observed  correspond ing  to  p o s tsp ik e  e f f e c ts  in  
a n ta g o n is t  m uscles: 1 ) no e f f e c t  (pure f a c i l i t a t i o n  o f a g o n is t ,  
7 c e l l s ) ,  2) r e c ip ro c a l  su p p ressio n  o f a n ta g o n is t  (7 c e l l s )  and 
3) su g g e s tiv e  f a c i l i t a t i o n  and /o r su p p ressio n  (5 c e l l s ) . Two 
c e l l s  were n o t t e s te d  fo r  e f f e c t s  on a n ta g o n is ts .  Only two RM 
c e l l s  f a c i l i t a t e d  f le x o r  m uscles; 19 c e l l s  f a c i l i t a t e d  ex ten so rs  
su g g es tin g  a s tro n g  p re fe re n c e  o f RM c e l l s  toward c o n tro l l in g  
ex ten so r m uscles. The p o s ts p ik e  e f f e c t s  were fu r th e r  examined 
fo r  d i s t r i b u t io n  a c ro ss  m u sc les , o n se t la te n c y  and m agnitude w ith 
methods p re v io u s ly  ap p lie d  in  th e  s tu d y  o f CM c e l l s  (Kasser and 
Cheney, J .  N eu ro p h y sio l. 53:959, 1985). The mean number of 
m uscles f a c i l i t a t e d  by RM c e l l s  was 3.1 (21 c e l l s )  and th e  mean 
number su pp ressed  was 1 .5  (7 c e l l s ) .  These values c lo s e ly  match 
th o se  observed  w ith  CM c e l l s  which were 3 .0  m u s c le s /c e l l  fo r 
f a c i l i t a t i o n  and 1 .3  m u s c le s /c e l l  fo r su p p re ss io n . The fo llow ing  
ta b le  summarizes la te n c i e s  and m agnitudes o f PSF and PSS e f f e c t s  
in  com parison to  CM c e l l  d a ta .

RM c e l l CM C e ll
PSF o n se t la te n c y  (ms) 5 .2+1.2 6 .3 +1.6
PSS o n se t la te n c y  (ms) 8 .4+3 .6 9 .312 .3
PSF peak (% above b a s e l in e ) 5 .1 +1.9 7 .0 +6 .6
PSS peak (% below b a s e l in e ) 4 .5 +2.4 4 .1 +2.4

The o n se t l a te n c i e s  fo r both  PSF and PSS e f f e c ts  o f RM c e l l s  a re  
s h o r te r  than  th o se  o f CM c e l l s .  T h is can be exp la ined  by th e  
s h o r te r  conduc tion  p a th  fo r ru b ro s p in a l neurons. The magnitude 
o f  th e  rubrom otoneuronal PSF e f f e c t  i s  sm alle r su g g es tin g  weaker 
s y n a p tic  coup ling  o f RM c e l l s  w ith  th e i r  t a r g e t  m otoneurons. 
S upported by NSF g ra n t BNS–8216608.

353.3 TRANS-CRANIAL STIMULATION FOR EVOKING MOTOR ACTIVITY IN NORMAL MAN: 
AN EMG AND SINGLE MOTOR UNIT STUDY. B. Calancie, K.-E. Hagbarth* , 
M. Nordin* and E.U. Wallin*. Dept. of Clinical Neurophysiology, 
University Hospital, S-751 85 Uppsala, Sweden.

A recently-introduced device (Digitimer D180) for stimulating 
cortical regions through electrodes applied to the scalp has 
allowed us to study the organization of motor output to flexor and 
extensor muscles of the forearm in normal human subjects.

Electromyographic ac tiv ity  (EMG) was recorded with surface disc 
electrodes and intramuscular needle electrodes. The subject made an 
isometric w rist flexion or extension contraction appropriate to 
cause the rep e titiv e , rhythmic discharge of a single motor unit 
(SMU). Trans-cranial stimuli over the contralateral motor cortex 
were applied a t random in tervals of between 3 and 10 seconds for 
20 t r ia ls  a t a particu lar strength of stim ulation. The stimulus 
strength was then increased or decreased, and 20 stimuli were 
again applied. Records of motor unit discharge were obtained for 
stimulus strengths below what appeared to be the excitatory th res
hold, and then for successively stronger stim uli, until the ac tiv ity  
of the particu lar un it being studied could no longer be discrim i
nated from other unit a c tiv ity  during the early excitatory (E1) 
period. Surface EMG was averaged and integrated, and peri-stimulus 
time histograms of SMU discharge were computed. The mean intervals 
between successive discharges of a unit following stimulation were 
calculated, and compared to the mean background discharge rate .

Short-latency excitatory responses to trans-cranial stimulation 
could be e lic ited  in a ll subjects studied. Minimum latencies ranged 
from 12 to 14 msec, and were equal for flexor and extensor muscles. 
In a ll cases, a weak background contraction of e ith er the flexor or 
extensor muscle group fa c ilita te d  the evoked motor responses from 
those muscles, such that under appropriate conditions excitatory 
ac tiv ity  in only one group could be seen. However, such excitatory 
output to one muscle group was never accompanied by an inhibition 
of the antagonists.

At stimulus strengths sub-threshold for a short latency E1 res
ponse, tonic single motor unit discharge was often suppressed, a l 
though surface EMG showed l i t t l e  or no change. These findings 
suggest that an inhibitory e ffec t may accompany the early  excita
tory e ffec t of trans-cranial stim ulation, and that the threshold 
for the former effec t is  less than that for the la t te r .  Such an 
organization has important c lin ica l implications in the use of 
th is  stimulation technique for the analysis and in terpretation  of 
central conduction la tencies.

Supported by the Swedish Medical Research Council.

353.4 ACCELERATION PROFILES OF FAST VOLUNTARY MOVEMENTS. A.W. W iegner, 
M.M. W ierzbicka*. C l in ic a l  N europhysiology L a b ., M assachusetts  
G eneral H o sp ita l & H arvard M edical School, B oston, MA 02114.

F a s t g o a l -d ire c te d  v o lu n ta ry  movements a re  o f te n  a s s o c ia te d  
w ith  th re e  d i s t i n c t  b u rs ts  of EMG a c t iv i t y  (AGI,ANT,AG2) in  an
ta g o n is t i c  m uscles. T his study  examines r e la t io n s h ip s  among EMG 
and k inem atic  v a r ia b le s  and p ro v id es  expe rim en ta l ev idence  fo r  
p re d ic t io n s  made by a m athem atica l model o f a n ta g o n is t ic  m uscles 
a c t in g  a t  th e  elbow (W ierzbicka e t  a l . ,  Exp B rain  R es, in  p r e s s ) .  
S ince an g u la r a c c e le r a t io n  (ACC) i s  approx im ate ly  p ro p o r tio n a l to  
n e t to rq u e , a f t e r  c o r re c t in g  fo r  v i s c o - e l a s t i c  components, r e s u l t s  
could  be compared w ith  p r e d ic t io n s  of th e  model r e l a t i n g  in p u t 
to rq u e s  to  r e s u l t in g  k in em atic  v a r i a b le s ,  such a s : (1) to  
m inim ize movement tim e , d e c e le r a t iv e  to rq u e  must equa l o r exceed 
a c c e le r a t iv e  to rq u e ; (2) d e c e le r a t iv e  to rq u e  i s  p o s i t iv e ly  co r
r e l a te d  w ith  AG2 fo r  f a s t  movements m ain ta ined  a t  a t a r g e t .

Four normal s u b je c ts  perform ed elbow f le x io n s  a t  d isp lacem en ts  
from 5°  to  50° as ra p id ly  and a c c u ra te ly  as p o s s ib le " .  B iceps (AG) 
and t r i c e p s  (ANT) EMG were reco rded  w ith  su r fa c e  e le c tro d e s .  
V e lo c ity  and ACC were o b ta in ed  by d i f f e r e n t i a t i o n  of d isp lacem ent 
d a ta . ACC and d e c e le ra t io n  (DEC) phases were always found to  be 
h ig h ly  sym m etrica l, b o th  in  term s of peak v a lu e  and d u ra t io n , fo r  
f a s t  movements over d i f f e r e n t  d is ta n c e s .  AG1 was s tro n g ly  co r
r e l a te d  w ith  d isp la cem en t, peak v e lo c i ty ,  and peak ACC. In  two 
s u b je c ts ,  ANT was n o t s ig n i f i c a n t ly  c o r r e la te d  w ith  d isp lacem en t, 
peak v e lo c i ty ,  o r  peak DEC. This may r e f l e c t  d i f f i c u l t y  in  quan
t i t a t i v e l y  e s tim a tin g  DEC to rq u e  by means o f EMG. AG2 was co r
r e l a te d  w ith  d isp la cem en t, v e lo c i ty ,  and DEC. The d u ra t io n  of th e  
ACC and DEC p h ases , as w e ll as th e  d e lay  between tim e o f peak ACC 
and peak DEC, was e s s e n t i a l l y  co n s ta n t in  a l l  s u b je c ts  f o r  d is 
p lacem ents up to  30° , and fo r  one s u b je c t fo r  a l l  movements. As 
p re d ic te d  by th e  m odel, fo r  f le x io n s  w ith  c o n s ta n t d e la y , movement 
tim e (d e fin ed  from movement o n se t to  peak d isp lacem en t) was in v e r 
se ly  r e l a te d  to  DEC/ACC fo r  DEC/ACC r a t i o s  <1, and was asym pto tic  
f o r  DEC/ACC >1. That i s ,  movement tim e i s  minim ized by choosing 
DEC com parable to  o r g r e a te r  than  ACC.

The c o r r e la t io n s  among d isp la cem en t, v e lo c i ty ,  ACC, DEC, AG1, 
and AG2 in d ic a te  th a t  m agnitude s c a l in g  i s  th e  s tr a te g y  chosen by 
th e  c e n tr a l  nervous system  (CNS) fo r  f a s t  movements to  t a r g e ts  a t  
v a r io u s  d isp la cem en ts . The c o n s is te n t  low er l im i t  (approx im ate ly  
100 ms) on d u ra t io n  of ACC and DEC phases su g g es ts  th a t  th i s  may 
be a p h y s io lo g ic a l low er l im i t  r e f l e c t i n g  th e  minimum tim e fo r  ac
t i v a t i o n  and decay o f m uscle fo rc e ,  and th a t  th e  use o f b r ie f e r  
to rq u e  p r o f i l e s  as a means of f u r th e r  reducing  movement tim e i s  
n o t an o p tio n  a v a i la b le  to  th e  CNS. Thus, f a s t  movements a re  con
t r o l l e d  in  a q u a s i-o p tim a l way by keeping  th e  am plitude o f ACC 
and DEC approx im ate ly  e q u a l, and th e i r  d u ra t io n s  m inim al, m inim iz
ing  movement tim e .
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353.5 CHANGES IN FRACTIONATED SIMPLE REACTION TIME AS A FUNCTION OF 
DIFFERENT LEVELS OF COCONTRACTION AND INERTIA. J .G . Anson, 
F acu lty  o f P h y s ic a l E ducation  and The N euroscience C en tre , 
U n iv e rs ity  o f O tago, Dunedin, NEW ZEALAND.

C o co n trac tio n  o f th e  a g o n is t - a n ta g o n is t  s y n e rg is ts  p r io r  to  the 
i n i t i a t i o n  o f ra p id  elbow f le x io n  r e s u l te d  in  a re d u c t io n  in  
sim ple r e a c t io n  tim e (SRT) w hich was con fined  to  th e  prem otor tim e 
(PMT) component (Anson, Soc. N eu rosci. A b s t r . , Vol . 10, P a r t  1, p. 
637, 1984). M inimal changes in  th e  motor tim e (MOT) component 
(tim e re q u ire d  fo r  a g o n is t  m uscle c o n tra c t io n  s u f f i c i e n t  to  
i n i t i a t e  movement) were observed . I t  was though t th a t  th e  
r e d u c t io n  in  PMT was due to  e le v a te d  le v e ls  of a c t i v i t y  in  the 
m otorneuron p oo ls  s p e c i f ic  to  th e  m uscles in v o lv ed .

To t e s t  th e  h y p o th e s is  th a t  PMT i s  dependent upon c e n tr a l  r a th e r  
than  p e r ip h e ra l  f a c t o r s ,  s u b je c ts  (n=3) took p a r t  in  an experim ent 
in v o lv in g  two le v e ls  o f c o c o n tra c t io n  (minimum and maximum) and 
two le v e ls  o f i n e r t i a  (norm al and w e ig h te d ) . The ta sk  re q u ire d  
ra p id  e x te n s io n  o f th e  index  f in g e r  in  response  to  an im p era tiv e  
a u d ito ry  s tim u lu s  which was p receded by a random ly v a r ie d  (500 -  
1500 msec) fo re p e r io d , i n i t i a t e d  by a v is u a l  w arning s ig n a l .  The 
i n e r t i a  of th e  index f in g e r  was a l t e r e d  by re q u ir in g  th e  s u b je c t 
to  wear a w eighted  (145 gram) s le e v e . SRT was measured by an 
in f r a re d  e m itt in g  d iode and m atching p h o to - t r a n s is to r .  E le c t ro 
myography (EMG) was used  to  m onito r m uscle a c t i v i t y  in  E x tensor 
I n d ic i s  and E x tensor D igitorum  and to  measure PMT.

SRT was s h o r te s t  in  th e  maximum co c o n trac tio n -n o rm a l i n e r t i a  
c o n d itio n  (M=160 msec) and lo n g e s t in  th e  minimal c o c o n tra c t io n -  
w eighted  i n e r t i a  co n d itio n  (M=187 m sec). PMT was a l t e r e d  (a  10% 
re d u c tio n )  by c o c o n tra c t io n  b u t n o t be I n e r t i a  when each was 
m an ipu la ted  In d ep en d e n tly . MOT was changed l i t t l e  by c o c o n tra c t io n  
b u t s u b s t a n t i a l l y  in c re a s e d  (22.3%) by i n e r t i a .  When maximum 
c o c o n tra c t io n  and g r e a te r  i n e r t i a  were combined, SRT in c re a se d  
s l i g h t ly  (2 .8% ), PMT d ec reased  (9.3%) and MOT in c re a s e d  (21.5%) 
co n s id e ra b ly . Thus in  th e  g r e a te r  i n e r t i a  c o n d itio n  maximum 
co c o n tra c t io n  r e s u l te d  In  PMT sav in g s  s im i la r  to  th o se  fo r  
c o c o n tra c t io n  a lo n e . Knowledge and p e rc e p tio n  of th e  added 
i n e r t i a  d id  n o t appear to  f a c i l i t a t e  re c ru i tm e n t o f a d d i t io n a l  
motor u n i t s  p r io r  to  s tim u lu s  o n s e t;  th e  added w eight d id  n o t 
seem to  perm it in c re a se d  le v e ls  o f p re p a ra to ry  c o c o n tra c t io n  which 
would have enab led  sim ple r e a c t io n  tim e to  be fu r th e r  reduced .

(Supported  by Otago R esearch  G rant # 1185)

353.6 CHANGES IN MOVEMENT-RELATED EMG ACTIVITY WITH AGING IN NORMAL 
HUMANS. J .D . Cooke, S.H. Brown, D.A. Cunningham* & J .D . Brown. 
D epts. of P hysio logy and C l in ic a l  N eu ro lo g ica l S c ie n ces , Univ. 
W estern O n ta rio , London, Canada.

A commonly observed change w ith  age i s  th a t  most movements a re  
made more s low ly . The e ld e r ly  human th u s  p re s e n ts  some o f the 
a sp e c ts  o f b ra d y k in e s ia  seen  in  p a t ie n t s  w ith  b a s a l g a n g lia  
l e s io n s .  P a t ie n ts  w ith  c e re b e l la r  le s io n s  a lso  perform  many move
ments slow ly  in  o rd e r to  overcome th e  d ysm etria  a s s o c ia te d  w ith  
ra p id  movement. I t  has been suggested  th a t  th e  c e re b e l la r  dysme
t r i a  i s  r e l a te d  to  in a p p ro p r ia te  tim ing  of p h as ic  muscle a c t iv a t io n  
du rin g  movement.

Experim ents were perform ed on normal humans aged 75 to  87. A ll 
s u b je c ts  liv e d  in d ependen tly  and would be c la s se d  as a c t iv e  fo r  
t h e i r  age . None had any known h is to ry  of n e u ro lo g ic a l d is e a se  o r 
le s io n .  S u b jec ts  perform ed v is u a l ly  gu ided , s te p - t r a c k in g  move
m ents abou t th e  r ig h t  elbow. Movements of d i f f e r e n t  am plitudes 
were made w ith  th e  su b je c t be ing  in s t ru c te d  to  make the  movements 
a t  a "com fo rtab le "  speed o r "as  f a s t  as p o s s ib le " .  A ngular p o s i
t io n  and v e lo c i ty  of th e  movements were reco rded  as w e ll as su rfa c e  
EMGs from th e  b ic ep s  and l a t e r a l  head of the  t r i c e p s .

Movement perform ance v a r ie d  from s u b je c t to  s u b je c t .  A ll sub
j e c t s ,  however, showed a tendency to  make movements more slow ly  
than  young s u b je c ts .  This was p a r t i c u l a r ly  ap p a ren t when s u b je c ts  
made la rg e  am plitude movements o r when they  were re q u ire d  to  move 
"as  f a s t  as p o s s ib le " .  Large am plitude o r f a s t  movements showed 
c o n s id e ra b le  d ysm etria  and a degree of movement decom position  was 
p re s e n t .  Movement a b n o rm a li tie s  were a s s o c ia te d  w ith  a b n o rm a litie s  
in  th e  a s s o c ia te d  EMG p a t te r n s .  The i n i t i a l  a g o n is t b u r s t  magni
tude and d u ra t io n  changed w ith  movement am plitude as seen in  young
e r  s u b je c ts .  However, th i s  i n i t i a l  b u r s t  was o f te n  fo llow ed by a 
more o r l e s s  to n ic  in c re a s e  in  a g o n is t a c t i v i t y  l a s t in g  th roughou t 
th e  movement. The tim ing  and d u ra t io n  of a n ta g o n is t  a c t i v i t y  was 
abnorm al. The a n ta g o n is t  b u r s t  could occur in a p p ro p r ia te ly  e a r ly  
an d /o r could  be abnorm ally  pro longed  to  l a s t  th roughou t th e  d e c e l
e r a t io n  phase o f th e  movement. P hasic  a n ta g o n is t  a c t i v i t y  could 
a ls o  occur n ea r th e  end o f movement.

I t  i s  suggested  th a t  the  prim ary  cause of "slow ing" w ith  age i s  
a lo s s  of th e  a b i l i t y  to  a p p ro p r ia te ly  c o n tro l th e  tim ing  and du ra
t io n  o f a n ta g o n is t  muscle a c t i v i t y  coupled w ith  d ecreased  c o n tro l 
over l a t e  p h as ic  a g o n is t a c t i v i t y .  As a consequence, th e  e ld e r ly  
human moves more slow ly  in  o rd e r  to  minim ize th e  d ysm etria  which 
would o th e rw ise  occur in  h is  movements.
(Supported  by th e  N a tu ra l S ciences and E ng ineering  Research Council 
o f Canada and th e  P h y s ic ia n s ' S e rv ic e s  In co rp o ra ted  o f O n ta r io ) .

353.7 FACTORS INFLUENCING AGONIST AND ANTAGONIST MUSCLE ACTIVITY DURING 
STATIC ISOMETRIC ELBOW FLEXION IN NOVICE SUBJECTS. W.A. Lee,
K.H. Lee*. P rog, in  P h y s ic a l T herapy, N orthw estern  Univ. and 
Rehab. I n s t ,  o f Chicago, Chicago, IL . 60611

The purpose of t h i s  s tudy  was to  examine how d i f f e r e n t  m echani
c a l  f a c to r s  in f lu e n c e  a g o n is t  (b ic e p s :B I)  and a n ta g o n is t  ( t r i c e p s ,  
long head : TRI) m uscle a c t i v i t y  d u rin g  s t a t i c  is o m e tr ic  elbow f le x 
io n s  perform ed by n o v ic e s . Based on p rev io u s  r e s e a rc h  and p i l o t  
d a ta ,  we chose to  e v a lu a te  th e  e f f e c t s  of sh o u ld er a n g le , fo rc e  
lo a d , and r a t e  of dynamic fo rc e  p ro d u c tio n  on s t a t i c  iso m e tr ic  BI 
and TRI EMG a c t i v i t y .

Nine h e a lth y  a d u l t  v o lu n te e r s  perform ed 4 b lo ck s  o f 50 t r i a l s ,  
 a t  two elbow f le x io n  fo rc e  le v e ls  (20 and 35% of maximum v o lu n ta ry  

c o n tra c t io n )  and two sh o u ld er f le x io n  an g le s  (60 and 90 d e g ) . 
Force ta r g e t s  were p re se n te d  as  s te p  changes in  a v is u a l  s ig n a l .  
S u b jec ts  were to ld  to  produce th e  ta r g e t  fo rc e  w ith  movement tim es 
of 1 .5 , 1 .0 , .7 5 , .5 0 , .25 sec and "as  f a s t  a s  p o s s ib le "  (6–7 
t r i a l s  p e r  sp e e d ) . Feedback abou t movement tim e was n o t g iv en . 
S u b je c ts ' w r i s t ,  fo rearm , tru n k  and sh o u ld er were s ta b i l i z e d ;  
elbow an g le  was f ix e d  a t  90 d e g re e s . S u rface  EMGs of BI and TRI 
were f i l t e r e d  and am p lif ie d  p r io r  to  re c o rd in g , a long  w ith  fo rc e . 
R ecordings were a ls o  made of maximal v o lu n ta ry  c o n tra c t io n s  ( fo r  
n o rm a liz a tio n  o f EMG re c o rd s )  and ra p id  re c ip ro c a l  is o m e tr ic  
f le x io n s  and e x te n s io n s  (used  to  e s tim a te  TRI to  BI c r o s s ta lk  
r a t i o s ) .  EMGs were r e c t i f i e d  p r io r  to  o b ta in in g  mean norm alized  
r e c t i f i e d  v a lu e s  a t  b a s e l in e  and in  3 s e q u e n t ia l  500ms in t e r v a l s  
du rin g  th e  s t a t i c  is o m e tr ic  p e r io d . Time to  peak fo rc e  and 
average  r a t e  of fo rc e  p ro d u c tio n  were a ls o  o b ta in e d . A ll d a ta  
were taken  from in d iv id u a l t r i a l s .

Seven s u b je c ts  had TRI/BI r a t i o s  d u rin g  th e  s t a t i c  iso m e tr ic  
phase which were s ig n i f i c a n t ly  h ig h e r  than  c r o s s ta lk  r a t i o s ,  show
ing  th a t  TRI was s ig n i f i c a n t ly  a c t iv e  d u rin g  th e  s t a t i c  phase. 
N e ith e r load  nor sh o u ld er an g le  s y s te m a tic a l ly  in f lu e n c e d  co-con
t r a c t i o n  r a t i o s .  TRI/BI r a t i o s  were c o r r e la te d  p o s i t i v e ly  w ith  
tim e to  peak fo rc e  fo r  5 of th o se  s u b je c ts ,  p r im a r ily  because 
s t a t i c  phase BI a c t i v i t y  was h ig h e r  in  t r i a l s  w ith  more ra p id  
fo rc e  p ro d u c tio n . R ate of fo rc e  p ro d u c tio n  had no e f f e c t  on 
s t a t i c  BI o r TRI in  th e  o th e r  4 s u b je c ts .

C o -c o n tra c tio n  du rin g  th e  s t a t i c  iso m e tr ic  phase m ight r e f l e c t  
au tom atic  e f f o r t s  to  s t a b i l i z e  th e  elbow or s h o u ld e r . I f  s o , then  
TRI a c t i v i t y  and c o -c o n tra c t io n  should  d ec re a se  w ith  p r a c t i c e ,  
e s p e c ia l ly  fo r  r e s t r i c t e d  movements. A l te r n a t iv e ly ,  TRI a c t iv i t y  
could  h e lp  m a in ta in  th e  c o r r e c t  d i r e c t i o n  of f le x io n  fo rc e  (G ie len  
e t  a l . ,  1986). Reasons why r a t e  of fo rc e  developm ent in flu e n c e d  
s t a t i c  BI le v e ls  in  over h a l f  th e  s u b je c ts  a re  u n c le a r .  P la u s ib ly ,  
e i t h e r  th e  m echan ical problem  of s t a t i c  iso m e tr ic  fo rc e  p ro d u c tio n  
v a r i e s  w ith  th e  r a t e  o f fo rc e  p ro d u c tio n , o r components of th e  
dynamic m otor command ex tend  in to  th e  s t a t i c  phase .

353.8 FATTERNS OF MUSCLE ACTIVITY DURING ISOMETRIC CONTRACTIONS IN SPAS
TIC HEMIPARESIS. D. B ourbonnais, S. Vanden-Noven, K. M. Carey and 
W. Z. Rymer. D ept. of P hysio logy , N orthw estern  U niv. and th e  Sen
sory-M otor Perform ance P ro g ., R e h a b il i ta t io n  I n s t ,  of Chicago, 
C hicago, IL 60611.

P rev ious  in tra m u sc u la r  s tu d ie s  from th i s  la b o ra to ry  have shown 
th a t  m uscles a c t in g  a t  th e  elbow a re  used c o n c u rre n tly  to  g en e ra te  
fo rc e  in  a q u a n t i f ia b le  and c o n s is te n t  manner d u ring  is o m e tr ic  con
t r a c t i o n s  (Buchanan e t  a l . ,  N eu ro sc i. A b str . 10:334, 1984). The 
purpose of t h i s  s tudy  i s  to  e v a lu a te  th e  p a t te rn s  of m uscle a c t i 
v i t y  in  ch ro n ic  s p a s t ic  h em ip a re s is  r e s u l t in g  from s tro k e  o r head 
in ju ry .

Normals (n=5) and h em ip a re tic  s u b je c ts  (n=5) were s e a te d  w ith  
th e  t e s t  limb suppo rted  a t  th e  elbow by a s l in g  and p o s itio n e d  to  
o b ta in  60° o f f le x io n ,  10°  o f abd u c tio n  and 80° of in t e r n a l  r o ta 
t io n  a t  th e  glenohum eral j o i n t  and 90° of f le x io n  a t  th e  elbow 
j o i n t .  Using an o s c il lo s c o p e  fo r  v is u a l  feedback to  d is p la y  the  
s u b je c t 's  iso m e tr ic  fo rc e  g en e ra ted  a t  th e  elbow and a window to  
s e t  th e  req u e s te d  fo rc e  l e v e l ,  th e  s u b je c ts  were in s tru c te d  to  
reach  and m a in ta in  (2 .5  s  d u ra t io n )  a range of fo rc e  le v e ls  ( .5  to  
4 k g ) . The system  allow ed th e  req u es ted  fo rc e  to  be d ire c te d  se 
q u e n t ia l ly  in  8 d i f f e r e n t  d i r e c t io n s  o rth o g o n a l to  th e  forearm  
a x i s ,  cove ring  360° . The EMG a c t iv i t y  o f 7 m uscles (b ic e p s , t r i 
ce p s , b r a c h i a l i s ,  b r a c h i o r a d ia l i s , anconeus and th e  upper t r a p e 
z iu s ,  b i l a t e r a l l y )  were s im u ltan eo u sly  reco rded  by s u rfa c e  e le c 
tro d e s .

The EMG a c t i v i t i e s  Were c o n s is te n t  w ith  th o se  o b ta in ed  in  p re 
v io u s  in tra m u sc u la r  s tu d ie s  (Buchanan e t  a l . ,  1984). In  c o n t r a s t ,  
th e  p a t te r n s  of m uscle a c t i v i t y  in  s p a s t i c - p a r e t i c  m uscles showed 
d if f e re n c e s  w ith  r e s p e c t  to  th re e  m ajor c h a r a c t e r i s t i c s .  F i r s t ,  
th e  s p a s t i c - p a r e t i c  m uscles showed a c t iv i t y  over a b ro ad er range of 
d i r e c t i o n s ;  th a t  i s ,  th e  m uscles were le s s  d i r e c t i o n a l ly  s e le c t i v e .  
Second, th e  d i r e c t i o n  o f th e  maximum EMG v a lu e  reco rded  fo r  some 
s p a s t i c - p a r e t i c  m uscles was ro ta te d  45° to  90° r e l a t i v e  to  th e  max
imum v a lu e  o f th e  same m uscle from th e  c o n t r a la t e r a l  s id e  or in  
no rm als. F in a l ly ,  an a n a ly s is  of th e  EMG a c t iv i t y  of one muscle 
w ith  r e s p e c t  to  th e  EMG a c t iv i t y  of a d i f f e r e n t  m uscle rev e a le d  
changes in  m uscle a c t iv a t io n  p a t te rn s  in  th e  s p a s t i c - p a r e t i c  m uscle 
as compared w ith  p a t te r n s  from th e  same m uscle on th e  c o n t r a la t e r a l  
s id e  o r in  no rm als. D if fe re n t  p a t te r n s  were p a r t i c u l a r ly  ev id en t 
in  th e  m uscle a c t i v i t y  from a n ta g o n is ts  which showed no r e l a t i o n 
sh ip  in  th e  non s p a s t i c - p a r e t i c  limb b u t which o f te n  c o -v a rie d  in  
th e  s p a s t i c - p a r e t i c  lim b .

In  c o n c lu s io n , th e  p re s e n t r e s u l t s  su g g es t th a t  in  h em ip a re tic  
s p a s t i c i t y ,  th e  fu n c t io n a l  d i s a b i l i t y  in c lu d e s  a f a i l u r e  to  a c t i 
v a te  th e  a p p ro p r ia te  com binations of m uscles as  w e ll as  to  develop 
th e  r e q u i s i t e  a c t i v i t y  le v e ls  between th e se  m uscles.

(Supported  by a R & T C en ter G rant #20 (SVN, WZR, g ra n t  
N .S. 19331 (SVN, WZR) and a MRC fe llo w sh ip  (DB)
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353.9 COORDINATION OF FOREARM MUSCLESS IN ISOMETRIC CONTRACTIONS IN 
FLEXION—EXTENSION AND SUPINATION-PRONATION DIRECTION. C.C.A.M. 
G le len , E,,T. van Zuvlen*  H.A.H. Jongen *, J .. J .  D enier van de r  
Con . D ept. of M edical and P h y s io lo g ic a l P h y s ic s . S ta te  U n iv e rs ity  
U tre c h t , NL 3584 CC U tre c h t , The N eth e rlan d s .

Many m uscles a re  invo lved  in  sim ple motor ta sk s  such as f le x io n  
o r s u p in a tio n  o f th e  arm. This redundancy r a i s e s  th e  q u e s tio n  of 
how th e se  m uscles a re  a c t iv a te d  du ring  th e se  ta s k s .  We have 
in v e s t ig a te d  m o to r-u n it a c t i v i t y  w ith  f in e -w ire  in tra m u sc u la r  
e le c tro d e s  in  6 arm m uscles d u ring  is o m e tr ic  c o n tra c tio n s  in  
f le x io n /e x te n s io n  an d /o r s u p in a t io n /p ro n a tio n  d i r e c t i o n .  About 150 
motor u n i t s  were recorded  in  10 s u b je c ts .

I t  has been found th a t  a motor u n i t  i s  r e c ru i te d  i f  a l i n e a r  
com bination  of to rq u e s  ex e rted  in  f le x io n /e x te n s io n  (F) o r 
s u p in a t io n /p ro n a tio n  (8) d i r e c t io n  exceeds a th re sh o ld  v alue  ( t e r  
Haar Romeny e t  a l . ,  Exp. N euro l. 78, 360, 1982):

F / F t + S / S t > 1
where Ft  and St  r e f e r  to  th e  re c ru itm e n t th re sh o ld s  fo r  
f l ex io n /e x te n s io n  and s u p in a t io n /p ro n a tio n . For m .b icep s , 
m .t r ic e p s ,  m .h r a c h ia l i s , m .b r a c h io r a d ia l i s , m .su p in a to r  and 
m .p rona to r t e r e s  i t  has been found th a t  th e  p o p u la tio n  o f motor 
u n i t s  can he subd iv ided  in to  s e v e ra l s u b p o p u la tio n s . W ithin a 
su h p o p u la tio n  th e re  i s  a f ix e d  re c ru itm e n t o rd e r  o f motor u n i t s .  
A ll motor u n i t s  in  a suhpo p u la tio n  have a co n s ta n t r a t i o  fo r  
Ft / St  The v a lu es  o f Ft  or St  and a lso  th e  r a t io n  Ft /S t  may change 
i f  th e  iso m e tr ic  c o n tra c tio n  changes from f le x io n  d i r e c t io n  in to  
e x ten s io n  d i r e c t io n  o r from su p in a t io n  d i r e c t io n  to  p ro n a tio n  
d i r e c t i o n .  The re c ru itm e n t th re sh o ld s  Ft   and St  depend on th e  
elbow a n g le . A nother o b se rv a tio n  i s  th a t  a m uscle th a t  c o n tr ib u te s  
to  to rq u e  in  a p a r t i c u l a r  d i r e c t io n  may a ls o  he a c t iv a te d  du ring  
is o m e tr ic  c o n tra c tio n s  in  o th e r  d i r e c t io n s  ( f o r  example t r i c e p s ,  
which a c ts  in  e x ten s io n  d i r e c t io n  o n ly , i s  a c t iv a te d  du ring  
su p in a t io n  in  o rd e r  to  com pensate fo r  th e  f le x io n  to rq u e  of 
m .b ic e p s ) . The r e s u l t s  can he d esc rib ed  by a th e o ry  which i s  
r e l a te d  to  th e  te n so r  th e o ry  as proposed by P e l l io n is z  and Ll in a s  
(N euroscience 5, 1125– 1136, 1980). Changes in  muscle le n g th  a re  
th e  r e s u l t  o f th e  a c t i v i t y  o f s e v e ra l m uscles . T h e re fo re , in  
g e n e ra l th e  r a t i o  between a c t iv a t io n  and change in  muscle le n g th  
i s  n o t th e  same fo r  a l l  m uscles. However, i t  can he shown th a t  fo r  
combined movements in  f le x io n /e x te n s io n  and s u p in a t io n /p ro n a tio n  
d i r e c t i o n  th e re  e x i s t  fo u r d i r e c t io n s  where a c o n s ta n t r a t i o  
between th e  a c t iv a t io n  and th e  amount of sh o rten in g  can be found 
fo r  a l l  m uscles . The b a s ic  assum ption  in  th e  th e o ry  i s  th a t  th e  
m uscle a c t iv a t io n s  fo r  a movement or c o n tra c t io n  in  a p a r t i c u l a r  
d i r e c t i o n  a re  o b ta in ed  by a l i n e a r  com bination  o f the  muscle 
a c t iv a t io n s  in  th e se  fo u r p r in c ip a l  d i r e c t i o n s .

353.10 VARIABILITY OF INDIVIDUAL JOINT MOVEMENTS DUPING FINGER-THUMB 
GRASP AS A FUNCTION OF MOVEMENT SPEED AND PRACTICE. W.G. 
D arling, K .J. Cole, & J.H . Abbs. Speech Motor Control 
L abora to ries . Waisman Center, U n ivers ity  o f  Wisconsin, Madison, 
WI 53705–2280.

Recent s tu d ie s  have shown th a t  movements o f in d iv idua l body 
s tru c tu re s  during  complex ac tio n s , such as  speech and 
prehension, a re  generated  w ith  a  g re a t  dea l o f t r i a l - t o - t r i a l  
v a r ia b i l i ty .  In  s p i te  o f  t h i s  v a r ia b i l i ty ,  th e  goa ls  fo r  such 
ta sk s  a re  always achieved su cce ss fu lly . T his apparently  
paradoxical s i tu a t io n  i s  perm itted  by t r i a l - t o - t r i a l  
c o v a r ia b il i ty  among movements o f th e  in d iv id u a l s tru c tu re s . 
S tud ies o f ta rg e te d  movements have shown th a t  v a r ia b i l i ty  
in c reases  w ith  movement speed and decreases w ith  p ra c tic e .  In  
th e  p re sen t study th e  e f fe c ts  o f p ra c tic e  and movement speed on 
v a r ia b i l i ty  o f th e  in d iv id u a l j o in t  movements in  a  finger-thumb 
grasp  ta s k  were s tu d ied .

F o u r-jo in t finger-thum b grasp  movements were performed by 6 
normal su b jec ts . F inger m etacarpophalangeal (MP), proximal 
in te rpha langea l (P IP), and th e  thumb in te rpha langea l (IP) jo in t  
ang les were monitored u sing  e lec tro g o n iom eters . F inger and thumb 
t i p  t r a je c to r ie s  were measured u sing  an IED photo-diode system. 
Thumb MP jo in t  angle was c a lcu la te d  from th e  thum b-tip 
t r a je c to ry  and th e  thumb IP  angle . Sub jects performed movements 
o f  about 100, 200, o r  400 msec d u ra tio n  in  response to  an 
au d ito ry  tone . At each movement d u ra tio n , 200 consecutive 
movements were performed w ith  th e  movement d u ra tio n  o rder 
balanced across su b jec ts .

F a s t movements (100 msec duration) were made smoothly w ith  
in d iv id u a l jo in ts  m anifesting  s in g le  be ll-sh ap ed  v e lo c ity  
p ro f i le s .  By c o n tra s t , s l ower movements (200 and 400 msec 
duration) o fte n  co n sis ted  o f  2 o r  more submovements. These 
submovements were v a ria b le  in  am plitude and d u ra tio n  and were 
n o t simply due to  sm all c o rrec tio n s  being  made p r io r  to  movement 
te rm ina tion . Such submovements were observed in  both  i n i t i a l  and 
w e ll-p ra c tic ed  slow movements. Changes in  movement speed had 
remarkably l i t t l e  e f f e c t  on th e  v a r ia b i l i ty  o f in d iv id u a l jo in t  
movements. With p ra c tic e ,  reductions in  v a r ia b i l i ty  o f f in g e r 
jo in t  movements were u su a lly  ev iden t, p a r t ic u la r ly  a t  th e  s l ower 
movement speeds (200 and 400 msec d u ra tio n ) . Indeed, movements 
o f  200 msec o r  g re a te r  d u ra tio n  showed evidence o f adjustm ents 
during  movement which acted  to  reduce v a r ia b i l i ty  as  th e  
endpoint was approached. Such adjustm ents may be based on 
sensory in form ation regard ing  th e  kinem atics o f  th e  e a r ly  p a r ts  
o f th e  movement which could be used in  p re d ic tiv e  co n tro l o f  the  
te rm ina l phase. (Supported by NIH g ran ts  NS‒13274 and HD‒03352).

353.11 SYNCHRONIZATION OF MOTOR UNITS IN WRIST EXTENSOR MUSCLES DURING 
TREMOR. M.M. Wi e rz b ic k a * , E .L . L og ig ian* , A.W. W iegner, R.R. Young, 
B .T, S hahan i, F. B ruyninckx*. C lin . N europhysiology L a b ., 
M ass. G eneral H o sp ita l & H arvard M edical S choo l, B oston , MA 02114.

We s tu d ie d  c o r r e l a t i o n  between d isc h a rg e s  o f s im u ltan e o u sly  
reco rded  m otor u n i t  p o te n t ia l s  (MUPs) in  p h y s io lo g ic a l and 
te rb u ta l in e - in d u c e d  enhanced trem or in  4 normal s u b je c ts .  Record
in g s  were made d u rin g  weak and m oderate le v e ls  o f c o n tra c t io n .  
Two n ee d le  e le c tro d e s  were in s e r te d  in to  th e  m uscle, each p o s i
t io n e d  to  reco rd  from a s in g le  m otor u n i t  (MU). Tremor am plitude 
was m easured w ith  an a c c e le ro m e te r a t ta c h e d  to  th e  hand. We 
reco rded  26 p a i r s  o f MUPs d u rin g  p h y s io lo g ic a l trem or (mean d is 
placem ent 72 µm RMS) and 39 p a i r s  in  enhanced trem or (range 
88–2051 µm RMS). C ro s s - c o r r e la t io n  h is tog ram s o f r e l a t i v e  f i r i n g  
tim es o f one MU w ith  re s p e c t  to  th e  o th e r  were c a lc u la te d  and a 
sy n c h ro n iz a tio n  index (S I) d e f in e d .

S ix  p a i r s  o f th e  26 reco rded  d u rin g  p h y s io lo g ic a l trem or showed 
r e l a t i v e l y  sm all b u t s ig n i f i c a n t  c o r r e l a t i o n  (mean S I= .1 4 , p<0.05) 
betw een d isc h a rg e  tim es of the2M U s. In  a l l  c a s e s , synchron ized  
a c t i v i t y  was observed  when bo th  MUs f i r e d  a t  n e a r ly  th e  same f r e 
quency (d if f e r e n c e  < 0 .7  H z). Exam ination o f tem poral p a t te rn s  
re v e a le d  c l u s t e r s  o f s e v e ra l  a lm ost s im u ltaneous d isc h a rg e s  o f th e  
2 MUs se p a ra te d  by p e r io d s  o f asynchronous a c t i v i t y .

In  enhanced tre m o r, th e re  a ls o  was a tendency tow ard synchron
ous d isc h a rg e s  o f MUs f i r i n g  a t  s im i la r  f re q u e n c ie s  (7 o f 3 9 ). 
In  4 p a i r s ,  one o r bo th  MUs f i r e d  in  d o u b le ts . We m onitored  3 o f 
th e se  p a i r s  d u rin g  in c re a s in g  trem or: they  f i r e d  in d ep en d en tly  
d u rin g  sm all tre m o r, i r r e g u la r  doub le d isc h a rg e s  appeared  w ith  
in c re a s e d  am p litude  o f tre m o r, and fre q u e n t double d isc h a rg e s  
s tro n g ly  synchron ized  w ith  trem or b e a ts  were seen  in  la rg e  trem or. 
S tre n g th  o f s y n c h ro n iz a tio n  betw een MUs, as q u a n t if ie d  w ith  our 
index  (S I range .09– .7 9 ) ,  was s ig n i f i c a n t ly  c o r r e la te d  w ith  trem or 
am p litude  ( r= .8 3 , p< 0 .001 ). The rem aining  28 o f 39 MUP t r a in s  
were n o t s t a t i s t i c a l l y  c o r r e la te d ;  they  f i r e d  asy nch ronously .

For MUs f i r i n g  in  d o u b le ts , frequency  a n a ly s is  a t  th e  dominant 
trem or frequency  showed in c re a s e d  coherence between d isc h a rg e s  o f 
2 MUs as  trem or am p litude  in c re a s e d . In  c o n t r a s t ,  MUs f i r i n g  a t  
s im i la r  r a t e s  w ith  on ly  c l u s t e r s  o f s y n c h ro n iz a tio n  showed l i t t l e  
o r  no coherence between th e i r  d isc h a rg e s  a t  th e  trem or frequency .

Perhaps b o th  observed mechanisms o f m otor u n i t  sy n c h ro n iz a tio n  
(tem poral ad ju stm en t o f f i r i n g  r a t e s  and double d isc h a rg e s)  ac
count fo r  g rouping of MUPs observed  in  s u r fa c e  EMG d u rin g  trem or. 
Based on our r e s u l t s ,  we h y p o th e size  th a t  in  low er am plitude  
tre m o r, i r r e g u la r ly  grouped d isc h a rg e s  may be a r e s u l t  of tem poral 
s y n c h ro n iz a tio n  o f s e v e ra l  MUs f i r i n g  a t  s im i la r  f re q u e n c ie s ;  
su c c e s s iv e  groups may c o n s is t  of d is c h a rg e s  from d i f f e r e n t  MUs. 
A ctu a l s y n c h ro n iz a tio n  o f in d iv id u a l  MUs was n o t commonly observed 
in  m odestly  enhanced trem o r.

353.12 INTERACTION BETWEEN ESSENTIAL TREMOR AND VOLUNTARY MOVEMENTS.
R .J . E lb le , C. Moody* and C. H igg in s* . Southern  I l l i n o i s  Univ. Sch. 
o f  Med., S p r in g f ie ld ,  IL 62708

Five p a t ie n t s  w ith  advanced e s s e n t i a l  trem or were re q u ire d  to  
i n s e r t  t h e i r  r ig h t  hand, f in g e r s  ex tended , in to  a p l a s t i c  manipu- 
landum and b a l l i s t i c a l l y  extend o r  f le x  th e  w r is t  15 deg. in  r e 
sponse to  v is u a l and a u d ito ry  s t im u l i .  The manipulandum was a t 
tached  d i r e c t l y  to  th e  s h a f t  o f  a com pu ter-con tro l l ed to rq u e  motor 
which was programmed to  d e l iv e r  random 50‒msec to rq u e  p u lse s  to  
th e  w r i s t .  Forearm EMG was measured w ith  b ip o la r  sk in  e le c tro d e s .  
Using a d i g i t a l  com puter, 2‒second epochs o f  w r is t  ang le  and i n t e 
g ra te d  EMG were sam pled, tim e-locked  to  th e  p e r tu rb a t io n s  and s ig 
n a ls  to  move. S uccess ive  d a ta  epochs were then  averaged . The 
w r is t  was m a in ta ined  a t  a n e u t r a l  ang le d u rin g  th e  in t e r v a l s  be
tween b a l l i s t i c  movements and to rq u e  p e r tu rb a t io n s .  M uscles con
t r o l l i n g  th e  w r is t  were v o lu n ta r i ly  a c t iv a te d  to  a le v e l which 
produced p a s s iv e  r e tu rn  o f  th e  w r is t  to  n e u tr a l  fo llo w in g  each 
p e r tu rb a t io n .  P a t ie n ts  were in s t r u c te d  n o t to  r e a c t  v o lu n ta r i ly  
to  th e  p e r tu r b a t io n s ,  and th e  accuracy  o f  th e  w r is t  p o s i t io n  was 
n o t em phasized. A f te r  a few p r a c t ic e  ru n s , each p a t ie n t  d isco v 
e red  th e  minimum le v e l o f  v o lu n ta ry  forearm  muscle a c t iv a t io n  
needed fo r  optimum perfo rm ance. D uring p e r io d s  o f  r e l a t i v e  trem 
o r  q u ie sc en ce , th e  v o lu n ta ry  w r is t  movements in v a r ia b ly  i n i t i a t e d  
a run o f  trem or b u r s ts  in  th e  forearm  EMG. This trem or was tim e- 
locked to  th e  v o lu n ta ry  movement. D uring p e r io d s  o f  a c t iv e  trem or, 
th e  b a l l i s t i c  w r is t  movements seemed to  be tim e-locked  to  th e  on
going trem or rhythm . The movements in c re a se d  th e  am plitude o f  
tre m o r, b u t th e re  was no r e s e t t i n g  o f  th e  trem or rhythm . The 
to rq u e  p u ls e  d is tu rb a n c e s , by c o n t r a s t ,  d is ru p te d  th e  trem or 
rhythm and produced th e  u su a l sh o rt-a n d  m edium -latency r e f l e x  r e 
sponses. However, th e  p e r tu rb a t io n s  d id  n o t produce tim e-locked  
r e s e t t i n g  o f  th e  trem or rhythm , and du rin g  p e r io d s  o f  s tro n g  
tre m o r, r e f l e x  responses  were f r e q u e n tly  u n o b ta in a b le . P rev ious 
d a ta  from our la b  sug g est th a t  th e  e s s e n t i a l  trem or o s c i l l a t o r  i s  
a p a th o lo g ic  ex a g g e ra tio n  o f  th e  normal 8–12 Hz rhythm o f  p h y s io 
lo g ic  trem or (N eurology 1986;36:225–231). The p re s e n t d a ta  sug
g es t th a t  t h i s  o s c i l l a t o r  may norm ally  fu n c tio n  as a g a t in g  mech
anism designed  to  co o rd in a te  descend ing  b a l l i s t i c  commands w ith  
senso ry  feedback . (Supported  by NINCDS g ran t RO1 NS20973.)
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353.13 SENSORY AND MECHANICAL CONTROL OF CEREBELLAR INTENTION 
TREMOR IN HUMANS. J. N. Sanes and K. -H. Mauritz. Human Motor 
Control Section, Medical Neurology Branch, NINCDS, Bethesda, MD 20892 
and Neurologische Klinik, Universität Düsseldorf, 4000 Düsseldorf 1, FRG.

Cerebellar dysfunction in humans and non-human primates is often 
accompanied by an intention tremor of 3–5 Hz. There have been several reports 
on the role of somesthetic and visual sensation on the genesis and maintenance of 
this tremor. In this work we studied how variations in mechanical and sensory 
inputs (visual and somesthetic) and type of muscle contraction (isometric or 
isotonic) affected intention tremor.

Patients with cerebellar intention tremor were examined. The etiology of 
cerebellar dysfunction was typically infarcts or degenerative diseases. In the 
isotonic task, patients performed visually guided flexion-extension movements 
about the wrist. Patients were prevented from viewing their hand, instead they 
viewed a video monitor that showed a representation of hand position and a 
targeted position. The patients were required to maintain alignment between the 
position and target cursors. To examine the role of visual inputs on cerebellar 
tremor, movements were performed with or without visual guidance by either 
removing the target or position cursor. In separate experiments mechanical 
conditions were varied; these included the amount of constant load, inertial load or 
viscous load opposing movement. In the mechanical load experiments visual 
guidance was always available. In the isometric task, patients made visually 
guided flexion-extension muscle contractions about the wrist. Muscle activity 
was recorded from wrist flexors and extensors.

Cerebellar tremor was most pronounced when the visual loop was closed. 
Opening the visual loop, by removing either the target or position cursor, reduced 
or abolished intention tremor. These changes occurred even when patients 
performed nearly identical voluntary movements in the visual open or closed loop 
conditions. As expected, viscous and inertial loads damped cerebellar intention 
tremor. However, non-linear relationships between tremor reduction and load 
magnitude were observed, such that the lighter loads had a greater proportionate 
effect on tremor magnitude than the heavier loads. In many cases constant loads 
opposing extension yielded more tremor than comparable flexor loads. During 
isometric contractions cerebellar intention tremor, measured from wrist torque, 
was abolished or greatly reduced.

These data illustrate the importance of sensory and mechanical factors in the 
genesis and maintenance of cerebellar intention tremor. The results on loads 
opposing movement could suggest that cerebellar intention tremor is related to 
mechanical factors, but not in a simple linear fashion. However, since the tremor 
is generally absent during isometric contractions, somesthetic afferents, and in 
particular muscle spindle inputs, appear to be necessary for the genesis of 
cerebellar intention tremor. Visual guidance is an important parameter in 
sustaining cerebellar tremor during intentional action. The composite results 
support the notion that the cerebellum integrates multimodal sensory information 
used in voluntary movement.

353.14 MOVEMENT DEFICITS AND RECOVERY OF MOVEMENT OF RIGHT HEMISPHERE 
DAMAGED HUMANS. K. A. BURSON* and C. R. ALMLI (SPON: E. Montgom
ery ) . Programs in  N eural S cience and O ccupational Therapy: De
p artm en ts  o f Anatomy and N eurobio logy, P rev en tiv e  M edicine, and 
Psychology: I .W .J . I n s t i t u t e  of R e h a b il i ta t io n ,  Wash. Univ. Sch. 
of Med., S t. L ou is, MO 63110

There has been l i t t l e  q u a n t i ta t iv e  re se a rc h  on th e  motor d e f 
i c i t s  and recovery  of motor fu n c tio n  of s tro k e  p a t ie n t s .  The 
p re s e n t s tudy  q u a n t if ie d  movement d y sfu n c tio n  and recovery  of 
fu n c tio n  o f human p a t ie n t s  s u s ta in in g  r ig h t  hem ispheric  s tro k e  
in v o lv in g  th e  m iddle c e re b ra l a r t e r y  d i s t r i b u t io n .

The S tro k e  and matched C on tro l s u b je c ts  were film ed  w h ile  p e r 
form ing a " reac h in g  ta sk "  a t  3–5 days (2 t r i a l s )  and 11– 13 days 
(2 t r i a l s )  p o s ts tro k e .  The f ilm s  were ana lyzed  fo r  movement, 
frame by fram e, u s in g  a q u a n t i f ia b le  movement n o ta t io n  system .
A ll s u b je c ts  were r ig h t-h a n d e d , could  fo llow  sim ple v e rb a l d i r 
e c t io n s  and were n o t d is p la y in g  n e g le c t .  Movements o f th e  " a f 
fe c te d -e x tre m ity  ( l e f t ;  fo rearm , upperarm and s h o u ld e r ) ,"  head 
and tru n k  were measured fo r  la te n c y  to  i n i t i a t e  movement ( s e c ) , 
number o f movements, number o f body segments moved, movement type 
(p la n e , r o ta to r y ) ,  movement m agnitude (d e g re e s ) , movement dura
t i o n  ( s e c ) ,  and movement s y n c h ro n iz a tio n . In  a d d i t io n ,  th e  sub
j e c t s  were te s te d  fo r  use o f th e  l e f t  arm in  th e  perform ance of 
fu n c t io n a l ta s k s ,  such as s t a b i l i z in g  a paper to  w r ite  name and 
fo ld in g  a p ie ce  o f c lo th .

During th e  movement t e s t s  a t  3–5 (T est 1) and 11– 13 (T est 2) 
days p o s ts tr o k e ,  th e  S tro k e  s u b je c ts  d isp la y ed  e lo n g a ted  
l a te n c i e s  to  move, an in c re a se d  number o f head movements, and 
asynchronous movement p a t te rn s  compared to  C o n tro l s u b je c ts .
S tro k e  s u b je c ts  a ls o  perform ed more po o rly  than  C on tro ls  on th e  
fu n c t io n a l ta s k s .  On T est 2 , th e  S tro k e  s u b je c ts  d isp la y ed  
recovery  fo r  number o f movements, d u ra t io n  o f movements and some 
a s p e c ts  o f movement ty p e . The S troke  and C ontro l s u b je c ts  d id  
n o t d i f f e r  on e i t h e r  t e s t  fo r  sh o u ld e r movements, magnitude o f 
movement, o r  f o r  some types  of movement. S ig n if ic a n t  c o r r e la t io n s  
were found between fu n c t io n a l perform ance sco re s  and th e  "no
recovery" movement v a r ia b le s ,  i . e . ,  la te n c i e s  to  move ( r =–. 88) ,  
number o f head movements ( r= – .7 5 ) , and movement sy n ch ro n iz a tio n  
sc o re s  ( r= – .8 5 ) .

R esu lts  show th a t  du rin g  th e  tim e in t e r v a l  s tu d ie d ,  c e r t a in  
a s p e c ts  o f movement showed "no reco v e ry " , some showed "recove ry" 
and o th e rs  were u n a ffe c te d  by th e  s tro k e .  The c h a r a c te r i s t i c s  of 
movement showing "no recovery" were h ig h ly  c o r r e la te d  w ith  func
t i o n a l  perform ance d e f i c i t s  su g g es tin g  th a t  motor p la nn ing  dys
fu n c tio n  may be r e l a te d  to  movement d is o rd e r s  o f r ig h t  hem is
p h e r ic  s tro k e  p a t ie n t s .  (Supported  by AOTA Grant #1234).

DISORDERS OF MOTOR SYSTEMS AND NEURAL PROSTHESES

354.1 a COMPUTER MODEL OF ACTION POTENTIAL CONDUCTION, INITIATION AND 
ABOLITION IN MAMMALIAN MOTOR NERVE. J.D. Sweeney . D. Durand and 
J .T . M o r tim e r . A p p lie d  N e u ra l C o n tro l  L a b ., D ep t. o f  B io m e d ic a l 
E n g in ee rin g , Case W estern Reserve U niv., C leveland , OH 44106.

E l e c t r i c a l  s t i m u l a t i o n  o f  m y e l in a te d  m o to r n e rv e  fo rm s  th e  
b a s is  o f th e  f i e l d  o f  F u n c tio n a l N eurom uscular S tim u la t io n  (FNS). 
Some FNS a p p l ic a t io n s  a l s o  r e q u ir e  e l e c t r i c a l l y  induced a b o l i t i o n  
o f  m o to r a c t i o n  p o t e n t i a l s  (S o c . N e u ro s c i .  A b s t r . ,  9 : 1038, 
1983). M odels o f  m otor nerve  fu n c t io n  (IEEE T rans. BME, 23: 329, 
1976; J .  P h y s i o l . ,  341: 59, 1983 ) a r e  u s e f u l  f o r  th e  d e s ig n  o f  
FNS e l e c t r o d e s  and e l e c t r i c a l  p a r a m e te r s .  Such m o d e ls  have  to  
d a te  been based  n o t on d a ta  from mammals bu t in s te a d  from  fro g s . 
To our know ledge no model has made use o f th e  grow ing l i t e r a t u r e  
(e .g .  s e e  S c ie n c e ,  228: 1502, 1985) on th e  d i s t i n c t  d i f f e r e n c e s  
betw een th e  p ro p e r t ie s  o f mammalian and fro g  m y e lin a ted  n e rv es .

We have im plem ented a com partm en tal c a b le  d e s c r ip t io n  (Neuro
s c i . ,  6: 823, 1981) o f  mammalian m y e lin a ted  m otor nerve  th a t  u ses  
sodium and leakage channel p a ram e te rs  o f r a b b i t  o r r a t  nodes o f  
R a n v ie r .  No n o d a l p o ta s s iu m  c h a n n e ls  a r e  in c lu d e d  b e c a u s e  a t  
mammal i an m otor nodes o f R anvier such channels  a re  few in  number 
o r  a b s e n t  ( J .  P h y s i o l . ,  292 : 149, 1979; J .  P h y s i o l . ,  298 : 171, 
1980) . The p a ram e te rs  o f th e  ca b le  have been tuned so t h a t ,  a t  
37 deg rees  C, a c t io n  p o te n t ia l  conduc tion  v e lo c i ty  (V in  m /sec) 
i s  r e l a te d  to  f ib e r  d ia m e te r  (D in  um) by th e  r e l a t i o n  V = 5.7*D. 
F ig .  A show s c o n d u c tio n  a c ro s s  f i v e  n o d es  o f  R a n v ie r  o f  a 10 u m 
f ib e r  ( tim e  i s  0.5 m sec; a c t io n  p o te n t ia l  am p litu d e  i s  90.4 mV).

I n i t i a t i o n  and a b o l i t i o n  o f  a c t i o n  p o t e n t i a l s  have  b ee n  
s tu d ie d  by in j e c t in g  r e c ta n g u la r  " e f f e c t iv e  s t im u la t in g  c u r re n ts "  
(B io p h y s . J . ,  2 : 11 , 1962) a t  s i n g l e  n o d es  o f  R a n v ie r .  F ig .  B 
d e p ic ts  resp o n ses  (s u b -th re s h o ld  and s u p e r - th re sh o ld )  o f  a 10 um 
f i b e r  f o r  100 u s e c c a th o d a l  s t i m u l i .  F ig .  C show s r e s p o n s e s  
( s u b -a b o l i t i o n  and s u p e r - a b o l i t i o n )  f o r  th e  sam e c a b le  g iv e n  
anodal s t im u l i  lo n g e r th an  th e  d u ra t io n  o f an approach ing  a c t io n  
p o te n t ia l .  Through such s im u la tio n s  s tr e n g th -d u ra t io n  cu rves  f o r  
a c t io n  p o te n t ia l  i n i t i a t i o n  and a b o l i t i o n  have been d e r iv ed .

A. CONDUCTION B INITIATION C. ABOLITION

Our thanks to  Dr. D.H. P e rk e l f o r  p ro v id in g  compu te r  so f tw a re . 
P a r t i a l  su p p o rt fo r  t h i s  work was by PVA G rant No. NFU‒ 5102, NSF 
G rant No. ECS‒8406861 and NIH C o n tra c t No. NO1‒NS‒3‒2344.

354.2 FORCE FEEDBACK SIGNAL PROVIDED BY NERVE CUFF RECORDING ELECTRODES. 
J .A. Hoffer and T. Sinkjaer*. Dept. Clin. Neurosci., Univ. Calgary 
Fac. Medicine, Calgary, Alberta T2N 4N1, Canada; & Inst. Electronic 
Systems, Aalborg University Center, DK-9000 Aalborg, Denmark.

In persons with spinal cord in ju ries , limb use can be p a rtia lly  
restored by functional e lec tr ica l stimulation (FES) of paralyzed 
muscles or motor nerves. A present lim itation of FES is  the large 
v a riab ility  in the resulting force, which depends on the load, limb 
position and muscle fatigue. FES could be regulated by feedback i f  
a su itable "force sensor" became available. All a r t i f ic ia l  sensors 
to date have met technical or cosmetic lim ita tions. We report here 
that the required force information: 1 ) is  accurately coded by  
natural sensors present in the skin and 2) can be easily  extracted 
from the electroneurogram (ENG) recorded from a cutaneous nerve.

The cat footpads served as our model of human glabrous skin. We 
implanted a 30mm-long recording cuff electrode on the t ib ia l  nerve, 
proximal to the ankle1. In walking ca ts , 75% of the neural t ra ff ic  
recorded from tib ia l  nerve arises from sensory axons2, mainly from 
low-threshold glabrous skin mechanoreceptors from the plantar pads, 
and hair afferents. In th is  study we applied depilatory cream to 
reduce ac tiv ity  from hairs. Motor tr a ff ic  in the t ib ia l  nerve was 
eliminated transien tly  by a proximal block3. Triceps EMG, force, 
length and temperature were monitored with implanted transducers3.

Relations among ground contact force, triceps tendon force and 
t ib ia l  nerve ENG were assessed as cats stood unaided on pedestals 
or walked on a treadm ill. One pedestal could be suddenly displaced4 
and contained a vertica l force sensor. The t ib ia l  ENG (1–10 KHz), 
a fte r rec tifica tio n  and f ilte r in g  (20 Hz LP), closely resembled the 
triceps force simultaneously recorded during walking. In pedestal 
tasks, the f ilte re d  ENG, triceps force and vertical contact force 
accurately followed each other even for rapid postural adjustments.

In para- or te trap leg ics, we propose tha t nerve cuff recording 
electrodes, implanted on cutaneous nerves of the hands or fee t, 
w ill render a feedback signal proportional to skin contact force, 
suitable  for closed-loop control of FES. Since spinal cord in ju ries 
generally do not affect the in teg rity  of afferent neurons with ce ll 
bodies in dorsal root ganglia at levels above or below the lesion, 
most glabrous skin mechanoreceptors remain functional. Electrode 
longevity and the s ta b ility  of peripheral nerve signals recorded 
with cuff electrodes have been demonstrated in animal research.
For these as well as for cosmetic reasons, a fu lly  implantable 
nerve cuff "force sensor" is  likely  to be well accepted by users.

1) Davis et a1, J Physiol 285:543, 1978.
2) Gordon et a l, 3 Physiol 303:243, 1980.
3) Hoffer et a l, Soc Neurosci Abstr 9:470* 1983 & 10:330, 1984.
4) Sinkjaer and Hoffer, Can J Physiol Pharmac 64:Axxvi, 1986.

Funds by Alberta Heritage Foundation for Med. Research, MRC Canada, 
Muscular Dystrophy Assoc. Canada and Danish Tech. Research Council.
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354.3 COORDINATION AND COCONTRACTION IN OPEN AND CLOSED LOOP CONTROL 
OF GRASP THROUGH FUNCTIONAL NEUROMUSCULAR STIMULATION. P .E. 
Crago. P.H. Peckham , K. K ilg o re  , K. T i l l s  , and G.B. Thrope . 
D ep ts . Biomed. Eng. and O rth o p aed ic s , Case W e ste rn  R e s e rv e  
U niv. and V.A. M edical C en te r, C leveland , OH 44106.

C o n tro l o f  g r a s p - r e le a s e  has been e l i c i t e d  in  th e  C5 o r  C6 
t e t r a p l e g i c  human by e l e c t r i c a l  a c t i v a t i o n  o f  p a r a ly z e d  
m u sc les . Two g ra sp  p a t te r n s  a r e  ach iev ed ; l a t e r a l  p rehension  
and palm ar p reh en s io n . C on tro l o f  th e  p o s i t io n  o f  th e  d i g i t s  
and th e  g ra sp  s tr e n g th  i s  r e g u la te d  by a s in g le  p ro p o r tio n a l 
command s ig n a l  which th e  p a t ie n t  v o l i t l o n a l ly  g e n e ra te s  by a 
p h y s ic a l movement.

The m uscles a c t iv a te d  a r e  p e r ip h e ra l ly  in n e rv a ted  b u t w ith o u t 
CNS co n t r o l .  In tra m u sc u la r  e le c tro d e s  a r e  p laced  p e rc u ta n eo u s ly  
and re m a in  im p la n te d  f o r  e x te n d e d  p e r io d s  (y e a rs  in  many 
c a s e s ) .  The m uscles a c t iv a te d  a r e  F le x . p o l l ,  b r e v . ,  F le x ,  
p o l l ,  lo n g . ,  Abd. p o l l . ,  Add. pol l . ,  E x t. p o l l ,  lo n g . ,  E x t. 
p o l l ,  b r e v . ,  F le x . d ig .  s u p . ,  F le x . d ig .  p r o f . ,  and E x t. d ig . 
comm.. Four o r  f iv e  m uscles a r e  a c t iv a te d  fo r  each g ra sp .

Muscle fo rc e  i s  graded by re c ru i tm e n t m odu la tion , ach ieved  by 
v a ry in g  th e  s tim u lu s  p u lse  w id th  (FW) a t  a c o n s ta n t s tim u lu s  
p e r io d  and c u r r e n t  am p litu d e . T here i s  a  n o n lin e a r  m uscle and 
tim e dependent r e l a t i o n s h ip  between PW and th e  fo rc e  o r  j o i n t  
p o s i t i o n  p ro d u c e d  by s t im u la t e d  m u s c le s .  F o r o p e n - l o o p  
co o rd in a te d  a c t iv a t io n  o f  a l l  th e  m uscles invo lved  in  a g ra sp  
p a t te r n ,  th e  s in g le  command s ig n a l  m odulates th e  PW to  each 
c h a n n e l a c c o rd in g  to  a p r e d e f in e d  p ie cew ise  s t r a i g h t - l i n e  
app rox im ation  (PW map) s e t  up s p e c i f i c a l l y  f o r  t h a t  m uscle and 
e l e c t r o d e .  The p iecew ise  PW maps a r e  determ ined  by th e  i n v erse  
o f  th e  re c ru i tm e n t  c h a r a c t e r i s t i c s  f o r  e a c h  c h a n n e l .  F or 
c l o s e d - l o o p  c o n t r o l ,  l i n e a r i z a t i o n  o f  th e  i n p u t / o u t p u t  
p ro p e r t ie s  i s  a ch ieved  by v i r t u e  o f  th e  feedback co n tr o l  r a th e r  
th a n  by PW mapping. The PW mapping scheme i s  used to  c o o rd in a te  
m uscles t h a t  a r e  o u ts id e  th e  feedback  loop  w ith  th o se  t h a t  a re  
in s id e .

C o c o n t r a c t io n  o f  a n t a g o n i s t s  i s  em ployed t o  e l im i n a t e  
deadbands in  th e  t r a n s i t i o n  between e x te n s io n  and f le x io n ,  and 
t o  i n c r e a s e  s t i f f n e s s  a t  low n e t  fo rc e s  a s  an a id  in  th e  
r e j e c t i o n  o f  e x te rn a l  d is tu rb a n c e s .

F or c lo se d  loop  c o n t r o l ,  a  com bination  o f  fo rc e  and p o s i t io n  
feedback ( s t i f f n e s s  r e g u la to r )  p ro v id e s  r e g u la t i o n  o f  g r a s p  
u n d e r  a w ide  ra n g e  o f  lo a d in g  c o n d i t i o n s ,  l e t s  th e  load  
p ro p e r t ie s  co n tr o l  th e  r e l a t i v e  w eig h tin g  o f  th e  two feedback 
p a ram e te rs , and a llo w s  a s in g le  in p u t command to  c o n tro l  bo th  
p o s i t io n  and fo r c e .

S upported by NIH N01–NS–2344 and NIHR G008300118.

354.4 A SPIRAL NERVE CUFF ELECTRODE FOR USE IN FUNCTIONAL ELECTRICAL 
STIMULATION. G .G. N aples* . J .T .  M ortim er. U. Roessman* . J .D . 
Sweeney. T .J .  C rish  and A. S cheiner* . (SPON: G. P e r ry ) .  A pplied 
N eural C o n tro l L a b o ra to ry , D ept. o f  Biom edical E n g in eerin g , Case 
W estern Reserve U n iv e rs ity , C leveland , OH 44106.

Nerve c u f f  e le c tro d e s  have been used w ith  se v e ra l neu ro - 
p r o s th e t ic  d ev ices  in c lu d in g  system s designed to  s t a b i l i z e  th e  
knee in  lower ex tre m ity  p a r a ly s is  (B rin d le y , G .S ., e t  a l . ,  P a ra 
p le g ia , . 16: 428, 1978), c o r re c t  fo o t-d ro p  (W aters, R .L ., e t  a l . ,  
J .  Bone J o in t  S u rg . . 57A: 1047, 1975), r e l ie v e  in t r a c t a b le  p a in  
(P ic a z a , J .A . ,  e t  a l . ,  A ppl. Neurophys i o l . .  4 0 : 223, 1977), and 
a id  r e s p i r a t io n  (Kim, J .H . ,  e t  a l • ,  J .  T hor. C ard iovasc . S u rg .. 
72 : 602, 1976). M echan ically -induced  nerve damage is  a m ajor 
concern  whenever nerve  c u f f s  a re  u sed . Cuff d iam eter i s  u s u a l ly  
recommended to  exceed nerve d iam eter by a t  l e a s t  40% to  minimize 
such damage. S u rg ica l trauma can a ls o  cause nerve  damage.

A new e a s i ly - im p la n te d  nerve c u f f  e le c tro d e  designed  to  
m inim ize m echan ica lly -induced  n e u ra l damage has been deve loped . 
T ra d it io n a l  nerve c u f fs  u s u a lly  c o n s is t  o f one o r more components 
su tu red  to g e th e r  to  form a c lo sed  c y l in d e r  around a n e rv e . The 
new s p i r a l  nerve c u f f  c o n s is ts  of e le c tro d e s  con ta ined  w ith in  a 
s e l f - c u r l in g  sh ea th  o f s i l i c o n e  ru b b e r . The c u f f  i s  he ld  in  an 
u n ro lle d  s t a t e  a d ja c e n t to  a nerve  and c o n t ro l la b ly  p e rm itted  to  
c u r l  around i t .  T his s im p le r i n s t a l l a t i o n  procedure  m inim izes 
s u rg ic a l  trauma to  th e  n e rv e . The s p i r a l  c u f f  i s  no t s t r i c t l y  a 
f ix e d  c y l in d e r  s in c e  i t  can be loosened o r tig h te n e d  by p re s s u re  
v a r ia t io n s  in s id e  and o u ts id e  th e  c u f f .  Experim ents have been 
perform ed to  e v a lu a te  w hether th e  c u f f 's  c a p a c ity  to  respond to  
in te r n a l  p re s s u re  caused by sw e llin g  would perm it th e  sa fe  
im p la n ta tio n  o f t i g h t e r  c u f f s  th an  was p re v io u s ly  recommended.

E igh teen  c u f fs  o f v a r io u s  d iam ete rs  were im planted  a s e p t ic a l ly  
on nerves  o f th re e  a n e s th e tiz e d  c a t s .  Cuff d iam ete r was chosen to  
e v a lu a te  fo u r d i f f e r e n t  C uff/N erve d iam ete r R a tio s  (CNR): 0 .9 ,  
1 .0 ,  1 .2  and 1 .4 . The c a ts  were m ain ta ined  fo r  seven months a f t e r  
which th e  nerves  were p repared  fo r  m icroscop ic  exam ination .

O bse rvations  made du rin g  th e  m aintenance p e rio d  f a i l e d  to  
rev e a l any g ro ss  motor o r senso ry  d e fe c ts  which would r e f l e c t  
n e u ra l damage. P re lim in a ry  f in d in g s  in d ic a te  th a t  w hile  some 
nerves im planted  w ith  t i g h t e r  c u f fs  e x h ib ite d  p e r in e u r ia l  
th ic k e n in g , in c rea sed  en d o n eu ria l connec tive  t i s s u e  and a marked 
dec re a se  in  axon d e n s i ty ,  o th e rs  su rv ived  w ith  l i t t l e  o r no 
damage. Damage can l i k e ly  be c o r r e la te d  w ith  s e v e ra l f a c to r s  in  
a d d i tio n  to  CNR, such as c u f f  s t i f f n e s s ,  im plant s i t e  c h a ra c te r 
i s t i c s ,  and nerve  s iz e .  S tu d ie s  in  p ro g re ss  w i l l  id e n t i f y  th e  
most l i k e ly  com bination o f f a c t o r s .  The e f f e c t s  o f e l e c t r i c a l  
s t im u la t io n  on p e r ip h e ra l nerve  a re  a ls o  being  s tu d ie d .

This work was p a r t i a l l y  supported  by VA G rant No. V541P– 1341, 
NSF G rant No. PFR 80–17190 and NIH Grant No. NOl‒NS‒3–2344.

354.5 INTRAMUSCULAR ELECTRICAL STIMULATION: TISSUE DAMAGE. A S cheiner*  
and J .T .  M ortim er (SPON: R. R is o ) . D ep t. o f  B iom edical 
E n g in ee rin g , Case W estern R eserve U ., C lev e lan d , OH. 44106

E l e c t r i c a l  a c t iv a t io n  o f s k e le ta l  m uscle can be acheived  w ith  
th e  use o f  TM (in tra m u s c u la r )  e le c t r o d e s .  E le c t ro d e s , o f th e  
type  d esc r ib e d  by C aldw ell and Reswick (Caldwel l , C.W. Ph. D. 
t h e s i s ,  Case W estern R eserve U. 1970) a re  o f  th e  type  most 
commonly used  to d a y . S ta in le s s  s t e e l  i s  th e  p o p u la r c o n s tru c tio n  
m a te r ia l  because o f  i t s  a v a i l a b i l i t y ,  and good m echanical and 
e le c tro c h e m ic a l p r o p e r t i e s .  C o iled  w ire  e le c tro d e s  have been 
ev a lu a te d  and found to  be s a fe  under p a s s iv e  c o n d itio n s  (C aldw ell 
e t  a l ,  IEEE T ra n s . Biomed. Eng. 22:429–432, 1975). A s tu d y  u s in g  
b alanced  b ip h a s ic  and ca th o d ic  monophasic s tim u la t io n  has a ls o  
been re p o r te d  (M ortim er e t  a l ,  Ann. Biomed, Eng. 8 :235–244, 
1980). T h e ir  in v e s t ig a t io n  showed th a t  ba lanced  b ip h a s ic  
s tim u la t io n  (up to  a charge  d e n s i ty  o f 2 .0  uCoulombs/mm2 /p h a se ) 
and ca th o d ic  monophasic s tim u la t io n  (up to  a charge d e n s ity  o f 
0 .2  uCoulombs/mm2 /p h a se ) showed l i t t l e  m uscle damage. S tu d ie s  
have shown (Lan, N ., M.S. t h e s i s ,  Case W estern Reserve U ., 1985) 
t h a t  sev e re  c o r ro s io n  o f s t a i n l e s s  s t e e l  e le c tro d e s  can occur 
u s in g  b alanced  b ip h a s ic  s tim u la t io n  a t  am p litudes  norm ally  used 
du rin g  TM s t im u la t io n .  McHardy e t  a l  (Ann. Biomed. Eng.  5 :144– 
149, 1977) conducted t e s t s  in  v i t r o  which in d ic a te  t h a t  th e  
" s a fe "  charge l im i t  ( th e  charge d e n s ity  p e r  phase a t  w hich 
c o r ro s io n  f i r s t  becomes s e r io u s )  can be a t  l e a s t  t r i p l e d  by th e  
use o f im balanced p u ls e s .

Our s tu d ie s  have in v e s t ig a te d  th e  t i s s u e  re a c t io n  o f f e l in e  
m uscle u s in g  im balanced b ip h a s ic  and ca th o d ic  monophasic IM 
s t im u la t io n .  A com parison was made between th e  amount o f damage 
to  t i s s u e  n e a r  c o i le d  w ire  e le c tro d e s  in  th e  in a c t iv e  re g io n  o f  
th e  e le c tro d e  where th e  m e ta l i s  coa ted  w ith  an in s u la to r  and th e  
a c t iv e  re g io n  where b a re  m e ta l i s  exposed to  th e  t i s s u e  medium. 
The r e s u l t s  show th a t  th e  m agnitude o f n e t  DC c u r re n t  and th e  
ty p e  o f  c u r re n t waveform (b ip h a s ic  v s .  m onophasic) a r e  
predom inate f a c to r s  in  d e te rm in in g  m uscle damage. For b ip h a s ic 
s t im u la t io n ,  damage in  m uscle s tim u la te d  w ith  l e s s  th a n  20uA/mn2  
n e t DC c u r re n t  i s  n o t s t a t i s t i c a l l y  d i f f e r e n t  from c o n t r o l .  At 
a l l  c u r re n t le v e ls  t e s t e d ,  monophasic s t im u la t io n  produced 
g r e a te r  t i s s u e  damage th a n  b ip h a s ic  s tim u la t io n  a t  th e  same n e t 
DC c u r r e n t .  C o il e le c tro d e s  were imbedded in  an ag a r medium 
c o n ta in in g  R in g e r 's  s o lu t io n  and pH in d ic a to r .  The r e s u l t s  o f 
th e  in  v i t r o  s tu d y  showed th a t  pH changes fo r  monophasic 
s tim u la t io n  a re  g r e a t e r  th a n  f o r  b ip h a s ic  s tim u la t io n  o f th e  same 
n e t DC c u r r e n t .  This su g g es ts  th a t  t i s s u e  damage i s  r e l a te d  to  
pH changes n ea r  th e  s tim u la t in g  e le c t ro d e .

Supported by VA G rant #V541P‒1341 .

354.6 CVA AFFECTS MOTOR UNIT ACTIVITY IN BOTH PARETIC AND NONPARETIC 
HUMAN FOREARM MUSCLES. S .S . F i t t s ,  P h .D .* , M.C. Hammond, M.D.*, 
P .B . N u tte r , M.D.*& G.H. K ra f t ,  M.D.* (SPON: J .C . Slim p, Ph.D .) 
D ept. Rehab. M ed., Univ. of W ash., S e a t t l e ,  WA. 98195.

S ta b le  s tro k e  p a t i e n t s '  weakness and slow ness of movement may 
be r e l a te d  to  t h e i r  re p o r te d  i n a b i l i t y  to  m a in ta in  a  s tead y  motor 
u n i t  d is c h a rg e . We in v e s t ig a te d  w hether or n o t th e  f le x io n  synergy 
p a t te r n  seen  in  upper ex trem ity  hem ip ares is  co rresponds to  g re a te r  
d e f i c i t  in  m otor u n i t  a c t i v i t y  of ex ten so r than  of f le x o r  m uscles.

Dual channel n ee d le  EMG re c o rd in g s  were made from f le x o r  c a rp i  
r a d i a l i s  and ex ten so r c a rp i  r a d i a l i s  longus o f  7 p a r e t i c ,  7 non
p a r e t i c ,  and 7 norm al c o n tro l arm s. P a t ie n ts  (x̄ age 69) had 
m oderate to  m ild  upper ex trem ity  p a r e s i s .  Tw enty-four iso m e tr ic  
c o n tra c tio n s  were reco rd ed  fo r  each w r i s t ,  in c lu d in g  12 f le x io n  
and 12 ex te n s io n  t r i a l s  in  a  ba lanced  random o rd e r . C o n tra c tio n s  
of 3 , 6 , o r  9 sec were s ig n a le d  by b u zz e rs , a f t e r  random 2-  to  
4‒sec w arning p e r io d s . EMG a c t i v i t y  was sampled seven tim es per 
msec, and m otor u n i t  ey e n ts  exceeding  75µ V b a se l in e - to -p e a k  
am plitude  were coun ted . I n te r p o te n t i a l  in t e r v a l s  were reco rded  fo r  
subsequen t a n a ly s is  of su s ta in e d  a c t iv i t y  v s  gaps lo nge r than  100 
msec. R ates were computed as  e v e n ts  p e r sec du rin g  su s ta in e d  
a c t i v i t y .

A gonist f i r i n g  r a t e s  were slow er in  p a r e t i c  th an  in  c o n tro l and 
n o n p a re tic  m uscles (x ̄s=2 4 .5 , 41.6 & 4 5 .3 , r e s p e c t iv e ly ;  p < .0 1 ) ,  
w ith  no d if f e re n c e  between f le x o r s  and e x te n so rs^  P a re t ic  a g o n is ts  
a l s o  had le s s  su s ta in e d  a c t i v i t y  than  c o n tro ls  (X 's=0.956 & 2.450 
s e c , p < . 01) ,  w ith  th e  com bination r e s u l t in g  in  few er t o t a l  even ts  
(x ̄' s =40 & 113, p < 0 1 ) . N onparetic  a g o n is ts ,  w h ile  f i r i n g  a t  a 
norm al r a t e ,  had more su s ta in e d  a c t iv i t y  (x̄=3.542 sec) and more 
ev e n ts  ( x ̄189) th an  c o n t ro ls .  In  a n ta g o n is t  m uscles , f i r i n g  r a t e s ,  
number of e v e n ts , and t o t a l  tim e of su s ta in e d  a c t i v i t y  were n o t 
s ig n i f i c a n t ly  a f f e c te d  by co n d itio n  ( F 's  < 1 ) .

The reduced tim e of su s ta in e d  a c t i v i t y  in  p a r e t i c  a g o n is ts  
confirm s p rev io u s  q u a l i t a t iv e  d e s c r ip t io n s  of a s p lu t t e r in g  p h as ic  
p a t te r n  w ith  i r r e g u la r  b u r s ts  and gaps. P erio d s  of in a c t i v i t y  and 
a  slow er r a t e  when a c t iv e  b o th  r e f l e c t  im paired  m otor u n i t  r e c r u i t 
ment in  p a r e t i c  a g o n is t s ,  a lth o u g h  th e  p re s e n t d a ta  cannot d i s 
t in g u is h  between reduced a c t i v i t y  in  e q u iv a le n t numbers of motor 
u n i t s  and unchanged a c t i v i t y  in  few er u n i t s .  The number of even ts  
and t o t a l  s u s ta in e d  a c t i v i t y  o f p a r e t i c  ex te n so rs  d i f f e r  from 
c o n tro ls  more than  f le x o r s ;  w h ile  n o t s t a t i s t i c a l l y  s ig n i f i c a n t ,  
th i s  o b s e rv a tio n  i s  c o n s is te n t  w ith  th e  c l i n i c a l l y  c h a llen g in g  
f le x o r  synergy p a t te r n .  F in a l ly ,  because a c t i v i t y  was in c rea sed  
in  n o n p a re t ic  a g o n is ts ,  th e  "u n a ffe c te d "  s id e  i s  n o t an appro
p r i a t e  c o n tro l  f o r  s tu d ie s  o f h e m ip a re s is .

Support by g ra n t # G008435053 from NIHR.
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354.7 The In f lu e n c e  o f  A n ta g o n is t ic  C o co n tra c tio n  on L a b ia l Movements 
i n  P a rk in s o n 's  D ise a se . M ichael P . C a l ig iu r i*and James H. Abbs 
(Spon . M ichael E. Baker) Speech M otor C o n tro l L abs. U n iv e rs ity  
o f  W isconsin , M adison WI 53706

An in c re a s e  i n  background EMG and th e  p re sen ce  o f  a n ta g o n is t i c  
c o c o n tra c t io n  ty p i c a l ly  c o in c id e s  w ith  r i g i d i t y  and reduced  
movements i n  P a rk in s o n 's  D isease  (PD). Y e t, th e  l i t e r a t u r e  i s  
e q u iv o ca l w ith  r e s p e c t  t o  th e  n o tio n  t h a t  b ra d y k in e s ia  i s  due 
to  th e  " f a i l u r e  t o  r e la x "  o f  th e  a n ta g o n is t  m u sc les . F u rtherm ore , 
i t  h a s  been  a rg u ed  t h a t  a n ta g o n is t i c  c o c o n tra c t io n  may have 
d i f f e r e n t i a l  e f f e c t s  on slow  v e rs u s  f a s t  movements. The g o a l o f  
th e  p r e s e n t  s tu d y  was t o  d e te rm in e  th e  e x te n t  t o  wh ic h  an tagon 
i s t i c  c o c o n tra c t io n  c o n t r ib u te s  t o  reduced  l a b i a l  movements f o r  
speech  in  P D. I t  was h y p o th e sized  t h a t  PD s u b je c ts  who e x h ib i t  
in c re a s e d  a c t i v i t y  o f  th e  a n ta g o n is t  m uscle d u rin g  movement o n s e t 
w ould m a n ife s t  reduced  d isp la cem en t am p litu d e  and v e lo c i ty  and 
in c re a s e d  movement tim e  compa red w ith  PD s u b je c ts  who e x h ib i t  
norm al a n t a g o n is t i c  m uscle a c t i v i t y .

Lower l i p  e le v a t io n  movements w ere re co rd e d  a lo n g  w ith  EMG 
a c t i v i t y  from  m. o r b i c u l a r i s  o r i s  and m. d e p re s s o r  l a b i i  i n f e r i o r  
d u rin g  r e p e t i t i v e  s y l l a b l e  p ro d u c tio n . E leven PD and n in e  norm al 
age-m atched c o n t r o l  s u b je c ts  w ere s tu d ie d .  The s y l la b le  /v a /  was 
produced  a t  two speak in g  r a t e s :  norm al and f a s t .  PD s u b je c ts  w ere 
grouped  a c co rd in g  t o  th e  p re se n c e  o r  ab sence  o f  a n ta g o n is t i c  
c o o o n tra c tio n  (DLI) d u rin g  low er l i p  e le v a t io n  in t o  r i g i d  and 
n o n - r ig id  subg roups, r e s p e c t iv e ly .

The r e s u l t s  in d ic a te d  t h a t  a l l  PD s u b je c ts  e x h ib i te d  reduced  
d isp la c e m e n t am p litu d es  and v e l o c i t i e s  compared w ith  th e  norm al 
c o n t r o l s .  In  a d d i t io n ,  f o r  th e  norm al speak ing  r a t e ,  r i g i d  
PD s u b je c ts  e x h ib i te d  s i g n i f i c a n t ly  low er d isp la cem en t am p li
tu d e s  th a n  th e  n o n - r ig id  PD s u b je c ts ,  w h ile  peak in s ta n ta n e o u s  
v e l o c i t i e s  d id  n o t  d i f f e r  f o r  th e  two PD subg roups. F o r th e  f a s t  
sp eak in g  r a t e ,  a n a ly s e s  o f  l a b i a l  k in e m a tic s  d id  n o t  d i s t i n g u is h  
th e  two subg roups. A naly ses  o f  l a b i a l  movement tim es  d id  n o t  
r e v e a l  s i g n i f i c a n t  d i f f e re n c e s  among th e  th r e e  s u b je c t  g ro u p s .

On th e  b a s i s  o f  th e  above f in d in g s ,  i t  may be  h y p o th e sized  
t h a t  f o r  r a p id  l a b i a l  movements, a n ta g o n is t i c  c o c o n tra c t io n  
does n o t  a d v e rs e ly  in f lu e n c e  movement i n t e g r i t y .  On th e  o th e r  
hand , f o r  s lo w er movements, a n ta g o n is t i c  c o c o n tra c t io n  may 
c o n t r ib u te  t o  a  f u r th e r  r e d u c t io n  o f  d isp la cem en t am p litu d e  
b u t  n o t  v e lo c i ty .  Thus, l a b i a l  movements may be  a s s o c ia te d  
w ith  an  u n d e rly in g  sen so rim o to r  c o n t ro l  d e f i c i t  w hich i s  
ex a c e rb a te d  by  a n ta g o n is t i c  c o o o n tra c tio n  f o r  movement ta s k s  
demanding slow  p r e c i s e  e x e c u tio n .

354.8 PERSISTENT SPEECH DYSPRAXIA: BRAIN LESION SITES 
AND SPEECH TIMING DEFICITS. C.L. Ludlow, N.P. 
Connor*. S.E. Sedory* and A.M. S alazar*. Human Motor 
C ontrol Section, MNB-IRP, NINCDS, Building 10, Room 5N226, 
Bethesda, MD 20892, and Vietnam Head Injury Study, Walter 
Reed Army Medical C en ter, Washington, DC 20307–5001.

The purpose of this study was to determ ine the brain s tructu res  
involved in speech dyspraxia and to quantify disruptions in 
speech tim ing. Nine patien ts  were identified with speech 
dyspraxia (SD) 15 years following penetrating  head injury. Six 
had some expressive language defic its  while 3 had no history or 
signs of aphasia. Brain lesion sites from CT scans were 
com pared with those of head injured patien ts  (HIP) w ithout 
speech/language defic its, but w ith sim ilar brain lesion volumes. 
All SD patien ts  had le f t  co rtica l involvement of the prim ary 
motor strip  (area 4) with extension to areas  6, 8 and 9, and 
deep extension involving the insula, superior longitudinal 
fasciculus, fron ta l corona rad ia ta  and anterior corpus callosum. 
None of the HIP controls had this com bination of struc tu res 
involved in the  le f t  hem isphere.

The SD patien ts  w ith some residual language im pairm ent (N=6), 
and the SD patien ts  w ithout a history of aphasia (N=3) were 
com pared to non-head injured controls (NC) on experim ental 
speech timing tasks which assessed; 1) execution tim e for 
syllables, words, phrases, pauses and sentences; 2) changes in 
execution with speech ra te  change; 3) changes in execution 
tim e with speech stress change; and 4) speech syllable 
repetition  ra te . D ifferen t speech timing im pairm ents were 
found in the 2 subtypes of SD. SD with language im pairm ent 
was associa ted  with slow execution tim e within words and 
syllables, no pauses betw een phrases and reduced percent 
change in execution tim e with increased speech ra te . Those 
w ithout language im pairm ent had decelera ting  ra te s  of syllable 
repetition , norm al word and phrase execution tim es, and longer 
sentence execution tim es than norm al due to increased pause 
lengths betw een phrases. All SD patien ts  had normal relative 
timing ratios indicating normal planning of speech timing. 
Therefore, only a few selective deficits  in speech execution 
occurred with extensive lesions to the prim ary motor cortex 
and connecting pathways in the le f t hem isphere.

354.9 ANALYSIS OF WRIST MOVEMENT SPEED IN CLOSED HEAD INJURED SUBJECTS 
WITH SPASTICITY AND NON-NEUROLOGICALLY INVOLVED SUBJECTS. R. L. 
S egal and E. Y o u sse ff .*  Di v . o f  P h y s ic a l Therapy, D ept. o f Rehab. 
M ed., Emory U niv. Sch. o f Med. A tla n ta ,  GA 30322.

The p re s e n t s tu d y  i s  p a r t  o f l a r g e r  s tu d y  com paring human norma
t iv e  d a ta  (non-CHI; n=14) on th e  c o n tro l  o f w r is t  f le x io n  and 
ex te n s io n  to  da t a o b ta in ed  from human s u b je c ts  w ith  upper ex tre m ity  
s p a s t i c i t y  secondary  to  c lo se d  head in ju ry  (CHI; n=6 ) . A ll  sub
j e c t s  s ig n ed  inform ed co n sen t m a te r ia ls  approved by th e  U n iv e rs ity  
Human I n v e s t ig a t io n s  Comm ittee. The d a ta  o f fe re d  in  th i s  p re s e n ta 
t i o n  p e r t a in s  to  w r is t  movement v e lo c i ty .

Each s u b je c t  was asked to  perfo rm  slow  (ap p ro x im ate ly  3 0 ° /se c )  
and f a s t  (a s  p o s s ib le )  f le x io n -e x te n s io n  movements o f 30° and 60° 
w ith  th e  fo rearm  in  n e u t r a l  p o s i t i o n .  Movements were perform ed 
w h ile  s i t t i n g  and under 2 c o n d i tio n s : 1 ) fo rearm  secu red  to  ta b le  
w ith  elbow f le x e d  to  90° (su p p o rted  p o s i t i o n ) ; and 2) a c t iv e  
sh o u ld e r  f le x io n  to  90° and f u l l  a c t iv e  elbow e x te n s io n  (unsup
p o rte d  p o s i t i o n ) .  CHI s u b je c ts  used t h e i r  inv o lv ed  e x tre m ity  w hile  
non-CHI s u b je c ts  used  t h e i r  dom inant e x tre m ity . Movement was 
m onito red  by a  w r is t  e le c tro g o n io m e te r  and reco rd e d  on FM ta p e . 
A com puter program  a s s i s te d  in  th e  c a lc u la t io n  o f th e  speed o f 
th e  e n t i r e  movement and th e  speed o f 10° movement i n t e r v a l s .  
The ave rage  o f  3 t r i a l s  f o r  16 movements was used  d u rin g  a n a ly s is .

There a re  many s t a t i s t i c a l l y s ig n i f i c a n t  d if f e re n c e s  between 
th e  CHI and non-CHI groups (one-way ANOVA, p . < 0 .05 ) . The m ajor 
d i f f e re n c e s  a re  a s  fo llo w s : 1) Non-CHI s u b je c ts  have h ig h e r  
o v e r a l l  speeds d u rin g  f a s t  movements (7 o f 8 movements); 2). 
Speed d i f f e re n c e s  d u rin g  f a s t  movements a re  g r e a te r  in  th e  unsup
p o r te d  p o s i t io n  (Non-CHI b e in g  f a s t e r  ex cep t in  l a s t  1 0 °); 3) 
D uring s e v e ra l  slow  60° movements th e re  a re  no d if f e re n c e s  in  
th e  speed o f  th e  o v e ra l l  movements, b u t s ig n i f i c a n t  d if f e re n c e s  in  
10° in t e r v a l s  o f  movement a re  n o te d . Thus, a lth o u g h  slow  move
ment o v e r a l l  speeds appear s im i la r ,  CHI and non-CHI s u b je c ts  
p ro b ab ly  a c h iev e  th e  speeds by d i f f e r e n t  s t r a t e g i e s ;  4) The 
o n ly  tim e  CHI i n te r v a l  v e l o c i t i e s  a re  s t a t i s t i c a l l y  g re a te r , 
th a n  non-CHI i s  a t  th e  end o f  two f a s t  60° movements.

The p re s e n t  f in d in g s  w i l l  be i n te g ra te d  w ith  e lec trom yograph ic  
d a ta  to  deve lop  tre a tm e n t p ro to c o ls  to  improve upper e x tre m ity  
fu n c t io n  o f  CHI i n d iv id u a ls  w ith  s p a s t i c i t y .  For exam ple, speed 
d i f f e re n c e s  betw een su p p o rted  and unsuppo rted  p o s i t io n s  r e in fo rc e  
th e  need to  in c o rp o ra te  s e v e ra l  p o s i t io n s  in  t r e a t i n g  th e  upper 
e x tre m ity .

Funded by th e  Foundation  fo r  P h y s ic a l Therapy.

354.10 BEHAVIORAL EFFECTS OF CONTINOUS INTRASTRIATAL DOPAMINE 
INFUSIONS IN ANIMALS WITH AND WITHOUT UNILATERAL LESIONS OF 
THE SUBSTANTIA NIGRA. R.W. Hargraves*#and  W.J. Freed. #Depart
ment of Neurosurgery, Naval Hospital, Bethesda, Maryland and Neuropsy
chiatry Branch, NIMH, Saint Elizabeths Hospital, Washington, D.C. 20032

We have examined the effects of the chronic administration of dopamine 
directly into the striatum of rats with and without unilateral lesions of the 
substantia nigra (SN). Rats received unilateral lesions of the SN by 
stereotaxic administration of 6-hydroxydopamine hydrobromide. After 
three weeks the animals were tested for apomorphine induced rotational 
activity (.1 mg/kg s.c.), and general activity. Alzet osmotic mini-pumps 
(model 2002) were filled with solutions containing dopamine in various 
concentrations and 0.4% ascorbate, implanted subcutaneously and connected 
to a 25 gauge cannula which was implanted directly into the striatum. The 
system delivered the solutions at a rate of .5 µ l/hr for two weeks.

In normal animals which received dopamine infusions without prior 
lesions of the SN, there was no spontaneous rotational activity, nor was 
there any rotational preference after apomorphine injections (.1 mg/kg s.c.). 
At higher dopamine concentrations (10 µ g/hr), there was an increase in 
stereotyped behavior including an increase in grooming and cage explora
tion, but no rotational effects.

In animals with prior SN lesions there was initially a strong spontaneous 
rotational behavior contralateral to the infusion site with infusions of 
dopamine greater than 5 µg/hr. These spontaneous rotations were, how
ever, no longer evident after the intital 48 hr. of infusion. At a dose of .5 
µg/hr there was initially a slight increase in stereotyped behavior such as 
cage exploration and grooming. This activity also disappeared after 48 hr. 
of infusion. General activity levels were not significantly different from 
those observed prior to infusion. These infusions produced a significant 
decrease in apomorphine-induced rotational behavior. At a dose of .5 µ g/hr 
(n=10), the mean (+ SEM) reduction in rotation was 79 + 3.1%. These 
reductions were evident throughout the tyo-week duration of the infusions. 
Control animals which received NaCl/ascorbic acid infusions showed no 
change from their pre-implantation rotational behavior status. When the 
infusions were terminated all animals returned to their pre-implantation 
levels of rotational behavior.

Spread of the infused dopamine was determined by adding tritium 
labelled dopamine to the pumps in tracer quantities. Radioactivity was 
highly concentrated at the infusion site and decreased rapidly with increased 
distance from the point source, being minimally detectable beyond 6 mm.

In this model system, continous infusion of a neurotransmitter into an 
area of a known deficiency corrected a behavioral abnormality caused by 
the absence of the neurotransmitter, without the reestablishment of 
synaptic connections. This or similar methods may eventually prove to be 
effective in the treatment of nigro-striatal degenerative diseases.
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354.11 PRESENCE OF DOPAMINE AND RELEASE OF TRANSMITTER ARE NECESSARY 
FOR MPTP INDUCED DECREASE IN SYNAPTIC TRANSMISSION. J . A. 
W ilson, J ,  S. W ilson, & F. F. Weight Dept. P hysio logy, C reighton  
Univ. Omaha, NE 68178, Dept. of Anatomy, Howard Univ. Washing
to n , DC 20059, & Lab. of P r e c l in ic a l  S tu d ie s , Nat. I n s t .  A lcohol 
Abuse & A lcoholism , R o ck v ille , MD 20852.

The s p e c i f ic  n eu ro to x in , MPTP, causes a P ark in so n 's  d is e a s e 
l i k e  syndrome in  man, monkeys, m ice, and dogs. At p re s e n t i t  i s  
w e ll e s ta b l is h e d  th a t  th e  MPTP must be o x id ized  and th a t  the  
dopamine up take system  must be fu n c t io n a l fo r  th e se  to x ic  
e f f e c t s  to  occur. However, o th e r  a sp e c ts  of th e  MPTP induced 
to x i c i t y  rem ain  s u b je c t to  q u es tio n .

The mechanism by which MPTP has i t s  to x ic  e f f e c t  i s  s t i l l  
u n c lea r . I t  has been suggested  th a t  th e  second o x id a tio n  
p ro d u c t, MPP+, i s  th e  to x ic  agen t; however, d i r e c t  a p p l ic a t io n  
of th i s  agen t to  b ra in  s l i c e s  does no t produce a n o n -re v e rs ib le  
dec rease  in  c o r t i c o - s t r i a t e  tra n sm is s io n . The f i r s t  o x id a tio n  
p ro d u c t, MPDP+, has a lso  been suggested  as p o te n t ia l ly  being  th e  
to x in  due to  i t s  ex trem e r e a c t iv i ty .  MPDP+ may r e a c t  w ith  
dopamine and produce to x ic  quinones which can k i l l  th e  n ig r a l  
neurons. I f  th i s  mechanism i s  to  be c o n s id e red , th e  p resence  of 
dopamine in  th e  p re p a ra tio n  should be n ecessa ry  fo r  a non- 
r e v e r s ib le  d ec rease  in  sy n ap tic  t ra n sm is s io n . To determ ine  
w hether o r no t dopamine i s  n ecessa ry  fo r  MPTP's e f f e c t  of 
d e c re a s in g  c o r t i c o - s t r i a t e  s y n ap tic  tr a n s m is s io n , we used a 
mouse b ra in  s l i c e  p re p a ra tio n  which we have p rev io u sly  c h a ra c te 
r iz e d  (W ilson e t .  a l . BRAIN RES. 368:357, 1986). MPTP was bath  
ap p lied  to  s l i c e s  from an im als which had been p r e t r e a te d  w ith  
r e s e rp in e  as i s  known to  on ly  d ec rease  th e  dopamine le v e ls  in  
th e  b ra in . The am p litude  of th e  sy n a p tic  responses to  c o r t i c a l  
s t im u la t io n  was m onitored . The am p litude  of th e  f i e ld  p o te n t ia l  
was found to  equa l c o n tro l value w ith in  1 hour from th e  s t a r t  of 
w ashing. We were next in t e r e s te d  to  know i f  th e re  had to  be a 
r e le a s e  of t r a n s m it t e r  fo r  th e  n o n -re v e rs ib le  d ec rease  in  synap
t i c  tra n sm is s io n . Using low ca lc ium  /  h igh  magnesium a r t i f i c i a l  
CSF, s y n a p tic  tra n sm is s io n  was r e v e r s ib ly  b locked. MPTP, 300 
uM, was added to  th i s  s o lu tio n  fo r  20 m inu tes. The s u p e rfu sa te  
was changed back to  th e  o r ig in a l  ACSF and sy n a p tic  tra n sm is s io n  
re tu rn e d  to  i t s  c o n tro l value w ith in  one hour. We in t e r p r e t  
th e se  r e s u l t s  to  in d ic a te  th a t  th e  p resence  o f dopamine and 
re le a s e  of t r a n s m it t e r  a re  n ecessa ry  fo r  th e  MPTP induced non- 
r e v e r s ib le  d ec rease  in  s y n ap tic  tra n sm is s io n .

354.12 DISTURBANCES IN THE NEURONAL DISCHARGE .OF AREA 4 IN MPTP-TREATED 
MONKEYS. CENTRAL AND PERIPHERAL HYPOTHESIS. Doris DOUDET, Christian 
GROSS, Françoise GARANX, and Bernard BIOULAC, Laboratoire de 
Neurophysiologie, Groupe Motricité , Université de Bordeaux I I , UA 
1200 CNRS, 146 rue Leo Saignat, 33076 BORDEAUX CEDEX (FRANCE).
Some reports showed that the systemic administration of 1‒Methyl‒4- 
Phenyl , 1, 2, 3, 6-Tetrahydropyridine (MPTP) in monkeys induces a 
parkinsonian-like syndrome with hypertonia, hypokinesia, and a 
degeneration of the dopaminergic neurons of the substantia nigra 
(SN) as observed in parkinsons'disease. Using the MPTP primate 
model the aim of the present study was to evaluate these possible 
influences Respective influence of the ascending and descending 
pathways originating from the SN. Methods : Extracel l ular unit 
activ ity  of motor cortex was recorded in two rhesus monkeys trained 
to perform a rapid flexion or extension of the contralateral 
forearm in response to an auditory cue. Movement parameters and 
EMG activ ity  were recorded under the same conditions. Degeneration 
of the SN was obtained by systemic administration of MPTP. (total 
dose : 3,5 to 5 mg/kg). Result : In normal animals, area 4 neurons 
a lte r th e ir discharge frequency before the onset of displacement. 
The s ta tic  discharge rate is low. The majority of neurons (50 %) 
tested during movement in both directions showed a reciprocal 
pattern of activ ity  for the two directions of movement, a small 
percentage (18 %) exhibited a change for only one direction and the 
la tte r  32 % displayed a similar change for both directions of 
movement. Movement related responses of area 4 neurons were 
markedly affected in the lesioned monkeys. The duration of the 
changes of neuronal firin g  both preceding and following the onset 
of displacement was increased. The other hand, the ce llu lar 
reaction time was not significantly  altered. Spontaneous f irin g  of 
precentral neurons increased sligh tly  but not significantly  and the 
dynamic discharge rate was about the same after nigral lesion. 
However, only 18 % of cortical neurons s t i l l  presented a reciprocal 
organization. The percentage of unidirectional neurons increased, 
while the bidirectional one remained the same. The slowed movements 
were associated with a generalized depression in the rate of rise  
and the amplitude of EMG activ ity  in the agonist muscle with a 
usual coactivation of the antagonist. Discussion : Two explanations 
are proposed to explained the motor cortex dysfunction : (a) the SN 
could act as a "time-marker" on area 4 activ ity  by setting bounds 
to the end of the modification of firin g  ; (b) the marked increase 
in muscle tone (parkinsonian hypertonia) could in terfere as a 
peripheral load inducing a load-compensation"-like phenomenon on 
area 4 ce lls as is observed in the normal situation . The possible 
neuronal basis for the observed motor impairments is discussed. A 
different involvement of descending corticospinal and brainstem 
pathways is  proposed in the genesis of the d efic its  seen in 
Parkinson's d isease ..

354.13 COORDINATION BETWEEN POSTURE AND MOVEMENT IN PARKINSONIANS 
ANALYZED THROUGH A BIMANUAL TASK. J .  M assion*, F. V ia l l e t ,  R. 
M assarino*, R. K h a li l*. S erv ic e  de N eu ro log ie , CHU La Timone, 
13005 MARSEILLE and L a b o ra to ire  de N eurosciences F o n c tio n n e lle s , 
CNRS, 31, ch . Joseph A ig u ie r, 13402 MARSEILLE CEDEX 9, F rance .

V olun tary  movements a re  accompanied by an ad ju stm en t o f 
p o s tu re  which m inim izes th e  im balance caused by th e  movement. When 
th e  forearm  h e ld  in  a h o r iz o n ta l  p o s i t io n  i s  loaded w ith  a w eigh t, 
v o lu n ta ry  un load ing  perform ed by th e  o th e r  hand i s  accompanied by 
an a n t ic ip a to ry  dec re a se  in  th e  EMG a c t iv i t y  o f  th e  f le x o r  m uscles 
o f  th e  " p o s tu ra l"  arm. The upward arm r o ta t io n  which shou ld  r e s u l t  
from u n load ing  i s  th u s  markedly reduced (HUGON, M ., MASSION, J . ,  
WIESENDANGER, M ..P f lüg e rs  A rc h ., 393: 292–296, 1982; DUFOSSE, M. , 
HUGON, M., MASSION, J . , Exp. B ra in  R e s . , 60: 330–334, 1985).
Imposed u n lo ad in g , which was b rough t abou t by th e  e x p e rim e n te r 's  
l i f t i n g  th e  w eigh t ( 1 k g ) , and v o lu n ta ry  un lo ad in g , which was 
perform ed by th e  s u b je c t 's  o th e r  hand in  response  to  a tone  b u r s t ,  
were ana lyzed  in  14 P ark in so n ia n  p a t ie n t s  and in  an age-m atched 
group o f  c o n tro l s u b je c ts .

The v a r ia b le s  reco rd e d  were r e a c t io n  tim e (tim e in t e r v a l  
between th e  tone  and th e  beg in n in g  o f  u n lo ad in g , RT) and movement 
tim e (d u ra t io n  o f  th e  fo rc e  changes measured by a fo rc e  p la tfo rm  
on th e  fo rearm , MT),. Elbow ang le  changes were a ls o  measured w ith  a 
p o te n tio m e te r . The EMG a c t iv i t y  from b ic e p s , t r i c e p s  and 
b r a c h io r a d ia l i s  o f  th e  p o s tu r a l  arm and th a t  from th e  b ic ep s  o f 
th e  a c t iv e  arm were reco rd e d . "The P ark in so n ia n  p a t ie n t s  showed an 
in c re a s e  in  bo th  RT and MT. An im pairm ent o f  th e  c o o rd in a tio n  was 
in d ic a te d  by an in c re a s e  in  am plitude  o f  th e  elbow r o ta t io n  a f t e r  
v o lu n ta ry  u n load ing . M oreover, in  P ark in so n ian  p a t i e n t s ,  th e  
d ec re a se  in  EMG a c t iv i t y  in  th e  f le x o r  m uscles o f  th e  p o s tu r a l  arm 
was m arkedly reduced du rin g  v o lu n ta ry  un lo ad in g . This d is o rd e r  o f  
p o s tu r a l  command was o f te n  accompanied by a la ck  o f  a n t ic ip a to ry  
EMG changes. Comparison between t r e a te d  and n o n - tre a te d  p a t ie n t s  
showed th a t  DA a g o n is ts  le d  to  th e  recove ry  o f  bo th  RT and MT b u t 
d id  n o t improve p o s tu r a l  c o o rd in a tio n . The c o o rd in a tio n  was more 
s e v e re ly  im paired  when th e  v o lu n ta ry  movem/ent was perform ed by th e  
non dominant hand. S ev e ra l h y p o th e s is  a re  d isc u sse d  co ncern ing  th e  
mechanism u n d e rly in g  th e  im paired  c o o rd in a tio n  between p o s tu re  and 
movement, such as  a d e fe c t  in  fo rc e  c o n tro l o f  th e  v o lu n ta ry  arm, 
a d e fe c t  in  p h as ic  p o s tu r a l  c o n t r o l ,  and a s p e c i f ic  d is o rd e r  o f  
th e  i n t e r n a l  c i r c u i t s  r e s p o n s ib le  f o r  th e  c o o rd in a tio n .

354.14 ALPHA-TOCOPHEROL IN TARDIVE DYSKINESIA: A PRELIMINARY 
STUDY. J . B .  L o h r* ,  J . L .  C a d e t* ,  M, A. L o h r* ,  E . 
W asl i * ,  E . A p o s t e l e s *  a n d  D .V . J e s t e .  N e u r o p s y c h i a t r y  
B r a n c h ,  NIMH, S t .  E l i z a b e t h s  H o s p i t a l ,  W a s h in g to n ,  
D .C . 2 0 0 3 2 .

P e r s i s t e n t  t a r d i v e  d y s k i n e s i a  (TD) f o l l o w i n g  
l o n g - t e r m  n e u r o l e p t i c  t r e a t m e n t  i s  a g ro w in g  p r o b le m  
f o r  w h ic h  t h e r e  i s  no s a t i s f a c t o r y  t r e a t m e n t .  I t  i s  
p o s s i b l e  t h a t  some c a s e s  o f  TD r e s u l t  f ro m  n e u r o n a l  
dam age d u e  t o  e x c e s s  f r e e  r a d i c a l  p r o d u c t i o n  t h a t  may 
o c c u r  d u r i n g  c a t e c h o l a m i n e  m e ta b o l i s m  ( C a d e t ,  L o h r  a n d  
J e s t e ,  T re n d s  N e u r o s c i  9 :1 0 7 ,  1 9 8 6 ) .  We t h e r e f o r e  
d e c id e d  t o  a s s e s s  t h e  e f f i c a c y  o f  a l p h a - t o c o p h e r o l  
( v i t a m i n  E ) ,  a p o t e n t  f r e e  r a d i c a l  s c a v e n g i n g  a g e n t ,  
on  t h e  c l i n i c a l  s i g n s  o f  TD.

M e th o d s : 10 p a t i e n t s  w i th  t h e  d i a g n o s i s  o f  e i t h e r  
c h r o n i c  s c h i z o p h r e n i a  o r  s c h i z o a f f e c t i v e  d i s o r d e r  (b y  
DSM‒ I I I  c r i t e r i a )  a n d  p e r s i s t e n t  TD f o r  a t  l e a s t  2 
y e a r s  c o m p le te d  th e  s t u d y .  TD w as d i a g n o s e d  b y  tw o  
in d e p e n d e n t  r a t e r s  u s i n g  s p e c i f i c  c r i t e r i a .  P a t i e n t s  
r e c e i v e d  a l p h a - t o c o p h e r o l  a n d  m a tc h e d  p l a c e b o  i n  a 
r a n d o m iz e d  c r o s s - o v e r  d e s i g n .  The d o s e  o f  a l p h a -  
t o c o p h e r o l  w as r a i s e d  fro m  400 I .U .  p . o .  q . d .  t o  400 
I . U .  p . o .  t . i . d .  o v e r  a  2 w eek p e r i o d  a n d  m a i n t a i n e d  
a t  t h a t  l e v e l  f o r  an  a d d i t i o n a l  2 w e e k s .  A b n o rm a l 
m o v e m en ts  w e re  r a t e d  u s i n g  a m o d i f i e d  v e r s i o n  o f  t h e  
A b n o rm a l I n v o l u n t a r y  M ovem ent S c a l e  (AIMS) a n d  a 
m o d i f i e d  S im p s o n -A n g u s  S c a l e  f o r  P a r k in s o n i s m  (SA S) b y  
tw o  i n d e p e n d e n t  r a t e r s  " b l i n d "  t o  m e d i c a t i o n  s t a t u s .  
P s y c h o p a th o l o g y  w as r a t e d  on  t h e  B r i e f  P s y c h i a t r i c  
R a t in g  S c a l e  (B P R S ).

R e s u l t s : P a t i e n t s  d e m o n s t r a t e d  a  s i g n i f i c a n t  
o v e r a l l  r e d u c t i o n  i n  AIMS s c o r e  a f t e r  t r e a t m e n t  w i th  
a l p h a - t o c o p h e r o l  ( p < 0 .0 1 ) ,  b u t  n o t  a f t e r  p l a c e b o .  The 
m ean r e d u c t i o n  i n  t h e  AIMS s c o r e  w i t h  a l p h a - t o c o p h e r o l  
w as 48%, w i th  4 p a t i e n t s  sh o w in g  g r e a t e r  t h a n  50% 
r e d u c t i o n  i n  t h e i r  d y s k i n e s i a .  T h e re  w e re  no  
s i g n i f i c a n t  c h a n g e s  i n  SAS o r  BPRS, a l t h o u g h  t h e r e  w as 
a  t r e n d  f o r  a d e c r e a s e  i n  BPRS s c o r e .

D i s c u s s i o n : O ur p r e l i m i n a r y  f i n d i n g s  a r e  
c o n s i s t e n t  w i t h  t h e  p o s s i b i l i t y  t h a t  a l p h a - t o c o p h e r o l  
i s  b e n e f i c i a l  i n  t h e  t r e a t m e n t  o f  som e p a t i e n t s  w i t h  
TD, b u t  f u r t h e r  s t u d i e s  a r e  n e c e s s a r y  t o  e s t a b l i s h  t h e  
e f f i c a c y  o f  t h i s  a g e n t .
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354.15 EFFECT OF GAMMA-HYDROXYBUTYRATE ON NOCTURNAL MYOCLONUS. L. S crim a. 
E. Thomas*, F . Johnson* & F .C . H i l l e r * . S leep  D iso rd e rs  C en ter -  
594, U niv. o f A rkansas f o r  M edical S c ie n ces , L i t t l e  Rock AR 72205

N octu rnal myoclonus (NM) i s  a  s le e p  d is o rd e r  in  which p h a s ic  
m uscle a c t i v i t y  i s  a s s o c ia te d  w ith  f re q u e n t a r o u s a l s , cau sin g  
fragm ented  s le e p  and c h ro n ic  p a r t i a l  s le e p  d e p r iv a t io n ,  le a d in g  to  
c a ip l a i n t s  o f  insom nia and e x c e ss iv e  daytim e s le e p in e s s .  No 
tre a tm e n t has been dem onstra ted  to  be e f f i c a c io u s  fo r  t r e a t i n g  NM. 
G anrna-hydrodroxybutyrate (GHB) i s  a  m e ta b o lite  o f  GABA, i s  p re s e n t 
in  th e  CNS o f  humans and an im a ls , and i s  known to  i n h i b i t  m uscle 
to n e  (V ick e rs , M. I n t , A n a e s th e s io l: C lin .  N europhysio . 22: 
558–562, 1967). M oreover, GHB prom otes n a t u r a l - l i k e  s le e p  w ith o u t 
s u p p re ss in g  REM o r  d e l t a  s le e p  a t  low doses o f 25mg/kg, has ab o u t a  
2 hour h a l f - l i f e  and su p p re sse s  th e  H -re f le x  resp o n se  (Muyard, J .  & 
L a b o r i t ,  H. In :  Psychopharm acology S e r ie s  I I  2: 13399–1376, 1977). 
These p r o p e r t ie s  o f  GHB a r e  su g g e s tiv e  o f p o s s ib le  th e r a p e u tic  
e f f e c t iv e n e s s  f o r  p a t i e n t s  w ith  NM. Indeed , GHB has been re p o r te d  
to  in c r e a s in g ly  su p p re ss  Muscimol induced myoclonus in  m ice a s  GHB 
dose was in c re a s e d  (50 , 100, 200 mg/kg) (Menon, E. N eurology 32: 
434–437, 1982).

Two p a t i e n t s ,  ages  37 & 47, d iagnosed  a s  having  se v e re  NM a t  our 
S leep  D iso rd e rs  C e n te r , p a r t i c ip a te d  in  t h i s  s tu d y . Each p a t ie n t  
s ig n ed  an inform ed co n sen t form approved by th e  Food and Drug 
A d m in is tra tio n  (IND 1 9 ,9 1 1 ) . Each p a t ie n t  was p re s c r ib e d  25mg/kg 
GHB a t  bedtim e and 25 mg/kg o f  GHB 3 hours l a t e r ,  tak en  on one 
evening  w h ile  be ing  m onito red  in  th e  s le e p  la b o ra to ry .  The 
fo llo w in g  s le e p  p aram ete rs  were m onito red  and reco rd e d  d u rin g  bo th  
th e  d ia g n o s t ic  (Dx) and th e  GHB s le e p  s tu d ie s :  s le e p  s ta g e s  w ith  
EEG, BOG & tr ia n g u la r is -e le c tr a n y o g ra m  (EMG), BOG, r e s p i r a t io n  and 
m yoclonic a c t i v i t y  w ith  b i l a t e r a l  a n t e r io r  t i b i a l i s  EM3.

A com parison o f  th e  NM ev e n ts  and NM a ro u s a ls  frcm  th e  Dx and 
th e  GHB s le e p  re c o rd in g s  in d ic a te  t h a t  GHB d ec re ased  th e  number o f 
a ro u s a ls  p e r  hour o f  s le e p  (NM Index ) in  bo th  p a t ie n t s  by ab o u t 
h a l f  (see  T ab le b elow ). GHB a t  t h i s  dosage d id  n o t reduce  th e  
number o f  m yoclonic ev e n ts  p e r  hour o f  s le e p .  A h ig h e r  dose o f  (GHB 
may a l s o  reduce  th e  number o f m yoclonic e v e n ts , a s  i t  d id  in  m ice. 
F u r th e r  re s e a rc h  i s  needed to  a s s e s s  n ig h t ly  u se  o f  (GHB a t  t h i s  and 
l a r g e r  doses  to  e v a lu a te  th e  p o te n t ia l  th e r a p e u tic  b e n e f i t  o f  GHB 
fo r  NM p a t i e n t s ’ e x c e ss iv e  s le e p in e s s  a n d /o r  insom nia . S ince  25 
mg/kg o f  GHB d id  n o t su p p re ss  th e  number o f  NM e v e n ts  b u t d id  
d e c re a s e  th e  number o f a r o u s a l s , i t  ap p e a rs  t h a t  (MB r a i s e d  th e  
a ro u s a l  th r e s h o ld  r a th e r  th a n  a c t in g  on th e  myoclonus g e n e ra tin g  
neurcm echanism .
P a t i e n t NM Event Index NM A rousal Index

Dx GHB Dx GHB
1 77 72 23 12

2 71 132 24 14
Supported  in  p a r t  by FDR00011501 FDA Orphan P ro d u c ts  g r a n t .

354.16 MORPHOMETRIC CHANGES OF THE POSTJUNCTIONAL FOLDS IN DYSTROPHIC 
MICE. C. Belhumeur*, J .P .  Tremblay, L. Grégo i r e * and R. 
S a s s e v i l l e *, (SPON: F. G a r c in ) , Laval U n iv e r s i t y ,  Quebec, Canada, 
G1K 7P4.

We have s tu d ie d  t h e  s t r u c t u r e  of  the motor end p l a t e s  in the 
gas trocnemius  muscle o f  21 normal (C57BL/6J + /+ ) ,  6 he te rozygous 
d y s t ro p h ic  (C57BL/6J dy2j /+ )  and 22 d y s t ro p h ic  (C57BL/63 dy2j /  
dy2j ) mice aged between 2 and 3 months. The muscles were f ixed 
with  5% g lu t a ra ld eh y d e  in 0.1M ca co d y la te  b u f f e r .  The Karnovsky 
and Roots method ( J . Histochem. Cytochem. 12, 219, 1964) was used 
to  r evea l th e  chol i n e s t e r a s e  a c t i v i t y .  Small p ie ces  o f  t i s s u e  
co n ta in in g  NMJ s were embedded in epon. Twelve to  e ig h teen  NM3 
p r o f i l e s  were photographed in EM for  each animal . The following 
param ete rs  were measured: le ng th  o f  sy n ap t i c  c l e f t ,  number of  
secondary p o s t j u n c t io n a l  f o ld s ,  the t o t a l  le ng th  o f  p o s t j u n c t io n 
al membrane ( i . e .  pr imary sy n ap t ic  g u t t e r  and every v i s i b l e  sec 
ondary fo ld s )  and the  dep th  o f  p o s t j u n c t io n a l  f o ld s .  The le ng th  
o f  th e  s y n ap t i c  c l e f t  i s  s i g n i f i c a n t l y  in c reased  by 22% in  the 
d y s t ro p h ic  an imals (4 .62  ± 2.65 pm) r e l a t i v e  to the  normal an i 
mals (3 .77  + 2.07 µM) but not r e l a t i v e  to th e  hete rozygous a n i 
mals (4 .62  + 2.65  µm). The l i n e a r  d e n s i t y  o f  the secondary  p o s t 
j u n c t i o n a l  fo ld s  was c a l c u l a t e d  fo r  each p r o f i l e  by d iv id in g  
t h e i r  number by the  le ng th  o f  sy n ap t ic  c l e f t .  In normal an imals,  
t h i s  d e n s i t y  i s  2 .02 + 0 .8 0  f o l d s / µm (298 p r o f i l e s ) .  The d e n s i ty  
i s  S i g n i f i c a n t l y  reduced (p = .001) in the  d y s t ro p h ic  mice to 
1.37 ± 0 .7 5  f o l d s / µM (388 p r o f i l e s ) .  In te rm ed ia te  v a lues  between 
th e  normal and d y s t ro p h ic  d e n s i t i e s  are obta ined  in the h e te ro zy 
gous animals  (1 .76  + 0 .6 1 ,  83 p r o f i l e s ) .  This may rep re s en t  a 

1weak m a n i f e s t a t i o n  o f  th e  d y s t ro p h ic  gene in th e se  c a r r i e r s .  The 
le n g th  o f  th e  p o s t s y n a p t i c  membrane was normal ized by d iv id in g  i t  
by th e  l e n g th  o f  th e  s y n ap t ic  c l e f t .  This normalized le ng th  of  
p o s t j u n c t io n a l  membrane i s  s i g n i f i c a n t l y  reduced by 45% in th e  
d y s t ro p h ic  an imal s  (3 .38  ± 2.12 µm/µm) r e l a t i v e  to  the  normal 
(6 .14  ± 2.46 µM/ µM) and by 41% r e l a t i v e  to  th e  hete rozygous a n i 
mals (5 .75  ± 2 .14  µM/ µM) .  The depth o f  th e  secondary  f o ld s  i s  
a l so  s i g n i f i c a n t l y  reduced by 26% in  the  d y s t ro p h ic  animals  (0.51 
± 0.27 µM) r e l a t i v e  to  the  normal (0 .6 9  + 0.21 µm) and by 35% 
r e l a t i v e  to  the  heterozygous animals  (0 .7 8  + 0.19  µm). These 
morphometric changes o f  the  p o s t j u n c t io n a l  membrane are observed 
on NMJ s whose nerve te rm in a l s  were not s i g n i f i c a n t l y  modi fied by 
th e  d y s t ro p h ic  p rocess  and were sometimes observed on ap p a ren t ly  
normal muscle f i b e r s .  Morphometric changes o f  the p o s t s y n a p t i c  
membranes a re  thus  e a r l y  m a n i f e s t a t i o n s  of  the d y s t ro p h ic  gene .

NEURAL BASIS OF BEHAVIOR: AGING I

355.1 AGE AND MANIA. J .R . Falk* and R.C. Young. (SPON: C.A. Sham oian). 
W ashington U n iv e rs ity  School o f  M edic ine, S t .  L o u is, Mo., and 
C o rn e ll U n iv e rs ity  M edical C o lleg e , White P la in s ,  N.Y. 10605.

I n v e s t ig a t io n  o f  th e  in t e r a c t io n  o f ag ing  w ith  th e  p re s e n ta 
t i o n  and response  to  tre a tm e n t in  a f f e c t iv e  d is o rd e r s  has 
fo cu ssed  on d e p re ss iv e  syndrom es. D esp ite  su g g e s tio n s  t h a t  manic 
symptoms may d i f f e r  in  th e  e ld e r ly  and th a t  some symptoms may be 
slow to  r e s o lv e ,  p ro s p e c t iv e  q u a n t i ta t iv e  in v e s t ig a t io n  o f  th e se  
is s u e s  i s  needed.

P a t ie n ts  ad m itted  to  an ac u te  c a re  p s y c h ia t r ic  h o s p i ta l  who 
met th e  d ia g n o s t ic  c r i t e r i a  f o r  mania o f F eighner e t  a l  (1972) 
were s tu d ie d .  F o rty  (n=40) s u b je c ts  ranged in  age from 17 to  66 
y e a rs .  They were p redom inan tly  w h ite  and fem ale . S u b jec ts  were 
in te rv ie w ed  on two o c c a s io n s , each tim e by two c l in ic ia n s  t r a in e d  
in  th e  use o f  th e  Mania R ating  S cale  (MRS; Young e t  a l ,  1978), 
and independen t r a t in g s  were ave raged . The MRS i s  an e le v e n -ite m  
in s tru m en t w ith  which h igh  in t e r r a t e r  r e l i a b i l i t y  can be 
ac h iev ed , and fo r  which v a l id i t y  and s e n s i t i v i t y  have been 
dem o n stra ted .

Soon a f t e r  adm ission  to  h o s p i ta l  th e re  were n e g a tiv e  t h i r d -  
o rd e r  p a r t i a l  c o r r e l a t i o n s  between age and MRS s c o re s  on th e  
" a c t iv i ty -e n e rg y "  (r= ‒ .3 0 , p < .1 0 ) , "sex u a l i n t e r e s t "  (r= – .4 2 , 
p < .0 5 ) , " la n g u ag e-th o u g h t d is o rd e r"  ( r = – .3 9 , p < .0 5 ) , and "m ental 
c o n te n t"  ( r= – .3 5 , p<.05) item s , c o n t r o l l in g  fo r  r a c e ,  sex , and 
number o f  h o s p i ta l i z a t i o n s .  There a l s o  were p o s i t iv e  th i r d - o r d e r  
p a r t i a l  c o r r e l a t i o n s  w ith  item  s c o re s  f o r  " i r r i t a b i l i t y "  (r=  .4 4 , 
p<.02) and " s p e e c h -ra te  and amount" ( r = .3 4 , p < .1 0 ) .

Two weeks l a t e r ,  d u rin g  combined tre a tm e n t w ith  n e u ro le p t ic s  
and l i th iu m  c a rb o n a te , th e re  were p o s i t i v e  th i r d - o r d e r  p a r t i a l  
c o r r e l a t i o n s  between age and s c o re s  on th e  "mood" ( r = .3 5 , 
p < .0 5 ) , " a c t iv i ty -e n e rg y "  ( r = .2 8 , p<. . l 0 ) ,  " s p e e c h -ra te  and 
amount" ( r= 0 .4 2 , p < .0 5 ) , " lan g u ag e-th o u g h t d is o rd e r"  (r= 0 .3 4 , 
p <.. 10) , " d is ru p tiv e -a g g re s s iv e  b eh a v io r"  ( r= 0 .3 3 , p < .1 0 ) , and 
" in s ig h t"  (r= 0 .5 2 , p< .01) ite m s , and between age and t o t a l  MRS 
s c o re s  ( r= .4 6 , p < .0 2 ) . Age was p o s i t i v e ly  r e l a t e d  to  maximum 
serum li th iu m  le v e l  ( r =0 .2 8 , p <.. 10) b u t was n o t r e l a te d  to  
average  n e u ro le p t ic  dose . O lder p a t i e n t s  tended  to  be h o s p i ta l 
iz e d  lo n g e r (r=  0 .3 3 , p <.1 0 ) .

These p re l im in a ry  d a ta  su g g es t e f f e c t s  o f age on symptom 
p a t te r n  and response  to  tre a tm e n t in  m ania. F u r th e r  in v e s t ig a t io n  
i s  w a rran te d .

355.2 VALIDATION OF THE CORNELL SCALE FOR DEPRESSION IN DEMENTIA.
D. D eliy an n id es* , G. S. A lexopoulos* , R. C. Abrams*,
R. C. Young and C. A. Shamoian. (SPON: K. H alm i). The New 
York H o sp ita l-C o rn e l1 M edical C en te r , W hite P la in s ,  New York 
10605.

Sim ultaneous developm ent o f  d e p re ss io n  and dem entia i s  
f re q u e n t in  g e r i a t r i c  p a t i e n t s .  D epression  r a t in g  s c a le s  
r e l y  on re sp o n ses  from p a t i e n t s ,  and th e r e fo r e  t h e i r  v a lu e  i s  
compromised when used  in  demented p e rso n s . The re c e n t ly  
developed C o rn e ll s c a le  can  q u a n t ify  d e p re ss io n  u s in g  a  b r i e f  
c o n ta c t  w ith  th e  dem ented p a t ie n t s  and an  in te rv ie w  w ith  
t h e i r  c a re ta k e r s .  The C o rn e ll s c a le  has h ig h  in t e r r a t e r  
r e l i a b i l i t y  and s e n s i t i v i t y  in  dem ented and non-demen te d  
g e r i a t r i c  p a t i e n t s . We now r e p o r t  p re l im in a ry  d a ta  o f  a  
v a l i d i t y  s tu d y  o f  t h i s  in s tru m e n t.

The s u b je c ts  w ere p s y c h ia t r ic a l l y  h o s p i ta l iz e d  g e r i a t r i c  
p a t i e n t s  who met R esearch  D iag n o s tic  C r i t e r i a  f o r  m ajor 
d e p re s s io n . They w ere a s s e s se d  d u rin g  th e  f i r s t  week a f t e r  
adm ission  and d u rin g  th e  week p r io r  to  d is c h a rg e . D epression  
was r a te d  w ith  th e  C o rn e ll s c a le  and th e  2 4 -item  Ham ilton 
D ep ress ion  R a tin g  S ca le  (HDRS). C o g n itiv e  d y s fu n c tio n  was 
r a t e d  w ith  th e  M inim ental S ta te  Exam ination (MMS). C o rn e ll 
s c a le  s c o re s  w ere s ig n i f i c a n t ly  low er on d is c h a rg e  compared 
t o  th o s e  o b ta in e d  on adm ission  (p a ired  t - t e s t  4 .6 5 , P < 
0.002) ( c r i t e r io n  v a l i d i t y ) . There was no s ig n i f i c a n t  
c o r r e l a t i o n  betw een C o rn e ll s c a le  s c o re s  on adm ission  and on 
d is c h a rg e  ( r s  = 0 .3 5 , P < 0 .3 5 ) . C oncu rren t v a l i d i t y  was 
examined by com paring C o rn e ll s c o re s  w ith  HDRS s c o re s . 
C o rn e ll s c a le  s c o re s  c o r r e la te d  s ig n i f i c a n t ly  w ith  th e  
HDRS s c o re s  b o th  on adm ission  ( r s  = 0 .8 2 , P < 0.007) and on 
d is c h a rg e  ( r s  = 0 .6 9 , P < 0 .0 4 ) .  Change in  C o rn e ll s c a le  
s c o re s  from adm ission  to  d is c h a rg e  c o r r e la te d  s ig n i f i c a n t ly  
W ith change in  HDRS s c o re s  ( r s  = 0 .8 3 , P < 0 .0 0 6 ) . Change in  
C o rn e ll s c a le  s c o re s  d id  n o t appear to  be  in f lu e n c e d  by 
c o g n i t iv e  d y s fu n c tio n  m easured by th e  MMS ( r s  = 0 .2 7 , P < 
0 .4 8 ) .  The d a ta  su p p o rt th e  v a l i d i t y  o f  th e  C o rn e ll s c a le  
f o r  r a t i n g  d e p re s s io n  in  g e r i a t r i c  p a t i e n t s .  T h is s c a le  may 
be u s e fu l  i n  th e  in v e s t ig a t io n  o f  s u b je c ts  w ith  and w ith o u t 
dem entia  and in  psychopharmac o lo g ic  s tu d ie s .
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355.3 PRE-MORBID NEUROPSYCHOLOGICAL RISK-FACTORS IN FAMILIAL ALZHEIMER'S 
DISEASE. G.D. M iner*1, L.A. Miner D.A. S try k e r* 2 , and 
R.C. Burgus*3 . 1F a m ilia l A lzhe im er's  R esearch Foundation , P .O. 
Box 701674, T u lsa , OK 74170–1674; 2E a ste rn  Nazarene C o lleg e , 
G raduate D iv is io n , Quincy, MA 02170; and 3C ity  of F a ith  M edical 
and R esearch  C en te r, T u lsa , OK 74170.

S evera l f a m il i a l  A lzhe im er's  D isease fa m ilie s  appearing  to  f i t  
a dominant gene mode of in h e r ita n c e  model and w ith  homogeneous 
a g e -o f -o n s e t in  th e  l a t e  f o r t i e s / e a r l y f i f t i e s  have been s tu d ie d  
over th e  p a s t few y ea rs  w ith  a b a t te ry  of neu ro p sy ch o lo g ica l t e s t s  
in  an a ttem p t to  d e te c t  e a r ly  " p re -d ise a se "  r i s k  f a c to r s .  P r io r  
to  th i s  s tu d y , an e cd o ta l ev idence from th e se  fa m ilie s  had in d ic a te d  
th a t  th e  members who developed th e  i l l n e s s  had been id e n t i f i e d  by 
s u rv iv in g  members as " d i s t i n c t iv e "  even a t  an age as e a r ly  as l a te  
te en s  o r tw e n tie s . A naly sis  of s ix  o f th e  many t e s t s  inc luded  in  
t h i s  b a t te ry  show th a t  th e  a t - r i s k  group ( i . e .  o f f s p r in g  of an 
a f fe c te d  member) s e g reg a te  in to  two groups (a bim odal c u rv e ) , 
whereas th e  c o n tro l s u b je c ts  f a l l  in to  only o ne .g roup . A s u b je c t 
w ith  th e  low est va lue  in  th e  a t - r i s k  group was c l i n i c a l l y  diagnosed 
w ith  A lzh e im er's  D isease two y ea rs  a f t e r  being te s t e d ,  lend ing  
credence to  th e  h y p o th e sis  th a t  th o se  s u b je c ts  th a t  f a l l  in to  th e  
lower sco re  grouping have a g re a te r  chance of being p a r t  of the  
50%. who a re  d e s tin e d  to  develop th e  d is e a s e ,  i f  th e  g e n e tic  model 
i s  t r u e .  R efinem ents in  th e  te s t in g  b a t te ry  a re  needed to  f u r th e r  
d e fin e  a t e s t  s t r a te g y  th a t  w il l  more a c c u ra te ly  id e n t i f y  a t - r i s k  
members of th e se  f a m il ia l  A lzhe im er's  D isease fa m il ie s .

3554  AGING AND VISUAL SELECTIVE ATTENTION TO COLOR AND SPACE: EVENT 
RELATED POTENTIALS. M.M. Schroeder* and M.R. H a rte r  (Spon:H.G. 
Vaughan). Departm ent o f P sychology, U n iv e rs ity  o f N orth C aro lin a  
a t  G reensboro, G reensboro, N.C. 27412.

S tu d ie s  of s e le c t i v e  a t t e n t io n  in  norm ally  aging  in d iv id u a ls  
u s in g  even t r e l a te d  p o te n t ia l  (ERP) and re a c t io n  tim e (RT) 
m easures have suggested  slow ing and reduced s e l e c t i v i t y  w ith  age , 
p a r t i c u l a r ly  when th e  lo c a t io n  of th e  re le v a n t  s tim u lu s  i s  
u n c e r ta in .  The purpose o f t h i s  s tudy  was to  in v e s t ig a te  th e  
e f f e c t s  of age on th e  sca lp  d is t r i b u t io n  of ERP in d ic a n ts  of two 
d i f f e r e n t  ty p e s  o f s e le c t iv e  a t te n t io n :  th e  e f f e c t s  o f a t te n d in g  
a p a r t i c u l a r  lo c a t io n  ( s p a t i a l  s e le c t io n )  and p a r t i c u l a r  f e a tu re  
( f e a tu r e  s e le c t i o n ) .  I t  was p re d ic te d  th a t  th e  o ld e r  s u b je c ts  
would show to p o g ra p h ic a l ly  d i s t i n c t  slow ing and reduced 
s e l e c t i v i t y  o f ta s k  re le v a n t ERP e f f e c t s ,  depending on th e  ta s k .

H ealthy  normal s u b je c ts  were r e c ru i te d  fo r  th e  s tu d y . The mean 
age o f th e  8 younger and 8 o ld e r  s u b je c ts  was 25 y r s .  and 70 y r s . ,  
r e s p e c t iv e ly .  The s t im u li  c o n s is te d  of red  and g reen  f la s h e s  
p re se n te d  e i th e r  10 degrees in  th e  l e f t  o r r ig h t  v is u a l  f i e l d .  
S u b jec ts  were in s tru c te d  to  g ive  a f in g e r  l i f t  response  to  one 
o f th e se  fo u r s tim u lu s  c o n d itio n s . ERPs were reco rded  from 
o c c ip i t a l ,  c e n t r a l ,  and f r o n ta l  s i t e s  fo llow ing  each o f th e  fo u r 
s tim u lu s  c o n d itio n s . The am plitude and la te n c y  o f th e  la r g e s t  
d e f le c t io n  in  th re e  tim e windows o f th e  ERP a s s o c ia te d  w ith  
f e a tu r e  and s p a t i a l  s e le c t io n  were measured (P100–200, N200-350, 
and P350–60 0 ).

As p re d ic te d ,  th e  degree o f slow ing and reduced s e l e c t i v i t y  of 
p ro cess in g  o f th e  o ld e r  a s  compared to  th e  younger group depended 
on th e  ta s k  and th e  sca lp  lo c a t io n .  For th e  f e a tu re  s e le c t io n  
ta s k ,  th e  o c c ip i t a l  P350–600 showed an am plitude enhancement 
fo llo w in g  th e  re le v a n t  c o lo r  fo r  bo th  groups. However, th e  
la te n c y  o f t h i s  enhancement was s ig n i f i c a n t ly  in c re a se d  only  fo r  
th e  o ld e r  g roup. For th e  s p a t i a l  s e le c t io n  ta s k ,  th e re  was an 
e a r ly  o c c ip i t a l  (P 100–200) am plitude enhancement fo r  s t im u li  in  
th e  r e le v a n t  lo c a t io n  fo r  bo th  g roups. However, th e  n e g a t iv i ty  
(N200–350) a t  c e n t r a l  and f r o n ta l  s i t e s ,  a s s o c ia te d  w ith  
s e le c t io n  o f th e  r e le v a n t  lo c a t io n ,  was only  ev id en t fo r  th e  
younger group.

The r e s u l t s  suppo rt th e  h y p o th e sis  th a t  th e  o ld e r  group would 
e x h ib i t  im pairm ent o f f e a tu r e  s e le c t io n  a s s o c ia te d  w ith  ERP 
changes over p o s te r io r  c o r te x , w hereas im paired  s p a t i a l  
perform ance would be a s s o c ia te d  w ith  more a n t e r io r  ERP e f f e c t s .

355.5 R ATE OF COGNITIVE DEC L NE IN PARKINSON'S AND ALZHEIMER' S 
DISEASES. T. J .  Rosen * . J .H. Growdon, and S. Cork in. Department 
of Bra in  and C ogni t ive  Scie nces  and C l i n i c a l  Research  Cen te r , 
MIT, Cambridge, MA 02139, and Department of Neurology, Mass. . 
General H o sp i ta l ,  Boston,  MA 02114. (SPON: B. Dawson).

Although th e  p r ev a len ce  and p ro g re s s io n  of dementia in P ark in 
s o n 's  d i s e a se  (PD) a re  u n c e r t a in ,  c o g n i t iv e  impairments  can be 
measured in  most p a t i e n t s  with  t h i s  d i s o r d e r .  An in s t ru m en t  sen
s i t i v e  t o  memory d i s o r d e r s  i s  th e  memory and in fo rm a t io n  su b sc a le  
of th e  Blessed  Dementia Sca le (BDS), which i s  commonly ad m in is 
t e r e d  to  p a t i e n t s  with  A lzh e im er 's  d i s e a se  (AD). We de f in e  BDS 
su b sc a le  sco res  of 0 –2 as normal, and th e  maximum score  is 37. 
In o rd er  t o  compare th e  p ro g re s s io n  of memory impairments in  PD 
and AD, we ad m in is te red  th e  su b sca le  a t  l e a s t  tw ice t o  33 
p a t i e n t s  w ith  PD and 70 with  AD. These p a t i e n t s  were examined 
co n s e c u t iv e ly  in  e i t h e r  th e  memory or movement d i s o r d e r s  c l i n i c  
in a genera l h o s p i t a l  and were r e t e s t e d  a t  s ix-month  i n t e r v a l s .  
The AD p a t i e n t s  have so f a r  been s tu d ie d  fo r  a mean of  15.7 
months and th e  PD p a t i e n t s  f o r  a mean of 13.8 months.

At th e  i n i t i a l  exam ina t ion ,  th e  mean BDS f o r  th e  AD p a t i e n t s  
was 15.88 (SD = 8 . 3 8 ) ,  and th e  mean BDS f o r  t h e  PD p a t i e n t s  was 
2.08  (SD = 2 .68)  (p. < .0 0 1 ) .  The BDS sco re s  of  AD p a t i e n t s  
in c reas ed  a t  a mean r a t e  of .365 p o in t s  per month (SO = .420) .  
In c o n t r a s t ,  t h e ,  BDS sco re s  of PD p a t i e n t s  were e s s e n t i a l l y  
s t a t i o n a r y ,  d ec re as in g  a t  a mean r a t e  of – .022 p o in t s  per month 
(SD = .1 8 9 ) ;  th e  g r e a t e s t  r a t e  of change of any PD p a t i e n t
fo llowed f o r  6 or  more months was .210.  The mean r a t e s  of change 
in AD and PD d i f f e r e d  a t  th e  .001 lev e l  of s i g n i f i c a n c e .

I t  was of i n t e r e s t  t o  know whether d i f f e r e n c e s  in  th e  r a t e  of 
c o g n i t i v e  change p e r s i s t e d  when an a ly ses  compared PD and AD 
p a t i e n t s  who showed memory d e f i c i t s  of th e  same magni tude.  The 6 
PD p a t i e n t s  who c o n s i s t e n t l y  scored  3 or  more on th e  BDS had a 
mean r a t e  of change equal  t o  - . 1 5 6 ,  whereas t h e  51 AD p a t i e n t s  
who scored  between 3 and 22 ( th e  maximum PD s co re )  a t  the  i n i t i a l  
v i s i t  subsequen t ly  had a mean r a t e  of change equal  t o  .383. 
Thus, th e  PD and AD groups s t i l l  d i f f e r e d  s i g n i f i c a n t l y  (g < .0 1) .

The unifo rm f a i l u r e  t o  observe c o g n i t iv e  d e t e r i o r a t i o n  among 
PD p a t i e n t s  sugges ts  t h a t  any PD p a t i e n t s  who d e t e r i o r a t e  a t  a 
r a t e  t y p i c a l  of  AD may have AD o r  a r e l a t e d  dementing d i s o r d e r  in 
ad d i t i o n  t o  t h e  c h a r a c t e r i s t i c  n i g r a l - s t r i a t a l  d eg e n e ra t i o n  of 
PD. The p r e s e n t  d a t a  shou ld  n o t ,  however, be i n t e r p r e t e d  as  
implying t h a t  t h e  dem entias  of PD and AD r e s u l t  from l e s i o n s  in 
d i f f e r e n t  b r a in  r e g i o n s .

Suppor ted by g r a n t s  1 PO5 AGO5134, MH 32724, and RR 00088.

355.6 PERFORMANCE OF HEALTHY ELDERLY AND YOUNG SUBJECTS ON THE TOWER 
OF HANOI TASK. H.P. D av is, C. Cowles*, K. S a th e r* , J .  Y ates* , 
and M. W ln s le tt* . Departm ent o f Psychology, U n iv e rs ity  of 
C o lorado, Colorado S p rin g s , CO 80933.

A d i s t i n c t i o n  between memory fo r  s k i l l s  and memory fo r  f a c t s  
o r ep iso d es  i s  suppo rted  by s tu d ie s  of am nesic p a t ie n t s  of 
v a r io u s  e t io lo g i e s  (S qu ire  & Zola-M organ, Ann. N.Y. Acad. S c i . ,  
444:137, 1985). These two k inds  of memory have been re f e r r e d  to  
as p ro ced u ra l and d e c la r a t iv e  memory. A c q u is it io n  and r e te n t io n  
of p ro ced u ra l s k i l l  has been p re v io u s ly  examined w ith  the  Tower 
of Hanoi puzz le  . In  th e  p re s e n t s tudy  we extend exam ination  of 
th i s  d i s t i n c t i o n  to  h e a lth y  e ld e r ly  in d iv id u a ls  over s ix ty  y ea rs  
of age .

F ou rteen  e ld e r ly  (Mean age = 71 y e a rs ;  Mean IQ = 109) were 
matched on th e  WAIS-R F u ll  S cale  IQ w ith  15 young s u b je c ts  
between th e  ages o f 18 and 30 (Mean age = 24 y e a rs ;  Mean IQ = 
107). A ll s u b je c ts  were a ls o  a d m in is te red  t e s t  of f r o n ta l  lobe 
fu n c t io n  (FAS t e s t ,  S troop  t e s t ,  and W isconsin Card S o r t) .  
S u b jec ts  rece iv ed  4 s e s s io n s  on the  Tower of Hanoi w ith  1 week 
between s e s s io n s  and 4 s o u lt io n  a ttem p ts  p er s e s s io n . The 
op tim al s o lu t io n  re q u ire s  31 moves. The expe rim en ter was 
lo c a te d  behind  th e  s u b je c t and v e rb a l in t e r a c t io n  was r e s t r i c t e d  
to  s ta tem e n ts  such as  "P lea se  keep t r y in g ."  Perform ance o f bo th  
young and e ld e r ly  improved (p< . 01) ,  b u t th e  young s u b je c ts  
dem onstrated  s ig n i f i c a n t ly  b e t t e r  perform ance (p < .01) . 
Perform ance o f young and e ld e r ly  a re  shown below.

TOWER OF HANOI
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355.7 DISSOCIATION OF VISUAL CAPACITIES IN ALZHEIMER'S DISEASE. S.  
Corkirn M.J. Ni ssen. J.H. Growdon. F .J. Huff. M.M. Keane*. H. 
Lieberman. A. Gruber*, and J . Rizzo*. Dept. of Brain & Cognitive 
Sciences, MIT, Cambridge, MA 02139, Dept. of Neurology, Mass. 
General Hospital, Boston, MA 02114, and Dept. of Neuro- 
opthalmology, Mass. Eye & Ear In s titu te , Boston, MA 02114.

Vision is  not a unitary capacity. In the monkey, a large 
expanse of posterior cortex is  devoted to visual functions, but 
th is  area is  s truc tu ra lly  and functionally heterogeneous. 
Evidence from animals and humans suggests tha t s tr ia te  and 
p restria te  cortex are involved in basic visual functions, whereas 
an occipito-temporal system and an occip ito-parietal system 
mediate dissociable higher-order visual functions. Because AD is 
characterized by minimal degeneration in primary visual areas and 
by maximal degeneration in temporal and parietal cortex, i t  is  
reasonable to expect a re la tiv e  sparing of basic visual processes 
in AD, coupled with severe d e fic its  on higher-order visual tasks. 
Nevertheless, our previous measurements of contrast sensitiv ity  
functions had shown patients with AD to  be impaired at a ll 
spatia l frequencies re la tiv e  to control subjects. Thus, we 
sought to  determine the re la tiv e  contribution of several basic 
visual functions to  the performance of higher-order visual tasks.

The subjects were 34 patients with a c lin ica l diagnosis of 
AD, who ranged in severity of dementia from very mild to  severe, 
as reflected  in Blessed Dementia Scale scores of 2 to 52. 
Subjects received te s ts  measuring basic visual processes (color 
vision, c r itic a l f lick er fusion, stereoacuity, vernier acuity, 
contrast se n sitiv ity , and flash  and pattern masking) and several 
higher-order visual te s ts  (form discrim ination, copying designs, 
and object id en tifica tio n ). , Pattern masking was more often 
impaired than flash  masking in AD, and copying designs and object 
iden tifica tion  were severely compromised; these re su lts  confirmed 
ea r lie r  reports. Of the basic visual capacities, color vision, 
flick er fusion, and vernier acuity were impaired in only a 
minority of the subjects, whereas stereoacuity and contrast 
sen sitiv ity  were more commonly impaired. These findings suggest 
tha t the la t te r  two tasks may be mediated in cortex .anterior to 
the s tr ia te  and p res tr ia te  areas.

A subset of 9 AD subjects also received a detailed 
neuro-opthalmic examination and electroretinograms. The findings 
thus obtained were normal, confirming that the d e f ic its  observed 
in certain  basic and higher-order visual capacities are central 
in o rig in .

Supported by grants 1 PO5 AGO5134 and MH 32724.

355.8 PERSONALITY DYSFUNCTION AND GERIATRIC  DEPRESSION. R.C. Abrams*,
G .S. A lexopoulos* , R.C. Young*. (SPON: P ..E. S tokes) New York 
H o sp ita l-C o rn e ll M edical C en te r, White P la in s ,  NY 10605

The r e l a t i o n s h ip  between p e r s o n a l i ty  d y s fu n c tio n  and g e r i a t r i c  
d e p re ss io n  has re c e iv e d  l i t t l e  a t t e n t io n  d e s p i te  i t s  c l i n i c a l  and 
th e o r e t i c a l  im portance . The P e rs o n a l i ty  D iso rder Exam ination 
(PDE), a  r e c e n tly  developed s tr u c tu r e d  in te rv ie w  fo r  d iagnosing  
DSM I I I  p e r s o n a l i ty  d is o rd e r s ,  has p rov ided  an advance fo r  
in v e s t ig a t io n s  in  t h i s  a re a .  U nlike o th e r  s e l f - r e p o r t  p e r s o n a l i ty  
in s tru m e n ts , such a s  th e  Eysenck P e rs o n a l i ty  Inven to ry  o r  th e  
M innesota M u ltip h as ic  P e r s o n a l i ty  In v en to ry , th e  PDE i s  based  on 
s ta n d a rd  DSM I I I  c l i n i c a l  c r i t e r i a .  We r e p o r t  a  s tudy  o f 
p e r s o n a l i ty  d y s fu n c tio n  in  reco v e red  e ld e r ly  d e p re s s iv e s  and 
normal g e r i a t r i c  s u b je c ts  u s in g  th e  PDE.

The s u b je c ts  in c lu d ed  21 e ld e r ly  in d iv id u a ls ,  o f  whom 10 were 
p s y c h ia t r ic  p a t i e n t s  w ith  a  h is to r y  o f  m ajor d ep re ss io n  by DSM I I I  
c r i t e r i a  (mean age 75 .1  +  5 .8  S .D .) and 11 were v o lu n te e rs  l iv in g  
in  th e  community (mean age 70.3 +  6 .4 ) .  The v o lu n te e rs  had no 
s ig n i f i c a n t  h i s to r y  o f  p s y c h ia t r ic  i l l n e s s .  A ll s u b je c ts  were 
sc reen e d  fo r  c o g n itiv e  im pairm ent u s in g  th e  M ini-M ental S ta te  
E xam in ia tion  (mean sco re  29 .3  + 1 . 2 S .D .) . The p a t ie n t s  d id  no t 
p a r t i c i p a t e  in  th e  study  u n t i l  t h e i r  symptoms o f d e p re ss io n  had 
been ad e q u a te ly  t r e a te d .  To m inim ize th e  in f lu e n c e  o f  r e s id u a l  
d ep re ss io n  on t h e i r  re sp o n se s , s u b je c ts  were re q u ire d  to  have 
sc o re s  o f  11 o r  le s s  on th e  24-item  H am ilton D epression  R ating  
S ca le  (mean s c o re  1 .6  + 2 .1  S.D. f o r  c o n t r o ls ,  7 .5  + 3 .6  S.D. f o r  
p a t i e n t s ) . A ll s u b je c ts  were in te rv ie w ed  acco rd ing  to  th e  
s t r u c tu r e d  form at o f  th e  PDE. Because p e r s o n a l i ty  by d e f in i t i o n  
d e s c r ib e s  bo th  c u r re n t  and long -term  fu n c t io n in g , s u b je c ts  were 
in s t r u c te d  to  base  t h e i r  resp o n ses  on what had been ty p ic a l  of 
them th roughou t a d u l t  l i f e .  None o f  th e  s u b je c ts  met DSM I I I  
c r i t e r i a  fo r  p e r s o n a l i ty  d is o rd e r  acco rd ing  to  th e  PDE. The 
p a t ie n t  group re c e iv e d  h ig h e r  d im ensional sc o re s  th an  c o n tro ls  on 
PDE item s r e l a te d  to  a l l  A xis I I  d iagnoses  (P < .05) excep t 
a n t i s o c ia l  p e r s o n a l i ty  d is o rd e r .  The la r g e s t  d if f e re n c e s  
(P < .001) between th e  two groups were found fo r  th e  dependen t, 
s c h iz o ty p a l and av o id an t c a te g o r ie s .

These p re lim in a ry  d a ta  su g g es t t h a t  e ld e r ly  p a t ie n t s  w ith  a 
h is to r y  o f  m ajor d e p re ss io n  have more l i f e t im e  p e r s o n a l i ty  
d y s fu n c tio n  th a n  normal e ld e r ly  in d iv id u a l s ,  a lthough  no s p e c i f ic  
p a t te r n  cou ld  be i d e n t i f i e d .  F u r th e r  s tu d ie s  w i l l  determ ine 
w hether th e  PDE p r o f i l e  o f  e ld e r ly  d e p re s s iv e s  c o n s is ts  o f 
g e n e ra liz e d  l i f e t im e  d y sfu n c tio n  a c ro s s  a l l  Axis I I  c a te g o r ie s  o r  
in s te a d  emerges in  a p a r t i c u l a r  form .

3559  GLUCOSE ENHANCEMENT OF MEMORY IN AGED HUMANS. J .L .  H a ll* . L. 
G onder-F redericks* , J .  Vogt* and P .E . Gold (SPON:M. Simon).
D ept. Psychology and D ept. B ehav io ra l M edicine and P sy c h ia try , 
U n iv e rs ity  of V irg in ia ,  C h a r lo t t e s v i l l e ,  VA 22903.

A g e -re la ted  im pairm ents in  human memory a re  ev id en t no t only in  
ca se s  o f patho logy  ( e .g .  A lzh e im er 's  d is e a s e )  but a ls o  in  h ea lth y  
p o p u la tio n s . A g e -re la ted  d e f i c i t s  in  s to r in g  and remembering new 
in fo rm a tio n  have a ls o  been observed in  a wide range o f o th e r  
anim al s p e c ie s , ran g in g  from a p ly s ia  to  ro d en ts  and p rim a te s .

F in d in g s  in  anim al s tu d ie s  p o in t c o n s is te n t ly  to  th e  view th a t  
hormonal resp o n ses  to  t r a in in g  r e g u la te  th e  s to ra g e  o f new 
in fo rm a tio n . In  p a r t i c u l a r ,  e p in ep h rin e  enhances memory in  a wide 
range of c o n d i tio n s , in c lu d in g  normal ag ing  in  ro d e n ts . R ecen tly , 
we o b ta in ed  ev idence su g g es tin g  th a t  th e  e f f e c t s  o f e p in ep h rin e  on 
memory may be th e  r e s u l t  o f i t s  hyperglycem ic a c t io n s .  Like 
e p in e p h rin e , g lucose  enhances memory in  an in v e rted -U , dose- 
dependent manner. A d d itio n a lly , p o s t t r a in in g  plasm a ep in ep h rin e  
and g lucose  le v e ls  p r e d ic t  l a t e r  r e t e n t io n .  T h e re fo re , we 
in v e s t ig a te d  th e  e f f e c t s  of g lucose  on memory in  aged humans.

S u b je c ts  were v o lu n te e r s ,  aged 57-70, t e s te d  over 3 c o n secu tiv e  
days . Each morning, th e  s u b je c ts  e n te re d  th e  experim ent in  a 
f a s t i n g  s t a t e .  On th e  f i r s t  day, s u b je c ts  were given  a b a s ic  
m ental competency t e s t ,  a f t e r  which they  rece iv e d  a g lucose  (50 
g /s u b je c t)  or s a c c h a r in  (2 .0  g) f la v o re d  f r u i t  d r in k . The 
s u b je c ts  th en  rece iv ed  a s e r ie s  o f memory t e s t s  (m odified  from 
W echsler memory s c a le )  in c lu d in g  a p a i r e d -a s s o c ia te  t e s t  w ith  24 
h r r e c a l l .  On th e  second morning, a f t e r  t essing,_2..g r e te n t io n  o f th e  
p rev io u s  d a y 's  p a ire d  a s s o c ia te  ite m s , th e  p rocedure was rep ea ted  
excep t each s u b je c t  rece iv ed  th e  a l t e r n a t e  beverage and a 
d i f f e r e n t  v e rs io n  of th e  same memory t e s t s  (co u n te rb a lan ced  
d es ig n — each s u b je c t  served  as h i s /h e r  own c o n t r o l ) .  The l a s t  day 
o f t e s t in g  c o n s is te d  of a f i n a l  r e te n t io n  t e s t  and d e b r ie f in g .

G lucose, bu t n o t s a c c h a r in , in g e s t io n  r e s u l te d  in  a s ig n i f i c a n t  
in c re a s e  (67 + 6. 2 mg/dl ) in  c i r c u la t in g  g lu co se  l e v e l s . .  The most 
r e l i a b l e  g lucose  e f f e c t s  on memory were o b ta in ed  w ith  24 hr r e c a l l  
o f p a ire d  a s s o c ia te s .  When tr a in e d  under th e  g lucose  c o n d itio n , 
s u b je c ts  remembered s ig n i f i c a n t ly  more word p a i r s  than  when 
t r a in e d  in  th e  s a c c h a rin  c o n d itio n .

These f in d in g s  su p p o rt th e  view th a t  plasma g lu co se  can 
r e g u la te  memory and, f u r th e r ,  th a t  anim al models o f ag ing  can 
d i r e c t l y  p r e d ic t  pharm aco log ica l t re a tm e n ts  e f f e c t iv e  in  humans. 
D eterm ining  th e ra p e u tic  pharm aco log ica l tre a tm e n ts  f o r  memory 
im pairm ents d u rin g  ag in g , and perhaps o th e r  d is o rd e r s ,  w i l l  
r e q u ire  a d d i t io n a l  in fo rm a tio n  abou t th e  mechanisms by which 
g lu co se  enhances memory. (Supported  by NIMH 31141 and ONR N00014- 
85-K 0472).

355.10 FURTHER BEHAVIORAL EVIDENCE OF WIDESPREAD CEREBRAL DYSFUNCTION IN 
AGED RHESUS MONKEYS (MACACA MULATTA). S.K. Presty*, L.S. 
Watermeier*, L.C. Cork*, D.L. Price, R.G. Struble, L.C. Walker,
J. Bachevaliert and M. Mishkint (SPON: M.R. DeLong). The Johns
Hopkins University School of Medicine, Baltimore, Maryland 
21205–2182; National In stitu te  of Mental Health, National 
In s titu tes  of Health, Bethesda, Maryland 20205.

Previous studies have shown that aged monkeys were impaired, 
re la tiv e  to young adults, on delayed nonmatching-to-sample with 
tria l-un ique objects (DNMS), a task that assesses object 
recognition memory (Presty, S.K. et al . ,  Soc. Neurosci. A bstr., 
10:774, 1984). This memory abi1ity  is known to be dependent on 
the occipitotemporal visual system as well as on limbic structures 
in the temporal lobe. To examine the same series of monkeys on a 
d ifferen t form of memory, animals were trained on spatial delayed 
response (DR), a task known to be dependent on the in teg rity  of 
the prefrontal cortex and head of the caudate nucleus. Eighteen 
monkeys were divided into four age groups with 4–6 monkeys in each 
group: Group I, 4–7 years; Group I I , 15–18 years; Group I II ,
20–25 years; and Group IV, 27–31 years. Animals were trained by 
the d irect method, i . e . ,  to retrieve a food reward they saw 
concealed in one of two wells, f i r s t  at "0-second" delay without 
screen (Phase l ), then at "0-second" delay with screen (Phase 2), 
and f in a lly  at "5–second" delay with screen (Phase 3). Criterion 
in each phase was set at 27 correct responses in a daily session 
of 30 t r ia ls  with a training lim it of 1,000 t r ia ls  in each phase. 
In Phase 3, animals were advanced by the ti tra t io n  method from l - 
to 5-second delays in steps of one second. Significant 
differences among groups were found only in Phase 3. Half of the 
animals in Groups III and IV failed  to atta in  crite rion  within the 
train ing  lim it, and the other half required an average of 150 
t r ia l s  compared to an average of 40 t r ia ls  for all animals in the 
two younger groups (p <0.01). These re su lts , combined with those 
obtained ea rlie r  on DNMS, indicate that at least two functionally 
and anatomically d is tin c t neural systems are compromised in our 
older animals, perhaps due to the development, with increasing 
age, of plaques (Struble, R.G. et a l . ,  Brain Res. 361:267–275, 
1985) and other abnormal i t ie s .  Although damage to ventromedial 
prefrontal cortex is known to produce impairments in both DNMS and 
DR, i t  is unlikely that pathology in th is region alone accounts 
for age-related d e f ic its , since there was no correlation between 
performance on DNMS and DR within the two impaired groups. The 
la t te r  finding suggests not only that multiple neural systems are 
vulnerable to increasing age but also that the d istribution  of 
neuropathology among these systems varies from animal to animal.
In the fu tu re, we plan to examine th is hypothesis d irec tly .
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355.11 EFFECT OF AGE UPON MEASURES OF CENTRAL AND PERIPHERAL SEROTCNERGIC 
FUNCTION IN HUMAN SUBJECTS. P.A. M cBride*, J  Kream*, G. Anderson*. 
J . J . Mann. Lab. of Psychopharm acology, C o rn e ll Univ.Med. Col l . , New 
York, NY 10021 and Y ale C hild  Study C en te r, New Haven, CT 06510.

E ffe c t of age upon c e n t r a l  and p e r ip h e ra l  s e ro to n e rg ic  fu n c tio n  
in  norm al s u b je c ts  was a s se s se d  by m u ltip le  m easures, in c lu d in g  
a ssay  of s e ro to n in  re c e p to r  b in d in g  in d ic e s  in  postmortem b ra in  
t i s s u e  and on th e  blood p l a t e l e t ,  a d m in is tra tio n  of a neuroendo
c r in e  ch a llen g e  t e s t ,  and assay  o f whole b lood se ro to n in  c o n te n t. 
S catchard  a n a ly s is  of [ 3h] s p iro p e r id o l  b in d in g  to  5 – HT2 r e c e p to r s  
in  human f r o n ta l  c o r te x  rev ea led  a d ec re ase  in  Bmax w ith  aging 
(r= –0 .61 ,n= 16 , p< 0 .0 2 ), b u t no change in  KD. Binding of [ 3h] 5-HT 
to  5‒HT1 re c e p to r s  in  f r o n ta l  c o r te x  was n o t s ig n i f i c a n t ly  
c o r r e la te d  w ith  age (r= –0 .0 8 ,n = 3 1 , NS).

C e n tra l s e ro to n e rg ic  re sp o n s iv en ess  was a s se s se d  by th e  f e n f lu ra 
mine ch a llen g e  t e s t .  Plasma p r o la c t in  and c o r t i s o l  le v e ls  were 
m easured b e fo re  and h o u rly  fo r  f iv e  hours fo llow ing  o r a l  admin
i s t r a t i o n  of a 60mg dose of fen flu ra m in e  v e rsu s  p laceb o . A 
s ig n i f i c a n t  n e g a tiv e  c o r r e l a t i o n  was fo u n d  between age and th e  
amount o f p r o la c t in  re le a s e d  in  resp o n se  to  fen flu ra m in e  ch a llen g e , 
in  excess  of le v e ls  fo llo w in g  p lacebo  a d m in is tr a tio n  (r= ‒0 .8 4 , 
n= 17 ,p< 0 .001 ). E f fe c t o f age upon fe n flu ra m in e -in d u ce d  c o r t i s o l  
r e le a s e  was obscured  in  a  m ixed-gender group by th e  tendency of 
fem ales to  r e le a s e  l e s s  c o r t i s o l  in  response  to  ch a llen g e  than  
age-m atched m ales . A tre n d  tow ard an in v e rse  r e la t io n s h ip  between 
age and c o r t i s o l  r e le a s e  was no ted  when d a ta  were ana lyzed  by 
gender (m ales: r = - 0 .6 1 ,n = l l , NS; fem ales : r= -0 .7 3 ,n = 7 , NS). Plasma 
le v e ls  o f fe n flu ra m in e  and n o rfen flu ra m in e  were n o t s ig n i f i c a n t ly  
c o r r e la te d  w ith  age .

In  o rd e r  to  a s s e s s  a p o te n t ia l  sy stem ic  e f f e c t  of age upon 5 -HT2 
re c e p to r  fu n c t io n , s a tu r a t io n  s tu d ie s  o f [ 1251] I-LSD b in d in g  to  
5 ‒ HT2  re c e p to r s  on th e  human p l a t e l e t  membrane a re  in  p ro g re s s . In  
male s u b je c ts ,  a tre n d  tow ard a n e g a tiv e  c o r r e l a t i o n  between age 
and Bmax has been observed (r= –0 .44 ,n= 12 , NS). S tu d ie s  o f th e  
r e la t i o n s h ip  between age and whole blood se ro to n in  co n te n t in  
norm al s u b je c ts  have a ls o  been u n d ertak en . An in v e rse  r e la t io n s h ip  
between age' and whole blood. S ero to n in  co n ten t was observed in  
p s y c h ia t r ic  p a t i e n t s  w ith  a f f e c t iv e  and p e r s o n a l i ty  d is o rd e r s  
(r= ‒0 .49 ,n= 26 , p < 0 .02 ).

These d a ta  su g g est a sy stem ic  d ec re a se  in  5 ‒ HT2 re c e p to r  number 
w ith  age , accompanied by a d e c lin e  in  c e n tr a l  s e ro to n e rg ic  resp o n 
s iv e n e ss  w hich m ight be secondary  to  dec reased  d e n s ity  of p o s t-  
s y n a p tic  se ro to n in  r e c e p to r s  a n d /o r a v a i l a b i l i t y  of r e le a s a b le  
s e ro to n in  from th e  p re s y n a p tic  neu ron . I n te r a c t io n s  between e f f e c t s  
of age and gender r e q u ire  f u r th e r  assessm en t. Supported by PHS 
G rant #MH 40210.

355.12 REGIONAL CEREBRAL PERFUSION AND RELATIVE TISSUE WEIGHT IN AGING.
G. Smith and I .  P rohovnik*. B ra in  Imaging D iv is io n  D ept. of 
P sy c h ia try , Columbia U n iv e rs ity  C ollege of P h y sic ian s  and Surgeons 
New York, NY 10032

The e x i s t in g  l i t e r a t u r e  concern ing  c e re b ra l  p e rfu s io n  in  normal 
ag ing  has dem onstrated  p e r fu s io n  d e c l in e s ,  w ith o u t re fe re n c e  to  
such is s u e s  as th e  r e l a t i o n  of a tro p h ic  changes to  m e tabo lic  
fu n c t io n  and th e  d i f f e r e n t i a l  involvem ent of grey and w hite  m a tte r  
s t r u c tu r e s .  The focus of th e  c u r re n t s tudy  i s  to  examine re g io n a l 
c e re b ra l b lood flow  (rCBF) in  young as compared w ith  aged normal 
s u b je c ts  to  confirm  p rev io u s  r e p o r ts  of flow  re d u c tio n s  and to  
extend th e se  f in d in g s  to  in d ic e s  of r e l a t i v e  grey m a tte r  w eight and 
w h ite  m a tte r  c le a ra n c e .

Twelve young s u b je c ts  (tw elve m a les , mean age 25.6 2 .4 , PC02= 
45 .1 ) were compared to  e ig h t aged s u b je c ts  (seven fem a le s , one 
m ale, mean age 64 .3  9 .2 ,  PC02=38.7). A ll s u b je c ts  were c a re fu l ly  
screened  fo r  n e u ro lo g ic a l and p s y c h ia t r ic  a b n o rm a li t ie s . rCBF was 
measured by th e  133‒Xe in h a la t io n  te c h n iq u e , w ith  s ix te e n  d e te c to r s  
over each c e re b ra l  hem isphere. The d a ta  were ana lysed  in  term s of 
th e  M2 model (two a r t i f a c t ,  two unknowns). The d a ta  a re  p re sen ted  
in  term s of fou r p aram e te rs : IS I ( I n i t i a l  Slope In d ex ) , which 
re p re s e n ts  c le a ra n c e  from grey  and w h ite  m a tte r  s t r u c tu r e s ,  
dominated by grey m a tte r  flow ; fg , a m easure of pure grey m a tte r  
flow ; k2 , a m easure of w h ite  m a t te r , c lea ra n c e  and wg, th e  r e l a t i v e  
w eight o f p e rfu sed  grey m a tte r . The rCBF s tu d ie s  were conducted 
w ith  th e  s u b je c ts ' eyes c lo se d  and e a rs  unoccluded.

A h y p e r f ro n ta l  p a t te r n  of r e g io n a l flow s was found, as expec ted , 
in  bo th  g roups. P erfu s io n ,w as  s ig n i f i c a n t ly  reduced (both  IS I and 
fg ) o v e ra l l  in  th e  o ld e r  s u b je c ts  (10-15%) and th i s  d im inu tion  was 
more ac cen tu a ted  p r e f r o n ta l l y . There were no d if fe re n c e s  in  w hite  
m a tte r  c le a ra n c e . The r e l a t i v e  w eight of th e  grey  m atter(w g) was 
s ig n i f i c a n t ly  and d i f fu s e ly  reduced in  th e  o ld e r  sample (9‒ 12%).

These d a ta  in d ic a te  th a t  th e  normal ag ing  p ro cess  i s  
c h a ra c te r is e d  by d ecreased  grey  m a tte r  flow  and w eig h t, b u t n o t by 
d e c lin e s  in  w h ite  m a tte r  flow . The e f f e c t s  observed a re  probab ly  
n o t due to  sex d if f e re n c e s  s in c e  fem ales m a n ife s t h ig h e r flow s 
u n t i l  approx im ate ly  age 60, when flow  le v e ls  converge w ith  th a t  of 
m ales (M eyer, 1985). The d if fu s e  flow  re d u c tio n  in  th e  aged 
norm als i s  in  c o n t r a s t  w ith  th e  fo c a l  f in d in g s  in  
A lzhe im er's  D isea se , in  which d eg e n e ra tio n  i s  seen  in  tem poral- 
p a r i e t a l  r e g io n s . F u tu re  re s e a rc h  w i l l  be u ndertaken  to  a s se s s  the 
d e f i c i t s  seen  in  A lzh e im er 's  D isease r e l a t i v e  to  normal ag in g , 
u t i l i z i n g  rCBF as an in  v ivo  index of p e r fu s io n  and a tro p h ic  
p ro c e s s e s .

Supported in  p a r t  by g ra n ts  AG 5433, BRSG E763S and a g ra n t from 
the  Jean  and Louis D reyfus F oundation .
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356.1 RELIABILITY IN BRAINS AND GENES: MATHEMATICAL MODEL SUGGESTING 
SPARE CAPACITY OR REDUNDANCY FACTOR OF TWO. R. B, G lassm an. 
D ept. o f  P sy c h o l.,  Lake F o re s t C o l . ,  Lake F o re s t ,  IL 60045.

B eh av io ra l reco v e ry  from b ra in  damage (F in g e r & S te in ,  
Academic P re s s ,  1982) sometimes su g g es ts  sp a re  c a p a c i ty .  T h is i s  
p a r t i c u l a r ly  so in  d ram atic  human c a s e s , normal in  s p i t e  of 
m issing  a s  much a s  h a l f  th e  b r a in ,  d e sc r ib ed  in  Aaron S m ith’s 
p ap e rs— y e t th e re  i s  a l s o  ev idence  o f  a c c e le ra te d  b eh a v io ra l 
d e te r io r a t io n  w ith  ag ing  in  some recove red  p a t ie n t s  (S m ith , in  
A lm li & F in g e r , Academic, 1984). Perhaps n a tu r a l  s e le c t io n  
y ie ld s  s p a re  c a p a c ity  to  p ro te c t  a g a in s t  h igh  cum ulative 
p r o b a b i l i t y ,  in  lo n g - l iv e d  o rgan ism s, o f a  n e u ra l subsystem  
m a lfu n c tio n  which cou ld  cause  a f a t a l  b e h a v io ra l e r r o r .

L et q . be th e  p r o b a b i l i ty  o f m a lfu n c tio n  in  a s in g le  
o p e ra t io n  o f any subsystem , i ;  n . i s  th e  number o f co p ie s  of 
subsystem  i  ( in c lu d in g  th e  o r ig i n a l ) ,  and m i s  th e  number o f 
tim es one o r a n o th e r copy o f each subsystem  i  must o p e ra te  
s u c c e s s fu l ly  in  a l i f e t i m e .  Then th e  b r a in ’s  o v e ra l l  r e l i a b i l i t y  
(R ), o r th e  p r o b a b i l i ty  o f l i v in g  long enough to  rep ro d u ce , i s

where s  i s  th e  t o t a l  number o f n e u ra l subsystem s. For 
s im p l ic i ty ,  assume a l l  subsystem s have th e  same q , n , and m; then  
th e  form ula c o l la p s e s  to

R = ( 1 – qn ) sm.

Note t h a t  la rg e  sm, in  a lo n g - l iv e d  organism , im p lie s  an ev e n tu a l 
m a lfu n c tio n , even w ith  ex trem ely  r e l i a b l e  subsystem s. The burden 
o f head s iz e  s u g g e s ts  n a tu r a l  s e le c t i o n  a g a in s t  la rg e  n , and 
s e le c t io n  in s te a d  fo r  sm all q . However, f o r  q <<< 0 .5  a v a s t  
improvement in  r e l i a b i l i t y  can th e n  occur i f  n in c re a s e s  from 1 
to  2 . The im p lic a tio n  i s  t h a t  b ra in s  a re  tw ice  as  la rg e  as  
s h o r t- te rm  s u rv iv a l  would r e q u i r e .

With genes, n a tu r a l  s e le c t i o n  m ight s im i la r ly  work to  l im i t  
th e  s iz e  o f c e l l  n u c le i  b u t th en  e x p lo i t  h igh  r e l i a b i l i t y  o f each 
gene by backing  each up w ith  a  s in g le  s im i la r  a l l e l e .  Thus, 
B e rn s te in , B yerly , Hopf & Michod ( J ,  th e o r .  B io l , 1984) argue  
p la u s ib ly  fo r  t h e i r  m in o rity  p o s i t io n  reg a rd in g  o r ig in s  of 
d ip lo id y  and sex u a l re p ro d u c tio n .

With bo th  b ra in s  and genes th e re  i s  a puzz le  a s  to  how th e  
norm al r a th e r  th an  th e  abnorm ally  fu n c t io n in g  in fo rm a tio n -b e a rin g  
subsystem  i s  u s u a lly  p r e f e r e n t i a l l y  chosen by th e  w hole. As 
B e rn s te in , e t  a l .  s u g g e s t, perhaps t h i s  i s  e f f e c te d  by p a r t i a l ,  
com plem entary in fo rm a tio n  in  th e  most c lo s e ly  r e l a te d  in t e r a c t in g  
subsystem s, a s  each fu n c t io n a l  c y c le  ta k e s  p la c e .

where s  i s  th e  t o t a l  number o f n e u ra l subsystem s. For 
s im p l ic i ty ,  assume a l l  subsystem s have th e  same q , n , and m; then  
th e  form ula c o l la p s e s  to

R =  (1 – q n )s m .

Note t h a t  la rg e  s m, in  a lo n g - l iv e d  organism , im p lie s  an ev e n tu a l 
m a lfu n c tio n , even w ith  ex trem ely  r e l i a b l e  subsystem s. The burden 
o f head s iz e  s u g g e s ts  n a tu r a l  s e le c t i o n  a g a in s t  la rg e  n , and 
s e le c t io n  in s te a d  fo r  sm all q . However ,  f o r  q <<< 0 .5  a v a s t  
improvement in  r e l i a b i l i t y  can th e n  occur i f  n in c re a s e s  from 1 
to  2 . The im p lic a tio n  i s  t h a t  b ra in s  a re  tw ice  as  la rg e  as  
s h o r t- te rm  s u rv iv a l  would r e q u i r e .

With genes, n a tu r a l  s e le c t i o n  m ight s im i la r ly  work to  l im i t  
th e  s iz e  o f c e l l  n u c le i  b u t th en  e x p lo i t  h igh  r e l i a b i l i t y  o f each 
gene by backing  each up w ith  a  s in g le  s im i la r  a l l e l e .  Thus, 
B e rn s te in , B yerly , Hopf & Michod ( J ,  th e o r .  B io l , 1984) argue  
p la u s ib ly  fo r  t h e i r  m in o rity  p o s i t io n  reg a rd in g  o r ig in s  of 
d ip lo id y  and sex u a l re p ro d u c tio n .

With bo th  b ra in s  and genes th e re  i s  a puzz le  a s  to  how th e  
norm al r a th e r  th an  th e  abnorm ally  fu n c t io n in g  in fo rm a tio n -b e a rin g  
subsystem  i s  u s u a lly  p r e f e r e n t i a l l y  chosen by th e  w hole. As 
B e rn s te in , e t  a l .  s u g g e s t, perhaps t h i s  i s  e f f e c te d  by p a r t i a l ,  
com plem entary in fo rm a tio n  in  th e  most c lo s e ly  r e l a te d  in t e r a c t in g  
subsystem s, a s  each fu n c t io n a l  c y c le  ta k e s  p la c e .

356.2 HIPPOCAMPAL CHOLINE ACETYLTRANSFERASE (ChAT) ACTIVITY AND MAZE 
PERFORMANCE IN "OLD" AND YOUNG RATS. S.H. Mu r p h v .  S.D. F a r b e r .  N.* 
P o s t l e w a i t e * . T  P a n e * .  Y .  K a s e d a * .  J . R .  H o f s t e t t e r .  J . A .  
R i c h t e r   and W.C. Low. D e p ts .  of  P h y s i o l o g y  and B i o p h y s i c s ,  
P h a rm a co lo g y  and B i o c h e m i s t r y ,  and th e  I n s t i t u t e  of P s y c h ia t r i c  
Research, India na U n iv e r s i t y  School of Medic ine,  I n d i a n a p o l i s ,  IN 
46223.

R ecen t  b e h a v i o r a l  s t u d i e s  o f  aged r a t s  h a v e  r e v e a l e d  a s u b 
p o p u l a t i o n  t h a t  i s  s e v e r e l y  im p a i r e d  i n  t h e i r  p e r f o r m a n c e  i n  a 
M o r r i s  w a t e r  maze. N e u ra l  t r a n s p l a n t s  from em bryon ic  s e p t a l  
n u c l e i  c o n ta in in g  c h o l in e r g i c  neurons to  th e  hippocampal formation  
of  aged a n i m a l s  i n  t h i s  a f f e c t e d  s u b - g r o u p  w ere  a b l e  t o  im p ro v e  
t h e i r  performance s i g n i f i c a n t l y  (Gage e t  a l . ,  Science 225:533-536, 
1984) . These  o b s e r v a t i o n s  s u g g e s t  t h a t  p o o r  p e r f o r m a n c e  i n  the  
w ate r  maze may be th e  r e s u l t  of d e f i c i t s  i n  c h o l in e r g i c  fu n c t io n  
w i t h i n  t h e  h ip p o c a m p a l  f o r m a t i o n .  To t e s t  t h i s  h y p o t h e s i s ,  we 
d e t e r m i n e d  ChAT a c t i v i t y  i n  d o r s a l  and v e n t r a l  h ip p o c am p i  i n  
"o ld"  r e t i r e d  b reed e rs  e i g h t  months of age, and in  young r a t s  two 
months of age. Twenty fo u r  r e t i r e d  b reed e rs  and tw e lv e  young r a t s  
w ere  f i r s t  t e s t e d  i n  a M o r r i s  w a t e r  maze to  d e t e r m i n e  t h e  time 
r e q u i re d  to  l o c a t e  a submerged p l a t f o r m  w i th in  the  maze and escape 
from th e  w ate r .  Latency measurements of th e  o ld  r a t s  r e v e a l e d  a 
bimodal d i s t r i b u t i o n  and were used to  d iv i d e  th e  o ld  r a t s  i n t o  two 
g roups ,  d e s ig n a ted  as o ld  " impaired" and o ld  "non-impaired ."  Old 
i m p a i r e d  r a t s  r e q u i r e d  29.7 + 2.5 (mean + SEM) s e c o n d s  to  l o c a t e  
t h e  p l a t f o r m  in  co m p a r i s o n  to  12.7 ± 1.1 s eco n d s  f o r  o l d  n o n -  
im p a i r e d  r a t s  and 13.4 + 2.2 s e c o n d s  f o r  t h e  g r o u p  o f  young 
an im als . A f te r  b e h a v io r a l  t e s t i n g ,  the  animals  were d e c a p i t a t e d  
and th e  h ip p o c am p i  w ere  d i s s e c t e d  from each  an im a l  and a n a l y z e d  
f o r  ChAT a c t i v i t y .  In  th e  o ld  impaired group, ChAT was 29.9 ± 1.9 
pmol/ug p r o t e i n / h  in  th e  d o r s a l  hippocampi, and 38.6 + 1.9 pmol/ug 
p r o t e i n / h  i n  t h e  v e n t r a l  h ip p o c am p i .  In  t h e  o l d  n o n - im p a i r e d  
g r o u p ,  ChAT a c t i v i t y  was 29.4 + 2.4 pm o l /u g  p r o t e i n / h  i n  t h e  
d o r s a l  hippocampi, and 36.9 ± 2.2 pmol/ug p r o t e i n / h  i n  th e  v e n t r a l  
hippocampi. In  th e  group of young r a t s ,  ChAT a c t i v i t y  was 28.2 + 
1.4 p m o l /u g  p r o t e i n / h  i n  t h e  d o r s a l  h ip p o c a m p i ,  and 35.2 ± 1.7 
pmol/ug p r o t e i n / h  i n  the  v e n t r a l  hippocampi. A two-way a n a l y s i s  
of  v a r i a n c e  was performed to  examine the v a r i a n c e  among the th r e e  
groups of r a t s  as w e l l  as  the  v a r i a n c e  between d o r s a l  and v e n t r a l  
h ip p o c a m p i .  T h is  r e v e a l e d  no s i g n i f i c a n t  d i f f e r e n c e  among th e  
ChAT a c t i v i t i e s  of th e  t h r e e  groups of an im als  ( =-0.88; d f =2,66; p 
> 0.25). These r e s u l t s  sugges t  t h a t  the impairment in  wate r  maze 
p e r f o r m a n c e  as  d i s p l a y e d  by a s u b - g r o u p  of  e i g h t  month  o l d  r a t s  
may n o t  be a r e s u l t  of  c h o l i n e r g i c  d y s f u n c t i o n  as  d e t e r m i n e d  by 
measures  of c h o l in e  a c e ty l  t r a n s f e r a s e  a c t i v i t y .

T h is  work s u p p o r t e d  by NIH g r a n t s  AG-5575 ( W.C.L.) and NIMH 
Tra in ing  Grant 2‒T32 MH 17101 ( J . R . H . ) .
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356.3 INCREASED CHROMOSOME 21q22.1 MARKER IN ALZHEIMER'S DISEASE AND 
DOWN'S SYNDROME. F.P. Zemlan, O.J . Thienhaus* and H.B. Bosmann*. 
Lab. of Geriatric Research, Uni v. of Cincinnati College of 
Medicine, Ci nti . ,  Ohio 45267.

Several lines of evidence indicate a strong genetic re la tion 
ship between Alzheimer's disease (AD) and Down's syndrome ( t r i 
somy 21). The causal etiology of Down's syndrome is related to 
the presence of an extra copy of the q22 region of chromosome 
21. Gene products coded on locus 21q22 include the enzyme 
superoxide dismutase (SOD–1) which is elevated about 50% in 
fib rob last cell lines of Down's pa tien ts. The present study 
determined whether the ac tiv ity  of SOD–1, a genetic marker of 
the 21q22.1 region was elevated in fibroblast cell lines 
deprived from Alzheimer's and Down's patients when compared to 
euploid cell lines from normal controls.

As sample freezing decreased SOD‒1 activ ity  in AD cell lines 
but not normal cell lines all assays employed nonfrozen samples 
trypsinized within the previous six hours. A significant 
(p<0.001) 54% increase in SOD‒1 activ ity  was observed in Down's 
cell lines (N=3) when compared to normal euploid cell lines 
(N=20; 10.4 SOD U/106 c e l ls ) .  An average 53% increase in 
SOD-1 ac tiv ity  was observed in five cell lines derived from 
fam ilial AD patients when compared to normal controls (p<0.01). 
Although SOD‒1 activ ity  in all AD cell lines was greater than 
the enzyme activ ity  in the normal cell lines appreciable varia
tion  among the AD patients was observed. For example, an 83% 
increase was found in the cell line derived from an AD patient 
in which an autosomal dominant form of inheritance was 
id en tified . An 81% increase was found in an AD proband with two 
affected sib lings. A 56% increase was observed in an autopsy 
confirmed AD proband with at least two f i r s t  degree relatives 
who were demented. At the other extreme, an 11% increase was 
found in a proband where neuropathological data was unavailable 
for the proband or father (only affected re la tiv e ).

The present data indicating that familial AD and Down's 
patients demonstrate increased ac tiv ity  of an enzyme coded on 
chromosome region 21q22.1 provides additional support for a 
genetic sim ilarity  between these two disorders.

Supported by the Ohio Chapter of the American Federation of 
Aging Research.

356.4 ALZHEIMER'S DISEASE CHOLINERGIC DEFICIT: HUMAN GROWTH HORMONE 
RESPONSE TO TENSILON. O .J. Thienhaus, F.P. Zemlan, D. 
Bi enenfel d*, H.B. Bosmann*. Division of Geriatrics and 
Department of Psychiatry, Uni v. of Cincinnati College of 
Medicine, Ci nti . ,  OH 45267.

I t  is well established that Alzheimer's disease (AD) is 
associated with degeneration of cholinergic neurons in several 
CNS regions. Recent neuropathological data in Alzheimer's 
patients indicates the presence of neurofibrillary tangles in 
numerous hypothalamic regions associated with regulation of 
p itu ita ry  hormone release. These hypothalamic regions, which 
receive a strong cholinergic projection, are located immediately 
caudal to the basal forebrain cholinergic cell bodies which 
degenerate in Alzheimer's patien ts. It is not known whether the 
cholinergic projection to hypothalamic regions controlling 
p itu ita ry  growth hormone release degenerates in Alzheimer's 
pa tien ts . The present study explores th is hypothesis. 
S pecifically , the present study examined whether Alzheimer's 
patients demonstrate a blunted growth hormone (GH) response to a 
presynaptic cholinergic challenge. Three baseline blood samples 
were taken prior to administration of the cholinesterase 
in h ib ito r, tensilon (0.15 mg/kg), and five samples taken during 
the 80 minutes following drug administration. A peak GH 
response of 14 + 5 ng/ml was observed in 8 age-matched 
non-demented control pa tien ts , while a significantly  blunted GH 
response of 2 + 1 ng/ml was observed in 14 Alzheimer's patients 
(p<0.04). Positive correlations between the p atien t's  memory 
performance (r2=0.22, p<0.03) and Reisburg Stage of AD 
(r2=0.24, p<0.02) with the GH response indicated that more 
severely affected AD patients demonstrated the most blunted GH 
responses to tensilon administration. The implications of the 
present data for assessing cholinergic defic its  in Alzheimer's 
patients will be discussed.

356.5 NEUROPATHOLOGY OF THE OLFACTORY SYSTEM IN ALZHEIMER'S DISEASE 
AND NORMAL AGING. P.D. Flem ing and J .  R ogers. D epartm ents of 
Neurology and P ath o lo g y , U n iv e rs ity  of M assachusetts  M edical 
S choo l, W orceste r, MA 01605.

The a b i l i t y  to  d e te c t  and d is t i n g u is h  d i f f e r e n t  odors has 
been found to  d e c lin e  w ith  age , a d e f i c i t  ex a ce rb a ted  in  
A lzh e im er 's  d is e a s e  (AD). The p re s e n t study  d e s c r ib e s  p o s s ib le  
neu ro p a th o lo g ic  c o r r e l a te s  o f o lf a c to ry  d y sfu n c tio n  in  AD and 
norm al ag in g . O lfac to ry  bu lb s  and t r a c t s  were d is s e c te d  i n t a c t  
from 20 a u to p s ie d  p a t ie n t s  w ith  h i s to lo g ic a l ly  confirm ed AD, 20 
age-m atched c o n tro l p a t i e n t s ,  and 5 younger p a t i e n t s .  A fte r  
p a r a f f in  em bedding, th e  t i s s u e  was se c tio n e d  s a g i t t a l l y  then  
s ta in e d  by B ielschow sky, B odian, and hem atoxy lin  and e o s in  
m ethods. A ll  AD specim ens (20 /20 ) co n ta in ed  in t ra n e u ro n a l 
n e u r o f i b r i l l a r y  ta n g le s  w ith  maximum d e n s i t i e s  rang ing  from 1-27 
(x ̄ =  8 .2 5 ) ta n g le s  p e r  h ig h  power f i e l d  (HPF) (400X ). In 
c o n t r a s t , 11/20 aged-m atched c o n tro ls  co n ta in ed  ta n g le s  rang ing  
from 1 -9  (x ̄ 1 .4 5 ) ta n g l es/H PF. N e u r i t ic  ( s e n i l e )  p la q u es  had 
a mean maximum d e n s i ty  o f 3 .05  pl aques/HPF in  AD. In c o n t r a s t  
on ly  one c o n tro l  ca se  co n ta in ed  a n e u r i t i c  p la q u e . P laques were 
co n c e n tra te d  i n  th e  b u lb , e s p e c ia l ly  in  th e  a n t e r io r  o l f a c to ry  
n u c leu s . T angles w ere found in  th e  bu lb  a s  w e ll a s  i n  neurons 
a long  th e  t r a c t .  A s t r i k i n g  f in d in g  was th e  e x t r a o r d in a r i ly  
h igh  d e n s i ty  o f po lyg lu co san  b od ie s  (co rp o ra  am ylacea) in  AD and 
age-m atched c o n tro l  c a se s  compared to  th e  younger p a t i e n t s  as 
shown in  a p rev io u s  s tu d y  (F lem ing , 1986). Whereas p o lyg lucosan  
b o d ie s  were sp a rs e  and i s o la te d  in  th e  b u lb , they  o ccu rred  in  
dense c l u s t e r s  in  th e  t r a c t .  P olyg lucosan  bod ies  were o f te n  
a s s o c ia te d  w ith  d e v ia t io n s  in  th e  p a th s  o f a d ja c e n t m y e lin a ted  
nerve f i b e r s ,  w ith  a p p a re n t com pression  and ru p tu re  of axons.
AD path o lo g y  i s  a l s o  observed in  prim ary o l fa c to ry  c o r te x  and 
o th e r  p ro je c t io n  a re a s  o f th e  o lf a c to ry  b u lb .

We conclude th a t  n e u ro p a th o lo g ic  changes ty p i c a l  o f 
A lzh e im er 's  d is e a s e  a r e  abundant in  th e  human o lf a c to ry  b u lb  and 
t r a c t ,  and may c o n t r ib u te  to  th e  hyposmia a s s o c ia te d  w ith  
A lzh e im er 's  d is e a s e .

Supported by a g ra n t from  th e  A lzhe im er's  D isease  and R e la ted  
D iso rd e rs  A ss o c ia tio n , and by PHS AG05134.

356.6 DIFFERENCES IN THE RESTING ECoG OF YOUNG AND AGED RATS 
INDICATE AGE-RELATED CHANGES IN VIGILANCE. T.A. Emrey* 
J.J . Inserra and R.R. Notvest (SPON: J. Maran). D e p t . of 
Pham. Ayerst Lab. Res., Inc., Princeton, NJ 08543–9990.

The electrocorticogram (ECoG) was used to assess age-related 
changes in cerebral function of conscious male Fisher (F‒344) 
r a ts . Young (3-month old; n=26) and aged (26-month old; n=18) 
ra ts  were anesthetized and implanted with electrodes one week 
prior to recording of brain waves. The recording session 
included five minutes of a r tifa c t- f re e  ECoG. The ECoG was 
quantified by power-frequency analysis: the parameters included 
to ta l power (TP, 1–30 Hz) and the power of four specific 
frequency bands (delta , 1–4 Hz; the ta , 4–8 Hz; alpha, 8–13 Hz; 
and beta, 13–30 Hz). Differences were evaluated by a t - te s t .

Age-related differences in the ECoG were observed for all 
parameters (Table 1). Specifically , the aged group had a sign if
icantly  lower TP, which reflected lower power in each of the 
four frequency bands (*p<0.01, ** p<0.001).

TABLE 1 MEAN ABSOLUTE POWER IN MICROVOLTS ( SD)
Group TP delta theta alpha beta

Young 98 (11) 24 (3) 36 (5) 19 (3) 18 (2)
Aged 73 (8)** 20 (2)** 25 (4)** 12 (1)** 15 (1)**

The re la tive  power of each frequency band (% of TP) was used 
to evaluate the d istribu tion  of power in the spectrum (Table 
2). Aged rats showed a greater d istribu tion  of power in the 
delta and beta frequency bands and a reduction in the alpha and 
theta frequency bands.

TABLE 2 MEAN RELATIVE POWER (± SD)
Group delta theta alpha beta

Young 24 (2) 37 (2) 20 (1) 19 (1)
Aged 27 (2)** 35 (3)* 17 (1)** 21 (1)**

The re la tiv e  increase in delta and decrease in alpha indicat
ed a lower sta te  of vigilance in aged ra ts .
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356.7 PERFORMANCE OF AMNESIC AND DEMENTED PATIENTS ON EPISODIC AND 
SEMANTIC MEMORY TASKS. N. B u tte r s . E. Oranholm.* D. 
Salm on.* I .  G rant and J .  W olfe.*  Psychology S e rv ic e  and 
D epts. o f  P sy c h ia try  and N eu rosciences , VA M edical C enter 
and Univ. o f  C al. Sch. o f  Med., San D iego, CA 92161.

E p isod ic  ( r e c a l l  o f  s h o r t  p a ssag es) and sem antic 
( l e t t e r  and ca teg o ry  flu e n cy ) memory ta s k s  were ad m in is te red  
to  13 A lzheim er’s D isease  ( e a r ly  s ta g e s ) ,  12 H un ting ton ’s 
D isease  (HD), 9 a lc o h o lic  K o rsa k o ff 's  Syndrome (AK) and 26 
i n t a c t  c o n tro l  (13 young, 13 e ld e r ly )  s u b je c ts .  The th re e  
p a t ie n t  groups were matched fo r  o v e ra l l  s e v e r i ty  o f  dem entia 
w ith  a dem entia r a t in g  s c a le .  A lthough a l l  th r e e  p a t ie n t  
groups were se v e re ly  (and e q u a lly )  im paired  on r e c a l l  o f  
fo u r  p a ssag es , o n ly  th e  A lzheim er and AK p a t ie n t s  em itted  
numerous p r io r - s to r y  in t r u s io n  e r r o r s .  That i s ,  more th an  
20% o f  th e  A lzheim er and AK p a t i e n t s ’ t o t a l  r e c a l l  o f  th e  
m eaningful s h o r t  s t o r i e s  re p re s e n te d  in fo rm a tio n  from 
p re v io u s ly  p re se n te d  p assag es .

On th e  flu e n cy  ta s k s ,  th e  perform ance o f  th e  m ild 
A lzheim er p a t ie n t s  were d is t in g u is h a b le  from th a t  o f  the 
o th e r  two p a t ie n t  g roups . The HD and AK p a t ie n t s  
dem onstrated  sev e re  and m oderate d e f i c i t s  r e s p e c t iv e ly ,  on 
bo th  flu e n cy  ta s k s ,  w hereas th e  m ild A lzheim er p a t ie n t s  were 
im paired  on ly  on th e  ca teg o ry  f lu e n cy  ta s k  ( i . e . ,  names o f  
a n im a ls ) . As w ith  th e  e p iso d ic  memory t e s t ,  th e  A lzheim er 
and AK p a t ie n t s  made more p e r s e v e ra t iv e  e r r o r s  ( i . e . ,  
r e p e t i t i o n  o f  w ords) then  d id  th e  HD p a t ie n t s  on l e t t e r  
f lu e n cy  ( i . e . ,  words beg inn ing  w ith  F, A and S ).

These f in d in g s  su g g es t t h a t  A lzheim er and HD p a t i e n t s '  
im pairm ents on e p iso d ic  and sem antic  memory ta s k s  r e f l e c t  
d i f f e r e n t  u n d e rly in g  p ro c e s s e s . The perform ance o f  
A lzheim er p a t ie n t s  i s  a f fe c te d  by t h e i r  language d y s fu n c tio n  
and an in c re a s e d  s e n s i t i v i t y  to  p ro a c t iv e  in te r f e r e n c e ;  th e  
d e f i c i t s  o f  th e  HD p a t ie n t s  appear due to  a  g e n e ra l 
r e t r i e v a l  problem . S im i la r i t i e s  in  th e  e r r o r  p a t te r n s  
( i . e . ,  p e r s e v e ra tio n  e r r o r s )  o f  A lzheim er and AK p a t ie n t s  
a re  c o n s is te n t  w ith  th e  n o tio n  th a t  th e  two d is o rd e r s  may 
sh a re  some common n eu ro p a th o lo g ica l  ( i . e . ,  b a sa l fo re b ra in )  
and neurochem ical ( i . e . ,  c h o l in e rg ic )  d y s fu n c tio n s .

T h is  s tu d y  was su ppo rted  by funds from th e  M edical 
R esearch  S e rv ic e  o f  th e  VA, NIAAA g ra n t AA‒00187, and by NIA
g ra n t  AG-05131.

356.8 MAINTENANCE OF GOOD SPATIAL MEMORY CORRELATES WITH THE PRESERVA
TION OF HIPPOCAMPAL PERFORATED SYNAPSES IN AGED RATS. Y. Geinism an, 
L. de T o ledo-M orre ll*  and F. M o rre ll . D ept. o f C e ll B io l. & A n a t., 
N orthw estern  Univ. Med. S ch ., Chicago, IL 60611 and D epts. o f 
N euro l. S c i. and P sy c h o l., Rush Med. C o l l . ,  C hicago, IL 60612.

S p a tia l  working memory, which c ru c i a l l y  depends on th e  s t r u c 
tu r a l  i n t e g r i t y  o f th e  hippocam pal fo rm ation  and i t s  a f f e r e n t  
co n n e c tio n s , i s  im paired  in  th e  m a jo r ity , bu t n o t a l l ,  aged r a t s  
(de T o ledo-M orre ll e t  a l . ,  Behav. N e u ro sc i., 98:902, 1984). This 
s tudy  was designed  to  v e r i f y  w hether aged anim als th a t  do not 
e x h ib i t  th e  s p a t i a l  memory d e f i c i t  a re  the  ones in  which th e  h ippo
campal s y n ap tic  c o n n e c tiv i ty  rem ains p rese rv ed  w ith  advancing 
c h ro n o lo g ic a l age . Young a d u lt  r a t s  (5 mo. o ld ) w ith  good s p a t i a l  
memory, aged r a t s  (27 mo. o ld ) w ith  im paired s p a t i a l  memory and 
e q u a lly  aged r a t s  w ith  in t a c t  s p a t i a l  memory were compared. Spa
t i a l  memory was te s te d  in  an 8-arm r a d i a l  maze. R ats were tra in e d  
to  a s t r in g e n t  c r i t e r io n  of 3 co n secu tiv e  t r i a l s  w ith o u t e r ro r s  o r 
to  a maximum o f  30 t r i a l s .  A fte r  th e  b e h a v io ra l t e s t i n g ,  r a t s  
were p erfu sed  w ith  aldehyde f ix a t iv e s .  The t i s s u e  was taken  from 
the  hippocam pal fo rm ation  a t  th e  same sep to -tem p o ra l le v e l  in  each 
anim al and ro u tin e ly  p rocessed  fo r  e le c tro n  m icroscopy. The cen
t r a l  segment ( in  th e  m edio-l a t e r a l  d i r e c t io n )  o f  th e  d o rs a l b lade 
o f th e  d e n ta te  gyrus was examined. Synapses were s tu d ie d  in  the 
m iddle o f th e  d e n ta te  m o lecu lar la y e r .  The num erical d e n s ity  (NV) 
o f synapses and g ran u le  c e l l s  pe r u n i t  volume was e s tim a ted  from 
s e r i a l  s e c t io n s  by th e  method of C ruz-O rive as  ap p lie d  fo r  synapse 
morphometry by Verwer and De Groot (P ro g r. B rain  R e s ., 551 95, 
1982). Synap tic  NV ( in  µm–3) d iv id ed  by neuronal Nv ( in  µm–3) 
gave an e s tim a te  o f th e  average  number o f synapses a s s o c ia te d  w ith  
one g ran u le  c e l l .  The. most im portan t r e s u l t s  were ob ta in ed  when 
axospinous synapses were d iv id ed  in to  p e r fo ra te d  and n o n p erfo ra ted  
ones acco rd ing  to  th e  appearance o f t h e i r  p o s ts y n a p tic  d e n s ity . 
A s ig n i f i c a n t  d ec re a se  in  th e  number o f p e r fo ra te d  synapses per 
neuron was found in  memory-impaired aged r a t s  as  compared to  e i th e r  
young a d u l ts  o r aged anim als w ith o u t memory d e f i c i t s ;  th e  l a t t e r  
two groups d id  n o t d i f f e r  from each o th e r  w ith  r e s p e c t to  th i s  
m easure. The number o f n o n p e rfo ra ted  synapses per neuron was 
d im in ished  in  m em ory-defic ien t aged r a t s  r e l a t i v e  to  young a d u l ts ,  
b u t n o t r e l a t i v e  to  m em ory-in tact aged r a t s .  However, i t  was only 
th e  lo s s  o f p e r fo ra te d  synapses th a t  c o r r e la te d  w ith  th e  degree of 
s p a t i a l  memory im pairm ent as measured e i th e r  by th e  number of 
t r i a l s  n ec essa ry  to  reach  th e  b e h a v io ra l c r i t e r io n  o r  by the 
cho ice  accu racy  sco re  fo r  th e  l a s t  5 days o f t r a in in g .  I t  a p p e a rs , 
th e r e fo r e ,  th a t  a p rese rv ed  complement o f hippocam pal p e r fo ra te d  
synapses i s  c r u c i a l  fo r  th e  m aintenance o f good s p a t i a l  memory 
du rin g  ag in g .

Supported by G rant AG 03410 from th e  N .I.A .

356.9 CLASSICAL CONDITIONING OF RABBITS 2 TO 4 YEARS OLD USING MOSSY 
FIBER STIMULATION AS A CS. D. S. W oodruff-Pak1, J .  E. S te in m etz2 , 
& R. F. Thompson2 , D ept. o f  P sychology, Temple U ., P h ila d e lp h ia ,  PA 
191221 & D ept. o f P sychology, S tan fo rd  U ., S ta n fo rd , CA 943052

A fundam ental is s u e  in  a g e - r e la te d  d e t e r io r a t io n  in  memory f o r 
m ation  concerns w hether i t  i s  due to  im pairm ent o f sen so ry  rece p 
t i v e  c a p a b i l i t i e s  o r  c e n t r a l  s to ra g e  mechanism s. Age d i f f e re n c e s  in  
p e r ip h e ra l  p o r tio n s  o f th e  CS pathway cou ld  accoun t f o r  th e  o b se r
ved age d if f e re n c e s  in  c o n d itio n in g  in  r a b b i t s .  In  t h i s  s tudy  we 
bypassed  p e r ip h e ra l  p o r t io n s  o f th e  CS pathway and in p u t th e  CS 
more c e n t r a l l y  by e l e c t r i c a l  m ic ro s tim u la t io n  o f mossy f ib e r s  from 
th e  d o r s o la t e r a l  p o n tin e  n u c leu s  (DLPN).

S ix  fem ale and one male New Zealand w h ite  r a b b i t s  ran g in g  in  age 
from 30 months to  44 months (mean age o f 36 months) were an e sth e 
t i z e d  and im p lan ted  b i l a t e r a l l y  w ith  b ip o la r  s t im u la t in g  e le c tro d e s  
in  th e  DLPN o r mossy f i b e r s .  A f te r  two days o f reco v e ry  from s u r 
gery  th e y  were adap ted  in  th e  runn ing  chamber f o r  one ho u r. T ra in 
in g  began th e  fo llo w in g  day and c o n s is te d  o f 108 t r i a l s  p e r  day in  
which s t im u la t io n  n ea r  th e  DLPN (CS, 200 Hz, 350 m sec, 30–60 uA) 
was p a i re d  w ith  a  c o te rm in a tin g  c o rn e a l a i r p u f f  as th e  UCS (2 .1  N/  
cm2 , 100 m sec). R abb its  were t r a in e d  w ith  a  tone  CS to  determ ine  
i f  th e  mossy f i b e r  s t im u la t io n  CS would t r a n s f e r  to  an a u d ito ry  CS.

R e su lts  in d ic a te d  t h a t o ld e r  r a b b i t s  could  be t r a in e d  w ith  DLPN 
s t im u la t io n  as  th e  CS, b u t they  ta k e  many more t r i a l s  to  c r i t e r i o n  
th an  3-m onth-old  r a b b i t s .  The mean number o f t r i a l s  to  le a rn in g  c r i 
te r io n  was 529 .57 . T his i s  over f iv e  tim es as  long  a s  th e  mean num
b e r  o f t r i a l s  to  c r i t e r i o n  ta k en  by young an im a ls . A lthough th e  
range o f ages o f th e  o ld e r  r a b b i t s  in  t h i s  s tudy  was l im ite d  to  
j u s t  over one y e a r ,  th e  c o r r e l a t i o n  between t r i a l s  to  c r i t e r i o n  and 
age ( in  months) was h ig h  ( r  = .6 7 ; p .0 5 ) .  A ll b u t one o f th e  o ld 
e r  r a b b i t s  a t ta in e d  c r i t e r i o n  to  th e  tone CS w ith in  100 t r i a l s  in 
d ic a t in g  th a t  some t r a n s f e r  from th e  DLPN s t im u la t io n  CS o cc u rre d .

The p re s e n t s tu d y  dem onstra ted  th a t  s t im u la t io n  o f th e  DLPN 
mossy f ib e r s  can be an e f f e c t iv e  CS fo r  t r a in in g  an e y e l id  resp o n se  
in  r a b b i t s  o ld e r  th an  2½ y e a r s .  However, a c q u is i t io n  i s  f iv e  tim es 
s low er th a n  in  3-m onth-old  r a b b i t s .  These r e s u l t s  in d ic a te  th a t  
th e  age d if f e re n c e s  in  e y e l id  c l a s s i c a l  c o n d itio n in g  which have 
been observed  in  r a b b i t s  canno t be e n t i r e l y  a t t r i b u t e d  to  age d i f 
fe re n c e s  in  th e  p e r ip h e ra l  CS pathw ay. Changes in  th e  nervous sy s 
tem o c c u rr in g  more c e n t r a l l y  in  th e  ce reb e llu m  appear to  be more 
im p o rtan t f o r  age d if f e re n c e s  in  le a rn in g .

Supported  by a  g ra n t from th e  American F e d e ra tio n  fo r  Aging Re
se a rc h  (AFAR) to  RFT, DSW, & JES; S en io r F ellow sh ip  Award AG05312 
from th e  N a tio n a l I n s t i t u t e  on Aging to  DSW; N a tio n a l I n s t i t u t e s  o f 
M ental H ea lth  F ellow sh ip  MH08994 to  JES; and g ra n ts  to  RFT in c lu d 
in g  N a tio n a l S cience  Foundation  g ra n t BNS–8106648, O ff ic e  o f Naval 
Research  g ra n t N00014‒83‒K‒0238, and a McKnight F oundation  g ra n t .

356.10 AGE-DEPENDENT DECLINES IN REFLEXIVE AM) MOTOR CAPACITIES: 
SIMILARITIES BETWEEN SENESCENT C57BL/6NNIA AND YOUNG AUTOIMMUNE 
MICE. M.J. F o rs te r , M.D. Popper*, S.K. Paul*, K.C. Retz and 
H. Lal. Department of Pharmacology, Texas College of Osteopathic 
Medicine, Fort Worth, TX 76107–2690.

We have previously shown a relationship between the formation 
of brain-reactive antibodies (BRA) and declines of learning ab il
it ie s  in senescent C57BL/6 mice (Lal and Forster, Drug Dev. Res. 
7: 195–208, 1986) and in chronologically younger mice of genet
ically autoimmune stra in s (Forster e t al., Soc. Neurosci. Abstr. 
11:722, 1985). A sim ilar relationship ex ists with respect to 
age-related abnormalities in pharmacologic se n s itiv itie s  of these 
stra in s (Forster et al., Life S c ., 38:1433–1439, 1986), suggest
ing that BRA are a cause or manifestation of functional CNS 
a lterations In aging and autoimmune disease. The potential simi
la r i tie s  between aging- and autoimmune-related behavioral a lte ra 
tions were investigated in the present study, by comparing age- 
dependent patterns of decl ine in r e f lexive and motor a b il i t ie s  of 
C57BL/6 and autoimmune New Zealand Black (NZB) mice. These ab il
itie s  were expected to show specific patterns of non-untform 
decline during aging In C57BL/6 mice, and It was predicted that a 
sim ilar pattern would be seen In young to mature NZB mice. 
C57BL/6Nni a mice (aged 1.5, 3, 6, 12, 24 or 28 mo.) and NZB/BINJ 
mice (1.5, 3, 6, or 12 mo.) were tested for simple reflexive 
capacities (negative geotaxls, vib r issae-el i c ited forelimb plac
ing, midair righting) and capacities involving integrated reflex 
patterns and sensorimotor coordination (rotating cylinder and 
swimming tes ts). Although geotactic responses of NZB mice became 
slower with advancing age, all of the simple r e f lexes could be 
e lic ited  a t a ll ages tested in both strains. The maximum speed 
at which mice could remain on a rotating cylinder showed a marked 
decrease with age in both stra in s , the decrease occurring at 
younger ages in NZB mice. Deficient performance by the young NZB 
mice and aged C57BL/6 mice was p a rtia lly  alleviated with daily 
practice. The fo re l i mb Inhibitory and head position components 
of the swimming reflex (Shapiro et a l . Science, 168:148–151, 
1970) showed heterochronic changes with age In C57BL/6 mice. At 
1, 3 and 6 months, C57BL/6 mice showed Inhibition of fore1imb 
movements during swimming, whereas progressively more forel i mb 
movements were seen with increasing age thereafter. Swimming 
ab ility  (as Indicated by head position) was Impaired only In the 
28-month-old C57BL/6 mice. NZB mice showed nearly identical age- 
dependent changes in swimming, but during a period between 3 and 
12 months. Overal l ,  the resu lts Indicate that young to mature 
autoimmune NZB mice show senescence– like, non-uniform declines In 
re f l exive and motor capacities. These findings suggest that 
immune abnormalities are closely associated with behavioral Indi
cators of aging.
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356.11 THE ANALGESIA PRODUCED BY FOOD DEPRIVATION IN 4‒MONTH OLD, 
14–MONTH OLD, AND 24–MONTH OLD RATS. R. J .  Hamm and J .  S. 
Kni s e l y . D ep t. o f  Psychology, V irg in ia  Commonwealth U n iv e rs ity , 
Richmond, VA 23284.

The a n a lg e s ia  produced by 24 h r  o f food d e p r iv a tio n  was 
examined in  4‒mo, 14‒mo, and 24‒mo o ld  r a t s .  To a s s e s s  
o p io id  and hormonal Involvem ent in  food d e p r iv a tio n  induced 
a n a lg e s ia ,  d i f f e r e n t  groups o f r a t s  from each age group 
were in je c te d  w ith  n a l tre x o n e  (7 m g/kg), dexamethasone 
(0 .4  m g/kg), o r  equivolum e s a l i n e .  A 3(Age) x 3(Drug) x 2(Time) 
a n a ly s is  o f  v a r ia n c e  o f th e  t a i l - f l i c k  la te n c i e s  b e fo re  and 
a f t e r  24 h r  o f  food d e p r iv a tio n  in d ic a te d  th a t  food d e p r iv a tio n  
produced an e q u iv a le n t in c re a s e  in  t a i l - f l i c k  la te n c y  in  each 
s a l i n e - t r e a t e d  age group. In  th e  n a l tr e x o n e -  and dexam ethasone- 
t r e a te d  g roups, food d e p r iv a tio n  d id  n o t produce an a n a lg e s ic  
re sp o n se . In  a d d i t io n ,  n a l tre x o n e  and dexam ethasone were 
e q u a lly  p o te n t in  b lo c k in g  food d e p r iv a tio n  a n a lg e s ia  in  each 
age g roup. See F ig u re .

These r e s u l t s  d em onstra te  th a t  food d e p r iv a tio n  a c t iv a t e s  
an endogenous o p io id -m ed ia ted  a n a lg e s ic  system  th a t  in v o lv es  
hormonal f a c to r s  and th a t  t h i s  system  does n o t d e c lin e  in  
fu n c t io n  w ith  in c re a s in g  age . The absence o f an a g e -a s s o c ia te d  
d e c lin e  in  th e  a n a lg e s ia  produced by food d e p r iv a tio n  i s  in  
agreem ent w ith  th e  deve lop ing  body o f d a ta  on th e  age-dependen t 
a l t e r a t i o n s  in  th e  hormonal system . The la c k  o f an a g e - r e la te d  
d e c lin e  in  t h i s  horm onally  m ed iated  a n a lg e s ic  system  i s  in  
c o n t r a s t  to  th e  re p o r te d  d e c lin e  in  two forms o f  CNS- m ediated  
a n a lg e s ic  re sp o n ses  ( J .  G e ro n t . ,40 ,268–274; Soc. N e u ro s c i .A b s tr . , 
11 ,7 3 1 ). Thus, n o t a l l  endogenous a n a lg e s ic  system s a re  
a f f e c te d  e q u a lly  by th e  ag ing  p ro c e s s .

356.12 AGE-RELATED LOSS OF DENDRITIC SPINES IN RAT HIPPOCAMPUS: EFFECT 
OF PHOSPHATIDYLSERINE ADMINISTRATION. M.G. NUNZI, F. MILAN*. D. 
GUIDOLIN*, G. CALDERINI and G. TOFFANO. F id ia  N eu rob io log ica l 
L a b s ., 35031 Abano Terme (PD), ITALY.

D isfu n c tio n  of th e  hippocampal system  has been involved in 
c o g n itiv e  d is tu rb a n c e s  which develop w ith age in  bo th  humans and 
an im als.

P hospba tidy l s e r in e  (BC-PS), a p h arm aco log ica lly  a c t iv e  compo
n en t o f b ra in  c o r t i c a l  p h o sp h o lip id s , has been shown to  am elio
r a t e  r e te n t io n  o f p a ss iv e  and a c t iv e  avoidance behav iour in  old 
r a t s  (Drago F. e t  a l . ,  N eurob io l. Aging, 2:209–213, 1981; Corwin 
J .  e t  a l . ,  N eu rob io l. Aging, 6 :11– 13, 1985; A p orti F. e t  a l . ,  
N eu rob io l. Aging, in  p r e s s ) .

The p re s e n t s tudy  was undertaken  to  in v e s t ig a te  a g e -a sso c ia te d  
a l t e r a t io n s  in  d e n d r i t ic  sp in e  d e n s ity  of pyram idal neurons in 
r a t  hippocampus and to  examine in  advanced age p o s s ib le  e f fe c ts  
o f BC-PS a d m in is tra tio n  on sp in e  p o p u la tio n s . Seven male Spra- 
gue-Dawley r a t s  fo r  each o f th e  fo llow ing  groups were perfused  
fo r  m icroscopy: 4 m onth-old r a t s ,  27 m onth-old r a t s  and 27 
m onth-old r a t s  which rece iv ed  BC-PS suspended in  d rin k in g  w ater 
( t o t a l  d a i ly  dose 50 mg/Kg) and adm in is te red  from th e  age o f 4 
months to  th e  day o f s a c r i f i c e .  The d o rs a l hippocampus was pro
ce ssed  fo r  G olgi s ta in in g  and 4 pyram idal c e l l s  p e r  anim al were 
s e le c te d  from s e c to r  CA1. By a com puterized in t e r a c t iv e  an a ly s is  
system  (IBAS, K ontron, Z e is s )  sp in e  d e n s ity  was measured on 2–5 
segments p e r d e n d r i t ic  o rd e r fo r  each c e l l .  In o ld -u n tre a te d  a n i
mals sp in e  d e n s ity  showed, w ith  re s p e c t to  young an im als, a s ig 
n i f i c a n t  d ec rease  in  both a p ic a l and b a s a l d e n d r i te s  (P<0.01 fo r 
a l l  d e n d r i t ic  o rd e rs ;  one-way Anova), w ith  a mean lo s s  o f 12,11% 
in  th e  b a s a l d e n d r i te s  and o f 9.77% in  th e  a p ic a l  ones . In BC-PS 
tr e a te d  r a t s  va lues o f sp in e  d e n s ity , in  both  b a s a l and a p ic a l 
d e n d r i te s ,  were no t s t a t i s t i c a l l y  d i f f e r e n t  when compared to  
th o se  o f young anim als w hile  they  were s ig n i f i c a n t ly  d i f f e r e n t  
when compared to  th o se  o f th e  o ld -u n tre a te d  r a t s .  This c o r r e la te s  
w ell w ith  th e  c a p a b il i ty  of BC-PS in  com pletely  p rev en tin g  the 
d e f i c i t  in  a c t iv e  avoidance le a rn in g  in  aged r a t s .

These f in d in g s  in d ic a te  th a t  a s e le c t iv e  lo s s  o f a f f e r e n t  f i 
b e rs  to  pyram idal c e l l s  may occur in  th e  aged hippocampus. More
o v er, they  a ls o  suggest th a t  a long-term  BC-PS tre a tm en t may have 
a r o le  in  th e  m aintenance o f th e  m orpho -functional in t e g r i t y  of 
th e  hippocampal c i r c u i t r y .

356.13 ALZHEIMER’S DISEASE FIBROBLASTS ACCUMULATE MORE CYCLIC AMP IN 
RESPONSE TO β-ADRENERGIC STIMULATION VS NORMAL FIBROBLASTS. 
J .D . McSwigan* (SPON: F. Sel l ) V.A. M edical C en ter (P o r tla n d  
D iv is io n )  and D ept. o f  M edical Psychology, Oregon H ea lth  
S c iences  U n iv e r s ity , P o r tla n d , OR 97201.

R ecent s tu d ie s  have shown th a t  f i b r o b l a s t s  from p a t ie n t s  
w ith  Down’s syndrome have a  much g r e a t e r  accum ula tion  o f  c y c l ic  
AMP in  response  to  b e ta -  a d re n e rg ic  s t im u la t io n  th a n  norm al 
f i b r o b l a s t s .  A utopsy s tu d ie s  have shown th a t  v i r t u a l l y  a l l  
Down'8  syndrome p a t ie n t s  who reac h  th e  age o f  40 have th e  same 
d eg ree  o f  n e u r o f i b r i l l a r y  ta n g le s  and n e u r i t i c  p laques  as  th a t  
found in  A lzh e im er 's  p a t i e n t s .  T h e re fo re , i t  was p o s s ib le  th a t  
f ib r o b l a s t s  from A lzh e im er 's  p a t i e n t s  would show th e  same 
in c re a s e d  c y c l ic  AMP accum ula tion  a s  th a t  found in  Down's 
syndrome. To t e s t  t h i s  h y p o th e s is , s k in  f i b r o b l a s t s  from seven 
A lzhe im er'8  (ALZ) p a t ie n t s  and 5 norm als (NSF) were exposed to  
1 µM o f  th e  b e ta -a d re n e rg ic  a g o n is t  i s o p ro te r e n o l .  Three 
expe rim en ts  each  perform ed in  t r i p l i c a t e  in d i c a t e  th a t  
A lzh e im er 's  f ib r o b l a s t s  a re  more resp o n s iv e  th an  normal 
f ib r o b l a s t s  to  b e ta -a d re n e rg ic  s t im u la t io n ,  ( t  = 2 .6 7 , 
p < .0 5 ) x̄ALZ = 941 +  196 ; x ̄NSF = 494 +  159 P mo1 cAMP/mg 
/10  m in. T h is in c re a s e d  resp o n se  d id  n o t ex tend  to  s tim u la t io n  
w ith  PGE1 .

I t  i s  p o s s ib le  t h a t  t h i s  in  v i t r o  t e s t  may be u s e fu l  as  a 
premortem d ia g n o s t ic  p rocedu re  to  d e te c t  A lzh e im er 's  d is e a s e .  
This would be v a lu a b le  as  a t  p re s e n t th e  d ia g n o s is  r e l i e s  on 
th e  e x c lu s io n  o f  o th e r  cau ses  o f dem entia . C u rre n tly  
f ib r o b l a s t s  from in d iv id u a ls  w ith  o th e r  ca u ses  o f dem entia a re  
be ing  te s t e d .  In  a d d i t io n ,  th i s  i s  a n o th e r  p ie c e  o f ev idence 
r e l a t i n g  Down's syndrome and A lzh e im er 's  d is e a s e .
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357 SYMPOSIUM. NEURONAL ACETYLCHOLINE RECEPTORS. Darwin K. B erg, 
U niv. o f  C a l i f . ,  San Diego (C h a irp e rso n ); Lorna W. R o le , Columbia 
Univ. C o ll . Phys. & Surg; James W. P a t r i c k , S alk  I n s t i t u t e ;  Law
ren ce  M. M a rsh a ll, Univ. o f  N orth C a ro lin a  Sch. o f  Med.

D esp ite  th e  w ealth  o f  in fo rm a tio n  a v a i la b le  f o r  n i c o t in i c  ac e 
ty lc h o lin e  r e c e p to r s  (AChRs) in  m uscle, l i t t l e  has been le a rn ed  
about n ic o t in i c  AChRs on neurons u n t i l  r e c e n t ly .  E a rly  s tu d ie s  
id e n t i f i e d  a membrane component on neurons th a t  bound a lpha-bunga- 
ro to x in  and c h o l in e rg ic  l ig a n d s , and suppo rted  th e  in t e r p r e ta t io n  
th a t  th e  component re p re s e n te d  th e  fu n c t io n a l n ic o t in i c  AChR on 
n eu ro n s . More re c e n t r e s u l t s  have ch a llen g e d  th i s  view and have 
id e n t i f i e d  o th e r  membrane components as l i k e ly  neu ronal AChRs on 
v e r te b r a te  neu ro n s . Work w ith  DNA probes and w ith  m onoclonal a n t i 
bod ies  have r a i s e d  th e  p o s s i b i l i t y  th a t  s e v e ra l homologous b u t 
d i s t i n c t  AChRs may be exp ressed  in  th e  v e r te b r a te  nervous system . 
The symposium w il l  p re s e n t re c e n t advances in  id e n tif y in g  neu ronal 
AChRs and in  exam ining t h e i r  s t r u c t u r e ,  f u n c t io n , d i s t r i b u t io n ,  and 
r e g u la t io n .

The f i r s t  sp ea k e r , Lorna W. R ole , w il l  i n i t i a l l y  review  th e  
p h y s io lo g y , pharm acology, and s in g le  channel p ro p e r t ie s  o f  n i c o t i 
n ic  AChRs on neu ro n s , and w i l l  compare them where p o s s ib le  w ith  
m uscle AChRs. P ep tid e  m odulation  o f  r e c e p to r  fu n c t io n  w i l l  a lso  be 
d is c u s s e d , and new r e s u l t s  w i l l  be p re s e n te d  on th e  r e g u la t io n  o f  
neu ronal AChRs by c e l l u l a r  in t e r a c t io n s  in  c u l tu r e .  The second 
sp ea k e r , James W. P a t r i c k ,  w il l  d e sc r ib e  th e  i s o la t io n  and c h a ra c 
te r i z a t i o n  o f  cDNA c lo n es  fo r  m uscle and n eu rona l AChRs. S tu d ie s  
on th e  c o n tro l o f  gene e x p re ss io n  w i l l  be p re s e n te d , and c u r re n t 
p ro g re ss  w i l l  be summarized exam ining th e  p r o p e r t ie s  and fu n c tio n  
o f  t r a n s l a t i o n  p ro d u c ts  coded by th e  n eu rona l AChR c lo n e s . The 
th i r d  s p eak e r , Darwin K. Berg, w i l l  rev iew  re c e n t s tu d ie s  w ith  
monoclonal a n t ib o d ie s  and a lp h a -n e u ro to x in s  t h a t  id e n t i f y  a neu
ro n a l AChR p r o te in .  New r e s u l t s  w i l l  be p re s e n te d  on th e  su b u n it 
com position , c e l l u l a r  d i s t r i b u t io n ,  f u n c t io n , and re g u la t io n  o f  th e  
r e c e p to r .  The fo u r th  sp e a k e r , Lawrence M. M arsh a ll , w i l l  d e s c r ib e  
s tu d ie s  on th e  r e g u la t io n  o f  neu ronal AChRs by p re s y n a p tic  in p u t . 
In f lu e n c e s  on th e  number and d i s t r i b u t io n  o f  r e c e p to r s  w i l l  be 
d is c u s s e d , and ev idence w i l l  be p re se n te d  in d ic a t in g  th a t  th e  ty p e , 
o f  axon can determ ine  th e  s in g le  channel p ro p e r t ie s  o f  th e  re c e p to r .

C u rren t r e s u l t s  in d ic a te  th a t  in  some re s p e c ts  th e  s t r u c tu r e  
and r e g u la t io n  o f  n eu ronal AChRs r e f l e c t  p r in c ip le s  e lu c id a te d  fo r  
m uscle AChRs. In  o th e r  r e s p e c t s ,  how ever, neu ro n a l AChRs a re  
c l e a r ly  d i s t i n c t  and fo llow  in t e r e s t i n g  re g u la to ry  mechanisms 
a p p a re n tly  unique to  neu ro n s .

358 WORKSHOP. NEUROGLIA: FUNCTION, DEVELOPMENT, AND DIVERSITY. J .S .  
Edwards & P.V . S a r th y , Uhiv. o f  W ashington (cha i r p e r s o n s ) ; R.H. 
M il le r1*, Case W estern R eserve Univ ;  M.R. Meyer , Univ .  o f  W ashing- 
t on ;  J .  S i lv e r , Case W estern R eserve Un i v . ; K .J . M u lle r, Uhiv. 
Miami Sch. M ed.; N. Cowan*, New York U niv. Med. S c h .; E.A. Newman, 
Eye R esearch  I n s t i t u t e ;  R. Orkand, Univ .  o f  P u e rto  R ioo.

L evels o f  knowledge o f  th e  d iv e r s i ty  o f  n e u ro g lia  and t h e i r  
v a r io u s  fu n c t io n s  a r e  u n eq u a lly  d i s t r i b u t e d  th rough  th e  m ajo r a n i
mal g roups . R eg u la to ry  and developm ental r o le s  a r e  known f o r  v e r 
t e b r a te  g l i a .  A nnelid  n e u ro g lia  a r e  im p lic a te d  in  re g e n e ra tio n . 
In  a r th ro p o d s  on th e  o th e r  hand, even b a s ic s  o f  c l a s s i f i c a t i o n  a r e  
open to  q u e s tio n . Our o b je c t iv e  in  p ro p o s in g  t h i s  workshop i s  t o  
h ig h l ig h t  grow th p o in ts  i n  p h y s io lo g ic a l and developm ental a re a s  
o f  r e s e a rc h  from th r e e  m ajo r p h y la , a s  a  v e h ic le  f o r  m utual b road 
e n in g  o f  p e r s p e c t iv e s .

R. M ille r  w i l l  d is c u s s  c e l l  l in e a g e s  o f  ty p e  I  and I I  a s t r o 
c y te s  and o lig o d en d ro cy te s  d u r in g  developm ent o f  th e  r a t  o p t i c  
n e rv e . The u se  o f  im m unological p robes  t o  s tu d y  g l i a l  c e l l  d iv e r 
s i t y  and developm ent i n  th e  nervous system  o f  th e  c r i c k e t  w i l l  be 
p re s e n te d  by M. Meyer. J .  S i l v e r 's  t a l k  w i l l  d e a l w ith  th e  morph
o lo g ic a l  and mo le c u la r  f a c to r s  o f  th e  g l i a l  environm ent t h a t  may 
c o n t r ib u te  gu idance in fo rm a tio n  t o  d e v e lo p in g  axons. K. M ulle r 
w i l l  d e s c r ib e  h i s  work on th e  d ev e lo p in g  and r e g e n e ra tin g  le e c h  
nervous system  w hich shows t h a t  g l i a  may p la y  a  r o l e  in  th e  appro
p r i a t e  grow th and ch a n n e lin g  o f  axons. N. Oowan w i l l  t a l k  ab o u t 
th e  o rg a n iz a tio n  o f  th e  mouse GFAP gene and i t s  e x p re ss io n  and 
r e g u la t io n  in  th e  d ev e lo p in g  mouse b r a in .  E. Newman w i l l  p re s e n t  
h i s  experim en ts on com partm en tstion  o f  K+ conductance in  M ulle r 
c e l l s  o f  th e  salam ander r e t i n a  and w i l l  a l s o  p re s e n t  ev idence  f o r  
th e  p re sen ce  o f  f o u r  ty p e s  o f  v o lta g e -g a te d  io n  channe ls  in  th o s e  
c e l l s .  R. Orkand w i l l  d is c u s s  th e  r o l e  o f  g l i a l  c e l l s  in  main
t a in in g  io n  hom eostas is  d u rin g  p h o to s tim u la tio n  o f  th e  honeybee 
d rone r e t i n a .

PHYSIOLOGICAL EFFECTS OF PEPTIDES III

359.1 THE MOLECULAR MECHANISMS OF CRF AND SOMATOSTATIN REGULA
TION OF CALCIUM MOBILIZATION IN PITUITARY TUMOR CELLS. 
T. Reisine and S. Guild*. Dept. of Pharmacology, Univ. of Pennsylvania 
School of Medicine, Philadelphia, 19104 and Dept. of Pharmacology, Univ. 
of Glasglow, Glasglow.

CRF is the most potent and effective natural stimulant of adrenocortico- 
tropin (ACTH) release. To study the molecular mechanisms by which CRF 
evokes ACTH secretion, we have used a tumor cell line of the mouse anterior 
pituitary, AtT‒20. Activation of CAMP-dependent protein kinase is essential 
for CRF to stimulate ACTH release, since insertion of the inhibitor (PKI) of 
this enzyme into AtT‒20 cells, using a liposome technique, blocks the ACTH 
secretory response to CRF. Calcium acts as a trigger for the stimulation of 
hormone secretion and CRF raises cytosolic calcium levels (measured using 
Quin 2) in AtT‒20 cells in order to elicite ACTH release. The mechanism by 
which CRF increases calcium mobilization also involves CAMP-dependent 
protein kinase. Insertion of PKI into AtT‒20 cells prevents CRF and forskolin, 
an activator of adenylate cyclase, from elevating intracellular calcium levels. 
In contrast, the ability of K+, a membrane depolarizing agent to raise cyto
solic calcium levels is not affected by the PKI treatm ent. The increase in 
calcium mobilization initiated by CRF could be due to the phosphorylation 
of calcium channels or other ionic conductance channels involved in regulat
ing free cytosolic calcium content. Interestingly, another peptide, somato
statin (SRIF) regulates calcium mobilization to inhibit ACTH release. SRIF 
lowers cytosolic calcium content of AtT‒20 cells and prevents forskolin 
from increasing calcium levels, inhibition of forskolin's effect is due to a 
blockade of adenylate cyclase activity. A GTP inhibitory protein (Ni) couples 
SRIF receptors to adenylate cyclase. This was indicated from studies employ
ing pertussis toxin, an agent which inactivates Ni. Pertussis toxin reduces the 
effect of SRIF, itself, in lowering cytosolic calcium levels. Since SRIF does 
not diminish basal cAMP levels or prevent 8-bromo-cAMP from raising calc
ium levels, it is possible that SRIF receptors couple to an N protein not 
linked to adenylate cyclase but assbeiated to either ionic conductance chan
nels or other cellular mechanisms responsible for maintaining cytosolic cal
cium concentrations. Pertussis toxin treatm ent also diminishes the affinity 
of SRIF receptors for SRIF. This is probably due to an uncoupling of Ni from 
the SRIF receptor. Ni therefore acts to both link SRIF receptors to effector 
systems as well as to regulate the sensitivity of SRIF receptors. Thus, CRF 
appears to act through a single second messenger, cAMP, to initiate a cas
cade of cellular events to release ACTH whereas SRIF acts via multiple 
mechanisms to inhibit hormone secretion. How SRIF receptors couple to mul
tiple second messenger systems is a question which remains to be answered. 
Supported by NIH grant GM34782

SUBSTANCE P ( S P ) -INDUCED DESENSITIZATION IN CANINE 
CEPHALIC ARTERIES IS  NOT MIMICKED BY NEUROKININ A 
(NKA) AND NOT MEDIATED BY ENCHANCED PHOSPHATIDYL- 
INOSITOL ( P I )  METABOLISM. M ,A, M o s k o w itz ,  C .K u o * , 
S .E .  L e em an , M .E . J e s s e n * . N e u ro lo g y  N e u r o s u r g e r y , 
M a s s a c h u s e t t s  G e n e r a l  H o s p i t a l ,  Bo s t o n ,  MA. 0 2 1 1 4 ; 
D e p t P h y s i o l o g y ,  U n iv  M a s s , W o r c e s t e r ,  MA.

S u b s t a n c e  P a n d  n e u r o k i n i n  A w e re  m e a s u re d  b y  
r a d io im m u n o a s s a y  i n  c a n in e  c e p h a l i c  b lo o d  v e s s e l s  
a n d  t e s t e d  f o r  t h e i r  v a s o a c t i v i t y  i n  v i t r o .  L e v e l s  
o f  iS P  w e re  a p p r o x i m a t e l y  2 -3  t i m e s  g r e a t e r  t h a n  
t h o s e  o f  iNKA i n  common c a r o t i d ,  b a s i l a r  a n d  m id d le  
c e r e b r a l  a r t e r i e s .  B o th  SP a n d  NKA r e l a x e d  p r e c o n 
t r a c t e d  s e g m e n ts  o f  common c a r o t i d  an d  b a s i l a r  a r t 
e r i e s  i n  a  c o n c e n t r a t i o n  d e p e n d e n t  m a n n e r  w i th  an  EC 50 
(common c a r o t i d  a r t e r y )  o f  8 .9  × 10 –11M a n d  7 × 10– 10 
M, r e s p e c t i v e l y .  R e l a x a t i o n  w as e n d o t h e l i a l  d e 
p e n d e n t  f o r  b o th  s u b s t a n c e s  an d  n o t  b lo c k e d  o r  e n 
h a n c e d  by  p r e t r e a t m e n t  w i th  i n d o m e th a c in ,  p r o -  
p r a n a l o l ,  l i t h i u m  c h l o r i d e  o r  a t r o p i n e .  SP c a u s e d  
s i g n i f i c a n t  d e s e n s i t i z a t i o n  t o  s u b s e q u e n t  a d d i t i o n s  
o f  i t s e l f  o r  t o  NKA b u t  n o t  t o  s o d iu m  n i t r o p r u s s i d e , 
c a l c i t o n i n  g e n e - r e l a t e d  p e p t i d e  o r  b r a d y k i n i n .  T h i s  
s u g g e s t s  t h a t  t h e  m e c h a n ism  o f  d e s e n s i t i z a t i o n  
p o i n t s  m o re  t o  e v e n t s  s u r r o u n d i n g  t h e  a g o n i s t -  
r e c e p t o r  i n t e r a c t i o n  th a n  t o  a  s e c o n d a r y  e f f e c t  
common t o  m e t a b o l i c  a n d  p h y s i o l o g i c  p r o c e s s e s  w h ic h  
r e l a x  v a s c u l a r  s m o o th  m u s c le  d i r e c t l y  o r  v i a  t h e  
e n d o t h e l i u m .  T he d e v e lo p m e n t  o f  S P - in d u c e d  d e s e n 
s i t i z a t i o n  r e q u i r e d  10  m in  e x p o s u r e  a n d  w as a t t e n 
u a t e d  b u t  n o t  a b o l i s h e d  by  i n c r e a s i n g  t h e  n u m b er o f  
w a s h e s  b e tw e e n  t h e  tw o  SP a p p l i c a t i o n s .  T he tw o  
b a s i c  N - t e r m i n a l  am in o  a c i d s  ( A rg ,  L y s )  p r o b a b l y  
m e d ia t e d  t h e  d e v e lo p m e n t  o f  d e s e n s i t i z a t i o n  s i n c e  
t a c h y p h y l a x i s  d i d  n o t  d e v e lo p  t o  m u l t i p l e  a d d i t i o n s  
o f  NKA, p h y s a l a e m i n ,  e l e d o i s i n .  T h e s e  r e s u l t s  
s u g g e s t  t h e  im p o r t a n c e  o f  b o th  t h e  N - a n d  C - t e r m i n a l  
s e q u e n c e s  f o r  t a c h y k i n i n  e f f e c t s  on  v a s c u l a r  
t i s s u e s .  F i n a l l y  n e i t h e r  SP n o r  NKA r e l e a s e d  3H- 
i n o s i t o l  p h o s p h a t e s  f ro m  p h o s p h o l i p i d  m e m b ran es  o f  
c a n i n e  c a r o t i d  s e g m e n ts  a f t e r  p r e i n c u b a t i o n  w i th  
3 H - i n o s i t o l .  T a k e n  t o g e t h e r ,  t h e s e  r e s u l t s  s u g g e s t  
t h a t  m o re  t h a n  o n e  e n d o t h e l i a l  r e c e p t o r  m e c h a n is m  
m e d i a t e s  v a s c u l a r  r e s p o n s e s  t o  t h e  t a c h y k i n i n s  a n d  
t h a t  t h e s e  r e s p o n s e s  a r e  p r o b a b l y  n o t  c o u p l e d  t o  
i n c r e a s e s  i n  P I  t u r n o v e r .
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359.3 NEUROPEPTIDE Y MICROINJECTION INTO THE VENTROMEDIAL 
NUCLEUS OF THE HYPOTHALAMUS PRODUCES INCREASES IN 
BLOOD PRESSURE. D.I. Diz, C.B. Wolf * K.L. Barnes and 
C.M. Ferrario. Department of Brain and Vascular Research, Cleveland 
Clinic Foundation, Cleveland, OH 44106.

Neuropeptide Y (NPY) immunoreactive neurons and fibers are present 
throughout the rat hypothalamus (Chronwall e t al., Neuroscience 15: 
1159–1181, 1985). Moreover, specific NPY binding sites have been shown 
in synaptosomal preparations from the brain of rats (Saria et al., Eur. J  
Pharmacol. 107: 105–107, 1985). Since intraventricular injections of 
NPY produce a variety of autonomic effects including changes in blood 
pressure (Fuxe e t al., Acta Physiol. Scand. 118: 189–192, 1983), a more 
precise characterization of the function of this novel neuropeptide on 
the regulation of blood pressure is warranted. We report here the 
hemodynamic effects of discrete administration of NPY into various 
hypothalamic nuclei.

Either NPY (12 pmol) or phosphate buffered saline vehicle (pH 7.4) 
was microinjected in a volume of 100‒300 nl via double-barreled glass 
micropipettes (O.D. 20‒70 µm) while mean and pulsatile arterial pressure 
and heart rate were monitored. The baseline mean arterial pressure and 
heart rate in 26 chloralose anesthetized ra ts were 83 ± 5 mm Hg and 324 
± 15 beats/min, respectively. In seven rats, injections of NPY into the 
ventromedial nucleus of the hypothalamus produced a 9 ± 3 m m H g ( p <  
0.02) increase in pressure lasting for approximately 20 minutes; heart 
rate did not change. In contrast, injections of the peptide into other 
sites including the anterior (n = 10), paraventricular (n = 8), dorsomedial 
(n = 8) and dorsal (n = 8) nuclei of the hypothalamus or the zona incerta 
(n = 6) evoked no noticeable changes in either pressure or heart rate.

We conclude that while the widespread distribution of NPY-like 
immunoreactivity suggests a general involvement of this peptide in the 
hypothalamic control of arterial pressure, our observations indicate that 
the pressor activity of NPY is restricted to the ventromedial nucleus. 
The significance of the pressor actions of NPY described here and the 
effector pathways responsible for these effects remain to be 
established. However, that these pressor effects are a component of the 
other known autonomic and behavioral actions of NPY is an interesting 
possibility that should be investigated further. (Supported by NHLBI 
grant HL‒6835).

359.4 MICROINJECTION OF NEUROPEPTIDE Y (NPY) OR HISTAMINE INTO THE 
POSTERIOR HYPOTHALAMIC NUCLEUS ELICITS A PRESSOR RESPONSE IN THE 
RAT. J . R. M artin* , M.C, B ein fe ld*  and T.C. W e stfa ll (SPON:. 
M.A. W alz). D ept. o f  Pharm acology, S t .  Louis U n iv e rs ity  School 
o f  M edicine, S t .  L ou is, MO 63104,

High le v e ls  o f NPY and h is ta m in e  a re  known to  e x i s t  in  th e  
mammalian hypothalam us. A lthough th e  p r e c i s e  p h y s io lo g ic a l r o le  
o f  h is ta m in e  in  th e  hypothalam us i s  unknown, ev idence e x i s t s  
which su g g es ts  a n e u ro t ra n s m it te r  fu n c t io n . Less in fo rm atio n  
i s  a v a i la b le  concern ing  th e  p h y s io lo g ic a l fu n c tio n  o f  hypothalam ic 
NPY b u t a r o le  o f  e i t h e r  a n e u ro t ra n s m it te r  o r  neurom odulator 
seems p o s s ib le .  The p resen ce  o f  th e se  two su b stan ce s  in  th e  hypo
thalam us ra ise s , th e  q u e s tio n  as  to  w hether o r  n o t they  p la y  a  ro le  
in  in f lu e n c in g  autonom ic fu n c t io n s  such as b lood  p re s s u re  (BP) 
r e g u la t io n .  S tim u la tio n  o f  s e v e ra l n u c le i  in  th e  hypothalam us has 
been shown to  a l t e r  BP. For in s ta n c e ,  s t im u la t io n  o f  th e  p o s te r io r  
hypothalam ic nuc leus  (PHN). e l i c i t s  a p re s s o r  response  w h ile  stim u
la t io n  o f  th e  a n t e r io r  hypothalam ic nucleus  e l i c i t s  a d ep re sso r 
resp o n se . S ince  in t r a c i s t e r n a l  o r  in t r a c e r e b ro v e n tr ic u la r  i n j e c 
t io n s  o f  NPY o r  h is ta m in e  haye been shown to  in f lu e n c e  BP, th e  
p re s e n t  study  was undertaken  to  determ ine i f  m ic ro in je c tio n s  o f  
NPY o r  h is ta m in e  in to  th e  PHN can a l t e r  BP.

Male Sprague-Dawley r a t s  (250–300 g) were a n e s th e tiz e d  w ith  
1 .6  g /kg  o f  u re th a n e . The fem oral a r t e r y  o f  a r a t  was then  
ca n n u la te d  f o r  th e  purpose o f m easuring BP a f t e r  which th e  head 
o f  th e  r a t  was f ix e d  in  a s t e r e o ta x ic  a p p a ra tu s . A 26 gauge guide 
cannu la was th en  low ered th rough  a b u r r  h o le  d r i l l e d  in  th e  s k u ll  
such th a t  th e  gu ide cannu la  was aimed a t  th e  PHN. A f te r  a llow ing  
th e  BP to  s t a b i l i z e  over a 30 min p e r io d , a  32 gauge in j e c t io n  
cannu la  was p la c e d  in s id e  and low ered through  th e  gu ide cannu la .
The in j e c t io n  cannu la  ex tended  2 mm beyond th e  gu ide cannu la and 
was used  f o r  th e  a d m in is tra tio n  o f  NPY, h is ta m in e , o r  v a r io u s  
r e c e p to r  a n ta g o n is ts  d i r e c t l y  in to  th e  PHN. Not more than  2 
m ic ro in je c tio n s  were made p e r  r a t .  Cannula p lacem ent was h i s to 
lo g i c a l ly  v e r i f i e d  fo llo w in g  each  experim en t. M ic ro in je c tio n  o f 
NPY o r  h is ta m in e  e l i c i t e d  dose-dependen t p re s s o r  resp o n ses  which 
began im m ediately  upon in j e c t io n .  To determ ine i f  th e  p re s s o r  
resp o n se  e l i c i t e d  by th e se  ag e n ts  was due to  an a c t iv a t io n  o f th e  
sym pathetic  nervous system , hexamethonium (10 mg/kg, i . v . )  was 
ad m in is te re d  10 min p r io r  to  NPY o r  h is ta m in e . V arious re c e p to r  
a n ta g o n is ts  were m ic ro in je c te d  in to  th e  PHN p r io r  to  NPY o r  h i s t 
amine in  o rd e r  to  f u r th e r  p h a rm aco lo g ica lly  a s s e s s  th e se  p re s s o r  
re sp o n se s . The r e s u l t s  o f  th i s  s tu d y  show th a t  NPY o r h is tam in e  
ad m in is te red  in to  th e  PHN can e l i c i t  an in c re a s e  in  BP. These 
f in d in g s  su g g es t t h a t  NPY and h is ta m in e  p la y  ro le s  in  th e  c e n tr a l  
re g u la tio n  o f  BP.

(Supported  in  p a r t  by USPHS‒HL35202, HL 26319 and NS 07254.)

3595 CENTRAL NERVOUS SYSTEM ACTION OF NEUROPEPTIDES TO INFLUENCE 
GASTRIC EMPTYING IN RATS. Y. Tache', M. Maeda Hagiwara* and C.M. 
Turkelson*. Center for Ulcer Research and Education, VA Medical 
Center, Department of Medicine, UCLA, Los Angeles, CA 90073 and 
Harry S. Truman Memorial Veterans Hospital, Columbia, MO 65201.

Peptides including thyrotropin-releasing factor (TRH), 
corticotropin-releasing factor (CRF), bombesin, calcitonin and 
calcitonin gene-related peptide (CGRP) act within the brain to 
a l te r  gastric  secretory function. The central nervous system 
(CNS) action of these peptides to influence gastric  emptying was 
evaluated. Rats fasted for 24 h were i njected in trac is te rn a lly  
under ligh t ether anesthesia with peptides or saline and 5 min 
la te r  received per oral intubation 1.5 ml of a liquid meal 
consisting of a solution of 50 mg of phenol red in 100 ml aqueous 
methyl cel l ulose (1.5%). Animals were sacrificed  a t 10–120 min 
a f te r  the meal for time course studies and 20 min a f te r  the meal 
for other experiments. Gastric emptying was determined as 
described by Scarpignato e t a l . ,  Arch. i n t. Pharmacodyn., 246, 
286, 1980). In sa line-trea ted  ra ts ,  the percentage of gastric  
emptying 20 min a f te r  a meal was 58.4 ± 5.4 (n= ll). 
In tracis ternal injection of CRF (21‒210 pmol), calcitonin (0.2–29 
pmol) and CGRP (260 pmol) induced a dose dependent inhibition 
(0‒90%) of gastric  emptying. Human growth hormone releasing 
facto r (260 pmol) was inactive whereas TRH (2.8‒83 pmol) and the 
TRH analog RX 77368 (7.8‒78 pmol) enhanced the rate  of gastric  
emptying. Except for TRH, peptide action on gastric  emptying was 
lasting  60‒120 min. The inhibitory e ffec t of i n tracisternal CRF 
was not reversed by naloxone (2.5 mg/kg, iv ) , adrenalectomy (‒1 h) 
or i ntravenous injection of ra t CRF antiserum which prevented the 
delay in g astric  emptying following intravenous injection of CRF 
(63 pmol). TRH (0.2‒2.8 nmol) injected intravenously has no 
e ffec t on gastric  emptying. The stimulatory effec t of 
in trac is te rn a l TRH was prevented by vagotomy and atropine. 
In tracis ternal injection of the analog [N Val2]-TRH devoid of 
T$H-releas1ng ac tiv ity  also enhanced gastric  emptying. These 
resu lts demonstrated tha t in trac isternal CRF induces a centrally  
mediated i nhibition of gastric  emptying through pathways unrelated 
to the release of opioid peptides or adrenal derived substances. 
In tracis ternal TRH acts cen trally  to stimulate gastric  emptying 
through vagal and cholinergic dependent mechanisms. The role of 
CRF in mediating s tress  i nduced delay of gastric  emptying needs to 
be further evaluated.

3596  SMALL CARDIOACTIVE PEPTIDE B MODULATES FEEDING
MOTONEURONS IN  THE TERRESTRIAL SLUG, LIMAX MAXIMUS.
S .D . H ess*&  D . J .  P r i o r . P h y s i o l o g y  G ro u p , S c h o o l  o f  
B i o l .  S c i . ,  U n iv .  o f  K e n tu c k y ,  L e x i n g t o n ,  KY 4 0 5 0 6 .

S e v e r a l  s t u d i e s  h a v e  show n  t h a t  s m a l l  c a r d i o a c t i v e  
p e p t i d e  B (SCPB) s e r v e s  a s  a  p o s i t i v e  m o d u l a to r  o f  f e e d 
i n g  n e u r o n s  a n d  m u s c u l a t u r e  i n  g a s t r o p o d  m o l l u s c s .  U s in g  
t h e  i s o l a t e d  CNS o f  L im a x , P r i o r ,  W a ts o n  & H e s s  (Am.
Z o o l . 2 5 : 1 6 A ,19 8 5 ) h a v e  show n  t h a t  e x o g e n o u s  SCPB d e 
c r e a s e s  t h e  t h r e s h o l d  f o r  t h e  e x p r e s s i o n  o f  t h e  f e e d i n g  
m o to r  p r o g r a m  a n d  i n c r e a s e s  t h e  b u r s t  f r e q u e n c y  o f  t h e  
f a s t  s a l i v a r y  b u r s t e r  n e u r o n  (F S B ) . I n  a d d i t i o n ,  SCPB-  
l i k e  im m u n o r e a c t iv e  m a t e r i a l  i s  p r e s e n t  i n  t h e  c e r e b r a l  
a n d  b u c c a l  g a n g l i a  o f  L im a x .

To f u r t h e r  e x a m in e  t h e  p o t e n t i a l  r o l e  o f  SCPB i n  t h e  
r e g u l a t i o n  o f  f e e d i n g ,  we h a v e  u s e d  i n t r a c e l l u l a r  r e 
c o r d i n g s  t o  d e s c r i b e  t h e  e f f e c t s  o f  SCPB o n  FSB a c t i v 
i t y .  T he i s o l a t e d  c e r e b r a l  a n d  b u c c a l  g a n g l i a  w e re  c o n 
t i n u o u s l y  s u p e r f u s e d  w i t h  s a l i n e  i n  a  s m a l l  v o lu m e  r e 
c o r d i n g  c h a m b e r .  E x o g e n o u s  SCPB (2 × 1 0 ‒ 8 t o  2× 1 0 ‒ 6 M) w as 
s u p e r f u s e d  o v e r  t h e  g a n g l i a  d u r i n g  2 m in  t r i a l s .

I n  6 CNS p r e p a r a t i o n s ,  SCPB c a u s e d  a  d o s e  d e p e n d e n t  
d e p o l a r i z a t i o n  o f  t h e  FSB . A lth o u g h  t h e  o n s e t  o f  t h i s  
e f f e c t  o c c u r r e d  w i t h i n  a p p r o x i m a t e l y  1 m i n ,  t h e  d u r a t i o n  
o f  t h e  r e p o l a r i z a t i o n  w as d o s e  d e p e n d e n t .  T he maximum 
a m p l i t u d e  o f  t h e  d e p o l a r i z a t i o n  v a r i e d  f ro m  1 . 8 + 0 .3  mV 
(m ean+SD ,N =7 t r i a l s )  w i t h  2 × 1 0 ‒ 8 M SCPB t o  5 . 6 + 3 .6  mV 
(N=14 t r i a l s )  w hen t h e  p r e p a r a t i o n  w as e x p o s e d  t o  
2× 10‒6  M SCPB . SCPb  a l s o  i n c r e a s e d  t h e  r a t e  o f  i n t e r 
b u r s t  d e p o l a r i z a t i o n  (RIBD) i n  a  d o s e  d e p e n d e n t  m a n n e r .  
W ith  2× 10‒6  M SCPB , t h e  m ean RIBD i n c r e a s e d  f ro m  a  p r e 
t r i a l  l e v e l  o f  0 .8 + 0 .0 2  m V /s (+SEM,N=7 t r i a l s )  t o  2 .9 +  
1 .4  m V /s , a  262% i n c r e a s e .  T he p e a k  r e s p o n s e  o c c u r r e d  
1 m in  a f t e r  t h e  s t a r t  o f  t h e  w a s h ,  a n d  t h e  RIBD d e 
c r e a s e d  l i n e a r l y  t o  c o n t r o l  l e v e l s  w i t h i n  5 m in .  T he r e 
s p o n s e  t o  2× 10‒8  M SCPb  w as  n e a r  t h r e s h o l d .

We h a v e  b e e n  u n a b l e  t o  m im ic  t h e  SCPB e f f e c t  o n  t h e  
RIBD v i a  c u r r e n t  i n j e c t i o n .  When t h e  FSB w as d e p o l a r i z e d  
t o  l e v e l s  w h ic h  o c c u r r e d  d u r i n g  SCPb  t r i a l s ,  t h e  b u r s t  
p a t t e r n  w as d i s r u p t e d .  T h i s  s u g g e s t s  t h a t  SCPB i n c r e a s e s  
t h e  b u r s t  f r e q u e n c y  a n d  RIBD o f  t h e  FSB b y  m o d u l a t i n g  
p a c e m a k e r  c u r r e n t s .  F o l lo w in g  30 m in  o f  s u p e r f u s i o n  w i t h  
lo w  C a+ + , h i g h  Mg++ s a l i n e ,  t h e  u s u a l  r e s p o n s e s  t o  SCPb 
w e re  o b s e r v e d .  T h u s  i t  a p p e a r s  t h a t  t h e  FSB may h a v e  
SCPB r e c e p t o r s .

T h e s e  d a t a  s u g g e s t  t h a t  a n  SCPB- l i k e  s u b s t a n c e  mod
u l a t e s  f e e d i n g  b y  a f f e c t i n g  t h e  a c t i v i t y  o f  i d e n t i f i e d  
f e e d i n g  n e u r o n s .  S u p p o r t e d  b y  a  W h i t e h a l l  g r a n t  t o  D JP .
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359.7 YGGFMRF-NH2 POTENTIATES NEURO-MUSCULAR TRANSMITTER RELEASE 
AND EXCITATION-CONTRACTION COUPLING: A POSSIBLE THIRD 
IDENTIFIED NEUROPEPTIDE IN LOCUST. S ch iebe , K.H. V oigt 
and  C. W a lth e r  (Spon: H.C. Kwan). D ep t. A pp l. P h y s i o l . ,  
U n iv . Ulm, F.R.G., D7900.

Two n eu ro p e p tid e s  have so  f a r  been id e n t i f i e d  w hich m odify 
th e  c o n tr a c t io n  o f  th e  slow  in n e rv a te d  m uscle f ib e r s  o f th e  
M. e x t e n s o r  t i b i a e  o f  th e  l o c u s t :  1 . AKH, th e  a d i p o k in e t i c  
ho rm one , w h ich  c a u s e s  c o n t r a c t i o n s  (O 'Shea, M. e t  a l . ,  J .  
N e u r o s c i . ,  4 : 5 2 1 , 1 9 8 5 ) ;  a n d  2. p r o c t o l i n ,  w h ic h  i s  
c o re le a s e d  w ith  g lu ta m a te  and ca u ses  s u s ta in e d  c o n tra c t io n s  
(W it te n ,  J .  e t  a l . ,  S oc. N e u ro s c i .  A b s t . ,  11: 327, 1985). As 
we h av e  r e p o r t e d  e a r l i e r  (W a l th e r , C. and  a l . ,  N e u ro s c i.  
L e t t . ,  45: 99 , 1984) YGGFMRF-NH2 i n c r e a s e s  th e  t r a n s m i t t e r  
r e l e a s e ,  th e  m em brane r e s i s t a n c e  o f  th e  s lo w  in n e r v a te d  
f i b e r s  and augm ents e -c  cou p lin g .

Here we r e p o r t  t h a t  a YGGFMRF-NH2- l i k e  p e p tid e  i s  p re s e n t 
i n  th e  l o c u s t  S c h i s to c e r c a  g r e g a r i a .  By u s in g  a n t ib o d ie s  
r a i s e d  a g a in s t  FMRF-NH2 we id e n t i f i e d  th e  neurohaem al o rgan 
(NHO) a s  th e  s t o r a g e  and  p u t a t i v e  r e l e a s e - s i t e  o f  th e  
n eu ro p ep tid e . Co-chrom atography o f N H O -extracts and YGGFMRF- 
NH2  y ie ld e d  p re l im in a ry  ev idence  on th e  s t r u c t u r a l  i d e n t i t y  
o r  b o th  s u b s t a n c e s .  B lo c k a d e  p f  N H O -e x t r a c t  by 
p re in c u b a tio n  o f  th e  e x t r a c t  w ith  t h i s  a n tib o d y  reduced th e  
in c re a s e  o f th e  tw itc h  by 90–95%. Com parison o f e f f e c t s  o f 
e x t r a c t s  o f  1 /3  NHO in  100 u l  s a l i n e  w i th  th o s e  o f  5*10–8 M 
YGGFMRF-NH2 on th e  m u sc le  show ed no d i f f e r e n c e  in  a l l  
r e c o rd e d  p h y s i o l o g i c a l  p a r a m e te r s  (CV o f  e . j . p . s . ,  t o t a l  
membrane conduc tance , r e l a x a t io n - r a te ) .

P r o c t o l i n  a t  5*10–9  M in c r e a s e d  th e  r e l a x a t i o n - r a t e  and 
c a u se d  n e i t h e r  an  in c r e a s e  i n  t r a n s m i t t e r  r e l e a s e  n o r  an  
e f f e c t  on membrane p o te n t ia l .

O ctopam inerg ic p ro je c t io n s  in to  th e  median nerve  a re  n o t 
know n, a n d , a l th o u g h  10‒6 o c to p a m in e  show ed a re s p o n s e  
p a t te r n  s im i la c  to  5*10‒6 M YGGFMRF-NH2, i t s  e f f e c t s  cou ld  be 
b locked  by 10‒5 M p h en to lam in e , w hereas e f f e c t s  o f  YGGFMRF- 
NH2 c o u ld  n o t  be b lo c k e d . E x t r a c t s  o f  a p ie c e  o f  le g  n e rv e  
(n e rv e  5 , 10 x th e  m ass o f  th e  NHO) c a u se d  o n ly  m a rg in a l  
in c re a s e s  in  c o n t r a c t io n  a m p litu d e .

We th e r e fo r e  conc lude th a t  a  t h i r d  n eu ro p ep tid e , re le a s e d  
fro m  th e  NHO, i s  YGGFMRF-NH2- l i k e  and s u g g e s t  t h a t  i t  be 
c a l le d  "Locust N eurohaem al P e p tid e (s )" , LNP.

359.8 HISTOCHEMICAL AND NEUROPHYSIOLOGICAL EVIDENCE FOR A
CHOLECYSTOKININ-LIKE PEPTIDE IN THE BUCCAL GANGLION OF NAVANAX, AN 
OPISTHOBRANCH MOLLUSC. M. B. Zimerinq*, A. J.  Madsen. J r . * ,  
and R. Elde (SPON: J. W i r t s c h a f t e r ) .  Hennepin County Medical Center 
(MBZ) and Department o f  Cel l Biology and Neuroanatomy, U n iv e r s i ty  
o f  Minnesota, Minneapo lis ,  MN 55455.

Navanax i s  a ca rn ivorous  mollusc t h a t  uses i t s  la rg e  muscular 
pharynx to  swallow l i v e  prey whole. The buccal gangl ion  of  Navanax 
co n ta in s  i d e n t i f i e d ,  f e e d i n g - s p e c i f i c  neuronal c i r c u i t r y .  For 
example, expansion motoneurons c o n t r o l l i n g  r a d i a l  muscles o f  the 
pharynx mediate prey  c a p tu re ,  whereas c i r c u m f e r e n t ia l  motoneurons 
c o n t r o l l i n g  c i r c u m f e r e n t ia l  muscles mediate  swallowing.

Navanax buccal g an g l ia  were processed  according to  th e  i n d i r e c t  
immunofluorescence method using r a b b i t  a n t i s e r a  a g a in s t  CCK-8 (or  
an a b so rp t io n  c o n t r o l ) in con junc tion  with f l u o r e s c e in - l a b e l e d  goat 
a n t i - r a b b i t  IgG. D is c re te  nerve c e l l  bodies  and v a r i co s e  f i b e r s  
w i th in  th e  gangl ion  d is p lay ed  in t e n s e  CCK-immunoreactivity.

In mechan ic a lly -deshea th ed  buccal gangl ion  p re p a r a t io n s  which 
remained connected to  the  pharynx via  buccal nerves ,  s u l f a t e d  CCK–8 
was d e l iv e r e d  by p re s s u re  i n j e c t i o n  near  th e  su r face  o f  buccal 
neurons impaled with  an i n t r a c e l l u l a r  v o l t ag e - rec o rd in g  e l e c t r o d e .  
P h y s io lo g ic a l  c o n c e n t r a t io n s  o f  CCK–8 (100 pg/ml) i n h i b i t e d  
spon taneous f i r i n g  in small and medium expansion motoneurons 
a s s o c ia te d  with  10– 12 mv h y p e r p o la r iz a t io n s  l a s t i n g  severa l 
seconds.  S im i la r  c o n c e n t r a t io n s  o f  CCK–8 had no e f f e c t  when 
a p p l ied  to  the  su r f a c e s  o f  many c i r c u m f e r e n t ia l  motoneurons. CCK–8 
caused h y p e r p o la r iz a t io n s  in a l a rg e ,  p rev io u s ly  u n id e n t i f i e d  
neuron in th e  l e f t  l a t e r a l  hemiganglion in 9 out o f  10 
p r e p a r a t i o n s .  The ampl itude of  th e  h y p e r p o la r iz a t io n  was dose-  
dependent in th e  0.1 – 100 pg/ml range o f  c o n c e n t ra t io n s  o f  CCK–8: 
0 . lp g /ml caused 2 4  mv h y p e r p o la r iz a t io n ,  2 pg/ml caused 6–8 mv 
h y p e r p o l a r iz a t io n s  and .10 pg/ml caused 8–12 mv h y p e r p o la r iz a t io n s .

To our knowledge t h i s  i s  the  f i r s t  r e p o r t  t h a t  a CCK-like 
p ep t id e  i n h i b i t s  a c t i v i t y  in i d e n t i f i e d  neurons t h a t  mediate  prey 
c a p tu re  ( i . e .  expansion motoneurons) . The d i s t r i b u t i o n  o f  e f f e c t s  
o f  p h y s io lo g i ca l  co n c e n t r a t io n s  o f  l o c a l l y  ap p l ied  CCK-8 and the 
occurrence  o f  CCK–8 im munoreact iv i ty  in d i s c r e t e  neurons suggests  
t h a t  a CCK-like p ep t id e  i s  a neuromodulator  in the  Navanax buccal 
g ang l ion .  The proposal  t h a t  CCK-like p ep t id es  pla y  a r o l e  in 
a p p e t i t e  r e g u l a t i o n  can now be in v e s t i g a t e d  in a mol lusc by d i r e c t  
neuro p h y s io lo g ica l  te ch n iq u es .

Supported by the  Graduate  School of  th e  U n iv e r s i t y  of  Minnesota 
and th e  Minnesota Medical Foundation.

359.9 CHOLECYSTOKININ ANTAGONISTS POTENTIATE SOME EFFECTS OF BENZO
DIAZEPINES. A .E .P an e ra i, L .C .R ova ti* , M .Bianchi* and P .S acerdo te*  
(SPON: F .C lem en ti) . D ep t. o f  Pharm acol., Chemoter. and M edical 
T o x ic o l.,  School o f  M edicine, Univ. o f  M ilano, 20129 M ilano, 
I t a l y .

R ecen tly , b en zod iazep ines  have been dem onstrated  to  a c t  as 
ch o le c y s to k in in  a n ta g o n is ts ,  bo th  in  p e r ip h e ry , where they  in h i b i t  
th e  c o n t r a c t i l e  response  o f  th e  i s o la te d  g u in e a -p ig  g a l lb la d d e r  to  
s u lp h a ted  chol e c y s to k in in -8  (Kubota,K . e t  a l . ,  E u ro p .J .P h a rm a c o l., 
110: 225, 1985), and in  th e  cent r a l  nervous system , where they  
an tag o n ize  su lp h a te d  c h o le c y s to k in in -8  induced a c t iv a t io n  o f  r a t  
hippocam pal neurons (Bradwejn e t  a l . ,  N atu re , 312: 363, 1984).

Our s tudy  was conducted  w ith  th e  aim o f  e v a lu a tin g  w hether 
th e  c h o le c y s to k in in  antagonism  ex e rte d  by b enzod iazep ines  was 
s ig n i f i c a n t  f o r  t h e i r  pharm aco log ica l a c tio n s  and might be 
u t i l i z e d  in  o rd e r  to  m odulate t h e i r  e f f e c t s .  We in v e s t ig a te d  
w hether compounds a c t in g  as c h o le c y s to k in in  re c e p to r  a n ta g o n is ts  
could  p o te n t ia te  b en zod iazep ines  in  t h e i r  pharm aco log ica l e f f e c t s .  
The ch o le c y s to k in in  re c e p to r  a n ta g o n is ts  employed were proglum ide 
and a  newly d ev e loped more s p e c i f ic  and p o te n t analogue: CR 1409 
(Makovec e t  a l . ,  A rzneim -F orsch ., 35: 1048, 1985 )(R o tta  L a b s ., 
M ilano, I t a l y ) .

Proglum ide and CR 1409 ad m in is te red  p r io r  o r co ncom itan tly  
w ith  diazepam (Roche, B as le , S w itze rlan d ) were ab le  to  cause a 
s h i f t  to  th e  l e f t  in  th e  do se-resp o n se  curve o f  diazepam i t s e l f  in  
th e  a n t ic o n v u lsa n t a c t i v i t y  (p e n te tra z o le  induced s e iz u re s  in  
mice) and in  th e  m u sc le -re la x a n t a c t i v i t y  ( ro ta ro d  t e s t  in  m ice), 
b u t n o t in  th e  spontaneous locom otor a c t i v i t y  (Animex m e ter, 
r a t s ) .  When a d m in is te red  a lo n e , proglum ide o r  CR 1409 d id  n o t show 
any i n t r i n s i c  a c t i v i t y  in  th e se  t e s t s .

S tu d ie s  a re  in  p ro g re ss  bo th  in  th e  expe rim en ta l an im al, in  
b eh a v io u ra l t e s t s ,  and in  humans, in  o rd e r to  confirm  in  o th e r  
t e s t s  and f u l l y  c h a ra c te r iz e  th e  in t e r a c t io n  between benzod iaze
p in e s  and c h o le c y s to k in in  a n ta g o n is ts .

Our p re lim in a ry  r e s u l t s  could  open new p e rs p e c t iv e s  in  th e  
c l i n i c a l  use o f  b en zod iazep ines  and in  th e  developm ent o f  new 
a n x io ly t i c  ag en ts  devoid o f  s e d a t iv e  a c t i v i t y .

359.10 LONG-TERM HALOPERIDOL TREATMENT INDUCES A SUPERSENSITIVITY TO 
CHOLECYSTOKININ BUT NOT TO DOPAMINE IN THE RAT NUCLEUS ACCUM- 
BENS. G. Debonnel* and C. de M ontiqny. I n s t i t u t  P h ilip p e  P in e l 
de M ontreal and C en tre  de rech e rch e  en s c ie n c e s  n eu ro lo g iq u es , 
U n iv e r s ité  de Montréa l , Montréa l  (Québ e c ) ,  Canada H3C 3J7.

C h o le cy s to k in in  (CCK) and dopamine (DA) c o e x is t  in  neurons o f 
th e  v e n t r a l  tegm en ta l a re a  (VTA) p ro je c t in g  to  th e  n u c leu s  accum- 
b en s . A 6‒hydroxydopamine le s io n  o f  th e  VTA induces a  supersen 
s i t i v i t y  to  bo th  CCK and DA (Debonnel and de M ontigny, N eu ro sc i. 
A b st.  11: 27 .16 , 1985; Hu and Wang, N eu rosc i. A bst. 11: 217 .7 , 
1985). Long-term  h a lo p e r id o l tre a tm e n t su p p re sse s  th e  f i r i n g  ac
t i v i t y  o f  VTA dopam inergic neurons (Bunney and G race, L ife  S c i. 
23: 1715, 1978). The p re s e n t  experim en ts were c a r r ie d  o u t to  de
te rm in e  th e  e f f e c t  o f  a c u te  o r  lo n g -te rm  h a lo p e r id o l tre a tm e n t on 
th e  re sp o n s iv en ess  o f  accumbens neurons to  CCK and DA.

Male Sprague-Dawley r a t s  (200–400 g) were t r e a te d  fo r  th re e  
o r  f iv e  weeks w ith  th e  lo n g -a c tin g  h a lo p e r id o l decanoate  (4 mg/kg 
i.m . once a  w eek). U n ita ry  re c o rd in g s  were o b ta in ed  one week 
a f t e r  th e  l a s t  in j e c t io n  from neurons o f  th e  d o rso -m ed ia l p a r t  o f 
th e  cau d a l h a l f  o f  th e  n u c leu s  accumbens, under u re th an e  an e sth e 
s i a  (1 .2 5  g /k g , i . p . ) .  The fo llo w in g  s o lu t io n s  were used fo r  mi
c ro io n to p h o re s is :  su lp h a te d  o c ta p e p tid e  CCK (1 o r  10 M in  200 
mM N acl; pH :5 ) ,  LA (100 mM; pH:4) and k a in a te  (KA) (1 mM in  400 
nM N acl; pH:8 ) .

A cute h a lo p e r id o l (1 to  5 mg/kg, i . v . )  a l t e r e d  n e i th e r  th e  
e x c i ta to r y  e f f e c t  o f  CCK no r th e  su p p re ssa n t e f f e c t  o f  DA. 
Long-term  h a lo p e r id o l induced a marked tim e-dependen t su p e rs e n s i
t i v i t y  to  CCK. A f te r  th re e  weeks o f  tre a tm e n t, th e  deg ree  o f  ac
t i v a t i o n  by CCK was abou t th re e  tim es t h a t  o f  c o n t ro ls  an d , a f t e r  
f iv e  weeks abou t f iv e  tim e s . The m ost s t r ik i n g  change in  h a lo p e- 
r i d o l - t r e a t e d  r a t s  was th e  m arkedly pro longed  d u ra t io n  o f th e  
e x c i ta t io n  induced by 50 sec  a p p l ic a t io n s  o f  CCK, r e s u l t in g  in  a 
100–200 fo ld  in c re a s e  in  th e  t o t a l  number o f  sp ik e s  g en e ra te d  p e r  
nA a f t e r  f iv e  weeks o f  t r e a tm e n t. In  c o n t r a s t ,  n e i th e r  th e  
th ree-w eek  no r th e  five-w eek  h a lo p e r id o l tre a tm e n ts  produced any 
s ig n i f i c a n t  in c re a s e  in  th e  e f f i c a c y  o f  DA o r  KA.

The la c k  o f  e f f e c t  o f  ac u te  h a lo p e r id o l on th e  su p p ress io n  
induced by m ic ro io n to p h o re tic  a p p l ic a t io n s  o f  DA su g g es ts  t h a t ,  
in  th e  n u c leu s  accumbens, t h i s  response  i s  m ed iated  by an adreno
c e p to r  o th e r  th an  th e  Dl o r  D2 su b types  o f  dopam inergic re c e p to r s  
id e n t i f i e d  by th e  r a d io lig a n d  te c h n iq u e . T h is i s  in  keeping w ith  
th e  la c k  o f  s u p e r s e n s i t i v i ty  t o  m ic ro io n to p h o re tic a lly -a p p lie d  DA 
a f t e r  lo n g -te rm  h a lo p e r id o l .  The d ram atic  s u p e r s e n s i t i v i ty  to  
OCK cou ld  be due to  th e  d im in u tio n  o f  th e  to n ic  r e le a s e  o f  CCK 
consequen t to  th e  su p p re ss io n  o f  th e  f i r i n g  o f  VTA dopam inergic 
neurons by lo n g -te rm  h a lo p e r id o l .

S uppo rted , in  p a r t ,  by M.R.C. g ra n t  MA–6444 to  C. de M.
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360.1 SOMATIC MUSCLE AND CUTANEOUS HINDLIMB AFFERENT MODULATION OF 
MEDULLARY SOLITARY TRACT NEURONS IN THE CAT. R .J . Person. D ept. o f  
Physio logy and B iop h ysics , U niv. Okla. H ealth S c l .  C tr. Oklahoma 
C ity , OK 73190.

D o rs a l column h ind lim b  m uscle a f f e r e n ts  a re  known to  p ro je c t  
b i l a t e r a l l y  to  nucleus  t r a c tu s  s o l i t a r i u s  (NTS) neu rons . NTS 
neurons re c e iv in g  som atic  in p u t were d esc r ib ed  e le c tro p h y s io lo g -  
i c a l l y  in  c a ts  a c u te ly  p rep ared  under c h lo r a lo s e ,  su c c in y lc h o lin e  
p a r a ly s i s ,  and a r t i f i c i a l  v e n t i l a t io n .  R ecording and s tim u la t in g  
( d i s t a l )  e l e c t r o d e s  w ere p la c e d  on th e  s u r a l  (S ) and m e d ia l 
gastrocnem ius branch  of the  p ero n ea l (P) nerves under o i l  and 
compound a c t io n  p o te n t ia l s  m onitored  to  apply  200 u se c shocks in  
m u ltip le s  of Group I  f ib e r  th re sh o ld  (T ) . P and S s tim u la t io n  was 
l im ite d  to  1 .25–30T. S tim u la tin g  e le c tro d e s  were p laced  on th e  
c o n t r a la t e r a l  c e rv ic a l  vagus (V ). T ungsten m ic ro e le c tro d e s  (10 
Megohm) were d i r e c te d  a t  th e  c o n t r a la t e r a l  m edial NTS u s in g  th e  
obex as r e fe re n c e .

T h ir ty -se v e n  h i s to l o g ic a l ly  lo c a l iz e d  u n i t s  e x c ite d  o r modu
la te d  by P o r S s tim u la t io n  were s tu d ie d  in  10 an im als: 75% were 
spon taneously  a c t iv e  to  r a t e s  o f 15 Hz, 70% rece iv e d  convergen t P 
and S e x c i ta t io n ;  55% o f th e  u n i t s  t e s te d  fo r  vaga l in p u t rec e iv e d  
convergen t P , S, and V e x c i ta t io n .  D ata f o r  P and S e f f e c t s  were 
n o t s ig n i f i c a n t ly  d i f f e r e n t :  la te n c ie s  to  u n i t  e x c i ta t io n  gave a 
minimum mean a f f e r e n t  f ib e r  conduc tion  v e lo c i ty  (CV) of 26+1.5 
(SE) m/s (range 9–45 m /s) . S ix ty  % of P and 36% of S CVs were 
w ith in  th e  Group I I  ran g e . Many (35% S -e x c i te d , 46% P -e x c i te d )  
sp on taneously  a c t iv e  u n i t s  had a subsequen t 120+20 msec (range 
23–235 msec) p e r io d  of sp ik e  i n h ib i t i o n  beg inn ing  a t  a la te n c y  of 
80+10 msec. P and S e x c i ta t io n  and in h i b i t i o n  was produced a t  
s t im u la t io n  i n t e n s i t i e s  below Group I I I  th re s h o ld .

I n t e r a c t i o n s  o f P, S, and V in p u t on th e  NTS u n i t s  were te s te d  
in  c o n d i t io n in g - te s t  (C-T) parad igm s. P r io r  P s t im u la t io n  (down to  
1.5T) reduced S and V in p u t to  0–20% o f c o n tro l  f o r  up to  200 msec 
and below 50% fo r  up to  800 msec (S t e s t  in p u t)  o r 200 msec (V 
t e s t  in p u t ) .  In  d i f f e r e n t  u n i t s  p r io r  S s tim u la t io n  (down to  1.5T) 
had s im i la r  e f f e c t s  o r f a c i l i t a t e d  P in p u t to  160% of c o n t ro l .  
P reced ing  V s tim u la t io n  in h ib i te d  P in p u t f o r  100 msec and f a c i l i 
ta te d  P in p u t to  160% of c o n tro l  100 to  200 msec post-V  s tim u lu s .

These r e s u l t s  su g g es t th a t  Group I I  cu taneous and mu s c le  a f f e r 
e n ts  a re  capab le  of m odulating  NTS u n i t  a c t i v i t y .  The C-T d a ta  
show p o te n t i n h ib i t i o n  o f subsequen t convergen t som atic  and 
v i s c e r a l  senso ry  in p u t .  S ince Group I I I - IV  "e rg o rec ep to r"  a f f e r 
e n ts  a re  though t c r i t i c a l  to  sy stem ic  c a rd io r e s p ir a to ry  e x e rc is e  
ad ju s tm e n ts , s p e c i f i c  Group I I  a f f e r e n t s  may m odulate e rg o re c e p to r  
in p u t to  NTS and subsequen t c a rd io r e s p i r a to ry  ad ju s tm e n ts . 
Supported  by American H e a rt, Oklahoma A f f i l i a t e ,  OK–85‒G‒ 11.

360.2 EFFECT OF FATTY ACID COMPOSITION ON FAT-INDUCED STIMULATION OF 
SYMPATHETIC NERVOUS SYSTEM ACTIVITY IN THE RAT. M.C. W a lg ren .. 
J .B . Young* and L. L a n d sb e rg * . D ep artm en t o f  M e d ic in e , B eth  
I s r a e l  H o sp ita l and H arvard M edical School, Boston, MA 02215.

The a d d i t io n  o f f a t  (a s  la rd )  to  a l a b  chow d i e t  s t im u la t e s  
s y m p a th e t ic  n e rv o u s  sy stem  (SNS) a c t i v i t y ,  a s  i n d i c a t e d  by 
a c c e l e r a t e d  n o r e p in e p h r in e  tu r n o v e r  (NETR) and by in c r e a s e d  
u r in a ry  n o rep in ep h rin e  (NE) e x c re t io n .  Although th e  mechanism (s) 
govern ing  t h i s  SNS response  to  f a t  feed in g  i s  ( a re )  unknown, th e  
p o s s i b i l i t y  e x i s t s  t h a t  d i e t a r y  f a t t y  a c id s  may a f f e c t  SNS 
a c t iv i t y .  To in v e s t ig a te  th e  p o te n t ia l  in f lu e n c e  o f  f a t t y  a c id  
c o m p o s i t io n  on f a t - i n d u c e d  s t i m u l a t i o n  o f  th e  SNS, NETR w as 
compared i n  g ro u p s  o f  r a t s  f e d  d i e t s  e n r ic h e d  by a d d i t i o n  o f  
e i t h e r  o f two o i l s :  h y d ro g e n a te d  co c o n u t o i l  (HCO, T e k la d ) ,  a 
h ig h ly  s a tu r a te d  f a t  (94%) c o n ta in in g  only  2% l i n o l e i c  a c id ,  and 
s a f f lo w e r  o i l  (S F O, T e k la d ) ,  a  r e l a t i v e l y  u n s a t u r a t e d  f a t  
c o n ta in in g  75% l i n o l e i c  a c id . I n  th e  f i r s t  e x p e rim e n t [3H]-NE 
tu rn o v e r was measured in  male r a t s  (150– 175g, CD, C h a rle s  R iv e r )  
f e d  a f ix e d  am ount o f  l a b  chow o r  an  i d e n t i c a l  chow r a t i o n  
supplem ented w ith  e i th e r  HCO o r  SFO to  in c re a s e  c a lo r ic  in ta k e  by 
100%.  A f te r  6 d on th e s e  d i e t s ,  f r a c t i o n a l  and t o t a l  NETR i n  , 
h e a r t  was in c re a s e d  in  both f a t - f e d  g ro u p s  com pared to  NETR i n  
h e a r t s  o f th e  chow-fed group. C a lcu la ted  r a t e s  f o r  c a rd i a c  NETR 
w ere 23 .4  ng NE/h in  chow-fed r a t s  and 44 .0  and 4 0 .1  ng NE/h i n  
anim als fe d  th e  HCO-  and S F O -supp lem en ted  d i e t s ,  r e s p e c t i v e l y  
(P<0.01 fo r  d if f e re n c e s  between e i th e r  f a t - e n r ic h e d  d ie t  and chow 
c o n t r o l ) .  In  a  su b se q u en t s tu d y ,  a s i m i l a r  c o m p ariso n  o f  SNS 
re sp o n ses  to  HCO- and SFO -feeding was perfo rm ed  a f t e r  14d. The 
fee d in g  p ro to c o l was m odified  s l i g h t ly  from th a t  employed i n  th e  
6d s tu d y . W hile an im als i n  th e  two f a t - f e d  groups w ere fed  d ie t s  
i d e n t i c a l  to  th o s e  em ployed i n  th e  p r e v io u s  s t u d y ,  c o n t r o l  
an im als re c e iv e d  an am ount o f  chow i s o c a l o r i c  to  th e  c h o w -fa t 
m ix tu re s . D e s p i te  e q u a l c a l o r i c  in t a k e  i n  a l l  t h r e e  g ro u p s , 
c a lo r ic  s u b s t i tu t io n  w ith  SFO, but no t HCO, s tim u la te d  f r a c t io n a l  
and t o t a l  NETR. In  h e a r t ,  NETR w as 36 .1  ng NE/h i n  chow -fed  
r a t s ,  3 9 .4  i n  HCO-fed and 6 0 .3  i n  S F O -fe d  a n i m a l s  ( P <0 .0 1  
compared to  e i t h e r  chow- o r  HCO-fed r a t s ) .  S im ila r  r e s u l t s  w ere  
a ls o  o b ta in ed  in  in te r s c a p u la r  brown ad ipose  t i s s u e .  The f a s t e r  
c a rd ia c  NETR n o te d  i n  S F O -fed , com pared  to  H CO-fed, r a t s  w as 
confirm ed i n  a second 14–d study  (5 5 .9  ng NE/h in  SFO-fed v s  42 .3  
in  HCO-fed r a t s ,  P<0 .0 5 ) .  I n  summary, w h ile  b o th  HCO and SFO
s tim u la te  NETR in  h e a r t  a f t e r  6d, th e  e f f e c t  o f HCO, but not SFO, 
was no t a p p a re n t  a f t e r  two w eeks o f  d i e t a r y  e x p o s u re . S in c e  
th e se  two o i l s  w ere consumed in  i s o c a lo r ic  am ounts and th e  o n ly  
d i f f e r e n c e  b e tw e e n  t h e  tw o d i e t s  w as  i n  t h e  f a t t y  a c i d  
c o n s t i tu e n t s  o f  th e  f a t  supplem ents, f a t t y  a c id  c o m p o s i tio n  may 
p lay  an im p o rtan t r o le  i n  th e  r e g u la t io n  o f SNS a c t i v i t y .

360.3 BILATERAL LESION OF THE C l AREA OF THE ROSTRAL 
VENTROLATERAL MEDULLA GLOBALLY IMPAIRS THE 
CEREBROVASCULAR RESPONSE TO HYPOXIA. M.D. Underwood, C. 
Iadecola and D.J. Reis. Lab. of Neurobiology, Cornell Univ. Med. Coll., 
New York, NY 100 2I.”

Cerebral hypoxia elicits a potent and widespread increase in regional 
cerebral blood flow (rCBF), believed to reflect the local vascular response 
to changes in tissue metabolism. Yet, cerebral ischemia, which also 
elicits hypoxia, elicits systemic hypertension which is reflex and depends 
upon stimulation of neurons in a restricted region of the rostral 
ventrolateral medulla (RVL) (Dampney and Moon, Am. J. Physiol., 239: 
H349, 1980) corresponding to adrenergic neurons of the C l group, the Cl 
area (Ross e t al., J . Neurosci., 4: 474, 1984). We therefore investigated 
whether the C l area also contributes to the increased rCBF elicited by 
hypoxia.

Rats were anesthetized (chloralose: 40 mg/kg, s.c.), paralyzed 
(tubocurarine) and artificially ventilated. Arterial pressure (AP), heart 
ra te  and blood gases were continuously monitored and controlled. Lesions 
were placed electrolytically (500 uA for 30 sec) with microelectrodes. 
Following bilateral lesion of the RVL, AP was kept in the autoregulated 
range for rCBF (80–150 mmHg) by the continuous infu sion of 
phenylephrine. Hypoxic-hypoxia or hypercapnia was produced by varying 
the inspiratory nitrogen/oxygen ratio or by introducing CO2 respectively. 
rCBF was measured using the 14C-iodoantipyrine technique, with bilateral 
dissection of 10 brain regions. Placements Q f electrodes and/or lesions 
were localized post-mortem in all animals.

In unlesioned controls rCBF ranged from 50 in corpus callosum to 103 
ml/min x l 00g in inferior colliculus. Hypoxic-hypoxia (pO2 = 41 + 0.4 
mmHg, n=6) increased rCBF in all structures (p<.01) ranging from 207% of 
control in hypothalamus to 301% of control in occipital cortex. Bilateral 
lesions of RVL had no effect on rCBF. However, they significantly 
reduced (p <  0.01, n=5) the magnitude of increase in rCBF elicited by 
hypoxia in all structures. The reduction in response ranged from 50% in 
corpus callosum to 69% in inferior colliculus. In contrast, hypercarbia 
(pCO2 * 63.5 + 0.9 mmHg, n=5) which increased rCBF (p <  0.01) in all 
structures in intact ra ts from 220% of control in parietal cortex to 299% 
of control in superior colliculus was unaffected by bilateral lesion of RVL.

We conclude: (a) that the global vasodilation elicited by hypoxia is in 
part reflex; (b) the reflex component of the vasodilation elicited by 
hypoxia depends upon the integrity of neurons and/or processes within the 
C l area of the RVL; and (c) the role of C l area of RVL is specific since it 
does not mediate the cerebrovasodilation to hypercarbia. Our findings 
suggest that neurons of the RVL, possibly those of the adrenergic C l 
group, may represent a central chemosensor for hypoxia which initiates 
changes in both the systemic and cerebral circulation.

360.4 FUNCTIONAL IMPLICATIONS OF THYROID HORMONE-PROCESSING MECHANISMS 
IN RAT BRAIN. M. B. Dratman and F. L. C ru tc h f ie ld * . P h ila .  VA Med. 
C enter and M edical C o llege o f PA, P h ila d e lp h ia , PA 19104.

Recent b iochem ical ev idence  fav o rs  a fu n c t io n a l  r o le  f o r  io d o - 
th y ro n in e s  in  a d u l t  b r a in .  Thus, f r a c t io n a l  conve rs ion  of th y ro x in e  
(T4 ) to  t r i io d o th y ro n in e  (T3) i s  more a c t iv e  in  b ra in  than  in  any 
o th e r  known t i s s u e  s i t e .  M oreover, d e s p i te  long -term  hypo- o r hy
p e r th y ro id ism , T3 hom eostas is  i s  m a in ta ined  in  th e  b ra in  th rough 
c o o rd in a ted  b iochem ical ad ju stm en ts  in  bo th  CNS and som atic t i s 
su e s . Film  a u to ra d io g ra p h ic  (ARG) s tu d ie s  a f t e r  iv  125I-T3 demon
s t r a t e  th a t  th e  hormone i s  s a tu ra b ly  p rocessed  in  d i s c r e te  n e u ra l 
sy stem s. Over a 48 h r  p e rio d  a f t e r  up take  in to  neu ro n a l c e l l  bod
ie s  o f  s e le c te d  b ra in  n u c le i ,  th e  hormone i s  ax o n a lly  t ra n sp o r te d  
and e v e n tu a lly  co n c en tra ted  w ith in  s y n a p tic  elem ents of t h e i r  t e r 
m inal f i e l d s .  Evidence fo r  th e  s p e c i f i c i t y  of the  observed ARG re 
a c t io n s  has now been d e riv ed  from s im i la r  s tu d ie s  c a r r i e d  o u t a f t e r  
a d m in is tr a tio n  of o th e r  125I - io d o th y ro n in e s . The more pro longed (72 
h r )  b u t s im i la r  e v o lu tio n  o f ra d io a c t iv e  la b e l in g  seen  a f t e r  iv  
125I -T 4 i s  e n t i r e l y  dependent on i t s  in t r a c e r e b r a l  conve rs ion  to  
la b e le d  T3, as  ev idenced by th e  e f f e c t s  o f ip o d a te , a c e n t r a l l y -  
a c t in g  T4–5 ’d e io d in ase  in h i b i to r  which does n o t e f f e c t  I25 i ‒T3 bu t 
m arkedly im p airs  125i ‒t4 d i s t r i b u t io n  p a t te r n s .  By c o n t r a s t ,  p ro 
p y l th io u r a c i l  (PTU), which b lo ck s  h e p a tic  b u t n o t in t r a c e r e b r a l  T4 ‒
5 'd e io d in a s e ,  produces no q u a l i t a t i v e  changes in  th e  e v o lu tio n  of 
b ra in  la b e l in g  a f t e r  iv  125i ‒t4. To t e s t  f u r th e r  th e  h y p o th e sis  
th a t  s p e c i f ic  b ra in  la b e l in g  i s  based on a v a i l a b i l i t y  o f th e  a c t iv e  
hormone o r i t s  p ro d u c ts  and n o t sim ply due to  th e  p resence  of any 
compound w ith  an io d o th y ro n in e  c o n f ig u ra t io n , f i lm  ARGs were p re 
pared  a f t e r  iv  d e l iv e ry  o f th e  (presum ably) in a c t iv e  T4 p ro d u c t, 
r e v e rs e  t r i io d o th y ro n in e  (rT 3 ). Marked r e t a r d a t io n  in  th e  rap id  
serum d isap p e aran ce  r a t e  o f t h i s  io d o th y ro n in e  was ach ieved  by p re 
t r e a t i n g  r a t s  w ith  ip o d a te  o r PTU (vs s a l i n e ) . Under a l l  co n d itio n s , 
b ra in  la b e l in g  a f t e r  125I‒ rT3 was n o n -d is c r im in a to ry ; du rin g  d e io -  
d in a se  i n h ib i t i o n ,  c o n c e n tra t io n  o f th e  is o to p e  above background 
was found on ly  in  b ra in  reg io n s  w ith  known h igh  r a t e s  o f v a s c u la r  
p e r fu s io n . A f te r  I25 I‒ rT3, norm ally  conspicuous and p e r s i s te n t  
s i t e s  o f s a tu r a b le  T3 and delayed  T4 la b e l in g  (hippocampus, c e re 
bellum , tha lam us) were h a rd ly  d i f f e r e n t i a t e d  from o th e r  d i f f u s e ly -  
la b e le d  s t r u c tu r e s  in  th e  b r a in .  CONCLUSIONS: The hormonal a c t i v i t y  
o f d i f f e r e n t  io d o th y ro n in es  has been c o r r e la te d  w ith  t h e i r  b ind ing  
and m etabolism  w ith in  re sp o n s iv e  t i s s u e s .  ARG s tu d ie s  now re v e a l 
s tro n g  c o r r e l a t i o n s  between g e n e ra lly -a c c e p te d  in  v ivo  a c t i v i t y  r a 
t in g s  o f th e  io d o th y ro n in es  and th e i r  d i s t r i b u t io n  w ith in  d is c r e te  
n e u ra l system s in  th e  CNS. The b io lo g ic a l  a c t i v i t y  o f an io d o th y ro -  
n in e  may r e f l e c t  in  p a r t ,  i t s  a b i l i t y  to  be d i f f e r e n t i a l l y  p ro cess 
ed and presum ably to  a c t  w ith in  th e  b r a in .  Supported by VA M edical 
R esearch  S e rv ic e  and NSF g ra n t #BNS 8210354.
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360.5 INCREASED SENSITIVITY OF CENTRAL ALPHA-2 ADRENOCEPTORS IN 
CONSCIOUS SPONTANEOUSLY HYPERTENSIVE RATS (SHR) ON HIGH SODIUM 
INTAKE. J .P .  Koepke, S. Jones* and G.F. Di Bona*. D ept. I n t .  
Med., Univ. l a .  C ol. Med. & VA Med. C t r . ,  Iowa C ity , IA 52242 

In  conscious  SHR, th e  in c re a se d  re n a l  sym pathetic  nerve  
a c t i v i t y  (RSNA), and dec reased  u r in e  flow  r a t e  (V) and u r in a ry  
sodium e x c re tio n  (UNa V) resp o n ses  to  env ironm en ta l s t r e s s  a re  
enhanced by a h igh  sockium in ta k e  (H ypertension  7:357‒363, 1985). 
In  a d d i t io n ,  th e  RSNA, V, and U V resp o n ses  to  env ironm en ta l 
s t r e s s  a re  a b o lish e d  by in t ra c e re tn ro v e n tr ic u la r  ( i c v) in j e c t io n  
of a lp h a -2  ad ren o c ep to r a g o n is ts  (H ypertension  8 :133‒ 141, 1986). 
In  th e  p re s e n t s tu d y , we examined w hether h ig h  sodium in ta k e  
(3 -4  wks o f 1% NaCl fo r  d r in k in g )  in  SHR a l t e r s  th e  s e n s i t i v i t y  
of c e n t r a l  a lp h a-2  a d re n o c e p to rs . The e f f e c t s  o f  cum ulative   i cv 
in j e c t io n s  of an a lp h a - 2 ad ren o c ep to r a g o n is t ( c lo n id in e  1 , 5 
and 25 µ g; 0.9% NaCl v e h ic le  1 µ l )  on RSNA, V, and UNa V were 
examined in  consc ious  SHR. C lo n id in e  in j e c t io n s  o c c u rr e d  10 min 
b e fo re  ex p e rim en ta l p e r io d s ; each ex p e rim en ta l p e rio d  was 10 min 
d u ra t io n . Data a re  mean+SE; RSNA, in t e g r a to r  r e s e ts /m in ;  V, µl /  
m in/g KW; UNaV, µEq/m in/g KW; mean a r t e r i a l  p re s s u re ,  MAP, mmHg; 
*p <0.05  compared to  c o n tro l .

CONTROL CLONIDINE µg i cv
SHR -  Normal Sodium (n=7) 1 5 25

RSNA 6 . 7+1.4 6 .1 4 1 .0 3 .640 .4* 1 .440.2*
V 2 4 .7+2 .9 29 .744 .0 43.845 .0* 72.446 .6*
UNa V 2 .9 +0 .4 3 .2 +0 .5 5 .440 .8* 12 .0+1.2*
MAP 157+4 15843 14845* 15045*

SHR -  High Sodium (n=7)
RSNA 6 . 8+1.0 4 .7 4 0 .8 * 2 .440 .5* 0 .940 .4*
V 2 1 .6 +2.9 39.645.9* 56 .845 .9* 73.8410.5*
UN v 3 .2 +0 .6 5 .940 .9* 7 .941 .2* 13.741.3*

16547 16647 157+7* 160410
At each dose o f c lo n id in e ,  RSNA was low er (p < 0 .0 1 )  and V and 
UNa V were h ig h e r  (ex cep t f o r  V a t  25 µ g; p < 0 .01) in  SHR on h igh  
than  on normal sodium in ta k e .  The ED50  (µ g) f o r  RSNA (% 
c o n t r o l ) ,  V and UNaV (% maximum re sp o n se )  were low er (p < 0 .05 ) 
in  SHR on h ig h  th an  on norm al sodium in ta k e :

SHR -  Normal Sodium SHR -  High Sodium
RSNA 7 .8 +1.5 3 .0 +0 .5
V 4 .1 4 1 .4 1 .741 .0
UNa V 6 .7 4 1 .2 4 .7 4 1 .4

C onclusion : C lo n id in e  i cv d ec re a se s  RSNA and in c re a s e s  V and 
UNa V to  a g r e a te r  degree  in  conscious  SHR on h ig h  th a n  on normal 
sodium i n ta k e . High sodium in ta k e  i n c re a se s  th e  s e n s i t i v i t y  o f 
c e n t r a l  a lp h a -2  a d ren o c ep to rs  in  conscious  SHR.

360.6 SPECIFIC RESPONSE OF PLASMA ANF TO A HYPERTONIC NACL 
STIMULUS. M. M orris*and A. Rauch* (SPON:M. CALLAHAN) Bowman 
Gray Sch M edicine of Wake F o re s t  U n iv e rs ity , W inston-Salem ,
NC 27103

A tr ia l  n a t r i u r e t i c  f a c to r  (ANF) i s  re sp o n s iv e  to  changes 
in  volume s t a t u s .  However, l i t t l e  i s  known abou t osm otic 
c o n tro l  o f ANF s e c r e t io n .  T h is s tudy  was perform ed to  
determ ine  w hether ANF i s  a f f e c te d  by changes in  plasm a 
o s m o la lity  induced by h y p e rto n ic  s a l i n e  o r  m a n n ito l. Male 
Sprague Dawley r a t s  were p rep are d  w ith  ch ro n ic  ju g u la r  
c a th e te r s .  H yperton ic s a l in e  (HS; 18%), h y p e rto n ic  m ann ito l 
(HM; 25%) o r i s o to n ic  s a l in e  (0.9%) was in je c te d  (0 .18  
m l / l00gm) over a 1 .5  min p e r io d  in to  conscious r a t s .  The 
anim als were s a c r i f i c e d  by d e c a p ita t io n  a t  0 , 5 , 15, 30 and 
60 min. The blood was c o l le c te d  on ic e  in  EDTA fo r  th e  
measurement o f plasm a sodium, h em a to c rit and ANF. The plasma 
was e x t r a c te d  w ith  Sep-Pak re v e rs e  phase columns p r io r  to  
radioim m unoassay.

E f fe c t  o f iv  HS o r HM on plasm a ANF (pg /m l) (* = p < .01)

Time-mins 0 5 15 30 60
a f t e r  in je c t io n

H yperton ic 50.6 131.8* 77.3* 45.9 45.7
S a lin e  

(n  = 6 )
+2 .1 ±22.6 ±9.7 ±6 .2 ±4.9

H yperton ic 8 2 .8+ 5 1 .2+ 5 9 .9+ 6 0 .0±
M annito l 

(n  = 6 )
18.0 9 .4 20.1 14.7

IV HS produced a s ig n i f i c a n t  in c re a s e  in  ANF s e c r e t io n ,  
w h ile  HM had no e f f e c t .  The NaCl e f f e c t  was t r a n s i e n t  
peaking  a t  5 mins and re tu rn in g  to  c o n tro l le v e ls  by 30 m ins. 
The in j e c t io n  o f i s o to n ic  s a l i n e  d id  n o t change plasm a ANF 
le v e l s .  T h is la ck  o f e f f e c t  o f e i t h e r  s a l in e  o r HM 
d em onstra tes  t h a t  th e  HS response  was n o t r e l a te d  to  a volume 
o r osm otic change. Plasma sodium was in c re a se d  13 mEq/1 by 
th e  HS in j e c t io n .  H em atocrit was n o t a l t e r e d  by any of th e  
t r e a tm e n ts .

These r e s u l t s  p ro v id e  ev idence  fo r  a s p e c i f ic  
s t im u la t io n  o f ANF s e c r e t io n  by an in c re a s e  in  plasm a sodium 
and su gggest t h a t  t h i s  may be an im p ortan t f a c to r  in  th e  
c o n tro l  o f ANF r e l e a s e .

360.7 PUSH-PULL PERFUSION MONITORING OF PROSTAGLANDIN E2 PRODUCTION IN 
THE CAT HYPOTHALAMUS DURING FEVER. S .P . S irk o * , I .  B ish a i* ,
F. C ocean i. R esearch  I n s t i t u t e ,  The H o sp ita l f o r  S ick  C h ild re n , 
T o ron to , O n ta rio  M5G 1X8, Canada.

I t  i s  g e n e ra l ly  assumed th a t  b loo d -b o rn e  pyrogens e l i c i t  f e v e r  
by prom oting th e  fo rm a tio n  o f p ro s ta g la n d in  E2 (PGE2 ) in  th e  
a n t e r io r  h y p o th a lam ic -p reo p tic  a rea  (AH/POA). However, no d i r e c t  
in fo rm a tio n  i s  a v a i la b le  on th e  s i t e  of e n t ry  of pyrogens in to  th e  
CNS, n o r has a c c e le ra te d  fo rm a tio n  of PGE2 been v e r i f i e d  in  th e  
AH/POA of th e  f e b r i l e  an im al.

In  t h i s  in v e s t ig a t io n ,  we have add ressed  th e  q u e s tio n  o f th e  
c e n t r a l  a c t io n  o f pyrogens by m o n ito rin g  PGE2 r e le a s e  from d i s 
c r e t e  AH/POA s i t e s  w ith  a p u s h -p u ll  p e r fu s io n  p ro ced u re . E xpe ri
ments w ere conducted in  consc ious  c a ts  b e fo re  and d u rin g  fe v e r  to  
in tra v e n o u s  a d m in is tr a t io n  o f  endo tox in  (b o lu s )  o r  le u c o c y tic  
pyrogen (LP) ( in f u s io n ) . P e r fu s a te  was c o l le c te d  over fo u r con
s e c u t iv e  1-h ou r p e r io d s  and PGE2 c o n ten t was a s c e r ta in e d  by ra d io 
immunoassay. In  th e  absence o f f e v e r ,  PGE2 r e l e a s e  was s ta b l e  
from th e  second th rough  th e  fo u r th  hour of p e r fu s io n  (hour 2 , 
0 .106 + 0.032 pg/m in; hour 3 , 0 .104 + 0 .036 pg/m in; hour 4 , 
0 .112 + 0 .046 pg /m in ). E ndotoxin and LP produced fe v e r  o f com
p a ra b le  m agnitude th a t  p e r s is te d  th roughou t th e  c o l le c t io n  p e r io d . 
LP a d m in is tr a t io n  s ig n i f i c a n t ly  e le v a te d  mean PGE2 p ro d u c tio n  
( i . e .  from 0 .114  + 0 .021 pg/m in in  hour 2 to  0 .232 + 0 .054 and 
0 .252 + 0 .057  pg/m in in  h o u rs  3 and 4 , r e s p e c t iv e ly ;  n=1 2 ) . 
Endotoxin  a ls o  in c re a s e d  PGE2 s y n th e s is  d u ring  fe v e r  b u t th i s  
i n c re a se  became s ig n i f i c a n t  on ly  in  th e  l a s t  hour ( i . e .  from a 
b a s a l  v a lu e  o f 0 .128 + 0 .028  pg/m in to  0 .169 + 0 .037 and 
0.266 + 0 .0 7 4  pg/m in  d u rin g  hours 3 and 4 , r e s p e c t iv e ly ;  n=7 ).

In  c o n c lu s io n , exogenous and endogenous pyrogens s t im u la te  PGE2 
s y n th e s is  in  th e  AH/POA. T his f in d in g  i s  c o n s is te n t  w ith  an 
in te rm e d ia ry  r o le  o f  PGE2 in  th e  g e n e s is  o f f e v e r .

(Supported  by th e  M edical R esearch  C ouncil o f  C anada).

360.8 PRANDIAL INSULIN RELEASE AFTER CELIAC VAGOTOMY. J.E. Cox.
Dept. Psychology, Univ. Alabama Birmingham, Birmingham, AL 35294.

Vagal Innervation of the pancreas participates In the control of 
Insulin release, especially of the early, cephallc-phase response to food 
Intake. Though the celiac branches of the vagus have been classically 
defined as the principal route for this Innervation, the Importance of 
the celiac vagus In the rat has been disputed (Berthoud, H.R. et al., 
J  Autonomic Nerv. Svst.. 7: 97, 1983). To address this Issue, I
examined the effect of celiac vagotomy on basal and food-stimulated 
plasma Insulin.

Adult, female Sprague-Daw ley rats underwent two rounds of 
surgery, the first round for transection of both celiac branches (C 
group; N=17) or sham surgery (S; N-17) and the second round for 
Implantation of chronic, silastic catheters In the Inferior vena cava. 
For testing, rats were food deprived for 5–6 hr and then attached to a 
remote blood collection system. Blood samples were taken 5 min prior 
to and 2, 4, 8, and 15 min after Initiation of a 5 min meal of 60% 
sweetened-condensed milk. Plasma Insulin and glucose concentrations 
were subsequently determined by radioimmunoassay and the hexoklnase 
method, respectively.

Mean milk Intakes In the C (4.4 ±  0.2 ml) and S (4.6 ±  0.2 ml) 
groups were not different. Means for plasma insulin (uU/ml) are 
shown In the following table. An asterisk Indicates a significant 
difference between groups (P < .05).

S
basal
22.5

2  min 
39.4

4  min 
49.2

8  min 
84.9

15 min 
137.0

* * * *
c 15,2 25.3 31.2 66.5 189.6

Celiac vagotomy resulted In decreased basal insulin, and values 
remained significantly depressed for 4 min after meal Initiation. The 
change In Insulin concentration from the basal to the 2 min point was 
reduced by 40% (P < .05) In the C group. These results suggest that 
celiac fibers contribute to the tonic maintenance of Insulin secretion 
and contribute substantially to cephalic phase Insulin release. Because, 
however, plasma insulin did Increase significantly (P < .05) In the first 
2 min of the meal, these results also suggest the contribution of other 
vagal branches to cephalic responsiveness.

In contrast to reduced levels a t the early time points In the C 
group, plasma Insulin Increased very rapidly from 8 to 15 min to 
produce postprandial hyperlnsulinem la. This increase may have been 
secondary to rapidly Increasing plasma glucose; over the same period, 
glucose Increased by 25% In the celiac group while remaining stable in 
controls (P < .05). These data are consistent with the notion that 
early Insulin release serves as a buffer against radical Increases In 
plasma glucose following a meal. (Supported by NIH grant AM31805).
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360.9 CONVERGENCE OF SUBDIAPHRAGMATIC VAGAL AFFERENTS 
WITHIN THE NUCLEUS OF THE SOLITARY TRACT OF THE RAT.
W.B. Laughton. L.A. Campfield and D.O. Nelson. Department of 

Physiology, Northwestern University Med. School, Chicago, IL 60611 
Numerous neuroanatomical and physiological studies indicate that vagal 

afferent fibers originating from subdiaphragmatic viscera terminate in the caudal 
and medial portions of the nucleus of the solitary tract (NTS). While it is 
known that gustatory and hepatic vagal afferent inputs are relayed to non
overlapping portions of the NTS, the interactions between afferent inputs 
originating from different structures within the abdomen are not well 
understood. Convergence of information from different visceral modalities (eg. 
chemo-, osmo-, and mechanoreceptor, etc.) within the NTS has also not been 
examined. This study reports preliminary results of electrophysiological studies 
of subdiaphragmatic vagal afferent inputs to the NTS.

Single and multiunit activity in the NTS was recorded through one barrel of 
a glass micropipette in chloralose-urethane anesthetized male rats. Vagal 
afferent fibers were electrically stimulated through bipolar cuff electrodes 
positioned on the hepatic, anterior gastric, and accessory coeliac branches of the 
subdiaphragmatic vagus. Chicago Sky blue dye was iontophoricially ejected at 
selected sites to permit histological reconstruction of the recording site.

Evoked activity was readily observed in the NTS following stimulation of 
each of the three subdiaphragmatic branches of the nerve. Neuronal excitation 
was observed in the caudal medial portion of the NTS along the wall of the 
fourth ventricle, from approximately 500µm  caudal to 1000µm rostral to the 
calamus scriptorius. Activation latencies ranged from 70 to 130 msec, 
corresponding to conduction velocities of 0.6 to 1.0 meters/sec, characteristic of 
non-myelinated fibers. Convergent excitatory input to single units was 
observed following stimulation of the anterior gastric and hepatic branches of 
the vagus, or following activity of the accessory coeliac and hepatic branches.

These data indicate that information arising from the liver, stomach, and the 
sensory field of the accessory coeliac branch of the vagus can influence the 
activity of single neurons in the NTS. The relationship of these peripheral 
branches of the vagus to the physiological information (eg., gastric distention, 
hepatic portal chemosensation, etc.) they carry is currently under investigation.

(Supported by HL29033 and the Schweppe Foundation.)

360.10 DUAL PEPTIDERGIC CONTROL OP GASTRIC MOTILITY  R.C. Rogers and G.E. 
Hermann D ept. P hysio logy , U n iv e rs ity  o f  Nevada School o f  M edicine, 
Reno, Nevada 89557

E l e c t r i c a l  s t im u la t io n  o f  th e  p e r ip h e ra l  c u t  end o f  th e  
c e rv i c a l  vagus nerve , a s  w e ll  a s  s t im u la t io n  o f  th e  d o r s a l  m otor 
n u c leu s  o f  th e  vagus (DMN), w i l l  produce b o th  in c re a s e s  and 
d e c re a s e s  in  g a s t r i c  m o t i l i ty .  I t  h a s  been  p o s tu la te d  t h a t  t h i s  
p a ra d o x ic a l r e s u l t  i s  due t o  th e  e x is te n c e  o f  e x c i ta to ry  
c h o l in e rg ic  neurons and in h ib i to r y  p e p t id e rg ic  neurons to g e th e r  in  
th e  DMN. Thus, g ro s s  e l e c t r i c a l  s t im u la t io n  o f  e i t h e r  th e  DMN o r  
t h e i r  axons in  th e  vagus produce mixed e f f e c t s  on g a s t r i c  smooth 
m uscle.

I t  h a s  been  known fo r  more th a n  100 y e a rs  t h a t  th e  c e n tr a l  
nervous system  i s  ca p ab le  o f  in d e p en d en tly  e x c i t in g  OR in h ib i t i n g  
g a s t r i c  m o t i l i ty ;  th e  "mixed" p a t te r n  seen  w ith  e l e c t r i c a l  
a c t iv a t io n  o f  v ag a l neurons i s  an a r t i f a c t .  However, s in c e  v ag a l 
e f f e r e n t  o u tf lo w  i s  th e  p r in c ip a l  e x t r i n s i c  r e g u la to r  o f  g a s t r i c  
m o t i l i ty ,  i t  i s  c l e a r  t h a t  th e  CMS m ust p o sse ss  some means t o  
a c t iv a t e  e i t h e r  e x c i ta to r y  o r  in h ib i to r y  v aga l o u tf lo w s  to  th e  
s t omach.

Both o x y to c in  and TRH have been im p lic a te d  in  th e  descend ing  
h y p o tha lam ic  c o n t ro l  o f  g a s t r i c  a c id  s e c r e t io n .  Thus, i t  i s  
re a so n a b le  t o  ex p e c t t h a t  th e y  m igh t a l s o  p la y  a  r o le  in  th e  
r e g u la t io n  o f  g a s t r i c  m o t i l i ty .  To d a te , we have observed  th a t :

a) a  w ide range o f  u n i l a t e r a l  DMN m ic ro s tim u la t io n  p a ram e te rs  
produce an in c re a s e  in  peak g a s t r i c  c o n t r a c t io n  am p litu d e  
superim posed on a  re d u c t io n  in  b a s e l in e  "tone"

b) PVN m ic ro s tim u la t io n  ( i .e .,  a c t iv a t in g  th e  l i k e ly  so u rce  o f  
TRH and o x y to c in  p r o je c t io n s  t o  th e  DMN) evokes much th e  same 
m o t i l i t y  p a t t e r n

c) TRH (2nL × 0.002M = 4 p icom oles) in je c te d  in to  th e  DMN 
d ra m a tic a l ly  in c re a s e  th e  frequency  and am p litu d e  o f  g a s t r i c  
c o n tra c t io n s  w ith o u t a  change in  b a s e l in e

d) s im i la r  am ounts o f  o x y to c in  in je c te d  in to  th e  DMN produce 
re d u c t io n s  in  to n e  w ith  no in c re a s e  in  frequency  o r  am p litu d e  o f  
g a s t r i c  c o n tra c t io n s

e) an  o x y to c in  a n ta g o n is t  in je c te d  in to  th e  DMN i n  p ico m o la r 
q u a n t i t i e s  g r e a t ly  in c re a s e s  g a s t r i c  m o t i l i t y  in  resp o n se  t o  PVN 
m ic ro s tim u la t io n

On th e  b a s i s  o f  th e s e  p re l im in a ry  r e s u l t s ,  we p r e d i c t  th e  
e x is te n c e  o f  an  e x c i ta to r y  TRH and an  in h ib i to r y  o x y to c in  pathw ay 
from  th e  PVN t o  th e  DMN w hich i s  r e s p o n s ib le  f o r  th e  c e n t r a l  
c o n tro l  o f  g a s t r i c  m o t i l i ty .

Supported  by  an NIADDK g ra n t  (AM35346) and an A m erican H eart 
A ss o c ia tio n , Nevada A f f i l i a t e  g r a n t  t o  RCR.

AUDITORY SYSTEM II

361.1 RESPONSES OF CAT COCHLEAR NUCLEUS NEURONS TO HUMAN 
SPEECH SOUNDS AND CAT VOCALIZATIONS. 
D.O. Kim and W.S. Rhode*. Dept. Neurophysiology, University of Wisconsin, 
Madison, WI 53706

Responses of primary auditory nerve fibers to basic human speech sounds 
have been relatively well documented. In contrast, much less is known 
about single neuronal responses to speech stimuli at the level of the 
cochlear nucleus. We have conducted single unit studies of neurons in the 
posteroventral and dorsal cochlear nuclei (PVCN and DCN) of anesthetized 
cats under stimulations with human speech sounds and conspecific vocaliza
tions. The objective of this study is to elucidate neural signal processing 
mechanisms that operate on complex acoustic signals. The sample of human 
speech sounds included several synthetic and natural vowels and natural 
syllables [ra] and [la]. The sample of cat vocalizations included an 
estrous call of a female cat, a vocal "dialog" of a mother cat and a kitten, 
and a stress call of a kitten. For each unit in our experiments, we 
determined the characteristic frequency (CF), response area, spontaneous 
rate, pattern of response to pure tones at CF in addition to obtaining 
responses to speech sounds and vocalizations. Acoustic stimuli were 
presented by a Digital Stimulus System. Occurrence times of each spike in 
20 µsec resolution were stored on a computer disk for display of various 
histograms during the experiments as well as for subsequent analyses.

We have found that the onset-chopper (Oc) neurons (Rhode, Oertel & 
Smith, 1983, J. Comp. Neurol. 213, p448) in the PVCN show precise timing of 
spike discharges synchronized to the voice'pitch period; we have called this 
phenomenon a "pitch-period" following response (Kim, Rhode & Greenberg, 
1986, Auditory Frequency Selectivity Symposium). The precision of the 
pitch-period following response of the Oc neurons was on the order of 0.2 
msec in dealing with the pitch period of about 8 msec. Our observations of 
the pitch-period following response suggest that the Oc neurons may play an 
important role in perception of the pitch of complex periodic signals, e.g., 
in perception of speech intonation and musical melody. We also confirmed 
the very large dynamic range (about 80 dB) of the Oc neurons observed 
previously with pure tones (Rhode et al., 1983) and extended the observations 
to conditions of complex stimuli. A possible mechanism producing both a 
precise pitch-period following response and a large dynamic range of the Oc 
neurons is one where the spike discharge of an Oc neuron requires simulta
neous arrival of spikes on multiple nerve endings of primary afferents 
converging on the Oc neuron.

Some of the neurons in the DCN and PVCN exhibit complex response 
behaviors in terms of nonmonotonic rate-intensity behaviors or complex 
excitatory and inhibitory regions in the frequency-intensity plane of pure 
tone stimulus. Our study attempts to relate complex responses of cochlear 
nucleus neurons obtained with human speech sounds and cat vocalizations to 
each neuron’s response obtained with pure tones as well as to spectral and 
temporal patterns of the complex acoustic stimuli.
[Supported by NIH grants NS23693 and NS12732]

361.2 FINE STRUCTURE OF TONOTOPIC ORGANIZATION IN CAT INFERIOR 
COLLICULUS. C.E.SCHREINER* and G.LANGNER. Coleman L abora to ry  
U n iv e rs ity  o f  C a l if o rn ia  San F ra n c isc o , San F ran c isc o , CA 94143 
and Z oo log isches I n s t i t u t  d e r  TH-Darmstadt, 6100 D arm stadt, FRG.

The c e n t r a l  n u c leu s  o f  th e  i n f e r io r  c o l l i c u lu s  (ICC) o f  th e  c a t  
c o n ta in s  a h ig h ly  o rd e red  to n o to p ic  o rg a n iz a tio n  (Merzenich,M.M. 
and R eid ,M .D ., B ra in  Res. 77:397–415, 1974). The main to n o to p ic  
g ra d ie n t l i e s  in  th e  d o rs o v e n tra l  dim ension o f  th e  nucleus  ac ro ss  
h is to lo g ic a l ly  d e f in e d  c e l l u l a r  lam inae . The o r ie n ta t io n  o f  th e  
c e l l u l a r  lam inae appears  to  co in c id e  w ith  th e  o r ie n ta t io n  o f  
p h y s io lo g ic a l ly  d e f in a b le  'frequency -band  lam inae ' t h a t  co n ta in  
neurons w ith  s im i la r  c h a r a c t e r i s t i c  freq u e n c ie s  (CFs).

I t  had been p re v io u s ly  shown (S ch re in e r,C .E . and L angner,G ., 
Soc. N eu ro sc i. A b str . V o l.10 , P a r t  1 , p .3 9 5 , 1984) t h a t  some 
response  p r o p e r t ie s  o f  neurons o th e r  th an  th e  c h a r a c t e r i s t i c  
frequency  a re  r e p re s e n te d  in  an o rd e r ly  s p a t i a l  fash io n  w ith in  
' frequency-band  la m in a e '.  Those in c lu d e  s p a t i a l l y  o rd e red  re  -  
p r e s e n ta t io n s  o f  th e  'b e s t  m odulation  freq u en c y ' o f  am plitude 
n o d u la ted  to n e s , o f  th e  o n s e t la te n c y  o f  to n e  b u r s ts  and o f  th e  
sh arp n ess  (Q–l 0dB) o f  frequency  tu n in g  cu rv e s . The q u e s tio n s  
ad d ressed  in  th e  p re s e n t s tudy  a r e :  a) I s  th e r e  a f in e  s t r u c tu r e  
o f  th e  C F -d is tr ib u t io n  w ith in  p h y s io lo g ic a l ly  d e fin ed  'f re q u e n c y -  
band la m in a e '?  and b) Does th e  d i s t r i b u t io n  o f  CFs r e l a t e  to  th e  
d i s t r i b u t io n  o f  o th e r  fu n c t io n a l pa ram ete rs  in  th e  n e u ra l lam inae?

Experim ents were conducted  in  b a rb i tu a te - a n e s th e t iz e d  c a ts .  
M u lti-  and s in g le  u n i t  resp o n ses  were reco rded  and th e  CF o f  each 
re c o rd in g  s i t e  was determ ined  w ith  manual a n d /o r  autom ated 
a n a ly s is  p ro ced u re s . Up to  30 lo c a t io n s  in  each 'frequency -band  
lam ina ' between 2 and 7 kHz were o b ta in e d . The CF in  each d o rso 
v e n t r a l  e le c tro d e  p e n e tr a t io n  in c re a se d  in  s te p s  o f  a few hundred 
H ertz  each , c o n s is te n t  w ith  a lam ina r o rg a n iz a tio n  o f  th e  ICC.
From th e  dep th  p r o f i l e  o f  th e  e le c tro d e  lo c a t io n s  and th e  
encoun tered  CFs, 'freq u en cy -b an d  lam in ae ' were c o n s tru c te d . W ithin 
a l l  s u f f i c i e n t l y  sampled lam inae , a  CF g ra d ie n t was seen  w ith  
CFs s h i f t i n g  upwards from ro s tro m e d ia l to  c a u d o la te r a l .  The 
encoun tered  CF- range corresponded  to  10–14% o f  th e  average CF 
w ith in  a g iven  lam ina . T his frequency  range i s  o f  a  m agnitude 
com parable to  p sychophysica l c r i t i c a l  bands. This f in d in g  su p p o rts  
th e  h y p o th e s is  t h a t  ' frequency-band  lam ina ' in  th e  ICC a re  a n e u ra l 
s u b s t r a te  t h a t  i s  r e l a te d  to  c r i t i c a l  bands.

W ith in  a lam ina , th e  d i s t r i b u t io n  o f  CFs and 'b e s t  m odulation  
f re q u e n c ie s ' appeared  to  be la rg e ly  independen t.

S upported by th e  Coleman Fund, H earing Research In c . and a 
H eisenberg  S tipendium  ( to  G .L .) .
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361.3 PROCESSING OF TEMPORAL CUES FOR THE LOCALIZATION OF HIGH FREQUENCY 
SOUNDS: NEURONAL RESPONSES IN THE INFERIOR COLLICULUS OF UNANES
THETIZED RABBITS. R. B a tra , S . Kuwada, T .R . S ta n fo rd * . D ept. 
Anatomy, U niv. o f  Conn. H ealth  C en te r, Farm ington, CT 06032.

Low -frequency sounds a r e  lo c a l iz e d  u s in g  in t e r a u r a l  phase d i s 
p a r i t i e s  g en e ra ted  by th e  d if f e re n c e  in  th e  a r r i v a l  tim e o f  sound 
a t  th e  two e a r s .  The maximum frequency  a t  which tem poral cues a re  
used i s  l im ite d  by th e  i n a b i l i t y  o f  mammalian a u d ito ry  neurons to  
d isc h a rg e  synchronously  to  f re q u e n c ie s  h ig h e r  than  3-5 kHz. How
e v e r , neurons can d isc h a rg e  synch ronously  to  th e  low -frequency  
enve lopes  o f  sounds w ith  a  h igh  c a r r i e r  freq u en cy . Neurons tuned 
to  h ig h  f re q u e n c ie s  and s e n s i t i v e  to  in t e r a u r a l  tim e d if fe re n c e s  
in  th e  envelope have been re p o r te d  in  th e  a n e s th e tiz e d  c a t .  Here 
we r e p o r t  p r o p e r t ie s  o f  s im i la r  neurons in  th e  i n f e r io r  c o l
l i c u lu s  (IC ) o f  th e  u n a n e s th e tiz e d  r a b b i t .

D uring re c o rd in g  th e  r a b b i t  was r e s t r a in e d  in  a  s to c k in g  and 
i t s  head im m obilized by clam ping a b a r  f ix e d  to  i t s  s k u l l .  C a l i
b ra te d  s in u s o id a l ly  am p litude  m odulated (AM) to n e s  were d e l iv e re d  
d ic h o t ic a l ly .  I n te r a u r a l  tim e s e n s i t i v i t y  was a s se s se d  by p re 
s e n tin g  s t im u l i  w ith  th e  same c a r r i e r  frequency  b u t w ith  modula
t io n  f re q u e n c ie s  th a t  d i f f e re d  by 1 Hz a t  th e  two e a r s .  T his 
s tim u lu s  r e s u l te d  in  a p e r io d ic  v a r i a t i o n  o f  th e  in t e r a u r a l  d i f 
fe re n c e  in  m odulation  phase (IDMP). Neurons s e n s i t i v e  to  i n t e r 
a u ra l  tim e d if f e re n c e s  shou ld  respond  to  such a  s tim u lu s  w ith  a 
co rresp o n d in g  p e r io d ic  v a r i a t i o n  in  t h e i r  d is c h a rg e .

C e lls  in  th e  IC o f  th e  r a b b i t  which a re  tuned to  h igh  freq u en 
c ie s  can synch ro n ize  to  c o n t r a l a t e r a l  AM to n e s , p e r io d ic  v a r i a 
t i o n  o f  th e  IDMP, o r  b o th . Peak synchrony to  c o n t r a la t e r a l  AM 
to n es  r a r e ly  o ccu rs  above 200 Hz a lth o u g h  some synchrony can oc
c a s io n a l ly  be d e te c te d  as  h igh  a s  900 Hz. By c o n t r a s t ,  c e l l s  
w hich a re  s e n s i t i v e  to  th e  IDMP o f te n  show peak sy n c h ro n iz a tio n  
to  th e  IDMP a t  f re q u e n c ie s  above 400 Hz, and synchrony i s  o bserv 
ed to  900 Hz. The d isc h a rg e  to  ou r b in a u ra l  s tim u lu s  sometimes 
synch ron ized  to  th e  c o n tra  and i p s i l a t e r a l  m odulation  f re q u e n c ie s  
as  w e ll .  In  th e se  c a s e s ,  peak synchrony to  th e se  m odulations gen
e r a l l y  o ccu rred  a t  a frequency  le s s  th an  th a t  a t  which synchrony 
to  th e  IDMP was m aximal. M oreover, i t  was p o s s ib le  to  p r e d ic t  th e  
i n t e r a u r a l  phase d if f e re n c e  a t  which th e  c e l l  would d isc h a rg e  
m axim ally from th e  phases o f  th e  c o n tra  and i p s i l a t e r a l  resp o n 
s e s .

In  sum, neurons in  th e  IC which a r e  tuned to  h igh  f re q u e n c ie s  
can p ro c e ss  tem poral in fo rm a tio n  by d is c h a rg in g  synchronously  to  
th e  AM envelope and to  th e  IDMP. Peak synchrony to  th e  m odulation  
o f  th e  envelope can occur a t  h ig h e r  f re q u e n c ie s  than  in  th e  IC o f  
th e  a n e s th e tiz e d  r a t ,  and synchrony to  th e  IDMP can occur a t  
s l i g h t ly  h ig h e r  f re q u e n c ie s  th an  in  th e  a n e s th e tiz e d  c a t .  These 
d if f e re n c e s  may be due to  th e  s p e c ie s  s tu d ie d  o r  to  e f f e c t s  o f  
a n e s th e s ia .  S upported by NIH g ra n t NS18027 to  S . Kuwada.

361.4 INTERAURAL PHASE SENSITIVITY OF LOW-FREQUENCY NEURONS IN THE
INFERIOR COLLICULUS OF THE UNANESTHETIZED RABBIT. T.R. S tan fo rd * , 
S. Kuwada and R. B a tra . Departm ent o f  Anatomy, U n iv e rs ity  o f  
C onnec ticu t H ealth  C en te r, Farm ington, CT 06032.

A cue fo r  th e  lo c a l i z a t i o n  o f  low frequency  sounds i s  th e  d i f 
fe ren c e  in  t h e i r  a r r i v a l  tim es a t  th e  two e a r s .  This c re a te s  an 
in t e r a u r a l  phase d i s p a r i ty  (IPD ). I f  th e  IPD i s  s y s te m a tic a lly  
changed, th e  d isc h a rg e  o f  some c e l l s  v a r ie s  in  synchrony w ith  th e  
IPD. When th e  resp o n ses  a t  s e v e ra l f re q u e n c ie s  a re  p lo t te d  on a 
common tim e a x i s ,  some c e l l s  show a common r e l a t i v e  am plitude a t  
a p a r t i c u l a r  o r  c h a r a c t e r i s t i c  de lay  (CD). The CD i s  though t to  
r e f l e c t  th e  d i f fe re n c e  in  th e  a r r i v a l  tim e o f th e  monaural in p u ts  
a t  th e  b in a u ra l c e l l .  We have examined th e  phase s e n s i t i v i t y  o f 
c e l l s  in  th e  i n f e r io r  c o l l ic u lu s  u s in g  th e  u n an e sth e tized  r a b b i t .

The r a b b i t  was r e s t r a in e d  in  a s to ck in g  and im m obilized by 
clam ping to  a ba r f ix e d  to  i t s  s k u l l .  L idocaine was a p p lied  to  
th e  dura and an e le c tro d e  was low ered th rough a sm all h o le  in  the  
s k u l l .  A coustic  s t im u li  were d e l iv e re d  th rough f i t t e d  earm olds.

For each u n i t ,  i n t e r a u r a l  phase s e n s i t i v i t y  was a s se sse d  a t  
s e v e ra l fre q u e n c ie s  w ith  a b in a u ra l b e a t s t im u lu s , which was creat-: 
ed by d e l iv e r in g  tones  th a t  d i f f e re d  by 1 Hz to  th e  two e a r s .
T his r e s u l te d  in  a  IPD th a t  v a r ie d  a t  a r a t e  o f  1 Hz. The CD and 
th e  c h a r a c t e r i s t i c  phase (CP) were c a lc u la te d  from th e  s lo p e  and 
th e  phase in t e r c e p t ,  r e s p e c t iv e ly ,  o f  a p lo t  o f  response  phase 
v s . freq u en cy . The d isc h a rg e s  to  changes in  IPD fo r  a l l  e f f e c t iv e  
f re q u e n c ie s  were p lo t te d  as  a fu n c tio n  o f  th e  e q u iv a le n t in t e r a u r 
a l  tim e d i f f e re n c e .  At each frequency , one cy c le  on e i t h e r  s id e  
o f  ze ro  was p lo t te d  to  r e p re s e n t  bo th  i p s i  and c o n t r a la t e r a l  s tim 
u lu s  d e lay s  and were averaged to  y ie ld  a com posite cu rv e .

For most c e l l s  th e  CD and th e  com posite peak occu rred  a t  i p s i 
l a t e r a l  d e lay s  su g g es tin g  th a t  th e se  c e l l s  would be most s e n s i t iv e  
to  sounds in  th e  c o n t r a la t e r a l  f i e l d .  F urtherm ore, most CDs and 
com posite peaks were d i s t r i b u te d  w ith in  th e  e s tim a ted  p h y s io lo g i
c a l  range (+275 µ s) .  These f in d in g s  d i f f e r  from th o se  in  th e  anes
th e t iz e d  c a t  where th e  CDs a re  ce n te red  about ze ro  µs w ith  a n ea r
ly  equa l d i s t r i b u t io n  among i p s i  and c o n t r a la t e r a l  d e la y s . Fur
therm ore , in  th e  c a t ,  more neurons have CDs th a t  a re  beyond th e  
l i m i t  o f  th e  p re d ic te d  p h y s io lo g ic a l ran g e .

Most c e l l s  had a CP n ea r  ze ro  phase in d ic a t in g  th a t  th e se  c e l l s  
f i r e d  m aximally when th e  in p u ts  from th e  two e a rs  were in  phase . 
This su g g es ts  th a t  th e  b in a u ra l neuron a c ts  as a co inc idence  de
t e c t o r .  In  c o n t r a s t ,  th e  CPs in  th e  a n e s th e tiz e d  c a t  a re  un ifo rm ly  
d i s t r i b u te d .

In  sum, w h ile  th e  s e n s i t i v i t y  to  IPD o f  c e l l s  in  th e  unanesthe
t i z e d  r a b b i t  i s  q u a l i t a t iv e l y  s im i la r  to  th a t  seen in  th e  a n e sth e 
t i z e d  c a t ,  th e  d i s t r i b u t io n s  o f  CD and CP d i f f e r .  These d i f f e r 
ences may r e f l e c t  s p e c ie s  d if f e re n c e s  o r th e  e f f e c t s  o f  an e sth es ia . 
Supported by NIH g ra n t  NS 18027 to  S. Kuwada.

361.5 SOUND LOCALIZATION AFTER LESIONS OF THE CAT SUPERIOR 
COLLICULUS. T.T. Allard* and W.M. Jenkins. Coleman Laboratory, 
UCSF Medical Center, San Francisco, CA 94143.

Permanent and profound deficits in sound localization are 
produced by unilateral lesions of the ascending auditory pathway 
in cat, from the lateral lemniscus to auditory koniocortex (e.g., 
Jenkins and Masterton, J .Neurophys. 47: 987– 1016, 1982); 
these localization deficits are restricted to sounds originating in 
the auditory hemifield opposite the lesion. Similarly, recent 
physiological evidence has shown that the auditory inputs to the 
cat superior colliculus are largely segregated by hemifield 
(Middlebrooks and Knudson, J.N eurosci 4 :  2621–2634, 1984)– 
these physiological data constitute the first strong evidence that 
external space is encoded topographically in the mammalian 
central nervous system. The question addressed in the present 
study was whether the integrity of this extra-lemniscal pathway 
is essential to sound localization.

Cats with unilateral lesions of the superior colliculus were 
tested both pre-operatively and post-operatively on the ability to 
localize 35-msec bursts of white noise. Each noise burst was 
presented randomly from one of seven speakers distributed 
symmetrically across midline along the horizontal azimuth. Cats 
with unilateral lesions in primary auditory cortex (A I) show a 
severe contralateral deficit on this test (Jenkins and Merzenich, 
J .Neurophvs. 52: 819–847, 1984). Cats with superior colliculus 
lesions showed no deficit on the 7-speaker sound localization test. 
Overall, mean performance was normal and better than 85% 
correct for 20 consecutive 42-trial sessions. A comparison of 
errors in the hemifields contralateral and ipsilateral to the 
lesions showed no systematic asymmetries.

These results indicate that the auditory representation of 
external space in the cat superior colliculus serves a distinct and 
segregated function from the mainline lemniscal pathway. Intact 
coflicular function is unnecessary for accurate sound localization 
in the horizontal azimuth.

Supported by NIH grant NS–07363, the Coleman Fund, and 
Hearing Research Inc.

361.6 AUDITORY SPATIAL TUNING DERIVED FROM SENSITIVITY TO INTERAURAL 
INTENSITY DIFFERENCES. J .C . M iddlebrooks. Departm ent of 
N eurobio logy, S tan fo rd  U n iv e rs ity , S tan fo rd , CA 94305.

S ev era l re c e n t s tu d ie s  have in d ic a te d  th a t  s e n s i t i v i t y  fo r  
in t e r a u r a l  in t e n s i ty  d if fe re n c e s  (IID ’ s) must c o n tr ib u te  to  th e  
s p a t i a l  tu n in g  o f a u d ito ry  u n i t s  in  th e  su p e r io r  c o l l i c u lu s .  The 
c u r re n t s tu d y  c o r r e l a te s  th e  s p a t i a l  tu n in g  o f u n i t s  .with t h e i r  
s e n s i t i v i t y  to  I ID 's  and th e i r  frequency response  a re a s . The 
resp o n ses  o f s in g le  u n i t s  were recorded  from th e  s u p e r io r  
c o l l ic u lu s  in  a n e s th e tiz e d  c a ts .  Broad band s t im u li  were 
p re sen ted  from a movable sound source  in  a f r e e  f i e l d ,  and th e  
r e s u l t in g  I ID 's  were m an ipu la ted  by a c u te ly  p lugg ing  one o r th e  
o th e r  e a r  o r by changing th e  sound source  lo c a t io n .  Frequency 
response  a re a s  were measured u s in g  a f r e e  f i e ld  tone  so u rce .

The resp o n ses  o f th e  m a jo rity  o f u n i t s  were in c rea sed  by 
m an ip u la tio n s  which in c re a se d  th e  IID fav o rin g  th e  c o n t r a la t e r a l  
e a r ,  such as s h i f t i n g  th e  sound source c o n t r a la t e r a l ly  from th e  
m id lin e  o r p lugg ing  th e  i p s i l a t e r a l  e a r .  Thus, th e  resp o n ses  of 
th o se  u n i t s  appeared  to  be m ono ton ica lly  r e l a te d  to  s tim u lu s  IID . 
The group o f u n i t s  w ith  monotonic IID s e n s i t i v i t y  inc luded  a l l  of 
th e  u n i t s  w ith  s p a t i a l  r e c e p tiv e  f i e ld s  ex tend ing  behind th e  c a t 
( "h em if ie ld "  r e c e p tiv e  f i e ld s )  and about a th i r d  of th e  u n i t s  
w ith  s p a t i a l  r e c e p tiv e  f i e ld s  lo c a te d  e n t i r e l y  in  f ro n t  o f th e  c a t 
( " f r o n ta l "  r e c e p tiv e  f i e l d s ) .  The rem ainder of u n i t s  e x h ib ite d  
resp o n ses  w hich were non -m onoton ica lly  r e l a te d  to  IID : resp o n ses  
dec reased  whenever th e  IID  was d ec reased  o r  in c rea sed  away from an 
optimum v a lu e  e i th e r  by changing th e  sound source lo c a t io n  o r by 
p lugg ing  e i t h e r  e a r . Some of th o se  u n i t s  appeared to  respond b e s t 
to  IID ’ s n ea r th e  p h y s io lo g ic a l maximum, w h ile  o th e r  u n i t s 
re q u ire d  n e a r ly  equa l i n t e n s i t i e s  a t  th e  two e a rs .

The s p a t i a l  tu n in g  o f u n i t s  c o r r e la te d  in  g e n e ra l w ith  t h e i r  
frequency  tu n in g . Of th e  u n i t s  which responded to  to n e s , u n i t s  
which were tuned f r o n ta l ly  e x h ib ite d  frequency  response  a re a s  
l im ite d  to  h ig h  f re q u e n c ie s , w h ile  more p e r ip h e ra l ly  tuned u n i t s  
responded to  th e  low est te s te d  fre q u e n c ie s .

These r e s u l t s  confirm  p rev io u s  su g g es tio n s  th a t  u n i t s  which 
d i f f e r  in  t h e i r  s p a t i a l  tu n in g  a lso  d i f f e r  in  t h e i r  s e n s i t i v i t y  
to  s tim u lu s  IID and in  th e  frequency  bands from which they  d e r iv e  
t h e i r  most s a l i e n t  s p a t i a l  cues. S ev era l l i n e s  o f  ev idence now 
le ad  to  a sim ple model in  w hich th e  s p a t i a l  tu n in g  o f u n i t s  in  
th e  s u p e r io r  c o l l ic u lu s  can be accounted  fo r  in  la rg e  p a r t  by 
s e l e c t i v i t y  fo r  I I D’ s w ith in  p a r t i c u l a r  bands o f frequency .

(C urren t a d d re ss : D ept. of N euroscience , Box J –244, JHMHC, 
U n iv e rs ity  o f F lo r id a ,  G a in e s v i lle , FL 32610. This re se a rc h  
supported  by NIH g ra n t RO1 NS 16099-06 to  Dr. E .I .  Knudsen.)



1324 AUDITORY SYSTEM II THURSDAY PM

361.7 THE ROLE OF STIMULUS ONSET IN SENSITIVITY TO INTERAURAL TIME 
DIFFERENCES IN THE BARN OWL. H. Wagner and M. K o n ish i. D iv is io n  
of B iology 216–76, C a l if o rn ia  I n s t i t u t e  o f Technology, Pasadena, 
C a l ifo rn ia  91125.

I n te r a u r a l  tim e d if f e re n c e s  ( ITD) can p rov ide  in fo rm a tio n  abou t 
th e  azim uth o f a sound s o u rc e . A sound s ig n a l  c o n ta in s  ITDs in  
i t s  enve lope , e s p e c ia l ly  a t  th e  on- and o f f s e t  of the sound, and 
in  the  c o n tin u in g  o r "ongoing" waveform of the  c a r r i e r .  Many 
neurons in  th e  a u d ito ry  m idbrain  of the  barn  owl a re  tuned to  
ITDs. M oiseff and K onishi ( J .  N eu ro sc i. 1: 40, 1981) showed th a t  
th e  in fo rm a tio n  co n ta in ed  in  th e  ongoing waveform (ongoing ITD) 
was s u f f i c i e n t  to  e x p la in  th e  s e l e c t i v i t y  o f th e se  neurons to  
ITDs. I t  was n o t c l e a r ,  however, w hether th e  ITD a t  th e  o n se t 
(o n s e t ITD) a ls o  p la y s  a r o le .

We te s te d  the  im portance o f o n se t ITD fo r  neurons in  th e  
in f e r io r  c o l l i c u lu s .  The response  to  d ic h o tic  s tim u la t io n  w ith  
c o r r e la te d  and u n c o rre la te d  n o ise s  were com pared. In  th e  
u n c o rre la te d  paradigm  th e  s ig n a l  to  the  two e a rs  d id  n o t c o n ta in  
an ongoing ITD. The o n se t ITD was s h i f te d  w ith in  th e  barn  ow l’ s 
p h y s io lo g ic a l ITD -range. The o n se t am plitude v a r ie d  random ly. 
The s e l e c t i v i t y  fo r  a p a r t i c u l a r  ITD was te s te d  w ith  a R ayleigh  
t e s t .  The p e r io d  of th e  u n i t 's  b e s t  frequency  p rov ided  th e  
te s t in g  ran g e .

E x t r a c e l lu la r  reco rd in g s  were made from 21 s in g le  u n i t s .  To 
s t im u la t io n  w ith  bo th  paradigm s th e  u n it s  in c re a se d  th e i r  sp ik e  
r a t e  over th e  spon taneous a c t i v i t y ,  even i f  they  were n o t 
m onaurally  e x c i ta b l e .  For each ITD, the  u n i t s '  re sp o n ses  were 
t y p i c a l ly  c h a ra c te r iz e d  by a t r a n s i e n t  (5–15 ms) in c re a s e  in  sp ike  
r a t e  a f t e r  s tim u lu s  o n s e t,  fo llow ed by a le s s  pronounced s u s ta in e d  
response  th a t  la s te d  th rou g h o u t the  d u ra t io n  of the  s tim u lu s . The 
s u s ta in e d  response  o f a l l  u n i t s  to  s tim u la t io n  w ith  a c o r r e la te d  
n o ise  was h ig h ly  s ig n i f i c a n t ly  (p<0.001) tuned to  ITDs. The 
t r a n s i e n t  response  of 15 u n it s  in  the c o r r e la te d  paradigm  was a l s o  
h ig h ly  s ig n i f i c a n t ly  tu n e d . By c o n t r a s t ,  on ly  1 u n i t  was tuned to  
th e  o n se t ITD in  th e  u n c o rre la te d  paradigm  and th e  s u s ta in e d  
response  of 8 u n i t s  was a ls o  tuned to  ITDs. However, in  6 of 
th e se  8 ca ses  th e  response  maximum was nea r th e  same ITD th a t  
y ie ld e d  th e  response  minimum in  th e  c o r r e la te d  no ise  paradigm . 
S ince the  c o r r e la te d  s tim u lu s  co n ta in s  a tim e cue every  p e r io d  of 
th e  u n i t 's  b e s t  freq u en cy , in  some reco rd in g s  th e  number of c y c le s  
in  the  c o r r e la te d  n o ise  was made equa l to  th e  number o f 
r e p e t i t io n s  in  th e  u n c o rre la te d  paradigm . Then 5 o u t of 8 neurons 
s t i l l  showed tu n in g  to  ongoing ITDs.

These r e s u l t s  su g g es t th a t  o n se t ITDs do n o t p lay  a ro le  in  th e  
m a n ife s ta t io n  o f ITD s e n s i t i v i t y  in  the  barn  o w l's  nervous system .

361.8 SENSITIVITY OF CELLS IN CAT PRIMARY AUDITORY CORTEX (AI) TO INTER
AURAL INTENSITY DIFFERENCES ( I I D’S) AS A FUNCTION OF FREQUENCY. J .  
R. M endelson and M.S. C ynader, Departm ent of Psychology & 
P hysio logy , D alhousie  U n iv e r s ity , H a lifa x , Nova S c o tia , Canada 
B3H 4J1

When a c e l l  dem onstra tes  a s e n s i t i v i t y  to  an IID i t  i s  o f te n  
though t to  be invo lved  in  coding th e  az im u thal p o s i t io n  of a sound 
so u rce . Because th e  sound shadowing p ro p e r t ie s  of th e  head cause 
h ig h e r  frequency  components to  be a t te n u a te d  more than  low er f r e 
quenc ies  in  th e  e a r  f u r th e s t  from th e  so u rce , th e  s iz e  of the  
r e s u l t in g  IID i s  n e c e s s a r i ly  dependent upon th e  s p e c t r a l  co n te n t of 
th e  s tim u lu s . Thus, s e l e c t i v i t y  f o r  a g iven  IID im p lie s  a 
d i f f e r e n t  az im u th a l lo c a t io n  depending on th e  frequency  of th e  
s tim u lu s . We sought to  de term ine  w hether u n i t s  in  AI showed 
d i f f e r e n t  IID p re fe re n c e s  depending on s tim u lu s  frequency  ( I ID - f r e -  
quency n o n s e p a ra b i l i ty )  o r w hether th i s  frequency  com pensation 
p ro cess  i s  b e s t  a s c r ib e d  to  l a t e r  p ro cess in g  s ta g e s .

I n i t i a l l y ,  th e  CF ( th e  frequency  to  which th e  c e l l  responded 
b e s t)  and tu n ing  p r o f i l e  were determ ined  fo r  each c e l l .  Then, th e  
u n i t 's  response  to  v a r ie d  IID 's  (from –30 dB to  +30 dB in  th e  
i p s i l a t e r a l  e a r)  was recorded  a t  a v a r ie ty  of s tim u lus  fre q u e n c ie s  
(which were always th e  same in  b o th  e a r s ) . A ll IID -by -frequency  
c o n d itio n s  were p re sen ted  in  a random ized fa sh io n  under com puter 
c o n t r o l .

The m a jo rity  of c e l l s (61%) responded w ell to  s t im u li  w hich, 
under f r e e - f i e l d  c o n d i t io n s , would o r ig in a te  th roughou t an e n t i r e  
h e m if ie ld . These c e l l s ,  l i k e  th o se  observed in  th e  f r e e - f i e ld  
co n tinued  to  respond re g a rd le s s  of how la rg e  th e  IID became. A 
second group of c e l l s  were c l a s s i f i e d  as  c ircum scribed  s in c e  th e y , 
l i k e  t h e i r  f r e e - f i e l d  c o u n te rp a r ts  had c l e a r ly  dem arcated bo rd ers  
d ic ta te d  by bo th  frequency  and IID .

F o rty  p e rc e n t of a l l  neurons d isp la y ed  IID -frequency  s e p a r a b i l i ty  
( i . e . ,  th e  response  to  d i f f e r e n t  IID c o n d itio n s  was independent of 
th e  s tim u lu s  freq u e n c y ) . The rem aining 60% e x h ib ite d  resp o n ses  to  
I I D 's  which were a t  l e a s t  p a r t i a l l y  dependent on th e  frequency  of 
th e  s tim u lu s  ( i . e . ,  60% e x h ib ite d  some IID -frequency  nonsepara
b i l i t y ) .  The form of th i s  n o n s e p a ra b i l i ty ,  however, v a r ie d  from 
c e l l  to  c e l l  and w as, in g e n e ra l,  not consistent with the notion of 
a n e u ra l mechanism cap ab le  of s p e c ify in g  th e  ex a c t az im uthal 
lo c a t io n  of a s tim u lu s . In s te a d ,  th e  resp o n ses  appeared  to  be
suggestive of a mechanism which may provide information on the 
general, rather than the specific , location of a sound so u rce .

361.9 FUNCTIONAL DEVELOPMENT OF AUDITORY CORTEX OF THE CAT.
J .F .  B rugge*, R. A. Reale* and (G Wilson*
(SPON: C.N. W oolsey). D ept. N europhysiology and 
Waisman C en te r, Univ. W isconsin , M adison, W1 53705

The a u d ito ry  system  o f  th e  newborn k i t t e n  i s  s t r u c t u r a l l y  
and fu n c t io n a l ly  u nderdeve loped . We r e c e n tly  com pleted a 
s tudy  o f  m onaural and b in a u ra l response  p ro p e r t ie s  o f  s in g le  
neurons in  th e  prim ary  a u d ito ry  c o rte x  (A I) o f k i t t e n s  
rang ing  in  age from 8 to  44 days, k i t t e n s  were a n e s th e tiz e d  
w ith  ketam ine and sodium p e n to b a rb ita l  and a reco rd in g  
chamber was cemented to  th e  s k u l l  over th e  exposed m iddle 
ec to s y lv ia n  a r e a .  A ction p o te n t ia l s  were recorded  by 
tu n g s te n  m ic ro e le c tro d e s  advancedby a D avies m ic ro d riv e  which 
h y d ra u l ic a l ly  s ea led  th e  o i l - f i l l e d  chamber. Tone b u r s ts  
were d e l iv e re d  under com puter c o n tro l to  th e  two e a rs  using  a 
sea led  and c a l ib r a te d  sound system . Many o f  th e  monaural and 
b in a u ra l response p ro p e r t ie s  t h a t  c h a ra c te r iz e  AI neu rons  in  
the a d u l t  c a t  were e x h ib ite d  by AI neu rons  in  k i t t e n s  w ith in  
the  f i r s t  2–3 p o s tn a ta l  weeks, b e fo re  th re s h o ld s  and 
d is c h a rg e  la te n c y  reac h  a d u l t  v a lu e s . Most neurons were 
e x c ite d  by monaural c o n t r a la t e r a l  e a r s t im u la t io n ;  
i p s i l a t e r a l  s t im u la t io n  a lone  was e i th e r  e x c i ta to ry  o r 
n o n e f fe c t iv e . Nonmonotonic Spike coun t vs i n t e n s i ty  
fu n c t io n s  th a t  a re  a s s o c ia te d  w ith  c ircu m scrib ed  e x c i ta to ry  
response  a re a s  were recorded  by 6 days o f  ag e . For o th e r  
c e l l s ,  sp ik e  coun t was a monotonic fu n c t io n  o f  s tim u lu s  le v e l  
w ith th e  shape o f  th e  fu n c t io n  n o t dem onstrably  d i f f e r e n t  
from th a t  commonly recorded  in  a d u l t  AI. B inau ra l 
in t e r a c t io n s  were ro b u s t .  Many neurons e x c ite d  by 
s tim u la t io n  o f  th e  c o n t r a la t e r a l  ea r were in h ib i te d  by 
s im u ltaneous s tim u la t io n  o f  th e  i p s i l a t e r a l  e a r .  The shapes 
o f  f u n c t io n s  r e l a t i n g  sp ike coun t to  in t e r a u r a l  i n t e n s i ty  
d if f e re n c e  were in d i s t in g u is h a b le  from th o se  e x h ib ite d  by 
a d u l t  AI n eu ro n s . O ther n eo n a ta l neurons re q u ire d  b in a u ra l 
in p u ts  in  o rd e r  to  d is c h a rg e  o r were e x c ite d  by s tim u la t io n  
o f  e i th e r  ea r a lone  w ith  s im u ltaneous b in a u ra l s t im u la t io n  
se rv in g  to  f a c i l i t a t e  a monaural re sp o n se . In s t i l l  o th e r  
c e l l s ,  sp ik e  coun t was a c y c l ic  fu n c t io n  o f  i n t e r a u r a l  phase 
de lay  a t  low s tim u lu s  f r e q u e n c ie s . We conc lude th a t  some o f  
th e  m ajor mechanisms re s p o n s ib le  fo r  th e  shape o f  response  
a re a s  and th e  s e n s i t i v i t y  to  in t e r a u r a l  in t e n s i t y  and tim e 
d if f e re n c e s  beg in  o p e ra t in g  a t  a very  e a r ly  ag e , when th e  
a u d ito ry  pathvrays a re  s t r u c t u r a l l y  underdeveloped and the  
in n e r ea r i s  u nab le  to  respond to  many env ironm enta l sounds. 
(HD03352, BNS8215777, NS07026)

361.10 INTRINSIC PATCHY CONNECTIONS IN PRIMARY AUDITORY CORTEX OF THE 
CAT. J.A. MATSUBARA  AND D.P. PHILLIPS. Depts. of Anatomy and 
Psychology, Dalhousie University, Halifax, Nova Scotia, Canada.

Local connections within cortical areas link together groups of 
neurons which appear as patches or c lusters of ce lls  a f te r  micro
injections of wheatgerm agglutinin-HRP or succinyl Con A. The 
in trin s ic  patches are now accepted as a universal fea tu re  of the 
anatomical organization of both sensory and non-sensory cortex . 
In cat visual cortex the in tr in s ic  patches have a in te r-p a tch  
periodicity  of 1 mm and an in jec tio n -to -p a tch  d istance  s l ig h tly  
less than 1 mm. It was previously shown that the local patches in 
area 18 of the cat link together c e l ls  with d if fe re n t  preferred  
orientations (Matsubara et a l . ,  1986).

In an attempt to uncover functional c o r re la te s  to the local 
connectivity in other cortical areas we have studied the in ternal 
connections in primary auditory cortex of the cat where, as in the 
visual cortex, physiological properties are arranged in a quasi
orderly fashion. Injections less than 1 mm in overa ll diameter 
were made using WGA-HRP (12 nl of 0.5%) and succinyl Con A (12 nl 
of 1%). In some cases the injection s ite s  were identified physio
logically  as being in Al . In other cases the in je c tio n s  were 
placed into the crown of the middle ectosy lv ian  gyrus which is 
usually the s ite  of Al . After a 24 hr survival period the animals 
were deeply anaesthetized and perfused. Blocks of auditory cortex 
were sectioned on a freezing  microtome in the coronal or the 
tan g en tia l plane a t 50 µm. The WGA-HRP was re a c te d  using  
te tram ethy lbenzid ine as the chromogen. Succinyl Con A was 
processed using an antibody against Con A and the b io tin y la te d  
aviden-peroxidase method (Nance and Matsubara, 1986).

Between three and seven d isc re te  patches of lab e lled  neurons 
were observed from single in jections. Coronal sec tions revealed 
that the in trin sic  patches were comprised of both pyramidal and 
non-pyramidal cell types arranged in vertical columns. Labelled 
ce lls  were found in a l l  c o r t ic a l lay ers  with an exceptional ly  
dense projection in Layers 3 and 4. Sections cut tan g en tia l to 
the cortical surface revealed a la rge  v a r ia tio n  in the n e a re s t-  
neighbor spacing: inter-patch interval was between 800 µm and 1.5 
mm. We also  observed a large v a r ie ty  in the shapes of th e  
patches: some were quite round while others were elongated along 
the rostral-caudal axis. The d istribu tion  of patches around the 
injection s ite  was anisotropic with more patches occurring al o ng 
the d o rsa l-v e n tra l c o r tic a l ax is . Along th is  a x is  we found 
patches as fa r as 3 mm from the in je c tio n  s i t e .  S ince i s o 
frequency contours run parallel to the d–v axis i t  is  l ik e ly  th a t 
the in tr in s ic  patches in terconnect neurons of s im ila r  b e s t 
frequency. The other physio logical p ro p e rtie s  of c e l ls  in  the 
interconnected patches are currently being studied. This work was 
supported by the MRC of Canada, MA–9150 (J.M.).
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361.11 PITCH PERCEPTION OF COMPLEX TONES -AND HUMAN TEMPORAL- 
LOBE FUNCTION. R o b e r t  J .  Z a t o r r e  M o n t r e a l  N e u r o l o g i c a l  
I n s t i t u t e  an d  H o s p i t a l , M c G il l  U n i v e r s i t y ,  M o n t r e a l ,  
Q u e b e c , C a n a d a ,  H3A 2B 4.

The a p p a r e n t  p i t c h  o f  a c o m p le x  to n e  n e e d  n o t  c o r 
r e s p o n d  t o  a c o m p o n e n t  p h y s i c a l l y  p r e s e n t  i n  t h e  
s i g n a l ;  l i s t e n e r s  t y p i c a l l y  p e r c e i v e  t h e  p i t c h  c o r r e s 
p o n d in g  t o  t h e  f u n d a m e n ta l  p e r i o d  o f  v i b r a t i o n ,  e v e n  
w hen no e n e r g y  i s  p r e s e n t  a t  t h e  f u n d a m e n ta l .  E l e c t r o -  
p h y s i o l o g i c a l  ( G o l d s t e i n  e t  a l ,  1 9 7 1 )  a s  w e l l  a s  
b e h a v i o r a l  s t u d i e s  w i th  a n i m a l s  ( W h i t f i e l d ,  1 9 80 ) s u g 
g e s t  t h a t  a u d i t o r y  c o r t e x  p l a y s  an  i m p o r t a n t  r o l e  i n  
t h i s  p h e n o m e n o n , b u t  l i t t l e  e l s e  i s  know n a b o u t  t h e  
n e u r o a n a t o m i c a l  s u b s t r a t e  i n v o l v e d .

In  o r d e r  t o  c l a r i f y  t h i s  i s s u e  i n  t h e  hum an c a s e ,  
t h e  p r e s e n t  s t u d y  w as u n d e r t a k e n .  S i x t y  p a t i e n t s  who 
h a d  u n d e r g o n e  l e f t  o r  r i g h t  t e m p o r a l - l o b e  e x c i s i o n s  f o r  
t h e  r e l i e f  o f  e p i l e p s y  w e re  t e s t e d  a s  w e l l  a s  n o rm a l 
c o n t r o l  s u b j e c t s .  I n  som e c a s e s  t h e  e x c i s i o n  in c l u d e d  
a l l  o r  p a r t  o f  H e s c h l ' s  g y r i  ( t h e  p r im a r y  a u d i t o r y  
r e c e i v i n g  a r e a )  w h e r e a s  i n  o t h e r  c a s e s  t h i s  r e g i o n  w as 
s p a r e d .  S u b j e c t s  w e re  r e q u i r e d  t o  i n d i c a t e  i f  t h e  p i t c h  
o f  a p a i r  o f  c o m p le x  t o n e s  r o s e  o r  f e l l .  S t i m u l i  w e re  
c o n s t r u c t e d  s u c h  t h a t  t h e  d i s t r i b u t i o n  o f  s p e c t r a l  e n 
e r g y  w as e q u i v a l e n t  w i t h i n  a  p a i r ,  b u t  t h e  p e r i o d i c i t y ,  
o r  f u n d a m e n ta l  f r e q u e n c y ,  d i f f e r e d  ( e . g .  a c o m p le x  w i th  
600,  9 0 0  a n d  1 2 0 0  Hz c o m p o n e n ts ,  c o r r e s p o n d i n g  t o  a 
f u n d a m e n ta l  o f  300 H z, v e r s u s  o n e  w i th  6 0 0 ,  8 0 0 ,  1000 
a n d  1200  Hz c o m p o n e n ts ,  c o r r e s p o n d i n g  t o  a f u n d a m e n ta l  
o f  200 H z ) .  A c o n t r o l  t a s k  w as a l s o  d e v i s e d  in  w h ic h  
c o m p le x  t o n e s  w i th  p r o m in e n t  f u n d a m e n ta l  f r e q u e n c y  com 
p o n e n t s  w e re  p r e s e n t .

A l l  s u b j e c t s  i n c l u d e d  f o r  s t u d y  w e re  a b l e  t o  p e r f o r m  
w e l l  on  t h e  c o n t r o l  t a s k ,  i n d i c a t i n g  t h a t  a u d i t o r y  c o r 
t e x  l e s i o n s  d o  n o t  a f f e c t  s im p l e  p i t c h  p e r c e p t i o n  w hen 
t h e  f u n d a m e n ta l  i s  p r e s e n t ,  i n  a g r e e m e n t  w i th  p r e v i o u s  
s t u d i e s  ( M i l n e r ,  1 9 6 2 ) .  On t h e  e x p e r i m e n t a l  t a s k  o n ly  
t h o s e  s u b j e c t s  w i th  a  r i g h t  t e m p o r a l  lo b e c to m y  i n  whom 
H e s c h l ' s  g y r i  w e re  e x c i s e d  c o m m it te d  s i g n i f i c a n t l y  m o re  
e r r o r s  t h a n  t h e  n o r m a l  c o n t r o l  g r o u p .  P a t i e n t s  w i th  
l e f t  t e m p o r a l - l o b e  l e s i o n s  o r  w i t h  a n t e r i o r  r i g h t -  
t e m p o r a l  l o b e  e x c i s i o n s  s p a r i n g  H e s c h l ' s  g y r i  w e re  
u n i m p a i r e d .  T h e s e  r e s u l t s  s u g g e s t  t h a t  H e s c h l ' s  g y r i  
an d  s u r r o u n d i n g  c o r t e x  in  t h e  r i g h t  c e r e b r a l  h e m is p h e r e  
p l a y  a c r u c i a l  r o l e  i n  p e r c e p t i o n  o f  t h e  p i t c h  o f  
c o m p le x  to n e s  i n  hum ans w hen t h e  p i t c h  m u s t b e  a s s i g n e d  
on  t h e  b a s i s  o f  p a r t i a l  i n f o r m a t i o n  ( i . e . ,  w hen t h e  
f u n d a m e n ta l  i s  m i s s i n g ) .

361.12 MEASUREMENT OF PHANTOM AUDITORY SENSATION IN RATS. P .J .  J a s tr e b o f f  
J .F .  Brennan* & C .T. S a s a k i. S e c t. O to la ryngo logy , Y ale U. Sch. 
M ed., New Haven, CT 06510; D ep t. Psychology, UMass, Boston 02125.

Measurement of phantom p e rc e p tio n , i . e .  sensory  p e rce p tio n  w ith  
no p h y s ic a l c o r r e l a te ,  i s  e lu s iv e .  Y et, such measurement i s  
c r i t i c a l  fo r  deve lop ing  anim al models of human d is o rd e rs  inv o lv in g  
phantom p e rc e p tio n . A uditory  phantom p e rc e p tio n , commonly known 
as  s u b je c t iv e  t i n n i tu s ,  i s  a  w idespread  a u d ito ry  d y sfu n c tio n  which 
d e f ie s  ex p la n a tio n  and tre a tm e n t. In  our a ttem p t to  c r e a te  an 
anim al model fo r  t i n n i tu s ,  induced by s a l i c y l a t e ,  we developed a 
b e h a v io ra l method to  a d d re ss  th e  a p p ro p ria te n e ss  o f our approach.

66 a d u l t  male hooded r a t s  were d iv id ed  in to  3 c o n tro l and 8 
ex p e rim en ta l g roups . From o n se t of th e  p rocedu re , an im als were 
exposed to  w hite  n o ise  (80 dB SPL) a round- th e -c lo c k . Background 
w h ite  n o ise  o f f s e t  o r 3 kHz, 80 dB SPL tone  superim posed on n o ise  
o f f s e t ,  were used as  th e  co n d itio n e d  s tim u lu s  (C S), p resen ted  fou r 
tim es fo r  30 sec  (2 .5  min) du rin g  a  35 min t r a in in g  s e s s io n . 
Follow ing i n i t i a l  a c c lim a tio n  exposure to  th e  CS, an im als rece iv ed  
a  se s s io n  o f P av lov ian  su p p re ss io n  t r a in in g ;  subsequen t se s s io n s  
were e x t in c t io n  t e s t s .  Chronic in j e c t io n s  of sodium s a l i c y la te  
(300 mg/kg s . c .  between ac c lim a tio n  and P av lov ian  t r a in in g  day o r 
between P av lov ian  t r a in in g  and e x t in c t io n  day were rep ea ted  2 h 
b e fo re  each fo llo w in g  s e s s io n . In  2 g roups, s a l i c y l a t e  was 
s u b s t i tu te d  by a ro u n d -th e -c lo c k  tone (7 kHz, 60 dB SPL) s ta r t in g  
b e f o r e / a f te r  P av lov ian  t r a in in g  day.

A ll an im als showed no re a c t io n  to  CS during  a c c lim a tio n , and 
su p p re ss io n  of l ic k in g  r e s u l t in g  from P av lov ian  c o n d itio n in g  was 
s tro n g  and ra p id .  However, we observed c o n tra s tin g  d if fe re n c e s  in  
e x t in c t io n ,  depending on th e  phase o f th e  procedure when 
s a l i c y l a t e  (o r con tinuous to n e ) was in tro d u c e d . S p e c i f ic a l ly ,  
th e  e x t in c t io n  procedure was more ra p id  compared to  c o n tro l in  
groups re c e iv in g  s a l i c y l a t e  a f t e r  P av lov ian  tr a in in g  bu t be fo re  
e x t in c t io n .  E x tin c t io n  was slow er in  th e  group in je c te d  w ith  
s a l i c y l a t e  b e fo re  P av lov ian  t r a in in g .  A ll d if f e re n c e s  were 
s t a t i s t i c a l l y  s ig n i f i c a n t .  Groups w ith  con tinuous to n e , 
s u b s t i tu te d  fo r  s a l i c y l a t e  in j e c t io n ,  were s t a t i s t i c a l l y  
in d is t in g u is h a b le  from th e i r  co rrespond ing  s a l i c y l a t e  g roups. A ll 
r e s u l t s  a re  c o n s is te n t  w ith  th e  h y p o th e sis  th a t  an im als expe rience  
t i n n i tu s  induced by s a l i c y l a t e .  A ssumptions th a t  th e  n o n sp e c if ic  
a c t io n  of s a l i c y l a t e  on nonaud ito ry  p h y s io lo g ic a l f u n c t io n s , as 
w e ll a s  in c rea sed  th re sh o ld  of a u d ito ry  p e rc e p tio n , were no t 
s u f f ic i e n t  to  e x p la in  th e  phenomena observed .

Our d a ta  o f f e r  a  method fo r  m easuring phantom a u d ito ry  
se n s a tio n  in  an im als, th u s  p rov id ing  th e  anim al model fo r  
t i n n i t u s .  F urtherm ore , th e  d a ta  may hold co n s id e ra b le  prom ise fo r  
m easuring phantom s e n s a tio n s  in  o th e r  sensory  system s. (Supported 
by NINCDS g ra n ts  NS 16288, NS 22024, and D eafness Research 
Foundation  G ran t, 1986.)

361.13 MAGNETOENCEPHALOGRAPHIC EVIDENCE OF DICHOTIC BEAT PHENOMENA 
G. A nogianak is* , P.A. A nninos, M. Hoke*, K. L eh n ertz* , Ch. P an tev * , 
B. Lütkenhoner*  D ep t. o f  Exp. A udiology, ENT C l in ic ,  Univ. of 
M unster, FRG (°)

We used a S uperconducting  QUantum In te r fe r e n c e  Device (SQUID) to  
s tudy  th e  in f lu e n c e  o f  d ic h o tic  s t im u li  on th e  M agnetoencephalogram 
(MEG) o f normal s u b je c ts .  The experim en ts were perform ed in  an a -  
c o u s t i c a l ly  and e l e c t r i c a l l y  s h ie ld e d  room w ith  am bient m agnetic 
n o is e  le v e l  o f th e  o rd e r  o f 50 fT //H z . The MEG was reco rded  3 mm 
o ver th e  tem poral a re a  o f th e  s c a lp .  The s u b je c ts  were connected  to  
th e  sound sou rce  th rough  p l a s t i c  tubes  and were in s t r u c te d  to  r e la x  
and keep t h e i r  eyes c lo se d  d u rin g  th e  t r i a l s  (A nninos, P.A . e t  a l . ,  
B rain  Res. B u l l . ,  in  p r e s s ,  1986; P an te v , Ch. e t  a l . ,  A ud iology, 25 
: 54–61, 1 9 8 6 ) .The s tim u lu s  c o n s is te d  o f two s im u ltan e o u sly  d e l i 
vered  pure to n e s : A 90 Hz tone  to  th e  r ig h t  e a r  and a second tone 
to  th e  l e f t  e a r ,  s e t  a t  d i s c r e te  freq u e n c ie s  in  th e  range between 
98 and 118 Hz b e fo re  each t r i a l .  The s tim u lu s  in t e n s i ty  (70 dB SPL) 
was m atched fo r  bo th  e a r s . D uring each t r i a l  th e  MEG was reco rded  
fo r  128 c o n secu tiv e  1sec  epochs. Each epoch was sampled a t  256 sam- 
p l e s /s e c  and i t s  Power Spectrum e s tim a ted  u s in g  an FFT. The s tim u
lu s  o n se t occured  a t  th e  end o f th e  64 th  epoch o f each t r i a l .

Our r e s u l t s  show a d e f i n i t e  s h i f t  of th e  MEG am plitude spectrum  
to  th e  frequency  which c o in c id e s  w ith  o n e -h a lf  o f th e  d i f fe re n c e  
between th e  f re q u e n c ie s  p re se n te d  to  each e a r .  The phenomenon i s  
d is c e r n ib le  5-8  sec  a f t e r  s tim u lu s  o n s e t.  I t  shows d e f i n i t e  tim e 
la g  dependencies and h a b i tu a t io n - p r o p e r t i e s . F in a l ly ,  c o n s tru c tio n  
o f in p u t-o u tp u t frequency  diagram s shows m u ltip le  s t a b i l i t y  and in 
s t a b i l i t y  p o in ts  in d ic a t in g  an ex trem ely  n o n - lin e a r  phenomenon.

° Work suppo rted  by th e  D eutsche F orschungsgem einschaft and th e  
M in is tr i e s  o f R esearch  and Technology o f Greece and th e  F ed e ra l 
R epublic  o f Germany. F ig . :  I/O  f r e q 

uency diagram  
( a ) ,  s t a b i l i t y  
p o in ts  (b) and 
i n s t a b i l i t y  
p o in ts  (c), fo r  
diagram  (a)
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362.1 GABAERGIC ELEMENTS IN THE MONKEY NEOSTRIATUM. Pedro Pasik, 
Tauba Pasik, Gay R. Holstein and Jozsef Hamori*, Depts. of Neurol. & 
Anat., Mount Sinai Sch. Med., CUNY, New York, NY 10029 and First Dept. 
Anat., Semmelweis Univ. Med. Sch., Budapest, Hungary.

A direct GABA antibody was used with the PAP procedure to visualize 
GABA immunoreactive components of the neostriatum in 50 um Vibratome 
sections of rhesus monkey brains.

Light Microscopy. The caudate nucleus and the putamen are filled with 
labeled neuronal cell bodies, most of which are of medium size. The 
immunostain is present in the cytoplasm as well as the nucleus, the nucleolus 
consistently being negative. Neurons are predominantly oval. Occasionally, 
emerging dendrites are also visible, giving the cell a multipolar appearance. 
Very rarely, a large neuron also shows immunoreac tivity. The neuropil 
contains a plexus of fine GABA-positive processes uniformly distributed 
throughout the striatum. Neuroglial elements are unstained.

Electron Microscopy. Two classes of labeled neurons, both of medium 
size, may be distinguished, particularly by the presence or absence of deep 
invaginations of the nuclear envelope. The reaction product in the perikarya 
is primarily membrane bound, coating the outer surfaces of mitochondria, 
smooth endoplasmic sacs and large vesicles. Ribosomes and nuclear 
chromatin appear more electron dense in these neurons than in unlabeled 
cells. No large cell is found labeled, and there are also many examples of 
unstained medium size neurons, some of which may be GABAergic elements 
remaining unreacted because of inconsistencies in antibody penetration. 
The most frequently observed GABA-positive dendrites have abundant dark 
mitochondria and, in longitudinal sections, exhibit emerging spines. Labeled 
isolated spine profiles, probably belonging to this dendritic type, are also 
seen. Other stained dendrites have strictures and dilations with fewer 
mitochondria but more microtubules. A third type has smoother contours 
and is richer in microtubules. Immunoreactive axonal boutons are numerous 
and of two classes. The predominant ones contain small pleomorphic 
vesicles; the others have large ovoid vesicles. The reaction product is 
present in the outer mitochondrial membranes and heavily delineates the 
walls of synaptic vesicles, which remain with clear centers. Generally, 
synapses made by labeled boutons are symmetric. The postsynaptic partners 
are somata, dendrites, dendritic spines or axon initial segments. The most 
frequent elements are dendritic shafts, either immunoreactive or 
unstained. Occasionally, the postsynaptic profile is an unlabeled dendritic 
spine, which also may receive input from an unstained bouton, and rarely a 
neuronal soma which again may be GABA-positive or negative. No junctions 
between immunoreactive boutons and stained spines are seen. Finally, 
immunostained dendrites and spines may be postsynaptic to unlabeled 
boutons of varied morphology.

The simultaneous demonstration of immunoreactive somata, dendrites 
and axon terminals by the direct GABA antibody allows a more accurate 
formulation of striatal inhibitory circuits than previous studies with antisera 
against the GABA-synthesizing enzyme. Aided by NIH Grants #NS-11631, 
NS-18657 and EY-01857, and the American Parkinson’s Disease Association.

362.2 FINE STRUCTURE OF GABAERGIC CIRCUITS IN MONKEY SUBSTANTIA 
NIGRA. Gay R. Holstein, Pedro Pasik and Jozsef Hamori*, Depts. of Neurol. 
& Anat., Mount Sinai Sch. Med., CUNY, New York, NY 10029, and First 
Dept. Anat., Semmelweis Univ. Med. Sch., Budapest, Hungary.

The substantia nigra (SN) contains the highest levels of gamma- 
aminobutyric acid (GABA) and glutamic acid decarboxylase in the 
mammalian brain. These substances are localized primarily within axon 
terminals of afferents from neostriatum, pallidum and nucleus accumbens 
septi. Such pathways appear to mediate inhibition. Previously, we reported 
light microscopic observations on GABA immunoreactive fibers and neurons 
in SN pars reticulata (SNr) and pars compacta (SNc), as well as the fine 
structure of labeled axonal boutons (Soc. Neurosci. Abstr., 1985). Using the 
same GABA antibody, we have conducted further immunocytochemical 
studies with the PAP technique on the tissue from two adolescent monkeys 
(1 M. mulatta, 1 M. fascicularis) and one 4-week-old monkey (M. mulatta). 
No reaction product was visible in control sections, and similar results were 
obtained from all subjects.

Electron microscopic examination of SNr showed GABA-positive 
dendrites, recognized by heavy immunoreac tivity, particularly associated 
with microtubules, ribosomes, and outer mitochondrial and cisternal 
membranes. The mitochondria were usually paler than those contained in 
labeled axonal boutons. In general, these dendrites were only partially 
covered with synapsing axon terminals, few of which were also 
immunostained. The latter endings established clear synaptic contacts, 
where the postsynaptic membrane was slightly thicker than the presynaptic 
partner. In addition to GABA-positive dendrites, there were unlabeled 
dendritic elements with thick pale shafts tightly and fully covered by 
boutons, many of which were immunoreactive. The synaptic contacts 
between GABA-immunoreactive axonal and dendritic elements in the SNr 
most likely represent extrinsic afferent terminations on SNr projections 
neurons, although some of the axonal endings may be intrinsic and belong to 
interneurons, or to axon collaterals of projection cells. The unlabeled 
dendrites resemble those of SNc neurons which are known to penetrate 
SNr. The GABA-positive boutons synapsing on these dendrites are of the 
type less frequently observed, i.e. those with larger and lighter 
mitochondria, and may be derived from SNr neurons, since a similar type of 
organelle is seen in the immunostained dendritic profiles.

The present study provides direct morphologic evidence for the existence 
of synapses between GABAergic components of the SNr neuropil in 
monkeys. This synaptology may represent the basis for the disinhibition of 
SNc neurons seen following neostriatal or pallidal stimulation in rats. Taken 
together, the results contribute to the understanding of inhibitory circuits in 
the primate substantia nigra.

Aided by NIH Grants #NS-11631, NS-18657 and EY-01857, and The 
American Parkinson’s Disease Association.

362.3 IN SITU HYBRIDIZATION OF mRNAs FOR GAD, TYROSINE HYDROXYLASE 
AND TACHYKININS IN THE BASAL GANGLIA. M .-F. C h e sse le t ( 1 ,2 ) ,  
C. W uenschell*(3) A .J . Tobin (3 ) H. U. A f f o l te r* ( 2 ) . Dept of 
Pharm acology, The M edical C o llege  o f P enn sy lv an ia , 
P h ila d e lp h ia ,  PA 19104 ,(1 ) Lab. C lin . S c i . ,  NIMH, B ethesda , MD 
20205 (2 ) Dept B io l . ,  UCLA, Los A ngeles, CA 90024 .(3 )

N e u ro tra n s m it te r - re la te d  mRNAs were d e te c te d  by in  s i t u  
h y b r id iz a t io n  in  s e c t io n s  o f th e  r a t  b ra in  u s in g  33S- 
r a d io la b e l le d  RNA probes t r a n s c r ib e d  from cDNAs cloned  in  th e  
SP6 v e c to r .  C ry o s ta t - c u t fro z e n  s e c t io n s ( 10um) were b r i e f ly  
p o s t - f ix e d  in  parafo rm aldehyde, a c e ty la te d  and d eh y d ra ted , then  
in c u b a ted  w ith . 05 to . 5 ng 35S - la b e l le d  a n t is e n s e  RNA ( 108–109 
dpm/ug) 3 h rs  a t  50°C. Washes were conducted a t  52°C in  50% 
formamide/2xSSC and o v e rn ig h t in  2xSSC/TritonX-100 a t  room 
te m p e ra tu re . The s e c t io n s  were d eh y d ra ted , d e l ip id a te d  in  
x y lene  and p ro cessed  fo r  au to rad io g rap h y  u sin g  Kodak NTB3 
em ulsion . The d i s t r i b u t io n  o f  mRNAs fo r  g lu tam ic  ac id  
d ecarb o x y lase  (GAD), ta c h y k in in s  (su b s ta n c e  P and K) and 
ty ro s in e  hyd ro x y la se  (TH) was examined in  th e  s tr ia tu m , 
pa llid u m  and s u b s ta n t ia  n ig r a  (SN). A p o s i t i v e  s ig n a l  w ith  
a n t is e n s e  RNA fo r  ta c h y k in in s  was found in  la rg e  c l u s t e r s  o f 
medium s iz e  neurons in  th e  s tr ia tu m ; w ith  a n t is e n s e  RNA f o r  TH, 
s i l v e r  g ra in s  were found in  neurons o f  th e  SN p a rs  com pacta and 
a d ja c e n t A10 and A8 dopam inergic c e l l  g roups. In  c o n t r a s t  to  
th e s e  d i s c r e t e  d i s t r i b u t io n s ,  dense c l u s t e r s  o f s i l v e r  g ra in s  
were observed  w ith  th e  GAD a n t is e n s e  RNA over most la rg e  
neurons in  SN p a rs  r e t i c u l a t a ,  g lobus p a l l id u s ,  v e n t r a l  
p a llid u m  and en to p ed u n cu la r n u c le u s . In  th e  s tr ia tu m , th re e  
ty p e s  o f m ed ium -to -large  neurons were observed  w ith  th e  GAD 
a n t is e n s e  RNA: few v ery  d en se ly  la b e l le d  c e l l s ,  numerous c e l l s  
w ith  a  number o f g ra in s  a t  th e  l i m i t  o f s p e c i f ic  d e te c t io n ,  and 
u n la b e l le d  c e l l s .  These r e s u l t s  show a good c o r r e l a t i o n  w ith  
im m unohistochem ical s tu d ie s ,  su g g es tin g  th a t  th e  co rrespond ing  
genes a re  on ly  ex p ressed  in  n eu ro n a l su b p o p u la tio n s  and th a t  
n e u ro t ra n s m it te r  s p e c i f i c a t io n  in  th e s e  system s o ccu rs  a t  th e  
t r a n s c r i p t i o n a l  r a th e r  th a n  t r a n s l a t i o n a l  l e v e l .  In  a d d i t io n ,  
th e s e  r e s u l t s  su g g es t th a t  th e  w e ll documented d if f e re n c e s  in  
th e  le v e ls  o f  GAD and su b stan ce  P immunoreact i v i t y  in  
su b p o p u la tio n s  o f s t r i a t a l  neurons a re  r e l a te d  to  d if f e re n c e s  
in  th e  le v e ls  o f  e x p re ss io n  o f  th e  co rrespond ing  genes r a th e r  
th a n  s t a b i l i t y  o r t r a n s p o r t  o f th e  gene p ro d u c ts . F in a l ly ,  no 
ev idence  was found fo r  a  s ig n i f i c a n t  t r a n s p o r t  o f s p e c i f i c  
mRNAs to  nerv e  te rm in a ls .

Funded by th e  H e re d ita ry  D isease  F oundation  and th e  
Commonwealth o f PA (MFC).

362.4 SYNAPSE-RELATED ANTIBODY IMMUNOSTAINING IN THE DEVELOPING CAT 
STRIATUM: A LIGHT AND ELECTRON MICROSCOPIC STUDY.
H. Newman-Gage* & A.M. G rayb ie l (SPON: F.O. S chm itt) B rain  and 
C o g n itiv e  S c ie n ces , MIT, Cambridge, MA, 02139

The dopam ine-con ta in ing  in n e rv a tio n  o f th e  deve lop ing  s tr ia tu m  
i s  o rg an ized  in to  c lu s t e r s  o f  a f f e r e n t  f ib e r s  known as dopamine 
(DA) is la n d s .  The DA is la n d s  a re  d a rk ly  s ta in e d  w ith  h is to c h em ica l 
p rocedu res  re v e a lin g  ty ro s in e  hyd roxy lase  (TH) and a c e ty lc h o lin 
e s te r a s e  (AChE). D uring m a tu ra tio n  th i s  i s la n d ic  p a t te r n  changes to  
th e  more homogeneous TH d i s t r i b u t io n  and to  th e  com partm ental d i s 
t r i b u t io n  o f AChE-pale s tr io so m e s  ty p ic a l  o f th e  a d u l t .  We r e p o r t  
h e re  on th e  developm ent o f s t r i a t a l  im m u n o rea e tiv ity ,in  th e  c a t ,  to  
two new a n tib o d ie s  th a t  a re  c lo s e ly  a s s o c ia te d  w ith  s y n ap tic  
te rm in a ls  (SV48 and 6G9), and on th e  r e l a t i o n  o f th e se  immunoreac- 
t i v i t i e s  to  TH and AChE s ta in in g  du rin g  m a tu ra tio n . SV48 
(W. Matthew) reco g n ize s  sy n a p tic  v e s ic le s .  6G9 (M. Kennedy) i s  d i r 
ec ted  a g a in s t a Ca+2/c a lm odu lin -dependen t p ro te in  k in a se  known to  
be a m ajor component o f  p o s ts y n a p tic  d e n s i t ie s  and to  have 
synapsin  I  as  a prim ary  s u b s t r a te .

D uring th e  l a s t  th i r d  o f g e s ta t io n  and th e  f i r s t  p o s tn a ta l  week, 
b o th  SV48 and 6G9 were d i s t i n c t l y  lo c a l iz e d  in  c ircu m scrib ed  zones 
a l ig n e d  w ith  th e  TH- and AChE-rich DA is la n d s  found in  s e r i a l  
s e c t io n s .  With m a tu ra t io n , th e  d i s t r i b u t io n  o f  SV48 and 6G9 immuno
r e a c t iv e  s i t e s  changed so th a t  by p o s tn a ta l  day 42 and in to  a d u l t 
hood, th e y , l i k e  TH immunoreac t i v i t y ,  had a r e l a t i v e ly  homogeneous 
d i s t r i b u t io n .  These o b s e rv a tio n s  su g g est th a t  th e  appearance and 
subsequen t m a tu ra tio n  o f synapses in  DA is la n d s  may precede  th a t  of 
synapses in  th e  su rround ing  m a tr ix .

T H -positive  r e a c t io n  p roduct in  DA is la n d s  was found p r im a r ily  
in  sy m m etrica l, ro u n d -v e s ic le  te rm in a ls , in  p re te rm in a l axons, and 
in  growth cones. A few asym m etrical te rm in a ls  and in d iv id u a l axons 
w ith in  f a s i c l e s  were a ls o  p o s i t i v e .  In  th e  m a tr ix , few er TH- 
p o s i t i v e  f ib e r s  and o c c a s io n a l synapses were found, b u t th e  
m a jo r ity  o f axons and synapses were u n la b e le d . SV48 r e a c t io n  
p roduct was a s s o c ia te d  on ly  w ith  v e s ic le s .  I t  was found p r im a r ily  
in  ro u n d -v e s ic le  te rm in a ls  (which f re q u e n tly  formed sym m etrical 
synapses) and in  growth cones. Many te rm in a ls  appeared  to  be 
l i g h t l y  la b e le d  o r  u n la b e le d . SV48 was r a r e ly  a s s o c ia te d  w ith  
pleom orphic v e s ic le s .  Labeled te rm in a ls  were found apposed to  sp in e  
h ead s, d e n d r i te s ,  and growth cones. 6G9 has n o t y e t been s tu d ie d  
u l t r a s t r u e t u r a l l y .

These experim en ts dem o n stra te : 1) th e  c o - d i s t r ib u t io n  du rin g  
s t r i a t a l  developm ent o f im m unostaining fo r  two sy n a p s e - re la te d  
a n t ib o d ie s  and T H -positive  DA i s la n d s ,  and 2) la b e l in g  by SV48 o f 
te rm in a ls  th a t  a r e  u l t r a s t r u e t u r a l l y  s im i la r  to  T H -positive  
te rm in a ls . We su g g es t on th i s  b a s is  th a t  th e  DA is la n d s  may be 
e a r ly  l o c i  o f sy n ap to g en es is  w ith in  th e  s tr ia tu m .
Supported by: NIH NS07711, NSF BNS8319547, and Germeshausen Fund.
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362.5 INNERVATION OF STRIOSOMES AND EXTRASTRIOSOMAL MATRIX BY DIFFERENT 
SUBDIVISIONS OF THE MIDBRAIN A8-A9-A10 DOPAMINE-CONTAINING CELL 
COMPLEX. J .  J i m enez-C aste llanos*  and A .M .G raybiel,W hitaker 
C o lleg e , M ass. I n s t i t u t e  o f Technology, Cambridge, MA 02139

The dopam ine-con ta in ing  in n e rv a tio n  o f th e  deve lop ing  s tr ia tu m  
has been d iv id ed  in to  two broad c a te g o r ie s :  th e  e a rly -fo rm in g  
i s la n d ic  in n e rv a tio n  and th e  la te r -m a tu r in g  d i f fu s e  in n e rv a tio n  
(Olson e t  a l  ' 72 ). The is la n d ic  system  i s  known to  in n e rv a te  r e 
g ions th a t  a re  th e  fo re ru n n e rs  o f s tr io so m e s . To id e n t i f y  th e  
c e l l s  o f o r ig in  o f th e se  two m ajor system s a t  m a tu r ity , we in je c te d  
an te ro g ra d e  t r a c e r  in to  th e  s u b s ta n t ia  n ig ra  p a rs  compacta (SNpc, 
c e l l  group A 9)in th e  c a t  and found (J im e n ez -C as te lla n o s  and G ray- 
b ie l  ' 8 5 )th a t  in j e c t io n s  ce n te re d  ip  a m edial and caudal p a r t  of 
the  SNpc p r e f e r e n t i a l l y  la b e le d  n i g r o s t r i a t a l  f ib e r s  in n e rv a tin g  
s tr io so m e s  ( id e n t i f i e d  in  a d jo in in g  s e c t io n s  p rocessed  fo r  a c e ty l 
c h o l in e s te ra s e ) .  We have extended th i s  study  by p la c in g  in je c t io n s  
of 3H -labeled  amino a c id s  in to  d i f f e r e n t  p a r t s  o f c e l l  groups A8 , 
A9 and A10 in  10 c a ts  (and HRP-WGA in to  A10 in  1 c a t) s o  as to  an
a ly ze  th e  r e s u l t a n t  s t r i a t a l  la b e l in g  in  r e l a t i o n  to  s tr io so m e s  
and the  e x t ra s tr io s o m a l m a tr ix . N ig ra l s u b d iv is io n s  were i d e n t i 
f ie d  in  th e  same o r in  s tan d a rd  b ra in s  by ty ro s in e  hydroxy lase  
im m unohistochem istry .

A d i s c r e te  in n e rv a tio n  o f s tr io so m e s  by a caudom edial c e l l -  
dense s u b d iv is io n  o f  th e  SNpc was confirm ed . The s m a lle s t  in j e c 
t io n s  in  th i s  reg io n  la b e le d  d o rs a l s tr io so m e s , w ith  l i t t l e  l a b e l 
ing  o f th e  e x t ra s tr io s o m a l m a tr ix . L a rger in j e c t io n s  la b e le d  more 
o f th e  s tr io s o m a l system  and weakly la b e le d  l a t e r a l  p a r t s  o f th e  
m a tr ix . In  one c a s e ,  d o r s a l  s tr io so m e s  were la b e le d ,  b u t some ven
t r a l  s tr io so m e s  were avoided by th e  la b e le d  f ib e r s .

I n je c t io n s  c e n te re d  in  c e l l  group A8 la b e le d  p r im a r ily  th e  
e x t ra s tr io s o m a l m a tr ix . Such d i f f e r e n t i a l  la b e l in g  o f th e  m a trix  
o ccu rred  in  ca se s  w ith  l i t t l e  o r no d e te c ta b le  la b e l in g  o f th e  
nuc leus  accum bens-ven tra l s t r ia tu m . S parse v e n t r a l  m a tr ix  l a b e l 
ing  o ccu rred  w ith  d e p o s its  c e n te re d  in  th e  v e n t r a l  tegm ental a re a  
(A10).

Mixed la b e l in g  o f s tr io so m e s  and m a tr ix  occu rred  w ith  d e p o s its .  
c e n te re d  in  th e  la rg e  rem aining  p a r t  o f th e  SNpc and in  th e  p a rs  
l a t e r a l i s  o f th e  SN. The heigh ten ed  la b e l in g  o f s tr io so m e s  was 
p r im a r ily  in l a t e r a l  a n d /o r  caudal s t r i a t a l  re g io n s . As f in g e r 
l i k e  ex te n s io n s  o f th e  c e l l - d e n s e  zone o f SNpc in t ru d e  in to  r o s t r o -  
l a t e r a l  p a r t s  o f th e  SNpc, th e s e ,  r a th e r  than  th e  more s c a t te r e d  
c e l l s  o f SNpc, m ight have accounted  fo r  p a r t  o r most o f th e  s t r i o 
somal la b e l in g .

We conclude th a t  d i f f e r e n t  p a r t s  o f  th e  A8-A9-A10 dopam ine-con
ta in in g  c e l l  complex p ro je c t  to  s tr io so m e s  and to  e x t ra s tr io s o m a l 
m a tr ix , and su g g es t th a t  th e se  d i f f e r e n t i a l  p ro je c t io n s  co rresp o n d , 
in  p a r t  a t  l e a s t , t o  th e  i s la n d ic  and d i f f u s e  in n e rv a tio n s  o r i g i 
n a l ly  d e te c te d  by ca techo lam ine  h is to f lu o re s c e n c e .

Supported by NSF BNS8319547 and The Seaver I n s t i t u t e .

362.6 NEURONS CONTAINING TYROSINE HYDROXYLASE-LIKE IMMUNO- 
REACTIVITY IN THE CAUDATE AND PUTAMEN OF A NONHUMAN 
PRIMATE. M. Dubach, R. Schmidt, D. M. Bowden, D. Kunkel, R. Martin, 
D. German, Departments of Psychiatry and Behavioral Sciences and of 
Neurological Surgery, and Regional Primate Research Center, University 
of Washington, Seattle, WA, and Departments of Physiology and 
Psychiatry, University of Texas, Dallas, TX.

Tyrosine hydroxylase (TH) immunohistochemistry labels midbrain 
dopamine (DA) neurons, nigrostriatal fibers, and neostriatal terminals, 
but TH-like immunoreactive (THLI) cells in the neostriatum itself have 
not been previously reported. We present evidence, based on TH 
peroxidase-antiperoxidase light (LM) and electron (EM) microscopy, that 
small (8–12μm), ovoid, usually bipolar THLI cells are present in the 
caudate, putamen, and adjacent white matter. Coronal 50-μm sections 
contain 75–200 cells. Each cell has a large, deeply invaginated nucleus 
surrounded by a thin layer of labeled cytoplasm, and gives rise to one or 
two processes visible by LM. Analysis of several such cells by EM has 
suggested that the processes are aspiny dendrites. Synapses appear on 
the cell bodies and proximal dendrites; some of the terminals contacting 
the cells are themselves THLI-positive, and others are not. Labeling was 
specific--TH antiserum from two different sources labeled the cells, and 
non-immune serum control sections contained no labeled cells. The THLI 
cells were not labeled by dopamine beta-hydroxylase antibody, suggesting 
that they do not contain norepinephrine or epinephrine. Neostriatal THLI 
neurons are present in the macaque (M. fascicularis) and the baboon (P. 
cynocephalus), but we have not found them in the rat.

Treatment of monkeys with the DA neurotoxin MPTP, sufficient to 
induce parkinsonian symptoms, does not eliminate THLI cells from the 
neostriatum, suggesting that if they are DA cells they, like DA cells in 
ventral tegmentum, are relatively insensitive to MPTP.

The existence of THLI cells has been previously reported in 
orbitofrontal and olfactory cortical areas and adjacent white matter near 
the nucleus accumbens (Kohler et al., Neurosci. Lett. 37:161, 1983). The 
present work confirms that finding. The neostriatal cells are similar to 
the rostrobasal cells, but slightly smaller; they also appear in white 
matter (corona radiata and internal capsule) adjacent to neostriatal gray. 
Neostriatal acetylcholinesterase (AChE) cells of similar size and EM/LM 
appearance have been described (Bolam et al., Neurosci. 12:687, 1984). 
Because midbrain DA neurons and axons are AChE-positive (Henderson, 
3. Comp. Neurol. 197:185), neostriatal THLI cells may represent the 
same population as neostriatal AChE cells.

The role of these neurons in DA-mediated behavior remains to be 
assessed. Their normal presence in the primate neostriatum should be 
considered in the histological evaluation of DA-neuron transplants in 
monkeys. (Supported by USPHS RR00166, NS07144, NS20030 and Dallas 
Area Parkinsonism Society)

362.7 EFFECTS OF THE WEAVER GENE ON THE ISLANDIC AND DIFFUSE DOPAMINE- 
CONTAINING INNERVATIONS OF THE STRIATUM: A BIOCHEMICAL AND 
ANATOMICAL STUDY. S. R offler-T arlov  and A.M. G rayb ie l, Depts. 
Neurology and A n a t., T u fts  Univ. Sch. Med., Boston, MA 02111 & 
Whitaker C ollege, M .I.T ., Cambridge, MA 02139

The dopamine-containing innervation  o f the  s tria tu m  o rig in a te s  
in c e l l  groups A8, A9, and A10 of the  m idbrain. At b i r th ,  much of 
th i s  innerva tion  i s  organized in to  macroscopic c lu s te r s ,  known as 
dopamine is lan d s . O utside these  c lu s te r s ,  the  dopamine-containing 
innervation  i s  sparse . With increasing  age, the non -island ic  o r 
"d iffu se"  innervation  g radually  in c reases, so th a t  even tually  the 
dopamine is lan d s  a re  no longer v is ib le  un less  pharmacological 
treatm ents a re  g iven . Anterograde tra n sp o rt experiments have 
shown th a t  the  is la n d ic  and d if fu se  systems p e r s is t  in to  adulthood 
and th a t  they o r ig in a te ,  a t  le a s t  in  p a r t ,  in  d if f e r e n t  
dopamine-containing c e l l  groups (Jim inez-C astellanos & G raybiel, 
1985, 1986). The weaver m utation i s  known to  r e s u l t  in  a dram atic 
reduction  of dopamine in  the  ad u lt caudoputamen (CP) (Schmidt e t  
a l . ,  1982; R offler-T arlov  and G raybiel, 1984). In  the  study 
reported  here , we examined the  e a r ly  p o s tn a ta l development of the 
dopamine-containing m e so s tria ta l innervation  in  homozygous weaver 
and normal mice. We monitored synaptosomal accumulation of 3H 

dopamine as a measure o f the  ex ten t of the  dopamine-containing 
in n e rv a tio n , as  w ell a s  endogenous dopamine in  CP o f co n tro l and 
weaver mice, a t  in te rv a ls  between P7-P33. In  p a r a l le l ,  we stud ied  
the  anatom ical p a tte rn  formed by the  developing n ig ro s tr i a ta l  
innervation  by ty ro sin e  hydroxylase immunohistochemistry.

Th e biochemical find ings demonstrated th a t  synaptosomal uptake 
o f 3h dopamine i s  a lready reduced by about 30% in  one week-old 
weaver anim als although th e  dopamine content i s  nearly  normal. 
During the  next th ree  weeks the  discrepancy between weaver and 
co n tro l grows as the  dopamine con ten t and uptake capacity  of the 
co n tro l CP increases a t  a ra te  th a t  i s  not matched in  weavers.
Thus the  biochemical find ings suggested th a t  the  d efect in  the 
mature weaver mouse r e s u l t s  from a thwarted development o f the 
n ig r o s t r i a ta l  system.

The anatom ical fin d in g s , by c o n tra s t , demonstrated th a t  
degenerative  events a re  a lso  involved. The dopamine is lan d s , the 
main dopamine-containing f ib e rs  innervating  th e  caudoputamen a t  
b i r th ,  a re  e sp e c ia lly  prominent both in  weavers and normals in  the  
do rsa l caudoputamen, the  region  of maximum dopamine lo s s  in  the  
ad u lt weaver. This is la n d ic  system degenerates during the  th ird  
p o s tn a ta l week in  the  weaver. Thus, in  ad d itio n  to  fa i lu re  of 
development o f the  d iffu se  dopamine system in  the  weaver, th e re  is  
degeneration o f the  ea r ly  a rr iv in g  is la n d ic  system. Supported by 
NIH-NS20181, the  Seaver I n s t i tu te ,  and the  American Parkinson 
Disease A ssociation .

362.8 THE DEVELOPMENTAL AND BIOCHEMICAL BASIS OF DUAL "PATCH” and 
"MATRIX” NIGROSTRIATAL DOPAMINERGIC SYSTEMS IN THE RAT.
C.R. GERFEN. Lab. o f N europhysio logy, NIMH, B ethesda , MD 20892

The s tr ia tu m  i s  a m osaic of two neurochem ically  and an a to m ica l
ly  d i s t i n c t  com partm ents, th e  "pa tches"  and th e  "m a trix " . T his 
o rg a n iz a tio n  p ro v id es  p a r a l l e l  s t r i a t a l  in p u t-o u tp u t pathw ays: the 
" p a tc h e s” re c e iv e  in p u ts  from c e r t a in  c o r t i c a l  a r e a s ,  such as  th e  
p re lim b ic  c o r te x , and p ro je c t  to  th e  dopam inergic neurons of th e  
s u b s ta n t ia  n ig r a ,  w hereas th e  "m a trix "  r e c e iv e s  in p u ts  from o th e r  
c o r t i c a l  a r e a s ,  such as senso ry  and motor a r e a s ,  and p ro je c ts  to  
th e  GABAergic neurons o f th e  s u b s ta n t ia  n ig ra  p a rs  r e t i c u l a t a  
(G erfen , C .R ., N a tu re , 311:461, 1984). Though seg reg a ted  in  terms 
o f in p u t-o u tp u t c o n n e c tio n s , p a tch es  i n t e r a c t  w ith  su rround ing  
m a trix  v ia  a t  l e a s t  two sy stem s, through  lo c a l  connections  of 
s t r i a t a l  so m a to s ta tin  in te rn e u ro n s  (G erfen , ' 84) and through th e  
more in d i r e c t  bu t w idespread  n i g r o s t r i a t a l  feedback c i r c u i t .  This 
s tudy  examines th e  l a t t e r  system  u s in g  PHA-L axona l t r a c t  t r a c in g  
combined w ith  ty ro s in e  hyd roxy lase  im m unoreactiv ity  to  d is t in g u is h  
dopam inergic f ib e r s  (G erfen  and Sawchenko, B r. R es. , 343: 144, 1985) 
and w ith  3H-Naloxone b ind ing  o f mu o p ia te  r e c e p to rs  to  mark p a tc h -  
m a tr ix  a r e a s .  R e s u lts  show th a t  1) non-dopam inergic n i g r o s t r i a t a l  
f ib e r s  a re  r e s t r i c t e d  to  th e  m a tr ix , 2 ) dopam inergic neurons in  
th e  v e n t r a l  tegm en ta l a re a  (VTA) and r e t r o ru b r a l  a re a  p ro je c t  to  
v e n t r a l  and d o rs a l s t r i a t a l  m a tr ix , r e s p e c t iv e ly ,  and 3) dopamin
e rg ic  neurons in  th e  s u b s ta n t ia  n ig ra  c o n s t i tu te  mixed p o p u la tio n s  
th a t  p ro je c t  to  bo th  p a tch  and m a tr ix  a r e a s .  The p o p u la tio n  of 
n i g r o s t r i a t a l  neurons can be d is s o c ia te d  in  s e v e ra l  ways. F i r s t ,  
th e  r e l a t i v e  degree o f PHA-L la b e l in g  of in p u ts  to  pa tch es  and 
m a trix  i s  dependent on th e  lo c a t io n  of dopam inergic neurons 
in j e c t e d ,  i . e .  in j e c t io n s  of dopam inergic neurons in  th e  v e n t r a l  
p a rs  r e t i c u l a t a  la b e l  p r in c ip a l ly  in p u ts  to  th e  p a tc h e s . Second, 
a b ra in  ca lcium  b in d in g  p ro te in  (CaBP-28kD) i s  lo c a l iz e d  to  a 
s u b se t o f dopam inergic neu rons , most of th o se  in  th e  VTA and a 
s u b se t o f th o se  in  th e  s u b s ta n t ia  n ig ra  p a rs  com pacta (and few in  
th e  p a rs  r e t i c u l a t a ) ,  th a t  match in  t h e i r  d i s t r i b u t io n  th o se  PHA-L 
la b e le d  dopam inergic neurons p ro je c t in g  to  th e  m a tr ix . T h ird , 6-  
hydroxydopam ine-induced le s io n s  of n e o n a ta l s t r i a t a l  dopam inergic 
a f f e r e n ts  r e s u l t  in  an a d u l t  p a t te r n  of dopamine f ib e r s  en rich ed  
in  th e  m a tr ix  and d e p le te d  in  th e  p a tc h e s . In  th e se  ca se s  th e  
su rv iv in g  dopam inergic neurons a re  th o se  th a t  c o n ta in  CaBP—28kD 
and match th e  d i s t r i b u t io n  of th e  PHA-L la b e le d  neurons p ro je c t in g  
to  th e  m a tr ix . Thus, th e re  e x i s t  two s e t s  of dopam inergic neurons 
in  th e  s u b s ta n t ia  n ig ra ,  1) th o se  th a t  appear to  be con tiguous 
w ith  th e  VTA and r e t r o ru b r a l  dopamine c e l l  groups in  th a t  they  
b o th  ex p ress  CaBP-28kD and p ro je c t  to  th e  m a tr ix  and 2) th o se  
t h a t ,  though in te rm ix ed  w ith  th e  f i r s t  group, a re  d is tin g u is h e d  by 
th e i r  p r e f e r e n t ia l  p ro je c t io n s  to  th e  p a tc h e s , by th e i r  la c k  of 
ex p re ss io n  o f CaBP-28kD and th e i r  e a r l i e r  developm ental grow th.
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362.9 LIGHT AND ELECTRON MICROSCOPIC LOCALIZATION OF IMMUNOREACTIVE 
SUBSTANCE P IN THE MONKEY NEOSTRIATUM. M. Di Fi g l i a and N. A ronin . 
D ept.  o f N eurology, Mass. G eneral H osp., B oston, MA, 02114 and 
D ept. o f M edic ine, U. Mass. Med. S ch ., W orcester, MA, 01605.

There i s  ev idence  th a t  su b stan ce  P i s  a n e u ro t ra n s m it te r  in  the 
b a s a l gan g lia*  We examined th e  lo c a l i z a t i o n  o f im m unoreactive sub
s tan c e  P ( iS P ) in  the monkey n eo s tr ia tu m  a t  the l i g h t  and e le c tro n  
m icroscop ic  l e v e l .  Monkeys ( S a im iri s c iu r e u s ; N=4) were in je c te d  
b i l a t e r a l l y  w ith  80 ug of c o lc h ic in e  and p e rfu sed  i n t r a c a r d i a l l y  
fo r  30 min w ith  b u ffe re d  4% parafo rm aldehyde. B ra ins were p o s tf ix e d  
fo r  1 h r in  4% paraform aldehyde and 0.1% g lu ta ra ld e h y d e . Vibratorae 
s e c t io n s  35 μ m th ic k  were in c u b a ted  in  a SP m onoclonal a n t is e r a  a t  
a d i l u t i o n  o f 1 :1 0 0  f o r  48 to  72 h r  and p ro c e s s e d  u s in g  th e  
b io t in - a v id in  im m unohistochem ical method w ith  d iam inobenzid ine  as 
th e  chrom agen. C on tro ls  which inc lu d ed  t i s s u e  s e c t io n s  incubated  
e i t h e r  in  a n t i s e r a  p reabso rbed  w ith  50 μ g/ml of SP o r in  non-immune 
serum e x h ib ite d  no SP im m u n o rea c tiv ity . T issue  s e c t io n s  were 
t r e a te d  w ith  1% osmium te tro x id e  and embedded f l a t  in  Epon.

R esu lts  showed th a t  iSP  was lo c a l iz e d  to  m edium -sized caudate  
neurons about 15 μ m in  s iz e .  Most o f the  iSP neurons were sp a rs e ly  
d i s t r i b u te d  w ith in  500 μ m of the v e n t r ic u la r  su r fa c e  and showed 
m oderate to  dense p r e c i p i t a te s  o f re a c t io n  p roduct in  t h e i r  c e l l  
bod ies  and p rim ary  d e n d r i te s .  A dense p lexus of iSP te rm in a ls  was 
a l s o  v i s ib l e  th roughou t th e  n e o s tr ia tu m . U lt r a th in  s e r i a l  s e c t io n s  
through  20 iSP  somata showed th a t  the  m a jo rity  o f m oderately  (9 of 
14 c e l l s )  and d a rk ly  la b e le d  (4 o f 6 ) neurons co n ta in ed  a c e n tr a l l y  
lo c a te d ,  u n inden ted  n u c le u s , and a th in  rim  of cy toplasm  which was 
s p a rs e ly  p opu la ted  w ith  o rg a n e l le s .  A sm a lle r  p ro p o rtio n  of the  
neurons (6  of 20 ) had s im i la r  f e a tu re s  w ith  th e  e x c ep tio n  th a t  
s e v e ra l shallow  en fo ld in g s  o r a s in g le  deep in d e n ta t io n  appeared  in  
the  n u c le u s . Im m unoreactive SP f ib e r s  were m ostly  u nm yelina ted , o f 
f in e  c a l ib e r  ( 0 .1  μ m), and co n ta in ed  numerous sw e llin g s  f i l l e d  w ith  
v e s ic le s .  In caudate  n e u ro p il iSP  axon te rm in a ls  were r e l a t i v e ly  
freq u e n t in  number (up to  8 boutons per 100 μ m2 ) ,  showed dense 
p r e c i p i t a t e s  o f  r e a c t i o n  p r o d u c t ,  and form ed m o s tly  sy m m etric  
sy n ap ses . Of 90 boutons i d e n t i f i e d  a t  th e  le v e l  of t h e i r  s y n a p tic  
c o n ta c ts  83% synapsed w ith  sm all d e n d r i te s ,  9% w ith  c e l l  b o d ie s , 6% 
w ith  sp in e s  and 2% w ith  axon i n i t i a l  segm ents. R esu lts  show th a t  in  
th e  monkey n e o s tr ia tu m  the m a jo rity  of iSP neurons have m orphologi
c a l  f e a tu r e s  s im i la r  to  m edium -sized sp iny  c e l l s  ( ty p e  1 ) and a 
sm a lle r  p ro p o rtio n  of iSP neurons belong to  an u n id e n t i f i e d  group 
p o s s ib ly  o f th e  medium -sized asp in y  ty p e . The r e l a t i v e  d i s t r i b u t io n  
o f synapses formed by iSP  axons w ith  v a rio u s  p o s ts y n a p tic  ta r g e ts  
in  caudate  d i f f e r s  from th a t  p re v io u s ly  observed fo r  im m unoreactive 
en k e p h a lin , s o m a to s ta tin , and c h o lin e  a c e ty l t r a n s f e r a s e  co n ta in in g  
axons and su g g es ts  p r e f e r e n t ia l  s i t e s  fo r  th e  a c t io n  o f each of 
th e se  p u ta t iv e  t r a n s m it te r s  w ith in  the  caudate  n u c le u s . Supported 
by NIH g ra n t NS 16367 to  MD and AM 01126–04 to  NA.

362.10 DUAL LOCALIZATION OF [LEUJ-ENKEPHALIN AND CHOLINE ACETYL
TRANSFERASE IN THE RAT BASAL GANGLIA G.R. Penny. H.T. Chang and 
S.T. Kitai. Dept. of Anatomy and Neurobiology, University of 
Tennessee Memphis, The Health Science Center, Memphis, TN 38163

Spiny projection neurons containing the peptide neurotransmitter 
[leu]- enkephalin (L-ENK) make up almost 50% of the neurons in the 
neostriatum. These neurons give rise to both local collaterals within 
the striatum and terminal arborizations in the globus pallidus. Both 
areas contain populations of cholinergic neurons; those within the 
striatum are local circuit neurons, but those within the globus 
pallidus are sources of cholinergic innervation of the cerebral cortex 
The purpose of the present study was to determine whether 
enkephalin-containing neurons form synaptic contacts with 
cholinergic neurons in either structure.

We used a double labeling method to simultaneously localize, 
within a single section, L-ENk-immunoreactivity using rabbit 
antiserum to L-ENK (Immunonuclear) and choline acetyltransferase 
(ChAT) using rat anti-ChAT antibody (a gift from F. Eckenstein). We 
used the ABC method and DAB reaction product to label ChAT- 
immunoreactive neurons and an immunogold method to localize 
L-ENK. In other experiments we reversed the order, and L-ENK was 
labeled by DAB and ChAT by immunogold. Sections for light 
microscopic analysis were silver-intensified. After osmication all 
material was section-embedded in Spurr’s resin.

We find that (1) in the light microscope the DAB reaction product 
appears brown and homogeneous; the silver-intensified gold is 
punctate; and the two are clearly distinguishable at both light and 
electron microscopic levels. (2) The distribution and morphology of 
the ChAT-immunoreactive neurons and the L-ENK-immunoreactive 
terminals are consistent with previously published reports. (3) The 
penetration of the colloidal gold labeling is limited to the outer 2 to 
3 um of the section, whereas the ABC method gives labeling 
thoroughout the thickness of the section. (4) Although the 
enkephalin- immunoreactive terminals are found near the 
ChAT-immunoreactive neurons in the globus pallidus, it does not 
appear that synapses form between the two, suggesting that there is 
no monosynaptic input from neostriatal enkephalinergic projection 
neurons onto pallidal cholinergic neurons.

Supported by NS 22377 to GRP, a grant from the Alzheimers Disease 
and Related Disorders Association to HTC, and NS 20702 to STK.

362.11 E le c tro n  m icro scop ic  ev idence  o f s t r i a t a l  in p u t to  i n t r a p a l l i d a l  
neurons o f c h o l in e rg ic  c e l l  group Ch4 in  th e  r a t .  E.A. Grove and 
C.A. Ingham*(SPON: W .J.H. N au ta ) . D ept. o f  Psychology,M IT,Cam bridge, 
MA, and D ep t. o f Pharm acology, South P arks R d., O xford, UK.

In  th e  r a t ,  many o f th e  c h o l in e rg ic  b a s a l fo r e b ra in  neurons th a t  
in n e rv a te  th e  c o r te x  and amygdala (Ch4) l i e  w ith in  th e  v e n t r a l  
pa llid u m  (VP) and g lobus p a l l id u s  (GP), and th u s  w ith in  reac h  o f a 
d i r e c t  p ro je c t io n  from th e  s tr ia tu m . A fte r  in j e c t io n s  o f th e  
a n te ro g rad e  t r a c e r  PHA-L in to  th e  m ed ia l s t r ia tu m , l e c t i n - f i l l e d  
axonal v a r i c o s i t i e s  (p u ta t iv e  te rm in a ls )  can be seen in  th e  l i g h t  
m icroscope d i r e c t l y  apposed to  th e  soma and d e n d r i te s  o f GP c h o lin 
e rg ic  neurons (Grove e t  a l . ,  1986, B r. Res. 367:379–384). We now 
re p o r t  th a t  some such ju x t a p o s i t i o n s ,  a t  l e a s t ,  r e p re s e n t s y n a p tic  
c o n ta c ts  between s t r i a to f u g a l  axons and c h o l in e rg ic  c e l l s .

To o p tim ize  combined PHA-L and c h o lin e  a c e ty l t r a n s f e r a s e  (ChAT) 
im m unohistochem istry, r a t s  were p e rfu sed  t r a n s c a r d ia l ly  w ith  f ix a 
t i v e  c o n ta in in g  4.0% paraform aldehyde and 1.0% g lu ta ra ld e h y d e ; then  
s e c t io n s  were cu t a t  50 um on a v ib ra to m e , r in s e d  fo r  1 hr in  T r is  
b u ffe re d  s a l in e  c o n ta in in g  0.06% T rito n -X , and in cu b a ted  fo r  60 hr 
w ith  p rim ary  a n t i s e r a  d i r e c te d  a g a in s t ChAT (B oehringer Mannheim) 
and PHA-L (V ec to r) . Both ty p e s  o f im m unoreactiv ity  were lo c a l iz e d  
u s in g  th e  p e ro x id ase  a n t i-p e ro x id a s e  p rocedu re  w ith  3 ,3 ' diam ino
b en z id in e  a s  th e  s u b s t r a te .  Viewed in  th e  l i g h t  m icroscope, th e  GP 
was seen  to  c o n ta in  s t r e t c h e s  o f dark  brown s ta in e d  v a r ic o s e  axons 
and l i g h t e r  brown im m unoreactive c e l l  b o d ie s  and d e n d r i te s .  In  con 
t r o l  s e c t io n s  in cuba ted  w ith  th e  ChAT prim ary  an tise ru m  o m itte d , no 
im m unoreactive c e l l  b o d ie s  o r  d e n d r i te s  appeared  o u ts id e  th e  PHA-L 
in j e c t io n  s i t e .  When th e  PHA-L prim ary  an tise ru m  was om itted  in 
s te a d , th e  GP was f r e e  o f v a r ic o s e  axon l a b e l l i n g .

In  a d o u b le - la b e l le d  s e c t io n  th rough  th e  cau d a l g lobus p a l l id u s ,  
a P H A -L -filled  axon appeared to  c o n ta c t a ChAT-immunoreactive den
d r i t e  w ith  a  long  v a r i c o s i ty .  The re g io n  c o n ta in in g  t h i s  ju x ta 
p o s i t io n  was s e c tio n e d  on an u ltram icro tom e and s e r i a l  s e c t io n s  wen 
examined in  th e  e l e c t ro n  m icroscope. The axonal v a r i c o s i ty  r e p re 
sen ted  an axon te rm in a l th a t  made two sy n a p tic  c o n ta c ts  w ith  th e  
ChAT-immunoreactive d e n d r i te .  These sy n a p tic  s p e c i a l i z a t i o n s  were 
sym m etric, l i k e  most formed by s t r i a to f u g a l  axon te rm in a ls  in  th e  GP

O ther PH A -L-labelled axon te rm in a ls  were seen  in  ju x ta p o s i t io n  
to  ChAT-immunoreactive elem ents in  t h i s  m a te r ia l ,  b u t c le a r  sy n a p ti 
c o n ta c ts  cou ld  n o t be d is c e rn e d . Some ju x tap o sed  te rm in a ls  made 
sy n a p tic  c o n ta c t in s te a d  w ith  a d ja c e n t u n la b e lle d  e lem en ts .

Our p re s e n t f in d in g s  complement e a r l i e r  EM ev idence  o f s y n a p tic  
in p u t from th e  n u c leu s  accumbens to  c h o l in e rg ic  neurons in  th e  VP 
(Zaborszky e t  a l . ,  1984, Soc. N eu rosc i. A b str . 1 0 :8 ) , and in d ic a te  
th a t  some in t r a p a l l i d a l  c h o l in e rg ic  neu rons , a t  l e a s t ,  a re  i n t e 
g ra te d  in to  th e  c i r c u i t r y  o f  th e  b a s a l g a n g lia .

Supported by PHS g ra n ts  1 R02 NS 19945 and P01 MH 31154.

362.12 STRIOSOMAL MARKERS IN THE STRIATUM IN HUNTINGTON’S DISEASE. 
L .A .Feigenbaum , A .M .G raybiel, J .P .V o n s a t t e l ,* E .P . R ichardson , J r .* 
and E. D. B ird , W hitaker C o lleg e , Mass. I n s t i t u t e  o f Technology, 
Cambridge, MA 02139

The n e u ro p il o f th e  s tr ia tu m  i s  c h a ra c te r iz e d  by chem ica lly  
d i s t i n c t  m acroscopic com partm ents r e l a te d  to  th e  s p a t i a l  a rra n g e 
ment o f s t r i a t a l  t r a n s m it te r s  and c o n n e c tio n s . These compartments 
were f i r s t  d e te c te d  in  th e  human b ra in  by a c e ty lc h o lin e s te r a s e  
(AChE) h is to c h e m is try  as  0 .5 –0 .8 mm-wide AChE-poor zones in  an 
AChE-rich m a tr ix  in  th e  ca udate  nuc leus  (CN) and as l e s s  sh a rp ly  
d e f in e d , and sometimes l a r g e r ,  zones in  th e  putamen. They have 
s in c e  been shown to  co rrespond  to  p a tch es  o r  a n n u li  o f h e igh tened  
m e t-e n k e p h a lin - l ik e  im m unoreactivity(m ENK -LI). In  th e  study  r e p o r t
ed here ,w e sought to  le a rn  w hether t h i s  s tr io s o m a l a r c h i te c tu r e  
s u rv iv e s  in  th e  s tr ia tu m  in  th e  cou rse  o f  H un tin g to n ’s d isease(H D ), 
an in h e r i te d  d is o rd e r  in  which th e re  i s  m assive , p ro g re s s iv e  c e l l  
d ea th  in  th e  s tr ia tu m . We ana lyzed  s t r i a t a l  t i s s u e  from 8 b ra in s  
i d e n t i f i e d  by th e  V o n sa tte l and R ichardson g rad ing  s c a le  (0–4 , 4 
most d e g e n e ra te d ) :Grade 2 (G2, n= 2), Grade 3 (G3, n=3) and Grade 4 
(G4, n= 3 ). One o f th e  G4 b ra in s  was c h a ra c te r iz e d  as  ju v e n ile  
o n se t HD. We s ta in e d  s e le c te d  s e t s  o f s e c t io n s  fo r  AChE, fo r  mENK- 
L I , and fo r  two o th e r  enzymes th a t  we have found to  r e v e a l s t r i o 
somal co m p artm en ta liza tio n  in  th e  normal human s tr ia tu m : NADPH 
d ia p h o rase  (NADPHd) and b u ty ry lc h o lin e s te r a s e  (BuChE). O ther 
s e c t io n s  were s ta in e d  fo r  g l i a l  f i b r i l l a r y  a c id ic  p ro te in  (GFAP) 
and fo r  N is s l  su b stan ce . As c o n t r o ls ,  we ana lyzed  s t r i a t a l  t i s s u e  
from 9 b ra in s  f r e e  o f known n e u ro lo g ic a l d e f e c ts .

Each o f th e  4 s ta in s  used to  d e te c t  s tr io so m e s  in  th e  normal 
b ra in s  (AChE,mENK-LI,NADPHd and BuChE)revealed co n tinued  p resence  
o f s tr io s o m a l a r c h i te c tu r e  in  HD b ra in s  id e n t i f i e d  as G2. There 
were d if fe re n c e s  in  th e  c l a r i t y  o f th e  p a t te rn in g  w ith  th e  d i f f e r 
en t m arkers. In  th e  CN, s tr io so m e s  were AChE-poor, NADPHD-poor and 
matched a n n u li o r  p a tch es  o f  mENK-LI, b u t zones o f reduced BuChE 
s ta in in g ,  which matched s tr io so m e s  in  normal s tr ia tu m , were no t 
d e te c te d . In  th e  putam en, com partm ents were c l e a r  in  NADPHd and 
AChE b u t d e te c ta b le  on ly  v e n t r a l l y  w ith  th e  o th e r  s t a i n s . I n  th e  G3 
sp e c im en s ,s tr io so m a l a r c h i te c tu r e  was s t i l l  ev id e n t in  AChE-stained 
s e c t io n s  b u t p a t te rn in g  in  mENK-LI was n o t v i s ib l e  excep t in  the  
v e n t r a l  s tr ia tu m (V S ),a  zone p r e f e r e n t ia l ly  spared  in  H D ,least 
s ta in e d  fo r  GFAP in  our sam ples, and c h a ra c te r iz e d  by v iv id  p a t
te rn in g  in  th e  normal b r a in .  No NADPHd and BuChE s e c t io n s  were 
a v a i la b le .  In  G4 s tr ia tu m , p a t te rn in g  in  MENK-LI was ab sen t d o r-  
s a l l y  and reduced in  th e  VS,and was n o t v i s ib l e  (1 sam ple) in  
NADPHd. In  AChE and BuChE s e c t io n s , how ever, com partm ents o f h igh  and 
low s ta in in g  were p re s e n t w ith  pronounced abnorm al p a t te rn s  in  th e  
putamen. Large numbers o f A C hE-positive neurons were found in  th e  
HD s t r i a tu m ,even in  advanced g rades and in  th e  ju v e n ile  o n se t c a se .

Supported by NIH 2P01 NS16367 and The Seaver I n s t i t u t e .
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363.1 DOPAMINERGIC, HISTAMINERGIC AND ENKEPHALINERGIC PRO
JECTIONS FROM THE D I- AND MESENCEPHALON TO THE NUCLEUS 
RAPHE MAGNUS IN THE RAT. H. W. M. S te in b u s c h , a J . V e e n in g * , 
J .B o l*  and  A .H .M u ld e r* .D e p t .P h a rm a c o lo g y , F re e  U n i
v e r s i t y ,  A m sterdam  a n d  aD e p t. Anatomy and  E m bryo logy , 
C a t h o l ic  U n i v e r s i t y ,  N ijm eg en , The N e th e r la n d s .

L a t e ly  i t  h a s  b e en  shown t h a t  t h e  n u c le u s  ra p h e  
m agnus (nrm ) r e c e i v e s  a medium t o  d e n s e  i n n e r v a t i o n  o f  
d o p a m in e -im m u n o re a c tiv e  (DAi) f i b e r s ,  w h ich  a r e  m a in ly  
c o n f in e d  t o  i t s  l a t e r a l  p a r t s .  I n  a d d i t i o n  some s c a t 
t e r e d  h i s t a m in e r g i c  (HAi) and  e n k e p h a l in e r g i c  (ENKi) 
f i b e r s  a r e  d i s t r i b u t e d  th r o u g h o u t  t h e  nrm . The nrm 
c o n ta in s  a l a r g e  num ber o f  s e r o t o n e r g i c  n e u ro n s ,  m a in 
ly  l o c a l i z e d  i n  i t s  b i l a t e r a l  w in g s . In  t h e  p r e s e n t  
s tu d y  we h av e  i n v e s t i g a t e d  th e  p r e c i s e  o r i g i n s  o f  th e  
d o p a m in e rg ic ,  h i s t a m in e r g i c  and  e n k e p h a l in e r g i c  i n n e r 
v a t i o n  o f  t h e  nrm . U sin g  T R IT C -im m u n o flu o re scen ce , in  
c o n ju n c t io n  w i th  a n t i b o d i e s  t o  DA,HA,HDC and  ENK and  
i n  c o m b in a t io n  w i th  i n j e c t i o n s  o f  th e  r e t r o g r a d e  t r a 
c e r s  T ru e  B lu e  (TB) o r  G ra n u la r  B lu e  (GB) we h ave  
s t u d i e d  th o s e  d i -  and  m e s e n c e p h a l ic  DA-,HA and  ENK- 
im m u n o re a c tiv e  c e l l  g ro u p s  w h ich  h av e  b e en  p r e d i c t e d  
t o  g iv e  r i s e  t o  d o p a m in e rg ic ,  h i s t a m in e r g i c  and  e n k e 
p h a l i n e r g i c  p r o j e c t i o n s  t o  t h e  nrm . F o llo w in g  i n j e c 
t i o n s  o f  TB o r  GB (0 .1  u l  5%)  i n t o  t h e  l a t e r a l  p a r t s  
o f  th e  nrm l a b e l e d  c e l l s  w ere  fo u n d  m a in ly  i p s i l a t e r a l  
i n  t h e  p o s t e r i o r  d ie n c e p h a lo n  and  m am m illa ry  b o d ie s .  
The m a j o r i t y  o f  t h e  d o p a m in e rg ic  n e u ro n s  was c o n f in e d  
t o  t h e  A13 c e l l  g ro u p ,  w h i le  t h e  h i s t a m in e r g i c  c e l l  
b o d ie s  g iv in g  r i s e  t o  t h e  d e s c e n d in g  p r o j e c t i o n  t o  th e  
nrm w ere  s i t u a t e d  i n  t h e  n u c le u s  c a u d a l i s  m a g n o c e llu -  
l a r i s ,  p o s tm a m m illa r is  (p cm ) .  The e n k e p h a l in e r g i c  
n e u ro n s  w h ich  p r o j e c t  upon  t h e  nrm w ere  d i s t r i b u t e d  in  
t h e  p e r i a q u a d u c t a l  c e n t r a l  g ra y  (PCG). S im u lta n e o u s  
a n a l y s i s  o f  r e t r o g r a d e  l a b e l i n g  and  DAi,HAi and  ENKi 
on  t h e  same s e c t i o n  r e v e a l e d  t h a t  a p p r o x im a te ly  10– 20%  
o f  t h e  DAi c e l l s  i n  t h e  n u c l e i  h y p o th a la m ic u s  p o s t e 
r i o r  and  th e  p e r i v e n t r i c u l a r  g ra y  m a t t e r  o f  t h e  c a u d a l  
th a la m u s ;  a b o u t  5% o f  t h e  HAi c e l l s  i n  t h e  p cm and  a 
few  ENKi c e l l s  i n  t h e  PCG p r o j e c t  t o  t h e  nrm .
T h is  s tu d y  i n d i c a t e s  t h e  p r e s e n c e  o f  a  d o p a m in e rg ic  
p r o j e c t i o n  from  th e  p o s t e r i o r  h y p o th a la m u s  and  th e  
a r e a  o f  t h e  s u b s t a n t i a  g r is e u m  c e n t r a l i s ,  a 
h i s t a m i n e r g i c  p r o j e c t i o n  from  th e  pc m a s  w e l l  a s  an 
e n k e p h a l in e r g i c  p r o j e c t i o n  from  th e  PCG t o  t h e  nrm .

363.2 PROJECTIONS FROM HYPOTHALAMUS TO BRAIN STEM AND SPINAL CORD. AN HRP 
AND AUTORADIOGRAPHICAL TRACING STUDY IN THE CAT. G. H o ls te g e . D ept. 
o f Neuro-anatom y, Med. Fac. Erasmus U n iv e rs ity , P .O. Box 1738, 
3000 Dr R otterdam , The N eth e rlan d s .

P rev ious  s tu d ie s  have dem onstrated  d i r e c t  p ro je c tio n s  from hypo
thalam us to  caudal b ra in  stem and s p in a l  co rd . Main ta r g e t s  a re  the 
caudal raphe n u c le i ,  th e  s o l i t a r y  and d o rs a l v aga l complex and th e  
th o ra c o - l umbar in te rm e d io - la te r a l  c e l l  column. In  th i s  s tu d y , using 
HRP and a u to ra d io g ra p h ic a l t r a c in g  te c h n iq u e s , we t r i e d  to  d e f in e  
which hypothalam ic a re a s  p ro je c t  to  which a rea s  in  b ra in  stem and 
s p in a l  co rd . The HRP r e s u l t s  in d ic a te d  th a t  th e  p ro je c tio n s  to  th e  
s p in a l  co rd , ( in c lu d in g  i t s  most caudal l e v e l s ) ,  were d e riv ed  from 
neurons in  th e  p a r a v e n tr ic u la r  hypothalam ic nucleus (PVN) and from 
th e  l a t e r a l  and p o s te r io r  hypothalam ic a re a s . The p ro je c t io n s  to  
th e  a re a  o f th e  caudal raphe n u c le i  were d eriv ed  from th e  same 
a re a s  bu t a ls o  from th e  a n t e r io r  hypothalam ic a re a .

The a u to ra d io g ra p h ic a l r e s u l t s  rev ea led  th a t  neurons in  th e  
m edial p o r tio n s  of th e  hypothalam us ( a n t e r io r  as w e ll as p o s te r io r )  
p ro je c t  m ainly to  m e d ia lly  lo c a te d  b ra in  stem s tr u c tu r e s  (PAG, VTA, 
d o rs a l p a r t  o f th e  s u b s ta n t ia  n ig r a ,  in te rp e d u n c u la r  n u c le i  excep t 
i t s  c e n t r a l  n u c leu s , locus c o e ru le u s , r o s t r a l  and caudal raphe 
n u c le i  w ith  ad jo in in g  v e n t r a l  tegmentum). When th e  in je c t io n  s i t e  
invo lved  th e  PVN, a d i s t i n c t  bundle o f la b e le d  f ib e r s  was observed, 
descending l a t e r a l  to  th e  pyram idal t r a c t  in to  th e  l a t e r a l  fu n ic u 
lu s  o f th e  s p in a l  co rd . As ex p e c ted , from th i s  bund le , la b e le d  
f ib e r s  were d i s t r i b u te d  to  th e  s o l i t a r y  and d o rs a l v ag a l complex 
and to  th e  tho raco -lum bar in te rm e d io -l a t e r a l  c e l l  column. However 
th e r e  were a lso  p ro je c t io n s  to  th e  a re a  postrem a, lam inae I  and X, 
th e  s a c r a l  in te rm e d io -l a t e r a l  c e l l  group and to  th e  nuc leus  of Onuf 
lo c a te d  in  th e  upper s a c r a l  segments and co n ta in i ng m otoneurons 
in n e rv a tin g  p e lv ic  f lo o r  m u scu la tu re . The l a t e r a l  hypothalam ic 
a re a s  ( a n t e r io r  as w e ll as p o s te r io r )  p ro je c t  m ainly to  l a t e r a l  
p a r t s  of th e  b ra in  stem tegmentum. These p ro je c t io n s  resem bled 
th o se  d e r iv e d  from amygdala and BNST.

These r e s u l t s  su g g est a m e d io - la te ra l  o rg a n iz a tio n  in  th e  hypo- 
th a lam o -b ra in  stem p r o je c t io n s .  The m edial hypothalam us p ro je c ts  t o 
m e d ia lly  lo c a te d  b ra in  stem  s t r u c t u r e s ,  which a re  invo lved  in  le v e l 
s e t t in g  o f s p in a l  cord som atosensory and motor system s. The la te r a l  
hypothalam us p ro je c t  to  l a t e r a l l y  lo c a te d  b ra in  stem a re a s ,  which 
a re  invo lved  in  more s p e c i f ic  fu n c t io n s  such as r e s p i r a t io n ,  
sw allow ing, vom iting  and m ic tu r i t io n .  The PVN occup ies a s e p a ra te  
p o s i t io n  w ith in  t h i s  o rg a n iz a tio n .

363.3 VISUALIZATION OF PUTATIVE DOPAMINERGIC NERVE FIBERS IN THE 
RAT HIPPOCAMPUS AND POSTERIOR CORTICAL AREAS BY THE USE OF 
TYROSINE HYDROXYLASE/DOPAMINE β -HYDROXYLASE DOUBLE-LABELING 
IMMUNOHISTOCHEMISTRY. T.Mel ander1, .T. Hӧk fe lt1* and M. 
G o ld ste in 2. (SPON: S. Whittemore) Department of Histology, 
Karolinska In t i tu te t ,  Box 60400, S- 10401 Stockholm and 
2Department of Psychiatry, New York University Medical 
Center, School of Medicine, 550 1st Avenue, New York, N.Y. 
10016

The dopaminergic innervation of the limbic forebrain has been 
extensively mapped and dopamine containing projections from 
the mesencephalon to e.g . the amygdala and frontal cortex are 
well established. However, some controversies s t i l l  remain 
concerning the existence of a minor dopaminergic innervation 
of the hippocampal formation and posterior neocortical areas. 
In th is study we have used an immunohistochemical double-label
ing technique where we have visualized tyrosine hydroxylase 
(TH) and dopamine β -hydroxylase (DBH) immunoreactivities in 
the same sections, thus identifying putative dopaminergic 
nerve fibers and varicosities as structures staining for TH 
but not for DBH.

The majority of the TH-positive hippocampal fibers also 
contained DBH immunoreactivity, but a d is tin c t population of 
coarse TH single-labeled (putative dopaminergic) fibers was 
seen in stratum oriens of the CA1 region and, to a lesser 
extent, in the medial dentate gyrus. These were concentrated 
to mid-dorsoventral levels. Putative dopaminergic fibers were 
also detected in very low amounts in posterior neocortical 
areas, with a concentration in superficial layers. For corre
lation  two areas known to receive extensive dopaminergic 
innervation was examined. Thus, in the amygdala TH single- 
labeled innervation was concentrated to the basolateral and 
central amygdaloid nuclei, where i t  was mixed with TH/DBH 
double-labeled fib e rs , while the intercalated nucleus lacked 
DBH, agreeing well with what in known about the dopaminergic 
and noradrenergic innervation from e a r lie r  studies. Also, in 
the frontal cortex many TH single-labeled fibers were seen.

In general, fibers which only contained TH immunoreactivi
ty were heavier labeled than when they also stained for DBH, 
indicating higher levels of TH in dopaminergic than in nor
adrenergic fibers (a fact previously postulated). In most 
cases the TH single-labeled fibers were of a coarser morpho
logy than TH/DBH double-labeled ones.

363.4 AN ANALYSIS OF THE STRUCTURAL AND CHEMICAL ORGANIZATION OF THE 
RETROCHIASMATIC NUCLEUS. J ,  P . C ard, R. P . Meade and R. Y. Moore, 
C e n tra l R esearch  and Development D epartm ent, E. I .  du Pont de 
Nemours and Company, I n c . ,  W ilm ington, Delaware 19898 & 
Departm ent of N eurology, SUNY a t  Stony Brook, Stony Brook, New 
York.

The r e t ro c h ia s m a tic  nucleus  (RCN) i s  a m id line  hypothalam ic 
c e l l  group which i s  lo c a te d  caudal to  th e  o p t ic  chiasm . In  a 
p re lim in a ry  study  we found th a t  neurons in  th e  RCN sh are  an 
o v e rlap p in g  d e n d r i t ic  f i e l d  w ith  neurons in  th e  su p rach ia sm a tic  
n u c le i  (SCN). This su g g es ts  th a t  th e  RCN may be invo lved  in  th e  
n e u ra l c o n tro l o f c i r c a d ia n  rh y th m ic ity  th a t  has p re v io u s ly  been 
documented f o r  th e  SCN. In  th e  p re s e n t in v e s t ig a t io n  we have 
looked a t  the  s t r u c t u r a l  and im m unohistochem ical o rg a n iz a tio n  of 
th e  RCN and i t s  r e la t io n s h ip  to  th e  SCN.

Golgi im pregnated  neurons in  the  RCN a re  c h a ra c te r iz e d  by 
sm all (15–25 um w id est d ia m e te r) , s p h e r ic a l  o r oval p e r ik a ry a . 
Two to  f iv e  sp a rc e ly  b ranch ing  d e n d r i te s  emanate from each 
neuron . In d iv id u a l d e n d r i te s  a re  studded w ith  sp in es  and 
apppendages and o f te n  ex tend  through th e  RCN in to  a d ja c e n t a rea s  
of th e  hypothalam us. In  a d d i t io n ,  numerous d e n d r i te s  from 
a d ja c e n t hypothalam ic n u c le i  p ro je c t  in to  th e  RCN. This 
r e la t io n s h ip  i s  p a r t i c u l a r ly  appa ren t between th e  RCN and th e  
SCN. D en d rites  a r i s in g  from neurons in  each of th e se  a rea s  
p ro je c t  e x te n s iv e ly  in to  th e  o th e r 's  c e l l u l a r  domain. 
U l t r a s t r u c tu r a l  a n a ly s is  o f th e  RCN rev ea led  sm all neurons w ith  
scan t cytoplasm  and a c e n tr a l l y  p la c e d , in v a g in a te d  c e l l  
n u c le u s . The most s t r ik i n g  f e a tu r e ,  how ever, was th e  ex trem ely  
la rg e  number o f d e n d r i t ic  p r o f i l e s  th a t  f i l l  th e  RCN. These 
d e n d r i te s ,  which a re  c l e a r ly  th e  dominant neu ronal p r o f i l e  in  
th e  n u c le u s , g iv e  r i s e  to  numerous la rg e ,  peduncu lated  sp in es  
and a re  p o s ts y n a p tic  to  a dense a f f e r e n t  in p u t .  P re lim in a ry  
im m unohistochem ical o b se rv a tio n s  have c h a ra c te r iz e d  th e  chem ical 
i d e n t i t y  of some of th e se  a f f e r e n t s .  They in c lu d e  dense 
te rm in a l a rb o r iz a t io n  of axons co n ta in in g  dopamine-B- 
h y d ro x y la se , neu ro p ep tid e  Y, g lu tam ic  a c id  decarboxy lase  and 
le u -en k e p h a lin  and a m oderate p lexus of s e ro to n in e rg ic  and 
n e u ro te n s in -c o n ta in in g  f i b e r s .

These d a ta  dem onstrate  th a t  neurons in  th e  RCN and SCN sh are  
i n t e r d ig i t a t i n g  d e n d r i t ic  f i e l d s .  A d d itio n a lly , th e  dense 
s y n a p tic  in p u t to  d e n d r i te s  and sp in es  w ith in  th e  RCN, a long 
w ith  i t s  s t r a t e g i c  lo c a t io n  among s e v e ra l  m ajor f ib e r  
p ro je c t io n s ,  in d ic a te s  th a t  th e  RCN in t e g r a t e s  in fo rm atio n  from 
a v a r ie ty  o f d i f f e r e n t  sou rces  which may be s ig n i f i c a n t  in  th e  
n e u ra l m odulation  o f c i r c a d ia n  rh y th m ic i ty .
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363.5 STIMULATION-INDUCED HIPPOCAMPAL GRANULE CELL SEIZURE 
ACTIVITY CAUSES A PERSISTENT DECREASE -OF INHIBITION AND 
A SELECTIVE LOSS OF SOMATOSTATIN-CONTAINING INTERNEURONS 
R .S . S l o v i t e r . H e len  H ayes H o s p i t a l ,  W. H a v e r s tr a w , NY 
10993 and  C o l.  o f  P h y s . & S u r g . ,  C o lum bia U n iv . , NY 10032

P r e v io u s  w ork showed t h a t  i n t e r m i t t e n t  p e r f o r a n t  p a th  
(PP) s t i m u l a t i o n  f o r  2 4 h r d e c r e a s e d  r e c u r r e n t  i n h i b i t i o n  
(R I) a c u t e l y  and dam aged d e n t a t e  i n t e r n e u r o n s  and  
h ip p o cam p a l p y ra m id a l c e l l s .  We c o n c lu d e d  t h a t  t h e  lo s s  
o f RI m ig h t be t h e  r e s u l t  o f  damage t o  G A B A -con ta in ing  
b a s k e t  c e l l s  ( S l o v i t e r ,  B ra in  R es . B u l l . , 1 0 :6 7 5 – 6 97 , 
1 9 8 3 ) .  U sin g  e l e c t r o p h y s i o l o g i c a l  and  im m u n o cy to ch em ica l 
m e th o d s , we hav e  now d e te rm in e d :  1) i f  s e i z u r e  a c t i v i t y  
c a u s e s  a p e r s i s t e n t  d e c r e a s e  in  i n h i b i t i o n  a n d ; 2) 
p r e c i s e l y  w h ich  d e n t a t e  i n t e r n e u r o n s  a r e  dam aged by 
s e i z u r e  a c t i v i t y .  T h is  was a c c o m p lis h e d  by e v a l u a t in g  
GABA-, CCK-, V IP - and  s o m a t o s t a t i n  ( S S ) - im m u n o re a c tiv e  
(IR ) n e u ro n s  i n  s t i m u l a t e d -  v s .  u n s t im u la te d  h ip p o c a m p i. 
The r e s u l t s  a r e  a s  f o l l o w s :  1) g r a n u le  c e l l  e x c i t a b i l i t y  
( p o p u la t io n  s p ik e  a m p li tu d e )  was in c r e a s e d  and  R I , a s  
m easu red  w ith  t h e  tw in - p u l s e  t e c h n iq u e ,  was d e c r e a s e d  o r  
a b s e n t  d u r in g  t h e  2 wk a f t e r  s t i m u l a t i o n .  PP s t i m u l a t i o n  
c a u s e d  a  s e l e c t i v e  l o s s  o f  t h e  S S - p o s i t i v e  (GABA
n e g a t iv e )  h i l a r  i n t e r n e u r o n s .  C e l l  c o u n ts  o f  s t i m u l a t e d -  
v s u n s t im u la te d  h ip p o cam p i i n  e a c h  s e c t i o n  showed a >90% 
l o s s  o f  SS -IR  d e n t a t e  i n t e r n e u r o n s .  S u r p r i s i n g l y ,  t h e r e  
was no a p p a r e n t  l o s s  o f  GABA, VIP o r  C C K -p o s itiv e  c e l l s  
d e s p i t e  a l o s s  o f  v i r t u a l l y  a l l  a d j a c e n t  SS -IR  n e u ro n s .  
2– 12 wks a f t e r  s t i m u l a t i o n ,  ax o n s  o f  G A BA /C C K -positive 
b a s k e t  c e l l s  s p r o u te d  in  t h e  s t im u la t e d  a r e a  d e n t a t a  and 
fo rm ed  an  a b n o rm a lly  d e n se  f i b e r  p le x u s  in  t h e  in n e r  
m o le c u la r  and  g r a n u la r  l a y e r s .  D u rin g  t h i s  p e r i o d ,  RI 
r e c o v e r e d .  The a v a i l a b l e  e v id e n c e  s u g g e s t s  t h a t  d e n t a t e  
i n h i b i t o r y  n e u ro n s  a r e  e x c i t e d  m o n o s y n a p t ic a l ly  by 
d e n ta t e  g r a n u le  c e l l s  and  d i s y n a p t i c a l l y  v i a  t h e  SS -IR  
h i l a r  c e l l s  t h a t  fo rm  th e  a s s o c i a t i o n a l / c o m m is s u r a l  
p a th .  T h is  s u g g e s t s  t h a t  t h e  s e i z u r e - a s s o c i a t e d  l o s s  o f  
i n h i b i t i o n  t h a t  o c c u r s  w i th o u t  a l o s s  o f  GABA-IR b a s k e t  
c e l l s  may be due  t o  t h e  l o s s  o f  S S - p o s i t i v e ,  p r o b a b ly  
e x c i t a t o r y ,  i n t e r n e u r o n s  w hose p h y s i o l o g i c a l  f u n c t io n  
may be t o  a c t i v a t e  GABA-IR b a s k e t  c e l l s  (B u z sa k i and 
E i d e lb e r g ,  1 9 8 1 ) .  The s e i z u r e - i n d u c e d  l o s s  o f  a b a s k e t  
c e l l  a c t i v a t i n g  s y s te m  w i th o u t  a l o s s  o f  b a s k e t  c e l l s  
may be r e l e v a n t  t o  t h e  human e p i l e p t i c  s t a t e  and  may 
e x p la in  t h e  p a r a d o x ic a l  and  p r o b a b ly  c o m p e n sa to ry  
i n c r e a s e  i n  GABA- and  G A D -s ta in in g  o b s e rv e d  in  o u r  s tu d y  
and  in  e p i l e p t i c  g e r b i l s  ( P e te r s o n  e t  a l ,  B ra in  R es . 
19 8 5 ) ,  r e s p e c t i v e l y .  The d i f f e r e n t i a l  v u l n e r a b i l i t y  o f 
im m e d ia te ly  a d j a c e n t  d e n t a t e  i n t e r n e u r o n s  i s  i n t r i g u i n g .

363.6 EFFECT OF ESTRADIOL ON THE AMYGDALA AND VENTROMEDIAL HYPOTHALAMIC 
NEURONS. Y. Oomura, T. Minami*, J .  N abekura*. D ept. of 
P hysio lo g y , Fac. o f M ed., Kyushu U n iv ., Fukuoka 812, Japan .

E s tr a d io l  (ES) i s  c o n c en tra ted  in  th e  m edial amygdala 
(Med-AMG), m edial p re o p t ic  a r e a ,  ven tro m ed ia l hypothalam us (VMH) 
and a rc u a te  n u c leu s . ES im p la ted  in  th e  Med-AMG and th e  VMH 
m odulates feed in g  b e h a v io r , gonado trop in  r e l e a s e ,  and o v u la tio n . 
To in v e s t ig a te  th e  mechanism o f th e  e f f e c t  o f ES in h ib i t io n  on the  
Med-AMG neurons and o f i t s  e x c i ta t io n  on th e  VMH neu rons , 
i n t r a c e l l u l a r  reco rd in g  was used  to  m onito r neurons in  r a t  co rona l 
b r a in  s l i c e s .  Two weeks a f t e r  ovariec tom y, a s in g le  prim ing by 
subcutaneous in j e c t io n  o f ES was perform ed. Two days l a t e r  
p re p a ra tio n s  were mad e . 

1) 17B-ES 10–9 to  10–7 M b u t no t 17α-ES r a p id ly  in h i b i t  th e  
e x c i t a b i l i t y  o f Med-AMG neurons w ith  a d o se-response  manner. 
H y p e rp o la r iz a tio n  w ith in  a few min and in c rea sed  membrane 
conductance were p roduced. The r e v e r s a l  p o te n t ia l   fo r  ES 
h y p e rp o la r iz a tio n  s h i f te d  by 53 mV by 10 tim es e x te rn a l K+ change. 
The H i l l 's  c o e f f i c ie n t  e s tim a ted  from th e  re la t io n s h ip  between the  
membrane conductance and th e  ES-dose was approx im ate ly  1. T his 
e f f e c t  p e r s is te d  a f t e r  e l im in a tio n  o f sy n a p tic  in p u t and a f t e r  
su p p re ss io n  o f p ro te in  s y n th e s is  by ac tinom ycin  D o r 
cyclohexam ide. These r e s u l t s  in d ic a te d  th a t  17B-ES d i r e c t ly  
changes th e  K+  conductance o f th e  p o s ts y n a p tic  membrane. 
S ig n if ic a n t  d i f f e re n c e  in  respond ing  r a t e s  between male (responded 
neu ro n s , 8%) and fem ale 27% was d em onstra ted . I n t r a c e l l u l a r  
h o rs e ra d is h  p e ro x id ase  s ta in in g  showed th a t  ES respond ing  neurons 
were m ainly fu s ifo rm  shape (14 μm d iam ete r)  w ith  a few d e n d r i te s .  
ES non-respond ing  neurons were pyram idal shaped (17 μm) and had 
m u l tid e n d r ite s  (more than  4) th a t  ex tended in  v a r io u s  d i r e c t i o n s .

2)One type o f neurons in  th e  VMH was d ep o la r ize d  by 17B-ES 
w ith  a d ec rease  in  th e  membrane conductance . Most o f th e se  were 
g lu c o re c e p to r  n eu rons . The r e v e r s a l  p o te n t ia l  o f the  
d e p o la r iz a t io n  was approx im ate ly  –90 mV, c lo se  to  th e  K+ e q u i l ib 
rium  p o te n t ia l  (EK) . The d e p o la r iz a t io n  was g r e a t ly  augmented and 
pro longed  by a p p l ic a t io n  o f p h o sp h o d ie s te ra se  in h i b i to r ,  
iso b u ty l-m e th y lx a n th in e  (BMX) o r ad e n y la te  cy c la se  a c t iv a t o r ,  
f o r s k o l in .  These neurons had m ostly  m u ltip o la r  d e n d r i te s  and 
la rg e  soma (d ia m e te r , 15 μm). From th e se  e v id en ces , ES 
d e p o la r iz a t io n  might be m ediated  th rough an in c re a s e  in  
i n t r a c e l l u l a r  C-AMP le v e l .  The o th e r  type  o f neurons in  th e  VMH 
were h y p e rp o la r iz e d  w ith  an in c re a s e  in  th e  membrane conductance . 
These were n o t th e  g lu c o re c e p to r  n eu rons . The r e v e r s a l  p o te n t ia l  
o f h y p e rp o la r iz a tio n  was approx im ate ly  –90 mV, EK. N e ith e r IBMX 
or f o r s k o lin  d id  a f f e c t  on t h i s  type  o f neu rons .

The Med-AMG and VMH a re  e s tro g e n  s e n s i t i v e  t a r g e t  t i s s u e  th a t  
a re  invo lved  in  th e  in te g r a t io n  o f chemosensory in fo rm a tio n .

363.7 H IPPO CAM PA L FIELD -POTEN TIA L AND N EU RON A L RESPONSE 
FACILITATION AND DEPRESSION DURING PAIRED-PULSE STIMU
LATION IN HUMANS. C.L. W ilson. M. Isokawa-Akesson. T.L. Babb and 
J. Engel. Jr. Department of Neurology and Brain Research Institute, University 
o f California, Los Angeles, CA 90024.

The population spike evoked by stimulation of perforant path afferents in 
the angular bundle is modulated by behavioral state at all levels of the trisynaptic 
excitatory pathway within rodent hippocampus, such that transmission is 
maximal during slow wave sleep (SWS) and reduced during waking states 
(AWA) and REM  (W inson and Abzug,1978, J. N europhysiol.. 41: 716). 
Studies in the human hippocampal formation have identified similar state 
dependent properties o f neuronal transmission in this pathway.

Telemetry monitoring o f activity from depth electrodes is required in 
some patients for identification o f focal sites o f epileptogenesis. In these 
patients, depth electrodes implanted in am ygdala, pes hippocampi and the area 
o f anterior parahippocampal gyrus homologous to the entorhinal cortex are 
stimulated and recorded in order to study the relative excitability o f epileptic and 
non-epileptic regions. In the present study, paired or single stimulation pulses 
consisting o f biphasic square waves o f 100um duration were presented at a 
maximal rate of 0.1 Hz. Input/output (I/O) curves were obtained using a range 
o f stimulus charge densities ranging from threshold to asymptote o f average 
population spike responses, or a  maximum o f 50 uC/cm2/ph. Conditioning and 
test pulses o f  equal intensity evoking conditioning responses which were a 
known percentage (e.g. 50%) o f maximal were then used to assess changes in 
hippocampal formation excitability, by using pulse-pair intervals ranging from 
20 to 1600 msec and observing test pulse am plitude. Behavioral state, 
neocortical EEG, EKG and respiration were m onitored along with recordings 
from limbic sites.

I/O curves made during light sleep and SWS showed significantly 
increased amplitude when com pared to those obtained during alert awake 
conditions (reading, conversing or watching TV) at all levels o f stimulation. 
Thresholds decreased and response levels which had been asymptotic in the 
w aking state were no longer maxim al during SW S, reflecting increased  
effectiveness o f synaptic volleys in evoking action potentials. Test pulse 
facilitation, which was usually prominent at intervals up to 200 msec during 
waking, was replaced by depression o f the test pulse population spike response 
amplitude below conditioning response levels. Paired-pulse intervals which 
showed no interaction during the waking state (i.e. 400–800 msec intervals) 
showed test response depression during SWS. Single and m ultiple unit 
extracellular recordings from the same electrodes showed correlated increases 
and decreases in firing during the above changes in field potential amplitude, and 
verified their identification as population spikes.

The neurophysiological and behavioral significance o f such state 
dependent modulation o f transmission in the hippocampal formation will be 
discussed along with possible mechanisms o f its origin. Supported by NIH 
grant NS 02808.

363.8 THE APICAL DENDRITES OF LAYER I I  COMMISSURAL NEURONS FORM 
DENDRITIC BUNDLES IN LAYER I  OF RETROSPLENIAL CORTEX. J. M. Wyss 
and K. S r ip a n ld k u lc h a t, D epartm ent of C e ll Biology and Anatomy, 
U n iv e rs ity  o f Alabama a t  Birmingham, Birmingham, AL 35294.

S ev e ra l re s e a rc h e rs  have re p o r te d  th a t  neurons in  th e  deep 
la y e r s  o f th e  c o r te x  have a p ic a l  d e n d r i te s  which tend  to  c lu s t e r  
to g e th e r  and form d e n d r i t ic  bundles in  la y e r s  I I I  and IV o f the 
c o r te x .  In th e  p re s e n t s tudy  we have i d e n t i f ie d  a p o p u la tio n  of 
la y e r  I I  neurons th a t  have d e n d r i te s  which c lu s t e r  in  la y e r  I  o f 
th e  r e t r o s p l e n ia l  c o r te x  in  th e  r a t .  In 15 a n e s th e tiz e d  r a t s ,  
5– 20 n l  o f F luoro-G old  o r  F a s t Blue was p re s su re  in je c te d  in to  the 
r e t r o s p l e n i a l  c o r te x  v ia  a  10 μm t i p  g la s s  p ip e t te .  Follow  a 2– 4 
day s u rv iv a l ,  th e  r a t s  were t r a n s c a r d ia l ly  p e rfu sed , and the 
b ra in s  were removed, s e c tio n e d  on a f re e z in g  microtome a t  25 μm 
and mounted on g e l a t i n  coa ted  s l i d e s .  A fte r  c o v e rs l ip p in g  the  
s e c t io n s  were in sp e c te d  u s ing  a  L e itz  A f lu o re s c e n t f i l t e r  system . 
Among th e  com m issural p ro je c t io n s ,  i t  was c le a r  th a t  the 
c o n t r a l a t e r a l  la y e r  I I  n eu ro n a l c e l l  bod ies  had a p o in t - to -p o in t  
r e l a t i o n s h ip  w ith  th e  in j e c t io n  s i t e .  Upon f u r th e r  in s p e c tio n , i t  
was no ted  th a t  the  a p ic a l  d e n d r i te s  o f th e se  la y e r  I I  neurons 
tended  to  c l u s t e r  to g e th e r  in  bundles o f 20–30 d e n d r i te s .  The 
c l u s t e r s  had a  w id th  o f app rox im ate ly  100 μm, and th e  150 μm on 
e i t h e r  s id e  o f th e  bundle was r e l a t i v e ly  f r e e  o f la b e le d  
d e n d r i te s .  F u r th e r , th e  d e n d r i t ic  bundles ta p e red  in  la y e r  Ib 
g iv in g  th e  bundle a h o u rg la ss  appearance . In th i s  reg ard  i t  
shou ld  be noted  th a t  th e  o u tly in g  neurons which c o n tr ib u te d  to  th e  
bundle had a p ic a l  d e n d r i te s  which ran  a t  up to  a  45° an g le  to  jo in  
th e  c l u s t e r s .  The p a t te rn  o f th e  d e n d r i t ic  bundles was compared 
to  a n te ro g rad e  a u to ra d io g ra p h ic  la b e l in g  from com m issural, 
a s s o c ia t i o na l o r a n t e r io r  tha lam ic  in j e c t io n s  o f [ 3H]-amino a c id s .  
There was a s ig n i f i c a n t  c o r r e la t io n  between th e  p a t te rn  o f th e  
th a lam ic  p ro je c tio n s  and th a t  o f th e  b u n d le s . In c o n t r a s t ,  th e  
a s s o c i a t i o na l and com m issural p ro je c t io n s  appeared  to  d is p la y  th e  
o p p o s ite  p a t t e r n .  These d a ta  dem onstra te  th e  e x is te n c e  o f t h i s  
p re v io u s ly  undescribed  p a t te rn  of d e n d r i t ic  bund ling  by 
com m issural neurons and sug g est th a t  t h i s  p a t te rn  may be im p ortan t 
in  th e  i n te g ra t io n  o f tha lam ic  and com m issural in fo rm a tio n . This 
s tu d y  was su ppo rted  by NIH g ra n t #HL 34315.
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363.9 INTRALIMBIC INHIBITORY DYNAMICS IN HUMANS. M. Isokaw a-A kesson, 
T.L . Babb and C.L. W ilson . B rain  R esearch  I n s t i t u t e  and D ep t. of 
N eurology, School of M edic ine, UCLA, Los A ngeles, CA 90024

Human lim b ic  n eu rons , amygdala(AMYG), a n t e r io r  hippocampus(AH) 
and a n t e r io r  e n to rh in a l  cortex(AENT), were examined e x t r a c e l lu la r ly  
fo r  th e i r  f i r i n g  in h ib i t i o n  by ap p ly ing  lo c a l ( i n t r a s t r u c t u r a l )  and 
a d j a c e n t ( in te r s t r u c tu r a l )  s in g le  e l e c t r i c a l  s t im u la t io n .  Local 
s t im u la t io n  of AMYG, AH and AENT produced a com plete absence a n d /o r 
s ig n i f i c a n t  re d u c t io n  of f i r i n g  in  AMYG(283.4 msec in  average 
d u ra t io n  o f 50 s t im u l i ,  N=27), AH(191.4, N=35) and AENT(172.4, N= 
13 ), r e s p e c t iv e ly .  D uring lo c a l  s t im u la t io n ,  g ra d e d  in h ib i to ry  
re sp o n ses  were observed in  a l l  th e  s t r u c tu r e s  a s  th e  s tim u lu s  
c u r re n t  was in c re a s e d . The d u ra t io n  of th e  in h ib i t i o n  ranged from 
0–250 msec in  AH and 40–400 in  AENT. This in h ib i t i o n  was m ostly  
p receded by an i n i t i a l  e x c i ta t io n  whose in t e n s i ty  showed a l i n e a r  
r e la t io n s h ip  to  th e  d u ra t io n  of th e  fo llo w in g  in h ib i t i o n .  The only 
c o n d itio n  under which a lo nge r in h ib i t i o n  was observed in  AH was a 
p e rio d  o f synchron ized  f i r i n g s (412 msec, N=10; Isokaw a-Akesson, e t  
a l .  1985. N eu rosci. A b st. 11:1230) under th e  same s tim u la t io n  
method. Our d a ta  sug g est th a t  th e  in h ib i t i o n  observed in  AH and 
AENT was m ainly  due to  a lo c a l  r e c u r r e n t  c i r c u i t  whose a c t iv a t io n  
depends on th e  degree  o f p o p u la tio n  neu ro n a l f i r i n g s .  In AMYG, 
however, in  a d d i tio n  to  th e  e x c i ta to r y - in h ib i to r y  f i r i n g s  based on 
the  r e c u r r e n t  pathw ays(Takagi and Yamamoto, 1981. B rain  Res. 206: 
474) s im i la r  to  th o se  of AH and AENT, a lo n g e r d u ra t io n  of 
in h ib i t i o n  was observed in  some neurons when a h ig h  c u r re n t  was 
ad m in is te red . The d u ra t io n  of t h i s  in h ib i t i o n  was 550–680 msec 
and was n o t preceded by a p ro p o r t io n a l ly - la rg e  e x c i ta t io n ,  
su g g es tin g  th a t  th e  n u c le a r  s t r u c tu r e  of AMYG w ith  g re a te r  c e l l  
d e n s i t i e s  could cause  s ig n i f i c a n t ly  g re a te r  in h ib i t i o n  than 
lam inated  c o r t i c a l  s t r u c tu r e s  such as  AH and AENT.

A djacent e l e c t r i c a l  s t im u la t io n  produced f i r i n g  in h ib i t i o n  in  
only l im ite d  a re a s  w ith o u t any graded re sp o n se . AENT s tim u la t io n  
produced in h ib i t i o n  o r th o d ro m ica lly  in  AH fo r  246 msec (N=6) ,  
and th i s  in h ib i t i o n  was s l i g h t ly  lo n g e r than  th e  in h ib i t i o n  
produced in  AENT by s t im u la t io n  of AH(192.8 msec, N=10). However, 
AENT s tim u la t io n  d id  n o t in f lu e n c e  AMYG f i r i n g s .  Only AH s tim u la 
tio n  produced f i r i n g  in h ib i t i o n  of 395.9 msec in  AMYG, and th i s  
in h ib i t i o n  was lo nge r than  th e  lo c a l ly  produced AMYG in h ib i t i o n  
(283.4 m sec). Hippocampal in f lu e n c e s  on amygdala f i r i n g s  to  induce 
in h ib i t io n  have been s tu d ie d  in  monkey(Morrison and P o l e t t i ,  1980. 
B rain  R es. 192 :353), and our f in d in g s  ag ree  w ith  th e i r  r e p o r t s .  On 
the  o th e r  hand, AMYG s tim u la t io n  d id  n o t produce any f i r i n g  in h ib i 
t io n  on e i th e r  AH or AENT, su g g es tin g  th a t  AH has a s tro n g e r  e f f e c t  
on AMYG neurons than  v ic e  v e rs a  to  cause  in h ib itio n (so m e tim e s  w ith  
p reced ing  e x c i ta t io n )  through a d i r e c t  hippocam pal-am ygdaloid 
pathw ays. Supported by NIH G rant NS02808.

REGIONAL LOCALIZATION OF RECEPTORS AND TRANSMITTERS

364.1 SENSORY AFFERENTS IN THE DORSAL HORN OF THE SPINAL CORD CONTAIN 
ANGIOTENSIN II RECEPTOR BINDING SITES R.C.Speth .  R .C .R it ter .  
E.H. South and S.R.Wh ite  College of Veter inary  Medicine, 
Washington Sta te  Univ., Pullman, WA 99164–6520 and WOI Program 
in Veter inary  Medical Education, Univ. Idaho, Moscow, Idaho

Receptor binding s i t e s  for angiotensin II (AI I ) are present in 
the dorsal horn of the spinal cord of the r a t .  These binding 
s i t e s  may be present on secondary a f fe ren t  neurons, in te r 
neurons or axon te rm inals  of a f fe ren t  nerves which innervate 
t h i s  a rea.  To determine whether a f fe ren t  te rminals  of sensory 
neurons contain AII recep to rs ,  a u n i la te ra l  rhizotomy was per
formed on a s ingle  lumbar roo t .  After a 2 week survival time, 
the r a t s  were anes the t ized  with sodium pen tobarb i ta l ,  perfused 
in t r ac a rd ia l l y with ice-cold  0.9 % sal ine  and the lumbar cord 
was removed, frozen,  sectioned on a c ryos ta t  at a thickness  of 
20 microns in the coronal plane , and thaw mounted onto micro
scope s l i d e s .  The sec t ions  were incubated with 0.25 nanomolar 
1 2 5 -I -S a rcos ine- l , Iso leuc ine-8-angio tens in  II in the presence 
and absence of 1 micromolar AII to radio label AII receptor 
binding s i t e s .  The sec t ions  were apposed to LKB Ultrofilm for 
5–9 days to autoradiographical ly  v isua l ize  the d i s t r ib u t io n  of 
AII receptor binding s i t e s  which were defined as film areas in 
which the exposure exceeded tha t  seen in film areas  from the 
corresponding area of an adjacent  section incubated with one 
micromolar AI I . Additional a l t e rn a te  sec t ions  were placed in 
3 % paraformaldehyde in phosphate buffer  (pH 7.4) to f ix  the 
sec t ions .  These sec t ions  were then incubated with an antibody 
to  substance P fo r  immunocytochemical s ta in in g  of substance P 
in the spinal cord. Sections from a more ro s t r a l  section of the 
lumbar spinal  cord were a lso  analyzed for AII receptor binding 
as a control  region.  At the level of entry of the sectioned 
ro o t ,  AII receptor binding in the dorsal horn ip s i l a te r a l  to 
the sectioned root was lower than that seen in the contra 
la te r a l  dorsal horn. By comparison, there was no dif ference  in 
AII receptor binding between the r ig h t  and l e f t  dorsal horn 
r o s t r a l  to  the segment of the spinal cord with the sectioned 
roo t .  Immunocytochemical s ta in ing  of Substance P immunoreactive 
mate ria l suggested that there was a concomitant loss  of Sub
stance P in ip s i l a t e r a l  dorsal horn of the segment with the 
sectioned roo t .  These r e s u l t s  suggest that some AII receptors  
in the dorsal horn of the spinal cord are located on presynap- 
t i c  te rm inals  of sensory a f fe ren t  neurons, but tha t  there may 
be other neuronal elements in the dorsal horn that contain AII 
re cep to rs .

364.2 ANGIOTENSIN II (AI I ) RECEPTOR LOCALIZATION IN NEONATAL RAT BRAIN 
K. E. Moe and R. C. Speth. Dept. Psychology and Coll. Veterinary 
Medicine, Washington State University, Pullman, WA 99164.

AII receptors are reported to be elevated in neonatal ra t brains 
but i t  has not been established whether th is is due to higher 
receptor densities in regions known to have AII receptors or a 
wider receptor d istribu tion  in the brain. This study examined the 
d istribu tion  of AII receptors in the brains of neonatal (12 day)  
old) male Sprague-Dawley ra ts by in vitro  receptor autoradiography 
as described elsewhere in th is volume (Dinh e t a l) .  AII receptor 
binding was widespread in the neonatal ra t brain. In addition to 
the areas previously reported to have AII receptors, radioligand 
binding was intense in the glomerular layer of the olfactory bulb, 
and the en tire  medial surface of the olfactory bulb and frontal 
cortex along the longitudinal an terior cerebral fissure extending 
caudally to the anterior lim it of the corpus callosum, where i t  was 
continuous with the induseum griseum dorsally and the organum 
vasculosum of the lamina terminalis (OVLT) ventrally . AII receptor 
binding s ite s  continuous with the induseum griseum extended into 
the anterior cingulate gyrus. Moderate amounts of binding were 
also present in the external granule cell layer of the frontal 
cerebral cortex extending along i ts  en tire  circumference, continu
ous with high levels of AII receptor binding in the pyriform cortex 
and olfactory tubercle. AII receptor binding s ite s  continuous with 
the OVLT extended dorsally along the diagonal band of Broca to the 
septum and along the median preoptic nucleus to the subfornical 
organ. Another pathway of AII receptor binding site s  extended from 
the o lfacto ry  bulb along the la tera l olfactory tr a ct  to the nucleus 
of the la tera l olfactory tra c t and the amygdaloid complex. AII 
receptor binding site s  were present in moderate densities in sever
al areas of the hypothalamus and intensely high densities in the 
subthalamus and discrete subnuclei of the thalamus over i ts  en tire 
rostro-caudal extent and was continuous with high densities of AII 
receptor binding s ite s  in the superior co llicu lus. High binding 
was also seen in the periaqueductal gray and moderate binding was 
present in the in ferio r colliculus in the midbrain. In the pons 
AII receptor binding was present in the ventral transverse fibers , 
superior olivary nucleus, and several dorsal nuclei. High densi
t ie s  of AII receptor binding s ite s  were present in the roof nuclei 
of the cerebellum, while the molecular layer and d iscrete areas of 
the granule cell layer of the cerebellar cortex displayed moderate 
AII receptor binding. In the medulla, AII receptor binding site s  
were high in the facial nucleus and several of the trigeminal 
nuclei in addition to previously reported nuclei. These resu lts 
suggest that AII receptor binding in neonatal ra t brain is  much 
more extensive than that seen in adult animals.
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364.3 MICROREGIONAL DISTRIBUTION OF RENIN ACTIVITY WITHIN 
CATECHOLAMINE-CONTAINING MEDULLARY AND FOREBRAIN 
REGIONS OF THE DOG BRAIN.  P.A. Bridle*, K.B. Brosnihan, 
A. Husain*. R .R . Smeby, R . Howard* andC .M . F errario . D epartm ent o f 
Brain and Vascular Research, C leveland Clinic, C leveland, OH 44106.

Although a functional in terac tion  betw een the renin-angiotensin and 
ca techolam inergic system s has been well docum ented, the neuro
chem ical basis for an in terac tion  in the  ce n tra l nervous system  has not 
been explored. We have previously dem onstrated  a heterogeneous d is tri
bution o f norepinephrine (NE) along the rostrocaudal ex ten t o f the 
catecholam ine (CA )-containing nuclear regions in the medulla and hypo
thalam us of the  dog. In th is study we have characte rized  the m icro- 
regional d istribution  o f renin ac tiv ity  (RA) within the sam e regions.

The brains and p itu ita ries  o f 4 male adult anesthetized  dogs w ere 
quickly rem oved and frozen im m ediately on dry ice. A block o f brain 
stem  tissue beginning 6 mm caudal to  the obex and term inating  a t  the 
level o f the inferior colliculus was sliced in 2 mm sections. Micro
punches (1 to  5 mg) verified anatom ically  to correspond to  the A i 
(la te ra l re ticu lar nucleus), the A2 (dorsal m otor nucleus o f the vagus, 
nucleus tra c tu s  so litarii), the A5 (ven tro la te ra l m edulla a t  the level o f 
the VII nerve) and A6 (locus coeruleus) w ere rem oved and the  brain stem  
tissue rem aining was pooled. Forebrain regions w ere sim ilarly  m icro- 
d issected . Tissues w ere homogenized in a 0.1 M phosphate buffer (pH 
7.4) containing 10 mM EDTA, 0.01% NaN3, 1 mM phenylm ethyl-sulfonyl 
fluoride and N -ethyl m aleim ide and an aliquot was rem oved for protein 
determ ination . A fter 3 freeze/thaw  cycles and cen trifugation , two 
separa te  aliquots from the supernatan t were incubated for 30 hrs a t 
37°C and 4°C , respectively , with partia lly  purified species homologous 
renin su b stra te . The genera ted  angiotensin I (Ang I) in each sample was 
measured by RIA and a RA unit (U) was defined as pg Ang I/m g p ro te in / 
hour.

In the medulla, RA was d e tec ta b le  within a ll micropunches and 
averaged 3- to  7-fold higher than th a t measured in the rem aining brain 
stem  tissue (1.9 ± 1.3 U). Within the A2 region the  highest level o f RA 
(14.5  ±3.2 U) was found betw een 3 and 5 mm ro s tra l to  the obex; within 
the A1 region the  peak level of RA (10.3 ± 2.0 U) extended from  the 
obex to  3 mm rostra lly . The re la tive  order of RA in the CA -containing 
regions was A2 > A1 > A5 > A6, the reverse order of average concen tra
tions found for NE in these regions. Within the  hypothalam us, RA 
ranged from 4.2 ± 1.9 U in the  la te ra l basal hypothalam us to  0.2 ± 0.1 U 
in the an terio r hypothalam us (AH). O ther forebrain regions had levels of 
RA sim ilar to  the  AH. The an terio r (697 ± 105 U) and posterior (350 ± 
250 U) lobes o f the p itu ita ry  had substantially  higher levels of RA than 
the hypothalam us. These da ta  dem onstrate  a  d iffe ren tia l localization  of 
renin w ithin two CA -containing nuclear regions o f the  dog's medulla and 
within re s tr ic ted  regions of the  hypothalam us. (Supported in p a r t  by 
NHLBI g ran t HL-6835).

3 6 4 .4 RECEPTOR DISTRIBUTION IN THE PET SCAN PLANE OF HUMAN BRAIN: IN 
VITRO AUTORADIOGRAPHIC STUDIES. B .J . M orton. A.B. Young and J .B . 
Penney. D ep t. o f N eurology, U n iv e rs ity  o f M ichigan, Ann A rbor, MI 
48104.

There i s  a g re a t  d e a l o f i n t e r e s t  in  imaging n e u ro tra n sm it te r  
re c e p to r s  in  v ivo  in  l iv in g  humans u s in g  p o s i tro n  em ission  tomo
g rap h ic  (PET) scann ing . However, th e re  has been l i t t l e  sy s tem a tic  
stu d y  o f which reg io n s  o f b ra in  could  be re so lv e d  on re c e p to r  PET 
scans  g iven  th e  low re s o lu t io n  o f t h i s  te c h n iq u e . We approached 
t h i s  problem  u sin g  in  v i t r o  r e c e p to r  au to rad io g rap h y . Whole c ry o 
s t a t  s e c t io n s  from a normal human hem isphere were c u t in  4 p lan es  
p a r a l l e l  to  th e  o rb ito -m e a ta l l i n e  and mounted on 5" × 7" subbed 
g la s s  s l i d e s .  The low est p lan e  went th rough  c e re b e l la r  n u c le i ,  
amygdala and base o f f r o n ta l  lob e ; th e  second th rough  c e re b e l la r  
v e rm is , m id b ra in , hippocam pus, hypothalam us, b a s a l fo re b ra in  and 
tem poral and f r o n ta l  c o r t i c e s ;  th e  t h i r d  th rough  o c c ip i t a l ,  tem
p o ra l and f r o n ta l  c o r t i c e s ,  hippocam pus, g lobus p a l l id u s ,  c a u d a te , 
putamen and tha lam us; th e  fo u r th  th rough  p rim ary  v i s u a l ,  a u d ito ry , 
som atosensory  and motor c o r t i c e s ,  tha lam us, caudate  and putamen. 
The s l id e s  were in cu b a ted  w ith  t r i t i a t e d  lig a n d s  and th en  exposed 
to  U ltro f i lm  to  produce au to rad iogram s (ARGs).

We have produced ARGs which d is p la y  th e  d i s t r i b u t io n  o f t o t a l  
m u sca rin ic  r e c e p to rs  w ith  1 nM [3H]-QNB by th e  method o f F is h e r  e t  
a l .  ( J . N e u ro sc i. 1 :1407, 1981); Ml w eighted  ARGs (1 nM [3H]QNB 
p lu s  300 μM c a rb a c h o l) ;  M2 w eighted  ARGs (1 nM [3H]QNB p lu s  10 μM 
p ire n z e p in e ) ;  mu o p ia te  (12 nM [3H ]naloxone p lu s  10 nM d e l ta  r e 
c e p to r  p e p tid e )  and d e l ta  o p ia te  (12 nM [3H]DADL p lu s  500 nM mor- 
p h ic e p tin )  re c e p to r  ARGs by th e  method o f A bou-K halil e t  a l .  
( B ra in  R es. 323:21 , 1984); benzod iazep ine  (BDZ; 4 nM [3 H ]f lu n it r a -  
zepam), g ly c in e  (10 nM [3 H ]stry ch n in e) and GABA (240 nM [3H]musci- 
mol) r e c e p to r  ARGs by th e  method o f Penney e t  a l .  (E u r. J . Pharm. 
72:421, 1981); and s p e c i f i c  GABA-A (15 nM [3H]GABA p lu s  100 μM 
b a c lo fe n )  and GABA-B (15 (3H] nM GABA p lu s  40 uM iso g u v ac in e) r e 
c e p to r  ARGs by th e  method o f Chu e t  a l .  (N e u ro sc i. A b st. 11:725, 
1985).

Ml re c e p to r s  were h ig h  in  c o r te x , hippocampus, caudate  and 
putamen; M2 r e c e p to r s  in  c o l l i c u l i ,  p e r ia q u e d u c ta l g rey , gen icu - 
l a t e s ,  b a s a l n u c leu s  and a n t e r io r  th a lam us. O p ia te  r e c e p to r s  were 
h ig h  in  is la n d s  o f C a l le ja ,  m edial tha lam us, am ygdala, in s u la r  and 
a s s o c ia t io n  c o r t ic e s  b u t were low in  p rim ary  c o r t i c e s .  BDZ re c e p 
to r s  were h ig h  in  la y e r  4 o f c o r te x  ( p a r t i c u l a r ly  v is u a l  c o r te x )  
c e r e b e l l a r  m o lecu lar la y e r  and m oderate in  b a s a l g a n g lia . GABA-A 
re c e p to r s  were d i s t r i b u te d  s im i la r ly  to  BDZ r e c e p to r s  excep t th a t  
th e y  w e re .h ig h e s t in  c e re b e l la r  g ra n u la r  la y e r .  S p e c if ic  g ly c in e  
re c e p to r s  were on ly  found in  p e r ia q u e d u c ta l g rey . These ARGs can 
be used to  p r e d ic t  how an id e a l  r e c e p to r  PET scan m ight look . 
Supported  by USPHS G rant NS15655.

364.5 Methods fo r  Study o f P re -  and P o s tsy n a p tic  P rocesses  of 
D opaminergic System In  Vivo Using P o s i tro n  Em ission Tomography 
(PET), 3–( 2 ' – [18F ]F lu o ro e th y l) sp iperone  (FESP) and 6- [ 18F ]F lu o ro - 
L-DOPA (FD). M.E. P help s* , J .R . B a r r io , S .-C . Huang, N. 
Satyam urthy , A. Luxen, R.A. Hawkins, J .C . Mazzi o t t a .  UCLA School 
of M edic ine, Los A ngeles, CA 90024.

S ince s h o r t  cha in  3-N a lk y la t io n  of sp iperone  does not s i g n i f i 
c a n t ly  a l t e r  b ind ing  a f f i n i t y  to  D2 s i t e s ,  we developed a one- 
s te p ,  h ig h -y ie ld ,  h ig h - s p e c if ic  a c t i v i t y  (SA) s y n th e s is  fo r  FESP. 
In -v i tr o  co m p etitiv e  b ind ing  w ith  r a t  s tr ia tu m  confirm ed i t s  
g e n e ra l b in d in g  s im i la r i ty  to  sp ip ero n e  (IC 50 = 1.5 nM). T racer 
k in e t ic  s tu d ie s  were perform ed in  monkeys w ith  in trav en o u s  ( I .V .)  
i n je c t io n s  of 3– 5 mCl of FESP (SA = 500–2000 Ci/mmole; dose = 1.5 
to  10 nm ole). S e r ia l  PET im aging showed 18F a c t iv i t y  r a p id ly  
accum ula ting  in  s tr ia tu m . S tr ia tu m /ce reb e llu m  r a t i o s  i ncrea sed  
l i n e a r l y  over tim e (2%/min) to  a value of 5 a t  4 h r s .  Plasma 
c le a ra n c e  of FESP was ra p id . HPLC a n a ly s is  of plasma showed temp
o ra l  in c re a s e  of 18F m e tabo lic  p ro d u c ts . At 3 h rs  o n ly  5% o f 18F 
was FESP. In v ivo dose response  i n d ic a te d  h a l f - s a tu r a t i o n  of D2 
s i t e s  a t  10 μg/kg  I . V. A t r a c e r  k in e t ic  model was fo rm ula ted  from 
i n v ivo  and in  v i t r o  s tu d ie s  i n our la b  on th e  mechanisms of 
sp iperone  t r a n s p o r t ,  b in d in g , r e te n t io n  and c le a ra n c e . This model 
p ro v id e s  e s tim a te s  of the r a t i o  of re c e p to r  d e n s i ty ,  Bmax to  
eq u ilib r iu m  d i s s o c ia t io n  c o n s ta n t, KD o r the product of Bmax and 
a s s o c ia t io n  c o n s ta n t, ka , b u t n o t the in d iv id u a l te rm s. A double 
in j e c t io n  approach was developed to  r e so lv e  th i s  am b igu ity . F i r s t  
h igh  SA FESP (650– 1000 Ci/mmole) was in je c te d  I.V . and k in e t ic  PET 
and blood d a ta  were c o l le c te d  fo r  90 m in, fo llow ed by a second 
in j e c t io n  of low er SA FESP (1 5 .7  Ci/mmole) and 90 min d a ta  c o l
l e c t i o n .  This approach a t te m p ts , in  a s in g le  s tu d y , to  combine the  
p ro p e r t ie s  o f a dynamic approach ( 1s t  i n je c t io n )  p ro v id in g  t r a n s 
p o r t and b ind ing  in fo rm atio n  w ith  those  o f "eq u ilib r iu m  d is p la c e 
ment" ( 2nd in j e c t io n )  in  which a m easurable f r a c t io n  o f th e  rece p 
to r s  i s  blocked by the  un lab e led  l ig a n d . Slow lig an d  d i s s o c ia t io n  
i s  a  n ecessa ry  c o n d itio n . This approach y ie ld e d  B max=11 pm oles/g 
and ka =0 .8 6 /(m in  pinole) in  good agreem ent w ith  in  v i t r o  v a lu e s . A 
h igh  y ie ld  s y n th e s is  o f FD was a ls o  deve loped . FD i s  a  co m p etitiv e  
s u b s t r a te  w ith  L-DOPA fo r  n e u tr a l  amino ac id  t r a n s p o r t  and enzyma
t i c  co nve rs ion  to  dopam ine. Monkeys were in je c te d  w ith  5 mCi of FD 
fo r  3 h r s e r i a l  im aging and blood sam pling . 18F a c t i v i t y  r a p id ly  
accum ulated in  s tr ia tu m  fo r  20 m in, then  slow ly  d ec re a sed . C le a r
ance from ce rebellum  and c o r te x  was rap id  w ith  s t r i a tum /cerebellum  
r a t i o  of 4 by 3 h r s .  With p h y s io lo g ic a l and pharm aco log ica l i n t e r 
v en tio n s ,  th e se  te ch n iq u es  p rov ide  novel approaches fo r  prob ing  
dynamic and re g u la to ry  b iochem ical p ro cesse s  o f n e u ro tra n sm it te r  
system s in  th e  i n t a c t  fu n c t io n in g  b ra in .

364.6 NONEQUILIBRIUM MEASUREMENT OF RADIOLIGAND-RECEPTOR 
BINDING IN VIVO USING PET AND 18F-SPIROPERIDOL.
JS  P e r lm u t t e r * , M K ilb o u rn * ,  M W elch* , ME R a ic h l e 
(SPON: T V id e e n ) . W ash in g to n  U niv  Sch o f  Med, S t .  L o u is ,  
MO 63110

We h a v e  p r e v i o u s l y  d e s c r ib e d  a  m ethod u s in g  p o s i t r o n  
e m is s io n  to m o g rap h y  (PET) and  1 8 F - s p i r o p e r id o l  f o r  t h e  
m easu rem en t o f  r a d i o l i g a n d -  r e c e p t o r  b in d in g  i n  v iv o .  In  
t h i s  i n v e s t i g a t i o n ,  we d e m o n s t r a te  t h e  s e n s i t i v i t y  o f  
t h i s  t e c h n iq u e  t o  a l t e r a t i o n s  i n  t h e  maximum num ber o f  
a v a i l a b l e  s p e c i f i c  b in d in g  s i t e s .

A ll  s t u d i e s  w e re  p e rfo rm e d  on 2 b a b o o n s  and  r e p e a t e d  
s t u d i e s  on  e ac h  a n im a l w ere  a t  l e a s t  3 w eeks a p a r t .  
Each b aboon  was a n e s t h e t i z e d ,  p a r a ly z e d  an d  th e n  
i n j e c t e d  IV w i th  u n la b e le d  s p i r o p e r i d o l  (.0 0 1 m g /k g  t o . 

040m g/kg) t o  b lo c k  a num ber o f  s p e c i f i c  b in d in g  s i t e s .  
Two h o u r s  a f t e r  p r e t r e a t m e n t ,  r e g i o n a l  b lo o d  f lo w  and 
b lo o d  volum e w e re  m e a su re d  u s in g  PET and  1 5 0 - la b e le d  
H20 and  CO, r e s p e c t i v e l y .  T h ree  h o u rs  a f t e r  
p r e t r e a t m e n t ,  3 .5  t o  6 .5  mCi o f  n o - c a r r i e r - a d d e d  
1 8 F - s p i r o p e r id o l  ( c o n ta in in g  l e s s  th a n  2 t o  4μ g o f  
s p i r o p e r i d o l )  w e re  a d m in is te r e d  IV . S e q u e n t ia l  PET 
s c a n s  and  m e a su re m e n ts  o f  a r t e r i a l - b l o o d  r a d i o a c t i v i t y  
d u e  t o  r a d i o l i g a n d  an d  i t s  l a b e l e d  m e t a b o l i t e s  c o n t in u e d  
f o r  a t  l e a s t  2 .5  h o u r s .  The f r a c t i o n  o f  r a d i o l i g a n d  
bound  i n  t h e  p la sm a  was m easu red  f o r  e a c h  e x p e r im e n t by  
u l t r a c e n t r i f u g a l  m i c r o f i l t r a t i o n .

A th re e -c o m p a r tm e n t  m odel d e s c r i b i n g  t h e  b e h a v io r  o f  
r a d i o t r a c e r  and  a  p a r a m e te r  e s t i m a t i o n  schem e w e re  u sed  
t o  e s t i m a t e  t h e  com bined  f o r w a r d - r a t e  c o n s t a n t  [ e q u a l  t o  
t h e  p r o d u c t  o f  t h e  maximum num ber o f  a v a i l a b l e  b in d in g  
s i t e s  (Bmax k ) t im e s  t h e  a s s o c i a t i o n  r a t e  c o n s t a n t  
( k ( 1/ s e c ) 9 a In d  t h e  r e g i o n a l  p e r m e a b i l i t y - s u r f a c e - a r e a  
p r o d u c t  ( P S ,c c / s e c )  f o r  t h e  s t r i a t u m .  The r e s u l t s  f o r  
o n e  o f  t h e  b a b o o n s  i s  l i s t e d  b e lo w .

p r e t r e a tm e n t  d o s e  o f  u n la b e le d  s p i r o p e r i d o l  (m g/kg)
None .001 .0 0 5 .0 1 0 .0 2 5 .0 4 0

PS .0 6 3 .0 6 0 .0 3 9 .0 5 4 .0 5 0 .043
k .0 4 9 .027 .0 1 6 .0 1 8 .007 .0 0 4

T h ese  r e s u l t s  d e m o n s t r a te  t h a t  t h i s  n o n e q u i l ib r iu m  
m ethod  f o r  e s t i m a t i n g  r a d i o l i g a n d - r e c e p t o r  b in d in g  i n  
v iv o  i s  s e n s i t i v e  t o  s m a l l  a l t e r a t i o n s  i n  t h e  maximum 
num ber o f  a v a i l a b l e  s p e c i f i c  b in d in g  s i t e s .  The lo w e s t  
d o s e  o f  u n la b e le d  s p i r o p e r i d o l  u s e d  was a t  l e a s t  50 
t im e s  lo w e r  th a n  t h e  am ount fo u n d  t o  h a v e  an y  d e t e c t a b l e  
c l i n i c a l  e f f e c t  i n  p e o p le .  T h is  te c h n iq u e  s h o u ld  b e  
s u f f i c i e n t l y  s e n s i t i v e  t o  d e t e c t  c h a n g e s  i n  r a d i o l i g a n d -  
r e c e p t o r  b in d in g  t h a t  a r e  c l i n i c a l l y  r e l e v a n t .
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364.7 ULTRASTRUCTURAL IMMUNOCYTOCHEMICAL LOCALIZATION OF 
BETA-ADRENERGIC RECEPTORS IN PRE- AND POSTSYNAPTIC 
PROCESSES OF NEURONS AND IN ASTROGLIA OF THE CORTEX AND 
NEOSTRIATUM. C. Aoki, T.H. Joh, and V.M. Pickel. Lab. of 
Neurobiology, Cornell Univ. Med. Coll., New York, NY 10021.

The β2-adrenergic receptor (BAR) purified from frog erythrocytes has 
been immunocytochemically localized at postsynaptic densities of the 
frog hippocampus and rat cerebellum (Strader, PNAS 80:1840). We sought 
to determine whether other sites on neurons or glia exhibited 
immunoreactivity for the BAR in areas receiving sparse (neostriatum) or 
dense laminated (cortex) noradrenergic innervation. Rabbit polyclonal 
antiserum to the previously purified frog erythrocyte BAR was localized 
by the peroxidase-antiperoxidase (PAP) method. The cortical and striatal 
tissues included aldehyde-fixed vibratome sections and freshly prepared 
synaptosomes.

The most commonly labeled profiles were postsynaptic densities 
(PSDs) of the perforated and non-perforated type in both sections and 
synaptosomal preparations from the cortex and striatum. The labeled 
PSDs constituted 12% of the total recognized junctions in synaptosomal 
fractions from the cortex. The labeling at postsynaptic sites appeared to 
be diminished by preincubation with the agonist, isoproterenol (100 uM). 
In favorable planes of setion, isolated saccules of smooth endoplasmic 
reticulum and vesicles in dendrites and soma also exhibited peroxidase 
immunoreactivity. More rarely, myelinated and unmyelinated axons and 
small (0.1–0.5 um) axon terminals also contained immunocytochemical 
labeling. The peroxidase reaction product was associated with the 
plasmalemma and the outer membranes of synaptic vesicles in axon 
terminals. In addition to labeling in neuronal processes, selective 
astrocytes also exhibited peroxidase immunoreactivity. The intensity of 
labeling in astrocytes was considerably greater than in neurons. In 
astroglia, the peroxidase product was diffusely distributed in the 
cytoplasm and primarily found along the intracellular surface of plasma 
membranes. These findings establish that BAR are localized to 
postsynaptic sites in higher mammals and are detected in areas containing 
varying amounts of noradrenergic innervation. In addition, the 
localization within axon terminals and astroglia is consistent with, 
presynaptic and non-neuronal, modulatory functions for BAR. The 
intracellular localization in both neurons and astrocytes suggests that the 
antiserum may primarily recognize or be accessible to newly synthesized 
and/or degraded BAR.
(Supported by grants NSF 8320120 and NS07782–02)

364.8 IN VIVO BINDING OF [3H]L-NICOTINE IN THE MOUSE BRAIN. 
Broussol le*, D. Wong* and E. London (SPON: W. Pickworth). Neuro- 
pharmacology Lab., NIDA Addiction Res. C tr., Baltimore, MD 21224.

In v itro  studies with [3H]nicotine showed heterogeneous, 
s p e c i fic binding i n ra t brain (Clarke, P. e t  a l . ,  Brain Res. 
323:390, 1984; London, E. D. e t a l . ,  Neurosci. L ett. 53:179, 
1985). Labelling was dense in t he int erpeduncular nucleus, medial 
habenula, superior co llicu lus, and thalamic nuclei. The present 
work aimed to study cerebral n icotin ic receptors in vivo.

Adult male ICR mice received [ 3H]L-nicotine ([3HJN, 5 μCi, 
i .v . ,  specific ac tiv ity  = 75.7 Ci/mmol), and were k illed  a t 
various times thereafte r. They received saline or unlabeled 
L-nicotine (5 mg/kg s .c .)  2 min before [ 3h]N to assess total and 
nonspecific binding, respectively. Brains were dissected into 13 
regions for measurement of radioactiv ity .

Brain entry of [ 3 h ]N  was rapid, and radioactiv ity  declined 
a fte r  7.5 min, as previously reported (Appelgren, L.-E. e t a l . ,  
Acta. Physiol. Scand., 56: 249, 1962). Specific binding, absent 
a t 1 min, appeared a t 2.5 min, peaked a t 5 min (50% to tal binding 
in the thalamus and superior colliculus) and fe ll nearly to 0 by 
30 min. Cytisine was as potent as L-nicotine in displacing 
[ 3 h ]N  binding, but mecanylamine was ineffec tive. Nonspecific 
binding was heterogeneous. I t  i s  possible tha t nonspecific 
binding was overestimated because of the lim ited dose of 
unlabelled nicotine th a t could be used due to tox ic ity , and 
n ico tine 's  effec t to increase cerebral blood flow.

Our findings suggest tha t [ 3 h ]N  can serve as a ligand for in 
vivo studies of cerebral n icotin ic receptors. Estimates of  
nonspecific binding might be improved by using a displacer which 
lacks nicotinic agonist e ffec ts . More accurate and favorable 
ra tio s  of spec i fic/nonspecific binding may be obtained with 
quantitative autoradiographic techniques using the in vivo model.

364.9 TOPOGRAPHICAL ORGANIZATION OF THE CHOLINERGIC INNERVATION, 
MUSCARINIC RECEPTOR SITES AND cGMP-IMMUNOREACTIVITY IN RAT BRAIN. 
J.A.D.M . Tonnaer*, B.H.W. E rn s te * , H.W.M. S te in b u sch  and 
C. L, E. Broekkamp* (SPON: European N euroscience A s s o c ia t io n ) .
D ept. CNS Pharm acology, Organon In te r n a t io n a l  B .V ., 5340 BH O ss, 
and D ept. Pharm acology, V r ije  U n iv e r s i t e i t ,  1081 BT Amsterdam, 
The N e th e rlan d s .

Employing 3H -hem icholinium  (3H-HC), 3H -p iren zep in e  (3H-PZ) and 
3H -q u in u c lid in y l b e n z i la te  (3 H-QNB), a u to ra d io g ra p h ic  b in d in g  
s tu d ie s  were perform ed to  id e n t i f y  and q u a n t i t a te  th e  lo c a l i z a t i o n  
o f h ig h - a f f i n i t y  c h o lin e  c a r r i e r s ,  M1-su b ty p e  m u sca rin ic  b in d in g  
s i t e s  and a mixed p o p u la tio n  o f Ml- and M 2-subtypes o f m u sca rin ic  
b in d in g  s i t e s ,  r e s p e c t iv e ly ,  in  r a t  b r a in .  Immunocytochemical 
s tu d ie s  w ith  p o ly c lo n a l a n t ib o d ie s  a g a in s t  cGMP were c a r r i e d  o u t 
to  v i s u a l iz e  th o se  s i t e s  in  th e  b r a in  where m u sca rin ic  r e c e p to r s  
a re  coup led  to  g u an y la te  c y c la s e  as  th e  e f f e c to r  system .

L a b e ll in g  o f a d ja c e n t b ra in  s e c t io n s  w ith  3 H-HC, 3 H-PZ and 
3 H-QNB re v e a le d  d i f f e r e n t  to p o g ra p h ic a l p a t te r n s  o f th e  re s p e c t iv e  
b in d in g  s i t e s .  3 H-HC b in d in g , which i s  supposed to  r e f l e c t  
c h o l in e rg ic  in n e rv a tio n , was h ig h e s t  in  th e  accumbens n u c le u s , 
o l f a c to ry  tu b e r c le ,  caudate-pu tam en , d e n ta te  g y ru s , amygdala and 
in te rp e d u n c u la r  n u c le u s . F im b r ia - le s io n in g  r e s u l t e d  in  a 
s ig n i f i c a n t  r e d u c t io n  o f  3 H-HC b in d in g  in  th e  hippocampus and 
d e n ta te  g y ru s . 3 H-PZ b in d in g  was p redom inant in  th e  fo re b ra in  and 
m arg inal in  m idbrain  and b ra in s tem  a r e a s .  Maximal 3 H-PZ b in d in g  was 
found in  th e  accumbens n u c le u s ,  in  d i s c r e te  s u b s t ru c tu re s  o f th e  
hippocampus (e .g .  CAl f i e l d  o f th e  o r ie n s  la y e r  and th e  su b icu lu m ), 
and in  th e  m o lecu la r la y e r  o f  th e  d e n ta te  g y ru s . The b in d in g  o f 
3 H-QNB was more even ly  d i s t r i b u te d  over th e  b ra in  as  compared to  
t h a t  o f 3 H-PZ. 3 H-QNB b in d in g  c l e a r ly  exceeded th e  b in d in g  o f 3 H-PZ 
in  th a lam ic  and hypo thalam ic a re a s  and in  th e  b ra in  stem .

There was no r e l a t i o n  between th e  d e n s ity  o f th e  c h o l in e rg ic  
in n e rv a tio n  and th e  b in d in g  c a p a c ity  o f any o f th e  m u sca rin ic  s i t e s  
in  th e  v a r io u s  b ra in  re g io n s . A c o r r e l a t i o n  was found between th e  
topography p a t te r n s  o f  th e  3 H-PZ and 3 H-QNB b in d in g  s i t e s . However, 
some b ra in  a re a s  showed p re fe re n c e  f o r  one o f th e  two lig a n d s ,  
p robab ly  r e f l e c t i n g  a d i s t i n c t  lo c a l i z a t i o n  o f Ml- and M 2-subtypes 
o f m u sca rin ic  b in d in g  s i t e s .

cGMP-immunoreactive neu ro n a l elem ents were observed  in  d i s c r e te  
fo r e b ra in  a re a s  such a s  th e  CA2 f i e l d  o f th e  hippocampus and th e  
r e t i c u l a r  th a lam ic  n u c le u s . In  v i t r o  tre a tm e n t o f hippocam pal 
s l i c e s  w ith  ca rb a ch o l r e s u l t e d  in  an enhancement o f th e  cGMP 
s ta in in g .  A com parison o f th e  topography o f m u sca rin ic  b in d in g  
s i t e s  and cGMP-immunoreactive a re a s  would su g g es t t h a t  cGMP i s  a 
second m essenger o f M2-ty p e  r a th e r  th an  M l-type m u sca rin ic  
r e c e p to r s  in  th e  r a t  f o r e b ra in .

364.10 AUTORADIOGRAPHIC LOCALIZATION OF ADENOSINE UPTAKE SITES AND ADENO
SINE A1-RECEPTORS IN GUINEA PIG BRAIN USING [3H]DIPYRIDAMOLE, 
[ 3H]NITROBENZYLTHIOINOSINE AND [ 3H]CYCLOHEXYLADENOSINE.
J .  DECKERT*, J .C . BISSERBE* AND P .J .  MARANGOS (SPON: D.A. TAYLOR). 
U nit on N eurochem istry BPB, NIMH and S ec tio n  on N eurochem istry , LCS, 
NIAAA, B ethesda, Md. 20892.

Dypridamole and n itro b e n z y l th io in o s in e  have both been shown to 
be p o te n t in h ib i to r s  of adenosine uptake in to  guinea pig  c e re b ra l 
c o r t i c a l  s l i c e s  (Huang M. and D aly, J .W ., L ife  S c i . ,  14 :489, 1974) 
and b ind ing  o f [ 3H] cy c lohexy ladenosine  to  guinea p ig  b ra in  mem
branes has been shown to  dem onstrate  c h a r a c te r i s t i c s  of A l-rece p -  
to r s  (B runs, R .F ., D aly, J .W ., and Snyder, S .H ., P roc . N a tl . Acad. 
S c i. USA, 77: 5547, 1980). In  th i s  s tudy we show the a u to ra d io 
g rap h ic  d i s t r i b u t io n  of the r e s p e c t iv e  b ind ing  s i t e s  of [ 3H] d i 
pyridam ole , [3H] n itro b e n z y l th io in o s in e  and [3H] cyc lo h ex y l
adenosine in  guinea pig  b ra in .

S lide-m ounted  guinea pig  b ra in  se c t io n s  were p repared  and b ind
ing  o f the t r i t i a t e d  lig a n d s  was performed e s s e n t i a l l y  as d e sc rib ed  
b e fo re  (B is s e rb e , J .C . ,  P a te l ,  J .  and Marangos, P . J . ,  J .  N eurosci. 
5 : 544, 1985 and B is s e rb e , J .C . ,  D eckert, J .  and M arangos, P . J . ,  
N eu rosci. L e t t . ,  in  p r e s s ) .

The lo c a l i z a t i o n  o f adenosine A l- re c e p to rs  as la b e l le d  by [ 3H] 
cyc lohexy ladenosine  in  gu inea p ig  b ra in  resem bles th e i r  lo c a l iz a 
t io n  as p rev io u sly  d esc r ib ed  in  r a t  b ra in  w ith  i t s  c h a r a c te r i s t i c  
d i s t r i b u t io n  in  hippocampus (m o lecu lar and polym orphic la y e r )  and 
ce rebellum  (m o lecu lar l a y e r ) . S im ila r ly  the lo c a l iz a t io n  of adeno
s in e  up take  s i t e s  as la b e l le d  by [ 3H] n i t ro b e n z y l th io in o s in e  i s  
com parable to  th a t  d e sc rib ed  in  r a t  b ra in .  [3H] n i t r o b e n z y l th io 
in o s in e  la b e ls  a h igh a f f i n i t y  c la s s  of b ind ing  s i t e s  w ith  a Bmax 
and Kd s im i la r  to r a t  b ra in  (Bmax = 134 + 19 fmol/mg p ro te in ,  

Kd = 0 .59  + 0.08  nM). On the  c o n tra ry  [3H] D ipyridam ole binds 
to  a s u b s t a n t i a l l y  high number of s i t e s  (Bmax =  650 + 100 fmol/mg 
p ro te in ,  Kd = 10 + 1 .5  nM).

In  concordance w ith  the S catchard  experim ents b ind ing  of [ 3H] 
d ipyridam ole  to  i t s  s i t e s  can be in h ib i te d  by N itrobenzy l th io in o 
s in e  in  nanom olar c o n c e n tra t io n s  only  to  about 50% as could be 
shown in  c l a s s i c a l  b ind ing  experim ents and in  a u to rad io g rap h ic  ex
p e rim en ts . One of the more s t r ik in g  d if fe re n c e s  to the p rev io u sly  
d e sc r ib e d  d i s t r i b u t io n  o f [ 3H ]N itro b en zy lth io in o s in e  b ind ing  s i t e s  
i s  the  f in d in g  th a t  th e re  i s  a h igh  in t e n s i ty  o f adenosine uptake 
s i t e s  as la b e l le d  by [3H] D ipyridam ole in  the  m olecu lar la y e r  of 
ce rebellum .

T his lo c a l i z a t i o n  in  ce rebellum  i s  s im i la r  to  th a t  of adenosine 
A -l r e c e p to rs  la b e l le d  by [3H] cyc lohexy ladenosine  as one would 
expect under the  assum ption of a fu n c t io n a l ad e n o sin erg ic  neuromodu- 
l a to r y  system .
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364.11 SELECTIVE BINDING OF AN ENDOGENOUS CLONIDINE-LIKE 
SUBSTANCE TO IMIDAZOLE BINDING SITES AND DISTRIBUTION OF 
THESE SITES IN MEDULLA OBLONGATA OF THE RAT. P. Ernsberger, 
V. Arango, M.P. Meeley, and D.J. Reis. Lab. o f Neurobiologv, Cornell 
Univ. Med. Col l , N.Y., WY. 10021.

Imidazole binding s ite s  (IMID) labeled by 3H-p-am inoclonidine (3H- 
PAC) a re  presen t in ven tro la te ra l m edulla (VLM) (Ernsberger e t  a l., SNA 
11:490, 1985). IMID exhibit a  high affin ity  not only for clonidine analogs 
but also for o ther im idazoles, and may m ediate the vasodepressor ac tion  
o f these compounds in the ro s tra l VLM (G ranata and Reis, th is meeting). 
An endogenous clonidine-displacing substance (CDS) inhibits 3H-PAC 
binding in bovine VLM m em branes and a c ts  to  low er a r te r ia l pressure 
when m icroinjected into ro s tra l VLM of the ra t  (Meeley e t  a l., Life Sci., 
38:1119, 1986). We sought to  determ ine w hether IMID are  localized in the 
ro s tra l VLM of the  ra t  using q uan tita tive  autoradiography, and w hether 
CDS binds selectively  to  IMID in bovine VLM m em branes.

3H-PAC binding s ites  were labeled in slide-m ounted sections of ra t  
m edulla (U nnerstall e t  al., Brain Res. Rev. 7:69, 1985); nonspecific binding 
was defined by the im idazole phentolam ine (10  μM). IMID w ere identified 
by displacem ent of 3H-PAC (2 nM) with im idazole-4-acetic  acid (IAA), a 
compound with 1,000-fold se lec tiv ity  for IMID over adrenergic s ite s. 
A lternate  sections were 1) wiped from the  slide and counted d irectly , or 
2) exposed to  U ltrofilm . Autoradiogram s were quantified by im age analy 
sis and co rrec ted  for autoradiographic efficiency (see Giuliano e t  al., this 
m eeting). Specific 3H-PAC sites in r a t  m edulla w ere concen tra ted  in the 
N. Tr. Solitarii (NTS) (44+4 fm ol/m g w et weight), ro s tra l VLM (26+2), and 
dorso la tera l re ticu la r form ation (22+2). IAA displaced 3H-PAC binding in 
medullary sections (d irect counting). D ose-dependent displacem ent was 
lo ca liz e d  a u to ra d io grraph ica llv  in ro s t r a l  VLM and in NTS.
lo g  [IAA] = 
R a t  M e d u lla

-7 –6 .5 -6 - 5 .5 - 4 .5

W hole ( c o u n t in g ) 78+8 70+ 11 53+11 38+12 37+17
NTS ( im a g in g ) 94+4 97+  9 91+ 12 89+ 5 77*  7
rVLM ( im a g in g ) 96+ 7 84+  3 75* 7 72* 7 73*17
C a l f  m e d u lla
VLM m em branes 91+3  8 9 + 1 83+  3 73+ 3 49+4
Values a re  % to ta l  specific  3H-PAC binding; m ean + SE, n=3-8.

D ose-dependent displacem ent of 3H-PAC binding by IAA was also ob
served in bovine VLM m em branes. CDS also displaced 3H-PAC binding, 
in terac ting  with tw o classes of 3H-PAC site s: 70% had low a ffin ity  for 
CDS, while 30% had 9-fold higher affin ity . 3H-PAC s ite s  with a low 
a ffin ity  for CDS were adrenergic, since they w ere blocked by nor
epinephrine (10 μM), while norepinephrine did not block h igh-affin ity  sites.

We conclude th a t 1) IAA inhibits 3H-PAC binding and can  be used to  
selectively  localize IMID; 2) IMID are  p resen t in ra t  medulla, principally 
in autonom ic nuclei; 3) CDS binds p referen tia lly  to  non-adrenergic 3H- 
PAC sites equivalent to  IMID in VLM and may a c t as an endogenous ligand 
for these s ites; and 4) IMID may play a role in ce n tra l autonom ic control.

364.12 DISTRIBUTION OF NEUROTRANSMITTER RECEPTORS IN THE HUMAN VISUAL 
CORTEX POSTMORTEM. A. Biegon and M. Schenk*. Weizmann I n s t i t u t e  
o f S c ie n ce , Rehovot, I s r a e l .

The r e l a t i v e  im portance o f v a r io u s  n e u ro t ra n s m it te r s  in  h ig h e r 
b ra in  fu n c t io n s  may depend, among o th e r  f a c to r s ,  on th e  d e n s ity  
of re c e p to r s  in  c o r t i c a l  reg io n s  su b se rv in g  th e se  fu n c t io n s . The 
d i s t r i b u t io n  o f  th e  fo llo w in g  re c e p to r  types  was s tu d ie d  in  s a g i t 
t a l  s e c t io n s  o f th e  human b ra in  p o s tm osrtem :no rad renerg ic  (a lp h a  
and b e ta )  s e ro to n e rg ic  ( s 1 and s 2) , c h o l in e rg ic  m u sca rin ic , benzo
d ia z e p in e s  and GABA. B ra in s  were o b ta in ed  from drug and neuro
pa tho logy  f r e e  s u b je c ts  w ith  a postmortem d e lay  n o t exceeding  40 
h o u rs . The re c e p to r s  w ere la b e le d  by in c u b a tio n  o f 40m th ic k  
c ry o s ta t  s e c t io n s  w ith  a p p ro p r ia te  t r i t i a t e d  o r io d in a te d  lig a n d s  
( e .g .  Biegon e t  a l . ,  B ra in  Res. 363:91 , 1985). Alpha a d ren e rg ic  
r e c e p to rs  were la b e le d  w ith  t r i t i a t e d  p ra z o s in  (a lp h a  1) o r  p a ra -  
amino c lo n id in e  (a lp h a  2) ;  w ith  o r  w ith o u t excess phento lam ine 
to  d e f in e  non s p e c i f ic  b in d in g . Io d in a te d  p in d o lo l was used to  
la b e l  b e ta  a d re n e rg ic  r e c e p to r s ,  w ith  p ro p ran o lo l to  b lo ck  non 
s p e c i f ic  b in d in g . S e ro to n in -1  re c e p to r s  were la b e le d  w ith  4nM 3H- 
5HT w ith  co ld  s e ro to n in  as  d is p la c e r ,  w h ile  s2 r e c e p to rs  were 
la b e le d  w ith  1251-iodo LSD in  th e  p resen ce  o f s u lp i r i d e  ( s p e c i f i c  
dopamine re c e p to r  b lo c k er) w ith  excess  co ld  m ian serin e  se rv in g  to  
d e f in e  non s p e c i f ic  b in d in g . C h o lin e rg ic  m u sca rin ic  were la b e le d  
w ith  3 H -q u in u c lid in y l b e n z i la te  (QNB) + a tro p in , benzo d iazep in es: 
3H-diazepam o r  midazolam + ex cess  diazepam , and GABA:3H-muscimol 
+ GABA. Each and every  one o f th e  r e c e p to r  types  examined ex
h i b i t s  a unique c o r t i c a l  d i s t r i b u t io n  and la m in a tio n  p a t te r n .  The 
c o r t i c a l  la m in a tio n  o f r e c e p to r  sub types appears  to  be complimen
ta ry :  a lpha  1 re c e p to r s  a re  dense in  e x te rn a l  and in t e r n a l  c o r t i 
c a l  la y e r s  w h ile  a lp h a  2 r e c e p to rs  a re  c o n c en tra ted  in  m iddle 
c o r t i c a l  la y e r s .  S1 b in d in g  i s  h ig h e s t in  c o r t i c a l  la y e r  1 
th roughou t most o f th e  c o r te x ,  and S2 re c e p to rs  predom inate in  
m iddle la y e r s .  In  a d d i t io n ,  sharp  changes in  la m in a tio n  and 
d e n s ity  o f b in d in g  a re  seen  in  th e  prim ary  v is u a l  co r te x  (a re a  17) 
w ith  some b u t n o t a l l  r e c e p to r s .  The m ost s t r ik in g  i s  th e  S1 
r e c e p to r ,  showing ex trem ely  h igh  d e n s ity  in  th e  m iddle la y e r s  o f 
a re a  17, h ig h e r  than  th e  d e n s ity  observed in  la y e r  1 which o th e r 
w ise  c o n ta in s  th e  h ig h e s t c o n c e n tra t io n  o f r e c e p to r s .  S ince  most 
s e ro to n e rg ic  d rugs a re  h a l lu c in o g e n ic , i t  i s  p o s s ib le  th a t  
h a l lu c in o g e n ic  p ro p e r t ie s  o f d rugs may be c o r r e la te d  w ith  dense 
and h ig h ly  lam ina ted  b in d in g  p a t te rn  in  th e  v is u a l  c o r te x .
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365.1 MODULATION OF GROWTH CONE MOVEMENT ON SURFACES COATED WITH 
FIBRONECTIN AND LAMININ. P, Letourneau. I. Pech*, J . McCarthy*, 
S, PALM*, and L. Furcht. Depts. of Cell Biology and Neuro- 
anatomy, and Laboratory Medicine and Pathology, Univ. of 
Minnesota, Minneapolis, MN 55455.

In order to advance across substrata and promote neurite 
elongation, growth cones must get traction  via adhesion to other 
surfaces. Fibronectin (FN) and laminin (LM) are two glycopro
te in s of ex tracellu lar matrices that may mediate growth cone 
anchorage in vivo (Rogers et a l , Dev. Biol. 98:212, 1983; Dev. 
Biol. 113:429, 1986). This study probed mechanisms of growth 
cone adhesion to FN and LM by suing a peptide sequence from FN, 
heparin and an antibody to a putative cell surface FN and LM 
receptor (CSAT, provided by A. Horwitz, Univ. of Penn.; Horwitz 
e t al . , J  Cell Biol. 101:2134, 1985) as potential inhib itors of 
growth cone adhesion and movement across FN- and LM-treated 
substrate. Dorsal root ganglia and spinal cords were removed 
from 10d and 7d, respectively, chick embryos, cut into explants, 
and placed into FN- or LM-treated culture dishes. After 24 hr 
incubation, dense networks of neurites extended from the explants 
onto the in v itro  surfaces. A fie ld  of growth cones at the edge 
of an outgrowth was chosen and recorded by time lapse video 
microscopy for at least 90 minutes. Then, an aliquot of the FN 
tetrapeptide (Arg-Gly-Asp-Ser), heparin or the CSAT antibody to 
the putative FN/LM receptor was added, and videorecording con
tinued for at least 60 minutes. Growth cone velocities were 
determined from videotapes by tracking growth cone positions at 
10 minute in tervals. Addition of 10 μg/ml CSAT antibody rapidly 
stops growth cones from advancing on FN- and LM-treated surfaces, 
although filopodial m otility  continues. Similarly, heparin stops 
growth cones advance in FN and LM. Addition of 2mM FN te t r a 
peptide stops growth cones on FN, but growth cones continue to 
advance on an LM-treated substratum in the presence of the FN 
tetrapep tide. In itia l examinations of cell -substratum adhesion 
by interference reflection  microscopy indicate that addition of 
CSAT in terferes with adhesion of growth cones to the substratum. 
These studies indicate that growth cones adhere to FN and LM by 
way of surface components that bind to specific domains of the 
ex tracellu lar glycoproteins.

(Supported by NIH grants CA21463, CA29995, AM 32660, HD 19950 
and a grant from the Spinal Cord Society.)

365.2 ROLE OF EXTRACELLULAR MATRIX AND ENDFOOT "TANGLES" IN AXONAL 
PATTERNING OF THE AVIAN TELENCEPHALON. M.R. Palmert* M.J. Kujawa* 
A .I. Caplan  and J .  S ilv e r . Depts. of Dev. Genetics and B io l., 
Case Western Reserve Univ., Cleveland, OH., 44106.

We have examined the  ro le  of e x tra c e llu la r  m atrix (ECM) in  
pa tte rn ing  axons in  the developing chick telencephalon a t  
embryonic days (E) 4 ,5 ,6 ,8 , and 10 by in v estig a tin g  the  sp a tio -  
temporal re la tio n sh ip  between axonal growth and ECM using 
an tibod ies ag a in st: 1) a neural c e l l  adhesion molecule (NCAM, 
which s ta in s  axons and g l ia ) ;  2) a n e u ra l-g lia l adhesion molecule 
(NgCAM, which s ta in s  only axons); and 3) a component of the  ECM, 
chondroitin  6 -s u lfa te  (C6S). TEM was u ti l iz e d  to  study the 
patte rn ing  of axons and support c e l l s .

At E4, C6S was lo ca lized  to  the v en tra l and ventro-m edial 
marginal zone (o lfac to ry  and sep ta l re g io n s ) . The lo ca tio n  of 
axons (determined by NgCAM s ta in in g  and TEM) resembled the C6S 
p a tte rn . NCAM was a lso  presen t in  the  v en tra l marginal zone but 
extended d o rsa lly  beyond the axons in  both the medial and la te r a l  
w alls of the  telencephalon . In the  E5 telencephalon, the  C6S was 
in  a v en tra l band th a t extended in to  the in term ediate zone; 
l ig h te r  s ta in in g  appeared more d o rsa lly  in  both the  l a te r a l  and 
medial marginal zones. Axons were loca lized  in  the ven tra l and 
la te r a l  portions of the  te lencephalic  marginal zone but were 
excluded from the middle of the medial wall where a dense 
" tang le" of n eu ro ep ith e lia l endfeet containing invaginated basal 
lamina was loca ted . NCAM was d is tr ib u te d  broadly around the 
circumference of the  hemisphere. At E6, C6S was present in  the  
v en tra l (p ir ifo rm ), ventro-m edial (o lfac to ry  and s e p ta l) ,  and 
expanding la te r a l  ( s t r i a t a l )  a reas but was minimal in  the 
" ta n g le ."  D orsally (in  the co rtex ), 2 d is t in c t  bands 
corresponding to  the  marginal zone and upper surface of the 
v e n tric u la r zone were ev iden t. The axonal p a tte rn  mimicked the 
lo c a liz a tio n  of the  C6S s ta in in g  except fo r the  absence of axons 
in  the  deeper band. Like the C6S s ta in in g , axons were absent 
from the  middle o f the  medial w a ll, the  lo ca tio n  of the  " tan g le ."  
NCAM and axon (NgCAM) p a tte rn s  were s im ila r except fo r p o sitiv e  
s ta in in g  of NCAM in  the  " tang le" where axons were absen t. At E8, 
the v en tra l C6S band was s t i l l  in ten se . C6S s ta in in g  of the 
la te r a l  ( s t r i a t a l )  and do rsa l (c o r t ic a l)  a reas was l ig h te r  and 
more d iffu se  with the 2 dorsal bands le s s  d iscernab le . The 
" tang le" was no longer p resen t and axons now appeared in  the  
middle of the medial w all. By E10, the C6S s ta in in g  diminished 
throughout the  telencephalon.

In summary our data  demonstrate th a t the  lo c a liz a tio n  of C6S 
s ta in in g  c lo se ly  mimics the p a tte rn  of ear ly  axons throughout the 
avian telencephalon. In the  medial w all, where e a r ly  axons do 
not grow, the "tangle" may serve tra n s ie n tly  as a physical and 
molecular b a rr ie r  to  the  passage of axons.
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365.3 SUBSTRATES FOR DIRECTED OUTGROWTH FROM DISPLACED GANGLION CELLS 
INTO THE RODENT SUPERIOR COLLICULUS. M.H. Hankin and R.D.Lund, 
D ep t. o f N eurob io logy , Anatomy and C e ll S c ien ce , and C en ter fo r  
N eu roscience , Univ. o f  P i t t s b u rg h ,  Sch. o f M edic ine, P i t t s b u rg h ,  
PA 15261

When em bryonic r e t in a e  a re  p laced  on th e  m idbrain  o f n eo n a ta l 
r a t s ,  axons grow a c ro ss  th e  s u r fa c e  to  in n e rv a te  s u b c o r t i c a l  
v is u a l  c e n te r s .  We have in v e s t ig a te d  w hether th e re  i s  ev idence 
o f ta r g e t - d i r e c te d  growth to  th e  tec tum , and w hether th e  su r fa c e  
o f th e  b ra in  i s  an o b lig a to ry  s u b s t r a te  fo r  growing o p tic  axons 
as in  norm al developm ent.

Mouse r e t in a e  t r a n s p la n te d  to  th e  c e re b ra l  aqueduct of 
n e o n a ta l r a t s  m atured r e l a t i v e ly  norm ally  and em itted  axons th a t  
grew d o r s a l ly  tow ards th e  tectum  r a th e r  than  a long th e  aqueduct 
s u rfa c e  o r th e  d e fe c t caused by in tro d u c in g  th e  t r a n s p l a n t .  
F ib e rs  le a v in g  th e  t r a n s p la n t  from i t s  d o rs a l  s id e  always 
p ro je c te d  r a d i a l l y  from th e  g r a f t ,  w hereas f ib e r s  e x i t in g  
v e n t r a l l y  grew around th e  r e t in a  and then  r a d i a l l y  tow ards th e  
s u p e r f ic i a l  la y e r s  of th e  s u p e r io r  c o l l i c u lu s .  Axons reached  th e  
s u p e r f i c i a l  la y e r s  o f th e  su p e r io r  c o l l ic u lu s  e i t h e r  by runn ing  
d o r s a l ly  along  th e  m id lin e , o r by fo llo w in g  an a rch in g  co u rse  
along  th e  o r ie n ta t io n  of r a d i a l  g l i a l  p ro c e sse s .

A s e r ie s  o f a d d i t io n a l  experim en ts suggested  th a t  th e  
ou tgrow th  was t a r g e t - d i r e c te d  and s p e c i f ic  to  o p t ic  axons. The 
d ir e c te d  o p tic  outgrow th  was p robab ly  no t due to  m echanical 
f a c to r s  a s s o c ia te d  w ith  t r a n s p la n ta t io n  f i r s t  because outgrow th 
was n o t seen  a long  th e  in j e c t io n  t r a c t  o r  aqueduct su r fa c e  and 
seco n d ly , because c o r t i c a l  t r a n s p la n ts  p laced  i n a s im i la r  manner 
showed more d i f f u s e  ou tg row th . Outgrowth from r e t in a e  was 
o r ie n te d  toward th e  tectum  even in  th e  p resen ce  of a c o r t i c a l  
le s io n  o r when e n u c le a t io n  was combined w ith  a c o r t i c a l  le s io n .  
T h is su g g es ts  th a t  th e  outgrow th  was n o t a g e n e ra liz e d  response  
to  d e a f f e r e n ta t io n .  The e a r l i e s t  d e c te c ta b le  f ib e r s  grew tow ards 
th e  tectum .

Thus, i t  appears  th a t  o p t ic  axons can use d i f f e r e n t  s u b s t r a te s  
from normal in  t h e i r  grow th to  th e  tectum . I t  i s  p o s s ib le  t h a t  
r a d i a l  g l i a ,  because o f t h e i r  o r ie n ta t io n ,  could  f u l f i l l  th i s  
r o le ,  how ever, they  a lo n e  a re  in s u f f i c i e n t  to  su p p o rt o p t ic  axon 
outgrow th s in c e  axons f a i l  to  grow o u t from g r a f t s  p laced  more 
v e n t r a l l y  in  th e  m idb ra in  tegmentum. We su g g est th a t  a 
n e u ro tro p ic  f a c to r  re le a s e d  by th e  s u p e r f ic i a l  la y e r s  o f th e  
tectum , in  com bination  w ith  r a d i a l  g l i a  could  p ro v id e  a s u b s t r a te  
fo r grow th.

Supported by NIH g ra n ts  NS07817 (M .H.H .), EY05283 and EY05308 
(R .D .L).

365.4 NEURITES growing on an axonal substrate are shortened by fabs 
AGAINST NEURAL CELL SURFACE GLYCOPROTEINS. S.Chang, F .G .R a th jen +, 
E . B. Grunewald* , and J .A . Raper. M a x -P la n c k -In s ti tu t fu r  Entw ick- 
lu n g s b io lo g ie , D-7400 Tüb in g en , FRG.

We have developed a new in  v i t r o  assay  which q u a n t i f ie s  th e  
e x ten s io n  o f growth cones on axonal s u b s t r a te s .  The le n g th s  o f 
ch ick  sym pathetic  n e u r i te s  e lo n g a tin g  on ch ick  sym pathetic  axons 
were m easured in  th e  p resen ce  o r th e  absence of an tibody  Fab 
fragm en ts . S ev e ra l hundred n e u r i te s  were measured fo r  each con
d i t io n  and th e  d a ta  analyzed  fo r  s t a t i s t i c a l  s ig n if ic a n c e  using  
th e  Wilcoxon rank t e s t .  The Fab fragm ents we used  were d ire c te d  
a g a in s t th e  w e ll c h a ra c te r iz e d  n e u ra l c e l l  adhesion  m olecule 
(NCAM), and a g a in s t two re c e n tly  p u r i f i e d  n e u ra l c e l l  s u rfa c e  
g ly c o p ro te in  a n tig e n s  (E4, F 11) .  The E4 and F 11 a n tig e n s  bo th  
have m ajor bands a t  135 kDa, and a re  c le a r ly  d i s t i n c t  from NCAM, 
la m in in , or f ib ro n e c t in .

I t  was found th a t  anti-NCAM Fabs (1 mg/ml) d id  n o t s ig n i f i c a n t 
ly  reduce n e u r i te  le n g th s  as compared to  c o n t ro ls ,  a lthough  NCAM 
i s  p re s e n t on th e  s u r fa c e s  o f sym pathetic  axons, and th e  same 
anti-NCAM Fabs i n h i b i t  r e t i n a l  c e l l - c e l l  adhesion .

A nti-E 4 Fabs (0 .1 – 1 mg/ml) and a n t i - F 11 Fabs (1 mg/ml) s i g n i f i 
c a n tly  reduce n e u r i te  le n g th s  as compared to  c o n t ro ls .  The average 
n e u r i te  le n g th  measured in  th e  p resen ce  o f an ti-E 4  Fabs i s  60–70 % 
of th e  c o n tro l v a lu e ; th e  average n e u r i te  le n g th  measured in  th e  
p resen ce  o f a n t i - F 11 Fabs i s  80% o f th e  c o n tro l v a lu e . Time course 
experim en ts show th a t  th e  re d u c t io n  in  average n e u r i te  le n g th s  
caused  by th e  Fabs i s  due to  a d ec re ase  in  th e  r a t e  o f outgrow th . 
In  th e  p resen ce  of an ti-E 4  Fabs th e  r a t e  o f n e u r i te  e lo n g a tio n  i s  
abou t o n e - th ird  th e  c o n tro l v a lu e . In  th e  p resence  o f a n t i - F 11 Fabs 
th e  r a t e  i s  about tw o - th ird s  th e  c o n tro l va lu e .  The e f f e c t  o f th e  
two Fabs added to t e th e r  i s  th e  stun of each Fab a lo n e . Outgrowth 
on lam in in  s u b s t r a te s  i s  u n pertu rbed  in  th e  p resen ce  o f th e  F abs, 
in d ic a t in g  th a t  t h e i r  e f f e c t s  a re  s u b s t r a te  s p e c i f i c ,  and a re  
n o t due to  a g e n e ra l d ec re ase  in  c e l l  h e a lth  o r  m o t i l i ty .

The E4 and F 11 an tig e n s  Are p re s e n t in  th e  s p in a l cord and 
r e t i n a  v ery  e a r ly  in  developm ent, a f t e r  E3-4 through m a tu r ity . 
They a re  found th roughou t th e  w h ite  m a tte r  o f th e  s p in a l  cord  and 
th ey  s t a i n  complementary f ib e r  la y e rs  in  th e  E9 r e t i n a .

These r e s u l t s  su g g es t th a t  th e  E4 and F11 a n tig en s  p la y  a r o le  
in  th e  ex te n s io n  o f  growth cones on axons.

365.5 CYTOTACTIN, AN EXTRACELLULAR MATRIX PROTEIN OF NEURAL AND NON- 
NEURAL TISSUES THAT MEDIATES GLIA-NEURON INTERACTION K athryn 
L. C ro ss in * , S tan ley  Hoffman, M artin  Grumet, and G erald  M. 
EdelmanT L ab o ra to ry  o f D evelopm ental and M olecular B io logy, 
The R o c k e fe lle r  U n iv e r s ity , New York, New York, 10021

A new e x t r a c e l lu l a r  m a trix  p ro te in ,  c y to ta c t in ,  has been 
id e n t i f i e d ,  i s o l a t e d ,  and p a r t i a l l y  c h a ra c te r iz e d .  C y to ta c t in  
i s  invo lved  in  g l i a - neuron adhesion  in  v i t r o , b u t u n lik e  the  
neuron- g l i a  c e l l  adhesion  m o lecu le , i t  i s  ab sen t from neu rons . 
I t  i s  found a t  the  su rfa c e  o f g l i a  in  c u l tu r e  in  a c e l l -  
a s s o c ia te d  f i b r i l l a r  p a t te r n .  C y to ta c t in  was i s o la te d  from 14- 
day embryonic ch icken  b ra in s  as  s t r u c t u r a l l y - r e l a t e d  polypep
t i d e s  of Mr 220,000, 200,000 and 190,000. The p e p tid e s  from 
b ra in  were e a s i ly  e x t ra c te d  in to  i s o to n ic  b u f fe r s  w ithou t 
d e te rg e n t ,  b u t appeared  to  be h ig h ly  d i s u l f i d e  bonded to  each  
o th e r .  In  p re lim in a ry  experim en ts to  in v e s t ig a te  c y to ta c t in -  
m ediated  b in d in g , beads b ea rin g  c o v a le n tly -c o u p le d  c y to ta c t in  
bound s p e c i f i c a l ly  to  neurons. A lthough c y to ta c t in  was 
id e n t i f i e d  as  a  m olecule th a t  m ed ia tes  g lia -n e u ro n  in t e r a c 
t i o n s ,  p re l im in a ry  im m unohistochem ical l o c a l i z a t i o n  o f the  
m olecule suggested  th a t  i t  was an e x t r a c e l lu l a r  m a tr ix  p ro te in  
w ith  a w idespread  bu t n o n e th e le s s  more r e s t r i c t e d  d i s t r i b u t io n  
than  e i th e r  f ib r o n e c t in  o r la m in in . C y to ta c t in  appears  in  th e  
basem ent membrane o f th e  g a s t r u l a t i n g  ch icken  embryo, and in  
th e  deve lop ing  ne u ra l  tu b e , notochord  and som ites in  a tem poral 
sequence beg inn ing  in  th e  c e p h a lic  re g io n s  and p roceed ing  
c a u d a lly . Between 2 and 3 days o f developm ent, th e  m olecule i s  
p re s e n t a t  h ig h  le v e ls  in  th e  e a r ly  n e u ra l c r e s t  pathways 
(su rro u n d in g  th e  n e u ra l tube  and som ites) b u t, in  c o n t r a s t  to  
f ib ro n e c t in  and la m in in , i s  n o t found in  th e  l a t e r a l  p la te  
mesoderm o r ec toderm . At l a t e r  t im e s , c y to ta c t in  i s  exp ressed  
e x te n s iv e ly  in  th e  c e n tr a l  nervous system , in  l e s s e r  amounts in  
th e  p e r ip h e ra l  nervous system , and in  a number o f nonneural 
s i t e s ,  most p rom inen tly  in  a l l  smooth m uscles and in  basem ent 
membranes o f  lung and k idney . C y to ta c t in  appears in  a d u lt  
t i s s u e s  w ith  d i s t r i b u t io n s  th a t  a re  s im i la r  to  those  seen  in  
embryonic t i s s u e s .  The su rvey  o f th e  tim es and s i t e s  o f 
c y to ta c t in  appearance du rin g  em bryogenesis r a i s e s  th e  p o s s i
b i l i t y  th a t  c e r t a in  e x t r a c e l lu l a r  m a tr ix  p ro te in s  c o n tr ib u te  to  
p a t te r n  fo rm a tio n  in  em bryogenesis a s  a r e s u l t  o f t h e i r  
r e s t r i c t e d  e x p re ss io n  in  a s p a tio te m p o ra lly - re g u la te d  fa sh io n  
a t  some s i t e s  b u t n o t a t  o th e r s .  Supported  by USPHS G rants 
AM-04256, HD-16550, HD-09635, NS-21629, and a S enato r Jacob 
J a v i t s  C en ter of E x c e llen ce  in  N euroscience G rant (N S-22789).

365.6 THE TISSUE SPECIFICITY OF CONTACT MEDIATED AVOIDANCE BETWEEN 
GROWTH CONES AND AXONS. J .A . Raper and J .P .  Kapfhammer+ . 
M a x -P la n c k -In s ti tu t f ür  E n tw ick lu n g sb io lo g ie , D-7400 Tubingen, FRG.

Experim ents u s ing  in v e r te b r a te  and v e r te b r a te  p re p a ra tio n s  
in d ic a te  t h a t  grow th cones a re  ab le  to  d is t in g u is h  between la b e ls  
d i f f e r e n t i a l l y  a s s o c ia te d  w ith  axons. For exam ple, c u l tu re d  
em bryonic day 6 (E6) ch ick  r e t i n a l  n e u r i te s  p r e f e r  no t to  mix w ith  
E8 sym p ath e tic  n e u r i t e s ,  w h ile  E6 r e t i n a l  n e u r i te s  mix f r e e ly  w ith  
o th e r  r e t i n a l  n e u r i t e s ,  and E8 sym pathetic  n e u r i te s  mix f r e e ly  
w ith  o th e r  sym pathetic  n e u r i t e s .  Time la p se  s tu d ie s  show th a t  
r e t i n a l  grow th cones m a in ta in  th e i r  norm al, f l a t t e n e d ,  m o tile  
morphology when they  c o n ta c t r e t i n a l  axons. The same i s  t r u e  fo r  
sym pathetic  grow th cones c o n ta c tin g  sym pathetic  axons. However, 
r e t i n a l  grow th cones which c o n ta c t sym pathetic  axons, o r sympa
th e t i c  grow th cones which c o n ta c t r e t i n a l  axons, g e n e ra lly  lo se  
t h e i r  normal m o tile  morphology, and a f t e r  c o l la p s in g , w ithdraw  
backw ards.

We have c u l tu re d  a v a r i e ty  o f  embryonic ch ick  n e u ra l t i s s u e s  
to g e th e r  to  de term ine which growth co n e -n e u rite  p a i r s  le ad  to  con
t a c t  m ediated  r e t r a c t i o n .  We c u l tu re d  most o f th e  p o s s ib le  
p a i r in g s  o f E6 r e t i n a  (RET), E4 v e n t r a l  d iencephalon  (DEN), E8 sym
p a th e t i c  g a n g lia  (SYM), E8 d o rs a l r o o t  g a n g lia  (DRG), and E8 
c i l i a r y  g a n g lia  (C IL). We made tim e la p se  film s  of c o l l i s io n s  
between grow th cones and n e u r i te s  which cou ld  be tr a c e d  back to  
t h e i r  e x p la n ts  o f o r ig in .  A s u f f i c i e n t  number of random ly s e le c te d  
ca ses  were film ed  so th a t  th e  r e s u l t s  could  be compared q u a n t i ta 
t i v e ly .

Growth cones m eeting n e u r i te s  of th e  same type  do n o t r e t r a c t  
from each o th e r ;  e .g .  RET growth cones m eeting RET n e u r i te s ,  SYM 
m eeting  SYM, DRG m eeting  DRG, and CIL m eeting CIL.

Growth cones m eeting  axons o f ano th er ty p e  e i th e r  r e t r a c t  o r 
n o t depending on th e  s p e c i f ic  p a i r in g s  in v o lv ed . The fo llow ing  
u n lik e  p a i r in g s  r e s u l t  in  grow th cone r e t r a c t i o n :  RET growth cones 
m eeting  SYM n e u r i t e s ,  RET m eeting  DRG, RET m eeting  CIL, SYM m eeting 
RET, DRG m eeting  RET, CIL m eeting RET, SYM m eeting DEN. The fo llo w 
ing  u n lik e  p a i r in g s  do n o t r e s u l t  in  grow th cone r e t r a c t i o n :  RET 
grow th cones m eeting DEN n e u r i t e s ,  SYM m eeting DRG, DRG m eeting 
SYM, and CIL m eeting  SYM. Mixed r e s u l t s  a re  o b ta in ed  w ith  SYM 
growth cones m eeting  CIL n e u r i te s .

The d a ta  th u s  f a r  c o l le c te d  f i t  th e  fo llo w in g  r u le :  p e r ip h e ra l  
growth cones r e t r a c t  from c e n tr a l  n e u r i t e s ,  c e n t r a l  growth cones 
r e t r a c t  from p e r ip h e ra l  n e u r i t e s ,  p e r ip h e ra l  grow th cones do no t 
r e t r a c t  from p e r ip h e ra l  n e u r i t e s ,  and c e n tr a l  grow th cones do no t 
r e t r a c t  from c e n t r a l  n e u r i te s .
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365.7 TARGET SPECIFICATION OF MORPHOLOGICAL CHARACTERISTICS OF IDENTIFIED 
LEECH NEURONS DURING EMBRYOGENESIS. C.M. L oer, J .  J e l l i e s ,  and 
W.B. K r is ta n , J r .  D ept. o f  B io logy , UCSD, La J o l l a ,  CA 92093.

The segm ental nervous system s o f  a n n e lid s  and a r th ro p o d s  a r i s e  
from seem ingly id e n t ic a l  b locks  o f  p re c u rs o rs  which a re  r e i t e r a t e d  
along th e  le n g th  o f  th e  an im al. D esp ite  i n i t i a l  s im i l a r i t y ,  seg - 
m e n ta lly  homologous neurons o f te n  d i f f e r  co n s id e ra b ly  in  morphology, 
p h y s io lo g y , and consequent f u n c t io n . Such d if fe re n c e s  could  r e s u l t  
from v a r i a t i o n s  in  th e  developm ental program in  d i f f e r e n t  segm ental 
p re c u rs o rs  as w e ll as d if f e re n c e s  in  th e  segm ental environm ent. We 
have found th a t  th e  developm ent o f  some m orpho log ica l c h a r a c te r i s 
t i c s  o f  an i d e n t i f i e d  le ech  neu ron , th e  R e tz iu s  (Rz) c e l l ,  depends 
upon th e  p resen ce  o f  i t s  s e g m e n t-sp e c if ic  t a r g e t  t i s s u e .

A p a i r  o f  la rg e  s e ro to n e rg ic  Rz c e l l s  i s  found in  each segment 
o f  th e  le e c h , H irudo m e d ic in a l is . While most Rz c e l l s  d i f f u s e ly  
in n e rv a te  body w all o f  t h e i r  own segment and each a d ja c e n t segm ent, 
th o se  in  th e  sex g a n g lia  (5 and 6) d en se ly  in n e rv a te  on ly  th e  r e p ro 
d u c tiv e  t i s s u e .  In  a d d i tio n  to  hav ing  d i f f e r e n t  p e r ip h e ra l  ta r g e ts ,  
Rz (5 ,6 ) do n o t ex tend  axons in to  th e  in te rg a n g l io n ic  c o n n e c tiv e s , 
have s m a lle r  c e l l  b o d ie s , and have a le s s  dense a rb o r iz a t io n  w ith in  
th e  g a n g lio n ic  n e u ro p i l .  I n i t i a l l y ,  how ever, Rz (5 ,6 ) ex tend p ro 
ce sse s  in to  th e  body w all and c o n n e c tiv e s . D iffe re n c e s  between 
Rz (5 ,6 )  and s ta n d a rd  Rz c e l l s  a r i s e  on ly  a f t e r  Rz (5 ,6 )  p ro cesse s  
c o n ta c t th e  d eve lop ing  re p ro d u c tiv e  t i s s u e .  We have proposed th a t  
some in t e r a c t io n  between th e  re p ro d u c tiv e  t i s s u e  and Rz (5 ,6 ) i s  
r e s p o n s ib le  f o r  th e  unique developm ent o f  th e se  neu ro n s . We have 
te s t e d  t h i s  h y p o th e s is  by a b la t in g  th e  re p ro d u c tiv e  t i s s u e  from 
embryos and su b seq u en tly  exam ining th e  morphology o f  Rz ( 5 ,6 ) .

R eproduc tive t i s s u e  was removed from e a r ly  te n  day o ld  embryos 
by a  s u c tio n  m ic ro p ip e t. C on tro l an im als in c lu d ed  b o th  unopera ted  
s ib l in g s  as w ell as embryos in  which nearby  body w all was removed 
in s te a d  o f  re p ro d u c tiv e  t i s s u e .  S u rv iv a l o f  expe rim en ta l an im als 
was com parable to  th a t  o f  u n opera ted  c o n t ro ls .  A f te r  an a d d i t io n a l  
10 days o f  developm ent, in d iv id u a l Rz c e l l s  were f i l l e d  w ith  HRP.

Rz (5 ,6 ) in  an im als whose re p ro d u c tiv e  t i s s u e  was removed resem 
b le d  s ta n d a rd  Rz c e l l s .  Such Rz c e l l s  p ro je c te d  p ro c e sse s  in to  th e  
body w all (10/10) and f re q u e n t ly  extended axons in to  th e  in te rg a n 
g l io n ic  c o n n e c tiv e s  (2 2 /3 7 ) , som ething Rz (5 ,6 ) in  u nopera ted  a n i 
mals nev e r d id .  In  com parison , p ro c e sse s  o f  Rz (5 ,6 ) in  o p e ra ted  
c o n tro ls  seldom e n te re d  th e  body w all (2 /10) o r  th e  co n n e c tiv e s  
(1 /1 1 ) . These r e s u l t s  sug g est th a t  th e  s e g m e n t-sp e c if ic  t a r g e t  o f  
Rz (5 ,6 ) i n t e r a c t s  w ith  th e s e  neurons to  in f lu e n c e  th e  developm ent 
o f  t h e i r  p a r t i c u l a r  morphology. We a re  a ls o  t e s t i n g  th e  h y p o th e sis  
by tr a n s p la n t in g  re p ro d u c tiv e  t i s s u e  in to  s tan d a rd  segments to  ask 
w hether th e se  Rz c e l l s  can be changed.

This work was suppo rted  by an NIH T ra in e e s h ip , GM07313 (CML), an 
NIH fe l lo w sh ip , NS07684 ( J J ) , and an NIH g ra n t ,  NS20746 (WBK).

365.8 MORPHOLOGICAL CHARACTERISTICS OF THE INTERACTION BETWEEN DEVELOPING 
IDENTIFIED LEECH NEURONS AND THEIR TARGET ORGANS. K.A. F rench , 
S.M. Furgal*  and W.B. K r is ta n , J r . D ep t. o f  B io logy, UCSD, 
La J o l l a ,  CA 92093.

P a ire d  la rg e ,  s e ro to n e rg ic  n eu rons , th e  R e tz iu s  (Rz) c e l l s ,  a re  
found in  each o f  th e  segm ental g a n g lia  o f  th e  m ed ic inal le e c h , 
H irudo m e d ic in a l is . In  a l l  segm ents, excep t th e  two th a t  co n ta in  
most o f  th e  re p ro d u c tiv e  s t r u c tu r e s  (segm ents 5 and 6 ) ,  th e se  neu
rons d i f f u s e ly  in n e rv a te  th e  body w a ll .  In  th o se  two segm ents, th e  
Rz c e l l s  h e a v ily  in n e rv a te  th e  re p ro d u c tiv e  s t r u c tu r e s  in s te a d : th e  
male re p ro d u c tiv e  t i s s u e  in  segment 5 and th e  fem ale t i s s u e  in  seg 
ment 6. D iffe ren c es  in  c e n tr a l  morphology accompany th i s  d i f f e 
ren ce  in  p e r ip h e ra l  in n e rv a tio n . Experim ental m an ip u la tio n s  in  
embryos have su ggested  th a t  in t e r a c t io n  between th e  outgrow ing 
p ro c e sse s  o f  Rz c e l l s  and t h e i r  ev en tu a l t a r g e t  t i s s u e s  p la y s  a 
m ajor r o le  in  shaping  th e se  m orphologica l d i f f e re n c e s ,  so we have 
begun to  c h a ra c te r iz e  th e  c o n ta c ts  between growing Rz c e l l s  and 
t h e i r  ta r g e t s  in  th e  p e r ip h e ry  as an approach to  u n d ers ta n d in g  th e  
mechanism o f  th e  in t e r a c t io n .

The p r im o rd ia l re p ro d u c tiv e  t i s s u e  can be recogn ized  in  segments 
5 and 6 o f  whole embryos and in  h is to lo g ic a l  s e c t io n s  b e fo re  axonal 
outgrow th b e g in s . These c lu s t e r s  o f  u n d if f e re n t ia te d  c e l l s  grow 
from n ea r th e  l a t e r a l  edge o f  th e  germ inal p la te  tow ard th e  v e n tra l  
m id lin e  a t  about th e  tim e th a t  Rz axons e x i t  th e  g a n g lia  and grow 
tow ard th e  p e r ip h e ry . The morphology o f  Rz c e l l s  was rev ea led  
e i t h e r  by in d i r e c t  im m unological la b e l l in g  u s in g  an an tibody  to  
s e ro to n in  o r  by f i l l i n g  in d iv id u a l c e l l s  w ith  h o rs e ra d is h  p e ro x i
d ase .

Growth cones o f  Rz (5 ,6 ) in  th e  v i c in i t y  o f  th e  rep ro d u c tiv e  
p rim o rd ia  were seen to  be extended and e la b o ra te ,  ty p ic a l  o f  axons 
th a t  a re  a c t iv e ly  choosing  a pathway. In  c o n t r a s t ,  th e  growth 
cones o f  th e  Rz c e l l s  in  o th e r  segments o f  th e  same embryos 
appeared  th in  and sim ple as th ey  passed  th rough  th e  homologous p o r
t io n  o f  th e  germ inal p l a t e .  S ec tio n s  through  segments 5 and 6 o f 
embryos, examined w ith  l i g h t  and e le c tro n  m icroscopy, showed th a t  
la b e l le d  Rz axonal p r o f i l e s  approach th e  o u te r  l im it in g  la y e r  o f  
th e  re p ro d u c tiv e  p r im o rd ia .

These r e s u l t s  su g g est th a t  growing Rz (5 ,6 ) axons a c t iv e ly  r e 
spond to  th e  p resen ce  o f  th e  re p ro d u c tiv e  c e l l s  w ith  e la b o ra te  
growth cones and su b seq u en tly  r e d i r e c t  t h e i r  p a th  away from th e  
body w all to  fo llo w  th e  re p ro d u c tiv e  p rim o rd ia  tow ard th e  v e n tra l  
m id lin e . At th e  tim e th a t  t h i s  cho ice  i s  be ing  made, Rz p ro cesse s  
l i e  n ea r th e  o u te r  boundary o f  th e  re p ro d u c tiv e  t i s s u e ,  where t h e i r  
growth cones may be making c o n ta c ts  th a t  m ed iate  th e  r e d i r e c t io n .

This work was suppo rted  by NIH R esearch G rant NS20746 to  WBK.

365.9 AXONAL GUIDANCE PROVIDED BY SINGLE NON-NEURONAL CELLS IN THE LEECH. 
J .  J e l l i e s  and W.B. K r is ta n , J r .  Departm ent o f  B io logy , UCSD, 
La J o l l a ,  CA, 92093.

Each midbody gang lion  in  H irudo m e d ic in a lis  g iv e s  r i s e  to  a 
p a i r  o f b i l a t e r a l  ro o ts  w hich q u ic k ly  branch in to  fo u r  m ajor 
n e rv e s . An a d d i t io n a l  ne rve  between segm ents 5 and 6 , th e  sex 
nerve  (SN), c a r r i e s  axons o f  th e  R e tz iu s  (Rz) n eu rons , a s  w e ll as  
th o se  o f m otor and presum ably senso ry  n eu rons . V is u a l iz a t io n  o f Rz 
p ro c e sse s  (u s ing  an an tise ru m  a g a in s t  s e ro to n in )  as  w e ll a s  muscle 
and m uscle p re c u rs o r  c e l l s  (u s ing  a m onoclonal an tib o d y : Z ip se r  
and McKay, 1981, N a tu re , 289:549) in  embryos re v e a le d  a s in g le  
b i l a t e r a l  p a i r  o f  c e l l s  i n  th e  p o s i t io n  o f  th e  fu tu r e  SN 's. When 
f i l l e d  w ith  L u c ife r  Y ellow , th e se  c e l l s  showed a c h a r a c t e r i s t i c ,  
f l a t  morphology and could  be recogn ized  abou t 12 hours b e fo re  
axons en te re d  th e  p resum ptive SN. C ro s s -s e c tio n s  re v e a le d  th a t  
axons were l a t e r  c lo s e ly  a s s o c ia te d  w ith  each " f l a t  c e l l . "

We examined th e  r o le  o f th e  f l a t  c e l l  in  e s ta b l is h in g  th e  SN by 
a b la t in g  i t  in  two ways, m echanical d is ru p tio n  (re p e a te d  p e n e tra 
t io n  w ith  a m ic ro e le c tro d e )  and p h o to in a c t iv a t io n  ( il lu m in a tio n  
a f t e r  f i l l i n g  th e  c e l l  w ith  L u c ife r  Y ellow ). The f l a t  c e l l  on on ly  
one s id e  was a b la te d ,  le a v in g  th e  o th e r  a s  a  c o n tro l f o r  normal 
SN developm ent. A fte r  m echanical d is ru p tio n  abou t 10% o f anim als 
were m iss ing  f l a t  c e l l s  (n=6) when examined a f t e r  3– 5 days. When
eve r a f l a t  c e l l  was m iss in g , th e  SN was a b s e n t w hereas whenever 
a  f l a t  c e l l  was i n t a c t ,  th e  SN was p r e s e n t .

P h o to in a c tiv a tio n  (by m ethods a f t e r  M ille r  and S e lv e rs to n , 1979, 
S c ie n ce , 206:702) more s p e c i f i c a l ly  e l im in a te d  th e  f l a t  c e l l .  To 
do t h i s ,  a s in g le  Rz c e l l  in  a  l i v e  embryo was f i r s t  f i l l e d  w ith  
dye and i t s  p ro c e sse s  used  a s  landm arks to  f in d  and subsequen tly  
f i l l  a  f l a t  c e l l .  (K ill in g  Rz c e l l s  a lone  had no e f f e c t  on SN 
fo rm a tio n .)  A b la tio n  o f  th e  d y e - f i l l e d  f l a t  c e l l s  by exposure to  
l i g h t  always e l im in a te d  th e  a p p ro p r ia te  SN (n=5), a s  determ ined  
3–4 days l a t e r  by s ta in in g  axona l bund les w ith  an an tiserum  d i r 
e c te d  a g a in s t  tu b u l in .

These experim en ts su g g es t t h a t  th e  f l a t  c e l l  p ro v id e s  a con
tin u o u s  s u b s t r a te  n ec essa ry  fo r  axons to  n a v ig a te  between segments 
5 and 6. We a re  c u r r e n t ly  in v e s t ig a t in g  th e  p ro b ab le  mechanisms 
u n d e rly in g  t h i s  n av ig a tio n  and th e  ways in  which th e  f l a t  c e l l  
f i r s t  d e f in e s  th e  pathway d u rin g  e a r ly  em bryogenesis.

This work was suppo rted  by an NIH fe l lo w sh ip , #NS 07684 (J J )  
and an NIH g ra n t ,  #NS 20746 (WBK).

365.10 MUTATIONS AFFECTING GROWTH OF LUMBAR NEURONS IN THE NEMATODE 
CAENORHABDITIS ELEGANS STUDIED IMMUNOCYTOLOGICALLY.
Shahid S . S id d iq u i & Joseph  C u lo t t i*, D ept. Biochem, Molec B io l 
& C e l l  B io l and Dept o f  N eurobiology & P h ysio logy , N orthw estern  
U n iv ., E vanston , IL 60201.

A p a i r  o f  b i l a t e r a l l y  symmetric lum bar g a n g lia  a re  
lo c a te d  in  th e  t a i l  o f  th e  nematode C.  e le g a n s . In  a d u lts  
each lum bar gan g lio n  c o n s is ts  o f  seven em bryon ically  d eriv ed  
n eu ro n s , PHA, PHB, PLM, PVC, PVQ, LUA, and a  s in g le  neuron 
PVR In  th e  r ig h t  g a n g lio n , and f iv e  po stem b ry o n ica lly  
d e r iv ed  neurons PHC, PVN, PVW, and PLN, and a neuron PQR in  
th e  l e f t  gan g lio n  (S u ls to n , J .  & H o rv itz , R .H ., Dev. B io l . ,  
56 :110 , 1977; and S u ls to n , J .  e t  a l . , Dev. B io l . 100:64 , 1983). 
We p re v io u s ly  used  anti-H RP a n tib o d ie s  t o  examine th e  morpholo
g ie s  o f  lum bar neurons PHC and PVN in  96 unco o rd in a ted  
m utants o f  C.  e leg an s  (Soc. N eu ro sc i. A b s., 1985) . We 
r e c e n tly  d isco v e red  th a t  a  v a r ie ty  o f  a n t i - tu b u l in  monoclonal 
a n t ib o d ie s  (p rov ided  by T. A rai and by G. P ip ern o ) can be 
used  to  s t a i n  mechanosensory neurons (C h a lf ie , M. & Thomson, 
J .N . ,  J . C e l l  B io l . ,  82 :278 , 1979) in c lu d in g  lum bar neuron 
PLM. In  w ild  ty p e  an im a ls , PHC and PVN send axons v e n t r a l ly  
to  t a r g e t s  in  th e  v e n t r a l  c o rd , w hereas , PLM sends an axon 
fo rw ard  in  a  s u b v e n tra l p o s i t i o n ,  ex ten d in g  a b ranch  to  th e  
v e n t r a l  co rd  n ea r th e  v u lv a . We have used  th e  a n t ib o d ie s  
t o  examine th e s e  neurons in  un co o rd in a ted  m utan ts re p re s e n tin g  
app rox . 90 unc g en e s . In  m utants o f  9 genes (u n c -1 3 , unc-3 3 , 
unc-4 4 , unc-5 1 , u n c -6 l , u n c -7 1 , un c-7 3 , unc- 98 , and unc- 6 ) 
PLM as  w e ll a s  PHC and PVN axons had abnorm al m orpho log ies. 
A v a r i e ty  o f  PLM e r r o r s  were observed in  th e s e  m u tan ts , 
in c lu d in g  p rem ature te rm in a tio n  and abnorm al p o s i t io n in g  
o r  b ran ch in g  o f  axons. M utations in  unc-53 and unc-76 
had s im i la r  e f f e c t s  on PLM, b u t d id  n o t a f f e c t  th e  growth 
o f  PHC o r  PVN. Thus some unc genes a re  re q u ire d  fo r  th e  
grow th o f  postem bryonic neurons PHC and PVN as  w e ll  as f o r  
em bryonic neuron PLM, w hereas o th e rs  a r e  re q u ire d  f o r  PLM 
b u t no t f o r  PHC and PVN. The d i f f e r e n t i a l  e f f e c t s  o f  
m u ta tio n s  in  unc-53 and unc-76 v s . m u ta tio n s  in  th e  
o th e r  unc genes on th e s e  and o th e r  lum bar neurons (see  
a l s o  Soc. N eu ro sc i. Abs. 1 0 2 .8 , 1985 f o r  e f f e c t s  on PHA 
and PHB) su g g es t t h a t  th e s e  two genes may norm ally  a c t  in  
em bryonic b u t n o t in  postem bryonic nerve grow th.

Supported  by N a tio n a l I n s t i t u t e s  o f  H ea lth  NS 20258 and 
March o f  Dimes B ir th  D efec ts  F oundation  aw arded to  J .C .
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365.11 PUTATIVE GABAERGIC NEURONS AND THE IMMUNOCYTOCHEMICAL 
IDENTIFICATION OF MUTATIONS AFFECTING AXONAL OUTGROWTH AND 
GABA EXPRESSION IN C. ELEGANS. S .L . McI n t i r e * ,  H.R. H orv itz  and 
J .G . W hite*. Lab. of M olecular b io lo g y , MRC, H i l l s  Road, 
Cambridge, England, CB2 2QH and D ep t. of B io logy , MIT, Cam bridge, 
MA 02139.

We have p re v io u s ly  d esc r ib ed  a s e t  o f GABA im m unoreactive 
neurons in  C. e leg an s  (Soc. N eu rosc i. A b s t r . ,  1985). The la b e l 
led  c e l l s  in c lu d e  th e  th i r t e e n  VD and s ix  DD m otorneurons w hich 
a re  lo c a te d  in  th e  v e n t r a l  nerve cord as w e ll as  a number of id e n t
i f i e d  neurons in  th e  g a n g lia  o f th e  head and t a i l .  The VD and DD 
m otorneurons have p ro cesse s  in  bo th  th e  v e n t r a l  and d o rs a l nerve  
cords th a t  a re  connected  by a c irc u m fe re n tia l  com missure. These 
m otorneurons a re  though t to  a c t as r e c ip ro c a l  in h i b i to r s ,  coord
in a t in g  th e  a l t e r n a t e  c o n tra c t io n  o f th e  v e n t r a l  and d o rs a l 
m uscu la tu re  and, hence, th e  p ro p o g a tio n  o f a s in u s o id a l wave.

By im m unocytochem ically sc reen in g  e x i s t in g  lo c o m o to ry -d e fe c tiv e  
o r uncoo rd in a ted  ("unc" ) m u tan ts , we have been ab le  to  id e n t i f y  a 
number of genes a f f e c t in g  VD and DD axonal outgrow th  o r GABA 
e x p re ss io n . M utations in  th re e  genes [ u n c -5 (e 5 3 ) , u n c -6 (e 7 8 ) , and 
unc-51(e369)] r e s u l t  in  a com plete f a i l u r e  o f th e  ex te n s io n s  o f 
the  VD and DD neurons to  reach  th e  d o rs a l nerve  co rd . L ab e lled  
p ro cesse s  appear in  abnorm al l a t e r a l  p o s i t io n s  where they  f r e q 
u e n tly  in te rc o n n e c t o r r e e n te r  th e  v e n t r a l  nerve  co rd . The p la c e 
ment o f_ p ro cesse s  in: th e  v e n t r a l  cord can a lso  appear abnorm al. 
M utations in  an o th er s ix  genes [ u n c-3 4 (e3 1 5 ), u n c-4 0 (e2 7 1 ), unc-76 
(e9 1 1 ), u n c-6 2 (e6 4 4 ), u n c-7 1 (e5 4 1 ), and unc-73 (e644 )1 r e s u l t  in  
le s s  com plete d e fe c ts  in  commissure fo rm a tio n . In  th e se  m u tan ts , 
th e  d o rs a l ex te n s io n s  o f DD and VD p ro cesse s  o f te n  reach  th e  d o rs a l 
cord  by a ty p ic a l  p a th s .

We have id e n t i f i e d  p o s s ib le  d e fe c ts  in  GABA ex p re ss io n  caused 
by m u ta tio n s  in  fo u r  genes. In  u n c-2 5 (e156) an im als, th e re  appears 
to  be no im m unoreactiv ity  in  any o f th e  neurons th a t  a re  norm ally  
la b e l le d  w ith  a n t ib o d ie s  a g a in s t GABA. In  u n c-3 0 (e191) an im als, 
th e re  i s  ag a in  no im m unoreactiv ity  in  th e  VD and DD neurons; 
however, th e re  i s  normal la b e l l in g  o f neurons in  th e  head and t a i l  
of the  an im al. S e r ia l  EM re c o n s t ru c tio n s  o f unc-30 have shown 
th a t  th e  placem ent o f VD and DD p ro cesse s  i s  abnorm al (J .G . W hite, 
unpub lished  o b s e rv a t io n s ) .  In  unc-47(e307) an im a ls , th e  in t e n s i ty  
of im m unofluorescence appears  co n s id e ra b ly  enhanced in  th e  l a b e l 
led  c e l l s .  M utations in  th e  gene unc-43(e408) r e s u l t  in  a 
d im in ished  in t e n s i ty  of f lu o re sc e n c e  in  VD n eu rons .

We a re  p u rsu ing  g e n e tic  and m o lecu la r a n a ly se s  o f th e  m utants 
d e sc r ib e d  h e re .

365.12 FORMATION OF THE NEUROENDOCRINE TRANSVERSE NERVE DURING 
EMBRYONIC DEVELOPMENT IN THE MOTH MANDUCA SEXTA. J .  Carr* and 
P.H. T a g h e rt, (SPON: S. C u rrie )  Dept. of A nat. and N e u ro b io l ., 
W ashington Univ. Sch. o f Med., S t .  L ou is, MO 63110

We a re  in t e r e s te d  in  th e  d i f f e r e n t i a t i o n  o f p e p t id e rg ic  
neurons d u rin g  embryonic developm ent. Our s tu d ie s  have focussed  
on th e  segm en ta lly  re p e a te d  tr a n s v e rs e  nerve (TN) in  th e  moth, 
Manduca. In th e  l a r v a l  s ta g e ,  th i s  nerve c o n ta in s  2 motor axons 
and th e  axons and te rm in a ls  o f 14 id e n t i f i e d  neuroendocrine 
c e l l s .  Using 2 d i f f e r e n t  m onoclonal a n t ib o d ie s  (TN-1 & 2 ) , we 
have begun to  c h a ra c te r iz e  th e  c o n s tru c tio n  of th i s  nerve du ring  
em bryogenesis .

The a n t ib o d ie s  were d e riv ed  from hybridom as g en e ra ted  a f t e r  
im m unization w ith  a d u l t  TN (T aghert e t  a l . ,  1983, Soc. N eur. 9: 
314). TN-1 s ta in s  most p e r ip h e ra l  axons in  Manduca by th e  tim e 
they  e x i t  th e  CNS; one com m issural bundle i s  s ta in e d  h e a v ily  and 
two l i g h t l y .  In  ovo in j e c t io n s  of TN-1 a s c i t e s  dem onstrate  th a t  
t h i s  a n t ig e n  i s  p re s e n t  on th e  su r fa c e s  o f th e se  axons. TN-1 
a ls o  s ta in s  a v a r ie ty  of mesodermal c e l l s  in c lu d in g  many th a t  
appear to  assume th e  ro le  o f g l i a l  c e l l s  a s s o c ia te d  w ith  
p e r ip h e ra l  nerve axons. TN-2 s e le c t i v e ly  s ta in s  2 n eu ro ep i
t h e l i a l  c e l l s  t h a t  l i e  a t  th e  a n t e r io r  margin of each segm ental 
gan g lio n ; each sends a s in g le  p ro cess  in to  th e  form ing TN.

In each segment and b e fo re  any axons a r r i v e ,  TN-1 p o s i t i v e  
mesodermal c e l l s  a re  a l ig n e d  in  a d i s t i n c t i v e  ''Arch” over each 
segm ental gang lion  in  a form and lo c a tio n  th a t  p r e - f ig u re s  th e  
TN i t s e l f .  This arch  in s e r t s  in to  th e  ectoderm  on e i th e r  s id e  
of every  gang lion  n ea r th e  a n t e r io r  margin o f each segm ent. A 
s u b se t o f th e  TN-1 p o s i t i v e  mesodermal c e l l s  a re  i d e n t i f i a b l e :  
th e se  l i e  a t  s p e c i f ic  lo c a t io n s  w ith  s h o r t  c e l l u l a r  p ro cesse s  
t h a t  mark th e  d i r e c t io n s  o f fu tu re  axon pathways o r c o l l a t 
e r a l s .  In  a d d i t io n ,  th e  two TN-2 p o s i t iv e  c e l l s  have p ro je c te d  
in to  th e  arch  and a re  ex p re ss in g  t h e i r  s p e c i f ic  a n tig e n  b e fo re  
any axons have a r r iv e d .  F in a l ly  and c o in c id e n ta l ly ,  a d i s t i n c t  
group o f TN-1 p o s i t iv e  c e l l s  appear a t  a p o in t  between th e  arch  
in s e r t io n  p o in t and th e  lo c a tio n  of th e  t a r g e t  m uscle f o r  th e  TN 
m otoneurons.

The growth cones of th e  motoneurons a re  th e  f i r s t  to  a r r iv e  
a t  th e  a rch  (by abou t 37% of developm ent); th e  s e c re to ry  neurons 
fo llo w  a t  43% and jo in  in  a t  two d i s t i n c t  lo c a tio n s  in  th e  
p e r ip h e ry , b u t do n o t f a s c i c u la t e  w ith  th e  m otoneurons. One of 
th e s e  lo c a tio n s  i s  th e  in s e r t io n  p o in t of th e  mesodermal arch  
in to  th e  ec toderm . These o b s e rv a tio n s  su g g est r o le s  f o r  fu tu re  
g l i a l  c e l l s  in  th e  m orphogenesis o f th i s  s im ple nerve and 
perhaps in  th e  d i r e c t io n  of n e u ra l d i f f e r e n t i a t i o n  once th e  
neuroendocrine  axons have a r r iv e d  a t  t h e i r  f i n a l  lo c a t io n s .  
S upported by an NSF P re -D o c to ra l F ellow sh ip  to  J .C . and NIH 
G rant NS21749 to  P .T .,  who i s  a S loan Fellow .

365.13 IDENTIFICATION and differen tia tio n  of two PERIPHERAL PEPTIDERGIC 
NEURONS IN THE EMBRYO OF THE MOTH, MANDUCA. P.H. T aghert and P .F . 
Copenhaver, Dept. Anatomy & N eurob io logy , W ashington U n iv e rs ity  
School o f M edicine, S t .  L ou is, MO. 63110.

During neu ro n a l developm ent in  in s e c t s ,  s in g le  neurons undergo 
a s te re o ty p e d  program  o f d i f f e r e n t i a t i o n .  Mature form and 
s y n a p tic  c o n n e c tiv i ty  a r i s e  fo llo w in g  p r e c i s e  growth cone 
n a v ig a tio n  to  t a r g e t  a re a s ;  t r a n s m it t e r  phenotypes a re  t y p i c a l ly  
ex p ressed  b e fo re  th e  com pletion  o f m orphogenesis and a re  s e le c te d  
( a t  l e a s t  in  p a r t )  as  a r e s u l t  o f s te re o ty p e d  c e l l  l in e a g e s .  We 
a re  i n t e r e s te d  in  th e  c e l l u l a r  mechanisms th a t  u n d e r l ie  and 
in t e g r a t e  th e se  v a r io u s  developm ental sc h e d u le s . Here we d e sc r ib e  
2 p e r ip h e ra l ly  lo c a te d ,  segm en ta lly  re p e a te d  neurons t h a t  l i e  
a lo n g  nerves  in  th e  moth, Manduca. These a re  la rg e ,  neuro
end o c rin e  neurons t h a t ,  due to  t h e i r  s p e c i f ic  lo c a t io n ,  a re  
ex trem ely  a c c e s s ib le  to  a v a r ie ty  o f d e s c r ip t iv e  and m a n ip u la tiv e  
approaches du rin g  em bryonic developm ent.

On e i t h e r  s id e  of each segm ental g ang lion  th e r e  a re  8– 10 
neurons lo c a te d  a long  p e r ip h e ra l  n e rv e s . Two of th e se  neurons 
(L1 and L2) a re  th e  on ly  c e l l s  t h a t  p r o je c t  axons back tow ards th e  
CNS. L1 i s  a m u l tip o la r  neuron w ith  i t s  m ajor axon p ro je c t in g  
in to  th e  tr a n s v e rs e  nerve (TN) and 2–4 d i s t a l  axons p ro je c t in g  
tow ards th e  h e a r t .  L2 i s  a u n ip o la r  neuron th a t  p r o je c ts  in to  th e  
d o rs a l ( in te r s e g m e n ta l) nerve (DN). I n t r a c e l l u l a r  dye f i l l s  
re v e a l  t h a t  bo th  L1  and L2 have ex trem ely  s te re o ty p e d  axonal 
p r o je c t io n s  in to  th e  TN and DN and in to  th e  re s p e c t iv e  s id e  
b ranches of th o se  n e rv e s . Both c e l l s  (b u t no o th e r  p e r ip h e ra l  
neurons) a re  p o s i t i v e ly  s ta in e d  by a m onoclonal an tibody  to  th e  
m olluscan  c a rd io a c t iv e  p e p t id e s .

M orpho lo g ica lly , L1 and L2 show a p a t te r n  o f r e l a t i v e  e r r o r -  
f r e e  growth th a t  i s  rem in isc e n t o f th e  developm ent o f neurons of 
th e  in s e c t  CNS. Exam ination o f L1 f i l o p o d ia l  c o n ta c ts  a t  th e  LM 
le v e l  su g g es ts  in t e r a c t io n s  between th i s  c e l l  and s p e c i f ic  
mesodermal c e l l s  th a t  l i e  a t  d e f in e d  lo c a t io n s  a long  th e  
d ev e lop ing  TN ( c f . ,  C arr and T a g h e rt, t h i s  volum e). P ep tid e  
im m unoreactiv ity  appears  in  L1 and L2 between 55–57% of em bryonic 
developm ent. They a re  among th e  f i r s t  neurons to  ex p ress  th i s  
phenotype a long  w ith  2 in  th e  b ra in  and 2 in  th e  f r o n ta l  
g a n g lio n . By t h i s  p o in t in  developm ent, L1 and L2 have p ro je c te d  
axons in to  t h e i r  r e s p e c t iv e  n erves  b u t have n o t com pleted t h e i r  
te rm in a l a rb o rs .

Our r e s u l t s  re v e a l t h a t  th e  normal d i f f e r e n t i a t i o n  o f L1 and L2 
in  many ways m irro rs  t h a t  seen  fo r  neurons o f th e  CNS. S tu d ie s  
from t h i s  p o in t ,  in  embryo c u l tu r e ,  w i l l  ta k e  advantage o f t h e i r  
extrem e a c c e s s i b i l i t y  to  e lu c id a te  th e  mechanisms th a t  u n d e r l ie  
t h i s  s te re o ty p e d  d i f f e r e n t i a t i o n .
Supported  by g ra n ts  from th e  NIH to  P .F .C . and to  P .H .T . (NS21749) 
who is a Sloan Fellow.
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366.1 PRESYNAPTIC INHIBITION RECONSTITUTED IN VITRO. H.J. Chiel. 
D.W. Tank, J.A. Connor. Mol. Biophys. Res. Dept., AT&T Bell Labs, Murray 
Hill, NJ 07974.

We have constructed a three neuron circuit in vitro that, according to 
several criteria, shows presynaptic inhibition. The circuit was constructed by 
co-culturing the identified neurons L10, C2, and C4 from Aplysia californica. 
In vivo, these neurons participate in two different circuits showing presynaptic 
inhibition: (#1) the cholinergic neuron L10 is located in the abdominal 
ganglion and is presynaptically inhibited by activating L32 neurons, or by 
application of histamine (Bailey et al., Soc. Neurosci. Abstr. Vol. 9, p. 1025, 
1983); (#2) activation of the histaminergic cerebral neuron C2 presynaptically 
inhibits buccal neuron B18, suppressing Bl8-induced EPSPs in the cerebral 
neuron C4 (Chiel et al., Soc. Neurosci. Abstr. Vol. 9, p. 913, 1983). By co
culturing a cholinergic presynaptic cell with C2 and C4, we attempted to 
reconstruct circuit #2  in vitro. L10 was substituted for the in vivo presynaptic 
cell (B18) because B18 is difficult to routinely isolate and culture, both cells 
are presynaptically inhibited by histamine in vivo, and experiments indicated 
that B18, like L10 is cholinergic: acetylcholine mimicked Bl8’s postsynaptic 
actions, and the EPSPs B18 induces in C4 are suppressed by the cholinergic 
blocker hexamethonium (1mM).

Prior to isolation, L10 was identified by its ability to induce large IPSPs in 
abdominal left upper quadrant cells. The two cerebral neurons, C2 and C4, 
were identified by morphological criteria. All neurons were isolated from 
juvenile Aplysia (3–5 gms), and appropriate cell combinations were co-cultured 
using the techniques of Schacher et al. (J. Neurosci. 3: 2403, 1983). 
Reconstituted circuits were studied electrophysiologically 2–5 days later.

We found that L10 induced a large facilitating EPSP in C4 (6 of 6 circuits), 
and an IPSP in C2 (4 of 4 circuits), both of which were enhanced by raising 
external [Ca++]. Activating C2 hyperpolarized L10 (5 of 5 circuits) and 
depolarized C4 (8 of 12 circuits). Electrical synapses between C2 and C4 were 
occasionally observed (4 of 12 circuits). Finally, we found that L10-induced 
EPSPs in C4 were suppressed 20%–50% by activating C2 (3 of 4 circuits 
having all 3 cells). This effect persisted when intracellular current injection 
was used to override C2-induced changes in the soma potentials of C4 (3 
experiments) and L10 (1 experiment). Histamine (1mM in artificial seawater, 
pH 7.6) rapidly perfused onto cells L10 and C4 (cultured without C2) also 
suppressed the L10-induced EPSPs in C4. These results support the 
hypothesis that, in vitro, histamine released by C2 acts presynaptically to 
inhibit L10. The similarity of the connections which L10 forms in the in vitro 
hybrid circuit to those of B18 in vivo are consistent with the hypothesis that 
neurons sharing relevant transmitters and receptors in vivo can be substituted 
for each other in vitro. This hybrid circuit can be used to analyze the 
biophysical mechanisms of presynaptic inhibition. (We thank S. Schacher for 
technical advice on culturing Aplysia neurons. H.J.C. was supported by a grant 
from AFOSR under contract F49620-85-C-0009.)

366.2 SEROTONIN MEDIATES IN VITRO CONDITIONING EFFECTS ON TYPE B 
PHOTORECEPTORS IN HERMISSENDA. L. Grover and J. 
F a r le y . P rog . in  N eu rosci. and B ehav., P r in ce to n  U n iv ., 
P r in c e to n , NJ 08544.

L ig h t- ro ta t io n  p a i r in g s  r e s u l t  in  a p e r s i s te n t  re d u c tio n  in  
p h o to ta x ic  b ehav io r in  H em issen d a . We a re  in te r e s te d  in  th e  
r o le  o f s e ro to n in  in  t h i s  c o n d itio n in g . P rev ious  r e s u l t s  show 
th a t  Hermissenda c e n tr a l  g a n g lia  co n ta in  se ro to n in  (5-HT) and 
th a t  n e u ro p il where B p h o to re c e p to rs  and S/E c e l l s  te rm in a te  
c o n ta in s  5-HT r e a c t iv e  f i b e r s  (Auerbach e t  a l . ,  Soc. N eurosci. 
A b s t r . . 1985). P rev ious  re se a rc h  has a ls o  shown th a t  5-HT 
mimics th e  e f f e c t s  o f b e h a v io ra l co n d itio n in g  on Type B c e l l s  
(F a rle y  & Auerbach, N a tu re . 1986). We th e r e fo r e  asked i f  5-HT 
m ight m ediate cum u lative  d e p o la r iz a t io n  and in c rea sed  in p u t 
r e s is ta n c e  (RM) in  Type B c e l l s  produced by in  v i t r o  
p a i r in g s  o f l i g h t  (110 μW/cm2) and s ta to c y s t  (cauda l h a i r  
c e l l )  s t im u la t io n ,  which a re  sh o r t- te rm  c o r r e l a te s  of 
c o n d itio n in g .

F ive p a ire d  (P) c o n d itio n in g  t r i a l s  in  normal ASW (n = ll)  
produced 6 .5 +0 .6  mV (mean+S .E .M .) o f cum u lative  
d e p o la r iz a t io n ,  and a mean in c re a s e  in  RM o f  2 7 .7 +6 .4  
Mn. F ive  unpaired  (UP) c o n tro l t r i a l s  (n=7) produced 
s ig n i f i c a n t ly  l e s s  d e p o la r iz a t io n  (0 .4 +1 .6  mV, p<.005) and 
in c re a s e  in  RM (9 .6 +5 .1  MΩ, p < .0 5 ). B ufo ten ine  (100 
μM), p re v io u s ly  shown to  an tag o n ize  5-HT e f f e c t s  on B c e l l s  (Wu & 
F a r le y , S oc. N eu ro sc i. A b s tr . . 1985), s ig n i f i c a n t ly  reduced P 
- UP d if f e re n c e s  in  cum u lative  d e p o la r iz a t io n  CP (n=10) = 
3 . 9+1 .5  mV, UP (n=8 ) = 3 .0 +1 .2  mV, n . s . l  and Rm 
in c re a s e s  (P = 1 4 .7 +3 .9  MΩ, UP = 6 .5 +11.1 MΩ, n . s . ) ,  b u t 
had no e f f e c t  on B c e l l  EPSPs. D ep le tion  o f 5-HT by in j e c t io n s  of 
5,7-DHT (80% d e p le tio n  o f buccal g a n g lia  5-HT and 35X d e p le tio n  of 
c e re b ro p le u ra l g a n g lia  5-HT were o b ta in ed  by 3 s u c c e s s iv e  d a i ly  
in j e c t io n s  o f 5,7-DHT, as  determ ined  by HPLC-ECD) a l s o  ab o lish ed  
p a i r in g - s p e c i f i c  cum u lative  d e p o la r iz a t io n  CP (n=6 ) = 4 .4 +l . 2  
mV, UP (n=5) = 5 .9 +2 .8  mV, n . s . ) and RM in c re a s e s  (P = 
1 9 .3+4 .7  MΩ, UP = 3 4 .6 +19.8  MΩ, n . s . ) .  C on tro l an im als, 
in je c te d  w ith  a s c o rb a te  c a r r i e r  s o lu t io n ,  showed no a t te n u a t io n  of 
in  v i t r o  c o n d itio n in g  e f f e c t s :  cum u lative  d e p o la r iz a tio n  
fo r  P (n=8 ) = 5 .7 +1 .4  mV, fo r  UP (n=5) = 0 .0 +2 .0  mV 
(p< .0 2 5 ) , RM in c re a s e s  f o r  P = 3 4 .8 +7 .1  MΩ, UP = 
2 .2 +15.1 MΩ (p< .0 2 5 ) . Yohimbine (100 μM) ,  an 
α - re c e p to r  a n ta g o n is t ,  had no e f f e c t  on p a i r in g - s p e c i f i c  
cum u lative  d e p o la r iz a t io n  CP (n=7) = 5 .5 +0 .7  mV, UP (n=7) = 
–0 .2 +2 .3  mV, p<.0 2 5 ) , in c re a s e s  in  RM (P = 3 4 .0 +11.1 
MA, UP = –3 .3 +9 .0  MΩ), p<.0 2 5 ) , o r B c e l l  EPSPs. C o lle c t iv e ly ,  
th e se  and p rev io u s  r e s u l t s  su g g es t a d i r e c t  r o le  f o r  5-HT 
m odulation o f B c e l l  e x c i t a b i l i t y  du rin g  a s s o c ia t iv e  le a rn in g . 
(S upported by NSF BNS 8316707 to  J F ) .

366.3 A SYSTEM FOR THE STUDY OF SYNAPSE SPECIFICITY IN LONG
TERM MEMORY IN APLYSIA. G.A. Clark. H. Hughes Medical Institute; 
Ctr. for Neurobiol.  & Behav., Columbia Univ., College of P&S; and NYS 
Psychiat. Instit., New York, NY 10032.

Long-term sensitization of the gill- and siphon-withdrawal reflex in 
Aplysia involves the enhancement of synaptic connections of the LE 
siphon sensory cells (Bailey and Chen, 1983; Frost et al., 1985), and long
term facilitation produced at these synapses by serotonin, a putative 
facilitatory transmitter, is blocked by protein synthesis inhibitors 
(Montarolo et al., 1985; Schacher et al., this volume). The finding that 
long-term neuronal changes are dependent on the expression of gene 
products not utilized for short-term memory raises two questions central 
to the biology of long-term memory. First, must long-term neuronal 
changes necessarily be cell-wide, or can they occur only at selected 
synapses of a given cell? Second, can an extracellular neuromodulatory 
signal induce long-term facilitation when applied only at synaptic regions, 
or must it be applied directly on the soma itself? To address these ques
tions, I have asked whether serotonin can produce long-term facilitation 
at synapses of LE siphon sensory cells onto peripheral siphon motoneurons. 
Because the peripheral synapses are 4 to 5 cm from the soma, it is pos
sible to restrict pharmacological treatments to either central (somatic) or 
peripheral (synaptic) regions of the sensory cell. Moreover, previous 
studies have shown that local applications of serotonin can produce short
term facilitation at either central or peripheral synapses independently 
(Clark and Kandel, 1984). I now report that serotonin can also produce 
long-term facilitation at peripheral sensory neuron synapses.

The abdominal ganglion and attached siphon nerve with associated 
peripheral siphon motor neurons were dissected from Aplysia and main
tained in organ culture. The synaptic connections from several siphon 
sensory cells onto peripheral siphon motoneurons were then tested using 
standard intracellular recording and stimulation techniques. Following 
testing, experimental preparations (N=8) received 5 exposures of 30 uM 
serotonin bath-applied onto both the central and peripheral nervous 
systems; each exposure lasted for 5 min, and was followed by a 15 min 
wash with normal recording medium. Control preparations (N=9) received 
5 applications of recording medium without serotonin, and equivalent 
washes. When the same synaptic connections were retested 20–24) hr 
later, the amplitude of synaptic potentials in experimental preparations 
showed a significant increase relative to controls (61 + 8% vs. 19 + 6%, 
p<.001), confirming previous results obtained in dissociated cell culture. 
I now plan to ask: 1) whether local applications of serotonin restricted to 
either central (somatic) or peripheral (synaptic) cellular regions can 
produce long-term synaptic facilitation; 2) whether local applications of 
protein synthesis inhibitors restricted to either somatic or synaptic 
regions block long-term facilitation; and 3) whether long-term neuronal 
changes (if any) produced by local application of serotonin are restricted 
to the site of serotonin application, as in short-term facilitation, or if 
instead they are cell-wide.

366.4 A CRITICAL PERIOD OF MACROMOLECULAR SYNTHESIS IS 
NECESSARY FOR THE EXPRESSION OF LONG-TERM FACILITATION 
OF SENSORIMOTOR CONNECTIONS IN APLYSIA. S. Schacher. 
P.G. Montarolo, V.F. Castellucci, E.R. Kandel and P. Goelet. Ctr. for 
Neurobiol. & Behav. and Howard Hughes Medical Institute, Columbia 
Univ. College of P&S, and NYS Psychiat. Instit., New York, NY 10032.

A common feature of the retention of long-term memory in mammals 
is that protein synthesis is primarily required during and just after 
training (Davis & Squire, 1984). To determine whether this temporal 
requirement for macromolecular synthesis in long-term memory can be 
demonstrated at the level of an identified synapse related to learning, we 
examined the time window of protein or RNA synthesis inhibition on the 
long-term facilitation of the sensorimotor connections of the gill- 
withdrawal reflex in Aplysia.

The gill-withdrawal reflex undergoes short- and long-term 
sensitization, both of which involve the facilitation of the connections 
between the sensory neurons and their follower cells. The sensorimotor 
component of this reflex can be reconstituted in vitro and shows both 
short- and long-term heterosynaptic facilitation ( Montarolo et al., 1985). 
A single application of serotonin (5-HT) induces facilitation that lasts 
minutes; five repeated applications (over a 1.5 hr period) results in 
facilitation that lasts 24 hrs. The long-term facilitation but not the 
short-term is blocked when protein or RNA synthesis is inhibited during 
the 5-HT applications.

Cultures exposed to 5 applications of 5-HT (1 uM) over a 1.5 hr period 
showed an increase in EPSP amplitude of 7 1 + 31% (N=9) when retested 
24 hrs later, compared to a slight decrease in EPSP amplitude of 
–14 + 12% in untreated control cultures (N=8). Anisomycin (10 uM) blocks 
this long-term facilitation (–16+14%, N=7) when added 1 hr before the 
first 5-HT application and present for 3 hr, until 1/2 hr after the last 
5-HT application. Since the inhibition of protein synthesis by anisomycin 
rapidly recovers to control levels within 4 hrs, we next explored the time 
window during which new protein synthesis was critical for the expression 
of long-term facilitation. We shifted the 3 hr exposure to anisomycin 
putting it either before 5-HT application (by 12 hr) or after the last 5-HT 
application (0.5 hr or 4 hr). In each case, anisomycin had no statistically 
significant effect on the 5-HT induced long-term facilitation (65+ 10%, 
N=4; 51 + 19%, N=4; 90 + 32%, N=4, respectively).

Thus, long-term facilitation of an identified synaptic connection, 
important for the storage of long-term memory for behavioral 
sensitization, shows a narrow critical time window for macromolecular 
synthesis that is comparable to the time window of long-term behavioral 
memory in intact vertebrates. The restriction of this change to two 
identified cells and their connection, the ability to induce this change 
with one transmitter, and the expression of this change during a defined 1 
to 3 hr time period should facilitate the search for the macromolecules 
critical for the expression of the long-term change and allow study of the 
means whereby the synthesis of these macromolecules is regulated.
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366.5 5-HT INDUCES LONG-LASTING EXCITABILITY CHANGES IN CUL
TURED APLYSIA SENSORY NEURONS. N. Dale*, E.R. Kandel and 
S. Schacher (SPON: M. Flaster). Howard Hughes Med. Instit., Ctr. for 
Neurobiol. & Behav., Columbia, P&S, New York, NY 10032.

The gill- and siphon-withdrawal reflex in Aplysia can undergo long
term sensitization after repeated noxious stimuli to the tail. Part of the 
underlying mechanism involves a long-lasting change in the efficiency of 
the synapses between the sensory and motor neurons of the reflex (Frost 
et al., 1985, PNAS 82:8266). Recently, long-term facilitation has been 
demonstrated with repeated 5-HT applications in sensorimotor synapses 
reconstituted in culture (Montarolo et al., 1985, Soc. Neurosci. Abstr. 
11:795). The locus for this long-term change in synaptic efficiency is not 
known.

The short-term change at this synapse produced by 5-HT is presynap- 
tic and involves reduction of K+ current that causes broadening of each 
action potential and increase in cell excitability. As a first step in 
determining whether the long-term change in synaptic efficiency is 
correlated with a similar excitability change, we have investigated the 
excitability of sensory neurons in culture one day following repeated 5-HT 
applications. We measured excitability in control and experimental 
groups of abdominal or pleural sensory neurons by injecting a graded 
series of depolarizing current pulses (2 sec long) separated by 1 min, and 
examined the number of spikes evoked as a function of current. The 
experimental group of sensory neurons was then treated with 4 applica
tions of 5-HT (1 uM) for 5 min at 15 min intervals. Twenty-four hours 
later the excitability of both groups was reexamined using an identical 
procedure. The group treated with 5-HT showed an increase in the 
number of spikes evoked by each injected current pulse. The mean 
difference (14 spikes) between the maximum number of spikes generated 
before the 5-HT application and 24 hrs later was highly significant (N=8 
cells in 6 dishes, SD=7.15, range +5 to +27; p< 0.001). By contrast, the 
mean difference (3 spikes) in the maximum number of spikes generated in 
the control group after 24 hrs was not significant (SD=15.6, N=ll cells in 
5 dishes, range –16 to +39; p>0.5). In addition, the difference in maxi
mum number of spikes caused by 5-HT treatment was highly significantly 
different from the mean difference of the control group (p< 0.001).

Thus, repeated 5-HT applications that cause long-lasting facilitation 
of sensorimotor synapses in cuture, can cause a long-lasting increase in 
the excitability of sensory neurons. If these excitability changes demon
strated in culture also occur in intact animals exposed to long-term 
sensitization training, they would have two implications: 1) sensory 
neurons in a sensitized animal might respond more vigorously to tactile 
stimulation and 2) their serotonin-sensitive outward currents may be 
reduced, allowing more calcium to enter with each spike, leading to 
increased transmitter release in a manner analogous to the mechanisms 
underlying short-term sensitization at the same synapse (Klein et al., 
1982, PNAS 79:5713).

366.6 LOSS OF THE REGULATORY su b u n it  of the c yc l ic  amp- dependent 
PROTEIN KINASE IN APLYSIA NEURONS AFTER SENSITIZING 
TREATMENTS. S.M G re e n b e rg , H. B a y le y * , V .F . C a s t e l l u c c i , and 
J .H . S c h w a r tz , C e n te r  f o r  N eu ro b io lo g y  and B e h a v io r  and Howard 
Hughes M ed ica l I n s t i t u t e ,  Colum bia U n iv e r s i ty  C o lle g e  o f 
P h y s ic ia n s  & S u rg e o n s , New Y ork, NY 10032.

E le v a t io n  o f cAMP in  A p ly s ia  n e u ro n s  d u r in g  s h o r t - t e r m  
s e n s i t i z a t i o n  a c t i v a t e s  cAM P-dependent p r o t e i n  k in a s e ,  w hich 
in  t u r n  le a d s  to  th e  c lo s u r e  o f a s p e c i f i c  K+ c h a n n e l  and an 
in c r e a s e  in  t r a n s m i t t e r  r e l e a s e .  I t  was s u g g e s te d  ( S c ie n c e , 
2 1 8 :4 3 3 , 1982) t h a t  cAMP m ig h t a l s o  be t h e  s ig n a l  f o r  
p ro d u c in g  lo n g - te rm  c h an g es  in  s y n a p t ic  t r a n s m is s io n ,  p e rh a p s  
th ro u g h  a l o n g - l a s t i n g  m o d if ic a t io n  o f th e  cAM P-dependent 
k in a s e  in v o lv e d  in  r e g u l a t i o n  o f th e  c h a n n e l .

To i n v e s t i g a t e  th e  e f f e c t s  o f  a s u s ta in e d  e l e v a t io n  o f cAMP 
on th e  k in a s e ,  we t r e a t e d  sy n ap to so m es  from  A p ly s ia  c e n t r a l  
g a n g l i a  w ith  8 -p -c h lo ro p h e n y lth io -c A M P , a p e rm ean t a n a lo g u e . 
We a s sa y e d  f o r  r e g u la to r y  s u b u n i t s  (R) o f  th e  k in a s e  by 
p h o to la b e l in g  w ith  [ 32P]N3CAMP and f o r  c a t a l y t i c  s u b u n i t s  
(C) by p h o s p h o ry la t io n  o f a h e p ta p e p t id e  s u b s t r a t e .  A f te r  a 
2 -h r  e x p o su re  to  th e  a n a lo g u e  and a 2 -h r  w ashou t p e r io d ,  th e  
sy n a p to so m es  w ere found  to  c o n ta in  a b o u t h a l f  th e  t o t a l  amount 
o f R com pared w ith  u n t r e a te d  s y n a p to so m es ; th e  l o s s  was m ost 
p ro n o u n ced  f o r  th e  Mr 4 7 ,0 0 0  and 105 ,0 0 0  s p e c i e s .  In  
c o n t r a s t ,  th e  t r e a t e d  sy n ap to so m es showed no d e c re a s e  in  C 
a c t i v i t y .  Loss o f  R m ost l i k e l y  r e s u l t s  from  cAM P-dependent 
p r o t e o l y t i c  tu rn o v e r  r a t h e r  th a n  d o w n - re g u la t io n  o f R 
s y n th e s i s ,  s in c e  th e  sy n ap to so m es do n o t make new p r o t e i n .

To d e te rm in e  w h e th e r  a s e l e c t i v e  l o s s  o f  R a l s o  o c c u rs  in  
s e n so ry  n e u ro n s  a s  a r e s u l t  o f  lo n g - te rm  t r a i n i n g ,  we a s sa y e d  
R and C in  c e l l s  o f  th e  ab d o m in a l g a n g lio n  t h a t  m e d ia te  th e  
g i l l - w i t h d r a w a l  r e f l e x .  In  p r e l im in a r y  e x p e r im e n ts ,  we found 
t h a t  24 h r a f t e r  a n im a ls  w ere t r a i n e d  f o r  lo n g - te rm  
s e n s i t i z a t i o n ,  th e s e  c e l l s  c o n ta in e d  l e s s  R th a n  n a iv e  
c o n t r o l s ,  w h ereas  th e  C a c t i v i t y  rem ain ed  u n a f f e c te d .  
S e l e c t iv e  l o s s  o f  th e  r e g u la to r y  s u b u n i t s  o f th e  k in a s e  sh o u ld  
r e s u l t  in  en h an ced  s e n s i t i v i t y  to  sm a ll  am ounts o f  cAMP and 
th u s  an enzyme more e f f e c t i v e  in  p ro d u c in g  th e  p h y s io lo g ic a l  
c h a n g es  u n d e r ly in g  s y n a p t i c  f a c i l i t a t i o n .  We s u s p e c t  t h a t  
t h i s  l o s s  i s  a t  l e a s t  in  p a r t  c a u se d  by a cA M P-dependent 
i n c r e a s e  in  tu r n o v e r .  To se e  w h e th e r t h e r e  i s  a l s o  a change 
in  th e  e x p r e s s io n  o f  t h e  k in a s e  g e n e s  we have o b ta in e d  A p ly s ia  
R c lo n e s  w ith  a b o v in e  cDNA f o r  RI (p ro v id e d  by S ta n le y  
K n ig h t)  f o r  u se  a s  p r o b e s .

366.7 DEPLETION OF SEROTONIN IN APLYSIA INTERFERES WITH FACILI
TATION PRODUCED BY SENSITIZING STIMULI. D.L. Glanzman, 
S. Mackey* and E.R. Kandel. Howard Hughes Medical Institute, Ctr. for 
Neurobiol. & Behav., Columbia, P&S, New York, NY 10032.

Pharmacological and anatomical data suggest that 5-HT has an 
important role in facilitation of synaptic transmission in the abdominal 
and pleural-pedal ganglia of Aplysia, and in behavioral sensitization of 
defensive withdrawal responses. Application of 5-HT mimics the effects 
of tail or nerve stimulation in producing facilitation of sensory-to-motor 
neuron PSPs, and broadening of spikes and elevation of cyclic AMP in both 
LE and pleural sensory cells. Furthermore, immunohistochemistry has 
revealed 5-HT processes surrounding the LE and pleural sensory cells. 
However, the findings that endogenous transmitters other than 5-HT can 
also mimic the effects of sensitizing stimuli (Abrams et al., 1984), and 
that the L29 facilitator cells do not contain 5-HT (Ono & McCamen, 1984; 
Kistler et al., 1984, 1985), raise the question of 5-HT's relative impor
tance in mediating behavioral sensitization.

We have therefore chosen to lesion serotonergic neurons in Aplysia 
using a specific 5-HT neurotoxin, 5,7-dihydroxytryptamine (5,7-DHT), and 
then to examine whether such lesions interfere with the facilitatory 
effects of sensitizing stimuli on neurons which mediate two types of 
defensive responses of Aplysia: tail-withdrawal and siphon- and gill- 
withdrawal. Aplysia were injected with 5,7-DHT (125 mg to 200 mg total 
dosage). We then compared the effectiveness of sensitizing stimuli in 
animals receiving either 5,7-DHT or control injections.

We have examined the effects of 5,7-DHT on the facilitation of 
sensory neuron connections in both abdominal and pedal ganglia. Sensitiz
ing stimuli were, in both cases, a train of electrical shocks to the tail 
which was left connected to the isolated central nervous system via a 
single pedal nerve (LP9). For the abdominal ganglion, we measured the 
monosynaptic EPSPs from the LE cells to their followers. 5,7-DHT 
substantially reduced the facilitation of these EPSPs which tail shocks 
could produce. The average facilitation produced in ganglia from animals 
which had received control injections was 148+13% (N=6) compared to 
2 + 9% (N=6) in animals treated with the neurotoxin. This difference was 
significant (p< 0.001, two-tailed t-test). Interestingly, L29 cells appear 
capable of producing facilitation in 5,7-DHT-treated abdominal ganglia. 
We have found that 5,7-DHT treatment also reduces the tail-shock 
induced facilitation of complex EPSPs in pedal motor neurons (115 + 26% 
in controls vs. 15 + 9% in treated, p < 0.02, two-tailed t-test).

Anatomical examination of the pleural-pedal and abdominal ganglia 
from Aplysia with the glyoxilic acid histofluorescence indicate that 
5,7-DHT significantly reduces central 5-HT in Aplysia. By contrast, 
dopamine histofluorescence appears normal. We have confirmed these 
qualitative observations with HPLC. Although we have not completely 
ruled out a nonspecific effect of the neurotoxin, our results thus far imply 
that 5-HT plays a prominent role in mediating behavioral sensitization in 
Aplysia.

366.8 LOCALIZATION OF POTENTIAL SEROTONERGIC FACILITATOR NEU
RONS BY GLYOXYLIC ACID HISTOFLUORESCENCE AND RETRO
GRADE FLUORESCENT LABELING IN APLYSIA. R.D. Hawkins. Ctr. 
for Neurobiol. & Behav., Columbia Univ., College of P&S, and NYS 
Psychiat. Instit., New York, NY 10032.

Pharmacological data indicate that 5-HT has an important role in 
facilitation of the LE sensory cells in the abdominal ganglion of Aplysia 
(Glanzman et al., this volume). However, individual 5-HT facilitator 
neurons have not yet been identified. To address this issue, I have used a 
modification of the glyoxylic acid histofluorescence technique combined 
with retrograde fluorescent labeling to locate potential serotonergic 
facilitator neurons in the nervous system of Aplysia.

Cryostat sections of ganglia from adult or juvenile Aplysia were 
bathed in an ice cold glyoxylic acid solution (Barber, 1982) for 5 min, 
heated at 100° for 5 min, and viewed on a fluorescence microscope. 
Using this method, serotonin appears yellow-green and catecholamine 
appears blue. I consistently observed 3 groups of 5-HT neurons in the 
abdominal ganglion but no 5-HT cells in the region of the L29 facilitator 
neurons. Furthermore, physiologically identified L29 cells injected with 
lissamine rhodamine showed no 5-HT fluorescence, while RB cells did. 
These results agree with the immunocytochemical results of Kistler et al. 
(1985), and indicate that the L29 cells are not serotonergic. Thus far, 
stimulation of other neurons in serotonin-containing regions of the abdom
inal ganglion has not produced facilitation of LE cells.

I have also observed an extensive network of 5-HT processes surround
ing most neurons in the ganglion, including the LE cells. When the 
abdominal ganglion was left connected to the ring ganglia for 7 days in 
culture medium the fluorescence of 5-HT processes around the LE cells 
remained normal; by contrast, when the abdominal ganglion was isolated 
for the same length of time the fluorescence of these processes was 
markedly reduced. These results suggest that some of the 5-HT processes 
near the LE cells may come from cell bodies in the ring (pedal, pleural, 
and cerebral) ganglia.

There are at least 15 5-HT neurons in each cerebral ganglion, and 
perhaps as many as 100 in each pedal ganglion. To locate that subset of 
5-HT neurons in the ring ganglia which send an axon to the abdominal 
ganglion, I pinned the intact central nervous system of Aplysia in culture 
medium for 24 hrs with the abdominal ganglion placed in a small well 
containing either lissamine rhodamine or propidium iodide; I then pro
cessed the ring ganglia for 5-HT histofluorescence. Thus far, viewing the 
sections with rhodamine and 5-HT optics has revealed cells in the pedal 
ganglia and in the RCB and LCB clusters of the cerebral ganglia which 
show both fluorescent dye backfilling from the abdominal ganglion and 
5-HT histofluorescence. These cells are therefore potential serotonergic 
facilitator neurons. Mackey et al. (this volume) have begun to test the 
cerebral neurons physiologically, and have obtained evidence that they 
produce facilitation of LE cells.
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366.9 NEURONS IN 5-HT CONTAINING REGION OF CEREBRAL GANGLIA 
PRODUCE FACILITATION OF LE CELLS IN APLYSIA. S.L. Mackey*, 
R.D. Hawkins and E.R. Kandel (SPON: W.N. Frost). Howard Hughes 
Medical Institute, Ctr. for Neurobiol. & Behav., Columbia University, 
College of P&S, and NYS Psychiat. Instit., New York, NY 10032.

Pharmacological and anatomical data indicate that 5-HT has an 
important role in facilitation of the LE sensory cells in the abdominal 
ganglion of Aplysia (Kistler et al., 1984, 1985; Glanzman, this volume). 
This has encouraged us to search for specific serotonergic facilitating 
neurons. Hawkins (this volume) has found 5-HT neurons in the LCB and 
RCB clusters of the cerebral ganglia that send an axon to the abdominal 
ganglion. We therefore attempted to determine whether these cells could 
produce facilitation of LE cells. Candidate cells were selected on the 
basis of their sending an axon into the pleural abdominal connectives as 
evidenced by an antidromic action potential. On average two cells in both 
the LCB and the RCB clusters met this criterion. In the first set of 
experiments the nervous system was perfused in culture medium contain
ing 100 mM TEA. After obtaining a baseline spike width in an LE cell, the 
cerebral cell was stimulated for 20–50 seconds (10–100 spikes). In 13 of 
25 cells tested, intracellular stimulation of the cerebral cell produced an 
average of 23% spike broadening in the LE cell. This compared to 32% 
spike broadening produced by stimulation of the left pleural abdominal 
connective at 10 Hz for. 5 to 5 seconds (N=9).

In the second set of experiments, facilitation of the monosynaptic 
EPSP from LE to follower cells was tested. The ring and abdominal 
ganglia were perfused in culture medium and cerebral candidates were 
identified according to the above criterion. Monosynaptic EPSPs from LE 
cells to followers were tested once every 5 seconds. In 5 of 9 cells tested, 
stimulation of a cerebral cell for 20–45 seconds (50–210 spikes) produced 
an average of 153% facilitation of EPSP amplitude above baseline. This 
compared to an average of 292% facilitation produced by stimulation of 
the left pleural abdominal connective at 10 Hz for. 5 to 5 seconds (N=2).

We have begun to characterize these cerebral facilitator neurons. In 
addition to sending an axon in the left pleural abdominal connective, they 
receive strong excitatory input from the P9 nerve which innervates the 
tail and from the siphon and branchial nerves. Preliminary results show 
no synaptic or electrical connections with the L29's or the metacerebral 
cells. We have also obtained preliminary evidence that the cells we have 
tested are in fact serotonergic. In one experiment a cerebral cell which 
produced spike-broadening in an LE cell was intracellularly injected with 
rhodamine and cryosectioned. Staining with glyoxylic acid showed posi
tive fluorescence for 5-HT.

Taken together, the results of these experiments provide preliminary 
evidence that identified 5-HT neurons in the cerebral LCB and RCB 
clusters can produce facilitation of the LE cells.

366.10 DISTINCT PROCESSES IN PRESYNAPTIC FACILITATION CONTRIBUTE 
TO SENSITIZATION AND DISHABITUATION IN APLYSIA: POSSIBLE IN
VOLVEMENT OF C KINASE IN DISHABITUATION. B. Hochner*, 
O. Braha*, M. Klein* and E.R. Kandel (SPON: M. Chen). H. Hughes Med. 
Instit., Ctr. Neurobiol. & Behav., Columbia, P&S, New York, NY 10032.

Presynaptic facilitation of the connections between sensory and motor 
neurons, that accounts in part for sensitization of defensive withdrawal 
reflexes, is accompanied by reduction of the "S"-K channel in the 
sensory neurons. This modulation of ion channels by a cAMP-dependent 
protein kinase can contribute to facilitation by broadening action poten
tials and by increasing the excitability of the sensory neurons. We 
reported earlier (Hochner et al., 1985) that an additional process contrib
utes to facilitation when transmission has been depressed, paralleling the 
behavioral process of dishabituation. This second component causes no 
change in the presynaptic outward current or action potential duration.

Serotonin, a facilitating transmitter, also leads to an increase in Ca++ 
transients in the sensory neurons (Boyle et al., 1984). Following up on 
possible intracellular mechanisms triggered by Ca++, we have obtained 
preliminary evidence that the second intracellular component of facilita
tion may utilize a Ca2+ -dependent protein kinase, the Ca2+ phospholipid- 
dependent C kinase. Whereas the component of facilitation that is 
attributable to S channel closure is accompanied by reduction of presyn
aptic outward current and broadening of the action potential, phorbol 
ester, an activator of C kinase, can produce facilitation without a change 
in presynaptic currents. In addition, phorbol ester occludes part of the 
facilitation induced by serotonin.

The contribution of the second process is magnified when the synapse 
is in a state of depressed release corresponding to habituation of the 
reflex. The behavioral significance of the two processes may thus be 
different. S channel closure contributes a sensitizing component that 
does not interact directly with the mechanism of habituation. The second 
facilitating process contributes a dishabituating action, perhaps related to 
mobilization of transmitter vesicles, that reverses the depression of 
transmitter release resulting from habituation. Our experiments with 
phorbol ester suggest that the distinction between the two processes may 
extend to the molecular level. Thus, whereas S channel closure is a 
consequence of a single second messenger system (cyclic AMP), the 
second process may depend on the interaction of two second messenger 
systems: 1) the cAMP kinase and perhaps 2) the C kinase. More direct
evidence for C kinase involvement requires the biochemical demonstra
tion that serotonin translocates and activates the C kinase in these 
neurons (see Sacktor et al., these Abstracts), that cAMP interacts with 
the C kinase, and that blockade of the C kinase reduces a component of 
facilitation. Irrespective of the involvement of the C kinase system in 
physiological facilitation, our results suggest that activation of this sys
tem with phorbol ester can be used as a tool to separate the two facili
tating processes from each other, allowing experimental manipulations 
that can lead to a better understanding of the interaction between them.

366.11 TRANSLOCATION PROM CYTOSOL TO MEMBRANE OP PROTEIN KINASE C 
APTER STIMULATION OF APLYSIA NEURONS WITH SEROTONIN. Todd C. 
S a c k to r* , C a th e rin e  A. O 'B ria n * , I .  Bernard W e in s te in * , and 
James H. S chw artz , Departm ent o f N eurology, Howard Hughes 
M edical I n s t i t u t e ,  and Cancer C en te r, Columbia U n iv e rs ity  
C o llege  of P h y sic ia n s  & Surgeons, New York, NY 10032.

To examine how p a r a l l e l  second-m essenger system s m ight 
o p e ra te  in  bo th  s h o r t -  and lo n g -te rm  memory in  th e  
g i l l-w ith d ra w a l r e f l e x ,  we have developed th e  c a p a b i l i ty  of 
assay in g  th e  Ca2+/p h o sp h o lip id -d ep e n d en t p ro te in  k in ase  
(PKC) in  th e  A plysia  nervous system  and senso ry  neurons. 
DeRiemer e t  a l .  (1985, J .  N eu ro sc i. , 5 :2672; N a tu re , 313:313) 
have d esc r ib ed  s e v e ra l endogenous p ro te in  s u b s t r a te s  o f PKC in  
th e  c y to so l of A p lysia  g a n g lia  and su g g es t th a t  th e  enzyme 
induces v o l ta g e - s e n s i t iv e  Ca2+ c u r re n ts  in  bag c e l l  
neu rons . We use th re e  methods to  c h a ra c te r iz e  th e  k in ase  in  
A plysia  nervous t i s s u e :  P K C -specific  p h o sp h o ry la tio n  of 
endogenous p ro te in  s u b s t r a te s ,  p h o sp h o ry la tio n  of exogenous 
h is to n e  H1 , and 3H-phorbol d ib u ty r a te  b in d in g . We f in d  
prom inent endogenous s u b s t r a te s  of PKC from c y to s o l , w ith  Mr 
× 10–3 v a lu es  o f 200, 116, 110, 92, 70, 55, 34, 28, 23, and 
14, and from membrane f r a c t io n s ,  w ith  v a lu es  of 80, 29, and 
20. Using h is to n e  p h o sp h o ry la tio n  to g e th e r  w ith  p h o rb o l-e s te r  
b ind ing  a s say s  we a re  a b le  to examine th e  d i s t r i b u t io n  of PKC 
m o lecu les between membrane and c y to s o l .  Under s e n s i t i z in g  
c o n d itio n s  (exposure of i s o la te d  g a n g lia  to  5 × 10–5M 
s e ro to n in  fo r  5 m in ), we f in d  th a t  th e  enzyme moves from th e  
c y to so l to  th e  membrane. S tu d ie s  in  o th e r  an im als have shown 
th a t  t r a n s lo c a t io n  o f PKC i s  a s s o c ia te d  w ith  a c t iv a t io n  o f the  
enzyme. We a l s o  found th a t  th e  re g u la t io n  of th e  k in a se  by 
pho rbo l e s t e r  d im in ish e s , su g g es tin g  th e  appearance o f PKC 
a c t iv a to r s  in  th e  sample o r a change in  th e  enzyme i t s e l f .

S tu d ie s  in  A plysia  o f bo th  th e  cAMP-dependent and th e  
Ca2+/ca lm o d u lin -d ep en d en t p ro te in  k in a se s  re v e a l th a t  a f t e r  
s t im u la t io n ,  th e s e  enzymes can become autonomous, p e r s i s t i n g  
in  t h e i r  a c t i v i t y .  The changes th a t  we have d e sc rib ed  fo r  th e  
A plysia  PKC su g g es t th a t  th i s  k in a se  a lso  has m o lecu lar 
p ro p e r t ie s  endowing i t  w ith  th e  c a p a c ity  f o r  s t im u la t io n -  
dependent p e r s is te n c e .  Given th a t  Hochner e t  a l .  ( th i s  
volume) have found th a t  phorbo l e s t e r s  can c o n tr ib u te  to  
f a c i l i t a t i o n  a t  senso ry  neuron sy n ap ses , th e se  m o lecu lar 
f e a tu r e s  o f PKC m ight p lay  a ro le  in  p ro lo n g in g  o r enhancing 
s h o r t- te rm  s e n s i t i z a t i o n .

366.12 STIMULATION OF C2, AN IDENTIFIED HISTAMINERGIC APLYSIA NEURON, 
RESULTS IN INCREASED RELEASE OF LIPOXYGENASE METABOLITES OF 
ARACHIDONIC ACID: POSSIBLE MEDIATORS OF SYNAPTIC MODULATION. 
D. Piom elli* ,  S. Feinm ark*, E. Shap iro  and J .H . Schw artz (SPON: 
G. C h in ), Howard Hughes M edical I n s t . and D ept. of P harm aco l., 
Columbia Univ. C o ll , o f Phys. & S u rg ., New York, NY 10032.

A tte n tio n  has been focussed  p r im a r ily  on cAMP-dependent 
p ro te in  p h o sp h o ry la tio n  in  th e  m odulation of s y n a p tic  
tra n sm iss io n  in  A p ly s ia , bu t o th e r  second-m essenger system s a re  
a ls o  l i k e ly  to  be a c t iv e .  In mammals, th e  r e le a s e  of 
a ra c h id o n ic  a c id  from membrane p h o sp h o lip id s  has been shown to  
be a re c e p to r - s tim u la te d  re a c t io n  a s s o c ia te d  w ith  phospho- 
in o s i t id e  h y d ro ly s is , e le v a tio n  of i n t r a c e l lu l a r  Ca2+ and 
a c t iv a t io n  of g u an y la te  c y c la s e . The f r e e  a ra c h id o n ic  a c id  i s  
m etabo lized  to  p ro s ta g la n d in s , hyd roxyacid s , and le u k o tr ie n e s ,  
p o te n t e f f e c to r s  of many c e l l  p ro c e s s e s . In th e  n eu ra l 
components from A plysia  g a n g l ia , we have id e n t i f i e d  two 
a ra c h id o n ic  ac id  m e ta b o lite s , 12- and 5 -h y d ro x y e ic o sa te tra e n o ic  
a c id s  (HETE). A survey of A plysia  t i s s u e s  shows th a t  w hile  
12-HETE i s  u b iq u ito u s ly  p roduced, 5-HETE i s  10–100 tim es more 
abundant in  n eu ra l components than  in  th e  co n n e c tiv e  t i s s u e  
sh ea th  of g a n g lia  and in  o th e r  n o n -neu ra l t i s s u e s .  In 
a d d i t io n ,  i s o la te d  id e n t i f i e d  neurons (R2, L7 and bag c e l l s )  
and synaptosom es in c o rp o ra te  [ 3H ]arach idon ic  a c id  in to  
p h o sp h o lip id s , and co n v e rt i t  to  [ 3H]5-HETE and 
[ 3H]12-HETE. [ 3H]12-HETE and [ 3H]5-HETE a re  not de
s tro y e d  in  nervous t i s s u e ,  but r a th e r  a re  r a p id ly  in c o rp o ra ted  
in to  c e l l  g ly c e ro p h o sp h o lip id s . In c e re b ra l g a n g lia  la b e le d  by 
in c u b a tio n  w ith  [ 3H ]arach idon ic  a c id , in t r a c e l lu l a r  s tim u
l a t io n  of th e  h is ta m in e rg ic  neuron C2 causes  th e  r e le a s e  of 
[ 3H]5-HETE and, to  a minor e x te n t ,  o f [ 3H]12-HETE. R elease 
i s  blocked by th e  h is tam in e  a n ta g o n is t ,  c im e tid in e , and 
mimicked by th e  Ca2+ channel a g o n is t BAY K 8644. In 
a d d i t io n ,  a p p l ic a t io n  o f 50 uM h is tam in e  s tim u la te s  th e  
p ro d u c tio n  of bo th  [ 3H]12-HETE and 5-HETE in  p re la b e le d  
c e re b ra l  g a n g l ia ,  which i s  a ls o  an tagon ized  by c im e tid in e  as 
w ell as  by o m ittin g  Ca2+. F urtherm ore, th e  i s o la te d  g ia n t 
c e re b ra l  neuron, an id e n t i f i e d  fo llo w e r o f C2 in  th e  c e re b ra l  
g a n g lio n , a ls o  re le a s e s  la b e le d  HETE when exposed to  
h is ta m in e . Our r e s u l t s  in d ic a te  th a t  s t im u la t io n  of h is tam in e  
re c e p to rs  in  A p ly s ia , which can m ediate  p re s y n a p tic  in h ib i t i o n ,  
le ad s  to  th e  r e le a s e  and m etabolism  of a ra c h id o n ic  ac id  th rough 
bo th  th e  12- and th e  5 -lipoxygenase  pathw ays. The d i f f e r e n t i a l  
a c t iv a t io n  o f th e  two pathways th u s  appears  to  depend on how 
neurons a re  s t im u la te d : s p e c i f i c i t y  of in p u t can determ ine th e  
n a tu re  of th e  predom inant m e ta b o lite  formed.
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367.1 DIFFERENT TYPES OF POTASSIUM CHANNELS IN CNS NEURONS OF 
DROSOPHILA. A. Komatsu, Y.-A. Sun, and C .-F . Wu. D ep t. o f 
B io logy, Univ. o f Iowa, Iowa C ity , IA 52242.

A naly sis  o f D rosoph ila  m utan ts w ith  a l te r e d  membrane c u r re n ts  
may p ro v id e  in s ig h t s  in to  th e  m o lecu la r mechanisms o f ion  ch a n n e ls . 
D isso c ia te d  CNS neurons from D rosoph ila  la rv a e  r e t a in  f u n c t io n a l 
channels and a re  s u i ta b le  f o r  s in g le  channel re c o rd in g . To p rov ide  
a b a s is  fo r  a n a ly s is  o f m utant ch a n n e ls , we have examined th e  
d iv e r s i ty  o f s in g le -c h a n n e l K+ c u r re n ts  in  normal type  I  and I I I  
neurons in  c u l tu r e  (Wu e t  a l . ,  J . N eu ro sc i. 3:1888, 1983).
Channel a c t i v i t y  was reco rded  from c e l l - a t ta c h e d  p atches  on th e  
soma w ith  e le c tro d e s  f i l l e d  w ith  p h y s io lo g ic a l s a l i n e .  In  some 
expe rim en ts th e  s a l in e  co n ta in ed  TTX, Co++, and Cd++  to  supp ress  
Na+ and Ca++ ch a n n e ls .

At l e a s t  f iv e  ty p es  o f v o l ta g e - s e n s i t iv e  K+ channels  were 
i d e n t i f i e d .  The most f re q u e n tly  observed was an outw ard c u r re n t 
resem b ling  th e  delayed  r e c t i f i e r .  I t  showed a u n i t  conductance 
o f 11 pS w ith  an e x tra p o la te d  r e v e r s a l  p o te n t ia l  o f about 20 mV 
n e g a tiv e  to  th e  r e s t i n g  p o te n t ia l .  The channel a c t i v i t y  in c rea sed  
a t  more p o s i t iv e  membrane p o te n t ia ls  and was su s ta in e d  du rin g  
pro longed d e p o la r iz a t io n .  The open and c lo se d  tim e d id  n o t show 
a s tro n g  v o lta g e  dependency. The open tim e h is to g ram  was f i t  by 
a s in g le  ex p o n e n tia l w ith  a mean between 3 to  5 msec. The clo sed  
tim e h is to g ram  had a t  l e a s t  two components. The tim e co n s ta n t o f 
th e  f a s t  component ranged between 5 to  10 msec. Two a d d i t io n a l  
types  o f  outw ard c u r re n ts  w ith  d i s t i n c t  k in e t ic  p ro p e r t ie s  were 
reco rd e d . One o ccu rred  in  c l u s t e r s  ( s e v e ra l  seconds o f a c t i v i t y  
in te r ru p te d  by long  s i l e n t  p e r io d s ) .  The o th e r  in a c t iv a te d  slow ly  
( a c t i v i t y  d e c lin in g  a f t e r  10 to  20 secs  o f d e p o la r iz a t io n ) .
However, a l l  th re e  ty p es  o f channels  showed s im i la r  u n i t  conduc t
ances and r e v e r s a l  p o te n t ia l s .

Two inw ard c u r re n ts  a c t iv a te d  by h y p e rp o la r iz a tio n  were a lso  
reco rd e d . One was s im i la r  to  th e  inward r e c t i f i e r ,  showing a 
u n i t  conductance o f 15 pS and a r e v e r s a l  p o te n t ia l  n ea r r e s t i n g .  
The open tim e h is tog ram  was f i t  by a s in g le  ex p o n e n tia l b u t th e  
c lo se d  tim e h is to g ra m  re q u ire d  two e x p o n e n tia ls  to  f i t .  A second 
type  had a sm a lle r  conductance (10–20 pS) and a more n e g a tiv e  
r e v e r s a l  p o te n t ia l  (abou t  40 mV below r e s t i n g ) .

F u rth e r  s tu d ie s  o f K+ channels  in  m utant neurons a re  under way. 
I t  w i l l  be i n t e r e s t i n g  to  see i f  th e se  channel types a re  a lso  
g e n e t ic a l ly  d i s t i n c t .

Supported by NIH g ra n ts  NS00875, NS15350 and NS18500.

367.2 MODULATION OF K AND Ca CURRENTS BY FMRFamide IN APLYSIA 
NEURONS IS  MIMICKED BY A NON-HYDROLYZABLE GTP ANALOG. 
V. B re z in a *  and  R. E c k e r t . D e p a r tm e n t o f  B io lo g y ,  UCLA, 
Los A n g e le s ,  CA 90024 .

I n  c e r t a i n  n e u ro n s  i n  t h e  ab d o m in a l g a n g l io n  o f  
A ply s i a  c a l i f o r n i c a , t h e  n e u r o p e p t id e  FMRFamide e n h a n 
c e s  a  K c u r r e n t  t h a t  r e s e m b le s  t h e  s e r o t o n i n - s e n s i t i v e  
'S ' c u r r e n t ,  I K(s) (E rx le b e n  e t  a l . , 1985 , N e u r o s c i . 
A b s t r . 1 1 , 7 1 0 ) ,  an d  s im u l ta n e o u s ly  s u p p r e s s e s  t h e  v o l 
t a g e - d e p e n d e n t  Ca c u r r e n t ,  an d  c o n s e q u e n t ly  t h e  C a- 
a c t i v a t e d  K c u r r e n t  (B re z in a  e t  a l . and  E r x le b e n  e t  
a l . , 1 9 85 , B iophy s . J . 4 7 , 4 3 5 a ) .  F u r th e r  e x p e r im e n ts  
( c a r r i e d  o u t  p r i m a r i l y  on th e  l e f t  u p p e r  q u a d r a n t  c e l l s  
L 2 , L 3 , L4 and  L6, and  on c e l l  R2, u s in g  tw o - e l e c t r o d e  
v o l t a g e  c lam p  and  p u f f e d  a p p l i c a t i o n  o f  p e p t id e )  r e v e a l  
t h a t  a l l  o f  t h e s e  e f f e c t s  o f  FMRFamide a r e  m im icked  by  
i o n t o p h o r e t i c  i n j e c t i o n  i n t o  t h e  c e l l  o f  t h e  n o n -h y d ro -  
l y z a b le  GTP a n a lo g  g u a n o s in e  5 ' - 0 - ( 3 - t h i o t r i p h o s p h a t e )  
(GTP-γ - S ) . T h u s , t h i s  compound a c t i v a t e s  a  s t e a d y  o u t 
w ard  c u r r e n t  a t  t h e  n o rm a l h o ld in g  p o t e n t i a l  o f  – 40 mV, 
and  a l s o  s u p p r e s s e s  t h e  Ca and  C a -d e p e n d e n t K c u r r e n t s  
e l i c i t e d  by  d e p o l a r i z i n g  v o l t a g e  s t e p s .  The Ca c u r r e n t ,  
i s o l a t e d  i n  N a - f r e e  s o l u t i o n  c o n ta in in g  200 mM TEA and  
5 mM 4 - a m in o p y r id in e , i s  u s u a l l y  s u p p r e s s e d  by  50-70% i n  
th e s e  c e l l s .  T h ese  e f f e c t s  o f  GTP-γ -S ,  u n l ik e  t h e  p a r a 
l l e l  e f f e c t s  o f  FMRFamide, a r e  s lo w  t o  d e v e lo p  (1 0 – 20 
m in u te s )  and  i r r e v e r s i b l e ,  and  a r e  o b s e r v e d  ev en  
w i th o u t  p r i o r  e x p o s u r e  o f  t h e  c e l l  t o  FMRFamide, 
a l th o u g h ,  when th e  p e p t id e  i s  a p p l i e d  b e f o r e  t h e  a c t i 
o n s  o f  GTP-γ -S  a r e  f u l l y  d e v e lo p e d ,  i t s  e f f e c t s  becom e 
i r r e v e r s i b l e  and  p o t e n t i a t e  t h o s e  o f  GTP-γ -S .  Once th e  
a c t i o n s  o f  GTP-γ -S  h a v e  f u l l y  d e v e lo p e d ,  FMRFamide d o e s  
n o t  f u r t h e r  s u p p r e s s  Ca c u r r e n t  o r  a c t i v a t e  K ( s ) - l i k e  
c u r r e n t ,  a l th o u g h  i t  i s  s t i l l  a b l e  t o  e l i c i t  t h e  Na- 
d e p e n d e n t in w a rd  c u r r e n t  (R uben e t  a l . ,1 9 8 6 ,J . N e u r o s c i . 
6 , 252) t h a t  i t  n o rm a lly  a c t i v a t e s  i n  th e s e  c e l l s  i n  
a d d i t i o n  t o  i t s  o t h e r  e f f e c t s . S i n c e  GTP-γ -S  i s  known t o  
b e  an  i r r e v e r s i b l e  a c t i v a t o r  o f  G T P -b in d in g  p r o t e i n s ,  
t h e s e  r e s u l t s  s u g g e s t  t h a t  s u p p r e s s io n  o f  Ca c u r r e n t  
and  en h an cem en t o f  K ( s ) - l i k e  c u r r e n t  ( b u t  n o t  a c t i v a 
t i o n  o f  t h e  N a -d e p e n d e n t in w a rd  c u r r e n t )  by  FMRFamide 
i n  t h e s e  c e l l s  may n o rm a lly  b e  m e d ia te d  by  s u c h  a  p r o 
t e i n .  S u p p o r te d  by  NSF BNS 83–16417 an d  USPHS NRSA 
GM07185.

367.3 COMPARISON OF ION CHANNELS IN HUMAN MACROPHAGES AND THE U937 CELL 
LINE. F rances V. McCann, Theodore M. K e lle r  and George R. 
S t i b i t z .  D ept. of. P hysio logy , Dartm outh M edical School, Hanover, 
N.H. 03756

The U937 c e l l  l i n e ,  when a c t iv a te d  by tre a tm e n t w ith  gamma 
in te r f e r o n  and c a l c i t r i o l ,  a c q u ire s  a h igh  degree  of fu n c tio n a l 
s im i l a r i t y  to  human monocyte d e r iv ed  macrophages (HMDM), inc lud ing  
phago cy tic  a b i l i t y .  The n o n -a c t iv a te d  U937 c e l l  l i n e  i s  an incom
p le te  f u n c t io n a l model f o r  HMDM. A com parison of th e  io n ic  conduc
ta n c e s  p re s e n t in  HMDM and th e  U937 c e l l  l i n e ,  bo th  a c t iv a te d  and 
n o n -a c t iv a te d , should  h e lp  to  d e f in e  th e  ro le  o f th e se  conduc
ta n c e s  in  th e  e f f e c to r  fu n c t io n s  of m ononuclear phagocy tes.

P atch  clamp s tu d ie s  on HMDM and th e  n o n -a c t iv a te d  U937 c e l l  l in e  
re v e a l s e v e ra l d i f f e r e n t  conduc tances. In  HMDM, a channel was 
observed th a t  e x h ib i ts  a s lo p e  conductance of 255 pS in  th e  p re s 
ence o f a normal K+ g ra d i e n t , 229 pS in  a sym m etric K+ g ra d ie n t 
and 133 pS in  a rev e rse d  K+ g ra d ie n t .  Replacem ent of Cl– by 
a c e ta te  d id  n o t a l t e r  th e  r e s u l t s .  In  th e  in s id e -o u ts id e  patch  
c o n f ig u ra tio n  th e  b a th  c o n c e n tra t io n  of Ca++ was in c rea sed  from 
10–6 M to  10– 7 M ( in s id e  su r fa c e  of th e  membrane) causing  an 
in c re a s e  in  bo th  th e  frequency  of opening and th e  p ercen tag e  of 
tim e th a t  th e  channel was open. F u r th e r  in c re a s in g  th e  bath  Ca++ 
c o n c e n tra t io n  to  10–6 M r e s u l te d  in  f u r th e r  in c re a s e s  in  the 
frequency  o f f i r i n g  and tim e  in  th e  open s t a t e .  These d a ta  confirm  
th e  p resen ce  of a Ca++ a c t iv a te d  K+ ch a n n e l. We have n o t observed 
a conductance of t h i s  am plitude o r  k in e t ic  b eh a v io r in  th e  p re s 
ence of Ca++ in  over 50 p a tch es  from th e  n o n -a c t iv a te d  U937 c e l l  
l i n e .

A second channel w ith  a s lo p e  conductance o f 30 pS was a lso  
observed  in  HMDM. The frequency  o f opening and th e  percen tag e  of 
tim e in  th e  open s t a t e  bo th  in c re a se d  10- f o ld  in  response to  
in c re a s in g  th e  p o te n t ia l  over a range of 100 mV. Replacem ent of 
Cl–  by a c e ta te  had no e f f e c t  on t h i s  conduc tance . T his channel, 
in s e n s i t iv e  to  v a r i a t i o n  of th e  b a th  Ca++ c o n c e n tra t io n  between 
10–6 and 10–8 M when in  th e  in s id e -o u ts id e  p a tch  c o n f ig u ra tio n , is  
a v o lta g e  g a ted  K+ ch an n e l. A channel was observed in  non- 
a c t iv a te d  U937 c e l l s  th a t  was n e a r ly  id e n t ic a l  in : 1) s lo p e  con
du c tan ce ; 2) th e  k in e t ic  response  to  a p o te n t ia l  g ra d ie n t ;  and 3) 
la c k  o f response  to  changes in  in t e r n a l  Ca++ c o n c e n tra t io n .

The p resen ce  o f a Ca++ a c t iv a te d  K+ conductance in  HMDM, and i t s  
ap p a re n t absence in  th e  n o n a c tiv a te d  U937 c e l l  l i n e ,  su g g es ts  a 
p o s s ib le  r o le  f o r  t h i s  channel in  e f f e c to r  fu n c t io n s  which are 
unique to  th e  m ature m acrophage. C onverse ly , th e  v o lta g e  gated  K+ 
channel p re s e n t in  bo th  c e l l  ty p e s  seems u n lik e ly  to  p la y  a s ig 
n i f i c a n t  ro le  in  th e se  e f f e c to r  fu n c t io n s .  Work i s  in  p ro g re ss  to  
de term ine  i f  th e  Ca++ a c t iv a te d  K+ conductance appears in  U937 
c e l l s  which have been a c t iv a te d  by tre a tm e n t w ith  gamma in te r fe ro n  
and c a l c i t r i o l .  T h is work i s  su p p o rted  by NIH GM-31423.

3 6 7 .4 IDENTIFICATION OF INWARD AND OUTWARD RECTIFYING K CONDUCTANCES IN 
CULTURED HUMAN MACROPHAGES. E.K, G allin *  and L.C. McKinney. Phy
s io lo g y  D epartm ent, Armed F orces R adiobiology R esearch I n s t i t u t e ,  
B ethesda, MD 20814-5145.

R ecen t e le c tro p h y s io lo g ic a l  s tu d ie s  o f  s e v e ra l ty p es  o f  leuko
c y t e s  h ave  rev ea led  th e  p resen ce  o f  a v a r ie ty  o f  v o ltag e  gated  ion  
c h a n n e ls . P re v io u s ly , we d esc rib ed  th e  p resence  o f  a la rg e  conduc t- 
ance(250 pS in  s o lu t io n s  o f  sym m etrical K )C a-activa ted  K channel in  
human macrophages ( G a ll in .B io p h y s .J . ,1984) which i s  exp ressed  over 
tim e when c e l l s  a re  m ain ta ined  in  t i s s u e  c u l tu r e .  We here  d e s c r ib e  
th e  p r o p e r t i e s  o f  m acroscopic ion  c u r re n ts  which may be due to  th e  
a c t i v i t y  o f  t h i s  C a -a c tiv a ted  K channel,and  in  a d d i t io n ,  re p o r t  th e  
e x i s t e n c e  o f  an inw ardly  r e c t i f y in g  K conductance no t p re v io u s ly  
d e sc r ib e d  in  human m acrophages. Patch  e le c tro d e s  co n ta in ed  150mM 
KCl ,  10mM NaCl, 1 . 2mM M g C l, 1.1mM EGTA, and v ary ing  Ca c o n c e n tra t io n s  
( f r e e  Ca ranged from 10–8 to  3×10–6M), pH=7 .2 .  Zero c u r re n t  h o ld ing  
p o te n t ia l s  (ZCP) ranged from –30 to  –65mV and in p u t r e s is ta n c e s ,  
m easu red  w ith in  10 mV o f  th e  ZCP were 1–4 GΩ . Records o b ta in ed  in  
th e  w h o le -c e ll c o n f ig u ra tio n  from c e l l s  c u l tu re d  fo r  2 to  6 weeks 
r e v e a le d  outw ard c u r re n ts  a c t iv a t in g  a t  p o te n t ia l s  p o s i t iv e  to  30 
mV. These c u r r e n ts  e x h ib ite d  no tim e-dependen t in a c t iv a t io n ,  and 
had an ex trem ely  n o isy  b a s e l in e .  A ddition  o f  charybdo tox in  (CTX), 
a b lo c k e r o f  C a -a c tiv a te d  K c h a n n e ls , . to  th e  b a th  decreased  th i s  
c u r r e n t  by a t  l e a s t  80% (n= 3). We v e r i f ie d  th a t  CTX in h i b i t s  th e  
a c t i v i t y  o f  s in g le  C a -a c tiv a te d  K channels  by com paring channel 
a c t i v i t y  in  ex c ised  in s id e -o u t  patches w ith  and w ithou t CTX in  th e  
p a tc h  e le c t ro d e .  (KCL=150mM; Ca=3×10–6 M on e i th e r  s id e  o f  p a tc h ) . 
C o n tro l p a tch es  (n=7) co n ta in ed  an average o f  4–7 C a -a c tiv a ted  K 
channels  pe r p a tch  which were a c t iv e  in  th e  p o te n t ia l  range te s te d  
( – 50 to  70 mV). P atches  (n=5) from th e  same c e l l s  w ith  CTX (25nM) 
in  th e  reco rd in g  p ip e t te  c o n ta in e d , a t  m ost, 1-2 a c t iv e  channels  a t  
p o t e n t i a l s  > 50 mV. Thus, i t  i s  l i k e ly  th a t  th e  outward c u r re n t 
d e s c r ib e d  above r e s u l t s  from C a -a c tiv a te d  K+ channel a c t i v i t y .  In 
35* o f  c e l l s ,  inward c u r r e n ts  were observed which a c t iv a te d  a t  po
t e n t i a l s  n e g a tiv e  to  -7 0 , showed tim e-dependen t in a c t iv a t io n  fo r  
s t e p s  n e g a tiv e  to  -120 mV, and were b locked by a d d itio n  o f  BaCl2 
(2mM) to  th e  b a th . Records o b ta in ed  in  th e  c e l l - a t ta c h e d  p a tch 
c o n f ig u r a t io n  from th e  same c e l l s  rev ea led  inward s in g le  channel 
c u r re n t  f lu c tu a t io n s  which in c re a se d  in  am plitude as th e  p atch  was 
h y p e rp o la r ize d  and d id  n o t re v e rs e  p o la r i ty  w ith  d e p o la r iz a t io n s  up 
to  100 mV. With v o lta g e  ram ps, channel am plitude was ze ro  was n ea r 
th e  ZCP o f  th e  c e l l s .  S in g le  channel conductance was 28+3pS (n=9) . 
The p ro p e r t ie s  o f  bo th  th e  m acroscopic and s in g le  channel c u r re n ts  
a re  th e  same as  th o se  o f  th e  inward r e c t i f y in g  K c u r r e n t  p rev io u sly  
d e s c r ib e d  in  bo th  prim ary  c u l tu r e s  o f  mouse m acrophages and th e  
m ouse-de rived  m acrophage-like  c e l l  l i n e ,  J774 (G a ll in  and Sheehy, 
J .P h y s io l . ,1985 ;McKinney and G a ll in ,B io p h y s .J . ,1 9 8 5 ). We thank  Dr. 
C. M ille r  fo r  th e  generous g i f t  o f  CTX.
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367.5 POTASSIUM CHANNELS IN T LYMPHOCYTES MEDIATING EXPERIMENTAL 
ALLERGIC ENCEPHALOMYELITIS (EAE) IN RATS S .I .V . Judge* , J .Z . 
Yeh*, M.D. Mannie* and P.Y. P a te rso n * (SPON: D.H. H a r te r ) .  D ept. 
o f  Pharm acol, and D ep t. o f  M icro b io l.-Im m u n o l., N orthw estern  
Univ. Med. S c h ., C hicago, IL. 60611.

Primed T lym phocytes, which a r e  s e le c t i v e ly  r e a c t iv e  t o  whole 
m yelin  b a s ic  p ro te in  (MBP) (P a te rso n , Adv. Immunol. 1966) o r  t o  
s y n th e t ic  p e p tid e s  c o n ta in in g  th e  e n c e p h a li to g e n ic  d e te rm in a n t in  
MBP (Mannie e t  a l . ,  PNAS 1985) e x h ib i t  p r o l i f e r a t i o n - a c t iv a t io n  and 
t r a n s f e r  EAE in t o  normal syngeneic  Lewis r a t s  fo llo w in g  c u l tu r e s  
w ith  th e s e  a n t ig e n s .  S ince  v o lta g e - a c t iv a te d  K ch an n e ls  have been 
im p lic a te d  a s  n e c e ssa ry  f o r  a c t iv a t io n  and subsequen t p ro 1i f e r a t io n  
o f  T lym phocytes (M atteson and D eu tsch , N atu re  1984; DeCoursey e t  
a l . ,  N atu re  1984; Chandy e t  a l . ,  J .  Exp. Med. 1984), we examined 
in  th e  r o l e  o f  K ch a n n e ls  in  T c e l l  a c t iv a t io n  and subsequen t EAE 
in d u c tio n . U sing th e  g igohm -seal w h o le -c e ll  v a r i a t i o n  o f  th e  p a tch  
clam p, we s tu d ie d  v o lta g e - a c t iv a te d  K channe ls  in  T c e l l s  o f  MBP o r  
e n c e p h a li to g e n ic  co n tin u o u s  c e l l  l i n e s .  These c e l l s  w ere s tu d ie d  
in  th e  r e s t i n g  s t a t e ,  d u rin g  a c t iv a t io n  w ith  b la s to g e n e s is  and 
en la rg em en t, and a t  r e s t  fo llo w in g  p r o l i f e r a t i o n .

P o tassium  conduc tances f o r  a l l  r e s t i n g  T c e l l s  began t o  be 
a c t iv a t e d  between –20 and –30 mV and f o r  b l a s t  T c e l l s  between 
–30 and –40 mV. R es tin g  T c e l l s  a t ta in e d  maximum K conduc tances 
on th e  o rd e r  o f  2 nS. The maximum K conductance was in c re a s e d  
5 - fo ld  in  MBP a c t iv a t e d  T c e l l s  and 1 0 -fo ld  in  th e  MBP p e p tid e  
a c t iv a t e d  T c e l l s .  D uring th e  4 day p e r io d  o f  a c t iv a t io n  in  
c u l tu r e s ,  K conduc tances in c re a s e d  o v e r tim e  and d i r e c t l y  c o r 
r e l a te d  w ith  th e  e x te n t  o f  T c e l l  a c t iv a t io n ,  a s  ev idenced  by th e  
s iz e  and r e l a t i v e  number o f  b l a s t  c e l l s  in  th e  c u l tu r e s .  Both 
r e s t i n g  and b l a s t  c e l l s  e x h ib i te d  p o ta ss ium  in a c t iv a t io n ,  which 
appeared  t o  be dependen t on th e  e x te rn a l  K c o n c e n tra t io n . In  
160 mM K, th e  tim e  c o n s ta n t f o r  in a c t iv a t io n  was s low er and th e  
s te a d y - s t a te  in a c t iv a t io n  was l e s s  com plete  th a n  in  normal K 
(4 .6  mM). The K c u r r e n t s  w ere s u s c e p tib le  t o  te trae thy la rrm on iun  
b lo c k . In  a d d i t io n ,  th e  Ca channel b lo c k e r  D600 (m ethoxyverapam il) 
caused  v o lta g e  dependen t b lo c k  o f  K ch a n n e ls  and a c c e le r a te d  th e  
decay phase  o f  th e  K c u r r e n t .  In  c o n t r a s t ,  a n o th e r  Ca channel 
b lo c k e r , n i f e d ip in e ,  had v e ry  l i t t l e  e f f e c t .

In  summary, o u r r e s u l t s  show t h a t  K channel fu n c t io n  in  r a t  T 
c e l l s  i s  m odulated  d u rin g  th e  tim e  co u rse  o f  s t im u la t io n  w ith  
e n c e p h a li to g e n ic  a n t ig e n s .  The K c u r r e n t s  r e p r e s e n t  th e  c u r r e n t s  
f low ing  th ro u g h  delay ed  K ch a n n e ls , and n o t C a-dependent K 
ch a n n e ls . I t  rem ains t o  be t e s t e d  w hether b lo c k in g  o f  K ch an n e ls  
p re v e n ts  a c t iv a t io n  o f  T c e l l s  and i n h i b i t s  t h e i r  c a p a c ity  to  
t r a n s f e r  EAE.

367.6 POTASSIUM CURRENTS IN NEUROSECRETORY CELL BODIES. C. 
O n e tt i* , R. V a ld io se ra* , E. G arcia*  and U. G arcia*  (SPON; M. 
P acheco). C entro  U n iv e r s i ta r io  de In v e s tig a c io n e s  
Bioméd ic a s ,  U niversidad  de Colim a, Apdo. P o s ta l  199, 28000, 
Colima, Mé x ico  and D ept. of P hysio logy , CINVESTAV, Apdo. 
P o s ta l  14–740, 07000 Méx ic o , D.F.

Outward c u r re n ts  in  response  to  membrane d e p o la r iz a t io n s  
were reco rded  a t  room tem p era tu re  (22°C) from axotom ized 
neuron somata o f th e  c r a y f i s h  ( Procam barus c l a r k i i )  X -organ, 
u s ing  th e  whole c e l l  clamp tech n iq u e  (H am ill e t  a l ,  P flu g . 
Arch. 391: 85, 1981). C e lls  d is e c t io n  and expe rim en ta l 
p rocedu res  were a s  p rev io u sly  re p o rte d  (G arc ia  e t  a l ,  S o c ., 
N eu rosc i, A b s t r . ,  Vol . 11, P a r t  1 , p. 520, 1985).
Com position of th e  p ip e t te  s o lu t io n  was ( in  mM): KCl  210, 
K2EGTA 10 and HEPES-KOH 10; and th e  b a th in g  s o lu t io n ;  
TRIS-HCl  210, CaCl2 10, KCl  5 .4  and CdCl2 2 (pH = 7 .4 ) .

Two components of outward c u r re n ts  were d is tin g u is h e d  on 
th e  b a s is  o f t h e i r  v o lta g e  dependence, tim e cou rse  and 
d i f f e r e n t  s e n s i t i v i t y  to  K channel b lo c k e rs . One of them, 
a c t iv a te d  a t  membrane p o te n t ia ls  between –40 and –30 mV, 
showing a s igm o idal tim e co u rse . I t  d id  no t in a c t iv a te  
du rin g  400 msec and was b locked (90%) by 20 mM TEA in  th e  
b a th . P resum ably, th i s  c u r re n t i s  a K c u r re n t th rough  th e  
delayed r e c t i f i e r .  The o th e r  component was a t r a n s i e n t  
c u r r e n t ,  only  seen  when th e  t e s t  p u lse  was preceded by a 
h ip e rp o la r iz in g  p u ls e . I t  was no t a f fe c te d  by 20 mM TEA in  
th e  ba th  and was blocked by 2 mM 4AP. T h is c u r re n t has th e  
c h a r a c t e r i s t i c s  d e sc rib ed  fo r  IA. With re s p e c t  to  i t s  
v o lta g e  dependence and k in e t ic s  we have c o n s is te n t ly  
observed two groups of n eu rons . In  one group (n = 23 ), the  
A -cu rren t had a th re sh o ld  of –57 + 4 mV (mean + S .D .) , th e  
s lo p e  o f th e  I-V r e la t io n s h ip  was 1 .8  + 0 .4  mS/cm2 and the  
s tead y  s t a t e  in a c t iv a t io n  m idpoint was –94 ± 10 mV. In  th e  
o th e r  group (n = 22 ), th e  IA a c t iv a te d  a t  –42 ± 7 mV, th e  
s lo p e  o f th e  I-V curve was 1 + 0. 2 mS/cm2 and th e  s teady  
s t a t e  in a c t iv a t io n  m idpoint was -72 ± 5 mV.

We do n o t know w hether t h i s  f in d in g  i s  due to  th e  
e x is te n c e  o f two p o p u la tio n s  of neurons o r i s  caused by two 
d i f f e r e n t  m e tab o lic  s t a t e s  of th e se  c e l l s .

367.7 PATCH CLAMP RECORDING OF TRANSIENT POTASSIUM CHANNELS IN CLONAL 
ANTERIOR PITUITARY CELLS. M ichael A. Rogawski and J e f f e r y  L. 
B arke r. Lab. o f N europhysio logy, NINCDS, NIH, B ethesda , MD 20892.

V oltage clamp rec o rd in g s  from GH3 c lo n a l a n t e r io r  p i t u i t a r y  
c e l l s  have re v e a le d  th e  e x is te n c e  o f two k in e t i c a l l y  d i s t i n c t  o u t
ward c u r re n t  s p e c ie s .  V ir tu a l ly  a l l  c e l l s  e x h ib i t  a s u s ta in e d  
Ca2+-dependen t K+ c u r re n t  [ I K(C a)] th a t  i s  s e n s i t i v e  to  
in o rg a n ic  Ca2+ channel b lo c k e rs  and tetraethylam m onium . We have 
p re v io u s ly  re p o r te d  th a t  a 55–90 pS Ca2+-  and v o l ta g e - s e n s i t iv e  
K+ channel u n d e r l ie s  t h i s  c u r r e n t .  In  a d d i t io n ,  some GH3 c e l l s  
p o sse ss  an in a c t iv a t in g  component to  th e  outw ard c u r r e n t ,  r e f e r r e d  
to  as I K(V) .  I n  t h i s  com m unication, we r e p o r t  p a tch  clamp 
re c o rd in g s  o f th e  channels  u n d e rly in g  IK(V).

S in g le  channel re c o rd in g s  were c a r r i e d ou t in  th e  c e l l  a t ta c h e d  
c o n f ig u ra tio n  from GH3 c e l l s  (k in d ly  p rov ided  by B. D ufy). The 
b a th in g  medium and p a tch  e le c tro d e  co n ta in ed  5 .5  mM K+ , 10 mM 
Ca2+ and 1 mM Mg2+. S tep  d e p o la r iz a t io n  o f th e  p a tch  (200–300 
msec) in v a r ia b ly  a c t iv a te d  IK(Ca) channels  whose open p ro b a b i l i ty  
and mean open-tim e in c re a se d  s tro n g ly  as th e  p a tch  was d e p o la r iz e d  
in  th e  range 10–50 mV from r e s t i n g  p o te n t ia l  (R P). These channels 
opened randomly so th a t  in  ensem ble ave rages  th e  mean c u r re n t  was 
tim e in v a r ia n t  d u rin g  th e  s te p .  However, o c c a s io n a lly , w ith  la rg e  
d e p o la r iz a t io n s  (50–90 mV from r e s t )  a k in e t i c a l l y  d i s t i n c t  
p o p u la tio n  o f  channels  was observed  (F ig . A). Ensemble ave rages  o f 
th e se  channels  d u rin g  r e p e t i t i v e  v o lta g e  s te p s  dem onstra ted  th a t  
t h e i r  p ro b a b i l i ty  o f  be in g  in  th e  open s t a t e  was maximum 5–20 msecs 
fo llo w in g  th e  o n se t o f th e  d e p o la r iz a t io n ,  and th e  p ro b a b i l i ty  
decayed ra p id ly  w ith in  30–90 m sec  (F ig . B ). The conductance and 
mean oDen tim e o f th e se  channels  i s  com parable to  th o se  o f  th e

n o n - in a c t iv a t in g  s p e c ie s .  These 
r e s u l t s  d em onstra te  th a t  th e  
t r a n s i e n t  component o f th e  K+ 
c u r re n t  in  GH3 c e l l s  i s  c a r 
r i e d  by channels  o f s im i la r  con
d u c tan ce , b u t d i f f e r e n t  k in e t ic  
p ro p e r t ie s ,  from th o se  under
ly in g  IK(C a). The two outw ard 
c u r re n t  components cou ld  be 
c a r r ie d  th rough  th e  same or 
d i f f e r e n t  membrane p o re s .

367.8 MEMBRANE LIPIDS AND SINGLE CHANNEL PROPERTIES OF A VOLTAGE- 
SENSITIVE K+ CHANNEL ON NG108–15 CELLS. R. McGee. Zoology Dept., 
Univ. of Nottingham, Nottingham NG7 2RD, England.

Currently, l i t t l e  is  known regarding the extent to which single 
channel properties of voltage-sensitive ion channels are determined 
by the lip id  environment of the cell membrane. To examine th is 
question, NG108–15 neuroblastoma x glioma hybrid ce lls were grown 
in the presence of arachidonic acid (20:4) which caused substan
t ia l  enrichment of the membrane phospholipids with 20:4 at the 
expense of oleic acid (18:1) (Cell. Molec. Neurobiol. 5: 333–352, 
1985). Using the cell-attached patch clamp technique a voltage- 
sensitive channel with apparent se lec tiv ity  for K+ (observed in 
about 10% of the patches) was studied. Recordings were made with 
electrodes (4–10mΩ) which contained the same saline which bathed 
the ce lls (150 NaCl, 5.4 KCl , 1.0 CaCl2 , 0.8 MgCl2 , 10 HEPES, pH 
7.4). Channel openings were observed as outward currents using a 
List EPC-7 amplifier and recorded on video tape. Recordings 
containing only a single channel were la te r  f ilte re d  a t 3khz, 
digitized a t 50μs intervals and analyzed using a PDP 11/27 
computer. Channel openings were e lic ited  by stepping the pipette 
holding potential from +60mV (to remove inactivation) to values 
ranging from –30 to –120mV. The f i r s t  channel opening usually 
occurred within 1–10ms. Subsequent channel kinetics were complic
ated; closed times ranging from < 0.25ms to > 10 sec were observed 
and the to tal time before inactivation ranged from < 50ms to > 20 
sec. The primary conductance of the channel was 18pS, but sub
conductance sta tes were clearly  v is ib le . Enrichment with 20:4 did 
not appear to a lte r  channel conductance. Preliminary comparison 
o f  the latency to f i r s t  channel opening for 1 patch each from 
control and 20:4-enriched ce lls indicated times of 3.52 + 1.97ms 
(SD n = 29) and 4.81 + 3.16 (n = 27) ms, respectively. These 
in i t ia l  resu lts suggest that 20:4 enrichment may cause a longer 
and more variable latency time, but additional recordings will have 
to be analyzed before th is conclusion can be confirmed. A detailed 
analysis of the channel kinetics for the voltage-sensitive K+ 
channel from control and 20:4-enriched ce lls also will be 
presented.

Supported by NIH grant NS 19346 and NS 00567.
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367.9 MEMBRANE PROPERTIES OF GUINEA-PIG CULTURED) INTRINSIC 
CARDIAC NEURONS. D .J. Adams* and L .A. F iebe r*  (SPON: K. 
M agleby). D ep t. o f Pharmacology, Univ. of Miami Sch. Med., 
Miami, FL 33101.

P arasy m p a th e tic  gan g lio n  c e l l s  p repared  from d is s o c ia te d  
a t r i a l  m yocardium  o f  newborn g u in e a -p ig s  and grown in  
t i s s u e  c u l tu r e  fo r  8–15 days (H a s sa ll,  C .J . & B urnstock , 
G ., N eu ro s .c i. L e t t . ,  52:111, 1984) were s tu d ie d  u s in g  
w h o le - c e l l  and s i n g l e  c h a n n e l r e c o r d in g  te c h n iq u e s .  
C u ltu re s  of i n t r i n s i c  c a rd ia c  neurons o ccu rred  e i th e r  in  
i s o l a t i o n  o r in  c lu s t e r s  of 20–30 nerve c e l l  bod ies th a t  
were 25–35μm in  d iam ete r and were p o s i t i v e ly  id e n t i f i e d  
w ith  a f lu o re sc e in -c o n ju g a te d  an tise rum  to  te ta n u s  to x in . 
W h o le -ce ll p a tch  clamp re c o rd in g  w ith  e le c tro d e s  f i l l e d  
w ith  140mM KCl and 0.5mM K2 EGTA was used to  in v e s t ig a te  
p a ss iv e  and a c t iv e  membrane p r o p e r t ie s .  C ard iac neurons 
had r e s t i n g  p o te n t ia l s  in  th e  range o f –45 to  –65mV and 
in p u t r e s is ta n c e s  o f >500 Mohm. A lthough c u l tu re d  c a rd ia c  
neurons were norm ally  q u ie sc e n t, a c t io n  p o te n t ia ls  (>80mV 
am plitude) could  be evoked w ith  b r ie f  d e p o la r iz in g  c u r re n t 
p u l s e s .  S in g le  c h a n n e l re c o rd in g s  from c e l l - a t ta c h e d  
membrane p a tch es  were made u sin g  e i t h e r  5mM or 140mM KCl - 
f i l l e d  p i p e t t e s  c o n ta in in g  l –10μM a c e ty lc h o lin e  (ACh). 
A C h-induced  io n i c  c u r r e n t s  w ere o b s e rv e d  in  >50% of 
c u l tu r e d  n e u ro n s , c o n s is te n t  w ith  th e  d i s t r i b u t io n  and 
d e n s ity  o f th e  m u sca rin ic  lig a n d , [3H ]-p ro p y lb en zy lch o lin e  
m usta rd , b in d in g  s i t e s  found on th e se  n e rv e - c e l l  bod ies and 
p r o c e s s e s  (B u c k le y , N .J .  & H a s s a ll ,  C .J . ,  unpub lished  
o b s e rv a t io n s ) .  The c u r re n t -v o lta g e  r e l a t i o n s h ip  e x h ib ite d  
marked inw ard-go ing  r e c t i f i c a t i o n  and th e  r e v e r s a l  (ze ro -  
c u r r e n t )  p o t e n t i a l  f o r  th e  A C h -a c t iv a te d  channel was 
s im i la r  to  th e  K+ e q u ilib r iu m  p o te n t ia l .  In response  to  
d e p o la r iz in g  v o lta g e  s te p s ,  a t  l e a s t  two ty p es  o f outward 
s in g le  channel c u r re n ts  were a ls o  observed  in  most neuronal 
membrane p a tc h e s . R eversa l p o te n t ia l  measurements suggest 
t h a t  p o ta s s iu m  i s  th e  m a jo r c h a rg e  c a r r i e r  fo r  both 
c u r r e n t s  w hich  w ould a c t  to  r e p o l a r i z e  th e  membrane 
p o t e n t i a l  and may c o n t r i b u t e  to  m a in ta in in g  neuronal 
e x c i t a b i l i t y .  (S upported  by AHA g r a n t - in - a id ,  F lo r id a  
A f f i l i a t e ) .

367.10 c-AMP DEPENDENT PROTEIN KINASE OPENS SEVERAL K+ CHANNELS FROM 
MAMMALIAN BRAIN. R.Reeves*, J .F a rley , & B.Rudy,(SPON: W.E. 
Sullivan) Prog. in  Neurosci. & Behavior, P rinceton Univ., 
P rinceton , NJ 08544 & Dept. o f  Physio l. & Biophys., NYU 
Medical C t r . , NY,NY 10016.

I t  has been suggested th a t  phosphorylational co n tro l o f ion ic  
channels might underly p e rs is te n t changes in  neuronal e x c i t
a b i l i ty  in  the  b ra in , and th a t  the  ta rg e t fo r such modulation 
might be channels them selves. To t e s t  the  p la u s ib i l i ty  o f th is  
no tion , we have assessed  the  e f fe c ts  o f the  p u rif ie d , c a ta ly -  
t i c a l l y -a c tiv a ted  subunit o f  c-AMP-dependent p ro te in  kinase 
upon K+ channels incorporated  in to  a r t i f i c i a l  membranes formed 
on th e  t ip s  o f  patch clamp e lec tro d es . The source o f channels 
was a synaptosoma l  membrane p repara tion  obtained frcm whole r a t  
b ra in . Three d i s t in c t  K+ se le c tiv e  ion channels, d is tingu ished  
in  previous s tu d ie s  (Farley & Rudy, Soc. Neurosci. A bstr. 1985; 
Biophys. J .  1986) on the  b a sis  o f th e i r  u n ita ry  conductance, 
voltage-dependence, s e n s i t iv i ty  to  calcium , and pharmacology 
were s tud ied . A fourth  channel, not p reviously  described , was 
a l s o  ch a rac te riz ed . A-kinase in  a f in a l  bath concentration  o f 
6×10–8 M re s u lte d  in  c o n s is te n t, r e l ia b le ,  and p e rs is te n t 
in creases  ( >50% o f  base lin e  lev e ls) in  the  open time o f  
sev e ra l o f  these  channels. The la r ge (264 + 64 pS; mean + SEM) 
TEA -sensitive, calcium activated  K+ channel (Type I ;  BK) was 
opened in  9 o f  9 separa te  experim ents. An in te rm ed ia te -s ized. 
(Type I I ;  123 + 11 pS) calcium -ac tiva ted , TEA-insensitive K+ 
channel was opened in  9 o f 11 experim ents; w hile in  1 experi
ment,  open-time increases  < 50% were observed. A sm aller 
(Type IV; 71 + 5 pS) K+ channel, whose v o ltag e - and calcium- 
s e n s i t iv i ty  have no t y e t been determined, was opened in  7 o f 8 
experim ents. No co n sis te n t e f fe c t  upon a 50 pS K+ (Type I I I )  
channel, which appears to  be calcium - and v o lta g e -in sen s itiv e , 
were observed. In  5/13 experim ents, the  channel was opened, in  
4/13 the  channel c lo sed , in  4/13 experiments no e f fe c t  was 
observed. In  6 separa te  experiments in  which seve ra l o f the  
above channels were p resen t in  the  membrane, h e a t-in ac tiv a ted  
k inase  was w ithout e f f e c t .  An in te re s tin g  find ing  was th a t  
w hile no exogenous ATP was requ ired  fo r the  A-kinase e f fe c ts ,  
A-kinase e f fe c ts  could be prevented i f  ATPase (.002 - . 17 
u n its ; . 02 – 2.3 μ M) were added p r io r  to  kinase ad d itio n . 
Measurements o f  ATP in d ica ted  free  concen tration  le v e ls  < 10 μM, 
an o rder o f  magnitude le ss  than ATP's Km value fo r A kinase . 
Thus, i t  i s  u n lik e ly  th a t  free  ATP s e r ie s  as th e  phosphate 
source in  these  experim ents. I t  i s  po ssib le  th a t  membrane- 
bound/ccmpartmentalized ATP i s  the  source. F in a lly , i t  should 
be noted th a t  the  opening o f channel Types I I  and IV by A- 
k inase stands in  c o n tra s t to  the  c lo su re  o f these  channels by 
the  calcium /phospholipid enzyme, p ro te in  k inase C (Lipkin e t  
a l . th i s  v o l ume.) Supported by NSF BNS-8 316707 to  J .E a r le y

367.11 PROTEIN KINASE C EFFECTS ON SINGLE K+ CHANNELS FROM MAMMALIAN 
BRAIN. S .L ipkin*, J .F a r le y , & B.Rudy (SPON:K.R.Jennings) Prog, 
in  N eurosci. & Behavior, P rinceton  U n ivers ity , P rince ton , NJ 
08544 & Dept. o f  P hysio l. & B iophysics, NYU Medical C tr . ,  NY,NY 
10016.

Phosphorylational c o n tro l o f  io n ic  conductances has been 
suggested to  be a  w idespread mechanism fo r  long-term  changes in  
neuronal e x c i ta b i l i ty .  We have examined th e  e f f e c ts  o f  the  
calc iun /phospho lip id  sensitive  enzyme (p ro te in  k inase  C; PKC) 
upon sev e ra l v a r ie t ie s  o f  k+ channels f r om mammalian b ra in , 
in s e r te d  in to  a r t i f i c i a l  membranes formed on th e  t ip s  o f  patch  
clamp e le c tro d es . These channels have been p rev iously  
c h a rac te riz ed  on th e  b a s is  o f  th e i r  u n ita ry  conductances, 
calcium - and v o lta g e -s e n s i t iv i ty ,  and pharmacology (Farley & 
Rudy, Soc, N eurosci. A bstr. 1985; Biophys. J . 1986).

F in a l b a th  co n cen tra tions  o f  1–2 u n i ts  o f  PKC (1 u n i t  
t r a n s fe rre d  400 pmols o f  phosphate), re s u lte d  in  decreases (of 
50% o r  more) in  th e  open-time o f  a calcium  dependent, 
T E A -insensitive, in te rm ed ia te -s ized  K+ channel (100 ±3 pS; Type 
I I  channel) in  13 o f  13 cases. In  c o n tra s t  to  th e  c lo su re  o f  the  
Type I I  channel, PKC a d d itio n  re s u lte d  in  in c reases  ( > 50%) in  
th e  open tim e o f  ano ther sm aller K+ channel (52 ± 1.5– pS; Type 
I I I )  in  11 o f  12 experim ents. This channel appears to  be both 
calcium - and voltage-independen t. PKC was w ithout e f f e c t  on th e  
la rg e  (BK) c a lc ium-dependent potassium  channel in  sev e ra l 
experim ents. H eat- in ac tiv a ted  k inase  was w ithou t e f f e c t  in  5 o f 
5 experim ents. S im ila r ly , ba th  concen tra tions  o f  10 μ M 
imipramine, a  rep o rted  PKC in h ib i to r ,  prevented th e  e f f e c ts  o f 
PKC in  3 o f  3 experim ents.

As in  companion s tu d ie s  on th e  e f fe c ts  o f  c-AMP PK (Reeves e t  
a l . ,  th i s  volume), we found th a t  ad d itio n  o f  exogenous ATP was 
n o t req u ired  fo r  PKC's e f f e c ts .  However, ad d itio n  o f  ATPase (.04 
– .08 a c t iv i ty  u n its )  prevented PKCs e f f e c ts .  Measurements o f  
f re e  ATP (in  th e  absence o f  ATPase) in d ica ted  th e  bath  
co n cen tra tions  to  be no h igher than  10 μ M, w e ll below th e  Km 
value fo r  C k inase . These r e s u l t s  suggest th a t  a membrane-bound/ 
compartmentalized source o f  ATP served as th e  phosphate source. 
I t  i s  a ls o  o f  in te r e s t , to  note th a t  ATPase i t s e l f  had d e tec tab le  
e f f e c ts  upon sev e ra l o f  th e  channels.

I t  i s  in te re s t in g  th a t  PKC e f f e c ts  upon th e  Type I I  (closure) 
and Type I I I  (opening) channels were th e  opposite  o f  c-AMP PK. 
These r e s u l t s  suggest th a t  ion  channels can serve as  a  common 
s u b s tra te  fo r  various  p ro te in  k in ases , and th a t  th ese  k inases may 
a c t  to  d u a lly  re g u la te  the  fu n c tio n a l s t a t e  o f  th e  channels in  
v iv o .

Supported by NSF g ra n t BNS 8316707 to  J .  F arley .

367.12 CALCIUM CURRENT IN ACUTELY ISOLATED ADULT 
RAT SUPERIOR CERVICAL GANGLION NEURONS.
Stephen R. Ikeda. Geoffery G. Schofield. and Forrest F. Weight. 
Laboratory of Preclinical Studies, National Institute on Alcohol 
Abuse and Alcoholism, Rockville, MD 20852.

The somata of neurons in the superior cervical ganglia were 
isolated from adult (100-300 g) rats using proteolytic enzymes 
(Ikeda et al., J. Neurophysiol. 55: 527–539, 1986). Current-clamp 
recordings using the whole-cell patch-clamp technique in normal 
physiological solution revealed resting membrane potentials 
around –44 mV. Large overshooting action potentials could be 
elicited by depolarizing pulses for up to 5 hours following isolation 
of the cells.

The Ca2+ current was recorded using the whole-cell 
patch-clamp technique. Isolation of the Ca2+ current was 
accomplished using ion substitution and pharmacological agents. 
The external solution contained (mM): TEA-CI 140, HEPES-CsOH 
10, MgCl2 0.8, CaCl2 10.0, glucose 10, and TTX 0.003. The 
internal solutions contained (mM): N-methylglucamine-HCI 120, 
HEPES 10, EGTA 11, CaCl2 1.0, and MgCl2 2.0. In addition, the 
internal solution contained MgATP 4 mM, diTRIS-phosphocreatine 
20 mM, and creatine kinase 50 U/ml to maintain Ca2+ currents ( 
Forscher P. and Oxford G.S., J. Gen. Physiol. 85:743–63, 1985). 
In these solutions, depolarizing pulses from a holding potential of 
–80 mV generated a  sustained inward current at potentials more 
positive than –30 mV. Maximal inward current amplitude was 
attained near +10 mV; positive to this potential the inward current 
decreased and approached a zero current asymptote. A low 
threshhold transient Ca2+ current was not observed even with 
more negative holding potentials (–100 mV). Removal of Ca2+ from 
the external solution reversibly abolished the inward current. 
Inclusion of 500 μ M Cd2+ in the external solution reversibly 
reduced the inward current to less than 5% of control. Substitution 
of external Ca2+ with Ba2+ increased the maximal inward current 
and shifted the peak of the I-V curve to near 0 mV.

The use of the whole-cell patch-clamp technique in these 
isolated neurons allows better current isolation and spatial clamp 
control than conventional intracellular electrodes in intact ganglia 
preparations. In addition, the preparation should be suitable for 
the study of the actue and chronic effects of pharmacological 
agents as well as the effects of internal m essengers and 
neurotransmitters on Ca2+ currents in an adult mammalian 
neuron.
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367.13 THREE POTASSIUM CURRENTS IN ACUTELY 
ISOLATED ADULT RAT SUPERIOR CERVICAL 
GANGLION CELLS. Geoffrey G. Schofield. Stephen R. Ikeda 
and Forrest F. Weight. Laboratory of Preclinical Studies. 
National Institute on Alcohol Abuse and Alcoholism, Rockville, Md. 
20852.

Single superior cervical ganglion (SCG) somata were acutely 
isolated by a  modified enzymatic dispersion technique (Ikeda et 
al., J Neurophysiol 55: 527 1986) from male rats (100–300g). The 
neurons were voltage-clamped using the whole-cell patch-clamp 
technique.

In solutions designed to isolate K+ currents, depolarizations 
from a holding potential of -80 mV elicited two distinct outward 
current components. An initial component activated at potentials 
more positive than –60 mV, rose rapidly, and then decayed. A 
second sustained current component was observed at potentials 
more positive than -20 mV.

The initial transient current was inactivated by holding the 
membrane potential at -50 mV, whereas the second current 
component was reduced only slightly at this holding potential. The 
transient current decayed with a time constant of approximately 20 
msec. When the holding potential was –50 mV, the transient 
current could be fully reactivated by a conditioning prepulse to 
–100 mV. The time constant of reactivation at –100 mV was 
approximately 36 msec. This current was not blocked by 0.5 mM 
Cd2+-containing or Ca2+-free external solutions, but could be 
markedly reduced by 2 mM 4-aminopyridine. The transient current 
had the characteristics of IA which has been observed in intact rat 
SCG (Wanke etal. J Physiol 358: 91 1985).

The sustained outward current could be further separated into 
two outward current components. Depolarizations from –50 mV 
elicited a current that activated at potentials more positive than –20 
mV. and was blocked by superfusion with a 0.5 mM 
Cd2+-containing or Ca2+-free external solution. Digital subtraction 
revealed that the Ca2+-sensitive current activated with an 
exponential time constant of 20 to 40 msec over the potential 
range 0 to +10 mV. The current that remained in the Ca2+-free 
external solution also activated at potentials more positive than 
-20 mV and was reduced by superfusion with 10 mM TEA-CI.

We conclude that under the conditions of these experiments 
there appear to be at least 3 outward currents in acutely isolated 
neuronal somata from adult rat SCG: (i) a transient K+ current with 
the characteristics similar to L; (ii) a  sustained Ca2+-sensitive K+ 
current similar to IK(Ca); and (iii) a  sustained Ca2+-insensitive, 
TEA-sensitive K+ current that appears to be similar to the delayed 
rectifier or IK.

367.14 Elevated K+ Shortens Action P o ten tia l Duration by Inducing 
T ransient K+ Current in  Cultured Chick DRG Neurons. J .  Yang, 
C.E. Zorumski, and G.D. Fischbach, Depts. of Anatomy & Neuro- 
biology and Psychiatry , Washington Un iv e rs ity ,  School of 
Medicine, S t. Louis, MO.

D issociated embryonic chick DRG neurons maintained in  cu ltu re  
ex h ib it a mixed NA+/Ca++ action  p o te n tia l (AP). The c h a ra c te r is t ic  
"shoulder" on the repo la riz in g  phase i s  due to  the re la t iv e ly  
prolonged inward Ca++ cu rren t. DRG neurons grown in  e levated  K+ 
medium (20mM vs 4.8mM) lack the  p la teau  phase of the  AP (Dev. 
B io l. 78:173, '8 0 ) . This a l te ra tio n  in  re p o la riz a tio n  may be due 
to  a decrease in  an inward depo lariz ing  cu rren t o r, a l te rn a tiv e ly , 
an increase  in  an outward repo la riz ing  cu rren t. To d is tin g u ish  
between these mechanisms, we in v estig a ted  membrane cu rren ts  of 
voltage clamped DRG neurons w ith whole c e l l  patch clamp 
techniques.

Experiments were performed on DRG neurons grown in  20mM K+ 
fo r periods of time ranging from 6 h rs-4  days. Upon t ra n s fe r  to  
the recording so lu tio n  containing 4.8mM K+, the neurons recovered 
th e ir  usual RMP (–50mV) w ith in  10 minutes. Voltage clamp an a ly sis  
w ith recording e lectrodes  containing CsCl/TEA and TTX in  the  bath 
to  block K+ and Na+ cu rren ts  revealed prominent Ca++ cu rren ts  in  
neurons from both K+ tre a te d  and con tro l c u ltu re s . Outward  
cu rren ts  were recorded using KCl  containing e lec tro d es  w ith Cd++ 
and TTX in  the bath . Step d epo la rization  from –50mV holding  
p o te n tia l re su lted  in  a delayed K+ cu rren t in  both con tro l and K+ 
tre a te d  c e l l s .  However, when the holding p o te n tia l was increased  
to  –80mV, depo lariz ing  steps revealed a rap id , tra n s ie n t outward 
cu rren t blockable by 4-aminopyridine in  K+ tre a te d  but not in  the 
con tro l neurons. We have not y e t q u a n tita tiv e ly  ch arac te rized  th is  
tra n s ie n t outward cu rren t but i t  i s  l ik e ly  th a t  i t  can account for 
the rapid AP rep o la riz a tio n  in  K+ tre a te d  neurons. In  cu rren t 
clamp, pu ffer ap p lica tio n  of micromolar concentration  of 4- 
aminopyridine to  K+ tre a te d  c e l ls  re su lted  in  broadening o f AP 
w ith the  c h a ra c te r is t ic  p la teau  in d is tin g u ish ab le  from AP e l ic i te d  
in  con tro l c e l l s .

Since the e f fe c t  of K+ was observed in  neurons cu ltu red  fo r a 
r e la tiv e ly  sh o rt time (~6 hours), we were able to  in v e s tig a te  the 
ac tio n  of a p ro te in  syn thesis  in h ib ito r .  Puromycin (10μg/ml) 
fa ile d  to  block the K+ induced shorteneing of AP suggesting no 
involvement of p ro te in  syn thesis . The mechanism o f induction  of 
th is  new cu rren t by the elevated  K+ cu ltu re  condition  and a 
possib le  ro le  o f second messenger a re  under in v e stig a tio n .

367.15 POTASSIUM SINGLE CHANNELS IN CULTURED MOUSE SPINAL CORD NEURONS: 
A MACROSCOPIC ANALYSIS. J .E .  Kimur a * .  B. McIv e r*  and C .L .-H  
Huang* (SPON: E. H endley) D ep t. o f P h y s io l .  and B io p h y s ., 
U niv . of Vermont, C o ll ,  o f M ed., B u r lin g to n , VT 05405.

A verages of 100 to  200 t r a c e s  of s in g le  channel c u r r e n t  
re c o rd s  from  o u ts id e -o u t  p a tc h e s  r e v e a le d  a "m acroscop ic"  
c u r r e n t  t r a c e  s im i la r  to  th e  p o ta ss iu m  c u r r e n t  re co rd e d  from  
sq u id  g ia n t  axon in  sodium f r e e  t e t r o d o to x in  c o n ta in in g  
s o lu t i o n s .  A s lo p e  conduc tance  of 8 .7  pSiem ens was o b ta in e d  fo r  
th e  l i n e a r  re g io n  o f th e  c u r r e n t -v o l ta g e  (I-V ) r e l a t i o n s h i p  o f 
th e  open ch a n n e ls  p o s i t i v e  to  – 40 mV. T h is r e l a t i o n s h i p  
s a tu r a te s  a t  p o s i t i v e  p o t e n t i a l s .  S h o rt open tim es a re  observed  
a t  th e s e  p o t e n t i a l s  even a t  10 C and open channel c u r r e n t s  a re  
d i f f i c u l t  to  d e te rm in e . C onseq u en tly , th e  n o n - l i n e a r i t y  in  th e  
I-V  r e l a t i o n s h i p  may in  p a r t  be due to  l i m i t a t i o n s  in  bandw id th . 
I n a c t iv a t io n  o f th e  av e rag e  re c o rd  a t  0 mV was n o t observed  even 
a f t e r  100 m sec. S t r i c t l y  fo r  d e s c r ip t iv e  p u rp o s e s , th e  b e s t  f i t  
o f th e  H odgkin-H uxley p o ta ss iu m  g a t in g  scheme r e q u i r e s  th e  power 
(X) to  be 3 a t  -20  mV and 5 a t  30 mV. The m id -p o in t o f th e  
a c t i v a t io n  cu rv e , assum ing X=4 i s  ap p ro x im a te ly  -40  mV and th a t  
of th e  "open p r o b a b i l i t y  cu rv e"  i s  5 mV. Tau-n  i s  16 msec a t  
-40  mV and f a l l s  to  3 msec a t  50 mV a t  10 C. At a s im i la r  
te m p e ra tu re , ta u -n  v a r i e s  from  7 to  1 msec ov er th e  same 
v o lta g e s  i n  sq u id  g ia n t  axon . The fo llo w in g  e x p re s s io n s  
d e s c r ib e  th e  r e l a t i o n s h i p  betw een th e  fo rw ard  and back r a t e  
constants with Potential.

α m c hanges slow ly  w ith  v o l ta g e ,  w h i l e  βni s  s te e p ly  dependen t 
on v o l t a g e ,  r i s i n g  from  0 .0 2  msec–1 a t  –40 mV to  0 .3  msec–1 a t  
40 mV.

D uring a v o l ta g e  clamp s te p  ch a n n e ls  open and rem ain  open 
u n t i l  r e p o l a r iz a t io n  to  th e  h o ld in g  p o te n t i a l  when ch a n n e ls  
would c l o s e .  F l ic k e r in g  was observ ed  a t  p o t e n t i a l s  p o s i t i v e  to  
0 mV and th e  r a t e  in c re a s e d  w ith  p o t e n t i a l .  Mean c lo s in g  tim es  
d u rin g  f l i c k e r in g  d ec re a sed  w ith  p o t e n t i a l .  The tim e to  f i r s t  
even t h is to g ra m s  cou ld  be c h a ra c te r iz e d  by a r i s i n g  phase  
fo llo w e d  by a  f a l l i n g  p h a se , w hich was w e ll  d e f in e d  by a  s in g le  
e x p o n e n tia l  d i s t r i b u t i o n .  The tim e c o n s ta n t o f t h i s  
d i s t r i b u t i o n  became s h o r te r  w ith  v o l ta g e .

T h is  work was su p p o rted  by NSF g ra n t  BNS 82–17484 and g r a n t s  
from  th e  W hitaker and E p ile p sy  F oun d a tio n s  to  J .E .K .

367.16 MEMBRANE CURRENTS IN RAT CORTICAL NEURONS IN CELL 
CULTURE. M. D i c h t e r .  C. Z o n a * . M. F r o s c h .  G. 
P i r o n n e * .  G .F . A v a l a . C h a i r s  o f  N e u r o p h y s io lo g y  and  
Human P h y s i o l o g y ,  D e p a r tm e n t  o f  E x p e r im e n t a l  
M e d ic in e ,  U n i v e r s i t y  o f  Rome, T o r V e r g a t a ,  Rome, 
I t a l y .

R a t c o r t i c a l  n e u r o n s  m a in t a in e d  i n  d i s s o c i a t e d  
c e l l  c u l t u r e  ( D i c h t e r ,  B r a i n  R e s .  1 4 9 :2 7 9 ,  1978) 
w e re  r e c o r d e d  in  t h e  w h o le  c e l l  p a t c h  c la m p  m ode. 
N e u ro n s  w e re  s t u d i e d  fro m  3 d a y s  t o  4 w eek s  in  
c u l t u r e .  U n d e r p h y s i o l o g i c a l  c o n d i t i o n s ,  
d e p o l a r i z i n g  com m ands fro m  h o l d i n g  p o t e n t i a l s  m ore 
n e g a t i v e  t h a n  – 40 t o  – 50  mV p ro d u c e d  a l a r g e ,  r a p i d ,  
t r a n s i e n t  in w a rd  c u r r e n t  w h ic h  h ad  a t h r e s h o l d  a t  
a p p r o x i m a t e l y  – 30 t o  – 40  mV an d  a p e a k  c u r r e n t  a s  
h ig h  a s  6 0 0 0  pA. T h is  w as f o l l o w e d  by a t  l e a s t  tw o 
o u tw a rd  c u r r e n t s ;  a p e r s i s t e n t  c u r r e n t  an d  a 
t r a n s i e n t  c u r r e n t  w h ic h  w as a c t i v a t e d  a t  m em brane 
p o t e n t i a l s  m ore n e g a t i v e  t h a n  – 60 mV an d  w h ic h  
l a s t e d  o n ly  a p p r o x i m a t e l y  10 m s e c . A l l  t h r e e  o f  
t h e s e  c u r r e n t s  w e re  p r e s e n t  f ro m  a t  l e a s t  3 d a y s  in  
v i t r o .  U n d e r c o n d i t i o n s  w h e re  o u tw a rd  K an d  in w a rd  
Ca c u r r e n t s  w e re  b lo c k e d  ( Cs a n d  TEA i n  t h e  
e l e c t r o d e ,  4-A P  ( 2  mM) an d  Cd ( 0 . 2  mM) in  t h e  b a t h ) ,  
d e p o l a r i z a t i o n s  s u b t h r e s h o l d  f o r  t h e  l a r g e  t r a n s i e n t  
Na c u r r e n t ,  p ro d u c e d  a s lo w ly  i n a c t i v a t i n g  in w a rd  
c u r r e n t .  T h i s  c u r r e n t  h ad  a low  t h r e s h o l d ,  an  o n s e t  
w i t h i n  m sec  o f  t h e  d e p o l a r i z a t i o n  an d  w as TTX 
s e n s i t i v e .  T h u s , a s  h ad  b e e n  show n f o r  n e o c o r t i c a l  
n e u r o n s  i n  s l i c e s ,  t h e s e  c e l l s  p o s s e s s  a s lo w ly  
i n a c t i v a t i n g  Na c u r r e n t  w h ic h  i s  a c t i v a t e d  c l o s e  t o  
t h e  RMP (C o n n o r s  e t  a l ,  J .  N e u r o p h y s i o l .  4 8 :1 3 0 2 ,  
1 9 8 2 ; S t a f s t r o m  e t  a l ,  J .  N e u r o p h y s i o l .  5 3 :1 5 3 ,  
1 9 8 5 ) .  The c o r t i c a l  n e u r o n s  a l s o  h ad  tw o k in d s  o f  
Ca c u r r e n t s  w hen s t u d i e d  u n d e r  a p p r o p r i a t e  
c o n d i t i o n s  ( s e e  Z ona e t  a l ,  t h i s  m e e t i n g ) .
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367.17 e f f e c t s  o f  r e p e t i t i v e  a c t i v a t i o n  a n d  c h a n g e s  i n  
IONIC MILIEU ON CA1 PYRAMIDAL CELL AHPS. V. T o n c r e d i  
C. F ra n c k , *  M. D i c h t e r . C h a i r s  o f  N e u r o p h y s io lo g y  
an d  Human P h y s i o l o g y ,  D e p a r tm e n t  o f  E x p e r im e n t a l  
M e d ic in e ,  U n i v e r s i t y  o f  Rome, T o r V e r g a t a ,  Rome, 
I t a l y .

The l a r g e ,  l o n g l a s t i n g  AHP s e e n  in  h ip p o c a m p a l  
p y r a m id a l  n e u r o n s  h a s  b e e n  p o s t u l a t e d  t o  be 
r e s p o n s i b l e  f o r  th e  h y p e r p o l a r i z i n g  p o t e n t i a l  w h ic h  
o c c u r s  a f t e r  e p i l e p t i f o r m  d e p o l a r i z i n g  s h i f t s  
( p o s t - D S  H P ) . I t  h a s  b e e n  p r o p o s e d  t h a t  an  i n c r e a s e  
i n  e x t r a c e l l u l a r  K c a u s e s  t h e  p o s t-D S  HP t o  d e c r e a s e  
an d  u l t i m a t e l y  r e v e r s e  d u r i n g  th e  t r a n s i t i o n  fro m  
i n t e r i c t a l  d i s c h a r g e s  t o  s e i z u r e s .  A l t e r n a t i v e l y ,  
th e  p o s t-D S  HP c o u l d  d e c l i n e  d u r i n g  r e p e t i t i v e  
a c t i v a t i o n  b e c a u s e  o f  i n t r i n s i c  f a c t o r s .  We h a v e  
t e s t e d  t h e s e  h y p o th e s e s  by r e c o r d i n g  AHPs fro m  
h ip p o c a m p a l  CA1 n e u r o n s  i n  t h e  i n  v i t r o  s l i c e  
p r e p a r a t i o n .  U n d e r b a s e l i n e  c o n d i t i o n s  ( 3 . 2 5  mM K, 
2 mM Ca p h y s i o l o g i c a l  s a l i n e ,  3 3 – 35 C ) , n e u r o n a l  RMP 
w as –76  mV an d  m a x im a l AHPs e v o k e d  by 500  m sec 
d e p o l a r i z i n g  p u l s e s  o f  0 . 0  t o  2 nA w e re  10 mV l a r g e  
an d  l a s t e d  a p p r o x i m a t e l y  1 .2  s e c o n d s .  They w ere  
a s s o c i a t e d  w i th  a 2 5 – 45% d e c r e a s e  i n  m em brane 
r e s i s t a n c e  ( a f t e r  a c c o u n t i n g  f o r  a n o m a lo u s  
r e c t i f i c a t i o n . )  When e v o k e d  a t  i n c r e a s i n g  m em brane 
p o t e n t i a l s ,  t h e  AHPs e i t h e r  becam e i s o e l e c t r i c  
w i t h o u t  r e v e r s i n g  o r  r e v e r s e d  a t  a p p r o x i m a t e l y  
– 99 mV. When e x t r a c e l l u l a r  K w as r a i s e d  t o  10 mM, 
RMP d e c l i n e d  f ro m  – 76 mV t o  – 66 mV, b u t  AHPs 
r e m a in e d  h y p e r p o l a r i z i n g  (m e an  a m p l i t u d e  6 .0  mV). 
R e v e r s a l  p o t e n t i a l  f o r  t h e  AHP in  10 mM K was 
– 8 9 mV.

When AHPs w e re  r e p e t i t i v e l y  e v o k e d  in  c o n t r o l  
m e d ia  a t  I S I s  o f  5 s e c o n d s  f o r  1–2 m i n u t e s ,  no 
d e c re m e n t  w as s e e n .  When I S I  w as d e c r e a s e d  to  3 and  
1 s e c o n d ,  m em brane p o t e n t i a l  becam e c la m p e d  a t  
h y p e r p o l a r i z i n g  v a l u e s  an d  no d e c re m e n t  w as s e e n  
a f t e r  2 m i n u t e s .  R e p e t i t i v e  a c t i v a t i o n  i n  h ig h  K o r  
i n  h ig h  K ( 1 0  mM) c o m b in e d  w i th  low  Ca ( 0 . 5  mM) 
f a i l e d  t o  c a u s e  a d e c re m e n t  i n  t h e  AHP.

T h u s , i f  AHPs a r e  r e s p o n s i b l e  f o r  t h e  p o s t-D S  HP, 
some m e c h a n ism  o t h e r  th a n  e x t r a c e l l u l a r  K 
a c c u m u la t io n  an d  Ca d e c r e m e n t ,  o r  r e p e t i t i v e  
a c t i v a t i o n  m u s t be  p o s t u l a t e d  t o  a c c o u n t  f o r  t h e i r  
d e c l i n e  d u r i n g  th e  t r a n s i t i o n  t o  s e i z u r e s .

367.18 CA CURRENTS IN RAT CORTICAL NEURONS IN CELL CULTURE. 
C.   Zona*, , M.  D ic h te r ,  G . P ironne* ,  G_.__F.  Ayala.  
C h a i r s  o f  N e u r o p h y s io lo g y  an d  Human P h y s i o lo g y ,  
D e p a r tm e n t  o f  E x p e r im e n t a l  M e d ic in e ,  U n i v e r s i t y  o f  
Rome, T o r V e r g a t a ,  Rome, I t a l y .

R a t c o r t i c a l  n e u r o n s  m a in t a in e d  in  d i s s o c i a t e d  
c e l l  c u l t u r e  w e re  r e c o r d e d  in  t h e  w h o le  c e l l  p a t c h  
c la m p  m ode. A num ber o f  i n t r i n s i c  v o l t a g e  s e n s i t i v e  
m em brane c u r r e n t s  w e re  s t u d i e d  in  t h e s e  c e l l s ,  
i n c l u d i n g  th e  r a p i d  t r a n s i e n t  N a , a s lo w ly  
i n a c t i v a t i n g  N a , an d  a t  l e a s t  tw o K c u r r e n t s  ( s e e  
D i c h t e r  e t  a l ,  t h i s  m e e t i n g ) . When o u tw a rd  K 
c u r r e n t s  w e re  s u p p r e s s e d  by i n t r a c e l l u l a r  Cs an d  TEA 
an d  e x t r a c e l l u l a r  4-A P an d  Na c u r r e n t s  by TTX, 
d e p o l a r i z i n g  s t e p  com m ands to  b e tw e e n  – 40 a n d  0 fro m  
h o ld i n g  p o t e n t i a l s  b e tw e e n  –40 an d  – 100 mV r e v e a l e d  
an  a d d i t i o n a l  in w a rd  c u r r e n t  w h ic h  may be d i v i s i b l e  
i n t o  tw o s e p a r a t e  c o m p o n e n ts .  The f i r s t  o c c u r r e d  
w i th  lo w e r  t h r e s h o l d  d e p o l a r i z a t i o n s  ( t h r e s h o l d  
a p p r o x i m a t e l y  –40 mV), a c t i v a t e d  w i t h i n  m sec o f  th e  
d e p o l a r i z i n g  com m and, w as s m a l l e r  ( b e tw e e n  20 and  
500  pA) an d  h ad  a v e ry  s lo w  i n a c t i v a t i o n  a t  
d e p o l a r i z e d  m em brane p o t e n t i a l s .  The s e c o n d  h ad  a 
h i g h e r  t h r e s h o l d ,  w as l a r g e r  i n  a m p l i t u d e  (u p  t o  
200 0  pA) an d  had  a f a s t e r  d e c a y  ( o v e r  s e v e r a l  
h u n d re d  m s e c .)  The l a t t e r  i s  l i k e l y  t o  be th e  
c u r r e n t  r e s p o n s i b l e  f o r  th e  Ca d e p e n d e n t  a c t i o n  
p o t e n t i a l s  s e e n  in  t h e s e  c e l l s  u n d e r  c o m p a ra b le  
c o n d i t i o n s  i n  c u r r e n t  c lam p  r e c o r d i n g s .  B o th  
c u r r e n t s  w e re  p r e s e n t  i n  5 uM TTX o r  when Ba w as 
s u b s t i t u t e d  f o r  C a , an d  b o th  w e re  r e d u c e d  o r  
a b o l i s h e d  by 0 .2  mM Cd a p p l i c a t i o n ,  i n d i c a t i n g  t h a t  
th e y  w e re  m o s t l i k e l y  Ca c u r r e n t s .

Ca c u r r e n t s  t e n d e d  t o  d e t e r i o r a t e  o v e r  s e v e r a l  
m i n u te s  o f  r e c o r d i n g  in  th e  WC m ode, a s  h a s  b e e n  
r e p o r t e d  i n  o t h e r  s y s t e m s .  A d d i t i o n  o f  2 mM ATP an d  
1 mM Mg to  t h e  i n t e r n a l  e l e c t r o l y t e  s lo w e d  t h i s  
i n a c t i v a t i o n .  H o ld in g  th e  m em brane a t  – 8 0 mV s lo w e d  
th e  "w ash  o u t "  e v e n  f u r t h e r ,  an d  u n d e r  t h e s e  
c o n d i t i o n s  we h a v e  r e c o r d e d  s t a b l e  c u r r e n t s  f o r  m ore 
th a n  30 m i n u t e s .

367.19 ISOPROTERONOL REDUCES A LONG-LASTING AHP IN NEURONS 
FROM CAT SENSORIMOTOR CORTEX IN VITRO. R .C . F o e h r in g ,  
P .C . S ch w in d t an d  W.E. C r i l l ,  D e p t . o f  P h y s io lo g y  & 
B io p h y s i c s ,  U n iv . o f  W ash in g to n  S ch . o f  M ed ., S e a t t l e  
WA 98195

L a y e r  V n e u ro n s  from  c a t  s e n s o r im o to r  c o r t e x  w ere  
s t u d i e d  i n  t h e  n e o c o r t i c a l  s l i c e  by  im p a l in g  c e l l s  w ith  
m ic r o e l e c t r o d e s  f i l l e d  w i th  3M KCl  o r  K - a c e t a t e .  
R e p e t i t i v e  f i r i n g  b e h a v io r  and  m em brane e l e c t r i c a l  
p r o p e r t i e s  w ere  ex am in ed  b e f o r e  and  a f t e r  a p p l i c a t i o n  
o f  a m ic ro d ro p  c o n ta in in g  10– 2M I s o p r o t e r o n o l  ( I s o ) ,  a 
f i - n o r a d r e n e r g i c  a g o n i s t ,  t o  t h e  s u r f a c e  o f  t h e  s l i c e .  
The m ic ro d ro p  was u s e d  t o  a v o id  o x i d a t i o n  o f  I s o  in  t h e ,  
s u p e r f u s a t e .  The a c t u a l  c o n c e n t r a t i o n  o f  I s o  i n  t h e  
s l i c e  was l i k e l y  << 10– 2M. R e p e t i t i v e  f i r i n g  in  
r e s p o n s e  t o  1s c u r r e n t  i n j e c t i o n s  was s t u d i e d  in  9 
c e l l s .  In  a l l  c a s e s  I s o  i n c r e a s e d  f i r i n g  r a t e  a t  a 
g iv e n  c u r r e n t  l e v e l ,  t h e  s lo p e  o f  t h e  f - I  r e l a t i o n  
u s u a l l y  i n c r e a s e d ,  an d  e a r l y  s p ik e - f r e q u e n c y  a d a p t a t i o n  
was r e d u c e d .  M ost s t r i k i n g  was a r e d u c t i o n  in  t h e  
d u r a t i o n  o f  an  a f t e r h y p e r p o l a r i z a t i o n  (AHP) w h ich  
d e c a y e d  in  > 2 s  f o l l o w in g  t r a i n s  o f  s p i k e s .  B o th  t h e  
AHP and  i t s  r e d u c t io n  by  I s o  w ere  m ost c l e a r l y  se e n  
fo llow ing  summation of slow AHPs by r e p e t i t io n  of 1s 
c u r r e n t  p u l s e s  (5 t o  7 nA) e v e r y  2 s .  In  1 4 /1 5  c e l l s  
t h e  sum m ated AHP d e c r e a s e d  in  d u r a t i o n  by  6 .6 – 67% (mean 
36.4% ) f o l lo w in g  I s o .  S im i l a r  r e s u l t s  w ere  o b ta in e d  
f o l l o w i n g  s i n g l e  1s t r a i n s  o f  s p i k e s .  In  1 7 /1 9  c e l l s  
a p p l i c a t i o n  o f  I s o  r e s u l t e d  i n  a s m a l l  d e p o l a r i z a t i o n  
(1 – 8mV, mean 3 .4m V ), w h ich  a l s o  o c c u r r e d  in  t h e  

p r e s e n c e  o f  TTX an d  when u s in g  K - a c e t a t e  e l e c t r o d e s .  
S y n a p t ic  n o i s e  u s u a l l y  i n c r e a s e d  w i th  I s o .  In p u t  
c o n d u c ta n c e  d e c r e a s e d  s l i g h t l y  i n  8 /1 0  c e l l s .  E f f e c t s  
on s i n g l e  a c t i o n  p o t e n t i a l s  w ere  v a r i a b l e :  The f a s t  
AHP f o l lo w in g  a s i n g l e  s p ik e  d e c r e a s e d  in  a m p li tu d e  in  
6 /8  c e l l s  and  d e c r e a s e d  in  d u r a t i o n  in  4 /8  c a s e s .  In  
tw o c e l l s  t e s t e d ,  t h e  r e s p o n s e  i n c r e a s e d  w i th  i n c r e a s e d  
c o n c e n t r a t i o n  o f  I s o  i n  t h e  d ro p  (10– 6, 10–4 , 10–2M ). 
The I s o  e f f e c t s  w ere  n o t  s e e n  i n  t h e  p r e s e n c e  o f  B-  
b lo c k in g  a g e n t s  ( p r o p r a n o lo l ,  t i m o l o l ) . No re s p o n s e  
was s e e n  in  2 c e l l s  t e s t e d  w i th  p h e n y le p h e r in e ,  an &- 
n o r a d r e n e r g i c  a g o n i s t .  P r e l i m in a r y  v o l t a g e  c lam p 
a n a l y s i s  i n d i c a t e s  t h a t  I s o  r e s u l t s  i n  d e c r e a s e d  K+ 
c u r r e n t s .  S u p p o r te d  by  NIH g r a n t s  NS16972, NS22410 and 
N S07097.

367.20 NOREPINEPHRINE-INDUCED BACKGROUND CURRENT IN BULLFROG SENSORY 
NEURONS. L. J .  Regan* and B, P . Bean. Departm ent o f N euro- 
b io lo g y , H arvard M edical S chool, B oston, MA 02115.

We used w h o le -c e ll re co rd in g  to  s tudy  c u r re n ts  in  b u ll f ro g  
senso ry  neu ro n s . C e ll  bod ies  were i s o la te d  from d o rs a l ro o t 
g a n g lia  by tre a tm e n t w ith  co lla g e n a se  (1 mg/ml) in  Ca++- f r e e  
s a l i n e  t h a t  co n ta in ed  album in (1 m g/m l). C e l ls  were v o lta g e -  
clamped w ith  p atch  p ip e t te s  c o n ta in in g  ( in  mM) 120 K g lu tam a te , 
10 K2EGTA, 5 MgCl2 , 5 .5  ATP, 1.1 GTP, 10 HEPES, pH 7 .4 .  The 
e x te rn a l  s o lu t io n  was 2 o r 10 CaCl2 , 150 NaCl, 4 KC1, 2 MgCl2 , 
10 HEPES, pH 7 .4 ,  22°C.

The average  r e s t i n g  p o te n t ia l  o f th e  c e l l s  was -75  mV. 
The c e l l s  seemed to  r e t a in  many o f t h e i r  channels  and tr a n s m it
t e r  r e c e p to r s  a f t e r  enzym atic d is p e r s io n ;  th ey  had la rg e  v o l
ta g e - a c t iv a te d  N a +, Ca++, and K+ c u r r e n t s ,  and th e  Ca++ c u r
r e n t s  were s e n s i t i v e  to  m odulation  by n o rep in ep h rin e  (NE), 
GABA, ATP, le u -e n k e p h a lin , and a c e ty lc h o lin e .

In addition to decreasing the Ca++ current, NE produced 
an increase in the resting conductance of the c e ll (usually 
without changing the resting potential much). To te s t for 
the presence of the NE-induced conductance increase, ce lls  
were held a t –50 mV and stepped to –130 mV for 50 msec at 
100 msec in tervals. In 17 out of 46 ce lls  tested , 30 uM NE 
induced an outward current a t –50 mV and an inward current 
a t  –130 mV. Although com plete s o lu t io n  exchanges were accom
p lish e d  w ith in  200 msec, th e  o n se t and recove ry  o f th e  
NE-induced c u r re n t  took seconds. The NE-induced c u r re n t had 
a  rough ly  l i n e a r  I-V  r e l a t i o n s h ip ,  and rev e rsed  a t  –74 ± 3 
mV (n=8 ) .  When th e  K+ c o n c e n tra t io n  o f th e  e x te rn a l  s o lu t io n  
was ra is e d  from 4 to  16 mM, th e  r e v e r s a l  p o te n t ia l  s h i f te d  
to  –50 ± 3 mV (n=5 ) ,  su g g es tin g  th a t  th e  c u r re n t  i s  la rg e ly  
(b u t n o t p u re ly )  a  K+ c u r r e n t .  In  th re e  o u t o f  46 c e l l s ,  
NE d ec reased  r a th e r  than  in c re a se d  th e  background conductance .
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368.1 SPATIAL DISTRIBUTION AND KINETIC DIFFERENCES QF Ca++ CURRENTS 
ACROSS THE SOMA MEMBRANE IN MOLLUSCAN NEURONS. S. Thompson and 
J .  Coombs*. Hopkins M arine S ta t io n ,P a c i f ic  Grove,CA 93950

Neurons i s o la te d  from th e  c e n tr a l  g a n g lia  of th e  nud ib ranch  
D o r io p s i l la  were v o lta g e  clamped w ith  two m ic ro e le c tro d e s . 
Membrane c u r re n ts  were reco rded  s im u ltan e o u sly  from th e  whole 
c e l l  and from a r e s t r i c t e d  reg io n  o f th e  soma by a moveable 
lo o s e -p a tc h  c u r re n t rec o rd in g  e le c tro d e .  The a re a  o f membrane 
w ith in  th e  p atch  e le c tro d e  was measured e l e c t r i c a l l y  and 
co rresponded  to  about 0.01% of th e  c e l l  s u r fa c e  a r e a .  Ca c u r re n ts  
were reco rded  in  a 60 mM Ca, ze ro  Na s a l i n e  co n ta in in g  TEA and 
4-AP. The s p a t i a l  d i s t r i b u t io n  o f Ca channels  was determ ined by 
rec o rd in g  p a tch  c u r re n ts  in  response  to  s tan d a rd  v o lta g e  clamp 
p u ls e s  as th e  p a tch  e le c tro d e  was moved to  v a r io u s  s i t e s  from th e  
cap of th e  c e l l ,  a n t ip o d a l to  th e  axon, to  th e  reg io n  o f th e  axon 
h i l lo c k .  The am plitude  of th e  Ca c u r re n t and , th e r e f o r e ,  th e  
d e n s ity  of Ca channels  in c re a se d  along  th i s  g ra d ie n t .  A lso , th e  
k in e t ic s  o f th e  Ca c u r re n t n ea r th e  soma cap were v ery  d i f f e r e n t  
than  th e  k in e t ic s  o f Ca c u r re n ts  reco rded  nea r th e  eq u a to r o r 
n ea r th e  axon. Ca c u r re n ts  n ea r th e  cap do n o t in a c t iv a te  during  
p ro longed d e p o la r iz a t io n  o r d u rin g  co n d itio n in g  d e p o la r iz in g  
p u ls e s  w h ile  c u r re n ts  nea r th e  axon and th e  whole c e l l  c u r re n t 
show in a c t iv a t io n .  These f in d in g s  in d ic a te  th a t  du rin g  
d e p o la r iz a t io n  th e  Ca ion  load  d e l iv e re d  n ea r th e  top  o f th e  c e l l  
where th e  n u c leu s  s i t s  i s  d i f f e r e n t  th an  th e  load  d e l iv e re d  nea r 
th e  axon sp ik e  i n i t i a t i o n  zone.

368.2

WITHDRAWN

368.3 INACTIVATION MECHANISMS OF CALCIUM CHANNELS IN HORIZONTAL CELLS 
ISOLATED FROM THE CATFISH RETINA. B. N. C h r is te n s e n , D ep t. o f  
P hysio logy  and B io p h y s ic s , U n iv e rs ity  o f Texas M edical B ranch, 
G a lv esto n , TX 77550.

Cone h o r iz o n ta l  c e l l s  en z y m a tica lly  i s o la te d  from c a t f i s h  
r e t i n a  have s e v e ra l  ty p es  o f  v o lta g e  s e n s i t i v e  membrane channels  
in c lu d in g  sodium, p o tass ium  and ca lc ium . The sodium and ca lcium  
channels  a re  a c t iv a te d  d u rin g  c e l l  d e p o la r iz a t io n  and a re  respon 
s ib le  f o r  th e  a c t io n  p o te n t ia l  seen in  th e  i s o la te d  h o r iz o n ta l  
c e l l .  The sodium channels  in a c t iv a te  r a p id ly ,  b u t th e  ca lcium  
ch an n e ls  appear to  tu rn  o f f  on ly  s lo w ly . The long l i f e  tim e o f 
th e  ca lcium  channel and th e  absence o f  an outw ard po tass ium  
c u r re n t  i s  b e l ie v e d  to  p lay  a r o le  in  m a in ta in in g  th e  long 
la s t in g  p la te a u  reg io n  d u rin g  th e  a c t io n  p o te n t i a l .  The membrane 
p o te n t ia l  du rin g  th e  p la te a u  may rem ain p o s i t i v e  in d e f in i t e ly ,  
r e tu rn in g  to  th e  n e g a tiv e  r e s t i n g  membrane p o te n t ia l  on ly  fo llo w 
ing  e x t r i n i s i c  c u r r e n t  in j e c t io n .  How th e  inw ard ca lcium  c u r re n t  
i s  tu rn e d  o f f  i s  n o t c l e a r  and th e  p o s s ib le  mechanisms a re  th e  
s u b je c t  o f  t h i s  p ap e r.

A ll experim en ts a re  done under v o lta g e  clamp u sin g  th e  s in g le  
p a tch  e le c tro d e  in  th e  whole c e l l  c o n f ig u ra t io n .  The th re e  
p o s s i b i l i t i e s  under in v e s t ig a t io n  in c lu d e  v o lta g e  dependent 
in a c t iv a t io n ,  a ca lcium  a c t iv a te d  po ta ss ium  c u r r e n t ,  and ca lcium  
dependent i n a c t iv a t io n .  I t  seems u n lik e ly  t h a t  th e re  i s  a 
ca lcium  a c t iv a te d  p o tass ium  conductance s in c e  n e i th e r  30 mM TEA 
nor th e  bee to x in  apamin a l t e r  th e  slow d e c lin e  in  th e  inward 
c u r r e n t .  S u b s t i tu t io n  o f  25 mM barium  fo r  ca lcium  a ls o  r e s u l t s  
in  a slow  d ec re a se  in  th e  inw ard c u r r e n t  s u g g es tin g  th a t  th e  
d ec re a se  may be due to  accum ula tion  o f  unb u ffe red  i n t r a c e l l u l a r  
barium . C o n s is te n t w ith  t h i s  h y p o th e s is , th e  inw ard barium  
c u r re n t  can be d ep ressed  in  two ways. In  two p u ls e  ex p e rim en ts, 
a t e s t  p u ls e  p roduces th e  s m a lle s t  inw ard c u r r e n t  when th e  cond i
t io n in g  p u ls e  a c t iv a t e s  maxim ally th e  ca lcium  ch a n n e l. As th e  
c o n d itio n in g  p u ls e  approaches ECa red u c in g  th e  inw ard barium  
t r a n s p o r t ,  th e  inw ard c u r r e n t  becomes la r g e r  d u rin g  th e  t e s t  
p u ls e .  When b o th  c o n d itio n in g  and t e s t  p u ls e  a c t iv a t e  m aximally 
th e  ca lc ium  ch a n n e l, th e  inw ard c u r r e n t  d u rin g  th e  t e s t  p u ls e  i s  
s m a l le s t  when th e  i n t e r v a l  between p u ls e s  i s  z e ro  and becomes 
la r g e r  as th e  i n t e r v a l  in c re a s e s  in d ic a t in g  th a t  barium  e n try  
d u rin g  th e  f i r s t  p u ls e  d e p re sse s  e n try  du rin g  th e  second. These 
r e s u l t s  su g g es t t h a t  th e  slow  tu r n - o f f  o f th e  ca lcium  c u r r e n t  in  
i s o la te d  h o r iz o n ta l  c e l l s  i s  due, a t  l e a s t ,  in  p a r t  to  a ca lcium  
dependent in a c t iv a t io n .

T his re s e a rc h  has been su p p o rted  in  s p i r i t  by g ra n t DHHS 
EY-01897.

368.4 INDUCTION OF A CALCIUM CHANNEL IN ASTROCYTES BY cAMP. 
L.L.Y.Chun*. B.A.Barres. and D.P.Corev (SPON: X.O.Breakefield) Program 
in Neuroscience, Harvard Medical School, Howard Hughes Medical Institute 
and Department of Neurology, Massachusetts General Hospital, Boston, Ma.

Astrocytes in culture are thought to have a voltage-sensitve calcium 
conductance, because they can fire a slow action potential when the bath 
composition is modified to increase and to isolate calcium current 
(MacVicar, Science 1984). In order to observe this conductance and to 
further analyze its properties, we used the whole-cell patch clamp 
technique to record from purified cultures of cerebral cortical astrocytes. 
The current was not observed under normal culture conditions, but could 
be induced by agents that activate a cAMP second messenger system.

Cultures were prepared from postnatal-day-1 rat cerebral cortex using 
the technique of McCarthy and deVellis and were further purified by the 
procedure of Noble and Raff. They were immunohistochemically verified 
to be greater than 98% pure type 1 astrocytes. Solutions for 
electrophysiological recording were designed to reveal even a small calcium 
current. The bath contained (in mM) 10 Ca, 120 TMA methanesulfonate, 20 
Cl, 5 HEPES; the pipette solution was 120 TEA methanesulfonate, 1 Mg, 2 
Cl, 10 EGTA buffered to 10–9 M Ca, 5 HEPES; both pH 7.4. Under these 
conditions, voltage-sensitive calcium current could not be detected.

In MacVicar’s experiments, electrophysiologic recording was facilitated 
by preincubating the astrocytes for 2 to 8 hours in dibutyryl cyclic AMP. 
This induced the normally flat astrocytes to round up. Accordingly, we 
repeated our experiments after first incubating the cells in substances 
known to increase cAMP levels in astrocytes: forskolin (10 uM) or 8-br- 
cAMP (1 mM) for 0.5 to 2 hours. This treatment induced morphologic 
transformation of the cells. Under these conditions, all cells displayed a 
voltage-sensitive calcium current ranging from 50 to 200 pA in peak 
inward current. The conductance activated with depolarizations to –30 mV 
or more, had only a slow voltage-independent inactivation, and was blocked 
by cobalt. This conductance appears identical to the "L" or long-lasting 
calcium channel described by Nowycky et al. (Nature, 1985) in DRG 
neurons. It appears as early as 15 minutes after forskolin exposure and 
remains as long as 2 hours after forskolin wash-out. Earlier and later times 
are being investigated.

Thus far, the induction of calcium current appears to be specific to type 
1 astrocytes. Type 2 astrocytes, which normally express the "T" or transient 
calcium channel (Barres et al., Soc. Neurosci. Abst. 1985), cannot be induced 
to express the "L" channel with forskolin. Similarly, a calcium current 
cannot be induced in cultured meningeal (pial) cells, although they too 
round up in response to forskolin.

The induction of an otherwise unexpressed calcium current by cAMP 
raises two questions. First, what is the mechanism of induction? Second, 
can physiological substances known to increase cAMP levels in type 1 
astrocytes (norepinephrine, VIP, somatostatin) also induce this channel?
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368.5 K I N E T I C S  O F  T H E  C A L C IU M -D E P E N D E N T  A C T IO N  P O T E N T IA L  O F  P A P IL L A R Y  
MUSCLE FROM NORMAL AND CARDIOMYOPATHIC HAMSTERS. K. L. R ossner, 
and F. E. D iB enedetto* . D ep t. of P hysio logy , New York C ollege of 
O steopath ic  M edicine, Old W estbury, N.Y. 11568

Ca2+ -  dependent a c tio n  p o te n t ia ls  (Ca-APs) o f p a p i l la ry  muscle 
from th e  l e f t  v e n t r i c l e  of 10-14 day o ld  normal (BIO F.B) and 
card iom yopath ic  (BIO 14.6) ham sters were s tu d ie d  in  o rd er to  
e v a lu a te  th e  co n d itio n  of th e  slow inward (calcium ) c u r re n t in  
myopathic t i s s u e  in  an e a r ly  s tag e  o f th e  d is e a se . In  a d d i tio n , 
th e  e f f e c t  o f is o p ro te re n o l (ISO) on Ca-APs was examined. A fte r 
d e c a p ita tin g  a ham ster, th e  p a p i l la ry  muscle was d is s e c te d  and 
secured  in  a 1 c . c .  c a p a c ity  chamber, superfu sed  w ith  a e ra te d  
(95% O2:5% CO2) Tyrode s o lu tio n  a t  35°C, pH 7 .3 , and allow ed to  
e q u i l ib r a te  fo r  30 m inu tes . Membrane p o te n t ia ls  were recorded  w ith  
f le x ib ly  mounted g la s s  m ic ro e lec tro d e s  f i l l e d  w ith  3M KC1 (10–20 
MΩ). F as t Na+ channels were in a c t iv a te d  by d e p o la r iz a tio n  w ith  
25 mM KC1 Tyrode s o lu tio n  (equim olar s u b tra c tio n  of N aC l), which 
produced r e s t in g  p o te n t ia ls  between –45 and –50 mV. With 0 .2  mM 
BaCl2 added to  the  s o lu t io n ,  Ca-APs w ith  a l l -o r -n o n e  p ro p e r t ie s  
were evoked w ith  s u p ra th re sh o ld  s tim u la t io n  a p p lie d  v ia  a monopolar 
p la tinum  e le c tro d e .  S tim ulus s tr e n g th  and d u ra tio n  were ad ju s te d  
to  m a in ta in  a n e a r-c o n s ta n t la te n c y  between th e  s tim u lu s  a r t i f a c t  
and th e  peak of th e  d i f f e r e n t ia te d  reco rd  of Ca-AP up s tro k e  
v e lo c i ty  (Vmax). In  0 and 0.01 μM ISO, Vmax fo r  m yopathies 
eq u a lled  (mean + SEM) 4 .2  + 0 .4  V /s , and 5 .3  +  0 .3  V/s (n = 8) ,  
r e s p e c t iv e ly .  These v a lu es  were s ig n i f i c a n t ly  low er fo r  norm als, 
e q u a llin g  6 .7  + 0 .5  V/s and 7 .3  + 0 .3  V /s (n = 8) ,  r e s p e c t iv e ly .  
No s ig n i f i c a n t  i n t e r s t r a i n  d if fe re n c e  in  Vmax was seen in  0 .1  and 
1 .0  μM ISO, a lthough  bo th  s t r a i n s  e x h ib ite d  s ig n i f i c a n t  dose- 
dependent in c re a s e s  in  Vmax. ISO in c rea sed  t o t a l  am plitudes of 
Ca-APs and d u ra t io n s  measured a t  50% r e p o la r iz a t io n ,  b u t no 
s ig n if i c a n t  d if f e re n c e s  emerged between s t r a i n s  fo r  th e se  p a ra 
m e te rs . P r io r  to  ISO, th e  tim e co n s ta n t to  recovery  from 
in a c t iv a t io n  ( τ r e c , measured from Vmax reco rd s )  was s ig n i f i c a n t ly  
low er in  p a p i l la ry  muscle o f m yopathic ham sters (128 ± 12 ms) as 
compared to  norm als (76 + 5 m s). ISO (0.01 μM) decreased  τ rec  
from pre-ISO  v a lu es  to  an o b servab le  b u t n o t s ig n i f i c a n t  degree in  
norm als (71 + 7 m s). In  m yopath ies, however, th e re  was a s ig n i f 
ic a n t  25% re d u c tio n  in  τrec (95 + 12 ms) from pre-ISO  v a lu e s . In  
m yopathies 1 .0  μM ISO produced fu r th e r  re d u c tio n s  in  τ r ec such 
th a t  th e  s t a t i s t i c a l l y  s ig n i f i c a n t  i n t e r s t r a i n  d if fe re n c e  in  th i s  
param ete r d isap p e a red . In  summary, b e fo re  exposure to  ISO, Vmax 
was reduced and τrec prolonged to  abnormal e x te n ts  in  p a p i l la ry  
m uscles of myopath ic  h am ste rs . ISO had th e  e f f e c t  of a l t e r in g  
th e se  k in e t ic  p ro p e r t ie s  of th e  slow inward c u r re n t to  b rin g  them 
to  w ith in  range o f v a lu es  found in  p a p i l la r y  muscle of normal 
h am ste rs . Funding: HL36064

3 6 8 . 6  V A R IA T IO N  O F  C A L C IU M  C H A N N EL P R O P E R T I E S  I N  N E U R O N S FROM 
D IF F E R E N T  B R A IN  R E G I O N S . Alan R. Kay* a n d  Robert K.S. W o n g  
(SPON: J .  M adden), D e p t. P h y s io l .  & B io p h y s .,  U niv . o f  Texas 

Med. B ra n c h , G a lv e s to n ,  TX 77550.
V a r ia t io n s  h ave  b een  found  in  th e  f i r i n g  p a t t e r n s  o f  n e u ro n s  

from  d i s t i n c t  r e g io n s  o f  th e  b r a i n ,  s u g g e s t in g  d i f f e r e n c e s  in  
th e  d i s t r i b u t i o n  o f  io n ic  c h a n n e ls .  The i n a b i l i t y  to  a d e q u a te ly  
v o l ta g e  clam p d i f f e r e n t i a t e d  n e u ro n s  h a s  l im i t e d  th e  e x p lo r a t i o n  
o f  th e  b a s i s  o f  t h e s e  d i f f e r e n c e s .  D i s t i n c t  ty p e s  o f  c a lc iu m  
c u r r e n t s  have  b een  d e s c r ib e d  in  n e u ro n s  (C arbone & Lux, N a tu re  
310: 5 0 1 , 1984; Nowycky e t  a l . ,  N a tu re  3 1 6 : 4 40 , 1 9 8 5 ) . We 
r e p o r t  h e re  on th e  d i s t r i b u t i o n  o f  c a lc iu m  c u r r e n t s  in  d i f f e r e n t  
r e g io n s  o f  th e  m a tu re  g u in e a  p ig  b r a i n .

We have  r e c e n t ly  d e s c r ib e d  a p ro c e d u re  f o r  i s o l a t i n g  n e u ro n s  
from  th e  a d u l t  CNS (Kay & Wong, J .  N e u ro s c i .  M ethods, in  p r e s s ,  
1 9 8 6 ) . T hese c e l l s  lo s e  m ost o f  t h e i r  d i s t a l  d e n d r i t i c  t r e e ,  
r e d u c in g  sp a ce  clam p p ro b le m s, h o w ev er, enough o f  th e  p ro x im a l 
d e n d r i t e s  rem a in  to  a llo w  i d e n t i f i c a t i o n  o f  th e  c e l l  ty p e .

C u r r e n ts  w ere m easu red  u s in g  th e  w h o le -c e l l  p a tc h  clam p 
t e c h n iq u e .  The i n t r a c e l l u l a r  medium p ro v ed  t o  be im p o r ta n t  in  
h o ld in g  th e s e  c e l l s  in  good c o n d i t i o n  a f t e r  p e n e t r a t i o n :  
T r is - p h o s p h a te  p ro v ed  m ost e f f e c t i v e  in  t h i s  r e g a r d .  Mg-ATP 
(2 mM, B y e r ly  & Y a z e jia n ,  J .  P h y s io l .  370: 6 31 , 1986) r e t a r d e d  
th e  wash o u t  o f  c a lc iu m  c u r r e n t s ,  w h ile  i n t r a c e l l u l a r  l e u p e p t in  
(100 μM) re d u c e d  th e  in c id e n c e  o f  c e l l - r o u n d i n g .  K c u r r e n ts  

w ere b lo c k e d  by i n t r a c e l l u l a r  T r i s  and s u b s t i t u t i o n  o f  Cs f o r  K 
in  th e  e x t r a c e l l u l a r  medium. Na c u r r e n t s  w ere b lo c k e d  by TTX o r  
by th e  s u b s t i t u t i o n  o f  c h o l in e  f o r  Na. U nder th e s e  c o n d i t i o n s  
no a c t i v e  c u r r e n t s  w ere e l i c i t e d  in  th e  ra n g e  –90 to  30 mV, 
a f t e r  th e  a d d i t i o n  o f  0 .2  mM CdCl2 .

In  p y ra m id a l  c e l l s  from  th e  CA1 r e g io n  o f  th e  h ippocam pus a 
s in g l e  c l a s s  o f  c h a n n e ls  p re d o m in a te d , w ith  a th r e s h o ld  o f  
a c t i v a t i o n  o f  –40 mV and a s low  p h a se  o f  i n a c t i v a t i o n  (30% 
d e c l in e  o v e r  250 ms).  In  c o n t r a s t  c e l l s  from  th e  h a b e n u la  
p o s s e s s e d  a  c u r r e n t  t h a t  a c t i v a t e d  a t  a b o u t  – 60 mV and 
i n a c t i v a t e d  r a p i d l y  in  a  v o l ta g e  d e p e n d en t f a s h io n ,  to g e th e r  
w i th  a  p e r s i s t e n t  c a lc iu m  c u r r e n t .  F u r th e rm o re , th e  p e r s i s t e n t  
com ponent i n a c t iv a t e d  more s lo w ly  th a n  i t s  c o u n te r p a r t  i n  th e  
h ip p o ca m p u s .

(S u p p o rte d  by N S 14546).

368.7 T W O  t y pe s  OF CALCIUM CONDUCTANCES IN CULTURED 
MAMMALIAN HIPPOCAMPAL NEURONS. Y.  Y a a r i , Hamon* 
and H.D. L ux*. D ep artm en t o f  N e u ro p h y s io lo g y , Max- 
P l a n c k - I n s t i t u t e  f o r  P s y c h ia t r y ,  Am K l o p f e r s p i t z  18A, 
8033 P la n e g g , FRG.

The e n t r y  o f  c a lc iu m  th ro u g h  v o l t a g e - g a t e d  membrane 
c o n d u c ta n c e s ,  g ( C a ) s ,  i s  im p o r ta n t  f o r  n e u ro n a l  
i n t e g r a t i o n .  S tu d ie s  o f  mammalian b r a in  s l i c e  
p r e p a r a t i o n s  have  in d i c a t e d  th e  c o e x i s ta n c e  o f  more 
th a n  one ty p e  o f  g (C a )s  in  some CNS n e u ro n s .  We h ave  
em ployed p a tc h -c la m p  te c h n iq u e s  on c u l tu r e d  r a t  
h ip p o c a m p a l n e u ro n s  ( d i s s o c i a t e d  from  18–1 9 -d a y  o ld  
em bryos) to  i n v e s t i g a t e  w h e th e r  t h i s  i s  a l s o  a f e a t u r e  
o f  mamm alian c o r t i c a l  n e u ro n s .  W h o le -c e l l  c a lc iu m  
c u r r e n t s  w ere  p h a r m a c o lo g ic a l ly  i s o l a t e d  from  o th e r  
v o l ta g e - d e p e n d e n t  membrane c u r r e n t s  and f u r t h e r  
i d e n t i f i e d  by t h e i r  s e n s i t i v i t y  to  b lo c k a d e  by cadmium 
and m anganese .

We found  t h a t  two d i s t i n c t  ty p e s  o f  g (C a )s  d e v e lo p  
d u r in g  n e u ro n a l  g ro w th  and d i f f e r e n t i a t i o n  in  c u l t u r e .  
F i r s t  to  a p p e a r  (3 – 5 h a f t e r  p l a t i n g )  i s  a low (– 50 to  
– 40 mV) v o l t a g e - a c t i v a t e d  (LVA), f u l l y - i n a c t i v a t i n g  
s o m a t ic  g (C a ) .  I t  i s  m e t a b o l i c a l l y  s t a b l e  and 
c o n d u c ts  c a lc iu m  b e t t e r  th a n  b a r iu m . The s e c o n d , 
w h ich  a p p e a r s  in  c o n ju n c t io n  w ith  n e u r i t e  o u tg ro w th  
(1 –2 d a y s  in  c u l t u r e )  and e v e n t u a l ly  p re d o m in a te s  in  
t h e  d e n d r i t e s ,  i s  a h ig h  (–20 mV) v o l t a g e - a c t i v a t e d  
(HVA), s l o w l y - i n a c t i v a t i n g  g (C a ) .  I t  e x h i b i t s  a r a p id  
run-dow n and i s  m ore p e rm e a b le  to  b a riu m  th a n  to  
c a lc iu m .

In  t h e i r  v o l t a g e - d e p e n d e n c e ,  a c t i v a t i o n  and i n a c t i 
v a t i o n  k i n e t i c s  and s e l e c t i v i t y ,  th e  LVA and HVA 
g (C a ) s  o f  d i f f e r e n t i a t e d  h ip p o c a m p a l n e u ro n s  re s e m b le  
t h e  two s o m a t ic  g (C a )s  found  in  r a t  s e n s o ry  n e u ro n s .  
T h is  s u g g e s t s  th e  u b iq u i ty  o f  LVA and HVA g (C a ) s  in  
t h e  mam m alian n e rv o u s  s y s te m . In  th e  f u n c t io n  o f  a 
h ip p o c a m p a l n e u ro n  th e  two g(C a) ty p e s  m ost p r o b a b ly  
p l a y  d i f f e r e n t  r o l e s .  The a p p a r e n t  w id e r  d e n d r i t i c  
d i s t r i b u t i o n  o f  th e  HVA g(C a) s u g g e s t s  i t  m o d u la te s  
s y n a p t i c  in p u t  to  th e  n e u ro n , e . g . ,  b o o s t s  e x c i t a t o r y  
p o s t s y n a p t i c  p o t e n t i a l s .  I t s  h ig h  a c t i v a t i o n  
t h r e s h o l d  w ould  f a v o r  t r a n s m is s io n  o f  l a r g e r  
p o s t s y n a p t i c  e v e n t s ,  th u s  in c r e a s in g  th e  
s i g n a l - t o - n o i s e  r a t i o  o f  n e u ro n a l  r e s p o n s iv e n e s s .  The 
LVA g ( C a ) ,  b e in g  in  p r o x im i ty  to  th e  axon t r i g g e r  
z o n e ,  may be in v o lv e d  in  th e  e l e c t r o g e n e s i s  o f  
rh y th m ic  n e u ro n a l  f i r i n g .

368.8 TWO Ca2+_DEPENDENT K+ CHANNELS, I Kc, I Ac , AND OCCULT Ca2+ CHANNELS 
IN DROSOPHILA. A. Wei and L. S a lk o ff . Dept. Anat. & N e u ro b io l., 
Washington Univ. Sch. o f Med., S t. L ouis, MO 63110.

The developm ental appearance of c u r re n ts  in  an e x c i ta b le  
membrane can be s tu d ie d  by tw o -e lec tro d e  vo ltage-c lam p  
measurements o f in d i r e c t  f l i g h t  m uscles of D rosoph ila  pupae. We 
re p o r t  here  the  e a r ly  p resence of two c u rre n t system s, a slow 
a c t iv a t in g  calcium  dependent potassium  c u rre n t ( I Kc ) and an 
in a c t iv e  "o c c u lt"  calcium  c u rre n t ( I Ca) ,  p r io r  to  th e  appearance 
o f o th e r  c u r r e n ts .  "O ccult" calcium  c u rre n ts  can be unmasked by 
i n t r a c e l lu l a r  in je c t io n  of adenosine tr ip h o sp h a te  (ATP) o r 
e th y le n e g ly c o l t e t r a a c e t i c  ac id  (EGTA).

We have now dem onstrated the  presence  o f a t  l e a s t  seven 
independent c u rre n t c a rry in g  system s in  D rosoph ila  mu sc l e .  I t  i s  
in t e r e s t i n g  to  n o te  th a t th i s  membrane has a Ca2+ - s e n s i t i v e  
c o u n te rp a r t fo r  each o f the  two v o lta g e -a c t iv a te d  K+ ch a n n e ls , 
i . e .  I Kc i s  s im i la r  to  I Kv and I Ac i s  s im i la r  to  I Av. .  IK c  deve lops 
two days p r io r  to  the f a s t  t r a n s ie n t  Ca2+ -dependent k c u r r e n t ,  
IAc, which develops in  e a r ly  adu lthood . I Kc i s  b locked by TEA and 
has k in e t ic  p ro p e r t ie s  s im i la r  to  I Kv, y e t i s  s e p a ra b le  from I Kv 
by reco rd in g  from younger f ib e r s  (55 h rs )  b e fo re  I Kv a p p e a rs . I Kc 
i s  a ls o  independent o f I Av , being o b s e rv a b le  in  Shaker m utants 
which la c k  I A v . I K c  can be evoked in  Ca2+ f r e e  s a l i n e  by 
i n t r a c e l lu l a r  in je c t io n  of Ca2+ p r io r  to  v o lta g e  s te p  p u ls e s . 
A c tiv a tio n  o f I Kc i s  thus dependent on both  in t r a c e l lu l a r  Ca2+ and 
membrane v o lta g e . Recordings from very  e a r ly  f ib e r s  (50 h r s ) ,  
re v e a l the presence  o f I Kc b efo re  the  appearance of I Ac .

ICa i s  norm ally not p re sen t in  f ib e r s  t i l l  i t s  ab ru p t 
appearance j u s t  p r io r  to  a d u lt  e c lo s ion (96 h r s ) .  However, la rg e  
inward c u r re n ts  c a r r ie d  by e i th e r  Ca2+ o r Ba2+ a re  observed in  
younger f ib e r s  in je c te d  w ith  e i th e r  ATP o r EGTA. These inward 
c u r re n ts  have v o ltage-dependen t and k in e t ic  p ro p e r t ie s  
in d is t in g u is h a b le  from l a t e r  ap pearing  I Ca. T his c u r re n t i s  
unmasked in  f ib e r s  as  e a r ly  as 50 h r s ,  be fo re  th e  e a r l i e s t  
appearance of I Av . The membrane o f e a r ly  f ib e r s  thus appear to  
p o sse ss  in a c t iv e  Ca2+ channels which can be made to  fu n c t io n  by 
m a n ipu la tions  which may a c t to  low er i n t r a c e l l u l a r  Ca2+ 
c o n c e n tra t io n s . However, d i r e c t  e f f e c t s  o f ATP on Ca2+ channels  
cannot p re s e n tly  be ru le d  o u t.

Supported by NIH P o s td o c to ra l G rant T32 NS07057-08 (A .W .), NSF 
G rant BNS 8311024 and the  E s th e r and Joseph K lin g e n s te in  Fund 
(L .S .) .
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368.9 THE SPIKE OF A SLOW CRAB AXON HAS SODIUM AND CALCIUM 
COMPONENTS. P . J .  S te p h e n s  and  P . J .  C h u rc h * . V i l la n o v a  
U n i v e r s i t y ,  D e p a r tm e n t o f  B io lo g y ,  V i l l a n o v a ,  PA 19085

In  th e  C a l i f o r n i a n  s h o re  c r a b  (P a c h y g ra p s u s  
c r a s s i p e s ) t h e  lim b  b e n d e r  m u sc le  i s  in n e r v a t e d  by tw o 
e x c i t a t o r y  a x o n s ,  a  f a s t  (FBE) and  a  s lo w  (SB E ). G la s s  
m ic r o e l e c t r o d e s  w e re  u s e d  t o  im p a le  s i n g l e  ax o n s i n  t h e  
e x p o se d  lim b  n e rv e  i n  t h e  m erus  o f  a u to to m iz e d  w a lk in g  
l im b s . G raded  s t im u lu s  sh o c k s  w ere  a p p l i e d  t o  t h e  lim b  
n e rv e  and  i d e n t i f i c a t i o n  o f  t h e  im p a le d  axon  a s  t h a t  o f  
t h e  SBE was b a s e d  upon 1) t h e  s im u l ta n e o u s  a p p e a ra n c e  
o f  an  axon  s p ik e  and  an  e p s p  i n  b e n d e r  m u s c le  f i b e r s  
known t o  b e  in n e r v a t e d  by  o n ly  t h e  SBE; 2) t h e  s p ik e  
was fo l lo w e d  by  a p ro n o u n c e d  d e p o l a r i z i n g  a f t e r p o t e n t i a l  
3) p a s s in g  d e p o l a r i z i n g  c u r r e n t  th ro u g h  th e  m ic ro 
e l e c t r o d e  p ro d u c e d  SBE s p ik e s  and  c o n c o m ita n t  e p s p 's  in  
b e n d e r  m u s c le  f i b e r s .  In  t h e  p r e s e n t  s tu d y  we im p a le d  
t h e  SBE axon  w i th  2 m i c r o e l e c t r o d e s , one  t o  r e c o r d  and  
th e  o t h e r  t o  p a s s  c u r r e n t  t o  p ro d u c e  s p ik e s  o r  c o r r e c t  
c h a n g e s  i n  mem brane p o t e n t i a l  p ro d u c e d  by  b a th in g  
p r e p a r a t i o n s  i n  m o d if ie d  s a l i n e  s o l u t i o n s .

In  n o rm a l c r a b  s a l i n e ,  a  t r a i n  o f  s p ik e s  c o u ld  be  
p ro v o k e d  by p a s s in g  d e p o l a r i z i n g  c u r r e n t  th ro u g h  a 
m ic r o e l e c t r o d e  in  t h e  SBE ax o n . I n c r e a s i n g  th e  
i n t e n s i t y  o f  t h e  s t im u lu s  c a u s e d  a  d e c l i n e  in  t h e  
a m p l i tu d e  o f  t h e  s p ik e s  an d  a  s p l i t t i n g  o f  e a c h  s p ik e  
i n t o  tw o co m p o n e n ts . The com p o n en ts  w e re  r e c o r d e d  a t  
d i f f e r e n t  f r e q u e n c i e s ,  i n d i c a t i n g  t h a t  t h e  c h a n n e ls  
h av e  d i f f e r e n t  o p e n in g - c lo s in g  k i n e t i c s .

B a th in g  p r e p a r a t i o n s  i n  c r a b  s a l i n e  made up w i th  
10mM cadm ium ( to  b lo c k  c a lc iu m  c h a n n e ls )  r e s u l t e d  i n  a 
d e c l i n e  i n  s p ik e  a m p l i tu d e .  In  th e s e  p r e p a r a t i o n s ,  
o n ly  a  s i n g l e  com ponen t w as o b s e r v e d  when th e  SBE axon  
was d e p o la r i z e d  w i th  h ig h  i n t e n s i t y  s t i m u l a t i o n  th ro u g h  
th e  m ic r o e l e c t r o d e .  In  o t h e r  p r e p a r a t i o n s ,  r e p l a c i n g  
c a lc iu m  w i th  b a r iu m  d id  n o t  ch an g e  s p ik e  a m p l i tu d e .

R e p la c in g  sod ium  io n s  i n  t h e  s a l i n e  w i th  c h o l i n e ,  o r  
b a th  a p p l i c a t i o n  o f  TTX, d e c r e a s e d  th e  s i z e  o f  t h e  s p ik e  
b u t  d id  n o t  a b o l i s h  i t .  D e p o la r iz in g  c u r r e n t  p a s s e d  
th ro u g h  th e  m ic r o e l e c t r o d e  ev o k ed  o n ly  s i n g l e  s p i k e s ,  
i r r e s p e c t i v e  o f  t h e  i n t e n s i t y  o r  t h e  d u r a t i o n  o f  th e  
s t im u lu s  s h o c k .

We c o n c lu d e  t h a t  t h e  SBE axon  s p ik e  h a s  two 
c o m p o n e n ts , one  d e p e n d e n t upon sod ium  th e  o t h e r  on 
c a lc iu m .

T h is  w ork  was s u p p o r te d  by  a g r a n t  from  th e  
W h i te h a l l  F o u n d a t io n .

368.10 VOLTAGE-GATED MEMBRANE CONDUCTANCES IN MATURE SOLITARY NEURONS ISOLATED 
 FROM SALAMANDER SPINAL CORD. A. Hernandez-Cruz and P.R. MacLe ish,  Lab. of 

Neurobiology, The Rockafallar Uni ver s ity  New York, N.Y. 10021.
Previoua vol taga-claap exper iments on nature ver t eb rate motoneurons have 

provi dad evidence for the presence of a fast  Na current, severa l outward 
currents and a susta i nad i nward currant, presunabl y ca rried by Ca i ons 
(Barret t  E.J. et . a l .  J . Phys iol 304:231, 1980 ; Schwindt P.C. & C rill W.E., 
J. Neurophys io l . 43:1700, 1980). Howevar, these conductances have been 
d iff icu lt to is o la te because of the problems der ived from d iffus ional 
r est r i c t i on and the presence of ionic r egul atory mechanisms i n the i ntact 
spinal cord t i ssue, as wel l  as the complicatad geometry  of the cel l s 
themselves. The following experiments wer e a imed to circumvent these 
problems by studying individual so lita ry  spinal cord ca lls  in culture , 
where control of both the external ionic environment and the i nternal 
mi l l eu can be achieved.

Neurons from the lumber r egion of the spinal cord of tigar selamander 
(Ambystona Ti gri num) were enzymatica lly  dissociatad and platad at low 
densi ty on glass cover s l i ps coatad with Sal-1, a monoclonal antibody that 
increases adhesion and neu r i te ex tension of salamender neurons (MacLe ish 
et . a l .  PNAS 80:7014, 1983) . During the f i r s t  two weeks, neurons extended 
thei r  truncatad processes forming phase-dark neu r i tes which ended in growth 
cones. Cel l s  could be kept for periods exceeding 10 weeks in salamender 
growth medium. In genera l neurons r eta ined thei r  ex c itab ili ty throughout as 
determained by the genera t i on of fas t action poten tia ls  observed within one 
hour after plating and for periods extending up to 60 days in culture . 
Whole-call voltaga-clamp r ecordings were obtained from d is tinc t large 
ce l l s , morphologically s imila r  to the ventral horn neurons in the in tact 
salamander spinal cord <Van Gehuchten, A. Arch.Biol. Liege 15:599, 1897). 
In freshly dissociatad cel l s , <V holding -65 aV) several componen ts of 
outward currant wer e isolated: a sodium-dependent component IK(Na), a 
calcium-dependent component IK(Ca), and two vol tage-and t i me-dependent 
componen ts with d ifferen t kinetics and pharmacological sen s i t iv i t ies . The 
outward curren ts wer e grea tely reduced by adding the K-channel blockers TEA 
(10 mM) and 4-AP (3 mM) to the bathing solution, and a lmost completely 
suppressed whan the i mpermeant cation N-Methyl Glucamine replaced K+ in the 
electrode internal solution. Two components of inward currant were also 
observad: a fa s t, transien t, Na+-dependant component (INa) and a 
slowly-activated, sustained component (ICa). All these currants were 
s imila r  to those reported to ex ist in adult cat and frog motoneurons 
supporting the assump ti on tha t the salamander neurones were nature at the 
t i me of dissociation. ICa was studied in isolation in solutions containing 
TEA, 4AP and 0 Na. I ts  peak amplitude varied with the external Ca++ 
concentration and i t  was abolished by addition of Co++ (3 mM) or Mn++ (1 
mM). The r ise t i me of ICa was voltage-dependant and l i t t l e  inactivation was 
observed during pulses up to 500 as in duration. At depolarizing levels 
beyond +10 mV the ICa kinetics were obscured by the coactivation of a small 
ramaining voltage and t i me-dependent outward currant. However , analysis of 
t he ta l l  currants revealed tha t a large fraction of ICa does not inactivate 
even at large depolarizing levels.

Certain membrane properties seemed to change with t i me in cul tu re : The 
ra tio  ICa/INa (peak amplitude) increased as the cel l s  formed neu r i tes and 
growth cones, supporting a proposed role of Ca++ entry in the growth 
process (Anglister L. et . a l .  Dev. Biol. 94:351,  1982)) . On the other 
hand, ICa was not enhanced by equimolar substitution of Ba++ for Ca++ in 
freshly platad ce l l s ,  whereas i t  was clearly  augmentad in cultures older 
than 2 weeks, suggesting either a change in se lec tiv ity  for Ca channels or 
the expression of a new type of Ca channel. These axper i ments show that 
nature spinal cord neurons can ba grown in culture and thei r  membrane 
conductances isolated and characterized. This model also seems appropriate 
for the study of the role of membrane conductances in the control of 
neuronal growth in natu re CNS neurons.

Supported by CONACYT/CINVESTAV (Mexico), Fogarty fellowship 1F05TW03631 
NIH grant EYOS201 and tha Klingenstein Fund.

368.11 ION CHANNELS IN CHICK AND HUMAN FIBROBLASTS. L.L . S tockb ridqe  and 
A.S. F ren ch . Departm ent o f  P hysio logy , U n iv e rs ity  o f  A lb e rta , 
Edmonton, Canada T6G 2H7.

I t  has been dem onstrated  th a t  f ib r o b la s t s  have an a c t iv e  r e 
sponse to  m echanical and e l e c t r i c a l  s t im u li  though t to  be medi
a te d  by c a lc iu m -a c t iv a te d  po tassium  channels  ( 1 ,2 ) .  In an e f f o r t  
to  f in d  a m echanosensitive  channel s im i la r  to  th a t  re p o r te d  in  
ch ick  s k e le ta l  m uscle ( 3 ) ,  we have a ttem p ted  to  c h a ra c te r iz e  
po tassium  channe ls  in  f ib r o b l a s t s .

T issue  c u l tu r e s  o f  ch ick  sc le ro to m e f ib r o b la s t s  (72 h r embryo) 
and human sk in  f ib r o b la s t s  (D e tro i t  531) were s tu d ie d  w ith  th e  
p a tch  clamp tech n iq u e  u s in g  c e l l - a t t a c h e d  and in s id e -o u t  p a tc h e s . 
P atch  p ip e t te s  co n ta in ed  (mM): KCl  140, MgCl2 2, EGTA 11 and 
HEPES 10 (pH 7 .4 ) .  The bath  s o lu t io n  co n ta in ed  (mM): NaCl 150, 
KCl  5, CaCl2 2, MgCl2 1 and HEPES 10. To determ ine ion  s e le c 
t i v i t y ,  Na+ and K+ c o n c e n tra t io n s  in  exchange s o lu t io n s  were 
v a r ie d  w h ile  keeping  th e  t o t a l  m onovalent c a t io n  c o n c e n tra t io n  
c o n s ta n t. To determ ine m e c h a n o s e n s itiv ity , 0–5 PSI s u c tio n  was 
a p p lie d  to  th e  p a tch  p ip e t te  w ith  a 1cc sy r in g e  and m onitored  
w ith  a p re s s u re  t r a n sd u c e r .

S in g le  channel reco rd in g s  rev e a le d  a t  l e a s t  6 ch an n e ls  common 
to  both  c e l l  ty p e s  which, were s e p a ra b le  by c u r re n t -v o lta g e  r e l a 
ti o n s h ip s ,  r e v e r s a l  p o te n t ia l s  and k in e t ic  p r o p e r t ie s :

Channel Conductance Minimum K in e tic  S ta te s
A (n=6) 245+28 pS 2 open, 2 c lo sed
B (n=12) 190+60 pS 1 open, 2 c lo sed
C (n=5) 101+27 pS 1 open, 2 c lo se d
D (n=4) 79+13 pS 2 open, 2 c lo sed
E (n=7) 39+15 pS 2 open, 2 c lo se d
F (n=4) 19+14 pS 2 open, 2 c lo se d

A, C and D a re  p redom inan tly  s e le c t i v e  to  K+ io n s , bu t w i l l  a lso  
conduct Na+ io n s . The p e rm e a b ility  r a t i o  in  th e se  ch an n e ls  i s  a t  
l e a s t  3:1 K+/Na+. B appears  to  be a c a lc iu m -a c t iv a te d  po tassium  
channel w ith  l i t t l e  v o ltag e  dependence. However, i t  i s  no t mech
a n o s e n s i t iv e .

None o f  th e se  channels  ev inced  m e ch an o se n s itiv ity  to  s u c tio n . 
However, a m e chanosensitive  channel has appeared  in  one ch ick  
f ib r o b la s t  p a tc h . I t  has no t been fu l ly  c h a ra c te r iz e d ,  bu t 
ap p ears  to  be perm eable to  bo th  m onovalent c a t io n s .
1. N elson, P.G. e t  a l .  J . Gen. P h y s io l. 60 :58–71, 1972.
2. H osoi, S. and Slayman, C.L. J . P h y s io l. 367:267–290, 1985.
3. Guharay, F. and S achs, F. J .  P h y s io l. 352:685–701, 1984. 

S upported by Canadian M edical Research Council and A lb e rta
H eritag e  F oundation  fo r  M edical R esearch .

368.12 CALCIUM AND POTASSIUM CONDUCTANCES EXIST IN PHEOCHROMO- 
CYTOMA CELLS OF THE RAT. R.Y.K. Pun and M.M. Behbehani. Dept. of 
PhysioL and Biophys., Univ. of Cincinnati, Cincinnati, OH 45267-0576.

A clonal cell line (PC 12) from the rat adrenal pheochromocytoma has 
been studied extensively as a model for cellular differentiation and 
excitation-secretion coupling. Several lines of evidence indicated the 
presence of voltage-sensitive calcium channels in these cells. Release of 
catecholamines is dependent on Ca, 45Ca is taken up upon depolarization 
of cells, and both phenomena are blocked by Ca channel antagonists. In 
this communication, we report the presence of Ca and K conductances in 
these cells as measured by electrophysiological methods.

PC 12 cells were provided by Dr. G. Guroff (NICHD, NIH), and grown in 
Dubbecco's Modified Eagle Medium supplemented with 10% horse serum 
and 10% fetal calf serum. The cells were not exposed to Nerve Growth 
Factor. Bath solution was a HEPES buffered medium (140 mM Na, 4 mM 
K) with 3 mM Ca and 1 mM Mg (pH 7.4, 325 mOs). Whole-cell recordings 
were made with patch-electrodes filled with the following solution (mM): 
KCl or KF (140), MgSO4 (2), EGTA (1.1), HEPES (10), glucose (10), pH 7.10, 
300 mOs. Results obtained with a mixture of KCl (125) and KF (15) were 
similar. Drug solutions were made up in bathing medium and applied onto 
cells with pressure through a blunt-tipped pipette of tip diameter 5–10 μm, 
positioned near the cell. Studies were initiated only if the seal resistance 
between the pipette and the membrane was greater than 1 GΩ, and the cell 
membrane potential was –40 mV or more negative. Under these conditions, 
average membrane potential of the cells was 51.9 + 0.4 mV (mean + S.D., n 
= 17). The membrane time constant as measured from the voltage 
deflection to 0.1 nA hyperpolarizing current of 50–150 msec duration was 
22.6 + 0.7 msec (mean + S.D., n = 11). Membrane resistance was 692 + 28 
MH (mean + S.D., n = 13); this value probably reflects the small size of the 
cells. In all studies, at resting membrane potential, a depolarizing pulse 
produced a regenerative slow depolarization of about 10–20 mV followed by 
delayed rectification. The voltage deflection evoked by a depolarizing 
current pulse was always smaller than the voltage deflection produced by a 
hyperpolarizing pulse even when the depolarizing pulse was of greater 
intensity. This phenomenon is highly suggestive of the presence of a 
delayed rectifier. In several cells, hyperpolarizing pulses evoked an 
anomalous (inward) rectification. A slow TTX insensitive spike followed by 
a afterhyperpolarization (AHP) could be elicited by a short current pulse (< 
10 msec) or when the cell was hyperpolarized (negative than -90 mV) and 
then stimulated. This slow spike was blocked by Cd (2 mM) but not by Co 
(3 mM). TEA (25 mM) and Ba (10 mM) were found to prolong the duration 
of the slow spike. These observations indicate that the slow spike is 
mediated by influx of Ca, probably through voltage-sensitive Ca channels. 
The blockade of the AHP by Ba further suggests the presence of a Ca- 
mediated potassium conductance in these cells.
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368.13 WHOLE CELL RECORDINGS FROM CULTURED NEURONS- OF NEONATE RAT 
SUPRAOPTIC NUCLEUS. P. C o b b e tt  and W.T. M ason* AFRC I n s t i t u t e  
o f  A nim al P h y s io lo g y ,  Babraham , C am bridge CB2 4AT, U.K.

The n e u ro n s  o f  th e  s u p r a o p t ic  (SON) and p a r a v e n t r i c u l a r  (PVN) 
n u c l e i  w h ich  p r o j e c t  to  th e  n e u ro h y p o p h y s is  h ave  c h a r a c t e r i s t i c  
f i r i n g  p a t t e r n s  w h ich  e n a b le  e f f i c i e n t  r e l e a s e  o f  horm one 
(o x y to c in  o r  v a s o p r e s s in )  from  t h e i r  t e r m in a l s .  Some o f  th e  
m echanism s u n d e r ly in g  th e s e  f i r i n g  p a t t e r n s  h ave  b e e n  e lu c i d a t e d  
u s in g  in  v i t r o  p r e p a r a t i o n s .  To e n a b le  a  m ore d e t a i l e d  s tu d y  o f  
th e s e  e v e n ts ,  we h av e  made w hole  c e l l  v o l ta g e  and c u r r e n t  clam p 
r e c o r d in g s  from  n e u ro n s  i n  c u l t u r e s  o f  n e o n a te  h y p o th a la m u s .

C e l l s  i n  t i s s u e  b lo c k s  c o n ta in in g  th e  SON and a  s m a l l  
s u r ro u n d in g  a r e a ,  from  3– 4 day o ld  r a t s ,  w ere  d i s p e r s e d  
m e c h a n ic a l ly  and e n z y m a t ic a l l y .  C e l l  s u s p e n s io n s  w ere p l a t e d  o u t ,  
and  c u l t u r e s  w ere m a in ta in e d  i n  D u lb e c c o 's  m o d if ie d  E a g l e 's  medium 
s u p p le m e n te d  w i th  25% new b o rn  c a l f  se ru m .

R e c o rd in g s  w ere made 10-21 d ay s  l a t e r  from  th e  soma o f  n e u ro n s  
o v e r  10μm i n  d ia m e te r  w i th  l e s s  th a n  f o u r  m a jo r  p r o c e s s e s .  
(N eurons o f  s i m i l a r  a p p e a ra n c e  i n  th e  same c u l t u r e s  w ere 
im m u n o re a c tiv e  to  a  n e u ro p h y s in  a n t i s e r u m .)  U sin g  low  r e s i s t a n c e  
e l e c t r o d e s  (~10MΩ) th e  r e c o rd e d  c e l l  was d i a l y s e d  w i th  e l e c t r o d e  
s o l u t i o n .  In  t h i s  way th e  i o n i c  c o n te n t  o f  th e  i n t e r n a l  and 
e x t e r n a l  s o lu t io n s  was c o n t r o l l e d .  In  c u r r e n t  clam p m ode, w i th  K 
a s  th e  m a jo r  i n t e r n a l  c a t i o n  and w i th  Na b u t  n o t  Ca e x t e r n a l l y ,  
n e u ro n s  had  r e s t i n g  p o t e n t i a l s  i n  th e  ra n g e  – 53 to  – 70mV (n= 10; 
– 6 2 .5 +6 . lmV, mean +SD ), i n p u t  r e s i s t a n c e  o f  4 .8 ± 2 .5  × 10 10Ω, and 
f i r e d  s p o n ta n e o u s  o r  c u r r e n t  evoked  a c t i o n  p o t e n t i a l s  a t  
f r e q u e n c ie s  up to  20Hz w ith o u t  s i g n i f i c a n t  i n a c t i v a t i o n .  The 
a c t i o n  p o t e n t i a l  a m p l i tu d e  was 66.5±3.4m V  and i t s  d u r a t i o n  was 
4 .2 +0 .6 m s. A c t io n  p o t e n t i a l s  w ere  i n  some i n s t a n c e s  su p e rim p o se d  
on s p o n ta n e o u s  d e p o la r i s i n g  v o l ta g e  f l u c t u a t i o n s .  In  two n e u ro n s  
p h a s ic  b u r s t s  o f  a c t i o n  p o t e n t i a l s ,  c h a r a c t e r i s t i c  o f  v a s o p r e s s in  
c e l l s ,  w ere  r e c o r d e d .  U nder v o l ta g e  c lam p , v o l ta g e  a c t i v a t e d  K 
and TTX s e n s i t i v e  Na c u r r e n t s  w ere r e c o r d e d .  I s o l a t i o n  o f  th e  Na 
c u r r e n t  (n = 4 ) , u s in g  Na a s  th e  s o le  e x t e r n a l  c a t i o n  and  Cs a s  th e  
i n t e r n a l  c a t i o n ,  showed t h a t  i t s  p r o p e r t i e s  r e f l e c t e d  th o s e  o f  th e  
a c t i o n  p o t e n t i a l .  I t s  t h r e s h o ld  was – 55mV and i t  was l e s s  th a n  
50% i n a c t i v a t e d  a t  f r e q u e n c ie s  up to  20Hz. The p e a k  c u r r e n t  
( 2 .6 +0 .7nA ) was r e c o rd e d  a t  a b o u t  – 40mV and th e  r e v e r s a l  p o t e n t i a l  
was c a l c u l a t e d  to  be a b o u t  60mV.

T hese p r o p e r t i e s  i n d i c a t e  t h a t  v i a b l e  c u l t u r e s  o f  th e  n e o n a te  
SON r e g io n  can  be o b ta in e d  and  t h a t  t h i s  p r e p a r a t i o n  a p p e a r s  to  be 
s u i t a b l e  f o r  th e  f u r t h e r  s tu d y  o f  th e  p r o p e r t i e s  o f  SON 
n e u ro e n d o c r in e  c e l l s .

P .C . i s  a  B e i t  M em orial F e llo w .

368.14 flow cytometric analysis of membrane ex c it a b il ity  in  embryonic 
RAT MOTONEURONS. A.E. S c h a ffn e r . R.N. Ma n d le r* . E.A. 
Novotny*. G.D. Lange and J .L .  B a rk e r . LNP, NINCDS, NIH, 
B ethesda , MD 20892.

We have combined re t ro g ra d e  f lu o re s c e n t  la b e lin g  te ch n iq u es  
w ith  v o l t a g e - s e n s i t iv e  oxonol dye s ta in in g  to  examine, w ith  
flow  cy to m e tric  m ethods, th e  developm ent o f e x c i ta b le  membrane 
p ro p e r t ie s  in  em bryonic motoneurons (MNs). As p re v io u s ly  
d e sc r ib e d  (S c h a ffn e r  e t  a l . ) ,  th e  lim bs o f E14 r a t s  were 
in je c te d  w ith  F IT C -conjugated  l e c t i n ,  then  m ain ta ined  a t  
35°C o v e rn ig h t, fo llo w in g  which c e l l  su spensions  from th e  
s p in a l  cord  (SC) were p rep are d  f o r  oxonol s ta in in g  and flow  
cy to m e tr ic  a n a ly s is .  The d u a l-p a ram e te r  h is tog ram  o f SC c e l l s  
from in je c te d  embryos (se e  below) shows th a t  a d e te c ta b le  
p o r t io n  of th e  l i v e  c e l l  p o p u la tio n  (peak  I I I )  e x h ib i ts  
f lu o re sc e n c e  accum ulated  in  MNs (a r ro w ) . F ive-m inu te  
in c u b a tio n  o f th e  SC c e l l  su spension  w ith  oxono l, a dye th a t  
s t a i n s  in v e r s e ly  w ith  membrane p o te n t i a l ,  was used to  probe 
th e  d i s t r i b u t io n  o f MN membrane p o te n t ia l s  under r e s t i n g  
c o n d itio n s  and in  th e  p resen ce  o f e le v a te d  [K+] o r  
b a tra c h o to x in  (BTX), which a c t iv a t e s  [Na+] ch a n n e ls . 
H istogram s of oxonol s ig n a ls  a s s o c ia te d  w ith  MNs show a 
r e l a t i v e l y  b road and complex d i s t r i b u t io n .  In cu b a tio n  in  h igh  
[K+] o r  BTX s h i f t e d  th e  d i s t r i b u t io n  o f MN flu o re sc e n c e  
i n t e n s i t i e s  to  h ig h e r  v a lu e s , th e  response  to  BTX e x h ib i t in g  
te t ro d o to x in  s e n s i t i v i t y .  The r e s u l t s  in d ic a te  th a t  a t  E14/15 
fu n c t io n a l  [K+] and [Na+] channels  a re  a lre a d y  ex p ressed  a t  
th e  c e l l  body le v e l  o f many MNs.

Legend: A, T h ree-d im ensiona l h is to g ram  o f th e  f lu o re sc e n c e  
s ig n a l  in  la b e le d  MNs. B, S in g le -p a ram e te r  h is to g ram  of 
oxonol f lu o re sc e n c e  s ig n a l s  o f la b e le d  MNs a t  r e s t  and in  
e le v a te d  [K+].

S ch a ffn e r  e t  a l .  (1983) Soc. N eu rosci. A b s tra c ts  9 :7 .

368.15 FLOW CYTOMETRIC ANALYSIS OF MEMBRANE POTENTIAL IN POPULATIONS 
OF EMBRYONIC RAT SPINAL CORD CELLS. E.A. Novotny*, R.N. 
H and le r* , A .E .S c h a ffn e r . G.D. Lange and J .L .  B a rk e r. (SPON: C. 
C o lton ) LNP, NINCDS, NIH, B ethesda , MD 20892

I n i t i a l l y ,  th e  developm ent o f membrane p r o p e r t ie s  in  
e x c i ta b l e  c e l l s  has been s tu d ie d  in  m onolayer c u l tu r e  u s in g  
e l e c t r i c a l  re c o rd in g s  from in d iv id u a l  c e l l s .  We have re c e n tly  
deve loped  a com plem entary o p t i c a l  method fo r  m o n ito ring  
membrane p o te n t ia l  in  c e l l  su sp en sio n s  o f embryonic s p in a l 
co rd  (SC) and d o rs a l  ro o t gan g lio n  c e l l s  (DRG). C e lls  were 
suspended in  p h y s io lo g ic a l  s a l i n e ,  th en  s ta in e d  w ith  an 
a n io n ic  in d i c a to r  (oxono l) dye th a t  p a r t i t i o n s  in v e rse ly  w ith  
membrane p o te n t i a l .  T h ree-d im ensiona l h is to g ram s (below) of 
c e l l  su sp e n sio n s  s ta in e d  w ith  e i t h e r  v i t a l  ( a c r id in e  o range , 
AO), n o n -v i ta l  (e th id iu m  brom ide, EB) o r  a v o l ta g e - s e n s i t iv e  
i n d i c a to r  dye (o x o n o l, OX) show th a t  under r e s t i n g  co n d itio n s  
p a r t i c l e s  (peak  I ) ,  dead o r  le aky  c e l l s  (peak I I ) ,  and l i v e  
c e l l s  (peak  I I I )  a l l  e x h ib i t  complex b u t s im i la r  le v e ls  of OX 
flu o re s c e n c e .  Thus, OX s ta i n s  in d e p en d en tly  o f l i g h t -  
s c a t t e r .  When on ly  l i v e  c e l l s  a re  co n sid e red  in  th e  
sub seq u en t a n a ly s is ,  i t  i s  c l e a r  th a t  th e  f lu o re sc e n c e  s ig n a ls  
a s s o c ia te d  w ith  l i v e  SC and DRG c e l l s  a re  v a r ia b ly  d i s t r i b u te d  
in to  4 domains ( a , b , c , d ) .  When c e l l  su sp en sio n s  a re  in cu b a ted  
in  d e p o la r iz in g  m edia 'c o n ta in in g  e i t h e r  e le v a te d  [K+] o r  
b a t ra c h o to x in , w hich a c t iv a t e s  Na+ c h a n n e ls , only  th e  oxonol 
f lu o re sc e n c e  i n t e n s i t i e s  o f th e  l i v e  c e l l s  in c re a s e s .  Thus, 
th e  flow  cy to m e tr ic  s t r a te g y  can be used to  complement 
e l e c t ro p h y s io lo g ic a l  te ch n iq u es  to  s tu d y  th e  developm ent of 
membrane e x c i t a b i l i t y  a t  th e  c e l l  body le v e l .

Legend: T h ree-d im en sio n a l h is to g ram s o f AO and OX f lu o r e s 
cence d i s t r i b u t io n s  in  SC c e l l s  as  a fu n c t io n  of fo rw ard -ang le  
l i g h t  s c a t t e r  under r e s t i n g  c o n d i t io n s ;  d u a l-p a ram e te r 
h is to g ra m  o f OX f lu o re sc e n c e  on AO+ ( l i v e )  c e l l s .

368.16 FLOW CYTOMETRIC DEMONSTRATION OF FUNCTIONAL Na+ CHANNELS 
IN THE DEVELOPING EMBRYONIC RAT NERVOUS SYSTEM. 
R .N .M andler*. A .E .S c h a ffn e r . E.A.Novotny*. G.D.Lange and 
J .L .B a rk e r  (SPON: R .J .L ede rm an). Lab o f N europhysio logy, 
NINCDS, NIH, B e thesda , MD 20892.

We have used  v o l ta g e - s e n s i t iv e  oxonol dyes in  
co n ju n c tio n  w ith  flow  cytom etry  to  p robe th e  developm ental 
e x p re ss io n  of f u n c t io n a l  Na+ channels  in  c e l l  p o p u la tio n s  
o f em bryonic s p in a l  co rd  (SC) and d o rs a l  ro o t g a n g lia  
(DRG). C e lls  were d is s o c ia te d  from E12–E16 r a t  SCs and 
DRGs, reco v e red  f o r  two h o u rs , th en  in cu b a ted  in  
p h y s io lo g ic a l medium w ith  and w ith o u t 0 .1 –1 uM 
b a tra c h o to x in  (BTX), an a c t iv a to r  o f Na+ c h a n n e ls , and 
w ith  and w ith o u t luM te tro d o to x in  (TTX), a  b lo c k e r  o f Na+ 
channel a c t iv a t io n .  At E12 th e re  was l i t t l e ,  i f  any change 
in  th e  oxonol f lu o re sc e n c e  s ig n a l  d i s t r i b u t io n  a s s o c ia te d  
w ith  l i v e  SC and DRG c e l l s  in  th e  p re sen ce  o f luM BTX. At 
E15 th e re  was a c o n s id e ra b le  and complex in c re a s e  in  th e  
s ig n a l s  d i s t r i b u te d  in  th e  SC (b u t n o t DRG) “ l i v e - c e l l "  
p o p u la tio n  a lo n e , as  shown below. There appeared  to  be a 
d i r e c t  r e la t i o n s h ip  between l i g h t - s c a t t e r  and degree  of 
s h i f t  in  oxonol s ig n a l  d i s t r i b u t io n .  The e n t i r e  s h i f t  was 
b locked  by c o - in c u b a tio n  in  TTX. Thus, fu n c t io n a l 
T T X -sensitive  Na+ ch an n e ls  develop  between E12 and E16 in  
r a t  SC c e l l s  a t  th e  le v e l  o f th e  c e l l  body. I t  should  now 
be p o s s ib le  to  stu d y  r e l a t i v e ly  e x p e d itio u s ly  th e  
developm ent and th e  fu n c t io n  of Na+ channe ls  in  d i f f e re n t  
a re a s  of th e  nervous system .

Legend: T h ree-d im ensiona l h is tog ram s o f oxonol f lu o re sc e n c e  
d i s t r i b u t io n  in  SC as  a fu n c t io n  o f fo rw ard -an g le  l i g h t  
s c a t t e r  under c o n t ro l  c o n d itio n s  and in  th e  p resen ce  o f 1uM 
BTX w ith  and w ith o u t 1uM TTX.
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368.17 NA, K AND CA CURRENTS IN IDENTIFIED LEECH NEURONS IN CULTURE. 
R.R. Stewart, W.B. Adams and J.G. Nicholls. Biocenter, Uni- 
versity of Basel, 4056 Basel, Switzerland.

Individual leech neurons, maintained in culture, have been 
voltage clamped to determine the ionic currents and conductance 
changes underlying action potential generation. Retzius (R), 
Anterior Pagoda (AP), Pressure (P), and Nociceptive (N) cells in 
culture have characteristic electrical properties by which they 
can be recognized unambigously. For example, P cell action 
potentials overshoot to near +40 mV and then repolarize to below 
the resting  potential for about 50 ms, while R cell action po
te n tia ls  overshoot by only 5 to 10 mV and have a longer under
shoot (100 ms). What are the ionic currents giving rise to 
these differences in action potential shape?

Voltage clamped cells are held at –50 mV and presented with 
depolarizing and hyperpolarizing steps. A depolarizing step 
to  0 mV, leads to an inward current, then an outward current. 
From earlier studies i t  was known that the action potentials in 
these c e l l  depends on Na ra ther than Ca. As expected the 
in i t ia l  inward current is influenced predictably by changes in 
external Na. The outward current is  carried by K; addition of 
25–30 mM TEA, reversibly eliminates nearly a ll  of the current. 
In R, P, N and AP c e lls  the Na current peaks in 1–3ms and 
inactivates in 5–10 ms. In constrast, activation and 
inactivation kinetics of the K currents vary widely. The time 
to peak K current in N and P cells is  more than 70ms; in R cells 
between 8 and 12 ms; and in AP cells between 2 and 4 ms. The K 
currents in al l  four cell types show inactivation. In R cells 
the principal K current is  activated by Ca entry; i t  is blocked 
by 1mM Cd and reduced by 3Mn. In P cells the principal outward 
current appears to be a delayed rectifying K current.

Ca currents have been recorded in 0 Na, 25 mM TEA and 20 mM 
Ca, Ba, or Sr. With Ca, Ba or Sr the currents have a time to 
peak of 10–15 ms. These currents, presumably through Ca 
channels, are blocked by Cd and partially  blocked by 3mM Mn.

Thus the differences in action potentials in these leech 
neurons represent, primarily, differences in the kinetics of 
their K currents.

Supported by Swiss National Research Foundation Grant No. 
3. 525–1.83 to J.G.N. and by NIH Grant No. 1 F32 NS07920–01 to 
R.R.S.

368.18 SINGLE CHANNEL ANALYSIS OF K+ SELECTIVE CHANNELS DURING THE 
DEVELOPMENT OF PURKINJE NEURONS IN CULTURE. A .J . Yool, V.E. 
Dionne*+ and D .L. G ru o l. D ivn. o f  P r e c l in i c a l  N eurosc ience, 
S c rip p s  C lin ic  R esearch  F ndn ., La J o l l a  CA; and  + D ept. o f 
Medicine, Univ. C a lif .  San Diego, La J o l la  CA 92037.

The physio log ical development of Purkin je  neurons (PNs) in  v ivo  
and in  c u l tu r e  i s  c h a r a c te r iz e d  by p r e d ic ta b le  changes in  th e  
p a t te r n s  o f spon taneous a c t i v i t y ,  im p lic a tin g  a developm ental 
s e q u e n c e  in  th e  e x p r e s s io n  o f  i o n i c  c o n d u c ta n c e s  d u r in g  
d i f f e r e n t ia t io n .  Several types o f ion ic  conductances con tribu te  to  
the  complex a c t iv i ty  p a tte rn s  of mature PNs, in c lu d in g  a t  l e a s t  3 
types o f K+ s e le c tiv e  c h an n e ls , d is t in g u is h e d  by s in g le  channel 
conductance, v o lta g e  dependence and s e n s i t i v i t y  to  TEA (G ruol, 
N eurosci. Abst. v10) .  In  t h i s  s tu d y , th e  c e r e b e l la r  c u l tu re s  
prepared from r a t  embryos a t  one day before  b i r t h  p ro v id ed  access  
to  id e n tif ia b le  PNs throughout th e i r  developm ent, which has been 
shown to  be com parable in  m orp h o lo g y  and  p h y s io lo g y  t o  th e  
p o s tn a t a l  developm ent o f PNs in  th e  r a t  (G ruol and F r a n k l in ,  
Neurosci. Abst. V11) .  E x tra ce llu la r  reco rd ings from  s in g le  PNs 
showed t h a t  spon taneous a c t i v i t y  i s  s e n s i t i v e  t o  K+ c h an n e l 
b lockers (TEA, 4-AP) as e a r ly  as 6 days in  v i t r o  (DIV), and th a t  
the  e f fe c ts  of these  agen ts  change w ith  th e  developm ent o f more 
complex a c t i v i t y  p a t t e r n s .  S in g le  ch an n e l r e c o rd in g s  in  th e  
c e l l-a tta c h e d  and ou ts id e -o u t configu ra tions were used to  id e n t i fy  
th e  ty p e s  o f K+ s e l e c t iv e  c h a n n e ls  p r e s e n t  in  t h e  soma and 
d en d rite s  a t  d if f e r e n t s tages  of development. In immature PNs a t  6 
DIV, th e  two types of K+ s e le c tiv e  ch an n e ls  seen  m ost fre q u e n tly  
showed r e la t iv e ly  sm all conductances of approximately 20 and 40 pS. 
By 14 DIV, most PNs had in i t ia te d  d e n d ritic  grow th , and d isp la y ed  
a t  le a s t  four types of K+ s e le c tiv e  channels (c la s s if ie d  by average 
conductance values of 20, 40, 70 and 100 pS) in  both  the  somal and 
d e n d r it ic  reg ions. K+ s e le c tiv e  channels r e p re s e n ta t iv e  o f th e se  
four conductance l e v e ls  p e r s i s t e d  th ro u g h  24 DIV and beyond, a 
s tag e  a t  which PNs were m orphologically  and f u n c t io n a l ly  m ature . 
These d a ta  suggest th a t  changes in  K+ channe l ty p e s  o r  r e la t iv e  
abundance may be involved in  the  changes in  spon taneous a c t i v i t y  
p a t t e r n s ,  and in  th e  d i f f e r e n t i a l  s e n s i t i v i t y  t o  K+ c h an n e l 
b lo c k e rs  o b served  d u rin g  th e  developm ent o f th e  PN. F u r th e r  
s tu d ie s  w ill  analyze the  pharmacological and vo ltage  s e n s i t i v i t i e s  
o f th e  K+ ch an n e ls  p re s e n t  a t  e a r l i e r  d e v e lo p m e n ta l  s t a g e s .  
(Supported by NINCDS g ran t NS21777 to  DLG)

368.19 INTRACELLULAR ANALYSIS OF SPONTANEOUS AND EVOKED ACTIVITY IN THE 
SOMATIC AND DENDRITIC REGIONS OF PURKINJE NEURONS IN CULTURE. D.L. 
Gruol. Div. P rec lin . Neurosci. and E ndocrin ., Scripps C lin ic  and 
Research Foundation, La J o l la ,  CA 92037.

P urk in je  neurons (PN) d i f f e r e n t ia te d  in  c u ltu re  express complex 
e le c t rophysio log ical p ro p e r t i e s  a s  r e f l e c t e d  in  th e  p a t te r n s  of 
spontaneous a c t iv i ty  and ty p e  o f  s p ik e  e v en ts  g e n e ra te d  (G ruol, 
B rain Res. 1983). In th e  p re s e n t  s tu d y , i n t r a c e l l u l a r  v o lta g e  
re c o rd in g s  and ion  chan n e l b lo c k e rs  w ere u sed  to  i n v e s t i g a t e  
mechanisms c o n t r ib u t in g  to  th e s e  p r o p e r t i e s .  C u l tu r e s  w ere 
p repared  from 20 day r a t  embryos and m aintained f o r  s e v e ra l  weeks 
before  u se . In  in tr a c e l lu la r  recordings from th e  so m atic  re g io n , 
PNs e x h ib i te d  spon taneous a c t i v i t y  t h a t  co u ld  be d iv id e d  in to  
d is t in c t  p a tte rn s  based on th e  re g u la r i ty  o f th e  a c t i v i t y  and th e  
predominant sp ike event. Spike events were c a te g o r iz e d  a s  sim ple  
sp ik es , d oub le t s p ik e s  o r  complex s p ik e s .  R eg u lar p a t t e r n s  of 
sim ple sp ikes were th e  most cannon f i r i n g  mode. P o la r i z a t io n  of 
th e  membrane by in tr a c e l lu la r  cu rren t in je c tio n  revealed  th a t :  1) 
f i r in g  p a tte rn  and type o f  s p ik e  g e n e ra te d  w ere h ig h ly  membrane 
p o te n tia l  dependent, 2) PNs co u ld  e x h ib i t  more th a n  one ty p e  of 
f i r in g  p a tte rn  and sp ike event and 3) t r a n s i t i o n s  from a r e g u la r  
sim ple sp ik e , to  reg u la r doublet s p ik e ,  to  re g u la r  complex sp ik e  
p a t t e r n  o c cu rre d  in  some PNs a s  t h e  mem brane p o t e n t i a l  was 
hyperpolarized . In i n t r a c e l l u l a r  re c o rd in g s  from th e  d e n d r i t ic  
reg ion , th e  r e g u la r  p a t t e r n s  o f  a c t i v i t y  c h a r a c t e r i s t i c  o f th e  
soma l  recordings were uncommon. In s tead , d e n d r it ic  recordings were 
ch arac te rized  by ex tensive synap tic  a c t iv i ty .  A ll th r e e  ty p es  of 
sp ike  events were a sso c ia ted  w ith synap tic  p o t e n t i a l s .  As in  th e  
som atic region , f i r in g  p a t t e r n  and th e  ty p e  o f  s p ik e  ev en t were 
dependent on membrane p o te n t i a l .  In  b o th  so m atic  and d e n d r i t ic  
record ings, a l l  spontaneous a c t iv i ty  was blocked by TTX and Mg++. 
In d e n d r it ic  record ings, d epo lariz ing  cu rren t p u lses  evoked a c t io n  
p o te n tia ls  th a t  were s e n s i t i v e  to  TTX o r  Mg++, su g g e s tin g  th a t  
a c tio n  p o te n tia ls  mediated by more th a n  one io n ic  mechanisms a re  
generated  in  th i s  c e l lu la r  reg ion . In  som atic re c o rd in g s , a c t io n  
p o te n tia ls  evoked by depo lariz ing  c u r r e n t  p u ls e s  w ere b locked  by 
TTX bu t not Mg++. However, anodal break Ca++ s p ik e s  were ev id e n t 
in  TTX c o n ta in in g  m edia , su g g e s tin g  t h a t  a  low th re s h o ld  Ca++ 
conductance co n trib u te s  to  th e  e le c tro p h y s io lo g ica l p r o p e r t i e s  of 
th e  som atic reg ion . These d a ta  in d ica te  th a t  membrane p ro p e r t i e s  
of PNs a re  comp le x  in  bo th  th e  d e p o la r iz in g  and h y p e rp o la r iz in g  
membrane p o te n t ia l  ra n g e s , t h a t  PNs p o s se ss  th e  c a p a b i l i t y  fo r  
sev e ra l d if f e r e n t  f i r in g  p a t t e r n s ,  t h a t  membrane p o te n t i a l  i s  a 
major fa c to r  in  defin in g  th e  f i r i n g  p a t t e r n ,  t h a t  Na++ and Ca++ 
conductances in  both th e  somatic and d e n d r it ic  reg ion  co n trib u te  to  
th e  f i r in g  p a tte rn s  and th a t  high th resh o ld  Ca++ conductances a re  
p resen t in  th e  d e n d r it ic  bu t not th e  som atic reg ion . (Supported by 
NINCDS Grant NS21777)

368.20 A LOW THRESHOLD SPIKE MEDIATES mPRF FIRING PATTERN RESPONSES R.W. 
G reene, H.L. Haas, and R.W. M cCarley. Lab. N eu roscience , D ept. o f 
P sy c h ia try , H arvard Med. S ch ./B rock ton  VAMC, B rockton , MA 02401

Since th e  f i r s t  re co rd in g s  o f neurons du rin g  th e  b eh a v io ra l 
s t a t e  a l t e r a t i o n s  o f the  sleep-w ake cy c le  a c e n tr a l  n eu ro p h y s io lo 
g ic a l  problem  has been to  determ ine th e  mechanisms c o n t ro l l in g  the  
d i f f e r e n t  f i r i n g  p a t te rn s  and resp o n s iv en ess  in  d i f f e r e n t  b eh a v io r
a l  s t a t e s .  A lte ra t io n s  in  f i r i n g  r a t e  may r e s u l t  no t on ly  from 
changes in  sy n a p tic  in p u t b u t a lso  from i n t r i n s i c  membrane p ro p e r
t i e s  o f th e  neuron . However, w hile  i t  i s  known th a t  b a s e l in e  mem
brane p o te n t ia l  (MP) o f m edial p o n tin e  r e t i c u l a r  fo rm ation  (mPRF) 
neurons d e p o la r iz e s  7–10mV on passage from waking (W) and slow wave 
s lee p  to  desynchron ized  s le e p  (D ), th e  consequences o f t h i s  behav
i o r a l - s t a t e  s p e c i f ic  change fo r  f i r i n g  p a t te rn s  and resp o n s iv en ess  
and th e  u n d e rly in g  mechanisms have n o t p re v io u s ly  been in v e s t ig a t 
ed , p robab ly  because o f th e  la ck  o f a s u i ta b le  exp e rim en ta l p re 
p a r a t io n .  This i s  in  s p i te  o f e le c tro p h y s io lo g ic a l  and pharmaco
lo g ic a l  ev idence fo r  th e  im portance o f mPRF in  m ed ia tin g  e s s e n t i a l  
ev en ts  o f  bo th  W and D. We h ere  re p o r t  th a t  experim en ts u s ing  a 
novel in  v i t r o  p re p a ra t io n , the  mPRF b ra in  stem s l i c e  o f young 
r a t s ,  in d ic a te  th a t  one p o p u la tio n  o f mPRF neurons a l t e r s  f i r i n g  
p a t te r n  resp o n ses  w ith  b a s e l in e  MP change as a r e s u l t  o f  th e  p re 
sence o f a low th re sh o ld  sp ike  (LTS).

As determ ined by response  to  i n t r a c e l l u l a r l y  ap p lied  c u r re n t ,  
9/17 mPRF neurons d isp la y ed  an in a c t iv a t in g  LTS and 8 were non-LTS 
n eu rons . The LTS in a c t iv a te d  a t  MPs more p o s i t iv e  than  –65 mV and 
th u s  LTS neurons have th e  c a p a b i l i ty  o f g e n e ra tin g  bo th  to n ic  and 
b u rs t in g  modes o f AP f i r i n g  p a t te r n s .  Non-LTS neurons showed only  
a to n ic  f i r i n g  mode q u a l i t a t iv e l y  u n a ffe c te d  by b a s e l in e  MP. Ca 
dependency o f th e  LTS was dem onstrated  by i t s  e l im in a tio n  in  the  
p resence  o f a n ta g o n is ts  to  a Ca f lu x  a c ro ss  th e  membrane (0 mm Ca 
and 10 mM Mg; o r 500 uM Cd). O ther c u r re n ts  in f lu e n c in g  f i r i n g  p a t 
te rn  in  bo th  LTS and non-LTS neurons were shown by a p p l ic a t io n  of 
p e r fu s io n  f lu id  co n ta in in g  Mg (10mM), Ca (0mM) o r Cd (200mM) o r TEA 
(5mM). This r e s u l te d  in  an in c re a s e  in  e x c i t a b i l i t y  as measured by 
th e  number o f APs g en e ra ted  by an e x c i ta to ry  c u r re n t p u lse  s ta r t in g  
from th e  same MP. The r e s t i n g  in p u t r e s is ta n c e  was u n a f fe c te d .
There was a re d u c tio n  o f th e  AHP, an in c re a s e  in  AP d u ra t io n , and a 
re d u c t io n  o f AP am p litu d e . The l a t t e r  two became more prom inent w ith  
su cc e ss iv e  APs which su g g es ts  th a t  th e  in c re a s e  in  AP d u ra t io n  r e 
s u lte d  from IK in a c t iv a t io n  rev e a le d  in  the  absence o f Ca2+ -depen
den t K+ c u r r e n t .  The re d u c tio n  o f AHP could a lso  have lead  to  Na+ 
c u r re n t in a c t iv a t io n  and th e  observed re d u c tio n  o f AP am p litude . 
F in a l ly ,  an e a r ly  outw ard t r a n s i e n t  r e c t i f i c a t i o n  was observed to  
be an tag o n ized  by 4-AP. Thus, r e p e t i t i v e  f i r i n g  in  mPRF neurons 
appears to  be in f lu en ced  by no t on ly  a low th re sh o ld  C a-c u rre n t 
( f o r  LTS neurons) bu t a lso  a C a-dependant and 2 v o ltag e-d ep e n d an t 
po tassium  c u r r e n t s .
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369.1 4-AMINO PYRIDINE DEPRESSES KCL TASTE RESPONSES RECORDED FROM RAT 
CHORDA TYMPANI NERVE. M. Kim* and C. M. M i s t r e t t a  (SPON: B. E. 
B r a d le y ) .  S c h o o ls  o f  N u rs in g  and D e n t i s t r y ,  U n iv . o f  M ich ig an , 
Ann A rbor, MI 48109.

I n v e s t i g a t o r s  h a v e  r e p o r t e d  t h a t  n e u r a l  t a s t e  r e s p o n s e s  to  
NaCl a r e  m e d ia te d  a t  l e a s t  in  p a r t  by a m i lo r i d e  s e n s i t i v e  Na- 
c h a n n e ls  lo c a te d  in  t a s t e  re c e p to r  membranes. To le a rn  w hether K- 
ch a n n e ls  have a r o l e  in  t r a n sd u c tio n  o f  t a s t e  resp o n ses  to  KCl , 
we used a potassium  channel b lo c k e r , 4-am inopyrid ine (4-AP).

E l e c t r o p h y s i o l o g i c a l  r e c o r d in g s  w ere made from th e  w ho le  
chorda tympani n e rv e  in  35 a d u l t  r a t s  and t a s t e  resp o n ses  were 
recorded  b e fo re  and a f t e r  a 5 min a p p l ic a t io n  o f  5mM 4-AP to  th e  
to n g u e . T a s te  s t i m u l i  in c lu d e d  KCl , NH4C1, and NaCl (0 .025 to  
0.75M ); KBr, KH2P04, C sC l, and RbCl (0 .025 to  0.10M ); and 
s u c ro s e  (0.1 and 0.5M ). Summated r e s p o n s e  m a g n itu d e s  w ere 
m e a s u re d  a t  10 s e c  a f t e r  s t i m u l u s  a p p l i c a t i o n .  R esponse 
m a g n itu d e s  a f t e r  4-AP w ere e x p re s s e d  as p e r c e n ta g e s  o f  th e  
o r ig in a l  re sp o n se s , b e fo re  a p p l ic a t io n  o f  th e  channel b lo c k e r .

T a s te  re s p o n s e  m a g n itu d e s  to  0 .0 2 5 , 0.05 and 0.1M KCl  w ere 
red u ce d  to  0 , 20 and 60% o f  o r i g i n a l  r e s p o n s e s ,  r e s p e c t i v e l y .  
R esponses  to  KBr and KH2P04 w ere a f f e c t e d  to  a s i m i l a r  e x t e n t .  
Responses to  0.025 – 0.10M CsCl and RbCl were reduced to  10 – 80% 
o f o r ig in a l  m agnitude. A ll  resp o n ses  recove red  co m p le te ly  by 60 
min a f t e r  4-A P; r e c o v e r y  was more th a n  80% c o m p le te  by 30 min. 
R e s p o n s e s  t o  h i g h e r  c o n c e n t r a t i o n s  o f  KCl  and to  a l l  
c o n c e n t r a t io n s  o f  NaCl and s u c ro s e  w ere n o t a f f e c t e d  by th e  
b lo c k e r .  R esp o n ses  to  0 .025 and 0.05M NH4C1 w ere red u c e d  to  60 
and 80% o f  o r ig in a l  m agnitude; resp o n ses  to  0.1M NH4C1 and h ighe r 
c o n c e n tra t io n s  were no t a l t e r e d .

When th e  a p p l ic a t io n  tim e o f  4-AP on th e  tongue was sho rtened  
to  1 m in, r e s p o n s e  m a g n itu d e s  to  0 .0 2 5 , 0.05 and 0.1M KCl  w ere 
red u ce d  to  35 , 65 and 85% o f  o r i g i n a l .  R ec o v e ry  was c o m p le te  in  
30 m in. R esponses  to  h ig h e r  c o n c e n t r a t i o n s  o f  KCl  w ere n o t 
a f f e c t e d ,  n o r  w ere r e s p o n s e s  to  any c o n c e n t r a t i o n s  o f  NH4C1 or 
NaCl.

These r e s u l t s  dem onstra te  a s e l e c t i v e  e f f e c t  o f  4-AP on t a s t e  
responses  to  low c o n c e n tra t io n s  o f  po tassium  s a l t s  and two o th e r  
a l k a l i  m e ta l s ,  CsCl and RbCl. R esp o n ses  to  v e ry  low  KCl  
c o n c e n tra t io n s  a re  e s s e n t i a l l y  ab o lish e d  by th e  channel b lo c k e r . 
This su g g es ts  th a t  K -channels have a r o l e  in  m ed ia ting  th e  n e u ra l 
re s p o n s e  to  p o ta s s iu m  in  t a s t e  r e c e p to r  membranes. P re lim in a ry  
d a ta  from ou r l a b o r a t o r y  i n d i c a t e  t h a t  s e n s i t i v i t y  o f  th e  KCl  
t a s t e  r e s p o n s e  to  4-AP i n c r e a s e s  d u r in g  d e v e lo p m e n t . T hus, K- 
c h a n n e ls  m ig h t be added to  t a s t e  m em branes p o s t n a t a l l y ;  t h i s  
cou ld  r e l a t e  to  th e  in c re a s in g  re s p o n s iv e n e ss  o f  chorda tympani 
ne rv e  f ib e r s  to  KCl  in  p o s tn a ta l  r a t s .

Supported by N a tl . S cience Fdn. Grant BNS 83– 11497 to  CMM.

369.2 an ANALYSIS OF THE SUPPRESSED NaCl TASTE RESPONSE FOLLOWING 
AMILORIDE B.K. Formaker*, D.L. H ill  and P.S. L a s ite r . Dept. 
of Psychology, Univ. of Toledo, Toledo OH 43606.

Previous in v e stig a tio n s  have shown th a t  the  sodium 
tra n s p o rt b locker, am ilo ride , suppresses NaCl responses 
recorded from th e  chorda tympani nerve. I t  has been 
suggested th a t  th e  response to  NaCl i s  mediated by 
am ilo rid e -sen sitiv e  and am ilo rid e -in sen sitiv e  sodium 
recep to r components. However, behavioral in v estig a tio n s  from 
our labo ra to ry  in d ic a te  th a t  the  re s id u a l response of NaCl 
following am iloride may be due to  th e  ch lo rid e  ion , ra th e r 
than an am ilo rid e -in sen sitiv e  sodium channel.

To examine i f  the  ch lo ride  ion i s  responsib le  fo r the  
re s id u a l response to  NaCl following am iloride , we recorded 
m u ltiu n it responses from th e  chorda tynpani to  a  chemical 
concen tration  s e r ie s  (0.05M, 0.1M, 0.25M, & 0.5M) of NaCl, 
NaBr, sodium a ce ta te  (NaAc), sodium bicarbonate  (NaHCO3) , 
cho line  ch lo rid e  (ChCl), NH4C1 and ammonium a ce ta te  (NH4Ac), 
before and a f te r  lin g u a l ap p lic a tio n  of 500 μM am iloride 
hydrochloride. Responses to  NaCl and NaBr were suppressed 
65%–90% follow ing am iloride trea tm en t. In  co n tra s t , 
responses to  NaAc and NaHCO3 were suppressed 90%–100%. The 
responses to  0.25M NaCl and 0.25M ChCl were approximately 
equal following exposure to  am ilo ride . Lineweaver-Burk 
analyses were conducted to  determine th e  na tu re  of 
competetive in te ra c tio n s  following am iloride treatm ent. 
These analyses showed th a t  a) am ilo rid e 's  e f f e c t  was 
competetive only fo r sodium-containing chemicals and b) the  
re s id u a l response in te rc e p ts  of halogen-containing chemicals 
and non-halogen-containing chemicals were d is t in c t ;  
in te rc e p ts  fo r  ChCl, NaBr and NaCl were s t a t i s t i c a l l y  
equ iva len t and these  in te rc e p ts  were re lia b ly  d if f e r e n t from 
non-halogen con tain ing  chemicals (NaAc, NaHCO3). These 
re s u l ts  in d ic a te  th a t  th e  re s id u a l response to  NaCl observed 
following am iloride treatm ent may be due to  a sp ec if ic  
h a logen -sensitive  mechanism ra th e r  than to  an am ilo ride- 
in s e n s itiv e  sodium component on the  recep tor membrane. The 
near complete suppression of NaAc or NaHCO3 cannot be 
p red ic ted  from a two-channel model of sodium transduction . 
(Supported by NIH Grant NS20538 and RCDA NS00964)

369.3 THE UNIT ORGANIZATION OF TASTE BUDS: DYE-COUPLING BETWEEN MUDPUPPY 
TASTE CELLS J .  Yang* and S. R oper. D ep t. o f  Anatomy, C olorado 
S ta te  U n iv e r s ity , F t .  C o ll in s ,  CO 80523 and Rocky Mt. T a ste  & 
Smell C en te r , D enver, CO 80262.

The fu n c t io n a l  u n i t  o f  v e r te b r a te  t a s t e  buds i s  n o t 
w e ll - e s ta b l i s h e d :  in d iv id u a l  c e l l s  may be th e  p rim ary  u n i t s ,  b u t 
i t  i s  a l s o  p o s s ib le  t h a t  a  s tim u lu s  may a c t iv a t e  a  s u b se t o f  t a s t e  
c e l l s  which a r e  e l e c t r i c a l l y  coup led  and respond  a s  a  u n i t .  We 
have in v e s t ig a te d  th e  e x is te n c e  o f  such  e l e c t r i c a l ly - c o u p le d  u n i t s  
by in j e c t in g  t a s t e  c e l l s  w ith  lu c i f e r  yellow  (LY): LY -coupling has 
been shown to  in d ic a te  th e  p re sen ce  o f  e l e c t r i c a l  ju n c t io n s  
betw een c e l l s .  A d d itio n a lly , we in j e c t e d  l in g u a l  e p i t h e l i a l  c e l l s  
to  t e s t  f o r  d y e -co u p lin g  betw een e p i t h e l i a l  and t a s t e  c e l l s .

The l in g u a l  e p i th e l iu m  from mudpuppies (Necturu s  m aculosus) was 
removed and p la ced  in  am phibian R inger s o lu t io n .  T a ste  c e l l s  were 
im paled w ith  g la s s  m ic ro e le c tro d e s  w hich c o n ta in e d  LY. 
H y p e rp o la riz in g  c u r r e n t  was p assed  th rough  th e  m ic ro e le c tro d e  fo r  
1–3 m inu tes to  i n j e c t  LY in to  c e l l s .  T a ste  c e l l s  g e n e ra te  im pulses 
(R oper, 1983); th u s ,  we confirm ed  s ta b l e  im palem ents in  t a s t e  buds 
by th e  p re sen ce  o f  a c t io n  p o te n t ia l s  b e fo re , d u r in g , and a f t e r  
in j e c t in g  LY.

In  t a s t e  buds, from a  sam ple o f  82 im palem ents we d e te c te d  
LY -coupling in  14 c a se s  : d y e-coup led  p a i r s  o f  c e l l s  were observed  
in  11 c a s e s ,  and t r i o s  o f  c e l l s  in  3 c a s e s .  L a rger s u b se ts  o f  
coup led  c e l l s  (>3) were n o t observed .  S ince  th e  ave rage  number o f  
c e l l s  in  th e  mudpuppy t a s t e  bud i s  100, t h i s  means t h a t  
app ro x im ate ly  38% o f  th e  c e l l s  a re dye-co u p led , and in  g roups o f  2 
o r  3 c e l l s .  I t  must be  reco g n ized , how ever, t h a t  weak e l e c t r i c a l  
ju n c t io n s  may n o t be re v e a le d  by L Y -coupling, and th u s  th e se  
f ig u re s  r e p re s e n t  a  c o n s e rv a t iv e  e s tim a te  o f  th e  e x te n t  o f  
e l e c t r i c a l  co u p lin g  betw een t a s t e  c e l l s .  West & B ernard  (1978) 
a l s o  re p o r te d  e l e c t r i c a l  c o u p lin g  in  Necturu s  t a s t e  c e l l s ,  b u t 
w ith  t h e i r  m ethodology th e y  were unab le  to  examine th e  number o f  
c e l l s  to  which any one c e l l  was coup led .

In  e p i t h e l i a l  c e l l s ,  we examined d y e -co u p lin g  in  th e  
s u p e r f i c i a l  (m ucosal) and b a s a l  (g e rm in a t iv e ) la y e r s .  E x ten s iv e  
LY -coupling was found in  th e  b a s a l  la y e r  (15/15  c a s e s ) ,  and in  
m ost in s ta n c e s  th e  in j e c t e d  c e l l  was coup led  to  3–5 a d ja c e n t 
c e l l s .  In  th e  s u p e r f i c i a l  e p i th e l iu m , d y e -co u p lin g  was r a r e  (1 /35  
c a s e s ) .  No d y e-co u p lin g  was observed  betw een e p i t h e l i a l  c e l l s  and 
t a s t e  c e l l s  ( i . e .  a t  th e  t a s t e  p o re  re g io n ) .

We conc lude  th a t  e x te n s iv e  e l e c t r i c a l  c o u p lin g  in  groups o f  2–3 
c e l l s  o cc u rs  in  th e  mudpuppy t a s t e  bud. C oupling may occu r 
s e l e c t i v e ly  betw een id e n t ic a l  ty p e s  o f  t a s t e  c e l l s  (d a rk , l i g h t ,  
e t c . )  b u t t h i s  rem ains t o  be dete rm in ed .

S upported  by NIH g ra n t s  AG03340, NS20382 and NS20486

369.4 ULTRASTRUCTURE OF MOUSE FOLIATE TASTE BUDS. S.M. Rover and J.C. 
Ki nnamon. Dept. o f  MCD B io logy , U n iv e rs ity  o f  C olorado, B ou lder, 
CO 80309.

We have used h igh  v o lta g e  e l e c t r o n  m icroscopy and com puter- 
a s s i s t e d  t h r e e - d i m e n s i o n a l  r e c o n s t r u c t i o n  t e c h n i q u e s  t o  
c h a ra c te r iz e  th e  u l t r a s t r u c tu r e  o f  murine f o l i a t e  t a s t e  buds and 
to  e x p lo re  s y n a p tic  and o th e r  in t e r a c t io n s  between t a s t e  c e l l s  
and n e rv e  f ib e r s .  Our o b s e rv a t io n s  have dem onstrated  t h a t  murine 
f o l i a t e  t a s t e  buds  a r e  g e n e r a l l y  s i m i l a r  i n  u l t r a s t r u c t u r e  to  
th o se  o f  th e  mouse c i r c u m v a l la te  p a p i l l a .  L ike th e  l a t t e r ,  c e l l s  
o f  th e  f o l i a t e  p a p i l l a  may be g ro u p ed  in t o  d a rk , l i g h t  and 
in t e r m e d ia t e  ty p e s ,  a l l  o f  w hich  make a f f e r e n t  s y n a p s e s  o n to  
n e rv e  f ib e r s .  R ec o n stru c tio n s  from s e r i a l  s e c t io n s  have r e v e a le d  
t h a t  t h e s e  s y n a p s e s  may be q u i t e  com plex  in  m orp h o lo g y . The 
a c t iv e  zone o f te n  has an a n n u la r  o r  b ranch ing  s t r u c tu r e  and may 
extend o v e r  an a re a  a few m icrom eters in  d iam eter. In  th e  t a s t e  
c e l l ,  bo th  su b su rfa ce  c i s te r n a e  and m itochondria  a re  f r e q u e n t ly  
found in  c lo s e  a s s o c ia t io n  w ith  th e  p re sy n a p tic  reg io n , and th e se  
may a c tu a l l y  l i e  w ith in  in te r ru p t io n s  o f  th e  a c t iv e  zone. Dense- 
c o re d  v e s i c l e s  a l s o  o c c a s i o n a l l y  l i e  among th e  c l e a r  sy n a p tic  
v e s i c l e s  and som etim es a p p e a r  im m e d ia te ly  a d j a c e n t  to  th e  
p re s y n a p tic  membrane s p e c i a l i z a t i o n .

S u b s u r fa c e  c i s t e r n a e  and m ito c h o n d r ia  a r e  a l s o  i n t i m a t e l y  
a s s o c ia te d  w ith  th e  t a s t e  c e l l  membrane a t  n o n -sy n ap tic  re g io n s  
o f  c lo s e  a p p o s it io n  between t a s t e  c e l l s  and n erv e  f ib e r s .  Such 
m itochond ria  a re  g e n e ra l ly  very  d i f f e r e n t  from o th e r  m itochond ria  
i n  th e  t a s t e  c e l l  i n  t h a t  th e y  h a v e  ex p an d ed , t u b u l a r  o r  
v e s i c u l a r  c r i s t a e .  R e c o n s t r u c t io n s  o f  t h e s e  m i to c h o n d r ia  
i n d ic a te  th a t  they  a re  u n u s u a lly  la rg e ,  and t h e i r  o u te r  membranes 
may l i e  p a r a l l e l  to  th e  in n e r  l e a f l e t  o f  th e  t a s t e  c e l l  membrane 
f o r  a span o f a few m icrom eters where th e  t a s t e  c e l l  membrane i s  
a d ja c e n t to  t h a t  o f  th e  n e rv e  f ib e r .  These a ty p ic a l  m itochond ria  
r e s e m b le  m i to c h o n d r ia  found  in  c e r t a i n  tum or c e l l s  and o th e r  
c e l l s  w ith  a  h igh  l e v e l  o f  r e s p i r a to r y  a c t i v i t y .  T h e ir  p resence  
a t  s i t e s  o f  t a s t e  c e l l - n e r v e  f i b e r  c o n t a c t  may i n d i c a t e  a 
s p e c i a l i z e d ,  e n e r g y - r e q u i r in g  m e ta b o l ic  a c t i v i t y  i n  th e s e  
r e g io n s .  We h a v e  a l s o  o b s e rv e d  su ch  a t y p i c a l  m i to c h o n d r ia  in  
t a s t e  c e l l s  o f  murine v a l l a t e  and fung ifo rm  p a p i l l a e .

The n e r v e  f i b e r s  w i t h i n  t h e  t a s t e  bud o f t e n  c o n t a i n  
ag g reg a tio n s  o f  bo th  c l e a r  and dense-co red  v e s ic le s .  We have no t 
y e t seen  any ev id en ce  o f  e f f e r e n t  synapses from nerv e  f ib e r s  on to  
t a s t e  c e l l s  o r  any o th e r  p o s s i b l e  s i t e s  o f  r e l e a s e  f o r  th e  
v e s i c l e s .  C o n s e q u e n t ly , th e  s i g n i f i c a n c e  o f  su ch  v e s i c l e s  
w ith in  th e  n e rv e  f i b e r s  rem ains obscure.

S u p p o rte d  in  p a r t  by g r a n t s  NS21688 and RR00592 from  th e  NIH 
and th e  P ro c te r  & Gamble Co.
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369.5 HUMAN FUNGIFORM TASTE BUD DENSITY: AGE AND GENDER. In g lis  J .  
M ille r. J r . (Dept. Anatomy, Bowman Gray Sch. o f Medicine, Wake 
F orest U niversity , Winston-Salem, NC 27103)

The ob jec tiv e  o f th i s  study i s  to  determine co n tro l d e n s it ie s  
o f human ta s te  buds in  o rder to  e s ta b lis h  re ference  p o in ts  fo r  
understanding ta s t e  func tion  in  normal su b jec ts  and p a tie n ts
with taste dysfunction. Studies are underway on tongues from 57 
human cadavers ranging in  age from premature in fa n ts  to  a d u lts  
95 yr s  o ld . Photography i s  used to  document morphological fea
tu re s  on the  tongue. Areas o f the  tongue measuring about 1 cm 
sq a re  sectioned  s e r ia l ly  w ith 20um frozen sec tio n s , mounted on 
s l id e s ,s ta in e d  w ith H&E,and examined by l ig h t  microscopy. Taste 
bud den sity  (per sq cm su rfa c e ) , number o f g usta to ry  p a p illa e  
(w ith t a s t e  buds) and number of ta s t e  buds /  p a p il la  have been 
counted fo r  two reg ions o f the  a n te r io r  po rtio n  o f the  tongue: 
1. t i p  and 2. midregion about 2–3 cm caudal from the t i p  on the 
l a te r a l  margin. Q u an tita tiv e  d a ta  a re  p resen t fo r  ad u lt males N 
=10 ranging in  age from 22 to  80 y rs , and p relim inary  observa
tio n s  a re  incomplete on 8 ad u lt females aged 26–90 y rs  a t  death . 
The mean age fo r  males i s  51.5 y rs ,and  the  mean age fo r  females 
i s  57.6 y rs .T as te  bud den sity  on the  t i p  averages 116.5+132(SD, 
N=18)tb/cm sq and 23.3+27 tb/cm sq (midregion) fo r  a l l  su b jec ts . 
The density  on the  t i p  i s  n early  id e n tic a l  fo r  males (116.3+154, 
N=10) and females (116.8 + 23 .5 , N=8) . Midregion d e n s it ie s  a re  
24.5+23.5 (10 males) and 21.0+17.1 (8 fem ales). There are  d i f 
ferences between in d iv id u a ls  o f both sexes in  t as te  bud density  
o f two log . u n its  (range 3.6– 514 tb/cm sq , fo r  males; and 3 .0– 
329 tb/cm sq fo r  fem ales) on the  t i p .  The d is t r ib u tio n  o f t i p  
t a s te  bud d e n s it ie s  across su b jec ts  i s  bimodal w ith modes near 
10 tb/cm sq and a t  about 150 tb/cm sq . By d iv id ing  the  popula
tio n  in to  "high” and "low" density  halves, one can compare the  
p roportion  o f su b jec ts  by age and sex in  each h a lf .  Low d ensity  
su b jec ts  range from 3 .0  to  74.5 tb/cm sq w ith a mean o f 23.1+23 
(N=9) on the  t i p  and 1.8–22.9 tb/cmsq w ith a  mean o f 7.6+8.4 on 
the  midregion. The high d ensity  su b jec ts  range from 113.6-514 
tb/cm sq on the  t i p  w ith a  mean o f 209+130tb/cm sq (N=9) on the 
t i p .  A range o f 13.9–85.9 tb/cm sq w ith a  mean o f 39.0+24.3 (N= 
9) i s  found on the  midregion in  the  high den sity  group. N either 
the  d is t r ib u t io n  o f ages (high mean: 56.0+22, low mean: 55.1+22 
y rs ) nor the  d is t r ib u t io n  o f sexes (h ig h :3 fem ales/6m ales;(low: 
4 m ales/ 5 fem ales) i s  d if f e r e n t fo r  the  high and low su b jec ts . 
Thus, these  d iffe ren ces  in  human t as te  bud d e n s it ie s  seem not 
a t t r ib u ta b le  to  the  age o r sex o f the  su b jec ts .

This work i s  supported by NIH g ran t NS20101 from NINCDS. We ac
knowledge anonymous donors o f anatom ical g i f t s .

369.6 AUTONOMIC CONTROL OF SECRETORY GRANULE DEPLETION IN 
VON EBNER'S GLANDS IN THE RAT. S u a t  G u rk an *  and  R o b e r t  
M. B r a d l e y . D e p t .  O r a l  B i o l o g y ,  S c h .  o f  D e n t i s t r y ,  
U n iv .  o f  M ic h ig a n ,  Ann A rb o r ,  MI 4 8 1 0 9 .

Von E b n e r 's  l i n g u a l  s a l i v a r y  g l a n d s  d r a i n  i n t o  th e  
c l e f t s  o f  t h e  c i r c u m v a l l a t e  an d  f o l i a t e  p a p i l l a e .  
B e c a u s e  t h e  m a j o r i t y  o f  t h e  l i n g u a l  t a s t e  b u d s  a re  
f o u n d  in  t h e  e p i t h e l i u m  l i n i n g  t h e  c l e f t s  o f  t h e s e  
p a p i l l a e ,  t h e  g l a n d s  s u p p l y  t h e  f l u i d  e n v i r o n m e n t  o f  
m o s t  o f  t h e  t o n g u e  t a s t e  b u d s .  S i n c e  l i t t l e  i s  know n 
a b o u t  t h e  n e u r a l  c o n t r o l  o f  v o n  E b n e r 's  g l a n d s ,  we 
h a v e  e m p lo y e d  m o r p h o m e t r i c  a n a l y s e s  t o  c h a r a c t e r i z e  
t h e  e x t e n t  o f  p a r a s y m p a t h e t i c  a n d  β - a d r e n e r g i c  
c o n t r o l  o f  th e  g la n d  a c i n i .

R a ts  w e re  s t a r v e d  o v e r n i g h t  t o  c a u s e  a c c u m u la t io n  
o f  th e  s e c r e t o r y  g r a n u l e s  in  g la n d  a c i n i .  R a ts  in  f i v e  
g r o u p s  o f  10 e a c h  w ere  i n j e c t e d  i n t r a p e r i t o n e a l l y w ith  
t h e  β - a d r e n e r g i c  a g o n i s t  i s o p r o t e r e n o l ,  d i s s o l v e d  in  
s a l i n e ,  a t  7 . 5 ,  15,  2 0 ,  3 0 , an d  60 m g /k g .  A n o th e r  f i v e  
g r o u p s  o f  r a t s  w e re  i n j e c t e d  w i t h  1 0 0 , 2 0 0 , 3 0 0 , 400 
a n d  5 0 0  μ g / k g  o f  t h e  p a r a s y m p a t h e t i c  a g o n i s t  
c a r b a c h o l .  C o n t r o l  r a t s  w e re  i n j e c t e d  w i th  s a l i n e .  Two 
h o u r s  l a t e r  t h e  r a t s  w e re  s a c r i f i c e d  b y  c e r v i c a l  
d i s l o c a t i o n  an d  t h e  v o n  E b n e r ’ s g l a n d s  w e re  r a p i d l y  
r e m o v e d , f i x e d ,  em bedded  in  p l a s t i c  and s e c t i o n e d  a t  1 
μ M. F i v e  r a n d o m l y  s e l e c t e d  a c i n i  f ro m  e a c h  r a t  w e re  
p h o to g r a p h e d  a t  1 0 0 x and th e  a r e a s  o f  e a c h  a c i n a r  c e l l  
a n d  i t s  g r a n u l e s  w e r e  m e a s u r e d  u s i n g  c o m p u t e r  
p l a n i m e t r y .

I s o p r o t e r e n o l  p r o d u c e d  a d e p l e t i o n  in  s e c r e t o r y  
g r a n u l e s  t h a t  w as d e p e n d e n t  on d o s e .  At d o s e s  o f  7 .5 ,  
1 5 , an d  20  m g /k g  t h e r e  w as no r e d u c t i o n  in  g r a n u l e  
c o n t e n t  o f  t h e  c e l l s ,  co m p a re d  to  c o n t r o l s .  The h ig h e r  
d o s e s  o f  30 and 60 m g/kg  p ro d u c e d  a h i g h l y  s i g n i f i c a n t  
r e d u c t i o n  in  g r a n u l e s  (p  < 0 .0 0 0 1 ) .  C a r b a c h o l  p ro d u c e d  
a s i g n i f i c a n t  r e d u c t i o n  in  g r a n u l e s  a t  a l l  d o s e s  (p  < 
0 . 0 0 0 1 ) .  H o w e v e r ,  w i t h  b o t h  d r u g s  e v e n  t h e  h i g h e r  
d o s e s  d id  n o t  c a u s e  c o m p le t e  d e p l e t i o n  o f  g r a n u l e s .  In 
o n l y  a few  a c i n i  d i d  t h e  d e p l e t i o n  a p p r o a c h  9 0 %, t h e  
mean v a l u e  b e in g  a b o u t  50%.

T h e s e  r e s u l t s  i n d i c a t e  t h a t  g r a n u l e  d e p l e t i o n  in  
t h e  a c i n i  o f  von E b n e r 's  g l a n d s  i s  u n d e r  β - a d r e n e r g i c  
a n d  p a r a s y m p a t h e t i c  c o n t r o l .  I t  i s  p o s s i b l e ,  
t h e r e f o r e ,  t h a t  d e p e n d in g  on t h e  r e l a t i v e  a c t i v a t i o n  
o f  β - a d r e n e r g i c  a n d  p a r a s y m p a t h e t i c  n e r v e  s u p p l i e s ,  
t h e  c o m p o s i t i o n  o f  t h e  s a l i v a  b a t h i n g  t h e  t a s t e  b u d s  
c o u l d  be q u i t e  d i f f e r e n t .

S u p p o r te d  by N .I .H .  G ra n t  N S 21764 .

369.7 CHEMORECEPTORS OF PARAMECIUM. J .L . Van Houten, R.R. P re s to n * , S. 
S c h u lz * , J.M. S a s n e r* , and R. S m ith * . D ep a rtm en t o f  Z o o lo g y , 
U n iv e rs ity  of Vermont, B u rlin g to n , VT 05405.

P aram ecia a re  chem oreceptor c e l l s  t h a t ,  l i k e  p rim ary  neurons of 
t a s t e  and o l f a c t i o n ,  re sp o n d  to  e x t e r n a l  s t i m u l i  by t r a n s d u c in g  
e x te rn a l  chem ica l in fo rm a tio n  in to  e l e c t r i c a l  in fo rm a tio n  th a t  i s  
u s e fu l  to  the  organism . F o lic  ac id  and cAMP a re  two s t im u l i  th a t  
a r e  d e t e c te d  by p a ra m e c ia  and e l i c i t  a h y p e r p o l a r i z a t i o n .  We 
p re v io u s ly  re p o rte d  th a t  th e re  i s  no dependence of th i s  change in  
m em brane p o t e n t i a l  ( ∆ Em) on e x t e r n a l  K o r  Na and no o b v io u s  
v o l t a g e  d ep e n d en ce . The ∆ Em i s  n o t p u r e ly  a s u r f a c e  c h a rg e  
phenomenon, however. Agents such as th e  p o ly c a tio n  ru then ium  red  
do not p e r tu rb  the  s tim u lu s - in d u ce d  h y p e rp o la r iz a tio n , nor does a 
s u r f a c e  c h a rg e  m u ta n t (S atow  and K ung ,J. Membr. B io l .  59 179, 
1981) show an abnorm al ∆ Em in  response  to  s t im u l i .  This and o th e r  
ev idence  in d ic a te  th a t  su r fa c e  re c e p to rs  must bind th e  s t im u l i  and 
t h i s  b in d in g  i s  t r a n s d u c e d  in t o  Em. P a ra m e c ia  have  s p e c i f i c ,  
s a tu r a b le  3H -fo la te  b ind ing  s i t e s  th a t  a re  c o r re la te d  w ith  chemo- 
r e c e p t io n  ( J .  Comp. P h y s io l .  155 113, 1984). S i m i l a r l y ,  th e r e  i s  
low a f f i n i t y ,  3H-cAMP b ind ing  to  th e  c e l l  body membrane, w hich i s  
s p e c i f ic  and s a tu ra b le  w ith  a Kd (300 μ M), c lo se  to  the  co n c en tra 
t io n  fo r  the  h a lf-m ax im a l, s tim u lu s-in d u ce d  h y p e rp o la r iz a tio n  and 
a t t r a c t i o n  re s p o n s e .  The num ber o f p r o t e i n  b in d in g  s i t e s  f o r  
f o la te  have been narrow ed to  3 by f o la te  a f f i n i t y  chrom atography 
and fu r th e r  to  2 by 125I  la b e lin g  o f su r fa c e  exposed p r o te in s .  An 
a n t i f o l a t e  an tib o d y  has been produced th a t  i s  being  used to  f u r 
th e r  narrow  the  number of ca n d id a te s  fo r  th e  f o la te  chem oreceptor 
to  th o se  th a t  can be c ro s s lin k e d  to  f o la te .  C ro ss lin k in g  o f whole 
c e l l s  to  an N -hydroxyl succim ide d e r iv a t iv e  of f o la te  ("a c tiv a te d "  
f o la te )  s p e c i f i c a l ly  in h i b i t s  a t t r a c t i o n  to  f o la te :  c e l l s  t r e a te d  
w ith  " a c t i v a t e d " f o l a t e  show no a t t r a c t i o n  to  f o l a t e  ( I c h e = 
0 .5 4 + /– 0.06 n = 12), b u t n o rm a l a t t r a c t i o n  to  a c e t a t e  ( I c h e= 
0 .6 1 + /– 0.06 n = 6 ). W hereas , c o n t r o l  c e l l s  t r e a t e d  w i th  f o l a t e  
a r e  a t t r a c t e d  to  b o th  f o l a t e  and a c e t a t e  ( I c he = 0. 7 2 + /– 0.06 n = 
12; I c h e = 0 .6 7 + /– 0.06 n = 6 ). The f o l a t e  r e c e p to r  s h o u ld  be 
among th e  su rfa c e  p ro te in s  c ro s s lin k e d . T h e re fo re , c ro s s lin k in g  
p ro v id e s  us w ith  a way to  c ircum ven t problem s of u s in g  co n v en tio 
n a l  b io c h em istry  on low a f f i n i t y  b ind ing  p ro te in s .  Azido d e r iv a 
t iv e s  of cAMP can be pho to lyzed  on to  whole c e l l s  and they  v a r ia b ly  
in h i b i t  a t t r a c t i o n  to  cAMP. Only one cAMP s p e c i f ic  b ind ing  pro
t e i n  (4 8 ,0 0 0  Mr) among th e  c e l l s '  m em brane p r o t e in s  e l u t e s  from  
cAMP a f f i n i t y  co lum ns and o n ly  2 p r o t e i n s  a r e  32P - l a b e l e d  in  
p re l im in a ry  expe rim en ts  w ith  32P-azido-cAMP. The la rg e r  p ro te in  
(~ 250 ,000  Mr) i s  an " im m o b i l i z a t io n  a n t ig e n "  t h a t  c o a ts  th e  c e l l  
membrane and th e  o th e r  i s  a 48,000 Mr p ro te in  and i s  no t p r e c ip i 
t a t e d  w i th  a n t ib o d y  a g a in s t  th e  im m o b i l i z a t io n  a n t ig e n .  I t  i s  
p o s s ib le  th a t  th i s  cAMP b ind ing  p ro te in  i s  th e  cAMP chem oreceptor.

369.8 CODING OF ODORANT QUALITY BY THE OLFACTORY SYSTEM OF THE 
LOBSTER: BEHAVIORAL AND NEURAL ANALYSIS OF DISCRIMINATION OF 

QUALITY OF SINGLE CHEMICALS AND CHEMICAL MIXTURES. M.-N. 
Girardot, J.B. Fine* and C.D. Derby. Dept. of Biology, Georgia 
State University, Atlanta, GA 30303.

Toward understanding neural mechanisms responsible for 
behavioral discrimination of odorant quality , we are using the 
olfactory system of the spiny lobster (Panulirus argus). To 
analyze behavioral discrim ination, we have developed a learning 
paradigm involving aversive conditioning, which uses a 
visual/mechanical stimulus as the unconditioned aversive 
stimulus. Behavioral responses to two concentrations of 
a ttrac tiv e  chemicals (taurine, glutamate, glycine, AMP, 
betaine) or chemical mixtures (a r t if ic ia l  mixtures of crab, 
shrimp, oyster, mullet) were compared before, during, and after 
pairing the aversive stimulus with one of the chemicals or 
mixtures. Conditioning for about 7 days normally resulted in a 
clear passive or active avoidance of the conditioned chemical, 
with no or l i t t l e  avoidance of the nonconditioned chemicals. 
This demonstrates the a b ility  of these animals to discriminate 
among these chemicals. The degree of perceived sim ilarity  and 
d issim ilarity  among these chemicals is presently being 
analyzed.

The analysis of neural mechanisms involved in such 
behavioral discriminations is based on responses of primary 
chemoreceptor neurons in the antennules and of interneurons in 
the brain to these same chemicals and mixtures. The a b ility  of 
these neurons to d iffe ren tia te  among odorants using a 
population code ( i .e ,  across-neuron pattern code) was tested by 
using correlation analysis to compare the sim ila rities  in 
responses of all neurons at a given level to the same chemicals 
and mixtures used in the behavioral study. Preliminary 
analysis shows that the across-neuron patterns for some single 
compounds that were shown to be behaviorally discriminable 
(e .g ., taurine and glutamate) are dissim ilar from each other, 
and th is d issim ilarity  is independent of stimulus 
concentration. We are continuing with th is analysis as well as 
analyzing the contribution of narrowly-tuned neurons to the 
discrim ination.

Supported by NINCDS Grant No. NS22225–01A1 and the Whitehall 
Foundation.
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369.9 PURINERGIC AND TAURINERGIC CHEMORECEPTION IN THE SPINY LOBSTER: 
PHYSIOLOGY AND BIOCHEMISTRY. H. G. T ra p id o -R o sen th a l* , R. A . 
G leeson*, W. E . S . C a rr* , S . M. Lam bert*, and M. L. Mi l s tead *  
(Spon: S. K. F is h e r ) .  C. V. W hitney L abo ra to ry  and Departm ent of 
Zoology, U n iv e rs ity  of F lo r id a .

The o lf a c to ry  organ of th e  sp iny  lo b s te r ,  Panul i ru s  a rg u s , 
c o n s is ts  of a group of a e s th e ta s c  s e n s i l l a  th a t a re  p re se n t on the  
an tennu le  of th i s  m arine in v e r te b r a te .  These s e n s i l l a  a re  densely  
packed w ith  d e n d r i te s  of prim ary chemosensory neurons. 
E le c tro p h y s io lo g ic a l d a ta  in d ic a te  th a t  many of th e  neurons are  
d i f f e r e n t i a l l y  e x c ite d  by p u rin e  n u c le o tid e s  (AMP, ADP, and ATP), 
and by ta u r in e  (T au ), when th e se  compounds a re  p re se n t in  seaw ater 
b a th ing  the  s e n s i l l a .  Responses of th e  neurons s e n s i t i v e  to  
pu rine  n u c le o tid e s  a re  m ediated by s e v e ra l c la s s e s  of p u r in e rg ic  
re c e p to rs  w ith  d i f f e r e n t  lig an d  s p e c i f i c i t i e s  and a f f i n i t i e s .  
Adenosine (Ado) i s  on ly  s l i g h t ly  s tim u la to ry  to  th e se  neu rons . 
There a re  a ls o  a t  le a s t  two c la s s e s  of ta u r in e rg ic  neurons th a t  
d i f f e r  in  th e  degree to  which th e i r  e le c tro p h y s io lo g ic a l  
resp o n s iv en ess  to  Tau can be m odulated by th e  p resence  of o th e r  
amino a c id s .

B iochem ical s tu d ie s  have shown th a t  th e  a e s th e ta s c  s e n s i l l a  
co n ta in  e c to n u lc e o tid a se s  th a t  dephospho ry la te  th e  s tim u la to ry  
p u rine  n u c le o t id e s ,  g e n e ra tin g  the  much le s s  a c t iv e  n u c leo s id e  
Ado; Ado i s  then  s p e c i f i c a l ly  taken  up in to  an i n t r a c e l l u l a r  
com partm ent. The e c to n u c le o tid a se s  w ith in  s e n s i l l a  have 
c h a r a c te r i s t i c s  s im i la r  to  those  of e c to n u c le o tid a se s  on membrane 
s u r fa c e s  o f mammalian c e l l s .  The s e n s i l l a r  uptake system  fo r  Ado 
d i f f e r s  somewhat from th a t  in  mammals in  th a t  i t  i s  r e l a t i v e ly  
in s e n s i t iv e  to  i n h ib i t i o n  by d ipyridam ole  and 
ni tr o b e n z y lth io in o s in e , p o te n t in h ib i to r s  of Ado up take in  
mammals. Whereas e x c i ta to ry  n u c le o tid e s  in  the  s e n s i l l a  a re  
in a c t iv a te d  by dep h o sp h o ry la tio n  p r io r  to  u p ta k e , th e  e x c i ta to ry  
Tau m olecule i s  in t e r n a l iz e d  d i r e c t l y  by a s p e c i f ic  up take system  
w ith  c h a r a c te r i s t i c s  s im i la r  to  th a t  of th e  Tau up take system  in  
mammals. G u an id in o e th an e su lfo n a te  i s  a p o te n t in h i b i to r  o f Tau 
uptake in  both  sy stem s.

Our s tu d ie s  th u s  in d ic a te  th a t  th e  o lf a c to ry  s e n s i l l a  of the  
lo b s te r  have both re c e p to rs  and in a c t iv a t io n  mechanisms fo r  p u rin e  
n u c le o tid e s  and fo r  ta u r in e  th a t  a re  very  s im i la r  to  th o se  found 
in  i n t e r n a l  t i s s u e s  of mammals where th e se  su b stan ces  have 
n eu ro a c tiv e  e f f e c t s .

S upported by NSF G rant BNS–84–11693

369.10 CHEMICAL ALTERATION OF THE SENSE OF SMELL IN AVIAN SPECIES. 
SELECTIVE HYPOSMIA IN STARLINGS (Sturnus vulgaris) FROM TWO-STEP 
MODIFICATION OF THE OLFACTORY EPITHELIUM. Thomas Heilman Morton,1 
L. Clark,*2 and J.R, Mason*,2 1Department of Chemistry, University of 
California, Riverside, CA 92521 and 2Monell Chemical Senses Center, 
3500 Market S tree t, Philadelphia, PA 19104

Behavioral assay of the sense of smell in birds has been devel
oped based on classical cardiac conditioning. Selective olfactory 
defic its  resu lt from direct chemical treatment of the olfactory epi
thelium. Heart beat rate was measured in starlings by subcutaneous 
implantation of three 0.007 mm sta in less steel wires, one on the 
right wing and one on each leg. The bird was then wrapped in a 
s tr ip  of dry chamois and i ts  b ill placed in the odorant delivery 
port of a flow-dilution olfactometer. A conditioning session con
sisted  of sequential presentations of three odorants in randomized 
order, with a 5-minute period between each t r ia l .  Two of the odor
ants (S+) were promptly followed by a 0.5 sec, 10 V e lec tr ic  shock 
(UCS) passed through the foot electrodes, while the th ird  (S-) was 
not paired with UCS. Heart beat rate was monitored for three 15 sec 
in tervals, (1) immediately prior to odorant, (2) during odorant 
presentation, and (3) immediately a f te r  odorant. When UCS was 
delivered between intervals (2) and (3), heart beat rate was s ign i
fican tly  greater during (3) than during (1) After a few t r ia ls  
heart beat rate increased significan tly  during interval (2) when S+ 
odorant was presented. Significant discrimination between S+ and S- 
was acquired in a single session with 10 t r ia ls  for each odorant.

After conditioning a subject was anesthetized with IP injection 
of Equithesin (2 mL/kg), and two-step lavage (0.1 mL aqueous aceto- 
acetic es ter followed by 0.1 mL aqueous NaBH3CN) was administered 
to the olfactory sac, followed by irriga tion  with 1 mL of normal 
saline. A typical subject recovered from anesthesia quickly enough 
that a postlavage te s t session Could be in itia ted  within 1 hr a fte r 
lavage. Mean heart beat rates for a typical female subject with 
cyclohexanone [ (CH2)5Co] and ethyl butyrate [PrCOOEt] as S+ odorants 
and n-butanol [n-BuOH] as S- are tabulated below for 60 t r ia ls :

PRELAVAGE INTERVALS POSTLAVAGE INTERVALS
( 1 ) (2) (3) 0 ) (2) (3)

(CH2 ) 5 co 7.8 Hz 9.0 Hz 8.8 Hz 7.3 Hz 7.4 Hz 8.3 Hz
PrCOOEt 7.7 Hz 9.1 Hz 8.5 Hz 7.4 Hz 9.0 Hz 8.8 Hz
n-BuOH (S- ) 8.0 Hz 7.7 Hz 7.7 Hz 7.4 hz 7.4 Hz 7.4 Hz
Two step modification impaired the subject's a b ility  to detect 
cyclohexanone. Responding t o  the other S+, ethyl butyrate, was not 
affected: for the postlavage session the difference in heart beat 
rate between intervals (1) and (2) wets significant (p < 0.000005). 
For cyclohexanone the difference between (1) and (2) was not (p>0.5).
Work supported by the NSF (CHE 85-09557) and the NIH (NS 19424).

369.11 ON A SECOND MESSENGER IN OLFACTORY TRANSDUCTION. 
I .  Vodyanoy* and V. Vodyanoy* . (SPON. M. C a h a lan ). D ept. o f 

P h y s io l, and B io p h y s., U niv. o f  C a l i f .  I r v in e ,  I r v in e ,  CA 92717.

We r e p o r t  a  model system  to  s tu d y  th e  i n i t i a l  ev en ts  in  
chem orecep tion  by th e  mammalian o l f a c to r y  e p ith e liu m : membrane 
fragm ents from r a t  o l f a c to r y  e p i t h e l i a l  hom ogenates were 
in c o rp o ra te d  in to  p la n a r ,  e s s e n t i a l l y  s o lv e n t - f r e e  b im o lecu la r 
l i p i d  membranes (BLM's ) .  T his a r t i f i c i a l  membrane e x h ib i ts  a 
ch em o sen sitiv e  re sp o n se , m easured in  term s o f  e l e c t r i c a l  c u r re n t 
flow  ( a t  th e  c o n s ta n t v o lta g e  a p p lie d  ac ro s s  th e  membrane) to  a 
nanom olar c o n c e n tra t io n  o f  o d o ran t (d ie th y l  s u l f i d e ) . The 
e f f e c t  o f  d ie th y l  s u l f id e  i s  dose-dependen t w ith  th re sh o ld  o f 
abou t 10 pM.

The resp o n se  o f  th e  r e c o n s t i tu t e d  system  to  o d o ran t is  
d e term ined  by a po ta ss ium  channel (Vodyanoy and Murphy, S cience, 
220 . 717, 1983). Chemo s e n s i t i v i t y  i s  m a n ife s t as a  change in  
th e  mean open tim e o f  s in g le  channel ev e n ts  in  response  to  the  
o d o ra n t.

These chem o sen sitiv e  channe ls  may o p e ra te  e i t h e r  u s in g  an 
i n t r i n s i c  sen so r  and o d o ran t as  a  p rim ary  t r a n s m i t t e r ,  o r u s ing  
th e  rem ote sen so r and an in t e r n a l  second m essenger.

We s tu d ie d  th e  involvem ent o f  adenosine  t r ip h o s p h a te  (ATP), 
guanosine tr ip h o s p h a te  (GTP) and adenosine  3 ' , 5 ' -monophosphate 
( c y c l ic  AMP) in  th e  chem ical t r a n s d u c tio n  ac co rd in g  to  the 
scheme (L an ce t, A nn .R ev .N euo rsc i,1986; Shepherd, N atu re , 316. 
214, 1985): o d o ra n t- re c e p to r  complex → G -p ro te in  (GTP) → 
a d e n y la te  c y c la se  (ATP) → c y c lic  AMP → (p ro te in  k in a se )  →  
channel p r o te in .  The membrane e l e c t r i c a l  p ro p e r t ie s  were 
s tu d ie d  in  chamber BLMC-2 (Forw ard Technology R esearch 
L a b o ra to ry , I n c , N .J . ) .

We found th a t  th e  c o n d u c tiv i ty  o f  BLM t r e a te d  w ith  o lfa c to ry  
ep i th e l iu m  hom ogenates in c re a s e s  in  resp o n se  to  th e  o d o ran t i f  
th e  b u f f e r  s o lu t io n  u sed  fo r  homogenate p re p a ra t io n  o r the 
membrane b a th in g  s o lu t io n s  co n ta in  ATP and GTP. There was no 
such conductance in c re a s e  i f  ATP and GTP a re  n o t added o r when 
ATP a lo n e  was added a f t e r  th e  o d o ran t a d d i t io n .  Not u n t i l  th e  
GTP was d e l iv e re d  to  th e  system  d id  th e  conductance in c re a s e .

C y c lic  AMP i n i t i a t e s  th e  conductance in c re a s e  which i s  much 
l i k e  th e  conductance response  to  th e  o d o ran t. The am plitude o f 
c y c l ic  AMP e f f e c t  i s  dose-dependen t w ith  a th re s h o ld  o f  abou t 1 
uM.

These o b s e rv a t io n s  a re  c o n s is te n t  w ith  an i n d i r e c t  a c t io n  of 
o d o ran t in v o lv in g  a  rem ote se n so r  and th e  in t e r n a l  second 
m essenger in  th e  i n i t i a l  s te p  o f  o l f a c to r y  t r a n s d u c tio n .

Supported  by th e  U .S. Army R esearch  O ff ic e  G rant 
DAAG29–85–K–01109 and by NSF R esearch  G rant BNS-8508495.

369.12 DIFFERENTIAL INTERACTION OF LECTINS WITH CHEMOSENSORY 
RECEPTORS. D.L. Kalinoski, R.C. Bruch* and J.G. Brand.  Monell 
Chemical Senses Center, Philadelphia, PA 19104.

L-Amino acids are effective stimuli that elicit both gustatory and 
olfactory electrophysiological responses in the channel catfish (Ictalurus 
punctatus). Furthermore, L-alanine (L-ala) and L-arginine (L-arg) bind with 
equal affinity (Kd 10–7 – 10–6 M) to receptors in both taste membrane 
preparations and in isolated olfactory cilia preparations. Since lectins are 
useful reagents for identifying and characterizing cell-surface 
glycoproteins, three peroxidase-conjugated lectins were used to identify 
the glycoprotein components of the chemosensory membranes. The lectins 
used were concanavalin A (conA), wheat germ agglutinin (WGA), and peanut 
agglutinin (PNA). In both gustatory and olfactory membranes, about half of 
the protein components visualized by silver staining of polyacrylamide gels 
were labeled by conA and WGA. By contrast, only one predominant 
component was labeled by PNA in the olfactory cilia, whereas about half of 
the proteins of taste membranes were labeled by this lectin. The relatively 
large number of PNA-labeled components in taste membranes contrasted 
sharply with the labeling patterns of olfactory cilia and nonchemosensory 
membranes from catfish, such as liver and brain, which contained few 
PNA-sensitive components. When the same (nonconjugated) lectins were 
preincubated with isolated olfactory cilia, 70% of L-ala and L-arg receptor 
binding was inhibited by conA and WGA, whereas PNA inhibited L-ala but 
not L-arg binding. Inhibition of binding to these receptors was both time- 
and dose-dependent. By contrast, using the same conditions, no inhibition 
of either L-ala or L-arg receptor binding in taste membranes was observed 
with any of the lectins. The differential labeling of the chemosensory 
membranes and the differential inhibition of receptor binding by lectins 
suggest that, despite ligand similarity, the chemosensory receptors in these 
membranes are not identical molecular species. These results also suggest 
that lectins may be useful reagents for identification and further 
characterization of the structure and function of chemosensory receptors 
at the molecular level.

This work was supported by NIH Research Grant #NS-22620 and the 
Veterans Administration.
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369.13 POSSIBLE EXPRESSION OF ODORANT RECEPTOR PROTEINS IN XENOPUS OOCYTES 
INJECTED WITH RAT OLFACTORY EPITHELIAL mRNA. Nathan D ascal*2, 
Ju d ith  Heldman*1 , E li G ershon*2 and Doron L ancet1 .  l D ept. o f  
Membrane R esearch , th e  Weizmann I n s t i t u t e  o f  S c ien ce , Rehovot, and 
2 D ept. o f  P hysio logy and Pharmacology, S ack le r School o f  M edicine, 

Tel Aviv U n iv e rs ity , Ramat Aviv, I s r a e l .
O lfa c to ry  re c e p tio n  has r e c e n tly  been shown to  be m ediated by 

odo ran t-in d u ced  a c t iv a t io n  o f  ad e n y la te  c y c la se  in  th e  senso ry  
neu ronal membrane (Pace e t  a l . ,  N ature 316:255 (1 9 8 5 )) . 
R ec o n s t itu t io n  s tu d ie s  w ith t h i s  t r a n sd u c tio n  enzyme could help  to  
id e n t i f y  th e  y e t unknown o l f a c to ry  re c e p to r  p r o te in s .  Xenopus 
o ocy tes  c o n s t i tu te  an id e a l system  in  which o l f a c to ry  r e c e p to r s  may 
be fu n c t io n a l ly  ex p re ssed . These oocy tes  were shown to  respond to  
ad e n o sin e -s tim u la te d  i n t r a c e l lu l a r  e le v a tio n  o f  cAMP by 
h y p e rp o la r iz in g  potassium  c u r re n ts  (Lotan e t  a l . ,  Mol. Pharm acol. 
28:170 (1 9 8 5 )) . Thus, i t  i s  expected  th a t  in je c t io n  o f  o l f a c to ry  
e p i th e l i a l  mRNA would lead  to  th e  s y n th e s is  and membrane in s e r t io n  
o f  o d o ran t re c e p to r  p r o te in s ,  t h a t  could coup le  to  th e  endogenous 
ad e n y la te  c y c la se  o f  th e  o o c y te . Odorant s t im u la t io n  could  then be 
m onitored e le e tro p h y s io lo g ic a l ly  in  s in g le  c e l l s .

O lfa c to ry  e p i t h e l i a ,  f r e s h ly  d is s e c te d  from 14 days o ld  
Sprague-Dawley r a t s ,  were p rocessed  fo r  mRNA p re p a ra tio n  by 
L iC l-u re a , Pheno l-ch lo ro fo rm  e x t r a c t io n ,  fo llow ed by o lig o -d T  
c e l lu lo s e  a f f i n i t y  chrom atography. mRNA was c h a ra c te r iz e d  by 
agarose  g e l e le c tro p h o re s is  and by c e l l - f r e e  t r a n s l a t i o n  in  th e  
r e t ic u lo c y te  ly s a te  system . F u lly  grown, immature f o l l i c u l a r  
Xenopus la e v is  oocy tes  were in je c te d  w ith  50–60 n a n o l i te r s  o f  1–2 
ug/ml poly  ( A)+ mRNA. A fte r in c u b a tio n  a t  23°C fo r  36–48h, 
resp o n ses  to  b a th -a p p lie d  l ig a n d s  were recorded  under v o ltag e  clamp 
in  frog  R in g e r 's  s o lu t io n .  I t  was found th a t  th e  o d o ran ts  n-amyl 
a c e ta te  and c i t r a l ,  as w ell as t h e i r  equim olar m ix tu re  w ith  c in e o le  
and 1-carvone (0 .5 – 1mM), gave r i s e  to  sm all (10–20nA) d e p o la r iz in g  
c u r re n ts  in  c o n tro l o o c y te s , in je c te d  w ith  w ater o r w ith  mRNA from 
r a t  b r a in .  In c o n t r a s t ,  some oocy tes  in je c te d  w ith  o l f a c to ry  
e p i t h e l i a l  mRNA and s tim u la te d  w ith  o d o ran ts  d isp la y ed  sm all 
(10–30nA) h y p ep o la r iz in g  c u r r e n t s ,  as expected  fo r  
re c e p to r-m e d ia ted  cAMP e le v a t io n .  Follow ing b a th  a p p l ic a t io n  o f  a 
subop tim al c o n c e n tra t io n  (5× 10–7m) o f  f o r s k o l in ,  a lig an d  th a t  
a c t iv a t e s  ad e n y la te  c y c la se  d i r e c t l y ,  en larged  o d o ran t-induced  
h y p e rp o la r iz in g  c u r re n ts  (50– 150nA) could sometimes be m onito red , 
superim posed on a fo rs k o lin - in d u c e d  prolonged h y p e rp o la r iz a t io n .  
Oocytes t h a t  d id  n o t respond to  o d o ran ts  were o f te n  e q u a lly  
n o n -re a c tiv e  to  ad e n o sin e , p o s s ib ly  due to  an im pairm ent o f  th e  
tra n sd u c tio n  c a sca d e . The r e s u l t s  sug g est fu n c t io n a l ex p re ss io n  o f  
odo ran t re c e p to r  m essage, and could form a b a s is  fo r  mRNA 
en rich m en t, e n -ro u te  to  m olecu lar c lo n in g .

Supported by g ra n ts  to  D.L. from NIH (NS22063), from th e  
W eizm ann-Rockefeller C o lla b o ra tio n  T ru st Fund, th e  G utw irth  
Foundation and th e  Minerva Foundation (M unich).

369. 14 BUTYRYLCHOLINESTERASE HISTOCHEMISTRY MARKS THE PERIPHERAL DISTRI
BUTION OF OLFACTORY AND VOMERONASAL NERVES IN HAMSTER NASAL MUCO
SA. T.A. S c h o e n f e ld ,  A .N .  Clancy and  F . Macrides. W orcester 
Foundation  f o r  E xperim en ta l B iology, Shrew sbury, MA 01545

Bojsen-M ol l e r  (1975) d em onstra ted  t h a t  t r ig e m in a l a f f e r e n t  and 
p o s tg a n g lio n ic  autonom ic e f f e r e n t  ne rv es  to  th e  n asa l s e p ta l  mu
cosa  o f  th e  r a t  s t a i n  p o s i t iv e ly  fo r  a c e ty lc h o lin e s te r a s e  (AChE). 
He a ls o  showed s ta in in g  o f  vom eronasal n erves  and o f  nerves  from 
th e  s e p ta l  organ  but l i t t l e  o r  no s ta in in g  o f  o l f a c to ry  nerves. 
We have d isco v e red  th a t  th e  p resence  o r absence o f  s ta in in g  o f 
th e  o l f a c to ry ,  s e p ta l  organ  and vom eronasal nerves in  ham ster 
s e p ta l  mucosa i s  dependent on th e  use o f  a b u ty ry lc h o lin e s te ra s e  
(BuChE) in h i b i to r  (e th o p ro p az in e ) in  in c u b a tio n s  f o r  AChE. In
c lu d in g  e th o p ro p az in e  p re v e n ts  s ta in in g  o f  o lf a c to ry ,  s e p ta l  or
gan and vom eronasal nerves , w hereas e l im in a t in g  e th o p ro p az in e  re
s u l t s  i n  in te n s e  s ta in in g  o f  th e se  nerves  and p ro v id e s  a m arker 
f o r  t h e i r  p e r ip h e ra l  d i s t r i b u t io n  in  th e  s e p ta l  mucosa. Incuba
t i o n  w ith  a  s u b s t r a te  hav ing  low a f f i n i t y  f o r  AChE b u t h igh  a f f i 
n i ty  f o r  BuChE (w ith  o r  w ith o u t AChE in h ib i to r )  a l s o  r e s u l t s  in  
th e  s ta in in g  o f  o lf a c to ry ,  s e p ta l  o rgan  and vom eronasal nerves, 
co n firm in g  th a t  th e se  nerves  have BuChE, n o t AChE. In cu b a tio n s  
f o r  BuChE a lso  s t a i n  tr ig e m in a l and p e r iv a s c u la r  nerves  but not 
n a s a l g lan d s. Thus, o l f a c to ry ,  s e p ta l  organ  and vom eronasal 
ne rv es  s ta i n  p o s i t iv e ly  on ly  f o r  BuChE, p a ra s y m p a th e t ic a lly - in 
n e rv a ted  n a s a l g lan d s  on ly  fo r  AChE, and tr ig e m in a l  and p eriv as
c u la r  ne rves  f o r  bo th  c la s s e s  o f  c h o l in e s te ra s e . By in cu b a tin g  
to g e th e r  f ro z e n  s e c t io n s  o f  s e p ta l  mucosa and o lf a c to ry  bulb , we 
have a l s o  found th a t  BuChE i s  con fined  a lm o st e x c lu s iv e ly  to  the 
p e r ip h e ra l  (n a sa l)  p o r t io n  o f  o lf a c to ry  and vom eronasal nerves. 
The c e n t r a l  ( c r a n ia l)  p o r tio n  o f  th e se  nerves  i s  a lm o st complete
ly  devoid o f  s ta in in g  under c o n d itio n s  t h a t  r e s u l t  in  in te n s e  
BuChE s ta in in g  o f p e r ip h e ra l o lf a c to ry  and vom eronasal nerve pro
f i l e s  and o f  c e n t r a l  f i b e r  t r a c t s  (e .g ., a n t e r io r  com m issure, 
co rpus ca llo sum ). Thus, BuChE i s  not a s s o c ia te d  w ith  th e  term in
a l  p o r tio n  o f  o lf a c to ry  and vom eronasal ne rves  and th e r e fo r e  i s  
no t a  g e n e ra liz e d  m arker ( l i k e  o l f a c to ry  m arker p ro te in )  f o r  the 
f u l l  co u rse  o f  o l f a c to ry  and vom eronasal axons. BuChE i s  asso c i
a te d  w ith  th e se  axons where they  p ass  th rough re g io n s  o f  moderate 
to  h igh  c o n c e n tra t io n s  o f  AChE th a t  co rrespond  to  g la n d u la r  and 
v a s c u la r  smooth m usole t a r g e t s  o f  p a ra sy m p a th e tic  a c e ty lc h o lin e  
(ACh), w hereas i t  i s  a b sen t w here th e re  i s  l i t t l e  o r  no AChE en 
p assan t. BuChE i s  known to  hydro lyze  ACh, b u t because o f  a low 
a f f i n i t y  betw een enzyme and s u b s t r a te ,  d e g ra d a tio n  o ccu rs  only at 
r e l a t i v e ly  h igh  ACh c o n c e n tra t io n s . Perhaps BuChE s e rv e s  to  pro
t e c t  o l f a c to ry  and vom eronasal nerve p e r ip h e ra l axons from the 
e f f e c t s  o f  h igh  t i t e r s  o f  ACh re le a s e d  in to  th e  mucosa during  
pro longed p a ra sy m p a th e tic  o u tflow .

S upported by NSF g ra n t  BNS85– 10743 and NIH g ra n t NS12344.

369.15 ATLAS OF THE HAMSTER NASAL CAVITY AND THE DISTRIBUTIONS OF NEURAL 
AND NON-NEURAL TISSUES OF THE PERIPHERAL OLFACTORY SYSTEM. A.N. 
Clancy, T.A. Schoenfeld. and. F. Macrides. W orcester F oundation  
f o r  E xperim en tal B io logy , 222 Maple A ve., Shrew sbury, MA 01545.

P rev ious  re s e a rc h  u s in g  th e  f lu o re s c e n t  s t i l b e n e  i s o th i o cyo- 
th io n a te  re t ro g ra d e  t r a c e r  SITS re v e a le d  a to p o g ra p h ic a l ly  organ
iz e d  p a t te r n  o f  p ro je c t io n s  o f  th e  p e r ip h e ra l  o l f a c to ry  re c e p to r  
neurons in to  th e  m ain o l f a c to ry  bulb. In  th e  cou rse  o f  t h i s  r e 
s ea rch , a  s t e r e o ta x ic  a t l a s  o f  th e  m ale S y rian  h am ste r n a sa l cav- 
i t y  was g en e ra ted . The a t l a s ,  w hich was c o n s tru c te d  i n  th e  co r -  
o na l p lan e  o f  s e c t io n , ex ten d s  from  th e  n a re s  to  th e  cau d a l-m o st 
ex trem e o f  th e  n a s a l c a v i ty  and i s  based  on m a te r ia l  co l le c te d  
from  te n  an im a ls . For pu rposes  o f  com parison , r e p r e s e n ta t iv e  
pho tographs o f  m a te r ia l  c u t i n  th e  s a g i t t a l  and h o r iz o n ta l  p la n es  
o f  s e c t io n  w ere p repared . The a t l a s  d e p ic ts  and p ro v id e s  r e l e 
v an t s t e r e o ta x ic  c o o rd in a te s  o f  th e  n a s a l septum , e n d o tu rb in a te s  
and e c to tu rb i n a te s , vom eronasal organ , s e p ta l  organ , s e p ta l  w in
dow and v a r io u s  d u c ts , in c lu d in g  th e  H ardarian  d u c t and naso p a la 
t i n e  duc t .  The d i s t r i b u t io n s  o f  o l f a c to ry  and vom eronasal sen
so ry  e p i th e l i a ,  r e s p i r a to r y  e p i th e l iu m , and o th e r  ty p e s  o f  t i s s u e  
w ith in  th e  n a s a l c a v i ty  w ere f u l l y  docum ented by means o f  l i g h t  
m ic ro sco p ic  c h a r t in g  o f  h e m a to x y lin -a z u re -e o s ln  s ta in e d  m a te r ia l  
and by im m unohistochem ica l - s t a in i n g  f o r  o l f a c to ry  m arker p ro te in , 
a  p r o te in  w hich i s  s p e c i f i c a l l y  a s s o c ia te d  w ith  o l fa o to ry  and 
vom eronasal r e c e p to r  neurons. A d d itio n a l s tu d ie s  o f  th e  p e r i 
p h e ra l o lf a c to ry  system  by c h o l in e s te ra s e  h is to c h e m is try  a re  p re 
sen te d  in  a companion p o s te r . C o m p u te r-a ss is ted  m orphom etric 
a n a ly s e s  w ere used to  de te rm in e  th e  average s u r fa c e  a re a s  in v e s t 
ed w ith  th e se  v a r io u s  t i s s u e  ty p e s  and th e  average  volum es o f  th e  
a i r  sp aces  w ith in  th e  n a s a l c a v ity . The a t l a s  and m orphom etric 
r e s u l t s  may be o f  v a lu e  i n  s tu d ie s  o f  o l f a c to ry  chemorece p t i on by 
p ro v id in g  an  o b je c t iv e  fram ew ork to  s tu d y  a i r  flow  to  senso ry  
s u r f a c e s  w ith in  th e  n a s a l c a v ity . A ir tu rn o v e r  and c le a ra n c e  
r a t e s  may a l s o  be modeled a s  a  func t io n  o f  r e s p i r a to r y  r a t e s  and 
s n i f f i n g  cy c le s .

T h is re s e a rc h  was su ppo rted  by NSF g ra n t BNS85– 10743.

369.16 HISTOLOGICAL ORGANIZATION OF THE VOMERONASAL ORGAN OF 
HABU, TRIMERESURUS FLA VO V IRIDIS. S . T a k am i*  & K. 
H i r o s a v a . D e p t .  o f  F in e  M o rp h o lo g y , I n s t ,  o f  M ed ic a l 
S c i e n c e ,  U n iv .  o f  T o k y o , T okyo  1 0 8 , J a p a n .

The v o m e r o n a s a l  o r g a n  (V N O ), w h ic h  i s  i n v o l v e d  in  
t h e  p e r c e p t i o n  o f  s p e c i e s - s p e c i f i c  o d o r s ,  i s  know n to  
b e  w e l l  d e v e lo p e d  i n  m any r e p t i l i a n  s p e c i e s ,  e s p e c i a l l y  
i n  s n a k e s .

N in e  m a tu r e  H abu c a p t u r e d  I n  t h e  Amami  I s l a n d  w ere 
f i x e d  b y  p e r f u s i o n  f ro m  t h e  l e f t  c a r o t i d  a r t e r y .  The 
VNO w e re  em b ed d ed  e i t h e r  i n  c e l l o i d i n  o r  E p o n - A r a l d i t e . 
C e l l o i d i n  s e c t i o n s  w e re  u s e d  f o r  t h r e e - d i m e n t i o n a l  
r e c o n s t r u c t i o n  o f  t h e  VNO w i th  a  COSMOZONE (N ik o n , 
J a p a n ) .  E p o n - A r a l d i t e  em b ed d ed  s p e c im e n s  w ere 
p r o c e s s e d  f o r  l i g h t  a n d  e l e c t r o n  m ic r o s c o p y .

H abu VNO w as g r o s s l y  d i v i d e d  i n t o  a  d o m e -sh a p e d  
s e n s o r y  e p i t h e l i a l  p a r t  (S E ) an d  a  h e m i s p h e r i c a l  
m ushroom  b o d y ,  t h e  l a t t e r  b e i n g  n o n - s e n s o r y .  A n a r ro w  
lu m e n , l e a d i n g  t o  t h e  o r a l  c a v i t y  v i a  t h e  v o m e ro n a s a l  
d u c t ,  w as m ade b e tw e e n  t h e  m ushroom  b o d y  a n d  t h e  SE. 
The l u m i n a l  r e g i o n  o f  t h e  SE c o n s i s t e d  s o l e l y  o f 
s e n s o r y  d e n d r i t e s  a n d  s u p p o r t i n g  c e l l s  ( s u p p o r t i n g  c e l l  
l a y e r ) ,  w h i l e  a  l a r g e  num ber o f  s e n s o r y  c e l l s  p i l e d  up 
i n  a c o lu m n a r  f a s h i o n  b e n e a t h  t h e  s u p p o r t i n g  c e l l  
l a y e r .  W e ll  d e v e lo p e d  v a s c u l a r  p l e x u s e s  w e re  fo u n d  
a ro u n d  t h e  n e c k  a n d  b o t to m  o f  t h e  c o lu m n s .  The h e i g h t  
o f  t h e  c o lu m n s  r e a c h e d  i t s  maximum i n  t h e  m id d le  o f  th e  
d o r s a l  p a r t  ( o v e r  3 0 0 μm ), b u t  g r a d u a l l y  d e c r e a s e d  
to w a rd  t h e  p e r i p h e r y .  E a ch  c o lu m n  c o n t a i n e d  t h e  b a s a l ,  
u n d i f f e r e n t i a t e d ,  a n d  b i p o l a r  c e l l s .  O c c a s io n a l  
m i t o t i c  f i g u r e s  w e re  e n c o u n t e r e d  am ong t h e  b a s a l  c e l l s .  
The b i p o l a r  c e l l s ,  c h a r a c t e r i z e d  w i th  w e l l  d e v e lo p e d  
sER a n d  p r o m in e n t  l i p o f u s c i n  g r a n u l e s ,  w e re  a r r a y e d  i n  
a  s t r i n g - l i k e  a r r a n g e m e n t :  c e l l s  s i t u a t e d  i n  t h e  n e c k  
r e g i o n  o f  c o lu m n s  c o n t a i n e d  a  l a r g e r  am o u n t o f  th e  
o r g a n e l l e s .  D e n d r i t e s  o f  b i p o l a r  c e l l s ,  r u n n in g  
th r o u g h  t h e  c y t o p l a s m i c  m e sh w o rk  o f  s u p p o r t i n g  c e l l s ,  
t e r m i n a t e d  a s  s m a l l  s w e l l i n g s  fro m  w h ic h  lo n g  
m i c r o v i l l i  p r o t r u d e d  t o  t h e  lu m e n . J u n c t i o n a l  
c o m p le x e s  w e re  m ade b e tw e e n  s u p p o r t i n g  c e l l s  an d  a l s o  
b e tw e e n  d e n d r i t e s  an d  s u p p o r t i n g  c e l l s .  A xons o f  
b i p o l a r  c e l l s  fo rm e d  t h e  n e r v e  b u n d le s  i n  t h e  
s u b m u c o s a .

P r e s e n t  f i n d i n g s  c o n f i r m  t h a t  t h e  VNO o f  H abu h a s  
t h e  c o lu m n a r  o r g a n i z a t i o n  s i m i l a r  t o  t h a t  r e p o r t e d  i n  
o t h e r  s n a k e s ,  s u g g e s t i n g  t h a t  t h i s  o r g a n i z a t i o n  i s  
g e n e r a l l y  p r e s e n t  i n  s n a k e s .
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369.17 INTENSITY CODING VIA ACROSS-FIBER -PATTERNS IN CHEMORECEPTORS. 
B.R. Johnson , C .L. M e r r i l l* ,  R. V o ig t* , P .F . B o rron i* , and J .  
Atema. Boston U n iv e rs ity  M arine Program , Marine B io lo g ic a l 
L a b ., Woods H ole, MA 02543.

The a n ten n u le s  and le g s  of th e  lo b s te r ,  Homarus am ericanus 
fu n c t io n  in  o l f a c t i o n  and t a s t e .  L obste r prey  c o n ta in  mM 
c o n c e n tra t io n s  o f s t im u l i ,  fo r  which seaw ate r backgrounds a re  μM 
to  nM. Thus chem orecep to rs may p ro v id e  i n t e n s i ty  in fo rm atio n  
over a s ix - lo g  c o n c e n tra t io n  range. We examined th e  s tim u lu s -  
response  (SR) cu rv es  fo r  th re e  narrow ly  tuned p o p u la tio n s  of 
r e c e p to r s ;  o l f a c to ry  hy d ro x y -L -p ro lin e  (Hyp) and ta u r in e  (Tau) 
c e l l s ;  and g u s ta to ry  ammonia (NH4 ) c e l l s .  We determ ined 
w hether p a t te r n s  o f a f f e r e n t  a c t i v i t y  in  th e se  re c e p to r  
p o p u la tio n s  could  c o n ta in  in fo rm a tio n  about s tim u lu s  in t e n s i t y .

S in g le  c e l l  SR cu rv es  were based on e x t r a c e l lu la r  reco rd in g s  
from sm all nerve b u n d le s. Tau c e l l s  were t e s te d  a t  fou r 1- lo g  
c o n c e n tra t io n  s te p s .  T hreshold  was below 3×10–9M and 
s a tu r a t io n  le v e l  was 3×10–7M w ith  a response  r a t e  o f 48 
s p ik e s /5 s .  Hyp c e l l s  were te s te d  a t  s ix  1 -lo g  c o n c e n tra t io n  
s te p s :  th re sh o ld  was below 3×10–8M and s a tu r a t io n  was a t  
3×10–5M w ith  a response  r a t e  of 20 s p ik e s /5 s .  Most Hyp and 
Tau c e l l s  responded a t  a l l  t e s t  c o n c e n tra t io n s . The shape of 
th e  in d iv id u a l SR cu rves  v a r ie d  g r e a t ly  w ith in  th e se  two c e l l  
p o p u la tio n s . NH4 c e l l s  were te s te d  over a 4 log  c o n c e n tra t io n  
range in  which they  d id  not s a tu r a te  (maximum response  r a t e  = 
115 s p ik e s /10s ) .  In d iv id u a l SR cu rves  o f NH4 c e l l s  were more 
homogeneous th a n  th o se  of Hyp and Tau c e l l s .

P e a rs o n 's  c o r r e l a t i o n  c o e f f i c ie n t  ( α =0.01) dem onstrated  
d if f e re n c e s  (based  on ly  on th e  t o t a l  number o f sp ik es  e l i c i t e d  
in  each c e l l )  between resp o n ses  evoked a c ro s s  each re c e p to r  
p o p u la tio n  a t  d i f f e r e n t  s tim u lu s  c o n c e n tra t io n s . A cross Tau 
c e l l s ,  each t e s t  c o n c e n tra t io n  e l i c i t e d  a s ig n i f i c a n t ly  
d i f f e r e n t  p a t te r n  o f n e u ra l a c t i v i t y .  Hyp c e l l s  d is tin g u is h e d  
high ( 3×10–3, 3 × 1 0 – 4 M ) , medium ( 3×10–5, 3 × 1 0 – 6 M ) , low 
( 3×10–7M) ,  and very low (3×10–8M) c o n c e n tra t io n s . NH4 
c e l l s  d is t in g u is h e d  d if f e re n c e s  only  between th e  low est and 
h ig h e s t c o n c e n tra t io n s .

This a n a ly s is  of n e u ra l a c t i v i t y  in  lo b s te r  chem oreceptors 
re v e a ls  th a t  a p o p u la tio n  code fo r  s tim u lu s  i n t e n s i ty  indeed 
e x i s t s .  Such a code may be needed fo r  neurons which have low 
maximum f i r i n g  r a t e s  and th u s  low c a p a c ity  fo r  in fo rm atio n  
t r a n s f e r  over la rg e  s tim u lu s  ran g es . An a c ro s s - f ib e r  p a t te rn  
code in  Tau and Hyp c e l l s  may have i t s  b a s is  in  v a r i a b i l i t y  of 
shapes o f in d iv id u a l SR cu rv es . N eural p a t te r n s  o f s tim u lu s  
in t e n s i ty  may combine w ith  p a t te r n s  of s tim u lu s  id e n t i t y  to  code 
o v e ra l l  q u a l i ty  of n a tu r a l ly  o cc u rr in g  s tim u lu s  m ix tu re s . 
Supported by NSF g ra n t BNS 8512585 and th e  W h iteh a ll F oundation .
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370.1 NORADRENERGIC MODULATION OF RESPONSES EVOKED IN THE MAIN OL
FACTORY BULB BY OLFACTORY NERVE STIMULATION. C. R. ALMLI, 
H. PEREZ*, and  A. HERNANDEZ*. P ro g ram  i n  N e u ra l  S c ie n c e ,  D e p a r t
m ent o f  Anatomy and N e u ro b io lo g y , W ash in g to n  U n iv e r s i ty  S ch o o l 
o f  M e d ic in e , S t .  L o u is ,  M is s o u r i  6 3 1 1 0 , and I n s t i t u t e  o f  
N u t r i t i o n  and  Food T e c h n o lo g y , U n iv e r s i ty  o f  C h i le ,  S a n t ia g o  
11, C h i le .

The lo c u s  c o e ru le u s  (LC) n o r a d r e n e r g i c  sy s te m  h a s  b e e n  im
p l i c a t e d  i n  t h e  m o d u la t io n  o f  n e u ro n a l  a c t i v i t y  o f  s e v e r a l  b r a i n  
r e g io n s .  S in c e  r e d u c t io n  o f  b r a i n  n o r a d r e n a l in e  l e v e l s  a l t e r s  
o d o r -g u id e d  b e h a v io r s ,  and m ost o f  t h e  n o r a d r e n e r g i c  i n p u t  to  
th e  m ain  o l f a c t o r y  b u lb  (MOB) can  b e  a t t r i b u t e d  to  th e  c e n t r a -  
f u g a l  p r o j e c t i o n s  from  th e  LC, th e  p r e s e n t  s tu d y  d e te rm in e d  th e  
e f f e c t s  o f  e l e c t r i c a l  s t i m u l a t i o n  o f  t h e  LC on th e  m o d u la t io n  
o f  MOB f i e l d  p o t e n t i a l s  evoked  by o r th o d ro m ic  o l f a c t o r y  n e rv e  
(ON) o r  a n t id r o m ic  l a t e r a l  o l f a c t o r y  t r a c t  (LOT) s t i m u l a t i o n .

A d u lt W is ta r  r a t s  w ere a n e s t h e t i z e d  w i th  a lp h a - c h lo r a lo s e  
and  D - t u b o c u r a r in e ,  and  a  b i p o l a r  r e c o r d in g  e l e c t r o d e  was 
p o s i t i o n e d  on th e  s u r f a c e  to  0 .8  mm b e lo w  th e  MOB s u r f a c e .  S tim 
u l a t i n g  e l e c t r o d e s  w ere p o s i t io n e d  w i th in  th e  ON, LOT, and LC. 
A m ic r o p ip e t t e ,  p o s i t i o n e d  n e a r  t h e  r e c o r d in g  e l e c t r o d e  i n  th e  
MOB, was u se d  to  m e c h a n ic a l ly  i n j e c t  a lp h a - ( p r a z o s in )  and  b e t a -  
(p ro p a n o lo l )  a d r e n e r g ic  b l o c k e r s .

F ie ld - e v o k e d  p o t e n t i a l s  from  t h e  MOB i n  re s p o n s e  to  ON o r  
LOT s t i m u l a t i o n  w ere  m easu red  w i th  and w i th o u t  c o n d i t i o n in g  
s t i m u l a t i o n  o f  t h e  LC n o r a d r e n e r g i c  sy s te m . The LC c o n d i t i o n in g  
s t im u lu s  s u p p re s s e d  o r  i n h i b i t e d  th e  l a t e  com ponen ts o f  t h e  MOB 
p o t e n t i a l  ev oked  by o r th o d ro m ic  ON s t i m u l a t i o n .  T h is  i n h ib 
i t o r y  e f f e c t  was s u p p re s s e d  o r  a b o l i s h e d  by th e  m ic r o in j e c t io n  
o f  th e  a lp h a - a d r e n e r g ic  b lo c k e r  p r a z o s in  i n t o  t h e  MOB. T h ere  
was l i t t l e ,  o r  n o ,  e f f e c t  o f  LC c o n d i t i o n in g  s t i m u l a t i o n  on th e  
MOB re s p o n s e  ev oked  by LOT s t i m u l a t i o n .

The p r e s e n t  r e s u l t s  i n d i c a t e  t h a t  n o r a d r e n e r g i c  f i b e r s  p r o 
j e c t i n g  from  th e  LC e x e r t  m o d u la to ry  i n f l u e n c e s  on n e u ro n a l  n e t 
w orks u n d e r ly in g  o r th o d ro m ic  ev oked  r e s p o n s e s  i n  t h e  MOB. I t  
i s  s u g g e s te d  t h a t  t h e  s u p p r e s s iv e  i n f l u e n c e  o f  LC s t i m u l a t i o n  
on MOB a c t i v i t y  i s  m e d ia te d  by a  d i s r u p t i o n  o f  th e  c lo s e d - lo o p  
s u s t a i n e d  a c t i v i t y  b e tw een  g r a n u le  c e l l s  and m i t r a l / t u f t e d  c e l l s .  
(S u p p o rte d  by G ra n ts  B–2018– 8522 and BRSG 5 3 8 9 ) .

370.2 OLFACTORY NERVE AXON ORGANIZATION: BRAIDED OR 
NEIGHBORLY? G.D. Adamek and M.M. Daston*. Dept. of Anatomy and 
Cell Biology, Univ. of Cincinnati Medical Center, Cincinnati, OH 45267

The unmyelinated axons of vertebrate olfactory nerves project as 
bundles of several hundred tightly packed in Schwann cell invaginations. 
The axons are 0.2 μ in diameter and there is little extracellular space. 
This organization is unique among sensory nerves and suggests that if 
neighboring axons are simultaneously active, increases in extracellular 
potassium will lead to depolarization and sodium conductance inactivation. 
Measurements indicate that the increase in extracellular potassium con
centration is long lasting and that in these receptor neurons adaptation 
may be primarily in the action potential generation processes rather than 
in the receptor mechanism. There is some experimental support for the 
hypothesis that receptors sensitive to particular chemical stimuli are spati
ally segregated. If axons of the neurons in these patches travel to the ol
factory bulb as neighbors, they might mutually inhibit spike propagation 
in each other. As stimulus concentrations increase, transmission would be
come progressively less efficient. Signals evoked by substances which 
cause general disorganization of the receptor membrane would be highly 
attenuated. Electron and fluorescence light microscopy were used to ex
amine the configuration of olfactory nerve axons. Wheat germ agglutinin 
conjugated to horse radish peroxidase (WGA-HRP), other electron-dense 
tracers, and fluorescent dyes were injected into the receptor epithelium 
and in the axon terminal layer of the olfactory bulb of anesthetized frogs 
to study the following issues: (a) Do the axons of cells lying near each 
other in the receptor epithelium lie within the same Schwann cell fas
cicle? (b) For what distance do neighboring axons remain proximate 
within the olfactory nerve? (c) Do axons within a single Schwann fas
cicle remain together when they pass into the neighboring Schwann cell? 
(d) Do axons which terminate close to each other in the olfactory bulb 
project as neighbors in the olfactory nerve? Dyes and WGA-HRP were 
pressure-injected using a 5-μl pipette pulled to a tip diameter of 5 μ  For 
receptor epithelium injections, the pipette tip was positioned in the cell 
soma region about 50μ  below the tight junctional layer formed by the 
supporting cell apices and the receptor dendrites. For bulb injections, the 
micropipette tip was positioned in the glomerular layer. The amount of 
marker injected was small enough to fill only a few cells in the im
mediate vicinity of the injection site. After one hour, the olfactory nerve 
was fixed by immersion in paraformaldehyde and glutaraldehyde, then 
dissected out and prepared for electron or light microscopy. Individual 
labeled axons were traced through serial electron micrographs or within 
fluorescence micrographs of longitudinal sections. Preliminary results in
dicate that axons which are neighbors in one cross section remain close to 
each other within the same fascicle over extended lengths of the nerve.

Supported in part by NSF Grant No. BNS-85–44025 and NIH Grants 
No. NS23348 and NS23523.
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370.3 HORSERADISH PEROXIDASE (HRP) LABELING OF OLFACTORY NERVE 
TERMINALS IN PIGEON OLFACTORY BULB. L.  C.  M ille r*  and J . C. 
Walker* (SPON: J .  R obinson).R . J .  Reynolds Tobacco C o., 
W inston-Salem , NC 27102.

S tr u c tu r a l  and fu n c t io n a l s tu d y  o f  normal and re g e n e ra tin g  
o l f a c to r y  system s could  p ro v id e  in s ig h t s  in to  th e  mechanisms o f  
senso ry  coding  in  t h i s  m o d a lity . At l e a s t  th re e  req u irem en ts  
must be met in  o rd e r  fo r  such an approach to  be ap p lied  to  an 
anim al model: 1) r e l i a b l e  methods fo r  th e  t e s t i n g ,  in  
i s o l a t i o n ,  o f  o l f a c to r y  and n o n o lfa c to ry  ( t r ig e m in a l)  odor 
s e n s i t i v i t y ;  2 ) neuroana tom ical s t r u c tu r e  th a t  a llow s com plete 
t r a n s e c t io n  o r  r e s e c t io n  o f  o l f a c to ry  and tr ig e m in a l a f f e r e n t  
pathways from th e  n a s a l c a v i ty ;  and 3 ) m orpho log ica l p rocedu re s  
to  de term ine  r e l i a b l y  th e  degree  and p a t te rn  o f  in n e rv a tio n  o f  
th e  o l f a c to r y  bu lb  in  normal and n e rv e - t r a n s e c te d  an im als. 
S ince  th e  W hite Carneaux pigeon now m eets c o n d itio n s  1 and 2, 
th e  purpose o f  t h i s  work was to  develop  th e  n ec essa ry  to o l s  fo r  
la b e l in g  o l f a c to r y  a f f e r e n t s  in  t h i s  an im al. A p rocedu re  was 
developed to  use th e  a n te ro g rad e  t r a n s p o r t  o f  h o rs e ra d is h  
p e ro x id ase  (HRP) to  d e f in e  th e  te rm in a l f i e ld  o f  o l f a c to ry  nerve  
axons in  th e  o l f a c to ry  b u lb . Under C h lo ropen tR a n e s th e s ia ,  th e  
l e f t  o l f a c to r y  nerve  was t r a n s e c te d  and th e  proxim al stump was 
p la c e d , fo r  1 h o u r, in  a T eflon  "w ell"  c o n ta in in g  HRP (Sigma VI, 
75% s o lu t io n ) .  Follow ing p e r fu s io n - f ix a t io n  48 to  72 h r l a t e r ,  
bo th  o l f a c to r y  b u lb s  were se c tio n e d  p a r a s a g i ta l ly  a t  40 um, and 
th e  t i s s u e  was p rocessed  w ith te tra m e th y l b en z id in e  (Mesulam, 
1978). Under l i g h t  m icroscopy a r e l a t i v e l y  uniform  band o f  
r e a c t io n  p ro d u c t, somewhat denser on th e  v e n t r a l  s u r fa c e  o f  th e  
b u lb , was v is u a l iz e d  c o n s is te n t ly  in  o n ly  th e  o l f a c to r y  nerve  
and g lom eru la r la y e r s  o f  th e  l e f t ,  bu t n o t th e  r i g h t ,  o l f a c to r y  
b u lb . These r e s u l t s  in d ic a te  t h a t  th e  same g en e ra l method 
employed to  v is u a l iz e  th e  connec tion  o f  th e  o lf a c to r y  re c e p to r  
neurons w ith  th e  o l f a c to r y  bu lb  in  ham sters (M eredith  e t  a l . ,  
1980) can be adap ted  fo r  s tu d y in g  th e  av ian  o l f a c to ry  system . 
T h is method can be used to  d e s c r ib e  th e  tim e co u rse  o f  
r e in n e rv a t io n  o f  th e  pigeon o lf a c to r y  bu lb  fo llo w in g  nerve  
t r a n s e c t io n  and to  determ ine  th e  degree  and p a t te rn  o f  
r e in n e rv a t io n  n ec essa ry  fo r  f u n c t io n a l reco v e ry , as  measured by 
perform ance on s p e c i f ic  odor p sychophysica l ta s k s .

370.4 HRP s tudy : P ro je c tio n s  to  o lf a c to ry  b u lb . R. G uevara-A guilar and 
O.A. D o n a tti-A lb a rrán . Depto. de F is io lo g í a ,  F acu ltad  de Medicina, 
UNAM, Méx ico  04510, D. F.

We have re p o r te d  th e  p ro je c t io n s  from vagus nerve to  o lfa c to ry  
bu lb  ( OB) and th e  r e s u l t s  show th a t  th e  pathway t r a v e l  through  the 
nuc leus  o f  th e  t r a c tu s  s o l i t a r i u s  (NTS) (See th i s  M eeting). The 
aim o f  th i s  pap e r was to  dem onstrate  w ith  re tro g ra d e  t r a n s p o r t  o f 
HRP d i r e c t  p ro je c t io n s  to  OB from NTS. Experim ents were conducted 
on tw elve W istar r a t s  a n e s th e tiz e d  w ith  c lo r a l  h y d ra te  (400 mg/kg). 
H orse rad ish  pero x id ase  (ty p e  VI, 25%) was a p p lie d  u n i l a t e r a l l y  in  
th e  OB and in  th e  o lf a c to ry  tu b e rc le  (OT). The HRP was d e l iv e re d  
by m ic ro io n to p h o re tic  e je c t io n  by p o s i t iv e  DC c u rre n t ( 2 .0 –2.5 μA, 
10 m in .) from g la s s  m ic ro p ip e tte s  w ith  t i p s  o f  25–40 μM. A fte r 
24–48 h rs  o f  s u rv iv a l tim e the  anim als were f u l l y  a n e s th e tiz e d  and 
t h e i r  b ra in s  p e rfu s e d . The h is to lo g ic a l  s e c t io n s  50 μM were 
p ro cessed  fo llo w in g  b lue  re a c t io n  o f  Mesulam. No la b e l le d  neurons 
were id e n t i f i e d  in  th e  NTS when th e  HRP was ap p lied  in  th e  OB, but 
a l o t  o f  la b e l le d  neurons were observed on ly  h o m o la te ra lly  in  the 
NTS when th e  HRP was a p p lie d  in  th e  OT. In our p rev io u s  pub lished  
pap e rs  we have p o s tu la te d  OT as  a f in a l  common pathway from 
in f lu e n c e s  o f  r e t i c u l a r  fo rm ation  and hypothalam us, and th i s  HRP 
study  suppo rt th e  id e a  o f  OT a c ts  as r e la y  s ta t io n  o f  in f lu e n c e s  
from v i s c e r a l  o rgans to  OB.

Supported in  p a r t  by CONACYT G rant PCSABEU–002187.

370.5 CELL INTERACTIONS IN THE OLFACTORY BULB OF THE AWAKE RAT. 
F.H. Eeckman* and W .J. Freem an. D ep t. o f P hysio l.-A natom y , 
U.C. B erke ley , B erke ley , CA 94720.

We perform ed sim u ltaneous reco rd in g s  o f m u l t i - u n i t  p u lse s  and 
EEG a t  v a r io u s  lo c a tio n s  in  the o lf a c to ry  bu lb  o f awake r a t s .  No 
s t im u la t io n  was used . Both the EEG and the sp ik es  were reco rded  
w ith  c h ro n ic a l ly  im planted  100 m icron s t a i n l e s s  s t e e l  e le c tro d e s  
w ith  sharpened t i p s .  The EEG e le c tro d e  was p o s it io n e d  in  the 
g ran u le  c e l l  la y e r ,  w h ile  the u n i t  e le c tro d e  was a t  the le v e l  of 
the m i t r a l  c e l l s  ( in t e r e le c t r o d e  d is ta n c e  was. 5 mm). The EEG was 
d ig i t i z e d  a t  1 ms in t e r v a l s  and bandpass f i l t e r e d  a t  10–300 Hz. 
The p u lse  t r a i n  was ana lyzed  w ith  a th re sh o ld  d e v ic e , s e t  to  em it 
a s tan d a rd  p u ls e , 5V 1 ms fo r ev e ry  s ig n a l above tw ice the no ise  
l e v e l .  In d iv id u a l tr a c e s  o f te n  showed 3 to  4 d i s t i n c t  a c tio n  
p o te n t ia l  waveform s. Data were s to re d  on tape and p rocessed  o f f 
l in e  on a P e rk in  Elmer 3220 su p erm in i. We used the 2 d im ensional 
c o n d i t io n a l  pu lse  p r o b a b i l i ty  ta b le  to  f in d  c o r r e la t io n s  between 
u n its  and EEG wave am p litu d es .

E a r l i e r  we re p o r te d  r e s u l t s  in  a n e s th e tiz e d  anim als (neu ro 
sc ie n ce  p o s te r ,  1985). Here we found u n it s  c o r r e la te d  w ith  the 
dom inant frequency o f the EEG a t  30–60 Hz. In  the awake anim al 
however the dominant peak occu rred  a t  70–80 Hz. The u n it  sp ik es  
were found to  c o r r e l a te  w e ll w ith  th i s  h ig h e r frequency . The 
percen tage  o f m odulation  was much h ig h e r in  the awake anim al 
(betw een 60–90% v e rsu s  10–30% under a n e s th e s ia ) .  The p u lse s  
co rrespond  to  m i t r a l  c e l l  f i r i n g s .  The EEG is  g en e ra ted  alm ost 
e x c lu s iv e ly  by the g ran u le  c e l l s .  A ll o th e r  c e l l s  in  the bulb 
g en e ra te  c lo se d  f i e ld s .

The d a ta  a re  ex p la in ed  in  term s o f F reem an 's model fo r b u rs t  
g e n e ra tio n  in  the O lfa c to ry  Bulb (Freeman 1975, 1979). Our 
experim en ts showing a f ix e d  phase r e la t i o n s h ip  w ith  q u a r te r  cy c le  
time lead  fo r  p u lse s  to  waves p rov ide fu r th e r  ev idence fo r th i s  
model. They a ls o  show c l e a r  d if f e re n c e s  between the awake and 
a n e s th e tiz e d  groups bo th  in  frequency  and percen tage  m odula tion .
Freeman, W .J. Mass A c tio n  in  th e  Nervous System . Academic P re s s , 
1975.

Freeman, W .J. B io lo g ic a l C yb e rn e tic s :  33: 237–247 (1979).

370.6 INVESTIGATIONS ON THE INTERACTIONS OF NEURONS 
IN THE OLFACTORY BULB AND THE ANTERIOR OLFACTORY NUCLEUS 
BY MEASURING THE CONCENTRATIONS OF CHOLECYSTOKININ-mRNA 
D. K.  M ey e r*  a n d  C. G.  B ӧ n n e m a n n *  (SPON: W . 
L i c h t e n s t e i g e r ) .  D e p t .  o f  P h a r m a c o l . ,  F r e i b u r g  U n iv . 
M ed. F a c . ,  D -7800  F r e i b u r g ,  FRG.

I t  i s  o f  b a s i c  im p o r ta n c e  f o r  t h e  u n d e r s t a n d i n g  o f  
t h e  f u n c t i o n  o f  t h e  o l f a c t o r y  b u lb  (OB) t o  know how 
i n t r i n s i c  n e u r o n s  i n t e r a c t  w i th  c e n t r i f u g a l  a f f e r e n t s .  
R e c e n t l y ,  c h o l e c y s t o k i n i n - l i k e  im m u n o r e a c t iv i t y  (CCK -IR) 
h a s  b e e n  d e s c r i b e d  to  be p r e s e n t  i n  r a t  OB. I t  h a s  been  
fo u n d  in  e f f e r e n t  c e l l s  ( i . e .  t u f t e d  c e l l s )  a s  w e l l  as 
in  som e c e n t r i f u g a l  a f f e r e n t s ,  w h ic h  seem  t o  come from  
th e  a n t e r i o r  o l f a c t o r y  n u c l e u s  (AON) (S e ro o g y  e t  a l . ,  
J .  com p. N e u r o l .  2 3 9 :3 7 3 ,  1 9 8 5 ) .  T h i s  f i n d i n g  o f f e r s  th e  
p o s s i b i l i t y  t o  s tu d y  t h e  n e u r o n a l  i n t e r a c t i o n s  i n  t h e  OB 
w ith  b io c h e m i c a l  m e th o d s .  F o r  t h i s  p u r p o s e ,  we h av e  
co m b in e d  s u r g i c a l  a s  w e l l  a s  c h e m ic a l  l e s i o n s  w i th  th e  
m e a s u re m e n t o f  CCK-IR an d  o f  mRNA s p e c i f i c  f o r  
c h o l e c y s t o k i n i n - p e p t i d e s  ( CCK-mRNA) i n  r a t  OB an d  AON. A 
f i l t e r  h y b r i d i s a t i o n  m e th o d  w as u s e d  t o  q u a n t i t a t e  th e  
CCK-mRNA w h ic h  h ad  b e e n  e x t r a c t e d  by u s e  o f  a l a u r y l -  
s u l f a t e / p r o t e i n a s e  K p r o c e d u r e .

S e v e n  d a y s  a f t e r  s u r g i c a l  d e a f f e r e n t i a t i o n  o f  th e  
r i g h t  OB, c o n c e n t r a t i o n s  o f  CCK-IR i n  OB an d  AON o f  th e  
l e s i o n e d  s i d e  w ere  s i g n i f i c a n t l y  d e c r e a s e d ,  i . e .  by 
a p p r o x i m a t e ly  50%. T h e re  w e re  no c h a n g e s  i n  th e  
s t r u c t u r e s  o f  t h e  c o n t r a l a t e r a l  i n t a c t  s i d e .  
S u r p r i s i n g l y ,  c o n c e n t r a t i o n s  i n  CCK-mRNA w ere  lo w e re d  by 
a p p r o x i m a t e ly  50% in  t h e  O B 's  o f  b o th  s i d e s .

F iv e  d a y s  a f t e r  i n j e c t i o n  o f  i b o t e n i c  a c i d ,  a 
n e u r o t o x i c  a g e n t ,  i n t o  t h e  r i g h t  OB, t h e  c o n c e n t r a t i o n s  
o f  CCK-IR i n  t h e  O B 's  an d  AON's o f  b o th  s i d e s  w ere  
s i g n i f i c a n t l y  e n h a n c e d .  A f t e r  t h i s  i n j e c t i o n ,  th e  
c o n c e n t r a t i o n s  o f  CCK-mRNA w e re  e l e v a t e d  i n  t h e  AON's o f  
b o th  s i d e s .

The d a t a  c o n f i r m  t h a t  i n  t h e  OB i n t r i n s i c  n e u r o n s  and  
c e n t r i f u g a l  a f f e r e n t s  a r e  c l o s e l y  f u n c t i o n a l l y  
c o n n e c t e d .  The c o m p a r a t i v e  m e a s u re m e n t o f  p e p t i d e  
c o n t e n t s  a n d  c o n c e n t r a t i o n s  o f  mRNA seem s to  be a go o d  
t o o l  t o  s tu d y  t h e s e  n e u r o n a l  i n t e r a c t i o n s .
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370.7 GUSTATORY AND OLFACTORY ABLATION EFFECTS ON CHEMOSENSORY LEARNING 
IN GOLDFISH. R .J . Arcement and D .J . I n g le . T eachers C o lleg e , 
Columbia U n iv e rs ity , New York, NY 10027 and Eye R esearch I n s t i t u t e ,  
B oston , MA 02114.

Chem oreception in  f i s h  i s  p ro b le m a tic a l because g u s ta to ry  and 
o l f a c to ry  s t im u li  a re  bo th  p e rce iv ed  in  a l iq u id  medium making a 
d i s t i n c t i o n  between th e  two sen ses  e lu s iv e .  C on tra ry  to  o th e r  
s tu d ie s ,  t h i s  in v e s t ig a t io n  showed th a t  t r a n s e c t io n  o f th e  o l 
f a c to ry  t r a c t  (OT) does n o t i n t e r f e r e  w ith  food (beef and b r in e  
shrim p) e x t r a c t  d is c r im in a t io n .  F urtherm ore , to  th e  a u th o rs ' 
know ledge, no study  has been c a r r ie d  out in v o lv in g  a b la t io n s  of 
the  t a s t e  c e n te r s ,  f a c i a l  lobe (FL) and v ag a l lobes  (VL), combined 
w ith  chemosensory le a rn in g .  O b stac le s  to  such s tu d ie s  a re  th e  
lo c a tio n  o f th e  m edulla and th e  la rg e  mass o f b ra in  t i s s u e  taken  
up by th e  VL.

T ra in in g  and s u rg ic a l  p rocedu re s  were developed to  ad d ress  
th e se  problem s. The t r a in in g  p ro to c o l employed h a b i tu a t io n  and 
rew ard u s in g  food e x t r a c t s .  H is to lo g ic a l  a n a ly s is  showed th a t  
su rg e ry  was e f f e c t iv e  in  com pletely  a b la t in g  th e  FL in  one la rg e  
group o f f i s h  and le av in g  rem nants in  only  two in  an o th e r la rg e  
group. VL a b la t io n s  were c a r r ie d  out such th a t  as  much of the  
lo b es  as  p o s s ib le  was removed w ith o u t damaging th e  v ag a l n e rv e . 
Surgery  was e f f e c t iv e  in  th a t  h is to lo g y  showed th e  b u lk  o f th e  VL 
in  a l l  s u b je c ts  to  be removed w ith  some showing com plete a b la t io n s  
w h ile  o th e rs  showing sm all lobe rem nan ts.

T ra in in g  and s u rg ic a l  p ro to c o ls  were used on groups of g o ld f ish  
to  a s s e s s  t h e i r  chem oreceptive a b i l i t y  in  food e x t r a c t  d is c r im i
n a t io n  a f t e r  a s e r ie s  o f a b la t io n s  in v o lv in g  th e  OT, fo re b ra in  (F ) , 
FL and VL. Removal of th e  OT or F had no e f f e c t  on th e  p e r fo r 
mance o f some members o f a group which were d is t in g u is h in g  w e ll .  
In o rd e r  to  a p p ra is e  th e  ro le s  o f th e  t a s t e  c e n te r s  th e  fo llow ing  
a b la t io n  groups were p rep a re d : FL and OT; FL; and sham. T e stin g  
showed no d if fe re n c e  among th e se  g roups. A f in a l  group was 
assem bled which had th e i r  FL and VL removed. S ince th e se  f i s h  
were s t i l l  a b le  to  d is c r im in a te ,  t h e i r  OT were then  a b la te d .  In  
the  f i r s t  t e s t  perform ance was poor w ith  only  th re e  f i s h  showing 
some d is c r im in a t io n .  In  th e  second t e s t  about o n e -h a lf  showed  
ev idence of d is c r im in a tio n  y e t in  th e  th i r d  t e s t  only  fo u r p e r 
formed w e ll .  H is to lo g ic a l  a n a ly s is  showed a c o r r e l a t i o n  between 
the  s iz e  o f th e  VL rem nants and con tinued  food e x t r a c t  d is c r im i
n a t io n .

In  summary i t  was found th a t  chem oreception  of food e x t r a c ts  can 
occur w ith o u t th e  m edu lla ry  t a s t e  c e n te r s  or w ith o u t th e  o lf a c to ry  
pathway. F urtherm ore i t  was shown th a t  chem oreception  can occur 
when b o th  th e  OT and FL a re  a b la te d .  P i lo t  s tu d ie s  w ith  th re e  
f i s h  a ls o  in d ic a te d  th a t  i t  can occur when th e  OT and VL a re  
a b la te d  b u t la r g e r  numbers a re  needed fo r  co n firm a tio n .

370.8 EFFECTS OF CHEMORECEPTOR STIMULATION ON GLUCOSE UTILIZATION BY 
THE RABBIT CAROTID BODY IN VITRO. A. Obeso,* C. G onzalez, 
B. D inger and S. Fi done. D ept. P hysio logy , School of M edicine, 
U niv. V a llad o lid  (SPAIN) & D ept. P hysio logy , School of M edicine, 
Univ. U tah, S a lt  Lake C ity , Utah (USA)

The mechanisms of senso ry  tra n sd u c tio n  in  c a ro t id  body 
chem oreceptors rem ains la rg e ly  unknown. A l in k  between i n t e r 
m ediary m etabolism  and chem osensation in  th i s  organ has f o r  many 
y ea rs  been im plied  by v ario u s  m e tabo lic  hypotheses of chemo
r e c e p tio n , but few s tu d ie s  have r e la te d  th e  e n e rg e tic  m etabolism  
of the c a ro t id  body to  i t s  chem oresponsiveness. In  the p re sen t 
s tu d y , we have measured th e  r a t e  of g lucose  consumption by 
m easuring the  accum ulation  of 2 -deoxy-3H -g lucose-6 -phosphate 
from t r a c e r  amounts of la b e l le d  2 -deoxy-3H -glucose ( 3H-2DG), in  
an e f f o r t  to  dem onstrate  a unique s e n s i t i v i t y  of c a ro t id  body 
elem ents to  n a tu r a l  chemosensory s t im u l i .

G lucose u t i l i z a t i o n  in  v i t r o  was measured in  ra b b i t  (New 
Zealand w h ite )  c a ro t id  body and in  a non-chem osensitive  n eu ra l 
t i s s u e ,  the nodose g a n g lio n . The t i s s u e s  were p re in cu b a ted  fo r  
25 min (37°C) in  4 ml of T y ro d e 's  s o lu t io n  e q u i l ib r a te d  w ith  
100% O2 (pH=7.4) and co n ta in in g  3 mM g lu c o se . T issues  were 
t r a n s f e r r e d  to  m in i-v ia ls  c o n ta in in g  750 μl s  o f T y ro d e 's  media 
w ith  3 mM g lucose  and 2 μM 3H-2DG. In cu b a tio n  media were e q u i
l i b r a te d  e i th e r  w ith  100% O2 or 20% O2 in  N2 . Samples were 
washed a t  0–4°C fo r  2 min to  remove e x t r a c e l lu la r  3H-2DG, and 
p rocessed  e i th e r  fo r  d e te rm in a tio n  of th e  phospho ry la ted  sugar 
analogue (G onzalez and G arcia -Sancho , A nal. Biochem. 114: 285, 
1981), or f o r  au to rad io g rap h y  o f w ate r d i f f u s ib l e  su b stan ces  in  
c a ro t id  body t i s s u e  (F idone e t  a l . ,  Chem oreception in  the 
c a ro t id  body, S p rin g e r-V e rla g , 1977, pp. 106– 113).

The r a t e  of 3 H-2DG ph o sp h o ry la tio n  in  c a ro t id  body (64 
nm ols/g /m in) and nodose gang lion  (42 nm ols/g /m in) was l i n e a r  fo r  
more than 30 min d u ring  in c u b a tio n  in  100% O2- e q u i l ib r a te d  
( c o n tro l)  m edia. C aro tid  bod ies in cuba ted  fo r  5 or 10 min in  
media e q u i l ib r a te d  w ith  20% O2 in  N2 ex h ib ite d  in c re a s e s  in  H- 
2DG p h o sp h o ry la tio n  o f 34% (p<0.001) and 45% (p< 0 .0 2 ), re sp ec 
t i v e ly ;  nodose g a n g lia  s im i la r ly  tr e a te d  y ie ld ed  values (+ 11% 
and –3%, r e s p e c t iv e ly )  which were no t s ig n i f i c a n t ly  d i f f e r e n t  
from those  ob ta in ed  w ith  c o n tro l m edia. LM au to rad iog raphy  of 
c a ro t id  bod ies in cuba ted  in  3H-2DG rev ea led  a preponderance of 
s i l v e r  g ra in s  lo c a liz e d  over lo b u le s  of type I  c e l l s .

These d a ta  suggest th a t  th e  mechanisms fo r  low O2 chemo- 
tra n sd u c tio n  in  the mammalian c a ro t id  body are  lin k ed  to  the 
in te rm e d ia ry  m etabolism  of th e  type I  c e l l s  in  t h i s  senso ry  
r e c e p to r .

Supported by USPHS g ra n ts  NS12636 and NS07938, and by 
CAICYT g ra n t 2873/83 (S p a in ) .

370.9 INTERACTIONS BETWEEN THE NERVUS TERMINALIS AND THE OLFACTORY 
SYSTEM J. White and M. Meredith. Dept. of B iological Science, 
Florida State University, Talahassee, FL 32304

The nervus terminal is (n.t.) is a ganglionated cranial nerve of 
unknown function connecting the forebrain with the nasal cavity. 
Its peripheral connections and ganglion cell anatomy suggest that 
the nerve may be chemosensitive and/or affec t the physiology of 
the nasal mucosa via nerve endings in the olfactory epithelium or 
onto nasal glands and blood vessels. Ganglion ce lls  contain high 
levels of LHRH and accumulating circum stantial evidence suggests 
that the nerve may be concerned with behavioral and physiological 
reproductive responses to chemical signals - but i t  is not clear 
whether i t  is chemosensitive i ts e l f  or operates via interconnec
tions with the olfactory system. We are examining th is  system in 
the bonnethead shark where the n .t. is  sep ara te  from the o lfa c 
to ry  system and independent s tim u la tio n  and recording are 
p o ss ib le . Chemical s tim u la tio n  of th e  o lfa c to ry  mucosa by 
ourselves and others has produced no obvious electrophyslological 
response in the nerve but i t  is  p oss ib le  th a t  the response is  
conveyed by some of the small unmyelinated f ib e rs  seen in the 
nerve with EM - and would have been missed with the electrodes 
used. In order to evaluate possible i nteractions with the o lfac
to ry  system , mediated e i th e r  by the periphera l or c e n tra l 
te rm in a tio n s of the n .t .,  we have recorded from sing le  u n its  in 
the shark olfactory bulb while stim ulating the n.t. e lec tr ica lly . 
E le c tr ic a l  s tim u la tio n  a t in te n s i t ie s  th a t  produce a c le a r  
compound ac tion  p o te n tia l in the nerve and with the nerve 
connected e ither cen tra lly  or peripherally, produced no change in 
ac tiv ity  of 18 units recorded at various positions in the la tera l 
lobe of the olfactory bulb. E lectrical stim ulation, both before 
and during olfactory stim ulation, was repeated multiple times and 
the ac tiv ity  of bulbar ce lls  averaged to allow detection of small 
changes in f i r in g  ra te .  No s ig n if ic a n t  changes in spontaneous 
a c t iv i ty ,  nor in response to  chemical s tim u la tio n  were seen, 
suggesting th a t  any in te ra c tio n s  between the systems d irec ted  
from the n.t. towards the la te ra l olfactory bulb are minimal. The 
p o s s ib i l i ty  th a t  th e re  are in te ra c tio n s  in the opposite  d ire c 
t io n , from the o lfa c to ry  system towards the n .t. is  cu rre n tly  
being explored. Experiments where the central connections of the 
n.t. were cut, cooled or stimulated show that there are efferent 
fibers originating in the brain that can influence the a c tiv ity  
of n .t. ganglion c e l ls .  The influence of e le c t r ic a l  s tim u la tio n  
of the o lfa c to ry  system on the a c t iv i ty  of these f ib e rs  and of 
the ganglion ce lls  is now being tested.

Supported by The Bryan W. Robinson Neurological Foundation, Inc. 
(J.W.) and NSF grant BNS 8412141 (M.M.).

370.10 OPTICAL RECORDING OF THE PIRIFORM CORTEX ELECTRICAL ACTIVITY 
INDUCED BY LATERAL OLFACTORY TRACT STIMULATIONS IN THE RAT. M. 
C a t t a r e l l i  and L.B. Cohen. D ept. o f P hysio logy , Yale Univ. School 
o f M edic ine, New Haven, CT 06510-8026, USA and P h y s io lo g ie  N euro- 
S e n s o r ie l le ,  U n iv e r s ite  C laude B ernard  69622 V illeu rb an n e  cedex, 
F ran ce .

As show n by O rbach e t  a l .  (1985), o p t i c a l  r e c o r d in g  m e thods 
can  be  u se d  f o r  m o n i to r in g  th e  e l e c t r i c a l  a c t i v i t y  in d u c ed  in  
m am m alian  v i s u a l  and  s o m a to s e n s o ry  c o r t i c e s  by s e n s o ry  s t i m 
u la t io n s .  We have used t h i s  method fo r  m o n ito rin g  th e  p ir i f o rm  
e l e c t r i c a l  a c t i v i t y  in d u c e d  by s t i m u l a t i o n s  o f  th e  l a t e r a l  
o l f a c t o r y  t r a c t  (LOT) in  th e  r a t  and  f o r  s tu d y in g  i t s  s p a t i a l  
d i s t r i b u t i o n  on t h a t  c o r t e x .  S u r g i c a l  p r o c e d u r e s ,  i . e .  
tracheo tom y  and exposu re  o f th e  l a te r o - b a s a l  b ra in  s u r fa c e , w ere 
perfo rm ed  on W ista r  SPF m ale r a t s  a n a e s th e tiz e d  w ith  e q u ith e s in e . 
The a n a e s th e s ia  was con tin u ed  d u rin g  th e  expe rim en t. In  a d d i t io n  
th e  a n im a ls  w e re  c u r a r i z e d  and a r t i f i c a l l y  v e n t i l a t e d .  A f te r  
having  removed th e  du ra , th e  p i r i f o rm  c o r te x  was s ta in e d  w ith  a 
v o l t a g e - s e n s i t i v e  dy e  (RH414 o r  RH795, k in d ly  s u p p l ie d  by R. 
H ild e s h e im  and  D r. A. G r in v a ld ) .  C o r t i c a l  f l u o r e s c e n c e  w as 
m e asu red  w i th  a  124 e le m e n t  p h o to d io d e  a r r a y  u s in g  e p i - i l l u -  
m in a t io n  w h i le  v a r io u s  s p a t i a l l y  l o c a l i z e d  e l e c t r i c a l  s t i m 
u la t io n s  w ere d e l iv e re d  through  a f iv e  w ire  e le c tro d e  lo c a te d  on 
th e  LOT. U su a lly  e ig h t  o r s ix te e n  t r i a l s  w ere averaged. O p tic a l 
s i g n a l s  w i th  a d u r a t i o n  o f  h a l f - h e i g h t  o f  from  15 to  100 m sec 
w ere reco rded  in  resp o n se  to  LOT s t im u la t io n s .  T h e ir  tim e  co u rse  
and t h e i r  s p a t i a l  d i s t r i b u t io n  v a r ie d  somewhat ac co rd ing  to  th e  
l o c a t i o n  o f  t h e  LOT s t i m u l a t i n g  e l e c t r o d e s .  H ow ever, a l a r g e  
o v e rlap p in g  was alw ays noted  in  th e  d i s t r i b u t io n  o f  th e  s ig n a ls .  
These r e s u l t s  su g g es t t h a t  in  a d d i t io n  to  a  la rg e  sp read in g  o u t 
o f  th e  LOT in p u t s  t o  th e  p i r i f o r m  c o r t e x  t h e r e  i s  a l s o  som e 
s p a t i a l l y  o rg a n iz e d  p r o j e c t i o n  o f  t h i s  t r a c t  t o  th e  p i r i f o r m  
c o r te x .

S upported  by PHS g ra n t number NS08437, C en tre  N a tio n a l de l a  
R e c h e rc h e  S c i e n t i f i q u e ,  NATO and  F o n d a tio n  p o u r l a  R ec h e rc h e  
M edicale .
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370.11 A COMPUTER SIMULATION OF PIRIFORM CORTEX. M. Wjlson*, J . Bower1, 
J . Chover* & L. Haberly (SPON: J . Hind), Departments of Anatomy, 
Ele c tr i cal Engineering, and Mathematics, University of Wisconsin, 
Madison, WI 53706. 1Division of Biology, California In stitu te  of 
Technology, Pasadena, CA 91125.

Using parameters obtained from anatomical and physiological 
experiments (Haberly, Chem. Senses 10: 219, 1985), a computer 
model of piriform (olfactory) cortex has been developed that 
simulates physiological responses obtained using a variety of 
recording methods. The model consists of a linear array of 
pyramidal ce lls  interconnected by a highly divergent/convergent 
system of associational fibers . Excitatory input is  delivered to 
the ce lls  along a single afferent pathway with characteristics 
sim ilar to the la tera l olfactory tra c t projection to piriform 
cortex from the olfactory bulb. Two forms of inhibition are 
incorporated in the model: a feedforward, long latency, long 
duration hyperpolarizing potential which simulates the K+ 
mediated potential observed in piriform cortex (see Tseng & 
Haberly, th is  volume), and a feedback, short latency current 
shunting type inhibition simulating the well characterized 
Cl- mediated process. The simulation incorporates the d ifferen t 
propagation velocities of the separate fiber pathways, synaptic 
delays, refractory periods, time constant estimates for 
inhibitory and excitatory events, and spatial variations in the 
d istribu tion  of d ifferen t excitatory and inhibitory influences. 
This model has been shown to simulate a variety of known 
in tra ce llu la r  and ex tracellu lar responses. In response to 
continuous odor-like stimulation, the model generates a series of 
o sc illa to ry  ex tracellu lar bursts comprised of a dominant 40 Hz 
sinusoid. Single shock stimulation gives characteristic  
EPSP/IPSP in trace llu la r responses and extracellu lar fie ld  
potentials a t appropriate latencies. In the presence of "noise", 
weak single shock stimulation produces damped osc illa tory  
ex tracellu lar poten tials. Both spontaneous and induced 
in te r ic ta l /ic ta l  epileptiform events can be generated afte r 
blocking inhibitory processes, or strengthening specific 
associational pathways. The model suggests that the transition  
from in te ric ta l to ic tal events can be controlled by the long 
latency, long duration hyperpolarizing potential. Having 
successfully used th is model to generate physiological responses 
characteristic  of piriform cortex, the next objective will be to 
explore the significance of the specific structural and 
physiological features of th is cortex for the processing of 
complex spatial and temporal olfactory information and the ir 
implications for general associative memory processes. Supported 
by NSF grant NBS-8311118 and NIH grant NS19865 to L.B.H.

370.12 ULTRASTRUCTURE OF PRIMARY AFFERENT FIBER TERMINALS WITHIN THE 
GUSTATORY LOBES OF THE CHANNEL CATFISH, ICTALURUS PUNCTATUS. 
T.E. F inger and M. Womble*. Rocky M ountain T aste  & S m ell C en ter 
and Dept. C e l lu l a r  & S tr u c tu r a l  B io logy , Univ. C olorado M edical 
Sch., D enver, CO 80262

The t a s t e  buds on th e  b a rb e ls  of i c t a l u r i d  c a t f i s h  a re  in n e r 
v a ted  by branches of th e  f a c i a l  n e rv e . Some of th e se  f ib e r s  a re  
m e c h a n o s e n s i t iv e  o n ly  w h ile  o th e r s  a r e  b o th  m e c h a n ic a l ly  and 
ch e m ic a lly  s e n s i t i v e  (C aprio , 1978). The b a rb e l n e rv es  te rm in a te  
c e n t r a l l y  in  th e  f a c i a l  (g u s ta to ry )  lo b e s ,  which a re  p a ire d  sp e
c i a l i z a t i o n s  of the  m ed u lla ry  s p e c ia l  v i s c e r a l  sensory  column. 
The p re s e n t r e p o r t  re p re s e n ts  p re l im in a ry  f in d in g s  of a study  of 
th e  u l t r a s t r u c t u r e  of the  chemosensory and mechanosensory prim ary 
a f f e r e n t  f ib e r s .

H o rse rad ish  p ero x id ase  (HRP) was a p p l ie d  to  the b a rb e l n e rv es  
in  t h e i r  course  through  the  o r b i t .  F o llo w in g  a s u r v iv a l  tim e of 
3–5 days, th e  an im als  were p e rfu sed  w ith  a mixed a ldehyde f i x a 
t i v e ,  and the  b ra in s  p rep are d  f o r  u l t r a s t r u c t u r a l  h is to c h e m is try  
w ith  DAB or H anker-Y ates s u b s t r a te  s e rv in g  as  th e  chromogen.

M y elinated  la b e le d  f ib e r s ,  rang ing  in  d iam eter from 0.5 to  1.5 
μm, e n te r  th e  base o f th e  f a c i a l  lobe and tu rn  outw ard tow ard th e  
s u rfa c e . At v ary in g  dep th s, in d iv id u a l  f ib e r s  lo s e  t h e i r  m yelin  
sh ea th  and ram ify  w ith in  a l im ite d  e x te n t  of th e  lo b e , c o v e rin g  a 
volume of about 250 μm 3 L abeled  f ib e r s  o f te n  c o n ta c t one an o th e r 
w ith in  th e  f a c i a l  lobe ; in  some ca ses  membrane s p e c i a l i z a t i o n s  
a p p e a r  a t  th e  p o in t  o f  c o n ta c t .  W hether th e s e  r e p r e s e n t  fu n c 
t i o n a l  c o n ta c ts  o r m erely  ad h e re n t com plexes cou ld  n o t be d e te r 
mined in  th e  la b e le d  m a te r ia l .

Most la b e le d  synapses w ith in  th e  f a c i a l  lobe in v o lv e  s m a ll 
(ap p ro x . 1 μ m a c ro s s )  p r e s y n a p t ic  e le m e n ts  fo rm in g  a sy m m etric  
c o n ta c ts  onto very  sm a ll p ro cesse s  ( l e s s  than  0.5 μ m) which con
t a in  numerous p le iom orph ic  v e s c i c le s .  Many of th e se  p o s ts y n a p tic  
e lem en ts  a re  t e n t a t i v e l y  i d e n t i f i e d  as  d e n d r i t ic  sp in e s . Occa
s io n a ly ,  a la b e le d  te rm in a l was observed  to  c o n ta c t a d e n d r i t ic  
s h a f t  o r soma. The s y n a p tic  v e s c i c le s  in  th e  p re s y n a p tic  te rm i
n a l s  a r e  s p h e r i c a l ,  th e  m a jo r i t y  b e in g  a p p ro x im a te ly  30 nm in  
d ia m e te r .  In  many c a s e s ,  th e  l a b e l e d  p r e s y n a p t ic  t e r m in a l  was 
o b served  to  form a te rm in a l complex synapsing  s im u lta n e o u s ly  on 
s e v e r a l  s m a l l ,  v e s i c l e - f i l l e d  p o s ts y n a p tic  p ro cesse s . These syn
a p t ic  com plexes resem bled  g lo m e ru li  b u t were n o t en c lo se d  in  a 
g l i a l  e n v e lo p e . In  a few ca se s , u n la b e le d , v e s i c l e - f i l l e d  e l e 
m ents w ere p r e s y n a p t ic  to  l a b e l e d  f i b e r s .  T h is  may p r o v id e  a 
means f o r  c e n t r a l  m odulation  of g u s ta to ry  a f f e r e n t  a c t i v i t y .

In  a d d i t io n  to  la b e le d  sm a ll  te rm in a ls , some la b e le d  f ib e r s  
g iv e  r i s e  to  l a r g e ,  b u lb o u s  f o r m a t io n s ,  2–3 μ m i n  d ia m e te r .  
T hese b u lb o u s  s t r u c t u r e s  w ere b o th  p r e -  and  p o s t - s y n a p t i c  to  
d iv e r s e  e lem en ts  in  th e  su rround ing  n e u ro p i l .

Supported  by NIH g ra n ts  NS00772 and NS 20486.

370.13 ORAL INNERVATION IN THE RABBIT: AFFERENT AND EFFERENT PROJECTIONS 
OF THE GLOSSOPHARYNGEAL NERVE. M .  L.  P e n sa k * , T .  Hanamor i*  and  
D. V. S m i t h . D e p t .  O t o l a r y n g o l .  M a x i l l o f a c .  S u r g . ,  U n iv . C i n c i n 
n a t i  Med. C t r . ,  C i n c in n a t i ,  OH 45267.

The g lo s s o p h a r y n g e a l  (IX th ) n e rv e  i n n e r v a te s  t a s t e  bu d s i n  th e  
c i r c u m v a l l a t e  and  f o l i a t e  p a p i l l a e  on th e  p o s t e r i o r  p o r t i o n  o f  th e  
m am m alian  to n g u e . In  a d d i t i o n  to  i t s '  c h e m o se n so ry  f u n c t io n ,  th e  
IX th  n e rv e  a l s o  c a r r i e s  m e c h a n o s e n s i t iv e  a f f e r e n t  f i b e r s  and p a r a 
s y m p a th e t ic  e f f e r e n t  f i b e r s .  In  r a t s  and h a m s te rs  th e  IX th  n e rv e  
p r o j e c t s  i n t o  t h e  n u c l e u s  o f  t h e  s o l i t a r y  t r a c t  ( n s t )  c a u d a l  t o  
th e  p r o j e c t i o n  o f  th e  VI I th  n e rv e ,  b u t  o v e r la p p in g  w i th  i t  to  some 
e x t e n t .  I n  t h e  f i r s t  o f  a  s e r i e s  o f  s t u d i e s  t o  d e l i n e a t e  t h e  
b r a i n s t e m  o r g a n i z a t i o n  o f  t h e  i n n e r v a t i o n  o f  t h e  o r a l  c a v i t y  i n  
r a b b i t s ,  we a p p l i e d  c r y s t a l l i z e d  HRP (S igm a Type VI) t o  th e  p r o x i 
m a l p o r t i o n  o f  t h e  l i n g u a l - t o n s i l i a r  b r a n c h  o f  t h e  IX th  n e r v e .  
The a n im a ls  w ere  a l lo w e d  to  s u r v iv e  f o r  3 d a y s  and  th e  b r a i n s  w ere  
t h e n  p r o c e s s e d  f o r  HRP r e a c t i o n  u s i n g  t h e  TMB m e th o d .  A f f e r e n t  
f i b e r s  from  th e  IX th  n e rv e  e n te r e d  th e  b r a in s te m  b e tw e e n  0.6 and 
1.0 mm r o s t r a l  to  th e  c a u d a l  e x t e n t  o f  th e  d o r s a l  c o c h le a r  n u c le u s  
( d c n) a t  t h e  l e v e l  o f  t h e  f a c i a l  n u c l e u s .  The m a j o r  a r e a  o f  
a f f e r e n t  t e r m i n a t i o n  w i t h i n  t h e  n u c l e u s  o f  t h e  s o l i t a r y  t r a c t  
( n s t )  w as f ro m  0 .2  mm r o s t r a l  t o  t h e  c a u d a l  b o r d e r  o f  t h e  d c n t o  
2.6 mm c a u d a l  t o  t h i s  la n d m a rk . In  th e  m ore r o s t r a l  e x t e n t  o f  t h i s  
a f f e r e n t  t e r m i n a t i o n  w i t h i n  t h e  n s t ,  a f f e r e n t  l a b e l  w as s e e n  
p r i m a r i l y  m e d i a l  a n d  v e n t r a l  t o  t h e  s o l i t a r y  t r a c t  (S T ). As t h e  
p r o j e c t i o n  p ro c e e d e d  c a u d a l l y ,  t h e  a f f e r e n t  l a b e l  was s e e n  v e n t r a l  
and  l a t e r a l  t o  th e  ST, w i t h in  th e  i n t e r s t i t i a l  n u c le u s .  From t h i s  
a r e a  o f  m a jo r  t e r m i n a t i o n ,  s p a r s e  a f f e r e n t  l a b e l  w as s e e n  t o  
e x t e n d  w i t h i n  t h e  ST i n t o  t h e  c e r v i c a l  s p i n a l  c o r d  a s  f a r  a s  5 .6  
mm c a u d a l  t o  t h e  d c n . I n  a d d i t i o n  t o  t h i s  p r i m a r y  p r o j e c t i o n  
w i t h i n  t h e  n s t ,  a f f e r e n t  l a b e l  w as e v i d e n t  i n  t h e  s p i n a l  t r a c t  
( STV) a n d  n u c l e u s  ( s V i  a n d  sV c) o f  t h e  t r i g e m i n a l  n e r v e  f ro m  2 .0  
t o  4 .6  mm c a u d a l  to  th e  d c n . C e l l  b o d ie s  g iv in g  r i s e  to  e f f e r e n t  
f i b e r s  i n  t h e  I X th  n e r v e  w e re  l a b e l l e d  r e t r o g r a d e l y  w i t h i n  t h e  
i n f e r i o r  s a l i v a t o r y  n u c le u s  ( is n )  from  1.8 mm r o s t r a l  b ack  to  th e  
l e v e l  o f  th e  c a u d a l  b o r d e r  o f  th e  d c n . E f f e r e n t  f i b e r s  from  th e s e  
c e l l s  p r o j e c t e d  i n  a  d o r s o m e d ia l  d i r e c t i o n  from  th e  i s n  t o  fo rm  a 
s h a r p  g e n u  u n d e r  t h e  f l o o r  o f  t h e  IV t h  v e n t i c l e  v e n t r o m e d i a l  t o  
t h e  m e d ia l  v e s t i b u l a r  n u c le u s .  T h is  p r o j e c t i o n  was e v id e n t  from  
0 .6  t o  1 .6  mm r o s t r a l  t o  t h e  c a u d a l  e x t e n t  o f  t h e  d c n , f ro m  t h e  
r o s t r a l  e x t e n t  o f  th e  n s t  t o  th e  c a u d a l  b o r d e r  o f  th e  genu  o f  th e  
f a c i a l  n e rv e .  C e l l s  i n  t h e  i s n  a r e  known t o  c o n t r o l  s e c r e t i o n s  o f  
th e  p a r o t i d  and von E b n e r 's  g la n d s  i n  th e  r a t .

S u p p o rte d  i n  p a r t  by  NINCDS G ra n t  NS-23524, by  th e  U n iv e r s i ty  
o f  C in c in n a t i  R e s e a rc h  C o u n c i l ,  and  by th e  C o m m u n ica tiv e  D is o rd e r s  
F o u n d a tio n , C i n c in n a t i ,  OH.

370.14 RESPONSE CHARACTERISTICS OF LAMB NUCLEUS OF THE SOLITARY TRACT 
NEURONS TO TACTILE, CHEMICAL AND THERMAL STIMULATION OF THE ORAL 
CAVITY AND EPIGLOTTIS. R.D. Sw eazey and R.M. B r a d le y . D ept. O ra l 
B io logy , Sch. o f  D e n tis try , Univ. M ichigan, Ann A rbor, MI 48109.

U sing  a n a to m ic a l  te c h n iq u e s  we h a v e  shown t h a t  th e  p r im a ry  
a f f e r e n t s  in n e r v a t i n g  th e  lam b c a u d a l  o r a l  c a v i t y  and u p p er 
a irw a y  h a v e  o v e r l a p p in g  te r m in a t io n s  in  th e  s o l i t a r y  t r a c t  
n u c le u s  (NST). We have now recorded  n eu ra l responses  from th e se  
r e g io n s  o f  th e  NST to  s t i m u l a t i o n  o f  th e  s o f t  p a l a t e ,  c a u d a l 
to n g u e  and e p i g l o t t i s  w ith  t a c t i l e ,  te m p e ra tu r e  and c h e m ic a l 
s t im u l i .

R e c o rd in g s  h a v e  been made from 46 n eu ro n s  in  o r im m e d ia te ly  
v e n t r a l  to  th e  lamb NST. Tw enty-four p erce n t re c e iv e d  sensory  
in fo rm atio n  e x c lu s iv e ly  from th e  caudal tongue, 7% from th e  s o f t  
p a l a te  and 52% had r e c e p tiv e  f i e l d s  r e s t r i c t e d  to  th e  e p i g l o t t i s .  
The re m a in in g  n e u ro n s  r e c e iv e d  c o n v e rg in g  s e n s o ry  in p u t s  from 
more than  one re c e p to r  a rea . Most o f  th e  convergence observed  in  
th e  NST occu rred  between th e  caudal tongue and s o f t  p a l a te .  Of 
th e  22 neurons w ith  r e c e p t iv e  f i e l d s  lo c a te d  in  th e  caudal o r a l  
c a v i ty  6 re c e iv e d  converg ing  t a c t i l e  in fo rm ation  from th e  tongue 
and s o f t  p a la te .  In a l l  ca ses  th e  r e c e p tiv e  f i e l d  on th e  tongue 
was d i r e c t l y  opposed to  th e  r e c e p t iv e  f i e ld  lo c a te d  on th e  s o f t  
p a l a t e .  O nly  2 n e u ro n s  h a v e  been  i d e n t i f i e d  as  r e c e iv in g  
c o n v e rg in g  in p u t s  from  th e  e p i g l o t t i s  and c a u d a l  o r a l  c a v i t y .  
As was th e  case  fo r  neurons re c e iv in g  converg ing  in p u ts  from th e  
tongue and p a l a te ,  th e  convergence between e p i g l o t t i s  and caudal 
o r a l  c a v i ty  occu rred  in  neurons re s p o n s iv e  to  t a c t i l e  s t im u l i .  
No c o n v e rg e n c e  in  ch e m o sen so ry  in fo rm a tio n  from th e  e p i g l o t t i s  
and ca u d a l o r a l  c a v i ty  has been o bserved ; th e  lo c a t io n  o f  c e l l s  
r e s p o n s i v e  t o  c h e m ic a l  s t i m u l a t i o n  o f  th e  e p i g l o t t i s  i s  
a n a to m i c a l l y  s e p a r a t e  fro m  t h o s e  r e s p o n s i v e  t o  c h e m ic a l  
s t im u la t io n  o f  th e  caudal o r a l  c a v i ty .

G e n e r a l ly ,  NST n e u ro n s  re sp o n d e d  to  more th a n  one s t im u lu s  
m o d a lity . T h i r ty - th r e e  p e rce n t o f  th e  neurons responded to  one, 
48% re sp o n d e d  to  two and 19% re sp o n d e d  to  a l l  t h r e e  s t im u lu s  
m o d a li t ie s .  T a c t i l e  s t im u l i  were th e  most e f f e c t iv e  fo r both th e  
o r a l  c a v i ty  and e p i g l o t t i s .  Over 90% o f  th e  i s o la te d  neurons 
responded to  a t a c t i l e  s t im u lu s , and most o f  th e se  responses  were 
r a p id ly  ad a p tin g . Chemical s t im u l i  evoked resp o n ses  in  67% o f  
th e  i s o la te d  neurons. The most e f f e c t i v e  chem ical s tim u lu s  fo r  a 
p a r t i c u l a r  neuron was dependent upon th e  lo c a t io n  o f  th e  neuron’s 
r e c e p t iv e  f i e l d .  NH4Cl was th e  most e f f e c t iv e  chem ical s tim u lu s  
fo r neurons w ith  r e c e p tiv e  f i e l d s  in  th e  caudal o r a l  c a v i ty ;  KCl  
i f  th e  r e c e p t iv e  f i e l d  was lo c a te d  on th e  e p i g l o t t i s .  Thermal 
s t i m u l i  w ere th e  l e a s t  e f f e c t i v e  fo r  b o th  a r e a s .  Of th e  14 
neurons re s p o n s iv e  to  the rm al s t im u l i ,  11 responded to  c o o lin g , 3 
to  warming.

The p resence  o f  m ultim odal neurons su g g es ts  th a t  th e  reg ion  o f  
th e  NST b e in g  i n v e s t i g a t e d  i s  im p o r ta n t  in  th e  i n t e g r a t i o n  o f  
a f f e r e n t  in fo rm a t io n  a b o u t com plex  s t i m u l i  in  th e  c a u d a l o r a l  
c a v i ty  and upper airw ay. F urtherm ore, th e  in fo rm atio n  p rov ided  by 
th e se  neurons may be im portan t in  th e  i n i t i a t i o n  and c o n tro l o f  
upper airw ay r e f l e x e s  such as sw allow ing  and coughing.

Supported in  p a r t  by N.I.H. G rant DE05728.
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370.15 GUSTATORY AND OLFACTORY CHANGES ASSOCIATED WITH DEPRESSION. 
S.H. Ackerman*, S. Mattis*, J.A. Sechzer, M. Russ*, L. Burton*, 
and J.B. Henriques*. Department of Psychiatry, Cornell University 
Medical College and the Eating Disorders In s titu te , New York 
Hospital-Cornell Medical Center, Westchester Division, White 
Plains, NY 10605

Depression is commonly associated with a decrease in appetite. 
In studying th is change in appetite we tested the hypothesis that 
perceptual changes specific to tas te  and smell occur in depression. 
Twelve subjects (6 depressed patients and 6 normal subjects) were 
studied twice, a t 6 week in tervals. Depressed patients were tested 
f i r s t  a f te r  admission to the hospital and then retested a fte r  
treatment.

Subjects tasted 6 supra-threshold concentrations of sucrose 
(sweet), NaCl (sa lty ) , c i t r ic  acid (sour) and quinine (b itte r ) ,  
and smelled 6 concentrations of pyridine (rancid) and phenyl ethyl - 
methylethyl carbinol (PEMEC) ( f lo ra l) . Each group of tastes and 
smells was interspersed randomly with 6 in ten sitie s  of a 1000 Hz 
tone (49–100 Db). Subjects were asked to estimate stimulus inten
s ity  by magnitude matching, a ra tio  scaling procedure in which 
in tensity  differences among tones are compared with in tensity  d if 
ferences among specific  tas te s  (e .g ., sa lty ) or smells. To 
assess the hedonic value of the stim uli, subjects were asked to use 
a 9 point scale to rate the pleasantness or unpleasantness of the 
tas te  of d ifferen t sucrose solutions, the smell of pyridine and 
PEMEC solutions and the sounds of d ifferen t tones (38–115 Db).

Because sensory testing  might be confounded by the effects of 
depression on cognition or motivation we used a signal detection 
paradigm, employing verbal and olfactory cues, to quantify sub
je c ts ' response biases ( β ) and se n sitiv ity  (d ' ).

The major s ign ifican t finding was that patients underestimated 
increments in stimulus in tensity  for sour and b it te r  tastes and 
for the highest NaCl concentration. They did not d iffe r  from 
controls on estimates of sucrose concentration, odor in tensity  or 
decibels of tone. Results of signal detection and hedonic r a t 
ings suggest that the underestimation of tas te  in tensity  is  not 
an a r t ifa c t  of response b ias, sen sitiv ity  or perceived pl easant- 
ness/unpleasantness.

These resu lts suggest a sensory specific disturbance in the 
perception of supra-threshold in ten sitie s  of b i t te r ,  sour and 
sa lty  ta s te s , associated with depression. A sensory specific 
disturbance during depression has not, to our knowledge, been 
described previously.

DEVELOPMENTAL DISORDERS

371.1 DIAGNOSTIC LEVELS OF ULTRASOUND MAY DISRUPT MYELINATION. D.E. 
Palmer*, M. H. Ellisman, M. P. Andre* (SPON: J.M. LeBeau). Lab . 
Neurocytology, Depts. Neurosci . and Radiol., Sch. of Med., Univ. 
of C alif. San Diego, La Jo lla , CA 92093.

Although diagnostic ultrasound imaging is generally considered 
innocuous, mounting evidence from epidemiological and animal 
studies suggests the potential for numerous adverse e ffe c ts . The 
bioeffects noted by previous investigators indicate the 
poss ib ility  of subtle neurologic d e fic its  in exposed children. In 
order to  te s t  for possible bioeffects on myelination we exposed 
unanesthetized ra t pups to ultrasound doses consistent with those 
typically  seen by a human fetus. We used 3–5 day old ra t pups 
since the development of myelination in the neonatal ra t is  
sim ilar to that of a human fetus of about 4–5 months in utero . 
Animals were exposed to ultrasound from a 3.5 MHz transducer (from 
an ADR 2130 real-tim e linear array scanner), mounted in a 
waterproof housing. The animals were 8.5 cm away from the 
transducer. The spatial-peak temporal-average (SPTA) in tensity  of 
our applied fie ld  was 0.14 mW/cm2, the spatial-average temporal- 
average (SATA) in tensity  was 0.05 mW/cm. Single l i t t e r s  were 
divided into experimental groups tha t were bound and exposed for 
30 minutes, and control groups, that were e ither bound and placed 
in the tank, but not exposed for 30 minutes, or taken stra igh t 
from the cage. Experimental animals were sacrificed and fixed 
e ither immediately post-exposure or a f te r  a recovery period of 24 
hours. Sham exposure ra ts were sacrificed  and fixed immediately. 
Other controls were sacrificed and fixed d irec tly  from the cage on 
the following day. Rats were sacrificed  by decapitation. In 
normal development, sequential wrappings of the myelinating 
Schwann ce lls  terminate at forming nodes of Ranvier by attaching 
to  the axolemma in a series of sep tate-like junctional complexes 
referred to as the glial-axonal-junctions (GAJ). Tight junctions 
develop between each of these terminal loops of Schwann cell 
cytoplasm, sealing off the space between layers of myelin and the 
GAJ. In experimental animals, th is  junctional arrangement is  
perturbed. Enlargement of the periaxonal space is  v isib le  with 
separation of adjacent paranodal loops and disruption of focal 
contacts linking the paranodal axolemma with not yet compacted 
Schwann cell processes. Evidence tha t th is  type of 
u ltra structu ra l effec t of ultrasound exposure may lead to complete 
paranodal disruption was also noted, as in several nodes the GAJ's 
were broken and paranodal demyelination was evident. Nodes 
exhibiting th is  microedematous morphology were apparent in roots 
from all exposed animals, even a fte r  a 24 hour recovery period. 
The disruption, and subsequent consequences for nervous system 
development may explain some of the adverse effects indicated in 
epidemiological studies of children exposed to fetal ultrasound 
observation.

371.2 VOLTAGE-ACTIVATED SODIUM CONDUCTANCE IN NORMAL AND TRISOMY 16 FETAL 
MICE NEURONS. C arlo s  B. O rozco*, Sandra A. Smith*, C aro le H. L a tk e r* 
C harles  J .  E p s te in * and S tan ley  I .  R apopo rt. (SPONSOR: H. L e v ita n ) . 
L abo ra to ry  of N eu rosciences . N a tio n a l I n s t i t u t e  on Aging. B ethesda 
MD 20892, and D ep ts. o f P e d ia t r ic s  and B iochem istry  and B iophysic s. 
U n iv e rs ity  o f C a l if o rn ia .  San F ra n c isc o , CA 94143.

Trisomy 16 in  th e  mouse i s  a model fo r  trisom y  21 in  humans 
(Down syndrom e). We have d esc r ib e d  d if f e re n c e s  in  th e  e l e c t r i c a l  
membrane p ro p e r t ie s  between f e t a l  trisom y  16 and c o n tro l d o rs a l 
ro o t g a n g lia  (DRG) neurons (O rozco, e t  a l ,  su b m it te d ) . T risom ic 
c e l l s  have a h ig h e r  r e s t i n g  p o te n t ia l  and f a s t e r  r a t e  o f d e p o la r iz 
a t io n  of th e  a c t io n  p o te n t i a l ,  which can be due to  an enhanced so 
dium an d /o r ca lcium  membrane conductance . To t e s t  th e  f i r s t  hypoth
e s i s  we use th e  p atch  clamp tech n iq u e  to  c h a ra c te r iz e  th e  sodium 
c u r re n t du rin g  a c t iv i t y .

T risom ic and eu p lo id  (c o n tro l)  mouse embryos were o b ta in ed  as 
p re v io u s ly  d esc r ib e d  (O rozco, e t  a l ,  Soc. N eu rosc i. A b str . 11 :398). 
DRG neurons m a in ta ined  in  prim ary  t i s s u e  c u l tu r e  were used to  
o b ta in  c u r re n t and v o lta g e  clamp reco rd in g s  (L/M EPC-7, L i s t  E l e c  
t r o n i c s ,  Germany). Na+ c u r re n t was reco rded  in  th e  "Whole C e ll"  
c o n f ig u ra t io n . S in g le  and double p u lse  p ro to c o ls  were used  to  
m easure th e  s tea d y  s t a t e  a c t iv a t io n  and in a c t iv a t io n .  Three d i f f e r 
e n t e x te rn a l  c o n c e n tra t io n s  of Na were used (150, 54, and 30 mM).  
The in t e r n a l  c o n c e n tra t io n  o f sodium was always 30 mM Na. The s o d i
um eq u ilib r iu m  p o te n t ia l  c a lc u la te d  in  th e se  c o n d itio n s  was +40, 
+16 and 0 mV r e s p e c t iv e ly .  I s o to n ic i ty  of th e  e x te rn a l  s o lu tio n  
was com pensated w ith  s u c ro se . NaF (28 mM) i n t r a c e l lu l a r ly  and 
CdCl2 (1–2 mM) e x t r a c e l lu la r ly  were added to  b lock  ca lcium  c u r r e n t s .  
I n t r a c e l l u l a r  K+ was re p la c e d  by TRIS; 2 mM TEA was inc lu d ed  in  th e  
i n t e r n a l  s o lu t io n  to  su p p ress  th e  po tass ium  c u r r e n t s .

Sodium c u r re n t in  c o n tro l  and tr iso m ic  neurons was s im i la r  to  
th a t  d e sc r ib e d  in  o th e r  e x c i ta b le  c e l l s .  However, h a l f  of th e  a c t i 
v a t io n  was a t ta in e d  a t  –6 0 /–50 mV and 50% of th e  in a c t iv a t io n  a t  
-85 mV in  b o th  neu rons . The c u r re n t was b locked  by te tro d o to x in  
(TTX). The s p e c i f i c  membrane conductance fo r  Na+ v a r ie d  d i r e c t l y  
w ith  i t s  e x te rn a l  c o n c e n tra t io n  and fo r  c o n tro l c e l l s  was 0 .3  
mS/cm2 in  30 mM Na, 0 .6  mS/cm2 in  54 mM Na and 1.8 mS/cm2 in  150 
mM Na. R e s u lts  o b ta in ed  a t  th e  two low er c o n c e n tra t io n s  o f sodium 
in d ic a te  th a t  t r iso m ic  neurons p o sse ss  h ig h e r  sodium conductance 
th an  do c o n tro l  c e l l s  (0 .63  mS/cm2 (n=3) in  30 mM Na and 0 .95  
mS/cmZ (n=6) in  54 mM N a). The v o lta g e  dependence observed  fo r  
a c t iv a t io n  and in a c t iv a t io n  makes u n lik e ly  th a t  T T X -sensitive  Na 
conductance c o n tr ib u te s  s ig n i f i c a n t ly  to  r a t e  of d e p o la r iz a t io n  of 
th e  a c t io n  p o te n t ia l  o f th e se  f e t a l  neu rons . However, th e  r e s u l t s  
in d ic a te  th a t  d if f e re n c e s  in  Na conductance between normal and 
tr iso m ic  neurons a lre a d y  e x i s t  a t  th i s  s ta g e  o f developm ent. Expe
rim en ts  a re  now being  conducted to  confirm  th i s  o b se rv a tio n  and to  
e lu c id a te  th e  p o s s ib le  mechanisms inv o lv ed .
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371.3 ELECTRICAL MEMBRANE PROPERTIES OF CULTURED FETAL DORSAL ROOT 
GANGLIA NEURONS FROM NORMAL HUMAN AND DOWN’S SYNDROME. K.Nieminen 
and S .I .R ap o p o rt (SPON :W .A lbe rts). NIH, NIA, Lab. of N euroscience 
B ethesda, Md 20892.

Down's syndrome (DS) i s  exp ressed  as  an abn o rm ality  in  th e  
e l e c t r i c a l  membrane p ro p e r t ie s  (Emp) of c u l tu re d  human d o rs a l 
ro o t g a n g lia  (DRG) neurons from f e t a l  t i s s u e  (S c o tt  B .S. e t  a l ;  
D evelop. B ra in  Res. 2 , pp. 257–270, 1982). In  p re s e n t s tudy  Emp of 
c u l tu re d  f e t a l  DRG neurons have been compared between normal and 
DS (confirm ed trisom y  21) w ith  whole c e l l  p a tch  clamp te ch n iq u e . 
DRG neurons were o b ta in ed  from ab o rtu se s  15 to  19 weeks o ld . C e lls  
were d is s o c ia te d  w ith  t r y p s in ,  and c u l tu re d  fo r  5 to  20 days. 
E l e c t r i c a l  re c o rd in g s  were done a t  24 C in  norm al p h y s io lo g ic a l 
R inger (Nieminen K. e t  a l . ;  B iophys. J . ,  49, 2 , p . 170a, 1986). 
C h a r a c te r i s t ic s  o f a c t io n  p o te n t ia l s  (AP) were reco rded  in  th e  
c u r re n t  clamp mode. A slow , v o lta g e  dependen t, C a-independent 
K-component was reco rd ed  in  th e  v o lta g e  clamp mode and by b lo c k in g  
th e  inw ard c u r r e n ts  w ith  2uM te tro d o to x in  and 2 mM CdC12. A f a s t ,  
Ca-dependent K-component was c a lc u la te d  by s u b tra c t in g  th e  slow 
outw ard component from whole c u r r e n t s .  R e su lts  a re  summarized as
f o l l o w s :

u n i t c o n tro l  (n=39) DS (n=29) P
mean sd . mean sd .

Age days 10.1 4 .3 9.1 4 .9 ns
C e ll d iam eter urn 23.7 4 .7 24.2 5 .5 ns
R es tin g  m e m b r.p o te n tia l mV -5 2 .9 3 .3 -5 4 .8 3 .1 ns
In p u t r e s is ta n c e Mohm 184.2 17.2 163.0 18.3 ns
D ep o la r.sp ik e  am plitude mV 76.9 7 .6 85.7 13.2 ns
A fte rh y p .sp ik e  am pl. mV 9 .0 2.1 13.0 1.4 .001
Max dV /dt of AP V /s 75.6 19.9 140.3 50.4 .005
Min dV /dt of AP V /s -1 9 .0 7 .0 -3 8 .8 10.8 .001
D uration  (50 % sp ik e ) ms 4 .2 0 .9 2 .2 1.0 .001
F a s t K -co nductance/area mS/cm2 1.8 0 .7 2 .8 0 .8 .005
Slow K -conductance/area mS/cm2 2.69 0.51 1.95 0.67 .005
The slow , v o lta g e  dependent K -conductance i s  in c re a s e d . The a c t io n  
p o te n t ia l s  of DS have a c c e le ra te d  r i s in g  and f a l l i n g  phases 
a s s o c ia te d  w ith  s h o r te r  d u ra t io n  o f d e p o la r is a t io n  s p ik e . Our 
re c o rd s  d is a g re e  w ith  S c o tt a ls o  in  th e  change of th e  a f t e r  hyper
p o la r i s a t i o n ;  i t  i s  s i g n i f i c a n t ly  in c re a se d  in  DS. The i n i t i a l  
r e s u l t s  in d ic a te  th a t  th e se  changes a re  due to  th e  in c re a s e d  f a s t  
K -cu rren t in  DS’ s DRG neu ro n s . These f in d in g s  a re  from th e  
p e r ip h e ra l  neuron , b u t t h e i r  e x c is te n c e  in  th e  c e n tr a l  nervous 
system  m ight e x p la in  th e  m en ta l r e t a r d a t io n  found in  DS.

371.4 NEURULATION: A BIOCHEMICAL ANALYSIS OF MICRO-DISSECTED 
NEUROEPITHELIUM IN NORMAL AND ABNORMAL NEURULATION. 
T .M .Johnson*.R.G.H iebee* .W.G oossens*. D. G.McLone* and 
P ,A .K nepper*(S pon:R .B erry ) .D iv is io n  o f  N eu rosu rgery ,C h ild re n 's  
M emorial H o sp ita l .N o rth w e ste rn  U niv .M ed .C tr. , C h icago , IL 60614.

The c y to sk e le to n , c e l l  su rfa c e  g ly c o co n ju g a tes  and th e  
e x t r a c e l lu l a r  m a trix  p la y  v i t a l  r o le s  in  th e  p ro cess  o f 
n e u ru la t io n .  C u rren t s tu d ie s  seek  th e  c e l l u l a r  mechanisms 
which c h a ra c te r iz e  th e  ev e n ts  o f  n e u ra l tube  c lo su re  in  normal 
and abnorm al n e u ru la t io n .  A g e n e tic  model o f  abnorm al n eu ra l 
tube  c lo s u re ,  th e  sp lo tc h  mouse m utant (S p /S p ) , was s tu d ie d  on 
g e s ta t io n  days 10 ,11 , and 12 by scann ing  e le c t ro n  m icroscopy 
and c o r r e la te d  w ith  b iochem ical a n a ly s is  o f  m ic ro -d is s e c te d  
n e u ra l fo ld s  an d /o r n e u ra l tu b e s .

The Sp/Sp embryos e x h ib ite d  m y e lo sch is is  o f  th e  s a c r a l  reg io n  
o f  v a ry in g  d e g re e s , p r im a r ily  as a la rg e  d e fe c t  ex ten d in g  to  
th e  caudal c e l l  mass, and app rox im ate ly  o n e -h a lf  o f th e se  
embryos a ls o  had c r a n i o s c h i s i s . In  o rd e r  to  determ ine 
b iochem ical changes in  th e  n eu ro ep ith e liu m , open an d /o r c lo sed  
n e u ra l t i s s u e  o f g e s ta t io n  day 12 Sp/Sp, Sp/+ and C-57 embryos 
were p la ced  in  2% aga r w ith o u t f ix a t io n  o r in  s e v e ra l types o f 
f ix a t iv e s  --  100% e th a n o l f o r  24 h r  a t  4°C, 4% 
paraform ldehyde fo r  12 h r ,  o r 2% g lu ta ra ld h y d e  fo r  2 h r  --  to  
s t a b i l i z e  th e  t i s s u e s  f o r  m ic ro -d is s e c tio n  o f  th e  
n eu ro ep ith e liu m . The d is s e c t io n  te ch n iq u e , as v e r i f i e d  by 
l i g h t  m icroscopy, y ie ld e d  d is s e c te d  t i s s u e s  which were >90% 
n eu ro ep ith e liu m . The n e u ra l t i s s u e  was s o lu b i l iz e d  in  Laemmli 
sample b u f f e r  f o r  one-d im ensional (ID) o r ly s i s  b u f f e r  fo r  
tw o-d im ensional (2D) po lyacry lam ide  g e l e le c t ro p h o re s i s .  The 
g e ls  were s ta in e d  w ith  s i l v e r  (Bio-Rad) o r Coomassie b lu e . 
E thano l p rep a re d  n e u ra l t i s s u e  gave th e  b e s t  r e s u l t s  on 1D or 
2D p o lyacry lam ide  g e l e le c tro p h o re s i s .  The 2D p r o f i l e  o f  the 
n e u ro ep ith e liu m  o f  Sp/Sp v e rsu s  c o n tro l  embryos showed 
d if fe re n c e s  in  th e  ap p a re n t p I  and m o lecu la r w eigh ts o f  s e v e ra l 
p r o te in s .  A d d itio n a l s tu d ie s  a re  in  p ro g re ss  to  f u r th e r  
c h a ra c te r iz e  th e se  d if fe re n c e s  by W estern b lo t .

These r e s u l t s  in d ic a te  t h a t  b iochem ica l s tu d ie s  on 
m ic ro -d is s e c te d  n eu ro ep ith e liu m  a re  f e a s ib le ,  so th a t  
com parisons in  th e  tim e o f  appearance , type and amount o f 
p ro te in s  can be made on th e  b a s is  o f s ta g e  o f  n e u ru la tio n  o r o f 
abnorm al n e u ru la t io n ,  i . e . ,  m y e lo sch is is  o r c r a n io s c h is is .

371.5 EFFECTS OF ISOTRETINOIN ON NEURAL CREST CELL 
BEHAVIOUR IN VITRO. L.C. Smith-Thomas, M. Bronner-Fraser and 
I.Lott*. Developmental Biology Center and Division of Pediatric 
Neurology, University of California, Irvine 92717

Isotretinoin (13-cis retinoic acid, Accutane) is a Vitamin A derivative 
that has been used successfully as an anti-acne medication. Recently, 
this drug has been found to cause severe birth defects in humans whose 
mothers were exposed to the drug in the early stages of pregnancy. 
Malformations include cleft palate, mandibular underdevelopment as well 
as central nervous system and ear defects. Most of the affected 
structures receive contributions from the cranial neural crest. It 
therefore seems likely that the teratogenic effects of isotretinoin could 
be due to disturbances in cranial neural crest migration.

In order to investigate the mechanism of isotretinoin-induced birth 
defects we have developed an in vitro animal model system. Cranial 
neural crest explant cultures were grown on fibronectin-coated culture 
dishes in medium containing 20 ug/ml of isotretinoin. Differences 
between control and experimental cultures were observed by 1 day after 
exposure to isotretinoin. Control cultures displayed a confluent 
morphology with well-flattened cells. This morphology persisted for the 
duration of the experiment. In contrast many rounded cells were present 
in isotretinoin treated cultures. Two days after drug addition centrally 
located cells were poorly attached to the substratum and gaps were 
often observed between aggregates of cells. 3 to 5 days after addition 
of isotretinoin, large gaps were observed between aggregates or sheets of 
cells that were tenuously attached to the substratum. At these times 
many of the cells in the centrally located aggregates became pigmented. 
The changes in cell morphology observed in treated cultures suggest that 
isotretinoin decreases the adhesion of cranial neural crest cells to their 
substratum.

In order to determine the cell type specificity of isotretinoin we have 
examined the effects of the drug on other cell types such as neural tube 
and cardiac fibroblasts. In contrast to neural crest cells both these cell 
types were relatively unaffected by exposure to isotretinoin. Neural 
tube explants comprised cells that remained flattened and closely 
associated with each other in the presence of isotretinoin. Both control 
and isotretinoin treated cardiac fibroblast cultures comprised confluent 
outgrowths of cigar shaped cells. We have also examined the effects of 
trans-retinol on the behaviour of neural crest cells and compared them 
to those of isotretinoin. The effects of these two retinoids were similar 
under our experimental conditions.

These results suggest that isotretinoin affects interactions between 
neural crest cells and their substratum. Therefore, isotretinoin induced 
birth defects may result from defective neural crest cell-extracellular 
matrix interactions and consequent abnormal neural crest cell migration 
during early embryonic development. (Supported by USPHS HD-15527 
and March of Dimes Grant 1-896)

3 7 1 .6 A LACK OF TRANSFERRIN IMMUNOREACTIVITY IN THE CNS OF MYELIN 
DEFICIENT RATS. J .R. Connor1, 2 K.D. Barron3 R.E. Fine4 
and C .K.Csiza5 . 1 Dept . o f  Physio logy,  George Washington Univ. 
and 2V.A. M ed ica l  C e n t e r ,  W ash ing ton  D.C. 20422, 3 D e p t . o f  
N e u r o lo g y ,  Albany Med. C o l l . ,  NY, '4 D ep t . o f  B iochemist ry , Boston 
U n iv .  S ch .  o f  Med. Boston MA, and 5 New York S t a t e  Department of  
H ea l th , Albany NY.

T r a n s f e r r i n  i s  a 80,000MW g ly c o p r o te in  whose major func t ion  
i s  a s s o c ia te d  with  i r o n  t r a n s p o r t  and m o b i l i z a t i o n .  R e c e n t l y ,  we 
h a v e  shown t h a t  t r a n s f e r r i n  (T f )  i s  a s p e c i f i c  m a rk e r  f o r  
o l i g o d e n d r o c y t e s  i n  th e  r a t  nervous system (Connor & F in e ,  Brain 
R e s .  3 6 8 :3 1 9 ,  1986)  and i s  d e v e l o p m e n t a l l y  a s s o c i a t e d  w ith  
m y e l i n a t i o n .  F u r t h e r m o r e ,  Tf  e n t e r s  t h e  b r a i n  from t h e  b lo o d  
t h r o u g h  r e c e p t o r  m e d ia t e d  e n d o c y t o s i s . Th is  s t u d y  ex a m in es  Tf 
l e v e l s  i n  th e  CNS o f  a s t r a i n  o f  Wistar r a t s  which have a g en e t ic  
m uta tion  c h a r a c t e r i z e d  by myelin  d e f i c i e n c y  (C s iza  and de L a h u n ta  
Am. J .  P a t h o l .  9 5 :2 1 5 –224 , 1 9 7 9 ) .  The md r a t s  have  a t a x i a  and 
t r e m o r s  and a r e  c o n s e q u e n t l y  e a s i l y  d i s t i n g u i s h e d  from t h e i r  
norm a l  l i t t e r m a t e s  which  s e r v e  as  c o n t r o l s .  In  t h e  youngest 
an imal s  (10 days) t h e  d ia g n o s i s  o f  md i s  made h i s t o l o g i c a l l y  by 
s t a i n i n g  fo r  myelin  with t o l u i d i n e  b lu e  on 1 micron s e c t i o n s .  No 
myelin  i s  p re sen t  in  t h e  c e r v i c a l  s p in a l  co rd  i n  t h e  md r a t .  The 
a n i m a l s  were  a n e s t h e t i z e d  and th e n  p e r f u s e d  w i th  e i t h e r  45S 
paraformaldehyde or a f o r m a l in - e t h a n o l - a c e t i c  ac id  (FEA) m i x t u r e .  
The t i s s u e  was cu t  on a v ib ra tome (50 um) or a c r y o s t a t  (8 um) and 
r e a c t e d  f o r  im m u n o h i s to c h e m i s t r y  a c c o r d i n g  t o  e i t h e r  t h e  PAP 
method o f  S t e r n b e r g e r  o r  t h e  ABC V ec ta s t a in  p rocedure .  In both 
c a se s  3 , 3 '  d ia m in o b e n z id in e  was t h e  ch rom ogen .  A more i n t e n s e  
r e a c t i o n  was a c h i e v e d  by u s in g  th e  FEA as  a f i x a t i v e  compared to  
t h e  p a r a f o r m a ld e h y d e .  The a n t i b o d i e s  used  i n  t h i s  s t u d y  were 
a n t i - T f  (1 : 1 0 0 0 ) ,  a n t i - G a la c to c e r e b r o s i d e  (1 :5 00 ,  g i f t  o f  Dr. L. 
Rome, UCLA) and g l i a l  f i l am e n t  ac id ic  p r o t e i n  a n t i s e r u m  ( 1 :1 0 0 0 ,  
g i f t  o f  D r .  L. Eng, P a l o  A l t o ,  CA). Beginning a t  10 days a f t e r  
b i r t h ,  both  Tf and g a l a c to c e r e b r o s id e  (GalC) immunoreactiv i ty  were 
p r e s e n t  in  o lig o d en d ro cy te s  in  th e  whi te  m a t te r  o f  th e  s p in a l  cord 
in  th e  n o n affec ted  animals ,  but no Tf or  GalC s t a i n i n g  was p re s e n t  
i n  t h e  md r a t s .  A s t r o g l i o s i s  was observed in  th e  md r a t  in  both  
t h e  g r a y  and w h i t e  m a t t e r  o f  t h e  s p i n a l  c o r d  a s  e a r l y  a s  10 
p o s t n a t a l  d ay s  and t h e  i n t e n s i t y  o f  a s t r o g l i o s i s  con t in ued  u n t i l  
by 30 p o s t n a t a l  d a y s  t h e  w h i t e  m a t t e r  o f  t h e  s p i n a l  c o r d  and 
corpus  ca llosum was almost e n t i r e l y  f i l l e d  with r e a c t io n  p roduc t .  
N e i th e r  Tf nor GalC im m unoreac tiv i ty  was o b s e r v e d  in  t h e  CNS o f  
t h e  md r a t s  a t  any age  g ro u p  ( 1 0 ,  20 ,  30 ,  4 0 ,  50 day so f  a g e ) .  
P re l im in a ry  r e s u l t s  i n d i c a t e  t h a t  l i v e r  s y n t h e s i s  o f  Tf i n  t h e  md 
r a t  i s  normal.The r e s u l t s  o f  t h i s  s tu dy  dem onst ra te  t h a t  Tf i s  not 
p r e s e n t  i n  t h e  CNS o f  a n i m a l s  which a r e  m y e l in  d e f i c i e n t .  
(Supported  by NS 22671 and th e  Veterans  A d m in i s t r a t i o n ) .
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371.7 ABERRANT GLYCONJUGATE BIOSYNTHESIS DURING DIFFERENTIATION OF 
DYSTROPHIC AVIAN PECTORAL MUSCLE CELLS IN CULfURE. E. L .  Hogan and 
K.C. Leskawa*. Department o f  Neurology, The Medical U n iv e r s i t y  o f  
South C aro l in a ,  C h ar les to n ,  SC 29464-2232

We have p re v io u s ly  rep o r t ed  t h a t  th e  l a b e l i n g  o f  t r i o s y l c e r -  
amide and th e  Forssman hapten a r e  t r a n s i e n t l y  in c reased  during  
chick  muscle c e l l  d i f f e r e n t i a t i o n  a t  th e  time o f  myoblast membrane 
fu s io n  (Hogan, Chien and Leskawa, Soc. N eu ro sc i . ,  1983). To 
f u r t h e r  ex p lo re  th e s e  o b s e r v a t io n s ,  we have s tu d ie d  th e  b io sy n th e 
s i s  o f  f o u r  major c l a s s e s  o f  complex ca rbohydra tes  ( g ly c o p ep t id es ,  
glycosaminog lycans  (GAGs), n e u t ra l  g ly c o sp h in g o l ip id s  (GSLs) and 
gangl i o s i d e s )  dur in g  d i f f e r e n t i a t i o n  o f  normal and d y s t ro p h ic  
muscle c e l l s .  Primary c u l t u r e s  from chick  p e c to r a l  muscles were 
h arv es ted  a t  v a r io u s  times as myoblas ts  d i f f e r e n t i a t e d  to  m u l t i -  
n u c lea ted  myotubes, a f t e r  in cu b a t io n  with  3H -ga la c to se . Lip ids  
were e x t r a c t e d ,  s a p o n i f i e d ,  i s o l a t e d  by r e v e r s e -p h a se  chromato
graphy and sep a ra ted  on columns o f  DEAE-Sephadex and s i l i c i c  ac id .  
The p ro t e in  r e s id u e  was d ig e s t e d  with  papain and th e  GAGs s ep a r 
a ted  from g ly c o p ep t id es  with  ce ty lp y r id in iu m  c h l o r id e .  Recoveries  
were g r e a t e r  than 92%, determined  by adding 3H -lac tosy lce ram ide , 
3H-GM1 g a n g l io s id e  o r  3 H - a s i a l o s y l f e tu in  t o  un la be le d  samples.

Glycopeptide  (GP) and GAG b io s y n th e s i s  in c reased  s t e a d i l y  dur
ing normal myoblast d i f f e r e n t i a t i o n .  With d y s t ro p h ic  muscle 
c e l l s ,  however, GP and GAG la b e l i n g  was s i g n i f i c a n t l y  e l e v a te d  in 
th e  s i n g l e  c e l l  and myotube phases  ( s e v e r a l  times  g r e a t e r  than 
normal v a lu e s ) ,  but decreased  to  near-normal va lues  dur in g  c e l l  
c o n t a c t  and membrane fu s io n .

With normal muscle c u l t u r e s ,  b io s y n th e s i s  o f  t o t a l  GSLs in 
crea sed  s i g n i f i c a n t l y  during  th e  p er io d s  o f  c e l l  c o n ta c t  and 
i n i t i a l  membrane f u s io n .  Both g a n g l io s id e  and n e u t r a l  GSL l a b e l 
ing in c reased  and then  d ecreased  so t h a t  myotube v alues  were 
s i m i l a r  t o  myoblas ts .  G ang li os ide  l a b e l i n g  was h ig h e r  than neu t
r a l  GSL la b e l i n g  a t  a l l  phases , but th e  r e v e r s e  was t r u e  f o r  
d y s t ro p h ic  c e l l s  and g a n g l io s id e  l a b e l i n g  did  not vary during  
myogenesis. During i n i t i a l  membrane fu s io n ,  n e u t r a l  GSL b io sy n th e 
s i s  by d y s t ro p h ic  c e l l s  in c reased  d ra m a t i c a l l y ,  t o  l e v e l s  9 times  
g r e a t e r  than normal v a lu es .  Unl ike  normal c u l t u r e s ,  l a b e l i n g  of  
d y s t ro p h ic  n e u t r a l  GSLs d id  not d ec re ase  a f t e r  formation  of  myo
tubes  bu t remained g r e a t l y  e l e v a te d .

This  in c reased  g ly c o s y l a t i o n  o f  macromolecules by d y s t ro p h ic  
muscle c e l l s  was d e s p i t e  decreased  i n t r a c e l l u l a r  pools  of  
monosaccharide (60% of  normal c u l t u r e s ) .  No d i f f e r e n c e s  were seen 
in i n t r a c e l l u a r  poo ls  o f  3H-leucine  o r  3H-thymidine.

These r e s u l t s  sup p o r t  our  h ypo thes i s  o f  a r o l e  f o r  membrane 
GSLs, in c lu d in g  g a n g l io s id e s ,  in muscle d i f f e r e n t i a t i o n  and 
sugges t  a d e f e c t  in th e  co n t ro l  o f  g ly c o s y l a t i o n  in muscular 
dys trophy.

Supported by g r a n t  NS21057 from the  NINCDS.

371.8 DEVELOPMENTAL EXPRESSION OF THE HYPERTROPHIED LOCUS COERULEUS 
TERMINAL ARBOR IN THE MUTANT MOUSE TOTTERING. E ric  P h i l l ip s *  
and P a t L e v i t t .  (Spon: H. P earson) D ept. o f Anatomy, M edical 
C o llege  o f P enn ., P h ila d e lp h ia , PA 19129.

T o tte r in g  ( t g / t g ) i s  an autosom al r e c e s s iv e  n e u ro lo g ic a l 
m u ta tion  in  mice th a t  r e s u l t s  in  a l a t e  p o s tn a ta l  (3 -4  weeks) 
ex p re ss io n  o f spontaneous fo c a l m otor and spike-w ave absence 
s e iz u r e s .  The lo cu s  c o e ru leu s  n o rad re n e rg ic  neurons 
h y p e rin n e rv a te  t h e i r  t a r g e t  r e g io n s , and have been shown 
p re v io u s ly  to  be re s p o n s ib le  in  p a r t  fo r  th e  exp ressed  
e p i le p s y . In  t h i s  s tu d y , th e  developm ental tim e cou rse  of 
ex p re ss io n  o f th e  h y p e rin n e rv a tio n  was in v e s t ig a te d  
im m unocytochem ically to  d e f in e  how th e  o n se t o f th e  abnorm al 
te rm in a l a rb o r  r e l a t e s  to  th e  delayed  p o s tn a ta l  ex p re ss io n  of 
th e  e p i le p s y . TG/tg and w ild  ty p e  (+ /+ ) m ice, b i r t h  th rough  
p o s tn a ta l  day (P) 35 were p rep ared  fo r  ty ro s in e  hyd roxy lase  
im m unocytochem istry..  T erm inal a rb o rs  were ana lyzed  in  th e  
hippocampus and ce rebellum  a t  7 d i f f e r e n t  ages q u a n t i ta t iv e ly  
by dete rm in in g  th e  f r a c t io n  a re a  occupied  by TH-immunoreactive 
f i b e r s .  At b i r t h ,  few f ib e r s  were p re s e n t in  e i th e r  te rm in a l 
reg io n  and no d if f e re n c e  in  th e  axona l a rb o rs  were d e te c te d . 
By P5, however, th e  number o f s ta in e d  axons in c rea sed  
d ra m a tic a lly  in  bo th  norm al and m utant m ice. At t h i s  s ta g e , 
c le a r  d i s t i n c t i o n s  between groups were e v id e n t in  th e  number of 
im m unoreactive axons, app rox im ate ly  30% g re a te r  in  th e  t g / t g  
mouse. By P14, a rb o rs  bo th  in  th e  hippocampus and c e re b e l la r  
c o r te x  o f t g / t g  mice were double o f th o se  s ta in e d  in  + /+  m ice. 
T his r a t i o  rem ained c o n s ta n t, w ith  th e  e x te n t o f in n e rv a tio n  
reac h in g  a d u l t  le v e ls  bo th  in  normal and m utant mice between 2- 
3 weeks p o s tn a t a l l y ,  w e ll b e fo re  th e  o n se t o f th e  e p i le p s y . 
The d a ta  in d ic a te  th a t  th e  tg  gene d e fe c t r e s u l t s  in  a 
d eve lopm en ta lly  anomolous growth o f LC n o rad ren e rg ic  axons and 
t h i s  ev en t i s  n o t lin k ed  tem p o ra lly  to  th e  o n se t o f th e  
path o p h y sio lo g y . This su g g es ts  th a t  o th e r  f a c t o r s ,  p o s s ib ly  
p o s ts y n a p tic  re c e p to r  m a tu ra tio n , must occur in  a d d i tio n  to  th e  
h y p e rtro p h ic  axon growth to  reach  th e  spontaneous e p i le p t ic  
s t a t e  in  th e  a d o le sc e n t mouse.
Supported  by th e  K lin g e n s te in  Fund and NIH g ra n t NS 20196.

371.9 WATER MAZE LEARNING DEFICITS IN THE TWITCHER HETEROZYGOTE 
C h a r le s  E. Olms t e a d . UCLA M en ta l R e ta r d a t i o n  R e s e a rc h  G roup, 
Lanterm an D evelopm ental C en ter, Pomona, CA 91769
In d iv id u a ls  heterozygous fo r  th e  r e c e s s iv e ly  tr a n s m it te d  Globoid 
c e l l  leukodystrophy  (GCL) have been re p o r te d  to  perform  poo rly  on 
s u b t e s t s  o f  i n t e l l i g e n c e  s c a l e s .  N o ta b ly  C h ris to m a n o u  e t .  a l .  
(Human G en e tic s  (1981)58) have re p o r te d  im p aire d  s p a t i a l  c o g n itio n  
in  o b l ig a te  h e te ro z y g o te s  f o r  GCL d is e a se . We have r e c e n t ly  (Soc. 
Neurosci. A bst.(1985)11) developed ev idence th a t  th e  m urine m utant 
" tw itc h e r"  (C 57B l/6 J-tw i) i s ,  i n  a d d i t io n  to  being  an en z y m ica lly  
c o r r e c t  model fo r  th e  g a la c to s y lc e ra m id a s e  d e f ic ie n c y  (Suzuki and 
S u z u k i ,Am. J . P a th o l . (1 9 8 4 )1 1 1 ) . a l s o  an  e x c e l l e n t  t o o l  f o r  
s tu d y in g  h e te ro z y g o te  r i s k  f o r  s u b tle  n e u ro lo g ic a l d is e a se . 
We have u sed  s e v e r a l  v a r i a t i o n s  on th e  M o r r is  w a te r  maze ( L e a rn  
M o tiv . (1 98 1 ) 12 ) t o  i n v e s t i g a t e  th e  s p a t i a l  a b i l i t i e s  o f  no rm a l 
( + /  +)  a n d  h e t e r o z y g o u s  ( t w i / + )  f e m a le  m ic e .  G e n o ty p e  w as 
d e te rm in ed  by m icroassay  o f  g a la c to s y lc e ra m id a s e  i n  0.5cm segm ents 
o f  c l ip p e d  t a i l .  A n im a ls  o f  b o th  g e n o ty p e s  r e a d i l y  le a r n e d  th e  
s tan d a rd  ta s k  a s  ev idenced  by d ec reased  l a te n c i e s  in  rea c h in g  th e  
submerged p la tfo rm  and th e  s h o r te r  p a th s  taken. I n i t i a l  le a rn in g  
re a c h e d  s t a b l e  l a t e n c i e s  and e r r o r s  by th e  8 th  5 - t r i a l  day . 
Changing th e  p o s i t io n  o f  th e  p la tfo rm  in  th e  f i e l d  o r th e  r e l a t i v e  
s a l i e n c e  o f  d i s t a l  and p ro x im a l c l u e s  had s i g n i f i c a n t l y  more 
e f f e c t  on th e  h e te ro z y o te s  th an  th e  norm al. Not on ly  d id  they  show 
in c r e a s e d  e r r o r s  and l a t e n c i e s  i n  r e a c h in g  th e  p la t f o r m ,  b u t 
becam e i n c r e a s i n g l y  m ore v a r i a b l e  a n d  u n s t a b l e  f o l l o w i n g  
s u c c e s s iv e  r e v e r s a l s  o f  p la t f o r m  p o s i t i o n .  When p la t f o r m  c o lo r  
a n d /o r  th e  d e g re e  o f  o p a c i ty  o f  th e  w a te r  w as c hanged  th e  
h e t e r o z y g o te s  w e re  se e n  to  p e r fo rm  b e s t  when th e  p ro x im a l c u e s  
w e re  m o s t s a l i e n t  ( i . e .  C le a r  w a te r  and  c o lo r e d  p l a t f o r m ) ,  b u t 
t r i a l  to  t r i a l  v a r i a b i l i t y  was s t i l l  h ig h e r  th a n  i n  th e  n o rm a l 
l i t t e r m a t e s .  F i n a l l y  a  v a r i a t i o n  o f  th e  W hishaw " l e a r n i n g - s e t "  
paradigm  (P h y sio l. Behav.(1985)35) re q u ire d  th e  an im als  to  le a r n  a 
new s p a t i a l  l o c a t i o n  o f  th e  p la t f o r m  e v e ry  2 t r i a l s  f o r  5 
p o s i t io n s  per day. H ete rozygo tes  had s ig n i f i c a n t ly  more e r r o r s  and 
lo n g e r  l a t e n c i e s  th a n  th e  n o rm a ls  a c r o s s  th e  f i r s t  f i v e  d ay s . 
A fte r  th a t  th e  two groups w ere no t d is t in g u is h a b le  on th e  b a s is  o f 
e r r o r  and  la n te n c y .  H ow ever, t h e r e  w ere  d i f f e r e n c e s .  The n o rm a l 
a n im a ls  a d o p te d  a  p o s i t i o n  p r e f e r e n c e  f o r  1 s t  t r i a l  r e s p o n d in g  
t h a t  r e a d i l y  c hanged  on c e th e  new l o c a t i on w as d e te rm in e d . T h is  
was shown by d e c re a se s  i n  p rev io u s  and p re fe r re d  s e c to r  e r r o r s  on 
th e  2nd t r i a l .  H e te ro z y g o te s  p e r s e v e r a te d  on th e  p o s i t i o n  
p r e f e r e n c e  on b o th  th e  1 s t  and 2nd t r i a l s .  They d id ,  h o w ev er, 
u s u a l ly  show s h o r te r  2nd t r i a l  l a te n c i e s .  These d a ta  a re  f u r th e r  
e v id e n c e  s u p p o r t in g  th e  u t i l i t y  o f  th e  " t w i t c h e r "  m odel f o r  
he t e r o z y g o te  r i s k  and  d e m o n s t r a te  t h a t  th e  W hishaw m ethod  i s  
s e n s i t i v e  t o  th e  d i f f e r e n t  s t r a t e g i e s  a d o p te d  by a n im a ls  when 
s o lv in g  th e  th e  M orris  w a te r  maze.

371.10 METHYLMERCURY-INDUCED MOVEMENT AND POSTURAL DISORDERS IN THE 
DEVELOPING RAT: REGIONAL ANALYSIS OF AROMATIC AMINE SYSTEMS. 
J .R . O' Kusky, B.E. Boyes* and E.G. McGeer. Kinsmen L a bo ra to ry  o f 
N eu ro lo g ica l R esearch , D epartm ent o f P sy c h ia try , U n iv e rs ity  o f 
B r i t i s h  Colum bia, Vancouver, B .C ., Canada, V6T 1W5.

The to x i c i t y  o f m ethylm ercury (MeHg) in  th e  human nervous 
system  du rin g  p r e n a ta l  and e a r ly  p o s tn a ta l  development has been 
a s s o c ia te d  w ith  n e u ro lo g ic a l d is o rd e rs  resem bling  c e re b ra l  p a lsy . 
C lin ic a l  s ig n s  in  a f f e c te d  in f a n ts  and c h i ld re n  in c lu d e  
psychom otor r e t a r d a t io n ,  p e r s is te n c e  o f p r im it iv e  r e f le x e s ,  
s p a s t i c i t y ,  a t a x ia ,  c h o re o a th e to id  movements, myoclonus and 
g e n e ra liz e d  to n ic  co n v u ls io n s . S im ila r  s ig n s  o f n e u ro lo g ic a l 
im pairm ent have been re p o rte d  in  th e  deve lop ing  r a t  fo llo w in g  th e  
p o s tn a ta l  a d m in is tr a t io n  o f MeHg (O’Kusky, J .R . & E.G. McGeer, 
D evelop. B ra in  Res. ,  21: 299, 1985). The p re s e n t s tudy  was 
conducted to  determ ine  changes in  t i s s u e  c o n c e n tra t io n s  o f th e  
ca tech o lam in es , s e ro to n in  and th e i r  m e ta b o lite s  in  th e  s p in a l  co rd , 
n e o s tr ia tu m  and c e re b ra l  c o r te x  o f M eH g-treated an im als.

Sprague-Dawley r a t  pups rec e iv e d  subcutaneous in je c t io n s  o f 
m ethy lm ercuric  c h lo r id e  in  p h y s io lo g ic a l s a l in e  (5 mg Hg/kg) a t  
24-hour i n t e r v a l s  beg inn ing  on p o s tn a ta l  day 5 and co n tin u in g  
u n t i l  th e  o n se t o f n e u ro lo g ic a l im pairm ent (day 21–25). Normal 
and w eight-m atched c o n tro ls  were in je c te d  w ith  e q u iv a le n t volumes 
o f s a l i n e .  The c o n c e n tra t io n s  o f n o rep in ep h rin e  (NE), s e ro to n in  
(5-H T), 5 -h y d ro x y in d o leace tic  a c id  (5-HIAA), dopamine (DA), d i -  
h y d roxypheny lace tic  a c id  (DOPAC) and h o m ovan illic  ac id  (HVA) were 
determ ined  by e le c tro c h e m ic a l d e te c t io n  a f t e r  s e p a ra t io n  by HPLC.

L evels  o f NE in  M eH g-treated anim als were s ig n i f i c a n t ly  
in c re a se d  in  th e  s p in a l  cord  (51-53%) and n e o s tr ia tu m  (142-161%), 
b u t in  th e  c e re b ra l  c o r te x  they  d id  n o t d i f f e r  s ig n i f i c a n t ly  from 
normal o r w eight-m atched c o n t ro ls .  T issu e  le v e ls  o f 5-HT were 
s ig n i f i c a n t ly  in c re a se d  in  th e  s p in a l  cord (24–50%), b u t n o t in  
th e  n e o s tr ia tu m  o r  c e re b ra l  c o r te x . However, th e  r a t i o  of 
5-HIAA/5-HT in  th e  n e o s tr ia tu m  was s ig n i f i c a n t ly  in c rea sed  
(41–49%), su g g es tin g  in c re a se d  tu rn o v e r  of 5-HT in  t h i s  re g io n  in  
M eH g-treated an im a ls . T issu e  le v e ls  o f DA d id  n o t change 
s ig n i f i c a n t ly  in  th e  n e o s tr ia tu m  and they  were below th e  l i m i t  of 
d e te c t io n  in  th e  s p in a l  cord and c e re b ra l  c o r te x . However, th e  
r a t i o  o f (DOPAC + HVA)/DA dec reased  s ig n i f i c a n t ly  in  th e  
n e o s tr ia tu m  (68-70% ), su g g es tin g  d ec reased  tu rn o v e r o f DA in  th e  
M eH g-treated an im als. Ongoing m orpho log ica l s tu d ie s  in d ic a te  th a t  
th e se  r e s u l t s  may be secondary  to  a le s io n  of GABAergic i n t e r 
neurons th roughou t th e  c e re b ra l  c o r te x  and a d i s in h ib i t i o n  o f 
c o r t i c a l  e f f e r e n t s  to  th e  b ra in s tem .
(Supported  by th e  U nited  C e re b ra l P a lsy  R esearch  and E duca tio n a l 
Foundation  and th e  B r i t i s h  Columbia H ea lth  Care R esearch 
F o u n d a tio n ).
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371.11 METHYLMERCURY POISONING OF THE DEVELOPING NERVOUS SYSTEM: EFFECTS 
ON SOMATOSTATIN IMMUNOREACTIVITY IN CEREBRAL CORTEX AND STRIATUM. 
J.M . Radke*, J .R . O'Kusky and S.R . V incen t (SPON: J .  W einberg). 
Kinsmen L a b o ra to ry  o f N eu ro lo g ica l R esearch , D epartm ent of 
P s y c h ia t ry , U n iv e rs ity  o f B r i t i s h  Colum bia, V ancouver, B .C ., 
Canada, V6T 1W5.

The to x i c i t y  o f  m ethylm ercury (MeHg) in  th e  c e n tr a l  nervous 
system  o f th e  deve lop ing  r a t  has been shown to  r e s u l t  in  a 
r e l a t i v e ly  s e le c t i v e  d e g e n e ra tio n  o f GABAergic neurons in  th e  
c e re b ra l  c o r te x  and s tr ia tu m . In  view  o f th e  re p o r te d  
c o - lo c a l i z a t io n  o f GAD- and n eu ro p e p tid e - im m u n o re a c tiv it ie s  (SRIF, 
NPY) in  some nonpyram idal neurons o f t he c e re b ra l  c o r te x  (Hendry 
e t  a l . ,  P ro c . N a t l . Acad. S c i . , 81: 6526, 1984), i t  appears  l i k e ly  
th a t  such c o e x is te n c e  d e f in e s  su b p o p u la tio n s  o f GABAergic n eu rons . 
The p re s e n t study  was conducted to  document changes in  t i s s u e  
l e v e l s  o f so m a to s ta tin  (SRIF) in  M eH g-treated an im als to  de term ine  
th e  e x te n t to  w hich S R IF -con ta in ing  neurons a re  invo lved  in  th e se  
n e u ro to x ic  le s io n s .

Sprague-Dawley r a t  pups re c e iv e d  subcutaneous in je c t io n s  o f 
m ethy lm ercurie  c h lo r id e  (5 mg Hg/kg) a t  24-hour in t e r v a l s  
b eg inn ing  on p o s tn a ta l  day 5 and c o n tin u in g  u n t i l  one o f th re e  
s ta g e s  o f MeHg to x i c i t y ,  d e fin ed  as  fo llo w s : S tage I  (day 18) when 
M eH g-treated r a t s  c o n tin u e  to  gain  w eigh t a lth o u g h  le s s  r a p id ly  
than  normal c o n t r o ls ,  S tage  I I  (day 20-22) when a g iven  r a t  
ex h ib ite d  a  lo s s  o f body w eig h t, and S tage I I I  (day 22-25) a t  th e  
o n se t o f n e u ro lo g ic a l im pairm ent. Normal and w eight-m atched 
c o n tro ls  were in je c te d  w ith  e q u iv a le n t volumes o f s a l i n e .  T issu e  
le v e ls  o f SRIF w ere measured in  th e  c e re b ra l  c o r te x  ( o c c ip i t a l  
reg io n ) and s tr ia tu m  by radioim m unoassay.

In  th e  c e re b ra l  c o r te x  le v e ls  o f SRIF in  M eH g-treated anim als 
d id  n o t d i f f e r  s i g n i f i c a n t ly  from normal o r  w eight-m atched 
c o n tro ls  a t  any s ta g e  o f th e  experim en t. In  th e  s tr ia tu m  th e re  
was a  s ig n i f i c a n t  d e c re a se  in  SRIF a t  S tage I I  (49-54%) and 
S tage  I I I  (55-57%). Im m unohistochem istry o f S R IF -p o s itiv e  neurons 
in  M eH g-treated an im als a t  S tage  I I I  rev e a le d  a marked c e l l  lo s s  
along  th e  d o r s o la t e r a l  m argin o f th e  s tr ia tu m . S u rv iv ing  neurons 
were a t ro p h ic ,  e x h ib i t in g  a re d u c t io n  in  c e l l  s iz e  an d  in  
com plex ity  o f d e n d r i t ic  a rb o r iz a t io n .  In  th e  c e re b ra l  c o r te x  of 
M eH g-treated an im als th e  morphology and d i s t r i b u t io n  o f SRIF- 
p o s i t i v e  neurons appeared  norm al.

These r e s u l t s  dem onstra te  reduced t i s s u e  le v e ls  o f SRIF and a 
d eg e n e ra tio n  o f S R IF -p o s itiv e  neurons in  th e  s tr ia tu m  fo llo w in g  
exposure to  MeHg. In  th e  c e re b ra l  c o r te x  th e  su b p o p u la tio n  of 
GABAergic neu ro n s , which a re  presumed to  be c o - lo c a l iz e d  w ith  
SRIF, appear to  be sp ared .
(Supported  by th e  U nited  C ere b ra l P a lsy  R esearch  and E d u c a tio n a l 
F oundation  and th e  B r i t i s h  Columbia H ea lth  Care Research 
F o u n d a tio n ).

371.12 MATERNAL NEUROBEHAVIORAL TOXICITY OF AN ACUTE ETHANOL DOSE 
DURING PREGNANCY IS GREATER IN MICE SHOWING TERATOGENIC EFFECTS. 
R. Haddad, R. M. Dumas* and G. S. F is c h * . New York S ta te  
I n s t i t u t e  fo r  B asic  R esearch in  D evelopm ental D i s a b i l i t i e s ,  
S ta te n  I s la n d ,  NY 10314.

A s in g le  la rg e  dose o f e th an o l (5 .8  g/kg) was g iven  to  C57B1/ 
6J mice by gavage on g e s ta t io n  day (GD) 9 (v a g in a l p lug  = GD 1 ) . 
F ollow ing tre a tm e n t, food consum ption was measured d a i ly  u n t i l  
s a c r i f i c e .  An in d iv id u a l ly  matched s e t  o f p a i r  fed  mice ( n u t r i 
t i o n a l  c o n tro l)  were gavaged w ith  an e q u iv a le n t dose o f an i s o 
c a lo r ic  d ex tro se  s o lu t io n  on GD 9 , g iven  access  to  com parably 
l im ite d  amounts o f food fo r  th e  fo llo w in g  24 h , and then  fed  ad 
l i b .  U n trea ted  c o n tro l mice formed a th i r d  group. A ll mice were 
s a c r i f i c e d  on GD 19. The e th an o l t r e a te d  mice had s ig n i f i c a n t ly  
more l i t t e r s  c o n ta in in g  malformed fe tu s e s  than  bo th  th e  p a i r  fed  
(p  l e s s  th an . 02) and th e  u n tre a te d  c o n tro l mice (p  l e s s  than . 
001 ). The c o n tro l groups d id  n o t d i f f e r  s ig n i f i c a n t ly  from one 

a n o th e r . However, no m alfo rm ations were d e te c te d  in  8 o f th e  31 
l i t t e r s  in  th e  e th a n o l t r e a te d  group. P o ss ib ly  t h i s  subgroup had 
more food in  t h e i r  stomachs a t  th e  tim e o f tre a tm e n t. This would 
have reduced th e  r a t e  o f a b s o rp tio n  o f th e  e th an o l and r e s u l te d  
in  a low er peak b lood e th an o l c o n c e n tra t io n .

In  an a ttem p t to  reduce th e  v a r i a b i l i t y  among l i t t e r s ,  a 
f u r th e r  group o f 18 p regnan t mice were food and w ate r dep rived  
fo r  4 h p r io r  to  tre a tm en t on GD 9 . ( In  th i s  group we a lso  
r e s t r i c t e d  a l l  m atings to  a one h p e rio d  to  enhance th e  uniform 
i t y  o f g e s ta t io n a l  age a t  th e  tim e o f t r e a tm e n t) .

A ll th e  mice were comatose a f t e r  tre a tm en t bu t d i f f e re d  n o t i c 
ea b ly  in  t h e i r  " s le e p in g  tim e" . When s a c r i f i c e d  on GD 19, 12 
l i t t e r s  were found to  c o n ta in  malformed f e tu s e s ,  bu t no anom alies 
were observed in  6 o f th e  18 l i t t e r s .  Comparison o f th e  " s le e p 
ing  tim es"  o f th e  s ix  dams w ith  l i t t e r s  th a t  appeared  normal w ith  
" s le e p in g  tim es"  o f th e  12 dams th a t  had l i t t e r s  in  which malform
a t io n s  were e v id e n t, showed a s ig n i f i c a n t ly  lo n g e r " s le e p in g  
tim e" (Mann-Whitney t e s t ,  p  le s s  than . 01) fo r  th e  a f f e c te d  group.

The lo n g e r " s le e p in g  tim e" o f th e  mice th a t  were l a t e r  found 
to  have malformed fe tu s e s  su g g es ts  th a t  bo th  may have re s u l te d  
from a g re a te r  t r a n s p o r t  o f e th an o l to  th e  b ra in  and to  th e  
f e tu s e s .  Whether t h i s  was a consequence o f a h ig h e r  blood 
e th a n o l c o n c e n tra t io n  in  th e  more a f f e c te d  mice o r o f a d i f f e r 
ence in  d if fu s io n  r a t e s  from th e  blood in to  o th e r  t i s s u e s  caused 
by d if f e re n c e s  in  blood com position  a t  th e  tim e o f tre a tm en t 
( e . g . ,  l i p id  c o n te n t)  rem ains to  be in v e s t ig a te d .

S upported , in  p a r t ,  by a l lo c a t io n s  from NIH BRSG G rants 
1-S07 RR05838-02, -0 3 , -0 4 , -0 5 , -0 6 .

371.13 PRENATAL CAFFEINE CAUSES LONG LASTING BEHAVIOURAL AND 
NEUROCHEMICAL CHANGES IN THE OFFSPRING. B. F r ie d e r  and V.E. Grimm*. 
C en te r f o r  N eurosciences and B ehav ioural R esearch , The Weizmann 
I n s t i t u t e  o f  S c ie n ce , Rehovot, ISRAEL 76100

The e f f e c t s  o f  p r e n a ta l  c a f fe in e  on l a t e r  developm ent, 
behav io u r and b ra in  neu ro ch em istry  were s tu d ie d . D if fe re n t 
doses o f  c a f f e in e  (25 , 50 and 75 mg/kg) were g ive  to  r a t  dams 
d u rin g  th e  l a s t  week o f  pregnancy. P re n a ta l  c a f fe in e  r e s u l te d  
in  a number o f  b eh a v io u ra l and neurochem ical changes in  th e  
o f f s p r in g  which were long la s t in g  and dose r e l a te d .  The low dose 
o f  p r e n a ta l  c a f fe in e  caused  h y p e ra c t iv i ty  (measured in  an open 
f i e l d ) .  The h igh  dose o f  c a f f e in e  caused  le a rn in g  d i s a b i l i t i e s  
in  complex v is u a l  o r  a u d ito ry  d is c r im in a tio n  le a rn in g  paradigm s 
b u t n o t in  sim ple motor le a rn in g  o r  in  a s p a c ia l  o r ie n ta t io n  
ta s k .  Both male and fem ale o f f s p r in g  showed some b e h a v io u ra l 
e f f e c t s  o f  c a f f e in e  exposure. The neurochem ical s tu d ie s  c a r r i e d  
ou t on a d u l t  an im als re v e a le d  an in c re a s e  in  p ro te in  c o n c e n tra t io n  
in  th e  c o r te x  and hippocampus o f  th e  anim als t r e a te d  w ith  th e  
h ig h e s t dose o f  c a f f e in e  and an in c re a s e  in  ch o lin e  up take  in  
th e  hippocampus o f  an im als t r e a te d  w ith  th e  low er d o ses .

371.14 HYPERACTIVITY DUE TO NEONATAL VIRUS INFECTION IN MICE: SITES OF 
INFECTION IN THE BRAIN. L .S . C rn ic  and  L . I .  P iz e r *  D e p t. o f  
P e d i a t r i c s ,  P s y c h ia t r y  an d  M ic ro b io lo g y ,  U n iv . o f  C o lo . S ch . o f  
M ed., D en v er, CO 80262 .

We r e p o r t  h e re  t h r e e  e x p e r im e n ts  i n  w h ich  new born m ice  w ere i n 
j e c t e d  s u b c u ta n e o u s ly  w i th  a  h o s t  r a n g e  m u ta n t  h e rp e s  s im p le x  ty p e  
1 v i r u s .  T h is  m u ta n t  had  b e e n  s e l e c t e d  t o  grow  on p r im a te  b u t  n o t  
m ouse c e l l s  i n  v i t r o  and  so  p ro d u c e d  a  m ild  i n f e c t i o n .  C o n tro l  
m ice  w ere  i n j e c t e d  w i th  a  k i l l e d  v i r u s  p r e p a r a t i o n .  In  t h e  f i r s t  
s tu d y ,  m ice  w ere  g iv e n  106 p la q u e  fo rm in g  u n i t s  (PFU) o f  v i r u s  on 
th e  d ay  o f  b i r t h .  W hole l i t t e r s  w ere s a c r i f i c e d  a t  5 , 1 0 , 1 5 , and  
20 d a y s  o f  a g e  f o r  d e te r m in a t io n  o f  b r a i n  v i r u s  t i t e r s .  The p e r 
c e n t  o f  m ice  w i th  d e t e c t a b l e  v i r u s  i n  t h e i r  b r a i n s  was lo w e s t  a t  
5 d a y s  o f  a g e ,  p e a k ed  a t  10 d a y s  o f  a g e  (w hich  was a l s o  t h e  tim e  
o f  p e a k  m o r t a l i t y )  an d  d e c l in e d  t h e r e a f t e r .  V iru s  t i t e r s  fo llo w e d  
th e  same p a t t e r n .  M ic ro s c o p ic  e x a m in a tio n  o f  t h e  b r a i n s  o f  
a n im a ls  i n  a  s u b s e q u e n t  e x p e r im e n t  showed t h a t  th e  d e c l i n e  i n  p e r 
c e n ta g e  o f  i n f e c t e d  b r a i n s  a t  t h e  l a t e r  a g e s  was due t o  r e s o l u t i o n  
o f  t h e  i n f e c t i o n .  M ice s a c r i f i c e d  a t  20 d a y s  w ere t e s t e d  i n  an 
o p en  f i e l d  an d  t h e i r  a c t i v i t y  was h ig h e r  th a n  t h a t  o f  c o n t r o l  m ice 
(p <. 0 5 ) .

The e f f e c t  o f  a g e  o f  i n f e c t i o n  was d e te rm in e d  by  g iv in g  m ice 
5 × 106 PFU on  d a y s  1 , 2 , 3 ,  4 o r  5 o f  l i f e .  H y p e r a c t iv i t y  r e 
s u l t e d  from  i n f e c t i o n  on d a y s  1 - 4 .  M o r t a l i t y  d u e  t o  t h e  v i r u s  was 
lo w e re d  b y  i n j e c t i o n  a f t e r  d ay  1 . A c t iv i t y  o f  m ice  i n f e c t e d  on 
d a y s  1 -4  was s i g n i f i c a n t l y  d i f f e r e n t  from  c o n t r o l s  a t  p  <. 01 .

I n  a  t h i r d  s tu d y ,  m ice  w ere  shown t o  b e  h y p e r a c t iv e  when h o u sed  
f o r  24 h o u r s  i n  a  D ig is c a n  a p p a r a tu s  a s  w e l l  a s  i n  t h e  o p en  f i e l d ,  
show ing  t h a t  t h e  h y p e r a c t i v i t y  i s  n o t  j u s t  a  r e a c t i o n  t o  th e  n o v e l  
e n v iro n m e n t o f  t h e  o p en  f i e l d .  B r a in s  t a k e n  from  33 m ice  a t  8 , 
1 0 , 15 , 20 an d  60 d a y s  o f  a g e  w ere  s t a i n e d  f o r  HSV 1 o r  w i th  N i s s l  
s t a i n .  The v i r u s  t r a v e l s  up  th e  s p in a l  c o rd  from  th e  p e r i p h e r a l  
i n j e c t i o n  s i t e .  I t  i n f e c t s  b o th  t h e  v e rm a l c o r t e x  an d  l a t e r a l  
h e m is p h e re s  o f  t h e  c e re b e llu m .  I t  i s  fo u n d  i n  t h e  d e e p  c e r e b e l l a r  
n u c l e i  an d  v e s t i b u l a r  n u c l e i  an d  i n  t h e  c e r e b e l l a r  p e d u n c le s .  I t  
r e a c h e s  t h e  s u p e r i o r  an d  i n f e r i o r  c o l l i c u l i ,  l a t e r a l  n u c l e i  o f  th e  
th a la m u s ,  and  i n  some c a s e s  t h e  s t r i a t u m .  The i n f e c t i o n  d e s t r o y s  
c e l l s  i n  t h e s e  a r e a s  an d  s lo w s  t h e  m ig r a t io n  o f  g r a n u le  c e l l s  i n  
t h e  c e re b e llu m .  W hile  t h e  a r e a s  i n f e c t e d  a r e  n o t  t h e  p r i n c i p a l  
a r e a s  c o n t r o l l i n g  a c t i v i t y ,  t h e y  a r e  a r e a s  known t o  h av e  m odu la
t o r y  e f f e c t s  upon  a c t i v i t y .
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371.15 ULTRADIAN PERIODICITIES IN CARDIAC AND RESPIRATORY RATE AND 
VARIABILITY IN SIDS VICTIMS. R.M. H a r p e r . V.L. S c h e c h tm a n . 
K.A. Kluge*. A . J . Wilson*, and D.P. S o u th a l l*. Dept . o f  Anatomy 
and Brain Research I n s t i t u t e ,  UCLA, Los Angeles, CA 90024; Dept. 
o f  Medical P h y s ic s ,  U n i v e r s i t y  o f  S h e f f i e l d ,  S h e f f i e l d ,  U .K . ;  
and Cardi o th o r a c i c I n s t i t u t e ,  Brompton H o sp i ta l ,  London, U.K.

S ib l i n g s  o f  v ic t im s  of  t h e  sudden i n f a n t  dea th  syndrome (SIDS) 
m a n ife s t  d i s o rd e red  p a t t e r n s  o f  p e r i o d i c  s lee p  s t a t e  o r g a n iz a t i o n  
(Harper e t  a l . ,  S c ie n ce , 213,1030, 1981).  These d i s t u r b a n c e s  1n 
s t a t e  p a t t e r n s  shou ld  be r e f l e c t e d  1n th e  c y c l i c  o r g a n i z a t i o n  o f  
p h y s io lo g i c a l  v a r i a b l e s  c o n s t i t u t i n g  s l e e p  s t a t e s ,  i n c l u d i n g  
p e r i o d i c i t y  1n h e a r t  and r e s p i r a t o r y  r a t e  and v a r i a b i l i t y .  We 
examined, us ing  s p e c t r a l  t e c h n iq u e s ,  t h e  c y c l i c  o r g a n i z a t i o n  o f  
low -frequency u l t r a d i an v a r i a t i o n  o f  c a r d i a c  and r e s p i r a t o r y  
param ete rs  1n c o n t ro l  i n f a n t s  and  i n i n f a n t s  who s u b s e q u e n t l y  
d ie d  of  SIDS.

Twenty-four hour reco rd in g s  o f  ECG and r e s p i r a t o r y  movements  
were ob ta in ed  from 7000 i n f a n t s .  Of t h e s e ,  20 r e c o r d i n g s  from 
i n f a n t s  aged 2-65 days who succumbed t o  SIDS and 55 r eco rd in g s  of  
age-matched i n f a n t s  who s u r v i v e d  w ere  s u b m i t t e d  t o  a n a l y s i s .  
Twelve-hour n i g h t t i m e  (7pm-7am) p o r t i o n s  o f  mi n u t e - b y - m i n u te  
v a l u e s  o f  c a r d i a c  and r e s p i r a t o r y  median r a t e  and v a r i a t i o n  
( i n t e r q u a r t i l e  r a n g e )  w e r e  s u b m i t t e d  t o  l o w - p a s s  d i g i t a l  
f i l t e r i n g  t o  remove h igh-f requency  a r t i f a c t s ,  s u b t r a c t i o n  o f  t h e  
mean, and t a p e r in g .  The d a t a  were t h e n  s u b j e c t e d  t o  s p e c t r a l  
d e c o m p o s i t i o n  u s i n g  t h e  f a s t  F o u r i e r  t r a n s f o r m .  Summed lo g  
s p e c t r a l  v a l u e s  r e p r e s e n t i n g  a c t i v i t y  a t . 1 2 - . 3 5  c y c l e s / h r  
( " feed in g "  rhythm) and. 7 - 1 . 8  c y c l e s / h r  ( " s l e e p "  rhythm) were 
submit ted  t o  ANOVA. In a d d i t i o n ,  t h e  f r e q u e n c y  o f  t h e  h i g h e s t  
peak below. 59 c y c l e s / h r  was compared between groups .

P e r i o d i c  c o m p o n e n t s  w e r e  o b s e r v e d  a t  l ow f r e q u e n c i e s  
(approximate ly  3 - h r  rh y th m ) ,  and a t  p e r i o d s  a p p r o x i m a t i n g  t h e  
s l e e p - w a k i n g  r h y t h m  ( . 5 - 1 . 5  c y c l e s / h r ) .  No s i g n i f i c a n t  
d i f f e r e n c e s  were found between SIDS v ic t im s  and c o n t r o l s  on t h e  
s p e c t r a l  power measures  o r  on a s s e s s m e n t  o f  t h e  peak lo w -band  
f requency, even a f t e r  covarying  f o r  age.

We conclude t h a t ,  1f any d i s tu rb a n ce  1n p e r io d ic  o r g a n i z a t i o n  
a t  th e s e  bands e x i s t s  1n i n f a n t s  who l a t e r  succumb t o  SIDS, t h a t  
d i s tu rb a n ce  may not be r e f l e c t e d  as  a s imple  d i f f e r e n c e  i n power. 
These f i n d i n g s  do n o t  e x c l u d e  t h e  p o s s i b i l i t y  t h a t  momentary 
phase d i s tu r b a n c e s  may mask t h e  o v e r a l l  s p e c t r a l  r e s u l t s ,  or  t h a t  
v e r y - h i g h - f r e q u e n c y  0 2  c y c l e s / h r )  s p e c t r a l  e s t i m a t e s  may 
d i f f e r e n t i a t e  t h e  groups .

Supported by N01-HD-3-2830 and a g i f t  from D i s t r i b u t e d  L o g ic  
Corpora t io n .

371.16  LONG-TERM ALTERATIONS IN DOPAMINE RECEPTOR SEN SITIV ITY IN 
SOCIALLY SEPARATED RHESUS MONKEYS. M.H. L ew is , A. 
B eau ch am p * , R.B. M ailm an a n d  J .P . G luck*. B io lo g ica l S c ie n c e s  
R e s e a rc h  C e n te r ,  U n iv e r s i ty  o f  N o r th  C a ro lin a  S ch o o l o f  M ed ic in e , 
C h a p e l Hill, NC 27514 a n d  D e p a r tm e n t  o f  P s y c h o lo g y ,  U n iv e r s i ty  o f  
New M exico, A lb u q u e rq u e ,  NM 87131.

S o c ia l s e p a r a t i o n  c a n  h a v e  im p o r ta n t  n e u ro b io lo g ic a l  
c o n s e q u e n c e s  f o r  t h e  d e v e lo p in g  o rg a n is m . L o n g - la s t in g  e f f e c t s  o n  
b e h a v io r  h a v e  b e e n  o b s e r v e d  fo llo w in g  p r o lo n g e d  s o c ia l s e p a r a t i o n  
o f c e r t a in  s p e c ie s  o f  n o n -h u m a n  p r im a te s  d u r in g  e a r ly  
d e v e lo p m e n t. W hile l i t t l e  i s  k n o w n  a b o u t  t h e  n e u ro b io lo g ic a l  
s e q u e la e  o f  s u c h  d i f f e r e n t ia l  e a r ly  s o c ia l  e x p e r ie n c e ,  p e r t u r b a t i o n s  
o f  c e n t r a l  d o p a m in e  p a th w a y s  a p p e a r  to  b e  in v o lv e d .  T h e  p r e s e n t  
s tu d y  t e s t e d  t h e  h y p o th e s i s  t h a t  e a r ly  s o c ia l  s e p a r a t i o n  r e s u l t s  in  
l o n g - te rm  a l t e r a t io n s  in  d o p a m in e  r e c e p t o r  s e n s i t iv i ty .  R h e s u s  
m ac a q u e s  (15 to  20 y e a r s  o ld ) ,  w h ic h  h a d  b e e n  so c ia l ly  i so la te d  
d u r in g  a ll  o r  m o s t  o f  t h e i r  f i r s t  y e a r  o f  l ife ,  w e re  c h a lle n g e d  w ith  
th e  d i r e c t  a c t i n g  d o p a m in e  a g o n is t ,  a p o m o rp h in e .  A l te r a t io n s  in  th e  
f r e q u e n c y  o f  o c c u r r e n c e  o f  s p o n ta n e o u s  e y e - b l in k in g ,  s te r e o ty p e d  
b e h a v io r  (SB) a n d  s e l f - i n j u r i o u s  b e h a v io r  (SIB ) w e re  m e a s u re d  in  
s o c ia l ly  s e p a r a t e d  m o n k e y s  a n d  a g e -m a tc h e d ,  s o c ia l ly - r e a r e d  
c o n tr o l  a n im a ls  u s in g  a  m o d ified  t im e -s a m p l in g  te c h n iq u e .

F o llo w in g  a c c u m u la t io n  o f  b a s e l in e  d a ta ,  s o c ia l ly  s e p a r a te d  a n d  
c o n tr o l  a n im a ls  w e re  a d m in is te r e d  e i t h e r  v e h ic le  (0.1% a s c o r b ic  
a c id ) ,  o r  a p o m o rp h in e  (0.1 o r  0 .3  m g /k g  I.M .). S o c ia lly  s e p a r a te d  
m o n k e y s  e x h ib i te d  s l i g h t ly  h i g h e r  b l in k  r a t e s  d u r in g  b a s e l in e  th a n  
o b s e r v e d  in  c o n tr o l  a n im a ls ,  a n d  s u b s ta n t ia l ly  g r e a t e r ,  d o s e  
d e p e n d e n t  i n c r e a s e s  in  b l in k  r a t e  fo llo w in g  a p o m o rp h in e  
a d m in is t r a t io n .  D o s e - d e p e n d e n t  i n c r e a s e s  in  SIB  w e re  a ls o  
o b s e r v e d  in  s o c ia l ly  s e p a r a te d  m o n k e y s , w h e r e a s  l i t t l e  o r  no  SIB 
w a s  o b s e r v e d  in  c o n tr o l  m o n k e y s  in  a n y  o f  t h e  t e s t  c o n d it io n s .

B a s e lin e  l e v e ls  o f  SB w e re  fo u n d  to  b e  s ig n i f ic a n t ly  h i g h e r  in  
s o c ia l ly  s e p a r a te d  m o n k e y s . S o c ia lly  r e a r e d  c o n tr o l s  d e m o n s t r a te d  
a  d o s e  d e p e n d e n t  in c r e a s e  in  SB fo llo w in g  a p o m o rp h in e  
a d m in is t r a t io n .  S im ila r ly , s o c ia l ly  s e p a r a te d  m o n k e y s  e x h ib i te d  a  
s ig n i f ic a n t  in c r e a s e  in  SB fo llo w in g  0 .3  m g /k g  a p o m o rp h in e . 
H o w e v e r, t h e s e  a n im a ls  e x h ib i te d  b e lo w  b a s e l in e  le v e ls  o f  SB 
fo llo w in g  0.1 m g /k g  a p o m o rp h in e .  T h e  tw o  d r u g  d o s e s  a ls o  
r e s u l t e d  in  m a rk e d ly  d i f f e r e n t  b e h a v io r a l  to p o g r a p h ie s ,  w ith  w h o le  
b o d y  s t e r e o ty p i e s  ( ro c k in g ,  s w a y in g ,  p a c in g ,  e tc . )  b e in g  o b s e r v e d  
a t  t h e  h i g h e r  d o s e  a n d  l a r g e ly  o r a l  s t e r e o ty p i e s  ( c h e w in g , lip  
s m a c k in g , e tc .)  a t  t h e  lo w e r  d o s e . T h e s e  d a ta  p r o v id e  e v id e n c e  fo r  
d o p a m in e  r e c e p t o r  s u p e r s e n s i t i v i t y  a n d  s u p p o r t  t h e  id e a  t h a t  
e a r ly  p r o lo n g e d  s o c ia l  s e p a r a t i o n  r e s u l t s  in  lo n g - te rm  a l t e r a t io n s  
in  d o p a m in e  a c t iv i t y .

371.17 VISUAL PROSTHESES: RELEVANCE OF STIMULI WITH RESPECT TO SPATIAL- 
MOTOR BEHAVIOR IN INFANT MACAQUES. B .J . S o n n ie r, E.R. S tre low *, 
D.H. W arren*, and A.H. R ie se n . D ept. of P sychology, Univ. of 
C a l i f o rn ia ,  R iv e rs id e , CA 92521

We a r e  ex a m in in g  i n f a n t  s tu m p ta i l  m acaques (M. A r c to i d e s ) r e a r e d  
b l in d  from  b i r t h  t o  t h r e e  m onths w i th  e l e c t r o n i c  s o n a r  s e n s o ry  
s u b s t i t u t i o n  d e v ic e s  t o  a s s e s s  c o r r e l a t i o n s  b e tw een  d ev e lo p m en t o f  
s p a t i a l - m o t o r  b e h a v io r  and d ev e lo p m en t o f  a u d i t o r y ,  m o to r ,  and 
v i s u a l  a r e a s  o f  t h e  c o r t e x .  B e h a v io ra l  and c o r t i c a l  d ev e lo p m en t 
a f t e r  p ro lo n g e d  e a r l y  u se  o f  a  s e n s o r y  p r o s t h e s i s  c o u ld  be o f  co n 
s i d e r a b l e  im p o r ta n c e  t o  t h e i r  e v e n tu a l  u se  by hum ans, and b r a i n -  
b e h a v io r  r e l a t i o n s h i p s  a r e  d i f f i c u l t ,  i f  n o t  im p o s s ib l e ,  t o  a s s e s s  
i n  human i n f a n t s .

Groups o f an im als a re  re a re d  as fo llo w s : 1) b lin d  in f a n ts  w ith  
th e  T r ise n so r  Aid (TSA) in  con tinuous u se , b lin d  c o n tro l groups 
w ith  2) s i l e n t ,  dummy v e rs io n s  of th e  TSA or 3 ) sound-m aking, but 
n o n -fu n c t io n a l v e r s io n s  o f th e  TSA, and 4) s ig h te d ,  c o lo n y -rea red  
an im als. Cage o b se rv a tio n s  and t e s t s  o f s p a tia l-m o to r  beh av io r a re  
made th roughou t th e  th ree-m on th  p e r io d , th e n  anim als a re  s a c r i f i c e d  
and c o r t i c a l  developm ent i s  exam ined, u s in g  Golgi-Cox and computer 
(B ioquant I I )  te c h n iq u e s . We now have p re l im in a ry  b e h a v io ra l r e 
s u l t s  from group 3 to  compare w ith  th o se  re p o r te d  fo r  group 1 a t  
N euroscience l a s t  y e a r ,  and neu roana tom ica l an a ly se s  a re  in  p ro 
g re s s .

R elevance o f sound s t im u l i  o f th e  TSA w ith  re s p e c t to  s p a t i a l -  
m otor b eh av io r appears to  be ex trem ely  im p o rtan t. The sound-m aking, 
bu t n o n -fu n c t io n a l a s p e c ts  of th e  d ev ice  worn by group 3 anim als 
c e r t a in ly  does no t promote development of norm al s p a tia l-m o to r  
b e h a v io rs , and may even i n t e r f e r e ,  a lthough  group 2 an im als w i l l  
have to  be examined to  determ ine  t h i s  w ith  any c e r t a in ty .  Most of 
th e  i n f a n t 's  tim e in  group 3 i s  sp en t c l in g in g  to  th e  s u r ro g a te ,  
and no t much e x p lo ra tio n  o f th e  home cage o cc u rs . S e lf - c lu tc h in g ,  
r a r e ly  observed in  group 1 and 4  i n f a n t s ,  i s  e v id e n t. F ind ing  th e  
s u r ro g a te  when moved to  a d i f f e r e n t  lo c a t io n ,  a f a i r l y  easy  ta s k  
fo r  th e  group an im a ls , i s  ex trem ely  d i f f i c u l t  in  group 3.

The g en e ra l la ck  of locom otor a c t i v i t y  in  th e  group 3 in fa n t  
in d ic a te s  th a t  some re d u c tio n  in  c o r t i c a l  motor a re a s  w i l l  occur 
w ith  r e s p e c t to  n eu ro n a l developm ent, b u t th e  c o n s ta n t in p u t of 
sound s tim u lu s  may p rev en t th i s  in  p rim ary  a u d ito ry  c o r te x  (Area 
41).  T his d id  n o t occur in  group 1 in  e i t h e r  prim ary  a u d ito ry  or 
m otor a re a s  in  com parison to  group 4 an im a ls , in  f a c t ,  some 
in c re a s e s  in  c e l l  s iz e  were ev id en t in  p rim ary  a u d ito ry  a re a s  in  
group 1 .

N euronal changes do occur in  co n ju n c tio n  w ith  TSA u se , b u t th e  
b eh av io r o f group 1 anim als compared to  th o se  in  group 3 in d ic a te  
th a t  th e  re lev an ce  of th e  s t im u la t io n  w ith  r e s p e c t to  s p a t i a l -  
motor beh av io r i s  of utm ost im portance to  th e  senso ry  p ro s th e s is  
u s e r .

371.18 SEROTONIN "AGONISTS" IN AN ANIMAL MODEL OF ATTENTION DEFICIT DIS
ORDER (ADD). J . T. Concannon, D ep t. o f P hysio logy/P harm acology, 
S o u th ea ste rn  C ollege  of O steo p a th ic  M edic ine, N orth Miami Beach, FL 
33162.

A lthough th e  dopamine (D A )-depleted develop ing  r a t  anim al model 
o f ADD h a s  been w e ll - in v e s t ig a te d ,  co n s id e ra b le  co n tro v e rsy  s t i l l  
e x i s t s  concern ing  th e  a b i l i t y  o f p sy ch o stim u lan ts  and o th e r  drugs 
to  d ec re ase  o v e ra c t iv i ty  and in c re a s e  le a rn in g  a b i l i t y  in  th i s  
m odel. I n te r e s t in g l y ,  a re c e n t r e p o r t  (H effner and S eiden , B ra in  
R es . ,1982 ,244 :81) h as  shown th a t  th e  h y p e ra c tiv i ty - re d u c in g  e f f e c t  
o f d-am phetam ine was b locked by a se ro to n in  (5-HT) re c e p to r  b lo ck 
e r ,  b u t n o t by a p u ta t iv e  DA re c e p to r  b lo c k e r . Hence, 5-HT may in  
p a r t  m ed iate  am phetam ine's e f f e c t s  on locom otor a c t i v i t y  in  t h i s  
model, a lthough  th e  ro le  o f p u rp o rted  5-HT a g o n is ts  in  re v e rs in g  
a t t e n t io n a l / l e a r n in g  d e f i c i t s  c h a r a c t e r i s t i c  o f ADD has  y e t to  be 
exam ined.

In  th e  a ttem p t to  r e p l i c a t e  and expand th e se  f in d in g s , I  u t i 
l i z e d  in t r a c i s t e r n a l  in je c t io n s  o f 6-hydroxydopamine (6-OHDA) o r 
i t s  v e h ic le  in  5 -d ay -o ld  r a t  pups a f t e r  desm ethylim ipram ine p re 
tre a tm e n t and examined locom otor a c t i v i t y ,  p ass iv e -av o id an ce  and 
T-maze le a rn in g  during  developm ent. Time-sampled b e h a v io ra l a c t iv 
i t y  was measured a t  1 5 ,2 0 ,2 5 ,and 30 days o f age , u s in g  a rep ea ted  
measure d e s ig n , a f t e r  an in t r a p e r i t o n e a l  in j e c t io n  o f e i th e r  sa lin e , 
d-amphetamine (0 .5  mg/Kg), o r th e  p u rp o rte d  5-HT a g o n is ts  f e n f lu ra 
mine ( 3 .0 ,6 .0  o r 9 .0  mg/Kg), q u ip a z in e  ( 1 .0 ,3 .0 ,o r 6 .0  mg/Kg), o r 
a m it ry p t i l in e  (1 .0  or 3 .0  mg/Kg). Animals in  th e se  same groups 
th e n  re c e iv e d  shock-m otivated  p ass iv e -av o id an ce  ( a t  31 days o f age) 
and T-maze le a rn in g  (33 days of a g e ) .

In  l i n e  w ith  my p rev io u s  re s e a rc h , 6-OHDA-induced h y p e ra c t iv i ty  
o ccu rred  in  s a l i n e —in je c te d  anim als a t  20 days of age , b u t was no t 
d e te c te d  th e r e a f te r  ( i . e . ,  a t  25 o r 30 days of a g e ). Only d-amphe
tam ine a f f e c te d  ( i . e . ,  in c re a se d )  a c t i v i t y  in  v e h ic le - t r e a te d  r a t s  
a t  20 days o f ag e , w h ile  bo th  d-amphetamine and fen flu ra m in e  in 
c rea se d  a c t iv i t y  in  th e  6-OH D A -treated, h y p e ra c tiv e  r a t s .  F u r th e r 
more, n e i th e r  d-am phetam ine nor any dose o f fen f lu ra m in e , q u ipa
z in e , o r a m it ry p t i l in e  re tu rn e d  6-OHDA-induced h y p e ra c t iv i ty  to   
th e  c o n tro l l e v e l ,  su g g es tin g  n e i th e r  a calm ing nor a "p a rad o x ica l"  
calm ing e f f e c t  o f any of th e se  a g e n ts . The on ly  6-OHDA-induced 
le a rn in g  d e f i c i t  was seen  in  th e  T-maze fo r  a su b se t o f anim als 
t r a in e d  a t  23 days o f age , and i t  was n o t rev e rse d  by amphetamine 
(0 .5  mg/Kg) o r fen flu ra m in e  (9 .0  mg/Kg). The r e s u l t s  suggest th a t  
th e  p u ta t iv e  5-HT a g o n is ts  a re  c l i n i c a l l y  u s e le s s  in  th e  6-OHDA, 
D A-depleted anim al model o f ADD, s in c e  they  do n o t d ec re ase  hyper
a c t iv i t y  o r in c re a s e  l e a r n in g /a t t e n t io n ,  r e p l ic a t in g  in  p r in c ip le  
a r e c e n t s tudy  a t  NIH u s in g  fen flu ra m in e  in  ADD c h i ld re n  (Rapoport 
e t  a l ,  Psychopharm acol. B u l l . ,  1985, 21: 2 3 2 .) .
(S u p p o rte d  by  S o u th e a s te r n  C o l le g e  o f  O s te o p a th ic  M e d ic in e  R e se a rc h  
G r a n t . )
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371.19  LATERALIZATION AND VARIABILITY OF CORTICAL ACTIVITY: 
EVENT-RELATED POTENTIAL INDICANTS OF READING ABILITY IN BOYS. 
M. R. H a r te r ,  D e p t. P s y c h . ,  U n iv . N. C . , G re e n sb o ro , N .C . 27412

E v e n t - r e l a t e d  p o t e n t i a l  (ERP) i n d i c a n t s  o f  R ead in g  D i s a b i l i t y  
(RD) and A t t e n t i o n  D e f i c i t  D is o rd e r  (ADD) w ere  i n v e s t i g a t e d .  
F i f t y - tw o  8 -12  y e a r  o ld  boys c o n s t i t u t e d  fo u r  g ro u p s :  25 
c h i l d r e n  w i th o u t  RD ( d iv id e d  i n to  two g ro u p s — 17 w i th o u t  and 8 
w i th  ADD); and 27 c h i l d r e n  w i th  RD ( d iv id e d  i n to  two g ro u p s — 11 
w i th o u t  and  16 w i th  ADD). T h e re  w ere  t h r e e  t a s k s  ("g am es") 
d e s ig n e d  to  a s s e s s  s im p le  s e n s o r y  d i s c r im i n a t io n  ( b la c k  v s  w h i te )  
and two l e v e l s  o f  l e t t e r  d i s c r im i n a t io n  (2 l e t t e r s  v s  2 p a t t e r n s  
and  12 l e t t e r s  v s  12 p a t t e r n s ) .  ERPs r e c o r d e d  o v e r  th e  l e f t  and 
r i g h t  o c c i p i t a l ,  c e n t r a l  and f r o n t a l  r e g io n s  w ere  m easu red  f o r  
1000 msec fo l lo w in g  e a c h  ty p e  o f s t im u lu s .  V a r io u s  c o n t r o l s  
i n s u r e d  t h a t  g ro u p  d i f f e r e n c e s  i n  ERPs c o u ld  n o t  b e  a t t r i b u t e d  to  
a g e ,  i n t e l l i g e n c e ,  p e rfo rm a n c e  on  th e  t a s k s ,  o r  ey e  o r  body 
m ovem ent.

The a m p l i tu d e  o f  a c e n t r a l - f r o n t a l  p o s i t i v e  com ponent p e a k in g  
a t  a b o u t  240 m sec (P240) d i f f e r e n t i a t e d  th e  boys w i th  v s  w i th o u t  
RD. Boys w i th  RD had  s m a l le r  a m p l i tu d e  P240 o v e r  th e  l e f t  
c e n t r a l  h e m is p h e re . T h is  com ponent was a p p ro x im a te ly  th e  same 
a m p l i tu d e  o v e r  b o th  h e m is p h e re s  f o r  boys w i th  RD b u t  was g r e a t e r  
o v e r  t h e  l e f t  th a n  r i g h t  h e m isp h e re  f o r  n o rm a l r e a d e r s .  The 
r e d u c e d  l e f t  c e n t r a l  P240 in  boys w i th  RD was s im i l a r  f o r  a l l  
t a s k s ,  i n d i c a t i n g  i t  was n o t  s p e c i f i c  to  r e a d in g  p e r  s e .  I t  was 
i n t e r p r e t e d  a s  r e f l e c t i n g  a  l e f t  c e n t r a l  h e m isp h e re  n e u r a l  d e f i c i t  
i n  how inco m in g  s e n s o r y  in fo r m a t io n  i s  r e l a t e d  to  memory.

The w i th in  s u b je c t  v a r i a b i l i t y  ( s t a n d a r d  d e v id a t io n )  o f  th e  
i n d iv i d u a l  s a m p le s ,  w h ich  w ere  a v e ra g e d  f o r  e a c h  ERP, a l s o  was 
m easu red  f o r  1000 m sec f o l lo w in g  e a ch  ty p e  o f s t i m u l u s .  T h is  
v a r i a b i l i t y  was s m a l le r  f o r  c h i l d r e n  w i th  RD a s  com pared  to  
w i th o u t  RD. In  c o n t r a s t ,  to  th e  ERP a m p l i tu d e  d i f f e r e n c e s ,  t h i s  
g ro u p  d i f f e r e n c e  1) was n o t  r e s t r i c t e d  t o  any  one ERP com ponent 
b u t  was e v id e n t  f o r  th e  e n t i r e  ERP w aveform  ( a l th o u g h  i t  was 
g r e a t e s t  a t  a b o u t 330 m sec a f t e r  s t i m u l a t i o n ) ,  and 2) was n o t  
r e s t r i c t e d  to  an yone  e l e c t r o d e  l o c a t i o n ,  e . g .  l e f t  c e n t r a l .  The 
r e d u c e d  ERP v a r i a b i l i t y  in  RD c h i l d r e n  e l i m in a te s  i n c r e a s e d  
v a r i a b i l i t y  a s  a  p o s s i b l e  e x p la n a t io n  o f  th e  r e d u c e d  ERP 
a m p l i tu d e  in  t h e s e  c h i l d r e n .  The i n c r e a s e d  v a r i a b i l i t y  in  
c h i l d r e n  w i th o u t  RD may r e f l e c t  a  d e c re a s e  tim e  lo c k in g  o f 
c o r t i c a l  a c t i v i t y  w i th  in co m in g  s e n s o r y  in f o r m a t io n .  T h is  c o u ld  
b e  due to  th e  e f f e c t s  o f  en d ogenous c o r t i c a l  p r o c e s s e s  n o t  
d i r e c t l y  u n d e r  s e n s o r y  c o n t r o l ,  t h o s e  a s s o c i a t e d  w i th  memory and 
th e  i n t e r p r e t a t i o n  o f  s e n s o ry  in f o r m a t io n .

371.20 PET-SCAN STUDIES DURING READING IN DYSLEXIC AND NON-DYSLEXIC 
ADULTS. K. G ro ss -G le n n * , R. D uara , F. Y o s h i i* ,  W.W. B arker* . 
J .Y . Chang *. A. A p ic e lla * .  T. Boothe* and H.A. Lubs (SPON: L. 
P o t te r ) .  Univ. of Miami School of M edicine, Miami, FL 33101 and 
Mt. S in a i M edical C t r . ,  Miami Beach, FL 33141.

We have used p o s itro n  em ission  tomography (PET) a s  a means of 
s tu d y in g  re g io n a l  c e re b ra l  g lucose  m etabolism  (rCMRglc) during  
con tinuous o r a l  w ord-read ing  in  groups of age-m atched a d u l ts  w ith  
and w ith o u t a ch ildhood  h is to ry  o f developm ental read in g  d i s a b i l i 
t i e s .  E a r l ie r  b eh a v io ra l s tu d ie s  of read in g  have suggested  th a t  
a d u l ts  w ith  ch ildhood  h i s to r i e s  of f a m il i a l  developm ental d y s le x ia  
use d i f f e r e n t  read in g  s t r a t e g i e s  th an  do a d u l t s  w ith o u t  such  
h is to ry  (G ross-G lenn, e t  a l . ,  1985).

Three groups of s u b je c ts  w ere s tu d i e d ,  nam ely 4 d y s le x i c  
s u b je c ts  and 6 age-m atched non-dysl ex ic  s u b je c ts  who were s tu d ie d  
w h ile  read in g  words and 5 age-m atched no n -d y s lex ic  s u b je c ts  who 
w ere s tu d ie d  w hile  viewing co lo red  p ic tu r e s  (n o n -v e rb a l v is u a l 
ta s k ) .  G lobal CMRglc v a lu es  in  mg/100g/m in in  th e se  th re e  groups 
were 7 .17  + 2 .4 , 6 .69  + 2 .2  and 8 .87  +0 .9 , r e s p e c t iv e ly .

When norm alized  v a lu es  of rCMRglc were compared among th e  th re e  
groups us ing  ANOVA, s ig n i f i c a n t  e f f e c t s  were found only in  th e  
r ig h t  and l e f t  in s u la r  c o r t i c e s .  For th e  n o n -d y s lex ic  r e a d e rs , 
d y s le x ic  r e a d e rs  and s u b je c ts  viewing p ic tu r e s  r e s p e c t iv e ly ,  th e  
v a lu es  were 1 .17 , 1 .06 and 1.03 in  th e  r ig h t  in s u la  and 1 .16 , 1 .06 
and 1.05 in  th e  l e f t  in s u la .  The m etabolism  in  in s u la r  c o r te x  was 
b i l a t e r a l l y  in c re a se d  in  n o n -d y s lex ic  r e a d e rs  com pared to  th e  
o th e r  two groups (p < 0 .0 5 ) . These r e s u l t s  suggest th a t  th e  
i n s u l a r  c o r t e x  i s  im p o r ta n t  in  no rm a l r e a d in g  and may be 
fu n c t io n a l ly  abnorm al in  d y s le x ic s .

P re lim in a ry  d a ta  on 6 normal re a d e rs  and 4 d y s le x ic s  suggest 
th a t  w ord-read ing  s tr a te g y  may be r e f l e c te d  in  a more asymm etric 
a c t iv a t io n  p a t te rn  of rCMRglc among d y s le x ic s  than  normal read 
e r s .  L a te r a l i ty  in d ic e s  [100 × ( r ig h t  -  l e f t )  /  ( r ig h t  + l e f t )  
/2 ]  were c a lc u la te d  fo r  reg io n s  o f rCMRglc th a t  were observed to  
be most a c t iv a te d  by th e  read in g  ta s k  in  norm als. The a b so lu te  
( i . e . ,  unsigned) l a t e r a l i t y  index during  read in g  was s ig n i f i c a n t ly  
g re a te r  fo r  d y s le x ic  than  n o n -d y s lex ic  s u b je c ts  in  th e  reg io n  of 
th e  a n t e r io r  s u p e r io r  tem poral c o r te x  ( t  = 4 .3 6 , 8 d f , p =. 002). 
Whereas norm als showed n e a rly  equa l b i l a t e r a l  a c t iv a t io n  o f t h i s  
re g io n , d y s le x ic s  showed more asymmetry, some w ith  g re a te r  l e f t ,  
o th e r s  g re a te r  r ig h t  su p e r io r  tem poral a c t iv a t io n .  The observed 
tem poral lobe  m e tabo lic  asym m etries during  read in g  correspond  w ith  
p o s t-m o rtem  s tu d i e s  t h a t  show g re a te r  than  normal ana tom ical 
asym m etries in  a r e a  t P t  f o r  d y s le x i c  b r a i n s  (G eschw ind and 
G alaburda , 1985).

VISUAL CORTEX V

372.1 PROJECTION OF THALAMIC NUCLEUS CENTRALIS TO PRIMARY 
VISUAL CORTEX IN THE CAT. S. LeVay and E.T. Cunningham, 3r. Salk 
Institute, P.O. Box 85800, San Diego, CA 92138.

The nucleus centralis (NC), comprised of centralis medialis (CM), 
paracentralis (PC) and centralis lateralis (CL), is a major component of 
the thalamic intralaminar complex. It projects widely to striatum and 
neocortex, and is thought to be involved in the control of arousal. In the 
cat, the existence of a projection to area 17 has been denied in several 
studies. We re-examined this question with retrograde and anterograde 
tracers, at light- and electron-microscopic (EM) levels.

Large injections of HRP into area 17 (with spread to 18) led to heavy 
retrograde labeling throughout NC, with almost half of its neurons being 
labeled. Following an injection of (3H)proline into CM we observed 
anterograde labeling of layers 5 and 6 in areas 17 and 18. The labeling 
was fairly sparse in both areas. Injections of WGA-HRP that covered 
CM, PC and CL led to similar anterograde labeling of cortical layers 5 
and 6, and also to a weak additional band in the outermost part of 
layer 1. The pathway from NC to visual cortex was circuitous: fibers 
first traveled forward in the anterior limb of the internal capsule, then 
backward in the cingulum bundle. There was no retrograde labeling of 
cells in area 17 or 18, indicating that the projection is non-reciprocal.

WGA-HRP-labeled terminals in area 17 were examined in the EM. In 
all three layers of termination (1, 5 and 6) they contained 50 nm clear 
vesicles and formed type 1 (asymmetric) synapses on dendritic spines. 
These spines generally contained an elaborate spine apparatus and, based 
on their laminar locations, probably belonged to pyramidal cells.

We conclude that NC does project to area 17. The laminar organiza
tion suggests that NC primarily influences corticofugal rather than 
corticocortical systems. The type 1 synaptic morphology is consistent 
with evidence that NC neurons use an excitatory amino acid transmitter 
(Ottersen et al., Neurosci. Lett. 42: 19). The results offer a possible 
connection between the sleep/wake modulation of tonic activity in NC 
(Glenn and Steriade, 3. Neurosci. 2: 1387) and the enhanced visual 
responsiveness of neurons in the deep layers of area 17 during wakeful
ness (Livingstone and Hubei, Nature 291: 554).

(Supported by PHS EY05551)

372.2 A COMPARISON OF SUBCORTICAL AFFERENTS TO VISUAL CORTICAL AREAS 
V4, TEO AND IT IN THE MACAQUE. S.B . F enstem aker* . A.M. Sauceda*. 
T.D. A lb r ig h t , and C.G. G ross (SPON: J .A . Movshon). Departm ent of 
Psychology, P r in c e to n  U n iv e rs ity , P r in c e to n , NJ 08544

We have p rev io u sly  re p o r te d  th a t  macaque v is u a l  c o r t i c a l  a rea s  
V4, TE0 and IT can be d is tin g u is h e d  on the  bases of c o r t i c a l  
c o n n e c tio n s , v is u o to p ic  o rg a n iz a tio n , r e c e p tiv e  f i e ld  s iz e ,  and 
s tim u lu s  p re fe re n c e s  (Fenstem aker e t  a l . ,  ARVO 25 :213, 1984; 
N eu ro sc i. Abs. 11 :1012. 1985). Here we d e s c r ib e  the  s u b c o r tic a l 
a f f e r e n ts  to  th e se  a rea s  as re v e a le d  by p a ire d  in je c t io n s  of 
d is t in g u is h a b le  re tro g ra d e  f lu o re s c e n t t r a c e r s .  I n je c t io n s  were 
p laced  in  d o rsa l and v e n t r a l  p a r t s  o f V4, TEO o r IT in  each of 11 
hem ispheres. The p o r tio n  of the  v is u a l  f i e ld  re p re s e n te d  a t  the  
in j e c t io n  s i t e  in  V4 was determ ined by co n cu rren t 
e le c tro p h y s io lo g c ia l  re c o rd in g . F ollow ing a l l  th re e  groups of 
i n j e c t io n s ,  s u b c o r t i c a l  la b e lin g  was r e s t r i c t e d  to  the  p u lv in a r , 
th e  c lau s tru m , and the  amygdala.

In  th e  p u lv in a r . V4 and TEO in je c t io n s  la b e le d  c e l l s  in  the  
in f e r io r  and l a t e r a l  d iv i s io n s ,  w h ile  IT in je c t io n s  la b e le d  c e l l s  
in  only th e  most m edial and caudal p a r ts  o f the  l a t e r a l  and 
m edial p u lv in a r .  Comparison o f th e  lo c a tio n s  of la b e le d  c e l l s  
w ith  a s tan d a rd  map o f the  p u lv in a r  su g g es ted  a topog raph ic  
p ro je c t io n  to  V4, a crudely  o rgan ized  p ro je c t io n  to  TEO, and a 
d if fu s e  p ro je c t io n  to  IT .

The v e n t r a l  c lau stru m  co n ta in ed  la b e le d  c e l l s  fo llo w in g  a l l  
in j e c t io n s .  V4 in je c t io n s  produced patches  o f la b e l which 
suggested  the  p resence  o f a c o a rse ly  v is u o to p ic  p ro je c t io n  from 
th e  caudal 5mm of th e  c lau s tru m , bu t no to pog raph ic  o rd e r  more 
r o s t r a l l y .  In je c t io n s  in to  TEO and IT la b e le d  c e l l s  throughou t 
th e  same e x te n t o f the c lau s tru m , b u t th e  p a t te rn  of la b e lin g  
seen ca u d a lly  suggested  l i t t l e  o rg a n iz a tio n  in  the  p ro je c tio n s  to  
TEO, and none to  IT .

In  the  am ygdala, a l l  in je c t io n s  produced la b e le d  c e l l s  in  the  
l a t e r a l ,  b a s o la te r a l  and b a sa l accesso ry  n u c le i .  IT in je c t io n s  
a lso  la b e le d  a few c e l l s  in  the  c o r t i c a l  nucleus  and produced the  
h e a v ie s t  am ygdaloid la b e l in g  o v e r a l l .  No a m y g d a lo -co rtic a l 
p ro je c t io n  was to p o g ra p h ic a lly  o rg an ized .

In  summary, V4, TEO and IT re c e iv e  p ro je c tio n s  from the  same 
s u b c o r t ic a l  s t r u c tu r e s ,  bu t the  f in e  p a t te rn s  o f p ro je c tio n s  from 
th e se  s t r u c tu r e s  vary  w ith  the  c o r t i c a l  t a r g e t .  P ro je c tio n s  from 
th e  p u lv in a r  and c laustrum  to  V4 showed evidence o f topog raph ic  
o rd e r  w h ile  th o se  to  IT d id  n o t .  In  accord  w ith  our p rev ious  
r e s u l t s  showing th a t  TEO i s  in te rm e d ia te  between V4 and IT in  
degree o f r e t in o to p ic  o rg a n iz a tio n , th e  p re s e n t r e s u l t s  in d ic a te  
th a t  s u b c o r t ic a l  p ro je c t io n s  to  TEO have an in te rm e d ia te  degree 
o f to p og raph ic  o rg a n iz a tio n .
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372.3 ANISOTROPIC REPRESENTATION OF THE VISUAL FIELD IN VI AND 
V2 IN THE CEBUS. A .P .B .  S o u s a * '  M .G .P . R o sa*  an d  R. 
G a t t a s s *  (SPON: R. D e s im o n e ) .  I n s t i t u t o  de B i o f í s i c a  
C a r l o s  C h a g a s  F i l h o ,  U FRJ, R io  de  J a n e i r o ,  R J , 2 1 9 4 1 , 
B r a s i l .

The v i s u a l  t o p o g r a p h i e s  o f  V1 an d  V2 w e re  s t u d i e d  in  
10 New W o rld  m o n k e y s , C eb u s a p e l l a , a n e s t h e t i s e d  an d  
p a r a l y s e d ,  i n  r e p e a t e d  r e c o r d i n g  s e s s i o n s  ( G a t t a s s  e t  a l .  
S o c . N e u r o s c i .  A b s t r . ,  1 0 : 4 7 4 ,  1 9 8 4 ) .  T h e se  r e s u l t s  
w e re  show n to  be  s i m i l a r  t o  t h o s e  d e s c r i b e d  f o r  th e  
M acaca  ( G a t t a s s  e t  a l .  J .C o m p . N e u r o l . ,  2 0 1 : 5 1 9 ,  1 9 8 1 ) .  
I n  b o th  a r e a s  t h e  r e p r e s e n t a t i o n  o f  t h e  lo w e r  v i s u a l  
f i e l d  i s  l a r g e r  t h a n  t h a t  o f  t h e  u p p e r  f i e l d .  B o th  i n  V1 
an d  V2 r e c e p t i v e - f i e l d  s i z e  i n c r e a s e s  w i th  i n c r e a s i n g  
e c c e n t r i c i t y .  H o w e v e r , b o th  t h e  s l o p e  an d  th e  " y "  i n t e r 
c e p t  f o r  t h e  f u n c t i o n  r e l a t i n g  r e c e p t i v e - f i e l d  s i z e  w i th  
e c c e n t r i c i t y  i n  V2 a re  l a r g e r  t h a n  t h o s e  o b t a i n e d  fo r  V1 .

F o r  t h e  c a l c u l a t i o n  o f  th e  m a g n i f i c a t i o n  f a c t o r s  th e  
c o r t i c a l  d i s t a n c e s  w e re  m e a s u re d  d i r e c t l y  on  3-D  m o d e ls  
( 7 .5 x )  r e c o n s t r u c t e d  fro m  e i t h e r  c o r o n a l  o r  p a r a s a g i t t a l  
s e c t i o n s .  The a n a l y s i s  o f  t h e  m a g n i f i c a t i o n  f a c t o r  o f  
t h e s e  a r e a s  i n  d i f f e r e n t  p o r t i o n s  an d  a l o n g  d i f f e r e n t  
d im e n s io n s  o f  t h e  v i s u a l  map r e v e a l e d  t h a t  t h e  r e p r e s e n t  
a t i o n  o f  t h e  v i s u a l  f i e l d  i n  b o th  a r e a s  i s  a n i s o t r o p i c .  
No d i f f e r e n c e  w as fo u n d  i n  t h e  m a g n i f i c a t i o n  o f  c o r r e  
s p o n d in g  r e g i o n s  o f  t h e  u p p e r  an d  lo w e r  v i s u a l  f i e l d  in  
b o th  a r e a s .  H ow ever, t h e  m a g n i f i c a t i o n  a lo n g  t h e  i s o p o l a r  
d im e n s io n  w as d i f f e r e n t  f ro m  t h a t  a l o n g  t h e  i s o e c c e n t r i c  
d im e n s io n  i n  t h e  c o r t i c a l  m ap . I n  t h e  p e r i p h e r a l  r e p r e  
s e n t a t i o n  o f  V1 t h e  m a g n i f i c a t i o n  a l o n g  th e  i s o p o l a r  
d im e n s io n  i s  l a r g e r  th a n  t h a t  a l o n g  th e  i s o e c c e n t r i c  one. 
I n  V2 t h i s  d i f f e r e n c e  i s  p r e s e n t  t h r o u g h o u t  t h e  a r e a  and  
i s  e v e n  l a r g e r  t h a n  t h a t  o b s e r v e d  in  V1 . The c o r t i c a l  
p o i n t  im ag e  s i z e  ( P I S ) ,  e s t i m a t e d  by  m u l t i p l y i n g  r e c e £  
t i v e - f i e l d  s i z e  by  c o r t i c a l  m a g n i f i c a t i o n  f a c t o r  a t  e a c h  
e c c e n t r i c i t y ,  d e c r e a s e s  w i t h  i n c r e a s i n g  e c c e n t r i c i t y ,  i n  
b o th  a r e a s ;  h o w e v e r ,  f o r  a g iv e n  e c c e n t r i c i t y  P IS  in  V2  
i s  l a r g e r  t h a n  i n  V1 . I n  p e r i p h e r a l  V1 an d  i n  V2 P IS  c a l  
c u l a t e d  a l o n g  th e  i s o p o l a r  d im e n s io n  i s  l a r g e r  t h a n  t h a t  
c a l c u l a t e d  a l o n g  t h e  i s o e c c e n t r i c  o n e .

The a n i s o t r o p y  o b s e r v e d  i n  V1 may s u g g e s t  t h e  p resen ce  
o f  o c u l a r  d o m in a n c e  c o lu m n s  i n  t h e  C e b u s ,  s i m i l a r  to  
th o s e  d e s c r i b e d  in  t h e  M a c a c a . I n  V2 t h i s  a n i s o t r o p y  may 
be r e l a t e d  t o  t h e  o r i e n t a t i o n  o f  t h e  c y to c h ro m e  o x i d a s e  
(CO) b a n d s  fo u n d  i n  t h i s  a r e a  ( u m p u b l is h e d  o b s e rv a t io n s ) . 
The P IS  i n  t h e  i s o p o l a r  d im e n s io n  i s  c o m p a t i b l e  w i th  t h e  
d im e n s io n  o f  a f u l l  c y c l e  o f  CO-b a n d s . .
(R e s e a r c h  s u p p o r t e d  by CNPq, FINEP an d  C E P G /U F R J).

372.4 VISUOTOPOGRAPHY OF THE OPOSSUM'S STRIATE CORTEX: CORRELATION WITH 
THE DISTRIBUTION OF GANGLION CELLS AND THE EFFECT OF COMMISSUROTO 
MY. E. V olchan*, R .F. B erna rdes* , L. G le is e r* , L.G. Gawryszewski*,  
C.E. Rocha-M iranda* (SPON: L.R.G. B r i t t o ) . I n s t i t u t e  o f B iophysics 
C arlos Chagas F i lh o , F ed e ra l U n iv e rs ity  o f Rio de J a n e i ro , RJ, Bra 
z i l ,  21941.

In  p rim ate s  th e  p ro je c t io n  of th e  fovea e s ta b l is h e s  a co rrespon  
dence between th e  r e t i n a  and the  v is u a l  f i e l d .  S ince th e  opossum 
(D ide lp h is  a u r i t a ) ,  l i k e  o th e r  nonprim ate mammals, does no t have a 
fovea we have sought to  determ ine re fe re n c e  axes which might prove 
to  be o f m ethodo log ica l and fu n c t io n a l s ig n if i c a n c e .  We chose the  
axes o f b in o c u la r  co in c id en ce  (ABC), which were based on th e  d is  
p a r i e t i e s  between m u ltu n it response  f i e ld s  recorded  in  s t r i a t e  cor  
te x . The ABC forms an ang le  o f 29.1 degrees (mean v a lu e ) w ith  the 
p ro je c t io n  o f th e  o p t ic  d is k  a t  th e  h o r iz o n ta l  p la n e . " V e r tic a l 
re fe re n c e  m e rid ia n s"  o rth o g o n a l to  th e  ABC were d e f in e d . Based on 
th e se  r e fe re n c e s  we s tu d ie d  th e  v isuo topography  along th e  ho rizon  
t a l  m erid ian  fo r  each eye in  th e  s t r i a t e  c o r te x . We found a re p re  
s e n ta t io n  fo r  c e n te r /b o rd e r  o f the  response  f i e ld s  fo r  th e  oppo 
s i t e  and th e  same eye , r e s p e c t iv e ly ,  o f 8 /20  deg rees  and 6/14 de  
g rees  in to  th e  i p s i l a t e r a l  f i e l d ,  n ea r th e  l im i t  o f s t r i a t e  w ith  
p e r i s t r i a t e .  An e q u iv a le n t i p s i l a t e r a l  f i e ld  re p re s e n ta t io n  was 
found in  anim als th a t  had th e  a n t e r io r  commissure c u t ,  which in  
t h i s  m arsu p ia l d isc o n n e c ts  th e  hem ispheres, p re v io u s ly  to  the  
reco rd in g  s e s s io n . This r e s u l t  su g g es ts  th a t  the  i p s i l a t e r a l  
h e m if ie ld  can be re p re s e n te d  fo r  both  eyes v ia  th e  i p s i l a t e r a l  
o p tic  t r a c t .  This h y p o th e sis  i s  supported  by re c e n t work on the  
d e c u ssa tio n  p a t te r n  o f o p t ic  axons in  th e  opossum.

The opossum 's " a re a  c e n t r a l i s "  cannot be d esc r ib ed  as a p o in t 
bu t r a th e r  as a p la te a u  o f h ig h e s t g ang lion  c e l l  d e n s i ty .  The ABC 
i s  a lig n e d  w ith  th e  tem poral p o r tio n  o f th i s  a re a  (" p o in t P") nea r 
th e  s i t e  where 50% of th e  c e l l s  have c ro ssed  axons and 50%, un 
c ro sse d . The v is u o to p ic  o rg a n iz a tio n  having  P as a boundary 
between n a s a l and tem poral r e t in a  im p lie s  in  a  ba lanced  r a t i o  be  
tween th e  c o n tra -  and i p s i l a t e r a l  r e t i n a l  p r o je c t io n .  I t  a lso  
im p lie s  th a t  p o in t P i t s e l f  c o n tr ib u te s  w ith  le s s  channels than  
neig h b o rin g  p o in ts  to  c e n tr a l  v is u a l  r e p r e s e n ta t io n .  Some anal  
o g ie s  w ith  th e  sco to p ic  system  in  p rim ate s  can be drawn.

I t  may be concluded th a t  th e  r e fe re n c e  axes determ ined by the  
response  f i e ld  d i s p a r i t i e s  a re  a s s o c ia te d  w ith  o th e r  p ro p e r t ie s  of 
o rg a n iz a tio n  o f th e  r e t i n o - g e n ic u l a t e - s t r i a t e  system . They may be 
as im portan t fo r  th e  v is u a l  system  of n o c tu rn a l anim als as the  
v is u a l  axes a s s o c ia te d  w ith  th e  foveas a re  fo r  th e  d iu rn a l 
s p e c ie s .
(R esearch supported  by CNPq, FINEP and CEPG/UFRJ).

372.5 INTRINSIC CONNECTIONS IN CAT AREA 7 AS REVEALED BY RETROGRADE AND 
ANTEROGRADE AXON TRACING TECHNIQUES AND INTRACELLULAR INJECTION 
OF HRP. E.C. Cal l ahan* and L.B. Haberly (SPON: L. Tong), 
Neurosci. Training Program and Department of Anatomy, University 
of Wisconsin, Madison, WI 53706.

Area 7 on the crown of the suprasyl vi an gyrus of the cat is  a 
large region of polysensory or "association" cortex. Our 
previous electrophysi ologi cal and anatomical experiments (Soc. 
Neurosci. A bstr., 1984, 10:475) have demonstrated that area 7 
possesses a widespread, in tr in s ic , horizontal (parallel to 
cortical lamination) fiber system. In order to more fully  
describe the organization of th is  horizontal fiber system, we 
have used both ex tracellu lar and in tra ce llu la r axon tracing 
methods.

Injections of WGA-HRP and t r i t i ated amino acids i nto area 7 
revealed tha t the horizontal connections have a complex organ
ization , with retrogradely labeled cell bodies and anterogradely 
transported label concentrated 1n patches. The patches are 
irregu lar 1n shape and do not form any obvious pattern. While 
the transported label is  concentrated 1n patches, large numbers 
of retrogradely labeled ce lls  and sign ifican t quantities of 
anterogradely transported label are found i n the spaces between 
patches. The long assoc ia t i onal connections originate from 
pyramidal ce lls  i n layers 2-6 and project to all cortical layers. 
The axons run predominantly i n the rostral and caudal directions 
and are especially concentrated i n layers 5 and 6.

Area 7 pyramidal ce lls  i n layers 2, 3, 5 and 6, f ille d  by 
in tra ce llu la r  i njection of HRP, have a profusion of fine local 
axon co lla te ra ls  with many boutons and en passant swellings tha t 
have the appearance of synaptic terminals. Axons of pyramidal 
c e lls  have been observed to give r ise  to large co lla te ra ls  i n 
layers 5 and 6 th a t appear to be the source of the long 
assodatlonal connections.

Supported by NSF grant BNS-8311118.

372.6 VISUAL AND AUDITORY ASSOCIATION AREAS OF CAT POSTERIOR 
ECTOSYLVIAN GYRUS. E.M. Bowman* and C.R. O lson (SPON: B.A. 
Cam pbell). D ep t. o f Psychology, P r in c e to n , NJ 08544.

The c o rte x  o f th e  f e l in e  p o s te r io r  e c to s y lv ia n  gyrus (PEG) is  
though t to  serve  h ig h -o rd e r  a u d ito ry  o r v is u a l  fu n c t io n s , but 
has no t been thorough ly  s tu d ie d  by modern m ethods. To 
c h a ra c te r iz e  th e  a f f e r e n t  connections  o f the  PEG as a whole and 
to  d is t in g u is h  sub reg ions w ith in  i t ,  we have c a r r ie d  out a 
r e t ro g ra d e  t r a c e r  s tu d y . Seventeen d e p o s its  o f d is t in g u is h a b le  
f lu o re s c e n t t r a c e r s  were d ep o s ited  in  or around th e  PEG o f n ine 
c a t s .

Our e s s e n t i a l  f in d in g  i s  th a t  th e  c o rte x  o f th e  PEG co n ta in s  
two p a r a l l e l ,  lo n g i tu d in a l ly  o r ie n te d  s t r i p s .  These s t r i p s  were 
d e fin ed  by a s t a t i s t i c a l  p ro ced u re , based on c e l l  counts in  
tw elve th a lam ic  n u c l e i ,  whereby in j e c t io n  s i t e s  were grouped 
in to  c lu s t e r s  on th e  b a s is  t h e i r  co n n e c tio n a l s im i l a r i t y .  The 
a n t e r io r  s t r i p ,  r e f e r r e d  to  here  as the  a u d ito ry  b e l t , is  
a f f i l i a t e d  w ith  th e  a u d ito ry  system , bu t i s  c le a r ly  d i s t i n c t  in  
i t s  co nnections  from ad ja c e n t to n o to p ic  a u d ito ry  a r e a s .  The 
p o s te r io r  s t r i p ,  r e f e r r e d  to  here  as the  v is u a l  b e l t , i s 
a f f i l i a t e d  w ith  th e  v is u a l  system  and c lo se ly  resem bles in  i t s  
co nnec tions  th e  ad ja c e n t v is u a l  a rea s  in  th e  l a t e r a l  bank of the 
s u p ra sy lv ia n  s u lc u s .

A udito ry  B e l t .  S trong  a f f e r e n ts  d e r iv e  from known or 
su spec ted  a u d ito ry  a s s o c ia t io n  a r e a s ,  n o ta b ly  AI I , and l i g h t  
a f f e r e n ts  o r ig in a te  in  a l l  to n o to p ic  a u d ito ry  a re a s .  Thalam ic 
a f f e r e n ts  o r ig in a te  from c e l l s  s c a t te r e d  i r r e g u la r ly  th rough 
s e v e ra l n u c le i  in c lu d in g  the  l a t e r a l  d iv i s io n  o f th e  p o s te r io r  
n u c le u s , o u tly in g  d iv is io n s  (d o rs a l s u p e r f i c i a l ,  v e n t r o la t e r a l  
and m ed ia l) o f th e  m edial g e n ic u la te  complex and an 
a c e ty lc h o lin e s te ra s e -d e n s e  m oiety o f the  la te ro m e d ia l-  
s u p ra g e n ic u la te  (LM-Sg) complex. V en tra l s i t e s  w ith in  the 
a u d ito ry  b e l t  re c e iv e  inp u t from the  la te ro d o r s a l  t i p  o f th e  
l a t e r a l  nuc leus  o f th e  am ygdala.

V isu a l B e l t .  C o r tic a l p ro je c t io n s  o r ig in a te  in  v is u a l  a r e a s ,  
in c lu d in g  19, 21a, 20 and PS, and in  a s s o c ia t io n  a rea s  c lo se ly  
r e l a te d  to  th e  v is u a l  system , n o ta b ly  a rea  7 , th e  c in g u la te  
g y ru s , th e  f r o n ta l  eye f i e ld s  and th e  g ra n u la r  in s u la .  The 
in s u la r  p ro je c t io n  is  p a r t i c u l a r ly  s tro n g . Thalam ic c e l l s  
p ro je c t in g  to  th e  v is u a l  b e l t  a re  c o n c en tra ted  in  the  
a c e ty lc h o lin e s te r a s e -p a le  m oiety o f th e  LM-Sg complex. V en tra l 
s i t e s  w ith in  th e  v is u a l  b e l t  re c e iv e  in p u t from th e  m ediodorsal 
t i p  o f th e  l a t e r a l  nucleus  of th e  am ygdala.

In  co n c lu s io n , our f in d in g s  in d ic a te  th a t  th e  p o s te r io r  
e c to s y lv ia n  gyrus c o n s is ts  o f two d o rs o v e n tra l ly  e lo n g a ted  
b e l t s ,  one a f f i l i a t e d  w ith  th e  a u d ito ry  system  and the  o th e r  
w ith  th e  v is u a l  system .
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372.7 CORTICAL CONNECTIONS OF VISUAL CORTICAL AREAS 17 AND 18 IN 
GREY SQUIRRELS. K. L. Johanson,* L. A. Krubitzer, and J .  H. 
Kaas. Dept. Psychology, Vanderbilt Univ., Nashville, TN 3/240.

Cortical connections of area 17 (V-I) and area 18 (V-II) 
were investigated in grey squirrels with restric ted  injec
tions of WGA-HRP, 3H-proli ne, or fluorescent dye. Surface- 
view patterns of connections were revealed by a r t i f ic ia l ly  
fla ttening cortex and cutting sections parallel to the brain 
surface. In sections stained for myelin from these same 
brains, i t  was possible to consistently identify  areas 17, 
18, somatosensory areas, auditory areas, and several fie lds of 
unknown significance la tera l to area 18. Within area 18, bands 
of dense and lig h t myelination were found oriented perpendicular 
to the 17/18 border.

Single injections confined to area 17 resulted in ip s ila te ra l 
label in several d is tin c t band-like foci in area 18, in d is
t in c t foci in one or both of two adjoining densely myelinated 
fie lds along the outer margin of area 18, and in limbic cortex 
medial to area 17. Dense contralateral projections were found 
along the 17/18 border. Injections extending from area 17 into 
area 18, and injections almost confined to area 18 and not 
extending into cortex la te ra l to area 18 produced a more exten
sive pattern of label. Ip s ila te ra lly , transported label was 
found over a restric ted  and retinotopically  appropriate portion 
of area 17. Other ip sila te ra l label was widespread in d is tin c t 
foci over perhaps one-third of area 18, i n the two densely mye
linated  fie ld s la tera l to area 18, limbic cortex, and a region 
of cortex caudolateral to area 18. C ontralaterally , label was 
widespread in area 18 and in cortex la tera l to area 18. We 
conclude tha t area 18 projects back to area 17, provides a 
widespread but uneven d istribu tion  of in trin s ic  connections 
within area 18, projects to one or more fie lds la te ra l to area 
18, and has callosal connections with area 18 and one or more 
fie ld s la te ra l to area 18. Since area 18 represents the contra
la te ra l visual hemifield, and callosal inputs over much of area 
18 must re fle c t neurons with receptive fie lds in the ip s ila te ra l 
hemifield, these callosal inputs apparently are not reflected 
i n the excitatory receptive fie lds of area 18 neurons.

These studies help define subdivisions of visual cortex i n 
squ irrels and suggest tha t these rodents have a t lea s t five or 
six cortical visual areas.

Supported by NIH grant EY02686.

372.8 VISUAL AREAS IN THE POSTERIOR SUPERIOR TEMPORAL SULCUS IN THE 
CEBUS. R. G a tta s s* , M. F io ra n i J r . * ,  M.G.P. Rosa* and A .P.B . 
Sousa* (SPON: C.G. G ro ss). I n s t i t u t o  de B io fí s ic a  C arlo s  Chagas 
F i l ho, Rio de J a n e i ro ,  RJ, 21941, B r a s i l .

The v is u a l  topography o f th e  a re a s  in  th e  p o s te r io r  s u p e r io r  
tem poral su lcu s  (STS) was s tu d ie d  w ith  m u l t i - u n i t  reco rd in g s  in  
e ig h t  Cebus a p e l la ,  a n e s th e tiz e d  and p a ra ly s e d .

In  th e  p o s te r io r  bank o f STS th e re  i s  an oval-shaped  a re a  (70 
mm2) , to p o g ra p h ic a l ly  o rg an ized  named MT. In  each hem isphere, MT 
c o n ta in s  a r e p r e s e n ta t io n  o f th e  c o n t r a la t e r a l  v is u a l  h e m if ie ld  up 
to  50 d e g re e s . The r e p re s e n ta t io n  o f th e  v e r t i c a l  m erid ian  forms 
i t s  l a t e r a l  bo rd er and th a t  of th e  h o r iz o n ta l  m erid ian  runs h o rizon  
t a l l y  a c ro ss  th e  p o s te r io r  bank o f STS. The upper f i e ld  i s  lo c a te d  
v e n t r a l  and th e  lower f i e l d  d o r s a l .  The fo v ea l r e p r e s e n ta t io n  i s  
l a t e r a l  in  th e  p o s te r io r  bank of STS. MT is  co ex ten s iv e  w ith  two 
m y e lo a rc h i te c to n ic a lly  d i s t i n c t  zones: one homogeneous and h e a v ily  
m y e lin a ted , lo c a te d  in  th e  p o s te r io r  bank of STS and an o th er more 
p a le ,  w ith  v i s ib l e  in n e r  and o u te r  bands o f B a i l la rg e r  in  th e  junc 
t io n  of th e  p o s te r io r  bank w ith  th e  a n t e r io r  bank. In  a l l  anim als 
th e  r e p r e s e n ta t io n  o f th e  v is u a l  f i e l d  in  MT was con tinuous ac ro ss  
th e se  two zones. In  one anim al th e  fo v ea l r e p r e s e n ta t io n  of MT was 
n o t r e s t r i c t e d  to  th e  homogeneous zone, b u t i t  was c o e x te n s iv e  w ith  
a reg io n  in  which th e  two bands o f B a i l la rg e r  a re  proem inen t. In  MT 
r e c e p t iv e - f ie ld  s iz e  in c re a s e s  l i n e a r ly  w ith  in c re a s in g  e c c e n tr ic i  
ty  w h ile  c o r t i c a l  m a g n if ic a tio n  fo llo w s a power fu n c tio n  w ith  a 
slo p e  s im i la r  to  th a t  o f V1 . No d i f fe re n c e  was found in  th e  m agnifi 
c a t io n  o f co rrespond ing  reg io n s  of th e  upper and lower v is u a l  f i e ld  
in  MT. P o in t-im age s iz e  d ec re a se s  w ith  in c re a s in g  e c c e n t r i c i t y  w ith  
v a lu es  s im i la r  to  th o se  o b ta in ed  in  co rresp o n d in g  p o r tio n s  o f V1 .

L a te ra l  to  MT, th e re  i s  a th in  s t r i p  o f c o r te x  (1-2 mm wide) 
w hich co n ta in s  a r e p r e s e n ta t io n  o f th e  lower v is u a l  quad ran t up to  
50 deg rees  e c c e n t r i c i t y ,  w ith  th e  v e r t i c a l  m erid ian  re p re se n te d  
a n t e r io r ly  and th e  h o r iz o n ta l  m erid ian  p o s te r io r ly .  On m yeloarchi  
te c to n ic  grounds t h i s  a re a  i s  d i f f i c u l t  to  be d is tin g u is h e d  from 
MT in  th e  reg io n  of th e  r e p r e s e n ta t io n  o f the  c e n tr a l  10 d eg ree s . 
However, i t  can be d i f f e r e n t i a t e d  from a more l a t e r a l l y  lo c a te d  
a re a  which i s  le s s  den se ly  m y e lin a ted .

A n te r io r  to  MT th e re  i s  a h e a v ily  m ye lina ted  zone w ith  la rg e  
d i r e c t i o n a l  s e le c t i v e  r e c e p tiv e  f i e ld s  and no c l e a r  v is u a l  topogra 
phy, which may correspond  to  MST of th e  macaque .
(R esearch  suppo rted  by CNPq, FINEP and CEPG/UFRJ).

3 7 2 .9 ReTINOTOPIC m a ppin g  and r f s p o n s f  c h a r a c t e r is t ic s  of neurons in  
THE WULST OF THE GREAT HORNED OWL. B .  J .  F r o s t ,  B. M organ*, 
D e p a r tm e n t o f  P s y c h o lo g y , Q u e e n 's  U n i v e r s i t y , K in g s to n ,  O n ta r io ,  
C anada, K7L 3N6.

I t  h a s  now b e e n  f a i r l y  c l e a r l y  e s t a b l i s h e d  t h a t  th e  " V is u a l  
W u ls t"  o f  t h e  t e l e n c e p h a lo n  o f  b i r d s  h a s  num erous a n a to m ic a l  and 
p h y s io l o g ic a l  s i m i l a r i t i e s  to  a r e a  17 o f  mam m als. W ith in  th e  
a v ia n  c l a s s  th e  W u lst i s  p a r t i c u l a r l y  w e l l  d e v e lo p e d  in  ow ls  
w h ere  i t  o c c u p ie s  a v e ry  l a r g e  a r e a  e x te n d in g  o v e r  t h e  d o r s a l -  
f r o n t a l  t e l e n c e p h a lo n .  P re v io u s  r e p o r t s  on Barn Owls (T y to  
a lb a )  i n  p a r t i c u l a r  h av e  shown t h a t  W u ls t c e l l s ,  l i k e  m am m alian 
s t r i a t e  c o r t i c a l  c e l l s ,  r e s p o n d  s e l e c t i v e l y  to  s t im u lu s  
o r i e n t a t i o n ,  d i r e c t i o n  o f  m ovem ent and  b i n o c u l a r  d i s p a r i t y  
( P e t t ig r e w  and K o n is h i ,  1 9 7 6 ) . Here we r e p o r t  s i m i l a r  f in d i n g s  
f o r  t h e  G r e a t  Horned Owl  (Bubo v i r g i n i a n u s )  and d e s c r i b e  a v e ry  
l a r g e  m a g n i f ic a t i o n  o f  t h e  r e t i n o t o p i c  r e p r e s e n t a t i o n  o f  t h e  
fo v e a  an d  t h e  im m e d ia te ly  a d j a c e n t  b i n o c u l a r  z o n e .

T hree G re a t  Horned o w ls  w ere a n e s t h e t i z e d  w ith  
K etam ine/R om pun, p o s i t io n e d  i n  a  s t e r e o t a x i c  i n s t r u m e n t ,  and 
v i s u a l  lan d m a rk s  su c h  a s  th e  p e c te n  o c u l i , o r a  t e r m i n a l i s  and 
fo v e a  o f  b o th  e y e s  c a r e f ta l ly  p l o t t e d  on  a t a n g e n t  s c r e e n .  
E x t r a c e l l u l a r  r e c o r d in g s  w ere t a k e n  from  a l a r g e  num ber o f  
p e n e t r a t i o n s  a t  v a r i o u s  p o s i t i o n s  a c r o s s  th e  W u ls t u s in g  
c o m p u te r -g e n e ra te d  v i s u a l  s t i m u l i .  In  one  s e r i e s  o f  
p e n e t r a t i o n s  e n c o m p a ss in g  a p p ro x im a te ly   57% o f  t h e  Wu l s t  s u r f a c e ,  
a l l  r e c e p t iv e  f i e l d s  w ere c lu s t e r e d  w i th in  a 7 6 .9  s q u a re  d e g re e  
a r e a  a ro u n d  t h e  f o v e a .  T h is  s u g g e s t s  a c o r t i c a l  m a g n i f ic a t i o n  
f a c t o r  o f  b e tw e en  8 3 :1  t o  1 0 0 :1 . R e t in o to p ic  o r g a n i z a t i o n  was 
fo u n d  t o  b e  s i m i l a r  t o  th e  Barn Owls w i th  s u p e r i o r  and i n f e r i o r  
r e g io n s  o f  v i s u a l  f i e l d  r e p r e s e n te d  c a u d a l ly  and r o s t r a l l y  
r e s p e c t i v e l y ,  an d  mid l i n e  and p e r i p h e r a l  r e g io n s  r e p r e s e n te d  
l a t e r a l l y  and m e d ia l l y  r e s p e c t i v e l y .  A l l  c e l l s  w ere v e ry  
s e l e c t i v e  f o r  o r i e n t a t i o n  o f  d a rk  o r  l i g h t  l i n e s ,  and  had 
o r i e n t a t i o n  tu n in g  c u rv e s  < 3 0 ° , and w ere a l l  d i r e c t i o n a l l y  
s p e c i f i c .  T h i r t y - e i g h t  p e r c e n t  o f  u n i t s  w ere m o n o c u la r ly  d r iv e n  
w ith  32% re s p o n d in g  o n ly  t o  s t i m u l a t i o n  th ro u g h  th e  
c o n t r a l a t e r a l  eye and  6% th ro u g h  th e  i p s i l a t e r a l  e y e .  Of th e  
62% b i n o c u l a r  c e l l s ,  46% b e lo n g e d  to  t h e  " b in o c u l a r  o b l ig a t e "  
c l a s s  t h a t  c o u ld  o n ly  b e  s t im u la te d  w i th  b in o c u la r  i n p u t .

T hese r e s u l t s  c o n f i rm  P e t t i g r e w ' s  (1979) id e a  t h a t  t h e  
v i s u a l  w u l s t  i n  ow ls h a s  u n d e rg o n e  e x te n s iv e  d e v e lo p m e n t f o r  th e  
p r o c e s s in g  o f  b i n o c u l a r  in f o r m a t io n .

T h is  r e s e a r c h  was s u p p o r te d  b y  a g r a n t  A0353 from  th e  N a tu ra l  
S c ie n c e s  and E n g in e e r in g  R e se a rc h  C o u n c il  o f  Canada to  B. J .  F .

372.10 EFFECTS OF LYSERGIC ACID DIETHYLAMIDE AND MESCALINE ON FLASH 
EVOKED POTENTIALS IN THE INTACT, AWAKE RAT. J.T. Eel l s and D.M. 
Wilkison. Dept. of Pharmacol ogy and Toxicology, Medical College 
of Wisconsin, Milwaukee, WI 53226.

Lysergic acid diethylamide (LSD) and mescaline are potent 
psychoactive agents capable of e lic itin g  profound alterations in 
visual perception. As part of our ongoing study of the neuro
physiological mechanisms underlying drug-induced a ltera tions in 
sensory perception and neuronal in tegration , we investigated the 
effect of LSD and mescaline on the flash evoked potential (FEP) 
in ra ts .

Hooded Long Evans ra ts were anesthetized with pentobarbital 
and indwelling epidural screw electrodes were stereotaxically  
implanted over the right and le f t  visual cortices at points 7 mm 
posterior to bregma and 4 mm la tera l to the midline. Ground and 
reference electrodes were placed 2 mm anterior and 2 mm lateral 
to bregma. Following a one-week recovery period, recording 
sessions were in itia te d . FEPS were recorded in response to 10 
μsec flashes at a rate of 1 flash per second. Rats received 
cumulative doses of LSD (25-200 μg/kg) or mescaline (5-20 
mg/kg), in traperitoneally . Full input/output curves a t 3 
luminescence in ten sitie s  were established prior to drug 
administration and 30 minutes a f te r  the administration of each 
dose of LSD or mescaline.

The averaged FEP consisted of a primary (P20-N30) component 
and a (P50-N70-P100) component followed by a slower negative wave 
(N150). Mescaline (20 mg/kg) produced a marked attenuation 
(60-80%) of the primary (P20-N30) component of the FEP at the low 
and moderate flash in te n s itie s , but not a t the high flash 
in tensity . These data suggest that mescaline increases the 
threshold and the slope of the visual response to flash in the 
ra t. In contrast, LSD had no sign ifican t effect on the FEP at any 
dose or flash in tensity  employed in th is study.

The magnitude and the spec ific ity  of the effects of mescaline 
on the P20-N30 primary response suggest tha t the drug produces 
d efic its  in conduction through the retino-geniculato-cortical 
system. This study was supported by NIDA R01 DA 03785.
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372.11 EFFECT OF GABA, BI CUCULL1NE, AND L-GLUTAMATE ON THE CAT AND
RABBIT CALLOSAL PROJECTION AS DETERMINED BY CORTICAL PATTERN- 
REVERSAL EVOKED CORTICAL POTENIALS (PREPs)
Di-Yun Ruan. Min Zhuo. S. Wang ( SPON:E.  L. Smith,  I I I ) .  Dep t . 
of Biology,  Univ.  of S c i . & Tech,  of China and Univ.  of Houston,  
Co l l ,  of Optometry,  Houston,  Texas

In the ca t  and r a b b i t ,  bo r de r s  of a r ea s  17 and 18a in both 
c o r t i c a l  hemispheres  are r e c i p r o c a l l y  l i nked  through the corpus  
ca l losum which i s  s ugges t ed  to have an impor tant  r o l e  in p r oces 
s i ng  v i s ua l  i nf or mat i on .  These exper i ment s  were des igned to ex
amine the r o l e  of e x c i t a t o r y  and i n h i b i t o r y  n e u r o t r a n s m i t t e r s  in 
t hese v i s ua l  c o r t i c a l  r eg i ons  us ing  the PREP as an i nd i c a t o r  of 
v i s ua l  f u n c t i o n .  GABA, b i c u c u l l i n e  and L-Glutamate were i n j e c t e d  
at  the 17-18a border  a r ea  in one hemisphere of ca t  and r a b b i t .  
PREPs were r ecor ded  a t  the cor r es pond i ng  regi on  in the c o n t r a -  
or i p s i l a t e r a l  hemisphere.

When GABA was a p p l i e d ,  the waveform and ampl i tude of c o n t r a 
l a t e r a l  PREP changed in both s p e c i e s ,  the ampl i t ude i nc r eased  48% 
a f t e r  6 mi n . ,  whi l e  N1 l a t ency  i nc r eased  8%. The ampl i tude of the 
i p s i l a t e r a l  PREP dec reas ed  57'% for  ca t  a f t e r  9 min.  and 75% for  
r a b b i t  a f t e r  8 mi n . ,  and the l a t e n c i e s  did not  change.  When 
b i c u c u l l i n e  was a p p l i e d ,  the ampl i t ude of the c o n t r a l a t e r a l  PREP 
dec reas ed  76% a f t e r  17 min.  I f  the b i c u c u l l i n e  was washed out  by 
a r t i f i c i a l  ce r e b r os p i na l  f l u i d ,  the ampl i t ude recove r ed  to 90% 
a f t e r  3 min.  However,  ampl i t ude of the i p s i l a t e r a l  PREP inc r eased  
194%. When L-Glutamate was a p p l i e d ,  the ampl i t ude of the c o n t r a 
l a t e r a l  PREP dec reas ed  59% a f t e r  2 min,  then r ecove r ed  gradualLY 
to 91% a f t e r  9 min.  The l a t ency  i nc r eas ed  s l i g h t l y  to 104%. How
eve r ,  i f  L-Glutamate was app l i ed  a t  the co r r e s p o n d i ng regi on  in 
the i p s i l a t e r a l  hemisphere,  the ampl i t ude of the PREP i nc r eased  
s ha r p l y  at  f i r s t  then g r a d u a l l y  i nc r eased  to 155% of the c o n t r o l .  
La t enc i e s  d id  not  change.  When i nc r e a s i ng  c o n c e n t r a t i o n s  of KCl 
<0.3M, 1 M, 3 M) was app l i e d  at  the co r r espondi ng  r egi on  of the 
c o n t r a l a t e r a l  hemisphere the ampl i t ude of the PREP dec reased  12% 
26% and 40%, r e s p e c t i v e l y .  Latency did not  change.  I f  3M KC1 was 
app l i ed  a t  the cor r espondi ng  regi on  in the i p s i l a t e r a l  hemisphere 
the ampl i t ude of the PREP dec reased  84% in 1 min.  The r e f o r e  3M 
KCl complet e ly  depr es sed  nerve conduc t i on .  When a r e v e r s i b l e  
coo l i ng  was app l i ed  at  the r egi on of 17-18a border  in the oppos
i t e  hemisphere ,  the ampl i t ude of PREP dec reas ed  50% a f t e r  7 min . 
Af t e r  coo l i ng  was removed the PREP ampl i tude recove r ed  to 87% 
a f t e r  17 min.

Since GABA caused remarkable e x c i t a t i o n  of PREP in c o n t r a l 
a t e r a l  v i sua l  co r t ex  and Bi c ucu l l i ne  and L-Glutamate caused r e 
markable i n h i b i t i o n ,  the c o l l o s a l  p r o j e c t i o n  of v i s ua l  co r t ex  
may have a complex c i r c u i t  wi th both e x c i t a t o r y  and i n h i b i t o r y  
s ynapses .

372.12 RECEPTIVE FIELD PROPERTIES OF CORTICO-CORTICAL PROJECTION NEURONS 
IN VISUAL AREA I OF THE AWAKE RABBIT. Harvey A. Swadlow. Dept. 
Psychology, U-20, Univ. C o n n ec ticu t, S to r r s ,  CT 06268.

Although a prom inent p ro je c tio n  from V-I to  V -II i s  seen in  a l l  
mammals, th e  v is u a l response  p ro p e r t ie s  o f  t h i s  c o r t i c o - c o r t i c a l  
e f f e r e n t  system  have no t been c h a ra c te r iz e d  in  any sp e c ie s . In 
th e  p re s e n t work th e  re c e p tiv e  f i e ld  p ro p e r t ie s  o f  c o r t i c o - c o r t i c a l  
p ro je c t io n  neurons were s tu d ie d  in  awake r a b b i ts .  A ll i n i t i a l  
su rg e ry  was perform ed under deep p e n to b a rb ita l  a n e s th e s ia . 
C o r t i c o - c o r t i c a l  neurons were i d e n t i f i e d  by an tid ro m ic  a c t iv a t io n  
fo llo w in g  e l e c t r i c a l  s tim u la t io n  o f  V -II . R eceptive f i e ld s  were 
c l a s s i f i e d  acco rd ing  to  th e  scheme o f  Murphy and Berman 
(J . Comp. N eu ro l., 188:401, 1979). Eye p o s it io n  was m onitored 
± 0 . 2°.

Most m ic ro e lec tro d e  p e n e tra tio n s  were made in to  th e  b in o c u la r  
p o r tio n  o f  V -I, in  c o r te x  re p re s e n tin g  < 15° from th e  v e r t i c a l  
m erid ian . T h ir ty - fo u r  i p s i l a t e r a l  p ro je c t io n  neurons were 
s tu d ie d  in  t h i s  b in o c u la r  zone w hereas f iv e  neurons were s tu d ie d  
in  monocular c o r te x . The m a jo rity  o f  th e se  c o r t i c o - c o r t i c a l  
p ro je c t io n  neurons had sim ple re c e p tiv e  f i e ld s  (17 S - l ,  8 S - I I ) . 
The rem aining v is u a l ly  d riven  neurons c o n s is te d  o f  one complex 
c e l l ,  one c o n c e n tr ic  c e l l  and one d i r e c t i o n a l ly  s e le c t iv e  (but 
no t o r ie n ta t io n  s e le c t iv e )  c e l l .  E leven neurons cou ld  no t be 
r e l i a b l y  d riv en  by v is u a l s t im u la t io n . The m a jo rity  o f  th e  
sim ple c e l l s  (67%) were d i r e c t i o n a l ly  s e le c t iv e  and 41% were 
end -s topped . Most c o r t i c o - c o r t i c a l  p ro je c t io n  neurons had 
r e l a t i v e ly  long an tid ro m ic  la te n c ie s  (median = 4 .8  msec, range = 
1.15 - 14 .6  m sec), co rrespond ing  to  a median conduction  v e lo c i ty  
o f  app rox im ate ly  1 m /sec.

372.13 COMPARATIVE MODIFICATIONS OF CORTICAL CELL RESPONSES FOLLOWING 
INACTIVATION OF THE CONTRALATERAL CORTEX AND VISUAL AREA I .  C. 
M orin*, S. M olotchni k o f f , F. H ubert* and F. Leporé . D ep t. de 
S ciences  b io lo g iq u e s , U n iv e r s i té de M ontréa l ,  Montré a l ,  P .Q ., 
CANADA, H3C 3J7.

In  th e  p a s t  s e v e ra l  y e a rs  we have s tu d ie d  in f lu e n c e s  o f  the  
c o r t ic o fu g a l  f i b e r s .  The corpus ca llosum  i s  one o f  the  m ajor p a t -  
ways w hich co n ta in s  e f f e r e n t  c o r i t c a l  f ib e r s  l in k in g  bo th  hemi
s p h e re s . In  a d d i t io n ,  th e  m u l tip le  r e p r e s e n ta t io n s  o f  v is u a l  
f i e ld s  on th e  c o r te x  i s  w e ll e s ta b l is h e d .  V arious h is to l o g ic a l  
in v e s t ig a t io n s  have re v e a le d  r e c ip ro c a l  c o n n e c tiv i ty  w hich c o n s t i 
tu te s  a neu ro n a l s u b s t r a te  f o r  fu n c t io n a l  r e la t io n s h ip s  between 
bo th  hem ispheres as w e ll as between v is u a l  a re a s .  B u t, the  physio 
lo g i c a l  r e la t io n s h ip s  between th e se  a re a s  a re  f a r  from bein g  e lu 
c id a te d .  The aim o f th e  p re s e n t in v e s t ig a t io n  i s  two f o ld ,  1) to  
stu d y  th e  in f lu e n c e  o f  v is u a l  a re a  I  on v is u a l  a re a  I I  and 2) to 
a n a ly se  th e  r e la t io n s h ip s  betw een b o th  hem ispheres . R ats were 
a n e s th e tiz e d  w ith  u re th an  and p a ra ly s e d . S in g le  u n i t s  were r e 
corded from the  c o r te x  w h ile  a r e t in o to p ic a l ly  co rrespond ing  neu
ro n a l ensem ble o f  VI and c o n t r a la t e r a l  hom otopic s i t e  were tempo
r a r i l y  in a c t iv a te d .  The lo c a l  chem ical in a c t iv a t io n  o f  VI was 
perform ed w ith  a p re s s u re  in j e c t io n  o f  50 to  100 ml o f  x y lo c a in e . 
The in f lu e n c e  o f th e  c o n t r a la t e r a l  c o r te x  was s tu d ie d  by c ry o - 
b lockade o f  the  hom otopic s i t e .  In  bo th  types o f  ex p e rim en ts, 
each u n i t  was t e s te d  fo r  i t s  resp o n ses  to  moving l i g h t  s l i t s  and 
s ta t io n a r y  re c ta n g le s  p o s it io n e d  a t  v a r io u s  s i t e s  in  the r e c e p tiv e  
f i e l d  (RF) in  o rd e r  to  de term ine  i t s  s p a t i a l  p r o f i l e .  So f a r  d a ta  
su g g es t th a t  d i r e c t i o n - s e l e c t iv e  c e l l s  a re  p a r t i c u l a r ly  s e n s i t i v e  
to  a re a  VI in a c t iv a t io n .  Indeed , th e  resp o n ses  d e c lin e d  rem arkably 
le a d in g  to  a v i r t u a l  e x t in c t io n .  C om parative ly , th e  response  o f 
th e  same c e l l  to  s ta t io n a r y  o n -o f f  s t im u l i  r e s t r i c t e d  to  v a r io u s  
a re a s  o f th e  r e c e p tiv e  f i e l d  showed le s s  o f  a  d e c re a se . In  con
t r a s t  to  th e  f i r s t  type o f  ex p e rim en ts, th e  m a jo r ity  o f  h ig h ly  
d i r e c t i o n a l  -  s e le c t i v e  c e l l s  e x ib i te d  a f a c i l i t a t i o n  to  b lockade 
o f  th e  c o n t r a la t e r a l  c o r te x  (5 /6 ) ,  w h ile  in  th e  same u n i t s ,  th e  
o n -o f f  resp o n ses  rem ained u n a ffe c te d . C e lls  w ith  a weak 
d i r e c t i o n a l - s e l e c t i v i t y  showed a d ec re a se  in  th e i r  f i r i n g  w ith  co r
t i c a l  b lockade (2 3 /3 0 ) . T his d e c lin e  o cc u rre d  fo r  bo th  s ta t io n a r y  
and moving s t im u l i .  The s p a t i a l  p r o f i l e  o f  th e  RF was a lso  
observed  to  expand w ith  c ryob lockade. R esu lts  pe rm it us to  con
c lude  th a t  many c e l l s  o f  v is u a l  a re a s  (V2 and V1/V2 b o rd e r)  
r e c e iv e  a f a i r l y  la r g e  in p u t from com plem entary c o r t i c a l  a re a s .

Supp. NSERC and FCAR

372.14 BEHAVIORAL ACTIVATION OF VISUAL NEURONS IN MONKEY STRIATE CORTEX. 
R. Boch*. (SPON: M.A. S eg rav es). D ept. of C lin ic a l  Neurology and 
N europhysio lgy , U n iv e rs ity  of F re ib u rg , FRG.

S ince neurons in  p r e s t r i a t e  c o r te x  e x h ib i t  a c t iv a t io n  when a 
monkey a t te n d s  to  s t im u li  in  th e  c e l l s '  r e c e p tiv e  f i e ld s  (F isc h e r  
and B och.B rain  Res. .345 :111-123 . 1985) i t  was im portan t to  know i f  
such an e f f e c t  were a lso  p re s e n t in  s t r i a t e  c o r te x .

Rhesus monkeys were tr a in e d  to  f ix a te  a sm all f ix a t io n  p o in t by 
u s in g  a dimming paradigm . They then  le a rn ed  to  respond to  th e  
dimming o f a s tim u lu s  1° to  4° in  th e  p e r ip h e ry . The stim u lu s  
appeared  w h ile  th e  f ix a t io n  p o in t was p re s e n t ,  but dimmed only  
a f t e r  th e  f ix a t io n  p o in t d isap p e a red . The monkeys were rew arded 
fo r  d e te c tin g  th e  dimming re g a rd le s s  o f w hether o r not they  made a 
saccade to  th e  t a r g e t ,  and they  tended to  in te rm ix  t r i a l s  w ith  
saccades to  th e  t a r g e t  w ith  t r i a l s  in  w hich they  con tinued  to  gaze 
a t  where th e  f ix a t io n  p o in t had been.

145 neurons were reco rded  in  s t r i a t e  c o r te x  o f 4 hem ispheres 
w h ile  th e  monkeys were perfo rm ing  t h i s  ta s k .  Most neurons gave a 
p h a s ic  o n -response  to  th e  s tim u lu s . 55 %  o f th e se  p h a s ic  neurons 
showed a subsequent r e a c t iv a t io n  when th e  f ix a t io n  p o in t went out 
and th e  monkey had to  respond to  th e  p e r ip h e ra l  s tim u lu s , w hether 
o r  not i t  made a saccade to  i t .  The r e a c t iv a t io n  la te n c y  was much 
lo n g e r th an  th e  o n -response  la te n c y , (mean 210 ms, m easured from 
th e  f i x a t io n  p o in t o f f s e t ) ,  but s h o r te r  than  th e  sacca d ic  r e a c t io n  
tim es (250-500 m sec). I t  was no t due m erely to  th e  d isappearance  
o f th e  f ix a t io n  p o in t s in c e  i t  was ab sen t i f  th e  stim u lu s  were 
p la ced  o u ts id e  of th e  r e c e p tiv e  f i e l d .  I t s  occurence cannot be 
ex p la in ed  by a sim ple c e n te r -su rro u n d  in t e r a c t io n  s in ce  
b e h a v io ra lly  i r r e le v a n t  b r ig h t  s t im u li  p la ced  between th e  
r e c e p tiv e  f i e l d  and th e  f ix a t io n  p o in t had no e f f e c t .

T his a c t i v i t y  cou ld  r e f l e c t  th e  p ro cess  o f in te r r u p t io n  o f th e  
p rev io u s  f ix a t io n  o r ,  as f a r  as t h i s  i s  no t th e  same p ro c e ss , th e  
s h i f t  of v is u a l  a t t e n t io n .  P re lim in a ry  r e s u l t s  in d ic a te  th a t  even 
in  th e  p o s te r io r  p a r i e t a l  c o r te x  and in  th e  p r e f r o n ta l  c o r te x  in  
th e  a rea  of th e  p r in c ip a l  su lcu s  a com parable r e a c t iv a t io n  can be 
d isp la y e d . I t  rem ains u n c le a r  w hether th i s  a c t i v i t y  in  d i f f e r e n t  
a re a s  has a common sou rce .

Supported by the Deutsche Forschungsgemeinschaft.
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372.15 SMALL LESIONS IN SUPRASYLVIAN CORTEX PRODUCE GONTRALATERAL VISUAL 
NEGLECT AND A LOWERED INCIDENCE OF DEEP LAMINAE VISUAL CELLS IN 
THE SUPERIOR COLLICULUS. S t e p h e n  C.  H a rd y  a n d  B a r r y  E.  S t e i n .  
D e p t. o f  P h y s io lo g y  and B io p h y s ic s .  M e d ic a l C o l le g e  o f  V i r g in i a .  
Richm ond, V i r g in i a  23298.

P r e v i o u s l y ,  S p r a g u e  ( S p r a g u e , J . M. , S c i e n c e , 1 5 3 :  1 5 4 4 -  
1547 ,1 9 6 6 .) d e m o n s tra te d  t h a t  p o s t e r i o r  n e o d e c o r t i c a t i o n  in  c a t s  
p ro d u ce d  c o n t r a l a t e r a l  v i s u a l  n e g le c t .  T h is  e f f e c t  was due to  th e  
l o s s  o f  c o r t i c o t e c t a 1 f a c i l i t a t o r y  i n f l u e n c e s  on th e  i p s i l a t e r a l  
s u p e r io r  c o l l i c u l u s  (SC) and i t s  i n h i b i t i o n  by th e  o p p o s i t e  SC. 
T h u s , r e m o v a l  o f  t h e  o p p o s i t e  SC r e s t o r e d  v i s u a l l y - g u i d e d  
b e h a v i o r  i n  t h e  p r e v i o u s l y  b l i n d  h e m i f i e l d .  B e c a u s e  ( a )  SC- 
m e d ia te d  v i s u a l l y - g u i d e d  b e h a v i o r  i s  t h o u g h t  t o  r e f l e c t  t h e  
f u n c t io n  o f  d eep  lam in ae  c e l l s  and (b) th e s e  c e l l s  a r e  in f lu e n c e d  
p r i m a r i l y  by p o s t e r i o r  s u p r a s y l v i a n  c o r t e x  ( P S S C -O g a s a w a ra , K., 
M c H a f f ie ,  J.G . an d  S t e i n ,  B .E .J.  o f  N e u r o p h y s i o l o g y . 5 2 :1 2 2 6 -  
1 2 4 5 ,1 9 8 4 .) , i t  seem ed l i k e l y  t h a t  damage to  PSSC was p r im a r i l y  
r e s p o n s i b l e  f o r  t h e s e  1e s i o n - i n d u c e d  v i s u a 1 d e f i c i t s .  To t e s t  
t h i s  p o s s i b i l i t y  we exam ined th e  v i s u a l l y - g u i d e d  b e h a v io r  o f  c a t s  
(n = 2 0 )  b e f o r e  a n d  a f t e r  r e s t r i c t e d  l e s i o n s  in  PSSC a n d  a f t e r  a 
s u b s e q u e n t  l e s i o n  o f  th e  c o n t r a l a t e r a l  SC in  12 o f  th e s e  a n im a ls .  
In  a d d i t i o n ,  th e  i n c id e n c e  and r e s p o n s e  p r o p e r t i e s  o f  i p s i l a t e r a l  
SC c e l l s  w ere exam ined  b e fo r e  and  a f t e r  t h e  PSSC l e s i o n s  in  8 o f 
t h e s e  c a t s .

A n im als  w ere t r a i n e d  to  f i x a t e  on a b a i t e d  s t im u lu s  (fo o d ) 
60 cm away a t  0 ° .  A seco n d  s t i m u l u s  (a  w h i te  b a l l  on a t h i n  ro d ) 
was ran d o m ly  in t r o d u c e d  8 -1 6  t im e s  a t  e a ch  1 5 °  v i s u a l  a n g le  from  
0 °  t o  1 0 5 °  n a s a l  an d  t e m p o r a l  t o  t h e  f i x a t i o n  p o i n t .  When 
r e l e a s e d ,  t h e  a n im a l  c o u l d  a p p r o a c h  t h e  f i x a t i o n  p o i n t  o r  t h e  
b a l l  to  r e c e i v e  fo o d . P r e o p e r a t i v e  a n im a ls  a p p ro a c h e d  th e  b a l l  a s  
i t  w as i n t r o d u c e d  on  n e a r l y  100% o f  t h e  t r i a l s .  S e v e r a l  
v a r i a t i o n s  o f  th e  m ethod w ere u sed  to  exam ine w hich  m ethods w ere 
m ost a p p l i c a b l e .

S m a ll  l e s i o n s  in  PSSC in d u c e d  p ro fo u n d  c o n t r a l a t e r a l  v i s u a l  
n e g l e c t  in  a l l  a n im a ls  when exam ined  a s  d e s c r ib e d  a b o v e . T hese 
d e f i c i t s  w ere much l e s s  o b v io u s ,  o r  n o t  a p p a re n t ,  a t  a l l  i f  th e  
a n im a l  w as n o t  r e q u i r e d  t o  m ove to w a rd  t h e  s t i m u l u s  o r  i f  fo o d  
was n o t  p r e s e n t  a t  th e  f i x a t i o n  p o in t .  V i s u a l l y - g u i d e d  b e h a v io r  
was r e s t o r e d  in  t h e  c o n t r a l a t e r a l  h e m i f ie l d  f o l l o w i n g  re m o v a l  o f  
t h e  o p p o s i t e  SC. T h ese  same PSSC l e s i o n s  r e d u c e d  th e  in c id e n c e  
o f  v i s u a l  c e l l s  in  d eep  la m in a e  o f  th e  i p s i l a t e r a l  SC and  few er 
o f  t h e  r e m a in i n g  c e l l s  w e re  d i r e c t i o n a l l y - s e l e c t i v e .  Y e t ,  t h e  
in c id e n c e  and re s p o n s e  p r o p e r t i e s  o f  s u p e r f i c i a l  la m in a e  SC c e l l s  
r e m a in e d  u n c h a n g e d .  T h e s e  d a t a  i n d i c a t e  t h a t  o n l y  a  s m a l l  
c o r t i c o t e c t a 1 r e g io n  w i th in  th e  i p s i l a t e r a l  PSSC n eed  be damaged 
t o  c o m p ro m is e  t h e  i n t e g r i t y  o f  d e e p  l a m in a e  SC c e l l s  a n d  t o  
p ro d u c e  v i s u a l l y - g u i d e d  d e f i c i t s  in  th e  c o n t r a l a t e r a l  h e m i f ie ld .

S u p p o r te d  by NIH g r a n t  BNS-8209857.

372.16 THALAMIC CONNECTIONS OF THE SUPERIOR TEMPORAL REGION IN RHESUS 
MONKEY. D.N. Pandya, D.L. Rosene and A.M. G alaburda. D epartm ent 
o f Anatomy and N eurology, Boston U n iv e rs ity  School o f Medcine, 
B oston, MA 02118, E d ith  Nourse Rogers Memorial V eterans H o sp ita l , 
B edford, MA 01730 and Harvard N eu ro lo g ica l U n it, Beth I s r a e l  
H o sp ita l ,  Boston, MA 02215.

On th e  b a s is  o f  a r c h i te c tu r a l  and co n n e c tio n a l a n a ly s is ,  the 
s u p e r io r  tem poral reg io n  (STR) i s  d iv id ed  in  th re e  d i s t i n c t ,  
p a r a l l e l  l i n e s ,  d e s ig n a ted  the  " ro o t" ,  "co re"  and " b e l t"  l i n e s .  
W ith in  each o f  th e se  th re e  l i n e s ,  th e re  a re  four s e p a ra te  
r o s tro - c a u d a lly  arranged  s u b d iv is io n s . The second a u d ito ry  a rea  
(AI I ) i s  lo c a ted  w ith in  th e  ro o t l in e  w hereas th e  prim ary 
a u d ito ry  a re a  (AI) i s  in  the  core l i n e .  The a u d ito ry  a s s o c ia t io n  
c o r t ic e s  in  su p e r io r  tem poral gyrus ( STG) occupy the b e l t  l in e  
(G alaburda and Pandya, J .  Comp. N e u ro l., 221: 169-184, 1983).

Thalam ic connections  o f d i f f e r e n t  su b d iv is io n s  o f each o f 
th e se  l in e s  were s tu d ie d  u s ing  an te ro g rad e  (3H am inoacids) and 
re t ro g ra d e  (WGA-HRP and f lu o re sc e n t dyes) t r a c e r s .  The r e s u l t s  
show th a t  th e  a re a  AI I  in  the  ro o t l in e  m ainly  p ro je c ts  to  and 
re c e iv e s  a f f e r e n ts  from the  s u p ra g e n ic u la te  n u d e s  (SG) and the 
m a g n o ce llu la r p o r tio n  o f  the  m ed ia l g e n ic u la te  nucleus (MGNmc). 
There a re  only  m inor connections  w ith  the  p a rv o c e l lu la r  MGN 
(MGNpc) and th e  p u lv in a r  n u c leu s . In  c o n t r a s t  the  prim ary 
a u d ito ry  a re a  (c o re  l in e )  has ex te n s iv e  connections  w ith  the 
MGNpc and only  m inor connections  w ith  SG and p u lv in a r  n u c le i .  
The tha lam ic  co nnec tions  o f  the  a u d ito ry  a s s o c ia t io n  a rea s  ( b e l t  
l in e )  a re  p redom inate ly  w ith  the  p u lv in a r , in tra la m in a r  and 
m ed iodo rsa l n u c le i .  A d d itio n a lly , a d i f f e r e n t i a l  ro s tro -c a u d a l 
p a t t e r n  i s  imposed upon th i s  b a s ic  arrangem ent o f  tha lam ic  
c o n n e c t iv i ty .  Thus th e  r o s t r a l  s u b d iv is io n  o f  the  co re  l in e  in  
th e  supra tem poral p lane  (STP) m ainly  sends p ro je c tio n s  to  and 
re c e iv e s  from th e  caudal MGNpc w hereas caudal s u b d iv is io n  o f STP 
(AI) i s  connected  w ith  th e  r o s t r a l  MGNpc. L ikew ise the  r o s t r a l  
s u b d iv is io n  o f  th e  b e l t  l in e  (STG) m ain ly  re c e iv e s  a f f e r e n ts  from 
and p ro je c ts  to  the  caudal and m edial p a r t  o f the  m ed ial p u lv in a r  
w hereas th e  caudal su b d iv is io n s  o f the  b e l t  l in e  i s  connected 
w ith  th e  r o s t r a l  p a r t  o f  the  m ed ia l p u lv in a r  and has a d d i t io n a l  
co n n ec tio n s  w ith  th e  l a t e r a l  p u lv in a r , in tra la m in a r  and 
m ed iodo rsa l n u c le i .  The mid p o r tio n  o f  STG, in  c o n t r a s t ,  has 
co n n ec tio n s  w ith  th e  o r a l  p u lv in a r , the  in tra la m in a r  n u c le i  and 
MGN.

Thus i t  seems th a t  the  d i f f e r e n t  l in e s  and su b d iv is io n s  o f STR 
have a d i s t i n c t  p a t te r n  o f  tha lam ic  connections  th a t  is  
d i f f e r e n t ia te d  in  accord w ith  t h e i r  c o r t i c a l  c o n n e c tiv i ty .

Supported by V eterans A d m in is tra tio n , E.N.R.M. H o sp ita l ,  B edford, 
MA; NIH g ra n t NS 16841 and NSF g ra n t BNS-7924099.

372.17 THALAMOCORTICAL CONNECTIONS OF THE SUPERIOR TEMPORAL SULCUS IN THE 
RHESUS MONKEY. E.H. Yeterian and D.N. Pandya. Department of 
Psychology, Colby College, W aterville, ME 04901, Department of 
Anatomy, Boston University School of Medicine, Boston, MA 02118, 
and E.N. Rogers Memorial Veterans Hospital, Bedford, MA 01730.

On the basis of architecture and cortical connections, the 
cortex of the superior temporal sulcus (STS) has been shown to 
contain both unimodal and multimodal areas (Jones and Powell, 1970; 
Seltzer and Pandya, 1978). Moreover, behavioral and physiological 
investigations have demonstrated that the cortex of the STS is 
involved in a variety of complex functions (Petrides and Iversen, 
1978; Bruce e t a l . ,  1981; Perrett e t a l . ,  1984; Baylis e t a l . ,  
1985). In order to delineate the thalamic input to the cortex of 
the STS, as well as to compare these thalamic connections with 
those of parasensory association areas, we placed WGA-HRP 
injections into the upper bank and the rostral and middle regions 
of the lower bank of the STS. Some of these injections involved 
the adjacent gyral cortex. The brains were processed according to 
the method of Mesulam (1978). The resu lts indicate tha t the 
rostral sector of the upper bank of the STS receives input only 
from the most medial part of the medial pulvinar nucleus (PM). 
The middle portion of the upper bank, which contains the 
multimodal area TP0, receives connections from central as well as 
medial regions of PM. I t  also receives input from the oral 
pulvinar nucleus (PO) , the nucleus lim itans (L i), the dorsal part 
of the medial geniculate body, and the-dorsomedial nucleus (MD). 
Caudally, the cortex of the dorsal bank has the same basic 
pattern of input as the middle region, except that there is 
stronger input from the suprageniculate nucleus (SG). The 
extreme caudal portion of the dorsal bank, where i t  adjoins the 
cortex of the in ferio r parietal lobule, has more diverse 
affe ren ts: from PM, PO, the la te ra l pulvinar nucleus (PL), SG, 
Li, the la te ra l posterior nucleus, the ventral posterolateral 
nucleus, the central la te ra l nucleus, the central la tera l superior 
nucleus, and the paracentral nucleus. In contrast to the dorsal 
bank, the cortex of the ventral bank of the STS receives less 
extensive thalamic input. The rostral part of the ventral bank 
receives input from ventromedial PM. The thalamic afferents of 
the middle portion of the ventral bank are also from ventral PM, 
and from PL and the in ferio r pulvinar nucleus as well. Thus, the 
multimodal portion of the STS—area TPQ—and the most caudal 
portion of the upper bank, which are known to receive complex 
cortical input, have re la tiv e ly  extensive thalamic afferen ts . In 
con trast, other areas of the STS receive thalamic input from 
nuclei related to modality-specific regions of the cortex.

Supported by NI H Grant NS 16841, Veterans Administration Edith 
Nourse Rogers Memorial Hospital, and Colby College Social Science 
Grants A22149 and A22157.

372.18 FRONTAL LOBE CONNECTIONS OF THE SUPERIOR TEMPORAL SULCUS REGION IN 
THE RHESUS MONKEY. Benjamin S e ltz e r and Deepak N. Pandya. 
V.A. H osp ital, Bedford, MA 01730

Although in terconnections between th e  fro n ta l  lobe and cortex  
o f th e  superio r temporal sulcus (STS) have previously  been des
c rib ed , th e  p rec ise  sources and d e stin a tio n s  o f these  p ro jec tions 
have not been estab lish ed . In  th is  s tudy, 22 d is c re te  in jec tio n s  
o f  iso tope or WGA-HRP were made in  cy toarch itec ton ic  d iv is ions  of 
th e  STS region  (S e ltze r and Pandya, 1978), and the  re s u lt in g  pa t
te rn  o f lab e lled  term inals or c e l ls  in  th e  f ro n ta l  lobe analyzed.

The re s u l ts  show th a t  th e  r o s t r a l  t i p  o f th e  STS (area  Pro) pro
je c ts  only to  th e  o rb i ta l  (areas Pro, 12, 13, and 14) and medial 
(a rea  25) su rfaces o f th e  fro n ta l  lobe. The r o s t r a l  upper bank of 
th e  STS (area  TPOr) p ro jec ts  not only to  the  o rb i ta l  (areas Pro, 
11, 12, and 13) and medial (areas 24 and 25) stir faces , but to  the 
l a te r a l  f ro n ta l  lobe as w ell. Here i t  p ro jec ts  to  th e  do rsa l por
t io n  o f a rea  10 in  th e  fro n ta l  po le , a rea  9, and v e n tra l a rea  46. 
The mid-upper bank o f th e  STS (area  TPOm) p ro jec ts  only to  the  
l a te r a l  su rface  (areas 9, 10, 12, and 46) w ith an a d d itio n a l pro
je c tio n  to  d o rsa l a rea  8. The p ro jec tio n  to  area  10 from th is  re 
gion i s  ex tensive as compared to  th a t  from r o s t r a l  a rea  TPO. The 
caudal upper bank o f th e  sulcus (a rea  TPOc) p ro jec ts  to  the  caudal- 
most area  46, d o rsa l area  8, as w ell as d o rsa l area  6. Some o f 
th ese  e ffe re n t p ro jec tions  from th e  upper bank o f th e  STS a re  re 
c ip ro c a l, notably those to  th e  fro n ta l  pole (area  10).

The r o s t r a l  lower bank o f th e  STS (areas TEa and TEm) pro jec ts  
to  th e  o rb i ta l  (areas 11, 12, and 14) and l a te r a l  (v e n tra l area 
46) surfaces o f th e  f ro n ta l  lobe. The m id-portion o f th e  lower 
bank (areas TEa and TEm) p ro jec ts  only to  a rea  46. Some o f these  
p ro jec tio n s  a re  re c ip ro ca l.

Thus sec to rs  o f th e  STS have f ro n ta l  lobe connections s im ila r 
to  those o f th e  stirrounding temporal pole , superio r temporal gy
ru s , and inferotem poral a rea . The m id-portion o f area  TPO, a 
sensory convergence zone (Jones and Powell, 1970; S e ltz e r and 
Pandya, 1978), however, has d is t in c t  connections w ith the  ro s -  
tra lm ost f ro n ta l  lobe (area  10), and the  caudal portion  o f area  
TPO a lso  p ro jec ts  to  a rea  6.

Supported by the Veterans Administration and N.I.H. grant NS16841.
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372.19 TYPE I I  NEURONS SHOW PATTERN-MOTION DIRECTION SELECTIVITY. 
T.D. A lb r ig h t . H.R, Rodman* and C.G. Gross D ept. o f Psychology, 
P r in c e to n  U n iv e rs ity , P r in c e to n , NJ 08544.

We p rev io u sly  re p o rte d  th a t  neurons in  macaque e x t r a s t r i a t e  
v is u a l  a rea  MT can be d iv id ed  in to  two c la s s e s  on the b a s is  of 
th e  r e la t io n s h ip  between th e i r  p re fe re n c e  fo r  d i r e c t io n  of motion 
and th a t  fo r o r ie n ta t io n  (A lb r ig h t , T .D ., J .  N eu ro p h y s io l.. 
52 :1106, 1984). Type I  neurons (60%) have an o r ie n ta t io n  
p re fe re n c e  th a t  i s  roughly  a t  r ig h t  ang les to  the p re fe r re d  
d i r e c t io n  o f m otion and a re  l i k e  those  seen a t e a r l i e r  s tag e s  in  
th e  v is u a l  system . Type I I  neurons (30%), by c o n t r a s t ,  have an 
o r ie n ta t io n  p re fe re n c e  th a t  i s  roughly p a r a l l e l  to  d ir e c t io n  
p re fe re n c e  and had not been p rev io u sly  re p o r te d .

Some MT neurons a re  s e le c t iv e  fo r  the d i r e c t io n  of motion of 
tw o-dim ensional p a t te rn s  r a th e r  than  the o r ie n te d  components 
w ith in  those  p a t te rn s  (G izz i e t  a l . ,  ARVO A b s .. 1984). We have 
shown th a t  models of the  n eu ra l mechanism th a t  m ight u n d e r l ie  
p a tte rn -m o tio n  s e l e c t i v i t y  have Type I I  p ro p e r t ie s  (A lb r ig h t , op. 
c i t . ) .  In  the  p re se n t study we sought to  determ ine w hether, in  
f a c t ,  Type I I  MT neurons a re  p a tte rn -m o tio n  s e le c t i v e .

Macaques were a n e s th e tiz e d  w ith  N2O and im m obilized . We 
s tu d ie d  in  d e t a i l  33 s in g le  neu rons . Each neuron was te s te d  fo r  
p a tte rn -m o tio n  s e l e c t i v i t y  as d e sc rib ed  by G izz i e t  a l . ,  th a t  i s ,  
d i r e c t io n  s e l e c t i v i t y  fo r  s in g le  o r ie n te d  g ra t in g s  was compared 
to  th a t  fo r  p a t te rn s  formed by the in t e r s e c t io n  of p a i r s  of 
g r a t in g s .  In  accordance w ith  t h e i r  o b s e rv a t io n s , we found th a t  
p a t te rn -m o tio n  s e le c t iv e  neurons made up 30% of the  sample and 
com ponent-m otion s e le c t iv e  neurons 33%. The rem aining  36% d id  
n o t f a l l  in to  e i th e r  c a te g o ry . Each neuron was a lso  c l a s s i f i e d  
as Type I  or I I  as d e sc rib ed  above. C o n s is ten t w ith  our own 
p rev io u s  r e s u l t s ,  Type I I  neurons made up 24% o f the sample and 
Type I  neurons an o th er 45%. The rem aining  31% could no t be 
c l a s s i f i e d  as e i th e r  Type I  or I I .  A ll but one of the  Type I I  
neurons were found to be p a tte rn -m o tio n  s e le c t i v e .  In  c o n t r a s t ,  
tw o - th ird s  o f th e  Type I  neurons were c l a s s i f i e d  as 
com ponent-m otion s e le c t i v e .  F in a l ly ,  of those  neurons not 
c l a s s i f i a b l e  as e i th e r  Type I  or I I ,  most were a lso  not 
c l a s s i f i a b l e  as e i th e r  component- o r p a tte rn -m o tio n  s e le c t i v e .

In  summary, we p rev io u sly  observed some MT neurons to  have the 
unusual p ro p e rty  of maximal s e n s i t i v i t y  to  an o r ie n ta t io n  
p a r a l l e l  to  the p re fe r re d  d ir e c t io n  of m otion . Models o f n eu ra l 
c i r c u i t r y  e x h ib i t in g  p a tte rn -m o tio n  s e l e c t i v i t y  have Type I I  
p ro p e r t ie s  among th e i r  c h a r a c t e r i s t i c s .  We have now 
dem onstra ted , in  accordance w ith  p re d ic tio n s  from th e se  m odels, 
th a t  Type I I  neurons a re  p a tte rn -m o tio n  s e le c t i v e .  These r e s u l t s  
support a s p e c i f ic  fu n c t io n a l r o le  fo r  Type I I  neurons and 
suggest th a t  the  c i r c u i t r y  we have proposed u n d e r l ie s  the 
s e l e c t i v i t y  o f MT neurons fo r  m otion o f tw o-dim ensional p a t t e r n s .

372.20 RESPONSES OF NEURONS IN VISUAL AREA MT AFTER REMOVAL OF THE 
SUPERIOR COLLICULUS. H.R. Rodman*. C.G. G ross and T .D . A lb rig h t 
(SPON: C. O lson ). D ep t. o f  Psychology, P rin c e to n  U n iv e rs ity , 
P r in ce to n  NJ 08544.

Many neurons in  macaque v is u a l  a rea  MT r e t a in  re sp o n s iv e n e ss , 
d i r e c t io n  s e l e c t i v i t y  and b in o c u la r i ty  fo llo w in g  removal o r 
in a c t iv a t io n  of s t r i a t e  c o r te x . P re lim in a ry  s tu d ie s  suggested  
th a t  the  r e s id u a l  a c t iv i ty  m ight depend on in p u ts  from the  
s u p e r io r  c o l l ic u lu s  re la y e d  by the  p u lv in a r  (Rodman e t a l . ,  
N eu ro sc i. A b s .. 11:1246, 1985). We have now examined the response 
p ro p e r t ie s  of MT neurons a f t e r  combined le s io n s  of s t r i a t e  co rtex  
and the s u p e rio r  c o l l ic u lu s  and a f t e r  le s io n s  o f th e  c o l l ic u lu s  
a lo n e .

S uperio r c o l l ic u lu s  le s io n s  were made using  rad io -fre q u en cy  
c u r re n t in  two monkeys which had p rev io u sly  been s tu d ie d  
fo llo w in g  b i l a t e r a l  removal o f s t r i a t e  c o r te x . The anim als were 
a n e s th e tiz e d  w ith  N2O and im m obilized during  re c o rd in g . 161 
s in g le -  and m u l t i - u n i ts  were te s te d  fo r  re sp o n s iv en ess  using  
sp o ts  and s l i t s  o f l i g h t  and dark  edges. W ithin the  p o rtio n  of 
th e  v is u a l  f i e ld  r e p r e s e n ta t io n  inc luded  in  both le s io n s ,  
v i r t u a l l y  no re sp o n s iv en ess  was found. In  an anim al w ith  p a r t i a l  
s t r i a t e  rem oval, u n i t s  w ith  r e c e p tiv e  f i e ld s  in  the  p o r tio n  of 
th e  re p re s e n ta t io n  covered only by the c o l l ic u lu s  le s io n  showed 
ap p a re n tly  normal resp o n s iv en ess  and d ir e c t io n  s e l e c t i v i t y .

In  two a d d i t io n a l  monkeys, MT responses  were s tu d ie d  fo llo w in g  
u n i l a t e r a l  le s io n s  of th e  su p e rio r  c o l l ic u lu s  a lo n e . In  most 
r e s p e c t s ,  th e  responses  of MT neurons d ep rived  of th e i r  
c o l l ic u lu s  in p u t resem bled those  of neurons in  normal MT. Over 50 
s in g le  u n i t s  were te s te d  e x te n s iv e ly  fo r  d ir e c t io n  and 
o r ie n ta t io n  s e l e c t i v i t y .  As in  normal MT, n e a rly  a l l  neurons were 
s tro n g ly  resp o n s iv e  to  both  a moving spot and a moving s l i t  of 
l i g h t ,  and mean d i r e c t io n  tun in g  bandwidth d id  not d i f f e r  
s ig n i f i c a n t ly  from th a t  o b ta in ed  in  normal MT; mean index of 
d i r e c t i o n a l i t y  was lik ew ise  s im i la r  to  th a t  o b ta in ed  in  normal 
MT. Over th r e e -q u a r te r s  of the  c e l l s  te s te d  a lso  responded to  a 
s ta t io n a ry  fla sh e d  s l i t ,  and mean o r ie n ta t io n  tu n ing  bandwidth 
d id  not d i f f e r  from th a t  o b ta in ed  in  the  normal an im al. The 
p ro p o rtio n  o f neurons e x h ib itin g  s u s ta in e d  responses  to  the  
s ta t io n a ry  s l i t  was s l ig h t ly  g re a te r  than  th a t  of c e l l s  
e x h ib itin g  t r a n s i e n t  ones, in  c o n tra s t  to  the  predom inance of 
t r a n s i e n t  responses  to  s ta t io n a ry  s tim u lu s  p re s e n ta t io n  in  normal 
MT. F in a l ly ,  n e a rly  a l l  neurons were about eq u a lly  w ell a c t iv a te d  
from bo th  ey es, ag a in  resem bling  MT c e l l s  in  th e  normal an im al.

In  c o n c lu s io n , i t  appears th a t  in p u ts  from the  s u p e rio r  
c o l l ic u lu s  a re  s u f f ic i e n t  but not n ec essa ry  fo r  v is u a l  
re s p o n s iv e n e ss , d i r e c t io n  s e l e c t i v i t y  and b in o c u la r i ty  in  th i s  
reg io n  of e x t r a s t r i a t e  c o r te x .

372.21 RESPONSE SELECTIVITIES OF CELLS IN THE MACAQUE'S MEDIAL SUPERIOR 
TEMPORAL (MST) AREA: UNDERLYING MECHANISMS. K. Tanaka. H. Saito 
and Y. Fukada*. NHK Sci. and Tech. Res. Labs., Setagaya-ku, Tokyo.

We have studied response properties of ce lls  in the DSR region of 
the macaque MST area, using monkeys (M. fuscata) anesthetized with 
N2O/O2 and immobilized with gallamine trie th iod ide. There have been 
found three types of directionally  selective ce lls with large 
receptive fie ld s ; D-cells responding to a straight movement of 
patterns in an equidistant plane from the monkey, S-cells responding 
to a size change, and Rf-cells responding to a rotation in an 
equidistant plane (Saito et a l . ,  J. Neurosci. 6: 145-157). Since 
MST receives strong fiber projection from the MT area, we 
hypothesized that the receptive fie ld s of D-, S- and Rf-cells were 
constructed by integrating regional direction signals provided by MT 
c e lls . In the present study, we further studied response properties 
of S- and Rf-cells to te s t th is hypothesis.

About a half of S-cells responded to a size change of a ring as 
well as to that of a wide dotted pattern, while the remaining half 
responded to a dot pattern mych stronger than to a ring. Their 
response magnitude to a wide-field movement was not changed by 
exchanging the dot pattern for concentric rings, indicating that the 
shape of pattern is  not important for th e ir responses. We named the 
former ce lls  Non-selective type, and the la t te r  ce lls  Field type. 
Rf-cells were also halved into Non-selective and Field types (a 
cross, dot pattern and windmill were used in th is case).

Since a size change and rotation of a wide textured fie ld  contain 
several factors other than the arrangement of regional direction 
signals, i . e . ,  the difference in speed between central and 
peripheral parts of the stimulus (for both movements), the size 
change of individual components of the texture (for size change), 
and the acceleration of movements toward the center (for ro tation), 
these non-direction factors might be used to make up se lec tiv itie s  
of Field type ce lls . We prepared a r t if ic ia l  motion patterns 
consisting of four quadrants, in each of which dots moved straigh t 
in parallel with the same speed. The directions of movements in 
four quadrants were arranged so that the combination simulated 
either radial movements of a real size change or c ircular movements 
of a real ro tation . Although the motion patterns did not contain 
the non-direction factors, Field type S- and Rf-cells responded to 
them as strongly as to a real size change or rotation of a dot 
pattern. We conclude that appropriate arrangement of directions of 
regional movements (Condition 1) + simultaneous stimulation of a 
wide visual f ie ld  (Condition 2) are enough for th e ir activation.

Non-selective type S- and Rf-cells also responded well to the 
a r t if ic ia l  motion patterns, indicating that Condition 1 is  enough 
for th e ir activation. The difference between the two types may 
ex ist in the characteristics of spatial summation of inputs.

372.22 OBJECT-CENTERED ENCODING OF FACES BY NEURONS IN THE CORTEX IN THE 
SUPERIOR TEMPORAL SULCUS OF THE MONKEY
M.E.Hasselmo*, E .T .R o lls , and G .C .B ay lis , D ep t. o f  E xperim en tal 
Psychology, U n iv e rs ity  o f O xford, Oxford OX1 3UD, England

A p o p u la tio n  of neurons in  th e  co rte x  in  th e  a n t e r io r  p a r t  
o f th e  s u p e r io r  tem poral su lcu s  has been d e sc r ib e d , th e  responses  
o f which may convey in fo rm a tio n  about th e  id e n t i t y  o f  face s  
(B a y lis , R o lls  and Leonard, 1985, B rain  Res. 542: 91 -102). The 
resp o n ses  o f th e se  neurons show c o n s id e ra b le  in v a ria n c e  over 
changes in  th e  s iz e  and c o n tr a s t  o f  face  s t im u li  (R o lls  and 
B a y lis , 1986, Exp. B ra in  R es ., in  p r e s s ) .  T his we tak e  as ev idence 
th a t  th e  encoding i s  no t in  r e t i n a l  c o o rd in a te s . A lte rn a t iv e s  a re  
th a t  i t  i s  in  v ie w e r-c en te red  o r o b je c t-c e n te re d  c o o rd in a te s .

Some neurons w ith  responses  s e le c t iv e  fo r  fa c e s  only 
respond i f  th e  face  i s  moving ( P e r r e t t  e t .  a l . ,  1983, P e rcep tio n  
12: A35). I t  i s  no ted  th a t  encoding o f g e s tu re s  i s  l i k e ly  to  be 
im p o rtan t in  th e  s o c ia l  b ehav io r o f p r im a te s . We took advantage o f 
th e  f a c t  th a t  th e se  neurons respond to  moving face s  to  in v e s t ig a te  
w hether th e  encoding o f face s  by th e se  neurons i s  in  
v ie w e r-c en te red  o r o b je c t-c e n te re d  c o o rd in a te s . For 6 neurons i t  
has been shown th a t  th e  neuron responds to  p a r t i c u l a r  movements 
which can o n ly  be d esc rib ed  in  o b je c t-c e n te re d  c o o rd in a te s . For 
example, one neuron responded v ig o ro u s ly  to  a head undergoing  
v e n t r a l  f le x io n ,  i r r e s p e c t iv e  o f  w hether th e  head was viewed f u l l  
f a c e , to  e i t h e r  p r o f i l e ,  o r  even from th e  back o f th e  head . These 
d i f f e r e n t  views could on ly  be s p e c i f ie d  as  e q u iv a le n t in  
o b je c t-c e n te re d  c o o rd in a te s . F u r th e r , f o r  h a l f  o f th e  neurons th a t  
were te s te d  in  t h i s  way, th e  movement s p e c i f i c i t y  was m ain ta ined  
ac ro ss  in v e r s io n ,  respond ing  fo r  example to  v e n t r a l  f le x io n  o f  th e  
head i r r e s p e c t iv e  o f w hether th e  head was u p r ig h t o r in v e r te d .  In  
t h i s  p ro ced u re , r e t i n a l l y  encoded o r v ie w e r-c en te red  movement 
v e c to rs  a re  re v e rs e d , b u t th e  o b je c t-c e n te re d  d e s c r ip t io n  rem ains 
th e  same. I t  was o f i n t e r e s t  th a t  3 o f th e se  neurons g e n e ra liz e d  
a c ro s s  d i f f e r e n t  heads perform ing th e  same movements.

F u r th e r  ev idence su p p o rtin g  th e  h y p o th e sis  th a t  some o f 
th e  neurons in  t h i s  reg io n  use o b je c t-c e n te re d  d e s c r ip t io n s  i s  
th a t  t h e i r  s e l e c t i v i t y  between th e  face s  o f d i f f e r e n t  in d iv id u a ls  
i s  m ain ta ined  a c ro ss  anisom orphic tra n sfo rm s  o f th e  s tim u lu s . 
However, in  most ca ses  (7 /9  neurons) a lthough  th e  id e n t i t y  o f the  
face  was r e f l e c te d  in  th e  n eu rona l resp o n se , view ing ang le  a lso  
in flu e n c e d  th e  re sp o n se . I t  i s  p o s s ib le  th a t  th e se  l a t t e r  neurons 
re p re s e n t an in te rm e d ia te  s ta g e  in  th e  com putation o f 
o b je c t-c e n te re d  d e s c r ip t io n s .

Also c o n s is te n t  w ith  o b je c t-c e n te re d  encoding i s  the  
f in d in g  o f neurons which respond to  images o f face s  o f a g iven  
a b s o lu te  s iz e ,  i r r e s p e c t iv e  o f th e  r e t i n a l  image s iz e .  These 
neurons th u s  show s iz e  constancy .
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373.1 PATTERN of interhemispheric  connections in  neocortex of 
MICE WITH CONGENITAL DEFICIENCIES OF THE CALLOSAL COMMISSURE. 
M.M. S e r ra -O lle r* , J .  O la v a rr ia  and R.C. Van S lu y te r s .  School 
o f  O ptom etry, U n iv e rs ity  o f  C a l if o rn ia ,  B erke ley , CA 94720.

In  n eo n a ta l mammals, c a l lo s a l  c e l l s  a re  d is t r i b u te d  d i f f u s e ly  
th roughou t th e  senso ry  n eo c o rtex , w hile  in  the  a d u l t  they  a re  
r e s t r i c t e d  to  s p e c i f ic  reg io n s  th a t  form d i s t i n c t i v e  p a t te rn s  in  
th e  p lane  ta n g e n tia l  to  th e  c o r t i c a l  s u r fa c e .  The developm ental 
mechanisms th a t  sp e c ify  th e se  p a t te rn s  a re  unknown, b u t s tu d ie s  
o f  th e  in te rh e m isp h e ric  pathway in  c o n g e n ita l ly  anophthalm ic 
mice re v e a l th a t  in p u t from the  eyes norm ally  se rv es  on ly  to  
f in e - tu n e  th e  c a l lo s a l  p a t te rn  in  v is u a l  c o r t i c a l  a r e a s .  Thus, 
c e n t r a l  p o r tio n s  o f  the  v is u a l  pathway appear to  be in n a te ly  en
dowed w ith  th e  a b i l i t y  to  s p e c ify  a t  l e a s t  a co a rse  v e rs io n  o f 
th e  normal v is u a l  c a l lo s a l  p a t te r n .

Normally th e  c a l lo s a l  commissure ex tends over much o f  th e  
r o s t r o c a u d a l  e x t e n t  o f  th e  i n t e r h e m is p h e r ic  f i s s u r e  and th e  
f ib e r s  w ith in  i t  a re  arranged  to p o g ra p h ic a l ly . V isual f ib e r s  
a re  con fined  to  th e  caudal p o r tio n  o f  the  corpus ca llosum , w hile  
f ib e r s  from more r o s t r a l  reg io n s  o f  th e  c o r te x  pass  th rough su c
c e s s iv e ly  more r o s t r a l  p o r tio n s  o f  the  corpus ca llo sum . This 
o r d e r ly  a rra n g e m e n t o f f i b e r s  i s  a l s o  p r e s e n t  in  n e o n a ta l  
an im als , su g g es tin g  th a t  th e  ro s tro c a u d a l p o s i t io n  and e x te n t o f  
th e  c a l lo s a l  commissure could  p lay  a r o le  in  h e lp in g  growing 
axons f in d  th e i r  a p p ro p r ia te  ta r g e ts  in  th e  o p p o s ite  hem isphere.

We te s te d  t h i s  id e a  by s tu d y in g  th e  d i s t r i b u t io n  o f  c a l lo s a l  
c e l l s  in  BALB/c m ic e , a s t r a i n  in  w hich  a ro u n d  30% o f  i n 
d iv id u a ls  e x h ib i t  a co n g e n ita l d e f ic ie n c y  in  th e  ro s tro c a u d a l 
e x te n t o f  th e  corpus ca llo sum . C a llo s a l c e l l s  were r e t ro g ra d e ly  
la b e le d  by making s in g le  o r  m u ltip le  i n t r a c o r t i c a l  in j e c t io n s  o f 
h o rs e ra d is h  pero x id ase  in to  th e  c o n t r a la t e r a l  hem isphere. Our 
r e s u l t s  confirm  an e a r l i e r  re p o r t  th a t  th e  number o f  c a l lo s a l  
c e l l s  i s  re d u c e d  in  BALB/c m ice w ith  d e f i c i e n t  c a l l o s a l  
com m issures. In  a d d i t io n ,  we f in d  th a t  no la b e le d  c e l l s  a re  
p re s e n t in  th e  n eoco rtex  o f a c a l lo s a l  BALB/c m ice. However, in  
BALB/c mice w ith  d e f i c ie n t  c a l lo s a l  com m issures, th e  o v e ra l l  
d i s t r i b u t io n  o f  c a l lo s a l  c e l l s  appears  norm al, even in  th o se  
ca ses  in  which the  ca llosum  i s  d isp la c e d  a n t e r io r ly  and reduced 
to  about 20% o f  i t s  normal s iz e .  For exam ple, in  v is u a l  co r te x  
c a l lo s a l  c e l l s  a re  c o n c en tra ted  a t  th e  b o rd e r between c o r t i c a l  
a re a s  17 and 18a, a t  th e  l a t e r a l  bo rd er o f a re a  18a, and in  a re a  
18b. The lam ina r d i s t r i b u t io n  o f c a l lo s a l  c e l l s  a lso  appears  
normal in  th e se  m ice. Thus, g ro ss  a b n o rm a li tie s  in  th e  e x te n t 
and p la c e m e n t o f  th e  c o rp u s  ca llo s u m  do n o t p r e v e n t  n o rm a l 
s p e c i f i c a t io n  o f  th e  v is u a l  c a l lo s a l  p a t te rn  d u rin g  developm ent.

Supported by BNS-8418738 and EY02193

373.2 MIRROR TOPOGRAPHIC CONNECTIONS OF VISUAL CORTEX IN BILATERALLY 
ENUCLEATED RATS. N.Hawrylak* and R.D.Lund (SPONs:M .Soso), 
D ep t. of N eurobio logy, Anatomy and C e ll S cience and C en ter for 
N eu roscience , U niv. o f P i t t s b u rg h ,  Sch. o f M ed.,. P it tsb u rg h , 
PA 15261

In  norm al r a t s  bo th  th e  c e l l s  o f o r ig in  and term inal 
d i s t r i b u t io n  o f th e  c a l lo s a l  pathway connecting  th e  two v isu a l 
c o r t i c e s  a re  r e s t r i c t e d  to  th e  b o rd er of a re a s  17 and 18a. By 
c o n tr a s t  c a l lo s a l ly  p ro je c t in g  neurons a re  d is tr ib u te d  
th roughou t a re a  17 in  n e o n a ta l r a t s .  The p ro g re s s io n  from 
d if fu s e  to  more r e s t r i c t e d  d i s t r i b u t io n  can be l im ite d  by 
s u rg ic a l  m an ip u la tio n s  along  th e  o p tic  pathw ay, (C usick , C.G., 
and Lund, R .D ., J .  Comp. N eu ro l. 212: 385-398, 1982). For 
exam ple, fo llo w in g  b i l a t e r a l  e n u c le a t io n  a t  b i r t h ,  s c a t te re d  
c e l l s  a re  found th roughou t th e  norm ally  a c a l lo s a l  p o r tio n  of 
a re a  17 and te rm in a ls  a ls o  invade a la rg e  p a r t  of a rea  17. Is 
t h i s  en la rg ed  p ro je c t io n  th e  r e s u l t  o f c a l lo s a l  connections 
between m irro r  to p o g rap h ic  reg io n s  o f a re a  17 ( i . e .  the 
l a t e r a l  p a r t  o f a re a  17 p r o je c ts  to  th e  l a t e r a l  p o r tio n  of 
c o n t r a la t e r a l  a re a  17 and th e  m ed ia l p a r t  o f a re a  17 p ro je c ts  
to  th e  c o n t r a la t e r a l  m ed ial p o r tio n  o f a re a  17)?

R ats were b i l a t e r a l l y  e n u c lea ted  a t  b i r t h .  One month la te r  
io n to p h o re tic  in j e c t io n s  o f  h o rs e ra d is h  p ero x id ase  (HRP) were 
made in to  e i t h e r  m ed ial o r l a t e r a l  p a r t s  o f a rea  17. Normal 
l i t t e r  m ates were used  fo r  com parison.

In  e n u c lea ted  r a t s  w ith  in je c t io n s  r e s t r i c t e d  to  the 
l a t e r a l  p o r tio n  o f a re a  17 HRP la b e l le d  c e l l s  and term inals 
were lo c a te d  c o n t r a la t e r a l ly  in  a m irro r  to p og raph ic  po s itio n  
in  th e  l a t e r a l  reg io n  o f a re a  17, b u t were a ls o  present 
m e d ia lly  w ith in  a re a  17. Follow ing in j e c t io n s  in  th e  medial 
p a r t  o f a re a  17 la b e l le d  c e l l s  and te rm in a ls  were found w ithin 
th e  c o n t r a la t e r a l  c o r te x  in  m ed ial and l a t e r a l  p o r tio n s  of 
a rea  17. In  normal an im als s im i la r ly  r e s t r i c t e d  l a te r a l  
in j e c t io n  r e s u l t s  in  m irro r  to p og raph ic  l a b e l l in g  on ly .

These r e s u l t s  su p p o rt th e  h y p o th e s is  th a t  p r io r  to  the 
f i n a l  o rg a n iz a tio n  o f th e  v is u a l  c a l lo s a l  pathw ay, neurons 
lo c a te d  w ith in  a rea  17 on one s id e  a re  connected  w ith  m irror 
and n o n -m irro r top o g rap h ic  p o r tio n s  o f th e  c o n t r a la t e r a l  area 
17.

S upported by NIH g ra n t EY05308.

373.3 ACTIVITY DEPENDENT MECHANISMS IN THE DEVELOPMENT OF VISUAL 
CALLOSAL PROJECTIONS IN THE RABBIT. A.M. G rig o n is . R. D iR ienzo*. 
T .E . Hayden*, D. Tashayyod* and E. H azel Murphy. D ep t. o f 
Anatomy, The M edical C o llege  o f PA, P h ila d e lp h ia , PA 19129.

In  th e  r a b b i t ,  a s  in  many o th e r  mammals, v is u a l  c a l l o s a l  
p ro je c t io n s  a re  exube ran t a t  th e  tim e o f b i r t h  and c a l lo s a l  c e l l s  
a re  found th rou g h o u t th e  m e d io la te ra l  e x te n t o f a re a  17. This 
ex u b e ran t p ro je c t io n  p a t te r n  norm ally  r e t r a c t s  du rin g  th e  f i r s t  
p o s tn a ta l  month to  become r e s t r i c t e d  to  th e  17/18 b o rd e r . 
However, t h i s  r e t r a c t i o n  p ro cess  i s  dependent on norm al a f f e r e n t  
in p u t . T o ta l absence o f r e t i n a l  g an g lio n  c e l l  a c t i v i t y  r e s u l t in g  
from m onocular e n u c le a t io n  (ME) a t  b i r t h  r e s u l t s  in  an exube ran t 
c a l l o s a l  p ro je c t io n  in  th e  a d u l t  s im i la r  to  t h a t  seen  in  th e  
n eo n a te . However, t o t a l  la ck  o f v is u a l  ex p e rien ce  r e s u l t in g  from 
d ark  re a r in g  r e s u l t s  in  a c a l l o s a l  p ro je c t io n  which i s  much more 
s p a rs e  th a n  th a t  observed norm ally  and w hich ex tends  in to  th e  
m e d io la te ra l  e x te n t o f a re a  17 f u r th e r  th an  in  th e  norm al a d u l t  
b u t n o t as  e x te n s iv e ly  as in  th e  n eona te  o r  th e  ME r a b b i t .  In  
th e  p re s e n t s tu d y , we in v e s t ig a te d  th e  e f f e c t s  o f  b lo ck ing  a l l  
a c t i v i t y  o f r e t i n a l  gan g lio n  c e l l s  by in j e c t in g  te t ro d o to x in  
(TTX) in  c i t r a t e  b u f fe r  in to  th e  eye eve ry  3 days from th e  7 th  
day p o s tn a t a l .  P u p il la ry  r e f le x e s  were t e s t e d  d a i ly  to  en su re  
adequacy o f th e  in j e c t io n .  C i t r a te  b u f fe r  a lo n e  was in je c te d  
in to  c o n t ro l  an im als. When an im als were aged 1-2 m onths, HRP was 
in je c te d  in to  th e  v is u a l  c o r te x  i p s i l a t e r a l  to  th e  in je c te d  eye . 
Animals were p e rfu sed  24 hours l a t e r ,  th e  c o r te x  p ro cessed  fo r  
th e  HRP r e a c t io n ,  and th e  o p tic  n e rv e , r e t i n a  and thalam us 
p ro cessed  to  a ssay  damage r e s u l t in g  from th e  in j e c t io n s .  Both 
c o n tro ls  and ex p e rim en ta l an im als ev idence  s ig n i f i c a n t  bu t 
e q u iv a le n t damage r e s u l t in g  from th e  re p e a te d  in j e c t io n s .
However, in  c o n tro ls  th e  c a l l o s a l  p ro je c t io n  was normal w ith  a 
band o f c a l l o s a l  c e l l s  v is u a l iz e d  a t  th e  17/18 b o rd e r . In  TTX 
an im a ls , th e  c a l lo s a l  p r o je c t io n  was very  s p a rse  and extended  
p a r t i a l l y  in to  th e  m ed ial e x te n t  o f a re a  17. Thus, th e  e f f e c t s  
o f th e  TTX in j e c t io n s  canno t be a t t r i b u t e d  to  r e t i n a l  damage, and 
c lo s e ly  resem ble th o se  o f dark  re a r in g .

C r i t i c a l  p e r io d s  fo r  th e  e f f e c t s  o f TTX have n o t y e t  been 
e s ta b l is h e d .  However, th e  c r i t i c a l  p e r io d  fo r  th e  e f f e c t s  o f ME 
on ex u b e ran t c a l l o s a l  p ro je c t io n s  in  th e  r a b b i t  i s  over by day 7 
i . e .  th e  c a l l o s a l  p ro je c t io n  o f an a d u l t  r a b b i t  en u c le a te d  on day 
7 a re  norm al. In  c o n t r a s t ,  our TTX e f f e c t s  r e s u l te d  from 
in j e c t io n s  beg inn ing  a t  day 7, j u s t  b e fo re  m a tu ra tio n  o f  c o n ta c ts  
between r e t i n a l  gan g lio n  c e l l s  and c e l l s  o f th e  in n e r  n u c le a r  
la y e r  o f  th e  r e t i n a .  The r e s u l t s  su g g es t t h a t  c r i t i c a l  p e r io d s  
f o r ,  and th e  e f f e c t s  o f ,  ME d i f f e r  from th e  e f f e c t s  o f 
m o d if ic a tio n  o r  a b o l i t i o n  o f a c t i v i t y  (by TTX o r dark  re a r in g )  in  
an i n t a c t  system .

373.4 ABNORMAL CALLOSAL CONNECTIONS IN SIAMESE CATS ARE INDEPENDENT 
OF STRABISMUS. M. W ilkes*. S. G rant* and N. Berman. D ept. 
A n a t.,  Med. C o ll . PA, P h i l a . ,  PA 19129.

Siam ese c a ts  have abnorm al v is u a l  c a l lo s a l  pathways 
co n n ec tin g  th e  two s t r i a t e  c o r t i c e s  (S h a tz , '7 7 ) ,  and many o f 
them a ls o  have pronounced convergen t s tra b ism u s . I t  has been 
thou g h t t h a t  th e  abnorm al c a l lo s a l  c o n n e c tiv i ty  in  Siam ese c a ts  
i s  secondary  to  abnorm al s t r i a t e  c o r t i c a l  topography , bu t 
s trab ism u s  can r e s u l t  in  abnorm al c a l lo s a l  con n ec tio n s  in  
norm ally  pigm ented c a ts  (Lund & M itc h e ll '7 9 ; In n o cen ti  & 
F ro s t ,  '8 0 ; Berman & Payne, '8 3 ) ,  r a i s in g  th e  p o s s i b i l i t y  th a t  
s tra b ism u s , r a th e r  than  abnorm al c o r t i c a l  topography , i s  th e  
r e s p o n s ib le  f a c to r .  To examine t h i s ,  we made q u a n t i ta t iv e  
com parisons o f  th e  s t r i a t e  c a l lo s a l  c e l l  zone (CCZ) and 
c a l lo s a l  te rm in a l zone (CTZ) between norm ally  pigm ented and 
Siam ese n e o n a ta l k i t t e n s  and between normal c a t s ,  no rm ally  
pigm ented c a ts  w ith  convergen t s tra b ism u s , and Siamese c a ts .

Both c a l lo s a l  zones o f Siam ese k i t t e n s  were 
in d i s t in g u is h a b le  from th o se  o f norm ally  pigm ented k i t t e n s  a t  
th e  tim e o f eye opening . T his in d ic a te s  t h a t  any a b n o rm a litie s  
in  th e  c a l l o s a l  c o n n e c tiv i ty  o f Siam ese c a ts  emerge a t  a tim e 
when ex p e rien ce  cou ld  a f f e c t  t h e i r  m a tu ra tio n .

In  norm al a d u l t  c a t s ,  c o n s id e ra b le  v a r i a b i l i t y  e x i s t s  bo th  
in  th e  e x te n t  (m e d io la te ra l  w id th ) and number o f su p ra g ra n u la r  
c e l l s  t h a t  c o n s t i tu te  th e  CCZ. In  e x te n t ,  th e  CCZ‘s o f 
norm ally  pigm ented s tra b ism ic  c a ts  and o f Siam ese c a ts  were 
s im i la r ,  occupying th e  upper l im i t  o f th e  norm al ran g e .
However, th e  CCZ o f Siam ese c a ts  was q u a n t i ta t iv e ly  d i f f e r e n t  
from th a t  o f norm ally  pigm ented an im als, i r r e s p e c t iv e  o f o v e r t 
s tra b ism u s: in  Siam ese c a ts  many few er c a l lo s a l  c e l l s  were 
p re s e n t ( ~25% o f no rm al).

In  norm al a d u l t  c a t s ,  th e  CTZ was r e s t r i c t e d  to  th e  extrem e 
l a t e r a l  bo rd er o f  a re a  17. The CTZ o f norm ally  pigm ented 
s tr a b is m ic  c a ts  and o f Siam ese c a ts  was mor e w idespread . 
However, in  Siam ese c a ts  i t s  e x te n t  may be ~5 tim es t h a t  o f 
norm al, m atching th e  CCZ, w h ile  in  norm ally  pigm ented 
s tr a b is m ic  c a ts  th e  expanded CTZ was never t h i s  w ide.

F in a l ly ,  bo th  c a l lo s a l  zones were in d is t in g u is h a b le  between 
Siam ese c a ts  e x h ib i t in g  obv io u s , m a n ife s t convergen t s trab ism u s  
and th o se  w ith  no obvious eye m isa lignm ent.

Taken to g e th e r ,  th e se  r e s u l t s  in d ic a te  t h a t  th e  
a b n o rm a li t ie s  in  th e  c a l lo s a l  zones o f  Siam ese c a ts  appear l a t e  
enough in  developm ent f o r  ex p e rien ce  to  be a f a c to r ,  b u t th a t  
th e  p resen ce  o f s trab ism u s  canno t accoun t f o r  th o se  
a b n o rm a li t ie s .
Supported  by MH38399 and The Welcome T ru s t.
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373.5 EFFECTS OF DARK REARING ON THE MATURATION OF FELINE VISUAL 
CALLOSAL CONNECTIONS. D. O. F ro s t and C. Dean.*  S ec tio n  of 
Neuroanatomy, Yale M edical Schoo l, New Haven, CT 06510.

In  th e  v is u a l  c o r te x  o f norm al, a d u lt  c a t s ,  neurons p ro je c t in g  
th rough  th e  corpus ca llosum  ( c a l lo s a l  neu ro n s ; CN's) a re  lo c a te d  
w ith in  a l im ite d  re g io n  ( c a l lo s a l  zone; CZ) spanning th e  a rea  
17/18 boundary . At b i r t h  the  CZ i s  much w ider and extends 
th roughou t a re a s  17 and 18. The CZ ach iev es  i t s  a d u l t  form by a 
g rad u a l narrow ing d u rin g  th e  f i r s t  3 p o s tn a ta l  months ( In n o c e n ti 
& C am in iti, Exp. B r. R es. ,  38:381, 1980). V isu a l ex p e rien ce  
d u rin g  th i s  p e rio d  a f f e c t s  th e  m ature number and d i s t r i b u t io n  of 
c a l lo s a l  n eu rons: r e a r in g  k i t t e n s  w ith  s tra b ism u s , monocular 
e n u c le a t io n  o r m onocular e y e lid  s u tu re  s t a b i l i z e s  some c a l lo s a l  
con n ec tio n s  th a t  would norm ally  have been e lim in a te d  and thus  
r e s u l t s  in  an abnorm ally  wide CZ (Innocen t & F ro s t ,  N a tu re , 
280:231, 1979). In  c o n t r a s t ,  r e a r in g  k i t t e n s  w ith  b in o c u la r  
e y e lid  s u tu re  (BD) o r b in o c u la r  e n u c le a t io n  (BE) enhances the  
norm ally  o cc u rin g  re d u c t io n  in  th e  number o f c a l lo s a l  n eu rons; 
s u r p r is in g ly ,  t h i s  e f f e c t  i s  g r e a te r  fo r  BD than  fo r  BE, and 
a lthough  CN’s a re  le s s  w idespread  than  norm al in  BD c a t s ,  they  
a re  more w idespread  than  normal in  BE c a ts  ( In n o c e n ti & F ro s t ,  
Exp. B r. R es. ,  39:365, 1980).

H ere, we s tudy  th e  e f f e c t s  o f dark  r e a r in g  (DR) on c a l lo s a l  
developm ent. S ix  c a ts  were born  and r a i s e d  in  t o t a l  darkness fo r  
96-208 day s . Two days b e fo re  s a c r i f i c e ,  each c a t rece iv ed  
m u l t ip le ,  u n i l a t e r a l  in je c t io n s  of h o rs e ra d is h  p ero x id ase  (HRP) 
in  i t s  v is u a l  c o r te x  ( th e  p o s te r o l a te r a l  and l a t e r a l  g y r i  were 
com plete ly  f i l l e d  w ith  HRP), and s e r i a l  s e c t io n s  o f th e  b ra in s  
were p rocessed  w ith  te tra m e th y l b en z id in e  to  r e v e a l re t ro g ra d e ly  
la b e le d  CN's in  th e  c o n t r a la t e r a l  hem isphere. The number and 
d i s t r i b u t io n  of CN’s were determ ined u s in g  com puter-aided  
r e c o n s t ru c t io n s .  Two normal a d u l t  c a ts  were s im i la r ly  p ro cessed .

At th e  17/18 b o rd er o f DR c a t s ,  the  number o f CN's i s  about 
70% th a t  o f normal c a ts  (compared to  about 53% of norm al v a lu es  
in  BD c a t s ;  [ In n o c e n ti ,  e t  a l . ,  J .  N e u ro sc i. ,  5 :255 , 1985]). The 
CZ appears  s l i g h t ly  narrow er than  norm al. Thus, no v is u a l  
s t im u la t io n  of any s o r t  i s  n ec essa ry  to  i n i t i a t e  the  
n o rm a lly -o cc u rin g  p a r t i a l  e l im in a tio n  o f immature c a l lo s a l  
c o n n e c tio n s . However, normal v is u a l  ex p e rien ce  i s  n ec essa ry  fo r  
th e  s t a b i l i z a t i o n  o f a normal complement o f CN 's. DR, l i k e  BD and 
BE, ex ag g e ra te s  th e  normal re d u c t io n  in  c a l lo s a l  neuron number. 
S ince DR and BE c a ts  bo th  have more CN's than  BD c a t s ,  i t  i s  
p o s s ib le  th a t  th e  absence o f v i s u a l ly - e l i c i t e d  r e t i n a l  g ang lion  
c e l l  a c t i v i t y  c o n tr ib u te s  to  th e  g r e a te r  s t a b i l i z a t i o n  of 
immature c a l lo s a l  co n n ec tio n s  in  BE as  compared to  BD c a t s .

Supported by g ra n ts  EY-03465 from NIH and 5-417 from th e  March 
of Dimes B ir th  D efect F oundation .

373.6 FATE OF VISUAL CORTICAL NEURONS AFTER HETEROCHRONIC 
TRANSPLANTATION. S.K. McConnell. Salk Inst., La Jolla, CA 92138, 
and Dept. of Neurobiology, Harvard Med. School, Boston, MA 02115.

Neurons in the same layer of the visual cortex tend to have similar 
morphologies, projection patterns and physiological properties; more
over, cells in a given layer tend to be generated at similar times during 
development. This raises the possibility that the ultimate fate of a 
cortical neuron might be determined early in development, perhaps prior 
to migration. To assess the relative contributions of ceil birthday and 
local environment to this determination, cells normally destined to 
become deep-layer neurons were taken from the cerebral ventricular 
zone of embryonic ferrets and transplanted into the brains of newborn 
hosts, in which supragranular neurons were being generated. Thus the 
transplanted neurons were challenged to alter their fate: would they 
recognize their correct deep-layer positions or migrate to the superficial 
layers along with host neurons?

For these heterochronic transplants, neurons normally destined to 
populate layers 5 and 6 were labeled by intrauterine injection of 
[3H] thymidine on E32. The occipital cerebral mantles were then placed 
in culture medium containing a second label (Fast Blue), dissociated into 
a single-cell suspension, and finally injected back into the ventricular 
zone of newborn host ferrets. The dissociation and transplantation 
procedures were identical to those used previously for isochronic 
(newborn-to-newborn) transplants (McConnell, Science 229: 1268, 1985).

As in isochronic transplants studied after short survivals, there was a 
population of dye-labeled neurons in the heterochronic transplants that 
migrated to, then differentiated in the host cortical plate. When the 
pH] thymidine marker was used to examine the final positions of 
transplanted cells after 1-2 months survival, however, two striking 
differences between isochronic and heterochronic transplants were 
revealed. First, about 75% of labeled cells in heterochronic transplants 
had failed to migrate and were found clustered near the lateral ventricle 
(less than 10% of isochronic cells were found here). These were either 
layer 5/6 neurons unable to migrate in an older brain, or stem cells 
whose normal program of mitotic divisions was arrested upon dissocia
tion. A second difference between the two types of transplants was in 
the distribution of labeled neurons found within the visual cortex. In 
isochronics, 99% of labeled cells in cortex were found in layer 2/3, their 
normal laminar position. In the heterochronic transplants, 60% were 
found in layer 2/3, and the remaining 40% were distributed among the 
deeper layers (primarily in layers 5 and 6). So it appears that after 
transplantation, a minority of E32 neurons were able to recognize their 
normal laminar position in the deep layers and there differentiate. For 
most, however, environmental cues appeared to be more important: 
these transplanted neurons migrated to the same destination as their 
host counterparts. It will be interesting to see whether heterochroni- 
cally transplanted cells nevertheless elaborate axonal projections typical 
of deep-layer neurons. (Supported by NSF BNS 85-10425 to S. LeVay.)

373.7 EFFECTS OF DESIPRAMINE ON NOREPINEPHRINE CONTENT AND PLASTICITY OF 
KITTEN VISUAL CORTEX. E.  E . A llen, P .  Q . Trombley*, L . J. 
Blakemore*, and B. Gordon I n s t i tu te  of Neuroscience and Dept. 
Psych., Univ. Oregon, Eugene 97403.

The a b i l i ty  of 6-hydroxydopaaine (6-OHDA) to  decrease v isu a l 
c o r t ic a l  p la s t ic i ty  say depend on i t s  uptake in to  norepinephrine 
(NE) nerve t e r min a ls ,  th e  d e s tru c tio n  o f those t e r min a ls ,  and NE 
d ep le tion . To t e s t  th i s  hypothesis we a t t e mpted to  prevent 6-OHDA 
uptake by p re tre a tmen t w ith d esip ramine  (DHI) vhich blocks NE 
uptake s i t e s .

Four k it te n s  about 5 weeks of age received  1.2 mg/day of 
in tr a v e n tr ic u la r  6-OHDA fo r  4 days. Each o f these  k i t te n s  vas 
p re tre a te d  with in tr a p e r ito n e a l DHI one h a lf  hour before 6-OHDA 
in je c tio n . Two of th e se  4 k it te n s  received  5. 0 mg/kg/day DMI 
during the  4 days of 6-OHDA t r e a t men t. The re maining  2 k i t te n s  
received  7.5 mg/kg/day DHI over 8 days (2 p r io r  to , 4 during, and 
2 a f te r  6-OHDA admi n i s t r a t i o n ). NE con ten t, measured by high 
p e rfo rmance liq u id  chromatography wi th  e le c tro ch emic a l  d e tec tio n , 
vas depleted  by about 90% re la t iv e  to  u n trea ted  c o n tro ls  in  a l l  4 
c a ts .  At the  doses o f 6-OHDA used here, DMI d id  not prevent NE 
dep le tion . He chose a to t a l  dose o f 4 .8  mg of 6-OHDA because 
s ma l l e r  doses have l i t t l e  e f fe c t  on p la s t i c i t y  (Kasamatsu  and 
P e ttig rev , J .  Comp. N euro l.. 1979; Trombley  e t  a l .  J . N eurosc i., 
1986). Doses of DMI la rg e r  than 7 .5  mg/kg/day are  not to le ra te d  
by k it te n s .

In another experimen t, we found th a t  DHI alone decreased NE 
con ten t. DMI a t  5 .0  mg/kg/day fo r  14 days decreased c o r t ic a l  NE 
con ten t by about 80%. This d ep le tion , in  c o n tra s t to  th a t  
produced by 6-OHDA, vas t ra n s ie n t ;  NE con ten t increased  sev e ra l 
days a f te r  c essa tio n  o f DMI t r e a tmen t. DMI a t  5 .0  ag/kg/day fo r  6 
days depleted NE by about 45%. Because DMI  induced NE d ep le tio n  
was le s s  than th a t  achieved by 6 -OHDA in  comb ina tion  wi th  DHI, we 
do not th ink  the  d ep le tio n  fo l lo wing the  combin a tio n  o f 6-OHDA and 
DMI re su lte d  so le ly  f r o m DMI ;  p a rt was due to  6-OHDA i t s e l f .

Because the  6-OHDA induced decrease in  v isu a l c o r t ic a l  
p la s t i c i t y  has been a t t r ib u te d  to  NE d ep le tio n , we examined th e  
e f f e c t  of DMI alone on th e  response to  monocular d ep riv a tio n  (MD). 
Six k i t te n s  received  DMI fo r  14-21 days and were  monocularly  
deprived fo r  the  l a s t  7 o f these . The NE con ten t of 4 of th e se  
a n ima ls  was depleted  by more than 55%, wh i le  2 o th e rs  shoved no NE 
d ep le tio n . I r re sp e c tiv e  o f lev e l of NE d ep le tio n , recording  f r o m 
a rea  17 ind ica ted  th a t  th e se  an ima ls  re ta in e d  neuronal p la s t i c i t y ;  
th e  nondeprived eye domin a ted  c e l l s  in  th e  v isu a l co rtex  as 
s tro n g ly  as in  HD c a ts  receiv ing  no drug t r e a t ment.

We conclude th a t  DMI, in  doses to le ra te d  by k it te n s ,  f a i l s  to  
p ro te c t them ag ain st th e  NE dep le ting  e f f e c ts  o f 6-OHDA. 
F u rthermore, DMI alone p a r t ia l ly  d e p le te s  NE f ro m v isu a l co rtex , 
but th i s  dep le tion  does not reduce v isu a l c o r t ic a l  p la s t i c i t y .

373.8 TIMING OF 6-OHDA ADMINISTRATION: EFFECTS ON PLASTICITY OF KITTEN 
VISUAL CORTEX. B . Gordon, E.E. A llen. L . J. Blakemore*. and P.Q. 
Trombley* Dept. Psych. and In s t. Neurosci. Univ. Oregon, Eugene, 
OR 97403.

Kasamatsu  and co lleagues (J .  Comp. Neurol, 1976, 1979) 
rep o rted  th a t 6-hydroxydopaaine (6-OHDA) decreased the  e f fe c ts  of 
monocular depriva tion  (HD) in  the  k it te n  v isu a l cortex . They 
hypothesized th a t  t h i s  decrease in  p la s t i c i t y  re su lte d  fro m 
d ep le tio n  of norepinephrine (NE). We prev iously  reported  a 
q u a li ta t iv e ,  but not q u a n tita tiv e , re p lic a tio n  of th e ir  
ex p erimen ta l find ing  (Trombley e t  a l . , J .  Neurosci. 1986). We 
d isagreed  with  th e i r  in te rp re ta tio n  because we found th a t th e  dose 
o f 6-OHDA required  to  decrease p la s t i c i t y  vas such g rea te r than 
th e  dose required  to  d ep le te  NE. We nov re p o rt th a t  although NE 
d ep le tio n  la s t s  a t  le a s t  2 weeks f o l lo wing the  comp le tio n  of 6- 
OHDA t r e a tment, 6-OHDA’s  e f fe c t  on p la s t i c i t y  has a such sh o rte r  
d u ra tion .

We compared 3 groups of k it te n s  receiv ing  both 
in tr a v e n tr ic u la r  in je c tio n s  of 6-OHDA and HD fo r  one week. HD 
began a t  about 6 weeks of age. (1) These k i t te n s  received 0 .2  mg 
o f 6-OHDA during the  4 days p rio r  to  HD and 4 .8  ag 6-OHDA during 
th e  7 days of HD (N=5). (2) These k i t te n s  received  4.8  ag 6-OHDA 
during  the  6 days p r io r  to  MD wi th  th e  l a s t  in je c tio n  on the  day 
p r io r  to  eye su tu re  (N=4). (3) These k i t te n s  received  4.8 mg of 
6-OHDA over 6 days wi th  th e  l a s t  in je c tio n  one week p rio r  to  eye 
su tu re  (N=5). A fo u rth , con tro l group received  in tra v e n tr ic u la r  
v eh ic le  so lu tio n  (N=6).

I mme d ia te ly  f o l lo wing one week of HD, we recorded fro m area  
17 of the  v isu a l cortex  c o n tra la te r a l  to  th e  deprived eye. For 
each k it te n  we made an ocu lar dominance h is to g ra m and ca lcu la ted  
th e  proportion  of c e l l s  driven  by th e  deprived eye, weighted  
b in o cu la rity , and weigh ted  s h i f t  (Kasamatsu e t  a l .  J. 
Neurophys i o l . . 1981). Each of these  3 measures ind ica ted  th a t  
p la s t i c i t y  decreased (HD had le s s  e f fe c t)  as 6-OHDA t r e a tmen t and 
monocular su tu re  approached concurrence. An an a ly sis  of variance 
f o l lo wed by post hoc t e s t s  shoved th a t  k i t te n s  receiv ing  6-OHDA 
throughout the  su tu re  period  were  s ig n if ic a n t ly  le s s  p la s t ic  
(p<.01) than co n tro l k i t te n s  o r k i t te n s  receiv ing  6-OHDA t r e a t ment 
th a t  t e r mina ted  a week p r io r  to  su tu re . The p la s t ic i t y  of the  
o th e r group vas in te r me d ia te .

I mmed ia te ly  a f te r  th e  recording sessio n , samp les  of v isu a l 
co rtex  were  r e moved fo r  an a ly sis  of NE con ten t using high 
p e rfo rmance liq u id  chromatography wi th  e lec tro ch emic a l  d e tec tio n . 
A ll 3 groups receiv ing  6-OHDA were  equally  depleted  (85-90%) 
r e la t iv e  to  co n tro ls .

We conclude th a t  6-OHDA a d a in is tra tio n  during HD in c reases  
i t s  e f f e c t  on p la s t ic i t y .  Therefore, 6-OHDA mu st a f fe c t  
p la s t i c i t y  by a mechanism o ther than NE dep le tion .
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373.9 NORADRENERGIC AND CHOLINERGIC INTERACTION IN  OCULAR DOMINANCE 
PLASTICITY. K. Imamura and T. K asam atsu. The S m ith -K e ttlew e ll 
Eye R esearch  F oundation , 2232 W ebster S t . ,  San F ra n c isc o , CA 94115

D ire c t in fu s io n  of k i t t e n  v is u a l  c o r te x  w ith  a ca techo lam ine  
(C A )-re la ted  n e u ro to x in , 6-hydroxydopam ine (6-OHDA) su p p re sse s  th e  
s h i f t  in  o c u la r  dominance fo llo w in g  m onocular l i d  s u tu re  (o c u la r  
dominance p l a s t i c i t y ) . Subsequent in fu s io n  w ith  n o ra d re n a lin e  (NA) 
of th e  k i t t e n  v is u a l  c o r te x , p r e t r e a te d  w ith  6-OHDA, re s to re d  ocu
l a r  dominance p l a s t i c i t y  to  th e  a p l a s t i c  co r te x  (Kasamatsu e t  a l . ,  
J .  Comp. N e u ro l.,  185, 1979). We f u r th e r  showed th a t  th e  p l a s t i 
c i ty  can be supp ressed  in  a c o n c en tra tio n -d ep e n d en t manner by 
d i r e c t l y  in fu s in g  k i t t e n  v is u a l  co r te x  w ith  a β a d ren o re cep to r  
a n ta g o n is t ,  p ro p ra n o lo l (Shirokaw a and K asam atsu, N eu roscience , 
1986, in  p r e s s ) .  However, s i g n i f i c a n t  d e p le tio n  of NA in  k i t t e n  
v is u a l  c o r te x , by v a r io u s  means o th e r  than  th e  c o r t i c a l  6-OHDA 
in fu s io n ,  does n o t n e c e s s a r i ly  d ec re a se  th e  p l a s t i c i t y  ( e .g . ,  Daw 
e t  a l . ,  J .  N eu ro sc ien ce , 5, 1985). Bear and S inger r e c e n tly  
re p o r te d  th a t  th e  p l a s t i c i t y  d isap p e a red  from k i t t e n  v is u a l  c o r te x  
only  when b o th  NA and th a lam ic  c h o l in e rg ic  in p u ts  had been reduced 
s u b s t a n t i a l l y ,  im plying  th a t  th e  two system s may fu n c t io n a l ly  
com pensate f o r  one an o th e r when one o f th e  two i s  damaged (N atu re , 
320, 1986).

In  th e  p re s e n t s tu d y , we w anted to  examine f u r th e r  th e  in v o lv e 
ment o f th e  c h o l in e rg ic  system  in  o c u la r  dominance p l a s t i c i t y .  
F i r s t ,  th e  two hem ispheres of k i t t e n  v is u a l  c o r te x  (5-7  weeks o ld ) 
were lo c a l ly  in fu se d  w ith  4 mM 6-OHDA ( in  an osm otic minipump) fo r  
a week. Upon te rm in a tio n  o f th e  6-OHDA in fu s io n , one hem isphere 
was in fu se d  w ith  a m u sca rin ic  c h o l in e rg ic  a g o n is t ,  b e thanecho l 
c h lo r id e  (1 -5  mM), th rough th e  same im plan ted  can n u la , f o r  th e  
second week in  c o n ju n c tio n  w ith  m onocular l i d  s u tu r e .  The o th e r  
hem isphere re c e iv e d  th e  in fu s io n  o f th e  v e h ic le  s o lu t io n .  We 
o b ta in ed  th e  s h i f t  in  o c u la r  dominance (b in o c u la r i t y , 0 .2 -0 .3 3 )  in  
th e  beth an ech o l c h lo r id e - in fu s e d  hem isphere , w h ile  b in o c u la r i ty  
rem ained r e l a t i v e ly  h igh  (0 .5 7 -0 .6 7 )  as expected  in  th e  c o n tro l 
s id e .  The d if f e re n c e  was s t a t i s t i c a l l y  s ig n i f i c a n t .  We concluded 
th a t  b e th an ech o l c h lo r id e  re s to r e d  th e  p l a s t i c i t y  to  th e  co rte x  
which was a p l a s t i c  due to  th e  p reced in g  6-OHDA in fu s io n .  N ext, we 
c a r r ie d  o u t s im i la r  s tu d ie s  u s in g  10 mM p ro p ra n o lo l in  p la c e  of 
6-OHDA. In  th i s  d e s ig n , th e  c o r t i c a l  in fu s io n  of 1-5 mM be th an e
cho l c h lo r id e  d id  n o t r e s to r e  th e  p l a s t i c i t y ;  b in o c u la r i ty  stay ed  
h igh  (> 0.5) and le s s  than  18% o f v is u a l ly  a c t iv e  c e l l s  responded 
e x c lu s iv e ly  to  s tim u la t io n  o f th e  nondeprived  eye .

In  summary, th e  p re s e n t study  confirm ed th e  involvem ent of th e  
c h o l in e rg ic  system  in  th e  re g u la t io n  of o c u la r  dominance p l a s t i c i t y .  
F u rtherm ore , i t  suggested  th a t  th e  p re sen ce  o f 3 a d ren o re cep to r  i s  
needed fo r  c h o l in e rg ic  mechanisms to  be invo lved  in  th e  re g u la t io n  
o f th e  p l a s t i c i t y .  (S upported by USPHS g ra n t EY0-5549 and The 
S m ith -K e ttlew e ll Eye R esearch F ou n d a tio n .)

373.10 DEVELOPMENT OF GABA NEURONS AND SYNAPSES IN MONKEY VISUAL CORTEX. 
A. Hendrickson. Departments of Biological Structure and Ophthal- 
mology, University of Washington, S eattle, WA 98195.

Immunocytochemical staining has been used to identify the devel
opmental sequence of neurons using gamma aminobutyric acid (GABA) 
as a neurotransmitter in Macaca monkey visual cortex. Primary 
visual cortex has been examined at fe tal days 130, 140, and 160, 
and postnatally at 1,7,14,28,42,56, and 168 days. Light microscopic 
immunocytochemistry was done using primary antisera to GABA or to 
glutamic acid decarboxylase (GAD) which synthesizes GABA. Staining 
was revealed by peroxidase/antiperoxidase reacted with diamino- 
benzidene and hydrogen peroxide. Corresponding sections were 
stained for cytochrome oxidase (CO).

GAD: At F130 there is  very l i t t l e  staining in most layers of 
visual cortex, but some cell bodies and processes can be identified 
in layer 1. Neuropile staining slowly increases in all layers until 
b ir th , and rapidly thereafte r. By 14 days afte r b ir th , the amount 
of GAD has increased markedly in both cell bodies and neuropile in 
a ll layers. Peri somatic terminals are apparent on many neurons, 
some of which also stain  for GAD. At 42 days, the visual cortex is 
sim ilar to adult in GAD d istribution  with heavily stained neuropile 
in layers 1A,3,4A,4C and 6. However, the staining is  significantly 
more intense in the young cortex. GAD positive cell bodies are much 
more obvious than in the adult, and the neuropile staining suggests 
that a larger number of GAD positive synaptic terminals are pre
sent. GAD staining in tensity  slowly returns to the adult value by 
the end of the f i r s t  year.

GABA: At F140 GABA positive cell bodies are found only in layer 
1, but by birth  they are particularly  prominent in all layers. The 
neuropile is  ligh tly  stained, corresponding more closely to GAD 
distribu tion  at these ages. The number of GABA neurons remains high 
throughout the early postnatal period.

CO: Before and ju s t a fte r b ir th , CO staining in present in the 
neuropile, but d iffers from the adult in that 4A does not stain and 
4C is  divided into three bands of equal width. The inner and outer
most bands are heavily stained while the middle band is  very light. 
Enface sections show the layer 3 dots to be present, but very 
lig h t. 4A staining appears at 14 days. Lamination in 4C is  reduced 
a t 42 days, and 4C is  uniformly dense by 56 days.

This study indicates that GABA positive neurons are present in 
the visual cortex well before b irth , but synapses in the neuropile 
of most layers develop in the f i r s t  6-9 weeks a fter b irth . The dis
tribu tion  of GABA, GAD and CO are quite d ifferent during develop
ment, but a ll reach adult patterns by 6-9 weeks a fter b irth . The 
number of GABA synapses, however, is  reduced a fter th is time to 
reach adult levels la te  in the f i r s t  year. Supported by NIH grants 
EY-01208 and -04536 and by the Dolly Green Scholar award from RPB.

373.11 GENESIS OF GABA IMMUNOREACTIVE NEURONS IN THE FERRET VISUAL 
CORTEX. Jean D. Peduzzi. School of Optometry, The Medical 
Center, University of Alabama a t Birmingham, Birmingham, 
Alabama 35294.

Immunohistochemical and 3H-thymidine autoradiographic 
techniques were combined to study quantitatively  the neuro
genesis of gamma-aminobutyric acid immunoreactive neurons 
(GABAergic neurons) in the primary visual cortex of the 
fe rre t. While GABAergic neurons follow the same general 
inside-out pattern of neurogenesis ch aracteristic  of the 
majority of neurons in the fe rre t visual cortex (Peduzzi & 
Hickey, Soc. Neurosci. Abstr. 11: 806, 1985), the radial 
d istribu tion  of neurons born on a given day appears quali
ta tiv e ly  d ifferen t for GABAergic neurons. In general, 
GABAergic neurons born on a given day are more broadly d is
tributed  ("sca tter") across the radial axis of the cortex 
than are non-GABAergic neurons born a t the same time. More 
quantitative analyses have now confirmed our e a r lie r  quali
ta tiv e  observations.

In th is  study, each fe rre t received a single injection 
of 3H-thymidine on one of the following days: embryonic 
day 22 (E22), E26, E30, E34, E38, postnatal day 2 (P2), P6, 
or P10. Each animal was sacrificed  a t 3 months of age or 
older. Frozen sections (15 pm) were incubated in antisera 
(Immunonuclear) to GABA and processed using the PAP tech
nique. The resulting sections were then processed using 
standard autoradiographic procedures.

While the final locations of GABAergic and non-GABAergic 
neurons generated on the same day overlap extensively along 
the radial axis of the visual cortex, the radial "scatter" 
of neurons born on a given day is ,  to a very large degree, 
magnified by the GABAergic neurons, especially during the 
second half of cortical neurogenesis. The d istribu tion  of 
GABAergic neurons generated very early in development do 
not contribute as much to such "scatter" since few of the 
i n te r s t i t ia l  neurons ( i e . , those found in the white matter 
below layer VI) are GABAergic. In general, however, GABA
ergic neurons do play a major role in magnifying the "scat
ter" seen in the radial d istribu tion  of neurons with common 
birthdates.

In addition to varying widely in th e ir  final radial 
position in the cortex, GABAergic neurons generated on the 
same day also exhibit a wide range of soma shapes and 
sizes, as well as a variety of dendritic orientations.

Supported by EY01338, EY03039 (CORE), and RR05807.

373.12 THE DISTRIBUTIONS OF MUSCARINIC AND NICOTINIC ACETYLCHOLINERGIC 
BINDING SITES IN THE DEVELOPING CAT VISUAL CORTEX. G. Prusky 
and M. C ynader, D epartm ents of Psychology and P hysio logy , Dalhousie 
U n iv e r s ity , H a li f a x , Nova S c o tia , Canada B3H 4J1 .

There a re  a t  l e a s t  two types o f a c e ty lc h o lin e rg ic  (ACh) receptor 
b in d in g  s i t e s :  m usca rin ic  (M) and n ic o t in i c  (N ). A c tiv a tio n  of M 
re c e p to rs  r e s u l t s  in  e f f e c t s  th a t  a re  slow in  o n se t and long in 
d u ra t io n . N re c e p to r  a c t iv a t io n  r e s u l t s  in  ra p id  t r a n s i e n t  
re sp o n ses . We have c h a ra c te r iz e d  th e  o n to g e n es is  of M and N bind
ing s i t e s  in  c a t v is u a l  c o r te x , u s in g  [ 3H]QNB and [ 3H ]-D L-nicotine 
as s e le c t i v e  lig a n d s  w ith  in  v i t r o  a u to ra d io g ra p h ic  techn iques  
(Young and Kuhar, 1979; Herkenham and P e r t ,  1982).

Our r e s u l t s  confirm  p rev io u s  re p o r ts  (Shaw e t  a l . ,  1984), show
ing th a t  M ACh re c e p to rs  a re  s p e c i f i c a l ly  lo c a l i s e d  in  la y e r  IV of 
prim ary  v is u a l  c o r te x  e a r ly  in  p o s t -n a ta l  l i f e ,  and th i s  d i s t r i b u 
t io n  a l t e r s  d u ring  th e  p h y s io lo g ic a l ly  d efin ed  c r i t i c a l  p e r io d . 
These re c e p to rs  r e v e rs e  t h e i r  la m in a tio n  so th a t  by 8 weeks of age 
th e  a d u l t  p a t te r n  i s  reached w ith  la y e r  IV co n ta in in g  th e  few est 
re c e p to r s .  N re c e p to r s  can be v is u a l iz e d  in  la y e r  IV o f prim ary 
v is u a l  c o r te x  a t  th e  o n se t o f th e  c r i t i c a l  p e r io d . There i s  no 
change in  th e  lam ina r d i s t r i b u t io n  of th e  N b in d in g  s i t e s  as  the  
k i t t e n  ag e s , b u t th e  number in c re a s e s  and by adu lthood  they  occupy 
la y e r  IV of a l l  e x t r a s t r i a t e  c o r t i c a l  a re a s  w ith  th e  h ig h e s t con
c e n tr a t io n  in  prim ary  v is u a l  c o r te x .

The p a t te rn s  of developm ent f o r  M and N re c e p to rs  a re  complimen
ta r y .  As th e  M r e c e p to r s  d ec re a se  in  la y e r  IV du ring  th e  c r i t i c a l  
p e r io d , th e  N s i t e s  b eg in  to  occupy th a t  la y e r .  The ana tom ical 
s p e c i f i c i t y  of bo th  th e  M and N re c e p to rs  f o r  th e  t a r g e t  la y e r  of 
th e  incoming a f f e r e n t  f ib e r s  from th e  l a t e r a l  g e n ic u la te  nucleus  
(LGN), su g g es ts  th a t  th e se  r e c e p to rs  may re g u la te  LGN in p u t a t  
d i f f e r e n t  tim e s . The s lo w -ac tin g  M. ACh re c e p to rs  may re g u la te  the 
LGN in p u t e a r ly  when th e  system  i s  " p l a s t i c " ,  b u t as  th e  system  
moves through  th e  c r i t i c a l  p e r io d  and becomes "h a rd -w ired " , i t  
u t i l i z e s  th e  e f f i c i e n t  N ACh re c e p to r s .  O bservations of prim ary 
a u d ito ry  c o r te x  in d ic a te  th a t  a s im i la r  p a t te rn  of ACh re c e p to r  
developm ent e x i s t s  in  th i s  system , th e re fo re  th i s  phenomenon may be 
a g en e ra l c h a r a c t e r i s t i c  of a l l  deve lop ing  prim ary  sensory  c o r t ic e s  
in  th e  c a t .
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373.13 M atu ra tio n  o f th e  S o m a to sta tin  System in  Rat V isu a l C o rtex . 
M ichael R. H a r r is * , L o is K. Laemle and Susan C. Feldm an. Departm ent 
o f Anatomy, UMDNJ-New J e rs e y  M edical School, Newark, N .J . 07103.

The development o f th e  r a t  v is u a l  c o r te x  (VC) was s tu d ie d  by 
an a ly z in g  change in  th e  number and d i s t r i b u t io n  o f neurons c o n ta in 
ing  im m unoreactive s o m a to s ta tin  (IS R IF ). B ra in s , a t  l e a s t  two, from 
r a t s  aged E20, day 0 (day o f  b i r t h )  and p o s tn a ta l  days 2 ,4 ,6 ,8 ,1 0 ,  
15, and 21 were fix e d  in  B o u in 's  s o lu t io n ,  embedded in  p a r a f f in  and 
se c tio n e d  in  th e  co ro n a l p la n e . ISRIF was lo c a l iz e d  by l ig h t-m ic ro 
sco p ic  im munocytochem istry u s in g  two a n t i s e r a  to  th e  p e p tid e ; a l l  
s ta in in g  was judged s p e c i f i c .  For each an im al, th e  d i s t r i b u t io n  o f 
ISRIF neurons and f ib e r s  were mapped in  r e p r e s e n ta t iv e  s e c t io n s  
th roughou t th e  r o s t r a l - c a u d a l  e x te n t o f VC usin g  a camera lu c id a .  
For each s e c t io n ,  th e  dep th  o f th e  c o r te x  from p ia l  s u r fa c e  to  
w h ite  m a tte r  was m easured, th e  c o r te x  was then  subd iv ided  in to  
th i r d s  and th e  p o s i t io n  o f each IS R IF -con ta in ing  c e l l  was in d ic a te d .

From E20 to  day 21, th e re  was a f o u r - fo ld  in c re a s e  in  dep th  of 
VC from 4½-8  mm to  14-20½ mm. With m a tu ra t io n , th e re  was a change 
bo th  in  th e  number o f ISRIF neurons and in  t h e i r  d i s t r i b u t io n .  From 
E20 to  day 4 , two ty p e s  o f  IS R IF -co n ta in in g  c e l l s  were e v id e n t:  
round c e l l s  which s ta in e d  in te n s e ly  and c e l l s  w ith  one o r two th ic k  
p ro cesse s  w hich were u s u a lly  o r ie n te d  r a d i a l l y  w ith  re s p e c t  to  th e  
p i a l  s u r fa c e .  A f te r  day 4 , a l l  of th e  ISRIF c e l l s  resem bled neu rons . 
The number o f ISRIF "n e u ro n - l ik e "  c e l l s  was very  h igh  on days E20 
and 0 ; a t  th e s e  ages 20-50% o f  th e  c e l l s  were p re s e n t in  th e  upper 
th i r d  o f VC and a l l  o f th e  round c e l l s  were p re s e n t in  th e  bottom  
th i r d  n ea r th e  w h ite  m a tte r . On day 2, v ery  few ISRIF neurons were 
seen ; depending on th e  A-P le v e l  th e se  c e l l s  w ere p re s e n t m ainly in  
th e  m idd le t h i r d .  The m a jo r ity  o f th e  round c e l l s ,  i . e .  tw o - th i rd s ,  
w ere p re s e n t in  th e  bottom  th i r d  o f th e  c o r te x . From days 4-21 
th e re  was a p ro g re s s iv e  in c re a s e  in  th e  number o f ISRIF neurons and 
a r e d i s t r i b u t i o n  from th a t  seen  on day 4 when le s s  th a n  10% o f th e  
ISRIF neurons were p re s e n t in  th e  upper t h i r d  to  th a t  seen  by day 21 
when 25% o f th e  ISRIF neurons were p re s e n t in  th e  f i r s t  t h i r d ,  30- 
40% in  th e  m idd le th i r d  and th e  rem ainder in  th e  bottom  th i r d .  A l
though th e r e  was a d ec re a se  in  th e  number o f ISRIF neurons from l a t e  
g e s ta t io n  to  day 2, th e  d e n s ity  o f ISRIF f ib e r s  in  th e  n e u ro p il was 
g r e a te s t  a t  e a r ly  p o s tn a ta l  ag es.

Our r e s u l t s  sug g est th a t  th e r e  a re  two p o p u la tio n s  o f ISRIF-con
ta in in g  neurons in  VC: one l a t e  p r e n a ta l - e a r ly  p o s tn a ta l  and a s e c 
ond, p o s t - n a t a l  p o p u la tio n , which appears  about day 4 . Whether th e se  
r e p re s e n t  new c e l l s  o r th e  s y n th e s is  o f ISRIF by p r e - e x i s t in g  c e l l s  
i s  under in v e s t ig a t io n .  The p resen ce  of s u b s t a n t i a l  numbers o f 
ISRIF neurons e a r ly  in  c o r t i c a l  m a tu ra tio n , e s p e c ia l ly  th e  promin
e n t p lex u s  of ISRIF f ib e r s  and p ro c e s s e s , su g g es ts  a r o le  fo r  th e se  
neurons in  th e  o rg a n iz a tio n  o f VC.

Supported by NIH EY04207.

373.14 FROM BASIC NETWORK PRINCIPLES TO NEURAL ARCHITECTURE: EMERGENCE 
OF ORIENTATION CELLS AND COLUMNS. R. L insker * (SPON: S. M. 
G old in ). IBM Thomas J .  Watson Research C en ter, Yorktown H eig h ts, 
NY 10598.

The fu n c tio n a l a r c h i te c tu r e  o f mammalian v is u a l c o rtex  has been 
e lu c id a te d  in  im pressive d e t a i l  by experim en tal work o f th e  p a s t 
20-25 y e a rs . The o r ig in  o f many o f th e  s a l i e n t  f e a tu re s  o f th i s  
a rc h i te c tu r e  - -  e . g . ,  th e  fo rm ation  o f o r ie n ta t io n - s p e c i f i c  c e l l s  
and th e i r  columnar o rg a n iz a tio n  - -  has , however, rem ained unex
p la in e d . How much o f th i s  a r c h i te c tu r a l  com plexity depends upon 
d e ta i le d  developm ental ru le s  th a t  a re  not y e t known, and how much 
can be d eriv ed  from netw ork-developm ent co n s id e ra tio n s  th a t  a re  
q u ite  sim ple and p o ss ib ly  q u ite  g e n e ra l, y e t b io lo g ic a l ly  p la u s i 
b le?

To approach th i s  q u e s tio n , we s im u la te  th e  p ro g re ss iv e  m atura
t io n  o f a system composed o f a few la y e rs  o f c e l l s .  Each c e l l  r e 
ce ives  in pu t v ia  i n i t i a l l y  random connections from a neighborhood 
o f c e l l s  o f th e  p rev ious la y e r . The system develops accord ing  to  
a co n n e c tio n -m o d ific a tio n  ru le  ( e .g . ,  o f Hebb ty p e ) . D esp ite  th e  
l im ite d  amount o f ' g e n e t ic ' in fo rm ation  needed to  s p e c ify  th i s  
system , we f in d  th a t  th e  range o f developm ental op tio n s  fo r  th e  
c e l l s  of each la y e r is  c o n s tra in e d , and th a t  th e  mature c e l l  types 
th a t  emerge have b io lo g ic a l ly  u s e fu l in fo rm atio n -p ro c ess in g  func
tio n s  .

We e x p l ic i t ly  dem onstrate  th e  emergence of sp a tia l-o p p o n e n t 
c e l l s ,  o r ie n ta t io n - s e le c t iv e  c e l l s  (whose re c e p tiv e  f i e ld  types 
match th o se  of th e  ' s im p le ' c e l l s  of Hubei and W iese l) , and 
o r ie n ta t io n - c e l l  columns. The emergence and o rg a n iz a tio n  o f more 
complex c e l l  ty p e s , when one extends th i s  system to  more la y e r s ,  
a re  a lso  d iscu ssed .

These a r c h i te c tu r a l  fe a tu re s  emerge even though no o r ie n ta t io n  
p re fe re n ce  i s  s p e c i f ie d  to  th e  system  a t  any s ta g e , and none o f th e  
b a s ic  developm ental ru le s  i s  s p e c i f ic  to  v is u a l p ro cess in g . They 
emerge even in  th e  absence o f v is u a l  expe rience .

We d isc u ss  th e  correspondence between th e se  r e s u l t s  and exper
im enta l f in d in g s . We emphasize th e  b io lo g ic a lly - im p o r ta n t geomet
r i c  and fu n c tio n a l c h a ra c te r  o f th e  mature c e l l  types  and 
o rg a n iz a tio n  th a t  emerge, show how and why th e se  types develop , and 
how th e  emergence o f new fe a tu re -a n a ly z in g  c e l l  types occurs as one 
proceeds from each la y e r  to  th e  n e x t , even though th e  u n derly ing  
development ru le s  a re  unchanged. We s h a l l  a lso  comment on how th e  
a n a ly s is  o f what we c a l l  "modular s e lf - a d a p tiv e  netw orks” - -  of 
which th i s  system i s  an example - -  allow s one to  unders tand  th e  
emergent p ro p e r t ie s  o f complex h ig h ly -p a r a l l e l  networks in  term s 
o f f a r  more sim p ly -d escrib ed  c i r c u i t s .

373.15 MODELS FOR THE FORMATION OF OCULAR DOMINANCE COLUMNS SOLVED BY 
LINEAR STABILITY ANALYSIS. K.D. M ille r* , J .B . K e lle r* and M.P. 
S try k e r  (SPON: D.M. W aitzma n ) . D epts. o f  P h y s ic s , Neuro
s c ie n c e s , and M athem atics, S tan fo rd  U n iv e rs ity , S ta n fo rd , CA 
94305, and D ept. o f  P hysio logy , UCSF, San F ra n c isc o , CA 94143.

The developm ent o f  o c u la r  dominance columns (o r  p a tc h e s ) , in  
mammalian v is u a l  c o r te x  and in  f i s h  and am phibian o p tic  tec tum , 
p ro v id e s  an im p o rtan t example o f  a p p a re n t a c tiv i ty -d e p e n d e n t 
s y n a p tic  rem odeling  in  th e  c e n tr a l  nervous system . Here a 
l a r g e - s c a le  s t r u c tu r e  deve lops a s  a r e s u l t  o f  in t e r a c t io n s  
among s m a l l- s c a le  e lem en ts : th e  " d e c is io n s "  to  s tre n g th e n  o r 
weaken a s y n a p tic  connec tio n  must be made lo c a l ly  a t  th e  
in d iv id u a l c e l l  o r  synapse . We have examined what k inds  o f  
a c t iv i ty -d e p e n d e n t i n t e r a c t io n s ,  on th e  sm all s c a le ,  could  g ive  
r i s e  to  th e  l a r g e - s c a le  p a t te r n s  observed .

We have developed a m athem atica l model t h a t  in c o rp o ra te s ,  as  
s p e c ia l  c a s e s , s e v e ra l mechanisms o f  c e l l u l a r  in t e r a c t io n  th a t  
have been su ggested  in  th e  l i t e r a t u r e .  In  a d d i t io n ,  we 
in c o rp o ra te  sim ple forms o f  two o th e r  f a c to r s  o f te n  invoked to  
e x p la in  column fo rm a tio n : re t in o to p y , and c o n s t r a in ts  on th e  
t o t a l  sy n a p tic  s tr e n g th  a s in g le  c e l l  can su p p o rt. We have 
examined th e  s t a b i l i t y ,  under sm all p e r tu rb a t io n s ,  o f  th e  s t a t e  
in  which bo th  eyes e q u a lly  and un ifo rm ly  in n e rv a te  c o r te x  o r 
te c tum . In  t h i s  w ay ,w e have developed an ex p re ss io n  to  
p r e d ic t  th e  approxim ate w idth  o f  p e r io d ic i ty  th a t  should emerge 
in  te rm s o f  th e  a f f e r e n t  a rb o r  w id th s , d is ta n c e s  over which 
same-eye a f f e r e n ts  have c o r r e la te d  a c t iv i t y  p a t t e r n s ,  and 
d is ta n c e s  over which i n t r a - c o r t i c a l  in t e r a c t io n s  o c c u r.

Two arrangem ents o f  i n t r a - c o r t i c a l  in t e r a c t io n  w i l l  su p p o rt 
column fo rm ation  under t h i s  model: i f  th e  c o r t i c a l  
in t e r a c t io n s  in c lu d e  s u f f i c i e n t  in h i b i t i o n ,  th en  column w idth 
i s  la r g e ly  determ ined  by th e  peak o f  th e  fo u r ie r  tra n sfo rm  o f  
th e  fu n c tio n  d e s c r ib in g  th e  in t e r a c t io n ,  though column w idth 
can be m odulated by a rb o r w idth  and c o r r e l a t i o n  le n g th . I f  th e  
c o r t i c a l  in t e r a c t io n s  a re  p u re ly  e x c i ta to ry  and o f  a 
s u f f i c i e n t l y  long ra n g e , column fo rm ation  can be caused by 
c o n s t r a in ts  on th e  t o t a l  s y n ap tic  s tr e n g th  th a t  an a f f e r e n t  can 
s u p p o r t. In  t h i s  c a s e , column w idth  should  be determ ined 
p r im a r ily  by th e  a rb o r  w id th .

These d i s t i n c t i o n s  p ro v id e , a t  l e a s t  in  p r in c ip le ,  a means 
to  ex p e rim e n ta lly  d is t in g u is h  between d i f f e r e n t  m odels. The 
d is ta n c e s  a s s o c ia te d  w ith  a proposed mechanism may be measured 
to  determ ine  w hether th e y  a re  c o n s is te n t  w ith  th e  column w idth 
o b serv ed . In  a d d i t io n ,  pa ram ete rs  may be measured a c ro ss  
s p e c ie s  o r  ex p e rim en ta l p re p a ra tio n s  to  see w hether a p r in c ip a l  
param ete r r e s p o n s ib le  fo r  column w idth  can be i d e n t i f i e d .

S upported by g ra n ts  from th e  McKni g h t Foundation  and by an 
NSF p re d o c to ra l fe l lo w sh ip .

373 .16 THE MATURATION OF THE EFFERENT PROJECTION FROM THE 
CORTEX TO THE VENTRAL NUCLEUS OF THE LATERAL 
GENICULATE BODY IN SYRIAN HAMSTERS. J .  Hahm*, J . J .  
R am irez* . S. J h a v e r i* .  and  G .E . S c h n e id e r.(S P O N : 
L . I . B e n o w itz ) . D e p t . o f B ra in  and C o g n it iv e  
S c ie n c e s ,  M a s s a c h u s e t ts  I n s t i t u t e  o f T e c h n o lo g y , 
C am b rid g e , MA 02139 .

W heat-germ  a g g l u t i n i n  c o n ju g a te d  to  h o r s e r a d i s h  
p e r o x id a s e  (WGA-HRP) when u s e d  in  a 2% s o l u t i o n  o f 
d im e th y l s u l f o x id e ,  p r o v id e s  a s e n s i t i v e  l a b e l  f o r  
t r a c i n g  a n te r o g r a d e  (and  r e t r o g r a d e )  n e u ro n a l  
p r o j e c t i o n s  i n  n e o n a t a l  and  a d u l t  a n im a ls .  To s tu d y  
th e  d e v e lo p m en t o f th e  e f f e r e n t  p r o j e c t i o n s  from  th e  
v i s u a l  c o r t e x  to  th e  v e n t r a l  n u c le u s  o f  th e  l a t e r a l  
g e n i c u l a t e  body (L G v), we i n j e c t e d  th e  p o s t e r i o r  
c o r t e x  o f  h a m s te r s  (ag ed  P 2 -P 1 0 , P 1 4 , P21 and 
a d u l t s )  w ith  WGA-HRP, a llo w e d  them  to  s u r v iv e  f o r  30 
h r s .  and  p ro c e s s e d  t h e i r  b r a i n s  a s  d e s c r ib e d  in  th e  
accom p an y in g  a b s t r a c t  (R am irez , Hahm, J h a v e r i  and 
S c h n e id e r ) .

On P2 and  P3, th e  d o r s a l  n u c le u s  o f  th e  l a t e r a l  
g e n i c u l a t e  body and th e  l a t e r a l  p o s t e r i o r  n u c le u s  
a r e  v e ry  h e a v i ly  l a b e l l e d .  H R P - f i l le d  axons can  be 
fo l lo w e d  a lo n g  th e  i n t e r n a l  c a p s u le  and i n t o  th e  
e x t e r n a l  m e d u lla ry  la m in a , j u s t  m e d ia l  t o  th e  LGv. 
H ow ever, th e  LGv i t s e l f  i s  d e v o id  o f  r e a c t i o n  
p r o d u c t .  A day  l a t e r ,  on P4, a band  o f  HRP r e a c t i o n  
p r o d u c t ,  p r i m a r i l y  a x o n a l l a b e l l i n g ,  c an  be t r a c e d  
d o r s o v e n t r a l l y  th ro u g h  th e  m id d le  o f  th e  n u c le u s .  
By P6, s c a t t e r e d  g r a i n s  o f r e a c t i o n  p r o d u c t ,  p r e s e n t  
o v e r  th e  e n t i r e  m e d io l a t e r a l  e x t e n t  o f  th e  n u c le u s ,  
i n d i c a t e  th e  b e g in n in g  o f  t e r m in a l  a r b o r i z a t i o n .  The 
d e n s i t y  o f  t h i s  g r a n u la r  p r e c i p i t a t e  r a p i d l y  
i n c r e a s e s  t o  r e s u l t  i n  an  a d u l t —l i k e  p a t t e r n  by P10.

T h ese  o b s e r v a t i o n s  d e m o n s t r a te  t h a t  c o r t i c a l  
e f f e r e n t s  t o  th e  LGv fo l lo w  a d e v e lo p m e n ta l  tim e  
c o u r s e  s i m i l a r  t o  t h a t  o f  th e  c o r t i c o t e c t a l  axon 
s y s te m  (R am irez  e t  a l . ,  accom pany ing  a b s t r a c t ) , w ith  
p r o j e c t i o n s  t o  th e  LGv p e rh a p s  m a tu r in g  s l i g h t l y  
e a r l i e r .  B o th  s t r u c t u r e s  r e c e i v e  i n p u t  from  l a y e r  V 
c o r t i c a l  c e l l s  (S e f to n  e t  a l . ,  B ra in  R e s . , 2 1 5 : 
1 -1 3 , 1 9 8 1 ) .  B oth  r e g io n s  a r e  a l s o  t a r g e t s  o f  o th e r  
axon  s y s te m s ,  e . g .  th e  r e t i n o f u g a l  f i b e r s ,  w h ich  
m a tu re  a lo n g  a d i f f e r e n t  d e v e lo p m e n ta l  t i m e - t a b l e .  
C om paring  th e  m a tu r a t io n  o f  m u l t i p l e  axon  s y s te m s  
i n n e r v a t i n g  s i n g l e  t a r g e t  s t r u c t u r e s  u n d e r s c o r e s  
t h a t ,  i n  a d d i t i o n  to  l o c a l  c u e s ,  th e  c e l l s  o f  o r i g i n  
may p la y  a m a jo r  r o l e  i n  d e te r m in in g  th e  e a r l y  
e v e n t s  o f  axon  m o rp h o g e n e s is .
(S u p p o r te d  by NIH G ra n ts  EY05504 and  EY 00126.)
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3 7 3 .17 DEVELOPMENT OF THE CORTICOTECTAL PROJECTION IN THE 
SYRIAN HAMSTER. J . J .  Rami r e z * ,  J .  H ahm *, S . 
J h a v e r i * ,  a n d  G .E . S c h n e i d e r . D e p a r tm e n t  o f  B r a i n  
an d  C o g n i t i v e  S c i e n c e s ,  M a s s a c h u s e t t s  I n s t i t u t e  o f  
T e c h n o lo g y ,  C a m b r id g e ,  MA 0 2 1 3 9 .

T he m a t u r a t i o n  o f  p r o j e c t i o n s  f ro m  t h e  v i s u a l  
c o r t e x  t o  t h e  s u p e r i o r  c o l l i c u l u s  w as s t u d i e d  w i th  
a n t e r o g r a d e  t r a n s p o r t  o f  w h e a t  g e rm  a g g l u t i n i n  
c o n j u g a t e d  t o  h o r s e r a d i s h  p e r o x i d a s e  (WGA-HRP). T he 
p o s t e r i o r  c o r t e x  o f  h a m s t e r  p u p s  (d a y  o f  b i r t h = P 0 )  
w as i n j e c t e d  w i t h  e i t h e r  10% WGA-HRP i n  a 2% 
d i m e t h y l s u l f o x i d e  s o l u t i o n  o r  i m p la n t e d  w i th  
c r y s t a l s  o f  WGA-HRP i n  d i m e t h y l s u l f o x i d e . A n im a ls  
w e re  l a b e l l e d  on  c o n s e c u t i v e  d a y s  fro m  P2 t o  P 1 0 , on  
P 1 4 , P 2 1 , a n d  a s  a d u l t s .  A f t e r  a 30 h r  s u r v i v a l ,  
t h e  h a m s t e r s  w e re  p e r f u s e d  a n d  t h e i r  b r a i n s  
p r o c e s s e d  f o r  v i s u a l i z a t i o n  o f  t h e  HRP w i th  
t e t r a m e t h y l  b e n z i d i n e  a s  t h e  c h ro m o g e n . The a g e  o f  
t h e  a n im a l  c o r r e s p o n d s  t o  t h e  t im e  o f  i n j e c t i o n .

A l th o u g h  c o r t i c o p o n t i n e  e f f e r e n t s  a r e  l a b e l l e d  
i n  o u r  e a r l i e s t  m a t e r i a l  ( P 2 - P 3 ) , t h e  f i r s t  l a b e l l e d  
a x o n s  i n  t h e  o p t i c  f i b e r  l a y e r  o f  t h e  s u p e r i o r  
c o l l i c u l u s  a r e  n o t  d e t e c t e d  u n t i l  P 4 . F o r  t h e  n e x t  
3 d a y s  i n c r e a s i n g  n u m b e rs  o f  c o r t i c o t e c t a l  a x o n s  a r e  
p r e s e n t  i n  t h e  o p t i c  f i b e r  l a y e r  a n d  i n  t h e  
i n t e r m e d i a t e  g r e y  l a y e r .  H o w e v e r , a  r o b u s t  i n v a s i o n  
o f  t h e  t a r g e t  z o n e  i s  n o t  e v i d e n t  u n t i l  P 7 , w hen a 
g r a n u l a r  p r e c i p i t a t e ,  i n d i c a t i v e  o f  t e r m i n a l  
a r b o r i z a t i o n ,  i s  o b s e r v e d  i n  t h e  s u p e r f i c i a l  g r e y  
l a y e r .  By P 1 0 , t h e  f i b e r s  h a v e  a t t a i n e d  a p a t t e r n  
o f  i n n e r v a t i o n  r e s e m b l i n g  t h a t  o f  a d u l t s .

T h u s ,  c o r t i c o t e c t a l  a x o n s  f o l l o w  a m o r p h o g e n e t i c  
p r o g r e s s i o n  s i m i l a r  t o  t h a t  p r e v i o u s l y  d e s c r i b e d  f o r  
r e t i n o f u g a l  a x o n s  ( J h a v e r i ,  E d w a rd s , a n d  S c h n e i d e r ,  
S o c . N e u r o s c i . A b s t r . , 9 , 7 0 2 ,  1 9 8 3 ) .  R e l a t i v e  t o  
r e t i n o f u g a l  a x o n s ,  h o w e v e r ,  t h e  d e v e lo p m e n t a l  e v e n t s  
o f  t h e  c o r t i c o t e c t a l  s y s t e m  a r e  d e l a y e d  b y  s e v e r a l  
d a y s :  c o r t i c a l  a x o n s  " w a i t "  i n  t h e  o p t i c  f i b e r  l a y e r  
d u r i n g  a  p e r i o d  w hen r e t i n a l  a x o n s  a r e  a c t i v e l y  
a r b o r i z i n g  i n  t h e  s u p e r f i c i a l  g r e y  l a y e r .  T h i s  
a s y n c h r o n y  i n  t h e  d e v e lo p m e n t  o f  tw o  a x o n  s y s t e m s  t o  
t h e  sam e t a r g e t  z o n e  h a s  i n t e r e s t i n g  i m p l i c a t i o n s  
w i t h  r e g a r d  t o  r e g u l a t o r y  c o n t r o l s  on  t h e  m a t u r a t i o n  
o f  a x o n a l  m o rp h o lo g y .
( S u p p o r t e d  b y  NIH G r a n t s  EY 05504 a n d  E Y 0 0 1 2 6 .)

373.18 GANGLIOSIDES AND DEVELOPMENTAL CORTICAL PLA STICITY : 
EVIDENCES FOR A ROLE OF MONOSIALOGANGLIOS IDE IN THE 
KITTEN VISUAL SYSTEM. G. C a r m ig n o to * ,  R. C a n e l l a * ,  R. 
S i l i p r a n d i * ,  R. N e s s i*  a n d  G. K i r s c h n e r * (SPON: S.  
M azza r i ). F i d i a  N e u r o b i o l o g i c a l  R e s e a r c h  L a b o r a t o r i e s ,  
A bano T e rm e , I t a l y .

We h a v e  p r e v i o u s l y  r e p o r t e d  t h a t  s y s t e m i c  m o n o s i -  
a l o g a n g l i o s i d e  (GM1 ) t r e a t m e n t  i s  c a p a b l e  o f  p a r 
t i a l l y  p r e v e n t i n g  t h e  o c u l a r  d o m in a n c e  s h i f t  i n  s t r i 
a t e  c o r t e x  n e u r o n s  in  k i t t e n s  s u b j e c t e d  t o  e i t h e r  mo
n o c u l a r  d e p r i v a t i o n  (C a rm ig n o to  G. e t  a l . ,  J .  N e u ro 
s c i .  R e s . , 1 2 :4 7 7 ,  19 8 4 ) o r  t o  r e v e r s e - s u t u r i n g  e x p e r 
im e n ts  (C a rm ig n o to  G. e t  a l . ,  N e u r o s c i e n c e  M e e t in g , 
a b s .  1 1 , p .  1 0 1 6 , 1 9 8 5 ) .  We now r e p o r t  t h e  r e s u l t s  o b 
t a i n e d  f o l l o w i n g  c o n t i n u o u s  m i c r o p e r f u s i o n  o f  t h e  v i 
s u a l  c o r t e x .  A c a n n u l a  m ic ro p u m p  s y s t e m  c o n t a i n i n g  
GM1 (1 0 – 3 m ) o r  s a l i n e  w as i m p la n t e d  in  t h e  l e f t  
v i s u a l  c o r t e x  o f  30 d a y - o l d - k i t t e n s .  T he d a y  a f t e r  t h e  
r i g h t  e y e l i d  w as s u t u r e d  f o r  5 d a y s .  A t t h i s  l a t t e r  
t im e  t h e  e y e  w as r e o p e n e d  a n d  t h e  o c u l a r  d o m in a n c e  
d i s t r i b u t i o n  o f  a r e a  17 n e u r o n s  w as a s s e s s e d  by  c o n 
v e n t i o n a l  s i n g l e  u n i t  r e c o r d i n g s .  R e s u l t s  i n d i c a t e  
t h a t  a  h i g h e r  num ber o f  c e l l s  m a i n t a i n s  a  b i n o c u l a r  
r e s p o n s e ,  i n  t h e  h e m ic o r t e x  p e r f u s e d  w i th  GM1 , b u t  
n o t  w i t h  s a l i n e  w hen c o m p a re d  t o  t h e  n o n - p e r f u s e d  
h e m i c o r t e x .  T h e s e  d a t a  c o n f i r m  t h a t  GM1 i s  c a p a b l e  
o f  p a r t i a l l y  p r e v e n t i n g  t h e  l o s s  o f  s y n a p t i c  e f f i c i e n 
c y  r e l a t e d  t o  t h e  d e p r i v e d  e y e  i n p u t s .  M o re o v e r  t h e  
d e v e lo p m e n t  p r o f i l e s  o f  t h e  d i f f e r e n t  g a n g l i o s i d e s  o f  
t h e  v i s u a l  c o r t e x  i n c l u d i n g  GM1 , w e re  a s s e s s e d  fro m  
t h e  f o u r t h  d a y  a f t e r  b i r t h  t o  a d u l t h o o d .  D a ta  i n d i c a t e  
s t r i k i n g  d e v e lo p m e n t a l  c h a n g e s  i n  t h e  c o n t e n t  a n d  p a t 
t e r n  o f  v i s u a l  c o r t e x  g a n g l i o s i d e s .  GT1b a n d  GD1a 
d r a m a t i c a l l y  d e c r e a s e  a f t e r  b i r t h  w h i l e  GD1b a n d ,  t o  
a  m in o r  d e g r e e ,  GM1 i n c r e a s e  s i g n i f i c a n t l y  r e a c h i n g  
a d u l t  l e v e l s  a t  3 m o n th s  o f  a g e  ( i . e .  p a r a l l e l  t o  th e  
o c c u r r e n c e  o f  c o m p le t e  s y n a p t i c  m a t u r a t i o n  o f  t h e  v i 
s u a l  c o r t e x ) . T a k en  t o g e t h e r  t h e s e  r e s u l t s  s u g g e s t  
t h a t  GM1 m o s t p r o b a b l y  p l a y s  a  s p e c i f i c ,  a l t h o u g h  
s t i l l  p o o r l y  d e f i n e d ,  r o l e  i n  t h e  p h en o m en o n  o f  d e v e l 
o p m e n ta l  n e u r o n a l  p l a s t i c i t y  o f  t h e  v i s u a l  c o r t e x .

373.19 NEONATAL CEREBRAL HEMISPHERECTOMY BLOCKS DEVELOPMENT OF 
BINOCULAR DEPTH PERCEPTION IN CAT. D.A. Hovda, J .R . 
V illa b la n c a  and M.V. P h i l l ip s * .  M ental R e ta rd a tio n  R esearch  
C en te r, D epartm ents o f  Anatomy and P sy c h ia try , School o f  
M edicine, U n iv e rs ity  o f  C a l if o rn ia ,  Los A ngeles, 90024.

We s tu d ie d  th e  e f f e c t  o f n eo n a ta l o r a d u l t  c e re b ra l  
hem ispherectom y on c a ts  to  see dep th  a s  m easured on a  v is u a l  
c l i f f .  Ten le s io n e d  c a ts  were s tu d ie d , a t  l e a s t  6 months a f t e r  
su rg e ry , w ith  6 s u s ta in in g  a l e f t  hem ispherectom y a t  a  mean age 
o f  11 days (range = 7-14) and 4 s u s ta in in g  th e  same in ju r y  a s  
a d u l t s .  Two c a ts  se rv ed  as  i n t a c t  c o n t ro ls .  The v is u a l  c l i f f  
c o n s is te d  o f  a s t a r t  box (19 × 45 × 22 cm) e le v a te d  29 cm above 
a 58 × 60 cm s h e e t o f  g la s s  co v e rin g  two t r a n s lu c e n t  28 × 58 cm 
sh e lv e s  each having  a 3 × 3 cm b lack /W hite  checkerboard  d e s ig n . 
The sh e lv e s  were i l lu m in a te d  from u ndernea th  and were a d ju s ta b le  
from 29 to  70 cm from th e  f lo o r  o f th e  s t a r t  box. C ats were 
te s t e d ,  u t i l i z i n g  s tan d a rd  p sychophysica l s t a i r c a s e  p ro c e d u re s , 
fo r  bo th  monocular and b in o c u la r  th re s h o ld s . N e o n a ta l- le s io n e d  
c a ts  showed no b in o c u la r  dep th  p e rc e p tio n  advan tage over 
a d u l t- le s io n e d  o r i n t a c t  c a t s .  Thus, n e o n a ta l- le s io n e d  c a t s  had 
b in o c u la r  th re sh o ld s  114% h ig h e r  th an  a d u l t- le s io n e d  an im als and 
135% h ig h e r  th a n  i n t a c t  c o n tro ls  (p < .0 1 ). T h re sho ld s  f o r  
a d u l t- le s io n e d  c a ts  were n o t s t a t i s t i c a l l y  d i f f e r e n t  from i n t a c t  
an im a ls . M onocularly th e  two le s io n  groups w ere n o t 
s t a t i s t i c a l l y  d i f f e r e n t ,  however b o th  groups had h ig h e r  
th re sh o ld s  th an  in t a c t  an im als (p < .01) and a d u l t - le s io n e d  c a ts  
d id  show a s l i g h t  r ig h t  monocular d e f i c i t  (N.S) compared to  
n e o n a ta l- le s io n e d  c a t s .  I n te r e s t in g ly ,  a d u l t- le s io n e d  c a ts  made 
89% o f  t h e i r  e r r o r s  to  th e  l e f t  w h ile  n e o n a ta l- le s io n e d  and 
in t a c t  c a ts  showed no s id e  d i f f e re n c e s .  T his su g g es t e i t h e r  a 
motor b ia s  o r  a  c o n t r a la t e r a l  f i e l d  d e f i c i t  in  a d u l t - le s io n e d  
an im als which i s  n o t p re s e n t in  n e o n a ta l- le s io n e d  c a t s .  These 
p o s s i b i l i t i e s  a re  under in v e s t ig a t io n .  We conclude th a t  
n eona ta l-hem ispherectom ized  an im als d id  n o t deve lop  b in o c u la r  
advantage fo r  d ep th  p e rc e p tio n  w hich would im ply th e  la c k  o f  
s te r e o p s i s .  USPHS G ran ts HD 05958, HD 04612 and HD 07032.

373.20 BEHAVIORAL VALIDATION OF A PRIMATE MODEL OF HUMAN CONGENITAL 
APHAKIA. C. D. O 'D ell* , R. G. Boothe, J .  A. Gammon, and M. 
Tigges. Yerkes Regional Primate Research Center, Departments of 
Psychology, Ophthalmology, and Anatomy and Cell Biology, Emory 
University, A tlanta, GA 30322.

Children born with a monocular cataract are sometimes treated 
by surgical lensectomy of the cataractous eye followed by optical 
co rre c tio n  to  a near p o in t. This is  usually  accompanied by 
patching of the opposite eye. We have reared in fan t rhesus 
monkeys under various conditions of deprivation to model neonatal 
aphakia. Aphakia was produced by performing a unilateral 
lensectomy a t about one week a f te r  b ir th  under deep general 
anesthesia and s te r i le  surgery. One week la te r  the monkeys were 
f itte d  with a high power extended-wear lens that corrected the 
aphakic eye to a near point. At the time of lensectorny monkeys 
were also f itte d  with an occluder lens in the unoperated eye to 
continuously block ligh t input. Monkeys of another group were 
continuously occluded in one eye while the other eye developed 
normally. Acuity was tested with a variation of forced choice 
p re fe re n tia l looking th a t has been used to  assess acu ity  in 
infants (MacDonald et a l . ,  IOVS, 1985). The infant monkey is 
positioned in front of a screen with an acuity grating on the 
l e f t  or r ig h t side and a blank on the opposite s id e . An 
experimenter watches the monkey's eye movements and judges 
whether the infant monkey can see the grating based on looking 
p re fe ren ce . This is  repeated fo r a se rie s  of g ra tings of 
d ifferen t s tripe  widths at octave steps from 25 to 0.2 
c y c le s /d eg re e . Acuity estim ates fo r a monkey were obtained 
monocularly and binocularly within a single testing  period.

Monkeys tested within the f i r s t  month a fte r  b irth  had acuities 
ranging from 1.6 to  3.2 cycles/degree regardless of the treatment 
co n d itio n . This is  w ithin the same range as normal monkeys 
tested during the f i r s t  month with the same methods. During the 
next 5 months the acuity of the occluded eyes remained e ither at 
the b ir th  range or decreased an octave. These re su lts  are 
sim ilar to those obtained in animals with the other eye 
untreated. By contrast, the optically  corrected aphakic eyes 
improved from 1 to 3 octaves by 6 months of age. These results 
are sim ilar to that of monkeys with normal eyes tested at the 
same ages. The aphakic monkeys showed interocular acuity 
differences at 6 months ranging from 1 to  4 octaves. Our results 
from infant monkeys compare favorably to resu lts obtained from 
aphakic human infants tested with sim ilar methods.

Supported by NIH grants RR-00165, EY-03956, EY-05975, and 
EY-06001.
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373.21 ONTOGENY OF RAT VISUAL EVOKED POTENTIALS.  G. C. R igdon, R. S. 
Dyer and W. K. Boyes. N europhysiology B ranch, N euro tox ico logy  
D iv is io n , U .S .E .P .A ., R esearch  T ria n g le  P ark , NC 27711.

The developm ent o f  f la s h  evoked p o te n t ia l s  (FEPs) and p a t 
te r n  r e v e r s a l  evoked p o te n t ia l s  (PREPs) was in v e s t ig a te d  in  
awake, u n sedated  r a t s .  L i t t e r s  were c ro s s fo s te r e d  on day 1 
(d a te  o f  b ir th = d a y  0) and c o n s is te d  o f  4 m ales and 4 fem ales . 
Pups (n=8-20) were t e s te d  d a i ly  from days 8 th rough  20 and 
eve ry  3 o r 4 days u n t i l  day 41. Pups were c h ro n ic a l ly  
im plan ted  w ith  e p id u ra l reco rd in g  e le c tro d e s  over th e  v is u a l  
and f r o n ta l  co r te x  (re fe re n c e )  w ith  a ground e le c tro d e .

FEPs were o b ta in ed  by p la c in g  u n re s tra in e d  pups in  m irro red  
cham bers, and ave rag ing  responses  to  128 s tro b e  f la s h e s .  On 
day 9, in  some an im als, a s in g le  n e g a tiv e  wave was observed  
200 msec o r more fo llo w in g  th e  f la s h .  By day 11 th e  n e g a tiv e  
wave was p re s e n t in  a l l  pups and was fo llow ed  by a p o s i t i v e  
peak (P2?, >250 m sec). On day 12 o r 13 an o th e r n e g a tiv e  wave 
(Nl) appeared  on th e  le a d in g  sh o u ld er o f th e  f i r s t .  By day 15, 
th e  n eg a tiv e  peak f i r s t  seen  on day 9 o r 10 e i t h e r  d isa p p e a re d  
o r merged in to  N l. On day 14 a sm all p o s i t iv e  peak (P1 ) w ith  a 
la te n c y  o f  abou t 45 msec appeared  and a n e g a tiv e  peak (N3, 
la te n c y  > 275 msec) fo llo w in g  P2 was observed . Peaks N2 and P3 
were n o t seen in  group average waveforms u n t i l  a f t e r  day 32 o r 
33. A f te r  eye opening (day 1 4 -15 ), peak am p litu d es  in c re a s e d  
and peak la te n c i e s  d ec reased  s te a d i ly .  L a ten c ie s  were n ea r 
a d u l t  v a lu e s  by day 34.

Averaged evoked responses  to  50 re v e r s a l s  o f a b la ck  and 
w h ite  square  wave g r a t in g  were n o t d e te c te d  u n t i l  l a t e  in  th e  
t h i r d  o r  e a r ly  in  th e  fo u r th  p o s tn a ta l  week. R ats were t r a in e d  
to  perch  on a p e d e s ta l  fa c in g  a m onitor sc reen  which d is p la y e d  
th e  g r a t in g s .  B efore th e  fo u r th  week th e  PREP waveform 
c o n s is te d  o f two sm all n eg a tiv e  peaks (around 100 msec and 220 
msec r e s p e c t iv e ly ) .  L a te r , a p o s i t iv e  peak (P2) developed  
between th e  two n eg a tiv e  peaks. The am plitude  o f  th e  l a t e  
n e g a tiv e  peak (N3) in c re a se d  and th e  am p litude  o f th e  e a r ly  
n e g a tiv e  peak (N2) d ec reased  w ith  tim e . The la te n c i e s  o f  a l l  
peaks s te a d i ly  d ec reased  w ith  tim e . In  th e  m iddle o f  th e  
fo u r th  week an o th e r p o s i t iv e  peak (P 1 ) appeared  on th e  le a d in g  
edge o f N2, and e a r ly  in  th e  f i f t h  week, th e  waveform 
developed an e a r ly  n eg a tiv e  peak (N l, 45-55 m sec).

By day 34 th e  response was s im i la r  in  form to  t h a t  seen  in  
th e  a d u l t  (peaks N1-P1-N2-P2-N3 p r e s e n t ) .  By day 37 th e  peak 
la te n c i e s  and am p litudes  were n ea r a d u l t  v a lu e s . (T h is 
re s e a rc h  was suppo rted  by a N a tio n a l R esearch  C ouncil R esearch  
A ss o c ia te sh ip  Award).

LIMBIC SYSTEM

374.1 DIFFERENTIAL ANTICONVULSANT EFFECTS OF CARBAMAZEPINE AS A 
FUNCTION OF STAGE AND TYPE OF KINDLING. R.M. P o s t ,  S .R .B . 
W e is s* , F . S z e le * ,  and  R. Woodward* (Spon: K .L . Z b i c z ) . NIMH, 
B e th e s d a ,  MD 20892 .

K in d l in g  i s  t h e  p r o g r e s s iv e  d ev e lo p m e n t o f  s e i z u r e s  fo llo w in g  
r e p e a t e d  i n t e r m i t t e n t  s t i m u l a t i o n  w i th  e i t h e r  an e l e c t r i c a l  o r  
a  p h a rm a c o lo g ic a l  s t i m u l u s .  We h av e  i n v e s t i g a t e d  th e  e f f e c t s  
o f  c a rb a m a z e p in e  (an  a n t i c o n v u ls a n t  a l s o  u se d  i n  t h e  t r e a tm e n t  
o f  a f f e c t i v e  i l l n e s s )  on th e  d e v e lo p m e n t o f  e l e c t r i c a l l y  and 
p h a rm a c o lo g ic a l ly  k in d le d  s e i z u r e s  and  on f u l l y  d e v e lo p e d  
k in d le d  s e i z u r e s .  E l e c t r i c a l  k i n d l i n g  o f  th e  am ygdala  was 
a c c o m p lis h e d  by  o n c e - d a i ly  s t i m u l a t i o n  f o r  one se co n d  a t  
800 μam ps; p h a rm a c o lo g ic a l  k i n d l i n g  was in d u c e d  by  o n c e - d a i ly  
i n t r a p e r i t o n e a l  a d m i n i s t r a t i o n  o f  l i d o c a in e  o r  c o c a in e  
(65 m g /k g ) .

In  t h e  e l e c t r i c a l  s t i m u l a t i o n  p r o c e d u r e ,  c a rb a m a z e p in e  was 
n o t  e f f e c t i v e  i n  p r e v e n t in g  th e  d e v e lo p m e n t o f  a m y g d a la -k in d le d  
s e i z u r e s  when g iv e n  e i t h e r  i n t r a p e r i t o n e a l l y  (15 mg/k g),  o r  in  
t h e  d i e t  (150 m g /d a y ) . T h is  same d o se  o f  c a rb a m a z e p in e  w as, 
h o w ev er, e f f e c t i v e  i n  s u p p re s s in g  f u l l y  d e v e lo p e d  a m y g d a la -  
k in d le d  s e i z u r e s .  In  c o n t r a s t ,  t h e  r a t s  g iv e n  c a rb a m a z e p in e  in  
t h e i r  d i e t  showed a  m arked  s u p p r e s s io n  o f  t h e  d ev e lo p m e n t o f  
l id o c a in e - k in d l e d  s e i z u r e s  and  a  m o d est s u p p re s s io n  o f  t h e  
d e v e lo p m e n t o f  c o c a in e - k in d le d  s e i z u r e s  and  l e t h a l i t y .  H ow ever, 
c a rb a m a z e p in e  (1 0 -5 0  m g/kg) was i n e f f e c t i v e  i n  s u p p re s s in g  
c o m p le te d  l o c a l  a n e s t h e t i c - k i n d l e d  s e i z u r e s  and  a l s o  i n c r e a s e d  
l e t h a l i t y  t o  a c u te  h ig h  d o s e s  o f  c o c a in e .

T h u s , c a rb a m az e p in e  b lo c k s  c o m p le te d  b u t  n o t  d e v e lo p in g  
e l e c t r i c a l - k i n d l e d  s e i z u r e s  a n d , c o n v e r s e ly ,  b lo c k s  d e v e lo p in g  
b u t  n o t  c o m p le te d  l o c a l - a n e s t h e t i c - k i n d l e d  s e i z u r e s .  T h ese  
d a t a  s u g g e s t  t h a t  t h e  b io c h e m ic a l  a n d /o r  n e u ro a n a to m ic a l  
s u b s t r a t e s  o f  l im b ic  s e i z u r e s  d i f f e r  a s  a  f u n c t io n  o f  b o th  
s ta g e  and  ty p e  o f  k i n d l i n g .

374.2 SUSCEPTIBILITY TO SEIZURES INDUCED BY PILOCARPINE IN DEVELOPING 
RATS. D.F. Silva*, L.S. Calderazzo-Filho*, L. Turski and E.A. 
Cavalheiro*. Dept. of Neurol. Neurosurg., Lab. of Exp. Neurol., 
Escola Paulista Med., CEP-04023 Sao Paulo, SP, Brazil and Dept. 
of Pharmacol., Med. Sch., PL-20-090 Lublin, Poland.

The pilocarpine (PIL0) model of epilepsy offers the a ttrac tiv e  
features of allowing intractable seizures and status epilepticus to 
be induced rapidly after application of the drug, and spontaneous 
motor seizures to be observed in the long-term periods a fter t r e a t
ment. This model of seizures resembles the functional impact of hu
man temporal lobe epilepsy in that ra ts and mice undergoing a t r e a t
ment with PIL0 display morphological alterations in the brain compa
rable in many aspects to those known from human pathology. It is not 
firmly established, whether seizures and seizure-related brain dama
ge induced by PILO in adult ra ts d iffe r from those produced by the 
drug during the development. The present study was therefore under
taken to complement previous investigations in adult ra ts by compar
ing behavioral, electroencephalographic (EEG) and neuropathological 
features of seizures produced by PILO in developing ra ts . PILO hyd
rochloride, 100-380 mg/kg, was administered systemically in 3-90 day 
-old Wistar ra ts . PIL0, 100-380 mg/kg, presented characteristic  ar
ray of behavioral patterns in immature ra ts . Hyperactivity, stratch- 
ing and mild tremor with myoclonic movements of head and limbs, do
minated the behavior in 3-14 day-old ra ts . The EEG activ ity  in the 
hippocampus progressed from high-voltage spiking registered during 
the f i r s t  week of l ife  into spiking and discharges, which spread to 
cortical recordings during the second week of life .  No morphological 
a lte ra tions were detected in the brains of 3-14 day-old rats subjec
ted to the action of PIL0, 380 mg/kg. The adult pattern of behavio
ral and EEG sequelae of PIL0 was encountered in 15-21 day-old rats.. 
After PIL0, 380 mg/kg, akinesia, tremor and head bobbing progressed 
to motor limbic seizures with rearing, forelimb clonus, intense sa
livation and fa llin g , and status ep ilepticus. The lethal tox icity  
in ra ts subjected to PIL0, 380 mg/kg, at the age of 15-28 days, rea
ched about 60%. Immediately afte r administration of PIL0, 380 mg/kg, 
high voltage fast ac tiv ity  superposed over hippocampal theta rhythm, 
progressed (10-20 min) into high-voltage spiking and spread to cor
tic a l records. The EEG activ ity  became well synchronised and then 
developed into seizures and status ep ilepticus. Morphological analy
sis of frontal forebrain sections from 15-28 day-old ra ts , which un
derwent status epilepticus afte r PILO revealed widespread damage to 
the hippocampus, thalamus, amygdala, olfactory cortex and neocortex. 
The extent and d istribution  of brain damage in 15-28 day-old rats 
resembled well those detected in the brains of mature ra ts . The le
thal tox ic ity  rate progressively decreased and reached the mature 
level of about 10% in 36-43 day-old ra ts . The present study demonst
rates age differences in the suscep tib ility  of rats to convulsions 
e lic ited  by PIL0. Supported by FAPESP, CNPq and FINEP (B razil).
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374 .3 EPILEPTOGENESIS IN AMYGDALA NEURONS: ACUTE AND CHRONIC 
MODELS. Po- Wu Gean* and P a tr ic ia  Sh in n ick - G allag h er. 
Department of Pharmacology and Toxicology, The Univer
s i t y  of Texas Medical Branch, G alveston , TX 77550.

Experim ental and c l in ic a l  evidence have in d ica ted  
th a t  the amygdala is  im portant in the in i t i a t i o n  and 
spread of s e iz u re s . The p re sen t re sea rch  sought to 
develop a b ra in  s l i c e  of the amygdala as a model of 
ep ilep sy  and to  analyze new agents fo r use as 
a n t i e p i l e p t i c s .  Rat b ra in  t is s u e  con ta in in g  the  baso- 
l a t e r a l  amygdaloid nucleus (BLAN) was sec tioned  on a 
Vibratome (500 uM) in the coronal p lan e . In t r a c e l lu la r  
reco rd in g s were made using 4 M K a c e ta te - f i l l e d  
m ic ro e lec tro d es and v isu a lly  placed in BLAN. S tim ula
t io n  of the s t r i a  te rm in a lis  pathway to  the amygdala 
evokes an EPSP-IPSP sequence. In 7 neurons te s te d  the 
IPSP reversed  p o la r i ty  a t  -74 mV which is  c lo se  to  
eq u ilib riu m  p o te n tia l  fo r c h lo rid e  in o ther CNS neu
ro n s. A pplication  of co n v u lsan ts , p ic ro to x in  (50 µm) 
or b ic u c u llin e  (10 uM), reduced the IPSP and re su lte d  
in the  development of paroxysmal d ep o la riz in g  s h i f t s  
w ith a f te rd is c h a rg e s .  Spontaneous paroxysmal d ep o la r
iz in g  s h i f t s  were observed in h igher c o n cen tra tio n s  of 
p ic ro to x in  (100 uM). E x cita to ry  amino acid antagon
i s t s ,  DL-2-am ino-5-phosphonovalerate (DL-APV, 50 uM) 
and ϒ-D -glutam ylglycine (ϒ-DGG, 100 uM) re v e rs ib ly  
depressed  the e p ile p tifo rm  b u rs t  f i r in g .  The e f fe c t  of 
phencyclid ine  (PCP, 1 uM) was s im ila r  but not r e v e r s i 
b le .  These r e s u l ts  suggest th a t  N -m ethy l-d -asparta te  
(NMDA) re ce p to rs  may c o n tr ib u te  to  e p ile p tifo rm  
a c t iv i ty  induced by convulsan ts in BLAN neurons. Kin
d lin g , a chron ic  model of e p ile p sy , was produced by 
d a ily  ad m in is tra tio n  of a subconvulsive stim ulus 
through an e le c tro d e  implanted in the  b a so la te ra l  
nucleus of the amygdala. A c o n tr a la te ra l  b ra in  s l ic e  
was prepared 28 days a f te r  k in d lin g  was com plete. 
S tim u la tio n  of the s t r i a  te rm in a lis  evoked ep ile p tifo rm  
a c t iv i ty  in  a kindled  r a t .  DL-APV, (50 uM) as w ell as 
a tro p in e  (0.5 uM) antagonized the  kindled  e p ile p tifo rm  
a c t iv i t y .  These da ta  suggest th a t  chronic e p ile p tifo rm  
a c t iv i ty  induced in vivo is  m aintained in the amygdala 
b ra in  s l i c e  and th a t  NMDA and m uscarin ic  re ce p to rs  may 
be involved in amygdala k in d lin g .

374 4 KINDLING-LIKE STIMULI INDUCE A REDUCTION OF INHIBITION AND 
EPILEPTIFORM DISCHARGES IN THE IN VITRO HIPPOCAMPUS. 
A. Stelzer*. N.T. Slater and G. ten Bruggencate. Physiology Institute, University 
of Munich, Pettenkoferstrasse. 12, D-8000 Munich 2, W. Germany, and 
Department of Physiology, Northwestern University Medical School, Chicago, IL 
60611 U.S.A.

The application of repeated tetani to the Schaffer collateral-commisural fiber 
pathway to CA1 neurons in the guinea-pig hippocampus in vitro produces a 
progressive enhancement of synaptic efficacy associated with long-term 
potentiation leading to the genesis of both spontaneous and stimulation-evoked 
epileptiform discharges1. This tetanus-induced hyperexcitability was not 
associated with altered cellular excitability, but was synaptic in origin and 
dependent on the repeated activation of NMDA receptors1. Previous in vitro 
models of epilepsy have stressed the importance of changes in synaptic inhibition 
as an underlying cause for increased synaptic excitation and the genesis of 
paroxysmal depolarization shifts (PDSs) in hippocampal neurons. We have 
explored to what extent altered synaptic inhibition may contribute to the 
epileptiform activity induced by this in vitro model of kindling. Intra- and 
extracellular recordings were made in the stratum pyramidale of guinea-pig 
hippocampal slices in which the CA3 subfield was removed by dissection as 
previously described1. Tetani (5  trains at 50 Hz, 2 s, delivered at 10 s intervals) 
were applied to the stratum radiatum every 30 min and the orthodromic ipsps 
evoked by test stimuli applied to stratum radiatum, or antidromic ipsps evoked by 
stimulation of the alveus were examined 25 min after each preceding tetanus. 
Depolarizing and hyperpolarizing current pulses were also applied to test for 
changes in input resistance and cellular excitability. The application of kindling
like tetani produced a progessive decrease in the magnitude of both phases of the 
orthodromic ipsps, as well as a reduction of the monophasic antidromic ipsp. 
After 4 tetani ipsps were reduced to 20% or less of control values. No changes in 
mean resting potential, input resistance, spike accomodation or 
afterhyperpolarizations were associated with these marked decreases in ipsp 
amplitude. Spontaneous ipsps recorded with KCl-filled microelectrodes were 
similarly affected, being reduced in both frequency and amplitude to 10% or less 
after 4 tetani. This reduction of both stimulus-evoked and spontaneous ipsps was 
matched by the appearance of both stimulus-evoked and spontaneous PDSs when 
higher stimulus intensities were applied. In contrast to this reduction of ipsps 
induced by tetani in normal solution, the application of tetani to slices in the 
presence of the NMDA receptor antagonist D-APV had no effect on ipsps. 
Following the washout of D-APV further tetani then produced a reduction of 
ipsps. These results provide evidence for the hypothesis that both the reduction of 
inhibition and the development of epileptiform activity in this in vitro model of 
epilepsy are mediated through the activation of NMDA receptors within synaptic 
pathways intrinsic to the CA1 hippocampal subfield.
Supported by Sonderforschungsbereich 220, Teilprojekt B2.
1N.T. Slater, A. Stelzer and M. Galvan. Neuroscience Lett., 60: 25-31 (1985).

374.5 GOLGI STUDIES REVEAL DIFFERENCES IN DENDRITIC SPINES 
BETWEEN SEPTAL KINDLED RATS AND CONTROLS. L.A. Paul1 * and 
C.G. Wasterlain2 (SPON: Y. Gerson). 1,2Dept. of Neurology, School of 
Medicine, UCLA, Los Angeles. CA 90024, and 2Dept. of Neurology, VAMC, 
Sepulveda, CA 91343.

Repeated low-intensity electrical stimulation through implanted electrodes for 
small amounts of time leads to progressively increasing afterdischarges and 
eventually elicits seizures in several species ("kindling"). Although the behavioral 
and electrophysiological changes associated with kindling are dramatic, no 
clear-cut anatomical alterations have been noted. In search of morphological 
correlates of the kindling phenomenon, we kindled rats through the medial septum 
(400 µA, 1 sec., 60Hz, AC; once per day) and stained the brains with a Golgi 
variant.

Horizontal brain sections from 8 rats (4 kindled, 4 controls) were cut and 
mounted on glass slides and the slides re-coded to eliminate experimenter bias. 
Photographs of well-stained spined dendrites in hippocampal region CA3, both 
apical and basilar, which met certain criteria were taken through the microscope at 
100X by one investigator (L.P.). This resulted in a pool of dendrites of different 
orders (secondary, tertiary, quaternary) and different diameters.

Following the establishment of criteria based on careful viewing of these 
dendrites at high magnification prior to slide relabelling, the photographs were 
ranked according to their conformity to morphological criteria by the other 
investigator (C.W.). These criteria included spine shape (long, with narrow neck 
vs. short and stubby) and overall spine heterogeneity on a particular dendrite. 
Spines of a given order were analyzed separately. No differences were seen 
between kindled and control rats for apical shafts, secondary apical dendrites, or 
for basilar dendrites.

Third- and fourth-order segments from the two groups, however, were 
successfully distinguished. Using the Mann-Whitney test for two independent 
samples, we established a difference between kindled and control rats (p p< 0.01). 
Kindled animals had dendritic spines which were shorter, stubbier, and more 
homogeneous, while control spines appeared longer, with narrow necks. Along a 
control dendrite, more varied spine morphologies were found.

We are continuing qualitative and quantitative analyses of this problem, using 
additional control groups.

Supported by the Research Service of the Veteran's Administration, the 
Epilepsy Foundation of America, and the Hereditary Disease Foundation .

374.6 THE RETICULAR THALAMIC NUCLEUS: A PACEMAKER FOR SPINDLE RHYTHMS. 
M. S te r ia d e ,  L. Domich, M. Deschê nes and G. Oakson*. Lab. Neuro- 
p h y s i o l  School o f M edicine,U niv .Laval.Q uebec,C anada G1K 7P4.

Sequences o f  EEG sp in d le  waves (7-15 Hz) re c u r  p e r io d ic a l ly  
(0 .1 -0 .3  Hz) during  n a tu ra l s lee p  o r b a r b i tu r a te  a n e s th e s ia ,  and 
a re  g en e ra ted  w ith in  th e  thalam us in  th e  to t a l  absence o f ce reb ra l 
co r te x  and b ra in s tem . A fte r  d isco n n e c tio n  from in p u ts  a r is in g  in 
th e  r e t i c u l a r  th a lam ic  nucleus (RE), sp in d le  rhythms a re  abo lished  
in  th a la m o c o rtic a l neurons d e s p ite  th e  f a c t  th a t  b a s ic  i n t r in s ic  
p ro p e r t ie s  a re  p rese rved  in  th e se  elem ents ( J .  N europhysio l. 1985, 
54: 1473-1497). We now r e p o r t  t h a t  sp in d le  rh y th m ic ity  p e r s is ts  
in  d e a ffe re n te d  RE neurons.

U nit d isch a rg es  and fo ca l waves were e x t r a c e l lu la r ly  recorded 
in  th e  r o s t r a l  po le  o f RE nucleus which was com pletely  d isconnec
te d  by t r a n s e c t io n s  from a l l  o th e r  th a lam ic  n u c le i .  In  some expe
r im e n ts , c o r t i c a l  a f f e r e n ts  to  th e  r o s t r a l  RE po le  were a lso  
severed  by a p p ro p r ia te  t r a n s e c t io n s .  S im ila r  r e s u l t s  were o b ta i
ned in  two ty p es  o f acu te  e x p e r im e n t s :b r a in s te m - tr a n s e c te d  p re 
p a ra t io n s  t h a t  e x h ib ite d  spontaneous sp in d le  sequences and anim als 
under ketam ine a n e s th e s ia  in  which t r a n s i e n t  s p in d lin g  was rep ea
te d ly  p r e c ip i t a te d  by low doses o f a s h o r t- a c t in g  b a r b i tu r a te .

Both sp in d le  rhythms (7 -15  Hz and 0 .1 -0 .3  Hz) were seen in 
focal re co rd in g s  o f th e  d e a ffe re n te d  RE n u c leu s . The presence  of 
sp in d lin g  rh y th m ic ity  in  th e  d isco n n ec ted  RE nucleus c o n tra s te d  
w ith  to t a l  absence o f s p in d le s  in  c o r t ic a l  EEG. le ad s  and in  th a la 
mic reco rd in g s  behind th e  t r a n s e c t io n .  O s c i l l a t io n s  w ith in  the 
same frequency  range as t h a t  o f spontaneous sp in d le s  were evoked 
in  th e  d e a ffe re n te d  RE nucleus by s u b c o r tic a l w hite  m a tte r  stim u
la t i o n .  Q u a n ti ta t iv e  group d a ta  showed th a t  th e  b u r s t  param eters 
o f d isco n n ec ted  RE c e l l s  were in  a l l  re s p e c ts  id e n tic a l  to  those 
o f RE neurons w ith  i n t a c t  conn ec tio n s  ( J .  P h y s io l.L o n d ., in 
p r e s s ) .  In th e  d e a ffe re n te d  RE n u c le u s , sp ik e  b u rs ts  o f RE neu
rons re c u rre d  p e r io d ic a l ly  in  c lo se  t im e - r e la t io n  w ith  s im u lta 
neously  reco rded  focal s p in d le  sequences. The g r e a t  re d u c tio n  in  
b u rs t  occu rren ce  o f d e a ffe re n te d  RE c e l l s  a f t e r  system ic adm inis
t r a t i o n  o f b ic u c u ll in e  su p p o rts  th e  assum ption th a t  rhythm ic sp ike 
b u rs ts  o f RE c e l l s  a re  g en e ra ted  th rough in tra -R E  in h ib i to ry  
in t e r a c t io n s  (B rain  Res. 1985,  334: 165-168).

The p re s e rv a t io n  o f both s p in d le - r e la te d  rhythms in  th e  d isco n 
nec ted  RE n u c leu s , to g e th e r  w ith  th e  a b o l i t io n  o f s p in d le  o s c i l l a 
t io n s  in  tha lam ic  n u c le i a f t e r  le s io n s  o f RE n u c leu s , dem onstrate 
th a t  RE nucleus i s  th e  pacemaker o f s p in d le  rhythm s.

Supported by MRC g ra n ts  MT-3689 and MT-5877.
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374.7 BEHAVIORAL DYSFUNCTION FOLLOWING SYSTEMIC ADMINISTRATION OF 
KAINIC ACID: NEUROANATOMICAL AND NEUROPHYSIOLOGICAL CORRELATES. 
N.W. M ilg ram . D ep t. o f  P s y c h o lo g y , S c a rb o ro u g h  Campus, U n iv . 
T o ro n to , W est H i l l ,  O n t . ,  Canada MIC 1A4.

S y s te m ic  a d m i n i s t r a t i o n  o f  k a in i c  a c id  (KA) can  t r i g g e r  r e 
c u r r e n t  c o n v u ls iv e  s e i z u r e s  and  a  s u b s e q u e n t  p a t t e r n  o f  b r a i n  
damage w h ich  c lo s e l y  c o r r e s p o n d s  t o  t h e  b r a i n  damage o b s e rv e d  
i n  te m p o ra l  lo b e  e p i l e p t i c s .  The p r e s e n t  r e s e a r c h  s tu d i e d  th e  
lo n g - te rm  b e h a v io r a l  c o n seq u e n c e s  o f  t r e a tm e n t  w i th  KA. R a ts  
r e c e iv e d  a  s u b c u ta n e o u s  i n j e c t i o n  o f  10 m g /k g , a  one week r e 
c o v e ry  i n t e r v a l ,  and  w ere  th e n  t e s t e d  f o r  a c t i v i t y  i n  an  open  
f i e l d ,  a c q u i s i t i o n  o f  a  p a s s iv e  a v o id a n c e  r e s p o n s e ,  and  f o r  
s p a t i a l  l e a r n in g  a b i l i t y  u s in g  a  w a te r  m aze. T h e re  w ere  h ig h ly  
s i g n i f i c a n t  d i f f e r e n c e s  b e tw een  th e  KA g ro u p  and c o n t r o l s  on 
a l l  t h r e e  t a s k s ;  KA p ro d u ce d  an in c r e a s e  i n  a c t i v i t y  and  r e 
t a r d a t i o n  in  p a s s iv e  a v o id a n c e  and  s p a t i a l  l e a r n i n g .  The 
g ro u p s  w ere  s u b s e q u e n t ly  r e t e s t e d  a f t e r  a  two m onth re c o v e ry  
p e r io d .  The KA g ro u p  showed p o o r r e t e n t i o n  o f  p r e v io u s ly  
a c q u ir e d  p a s s iv e  a v o id a n c e ,  a  s i g n i f i c a n t  d e f i c i t  i n  t h e  a c q u i 
s i t i o n  o f  a  new p a s s iv e  a v o id a n c e ,  and  s i g n i f i c a n t l y  m ore 
a c t i v i t y  th a n  th e  c o n t r o l s .  H ow ever, t h e  p e rfo rm a n c e  on a  
s p a t i a l  l e a r n in g  t a s k  was no lo n g e r  d i f f e r e n t  from  t h a t  o f  th e  
c o n t r o l s .

The b e h a v io r a l  d e f i c i t s  w ere  c o r r e l a t e d  w i th  b o th  a n a to m ic a l  
and n e u r o p h y s io lo g ic a l  c o n se q u e n c e s  o f  KA. P a s s iv e  a v o id a n c e  
and  open f i e l d  a c t i v i t y  c o r r e l a t e d  w i th  e x te n t  o f  damage t o  a  
v e n t r a l  f o r e b r a in  r e g io n  w h ich  in c lu d e d  t h e  p i r i f o r m  c o r t e x ,  
e n to r h i n a l  c o r t e x  and  a m y g d a la . W ater maze p e rfo rm a n c e  was 
fo u n d  to  v a ry  w i th  e f f i c a c y  o f  i n tr a h ip p o c a m p a l  s y n a p t i c  t r a n s 
m is s io n .  T h is  was s tu d i e d  by t r a c i n g  f i e l d  p o t e n t i a l s  t r i g g e r e d  
i n  C al by s t i m u l a t i o n  o f  CA3, and  p o t e n t i a l s  t r i g g e r e d  in  
d e n ta t e  g y ru s  by s t i m u l a t i o n  o f  a n g u la r  b u n d le .  I n  b o th  p a th 
w ay s, f i e l d  p o t e n t i a l s  w ere  i n i t i a l l y  a b o l i s h e d  b u t  showed a 
r e c o v e r y  o v e r  s e v e r a l  w eek s. R eco v ery  o f  s p a t i a l  l e a r n in g  
fo llo w e d  a  s i m i l a r  t im e  c o u r s e .

The r e s u l t s  s u g g e s t  t h a t  KA p ro d u c e s  b o th  p e rm an en t b e 
h a v io r a l  d e f i c i t s ,  w h ich  a r e  r e l a t e d  to  d e g e n e r a t iv e  p r o c e s s e s ,  
and  m ore t r a n s i e n t  d e f i c i t s  w h ich  may b e  a  c o n seq u e n c e  o f  
i n t e n s e  e p i l e p t i f o r m  a c t i v i t y .  T h is  p r e p a r a t i o n  may p r o v id e  a 
u s e f u l  a n im a l m odel f o r  s tu d y in g  b e h a v io r a l  d e f i c i t s  r e s u l t i n g  
from  te m p o ra l  lo b e  d y s f u n c t io n .  R e le v a n t  human n e u r o l o g i c a l  
d i s o r d e r s  i n c lu d e  te m p o ra l  lo b e  e p i l e p s y  and  A lz h e im e r 's  
d i s e a s e .

374.8 NEUROCHEMICAL, HORMONAL AND BEHAVIORAL RESPONSES TO GRADED STRESS
ORS IN ISOLATE RATS. R.R. Holson*, S.F. Al i , A.C. S ca l le t ,  G.D. 
Newport* and W. Sl ikker ,  J r . * . (SPON: R.E. S tu l l ) .  Division of 
Reproductive and Developmental Toxicology, National Center for 
Toxicological Research, J ef fe rson ,  AR 72079.

Iso la tion  rearing involves the de l ibera te  withholding of  most 
forms of experience. When animals reared in i so la t ion  are then 
exposed to unfamiliar stimuli l a t e r  in l i f e ,  th e i r  response is  
often one of f e a r ,  presumably due to the high novelty of most 
s t im uli .  To determine whether iso la t ion  rearing causes a primary 
increase in fear or t im id i ty ,  two experiments were conducted. In 
both, subjects  were male and female albino r a t s .  All subjects  
were reared e i th e r  in i s l a t io n  (ISOL) or in social pairs  (SOC) 
from weaning on postnatal day (PND) 21 unti l tes t ing  began on PND 
90. At th a t  time, ra ts  from each experiment were subdivided into 
three  graded s t re s s  groups. In Experiment 1, s t re sso rs  were 
handling, no handling, or pr ior  e lectroshock.  All subjects  were 
then given four behavioral t e s t s :  open f i e ld  a c t i v i t y ,  emergence 
la tency,  auditory  s t a r t l e  response, and la tency to accept food 
from the experimenter. In Experiment 2, the three graded s t r e s s 
ors were a 5-minute forced swim, a 20-minute forced swim, or no 
swim. Subjects were decapita ted a t  the end of the swim, blood was 
co l lec ted ,  and brains were dissected into frontal  pole, caudate 
nucleus and nucleus accumbens. Plasma was assayed by RIA for 
cort icos terone.  Brain regions were assayed for dopamine (DA) and 
metabolites (DOPAC and HVA) by HPLC with electrochemical detec
t ion .  In ne i ther  experiment was there  an in te rac t ion  between 
s t re s s  and rearing condition. However, a va r ie ty  of  rearing 
e f fec ts  was seen. On the behavioral t e s t s ,  iso la tes  showed 
slowing of adaptation to the open f i e l d ,  a reduction in audi tory  
s t a r t l e  amplitude, reduced freezing on the emergence ta sk ,  and 
increased will ingness to eat  from the experimenter's hand among 
handled r a t s .  Iso la t ion  caused a drop in the concentrat ion of 
DOPAC and HVA in frontal  pole but not caudate nucleus, as reported 
by Blanc e t  al. (1980). Plasma corticosterone leve ls  were in 
creased in a graded fashion by the forced swims, but there  was no 
d ifference  between rearing condit ions.  Thus, these experiments 
provide no evidence tha t  iso la t ion  rearing produces a primary, 
global increase in fearfu lness .  They do suggest th a t  such rearing 
may impair development of  prefrontal cortex ,  leading to a ra ther  
general d is in h ib i t io n  of prepotent behavioral responses.

374.9 INDUCTION OF HIPPOCAMPAL LONG-TERM POTENTIATION USING  
PHYSIOLOGICALLY PATTERNED STIMULATION. G.M . R o se  an d  T .V . 
D u n w id d i e . M e d ic a l  R e s e a r c h  S e r v i c e ,  VAMC, an d  D e p t .  o f  
P h a rm a c o lo g y , UCHSC, D e n v e r , CO 80220 .

W ith in  th e  l a s t  d e c a d e ,  much o f  th e  s e a r c h  f o r  p h y s io l o g ic a l  
s u b s t r a t e s  f o r  memory h a s  f o c u s s e d  upon an  e l e c t r o p h y s i o l o g i c a l  
phenom enon c a l l e d  l o n g - te rm  p o t e n t i a t i o n  (L T P ). LTP i s  m a n i f e s te d  
a s  a lo n g  l a s t i n g  i n c r e a s e  i n  s y n a p t i c  e f f i c a c y  fo l lo w in g  h ig h  
f re q u e n c y  e l e c t r i c a l  s t i m u l a t i o n ;  i t  o c c u rs  i n  s e c o n d s  and may l a s t  
f o r  w e e k s , and  th u s  m ee ts  t h e  te m p o ra l  c r i t e r i a  f o r  a mnemonic 
p r o c e s s .  A p ro b le m  w i th  r e l a t i n g  LTP to  an  e n d o g en o u s m echanism  
f o r  memory fo rm a tio n  i s  t h a t  t h e  s t i m u l a t i o n  p a ra m e te r s  commonly 
u se d  f o r  i t s  i n d u c t io n  a r e  w e l l  beyond th e  n o rm a l p h y s io l o g ic a l  
f i r i n g  r a n g e  o f  h ip p o ca m p a l n e u ro n s .  We c o n s id e r e d  th e  p o s s i b i l i t y  
t h a t  th e  t h r e s h o ld  f o r  th e  in d u c t io n  o f  LTP m ig h t be  red u c e d  i f  th e  
p a t t e r n  o f  s t i m u l a t i o n  m ore a c c u r a t e l y  r e f l e c t e d  n o rm a l n e u ro n a l  
f i r i n g .

E x p e r im e n ts  w ere  c o n d u c te d  u s in g  th e  i n  v i t r o  h ip p o ca m p a l s l i c e  
p r e p a r a t i o n .  R esp o n ses  w ere  r e c o rd e d  in  th e  CA-1 p y ra m id a l  c e l l  
l a y e r  f o l lo w in g  a c t i v a t i o n  o f  t h e  c o m m is s u r a l / a s s o c i a t io n a l  a f f e r -  
e n t s .  S t im u lu s  i n t e n s i t i e s  w e re  a d j u s t e d  t o  e v o k e  a  1 -2  mv 
p o p u la t i o n  s p ik e .  L a s t i n g  (> 30 m in u te )  i n c r e a s e s  o f  t h e  p o p u la 
t i o n  s p ik e  c o u ld  be evoked  'b y  th e  p a t t e r n e d  p r e s e n t a t i o n  o f  a s  few 
a s  4 s t i m u l u s  p u l s e s .  The m o s t  e f f e c t i v e  p a t t e r n  o f  s t i m u l u s  
p r e s e n t a t i o n  was a  s in g l e  p r im in g  p u l s e  fo llo w e d  170 ms l a t e r  by a 
s h o r t  t r a i n  o f  3 o r  m ore p u l s e s  a t  100 Hz; c o n t r o l  t r a i n s  o f  5 
p u l s e s  a t  25 o r  100 Hz h ad  no  e n d u r in g  e f f e c t .  The m ost e f f e c t i v e  
i n t e r v a l  b e tw e en  th e  p r im in g  p u ls e  and s u b s e q u e n t  s t i m u l i  was 
a p p ro x im a te ly  140-170  m s; i n t e r v a l s  l e s s  th a n  100 ms o r  g r e a t e r  
th a n  500 ms had  l i t t l e  lo n g - te rm  e f f e c t  on r e s p o n s e  a m p l i tu d e .  A 
t o t a l  o f  a t  l e a s t  4 s t i m u l i  ( 1 + 3 )  was n e c e s s a r y  t o  e l i c i t  a  l a s t 
in g  i n c r e a s e  in  t h e  p o p u la t i o n  s p ik e ;  from  t h i s  t h r e s h o ld ,  th e  
m a g n itu d e  o f  t h e  ch an g e  was p r o p o r t i o n a l  t o  t h e  num ber o f  s t i m u l i  
d e l i v e r e d  fo l lo w in g  th e  p r im in g  p u l s e  (up  t o  1 0 ) .  T h is  p rim ed  
b u r s t  (PB) p o t e n t i a t i o n  was s i m i l a r  i n  b o th  t im e c o u r s e  and d u r a t i o n  
to  th e  LTP in d u c e d  by 100 H z/1  s e c  s t i m u l a t i o n .  H ow ever, u n l ik e  
LTP in  CA-1, PB p o t e n t i a t i o n  c o u ld  be in d u ce d  h e t e r o s y n a p t i c a l l y  i f  
th e  p r im in g  p u l s e  and s u b s e q u e n t  t r a i n  w ere d e l i v e r e d  t o  d i f f e r e n t  
d e n d r i t i c  f i e l d s ;  i n  t h e s e  c a s e s ,  o n ly  t h e  l a s t - s t i m u l a t e d  in p u t  
was p o t e n t i a t e d .  A n tid ro m ic  a c t i v a t i o n  o f  t h e  p y ra m id a l  c e l l s  was 
n o t  e f f e c t i v e  a s  a  p r im in g  p u l s e .  The p o t e n t i a t i n g  e f f e c t s  o f  PB 
and LTP t r a i n s  w ere n o t  a d d i t i v e ,  s u g g e s t in g  t h a t  th e y  s h a re  a 
common m echan ism .

In  sum m ary, p a t t e r n s  o f  a f f e r e n t  s t i m u l a t i o n  w e l l  w i t h in  th e  
p h y s io l o g ic a l  r a n g e  c a n  in d u c e  l a s t i n g  in c r e a s e s  i n  th e  e f f i c a c y  o f  
h ip p o ca m p a l c o n n e c t io n s .

T h is  w ork  was s u p p o r te d  by th e  V e te ra n s  A d m in is t r a t io n  M e d ic a l 
R e s e a rc h  S e r v ic e  and  USPHS g r a n t  DA 0270 2 .

374.10  LONG TERM POTENTIATION IN THE DENTATE GYRUS: INDUCTION BY 
ASYNCHRONOUS VOLLEYS IN SEPARATE AFFERENTS. J .  W inson and D. D ahl 
The R o c k e f e l l e r  U n i v e r s i t y ,  New Y o rk , N.Y. 10021

Long te rm  p o t e n t i a t i o n  (LTP) o f  p e r f o r a n t  p a th  ( P P ) -g r a n u le  c e l l  
s y n a p t i c  e f f i c i e n c y  was f i r s t  r e p o r t e d  f o l lo w in g  t r a i n s  o f  
s t i m u l i  a p p l i e d  to  t h e  PP a t  1 0 -100  Hz f o r  2 -2 0  s e c .  I t  was su b 
s e q u e n t ly  r e p o r t e d  t h a t  LTP was m o st r e l i a b l y  e l i c i t e d  by s t i m u l i  
a p p l i e d  a t  400 Hz (D o u g las , B ra in  R e s . , 1 2 6 :3 6 1 , 1977) and 
s h o r t e r  t r a i n s  o f  p u l s e s  a t  t h i s  f re q u e n c y  a r e  c u r r e n t l y  u t i l i z e d .  
The p r e s e n t  s tu d y  was u n d e r ta k e n  to  q u a n t i f y  th e  r e l a t i v e  
e f f i c i e n c y  o f  400 Hz s t i m u l a t i o n  i n  in d u c in g  LTP in  th e  d e n ta t e  
g y ru s  and  to  a s c e r t a i n  how t h i s  h ig h  f re q u e n c y  e f f e c t  m ig h t b e  
r e a l i z e d  i n  th e  n o rm a l a n im a l.

I n  u r e th a n e - a n e s th e t i z e d  r a t s ,  low  i n t e n s i t y ,  r e p e t i t i v e  (LTP) 
s t i m u l a t i o n  (5 t r a i n s  o f  5 p u l s e s  e a c h ,  t r a i n s  s e p a r a te d  by 1 s e c )  
w ere  a p p l i e d  to  th e  g r a n u le  c e l l s  v i a  e i t h e r  th e  m e d ia l  o r  l a t e r a l  
PP . The f r e q u e n c ie s  o f  s t i m u l a t i o n  w ere  e i t h e r  1 0 0 , 200, 300 o r  
400 H z. LTP c u r r e n t  l e v e l s  w e re  r a i s e d  i n c r e m e n ta l l y  u n t i l  LTP o f 
th e  EPSP was a c h ie v e d .  S i g n i f i c a n t  and  s u b s t a n t i a l  LTP was p r e 
f e r e n t i a l l y  in d u c e d  by  400 Hz s t i m u l a t i o n  a s  com pared  to  t h e  lo w er 
f r e q u e n c ie s .

S im i la r  low  i n t e n s i t y  s t i m u l a t i o n  was th e n  a p p l i e d  a t  200 Hz to  
e i t h e r  th e  m e d ia l  o r  l a t e r a l  PPs s e p a r a t e l y ,  to  b o th  p a th w ay s  
s im u l ta n e o u s ly  ( a c h ie v e d  by  a l i g n i n g  th e  r e s p e c t i v e  f i b e r  v o l le y s )  
o r  a s y n c h r o n o u s ly .  I n  th e  a sy n c h ro n o u s  c o n d i t i o n ,  s t i m u l a t i o n  
from  one p a thw ay  was d e la y e d  2 .5  m sec w i th  r e s p e c t  to  th e  o t h e r ,  
th u s  p r o v id in g  a  c o m p o s ite  400 Hz s t im u lu s  to  th e  g r a n u le  c e l l  
d e n d r i t e .  LTP c u r r e n t  l e v e l s  w ere  r a i s e d  i n c r e m e n ta l l y  u n t i l  
LTP w as o b s e rv e d .  S u b s t a n t i a l  and s i g n i f i c a n t  LTP o f  b o th  th e  
EPSP and  p o p u la t i o n  s p ik e  w as in d u c e d  p r e f e r e n t i a l l y  by 
a s y n c h ro n o u s  s t i m u l a t i o n .

T h ese  d a ta  show a c l e a r  s e n s i t i v i t y  o f  LTP to  400 Hz s t i m u l a t i o n  
and  f u r t h e r  s u g g e s t  t h a t ,  i n  th e  n o rm a l a n im a l,  lo w e r f re q u e n c y  
p h y s io l o g ic a l  in p u t  v o l l e y s  a r r i v i n g  a s y n c h ro n o u s ly  a t  m e d ia l  
and l a t e r a l  PP sy n a p se s  may in d u c e  LTP by a c t i v i t i n g  a  400 Hz 
s e n s i t i v e  m echanism  t h a t  i s  c a p a b le  o f  i n t e g r a t i n g  s p a c i a l l y  
s e p a r a te d  g r a n u le  c e l l  i n p u t s .
(S u p p o rte d  by NIMH R e s e a rc h  S c i e n t i s t  D evelopm ent Award 
5-K02-MH00232, NSF G ra n t  BNS 8209875 , and a  G ra n t  from  th e  H arry  
F . Guggenheim  F o u n d a tio n  to  J .  W in so n ).
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374.11 EFFECTS OF ALCOHOL ON PAIRED PULSE INHIBITION-AND POTENTIATION ON 
CA1 OF THE RAT HIPPOCAMPUS. J . F .  O tt* , B .E . ,  H u n te r  and D.W. 
W alk e r . U n iv . o f  F lo r id a  C ol. o f  Med. and  V.A. H o s p i ta l ,  
G a i n e s v i l l e ,  FL 32610

T h is  s tu d y  was c o n d u c te d  a s  p a r t  o f  an o n g o in g  p r o j e c t  to  
u n d e rs ta n d  th e  e f f e c t s  o f  f e e d  fo rw a rd  (F F I)  and r e c u r r e n t  
i n h i b i t i o n  (R I) in  t h e  CA1 o f  t h e  r a t  h ippocam pus and to  
u n d e rs ta n d  how c h ro n ic  e th a n o l  t r e a tm e n t  (CET) a f f e c t s  th e s e  
i n h i b i t o r y  m echan ism s. To h e lp  d i s s o c i a t e  FFI from  RI e f f e c t s ,  
p a i r e d - p u l s e  s t i m u l a t i o n  was d e l i v e r e d  to  CA1 in  e i t h e r  
o r th o d r o m ic /o r th o d ro m ic  ( 0 /0 )  o r  a n tid r o m ic /o r th o d r o m ic  (A/O) 
p a i r s .  To e v a lu a t e  e th a n o l  e f f e c t s  on 0 /0  and  A /0 p a i r s ,  in  v iv o  
e x p e r im e n ts  w ere  c o n d u c te d  i n  r a t s  h a v in g  CET o r  i n  s u c ro s e  
p a i r f e d  10 m onth o ld  m ale  F i s c h e r  344 r a t s .

R a ts  w ere  g iv en  a  n u t r i t i o n a l l y  co m p le te  e th a n o l  (g ro u p  E) o r  
s u c r o s e - c o n ta in in g  (g ro u p  S) l i q u i d  d i e t  f o r  20 w eek s. Ad l i b  la b  
chow and w a te r  w ere th e n  g iv e n  t o  t h e  a n im a ls  f o r  a t  l e a s t  8 w eeks 
p r i o r  t o  a c u te  e l e c t r o p h y s i o l o g i c a l  m a n ip u la t io n s .  C o n c e n tr ic  
b i p o l a r  e l e c t r o d e s  w ere p la c e d  in  s t r a tu m  ra d ia tu m  a t  th e  CA1-CA2 
b o r d e r  f o r  o r th o d ro m ic  s t i m u l a t i o n  and  t i n  th e  a lv e u s  f o r  
a n t id r o m ic  s t i m u l a t i o n .  G la s s  m ic r o p ip e t te s  w ere  p o s i t i o n e d  in  
s t r a tu m  o r ie n s  o r  ra d ia tu m  to  r e c o r d  EPSP o r  p o p u la t i o n  s p ik e  (PS) 
r e s p o n s e s .  To a llo w  c o m p a riso n  b e tw een  a n im a ls ,  p e rc e n ta g e s  o f  PS 
maximum o r  EPSP a t  PS t h r e s h o ld  w ere  u se d  r a t h e r  th a n  a b s o lu t e  
a m p l i tu d e s .  O rth o d ro m ic  c o n d i t i o n  p u ls e  i n t e n s i t i e s  o f  25% and  75% 
o f  t h e  PS maximum w ere u s e d  as  w ere  t h e  c u r r e n t  i n t e n s i t y  a t  th e  PS 
t h r e s h o ld  and  25%, 50% and 75% o f  t h e  EPSP a t  PS th r e s h o ld .  
A n tid ro m ic  c o n d i t io n  c u r r e n t  i n t e n s i t i e s  w ere  e i t h e r  25% o r  75% o f  
th e  a n t id r o m ic  PS maximum. T e s t  p u l s e  c u r r e n t  i n t e n s i t i e s  w ere  
e i t h e r  25% o f  t h e  PS maximum o r  50% o f  EPSP a t  PS th r e s h o ld .  
I n t e r p u l s e  i n t e r v a l s  ra n g e d  from  20 -3 0 0 0  m sec.

CET p ro d u c e s  e f f e c t s  in  CA1 w ith  p a i r e d  p u l s e  in  F i s c h e r - 344 
r a t s  s i m i l a r  t o  e f f e c t s  found  in  Long-Evans r a t s ,  a s  we p r e v io u s ly  
r e p o r t e d  (R o g e rs ,  e t  a l . ,  Soc. f o r  N e u ro s c i.  A b s t r . ,  1 0 :3 0 5 . 7 , 
1 9 8 3 ). W hile  t h e r e  a r e  few s t a t i s t i c a l l y  s i g n i f i c a n t  a l t e r a t i o n s  
in  PS a m p l i tu d e  o r  t h e  EPSP, t h e r e  a r e  a  num ber o f  t r e n d s .  W ith 
A /O s t i m u l a t i o n ,  one f i n d s  g roup  E l e s s  i n h i b i t e d  a t  I P I ' s  l o n g e r  
th a n  30 m sec th a n  g ro u p  S. W ith 0 /0  s t i m u l a t i o n ,  g ro u p  E and 
g ro u p  S show s i m i l a r  t e s t  p u l s e  a m p l i tu d e s  when p a i r e d  w i th  lo w e r  
a m p l i tu d e  c o n d i t i o n in g  p u l s e s  (2 5 ,  50 and 75% EPSP a t  PS t h r e s h o ld )  
a t  a l l  I P S 's .  At g r e a t e r  a m p l i tu d e  t e s t  p u l s e s  ( t h r e s h o l d  and  25 
and  75% PS maximum, g roup  E showed s i m i l a r  i n h i b i t e d  PS a m p l i tu d e s  
a t  s h o r t  I P I ' s  (2 0 , 30 m se c ) ,  b u t  w ere much m ore p o t e n t i a t e d  th a n  
g ro u p  S a t  IP E 's  lo n g e r  th a n  30 m sec.

These f in d in g s  i n d i c a t e  t h a t  CET in c r e a s e s  p o t e n t i a t i o n ,  b u t  
o n ly  in  0 /0  p a i r e d  p u l s e s  an d  o n ly  a t  lo n g e r  I P I ' s .

S u p p o rte d  by V e te ra n s  A d m in is t r a t io n ,  G ra n ts  AA05793,AA0200 
F e l lo w s h ip  AA05181 ( J F O) and  RCDA AA0065 (BEH). * P r e s e n t  a d d re s s  -  
Lab I ,  The E v e rg re e n  S t a t e  C o l le g e ,  O lym pia , Wa 98505

374.12 INFLUENCE OF VARIOUS DELAYS OF REINFORCEMENT UPON ACQUISITION OF 
OPERANT AUTOSHAPED BEHAVIOR IN 25 DAY OLD RATS. C .A . Cohen* ,  
M.E. L ip to n * ,  and  S .B . S p a r b e r . D e p ts .  o f  P sy c h o lo g y  and  
P h a rm aco lo g y , U n iv e r s i ty  o f  M in n e so ta , M in n e a p o l is ,  MN 55455.

P r e v io u s  s t u d i e s  i n d i c a t e  t h a t  m ale  Long Evans r a t s  w i th  
l im b ic  s y s te m  l e s i o n s  c a u se d  by th e  o rg a n o m e ta l  n e u ro to x in  
t r i m e t h y l t i n  c a n  l e a r n  a  fo rw a rd ,  fo o d  r e i n f o r c e d  a u to s h a p e d  l e v e r  
to u c h  b e h a v io r ,  i f  th e  fo o d  r e i n f o r c e r  i s  d e l i v e r e d  im m e d ia te ly . 
H ow ever, i f  a  s i x  seco n d  d e la y  i s  i n te r p o s e d  b e tw e en  th e  l e v e r  
r e t r a c t i o n  and  th e  fo o d  p e l l e t  d e l i v e r y ,  t h e  l e s io n e d  s u b je c t s  do 
n o t  l e a r n  th e  t a s k  (Cohen e t  a l ,  N e u ro s c i .  A b s. ,  1 0 ,1 2 0 5 ,1 9 8 4 ) .  
B ecau se  th e  h ippocam pus i s  n o t  f u l l y  d e v e lo p e d  in  25 day  o ld  r a t s ,  
we h y p o th e s iz e d  t h a t  a  s i m i l a r  p r o f i l e  w ould  em erge when co m paring  
t h e i r  a b i l i t y  t o  l e a r n  t h e  t a s k  w i th  0 and 6 s e c  d e la y s  o f  
r e in f o r c e m e n t .  We a l s o  in c lu d e d  a  g ro u p  w h ich  was r e q u i r e d  to  
a s s o c i a t e  l e v e r  p r e s e n t a t i o n  w i th  d e l i v e r y  o f  th e  r e i n f o r c e r  
a f t e r  a  3 s e c  d e la y ,  t o  more c o m p le te ly  c h a r a c t e r i z e  th e  e f f e c t  o f  
d e la y  o f  r e in f o r c e m e n t .  L a s t l y ,  m ale  an d  fe m a le s  m a in ta in e d  a t  
n o rm al g ro w th  r a t e s  w ere com pared  w i th  n e o n a ta l ly  m a ln o u r is h e d  
r a t s  (m o d if ie d  S lo b  t e c h n iq u e ,  S p a rb e r  and  L i c h tb l a u ,  J . P . E . T . ,  
2 2 5 , 1983) so  t h a t  we c o u ld  d e te rm in e  i f  e a r l y  u n d e r n u t r i t i o n  can  
a f f e c t  p e rfo rm a n c e  o f  t h i s  t a s k .

R a ts  w ere  e x p o sed  to  o p e r a n t  cham bers e q u ip p e d  w i th  
r e t r a c t a b l e  l e v e r s  t h a t  w ere e x te n d e d  i n t o  th e  cham bers on a 
random  tim e  45 s e c  s c h e d u le ,  and  w ith d ra w n  e i t h e r  when th e  
a n im a l made a  l e v e r  to u c h  o r  15 s e c  had  e la p s e d .  When th e  l e v e r  
was r e t r a c t e d  a  fo o d  p e l l e t  was d e l i v e r e d  im m e d ia te ly  o r  3 o r  6 
s e c  l a t e r .  A l l  s u b j e c t s  w ere a u to s h a p e d  f o r  10 c o n s e c u t iv e  days 
o f  24 t r i a l s / s e s s i o n .  A r e p e a t e d  m ea su res  ANOVA o f  t h e  0 s e c  
d e la y  in d i c a t e d  t h a t  a l l  g ro u p s  e x c e p t  th e  c o n t r o l  f e m a le s  l e a rn e d  
t h e  t a s k .  The r e s u l t s  from  th e  3 s e c  d e la y  t a s k  showed t h a t  6 o f  
20 a n im a ls  i n c lu d in g  a t  l e a s t  one s u b je c t  i n  e a ch  g ro u p  l e a r n e d  
t h e  t a s k .  H ow ever, w i th  t h e  e x c e p t io n  o f  one  u n d e rn o u r is h e d  fe m a le , 
no s u b je c t s  l e a r n e d  th e  6 s e c  d e la y  a u to s h a p e  t a s k .  I t  w ould  
a p p e a r  t h e r e f o r e ,  t h a t  a  f u n c t io n in g  h ippocam pus i s  n e c e s s a r y  to  
l e a r n  th e  a u to s h a p in g  t a s k  w i th  a  6 s e c  d e la y  o f  r e in f o rc e m e n t .  
The g e n e r a l ly  e le v a t e d  p e rfo rm a n c e  s e e n  in  th e  u n d e rn o u r is h e d  
fe m a le s  s u g g e s t s  t h a t  e a r l y  p o s t n a t a l  m a l n u t r i t i o n  may in d u ce  
some n o n - s p e c i f i c  b e h a v io r a l  a c t i v a t i o n  in  t h e s e  a n im a ls .  
P r e s e n t  s tu d i e s  a re  underw ay u s in g  45 day  o ld  l i t t e r m a t e s  t o  
f u r t h e r  i n v e s t i g a t e  t h e s e  e f f e c t s .

S u p p o rte d  in  p a r t  by DA01880 and HD20111.

374.13 THE RETROSPLENIAL CORTEX MAY TRANSMIT IEARNING-KEIATED 
INFORMATION FROM HIPPOCAMPUS TO CEREBELLUM. C.L. Weikart*. 
J .L . Basse tt , .  E.S. Nisenbaum and T.W. Berger. Department of 
P sy c h o lo g y , Univ. of Pittsburgh, Pittsburgh, PA 15260.

Classical conditioning of the rabbit n ic tita ting  membrane 
(NM) response is  associated with increased firing  of hippocampal 
pyramidal neurons (Berger e t a l . ,  J .  Neurophys io l. . 1983), and 
neurons of the deep cerebellar nuclei (McCormick and Thompson, 
Science. 1984). lesions of the hippocampus produce severe 
d e fic its  in reversal though not discrimination learning (Berger 
and Orr, Behav. Brain Res. , 1983), whereas lesions of the deep 
cerebellar nuclei resu lt in failure to  develop a conditioned 
response during any paradigm (McCormick e t  a l . , PNAS. 1982). 
We w ill present data supporting the hypothesis that learning- 
related hippocampal activ ity  affects NM behavior through multi- 
synaptic projections to  the cerebellum via a hippocampo- 
subiculo-retrosplenial-ventral pontine c ircu it.

We have shown previously that the subiculum projects to 
layers I  and IV of the retrosplenial cortex. Anatomical studies 
examined the distribution and relative strengths of subcortical 
efferents from the rabbit retrosplenial cortex using autoradio
graphic techniques. I t  was found that one of the two most pro- 
minait projections was to  the la te ra l, ventral and paramedian 
pontine nuclei, and arises f r om layer V of retrosplenial. Thus, 
output from retrosplenial cortex can influence one of the major 
sources of mossy fiber input to  the cerebellum.

Electrophysiological studies examined latencies to  activation 
of neurons within the rabbit subiculum and retrosplenial after 
e lectrical stimulation of the hippocampus and subiculum, respec
tively . Stimulation of the CA1 pyramidal region resulted in 
2-3 ms orthodromic activation of subicular neurons. Stimulation 
of the subiculum resulted in 3-4 ms latency excitation of layer 
V retrosplenial neurons. CS-evoked pyramidal ce ll firing  in 
hippocampus precedes conditioned NM responding by 45 ms. Thus, 
hippocampal activ ity  can influence layer V retrosplenial neurons 
long before onset of conditioned NM responding.

Lesion studies tested the hypothesis that interrupting the 
proposed c ircu it would produce behavioral d e fic its  similar to  
those observed a fte r hippocampectomy. Rabbits were given either 
aspiration lesions of the hippocampus or electro ly tic  lesions of 
the retrosplenial cortex. Other animals were given lesions of 
the neocortex overlying these regions. After recovery, the NM 
response of a ll  animals was classically  conditioned using a 
tone-light discrimination-reversal paradigm. Damage to  either 
the hippocampus or the retrosplenial cortex, but not the neocor
tex, resulted in nearly identical, severe retardation of rever
sal learning. Learning of the in it ia l  discrimination was not 
affected. Supported by NSF (83-16464) and NIMH (MH00343).

374 14 INFLUENCE OF CONTRAIATERAL HIPPOCAMPUS ON NONLINEAR PROPERTIES 
OF PERFORANT PATH-DENTATE SYNAPTIC TRANSMISSION. R.L. Port, 
R.J. Sclabassi & T.W. Berner. Departments of Psychology & 
Psychiatry, university of Pittsburgh, Pittsburgh, PA 15260.

Characterization of the functional properties of the perfor- 
ant path-dentate (PP-DG) c ircu it has revealed th at dentate 
granule cell response is  nonlinear when the frequency of PP 
stimulation approximates the spontaneous firing  characteristics 
of entorhinal neurons (Robinson e t a l . ,  Soc. Neurosci. Abstr.. 
11, 1985). Among several pathways which influence dentate 
granule cell excitability  are commissural projections from the 
contralateral hilus. To determine the relative contribution of 
the commissural input, the experiments reported here examined 
the system properties of the PP-DG c ircu it following surgical 
removal of the contralateral hippocampal formation.

Adult, male albino rabbits received aspiration lesions of the 
contralateral hippocampal formation and/or parietal neocortex. 
Two weeks la te r, bipolar stimulating electrodes were placed in 
the PP and a recording electrode positioned in the granule 
cell layer of the DG. Two weeks a fte r implantation, random 
impulse tra ins (4064 impulses, Poisson distribution with a mean 
frequency of 2.0 Hz) of e lectrical stimulation were applied to 
the PP and evoked field  potentials were recorded from the DG. 
Stimulation intensity was adjusted to  e l ic i t  a population spike 
10- 20% of the maximum amplitude e lic ited  by impulses delivered 
once every 10 s. F irst, second, and th ird  order kernels were 
computed using cross-correlation techniques.

Data from control subjects were consistent with previous 
analyses of in tact subjects (Berger e t  a l . ,  Soc. Neurosci. 
Abstr. . 2, 1983). Second order kernels, which re flect the 
modulatory influence of the preceding impulse on the excita
b i li ty  of the system, indicated th at inter-impulse intervals of 
short duration (<30 ms) resulted in a v irtual suppression of the 
population spike. At intervals between 50 and 400 ms, fac ilita 
tion of spike amplitude occurred; peak fac ilita tion  (30-60%) 
occurred a t  intervals of approximately 100 ms. In contrast, 
second order kernels from animals with contralateral hippocampal 
damage revealed a prolongation of inhibitory interactions (up to 
intervals of 150 ms) and a degradation of facilitato ry  in ter
actions (which peaked a t  <20% to  intervals of approximately 200 
ms). Third order kernels, which re flect the modulatory influ
ence of the preceding pair of impulses, also were affected. 
Most notably, short intervals which produce robust inhibition 
in control animals, resulted in a profound fac ilita tio n  of the 
population spike in animals with unilateral hippocampal damage. 
These findings suggest that the contralateral hippocampus may 
play a prominent role in determining granule ce ll excitablity in 
response to  perforant path activation. Supported by the 
Whitaker Foundation and NIMH (MH00343).
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374.15 NONLINEAR CHARACIERISTICS OF HIPPOCAMPAL PERFORANT PATH-DENTATE 
SYNAPTIC TRANSMISSION VARY AS A FUNCTION OF POPULATION SPIKE 
LATENCY. J.L. Eriksson*. D.A. Ciarolla*. R.J. Sclabassi and 
T.W. Berger (SPON: S. Wolfson). Departments of Psychology, 
Psychiatry and Neurological Surgery, Univ. of Pittsburgh, 
Pittsburgh, PA 15260.

We recently have used random impulse tra in  stimulation of the 
perforant path and systems analysis techniques to  examine non- 
lin ea ritie s  in dentate granule cell discharge in response to  a 
wide range of inter-impulse intervals (Berger e t  a l .,  Soc. 
Neurosci. Abstr. . 9, 1983). Amplitude of the evoked population 
spike was used as the measure of dentate granule cell output. 
Using an extension of Wiener kernel analysis, results showed 
that when population spikes of a ll  latencies were included in 
the calculations, inter-inpulse intervals < 20 ms produced 
inhibition of population spike amplitude, longer intervals 
(50-300 ms) produced a marked facilita tion , and intervals of 
approximately 300-700 ms resulted either in a weak fa c ilita 
tion or inhibition depending on whether or not the preparation 
was anesthetized. Here we report the results of computing 
separate f i r s t  and second kernels for population spikes of 
different latencies, to  determine i f  nonlinearities vary as a 
function of postsynaptic cell excitability  and/or the subpopula
tion of perforant path fibers stimulated.

Experiments were conducted using halothane anesthetized and 
unanesthetized, chronically implanted rabbits. A random interval 
tra in  (Poisson distribution, λ=500 ms, range=l ms-5 s) was 
used to  determine the sequence of 4064 single shock (0.1 ms 
duration) stimulations of the perforant path. Stimulation in
tensity  was that producing a population spike amplitude 10-20% 
of maximum in response to  single impulses delivered once every 
10 s. Evoked population spikes were divided into three groups 
based on latency ("short”, "moderate" and "long"), and f i r s t  and 
second order kernels were computed for each group.

Results showed that second order kernels were significantly 
different depending an the latency of population spikes included 
in the calculations. Short latency spikes exhibited only faci- 
l ita tiv e  interactions in response to  inter-impulse intervals of 
1-5 ms. Moderate latency spikes were inhibited by intervals 
< 20 ms, facilitated  by intervals of approximately 50-300 ms, 
and inhibited by intervals of approximately 300-700 ms. Long 
latency spikes were inhibited to  inter-impulse intervals as long 
as 100 ms in unanesthetized animals, facilita ted  to  intervals 
between 100-600 ms, and never exhibited inhibition to  intervals 
longer than 600 ms. These data demonstrate that the perforant 
path-dentate projection is  not homogeneous, and incorporates 
functionally different systems. Supported by The Whitaker 
Foundation and NIMH (MH00343 and MH30915).

374.16 COMPARISON BETWEEN NONLENEARITTES IN HIPPOCAMPAL PERFORANT PATH- 
DENTATE SYNAPTIC TRANSMISSION REVEALED BY RANDOM IMPULSE TRAIN 
AND PAIRED IMPULSE STIMULATION. R.J. Sclabassi, J.L. Eriksson*, 
D.A. Ciarolla*, and T.W. Berge r . Departments of Psychology and 
Neurological Surgery, Univ. of Pittsburgh, P ittsb ., PA 15260.

Paired impulse stimulation with varying inter-impulse inter
vals traditionally  has been used to  study the dependence of 
dentate granule cell discharge on frequency of perforant path 
input. We recently have developed an alternative methodology 
involving random impulse tra in  stimulation and nonlinear systems 
analysis. In the experiments reported here, we compared the 
effects of random tra in  and paired impulse stimulation by 
applying both procedures to  the same preparations.

Experiments were conducted using halothane anesthetized and 
unanesthetized, chronically implanted rabbits. For random train  
stimulation, a Poisson distribution with λ=500 ms and a range of 
1 ms-5 s was used to  determine the sequence of 4064 single 
shock stimulations of the perforant path. For paired impulse 
stimulation, inter-impulse intervals varied between 10-1200 ms 
(pairs delivered every 20 s ) . Amplitudes of evoked population 
spikes were used to  measure granule cell output. Stimulation 
intensity was that producing spike amplitude 10- 20% of maximum 
in response to  single impulses (delivered every 10 s ) .

Results shewed that systems analysis and paired impulse pro
cedures revealed significantly different nonlinearities in per
forant path-dentate synaptic transmission. Second order kernel 
analysis of random tra in  data shewed that, in  anesthetized pre
parations, inter-impulse intervals < 20 ms produced inhibition 
of population spike amplitude, longer intervals resulted in 
facilita tion  maximal a t 90-100 ms, and intervals between 300-700 
ms produced a slight inhibition (maximum 30%). Data from un
anesthetized preparations shewed similar trends except that the 
magnitude of facilita tion  to  90-100 ms intervals was signifi
cantly smaller, facilita tion  extended to  intervals as great as 
1000 ms, and thus no inhibition to  intervals in the range of 
300-700 ms (or longer) was observed. In contrast to  these 
results, paired impulses in both anesthetized and unanesthetized 
animals produced near-total inhibition when intervals < 20 ms, 
facilita tion  that was maximal a t 50-60 ms (extending to  200-300 
ms) and 2-3 times greater than observed in response to  random 
trains, and pronounced inhibition (maximum 80%) to  intervals 
ranging from 300-1000 ms. These results demonstrate that non- 
lin earities different from those observed using paired impulses 
are revealed when the effects of inter-impulse intervals are 
tested within a continuous sequence, and thus are evaluated 
against the emergent properties of the neural network containing 
the perforant path-dentate projection. Supported by The 
Whitaker Foundation and NIMH (MH00343 and MH30915).

374.17 DEVELOPMENT OF TRANSIENT CONTINUOUS AND PERMANENT 
DISCRETE PATTERNS OF ACETYLCHOLINESTERASE ACTIVITY IN 
THE HUMAN ENTORHINAL CORTEX. Z. Kelović, L Kostović and 
R.S. NowakowskI (sporu N. Zečević), Dept. of Anatomy, Medical 
Faculty, Zagreb, Yugoslavia and Dept. of Anatomy, UMDNJ-Johnson 
Medical School, Piscataway NJ 08854.

The distribution of acetylcholinesterase (AChE) activity was exa
mined in the entorhinal cortex of human fetuses and premature in
fants ranging in age from 22 to 28 weeks of gestation. The initial 
appearance of AChE activity was found at 25 weeks of gestation as a 
continuous band in the superficial-most portion of the marginal zone. 
At 28 weeks of gestation the AChE positive band in the superficial- 
most part of the marginal zone remains, but, in addition, there are 
25-40 discrete AChE positive patches which span the distance from 
the superficial portion of the marginal zone to the prospective layer 
III and which extend longitudinally in an antero-posterior direction. 
Correlative analysis of adjacent Nissl-stained sections revealed that 
the AChE reactive vertically-oriented zones correspond to cell clusters 
situated at the interface between the marginal zone and the cortical 
plate. Also, some of the cells in these clusters are AChE positive.

Previously, we have shown (Kelovid anc Kostovic, Anat. Rec. 199: 
135A, 1981) that in the adult entorhinal cortex AChE activity is pre
sent only in discrete patches in layers I and II. This means that the 
initial continuous distribution of AChE activity is present only transi
ently. Since both the permanent (i.e., adult-like) discrete pattern of 
distribution of AChE activity and the transient continuous pattern of 
distribution are present simultaneously, the possibility that the dis
crete pattern forms by an Interruption of the continuous pattern as 
a result of the ingrowth of non-AChE fiber input is eliminated. This 
suggests that the two types are produced by inputs arising from 
different areas. We hypothesize that the early-appearing continuous 
pattern results from the ingrowth of axons from the basal forebrain 
and that the late-appearing discrete pattern of AChE innervation 
results from the ingrowth of AChE positive axons from dopaminergic 
nuclei or some as yet unidentified source.
(Supp. by Yugoslav-U.S. Joint Board grant No. 698 and SIZ-V SRH).

374.18 INTRINSIC CHOLINERGIC NEURONS IN RAT HIPPOCAMPUS: IMPLICATIONS 
FOR STUDIES OF NEURONAL PLASTICITY. S .N . B la k e r * , D.M. A rm stro n g , 
G. B ru c e * , L .B . H ersh  and  F .H . Gage (SPON: G.M. P e t e r s o n ) .  
D ep a rtm en t o f  N e u r o s c ie n c e s ,  S c h o o l o f  M e d ic in e , U n iv e r s i ty  o f  
C a l i f o r n i a  a t  San D ie g o , La J o l l a ,  C a l i f o r n i a  92093.

C h o l in e r g ic  i n n e r v a t i o n  o f  t h e  h ippocam pus i s  d e r iv e d  p r im a r i l y  
from  m a g n o c e l lu la r  n e u ro n s  i n  t h e  b a s a l  f o r e b r a i n .  H ow ever, t h e  
r e c e n t  e v id e n c e  s u p p o r t in g  t h e  e x i s t e n c e  o f  i n t r i n s i c  c h o l in e  
a c e t y l t r a n s f e r a s e - p o s i t i v e  (ChAT) n e u ro n s  i n  t h e  h ippocam pus 
s u g g e s t s  an  a d d i t i o n a l  s o u rc e  o f  h ip p o ca m p a l c h o l i n e r g i c  i n n e r 
v a t i o n  (Levey e t  a l .  N e u r o s c i . ,  1 3 :3 4 1 , 1 9 8 4 ) . The p o s s ib l e  
p r e s e n c e  o f  t h i s  i n t r i n s i c  i n n e r v a t i o n  h a s  s i g n i f i c a n t  i m p l i 
c a t i o n s  f o r  s tu d i e s  o f  i n t r a c e r e b r a l  g r a f t i n g  and  n e u ro n a l  
s p r o u t i n g .  We t h e r e f o r e  c h a r a c t e r i z e d  and  q u a n t i f i e d  tw o 
m o rp h o lo g ic a l ly  d i s t i n c t  p o p u la t i o n s  o f  c h o l i n e r g i c  n e u ro n s  i n  
t h e  r a t  h ip p o cam p u s .

A d u lt  fe m a le  S prag u e-D aw ley  r a t s  (250g) w ere  d e e p ly  
a n e s t h e t i z e d  and p e r f u s e d  th ro u g h  t h e  h e a r t  w i th  4% p a ra f o r m a ld e 
hyde i n  0.1% P04 b u f f e r .  40uM s e c t i o n s  w ere p r o c e s s e d  by t h e  
a v i d i n - b i o t i n  im m u n o la b e lin g  p r o c e d u r e  u s in g  a  p o ly c lo n a l  a n t i 
body a g a in s t  human p l a c e n t a l  ChAT (B ruce e t  a l .  J .  N eurochem . , 45: 
6 1 1 , 1 9 8 5 ) . Type I  c e l l s  w ere s m a l l  (9x8>µM),  l i g h t l y  s t a i n e d ,  
ro u n d  n e u ro n s  w i th  e i t h e r  m ore t h a n  tw o o r  no  d i s c e r n a b l e  
p r o c e s s e s .  T h ese  c e l l s  w ere fo u n d  p re d o m in a n t ly  i n  c a u d a l  and 
te m p o ra l  h ip p o cam p u s . A lth o u g h  th e y  w ere  o b se rv e d  i n  a l l  l a y e r s ,  
th e y  w ere m ore a b u n d a n t i n  t h e  s t r a tu m  la c u n o s u m -m o le c u la re  and 
t h e  h i l u s  o f  t h e  f a s c i a  d e n t a t a .  The c e l l s  re s e m b le d  a  s u b 
p o p u la t i o n  o f  s m a l l ,  c o r t i c a l  c h o l i n e r g i c  n e u ro n s  fo u n d  i n  r e t r o -  
s p l e n i a l  and s u b ic u l a r  c o r t e x  d o r s a l l y  and  p y r i f o r m ,  e n to r h i n a l  
and  s u b ic u l a r  c o r t e x  v e n t r a l l y .  Type I I  c e l l s  w ere l a r g e  (21×l 3 µM>, 
d a r k ly  s t a i n e d ,  o v o id  n e u ro n s  w i th  few  d e t e c t a b l e  p r o c e s s e s .  They 
w ere o b s e rv e d  i n  t h e  co lum ns o f  t h e  f o r n i x  r o s t r a l l y  and  above 
and  b e lo w  t h e  d o r s a l  h ip p o ca m p a l com m issure  c a u d a l l y .  They 
re s e m b le d  t h e  m a g n o c e l lu la r  c h o l i n e r g i c  n e u ro n s  i n  t h e  m id l in e  
ra p h e  r e g io n  o f  t h e  m e d ia l  s e p t a l  n u c le u s .

Thus a t  l e a s t  tw o  a n a to m ic a l ly  s e p a r a te  and  m o rp h o lo g ic a l ly  
d i s t i n c t  C h A T -p o s itiv e  c e l l  p o p u la t i o n s  e x i s t ,  i n  t h e  r a t  h ip p o 
cam pus. N e i th e r  p o p u la t i o n  c o n t r i b u t e s  s i g n i f i c a n t l y  t o  t h e  t o t a l  
c h o l i n e r g i c  i n n e r v a t i o n  o f  t h e  i n t a c t  h ip p o cam p u s . How ever, 
f o llo w in g  f i m b r i a - f o r n ix  t r a n s e c t i o n  t h e  g r e a t e r  num ber o f  t h e  
s m a l l ,  ty p e  I  n e u ro n s  i n  t h e  v e n t r a l - c a u d a l  h ippocam pus may co n 
t r i b u t e  t o  t h e  c h o l i n e r g i c  s p r o u t in g  and  in c r e a s e d  ChAT a c t i v i t y  
r e p o r t e d .  I n  a d d i t i o n ,  o u r  own o b s e r v a t io n s  s u g g e s t  t h a t  t h e  l a r g e ,  
ty p e  I I  n e u ro n s  do  s p r o u t  i n  r e s p o n s e  t o  f im b r i a - f o r n ix  t r a n s e c t i o n .

T h e r e f o r e ,  i n  s t u d i e s  o f  n e u ro n a l  p l a s t i c i t y  i n  t h e  h ippocam pus 
i n  w h ich  r e i n n e r v a t io n  o f  p r e v i o u s ly  d e n e rv a te d  r e g io n s  a p p e a r s  t o  
a r i s e  frcm  e x t r i n s i c . p a th w ay s  o r  from  im p la n te d  c e l l s  one may h av e  
t o  exam ine  c a r e f u l l y  t h e  o r i g i n s  o f  c h o l i n e r g i c  f i b e r s .
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374.19 ABSENCE OF A STRAIN DIFFERENCE IN THE NUMBERS OF 
HIPPOCAMPAL PYRAMIDAL CELLS IN FIELD CAI OF SPRAGUE - 
DAWLEY AND WISTAR RATS. B.D. Boss. The Salk Institute, P.O. 
Box 85800, San Diego, CA 92138.

The hippocampus is composed of two primary cell types, dentate 
granule neurons (which form the dentate gyrus) and pyramidal 
neurons (which form Ammon's horn). These two classes of neurons 
arise at distinctly different times during neuronal development; in 
rodents, the larger pyramidal neurons are generated around 
embryonic day 18, while a majority of the smaller granule neurons 
are generated during the first postnatal week. Unlike pyramidal cell 
genesis, which ceases in a few days, division in the dentate granule 
cell layer has been shown to continue for several months after birth.

I have previously reported a significant difference in initial cell 
numbers and patterns of growth in the dentate gyrus of Sprague- 
Dawley and Wistar rats (Brain Res.. 338:144-150, 1985). In Sprague- 
Dawley rats, the number of granule cells remains more or less 
constant at about I million throughout the first year of life; in Wistar 
rats, on the other hand, there are about 700,000 granule cells at I 
months of age, I million at 4 months, and 800,000 at the end of the 
first year. Since granule cell proliferation continues throughout this 
entire period in both strains, it appears that the pattern of 
neurogenesis and of cell "turnover" in the dentate gyrus of the two 
strains is quite different.

I have now estimated the number of cells in one of the two major 
fields of the hippocampus (field CAI) to see if there are other 
differences in the initial cell populations of the two strains, since it 
is known that there are marked differences in their mean body 
weights throughout life -Wistar rats being on average about 30% 
smaller (see Brain Res., 338:144-150, 1985). Using standard 
techniques with appropriate corrections to guard against double 
counting, I find that there are 287,000 (± 12,000 S.E.; n=4) CAI 
pyramids in Wistar rats and 327,000 (+ 22,000 S.E.; n=4) in Sprague- 
Dawley animals. These numbers are not significantly different as 
judged by the Multiple Range Test of Duncan. From this finding it 
would appear that the strain differences found in the dentate gyrus 
are most probably attributable to intrinsic differences in the 
regulation of cell proliferation (and cell death) during the postnatal 
period of granule cell genesis rather than to a more general 
developmental difference in neurogenesis between the two strains.

374.20 CULTURE OF HIPPOCAMPAL NEURONS FROM POSTNATAL RAT PUPS. C. Rovi r a *  
and R . D in g le d i ne  (SPON :T .K . H a rd e n ), D ep a rtm en t o f  P h a rm aco lo g y , 
U n iv . N o rth  C a r o l in a ,  C h ap el H i l l ,  N .C . 27514.

The m a tu r a t i o n  o f  h ippocam pus b e g in s  i n  th e  embryo w i th  th e  d i f 
f e r e n t i a t i o n  o f  p y ra m id a l  c e l l s  and i n te r n e u r o n s .  G ra n u le  c e l l s  o f  
th e  d e n ta t e  g y ru s  a p p e a r  p o s t n a t a l l y  up to  day 21 ( P 2 1 ) . I n  o r d e r  
t o  o b t a i n  a  c u l t u r e  o f  h ip p o ca m p a l n e u ro n s  t h a t  had  p a r t l y  d i f f e r 
e n t i a t e d  i n  v iv o  we p l a t e d  o u t  c e l l s  from  PO to  P16 r a t  p u p s .

The p ro c e d u re  was a d a p te d  from  a m ethod d e v e lo p e d  by R. Baughman 
and J .  H u e t tn e r  ( In  p r e s s ) ,  and i s  b a se d  on g e n t l e  e n z y m a tic  t r e a t 
m ent w i th  p a p a in .  The e n z y m a tic  s o lu t io n  was made up in  MEM and 
c o n ta in e d  p a p a in  (C ooper B io m e d ic a l;  300 µg / m l ) , L - c y s t e in e  (160 µg / 
m l ) , g lu c o s e  (3 m g/m l) and HEPES (25 mM). The ch o sen  c o n c e n t r a t i o n  
o f  p a p a in  was found  in  p r e l im in a r y  e x p e r im e n ts  t o  g iv e  b e t t e r  r e 
s u l t s  th a n  1 0 , 3 0 , 100 and 1000 µg /m l. T jjis  s o lu t io n  was in c u b a te d  
i n  th e  a b se n c e  o f  t i s s u e  f o r  30 m in a t  37 u n d e r  5% CO2  -  95% O2 to  
a c t i v a t e  th e  p a p a in ,  th e n  a  90 m in  in c u b a t io n  w i th  t i s s u e  was 
c a r r i e d  o u t  i n  w hich  one t h i r d  o f  th e  enzyme s o l u t i o n  was added 
e v e ry  30 m in . D u rin g  th e  i n c u b a t io n  th e  t i s s u e  was g e n t ly  s t i r r e d  
a t  37° u n d e r  O2  -  CO2. The pH was m a in ta in e d  n e a r  7 .4  th ro u g h o u t .  
The r e a c t io n  was s to p p e d  by a d d in g  a  p a p a in  i n h i b i t o r  d i s s o lv e d  in  
MEM ( f a t t y  a c id  f r e e  b o v in e  serum  a lb u m in , 100 µg /m l ; ovom ucoid , 
100 p g /m l;  g lu c o s e ,  3 m g/m l; HEPES 25 mM). The t i s s u e  was g e n t ly  
c e n t r i f u g e d ,  r e s u s p e n d e d  i n  p a p a in  i n h i b i t o r  and c e l l s  w ere d is p e r s e d  
by g e n t ly  t r i t u r a t i o n .  The c e l l  s u s p e n s io n  was th e n  w ashed tw ic e  
w i th  p a p a in  i n h i b i t o r  and su sp en d e d  in  one o f  f o u r  p l a t i n g  m ed ia . 
E i th e r  Weymouth 7 0 5 /1  o r  a  3 :1  m ix tu re  o f  DMEM and H am 's F -12  was 
com bined w i th  20% N u-serum  o r  10% f e t a l  c a l f  serum  p lu s  10% h e a t  
i n a c t i v a t e d  h o r s e  se ru m . G en tam ycin  (50  µg /m l)  was added to  a l l  
plating media. Cells were seeded at a density of one hippocampus 
( a p p ro m ix a te ly  6 0 0 ,0 0 0  c e l l s )  p e r  ml o n to  p l a s t i c  d i s h e s  t h a t  had 
b een  c o a te d  o v e rn ig h t  w i th  0.01% p o l y ly s in e .  A f t e r  t h r e e  d ay s  in  
c u l t u r e  t h e  serum  was r e d u c e d  to  10% N u-serum  o r  10% h o r s e  serum . 
C e l l s  w ere  s u b s e q u e n t ly  fe d  w i th  t h i s  medium e v e ry  f o u r  d a y s .

The b e s t  r e s u l t s  h av e  b een  o b ta in e d  so  f a r  when c e l l s  w ere p la ted  
i n  DMEM: F -12  w i th  N u -seru m . P ups aged  P 4-P 7 g av e  m ore c o n s i s t e n t  
r e s u l t s  th a n  th o s e  o f  age  P 15 . G l i a l  c e l l s  p re d o m in a te d  i n  th e s e  
c u l t u r e s ,  a l th o u g h  a  v a r i a b l e  num ber o f  n e u ro n s  w ere  p r e s e n t  in  
e a c h  p l a t i n g .  N eurons c o u ld  be i d e n t i f i e d  by t h e i r  c h a r a c t e r i s t i c  
m o rpho logy  in  th e  p h a se  m ic ro s c o p e ,  by im m u n o flu o resc e n c e  s ta in in g  
w i th  a  m o n o c lo n a l a n tib o d y  a g a in s t  n e u ro f i la m e n t  ( o b ta in e d  from  J .  
W ood), and by th e  p r e s e n c e  o f  a c t i o n  p o t e n t i a l s .  N eurons s u rv iv e d  
f o r  up t o  t h r e e  w eek s. T h ese  r e s u l t s  d e m o n s tra te  th e  f e a s i b i l i t y  
o f  g ro w in g  h ip p o ca m p a l n e u ro n s  from  p o s t n a t a l  r a t s .  S u p p o rte d  by 
N S-17771.

374.21 NEURONS FROM POSTNATAL RAT DENTATE GYRUS IN DISSOCIATED CELL 
CULTURE. P. A. Trimmer and O. Steward. Dept. of Neurosurgery, 
Univ. of Va. Sch. of Med., Charlottesville, VA 22908.

As p a r t  of a con tinu ing  s e r ie s  o f s tu d ie s  exam ining 
synaptogenesis and the growth of dendrites from granule cells of 
the ra t dentate gyrus, we have endeavered to establish cultures of 
isolated dentate granule cells . In previous studies (Trimmer, P ., 
Binder, L. and Steward, O., Anat. Rec . 211: 200A, 1985), we were 
able to maintain neurons dissociated from r a t  dentate gyrus in 
vitro  growing on a bed layer of astroglial ce lls . More recently we 
have been ab le  to  m aintain  is o la te d  neurons growing on a 
substratum of polylysine using a spec ia lly  form ulated , high 
potassium (24mM) medium (Burry, R . ,  Brain R es., 261: 261-275, 
1983). To prepare the cu ltu res , hippocampi were excised from 6 
day-old ra ts . At th is age, the granule cells of the dentate gyrus 
are undergoing their final cell division. A cut was made p a ra lle l 
to  the hippocampal fissure and a column of tissue containing the 
dentate gyrus was removed. The meninges were stripped away and the 
tissue was dissociated using the method of McCarthy, K.M. and de 
V e llis , J . ,  (J .  Cell B iol., 85: 890-902, 1980). Prior to plating 
on polylysine-coated chamber s lid es and coverslips, the c e ll  
suspension was layered over a 4% solution of bovine serum albumin 
and centrifuged a t low speed. Within one hour a f te r  p la tin g , a 
s ig in if ic a n t percentage of the small c e lls  generated by th is  
procedure began to extend 1 to 2 processes. The c e ll  bodies and 
processes of these c e lls  stained positively  with antibodies to 
microtubule associated protein  2 (MAP2) and β - tubulin  using 
indirect immunofluorescence. This observation confirmed that these 
c e l ls  are neurons since MAP2 is  selectively localized in neuronal 
cell bodies and dendrites. Other more ir reg u la rly  shaped c e lls  
s ta in e d  p o s it iv e ly  with antibody to  g l ia l  f ib r i l la r y  acid ic 
protein, indicating th a t they are a s tro g lia . After 24 hours in 
c u ltu re ,  nearly  a l l  the neurons expressed from 1 to  3 MAP2- 
positive processes which were sometimes branched and extended away 
from the cell body for several cell diameters. The cell bodies of 
these small neurons were from 10 to  12 microns in size and spindle 
or trian g u lar in  shape. Neurons from the dentate gyrus have 'been 
maintained as iso la ted  c e lls  for several weeks although the  
proportion of a s tro g lia l cells and fibroblasts contaminating the 
culture gradually increases. The neurons derived from the dentate 
gyrus were morphologically d ifferen t from neurons prepared from 
feta l hippocampus and grown under the same conditions. We conclude 
that the small neurons in our culture are dentate granule c e l l s ; 
we are exploring the use of electron microscopy and immunostaining 
with antibodies to  neurotransm itters to  fu rth er confirm th is  
conclusion. Supported by NIH grants T3207199 to  P.T. and NS12333 
to O.S.
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375.1 CHRONIC MORPHINE TREATMENT DECREASES µ-OPIOID RECEPTOR RESERVE IN 
SINGLE LOCUS COERULEUS NEURONS. M.J. Christie*, J.T . Williams and 
R.A. North. Neuropharmacology Laboratory, M.I.T., 56-245, 
Cambridge, MA 02139, U.S.A.

In trace llu la r recordings were made from locus coeruleus (LC) 
neurons in brain s lice s cut from naive ra ts  or from ra ts  treated 
chronically -with morphine (16 × 75 mg p e lle ts  per ra t over seven 
days). Outward potassium currents were measured under voltage 
clamp during superfusion of µ-opioids and a2-adrenoceptor agonists. 
Both types of agonist activate  the same potassium conductance in LC 
neurones. The maximum effects of Tyr-D-Ala-Gly-MePhe-Gly-ol 
(DAGO)( 3 µM) and normorphine (30 µM) in control animals were not 
d ifferen t from maximum effec ts of fu ll α2-agonists (noradrenaline, 
30 µM; 5-bromo-6-L2-imidazolin-2-ylaminoJ-quinoxaline (UK14304), 1 
µM). The membrane properties (action potential frequency, 
amplitude, duration and afterhyperpolarization; steady s ta te  
conductance) of ce lls  from morphine treated animals were 
indistinguishable from those from control animals. In c e lls  from 
morphine treated  animals, the EC50 for DAGO was about two-fold 
higher (con tro l., 108+17 nM, n=8; treated* 181+36 nM, n=12); 
however, the maximum effect of DAGO remained the same as the 
maximum effec t of α2-agonists in morphine-treated animals. In 
con trast, the maximum response to normorphine was reduced to 65+5% 
(n=6) of the maximum response to normorphine in naive ra ts  and The 
EC50 was sh ifted  to the righ t two-fold (control* 0.94+0 .25 µM, n=7; 
trea ted : 1.98+ .15 µM, n=6 ) . The degree of tolerance therefore 
ranged from about six-fo ld  a t the foot of the concentration- 
response curve to in f in ite  at about 65% of the maximum response in 
naive ra ts . In naive tissu es, the insurmountable antagonist β-CNA 
(30 nM for 30 min) sh ifted  the concentration-response curves of 
both normorphine and DAGO to the righ t and reduced th e ir maximum 
effec ts (to  53+7% (n=5) and 78+7% (n=7) respectively). In tissues 
taken from morphine-treated animals, β-CNA pretreatment depressed 
the responses to normorphine and DAGO (maxima were 53% and 54% of 
the maxima observed in morphine treated  animals without β-CNA). 
β-CNA did not change the sen sitiv ity  to α2-agonists in e ither naive 
or morphine treated  ra ts . Naloxone was without effec t in s lice s 
from morphine treated  animals nor was the a ffin ity  of the µ-  
receptor for naloxone changed by morphine pretreatment (pA2=8 .6 ). 
The re su lts  suggest that normorphine has lower efficacy than DAGO 
and is  therefore more sensitive than DAGO to the loss of receptors, 
or to a less e ffic ien t coupling of receptor to channel, that occurs 
during chronic morphine treatment.

Supported by DA03160 and MH40416. M.J.C. was supported by 
F57W03610.

375.2 MORPHINE AND METHADONE DEPENDENT RATS EXHIBIT DIFFERENT SENSITIVI
TIES TO INTERFERON ALPHA MODULATION OF THE NALOXONE PRECIPITATED 
WITHDRAWAL SYNDROME, by J.M. Pearl*, P.M. Dougherty*, K.J. 
Krajewski*, and N. Dafny (SPON. J.L. Wi1Imore). Department of 
Neurobiology and Anatomy, University of Texas Medical School at 
Houston, P.O. Box 20708, Houston, TX 77025.

The mechanisms underlying the establishment of physical depend
ence upon opiates and the expression of the associated withdrawal 
syndrome are as yet unknown. Among the hypotheses attempting to 
explain th is  phenomena, i t  has been suggested that an immune com
ponent may be important. Previous communications from our group 
have elaborated upon th is  hypothesis in that single injections of 
the immune modifier interferon alpha reduces the severity of pre
cip ita ted  withdrawal signs in morphine dependent ra ts . As a te s t 
for the possible c lin ical applications of th is  form of abstinence 
treatment, the effect of human recombinant interferon alpha (IFN, 
150 IU/g body wt) upon the withdrawal from methadone, the 
generally accepted form of current therapy for narcotic abusers, 
was investigated. Sixty-six male Sprague-Dawley ra ts were divided 
into four groups. Each group received chronic drug treatment by 
subcutaneous p elle t implants which consisted of carrie r only in 
group one, 75 mg of morphine base in group two, 40 mg of methadone 
base in group three and f i r s t  75 mg morphine followed by 40 mg of 
methadone base in group four. Once dependence had been fu lly  
established seventy-two hours afte r p e lle t implantation, one-half 
of the animals in each group were injected with 1 mg/kg naloxone 
and scored for seven signs of abstinence behavior including wet 
dog shakes, teeth chattering, fecal bo li, hyperactivity, explora
tory behavior, diarrhea, and scream to touch. IFN was admini
stered two hours before naloxone precipitated withdrawal in the 
remaining animals of each group. Analysis of variance testing  was 
la te r used to determine significant differences between the 
various experimental groups for each behavioral sign. The resu lts 
demonstrate that our method for establishment of methadone depend
ence by pelle t implantation resu lts in the expression of a with
drawal syndrome a fter seventy-two hours of exposure sim ilar to 
that resulting from morphine p elle t implantation. However, a 
difference in se n sitiv itie s  to IFN modulation was observed, as the 
methadone dependent animals show no attenuation following IFN 
treatment while the morphine or morphine plus methadone treated 
animals demonstrate marked attenuation following th is form of 
immune modification. Finally, since the morphine treated rats 
exhibit a milder withdrawal syndrome following IFN than the mor
phine-methadone treated  animals, these observations suggest that a 
possible alternative treatment for narcotic addiction may be pro
vided by immune modulation in place of methadone maintenance.

375.3 DEVELOPMENT OF PHYSICAL DEPENDENCE TO VARIOUS OPIOIDS. K.A. S tee ce , 
F.A. D eLeon-Jones*, J.M . Lee*, J .Z .  F ie ld s ,  & R .F. Ri tzm ann. H ines 
& West S ide VA Med. C tr . & Univ. o f  IL , Chgo, IL , 60612.

S ev e ra l ty p e s  o f o p io id  re c e p to r s  have been dem onstrated  and 
c l a s s i f i e d  on th e  b a s is  o f t h e i r  d i f f e r e n t  pharm aco log ica l a f f i n i t 
i e s .  Among th e s e  a re  th e  mu(µ) and d e l t a ( δ) o p io id  r e c e p to r s  which 
p r e f e r e n t i a l l y  i n t e r a c t  w ith  m orphine and en k e p h a lin s , re s p e c t iv e ly . 
O pioids have w e ll documented e f f e c t s  on ca techo lam ine  system s. Both 
µ and δ o p io id  re c e p to r  a g o n is ts  have been dem onstra ted  to  a l t e r  
dopam inergic sy n a p tic  tra n sm is s io n . C hronic a d m in s tra t io n  o f 
e i th e r  m orphine o r  m e th ion ine  en k ep h a lin  (m et-enk) r e s u l t s  in  dev
elopm ent o f  p h y s ic a l dependence ( p . d . ) .  Data from our la b  su g g es ts  
th e r e  a r e  some d i f f e re n c e s  in  p .d .  produced by m orphine and m et-enk 
w ith  re g a rd s  to  w ithd raw al symptoms as  w ell as  c e r t a in  n eu ro -  
chem ical sy stem s. In  p a r t i c u l a r ,  s t r i a t a l  and hypothalam ic dopamine 
re c e p to r  b in d in g  and b e h a v io ra l /p h y s io lo g ic a l  c o r r e l a t e s ,  s t e r e o 
typy  and hypo therm ia , r e s p e c t iv e ly .  C hronic m et-enk tre a tm e n t 
ap p e ars  to  u p - re g u la te  dopamine re c e p to r s  in  hypothalam us which 
p o s i t i v e ly  c o r r e l a te s  w ith  an in c re a se d  s e n s i t i v i t y  to  apom orphine 
(APO)-induced hypo therm ia . T h is i s  s im i la r  to  th a t  observed in  
c h ro n ic  m orphine t r e a te d  an im a ls . In  s tr ia tu m , in  c o n t r a s t  to  mor
p h in e  tre a tm e n t where th e r e  i s  an u p - re g u la t io n  and in c re a se d  sen
s i t i v i t y  to  th e  dopamine a g o n is t  APO, n e i th e r  s t r i a t a l  dopamine 
b in d in g  no r APO-induced s te re o ty p y  appears  d i f f e r e n t  in  ch ro n ic  
m et-enk  t r e a te d  an im als  compared to  t h e i r  c o n t r o ls .  A d m in is tra tio n  
o f  3H-met-enk ( ic v) su g g es ts  th e r e  a r e  no s ig n i f i c a n t  d if f e re n c e s  
in  m et-enk  d i s t r i b u t io n  in  th e s e  a re a s  w hich would appear to  
accoun t f o r  th e s e  d i f f e re n c e s .  I t  has been dem onstra ted  in  s e v e ra l 
la b s  th a t  p ro longed  exposure to  c e r t a in  o p io id  p e p tid e s  can induce 
δ re c e p to r  d o w n -reg u la tio n  in  c e l l  c u l tu r e  and b ra in  s l i c e  p re p a r 
a t io n s .  On th e  o th e r  hand, i t  i s  g e n e ra l ly  ag reed  th a t  ch ro n ic  mor
ph in e  a d m in is tr a t io n  does n o t dow n -reg u la te  µ o r δ r e c e p to r s .  The 
d i f f e re n c e  in  m orphine and m et-enk re g u la t io n  o f  t h e i r  r e s p e c t iv e  
r e c e p to r s  may accoun t f o r  some d i f f e re n c e  observed  in  symptoms o f 
p .d .  on th e s e  compounds. In  a d d i t io n ,  s in c e  b o th  a re a s  a r e  abun
d an t in  δ r e c e p to r s ,  th e r e  may be a d i f f e re n c e  in  r e g u la t io n  of 
th e s e  r e c e p to r s  in  s tr ia tu m  and hypothalam us which may accoun t f o r  
th e  d if f e re n c e s  observed in  th e  dopam inergic system  o f  th e se  two 
re g io n s  in  an im als  t r e a te d  w ith  m et-enk . Data from our la b  su g g es ts  
th a t  th e r e  i s  no change in  s t r i a t a l  δ r e c e p to r  r e c o g n itio n  s i t e  
(no change in  Kdo r  Bmax) fo llo w in g  c h ro n ic  tre a tm e n t w ith  m et-enk . 
T h is  does n o t however r u le  o u t th e  p o s s i b i l i t y  o f  change in  re g 
u la t io n  beyond th e  re c e p to r  p e r  s e ,  ie :  d e s e n s i t i s a t i o n  o r  re c e p to r  
/ e f f e c to r  (n -p ro te in )  u n co u p lin g . Experim ents to  de te rm in e  w hether 
ch ro n ic  m et-enk has an e f f e c t  on m odula tion  o f  o p io id  r e c e p to r  
fu n c t io n  in  s tr ia tu m  and hypothalam us w i l l  be re p o r te d .

375.4 ABSTINENCE-PRECIPITATING PEPTIDE IN CSF OF MORPHINE-DEPENDENT RATS. 
D.H. Mal in ,  R.N. Ferebee*, L. H a r te r* ,  K.L. T hra sher* ,  D.H. Bruce*, 
P.A. F a r le y * ,  M.S. B la i r * ,  and W.R. M il l s* .  U n iv e r s i t y  o f  Houston- 
C lear  Lake, Houston, Texas 77058.

Previous  s tu d i e s  have shown t h a t  CSF from o p ia t e - a b s t i n e n t  r a t s  
p r e c i p i t a t e d  an a b s t in en ce  syndrome when in fused  i n to  the  t h i r d  
v e n t r i c l e  o f  o p i a t e  dependent r a t s .  CSF from non-dependent r a t s  
f a i l e d  to  produce t h i s  e f f e c t .  As with a r t i f i c i a l  o p i a t e  a n t a 
g o n is t s  (na lo x o n e) ,  no ab s t i n e n c e  syndrome could be p r e c i p i t a t e d  
by in fu s io n  in to  non-dependent r a t s .  The c u r r e n t  study is  a 
p r e l im in a ry  c h a r a c t e r i z a t i o n  o f  the  a c t i v e  f a c t o r  in CSF from 
o p ia t e  a b s t i n e n t  r a t s .

Twenty-four r a t s  were rendered h igh ly  morphine-dependent by 
7 days o f  cont inuous  in fu s io n  v ia  Alzet 2ML1 osmotic mini pump a t  
a r a t e  o f  1.67 mg/kg/hr  s . c .  Six hours a f t e r  removal o f  the 
pumps, r a t s  were  a n e s t h e t i z e d  and CSF was withdrawn from the 
c i s t e r n a  magna. CSF was vacuum f i l t e r e d  a t  4°C'. through a 
c o l lo d io n  f i l t e r ,  10,000 mol. wt. c u t - o f f .  80 y t  a l i q u o t s  of  
f i l t r a t e  and s a l i n e - r e c o n s t i t u e d  r e t e n t a t e  were in fused  In to  the 
t h i r d  v e n t r i c l e  o f  morphine-dependent r a t s  (morphine- in fused  with  
0 .33 mg/kg/hr  s . c .  f o r  seven days v ia  2 Alze t 2001 minipumps). 
Rats were observed f o r  30 min. on a s tan d a rd  c h e c k l i s t  of  o p ia te  
ab s t i n e n c e  s ig n s  (abdominal w r i t h e s ,  wet-dog shakes e t c . ) .  Four 
r a t s  r e ce iv in g  CSF f i l t r a t e  e x h ib i te d  66 .0  + 11.3 (mean + SEM) 
ab s t i n e n c e  s ig n s ,  w hile  5 r a t s  in fused  with  r e t e n t a t e  ex h ib i te d
11.2+  4 .7  s ig n s .  This  d i f f e r e n c e  was s i g n i f i c a n t ,  p<.01.

Since  the  a c t i v i t y  was a s s o c i a t e d  with  th e  CSF f i l t r a t e  (< 
10,000 mol. w t . ) ,  f u r t h e r  c h a r a c t e r i z a t i o n  procedures  were c a r r i e d  
out upon th e  f i l t r a t e  a lo n e .  Four r a t s  were in fused  with  CSF 
f i l t r a t e  t h a t  had been hea t t r e a t e d  (100° C f o r  150 s e c s . ) .  They 
e x h i b i t e d  44.0  + 5.2  ab s t i n e n c e  s ig n s ,  not s i g n i f i c a n t l y  d i f f e r e n t  
from unhea ted f i l t r a t e .  A ddit ional a l i q u o t s  were incubated  fo r  
30 mins, a t  30°C, e i t h e r  with pr  w ithou t an excess  o f  
ca rboxypep tidase  A, a broad spectrum p r o t e o l y t i c  enzyme. Infus io n  
o f  th e  enzym e- tr ea te d  CSF f i l t r a t e  In to  4 r a t s  induced only 
6 .7  + 1.2 a b s t i n en ce  s ig n s ,  while  in fu s io n  of  the  in cuba ted ,  but 
non-enzym e- t rea ted ,  CSF f i l t r a t e  induced 53.7  +  15. 7 a b s t i n en ce  
s ig n s .  This d i f f e r e n c e  was s i g n i f i c a n t ,  p<.02.

The above d a t a  Is c o n s i s t e n t  w ith  the  h ypo thes i s  t h a t  th e  
a c t i v e  substance  in CSF from morphine a b s t i n e n t  r a t s  Is a p e p t jd e .  
A ddit iona l d a ta  w i l l  be p resen ted  regard ing  th e  approximate 
m olecular  weight of  th e  a c t i v e  s u b s t an ce ,  as  de te rmined  by gel 
f i I t r a t i o n .

(Supported by NIDA g ra n t  DA03966 and UH-Clear Lake Alumni Assn. 
Gran t. We g r a t e f u l l y  acknowledge the s k i l l e d  a s s i s t a n c e  of  
D.S. M arullo , V.R. P o t t s ,  and J .  Cook.)
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375.5 VOLUNTARY ORAL CONSUMPTION OF MORPHINE SOLUTIONS BY WISTAR RATS 
K.R. C a r ls o n  and  L . A h te e * . D e p t. o f  P h a rm a c o lo g y , U. o f  
M a s s a c h u s e tts  M e d ic a l S c h o o l,  W o rc e s te r ,  MA 016 0 5 - 2397 and * D ep t. 
o f  P h arm acy , D iv . o f  P h a rm a c o lo g y , U. o f  H e l s in k i ,  F in la n d .

A m ethod f o r  in d u c in g  p h y s ic a l  d e p e n d en c e  on  m o rp h in e , in  
w hich  r a t s  s e l f - a d m i n i s t e r  th e  d ru g  and  a s  a  c o n seq u e n c e  do n o t  
e x p e r ie n c e  th e  e x p e r im e n ta l  s t r e s s o r s  o f  r e p e a t e d  i n j e c t i o n s  and  
p a r t i a l  w i th d ra w a ls ,  i s  e v a lu a t e d .  A d u lt  W is ta r  r a t s  from  th e  
U. o f  H e l s in k i  c o lo n y  w ere o f f e r e d  0 .5  mg/ml m orph ine  s u l f a t e  in  
10% s u c ro s e  a s  t h e i r  s o l e  s o u rc e  o f  f l u i d .  Over 4 -7  d a y s ,  o n ly  
5 o f  20 d ran k  t h i s  s o lu t io n ;  d a y - to - d a y  in ta k e  f l u c t u a t e d ,  b u t  
s e l f - a d m in i s t e r e d  d o se  r o s e  t o  a ro u n d  100 m g /k g /d ay  in  20 d a y s .  
The r a t s  w hich  i n i t i a l l y  r e f u s e d  m o rp h in e  w ere a llo w e d  t o  
r e c o v e r  t o  t h e i r  i n i t i a l  body w e ig h t ,  and  th e n  w ere o f f e r e d  
i n c r e a s in g  c o n c e n t r a t i o n s  ( 0 .1  t o  0 .4  m g/m l) o f  m o rp h in e  in  10% 
s u c r o s e .  C onsum ption  d ro p p ed  s h a r p ly  w ith  th e  i n t r o d u c t i o n  o f  
e a c h  new c o n c e n t r a t i o n ,  and  th e  in g e s t e d  d o se  r o s e  t o  o n ly  30 
m g /k g /d a y . T h is  l e v e l  was s u f f i c i e n t  t o  p ro d u c e  p h y s ic a l  
d e p e n d e n c e , s in c e  body w e ig h t  f e l l  s i g n i f i c a n t l y  when th e  
m o rp h in e  s o l u t i o n  was w ith d ra w n . A c o n t r o l  g ro u p  m a in ta in e d  on 
s u c ro s e  d ra n k  th e  same am ount o f  a  0 .1  mg/ml s o lu t io n  a s  th e  Ss 
w hich  had become d e h y d ra te d  when o f f e r e d  th e  0 .5  mg/ml s o l u t i o n ,  
i n d i c a t i n g  t h a t  th e  t a s t e  a lo n e ,  and  n o t  t h e  a s s o c i a t i o n  o f  
t a s t e  w i th  p r i o r  i l l n e s s ,  was r e s p o n s i b le  fo r  th e  r e l u c ta n c e  t o  
d r in k .  In  c o n t r a s t ,  20 w e a n lin g  W is ta r  r a t s  r e a d i l y  a c c e p te d  
i n c r e a s in g  c o n c e n t r a t i o n s  ( 0 .1  t o  0 .5  m g/m l) o f  m o rp h in e  in  t a p  
w a te r .  C onsum ption  was s t a b l e ,  50 m g /k g /d a y  d o s e s  w ere 
a c h ie v e d ,  and  p h y s ic a l  d ep en d en ce  was u n e q u iv o c a l ly  p r e s e n t .  
T h ese  d a ta  i n d i c a t e  t h a t  m ost a d u l t  W is ta r  r a t s  w i l l  d r in k  
m orp h in e  s o l u t i o n s  o n ly  w ith  g r e a t  r e l u c t a n c e ;  a p p a r e n t ly  th e y  
d e t e c t  th e  b i t t e r  t a s t e  o f  m orp h in e  ev en  when i t  i s  p r e s e n t e d  in  
an  o th e r w is e  h ig h ly  p a l a t a b l e  s o l u t i o n .  H ow ever, i f  W is ta r  r a t s  
a r e  p r e s e n te d  w ith  m orp h in e  in  t a p  w a te r  s h o r t l y  a f t e r  w e a n in g , 
t h e i r  c o n su m p tio n  i s  r e l i a b l e  and  s u f f i c i e n t  t o  in d u c e  p h y s ic a l  
d e p e n d e n c e . T h u s , we s u g g e s t  t h a t  young r a t s  o f  t h e  W is ta r  
s t r a i n  a r e  a p p r o p r i a t e  s u b je c t s  f o r  u se  in  t h i s  d r in k in g  
p a ra d ig m .

375.6 THE EFFECTS OF METHADONE ON RETINAL DEVELOPMENT IN NEONATAL RATS. 
T. W. Laedtke* and W. K. O'Steen (SPON: A. Sweatt). Department 
of  Anatomy, Bowman Gray School of Medicine, Wake Forest 
University, Winston-Salem, NC 27103.

Maternal opiate exposure has been shown to retard growth and 
neuroontogeny in newborn ra ts (Exp. Neurol. ,  56: 538, 1977). 
Although th is developmental effect has been demonstrated in the 
brain, we became interested in opiate-mediated ac tiv ity  in the 
ra t re tina . Others have shown that the retinal layers in the rat 
gradually decrease in thickness a fte r about the f i r s t  postnatal 
week of normal development. If  the opiate methadone retards 
maturation in the neonatal ra t re tin a , we would expect to see 
thicker retinal layers in experimental animals when compared with 
controls. From Day 1, neonatal Sprague-Dawley rats were given 
daily subcutaneous injections of either 5.0 mg/kg methadone or 
0.9% NaCl for 21 days. Animals were weighed daily and separated 
from th e ir mother until the gross behavioral effects subsided. 
Eyes were processed for ligh t microscopic morphometric analyses 
of the thickness of the outer and inner nuclear layers (0NL, 
INL), and of the en tire  retina (RT). No significant histological 
differences were detected between control and experimental 
re tinas. Control 0NL (54.4 + 0.5 pm (SEM)) and RT (134.2 + 2.0 
pm) were sign ifican tly  thicker than experimental 0NL (52.5 + 0.6 
µm) and RT (127.9 + 1.4 µm), while control INL (33.0 + 0.5 µm) 
was not sign ifican tly  d ifferen t than opiate-treated INL (32.2 + 
0.5 µm). No significant differences were found between sexes. 
When neonatal body weights were compared, opiate-treated pups 
weighed sign ifican tly  less than controls during the la te r  time 
in tervals. These resu lts contradict our working hypothesis in 
regard to retinal thickness changes. Although there were 
differences detected in the ONL and RT measurements, we in terpret 
these s lig h t differences to be not biologically sign ifican t.

Previous work has shown that opioids in terac t stereo- 
sp e c ifica lly , with the opiate receptor postulated to be the s ite  
of opiate action (Brain Res. Bull. ,  7: 25, 1981). If  opiate 
receptors are necessary for drug-induced growth modulation to 
occur, then receptor d istribution  may indicate regions of 
potential endogenous opiate ac tiv ity . Since opiate receptors 
have not yet been localized in the ra t re tin a , th is may explain 
why methadone treatment had an unpredictable retinal effect in 
th is study. (Supported by NIH Grant EY02359-09).

375.7 THE EFFECTS OF PRENATAL EXPOSURE TO MORPHINE ON POSTNATAL 
THYROID AXIS FUNCTION IN THE RAT. W .J . L i t t o  and J .  R a b i i . 
D e p t ,  o f  B i o lo g i c a l  S c ie n c e s  and  B u reau  o f  B i o lo g i c a l  R e s e a rc h ,  
R u tg e rs  U n i v e r s i t y ,  P is c a ta w a y ,  NJ 08854

We h av e  p r e v i o u s ly  shown t h a t  e x p o s u re  t o  m o rp h in e  d u r in g  a 
c r i t i c a l  p e r io d  o f  p r e n a t a l  d e v e lo p m e n t, i n  t h e  r a t ,  can  p ro d u c e  
p o s t n a t a l  a l t e r a t i o n s  i n  th e  n e u ro e n d o c r in e  r e g u l a t i o n  o f  LH and 
TSH s e c r e t i o n .  H ere we r e p o r t  f u r t h e r  e v id e n c e  c o n c e rn in g  
p o s t n a t a l  t h y r o i d  a x i s  f u n c t io n  i n  r a t s  t r e a t e d  w i th  m o rp h in e  in  
u t e r o . T im e-m ated  fem a le  r a t s  w ere  i n j e c t e d  tw ic e  d a i l y  on d a y s  
5 t o  12 o f  g e s t a t i o n ,  w i th  m o rp h in e  s u lp h a t e  (MS) o r  s a l i n e  
(SAL) v e h i c l e .  B a s a l  p lasm a  TSH, p lasm a  th y ro x in e  (T 4 ) , and 

p i t u i t a r y  TSH c o n c e n t r a t i o n s  w ere d e te rm in e d  in  m ale  and  fem a le  
o f f s p r i n g  o f  b o th  p r e n a t a l  t r e a tm e n t  g ro u p s ,  a t  1 0 , 1 5 , 2 0 , 2 5 , 
3 5 , and  50 d a y s  o f  a g e .  In  a d d i t i o n ,  t h e  TSH re s p o n s e  t o  a c u te  
r e s t r a i n t  s t r e s s  (10 m in) i n  1 5 - ,  3 5 - ,  and  5 0 -d a y -o ld  o f f s p r i n g ,  
and  th e  TSH re s p o n s e  t o  ex o g en o u s TRH (1 .0  and  2 0 .0  µg /k g  BW) 
a d m i n i s t r a t i o n  in  5 0 - d a y - o ld  o f f s p r i n g  w ere  d e te rm in e d .  The 
d e v e lo p m e n ta l  p r o f i l e  f o r  TSH i n  S A L -tr e a te d  o f f s p r i n g  was 
c h a r a c t e r i z e d  by a d i s t i n c t  p e a k  i n  TSH l e v e l s  a t  15 d a y s .  T h is  
p e a k  w as n o t  p r e s e n t  in  M S - tr e a te d  m ale  o f f s p r i n g ,  and  was 
e x te n d e d  by 5 d a y s  in  M S - tr e a te d  fem a le  o f f s p r i n g .  In  a d d i t i o n ,  
3 5 - d a y - o ld  M S - tr e a te d  f e m a le s  h ad  s i g n i f i c a n t l y  lo w e r  TSH l e v e l s  
th a n  t h e i r  c o r r e s p o n d in g  SAL c o n t r o l s .  The d e v e lo p m e n ta l  
p r o f i l e  f o r  T4 was a l s o  c h a r a c t e r i z e d  b y a s i g n i f i c a n t  p e a k  a t  
15 d a y s  i n  S A L -tr e a te d  o f f s p r i n g .  T h is  15 day  e l e v a t io n  was n o t  
p r e s e n t  i n  M S - tr e a te d  m ale  o f f s p r i n g ,  and  1 0 - and  2 0 -d a y -o ld  
M S - tr e a te d  m a le s  h ad  s i g n i f i c a n t l y  g r e a t e r  T4 l e v e l s  th a n  t h e i r  
SAL c o n t r o l s .  P i t u i t a r y  TSH c o n te n t  i n c r e a s e d  in  a  l i n e a r  
f a s h io n  from  10 t o  50 d a y s  o f  a g e ,  i n  b o th  MS- and  S A L -tr e a te d  
o f f s p r i n g .  Ten d a y -o ld  M S - tr e a te d  m a le s  and  fe m a le s  had  
s i g n i f i c a n t l y  lo w e r ,  an d  5 0 - d a y - o ld  M S - tr e a te d  f e m a le s  had  
s i g n i f i c a n t l y  h i g h e r ,  p i t u i t a r y  TSH l e v e l s  th a n  c o r r e s p o n d in g  
SAL c o n t r o l s .  R e s t r a i n t  s t r e s s  p ro d u c e d  a s i g n i f i c a n t  
i n h i b i t i o n  o f  TSH r e l e a s e  in  S A L -tr e a te d  o f f s p r i n g  a t  a l l  a g e s  
t e s t e d .  The s t r e s s  r e s p o n s e  was n o t  p r e s e n t  i n  3 5 -  and  
5 0 - d a y - o ld  M S - tr e a te d  m a le s ,  o r  i n  1 5 -  and  3 5 - d a y - o ld  M S - tr e a te d  
f e m a le s .  The TSH r e s p o n s e  t o  e x o g en o u s TRH, f o r  b o th  d o s e s  
t e s t e d ,  was s i m i l a r  f o r  m ale  o f f s p r i n g  o f  b o th  p r e n a t a l  
t r e a tm e n t  g ro u p s .  M S - tr e a te d  f e m a le s  h ad  a  s i g n i f i c a n t l y  
d im in is h e d  TSH re s p o n s e  t o  TRH, com pared  t o  SAL c o n t r o l s ,  f o r  
b o th  d o s e s  o f  TRH. In  a d d i t i o n ,  o n ly  th e  h ig h  d o se  o f  TRH 
p ro d u c e d  a  s i g n i f i c a n t  TSH r e s p o n s e  i n  M S - tr e a te d  f e m a le s .  In  
c o n c lu s io n ,  p r e n a t a l  e x p o s u re  t o  m o rp h in e  p ro d u c e s  a l t e r a t i o n s  
i n  t h e  p o s t n a t a l  d ev e lo p m e n t o f  t h e  t h y r o i d  a x i s ,  a s  w e l l  a s  th e  
r e s p o n s e  o f  t h i s  s y s te m  to  p h y s io l o g ic a l  s t i m u l i .  (S u p p o rte d  by 
th e  B usch M em orial Fund o f  R u tg e rs  U n i v e r s i t y . )

375.8 PRENATAL EXPOSURE TO MORPHINE ALTERS THE NOCICEPTIVE THRESHOLD AND 
DEVELOPMENT OF OPIATE TOLERANCE IN RATS, by J . Aronowski*, P.M. 
Dougherty*, and N. Dafny (SPON: M.E. Miner), Department of 
Neuros i ology and Anatomy, University of Texas Medical School at 
Houston, PO Box 20708, Houston, Texas, 77025.

Most of the studies on opiate induced effects have concentrated 
on adult animals and not those induced in developing animals. The 
present study investigates the effect of prenatal exposure of 
morphine upon the baseline nociceptive threshold, opiate induced 
antinociception, and the development of tolerance to th is effect. 
Pregnant mothers a t days 14 of gestation were injected with 
morphine (i.m .) in an increasing regimen of three daily injections 
with dosages sta rting  at 15 mg/kg and ending at 90 mg/kg/day by 
the sixth day of treatment. This protocol was su ffic ien t to 
induce physical dependence in the mothers as assessed by naloxone 
precipitated withdrawal. Control pregnant animals received three 
daily  injections of sa line . The newborns from both groups were 
allowed seven weeks to develop and achieve a body weight of 
approximately 150 gr. No sign ifican t differences in weight 
development or behavior were noticeable between the experimental 
and control animals. The experiment began with establishing the 
nociceptive baseline using the ta i l  immersion assay, with the 
noxious stimulus provided by 55°C water. Once the baseline 
response was obtained, 5 mg/kg morphine was administered and the 
antinociceptive effects of morphine was assessed as before. The 
effect of prenatal exposure to morphine on the development of 
tolerance was assessed following chronic exposure to morphine by 
increasing i.m. injection dosages three times a day across five 
days sim ilar to those described above. The animals were then 
allowed twenty four hours to clear residual morphine from their 
systems and a second baseline was determined. Tolerance was then 
assessed by measurement of the ta i l  immersion response following 
Injection of 5 mg/kg morphine. These observations demonstrate 
that the animals treated prenatally with morphine had an elevated 
nociceptive baseline versus control animals. Following chronic 
morphine treatment, the baseline responses of both animal groups 
became identical which appears to indicate that both groups had 
become compensated to chronic morphine exposure in the same 
manner. Yet the effect of morphine a t th is time was enhanced in 
the prenatally exposed animals, suggesting that these ra ts  either 
developed a lower degree of tolerance, or developed partia l 
tolerance by a d ifferent means than the control animals. These 
resu lts may suggest that prenatal exposure to morphine modifies 
the development of endogenous opiate systems.
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375.9 INTERACTIONS OF IMMUNOMODIFYING AGENTS. UPON OPIATE INDUCE HYPO
THERMIA INTERFERON PREVENTS THE DEVELOPMENT OF TOLERANCE TO MOR
PHINE HYPOTHERMIA. C. Harper*, P.M. Dougherty* and N. Dafny (SPON. 
F.M. Yatsu), Department of Neurobiology and Anatomy, University of 
Texas Medical School at Houston, P.0. Box 20708, Houston, Texas 
77025.

I t  has recently been demonstrated that several diverse forms of 
immune modification can effect CNS functions associated with 
responses to opiates which include the expression of morphine 
withdrawal and i ts  nociceptive properties. The present study 
elaborates upon these previous observations by investigating the 
influence of immune modification by alpha-interferon, cyclo- 
sporine-A, and p a rtia lly  immune-ablating doses of gamma-irradia
tion upon both acute morphine induced hypothermia and the develop
ment of tolerance to th is  effec t. Temperatures were measured by 
flexib le  probes inserted 4 to 5 cm into the rectum of restrained 
male albino ra ts  connected to a tele-thermometer multi-channel 
readout. After allowing an accommodation period, baseline temper
atures were recorded over a 30 minute in terval. Following the 
establishment of the baseline responses, the animals were immune 
modulated by ip injection of 150 IU/g body wt Hoffman-LaRoche 
recombinant human alpha-interferon, 15 mg/kg cyclosporine-A 
(Sandoz) or whole body exposure to 500 rads gamma irradiation  
(Cesium 137 source), then returned to the restra iners a fter a 90 
minute recovery period and observed for temperature changes across 
the next 40 minutes. Two hours after the immune modulation t r e a t
ments, the ra ts  were injected with 10 mg/kg morphine ip and once 
again observed for temperature responses over the next 250 
minutes. Tolerance was then induced in the experimental animals 
by continuous exposure to morphine for 72 hours from a subcu
taneous morphine (75 mg) pelle t implant. After th is  time (72 
hours) the pelle ts were removed and the animals were allowed to 
clear the residual drug from th e ir systems across the next twenty 
four hours, at which time the animals were again measured for 
baseline temperature and injected with 10 mg/kg morphine to assess 
the development of tolerance. The resu lts of th is  study demon
strated that among the treatments employed, only irradiation  ex
posure altered the baseline temperature. In addition, none of the 
treatments interferon with or prevent the normal hypothermic 
response to morphine in day 1 of the experiment. Finally, neither 
cyclosporine nor gamma-irradiation prevented the development of 
tolerance to morphine (10 mg/kg) induced hypothermia, however, 
interferon prevented the development of tolerance to morphine as 
the ra ts  responded with the same degree of hypothermia after 
chronic exposure to the drug as on the f i r s t  day of the experi
ment. These resu lts further il lu s tr a te  an interaction of the 
immune system and the CNS at the level of opiatergic physiology.

375.10 EFFECTS OF NALOXONE AND NALTREXONE ON SERUM LH LEVELS ACROSS THE 
LIFE SPAN AND CONTRAST WITH DURATION OF ANALGESIA BLOCKADE 
E. Field* and C. Kuhn (SPON: N. Cant), Department of Pharmacology, 
Duke Univ. Med. C tr., Durham, N.C. 27710

Both the advent of reproductive function during puberty and its  
progressive decline in middle-aged and older female rats are accom
panied by changes in the timing and magnitude of the (LH) surge as 
well as in LH pulse amplitude. Reported age-related alterations in 
the ac tiv ity  of endogenous opioid neurons which tonically  inhib it 
LH secretion might account for such changes. To te s t th is possibi
l i ty  the present study evaluated the magnitude of LH effects of 
opiate antagonists in immature, intact young adult and middle-aged 
female ra ts . In addition, we compared the duration of LH effects 
to effects on morphine-induced analgesia after opiate blockade with 
putative short and long-acting antagonists.

Naloxone (NAL, 2 mg/kg), naltrexone (NTX, 1 or 50 mg/kg) or 
saline (SAL) was injected sc in 5, 10 and 25-d.o. and 1½  
and 10-month-old female rats and trunk blood was col l ected 
following decapitation at various times afte r treatment.I n 
cycling 3-month-old and 10-month-old ra ts , blood samples were 
collected on the afternoon of diestrus I from in tra -a tr ia l cannulae 
prior to and at intervals a fte r NAL (2 mg/kg, iv ). For analgesia 
testing  by ta il  immersion, ra ts were treated with SAL, NAL or NTX 
at various times and with MOR or SAL 30 min prior to testing .

Developmental differences in magnitude of the LH response to 
antagonists were observed. In 5 and 10 d.o. ra ts , serum LH 
increased 5 to 10-fold after NAL treatment (p <. 005) and 3-fold 
a fte r high or low-dose NTX (p <. 01). NAL increased LH 3 to 4-fold 
in 25 d .o . ra ts (p <. 001). After sexual maturation LH respon
siveness to NAL was less marked and did not change with age. 
In terestingly , a fte r a single or multiple (4) doses of NAL to 5 
d.o. pups, LH increased at 20 min, but showed a rebound 
suppression at 6 hr (p <. 05). The measured duration of LH respon
ses to antagonist treatment was no longer than 1 hr. In contrast, 
blockade of analgesia by NTX lasted for at least 12 hr (p <. 05) 
and by NAL for up to 2 hr (p <. 05).

Our results confirm previously reported age-related changes in 
LH response to opioid receptor blockade during sexual development. 
We have further demonstrated that no sim ilar decreases occur 
through middle age, despite reported changes in other 
neurochemical/neuroendocine paramaters during th is period. Further 
studies are required to evaluate the possib ility  of changing opioid 
tone in aging constant estrus or anestrus females as has been 
reported in aging male ra ts . Two findings of th is study have 
importance for reports of chronic antagonist effects on pubertal 
development. NTX or NAL-induced LH effec ts are relatively  brief in 
comparison to the sustained blockade of opioid receptrs revealed by 
analgesia testing . In addition, both the elevation and the rebound 
suppression of LH persis t a fter repeated administration of NAL

375.11INSENSITIVITY OF THE PROLACTIN REGULATORY MECHANISM TO MU OPIATE 
RECEPTOR STIMULATION DURING LACTATION IN THE RAT. J. Janlk, P. 
Callahan, L. Grandison and J. Rabii. Dept. Bio. S c i., Rutgers 
Univ., and Dept. Physiol. (LG), UMDNJ, Piscataway, NJ 08854.

We have previously reported that morphine su lfate  (MS) 
administration is unable to stimulate basal release of prolactin 
in the lactating  female model. This is  in d irect contrast to 
the sign ifican t prolactin increases produced by MS in male and 
cycling female ra ts . The purpose of th is  study was to further 
determine the sen sitiv ity  of the lactating  female model to 
opiate stimulation and to compare i t  to the diestrous female 
ra t. For th is  purpose, the mu agonist methadone was 
administered to both models. In addition the dopamine 
antagonist haloperidol was administered to lactating  females as 
a means of assessing the functional ac tiv ity  level of the 
tuberoinfundibular dopaminergic (TIDA) neurons.

In these experiments, lactating  female rats were used between 
days 4 and 10 post-partum. Non-lactating females were used on 
diestrous day 2 as verified  by daily vaginal smears. On the day 
of the experiment, dams were separated from th e ir  pups for 2 
hours prior to the administration of any drug. One group of 
lactating  females and one group of diestrous females were 
injected with methadone (5 mg/kg, ip ). Other groups of 
lactating  and diestrous females received the opiate antagonist 
naloxone (2 mg/kg, ip) 10 minutes before and 15 minutes a f te r  
the methadone in jection . A separate group of lactating  females 
received the dopamine antagonist haloperidol (0.1 or 0.5 mg/kg, 
iv ).

The administration of methadone, like MS, was unable to 
stimulate basal levels of prolactin in the lactating  female. In 
con trast, methadone did produce a sign ifican t increase in 
c irculating  levels of prolactin in the diestrous female. This 
increase was naloxone reversible. Furthermore, methadone 
produced a sign ifican t increase in circulating  levels of GH in 
both models. These increases were also naloxone reversible. 
Haloperidol produced a sign ifican t increase in basal prolactin 
levels in the lactating  model. This suggests that the TIDA 
neurons are indeed active during lactation  even though two mu 
agonists, i .e .  MS and methadone, fa iled  to a l te r  basal levels of 
prolactin in th is model. Thus we suggest that the mu opiate 
receptor subtype may not be involved in the regulation of 
prolactin release during lac ta tion . (Supported by the Busch 
Memorial Fund.)

375.12  d if f e r e n t ia l  s e n s it iv it y  of the pr o l a c t in  regulatory mechanism  
TO OPIATES DURING LACTATION IN THE RAT. P . C a l la h a n ,  J .  J a n ik ,  
L . G ra n d iso n  and  J .  R a b i i . D e p t. B io . S c i . ,  R u tg e rs  U n iv . ,  and 
D e p t. P h y s i o l .  (LG), UMDNJ, P is c a ta w a y ,  NJ 08854 .

We h av e  shown t h a t  t h e  mu a g o n i s t s  m o rp h in e  s u l f a t e  (MS) 
and  m eth ad o n e , do n o t  p ro d u c e  any  a l t e r a t i o n  in  b a s a l  l e v e l s  o f  
p r o l a c t i n  i n  t h e  l a c t a t i n g  fem a le  r a t .  H ow ever, t h e s e  o p i a t e  
a g o n is t s  do c a u se  a  s i g n i f i c a n t  i n c r e a s e  i n  GH l e v e l s  in  t h i s  
m o d el. The p u rp o se  o f  t h i s  s tu d y  was t o  f u r t h e r  c h a r a c t e r i z e  
th e  s e n s i t i v i t y  o f  t h e  l a c t a t i n g  fem a le  m odel t o  o p i a t e  
s t i m u l a t i o n  by a d m in i s t e r in g  en d o g en o u s o p io id  p e p t i d e s  (EOP).

L a c ta t in g  fem a le  r a t s  on day  2 p o s t - p a r tu m  w ere im p la n te d  
w i th  c h ro n ic  c a n n u la  p la c e d  in  th e  l a t e r a l  v e n t r i c l e .  On th e  
day  o f  t h e  e x p e r im e n t ,  dams w ere s e p a r a te d  from  t h e i r  p u p s  f o r  
2 h o u r s  p r i o r  t o  t h e  a d m i n i s t r a t i o n  o f  any d ru g .  One g ro u p  
r e c e iv e d  s a l i n e  o r  t h e  e p s i l o n  a g o n is t  b e ta - e n d o rp h in  (10 o r  20 
µg ,  i v t ) . A seco n d  g ro u p  r e c e iv e d  s a l i n e  o r  th e  d e l t a  a g o n is t  
d - a l a - d - l e u - e n k e p h a l i n  (DADLE; 5 o r  10 µg ,  i v t ) .  A t h i r d  and  
f o u r t h  g ro u p  r e c e iv e d  th e  o p i a t e  r e c e p t o r  a n ta g o n i s t  n a lo x o n e  
(5 m g/kg , ip )  10 m in u te s  p r i o r  t o  and  15 m in u te s  a f t e r  
b e ta - e n d o rp h in  (10 µg) o r  DADLE (10 µg).  In  a d d i t i o n ,  two 
o t h e r  g ro u p s  r e c e iv e d  th e  o p i a t e  a n t a g o n i s t  WIN 4 4 ,4 4 1  (5 
m g /k g , i p )  10 m in u te s  p r i o r  t o  t h e  o p i a t e  a g o n i s t s .  N aloxone  
i s  p r im a r i l y  a  mu r e c e p t o r  a n t a g o n i s t  w h i le  WIN 4 4 ,4 4 1  h a s  b e e n  
r e p o r t e d  t o  e f f e c t i v e l y  b lo c k  th e  mu, d e l t a  and  k ap p a  s i t e s .

B oth  b e ta - e n d o rp h in  and DADLE p ro d u c e d  s i g n i f i c a n t  
i n c r e a s e s  i n  c i r c u l a t i n g  l e v e l s  o f  p r o l a c t i n .  A d d i t io n a l ly ,  
t h e s e  same a n im a ls  a l s o  showed a s i g n i f i c a n t  i n c r e a s e  i n  
c i r c u l a t i n g  GH l e v e l s .  I n t e r e s t i n g l y ,  th e  p r o l a c t i n  re s p o n s e  
t o  n e i t h e r  b e ta - e n d o rp h in  n o r  DADLE was r e v e r s i b l e  by e i t h e r  
n a lo x o n e  o r  WIN 4 4 ,4 4 1 . H ow ever, th e  GH in c r e a s e  was b lo c k e d  
by b o th  a n t a g o n i s t s .  T h is  s u g g e s t s  t h a t  t h e  b e ta - e n d o rp h in  and 
DADLE-induced i n c r e a s e s  i n  p r o l a c t i n  may be  m e d ia te d  by a 
r e c e p t o r  s u b ty p e  w hich  i s  n o t  b lo c k e d  by e i t h e r  o f  t h e s e  
a n t a g o n i s t s .  We s u g g e s t  t h a t  a r e c e p t o r  s u b ty p e ,  o t h e r  th a n  
th e  mu, i s  i n v o lv e d  in  t h e  r e g u l a t i o n  o f  p r o l a c t i n  r e l e a s e  i n  
t h i s  m o d el. A lth o u g h  th e  e p s i l o n  r e c e p t o r  may b e  i m p l ic a te d  by 
th e s e  r e s u l t s ,  f u r t h e r  s tu d i e s  a r e  n e c e s s a r y  t o  c o n f irm  t h i s  
a p p a re n t  c o n c lu s io n .  (S u p p o rte d  by th e  B usch M em orial F u n d .)
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375.13 INTERACTION BETWEEN STEROIDS AND OPIATES ON LH AND LHRH RELEASE 
P.S. Kalra, Department of Obstetrics and Gynecology University of 
Florida College of Medicine, Gainesville, FL 32610

An interaction between opiates and steroids at the level of the 
hypothalamo-pituitary axis is suggested by the sexual dysfunction 
associated with chronic narcotic use. We have systematically an
alyzed the effects of continuous exposure of castrated rats to mor
phine (M) and/or varying testosterone (T) concentrations on LH and 
LHRH release. Rats castrated for 2 weeks were implanted s .c . with 
M pellets alone (2 p elle ts every other day) or in combination with 
T-containing S ila s tic  capsules (5mm or 30mm length) for 4 days; 
treatment groups were: Sham, M, T5, T30, T5 + M and T30 + M im
plan ts. Continuous opiate receptor stimulation with M pellets 
alone, or treatment with T5 which produced sub-physiological serum 
T levels of 300- 500 pg/ml, failed to affect the post-castration LH 
hypersecretion. However, M and T5 in combination d rastica lly  sup
pressed LH levels to the range detected in intact rats (< 1 ng/ml). 
LH release, suppressed by T30 implants to around 1 ng/ml was fur
ther reduced significantly  by combined T30 + M treatment (0.4 - 0.6 
ng/ml). Whether th is supersensitivity  of LH response to T feed
back, induced by continuous M exposure, was due to altered release 
of hypothalamic LHRH or altered p itu itary  response to LHRH was as
sessed. Hypothalami of rats treated as described above were peri- 
fused in v itro  to determine basal LHRH release rates and the LHRH 
response to the opiate receptor antagonist, naloxone and to K+. 
The basal LHRH release rates were not altered by the addition of M 
treatment as compared to that from rats receiving the appropriate T 
treatment alone (T5 vs T5 + M and T30 vs T30 + M). Surprisingly, M 
treatment also did not a lte r  the amounts of LHRH released in res
ponse to a 10 min pulse of K+ (56 mM) or 30 min infusion of nal
oxone hydrochloride (1 mg/ml). P itu ita ry  responsiveness to exoge
nous LHRH, in terms of LH release , was assessed in sim ilarly t r e a t
ed rats f itte d  with intrajugular cannulae for blood withdrawal. As 
expected, basal LH release was d rastica lly  suppressed in M + T5 
(0.5 ng/ml) and T30 rats (1.1 ng/ml) and was unchanged in M (3.2 
ng/ml) or T5 groups (4.0 ng/ml). Despite these effec ts, LH incre
ments in response to LHRH, administered in physiological range 
(lxlO-2 or 0.5xl0-2 nmol), were sim ilar in these groups. 
These studies show that continuous opiate receptor stimulation ren
ders castrated rats supersensitive to the feedback effects of T on 
LH release. The d rastica lly  reduced LH release may not be due to 
e ith er impaired LHRH secretion or reduced p itu itary  responsiveness 
to  LHRH. Thus these findings are in accord with the emerging hypo
thesis that M treatment, in combination with subphysiological or 
physiological doses of T, may evoke the release of a hypothalamic 
facto r(s) which suppresses p itu itary  LH release, independent of the 
effects on LHRH secretion, i f  any. (Supported by NIH HD 11362).

375.14 REDUCED MORPHINE RESPONSIVENESS ON PROESTROUS AFTERNOON IN THE 
RAT. L.A. Berglund*, W.J . Millard and J.W. Simpkins. Department 
of Pharmacodynamics, College of Pharmacy, University of Florida, 
Gainesville, FL 32610.

We have demonstrated previously that a reduced responsiveness 
to several aspects of morphine action in the CNS is associated 
with the steroid-induced LH surge in ra ts . The present studies 
were undertaken to determine if  a similar morphine insensitiv ity  
occurs during the afternoon proestrous LH surge. Normal cycling 
ra ts were tested for morphine-induced analgesia and LH suppression 
a t a time prior to (1000 h) and during (1630 h) the proestrous LH 
surge and on the afternoon of d iestrus. Tail flick  latency, a 
measure of spinal cord mediated analgesia, was measured before 
and at 10 min. intervals for 2 h afte r treatment with morphine 
su lfate (MS, 5 mg/kg, s .c .) .  On proestrous morning, ra ts 
exhibited a maximal analgesic response to MS within 10 min and 
th is response persisted through at least 90 min. In contrast, 
ra ts treated on proestrous afternoon exhibited an analgesic 
response which was slow in onset, peaked a t 40 min. and dissipated 
rapidly th ereafte r. Rats treated on diestrous afternoon showed an 
analgesic response which was intermediate between that on 
proestrous morning and proestrous afternoon. Integration of the 
area under the time-response curve revealed that the analgesic 
response to morphine was equivalent on proestrous morning and 
diestrous afternoon but was significantly  decreased on proestrous 
afternoon. These data indicate that associated with the LH surge 
on proestrous afternoon is a significant decline in the analgesic 
response to morphine.

To determine i f  the LH secretory mechanism shows a similar 
decrement in its  sensitiv ity  to morphine on the afternoon of 
proestrus, serum LH concentrations were determined 30 min. a fter 
administration of saline, 5 mg MS/kg or 10 mg MS/kg. In diestrous 
afternoon and proestrous morning ra ts , MS caused a 45% and 33% (p 
0.05) reduction, respectively, in serum LH levels a t the 5 mg 
MS/kg dose and no further decrease at the higher MS dose. In 
contrast, a t doses as high as 10 mg MS/kg no alteration  in serum 
LH levels were observed during the proestrous afternoon LH surge. 
These data indicate that a marked decline in the opiate 
responsiveness accompanies the prostrous LH surge and suggest that 
the development of a refractoriness to opiates or endogenous 
opioid peptides may be involved in the generation of the 
proestrous LH surge and accompanying opioid mediated events 
(Supported by grants AG 02021 and HD 14075).

375.15 EARLY MATURATION OF OPIOID MODULATION OF TSH SECRETION.
D.M. Ignar*, S.N. Lurie*, L.A. Bero*, J .  Bartolome* and C.M. Kuhn 
(Spon: C. Lau). Dept. of Pharmacology, Duke University 
Medical Center, Durham, N.C. 27710

Acute administration of opiates supresses TSH secretion in 
adult ra ts . The purpose of the present study was to investigate 
the ontogeny of opioid induced TSH suppression to te s t the 
hypothesis that opioid control of TSH secretion matures before 
other neural controls. Methadone administration (2.5 mg/kg) dimi
nishes TSH secretion in 60 day old ra ts . A sim ilar effect was 
observed when 5 and 15 day old pups received the same treatment. 
This opiate action seems to be mediated by both mu and kappa 
opiate subtype receptors. Morphiceptin (0.5 yg), a mu selective 
agonist, suppressed TSH levels at 5 days of age, whereas 
[D-Pen 2,5]-Enkephalin (1 yg), a delta receptor agonist, was not 
e ffec tive . U50488 and dynorphin, purported kappa agonists, were 
also able to inh ib it TSH secretion in 5 d .o . pups. These obser
vations correlate well with early opioid modulation of other hor
mones in neonatal ra ts . For example, β endorphin stimulates 
secretion of prolaction, growth hormone, and corticosterone in 5 
day old pups. Opioid induced secretion of p ro lactin , like TSH, is  
mediated by mu and kappa receptors whereas growth hormone and cor
ticosterone effects are cohtrolled by delta and mu receptor sub- 
types, respectively.

Since opioidergic control seems to- be functional in the early 
postnatal period, we were interested in determining whether other 
known neural controls of TSH secretion were also mature at th is  
time. Three neural regulators of TSH secretion were evaluated: 
the inhibitory action of dopamine agonists, which are thought to 
act at the p itu ita ry , and the stimulatory actions of cold stress 
and the alpha agonist clonidine. In adult ra ts , cold exposure 
(4°C) sign ifican tly  increased TSH secretion, and both basal and 
cold stimulated TSH levels were suppressed by apomorphine. While 
apomorphine inhibited the normal 7 fold rise in TSH levels sub
sequent to exogenous TRH administration in neonatal ra ts , 10 d.o. 
pups failed to respond to exposure to 22°C or 4°C or to clonidine 
(.45 mg/kg).

Our evidence suggests that opioid mechanisms are capable of 
controlling TSH secretion at an early age and that the effects are 
mediated through both mu and kappa receptor components. 
Furthermore, dopaminergic control of TSH secretion through 
p itu ita ry  mechanisms also seems to be in tact early . In con trast, 
the purported hypothalamic adrenergic receptor mechanism through 
which cold exposure stimulates TSH secretion is not present in the 
early postnatal period.
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376 1 [3H] PCP BINDING: REDUCTION IN NEOCORTEX BUT NOT IN STRIATUM FOLLO
WING 6-OHDA VTA LESIONING. D.C. Ja v itt* . E.L. Gardner, S.R. Zukin. 
Departments of Psychiatry and Neuroscience, Albert Einstein uol- 
lege of Medicine/Montefiore Medical Center and Bronx Psychiatric 
Center, Bronx, NY 10461.

The psychotropic actions of phencyclidine (PCP) are mediated 
via specific PCP/sigma receptors. While the regional d istribution  
of PCP/sigma receptors has been mapped in d e ta il, l i t t l e  is known 
about th e ir functional localization with respect to defined neuro
nal pathways. To th is end, we investigated the effect of dopami
nergic denervation on neocortical PCP receptor density.

Male Long-Evans rats were housed in common and were treated 
according to one of three paradigms. In groups A and B, rats were 
in jec ted  in the l e f t  ven tra l tegm ental area (VTA) with 1 ul of 
veh icle  (0.2 mg/ml c i t r i c  acid m water) or 8 mg/ml 6-hydroxy 
dopamine (6-OHDA), respectively. In group C, rats received b ila 
tera l 6-OHDA injections. Lesions were allowed to mature for 2 -3 
weeks at which time the animals were sacrificed and the brains 
were dissected. Following regional dissection, tissue from cingu
late cortex and striatum  was assayed for [3H]PCP receptor binding 
using a rapid f i lt ra t io n  assay (Zukin, SR et a l, Brain Res 258: 
277-284, 1983). Kd and Bmax values were calculated by Scatchard 
analysis. For s ta tis t ic a l  analysis, data was pooled among the 
lesioned and among the non-lesioned groups. Samples of nucleus 
accumbens were simultaneously assayed for DA, DOPAC, and HVA. DA 
and DA metabolite levels were found to be sign ifican tly  decreased 
in tissue from the 6-OHDA lesioned sides (p<.005).

PCP binding values for denervated and non-denervated cingulate 
cortex and striatum  are shown below:

CINGULATE CORTEX STRIATUM

NON-
LESIONED

kd Bmax kd Bmax
190 nM 303.6 fmol/mg prot 54 nM 39.7 fmol/mg prot

LESIONED 44 nM 94.6 fmol/mg prot 103 nM 26.2 fmol/mg prot

Lesiomng of the VTA produced a significant decrease in PCP 
receptor density in the cingulate cortex (p<. 01) but not in the 
striatum. The reduction in PCP receptor density following either 
vehicle or 6-OHDA VTA injection correlated d irectly  with the 
reduction in DA levels in the corresponding nuclei accumbens 
(p<.005). These data suggest that PCP receptors in the neocortex 
may be located in part on pre-synaptic dopaminergic terminals and 
that PCP may mediate its  psychotomimetic effects in part by modi
fication  of pre-synaptic mesocortical dopamine release.

This work was supported in part by P.H.S. research qrant DA- 
03383 to SRZ.

376.2 CORRELATION BETWEEN LOCALIZATION OF [3H]-TCP AND NMDA BINDING 
SITES. J .B . Penney, W.F. M aragos, D.C.M. Chu, and A.B. Young. 
D ep t. of N eurology and N euroscience Program, Ann A rbor, MI, 48104.

[3 H ]-N -( l- [2 - th ie n y l]c y c lo h e x y l)  3 ,4 -p ip e r id in e  (TCP), a d e r i 
v a t iv e  o f  th e  d i s s o c ia t iv e  a n e s th e t ic  p h en c y c lid in e  (PCP), b inds 
to  a s ig m a -o p ia te  r e c e p to r .  B e h a v io ra lly  and e le c tro p h y s io lo g i-  
c a l ly ,  drugs o f th i s  c la s s  i n h i b i t  no n co m p etitiv e ly  th e  e x c i ta to ry  
p ro p e r t ie s  o f th e  g lu tam a te  r e c e p to r  a g o n is t  N -m ethy l-D -aspa rta te  
(NMDA). The d i s s o c ia t iv e  a n e s th e t ic s  may m ediate  t h e i r  e f f e c t s  by 
b lock ing  a v o l ta g e - s e n s i t iv e  c a tio n  channel coupled to  th e  NMDA 
re c e p to r .  To s tudy  th e  r e la t io n s h ip  between d is s o c ia t iv e  a n e s th e 
t i c s  and th e  NMDA re c e p to r ,  we compared th e  re g io n a l b ra in  d i s t r i 
b u tio n  o f [3H]-TCP b ind ing  and NMDA-sensitive g lu tam a te  b ind ing  
u s in g  q u a n t i ta t iv e  au to rad io g rap h y .

R a d io la b e llin g  of each re c e p to r  c la s s  was c a r r ie d  o u t on a l t e r 
n a te  20 µm s l i d e  mounted s e c t io n s  taken  a t  v a r io u s  le v e ls  of r a t  
and human b ra in .  For [3H] -TCP b in d in g , s e c t io n s  were p re in cu b a te d  
fo r  30 m inu tes in  co ld  50 mM T r i s - a c e ta te ,  pH 7 .4  and then  incuba
te d  fo r  45 m inutes in  th e  same b u f fe r  w ith  1 mM magnesium a c e ta te  
and 20 nM [3H]-TCP in  th e  p resen ce  o r absence of 20 µM PCP. [ 3H]- 
G lutam ate b in d in g  was c a r r ie d  o u t as p re v io u s ly  d esc rib ed  (G reena- 
myre e t  a l . ,  JPET 233:254, 1985). S ec tio n s  were p re in cu b a te d  fo r  
30 m inutes in  co ld  50 mM T r i s - a c e ta te ,  pH 7 .4 , and then  in cubated  
in  th e  same b u f fe r  co n ta in in g  200 nM L -[3H ]-g lu tam ate  and 1 µM 
q u is q u a l ic  a c id  to  i n h i b i t  h igh  a f f i n i t y  b ind ing  to  q u is q u a la te  
r e c e p to r s .  N onsp ec ific  b ind ing  was determ ined in  th e  p resen ce  o f 
1 mM g lu tam a te . A utoradiogram s were ana lyzed  by co m p u te r-a s s is te d  
m icro d en sito m etry .

A s t r ik i n g  s im i la r i ty  was observed between th e  d e n s i t ie s  of 
[3H]-TCP and NMDA re c e p to r  b in d in g . In  r a t ,  bound v a lu es  fo r  th e  
two lig a n d s  in  s e le c te d  reg io n s  were h ig h ly  c o r r e la te d  (P e a rs o n 's  
r  = 0 .95  p< .001 ). In  r a t  and human, h ig h e s t d e n s i t ie s  were 
observed in  s tra tu m  rad ia tum  o f CA1 in  th e  hippocampus. High 
le v e ls  o f b ind ing  a t  bo th  r e c e p to r s  were a ls o  observed in  th e  
d e n ta te  gyrus and s tra tu m  o r ie n s  o f CA1, and la y e rs  1 and 2 of 
som atosensory  c o r te x . In  r a t ,  m oderate le v e ls  were observed in  
th e  s tr ia tu m , tha lam us, am ygdala, deep la y e r s  of c e re b ra l c o r te x , 
m ed ial g e n ic u la te  nu c leu s  and e x te rn a l  p lex ifo rm  la y e r  o f o l f a c 
to ry  b u lb s . The on ly  a re a  in  which th e r e  were NMDA bu t n o t TCP 
s i t e s  was th e  ce rebellum .

Thus, th e  r e g io n a l lo c a l i z a t i o n  o f th e  s ig m a -o p ia te  r e c e p to r  i s  
h ig h ly  c o r r e la te d  w ith  th e  d i s t r i b u t io n  o f NMDA re c e p to r s .  S ince 
th e  NMDA re c e p to r  sub type  i s  s i g n i f i c a n t ly  d ec reased  in  dem entia 
o f th e  A lzheim er ty p e  (DAT), s tu d ie s  o f [3H]-TCP should  be c a r r ie d  
o u t in  DAT. P hen cy c lid in e  d e r iv a t iv e s  could  co nceivab ly  be used 
as  PET probes in  DAT and o th e r  n eu ro d eg e n e ra tiv e  d is o rd e r s .  
Supported  by th e  A rbogast Foundation , Roy R. G e tte l  and USPHS 

Grant NS 15655.

376.3 REGIONAL COMPETITION PROFILES OF U50,488 FOR 3H-NALOXONE BINDING 
IN RAT BRAIN BY QUANTITATIVE AUTORADIOGRAPHY. G.F. Wooten and 
W.A. G eary, I I . D ep t. o f  N eurology, U niv. o f V irg in ia , 
C h a r l o t t e s v i l l e ,  VA 22908 .

R egional co m p etitio n  p r o f i l e s  of th e  κ s e le c t i v e  benzene- 
acetam ide U50,488 (UpJ ohn) v e rsu s  3H -naloxone b in d in g  were 
examined in  22 r a t  b r a in  s t r u c tu r e s  u s in g  q u a n t i ta t iv e  
a u to rad io g rap h y . 3H -naloxone (3.0nM, 54-57 Ci/mmole, Amersham) 
was used as  a n o n s e le c tiv e  probe fo r  m u ltip le  o p io id  b in d in g  
sub types  (James and G o ld s te in , Mol. P harm acol. 25 :339-342, 1984); 
U50,488 (l-1 0 0 0 µM) was used  to  s e le c t i v e ly  dem onstra te  re g io n a l k 
s p e c i f ic  b in d in g  by co m p e titiv e  in h i b i t i o n .  Q u a n ti ta t iv e  
au to rad io g rap h y  o f 3H -naloxone was perform ed as p re v io u s ly  
d e sc r ib e d  (Geary and Wooten, JPET 225:234-240, 1983); a l l  d a ta  
were c o r re c te d  fo r  re g io n a l  d i f f e r e n t i a l  au to a b s o rp tio n  o f 
t r i t iu m  (Geary and Wooten, B ra in  R es. 336:334-336, 1985). A ll 
experim en ts were perform ed in  phosphate b u ffe re d  s a l in e  (PBS). 
The 22 re g io n s  s tu d ie d  in c lu d ed  a re a s  re p o r te d  to  have d i f f e r e n t  
r e l a t i v e  d e n s i t i e s  o f o p io id  b in d in g  su b ty p es . U50,488 m axim ally 
d is p la c e d  100% o f  3H -naloxone s p e c i f i c  b in d in g  m onophasica lly  in  
a l l  reg io n s  s tu d ie d .  The range o f a l l  22 re g io n a l IC50 v a lu e s  
f o r  U50,488 was 5 .9 -3 7 µM w ith  mean+SD o f 2 0 .6 +9 .8 µM. S lopes fo r  
a l l  22 co m p e titio n  p r o f i l e s  w ith  U50,488 were p a r a l l e l  w ith  a 
mean s lo p e  1 .7 1 . I n h ib i t io n  p r o f i l e s  o f  U50,488 were a ls o  
p a r a l l e l  to  i n h ib i t i o n  p ro f ile s *  o f th e  µ- a g o n is t  s u f e n ta n i l  
(Geary and Wooten, Soc. N eu ro sc i. A220.6 :7 5 7 , 1985). S u fe n ta n il  
co m p e titio n  y ie ld e d  IC50 v a lu e s  (mean+SD) o f 6 .2 +3.0nM w ith  a 
range o f 2 .6-13.3nM . Tne mean s lo p e  v a lu e  fo r  th e  22 p a r a l l e l  
s u f e n ta n i l  p r o f i l e s  was 1 .7 8 . The po tency  r a t i o  fo r  IC50 v a lu es  
fo r  U 5 0 ,4 8 8 /8 u fen tan ll was 3 ,300 ; t h i s  po tency  r a t i o  was s im i la r  
to  th e  po tency  r a t i o  o f th e se  compounds fo r  a n a lg e s ia  
(3 ,0 0 0 -6 ,0 0 0 ) . Our d a ta  showed th a t  s e le c t i v e  µ and k a g o n is ts  
in h ib i te d  100% o f  3H -naloxone b in d in g  in  a monophasic and 
p a r a l l e l  fa sh io n  d i f f e r in g  on ly  in  p o tency . The d a ta  were 
c o n s is te n t  w ith  a s in g le  naloxone b in d in g  s i t e  which e x h ib ite d  no 
s e l e c t i v i t y  f o r  s u f e n ta n i l  o r  U50,488.

In  a d d i t io n ,  U50,488 d is p la c e d  3H -naloxone t o t a l  b in d in g  from 
c e r e b e l l a r  g ray  f o l i a ;  in h ib i t i o n  was incom ple te  w ith  a 55% 
p la te a u  w ith  l 000µM U50.488 (s lo p e  -  0 .8 4 , IC5Q -  395µM). T o ta l 
b in d in g  o f 3H -naloxone in  c e re b e l la r  f o l i a  vas u n a f fe c te d  by 
naloxone, dynophin (K) ,  s u f e n ta n i l  (µ) ,  o r n o n s e le c tiv e  a g o n is ts  
( le v o p h an o l, e to rp h in e , and m orph ine). Thus, in h ib i t i o n  of 
c e r e b e l l a r  3H-naloxone t o t a l  b in d in g  was unique fo r  U50,488 and 
was n o t e x h ib ite d  by o p ia te  lig a n d s  o f µ , k, o r  mixed subtype 
s p e c i f i c i t y .  T his n o n s p e c if ic  p ro p e rty  o f U50.488 may p a r t i a l l y  
accoun t f o r  m u ltip h a s ic  p a t t e r n s +o f U50,488 in h ib i t i o n  seen  in  
homogenate b in d in g  s tu d ie s  in  Na f r e e  b u f f e r s .  T h is work was 
su ppo rted  by g ra n t NIH DA03787.

376.4 LOCALIZATION OF NMDA, PCP, AND AMPA RECEPTORS: 
COMPARISON OF THEIR DISTRIBUTIONS AND THE EFFECTS OF 
SELECTIVE LESIONS. D.T. Monaghan, L. Nguyen*, and C.W. Cotman. 
Dept. Psychobiology, Univ. Calif., Irvine CA 92717.

The exc itato ry  amino acid recep to rs selectively ac tiva ted  by N- 
m ethyl-D -aspartic acid (NMDA) and α -am ino-3-hydroxy-5-m ethyl-4- 
isoxazolepropionic acid (AMPA) are both found in high concentrations in 
the CA1 s tra tum  radiatum  of the rodent hippocampus. Synaptic 
transm ission within this dendritic zone appears to be m ediated by two 
acidic amino acid recep to rs — the NMDA recep to r and a  AM PA/kainate- 
like recep to r. NMDA recep to rs in this region are necessary for long 
term  poten tia tion  and have been postulated to  be located both 
presynaptically  and postsynaptically . We have evaluated the cellular 
localization o f these recep to rs by generating  lesions which rem ove 
e ither the postsynaptic or the presynaptic elem ents of the Schaffer 
co lla te ra l pathway. We have also com pared the organization of these 
s ites to  those of phencyclidine (PCP) binding sites since PCP is a non
com petitive NMDA antagonist.

Male Sprague-Dawley ra ts  were anesthetized  with Nebutol and 
received  injections of e ither 0.5 µg kainic acid into the la te ra l ventricle 
to  rem ove the CA3 projection to  CA1 or 2.5 µg NMDA into the dorsal 
hippocampus to  rem ove the pyram idal cells in CA1. Following post
operative recovery tim es of 2, 4, 7, and 14 days, anim als were sacrificed  
and autoradiogram s of NMDA-sensitive L- 3H -glutam ate binding sites 
and 3H-AMPA binding sites were prepared as we have previously 
described (J. Neurosci. 52909-2919, and Br.Res. 324 160-164).

Q ualitatively, rem oval of the CA3 projection to  the CA1 region did 
not reduce e ither NMDA or AMPA binding sites a t  any tim e studied. 
This lesion did however resu lt in a significant loss of binding sites in 
region CA3. Receptor loss two days following postsynaptic ce ll loss was 
only p artia l while significant loss o f binding sites was observed a t  la te r  
tim e points. These resu lts  suggest th a t the m ajority of both NMDA and 
AMPA binding s ites a re  located  postsynaptically. These results also 
suggest th a t the decrease in AMPA recep to rs th a t we find following 
ischem ia may be occuring postsynaptically (W esterberg, Monaghan, 
Cotm an, and Weiloch, Soc. Neurosci. Abstr., these proceedings).

PCP blocks the ac tion  of NMDA. However, i t  is not y e t known if 
these two sites are  generally colocalized. We have com pared the 
d istribution of PCP s ites to  th a t o f NMDA recep to rs in the ra t  brain. 
PCP s ite s  w ere localized using 3H-TCP as the radioligand (Sircar and 
Zukin, B r  Res. 344 142-145) and 1 mM ketam ine as a  displacer. In 
genera l, th e re  is a  striking correspondence betw een the distribution of 
PCP and NMDA s ite s  in the ra t  brain. For example the lam ination of 
PCP s ite s  in the p aria ta l co rtex  and the hippocampus were identical. In 
addition, the p a tte rn  of 3H-TCP binding in thalam us, hypothalam us, and 
caudate/pu tam en  was strikingly sim ilar to  the distribution of NMDA 
sites. This work was supported by g ran t DAMD 17-83-C-3189 and the 
Mac Arthur Foundation.
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376.5 THREE-DIMENSIONAL DISTRIBUTION AND RELATIONSHIPS OF QUENCH- 
CORRECTED BENZODIAZEPINE RECEPTOR SUBTYPES IN MOUSE CNS. W.F. 
W hite, S. O' Gorman* and A. Wang*. Prog. N e u ro s c i. , Harv. Med. S c h ., 
Boston, MA 02115, Dept. N e u r o s c i . ,  C h i l d r e n 's  H o s p . , B o s to n , MA 
02115, Dept. Dev. N e u ro b io l., S alk  I n s t . ,  La J o l l a ,  CA 92037.

B e n z o d ia z e p in e  r e c e p to r s  have been c l a s s i f i e d  i n to  3 su b ty p es , 
neuronal Type-1 and Type-2, and nonneuronal. The neu ronal su b types  
appear to  be a s s o c ia te d  w ith  th e  GABA r e c e p to r  complex where they 
m odulate GABA sy n a p tic  e f f i c a c y ;  th e  f u n c t io n  o f  th e  n o n n e u ro n a l 
r e c e p t o r s  i s  unknown. The p u rp o se  o f  th e  p r e s e n t  s tu d y  i s  to  
d eterm ine th e  d i s t r i b u t io n  and in t e r r e la t io n s h ip s  o f  benzod iazep ine 
re c e p to r  su b types  th ro u g h o u t  th e  m am m alian CNS. The b ra in s  from 
a d u l t  C57BL/6J mice were s e r i a l l y  se c t io n e d  a t  10 um on a c r y o s t a t  
i n  th e  co ro n a l p lane  and thaw mounted on to  subbed s l i d e s .  A djacent 
s e c t i o n s  w ere p ro c e s s e d  fo r  d i f f e r e n t  su b ty p es ; groups were taken  
a t  120 um in t e r v a l s  from  C3 to  f r o n t a l  p o le .  One hour p re in cu b a
t io n s  and in c u b a tio n s  were c a r r ie d  o u t i n  ic e  c o ld  b u f f e r  (100  mM 
NaCl and 50 mM NaPO4 pH 7 .4 ) .  S lid e s  were r in s e d  f o r  a t o t a l  o f 2 
min in  4 changes o f  b u f f e r  fo llo w e d  by a d ip  i n  d i s t i l l e d  w a te r, 
and  d r ie d  q u ic k ly .  A u to ra d io g ra m s  w e re  p r e p a r e d  by 4 w eek 
exposu res  to  LKB U tro film . T o ta l benzod iazep ine  b in d in g  s i t e s  were 
l a b e l l e d  w i th  1 nM 3H - f lu n i t r a z e p a m , 10 uM GABA was ad d ed  to  
m e asu re  GABA s t im u la t e d  s i t e s ,  Type-1 w ere d i s t i n g u i s h e d  from  
Type-2 s i t e s  by th e  a d d i t io n  o f  1 uM CL 218-872, nonneuronal s i t e s  
w ere  l a b e l l e d  i n  th e  p resence  o f 1 uM clonazepam , and n o n s p e c if ic  
b in d in g  w as d e t e r m i n e d  i n  t h e  p r e s e n c e  o f  10 uM d ia z e p a m . 
D i f f e r e n t ia l  quench was measured by th e  b ind ing  o f  3H -su c c in im id y l 
p r o p r io n a t e .  The o p t i c a l  d e n s i t y  o f  r e c e p to r  d i s t r i b u t i o n  was 
q u a n t i f i e d  a t  a r e s o l u t i o n  o f  50 um ; n o n s p e c i f i c  b in d in g  was 
s u b tra c te d ,  and o p t i c a l  d e n s ity  was conve rted  to  s p e c i f i c  a c t i v i t y .  
D ata from  th e  i n d i v i d u a l  i n c u b a t i o n s  w e re  r e g i s t e r e d  i n t o  a 
th re e -d im e n sio n a l a r ra y  u s in g  is o d e n s i ty  co n to u rs , and d i f f e r e n t i a l  
quench  was c o r r e c t e d  in  each d a ta  s e c t io n .  R e la tio n sh ip s  between 
d i f f e r e n t  c o n d i t io n s  w ere c a l c u l a t e d  by p e r fo rm in g  m athem atical 
fu n c t io n s  betw een  a d j a c e n t  s e c t i o n s  on  a p ix e l  by p ix e l  b a s i s .  
R e l a t i o n s h ip s  in v e s t ig a te d  were t o t a l  b in d in g  minus Type-2 b ind ing  
to  y e i ld  Type-1 b in d in g ,  and  th e  r a t i o s  o f  t o t a l  b ind ing  to  GABA 
s tim u la te d  b in d in g , t o t a l  b ind ing  to  Type-2 b in d in g , t o t a l  b in d in g  
to  Type-1 b in d in g ,  Type-1 b in d in g  to  GABA s t im u la t e d  b in d in g ,  
Type-2 b in d in g  to  GABA s t im u la te d  b in d in g ,  and nonneuronal b in d in g  
to  GABA s t im u la te d , t o t a l ,  Type-1, and Type-2 b in d in g . Each o f  th e  
r e s u l t in g  d i s t r i b u t io n s  were r e g i s t e r e d  w ith  a  th r e e - d im e n s io n a l  
a t l a s  o f  th e  same mouse b ra in  and th e  an a tom ical d i s t r i b u t io n s  o f  
th e  re c e p to r  s u b ty p e s  and  r e l a t i o n s h i p s  w ere  d e te rm in e d . These 
d a ta  p rov ide  an  e x te n s iv e  i n v e s t i g a t i o n  o f  th e  d i s t r i b u t i o n  and  
r e l a t i o n s h ip s  between benzod iazep ine  re c e p to r  su b ty p es .

376.6 AUTORADIOGRAPHIC LOCALIZATION OF 3H-ZOLPIDEM BINDING SITES IN 
THE RAT AND MONKEY CNS. R. Niddam*, A. D ubois*, S. A rb il la * , 
B. S c a tto n  and S .Z . Langer (SPON : S . MRAOVITCH), B iology D epart
m ent, L .E .R .S ., 58 , ru e  de l a  G lac ièr e ,  75013 P a r i s ,  F rance .

Zolpidem i s  a novel non-benzod iazep ine  hypno tic  w ith  ra p id  on
s e t  s h o r t  d u ra t io n  o f a c tio n  which in t e r a c t s  w ith  c e n tr a l  benzo
d ia z e p in e  (BZD) re c e p to r s .  Recent b ind ing  s tu d ie s  w ith  3H -zol- 
pidem have rev e a le d  th a t  th i s  ra d io lig a n d  la b e ls  th e  GABA-benzo- 
d ia z e p in e  m acrom olecular complex w ith  p r e f e r e n t ia l  a f f i n i t y  fo r 
th e  BZD1 re c e p to r .  In  o rd e r  to  in v e s t ig a te  f u r th e r  th i s  p o s s i
b i l i t y ,  we have lo c a l iz e d  p r e c i s e ly  3H-zolpidem b ind ing  s i t e s  
in  th e  r a t  and monkey b ra in  and s p in a l cord  by q u a n t i ta t iv e  
au to rad io g rap h y .

For b ind ing  a s sa y , b ra in  and s p in a l  cord  s e c t io n s  (15 o r 30 
μm in  th ic k n e s s )  from th e  r a t  and baboon were incuba ted  fo r  30 
min a t  4°C in  a 50 mM Tris-H Cl  b u f f e r ,  pH 7 .4  co n ta in in g  120mM 
NaCl and 5mM KCl  in  th e  p resence  o f 5nM 3H-zolpidem  (S.A . 60.6 
Ci/m m ol). N o n -sp e c ific  b ind ing  was d e fin ed  by Ro 15-1788 (2μH ).

In  th e  r a t  b r a in ,  th e  h ig h e s t le v e ls  o f 3H-zolpidem binding  
were found in  th e  o l f a c to ry  bu lb  (g lo m eru la r l a y e r ) ,  i s l e t s  of 
C a l le j a ,  c e re b ra l  c o r te x  ( e s p e c ia l ly  in  la y e r  IV ), v e n t r a l  p a l l i 
dum, in f e r io r  c o l l i c u lu s ,  m edial septum , nucleus o f th e  d iagonal 
band o f B roca, ce rebe llum  (m o lecu lar la y e r ) ,  s u b s ta n t ia  n ig ra  
p a rs  r e t i c u l a t a  and some amygdaloid n u c le i .  In te rm e d ia te  le v e ls  
o f b ind ing  were found in  th e  CA1 f i e l d  o f th e  hippocampus (mole
c u la r  l a y e r ) ,  prim ary  o l f a c to ry  c o r te x , d o rs a l tegm en ta l nuc leus , 
d o r s a l  rap h e , c e n t r a l  g ray , s u p e r io r  c o l l i c u lu s ,  end o p irifo rm  nu
c le u s ,  sub thalam ic  nucleus  and in  some tha lam ic  and hypothalam ic 
n u c le i .  Low le v e ls  o f 3H -zolpidem  b ind ing  s i t e s  were found in 
th e  cau d a te  putamen and d e n ta te  gyrus o f th e  hippocampus. No spe
c i f i c  3H -ligand  b ind ing  s i t e s  could  be found in  th e  s p in a l  cord 
In  th e  monkey b r a i n ,3H -zolpidem  b ind ing  s i t e s  were p a r t i c u l a r ly  
c o n c e n tra te d  in  th e  c e re b ra l  c o r te x  ( la y e r  IV ), ce rebellum  (mole
c u la r  la y e r ) ,  sub thalam ic  n u c leu s , c lau s tru m  and p a llidum . I n te r 
m ed iate  le v e ls  o f b in d in g  were observed in  th e  am ygdala, some 
th a lam ic  n u c le i ,  s u b s ta n t ia  n ig ra  and mammillary b o d ie s . Low l e 
v e ls  o f th e  3H -ligand  b ind ing  were d e te c te d  in  th e  caudate  nu
c le u s ,  putamen, d e n ta te  gy ru s , nucleus accumbens, red  nucleus and 
s p in a l  co rd .

In  c o n c lu s io n , th e  CNS d i s t r i b u t io n  o f 3H -zolpidem  b inding  
s i t e s  in  th e  r a t  and monkey i s  com patib le  w ith  th e  view th a t  z o l
pidem b inds  to  BZD re c o g n itio n  s i t e s .  That h igh  c o n c e n tra t io n s  of 
th e  3H -ligand  were p re s e n t in  b ra in  a rea s  co n ta in in g  BZD1 r e 
c e p to rs  ( e .g .  s u b s ta n t ia  n ig ra ,  pa llid u m , ce reb e llu m , co rtex ) 
w hereas low o r u n d e te c ta b le  3 H -ligand  b ind ing  was found in  CNS 
a re a s  c o n ta in in g  BZD2 r e c e p to rs  ( e .g .  s p in a l  co rd , caudate  pu 
tamen, nucleus accumbens) r e in fo rc e  th e  c o n te n tio n  th a t  zolpidem  preferentially labels the BZD1 subtype.

376.7 IMMUNOCYTOCHEMICAL LOCALIZATION OF A GABAA/BENZODIAZEPINE 
RECEPTOR COMPLEX IN THE HUMAN HIPPOCAMPAL FORMATION. C.R. 
H ouser, R .W. O lsen , J .G . R ichards  and H. Mӧ h l e r * . B ra in  
Research In s t i tu te ,  UCLA, Los A ngeles, CA 90024 and R esearch 
Department, Hoffman La-Roche, CH-4002 B asel, Sw itzerland.

Monoclonal a n t ib o d ie s  to  a p u r i f ie d  GABA/\/benzodiazepine 
recep to r complex from bovine c e re b ra l  c o rte x  (Schoch, P. e t  
a l . ,  N ature  314 :168 , 1985) have been used to  de te rm ine  th e  
normal l o c a l iz a t io n  o f t h i s  re c e p to r  in immunocytochemical 
p repara tions of the human hippocampal fo rm a tio n . The h ig h e s t  
leve ls  of s ta in in g  were observed in the m olecu lar la y e r  o f th e  
d e n ta te  g y ru s , where much o f  th e  im m u n o rea c tiv e  p ro d u c t  
appeared to  be loca lized  on the dend rites  of g ra n u le  c e l l s .  A 
th in  band o f m oderate s t a i n i n g  was a l s o  o b s e rv e d  in  th e  
in frag ran u lar layer whereas lower in te n s i t ie s  o f s ta in in g  were 
p re s e n t w ith in  th e  g ran u le  c e l l  la y e r .  M oderate le v e ls  o f  
s ta in in g  were p re s e n t in th e  s tra tu m  pyram idale  and s tra tu m  
radiatum o f th e  hippocampus in f i e l d  CA1 . The in te n s i ty  o f 
s ta in in g  in these  layers decreased p rogressively  through f i e l d s  
CA2 and CA3. Within CA3 and th e  h i lu s  o f th e  d e n ta te  g y ru s , 
immunoreactive p ro d u c t was observed p redom inan tly  along th e  
perim eter of c e l l  bodies and dend rites  of nonpyramidal n eu rons , 
and these  labeled neurons c o n tr ib u te d  to  a complex d e n d r i t ic  
f ie ld  w ith in  th e  h i lu s .  Nonpyram idal neurons in th e  s tra tu m  
o rien s  of a l l  sub fie ld s  of the hippocampus were a ls o  o u tl in e d  
by im m unoreactive p ro d u c t, and th e  h o r i z o n t a l l y  o r i e n t e d  
d e n d r i te s  o f th e se  neurons formed a d i s t i n c t  band n ear th e  
boundary between stratum  oriens and the  alveus.

S tudies o f GABAA/b e n z o d iaz e p in e  r e c e p to r  l o c a l iz a t io n  in 
su rg ica l specimens from the hippocampal fo rm atio n  o f p a t i e n t s  
w ith  tem p o ra l lo b e  e p i l e p s y  a re  in  p r o g r e s s .  R e c e p to r  
lo c a liz a tio n  in these tis su e s  has re f le c te d  the  loss o f neurons 
in various re g io n s  o f th e  hippocampus and d e n ta te  gyrus and 
emphasized the  concomitant loss of the d en d ritic  tre e s  o f th e se  
neu ro n s . Loss o f nonpyram idal neurons and t h e i r  d e n d r i t i c  
a r b o r iz a t io n s  w ith in  th e  h i l u s  has been  one o f  th e  m ost 
c o n s is te n t  f in d in g s .  The r e c e p to r  l o c a l i z a t i o n  has  a l s o  
focu sed  a t t e n t io n  on neurons re m a in in g  w i th in  r e g io n s  o f 
ex tensive c e ll lo s s , and such neurons and t h e i r  d e n d r i te s  were 
o ften  heavily  ou tlined  by immunoreactive p ro d u c t. A prom inent 
d e n d ritic  lo c a liz a tio n  of the GABAA/benzodiazep ine  r e c e p to r  on 
several types of neurons was one of the most s t r i k in g  f in d in g s  
in  both norm al and p a th o lo g ic a l  sp ec im e n s  o f  th e  human 
hippocampal fo rm atio n . Supported  by NIH g ra n ts  NS21908 and 
NS22071.

376.8 CHARACTERIZATION OF ADENOSINE RECEPTORS AND ENDOGENOUS ADENOSINE 
IMMUNOREACTIVITY IN THE RETINA. K.M. B raas. M. A. Z arb ln* . W.R. 
Green*. and S.H. Snyd e r . D ept. o f  N euroscience and Wilmer 
O phthalm olog ical I n s t i t u t e ,  The Johns Hopkins U n iv e r s ity , School of 
M edic ine, B a ltim o re , MD 21205.

The p u rin e  n u c le o s id e  adenosine  i s  a  p u ta t iv e  n e u ro tra n sm it te r  
o r  neurom odulator in  th e  CNS. R ec en tly , we dem onstrated  the 
immunocytochemical lo c a l i z a t i o n  o f  a d e n o s in e -c o n ta in in g  neurons 
th roughou t th e  r a t  b r a in  (B raas e t  a l ,  1986). The r e t i n a  possesses 
adenosine  A1 re c e p to r s  m e d ia tin g  a d e n y la te  c y c la s e  in h ib i t i o n  and 
s e le c t i v e  up take  o f  3H -adenosine (Paes de C arvalho and de Mello, 
1985; E hinger and P erez , 1984). We have now employed immuno
cy tochem ical and a u to ra d io g ra p h ic  te ch n iq u es  to  dem onstrate  the 
lo c a l i z a t i o n  o f  endogenous adenosine  and adenosine  re c e p to rs  in  the 
r e t i n a  o f  r a t s ,  monkeys, and humans. The s p e c i f i c i t y  and 
s e n s i t i v i t y  o f  a n t i s e r a  to  th e  adenosine  d e r iv a t iv e  la e v u lin ic  acid  
(O2 ' , 3 ' - a d e n o s in e -a c e ta l)  f o r  adenosine  have been p rev io u sly  
c h a ra c te r iz e d  by RIA and im m unocytochem istry (Newby and S a la , 1982; 
B raas e t  a l ,  1986). Eyes were f ix e d  w ith  2.5% g lu ta ra ld e -h y d e , 
washed, and embedded in  p a r a f f in .  T issu e  s e c t io n s  were s ta in ed  
im m unocytochem ically  w ith  a n t i s e r a  u s in g  th e  a v id in -b io t in -  
p e ro x id ase  complex te ch n iq u e . The r a t  r e t i n a  c o n ta in s  in ten se  
adenosine  im m unoreactiv ity  in  th e  nerve  f i b e r  la y e r  and ganglion  
c e l l  la y e r .  D iffu se  s ta in in g  was observed  th roughou t th e  inner 
p le x ifo rm  la y e r  and in  s e l e c t  c e l l s  o f  th e  in n e r  n u c le a r  la y e r .  The 
c o r n e a l  e p i t h e l i u m  a l s o  d i s p l a y e d  i n t e n s e  a d e n o s in e  
im m unoreac tiv ity . S im ila r  r e t i n a l  s ta in in g  p a t te r n s  were seen  in  
b o th  monkeys and humans; w h ile  b o th  a ls o  e x h ib ite d  s ta in in g  in  
c e l l s  o f  th e  o u te r  p o r t io n  o f  th e  in n e r  n u c le a r  la y e r ,  human 
r e t i n a s  a ls o  co n ta in ed  s ta in in g  in  s e l e c t  c e l l s  o f  th e  o u te r 
n u c le a r  c e l l  la y e r .

A u to rad io g rap h ic  lo c a l i z a t i o n  o f  adenosine  Ax re c e p to rs  was 
d eterm ined  u s in g  sH-1 -p h en y liso p ro p y lad en o s in e  (PIA) as p rev io u sly  
d e s c r ib e d  (Goodman and Snyder, 1982). B inding  s i t e s  were g re a t ly  
e n r ic h e d  over th e  nerve  f ib e r  la y e r ,  g an g lio n  c e l l  la y e r ,  and inner 
p le x ifo rm  la y e r  o f  th e  r a t  r e t i n a .  In  monkey r e t i n a ,  b in d in g  was 
d i f f u s e  from th e  nerve  f ib e r  la y e r  to  th e  o u te r  p le x ifo rm  la y e r , 
b u t was dense over th e  same re g io n s  as  th e  r a t  r e t i n a .  B inding was 
observed  th rou g h o u t th e  e n t i r e  human r e t i n a  b u t was e n rich ed  in  
re g io n s  o f  th e  in n e r  r e t i n a ,  e s p e c ia l ly  in  th e  nerve  f ib e r  la y e r . 
The pharm acology o f  th e  b in d in g  (Murphy and Snyder, 1982) o f  3H-1 - 
PIA to  r a t  r e t i n a l  membranes showed a Bmax o f  approx im ate ly  150 
fm o l/g  w et w t. Among th e  adenosine  ana logues te s t e d ,  1 -PIA was the 
most p o te n t in  c o m p e titio n  exp e rim en ts; th e  rank  o rd e r  o f  analogue 
p o te n c ie s  i s  c o n s is te n t  w ith  adenosine  A1 re c e p to r s .  We are 
p r e s e n t ly  c h a ra c te r iz in g  th e  l o c a l i z a t i o n  o f  adenosine  up take  s i t e s  
u s in g  3H -n itro b e n z y lth io in o s in e .
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3 7 6 .9 PHARMACOLOGICAL CHARACTERIZATION OF- RECEPTORS COUPLED TO PHOSPHO
INOSITIDE METABOLISM IN THE  CILIARY PROCESS OF THE ALBINO 
RABBIT. P .M a l lo r g a ,  S .B u is s o n * and  M .F .S u g ru e  *. L ab . M S D -C hibret, 
BP 134, 63 203 Riom Cé d e x , F ra n c e .

The c i l i a r y  p r o c e s s  i s  th e  s i t e  o f  aq u eo u s  humor s e c r e t i o n  
i n t o  th e  p o s t e r i o r  cham ber o f  th e  e y e .  Aqueous humor s e c r e t i o n  
i s  known to  b e  r e g u l a t e d  by  b e t a - a d r e n o c e p to r s  c o u p le d  to  
a d e n y la t e  c y c la s e  p r e s e n t  i n  th e  c i l i a r y  e p i th e l iu m .  In  c o n t r a s t ,  
th e  d i r e c t  r o l e  o f  r e c e p t o r s  su c h  a s  m u s c a r in ic  and  a lp h a 1-  
a d r e n e r g ic  c o u p le d  to  p h o s p h o in o s i t i d e  m e ta b o lism  on a q u eo u s 
hum or s e c r e t i o n  i s  u n c l e a r .

T h e i r  p r e s e n c e  i n  th e  c i l i a r y  p r o c e s s  was i n v e s t i g a t e d  u s in g  
a  d i r e c t  a s s a y  w hich  in v o lv e s  th e  p r e l a b e l l i n g  o f  p h o s p h o l ip id s  
w i th  3H - i n o s i t o l .  New Z e a la n d  a lb in o  r a b b i t  c i l i a r y  p r o c e s s e s  
w ere  p r e in c u b a te d  w i th  3H - i n o s i t o l  and  th e  a c c u m u la t io n  o f  
i n o s i t o l - p h o s p h a t e s  ( IP s )  in d u c e d  by v a r i o u s  a g o n i s t s  was 
d e te rm in e d  a f t e r  an  i n c u b a t io n  a t  37 °C f o r  45 m in u te s .  In  th e  
a b s e n c e  o f  a g o n is t  th e  f r a c t i o n s  o f  IP s  r e c o v e r e d  c o n s i s t e d  o f 
i n o s i t o l - 1- p h o s p h a te  ( I P 1) (56% ), i n o s i t o l - 1 ,4 - b i s - p h o s p h a t e  
( IP 2 )  (41%) and i n o s i t o l - 1 , 4 , 5 - t r i s p h o p h a t e  ( IP 3 )  (3% ). L iC l  
(10  mM) in c r e a s e d  th e  l a b e l l i n g  o f  IP s  by 100% and r a d i o a c t i v i t y  
w as r e c o v e r e d  a s  IP1 (73% ), IP 2  (25%) and  IP 3  (2% ). In  th e  
p r e s e n c e  o f  L iC l ( b a s a l  a c t i v i t y ) ,  c a rb a c h o l  (1 -1 0 0 0 0  μM) 
p ro d u ce d  a  d o s e -d e p e n d e n t  s t i m u l a t i o n  o f  IP  a c c u m u la t io n .  The Ka 
f o r  c a rb a c h o l  s t i m u l a t i o n  was 209 μM and maximum s t i m u l a t i o n  was 
910% o f  b a s a l .  The c a rb a c h o l- in d u c e d  r e s p o n s e  was s e n s i t i v e  to  
t h e  m u s c a r in ic  a n t a g o n i s t  a t r o p i n e  (Ki= 2nM) b u t  n o t  th e  n i c o 
t i n i c  a n t a g o n i s t  m ecam ylam ine (100 μM ). P h o s p h a t id y l  i n o s i t o l  
( P I )  h y d r o ly s i s  was a l s o  in d u c e d  by  1 - n o re p in e p h r in e  ( 1-NE) 
(1 -1 0 0 0  μM ) and 1 -p h e n y le p h r in e  (0 .1 -1 0 0 0  μM ) b u t  n o t  by c l o n i 
d in e  ( 1 mM) o r  1 - i s o p r o t e r e n o l  (1 μ M ). The 1-NE re s p o n s e  was 
d o s e -d e p e n d e n t  w i th  a  Ka o f  16 μM and a  maximum s t i m u l a t i o n  o f  
482% o f  b a s a l .  P h e n y le p h r in e  was a  p a r t i a l  a g o n is t  w i th  a 
maximum re s p o n s e  o f  283% o f  b a s a l  and  a  Ka o f  1 μM . The 1-NE 
re s p o n s e  c o u ld  b e  p o t e n t l y  and c o m p e t i t iv e ly  a n ta g o n iz e d  by th e  
a lp h a 1 - a d r e n o c e p to r  a n t a g o n i s t  p r a z o s in  (K i=34 nM ), th e  a lp h a 2-  
a d re n o c e p to r  a n t a g o n i s t  r a u w o ls c in e  b e in g  2 9 4 - fo ld  l e s s  p o t e n t .  
A d i s p e r s e d  c e l l  s u s p e n s io n  c o n ta in in g  e p i t h e l i a l  c e l l s  was 
p r e p a r e d  from  c i l i a r y  p r o c e s s e s  u s in g  e n z y m a tic  d i g e s t i o n  w i th  
0.1%  t r y p s i n ,  c e n t r i f u g a t i o n  and s ie v e  f i l t r a t i o n .  S t im u la t io n  
o f  P I  h y d r o ly s i s  by c a rb a c h o l  (10  mM) (376%) and 1-NE (1 mM) 
(218%) was s t i l l  p r e s e n t  i n  th e  c e l l  s u s p e n s io n .

Our r e s u l t s  d e m o n s tra te  th e  p r e s e n c e  o f  m u s c a r in ic  c h o l i 
n e r g i c  r e c e p t o r s  and  a lp h a 1- a d r e n o c e p to r s  c o u p le d  w i th  p h o sp h o 
i n o s i t i d e  m e ta b o lis m  i n  th e  c i l i a r y  p r o c e s s  o f  th e  r a b b i t .  A 
f r a c t i o n  o f  t h e s e  r e c e p t o r s  a r e  l o c a l i z e d  on e p i t h e l i a l  c e l l s  
an d  may b e  in v o lv e d  i n  th e  d i r e c t  r e g u l a t i o n  o f  aq u eo u s  humor 
s e c r e t i o n  th ro u g h  c a lc iu m  m e d ia te d  e v e n ts .

376.10 AUTORADIOGRAPHIC LOCALIZATION OF IL-1 RECEPTORS IN RAT BRAIN.
W.L. Fa r r a r1, J.M. H i l l 2 , M.R. Ruff3 and C.B. Pe r t2* , 1Laboratory 
of Molecular Immunoregulation, Biological Response Modifiers 
Program, Division of Cancer Treatment, NCI -Frederick Cancer 
Research F a c i l i ty ,  Frederick, MD 21701-1240, 2Section on Brain 
Biochemistry, Clinical  Neuroscience Branch, National I n s t i tu te  of 
Mental Health, ADAMHA and 3Cellu lar Immunology Section, 
Laboratory of Microbiology and Immunology, National I n s t i tu te  of 
Dental Research, NIH, Bethesda, MD 20892.

Inte rleukin-1 ( IL-I ) is a 17,500 Mr polypeptide hormone pro
duced by macrophages, keratinocytes and brain g l ia l  ce l l s  which 
acts  as a soluble  mediator in immunological and inflammatory 
react ions .  Although i t s  best  known e f fe c t  on the central nervous 
system is  i t s  a b i l i t y  to cause fever ,  i t  has been found to 
influence cel l growth, food intake and slow-wave sleep.

We have developed a binding assay for 125I- labeled recombinant 
human IL-1 and show i t  to be highly spec if i c .  Addit ionally , 
a f f i n i t y  crosslinking studies indicate  tha t  the r a t  brain IL-1 
receptor has a molecular weight of approximately 75 Kd, which is 
s imila r  to the previously described recognition molecule on T 
c e l l s  and f ib ro b la s ts .

Using autoradiographic techniques, we have visual ized the 
d is t r ib u t io n  of 12M-IL-1 binding in sections of fresh frozen ra t  
bra in . IL-1 receptors were found to be widespread throughout the 
brain forming a d i s t in c t iv e  pattern  of d i s t r ib u t io n .  Areas of 
e spec ia l ly  dense receptors  were typ ica l ly  neuron-rich s i t e s  of the 
brain such as the granule cel l layer of the dentate gyrus, the 
pyramidal cel l layer of the hippocampus and the granule cel l layer 
of the cerebellum as well as in the hypothalamus.

The pattern  of IL-1 receptor d is t r ib u t io n  revealed here 
indicates  the presence of receptors on neuron cel l bodies and 
the loca l iza t ion  to numerous d iscre te  brain areas other than those 
hypothalamic s i t e s  involved in temperature regulation suggests a 
broader ro le  for IL-1 in brain funct ioning than previously 
recognized. IL-1, derived from local or systemic sources,  may 
function in the brain to coordinate behavioral and neuroendocrine 
a c t iv i t i e s  with immunological and inflammatory react ions throughout 
the body.

376.11 IG F-II, IL-1 RECEPTORS AND THY 1.1 ANTIGEN HAVE THE SAME PATTERN 
OF DISTRIBUTION IN RAT BRAIN. J.M. H il l ,  M.A. Lesniak and C.B. 
P e rt* (SPON: S. Feldman). Section on Brain B iochemistry, 
C lin ical Neuroscience Branch, National I n s t i tu te  of Mental Health, 
ADAMHA and Diabetes Branch, National I n s t i tu te  of A r th r i t is ,  
D iabetes, and D igestive and Kidney D iseases, NIH, Bethesda, MD 
20892.

As p a rt of our ongoing research  in to  growth fac to rs  and the 
in te rre la te d n e ss  of the nervous system and the immune system we 
have recen tly  determined the p a tte rn  of d is tr ib u tio n  of in s u lin 
lik e  growth fa c to r - I I  (IGF-II) re cep to rs , in te rleu k in -1  (IL-1) 
recep tors  and the thymocyte surface antigen Thy 1.1 in r a t  b ra in .

The d is tr ib u tio n  of 125I-IG F-II and 125I-IL-1 binding to ra t  
brain sec tions was determined with autoradiography and the 
d is tr ib u tio n  of the surface antigen Thy 1.1 was determined with 
radioimmunocytochemistry. The p a tte rn  of d is tr ib u tio n  of a ll  
th ree  was found to be id e n tic a l .  The s im ila r i ty  was not lim ited  
to  a common occurrence on the same brain regions but extended to  a 
co -lo ca liza tio n  of the same c e ll layers w ithin these reg ions. A 
s tr ik in g  fea tu re  was the presence of these surface p ro te in s in 
laminated areas of the brain such as the o lfac to ry  bulb, hippo
campus, and cerebellum where binding was usually  most prominent in 
those layers composed of densely-packed neurons.

In most, but not a l l  brain  reg ions, the p a tte rn  made by a ll  
th ree  fac to rs  is  id en tic a l to  the p a tte rn  achieved by a Nissl 
s ta in .  This suggests th a t  IGF-II recep to rs , IL-1 recep tors  and 
Thy 1.1 are presen t on the ce ll bodies of almost a l l  of the 
neurons of the b ra in .

Excess nonradioactive IGF-II was shown to in h ib it  the binding 
of rad io labe led  IGF-II and IL-1 but not anti-Thy 1.1. S im ila rly , 
excess nonradioactive IL-1 in h ib its  the binding of rad io labeled  
IL-1 and IGF-II but not anti-Thy 1.1. Anti-Thy 1.1 in h ib its  the 
binding of rad io labe led  IGF-II and IL-1, but was not in h ib ited  by 
e ith e r  IGF-II or IL-1.

These data suggest th a t  e i th e r  IGF-II and IL-1 receptors and 
Thy 1.1 share some component or binding s i t e ,  o r , most probably, 
separa te  and sp ec ific  recep tors  fo r IGF-II and IL-1 e x is t  on the 
same c e l ls  which express Thy 1 .1 . Thus, mutually in te ra c tiv e  
binding e ffe c ts  among these surface molecules may hereby r e f le c t  a 
shared molecular components ( e .g . ,  N or G su b u n its) .

Although the function of these  fac to rs  in the brain are not 
well understood, both IGF-II and IL-1 are growth fac to rs  and Thy 
1.1 may play a ro le  in c e ll adhesion. Perhaps, among o ther 
th in g s , these growth fac to rs  and Thy 1.1 function in the 
development and maintenance of neurons and synaptic contacts in 
the b ra in .

376.12 DISTRIBUTION AND CHARACTERISTICS OF CALCITONIN GENE-RELATED 
PEPTIDE BINDING SITES IN THE SPINAL CORD AND BRAIN STEM OF THE 
CAT. V. John  M a s s a r i1 , P a t r i c i a  C. C o n t r e r a s 2 , and R o b e r t T. 
J e n s e n 3 . D e p t. o f  P h a rm aco lo g y , Howard U n iv . Med. S choo l 
W a sh in g to n , DC 200591 ; E x p e r im e n ta l  T h e r a p e u t ic s  B ran ch , NINCDS, 
B e th e sd a , MD2 ; D ig e s t i v e  D is e a s e s  B ra n c h , NIDDK, B e th e sd a , MD 3 .

We have  i n v e s t i g a t e d  th e  d i s t r i b u t i o n  and c h a r a c t e r i s t i c s  o f  
c a l c i t o n i n  g e n e - r e l a t e d  p e p t id e  (CGRP) b in d in g  s i t e s  th ro u g h o u t 
th e  c e n t r a l  n e rv o u s  sy s te m  o f  th e  c a t .  B in d in g  s i t e s  f o r  CGRP 
w ere l a b e l l e d  on 20u s lid e -m o u n te d  s e c t i o n s  u s in g  125I-CGRP a s  a 
l ig a n d .  1 2 5 I-CGRP was d i l u t e d  t o  a f i n a l  c o n c e n t r a t i o n  o f  6 .5  
p ic o m o la r  i n  50mM T r i s  b u f f e r  c o n ta in in g  .04% b a c i t r a c i n ,  .002% 
c h y m o s ta tin  and .004% l e u p e p t in  t o  r e t a r d  d e g ra d a t io n  o f  th e  
l ig a n d .  A l t e r n a te  s e c t i o n s  w ere t r e a t e d  i d e n t i c a l l y ,  e x c e p t  t h a t  
1 uM u n la b e l le d  CGRP was added in  o r d e r  t o  s a tu r a t e  s p e c i f i c  
b in d in g  s i t e s .  S e c t io n s  w ere ex p o sed  on LKB U l t r o f i l m  f o r  3 d a y s .

The k i n e t i c s  o f  CGRP b in d in g  was e v a lu a t e d  in  s e c t i o n s  o f  c a t  
c e re b e llu m . B in d in g  o f  r a t  125I-CGRP was i n h i b i t e d  by u n la b e l le d  
CGRP, b u t  th e  s lo p e  o f  th e  i n h i b i t i o n  c u rv e  was v e ry  b ro a d .  T h is  
r e s u l t  s u g g e s t s  t h a t  125I-CGRP l a b e l s  m ore th a n  1 s i t e  o r  s t a t e  
o f  th e  r e c e p t o r .

A u to r a d io g r a p h ic a l ly  l a b e l l e d  125I-CGRP b in d in g  s i t e s  w ere 
o b s e rv e d  th ro u g h o u t  t h e  s p in a l  c o rd .  The d i s t r i b u t i o n  o f  b in d in g  
s i t e s  was n o t  u n ifo rm  in  d i f f e r e n t  seg m en ts  o f  th e  c o rd .  B in d in g  
a p p e a re d  to  be g r e a t e r  i n  seg m en ts  C1 , T1 , and th a n  in  some 
o th e r  c e r v i c a l ,  t h o r a c i c ,  lu m b a r, and s a c r a l  s e g m e n ts . In  C1 , 
T1 , S1 , d e n se  b in d in g  was se e n  in  th e  s u p e r f i c i a l  lam in ae  o f  th e  
d o r s a l  h o rn ,  and in  lam in a  X. M o d era te  b in d in g  was se e n  in  th e  
v e n t r a l  h o rn .  The w h i te  m a t t e r  showed l i g h t  and a p p a r e n t ly  
u n ifo rm  b in d in g  in  a l l  f u n i c u l i .  The d o r s a l  r o o t  g a n g l ia  a l s o  
showed m o d era te  l e v e l s  o f  125I-CGRP b in d in g .  In  th e  m e d u lla  
d e n se  b in d in g  was o b s e rv e d  in  th e  h y p o g lo s s a l  n u c l e i ,  o l i v a r y  
n u c l e i ,  e x t e r n a l  c u n e a te  n u c le u s ,  a r e a  p o s tr e m a ,  n u c le u s  o f  th e  
s o l i t a r y  t r a c t ,  n u c le u s  am b ig u o u s, d o r s a l  c o c h le a r  n u c le u s  and 
d o r s a l  te g m e n ta l  n u c le u s .  M odera te  b in d in g  was se e n  in  th e  
v e s t i b u l a r  n u c l e i ,  f a c i a l  n u c le u s ,  m a r g in a l  n u c le u s  o f  th e  
b rac h iu m  c o n ju n c tiv u m , lo c u s  c o e ru le u s  and m o to r t r i g e m in a l  
n u c le u s .  At th e  l e v e l  o f  th e  p o n s , d e n se  b in d in g  o c c u r r e d  in  th e  
p o n t in e  n u c l e i ,  th e  s u p e r f i c i a l  l a y e r s  o f  th e  s u p e r io r  c o l l i c u l i ,  
th e  in te r p e d u n c u la r  n u c le u s ,  th e  s u b s t a n t i a l  n i g r a  and th e  
d e n ta t e  g y r u s .  The ra p h e  n u c l e i  showed m o d e ra te  b in d in g  a s  d id  
th e  te g m e n ta l  r e t i c u l a r  n u c le u s ,  some a r e a s  o f  p e r i - a q u e d u c t a l  
g r a y ,  th e  d o r s o l a t e r a l  g e n ic u l a te  n u c le u s ,  and th e  c in g u l a te  
g y r u s .

T hese d a ta  s u g g e s t  t h a t  CGRP may i n f l u e n c e  a  w ide v a r i e t y  o f  
b r a i n  and s p in a l  c o rd  f u n c t i o n s ,  p o s s ib l y  th ro u g h  i t s  e f f e c t s  on 
m ore th a n  one en d o g en o u s r e c e p t o r .



1388 LOCALIZATION: OPIATE, BENZODIAZEPINE, STEROID AND OTHER RECEPTORS THURSDAY PM

376.13 LOCALIZATION OF CORTICOTROPIN RELEASING HORMONE 
mRNA IN THE BRAIN OF THE RAT BY i n s i t u  
HYBRIDIZATION. D.M. F rim *  a n d  J .A .  M a jz o u b *
( SPON: E . S p i n d e l ) .  H ow ard  H u g h es  M e d ic a l  
I n s t i t u t e ,  B r ig h a m  a n d  W om en 's  H o s p i t a l ,  H a r v a r d  
M e d ic a l  S c h o o l ,  B o s to n ,  M a s s a c h u s e t t s  0 2 1 1 5 .

C o r t i c o t r o p i n  r e l e a s i n g  h o rm o n e  (CRH) i s  a  41 
a m in o  a c i d  h y p o th a l a m ic  p e p t i d e  b e l i e v e d  t o  b e  
i n v o l v e d  i n  t h e  h y p o t h a l a m i c - p i t u i t a r y - a d r e n a l  
r e s p o n s e  t o  s t r e s s .  To d a t e ,  i t s  o n ly  know n 
p h y s i o l o g i c  f u n c t i o n  i s  t o  s t i m u l a t e  t h e  r e l e a s e  
o f  ACTH fro m  t h e  a n t e r i o r  p i t u i t a r y .  H o w e v e r , 
im m u n o h is to c h e m ic a l  t e c h n i q u e s  h a v e  l o c a l i z e d  i t  
t o  m any e x t r a h y p o t h a l a m i c  b r a i n  r e g i o n s ,  m o s t 
n o t a b l y  l i m b i c  s y s te m  s t r u c t u r e s ,  r a i s i n g  t h e  
p o s s i b i l i t y  t h a t  CRH may p o s s e s s  o t h e r ,  
n o n e n d o c r i n e  f u n c t i o n s .  W h e th e r  CRH i s  a c t u a l l y  
s y n t h e s i z e d  i n  t h e s e  e x t r a h y p o t h a l a m i c .  s i t e s  i s  
n o t  know n . To a d d r e s s  t h i s  q u e s t i o n ,  we 
u n d e r t o o k  t h e  l o c a l i z a t i o n  o f  CRH m e s s e n g e r  RNA 
t o  d i s c r e t e  b r a i n  a r e a s  w i th  a  h i s t o h y b r i d i z a t i o n  
t e c h n i q u e .  B r a i n s  w e re  p r e p a r e d  fro m  n o rm a l 
S p ra g u e  D aw ley  r a t s  by  p e r f u s i o n  w i th  PBS 
f o l l o w e d  b y  4% p a r a f o r m a ld e h y d e ,  p o s t f i x e d  f o r  2 
h o u r s  a n d  th e n  f r o z e n  a t  - 8 0 ° C .  B r a i n s  w e re  
th a w e d  t o  - 2 0 ° C ,  c u t  i n  20 m ic ro n  s e c t i o n s  a n d  
h y b r i d i z e d  t o  a [ 3 5 S ] - l a b e l e d  r a t  CRH cRNA p r o b e .  
I n t e n s e  h y b r i d i z a t i o n  s i g n a l  w as  s e e n  i n  e x p e c t e d  
a r e a s ,  i n c l u d i n g  t h e  p a r a v e n t r i c u l a r  n u c l e u s  o f  
t h e  h y p o th a la m u s ,  t h e  a m y g d a la ,  a n d  t h e  c i n g u l a t e  
c o r t e x .  H o w e v e r, we a l s o  n o t e d  e q u a l l y  i n t e n s e  
s i g n a l  i n  t h e  p r im a r y  a u d i t o r y  c o r t e x ,  
h ip p o c a m p u s  (CA 1 , 2 , 3 , 4 ,  a n d  d e n t a t e  g y r u s ) ,  
h a b e n u l a ,  p r im a r y  v i s u a l  c o r t e x ,  a n d  c e r e b e l l u m ,  
i n  c o n c l u s i o n ,  CRH i s  s y n t h e s i z e d  i n  s e v e r a l  
d i s c r e t e  e x t r a h y p o t h a l a m i c  b r a i n  r e g i o n s ,  
s u g g e s t i n g  t h a t  i n  a d d i t i o n  t o  i t s  n e u r o e n d o c r i n e  
r o l e ,  i t  may p o s s e s s  o t h e r  f u n c t i o n s ,  s u c h  a s  
t h a t  o f  a  n e u r o t r a n s m i t t e r .

376.14 r eg io na l  d is t r ib u t io n  o f  c o r tic o st e r o n e - b in d in g  in  the song sparrow , 
MELOSPIZA MELODIA, AS DETERMINED BY TRITIUM-SENSITIVE FILM AUTORA
DIOGRAPHY. E . R o n c h i* , J .C .  W in g f ie ld *  and  B .S . McEwen (S p o n : 
D. M ic c o ) . The R o c k e f e l l e r  U n i v e r s i ty ,  New Y ork , NY 10021

As i n  mammals, c i r c u l a t i n g  g l u c o c o r t i c o id s  o f  b i r d s  a r e  in v o lv e d  
i n  t h e  n e u ro e n d o c r in e  r e s p o n s e  t o  s t r e s s  and  e n v iro n m e n ta l  c h a n g e s . 
R e c e n t i n v e s t i g a t i o n s  o f  f r e e  l i v i n g  song sp a rro w s  h av e  c o r r e l a t e d  
f l u c t u a t i o n s  i n  c i r c u l a t i n g  p lasm a  l e v e l s  o f  c o r t i c o s t e r o n e  (CORT) 
w i th  a  v a r i e t y  o f  a d a p t iv e  b e h a v io r s ,  su ch  a s  i n c r e a s e d  f o ra g in g  
and  s u p p re s s e d  r e p r o d u c t iv e  b e h a v io r  d u r in g  p e r io d s  o f  s t r e s s .  
I n  a d d i t i o n ,  a l th o u g h  many o f  t h e  same n e u ro h u m o ra l p a th w ay s  found  
in  mammals a r e  a l s o  fo u n d  i n  b i r d s ,  t h e  q u e s t io n  o f  w h e th e r  th e  
a v ia n  a d r e n a l s  may b e  r e g u l a t e d  w i th o u t  d i r e c t  p i t u i t a r y  s t i m u l a 
t i o n  i s  s t i l l  u n s e t t l e d  and v e ry  few s tu d i e s  h av e  b een  u n d e r ta k e n  
in  b i r d s  t o  d e te rm in e  w hich  b r a i n  c e n t e r s  a r e  in v o lv e d  i n  t h e  a d 
r e n a l  s t e r o i d  fe e d b a c k  i n h i b i t i o n  o f  c o r t i c o t r o p i c  r e s p o n s e s .  A 
p ro b le m  e n c o u n te r e d  in  a p r e v io u s  a t t e m p t  t o  map CORT r e c e p t o r s  in  
t h e  a v ia n  b r a i n  h a s  b e e n  th e  l a c k  o f  in fo r m a t io n  on th e  s p e c i f i c  
n a tu r e  o f  r e c e p t o r  b in d in g  and  t h e  in a d e q u a te  q u a n t i f i c a t i o n  o f  
r e c e p t o r  l o c a l i z a t i o n .  C o m p e ti tio n  w i th  u n l a b e l l e d  CORT a s  w e l l  a s  
c h e m ic a l  a d re n a le c to m y , u s in g  m ety rap o n e  ( 2 - m e t h y l - l ,2 - d i - 3 - p y r i 
d i l - 1- p ro p a n o n e ) , an i n h i b i t o r  o f  1 1 -β - h y d r o x y la t i o n ,  h a s  p ro v id e d  
an  e f f i c i e n t  t o o l  f o r  m ap p in g , u s in g  q u a n t i t a t i v e  a u to r a d io g r a p h y ,  
t h e  s p e c i f i c  d i s t r i b u t i o n  o f  CORT r e c e p t o r  b in d in g  s i t e s  i n  a v ia n  
b r a i n .  S u b je c t s  w ere m ale  Song S p a rro w s , M e lo sp iz a  m e lo d ia , w hich  
h a s  b e e n  e x t e n s i v e l y  s tu d i e d  in  t h e  w i ld .  A d u lt  m ale s  w ere t r e a t e d  
w i th  m ety rap o n e  im p la n ts  s ix  h o u r s  b e f o r e  s t e r o i d  i n j e c t i o n ,  s in c e  
p r e l i m i n a r y  e x p e r im e n ts  showed t h a t  by  t h i s  t im e  p o i n t  a  m axim al 
d e c re a s e  i n  c i r c u l a t i n g  CORT p la sm a  l e v e l s  h ad  o c c u r r e d .  C o n tr o ls  
w ere g iv e n  a su b c u ta n e o u s  im p la n t  o f  u n l a b e l l e d  CORT t h e  d ay  b e fo r e  
s a c r i f i c e ,  o r  a l t e r n a t i v e l y  w ere i n j e c t e d  i n t r a m u s c u la r ly  w ith  
u n l a b e l l e d  CORT an h o u r  b e f o r e  t r e a tm e n t  w i th  t h e  l a b e l l e d  s t e r o i d .

3H-CORT was a d m in is te r e d  th ro u g h  th e  j u g u la r  v e in  30 m in u te s  b e fo r e  
s a c r i f i c e .  B i r d s  w ere d e c a p i t a t e d  and  t h e i r  b r a i n s  r a p i d l y  rem oved, 
f ro z e n  on d ry  i c e  and  s to r e d  a t  - 8 0 °C. C o ro n a l b r a i n  s e c t i o n s  
(25μ ) w ere  c u t  and  th aw  m ounted  o n to  su b b ed  s l i d e s .  S l i c e s  and 
s ta n d a r d  s e c t i o n s  w ere ex p o sed  t o  t r i t i u m  s e n s i t i v e  LKB f i lm  f o r  
f i v e  m o n th s . A u to rad io g ram s  w ere  a n a ly z e d  u s in g  a  co m p u te r a s s i s 
t e d  d e n s i to m e te r .  H e a v ie s t  b in d in g  o c c u r r e d  i n  t h e  h y p e r s t r i a tu m  
a c c e s s o r iu m , t r a c t u s  s e p to m e s e n c e p h a lic u s ,  a r e a  p a ra h ip p o c a m p a lis ,  
h ip p o ca m p u s , n e o s t r ia tu m  and  n e o s t r ia tu m  c a u d a le .  B in d in g  was 
m o d e ra te  i n  t h e  v e n t r a l  t u b e r a l  a r e a  o f  t h e  h y p o th a la m u s . W ith 
t h e  e x c e p t io n  o f  b in d in g  in  t h e  h y p o th a la m u s , t h e s e  f in d in g s  a g re e  
w e l l  w i th  a  p r e v io u s  a u to r a d io g r a p h ic  s tu d y  p e rfo rm e d  in  t h e  duck 
by R h e e s , A bel an d  Haak (Gen. Comp. E ndo . ,  1972) and  w ith  i n v e s t i 
g a t i o n s  on mammals w hich  h av e  fo u n d  t h e  g r e a t e s t  am ount o f  b in d in g  
i n  t h e  h ip p o ca m p u s , sep tum  and  am ygdala  r e s p e c t i v e l y .  (S u p p o rte d  
by  NH41256 an d  D C B -8316155).

376.15 EFFECTS OF ESTRADIOL ON HYPOTHALAMIC OCYTOCINERGIC NEURONS 
G.F. J irikow ski* , J.D. Cal dwel l * , W.E. Stumpf and C.A. Pedersen. 
Department of Anatomy and B iological Sciences Research Center, 
U niversity  of North C arolina, Chapel H il l ,  NC 27514.

The r a t  hypothalamus was examined immunocytochemically fo r 
changes in oxy toc in -like  immunoreactivity due to  estrogen t r e a t 
ment. In another s e t  of experiments combined autoradiography and 
immunocytochemistry were used to  study the topographical d is t r ib u 
tio n  of oxytocinergic e s trad io l ta rg e t  neurons.

Ovariectomized ra ts  received s i l a s t i c  implants with e s trad io l 
or empty implants fo r s ix  days. A fter p e rfu s io n -f ix a tio n , s e r ia l  
vibratome brain  sec tions were examined with an tibod ies to  oxyto
cin (OT). In contro l animals OT immunoreactive perikarya were 
found in neurons of the m agnocellular hypothalamo-neurohypophysial 
system (HNS) and in the  p e riv e n tr ic u la r  nucleus (pev). Neuronal 
processes were v is ib le  in the p reop tic  reg ion , the  ventromedial 
hypothalamus and the median eminence. In e s trad io l tre a te d  a n i
m als, add itional immunoreactive perikarya could be observed in the 
septo-hypothalam ic nucleus (shn ), the  a n te rio r commissural nucleus 
(acn) and the  zona in ce rta  ( z i ) .  These l a t t e r  immunoreactive 
neurons seem to  have predominant cen tra l p ro jec tio n s . Processes 
from neurons of the pev p ro jec t to  the  subependymal layer of the 
I I I rd v e n tr ic le .  OT-axons could a lso  be found in the  la te ra l  sep
tum, the p reop tic  reg ion , the  s tria tum  and the  medial amygdala.

Untreated ovariectom ized ra ts  were in je c te d  with 3H e s trad io l 1 
hr before s a c r if ic e  and processed fo r combined thaw-mount au to ra
diography and oxytocin immunocytochemistry. About 30% of the  OT 
neurons in the  HNS showed nuclear rad io lab e lin g  with 3h e s t r a d io l .  
OT neurons of the acn, shn, and zi did not have rad io labe led  
nuclei under the conditions s tu d ied . P e riv en tr icu la r OT neurons 
were only occasiona lly  estro g en -lab e led .

The r e s u lts  suggest th a t oxytocinergic neurons of the 
hypothalamo-neurohypophyseal system are in p a rt under d ire c t geno
mic control of e s tr a d io l .  The lack of estrogen concentration  in 
c e r ta in  OT immunoreactive neurons may in d ica te  th a t estrogen 
recep to rs  are absent in these  neurons or low in number. Therefore 
estrogen e ffe c ts  on OT immunoreactivity in these  c e l ls  may also  be 
mediated through in d irec t genomic e ffe c ts  on associated  neurons or 
through non-genomic mechanisms.

G.F. Jirikow ski is  a Fogarty Fellow. Supported by NIH grants 
NS09914, HD16159 and NIMH grant MH33127.

376.16  CULTURED CEREBROMICROVASCULAR SMOOTH MUSCLE AND GLIAL CELLS: 
PROSTAGLANDIN RECEPTORS LINKED TO ADENYLATE CYCLASE.
B. W roblew ska*, O. Kempski* and M. S p a t z . Lab. o f  N e u ro p a th o lo g y  
and N e u ro a n a to m ic a l  S c ie n c e s ,  NINCDS, N a t io n a l  I n s t i t u t e s  o f  
H e a l th ,  B e th e sd a , MD 20892 .

P r o s ta g l a n d i n s  may p la y  an  im p o r ta n t  m o d u la to ry  r o l e  in  th e  
b r a i n ,  i n f l u e n c i n g  th ro u g h  s p e c i f i c  r e c e p t o r s  n e u ro n a l  t r a n s 
m is s io n  and  c e r e b r a l  b lo o d  f lo w . I t  i s  n o t  c l e a r ,  ho w ev er, 
w h e th e r  th e  v a r io u s  c e r e b r a l  c e l l u l a r  e le m e n ts  h ave  d i s t i n c t  r e 
c e p to r s  f o r  e a ch  ty p e  o f  p r o s t a g la n d i n  w hich  m ig h t be a s s o c i a te d  
w ith  a  s p e c i f i c  c e l l u l a r  r e s p o n s e .  We h av e  p r e v io u s ly  c h a r a c t e r 
iz e d  p r o s t a g la n d i n  r e c e p t o r s  l in k e d  to  th e  a d e n y la te  c y c la s e  (AC) 
sy s te m  in  c u l t u r e d  c e r e b r o m ic ro v a s c u la r  e n d o th e liu m  K arn u sh in a  
e t  a l  ( L i f e  S c i .  32 : 1427, 1 9 8 3 ) . The aim  o f  th e  p r e s e n t  s tu d y  was 
to  d e te rm in e  and  com pare th e  AC r e s p o n s e s  t o  v a r io u s  p r o s t a g la n 
d in s  i n  c e re b r o m ic ro v a s c u la r  sm ooth  m u sc le  c u l t u r e s  w i th  th o s e  in  
g l i a l  c e l l  c u l t u r e s .

The sm ooth  m u sc le  c e l l  c u l t u r e s  w ere p re p a re d  from  th e  d i s s o 
c i a t e d  c e r e b r o m ic ro v a s c u la r  f r a c t i o n  o f  2 day o ld  r a t s ,  w h ile  
g l i a l  c e l l  c u l t u r e s  w ere d i s s o c i a t e d  from  r a t  b r a i n s  o f  th e  same 
a g e  a c c o r d in g  to  th e  m ethods o f  S p a tz  e t  a l  (B r a in  R es. 280: 387, 
1983) and  F r a n g a k is  and  K im m elberg (N eurochem . R es. 9: 1685, 
1984 ) ,  r e s p e c t i v e l y .  A ll  t h e  e x p e r im e n ts  w ere p e rfo rm e d  on c o n f lu 
e n t  c e l l  c u l t u r e s  (2 n d -3 rd  g e n e r a t i o n ) .  I n c r e a s in g  c o n c e n t r a t i o n s  
o f  e a c h  p r o s t a g la n d i n  (PGE1 , PGE2 , PGF1α , PGF2 α , PGI2 and PGD2 ) 
w ere ad d ed  t o  t h e  in c u b a t in g  medium f o r  5 m in ( e x c e p t  PGI2 f o r  2 
m in ) .  The c o n te n t  o f  cAMP in  th e  c u l t u r e d  c e l l s  was a s sa y e d  a c 
c o rd in g  t o  t h e  t e c h n iq u e  d e s c r ib e d  by (K a rn u sh in a  e t  a l  L i f e  S c i .  
32 : 142 7 , 1 9 8 3 ) .

PGE1 and PGE2 in  c o n t r a s t  t o  PGF1α and PGF2α s t im u la te d  cAMP 
f o rm a tio n  in  b o th  c e l l  ty p e s .  The sm ooth m u sc le  AC sy s te m  showed 
a  g r e a t e r  a f f i n i t y  f o r  E - ty p e  p r o s t a g la n d i n s  th a n  th e  AC sy s te m  
in  g l i a l  c e l l s .  I n  g e n e r a l ,  th e  EC50 v a lu e s  f o r  p r o s t a g la n d in s  
w ere one o r d e r  o f  m ag n itu d e  lo w e r  in  th e  sm ooth m u sc le  c e l l s  th an  
in  th e  g l i a l  c e l l s .  M ost i m p o r ta n t ly ,  th e  c u l t u r e d  c e re b ro m ic ro 
v a s c u l a r  sm ooth  m u sc le  and  g l i a  c e l l s  r e v e a l e d  d i f f e r e n t  AC 
r e s p o n s e s  t o  PGI2 and PGD2 . F o rm a tio n  o f  cAMP in  th e  sm ooth 
m u sc le  was s t i m u l a te d  by in c r e a s i n g  c o n c e n t r a t i o n  o f  PGI2 b u t 
n o t  by PGD2 . On th e  o th e r  h a n d , t h e  g l i a l  c e l l s  showed a  d o s e -  
d e p e n d e n t  PGD2 en h an cem en t o f  cAMP fo rm a tio n ,  w h i le  PGI2 f a i l e d  
t o  i n c r e a s e  s i g n i f i c a n t l y  t h e  a c c u m u la t io n  o f  cAMP o v e r  th e  
b a s a l  l e v e l  a t  any o f  t h e  i n v e s t i g a t e d  c o n c e n t r a t i o n s  ( e x c e p t  a t  

cAmp) .
These f i n d i n g s  i n d i c a t e  t h a t  t h e  p r o s t a g la n d i n  r e c e p t o r s  l in k e d  

t o  AC a r e  d i s t i n c t  in  e a ch  c e l l  ty p e .
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376.17 ROLF OF PHORBOL. ESTERS IN REGIONAL CEREBRAL BLOOD FLOW 
REGULATION.  D . F . Han l e y *,  G. R.  Uh l * ,  M. Mi vabe *  and  
R . J .  T r a y s t r o a n * , ( SPON:  G.  A l e x a n d e r ) ,  The  J o h n s  
Ho p k i n s  Me d i c a l  I n s t i t u t i o n s ,  B a l t i m o r e ,  MD 2 1205

P h o r b o l  e s t e r s  a r e  kn o wn  t o  a c t i v a t e  p r o t e i n  
k i n a s e  t ,  an  i n t r a c e l l u l a r  e nz yme  c a p a b l e  o f  p h o s p h o 
r y l a t i n g  m e m b r a n e  a s s o c i a t e d  r e c e p t o r s .  By u s i n g  
p h o r b o l - 1 2 - 1 3 - d i b u t y r a t e  ( PDBU) ,  we i n v e s t i g a t e d  t h e  
p r e s e n c e  a n d  f u n c t i o n  o f  p r o t e i n  k i n a s e  C on c a n i n e  
c e r e b r a l  v e s s e l s .  I n v i t r o  t i s s u e  a u t o r a d i o g r a p h i c  
s t u d i e s  p e r f o r m e d  on 8 u s e c t i o n s  o f  c a n i n e  c e r e b r a l  
v e s s e l s  w i t h  H3 - P DB U r e v e a l e d  a 2 t o  1 r a t i o  o f  
s p e c i f i c  t o  n o n s p e c i f i c  b i n d i n g .  C o m p e t i t i v e  d i s 
p l a c e m e n t  wa s  d e m o n s t r a t e d  f o r  2 p h y s i o l o g i c a l l y  
a c t i v e  p h o r b o l  e s t e r s  b u t  c o u l d  n o t  be  d e m o n s t r a t e d  
f o r  2 p h y s i o l o g i c a l l y  i n a c t i v e  p h o r b o l  d e r i v a t i v e s .

DISPLACEABLE PHORBOL BINDING TO CANINE BASILAR ARTERY

Li g a n d D i s p l a c e r P h y s i o l o g i c  
A c t i v i t y

B i n d i n g
( G r a i n s  /  1 0 0 0 u2 )

H3 - P D B U N o n e - 24
H 3 - P D B U P h o r b o l - 2 1
H3 - P D B U P h o r b o l - 1 2 -  

M o n o a c e t a t e
- 20

H 3 - P D B U D P B + 1 2
H 3 - P D B U P D B U + 8

Th e  e f f e c t  o f  PDBU on  r e g i o n a l  c e r e b r a l  b l o o d  f l o w  
( r C B F )  wa s  t h e n  s t u d i e d  i n v i v o  u s i n g  r a d i o l a b e l l e d  
m i c r o s p h e r e s  i n  6 d o g s .  Me a s u r e me n t s  we r e  made  d u r i n g  
c o n t r o l  v e n t r i c u l o - c i s t e r n a l  CSF i n f u s i o n s  a n d  
5 , 1 0 , 1 5 , 2 0  a n d  25 m i n u t e s  a f t e r  i n f u s i o n  o f  . 1 nM/ mi n 
PDBU.  F o r  g r e y  m a t t e r  r e g i o n s  i n c o n t a c t  w i t h  t h e  
p e r f u s a t e ,  c a u d a t e  n u c l e u s ,  c o r t i c a l  w a t e r s h e d  and  
c e r e b e l l u m ,  b l o o d  f l o w  i n c r e a s e d  f r o m 33 ± 6 t o  45 ± 
7 ,  20  ± 2 t o  27 ± 2 ,  a n d  31 ± 2 t o  42 ± 5 m l / m i n / 100 
gm,  r e s p e c t i v e l y ,  rCBF was  u n c h a n g e d  f o r  b r a i n s t e m ,  
t e m p o r a l  l o b e  o r  w h i t e  m a t t e r  r e g i o n s .  We c o n c l u d e  1 ) 
PDBU h a s  h i g h  a f f i n i t y  b i n d i n g  t o  c a n i n e  c e r e b r a l  
v a s c u l a r  s m o o t h  m u s c l e ,  a n d  2 )  PDBU p r o d u c e s  a n  
i n c r e a s e  i n  r CBF wh e n  d e l i v e r e d  i n t r a v e n t r i c u l a r l y .  
Th e s e  d a t a  s u g g e s t  a p o s s i b l e  r o l e  f o r  p r o t e i n  k i n a s e  
C i n t h e  r e g u l a t i o n  o f  c e r e b r a l  b l o o d  f l o w .
( S u p p o r t e d  by NIH NS20020)

376.18 SEX DIFFERENCES IN ANDROGEN RECEPTOR BINDING IN THE BRAIN STEM 
NUCLEI ARE NOT CORRELATED WITH NEURONAL NUMBER. 
W.H.A. Yu and M.Y. M cGinnis*. C ity  Univ. o f  New York Med. Sch., 
New York, NY 10031 and Mt. S inai Sch. Med., New Y ork, N.Y. 10029

We have shown p r e v io u s ly  th a t  c r a n i a l  n e rv e  n u c le i  in  th e  
b ra in  stem  o f  a d u l t  r a t s  c o n ta in  s p e c i f i c  b in d in g  s i t e s  fo r  
androgens (J .N eu ro sc i. 6 :1302, 1986). We now re p o r t  th a t  
androgen recep tor binding va lues  in  the  b ra in  stem motor n u c le i 
a re  s ig n if ic a n t ly  higher in males than in  fem ales, and th a t  th is  
sex d iffe ren ce  i s  independent o f th e  numb er o f neurons in  these  
n u c le i. Sprague-Dawley r a ts  weighing 200-250 g. were c as tra ted  
2-3  days b e fo re  s a c r i f i c e .  T iss u e s  o f  h y p o g lo s sa l and f a c i a l  
motor n u c le i  were d is s e c te d  and p o o led  from 4-5 r a t s  fo r  each 
determ ination . C ytoso lic  androgen recep tor binding was measured 
by a s in g le  p o in t assay using 4nM 3H-R1881 as ligand. Neuronal 
number in  th e  h y p o g lo s sa l and f a c i a l  motor n u c le i  was counted  
from male and female r a ts  o f 4 months o f age. A fter in traca rd iac  
p e r fu s io n  w ith  a ld eh y d e  f i x a t i v e ,  th e  b ra in  stem  was b lo c k e d , 
enbedded in  p a ra ff in ,  s e r i a l l y  sectioned a t  7 um, and every  11th 
s e c t io n  was s ta in e d  w ith  c r e s y l  v i o l e t .  Neurons w ith  v i s i b l e  
n u c l e o l i  were coun ted  b i l a t e r a l l y ,  and th e  t o t a l  number o f  
neurons in  each nucleus was c a lc u la te d . R esu lts , shown below, 
in d ic a te  t h a t  th e r e  a re  sex d i f f e r e n c e s  in  re c e p to r  b in d in g  
va lu es  bu t not in  neuronal numb e r between males and fem ales.

Hypoglossal nucleus Facial nucleus

receptor neuronal receptor neuronal
binding number binding number
(fmol/mg protein) (fmol/mg protein)

Males 11.2±1.6*(9) 4474±85(6) 6 .0±0.6*(4) 5920±200(6)

Females 6 .6±0.7 (4) 4652±110(8) 3.9±0.8 (4) 6113+241(8)

V a lu es  a re  mean ±SEM. P a re n th e se s  in d ic a te  th e  number o f 
determ inations. *p < 0.05, s ig n if ic a n t ly  d if f e r e n t  from fem ales, 
S tudent's  t - t e s t .
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377.1 DIFFERENTIAL EFFECTS OF HALOPERIDOL AND CLOZAPINE IN THE RAT 
NEOSTRIATUM AND NUCLEUS ACCUMBENS: MICROIONTOPHORETIC STUDIES. 
X.T. Hu* and R.Y. Wang (Spon: I .  F and ), D epartm ent o f P sy c h ia try  
and B eh av io ra l S c ie n ce , SUNY a t  S tony Brook, Stony Brook, N.Y. 
11794.

Prolonged tre a tm e n t w ith  c l a s s i c a l  a n t ip s y c h o tic  drugs 
(APDs) such a s  h a lo p e r id o l (HAL) and ch lo rp rom azine induce a 
tim e-dependen t d e p o la r iz a t io n  in a c t iv a t io n  o f  dopamine (DA) 
neurons in  bo th  th e  s u b s ta n t ia  n ig ra  (A9) and th e  v e n t r a l  tegmen
t a l  a re a  (A10) o f  th e  r a t  b r a in .  In  c o n t r a s t ,  tre a tm e n t w ith  
a ty p ic a l  APDs such a s  c lo z a p in e  (CLOZ) and th io r id a z in e  s e l e c t 
iv e ly  d ec re a se  th e  number o f  A10 DA neu rons . T his ch ro n ic  APD- 
induced in a c t iv a t io n  o f  A10 and A9 DA neurons cou ld  be p rev en ted  
by le s io n s  o f  th e  n u c leu s  accumbens (NAc) and th e  cau d a te  nuc leus  
(CdN), r e s p e c t iv e ly ,  su g g es tin g  th a t  p o s ts y n a p tic  s i t e s  a re  
im p o rtan t in  m ed ia ting  th e  a c t io n s  o f  APDs on DA c e l l s .  The aim 
o f  th e  p re s e n t s tu d y  was to  determ ine  w hether th e  a ty p ic a l  APD 
CLOZ h as  a  p r e f e r e n t i a l  s i t e  o f  a c t io n  in  th e  NAc. For compar
is o n , th e  e f f e c t  o f HAL on neurons in  th e  NAc and th e  CdN was 
a ls o  in v e s t ig a te d .  S tandard  e x t r a c e l lu l a r  s in g le  u n i t  reco rd in g  
and m ic ro io n to p h o re tic  te c h n iq u es  were used  to  a s s e s s  th e  e f f e c t  
o f  CLOZ and HAL on DA-induced in h ib i t i o n .  In  a d d i tio n  to  spon
ta n e o u s ly  a c t iv e  c e l l s ,  g lu tam a te  (G L U T)-activated  c e l l s  were 
s tu d ie d  becau se , a s  p re v io u s ly  r e p o r te d , many neurons in  th e  CdN 
and NAc have v ery  low d isc h a rg e  r a t e s  o r  a re  q u ie sc e n t.

Io n to p h o re s is  o f DA (ionto-D A ) su p p ressed  bo th  th e  sp o n tan e
ous and G LU T-activated f i r i n g  a c t i v i t e s  in  th e  NAc and th e  CdN. 
Ionto-HAL p rev en ted  o r re v e rse d  DA in h ib i t i o n  in  bo th  th e  NAc 
(n=5) and th e  CdN (n=6 ) .  In  c o n t r a s t ,  CLOZ showed a p r e f e r e n t ia l  
a c t io n  on NAc c e l l s ;  CLOZ was e f f e c t iv e  in  p re v e n tin g  D A -inh ib i- 
t i o n  on 11 o u t o f  16 (o r  69%) NAc c e l l s  t e s t e d  w hereas in  th e  
CdN, CLOZ was m ostly  in e f f e c t iv e  (o n ly  1 o u t o f 13 CdN neurons 
resp o n d ed ). In  a d d i t io n ,  p re l im in a ry  r e s u l t s  show th a t  ionto-HAL 
a c t iv a te d  b o th  NAc and CdN c e l l s  w hereas ionto-CLOZ p r e f e r e n t i a l 
ly  in c re a se d  th e  f i r i n g  r a t e  o f NAc c e l l s .  I n te r e s t in g l y ,  CLOZ 
was p a r t i c u l a r ly  e f f e c t iv e  in  r e v e r s in g  th e  DA e f f e c t  on GLUT- 
induced a c t iv a t io n  on q u ie sc e n t NAc n eu rons; CLOZ was e f f e c t iv e  
on a l l  8 q u ie sc e n t c e l l s  s tu d ie d  and was e f f i c a c io u s  on on ly  2 
o u t o f  8 sp o n tan eo u sly  a c t iv e  NAc c e l l s .  I t  i s  su g g ested  th a t  
CLOZ i s  e s p e c ia l ly  p o te n t in  a n tag o n iz in g  e f f e c t s  produced by 
to n i c a l ly  a c t iv e  A10 DA neurons which presum ably ren d ere d  th e  NAc 
c e l l s  q u ie s c e n t.

In  c o n c lu s io n , th e  r e s u l t s  o f th e  p re s e n t s tu d y  in d ic a te  
th a t  CLOZ p r e f e r e n t i a l l y  a c ts  upon A10 DA system s. T his may 
accoun t f o r  th e  f a c t  t h a t  CLOZ, among a l l  APDs, has very  low 
p o te n t ia l  f o r  cau sin g  e x trap y ram id a l s id e  e f f e c t s .  (S upported  by 
USPH g ra n ts  MH-41440 and MH-41696 to  R.Y.W.)

377.2 DIFFERENTIAL EFFECTS OF ACUTE CLOZAPINE AND HALOPERIDOL ON THE 
ACTIVITY OF MESOLIMBOCORTICAL (A10) AND NIGROSTRIATAL (A9) 
DOPAMINE NEURONS. Timothy H. Hand, X iu - t i  Hu* and Rex Y. Wang. 
Departm ent o f P sy c h ia try  and B eh av io ra l S c ien ce , SUNY, Stony 
Brook, N.Y. 11794.

R ecent e le c tro p h y s io lo g ic a l  experim en ts (Chiodo and Bunney, 
1983, 1985; W hite and Wang, 1983) have shown th a t  ch ro n ic  admin
i s t r a t i o n  o f p r o to ty p ic a l  n e u ro le p t ic  compounds such as  h a lo p e r 
id o l  (HAL) in a c t iv a te s  A9 and A10 dopamine (DA) c e l l s  n o n -s e le c t-  
iv e ly .  However, ch ro n ic  tre a tm e n t w ith  a ty p ic a l  a n t ip s y c h o tic  
drugs (APDs) such as  c lo zap in e  (CLOZ) in a c t iv a te s  A10 DA neurons 
w ith o u t s ig n i f i c a n t ly  changing th e  number o f spon taneously  a c t iv e  
A9 DA neu ro n s . We were in t e r e s te d  in  de te rm in ing  w hether ac u te  
a d m in is tr a tio n  o f th e  APDs HAL and CLOZ was a ls o  ca pab le  o f 
in a c t iv a t in g  DA u n i t s ,  and i f  so , w hether th e  e f f e c t s  of ac u te  
CLOZ were s p e c i f i c  fo r  A10 DA neu rons . We th e r e fo r e  examined th e  
e f f e c t s  o f ac u te  CLOZ and HAL on th e  b a s e l in e  f i r i n g  r a t e  o f A9 
vs A10 DA u n i t s  u s in g  s ta n d a rd  e x t r a c e l lu la r  s in g le - u n i t  
reco rd in g  te c h n iq u e s .

CLOZ was found to  in c re a s e  th e  f i r i n g  r a t e  of A10 DA u n i t s  a t  
u nexpected ly  low d o ses . The geom etric  mean dose fo r  p roducing  a t  
l e a s t  a 20% in c re a s e  in  r a t e  was 1.32 mg/kg. H igher doses o f CLOZ 
drove 9 /23  (39%) o f A10 c e l l s  in to  an apomorphine (A PO )-revers- 
ib l e  d e p o la r iz a t io n  b lockade. CLOZ d id  n o t change A9 DA c e l l  
a c t i v i t y  in  th e  g r e a t  m a jo r ity  o f sampled c e l l s  (1 4 /1 7 ) . HAL, on 
th e  o th e r  hand, produced an APO r e v e r s ib le  a c t iv a t io n  and d e p o la r 
iz a t io n  in a c t iv a t io n  in  bo th  su b p o p u la tio n s  o f DA neurons. Mul
t i p l e  exposures to  a n t ip s y c h o tic  d rugs a re  th e r e fo r e  n o t n ec es 
sa ry  to  in a c t iv a te  DA c e l l s .  Scopolam ine, a m u sca rin ic  re c e p to r  
b lo c k e r , d id  n o t mimic th e  e f f e c t s  o f CLOZ on A10 neu rons , and i t  
a ls o  f a i l e d  to  b lock  th e  a c t iv a t in g  e f f e c t  o f HAL on A9 u n i t s .  
This in d ic a te s  t h a t  th e  a n tim u s c a rin ic  a c t i v i t y  o f CLOZ i s  n o t 
invo lved  in  i t s  a c tio n s  on DA neu rons . CLOZ com plete ly  rev e rse d  
APO-induced su p p re ss io n  o f A10 DA a c t i v i t y ,  bu t in  many ca ses  
on ly  p a r t i a l l y  re v e rse d  su p p re ss io n  o f A9 neu rons . T ra n sec tio n s  
o f th e  d ie n cep h a lo n , which sev ered  th e  m ed ial fo re b ra in  bundle 
and o th e r  feedback pathways to  th e  DA som ata, p rev en ted  th e  
e x c i ta to ry  a c t io n  o f HAL on most A9 neurons sam pled. However, 
t h i s  p rocedu re  l e f t  i n t a c t  th e  a c t iv a t io n  o f A10 neurons produced 
by HAL and CLOZ, in d ic a t in g  th a t  fo re b ra in  feedback pathways a re  
n o t a s  c r i t i c a l  in  m ed ia ting  th e  a c t io n  o f APDs on A10 neurons. 
I t  i s  suggested  th a t  th e  d i f f e r e n t  pharm aco log ica l and c l i n i c a l  
p ro p e r t ie s  o f HAL and CLOZ may be p a r t i a l l y  ex p la in ed  by a 
d i f f e r e n t i a l  mode o f a c t io n  on th e  A10 and A9 subp o p u la tio n s  o f 
DA c e l l s .  The d a ta  a ls o  p ro v id e  pharm aco log ica l ev idence th a t  
th e  A9 and A10 DA c e l l  groups a re  re g u la te d  by d i f f e r e n t  mecha
n ism s. (S upported  by MH 41440 and MH 41696 to  RYW and by PHHS 
T ra in in g  G ran t, 1 T32 MH1801001A1)
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377.3 SIMULTANEOUS SINGLE UNIT RECORDING AND LOCAL DRUG INJECTION IN THE 
LOCUS COERULEUS OF FREELY MOVING CATS. B.L. Jacobs and E.D. 
Abercrombie. Prog. N eurosci. ,  Dept. o f  P sycho l., P rinceton  Univ., 
P rinceton , NJ 08544.

The t ra d i t io n a l neuropharmacological approach to  understanding 
n eu ro transm itte r systems employs r e la t iv e ly  s p e c if ic  recep to r 
ag o n ists  and an tagon ists  to  m anipulate the  a c t iv i ty  o f p a r t ic u la r  
subsets  o f neurons in  the  b ra in . Problems a r is e  w ith th is  
approach because system ic adm in is tra tion  o f drugs has in d ire c t  
e f fe c ts  on neuronal a c t iv i ty  and e f fe c ts  o f  drugs app lied  d ire c t ly  
v ia  ion tophoresis  o r p ressu re  e je c tio n  in  acute p repa ra tions  a re  
confounded by anesthesia  o r im m obilization. In  o rder to  avoid 
th ese  problems, i t  i s  d e s irab le  to  be ab le  to  in v e s tig a te  drug 
ac tio n s  on id e n tif ie d  neurons during a v a r ie ty  o f  behav ioral 
co n tex ts . We have developed a technique which allow s the  in fusion  
o f substances during e lec tro p h y sio lo g ica l recording  o f s in g le  u n i t  
a c t iv i ty  in  behaving c a ts .  U nit a c t iv i ty  i s  recorded by means o f 
movable 32 and 64 um diam eter in su la ted  n ich rome w ires implanted 
in  two bundles o f s ix  each above the  LC (P 4.0 L 2.8 H -1 .9 ) .  A 
movable 22g s ta in le s s  s te e l  guide cannula i s  in terposed  between 
the  two e lec tro d e  bundles. This cannula term inates 1.0 mm above 
the  recording  s i t e .  A 28g s ta in le s s  s te e l  in je c to r  i s  constructed  
so th a t  when placed w ith in  the  guide cannula i t  p ro trudes to  a 
depth equal to  th a t  o f  the  m icroelectrode bundles w ith approxi
mately a 500 um la te r a l  displacem ent. The in je c to r  i s  connected 
to  a 1.0 u l  syringe v ia  PE 20 tubing and i s  p re f i l le d  w ith drug. 
Drug in fusion  i s  regu la ted  by a remotely operated syringe pump. 
A fte r c o lle c tin g  ba se lin e  u n i t  a c t iv i ty  m easures, the  drug i s  
infused  in  a volume o f 0.1 u l  over 1 min. LC neurons a re  id e n ti
f ied  as noradrenergic by th e i r  long d u ra tion  ac tio n  p o te n tia l ,  
slow base lin e  f i r in g  r a te  and complete suppression during REM 
sleep . Neurochemical id e n ti ty  i s  fu r th e r  confirmed by the  
complete suppression o f a c t iv i ty  w ith in  20 min o f a systemic 
in je c tio n  o f alpha-2 ag o n ist c lon id ine  (25ug/kg i . p . ) .  When 1.0 
ug o f  c lon id ine  i s  infused  lo c a lly ,  u n it  a c t iv i ty  i s  s ig n if ic a n tly  
decreased w ith in  1 min and i s  completely suppressed w ith in  5 min. 
In  c o n tra s t ,  s t e r i l e  s a lin e  in fusion  has no e f f e c t .  Given the  
high d en sity  o f op io id  recep to rs  found in  LC and the  c o n flic tin g  
evidence regarding  the  p hysio log ical e f f e c t  o f op io id  recep to r 
agon ists  on LC neurons, the  e f f e c t  o f in fusion  o f  1.0 ug morphine 
on LC u n its  was examined. This produced a s ig n if ic a n t suppression 
(76% below q u ie t waking base line) o f u n i t  a c t iv i ty  w ith in  15 min. 
This suppression p e rs is te d  fo r the  e n t i re ty  o f the  60 min observa
tio n  p eriod . Thus, we have demonstrated d i r e c t  drug e f fe c ts  in  
the  absence o f general behavioral o r physio log ical changes which 
accompany system ic drug in je c tio n . (Supported by NIMH Grants 
MHO9256/MH23433 and A ir Force Grant APOSR85-0034).

377.4 MORPHINE INCREASES LOCUS COERULEUS NORADRENERGIC NEURONAL ACTIVITY 
IN FREELY MOVING CATS AND IN MIDBRAIN SLICES IN VITRO. T .J . 
Trulson, K. Arasteh and M.E. Trul son. Dept. Anatomy, C o ll. Med., 
Texas A&M Univ., College S ta tio n , TX 77843.

The locus coeruleus (LC) contains high concentrations of opi
ate  recep to rs , as well as enkephalin-like  immunoreactivity. Mor
phine adm inistra tion  to  anesthetized  ra ts  suppresses the spontane
ous a c t iv ity  of LC neurons. Furthermore, a recent study showed 
th a t morphine suppresses the i n v itro  a c t iv ity  of LC neurons 
recorded in brain s lic e s  obtained from anesthetized  r a ts .  How
ever, i t  is  well-known th a t anesthesia a lte r s  the response of CNS 
neurons to  psychoactive drugs (Trends Pharmacol. S c i. 5, 1984, 
287-289). Therefore, we examined the e ffe c ts  of morphine on the 
a c t iv ity  on noradrenergic (NE) LC neurons in free ly  moving c a ts . 
Cats were implanted for macro- and m icro-electrodes as previously 
described (Brain Res. 163, 1979, 135-150). After recovery from 
surgery the cats were placed in recording chambers and allowed to 
adapt to  the novel s e tt in g . They then received i .p .  doses of mor
phine su lfa te  (0 .5 , 1 .0 , 2.5 or 5.0 mg/kg) and un it a c tiv ity  was 
monitored fo r 8 hours. Morphine produced a dose-dependent in 
crease in LC un it a c t iv ity  from approximately 15% a t the lowest 
dose te s ted  to  more than 50% at the highest dose (P<0.01 ANOVA). 
When the cats were f i r s t  anesthetized  with chloral hydrate (350 
mg/kg, i . p . )  and then adm inistered morphine, d iffe ren t re su lts  
were obtained. F i r s t ,  the anesthe tic  produced a s ig n if ic a n t in
crease in LC un it a c t iv ity  (+150%) above the qu ie t waking baseline 
(1.61 ± 0.24 s p ik e s /- s e c .). Adm inistration of morphine (2.5 
mg/kg, i . p . )  to  chloral hydrate anesthetized  cats produced a s ig 
n if ic a n t depression of un it a c t iv ity  from the elevated baseline 
due to  the a n es th e tic . This depression of un it a c t iv ity  in 
chloral hydrate anesthetized  cats by morphine was reve rs ib le  by 
adm in istra tion  of naloxone (1 mg/kg, i . p . ) .  I t  is  important to 
n o te , however, th a t the above re su lts  in free ly  moving cats  may be 
due to the behavioral s ta te  of the cats  and/or a c tiv a tio n  of a f
fe ren t inputs to  the LC by morphine. Therefore, we examined the 
e ffe c ts  of morphine on the a c t iv ity  of NE-containing LC neurons 
recorded from mouse brain s lic e s  in v i t r o . Brain s lic e s  were pre
pared using standard procedures as previously described (Eur. J . 
Pharmacol., 114, 1985, 105-109). Morphine produced a dose-depen
dent increase  in the a c t iv ity  of NE-containing LC neurons recorded 
in v i t r o . The response was not changed in a low calcium/high mag
nesium medium, ind ica ting  th a t the observed e ffe c ts  are the re su lt 
of a d ire c t action of morphine on LC neurons. When the mice were 
anesthetized  with chloral hydrate p rio r to  preparation  of tis su e  
s l ic e s ,  morphine produced a suppression of LC a c t iv i ty .  These 
s tud ies suggest th a t previous d a ta  showing a decrease in LC unit 
a c t iv ity  following incubation with morphine in  v itro  are due to 
the use of anesthesia .

377.5 RHYTHMIC ACTIVITY AND ADRENERGIC RESPONSES IN LOCUS COERULEUS 
NEURONS FROM YOUNG RATS. K.C. Marshall and J.T . Williams. 
Neuropharmacology Laboratory, M.I.T., Cambridge, MA 02139.

The possible role of the locus coeruleus (LC) in influencing deve
lopment of other brain regions, and reports of changes in 
neurotransmitter responsiveness of LC neurons during development 
have led us to study brain s lice s from young ra ts  (1-4 weeks). 
In trace llu la r recordings were made from LC neurons in submerged 
s lice s (300 μm) maintained a t 37 °C. Drugs were applied by super
fusion. The majority of LC neurons from 1-4 week animals exhibited 
rhythmic variations in membrane p o ten tia l, 5-15 mV in amplitude and 
a t a frequency of 0.3-3 Hz. The slowest frequencies were observed 
in s lice s  taken from the youngest animals. Such rhythmic ac tiv ity  
is  seldom seen in LC neurons in s lice s from adult ra ts . 
Spontaneous action potentials were usually generated a t the top of 
the depolarizing phase of these rhythms. Hyperpolarization with 
current abolished the action potentials but not the slow rhythmic 
ac tiv ity . Superfusion with 11.5 mM MgCl 2  blocked a l l  spontaneous 
ac tiv ity . The frequency of the slow rhythm was increased by pheny
lephrine and muscarine and slowed by noradrenaline (NA) and 
cocaine. The fu ll action potentials recorded in c e lls  from young 
(8-12 days) ra ts  were of greater duration (1.7-2.2 ms) than in 
c e lls  from adults (1 .2 -1 .6 .ms). In s lice s from these young ra ts  
phenylephrine (100 μM) increased the frequency of spontaneous 
action poten tials or gave depolarizations of 3-5 mV in c e lls  hyper- 
polarized to below threshold. In s lice s from adult ra ts  pheny
lephrine (10-100 μM) has no e ffec t or slows the firing  ra te . The 
depolarization induced by phenylephrine was observed in 11.5 mM 
MgCl2  and thus is  a d irec t action on the c e l l .  The action of NA 
(10-100 μM) following treatment with cocaine (10 μM) gave a strong 
hyperpolarization (15-25 mV), as in adults. However in c e lls  from 
1-2 week animals, 30-100 μM NA gave complex responses in which an 
in i t i a l  strong hyperpolarization was reduced by 25-40% shortly 
a f te r  i t s  onset. On washing out the NA, the c e lls  again hyper- 
polarized and then slowly recovered to the control membrane poten
t i a l  in 3-5 min. After treatment with prazosin (500 nM) NA (30-100 
yM) gave a simple hyperpolarizing response, with a much faster 
recovery to control potential a f te r  washout. This pattern was less 
evident on the c e lls  from 3-4 week animals, though hyperpolarizing 
responses to NA were s t i l l  larger and of shorter duration in some 
c e lls . Our re su lts  indicate differences in electrophysiological 
properties of LC neurons to those from adults and a greater 
α1-adrenoceptor responsiveness in ce lls  from 1-2 week old animals 
than in older animals.

Supported by U.S. Dept. of Health and Human Services grant DA 
03161 and by th e  Medical Research Council of Canada.

377.6 EFFECTS OF NOREPINEPHRINE ON RAT HIPPOCAMPAL NEURONS IN 
DISSOCIATED CELL CULTURE. P. A. Rosenberg, D. M. B arnes, and 
M. A. D ic h te r . Departm ent o f N eurology, C h ild re n ’s H o sp ita l ,  
B oston, Mass. 02115.

We a re  in t e r e s te d  in  id e n tif y in g  th e  t a r g e t  c e l l s  fo r  
n o rep in ep h rin e  (NE) in  c e re b ra l  c o r te x  and in  c h a ra c te r iz in g  
th e  e f f e c t s  o f NE on th e se  ta r g e t  c e l l s .  Hippocampi were 
o b ta in ed  from E20-21 day r a t  embryos and were m ain ta ined  in  
d is s o c ia te d  c e l l  c u l tu r e  u s ing  methods p rev io u sly  d escrib ed  
(F ro sc h , B arnes, and D ic h te r , Soc. N eu ro sc i. A b s t r . ,  9: 680 ). 
P e n e tra tio n s  w ith  m ic ro e le c tro d e s  were g e n e ra lly  r e s t r i c t e d  to  
neurons w ith  somal d iam ete rs  g re a te r  than  18 um, and NE o r th e  
b e ta  a g o n is t  is o p ro te re n o l  (ISO) a t  1-10 × 10-9 M were a p p lied  
by p re s s u re  p e rfu s io n  from p ip e ts  w ith  t i p  d ia m e te rs  o f 5 um. 
A t o t a l  o f 101 c e l l s  were s u c c e s s fu lly  im paled and m onitored 
fo r  d i r e c t  o r in d i r e c t  resp o n ses  to  NE o r ISO. As in  neocor
t i c a l  c u l tu r e s ,  no d i r e c t  membrane resp o n ses  to  NE o r ISO were 
observed (R osenberg, S ch w eitze r, and D ic h te r , B rain  R e s ., 344: 
369-372). The slow a f te rh y p e rp o la r iz a t io n  observed in  th e  h ip 
pocampal s l i c e  p re p a ra tio n  was only  r a r e ly  p re s e n t in  th e se  
c u l tu r e s ,  and was n o t encoun tered  d u ring  th e se  ex p e rim en ts. 
For a s say in g  fo r  i n d i r e c t  re sp o n se s , o b serv ab le  a t  th e  im paled 
c e l l  by an in c re a s e  in  s y n a p tic  a c t i v i t y ,  th e  drug p ip e t was 
b rought s u c c e s s iv e ly  to  one c e l l  a f t e r  an o th e r in  th e  f i e ld  
su rround ing  th e  im paled neuron, t e s t in g  approx im ate ly  10 c e l l s  
pe r im paled c e l l .  T w enty -th ree  d e te c to r  c e l l s  showed one o r  
more resp o n ses  when drug was ap p lie d  to  c e l l s  in  th e  su rro u n d . 
The response  was ty p i c a l ly  a b a rrag e  o f epsps and s p ik e s , and 
an e x c lu s iv e ly  ip sp  response  was never seen ; th e  response  was 
lo n g - la s t in g ,  rang ing  from one to  th r e e  m inu tes ; marked 
ta ch y p h y lax is  was seen w ith  l i t t l e  o r no response  evoked by 
second a p p l ic a t io n  o f d rug . By keeping tr a c k  o f th e  phase 
c o n t r a s t  morphology o f th e  respond ing  c e l l s ,  i t  became c le a r  
th a t  a m orp h o lo g ica lly  d i s t i n c t  p o p u la tio n  o f neurons seemed 
to  be u n d erly in g  th e  i n d i r e c t  response  to  NE o r ISO. The 
d i s t i n c t i v e  f e a tu r e s  o f th e se  presumed resp o n d ers  was t h e i r  
sm all s iz e  (9 -10  um d iam ete r)  and f l a t  appearance in  phase 
c o n t r a s t ,  e x p la in in g  why they  had n o t p rev io u sly  been 
p e n e tra te d  w ith  m ic ro e le c tro d e s . D e f in i t iv e  i d e n t i f i c a t i o n  o f 
th e se  sm all c e l l s  a s  NE t a r g e t s  must aw ait d i r e c t  reco rd in g  
from them. I d e n t i f i c a t io n  o f th e se  sm all c e l l s  w ith  re s p e c t  to  
t h e i r  in  v ivo  c o u n te rp a r t  i s  a l s o  u n c e r ta in .

Supported by a R obert Morison F ellow sh ip  from th e  G rass 
F oundation  to  P.A .R . and by g ra n ts  NS 15362, NS 00993-02, and 
CH MR Core HD 06276.
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377.7 DIFFERENTIAL EFFECTS OF NOREPINEPHRINE ON HIPPOCAMPAL NEURONS K. 
Pang and G.M. R o se1 ,2  1D e p t.  o f  P h a rm a c o lo g y , UCHSC, and  2M e d ic a l 
R e se a rc h , VAMC, D e n v e r, CO 8 0262 .

The c e n t r a l  n o r a d r e n e r g i c  sy s te m  h a s  lo n g  b e e n  p o s tu l a t e d  to  
p lay  a m o d u la to ry  r o l e  i n  l e a r n in g  and memory. S in c e  th e  h ip p o 
cam pus i s  a l s o  i m p o r t a n t  i n  t h e s e  f u n c t i o n s ,  t h e  a c t i o n s  o f  
n o re p in e p h r in e  (NE) w ere exam ined  in  t h i s  b r a i n  r e g i o n .  P re v io u s  
e l e c t r o p h y s i o lo g i c a l  s t u d i e s  found  t h a t  NE p ro d u ce d  b e ta  r e c e p t o r  
m ed ia ted  e x c i t a t o r y  and a lp h a  r e c e p t o r  m e d ia te d  i n h i b i t o r y  e f f e c t s  
in  th e  h ip p o ca m p u s , w i th  i n h i b i t o r y  a c t i o n s  p r e d o m in a t in g .  In  
th e s e  e x p e r im e n ts ,  th e  a c t i o n s  o f  NE w ere exam ined  o n ly  upon p r e 
sumed h ip p o ca m p a l p y ra m id a l  n e u ro n s .  H ow ever, th e  h ippocam pus i s  
composed o f  a m ixed  p o p u la t i o n  o f  n e u ro n s :  c o m p le x -s p ik e ,  t h e t a  
and g r a n u le  c e l l s .  T h e re  i s  good e v id e n c e  t h a t  c o m p le x -s p ik e  
n e u ro n s  a r e  p y ra m id a l  n e u ro n s ,  w h i le  t h e t a  n e u ro n s  a r e  i n t e r 
n e u ro n s ;  g r a n u le  c e l l s  a r e  th e  p r im a ry  c e l l  ty p e  o f  th e  d e n ta t e  
g y ru s . In  th e  p r e s e n t  s tu d y ,  th e  a c t i o n s  o f  NE w ere  exam ined on 
a l l  t h r e e  h ip p o ca m p a l c e l l  ty p e s .

R e c o rd in g s  w ere made from  th e  h ip p o ca m p a l r e g io n  o f  a n e s th e 
t i z e d  r a t s  u s in g  s ta n d a r d  e x t r a c e l l u l a r  r e c o r d in g  m e th o d s . H ip p o 
campal c e l l s  w ere  i d e n t i f i e d  a s  c o m p le x -s p ik e  ( d u r a t io n  ≥ 0 .6  ms) 
o r  t h e t a  ( d u r a t io n  ≤ 0 .4  m s) n e u ro n s  b a se d  on t h e i r  u n f i l t e r e d  
a c t io n  p o t e n t i a l  d u r a t i o n s .  T h e ta  n e u ro n s  and d e n ta t e  g r a n u le  
c e l l s ,  w h ic h  h a v e  s i m i l a r  a c t i o n  p o t e n t i a l  d u r a t i o n s ,  w e re  
i d e n t i f i e d  by t h e i r  r e s p o n s e  to  a f f e r e n t  s t i m u l a t i o n .  D e n ta te  
g ra n u le  c e l l s  f i r e d  o n ly  a s in g l e  a c t i o n  p o t e n t i a l  in  r e s p o n s e  t o  
p e r f o r a n t  p a th  s t i m u l a t i o n ,  no m a t t e r  how i n t e n s e  th e  s t im u lu s ,  
w h ile  t h e t a  n e u ro n s  f i r e d  m u l t i p l e  a c t i o n  p o t e n t i a l s .  R e c o rd in g  
e le c t r o d e  l o c a t io n  was v e r i f i e d  by m o n ito r in g  th e  r e s p o n s e  evoked 
by s t i m u l a t i o n  o f  th e  c o m m issu ra l o r  e n to r h i n a l  a f f e r e n t s  t o  th e  
h ip p o cam p a l f o rm a tio n .  D rugs w ere l o c a l l y  a p p l i e d  from  m u l t i -  
b a r r e le d  m ic r o p ip e t t e s  by p r e s s u r e  m ic r o e j e c t i o n .

NE c a u se d  d i f f e r e n t i a l  e f f e c t s  on th e  s p o n ta n e o u s  f i r i n g  o f  
h ip p o cam p a l c o m p le x -s p ik e  and t h e t a  n e u ro n s .  C o m p le x -sp ik e  n e u ro n s  
w ere i n h i b i t e d  by NE, a r e s p o n s e  w hich  was d e m o n s tra te d  t o  be m ed i
a te d  by an  a lp h a - 1  r e c e p t o r .  In  a d d i t i o n ,  a c t i v a t i o n  o f  a lp h a - 2  
and b e ta  r e c e p t o r s  u s in g  s e l e c t i v e  a g o n is t s  e x c i t e d  c o m p le x -s p ik e  
c e l l s .  T h e ta  n e u ro n s  w ere e x c i t e d  by NE, an e f f e c t  w h ich  was a l s o  
shown to  b e  m e d ia te d  by a lp h a - 2  and b e t a  r e c e p t o r s .  A lth o u g h  t h e t a  
n e u ro n s  and d e n ta t e  g r a n u le  c e l l s  h av e  s i m i l a r  e l e c t r o p h y s i o l o g i c a l  
c h a r a c t e r i s t i c s ,  NE had  d i f f e r e n t  e f f e c t s  on th e s e  two c e l l  t y p e s .  
W hereas t h e t a  n e u ro n s  w ere e x c i t e d  by NE, d e n ta t e  g r a n u le  c e l l s  
w ere i n h i b i t e d .  As was th e  c a s e  f o r  c o m p le x -s p ik e  n e u ro n s ,  th e  
i n h i b i t o r y  a c t i o n  o f  NE was m e d ia te d  by an  a l p h a - 1 r e c e p t o r .

T h ese  r e s u l t s  d e m o n s tra te  t h a t  NE p ro d u c e s  d i f f e r e n t  r e s p o n s e s  
on h ip p o ca m p a l c o m p le x -s p ik e ,  t h e t a  and g r a n u le  c e l l s  th ro u g h  
i n t e r a c t i o n s  w i th  d i s t i n c t  r e c e p t o r  p o p u l a t i o n s .  T h is  work was 
s u p p o r te d  by th e  V e te ra n s  A d m in is t r a t io n  M e d ic a l R e s e a rc h  S e r v ic e .

377.8 NORADRENERGIC RESPONSES IN RAT HIPPOCAMPUS: EVIDENCE FOR 
INHIBITORY RESPONSES MEDIATED BY α 1 -RECEPTORS. M ic h e l le  
My n l i e f f *  an d  Thomas V. D u n w id d ie . D e p t . o f  P h a rm a c o lo g y , U n iv . 
o f  C o lo rad o  H e a l th  S c ie n c e s  C e n te r ,  D en v er, CO 80262.

P r e v io u s  s t u d i e s  o f  e v o k e d  p o t e n t i a l s  i n  t h e  CA1 r e g i o n  o f  
r a t  h ip p o c a m p u s  h a v e  show n a  b i p h a s i c  r e s p o n s e  t o  n o r e p i n e 
p h r i n e .  Low d o s e s  o f  n o r e p i n e p h r i n e  p r o d u c e  a n  i n c r e a s e  i n  
p o p u l a t i o n  s p ik e  s i z e  m e d ia te d  v i a  β - a d r e n e r g i c  r e c e p t o r s ,  
w h e re a s  h i g h e r  d o s e s  o f  n o r e p in e p h r in e  d e c r e a s e  th e  s i z e  o f  th e  
p o p u l a t i o n  s p ik e .  T h is  l a t t e r  r e s p o n s e  i s  th o u g h t  to  b e  m e d ia te d  
v i a  α - r e c e p t o r s ,  s i n c e  i t  c a n  b e  a n t a g o n i z e d  b y  p h e n to l a m i n e , 
b u t  t h e  r e c e p t o r  s u b ty p e  i n v o lv e d  i s  u n c l e a r .  The g o a l  o f  t h i s  
s tu d y  was t o  d e te r m in e  w h e th e r  t h e  i n h i b i t i o n  o f  t h e  p o p u l a t i o n  
s p i k e  i s  m e d ia te d  th r o u g h  t h e  α 1 - o r  t h e  α2- a d r e n e r g i c  
r e c e p t o r s .

E v o k ed  p o t e n t i a l s  i n  t h e  CA1 r e g i o n  w e re  e x a m in e d  i n  t h e  i n  
v i t r o  h ip p o c a m p a l s l i c e  p r e p a r a t i o n  f o l lo w in g  s t i m u l a t i o n  o f  th e  
S h a f f e r  an d  c o m m is s u ra l  a f f e r e n t s  t o  t h i s  r e g i o n .  P r e l i m i n a r y  
e x p e r i m e n t s  d e m o n s t r a t e d  t h a t  1 μM t i m o l o l  w as s u f f i c i e n t  to  
b l o c k  th e  β - a d r e n e r g i c  co m p o n en t o f  t h e  r e s p o n s e ,  so  a l l  s l i c e s  
w e re  p r e t r e a t e d  w i th  t h i s  c o n c e n t r a t i o n  o f  t im o l o l  i n  o r d e r  to  
e l i m i n a t e  t h e  c o m p l i c a t i n g  e f f e c t s  o f  t h e  β r e s p o n s e .  The 
i n h i b i t o r y  r e s p o n s e  t o  n o r e p i n e p h r i n e  (25  μ M) a n d  t i m o l o l  was 
a n ta g o n iz e d  38-72% b y  p h e n to la m in e  ( 0 .5 - 5  μM). Id a z o x a n  ( 0 .1 - 1  
μM), a  s e l e c t i v e  α2 a n t a g o n i s t ,  was u n a b le  t o  b lo c k  th e  re s p o n s e  
to  n o r e p i n e p h r i n e .  P r a z o s in ,  a  s e l e c t i v e  α1 a n t a g o n i s t ,  a n ta g o 
n i z e d  th e  i n h i b i t o r y  r e s p o n s e  b y  59% a t  1 μM. B oth  c lo n i d i n e  (1 -  
50 μM) an d  p h e n y le p h r in e ( 5 - 50 μM) w ere  fo u n d  t o  m im ic th e  e f f e c t  
o f  n o r e p i n e p h r i n e  i n  t h e  h ip p o c a m p u s ,  p r o d u c i n g  a  d e c r e a s e  i n  
p o p u l a t i o n  s p ik e  s i z e  o f  20-50%  a n d  43-72%  r e s p e c t i v e l y .  The 
c o n c e n t r a t i o n s  o f  n o r e p i n e p h r i n e ,  p h e n y le p h r in e ,  an d  c l o n i d i n e  
r e q u i r e d  t o  i n h i b i t  th e  p o p u l a t i o n  s p ik e  r e s p o n s e  a r e  c o n s i s t e n t  
w i t h  t h e i r  a f f i n i t i e s  f o r  α 1 - a d r e n e r g i c  r e c e p t o r s ,  b u t  n o t  f o r  
t h e  α2 r e c e p t o r  s u b ty p e .  T h e s e  r e s u l t s  i n d i c a t e  t h a t  th e  
i n h i b i t o r y  e f f e c t  o f  n o r e p i n e p h r i n e  on e v o k e d  r e s p o n s e s  i n  th e  
h ip p o cam p u s i s  m e d ia te d  th ro u g h  th e  α 1 - a d r e n e r g i c  r e c e p t o r s .
G r a n t  S u p p o r t :  USPHS DA 027 0 2  a n d  V e t e r a n 's  A d m i n i s t r a t i o n  
M e d ic a l R e s e a rc h  S e r v ic e .

377.9 RECURRENT FACILITATION OF LOCUS COERULEUS NEURONS IN 
THE RAT IS MEDIATED BY α1 -ADRENOCEPTORS. T. Sakagu ch i* , 
S.Nakamura and F.Kimura* (SPON. T.Tsumoto). Dept. of 
Neurophysiology, I n s t . of Higher Nervous A c tiv ity , 
Osaka U n iv ersity  Medical School, K ita-ku , Osaka 530 
JAPAN.

The nucleus locus coeru leus (LC) in  the  r a t  i s  a 
dense c lu s te r  of no radrenaline(N A )-contain ing  neurons. 
NA re le a sed  from the  te rm in als  of axon c o l l a te r a l s  and 
possib ly  from d en d ro -d en d ritic  synapses i s  known to  
in h ib i t  spontaneous a c t i v i t y  of LC neurons by 
a c tiv a tin g  α 2-adrenoceo to rs lo ca ted  on the  soma- 
d e n d r it ic  membranes (Aghajanian e t  a l . ,  B rain Res. 136: 
570, 1977). In a d d itio n  to  α 2 -ad ren o cep to rs , a recen t 
study has revea led  the  presence of α 1 -adrenocep to rs in  
the LC (Jones e t  a l . ,  J.com p.N eurol. ,  231: 190, 1985). 
Based on th ese  f in d in g s , the  p re sen t experim ents were 
c a rr ied  out to  e lu c id a te  the  p h y sio lo g ica l ro le  of 
α1-adrenoceptors in  the  LC. Young (1 to  14 days old) 
and a d u lt (more than 7 weeks o ld) r a t s  were 
an es th e tiz ed  w ith urethane (1 .3  g /kg , i . p . ) ,  and s in g le  
u n it a c t iv i ty  was recorded e x tr a c e l lu la r ly  in  the  LC. 
E le c tr ic a l  s tim u la tio n  of th e  d o rsa l no rad renerg ic  
bundle (DNB) a r is in g  i n th e  LC caused both in h ib i t io n  
and e x c ita t io n  of LC neurons. The e x c ita to ry  responses 
occurred predom inantly w hile LC neurons were not 
f i r in g ,  and the  e f fe c ts  of DNB s tim u la tio n  upon LC 
neurons, in  tu rn , became p r in c ip a lly  in h ib i to ry  a t  
r e la t iv e ly  high freq u en c ies  of spontaneous f i r in g .  The 
e x c ita t io n  caused by DNB s tim u la tio n  was p a r t i a l l y  
a tten u a ted  or com pletely blocked by the  α 1 -an tag o n is t 
BE 2254 (generously  supp lied  by Dr. E .H offerber, 
B eiersdorf AG). These r e s u l ts  suggested th e  presence of 
α 1-adrenoceptors which were re sp o n sib le  fo r  the  
re cu rre n t f a c i l i t a t i o n  of LC neurons. Although a l l  LC 
u n its  examined were in h ib i te d  by io n to p h o re tic a lly  
app lied  NA a t  a co n cen tra tio n  of 100 mM, NA a t  
co n cen tra tio n s of 1 and 10 mM freq u e n tly  caused 
e x c ita t io n  of LC neurons. The e x c i t a t io n by NA occurred 
more freq u e n tly  in  LC neurons of young r a t s ,  which 
were not spontaneously a c tiv e  o r f i r in g  a t  low 
freq u en c ie s . Taken to g e th e r, the  p re sen t experim ents 
suggest th a t  in  a d d itio n  to  the  negative  feedback 
mechanism m ediated by α 2-ad ren o cep to rs , th e  e le c t r i c a l  
a c t iv i ty  of LC neurons i s  re g u la te d  by the  p o s i t iv e  
feedback mechanism mediated by α 1-a d ren o cep to rs , and 
th a t  th ese  two mechanisms o p era te  in  an a c t iv i t y -  
dependent fa sh io n .

377.10 INCREASES IN LOCUS COERULEUS (LC) SPONTANEOUS ACTIVITY BY CARBACOL 
(CAR) ARE ASSOCIATED WITH DISRUPTION OF LC SENSORY RESPONSES. Edward 
F . A u l i s i  an d  R i t a  J .  V a le n t in o ,  D e p a rtm e n t o f  P h a rm aco lo g y , George 
W a sh in g to n  U n i v e r s i ty  M e d ic a l C e n te r ,  W ash in g to n , DC 20037

The a n a to m ic a l  an d  p h y s io l o g ic a l  c h a r a c t e r i s t i c s  o f  th e  n o r 
a d r e n e r g ic  n u c le u s ,  LC, h a v e  p ro m p te d  i n v e s t i g a t i o n s  i n to  th e  
f u n c t i o n  o f  th e s e  n e u ro n s .  LC c e l l s  a r e  s p o n ta n e o u s ly  a c t i v e  and 
t h e i r  d i s c h a r g e  c h a r a c t e r i s t i c s  a p p e a r  t o  b e  r e l a t e d  t o  s t a t e s  o f  
a r o u s a l .  I n  a d d i t i o n  to  t o n i c  a c t i v i t y ,  LC n e u ro n s  a r e  r e s p o n s iv e  
t o  s e n s o r y  s t i m u l i .  The s e n s o r y  r e s p o n s iv e n e s s  o f  LC c e l l s  h a s  
b e e n ,  i n  p a r t ,  a  b a s i s  f o r  h y p o th e s e s  o f  LC f u n c t i o n  i n  a ro u s a l  
an d  b e h a v io r a l  v i g i l a n c e .  To f u r t h e r  e lu c i d a t e  th e  r o l e  o f  th e  LC 
i n  d i f f e r e n t  b e h a v io r a l  s t a t e s  t h e  r e l a t i o n s h i p  b e tw e en  to n ic  and 
p h a s ic  LC a c t i v i t y  was i n v e s t i g a t e d .  I n  t h e  p r e s e n t  s tu d y  th e  
m u s c a r in ic  a g o n i s t ,  CAR, was u s e d  a s  a  t o o l  t o  exam ine  t h i s  r e l a t i o n 
s h ip .  S in g le  u n i t  LC a c t i v i t y  was r e c o r d e d  i n  h a lo t h a n e - a n e s th e t iz e d  
r a t s  b e f o r e  an d  a f t e r  i n t r a c e r e b r o v e n t r i c u l a r  (ICV) a d m i n i s t r a t io n  
o f  CAR ( 0 .1  μ g o r  0 .5  μ g)  o r  s a l i n e  (SAL, 0 .5  μ l ) . S e n so ry -e v o k e d  
a c t i v i t y  was r e c o r d e d  d u r in g  th e  r e p e a t e d  p r e s e n t a t i o n  o f  80-100 
s t i m u l i  t o  th e  s c i a t i c  n e rv e  ( 0 .1  H z ). S p o n ta n eo u s  a c t i v i t y  was 
r e c o r d e d  f o r  3 m in b e f o r e  an d  3 m in  a f t e r  ICV a d m i n i s t r a t i o n  o f  
CAR o r  SAL. O nly  CAR, 0 .5  μ g , s i g n i f i c a n t l y  i n c r e a s e d  LC sp o n 
ta n e o u s  d i s c h a r g e  r a t e s .  LC d i s c h a r g e  r a t e  a f t e r  0 .5  μ g CAR was 
651 ± 128% o f  th e  p r e - d r u g  r a t e  ( n - 8 ) .  The r e s p o n s e  o f  LC c e l l s  
t o  s c i a t i c  n e rv e  s t i m u l a t i o n  was c h a r a c t e r i z e d  by  a  b r i e f  p e r io d  
o f  e x c i t a t i o n  fo l lo w e d  by  a  p e r i o d  o f  r e l a t i v e  i n h i b i t i o n .  CAR, 
0 .5  μ g,  a l t e r e d  t h i s  p a t t e r n  by  in c r e a s i n g  th e  b a c k g ro u n d  d is c h a r g e  
a c t i v i t y  an d  th e  num ber o f  d i s c h a r g e s  i n  t h e  i n h i b i t o r y  com ponent, 
w h i le  i t  d e c re a s e d  o r  h a d  no e f f e c t  on  d i s c h a r g e  a c t i v i t y  d u r in g  
th e  e x c i t a t o r y  com ponent o f  t h e  s e n s o r y  r e s p o n s e .  SAL an d  0 .1  μ g 
CAR d id  n o t  a p p e a r  t o  d r a m a t i c a l l y  a l t e r  t h i s  p a t t e r n .  When th e  
r e s p o n s e  t o  s c i a t i c  n e rv e  s t i m u l a t i o n  was p l o t t e d  a s  n o rm a liz e d  
c u m u la t iv e  h i s to g r a m s  i t  a p p e a re d  t h a t  th e  te m p o ra l  d i s t r i b u t i o n  
o f  d i s c h a r g e s  d u r in g  s e n s o r y  s t i m u l a t i o n  was d i s r u p t e d  by  0 .5  μ g 
CAR su c h  t h a t  t h e r e  was a  d e c re a s e d  s i g n a l  t o  n o i s e  i n  th e  s e n so ry  
r e s p o n s e . To d e te rm in e  w h e th e r  t h e  d i s r u p t i o n  o f  LC s e n s o r y  re s p o n s e  
was r e l a t e d  t o  i n c r e a s e s  i n  t o n i c  a c t i v i t y ,  a  m easu re  o f  th e  change 
i n  LC s e n s o r y  r e s p o n s e s  p ro d u c e d  b y  CAR o r  SAL was p l o t t e d  a s  a 
f u n c t i o n  o f  th e  ch an g e  i n  s p o n ta n e o u s  a c t i v i t y .  The r e s u l t s  dem ons
t r a t e d  a  s t r o n g  p o s i t i v e  c o r r e l a t i o n  (0 .7 9 )  b e tw e e n  th e s e  two 
m e a su re s  s u g g e s t in g  t h a t  i n c r e a s e d  LC sp o n ta n e o u s  d is c h a r g e  r a t e  
p ro d u c e d  by  CAR i s  a s s o c i a t e d  w i th ,  an d  p o s s ib l y  r e s p o n s i b le  f o r ,  
d i s r u p t i o n  o f  LC s e n s o r y  r e s p o n s iv e n e s s .  The r e s u l t s  s u g g e s t  t h a t  
a c t i v a t i o n  o f  t o n i c  LC a c t i v i t y  w i l l  o f t e n  b e  acco m p an ied  by 
d i s r u p t i o n  o f  p h a s ic  a c t i v i t y .  Such c h a n g e s  i n  s e n s o r y  r e s p o n s iv e 
n e s s  o f  LC n e u ro n s  may h a v e  im p o r ta n t  b e h a v io r a l  c o n s e q u e n c e s . 
S u p p o r te d  b y  PHS G ra n ts  MH 40008 an d  DA 0 3 695 .
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377.11 ELECTROPHYSIOLOGICAL EFFECTS OF NOREPINEPHRINE 
PERFUSION ON CEREBELLAR GRAFTS IN OCULO: RECEPTOR 
SPECIFICITY. M.R. Palmer, A. -C. Granholm, A Seiger*, 
L. Olson* and B.J. Hoffer. Dept. of Pharmacology, 
Univ. of Colorado Health Sciences Center, Denver, CO, 
USA 80262 and Dept. of Histology, Karolinska 
Institu te , Stockholm, S104 01 Sweden.

Previous investigations have shown that 
norepinephrine (NE) applied locally by 
microiontophoresis causes beta-mediated depressions of 
the spontaneous firing  rates of cerebellar Purkinje 
neurons in s i tu . More recently, Basile and Dunwiddie 
found that NE causes alpha-mediated depressions of 
Purkinje neurons when perfused in the in vitro 
cerebellar slice. To resolve th is discrepancy, a 
cerebellar preparation was u tilized  which: 1) permits 
both local and perfusion application of NE, and 2) has 
an in tact NE neuronal input. Thus, the present study 
investigated the receptor specificity  of the 
electrophysiological effects of NE administration to 
intraocular cerebellar grafts. Fetal cerebellar 
anlage (E 14-15) were homologously transplanted to the 
anterior eye chamber of adult recipient ra ts  and 
allowed to mature for at least 5 weeks. Spontaneous 
activ ity  was recorded extracellularly  from single 
Purkinje neurons in the brain grafts under urethane 
anesthesia. Perfusions of 5-10 uM NE caused 
excitations as well as biphasic responses consisting 
of an in i t ia l  inhibition followed by a prominent 
excitation. NE doses of 30 uM and higher primarily 
caused inhibitions which, in some cases, were 
preceeded by excitations. In general, the excitations 
caused by lower doses of NE were blocked by 5 uM 
timolol, a specific beta adrenergic antagonist. In 
contrast, the inhibitions caused by higher doses of NE 
were antagonized by 50 uM phentolamine, an alpha 
adrenergic antagonist. We are currently conducting 
similar pharmacological protocols with NE applied 
locally by microiontophoresis from multibarrel 
micropipettes. Our results to date suggest, however, 
that the inhibitory effects of perfused NE in 
cerebellar grafts in ocul o may be produced by alpha- 
adrenergic mechanisms while the excitations appear to 
be beta-mediated. (Supported by USPHS grants AA-05915 
and ES-02011 and by Swedish Medical Research Council 
grants 14X-06555 and 14X-03185. Dr. Granholm is an 
American-Scandinavian Foundation postdoctoral fellow .)

377.12 EFFECTS OF ENDOGENOUS MONOAMINES ON LATERAL HYPO
THALAMIC NEURONAL RESPONSES TO IONTOPHORETICALLY 
APPLIED ACETYLCHOLINE AND SYSTEMATIC CHANGES IN OS
MOTIC AND BLOOD PRESSURE. F.M. Sessler, J.T . Cheng and 
B.D. Waterhouse, Dept. Cell Biology and Anatomy, U.T.H.S.C., Dal
las, Texas 752S5.

Considerable evidence suggests tha t the lateral hypothalamus (LH) par
ticipates in systemic fluid regulation through the integration of osmotic and 
cardiovascular afferent information. Recently it has been proposed that en
dogenous monoamine activity is needed to maintain the integrity of these 
functions. The present studies were conducted to determine the effects of 
norepinephrine (NE) and serotonin (5HT) on LH neuronal responses to os
motic and blood pressure (BP) changes, as well as to acetylcholine (ACh) 
iontophoresis. Extracellular activity of single LH neurons was recorded from 
halothane anesthetized male Long-Evans rats. The carotid artery, femoral 
artery and vein were cannulated to allow for blood pressure measurements 
and fluid injections. LH neuronal responses to iontophoretic pulses of ACh 
(10-50 nA; 10-50s duration) or injection of 0.3-1 M NaCl (0.1 ml; i.c.) or 
phenylephrine (5-10 μg; i.v.) were examined before, during and after NE or 
5HT microiontophoresis (5-35 nA). In 29 out of 78 cells tested, NaCl injec
tion caused either an increase (n=9) or a decrease (n=10) in spontaneous 
firing rate. In 16 of these neurons, the response to NaCl was potentiated 
by microiontophoretic application of NE. In 3 cases, NE administration 
caused enhancement of an otherwise subthreshold response to NaCl. The 
response to NaCl was unchanged (n = ll)  or antagonized during NE ion
tophoresis (n=2) in the remaining cases. Fourteen of the cells tha t were 
responsive to NaCl and NE were also sensitive to 5HT. The response to 
NaCl was potentiated by iontophoretically applied 5HT in 6 cases and an
tagonized (n = l) or unchanged (n=7) in 8 others. The effect of 5HT on 
NaCl responses was similar to tha t of NE for the same cell. All cells re
sponding to drug-induced changes in BP (n=9) were sensitive to NE or 
5HT administration. Iontophoretic NE potentiated the BP response in 2 
of 9 cells tested. ACh caused an increase in spontaneous firing rate in 21 
of 92 LH cells examined. In 8 of 12 neurons cholinergic responses were po
tentiated by NE iontophoresis. In 4 of these cases, otherwise subthreshold 
doses of ACh caused marked increases in cell firing during the period of NE 
administration. ACh-induced excitation was antagonized by NE in 4 neu
rons. In 4 of 8 cells studied, 5HT exerted a consistent suppressant effect on 
ACh excitation at doses which caused little depression of spontaneous dis
charge. In summary, these findings suggest that NE and 5HT may change 
the detection level or modulate the amplitude of LH neuronal responses to 
physiologically significant afferent signals. As such, these monoamines may 
play a strategic role in the homeostatic control of body fluid. (Supported by 
NS18081, AFOSR-85-0155 and the Klingenstein Foundation.)

377.13 ALTERATIONS OF EXTRACELLULAR POTASSIUM ([K + ] o) DYNAMICS AND "REST
ING" LEVELS IN THE STRIATAL DOPAMINE (DA) TERMINAL REGION AFTER 
ACUTE AND CHRONIC ADMINISTRATION OF ANTIPSYCHOTIC DRUGS (AD ). J .  O. 
S chenk, B. Mogahhadam, B. S. B unney, and  R. N. Adams (SPON: C. 
H u g h e s) . N eu ro p sy ch o p h arm . R es. U n i t ,  Y a le  U n iv . S ch . M ed ., New 
H aven, CT 06510 an d  D e p t. o f  C hem ., U n iv . o f  K a n sa s , L aw ren ce , KS 
66045 .

S y s tem ic  a d m i n i s t r a t i o n  o f  AD’s  r e s u l t s  i n  a l t e r a t i o n s  o f  DA c e l l  
f u n c t i o n in g .  A cu te  t r e a tm e n t  i n c r e a s e s  DA c e l l  f i r i n g  r a t e s ,  th e  
num ber o f  s p o n ta n e o u s ly  a c t i v e  DA c e l l s ,  and  DA s y n th e s i s  an d  m et
a b o li s m . R e p e a te d  a d m i n i s t r a t i o n  o f  AD’ s r e s u l t s  in  a  c e s s a t io n  o f  
DA c e l l  f i r i n g  w i th  s y n th e s i s  and  m e ta b o lis m  r e t u r n in g  to  n e a r  co n 
t r o l  l e v e l s .  E v id e n ce  s u g g e s t s  t h a t  th e  c e s s a t io n  in  DA c e l l  f i r i n g  
i s  due t o  d e p o la r i z a t i o n  i n a c t i v a t i o n  ( D I ) . The s i t e  o f  a c t i o n  med
i a t i n g  DI i s  th o u g h t  to  be  th e  t e r m in a l  r e g io n s  s in c e  c u t t i n g  th e  
f e e d b a c k  p a th w a y s  p r e v e n t s  an d  r e v e r s e s  D I . I n t e r c e l l u l a r  s t u d i e s  
s u g g e s t  t h a t  DI i s  due to  an  a l t e r a t i o n  o f  a  Ca2+ - d e p e n d e n t  K+ c u r 
r e n t .  T h ese  f in d i n g s  r a i s e  a  num ber o f  q u e s t i o n s .  Does a  g r o s s  p e r 
t u r b a t i o n  i n  [K+]o o c c u r  a f t e r  t r e a tm e n t  w i th  AD’ s?  What e f f e c t  
c o u ld  th e  c h a n g e s° h a v e  on  th e  e x c i t a b i l i t y  o f  DA t e r m in a l s  an d  o t h 
e r  c e l l s  n e a rb y ?  C ould  cha n g e s  i n  [K+ ]o be i n v o lv e d  i n  DI o r  th e  
AD s id e  e f f e c t  o b s e rv e d  i n  hum ans, t a r d iv e  d y s k in e s i a ?

We  d e s c r i b e  p r e l im in a r y  r e s u l t s  s u g g e s t in g  t h a t  th e  b u f f e r in g  o f  
[K+ ] o l e v e l s  i n  th e  s t r i a t u m  o f  t h e  r a t  i s  a l t e r e d  by a c u te  and  
c h ro n ic  t r e a tm e n t  w i th  t h e  AD, h a lo p e r i d o l .  [K+ ]o l e v e l s  w ere  m ea
s u r e d  i n  v iv o  w i th  2 -2 0  um d ia m e te r  v a lin o m y c in -B a s e d  g l a s s  io n  
s e l e c t i v e  m ic r o e l e c t r o d e s  (ISM). The m easu rem en ts  w ere  made i n  th e  
a n t e r i o r  s t r i a t u m .  R e s t in g  l e v e l s  o f  [K+ ]o i n  n o n - t r e a t e d  c o n t r o l s  
w ere  1 .9  ( - 0 .0 8  SEM, N=16) mM. A c u te  a d m i n i s t r a t i o n  o f  AD in c r e a s e d  
t h i s  v a lu e  by 1 .1  mM. The t im e  c o u rs e  o f  t h e  o b s e rv e d  ch an g e  p a r 
a l l e l e d  t h e  t im e  c o u rs e  o f  t h e  e l e c t r o p h y s i o l o g i c a l  c h a n g e s . C hron
i c  t r e a tm e n t  w i th  AD’ s r e s u l t s  i n  a  r e d u c t io n  o f  [k+ ]o by 0 .5  mM. 
A n a to m ic a l c o n t r o l  a r e a s  ( c o rp u s  c a llo s u m  an d  o c c i p i t a l  c o r t e x )  d id  
n o t  show t h e s e  c h a n g e s . When K+ was i n j e c t e d  c lo s e  to  th e  ISM an  
i n c r e a s e  i n  [K+ ]o o c c u r r e d  w i th  c le a r a n c e  t im e s  ( i n  n o n - t r e a t e d  
c o n t r o l s )  f o l lo w in g  c lo s e l y  th o s e  o b s e rv e d  by G ard en er-M edw in  ( J .  
o f  P h y s i o l .  3 3 5 : 3 9 3 ) .  H ow ever, th e  c l e a r a n c e  o f  [K+ ]o i n  AD t r e a t 
ed  a n im a ls  to o k  much lo n g e r .  T h ese  d a ta  s u g g e s t  two ways i n  w hich  
A D 's c a n  e x e r t  i n f l u e n c e s  i n  th e  DA s y s te m  th ro u g h  K+ m e d ia te d  
e v e n ts :  (1 )  by a l t e r i n g  th e  e x c i t a b i l i t y  o f  DA t e r m in a l s  and  o t h e r  
n e u ro n s  t o n i c a l l y  ( th e  m ag n itu d e  o f  [K+ ]o c h a n g es  o b s e rv e d  h e re  
h av e  a l t e r e d  e x c i t a b i l i t y  i n  o t h e r  s y s te m s)  and  (2 )  by c h a n g in g  th e  
r e s p o n s e  t im e  o f  n e u ro n s  d e p e n d en t on e f f i c i e n t  r e e s t a b l i s h m e n t  o f  
[K+ ] o a f t e r  an  a c t i o n  p o t e n t i a l .

S u p p o r te d  by M H-28849, MH-25642, and  NRSA NIMH F e l lo w s h ip  IF  32 
MH0 9081 (JO S ), NIH NS08740 (BM & RNA), and  th e  S t a t e  o f  CT.



THURSDAY PM CATECHOLAMINES: EFFECTS OF TOXINS 1393

378.1 ANTIPARKINSONIAN EFFECT OF L-DOPA REQUIRES AN INTRA- 
NEURONAL L-DOPA DECARBOXYLASE IN THE NIGROSTRIATAL 
PATHWAY. C .C . Chiueh, V .K . Weise*, K .F . Bankiewicz*, 
I . J .  Kopin and S .P . B u rn s* , Clinical B rain Imaging Section, 
NIMH; NINCDS, B ethesda, MD, and V anderbilt U niversity  
Medical C en ter, Nashville, TN.

In the  1983 Neuroscience meeting, we repo rted  th a t MPTP 
causes a selective lesion in the  su b stan tia  n ig ra  compacta 
neurons and produces a p e rs is te n t extrapyram idal motor d y s 
function . L-DOPA is effective in re v e rs in g  symptomatically the 
park insonian  syndrom e and the  duration  of effect lasts  fo r 
about two h o u rs . Subsequent s tud ies indicated th a t outw ard 
signs of parkinsonism  (r ig id ity  and freezing  episodes) were 
observed only in monkeys with more than  80% damage in the 
n ig rostria ta l neu rons. The therapeu tic  efficacy of L-DOPA was 
diminished and even d isappeared  completely when MPTP inflicts 
a g re a te r than  95% lesion of the  n ig ro stria ta l neurons. It is 
known th a t th erapeu tic  effects of L-DOPA fo r the  treatm ent of 
P arkinson’s pa tien ts  decreases along w ith the  p ro g ress  of 
deterioration  of th is d isease.

In the  p re sen t s tu d y , we used  th is  prim ate model of 
parkinsonism  to investigate  the  mechanism fo r a decrease in 
L-DOPA's efficacy fo r the  treatm ent of severe  cases of 
Park inson’s d isease. T hree severe ly  lesioned monkeys were 
obtained a f te r  adm inistration of MPTP (2 to 2.5 m g/kg , i .v .  o r 
0.6 to 0.8 m g/kg , i . a . )  and  kep t alive fo r a t least two weeks 
by  feeding  a liquid d iet th ru  a nasogastric  tube . The MPTP- 
induced damage to the  n ig rostria ta l neurons was a ssessed  by  
m easuring dopamine and its  b iosynthetic  enzym es. Within 24 
hours a f te r  the  adm inistration of MPTP, the  severe ly  lesioned 
monkeys became immobile, rig id , adipsic and aphagic. These 
animals showed signs of postu ra l trem or and u lcers  in the  
gastro in testina l tra c t .  No spontaneous o r symptomatic 
recovery  following L-DOPA th e rap y  (Sinemet 100/10 mg) which 
was completely d ifferen t from those of mildly affected  animals. 
The s tria ta l dopamine content and  the  activ ity  of its  bio
syn thetic  enzymes ( e .g . ,  ty rosine hydroxylase and L-DOPA 
decarboxylase) of the severe ly  lesioned monkeys were 
decreased  uniform ly by  more than  98%. Despite a 80-90% lesion 
in the  n ig ro stria ta l neuron of mildly affected m onkeys, the  
L-DOPA decarboxylase activ ity  decreased  by  only 40 to 60%.

These re su lts  su p p o rt the  notion of a d iscrete  d istribu tion  
of L-DOPA decarboxylase in the  n ig ro stria ta l neurons. L-DOPA 
may req u ire  th is  in traneuronal decarboxylase to acquire  its  
therapeu tic  effects fo r the  treatm ent of Park inson 's  d isease.

378.2 IMAGING OF MPP+-INDUCED DAMAGE TO THE NIGROSTRIATAL 
DOPAMINERGIC NEURONS. I . Namura*, P . Douille t* , C .J . 
Sun*, S .P . M arkey*, R.M. Cohen* and C .C . C hiueh, (SPON: 
J .G . Kenim er), Clinical B rain Imaging Section, LCM, NIMH, 
B ethesda, MD 20892.

MPP+ is a  oxidative metabolite of MPTP which is trapped  in 
the  monkey b ra in  fo r a long half-life . The oxidation process of 
MPTP appears to be responsible fo r its  n eu rotoxic effects since 
MAO-B inhib itors block the  formation of MPP+ and also p reven t 
MPTP's neurotoxic e ffec ts. MPP+ appears to be reactive  and 
produces a Paraquat-like  action, e .g .  catarac t formation, 
pulm onary damage, cationic su rfac tan t activ ity  (bac teric ide), 
and some herbicidal effect (trad e  name: C yperquat).

In the  1985 Neuroscience meeting, we repo rted  th a t 
in tran ig ra l injection of MPP+ caused a dose dependent depletion 
of s tria ta l dopamine in ra ts .  In the  p resen t s tu d y , we used  
radioactive p re -  and  post-synap tic  ligands in addition to 40Ca 
to visualize autoradiographically  MPP+ effects on dopaminergic 
system s. 

In tran ig ra l adm inistration of 8 ug  MPP+ (2u l /10 min) caused 
98% depletion of s tria ta l dopamine. When MPP+ was injected into 
the  raphe nucleus and locus coeru leus, toxicity  was again 
observed in sero tonergic  and no radrenerg ic  areas of the 
fo reb rain , b u t to a le sse r deg ree, 50% and 60-70% respectively . 
In each instance a localized cytotoxic lesion was observed 
histologically e ith e r by  thionin stain ing  or 45Ca imaging.

A utoradiographic procedure  was perform ed, two weeks a fte r 
an in tran ig ra l injection of MPP+. 3 - 14C-L-DOPA (50 n C /g , 30 
min a fte r 25 m g/kg carbidopa) was injected th ru  the  tail vein. 
Rats were14 sacrificed  a t various in te rva ls  th e rea fte r. In 
con tro ls , 1 4 C  imaging revealed dopam ine-rich a reas , e .g .  
caudate nucleus, nucleus accum bens, olfactory tu b e rc le , p a ra - 
ven tricu la r nucleus, preoptic nucleus and median eminence. 
The 14C imaging was decreased  significantly  in the  striatum  of 
the  n ig ra l lesioned ra ts .  The s tr ia ta l 14C density  was only two 
times h igher than  th a t of n o n-dopam inergic a reas . This was 
due to an  accumulation of 14C-3-methoxyl-DOPA in the  b rain  
as detected  b y  a HPLC procedu re . High background activ ities 
diminished also the  potential of using  radioactive L-DOPA or 
L-Fluoro-DOPA for imaging of b ra in  noradrenaline . Receptor  
su p ersen sitiv ity  was not observed one month a fte r MPP+ 
trea tm en t.

In conclusion, in trace reb ra l adm inistration of MPP+ produced 
lesions not only in the  substan tia  n ig ra  compacta b u t also in 
raphe nucleus and locus coeruleus a re a s . Despite a high 
background ac tiv ity , 14C-L-DOPA is usefu l in imaging of 
damage to b ra in  dopaminergic bu t not no radrenerg ic  pathw ays.

378.3 ANTIBODY PROBES FOR THE DETECTION OF MPTP-LIKE NEUROTOXINS. S.P. 
Markey*, C.J. Markey*, J.P. Bacon*, J.M. Savitt*, D.S. Hanselman*, 
and J.N. Joharmessen (SPON; H.L. Frenk). Lab. of Clinical 
Science, NIMH, Bethesda, MD 20892.

The neurotoxin l -methyl-4-phenyl-l,2,3,6-tetrahydrcpyridine 
(MPTP) was discovered as a by-product in i l l i c i t  drug synthesis. 
I ts  ab ility  to  produce a permanent parkinsonian syndrome in man 
similar to  idiopathic Parkinson's disease has prompted speculation 
as to  whether related compounds might be found in the environment 
or as a re su lt of biological processes in the brains of 
Parkinson's disease patients. In order to  address th is  question, 
antibodies to  MPTP and i t s  principal brain metabolite MPP+ have 
been raised and th e ir specificity  demonstrated.

Amino-substituted MPTP and MPP+ analogues were synthesized 
beginning from 4-phenylpyridine by nitration  and separation of the 
2 ',  3 ', and 4 '-isomers. These were converted into th e ir respec
tiv e  MPTP analogues by methylation with dimethyl sulfate and 
reduction with NaBH4 in the presence of Pd/C. The amino-MPP+ 
analogues were prepared in several steps from th e ir  respective 
nitro-pyridine precursors -  reduction with SnCl2, acetylation, 
methylation, and hydrolysis. Each analogue was diazotized and 
linked to  bovine serum albumin or keyhole limpet haemocyanin.

Sixteen female New Zealand white rabbits were injected subcu
taneously with emulsions of BSA-antigens a t  two week intervals and 
bled a fte r 2-4 months. Maximum t i te r s  were obtained from sera 
from the second5 and 6th ird  bleeds which had detectable activ ity  a t 
dilutions of 1 0 -1 0 . Sera+ were characterized by specificity in 
recognition of MPTP or MPP+. No differences were seen in anti
bodies raised to  3 '-  vs 4 '-diazolinked antigens. Assays were 
performed using an ELISA similar to  th at described for paraquat 
(Niewola, Z., e t  a l . ,  In t. J . Immunopharmac. 5: 211, 1983).

The su itab ility  of the antibodies for the detection of MPTP and 
MPP+ -lik e  compounds in brain was tested by treating mice with 
MPTP, sacrificing the mice a fte r 15, 30, or 60 min, and assaying 
extracts of caudate with the ELISA procedure. Extracts of 
untreated mouse brain did not inhibit antibody-antigen interaction 
a t  the highest concentrations tested , the equivalent of 5 mg of 
tissue/wel l ; whereas a t  15 min, extract equivalents of 5-50 ug 
were readily detected by MPTP-sensitive antibodies.

C.J.M., J.M.S., and D.S.H. were supported by a grant from the 
National Parkinson Foundation.

378.4 NON-SEROTONERGIC CONVERSION OF MPTP TO MPP+. J.P. Bacon*, J.M. 
Savitt*, and J.N. Johannessen (SPON: Anne E. Snow). Lab. of 
Clinical Science, NIMH, Bethesda, MD 20892.

The neurotoxin l -methyl -4 -phenyl-1,2 ,3 ,6-tetrahydropyridine 
(MPTP), a by-product of i l l i c i t  opiate synthesis, selectively 
destroys dopaminergic nigrostriatal neurons in several species and 
produces parkinsonism in monkey and man. MPTP's neurotoxicity is 
dependent upon i t s  oxidation to  MPP+ by monoamine oxidase type B 
(MAO-B). Exactly where th is  conversion occurs remains an unsolved 
piece of the MPTP toxicity  puzzle. Histochemical evidence reveals 
th at MAO-B is  localized in astrocytes and serotonergic (5-HT) 
neurons, but the relative contribution of these neural elements to 
the formation of MPP+ and subsequent neurotoxicity has not been 
determined. I t  has been proposed (R.-S. Shen e t a l . , FEBS Letters 
189, Sept. 1985) that the oxidation occurs to  a significant degree 
in 5-HT terminals. since a selective in vivo g lia l toxin is 
nonexistent, we have used selective 5-HT neurotoxins (5,6- and 
5,7-dihydroxytryptamine; 5,7-EHT) to  ab late  5-HT terminals. If  
the in vivo conversion of MPTP to  MPP+ in 5-HT terminals is  a 
requirement for MPTP toxicity, then the ablation of 5-HT terminals 
should prevent MPTP-induced dopamine (DA) depletion.

Adult made C57BL6 mice (Charles River) were given intracerebro- 
ventricular (ICV) injections of saline, 50 μg 5,6 or 5,7-DHT, or 
were untreated. The 5,7-DHT group was pretreated with catechol
amine uptake blockers. One week la te r half of each group received 
MPTP i.p . and the other half saline. The MPTP dose was 2 × 30 
mg/kg (free base) for the 5,7-EHT experiment and 3 × 30 mg/kg for 
the 5,6-DHT experiment. One week la te r  the mice were sacrificed 
and the caudates were analyzed by HPLC-EC for DA, 5-HT, and their 
metabolites.

ICV treatment with saline, 5,6- or 5,7-EHT did not in its e lf  
produce any DA depletion relative to  untreated controls. The 5-HT 
reductions in these groups were 0, 35, and 50%, respectively. 
MPTP treatment alone resulted in a s tr ia ta l  DA depletion of more 
than 50%, while animals pretreated with 5,6- or 5,7-EHT showed DA 
losses of 67 and 66%. Thus, 5-HT depletion did not attenuate the 
toxicity  of MPTP. Furthermore, no correlation existed between the 
5-HT levels and the degree of DA depletion group. Further experi
ments are necessary to  produce a greater 5-HT depletion in order 
to  conclusively sta te  that 5-HT terminals are not necessary for 
the metabolism-dependent toxicity  of MPTP.
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378.5 NEW METABOLITES OF MPTP IN MOUSE BRAIN: 1 -METHYL-4-HIENYL-2- 
PYRIDONE AND 4-PHENYL-1,2 ,3 ,6- TETRAHYDROPYRIDINE, S.C. Yang and 
S.P. Markey (SPON: T.J . Sobotka). Lab. of Clinical Science, NIMH, 
Bethesda, MD 20892.

1-Methyl-4-phenyl-l,2,3,6-tetrahydropyridine, a by-product in 
the synthesis of an i l l i c i t  opiate, is  a neurotoxin which can 
induce parkinsonism in man and primates. I t  has been shown that 
the toxic effect of MPTP is  dependent on i t s  oxidative metabolism 
to  the quaternary ion l-methyl -4-phenylpyridinium (MPP+) in brain. 
However, primates and rodents show marked differences in sensitiv
ity  to  the neurotoxicity of MPTP. In addition to  the fact that 
primates contain more neuromelanin in brain than rodents, there 
are some differences in the metabolism of MPTP in the two species 
(Johannessen, J.N. e t a l . , Life Sci. 36:219, 1985) . In order to 
explore these differences, radiolabeled MPTP ( 14C 6-phenyl ) was 
synthesized from 14C 6-bromobenzene (50 mCi/mmol). Adult male mice 
(C57BL/6) were injected i.p . with either 14C labeled (10 μCi per 
incuse) or unlabeled MPTP (60 mg/kg). After 30 minutes, the mice 
were sacrificed by spinal dislocation and decapitation. Brains 
were homogenized and the extracts analyzed. With HPLC-radiochemi- 
cal detection and gas chromatography-mass spectrometry, we have 
identified two new metabolites in mouse brain in addition to  MPP+ 
and MPTP. They are l-methyl -4 -phenyl-2 -pyridone and 4-phenyl-1,2, 
3,6-tetrahydropyridine (PTP). Apparently, the former comes from 
MPP+ by oxidation and the la t te r  from MPTP by demethylation. Both 
the pyridone metabolite and PIP have been previously reported from 
in v itro  liv e r metabolism studies (Baker, J . e t a l . ,  Biochem. 
Biophys . Res. Commun. 125:484, 1984 and Cashman, J . and Ziegler, 
D.M., Mol . Pharm. 29:163, 1986). The action of compounds which 
e ither inhibit or enhance the neurotoxicity of MPTP in mice will 
be studied with respect to  th e ir effect on MPTP metabolism.

378.6 THE ROLE OF MONOAMINE OXIDASE-B (MAO-B) IN THE DOPAMINERGIC 
NEUROTOXICITY INDUCED BY 1 -METHYL-4-(2'METHYLPHENYL)-l,2 ,3,6- 
TETRAHYDROPYRIDINE (2'CH3-MPTP). R.E. Heikkila, S.K. Youngster*, 
P.K. Sonsalla, B.A. Sieber*, D-M. P l acenti*, M.V. Kindt* and R.C. 
Duvoisin. Dept. of Neurology, UMDNJ-Robert Wood Johnson Medical 
School, Piscataway, NJ 08854.

The n ig rostria ta l dopaminergic toxicity  induced by 1-methyl-4- 
phenyl - 1,2 ,3,6-tetrahydropyridine (MPTP) depends on a t least two 
d is tin c t processes: 1 ) the oxidative conversion of MPTP to its  
pyridinium ion, l -methyl -4-phenylpyridiniurn (MPP+), the f irs t  
step of which is  catalyzed by the enzyme monoamine oxidase-B 
(MAO-B), and 2) the active transport of MPP+ into the dopaminer
gic neuron by the dopamine (DA) transport system. We have 
recently synthesized an analog of MPTP, namely 2'CH3-MPTP, which 
is  a considerably more potent dopaminergic neurotoxin in mice 
than is  MPTP (Youngster e t a l . , Eur. J . Pharmacol., 1986).

As one might expect of an MPTP-like compound, we have found 
that 2 'CH3-MPTP is  oxidized by MAO-B and that i t s  metabolite 
2'CH3-MPP+ is  an excellent substrate for the DA transport 
system. The resu lts of kinetic studies showed that the Km values 
of MPTP and 2'CH3-MPTP for MAO-B were similar but tha t the Vmax 
for 2'CH3-MPTP oxidation was approximately 3-fold greater than 
that for MPTP oxidation. Both the Km values and t he Vmax values 
obtained for 2'CH3-MPP+ uptake into neostriatal synaptosomes were 
sim ilar to those obtained with MPP+, and in fac t were similar to 
the values obtained with 3h- dA i t s e l f .  The pretreatment of mice 
with DA uptake inh ib ito rs , a t doses which prevent MPTP-induced 
neurotoxicity, also protect against 2'CH3-MPTP-induced neuro
tox icity . However, the pretreatment of mice with selective doses 
of MAO-B inh ib ito rs , doses which prevent MPTP-induced neuro
tox ic ity , has only a minimal protective e ffec t on 2'CH3-MPTP- 
induced neurotoxicity. To determine reasons for th is relative 
lack of protection by MAO-B in h ib ito rs , we have pretreated mice 
with various doses of MAO-B inhib itors (deprenyl , MDL 72145, and 
AGN 1135) and measured the in  vitro  oxidation of MPTP and 
2'CH3-MPTP. In brain mitochondrial preparations obtained from 
mice pretreated with the MAO inhib ito rs a t doses selective for 
the inhib ition  of MAO-B (e.g . 2.5 mg/kg), MPTP oxidation was 
inhibited by about 90%. Although 2'CH3-MPTP oxidation was 
inhibited by about 80%, there was a substantial amount of 
oxidation product s t i l l  formed. We believe that th is residual 
oxidation of 2'CH3-MPTP may be of su ffic ien t magnitude to cause 
neurotoxicity. Other p o ss ib ilitie s  however, cannot be excluded. 
These observations with 2'CH3-MPTP may be relevant to clinical 
studies in which MAO-B inhib ito rs will be given to Parkinson 
patients in an attempt to h a lt the progression of the ir disease. 
These studies are based, in part, on the premise that idiopathic 
Parkinsonism may be due to an MPTP-like toxin.

378.7 MITOCHONDRIAL AND METABOLIC TOXICITY OF 1-METHYL-4- 
(2'METHYLPHENYD-l, 2 ,3,6-TETRAHYDROPYRIDINE (2 'CH3-MPTP). M.V. 
Kindt*, W.J. Nicklas and R.E. Heikkila. Dept. of Neurology, 
UMDNJ-Robert Wood Johnson Medical School, Piscataway, NJ 08854.

1-Methyl -4-phenyl-1 ,2 ,3,6-tetrahydropyridine (MPTP) neuro
tox icity  is  believed to be caused by the major metabol i te  of MPTP 
in the CNS, 1-methyl-4-phenylpyridine (MPP+), the formation of 
which is  catalyzed by monoamine oxidase-B (MAO-B). MPP+, but not 
MPTP i t s e l f ,  inh ib its the oxidation of NADH-l inked substrates by 
in tac t mitochondria. The incubation of mouse brain s tr ia ta l 
s lice s with MPP+ or MPTP resu lts in metabolic changes consistent 
with inhibited mitochondrial respiration and increased anaerobic 
glycolysis, e .g .,  increased lac ta te  formation. Just as MPTP- 
induced neurotoxicity in vivo is  prevented by pretreatment with 
the selective MAO-B inhibito rs  deprenyl and MDL 72145, MPTP- 
induced l actate formation is  blocked completely when neostriatal 
tissue sl ices are prepared from mice treated with e ither 
inh ib ito r.

We have synthesized a methylated analog of MPTP, 1-methyl-4- 
(2 ' methyl phenyl)-l,2 ,3,6-tetrahydropyridine (2'CH3-MPTP), which 
is  be tte r than MPTP as a substrate for MAO-B and which is  more 
potent than MPTP in producing n ig rostria ta l toxicity  in mice 
(Youngster e t a l . , Eur. J . Pharmacol., 1986). 2'CH3-MPTP is  also 
more potent than MPTP in  causing increased lac ta te  formation in 
v itro . The corresponding pyridinium ion, 2'CH3-MPP+, like MPP+  
inh ib its the mitochondrial oxidation of NADH-l inked substrates 
and promotes lac ta te  formation in neostria tal tissue s lice s. 
However, unlike the case for MPTP, pretreatment with low doses of 
selective MAO-B inhib itors does not completely prevent 2'CH3-MPTP 
tox icity  i n vivo, 2'CH3-MPTP oxidation by brain mitochondrial 
preparations or 2'CH3-MPTP-i nduced lac ta te  formation in 
neostriatal tissue slice s. Pretreatment of mice with higher, 
non-selective doses of MAO inhib ito rs produces a dose-dependent 
inhib ition  of 2'CH3-MPTP oxidation by mitochondrial preparations, 
a corresponding decrease in 2'CH3-MPTP-induced lac ta te  formation 
and an attenuation of 2'CH3-MPTP-i nduced neurotoxicity. I t  would 
appear as i f  2'CH3-MPTP-i nduced lac ta te  formation is  caused by 
i t s  corresponding pyridinium ion 2'CH3-MPP+ formed by the 
oxidation of 2'CH3-MPTP. We hypothesize tha t the inhib ition  of 
NADH-l inked substrate oxidation and consequent metabolic 
disturbances may play important roles i n the mechanism by which 
MPTP and 2'CH3-MPTP produce neurotoxicity.

378.8 AN EVALUATION OF THE DOPAMINERGIC NEUROTOXICITY OF SEVERAL 
ANALOGS OF 1-METHYL-4-PHENYL-1,2 ,3,6-TETRAHYDROPYRIDINE (MPTP). 
S.K. Youngster*, P.K. Sonsalla and R.E. Heikkila (SPON: C. Vander 
Wende). Dept. of Neurology, UDNJ-Robert Wood Johnson Medical 
School, Piscataway, NJ 08854.

The peripheral administration of MPTP to experimental animals 
including mice and monkeys leads to a relatively  selective 
destruction of the dopaminergic n ig rostria ta l pathway. Changes 
observed a fte r  MPTP administration include large decrements in 
the neostriatal content of dopamine (DA) and i ts  major metabo
l i te s ,  a diminished capacity of neostriatal synaptosomes to 
accumulate 3h-DA, a large decrease in the neostriatal activ ity  of 
tyrosine hydroxylase, and a loss of nerve ce lls  in the zona 
compacta of the substantia nigra. The enzyme monoamine oxidase-B 
(MAO-B) transforms MPTP into the 1-methyl-4-phenyl-2,3-dihydro- 
pyridinium ion (MPDP+) which is  spontaneously transformed to the 
1-methyl-4-phenylpyridiniurn ion (MPP+). The treatment of experi
mental animals with inhib itors of MAO-B prior to MPTP treatment 
resu lts in a greatly diminished level of MPP+ in the brain and 
also prevents MPTP-induced neurotoxicity. These observations 
have led to the conclusion that the MAO-B catalyzed formation of 
MPP+ from MPTP is  a necessary step in the neurotoxic process.

We have synthesized several structural analogs of MPTP and have 
determined th e ir  capacity to be oxidized by MAO-B and their 
capacity to produce n ig rostria ta l dopaminergic neurotoxicity in 
C57 black mice. Several of the analogs were not substrates for 
MAO-B and furthermore, were not neurotoxic i n  vivo. Several 
other analogs were oxidized by MAO-B, most to a lesser extent 
than was MPTP. Of the compounds tha t were substrates for MAO-B, 
only three, in addition to MPTP i t s e l f ,  produced dopaminergic 
neurotoxicity. These three neurotoxic compounds were 1-methyl - 
4 - (2 '-methyl phenyl)-l,2 ,3,6-tetrahydropyridine (2'CH3-MPTP), 
1-methyl-4-cyclohexyl-l,2 ,3,6-tetrahydropyridine (MCTP) and 
1-methyl-4-(3'-methoxyphenyl)-l,2 ,3,6-tetrahydropyridine 
(3 'OCH3-MPTP). The four compounds, including MPTP, had a neuro
toxic potency which paralle lled  th e ir  capacity to be oxidized by 
MAO-B (2'CH3-MPTP > MPTP> MCTP > 3 'OCH3-MPTP). Several compounds 
were found to be oxidized by MAO-B but did not produce nigro
s tr ia ta l  dopaminergic neurotoxicity. I t  should be emphasized, 
however, tha t al l  neurotoxic compounds were good substrates. 
These data, taken together with the data of others, indicate that 
the oxidation of an MPTP analog by MAO-B is  a necessary but not 
su ffic ien t requirement for  the production of dopaminergic 
tox icity . Other requirements for producing MPTP-like neuro
toxicity  also would include the capacity of the pyridinium ion to 
be transported by the dopaminergic transport system as well as 
other, as yet unknown, considerations.
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378.9 EFFECT ON DOPAMINE TRANSMISSION OF MPTP AND MPP+ INFUSED THROUGH 
A PUSH-PULL CANNULA INTO THE CAUDATE NUCLEUS OF MALE RATS. 
G.D.Chang and V.D. Ram irez. Departm ent o f  P hysio logy and 
B io p h y s ic s, U n iv e rs ity  o f I l l i n o i s ,  U rbana, I l l i n o i s  61801.

A d m in is tra tio n  of N-methyl -4 -pheny l-1 , 2 , 3 ,6 - te tr a -h y d ro p y r i-  
d in e  (MPTP) causes sev e re  damage to  th e  n i g r o s t r i a t a l  neurons 
and consequent developm ent o f P a rk in so n ism -lik e  syndromes in  hu
man, monkey and mouse. To u nders tand  th e  mechanisms underly in g  
th e  n e u ro to x ic i ty  o f MPTP, we have examined th e  a c u te  e f f e c t  o f 
MPTP and N -m ethy lpheny lpyrid ine  (MPP+) in  v i t r o  (B rain  R es. 
368:134, 1986) and h e re in  we r e p o r t  th e i r  e f f e c t s  in  v iv o .

P u sh -p u ll cannu lae o f e i th e r  22 o r 24 gauge were aimed a t  th e  
ca u d a te  nucleus o f a d u l t  male r a t s  ac co rd in g  to  th e  deG roo t’s 
A tla s . Seven to  fo u r te e n  days a f t e r  im p la n ta tio n s , m odified  
K rebs-R inger Phosphate b u ffe r  (KRP) (pH 7 .4 ) ,  was in fu sed  
th rough  th e  in n e r  cannu la  a t  a flow  r a t e  o f  10-14 μl /m in .  Per
fu s a te s  o f 15 min in t e r v a l s  were then  su b je c te d  to  HPLC-EC a n a l
y s is  o f dopamine (DA), 3 ,4 -d ih y d ro x y p h e n y lace tic  ac id  (DOPAC), 
5 -h y d ro x y in d o le a c e tic  ac id  (5-HIAA) and h o m ovan illic  a c id  
(HVA). MPTP and MPP+ in  KRP a t  c o n c e n tra t io n s  o f 10-6 M, 10–5 M 
and 10–4 M were a d m in is te red  d i r e c t l y  in to  th e  ca udate  nucleus 
fo r  15 min each 90 min a p a r t .  With 24 gauge can n u la , DOPAC o u t
pu t became s ig n i f i c a n t ly  low er 45 min fo llo w in g  10–6 M MPP+ 
(30.04 ± 9 .79  v s . 51.98 ± 12.93 pg/m in from th e  in t e r v a l  be fo re  
MPP+ in fu s io n  o r 77.27 ± 20.81 pg/m in from th e  co rrespond ing  in 
te r v a l  o f c o n tro l a n im a ls ) . HVA o u tp u t was a ls o  d ec reased  by 
MPP+ in fu s io n s ,  however, on ly  a t  h ig h e r c o n c e n tra t io n s ; 29.41 ± 
1 .9 5 , 90 min fo llo w in g  10–5 M v s . 49.06 ± 8 .54  pg/m in of con
t r o l s .  In  r e s p e c t of DA r e le a s e  on ly  1/5 and 3/5 anim als showed 
s ig n i f i c a n t  in c re a s e  in  DA r e le a s e  fo llo w in g  10–5 M and 10–4M 
MPP+, r e s p e c t iv e ly .  With th e  l a rg e r  cannu la  a s im i la r  t re n d  o f 
changes in  DOPAC and HVA o u tp u t were found fo llo w in g  MPP+ in fu 
s io n s  bu t o f  la rg e r  v a r i a b i l i t y .  However, b e t t e r  resp o n ses  in  
DA r e l e a s e  were e l i c i t e d  by MPP+ w ith 22 gauge cann u la : 1 /5 , 
3 /5  and 4/5 an im als responded to  th e  in fu s io n s  o f 10–6 M, 1 0 – 5 M 
and 10–4 M MPP+ r e s p e c t iv e ly  w ith  marked i n c re a se s  in  DA o u tp u t . 
I n te r e s t in g l y , MPTP was e f f e c t iv e  in  d e c re a s in g  DOPAC ou tp u t 

 on ly  a t  10–4 M and in e f f e c t iv e  in  s t im u la t in g  DA r e l e a s e  a t  a l l  
doses t e s t e d .  In  a d d i t io n ,  n e i th e r  drugs had s ig n i f i c a n t  e f f e c t  
on 5-HIAA o u tp u t .

In  co n c lu s io n , our r e s u l t s  confirm  in  v ivo th a t  MPP+ se rv es  
as  th e  a c t iv e  m e ta b o lite  o f MPTP in  th e  cau d a te  nucleus and 
su g g es t a m ajor in h ib i to ry  e f f e c t  o f MPP+ on monoamine ox idase  
r a th e r  than  on DA re -u p ta k e  a c t i v i t y  a t  low c o n c e n tra t io n s . 
F u rtherm ore , MPP+ a l s o  a c ts  to  s tim u la te  DA r e le a s e  d i r e c t l y  on 
th e  s e c re to ry  p ro cess  a t  h igh  c o n c e n tra t io n s .

378.10 COMPARATIVE EFFECTS OF THE NEUROTOXINS 6-HYDROXYDOPAMINE 
AND DSP-4 ON CENTRAL NORADRENALINE AND ADRENALINE-CONTAINING 
NEURONS. R . Féty * , L. Lambás-Señas* and B. Renaud. Laboratoire 
de Neuropharmacologie, UA CNRS 1196  Faculté de Pharmacie, 
U n ive rs ité Claude Bernard, Lyon, France.

In o rder to  fin d  a "pharmacological to o l"  allowing 
to  study sepa ra te ly  c en tra l noradrenergic (NA) or adrenergic 
(A) neurons of the  r a t , we compared the  responses of these  
two neuronal populations a f te r  adm in istra tion  of one of 
th e  two following neurotoxins: 6-hydroxydopamine (6-OHDA) 
o r DSP-4 (N-(2-chloroethy1)-N-ethyl-2-bronobenzylam ine).

Five o r 21 days a f te r  6-OHDA or DSP-4 adm in is tra tion , 
we measured the  changes in  noradrenaline and adrenaline  
le v e ls  occuring i )  in  b ra in  m icroregions r ic h  in  NA and/or 
A c e l l  bodies (locus coeruleus (LC), Al -Cl , A2 and C2 areas) 
and i i )  in  m icroregions r ic h  in  NA and/or A te rm inals  ( tra c tu s  
in te rm e d io la te ra lis  (TIML) of the  sp in a l cord, nucleus 
p a ra v e n tr ic u la r is , n. p e r iv e n tr ic u la r is  and n. dorso-m edialis 
o f the  hypothalamus).

The in tr a v e n tr ic u la r  adm in istra tion  of 6-OHDA (25C)μg) 
induced 5 and/or 21 days l a t e r  a  s ig n if ic a n t decrease in  
noradrenaline le v e ls  (-40% to  -91%) in  a l l  the  microregions 
analysed. A s ig n if ic a n t decrease in  adrenaline  lev e ls  was 
a lso  found, but the  v a ria tio n s  were sm aller (-22% to  -59%) 
and p resen t only in  6 of the  8 microregions analysed.

The in tra p e rito n e a l adm in istra tion  of DSP-4 (50mg/kg) 
induced a s ig n if ic a n t decrease in  noradrenaline le v e ls  
(-21% to  -75%) in  7 of the  8 m icroregions stud ied . Conversely, 
no s ig n if ic a n t change in  adrenaline  le v e ls  was found 5 
and 21 days a f te r  DSP-4 in je c tio n  except fo r  the  TIML which 
exh ib ited  a decrease (–31%) only a t  21 days.

These r e s u l ts  show th a t  6-OHDA ex erts  i t s  neurotoxic 
ac tio n  on both NA and A neurons. Thus, th is  neurotoxin 
does not allow to  study sepa ra te ly  the  two neuronal populations. 
Conversely, the  r e s u l ts  obtained a f te r  DSP-4 adm in istra tion  
suggest th a t  the  A neurons could be much le s s  sen s itiv e  
to  th is  neurotoxin than the  NA neurons. A dditional s tu d ies  
a re  needed to  determine i f  DSP-4 could be used as a NA 
neurotoxin in  cond itions sparing to ta l ly  the  A neurons.

This work was supported by th e  "Fondation pour l a  Recherche 
Medicale" and by the  "INSERM" (Contrat de recherche extem e 
85-6017).

378.11 CENTRAL NOREPINEPHRINE DEPLETION OF DSP4: COMPARISON OF TWO 
METHODS. J .D .  S t e k e t e e  and  A .C . Swann. D ep artm en t o f  P s y c h ia t r y  
and B e h a v io ra l  S c ie n c e s ,  U n iv e r s i ty  o f  T ex as  M e d ic a l S ch o o l and 
G ra d u a te  S ch o o l o f  B io m e d ic a l S c ie n c e s ,  H o u s to n , TX. 77030.

N o re p in e p h r in e  (NE) can  b e  s e l e c t i v e l y  d e p le t e d  p e r i p h e r a l l y  
and  c e n t r a l l y  by N - (2 -c h lo ro e th y l) - N - e th y l -2 - b ro m o b e n z y la m in e  
(D SP4). P r e v io u s  r e s e a r c h  h a s  shown t h a t  50 m g/kg DSP4 ( I . P . )  
d e p le t e d  a p p ro x im a te ly  90 p e r c e n t  o f  c o r t i c a l ,  h ip p o c a m p a l,  and 
c e r e b e l l a r  NE in  r a t s  ( 1 ) .  Our r e s e a r c h  s u g g e s t s  t h a t  I . P .  i n 
j e c t i o n s  o f  DSP4 l e a d s  m ore t y p i c a l l y  to  d e p le t i o n  o f o n ly  70 p e r 
c e n t  o f  c o r t i c a l  NE ( 2 ) .  One p o s s ib l e  r e a s o n  f o r  th e  d i f f e r e n c e s  
i n  d e p le t i o n  l e v e l s  c o u ld  b e  th e  i n s t a b i l i t y  o f  DSP4, w hich  c y c -  
l i z e s  i n  s o l u t i o n .  Once c y c l i z e d ,  DSP4 c a n n o t c r o s s  t h e  b lo o d  
b r a i n  b a r r i e r .  S in c e  we r e q u i r e  c e n t r a l  d e p l e t i o n  i n  th e  r a n g e  
o f  90 p e r c e n t ,  we h a v e  exam ined  th e  e f f i c a c y  o f  i n t r a c e r e b r a l  DSP4.

M ale S prag u e-D aw ley  r a t s  r e c e iv e d  e i t h e r  u n i l a t e r a l  i n t r a v e n 
t r i c u l a r  (IV T, 300 o r  400 μg ) o r  u n i l a t e r a l  lo c u s  c o e ru le u s  (L .C .
4 o r  8 μg ) i n f u s i o n s  o f  DSP4. R a ts  w ere  s a c r i f i c i e d  8 o r  14 d ay s  
a f t e r  DSP4 i n f u s i o n s .  The r i g h t  and  l e f t  c o r t e x ,  c e re b e llu m , 
h ip p o cam p u s , s t r i a t u m  and b r a i n  s tem  w ere d i s s e c t e d  from  e a ch  
b r a i n .  NE and DA w ere m easu red  u s in g  HPLC. D esm eth y lim ip ra m in e  
(DMI) and  d ih y d r o a lp r e n o lo l  (DHA) r e c e p t o r  b in d in g  w ere  a l s o  a s 
sa y ed  .

P r e l im in a r y  r e s u l t s  s u g g e s t  t h a t  i n t r a v e n t r i c u l a r  i n f u s i o n  o f 
DSP4 i s  an  i n e f f e c t i v e  m ethod f o r  c o m p le te  c e n t r a l  n o r a d r e n e r g i c  
d e p le t i o n .  NE d e p le t i o n  r a n g e d  f ro m  24 p e r c e n t  i n  th e  b r a i n  s tem  
to  80 p e r c e n t  i n  th e  c e re b e llu m  and h ip p o ca m p u s , w i th  th e  c o r t e x  
h a v in g  60 p e r c e n t  d e p le t i o n  f o r  r a t s  s a c r i f i c e d  2 w eeks a f t e r  
r e c e i v in g  300 μg DSP4. The m o r t a l i t y  r a t e  f o r  r a t s  r e c e i v in g  
400 μg DSP4 IVT was g r e a t e r  th a n  50 p e r c e n t .  T hese  d a ta  w i l l  be  
com pared  to  DSP4 l e s i o n s  o f  t h e  LC in  te rm s  o f c e n t r a l  NE d e p le 
t i o n .
(1 )  J o n s s o n ,  G. E u ro p ean  J .  P h a rm a c o l. 7 2 :1 7 3 -1 8 8 , 1981.
(2 )  Swann, A .C . B ra in  R es . 3 2 1 :3 2 3 -3 2 6 , 1984.
S u p p o r te d  by  MH37141 and MH00415.

3 7 8 .1 2  NEUROCHEMICAL CHARACTERIZATION OF THE NEUROT OX IN  5-A M IN O- 2 ,  
4 -  DIHYDROXY-α -METHYLPHENYLETHYLAMINE (5 -A D M P ) ON NORADRENERGIC, 
DOPAMINERGIC AND 5-HYDROXYTRYPTAMINERGIC NEURONS IN  THE RAT 
HYPOTHALAMUS

K.E.Moore, H.D.Jarry* and K.J.Lookingl and, Dept. Pharmacology 
and Toxicology, Michigan State Univ., E. Lansing, MI 48824

One of the major means of studying catecholaminergic neurons 
in the brain has been to observe the functional impairments 
that resu lt from destruction of these neurons by neurochemical 
lesions. 6-Hydroxydopamine, depending upon the route of 
adm inistration, dose and pretreatment regiment, can cause 
the destruction of e ither noradrenergic or dopaminergic neurons, 
but doses necessary to produce to tal depletion of norepinephrine 
(NE) can also cause loss of dopamine (DA) and/or extensive 
non-specific neuronal damage. The more recently developed 
neurotoxin DSP4 destroys noradrenergic neurons projecting 
from the locus coeruleus to extrahypothalamic regions following 
systemic adm inistration, but has l i t t l e  effec t on subcoeruleus 
neurons terminating in the hypothalamus (Lookingland e t a l . ,  
Brain Res. 365:228, 1986). The purpose of the present study 
was to examine the effec ts of 5-ADMP, a compound reported 
to se lectively  deplete NE in the whole mouse brain (Lin et 
a l . ,  Soc. Neurosci. Abst. 10: 1199, 1984), on levels of amines 
and th e ir metabolites in the ra t hypothalamus.

Following a single injection of 5-ADMP (100 ug /rat, i .c .v .)  
the concentrations of NE throughout the hypothalamus were 
markedly reduced by 4 h and th is depletion was maintained 
for a t leas t 28 days. Seven days a fte r  5-ADMP administration 
the greatest decrease in NE occurred within periventricular 
regions of the hypothalamus, and th is was p a rtia l l y prevented 
by pretreatment with the NE uptake inhib ito r desipramine. 
In con trast, 5-ADMP failed  to a lte r  the concentrations of 
DA, dihydroxyphenylacetic acid (DOPAC), 5-hydroxytryptamine 
(serotonin; 5HT) or 5-hydroxyindoleacetic acid (5HIAA) in 
any hypothalamic region. Multiple injections of 5-ADMP (100 
ug/rat; every 48 h × 3) did not enhance NE depletion 7 days 
a f te r  the la s t in jection , but did decrease DA and 5-HT 
concentrations in some regions. These resu lts indicate that 
5- ADMP is a re la tive ly  selective neurotoxin for NE neurons 
that produces a rapid and long-lasting depletion of NE. 5-ADMP 
is  particu larly  effective within the periventricular 
hypothalamus and should be a useful tool in determining the 
physiological role of NE neurons in these regions. (Supported 
by USPHS Grant NS15911 and The Upjohn Co.)
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378.13 EFFECTIVENESS OF AMINO ACID PRECURSORS IN NOREPINEPHRINE (NE) 
DEPLETED MICE. C . J .  G i b s o n . D e p t . o f  P a t h o l o g y ,  U.W.O.,  London,  
Ont .  N6A 5C1.

The e f f e c t i v e n e s s  o f  two amino a c i d  p r e c u r s o r s  i n  r e s t o r i n g  
c o r t i c a l  and h ip p o cam p a l  n o r e p i n e p h r i n e  (NE) t u r n o v e r  i n  DSP-4 
t r e a t e d  CD-I mice was compared  by m e a s u r in g  NE and i t s  m ajo r  
m e t a b o l i t e ,  MHPG. The n o r a d r e n e r g i c  n e u r o t o x i n ,  DSP-4 ( g e n e r o u s l y  
p r o v id e d  by A s t r a  L ab s ,  Sweden) s p e c i f i c a l l y  d e p l e t e s  NE in  t h e  
t e r m i n a l  r e g i o n s  of  t h e  l o c u s  c o e r u l e u s ,  t h e  n o r a d r e n e r g i c  
b r a i n s t e m  n u c l e u s .  L e v e l s  of  NE i n  c o r t e x  and h ippo campu s  were 
r e d u c e d  by 73 t o  87% two weeks a f t e r  a s i n g l e  i n t r a p e r i t o n e a l  
i n j e c t i o n  o f  DSP-4 (50  mpk) and MHPG by 40 t o  60%. The d i e t a r y  
amino a c i d  p r e c u r s o r ,  t y r o s i n e ,  was a d m i n i s t e r e d  as t h e  e t h y l  
e s t e r  HCl  (250 mpk) t o  s a l i n e  o r  DSP-4 p r e t r e a t e d  CD-1 male  mice 
( 5 /g r o u p )  1 h o u r  p r i o r  t o  s a c r i f i c e .  NE l e v e l s  were  unc hanged  in  
c o n t r o l  mice  i n  b o th  r e g i o n s ;  MHPG was s i g n i f i c a n t l y  i n c r e a s e d  in  
c o r t e x  a f t e r  t y r o s i n e  i n j e c t i o n  ( f rom  30 ±4 ng/gm t o  47±4 ng/gm, 
x̄±S . D . ) .  I n  DSP-4 p r e t r e a t e d  m ic e ,  MHPG l e v e l s  were s i g n i f i c a n t l y  
i n c r e a s e d  by 188%; from 17±3 ng/gm in  DSP-4 c o n t r o l  c o r t e x  t o  
32± 8 ng/gm in  t y r o s i n e  p l u s  DSP-4 t r e a t e d  mice  and from 16±2 
ng/gm in  DSP-4 h ip pocam pi  t o  30±7 ng/gm.

The s y n t h e t i c  NE p r e c u r s o r ,  DL -th reo -DOPS, wh ich  s im p ly  
r e q u i r e s  d e c a r b o x y l a t i o n  t o  form NE, was g i v e n  (200 mpk, i p )  t o  
s a l i n e  o r  DSP-4 p r e t r e a t e d  mice ( 5 / g r o u p )  1 ho u r  b e f o r e  s a c r i f i c e .  
I n s a l i n e  c o n t r o l  mice  NE l e v e l s  were unc hanged  in  b o t h  r e g i o n s .  
MHPG was s i g n i f i c a n t l y  d o u b led  o r  t r i p l e d  i n  b o t h  c o r t e x  ( 3 6 ±8 
ng/gm t o  122±25 ng/gm) and hippocampus  (5 2 ±9 ng/gm t o  166±46 
n g /gm ) .  In  DSP-4 p r e t r e a t e d  mice NE l e v e l s  d i d  n o t  c h a n g e ,  b u t  
a g a i n  MHPG was i n c r e a s e d  by 400% a f t e r  DOPS a d m i n i s t r a t i o n  
( c o r t e x ,  16±4 ng/gm t o  66±10 ng/gm and h ippocam pus ,  17±7 ng/gm to  
83+9 ng /g m ) .

Both p r e c u r s o r s  were e f f e c t i v e  i n  i n c r e a s i n g  NE t u r n o v e r  as 
m easured  by MHPG l e v e l  i n  N E -d e p l e t e d  c o r t e x  and h ippocam pus ,  DL- 
threo-DOPS t o  a g r e a t e r  e x t e n t  t h a n  t h e  p h y s i o l o g i c a l  p r e c u r s o r ,  
t y r o s i n e .  The e f f e c t s  o f  b o t h  p r e c u r s o r s  were g r e a t e s t  i n  DSP-4 
t r e a t e d  m ic e ,  s u g g e s t i n g  an a c t i v a t i o n  of  b o t h  s y n t h e t i c  enzymes ,  
t y r o s i n e  h y d r o x y la s e  and amino a c i d  d e c a r b o x y l a s e  i n  r e m a in in g  
t e r m i n a l s .

S u p p o r t e d  by O n t a r i o  M enta l  H e a l th  F o u n d a t io n  and CJG by an 
OMHF S c h o l a r s h i p .
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379.1 LOCALIZATION OF "BRAIN SPECIFIC" mRNAs IN MONKEY CORTEX BY IN SITU 
HYBRIDIZATION: EVIDENCE FOR CORTICAL HETEROGENEITY. C .C .G .N au s, 
G.H. T ra v is * , J .G .S u tc l i f f e * , R .J .M iln e r* , J .H .M o rriso n , F .E .B lo o m . 
D iv is io n  o f  P r e c l in ic a l  N eu roscience  and E ndocrino logy , D ep a rtm en t 
o f  M olecu lar B io lo g y , R e s e a rc h  I n s t i t u t e  o f  S c r ip p s  C l i n i c ,  La 
J o l l a ,  CA 92037.

N eocortex  i s  c h a ra c te r iz e d  by a  s y s t e m a t i c  n e u ro n a l  d i v e r s i t y  
t h a t  i s  c o r r e l a te d  w ith  i t s  la m in a tio n , a l lo w in g  c e r t a i n  c e l l s  to  
be  id e n t i f i e d  and c a te g o r iz e d  a c co rd in g  t o  t h e i r  m orphology. These 
m orpho log ica l c h a r a c t e r i s t i c s  t h a t  a llo w  d i f f e r e n t  ty p e s  o f  neurons 
t o  b e  d i s c r i m i n a t e d  p r e s u m a b ly  a r i s e  f ro m  a n  u n d e r l y i n g  
h e t e r o g e n e i ty  o f  s t r u c t u r a l  a n d  m e t a b o l i c  p r o t e i n s .  T h e se  
d i f f e re n c e s  m ust a  p r i o r i  a r i s e  from  e x p re s s io n  o f  d i f f e r e n t  g en e s  
coding  f o r  d i f f e r e n t  p r o te in s ,  and th u s  s h o u ld  be  r e f l e c t e d  in  th e  
mRNA p re s e n t  in  a  g iv e n  c e l l .  S in ce  s p e c i f i c  mRNAs can  be  d e te c te d  
and lo c a l iz e d  in  t i s s u e  s e c t io n s  by in  s i t u  h y b r id iz a t io n ,  we u s e d  
t h i s  approach  t o  a n a ly s e  s e v e r a l  " b r a i n  s p e c i f i c "  c lo n e s  ( i . e .  
p r e s e n t  in  b r a in ,  a b s e n t in  l i v e r )  s e l e c t e d  from  a  monkey c o r t e x  
CDNA l i b r a r y  (se e  T ra v is  e t  a l . ,  t h i s  i s s u e ) .  B ased  on  N o r th e rn  
b lo t  a n a ly s is ,  two d i f f e r e n t  p o p u la tio n s  o f  c lo n e s  w ere u s e d ;  one 
s e t  w as p r e s e n t  i n  c o r t e x  an d  a b s e n t  in  c e r e b e l lu m , w h i le  th e  
second  s e t  c o n s is te d  o f  random ly s e le c te d  " b r a in  s p e c i f i c s " .  The 
s e le c te d  CDNAs w ere su bc loned  in to  an  SP6 in  v i t r o  t r a n s c r i p t i o n  
v e c to r  system  and a n t i - s e n s e  3 5 -S - la b e le d  RNA p ro b es  w ere u s e d  f o r  
in  s i t u  h y b r i d i z a t i o n  o n  s e c t i o n s  o f  m o n k ey  n e o c o r t e x  a n d  
ce re b e llu m . D if f e r e n t  p ro b es  d e te c te d  d i f f e r e n t  p a t t e r n s  o f  mRNA 
d i s t r i b u t i o n ,  and c e r t a in  o f  th e  p ro b es  e x h ib i te d  a  h ig h  d e g re e  o f  
r e g i o n a l  s e l e c t i v i t y .  One " b r a i n  s p e c i f i c " c l o n e  t h a t  w as 
r e l a t i v e l y  a b u n d a n t in  a l l  c o r t i c a l  r e g i o n s  by  N o r th e r n  b l o t  
a n a ly s is ,  produced  a  c o n s i s t e n t  la m in a r  p a t t e r n  in  e a c h  r e g io n ,  
w ith  h y b r id iz a t io n  b e in g  m ost in te n s e  in  l a y e r s  5 an d  6 ,  l e a s t  in  
la y e r  4 , and in te rm e d ia te  in  la y e r s  2 and 3 . T h is  p ro b e  d i s p la y e d  
s i g n i f i c a n t  re g io n a l h e te ro g e n e i ty . F or exam ple , i n  t h e  te m p o ra l 
lo b e , v i s u a l  a s s o c ia t io n  c o r te x  ( i n f e r i o r  tem pora l gy ru s) co n ta in ed  
m ore l a b e l e d  c e l l s  th a n  a u d i t o r y  a s s o c i a t i o n  c o r t e x  ( s u p e r io r  
tem pora l g y ru s ) .  A lso , in  th e  o c c ip i t a l  lo b e , t h e  d e n s i t y  in  th e  
p r im a ry  v i s u a l  c o r t e x  w as s i g n i f i c a n t l y  g r e a t e r  t h a n  i n  t h e  
p e r i s t r i a t e  v i s u a l  a s s o c i a t i o n  c o r t e x .  A n o th e r  c l o n e ,  w h ic h  
re p re s e n te d  a  low abundance mRNA s p e c i e s  shown by  N o r th e rn  b l o t  
a n a ly s is  t o  be  a b se n t in  c e re b e l lu n ,  h y b r id iz e d  m ore i n t e n s e l y  t o  
c e l l s  i n  t h e  s u p e r f i c i a l  c o r t i c a l  l a y e r s  b u t  d i s p l a y e d  l i t t l e  
r e g i o n a l  h e t e r o g e n e i t y .  T h e  o b s e r v e d  d i f f e r e n c e s  i n  t h e  
n eu ro an a tomi c a l  d i s t r i b u t i o n  o f  s e v e r a l  " b r a i n  s p e c i f i c "  mRNAs 
r e v e a l s  an  u n d e r l y i n g  m o l e c u l a r  h e t e r o g e n e i t y  i n  n e u r o n a l  
p o p u la tio n s  w hich , we b e l ie v e ,  w i l l  p ro v id e  v a l u a b le  i n s i g h t  in t o  
t h e  u n d e r s ta n d in g  o f  t h e  c e l l u l a r  o r g a n i z a t i o n  o f  n e o c o r t e x .  
S upported  by H un ting ton  S o c ie ty  o f  Canada, NIH g r a n t s  AG05131 and 
AA06420, and McNeil L a b o ra to r ie s .

3 7 9 .2 HIGH RESOLUTION IN SITU HYBRIDIZATION HISTOCHEMISTRY OF 
SOMATOSTATIN NEURONS. F . B a ld i n o ,  J r . , J .  P . C ard  and 
M. E . L e w is . C e n t r a l  R e se a rc h  and  D evelopm ent D e p a r tm e n t,  E . I .  
du P o n t de Nemours and  C o . ,  E x p e r im e n ta l  S t a t i o n ,  W ilm in g to n , 
D elaw are  19898.

The t e t r a d e c a p e p t l d e  s o m a to s ta t in  i s  w id e ly  d i s t r i b u t e d  
th ro u g h o u t  a  num ber o f  f u n c t i o n a l l y  d i s t i n c t  a r e a s  o f  th e  c e n t r a l  
n e rv o u s  s y s te m . S e v e ra l  m o le c u la r  fo rm s o f  s o m a to s ta t in  e x i s t  
w i th in  th e  r a t  CNS w h ich  a r e  d e r iv e d  fro m  a  s i n g l e  g ene  p r o d u c t .  
P re v io u s  s tu d i e s  i n  o u r  l a b o r a to r y  h av e  u se d  i n  s i t u  h y b r id i z a 
t i o n  te c h n iq u e s  t o  d e s c r ib e  th e  r e g i o n a l  l o c a l i z a t i o n  o f 
s o m a to s ta t in  mRNA i n  r a t  h y p o th a la m u s . The p u rp o se  o f  t h i s  s tu d y  
was t o  i d e n t i f y  th e  n e u ro a n a to m i c a l  d i s t r i b u t i o n  o f  in d iv id u a l  
n e u ro n s  c o n ta in in g  s p e c i f i c  mRNA c o d in g  f o r  p r e p r o s o m a to s ta t in .

I n  s i t u  h y u b r id i z a t i on h i s t o c h e m i s t r y  was p e rfo rm e d  as 
p r e v io u s ly  d e s c r ib e d  by o u r  l a b o r a t o r i e s .  A 39 b a s e  s y n th e t ic  
o l ig o d e o x y n u c le o t i de p r o b e ,  co m p lim e n ta ry  t o  th e  3 '  c o d in g  r e g io n  
o f s o m a to s ta t in  mRNA, was u s e d  t o  d e t e c t  s p e c i f i c  t r a n s c r i p t s  
c o d in g  f o r  r a t  p r e p r o s o m a t o s ta t in .  P ro b e s  w ere  l a b e l e d  on th e  3 ' 
end  w i th  [ 125I ]  dCTP u s in g  p e v io u s ly  p u b l is h e d  m e th o d s . The 
h y b r id i z a t i o n  s i g n a l  was d e te c t e d  by l i q u i d  e m u ls io n  a u to 
r a d io g r a p h y .  A l t e r n a t e  25 μm s e c t i o n s  w ere  p r o c e s s e d  f o r  
i m m u n o cy to ch em istry  u s in g  th e  a v i d i n - b i o t i n m ethod w i th  
a n t i b o d i e s  d i r e c t e d  a g a in s t  th e  C te rm in u s  o f  s o m a t o s ta t in .

L o c a l i z a t i o n  o f  mRNA c o d in g  f o r  p r e p r o s o m a to s ta t in  was 
c h a r a c t e r i z e d  by an  e x tr e m e ly  d e n se  a c c u m u la t io n  o f  s i l v e r  g r a in s  
i n  t h e  n e u r o n a l  c y to p l a s m  w i t h  l i t t l e  o r  no  l a b e l  o v e r  th e  
n u c le u s .  The i n t e n s e  c y to p la s m ic  l a b e l i n g  p e r m i t t e d  i d e n t i f i c a 
t i o n  o f  ev en  th e  s m a l l e s t  s o m a to s ta t i n e r g i c  n e u ro n s  and th e re b y  
a llo w e d  d i r e c t  c o m p a riso n  o f  th e  n e u ro a n a to m i c a l  d i s t r i b u t i o n  o f 
b o th  somaito s t a t i n  and  s o m a to s ta t in  mRNA. T hese d a ta  d e m o n s tra te  
a  m arked c o n c o rd a n c e  o f  mRNA l o c a l i z a t i o n  and s o m a to s ta t in  
im m u n o reac ti v i t y  i n  a l l  a r e a s  p r e v io u s ly  r e p o r t e d  t o  c o n ta in  
s o m a to s ta t in  n e u ro n s .  I n d iv i d u a l  n e u ro n s  w ere o b s e rv e d  in  
n e o c o r t e x ,  e n t o r h i n a l  c o r t e x ,  am y g d a la , a n t e r i o r  p r e o p t i c  
h y p o th a la m u s , p a r a v e n t r i c u l a r  h y p o th a la m u s , m e d ia l  b a s a l  hypo
th a la m u s ,  e n to p e d u n c u la r  n u c le u s ,  l a t e r a l  h a b e n u la ,  h ip p o cam p u s , 
c e re b e llu m , and  b r a in s te m .  T h u s , s i n g l e  c e l l  r e s o l u t i o n  o f  t h i s  
r e l a t i v e l y  r a r e  t r a n s c r i p t ,  c o u p le d  w i th  im m u n o d e te c tio n  o f 
s o m a t o s t a t i n ,  s h o u ld  p r o v id e  th e  b a s i s  f o r  f u r t h e r  s t u d i e s  on th e  
r e g u l a t i o n  o f  s o m a t o s ta t in  e x p r e s s io n  i n  t h e  CNS.
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379.3 RADIOIODINATED SYNTHETIC OLIGONUCLEOTIDES PERMIT RAPID, 
HIGH-RESOLUTION IN SITU HYBRIDIZATION HISTOCHEMISTRY.
M. E . L e w is , R. A re n tz e n *  and  F .  B a ld i n o ,  J r . E . I .  du P o n t de 
Nemours and C o . ,  C e n t r a l  R e s e a rc h  and D evelopm ent D ep artm en t and 
B iom ed. P ro d . D e p a r tm e n t,  E x p e r im e n ta l  S t a t i o n ,  W ilm in g to n , 
D elaw are  19898

In  s i t u  h y b r id i z a t i o n  h i s to c h e m ic a l  s t u d i e s  a r e  t y p i c a l l y  
c a r r i e d  o u t  w i th  [32P ] - l a b e l l e d  p r o b e s ,  w h ich  p ro v id e  r e l a t i v e l y  
r a p id  in fo r m a t io n  a t  th e  s t r u c t u r a l  l e v e l ,  o r  w i th  [3H ] - l a b e l l e d  
p r o b e s ,  w h ich  p r o v id e  c e l l u l a r  r e s o l u t i o n  b u t  r e q u i r e  p ro lo n g e d  
e x p o su re  t im e s .  We and o t h e r  i n v e s t i g a t o r s  h av e  em ployed 
s y n t h e t i c  o l i g o n u c l e o t id e  p ro b e s  to  c irc u m v e n t th e  d i s a d v a n ta g e s  
o f  n i c k - t r a n s l a t e d  p ro b e s  o b ta in e d  from  c lo n e d  DNA. The 
s y n t h e t i c  p ro b e s  a r e  t y p i c a l l y  5 ' e n d - l a b e l l e d  w i th  [ 32P ] ,  b u t  
can  a l s o  be 3 ' e n d - l a b e l l e d  w i th  m u l t ip l e  [3H ]d e o x y n u c le o t id e s  
v i a  t e r m in a l  d e o x y n u c le o t id y l  t r a n s f e r a s e  t o  im prove  a n a to m ic a l  
r e s o l u t i o n .  A l t e r n a t e l y ,  m u l t ip l e  n u c le o t id e s  can  be i n c o r 
p o r a te d  i n t o  an  o l ig o n u c l e o t id e  p ro b e  by u s in g  a  m e s s a g e -s e n s e  
o l ig o n u c l e o t id e  a s  a t e m p la te  and th e  Klenow f ra g m e n t o f  DNA 
p o ly m e rase  I  to  c a t a l y z e  th e  e x te n s io n  o f  a  p r im e r  a c r o s s  th e  
t e m p la t e .  A lth o u g h  b o th  l a b e l l i n g  m ethods r e s u l t  i n  th e  
i n c o r p o r a t i o n  o f  m u l t ip l e  [ 3H] n u c le o t id e s  i n  th e  s y n t h e t i c  
p r o b e s ,  th e  s p e c i f i c  a c t i v i t y  o f  th e  p ro b e s  i s  s t i l l  r e l a t i v e l y  
lo w , a n d  p r o lo n g e d  e x p o s u r e  t o  e m u l s io n  i s  r e q u i r e d .  O ur 
a p p r o a c h  t o  t h i s  p r o b le m  h a s  b e e n  t o  i n c r e a s e  t h e  s p e c i f i c  
a c t i v i t y  o f  th e  p ro b e s  by in c o r p o r a t i n g  m u l t ip l e  [125I ]n u c le o 
t i d e s  by e i t h e r  th e  p r im e r  e x te n s io n  o r  3 ' - t a i l i n g  m e th o d s . F o r 
th e  p r im e r  e x te n s io n  r e a c t i o n ,  a  2 4 -m e r, co m p lem en tary  to  p a r t  o f  
th e  g ly c o p r o t e in  c o d in g  r e g io n  o f  th e  mRNA f o r  t h e  r a t  v a s o 
p r e s s i n  p r e c u r s o r ,  was u s e d .  T h is  o l ig o n u c l e o t id e  was p a r t i a l l y  
e x te n d e d  u s in g  a  17-m er m e s s a g e -s e n s e  te m p la te  co m p lem en tary  on 
th e  3 ' end  t o  th e  l a s t  9 n u c le o t id e s  on th e  3 ’ end o f  th e  2 4 -m er. 
The r e a c t io n  m ix tu re  c o n ta in e d  Klenow f ra g m e n t ,  dATP, dGTP, and 
[ 125I ] dCTP (2900 C i/m m ol; DuPont NEN), and  th e  e x te n d e d  p r im e r  
was s e p a r a te d  by g e l  e l e c t r o p h o r e s i s  and p u r i f i e d  on NENSORB -2 0  
(DuPont NEN). F o r th e  3 ' - t a i l i n g  r e a c t i o n ,  th e  above 24-m er was 
i n c u b a t e d  w i t h  t e r m i n a l  t r a n s f e r a s e  a n d  [125I]d C T P  an d  t h e n  
p u r i f i e d  on NENSORB - 2 0 .  When e i t h e r  r a d i o i o d in a t e d  p ro b e  was 
h y b r id i z e d  t o  b r a i n  t i s s u e  s e c t i o n s  fro m  p a ra f o r m a ld e 
h y d e -p e r f u s e d  r a t s ,  a  2 -3  day  e x p o s u re  o f  th e  e m u ls io n - c o a te d  
s e c t i o n s  was s u f f i c i e n t  t o  p ro d u ce  a  v e ry  h ig h  d e n s i t y  o f  s i l v e r  
g r a in s  o v e r  m a g n o c e l lu la r  n e u ro n s  o f  th e  p a r a v e n t r i c u l a r  and 
s u p r a o p t ic  n u c l e i .  S i l v e r  g r a in s  w ere l a r g e l y  c o n f in e d  to  th e  
p e r ik a r y o n ,  w i th  low  b ack g ro u n d  l a b e l l i n g .  T hese r e s u l t s  com pare 
f a v o r a b ly  to  t h o s e  o b ta in e d  w i th  [ 32P ] -  o r  [3H ] - l a b e l l e d  p r o b e s .  
G iven  th e  e a se  o f  th e  3 ' - t a i l i n g  m eth o d , [ 125I ] - l a b e l l e d  
o l ig o n u c l e o t id e s  a p p e a r  t o  be e s p e c i a l l y  u s e f u l  p ro b e s  f o r  i n  
s i t u  h y b r id i z a t i o n  h i s t o c h e m i s t r y .

3 7 9 .4 IN SITU HYBRIDIZATION HISTOCHEMISTRY OF CALMODULIN mRNA IN RAT 
BRAIN. J .  M. R o b e r ts -L e w i s , F . B a ld ln o ,  J r . , R. K ra u se * , 
M .- F .  C h e s s e l e t ,  B . W e is s ,  an d  M. E .  L e w is .  D i v i s i o n  o f  
N eu ro p sy c h o p h arma c o l o g y , D ep artm en t o f  P h a rm aco lo g y , M ed ica l 
C o l le g e  o f P e n n s y lv a n ia ,  E . P . P . I . ,  P h i l a d e l p h ia ,  P e n n s y lv a n ia  
19129 and E . I .  du P o n t de Nemours and Company, C e n t r a l  R e se a rc h  
and D evelopm ent D e p a r tm e n t,  W ilm in g to n , D elaw are  19898.

C a lm o d u l in  (CaM) i s  an  a c i d i c ,  c a lc iu m  b in d in g  p r o t e i n  t h a t  
i n f lu e n c e s  a  num ber o f  im p o r ta n t  c a lc iu m -d e p e n d e n t  c e l l u l a r  
p r o c e s s e s  i n  v i r t u a l l y  e v e ry  e u k a r y o t ic  c e l l .  CaM i s  
p a r t i c u l a r l y  e n r ic h e d  i n  b r a i n ,  w here i t  i s  a s s o c i a te d  w i th  s i t e s  
t h a t  a r e  a c t i v e l y  in v o lv e d  in  n e u ro t r a n s m is s io n ,  su c h  a s  
p o s t s y n a p t ic  m em branes, p o s t s y n a p t ic  d e n s i t i e s ,  s y n a p t i c  
v e s i c l e s ,  a n d  c o a t e d  v e s i c l e s .  CaM a c t i v i a t e s  a  n u m b er o f  
c a l c i u m - d e p e n d e n t  e n zy m es  f o u n d  i n  b r a i n ,  s u c h  a s  a d e n y l a t e  
c y c la s e ,  p h o s p h o d ie s t e r a s e ,  p r o t e i n  k i n a s e ,  and A TPase. 
M o reo v e r, CaM a p p e a r s  t o  be in v o lv e d  i n  th e  s y n th e s i s  and r e l e a s e  
o f  many n e u r o t r a n s m i t t e r s ,  and i s  s e n s i t i v e  to  a l t e r a t i o n s  in  
c e n t r a l  n e u r o t r a n s m i t t e r  a c t i v i t y ,  a s  w e l l .  D e s p i te  th e  u b iq u i ty  
o f  CaM, s e v e r a l  s t u d i e s  h av e  shown t h a t  i t s  d i s t r i b u t i o n  in  b r a in  
i s  h e te r o g e n e o u s ,  w i th  p a r t i c u l a r l y  h ig h  l e v e l s  o f  a c t i v i t y  in  
s e l e c t  n u c le i  r e g io n s  th ro u g h o u t  th e  b r a i n .  To d e te rm in e  w h e th e r  
th e  d i f f e r e n t i a l  ab u n d an ce  o f  th e  p r o t e i n  i s  p o t e n t i a l l y  r e l a t e d  
t o  d i f f e r e n c e s  i n  gene  e x p r e s s io n ,  we exam ined th e  d i s t r i b u t i o n  
o f  a p p a re n t  CaM mRNA in  b r a in  by i n s i t u  h y b r id i z a t i o n  
h i s t o c h e m i s t r y .  The h y b r id i z a t i o n  p ro b e  was a 30 b a se  s y n th e t i c  
o l ig o n u c l e o t id e  co m p lem en tary  to  p a r t  o f  th e  3 -c o d in g  r e g io n  o f 
CaM mRNA. T h i s  p r o b e  w as r a d i o l a b e l l e d  w i t h  [125I ] dCTP by 
te r m in a l  d e o x y n u c le o t id y l  t r a n s f e r a s e ,  h y b r id i z e d  to  f ix e d  r a t  
b r a i n  t i s s u e  s e c t i o n s ,  and d e te c t e d  by f i lm  o r  e m u ls io n  
a u to r a d io g r a p h y .  As a  c o n t r o l ,  some s e c t i o n s  w ere p r e t r e a t e d  
w i th  RNase A, w h i le  o th e r  s e c t i o n s  w ere ex p o sed  to  i n c r e a s i n g  
te m p e ra tu re s  i n  0 .5X  SSC to  d e te rm in e  th e  s p e c i f i c i t y  o f  
h y b r i d i z a t i o n .  The r e s u l t i n g  m e l t i n g  c u r v e  w as o b t a i n e d  by 
d e n s i to m e t r i c  s c a n n in g  o f  th e  s e c t i o n s  w i th  a  Leitz/DAD S im age 
a n a ly s i s  s y s te m . P r e l im in a ry  r e s u l t s  s u g g e s t  a  d i f f e r e n t i a l  
ab u n d an ce  o f  a p p a re n t  CaM mRNA i n  b r a i n ,  c o n s i s t e n t  w i th  r e p o r t s  
show ing  a  h e te ro g e n e o u s  d i s t r i b u t i o n  o f  CaM. C o n tro l  s t u d i e s  i n  
s t r i a t u m  showed th e  h y b r id i z a t i o n  s i g n a l  t o  be R N a s e - s e n s i t iv e  
and  to  m e lt  o f f  w i th  a s t e e p ,  m o n o -p h a s ic  p r o f i l e ,  i n d i c a t i n g  
t h a t  th e  p ro b e  i s  s e l e c t i v e  f o r  a  s i n g l e  mRNA s p e c i e s .

3 7 9 .5 IN SITU HYBRIDIZATION ANALYSIS OF OSMOTIC STIMULUS-INDUCED CHANGES 
IN rRNA IN RAT SUPRAOPTIC NUCLEUS. M .K aw ata*, J . T .  McCabe, 
C .H a r r in g to n *+ , D.Chi k a r a i s h i + , and D .W .P fa f f .  The R o c k e f e l l e r  
U n i v e r s i ty ,  New Y ork , NY 10021. +T u f ts  U n iv e r s i ty  S ch o o l o f 
M e d ic in e , B o s to n , MA.

The h y p o th a la m o -n e u ro h y p o p h y s ia l  s y s te m , w hich  p ro d u ce s  
v a s o p r e s s in  and o x y to c in ,  h a s  s e rv e d  a s  a m ajo r m odel sy s te m  f o r  
s tu d y in g  th e  m echanism s o f th e  b i o s y n t h e s i s ,  t r a n s p o r t ,  and 
s e c r e t i o n  o f  p e p t i d e s .  In  o r d e r  t o  i n v e s t i g a t e  hu m o ra l e f f e c t s  on 
th e  r e g u l a t i o n  o f  gene e x p r e s s io n  we s t im u la te d  p e p t id e  s y n th e s i s  
by s a l t - l o a d i n g  r a t s ,  and u sed  in  s i t u  h y b r id i z a t i o n  w ith  H3 
l a b e l e d  DNA co m p lem en tary  to  r ib o s o m a l RNA (a  p o r t i o n  o f  45S 
f ra g m e n t ,  C h ik a r a i s h i  e t  a l . ,  Nuc. A cid s  R e s . ,  11; 6 4 3 7 -6 4 5 2 , 
1 9 8 3 ) . We a n a ly z e d  s e p a r a t e l y  v a s o p re s s in - p r o d u c in g  n e u ro n s  
( p re d o m in a n t ly  i n  th e  v e n t r a l  p a r t  o f  r a t  s u p r a o p t ic  n u c le u s ,  SON) 
and o x y to c in - p ro d u c in g  n e u ro n s  ( d o r s a l  p a r t  o f  
SON)- - h y p e ro s m o la r i ty  i s  known to  s t i m u l a t e  s y n th e s i s  o f  b o th  
horm ones.

F r e s h - f r o z e n  b r a in  b lo c k s  from  o v a r ie c to m iz e d  L ong-E vans r a t s  
w ere p r e p a r e d .  B e s id e s  th e  c o n t r o l  g ro u p , r a t s  had  b een  
c h a lle n g e d  w ith  2% NaCl  w a te r  a s  t h e i r  d r in k in g  s o lu t io n  f o r  1 , 4 , 
o r  14 d a y s .  S e c t io n s  6 m ic ra  t h i c k ,  p r e p a re d  i n  a  c r y o s t a t ,  w ere  
f ix e d  by a l c o h o l : a c e t i c  a c i d .  P r e h y b r i d i z a t io n ,  h y b r i d i z a t i o n ,  
w ash , and a u to r a d io g r a p h ic  s t e p s  w ere done a s  r e p o r t e d  (McCabe e t  
a l . ,  J .  H is to ch em . C y to ch em. , 3 4 : 4 5 -5 0 , 1 9 8 6 ) . G ra in  c o u n ts  p e r  
c e l l  a s  w e l l  a s  c e l l  a r e a  w ere a n a ly z e d  w i th  a co m p u te r (B io q u a n t  
I I ) .

H y b r id iz a b le  r ib o s o m a l RNA was l o c a l i z e d  i n  th e  n e u ro n a l  soma 
a s  w e l l  a s  th e  n u c le o l u s .  C e l l  a r e a  was s i g n i f i c a n t l y  in c r e a s e d  
fo l lo w in g  s a l t - l o a d i n g ,  and s t a t i s t i c a l l y  s i g n i f i c a n t  i n c r e a s e s  in  
num bers o f  g r a i n s  p e r  c e l l  w ere s e e n  in  th e  v e n t r a l  p o r t i o n  o f  SON 
a f t e r  1 o r  4 d ay s  o f  s a l t - l o a d i n g .  T h ese  c h a n g es  w ere g r e a t e r  
th a n  a f t e r  14 d a y s ,  and  c h a n g es  i n  th e  v e n t r a l  SON te n d e d  to  be 
g r e a t e r  th a n  c h an g es  i n  d o r s a l  SON. T h is  i n  s i t u  h y b r id i z a t i o n  
r e s u l t  o n ly  r e f l e c t s  q u a n t i t a t i v e  l e v e l s  o f  h y b r id i z a b l e  r ib o s o m a l 
RNA, b u t i s  c o n s i s t e n t  w i th  th e  n o t io n  t h a t  th e  h y p e ro s m o tic  
s t im u lu s  had a s u b s t a n t i a l  e f f e c t  on th e  e x p r e s s io n  o f  rDNA.

379.6 IN SITU HYBRIDIZATION OF SUBSTANCE P mRNA IN RAT BRAIN USING 
SYNTHETIC OLIGODEOXYNUCLEOTIDE PROBES BASED ON THE NUCLEOTIDE 
SEQUENCE OF THE RAT SUBSTANCE P mRNA. J .  A . A n g u lo * , R . W. 
M anning*, B. A. B u r k h a r t* ,  L . G. D a v is ,  and G. R. C h r i s to p h . 
C e n t r a l  R e s e a rc h  and  D evelopm ent D e p a r tm e n t,  E . I .  du P on t 
de Nemours and Company, W ilm in g to n , D elaw are  19898.

The p u t a t i v e  n e u r o t r a n s m i t t e r  S u b s ta n c e  P (S P ) i s  an 
u n d e c a p e p t id e  p ro d u ce d  a f t e r  p r o t e o l y t i c  p r o c e s s in g  o f  a  l a r g e r  
p r e c u r s o r .  T he s e q u e n c e  o f  t h e  b o v in e  p r e c u r s o r  h a s  b e e n  
r e p o r t e d  (H . N aw a, e t  a l . ,  N a tu r e  3 0 6 , 3 2 ,  1 9 8 3 ) .  U s in g  a 
s y n t h e t i c  o l ig o d e o x y n u c le o t id e  p ro b e  co m p lem en tary  t o  th e  b o v in e  
SP mRNA, we s c re e n e d  a  r a t  b r a in  λg t 11 cDNA l i b r a r y .  S c re e n in g  
o f a p p ro x im a te ly  5 × 105 c lo n e s  a t  low s t r i n g e n c y  r e s u l t e d  in  6 
p u t a t i v e  c l o n e s  w h ic h  y i e l d e d  tw o  p o s i t i v e s  u p o n  a d d i t i o n a l  
s c r e e n in g .  The i n s e r t s  fro m  e a ch  o f  th e s e  c lo n e s  w ere su b c lo n e d  
i n t o  th e  EcoRI s i t e  o f  pBR322. T hese pBR322 r e c o m b in a n ts  w ere 
p re p a re d  f o r  BAL31 e x o n u c le a s e  " s h o tg u n ” c lo n in g  i n t o  M13-mp18 . 
S eq u e n c in g  was p e rfo rm e d  u s in g  th e  S an g e r d id e o x y - te r m in a t io n  
m eth o d . A lth o u g h  num erous d i f f e r e n c e s  w ere d e te c t e d  when 
co m p arin g  th e  b o v in e  and  r a t  cDNA s e q u e n c e s  t h a t  en co d e  th e  SP 
p r e c u r s o r s ,  a  h ig h  d e g re e  o f c o n s e r v a t io n  e x i s t e d  i n  t h e  
n e u r o t r a n s m i t t e r  c o d in g  p o r t i o n s .  Only 1 n u c le o t id e  d i f f e r e n c e  
was fo u n d  i n  th e  3 3 - n u c l e o t i de p o r t i o n  e n c o d in g  th e  SP p e p t id e  
and  no  d i f f e r e n c e s  w ere  fo u n d  i n  t h e  r e g io n  e n c o d in g  th e  r e l a t e d  
t a c h y k in in  S u b s ta n c e  K.

B a se d  on t h i s  r a t  s e q u e n c e , we s y n th e s i z e d  an  o l ig o d e o x y 
n u c le o t id e  p ro b e  (3 3 -m e r)  com p lem en ta ry  t o  th e  SP p e p t id e  c o d in g  
r e g i o n .  The 32P - r a d i o l a b e l e d  p ro b e  was u se d  t o  l o c a l i z e  n e u ro n a l  
p e r i k a r y a  c o n ta in in g  SP mRNA by i n  s i t u  h y b r i d i z a t i o n .  S e c t io n s  
(5 0  μm) w ere  c u t  on a  v ib r a to n e  a f t e r  PLP f i x a t i o n  o f  th e  b r a in  
and th e  s e c t i o n s  w ere  h y b r id i z e d  w i th  th e  SP o l ig o d e o x y n u c le o t id e  
p ro b e .  P o s i t i v e  h y b r id i z a t i o n  s ig n a l s  w ere found  i n  v a r io u s  
b r a i n  s t r u c t u r e s  b u t  w ere m ost p ro m in e n t i n  c a u d a te ,  p r e o p t i c  
a r e a ,  a r c u a t e  n u c le u s ,  and m e d ia l  h a b e n u la .  T hese  l o c i  
c o r r e s p o n d  t o  im m u n o c y to c h e m ic a lly  l o c a l i z e d  S P - c o n ta in in g  
p e r i k a r y a .  C o m p a r is o n  o f  SP m e s s a g e  a n d  SP p e p t i d e  a t  t h e  
r e g i o n a l  and  c e l l u l a r  l e v e l  now a l lo w s  a s se s s m e n t o f  how 
t r e a tm e n ts  ( d r u g s ,  l e s i o n s ,  e t c . )  d i f f e r e n t i a l l y  a f f e c t  th e  
r e g u l a t i o n  o f  S P - c o n ta in in g  n e u ro n a l  s y s te m s .
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379.7 in SITU HYBRIDIZATION OF NEUROPEPTIDE TYROSINE (NPY)-mRNA IN 
HUMAN CEREBRAL CORTEX USING RNA PROBES. G.Terenghi, J.M .Polak, 
*E.O'B rien , C.O.Inyama, °J.Dixon, +G.Yasargi1, @V.Chan-Palay. 
(SPON: European Neuroscience A ssociation) Depts of 
Histochem istry & *Haematology, Hammersmith H osp ital, London, W12, 
UK, °Dept. Biochemistry, Purdue U niversity , West L afayette , Ind. 
47907, USA, +Neurosurgery Dept. and @Neurology I n s t . ,  U niversity 
Hosp., Zurich, 8091, Sw itzerland.

Neuropeptide ty ro sin e  (NPY) is  found in brain in 
concentrations exceeding th a t of any other peptide and is  present 
in many non-pyramidal cerebral c o rtic a l neurons. The 
d is tr ib u tio n  of mRNA encoding NPY in neurons of normal human 
cerebral cortex was studied by in s i tu  hybrid iza tion  techniques. 
A NPY-cDNA clone (300 base pair)  was subcloned in the vector 
pSP62-PL. The re su ltin g  construct was used in conjunction with 
SP6 polymerase and 32P-CTP to prepare a radio label led an tisense  
mRNA probe. The a b i l i ty  of th is  probe to  hybridize to  mRNA was 
confirmed by Northern b lo t an a ly sis . Biopsies of normal cerebral 
cortex were taken from the overlying cortex of eleven p a tien ts  
operated for removal of tumours or fo r in trac ta b le  ep ilepsy , 
according to  protocols consisten t with NIH guidelines fo r the use 
of human t is s u e s .  Tissues were fixed according to  a varie ty  of 
formulae u t i l is in g  paraformaldehyde e ith e r  b r ie f ly  or for several 
hours. Two samples of cerebral cortex were perfused with 
f ix a tiv e s  in s i tu . 30 μm sections were cut on a c ry o s ta t. 
Following overnight incubation with 32P -labe lled  an tisense probe 
(2 n g /sec tio n ) , the sections were exposed fo r 3 days before being 
processed for autoradiography.

H ybridization to  NPY-mRNA was observed in a ll  samples, 
d is c re te ly  lo ca lised  to  neuronal cell bodies in the deep co rtic a l 
lay e rs , p a r tic u la r ly  laminae IV-VI and to  small cell bodies in 
the  underlying white m atter. The sizes and loca tions of the 
c e l ls  showing mRNA hybrid ization  was comparable to th a t of 
NPY-immunoreactive neurons as shown in adjacent sections from the 
same tis su e  blocks, s im ila rly  fixed but processed for 
immunocytochemistry using NPY-specific antibodies and the 
peroxidase an ti peroxidase method. There was a discrepancy 
between the sm aller number of neurons expressing NPY-mRNA 
detected  by in s itu  hybrid ization  and the la rg e r number 
immunostained fo r NPY. This may re f le c t  varied metabolic s ta te s  
of the neurons and/or the fac t th a t tra n s c r ip tio n  fo r NPY is  not 
a continuous event fo r a ll  c e l ls  whereas the immunocytochemical 
techniques demonstrate ex is tan t pools of NPY-peptide.

This study c lea rly  demonstrates the consis ten t lo c a lisa tio n  of 
NPY gene tra n s c r ip tio n  and mature neuropeptide expression in 
normal human co rtic a l neurons.

379.8 LOCALIZATION OF NEUROPEPTIDE Y mRNA BY IN SITU 
HYBRIDIZATION. D.R. Gehlert, B.M. Chronwall, M.P. Schafer* 
and T.L. O’Donohue. Experimental Therapeutics Branch, NINCDS 
and Laboratory of Molecular Hematology, NHLBI, NIH, Bethesda, MD 
20892.

Neuropeptide Y (NPY) is a centrally active member of a family of 
structurally related peptides which includes polypeptide YY (PYY) 
and pancreatic polypeptide (PP). Previous immunohistochemical 
studies have demonstrated the presence of NPY in a number of brain 
regions which are involved in the central processing of autonomic 
information, a proposed role for NPY in the CNS. NPY also appears to 
coexist with catecholamines in a number of brain regions and is 
coreleased with norepinephrine following sympathetic stim ulation 
(Lundberg et al., Neurosci. Lett., 52: 175, 1984). In order to examine 
the distribution of NPY mRNA in the brain we have synthesized a 28 
base oligodeoxynucleotide probe complementary to bases 208-236 of 
the NPY mRNA sequence using the β-cyanoethyl phosphoramidite 
chemistry on a Vega Coder 300 DNA synthesizer. The probe was 
purified using reverse phase HPLC. The region and size of the probe 
were selected to minimize the interaction with PPY and PP mRNA 
(Minth et al., PNAS 81:4577, 1984). The probe was radiolabeled using 
terminal deoxynucleotidyl transferase and [35S]-dCTP or [125I]-dCTP. 
The labeled probe was then  purified by gel electrophoresis or 
NENsorb® columns. Ten micron sections of fixed ra t or mouse brain 
were prepared for in situ hybridization by immersion in 95% ethanol at 
- 70°C after which the sections were rehydrated through a series of 
graded alcohols. The slides were then  tra n sfe re d in to  0.2 N 
nydrocholoric acid followed by 2XSSC at 70°C. The probe (500,000 
cpm/section) was applied to the section in a mixture containing 50% 
formamide, tRNA, Denhardt’s solution and salmon sperm DNA in 
2XSSC. After an 18 hour hybridization period, the slides were rinsed 
in decreasing ionic strength buffers, 0.5XSSC at 45°C and a series of 
graded alcohols. Some slides were then processed for simulataneous 
immunohistochemistry using PAP or immunofluorescence techniques. 
Autoradiograms were generated by dipping the labeled sections in 
NTB-2 emulsion (1:1) and subsequently exposing them for one week. 
Dense clusters of autoradiographic grains, indicating the presence of 
NPY mRNA:cDNA hybrids, were detected in a number of brain regions 
where NPY containing cell bodies had previously been reported. In the 
arcuate nucleus of the hypothalamus, grains were detected directly 
over cell bodies which stained for NPY. In the cortex, scattered cell 
bodies containing both NPY mRNA and NPY immunoreactivity were 
also detected. The use of in situ hybridization to detect NPY mRNA 
represents a powerful tool to study the transcriptional regulation of 
this neuropeptide.

379.9 ASSAY OF TYROSINE HYDROXYLASE TRANSCRIPTS IN RAT BRAIN AND 
ADRENAL GLAND. G. P a sin e tti, C. Zarow, S.A. Johnson*, and C.E. 
Finch. Andrus Gerontology Center and Dept. of B iological 
Sciences, Univ. o f Southern C aliforn ia, Los Angeles, CA 90089.

In s itu  hybridization can quan titate  regional mRNA gene 
expression and m y provide a marker fo r specific 
neurotransm itter systems a t the c e llu la r lev e l. A ra t tyrosine 
hydroxylase (TH) cDNA clone 300nt (Lewis a t a l, J . B iol. Chem. 
258:14632, 1983) was recloned in to  the tran scrip tio n  vector, 
pGEM-1. This vector allows fo r synthesis from e ith e r strand of 
the cDNA using e ith e r SP6 o r T7 phage RNA polymerases. In 
control experiments, the sense and the antisense strand were 
v e rified  by hybridization of labeled sing le strand RNA probes 
to  gel b lo ts of r a t b rain  poly (A+) RNA. In  our experiments a 
[35]S sing le strand RNA TH probe (2×109 DFM/ug RNA) was used. A 
computerized image analysis/g rain  counting densitom etry system 
was used to  quantify the grain  density  over neurons. The sense 
strand was used to  estim ate nonspecific background 
hybridization ra th er than using the extent of labeling over the 
neuropil (where l i t t l e  RNA is  lo ca lized ).

The ra t substan tia n igra (A-9 reg ion), a b rain  area enriched 
in  dopaminergic neurons, was hybridized w ith [35]S labeled TH 
probes. The neuron area (id en tified  by N issl staining) which 
was occupied by s ilv e r grains was measured in  105 neurons from 
4 sections. 7.68 ±0.75 % of the neuron area was occupied by 
grains a fte r hybridization w ith the antisense strand , while 
0.77 ±0.06 % of the neuron area was occupied by grains w ith the 
sense strand (80 neurons in  4 sections; mean ±SEM). As expected 
labeled neurons in  the A9 region were localized  in  the zona 
ocmpacta, where the dopaminergic c e ll bodies are prim arily 
localized . Grain density over the hippocampus CA-3 region and 
cerebral cortex was also  analyzed in  sections hybridized with 
antisense TH strand: 0.49 ±0.08% and 0.33 ±0.06% respectively 
of the c e ll neuron area was occupied by g rains, confirming 
hybridization sp e c ific ity , since TH containing neurons are not 
found in  these regions.

Also, we compared TH mRNA synthesis in  adrenal gland of 
control and reserpine trea ted  ra ts . Northern b lo ts of to ta l 
adrenal RNA indicate a 2 fo ld  increase in  TH sequence with 
acute reserpine treatm ent (10 mg./kg. i.p . 3 days before 
sacrifice ) and a 4 fo ld  increase w ith chronic reserpine 
treatm ent (5 mg./kg. i .p .,  5 days, sa c rific e  3 days a fte r la s t 
in je c tio n ). These findings together w ith the in  s itu  re su lts  
allow fo r quan tification  of TH gene expression in  cen tral 
nervous system stru ctu res a t the c e llu la r level following 
treatm ents presumed to  regulate TH synthesis. Supported by NIH 
grant AG-05142 to  CEF.

379.10 PRESENCE OF BETA-NERVE GROWTH FACTOR mRNA IN HUMAN 
CORTEX FROM BOTH CONTROL AND ALZHEIMER'S DISEASE 
PATIENTS. M.S. Cole*1, J .K . G lenn*2, P.D. Coleman2 an d  M.K. 
Fahnestock*1 1 Molecular Biology Dept., SRI International, Menlo Park, CA, 
94025; 2 Dept. Neurobiology & Anatomy, Univ. of Rochester Medical Center, 
Rochester, NY, 14642.

Nerve Growth Factor (NGF) is a protein necessary for the development and 
survival of sympathetic and some sensory neurons. NGF has also been found in 
the CNS of rodent and rabbit, and a defect in the NGF system has been 
postulated to play a role in certain neurological diseases. We are investigating the 
presence and distribution of NGF mRNA in human brain and its possible 
alteration in Alzheimer's disease (AD). We report here the identification of 
ß-NGF mRNA in human frontal cortex.

Tissue samples were obtained two to six hours postmortem and poly(A)+ 
mRNA purified by standard procedures. The poly(A)+ mRNA from both control 
and AD cases appears undegraded on denaturing as well as native agarose gels.

Northern blots of RNA samples from human frontal cortex were hybridized to 
a single-stranded murine ß-NGF probe generated from an M13 phage template 
(obtained from L.F. Reichardt, Univ. of Calif., San Francisco). A single band 
comigrating with mouse ß-NGF mRNA and measuring 1.35 kb in comparison to 
RNA molecular weight standards is evident in human samples. The hybridizing 
band is present in poly(A)+ but not poly(A)- samples.

Samples from both control and AD cases exhibit a ß-NGF mRNA signal. 
Neither the size of the transcript nor its presence in the poly(A)+ fraction appear 
altered in AD as compared to control tissue. The concentration of ß-NGF mRNA 
in human cortex is roughly of the order of one part in 5 × 108 of the total 
poly(A)+ RNA in both AD and control tissue. Although we have not ruled out 
subtle differences in ß-NGF mRNA concentrations, we can conclude, on the 
basis of samples analyzed so far, that gross changes are not found in the content 
of ß-NGF mRNA in human frontal cortex in AD.

This study was supported by SRI Research and Development Projects 
870D32-PUA and 665D32-PUB-C and by grants AG 1121, AG 3644 and T32 
AG 107 from the National Institute on Aging.
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379.11 D evelopm ent o f  A bnorm al C a lm o d u lin  Gene E x p re s s io n  and R e la te d  
A c t i v i t i e s  i n  G e n e t ic a l l y  D y s tro p h ic  C h ick en  M u sc le . M .S . H u d e c k i, 
H .R . T h a c o re ,*  P .K . K i b l e r , *  P . J . D a v is ,*  F .B . D a v is ,*  S .D . B ia s ,*  
J .  G a l in d o ,*  C .C . G r e g o r io ,*  C.M. P o l l i n a .*  D e p ts .  o f  B io lo g ic a l  
S c i . ,  M ic ro b io lo g y  and  M e d ic in e , SUNY a t  B u f f a lo ,  B u f f a lo ,  NY 14260 
and V e te ra n s  A d m in is t r a t io n  M e d ic a l C e n te r ,  B u f f a lo ,  NY 14215 .

The m echanism  by w h ich  c a lc iu m  (Ca) i s  a b n o rm a lly  s e q u e s t e r e d  
i n  g e n e t i c a l l y  d y s t r o p h ic  c h ic k e n  and  i t s  s i g n i f i c a n c e  i n  p a th o 
g e n e s i s  i s  p r e s e n t l y  unknown. The a c c u m u la t io n  o f  Ca by a f f e c t e d  
s k e l e t a l  m u sc le  i s  a s s o c i a t e d  w i th  e le v a t e d  m u sc le  c a lm o d u lin  (CaM) 
c o n te n t  and  in c r e a s e d  e x p r e s s io n  o f  th e  CaM gene  (H udeck i e t  a l . ,  
B iochem  B io p h y s Res Commun, i n  p r e s s ) .  R e c e n t e v id e n c e  from  o u r  
l a b  h a s  i n d i c a t e d  i n  60 d a y -o ld  a n im a ls  t h a t  d y s t r o p h ic  (D) m u sc le  
s a rc o p la s m ic  r e t i c u lu m  (SR) Ca-ATPase a c t i v i t y ,  i n  c o n t r a s t  to  t h a t  
i n  n o rm a l (N) m u sc le ,  i s  r e s i s t a n t  i n  v i t r o  to  CaM. The c u r r e n t  
s t u d i e s  w ere c a r r i e d  o u t  to  d e f i n e  th e  em erg en ce  o f  r e s i s t a n c e  o f  
Ca-ATPase a c t i v i t y  to  CaM i n  a f f e c t e d  b i r d s  o f  v a ry in g  a g e .  C rude 
SR m em branes w ere  p r e p a r e d  from  p e c t o r a l i s  m u sc le  o f  N and D 
a n im a ls  a t  1 3 ,  2 0 ,3 4 ,  and 48 d a y s  ex  ovo by th e  m ethod o f  Hanna e t  
a l .  (B ioch im  B io p h y s A c ta  6 4 3 :4 1 , 1 9 8 1 ) . Ca-ATPase a c t i v i t y  was 
m easu red  by ATP h y d r o ly s i s  (P . D a v is  and S . Bl a s ,  B iochem  B iophys 
Res Commun 9 9 :1 0 7 3 , 1981) w i th  and w i th o u t  12 μ M f r e e  Ca. Enzyme 
s t i m u l a t i o n  by e x o g en o u s b o v in e  b r a i n  CaM, 20 n g / μg m em brane, was 
th e  d i f f e r e n c e  i n  enzyme i n  th e  p r e s e n c e  and a b s e n c e  o f  ad d ed  CaM 
and was te rm ed  ΔCaM; b a s a l  a c t i v i t y  was t h a t  w i th o u t  added  CaM.

Ca-ATPase A c t iv i t y (μm oles P i /m g /6 0 ')
N -B a sa l N-ΔCaM D -B a sa l D-ΔCaM

13 d a y s 2 9 .9 8 .5 4 0 .3 4 .6
20 d ay s 5 5 .1 1 1 .2 3 9 .8 - 0 .9
34 d ay s 6 5 .9 1 2 .9 5 7 .7 - 9 .1
48 d ay s 4 1 .7 1 5 .9 3 4 .0 - 6 .3

At 13 d a y s ,  C a M -re sp o n s iv e n e ss  o f  D enzyme i s  l e s s  th a n  N; a t  20 
d a y s , C a M -re s is ta n c e  o f  D enzyme i s  e v id e n t .  C o n c u r re n t  s t u d i e s  o f  
m u sc le  CaM mRNA a r e  u n d e rw ay . The p a th o g e n e s is  o f  e le v a t e d  s k e l e t a l  
m u sc le  Ca i n  t h e  a v ia n  m odel o f  m u sc u la r  d y s tr o p h y  i s  p o s tu l a t e d  
to  r e s i d e  a t  t h e  l e v e l  o f  SR Ca-ATPase and i t s  r e s i s t a n c e  to  CaM; 
s e c o n d a ry  c h a n g es  f o l lo w  i n  m u sc le  c o n c e n t r a t i o n s  o f  CaM mRNA and 
CaM i t s e l f .  I n  th e  p r e s e n t  s tu d i e s  we h a v e  shown th e  em erg en ce  o f  
CaM r e s i s t a n c e  o f  t h e  enzyme p r o g r e s s iv e l y  i n  c h ic k s  o f  ag e  1 3-20  
days ex  o v o . T h u s , t h e  p r o g r e s s iv e  a p p e a ra n c e  o f  th e  d y s t r o p h ic  
syndrom e i n  t h i s  m odel p a r a l l e l s  th e  c h a n g in g  s e n s i t i t v i t y  o f  SR 
Ca-ATPase t o  i t s  a c t i v a t o r  p r o t e i n .

T h is  w ork i s  s u p p o r te d  by g r a n t s  from  M u scu la r  D y s tro p h y  A sso c . 
(MSH), B io m e d ic a l R e s e a rc h  D evelopm ent F unds (HRT) and 
V e te ra n s  A d m in is t r a t io n  M e r i t  R eview  F unds (P JD ).

379.12 DOUBLE MUTANT COMBINATIONS WITH QUAKING: NEW APPROACH TO AN 
ENIGMATIC MUTATION. M.K. Wolf, M.E. Pomeroy*, and S. B il l in gs -  
Gagl i a r d i , Department of Anatomy, U niversity of Massachusetts 
Medical School, W orcester, MA 01605

Unlike the o ther w ell-s tud ied  CNS hypomyelination m utations, qk 
does not seem to  have a s ing le  myelin p ro te in  defect th a t could 
represent a primary e f fe c t  of the mutant gene. Furthermore, 
abnormal qk morphology seems unrelated to  the reported CNS 
abnorm alities in both p ro te in  and lip id  chem istry. We have sought 
more information about the qk locus by making double mutant mice 
expressing both the qk and sh i or qk and j p  m utations, using 
B6C3-hybrid based stocks. The qk*shi double mutant is  one of f iv e  
possib le  behaviorally  affected  genotypes produced by mating 
unaffected qk/+*shi/+ double heterozygotes. qk/qk*shi/shi animals 
are recognized by th e ir  d is t in c tiv e  u ltr a s tru c tu ra l  phenotype in 
P-18 to  P-26 optic  nerve and c e reb e lla r white m atter. This is  
confirmed by control matings, which generate the o ther four 
possib le  genotypes but not q k /qk*sh i/sh i. The qk*jp double mutant 
is  produced by th ree  cycles of crossing  T2J+/+qk males, f i r s t  to  
Tajp/++ c a r r ie r  females wild type at the qk locus and then to  
th e ir  +qk*Tajp/++ and qk/qk*Tajp/++ descendants. The qk/qk*Tajp/Y 
genotype is  id e n tif ie d  both by the marker genes and by i t s  
d is t in c tiv e  u l tr a s tru c tu re .  qk*shi CNS (P-21 optic  nerve) has 
less  than 5% the normal number of myelinated axons, markedly fewer 
than e ith e r  s ing le  mutant. Those myelin sheaths present are 
usually  th in . Otherwise, qk*shi resembles P-21 shi ra th e r than 
qk: sheaths only p a r t ia l ly  surround axons and show no compaction 
with major dense lin e  (MDL) form ation, and there  are prominent 
bundles of oligodendrocyte microprocesses but none of the 
redundant myelin whorls c h a ra c te r is t ic  of qk. Thus the 
in te ra c tio n  of qk and shi  appears to  be q u a n tita tiv e ly  
sy n e rg is tic , but q u a lita tiv e ly  favors s h i . In qk*jp CNS, on the 
o ther hand, the number of myelinated axons is  s im ila r to  j p . 
Myelinated axons are c lu s te red , as in jp ,  and have MDL. Some are 
of normal th ickness, o thers are th in ,  and s t i l l  o thers show the 
whorls and tang les associated  with qk . The white m atter contains 
numerous macrophage-like c e l ls  f i l l e d  with heterogeneous, often 
membraneous, m a te ria l. C rite r ia  fo r id e n tif ic a tio n  of these c e l ls  
are not abso lu te ; however, many of them resemble c e l ls  seen in qk 
while only a few are s im ila r to  c la ss ic  "jimpy c e l ls "  a t th is  
age. The phenotype of qk*jp th e re fo re  seems to  resemble jp  in 
amount of myelin but not in white m atter s tru c tu re . In the two qk 
double m utants, the morphological fe a tu res  of qk are expressed in 
the presence of j p , but not sh i. This suggests th a t in c e r ta in  
fe a tu re s , qk is  e p is ta t ic  to  jp , while shi is  e p is ta tic  to  both qk 
and j p . Supported by NS-11425 (Jav its  Award).

379.13 INTERACTIONS OF SHI AND JP ALLELES: COMPARISON OF ALL FOUR DOUBLE 
MUTANTS. S. B i l l in gs-G ag lia rd i, M.E. Pomeroy*, and M.K. Wolf. 
Department of Anatomy, U niversity  of M assachusetts Medical School, 
W orcester, MA 01605

The shi and jp  m utations, which produce two d if fe re n t syndromes 
of CNS hypomyelination, have been mapped to  chromosomes 18 and X 
re sp ec tiv e ly . At each locus, there  are two presumed a l le le s  (shi 
and sh imld: j p  and jpmsd ) which produce s im ila r but not 
id en tic a l phenotypes. S u rp ris ing ly , the  morphological phenotype 
of a double mutant mouse expressing both shi and jp  (sh i* jp ) is  
sharply d if f e r e n t from th a t  of the  corresponding sh imld*jpmsd 
double mutant. To seek exp lanation , we have studied  the CNS 
s tru c tu re  of th e  o ther two possib le  double m utants, sh i* jpmsd 
and sh iml d* jp . Double mutants produced from B6C3-hybrid based 
stocks are id e n tif ie d  by CNS morphology (P-19 to  P-25 op tic  nerve 
and ce reb e lla r  white m atter) c le a r ly  d is tin g u ish ab le  from both 
sing le  mutant ancesto rs . Based on TEM comparison of number of 
myelinated axons and amount of m yelin/sheath, the double mutants 
can be ranked (1) sh i* jp  (m ost), (2) sh i* jpmsd, (3) sh imld*j p , 
4) sh imld*jpmsd ( l e a s t ) . M orphologically normal oligodendro
cytes are more numerous in the  shi than in the  sh imld 
combinations, and tend to  occur as cohorts ra th e r than 
in d iv id u a lly . In a ll  four double mutants myelinated axons are 
grouped in c lu s te r s ,  as in jp and j p m s d .  However, the  
l ip id - f i l l e d  c e l ls  so c h a ra c te r is t ic  of both j p  and jp msd are 
absent in sh i* jp  but are numerous in the o ther th ree  
combinations. The p a ra lle l a r r ays of oligodendrocyte 
m icroprocesses prominent in both shi  and sh iml d are equally  
prominent in sh i* jp  and are also  present in much sm aller numbers 
in sh i*jpmsd, but only in the patches of CNS which contain the 
c lu s te r s  of myelinated axons; they have not been observed in 
e ith e r  sh imld*jp or sh iml d*jpmsd. Most myelin sheaths in 
a ll  four combinations are of the  P-21 shi and s h iml d type 
lacking major dense lin e  (MDL) and w ith  a bnormal l y dense 
in trap e rio d  l in e .  Only sh i* jp  sheaths have occasional regions of 
normal o r in te rru p ted  MDL. Thus while the  morphology of sh i* jp  
suggests p a r t ia l  rec ip roca l in te rgen ic  suppresion, the  o ther 
th ree  combinations suggest d iffe re n t degrees of add itive  or 
sy n erg is tic  gene in te ra c tio n s . At both the  shi and j p  lo c i ,  the  
rank o rder of "severity "  of the two a l le le s  is  reversed in the 
double m utants. Alone, only sh iml d has MDL a t P-21, but in 
combination with j p , only shi has MDL a t th a t age. Alone, 
jpmsd has about twice as much myelin as j p , but in combination 
with e ith e r  shi or sh imld, j p  has more myelin than jp msd. 
shi has a d e le tio n  Impinging on the  MBP gene, whereas sh imld is  
probably not a d e le tio n . Our evidence suggests th a t jp  and 
jp msd w ill a lso  prove to  represen t d if fe re n t types of DNA 
a lte ra t io n s .  Supported by NS-11425 (Ja v its  Award).

379.14 EXPRESSION OF THE GENE ENCODING GLUTAMIC ACID DECARBOXYLASE 
(GAD) IN MUTANT MOUSE CEREBELLA STUDIED BY IN SITU 
HYBRIDIZATION. C.W. W u e n sc h e ll* 1 , A. M esse r4 , and  A .J .  
T o b in 1 , 2 , 3 (SPON: M. G o rd o n ), 1De p a r tm e n t  o f  B io lo g y , 
2 M o le c u la r  B io lo g y  I n s t i t u t e ,  3B r a in  R e s e a rc h  
I n s t i t u t e ,  U n i v e r s i ty  o f  C a l i f o r n i a ,  Los A n g e le s , CA 90024; 
an d  W adsw orth L a b o r a t o r i e s , New Y ork S t a t e  D e p a rtm e n t o f  
H e a l th ,  A lb an y , NY 12201.

I n  t h e  n o rm a l m ouse c e re b e llu m , e x p r e s s io n  o f  th e  GAD 
g ene  i s  c h a r a c t e r i s t i c  o f  t h e  d i f f e r e n t i a t e d  p h e n o ty p e  o f  
f o u r  ty p e s  o f  n e u ro n s :  P u r k in j e ,  G o lg i  I I ,  s t e l l a t e  and  
b a s k e t  n e u r o n s . E x p re s s io n  o f  t h e  GAD gene i n  e a c h  o f  
t h e s e  c e l l  ty p e s  c o u ld  r e s u l t  from  th e  u n f o ld in g  o f  a  
p ro g ram  o f  gene e x p r e s s io n  e s t a b l i s h e d  e a r l y  i n  c e r e b e l l a r  
d ev e lo p m e n t an d  d e p e n d e n t  t h e r e a f t e r  o n ly  upon  f a c t o r s  
i n t r i n s i c  t o  t h e  c e l l s  th e m s e lv e s .  A l t e r n a t i v e l y ,  
e x p r e s s io n  o f  th e  GAD g ene  i n  one o r  m ore o f  t h e s e  n e u ro n  
ty p e s  c o u ld  b e  t r i g g e r e d  l a t e r  i n  d e v e lo p m e n t b y  in f lu e n c e s  
from  s u r r o u n d in g  c e l l s .  C e r e b e l l a r  m u ta n ts  i n  w h ich  c e l l  
t y p e s  a r e  l o s t  o r  m is a r r a n g e d  o f f e r  an  a p p ro a c h  to  th e  
s tu d y  o f  t h i s  i s s u e .

We h a v e  p r e v i o u s ly  shown t h a t  GAD mRNA i s  d e t e c t a b l e  in  
th e  f o u r  GABAergic n e u ro n  ty p e s  o f  n o rm a l mouse c e re b e llu m  
b y  i n  s i t u  h y b r i d i z a t i o n  w i th  35S - la b e l e d  a n t i s e n s e  GAD 
RNA. We h a v e  now ex am in ed  th e  c e l l u l a r  d i s t r i b u t i o n  o f  GAD 
mRNA i n  th e  L u rc h e r  m ouse. Our p r e l i m i n a r y  r e s u l t s  s u g g e s t  
t h a t  a l l  o f  th e  n o rm a l ly  GABAergic c e l l  ty p e s  w h ich  a r e  
p r e s e n t  i n  t h e  21 d ay  o ld  L u rc h e r  c e re b e llu m  do c o n ta i n  GAD 
mRNA. When h y b r id i z e d  w i th  a n t i s e n s e  GAD RNA, th e  
m o le c u la r  l a y e r  c o n ta in e d  b o th  l a b e l e d  an d  u n la b e l e d  
c e l l s .  L a rg e r  l a b e l e d  c e l l s  a p p e a re d  b o th  s c a t t e r e d  w i t h in  
th e  g r a n u l a r  l a y e r  a s  w e l l  a s  a t  th e  b o u n d a ry  o f  th e  
m o le c u la r  an d  g r a n u l a r  l a y e r s . G ra n u le  n e u ro n s  an d  c e l l s  
i n  t h e  d eep  w h i te  m a t t e r  w ere  n o t  l a b e l e d .  No c e l l s  w ere 
s p e c i f i c a l l y  l a b e l e d  f o l lo w in g  h y b r i d i z a t i o n  w i th  s e n s e  GAD 
RNA. We a r e  u n d e r t a k in g  s t u d i e s  w i th  h y b r i d i z a t i o n  p ro b e s  
s p e c i f i c  f o r  e i t h e r  P u r k in j e  o r  G o lg i  I I  c e l l s  i n  o r d e r  to  
c l a r i f y  th e  i d e n t i t y  o f  t h e  l a r g e r  l a b e l e d  c e l l s .

We h a v e  a l s o  b eg u n  to  s tu d y  th e  e x p r e s io n  o f  th e  GAD 
g ene  i n  s e v e r a l  o t h e r  m u rin e  c e r e b e l l a r  m u ta n ts .
P r e l im in a r y  r e s u l t s  show t h a t  GAD mRNA i s  p r e s e n t  i n  
s p e c i f i c  c e r e b e l l a r  n e u ro n s  o f  b o th  2 1 -d ay  s t a g g e r e r  m ice 
an d  o f  1 4 -d ay  w eav e r m ic e .

T h is  w ork was s u p p o r te d  by  NIH g r a n t s  t o  AJT (#NS 20356 
an d  NS 22256) an d  t o  AM (#NS 1 7 6 3 3 ) . CWW was s u p p o r te d  in  
p a r t  b y  a  USPHS T r a in in g  G ra n t  i n  G e n e t ic  M echanism s (#GM 
7 1 0 4 ) .
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379.15 EXTENSIVE POSTMORTEM STABILITY OF RNA FROM RAT AND HUMAN BRAIN.
S. A. Johnson*, D.G.Mo rg an and C.E. Finch. Andrus Gerontology 
Center and Dept. of B iol. S c i., Univ. Southern C alifornia. Los 
Angeles, CA 90089-0191.

Since i t  is  im possible to  obtain human brain  tissu e  
immediately a fte r death, the postmortem s ta b ility  of human 
brain  RNA is  an im portant concern fo r those who wish to  study 
the molecular genetics of human brain  neurodegenerative 
d isease. The post-mortem s ta b ility  of brain  RNA fo r up to  48 
hours was measured in  ra t and human samples. Whole ra t brains, 
cooled a t a ra te  sim ilar to  human brains aw aiting autopsy, were 
co llected  a t in te rv a ls from 0 to  48 hours a f te r  death and 
frozen. These samples were compared w ith fresh ly  obtained, 
unfrozen ra t b rains. Two c h a rac te ris tics of these RNA 
populations were measured: (1) the recovery o r y ield  of 
RNA/gram tissu e  (quantity) and (2) the in te g rity  o r extent of 
degradation (q u a lity ). Total RNA y ield s were sim ilar a fte r a ll 
post-mortem delays. H ybridization of [32P]labeled cDNA probes 
(chick brain  B-Tubulin, Mouse Thy-1, hamster scrapie prion) to  
n itro cellu lo se  f i l te r  b lo ts of e lec tropho retically  separated 
r a t b rain  RNA demonstrated the in te g rity  of sp ec ific  ra t brain 
mRNAs during the post-mortem period. S im ilarly, in  v itro  
tra n sla tio n  of these same ra t to ta l RNA samples produced high 
m olecular weight tran sla tio n  products w ith no differences 
between long and short post-mortem tim es.

Human cerebral cortex RNA was prepared by the same methods 
as those used fo r ra t b rain  from a neurosurgical sample and 4 
o ther donors w ith post-mortem in te rv a ls from 7 to  36 h rs. 
Typically, the y ie ld  of to ta l RNA from human brain  was 400-500 
ug/g vs 800-1000 ug/g tissu e  fo r ra t b rain . When analyzed by 
RNA gel b lo t hybridization stud ies, human c o rtic a l RNA appeared 
s lig h tly  degraded, on the basis of B-Tubulin size  d istrib u tio n . 
However, the degree of apparent RNA degradation was not related  
to  the post-mortem in te rv a l. In v itro  tra n sla tio n  products of 
human c o rtic a l RNA revealed high molecular weight peptides a t 
a ll  post-mortem in te rv a ls, but s lig h tly  le ss  [35S] incorporation 
in to  these bands was found a t th e  longer post-mortem in tervals 
re la tiv e  to  the shorter tim es. Previously, o thers have shown 
th a t in  v itro  tran sla tio n  products from human brain  to ta l RNA 
were not noticebly influenced by postmortem in te rv a l (Morrison 
and G riffin , Anal. Biochem. 113:318-324. 1981). The present 
data confirm these re su lts , and extend them to  d ire c t measures 
of RNA y ie ld  and in te g rity . Together, these re su lts  demonstrate 
an extensive s ta b ility  of brain  RNA during the post-mortem 
period th a t encourages aggressive use of m olecular genetic 
techniques fo r the study of human neurodegenerative disease. 
SAJ was supported by tra in in g  gran t AG-00093 and DGM was 
supported by the John Douglas French Foundation.

379.16 IDENTIFICATION OF A MUTATION IN THE GLUCOCEREBROSI DASE GENE IN 
NEURONOPATHIC GAUCHER DISEASE. S. T su ji*1 , P.V. Choudary*2 , 
B.M. Martin*1 , J.A . Barranqer*2 , E.H. Kolodny*3 , B.K.Stubbl e f ie l d*1 , 
J.A.Mayor*1, S.L. W infield*1, D. Merkle-Lehman*1, M. LaMarca*1, 
and E .I. Ginns*1 (SPON:K.A. S igvardt) 1 Molecular Neurogenetics  
U nit, C lin . Neuroscience B r., NIMH, Bethesda, MD 20892; 

2 Molecular and Medical Genetics Sec ., Lab. Molecular G enetics, 
NINCDS, Bethesda, MD 20892; and 3 E.K. Shriver Center, Waltham, 
MA 02254 and Neurology, Mass. Gen. Hosp., Boston, MA 02114.

Gaucher d isea se , the most common sp h ingo lip idosis , is  
caused by the defic iency of lysosomal glucocerebrosidase 
(EC.3 .2 .1 .4 5 ). The chromosomal locus fo r th is  enzyme has been 
mapped to  lq21, ad jacent to  a region o f chromosome 1 (Iqh) 
abundant in s tru c tu ra l polymorphism. On the basis of c lin ic a l  
signs and symptoms, th is  d isease  has been divided in to  th ree  
major phenotypes: type 1 (non-neuronopathic), type 2 (acute 
neuronopathic) and type 3 (chronic neuronopathic). In order to 
provide a more accurate descrip tion  of the mutation in the gene, 
genomic DNA of a normal control and a type 2 p a tie n t have been 
cloned in to  lambda phage. The in s e r t  DNA encoding glucocerebro
sidase  in both cases is  12 kb in leng th . Each in s e r t  had a ll  
exons coding fo r glucocerebrosidase. Comparison of nucleotide 
sequences of a l l  exons and sp lic in g  junctions in the normal and 
type 2 genes revealed only a sing le  base su b s titu tio n  (T→C) 
located  in the coding sequence of the type 2 Gaucher d isease  
gene. On southern b lo t hybrid ization  analysis  i t  was demonstrated 
th a t a l l  neuronopathic (th ree  type 2 and four type 3 )p a tien ts  
examined had a t  le a s t  one a l le le  having th is  m utation, while none 
of e ig h t ty p e l p a tien ts  or eleven normals had th is  mutant a l le le .  
This re s u l t  suggests th a t the frequent occurrence o f th is  
mutation is  highly sp ec ific  fo r neuronopathic Gaucher d isease .

379 .17 REGENERATION OF ACETYLCHOLINESTERASE IN RAT BRAIN FOLLOWING TREAT
MENT WITH N-METHYL-N-NITROSOUREA, A DNA ALKYLATING AGENT.
Okoyama* and P.L. McGeer (SPON: D.D. Greenwood). Kinsmen Laboratory 
of Neurological Research, Dept of P sychiatry , Univ. of B ritish  
Columbia, Vancouver, B .C ., Canada

N-M ethyl-N-nitrosourea (MNU) is  a rep resen ta tiv e  of a c lass  of 
mutagens which act by a lk y la tin g  DNA, e sp ec ia lly  in tra n s c r ip tio n 
a lly  active  regions. We hypothesized th a t neuronal DNA damage 
might be revealed by reduced production of an active  enzyme such as 
ace ty lch o lin es te rase  (AChE). Accordingly, we studied  AChE in ra ts  
tre a te d  with diisopropyl fluorophosphate (DFP) alone or followed by 
MNU and have found th a t the NMU s ig n if ic a n tly  reduces the amount of 
biochemically measurable or h istochem ically  dem onstratable AChE in 
a number of brain regions.

For biochemical work, male W istar ra ts  were given 1.5 mg/kg DFP 
intram uscularly  followed 2 hrs la te r  by a s ing le  intravenous dose 
of 100 mg/kg MNU, or 3 doses of 10 or 50 mg/kg MNU at 2 h rs , 1 day 
and 2 days a f te r  the  DFP. Control ra ts  were given DFP alone. Rats 
were sa c rif ie d  a t 3, 7 or 14 days following the DFP. AChE and 
p ro te in  were measured by standard methods on homogenates of 10 
brain regions (o lfac to ry  bulb, fro n tal cortex , p a rie ta l co rtex , 
thalamus, pons/medulla, cerebellum , midbrain, hypothalamus, hippo
campus and s tria tum ) from one hemishere; the o ther hemisphere was 
fixed and used fo r  AChE h istochem istry . Protein lev e ls  were com
parable in a ll  groups but AChE a c t iv i t ie s  were s ig n if ic a n tly  less 
(20-77% reductions) in the fro n ta l and p a rie ta l c o rtic e s , hippocam
pus and stria tum  in the DFP/MNU groups than in the DFP group a t a ll  
doses and time in te rv a ls  s tu d ied . The o ther 6 brain regions showed 
no s ig n if ic a n t e ffe c t except in ra ts  given 100 mg/kg MNU where the 
o lfac to ry  bulb showed a 31% reduction a t 7 days and the  hypothala
mus a 32% reduction a t 14 days.

H istochem istry on the o ther hemispheres indicated  much le ss  AChE 
f ib e r  s ta in in g  in the DFP/MNU ra ts  than in those tre a ted  with DFP 
alone. S im ilar histochem istry  was a lso  done on ra ts  receiv ing  the 
same drug dosages but a lso  a second dose of DFP 6 hrs before s a c r i
fic e  on day 14. The number of AChE-positive cell bodies was less  
in the DFP/NMU than in the DFP ra ts .

Since the  i n i t i a l  DFP treatm ent presumably induces active  syn
th e s is  of AChE, these  data are consis ten t with the hypothesis th a t 
a c tiv e ly  tra n sc rib in g  sections of the DNA are p a r tic u la r ly  a ffec ted  
by the mutagen and th a t the re su lta n t neuronal DNA damage may 
re s u lt in reduced leve ls  of p a r t ic u la r  enzymes.

(Supported by grants from the MRC of Canada, the  Mr. and Mrs. P.A. 
Woodward's Foundation and the  Medical Services Health Found, of BC)

379.18 MESSENGER RNA DEPENDENT EXPRESSION OF GFAP IN THE ALZHEIMER'S 
DISEASE BRAIN. E.M. S a jd e l -S u lk o w s k a ,  R .E . M a jo ch a* , M. S a l im * , 
C .E . F u l w i l e r ,  H .J .  M anz*, S .B . Z a in *  and  C.A. M a r o t ta . H a rv a rd  
Med. S c h . ,  McLean H o s p .,  M a s s a c h u s e tts  G e n e ra l  H o s p .,  B o s to n , MA 
0 2 114 , U n iv . o f  R o c h e s te r  Med. S c h . ,  R o c h e s te r ,  NY 14642, and 
G eorgetow n U n iv . S ch . o f  M ed ., W ash in g to n , DC 20007.

P r e v io u s ly ,  we d e m o n s tra te d  t h a t  m esse n g e r  RNA e x t r a c t e d  from  
t h e  p o s tm o rtem  A lz h e im e r 's  d i s e a s e  (AD) b r a i n  can  be u se d  t o  exam
in e  t r a n s l a t i o n  p r o d u c ts  and  t o  p r e p a r e  rec o m b in a n t  DNA l i b r a r i e s  
(M a ro tta  e t  a l ,  P ro g . B ra in  R e s . ,  1986 , in  p r e s s ) .  H ow ever, we 
and  o t h e r s  h a v e  n o t ic e d  t h a t  t h e  c o n te n t  and  y i e l d  o f  RNA i s  d i 
m in ish e d  in  a f f e c t e d  b r a i n  r e g io n s  o f  b o th  b io p s i e d  and a u to p s ie d  
s p e c im e n s , p re su m a b ly  due t o  a  c o m b in a tio n  o f  t r a n s c r i p t i o n a l  and 
d e g r a d a t iv e  f a c t o r s .  The p r e s e n t  s tu d y  was p e rfo rm e d  t o  r u l e  o u t  
t h e  p o s s i b i l i t y  t h a t  AD RNA u n d e rg o e s  e x c lu s i v e l y  n o n - s p e c i f i c  
l o s s e s  w h ich  may i n d i c a t e  o n ly  g e n e r a l iz e d  p r e -  o r  p o stm o rtem  
p r o c e s s in g .  I f  d e c re a s e d  RNA w ere  r e l a t e d  t o  t h e  d i s e a s e  p r o 
c e s s ,  th e n  t h e  l o s s e s  w ould  be c o n f in e d  t o  a f f e c t e d  c e l l s .  I f  
t h i s  w ere  t h e  c a s e ,  a s t r o g l i a l  s p e c i f i c  mRNA, su c h  a s  t h e  one  f o r  
GFAP, w ou ld  be e x p e c te d  t o  rem a in  c o n s ta n t  o r  t o  i n c r e a s e .  We 
fo u n d  t h a t  c y t o s k e l e t a l  p r o t e i n  p r e p a r e d  from  t h e  p o s tm o rtem  AD 
b r a i n  was r i c h  in  tw o fo rm s o f  GFAP w hose i d e n t i t y  was c o n firm e d  
by  im m u n o b lo ttin g  w i th  a n t i - s e r u m  t o  GFAP. P o ly (A + ) RNA from  
b o th  c o n t r o l  and  AD sa m p le s  s t i m u l a te d  p r o t e i n  s y n th e s i s  i n  t h e  
r a b b i t  r e t i c u l o c y t e  sy s te m , w i th  t h e  c o n t r o l  b e in g  m ore a c t i v e .  
A p ro m in e n t  p r o t e i n  o f  5 0 ,0 0 0  m o l. w t.  was i d e n t i f i e d  a s  GFAP by 
im m u n o p re c ip i ta t io n .  A lth o u g h  AD'mRNA was o f  lo w e r s p e c i f i c  a c 
t i v i t y  th a n  c o n t r o l ,  t h e  am ount o f  GFAP s y n th e s i z e d  by th e  fo rm e r  
was a p p ro x im a te ly  tw ic e  t h a t  o f  t h e  c o n t r o l .  An in c r e a s e  i n  AD 
b r a i n  GFAP mRNA a c t i v i t y  was in d e p e n d e n t  o f  a g e ,  c a u se  o f  d e a th  
and  p o s tm o rte m  i n t e r v a l .  2-D PAGE r e v e a l e d  t h a t  t h e  n ew ly  s y n 
t h e s i z e d  GFAP o f t e n  a p p e a re d  a s  a  d o u b le t .  I n  o r d e r  t o  exam ine 
th e  s o u rc e  o f  p o t e n t i a l  h e t e r o g e n e i t y ,  c lo n in g  e x p e r im e n ts  w ere  
c a r r i e d  o u t .  cDNA was p r e p a r e d  from  p o ly (A + ) RNA i s o l a t e d  from  
a  p o s tm o rtem  AD b r a i n  and  c lo n e d  i n t o  t h e  lam bda g t 11 e x p r e s s io n  
v e c to r  sy s te m . The p o s i t i v e  c lo n e s  a r e  b e in g  i d e n t i f i e d  by 
s c r e e n in g  w i th  a n t i s e ru m  t o  GFAP. R e s u l t s  i n d i c a t e  t h a t  t h e  l o s s  
o f  AD b r a i n  RNA i s  a s s o c i a t e d  w i th  n e u ro n s .  T h u s , mRNAs t h a t  a r e  
n o t  e x c lu s i v e l y  n e u r o n - s p e c i f i c  may a p p e a r  t o  rem a in  a t  n e a r l y  
n o rm a l l e v e l s  o r  may be  e le v a t e d  d u e  t o  t h e  c o n t r i b u t i o n  from  
g l i a .  The m ea su red  l e v e l s  o f  t h e s e  mRNAs in  AD b r a i n  RNA p r e p a 
r a t i o n s  m ust be i n t e r p r e t e d  w i th  c a u t i o n .  We c o n c lu d e  t h a t  a  
m odel t o  e x p la in  t h e  in c r e a s e d  p r o l i f e r a t i o n  o f  a s t r o c y t e s  in  AD 
m u st t a k e  i n t o  a c c o u n t  h ig h  l e v e l s  o f  s y n th e s i s  o f  g l i a l  s p e c i f i c  
p r o t e i n  r a t h e r  t h a n ,  o r  i n  a d d i t i o n  t o ,  a  p o s tu l a t e d  d e c re a s e d  
d e g r a d a t io n  o f  g l i a l  c o n s t i t u e n t s .  S u p p o r te d  by g r a n t s  from  t h e  
A m erican  H e a l th  A s s i s t a n c e  F o u n d a t io n ,  t h e  M cKnight F o u n d a t io n ,  
and  NIH g r a n t s  AG02126, AG04522 an d  AG05134.
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380.1 NEUROGENIC INFLUENCE ON CEREBRAL MICROVESSELS IN THE RAT HIPPO
CAMPAL SLICE. T. Smock, A. Topple and R. Cach*. B eh av io ra l Neuro
sc ie n ce  Program , D epartm ent o f  Psychology, U n iv e rs ity  o f  C olorado, 
B ou lder, CO 80309.

Study o f  th e  p h y s io lo g y  o f  c e re b ra l  v a s c u la tu re  i s  l im ite d  to  
c e re b ra l  b lood  flow  m easurem ents and expe rim en ts  on p i a l  v e s s e ls  
and o th e r  s u p e r f ic i a l  v e s s e ls  in  th e  whole an im al. Large c e re b ra l  
a r t e r i e s  have been s tu d ie d  in  i s o la t io n  and re c e n t ly  c e re b ra l  
m ic ro v e sse ls  have a l s o  been s tu d ie d  in  v i t r o  (Dacey and D u ling , Am. 
J .  P h y s io l.  243:H 598). Lacking i s  an in  v i t r o  p r e p a ra t io n  t h a t  p e r 
m its  in v e s t ig a t io n  o f such v e s s e ls  in  th e  c o n te x t o f  t h e i r  n e u ra l 
and g l i a l  env ironm en t. We ad ap ted  th e  r a t  hippocam pal s l i c e ,  a 
s ta n d a rd  p r e p a ra t io n  fo r  n eu rophysio logy , to  th e  purpose  o f  e v a lu 
a t in g  th e  n e u ra l c o n tro l  o f  b ra in  m ic ro v e s s e ls .

131 s l i c e s  were in c u b a ted  in  a  b ra in  s l i c e  chamber under s ta n d 
a rd  c o n d i t io n s . T im e-lapse pho tom icrographs were ta k en  o f  in d i v i 
d ua l v e s s e ls  (avg. lum enal d ia m e te r=17 μm, range 5-40 μm ). 51% o f 
th e  s l i c e s  c o n ta in ed  v e s s e ls  t h a t  responded to  e l e c t r i c a l  s t im u la 
t i o n .  S in g le  p u ls e s  were un ifo rm ly  in e f f e c t iv e  in  e l i c i t i n g  a v a s 
c u la r  resp o n se  b u t b r i e f  t r a i n s  o f  p u ls e s  p roduced v a s o c o n s tr ic t io n  
th a t  o u t la s te d  th e  s tim u lu s  d u ra t io n .  On o c c a s io n , p e r io d s  o f  
rhythm ic c o n tr a c t io n s  ensued a f t e r  th e  s tim u lu s . F re q u e n tly , th e r e  
was a  d e lay  o f  1-20 seconds betw een s tim u lu s  te rm in a tio n  and v a s 
c u la r  re sp o n se . V esse ls  d id  n o t respond  to  subsequen t t r a i n s  p r e 
sen te d  in  r a p id  su c c e s s io n , b u t would respond  r e p e t i t i v e ly  (up to  
50 t r i a l s )  i f  a r e f r a c to r y  p e r io d  o f  1-5  m inu tes was a llo w ed . 
O ptim al s tim u la t io n  c o n d itio n s  fo r  v e s s e ls  t h a t  responded r e p e t i 
t i v e ly  were a 300 msec t r a i n  o f  10 v . , 0 .5  msec p u ls e s  d e l iv e re d  a t  
100 Hz. These c o n d itio n s  a l s o  p roduced lo n g -te rm  p o te n t ia t io n  o f  
th e  p e r fo r a n t  p a th  to  d e n ta te  p sp .

T e tro d o to x in  (TTx, 1 μM) was a p p lie d  to  b lo ck  p ro p ag a ted  neu
ro n a l a c t io n  p o te n t i a l s .  Complete b lockade o f  th e  evoked d e n ta te  
f i e l d  p o te n t ia l  was o b ta in e d  in  20 m in. A f te r  20 min in  TTX, v e s 
s e l s  ceased  to  respond  to  th e  e l e c t r i c a l  s tim u lu s  (n=8 ) . However, 
v a s c u la r  re sp o n ses  cou ld  s t i l l  be o b ta in e d  in  th e  p re sen ce  o f  TTX- 
i f  th e  s tim u lu s  s tr e n g th  was in c re a s e d  o r  i f  th e  e le c tro d e  was 
p la c e d  c lo s e  ( le s s  th a n  250 m icrons) to  th e  v e s s e l  in  q u e s tio n  
(n=12) ,  presum ably r e f l e c t i n g  v a s o c o n s tr ic t io n  due to  d i r e c t  a c t i 
v a t io n  o f  v a s c u la r  smooth m uscle.

B rain  m ic ro v e sse ls  r e c e iv e  c o n ta c ts  from p ro je c t io n  f i b r e s  and 
lo c a l  c i r c u i t  n eu ro n s . Some o f  th e s e  c o n ta c ts  have been shown to  
c o n ta in  v a s o a c t iv e  t r a n s m i t t e r s .  The T T X -sensitive  v a s o c o n s tr ic t io n  
t h a t  we have observed  cou ld  be due to  a c t iv a t io n  o f  th e s e  n eu ro 
v a s c u la r  c o n ta c ts  o r  p o s s ib ly  to  some n o n -sy n a p tic  e v e n t, such as  
b u ild -u p  o f  e x t r a c e l lu l a r  p o ta ss iu m , t h a t  ensues upon r e p e t i t i v e  
neu ro n a l d is c h a rg e .

Supported  by g ra n ts  from th e  E p ilep sy  F oundation  o f  A m erica, a 
g r a n t  from th e  C olorado H eart A ssn. and NSF g ra n t  #BNS-8520622.

380.2 VASOCONSTRICTION AND NEURONAL HYPEREXCITABILITY IN THE HYPOXIC 
HIPPOCAMPAL SLICE. A. Topple and T. Smock. B ehav io ra l N euroscience 
Program, D ep t. o f  Psychology, U niv. o f C olorado, B ou lder, CO 80309.

Anoxia and hypoxia produce neu ro n a l h y p e r e x c i ta b i l i ty  in  v ivo  
and in  v i t r o  (S lo p e r , Johnson and P ow ell, B r. Res. 198:204, 1980); 
S c h if f  and Somjen, B r. Res. 337:337, 1985). C e re b ra l v e s s e ls  a ls o  
respond  to  anox ic  and hypoxic c o n d itio n s  in  th e  i n t a c t  an im al. We 
employed th e  r a t  hippocam pal s l i c e  p re p a ra t io n  to  examine n eu ra l 
and v a s c u la r  consequences o f  t r a n s i e n t  hypoxia under c ircum stances  
in  which CO2 c o n c e n tra t io n , pH and io n ic  environm ent were con
t r o l l e d  e x p e rim e n ta lly .

26 s l i c e s  were in c u b a ted  a t  th e  l iq u id -c a rb o g e n  in te r f a c e  in  a 
b ra in  s l i c e  chamber under s tan d a rd  c o n d i t io n s . Hypoxia was induced 
by a l t e r n a t in g  between 95% O2/ 5% CO2 gas and 95% N2/CO2 gas  i n t r o 
duced in to  th e  b a th . The mean d u ra t io n  o f  hypoxia was 64(±26) s e c . 
E x t r a c e l lu la r  f i e l d  p o te n t ia l s  were reco rd e d  from th e  g ran u le  c e l l  
body la y e r  o f  th e  d e n ta te  gyrus fo llo w in g  s in g le  p u ls e  DC c u r re n t 
to  th e  p e r fo r a n t  p a th .  Time la p se  pho tom icrographs were tak en  o f 
in d iv id u a l  m ic ro v esse ls  (5-40 μm in  d ia m e te r ) . M easurements o f 
b a th  pH d u ring  re p e a te d  ep iso d e s  o f normal to  hypoxic c o n d itio n s  
showed no s ig n i f i c a n t  change in  pH. During t r a n s i e n t  re d u c t io n  in  
t i s s u e  O2 te n s io n  a  s ig n i f i c a n t  in c re a s e  in  neu ronal e x c i t a b i l i t y  
was o b serv ed , a s  shown by a 60% (±6 S.E.M .) in c re a s e  in  p o s t -  
sy n a p tic  p o p u la tio n  sp ik e  am plitude  ( n = l l ) . There was a l s o  a 43% 
(±6 S.E.M .) d ec re a se  in  EPSP v o lta g e .  V esse l d ia m ete rs  were mea
su red  from pho tographs a t  in t e r v a l s  co rrespond ing  to  10-20 m icron 
segm ents. During hypoxia lo c a l  reg io n s  o f  each v e s s e l  (n=8 ) d i s 
p lay ed  c o n s t r i c t i o n  w ith  reg a rd  to  th e  b a s e l in e  p e r io d . The mean 
re d u c t io n  in  d iam ete r was 25% (±6 S .E .M .), compared to  v e s s e ls  n o t 
exposed to  hypoxia (n=7, s ig n i f i c a n t  d if f e re n c e  0 .01  l e v e l ,  
1- t a i l e d  t - t e s t ) . The c o n s t r i c t i o n  was u n ifo rm ly  r e s t r i c t e d  to  a 
p o r t io n  o f  th e  v e s s e l  w ith  a d ja c e n t reg io n s  n o t resp o n d in g .

The t r a n s i e n t  hypoxic n e u ra l e x c i t a b i l i t y  and th e  v a s c u la r  
response  may be d i r e c t  and independen t consequences o f low ered O2 
te n s io n  on each o f th e  c e l l  ty p e s . However, th e  p o s s i b i l i t y  t h a t  
th e  n e u ra l e x c i t a b i l i t y  i t s e l f  has a v a s c u la r  consequence canno t be 
overlo o k ed . Though th e  b a th  com position  o f  s a l t s ,  CO2 and hydron
ium ion  was h e ld  c o n s ta n t in  our s tu d y , lo c a l  changes o f  th e se  
p aram ete rs  in  th e  m icroenvironm ent o f  v e s s e ls  and neurons may have 
o cc u rre d .

Supported  by g ra n ts  from th e  E p ilep sy  F oundation  o f  America, 
a  g r a n t  from th e  C olorado H eart A sso c ia tio n  and NSF #BNS-8520622.

380.3 TRANSIENT HYPEREXCITABILITY WITH RETURN OF SYNAPTIC TRANSMISSION 
IN HIPPOCAMPAL SLICES DURING MODERATE HYPOXIA. S .J .  S c h if f  and 
P.G. A itk e n . D iv is io n  o f N eurosurgery  and Departm ent o f P h y s io l
ogy, Duke U n iv e rs ity  M edical C en te r, Durham, NC 27710.

Evoked p o te n t ia l s  were reco rded  from th e  CA1 re g io n  of h ippo
campal t i s s u e  s l i c e s  du rin g  a hypoxic i n s u l t  s u f f i c i e n t  to  sup
p re s s  sy n a p tic  tra n sm is s io n  w ith in  2-6 m in u tes . We h e re  r e p o r t  
th e  t r a n s i e n t  r e tu r n ,  du rin g  hypox ia , o f s y n a p tic  tra n sm iss io n  
accompanied by n e u ra l h y p e r e x c i ta b i l i ty .

T ran sv erse  hippocam pal s l i c e s  400μm th ic k  were p rep are d  from 
i s o la te d  hippocam pi w ith  a t i s s u e  chopper o r from s a g i t a l l y  hem i- 
s e c te d  b ra in s  w ith  a v ib ra to m e . S l ic e s  were m a in ta ined  a t  a g a s -  
f lu id  in t e r f a c e ;  th e  f lu i d  phase c o n s is te d  o f  35-36°C a r t i f i c i a l  
c e re b ro sp in a l f lu id  (K+ ,3.5mM; Ca2+,1.2mM; Mg2+,1.2mM) e q u i l i 
b ra te d  w ith  95% O2 -  5% CO2 and flow ing  a t  1 .6 -2 .2  m l/m in. The 
gas phase c o n s is te d  of 95% O2 -  5% CO2 flow ing  a t  225 m l/m in , ex
c e p t du rin g  hypoxia when i t  was re p la c e d  w ith  95% a i r  -  5% CO2 
flow ing  a t  th e  same r a t e .  S tratum  rad ia tum  was s tim u la te d  w ith  
100-500ps p u ls e s  a t  c u r re n t  i n t e n s i t i e s  s u f f i c i e n t  to  evoke h a l f -  
maximal to  maximal am p litude  orthodrom ic p o p u la tio n  sp ik e s  from 
s tra tu m  py ram ida le . In  some ex p e rim en ts, i n t r a c e l l u l a r  re c o rd in g s  
from CA1 pyram idal, c e l l  somata were o b ta in e d .

In  a l l  s l i c e s ,  sy n a p tic  tra n sm iss io n  d isap p e a red  2-6 min in to  
hypox ia . In  app rox im ate ly  80% of s l i c e s ,  sy n a p tic  tra n sm iss io n  
t r a n s i e n t l y  re tu rn e d  1-2 min l a t e r  and rem ained fo r  20-220 sec  
b e fo re  ag a in  d is a p p e a r in g . The r e tu rn  of s y n a p tic  tra n sm is s io n  
was accompanied by marked h y p e r e x c i ta b i l i ty  ev idenced  by m u ltip le  
p o p u la tio n  sp ik e s  being  evoked by each  s tim u lu s  p u ls e ,  o cc asio n 
a l ly  w ith  a  marked in c re a s e  in  th e  am p litude  o f th e  p o p u la tio n  
s p ik e s . In  app rox im ate ly  80% of s l i c e s ,  th e  hypoxia induced 
sp read in g  d e p re ss io n  (SD), w ith  a s u s ta in e d  n e g a tiv e  s h i f t  of th e  
e x t r a c e l lu la r  p o t e n t i a l .  The occu rren ce  o f SD was n o t c o r r e la te d  
w ith  t r a n s i e n t  h y p e re x c i ta b i l i ty ,  b u t in  th o se  s l i c e s  where th e  two 
phenomena o c c u rre d , SD a b ru p tly  te rm in a ted  th e  t r a n s i e n t  hyperex
c i t a b i l i t y .  A pproxim ately 30% o f SD ep iso d e s  were p receded  by 
spontaneous paroxysm al synchronous d isc h a rg e  o f th e  CA1 zone a s  r e 
p o rte d  p re v io u s ly  (Soc.  N eu ro sc i. A b str . 11 :433, 1985). I n t r a c e l 
l u l a r  re c o rd in g s  du rin g  hypoxia su ggested  th a t  th e  b r ie f  p e r io d s  of 
h y p e r e x c i ta b i l i ty  a re  th e  r e s u l t  of c e l l u l a r  d e p o la r iz a t io n  p lu s  
enhanced e p h a p tic  in t e r a c t io n s  between c e l l s .  I f  th e se  phenomena 
occur in  s i t u , they  cou ld  p la y  a r o le  in  hypoxic o r  ischem ic s e i 
zu re  a c t i v i t y .

Supported by th e  R esearch  F oundation  o f th e  American A ssocia
t io n  o f N eu ro lo g ica l Surgeons and USPHS g ra n ts  NS 17771 and NS 
18670.

380.4 DELAY OF HYPOXIA-INDUCED SPREADING DEPRESSION BY GANGLIOSIDES. M. 
B a le s t r in o . D ept. o f P hysio logy , Duke U n iv e rs ity  M edical C en te r, 
Durham, NC 27710.

We have p re v io u s ly  shown (B a le s tr in o  and Somjen, B rain  R es ., in  
p re s s )  th a t  de lay  o f hypox ia -induced  sp read in g  d e p re ss io n  (SD) by 
chlo rp rom azine p r o te c ts  b ra in  s l i c e s  a g a in s t i r r e v e r s i b l e  damage 
caused by hypox ia . T h is d e lay  i s  p ro te c t iv e  because i t  sh o rte n s  
th e  tim e du rin g  which i n t r a c e l l u l a r  ca lcium  c o n c e n tra t io n  i s  
r a i s e d  as  a r e s u l t  o f th e  io n ic  s h i f t s  du rin g  SD. GM1 g a n g lio s id e  
has been shown (Ja n ig ro  e t  a l . ,  J .  N eu rosc i. Res. 12:499-509, 1984) 
to  d e lay  SD in  CA3 du rin g  hypox ia . The p re s e n t study  in v e s t ig a te s  
a p o s s ib le  s im i la r  e f f e c t  by th e  GM1-d e riv e d  AGF2 g a n g lio s id e .

Rat hippocam pal s l i c e s  were m ain ta ined  in  an in te r f a c e - ty p e  
chamber a t  35°-36°C. E x t r a c e l lu la r  p o te n t ia l  from s tra tu m  pyram i
d a le  of CA1 was m onitored  u s in g  a  DC-coupled a m p lif i e r ,  and in  some 
s l i c e s  im pulse tra n sm iss io n  from S ch a ffe r  c o l l a t e r a l s  to  CA1 was 
a ls o  m on ito red . S l ic e s  were a e ra te d  w ith  95%O2 , 5%CO2 . R ats were 
in je c te d  i . p .  w ith  e i t h e r  GM1 o r  AGF2 g a n g lio s id e s  (30 mg/Kg fo r  
3 d a y s ) , and 0 .5 μM o f th e  same drug were d is s o lv e d  in  th e  a r t i f i 
c i a l  c e re b ro sp in a l f lu i d  (ACSF) in  th e  chamber. In  an a ttem p t to  
maximize g a n g lio s id e  in c o rp o ra tio n  in to  c e l l  membranes, s l i c e s  were 
exposed to  th e  ACSF in  th e  chamber f o r  4 hours b e fo re  hypoxia was 
induced . S l ic e s  from s a l in e - in j e c te d  r a t s  in cu b a ted  fo r  4 hours 
in  d ru g -f re e  ACSF were used as  c o n t ro ls .  A ll an im als were 33-36 
days o ld  a t  th e  tim e o f s a c r i f i c e .  Hypoxia tim e was always 9 min
u te s .  I t  was induced by s u b s t i tu t in g  O2 w ith  N2 in  th e  gas phase .

The o n se t o f SD from th e  tim e o f oxygen w ithdraw al ("SD 
la te n c y " )  was (mean ± s tan d a rd  d e v ia tio n )  159±74 seconds in  th e  
c o n tro l g roup , 227±65 seconds in  GM1- t r e a te d  s l i c e s ,  and 280±112 
seconds in  th e  AGF2- t r e a te d  s l i c e s  (p< 0.05 , 1-way a n a ly s is  o f v a r i 
ance).

When recove ry  o f s y n a p tic  tra n sm iss io n  upon reo xygena tion  was 
m on ito red , a l l  s l i c e s  in  which SD la te n c y  was lo n g e r than  260 sec 
onds (5 o u t o f a  t o t a l  o f 11) showed such a reco v e ry , w hereas no 
s l i c e  in  which SD la te n c y  was s h o r te r  (6 o u t o f 11) recovered  
(p<0 . 01 , c h i-sq u a re  t e s t ) .

These r e s u l t s  show th a t  AGF2 g a n g lio s id e  i s  e f f e c t iv e  in  de
la y in g  hypox ia -induced  SD, and f u r th e r  confirm  th a t  d e lay  o f SD 
du rin g  hypoxia i s  a  d e te rm in an t o f p ro te c t io n  a g a in s t  hypoxic dam
age.

Supported by USPHS g ra n t NS 18670 to  Dr. G. Somjen. I  thank  
Dr. G. Toffano of F id ia  R esearch  L a b o ra to r ie s  fo r  th e  g i f t  of 
GM1 and AGF2 g a n g lio s id e s .
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380.5 TOXICITY OF INTRACELLULAR CALCIUM: AN INVERTEBRATE MODEL. L .S . 
Jo n e s , M. B a le s t r i no , and D.V. Lewis (SPON:W.A. W ilson ). D epts. 
o f P ed s .(N e u r .)  and P hysio lo g y , Duke U n iv ., Durham, NC 27710.

Ca2+ e n try  in to  c e l l s  ( e .g .  d u rin g  hypoxia) may be a d e te rm i
n an t of c e l l  d e a th . S trong  su p p o rt f o r  t h i s  h y p o th e s is  e x i s t s ,  
b u t d i r e c t  ev idence  i s  s t i l l  m iss in g . We re p o r t  h e re  on th e  to x ic  
e f f e c t s  o f e le v a t in g  [C ali  in  in v e r te b r a te  neu ro n s .

The n o n b u rs tin g , s i l e n t  m ed ial p le u r a l  c e l l s  from A plysia  
c a l i f o r n ic a  were im paled w ith  KCl - f i l l e d  re c o rd in g  e le c t ro d e s ,  
v o lta g e  clamped a t  -30  mV (see  Jones e t  a l . ,  B ra in  R e s ., in  p re s s )  
and io n to p h o re t i c a l ly  in je c te d  w ith  e i t h e r  Ca2+ o r  Mg2+. Only 
c e l l s  w ith  r e s t i n g  membrane p o te n t ia l s  (Vm) more n e g a tiv e  than  
-40  mV w ith  a l l  e le c tro d e s  in  p la c e  were u sed . Ca2+ and Mg2+ were 
in je c te d  re p e a te d ly  in to  d i f f e r e n t  c e l l s  by p a ss in g  c u r re n t  fo r  20 
seconds. The f i r s t  in j e c t io n  was a 50 nA c u r r e n t ,  th e  second was 
100 nA, and subsequen t in j e c t io n s  were in c re a se d  by 100 nA in c r e 
m ents. Membrane conductance (g) and Vm were measured b e fo re  each 
in j e c t io n .  R e su lts  f o r  th e  two groups (Ca2+, n=4; Mg2+, n=4) were 
rem arkably  d i s t i n c t .  C e l ls  r e c e iv in g  Ca2+ became h y p e rp o la r iz e d  
i n i t i a l l y ,  then  ( a f t e r  th e  4 th -5 th  i n je c t io n )  Vm dropped a b ru p tly  
to  -10  to  -20  mV and d i r e c t  e l e c t r i c a l  e x c i t a b i l i t y  was l o s t .  
Mg2+ c e l l s ,  how ever; became somewhat h y p e rp o la r iz e d  and s tay e d  th a t  
way a f t e r  many more, la r g e r  i n j e c t io n s .  The Vm fo r  3 o f 4 Mg2+- i n -  
je c te d  c e l l s  rem ained more n e g a tiv e  th an  -50  mV even a f t e r  cumula
t i v e  in j e c t io n s  o f 140 mM Mg2+. The Vm's o f Ca2+ in je c te d  c e l l s  
were a l l  -30  mV o r worse by th e  tim e 70 mM o f cum ulative  Ca2+ had 
been in j e c t e d ;  in  3 o f 4 c e l l s  th e  Vm was more p o s i t iv e  than  -30  mV 
fo llo w in g  on ly  30 mM of cum ulative  Ca2+ . In c re a se s  in  g p a r a l le l e d  
th e  lo s s  o f Vm.

The profound d e p o la r iz a t io n ,  in c re a se d  membrane g and lo s s  o f 
e l e c t r i c a l  e x c i t a b i l i t y  were n o t r e v e r s ib l e  and m ight be equa ted  
w ith  c e l l  d e a th . Lack o f damage by Mg2+ a t  th e  same doses s tro n g ly  
a rg u es  a g a in s t  a n o n s p e c if ic  d iv a le n t  c a tio n  e f f e c t .  The need fo r  
rep e a te d  Ca2+ In je c t io n s  b e fo re  damage was seen  p o in ts  to  p ro te c 
t i v e  mechanisms a g a in s t  e x c e ss iv e  e le v a t io n s  in  [Ca]i . In v e r te 
b r a te  system s may be u s e fu l  models fo r  s tu d y in g  mechanisms o f Ca2+ 
to x i c i t y .

T h is in v e s t ig a t io n  was suppo rted  by a re s e a rc h  g ra n t from th e  
E p ilep sy  F oundation  o f America and USPHS ( #NS 18670).

380.6 T H E  PROTECTIVE EFFECT OF THERAPEUTIC ULTRASOUND ON THE HYPOXIC 
BRAIN E.W. P e te rso n , G.V. F o re s te r* , O.Z. Roy* and J .R . Scott*  
D iv is io n  o f  El e c t r i c a l E n g in eerin g , N ational R esearch Council 
o f  Canada, O ttaw a ,O ntario ,C anada. K1A OR6.

In e a r l i e r  s tu d ie s  from our la b o ra to ry ,  th e re  has been 
ev idence  th a t  u ltra so u n d  a t  th e ra p e u tic  le v e ls  i mproves th e  
c o n t r a c t i l i t y  o f hypoxic myocardium, The p re s e n t study  concerns 
th e  d i r e c t  a p p l ic a t io n  o f  th e ra p e u tic  le v e ls  o f  u ltra so u n d  to  
th e  c a t 's  b ra in  and i t s  e f f e c t  on fu n c t io n  during  i nduced hypoxia.

Experim ents were c a r r ie d  o u t on 9 a d u l t  male c a t s .  They were 
a n e s th e t iz e d ,  c u r a r i zed and then  th e  ca lvarium  was removed to  
e x te n s iv e ly  expose th e  dura over th e  c o n v e x itie s . The anim als 
were a r t i f i c i a l l y  v e n t i la te d  by means o f an en d o trach ea l tube  
which f a c i l i t a t e d  th e  ra p id  change o f  in s p ire d  gases in  o rd e r  to  
produce a c u te  hypoxic ep iso d es  as d e s ire d .  System ic a r t e r i a l  
blood gases were measured s e r i a l l y .  These dem onstrated  th a t  under 
norm oxia, th e  range was (pO2 180-220 mmHg) and du rin g  t r a n s i e n t  
g lo b a l hypox ia , th e  pO2 f e l l  to  21-30 mmHg. The v isu a l evoked 
p o te n t ia ls  (VEPs) w ere used as a measure o f  pathway fu n c tio n s  
and were reco rded  by av e rag in g  d i f f e r e n t i a l l y  between th e  v isu a l 
c o r te x  and th e  f r o n ta l re g io n . U ltrasound  ( 1W/cm2 SATA a t  1 MHz) 
was a p p lie d  d i r e c t l y  to  th e  b ra in  th rough a g a s - f r e e  aqueous 
co up ling  system , such th a t  th e re  was no d i r e c t  p re s su re  upon th e  
d u ra .

As e x p e c ted , th e  hypoxia had a d e le te r io u s  e f f e c t  on th e  VEPs 
a f f e c t in g  both th e  prim ary f a s t  and secondary  s l ow components o f  
th e  wave form . When th e  b ra in  was t r e a te d  w ith  u ltra so u n d  b e fo re , 
du rin g  and a f t e r  th e  hypoxic ep iso d e s , th e re  was c l e a r ly  a 
p rev en tio n  o f  th e se  changes. U ltrasound  a p p lie d  d u ring  th e  
normoxi c s t a t e  had no e f f e c t  on th e  VEPs.

These r e s u l t s  su g g es t th a t  th e re  i s a d i r e c t  e f f e c t  o f  
u ltra so u n d  on c e re b ra l c e l l  fu n c tio n  by p o s s ib ly  f a c i l i t a t i n g  
d e l iv e ry  o r  u t i l i z a t i o n  o f  th e  l im ite d  oxygen su p p lie d  to  th e  
b r a in .  Because some h e a tin g  o f  th e  t i s s u e  r e s u l te d  from th e  
a p p l ic a t io n  o f  u lt ra s o u n d , a d d i tio n a l c o n tro l experim en ts were 
perform ed using  whole body h e a tin g . These rev ea led  th a t  sim ple 
tem p era tu re  e le v a tio n  cou ld  n o t mimic th e  p ro te c t iv e  e f f e c t  seen 
w ith  u lt ra s o u n d . I t  i s  su ggested  by th e se  r e s u l t s  th a t  u l t r a 
sound may have a th e ra p e u tic  e f f e c t  on b ra in  t i s s u e  s u b je c t to  
hypox ia , and would be cap ab le  o f  s u s ta in in g  c e re b ra l fu n c tio n  to  
a s ig n i f i c a n t  degree du ring  induced o r  a c c id e n ta l  hypoxia .

380.7 POTASSIUM ION HOMEOSTASIS IN TU RTLE BRAIN DURING ANOXIA, GLYCO
LYTIC INHIBITION AND ISCHEMIA. Feng Zi-Cai , T .J. Sick and 
M. Rosenthal, Department of Neurology, University of Miami School 
o f Medicine, Miami, FL 33101.

Studies of brain anoxia and anaerobic metabolism in mammals 
are made d if f ic u l t  by tha t t is su e 's  dependence upon energy der
ived from oxidative metabolism. Degenerative changes occur so 
rapidly tha t within a few minutes, transmembrane ion gradients 
are lo s t, energy sources are depleted and recovery becomes ques
tionable. To understand anaerobic metabolism and the capability  
of brain to compensate for anoxia or ischemia, ah animal model is  
needed tha t has a very high anaerobic capacity. Turtle brain is  
ideal in th is  regard. In these studies, reflec tion  spectrophoto
metry was used to monitor reduction/oxi dation changes of cyto
chrome oxidase, polarographic microe lectrodes monitored brain 
tissu e  oxygen tension and hydrogen clearance (blood flow) and 
ion-selective microe le c trodes recorded the ac tiv ity  of ex tracel
lu la r  potassium ion (K+o) in in tac t brains of tu r tle s  anesth
etized with pentobarbital. During N2 inspiration , cytochrome 
oxidase became fu lly  reduced and tPO2 f e l l  to zero indicating 
th a t oxygen storage did not prevent attainment of complete 
anoxia. However, K+o rose only 3-5 mM during 24 hours of anoxia 
indicating tha t ion homeostasis was not completely sacrificed (in 
r a t ,  K+ rose to over 70 mM a f te r  only a few minutes of anoxia). 
Restoration o f bra in oxygenation a f te r  anoxia in tu r tle  produced 
fu l l  recovery of K+o. In con trast, ion homeostasis was lo st 
within 30 min of ischemia in tu r tle  brain and, within 60-90 mi
nutes, recovery of K+o and brain blood flow was not evident when 
carotid  ligatu res were removed. To determine whether energy fa i
lure or the loss of perfusion was responsible for these changes, 
tu r tle s  were rendered anoxic a f te r  glycolysis was inhibited by 
superfusion o f  the brain with iodoacetic acid (IAA)• IAA super
fusion i ts e l f  had l i t t l e  e ffe c t on K+o but, combined with anoxia, 
IAA quickly produced loss of ion homeostasis. During cosb ined 
anoxia with IAA, K+o remained elevated and brai n blood flow pro
gressively declined. However, recovery of K+o and blood flow oc
curred i f  brain was reoxygenated within 8-10 hours. No recovery 
occurred a f te r  15 hours of IAA and anoxia. These data demon
s tra te  th a t ion homeostasis can be maintained by anaerobic glyco
ly sis  during anoxia in tu r tle  brain and suggest th a t irreversib le  
e ffe c ts  of ischemia are not produced by loss of ion homeostasis. 
These data also suggest th a t continuance of some flu id  perfusion 
of tu r tle  brain markedly enhances the p o ten tia l for recovery and 
th a t blood s ta s is  during ischemia may a ffe c t the brain vascula
ture in a manner th a t precludes reperfusion and reoxygenation and 
thereby precludes recovery of ion homeostasis. (supported by the 
National Parkinson Foundation through a grant from the Envor Arm
ington Fund).

380.8 RELATIONSHIP BETWEEN BRAIN 02 CONSUMPTION AND CYTOCHROME C OXIDASE 
REDOX STATE DURING HYPOXIC HYPOXIA IN THE CAT. P .A .L ee*, Ā.L .S y lv ia  
F .F .J ӧb s is -V a n d e rV lie t* , and C.A. Pi an tados i * . D ep ts. of Physiology 
and M edic ine, Duke U n iv e rs ity  M edical C en te r, Durham, NC 27710.

System ic hypox ia i n i t i a t e s  com pensatory responses  which se rv e  to 
m a in ta in  02 d e l iv e ry  to  h y p o x ia -se n s i t iv e  t i s s u e s  such as th e  b ra in . 
S ince  most o f th e  oxygen d e l iv e re d  to  t i s s u e s  i s  u t i l i z e d  by m ito
c h o n d r ia l cytochrom e a ,a3 d u rin g  r e s p i r a t i o n ,  changes in  th e  oxida
t io n  le v e l  o f  t h i s  enzyme w i l l  r e f l e c t  changes in  t i s s u e  02 a v a i la 
b i l i t y .  N on-invasive  r e f le c ta n c e  m u ltiw ave leng th  n e a r  in f r a re d  spec
tropho tom etry  was used to  e v a lu a te  changes in  cytochrom e a ,a3. oxida
t io n  l e v e l ,  r e g io n a l blood volume and t i s s u e  hem oglobin c o lo r  ( in d i
c a te s  r e l a t i v e  02 s a tu r a t io n )  in  th e  i n ta c t  b r a in  c o r te x  o f  s ix  pen
to b a r b i t a l  a n e s th e t iz e d ,  v e n t i l a te d  c a ts  d u rin g  graded 10 min u te  
p e r io d s  o f  a lv e o la r  hypox ia (21% c o n t r o l ,  12%, 9% and 7% 0 2 ) . The 
NIR o p t i c a l  resp o n ses  w ere compared w ith  co n v e n tio n a l measurements 
o f c e re b ra l  oxygen d e l iv e ry  and u t i l i z a t i o n .  T o ta l and re g io n a l ce r
e b ra l  b lood  flow  (CBF) w ith  each  02 gas mix tu r e  was m easured u s ing  
ra d io la b e le d  m icro spheres  (15μm; 141Ce, 113Sn, 103Ru, 95Nb) i n j e c t 
ed in to  th e  l e f t  v e n t r i c l e .  Blood flow  was computed by th e  re fe re n ce  
sample method. A rteriovenous 02 d if fe re n c e  (A-VDO2) was c a lc u la te d  
from th e  a r t e r i a l  and s a g i t t a l  venous 02 c o n te n ts  determ ined  a f t e r  
each  in j e c t io n .  CMR02 fo r  each c o n d itio n  was c a lc u la te d  as  CBF x 
(A-VDO2 ) .

The most s e v e re  le v e l  o f  hypox ia t e s t e d  (7%O2) d ec reased  mean 
a r t e r i a l  and venous PO2 from 109 ± 6 t o r r  to  23 ± 2 t o r r  and from 
3 8 ± 4 t o r r  to  18 ±  1 t o r r ,  r e s p e c t iv e ly .  S l ig h t  d ec re a se s  in  a r t 
e r i a l  and venous PCO2 w ere a l s o  observed  w ith  each hypoxic gas mix
tu r e  y e t  th e re  was no s ig n i f i c a n t  d if f e re n c e  in  mean a r t e r i a l  blood 
p re s s u re .  T o ta l CBF in c re a s e d  over 500% w ith  7%O2 r e l a t i v e  to  norm
oxi c c o n tro l  V alues. No s ig n i f i c a n t  change in  CMRO2 o cc u rre d  during  
hypox ia in d ic a t in g  th a t  th e  in c re a s e  in  CBF m ain ta in ed  s u f f i c i e n t  
O2 d e l iv e ry  to  th e  b ra in  to  meet i t s  m e tab o lic  req u irem en ts . However 
cytochrome a ,a 3  o x id a tio n  l e v e l  d ec reased  from 80% w ith  room a i r  to 
n e a r  30% w ith  7%O2 (where 100% and 0% o x id a tio n  a re  th e  redox s ta te s  
d u rin g  v e n t i l a t io n  w ith  100%02 and 100%N2, r e s p e c t iv e ly ) .  As expect
ed , th e  NIR t i s s u e  hem oglobin s ig n a l s  r e f l e c te d  th e  d ec reased  02 
c o n te n t o f  th e  b lo o d . A l i n e a r  r e l a t i o n  ( r=0 .997 ) between th e  amount 
o f o x id iz e d  cytochrom e a ,a3  in  th e  c o r te x  determ ined  by th e  NIR me
thod and th e  s a g i t t a l  venous oxygen co n ten t was found. I f  th e  c e r
ebrovenous 02 co n te n t r e f l e c t s  t i s s u e  02 c o n c e n tra t io n  in  hypox ia , 
th en  s ta b l e  oxygen consum ption (CMRO2) o f th e  b r a in  d u rin g  hypoxia 
may be ex p la in e d  by a  "cu sh io n in g  e f f e c t " .  S ince  th e  r a t e  o f oxygen 
u p take  w ith  r e s p e c t  to  tim e (-d O2/ dt )  i s  p ro p o r t io n a l  to  th e  p roduct 
o f  [O2] tim es [reduced  cytochrome a ,a 3 ] (Chance, B. Fed. P roc . 16: 
671-680, 1957 ), th e  d ec re a se s  in  t i s s u e  O2 c o n c e n tra t io n  in  th e  
b ra in  a re  com pensated fo r  in  p a r t  by th e  in c re a s in g  re d u c t io n  le v e l  
o f  cytochrome a ,a 3 .
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380.9 MITOCHONDRIAL AND PLASMA MEMBRANE POTENTIALS DURING ANOXIA AND 
NORMOXIA. P .E . N ielsen* and G.E. G ibson, C o rn e ll Univ. Med. 
C o llege  a t  Burke R e h a b il i ta t io n  C en te r, White P la in s ,  NY 10605

Impairm ent o f synaptosom al ca lcium  uptake du rin g  hypoxia and 
a n o x ia  may le a d  to  a l t e r e d  n e u r o t r a n s m i t t e r  m e ta b o lis m . 
I n d ir e c t  pharm aco log ical s tu d ie s  sug g est th a t  th e  d ec re ase  in  
ca lcium  uptake i s  due to  a re d u c tio n  in  th e  m ito ch o n d ria l 
membrane p o te n t i a l .  The p re s e n t study  examined th i s  p o s s i b i l i t y  
by d i r e c t l y  e s tim a tin g  th e  plasma and m ito ch o n d ria l membrane 
p o te n t ia l s .  Synaptosomes were p re in cu b a te d  fo r  15 min a t  37° C 
w ith  86Rb (a  m arker o f  th e  p lasm a membrane p o t e n t i a l ) ,  
3H -te tra p h e n y lp h o s p h o n iu m  (a  m arker o f  th e  p lasm a and 
m ito ch o n d ria l membrane p o te n t ia l s )  and 14C -sucrose (a marker o f  
th e  e x t r a c e l lu la r  sp a c e ) . Samples were then  p laced  on ic e ,  
f lu sh ed  w ith  e i th e r  100% oxygen or 100% n itro g e n  fo r 10 min, 
r e tu r n e d  t o  th e  37°C in c u b a to r  and th e n  s to p p e d  by 
c e n tr if u g a t io n  through  an o i l : d in o n y lp h th a la te  m ix tu re .

Samples were incubated  fo r  vary ing  tim es under n itro g e n  or 
oxygen. Under oxygen, th e  plasma membrane p o te n t ia l  was 58 .8  ± 
2 .0 , 58.8 ± 1.5 and 52 .6  ± 1.8 a t  5 ,10  and 20 min, r e s p e c t iv e ly ;  
th e  p o te n t ia l  d im in ished  7 mV a f t e r  only 5 min o f  anoxia and 
rem ained d ep re ssed . Under oxygen, th e  m ito ch o n d ria l membrane 
p o te n t ia l  was 139.0 ± 1 .5 , 140.0 ± 1.1 and 147.4 ± 2 .0  mV a t  5, 
10 and 20 min, r e s p e c t iv e ly .  The magnitude o f  th e  an o x ic - 
induced d e c lin e  (-3 8  mV) in  th e  m ito ch o n d ria l membrane p o te n t ia l  
was g re a te r  than th a t  o f th e  plasma p o te n t i a l ,  o ccurred  by 5 min 
and rem ained d ep re ssed .

These r e s u l t s  were extended by exam ining th e  e f f e c t s  o f e i th e r  
d e p o la r iz in g  c o n c e n tra t io n s  o f  K+ (60 mM) or a m ito ch o n d ria l 
uncoup ler (valinom ycin ) fo r  5 min befo re  th e  end o f  a 20 min 
in c u b a tio n  w ith  e i th e r  oxygen or n it ro g e n . During norm oxia, K+ 
reduced th e  plasma p o te n t ia l  by 48 mV to  4 .6  ± 1 .5  mV and 
valinom ycin  d ec reased  i t  to  30 .6  ± 3 .0  mV. Anoxia d im in ished  
th e  r e s t i n g  membrane p o te n t ia l  by 9 mV to  43 .7  ± 2 .7  mV, b u t had 
no fu r th e r  in f lu e n c e  du rin g  K+ d e p o la r iz a t io n  o r in  th e  p resence  
o f  va linom ycin . During norm oxia, th e  m ito ch o n d ria l membrane 
p o t e n t i a l  (1 4 7 .4 ± 2 .0  mV) d e c l in e d  s l i g h t l y  w ith  K+ 
d e p o la r iz a tio n  to  129.7 ± 2.1 mV and was g r e a t ly  reduced w ith 
valinom ycin to  19.4 ± 10.1 mV. Anoxia reduced th e  m ito ch o n d ria l 
membrane p o te n t ia l  by 44 mV under r e s t i n g  c o n d itio n s  and by 48 
mV w ith  K+ d e p o la r iz a t io n ,  but d id  no t reduce th e  valinom ycin 
group f u r th e r .  These f in d in g s  su p p o rt th e  h y p o th e sis  th a t  th e  
dec reased  synaptosom al ca lcium  uptake du rin g  hypoxia or anoxia 
i s  due to  a p a r t i a l  c o l la p s e  o f  th e  m ito ch o n d ria l membrane 
p o te n t i a l .

380.10 MYELOPEROXIDASE ACTIVITY IN ISCHEMIC CEREBRAL INFARCTION 
T.H.Liu*,Y.O.Luk*,C.Y.Hsu, G.Konat* and E.L.Hogan. Dept. of Neurology,Med. Univ. S.C. 
Charleston,SC 29425

Polym orphonuclear c e ll (PMN) in f i l t r a t io n  is believed to 
con tribu te  to ischemic in ju ry . The ro le  of PMN in ischemic 
cerebral in fa rc tio n  has yet to  be defined. Using a model of 
focal cerebral in fa rc tio n  in the ra t (Chen ST, Hsu CY, Hogan 
EL e t a l ,  S troke, 1986, in press) we studied the time course of 
post-ischem ic PMN in f i l t r a t io n .  The extent of PMN in f i l t r a t io n  
in the  ischemic cerebral cortex was determined by spec tro 
photometric assay of myeloperoxidase (MPO)(Bradley, PP e t a l , 
J In v e s t D erm atol, 7 8 :2 0 6 ,1982), a marker enzyme of PMN. 
Standard curves fo r MPO a c t iv ity  were derived from peritoneal 
PMN suspension (1.5 - 50 × 105 ce lls /m l ) following glycogen 
challenge. Supernatant of co rtex  homogenate in phosphate  
buffer containing hexadecyltrimethylammonium bromide does not 
in te rfe re  with MPO assay. Cortex from sham -operated  r a t s  
showed no de tectab le  MPO a c t iv ity  (le ss  than 2 unit/100 gm wet 
w eight or le s s  than  7.5 × 104 c e l I s /h e m is p h e re ) . Focal 
ischemia which caused a consis ten t co rtic a l in fa rc tio n  in the 
rig h t middle cerebral a rte ry  te r r i to ry  resu lted  in the appear
ance of MPO a c t iv ity  in the same region. MPO a c t iv ity  was 
barely d e tectab le  6 hr a f te r  ischemia when ischemic in fa rc tio n  
was evident by tripheny l tetrazolium  chloride s ta in . P o s t-  
ischemic MPO a c t iv ity  was 6.3±0.5 units/100 gm wet weight at 
24 hour; 18.5+1.9 a t 36 hour; 8 3 .3+10.0 a t 48 hour; 15.4+2.1 a t 
60 hr; 12.1±2.1 a t 72 hr; and 4.9±2.4 a t 168 hr. The develop
ment of PMN  in f i l t r a t io n  only a f te r  the ischemic in fa rc tio n  was 
apparent, suggest th a t PMN in f i l t r a t io n  probably does not play 
an in i t i a l  ro le  in in fa rc t formation. Further s tu d ie s  a re  
needed to determine whether PMN contribu tes to  other la te -o n se t 
processes such as breakdown of the blood brain b a r r ie r  and 
vasogenic edema (supported by NS-11066, NS-12044, NS-00792 and 
MUSC Research Fund).

380.11 GRADED FOCAL ISCHEMIC INSULTS: EXPLORATION OF AN ANIMAL STROKE 
MODEL FOR THERAPEUTIC TRIALS
Y.O. Luk*, M. Wong*, C.Y. Hsu, E.L.Hogan (SPON: J .B . P ic k e tt) .  
De p ts . o f  Neurol ogy and Anatomy, Med. Univ. S .C ., C harleston, 
S.C. 29425

An ideal stroke model fa r  assessing  the therapeu tic  efficacy  
of new drugs should involve an ischemic in s u lt of moderate 
s eve rity  with a demonstrable lesion  which may be s ig n if ic a n tly  
reduced in magnitude with drug treatm ent. Severe ischemia may 
cause i r re v e rs ib le  and massive damages not amenable to  any 
pharmacological in te rv en tio n . Mild ischemia may produce only 
minimal in ju ry  leaving l i t t l e  opportunity fo r de tecting  
the rap eu tic  e ffic acy . The end point fo r the t r i a l  e ffe c t 
should be q u a n tita tiv e  and ob jec tive . Searching fo r a stroke 
model f u l f i l l in g  these c r i t e r i a ,  we studied the e f fe c t of 
graded ischemic in s u lts  on in fa rc t s ize  using a model of focal 
cerebral in fa rc tio n  in the r a t  (Chen ST, Hsu CY, Hogan EL e t 
a l ,  S troke, 1986, in p re ss). L igation of the rig h t middle 
cerebral a rte ry  (MCA), and the r ig h t common caro tid  a rte ry  
(CCA) and temporary c lipping  of the l e f t  CCA resu lted  in a 
co n sis ten t c o rtic a l in fa rc tio n  in the rig h t MCA te r r i to r y .  The 
in fa rc t  volume was q u an tita tiv e ly  determined by computer- 
a ss is ted  morphometric measurement of. in fa rc t area in s e r ia l ly  
sectioned brain samples. The graded ischemic in s u lt was 
induced by varying the duration  of t he l e f t  CCA c lip p in g . The 
duration  of c lipping  and re s u lta n t in fa rc t volumes were: 90 
min, 171.8±3.1 mm3 (mean ± SEM, N=13); 75 m in., 99±4.9 (N=11);  
60 m in., 117±2.7 (N=19); 45 m in., 99.5±4.6 (N=11);  30 m in., 
42.1±2.7 (N=11) ;  0 m in ., 35.2±3.3 (N=9) .  These re s u lts  
ind ica te  th a t in fa rc t  volume was not necessarily  proportional 
to  the degree of ischemic in s u lt based on the duration  of l e f t  
CCA clipp ing . For example there  was no s ig n if ic a n t d ifference  
in in fa rc t volume a t 45, 60 and 75 min. dura tions. The 
c lipp ing  time of 45 min. was adopted fo r our ongoing screening 
of th erapeu tic  agents because of i t s  g rea te r likelihood  of 
responding to  therapy with reduced in fa rc t volume. (Supported 
by NS-11066, NS-12044, NS-00792 and MUSC Research Fund.)

380.12 EFFECTS OF (a) CHRONIC THIAMINE DEPRIVATION OR (b) PYRITHIAMINE 
(ANTAGONIST) TREATMENT ON REGIONAL CNS TRANSKETOLASE ACTIVITIES 
IN THE RAT. R.F. Butterworth, H. Fournier* and J .F . Giguère* . 
Lab. of Neurochemistry, C lin ical Research Center, Hôp ita l St- 
Luc (U niversity  of M ontreal), 1058 S t. Denis S t . ,  M ontreal, 
Qué . H2X 3J4, CANADA.

Thiamine defic iency  in man and experimental animals re s u lts  
in nystagmus, a tax ia  and memory impairment and in se lec tiv e  
damage to  c e r ta in  s tru c tu re s  of the CNS. The thiamine 
pyrophosphate (TPP)-dependent enzyme, tran sk e to lase  (EC 2 .2 .1 .1 .)  
was measured in groups of presymptomatic, symptomatic and 
th iam ine-trea ted  (reversed) animals in 9 d isc re te  brain regions 
including s tru c tu re s  known u ltim a te ly  to  show signs of 
neuropathological damage. R esults obtained from ra ts  made thiamine 
d e fic ie n t by chronic d ie ta ry  deprivation  were compared to those 
obtained following treatm ent with pyrithiam ine.

Chronic thiamine deprivation  in the ra t  resu lted  in 6-8 weeks 
in a ta x ia , loss  of rig h tin g  re flex  and in lesions of the la te ra l  
v e s tib u la r nucleus of the pons. Transketolase (TK) a c t iv i t ie s  
in whole blood hemolysates from symptomatic thiam ine-deprived 
ra ts  were reduced to below 10% of normal values and the re la tiv e  
degree of sa tu ra tio n  of TK in blood by the cofacto r TPP (the 
so -called  "TPP E ffect") was s ig n if ic a n tly  e levated . TK was 
se le c tiv e ly  reduced by 25% in la te ra l  v e s tib u la r nucleus p rio r 
to the onset of neurological symptoms. Further deprivation  
led to  generalized reductions of TK in a ll  brain s tru c tu re s . 
Measurement of TK in the presence of added TPP did not lead 
to  complete reversal of TK a c t iv i t ie s  suggesting loss of 
apoenzyme. A dm inistration of thiamine to  symptomatic thiamine- 
deprived ra ts  re su lted  in reversal of neurological symptoms, 
reversal of the abnormal "TPP E ffect" in blood hemolysates and 
reversal of TK d e f ic i ts  in non-vulnerable brain s tru c tu re s  such 
as cerebral cortex  and stria tum . However, n e ith e r blood TK nor 
TK a c t iv i t ie s  in la te ra l  v e s tib u la r nucleus were normalised 
following thiamine treatm ent.

Daily pyrithiam ine adm in istra tion  to  ra ts  r e s u l ts ,  within 
3 weeks, in loss of rig h tin g  re f le x , convulsions and widespread 
neuropathological damage (pons, thalamus, hypothalamus, 
cerebellum ). TK a c t iv i t ie s  were s ig n if ic a n tly  reduced in blood 
and in a ll  brain s tru c tu re s  p r io r  to  the onset of neurological 
symptoms. In co n tra s t to  chronic thiamine dep riva tion , 
pyrithiam ine treatm ent leads to :
( i ) rev e rs ib le  reduction of TK in blood hemolysates,
( i i )  ir re v e rs ib le  TK d e f ic i ts  in both vulnerable and 

non-vulnerable brain s tru c tu re s  following onset 
of neurological symptoms.

[This study was funded by the Medical Research Council of Canada 
(MA-9156) and Fonds de la  recherche en san té du Québec]
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380.13 EFFECTS OF AMPHETAMINE ON CEREBRAL METABOLISM FOLLOWING 
BRAIN DAMAGE AS REVEALED BY QUANTITATIVE CYTOCHROME 
OXIDASE HISTOCHEMISTRY. R .L .  S u t t o n ,  M .J .  C h e n * , 
D .A . H ovda a n d  D.M . F e e n e y , D e p a r tm e n ts  o f  P s y c h o lo g y  
a n d  P h y s i o l o g y ,  UNM, A lb u q u e r q u e ,  NM 8 7 1 3 1  a n d  M e n ta l  
R e t a r d a t i o n  R e s .  C e n t e r ,  UCLA, L o s  A n g e le s ,  CA 9 0 0 2 4 .

We h a v e  r e p o r t e d  t h a t  t h e  p e r v a s i v e  d e p r e s s i o n  o f  
g l y c o l y t i c  m e ta b o l i s m  w h ic h  o c c u r s  f o l l o w i n g  u n i l a t e r a l  
b r a i n  i n j u r y  c a n  b e  a m e l i o r a t e d  b y  a m p h e ta m in e  (AMP) 
t r e a t m e n t  ( 1 ) .  S in c e  c y to c h r o m e  o x i d a s e  (CYO) i s  t h e  
t e r m i n a l  enzym e i n  t h e  m e t a b o l i c  p a th w a y  a n d  i s  m o re  
e f f i c i e n t  f o r  e n e r g y  p r o d u c t i o n  th a n  g l y c o l y t i c  
e n z y m e s ,  t h i s  en zy m e m a r k e r  p r o v i d e s  an  e f f i c a c i o u s  
i n d e x  o f  c e r e b r a l  o x i d a t i v e  m e ta b o l i s m  (COM). To 
d e t e r m i n e  t h e  e f f e c t s  o f  b r a i n  dam ag e  a n d / o r  d r u g  
t r e a t m e n t  on  COM, n o rm a l  r a t s  ( g r o u p s  N-AMP a n d  N-SAL) 
a n d  r a t s  w i t h  r i g h t  s e n s o r i m o t o r  c o r t e x  a b l a t i o n  
( g r o u p s  A-AMP a n d  A-SAL) w e re  g iv e n  an  i n j e c t i o n  o f  AMP 
(2  m g /k g )  o r  s a l i n e  (2 4  h r  p o s t i n j u r y ) .  T w e n t y - f o u r  h r  
a f t e r  d r u g  o r  s a l i n e  t r e a t m e n t  a n i m a l s  w e re  s a c r i f i c e d  
a n d  40 m ic r o n  c o r o n a l  s e c t i o n s  o f  b r a i n  t i s s u e  w e re  
s t a i n e d  f o r  CYO a c t i v i t y  u s i n g  t h e  m e th o d  o f  W o n g -R i le y  
( 2 ) .  S p o t  o p t i c a l  d e n s i t y  r e a d i n g s  w e re  t a k e n  i n  10 
s t r u c t u r e s :  N u c le u s  A ccu m b en s (ACB) ,  C a u d a te - P u ta m e n  
(C P U ), G lo b u s  P a l l i d u s  (G P ) , S u b th a l a m i c  N u c le u s  (C L ) , 
S u b s t a n t i a  N ig r a  (S N ) , Red N u c le u s  (N R ), S u p e r i o r  
P e d u n c l e  (B C ), L o c u s  C o e r u l e u s  (L C ) , D o r s a l  T e g m e n ta l  
N u c le u s  (NTD) ,  a n d  t h e  C e r e b e l lu m  ( C b ) . C o m p a r is o n  o f  
d a t a  f ro m  t h e  N-SAL a n d  A-SAL g r o u p s  r e v e a l e d  t h a t  
i n j u r y  p r o d u c e d  a  m a rk e d  b i l a t e r a l  r e d u c t i o n  o f  COM i n  
a l l  s t r u c t u r e s  e x c e p t  f o r  t h e  NTD a n d  t h e  r i g h t  SN. 
T he l e v e l  o f  CYO a c t i v i t y  a f t e r  b r a i n  i n j u r y  w as 
im p ro v e d  b y  AMP a s  t h e  A-AMP a n i m a l s  sh o w e d  h i g h e r  COM 
b i l a t e r a l l y  i n  t h e  G P, CL, NR, LC, a n d  Cb a s  w e l l  a s  i n  
t h e  c o n t r a l a t e r a l  ACB a n d  i p s i l a t e r a l  CPU c o m p a re d  t o  
A-SAL r a t s .  F i n a l l y ,  COM w as r e d u c e d  b i l a t e r a l l y  i n  
N-AMP r a t s  c o m p a re d  t o  N-SAL r a t s  i n  a l l  s t r u c t u r e s  b u t  
t h e  CL a n d ,  t h e  l e v e l  o f  CYO a c t i v i t y  w as lo w e r  
( b i l a t e r a l l y )  i n  t h e  SN, NR, LC, NTD a n d  Cb o f  N-AMP 
a n i m a l s  t h a n  i t  w as  f o r  A-AMP r a t s .  T h i s  d e p r e s s i o n  o f  
CYO a c t i v i t y  i n  N-AMP r a t s  may r e f l e c t  a n  im m e d ia te  
p o s t i n t o x i c a t i o n  e f f e c t  o f  AMP on COM. T h e s e  o v e r a l l  
r e s u l t s  s u p p o r t  t h e  h y p o t h e s i s  t h a t  a  g e n e r a l i z e d ,  
r e m o te  f u n c t i o n a l  d e p r e s s i o n  o f  COM o c c u r s  f o l l o w i n g  
b r a i n  i n j u r y  a n d  t h a t  AMP c a n ,  a t  l e a s t  i n  p a r t ,  r e t u r n  
COM to w a r d  n o rm a l  l e v e l s .
1 .  F e e n e y ,  e t  a l . ,  P h y s i o l . P s y c h . ,  1 3 , 1 9 7 - 2 0 3 ,  1 9 8 5 .
2 .  W o n g - R i le y ,  M. B r a i n  R e s . ,  1 7 1 , 1 1 - 2 8 ,  1 9 7 9 .

380.14  DEHYDRATION-INDUCED INCREASES IN PLASMA-DERIVED U -14 C-PALMITATE 
INCORPORATION INTO BRAIN OF AWAKE LONG-EVANS OR BRATTLEBORO RATS. 
J .M . G n a e d in g e r and S . I .  R a p o p o r t , (S p o n : A. N o ro n h a ) , L a b o ra to ry  
o f  N e u ro s c ie n c e s ,  N a t io n a l  I n s t i t u t e  on A ging , NIH, B e th e sd a , MD 
20892 .

W a te r -d e p r iv a t io n  o f Long-Evans r a t s  (LE) in d u c e s  ch an g es  in  
b r a in  c e l l  s t r u c t u r e ,  b lo o d  f lo w  and l o c a l  g lu c o s e  u t i l i z a t i o n  
w hich  a r e  s i m i l a r  to  c h an g es  i n  B r a t t l e b o r o  r a t s  (D I) w i th  a c c e s s  
to  w a te r .  B r a t t l e b o r o  r a t s  a r e  u n a b le  to  p ro d u ce  a  f u n c t i o n a l  
v a s o p r e s s in ,  and a r e  t h e r e f o r e  s l i g h t l y  d e h y d ra te d  even  w i th  f r e e  
a c c e s s  to  w a te r .  The m ost p ro n o u n ced  c h an g es  in  g lu c o s e  
u t i l i z a t i o n  a r e  se e n  in  th e  r e g io n s  o u t s id e  th e  b lo o d -b r a in  
b a r r i e r  ( e . g .  p o s t e r i o r  p i t u i t a r y ,  s u b f o r n i c a l  o r g a n ) ,  h a v in g  
n e u r a l  c o n n e c t io n s  w i th  th e  h y p o th a la m ic  r e g io n s  o f  b r a in .  
H ow ever, th e  s u p r a o p t ic  and p a r a v e n t r i c u l a r  h y p o th a la m ic  n u c le i  
a l s o  a r e  a f f e c t e d .  We p r e v io u s ly  m easured  in c o r p o r a t io n  o f  p lasm a 
p a lm i ta te  i n to  n o n - b a r r i e r  r e g io n s  o f  w a te r - p r o v id e d  and 
w a te r - d e p r iv e d  Long-Evans (LE) and hom ozygous B r a t t l e b o r o  (D I) 
r a t s  (G n a e d in g e r  and R a p o p o r t,  S oc. N e u r o s c i .  A b s t .  1 1 :3 7 8 , 
1 9 8 5 ) . We now r e p o r t  r a t e s  o f  i n c o r p o r a t i o n  o f  p lasm a p a lm i ta te ,  
J p a l m, i n  b r a in  r e g io n s  w i th in  th e  b lo o d - b r a in  b a r r i e r .

M ale , 3 -4  m o n th -o ld ,  LE and DI r a t s  w ere  e i t h e r  p ro v id e d  w ith  
w a te r  a d - l ib id u m  o r  d e p r iv e d  o f w a te r .  U-14 C - p a lm ita te  was 
i n j e c t e d  i v  a s  a b o lu s ,  and a n im a ls  w ere k i l l e d  4 h l a t e r .  A f te r  
f r e e z in g  a t  -5 0  C, b r a in s  w ere c u t  i n to  20 m icro n  s e c t i o n s  and 
p la c e d  a g a in s t  Kodak SB-5 f i lm  f o r  5 w e e k s . F ilm s  w ere 
d e n s i t o m e t r i c a l l y  scan n e d  and o p t i c a l  d e n s i t i e s  w ere c o n v e r te d  to  
Jp a lm , u s in g  i n t e g r a t e d  p lasm a s p e c i f i c  a c t i v i t y  o f  p a lm i ta te .  
B o n fe r ro n i  t - s t a t i s t i c s  f o r  m u l t ip l e  co m p a riso n s  w ere u sed  to  
a n a ly z e  d a t a .

R e g io n a l  i n c r e a s e s  i n  Jp a lm  w ere se e n  th ro u g h o u t  th e  b r a in  in  
w a te r - d e p r iv e d  LE a n im a ls  and in  w a te r - p r o v id e d  and w a te r -d e p r iv e d  
DI r a t s  a s  com pared to  h y d ra te d  LE r a t s .  W a te r -d e p r iv e d  LE r a t s  
showed an a v e ra g e  72% in c r e a s e  i n  Jp a lm , w h e re a s  w a te r -p ro v id e d  
and w a te r - d e p r iv e d  DI r a t s  had in c r e a s e s  o f  63% and 80% o f  
h y d ra te d  L E - c o n tr o l ,  r e s p e c t i v e l y .  The s e v e r i t y  o f  d e h y d ra t io n ,  
a s  a s s e s s e d  by p lasm a o s m o l a l i ty ,  ro u g h ly  c o r r e l a t e d  w i th  th e  
i n c r e a s e  i n  J p a l m in  b o th  LE and DI s t r a i n s .  As v a s o p r e s s in  was 
p r e s e n t  i n  th e  LE r a t s ,  th e  r e s u l t s  i n d i c a t e  t h a t  p lasm a 
h y p e r t o n i c i t y  i s  th e  in d e p e n d e n t  f a c t o r  w hich  i n c r e a s e s  Jpalm  
g e n e r a l ly  th ro u g h o u t  th e  b r a in  o f  LE and DI r a t s . The e f f e c t  may 
be m e d ia te d  by an  i n c r e a s e d  b r a in  p o o l o f  p a lm i t a t e ,  ca u se d  by the 
tw o - fo ld  i n c r e a s e  i n  p lasm a p a lm i ta te  i n  w a te r - d e p r iv e d  LE and DI 
r a t s ,  and w a te r - p r o v id e d  DI r a t s .

380.15 the BEHAVIORAL AND HEMATOLOGICAL EFFECTS OF NIMODIPINE AND VERAPAMIL 
ON SODIUM NITRITE-INDUCED METHEMOGLOBINEMIA. J.M . Fahey*, R.L. 
I saacso n  and L. G laz e r* . D epartm ent o f Psychology and C enter fo r  
N eu robehav io ra l S c ie n ces , SUNY-Binghamton, Binghamton, N.Y. 13901.

In  ro d e n ts , th e  a d m in is tr a t io n  o f sodium n i t r i t e  (NaNO2) has been 
found to  dec re a se  m otor a c t i v i t y  (Behroozi e t  a l . ,  I s r a e l  J . Med. 
S c i . (8:1007 ,1972 ), to  in c re a s e  a g g re ss io n  (G reuner, Pharm acol. Bio
chem. Behav. 2: 267-269 ,1974), and to  produce d e f i c i t s  in  th e  ac q u i
s i t i o n  o f an in h ib i to r y  avo idance response  (M artinez e t  a l . ,  
P sychopharm acol. 60 :221 -228 ,1979 ). This i s  though t to  be due to  th e  
fo rm a tion  o f  NaNO2 -  induced m ethem oglobinem ia which im p a irs  the  
ox y g en -ca rry in g  c a p a c ity  o f e ry th ro c y te s .  The b e h a v io ra l and hema
to lo g ic a l  e f f e c t s  o f two ca lcium  slow channel a n ta g o n is ts  on NaNO2-  
induced methem oglobinem ia were examined in  th e  p re s e n t s tu d y .

E ig h ty  male Long-Evans Hooded r a t s ,  45-55 days o f ag e , were non- 
s y s te m a tic a l ly  se p a ra te d  in to  fo u r  g roups. Equim olar i n t r a p e r i 
to n e a l ( i . p . )  in j e c t io n s  o f e i t h e r  n im odip ine (5 mg/kg) o r v erapam il 
(5 .45  mg/kg) were ad m in is te re d  2 o r  24 h r  b e fo re  i . p .  in j e c t io n s  o f 
NaNO2 (75 m g/kg). A f i f t h  group re c e iv e d  on ly  NaNO2 . The anim als 
in  th e se  f iv e  groups were random ly s e le c te d  to  be t e s te d  e i t h e r  
b e h a v io ra lly  o r b io c h em ica lly .

M otor a b i l i t i e s  were m easured by perform ance on a ro to ro d . Un
t r e a te d  an im als were t r a in e d  fo r  th re e  days on th e  a p p a ra tu s  u n t i l  
they  reached  c r i t e r io n  perform ance (30 sec  on th e  rod r o ta t in g  a t  
14 rpm ). On th e  n e x t day th e  an im als were t e s te d  a f t e r  th e  adm ini
s t r a t i o n  o f  drugs and 10 min o f swimming in  21°C w a te r. P i l o t  
s tu d ie s  in d ic a te d  th e  g r e a t e s t  perform ance d e f i c i t s  induced by NaNO2 
occu r a f t e r  oxygen-debt e x e r t io n s .  Blood was o b ta in ed  from o th e r ,  
n o n -b e h a v io ra lly  te s t e d  e th e r iz e d  an im als by c a rd ia c  pu n c tu re  
fo llo w in g  drug a d m in is tr a t io n .  The le v e ls  o f m ethem oglobin (MHb) 
were determ ined  as a  p e rce n tag e  o f t o t a l  Hb u s in g  th e  tech n iq u e  of 
Evelyn and M alloy (J . B io l . Chem. 126 :655-662 ,1938 ).

A f te r  swimming, b o th  n im odip ine and v e ra p a m il - tr e a te d  anim als 
were im paired  in  ro to ro d  perform ance r e l a t i v e  to  th e  non-drug group in  
bo th  th e  2 and 24 h r  p re tre a tm e n t g roups. The amount o f  MHb in  th e  
b lood  d id  n o t p a r a l l e l  th e  b e h a v io ra l e f f e c t s .  Nimodipine and 
v erapam il reduced th e  MHb le v e ls  a t  bo th  tim e p e r io d s  r e l a t i v e  to  th e  
an im als th a t  on ly  re c e iv e d  NaNCO2.

This su g g es ts  th a t  th e  slow  calcium  channel b lo c k e rs  reduce th e  
fo rm a tio n  o f MHb. However, our r e s u l t s  do n o t in d ic a te  a s tro n g  
a s s o c ia t io n  between MHb le v e ls  and th e  im pairm ent o f m otor a c t i v i t y .  
The im pairm ent in  ro to ro d  perform ance fo llo w in g  th e  a d m in is tr a tio n  
o f  th e  ca lc ium  a n ta g o n is ts  coupled  w ith  th e  e x e rc is e  o f swimming 
rem ain to  be e x p la in e d . S ince p rev io u s  unpub lished  s tu d ie s  have 
shown th a t  swimming d id  n o t a l t e r  MHb blood  le v e ls  in  NaNO2- t r e a t e d  
an im a ls , f u tu r e  experim en ts shou ld  examine w hether i t  i s  th e  
e x e rc is e  o r  s t r e s s  components o f th e  swimming p rocedu re  th a t  
produce th e  ca lcium  channel b lo c k e rs -in d u c e d  im pairm ent.

380.16  REGIONAL CEREBRAL AND NEURAL LOBE BLOOD FLOW DURING INSULIN- 
INDUCED HYPOGLYCEMIA IN UNANESTHETIZED RATS. B .R . H o l l in g e r * , 
R .B . P a g e , R.M. B ry a n , J r . , (SPON: R.A.W. Lehm an), D e p t. o f  
S u rg e ry  ( N e u ro s u rg e ry ) ,  Anatom y, and P h y s io lo g y .  The M .S. 
H ersh ey  M e d ic a l C e n te r  o f  The P e n n s y lv a n ia  S t a t e  U n iv e r s i ty ,  
H e rsh e y , PA 17033.

The e f f e c t s  o f  h y p o g ly ce m ia  on r e g i o n a l  c e r e b r a l  (rCBF) and 
n e u r a l  lo b e  (NLBF) -  b lo o d  flo w  w ere  s tu d i e d  in  u n a n e s th e t i z e d  
r a t s .  R a ts  w ere  a n e s t h e t i z e d  w i th  h a lo th a n e  (1.5% ) and n i t r o u s  
o x id e  (70%) in  a  b a la n c e  o f  oxygen and s u r g i c a l l y  p r e p a r e d  w i th  
c a t h e t e r s  in  t h e  l e f t  fe m o ra l  a r t e r y  and v e in .  F o llo w in g  s u r g e r y ,  
th e  r a t s  w ere  r e s t r a i n e d  w i th  a  p l a s t e r  h ip  c a s t  and a llo w e d  4 
h o u rs  to  r e c o v e r  from  a n e s t h e s i a .  Body te m p e ra tu re  was m o n ito re d  
r e c t a l l y  and  m a in ta in e d  w ith  a  h e a t  lam p. The r a t s  w ere  d iv id e d  
i n t o  3 g ro u p s  c o n s i s t i n g  o f  1) a  no rm o g ly cem ic  g roup  w hich  
r e c e iv e d  o n ly  s a l i n e ,  2) h y p o g ly ce m ic  g roup  A, w hich  was g iv e n  
15 u n i t s  o f  i n s u l i n  I .V . / k g  o f  body w e ig h t  30 m in u te s  p r i o r  to  
f lo w  m ea su rem e n t, and 3) h y p o g ly ce m ic  g roup  B w hich  was g iv en  15 
u n i t s  o f  I n s u l i n  I .V . / k g  body w e ig h t  90 m in u te s  b e f o r e  flo w  was 
m ea su red  and 5 a d d i t i o n a l  u n i t s / k g  body w e ig h t  30 m in u te s  p r i o r  
t o  f lo w  m easu rem en t. R e g io n a l  c e r e b r a l  b lo o d  flo w  (rCBF) was 
m ea su red  u s in g  14C - io d o a n t ip y r in e .  Mean p lasm a  g lu c o s e  was 8 .7 6  
u m ol/m l in  t h e  c o n t r o l  g ro u p , 2 .6 3  um ol/m l in  th e  h y p o g ly ce m ic  
g ro u p  A, and 1 .5 1  um ol/m l in  th e  h y p o g ly ce m ic  g roup  B. Mean PaCO2 
was 3 8 , 43 and  44 mmHg f o r  t h e  n o rm o g ly cem ic  c o n t r o l  g ro u p , 
h y p o g ly ce m ic  g ro u p s  A and B r e s p e c t i v e l y .  P lasm a e p in e p h r in e  
in c r e a s e d  3 - f o l d  and n o r e p in e p h r in e  2 - f o l d  o v e r  c o n t r o l  in  b o th  
o f  t h e  h y p o g ly ce m ic  g ro u p s . rCBF was c o r r e c te d  f o r  c h an g es  in  
f lo w  due to  an i n c r e a s e  in  PaCO2 in  t h e  h y p o g ly ce m ic  g ro u p s . 
rCBF s i g n i f i c a n t l y  in c r e a s e d  in  th e  o l f a c t o r y  b u l b , c a u d a te -  
p u tam en , and  th a la m u s  in  th e  h y p o g ly ce m ic  g roup  A. In  th e  hypo
g ly c e m ic  g ro u p  B , rCBF i n c r e a s e d  s i g n i f i c a n t l y  in  a l l  b r a i n  
r e g io n s  m easu red  w i th  th e  e x c e p t io n  o f  th e  n e u r a l  lo b e  w hich  
d e c re a s e d .  The i n c r e a s e  in  rCBF ra n g e d  from  38% in  th e  hypothalam us 
to  139% in  t h e  th a la m u s . N e u ra l  lo b e  flow s ig n if ic a n tly  decreased 
by 31%. A p l o t  o f  rCBF a s  a  f u n c t io n  o f  p lasm a  g lu c o s e  i n d i c a t e d  
t h a t  rCBF was n o t  chan g ed  from  th e  n o rm o g ly cem ic  r a t e s  u n t i l  
g lu c o s e  d ro p p ed  b e lo w  a p p ro x im a te ly  2 u m o l/m l. Below 2 um ol/m l 
rCBF ch an g ed  d r a m a t i c a l l y .  I t  i s  i n t e r e s t i n g  to  n o te  t h a t  th e  
n e u r a l  lo b e  i s  th e  o n ly  r e g io n  n o t  p r o t e c t e d  by  a  b lo o d  b r a i n  
b a r r i e r  and th u s  may b e  s e n s i t i v e  t o  ch an g es  i n  v a s o a c t iv e  a g e n ts  
i n  b lo o d  su c h  a s  e p in e p h r in e  and n o r e p in e p h r in e .  (AHA G r a n t - in -  
A id w i th  fu n d s  c o n t r i b u te d  from  th e  Palm  Beach C ounty C h a p te r ,  
FL and PHS G ra n ts  NS19341 and  NS15926).
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380.17  CEREBRAL METABOLITES IN EDEMATOUS WHITE MATTER OF THERMAL VERSUS 
MECHANICAL BRAIN INJURY. P .A . T o rn h e im , K .R . W agner an d  K . 
M e in in g e r .*  D e p ts .  o f  A n a t. & C e l l  B io l ,  and  N e u r o l . ,  U n iv . o f  
C i n c in n a t i  Col l . M ed., V.A. Med. C e n te r ,  C i n c in n a t i ,  OH 45267.

A c e r e b r a l  c o ld  i n j u r y ,  u s e d  f r e q u e n t l y  a s  a  m odel f o r  b r a i n  
tra u m a , c a u s e s  a  s p re a d  o f  p r o t e i n - r i c h  ( v a s o g e n ic )  edema in to  
t h e  w h i te  m a t t e r .  W ith  t h i s  i n s u l t ,  h ig h -e n e rg y  p h o s p h a te  
c o n c e n t r a t i o n s  a r e  n o t  d e p le t e d  i n  th e  edema t e r r i t o r y  ( S u tto n  
e t  a l . ,  J .N e u ro s u r g .  5 3 :4 7 0 ) .  I n  th e  p r e s e n t  s tu d y ,  we com pared 
m e t a b o l i t e  c o n c e n t r a t i o n s  i n  ed em ato u s w h i te  m a t t e r  n e a r  a  
m e c h a n ic a l ly - in d u c e d  c e r e b r a l  c o n tu s io n  to  t h o s e  i n  w h i te  m a t te r  
n e ig h b o r in g  a  c o ld  l e s i o n .

P h y s io lo g ic a l ly - m o n i to r e d  a n e s t h e t i z e d  c a t s  r e c e iv e d  
i n t r a v e n o u s  Evans B lue  dye (E B ), and  w ere s u b je c t e d  to  one o f  
th e  f o l lo w in g :  a )  a  c o ld  l e s i o n  o f  th e  l e f t  s u p r a s y l v ia n  g y ru s ;  
b )  im p a c t to  th e  l e f t  s id e  o f  th e  s k u l l  t h a t  c a u se d  a c c e l e r a t i o n  
an d  r o t a t i o n  o f  th e  h e a d ;  o r  c )  sham i n j u r y .  A t 2 -3  h o u r s  a f t e r  
t ra u m a , b r a i n  m e ta b o l i t e  c o n c e n t r a t i o n s  w ere  f i x e d  by  in  s i t u  
f r e e z in g .  H e a d - in ju re d  a n im a ls  w ere s e l e c t e d  f o r  s tu d y  b a s e d  on 
th e  p r e s e n c e  o f  l e f t  c e r e b r a l  c o n tu s io n .  V i s ib l e  s t a i n i n g  w ith  
E B -ta g g ed  serum  p r o t e i n  was u s e d  to  d e te rm in e  th e  l o c a t i o n  o f  
v a s o g e n ic  edem a. I n  c o l d - i n j u r e d  an d  h e a d - i n ju r e d  c a t s ,  w h ite  
m a t t e r  sa m p le s  w ere ta k e n  b o th  w i t h in  an d  p e r i p h e r a l  to  th e  
v a s o g e n ic  edema t e r r i t o r y  on th e  l e f t  s i d e .  Sam ples w ere 
m ea su red  f o r  ATP, ADP, AMP, p h o s p h o c r e a t in e , l a c t a t e ,  g ly co g e n  
an d  g lu c o s e  c o n c e n t r a t i o n s  by  e n z y m a t ic - f l u o r o m e tr i e  t e c h n iq u e s ;  
m ag n itu d e  o f  edema was m ea su red  w i th  an  o r g a n ic  d e n s i t y  
g r a d i e n t .  M e ta b o l i t e  c o n c e n t r a t i o n s  w ere  c o r r e c t e d  f o r  d i l u t i o n  
w i th  edem a.

I n  h e m is p h e re s  w i th  a  c o ld  i n j u r y ,  m e t a b o l i t e  c o n c e n t r a t i o n s  
w ere  u n ch an g ed  i n  w h i te  m a t t e r  w i th o u t  edem a. I n  th e  v a s o g e n ic  
edema t e r r i t o r y  o f  t h e s e  a n im a ls , l a c t i c  a c id  was e l e v a t e d  b u t  
t h e r e  was no m e a s u ra b le  c h an g e  i n  h ig h -e n e rg y  p h o s p h a te  
c o n c e n t r a t i o n s .  C a ts  w i th  a  c o n tu s io n  o f  m e c h a n ic a l  i n ju r y  h ad  
a  m ild  i n c r e a s e  i n  l a c t i c  a c id  w i th o u t  c h a n g es  i n  h ig h -e n e rg y  
p h o s p h a te s  i n  n o n ed em ato u s w h i te  m a t t e r  p e r i p h e r a l  t o  c e r e b r a l  
c o n tu s io n ;  by  c o n t r a s t ,  w h i te  m a t t e r  w i th  th e  v a s o g e n ic  edema o f  
c o n tu s io n  h a d  a  m arked  in c r e a s e  i n  l a c t i c  a c id  an d  s i g n i f i c a n t  
d e c r e a s e s  i n  ATP an d  p h o s p h o c re a t in e .

T h ese  f i n d i n g s  s u g g e s t  t h a t  w h i te  m a t t e r  c o n ta i n in g  th e  
v a s o g e n ic  edema o f  m e c h a n ic a l  tra u m a  s u f f e r s  m ore s e v e r e  
m e ta b o lic  p e r t u r b a t i o n  th a n  t h a t  p e r i p h e r a l  to  a  th e rm a l  i n s u l t .  
We s p e c u l a te  t h a t  p a th o p h y s io lo g ic  e v e n ts  o c c u r r in g  w i th in  
m in u te s  a f t e r  m e c h a n ic a l  i n ju r y  c a n  c a u se  a c u te  m e ta b o lic  
p e r t u r b a t i o n s  (W agner e t  a l . ,  J .  N e u ro s u rg . 6 3 :8 8 -9 6 )  t h a t  a re  
e x a g g e r a te d  by  th e  s p re a d  o f  v a s o g e n ic  edema from  c o n tu s io n .

T h is  s tu d y  was s u p p o r te d  by  NIH G ra n t  NS 17975.
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381.1 FURTHER EVIDENCE OF NEGLIGIBLE INFLUENCE OF GLUCOSE-6 -PHOSPHATASE 
ACTIVITY ON DEOXYGLUCOSE METHOD. K .M ori* , G .L u c ig n a n i* , K .S ch m id t* , 
T . J a y , E . Palom bo*, T .N e lso n *, C . K ennedy an d  L .S o k o lo f f . Lab. C ereb . 
M e ta b o lism , NIMH, B e th e sd a , MD 20892

The d e o x y g lu c o se  (DG) m ethod  f o r  m easu rem en t o f  l o c a l  c e r e b r a l  
g lu c o s e  u t i l i z a t i o n  a ssum es t h a t  p r o d u c ts  o f  DG p h o s p h o r y la t io n  
a r e  e s s e n t i a l l y  t r a p p e d  i n  th e  t i s s u e s ,  n o t  f o r e v e r ,  b u t  f o r  th e  
d u r a t i o n  o f  th e  e x p e r im e n ta l  p e r i o d  ( S o k o lo f f  e t  a l ,  J .N eu ro ch em . 
2 8 :8 9 7 , 1 9 7 7 ) . I t s  a p p l i c a t i o n  i n d i c a t e d  no d e t e c t a b l e  l o s s  o f  
p r o d u c t  a t  45 m in . ,  a  s m a l l  l o s s  a t  60 m in . ,  an d  p r o g r e s s iv e l y  
g r e a t e r  l o s s e s  a t  90 an d  120 m in . f o l lo w in g  an  I .V .  p u l s e  o f  
[ 14C]DG ( i b i d . ;  S o k o lo f f ,  A dv.N eurochem . 4 : 1 ,  1 9 8 2 ) . The l o s s ,  
when i t  o c c u r s , i s  p re su m a b ly  due to  G 6 P ase . F ishm an  and 
K arn o v sk y  (J . N e u ro c h e m ., 4 6 :3 7 1 , 1986) h av e  e x p la in e d  th e  l a g  in  
a p p e a ra n c e  o f  G6Pase a c t i v i t y  by  f i n d i n g  t h a t  h y d r o ly s i s  o f  DG6P 
by  G6Pase i n  b r a i n  i s  r a t e - l im i te d  by  th e  d i f f u s i o n  o f  DG6P from  
th e  c y to s o l ,  w here  i t  i s  fo rm ed , a c r o s s  th e  e n d o p la sm ic  r e t i c u l a r  
m embrane to  th e  s i t e  w here  G6Pase r e s i d e s .  The o r i g i n a l  DG m odel 
was r e v i s e d  to  i n c lu d e  t h i s  new in f o r m a t io n ,  an d  an  e q u a t io n  was 
d e r iv e d  to  d e f in e  t o t a l  t i s s u e  14C c o n c e n t r a t i o n ,  Ci* (T), in  te rm s 
o f  t im e ,  T, h i s t o r y  o f  a r t e r i a l  p la sm a  DG c o n c e n t r a t i o n ,  Cp* ( t ) ,  
an d  5 r a t e  c o n s t a n t s  in c lu d in g  one f o r  d i f f u s i o n  o f  DG6P a c ro s s  
t h e  e n d o p la sm ic  r e t i c u l a r  m embrane an d  a n o th e r  f o r  i t s  h y d r o ly s i s  
by  G 6 P ase . Program m ed I .V .  i n f u s i o n s  o f  [ 14C]DG w ere  a d m in is te r e d  
to  45 c o n s c io u s  r a t s  t o  a c h ie v e  an d  m a in t a in  c o n s t a n t  a r t e r i a l  
p la sm a  c o n c e n t r a t i o n s ;  5 a n im a ls  w ere  k i l l e d  a t  e a c h  o f  9 tim e  
p o i n t s  b e tw e en  2 .5  an d  120 m in . Time c o u r s e s  o f  a r t e r i a l  [ 1A C]DG 
c o n c e n t r a t i o n s  w ere  m ea su red  by  r a d i o a s s a y ,  an d  l o c a l  14C c o n c e n 
t r a t i o n s  i n  23 c e r e b r a l  s t r u c t u r e s  a t  th e  k i l l  t im e  w ere d e t e r 
m ined  b y  q u a n t i t a t i v e  a u to r a d io g r a p h y .  The e q u a t io n  was f i t  to  
t h e  m ea su red  d a ta  by  a  n o n - l i n e a r  l e a s t - s q u a r e s  r o u t i n e  to  o b t a in  
th e  b e s t - f i t t i n g  r a t e  c o n s t a n t s .  The r e s u l t s  d e m o n s tra te  t h a t  th e  
r a t e  c o n s ta n t  f o r  d i f f u s i o n  o f  DG6P a c r o s s  t h e  e n d o p la sm ic  r e t i 
c u l a r  m embrane i s  in d e e d  r a t e - l i m i t i n g ;  i t  e q u a ls  o n ly  0 .0 0 1  p e r  
m in . , l e s s  th a n  1 /5 0  th e  r a t e  c o n s t a n t  f o r  t h e  p h o s p h o r y l a t i o n  o f  
DG by  h e x o k in a s e . The d a t a  w ere  a l s o  a n a ly z e d  by  th e  g r a p h ic a l  
e v a lu a t io n  te c h n iq u e  o f  P a t l a k  e t  a l . ( J .C e r e b .  B lo o d  Flow M e ta b . , 
3 :1 ,  1983) i n  w h ich  C i* (T )/C P* (T ), th e  a p p a re n t  d i s t r i b u t i o n  s p a c e ,

i s  p l o t t e d  a g a in s t T h is  p l o t  p r e d i c t s  t h a t  f o l 

lo w in g  an  e q u i l i b r a t i o n  p e r i o d  t h e r e  i s  a  l i n e a r  r e l a t i o n s h i p  a s  
lo n g  a s  t h e r e  i s  no l o s s  o f  p r o d u c t .  The r e s u l t s  d e m o n s tra te  t h a t  
a f t e r  th e  i n i t i a l  15 m in . o f  e q u i l i b r a t i o n  t h e r e  i s  su c h  l i n e a r i t y  
up to  60 m in . an d  th e n  a  s m a l l  an d  p r o g r e s s iv e l y  i n c r e a s i n g  d e v ia 
t i o n  from  l i n e a r i t y  a t  9 0 -1 2 0  m in . T h ese  r e s u l t s  c o n f irm  th e  n e g 
l i g i b l e  i n f l u e n c e  o f  G6Pase a c t i v i t y  on  th e  DG m ethod  d u r in g  th e  
p r e s c r ib e d  e x p e r im e n ta l  p e r i o d  o f  45 m in u te s .

381.2 CONTAMINANTS IN INADEQUATELY PURIFIED GLUCOSE AND INCOMPLETE 
RECOVERY OF METABOLITES ARE RESPONSIBLE FOR THE ERRONEOUS 
CONCLUSION OF HIGH GLUCOSE-6 -PHOSPHATASE ACTIVITY IN RAT BRAIN. 
G .D ie n e l ,  T .N e lso n * , N .C ru z* , T . J a y , L .S o k o lo f f , Lab o f  C e re b ra l  
M e ta b o lism , NIMH, B e th e sd a ,  MD 20892

Huang an d  Veech ( J . B i o l . Chem. 2 5 7 ,1 1 3 5 8 ,1 9 8 2 ; T ra n s .A m .S o c . 
N eurochem . 1 5 ,1 8 9 ,1 9 8 4 )  c la im e d  to  h a v e  d e m o n s tra te d  a  h ig h  r a t e  
o f  g lu c o s e - 6 - p h o s p h a ta s e  (G -6 -P a se )  a c t i v i t y  i n  r a t  b r a i n  on th e  
b a s i s  o f  m easu rem en t o f  s e l e c t i v e  d e t r i t i a t i o n  o f  [ 2 - 3H, 
U -14C ]g lu c o s e .  T h is  m ethod  i s  c r i t i c a l l y  d e p e n d e n t  on  th e  
i s o l a t i o n  o f  p u re  g lu c o s e  from  th e  t i s s u e .  They p ro v id e d  no 
e v id e n c e  f o r  su c h  p u r i t y  n o r  f o r  c o m p le te  r e c o v e r y  o f  g lu c o s e  
m e t a b o l i t e s ,  b o th  o f  w h ich  a r e  r e q u i r e d  f o r  v a l i d  c a l c u l a t i o n  o f  
th e  g lu c o s e  m e ta b o lic  r a t e .  T h e i r  r e s u l t s  c o u ld  n o t  b e  
c o n f irm e d  b y  N e lso n  e t  a l  ( S c ie n c e , 2 2 9 ,6 0 ,1 9 8 5 )  an d  by  D ie n e l  
e t  a l  (S o c .N e u r o s c i .  A b s t r .1 1 :2 ,1 1 2 3 ,1 9 8 5 )  who u s e d  more 
e x te n s iv e  g lu c o s e  p u r i f i c a t i o n  p r o c e d u r e s .  I n  t h i s  s tu d y ,  th e  
" g lu c o s e "  f r a c t i o n  was i s o l a t e d  from  e x t r a c t s  o f  f re e z e -b lo w n  
b r a i n s  by  th e  p r o c e d u r e s  o f  Huang and  V eech . I n  b r i e f ,  th e  
b r a i n  e x t r a c t s  w ere  a p p l i e d  t o  tandem  D o w e x -l-fo rm a te /D o w e x -1 - 
b o r a t e  co lum ns w h ich  w ere w ashed  w i th  w a te r ,  an d  th e  g lu c o s e  
f r a c t i o n  was e l u t e d  from  th e  b o r a t e  co lum n w i th  10 ml o f  4 N 
fo rm ic  a c id .  The e l u a t e  was d r i e d  a t  75°C, an d  th e  b o r i c  a c id  
was rem oved by  a d d i t i o n  o f  m e th a n o l an d  d r y in g .  A t l e a s t  7 
l a b e l e d  c o n ta m in a n ts  c o u ld  b e  r e s o lv e d  b y  2 - d im e n s io n a l  t h i n  
l a y e r  c h ro m a to g ra p h y  o f  th e  b o r a t e  co lum n e l u a t e . N e u t r a l  amino 
a c id s  w ere  p r e s e n t  i n  th e  b o r a t e  co lum n e l u a t e ;  84-93% o f  
r a d i o l a b e l e d  g lu ta m in e ,  a l a n i n e ,  an d  l e u c i n e ,  an d  62% o f  
g lu c o sa m in e  p r e s e n t  i n  o r  ad d ed  to  t h e  n e u t r a l i z e d  e x t r a c t  c o u ld  
b e  r e c o v e r e d  i n  t h i s  g lu c o s e  f r a c t i o n .  F u r th e rm o re ,  d e t r i t i a t e d  
b u t  14C - l a b e l e d  a c i d i c  compounds w ere  a l s o  fo u n d  i n  th e  b o r a t e  
co lum n e l u a t e .  T h ese  c o n ta m in a n ts  c o - p u r i f i e d  w i th  g lu c o s e  
th ro u g h  a  Dowex 50 colum n s t e p  an d  w ere  c o - e l u t e d  w i th  g lu c o n ic  
a c id  o r  G -6-P  from  a  D o w e x -l- fo rm a te  co lum n a f t e r  th e  g lu c o s e  
was d e r i v a t i z e d  by  g lu c o s e  o x id a s e  o r  h e x o k in a s e  t o  s e p a r a te  i t  
fro m  o t h e r  n e u t r a l  c o n ta m in a n ts .  T h u s, b o th  o f  Huang and  
V e e c h 's  " g lu c o s e  p u r i f i c a t i o n  p ro c e d u r e s "  (1 9 8 2 ,1 9 8 4 )  i s o l a t e d  
im p u re  g lu c o s e .  They a l s o  p r o v id e d  an  e n v iro n m e n t f o r  
d e t r i t i a t i o n  o f  t h e  l a b e l e d  g lu c o s e  an d  f o r  s id e  r e a c t i o n s  t h a t  
c o n v e r te d  g lu c o s e  an d  c o n ta m in a n ts  t o  o t h e r  14C - la b e le d  
com pounds. [ 14C ]C o n ta m in a n ts  i n  th e  " g lu c o s e "  f r a c t i o n  
a r t i f a c t u a l l y  lo w e r  th e  r e c o v e r y  o f  14C i n  t h e  g lu c o s e  
m e t a b o l i t e  f r a c t i o n  an d  a r t i f a c t u a l l y  i n c r e a s e  th e  a p p a re n t  
[ 14C ]g lu c o s e  s p e c i f i c  a c t i v i t y ,  t h e r e b y  d e p r e s s in g  th e  com puted 
r a t e  o f  p h o s p h o r y l a t i o n  o f  [ 14C ]g lu c o s e  r e l a t i v e  t o  t h a t  o f  
[ 3H ] g lu c o s e .  I n  p r o p e r l y  p u r i f i e d  g lu c o s e  f r a c t i o n s ,  t h e r e  was 
no d e t e c t a b l e  s e l e c t i v e  d e t r i t i a t i o n  o f  [ 2 - 3H ,U -14C ]g lu c o s e  
an d  no e v id e n c e  f o r  h ig h  G -6 -P a se  a c t i v i t y  i n  b r a i n .
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381.3 STRATEGIES FOR THREE-DIMENSIONAL RENDERING OF REGIONAL 
BRAIN ACTIVITY FROM  SERIAL 14 C 2-DEOXYGLUCOSE AUTORADIO
GRAPHS. W.K. Sm ith, D.S. Schlusselberg and D.J. Woodward. Dept. o f Cell 
Biology and Anatomy, Univ. o f Texas Hlth. S ci. Ctr. at Dallas, Texas 75285.

Ongoing studies in this laboratory have explored the general problem of three- 
dimensional reconstruction of neuroanatomical objects from serial sections using 
com puter graphics techniques. The initial development of the C A R P  system 
(C om puter A ided Reconstruction Package) was fueled by an intense interest in 
cell topography and neuronal connectivity in brain stem  nuclei. It became appar
ent th a t the hierarchical database structure and com puter graphics and image 
processing techniques utilized to  study brain stem  nuclei could also be applied 
to  o ther areas of neuroanatomical research. We report here the implementation 
of a general set of strategies for the three-dimensional display of regional brain 
activity from serial 14C 2-deoxyglucose (2-DG) autoradiographs.

In experiments on rats, tracer am ounts of 2-DG are injected intraperitoneally, 
the animal subjected to  a  drug injection or behavioral procedure, and sacrificed. 
The brains are quickly removed and frozen, and 20μ thick coronal sections are 
made using a  cryostat. The sections are placed on cover slips and rapidly dried 
before being covered w ith X-ray film to  make a  contact print of activity. Each 
piece of X-ray film is also exposed to  a  set of radioactive standards w ith known 
activities and tissue equivalents.

The film is placed on a  light table below a  video camera. A mechanical iris 
vignettes each image to  provide a stable video black level. Each autoradiographic 
slice is video digitized into an Ikonas (Adage 3000) frame buffer. Microcode 
routines have been w ritten to  perform video averaging, lighting correction and 
geometric interpolation on the digitized images. Sequential slices are aligned by 
storing the previous section in the green image plane, video digitizing the new 
section into the red and superimposing the two planes in real-time. The most 
recently calibrated standards are recorded as attribu tes of each digitized slice 
along w ith the pixel intensity data.

Regional brain activity in each section can be quantita ted  by tracing around 
the  region of interest and initiating a  fill operation which computes area, mean 
activity and other statistics. Alternatively, graphical tem plates from an atlas or 
histological preparation can be mapped onto the autoradiographic slice and used 
to  direct the analysis.

The filled regions from adjacent sections corresponding to  a  three-dimensional 
object can be displayed according to  various strategies. Activity topography 
maps from arb itrary  viewpoints in space can be constructed from the region fill 
data . Solid surface models can be color coded to  represent the  different levels 
of functional activity. New volume imaging techniques can be used to  create 
color-coded clouds of regional activity. A volume representation of the autora
diographic d a ta  allows easy selection of arb itrary  clipping planes for editing and 
display. Pictures created using these m odalities can also contain models rendered 
by more conventional three-dimensional display techniques. These methods al
low a more detailed correlational analysis of glucose uptake and local anatomical 
organization.
Support from  the R .J . Reynolds Tobacco Co., the Biological Humanics Founda
tion, DA 2888, and A A  8901.

381.4 CROSSCORRELATION ALIGNMENT OF ASYMMETRIC RAT BRAIN CORONAL 
AUTORADIOGRAPH IMAGES. L.S. Hibbard, Departments of Radiology 
and A nesthesia, The. M.S. Hershey Medical Center, The 
Pennsylvania S tate  U niversity , Hershey, Pennsylvania 17033

Three-dimensional (3D) reconstruction  of the brain from 
q u a n tita tiv e  autoradiography provides a mechanism for the d irec t 
comparison of d iffe ren t metabolic s ta te s  over the e n tire  b rain . 
Accurate reconstructions depend on s e r ia l image re g is t ra t io n ,  
and i t  was demonstrated e a r l ie r  th a t coronal section  alignment 
can be e ffec ted  by the principal axes transform ation (Hibbard 
and Hawkins, Am. J . Physiol. 247:E412-E429, 1984). This method, 
the  superposition  of image centro ids and p rincipal axes, works 
well in the fo reb ra in , but can break down in the h indbrain. 
There, the t is su e  sections are normally le ss  symmetric than in 
the  fo reb ra in , and sometimes irreg u la r  due to  the separation  of, 
or loss of s tru c tu re s  not mechanically attached to  each other 
w ithin a given sec tio n . In ad d itio n , the f i r s t  and second 
p rinc ipa l moments tend to  be c lo ser in value in the hindbrain 
than in the fo reb ra in , with a correspondingly le ss  re lia b le  
determ ination of the image alignment. F in a lly , to  complicate 
automated alignment methods, image misalignment has ro ta tio n a l 
and tra n s la tio n a l components which are mutually-dependent and 
which must be re fined  i te r a t iv e ly .  Drawing on experience with 
an unrelated  3D reconstruction  p ro je c t, (Hibbard, e t  al . , Comput. 
B iol. Med., in p ress, 1986), these  problems have been overcome 
using c ro ssco rre la tio n  techniques. The c ro ssco rre la tio n  of two 
images is  a function  in which the location  of the maximum defines 
the  re la tiv e  tra n s la tio n  needed to  superimpose one image onto the 
o th e r. T ransla tional misalignment is  adjusted by determining the 
c ro ssco rre la tio n  of high p a ss - f i l te re d  coronal images. 
Rotational misalignment is  determined from the c rossco rre la tion  
of polar-resam pled, gradient-operated  coronal images. Refinement 
of the p rincipal axes alignment then , consis ts  of a lte rn a te  
cycles of ro ta tio n a l and tra n s la tio n a l adjustm ents, the progress 
of which is  re f le c te d  in the value of the c ro ssco rre la tio n  
maximum which tends monotonically upward toward an asymptotic 
l im it .  Misalignment e rro rs  are modelled by ca lcu la tio n s  of the 
c ro ssco rre la tio n  on aligned images from various brain regions 
purposely misaligned by defined amounts. C rosscorrelation  
produces accurate and ob jec tive  alignments fo r those irreg u la r or 
asymmetric sections which could only be obtained previously by 
manual means. (Work supported by NSF grant BNS-8506479.)

381.5 THREE DIMENSIONAL RECONSTRUCTION AND IMAGE ANALYSIS OF 
BRAIN USING OCTREE REPRESENTATION. S.B. Berger, L.W. Tucker*  
and D .J. Reis. Laboratory of Neurobiology, Cornell Univ. Med. College, 
New York, N.Y. 10021.

C om puter-based three-dim ensional (3D) reconstruction  of seria l 
sections is a  pow erful tool in neuroanatom y capable of revealing 
functional and anatom ical relationships not readily apparen t in 2D views. 
C om puter-graphics display operations include resectioning  in a lte rn a te  
planes to  reveal in terior s tru c tu ra l relationships, shading to  revea l 3D 
shape and coloring for the display of functional maps. From a 
q uan tita tive  perspective, the reconstructed  brain models prove to  be 
useful for co rrelation  of spatial maps, which a re  derived from d iffe ren t 
im aging and h istochem ical m odalities (e.g ., im m unocytochem istry, 
autoradiography, PET, CT, MRI), and are  independent o f trad itional, 
d iscre te , anatom ical regions.

A major problem of this technique is the substan tial com putational and 
sto rage dem and for reconstruction , m anipulation, display and analysis, due 
to  the extrem ely  large number o f da ta  elem ents (2 million or more) which 
com pose a  brain model of even m odest com plexity. To decrease the 
com putational e ffo r t, we have chosen to  employ octree-encoding which 
involves h ie rarch ical subdivision of the volume into cubes o f varying sizes, 
such th a t large homogeneous regions (e.g. background) can be stored  as a 
sm all number of large blocks. In addition to  decreasing storage 
requirem ents, the h ie rarch ica l s tru c tu re  perm its  the  use of highly 
effic ien t algorithm s, many of which a re  linear in com plexity, and provides 
a  uniform  rep resen tation  of neuroanatom ical fea tu res. It is the refo re  
possible to  sim ultaneously display and quan tita tive ly  com pare spatia l 
distributions from , for instance, autoradiography and neuronal mapping 
studies.

We have designed and im plem ented algorithm s for seria l-section  
reconstruction , display and analysis of octree-encoded brain models. 
Analysis of the algorithm s, using the  r a t  brain as an exam ple, confirm s 
th a t the oc tree  s truc tu re  is both com pact and com putationally  effic ien t. 
The increase in efficiency tran sla tes  d irec tly  into increased system  
perform ance and decreased  expense, which provides a  too l for 
q u an tita tive  analysis of morphology and function to  the individual 
investigator.

381.6  EVALUATION OF COMPLEX PATTERNS OF BRAIN METABOLISM ASSOCIATED WITH 
ANESTHESIA. D .W .D av is, L .S .H ib b a rd ,  and R .A .H aw kins D epartm en ts 
o f  A n e s th e s ia ,P h y s io lo g y  and R a d io lo g y , M .S .H ersh ey  M e d .C tr . ,  Penn 
S t a t e  U n iv . ,  H e rsh e y , PA 17033

A u to r a d io g r a p h ic  te c h n iq u e s  a r e  w id e ly  u sed  to  p ro v id e  d e ta i l e d  
r e g i o n a l  in fo r m a t io n  a b o u t b r a in  e n e rg y  m e ta b o lis m ,b lo o d  flow , 
b l o o d - b r a in  b a r r i e r  t r a n s p o r t ,  p r o t e i n  s y n th e s i s  and r e c e p to r  
d i s t r i b u t i o n .  T h re e -d im e n s io n a l  (3D) r e c o n s t r u c t io n s  o f  s e r i a l ,  
a l i g n e d  a u to r a d io g r a p h s  t y p i c a l l y  d i s p l a y  a  com plex  p a t t e r n  of 
ch an g es  o v e r  th e  e n t i r e  b r a i n ,  r e g a r d le s s  o f  th e  n a tu r e  o f  the  
e x p e r i m e n t .  Many i n t r i g i n g  q u e s t i o n s  may y i e l d  a n s w e r s  i f  a 
m e th o d  f o r  e x t r a c t i n g  m e a n i n g f u l  d a t a  f ro m  t h e s e  c o m p le x , 3D 
p a t t e r n s  w ere a v a i l a b l e .  F o r e x a m p le , w ould c o m p a riso n s  a c ro s s  
t r e a t m e n t  g r o u p s  f o r  a  v a r i e t y  o f  a n e s t h e t i c  a g e n t s  l e a d  to  
o b s e r v a t io n s  a b o u t  th e  g e n e r a l  m echanism s o f  a n e s th e s ia ?  We a re  
a p p ly in g  s e v e r a l  s t a t i s t i c a l  m ethods to  th e  a n a ly s i s  o f  g ro u p s  of 
3D m e t a b o l i c  m aps i n  a  s e a r c h  f o r  c o r r e l a t e d ,  o r  v a r i a b l e ,  
m e t a b o l i c  b e h a v i o r  among b r a i n  r e g i o n s .  D a ta  w e re  u s e d  fro m  
e x p e r im e n ts  in  w hich  r a t s  w ere a n e s t h e t i z e d  w i th  v a r io u s  
i n t r a v e n o u s  a n e s t h e t i c s  and b r a in  e n e rg y  m e ta b o lism  was m easured  
by  [ 6 -1 4 C ]g lu c o s e .  B ra in s  w ere p re p a re d  f o r  a u to r a d io g r a p h y ,  
s c a n n e d  and c o n v e r te d  to  3D m e ta b o lic  maps a s  p r e v io u s ly  
d e s c r ib e d  (H ib b a rd  and H aw kins, Am. J .  P h y s io l .  2 4 7 : E 412,1 9 8 4 ) .  
P a i rw is e  c o m p a riso n s  o f  e x p e r im e n ta l  and c o n t r o l  r e s u l t s  by 
s u b t r a c t i o n  o f  3D maps p ro d u ce  s e r i a l  s e t s  o f  d i f f e r e n c e  im ages 
w hich  seem to  b e s t  d i s p l a y  g r o s s  ch an g es  w hich  o c c u r  o v e r  l a r g e  
p o r t i o n s  o f  th e  b r a i n .  C om parisons among more th a n  two 3D maps 
i n v o lv e  th e  c a l c u l a t i o n  o f  maps o f  th e  v a r ia n c e  and p r in c i p a l  
com ponent im a g e s . H ig h -v a lu e d  f e a t u r e s  i n  th e  v a r ia n c e  im ages 
c o r r e s p o n d  to  r e g io n s  e x h ib i t i n g  th e  g r e a t e s t  v a r i a t i o n  in  
r e s p o n s e  to  th e  e x p e r im e n ta l  s t i m u l u s .  The a r e a s  w ith  low  v a r ia n c e  
c o r r e s p o n d  to  r e g io n s  w ith  s im i l a r  r e s p o n s e  ( o r  a  c o r r e l a t e d  la c k  
o f  r e s p o n s e )  to  th e  t r e a tm e n t ;  su c h  3D maps show e n t i r e  s t r u c t u r e s  
b e h a v in g  in  a  c o o rd in a te d  f a s h i o n .  L ik e w ise , p r i n c i p a l  com ponent 
a n a l y s i s ,  b a se d  on th e  in te r - e x p e r im e n t  c o v a r i a n c e s ,  e x t r a c t s  
t h o s e  r e g io n s  o f  b r a in  w hich  h ave  th e  l e a s t - c o r r e l a t e d  re s p o n s e s  
i n  t h e  e x p e r i m e n t .  The a n a l y s i s  o f  v a r i a n c e  m aps an d  t h e  
p r i n c i p a l  com ponent maps can  be exam ined f o r  c o r r e l a t i o n s  w ith  
n e u ro a n a to m ic a l  s t r u c t u r e  by c o m p a riso n  w i th  a  com puter 
s t e r e o t a x i c  a t l a s  d e v e lo p e d  in  t h i s  l a b o r a to r y  (H ib b a rd , e t  a l . ,  
S o c .  N e u ro s c i  A b s t . 1 1 : 1 0 9 0 ,1 9 8 5 ) .T h is  work was s u p p o r te d  i n  p a r t  
by NIH g r a n t  NS16737 and NSF g r a n t  BNS-8506479.
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381.7 TOPOGRAPHY OF BASAL GLUCOSE UTILIZATION IN THE HIPPOCAMPUS 
DETERMINED WITH (1 -14C)-GLUCOSE AND HIGH RESOLUTION 
AUTORADIOGRAPHY. W.E. Stumpf, G.E. Duncan* and G.R. Breese. Dept. 
of Anatomy and Biological Sciences Research Center, U n iv .o f  North 
Carolina at Chapel H ill ,  Chapel H ill ,  NC 27514.

The d is t in c t  s t r a t i f i e d  h isto logy  and connectiv ity  of the h ip 
pocampus in v ite  analysis  of functional a c t iv i ty  w ithin th is  region 
using autoradiographic determ ination of local glucose u t i l iz a t io n .  
Previous work from our laborato ry  demonstrated dram atically  d i f 
fe re n t p a tte rn s  in the uptake and re ten tio n  of ra d io a c tiv ity  within 
the hippocampus, 30 min a f te r  in jec tio n  of ( l - 14C)-glucose or 
(14C)-2-DG (Duncan e t a l . Neuroscience 17:99-106, 1986). Much 
higher leve ls  of rad io ac tiv e  m etabolites accumulated from 
( l - 14C)-glucose, compared to  (14C)-2-DG, in the granular and mole
cu lar layers of the dentate gyrus and in the CA-1 pyramidal ce ll 
f i e ld .  Accumulation of high leve ls  of 14C from ( 1- 14C)-glucose, 
re la t iv e  to  ( 14C)-2-DG, could re s u lt  from excep tionally  low ra te s  
of loss of CO2 from these regions or a high ra te  of in tr a c e llu la r  
tra n sp o rt of rad io ac tiv e  m etabolites in to  the dentate granular 
c e l ls  and CA-1 pyramidal c e l l s ,  from regions d is ta l to  these ce ll 
bodies. I f  such fa c to rs  are responsib le  fo r the d ifferences in the 
hippocampal labeling  pa tte rn s  30 min a f te r  in jec tio n  of 
( l - 14C)-glucose or (14C)-2-DG, the r e la tiv e  amount of rad ioac
t i v i t y  in the various hippocampal regions should be d iffe ren t at 
sh o rte r in te rv a ls  a f te r  in jec tio n  of ( l - 14C)-glucose. th e re fo re , 
in the present study, a de ta iled  anatomical evaluation  was made, 
with high re so lu tio n  autoradiography, of the  uptake and re ten tio n  
of ra d io a c tiv ity  from ( l - 14C)-glucose in the  dorsal hippocampus, 
10 and 30 min a f te r  i . v .  in je c tio n  of th is  compound. V irtu a lly  
id en tic a l topographic p a tte rn s  of ra d io a c tiv ity  w ithin the h ip 
pocampus were observed in ra ts  a f te r  the  10 min o r 30 min survival 
p e riods ,bu t more ra d io a c tiv ity  was present in a ll  regions a t 30 
min compared to  10 min. For both surv ival tim es, the h ighest accu
mulation of 14C occurred in the granule c e ll layer of the dentate 
gyrus and in the pyramidal c e ll lay e r. R elative ly  high re ten tio n  
of ra d io a c tiv ity  was also found in the molecular layer of the den
ta te  gyrus and in the stratum  lacunosum-moleculare. The stratum  
radiatum contained the lowest leve ls  of ra d io a c tiv ity  among grey 
m atter regions of the hippocampus. The present findings ind ica te  
th a t an excep tiona lly  low ra te  of loss of 14CO2, or in tr a c e llu la r  
tran sp o rt of 14C-labeled m etabolites in to  c e ll bodies, do not 
account fo r the re la t iv e ly  high leve ls  of ra d io a c tiv ity  found in 
the CA-1 pyramidal ce ll layer and in the dentate gyrus, 30 min 
a f te r  adm in istra tion  of ( l - 14C )-glucose, since the re la tiv e  
d is tr ib u tio n  of ra d io a c tiv ity  was nearly  id en tica l fo r the 10 min 
and 30 min survival periods. Supported by PHS grants NS09914, 
MH-33127, MH-36294 and HD-03110.

381.8 THE EFFECTS OF RAPHE NUCLEI STIMULATION ON LOCAL CEREBRAL GLUCOSE 
UTILIZATION IN CONSCIOUS RATS. A. Cudennec*, D. Duverger*, E.T. 
Mackenzie*, B. Scatton and A. Serrano* (SPON: E. Hamel). Depart
ment of Biology, Laboratoires d'Etudes e t de Recherches Synthé labo, 
31, avenue P.V. C outurier, 92220-Bagneux, France.

The influence of the sero tonergic system on in tegra ted  func tion
al a c t iv i ty  in the b ra in , as studied by the q u a n tita tiv e  2-deoxy- 
glucose (2-DG) technique, is  re la tiv e ly  co n tro v e rs ia l. For in s tan 
ce, the sero tonergic  ag o n ist, quipazine, has been reported to e f 
fe c t widespread increases or decreases in local cerebral glucose 
u t i l iz a t io n  (LCGU). To obviate the problems re la ted  to the sp ec i
f i c i ty  of pharmacological agents we have examined the e ffe c ts  of 
d ire c t e le c tr ic a l  stim ulation  of two ro s tra l (dorsal and median) 
raphé nuclei on LCGU.

One week p rio r to the d e fin itiv e  experiments, ra ts  were anesthe
tiz ed  with chloral hydrate, placed in a s te reo tax ic  frame with non
perfo rating  ear bars and e lectrodes were introduced in to  e ith e r  the 
dorsal or the median raphe nucleus. At the time of the 2-DG study, 
femoral ca th e te rs  were inserted  and a loosely f i t t in g  abdominal 
cas t was app lied . Two hours a f te r  recovery from an esth esia , the 
dorsal (n=7) or median (n=5) raphe nucleus was stim ulated (~200μA, 
19 Hz, 2 msec) fo r 45 min. The [14-C]-2- DG was adm inistered 5 min 
a f te r  beginning the stim u la tion . In p a ra l le l ,  sham, non-stim ulated 
ra ts  were studied (n=7).

Stim ulation of the dorsal raphé nucleus induced a number of be
havioural changes; v ib rissa l movements, nystagmus, s tereo typ ic  mo
vements (e sp ec ia lly  of the jaw s). A moderate r is e  in mean a r te r ia l  
pressure (approximately 20 mm Hg) was seen in stim ulated  ra ts  in 
which an a r te r ia l  hypocapnia was also  noted. O v e ra ll , 56 b r a i n  r e 
gions out of 119 examined showed a s ig n if ic a n t increase in LCGU 
following dorsal raphé s tim u la tion ; 27 s tru c tu re s  were increased 
following median raphe stim u la tion . No s ig n if ic a n t decrease was 
ever noted. In some s tru c tu re s , LCGU doubled with dorsal raphe 
stim ulation  (the e ffe c ts  of median stim ulation  were co n sis ten tly  
le ss  marked). S trik ing  increases in LCGU were observed in d isc re te  
thalamic nuclei (9 out of 18) and in very lim ited  c o rtic a l regions 
which correspond to the fro n to p arie ta l somatosensory and fro n tal 
motor c o rtic e s . The increase in focal c o rtic a l LCGU was both lamin
ar (layers  I I ,  IV and VI) and columnar in natu re . Almost a l l  the 
re lays of the extrapyramidal system were ac tivated  by raphé stimu
la tio n  (eg. globus p a llid u s , red nucleus, substan tia  n igra) with 
the signal exception of the caudate nucleus.

These findings re in fo rce  the view th a t ex c ita tio n  of ascending 
sero tonergic  pathways causes a neuroanatomically defined ac tiv a tio n  
(not in h ib itio n ) of brain functional a c t iv i ty ,  as re fle c ted  by g lu 
cose use. Some thalam ocortical and extrapyramidal systems are mark
edly ac tiv a ted  by e le c tr ic a l  s tim ulation  of the ro s tra l raphé nuclei.

381.9 THE EFFECTS OF AGING ON CEREBRAL GLUCOSE METABOLISM IN F1 HYBRID 
PIGMENTED RATS. R i c h a r d  W. J o h n s o n * ,  D ia n a  L . D o w -E a w a rd s , 
L a u r e l  A. F r e e d * ,  a n d  A r n o ld  S .  L ip p a * .  (SPO N : K. No i z u m i ) 
L a b o ra to ry  o f  C e r e b ra l  Me t a b o l i s m, D e p a r tm e n t o f  N e u r o s u r g e r y , 
S UNY H e a l th  S c i e n c e s  C e n t e r  a t  B r o o k ly n  an d  N a t r i x  R e se a rc h  
L a b o r a to r ie s  I n c . ,  C i ty  C o l le g e  o f  New Y ork.

Th e  n o rm al a g in g  p r o c e s s  i s  a s s o c i a t e d  w i t h  a  g e n e r a l i z e d  
d e c r e a s e  in  c e r e b r a l  f u n c t i o n a l  a c t i v i t y  and in  th e  d ev e lo p m e n t 
o f  c o g n i t i v e  im p a irm e n t.  I t  h a s  b e e n  d e m o n s t r a t e d  t h a t  t h e r e  
a r e  d e c r e a s e s  i n  c e r e b r a l  g l u c o s e  m e ta b o lism  in  co m p o n en ts  o f  
t h e  s e n s o r y ,  m o to r ,  an d  l i m b i c  s y s t e m s .  In  a d d i t i o n ,  b r a i n  
s t r u c t u r e s  t h a t  a r e  im p l ic a te d  in  l e a r n in g  and m em ory, h av e  b een  
fo u n d  t o  b e  a f f e c t e d .  A l th o u g h  s e v e r a l  s t u d i e s  o f  r e g io n a l  
g lu c o s e  m e ta b o lism  h av e  b een  c a r r i e d  o u t  in  t h e  r a t ,  t h e r e  i s  no 
g e n e r a l  c o n s e n s u s  a s  t o  w h e th e r  a g in g  d e c r e a s e s  a l l  s i t e s  
e q u a l l y  a n d  w h e t h e r  p i g m e n t e d  r a t s  sh o w  s i m i l a r  t r e n d s .  
T h e r e f o r e  we h a v e  e m p lo y e d  t h e  q u a n t i t a t i v e  2 - d e o x y g l u c o s e  
m ethod o f  S o k o lo f f  t o  young and aged  p ig m e n ted  r a t s .

5 s e v e n  m o n th  a n d  6 tw e n ty  f i v e  m onth F1 h y b r id  p ig m en ted  
r a t s ,  p u rc h a s e d  from  J a c k s o n  L a b o r a t o r y ,  B a r H a r b o u r ,  P a i n e ,  
w e r e  h o u s e d  u n d e r  s t a n d a r d  l a b o r a t o r y  c o n d i t i o n s  f o r  4 w e e k s . 
F o llo w in g  an o v e r n ig h t  f a s t ,  a n im a l s  w e re  a n e s t h e t i z e d  w i t h  a 
m i x t u r e  o f  h a l o t h a n e - N 2-O -O 2 f o r  t h e  p l a c e m e n t  o f  v e n o u s  and 
a r t e r i a l  c a t h e t e r s .  L o o se ly  f i t t i n g  a b d o m in o p e lv ic  p l a s t e r  c a s t s  
w ere  a p p l i e d  and t h e  a n i mal s  w e re  a l l o w e d  t o  a w a k e n .  A f t e r  2 
h o u r s ,  1 2 5 u C i / k g  o f  ( 14C ) - 2 - d e o x y g l u c o s e  w as a d m i n i s t e r e d  
th ro u g h  th e  v en o u s  c a t h e t e r .  Timed a r t e r i a l  b lo o d  s a m p le s  w e re  
ta k e n  o v e r  t h e  n e x t  45 m in u te s .  The a n im a ls  w ere k i l l e d  w i th  a 
l e t h a l  i n j e c t i o n  o f  s o d iu m  p e n t o b a r b i t a l .  The b r a i n s  w e re  
rem o v e d  an d  p r o c e s s e d  f o r  a u t o r a d i o g r a p h y .  L o c a l  c e r e b r a l  
g l u c o s e  u t i l i z a t i o n  was c a l c u l a t e d  u s in g  t i s s u e  c o n c e t r a t i o n s  o f  
(C) a n d  t h e  p la s m a  c u r v e  f o r  g lu c o s e  and d e o x y g lu c o s e .  The 
r e s u l t s  w i l l  b e  c o m p a r e d  t o  p r e v i o u s  s t u d i e s  o f  g l u c o s e  
u t i l i z a t i o n  in  aged  r a t s .

381.10 CHARACTERIZATION OF REGIONAL GLUCOSE UTILIZATION AFTER EXPERIMENTAL 
CONCUSSION IN THE RAT. M.L. G ieb e l,*  B.G. L yeth , C.E. D ixon, 
H.H. S tonn in g to n ,*  H.F. Young,* and R.L. H ayes. R ichard  Roland 
Reynolds N eu ro su rg ica l R esearch  L a b o r a to r ie s ,D iv i s io n  o f  Neuro
su rg e ry  and D epartm ent o f  R e h a b il i ta t io n  M edic ine, M edical C o llege 
o f  V irg in ia ,  Richmond, VA 23298-0001.

T h is re s e a rc h  used  th e  method o f  S o k o lo f f  ( J .  Neurochem. 28:897, 
1977) to  examine changes in  th e  u p take  o f  ( 14C) deoxyglucose (2DG) 
and r a t e s  o f  lo c a l  g lu co se  u t i l i z a t i o n  in  b ra in  reg io n s  a f t e r  con
c u s s iv e  b ra in  in ju ry  in  th e  r a t .

P r io r  to  ex p e rim en ta tio n , Sprague-Dawley r a t s  w ere h a b itu a te d  
to  P le x ig la s  r e s t r a i n e r  tu b es  in  one-hour se s s io n s  over s ix  days. 
On th e  day o f  th e  experim en t, fem oral a r t e r i e s  and v e in  were 
can n u la te d  under ketam ine and m ethoxyflu rane a n e s th e s ia . A ll 
in c is io n s  were l i b e r a l l y  in fu se d  w ith  1% lid o c a in e .  Animals were 
p la ced  in  r e s t r a i n e r  tubes  and allow ed to  reco v e r from a n e s th e s ia  
f o r  th r e e  hours in  a  sound and l i g h t  a t te n u a t io n  chamber. R ats 
were a n e s th e tiz e d  w ith  m ethoxyflu rane f iv e  m inutes p r io r  to  a 
1 .5  atm concussive  in ju ry  (n=4) o r  sham in ju ry  (n= 4 ). HRP was 
in je c te d  (100 mg/kg, in  s a l i n e ,  i . v . )  a t  th r e e  m inutes p o s t-  
in ju ry  to  a s s e s s  b lo o d -b ra in  b a r r i e r  in t e g r i t y .  F ive  m inutes 
p o s t - in ju r y  o r  sham, DG was in je c te d  (15 μC i/k g , i . v . ) .  Timed 
p lasm a samples were ta k en  to  c a lc u la te  LGU. F o r ty - f iv e  m inutes 
fo llo w in g  DG in j e c t io n ,  an im als were k i l l e d  by an overdose o f  
sodium p e n to b a rb i ta l  (2 . 0 m l, i . v . )  and p e rfu s e d . B ra in s  were 
removed, f ro z e n , and se c t io n e d  fo r  DG a u to ra d io g ra p h ic  a n a ly s is  
by s ta n d a rd  te ch n iq u e s . A lte rn a te  s e r i a l  s e c t io n s  were c o l le c te d  
f o r  HRP v i s u a l iz a t io n  and hem otoxylin  and e o s in  s ta in in g .

P re lim in a ry  d a ta  in d ic a te d  in c re a se d  g lu co se  u t i l i z a t i o n  a f t e r  
traum a in  th e  b a s a l fo re b ra in  (11%), hippocampus (40%), amygdala 
(20%), in te rp e d u n c u la r  nuc leus  (39%), v e n t r a l  tegm enta l n u c le i  
(VTN) (29%), and th e  a re a  su rround ing  th e  VTN (22%). A ll o th e r  
s t r u c tu r e s  sampled in d ic a te d  d ec re a se s  in  g lu co se  u t i l i z a t i o n .  
These d a ta  a re  c o n s is te n t  w ith  p rev io u s  s tu d ie s  in  th e  c a t  (S cience 
233:301-303, 1984) su g g es tin g  th a t  some o f  th e  ac u te  resp o n ses  to  
co n c u ss iv e  in ju ry  may be r e l a te d  to  in c re a s e d  fu n c t io n a l a c t i v i t y  
o f  c e r t a in  b ra in  re g io n s .

T h is r e s e a rc h  was su ppo rted  by NIH G ran ts #NS 21458 and #NS 
12587 and th e  R ichard  Roland Reynolds N eu ro su rg ica l R esearch  
L a b o ra to r ie s .
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381.11 REGIONAL CEREBRAL GLUCOSE UTILIZATION DURING MILD HYPOXIA IN 
UNANESTHETIZED FREELY-MOVING RATS. C.MacNei l l * , K A .K eefer and 
R .M .B ry an , D e p ts . o f  S u rg e ry  (N e u ro su rg e ry )  and P h y s io lo g y ,  
M .S. H ersh ey  M e d ic a l C e n te r ,  The P e n n s y lv a n ia  S t a t e  U n i v e r s i ty ,  
H e rs h e y , PA 17033.

P r e v io u s  s t u d i e s  h av e  i n d i c a t e d  t h a t  c e r e b r a l  g lu c o s e  
u t i l i z a t i o n  i n c r e a s e s  d u r in g  s e v e r e  h y p o x ic  h y p o x ia  (P aO2 25 
T o r r ) . We h av e  t e s t e d  th e  h y p o th e s i s  t h a t  m ild  h y p o x ia  
(P aO2=42 T o r r ) , l i k e  s e v e r e  h y p o x ia ,  s t i m u l a t e s  g lu c o s e  m etabo lism  
i n  b r a i n .

R a ts  w ere  p r e p a r e d  w i th  c h ro n ic  a r t e r i a l  and  venous c a t h e t e r s  
and  p la c e d  in  an i n d iv i d u a l  cham ber f o r  4 day s  t o  r e c o v e r  from  
s u r g e r y .  The c a t h e t e r s  w ere  a c c e s s i b l e  t o  t h e  i n v e s t i g a t o r s  by 
p a s s in g  them  th ro u g h  th e  to p  o f  t h e  cham ber. H ypox ia  was in d u c e d  
by  f i l l i n g  t h e  cham bers w i th  11% O2 an d  89% N2 . R a ts  s u b je c t e d  
t o  2 m in and 17 min o f  h y p o x ia  w ere  com pared  to  n o rm o x ic  c o n t r o l  
r a t s .  rCMRgl was m easu red  u s in g  (6 -C 14) g lu c o s e .  P h y s i o lo g i c a l  
p a ra m e te r s  f o r  th e  t h r e e  g ro u p s  w ere  a s  f o l lo w s :

C o n tro l 2 m in H ypox ia 17 m in H ypoxia
P aO2 (T o rr ) 88 42 39
PaCO2 (T o rr ) 38 31 28
pHa 7 .4 0 7 .5 1 7 .51
MABP (T o rr ) 102 94 84
B ra in  l a c t a t e  

(u m o l/g ) 1 .2 3 3 .0 1 2 .5 8

The b r a i n  t o  p lasm a  g lu c o s e  r a t i o  ( 0 .2 2 ) ,  n e c e s s a r y  f o r  
c a l c u l a t i n g  rCMRgl, was u n ch an g ed  in  th e  h y p o x ic  g ro u p s .  A f te r  
2 m in o f  h y p o x ia ,  rCMRgl i n c r e a s e d  above c o n t r o l s  in  a l l  17 b r a i n  
r e g io n s  s tu d i e d ,  o f  w h ich  12 r e g io n s  w ere  s t a t i s t i c a l l y  
s i g n i f i c a n t  (p . 0 5 ) .  The i n c r e a s e  r a n g e d  from  5% in  th e  
p y ra m id a l  t r a c t ,  s u p e r i o r  c o l l i c u l u s ,  and  i n f e r i o r  c o l l i c u l u s  to  
22% i n  t h e  c a u d a te -p u ta m e n ,  h y p o th a la m u s  and  th a la m u s .  A f t e r  17 
min o f  h y p o x ia ,  no b r a i n  r e g io n  was s i g n i f i c a n t l y  d i f f e r e n t  from  
th e  c o n t r o l s .  We c o n c lu d e  t h a t  m ild  h y p o x ia ,  l i k e  s e v e r e  h y p o x ia ,  
i n c r e a s e s  rCMRgl, h o w ev er, t h e  i n c r e a s e  i s  o n ly  t r a n s i t o r y  w i th  
rCMRgl r e t u r n i n g  to  a  c o n t r o l  r a t e  a f t e r  17 m in . (AHA G r a n t - in -  
A id w i th  fu n d s  c o n t r i b u t e d  from  th e  Palm  Beach C ounty  C h a p te r ,  FL 
and PHS G ra n ts  NS 1 9 3 4 1 ).

381.13 IN VIVO GIUCOSE METABOLISM OF EXPERIMENTAL RAT GLIOSARCOMA: 19F 
2-FDG NMR IN VIVO ZEOGMATOGRAFHIC STUDY IN RAT BRAIN. I .L. 
Kwee*, T . Nakada, and T . Nagashim a *. Neurochem. R es. Lab, VA 
Med. C t r . , M artin ez , CA 94553, D ep t. o f  N eurology, U niv. o f  
C a l i f . ,  D av is, CA 95616, B ra in  Tumor R es. L a b ., U niv. o f  
C a l i f . ,  SF, CA 94143.

U sing  19F NMR sp ec tro sc o p y , we have  p r e v io u s ly  shown th e  in  
v iv o  m etabo lism  o f  2- f lu o ro -2 -d e a x y -D -g lu c o se  (2-FDG) i n  th e  
p e n to se  monophosphate s h u n t (PMS) and a ld o s e  r e d u c ta s e  s o r b i to l  
(ARS) pathw ays n o n - in v a s iv e ly  i n  r a t  b r a in  [ 1 ,2 ] .  I n  t h i s  
s tu d y , we in v e s t ig a t e d  th e  i n  v iv o  g lu c o se  m etabo lism  o f  
ex p e rim en ta l b r a in  tum or u s in g  r a t  g l i o s a r c oma c e l l  
im p la n ta tio n .

C u ltu re d  r a t  g l i o s a r c oma c e l l s  w ere  im plan ted  
s t e r e o t a c t i c a l l y  t o  b r a in s  o f  Sprague-D aw ley r a t s  (75-100g) c a . 
3mm b e n e a th  th e  s u r f a c e  th e  c o r t i c e s  [ 3 ] .  Each r a t  was s tu d ie d  
tw o t o  t h r e e  weeks p o s t - i mp la n ta t i o n  u s in g  a  Nic o l e t  NMR System 
NT-200 s p e c tro m e te r  o p e ra t in g  a t  4 .69T . 2-FDG (Behring 
D ia g n o s tic s , J a l l a ,  CA) d is s o lv e d  i n  s t e r i l e  w a te r  was in je c te d  
in t ra v e n o u s ly  (300m g/kg). To m inim ize m e ta b o lic  a c t i v i t i e s  
d u r in g  d a ta  a c q u is i t i o n ,  th e  an im al was s a c r i f i c e d  two hou rs  
p o s t  2-FDG in fu s io n  j u s t  p r i o r  t o  p lacem en t i n  th e  NMR probe 
w hich  c o n ta in e d  a  one t u r n  o v a l s u r f a c e  c o i l  (1 .8 ×2 . 0cm) custom  
d e s ig n e d  t o  c e n te r  o v e r  t h e  r a t  c a lv a r iu m . F o llow ing  shimming 
on  t i s s u e  w a te r  hydrogen (p ro to n  l i n e  w id th  c a .  40H z), th e  19F 
NMR s ig n a l s  w ere o b ta in e d  a t  188.2  MHz w ith  a  s p e c t r ow id th  o f  
4 ,000  Hz. A t o t a l  o f  tw en ty  tw o f i l e s  w ere c o l le c t e d  a t  
i n c r e a s in g  e q u a lly  inc rem en ted  v a lu e d  o f  th e  ob serv ed  p u ls e  
d u ra t io n .  The d a ta  s e t s  w ere p ro c e s s e d  u s in g  th e  s ta n d a rd  two 
d im en s io n a l F o u r ie r  tr a n s fo rm a tio n  m ethod. Im m edia tely  a f t e r  
t h e  s tu d y , th e  b r a in  was removed and f ix e d .  C oronal s e c t io n  o f  
ea ch  b r a in  was s tu d ie d  h i s to l o g ic a l ly  t o  c o r r e l a t e  w ith  th e  NMR 
d a ta .

T h is  s tu d y  in d i c a t e s  t h e  f e a s i b i l i t y  t o  s tu d y  g lu c o se  
m etabo lism  i n  b r a in  tum or i n  s i t u  u s in g  2-FDG m etabo lism  a s  a  model of glucose metabolism in the PMS and ARS.

R efe re n ces

1 . Nakada T . ,  Kwee I . L . ,  and  Conboy C.B. J .  Neurochem. 
46 :198-201 , 1986.

2 . Nakada T . and Kwee I .L .  Biochem. A rch . ( In  P r e s s ) .
3 . B ark e r M ., Hosh i n o  T . ,  e t . a l .  C ancer R es. 33:976-986 , 1973.

T h is  s tu d y  was s u p p o rted  by  th e  V e te ra n s  A d m in is tra tio n  and 
u n iv e r s i t y  o f  C a l i f o r n ia .

381.12  CEREBRAL GLUCOSE UTILIZATION DURING CHRONIC HYPERGLYCEMIA.
R .B .D uckrow , D. C. B eard*  an d  R .M .B ry an . D e p a r tm e n ts  o f  M e d ic in e , 
(N e u ro lo g y )  an d  S u rg e ry  ( N e u r o s u r g e ry ) ,  The M il to n  S . H ershey  
M e d ic a l C e n te r ,  The P e n n s y lv a n ia  S t a t e  U n i v e r s i t y ,  H e rsh e y , PA 
17033.

D u rin g  c h ro n ic  h y p e rg ly c e m ia  o r  s t a r v a t i o n  k e to n e  b o d ie s  can  
s u p p le m e n t g lu c o s e  a s  a  s u b s t r a t e  f o r  b r a i n  e n e rg y  m e ta b o lism . 
K e to n e  body u t i l i z a t i o n  i s  l im i t e d  o n ly  by t h e i r  c o n c e n t r a t i o n  in  
t h e  b lo o d  an d  t h e i r  t r a n s p o r t  a c r o s s  t h e  b lo o d - b r a in  h a r r i e r .  I f  
one a ssum es t h a t  b r a i n  e n e rg y  c o n su m p tio n  rem a in s  c o n s ta n t  d u r in g  
c h ro n ic  h y p e rg ly c e m ia ,  t h e  r a t e  o f  g lu c o s e  u t i l i z a t i o n  s h o u ld  d ro p  
by an  am ount e q u a l  t o  t h e  r a t e  o f  k e to n e  u t i l i z a t i o n .  To t e s t  
t h i s  h y p o t h e s i s ,  r a t s  w ere  r e n d e r e d  c h r o n i c a l l y  h y p e rg ly c e m ic  by 
in t r a v e n o u s  i n j e c t i o n  o f  s t r e p t o z o t o c i n  (60  m g /k g ) . A f t e r  2 1 -2 4  
d a y s ,  r e g i o n a l  c e r e b r a l  g lu c o s e  u t i l i z a t i o n  (rCMRgl) was m easured  
in  17 b r a i n  r e g io n s  o f  a w a k e - r e s t r a in e d  r a t s  u s in g  [6 -C 1 4 ]g lu c o s e .  
R e g io n a l  g lu c o s e  i n f l u x ,  n e c e s s a r y  f o r  c a l c u l a t i n g  rCMRgl, was 
m easu red  i n  c h r o n i c a l l y  h y p e rg ly c e m ic  r a t s  u s in g  a  c o n s ta n t  
in t r a v e n o u s  i n j e c t i o n  m eth o d . G lu c o se  i n f l u x  in c r e a s e d  d u r in g  
h y p e rg ly c e m ia . H ow ever, t h e  t r a n s p o r t  c a p a c i ty  (Tmax) rem a in e d  
u n c h a n g ed . C e r e b ra l  g lu c o s e  u t i l i z a t i o n  d e c re a s e d  by a n  a v e ra g e  
o f  14% a s  com pared  t o  s i m i l a r l y  p r e p a r e d  norm oglycem ic  r a t s .  The 
d e c re a s e  was s i g n i f i c a n t  by S t u d e n t 's  t e s t  i n  13 o f  17 b r a in  
r e g i o n s .  I f  one  assum ed a  30% d e c re a s e  i n  g lu c o s e  t r a n s p o r t  
c a p a c i ty  (Tmax) d u r in g  h y p e rg ly c e m ia ,  a s  m easu red  by G jedde and 
C rone (S c ie n c e  2 1 4 :4 5 6 , 1 9 8 1 ) , t h e  c a l c u l a t e d  rCMRgl w ould  s t i l l  
be  lo w e r by  10%, w i th  a l l  b r a i n  r e g io n s  sho w in g  a  d e c re a s e  d u r in g  
h y p e rg ly c e m ia  (10  o f  17 s i g n i f i c a n t ) .  U sin g  a  s im i l a r  a n im a l 
m o d el, R .A .H aw kins e t  a l . (A m .J .P h y s io l .  2 5 0 :E 16 9 , 1986) h av e  
shown t h a t  k e to n e  b o d ie s  c a n  a c c o u n t  f o r  t h e  r e m a in in g  10% o f  
b r a i n  e n e rg y  r e q u i r e m e n ts  a f t e r  28 d ay s  o f  h y p e rg ly c e m ia . Of 
i n t e r e s t ,  r e g i o n a l  c e r e b r a l  b lo o d  flo w  d e c re a s e s  by  14% d u r in g  
c h ro n ic  h y p e rg ly c e m ia  ( c . f .  Duckrow e t  a l . S t ro k e  1 7 :1 2 9 , 1 9 8 6 ). 
T h is  w ou ld  s u g g e s t  t h a t  t h e  c o u p l in g  o f  b r a i n  b lo o d  f lo w  and 
m e ta b o lic  r a t e  may h e  g o v e rn e d  m ore by g lu c o s e  u s e  t h a n  oxygen 
c o n su m p tio n .

S u p p o r te d  i n  p a r t  by g r a n t s  from  t h e  A m erican  H e a r t  A s s o c ia t io n  
(8 3 -9 0 3 , 8 3 -9 0 6 , 8 4 -1 2 2 ) and  t h e  PHS (N S19341). R .B .D . i s  an  
E s t a b l i s h  I n v e s t i g a t o r  o f  t h e  A m erican  H e a r t  A s s o c ia t io n .

381.14 P hency c lid in e  E f fe c ts  on R egional C ereb ra l G lucose U t i l iz a t io n  
in  th e  R at. K. Tanimoto*, C.A. Tamminga, S. Kuo*, P.C . 
C o n tre ra s , T .L . O'Donohue, T.N. Chase (Spon: W. C a rp e n te r) . 
M aryland P s y c h ia t r ic  Research C en te r, Univ. o f  Md., B a l to . ,  MD 
21228, NINCDS, N a tio n a l I n s t i t u t e s  o f  H ea lth , B ethesda, MD 
20205

P hen cy c lid in e  (PCP) i s  a psychotom im etic in  man. I t s  p o ten t 
b e h a v io ra l e f f e c t s  in  an im als have been proposed as  a model of 
s ch iz o p h ren ic  p sy ch o sis  in  humans. R eceptors fo r  PCP e x i s t  in  
mammalian CNS, predom inan tly  in  hippocampus and c o r te x . The 
a c t io n s  o f PCP may a lso  extend to  o th e r  t r a n s m it te r  system s, 
l i k e  th e  sigma opiod re c e p to r ,  and a l t e r  CNS b io ch em istry  in  
d iv e rse  s i t e s .  In  an a ttem p t to  lo c a l iz e  th e  a re a s  in  CNS 
s u s c e p tib le  to  m o d if ic a tio n  by PCP, we s tu d ie d  lo c a l  c e re b ra l 
g lu co se  u t i l i z a t i o n  w ith  PCP in  th e  r a t  us ing  14C-2-deoxy-D- 
g lu c o se . Male Sprague-Dawley r a t s  were can n u la ted  in  the 
fe m o ra l a r t e r y  and v e in  u n d e r h a lo th a n e  a n e s t h e s i a ,  and 
r e s t r a in e d  w ith  a p a r t i a l  body c a s t .  Two hours l a t e r ,  14C-2- 
deoxy-D -glucose (2DG) (1 2 5  μC i/kg) was ad m in is te red  in trav en o u s 
ly  over 10 seconds and blood sam ples were c o l le c te d  over the 
nex t 45 m in u tes . Tem perature was m a in ta in ed , w hile  g lucose  and 
h em a to c rit were m on ito red . Animals were s a c r i f i e d  45 m inutes 
a f t e r  th e  2DG, and th e  b ra in  p rocessed  fo r  au to rad io g rap h y . 
D en s ito m etric  read in g s  were taken  in  over 30 b ra in  reg io n s  on 20 
m icron b ra in  t i s s u e  s l i c e s .  G lucose u t i l i z a t i o n  v a lu es  were 
c a lc u la te d  acco rd ing  to  th e  method o f  S o k o lo ff  ( J .  Neurochem. 
28:897 , 1977). R esu lts  sug g est a  PCP-induced in c re a s e  in  
g lu c o se  u t i l i z a t i o n  in  c in g u la te  c o r te x , subiculum , hippocampus, 
and some th a lam ic  n u c le i  (see  T a b le ) . But r e l a t i v e ly  l i t t l e  PCP- 
induoed changes a re  ev id en t in  f r o n ta l  c o r t i c a l  a r e a s ,  au d ito ry  
t r a c t s  ( in c lu d in g  m edial g e n ic u la te ) ,  and hypothalam us. These 
a re a s  c o in c id e  somewhat, bu t n o t e n t i r e l y  w ith  th e  d is t r i b u t io n  
o f  PCP re c e p to r s .  P u rp o rte d ly , th e se  a re  th e  a re a s  in  th e  CNS 
which m ediate th e  unique PCP-induced b ehav io rs  in  an im als and 
may be invo lved  w ith  p sy ch o sis  in  s c h iz o p h re n ia .

B rain  Region
S a lin e
(N=3)

PCP
(N=3) % In c rea se

P re f ro n ta l  C ortex 132 ± 4 131 ± 26 0%
M .G eniculate 120 ± 11 138 ± 20 15%
C in g u la te 124 ± 8 231 ± 60 86%
Subiculum 97 ± 8 166 ± 36 71%
Hippocampus 81 ± 11 108 ± 24 33%

μ mol g lu c o s e /100 gm tis s u e /m in
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381.15 THE ALTERS BRAIN 2-DEOXYGLUCOSE METABOLIC ACTIVITY.  J .  Margulies* and 
R. P. Hammer, J r . Depts. of Biochemistry & Biophysics and Anatomy & 
Reproductive Biology, U niversity of Hawaii School of Medicine, 
Honolulu, Hawaii 96822.

The e ffe c t of marijuana and i t s  major psychoactive component, d e lta -  
9-tetrahydrocannabinol (THC) on brain function has been known fo r some 
time. However, the brain regions affec ted  and the p recise mechanism of 
drug action  on neurons has only recen tly  been investiga ted . We have 
examined the e ffe c t of acute IHC adm inistration  on 2-deoxyglucose (2DG) 
uptake in  a number of brain regions. Male Sprague-Dawley ra ts  (220- 
250g) were anesthetized with ketamine and in tracard iac  cannulae were 
su rg ica lly  implanted. The animals recovered overnight and were then 
prepared for THC and 2DG adm in istra tion . THC was so lub ilized  in  5% 
propylene glycol and 1% Tween 80. A f in a l THC dose of 2mg/kg was 
in jec ted  via cannula followed in  10 minutes by a pulse of [3H]2DG 
(0.5mCi/250g). Animals were res tra ined  and quie t during the e n tire  
THC/2DG exposure period, though behavioral m anifestations of THC 
exposure, e .g . ,  abrupt s t a r t l e  response and unprovoked squeeling, were 
evident. F orty -five minutes a f te r  2DG adm inistra tion  animals were 
decapita ted , brains were frozen and sectioned. Tissue sections on 
coverslips were then exposed to  tr i tiu m -se n sitiv e  X-ray film  in 
ca sse tte s  fo r 8 weeks. Sham-operated contro l animals received the same 
dose of vehicle without THC, and were trea ted  id e n tic a lly . A fter film  
development, autoradiographs were quan tita tiv e ly  analysed using a 
com puter-assisted densitometry system. Values were normalized between 
brains and an o p tica l density  r a t io  of gray m atter-to-w hite m atter was 
ca lcula ted  for various regions throughout the b rain . Some brain 
regions, including auditory cortex , medial geniculate nucleus, 
mammillary nucleus, in fe r io r  co llic u lu s , interpeduncular nucleus, and 
vestib u la r n ucle i, maintain high lev e ls  of 2DG labeling  in  THC-exposed 
animals. Other brain regions, notably the hippocampus, appear to  be 
d if fe re n tia lly  affec ted  by THC. 2DG labeling  in  the stratum 
lacunosum-moleculare of hippocampus (p ar ticu la r ly  ven tral hippocampus) 
appears to  be enhanced in  the THC group re la tiv e  to  the contro l group. 
Q uantitative data on these and other brain regions w ill be presented. 
Thus, THC adm in istra tion , even a t  th is  re la tiv e ly  low dose level in  
r a t s ,  d if fe re n tia lly  a f fe c ts  metabolic a c tiv i ty  across brain regions. 
Hippocampal and other limbic brain s tru c tu re s  may be most a ffec ted . 
These re s u lts  are in  agreement with previous work showing sp ecific  
physiologic e ffe c ts  of THC on hippocampal c e ll  a c tiv i ty  (Deadwyler e t 
a l . ,  Soc. Neurosci. A bstr. 11:852). Such e ffe c ts  on brain function may 
provide a basis fo r THC-induced behavioral a l te ra t io n . (Supported by 
PHS Grant DA 03885)

381.16 A 2-DEOXYGLUCOSE STUDY OF FEMALE AND MALE RATS NEONATALLY TREATED 
WITH MSG L au re l A. F reed * , D iana L . Dow-Edwards and  Thomas H. 
M i lh o r a t .  (Spon:M. E. F r ie d la n d e r)  Lab. o f  C e re b ra l M etabolism , 
D ep t. o f  N eurosurgery , SUNY H ealth  S c ien ces  C e n te r  a t  B ro o k ly n , 
NY, 11203.

The n e u r o t o x i c i t y  o f  m onosodium  g lu ta m a te  (MSG) and th e  
syndrome i t  p roduces when p e r i n a t a l l y  a d m in is te r e d  h a s  b ee n  an 
a r e a  o f  i n t e n s e  i n v e s t i g a t i o n .  MSG h a s  been shown to  produce 
l e s i o n s  o f  th e  in n e r  l a y e r  o f  th e  r e t i n a ,  c i n g u l a t e  g y r u s ,  
a r c u a t e  n u c le u s  o f  th e  hypothalam us, and o th e r  s t r u c tu r e s  o f  th e  
c i r c u m v e n t r i c u l a r  o rg a n  s y s te m . MSG in d u c e d  n e u r o t o x i c i t y  
d e v e lo p s  o v e r  t im e  and as  a d u l t s ,  th e  ex p e rim en ta l r a t s  e x h ib i t  
b e h a v io ra l d e f i c i t s  and e n d o c r i n o p a th i e s .  In  l i g h t  o f  t h e s e  
s e v e r e  a b n o r m a l i t i e s  o f  n e o n a ta l l y  M SG-treated r a t s  and re c e n t 
advances in  th e  te ch n iq u es  o f  q u a n t i t a t iv e  a u t o r a d io g r a p h y ,  th e  

14C -D eoxyg lucose (DG) method o f  S o k o lo ff e t  a l . ,  (J .  Neurochem ., 
28 :897-916, 1977) was employed to  in v e s t ig a te  th e  lo c a l  c e r e b r a l  
g lu c o se  m etabolism  o f  th e  a d u l t  r a t  n e o n a ta lly  exposed to  MSG.

Newborn Sprague-D aw ley fem ale and m ale r a t s  were c u l le d  to  8 
p e r  dam and randomly a s s ig n ed  to  a c o n tro l  o r ex p e rim en ta l g roup . 
The pups were in je c te d  subcu tan eo u sly  w ith  s a l i n e  o r M onosodium - 
L -G lu ta m a te  (S igm a, S t .  L ou is, MO) on days 1 and 3 a t  2mgAg o f 
body w eig h t, and on days 5, 7 , 9 a t  4mg/kg o f  body w eig h t. At 90 
days o f  age th e  DG method was p e r fo rm e d . Under h a l o th a n e ,  N2O 
and  O2 a n e s t h e s i a ,  c a t h e t e r s  w ere  i n s e r t e d  i n t o  th e  fe m o ra l 
a r t e r y  and v e in  o f each  r a t ,  a lo o se  f i t t i n g  abdom inope lv ic  c a s t  
was a p p l ie d , and then  th e  anim als were allow ed to  reco v e r fo r  two 
h o u r s .  14C - l a b e l l e d  2DG w as in j e c t e d  in to  th e  venous c a th e te r  
and tim ed a r t e r i a l  sam ples were c o l le c te d  u n t i l  45 m in u te s  when 
th e  a n im a ls  w ere  k i l l e d  w ith  sodium  p e n to b a r b i ta l .  The b ra in s  
were removed, fro zen  in  c h i l l e d  is o p e n ta n e  and l a t e r  s e c t io n e d  
f o r  a u to r a d io g r a p h y .  L o c a l c e r e b r a l  g lu c o s e  u t i l i z a t i o n  was 
d e te rm in e d  fro m  a u t o r a d i o g r a p h i c  a n a l y s i s  o f  t i s s u e  14C 
c o n c e n t r a t i o n  and th e  i n t e g r a t e d  a r t e r i a l  c u rv e  f o r  2DG and 
g lu c o se . A S argen t-W elch  D e n s ic h ro n  and a  c o m p u te r iz e d  im age 
a n a ly s is  system  were used to  e v a lu a te  th e  lo c a l  c o n c e n tra t io n s  o f  

14C in  th e  a r e a s  o f  i n t e r e s t .  Of th e  s t r u c tu r e s  examined th u s  
f a r ,  on ly  th e  s i t e  o f  te rm in a tio n  o f  th e  a rc u a te  n u c le u s  f i b e r s ,  
th e  m ed ian  em in en ce  i s  m e ta b o l ic a l ly  d ep ressed  by n e o n a ta l MSG 
tre a tm e n t.

381.17 PHARMACOLOGICAL CHARACTERIZATION OF DOPAMINERGIC EFFECT IN BRAIN 
GLUCOSE METABOLISM: THE "2-DEOXYGLUCOSE DOPAMINERGIC FINGER
PRINTS". J.M. Palacios and K.H. Wiederhold*. P rec lin ica l Research, 
Sandoz LTD., Basle, Switzerland.

We have used a m odification of the 2- 14C-deoxyglucose (2DG) 
method of Sokoloff e t a l .  (1977) to study brain regional glucose 
uptake (GU) a f te r  manipulation of dopamine (DA) neurotransm ission. 
The goal was to examine i f  the adm inistration of d irec t or 
in d ire c t DA receptor agonists or antagonists re su lted  in a 
c h a ra c te r is tic  pa tte rn  of GU m odification or 2DG " fin g erp rin t" . 
The e ffec ts  of typ ica l and a typ ical neuro lep tics were examined 
f i r s t .  A "neuroleptic 2DG fin g erp rin t" , characterized by a marked 
increase in GU in the nucleus of the la te ra l  habenula was produced 
in a sp ec ific  and dose-dependent manner by a l l  the neuroleptics 
examined. The order of a c tiv ity  and se le c tiv ity  showed th a t the 
m odification of GU was mediated by DA-receptors of the D2 c lass 
and re fle c ted  in te rru p tio n  of DA neurotransmission as lesions of 
the n ig ro s tr ia ta l  pathway, depletion of DA sto res or in h ib itio n  of 
DA biosynthesis re su lted  in a sim ilar "2DG fin g erp rin t" . The 
e ffec ts  of DA receptor agonists of several chemical c la sses , were 
examined next. The "DA agonist 2DG fin g erp rin t"  was characterized 
by marked GU increases in c o r tic a l a reas, some thalamic nuclei and 
the substan tia  nigra r e tic u la ta . GU in la te ra l  habenula nucleus 
was decreased by many, but not a l l  DA agonists . The e ffec ts  were 
dose-dependent and re fle c ted  the a c tiv ity  of these compounds on 
DA-D2 recep tors , as se lec tiv e  D1 agonists were without e ffec ts . 
In d irec t DA agonists such as amphetamine, L-DOPA or DA-uptake 
in h ib ito rs  also  produced a "DA agonist f in g e rp rin t" . P a r tia l and 
presynaptic DA agonists, such as transd ihydro lisuride  (TDHL), 3PPP 
or CF-25397, produced a "neuroleptic f in g erp rin t"  ra th e r than an 
"agonist" one. The se n s it iv i ty  s ta te  of DA receptor plays also  an 
important ro le  as shown by stud ies using se lec tiv e  D1 and D2 
agonists and p a r tia l  agonists such as TDHL and CF-25397, in 
animals with denervated DA recep tors . In con trast with re su lts  in 
in ta c t  animals, in denervated animals, D1 agonist adm inistration 
re su lted  in GU m odifications sim ila r to those seen with D2 
agonists . Furthermore, p a r tia l  agonists induced in the lesioned 
animal. In conclusion the adm inistration  of drugs acting  on 
brain DA receptors re su lts  in two c h a ra c te r is tic  p a tte rns of 
m odification of brain regional GU or "fin g erp rin ts" . These 
pa tte rns exh ib it the c h a ra c te r is tic s  of a receptor mediated 
phenomenon. The s e n s it iv i ty  s ta te  of DA receptors has important 
e f fe c ts  in the pharmacological c h a ra c te r is tic s  o f the 2DG 
response. Thus, the 2DG method o ffe rs  a new way to study in  vivo 
brain e ffe c ts  of DAergic drugs.

381.18 DIFFERENTIAL EFFECTS OF D1 AND D2 DOPAMINE RECEPTOR SUBTYPE 
SPECIFIC ANTAGONISTS ON LOCAL CEREBRAL GLUCOSE UTILIZATION IN THE 
RAT BRAIN. S.W. Shaver*. P. Ramm. and R.J. Beninger. Dept., of 
Psychology. T rent Univ.. Peterborough. Ont., Canada. K9.J 7B8.

Two subtypes of CNS dopamine re c e p to rs  have been rep o rted . D1 
re c e p to rs  may enhance adeny la te  cyc lase  a c t iv i ty  while D2 rec e p to rs  
may in h ib it  ad en y la te  cy c lase  o r may not. a ffe c t  i t s  a c tiv ity . We 
examined b rain  g lucose metabolism in male Long-Evans r a t s  (260-325 
g. n=4/gp) follow ing ad m in istra tio n  of one of th re e  dopamine rec e p to r  
su b ty p e -sp ec ific  a n tag o n is ts . Rats rece iv ed  in je c tio n s  of cis- 
f lu p en th ix o l (0.5 mg/kg), metoclopramide (10 mg/kg). SCH 23390 (1.0 
mg/kg), o r sa lin e . Q u a n tita tiv e  2-[14C]deoxyglucose au to rad iography  
was used to  show lo ca l c e re b ra l  g lucose u t i l iz a t io n  (LCGU) and 
r e la t iv e  fu n c tio n a l a c t iv i ty  (RFA). RFA values were ob tained  by 
norm alizing LCGU values to  the  b ra in  mean g lucose u t il iz a tio n  value.

E levation  of RFA was observed  in th e  l a t e r a l  habenula (LHb) 
fo llow ing a d m in istra tio n  of each re c e p to r  b lock ing  agent.

The LHb e x h ib ited  in creased  LCGU under c is -flu p e n th ix o l. The 
d o rsa l raphe nucleus (DR) e x h ib ited  d ecreased  LCGU when d a ta  from 
th e  c is - flu p e n th ix o l (D1 and D2 antagonism) and SCH 23390 (D1 
antagonism) groups were combined. Decreased LCGU was not observed 
in  th e  DR when th e  metoclopramide (D2 antagonism) and c is -  
f lu p en th ix o l groups were combined. Thus, th e  observed  d ec rease  DR 
LCGU may be m ediated v ia  D1 re c e p to r  blockade.

These r e s u l ts  converge with a p revious re p o r t  (Ramm e t  al.. Can. 
J. Physiol. Pharmacol. 62:1530-1533. 1984) su g g estin g  th a t  th e  
fu n c tio n a l s ta tu s  o f th e  LHb is  reg u la te d  by dopam inergic systems, 
and th a t  fu n c tio n a l a c t iv i ty  in  th e  LHb may e x e r t  an in flu en ce  upon 
the  DR. Furtherm ore, the  in flu en ce  of th e  LHb upon the  DR may be 
m ediated v ia  D1 rec e p to rs .
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381.19  BEHAVIORAL AND CEREBRAL METABOLIC EFFECTS OF THE DOPAMINERGIC 
AGONIST BROMOCRIPTINE IN THE AWAKE RAT IN RELATION TO AGE. 
G .L .R ic c h ie r i * , H.W. H ollow ay* and S . I .R a p o p o r t  (SPON :D .L .R o b in so n ) 
L a b o ra to ry  o f  N e u r o s c ie n c e s ,  N a t io n a l  I n s t i t u t e  on A ging , N a t io n a l  
I n s t i t u t e s  o f  H e a l th ,  B e th e sd a , MD 20892 .

The d o p a m in e rg ic  sy s te m  w i th in  th e  b r a i n  p o s s e s s e s  D1 r e c e p t o r s  
( a d e n y la te  c y c l a s e - l i n k e d )  and  D2 r e c e p t o r s  (n o n  a d e n y la te  
c y c l a s e - l i n k e d )  a t  p r e -  and p o s t - s y n a p t i c  s i t e s  (K e b a b ia n  and 
C a in e , 1 9 7 9 ) . B ro m o c r ip tin e  (BROMO) ,  a  d o p a m in e rg ic  a g o n i s t ,  i s  a 
weak a n ta g o n i s t  a t  D1 s i t e s ,  b u t i s  a  p o t e n t  a g o n is t  a t  D2 s i t e s  
(M a r k s te in ,  1 9 8 1 ). P r e s y n a p t ic  and p o s t s y n a p t ic  a c t i v a t i o n  a t  
th e s e  s i t e s  r e s u l t s  in  h y p o r a o t i l i ty  and s te r e o ty p e d  b e h a v io r ,  
r e s p e c t i v e l y  ( C o s t a l l  and N a y lo r ,  1 9 8 1 ). In  3 mo o ld  r a t s ,  BROMO 
c a u se s  b i p h a s i c  b e h a v io r a l  r e s p o n s e s  w hich  c o r r e s p o n d  to  c e r e b r a l  
m e ta b o lic  r e s p o n s e s  a s  m easured  w ith  th e  1 4 C -2 -d eo x y -D -g lu c o se  
(DG) te c h n iq u e  ( P i z z o l a t o  e t  a l , 1 9 8 5 ).

We m easured  l o c a l  c e r e b r a l  g lu c o s e  u t i l i z a t i o n  (LCGU) in  
r e s p o n s e  to  BROMO in  r a t s  a t  d i f f e r e n t  a g e s ,  by u s in g  th e  
q u a n t i t a t i v e  DG m ethod o f  S o k o lo f f  (1 9 7 7 ) .  Awake, m ale 
F i s c h e r -3 4 4  r a t s ,  3 , 12 o r  24 mo o l d ,  w ere i n j e c t e d  w i th  BROMO ( 1 ,  
5 o r  20 m g/kg i . p . )  o r  v e h ic l e  (1% l a c t i c  a c i d ) ,  2 o r  4 h p r i o r  to  
th e  i n j e c t i o n  o f  DG. B e h a v io r  ( h y p o m o t i l i t y , o r  h y p e r m o t i l i t y  and 
s te r e o ty p y )  was r a t e d  a t  f ix e d  i n t e r v a l s  a f t e r  d ru g  a d m i n i s t r a t io n  
( P i z z o l a t o  e t  a l ,  1 9 8 5 ). At 2 h a f t e r  BROMO 20 m g/kg , 
h y p o m o ti l i ty  o c c u r r e d  in  r e l a t i o n  to  a s i g n i f i c a n t l y  (p < 0 .0 5 )  
red u c e d  LCGU' in  17% o f 65 b r a in  r e g io n s  ex am in ed . At 4 h 
s t e r e o t y p i c  b e h a v io r  and h y p e r m o t i l i t y  w ere o b s e rv e d ,  and w ere 
g r e a t e r  i n  24 mo th a n  in  3 mo o ld  r a t s  a f t e r  20 m g/kg o f  BROMO. 
LCGU a f t e r  20 m g/kg BROMO was s i g n i f i c a n t l y  e le v a t e d  a t  24 mo in  
23% o f b r a in  r e g i o n s ,  p a r t i c u l a r l y  i n  c o r t i c a l  m o to r a r e a s ,  
e x t r a p y ra m id a l  a r e a s  ( b a s a l  g a n g l i a ,  s u b th a la m ic  n u c le u s ) ,  and 
c e r e b e l l a r  v e rm is  and d eep  n u c l e i .  A f te r  BROMO 1 m g/kg , 
h y p o m o ti l i ty  and s i g n i f i c a n t  d e c l i n e s  o f  LCGU o c c u rr e d  in  15% o f  
th e  r e g io n s  exam ined  a t  2 and 4 h , i n  3 mo b u t  n o t  in  24 mo o ld  
r a t s .

P e r s i s t e n t  h y p o m o ti l i ty  and d e c l i n e  o f  LCGU w ith  th e  lo w e r d o se  
o f  BROMO i n  3 mo o ld  r a t s  s u p p o r t  th e  p o s tu l a te d  a c t i o n  o f  BROMO 
on p r e s y n a p t ic  d o p a m in e rg ic  r e c e p t o r .  The g r e a t e r  LCGU and 
s t e r e o ty p y  o b s e rv e d  in  th e  24 mo a s  com pared to  3 mo o ld  r a t s ,  in  
re s p o n s e  to  h ig h  d o se  BROMO, may be a  c o n seq u e n c e  o f  red u c e d  
p r e s y n a p t ic  r e l e a s e  o f  dopam ine r e s u l t i n g  in  p o s t s y n a p t ic  
s u p e r s e n s i t i v i t y .

381.20 SIGMA AGONIST ACTIONS ON BRAIN LOCAL CEREBRAL GLUCOSE 
UTILIZATION BY +SKF-10 ,0 4 7 . M. Dam*, A. D. Weissman and E. D. 
London (Spon. G. Shaw),  Neuropharmacology L abo ra to ry , 
NIDA/Addic t io n  Research C en te r, B a ltim o re , MD 21224.

The p ro to ty p e  sigma re c e p to r  a g o n is t  N -a lly l-n o rm e tazo c i ne 
(+SKF-10 ,0 4 7 ) , p ro v id e s  a v a lu a b le  to o l to  e lu c id a te  a 
neurochem ical system in  th e  b ra in  t h a t  may m ediate  a wide range of 
psychotom im etic e f f e c t s .  Recent work by L a rg en t, B. L. e t  a l . ,  
(J .  PET. ,  i n p re s s ,  1986) and our la b o ra to ry  have confirm ed 
th e  p resence  o f  s p e c i f ic  sigma re c e p to r s  lo c a l iz e d  to  d is c re te  
a re a s  o f  th e  b r a in ,  I n o rd e r  to  study th e  e f f e c t s  on b ra in  
m etabolism  m ediated  by th e se  r e c e p to r s ,  +SKF-10, 047 (5 mg/kg, 
i .  v . )  was a d m in is te red  to  r a t s  and lo c a l c e re b ra l glucose 
u t i l i z a t i o n  (LCGU) was measured q u a n t i ta t iv e ly  15 mi n l a t e r  using 
th e  2 -deoxy -D -[1- 14C ]glucose (DG) method (S o k o lo ff , L. e t . a l, 
J .  Neurochem. 28 :897 , 1977).

+SKF- l  0 ,047 e l i c i t e d  a number o f  s te ro ty p i c b eh a v io rs , 
i n c lud ing  i nc rea sed  s n i f f in g  and head w eaving. C o n s is te n t with 
th e  appearance o f  th e se  b eh a v io rs  was an i n c rea se  glucose 
u t i l i z a t i o n  in  th e  s u b s ta n tia  n ig r a .  A taxia was a ls o  p re s e n t i n 
th e se  an im a ls , and t h i s  b eh av io r was a s s o c ia te d  w ith  an i ncrease 
in  LCGU i n re g io n s  o f  th e  c e r e b e l l a r  c o r te x ,  v e s t i b u la r  nucleus 
and th e  red  n u c leu s . U nlike th e  ex trapy ram idal motor system , the 
pyram idal motor a r e a s ,  i n c lud ing  th e  motor c o r te x  and i t s  s p e c if ic  
tha lam ic  p r o je c t io n s ,  d id  n o t have s ig n i f i c a n t ly  i ncrea sed  LCGU.

+SKF-10,047 decreased  LCGU in  s p e c i f ic  sensory  reg io n s , 
i nc lud ing  th e  co c h le a r  and medial g e n ic u la te  n u c le i o f  the 
a u d ito ry  system , and la y e r s  o f  th e  som atosensory c o r te x .  In 
c o n t r a s t ,  s p e c i f ic  p a r t s  o f  th e  lim b ic  system , such a s  the 
para su b icu lu m, subiculum and c lau s tru m  were s tim u la te d . In the 
hippocam pus, LCGU was d ec reased  in  CA1 and CA2 re g io n s  o f  Ammon's 
ho rn , b u t CA3 and th e  d e n ta te  gyrus rem ained unchanged.

The e f f e c t s  on LCGU fo llo w in g  th e  a d m in is tra tio n  o f  the 
benzomorphan, +SKF-10.047, p re s e n t a p a t te rn  o f  a c t i v i t y  th a t 
la r g e ly  fo llo w s  th e  d i s t r i b u t io n  o f  sigma re c e p to r s  i n th e  b ra in . 
In t h i s  r e s p e c t ,  th e  i n fe r re d  r e c e p t o r  med i a te d  a c t io n  o f  th is  
sigma a g o n is t  appears  to  be a d ec re a se  i n c e l l u l a r  a c t i v i t y  which 
may be r e l a te d  to  i t s  dyspho ric  e f f e c t s  in  man (K ea ts , A.S. and 
T e lfo rd , J . ,  Adv. Chem. S e r . 45 :170 , 1964). The increased  
m e tab o lic  a c t i v i t y  i n th e  ex trapy ram idal system  and i n p a r t s  of 
th e  lim b ic  system a re  i n c o n t r a s t  to  th e  d ep ress io n  o f  LCGU i n 
sensory  and some lim b ic  a r e a s .  The p o s s i b i l i t y  e x i s t s  t h a t  the 
hyperm etabol i c e f f e c t s  may be r e l a te d  to  s tim u la t io n  o f  another 
p o p u la tio n  o f  r e c e p to r s  which m ediate  th e  a c t io n s  o f  p hencyc lid ine .
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382.1 PULSATILE LH RELEASE IN HYPOGONADAL MALE MICE WITH PREOPTIC AREA 
TRANSPLANTS. G .J .  K o k o r i s ,  M. F e r in * ,  A .J .  S i lv e rm a n ,  and  M .J . 
G ib s o n . D iv . E n d o c r in o l . ,  M t. S in a i  S ch . o f  M ed ., New Y o rk , N.Y. 
10029 and C o lum bia U n iv . ,  C o l l .  P h y s . and S u r g . ,  D e p ts .  Anatomy & 
C e l l  B i o l ,  and  O b -G y n ., New Y o rk , N .Y . 10032.

C o n g e n i ta l ly  h y p o g o n a d a l (h p g ) m ale  m ice  b e a r in g  p r e o p t i c  a r e a  
(POA) g r a f t s  i n  t h e  I I I r d  v e n t r i c l e  show s i g n i f i c a n t  e l e v a t io n s  i n  
p i t u i t a r y  l u t e i n i z i n g  horm one (LH) and c o r r e c t i o n  o f  t h e i r  hypogon
a d ism . I n  re s p o n d in g  a n im a ls ,  im m u n o re a c tiv e  GNRH n e u ro n s  w i th in  
th e  g r a f t  i n n e r v a te  t h e  m ed ian  em in en ce  o f  t h e  h o s t .  I n  n o rm a l m ice, 
t e s t i c u l a r  f u n c t i o n  i s  r e l a t e d  to  e p i s o d ic  LH s t i m u l a t i o n .  P u ls a 
t i l e  LH s e c r e t i o n  i s  i t s e l f  r e g u l a te d  by p h a s ic  r e l e a s e  o f  GNRH i n 
to  th e  p o r t a l  p le x u s .  To a s s e s s  w h e th e r  th e  g o n a d a l  r e c o v e r y  i n  hpg 
h o s t s  r e s u l t s  from  p u l s a t i l e  s e c r e t i o n  o f  GNRH from  t r a n s p l a n t e d  
n e u ro n s ,  we com pared  th e  p a t t e r n  o f  v a r i a t i o n  in  p lasm a  LH l e v e l s  
i n  n o rm a l m ice  and in  hpg m a le s  w i th  POA g r a f t s .  12 hpg m a le s  w i th  
s i g n i f i c a n t l y  e l e v a t e d  t e s t e s  w e ig h ts  ( r a n g e :  2 0 .2 - 1 4 3 .7mg; u n t r e a t 
ed  h p g -7 .5 m g ; n o rm a l-2 0 7 .7 )  w ere c a s t r a t e d  3 m onths a f t e r  g r a f t  s u r 
g e ry .  Norm al m a le s  (n =8) o f  th e  same s t r a i n  and le n g th  o f  c a s t r a 
t i o n  s e rv e d  a s  c o n t r o l s .  A m onth a f t e r  c a s t r a t i o n ,  an  in d w e l l in g  
c a n n u la  was p la c e d  in  th e  j u g u l a r  v e in .  S e q u e n t i a l  b lo o d  sa m p le s  
w ere  c o l l e c t e d  (ΔT= 10m in) f o r  4 - 7 h r s .  P lasm a sa m p le s  (25μ l )  w ere 
a s sa y e d  f o r  LH u s in g  th e  NIADDK k i t  w i th  RP-2 a s  s ta n d a r d .  The a s s 
ay  l i m i t  o f  d e t e c t a b i l i t y  v a r i e d  from  8 - 1 5 p g / tu b e .  The mean i n t r a 
a s s a y  c o e f f i c i e n t  o f  v a r i a t i o n  (CV) was 4 .5% . E le v a t io n s  i n  p lasm a  
LH w ere  c o n s id e r e d  p u l s e s  i f  th e y  met 3 c r i t e r i a :  1) a  p u l s e  p eak  
a m p l i tu d e  g r e a t e r  th a n  2x th e  CV o f  t h e  a s s a y  in  w h ich  sa m p le s  w ere 
m ea su red ; 2) a t t a in m e n t  o f  p eak  a m p l i tu d e  w i th in  1 sam p le  i n t e r v a l ;  
3) a  d e c l i n e  i n  p u l s e  a m p l i tu d e  2x th e  CV w i th in  3 sam p le  i n t e r v a l s  
o f  th e  p u ls e  p e a k .

P u l s a t i l e  LH s e c r e t i o n  was s e e n  i n  5 o f  12 h o s t s  ( F i g . ) .  A l
th o u g h  i n d iv i d u a l  a n im a ls  showed w id e  v a r i a t i o n  i n  p u l s a t i l i t y ,  
p u l s e  f re q u e n c y  ( 0 .6 - 1 .3 / h r )  d id  n o t  d i f f e r  from  t h a t  o f  c o n t r o l s .  
H ow ever, mean p u l s e  a m p l i tu d e  in  g r a f t e d  hpg c a s t r a t e s  was s i g n i f i 
c a n t l y  lo w e r  (p < .0 5 )  th a n  i n  c o n t r o l  m a le s .  T h ese  d a ta  s u g g e s t  t h a t  
g r a f t e d  GNRH n e u ro n s  c a n  s u p p o r t  a  f u n c t i o n a l l y  n o rm a l p a t t e r n  o f  
p u l s a t i l e  LH r e l e a s e .

382.2 E F F E C T  OF M ED IA L P R E O P T IC  IM PL A N T S  OF A N T I
E S T R O G E N S  ON LH S U R G E S  IN  OV A R I E C T O M IZ E D , 
ESTRO G EN -TREA TED  FEMALE RATS. S .L . P e te r s e n *  and 
C .A .B a rra c lo u g h  (SPO N : R. H o lla n d ) .  D e p t o f P h y s io lo g y , 
Schoo l of Med. U n iv e rs ity  of M aryland, B altim o re , MD 21201.

The o c c u re n c e  of p r o e s t r o u s  p r e o v u l a to r y  LH s u rg e s  
r e q u i r e s  p r io r  exp o su re  of th e  h y p o th a la m o -p itu i ta ry  axis to  
e s tro g e n  du ring  a sp e c if ic  tim e in t e r v a l  b e tw e e n  d ie s t r o u s  
d a y  2 and p r o e s t r u s .  S pon taneous LH su rg es  also  o c c u r  in 
s h o r t- te rm  o v a r i e c to m iz e d  (OVX) r a t s  (7 d a y s )  fo llo w in g  
e s t r o g e n  t r e a t m e n t .  C o n s id e r a b le  ev id en ce  su g g es ts  th a t  
th e s e  p o s i t i v e  f e e d b a c k  a c t io n s  o f e s t r o g e n  a r e  e x e r t e d  
w i th i n  th e  CN S, a l th o u g h  th e  s p e c i f ic  s i t e  of a c t io n  is  
unknow n. One p o s s ib le  s i t e  o f a c t io n  o f e s t r o g e n  is  th e  
m e d ia l  p re o p tic  n u c leu s  (M PN), an a re a  w hich c o n ta in s  bo th  
LHRH c e l l  b o d ie s  and ax o n  te r m in a l s  and  r e c e p t o r s  f o r  
v a r io u s  n e u ro t ra n s m it te r s  know n to  be invo lved  in  th e  su rge 
re le a s e  of LHRH. We rea so n e d  th a t  by  d ep riv in g  th is  sp ec ific  
r e g i o n  o f .  e s t r o g e n  (M P N ) in  an  o th e r w i s e  c o m p le te ly  
e s tro g e n iz e d  OVX r a t ,  we could  e v a lu a te  th e  im p o r ta n c e  of 
e s t r o g e n  in  m o d u la t in g  LHRH r e l e a s e  v ia  i t s  e f f e c t s  on  
n eu rons  w ith in  th e  MPN.

R a ts  w e re  OVX and 2 w e e k s  l a t e r  (D ay  0) 28-gauge 
s ta in le s s  s t e e l  m ic ro can n u lae  w ere im p lan ted  b i l a te r a l ly  in to  
th e  MPN. The m icro can n u lae  w ere  em pty  o r co n ta in ed  one of 
th e  fo llow ing  a n t i- e s tr o g e n s :  LY117018, CI 628 o r  keo x ifen e . 
One h o u r  l a t e r ,  a l l  f e m a le s  re c e iv e d  s .c . S ila s tic  cap su les  
c o n ta in in g  e s t r o g e n  c o n c e n t r a t i o n s  p r e v io u s ly  sh o w n  to  
p r o d u c e  b lo o d  le v e l s  o f 3 0 -3 5  p g /m l .  On D ay 2, b lo o d  
sam ples w ere o b ta in ed  a t  1630 h and th e se  LH v a lu e s  w e re  
com pared  to  LH c o n c e n tra t io n s  o b ta in ed  in s e q u e n tia l ly  b led 
c o n t r o l  r a t s  (OVX + e s t r o g e n  x 2 d a y s ; LH le v e ls  w e re  
m e a s u re d  a t  1000h and hou rly  from 1200 -1 6 0 0 h ). LH le v e ls  
and th e  p ro p o r t io n  o f f e m a le s  e x h ib i t i n g  LH s u rg e s  w e re  
com pared  among g roups.

F e m a le s  w ith  MPN c a n n u la e  c o n ta in in g  a n y  o f  t h e  
a n t i e s t r o g e n s  had  s ig n if i c a n t ly  lo w er LH le v e ls  th a n  th o se  
w ith  b lank  ca n n u la e . In  ad d itio n , 8 8 % of fem ales  im p la n te d  
w ith  b lank  ca n n u lae  e x h ib ite d  a fte rn o o n  LH su rg es  com pared  
w ith  only  10% of CI  6 2 8 - t r e a te d ,  12% of k e o x i f e n e - t r e a t e d  
and  n o n e  o f th e  LY 1 1 7 0 1 8 - t r e a t e d  fem a le s . Most r a t s  in  
w hich  th e  ca n n u lae  w ere m isp laced  in to  re g io n s  o u ts id e  th e  
MPN had LH su rg es .

The r e s u l t s  s u g g e s t t h a t  th e  p re o p tic  reg io n  is  one s ite  
a t  w hich e s tro g e n  a c ts  to  a ffe c t th e  su rge  r e le a s e  of LHRH. 
S tu d ie s  c u r re n t ly  a re  d e te rm in in g  th e  m ech an ism s b y  w h ich  
th e se  a n t i- e s tr o g e n s  a l t e r  LHRH re le a s e  when p la ced  in to  th e  
MPN. S upported  by  NIH G ran t 02138.
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3823 IDENTIFICATION OF SOME RECEPTOR SPECIES MEDIATING 
EFFECTS OF DORSAL RAPHE STIMULATION ON RELEASE OF LH 
IN OVARIECTOMIZED RATS WITH AND WITHOUT ESTROGEN. 
J .H .  J o h n so n  and  C .S . K i t t s  *. D e p t . o f  A natom y, 
M e d ic a l C o l le g e  o f  V i r g i n i a ,  R ichm ond, VA 232 9 8 .

I n h i b i t i o n  o f  LH r e l e a s e  i n  o v a r ie c to m iz e d  (OVX) 
r a t s  by  s t i m u l a t i o n  o f  t h e  d o r s a l  r a p h e  n u c le u s  (DRN) 
i n  a n e s t h e t i z e d  a n im a ls  in v o lv e s  s e r o t o n i n  (5HT; 
A re n d a sh , E n d o c r in o l  1 0 2 :1 1 9 9 ) . We r e p o r t e d  r e v e r s a l  
o f  t h i s  e f f e c t  i n  u n a n e s th e t i z e d  r a t s  by  p r im in g  w i th  
e s t r a d i o l  b e n z o a te  (EB; J  N e u ro s c i  Res 1 5 :2 5 3 ) .  In  
t h e  p r e s e n t  s t u d i e s  we e x p lo r e  t h e  s p e c i e s  o f  
r e c e p t o r s  m e d ia t in g  th e s e  r e s p o n s e s  t o  e l e c t r i c a l  
s t i m u l a t i o n  o f  DRN, a  n u c le u s  c o m p ris e d  l a r g e l y  o f  5HT 
n e u r o n s ,  u s in g  r e c e p t o r  a n t a g o n i s t s  w i th  d i f f e r e n t  
b in d in g  p r o p e r t i e s .  Ke t a n s e r i n  (KET) show s a  d i f f e r 
e n t i a l  a f f i n i t y  f o r  5HT2 ( v e r s u s  5HT1 ) r e c e p t o r s ,  
w h e re a s  m e th y s e r g id e  (METH) an d  m e te r g o l i ne  (MTG) b in d  
t o  b o th  5HT1 and  5HT2 s p e c i e s .  N a l t r e x o n e  (NAL) i s  an 
o p i a t e  r e c e p t o r  a n t a g o n i s t ,  and  p h en o x y b en zam in e  (PBZ) 
b in d s  t o  α- a d r e n e r g i c  r e c e p t o r s .  R a ts  OVX 4 w eeks o r  
m ore w ere  im p la n te d  w i th  b i p o l a r  e l e c t r o d e s  i n  DRN and 
w i th  a  c a n n u la  i n  t h e  e x t e r n a l  j u g u l a r  v e i n .  B lood  
sa m p le s  w ere  c o l l e c t e d  from  u n a n e s th e t i z e d  r a t s  a t  10 
m in i n t e r v a l s  and  p la sm a  was a s s a y e d  f o r  LH by  RIA. 
Mean LH (n g /m l) i n  7 p r e s t i m u l a t i o n  s am p le s  and  i n  7 
s am p le s  c o l l e c t e d  d u r in g  s t i m u l a t i o n  w e re  com pared  f o r  
e a c h  t r e a tm e n t  g ro u p  by  p a i r e d  t  t e s t .  I n  s e p a r a t e  
g ro u p s  o f  r a t s  EB (5 μg / 100 g) was a d m in is te r e d  s c  on 
t h e  2 c o n s e c u t iv e  d a y s  p r e c e d in g  t h e  e x p e r im e n t ,  and 
th e  m ore s t a b l e  r e l e a s e  o f  LH was com pared  i n  4 
p r e s t i m u l a t i o n  and  4 s t i m u l a t i o n  s a m p le s .  R e c e p to r  
a n t a g o n i s t s  w e re  a d m in is te r e d  in  t h e  d o s a g e s  and  a t  
t im e s  p r i o r  t o  c o l l e c t i o n  o f  t h e  f i r s t  p r e s t i m u l a t i o n  
b lo o d  sam p le  a s  l i s t e d :  KET ( 2 .5  m g/kg i p ,  60 m in ) ;  
METH (10 mg /k g  i p ,  7 0 ) ;  MTG (1 m g/kg i p ,  6 0 ) ;  PBZ (20 
m g/kg i p ,  9 0 ) ;  NAL (4 m g/kg i v ,  1 0 ) .  In  u n p rim ed  
a n im a ls  t h e  i n h i b i t o r y  e f f e c t  o f  s t i m u l a t i o n  o f  DRN on 
LH r e l e a s e  was p r e v e n te d  by  KET, METH and  PBZ, b u t  n o t  
by  MTG o r  NAL. In  e s t r o g e n - p r im e d  a n im a ls  t h e  LH- 
r e l e a s i n g  e f f e c t  o f  s t i m u l a t i o n  o f  DRN w as a n ta g o n iz e d  
by  NAL, METH a nd MTG, b u t  n o t  by KET o r  PBZ. T h ese  
r e s u l t s  s u g g e s t  t h a t  s t i m u l a t i o n  o f  DRN e f f e c t s  
r e l e a s e  o f  LH by d u a l  m ech an ism s: a  s t i m u l a t i o n  
m e d ia te d  by  5HT1 an d  o p i a t e  r e c e p t o r s ;  and  i n h i b i t i o n  
v i a  5HT2 and  α- a d r e n e r g i c  s y s te m s .  E s t ro g e n  a p p e a r s  
t o  m o d u la te  t h e  r e l a t i v e  e f f e c t i v e n e s s  o f  t h e s e  i n f l u 
e n c e s .  (S u p p o r te d  by  NIH g r a n t  HD 1 2 1 6 5 ).

382 .4  RESPON SES O F M EDIAL PR E O PT IC  AND M EDIAL SEPTAL (M PO-M S) 
NEURONS TO  ENDOGENOUS AND EXOGENOUS N O REPIN EPH RIN E (N E ). 
Y .I. Kim . C .A . D udley and R .L. Moss. D ept. Physiol., UTHSCD, D allas, TX . 75235

T he effects o f A l- and AB-noradrenergic cell group stim ulation  on th e  activ ity  of 
M PO-M S neurons were exam ined using extracellu lar recording techniques in  ovariec
tom ized, estrogen-progesterone prim ed Sprague-D aw ley ra ts  anesthetized w ith urethane. 
T he effects o f exogenously applied N E were also tested  and related  to  th e  A 1- o r A6 - 
stim ulation-induced effects. N E (500 mM-HCl in  d ist. w ater, 4-30 nA ) w as applied 
iontophoretically  from  one b arrel of a  m ultibarrel assem bly o r ejected by pressure from  
b arrels containing 50 mM  o r 0.5 mM NE-HCl (dissolved in  artific ia l CSF, 0.5-23 psi). 
A l -region s tmulation  evoked orthodrom ic responses from  47 of 111 neurons: 30 neurops 
w ere excited (A 1-O D +), 16 neurons were inhib ited  (A 1-O D -), and 1 neuron showed a  
com plex response. S tim ulation o f A 6-region evoked orthodrom ic responses from  23 of 
105 neurons: 4 neurons excited (A G O D +), 18 neurons were inh ib ited  (A G O D -), and 1 
neuron showed a  com plex response. Responses to  exogenous NE o f neurons, responding 
o r non-reponding (N R) to  A 1- a n d /o r A G -stim ulation, are sum m arized below .

500 m M N E 50 mM  NE 0.5 mM  NE
iontophoresed pressure-ejected pressure-ejected

↑ ↓ → ↑ ↓ → ↑ ↓ →•

A1-OD + 8 7 ( 1 ) * 3 1 5 ( 2 ) * 4 5 1 5

A 1-OD - 0 7 1 0 5 2 1 4 2

A 6-O D + 0 0 1 0 0 2 0 0 2

A6-OD- 3 ( 3 ) * * 7 1 0 6 2 3 ( 2 ) * * 2 4
N R 6 15 2 5 1 10 2 3 10 3 2 6

N ote: ↑  :excitation , ↓ in h ib itio n , →:no response
( )*  num ber o f neurons w hich showed orthodrom ic inhib ition  in  response 
to  A6-stim ulation .
()**num ber of neurons w hich showed orthodrom ic excitation  in  response 
to  A l-stim ulation .
T he resu lts dem onstrate th a t 1) A l-noradrenergic in p u t to  M PO-M S neurons is 

predom inantly excitatory  w hereas A6-noradrenergic in p u t is predom inantly inhib itory ; 
2) exogenous NE can m im iek th e  inhib itory  effects induced by A 1- o r A6-stim ulation  
regardless of drug application  m ethod, although in  th e  case o f pressure ejection th e  higher 
concentration  o f NE w as m ore reliab le th an  th e  lower concentration; and  3) th e  excitatory  
effects induced by A 1-stim ulation  ten d  to  be m im icked by th e  lower concentration of NE 
and p artially  by iontophoretically  applied N E. Since iontophoretically  applied N E or 
pressure-ejected NE o f a  higher concentration tends to  in h ib it th e  activ ity  o f m any NR 
neurons as well as neurons responding to  A l- o r A6-stim ulation , th e  in ab ility  o f NE 
applied as above to  m im ick som e o f th e  A 1-stim ulation-induced excitato ry  effects m ight 
be due to  non-specific activation  of different noradrenergic receptor population as a  resu lt 
o f pharm acological concentrations achieved. Supported by NIH g ran t NS-10434.

382.5 LHRH RELEASE FROM NERVE TERMINALS IN VITRO: DESENSITIZATION TO 
NOREPINEPHRINE STIMULATION AND EVIDENCE  F OR NON-GENOMIC EFFECTS 
OF ESTRADIOL. C. M asotto* and A. Negro-Vi l a r  (SPON: W .W etsel). 
R eproductive N euroendocrinology S e c t io n , Lab. Reprod. Dev. T ox ., 
NIEHS, NIH, R esearch T ria n g le  P ark , NC 27709.

N orep inephrine (NE) i s  an i m portan t c e n tra l  n e u ro tra n sm it te r  
i nvolved in  th e  r e g u la tio n  o f LHRH. The i n te r a c t io n  between NE 
and LHRH is  m odulated by gonadal s t e r o i d s ,  p a r t i c u l a r ly  e s t r a d io l .  
Using an i n v i t r o  system , we have dem onstrated  th a t  NE a c ts  
th rough  an α -a d re n e rg ic  re c e p to r  to  enhance LHRH r e le a s e  from 
median em inence (ME) nerve te rm in a ls ,  and th a t  p ro s ta g la n d in  E2 i s 
an i m portan t i n t r a c e l l u l a r  m ed ia to r o f th e  a c tio n  o f NE. Changes 
i n c i r c u la t in g  e s tro g e n  le v e ls  can r e s u l t  in  marked a l t e r a t i o n s  i n 
neuronal s e n s i t i v i t y  to  NE and , i ndeed , th e  s te ro id a l  m ilie u  o f 
th e  donor anim als d e term ines  th e  degree o f resp o n s iv en ess  i n v i t r o  
t o  th e  s tim u la to ry  e f f e c t s  of NE. We have ap p lied  t h i s  i n v i t r o  
system  to  e v a lu a te  th e  NE-LHRH-Estrogen i n te r a c t io n ,  ask ing  two 
s p e c i f ic  q u e s tio n s : (1) Are th e r e  d i r e c t ,  non-genomic e f f e c t s  o f 
e s t r a d io l  (E2 ) on LHRH nerve te rm in a ls ?  and (2) Is i t  p o s s ib le  to  
observe  d e s e n s i t iz a t io n  to  th e  NE response  in  v i t r o  and , 1f so , 
what a re  th e  e f f e c t s  o f E2 on t h i s  phenomenon? ME fragm ents 
(c o n ta in in g  on ly  nerve f ib e r s  and te rm in a ls  and no c e l l  b o d ie s) 
were o b ta in ed  from a d u lt  r a t s  1  week a f t e r  ovariectom y and i ncu
ba ted  i n a Krebs R inger B u ffe r (KRB) fo r  sev e ra l h o u rs . NE was 
added (10μM) in  each o f th re e  s e p a ra te  30 mi n i n cuba tion  p e r io d s , 
s e p a ra te d  by 90 min recovery  p e r i o d s .  In c e r ta in  g roups, 17β-E2 
(10- 7M) was added to  th e  KRB b u f fe r  th roughou t th e  e n t i r e  Incuba
t i o n  p e r io d . R elease  o f LHRH and PGE2 was e v a lu a te d  by RIA. NE 
In c rea se d  LHRH re le a s e  du rin g  th e  f i r s t  p e rio d  from ME's i ncu
b a ted  i n KRB o r KRB+E2 . The degree o f t h i s  s t im u la t io n  was not 
a f f e c te d  by e s tro g e n . During th e  second and th i r d  t e s t  p e r io d s , 
a r e f r a c to ry  s i tu a t io n  appeared  in  th e  t i s s u e  i ncubated  i n KRB 
s in c e  NE was no lo n g e r ab le  to  s t im u la te  LHRH r e l e a s e .  On th e  
o th e r  hand, th e  ME's i ncubated  w ith  KRB+E2 recovered  th e  c a p a c ity  
t o  respond to  NE du rin g  th e  th i r d  t e s t  p e r io d . I€ c o n s is te n t ly  
re le a s e d  PGE2 in  each t e s t  p e r io d , an e f f e c t  not i n fluenced  by 
th e  p resence  o f E2 . A ddition  o f exogenous PGE2 (0 .5 μM) a t  th re e  
e q u iv a le n t t e s t  p e rio d s  r e s u l te d  in  s im i la r  Increm ents o f LHRH 
r e l e a s e ,  r e g a rd le s s  o f  th e  t e s t  p e r io d , o r o f th e  p resence  o f  E2 . 
The r e s u l t s  i n d ic a te  th a t  d e s e n s i t iz a t io n  o f th e  NE e f f e c t  on 
LHRH may be observed i n v i t r o ,  and th a t  th e  s i t e  o f a c tio n  i s 
d i s t a l  to  th e  a c t iv a t io n  o f PGE2 s e c r e t io n .  F urtherm ore , th e  
d a ta  su g g es ts  t h a t ,  s in c e  th e  response  to  PGE2 rem ains u n a l te re d ,  
an i n h ib i to ry  f a c to r  an d /o r mechanism a f f e c t in g  LHRH r e le a s e  may 
p la y  a ro le  in  th e  d e s e n s i t iz a t io n  p ro c e s s . The observed e f f e c t s  
o f  E2 i n v i t r o  i n a nerve te rm in a l p re p a ra tio n  devoid o f c e l l  
b od ie s  su g g es ts  some n o n -n u c lea r e f f e c t s  o f th e  s t e r o i d ,  perhaps 
a f f e c t in g  membrane e v e n ts  not m ediated  by th e  E2 re c e p to r .

382.6 EFFECTS OF ACUTE HYPOPHYSEAL STALK TRANSECTION ON ANTERIOR 
PITUITARY HORMONE SECRETION. M. C. Chi ng, M. S. Blank*, K. J .  
C a t t* , A. Negro-Vi l a r  and M. L. Duf au* . R eproductive Neuro- 
endocrino logy  S e c t . ,  Lab. Reprod. Dev. T ox., NIEHS., NIH., 
Research T rian g le  P ark , NC 27709 and Endocrinology and Repro
d u c tio n  Research B r . ,  NICHD., NIH., B ethesda, MD 20892.

A fte r  ch ro n ic  s ta lk  t r a n s e c t io n ,  s e c re t io n  of p i t u i t a r y  h o r
mones d e c l in e s ,  w ith th e  n o ta b le  excep tion  o f p r o la c t in ,  which 
r i s e s  prom ptly a f t e r  removal o f th e  to n ic  i n h ib i to ry  c o n t ro l .  
The e f f e c t s  o f ac u te  t r a n s e c t io n ,  on th e  o th e r  hand, a re  not well 
known. During th e  cou rse  o f experim ents in  which th e  s ta lk  was 
c u t i n p re p a ra tio n  fo r  p o r ta l blood c o l le c t io n ,  we observed th a t  
LH r i s e s  a c u te ly  a f t e r  th e  s ta lk  i s  se v e re d . The p re sen t e x p e r i
ments were designed  to  c o r ro b o ra te  and expand th i s  o b s e rv a t io n . 
Adult male r a t s  were a n e s th e s lz e d  w ith A lth es i n (S a ffa n , 5 m l/kg , 
i . p . )  o r ketami n e -x y la z ln e  (30:1, 1 m l/kg ; i .m .) and th e  
p i t u i t a r y  s ta lk  was exposed by parapharyngeal su rg e ry . A p la s t i c  
cannu la  was p laced  i n to  th e  r ig h t  a trium  fo r  p e r io d ic  blood 
w ithdraw al (0 .25-0 .5  m l). H eparin ized  s a l in e  and h e p a rin iz e d , 
washed blood c e l l s  were used fo r  rep lacem ent a t  a p p ro p r ia te  
i n te r v a l s .  A fte r p i t u i t a r y  s ta lk  t r a n s e c t io n  (PST), a r i s e  i n 
plasma le v e ls  Of sev e ra l p i t u i t a r y  hormones was observed , but th e  
dynamics and m agnitude o f th e  change d if f e re d  markedly between 
hormones. LH ro se  s ig n i f i c a n t ly  between 1-2 h a f t e r  PST, peaked 
a t  3-5 h and d ec lin ed  to  basal le v e ls  by 7 h . FSH showed a more 
modest and s lu g g ish  i n c re a se , w ith  s ig n i f i c a n t  increm ents a t  3-6 
h . P ro la c tin  le v e ls  were e le v a te d  a t  10 mi n and remained e l e 
va ted  th roughou t th e  sam pling p e r io d . The i n c rea se  i n GH and TSH 
was appa ren t w ith in  30 mi n . I f  PST was perform ed i n o rch i d ec - 
tomi zed r a th e r  than  i n i n ta c t  anim als a d e c re a s e . i n s tead  o f an 
i n c re a se , i n LH and FSH was observed . To f u r th e r  e v a lu a te  th e  
p o s s ib le  mechanisms m edia ting  th e  r i s e  i n LH, an a d d itio n a l 
experim ent was perform ed in  which an LHRH a n ta g o n is t ([D -pGlu1 , 
D-Phe2 , D-Trp3 ,6 ]-LHRH) was given a t  a dose of 100 μg i . v . ,  120 
and 5 mi n b efo re  PST i n i n ta c t  male r a t s .  LH le v e ls  p r io r  to  PST 
and th roughou t th e  experim en tal p e riod  in  co n tro l anim als 
d ec lin e d  to  very low v a lu e s . In th e  p resence  o f th e  a n ta g o n is t ,  
PST caused a modest but s ig n i f i c a n t  r i s e  in  LH le v e ls  th a t  la s te d  
f o r  th e  4 h b leed in g  p e r io d . Exogenous LHRH (10 n g ,i v) given to  
a n ta g o n is t - t r e a te d  r a t s  f a i le d  to  in c re a s e  LH le v e l s .  The 
r e s u l t s  i n d ic a te  th a t  a c u te  PST causes a rap id  and d i f f e r e n t i a l  
r e le a s e  o f sev e ra l p i t u i t a r y  hormones. Although th e  exact 
mechani sm (s) m ed ia ting  th e se  e f f e c t s  rem ains to  be d eterm ined , i t  
i s  p o s s ib le  th a t  some o f th e  changes a re  due to  th e  removal of 
p e p t id e s ,  amines o r o th e r  f a c to r s  p re se n t i n p o r ta l  blood which 
e x e r t  d i r e c t  In h ib i to ry  e f f e c t s  on p i t u i t a r y  hormone s e c r e t io n .
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382.7 DETECTION OF SPECTRAL NON-STATIONARITIES OF EXTRA CELLULAR FIELD 
POTENTIALS IN THE RAT BRAIN RELATED TO STAGES OF THE ESTROUS 
CYCLE. C .C .T u rb e s ,  G.T. S chneider*  and R .J . Morgan*. D epartm ent 
o f  Anatomy, C reigh ton  U n iv e rs ity  Sch. o f  M ed., Omaha ,  NE 68178

S u b s ta n tia l  ev idence  has been review ed showing th a t  th e  r e le a s e  
o f  g o nado trop in s  and o th e r  p e p tid e s  from th e  hypothalam us and th e  
adenohypophysis v ia  th e  b lood s tream  show changes in  th e  
e x t r a c e l lu l a r  slow wave f i e l d  p o te n t ia l s  (SWFP) a t  1Hz to  50Hz o f 
c e r t a in  re g io n s  o f  th e  fem ale r a t  b r a in .

A u to reg re ss iv e  s p e c t ra l  f i l t e r s  were developed to  an a ly ze  th e  
analog  d a ta .  S pecia l a t te n t io n  i s  g iven  to  th e  hypothalam ic and 
lim b ic  re g io n s  o f th e  b ra in  and th e  s p e c t r a l  n o n - s ta t io n a r i t i e s  
t h a t  r e l a t e  to  th e  s ta g e s  o f  th e  e s tro u s  c y c le . The frequency  
bands o f  1Hz to  50Hz o f  th e  a u to re g re s s iv e  f i l t e r  d a ta  show 
d i f f e r e n t  p a t te rn s  in  each o f th e  ongoing s p e c t ra l  a r ra y s  t h a t  
r e l a t e  to  th e  s ta g e s  o f th e  e s tro u s  c y c le .  Comparisons o f  th e  
a u to re g re s s iv e  f i l t e r  s p e c t ra l  a r ra y s  and coherence and p a r t i a l  
coherence d a ta  show th e  g r e a t e s t  l i n e a r i t y  between 1Hz and 20 Hz 
du ring  p ro e s tro u s  and e s t ro u s .

382.8 CHARACTERIZATION OF SOME BIOLOGICAL PROPERTIES OF THE PUTATIVE LH 
RELEASE INHIBITORY FACTOR OF RAT HYPOTHALAMUS. J .-C . Hwan and 
M.E. Freeman* , D ept. B io l. S c i . ,  F la . S ta te  U n iv ., T a lla h a ss e e , 
F la . 32306.

We have p u r i f i e d  a  novel p e p tid e , lu t e in i z in g  hormone r e le a s e  
in h ib i to ry  f a c to r  (LHRIF), from the  r a t  hypothalam us th a t  can 
in h i b i t  LHRH-stimulated LH r e le a s e  from d isp e rse d  r a t  a n t e r io r  
p i t u i t a r y  c e l l s  (APC) (Hwan and Freeman E ndocrino logy , in  p r e s s ) .  
In  t h i s  s tu d y , we re p o r t  f u r th e r  in  v ivo  e f f e c t s  o f LHRIF on LH 
r e le a s e .  In  a d d i t io n ,  we re p o r t  p ro d u c tio n  and use o f m onoclonal 
a n t ib o d ie s  s p e c i f ic  fo r  LHRIF.

C ycling  r a t s  were im plan ted  w ith  an i n t r a - a r t e r i a l  cannula 
under l i g h t  a n e s th e s ia .  At 1130h on th e  day o f p ro e s tru s ,  r a t s  
were t r e a te d  w ith  p e n to b a rb i ta l  (35 m g/kg), fo llow ed a t  1400h 
w ith  LHRH (500 n g /r a t )  g iven  a lone o r  w ith  LHRIF (100 μg / r a t ) ,  
i n je c te d  i n t r a - a r t e r i a l l y .  Blood samples were taken  a t  10 min 
in t e r v a l s  up to  30 min then  a t  one-hour in t e r v a l s  from one to  3 
h r s .  Serum was assayed  fo r  LH c o n c e n tra t io n  by radioim m unoassay. 
The in h ib i to ry  a c t i v i t y  o f LHRIF was ap p a ren t by 30 min a f t e r  
tre a tm e n t. That i s ,  w h ile  LHRH alone  induced a ra p id  r i s e  in  
b lood LH l e v e l s ,  LHRIF a c tu a l ly  d im in ished  LH r e le a s e  below 
p re tre a tm e n t l e v e l s .

M onoclonal a n t ib o d ie s  to  LHRIF were produced by in  v i t r o  
im m unization o f mouse sp lee n  c e l l s  w ith  l e s s  than  1 nmole o f 
p a r t i a l l y  p u r i f i e d  LHRIF. Fusion  of th e  s e n s i t i z e d  sp lee n  c e l l s  
w ith  mouse plasmacytoma was c a r r ie d  o u t w ith  p o ly e th y le n e  g ly c o l 
(PEG 1540, B aker). Hybridoma su p e rn a ta n ts  were screened  by 
ELISA. A sc ite s  f lu i d  was a ls o  o b ta in ed  by in j e c t io n  o f c e l l s  
from a c t iv e  c lo n es  in to  P ris ta n e -p r im e d  m ice. The anti-LHRIF 
hybridoma c lo n es  s e c re te d  immunoglobulin M (IgM ). The a n t ib o d ie s  
from A sc ite s  f lu id s  a ls o  co n ta in ed  IgG2a and I g G 2 b . T h e  
m onoclonal an tib o d y  n e u tra l iz e d  th e  in h ib i to r y e f f e c t  o f  LHRIF on 
LHRH-stimulated LH re le a s e  in  v i t r o . The is o la te d  
im m unoglobulins were used to  p rep a re  a f f i n i t y  columns by coup ling  
to  C N B r-activated  Sepharose 4B. L a rg e -sc a le  p u r i f i c a t i o n  of 
LHRIF from crude a c id  e x t r a c t  o f r a t  hypothalam us can th u s  be 
perform ed in  a s in g le  s te p .  The 0 .1  N HCL e lu a te  con ta in ed  the 
i n h ib i to ry  a c t i v i t y  and could  be shown to  be homogeneous and have 
th e  same m o b ility  on SDS po lyacry lam ide  g e l as  LHRIF p u r i f i e d  by 
HPLC. U sing th e se  m onoclonal a n t ib o d ie s  and goat an ti-m ouse 
im m unoglobulin con ju g a ted  w ith  F lu o re sc e in  as  th e  second 
a n tib o d y , axons in  th e  r a t  hypothalam us b u t n o t o th e r  a re a s  of 
th e  r a t  b ra in  were s ta in e d .  These s tu d ie s  p rov ide  f u r th e r  
ev idence fo r  a p o s s ib le  LHRIF o f hypothalam ic o r ig in .  Supported 
by The Ford F oundation and NSF.

382.9 INHIBITORY ACTION OF ETHANOL ON PULSATILE RELEASE OF 
LUTEINIZING HORMONE IN MALE RATS. C. R. Poh l* and R. A. 
Gui li ng er* (SPON: A. L. Humphrey). D epartm ent o f  P hy sio lo g y , 
U n iv e rs ity  o f  P it t s b u rg h  School o f  M edic ine, P i t t s b u r g h ,  PA 
15261.

E thanol (EtOH) i s  known to  i n h ib i t  lu te in i z in g  hormone (LH) 
s e c r e t io n  i n a v a r ie ty  o f  expe rim en ta l m odels. T h is  i n h ib i to ry  
a c tio n  ap p ears  t o  be e x e rte d  p r im a r ily  w ith in  th e  CNS, r a th e r  
th a n  a t  th e  le v e l o f  th e  p i t u i t a r y  g la n d . Because th e  c o n tro l 
o f  LH i s  dom inated by an L H -re le a s i ng hormone (LHRH) p u lse  
g e n e ra to r , th e  p re s e n t  s tudy  was undertaken  t o  examine th e  
a c t io n s  o f  EtOH on t h i s  c o n tro l system  by m easuring  changes in  
p u l s a t i l e  LH re le a s e  fo llo w in g  EtOH a d m in is tr a t io n .  Blood 
sam ples were c o l le c te d  a t  6-mi n i n te r v a ls  f o r  4 h rs  from a d u l t  
male* c a s t r a te d  r a t s  b ea rin g  c h ro n ic  ju g u la r  c a th e te r s .  The 
f i r s t  h a l f  o f  th e  4 -h r  p e rio d  ( i n t r a - a n i mal c o n tro l p e r io d )  was 
preceded by an i p i n je c t io n  o f  normal s a l i n e .  The second h a l f  
(experim en ta l p e r io d )  was preceded by a s im i la r  i n je c t io n  o f  
s a l i n e  o r  o f  EtOH a t  doses o f  1000, 1500, o r  2000 mg/kg BW. 
These doses produce peak b lood EtOH c o n c e n tra t io n s  o f  63 ,  102, 
and 170 mg/100 ml,  r e s p e c t iv e ly  (C ic e ro  e t  a l . ,  1982). 
P u l s a t i l e  LH r e le a s e  was ana lyzed  u sin g  th e  PULSAR a lg o rith m  o f  
M erri am and W achter. Sam pling p e r io d s  which were preceded by 
normal s a l i n e  i n je c t io n s  ( f i r s t  o r  second h a l f  o f  th e  4 -h r  
p e r io d )  had s im i la r  v a lu e s  f o r  each  param ete r o f  p u l s a t i l e  LH 
r e l e a s e .  I n je c t io n s  o f  EtOH p r io r  t o  th e  expe rim en ta l p e rio d  
r e s u l te d  i n d o s e - re la te d  changes* as  fo llo w s  (Means ±  SEM; 
i n te rp u ls e  i n te r v a ls  have been c a lc u la te d  on ly  where 2 o r  more 
p u ls e s  were o b s e rv e d ) :

EtOH Dose 
(mg/kg BW)

Frequency 
(P u lse s  P er 2 Hours

In te rp u ls e
In te rv a l

(Min )
Am plitude(ng/ml)

In te g ra te d
LH

(ng/m l)
0 (S a lin e ) 5 .1  ±  0 .4 2 6 .4  ±  2 .7 3 .6 2  ±  0 .42 3 .6 1  ±  0 .41
1000 3 .6  ±  0 .5 2 7 .1  ±  4 .2 3 .5 6  ±  0 .49 2 . 82 ±  0 .33
1500 2 .7  ±  0 .4 6 0 .8  ±  10.2 2 .9 8  ±  0 .50 2 .11  ±  0 .41
2000 1 .8  ±  0 .5 71.5  ±  23 .1 2 .2 2  ±  0 .35 1.68  ±  0 .26

In  a f u r th e r  s tu d y , a c u te  EtOH tre a tm e n t i n  v i t r o  (800 mg/100 
ml) had no e f f e c t  on th e  response  o f  hemi pi t u i t a r i e s  t o  an ED50 
c o n c e n tra t io n  o f  LHRH.

These r e s u l t s  su g g e s t t h a t  EtOH i n h ib i t s  LH re le a s e  by 
reducing  bo th  t h e  frequency  and am p litude  o f  LHRH d is c h a rg e s . 
(S upported  by g r a n t  AA05913 from th e  NIAAA.)

382.10 DISRUPTION OF THE CENTRAL NORADRENERGIC SYSTEM DOES NOT ATTENUATE 
THE SUPPRESSION OF PULSATILE LH SECRETION CAUSED BY INTRAVEN
TRICULAR VASOACTIVE INTESTINAL PEPTIDE INFUSION IN OVARIECTOMIZED 
RATS. M .J. A lexander, D.K. C li f to n * , A.M. Matsumoto* , and R.A. 
S te in e r , Departm ents o f Ob-Gyn, and P hysio logy and B iophysics, 
U n iv e rs ity  o f W ashington, S e a t t l e ,  WA 98195.

We have p rev io u sly  shown th a t  i n t r a v e n t r i c u la r  ( i v t )  in fu s io n  
o f v a so a c tiv e  i n t e s t i n a l  p ep tid e  (VIP) in  ovariec tom ized  (OVX) 
r a t s  causes a pronounced in h ib i t i o n  o f p u l s a t i l e  lu t e in i z in g  
hormone (LH) s e c re t io n  and th a t  t h i s  e f f e c t  i s  n o t a r e s u l t  o f 
reduced p i t u i t a r y  resp o n s iv en ess  to  g o n a d o tro p in -re le a s in g  hormone 
(GnRH) (E ndocrinology 117:2134, 1985). S ince th e re  i s  in c re a s in g  
ev idence fo r  an in t e r a c t io n  between VIP- and n o rep in ep h rin e - 
s e c r e t in g  neu ronal system s in  th e  b ra in ,  we te s te d  th e  hypo thesis  
t h a t  d is ru p tio n  o f th e  c e n tr a l  n o ra d ren e rg ic  system w il l  a t te n u a te  
V IP-induced su p p ressio n  o f p u l s a t i l e  LH r e le a s e .

We used 6-hydroxydopamine (6 -OHDA), a  c a te c h o la m in e -sp e c if ic  
n e u ro to x in , to  d is ru p t  th e  fu n c tio n  o f n o rad ren e rg ic  neurons. 
Seven days p r io r  to  blood sam pling , we ad m in is te red  30 μg 6 -OHDA, 
o r v e h ic le ,  i v t  to  long -term  OVX r a t s  (each  b ea rin g  a  ch ro n ic  
t h i r d - v e n t r i c u la r  ca n n u la ) . This tre a tm e n t reduced hypothalam ic 
n o rep in ep h rin e  c o n c e n tra tio n s  to  35% o f c o n tro l v a lu e s . On th e  
day o f th e  b le e d , s e r i a l  300 μ l  b lood sam ples were taken  from 
co n sc io u s , u n re s tra in e d  anim als a t  5 min in t e r v a l s  fo r  a t o t a l  of 
4 h . Each sample was rep laced  w ith  an equa l volume o f a  blood 
rep lacem ent m ix tu re . Im m ediately fo llo w in g  a c o n tro l  b leed in g  
p e r io d  o f 2 h , VIP ( in  s a l in e )  was ad m in is te red  i v t  to  each anim al 
f o r  2 h ( a t  a dose o f 1 .8  nm ol/18 μ l/ h ) .  The changes in  p u l s a t i l e  
LH s e c re t io n  caused by VIP in fu s io n  were v i r t u a l l y  id e n t ic a l  in  
th e  6 -OHDA- and v e h ic le -p r e tr e a te d  groups (n=5 fo r  b o th ) :

LH P u lse  Frequency (/2 h ) Mean LH (ng RP2/ml)
C ontro l VIP C on tro l VIP

6 -OHDA 4 . 6 ± 0 .5 0 .6  ± 0 .4 7 . 3 ± 0 .6 2 .5  ± 0 .3
V ehic le 4 . 4 ± 0 .4 0 .6  ±  0 .4 6 .8  ± 0 .5 2 .4  ± 0 .3

These r e s u l t s  in d ic a te  th a t  a  s u b s t a n t i a l  d is ru p tio n  o f 
n o ra d ren e rg ic  in n e rv a tio n  does n o t a t te n u a te  V IP-induced 
su p p ress io n  o f p u l s a t i l e  LH s e c r e t io n .  C onclusion : The c e n tr a l  
n o ra d ren e rg ic  system  does n o t appear to  p lay  a  m ajor r o le  in  VIP- 
m ediated in h ib i t i o n  o f p u l s a t i l e  LH r e le a s e .  (Supported  by NIH 
G rant HD-12629.)
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382.11 CHARACTERIZATION OF LHRH IMMUNOREACTIVITY IN MAMMALIAN PITUITARY 
NEURAL LOBE BY HPLC.
E .L .P . Anthony* , P . Wu* , T.O. Bruhn and I.M .D. Jack so n . (SPON: 
K.V. T h riv ik ram an ), D ept. o f  B io logy , Rhode I s la n d  C o lleg e , 
P rov idence , R .I .  02908 and D iv is io n  o f  E ndocrino logy , Brown 
U n iv e r s ity , Rhode I s la n d  H o s p i ta l ,  P rov idence , RI 02902.

LHRH-immunoreactive (LHRH-I ) f ib e r s  have been shown by immu
n o cy tochem istry  to  ex tend  in to  th e  p i t u i t a r y  n e u ra l lobe  in  
b a t s ,  f e r r e t s ,  monkeys and humans (Anthony e t  a l . ,  c e l l  T issu e  
R es. 236 :5 , 1984). T h is p ro je c t io n  i s  m in im ally  re p re s e n te d  in  
r a t s ,  in  which th e  v a s t  m a jo r ity  o f  f i b e r s  e n te r in g  th e  tu b e ra l  
re g io n  o f  th e  hypothalam us ap p ear to  te rm in a te  in  th e  e x te rn a l  
zone o f  th e  m edian em inence (ME). In  b a ts  v i r t u a l l y  a l l  LHRH-I 
f i b e r s  d i r e c te d  tow ard th e  ME ap p ear to  p a ss  th rough th e  i n t e r 
n a l zone and te rm in a te  w ith in  th e  n e u ra l lo b e . In  f e r r e t s  and 
p r im a te s , LHRH-I f i b e r s  ap p ear to  te rm in a te  in  b o th  th e  ME and 
n e u ra l lo b e . The p re s e n t  s tu d y  was d esig n ed  to  v e r i f y  th e  au th 
e n t i c i t y  o f  n e u ra l lobe  LHRH in  b a t s ,  f e r r e t s  and humans by 
HPLC.

Hypothalam ic b lo c k s  and n e u ra l lo b e s  from 16 a d u l t  b a ts  (Myo
t i s  lu c ifu g u s ) and 8 a d u l t  f e r r e t s  (M ustela  f u r o ) were e x t ra c te d  
and p a r t i a l l y  p u r i f i e d  w ith  C-18 c a r t r id g e s .  In  b a t s ,  LHRH 
im m unoreactiv ity  determ ined  by RIA (an tise ru m  R42, Dr. T. N e tt) 
was 58 .3  p g /n e u ra l lo b e  and 454.4 pg /hypo thalam us; in  f e r r e t s ,  
216.1 p g /n e u ra l lo b e  and 3414 pg/hypo thalam us.

On re v e rs e -p h a se  HPLC (C18 column; T F A /a c e to n itr i le  g r a d i 
e n t) , s y n th e t ic  LHRH added to  b a t  hypo thalam ic e x t r a c t  e lu te d  as  
a  s in g le  peak o f  LHRH im m unoreac tiv ity . In  t h i s  sy stem , 85-90% 
o f  LHRH im m unoreactiv ity  e x t r a c te d  from bo th  b a t  n e u ra l lo b e  and 
hypothalam us e lu te d  a t  s im i la r  r e te n t io n  tim e s . S im ila r  r e s u l t s  
w ere o b ta in e d  when f e r r e t  and human n e u ra l lo b e  e x t r a c t s  were 
s u b je c te d  to  HPLC. T h is  physicochem ical ev idence  s tro n g ly  sug
g e s t s  t h a t  th e  f i b e r s  i d e n t i f i e d  by im munocytochemistry c o n ta in  
a u th e n tic  mammalian LHRH. Thus, th e  n e u ra l lo b e  may be a  s i t e  
o f  s e c r e t io n  o f  t h i s  n eu ro p ep tid e  in  s ome mammalian s p e c ie s .

382.12 A DETAILED MORPHOMETRIC STUDY OF GONADOTROPHS IN MALE RATS 
AFTER ELIMINATION OF TESTICULAR NEGATIVE FEEDBACK ON THE BRAIN- 
PITUITARY AXIS. M.O. Dada* and C.A. B lake. D ep t. o f  Anatomy, 
C o llege  of M edic ine, U niv. o f Lagos, Lagos, N ig e r ia , and D ep t. 
of Anatomy, U niv. o f N ebraska M edical C en te r, Omaha, NE 68105.

We perform ed d e ta i l e d  morphom etric an a ly ses  on immunocyto- 
chem ica lly  s ta in e d  LH and FSH c e l l s  in  norm al male r a t s  and in  
male r a t s  which were d e c a p ita te d  1, 7 , 35 o r 90 days a f t e r  
c a s t r a t io n  (CX). Serum LH and FSH c o n c e n tra t io n s  were measured 
by radioim m unoassay. In  r a t s  k i l l e d  1 day a f t e r  CX, serum LH 
and FSH c o n c e n tra t io n s  in c rea sed  10- and 4 - fo ld ,  r e s p e c t iv e ly  
compared to  th o se  o f th e  i n t a c t  c o n t ro ls .  These in c re a s e s  in  
serum gonado troph in  c o n c e n tra t io n s  were not accompanied by any 
changes in  th e  p erce n tag e  o f p a rs  d i s t a l i s  c e l l s  which 
con ta in ed  LH o r FSH, o r in  th e  mean c r o s s - s e c t io n a l  a re a ,  th e  
volume d e n s i ty  o r  th e  num erica l d e n s ity  of LH o r FSH c e l l s .  By 
7 days po st CX, th e  p erce n tag e s  o f LH and FSH c e l l s  and th e i r  
volume and num erica l d e n s i t ie s  had in c rea sed  s ig n i f i c a n t ly ,  but 
th e  mean c ro ss  s e c t io n a l  a re a  and th e  p erce n tag e s  o f c e l l s  
which had d iam ete rs  >18μm were unchanged. By 35 days post-CX, 
th e  numbers o f LH and FSH c e l l s  were on ly  s l i g h t ly  h ig h e r  than  
th o se  observed in  day 7 post-CX, but th e  mean c ro s s - s e c t io n a l  
a rea  and th e  p erce n tag e  o f gonadotrophs whose d ia m ete rs  >18 μm 
had in c rea sed  s ig n i f i c a n t ly .  A lso , th e re  was a s l ig h t  in c re a s e  
in  th e  frequency  o f  f in d in g  s ig n e t - r in g  c e l l s .  The numbers and 
s iz e  o f  gonadotrophs d id  n o t in c re a s e  s ig n i f i c a n t ly  between 35 
and 90 days post-CX , but by th e  l a t t e r  tim e , th e re  was a 
trem endous in c re a s e  in  th e  number of s ig n e t - r in g  c e l l s .  In  a l l  
groups o f  c a s t r a te d  r a t s ,  l ik e  in  th e  c o n t r o ls ,  v i r t u a l l y  a l l  
FSH c e l l s  a lso  co n ta in ed  LH. The percen tag e  o f LH c e l l s  which 
a lso  co n ta in ed  FSH in c re a se d  from 8 8 .6% in  th e  c o n tro ls  to  95% 
in  th e  r a t s  th a t  had been c a s t r a te d  fo r  90 days .

The r e s u l t s  in d ic a te  th a t  1) th e  dram atic  in c re a s e s  in  serum 
LH and FSH c o n c e n tra t io n s  w ith in  24h a f t e r  CX in  male r a t s  
occur w ith o u t a co ncom ittan t in c re a s e  in  th e  numbers o r  s iz e  
o f th e  ce l l s  and 2) in  th e  post-CX changes in  gonadotrophs in  
male r a t s ,  h y p e rp la s ia  c l e a r ly  a n te d a te s  h y p ertro p h y .

S upported by g ra n ts  from th e  NIH(HD11011) and th e  C o llege  of 
M edicine, U n iv e rs ity  o f  Lagos, Lagos, N ig e r ia .

382.13 TWO TYPES OF SECRETORY GRANULES IN GONADOTROPHS: DISCRIMINATION BY THE 
SIMULTANEOUS EM IMMUNOCYTOCHEMICAL LOCALIZATION OF SEROTONIN WITH β-FSH 
AND β -LH. R. F Pavette*, M.D. Gershon, and E.A . Nunez* (SPON: K. Pfennings) Dept. of 
Anst  and Cell Biol., Columbia Univ. P&S, New York, N.Y. 10032

Gonadotrophs of the anterior pituitary gland contain luteinizing hormone (LH), 
follicle stimulating hormone (FSH), and serotonin ( 5-HT). Since LH and FSH can 
differentially be released from the gland, the question arises as to whether or not there 
are different types of gonadotroph. We have investigated this question using electron 
microscopic immunocytochemistry. Mouse pituitary glands were fixed by perfusion 
with a mixture of 4% paraformaldehyde and 0 . 1% glutaraldehyde. Non-osmicated 
tissue was embedded in LR White. Sites of immunoreactivity were localized using 
monoclonal or polyclonal antibodies to β-LH, a rabbit polyclonal antiserum to β -FSH, 
and a rat monoclonal antibody to 5-HT in association with species-specific secondary 
antisera coupled to colloidal gold. As a control, somatotrophs were also demonstrated 
using a rabbit antiserum to human growth hormone. The selection of gold particles of 
different sizes made possible the simultaneous localization of two antigens in the same 
tissue section. All gonadotrophs were found to contain both β-LH and β-FSH. No 
subsets of gonadotroph were found that contained one and not the other. On the other 
hand, while all secretory granules of gonadotrophs had β -LH immunoreactivity, only 
about 40% had β-FSH. increasing the concentration of enti-β -FSH serum did not 
change this proportion. 5-HT immunoreactlvlty was found in 9% of the secretory 
granules of gonadotrophs; however, virtually none of the β-FSH-immnoreectlve 
granules contained 5-HT. Although, the proportion of granules containing 5-HT was 
low, the incidence of double labeling with antisera to 5-HT and β -FSH was far less than 
predicted on the basis of chance (p<0.001). No immunoreactivity of β -LH, β -FSH, or 
5-HT was ever found in somatotrophs. These Observations suggest that there is only a 
single type of gonadotroph in the murine pituitary gland; however, within these cells 
there appears to be a heterogeneous population of secretory granules. All granules 
contain LH but only some contain FSH and none of those that contain both LH and FSH also 
contain 5-HT. Supported by NIH grants NS 12969, AM19743.

382.14 A GONADAL SEX STEROID, 17α ,20β-DIHYDROXY-4-PREGNEN-3-ONE, ACTS 
AS A PHEROMONE TO RAPIDLY INCREASE SERUM GONADOTROPIN AND 
MILT VOLUME IN MALE GOLDFISH Carassius auratus. J.G.Dulka* 
N.E.Stacey* and P.W.Sorensen*(SPON:S.K.Malhotra). Dept.  o f  Zoology, 
Univ. Alberta,  E dmontom T6G 2E9.

When added to aquarium water at low concentrations, 17α ,2 0 β 
-dihydroxy-4-pregnen-3-one (17,20P) rapidly induces a dramatic increase in 
milt volume of male goldfish. A pheromonal action of 17,20P on milt 
volume increase is suggested by the fact that the response to 17,20P is 
inhibited by olfactory tract section. Furthermore, the ability of injected 
gonadotropin to increase milt volume suggests that the "pheromonal" 
effec t of 17,20P may be mediated by endogenous gonadotropin (GtH) 
release. To examine this possibility, mature male goldfish were either 
hypophysectomized (HYPOX), sham operated, or only handled on Day 1. 
On Day 2, milt was stripped from all males at 17:00 hrs and 17,20P 
added to the aquaria (150pg/ml, 5×10-10M) at 21:00 hrs. At 09:00 hrs 
on Day 3, milt volume in HYPOX fish (Median= 0.0 μl; n=20) was 
significantly (p<0.01) smaller than in Sham (Median= 79.0μ l ; n=20) or 
Control fish Median= 49.5 μl; n=20). Following milt removal, each 
treatment group was divided, half being placed in a spawning situation 
with prostaglandin-treated females, and half being placed in all-male 
groups. Two hours aftar spawning had begun, milt was again removed 
from all males. Participation in spawning activity elevated milt levels in 
Control and Sham fish (p<0.01) but not in HYPOX fish despite the fact 
that 8  of 10 HYPOX fish showed vigorous courtship and spawning 
activity. In a second experiment, addition of 17,20P to aquaria water 
was round to  rapidly stimulate GtH secretion in mature male goldfish. 
Groups of mature fish were blood sampled under anesthesia following 
exposure to  150pg/ml of 17.20P for periods of 15 min, 30 min, 1 hr 
or 2  hr. Control Fish were e x p o sed  to 1 0 0 μl of ethanol for 1 hr. 
Serum GtH contrations were determined by radioimmunoassay using 
antisera to carp GtH. Exposure to 17,20P for as little as 15 min was 
effective in elliciting a significant threefold increase (p<0.01) in GtH as 
compared to  ethanol exposed controls. Similar elevations in GtH were 
observed after exposure to 17,20P for 30 min, 1 hr and 2 hr. 
Following blood sampling, all fish w ere transfered to fresh flow-through 
aquaria and milt sampled 7-8 hrs after exposure to 17,20P. The 
expressable milt volume of all four groups exposed to 17,20P were 
significantly greater (p<0.01) than unstimulated controls. Results from a 
number of preliminary experiments indicate that (1) exposure to 17.20P 
increases milt volume within 4  hours, (2) blood GtH levels do not 
increase in female goldfish exposed to 17.20P, (3) anterior telencephalon 
lesions which disrupt olfactory input and impair male sexual behavior also 
block the increase in GtH induced by exposure to 17.20P. As 17,20P is 
known to increase in the blood of female goldfish undergoing oocyte 
final maturation, our findings that water-born 17,20P elevates GtH levels 
and milt volumes in the male suggest that this steroid may function as a 
primer pheromone to synchronize an increase in male fertility with the 
time of ovulation. (Supported by the Alberta Heritage Foundation for 
Medical Research)
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382.15 DAMAGE TO THE ARCUATE NUCLEUS DECREASES LUTEINIZING HORMONE (LH) 
PULSE FREQUENCY IN CASTRATED MALE RATS. C. L. S isk  and A. A. 
Nunez. N euroscience Program and D epartm ent o f Psychology, M ichigan 
S ta te  U n iv e r s ity , E. L ansing , MI 48824

Evidence from a b la t io n  and e le c tro p h y s io lo g ic a l  experim en ts 
su g g e s ts  th a t  th e  a rc u a te  nuc leus  may g e n e ra te  p e r io d ic  n e u ra l 
s ig n a l s  fo r  th e  p u l s a t i l e  r e le a s e  o f L H -re leas in g  hormone (LHRH) 
from th e  hypothalam us (Ann. Rev. P hys. 44 : 583, 1982; Neuroendo. 
35: 63 , 1982). This s tudy  examined th e  e f f e c t  o f e l e c t r o l y t i c  
le s io n s  o f th e  a rc u a te  nucleus  on p u l s a t i l e  LH s e c r e t io n  in  male 
r a t s .  A ll s u rg e r ie s  were perform ed under a n e s th e s ia .  A lbino 
r a t s  were c a s t r a te d  a t  60 days o f age , and 30 days l a t e r  rec e iv e d  
e i t h e r  b i l a t e r a l  e l e c t r o l y t i c  le s io n s  aimed a t  th e  a rc u a te  nuc leus  
o r  no su rg e ry . Follow ing a one week recove ry  p e r io d , a l l  r a t s  
were i m planted w ith  an in d w e llin g  ju g u la r  can n u la . Two days 
a f t e r  c a n n u la tio n , 0 .3  ml blood sam ples were o b ta in ed  a t  5 min 
in t e r v a l s  fo r  a  4 h r  p e r io d . Blood was re p la c e d  w ith  an eq u a l 
volume o f  r a t  red  b lood  c e l l s  suspended in  a plasm a p ro te in  
f r a c t io n .  Rats w ith  le s io n s  were th e n  p e rfu sed  t r a n s c a r d ia l ly  
w ith  0 .9 % s a l in e  fo llow ed  by 10% form aldehyde. Coronal s e c t io n s  
w ere c u t through  th e  hypothalam us, s ta in e d  w ith  c re s y l  v i o l e t ,  
and m ic ro sc o p ic a lly  examined to  determ ine th e  lo c a t io n  and e x te n t 
o f th e  le s io n s .  Plasma c o n c e n tra t io n s  o f  LH were determ ined  by 
radioim m unoassay. Hormone p u lse s  were d e f in ed  as a  s e t  o f 2 
o r  more e le v a te d  LH v a lu es  in  which th e  c o e f f i c ie n t  of v a r i a t i o n  
computed on th e  LH v a lu es  n a d ir  to  n a d ir  was ≥ 3x th a t  o f th e  
a s sa y . The frequency  o f  LH p u ls e s  in  c a s t r a te d  r a t s  w ith o u t 
hypo thalam ic le s io n s  was 1 .9  ±  0 .5 3  p u ls e s /h r .  There were no 
ca ses  in  which th e  le s io n s  r e s u l te d  in  com plete d e s t ru c t io n  of 
th e  a rc u a te  n u c le u s . Some r a t s  s u s ta in e d  p a r t i a l  damage to  th e  
a rc u a te ;  average LH p u lse  frequency  was 0 .89  ± 0 .31  p u ls e s /h r  
in  th i s  g roup. O ther r a t s  had le s io n s  which damaged th e  p o s te r io r  
hypothalam us and mammillary a re a ,  b u t com plete ly  sp ared  th e  
a rc u a te  n u c le u s ; in  th e se  an im als , LH p u lse  frequency  was 2 .0  ± 
0 .35  p u ls e s /h r .  Mean LH le v e ls  were s im i la r  in  unopera ted  r a t s  
and in  r a t s  w ith  no a rc u a te  damage, b u t were reduced by about 
one th i r d  in  r a t s  w ith  p a r t i a l  le s io n s  o f th e  a rc u a te  n u c leu s . 
These r e s u l t s  a re  c o n s is te n t  w ith  th e  h y p o th e s is  th a t  th e  a rc u a te  
n u c leu s  i s  invo lved  in  th e  g e n e ra tio n  o f n e u ra l s ig n a l s  fo r  th e  
p u l s a t i l e  r e le a s e  o f LHRH from th e  hypothalam us. Supported  by 
MH-37877 to  A.A.N. and HD-21588 to  C .L .S .

382.16 IN VIVO MEASUREMENTS OF CATECHOLAMINES AND LUTEINIZING HORMONE RE
LEASING HORMONE (LHRH) FROM THE STALK-MEDIAN EMINENCE (S-ME) IN 
UNANESTHETIZED OVARIECTOMIZED RHESUS MONKEYS. C. Krook*, 
G. W atanabe*, G.A. D avis and E. Terasaw a. W is. Reg. P rim ate  
R esearch  C en te r, 1223 C ap ito l C ou rt, M adison, W isconsin 53715.

P re v io u s ly , we have re p o r te d  a method fo r  th e  measurement o f in  
v ivo  r e l e a s e  o f  LHRH in  conscious  monkeys u s in g  p u s h -p u ll cannu la  
in s e r te d  in to  th e  S-ME. The p re s e n t stu d y  r e p o r t s  a  f u r th e r  a p p l i 
c a t io n  o f t h i s  method to  c o l l e c t  sam ples f o r  s im u ltaneous m easure
m ents o f  t he n e u ro p ep tid e s  and ca tech o lam in es . This system  a ls o  
a llo w s  re p e a te d  sam pling o f specim ens from v a r io u s  lo c a t io n s  o f th e  
S-ME in  u n a n e s th e tiz e d  rh e su s  monkeys. S ev e ra l months p r io r  to  th e  
experim ent 10 ovariec to m ized  monkeys w ere im plan ted  w ith  a c r a n i a l  
p e d e s ta l  under h a lo th an e  a n e s th e s ia .  Using X -ray v en tr ic u lo g ra p h y , 
th e  c e n te r  o f th e  p e d e s ta l  was p la ced  above th e  in fu n d ib u la r  re c e s s  
a t  th e  m id lin e  le v e l  and was used fo r  a re fe re n c e  p o in t .  Three 
days b e fo re  th e  p e r fu s io n , a p u s h -p u ll cannu la  composed o f an o u te r  
cannu la  (22 ga) w ith  s t y l e t  was in s e r te d  in to  th e  S-ME w ith  a  hy
d r a u l ic  m ic ro d riv e  u n i t  (N a rish ig e  M-95B, Tokyo) under ketam ine an
e s th e s i a .  T h is u n i t  allow ed  p o s i t io n in g  o f  th e  cannu la  along  th e  
X,Y,Z c o o rd in a te s . Cannula p lacem ent was v e r i f i e d  by X -ray . The 
anim al was th en  p la ced  in  a  p rim a te  c h a i r .  The an im als were w ell 
adap ted  to  th e  c h a i r ,  f u l l y  consc ious  and a b le  to  ta k e  food and 
w a te r. Three days l a t e r  sample c o l le c t io n  was begun and con tinued  
fo r  12-18 h r s .  The s t y l e t  was re p la c e d  w ith  an in n e r  cannu la (28 
g a ) , and m od ified  Krebs-Ri nger s o lu t io n  was p e rfu sed  th rough  th e  
in n e r  cannu la and p e r fu s a te  was c o l le c te d  from th e  o u te r  cannu la a t  
20 μl/m in  by two i d e n t ic a l ly  c a l ib r a t e d  p e r i s t a l t i c  pumps. Ten 
m inu te f r a c t io n s  were c o l le c te d  c o n tin u o u s ly  on ic e ,  they  were a l l -  
quoted  to  two v i a l s  (150 μ l  and 50 μ l ) and s to re d  a t  -40°C . LHRH 
in  sam ples t r e a te d  w ith  B a c i tr a c in  w ere measured by RIA, and c a te c h 
olam ines and t h e i r  m e ta b o lite s  in  sam ples t r e a te d  w ith  p e rc h lo r ic  
a c id  were m easured by HPLC w ith  e le c tro c h e m ic a l d e te c t io n .  R esu lts  
a r e :  1) As we re p o r te d  p re v io u s ly , LHRH r e l e a s e  was p u l s a t i l e ,  
2) w ith  our HPLC system  n o re p in e p h rin e  (NE), dopamine (DA), d ihy 
droxyphenyl g ly c o l (DOPEG), methoxy hydroxypheny g ly c o l (MOPEG), 
d ihydroxybenyl a c e t i c  a c id  (DOPAC), hom ov an illic  a c id  (HVA) and 
5-hydroxyi nd o le  a c e t ic  a c id  (5-HIAA) were d e te c te d  in  p e r f u s a te s ,  
a lth o u g h  c o n te n ts  and t h e i r  q u a n t i t i e s  v a r ie d  among an im als  and 
cannu la  lo c a t io n  in  th e  S-ME, 3) a p p l ic a t io n  o f amphetamine 10-6 
th rough  th e  push cannu la  s tim u la te s  th e  r e l e a s e  o f  NE and DA as  
w e ll a s  t h e i r  m e ta b o l i te s ,  and 4) application o f NE 10- 6 through 
th e  push cannu la  r e s u l te d  in  an in c re a s e  in  MOPEG and DOPEG, w h ile  
th e  a p p l ic a t io n  o f DA 10-6 M r e s u l te d  in  an  i n c re a se  in  DOPAC and 
HVA. A lto g e th e r , ou r method p re se n te d  h e re  i s  a u s e fu l  to o l  fo r  
neu ro en d o c rin e  re s e a rc h  in  v ivo  in  nonhuman p r im a te s . (Supported 
by g ra n ts  RR-00167, HD-11355 and HD-15433.)

382 .17  INTER A C TIO N S BETWEEN CA TEC H O LA M IN E AND OPIO ID  SYSTEMS 
ON N EU RO SEC RETIO N  O F  LUTEINIZING H O RM ON E-RELEASING 
H O RM ON E (LHRH) IN VITRO. M .J . G a lla g h e r , R.W . C lough , R .E . 
W atson , G .E . H o ffm a n , S .J . W eigand and C .D . S lad ek . (SPON : K.M . 
Skoog) D e p ts .  o f  N eu ro b io l. an d  A n a t. an d  N eu ro lo g y , U n iv . o f  R o c h e s te r  
S ch . o f  M ed., R o c h e s te r ,  NY 14642.

P h a s ic  g o n a d o tro p in  s e c re t io n ,  c h a ra c te r i s t ic  o f th e  f e m a le  e s tro u s  
c y c le ,  o c c u rs  a s  a  r e s u l t  o f  c y c lic  in c re a se s  in  th e  pu lse  a m p litu d e  and  
fre q u e n c y  o f LH RH  n e u ro s e c re t io n  in to  th e  m ed ian  e m in e n c e  c a p il la ry  
p lex u s . P rev io u s  s tu d ie s  h av e  d e m o n s tra te d  t h a t  th e  n e u ro c h e m ic a l 
c o n tro l  o f  LH RH  s e c re tio n  in  v i tro  in v o lv es  n o rep in e p h rin e  (NE). S ince  i t  
h a s  b e e n  d e m o n s tra te d  t h a t  p h as ic  g o n a d o tro p in  s e c re t io n  in  fe m a le s  c a n  
be  a c u te ly  in h ib i te d  by o p ia te  co m p o u n d s, su ch  a s  b e ta -e n d o rp h in , 
d y n o rp h in , an d  m e t-e n k e p h a lin  (m -E N K ), th e  p re s e n t  s tu d ie s  w e re  
d e sig n ed  to  d e te rm in e  i f  op io id  sy s te m s  i n te r a c t  w ith  NE on th e  
n e u ro s e c re t io n  o f  LH R H  in  v i tro .  A d d itio n a lly , w e  ex a m in e d  th e  
im m u n o c y to c h e m ic a l d is tr ib u tio n  o f m -EN K  in th e  p re o p tic  a r e a  o f  th e  
h y p o th a la m u s  (PO A ) a s  th is  reg io n  e x h ib its  n e u ro m o rp h o lo g ic a l se xua l 
d im o rp h ism s and is  essential in  the neural control o f phasic gonadotropin 
s e c re t io n  in  f e m a le  r a t s .  S tudy  # 1 : F e m a le  r a t s  w e re  d e c a p i ta te d ,  b ra in s  
w e re  e x c ise d  and  P O A -m ed io b asa l h y p o th a la m u s  (POA -M BH ) e x p la n ts  
w e re  p la c e d  in to  in d iv id u a l 500 μl in cu b a tio n  c h a m b e rs . Six 
m ic ro c h a m b e rs  w e re  p e rifu se d  s im u lta n e o u s ly  w ith  w a rm e d  an d  
o x y g e n a te d  c u ltu r e  m ed ium  a t  a  f low  r a t e  o f  20 μ l /m in u te .  E f flu e n ts  o f 
th e  c h a m b e rs  w e re  c o lle c te d  in  15 m in u te  f ra c t io n s  an d  LH RH  
c o n c e n tr a t io n  w as m ea su red  by  s p e c if ic  rad io im m u n o a ssa y . T he P O A - 
MBH e x p la n ts  w e re  ex p o sed  to  m ed ium  c o n ta in in g  th e  o p ia te  a n ta g o n is t  
n a lo x o n e  (N al), N E , o r  a  c o m b in a tio n  o f  N al an d  N E , in pu lses  o f  30 
m in u te  d u ra t io n . N al a lo n e  h ad  no  o b se rv a b le  e f f e c t  on  LH RH  
n e u ro s e c re t io n  an d  NE h ad  a  s lig h t  b u t s ig n if ic a n t  s tim u la to ry  e f f e c t ,  a s  
p rev io u sly  r e p o r te d  (C lough  e t  a l , SN A b s tra c ts  1 1 :3 7 9 .4 , 1985). In th e  
p re s e n c e  o f  N a l, in  c o n tr a s t ,  NE h ad  a  d ra m a tic  s tim u la to ry  e f f e c t  on 
LH R H  n e u ro s e c re t io n  in  v i tr o .  S tu d y  # 2 : M ale an d  f e m a le  p a ir s  o f  r a t s  
w e re  s a c r i f ic e d  by p e rfu s io n  a n a  th e i r  b ra in s  p re p a re d  fo r  th e  
im m u n o c y to c h e m ic a l lo c a l iz a t io n  o f  m -EN K  u sing  th e  a v id in -b io tin  
te c h n iq u e . A s tr ik in g  sex  d i f f e re n c e  w as o b se rv e d  in  th e  d e n s ity  o f  
im m u n o re a c tiv e  (ir)  m -EN K  f ib e rs  s i tu a te d  in  th e  p e r iv e n tr ic u la r  PO A 
(peP O A ). F e m a le s  e x h ib it  a  d e n se  p lex u s o f  i r  f ib e rs  in  th e  p eP O A  w hile  
th e  m a le  peP O A  d o es  n o t show  e v id e n c e  o f f ib e r  i r  a b o v e  th a t  p re s e n t  in 
th e  su rro u n d in g  m ed ia l PO A . R e s u lts  o f  S tudy  #1 su g g e s t t h a t  o p ia te  
s y s te m s  p a r t ia l ly  in h ib it  th e  s tim u la to ry  e f f e c t s  o f  NE on th e  
n e u ro s e c re t io n  o f  LH RH  in  v i tro .  F u r th e r  s tu d ie s  a r e  re q u ire d  to  
d e te rm in e  if  th e  m -EN K  se x u al d im o rp h ism  in  th e  p eP O A  r e p re s e n ts  a  
n e u ra l  s u b s tr a te  th ro u g h  w h ich  th e  o p ia te  s y s te m s  an d  N E c a n  in te r a c t  in  
th e  c o n tro l  o f  LH RH  n e u ro s e c re t io n . S u p p o rted  by PH S g ra n ts  M H-09136 
an d  H D -18418 .

382.18 EVIDENCE FOR DUAL SITES OF ACTION FOR NEUROPEPTIDE Y IN STIMULA
TION OF LUTEINIZING HORMONE RELEASE. W.R. Crowley, A. Hassid*, 
and S .P . K alra, Dept. of Pharmacology, U niversity  of  Tennessee, 
Memphis, TN 38163 and Dept. of OB/GYN, U niversity  of F lo rida , 
College of Medicine, G a inesv ille , FL 32610.

Recent evidence in d ic te s  th a t c en tra l  adm in istra tion  of the 
36 amino acid neuropeptide Y (NPY) decreases LH sec re tion  in 
ovariectom ized, hormonally untreated  ra ts  but increases LH 
re lea se  when given to  ovariectomized ra ts  p re trea ted  with ova
rian  hormones. The mechanisms by which NPY a ffe c ts  LH sec re tio n  
are  unknown. The present s tud ies  were designed to in v estig a te  
whether NPY a l te r s  the re lease  of LH-releasing hormone (LHRH) 
from medial basal hypothalamus (MBH) and whether NPY ac ts  
d ire c tly  a t the p itu ita ry  gland. In the f i r s t  experiment, in d i
vidual MBH fragments (a rcua te  nucleus plus median eminence) were 
incubated in Krebs- R inger-bicarbonate-glucose mediun for a 15 
min p reincubation , followed by a 30 min "basal" period  and a 
second 30 min "s tim ulation" period with NPY (10-6M) or c o n tro l. 
In tis su e s  from o v ariec tom ized  r a t s ,  NPY had no e f f e c t  on LHRH 
re le a se . However, in tis su e s  from ra ts  tre a te d  with e s tra d io l 
or e s trad io l /p rogeste rone , NPY produced a s ig n if ic a n t stim ula
tio n  of LHRH re le a se . In a second se t of experim ents, elevated  
KCl  (28 mM or 56 mM) was included in the second 30 min. I n t i s 
sues from ovariectom ized, hormonally untreated  r a ts ,  e levated  
KCl  produced a dose-dependent increase  in the re lease  of LHRH. 
NPY (10-6M) had no e f fe c t on basal re le a se  but s ig n if ic a n tly  
enhanced the re lease  induced by 28 mM KCl . The KCl -induced s t i 
mulation of LHRH was reduced using MBH from ra ts  tre a ted  for 2 
days with a low dose of e s tr a d io l .  However, th is  in h ib itio n  of 
LHRH re lea se  was reversed by NPY (10-6M) in v i t r o . A th ird  
study te s ted  the e ffe c ts  of NPY alone or i n combination with 
LHRH on the re lease  of LH from a n te rio r p i tu i t r y  cel l s .  Ante
r io r  p itu ita ry  glands from ovariectomized ra ts  were minced and 
the cel l s  d ispersed by col l agenase/hyaiuronidase. The d ispersed  
c e i l s  were cu ltu red  fo r 72 h, and were exposed during a 3 h 
incubation to  LHRH, NPY, or to the two peptides to g e th e r. LHRH 
produced a dose dependent increase in LH re le a se , whil e NPY by 
i t s e l f  had no e f f e c t .  However, NPY (10- 9M, 10-8M) s ig n if ic a n tly  
enhanced the re le a se  of LH in response to  low concentrations of 
LHRH. The same re s u lts  were obtained using hem ipitu itary  frag 
ments. These re s u lts  suggest th a t NPY can ac t both c e n tra lly , 
to  enhance the re le a se  of LHRH from the hypothalamus, and a lso  
a t  the leve l of the p itu ita ry  gland, to augment the response to 
LHRH.

Supported by NIH gran ts  HD-13703 and HD-00366 (WRC), HL-33769 
and HL-34304 (AH) and W-08634 and HD-14006 (SPK)
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382.19 CHOLECYSTOKININ INHIBITS K+ STIMULATED LHRH RELEASE FROM MALE AND 
FEMALE RAT HYPOTHALAMI IN VITRO. P.E. Micevych, A.M. Babcock*, 
D.W. Matt* and J.K.H. Lu*. Dept. of Anatomy and the Lab. of Neuro
endocrinology, Brain Research I n s t i tu te ,  UCLA School of Medicine, 
Los Angeles, CA 90024.

Recently we and o thers have reported th a t t is su e  lev e ls  of 
cholecystokinin (CCK) are sexually d if fe re n tia te d  in several d is 
t in c t  hypothalainic and limbic system a reas. Indeed, the number of 
CCK c e ll  bodies is  g rea ter in male ra ts  in  the medial amygdala, 
bed nucleus s t r i a  term inalis  and medial preoptic  nucleus. These 
areas c o n stitu te  an in terconnected , sexually dimorphic, s te rio d  
sen sitiv e  system th a t has been im plicated in the regu la tion  of 
gonadotropic se c re tio n .

In tracereb ro v en tricu la r in jec tio n s  of cholecystokinin (CCK) has 
been reported to  in h ib it  LH re lease  in  ovariectomized (OVX) r a ts .  
In add ition , CCK implants in to  the medial p reoptic  area in OVX, 
estrogen-primed ra ts  stim ulate  LH re le a se . CCK does not d ire c tly  
a l t e r  p i tu i ta ry  LH re le ase , suggesting th a t the e f fe c ts  are medi
ated by a regu la tion  of LHRH within the hypothalamus. Since the 
re lease  of LHRH is  regulated  by gonadal s te ro id s  and CCK appears 
to  modulate estrogen-dependent events (Bloch e t  a l . ,  N eurosci. 
A bstr. ,  12, '8 6 ), we investiga ted  the e f fe c ts  of CCK on the re lease  
of LHRH from hypothalami of male, OVX female, and e s tro d io l ben
zoate tre a te d  (50 μg ) OVX female r a ts .

Following d ecap ita tio n , hypothalami were d issec ted  and placed 
in to  separate superfusion chambers. Each hypothalamus was super- 
fused with an oxygenated Krebs-Ringer-Hepes buffer (KRH) containing 
dextrose and b ac itrac in  a t a flow ra te  of 300 μ l /min. Twelve 10 min 
frac tio n s were co llec ted  following a 60 min washout period. In 
the six th  f ra c tio n , 50mM KCl  was used to  stim ulate  LHRH re le ase . 
In the male hypothalami, the basal e fflu x  of LHRH (26.8 ± 3.4 pg/ 
10 min) was not a lte re d  by KRH containing 10-6M sulphated CCK-8 
(24.3 ± 1.9 pg/10 min). However, CCK attenuated  K+ stim ulated  re 
lease of LHRH by 40% from male hypothalami as determined by area 
under the curve analysis (p <.03). S im ilarly , CCK did not a l te r  
the basal e fflu x  of LHRH from OVX and OVX estro g en -trea ted  ra t  
hypothalami. The K+ re lease  of LHRH from female hypothalami was 
dram atically in h ib ited  by CCK with the most profound in h ib itio n  
observed in hypothalami from OVX females. These findings ind ica te  
th a t CCK in h ib its  K+ stim ulated LHRH re lease  from male and female 
hypothalami and th is  e ffec t is  enhanced by OVX. These re s u lts  
are consisten t with the hypothesis th a t estrogen modulates the 
function of the CCK system. A dditionally , we have demonstrated 
th a t estrogen in h ib its  CCK binding in the hypothalamus. Thus, CCK 
may play a ro le  in  the in h ib itio n  of LHRH in both male and female 
ra ts  and estrogen may modulate th is  in h ib itio n .

Supported by NS 21220 to  P.E.M.

382.20  REDUCED HYPOTHALAMIC SEROTONIN SYNTHESIS AND SERUM LH LEVELS IN 
STREPTOZOTOCIN-DIABETIC MALE RATS. T .S . K in g , D.H. R o h rb ach * , 
A .L . M i l l e r  and W.W. M organ. D e p t. C e l lu l a r  & S t r u c t u r a l  B io lo g y  
and P s y c h ia t r y ,  U n iv . T exas H l th .  S c i .  C t r . ,  San A n to n io , TX 78284

I n f e r t i l i t y  i s  a  common s e q u e la  to  e x p e r im e n ta l ly - in d u c e d  
d i a b e t e s  m e l l i t u s  in  th e  m ale  r a t  a s  w e l l  a s  to  d i a b e t e s  i n  th e  
human m a le . T h is  h a s  b een  a t t r i b u t e d  b o th  to  a l t e r a t i o n s  in  
h y p o th a l a m o - p i tu i ta r y  and p i t u i t a r y - t e s t i c u l a r  a c t i v i t y .  Commonly, 
c i r c u l a t i n g  LH and t e s t o s t e r o n e  l e v e l s  a r e  d e c re a s e d  w hich  
u n d o u b te d ly  a c c o u n t f o r  t h e  r e p o r t e d  r e d u c t io n  in  o r  a b se n c e  o f 
s p e rm a to g e n e s is  and r e d u c t io n  in  a c c e s s o r y  se x  o rg an  w e ig h ts .  
C o n s id e r in g  th e  r o l e  o f  s e r o to n in  ( 5 -h y d ro x y try p ta m in e :5 H T ) in  th e  
h y p o th a la m ic  r e g u l a t i o n  o f  LH s e c r e t i o n ,  we so u g h t to  d e te rm in e  
th e  e f f e c t s  o f  s t r e p to z o t o c in  (S T Z )-in d u c e d  d i a b e t e s  on 
h y p o th a la m ic  5HT s y n th e s i s  r e l a t i v e  t o  th e  e f f e c t s  o f  ST Z -induced  
d i a b e t e s  on c i r c u l a t i n g  l e v e l s  o f  LH, FSH and PRL. H a lf  o f  a 
g ro u p _ o f a d u l t  m ale  S prague-D aw ley  r a t s  w ere i n j e c t e d  i . p .  w i th  16 
mg kg -1 o f  STZ. The o th e r  h a l f  r e c e iv e d  v e h ic l e  o n ly .  The 
d i a b e t i c  g ro u p  w ere  h y p e rg ly c e m ic  th ro u g h o u t  th e  s tu d y  p e r io d  
(4 8 8 .7 ± 2 1 .2  mg• d l - 1 i n  d i a b e t i c  r a t s  v s .  1 2 5 .1 ± 3 9 .3  mg •d l - 1 i n  
c o n t r o l  r a t s :  X̅ ± SEM). A t h i r d  g ro u p  o f  r a t s  s e rv e d  a s  
s e m i- s ta rv e d  c o n t r o l s ,  w e ig h t-m a tc h e d  by t o t a l  c a l o r i e  r e s t r i c t i o n  
d i e t  t o  d i a b e t i c  r a t s .  A l l  o f  th e  r a t s  w ere  i n j e c t e d  i . p .  w i th  
200 m g•kg -1 o f  NSD-1015 t h i r t y  m in u te s  p r i o r  t o  s a c r i f i c e .  
A ccu m u la tio n  o f  5 -h y d ro x y try p to p h a n  in  v a r io u s  h y p o th a la m ic  a r e a s  
was th e n  a s sa y e d  by LCED a s  a  r e l a t i v e  in d e x  f o r  th e  r a t e  o f  5HT 
s y n th e s i s .  Serum LH, FSH and PRL w ere a s sa y e d  by RIA. Our 
r e s u l t s  showed a  50% d e c re a s e  in  5HT s y n th e s i s  i n  th e  p r e - o p t i c  
a r e a - a n t e r i o r  h y p o th a la m u s  (POA-AH) and m e d io b a sa l  
h y p o th a la m u s-m e d ia n  em inence  (MBH-ME) 16 w eeks a f t e r  STZ 
t r e a tm e n t .  We a l s o  found  t h a t  5HT s y n th e s i s  was i n h ib i t e d  i n  th e  
POA-AH, b u t  n o t  MBH-ME, 4 w eeks a f t e r  STZ t r e a tm e n t ,  i n d i c a t i n g  
r e g i o n - s p e c i f i c i t y  in  th e  e a r l y  h y p o th a la m ic  re s p o n s e  to  
S T Z -induced  d i a b e t e s .  Serum LH l e v e l s  w ere d e c re a s e d  b o th  4 and 
16 w eeks a f t e r  STZ t r e a tm e n t .  No c h an g es  e i t h e r  in  h y p o th a la m ic  
5HT s y n th e s i s  o r  i n  serum  LH l e v e l s  w ere  o b se rv e d  1 week a f t e r  STZ 
t r e a tm e n t .  Serum FSH and PRL l e v e l s  rem a in e d  u n a f f e c te d  by STZ 
t r e a tm e n t  th ro u g h o u t  th e  s tu d y  p e r io d .  The l a c k  o f  an  e f f e c t  o f  
d i a b e t e s  on FSH in  c o n t r a s t  to  LH may r e p r e s e n t  f u r t h e r  e v id e n c e  
f o r  th e  h y p o th e s i s  o f  d i f f e r e n t i a l  r e g u l a to r y  m echanism s g o v e rn in g  
th e  s e c r e t i o n  o f  g o n a d o tro p h in s  and f u r t h e r  em p h a s ize s  th e  
p a th o p h y s io lo g ic a l  s p e c i f i c i t y  ( i . e . ,  n o t  a  g e n e r a l iz e d  m e ta b o lic  
d i s tu r b a n c e  e f f e c t )  o f  d i a b e t e s - in d u c e d  m ale  r e p r o d u c t iv e  
n e u ro e n d o c r in o p a th y . Our s tu d y  s u g g e s t s  a  p o t e n t i a l  m echanism  f o r  
su c h  p a th o l o g i c a l  i n t e r a c t i o n ,  n am ely , d i a b e t i c  i n h i b i t i o n  o f  a t  
l e a s t  one r e g i o n - s p e c i f i c  n e u r o t r a n s m i t t e r  sy s te m  i n t e g r a l  to  
h y p o th a la m ic  r e g u l a t i o n  o f  LH s e c r e t i o n .  S u p p o rte d  by NIH g r a n t  
RR07187 (TSK), JDF g r a n t  184418 (DHR) and NIH g r a n t  HD 10202 
(N e u ro e n d o c r in e  C o r e ) .

MOTOR SYSTEMS AND SENSORIMOTOR INTEGRATION: CEREBELLUM III

383.1 localized calcium transients in  cerebellar purkinje  cell dendrites 
IN GUINEA PIG BRAIN SLICES. W.N. R oss and R. W erman*, D ep artm en t 
o f  N e u ro b io lo g y , Hebrew U n i v e r s i t y ,  J e ru s a le m ,  I s r a e l .

C alc iu m  t r a n s i e n t s  w ere  o p t i c a l l y  d e te c t e d  a t  many p o s i t i o n s  on 
P u r k in j e  c e l l s  by m e a s u r in g  a b s o rb a n c e  c h a n g es  a t  640±30 nm w i th  
10× 10 p h o to d io d e  a r r a y  from  c e l l s  w h ich  h ad  b een  i n j e c t e d  w i th  
a r s e n a z o  I I I .  W ith  t h i s  m ethod we c o u ld  d i r e c t l y  exam ine n o n - u n i
f o r m i t i e s  i n  c a lc iu m  e n t r y  i n  d i f f e r e n t  r e g io n s  o f  th e  d e n d r i t i c  
f i e l d .  The c a lc iu m  i n d i c a t o r  and  L u c i f e r  Y ellow  w ere  s im u l t a n 
e o u s ly  io n to p h o r e s e d  i n t o  t h e  so m ata  o f  c e l l s  i n  s a g i t a l l y  c u t  
c e r e b e l l a r  s l i c e s  a b o u t  200 um t h i c k .  A f t e r  t h e  d y e s  d i f f u s e d  
th ro u g h o u t  t h e  d e n d r i t e s  and  a x o n , t h e  c e l l  was s t im u la te d  i n t r a -  
s o m a t ic a l ly  th ro u g h  th e  same e l e c t r o d e  o r  by a c t i v a t i n g  c l im b in g  
f i b e r  i n p u t  w i th  b i p o la r  e l e c t r o d e s  on th e  w h i te  m a t t e r .  Each 
e le m e n t o f  t h e  a r r a y  d e te c t e d  c h a n g es  from  an  a r e a  o f  25×25 to  
40×40 μm2 i n  t h e  p la n e  o f  t h e  s l i c e .  I n  a  t y p i c a l  e x p e r im e n t a b 
s o rb a n c e  c h a n g es  w ere  m ea su red  by a v e ra g in g  50 t o  100 t r i a l s  w h ich  
w ere  d i g i t i z e d  w i th  1 m sec t im e  r e s o l u t i o n .  S ig n a ls  w ere  mapped 
o n to  p o s i t i o n s  on th e  c e l l  u s in g  p h o to g ra p h s  o f  t h e  L u c i f e r  Y ellow  
f lu o r e s c e n c e .

When i n t r a s o m a t i c a l l y  s t im u la te d  a b s o rb a n c e  c h a n g es  w ere  u s u a l l y  
d e te c t e d  a l l  o v e r  t h e  d e n d r i t i c  f i e l d  o f  t h e  c e l l s .  The r i s e  tim e  
o f  t h e  t r a n s i e n t s  c o r re s p o n d e d  to  t h e  tim e  o f  t h e  s lo w  c a lc iu m  
s p ik e s  w i th  no a b s o rb a n c e  i n c r e a s e  d u r in g  th e  b u r s t  o f  sodium  
d e p e n d e n t  s p ik e s .  A b so rb an ce  t r a n s i e n t s  a l s o  p e r s i s t e d  i n  TTX. 
Th ese  e x p e r im e n ts ,  t o g e t h e r  w i th  th e  p r o p e r t i e s  o f  th e  d y e , show 
t h a t  we w ere  d e t e c t in g  c a lc iu m  t r a n s i e n t s  due to  v o l ta g e  d e p e n d en t 
e n t r y  o f  c a lc iu m  i n t o  th e  c e l l .

I n  some e x p e r im e n ts  t h e  r i s e  t im e  o f  th e  t r a n s i e n t s  was e s s e n 
t i a l l y  i d e n t i c a l  a t  a l l  p o s i t i o n s .  In  o th e r  e x p e r im e n ts  th e  r i s e  
tim e s  i n  d i f f e r e n t  r e g io n s  w ere  s e p a r a te d  by a s  much a s  13 m sec , 
to o  lo n g  to  b e  d u e  to  a  p r o p a g a t io n  d e la y .  T h is  s u g g e s te d  t h a t  th e  
e x c i t a t i o n  o f  t h e  d e n d r i t i c  f i e l d  was n o n -u n ifo rm . A ls o ,  i n  o t h e r  
e x p e r im e n ts ,  c a lc iu m  t r a n s i e n t s  w ere  c o n f in e d  to  o n ly  a  p a r t  o f  th e  
d e n d r i t i c  f i e l d  even  th o u g h  th e  L u c i f e r  Y ellow  f lu o r e s c e n c e  su g 
g e s te d  t h a t  t h e  c o in j e c t e d  a r s e n a z o  I I I  was u n ifo rm ly  d i s t r i b u t e d .

C alc iu m  t r a n s i e n t s  w ere  a l s o  a s s o c i a t e d  w i th  th e  s lo w  d e p o la r i z 
in g  a f t e r - p o t e n t i a l  w h ich  o f t e n  fo llo w e d  i n t r a c e l l u l a r  s t i m u l a t i o n .  
The d i s t r i b u t i o n  o f  t h e s e  t r a n s i e n t s  was som etim es d i f f e r e n t  from  
th e  d i s t r i b u t i o n  o f  t r a n s i e n t s  due to  th e  s t im u la te d  a c t i o n  
p o t e n t i a l s .  We c o u ld  a l s o  d e t e c t  c a lc iu m  t r a n s i e n t s  from  c lim b in g  
f i b e r  s t i m u l a t i o n .  The d i s t r i b u t i o n  o f  t h e s e  s y n a p t i c a l l y  evoked 
t r a n s i e n t s  was u s u a l l y  c o n f in e d  to  t h e  d e n d r i t i c  f i e l d  n e a r  t h e  
som a.

S u p p o r te d  i n  p a r t  by USPHS g r a n t  NS16295, th e  Irm a T. H i r s c h l  
F o u n d a t io n ,  an d  t h e  A m yo tro p h ic  L a t e r a l  S c l e r o s i s  S o c ie ty  o f  
A m erica . WNR was a  F o g a r ty  I n t e r n a t i o n  F e llo w , on l e a v e  from  th e  
D e p a rtm e n t o f  P h y s io lo g y ,  New Y ork M e d ic a l C o l le g e .

383.2  HISTOCHEMICAL LOCALIZATION OF 5 ' NUCLEOTIDASE IN THE CEREBELLUM 
OF THE REELER MUTANT MOUSE. L eonard  M. E isen tn an . 
D ep artm en t o f  Anatomy, J e f f e r s o n  M e d ic a l C o l le g e ,  P h i l a d e l p h ia ,  
PA 19107.

Many d i f f e r e n t  e x p e r im e n ta l  p ro c e d u re s  have  b een  em ployed to  
d e m o n s tra te  th e  h e te r o g e n e i ty  o f  th e  c e r e b e l l a r  c o r t e x  i n  th e  
n o rm a l a n im a l.  One o f  th e  i n i t i a l  d e m o n s tra t io n s  u t i l i z e d  a 
h i s to c h e m ic a l  s t a i n i n g  p ro c e d u re  f o r  th e  enzyme 5 ' n u c le o t id a s e  
i n  th e  c e re b e llu m  o f  th e  mouse ( S c o t t ,  1 9 6 3 ) . The d i s t r i b u t i o n  
o f  t h i s  enzyme was s e e n  to  be l o c a l i z e d  in  p a r a s a g i t t a l  bands 
w i th in  t h e  m o le c u la r  l a y e r .  A more r e c e n t  s tu d y  c o n firm e d  t h i s  
f in d in g  i n  th e  no rm al mouse and in  a d d i t i o n  exam ined th e  
d i s t r i b u t i o n  o f  t h i s  enzyme in  a num ber o f n e u r o lo g ic a l  m u ta n ts ,  
in c lu d in g  hom ozygous w e a v e r , n e rv o u s  and P u r k in je  c e l l  
d e g e n e r a t io n  m ice (H e s s , e t  a l . ,  1 9 8 3 ). P a r a s a g i t t a l  b a n d in g  o f 
t h e  5 ' n u c le o t id a s e  was o b se rv e d  i n  th e  w e a v e r , b u t  n o t  i n  th e  
n e rv o u s  o r  P u r k in j e  c e l l  d e g e n e r a t io n  m ic e . The l a t t e r  two 
m u ta n ts  h av e  g r e a t l y  d e p le te d  P u r k in j e  c e l l  (PC) p o p u la t i o n s ,  
s u g g e s t in g  a p o s s ib l e  l i n k  b e tw een  g ro u p s  o f PC d e n d r i t e s  and th e  
enzym e.

We h ave  exam ined th e  d i s t r i b u t i o n  o f t h i s  enzym e, 5 ' 
n u c l e o t id a s e ,  i n  th e  a d u l t  hom ozygous r e e l e r  m u tan t mouse 
( r l / r l ) , i n  w hich  th e  m a jo r i t y  o f  PCs a r e  e c o to p ic ly  l o c a t e d  in  
th e  w h ite  m a t t e r  o f  th e  c e re b e llu m . The r e s u l t s  i n d i c a t e  t h a t  
t h e r e  i s  d i f f e r e n t i a l  s t a i n i n g  o f  th e  c e re b e llu m  w ith  m ost o f  
th e  more h e a v i ly  s ta i n e d  r e g io n s  a s s o c i a te d  w i th  c l u s t e r s  o r  
p a r t s  o f  c l u s t e r s  o f  PCs. Both  n o rm a lly  p o s i t io n e d  PCs and 
e c to p i c ly  lo c a t e d  PC c l u s t e r s  d e m o n s tra te  d i f f e r e n t i a l  s t a i n i n g .  
T h is  i s  m ost e v id e n t  in  th e  v erm al r e g io n  o f  th e  c e re b e llu m . The 
i n t e n s i t y  o f  s t a i n i n g  i s  g e n e r a l l y  much lo w er i n  th e  h e m is p h e re . 
In  v e rm a l a r e a s  w here d i f f e r e n t i a l  s t a i n i n g  i s  e v id e n t ,  a band 
p a t t e r n  c o n t in u e s  th ro u g h  a number o f  r o s t r o c a u d a l  s e c t i o n s  b u t 
i s  d i f f i c u l t  to  fo l lo w  f o r  any g r e a t  d i s t a n c e .

T h ese  r e s u l t s  in  r l / r l  s u p p o r t  th e  f in d in g s  o f  H ess e t  a l .  
(1 9 8 3 ) i n  s u g g e s t in g  an  a s s o c i a t i o n  be tw een  th e  l o c a l i z a t i o n  o f 
5 ' n u c le o t id a s e  and c e r t a i n  p o p u la t io n s  o f  PC s. In  a d d i t i o n ,  
th e y  a l s o  d e m o n s tra te  t h a t  h e te r o g e n e i t y  w i th  r e g a r d  to  t h i s  
enzyme i s  a l s o  e v id e n t  i n  e c to p i c  PC s. T h is  h e te r o g e n e i ty  
a p p e a r s  t o  h ave  some f e a t u r e s  i n  common w ith  o l i v o c e r e b e l l a r  
p r o j e c t i o n  i n  t h i s  m u tan t a s  s tu d i e d  w i th  a n te r o g ra d e  t r a c in g s  
t e c h n iq u e .
A cknow ledgem ents: S u p p o rte d  by NS 16531 and NS 22093 .
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383.3 AUTORADIOGRAPHIC TRACING STUDY OF THE OLIVO
CEREBELLAR PROJECTION IN THE ADULT STAGGERER MUTANT 
MOUSE. Gene J. Blatt and Leonard M. Eisenman. The Salk Institute, 
La Jolla, CA 92037 and The Daniel Baugh Institute, Dept. of 
Anatomy, Jefferson Medical College, Philadelpha, PA 19107.

One of the most fascinating, yet still unexplained, phenomena in 
developmental neurobiology is how afferent fibers find and contact 
appropriate target cells. In some systems such as the olivocerebellar 
projection, the afferents organize in a very precise manner. In the 
normal animal, climbing fibers (CF) from particular regions of the 
inferior olivary complex (10) distribute into specific orthogonally- 
oriented compartmental zones in the cerebellar cortex. The climbing 
fibers terminate on the soma and primary dendrites of their main 
target cell, the Purkinje cell (PC). It is not known what factors are 
responsible for such a precise distribution of these olivocerebellar 
afferents. There are many possibilities such as chemical factors, 
timing of arrival of afferent and target, recognition factors and 
target cell position and number. What would the distribution of CF 
afferents be like in an animal that has ( 1)a severe reduction of PCs, 
and (2) many target cells (i.e., PCs) in ectopic positions? We 
examined such a problem in the adult homozygous staggerer mouse 
(sg/sg). The staggerer is characterized by a cerebellum of less than 
one-third normal size, lacks most cerebellar granule cells, and has 
only 10-25% of the normal complement of PCs, many of which are 
ectopic. In addition, the staggerer inferior olivary complex contains 
only approximately 40% of the normal number of cells.

Using the ventral (retropharygeal) approach to the 10, we injected 
8-10 μCi of tritiated  leucine in specific regions of the 10 in five sg/sg 
mice. As is observed in the normal mouse, CFs in sg/sg terminate in 
a series of orthogonal zones. Also, the projection appeared to be 
contralateral and had a similar topographic organization to that seen 
in the normal mouse: ( 1) the caudal-intermediate medial accessory 
olive projects to the vermis, (2) the principal olive and dorsal 
accessory olive projects to the paravermis, and (3) portions of the 
intermediate-rostral medial accessory olive and principal olive 
projects to the hemisphere. Similar results were previously seen in 
two other varieties of neurological mutants, the reeler and weaver 
which also have a reduced number and ectopic PCs. Thus in three 
mutants with varying degrees of PC abnormalities, the results 
indicate that final target cell position does not play a critical role in 
olivocerebellar distribution. Rather, as long as some target cells 
remain (as few as 10-25% in sg/sg), CFs are able to find target cells 
in the correct cerebellar region.

383.4 DISTRIBUTION OF MUSCARINIC RECEPTORS IN DEVELOPING AND 
MUTANT RODENT CEREBELLUM. A. N eustadt*, A. Frostholm and 
A. R o tte r. D epartm ent of Pharmacology, University of California, 
Irvine,  C A 92717.

Previous autoradiographic studies, using [3H] propylbenzilylcholine 
m ustard (PrBCM) to  label muscarinic acetylcholine recep to rs, showed 
them  to  be localized exclusively over cerebellar lobules 9 and 10 
(R otter, A. Brain Res. Rev. 1:167, 1979). The present studies using 
[3H ] quinuclidinyl benzilate  ( QNB), show m oderate levels of grain 

density throughout a ll cerebellar lobules of both ra ts  and m ice. Within 
the adult ra t  cerebellum  [3H] QNB binding sites appear to  be highest in 
the granule and Purkinje cell layers, with a d istinctly  higher level of 
binding in the Purkinje cell layer. Adult mouse cerebellum shows a 
uniform region of m oderate to  high binding over the granule cell layer, 
with no notable increase over the Purkinje cell layer. Particularly  high 
levels of [3H ] QNB binding were observed in lobules 9 and 10 (uvula 
and nodulus) of the ra t  cerebellum , a distinction not observed in mouse. 
No labeling was observed over the  white m a tte r. In developing mouse, 
a t  postnatal day 1, m oderate to dense levels of recep to rs were observed 
throughout the en tire  cerebellum . By day 3, a reduction in grain 
density over the ex ternal granule cell layer becam e observable; by 
day 5 the in ternal granule ce ll layer, in addition to  all other cerebellar 
s truc tu res, was clearly  of higher density than the ex ternal layer. At 
days 9-11 the white m a tte r and the thin molecular layer between the 
in ternal and ex ternal granule cell layers, were clearly  identifiable; both 
were of low to  m oderate grain density. In 13-17 day mice, 
autoradiographic grains becam e increasingly localized over the internal 
granule cell layer, with only low density visible over the molecular 
layer. M oderate labeling over all regions of white m a tte r  was 
m aintained. The adult distributions were atta ined  betw een 21 and 30 
days of age. Older animals (80 to  100 days) showed a marked decrease 
in grain density, with only low levels of [3H] QNB labeling observed 
over the granule cell layer. Muscarinic recep to r distribution in 
neurological mouse m utants suggested no significant decrease in 
recep to r levels. Purkinje cell degeneration (pcd), a m utant in which 
the re is an alm ost com plete degeneration of Purkinje cells, displays 
essentially  equal levels of grain density to  the control litte rm ate . 
Weaver (wv) a m utant in which granule cells a re  unable to  m igrate and 
which subsequently degenerate , actually  displays higher levels of 
binding in most lobules than its  control li tte rm a te . Although 
muscarinic recep to rs appear to  be associated with the granule cell layer 
in adult m ice, our developm ental and m utant studies suggest tha t they 
are not located  on granule cells per se. While a variety  of postsynaptic 
locations may be hypothesized, the possibility of, a presynaptic 
localization on affe ren t mossy fibers cannot be excluded.
Supported by USPHS G rant NS 18089.

383.5 THE EFFECTS OF DORSAL RAPHE STIM ULATION ON GRANULE 
CELL SPONTANEOUS A C TIV ITY  IN THE RAT CEREBELLUM.
D .L . A r m s t r o n g , C . Mc N a i r ,  M. H a y , D.M. Te r r i a n , a n d  
N. Ve l e z .  D iv .  o f  L i f e  S c i e n c e s ,  U n iv .  o f  T e x a s  a t  
S an  A n to n io ,  S an  A n to n io ,  TX 7 8 2 8 5 .

A n a to m ic a l  s t u d i e s  h a v e  i n d i c a t e d  t h a t  s e r o t o n e r 
g i c  e f f e r e n t s  o f  t h e  b r a i n  s te m  r a p h e  n u c l e i  c o n t r i 
b u t e  t o  t h e  m o s s y  f i b e r  s y s t e m  i n n e r v a t i o n  o f  t h e  
c e r e b e l l a r  g r a n u l e  l a y e r ,  h o w e v e r ,  t h e  p h y s i o l o g i c a l  
c h a r a c t e r i z a t i o n  o f  t h i s  s y n a p t i c  i n p u t  h a s  n o t  b e e n  
d e f i n e d .  The p r e s e n t  s t u d y  w as d e s ig n e d  t o  d e t e r m i n e  
t h e  e f f e c t s  o f  r a p h e  s t i m u l a t i o n  o n  g r a n u l e  c e l l  
u n i t  a c t i v i t y .  S t i m u l a t i n g  e l e c t r o d e s  p o s i t i o n e d  
w i t h i n  t h e  d o r s a l  r a p h e  (DR) w e r e  u s e d  t o  a p p l y  
s i n g l e  s q u a r e - w a v e  p u l s e s  ( 0 . 1 - 0 . 5  m s d u r a t i o n )  o r  
p u l s e  t r a i n s  (50  Hz) i n  u r e t h a n e  a n e s t h e s i z e d  r a t s .  
U n i t  r e c o r d i n g  w a s  c a r r i e d  o u t  w i t h  m i c r o p i p e t t e s  
f i l l e d  w i t h  2 M N aCl  s a t u r a t e d  w i t h  f a s t  g r e e n .

Of t h e  87 g r a n u l e  c e l l s  s a m p l e d  13% r e s p o n d e d  
c o n s i s t e n t l y  t o  s t i m u l a t i o n  w i t h  t h e  p r i m a r y  e f f e c t  
b e i n g  a  d e c r e a s e  i n  f i r i n g  r a t e .  T h r e s h o ld  s t i m u l u s  
i n t e n s i t y  r a n g e d  f r o m  50 t o  1 0 0  uA a n d  d u r a t i o n  o f  
e f f e c t  r a n g e d  f r o m  6 0  t o  5 0 0  m s e c .  A f t e r  s a m p l i n g  
v a r i o u s  r e g i o n s  i t  w as  fo u n d  t h a t  t h e  p r o b a b i l i t y  o f  
f i n d i n g  r e s p o n s i v e  c e l l s  w as  g r e a t e s t  i n  t h e  l a t e 
r a l  v e r m is  and  m e d ia l  l a t e r a l  h e m is p h e r e s .

To v e r i f y  t h a t  t h e  o b s e r v e d  r e s p o n s e s  w e re  in d e e d  
b e i n g  m e d i a t e d  v i a  a d i r e c t  s e r o t o n e r g i c  p a t h w a y  
r e c o r d i n g s  w e re  a l s o  c a r r i e d  o u t  u s in g  m u l t i b a r r e l  
p i p e t t e s .  I o n t o p h o r e t i c  a p p l i c a t i o n  o f  0 .5  M 5 -H T  
c r e a t i n i n e  s u l f a t e  p r o d u c e d  a  d e c r e a s e  i n  t h e  f i r i n g  
r a t e  o f  c e l l s  t h a t  w e r e  s i m i l a r l y  a f f e c t e d  b y  DR 
s t i m u l a t i o n .  The 5-HT r e c e p t o r  b l o c k e r s ,  c y p r o h e p t a 
d i n e  HCl  an d  m e th y s e r g id e  m a l e a t e  w e re  n o t  e f f e c t i v e  
i n  b l o c k i n g  s t i m u l a t i o n - i n d u c e d  e f f e c t s .  T h e  lo w  
a f f i n i t y  o f  t h e s e  a g e n t s  f o r  5-H T1 r e c e p t o r s  th o u g h t  
t o  m e d i a t e  s e r o t o n i n ' s  i n h i b i t o r y  e f f e c t s  i s  o n e  
p o s s i b l e  e x p l a n a t i o n  f o r  t h i s  f i n d i n g  an d  a d d i t i o n a l  
s e r o t o n e r g i c  a g e n t s  a r e  b e i n g  t e s t e d .

A l th o u g h  t h e  p e r c e n t a g e  o f  r e s p o n s i v e  c e l l s  i s  n o t  
r o b u s t  t h e  r e s u l t s  o f  t h i s  s t u d y  d e m o n s t r a t e  t h a t  
DR s t i m u l a t i o n  d o e s  m o d u la te  g r a n u l e  c e l l  a c t i v i t y .  
T h e  f i n d i n g s  s u p p o r t  t h e  a n a t o m i c a l  e v i d e n c e  o f  
s e r o t o n e r g i c  m o s s y  f i b e r  t e r m i n a l s  a n d  t h e  r e c e n t  
d e m o n s t r a t i o n  o f  a  h ig h  a f f i n i t y  5-H T u p ta k e  m e c h a 
n i s m  i n  i s o l a t e d  c e r e b e l l a r  g l o m e r u l i  ( T e r r i a n  e t  
a l ,  B r a i n  R e s  B ul l  1 4 , 1 9 8 5 ) .

383.6 CLIMBING FIBER ORGANIZATION OF CRUS II AND THE PARAFLOCCULUS OF 
CAT CEREBELLUM. Lee T. Robertson, S.A. E lias* , and M.E. 
Cummins*. Neurological Sciences In s t i tu te ,  Portland, OR 97209.

This study examines the climbing fib e r organization of Crus II 
and the underlying paraflocculus as p a rt of a long-term project 
to determine how the body surface is  represented in the 
cereb e lla r cortex . Previous work by Welker and assoc iates  on the 
mossy f ib e r input id e n tif ie d  only a large represen ta tion  of the 
face in Crus I I ,  which was described as a fractu red  patchy- 
mosaic. L i t t le  information is  availab le  on the organization of 
the climbing fib e r  represen ta tion  fo r e ith e r  Crus II or the 
parafloccu lus.

The data were obtained from 8 cats  anesthetized  with sodium 
p en tobarb ita l. E x trace llu la r recordings were made of individual 
Purkinje c e l ls  and the climbing fib e r responses were e lic i te d  by 
cutaneous (punctate force of or le ss  than 2.0 g) and deep (higher 
punctate forces or movements of the limb) ta c t i le  s tim ulation of 
the body surface. Receptive f ie ld s  were carefu lly  delineated 
with von Frey h a irs . H istological reconstructions were made for 
each e lectrode penetra tion .

In Crus I I ,  430 Purkinje c e l ls  were i so la ted , of which only 
25% had climbing fib e r  responses th a t were e l ic i te d  by ta c ti le  
stim u la tion . The responsive un its were mainly ip s i l a te r a l ,  with 
51% representing  the face, 44% representing  the forelim b, and 2% 
representing the hindlimb. No rep resen ta tions of the proximal or 
ax ia l body areas were encountered. Most responsive un its  were 
in te rspersed  amongst unresponsive u n its , although small patches 
of face or forelimb represen ta tions were occasionally  encoun
te red . Most responses (80%) of the face represen ta tion  were 
evoked by low threshold stim u la tion , whereas 85% of the responses 
representing  the forelimb required deep s tim ulation . The 
receptive f ie ld s  of the face were usually  small and lim ited  to 
areas such as the chin, l ip ,  v ib riss a e , nose, or cornea; almost 
a l l  the forelimb receptive fie ld s  were d is ta l .

In the parafloccu lus, 186 c e lls  were iso la ted  and 22% had 
climbing fib e r  responses e l ic i te d  by ta c t i le  stim ula tion . Most 
(82%) of the responses represented the ip s i la te r a l ,  d is ta l ,  
forelim b; 15% represented the hindlimb; and 3% represented the 
face. The responses were about equally  e lic i te d  by cutaneous and 
deep stim ulation  and were found i ntermingled among unresponsive 
u n its .

These data i ndicate i n Crus II a climbing f ib e r represen
ta tio n  of several body areas but less  dense than has been 
reported fo r the mossy f ib e r system. Also provided, is  the 
f i r s t  evidence of a modest forelimb rep resen tation  in the 
parafloccu lus. (Supported by NIH grant NS 18242)



THURSDAY PM MOTOR SYSTEMS AND SENSORIMOTOR INTEGRATION: CEREBELLUM III 1417

383.7 D ISCRETE R E C E PT IV E  FIELDS AND PHY SIOLOG ICA L P R O P E R 
TIES O F NEURONS W ITHIN TH E BASILAR PONS: CO RRELA TIO N  
BETW EEN  D IR E C T  PER IPH E R A L AND CO RTICA L IN PU TS 
S.A. Azizi, R. J . K osinski, D. J . W oodward and G. A. M ihailoff.
University o f Texas Health Science Center a t Dallas, Dallas Texas 75235

Recent studies in our laboratory have dem onstrated  a  convergence of 
peripheral (dorsal colum n nuclei) and  cerebral cortical inputs to  the  basilar 
pontine nuclei (BPN) in the ra t. In the  cu rren t series of electrophysiological 
experim ents we have m apped the  receptive fields of BPN  neurons and in
vestigated certain  of the ir physiological properties. B ipolar concentric stim 
ulating electrodes were im planted in discrete areas of m otor, sensory, visual 
and auditory  cortices as well as under the skin of the forepaws, hindpaws 
and the vibrissal pads. The basilar pons was exposed by a  ventral surgical 
approach under halo thane anesthesia and the  recording electrode positioned 
w ithin the BPN  ipsilateral to  the cortical stim ulation  sites. Conventional 
electrophysiological recording and stim ulation  appa ra tu s  was used including 
a  com puter for building on-line histogram s.

D ata  from  262 BPN  neurons (37 ra ts) were analyzed and a partia l m ap 
of BPN  receptive fields has been constructed . It appears th a t the  periph
eral sensory inpu t to  BPN  neurons is som atotopically organized w ithin the 
medial portion  of the  caudal pons such th a t inform ation from  the hindlimb 
term inates m ost ventrally  followed by forelimb and  face areas m ore dorsally. 
The receptive field of each neuron was confined to  sm all areas of skin in 
the case of cutaneous stim ulation, or single jo in ts following activation of 
deep receptors. These BPN  neurons were identified as projection neurons 
by antidrom ic stim ulation of cerebellum . M any of these sam e neurons also 
responded to  stim ulation  of single or m ultiple areas of the  cerebral cortex. 
Moreover, electrical stim ulation of visual and  auditory  cortices activated 
cells in rostra l areas of the pons.

W ith  regard  to  the physiological properties of BPN  neurons, it was ob
served th a t BPN  neurons followed high frequency (30 Hz) stim ulation. A 
response profile of such neurons to graded intensities and  frequencies of 
stim ulation  has been compiled. Inspection of post stim ulus tim e histogram s 
following stim ulation  of selected locations w ithin the cerebral cortex revealed 
an excitatory epoch of 5 - 10 msecs. followed by an inhib itory  phase rang
ing in dura tion  from  50 - 80 msecs. The inhibition persisted  a t stim ulation 
intensities below the  threshold for excitation. These observations suggest 
th a t active inhibition of BPN  neurons arises subsequent to  cerebral cortex 
stim ulation . Such a  suggestion is supported  by previous work from  our lab
oratory  which has dem onstrated  th a t a popula tion  of GABAergic neurons 
resides w ithin the BPN  and th a t certain  afferent projections to  the  BPN  are 
GABAergic. W hether the inhibition observed in the present study  is derived 
from an intra- or ex trapontine circuit rem ains to  be determ ined.

These d a ta  indicate th a t BPN  neurons have discrete, som atotopically 
organized peripheral sensory inputs, though t to  originate largely from  the 
dorsal colum n nuclei. Convergence of these peripheral inputs w ith descend
ing cortical afferents, as well as the com bination of excitatory  and inhibitory 
inputs suggest th a t BPN  neurons may be involved in com plex sensorim otor 
integrative functions. Grants D A -2338, NS-12644, B iol- H um. Found.

383.8 ANALYSIS OF THE DYNAMICS OF ACTIVITY IN ENSEMBLES OF NEURONS 
RECORDED SIMULTANEOUSLY IN CEREBELLAR CORTEX. G .J.C arm an , 
B.Rasnow*, and J.M .Bow er, D iv is io n s  o f B io lo g y  and P h y s ic s , 
C a lte c h , P asadena, CA, 91125.

S im u ltan eo u s  e x t r a c e l l u l a r  re c o rd in g s  made from  g roups of 
s in g le  n eu rons  p ro v id e s  th e  o p p o r tu n i ty  to  i n v e s t i g a t e  b o th  
th e  d i s t r i b u t e d  s p a t i a l  and te m p o ra l r e p r e s e n ta t i o n s  o f 
se n s o ry  in fo rm a tio n  a s  w e ll  a s  th e  d ynam ical b e h a v io r  o f th e s e  
n eu ro n s . However, c o n v e n tio n a l a n a ly s i s  te c h n iq u e s  f o r  n e u ra l  
s p ik e  t r a i n  d a ta  most of w hich a r e  b a sed  on p o in t  p ro c e s s  
s t a t i s t i c s ,  a r e  in h e r e n t l y  u n s u i ta b le  f o r  s tu d in g  n e u ra l  
dynam ics. A cco rd in g ly , i t  i s  n e c e s s a ry  to  d ev e lo p  new 
a n a ly s i s  p ro c e d u re s .

We r e p o r t  h e re  th e  r e s u l t s  o f an  ap p ro ach  th a t  a p p l ie s  
dynam ical m ethods to  d a ta  o b ta in e d  by re c o rd in g  
s im u lta n e o u s ly  from  m u l t ip le  c e r e b e l l a r  P u rk in je  c e l l s  u s in g  
m ethods p r e v io u s ly  d e s c r ib e d  (Bower and L in a s , Soc. N e u ro s c i . 
A b s t r . , 9 :6 0 7 , 1983). T h is  a n a ly s i s  i s  b a sed  on r e p r e s e n t in g  
th e  a c t i v i t i e s  o f th e  N s in g le  neu ro n s  a t  a tim e t  a s  a  s t a t e  
S ( t )  = (n 1,n 2 ,n 3 ,. . . , nN) w here n j=1 o r 0 d epend ing  on w hether 
c e l l  i  f i r e d  a t  tim e t  o r  n o t . U sing  t h i s  c o n v e n tio n , th e  
in s ta n ta n e o u s  a c t i v i t y  o f N n eu rons  has  a g e o m e tr ic a l 
i n t e r p r e t a t i o n  a s  a  s in g le  p o in t  in  an  N d im e n s io n a l s t a t e  
sp a c e . The tim e  s e r i e s  { S ( t1) , S ( t 2 ) , S ( t3 ) ,. . . ) can  th e n  be 
a n a ly z e d  to  d e te rm in e  th e  s u b s e t of th e  2N p o s s ib le  s t a t e s  
w hich a r e  o cc u p ied , as  w e ll  a s  th e  s u b s e t  o f a c o m b in a to r ia l ly  
la r g e  number o f c y c le s  o r  t r a j e c t o r i e s  w hich a r e  fo llo w e d . To 
a id  i n  v i s u a l i z a t i o n ,  we a r e  u s in g  th e  te c h n iq u e  o f s im u la te d  
a n n e a lin g  ( c . f . ,  Carman and Van E ssen , Soc. N e u ro sc i. A b s t r . , 
11 :1243, 1985) to  map th e  o cc u p ied  re g io n s  o f th e  
N -d im e n sio n a l sp ace  on to  a  sp ace  of red u ce d  d im ensions  w h ile  
p re s e rv in g  s p e c i f i c  to p o lo g ic a l  a s p e c t s  o f th e  o r ig i n a l  space  
( e . g . ,  th e  Hamming d i s ta n c e  w ith in  a  n e ig h b o rh o o d ).

P re l im in a ry  r e s u l t s  from  t h i s  a n a ly s i s  te c h n iq u e  r e v e a l  
c l e a r  d i f f e r e n c e s  i n  th e  g lo b a l  a c t i v i t y  o f th e  same ensem ble 
o f P u rk in je  c e l l s  u nder d i f f e r e n t  p h y s io lo g ic a l  c o n d i t io n s .  
We a r e  a n a ly z in g  th e s e  r e s u l t s  to  d e te rm in e  th e  f u n c t io n a l  
s ig n i f i c a n c e  o f th e s e  changes in  netw ork  a c t i v i t y .

S u p p o rted  by NS 22205, BRSG g ra n t  # RR07003, and th e  Jo se p h  
Drown F o u n d a tio n .

383.9 SEX STEROIDS MODULATE M OTOR-CORRELATED INCREASES IN 
CEREBELLAR DISCHARGE. Mohammad Sadeq*, Sheryl S. Smith and 
John K. Chapin (SPON: L.B. Hersh). Dept. of Cell Biology and Anatomy, 
UTHSC, Dallas, T X  75235.

In previous studies, we have shown th a t the sex steroids, 17β  estradiol 
(E2) and progesterone (P), exert opposite effects on neuronal excitability in the 
urethane-anesthetized, ovariectomized rat; E2 increases the g lutam ate (GLUT) 
response of cerebellar Purkinje (P) cells, while P  decreases GLUT b u t increases 
GABA responses of these neurons. In the present study, we utilized a be
havioral paradigm  employing treadmill locomotion in order to  test sex steroid 
neurom odulatory effects on a naturally evoked excitation of Purkinje cells in 
awake behaving animals over the various stages of the estrous cycle. A dult, cy
cling female ra ts  im planted with headstage and microdrive units were trained to 
walk on a  computer-controlled treadmill appara tus (10 sec on every 20 sec for 2 
h) during recording of single Purkinje neurons in the vermal area of the anterior 
cerebellum. Vigorous increases in the firing rate  of individual units were found 
to  be correlated w ith movement of specific limbs in particular stages of the 
step-swing cycle during treadmill locomotion. Both spontaneous and motor- 
evoked discharge of individual P  neurons were monitored before and after i.p. 
injection of either E3 (300 ng/kg) or P  (50 μgs). (Vehicle: 0.01% propylene 
glycol-saline, pH 7.4). The percent increase in firing ra te  during locomotion 
versus rest was determined as a measure of the evoked/spontaneous discharge 
ratio. Drug-induced changes in  this ratio  indicate modulatory ra ther than  sim
ple excitatory or inhibitory effects. For the 6 neurons tested, E3 augmented the 
movement evoked discharge by a  mean 117% over pre-E2 control levels for the 
same neurons. Nevertheless, both  the spontaneous and motor-evoked discharges 
of these cells were increased. Initial onset for this effect was 15 min, w ith a  peak 
response noted a t 30-35 min post-steroid. By 60-90 min, a  partia l recovery of 
evoked/spontaneous ratio  was noted (50% decrease from the peak a t 30-35 min 
post-steroid), although absolute increases (400-1000%) in both  param eters were 
still observed, indicating long-term effects on neuronal activity. These effects 
were independent of the stage of the estrous cycle. In contrast, P  decreased 
absolute firing rates of P cells during stationary and locomotor phases, by 30% 
and 50%, respectively. The evoked/spontaneous ratio  was decreased to  an even 
greater degree (X ̅=70%). Latency for this effect was 9 - 1 2  min, w ith recovery 
to  control levels of response seen a t 30 min post-steroid. A second injection of 
P  a t this tim e reduced the evoked/spontaneous ratio  by a  mean 65%, accompa
nied by minimal increases in absolute spontaneous and evoked discharge rates. 
Recovery to  control levels of response was observed by 45 min post-steroid. This 
response was typical of 6 out of 6 cells tested on estrus and 5 of 6 cells tested on 
diestrus 1. Cells tested on proestrus or diestrus 2, when E2 levels are increasing, 
were not m odulated by P  using the above paradigm. These results strengthen 
the  hypothesis th a t circulating sex steroids may alter neuronal responsiveness 
during behavior: E2 increasing and P  decreasing excitatory evoked discharge 
relative to  spontaneous discharge, effects consistent w ith steroid effects in the 
anesthetized ra t. However, in the case of P, this neurom odulatory effect is de
pendent upon the prevailing steroidal milieu. (Supported by MH09010 to SSS  
and BNS-841979 to JKC)

383.10 NEURONAL RESPONSES IN THE GOLDFISH CEREBELLUM TO ELECTRICAL 
STIMULATION OF THE OPTIC AND VESTIBULAR NERVES, AND TO FULL-FIELD 
OPTOKINETIC ROTATIONS. J .F . McGurk and W. G raf. The Rockefeller 
U niversity , New York, NY 10021.

Single c e l l  a c t iv i ty  was recorded in the  corpus cerebel l i  of 
the  go ldfish  following e le c tr ic a l  stim u la tion  of the op tic  and 
v e stib u la r nerves with s in g le  shocks and t ra in s  of pu lses, and 
during op tok ine tic  s tim ula tion  with a th ree -ax is  planetarium 
p ro je c to r. Post-stim ulus time histograms of 56 c e l ls  in the dorsal 
and ven tra l corpus c e reb e lli  revealed convergence of v isual and 
v e s tib u la r  i nputs to  various degrees following e le c tr ic a l  stim ula
tio n  of the op tic  and v e stib u la r nerves. 28% of the c e lls  
responded to  s tim ulation  of the op tic  nerve and both the contra
la te ra l  and ip s i la te r a l  v e s tib u la r nerves, while another 28% 
responded to  s tim ulation  of the op tic  nerve and e ith e r  the 
c o n tra la te ra l or ip s i la te r a l  v e s tib u la r  nerve. 21% were activated  
by op tic  nerve s tim ula tion  only. The remainder (23%) received 
input from one or both v e stib u la r nerves only. The responses 
varied  in la tency , p a tte rn  and du ra tion . C ells exhib ited  periods 
of increased or decreased f i r in g  frequency beginning 16 to  120 ms 
a f te r  s tim ulation  and extending from 32 to  1600 ms.

C ells in the dorsal and ven tra l corpus c e reb e lli  exhibited 
responses to  f u l l - f i e ld  op tok ine tic  ro ta tio n s .  The planetarium was 
e ith e r  o rien ted  v e r tic a lly  (horizon tal increment motion), or 
h o rizo n ta lly  fo r s tim uli in v e r tic a l planes (22.5 deg in te rva ls  
measured o ff the m id sag itta l p lane). Response types of sp a tia l 
tuning were defined according to  the  planetarium  o rien ta tio n  which 
produced the  deepest modulation (p referred  a x is ) . Three rough ce ll 
c la sse s could be d is tingu ished . Preferred  axis o r ien ta tio n s  were 
e ith e r  v e r t i c a l , or around 45 deg (between 22.5-67.5 deg) and 
around 135 deg (between 112.5-157.5 deg) i n the horizon tal plane. 
Although ro ta tio n s  about the  p referred  axis produced strong 
responses, ro ta tio n s  about the  o ther axes e l ic i te d  weak responses. 
Some c e l ls  displayed bu rs ts  of Increased f i r in g  and pauses during 
op tok ine tic  s tim u la tio n , while o thers responded with a uniform 
Increase during ro ta tio n  i n one d irec tio n  and a decrease in f ir in g  
fo r ro ta tio n  in the opposite d ire c tio n . Neuronal responses were 
a lso  speed s e n s itiv e . Some c e l ls  were modulated optim ally by 
ro ta tio n s  of 1 deg/sec while o thers had more pronounced responses 
a t  speeds of 2 or 3.5 deg/sec. The s p a tia l  o r ien ta tio n  of the 
th ree  response types bears some resemblance to  the sp a tia l 
o r ie n ta tio n  of the sem icircu lar canals and the  ex traocu lar musc
le s .  However, no q u a n tita tiv e  measurements on these  parameters are 
av a ilab le  fo r the  go ld fish .

In summary, the  cerebellum of the  go ldfish  i s one s i te  of 
In te rac tio n  fo r  v isual and v e s tib u la r  Inputs Indicating  i ts  
involvement in oculomotor contro l and o ther v e s tib u la r re flex e s .

Supported by NIH g ran t EY04613.
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383.11 ACTIVITY OF CEREBELLAR CORTICAL NEURONS DURING GRASPING OF OB
JECTS OF DIFFERENT WEIGHTS AND TEXTURES. Eny Espinoza and A llan  
M. Sm ith . C en tre  de rech e rch e  en sc ie n ces  n e u ro lo g iq u e s , U niver
s i t é de M ontré a l ,  Montré a l ,  Québec , CANADA, H3C 3J7 .

The fo rce  used by human su b je c ts  to  l i f t  and ho ld  an o b je c t 
between the  thumb and fo re f in g e r  has been shown by W estling  and 
Johansson (1984) to  vary  as a fu n c tio n  o f the  o b je c t te x tu re  and 
w eigh t. We have r e p l ic a te d  th i s  o b se rv a tio n  in  monkeys tr a in e d  
to  l i f t  and ho ld  an o b je c t o f v a r ia b le  w eight and te x tu r e .  When 
w eigh ts  o f e i th e r  15 or 65 g were used or when su rfa c e s  composed 
o f f in e  emery paper o r p o lish e d  aluminium provided d i f f e r e n t  
c o e f f i c ie n t s  o f f r i c t i o n ,  the  p re h e n s i le  fo rce s  employed to  l i f t  
and m a in ta in  the o b je c t a t  a fix e d  h e ig h t were s ca led  in  ap p ro x i
m ately  equal g ra d a tio n s  over the 4 c o n d itio n s . These changes in  
bo th  the  dynamic and s t a t i c  g r ip  fo rce  were accompanied by comen- 
s u ra te  changes in  the  EMG a c t iv i t y  of forearm  m uscles. To d a te  
24/46 c e l l s  from culm en-sim plex reg io n  o f the c e re b e l la r  co r te x  
have dem onstrated  a c t iv i t y  changes a t  some tim e du rin g  the  g rasp 
ing and l i f t i n g  of an o b je c t w ith  2 su rface  te x tu re s  and 2 d i f 
fe re n t  w e ig h ts . Of th e se , 8 neurons were id e n t i f i e d  by the 
p resence  o f c lim bing f ib e r  p o te n t ia ls  as P u rk in je  c e l l s  w hereas 
the rem aining 21 were u n id e n t i f i e d .  F if te e n  neurons had changes 
in  d isch a rg e  lim ite d  to  the  dynamic a p p l ic a t io n  o f g r ip  fo rce  
w hereas 9 o th e r  u n i ts  dem onstrated  d y n a m ic -s ta tic  d isch a rg e  
p a t te rn s  w ith  su s ta in e d  in c re a s e s  or d e c re a se s  in  a c t i v i t y  r e l a 
te d  to  bo th  the dynamic and s t a t i c  g ra sp in g . The d isch a rg e  o f 
some neurons (N = 9) was a f fe c te d  on ly  by the su rfa c e  te x tu r e ,  
o th e rs  (N = 8 ) were a f fe c te d  on ly  by the  o b je c t w eight and a 
th i r d  group (N = 7) was a f fe c te d  by both  p a ram e te rs . C e lls  w ith  
p ro p r io c e p tiv e  and cutaneous re c e p tiv e  f ie ld s  as w ell as u n i ts  
w ith  mixed p ro p e r t ie s  have been found, bu t to  d a te ,  th e se  p ro p er
t i e s  do not appear to  determ ine w hether a neuron w i l l  show g re a t 
e r  m odulation  o f a c t i v i t y  w ith  te x tu re  o r w e ig h t. N ev e rth e le s s , 
th e  c e re b e l la r  c o r te x  would appear to  be d i r e c t l y  involved in  
a d ju s t in g  g r ip  fo rc e s  to  com pensate fo r o b je c t s lip p a g e  between 
the  f in g e r s .

T h is  r e s e a r c h  was s u p p o r te d  by  th e  M e d ic a l R e se a rc h  C o u n c il o f  
Canada G roup in  N e u r o lo g ic a l  S c ie n c e s .

383.12 TECHNIQUE FOR EVALUATION OF PURKINJE CELL ACTIVITY DURING CLOSED- 
LOOP VISUALLY GUIDED MOVEMENT REQUIRING CONTINUAL FINE MOVEMENT 
ERROR CORRECTION. D.C. Tam, T .J . Ebner and C.K. Knox. Depart
ments of Neurosurgery and Physiology, Univ. of MN, M pls., MN 
55455.

One hypothesis on the ro le  of the cerebel l um in movement con
tro l s tre ss e s  the importance of th is  s tru c tu re  in e rro r  de tec
tion  and co rrec tio n . The present study describes a technique for 
evaluating  Purkinje ce ll a c t iv ity  during arm movements in which 
performance e rro rs  are system atically  introduced throughout the 
task . Rhesus monkeys were tra ined  to perform a v isu a lly  guided, 
2-dim ensional, voluntary arm movement, moving a lo w -fric tio n , two- 
jo in t  manipulandum over the surface of a horizontal video screen 
on which a cross-shaped cursor was displayed corresponding to the 
manipulandum p o sitio n . The task required the animal to position  
the cursor inside a square box displayed on the screen fo r a ran
dom period of tim e, then the box jumped to a new " ta rge t"  location, 
The monkey was required to  position  the cursor projected from the 
manipulandum to  a new ta rg e t p o s itio n , and m aintain the cursor in 
side th a t ta rg e t  box fo r a sho rt duration  fo r a ju ice  reward. The 
v isual feedback between the hand position  and the cursor position  
was a lte red  by imposing two types of displacement e rro rs  between 
the cursor and hand p o sitio n . The f i r s t  introduced delayed feed
back in which the cursor position  lagged the actual hand position  
in time (50 msec). The second introduced a gain change feedback 
in which the displacement of the cursor was scaled by a gain fac 
to r (1.2 or 0.8) re la tiv e  to  the manipulandum displacem ent. When 
these changes in visual feedback were introduced in random order 
with d if fe re n t ta rg e t lo c a tio n s , fine  movement co rrec tions were 
e l ic i te d  as the animal attempted to  match the actual hand t r a je c 
tory with the v isu a lly  d irec ted  tra je c to ry . O sc illa to ry  move
ments were often e l ic i te d  under the delayed feedback and/or gain 
change cond itions. Chronic e x tra c e llu la r  recordings of id en tified  
Purkinje c e l ls  suggested th a t the simple spike discharge was d i f 
fe ren t fo r some c e l ls  during the delayed or gain change feedback 
when compared to control movements. O sc illa to ry  simple spike d is 
charge was a lso  common during the d if fe re n t feedback conditions. 
These findings suggest a ro le  fo r Purkinje c e l ls  in v isu a lly  
guided movement e rro r  co rrec tion  e lic i te d  by a lte re d  v isual feed
back. This technique of system atically  introducing performance 
e rro rs  should be useful fo r studying the cerebellum 's ro le  in 
e rro r de tection  and co rrec tio n . Supported by NIH gran t NS-18338.

383.13 PURKINJE CELL CLIMBING FIBER AFFERENT MODULATION DURING MULTI
ARTICULAR VOLUNTARY ARM MOVEMENT IN THE MONKEY. J . J .  Wang*, 
J.H. Kim, and T .J . Ebner. Departments of Neurosurgery and 
Physiology, Univ. of MN, M pls., MN 55455.

Recently we reported  s ig n if ic a n t modulation of climbing f ib e r  
a ffe re n t discharge during normal and perturbed locomotion in 
the decerebrated ca t walking on the tre ad m ill. These p o sitiv e  
find ings led us to  evaluate climbing f ib e r  a c t iv i ty  during a v i 
su a lly  guided m u lti- a r t ic u la r  voluntary movement in the in ta c t  
animal. In th is  study two female Rhesus monkeys were tra in ed  to 
p o sitio n  a cursor moving with a two jo in t  manipulandum to  ta rg e ts  
presented on a h o rizon ta lly  placed video sdreen. Purkinje c e ll 
a c t iv i ty  was recorded ex trace l l u la r ly  (tungsten metal e le c tro d es , 
3-12 megohms) in the ip s i la te r a l  c e reb e lla r cortex  using chronic 
u n it recording techniques. EMG a c t iv i ty  of forearm and shoulder 
muscles ( tr ic e p s ,  b iceps, la tissim us dorsi and d e lto id ) were re 
corded during the. movement using ch ron ica lly  implanted e lec tro d es . 
P osition  of the  hand during the movement was monitored by two 
lin e a r  potentiom eters placed a t  the manipulandum's jo in ts .  Two 
d if f e r e n t experimental paradigms were used. The f i r s t  paradigm 
consisted  of moving the  cursor from a s t a r t  box to a ta rg e t  box. 
In the second paradigm the ta rg e t box was repositioned  ju s t  be
fo re  or a f te r  the animal captured the ta rg e t box, requ iring  th a t 
the animal a l t e r  the ongoing movement to capture the repositioned 
ta rg e t box. Histograms of simple and complex sp ik es , averages 
of the EMG a c t iv i ty  and hand p o sition  were constructed . Among 73 
c e l ls  studied  44 c e l ls  showed a s t a t i s t i c a l l y s ig n if ic a n t in 
crease  in the p ro b ab ility  of complex spike occurrence (F ish e r 's  
Exact T est, p< 0 .0 5 ) . Two types of response p a tte rn s  were ob
served. In the m ajority  of cel l s (37/44) the p ro b ab ility  of com
plex spike occurrence increased when the movement tra je c to ry  was 
red irec ted . In one-half of the c e l ls  (22/44) complex spike ac
t i v i t y  increased during the i n i t i a l  portion  of the movement. In 
a few c e l ls  (8/44) the  increased a c t iv i ty  was observed during 
movement toward the in i t i a l  ta rg e t  as well as when re d irec tin g  
the t ra je c to ry . In conclusion the modulation of climbing f ib e r  
a c t iv i ty  during locomotion is  a common fea tu re  of a m u lti- jo in t 
voluntary movement, even when unexpected somatosensory input is  
absen t. Presumably the climbing f ib e r  a ffe re n t system plays an 
ac tiv e  ro le  during movements, e sp ec ia lly  during the red irec tio n  
of v isu a lly  guided movements. Supported by NIH grant NS-18338.

383.14 CEREBELLAR PURKINJE CELL ACTIVITY RELATED TO THE CLASSICALLY CON
DITIONED NICTITATING MEMBRANE RESPONSE. Neil E. B erth ie r & John W. 
Moore. Dept. Psychol., Univ. o f M ass., Amherst, MA 01003.

Lesions of the cerebellum d isru p t the acq u isitio n  and p e rfo r
mance of the c la s s ic a lly  conditioned n ic t i ta t in g  membrane (NM) res
ponse ( e .g . ,  McCormick e t  a l . , Science, 223:296-299, 1984; Yeo e t 
a l . ,  Exp. Brain Res., 60:87-98, 1985). Hemispheral lobule VI (HVI) 
of c e reb e lla r cortex has been p a r tic u la r ly  im plicated since HVI 
receives somatosensory information from the face as well as visual 
and aud ito ry  inpu t, stim ulus m odalities ty p ic a lly  used as condition
ed stim uli in NM conditioning . Yeo e t  a l . (Exp. Brain R es., 60:99- 
113, 1985) have shown th a t  lesions of HVI d is ru p t conditioned 
responding. The lesion  re s u lts  support theo ries  o f ce reb e lla r 
learn ing  such as those of Marr and Albus. In the present study we 
ex trace llu la r ly  recorded from Purkinje c e l ls  of HVI. We used a d if f 
e re n tia l conditioning paradigm in order to have robust evidence of 
CR re la ted  a c t iv i ty .  Rabbits were tra in ed  with auditory  CSs and 
stim ulation  of the periocu lar region as the US. The CSs were s in 
usoids o f 600 and 1200 Hz, with one being paired with the US (the 
CS+) and the o ther being presented alone (the CS-). Rabbits typ
ic a lly  made about 70% CRs to the CS+ and le ss  than 40% CRs to the 
CS- a t the time o f recording. I f  the u n it responded soley to aud
ito ry  s tim uli i t  should respond to both the CS+ and CS- regardless 
of whether CRs were made. I f ,  however, the un it was CR-related i t  
should respond only when CRs or URs were made, regard less of which 
tones were presented.

Many PCs responded to the US, the most frequently  observed 
response being a b u rs t o f simple sp ikes. PCs in HVI showed a var
ie ty  of responses to CSs th a t were re la ted  to CRs. The most f r e 
quently observed response was an increase in simple spikes c o rre la t
ed with CRs as i l lu s t r a te d  in the in se t . CR-related a c t iv ity  ante
dated CRs by 20-200 ms. A sm aller proportion of c e l ls  exh ib ited  
in h ib itio n  o f simple spike a c t iv ity  th a t antedated CRs. Although 

complex spike a c t iv ity  
was not generally  re la ted  
to the US or to CRs, some 
observed PCs responded 
with complex spikes 100 
ms before CRs.

(Supported by NSF BNS 
85-06989 and AFOSR 
83-0215.)
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383.15 NORMAL SCALING OF POSTURAL RESPONSES IN CEREBELLAR PATIENTS. 
F.H. Horak, L.M. Nashner, and H.C. D iener.
Neurological Sciences I n s t i tu te ,  Good Samaritan Hospital and 
Medical Center, Portland , Oregon 97209

The con tribu tion  of the cerebellum to the organization of 
autom atic postural movements was in vestigated  by examining the 
e ffe c ts  of stim ulus size  and speed and the influence of p rio r 
experience on postural muscle a c tiv a tio n  p a tte rn s  and re su ltin g  
kinem atics. F ifteen  normal sub jects  and seventeen a tax ic  
p a tie n ts  with an te r io r  lobe (n=7), verrnal (n=3) or generalized 
(n=7) cereb e lla r degeneration were te s ted .

Postural response scaling  was examined by exposing standing 
sub jects  to backward surface tra n s la tio n s  of four d if f e r e n t 
v e lo c it ie s  (constan t amplitude) and five  d if f e r e n t  amplitudes 
(constan t v e lo c ity ) . Stimulus a n tic ip a tio n  e ffe c ts  were 
examined by comparing responses to random and blocked postural 
s tim u li. The e f fe c t  of stimulus s ize  and speed on body sway, 
jo in t  a n g le s ,  surface forces and on the la te n c ie s , p a tte rn s , 
b u rs t durations and in teg ra ted  areas of surface EMG a c t iv ity  in 
six  trunk and leg muscles were determined. In tegrated  EMG 
a c t iv ity  was normalized and the early  ( f i r s t  75 msec), middle 
(second 75 msec) and la te  ( l a s t  350 msec) components analyzed 
separa te ly .

Response la ten c ie s  and temporal sequencing of muscle a c tiv a tio n  
were not a ffec ted  by ce reb e lla r d isease . I n i t i a l  EMG la ten c ie s  
(Gastrocnemius) were not s ig n if ic a n tly  d if fe re n t in the 
c e reb e lla r p a tien ts  (106 ± 20 msec) and normal subjects (100 ± 9 
msec). The cereb e lla r p a tien ts  had normal d ista l-to -p rox im al 
muscle a c tiv a tio n  p a tte rn s  consisting  of 25 msec intersegm ental 
la te n c ie s . C erebellar EMG b u rs t durations (150-200 msec), 
however, were approximately twice those of normals.

Despite normal timing of muscle a c t iv a tio n , scaling  of EMG 
b u rs t s ize  to stim ulus c h a ra c te r is t ic s  was abnormal in 
p o s tu ra lly  unstable c e reb e lla r p a tie n ts . The slope of the 
re la tio n  between stim ulus v e loc ity  and in i t i a l  EMG b u rs t size 
were reduced or zero and the slope of the re la tio n  between 
stim ulus amplitude and to ta l EMG size were steeper than normal. 
Exaggerated responses included a c tiv a tio n  of an tagon ist muscles, 
t i b i a l i s  and quadriceps, normally rec ru ited  only fo r very large 
stim ulus am plitudes. These scaling abnorm alities re su lted  in 
sway o v er-co rrec tio n s , p a r t ic u la r ly  fo r the sm allest (1.2 cm) 
p e rtu rb a tio n s .

N evertheless, the ce reb e lla r p a tie n ts  were able to normally 
scale responses to a n tic ip a ted  stimulus am plitudes. Therefore, 
midline cereb e lla r s tru c tu re s  may be more involved in scaling 
autom atic postural responses to concurrent stimulus char
a c t e r i s t ic s  (e sp ec ia lly  ve loc ity ) than to an tic ip a ted  stimulus 
c h a ra c te r is t ic s .  (Supported by NIH grants NS12661 and NS06926).

SPINAL CORD AND BRAINSTEM IV

384.1 MECHANICAL PROPERTIES OF THE CAT INFERIOR OBLIQUE MUSCLE WITH 
RESPECT TO THE ANATOMY OF THE NERVE AND NUCLEUS. P .J . Sorg, 
S .J . Goldberg, and J.R . McClung. Department of Anatomy, 
Medical College of Virginia-VCU, Richmond, V irginia 23298

The in fe r io r  oblique (10) nerve has a re la tiv e ly  long course 
through the o rb it  and n a tu ra lly  div ides in to  2 and occasionally  
3 branches as i t  en te rs  the muscle. Measurements of tw itch 
tension , maximal te ta n ic  tension , tw itch con traction  tim e, 
tw itch h a lf  decay tim e, fusion frequency, and fa tig u e  were made 
with a s tra in  gauge in response to  s tim ula tion  of the whole 10 
nerve. These re s u lts  were compared to those obtained through 
se le c tiv e  s tim ula tion  of the medial and la te ra l  branches of the 
same nerve. Retrograde labe ling  of the 10 nerve was then done by 
placing the cu t end of the whole nerve or one of i t s  branches 
in a horseradish  peroxidase (HRP) f i l l e d  tube. The modified 
Mesulam technique using te tram ethylbenzidine (TMB) as a 
chromogen was used. Any anatomical o rganization  of the 10 nerve 
or nucleus could then be observed with respec t to  the m uscle's 
mechanical param eters.

Prelim inary stud ies on 6 in fe r io r  oblique nerves y ie lded  the 
mechanical re s u lts  in the tab le  below. The means are presented 
with the ranges in parentheses.

Whole Nerve L ateral Branch Medial Branch
Twitch 3.8  gr. 2 . 1  g r . 1.6 g r.

Tension (2 .3 -6 .4 ) (0 .9 -4 .0 ) (1 .0 -2 .8 )
Max. Tetanic 30.4 g r. 16.2 g r. 16.2 g r.

Tension (24-41) (8.0-32) (7.3-25)
Twitch Cont. 6 .8 msec. 8.3 msec. 6.4 msec.

Time (5 .9 -7 .5 ) (6 .3 -9 .5 ) (5 .1 -7 .4 )
Twitch Half 10.9 msec. 15.0 msec. 9.5 msec.
Decay Time (8.8-14) (10.2-19) (6 .7-14 .1)

Fusion 270 H z 180 Hz 262 Hz
Frequency (230-280) (150-210) (250-270)

The p a rt of the muscle innervated by the medial branch 
tended to  show g rea te r fa tig u e  a f te r  2 minutes than e ith e r  the 
la te ra l  branch or the whole nerve.

A very prelim inary anatomical analy sis  of the 10 nucleus has 
shown no d e f in it iv e  d iffe ren ce  in motoneuron loca tion  w ithin the 
nucleus with respec t to  the nerve branch labe led . Examination of 
c e ll body number and s ize  with regard to  sp ec if ic  nerve branches 
is  a lso  underway.

(This research was supported by NSF gran t BNS-8507610.)

384.2 FATIGUE OF LATERAL RECTUS, RETRACTOR BULBI AND SPLIT LATERAL 
RECTUS-RETRACTOR BULBI MOTOR UNITS IN THE CAT. S.M. Gurahi an 
and S .J .  G oldberg . D ept. o f Anatomy, M edical C ollege of 
V irg in ia ,  Richmond, VA 23298

The c a t  abducens nerve co n ta in s  axons of l a t e r a l  r e c tu s  (LR) 
and r e t r a c to r  b u lb i  (RB) motor u n i t s  as  w e ll as axons th a t  
p ro je c t  to  bo th  LR and RB m uscles ( s p l i t  LR-RB). The p re se n t 
s tudy  was designed  to  examine th e  f a t ig u e  p ro p e r t ie s  o f th e se  
th re e  types  of motor u n i t s .

The m uscle f ib e r s  o f a m otor u n i t  a re  m orp h o lo g ica lly  and 
h is to c h e m ic a lly  uniform  (Edstrom e t  a l . ,  J .  N euro l. N eurosurg. 
Psychi a t . , 31 :424-433, 1968). The f i r s t  aim of t h i s  p ro je c t  
was to  compare th e  f a t ig u e  p ro p e r t ie s  o f th e  s e p a ra te  muscle 
components o f s p l i t  LR-RB motor u n i t s  to  determ ine th e  
p h y s io lo g ic a l u n ifo rm ity  o f m uscle f ib e r s  w ith in  a s in g le  motor 
u n i t .

In  ex tre m ity  m uscle, motor u n i t s  have been c a te g o riz e d  on the  
b a s is  of t h e i r  tw itc h  c o n tra c tio n  tim e and fa t ig u e  re s is ta n c e  
(Burke e t  a l . ,  S c ie n ce , 74 :709-712, 1971). The second aim of 
th i s  p ro je c t  was to  determ ine i f  "pu re"  LR and RB motor u n i t s  
may a ls o  be d i f f e r e n t ia te d  on th e  b a s is  o f f a t ig u e .

S tim u la tio n  o f th e  VI th  nerve  was u t i l i z e d  to  a n t i 
d ro m ica lly  id e n t i f y  LR, RB and s p l i t  LR-RB motoneuron axons in  
th e  reg io n  o f th e  VI n u c leu s . The LR and RB m uscles were 
a t ta c h e d  to  s e p a ra te  s t r a i n  gauges and s e t  so th a t  maximum 
tw itc h  te n s io n  was observed . Motor u n i t  f a t ig u e  was s tu d ie d  by 
ap p ly ing  an in tra a x o n a l s tim u lu s  c o n s is t in g  o f a 500 msec 
d u ra t io n  t r a in  a t  100-150 h z . This was rep ea ted  a t  a r a t e  o f 
1/s e c .  fo r  2 min. Tw itch te n s io n , tw itc h  tim e , fu s io n  frequency , 
and te ta n i c  te n s io n  were a ls o  s tu d ie d .

P re lim in a ry  r e s u l t s  show th a t  1) th e  f a t ig u e  p ro p e r t ie s  of 
th e  LR component o f s p l i t  LR-RB motor u n i t s  a re  d i f f e r e n t  than  
th e  f a t ig u e  p ro p e r t ie s  o f th e  RB component, 2) a l l  RB motor 
u n i t s  a re  f a t ig a b l e ,  3) LR motor u n i t s  dem onstra te  a continuum 
o f he terogeneous fa t ig u e  r e s is ta n c e s .  This p re lim in a ry  evidence 
su g g es ts  th a t  th e  m uscle f ib e r s  o f a  motor u n i t  need n o t be 
p h y s io lo g ic a l ly  uniform  and th a t  l a t e r a l  re c tu s  motor u n i t s  
a p p a re n tly  do n o t d iv id e  in to  d is c r e te  groups based on fa t ig u e  
r e s is ta n c e .

(T his re s e a rc h  was supported  by NSF g ra n t BNS-8507610.)
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384.3 MORPHOLOGICAL RELATIONSHIPS AMONG EDL, TA, AND ST MOTONEURON 
POOLS REVEALED BY RETROGRADE TRANSPORT OF FLUORESCENT TRACERS. 
J .E .  Hoover* and R.G. Durkovic (SPON: S. N ord). D ep t. of 
P h y s io l., SUNY Health Science C tr. a t Syracuse, Syracuse, NY 
13210.

R eflexes of c e r ta in  flex o r muscles [sem itendinosis (ST) and 
t i b i a l i s  a n te r io r  ( TA)]  have been shown to  be a c t iv a te d  by 
s u p e r f ic ia l  peroneal (SP) nerve s t im u la tio n  and to  e x h ib i t  
c la s s ic a l ly  conditioned f a c i l i t a t io n  in spinal c a t .  In 
c o n tra s t , another physiological flex o r [ex tensor digitorium  
longus (EDL)] often ex h ib its  prim arily  in h ib itio n  to  SP 
stim ula tion  and does not show conditioned behavior (Durkovic, 
Neurosci. L e tt.  39:155, 1983). In an attempt to  formulate a 
m orphological-functional hypothesis to  explain these  behavioral 
r e s u l t s ,  we simul taneously used th ree  d if fe re n t f luo rescen t dyes 
to  determine the re la tiv e  spinal loca tions of these  muscles' 
motoneurons.

The following compounds were used as fluorachromes: 10% 
so lu tion  of bisbenzimide (Bb), 2% so lu tion  of nuclear yellow 
(NY), and 10% so lu tion  of propidium iodide (PI) in 1% DMSO. In 
anesthe tized  c a ts ,  tra c e rs  were applied e ith e r  by intram uscular 
in jec tio n  (Bb, NY) or by soaking the  nerve (P I) . Most 
experiments were performed b i la te r a l ly .  Data were co llected  
following a three-day recovery period .

EDL motoneurons were d is tr ib u te d  between ro s tra l L-6 and 
caudal L-7. The TA motor nucleus had approximately the same 
ro s tro -c a u d a l d i s t r i b u t i o n .  In g e n e ra l ,  th e  ST m o to r-c e ll 
column was disp laced  somewhat caudal to  TA and EDL, extending 
from L-6 to  caudal S - l .  Both EDL and TA occupied a position  in 
the  la te ra l  portion of lamina IX. Their somas exhib ited  an 
overlap , varying among anim als, from approximately 50 to  100% 
with the  EDL somas e ith e r  in term ingling with or dorsal to  those 
of TA. On the  o ther hand, the  ST motor nucleus occupied a more 
ventromedial position  in lamina IX. Good evidence of b i la te ra l  
symmetry was found.

These data demonstrate th a t  the  simultaneous labe ling  of 
d if f e r e n t neuronal populations with fluo rescen t tra c e rs  is  of 
g reat advantage fo r resolv ing  the  morphological re la tio n sh ip s  
among adjacent and overlapping motor n u c le i. This technique 
proved p a r tic u la r ly  helpful fo r  in v estig a tin g  EDL and TA ce ll 
columns which have been th o u g h t to  sh a re  a common sp in a l 
rep resen ta tio n  area (Romanes, 1951). Furthermore, since the 
degree of interm ingling of these  two motoneuron pools varies  
from animal to  an im al, t h i s  m orphological v a ria n c e  may be 
r e la te d  to  th e  range o f re sp o n ses  e l i c i t e d  in  EDL by SP 
s tim u la tio n . Supported by NSF Grant No. BNS 8415917.

384.4 FLEXOR MUSCLE PRIMARY AFFERENT SPINAL PROJECTIONS AND MOTONEURON 
POOL TOPOGRAPHY: AN HRP STUDY. J .C . Leahy* and R.G. Durkovic 
(SPON: M.M. M ozell), Dept. of Physiology, SUNY Health Science 
Center a t Syracuse, Syracuse, NY 13210.

As part of a study concerned with flex ion  re flexes  in spinal 
c a t  (D urkovic, N eu ro sc i. L e t t . 39 :155 , 1983), we s tu d ie d  th e  
topographical organization of the  motoneuron pools and the  primary 
a ffe re n t p ro jec tions in the  lumbosacral cord of 3 flex o r muscles 
[sem itendinosus (ST), t i b i a l i s  a n te r io r  (TA), and extensor 
digitorum  longus (EDL)].

In a n a e s th e tiz e d  c a t s ,  a 10% HRP s o lu t io n  o r a 2% WGA-HRP 
so lu tion  in  5% DMSO was in jec ted  in tram uscularly  or applied as a 
nerve soak u n ila te ra lly  or b i la te r a l ly  to  one of the  th ree  muscles 
(o r  m uscle n e rv e s ) .  O ther hindlim b nerves were l ig a te d  and 
cau terized . Animals e ith e r  remained anaesthetized  or were allowed 
to  recover and were perfused a f te r  4 days. Transverse sections of 
the lumbosacral cord were cut and processed fo r HRP demonstration 
using Mesulam's TMB procedure (m odified).

The TA and EDL motor nuclei were located on the  la te ra l  border 
o f th e  v e n tra l ho rn , w hile  ST occupied a more ven tro -m ed ia l 
p o s itio n . The rostro-caudal d is tr ib u tio n s  of the 3 motoneuron 
pools exh ib ited  considerable interanim al v a ria tio n  and in many 
cases were more extensive than those found by Romanes (J.  Comp. 
Neurol. 94:313, 1951). For example, the TA motor nucleus extended 
as fa r  r o s tr a l ly  as caudal L5 in one animal and as fa r  caudally  as 
r o s t r a l  S2 in  a n o th e r an im a l. The number o f c e l l s  in  the  
motoneuron pools was a lso  s ig n if ic a n tly  g rea te r in some cases than 
was found by Romanes (1951).

Spinal segments L4-S2 were examined fo r a ffe re n t lab e llin g  and 
fo r  al l  3 muscles, label extended from L4-S1, and in some cases, 
S2. A fferent label l i ng was found ip s i la te r a l ly  throughout the 
m ed ia l-la te ra l ex tent of laminae I - I I  in most cases and was also 
f r e q u e n t ly  found in  th e  medial and c e n t ra l  p a r ts  o f lam inae 
VI-V11. On occasion, a ffe ren t label was found in laminae III-V 
and laminae IX-X.

The su p erfic ia l dorsal horn lab e llin g  may be ascribed to  the 
term inal regions of small diameter a ffe ren t f ib e rs ,  while 
la b e llin g  in laminae VI, VII and IX is  more l ik e ly  due to  large 
diam eter a ffe re n t f ib e rs .  In some nerve soak experiments, the 
re s u lts  ind icated  a p re fe ren tia l up take /transpo rt of HRP by small 
diam eter a ffe re n t and e ffe re n t f ib e rs .  Supported by NSF Grant No. 
BNS 8415917.

384.5  ANATOMICAL INVESTIGATION OF THE MEDIAL AND LATERAL PLANTAR MOTOR 
COLUMNS IN THE RAT. D .P . C r o c k e t t* ,  S .L . H a r r is *  and M.D. 
E g g e r . D ep t of A natom y, UM DNJ-Rutgers Med. S c h . ,  P i s c a ta w a y ,  NJ 
08854.

The i n t r i n s i c  p l a n t a r  m u sc le s  o f  th e  h in d  f o o t  a r e  i n n e r v a te d  
by th e  m e d ia l  and l a t e r a l  p l a n t a r  n e r v e s ,  w h ich  a r e  d i s t a l  
b ra n c h e s  o f th e  t i b i a l  n e rv e .  The m ain  a c t i o n  o f  th e s e  m u sc le s  
i s  th e  downward ( p l a n t a r )  f l e x i o n  o f  th e  t o e s .  As p a r t  o f a 
c o n t in u in g  s tu d y  o f  c u ta n e o u s  r e f l e x e s  in v o lv in g  th e  p l a n t a r  
m u s c u la tu r e ,  we c o n d u c te d  an  a n a to m ic a l  s tu d y  o f th e  p l a n t a r  
m o to r colum ns i n  th e  s p in a l  c o rd s  o f  S p rag u e-D aw ley  r a t s  (2 1 3 -4 8 5  
g ; N = 1 2 ) .  I n i t i a l l y ,  s i x  m e d ia l  and l a t e r a l  p l a n t a r  n e rv e  
p a i r s  w ere l a b e l l e d  by d i r e c t  a p p l i c a t i o n  o f  a  20% s o l u t i o n  o f 
HRP (w /v  i n  2% DMSO) t o  th e  p ro x im a l c u t  n e rv e s  ( 2 -4  h r ) ,  
s e c t i o n e d  i n  th e  a n k le .  A f te r  s u r v i v a l  t im e s  o f a p p ro x im a te ly  48 
to  72 h r ,  th e  a n im a ls  w ere  t r a n s c a r d i a l l y  p e r f u s e d  and  th e  
r e l e v a n t  p o r t i o n s  o f  th e  s p in a l  c o rd  w ere  s e r i a l l y  s e c t io n e d  on a 
f r e e z in g  m ic ro to m e  (6 0  μm - t h i c k  s e c t i o n s ) .  Two c o rd s  w ere  
s e c t io n e d  i n  e a c h  o f th e  t h r e e  m a jo r  p l a n e s .  HRP was d e te c t e d  
u s in g  TMB a s  a  c h ro m ag en . We fo u n d  th e  p l a n t a r  m o to r p o o l 
l o c a t e d  i n  th e  e x tre m e  d o r s o l a t e r a l  p o r t i o n  o f th e  v e n t r a l  h o r n ,  
t y p i c a l l y  e x te n d in g  fro m  e i t h e r  t h e  r o s t a l  p o r t i o n s  o f  th e  s i x t h  
lum bar s p in a l  segm ent (L 6) o r  th e  c a u d a l  a s p e c t s  o f  L5 i n t o  L4. 
M easurem ents o f c r o s s - s e c t i o n a l  a r e a s  w ere  made by cam era  l u c i d a  
t r a c i n g  o f H R P - la b e lle d  c e l l  b o d ie s  o n to  a  d i g i t i z i n g  g r a p h ic s  
pad from  m a t e r i a l  s e c t i o n e d  I n  th e  t r a n s v e r s e  (X ̅ = 610 μ m2  
S .D . = 151 , N = 2 9 3 ) ,  h o r i z o n t a l  ( X̅ = 6 0 5  μm2, S .D . =  1 4 8 , N 
=  40 5 ) and s a g i t t a l  (X ̅ = 617 μm 2, S .D . = 1 51 , N = 273) 
p l a n e s .  The th r e e  d i s t r i b u t i o n s  w ere  b a s i c a l l y  u n im o d al and 
w ere  n o t s t a t i s t i c a l l y  d i f f e r e n t .  The s i ze d i s t r i b u t i o n  o f 
m o to n eu ro n  p e r ik a r y a  i n n e r v a t i n g  th e  i n t r i n s i c  m u sc le s  o f th e  
f o o t  ( a t  l e a s t  i n  th e  r o d e n t )  i s  u n l ik e  t h a t  o f  th e  l a r g e r ,  m ore 
p ro x im a l h in d  lim b  m u s c le s ,  w here  b im o d al d i s t r i b u t i o n s  a r e  
o b s e rv e d ,  p re su m a b ly  r e p r e s e n t i n g  a lp h a -  and gam m a-m otoneurons. 
We exam ined th e  p o s s i b i l i t y  o f  t o p o g r a p h ic a l  o r g a n i z a t i o n  w i th in  
th e  p l a n t a r  m o to r  co lum ns by i n d i v i d u a l l y  l a b e l l i n g  th e  m e d ia l  (N 
= 3 ) o r  l a t e r a l  (N = 3 ) p l a n t a r  n e rv e s  (30% HRP). We o b s e rv e d  
much o v e r la p p in g  i n  th e  d i s t r i b u t i o n  o f  H R P - la b e lle d  m o to n e u ro n s , 
exam ined  i n  h o r i z o n t a l  s e c t i o n s .  P r e l im in a r y  a n a ly s i s  s u g g e s t s ,  
h o w e v e r , t h a t  t h e  m e d ia l  p l a n t a r  m o to r colum n i s  somewhat m ore 
c a u d a l l y  p o s i t i o n e d .  T h u s , th o u g h  t h e r e  may be some 
to p o g r a p h ic a l  d i f f e r e n c e s  b e tw een  th e  two m o to r  p o o ls  s e r v in g  th e  
i n t r i n s i c  p l a n t a r  f l e x o r s ,  th e  a n a to m ic a l  d i s t r i b u t i o n s  show 
c o n s id e r a b l e  o v e r l a p .  (S u p p o rte d  I n  p a r t  by NSF g r a n t  
BN S-8518437)

384.6 DENDRITIC ARCHITECTURE OF TWO MOTOR NEURON POPULATIONS 
SUPPLYING NECK MUSCLES IN A CRYPTODYRAN TURTLE, 
PSEUDEMYS SCRIPTA. R . J .  C al l i s t e r  a n d  E .H . P e t e r s o n . 
D e p t .  Z o o l . a n d  B io m ed . S c i e n c e s ,  a n d  D e p t .  B a s i c  S c i . 
C ol l . O s t e o p a t h i c .  M e d ., O h io  U n iv . A th e n s ,  OH 4 5 7 0 1 .

V e r t e b r a t e  n e c k  m u s c l e s ,  u n l i k e  l im b  m u s c l e s ,  a r e  
s o m e t im e s  s u p p l i e d  b y  tw o  p o p u l a t i o n s  o f  m o to r  
n e u r o n s .  I n  P .  s c r i p t a , e . g . ,  m u s c l e s  w h ic h  r e t r a c t  
a n d  p r o t r a c t  t h e  h e a d  a r e  i n n e r v a t e d  b y  t h e  v e n t r a l  
m o to r  n u c l e u s  a  m u s c u l o t o p i c a l l y  o r g a n i z e d  m o to r  
n e u r o n  p o p u l a t i o n  i n  t h e  t i p  o f  t h e  g r e y  m a t t e r ,  a n d  
b y  t h e  m e d ia l  m o to r  n u c l e u s  w h ic h  l i e s  o n  t h e  d o r -  
s o m e d i a l  g r e y / w h i t e  b o r d e r  a n d  i s  n o t  m u s c u l o t o p i c a l l y  
o r g a n i z e d  (Yeow & P e t e r s o n ,  ’ 8 6 , J .  Comp. N e u r o l .  
2 4 3 :1 4 5 - 1 6 5 ,  1 6 6 - 1 8 1 ) .  To b e t t e r  u n d e r s t a n d  t h e  f u n c 
t i o n a l  r o l e  o f  t h e s e  tw o  m o to r  n e u r o n  p o p u l a t i o n s  we 
h a v e  e x a m in e d  t h e i r  d e n d r i t i c  a r c h i t e c t u r e  b y  i n 
f i l t r a t i n g  t h e  C4 n e r v e  t o  m. RCCQ ( c h i e f  h e a d  a n d  
n e c k  r e t r a c t o r  i n  c r y p t o d y r a n  t u r t l e s )  w i t h  f r e e  HRP 
o r  C h o le r a  T o x in  HRP c o n j u g a t e s ,  e i t h e r  u n i l a t e r a l l y  
o r  b i l a t e r a l l y .  S e c t i o n s  w e re  c u t  i n  t r a n s v e r s e  o r  
h o r i z o n t a l  p l a n e s  a n d  r e a c t e d  w i t h  TMB o r  c o b a l t  i n 
t e n s i f i e d  DAB. O ur r e s u l t s  c o n f i r m  t h a t  m.RCCQ i s  
i n n e r v a t e d  u n i l a t e r a l l y  b y  v e n t r a l  a n d  m e d ia l  n u c l e i .  
T h e s e  tw o  m o to r  n e u r o n  p o p u l a t i o n s  d i f f e r  i n  s i z e  a n d  
d e n d r i t i c  a r c h i t e c t u r e .  V e n t r a l  m o to r  n e u r o n s  r e s e m b le  
c e l l s  i n n e r v a t i n g  l im b  m u s c l e s  i n  t u r t l e s  ( R u ig r o k  e t  
a l . ,  ’ 84 J .  Comp. N e u r o l .  2 3 0 :4 1 3 - 4 2 5 ) ,  w i t h  d e n d r i t e s  
r a d i a t i n g  p r e f e r e n t i a l l y  i n  t h e  v e n t r o l a t e r a l  
f u n i c u l u s .  T h e s e  p r o c e s s e s  r a r e l y  i n v a d e  t h e  m e d ia l  
f u n i c u l u s  a n d  n e v e r  c r o s s  i n t o  c o n t r a l a t e r a l  s p i n a l  
c o r d .  M e d ia l  m o to r  n e u r o n s  a r e  l a r g e r  on  a v e r a g e  t h a n  
v e n t r a l  c e l l s  a n d  t h e y  h a v e  tw o  m a jo r  d e n d r i t e  
s y s t e m s .  M e d ia l  p r o c e s s e s  a r c h  t h r o u g h  t h e  i p s i l a t e r a l  
a n d  c o n t r a l a t e r a l  m e d ia l  f u n i c u l i  a n d  e x t e n d  i n t o  t h e  
c o n t r a l a t e r a l  m e d ia l  m o to r  n u c l e u s .  T h e s e  d e n d r i t e s  
fo rm  b u n d le s  w i t h  m e d i a l l y  d i r e c t e d  d e n d r i t e s  o f  o t h e r  
i p s i l a t e r a l  a n d  c o n t r a l a t e r a l  m e d ia l  c e l l s .  A s e c o n d  
d e n d r i t i c  s y s t e m  r u n s  l o n g i t u d i n a l l y  a l o n g  t h e  i p 
s i l a t e r a l  d o r s o m e d i a l  g r e y / w h i t e  b o r d e r  a t  t h e  l e v e l  
o f  t h e  m e d ia l  m o to r  n u c l e u s .  T h u s  t h e  tw o  d e n d r i t i c  
s y s t e m s  o f  m e d ia l  c e l l s  p r o v i d e  a  p o t e n t i a l  s u b s t r a t e  
f o r  i n t e r a c t i o n s  w i t h  o t h e r  m e d ia l  m o to r  n e u r o n s  b o t h  
i p s i -  a n d  c o n t r a l a t e r a l l y . T h e s e  d a t a  s u g g e s t  t h a t  
s i n g l e  n e c k  m u s c l e s  a r e  s u p p l i e d  b y  tw o  m o r p h o l o g i 
c a l l y  d i s t i n c t  p o p u l a t i o n s  o f  m o to r  n e u r o n s ,  a n d  t h a t  
t h e s e  tw o  p o p u l a t i o n s  may p l a y  d i f f e r e n t  f u n c t i o n a l  
r o l e s  i n  t h e  c o n t r o l  o f  h e a d  m o v e m e n ts .
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384.7 MORPHOLOGY OF MEDIAL LONGITUDINAL FASCICULUS AXONS IN 
THE UPPER CERVICAL SPINAL CORD OF JUVENILE TURTLES, 
PSEUDEMYS SCRIPTA. A . M. B r i c h t a  a n d  E. H.  P e t e r s o n .  
D e p t .  Z o o l .  a n d  B io m ed . S c i . a n d  D e p t .  B a s i c  S c i . 
C o l l e g e  O s te o p .  M ed. O h io  U n iv . A th e n s ,  OH 4 5 7 0 1 .

As p a r t  o f  a  s t u d y  a im e d  a t  u n d e r s t a n d i n g  t h e  c o n 
t r o l  o f  c e r v i c a l  m u s c u l a t u r e  we a r e  u s i n g  a n t e r o g r a d e  
t r a n s p o r t  o f  HRP t o  c h a r a c t e r i z e  m o r p h o l o g ic a l  p o p u l a 
t i o n s  o f  m e d i a l  l o n g i t u d i n a l  f a s c i c u l u s  (MLF) axons  
w h ic h  t e r m i n a t e  i n  u p p e r  c e r v i c a l  c o r d .  We u s e d  
j u v e n i l e  t u r t l e s  t o  m in im iz e  t r a n s p o r t  d i s t a n c e s  a n d  
th e  n u m b er o f  s e c t i o n s  o v e r  w h ic h  s i n g l e  a x o n s  m u s t  b e  
r e c o n s t r u c t e d .  E x p e r im e n t s  w e re  c o n d u c te d  i n  v i t r o  o r  
in  v ivo .In  som e c a s e s  we b a c k f i l l e d  m o to r  n e u r o n s  by  
i n f i l t r a t i n g  C2 o r  C3 m u s c le  n e r v e s  w i t h  HRP.

MLF a x o n s  a r e  0 .3 - 3 .0 u m  i n  d i a m e t e r  a n d  a p p e a r  t o  
c l u s t e r  i n  3 -4  s i z e  c l a s s e s .  C o l l a t e r a l s  o f  t h e s e  
p a r e n t  a x o n s  s e g r e g a t e  i n t o  tw o  b r o a d  s i z e  g r o u p s  
w h ich  c a n  b e  f u r t h e r  s u b d i v i d e d  on  t h e  b a s i s  o f  a x o n a l  
b r a n c h i n g  p a t t e r n s  a n d  t e r m i n a l  a r b o r  m o rp h o lo g y . 
S e r i a l  r e c o n s t r u c t i o n s  show  t h a t  l a r g e  ax o n  c o l 
l a t e r a l s  ( 0 . 6 - 2 . 0 um) r a m i f y  i n  u p p e r  v e n t r a l  h o r n  
( la m in a e  V I I - V I I I ) .  T hey  d i v i d e  i n t o  2 -4  s m a l l e r  
d a u g h t e r  b r a n c h e s  w h ic h  t r a v e r s e  t h e  v e n t r a l  h o r n  a n d  
t e r m i n a t e  l a t e r a l l y  i n  f i n e  v a r i c o s e  p r o c e s s e s .  In  
c o n t r a s t  t h e  m ore  n u m e ro u s ,  s m a l l e r  ( < . 6 um d ia m )  c o l 
l a t e r a l s  h a v e  l e s s  e x t e n s i v e  a r b o r i z a t i o n s ,  a n d  may 
t e r m i n a t e  a s  s i n g l e ,  t r a n s v e r s e l y  o r i e n t e d  b r a n c h e s .  
Two s u b g r o u p s  c o u l d  b e  d i s t i n g u i s h e d  on  t h e  b a s i s  o f  
t e r m i n a l  a r b o r  m o rp h o lo g y . One d e r i v e s  f ro m  t h i c k  
p a r e n t  a x o n s  a n d  r a m i f i e s  i n  m e d ia l  v e n t r a l  h o r n  a s  a  
l i n e a r  a r r a y  o f  n u m e ro u s ,  l a r g e  (> 2um d ia m ) 
v a r i c o s i t i e s .  T he o t h e r  s u b g r o u p  may b r a n c h  o f f  e i t h e r  
t h i c k  o r  t h i n  p a r e n t  a x o n s ,  h a s  f e w e r ,  s m a l l e r  
( . 6 - 1 . 8um) v a r i c o s i t i e s ,  a n d  e x t e n d s  c l o s e r  t o  t h e  
l a t e r a l  b o r d e r  o f  t h e  g r e y  m a t t e r .  O c c a s i o n a l l y  
t r a n s v e r s e l y  o r i e n t e d  p r o c e s s e s  o f  b o t h  t y p e s  a p p e a r  
t o  w in d  t o g e t h e r  i n  b u n d l e s .  T y p i c a l l y  t h e  a r b o r s  
d e s c r i b e d  a b o v e  a r e  c o l l a t e r a l  b r a n c h e s  o f  MLF a x o n s  
w h ic h  c o n t i n u e  c a u d a l l y  i n  t h e  m e d ia l  f u n i c u l u s ,  b u t  
i n  som e c a s e s  t h e y  a p p e a r  t o  b e  t e r m i n a l s  b r a n c h e s  o f  
i n d i v i d u a l  a x o n s ,  s u g g e s t i n g  t h a t  som e MLF a x o n s  may 
h a v e  a  r e s t r i c t e d  t a r g e t  i n  t h e  u p p e r  c e r v i c a l  c o r d .  
T h e se  d a t a  s u g g e s t  t h a t  t h e r e  may b e  s e v e r a l  m o r
p h o l o g i c a l  c l a s s e s  o f  MLF a x o n s  w h ic h  t e r m i n a t e  i n  t h e  
u p p e r  c e r v i c a l  c o r d ,  a n d  r a i s e  t h e  q u e s t i o n  o f  w h e th e r  
th e y  may p l a y  d i f f e r e n t  f u n c t i o n a l  r o l e s  i n  t h e  c o n 
t r o l  o f  c e r v i c a l  m o to r  n e u r o n s .

384.8 SERIAL RECONSTRUCTION OF SYNAPTIC CONTACTS ON CERVICAL 
MOTOR NEURONS IN A CRYPTODYRAN TURTLE, PSEUDEMYS 
SCRIPTA. M. B. L.  Yeow a n d  E .H . P e t e r s o n . D e p t .  Z o o l .  
a n d  B io m ed . S c i e n c e s ,  a n d  D e p t .  B a s i c  S c i e n c e s ,  
C o l l e g e  O s te o p .  M e d ic in e .  O h io  U n iv . A th e n s ,  OH 4 5 7 0 1 .

As p a r t  o f  a  s t u d y  a im e d  a t  u n d e r s t a n d i n g  t h e  c o n 
t r o l  o f  n e c k  m u s c u l a t u r e  we a r e  a t t e m p t i n g  t o  c h a r a c 
t e r i z e  s y n a p t i c  c o n t a c t s  on  c e r v i c a l  m o to r  n e u r o n s .  
O ur q u a n t i t a t i v e  o b s e r v a t i o n s  t o  d a t e  a r e  b a s e d  on 
c o m p le t e  r e c o n s t r u c t i o n s  o f  14 b o u to n s  a n d  44 b o u to n s  
e s t i m a t e d  t o  b e  a t  l e a s t  80% c o m p le t e .  We h a v e  a l s o  
e x a m in e d  s h o r t e r  s e r i e s  o r  s i n g l e  s e c t i o n s  t h r o u g h  
>500 a d d i t i o n a l  b o u t o n s .  A l l  m a t e r i a l  w as t a k e n  fro m  
t h e  C3 s e g m e n t;  m o to r  n e u r o n s  w e re  i d e n t i f i e d  by  t h e i r  
d i s t i n c t i v e  l o c a t i o n  a n d  m o rp h o lo g y  (Yeow & P e t e r s o n ,  
J .  Comp. N e u r o l . ,  ’ 8 6 , 2 4 3 :1 4 5 - 1 6 5 ,  1 6 6 - 1 8 1 ) .

C e r v i c a l  m o to r  n e u r o n s  r e c e i v e  a t  l e a s t  7 m o r
p h o l o g i c a l  t y p e s  o f  s y n a p t i c  c o n t a c t :  S , F , S p , G, T, 
C s , C f . T h e s e  g e n e r a l l y  r e s e m b le  b o u to n s  c o n t a c t i n g  
l im b  m o to r  n e u r o n s  i n  o t h e r  v e r t e b r a t e s  (Yeow & 
P e t e r s o n ,  ’ 8 5 , S o c . N e u r o s c i . A b s . 1 1 :8 8 3 ) ,  h o w e v e r  we 
o b s e r v e d  no  M -ty p e  c o n t a c t s  ( p u t a t i v e  T ype I I  a f -  
f e r e n t s ,  C o n r a d i  e t  a l . ,  ’ 8 3 , B r .  R e s .  2 6 5 : 3 1 - 3 9 ) .  
B o u to n s  v a r y  w id e l y  i n  s i z e ,  f ro m  s m a l l  e n  p a s s a n t  o r  
t e r m i n a l  s w e l l i n g s  t o  l a r g e  g l o b u l a r  b o d i e s  w h ic h  m ake 
m u l t i p l e  s y n a p t i c  c o n t a c t s .  B o u to n  v o lu m e  (X = 1 .6 5  
± 1 . 8um2 ; r a n g e :  . 0 5 - 1 0 . 1um3 ) i s  s i g n i f i c a n t l y  c o r r e 
l a t e d  w i t h  t h e  a r e a  o f  a p p o s e d  m o to r  n e u r o n  m em brane 
( X = l .4 7  ± .99um 2 ; r a n g e  1 1 - 4 . 45um 2 ) .  I n d i v i d u a l  
b o u to n s  b e a r  1 -4  a c t i v e  z o n e s  (A Z s ) .

To a s s e s s  t h e  p o t e n t i a l  r o l e  o f  i n d i v i d u a l  b o u to n s  
i n  r e c r u i t i n g  c e r v i c a l  m o to r  n e u r o n s  we e x a m in e d  t h e  
r e l a t i o n  b e tw e e n  b o u to n  s i z e  a n d  t h e  n u m b e r a n d  a r e a  
o f  i t s  A Zs. T h e re  i s  a  s i g n i f i c a n t  c o r r e l a t i o n  b e 
tw e e n  b o u to n  s i z e  (v o lu m e  o r  t o t a l  a p p o s .  a r e a )  a n d  
( 1 )  t h e  n u m b e r o f  A Z s, ( 2 )  i n d i v i d u a l  AZ a r e a ,  a n d  (3 )  
t o t a l  AZ a r e a .  A r e a s  o f  i n d i v i d u a l  AZs a r e  g e n e r a l l y  
s m a l l e r  a n d  m ore  h o m o g e n e o u s  (X = .18um  ± . 14um 2 ) t h a n  
t o t a l  AZ a r e a s  (X = .2 4  ± .21um 2 ) ,  s u g g e s t i n g  a  t e n d e n c y  
t o  r e s t r i c t  t h e  s i z e  o f  i n d i v i d u a l  A Zs. T h u s l a r g e  
b o u to n s  i n c r e a s e  t h e i r  t o t a l  AZ a r e a  b y  i n c r e a s i n g  
b o t h  t h e  n u m b e r a n d  s i z e  o f  i n d i v i d u a l  A Zs. I f  i n 
d i v i d u a l  AZs a c t  a s  i n d i v i s i b l e ,  i n d e p e n d e n t  u n i t s  o f  
t r a n s m i t t e r  r e l e a s e  (W a lm s le y  e t  a l . ,  ’ 8 5 , J .  
N e u r o s c i .  5 :2 0 9 5 - 2 1 0 6 ;  T re m b la y  e t  a l . , ’ 8 3 , B r . R e s . 
R ev . 6 : 2 9 9 - 3 1 4 )  t h e n  l a r g e  b o u to n s  may g e n e r a t e  l a r g e r  
a n d  m o re  v a r i a b l e  s y n a p t i c  p o t e n t i a l s  i n  c e r v i c a l  
m o to r  n e u r o n s  t h a n  s m a l l e r  c o n t a c t s .

384.9 INNERVATION OF TONGUE MUSCULATURE IN THE MACAQUE. 
A. S o k o lo f f  and T. D eacon. (SPONS: H. E ichenbaum ). D ept. 
A nthropology, Harvard U n iv e rs ity , Cambridge, MA 02138.

Although th e  mammalian tongue i s  n ecessa ry  fo r  norm al 
r e s p i r a t io n ,  m a s t ic a tio n , d e g lu t i t io n  and v o c a l iz a t io n ,  l i t t l e  
i s  known o f th e  n eu roana tom ical system  c o n t ro l l in g  tongue 
movements. This i s  in  p a r t  due to  th e  com plex ity  o f  m uscle 
f ib e r  o rg a n iz a tio n  w ith in  th e  tongue body. To d eterm ine  th e  
som ato to p ic  in n e rv a tio n  o f  i n t r i n s i c  tongue m u scu la tu re , 1-3 
m ic r o l i t e r s  o f  wheatgerm agglu tin in-H R P  w ere in je c te d  in to  
s p e c i f ic  re g io n s  o f  th e  tongue body and g en io g lo ssu s  and 
gen iohyo id  m uscles in  a n a e s th e tiz e d  macaques (M. f a s c i c u l a r i s ) . 
Tongue and b ra in s tem  t i s s u e  was p rocessed  w ith  te tr a m e th y l 
b en z id in e .

The h y p o g lo ssa l nucleus o f  th e  macaque can be d iv id ed  in to  
m ed ial and v e n t r a l  (V) columns a t  caudal l e v e ls  and m edial 
(M), in te rm e d ia te  ( I ) ,  v e n t r o la t e r a l  (VL) and d o r s o la te r a l  
(DL) columns a t  i t s  m idd le and r o s t r a l  e x te n t. There i s  a lso  a 
caudal v e n t r o la t e r a l  c e l l  group (CV) which i s  s e p a ra te  from 
th e  main body o f  th e  hyp o g lo ssa l nucleus. I n je c t io n s  in  th e  
g e n io g lo ssu s  la b e le d  m otoneurons in  I  betw een M and DL. C e lls  
in  V w ere la b e le d  w ith  gen iohyo id  in je c t io n .  I n je c t io n s  
in v o lv in g  s u p e r io r  lo n g i tu d in a l  f ib e r s  la b e le d  c e l l s  in  r o s t r a l  
DL w h ile  i n f e r i o r  lo n g i tu d in a l  in j e c t io n s  la b e le d  c e l l s  in  
caudal DL. I n je c t io n s  w ith in  t r a n s v e rs e  and v e r t i c a l  m uscle 
groups la b e le d  c e l l s  in  M, VL and CV. The i n t e r d ig i t a t i o n  o f 
tr a n s v e rs e  and v e r t i c a l  f ib e r s  w ith in  th e  tongue make i t  
d i f f i c u l t  to  d is t in g u is h  t h e i r  independen t sou roes  o f 
in n e rv a tio n . However, in j e c t io n s  con fined  to  th e  s e p ta l  
m id lin e  (w hich e x h ib i ts  r e l a t i v e ly  few v e r t i c a l  f ib e r s )  
p redom inan tly  la b e le d  c e l l s  in  M and CV but not VL, w h ile  more 
l a t e r a l  i n t r i n s i c  in j e c t io n s  ( in to  a re a s  c o n ta in in g  m ostly  
v e r t i c a l  f ib e r s )  p redom inan tly  la b e le d  c e l l s  in  VL. This 
su g g e s ts  th a t  p ro je c t io n s  from th e  m ed ial column te rm in a te  in  
t r a n s v e rs e  f i b e r s  and th o se  from th e  v e n t r o la t e r a l  column 
te rm in a te  in  v e r t i c a l  f ib e r s .  I n je c t io n s  in to  a n t e r io r  as 
opposed to  p o s te r io r  i n t r i n s i c  m u scu la tu re  ( t r a n s v e rs e  and 
v e r t i c a l  f ib e r s )  do no t r e s u l t  in  to p o g ra p h ic a l ly  
d i f f e r e n t ia te d  la b e l in g  o f  m otor neurons i n  M and VL. CV c e l l s  
w ere no t la b e le d  w ith  gen iohyo id  in j e c t io n s .  L a te ra l  tongue 
in j e c t io n s  la b e le d  m otoneurons on one s id e  o f th e  h y p og lo ssa l 
nuc leus  on ly . R etrograde t r a n s p o r t  o f HRP to  th e  f a c i a l  
nucleus  was n o t seen.

A.S. su ppo rted  by NSF G raduate F e llow sh ip .

384.10 PHYSIOLOGICAL STUDIES OF PELVIC FLOOR MUSCLES. B. Dubrovsky, 
D epts. P sy c h ia t .  and P h y s io l . ,  McGill U n iv ., M ontrea l, Que.H3A 1A1

Most c l i n i c a l  e v a lu a tio n s  on th e  fu n c t io n a l s t a t e  o f th e  ano rec
t a l  reg io n  a re  b a s ic a l ly  decided  from manometric s tu d ie s .  However, 
a n a ly s is  o f  p re s su re  in  term s o f  fo rc e s  a c t in g  w ith in  th e  a n o re c ta l  
reg io n  i s  d i f f i c u l t .  P re ssu re  and fo rc e  measurements do no t a l 
ways co rrespond . A c tiv ity  o f  p e lv ic  f lo o r  m uscles i s  an im portan t 
source o f th e  fo rc e s  a c tin g  in  th e  re g io n . In fo rm ation  on th i s  
is s u e  comes m ainly from reco rd in g  o f  p re s su re  changes concom itan tly  
w ith  EMG's from bo th , th e  in t e r n a l  (IAS) and e x te rn a l (EAS) sphinc 
- t e r s  o f  th e  anus. Due to  th e  c o n c e n tr ic  arrangem ent o f  th e se  
m uscles, th e  a t t r i b u t io n  o f a recorded  p re s su re  o r p re s su re  change 
to  a c t i v i t y  in  one o r o th e r  o f  th e  s p h in c te r s  can be p a r t i c u l a r ly  
hazardous. The a c t iv i t y  and response  c h a r a c te r i s t i c s  o f th e  le v a 
to r  an i (LA) muscle complex, an im portan t component o f  th e  p e lv ic  
f lo o r  a p p a ra tu s , i s  n o t w e ll known. P rev ious work from th i s  la b 
o ra to ry  (Dubrovsky e t  a l . ,  Exp. N eurol. 88:277 (1985)) has shown 
th a t  th e  le v a to r  an i and EAS correspond w ith  d i f f e r e n t  s p in a l neur 
-o n a l c i r c u i t s ;  th a t  both m uscles can be in d ependen tly  a c t iv a te d ,  
and fu r th e r  th a t  b i l a t e r a l  pudendal s e c t io n  does not a b o lis h  le v a 
to r  an i a c t i v i t y  as  does th e  EAS. We exp lo red  th e  response  ch a r
a c t e r i s t i c s  o f th e  LA and EAS to  r e c t a l  d is te n t io n .  In  c h lo ra lo s e  
(80 mg/kg) a n e s th e tiz e d  c a ts ,  both LA m uscles, and th e  EAS were 
exposed and th readed  fo r  b ifo c a l  reco rd in g  o f EMG a c t i v i t y .  I t  i s  
w e ll known th a t  r e c t a l  d is te n t io n  e l i c i t s  a r e la x a t io n  o f th e  IAS 
and a c o n tra c tio n  o f th e  EAS. The l a t t e r  response  cannot be main
ta in e d  fo r  more than  a m inu te. In  c o n tr a s t  th e  LA responds w ith  a 
su s ta in e d  d isch a rg e  o f up to  3-4 m inutes to  r e c t a l  d i s te n t io n  o f 
5-10 cc o f  a i r .  The response i s  h ig h ly  s e n s i t iv e  to  th e  r a t e  o f 
in fu s io n ; a sudden in f l a t i o n  produces a la r g e r  phasic  d isch a rg e , 
and a slow in f l a t i o n  (ca 20 sec) produces only  a weak d isch a rg e . 
Threshold  fo r  th e  response w ith  r e c t a l  in f l a t i o n  i s  low er in  the  
LA than  in  th e  EAS. A f a s t  1 cc a i r  i n f l a t i o n  e l i c i t s  a LA d i s 
charge w ith  n e g l ig ib le  e f f e c t  on th e  EAS. Under F la x e d il ,  muscle 
resp o n ses  to  th e  same s t im u li  cannot be seen , in d ic a t in g  a muscle 
o r ig in  fo r  th e  recorded  re sp o n ses . C o r t ic a l  p ro je c t io n s  fo r  th e se  
m uscles were s tu d ie d  by reco rd in g  f i e ld  and s in g le  neuronal a c t iv 
i t y  around p e r ic r u c ia te  c o r te x . Two lo c i ,  one in  th e  p re and o th e r  
in  th e  p o s tc ru c ia te  reg io n , both 2 mm from th e  m edial wal l , were 
found to  be p la ces  o f  c le a r  r e v e r s a l  o f th e  f i e ld  p o te n t ia l  to 
g e th e r  w ith  maximal neuronal d isc h a rg e . L a ten c ie s  o f 12-15 msec 
were observed in  th e  in t a c t  p re p a ra tio n . A fte r  s e c t io n  o f th e  dor 
- s a l  columns th e re  was a s ig n i f i c a n t  d ec rease  (2 /3 ) o f th e  am pli
tude o f th e  f i e ld  p o te n t ia l ,  and neuronal d isch a rg es  appear much 
l a t e r  (ca 25-35 m sec). As both LA and EAS have c o n tra s t in g  seg
m ental b eh a v io r, and a f a s t  path  fo r  c o r t i c a l  p ro je c t io n ,  both 
should  be con sid e red  in  d is c u s s io n s  o f  p e lv ic  f lo o r .
(Supported by NIH).
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384.11 SPINAL CORD INJURY CAUSES LOSS OF DISTANT MOTONEURONES. E. 
E id e lb e rq . V e te rans  A d m in is tra tio n  H o s p i ta l ,  and D iv is io n  o f  
N eurosurgery , The U n iv e rs ity  o f  Texas H ea lth  S c ie n ces  C en te r a t  
San A n ton io , TX, 78284.

S p in a l co rd  t r a n s e c t io n  cau ses  " p a r a ly s is " ,  lo s s  o f  s e n s a t io n ,  
" s p in a l  shock", p a r t i a l l y  r e v e r s ib l e  m uscu lar a tro p h y  and su p e r
s e n s i t i v i t y  to  a c e ty lc h o lin e ,  and -  a s  a  d e lay ed  e f f e c t  -  s ig n s  o f  
r e in n e rv a t io n  o f  m otor u n i t s .  We asked  w hether some o f  th e se  
e f f e c t s  m igh t be due to  d ea th  o f  lum bar m otoneurones. We coun ted  
th e  t o t a l  number o f  p ro b ab le  a lp h a  m otoneurones (by s iz e ,  
m orphology and p o s i t io n )  i n  L4 and L5 in  a d u l t  r a t s .  The c o n tro ls  
(N=6 ) had  5710 ±810 c e l l s .  R ats whose th o ra c ic  s p in a l  co rd  had 

been  t r a n s e c te d  a t  T6-8  showed lo s s  o f  c e l l  co u n ts  o f  th e  o rd e r  o f  
30%, b eg in n in g  on th e  4 th  day p o s t - t r a n s e c t io n .  T h is  lo s s  was 
a t te n u a te d  by lo c a l  a n e s th e t i z a t i o n  o f  th e  co rd , p r i o r  to  and in  
th e  in te n d e d  s i t e  o f ,  th e  t r a n s e c t io n .  P re lim in a ry  d a ta  s u g g e s t 
t h a t  th e  l o s s  o f  m otoneurones was a t te n u a te d  a l s o  by a  Ca2+ 
ch annel b lo c k e r  i n j e c t e d  in t ra v e n o u s ly .  T h is e f f e c t  o f  co rd  
t r a n s e c t io n  may be m ed ia ted  by e x c e ss iv e  axona l d is c h a rg e  i n  
descend ing  pathw ays, and th e  e n t ry  o f  an ex c ess  o f  Ca2+ in to  
t h e i r  t a r g e t  c e l l s .

S upported  p a r t i a l l y  by a  g r a n t  f r om th e  V ete ran s  A d m in is tra tio n .

384.12  LATERAL AND VENTRAL FUNICULI IN MOTOR RECOVERY FOLLOWING SUBTOTAL 
SPINAL CORD LESIONS IN ADULT RATS. J .  W. L i t t l e , R. M. H a r r i s , 
R. C. S o h lb e rg * S e a t t l e  V.A.M .C. and U n iv . o f  W a sh in g to n , 
S e a t t l e ,  WA, 98108

S i g n i f i c a n t  re c o v e ry  o f  m o to r f u n c t io n  i s  o b s e rv e d  f o l lo w in g  
s u b t o t a l  s p in a l  c o rd  l e s i o n s  i n  e x p e r im e n ta l  a n im a ls  and human 
p a t i e n t s .  The d e s c e n d in g  p a th w ay s r e s p o n s i b le  f o r  t h i s  r e c o v e r y  
a r e  n o t  y e t  u n d e r s to o d .  T h is  s tu d y  ex am in es  th e  r o l e  o f  th e  
l a t e r a l  and v e n t r a l  f u n i c u l i  i n  t h i s  re c o v e ry  p r o c e s s .

A d u lt  fem a le  r a t s  u n d e rw en t s u b t o t a l  s p in a l  c o rd  s e c t i o n  i n  
th e  m id - th o r a c ic  r e g i o n ,  s p a r in g  th e  l e f t  l a t e r a l  a n d /o r  v e n t r a l  
f u n i c u l i .  M otor b e h a v io r  was exam ined  a t  l e a s t  t h r e e  t im e s  p e r  
week th ro u g h  f o u r  w eek s. F o u r i n d iv i d u a l  m o to r f u n c t io n s  w ere 
g ra d e d  on  a  4 - p o in t  s c a l e  f o r  e a ch  h in d le g :  sw ing p h a se  o f  g a i t ,  
s ta n c e  p h a se  o f  g a i t ,  o n e - le g g e d  h o p p in g , and h in d le g  w i th d ra w a l 
t o  l i g h t  g r a s p  o f  th e  f o o t .  T h ese  f o u r  s c o r e s  w ere  summed to  
y i e l d  a  c o m p o s ite  v a r i a b l e  f o r  q u a n t i f y in g  m o to r r e c o v e r y .  
I n i t i a l  and f i n a l  m o to r d e f i c i t s  w ere  c o n s i s t e n t l y  g r e a t e r  i n  th e  
r i g h t  th a n  th e  l e f t  h i n d le g ,  and r a t e s  o f  r e c o v e ry  w ere  s lo w e r .  
R a ts  w i th  s p a r in g  o f  th e  l e f t  l a t e r a l  and v e n t r a l  f u n i c u l i  showed 
few e r i n i t i a l  d e f i c i t s  i n  th e  l e f t  h i n d l e g ,  few e r f i n a l  d e f i c i t s  
i n  th e  r i g h t  h in d le g ,  and f a s t e r  m o to r r e c o v e ry  th a n  th o s e  w ith  
s p a r in g  o f  o n ly  one f u n i c u l u s .  T h e re  i s  a  s u g g e s t io n  o f  two 
te m p o ra l  p h a s e s  o f  m o to r r e c o v e r y .  A n im als w i th  m ild  d e f i c i t s  
re c o v e re d  d u r in g  th e  f i r s t  3 to  5 d a y s .  Those w i th  s e v e r e  
d e f i c i t s  d id  n o t  r e c o v e r  d u r in g  t h i s  e a r l y  p e r i o d ,  b u t  d id  
r e c o v e r  s lo w ly  d u r in g  th e  seco n d  and t h i r d  w eek s. Some a n im a ls  
w i th  i n te r m e d i a t e  l e s i o n s  showed p a r t i a l  r e c o v e r y  d u r in g  th e  
e a r l y  p e r io d  and a  seco n d  p h a se  o f  r e c o v e r y  d u r in g  th e  l a t e  
p e r i o d .  L u x o l F a s t  B lue  s t a i n i n g  o f  th e  l e s i o n  s i t e s  r e v e a le d  
a b s e n c e  o f  m y e l in a te d  f i b e r s  i n  th e  r i g h t  h a l f  o f  th e  c o rd  i n  
m ost a n im a ls  and v a r i a b l e  s p a r in g  i n  th e  l e f t  h a l f .

T h ese  s t u d i e s  d e m o n s tra te  t h a t  m o to r r e c o v e r y  r e g u l a r l y  
f o l lo w s  s e c t i o n  o f  1 /2  to  3 /4  o f  s p in a l  lo n g  t r a c t s .  The r a t e  
and e x te n t  o f  t h a t  r e c o v e r y  d ep en d s  upo n  th e  q u a n t i t y  o f  lo n g  
t r a c t s  s p a r e d ,  th o u g h  e i t h e r  l a t e r a l  o r  v e n t r a l  f u n ic u lu s  f i b e r s  
a r e  a b le  t o  m e d ia te  c o m p arab le  lo c o m o to r  r e c o v e r y .  The two 
t im e - p e r io d s  o f  lo c o m o to r  r e c o v e ry  s u g g e s t  t h a t  two n e u ro n a l  
m echan ism s may u n d e r l i e  th e  b e h a v io r a l  s u b s t i t u t i o n  by th e  
s p a re d  lo n g  t r a c t s .

Supported by the U niversity  of Washington Graduate School 
Research Fund and the Veterans A dm inistration.

384.13 EXAGGERATED REFLEXES IN CATS FOLLOWING SPINAL CORD HEMISECTION. 
R .L . C a rte r* . L.A. R ita , E.W. S c o tt* , C .F. Shank* , and G.W. 
Sy p e r t .  D e p ts .  o f  N e u ro s u rg e ry  and N e u ro s c ie n c e ,  U n i v e r s i ty  o f  
F l o r i d a  H e a l th  C e n te r ,  G a i n e s v i l l e ,  F L . , 32610.

P rev ious  s tu d ie s  in  mammalian c e n tr a l  nervous system s su g g es t 
th a t  p a r t i a l l y  d en e rv a ted  neurons d is p la y  an enhanced s y n a p tic  
t r a n sm is s io n  from rem ain ing  a f f e r e n t  system s, e . g . , Decima and 
M orales, 1983. We a re  in t e r e s te d  in  w hether th e  c l i n i c a l  
m a n ife s ta t io n s  o f  s p in a l  cord le s io n s ,  e . g . ,  s p a s t i c i t y ,  a re  
c o r r e la te d  w ith  e l e c tro p h y s io lo g ic a l  m easurem ents o f  f le x o r  and 
e x te n so r  m onosynaptic r e f l e x  a r c s .

A dult c a t s ,  between 2 .0  and 4 .7  kg, were random ized to  c o n tro l 
o r  ex p e rim en ta l g roups . L e f t  h em isec tio n s  a t  L5-L6 cord  ju n c t io n  
were perform ed a s e p t ic a l ly  on ex p e rim en ta l an im als, who underw ent 
a te rm in a l p rocedu re  1-6 months p o s to p e ra t iv e ly .  Each anim al was 
d e c e re b ra te d  and CO2 and v i t a l  s ig n s  were m onito red . Dopamine was 
g iv e n  a s  a p re s s o r  ag en t i f  needed; hem odynamically s ta b l e  an im als 
re c e iv e d  e q u iv a le n t do ses  and d a ta  were c o l le c te d  p re -  and p o s t
a d m in is tr a t io n . Lam inectom ies from L4-L7 were perform ed and 
b i l a t e r a l  le g  d is s e c t io n s  exposed f le x o r  ( to  sem iten d in o su s , 
semimembranosus, and p o s te r io r  b ic e p s  m uscles) and ex te n so r  m uscle 
n erv es  ( to  m edial and l a t e r a l  gas tro cn em iu s  and s o le u s  m u sc les ). 
L6L7 o r  L7S1 v e n t r a l  and d o rs a l  r o o ts  were s tim u la te d  s e q u e n t ia l ly  
and th e  re sp o n ses  measured in  th e  muscle n e rv es , f o r  each  s id e .

F o u rteen  c o n tro l and te n  ex p e rim en ta l an im a ls ’ re sp o n ses  have 
been compared. Each c o n tro l anim al had normal and symmetric 
r e f l e x e s ,  tone  and g a i t .  There a p p e a rs  to  be an in h e re n t  asymmetry 
o f  th e  e le c t ro p h y s io lo g ica l  m onosynaptic r e f l e x  (MSR) in  c o n tro ls ,  
w ith  th e  r i g h t  s id e  being  s l i g h t ly  l a r g e r .  In  eaoh exp e rim en ta l 
c a se , th e  an im als had normal p re o p e ra tiv e  g a i t ,  to n e , and 
r e f l e x e s .  P o s to p e ra t iv e ly , th e  le s io n e d  an im als  went th rough  a 
s ta g e  o f  a r e f l e x ia ,  w ith  each  anim al e v e n tu a l ly  d em o n stra tin g  
h y p e ra c tiv e  cu taneous and deep tendon  r e f l e x e s .  Most an im als  a ls o  
e x h ib ite d  h y p e rto n ia . In  a l l  b u t two expe rim en ta l  an im als, th e  
MSR m easurem ent from  e i t h e r  e x te n so r  o r  f le x o r  n e rv es , was 
enhanced on th e  le s io n e d  s id e  (1 .6  -  7 tim es  l a r g e r  th a n  th e  
i n t a c t  s id e ) .  Dopamine d id  n o t appear to  a f f e c t  th e  s iz e  o f  th e  
MSR in  t h i s  paradigm . The evoked p o te n t ia l s  w i l l  be e v a lu a te d  w ith  
re g a rd s  to  am p litu d e , l a t e n c i e s ,  r i s e  tim es , and h a l f -w id th s . 
H is to lo g ic a l  e v a lu a t io n  o f  l e s io n  s i t e s  i n  s ix  an im als to  d a te  
have confirm ed th e  ac cu racy  o f  th e  h em isec tio n s .

These p re l im in a ry  o b s e rv a t io n s  in d i c a t e  th a t  th e r e  i s  a 
c o r r e l a t i o n  betw een th e  c l i n i c a l  f in d in g s  o f  h y p e r r e f le x ia  and th e  
enhanoed e le o tro p h y s io lo g ic a l  re c o rd s  o f  MSRs on th e  le s io n e d  s id e  
o f  an  an im al. E xperim en ts w ith  th o ra c ic  h em isec tio n s  and w ith  
lum bar d o rs a l  column le s io n s  a re  to  fo llo w .

T h is re s e a rc h  was su ppo rted  by USPHS g ra n t  NS23863 and th e  
V ete ra n s  A d m in is tra tio n  M edical R esearch  S e rv ic e .

384.14 BEHAVIORAL AND MORPHOMETRIC STUDIES USING A COMPUTERIZED SPINAL 
INJURY DEVICE. S.K . SOMERSON* AND B.T. STOKES, D ep ts. B io- 
Med. Eng. and P h y s io l . ,  Ohio S ta te  U n iv e rs ity , Columbus, OH 43210

A b eh a v io ra l and h i s to lo g ic a l  a n a ly s is  was perform ed on th re e  
p re v io u s ly  d e fin ed  groups of s p in a l  cord in ju re d  r a t s .  D isp lace
ment (tim e  and m agnitude) o f th e  s p in a l  cord  was c o n tro l le d  us ing  
b iom echan ical feedback du ring  th e  in ju ry  p ro cess ; th e  d isp lacem en t 
am p litude  was kep t c o n s ta n t (1 .5 4  + / -  .02 ) w h ile  th e  tim e of 
com pression was v a r ie d  between th e  g roups. The th re e  le v e ls  of 
in ju ry  were d e s ig n a ted  as  l i g h t ,  in te rm e d ia te , and heavy and 
im pact d u ra t io n s  were 14, 19, and 24 m ill is e c o n d s , r e s p e c t iv e ly .  
Lam inectom ies were perform ed a t  m id th o rac ic  co rd  (T-9 o r T-10) and 
th e  v e r te b r a l  column was r ig id ly  f ix e d  du ring  in ju ry  by u s ing  
v e r te b r a l  clamps r o s t r a l  and caudal to  th e  exposed co rd .

Motor perform ance was based on s c o re s  from th re e  t e s t s .  Animals 
were handled  fo r  2 weeks p r io r  to  s u rg e ry . The t e s t s  were adm ini
s te re d  tw ic e  b e fb re  su rg ery  and over a  th re e  week p o s t- in ju ry  tim e 
p e rio d  (on days 1, 3 , 8 , 14, and 2 1 ). T e s ts  in c lu d e d :  open f i e ld  
w alk ing  (sco red  on a mod if i e d  T arlov  s c a l e ) ,  in c l in e d  p lane 
a n a ly s is ,  and g r id  w alking (an  a g i l i t y  t e s t ) .  L igh t group anim als 
recove red  to  p r e -o p e ra tiv e  le v e ls  in  bo th  th e  open f i e l d  w alking 
and in c l in e d  p lane  a sse ssm en ts , b u t g r id  w alking s c o re s  in d ic a te d  
a m ild d e f i c i t  in  th e  co o rd in a tio n  between fo re  and h ind  lim bs. 
The in te rm e d ia te  and heavy groups r a t s  showed s t a t i s t i c a l l y  
i d e n t ic a l  r e s u l t s  in  th e  open f i e ld  w alking and in c lin e d  p lane 
t e s t s .  S cores d id  n o t reco v e r to  normal v a lu es  in d ic a t in g  la s t in g  
d e f i c i t s  in  g e n e ra l m o b ility  and p o s tu ra l  com pensation fo r  bod ily  
d isp lacem en t in  sp ace .

M orphological r e s u l t s  r e in fo rc e d  th e  b eh a v io ra l d a ta . There was 
e x c e p tio n a l co n s is te n c y  in  th e  amount of t i s s u e  damage. 
F ra c t io n a l  le s io n  a re a  (% t o t a l  a re a  a t  s i t e  o f maximum le s io n )  
was n e a rly  i d e n t ic a l  in  th e  in te rm e d ia te  and heavy g roups: 1.52% 
and 1.18% u n in ju red  f ib e r s  rem ained in  th e se  r e s p e c t iv e  g roups. 
The l i g h t  in ju ry  an im als had 66.2% of  t h e i r  n e u ro p il i n t a c t .  
Three d im ensional r e c o n s t ru c t io n  and d e te rm in a tio n s  o f le s io n  
volumes a re  c u r r e n t ly  in  p ro g re s s .

The peak fo rc e  g en e ra ted  du rin g  th e  d isp lacem en t c o n tro l le d  
i n j u r i e s  v a r ie d  between an im als in  each group ac co rd ing  to  th e  
m echanical p ro p e r t ie s  o f t h e i r  s p in a l  c o rd s . O verlap in  th e  range 
of peak fo rc e  occu rred  only  between th e  in te rm e d ia te  and heavy 
g roups. T h is o v e rlap  o f th e  fo rc e  enve lopes could  e x p la in  th e  
s im i la r  b e h a v io ra l and h i s to lo g ic a l  measurements in  th e  two 
g roups.

S p e c i f ic  in ju ry  p ro to c o ls  th e r e fo r e  r e s u l te d  in  re p ro d u c ib le  
resp o n ses  in  both  n e u ro lo g ic a l and p a th o lo g ic a l m easures as  they  
have in  p rev io u s  fu n c t io n a l s tu d ie s  (Somerson and S to k es , 1985). 
In  a d d i t io n  a p re d ic ta b le  group of m a rg inga lly  in ju re d  an im als can 
be c re a te d  by t h i s  p ro to c o l. (S upported  by USPHS-10165)
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384.15 CO M PARISO N O F  A N T E R IO R  A N D  P O S T E R IO R  E X P E R IM E N T A L  
SPIN A L C O R D  C O N TU SIV E IN JU R Y . E. F u iii*  an d  J. R. W rathall. 
D ep t. o f  A natom y an d  Cell B iology, G eorge tow n U niv ., W ashington, 
D.C. 20007

C lin ic a lly , th e  m ost com m on t ra u m a tic  sp in a l co rd  lesion  occurs a t 
low er ce rv ic a l levels d u e  to  a n te r io r  co n tu sio n  caused  by f ra c tu re  of 
th e  v e rte b ra l body. M ost ex p e rim e n ta l s tu d ie s  h av e  ex am in ed  lesions 
p ro d u ced  by p o ste rio r  in ju ry . We h av e  th e re fo re  p ro d u ced  and  
co m p ared  a n te r io r  an d  p o s te rio r  c o n tu siv e  in ju r ie s  in  th e  ra t.

In ju r ie s  w ere  p ro d u ced  by  a  w e ig h t-d ro p  tec h n iq u e  (EX P.N E U R O L. 
88: 108, 1985) in  w h ich  a  10 g w e ig h t w as d ro p p ed  f ro m  5 cm  heigh t. 
T w o g roups o f  ra ts  w ere in ju re d  a t  C7 usin g  a n  im p o u n d er w ith  a 
ro u n d  t ip  (2.4 m m  diam .), w ith  th e  w eig h t d ro p p ed  on th e  a n te r io r  
(ACSW) o r p o s te rio r  (PCSW) d u ra . A th ird  g ro u p  (ACLW) w as in ju re d  
b y  a n te r io r  con tu sio n  a t  C7 u sing  an  im p o u n d er w ith  a t ip  o f  th e  same 
a re a  b u t e llip tica l in  shape (3.6 ×  1.6 mm). A fo u r th  g ro u p  (PTSW) was 
su b jec ted  to  p o s te rio r  co n tu sio n  a t  T8 usin g  th e  im p o u n d er w ith  the 
ro u n d  tip . T h e  ra ts  w ere tes ted  fo r  n eu ro lo g ica l fu n c tio n  a t  24 h r, 1, 2, 
3, an d  4 w ks a f te r  in ju ry . Use Of lim bs in  locom otion  was assessed as 
well as p e rfo rm a n c e  in  o th e r  tests  o f  re f le x  a n d  com plex  beh av io r 
(E X P .N E U R O L . 88: 123,1985). A t 4 w ks, th e  ra ts  w ere p e rfu sed  and  
sp in a l co rd  tissues w ere ex am in ed  fo r  h isto p a th o lo g y .

A ll groups e x h ib ited  m ax im al neu ro lo g ica l d e f ic it  a t  24 h r  w ith  a 
less severe  c h ro n ic  d e f ic it  by 4 wks. In ju ry  a t  C7 p ro d u ced  fo re lim b  
d e f ic it  in  locom otion , g rasp in g  an d  re f lex  tests , b u t less h in d lim b  
d e f ic it  th a n  w ith  th e  sam e im p o u n d er a t  T8. A n te rio r  con tusion  
p ro d u ced  less o v e ra ll d e f ic it  th a n  p o s te rio r  us in g  th e  sam e im pounder. 
T h e  e llip tic a l im p o u n d er resu lted  in  g rea te r  fu n c tio n a l  d e f ic it  th an  the 
ro u n d  im p o u n d er. T h e  e x te n t o f  th e  h is to p a th o lo g ica l lesions was 
co n sis ten t w ith  th e  e x te n t o f  fu n c tio n a l  d e f ic i t  in  th e  d i f f e re n t  groups. 
T h e  m ost severe  ce rv ic a l lesions w ere observed  in  th e  PCSW group, 
w h ere  ca v itie s  ty p ic a lly  rep laced  m ost o f  th e  g ray  as w ell as th e  m ore 
c e n tra l w h ite  m a tte r . T h e  leas t severe  lesions w ere p rese n t in  th e  ACSW 
gro u p , w h ere  w h ite  m a tte r  m icrocysts a n d  p a r t ia l  dem yclin a tio n  
ty p ic a lly  c h a ra c te r ize d  th e  lesion  e p ic e n te r  (a re a  o f  m ax im al dam age). 
C om parison  o f  a n te r io r  vs p o s te rio r  in ju ry  groups in d ic a te d  g rea te r  
in v o lv em en t o f  v e n tra l-m ed ia l w h ite  m a tte r  a f te r  a n te r io r  in ju ry . 
H ow ever, even  w ith  a n te r io r  in ju ry , w hen th e  ep ic e n te rs  e x h ib ited  
c e n tra l c av itie s , th e  ro stra l an d  c a u d al "tails" o f  th e  lesions w ere in  the 
d o rsa l fu n ic u lu s .

T h e  resu lts  in d ic a te  th a t  e x p e rim e n ta l ce rv ic a l a n te r io r  sp in a l cord  
c o n tu siv e  in ju ry  can  be p ro d u ced  in  ra ts . T h e  re su ltin g  fu n c tio n a l 
d e f ic it  an d  h is to p a th o lo g ica l lesion a f te r  in ju ry  d ep en d s upon  both  the 
d ire c tio n  o f  in ju ry  (a n te rio r  vs p o ste rio r)  an d  th e  shape  o f  the 
im p o u n d er used (ro u n d  vs e llip tica l).

S u p p o rted  by N IH , NO1-NS-2-2310.

384.16 IM PLANTATION OF NEURONS INTO THE CONTUSED SPINAL  
CORD: A BIOASSAY OF THE MICROENVIRONMENT AT THE 
INJU RY s i t e . D .W . H o o v le r, C .A . F isch o fer*  an d  J.R . W ratha ll. D ep t. 
o f  A natom y an d  Cell B iology, G eorgetow n U niv ., W ashington, D.C. 
20007.

C on tusive  in ju ry  resu lts  in  m ech an ica l d isru p tio n  o f sp in a l cord 
tissue  as w ell as b iochem ica l changes th a t  m ay lead  to  a d d itio n a l tissue 
d e s tru c tio n  ("secondary  in ju ry ") v ia  th e  p ro d u ctio n  o f  a toxic 
e n v iro n m en t a t  th e  in ju ry  site . In  o rd e r  to  ex am in e  th e  postu la ted  
d eve lopm ent o f  a n e u ro to x ic  m ic ro en v iro n m en t, we h ave  im plan ted  
exogenous n e u ro n s in to  th e  in ju ry  s ite  o f co n tu sed  sp in a l co rd  a t  
d i f f e re n t  tim es fo llo w in g  in ju ry  an d  an a ly zed  su rv iv a l o f these 
n e u ro n s a t  v a rio u s  tim es a f te r  im p lan ta tio n .

D orsal ro o t g ang lia  (D R G ) o f a d u lt  Sprague-D aw ley  ra ts  were 
d isso c iated  in  0.25% collagenase an d  v iab le  neu ro n s labe led  w ith  the 
flu o re sc e n t dye a c rid in e  o range. F iv e  ul o f  n eu ro n  suspension  (6000 
v iab le  n eurons) w as in jec ted  v ia  a 33 gauge steel needle  in serted  0.8 
mm  below  the  d u ra  a t  the  d o rsa l m id lin e  o f  each  sp in a l cord. N eurons 
w ere im p lan ted  in to  u n in ju re d  sp in a l co rd  (con tro ls) as well as the 
in ju ry  s ites o f  ra ts  su b jec ted  to  con tusion  p ro d u ced  by a 10 g w eight 
d ro p p ed  2.5 cm  on to  the  exposed d u ra  (W ratha ll, e t al., E x p .  N eurol. 
88:108, 1985) e ith e r  im m ed ia te ly  (w ith in  10 m in), 1 w k o r 4 wks befo re  
im p la n ta tio n . A n im als w ere p e rfu sed  a t  10 m in , 2 o r 18 h rs a f te r  
im p la n ta tio n , an d  lo n g itu d in a l f ro zen  sections (14 um ) o f the 
in ju ry /im p la n ta t io n  s ite  exam ined  to  ca lc u la te  the  to ta l n um ber of 
D R G  n eu ro n s an d  th e  p ercen tag e  w ith  n o rm a l-ap p ea rin g  nuclei a t the 
im p la n ta tio n  sites.

In  a ll g roups, th e  av erag e  nu m b er o f  n eu ro n s per s ite  was 
som ew hat red u ced  a t  18 h r  as com pared  to  10 m in  o r 2 hrs a f te r  
im p la n ta tio n . H ow ever, no s ig n if ic a n t  d if fe re n c e  was fo u n d  in  the 
to ta l nu m b er o f  D R G  neu ro n s p e r im p la n ta tio n  s ite  w hen co n tro l and  
con tu sed  g roups w ere com pared  a t  th e  sam e tim e a f te r  im p lan ta tio n . In 
a ll  g roups, th e  av erag e  p e rcen tag e  o f  n e u ro n s e x h ib itin g  a n orm al
a p p e a r in g  nu c leu s  (v esicu la r, w ith  a p ro m in en t nucleo lus) show ed a 
s lig h t d o w n w ard  tre n d  w ith  tim e  a f te r  im p lan ta tio n . T h e  percen tag e  o f 
n eu ro n s w ith  n o rm a l-ap p ea rin g  n u c le i was n o t s ig n if ic a n tly  d i f fe re n t  
in  com parisons o f  c o n tro l an d  co n tu sed  g roups a t  th e  sam e tim es a fte r  
im p la n ta tio n . T hus, a lth o u g h  th ere  w as an  in d ic a tio n  o f  some red u c tio n  
in  to ta l n eu ro n  nu m b er an d  v ia b ility  over tim e  a f te r  im p lan ta tio n , no 
d iffe re n c e s  in  n eu ro n  su rv iv a l w ere d e tec ted  a f te r  im p la n ta tio n  in to  
con tu sed  as com pared  to  u n in ju re d  sp in a l cord .

N o ev id en ce  o f  an  in ju ry -in d u c e d  n eu ro to x ic  m icro en v iro n m en t a t 
the  s ite  o f  con tu sio n  was o b ta in ed  in  these experim en ts. T he resu lts  
suggest th a t  d iffu s a b le  n e u ro to x ic  fac to rs  a re  n o t invo lved  in 
"secondary  in ju ry "  a f te r  co n tu sio n , o r  i f  so, th a t  endogenous sp ina l cord 
n e u ro n s a re  d if f e re n t ia l ly  sen sitiv e  to  th e ir  e ffe c ts . (S upported  by NIH- 
N IN CD S, N O 1-NS-2-2310).

384.17 SOMATOSENSORY EVOKED POTENTIALS AS AN INDEX OF SPINAL CORD INJURY 
IN THE RAT. A. R a in e s ,  K .L . D re tc h e n , K. Marx* and J .  W ra th a ll . 
D ep a rtm e n ts  o f  P harm aco lo g y  and A natom y, G eorgetow n U n iv e rs ity  
Schools o f  M edicine and D e n tis t ry , W ashington, DC 20007.

The t r e a tm e n t  o f  s p in a l  cord  i n ju ry  w ith  new m o d a lit ie s  i n man 
i n i t i a l l y  r e q u i r e s  th e  d e m o n s tr a t io n  o f  an i mprovement i n fu n c 
t i o n a l  c a p a c i t y  i n some model system  ca p ab le  o f d e te c tin g  changes 
in  f u n c t io n a l  s t a t e .  We hav e  r e c e n t l y  d e sc r ib e d  a graded sp in a l 
c o rd  i n ju r y  in  t h e  r a t  em p lo y in g  a w e ig h t -d ro p  te ch n iq u e  (Exp. 
N e u ro l .  88 : 1 0 8 -1 4 9 , 1985) i n which b eh a v io ra l d e f i c i t  and t i s s u e  
dam age (an a ly zed  m orp h o m etrica lly ) were h ig h ly  c o r r e la te d  w ith  th e  
h e ig h t  from which a 10 gram w eight was dropped to  cause  i n ju ry .

F o u r weeks a f t e r  no ( 0 ) ,  m ild  ( 2 .5  cm ), m o d e ra te  (5 .0  cm) o r 
s e v e r e  ( 1 7 .5  cm) w e ig h t d ro p  and c o n s e q u e n t g raded  i n ju ry , r a t s  
w ere a s s e s s e d  b e h a v i o r a l l y  and th e n  a n e s t h e t i z e d  w ith  c h lo ra l 
h y d r a t e  and p la c e d  on a r e s p i r a t o r .  Som atosensory evoked p o te n 
t i a l s  (S E P 's )  w ere e l i c i t e d  by c o n t r a la t e r a l  supramaximal s c i a t i c  
n e rv e  s t im u la t io n  w ith  b i p o l a r  p la t in u m  i r id iu m  e le c tro d e s  and 
re c o rd e d  w ith  b i p o l a r  s i l v e r  b a l l  e l e c t r o d e s ,  one p laced  o ver th e  
s o m a to se n so ry  c o r t e x .  S tim u li were a p p lie d  a t  a frequency  o f  0 .2  
Hz a m p l i f i e d  10K w ith  f i l t e r s  s e t  a t  0 .1  and 3 .0  K Hz. Evoked 
p o t e n t i a l s  w ere  s to r e d  on m a g n e tic  t a p e  and 512 resp o n ses  were 
averaged w ith  a s ig n a l a v e ra g e r . SEP peak to  peak am p litude , i n te 
g r a t e d  a r e a  and l a t e n c y  w ere  m e a su re d . T h ese  3 p aram ete rs  were 
c o r r e la te d  w ith  h e ig h t o f  w eight d rop , b eh a v io ra l d e f i c i t ,  i n c lin e d  
p la n e  t e s t  and T a rlo v  s c o re . SEP a rea  c o r r e la te d  ( c o r r e l .  c o e f . = 
.7 1 4 )  w ith  am p litu d e . Both SEP a rea  and am plitude  cor r e l a t e d  w ith  
w e ig h t d ro p  h e i g h t ,  b e h a v io ra l d e f i c i t ,  T a rlov  sc o re  and i n c lin ed  
p l a n e ,  w ith  th e  a m p li tu d e  p r o v id in g  a b e t t e r  c o r r e la t io n  i n each 
c o m p a r is o n . No a t te m p t was made t o  r e s o lv e  th e  po lyphasi c p o ten 
t i a l ,  a s  i n t e r - i n d i v i d u a l d i f f e r e n c e s  were a p p re c ia b le . L atency 
d id  n o t c o r r e l a t e  w ith  w e ig h t d ro p  h e i g h t ,  b e h a v io ra l s c o re , 
i n c l i n e d  p la n e  o r  T a r lo v  t e s t .  Mild i n ju ry  u s u a lly  r e s u l te d  in  a 
r e l a t i v e l y  u n ifo rm  m odest r e d u c t io n  o f  SEP am p litu d e  and a re a ; 
s e v e r e  i n j u r i e s  u s u a l l y  r e s u l te d  in  f a i l u r e  o f re sp o n se . R ats in  
t h e  m o d e ra te  i n ju r y  g ro u p  te n d e d  t o  respond b i m odally , w ith  some 
show ing  l i t t l e  SEP d e p r e s s io n  and o th e rs  e x h ib i t in g  l i t t l e  o r  no 
re c o rd a b le  SEP.

The p r e s e n t  experim en ts dem onstra te  t h a t  SEP am plitude and a re a  
ca n  be u sed  i n th e  r a t  t o  m o n i to r  t h e  f u n c t io n a l  i n te g r i ty  of 
n e u r a l  pathw ays; t h i s  shou ld  make i t  p o s s ib le  to  as se s s  th e  i n f lu 
en c e  o f  p h a rm a c o lo g ic  and o th e r  i n t e r v e n t i o n s  on th e  co u rse  o f 
r e c o v e r y  from  a s p in a l  co rd  i n ju ry  and th u s  i d e n t ify  novel i n t e r 
v en tio n s  f o r  th e  tre a tm e n t o f sp in a l cord  i n ju ry .

Supported by NINCDS Stroke-Traum a Program 
(NOl-NS-2-2310)
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385.1 EMG AND CYCLIC HAND MOTION: A FREQUENCY RESPONSE STUDY.
D. Hahs* and R. S t i l e s . D ept. P hysio logy , Univ. Term ., Memphis, 
TN 38163.

Agarwal and G o ttl ie b  noted (CRC C r i t .  Rev. 12, 1985) " In  non- 
iso m e tr ic  c o n d i t io n s ,  the  EMG-force r e la t io n s h ip  is  a s i g n i f i 
can t problem which needs to  be re s o lv e d . . . ."  While a m ajor 
p a r t o f th i s  problem ( fo r  in t a c t  system s) is  d e te c tio n  o f gener
ated muscle f o rc e , t h i s  fo rce  may be in fe r re d  g iven : 1) an 
e s tim a te  of muscle a c t iv a t io n  ( e . g . ,  th e  su rface  EMG en v e lo p e ) , 
2) a c c u ra te  reco rd s  o f limb k in e m a tic s , and 3) a model fo r th e  
m uscle-load  system . For our pu rp o ses , i t  is  im portan t th a t such 
a model be: 1) homeomorphic, 2) lum ped-param eter, and 3) m in i
m a lly  complex (w hether l in e a r  or n o n lin e a r ,  w ith p o s s ib ly  tim e- 
vary ing  p aram ete rs) fo r the  ranges o f  frequency and am plitude 
s tu d ie d .

Normal human s u b je c ts ,  sea ted  w ith  forearm  pronated and sup
po rted  to  th e  w r i s t ,  were in s tru c te d  to  make s e lf -p a c e d ,  
e x te n s io n -f le x io n  c y c l ic  hand movements in  th e  v e r t i c a l  p lane 
fo r 16 s a t a s in g le  frequency . With m u ltip le  t r i a l s ,  th i s  f r e 
quency ranged from 1 Hz to  th e  maximum v o lu n ta ry  frequency  (7-12 
Hz). Hand motion was d e te c te d  by a phase- and am p litude- 
c a l ib ra te d  a c c e le ro m e te r . B ip o la r su rfa c e  EMGs were d e te c te d  
from ex ten so r d ig ito ru m  and ex ten so r c a rp i r a d i a l i s .  A fte r 
d i g i t i z a t i o n ,  th e  EMGs were h ig h -p a ss  f i l t e r e d ,  r e c t i f i e d ,  and 
smoothed (am p litude  dem odula ted). Auto- and c ro s s - s p e c t r a l  
a n a ly s is  was perform ed.

Peak dem odulated ex ten so r EMG led peak e x ten s io n  by an angle 
th a t in c reased  from about 90° a t  1 Hz to  about 230° a t 8-12 Hz. 
The log(peak  d isp la cem en t/p e ak  EMG)- and p hase-frequency  va lues  
are  c o n s is te n t  w ith  a l i n e a r ,  th i rd -o rd e r  homeomorphic m odel, 
w ith  t r a n s f e r  fu n c t io n :

Model l i n e a r i t y  was supported s in ce  harmonic bands ( i s t ,  3 rd , 
5 th ) in  th e  motion were p resen t in  th e  EMGs. Aided mass a f f e c 
ted frequency response d a ta  and model response  s im i la r ly ,  p ro v i
ded th a t  model s t i f f n e s s  inc reased  p ro p o r tio n a lly  w ith  m ass. 
For c e r ta in  v o lu n ta ry  freq u en c ie s  (1-3  Hz), a band considered  to  
be hand trem or occurred  a t 7-9 Hz. Broadband p a ram etric  v a r ia 
t io n  o f th e  m ode l's  sh o r t- ra n g e  s t i f f n e s s  elem ent genera ted  
s im i la r  resonance o s c i l l a t i o n s ,  whereas d i r e c t  fo rc in g  o f th i s  
elem ent could n o t .  A p ro p o r tio n a l, but delayed (abou t 10 m s), 
r e l a t i o n  between dem odulated EMG and no n iso m e tric  muscle fo rce  
was in d ic a te d .

385.2 RHYTHMIC PRECISION: VARIABILITY IN TIMING OF PIANO SCALES AS A 
FUNCTION OF TEMPO. D.L. VanEerd*, C.L. MacKenzie, L. W ilcox*, 
E.D. Graham*, D.B. Huron* & B.L. W ills*  (SPON: E. Roy). Music 
Perform ance L ab o ra to ry , U n iv e rs ity  o f W aterloo , W aterloo , O n ta r io , 
Canada, N2L 3G1

In  p iano  perfo rm ance, an im p o rtan t " te c h n ic a l  a b i l i t y "  i s  to  
p la y  s c a le s  q u ic k ly  w ith  rhythm ic p r e c i s io n .  For s c a l e s ,  a rp eg 
g io s  and th i r d s ,  th e  p i a n i s t ' s  goal i s  to  p lay  e v e n ly , w ith  equa l 
i n t e r v a l s  between n o te s .  As speed in c re a s e s  ( in te rn o te  in t e r v a l s  
d e c re a s e ) , one might p r e d ic t  t h a t  th e  v a r i a b i l i t y  i s  p ro p o r tio n a l 
to  th e  tim ed in t e r v a l s  ( a f t e r  Schmidt e t  a l . ,  1978) in  a manner 
analagous to  W eber's Law fo r  d is c r im in a b i l i ty  in  senso ry  sy stem s. 
The purpose o f th i s  re s e a rc h  was to  examine rhythm ic p re c is io n  
as  a fu n c t io n  o f p la y in g  speed .

F ive s k i l l e d  p ia n i s t s  (w ith  Grade 10 o r  ARCT w ith  th e  Royal 
C onservato ry  o f Music in  Toronto) p layed  2 o c tav e  ascend ing  s c a le s  
in  C m ajor w ith  s ta n d a rd  f in g e r in g  (123123412312345). Each t r i a l  
was p receded by 8 metronome b e a ts ;  metronome s e t t in g s  corresponded 
to  2 .0 , 3 .1 ,  4 .0 ,  6 .1 ,  8 .0 ,  10 .0 , 12.3 and 13.9 k e y s tro k e s /s e c . 
P erform ance on a  grand p iano  was m onitored  by a m icrocom puter sy s 
tem m easuring  p o s i t io n s  in  tim e o f  th e  88 keys (W ills , MacKenzie, 
H a rr is o n , Topper & W alker, 1985). I n te rn o te  i n t e r v a l s  (IN Is) were 
d e fin ed  a s  th e  tim e betw een c o n secu tiv e  key downs, and rhythm ic 
p r e c i s io n  was o p e ra t io n a l iz e d  as  th e  s tan d a rd  d e v ia tio n  (SD) and 
c o e f f i c ie n t  o f  v a r i a t i o n  (CV=SD/M) o f IN Is w ith in  a  t r i a l .

R esu lts  in d ic a te d  s ig n i f i c a n t  v a r i a t i o n  in  IN Is as  a  fu n c tio n  
o f tempo, bo th  in  an a b s o lu te  sense  (SD) and a  r e l a t i v e  one (CV). 
SD of INI was a U-shaped fu n c t io n  o f tempo, w ith  minimum v a r i a b i l 
i t y  between 4-6 n o te s / s e c .  This i s  c o n s is te n t  w ith  Wagner (1971). 
CV was a  m o no ton ica lly  in c re a s in g  fu n c t io n  o f  p la y in g  sp eed , in 
d ic a t in g  th a t  r e l a t i v e  v a r i a b i l i t y  in c re a s e s  w ith  tempo. T yp ical 
lo n g -s h o r t  p a t te r n s  were seen  in  co n secu tiv e  INIs (see  Wing, 1977), 
and th i s  e f f e c t  was a d d i t iv e  to  p la y in g  speed . Im p lic a tio n s  fo r  
models o f u n d e rly in g  so u rces  o f tim in g  and motor d e lay  a re  d is 
cussed .

385.3 A DIMENSIONLESS MUSCLE-TENDON MODEL FOR USE IN COMPUTER STUDIES OF 
POSTURE AND MOVEMENT: ITS STATIC, DYNAMIC AND STIFFNESS 
PROPERTIES. E .L . Topp*, F .E . Z a jac , and P .J .  S tevenson* (SPON: 
P. Dev) Rehab. R & D C en te r , P alo  A lto  Va M edical C en te r, P alo  
A lto , CA 94304, and M echanical E ng ineering  D e p t., S tan fo rd  
U n iv e rs ity .

Computer s im u la tio n  of th e  n eu ro m u sc u lo sk e le ta l system  can be 
used to  study  and e v a lu a te  c o o rd in a tio n  s t r a t e g i e s .  M eaningful 
s im u la tio n s  of n e u ra l c o n tro l  of th e  body re q u ire  m usculotendon 
a c tu a to r  models th a t  in c o rp o ra te  th e  s t a t i c  and dynamic c h a ra c te r  
o f s k e le ta l  m uscle and tendon . We have developed a low (2 n d )-  
o rd e r  dynam ical model th a t  c a p tu re s  th e  s a l i e n t  f e a tu re s  of m uscle 
and tendon , can i t s e l f  be s tu d ie d  to  u n d ers ta n d  m usculotendon 
p r o p e r t ie s ,  and i s  c o m p u ta tio n a lly  e f f i c i e n t  en a b lin g  many 
a c tu a to r s  to  be s im u la te d  s im u lta n e o u s ly .

We assume th a t  (a )  f ib e r s  in  each m uscle a c t in  p a r a l l e l ,  i n s e r t  
a t  th e  same p in n a tio n  ang le  ( α) on tendon , have th e  same le n g th  
and s p e c i f i c  te n s io n ,  and develop  le n g th -d ep en d e n t p a ss iv e  fo rc e s  
th a t  sum w ith  t h e i r  a c t iv e  f o r c e s ;  (b ) a c t iv e  m uscle has a s h o r t -  
range s t i f f n e s s  th a t  in c re a s e s  l i n e a r l y  w ith  i t s  f o rc e ;  (c )  a c t iv e  
fo rc e  i s  v e lo c i ty -  and le n g th -d ep en d e n t acco rd in g  to  f i b e r  f o r c e -  
v e lo c i ty  and is o m e tr ic  fo r c e - le n g th  ( f - ℓ) r e l a t i o n s h i p s ,  With th e  
l a t t e r  s c a le d  by a c t iv a t io n ;  and (d ) maximum sh o rte n in g  v e lo c i ty  
(V0 ) i s  independen t of both  le n g th  and a c t iv a t io n .  These 
p r o p e r t i e s ,  when com bined, a re  c a l le d  th e  m usculotendon 
c o n tra c t io n  dynamics ( l s t - o r d e r ) .  We a l s o  assume th a t  (a )  as an 
app rox im ation  to  E-C dynam ics, a c t iv a t io n  has l s t - o r d e r  dynamics 
w ith  d i f f e r e n t  e x c i ta t io n  and r e la x a t io n  tim e c o n s ta n ts ;  (b ) 
a c t iv a t io n  i s  d r iv e n  by one n e u ra l c o n t r o l ,  which i s  somewhat 
r e la te d  to  th e  le v e l  of re c ru itm e n t and average  f i r i n g  r a t e  of th e  
m uscle ( th e  EMG); and (c )  tendon obeys a n o n - l in e a r  s t r e s s - s t r a i n  
r e la t io n s h ip  th a t  i s  a c tu a to r  In d ep en d e n t. We chose nom inal 
pa ram ete rs  and fu n c t io n s  fo r  th e  a c tu a to r - in d e p e n d e n t c o n s t i tu t i v e  
p ro p e r t ie s  of m uscle f ib e r s  and te n d o n . By u s in g  maximum 
is o m e tr ic  f o r c e ,  op tim al f i b e r  le n g th  ( ℓ0) and V0 as  d im ensional 
q u a n t i t i e s  to  form th e  o v e ra l l  d im en s io n le ss  dynam ics, we found 
th a t  m usculotendon c o n tra c t io n  dynamics depends only  on th e  r a t i o  
of tendon s la c k  le n g th  to  t  (and a ) .  For h igh  r a t io s  ( ~10) as 
found fo r  some shank m uscles (Gordon e t  a l . ,  RESNA P ro c . ,  1986), 
tendon th en  has th e  s ig n i f i c a n t  e f f e c t  of broaden ing  th e  
m usculotendon range of m otion a s s o c ia te d  w ith  th e  ascend ing  reg io n  
of th e  is o m e tr ic  f - ℓ cu rv e , s low ing fo rc e  b u ild -u p , and dom inating  
m usculotendon e l a s t i c  energy s to ra g e  and s t i f f n e s s .  (Supported  by 
NIH g ra n t NS 17662 and th e  V eterans A d m in is tra tio n .)

385.4 PHYSIOLOGICAL CLASSIFICATION OF MUSCLES INTO AGONIST-ANTAGONIST 
MUSCLE ACTION GROUPS: A THEORY AND METHODOLOGY BASED ON MECHANICS 
F .E . Z a jac , M.E. Gordon*, and M.G. Hoy. M echanical Eng ineering  
D e p t., Design D iv is io n , S tan fo rd  U n iv e r s ity , S ta n fo rd , CA 94305, 
and Rehab. Res. & Dev. C t r . , P alo  A lto  VA M edical C en te r.

Measurement of EMG a c t iv i t y  from m uscles has become common in  
m otor c o n tro l s tu d ie s .  I n te r p r e ta t io n  of th e se  EMG p a t te rn s  i s  
o f te n  based on two n o tio n s : a )  m uscles can be c l a s s i f i e d  in to  
a g o n is t - a n ta g o n is t  g roups; and b) a  group has a  s p e c i f i c  a c t io n  on 
th e  body (e . g . ,  e x te n d - f le x  th e  k n e e ), where th e  body i s  regarded 
as  an a r t i c u l a te d  ch a in  of r ig id -b o d y  segm ents. We assume a 
p la n a r  body ( fo r  now) and th a t  each p h y s io lo g ic a l a g o n is t -  
a n ta g o n is t  group (PHYS AG-ANTAG GR) should  be a s s o c ia te d  w ith  a 
d i s t i n c t  a c t io n - r e v e r s e  a c t io n  on th e  body. We d e fin e  a m u sc le 's  
a c t io n  on th e  body to  be th e  d i r e c t i o n  in  which th e  muscle a c ts  to  
a c c e le r a te  th e  body. This d i r e c t i o n  w i l l  be a  v e c to r  (m uscle 
a c t io n  v e c to r )  where th e  i t h  elem ent i s  e i t h e r  +1, - 1 ,  o r 0, 
depending on w hether th e  a c t io n  i s  to  p o s i t i v e ly ,  n e g a tiv e ly  o r  
ze ro  a c c e le r a te  th e  i t h  body segm ent. We show th a t  a l l  e lem ents 
of a  m uscle a c t io n  v e c to r  a r e ,  g e n e ra l ly ,  no n -zero ; i . e . ,  a  m uscle 
fo rc e  a f f e c t s  th e  a c c e le r a t io n  of a l l  body segm ents, even th o se  to  
which th e  muscle n e i th e r  a t ta c h e s  nor sp a n s , even though i t s  
to rq u e  a c ts  only  on th e  a t ta c h e d  and spanned segm ents. This f a c t  
fo llo w s  by reco g n iz in g  th a t  i t  i s  th e  c o ro l la ry  to  th e  b e t t e r  
known f a c t  th a t  a c c e le r a t io n  of a l l  body segments must be taken  
in to  accoun t in  de te rm in in g  m uscle to rq u e s .  A ll m uscles w ith  th e  
same muscle a c t io n  v e c to r  a re  c o l le c te d  in to  one s e t , and m uscles 
w ith  v e c to rs  n eg a tiv e  to  t h i s  a c t io n  v e c to r  in to  a n o th e r . These 
two m uscle s e t s  form , by d e f i n i t i o n ,  one PHYS AG-ANTAG GR. In 
c o n t r a s t ,  one s e t  of an ana to m ica l a g o n is t - a n ta g o n is t  group (ANAT 
AG-ANTAG GR) i s  d e fin ed  as  th o se  m uscles deve lop ing  th e  same 
to rq u e  d i r e c t io n s  on th e  segm ents a t ta c h e d  and spanned; th e  o th e r  
s e t  produces o p p o s ite  to rq u e  d i r e c t i o n s .

We show th a t  any g iven  ANAT AG-ANTAG GR i s  a su b se t of some PHYS 
AG- ANTAG GR. Though an ANAT AG- ANTAG GR does not depend on body 
segment o r ie n ta t io n ,  th e  rem aining  su b se t of th e  PHYS AG-ANTAG GR 
d o e s . Thus, two m uscles no t be long ing  to  any ANAT AG-ANTAG GR can 
a t  one tim e be a g o n is t s ,  a t  a n o th e r  tim e a n ta g o n is ts ,  and a t  s t i l l  
o th e r  tim e s , n e i th e r .  The number (z )  and com position  of th e  PHYS 
AG-ANTAG GRs a ls o  depend on m echanical c o n s t r a in ts  e x te rn a l  and 
i n t e r n a l  to  th e  body s in c e  th e  c o n s t r a in ts  reduce th e  number of 
d eg ree s-o f-fre e d o m , s a y , to  n , and z < 2n- 1 . Thus, f o r  a  h ig h ly  
c o n s tra in e d  body w ith  z l e s s  th a n  th e  number of ANAT AG-ANTAG GRs, 
d i f f e r e n t  ANAT AG-ANTAG GRs w i l l  belong to  th e  same PHYS AG-ANTAG 
GR. We a re  now d e f in in g  th e  PHYS AG-ANTAG GRs in  such ta s k s  as 
human p o s tu re ,  jum ping, w alk ing  and p e d a lin g . (Supported  by NIH 
g ra n t NS17662 and th e  V eterans A d m in is tra tio n .)



THURSDAY PM CONTROL OF POSTURE AND MOVEMENT III 1425

385.5  POSTURAL SYNERGIES DICTATED BY SEGMENTAL ACCELERATIONS FROM 
MUSCLES AND PHYSICAL CONSTRAINTS M.E. G ordon*, F .E . Z a ja c ,  M.G. 
Hoy ( SPON: M.C. C a r t e r ) .  M e ch a n ic a l E n g in e e r in g  D e p t . ,  D esign  
D iv is io n ,  S ta n fo rd  U n iv e r s i ty ,  S ta n fo r d ,  CA 94305, and R ehab. R es . 
& Dev. C t r . ,  P a lo  A lto  VA M ed ica l C e n te r .

I t  h as  b een  p ro p o sed  (N ash n e r and M cCollum, B ehav. & B ra in  S c i . ,  
8 :1 3 5 ,  1985) t h a t  p o s tu r a l  r e g u l a t i o n  i s  s im p l i f i e d  by th e  
o r g a n i z a t i o n  o f m u sc le s  i n t o  s y n e r g i e s .  Our a p p ro a c h  i s  to  
o r g a n iz e  m u sc le s  i n t o  p h y s io l o g ic a l  a g o n i s t - a n t a g o n i s t  (PHYS AG
ANTAG) g ro u p s  b a sed  on m u sc le  c o n t r i b u t i o n s  to  a c c e l e r a t i o n s  o f  
a l l  th e  body seg m en ts  ( s e e  accom pany ing  a b s t r a c t ) .  We d e f in e  a 
m u sc u la r  sy n e rg y  a s  a g roup  o f m u sc le s  w hich work t o g e th e r  to  
a c c o m p lis h  a  p u r p o s e f u l  m oto r t a s k .  O b je c t iv e s  f o r  t h i s  s tu d y  
w ere t o  se e  how s y n e rg ie s  a r e  d e te rm in e d  from  m u sc le  c o n t r i b u t i o n s  
t o  se g m e n ta l  a c c e l e r a t i o n s  and from  p h y s ic a l  c o n s t r a in t s  
a s s o c i a te d  w ith  p o s tu r e .

The body was m odeled a s  f o u r  r ig id -b o d y  s e g m e n ts : f o o t ,  sh a n k , 
t h ig h ,  and t o r s o .  The m u s c u lo s k e le ta l  sy s te m  was m odeled i n  
d e t a i l ,  w ith  s e p a r a t i o n  o f s in g l e  and d o u b le  j o i n t  m u sc le s .  
S t a t i c  f o r c e - l e n g th  p r o p e r t i e s  w ere in c lu d e d ,  b ased  on a  
d im e n s io n le s s  m u sc u lo te n d o n  a c tu a t o r  m odel s c a le d  to  each  
a c t u a t o r .  P o s tu re  was s tu d i e d  a s  an  o p t im iz a t io n  p ro b lem  w ith  th e  
o b j e c t iv e  o f m ax im iz in g  th e  a c c e l e r a t i o n  of th e  body from  a 
d i s tu r b e d  p o s i t i o n  to w a rd s  a  d e s i r e d  o n e . The d i s tu r b e d  p o s i t i o n s  
c o rre sp o n d e d  to  le a n in g  fo rw a rd  and b ack w ard , w ith  th e  k n e e s  
e x te n d e d  e i t h e r  by th e  u se  of m u sc le s  to  c a u se  e q u a l  a c c e l e r a t i o n s  
o f th e  shank  and th ig h  s e g m e n ts ,  o r  by th e  u se  o f a  knee b r a c e .  
To keep  th e  f e e t  f l a t  on th e  g ro u n d , th e  n e t  s e g m e n ta l  
a c c e l e r a t i o n s  w ere a lw ay s c o n s t r a in e d .

We fo und  s y n e rg ie s  c o n s i s t e n t  w ith  th o s e  o f N ashner and 
McCollum. A lso  c o n s i s t e n t  w ith  t h e i r  o b s e r v a t io n s ,  o u r 
o p t im iz a t io n  p r e d i c te d  " c lo c k w is e  c u rv e d "  p o s tu r a l  t r a j e c t o r i e s ,  
w ith  m u sc le s  a c t i v a t e d  i n  d i s t a l  t o  p ro x im a l s e q u e n c e . A n a ly s is  
of th e  m u sc le  c o n t r i b u t i o n s  to  s e g m e n ta l  a c c e l e r a t i o n s  showed t h a t  
i n  many p o s i t i o n s  o f  th e  bod y , s y n e rg ie s  a r e  composed o f m u sc le s  
i n  one PHYS AG-ANTAG g ro u p . How ever, a t  t im e s  s o le u s  and  
g a s tro c n e m iu s  a c t  t o  a c c e l e r a t e  th e  body seg m en ts  i n  opposite  
d i r e c t i o n s  ( i . e . ,  th e y  a r e  physio logical an tagonists).  Even s o ,  
b e c a u se  th e  r e l a t i v e  m ag n itu d e  o f t h e i r  c o n t r i b u t i o n  to  
a c c e l e r a t i o n  o f e a ch  segm ent i s  d i f f e r e n t ,  th e y  f u n c t io n  
s yn e rg is tica lly ,  t o g e th e r  w ith  th e  o th e r  m u s c le s ,  i n  r e s t o r i n g  
p o s tu r e .  W ith th e  knee c o n s t r a in e d  i n  e x te n s io n  by a  b ra c e  r a t h e r  
th a n  by a c t i v a t i o n  of m u s c le s ,  d i f f e r e n t  s y n e r g i e s  w ere fo u n d . In  
c o n c lu s io n ,  p o s tu r a l  s y n e rg ie s  a r e  g r e a t l y  i n f lu e n c e d  by p h y s ic a l  
c o n s t r a i n t s  and by b o th  th e  d i r e c t i o n  and m ag n itu d e  o f m u sc le  
c o n t r i b u t i o n s  t o  se g m e n ta l  a c c e l e r a t i o n s .  (S u p p o rte d  by NIH g r a n t  
NS17662 and th e  V e te ra n s  A d m in is t r a t io n . )

385.6  SYNERGISTIC CONTROL OF UNIARTICULAR AND BIARTICULAR MUSCLES IN 
HUMAN JUMPING: A COMPUTER SIMULATION STUDY M.G. Hoy, F .E . Z a ja c ,  
E .L . Topp*, C .T . C ady*, and W .S. L ev ine*  R ehab. R es . & Dev. C t r .  
( 1 5 3 ) ,  VA M ed ica l C e n te r ,  P a lo  A l to ,  CA 94304, and M ech an ica l 
E n g in e e r in g  D e p t . ,  S ta n fo rd  U n iv e r s i ty .

B i a r t i c u l a r  m u sc le s  t h a t  a r e  a n a to m ic a l  e x te n s o r s  a t  one j o i n t  
and a n a to m ic a l  f l e x o r s  a t  th e  o th e r  j o i n t  ( e . g . ,  r e c t u s  f e m o r is )  
sh a re  a n a to m ic a l  f u n c t io n  w ith  b o th  u n i a r t i c u l a r  f l e x o r s  and 
e x t e n s o r s .  A c c o rd in g ly ,  th e s e  m u sc le s  may be a c t i v a t e d  
s y n e r g i s t i c a l l y  w ith  u n i a r t i c u l a r  f l e x o r s  o r  e x te n s o r s ,  e . g . ,  
d u r in g  th e  swing and s ta n c e  p h ase  o f lo c o m o tio n , r e s p e c t i v e ly .  
B i a r t i c u l a r  m u sc le s ,  h o w ev er, can  in f lu e n c e  se g m e n ta l 
a c c e l e r a t i o n s  d i f f e r e n t l y  th a n  u n i a r t i c u l a r  m u sc le s  by e x e r t in g  
to rq u e  on more body seg m en ts, and t h u s ,  may f u n c t io n  d i f f e r e n t l y  
i n  c o o r d in a t io n  o f m ovem ent. To d e te rm in e  w h e th e r  jum ps can be 
c o n t r o l l e d  by s y n e r g i s t i c  a c t i v a t i o n  o f u n i -  and b i a r t i c u l a r  
m u s c le s ,  we u sed  com puter s im u la t io n  to  exam ine th e  a c t i o n s  o f 
u n i -  and b i a r t i c u l a r  m u sc le s  in  c o o r d in a t io n  o f human 
counterm ovem ent ju m p s .

The human m u s c u lo s k e le ta l  m odel c o m p rised  p l a n a r ,  r ig id -b o d y  
seg m en ts  ( t r u n k ,  t h ig h ,  sh an k , f o o t ) ,  u n i a r t i c u l a r  e x te n s o r s  o f 
h i p ,  k n e e , and a n k le ,  and b i a r t i c u l a r  m u sc le s  (g a s t ro c n e m iu s  
(GAS), r e c t u s  f e m o r is  (R F ), h a m s t r in g s  (HAM)). A d im e n s io n le s s  
m odel was u sed  f o r  m u sc u lo te n d o n  d ynam ics (Topp e t  a l . ,  t h i s  
v o lu m e); s p e c i f i c  p a ra m e te r s  f o r  th e  m odel a r e  d e s c r ib e d  in  a 
p r e v io u s  r e p o r t  (G ordon e t  a l . ,  RESNA P r o c . ,  198 6 ). 
C ounterm ovem ent jum ps w ere s im u la te d  by a l lo w in g  th e  body to  f a l l  
f r e e l y  from  a s ta n d in g  p o s i t i o n  and th e n  a c t i v a t i n g  m u sc le s  to  
b ra k e  th e  downward m o tio n  and p ro p e l  th e  body u p w a rd s .

A lth o u g h  jum ps c o u ld  be p ro d u ced  w ith  th e  u n i a r t i c u l a r  m u sc le s  
a lo n e ,  g e n e r a l ly  jump h e ig h t  was lo w er and h o r i z o n t a l  k i n e t i c  
e n e rg y  was h ig h e r  th a n  i n  jum ps p ro d u ced  by c o a c t i v a t i o n  o f u n i -  
and b i a r t i c u l a r  m u s c le s .  However, some v a r i a t i o n s  i n  m u sc le  
s t r e n g th  made c o n t r o l  o f h ig h  jum ps u s in g  few s y n e rg ie s  
im p o s s ib l e .  The h ig h e s t  jum ps w ere p ro d u ced  when RF and GAS w ere 
a c t i v a t e d  a f t e r  th e  u n i a r t i c u l a r  m u s c le s .  C o a c t iv a t io n  o f HAM 
w ith  e i t h e r  RF o r  GAS d e c re a s e d  jump h e i g h t .  C o a c t iv a t io n  o f u n i -  
and b i a r t i c u l a r  m u sc le s  made c o n t r o l  o f jum ps more r o b u s t .

U n i a r t i c u l a r  e x te n s o r  m u sc le s  t h u s  f u n c t io n  d i f f e r e n t l y  th a n  
b i a r t i c u l a r  m u sc le s  i n  human ju m p s. B i a r t i c u l a r  m u sc le s  a r e  n o t a 
s in g l e  f u n c t i o n a l  g ro u p , b u t sh o u ld  be a c t i v a t e d  s e p a r a te ly  to  
p ro d u ce  th e  h ig h e s t  ju m p s. R e s u l t s  i n d i c a t e  t h a t  s y n e r g i s t i c  
a c t i v a t i o n  o f u n i -  and b i a r t i c u l a r  m u sc le s  i s  an  i n a p p r o p r ia t e  
c o n t r o l  s t r a te g y  f o r  c o o r d in a t io n  o f ju m p s; r a t h e r ,  b o th  t im in g  
and m ag n itu d e  o f m u sc le  a c t i v a t i o n  a r e  im p o r ta n t  i n  c o n t r o l  o f  
ju m p in g . (S u p p o rte d  by NIH g r a n t  NS 17662 and th e  V e te ra n s  
A d m i n i s t r a t i o n . )

385.7 LEARNING-RELATED DIFFERENCES IN HUMAN SMU RECRUITMENT DURING 
POSITION TRACING. L .D . Abraham and N. B e n ju y a . N eu ro m u scu lar  
L ab , D e p t. o f  P h y s i c a l  E d u c a tio n ,  U n iv . o f  T e x a s , A u s t in ,  TX 78712

M o t o r - l e a r n i n g - r e l a t e d  EMG ch a n g es  h av e  b een  r e p o r t e d ,  b a se d  on 
s u r f a c e  EMG, u s u a l l y  d e s c r i b in g  d e c re a s e d  a n t a g o n i s t  c o a c t i v a t i o n  
a s  a  s i g n i f i c a n t  f e a t u r e .  T h is  s tu d y  i n v e s t i g a t e d  th e  a c t i v i t y  o f  
s in g l e  m o to r u n i t s  (SMUs) d u r in g  t h e  l e a r n in g  o f  a  n o v e l  t r a c i n g  
t a s k ,  w h ich  r e q u i r e d  p r e c i s e  c o n t r o l  o f  t h e  p o s i t i o n  o f  b o th  
a n k le s .  (S ee  B en ju y a  & Abraham , N e u ro s c i .  A b s t r . , 1986, f o r  r e 
p o r t  o f  a  p a r a l l e l  i s o m e t r i c  t a s k . )  T w enty , r i g h t - l e g  d o m in a n t, 
n o rm a l hum ans w ere  t e s t e d  i n  s in g l e  l e a r n in g  s e s s i o n s .  The s u b je c t  
was s e a t e d  w i th  e a c h  f o o t  s e c u re d  to  an  in s t r u m e n te d  p e d a l  w h ich  
a llo w e d  o n ly  a n k le  p l a n t a r f l e x i o n  (PF) and d o r s i f l e x i o n  (D F). The 
s u b je c t  was i n s t r u c t e d  t o  t r a c e  a  t r i a n g u l a r  sh a p e  on an  o s c i l l o 
sc o p e  s c r e e n ,  c o n t r o l l i n g  t h e  v e r t i c a l  and h o r i z o n t a l  m o tio n  o f  
th e  c u r s o r  w i th  movement o f  t h e  r i g h t  and  l e f t  f e e t  r e s p e c t i v e l y  
(50  d e g . a r c  = 5 cm ). The t a s k  was r e p e a t e d  u n t i l  i t  was com
p l e t e d  in  few e r th a n  10 s e c  t h r e e  c o n s e c u t iv e  t im e s  w i th  l e s s  th a n  
2 d e g . o f  i n s t a n ta n e o u s  s p a t i a l  e r r o r .  The num ber o f  t r i a l s  to  
c r i t e r i a  r a n g e d  from  50 to  140. T h ro u g h o u t e a c h  s e s s i o n ,  EMG r e 
c o rd in g s  o f  SMU a c t i v i t y  w ere  o b ta in e d  from  b i p o la r  i n t r a m u s c u la r  
f i n e  w ir e  e l e c t r o d e s  i n  t h e  s o le u s  (SOL) and t i b i a l i s  a n t e r i o r  
(TA) m u sc le s  o f  t h e  r i g h t  l e g .  I n  a l l ,  t h r i t y  i n d iv i d u a l  SMUs 
from  e a ch  m u sc le  w ere  i d e n t i f i e d  o f f - l i n e  by a m p l i tu d e  and  w ave
fo rm . T r ia n g le  t r a c i n g  r e q u i r e d  a  c o m b in a tio n  o f  i n c r e a s i n g  ( I ) , 
s t a t i c  ( S ) ,  and d e c r e a s in g  (D) PF o r  DF. The r i g h t  f o o t  demands 
f o r  t h e  t a s k  w e re , i n  o r d e r :  I -P F ,  D -PF, I-D F , S-DF, D-DF. S k i l l  
p e rfo rm a n c e  was q u a n t i f i e d  o f f - l i n e  by c o m p arin g  th e  a c t u a l  
t r a c i n g  w i th  t h e  c r i t e r i o n  t r i a n g l e .  The t r i a n g l e  was p a r t i t i o n e d  
i n t o  s e g m e n ts ,  and a v e ra g e  t r a c i n g  e r r o r  (TE) and  tim e  p e r  s e g 
m ent (TPS) w ere  c a l c u l a t e d .  ANOVA was u se d  to  a s s e s s  d i f f e r e n c e s  
i n  TPS, TE, and SMU f re q u e n c y  among seg m en ts  and  b e tw een  p r e -  
and p o s t - l e a r n i n g  t r i a l s  ( f i r s t  20 t r i a l s  v s  l a s t  20 t r i a l s ) .  Com
p a r i s o n  o f  p r e -  and  p o s t - l e a r n i n g  p e rfo rm a n c e  r e v e a l e d  im proved  
TE s c o r e s  i n  th e  I -P F  and D-DF s e g m e n ts ,  a s  w e l l  a s  a t  t h e  c o r 
n e r s .  TPS s c o r e s  becam e f a s t e r  i n  t h e  I -P F  and D-DF s e g m e n ts ,  and 
a l s o  i n  t h e  S-DF s e g m e n ts .  Thus t h e  m a jo r  im p ro v em en ts  w ere  
d u r in g  t h e  ( b ip e d a l )  h y p o th e n u s e  and th e  ( s u s t a in e d )  e x tre m e  DF. 
TA SMU f re q u e n c y  was h i g h e s t  i n  t h e  D -PF, I -D F , and  S-DF se g m e n ts ,  
and d e c re a s e d  i n  a l l  s e g m e n ts .  SOL SMU f re q u e n c y  showed l i t t l e  
c h an g e  w i th  r e s p e c t  t o  l e a r n in g .  A n ta g o n is t  c o a c t i v a t i o n ,  d e 
f in e d  a s  p a r a l l e l  c h a n g es  i n  TA and SOL f r e q u e n c y ,  w as g e n e r a l ly  
h ig h e r  i n  t h e  p r e - l e a r n i n g  t r i a l s .  Some s e g m e n ts ,  h o w ev er, showed 
no ch an g e  i n  c o a c t i v a t i o n ,  w h i le  SOL i n c r e a s e s  i n  t h r e e  se g m en ts  
l e d  to  in c r e a s e d  c o a c t i v a t i o n .  T h ese  i n c r e a s e s  w ere  a p p a r e n t ly  
r e l a t e d  t o  d i f f i c u l t y  i n  c o n t r o l l i n g  th e  c u r s o r  a t  segm ent 
t r a n s i t i o n s .

385.8  LEARNING-RELATED DIFFERENCES IN HUMAN SMU RECRUITMENT DURING 
ISOMETRIC TRACING. N. B en ju y a  and L .D . Abraham . N eu ro m u scu lar Lab, 
D e p t. o f  P h y s ic a l  E d u c a tio n ,  U n iv . o f  T e x a s , A u s t in ,  TX 78712

C h a r a c t e r i s t i c s  o f  s in g l e  m o to r u n i t  (SMU) f i r i n g  d u r in g  i s o 
m e t r ic  c o n t r a c t i o n s  h av e  b een  d e s c r ib e d  ( e .g .  De Luca e t  a l . , J. 
P h y s i o l . ,  32 9 : 1 1 3 -1 2 8 , 1 9 8 2 ). T h is  s tu d y  i n v e s t ig a t e d  th e  a c t i v i t y  
o f  SMUs d u r in g  th e  l e a r n in g  o f  a  n o v e l  t r a c i n g  t a s k ,  w h ich  r e 
q u i r e d  p r e c i s e  i s o m e t r i c  c o n t r o l  o f  to rq u e  a t  b o th  a n k le s .  (S ee 
Abraham & B e n ju y a , N e u ro s c i .  A b s t r . , 1986, f o r  r e p o r t  o f  a  p a r a l l e l  
ramp movement t a s k . )  Tw enty r i g h t - l e g  d o m in a n t, n o rm a l humans w ere 
t e s t e d  i n  s in g l e  l e a r n in g  s e s s i o n s .  The s u b je c t  was s e a te d  w ith  
e a c h  f o o t  s e c u re d  to  an  in s t ru m e n te d  p e d a l  w h ich  d e te c t e d  a n k le  
p l a n t a r f l e x i o n  (PF) and  d o r s i f l e x i o n  (DF) to r q u e .  The s u b je c t  was 
i n s t r u c t e d  to  t r a c e  a  t r i a n g u l a r  sh a p e  on an  o s c i l l o s c o p e  s c r e e n ,  
c o n t r o l l i n g  th e  v e r t i c a l  and h o r i z o n t a l  m o tio n  o f  t h e  c u r s o r  w i th  
to rq u e  a t  th e  r i g h t  and l e f t  a n k le  r e s p e c t i v e l y  (25 N-m•ra n g e  = 5 
cm ). The t a s k  was r e p e a te d  u n t i l  i t  was co m p le te d  i n  few er th a n  10 
s e c  t h r e e  c o n s e c u t iv e  t im e s  w i th  l e s s  th a n  2 d e g . o f  i n s t a n ta n e o u s  
s p a t i a l  e r r o r .  The num ber o f  t r i a l s  t o  c r i t e r i a  r a n g e d  from  40 to  
150. T h ro u g h o u t e a c h  s e s s i o n ,  EMG r e c o r d in g s  o f  SMU a c t i v i t y  w ere 
o b ta in e d  from  b i p o la r  i n t r a m u s c u la r  f i n e  w ir e  e l e c t r o d e s  i n  th e  
s o le u s  (SOL) and t i b i a l i s  a n t e r i o r  (TA) m u sc le s  o f  th e  r i g h t  l e g .  
In  a l l ,  t h i r t y  i n d iv i d u a l  SMUs from  e a c h  m u sc le  w ere  i d e n t i f i e d  
o f f - l i n e  by  a m p l i tu d e  and w aveform . T r ia n g le  t r a c i n g  r e q u i r e d  a 
c o m b in a tio n  o f  i n c r e a s i n g  ( I ) , s t a t i c  ( S ) , and  d e c re a s in g  (D) PF 
o r  DF. The r i g h t  f o o t  dem ands f o r  th e  t a s k  w e re , i n  o r d e r :  I -P F ,  
D -PF, I-D F , S-DF, D-DF. S k i l l  p e rfo rm a n c e  was q u a n t i f i e d  o f f - l i n e  
by co m p arin g  th e  a c t u a l  p a th  w i th  th e  c r i t e r i o n  t r i a n g l e .  The t r i 
a n g le  was p a r t i t i o n e d  i n t o  s e g m e n ts ,  and a v e ra g e  t r a c i n g  e r r o r  (TE) 
and tim e  p e r  segm ent (TPS) w ere  c a l c u l a t e d .  ANOVA was u se d  to  
a s s e s s  d i f f e r e n c e s  i n  TPS, TE, and SMU f re q u e n c y  among seg m en ts  and 
b e tw een  p r e -  and  p o s t - l e a r n in g  t r i a l s  ( f i r s t  20 t r i a l s  v s  l a s t  20 
t r i a l s ) .  C om parison  o f  p r e -  and p o s t - l e a r n i n g  p e rfo rm a n c e  r e v e a le d  
g r e a t l y  im proved  TE s c o r e s  f o r  a l l  se g m e n ts ,  r e f l e c t i n g  i n i t i a l  
d i f f i c u l t y  t h ro u g h o u t .  P o s t - l e a r n i n g  TPS s c o r e s  w ere  f a s t e r  i n  a l l  
s e g m e n ts ,  e s p e c i a l l y  i n  t h e  D -PF, I-D F , and  S-DF seg m en ts  ( th o s e  
r e q u i r in g  c o n t r o l  o f  o n ly  one f o o t ) . TA SMU f re q u e n c y  was h i g h e s t  
i n  t h e  D-PF, I -D F , S-DF, and  D-DF s e g m e n ts ,  and d e c re a s e d  i n  a l l  
p o s t - l e a r n i n g  se g m e n ts . SOL SMU f re q u e n c y  showed s m a l l  d e c re a s e s  
i n  I -P F  and  s m a l l  i n c r e a s e s  i n  D-DF. A n ta g o n is t  c o a c t i v a t i o n ,  d e 
f in e d  a s  p a r a l l e l  c h a n g es  i n  TA and SOL f re q u e n c y ,  was c o m p le te ly  
a b s e n t  i n  p r e - l e a r n i n g  p e rfo rm a n c e  b u t  a p p e a re d  i n  p o s t - l e a r n in g  
a t  a  v e ry  low  l e v e l  i n  th e  D-DF ( l a s t )  se g m e n t. T h is  u n u s u a l  s h i f t  
was a p p a r e n t ly  r e l a t e d  t o  t h e  d i f f i c u l t y  a lo n g  t h e  t e r m in a l  b i 
p e d a l  segm ent ( th e  h y p o te n u s e  o f  t h e  t r i a n g l e ) .
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385.9  H-REFLEXES IN A MOTOR SKILL ACQUISITION TASK. A.M. B a y lo r  and 
N. B e n ju y a . N e u ro m u sc u lar  L a b , U n iv . o f  T e x a s ,  A u s t in ,  Tx 78712.

H - r e f l e x e s  w ere  s tu d i e d  i n  th e  a c q u i s i t i o n  o f  a  f o o t  t a s k  
i n v o lv in g  t r a c i n g  a  t r i a n g u l a r  sh a p e  on an  o s c i l l o s c o p e  s c r e e n  
( v e r t i c a l  c u r s o r  = r i g h t  f o o t  and h o r i z o n t a l  c u r s o r  = l e f t  f o o t ) .  
The beam was c o n t r o l l e d  by i s o m e t r i c  p l a n t a r  and d o r s i  f l e x i o n  
to rq u e  a ro u n d  th e  a n k le  j o i n t .  Seven s u b je c t s  r e p e a te d  th e  t a s k  
i n  b lo c k s  o f  20 t r i a l s  u n t i l  c r i t e r i o n  p e rfo rm a n c e  was a c h ie v e d .  
E le c t ro m y o g ra p h ic  (EMG) r e c o r d in g s  w ere  made from  th e  s o le u s  
( i n i t i a l  a g o n is t )  and t i b i a l i s  a n t e r i o r  m u sc le s  o f  t h e  r i g h t  
l e g .  The command, " t r i a l  n u m b er, r e a d y ,  g o " ,  was g iv e n  i n  
r e g u l a r  i n t e r v a l s ,  and s u b je c t s  w ere  i n s t r u c t e d  to  b e g in  e ach  
t r i a l  on " g o " . H - r e f l e x  s t i m u l a t i o n s  w ere  p r e s e n te d  n e a r  th e  
b e g in n in g  o f  e a ch  t r i a l  and tim ed  w i th  r e s p e c t  t o  th e  "g o "  
s i g n a l  a t  0 ,  5 0 0 , 1000 , 1 5 0 0 , o r  2000 m s. C o n tr o l  b lo c k s  o f  10 
H - r e f l e x e s  w ere  g iv e n  i n i t i a l l y ,  f i n a l l y  and b e tw e en  e a ch  b lo c k  
o f  20 t r i a l s .  H - r e f l e x e s  w e re  e x p re s s e d  a s  p e r c e n t  o f  c o n t r o l  
v a lu e  w i th  th e  c o n t r o l  b lo c k  s e l e c t e d  on th e  b a s i s  o f  s i m i l a r  M 
r e s p o n s e s .

T o ta l  num ber o f  t r a i l s  to  r e a c h  c r i t e r i o n  ran g e d  from  35 to  
200 (M =122). D a ta  from  th e  f i r s t  20 t r i a l s  w ere  com pared to  t h e  
l a s t  20 t r i a l s .  The a v e ra g e  tim e  to  c o m p le te  1 t r i a l  d ro p p ed  
from  9 s e c  ( f i r s t  b lo c k )  t o  4 s e c  ( l a s t  b lo c k )  w i th  t h e  g r e a t e s t  
r e d u c t io n s  i n  t h e  f i r s t  5 t r i a l s .  H - r e f l e x e s  w ere  g ro u p ed  i n t o  7 
t im e  i n t e r v a l s  w i th  r e s p e c t  t o  o n s e t  o f  a g o n is t  EMG and ran g e d  
from  600 ms a f t e r  EMG o n s e t  t o  1500+ ms p r i o r  to  EMG.

I n  th e  f i n a l  b l o c k ,  s u b je c t s  te n d e d  to  b e  c lo s e  t o  c o n t r o l  
H - r e f l e x  v a lu e s ;  how ever s u b je c t s  d i f f e r e d  i n  how th e  c o n t r o l  
v a lu e s  w ere  a c h ie v e d .  F o u r o f  t h e  s u b je c t s  showed h ig h e r  p re  
l e a r n in g  v a lu e s  w i th  p o s t  l e a r n in g  r e d u c t io n s  to w ard  c o n t r o l  
e s p e c i a l l y  i n  t h e  e a r l y  i n t e r v a l s ;  two showed p re  l e a r n in g  d e p re s 
s io n  w i th  p o s t  l e a r n in g  i n c r e a s e s  e s p e c i a l l y  i n  l a t e r  i n t e r v a l s , 
and one  showed l i t t l e  ch an g e  from  c o n t r o l  v a lu e s .  When th e  p re  
t o  p o s t  l e a r n in g  d i f f e r e n c e s  a r e  e x p re s s e d  a s  a  p e r c e n t  o f  p r e  
t r i a l s ,  p r e  to  p o s t  d i f f e r e n c e s  w i t h in  i n d iv i d u a l  s u b je c t s  ran g e d  
from  a 58% r e d u c t io n  i n  e a r l y  i n t e r v a l s  to  a  157% i n c r e a s e  i n  a  
l a t e r  i n t e r v a l .  I n  th e  f i n a l  b lo c k ,  s u b je c t s  te n d e d  to  re sp o n d  
l a t e r  t o  t h e  "g o "  s ig n a l ;  th u s  c r e a t in g  m ore r e s p o n s e s  i n  l a t e r  
H - r e f l e x  i n t e r v a l s .

T h is  p r o j e c t  was s u p p o r te d  i n  p a r t  by  BRSG fu n d in g  from  th e  
U n i v e r s i ty  R e s e a rc h  I n s t i t u t e ,  UT A u s t in .

385.10 IDENTIFICATION OF THE TIME-COURSE OF CHANGES IN HUMAN ANKLE DYNAMIC 
STIFFNESS DURING VOLUNTARY CONTRACTIONS. R.E. Kearney and 
I .W . H un ter, B iom edical E ng ineering  U n it, F acu lty  of M edicine, 
McGill U n iv e rs ity , M ontrea l, Quebec, Canada, H3A 2B4.

I t  i s  now w ell e s ta b l is h e d  th a t j o i n t  s t i f f n e s s  dynamics change 
d ra m a tic a lly  w ith  s te a d y - s ta te  changes in  o p e ra tin g  p o in t param eters 
such as  mean to rq u e , mean p o s i t io n ,  and p e r tu rb a tio n  am p litude . 
However, l i t t l e  i s  known about the  tim e-co u rse  of changes in  
s t i f f n e s s  dynamics a f t e r  the o p e ra t in g  p o in t changes. Last y ea r we 
re p o r te d  on the  use of a novel, tim e-va ry ing  system  id e n t i f i c a t i o n  
tech n iq u e  to  tr a c k  the  tim e-cou rse  o f changes in  dynamic ankle 
s t i f f n e s s  du rin g  v o lu n ta ry  c o n tra c tio n s  of t r i c e p s  su rae  (Soc. 
N eu ro sc i. A bst. (1988) 11 :214). R e lia b le  e s tim a te s  of the dynamic 
s t i f f n e s s  were o b ta in ed  b efo re  and a f t e r  the  s t a r t  of the 
c o n tra c t io n  but no t du rin g  the  t r a n s ie n t  phase. The o b je c tiv e  of 
th e  p re s e n t work was to  determ ine the reason  fo r  th i s  and to  modify 
th e  a n a ly s is  p rocedure to  o b ta in  r e l i a b l e  e s tim a te s  of s t i f f n e s s  
dynam ics d u rin g  the  t r a n s ie n t  phase o f the  c o n tra c tio n .

The b a s ic  te chn ique re q u ire s  an ensemble of responses in  which: 
(1 ) The p a t te rn  o f p e r tu rb a tio n  ac ro ss  the  ensem ble i s  the  same as 
a long  each r e a l i z a t i o n ;  and (2 ) The n o n s ta t io n a r i ty  i s  the same in  
each r e a l i z a t i o n .  I d e n t i f i c a t io n  may then be performed a c ro ss  the 
ensem ble, where c o n d itio n s  a re  s ta t io n a r y ,  r a th e r  than along  a 
r e a l i z a t io n  where c o n d itio n s  a re  tim e-v a ry in g .

Exam ination o f our expe rim en ta l d a ta  rev ea led  two p o te n tia l  
problem s. F i r s t ,  th e re  was some in p u t v a r i a b i l i t y ;  the 
cro ss-en sem b le  in p u t p a t te rn  was not id e n t ic a l  to  th a t a long each 
r e a l i z a t io n  p robably  because of vary ing  load c h a r a c te r i s t i c s .  
S econdly, the  n o n s ta t io n a r i ty  was not id e n t ic a l  in  each r e a l iz a t io n  
because o f tra c k in g  j i t t e r ;  the delay  between the command s ig n a l  and 
th e  o n se t of th e  v o lu n ta ry  c o n tra c tio n  v a r ie d  somewhat from t r i a l  to 
t r i a l .  S im u la tions  in d ic a te d  th a t  tra c k in g  j i t t e r  was th e  l ik e ly  
cause o f the u n re l ia b le  e s tim a te s  of s t i f f n e s s  dynamics du rin g  the 
t r a n s i e n t  phase o f the c o n tra c tio n .

The a n a ly s is  p rocedure was th e re fo re  m odified to  compensate for 
tra c k in g  j i t t e r .  T his invo lved : (1 ) Id e n t ify in g  the  o nset of the 
c o n tra c t io n  in  each t r i a l ;  (2 ) Time s h i f t i n g  the to rque  and p o s itio n  
re c o rd s  to  a l ig n  th e  to rque  onset in  a l l  re c o rd s ; (3 ) S h u ffling  
r e a l i z a t io n s  w ith in  the  ensem ble to  r e s to r e  th e  requ ired  
cro ss-en sem b le  p e r tu rb a tio n  p a t te rn ;  (4) I n te rp o la t in g  the  r e s u lt in g  
i r r e g u la r ly  sampled cro ss-ensem b le  d a ta ;  and (5) Computing the 
s t i f f n e s s  im pulse response  fu n c tio n s  as b e fo re .

S im u la tio n s  dem onstrated  th a t  th i s  p rocedure could indeed 
s u c c e s s fu l ly  com pensate fo r  the  e f f e c t s  of tra c k in g  j i t t e r .  
A n a ly s is  o f ex p e rim en ta l d a ta  y ie ld e d  ro bust e s tim a te s  o f dynamic 
s t i f f n e s s  th roughout a l l  phases o f the c o n tra c tio n . The dynamic 
s t i f f n e s s  was found to  fo llow  a tim e-cou rse  very s im i la r  to  th a t of 
th e  mean to rq u e . However, in  the d a ta  ana lysed  to  d a te , th e re  were 
s tro n g  in d ic a t io n s  th a t s t i f f n e s s  changes preceded to rque  changes.

Supported by a g ra n t from the  Canadian MRC.

385.11 EVOKED POTENTIAL AND LOAD PERTURBATION CHARACTERIZATION OF THE 
SHORT AND MEDIUM LATENCY SYNERGY OF PRE-TIBIAL FLEXORS AND VASTUS 
MEDIALIS IN HUMANS. J.D. B rooke. W.E. McIl ro y * , N.J. M a llo ry *, D. 
W righ t* and P. Yoon*. N europhysio logy  Lab. School o f  Human B io logy , 
U niv. o f  G uelph, G uelph , ONT Canada N1G 2W1.

Heteronymous p a th s  f o r  m uscle  s y n e rg ie s  a r e  w e l l  r e p o r te d , some 
ap p e a rin g  human s p e c i f i c  (Brooke & M cllro y  El ec tro en cep h . c l i n .  
Neurophys i o l .  1985, 60, 39-45). We a r e  c u r r e n t ly  c h a ra c te r iz in g  
s u ch  a  p r o je c t io n  betw een human p r e - t i b i a l  f l e x o r s  and v a s tu s  
m ed ia l i s .  S ix  exp e rim en ts  in v o lv e d  tw enty  one h e a l th y  a d u l t  
s u b je c ts .  S u rface  e l e c t r o d e s  tra n sd u c ed  t i b i a l i s  a n t e r io r  (TA) and 
v a s tu s  m ed ia l i s  (VM) EMGs w hich w ere a m p lif ie d  (G rass P511 a t  3 HZ 
-  3 kHz band) and com puter sam pled  a t  1 kHz. Common p e ro n e a l n e rv e  
s t im u la t io n  (CPNS) was tra n sc u ta n e o u s  fo r  1 ms sq u a re  wave a t  c a p u t 
f i b u l a ,  anode d i s t a l .  VM EMG re sp o n se s , a s  peak  to  peak  w aveform 
a m p litu d e  o r  a re a ,  w ere id e n t i f i e d  a g a in s t  th e  95% band o f  EMG from 
background c o n tra c t io n .  I n  Experim ent 1 (E1) means o f  20 sam p les  
p e r  s u b je c t  r e v e a le d  s ig n i f i c a n t  VM re sp o n ses  from CPNS a t  group  I  
la te n c y ,  w ith  VM p r io r  c o n tra c te d  (ca. 20% o f  max) i s o m e t r ic a l ly  o r  
i s o t o n i c a l l y  (b o th  when p e d a l l i n g  o r  e p is o d ic ) , b u t w ith  no 
re sp o n se  r e la x e d . E2 showed g rad ed  re sp o n ses  i n  VM when s t im u la t io n  
ranged  from 0.7 tim es th r e s h o ld  f o r  m otor n e rv e  a c t iv a t io n  (MT) o f  
TA, th ro u g h  1 .0 , 1 .4 , 1 .8 , 2.1 t o  2.4 MT, w i th  p e a k  o c c u r r i n g  1.4 
to  2.1 MT. In  E3, VM re sp o n ses  from 6 s u b je c ts  a t  1.4 MT w ere 
u n a f fe c te d  by  v ib r a t io n  o f  TA w hich reduced  th e  a v e ra g e  homonymous 
r e f l e x  to  30% o f  c o n t r o l .  Such VM re s p ons e s  s t i l l  appeared  in  E4, 
w ith  TA l i g h t l y  c o n tra c te d  and th e n  d i r e c t l y  c o n tra c te d  by 
e l e c t r o d e s  on th e  b e l l y  o f  th e  m uscle. Homonymous re s p on s e s  in  TA 
w ere r a r e .  One c o n c lu d es  t h a t  I b  f i b r e s  l i k e l y  c o n s t i tu te  th e  
a f f e r e n t  lim b  o f  t h i s  s h o r t  la te n c y  pathway. As p o s s ib le  
independen t in d i c a to r s  o f  t h i s  ran g e  o f  s t im u la t io n  i n t e n s i t i e s ,  in  
th e  f i f t h  experim en t f i r s t  n e g a t iv e  and p o s i t i v e  p o t e n t i a l s  
c o n c u rr e n t ly  evoked o v e r  th e  se n s o ri-m o to r  c o r te x  w ere e v a lu a te d  in  
th r e e  s u b je c ts .  However no s ig n i f i c a n t  p o s i t i v e  r e l a t i o n s h i p  was 
found, ev e n  w ith  p r e s e n ta t io n  o rd e r  c o n t r o l l e d .  TA and VM a l s o  
a c te d  s y n e r g i s t i c a l l y  i n  E6, when s u b je c ts  on  a  s ta t io n a r y  
ergom eter s u d d en ly  ex p e rien ce d  in c re a s e d  r e s i s ta n c e  to  p e d a l l i n g  
( le a d in g  to  50% o f  i n i t i a l  v e l o c i t y  by ca . 20 ms p o s t o n s e t o f  
d is tu rb a n c e ) . The c o o rd in a te d  m u scu la r a c t i v i t y  was i n i t i a t e d  a t  a  
medium la te n c y  fo llo w in g  p e r tu rb a t io n  o n s e t (ẍ  = 104 ms), fo llo w e d  
by  s y n e rg ie s  t o  r e s to r e  th e  p e d a l l i n g  a t  'v o lu n ta ry ' l a t e n c i e s  (ẍ  = 
168 ms). Complementary f i r i n g  o f  t i b i a l i s  a n t e r io r  and  v a s tu s  
m ed ia l i s  a p p e a rs  t o  b e  a  s ig n i f i c a n t  sy n erg y  o f  th e  human low er 
lim b , a  c o n c lu s io n  s tr e n g th e n e d  by th e  an a lo g y  betw een th e  s h o r t  
and medium la te n c y  re sp o n ses . There i s  a  need  to  e v a lu a te  i t s  
f u n c t io n a l  r o l e  and a d d i t io n a l  convergence. S upported  by NSERC 
(Canada) G rant #A0025 and th e  B an ting  R esearch  and B ic k e l l  
F ou n d a tio n s.

385.12 T H E  BEHAVIOR OF SPINDLE RECEPTORS DURING MUSCLE 
CONTRACTION DEPENDS ON THE OPPOSING FORCE. R. LÓpez 
T o r r e s *  and  E . J .  Muñ o z - M a r t í n e z . D e p to .  F i s i o l o g í a .  
CINVESTAV. A pdo . P o s t a l  1 4 - 7 4 0 .  0 7 0 0 0  Mé x i c o ,  D .F . 
MEXICO

S p in d le  a f f e r e n t s  may f i r e  d u r i n g  m u s c le  c o n t r a c t i o n  
e v e n  th o u g h  t h e  f i r i n g  c o u ld  n o t  be a t t r i b u t e d  t o  a c t i 
v a t i o n  o f  i n t r a f u s a l  m u s c le  f i b e r s  b u t  i t  m u s t r a t h e r  
be s o u g h t  i n  t h e  c o n t r a c t i l e  e v e n t s  o u t s i d e  t h e  s p i n d l e  
(H u n t & K u f f l e r ,  1 9 5 1 ) .  The c e a s i n g  o f  s p i n d l e  d i s 
c h a r g e s  r e s u l t s  fro m  r e c e p t o r  u n lo a d i n g .  T h u s ,  a d i f 
f e r e n t  r e c e p t o r  b e h a v io r  s h o u ld  be e x p e c te d  i f  b o th  th e  
f o r c e  o p p o s in g  t h e  c o n t r a c t i o n  a s  w e l l  a s  t h e  i n i t i a l  
lo a d  a r e  c h a n g e d .

O ur e x p e r i m e n t s  w e re  p e r fo rm e d  i n  c a t s  u n d e r  
b a r b i t u r a t e  a n a e s t h e s i a .  The s p i n a l  r o o t s  o f  t h e  L7 
an d  S 1 s e g m e n ts  w e re  s e c t i o n e d  n e a r  t h e  s p i n a l  c o r d ;  
r e c o r d i n g s  w e re  t a k e n  fro m  s m a l l  d o r s a l  r o o t  f i l a m e n t s  
an d  s i n g l e  m o to r  a x o n s  w e re  s t i m u l a t e d .  T he m e d ia l  
g a s t r o c n e m io u s  o r  t h e  s o l e u s  m u s c l e s  w e re  d i s s e c t e d  and 
a t t a c h e d  t o  s t r a i n  g a g e  t r a n s d u c e r s  w h ic h  p e r m i te d  
m a x im a l d i s p l a c e m e n t s  o f  1 mm. Two t r a n s d u c e r s  w ere  
u s e d  a l t e r n a t i v e l y .  The m a x im a l w o rk in g  r a n g e s  w e re  10 
Kg f o r  one  t r a n s d u c e r  an d  100 g f o r  th e  o t h e r .

I t  w as fo u n d  t h a t  t h e  r e s p o n s e  o f  I a a f f e r e n t s  to  
s i n g l e  t w i t c h e s  o r  t o  t e t a n i c  c o n t r a c t i o n s  o f  s i n g l e  
m o to r  u n i t  v a r i e d  d e p e n d in g  on th e  i n i t i a l  t e n s i o n  and  
t h e  f o r c e  o p p o s in g  t h e  c o n t r a c t i o n .  B a c k g ro u n d  d i s 
c h a r g e s  c e a s e d  i n  m o s t f i b e r s  d u r in g  i s o m e t r i c  t w i t c h  
c o n t r a c t i o n  o f  s i n g l e  m o to r  u n i t s ,  b u t  s t i m u l a t i o n  o f  
o t h e r  m o to r  a x o n s  in d u c e d  I a f i r i n g  in  c o i n c i d e n c e  w i th  
t h e  t w i t c h  p e a k .  On t h e  o t h e r  h a n d , a t  l e a s t  50% o f  
t h e  I a f i b e r s  i n c r e a s e d  t h e i r  f i r i n g  f r e q u e n c y  d u r in g  
t e t a n i c  c o n t r a c t i o n s  o f  s i n g l e  m o to r  u n i t s  p r o v id e d  
t h a t  t h e  i n i t i a l  t e n s i o n  w as g r e a t e r  th a n  25 g b u t ,  
i n t e r e s t i n g l y ,  t h e  b a c k g ro u n d  f i r i n g  c e a s e d  i f  t h e  o p 
p o s in g  f o r c e  w as c h a n g e d  fro m  1 Kg t o  100 g .  We p r o 
p o s e  t h a t ,  on t h e  a v e r a g e ,  s p i n d l e  r e c e p t o r s  p r o v i d e s  
i n f o r m a t i o n  on t h e  d e g r e e  o f  m u s c le  s h o r t e n i n g  d u r in g  
c o n t r a c t i o n .  I n  a d d i t i o n ,  o u r  r e s u l t s  show  t h a t  th e  
s p i n d l e  d i s c h a r g e  d u r in g  s i n g l e  t w i t c h e s  an d  t e t a n i c  
c o n t r a c t i o n s  d e p e n d s  on t h e  l o c a t i o n  o f  b o th  t h e  m u s c le  
s p i n d l e  an d  t h e  m o to r  u n i t .

J .  P h y s i o l .  1 1 3 : 2 9 8 - 3 1 5 ,  1 9 5 1 .
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385.13 COMPUTER SIMULATION OF THE ROLE OF THE CEREBELLUM IN 
ADAPTIVE REFLEX CONTROL. M .G . P a u l i n *  ( SPO N : C . 
N o r r i s ) .  D e p t . o f  O t o l a r y n g o l o g y  -  H e a d  & N e c k  
S u r g e r y ,  S c h o o l  o f  M e d ic in e ,  U n i v e r s i t y  o f  S o u th e r n  
C a l i f o r n i a ,  L os  A n g e le s ,  CA 9 0 0 3 3 .

T he c e r e b e l l u m  i s  i n v o l v e d  i n  r e g u l a t i n g  m o v e m en ts  
s o  t h a t  t h e y  a r e  s m o o th  a n d  a c c u r a t e .  D am age t o  t h e  
c e r e b e l l u m  c a n  p r e v e n t  r e f l e x e s  f r o m  a d a p t i n g  t o  
c h a n g e s ,  s u g g e s t i n g  t h a t  r e f l e x  m o d i f i c a t i o n  i s  d u e  
t o  p l a s t i c i t y  o n  s i d e  a r c s  t h r o u g h  t h e  c e r e b e l l u m .  
B u t my c o m p u te r  s i m u l a t i o n s  show  t h a t  t h e  r e g u l a t o r y  
f u n c t i o n  a l o n e  c a n  e x p l a i n  t h e  c e r e b e l l u m 's  a p p a r e n t  
l e a r n i n g  a b i l i t y .

I  h a v e  a s s u m e d  t h a t  t h e  c e r e b e l l u m  c o n t r o l s  
r e f l e x e s  b y  m o d u l a t i n g  s i g n a l  f lo w  i n  e x t r a c e r e b e l l a r  
p a t h w a y s ,  a s  d e s c r i b e d  b y  M acKay a n d  M urphy  ( 1 ) .  My 
h y p o t h e s i s  i s  t h a t  t h e  e f f e c t  o f  c e r e b e l l a r  
d y s f u n c t i o n  o n  t h e  a b i l i t y  o f  r e f l e x e s  t o  a d a p t i v e l y  
m o d i f y  t h e i r  d y n a m ic s  i s  a  c o n s e q u e n c e  o f  t h i s  r o l e .

T h e  s i m u l a t e d  r e f l e x  i s  a  l i n e a r  s y s t e m  w h ic h  
i n i t i a l l y  r e l i e s  o n  a  f e e d b a c k  l o o p  t o  h o l d  i t s  
o u t p u t  n e a r  t h e  i n t e n d e d  p a t h  d u r i n g  a  m a n e u v e r .  
W h i le  t h e  s y s t e m  ' p r a c t i c e s '  m a n e u v e r s ,  p a r a m e t e r s  on  
t h e  f o r w a r d  p a t h  a r e  a u t o m a t i c a l l y  a d j u s t e d  s o  t h a t  
l e s s  f e e d b a c k  i s  r e q u i r e d .  T he s y s t e m  e v o l v e s  f ro m  a  
m a in ly  c l o s e d - l o o p  i n t o  a  m a i n l y  o p e n - l o o p  s y s t e m .  
I n  t h e  f i n a l  a d a p t e d  s t a t e  i t  r e s p o n d s  a c c u r a t e l y  
w i t h o u t  f e e d b a c k .

F e e d b a c k  m o d u l a t i o n ,  s i m u l a t i n g  t h e  a s s u m e d  r o l e  
o f  t h e  c e r e b e l l u m ,  a f f e c t s  t h e  s y s t e m 's  s e n s i t i v i t y  
t o  n o i s e  a n d  t h e  a b i l i t y  t o  c o r r e c t l y  m o d i f y  
p a r a m e t e r s  o n  t h e  f o r w a r d  p a t h .  A d a p t a t i o n  s lo w s  a n d  
may s t o p  i f  t h e  f e e d b a c k  s i g n a l  i s  p o o r l y  m o d u l a t e d .

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

(1 )  M acKay W .A. a n d  M urphy  J . T .  ( 1 9 7 9 ) .  C e r e b e l l a r  
m o d u l a t i o n  o f  r e f l e x  g a i n .  P r o g r e s s  i n  N e u r o b io l o g y  
1 3 ,  3 6 1 - 4 1 7 .

385.14 TRANSECTION-INDUCED CHANGES IN THE DISTRIBUTION OF SURAL POST- 
SYNAPTIC POTENTIALS IN TRICEPS SURAE MOTONEURONS OF THE ADULT 
CAT. J .  K e h le r* , L. L a B e lla *  and  D.A. McCrea (SPON: A. S to r e y ) .  
D e p t . o f  P h y s io lo g y ,  U. o f  M a n ito b a , W in n ip eg , Canada R3E OW3.

P o s t s y n a p t ic  p o t e n t i a l s  (PSPs) p ro d u ce d  by low  t h r e s h o ld  s u r a l  
n e rv e  s t i m u l a t i o n  w ere exam ined  in  t r i c e p s  s u ra e  (TS) m o to n eu ro n s 
i n  b o th  u n le s io n e d  (UL) and  c h ro n ic  s p in a l  (CS) c a t s  (2 -5  m onths 
p o s t - t r a n s e c t i o n ) . O nly th e  f i r s t  PSPs o c c u r r in g  a t  tw ic e  t h r e s 
h o ld  (2T) s t i m u l a t i o n  an d  a t  l a t e n c i e s  ≤  5ms a r e  r e p o r t e d .  F i r s t  
e f f e c t s  w ere p re d o m in a n t ly  e x c i t a t o r y  i n  TS m o to n eu ro n s o f  b o th  
p r e p a r a t i o n s .  A c l e a r  i n c r e a s e  i n  th e  in c id e n c e  o f  th e s e  EPSPs 
o c c u r r e d  i n  CS a n im a ls ,  w i th  a  d e c re a s e  i n  th e  e a r l i e s t  l a t e n c y .  
U sin g  c h lo r a lo s e  a n a e s t h e s i a  i n  th e  a c u te  e x p e r im e n t ,  59% o f  th e  
PSPs i n  UL a n im a ls  w ere  e x c i t a t o r y  (n=27) w i th  25% o f  them  o c c u r 
r in g  a t  l a t e n c i e s  b e tw een  2 . 0 - 2 . 5ms, w h i le  i n  CS a n im a ls  70% o f  
PSPs w ere e x c i t a t o r y  (n= 33) w i th  52% o f  them  o c c u r r in g  be tw een  
1 . 5 - 2 . 5ms. In  o t h e r  e x p e r im e n ts ,  th e  s u r a l  n e rv e  was s e p a r a te d  i n to  
m e d ia l  (MS; th e  b ra n c h  ru n n in g  th ro u g h  th e  p o p l i t e a l  f o s s a )  and 
l a t e r a l  b ra n c h e s  (LS; th e  b ra n c h  ru n n in g  a lo n g  th e  i n n e r  a s p e c t  o f  
b ic e p s  f e m o r i s ) .  I n  UL b a r b i t u r a t e - a n a e s t h e t i z e d  a n im a ls  MS s t im 
u l a t i o n  c a u se d  EPSPs 19% o f  th e  tim e  (n =21; e a r l i e s t  l a t e n c y  2 .5m s) 
w h i le  i n  CS, th e  i n c id e n c e  o f  EPSPs was 60% (n=20; e a r l i e s t  l a t e n c y  
1 .8 m s) . LS s t i m u l a t i o n  o n ly  p ro d u ce d  IPSPs i n  b o th  UL and CS a n i 
m a ls .  I t  a p p e a r s  t h a t  th e  e x c i t a t o r y  com ponent o f  s u r a l  e f f e c t s  i n  
TS m o to n eu ro n s  i s  due to  MS a lo n e ,  and  t h a t  even  w i th  m o d e ra te ly  
deep  b a r b i t u r a t e - a n a e s t h e s i a  t h i s  e x c i t a t i o n  i s  e n h an ced  a f t e r  
c h ro n ic  s p i n a l i z a t i o n .

P r e l im in a r y  s tu d i e s  f o c u s in g  on s u r a l  e f f e c t s  i n  s o le u s  (SOL) 
m o to n eu ro n s  h av e  r e v e a l e d  o n ly  IPSPs ( la t e n c y  r a n g e  3 .0 -5 .0 m s )  in  
UL a n im a ls  upon s t i m u l a t i o n  o f  e i t h e r  th e  MS o r  LS b ra n c h  o f  s u r a l  
a t  2T. H ow ever, i n  CS a n im a ls  e a r l y  l a t e n c y  EPSPs ( e a r l i e s t  1 .8m s) 
h av e  b e e n  fo u n d  upon s t i m u l a t i o n  o f  th e  MS b u t  n o t  LS b ra n c h  and 
w h i le  t h e  in c id e n c e  and  a m p l i tu d e  o f  L S -IP S P s a r e  v i r t u a l l y  un
ch an g ed  a f t e r  t r a n s e c t i o n ,  M S-IPSPs a r e  e i t h e r  r e d u c e d  o r  a b s e n t .  
The a p p e a ra n c e  o f  MS-EPSPs a f t e r  t r a n s e c t i o n  and th e  d i f f e r e n t i a l  
ch an g es  among MS and  LS i n h i b i t o r y  e f f e c t s  s u g g e s t s  t h a t  t h e s e  2 
d i v i s io n s  o f  t h e  s u r a l  n e rv e  may a c c e s s  s e p a r a te  p o p u la t i o n s  o f  
i n te r n e u r o n s ;  a t  l e a s t  i n  pa th w ay s to  th e  SOL m o to n eu ro n  p o o l .  
G iven  i n d i c a t i o n s  i n  th e  l i t e r a t u r e  (e g . P i n t e r  e t  a l ,  Exp. B ra in  
R es . 4 5 :1 3 3 , 1982) t h a t  r u b r o s p i n a l  and  p y ra m id a l  t r a c t  s t i m u l a t i o n  
p r e f e r e n t i a l l y  f a c i l i t a t e  s u r a l  EPSPs i n  f a s t  e x te n s o r  m o to n eu ro n s 
and s u r a l  IPSPs i n  s lo w  e x te n s o r  c e l l s ,  we w ould  l i k e  to  s p e c u la te  
t h a t  c e r t a i n  d e s c e n d in g  sy s te m s  u t i l i z e  i n te r n e u r o n s  i n  th e  p a th 
way from  th e  MS b ra n c h  to  a l t e r  th e  b a la n c e  o f  e x c i t a t i o n  to  f a s t  
and  s lo w  m o to n e u ro n s. T h is  s p e c u l a t i o n  a ssum es t h a t  th e  d i s t r i b u t i o n  
o f  s u r a l  PSPs among SOL c e l l s  i s  r e p r e s e n t a t i v e  o f  th e  d i s t r i b u t i o n  
to  a l l  s lo w  a n k le  e x te n s o r  m o to n e u ro n s.
-  s u p p o r te d  by th e  M .R .C . o f  Canada

385.15 MOTOR LEARNING MODIFIES ONLY THE LONG LATENCY COMPONENT OF THE 
BLINK REFLEX. C .  E vinger and K. A. M anning. D ept. N eurobiology & 
B ehav io r, SUNY Stony Brook, Stony Brook, NY 11794

R eflex  b lin k s  a r i s e  from a tw o -s tep  n e u ra l p ro c e s s . F i r s t ,  
u s in g  s tim u lu s  m agnitude in fo rm a tio n , th e  b lin k  g e n e ra to r  computes 
an i n i t i a l  downward e y e l id  movement. T h is e a r ly  component is  
preprogrammed and in s e n s i t iv e  to  sen so ry  feedback . Second, u s in g  
in fo rm a tio n  o b ta in ed  co n tin u o u s ly  from sen so ry  feedback , th e  b lin k  
g e n e ra to r  produces th e  l a te  component o f th e  b l in k .  Two component 
models a l s o  ap p ly  to  o th e r  r e f le x e s  and may be a  fundam ental 
o rg a n iz a t io n a l  p r in c ip le  o f mammalian r e f l e x e s .

W hile i t  i s  w e ll known th a t  sim ple m otor le a rn in g  paradigm s can 
m odify r e f l e x e s ,  i t  i s  unknown w hether th e se  changes occur 
th roughou t th e  r e f l e x o r  in  on ly  one com ponent. The p re s e n t s tu d y  
an a ly s e s  th e  two components o f th e  b l in k  r e f l e x  a f t e r  ( 1 ) motor 
le a rn in g  induced by a d a p tiv e  p l a s t i c i t y  o r  h a b i tu a t io n ,  and (2) a  
r e f l e x  m o d if ic a tio n  paradigm .

In  humans, r a b b i t s ,  and ro d e n ts , a i r p u f f s ,  l i g h t  f la s h e s ,  o r 
e l e c t r i c a l  s t im u la t io n  o f th e  s u p ra o rb i ta l  b ranch  (SO) o f the  
tr ig e m in a l nerve  evoked r e f l e x  b l in k s .  B link  am p litude  and 
o r b ic u la r i s  o c u l is  m uscle a c t i v i t y  were m o n ito red . A daptive 
p l a s t i c i t y  paradigm s in c re a se d  th e  am p litude  o f th e  b lin k  by 
re q u ir in g  th e  anim al to  b l in k  a g a in s t a c o n s ta n t upw ardly d i r e c te d  
fo rc e  a p p lie d  to  th e  upper e y e l id  o r d ec re ased  th e  am p litude  of 
th e  b l in k  by making th e  s u b je c t b lin k  w ith  a  c o n s ta n t downwardly 
d i r e c te d  fo rc e  on th e  upper e y e l id .  S tim ulus p r e s e n ta t io n  r a t e s  
g r e a t e r  than  0 .17  Hz caused  h a b i tu a t io n  of th e  b lin k  r e f l e x .  
R eflex  m o d if ic a tio n  produced by p rece ed in g  (100-200ms) th e  SO 
s tim u la t io n  by a  20 ms tone  d ec re ased  th e  am p litude  o f th e  evoked 
b l in k .

The a d a p tiv e  p l a s t i c i t y  paradigm  u s in g  th e  upw ardly d i r e c te d  
fo rc e  produced a  16-20% in c re a s e  in  b l in k  am p litude  and u s in g  the 
downward fo rc e  e f f e c te d  a  lo n g -te rm  30-40% d ec re ase  in  b l in k  
am p litu d e . In  h a b i tu a t io n ,  ra p id  p r e s e n ta t io n  o f 7 s t im u li  caused  
a  20-60% re d u c tio n  o f b l in k  am p litude  w hich re tu rn e d  to  normal 
fo llo w in g  5 m inu tes w ith o u t s t im u la t io n .  R eflex  m o d if ic a tio n  
produced a  20-60% re d u c tio n  in  b l in k  am p litude  on tone-SO t r i a l s  
b u t ,  u n lik e  h a b i tu a t io n  o r  a d a p tiv e  p l a s t i c i t y ,  d id  n o t in f lu e n c e  
subsequent t r i a l s  o r  SO o n ly  t r i a l s .

D esp ite  th e  v a r i e ty  o f sp e c ie s  and parad igm s, a l l  c o n d itio n s  
gave one id e n t ic a l  r e s u l t .  The e a r ly  component o f th e  b l in k  
r e f l e x  alw ays rem ained c o n s ta n t .  Every m o d if ic a tio n  o f th e  r e f l e x  
a ro s e  e x c lu s iv e ly  from th e  l a t e  component. D em onstra ting  th a t  th e  
lo n g e r la te n c y  pathways o f th e  b l in k  r e f l e x  a r e  th e  s i t e  o f m otor 
le a rn in g  p ro v id e s  a focus fo r  c e l l u l a r  a n a ly s is .

Supported  by BNS84818752 (CE) and EY05773 (KAM). CE i s  an 
A lfred  P. S loan  F ellow .

385.16  A NEW METHOD FOR HUMAN LIMB PARAMETER ESTIMATION.
M.R. Z o m le fe r  an d  D. K h a l i l i * . E l e c t r i c a l  E n g in e e r in g  and 
C om puter S c ie n c e  D e p a r tm e n t, S a n ta  C la ra  U n i v e r s i ty ,  S a n ta  
C la r a ,  C a l i f o r n i a  95053.

D e te rm in a t io n  o f  human body  se g m e n ta l  p a ra m e te r s  i s  e s s e n 
t i a l  to  th e  a c c u r a te  d e s ig n  o f  p r o s t h e t i c  an d  o r t h o t i c  
d e v ic e s ,  r e c o n s t r u c t iv e  s u r g e r y  an d  r e h a b i l i t a t i o n ,  s p o r t s  
m ed ic in e  an d  p h y s ic a l  th e r a p y  (D e m p ste r, 1955 , D r i l l i s  e t  a l .  
1 9 6 6 ) . Body se g m e n ta l  p a ra m e te r s  a r e  n e c e s s a r y  f o r  th e  
m o d e l l in g  an d  q u a n t i z a t i o n  o f  th e  b io m e c h a n ic a l  p r o p e r t i e s  o f  
l im b s ,  j o i n t s  and  m u s c le s .  T h ese  p a ra m e te r s  a r e  a l s o  c r i t i c a l  
t o  th e  u n d e r s ta n d in g  o f  th e  c o o r d i n a t i o n  o f  m ovem ent.

A new n o n - in v a s iv e  m ethod  f o r  th e  d e te r m in a t io n  o f  c e r t a i n  
bod y  seg m en t p a ra m e te r s  i s  p ro p o se d  an d  fo rm u la te d .  The lim b 
m a s s e s , c e n t e r  o f  m asses  an d  i n e r t i a l  p r o p e r t i e s  a r e  a l l  
o b t a in e d  u s in g  b io m e c h a n ic a l  m easu rem en ts  an d  m odern 
e s t i m a t io n  th e o r y .  I n  a d d i t i o n ,  th ro u g h  a  s e r i e s  o f  
" E x p e r im e n ts "  i t  i s  p o s s ib l e  t o  d e r i v e  i n d iv i d u a l  j o i n t  
p a ra m e te r s  an d  dynam ic p r o p e r t i e s  ( e . g . ,  s t i f f n e s s  and 
v i s c o s i t y ) . T h is  same a p p ro a c h  c a n  b e  u s e d  to  e s t im a te  
s e g m e n ta l  t o r q u e - j o i n t  a n g le  p r o p e r t i e s  IN VIVO.

An in te r c o n n e c t e d  r o b o t i c  sy s te m  c o n s i s t i n g  o f  two d o u b le  
l i n k  p lanar robot arms i s  a ttached across the human body 
s e g m e n ts .  S e t s  o f  m easu rem en ts  a r e  made f o r  d is t in c t  Jo in t 
a n g le s .  T hen , by  a p p ly in g  th e  m easu rem en t d a ta  i n  th e  
e q u a t io n s  o f  t h e  s t a t i c  s t a t e  o f  e q u i l i b r iu m  o f  th e  sy stem  
( r o b o t  arm s + human l im b ) ,  t h e  m ass , an d  th e  c e n t e r  o f  mass 
f o r  th e  lim b  se g m e n ts  a r e  co m p u ted . The a c c u ra c y  o f  th e  
r e s u l t s  b y  u s in g  t h i s  p ro c e d u re  p r i n c i p a l l y  d e p en d s on th e  
a c c u ra c y  o f  th e  f o r c e  s e n s o r s .
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385.17 PREDICTIVE CONTROL OF HUMAN MOVEMENT. B .J .  MeFadyen and  J . S .  F ran k *  
D e p t . o f  K in e s io lo g y ,  U n iv e r s i ty  o f  W a te r lo o ,  W a te r lo o ,  O n ta r io ,  
C an ad a , N2L 3G1

The m easurem ent and m o d e l l in g  o f  human s e n s o r i - m o to r  c o n t r o l  h a s  
c o n c e n t r a t e d  on f e e d b a c k ,  a d a p t iv e  a n d , s o - c a l l e d ,  fe e d fo rw a rd  
p r o c e s s e s .  The te rm  fe e d fo rw a rd  c o n t r o l  h a s  b e e n  s u b je c t  to  g r e a t  
c o n tr o v e r s y  a r i s i n g  from  th e  v a r i e d  p e r s p e c t i v e s  o f  p sy c h o lo g y , 
p h y s ic s ,  p h y s io lo g y  and  e n g in e e r in g .  The c l a s s i c a l  d e f i n i t i o n s  a r e  
r o o te d  i n  e n g in e e r in g  s c i e n c e .  One d e f i n i t i o n  r e l a t e s  t o  s h u n t in g  
an  in p u t  fo rw a rd  i n  th e  c o n t r o l  p r o c e s s  to  a v o id  d e la y  by b i 
p a s s in g  c e r t a i n  s y s te m  co m p o n e n ts , w h i le  t h e  o t h e r  r e l a t e s  t o  g a in 
in g  a p p r o p r i a t e  i n fo r m a t io n  p r i o r  to  an  in p u ts  o c c u r r e n c e  i n  o r d e r  
to  a n t i c i p a t e  i t .  What t h e s e  c l a s s i c a l  d e f i n i t i o n s  l a c k  f o r  th e  
d e s c r i p t i o n  o f  human s e n s o r i - m o to r  c o n t r o l  i s  t h e  i n c l u s io n  o f  cog
n i t i v e  p r o c e s s e s  su c h  a s  memory. A lth o u g h  human movement l i t e r a 
t u r e  h a s  u se d  th e  te rm  fe e d fo rw a rd  c o n t r o l ,  i t  o f t e n  h a s  b e e n  
a p p l i e d  e r r o n e o u s ly  w i th  r e s p e c t  to  i t s  c l a s s i c a l  d e f i n i t i o n s .

T h is  t h e r o e t i c a l  p a p e r  e x p lo r e s  t h i s  i s s u e  and  s u g g e s t s  th e  
re p la c e m e n t  o f  " f e e d fo rw a rd  c o n t r o l "  w i th  th e  more g e n e ra l  te rm , 
" p r e d i c t i v e  c o n t r o l " .  I t  i s  h oped  t h a t  t h i s  w i l l  a l lo w  more co n 
s t r u c t i v e  c o m m u n ica tio n  and b e t t e r  g ro u n d s  on w h ich  to  b a s e  m ea su re 
m ent and  m o d e l l in g  o f  th e  m o to r c o n t r o l  s y s te m .

385.18 NONEQUILIBRIUM PHASE TRANSITIONS IN MULTI-DEGREE OF FREEDOM 
MOVEMENTS. J .A .S .  K e ls o * , G. Schön e r* ,  J . P .  S c h o lz * , and H. Haken* 
(SPON: A. N a sh ) . C e n te r  f o r  Complex S y stem s and D e p t. o f  
P s y c h o lo g y , F lo r id a  A t l a n t i c  U n iv . ,  Boca R a to n , FL 33431; H ask in s  
L a b o r a t o r ie s ,  New H aven, CT 06511; I n s t i t u t e  f o r  T h e o r. P h y s . ,  
S t u t t g a r t  U n iv . ,  FRG.

The m ovem ents o f  a n im a ls  and p e o p le  a re  o rd e re d  s p a tio te m p o ra l  
s t r u c t u r e s  even  th o u g h  th e y  a r i s e  from  m ic ro s c o p ic  s o u rc e s  ( e . g .  
n e u ro n a l ,  s k e le to m u s c u la r , v a s c u l a r )  o f  huge d im e n s io n a l i t y .  How 
a re  su ch  o rd e re d  s t a t e s  t o  be u n d e rs to o d ?  The i n t e r d i s c i p l i n a r y  
f i e l d  o f  s y n e r g e t ic s  ( e . g .  H aken, H . , S y n e r g e t i c s : An in t r o d u c 
t i o n , S p r in g e r ,  B e r l i n ,  3 rd  Ed. 1983) s tu d i e s  th e  sp o n ta n e o u s  
fo rm a tio n  o f  p a t t e r n s  in  n o n e q u il ib r iu m  sy s te m s  and o f f e r s  a means 
by w hich  th e  b e h a v io r  o f  v e ry  h ig h  d im e n s io n a l  sy s te m s  may be 
d e s c r ib e d  in  te rm s  o f  a few m a c ro sco p ic  q u a n t i t i e s  c a l l e d  o r d e r  
p a ra m e te r s .  In  c o o rd in a te d  b i o lo g i c a l  m o tio n  th e  p h ase  r e l a t i o n  
(Ø) among i n t e r a c t i n g  com ponen ts may be a r e l e v a n t  o r d e r  p a ra m e te r  
c h a r a c t e r i z i n g  d i f f e r e n t  modes o f  c o o r d in a t io n .  In  e x p e r im e n ts  on 
o s c i l l a t o r y  human hand m ovem ents (K e ls o ,  J . A . S . , B u l l . P sy c h o n . 
S o c . 1 8 :6 3 , 1981; Am. J. P h y s i o l . 2 4 6 , R1000, 1 9 8 4 ) , a b ru p t  t r a n s i 
t i o n s  b e tw een  one mode o f  c o o r d in a t io n  ( Ø ≃  180 d eg ) and a n o th e r  
( Ø ≃ 0 d eg ) w ere o b s e rv e d  a s  a c o n t r o l  p a ra m e te r  (p a c in g  f re q u e n c y )  
was s c a l e d  beyond a  c r i t i c a l  v a lu e .  T h is  phenomenon (a n a lo g o u s ,  
p e rh a p s ,  to  lo co m o to ry  g a i t  c h a n g e s , e . g .  from  t r o t t i n g  to  
g a l lo p in g )  i s  r e m in is c e n t  o f  th e  n o n e q u il ib r iu m  p h ase  t r a n s i t i o n s  
s tu d i e d  in  s y n e r g e t i c s .  In d e e d , H aken, K e lso  and Bunz ( B i o l . 
C y b ern . , 5 1 , 347 , 1985) have  m odeled  su ch  t r a n s i t i o n  b e h a v io r  
e x p l i c i t l y .  O rd er p a ra m e te r  dynam ics f o r  r e l a t i v e  p h ase  were 
d e r iv e d  from  o s c i l l a t o r  e q u a tio n s  f o r  th e  two han d s w ith  a non
l i n e a r  c o u p lin g  b e tw een  them . H ere we e l a b o r a t e  a f t e r  Schön e r ,  
Haken and K e lso  ( B i o l . C y b e rn . 5 3 , 247 , 1986) a d e t a i l e d  s to c h a s t i c  
a n a ly s i s  o f  th e  t r a n s i t i o n  b e h a v io r  t h a t  s e rv e s  to  (1 )  t e s t  th e  
v a l i d i t y  o f  th e  p h a se  t r a n s i t i o n  p a rad ig m  (2 )  e s t a b l i s h  tim e  s c a l e s  
r e l a t i o n s  ( e . g .  among lo c a l  r e l a x a t i o n  t im e s ,  e q u i l i b r a t i o n  tim e  
e t c . ) ,  w hich a re  p r e r e q u i s i t e s  f o r  dynam ic m o d elin g  o f  th e  t r a n s i 
t i o n  and (3 )  i l l u s t r a t e  how th e  s w i tc h in g  from  one c o o r d in a t iv e  
s t a t e  to  th e  o th e r  i s  e f f e c t e d  by o r d e r  p a ra m e te r  f l u c t u a t i o n s .  
R ecen t o b s e r v a t io n s  (K e ls o ,  J .A .S .  & S c h o lz ,  J . P .  In  H. Haken 
(E d . )  Complex S y s te m s : O p e r a t io n a l  A p proaches  in  N e u ro b io lo g y , 
P h y s ic s  and C o m p u te rs , S p r in g e r ,  B e r l i n ,  1985) and new e x p e rim e n ts  
a r e  c o n s i s t e n t  w ith  th e  s to c h a s t i c  th e o r y  in  r e v e a l in g  enhanced  
f l u c t u a t i o n s  and c r i t i c a l  s lo w in g  down o f  th e  o r d e r  p a ra m e te r  ( Ø) 
n e a r  th e  t r a n s i t i o n .  D a ta  and th e o r y  th u s  co n v e rg e  on th e  
i n t e r p r e t a t i o n  t h a t  th e  em ergence  o f  c o o rd in a te d  movement p a t t e r n s  
may be u n d e rs to o d — in  a q u i t e  d e t a i l e d  f a s h io n — in  te rm s  o f  th e  
p h y s ic s  o f  n o n e q u il ib r iu m  p r o c e s s e s .

R e se a rc h  s u p p o r te d  by ONR C o n tr a c t  No. N 0014-83-K -0013 and 
NINCDS G ran t 13617.

385.19 THE SPACE-TIME BEHAVIOR OF SINGLE AND BIMANUAL RHYTHMICAL 
MOVEMENTS: DATA AND A LIMIT CYCLE MODEL. B.A. Kay*, J .A .S . 
K e lso * , E .L . S a ltz m a n * , G. Schön e r*  (SPON: I .B .  J o h a n s o n ) . D e p t . 
o f  P s y c h o lo g y , U n iv . o f  C o n n e c t ic u t ,  S t o r r s ,  C T .; C e n te r  f o r  
Complex S ystem s and D e p t. o f  P sy c h o lo g y , F l o r i d a  A t l a n t i c  U n iv . ,  
Boca R a to n , FL 33432 ; H a sk in s  L a b o r a t o r ie s ,  New H aven, CT 06511 .

How do sp a c e  and tim e  r e l a t e  in  rh y th m ic a l  t a s k s  t h a t  r e q u i r e  
th e  lim b s  to  move s in g l y  o r  t o g e th e r  i n  v a r io u s  m odes o f  
c o o r d in a t io n ?  And w hat k in d  o f  m in im a l t h e o r e t i c a l  m odel c o u ld  
a c c o u n t f o r  th e  o b s e rv e d  d a ta ?  E a r l i e r  f in d in g s  from  human 
c y c l i c a l  m ovem ents w ere c o n s i s t e n t  w i th  a  n o n l in e a r ,  l i m i t  c y c le  
o s c i l l a t o r  m odel (K e ls o ,  J .A .S . ,  H o l t ,  K .G ., R u b in , P . & K u g le r ,  
P .N . J . Mot.  B eh av . 1 3 , 2 26 , 1981) a l th o u g h  no d e t a i l e d  m o d e lin g  
was p e rfo rm e d  a t  t h a t  t im e .  In  th e  p r e s e n t  s tu d y ,  k in e m a tic  d a ta  
w ere sam pled  a t  200 s a m p le s /s e c o n d  and a  d e t a i l e d  a n a ly s i s  o f  
movem ent a m p l i tu d e ,  f re q u e n c y ,  p eak  v e l o c i t y  and r e l a t i v e  p h ase  
( f o r  th e  b im a n u a l m odes, in -p h a s e  and a n t i - p h a s e )  p e rfo rm e d . As 
f r e q u e n c y  was s c a l e d  from  1 to  6 Hz ( i n  s te p s  o f  1 Hz) u s in g  a  
p a c in g  m etronom e, a m p l i tu d e  d ro p p ed  in v e r s e ly  and p eak  v e lo c i ty  
i n c r e a s e d .  W ith in  a  f re q u e n c y  c o n d i t i o n ,  t h e  m o v em en t's  a m p li tu d e  
s c a l e d  d i r e c t l y  w i th  i t s  p eak  v e l o c i t y .  T hese  d i v e r s e  k in e m a tic  
b e h a v io r s  w ere  m o d eled  e x p l i c i t l y  i n  te rm s  o f  lo w -d im e n s io n a l  
( n o n l i n e a r )  d i s s i p a t i v e  d ynam ics w i th  l i n e a r  s t i f f n e s s  a s  th e  o n ly  
c o n t r o l  p a ra m e te r .  D ata  and m odel a r e  shown t o  com pare f a v o r a b ly .  
The same m odel o f f e r s  a  u n i f i e d  t r e a tm e n t  o f  a  num ber o f  
fu n d a m e n ta l  a s p e c t s  o f  m ovem ent, in c lu d in g  1 ) th e  p o s tu r a l  s te a d y  
s t a t e  (when th e  l i n e a r  dam ping c o e f f i c i e n t ,  α , i s  p o s i t i v e ,  2) t h e  
o n s e t  o f  movement (when th e  s ig n  o f  a  becom es n e g a t i v e ) ;  3) th e  
p e r s i s t e n c e  and s t a b i l i t y  o f  rh y th m ic  o s c i l l a t i o n  [ g u a r a n te e d  by  a 
b a la n c e  b e tw e en  e x c i t a t i o n  ( v i a  α ẋ , α  < 0 ) and d i s s i p a t i o n  ( a s  
in d ex e d  by  th e  n o n l in e a r  d i s s i p a t i v e  te r m s ,  βẋ3 and γ x 2ẋ ) . 
T h is  b a la n c e  d e te r m in e s  th e  l i m i t  c y c l e ,  a  p e r i o d i c  a t t r a c t o r  to  
w h ich  a l l  p a th s  in  t h e  p h a se  p la n e  ( x ,x )  c o n v e rg e ] ;  4 )  f re q u e n c y  
and p h a s e - lo c k in g  b e tw e en  th e  h a n d s ;  and 5) s w i tc h in g  among 
c o o r d i n a t i v e  modes ( t h e  l a t t e r  p r o p e r t i e s  due to  a  n o n l in e a r  
c o u p lin g  s t r u c t u r e ,  s e e  H aken , H . ,  K e ls o ,  J .A .S . ,  B unz, H: B i o l . 
C y b e rn . 5 1 , 3 4 7 , 1 9 8 5 ) . I n  s h o r t ,  we show how a r a t h e r  s im p le  
d y n a m ic a l c o n t r o l  s t r u c t u r e  r e q u i r in g  v a r i a t i o n s  in  o n ly  one sy s tem  
p a ra m e te r  c an  d e s c r i b e  th e  s p a t io - t e m p o r a l  b e h a v io r  o f  th e  lim b s  
m oving s in g l y  and t o g e t h e r .  The m odel i s  open  to  f u r t h e r  e m p i r ic a l  
t e s t s  w h ich  a r e  u n d erw ay .

R e s e a rc h  s u p p o r te d  by ONR C o n t r a c t  No. N 0014-83-K -0013 .

385.20 EFFECTS OF PRE-CUED DIRECTION AND FORCE INFORMATION ON CNV.
W.A. MacKay and M. B onnet *. D ep t. o f  P h y s io lo g y , U n iv e r s i t y  o f  
T oron to , Toronto M5S 1A8, CANADA

A lth o u g h  e f f e r e n t  m o to r  s i g n a l s  m ust u l t im a te ly  code both  
movement d i r e c t i o n  and m uscle fo rc e  in fo rm a tio n , a t  p ro cess in g  
s ta g e s  w ith in  th e  se n so rim o to r continuum  one may be re p re sen ted  
indep en d en tly  o f  th e  o th e r . For exam ple, d i r e c t i o n a l  in fo rm a
t io n  i s  p r e c i s e ly  coded in  many c o r t i c a l  a re a  5 neurons, inde
p en d e n tly  o f  fo rc e  p a ram e te rs . In  t h i s  s tu d y , th e  s c a lp  poten
t i a l s  a s s o c ia te d  w ith  perfo rm ance o f  a p re -cued  r e a c tio n  tim e 
(RT) t a s k  w ere  a n a ly z e d  to  d i s t i n g u i s h  d i f f e r e n c e s  l i n k e d  to  
th e  p a ram e te rs  being  p rep ared . The w arning s tim u lu s  (WS, on a 
pane l o f  4 LEDs) p rov ided  FULL, D IR ection , FORCE o r NO advance 
in fo rm a tio n  about th e  ensu ing  re a c tio n . The response s tim u lu s , 
1.5s l a t e r ,  s p e c i f ie d  b o th  th e  d i r e c t i o n  ( r ig h t  fo rearm  f le x io n  
o r  e x t e n s io n  o f  a b o u t 10°) and f o r c e  l e v e l  (weak o r  s t r o n g ) .  
Mean RTs v a r ie d  both  w ith  th e  amount and type  o f  advance in fo r 
m a tio n  g iv e n .  F or p r a c t i s e d  s u b j e c t s ,  mean RTs m easu red  to  
a g o n is t  EMG o n se t w ere ap p ro x im a te ly , FULL: 152 ms, DIR: 177, 
FORCE: 197, NO: 225.

Using so u rce  d e r iv a t io n  methods (see Crammond e t  a l . ,  EEG & 
c l i n. N europhysio l. 6 1 :3 9 6 -4 1 0 ), th e  c u r r e n t  s i n k  r e s p o n s ib le  
f o r  m ost o f  th e  CNV was lo c a l iz e d  to  th e  p a r i e t a l  lobe . Changes 
in  v o l t a g e  g r a d i e n t s  (v e c to r s )  b e tw e en  th e  8 r e c o rd in g  le a d s  
d iv id e d  th e  CNV te m p o ra l ly  in to  4 in t e r v a l s ,  m easured from WS 
o n s e t :  1; 300-500m s, 2; 5 0 0 -7 0 0 , 3; 7 0 0 -1 1 0 0 , 4; 1100-1500 . 
P h ase  1 w as c h a r a c t e r i z e d  by a f r o n t a l  n e g a t iv e  t r e n d  and 
p a r i e t a l  p o s i t i v i t y .  In  a l l  o th e r  in t e r v a l s  th e  maximum deve
lo p m e n t o f  n e g a t i v i t y  w as in  th e  p a r i e t a l  lo b e .  The 4 ad v an ce  
in fo rm a tio n  c o n d itio n s  w ere d is t in g u is h e d  m ain ly  by th e  s c a lp  
v e c to r s  d u r in g  i n t e r v a l s  1 and 3. I n c r e a s in g  n e g a t i v i t y  in  
phase 1 focused  on th e  arm prem otor a re a  fo r  FULL in fo rm a tio n , 
b u t m ig ra te d  p ro g re s s iv e ly  c a u d a lly  f o r  DIR and FORCE. For NO, 
a p o s it iv e -g o in g  focus  in  th e  arm som atosensory  reg io n  domi
n a ted . In  phase 3, NO in fo rm a tio n  produced a maximum n eg a tiv e  
t r e n d  c e n te r e d  o v e r  t h e  c e n t r a l  s u l c u s ,  w h e re a s  i t  w as s i 
tu a te d  p o s tc e n tr a l l y  f o r  a l l  o th e r  c o n d itio n s . L ap lac ian  d e r i 
v a t io n s  in d ic a te d  a m odest c o n s ta n t n e g a t iv i ty  p r e c e n tr a l ly  fo r  
FULL and FORCE, w h ich  w as re d u c e d  b o th  by NO and DIR. The 
p o s tc e n tr a l  a re a  developed a co n tin u o u s ly  augm enting n e g a t iv i ty  
w h ich  w as m ax im al f o r  FULL and  DIR and m a rk e d ly  re d u c e d  by 
FORCE and NO. The s m a l l  v e r t e x  n e g a t i v i t y  show ed v e ry  l i t t l e  
d i f f e r e n c e  u n d e r  th e  d i f f e r e n t  c o n d i t i o n s .  D u rin g  c h o ic e  RT 
p re p a ra t io n ,  s c a lp  p o te n t ia l s  in d ic a te  t h a t  som atosensory  c o r 
t e x  may be p r i m a r i l y  c o n c e rn e d  w ith  d i r e c t i o n a l  in fo rm a tio n , 
w hereas th e  p r e c e n tr a l  a rea  may g iv e  r e l a t i v e ly  more em phasis 
to  fo rc e  in fo rm a tio n . M.B. was a NSERC France-Canada Exchange 
s c i e n t i s t .
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386.1 TOPOGRAPHY OF PRIMARY SOMATIC SENSORY CORTEX (SI) IN OLD WORLD 
PRIMATES, CERCOPITHECUS AND MIOPITHECUS Susan Warren & Mary 
Carl so n , Depts. P s y c h ia t r y , Anatomy & Neurobiology and McDonnell 
Center for S tu d ie s  of Higher Brain Function , Washington U n iv e r s i t y  
School of Medicine, S t.  Louis, MO 63110

With th e  a p p l i c a t i o n  of micromapping tech n iq u es  to  th e  s tudy of 
topography of sen sory  cor tex  came th e  p r o v o ca t iv e  f in d in g  by Paul 
and co l leag u e s  in 1972, t h a t  SI in Macaca m u la t ta  was not 
c h a r a c t e r i z e d  by a s i n g l e  somatotop ic  p r o j e c t i o n  of cu taneous 
in p u t .  Rather they  showed two s e p a r a t e  p r o j e c t i o n  p a t t e r n s  fo r  th e  
hand corresponding  t o  s e p a r a t e  SI a r c h i t e c t o n i c  f i e l d s ,  a r e a s  3b 
and 1. A l a t e r  s tudy by Kaas e t .  a l . ( ’ 79) a l s o  r ep o r t ed  m u l t ip l e  
to p o g rap h ies  in SI of Macaca but proposed a m i rror- im age p a t t e r n  
in 3b-l in c o n t r a s t  to  th e  s e r i a l  p a t t e r n  proposed in th e  f i r s t  
s tu dy . We mapped SI in s ev e ra l  s p e c i e s  of Macaca (Carlson 
e t . a l . ' 82) f in d in g  ev idence  f o r  m u l t ip l e  hands a r e a s ,  but as  
Iwamura and co l le a g u e s  ( ’ 8 3 , ’85),  we conc luded t h a t  a rea  1 was not 
s o m a to to p ic a l ly  organ ized .

These s t u d i e s  of Cercop ithecus  a e th io p s  and Miopithecus  
t a l a p o i n , were in tended to  look f o r  common f e a t u r e s  in  SI 
o rg an iza t i o n  t h a t  might c l a r i f y  th e  complex topograph ic  d e t a i l s  
s t i l l  co n t e s ted  in Macaca. General f e a t u r e s  of SI o r g a n iz a t i o n  in 
a l l  th e se  s p e c i e s  a re :  1) r e c e p t iv e  f i e l d s  ( r f s )  on th e  u ln a r  palm 
and dorsa l h a i r y  hand a r e  lo c a ted  medial ,  and r f s  on th e  r a d i a l  
palm l a t e r a l ,  to  th e  d i g i t  a rea ;  2) d i g i t s  a r e  organized  from D5 
to  D1 in th e  m e d io la te ra l  p la ne; 3) in  a rea  1 th e  g labrous  and 
dorsa l  h a i r y  d i g i t  r f s  from th e  same d i g i t  segment a re  found 
in  c l o s e  prox im ity  but in te rm in g led  thoughout  t h e  d i g i t  a rea ;  4) 
th e  predominant in pu t in th e  SI hand a rea  was from d i g i t  t i p s ;  and 
5) s h i f t s  in th e  d i s t a l - p r o x im a l  p ro g r e s s io n s  of r f s  on th e  d i g i t s  
occur w ithout r e s p e c t  t o  SI a r c h i t e c t o n i c  bo rd ers .

Add it ional f i n d i n g s  from th e s e  c u r r e n t  s t u d i e s  in C. a e t h i ops 
and M. t a l a p o i n  a re :  1) r f s  on dorsa l  h a i r y  d i g i t s  a r e  found in 
a rea  3b as  wel l  as  a rea  1, but with h a l f  th e  f requency as  in a rea  
1; 2) r f  p r o g r e s s io n s  in SI a re  b es t  c h a r a c t e r i z e d  as  a 
cont inuous  s p i r a l  from th e  v e n t r a l  to  dorsa l s u r f a c e s ,  from 
proximal to  d i s t a l ,  and back aga in ; and 3) r f s  on the  d i s t a l  h a i r y  
d i g i t  o f te n  se rv e  as  a landmark f o r  a r e v e r s a l  of such s p i r a l s  to  
more prox im ia l d i g i t  segments h a i r y  r f s  but do not always 
correspond  to  th e  3b- l b order .  This mixing of g la b ro u s  and h a i r y  
i n p u t s  and complex v a r i a t i o n s  in d i s ta l - p r o x im a l  sequences 
c o n t r a s t s  with th e  s e g re g a t io n  of i n p u t s  and somatotopic p a t t e r n s  
found in pros imian p r im ate s  ( C a r l s o n , ’ 85) .

From th e s e  r e c e n t  s t u d i e s  we conclude t h a t  th e  d i f f i c u l t y  in 
f in d in g  a g e n e ra l ly  ac c e p ta b le  " p a t te r n "  in th e  SI of Old World 
an th ro p o id s  r e l a t e s  t o  th e  complexity and v a r i a b i l i t y  of r f  
sequences  on th e  d i g i t s  and th e  d i f f i c u l t i e s  of r e l a t i n g  r f  
sequences  p r e c i s e l y  t o  a r c h i t e c t o n i c  s u b d iv i s io n s  w i th in  SI.

386.2 SIGNIFICANCE OF TOPOGRAPHY IN PRIMARY SOMATIC SENSORY CORTEX (SI) 
FOR TACTILE DISCRIMINATION CAPACITY IN OLD AND NEW WORLD PRIMATES 
Mary Car lson and Pia  Nystrom* Dept. of P sy c h ia t ry  and McDonnell 
Center fo r  Study of Higher Brain Fun ction , Washington U n iv e r s i ty  
School of Medicine, S t .  Louis,  MO 63110

Over th e  l a s t  15 y ea rs  micromapping s t u d i e s  of SI have 
sugges ted  genera l t r e n d s  in ev o lu t io n  of complex c o r t i c a l  a r e a s  in 
p r im a te s .  SI in prosimian p r im ate s  i s  c h a ra c t e r i z e d  by a s in g l e  
so m a to to p ic a l l y -o rg a n ize d  hand a rea  in c o n t r a s t  t o  th e  m u l t ip l e  
cu taneous  hand a r e a s  in  Old World (OW) an th ro p o id s  (Car lson’ 85).  
Kaas and co l leag u e s  ( ’83) have d esc r ibed  m u l t ip l e  cu taneous a rea  
SI a r e a s  in New World (NW) an th ro p o id s .  The s e p a r a t e  p r o j e c t i o n  of 
th e  g labrous  s u r f a c e  of th e  hand to  SI c y t o a r c h i t e c t u r a l  a rea  1 
appears  as  a r e c e n t  a c q u i s i t i o n  of most an th ropo id  p r im ate s .  As 
s u r g i c a l  removal of a rea  1 in  Macaca produces d e f i c i t s  on t e x t u r e  
d i s c r i m in a t io n  t a s k s  (Car l son’ 81) we reasoned  t h a t  an thropoid  
p r im ate s  should have s u p e r io r  t e x t u r e  ca p a c i ty  to  th e  prosimian 
with only  a s i n g l e  hand a rea .

T a c t i l e  c a p a c i ty  of th e  pros im ian ,  Galago, was compared to  th e  
OW an th ro p o id ,  Macaca, and NW an th ro p o id s  Saim ir i and Cebus, on a 
s e r i e s  of ea sy ,  moderate and d i f f i c u l t  le ve l  s i z e  and t e x t u r e  
d i s c r i m in a t io n  t a s k s .  I n i t i a l  a c q u i s i t i o n  sco re s  may in d i c a t e  
l e a r n in g  as  well as  s ensory  a b i l t i e s  while  t h r e sh o ld  performance 
i s  more i n d i c a t i v e  of sensory  a b i l t i e s  a lone .  During s i z e  
a c q u i s i t i o n  Galago r e q u i re d  s i g n i f i c a n t l y  more t r i a l s  and made 
more e r r o r s  than Macaca, but when t e s t e d  on s i z e  t h re sh o ld  both 
s p e c i e s  were s im i l a r  in performance. Galago a l s o  was r e t a r d e d  
r e l a t i v e  t o  Macaca during  a c q u i s i t i o n  of t e x t u r e  t a s k s ,  and 
con t inued to  perform s i g n i f i c a n t l y  below Macaca on t e x t u r e  
th r e sh o ld  t a s k s .  These r e s u l t s  sugges t a s e l e c t i v e  " d e f i c i t "  fo r  
t e x t u r e  in  Galago. On s i z e  a c q u i s i t i o n  t a s k s  Saimir i performed 
b e t t e r  than Galago and s im i l a r  to  Macaca. On t e x t u r e  a c q u i s i t i o n  
and th r e sh o ld  t a s k s  Saimir i performed a t  th e  level of Galaoo and 
not Macaca. al though in c o n t r a s t  t o  Galaoo, Saim ir i has  m u l t ip l e  
SI hand a r e a s .  Cebus. another  New World sp e c i e s  with m u l t ip l e  SI 
hand a r e a s ,  but with a more expanded d i g i t  r e p r e s e n t a t i o n  than 
Saim ir i ( s im i la r  t o  t h a t  of Macaca) was t e s t e d  nex t .  On s i z e  
a c q u i s i t i o n  and th r e s h o l d s  Cebus performance was i n d i s t i n g u i s h a b l e  
from Macaca and Saimir i but was i n f e r i o r  t o  Macaca on a l l  t e x t u r e  
t a s k s ,  performing a t  th e  level of Galaoo and S a im i r i .

Our f a i l u r e  t o  f in d  s u p e r io r  t e x t u r e  d i s c r i m in a t io n  c a p a c i ty  in 
NW s p e c i e s  with m u l t ip l e  SI hand a r e a s  l e ad s  t o  th e  con c lu s io n s :
1) t h e  g r e a t e r  d i f f e r e n t i a t i o n  of hand a r e a s  in SI may have 
evolved independen tly  in OW and NW pr im ate  f a m i l i e s  and may s e rv e  
d i f f e r e n t  behav io ra l fu n c t io n s ;  and 2) th e  s i z e  and complex ity  of 
SI a r e a s  may not be as  p r e d i c t i v e  of t a c t i l e  ca p a c i ty  as  a r e  th e  
response  p r o p e r t i e s  of SI n eurons .(Suppor te d  by PHS g ran t  
MH40157).

386.3 LOCALIZATION OF HUMAN SECOND SOMATIC SENSORY CORTEX (SII) USING 
VIBRATION STIMULATION AND PET. H. Burton, P.T . Fox & M.E. 
Raichle (SPON: S. E liasson). Depts. Anatomy & Neurobiology and 
Neurology, Washington Univ. Sch. Med., S t. Louis, MO 63110

Regional cereb ral blood flow (rCBF) was recorded in 43 paid , 
normal volunteers u t i l iz in g  positron  emission tomography (PET). 
Here we report on a region of in te re s t  (ROI) w ithin the p a r ie ta l  
operculum th a t  is  lik e ly  to  be the second somatic sensory area 
(S II) . Previously (Burton e t  a l . ,  Soc. Neurosci. A bst., 1985) 
we reported  on the somatotopic organization  in  primary somatic 
sensory cortex  (SI) by mapping rCBF changes (ArCBF) produced by 
cutaneous v ib ra tio n s (130hz, 2mm) of f in g ers , fe e t and l ip s .

CBF scans were acquired during re s t  and stim ulation  following 
intravenous boluses of 150-labeled  w ater. Images of ΔrCBF were 
c reated  by a p ix e l-fo r-p ix e l sub traction  of con tro l s ta te  CBF 
from stim ulated  s ta te .  The sub traction  format images showed 
large focal ΔrCBF in  the ro landic  cortex and le s se r  foci in  the 
v ic in ity  of p a r ie ta l  operculum, medial f ro n ta l cortex (supple
mentary motor area?) and cerebellum. Foci of ΔrCBF were id e n ti
fied  by a computerized maximum detection  algorithm  using a cubic 
(10 cc) ROI and in te r - s l ic e  in te rp o la tio n . A s te re o ta c tic  meth
od of anatomical lo ca liz a tio n  (Fox e t a l . ,  J .  Comput. A ssist. 
Tomogr. 9:141, 1985) was used to  determine the coordinates of 
these  maxima. The s te re o ta c tic  coordinates were p lo tted  in  mm 
from the cen ter of the AC-PC lin e  a f te r  proportionate  correc
tio n s  fo r b rain  s iz e .

In 25/69 scans involving finger s tim u la tion , two d is t in c t  
ROIs were id e n tif ie d  in  the c o n tra la te ra l p a r ie ta l  cortex . The 
maximum ΔrCBF was centered in  SI in a l l  cases (H orizon tal:48, 
F ro n ta l:-6 to  -12, S a g i t ta l :38-42) and a second focus was 
located  on or near the  outer bank of the p a r ie ta l  operculum 
(H:10-22, F :0 to  -6 , S:42-58). In th is  probable S II, ΔrCBF were 
1/3-1/2 the values seen in  SI but exceeded background leve ls of 
1-2 ml/min. Only sub jects with a focal ΔrCBF of >5 ml/min were 
used to  obtain the average coordinates fo r S II. The active  zone 
was a small oval th a t appeared on 1 o r, ra re ly , 2 adjacent 
s l ic e s .  Minimal sc a tte r  from these coordinates was noted in  the 
lo ca liz a tio n  of peak ΔrCBF from in d iv id u a ls . Coordinates fo r 
the hallux  in  SII were s im ila r to  those from the hand but the 
s c a tte r  from ind iv iduals was g re a te r . Only a s ing le  S I-S II ROI 
was seen follow ing l ip  s tim u la tion .

NIH Grants: NS09809, NS06833, HL13851, NS 14834, NS07205 and 
McDonnell Center for Studies of Higher Brain Function.

386.4 REPRESENTATION OF THE BODY SURFACE IN THE SOMATOSENSORY CORTEX 
OF THE WESTERN POCKET GOPHER (Thomomys ) .
P.X. J o r i s* and R.J. Nudo (SPON: R.B. Masterton)
Coleman Mem. Lab., Univ. of Cal. a t  San Francisco, San Francisco 
CA94143.

D iffe ren tia lly  enlarged rep resen ta tions of sp ec ific  body parts  
in the primary somatosensory cortex (SI) have been co rre la ted  
with spec ia lized  t a c t i l e  behaviours and ta c t i l e  su rfaces , in a 
number of e a r lie r -s tu d ie d  mammals. No d e ta iled  somatosensory map 
of a tru e  burrowing mammal has been derived.

Pocket gophers are highly spec ia lized  rodents liv in g  in a 
predominantly t a c t i l e  environment, succesful in evading above- 
and in-ground preda to rs . The hairy skin extends behind the tee th  
so th a t the large curved in c iso rs  are exposed when the mouth is  
closed . The external fu r-lin e d  cheek pouches,  used to  tran sp o rt 
food, extend from the face to the shoulders, and are  e a s ily  ever
ted . The claws of the forepaws are large and curved. Limbs are 
jo in ted  so th a t  pocket gophers can run backwards almost as f a s t  
as forward.

The somatotopic o rganization  of the SI region was mapped in the 
Western pocket gopher using m icroelectrode m u ltiu n it mapping tech
niques, under Ketamine-Acepromazine or Nembutal anesthesia . A 
s in g le , system atic , cutaneous rep resen ta tion  on the la te ra l  con
vexity  was found, with a general o r ie n ta tio n  s im ila r to th a t in 
SI in the r a t  (Chapin, J.K . and Lin, C .-S ., J.Comp.Neurol. , 229, 
199-213,1984). Greatly magnified rep resen ta tions  of the face and 
forepaw were found la te ra l  to the hindpaw and trunk rep resen ta tion  
which showed the be lly  ro s tra l to  the back. The rep resen ta tion  of 
the forepaw was large in comparison with the r a t ,  with the re 
p resen ta tion  of hairy dorsal skin surfaces of the d ig its  
surrounding th a t  of the glabrous skin rep resen ta tion  a t  i t s  caudal 
edge. Caudolateral to the forepaw rep re sen ta tio n , a v ib rissa l 
f ie ld  was found, with an in te rn a l topography s im ila r but propor
tio n a lly  sm aller to the r a t .  In te rspersed  between forepaw and 
m ystacial v ib rissae , the rep resen ta tion  of the external skin of 
the cheek pouch was found; a sm aller rep resen ta tion  of the in te r 
nal pouch fu r was located  more r o s tr a l ly .  Cheek and chin re 
p resen ta tions were s itu a ted  ro s tro la te ra l  to the forepaw rep re 
sen ta tio n . A la rge  rep resen ta tion  o f the upper and lower l ip  were 
la te ra l  to the chin rep resen ta tio n . S t i l l  more l a te r a l ,  bordering 
a very la rge  in c iso r  rep re sen ta tio n , a second, fa r  sm aller 
cutaneous rep re sen ta tio n , presumptively S II, was found.

The overall rep resen ta tion  of the body surface in proportion 
to  the e n tire  neocortex appears to  be su b s ta n tia lly  la rg e r in the 
pocket gopher than in any o ther mammal studied to  date .
(Supported by the Coleman Fund and NIH grant 1 F05 TW03675-01.)
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386.5  LAMINAR ORGANIZATION OF AREA 3b OF CAT SOMATOSENSORY CORTEX. 
H .D . S chw ark , T . H i r a i * and E .G . J o n e s .  D ep a rtm en t o f  Anatomy 
and N e u ro b io lo g y , U n iv e r s i ty  o f  C a l i f o r n i a ,  I r v i n e ,  CA 9 2717 .

A n a to m ic a l and p h y s io l o g ic a l  c h a r a c t e r i s t i c s  o f  s in g l e  
n e u ro n s  i n  th e  fo re p a w  r e g io n  o f  a r e a  3b in  c a t  s o m a to se n so ry  
c o r t e x  w ere exam ined u s in g  i n t r a c e l l u l a r  and e x t r a c e l l u l a r  
t e c h n iq u e s .  P a r t i c u l a r  a t t e n t i o n  was p a id  to  th e  la m in a r  
p o s i t i o n  o f  th e  n e u ro n s .  The e x p e r im e n ts  w ere p e rfo rm e d  on 
p a r a ly z e d ,  b a r b i t u r a t e - a n e s t h e t i z e d  a d u l t  c a t s .  P e r ip h e r a l  
r e c e p t iv e  f i e l d s  w ere s t im u la te d  u s in g  h a n d -h e ld  p r o b e s ,  and 
s t i m u l a t i n g  e l e c t r o d e s  w ere p o s i t io n e d  in  th e  m ed ia l le m n isc u s  
(ML), th e  v e n t r o p o s t e r o l a t e r a l  n u c le u s  o f  th e  th a la m u s  (V PL), 
and c o r t i c a l  a r e a  S I I .

G la s s - c o a te d  tu n g s te n  m ic r o e l e c t r o d e s  w ere u se d  f o r  
e x t r a c e l l u l a r  r e c o r d in g s ,  and s m a l l  m ic r o le s io n s  w ere made 
d u r in g  th e  e x p e r im e n ts  to  p e rm it  l o c a l i z a t i o n  o f  th e  re c o rd e d  
n e u ro n s .  L a y e rs  I I I ,  IV and V c o n ta in e d  th e  h ig h e s t  p e rc e n ta g e  
o f  n e u ro n s  w ith  c u ta n e o u s  r e c e p t iv e  f i e l d s  (54% ), and l a y e r  VI 
c o n ta in e d  th e  lo w e s t  p e rc e n ta g e  (29% ). O rth o d ro m ic  l a t e n c i e s  
f o l lo w in g  VPL s t i m u l a t i o n  w ere s i m i l a r  f o r  n e u ro n s  i n  a l l  
l a y e r s  e x c e p t  l a y e r  I I ,  i n  w hich  n e u ro n s  w ere a c t i v a t e d  a t  
s i g n i f i c a n t l y  lo n g e r  l a t e n c i e s  ( p < .0 0 1 ) .  The l a t e n c y  o f  
a c t i v a t i o n  o f  l a y e r  I I  n e u ro n s  fo llo w in g  s t i m u l a t i o n  o f  S I I  was 
a l s o  s i g n i f i c a n t l y  l o n g e r  th a n  f o r  n e u ro n s  o f  th e  o t h e r  l a y e r s  
( p < .0 5 ) .

I n t r a c e l l u l a r  r e c o r d in g s  w ere made w i th  g l a s s  m ic r o p ip e t te s  
f i l l e d  w i th  HRP. A f t e r  d e te r m in in g  th e  r e c e p t iv e  f i e l d  
c h a r a c t e r i s t i c s  and re s p o n s e s  to  e l e c t r i c a l  s t i m u l a t i o n  by 
e x t r a c e l l u l a r  r e c o r d in g ,  th e  n e u ro n s  w ere p e n e t r a te d   and 
s ta i n e d  by i o n to p h o r e s i s  o f  HRP. The r e s u l t s  o f  th e s e  
e x p e r im e n ts  w ere su p p le m e n te d  by o t h e r s  in  w hich  i s o l a t e d  
n e u ro n s  w ere l a b e l e d  by e x t r a c e l l u l a r  i o n to p o r e t i c  I n j e c t i o n s  
o f  HRP i n t o  a r e a s  3 a , 3b o r  1 . T hese  i n j e c t i o n s  w ere p ro c e s s e d  
by th e  c o b a l t - i n t e n s i f i e d  DAB m eth o d , and r e s u l t e d  i n  c o m p le te  
f i l l i n g  o f  a num ber o f  n e u ro n s  a d ja c e n t  to  th e  i n j e c t i o n  s i t e .  
The r e s u l t s  o f  b o th  i n t r a c e l l u l a r  and e x t r a c e l l u l a r  l a b e l in g  
e x p e r im e n ts  r e v e a l e d  a l a m i n a r - s p e c i f i c  o r g a n i z a t i o n  o f  a x o n a l  
a r b o r i z a t i o n  w i t h i n  a r e a  3 b .  I n  a d d i t i o n  to  t h i s  
l a m i n a r - s p e c i f i c  o r g a n i z a t i o n ,  a num ber o f  s t a i n e d  n e u ro n s  s e n t  
ax o n s to  o t h e r  a r e a s  o f  SI o r  to  m o to r c o r t e x .  In  some c a s e s  
t h e s e  p r o j e c t i n g  axon c o l l a t e r a l s  t r a v e l e d  e x c lu s i v e l y  w i th in  
th e  g ra y  m a t t e r  f o r  d i s t a n c e s  a s  lo n g  a s  4 mm. Two ex am p les  
w ere s e e n  in  w hich  ax o n s a r i s i n g  from  a r e a  1 n e u ro n s  gave r i s e  
to  c o l l a t e r a l  p r o j e c t i o n s  to  a r e a  3a a s  th e y  t r a v e l e d  to  a r e a  
4 .

S u p p o rte d  by NIH g r a n t s  F32 NS 07650 and NS 22 3 1 7 .

386.6  THALAMIC PROJECTIONS TO THE POSTERIOR PARIETAL CORTEX IN RHESUS 
MONKEY. Jerem y D. Schmahmann * and Deepak N. P an d y a . 
D e p a r tm e n ts  o f  Anatomy and N e u ro lo g y , B o s to n  U n iv e r s i ty  S choo l 
o f M e d ic in e , B o s to n , MA 02118 and E d i th  N ourse  R ogers M em orial 
V e te ra n s  H o s p i ta l ,  B e d fo rd , MA 01730 .

T h a la m o c o r t ic a l  c o n n e c t io n s  o f  rh e s u s  monkey s u p e r i o r  (SPL) 
and i n f e r i o r  (IP L ) p a r i e t a l  lo b u le  w ere i n v e s t i g a t e d  in  te n  
h e m is p h e re s  u s in g  WGA-HRP.

R o s t r a l  IPL r e c e i v e s  a f f e r e n t s  from  p u lv in a r  o r a l i s  (P O ), 
c a u d a l  IPL from  p u lv in a r  m e d ia l i s  (PM ), and c a u d a lm o st IP L , 
a r e a  O p t, from  PM a s  w e l l  a s  l a t e r a l  d o r s a l  n u c le u s  (L D ). In  
a d d i t i o n ,  r o s t r a l  and c a u d a l  IPL r e c e iv e  p r o j e c t i o n s  from  th e  
d o r s o - m e d ia l  (DM) and in t r a l a m in a r  n u c l e i  m e d ia l l y ,  and th e  
l a t e r a l  p o s t e r i o r  (LP) and v e n t r o l a t e r a l  (VL) n u c l e i  l a t e r a l l y .

The l a t e r a l  p o s t e r i o r  n u c le u s  p r o v id e s  m ost o f  th e  
p r o j e c t i o n  to  SPL, i n c lu d in g  th e  l a t e r a l  and m e d ia l  c o r t i c e s  
and th e  i n t r a p a r i e t a l  s u lc u s .  A d d i t io n a l ly ,  th e  a r e a  o f  SPL on 
th e  c o n v e x ity  o f  th e  h e m isp h e re  i s  c o n n e c te d  to  PO, DM and 
i n t r a l a m in a r  n u c l e i  m e d ia l l y ,  and to  VL l a t e r a l l y .  The m e d ia l  
SPL, a r e a  PGm h o w ev er, r e c e iv e s  o n ly  o c c a s io n a l  p r o j e c t i o n s  
from  th e s e  o th e r  n u c l e i .

T hese r e s u l t s  i n d i c a t e  t h a t  th e  m ain  l i n e  o f  p r o j e c t i o n  from  
th a la m u s  to  IPL i s  d e r iv e d  from  th e  PO, PM and LD n u c l e i ,  and 
to  SPL from  th e  LP n u c le u s .  T hese  m ain  p r o j e c t i o n s  a r e  f la n k e d  
m e d ia l l y  by c o n n e c t io n s  from  DM and in t r a l a m in a r  n u c l e i ,  and 
l a t e r a l l y  by th e  VL and LP ( t o  IPL) and VL n u c le i  ( t o  SPL).

S u p p o rte d  in  p a r t  by NIH t r a i n i n g  g r a n t  T32 NS07152 (JDS) 
and  NIH 16841 ( DNP).

386.7  POSTNATAL REGRESSIVE CHANGES IN THALAMIC PROJECTIONS TO SOMATIC 
SENSORIMOTOR CORTEX OF THE MACAQUE: A QUADRUPLE FLUORESCENT DYE 
TRACER STUDY. S .S . Cheem a, I . D a r ia n -S m ith ,  C. D a r ia n -S m ith * ,  a n d 
A.W, Goodw in. Anatomy D e p t,  U n iv . o f  M e lb o u rn e , A u s t r a l i a ,  3052.

P r e -  and  p o s t - n a t a l  r e g r e s s iv e  p r o c e s s e s  h a v e  a  d e te r m in a n t  
r o l e  i n  t h e  d e v e lo p m en t o f  th e  n e u ro n a l  c i r c u i t r y  o f  th e  m a tu re  
b r a i n .  R e tro g ra d e  l a b e l i n g  o f  n e u ro n s ,  u s in g  d i f f e r e n t  t r a c e r s  
i n j e c t e d  i n t o  a d ja c e n t  zo n es  o f  c o r t e x ,  a l lo w s  th e  i d e n t i f i c a t i o n  
o f  t h e  e x te n t  o f  t h e  c o l l a t e r a l  b r a n c h in g  o f  t h e s e  c e l l s .  We h av e  
vised t h i s  p r o c e d u re  t o  fo l lo w  p o s t n a t a l  ch a n g es  i n  t h e  th a la m o 
c o r t i c a l  n e u ro n  p o p u la t io n s  p r o j e c t i n g  to  th e  s o m a t ic  s e n s o r im o to r  
c o r t e x  o f  t h e  m acaque.

The han d  r e p r e s e n ta t i o n  i n  th e  s e n s o r im o to r  c o r t e x  o f  7 mac
a q u e s ,  ag ed  2 d ay s  to  5 y e a r s ,  w ere  e a ch  i n j e c t e d  w i th  4 f l u o r e s 
c e n t  d y e s  ( f a s t  b l u e ,  d ia m id in o  y e llo w , rh o d am in e  l a t e x  m ic ro 
s p h e r e s ,  and  E vans b l u e ) .  The c o r t i c a l  s i t e s  i n j e c t e d  w ere  a t  th e  
r o s t r a l  and  c a u d a l  l i p s  o f  th e  p o s t c e n t r a l  g y r u s ,  i n  p r e c e n t r a l  
m o to r  c o r t e x ,  and  i n  th e  p o s t - a r c u a t e  a r e a .  A f t e r  12 to  16 day s  
th e  th a la m ic  s i t e s  o f  f l u o r e s c e n t ,  r e t r o g r a d e ly  l a b e l e d  c e l l s  w ere  
p l o t t e d  u s in g  a  c o m p u te r - l in k e d  m ic ro sc o p e  d i g i t i z e r .

In  th e  a d u l t  m acaque th o s e  n e u ro n s  p r o j e c t i n g  to  a r e a s  3b and 
1 w e re  m a in ly  w i t h in  VPL, b u t  some w ere  i n  th e  a n t e r i o r  p u l v in a r .  
C e l l s  p r o j e c t i n g  to  a r e a s  2 and  5 w e re  i n  t h e  a n t e r i o r  p u lv in a r  
and  i n  LP. C e l l s  p r o j e c t i n g  to  a r e a  4 w ere  m a in ly  w i t h in  VLp ( f o r  
te rm in o lo g y  s e e  J o n e s :  The T h a lam u s, P lenum , 1 9 8 5 ) , and  th o s e  p ro 
j e c t i n g  to  a r e a  6 w ere  m ore a n t e r i o r  i n  VLa. A lth o u g h  t h e r e  was 
c o n s id e r a b l e  i n te r m i n g l i n g  o f  n e u ro n s  w i th  d i f f e r e n t  c o r t i c a l  p ro 
j e c t i o n s ,  d o u b le - l a b e l e d  c e l l s  w e re  r a r e ,  c o n f i rm in g  ( a )  t h a t  th e  
i n j e c t i o n s  o f  t h e  d i f f e r e n t  d y es  d id  n o t  o v e r l a p ,  and  (b ) t h a t  th e  
c o r t i c a l  t e r m in a t io n s  o f  t h e s e  c e l l s  w ere  q u i t e  r e s t r i c t e d .

In  t h e  new born monkey many th a l a m o c o r t i c a l  n e u ro n s  h a d  l o c a l 
i z e d  c o r t i c a l  t e r m in a t io n s  a s  i n  t h e  a d u l t .  H ow ever, up to  25% o f  
c e l l s  i n  some r e g io n s  w e re  d o u b l e - l a b e l e d ,  i n d i c a t i v e  o f  w id e ly  
d i s t r i b u t e d  c o r t i c a l  e n d in g s .  The comm onest c o l l a t e r a l  p r o j e c t 
io n s  w e re  ( a )  t o  a r e a s  4 and  6 ,  (b ) 3 b / 1 and 2 . A few  n e u ro n s  
w i th  w id e ly  s e p a r a te d  t e r m in a t io n s  i n  p r e -  and  p o s t - c e n t r a l  g y r i  
w e re  a l s o  s e e n .  A t 12 w eeks a f t e r  b i r t h  n e u ro n s  w i th  e x te n s iv e  
c o l l a t e r a l  b r a n c h in g  w e re  s t i l l  p r e s e n t  b u t  re d u c e d  in  n u m b er, b u t  
b y  6 m onths h ad  l a r g e l y  d i s a p p e a re d .

In  sum m ary, i n  th e  new born m acaque s u b s t a n t i a l  num bers o f  
t h a l a m o c o r t i c a l  n e u ro n s  p r o j e c t  w id e ly  to  d i f f e r e n t  p a r t s  o f  th e  
s e n s o r im o to r  c o r t e x ,  b u t  by  6 m onths t h i s  d i s t r i b u t i o n  i s  q u i t e  
r e s t r i c t e d .  I t  f o l lo w s  t h a t  a  s e l e c t i v e  e l i m in a t i o n  o f  th a la m o 
c o r t i c a l  c o n n e c t io n s  m ust o c c u r  p o s t n a t a l l y ,  a  p r o c e s s  t h a t  may 
r e l a t e  t o  th e  c o in c id e n t  d e v e lo p m en t o f  m anual s k i l l s .

S u p p o r te d  by  NH&MRC A u s t r a l i a ,  I a n  P o t t e r ,  J a c k  B r o c k h o f f ,  and 
A u s t r a l i a n  B ra in  F o u n d a t io n s .

386.8 CAN SI CUTANEOUS NEURONS PROVIDE A KINESTHETIC SIGNAL? 
Dan A.D. Cohen & J .F . K alaska, C en tre  de  R ech erch e  en  S ciences  
N eu ro log iques , U n iv e rs ite  de  M ontreal, M ontreal, Que . H3C 3J7.

E xperim en ts  s u g g e s t  th a t  k in e s th e tic  se n s a tio n s  o f po s itio n  and  
m ovem ent a r is e  p rim arily  from  p ro p rio c e p tiv e  in p u t . While r e c o rd 
in g s  show  th a t  c e r ta in  c u ta n e o u s  r e c e p to r s  ca n  s ig n a l jo in t an g le  
c h a n g e s , c u ta n e o u s  in p u t is  u su a lly  a t t r ib u te d  a  m inor ro le  a t  best. 
S ince  g a t in g  a n d  o th e r  c e n tra l  m odu la to ry  m echanism s cou ld  a l te r  
th is  a s c e n d in g  c u ta n e o u s  in p u t , p e r ip h e ra l s tu d ie s  c a n n o t p rov ide  
d e f in itiv e  a n s w e rs  to  th e  k in e s th e tic  p o te n tia l o f c u ta n e o u s  a ffe re n t 
s ig n a ls . We s tu d ie d  a re a  3b & 1 ce lls  w ith  c u ta n e o u s  RFs, to  d e te r 
mine w h e th e r  th e ir  a c tiv i ty  d u r in g  norm al limb m ovem ents con tained  
p o te n tia l k in e s th e tic  in fo rm ation . We re c o rd e d  s e v e ra l h u n d re d  
s in g le  c e lls  in  2 m onkeys w hile th e y  made re a c h in g  m ovem ents of 
th e  arm  in  8 d ire c tio n s  aw ay from  a  c e n tra l  s ta r t in g  p o sition . Cells 
had  RFs on  all s u r fa c e s  o f th e  arm  proxim al to  th e  w ris t. Many 
cu ta n e o u s  ce lls  w ere  n o t a c tiv e  in  th e  ta s k  b u t  re sp o n d e d  in ten se ly  
w hen  we s tim u la ted  m echan ically  th e ir  RF d u r in g  th e  m ovem ents. 
O th e r ce lls  em itted  g ra d e d  c h a n g e s  in  a c tiv i ty  w ith  m ovem ents in  
d if fe re n t  d ire c tio n s . In  m ost c a se s , th e s e  re s p o n s e s  w ere  muoh 
w eak e r th a n  th e  a c tiv i ty  r e s u lt in g  from  s ta n d a rd  ta c ti le  s tim u
la tio n  o f th e i r  RF. RF location  a ffe c te d  th e  p ro b a b ility  a n d  in te n 
s i ty  o f re s p o n s e  d u r in g  m ovem ent. We fo u n d  d if fe re n c e s  betw een  
ce lls  re c e iv in g  h a ir  v s . " sk in "  in p u t . "H air" ce ll re s p o n s e s  d u r in g  
m ovem ent te n d e d  to  be m ore in te n s e  a n d  w ere  u su a lly  ex c ita to ry . 
T h is a c tiv i ty  w as ca u se d  b y  b ru s h in g  o f h a i r s  a g a in s t o th e r  p a r ts  
o f th e  body  o r  by  b e n d in g  o f h a irs  in  th e  RF a s  th e  arm  chan g ed  
p o s tu r e  d u r in g  m ovem ent. Cells re c e iv in g  s lo w ly -ad a p tin g  " sk in "  
in p u t  w ere  g e n e ra lly  le ss  a c tiv e  a l th o u g h  some SA s k in  ce lls  
s e n s it iv e  to  la te ra l  s k in  s t r e t c h  w ere  v e ry  a c tiv e  d u r in g  c e r ta in  
m ovem ents. R ap id ly -a d a p tin g  s k in  ce lls  w ere  re la tiv e ly  in a c tiv e . 
I n h ib i to ry  re s p o n s e s  w ere  m ore common th a n  fo r  h a ir  ce lls , so  th a t 
s k in  ce lls  f r e q u e n t ly  had  a  re c ip ro c a l re la tio n  to  m ovem ents in  
o p p o s ite  d ire c tio n s . T hese  m ovem ents w ere  su c h  th a t  sk in  s u r fa c e s  
from  d if fe re n t  p a r t s  o f th e  limb an d  body  r a r e ly  came in to  d ire c t 
c o n ta c t w ith  ea ch  o th e r . T h u s , th e  a c tiv i ty  o f s k in  ce lls  m ost 
lik e ly  p a ra lle ls  th e  re s p o n s e  o f p e r ip h e ra l n o n -h a ir  cu ta n e o u s  
re c e p to r s  to  th e  m echanical defo rm ation  o f th e  s k in  ca u se d  by  
ch a n g e s  in  th e  p o s tu re  o f th e  limb d u r in g  m ovem ent. O verall, sk in  
ce ll a c tiv i ty , a lth o u g h  o f low er in te n s ity , p ro v id e s  a  m ore 
u n b ia se d  s ig n a l a b o u t d ire c tio n  o f m ovem ent a n d  limb positio n  
th a n  d oes  h a ir  ce ll a c tiv i ty . T h u s , th e r e  e x is ts  in  a re a s  3b 
& 1 d u r in g  limb m ovem ent a  p a t te rn  o f m ainly lo w -in te n s ity  c u ta n 
eo u s  a c tiv i ty  w hich  v a r ie s  in  a  m ean ing fu l fash io n  w ith  limb move
m ents. N ev e rth e le s s , SI p ro p rio c e p tiv e  n e u ro n s  w ere  m uch more 
a c tiv e  o v e ra ll th a n  cu ta n e o u s  ce lls  d u r in g  th e  sam e m ovem ents, 
s u p p o r t in g  th e ir  p red o m in an t ro le  in  k in e s th e s ia . T h is  w ork  
s u p p o r te d  b y  MRC G ran t MT-7693.
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386.9 RESPONSES IN PRIMARY SOMATOSENSORY CORTEX (SI) DURING ACTIVE 
TOUCH IN PRIMATES. R. S inc la ir*  and H. Burton. Dept. of 
Anatomy & Neurobiology, Washington Univ . Sch. Med., S t. Louis, 
MO 63110

The responses of SI c o r tic a l  neurons were examined during an 
ac tiv e  touch task  involving tex tu red  su rfaces. A Macaca Fascicu- 
la r i s  was tra in ed  to  stroke h is hand, from an extended to  re 
trac te d  p o sitio n , over a tex tured  N yloprint surface within a 
sp ec ified  range of ve loc ity  and fo rce. Eight t a c t i l e  blocks, 
covered with 2 of 5 possib le  tex tu red  (ridged) surfaces (smooth, 
10% Ridge/Groove ra tio s  fo r 1500 and 3050 μm, and 50% R/G for 
3050), were presented in pseudo-random sequence. During the 
stro k es, each t a c t i l e  block rested  on a d ig ita l  scale  to  measure 
fo rce . To begin a t r i a l ,  the animal put h is  hand in a s t ir ru p  
th a t r e s t r ic te d  finger placement on the su rfaces. The s t ir ru p  
swung a t the end of a rod connected to  a potentiom eter used to 
measure p o sitio n . Neuronal a c tiv ity  was recorded through a 
chronic s ta in le s s  s te e l  chamber implanted over the l e f t  SI area; 
tran sd u ra l recordings were made with g lass-coated  P t - I r  e lec
tro d es . Receptive f ie ld  and minimum punctate force threshold  
were determined using S to e ltin g  Von Frey h a irs . Impulse timing 
was sto red  with analog samples of stroke ve loc ity  and force on a 
PDP 11/34 fo r subsequent an a ly sis .

C ertain response p a tte rn s  emerged from our curren t sample of 
38 sing le  u n its  (s ) ,  and 24 c lu s te rs  (c ). Most c e lls  studied 
(3 is /22c) showed an increased f i r in g  ra te  during the stroke as 
opposed to  the time between s tro k es. The sample is  strongly 
b iased toward c e l ls  th a t respond during the stroke . Unless the 
recep tive  f ie ld  was cutaneous and in contact with the surfaces, 
there  was no evidence of responses to  strok ing . Two c e lls  (2s) 
responded only to  the bump formed by a middle contact s t r ip .  
Other c e l ls  ( 10s/9c) showed th is  bump response as well as re 
sponding during contact with the su rfaces. Another subset of 
c e lls  ( 1 is ,13c) responded to  surfaces with ridges of any sp a tia l  
period , but did not respond to  smooth su rfaces. Other c e lls  
(7s,1c) responded only when smooth surfaces were contacted. 
These la s t  2 response p a tte rn s  were often  recorded in  the same 
v ic in i ty . Response magnitudes fo r another group of c e lls  (6s,5c) 
were p roportiona l to  sp a tia l  period (roughness). A d if fe re n tia l  
(co n trast) response was seen in 3 c e lls  (2s,1c) th a t depended on 
the s p a t ia l  period of the preceding or follow ing surface . Re
sponses to  a smooth su rface , fo r example, were g rea ter i f  p re
ceded by a rough surface than i f  by a smooth surface .

These re s u lts  from SI cortex during active  touch revealed 
neuron types not previously noted with passive stim u la tion . 
These include c e l ls  with co n tra st e f fe c ts , c e l ls  with o ff re 
sponses to  tex tured  s tim u li, and c e lls  with responses co rrela ted  
with the s p a tia l  period of the su rface . NINCDS Grant #NS0989

386.10 THE RESPONSIVITY OF S -I CORTICAL NEURONS CHANGES 
SYSTEMATICALLY WITH REPETITIVE TACTILE STIMULATION. M. 
Diamond*, O. Favorov* , M. Tommerdahl* , D. K elly* & B. 
W hitse l. Departments of Physiology & M athematics, U n ive rsity  
o f North C aro lina , Chapel H i l l ,  NC 27514.

E x tra c e l lu la r  re co rd ings of th e  response of s in g le  S-I 
neurons to  r e p e t i t iv e  c o n tro lle d  t a c t i l e  s t im u li were 
ob tained  from monkeys and c a ts .  Two modes of t a c t i l e  s tim u li 
were used: i)  u n id ire c t io n a l , s u r f a c e -p a ra l le l ,  co n stan t 
v e lo c ity  brush ing  s t im u li - - -  each s tro k e  across th e  skin  
regarded as a s in g le  stim u lus r e p e t i t io n ;  and i i )  t r a in s  of 
in te rm it te n t  v e r t i c a l  displacem ent s t im u li - - -  each t r a in  of 
s in u so id a l d isp lacem ents regarded as a s in g le  stim ulus 
r e p e t i t io n .  Ten to  200 stim u lus r e p e t i t io n s  were d e liv e red  
in  each run . For th e  b rushing s t im u li ,  th e  stim ulus 
param eters th a t  were v a rie d  in  d i f f e r e n t  runs included 
v e lo c i ty , t r a v e rs e  len g th , d i r e c tio n ,  and in te rs tim u lu s  
in te rv a l  ( I S I ) . For th e  v e r t i c a l  displacem ent s t im u li  the  
param eters v a r ie d  were in d en ta tio n  am plitude, t r a in  d u ra tio n , 
and IS I (th e  in te rv a l  between t r a i n s ) .

The d a ta  in d ic a te  th a t  s in g le  som atosensory c o r t ic a l  
neurons fre q u en tly  show a change in  re sp o n s iv ity  (e x h ib it  a 
" tre n d ” ) in  th e  course o f r e p e t i t iv e  n a tu ra l  s tim u la tio n . 
The tre n d s  ex h ib ited  by a g iven S -I neuron a re : i)  h igh ly  
rep ro d u c ib le - - - determ ined by perform ing s e r ie s  of id e n tic a l  
stim u lus runs extending over se v e ra l hours, i i )  
s t im u lu s -s p e c if ic - - - rev ea led  b y  th e  f a c t  th a t  a neuron can 
e x h ib it  r a d ic a l ly  d i f f e r e n t  tren d s  when d i f f e r e n t  stim ulus 
param eters a re  used, and i i i )  e x q u is ite ly  s e n s i t iv e  to  
system ic ad m in is tra tio n  of su b an esth e tic  doses of a v a r ie ty  
of gen era l a n e s th e tic s  as w ell as c l i n i c a l l y  e f f e c tiv e  doses 
of c e n tr a l  d e p ressan ts .

When th e  same stim u lus co n d itio n s  a re  used fo r  a l l  the  
neurons sampled in  th e  course o f a s in g le  m icroelectrode  
p e n e tra t io n , neurons which e x h ib it  s im ila r  tre n d  behavior 
occur in  groups. P e n e tra tio n s  p a r a l le l  to  th e  p ia l  su rface  
re v ea l th a t  such " tren d  groups" correspond to  agg regates of 
c o r t i c a l  columns approxim ately 350 to  750 m icrons in  
d iam eter. We b e lie v e  th a t  an a n a ly s is  o f tren d  behav ior may 
rev ea l th e  form ation o f an ex ten siv e  p a tte rn  o f columns, some 
which have t h e i r  re sp o n s iv ity  enhanced as th e  stim u lus is  
rep ea ted , w hile o th e rs  experience a p ro g re ss iv e  re d u c tio n  in  
re sp o n s iv ity  to  th e  same s tim u lu s. We a re  in te r e s te d  in  i) 
d e fin in g  how neurons belonging to  th e  same o r d i f f e r e n t  tren d  
groups in te r a c t  w ith each o th e r , i i )  determ ining i f  such 
in te r a c t io n s  lead  to  th e  form ation o f fu n c tio n a l c o r t ic a l  
columns, i i i )  determ in ing  i f  th e  tren d  group p a tte rn  is  
re la te d  to  th e  p a tte rn  o f m etabolic  a c t iv i ty  which i s  evoked 
in  S -I by r e p e t i t iv e  t a c t i l e  s tim u la tio n , and iv) a ssess in g  
w hether th e  form ation of th ese  hypothesized fu n c tio n al 
columns i s  s e n s i t iv e  to  agen ts and m anipu lations known to  
in flu en ce  th e  som atosensory c a p a c i t ie s  o f man.

Supported in  p a r t  by NIH g ran t NS10865 and by ONR C ontract 
N00014-86-K-0093.

386.11 ROLE OF KINETIC AND STATIC CUES IN HUMAN SUBJECTS' 
EVALUATION OF DIRECTION OF CUTANEOUS STIMULUS MOTION. 
G .K .E s s ic k *  a n d  M .H .M c G u ire * (SPON: W. M a i x n e r ) . D e n t .  
R e s .  C n t r . , U n iv .  o f  N .C . ,  C h a p e l  H i l l ,  N .C . 27514

P s y c h o p h y s i c a l  e x p e r i m e n t s  w e re  c o n d u c te d  t o  
d e t e r m i n e  w h e th e r  hum an s u b j e c t s '  c a p a c i t y  t o  e v a l u a t e  
d i r e c t i o n  o f  t a c t i l e  m o t io n  i s  b a s e d  o n  k i n e t i c  ( i . e . ,  
v e l o c i t y )  a n d / o r  s t a t i c  ( i . e . ,  p o s i t i o n a l )  c u e s .  A 
s e r v o m o t o r  w as  u s e d  t o  a p p l y  c o n s t a n t  v e l o c i t y  
b r u s h i n g  s t i m u l i  t o  t h e  s k i n  o v e r l y i n g  t h e  m a n d ib l e .  
T he s t i m u l i  w e re  a p p l i e d  t h r o u g h  a n  a p e r t u r e  i n  a  
t e f l o n  p l a t e  w h ic h  l i g h t l y  c o n t a c t e d  t h e  s k i n .  A 
c o m p le t e  f a c t o r i a l  d e s i g n  w as u s e d  t o  d e t e r m i n e  t h e  
e f f e c t s  o n  d i r e c t i o n a l  s e n s i t i v i t y  ( d ' )  o f  t h r e e  
p a r a m e t e r s :  ( i )  s t i m u l u s  v e l o c i t y ,  ( i i )  t h e  w id th  o f  
s k i n  c o n t a c t e d ,  a n d  ( i i i )  t h e  l e n g t h  o f  s k i n  
t r a v e r s e d .  To r e d u c e  t h e  a v a i l a b i l i t y  o f  k i n e t i c  c u e s  
a  " s l o t t e d "  a p e r t u r e  ( c o n s i s t i n g  o f  tw o  s l i t - l i k e  
o p e n i n g s  e a c h  .2 5  cm w id e ,  s e p a r a t e d  b y  a  d i s t a n c e  o f  
1 cm) w as  e m p lo y e d  i n  som e e x p e r i m e n t s .

D a ta  o b t a i n e d  f ro m  4 s u b j e c t s  who w e re  s t u d i e d  
u s i n g  a  c o n t i n u o u s l y  o p e n  a p e r t u r e  i n d i c a t e  t h a t  d '  i s  
o p t i m a l  w h e n e v e r  s t i m u l u s  v e l o c i t y  i s  6 c m /s e c .  
M o re o v e r ,  f o r  c o n t i n u o u s  m o t io n  a t  v e l o c i t i e s  b e tw e e n  
2 -1 6  c m /s e c ,  d '  i n c r e a s e s  a s  t h e  w id th  o f  s k i n  
c o n t a c t e d  i s  i n c r e a s e d ,  r e f l e c t i n g  s p a t i a l  s u m m a tio n  
o f  k i n e t i c  c u e s .  I n  t h o s e  e x p e r i m e n t s  u s i n g  t h e  
s l o t t e d  a p e r t u r e ,  t h e  d '  v a l u e s  w e re  f o u n d  t o  
a p p r o x i m a t e  t h o s e  o b t a i n e d  w i t h  t h e  1  cm lo n g  
c o n t i n u o u s l y  o p e n  a p e r t u r e ,  e x c e p t  w hen  t h e  v e l o c i t y  
o f  s t i m u l a t i o n  w as  b e tw e e n  4 -1 6  c m /s e c .  W i th in  t h i s  
v e l o c i t y  b a n d  t h e  d '  v a l u e s  o b t a i n e d  w i t h  t h e  s l o t t e d  
a p e r t u r e  w e re  l e s s  t h a n  t h o s e  o b t a i n e d  w i t h  t h e  1 cm 
lo n g  c o n t i n u o u s l y  o p e n  a p e r t u r e .  T h i s  d i f f e r e n c e  i n  
d i r e c t i o n a l  s e n s i t i v i t y  i s  i n t e r p r e t e d  t o  r e f l e c t  t h e  
l o s s  o f  k i n e t i c  c u e s  w h e n e v e r  t h e  s l o t t e d  p l a t e  i s  
e m p lo y e d .

T h e s e  p r e l i m i n a r y  r e s u l t s  s u g g e s t  t h a t  hum an 
s u b j e c t s  u s u a l l y  b a s e  t h e i r  r e p o r t  o f  s t i m u l u s  
d i r e c t i o n  o n  p o s i t i o n a l  c u e s  w h e n e v e r  t h e   s k i n  
o v e r l y i n g  t h e  m a n d ib le  i s  t e s t e d .  H o w e v e r , k i n e t i c  
c u e s  a p p e a r  t o  c o n t r i b u t e  t o  t h e  c a p a c i t y  w h e n e v e r  t h e  
s t i m u l i  m ove a t  v e l o c i t i e s  b e tw e e n  4 -1 6  c m /s e c .  I n  
c o n c l u s i o n ,  i t  a p p e a r s  t h a t  t h e  n e u r a l  m e c h a n ism  
u n d e r l y i n g  s u b j e c t s '  a n a l y s i s  o f  d i r e c t i o n  o f  
c u t a n e o u s  m o t io n  i n v o l v e s  b o t h  s t a t i c  a n d  k i n e t i c  
c h a n n e l s .

S u p p o r t e d ,  i n  p a r t ,  b y  NIH G r a n t s  NS10 8 6 5  a n d  b y  
D E 02668 .

386.12 A MODEL FOR TACTILE LETTER RECOGNITION. K.H. Fasman, J .R . 
P h i l l ip s  and K.O. Johnson . Bard L a b o ra to r ie s  of 
N europhysio logy, Johns Hopkins Univ. Sch. o f Med., B a ltim o re , MD 
21205.

A model o f s p a t i a l  p a t te rn  re c o g n itio n  in  th e  som atosensory 
system  was in v e s t ig a te d .  This model r e l a te s  th e  n e u ra l r e p re 
s e n ta t io n  of l e t t e r s  of th e  a lp h ab e t p re sen ted  to  the  sk in  to  
human l e t t e r  re c o g n itio n  perform ance (e g . p e rce n t c o r re c t  iden
t i f i c a t i o n ,  p a t te rn  o f con fusion  between l e t t e r s ) .  The core  of 
th e  model i s  a d e c is io n  p rocedure which compares a r e p re s e n ta 
t io n  of th e  s tim u lu s  w ith  a c o l le c t io n  o f 26 tem p la tes  s to re d  
in  memory and d eterm ines  th e  a p p ro p r ia te  resp o n se . This p rocess 
was exp lo red  from bo th  th e  n eu ro p h y s io lo g ic a l in p u t and psycho
p h y s ic a l o u tp u t ends . P sychophysical r e s u l t s ,  summarized in  
con fusion  m a tr ic e s , were used to  in f e r  th e  r e l a t i v e  s im i la r i ty  
o f th e  in t e r n a l  te m p la te s . L e t te r  re p re s e n ta t io n s  based on 
n eu ro p h y s io lo g ic a l d a ta  were a lso  used to  in f e r  the r e l a t i v e  
lo c a t io n  o f th e  te m p la te s , and th e reb y  p re d ic t  psychophysica l 
perform ance.

The n e u ra l l e t t e r  r e p re s e n ta t io n s  a re  d is t r i b u te d  p a t te rn s  
of a c t i v i t y  in  th e  th re e  m echanoreceptor p o p u la tio n s  of p rim ate 
g lab ro u s  sk in  re c o n s tru c te d  from s in g le  f ib e r  re c o rd in g s . 
L e t te r  r e p re s e n ta t io n s  were a ls o  o b ta in ed  from e x t r a c e l lu la r  
s in g le  u n i t  re c o rd in g s  in  a re a s  3b and 1 o f macaque somato
senso ry  c o r te x . Each o f th e se  n e u ra l l e t t e r  re p re s e n ta tio n s  
was then  conve rted  to  a v e c to r  in  a m u ltid im ensiona l space 
to  se rv e  as in p u t fo r  th e  d e c is io n  p ro c e s s . In n er p roducts 
between a l l  p a i r s  o f l e t t e r  v e c to rs  were c a lc u la te d  and used 
to  p ro je c t  th e se  v e c to rs  in to  26 d im ensions. The in te r n a l  
te m p la te s  fo r  th e  26 l e t t e r s  were a l s o re p re se n te d  as p o in ts  
in  th i s  sp ace . These te m p la te s  were deriv ed  d i r e c t l y  from 
th e  s tim u lu s  l e t t e r  form s. A l te rn a t iv e ly ,  r e l a t i v e  tem p la te  
p o s i t io n s  were o b ta in ed  from n eu ro p h y s io lo g ic a l d a ta  o r psycho
p h y s ic a l l e t t e r  re c o g n itio n  s tu d ie s .

The go a l o f  t h i s  a n a ly s is  i s  to  ex tend p re se n t d ec is io n  
th e o r e t i c  models fo r  tw o -a l te rn a t iv e  fo rced -c h o ic e  experim ents 
to  th e  a n a ly s is  of m u ltid im en sio n a l d a ta . D ecision  ru le s  based 
on p ro x im ity  m easures (such  as  a n e a re s t-n e ig h b o r  r u le )  o r 
p a r c e l la t io n  o f th e  d e c is io n  space (a s  s ig n a l  d e te c tio n  theory  
does fo r  th e  one-d im ensional ca se )  were in v e s t ig a te d .

The p e r ip h e ra l  n e u ra l d a ta  fo r  t h i s  s tudy  were c o l le c te d  by 
S .S . H siao . S upported by NIH G ran ts GM07057 and NS18787.
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386.13 the neural transformation of scanned spatial  patterns in  the 
SOMATOSENSORY SYSTEM. S .S .  Hsiao*, J .R .  P h i l l i p s ,  and K.O. 
J o h n s o n . B ard  L a b o r a t o r ie s  o f  N e u ro p h y s io lo g y , Jo h n s  H opk ins 
U n iv e r s i ty  S ch o o l o f  M e d ic in e , B a l t im o re  Md. 21205

R a is e d  l e t t e r s  o f  th e  a lp h a b e t  r a n g in g  in  h e ig h t  from  2.0mm 
to  8.5mm and t e t r a g o n a l l y  sp a ce d  d o t  a r r a y s  ( d o t  s p a c in g s  from  
0.87mm to  6 .5  mm) w ere u sed  a s  s p a t i a l  s t i m u l i  in  an 
i n v e s t i g a t i o n  o f  th e  t r a n s f o r m a t io n  o f  s p a t i a l  p a t t e r n s  in  th e  
a s c e n d in g  so m a to s e n s o ry  p a th w a y s . The p a t t e r n s  w ere r e p e a t e d l y  
sc an n e d  a c r o s s  th e  monkeys f i n g e r  pad su ch  t h a t  th e  e n t i r e  
s u r f a c e  sc an n e d  th e  r e c e p t iv e  f i e l d  o f  a n e u ro n  in  s u c c e s s iv e  
sw e e p s . S in g le  u n i t  r e c o r d in g s  w ere made in  th e  p e r i p h e r a l  
a f f e r e n t s  in  th e  a n e s t h e t i z e d  monkey and in  a r e a s  1 and 3b in  S 1 
c o r t e x  o f  th e  awake m onkey. The r e s p o n s e s  from  e a c h  n eu ro n  w ere 
r e c o n s t r u c t e d  to  form  p l o t s  r e p r e s e n t i n g  th e  s p a t io - t e m p o r a l  
i n t e r a c t i o n  o f  th e  n e u ro n  w i th  t h e  em bossed  p a t t e r n s .  T hese  
s p a t i a l  e v e n t  p l o t s  w ere th e n  u sed  to  i n f e r  th e  n e u r a l  
t r a n s f o r m a t io n s  o c c u r r in g  in  th e  pa th w ay s l e a d in g  to w ard  s p a t i a l  
p a t t e r n  r e c o g n i t i o n .

Two s ta g e s  in  t h e  t r a n s f o r m a t io n  p r o c e s s  a r e  b e in g  
i n v e s t i g a t e d ;  th e  t r a n s f o r m a t io n  from  th e  em bossed p a t t e r n s  to  
th e  r e p r e s e n t a t i o n  in  th e  p r im a ry  a f f e r e n t s  and th e  
t r a n s f o r m a t io n  from  th e  p r im a ry  a f f e r e n t s  to  th e  c o r t i c a l  
r e p r e s e n t a t i o n s .  The p e r i p h e r a l  and c o r t i c a l  s p a t i a l  e v e n t  
p l o t s  a r e  c o n s id e r e d  a s  two d im e n s io n a l  t im e  v a ry in g  n e u r a l  
im ages t h a t  a r e  coded  in  p o p u la t i o n s  o f  i d e n t i c a l  n e u ro n s .  
T h ese  im ages a r e  i n p u t  to  th e  t r a n s f o r m a t io n  m odel w hich  
p r e d i c t s  th e  s u b s e q u e n t  l e v e l  o f  n e u r a l  r e p r e s e n t a t i o n .  
I n i t i a l l y  th e  t r a n s f o r m a t io n  i s  m odeled  a s  a l i n e a r  and p o s i t i o n  
i n v a r i a n t  t r a n s f e r  f u n c t i o n .  T h is  m odel i s  th e n  t e s t e d  by 
co m p arin g  a c tu a l  n e u r a l  r e s p o n s e s  from  th e  a lp h a b e t s  to  
p r e d i c te d  p a t t e r n s  g e n e ra te d  u s in g  th e  m o d el. D i f f e r e n c e s  
b e tw een  th e  a c tu a l  and p r e d i c te d  r e s p o n s e s  a r e  th e n  u sed  to  
m o d ify  th e  t r a n s f o r m a t io n  u n t i l  a  c lo s e  f i t  o c c u rs  b e tw een  th e  
p r e d i c t e d  p a t t e r n s  and th e  h ig h e r  n e u r a l  r e p r e s e n t a t i o n s .  The 
b a s ic  m odel u sed  f o r  th e  p e r i p h e r a l  t r a n s f o r m a t io n  c o n s i s t s  o f  
summing r e s p o n s e s  from  s p a t i a l l y  d i s t r i b u t e d ,  w e ig h te d  p o in t  
s p re a d  f u n c t i o n s .  T h is  summed r e s p o n s e  d e s c r i b e s  th e  s e n s i t i v i t y  
p r o f i l e  f o r  e a c h  o f  th e  p r im a ry  a f f e r e n t  ty p e s .

S u p p o rte d  by NIH G ra n ts  GM07057 and NS18787.

386.14  SOMATOSENSORY EVOKED POTENTIALS FOLLOWING SURGICAL EXCISION OF 
HUMAN SOMATOSENSORY OR MOTOR CORTEX. C .C . Wood, T . A l l i s o n ,  G. 
M cC arthy , D .D . S p e n c e r* , and P .D . W ill ia m s o n * , VA M e d ic a l C e n te r ,  
W est H aven, CT and Y a le  U n iv e r s i ty  S ch o o l o f  M e d ic in e , New H aven, 
CT 0 6 516 .

S t im u la t io n  o f  th e  m ed ian  n e rv e  a t  th e  w r i s t  e l i c i t s  a  s e r i e s  
o f  s o m a to s e n s o ry  evoked  p o t e n t i a l s  (SEPs) t h a t  can  b e  r e c o rd e d  
n o n in v a s iv e ly  from  th e  human s c a lp  and body s u r f a c e .  A lth o u g h  
c o n s id e r a b l e  p r o g r e s s  h a s  b een  made to w ard  i d e n t i f y i n g  th e  
g e n e r a t o r s  o f  t h e s e  p o t e n t i a l s ,  th e  s p e c i f i c  c y to a r c h i t e c t o n i c  
a r e a s  r e s p o n s i b le  f o r  c o r t i c a l  SEPs N 20-P30, P20-N 30, and  P25-N35 
re m a in  in  d i s p u t e .  I n  s c a lp  r e c o r d in g s ,  N20-P30 i s  l a r g e s t  a t  
p a r i e t a l  s i t e s  c o n t r a l a t e r a l  to  th e  m ed ian  n e rv e  s t i m u l a t e d ,  
P20-N30 i s  l a r g e s t  f r o n t a l l y ,  and P25-N35 i s  l a r g e s t  i n  th e  
p e r i - R o la n d ic  r e g io n .  SEPs w i th  s i m i l a r  m o rp h o lo g ie s  and l a r g e r  
a m p l i tu d e s  a r e  s e e n  i n  c o r t i c a l  s u r f a c e  r e c o r d in g s  d u r in g  s u rg e r y ,  
w i th  N20-P30 l a r g e s t  i n  th e  s o m a to se n so ry  han d  a r e a  on th e  
p o s t c e n t r a l  g y r u s ,  P20-N30 l a r g e s t  i n  th e  m o to r hand a r e a  on th e  
p r e c e n t r a l  g y r u s ,  and  P25-N35 l a r g e s t  on th e  p o s t c e n t r a l  g y ru s  in  
c lo s e  p r o x im ity  to  th e  c e n t r a l  s u l c u s .  Some i n v e s t i g a t o r s  ( e . g . ,  
D esm edt, P a p a k o s to p o u lo s )  h av e  p ro p o se d  t h a t  P20-N30 and N20-P30 
a r e  g e n e ra te d  by s e p a r a te  s o u r c e s ,  w i th  P20-N30 o r ig i n a t i n g  in  
m o to r o r  su p p le m e n ta ry  m o to r c o r t e x  and N20-P30 o r ig i n a t i n g  in  
s o m a to se n so ry  c o r t e x .  O th e rs  ( e . g . ,  B ro u g h to n , A l l is o n )  h av e  
p ro p o se d  t h a t  P20-N30 and N 20-P30 r e f l e c t  o p p o s i t e  s id e s  o f  th e  
same e q u iv a l e n t  d ip o le  s o u rc e  lo c a t e d  in  s o m a to se n so ry  a r e a  3b 
w h ic h , i n  hum ans, i s  l o c a t e d  on th e  p o s t e r i o r  bank  o f  th e  c e n t r a l  
s u l c u s .

To t e s t  t h e s e  a l t e r n a t i v e  h y p o th e s e s ,  we r e c o r d e d  s c a lp  and 
c o r t i c a l  s u r f a c e  SEPs f o l lo w in g  s u r g i c a l  e x c i s i o n  o f  so m ato sen so ry  
o r  m o to r c o r t e x  i n  two p a t i e n t s  u n d e rg o in g  s u rg e r y  f o r  r e l i e f  o f  
m e d ic a l ly  i n t r a c t a b l e  s e i z u r e s  o f  th e  hand  and arm . Removal o f  
t h e  s o m a to se n so ry  hand  a r e a  a b o l i s h e d  b o th  P20-N30 and N 20-P30, as 
w e l l  a s  P25-N 35 . T hese  r e s u l t s  h o ld  b o th  f o r  c o r t i c a l  s u r f a c e  
r e c o r d in g s  im m e d ia te ly  fo llo w in g  th e  e x c i s i o n s  and f o r  su b s e q u e n t  
s c a lp  r e c o r d in g s  fo llo w in g  a  p e r io d  o f  r e c o v e r y .  In  c o n t r a s t ,  a l l  
t h r e e  s e t s  o f  p o t e n t i a l s  w ere p r e s e n t  f o l lo w in g  rem o v a l o f  m o to r 
c o r t e x .

B ecau se  P20-N30 was p r e s e n t  fo l lo w in g  rem o v a l o f  th e  m o to r h a n d 
a r e a ,  i t  c a n n o t  be g e n e ra te d  i n  m o to r c o r t e x  ev en  th o u g h  i t s  
c o r t i c a l  s u r f a c e  a m p l i tu d e  i s  l a r g e s t  t h e r e .  I n s t e a d ,  th e  d a ta  
s u p p o r t  th e  B ro u g h to n -A ll is o n  h y p o th e s i s  t h a t  P20-N30 and N20-P30 
a r e  g e n e ra te d  by a  t a n g e n t i a l l y  o r i e n t e d  s o u rc e  i n  so m a to se n so ry  
a r e a  3 b . The r e s u l t s  i n d i c a t e  t h a t  P25-N35 i s  a l s o  g e n e ra te d  in  
s o m a to se n so ry  c o r t e x  (p ro b a b ly  by a  r a d i a l l y  o r i e n t e d  s o u rc e  in  
a r e a  1 ) ,  a l th o u g h  th e y  do n o t  r u l e  o u t  a  s m a ll  c o n t r i b u t i o n  from  
m o to r c o r t e x .

S u p p o rte d  by th e  VA and by  NIMH G ra n t MH-05286.

386.15  SOMATOSENSORY EVOKED POTENTIALS FOLLOWING SURGICAL EXCISION OF 
SOMATOSENSORY OR MOTOR CORTEX IN THE MONKEY. T . A l l i s o n ,  C .C . 
Wood, and  G. M cC arthy , VA M e d ic a l C e n te r ,  W est H aven, CT and Y ale  
U n i v e r s i ty  S c h o o l o f  M e d ic in e , New H aven, CT 06 5 1 6 .

I n  O ld  W orld m onkeys, m ed ian  n e rv e  s t i m u l a t i o n  e l i c i t s  c o r t i c a l  
so m a to s e n s o ry  ev oked  p o t e n t i a l s  (SEPs) s im i l a r  i n  many r e s p e c t s  to  
th o s e  o f  hum ans (A rezzo  e t  a l . ,  EEG J o u r n a l ,  1979, 4 6 : 1 5 5 -1 7 2 ), 
a l th o u g h  w i th  s h o r t e r  l a t e n c i e s  and  som ew hat d i f f e r e n t  r e l a t i v e  
a m p l i tu d e s .  Monkey P10-N20 and  N10-P20 a r e  l a r g e s t  o v e r  m o to r and 
so m a to s e n s o ry  c o r t e x ,  p r o b a b ly  a n a lo g o u s  to  human P20-N30 and 
N 20-P30, r e s p e c t i v e l y .  L ik e  human P25-N 35, monkey P12-N25 i s  
r e c o r d e d  i n  c lo s e  p r o x im ity  to  t h e  c e n t r a l  s u l c u s ;  h o w e v e r, i t  i s  
much l a r g e r  r e l a t i v e  to  P10 and N10 th a n  a r e  a n a lo g o u s  p o t e n t i a l s  
i n  hum ans. T h u s , c o r t i c a l  SEPs i n  t h e  m onkey a r e  d o m in a ted  by 
i n i t i a l l y  p o s i t i v e - g o i n g  p o t e n t i a l s  (P10 and  P12) b o th  a n t e r i o r  
and  p o s t e r i o r  to  t h e  c e n t r a l  s u l c u s ,  w h e re a s  N20-P30 i n  hum ans i s  
s e e n  o v e r  a  much b r o a d e r  r e g io n  o f  t h e  p o s t c e n t r a l  g y r u s .

To e v a lu a t e  a l t e r n a t i v e  h y p o th e s e s  f o r  t h e  s o u rc e s  o f  t h e s e  
p o t e n t i a l s ,  we r e c o r d e d  e p id u r a l  and  c o r t i c a l  s u r f a c e  SEPs b e fo r e  
and  a f t e r  e x c i s i o n s  o f  th e  so m a to s e n s o ry  o r  m o to r hand  
r e p r e s e n t a t i o n  a r e a s  i n  th e  monkey (M acaca f a s c i c u l a r i s ) . SEP 
r e c o r d in g s  w ere  made i n  two w ays: (1 )  from  an  a r r a y  o f  24 
im p la n te d  e p id u r a l  e l e c t r o d e s  sp a n n in g  th e  s e n s o r im o to r  r e g io n ;  
and  (2 ) from  m u l t i p l e  a r r a y s  o f  16 c o r t i c a l  s u r f a c e  e l e c t r o d e s  
f o l lo w in g  a  c ra n io to m y  w hich  ex p o sed  s e n s o r im o to r  c o r t e x  w h i le  
k e e p in g  i n t a c t  - th e  s k u l l  r e g io n  c o n ta in in g  th e  e p id u r a l  a r r a y .  In  
d i f f e r e n t  m onkeys, so m a to s e n s o ry  and  mo t o r  h an d  r e p r e s e n t a t i o n  
a r e a s  w ere  rem oved by a s p i r a t i o n .  F o llo w in g  th e  e x c i s i o n s ,  
c o r t i c a l  s u r f a c e  SEPs w ere  a g a in  r e c o r d e d  and  th e  d u ra  and bone 
f l a p  w ere  r e p l a c e d  to  a p p ro x im a te  t h e i r  o r i g i n a l  p o s i t i o n s .  
E p id u ra l  r e c o r d in g s  w ere  r e p e a t e d  f o l lo w in g  a  r e c o v e r y  p e r i o d .

The e f f e c t s  o f  so m a to s e n s o ry  and  m o to r c o r t e x  e x c i s i o n s  w ere 
s i m i l a r  i n  b o th  c o r t i c a l  s u r f a c e  and  e p id u r a l  r e c o r d in g s .  Rem oval 
o f  th e  so m a to s e n s o ry  h an d  a r e a  a b o l i s h e d  P10-N 20, N 10-P20, and 
P12-N 25. In  c o n t r a s t ,  a l l  t h r e e  s e t s  o f  p o t e n t i a l s  w e r e  p r e s e n t  
f o l lo w in g  rem o v a l o f  t h e  m o to r h an d  a r e a .  T h ese  r e s u l t s  e x a c t l y  
p a r a l l e l  th o s e  i n  hum ans ( s e e  Wood e t  a l . ,  t h i s  m e e t in g ) .
T o g e th e r ,  th e  human and monkey d a ta  s t r o n g l y  s u p p o r t  th e  
h y p o th e s i s  t h a t  human P20-N30 and N20-P30 (an d  a n a lo g o u s  
p o t e n t i a l s  i n  t h e  monkey) o r i g i n a t e  i n  a r e a  3b o f  s o m a to se n so ry  
c o r t e x  and  a r e  r e c o r d e d  o v e r  f r o n t a l  and  p a r i e t a l  c o r t e x  b e c a u s e  
o f  t h e  t a n g e n t i a l  o r i e n t a t i o n  o f  t h e  e q u iv a l e n t  s o u r c e .  The d a ta  
a l s o  s u p p o r t  th e  h y p o th e s i s  t h a t  human P25-N35 and monkey P12-N25 
a r e  g e n e ra te d  p r e d o m in a n t ly  by a  r a d i a l l y  o r i e n t e d  s o u rc e  i n  
so m a to s e n s o ry  a r e a  1 , a l th o u g h  th e y  do n o t  r u l e  o u t  a  s m a ll  
c o n t r i b u t i o n  from  m o to r c o r t e x .

S u p p o r te d  by th e  V e te ra n s  A d m in is t r a t io n  and  by NIMH G ra n t 
M H-05286.

386.16  THE ASYMMETRY OF THE CORTICOTHALAMIC CROSS-TALK. 
E. R am on-M oliner. D ep artm en t o f  Anatomy, S ch o o l o f  M e d ic in e , 
U n iv e r s i ty  o f  S h e rb ro o k e , S h e rb ro o k e , Qué b e c ,  Canada J1H 5N4.

The c o n n e c t io n s  b e tw een  c o r t e x  and  th a la m u s  a r e  known to  
be r e c i p r o c a l .  H ow ever, i t  i s  an a sy m m e tr ic a l  r e c i p r o c i t y .  
W hereas th e  c o r t i c o t h a la m ic  f i b e r s  o r i g i n a t e  and te r m in a te  in  a 
p r e c i s e  s o m a to to p ic  m an n er, w i th  l i t t l e  o v e r la p p in g  o f  t h e i r  
t e r m in a l  a r b o r i z a t i o n s ,  th e  t h a l a m o c o r t i c a l  sy s te m  i s  made o u t 
o f  f i b e r s  w hich  ra m ify  v e ry  e a r l y  w i th in  th e  w h ite  m a t t e r  o f 
th e  h e m isp h e re s  to  o r i g i n a t e  w id e ly  d iv e r g in g  p r e t e r m in a l  and 
t e r m in a l  b ra n c h e s  d i s t r i b u t e d  o v e r  e x te n d e d  c o r t i c a l  a r e a s .  In  
G o lg i m a t e r i a l  o f  th e  r a t  e a ch  axon le a v in g  th e  th a la m u s  may 
o r i g i n a t e  t e r m in a l  b ra n c h e s  d i s t r i b u t e d  o v e r  a sp an  o f a t  l e a s t  
9 mm on th e  s u r f a c e  o f th e  c o r t e x ,  p e rh a p s  m ore . T h is  i s  
c o m p a t ib le  w ith  a t e r m in a l  co lu m n ar d i s t r i b u t i o n .  In  c a t ,  
m ic r o in j e c t io n s  o f  r a d i o i s o t o p e s  in  th e  th a la m u s  le a d  to  
l a b e l in g  o f c o r t i c a l  a r e a s  no s m a l le r  th a n  800 mm2 . T h is  i s  
p u z z l in g  in  v iew  o f  th e  w e l l  known f a c t  t h a t  th e  v a r io u s  
s e n s o ry  sy s te m s  a r e  v e ry  p r e c i s e l y  mapped on th e  c o r t e x .  T here  
m ust be a  p h y s io l o g ic a l  " f o c u s in g  m echanism " ( p o s s i b ly  th e  
l a r g e  number o f  c o r t i c a l  l o c a l  c i r c u i t  n e u ro n s )  w hereby o n ly  
th e  t e r m in a l  f i b e r s  in  th e  c e n t e r  o f  th e  c one o f  d iv e rg e n c e  
m ust s u c ee d  in  e l i c i t i n g  evoked  p o t e n t i a l s .  The s tu d y  o f  G o lg i 
m a t e r i a l  h a s  lo n g  le d  to  a c c e p t  t h a t  th e  t e r m in a t io n  o f  th e  
s p e c i f i c  a f f e r e n t  p le x u s  in  th e  c o r t e x  o c c u rs  m a in ly  in  l a y e r s  
I l l b  and IV b u t  a u to r a d io g r a p h ic a l  m a t e r i a l  p o i n t s  t o  l a y e r  I 
a s  a n o th e r  im p o r ta n t  t a r g e t .  The p re s e n c e  o f  th e  h o r i z o n t a l l y  
o r i e n t e d  n e u ro n s  in  t h i s  l a y e r  m ust c o n t r i b u t e  an a d d i t i o n a l  
enhancem ent o f  in p u t  d iv e r g e n c e .  By c o n t r a s t ,  th e  c o r t i c o 
th a la m ic  p r o j e c t i o n s  r e v e a l e d  by r a d io a u to g r a p h y  a f t e r  
m ic r o in j e c t io n s  in  th e  c o r t e x  a r e  a lw ay s  c o n f in e d  to  sm a ll 
t i s s u e  volum es w i th in  th e  th a la m u s ,  in  th e  o r d e r  o f  2 .5  to  8 .0  
mm3 , w hich  i s  a b o u t  th e  same s i z e  o f  th e  volum e o f  c o r t e x  
l a b e l l e d  a t  th e  i n j e c t i o n  s i t e ,  i n d i c a t i n g  v e ry  l i t t l e  te n d e n c y  
to  ra m ify in g  d iv e r g e n c e .  U n le ss  h ig h ly  e f f e c t i v e  dam pening 
m echanism s e x i s t ,  th e  r e c i p r o c a l  c o n n e c t io n s  b e tw een  c o r t e x  (C) 
and  th a la m u s  (T ) m ust g e n e ra te  r e v e r b e r a t i n g  s e q u e n c e s .  I f  
c o n n e c t io n s  w ith  l i t t l e  d iv e rg e n c e  a r e  i n d ic a te d  by →, and 
th o s e  w i th  h ig h  d iv e rg e n c e  by ⇒ , th e  c o r t i c o t h a la m ic  c r o s s t a l k  
can  be sy m b o liz e d  b y :. . . .T  ⇒  C → T ⇒  C →T ⇒  C . . . .  In  t h i s  
r e v e r b e r a t i n g  s p re a d  th e  th a la m u s  c o n s t i t u t e s  ( a n a to m ic a l ly )  a 
c o l l e c t i o n  o f  p r e c i s e  t a r g e t s  and a  s o u rc e  o f  d i f f u s e  p r o j e c 
t i o n s  w h i le  th e  c o r t e x  c o n s t i t u t e s  a  s o u rc e  o f  a c c u r a te  p r o je c 
t i o n s  and a l a r g e  t a r g e t  w h ich  i s  p o o r ly  aim ed a t .
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387.1 IN TR IN SIC  CIRCUITRY OF THE CEREBRAL CORTEX: THE LOCAL 
AXONAL PROJECTIONS OF CORTICOTHALAMIC PROJECTION CELLS. 
E . L . W h i te  a n d  A. K e l l e r * . U n i t  o f  M o rp h o lo g y , 
F a c u l t y  o f  H e a l t h  S c i e n c e s ,  B e n - G u r io n  U n i v e r s i t y ,  B e e r  
S h e v a ,  I s r a e l .

H o r s e r a d i s h  p e r o x i d a s e  (HRP) w as i n j e c t e d  i n t o  t h e  
v i b r i s s a l  a r e a  o f  t h e  v e n t r o b a s a l  th a l a m u s  i n  y o u n g  
a d u l t ,  m a le  C D /1 m i c e .  T he n e x t  d a y ,  t h e  i n j e c t e d  
r e g i o n  o f  t h a la m u s  w as l e s i o n e d .  F o u r  d a y s  l a t e r ,  t h e  
m ic e  w e re  p e r f u s e d  w i th  a l d e h y d e s ,  t h e i r  b r a i n s  w e re  
r e m o v e d , t i s s u e  c h o p p e d  a t  100 μ m a n d  r e a c t e d  w i th  
d i a m i n o b e n z i d i n e  t o  d e m o n s t r a t e  t h e  HRP. T he r e s u l t  o f  
t h i s  p r o c e d u r e  w as t o  l a b e l ,  w i t h i n  t h e  b a r r e l  r e g i o n  
o f  SmI c o r t e x ,  b o t h  t h e  l o c a l  a x o n  c o l l a t e r a l s  o f  
c o r t i c o t h a l a m i c  (CT) p r o j e c t i o n  c e l l s  (b y  t h e  
r e t r o g r a d e  t r a n s p o r t  o f  HRP) a n d  t h a l a m o c o r t i c a l  (TC) 
a x o n  t e r m i n a l s  (b y  l e s i o n - i n d u c e d  d e g e n e r a t i o n ) .  
E x a m in a t io n  w i th  t h e  l i g h t  m i c r o s c o p e  o f  t h i c k  s e c t i o n s  
t h r o u g h  b a r r e l  c o r t e x  sh o w ed  l a y e r  IV  t o  c o n t a i n  
c l u s t e r s  o f  H R P - f i l l e d  p r o c e s s e s ;  t h e  c l u s t e r s  
r e s e m b le d  b a r r e l s  i n  t h e i r  s i z e ,  s h a p e  a n d  
d i s t r i b u t i o n .  E x a m in a t io n  w i th  t h e  e l e c t r o n  m i c r o s c o p e  
c o n f i r m e d  t h a t  m any o f  t h e  H R P - f i l l e d  p r o c e s s e s  i n  
l a y e r  IV  w e re  CT a x o n  c o l l a t e r a l s ,  h o w e v e r  m o s t  w e re  
s m a l l  d i a m e t e r  d e n d r i t e s .  T he h i g h e s t  c o n c e n t r a t i o n  o f  
CT a x o n  t e r m i n a l s  o c c u r e d  i n  lo w e r  l a y e r  V a n d  i n  u p p e r  
l a y e r  V I ,  r e g i o n s  i n  w h ic h  t h e  s o m a ta  o f  CT p r o j e c t i o n  
c e l l s  o c c u r .  CT a x o n  t e r m i n a l s  i n v a r i a b l y  w e re  
p r e s y n a p t i c  a t  a s y m m e t r i c a l  s y n a p t i c  j u n c t i o n s ;  
p o s t s y n a p t i c  e l e m e n t s  w e re  n e a r l y  a l l  i r r e g u l a r l y  
s h a p e d  d e n d r i t e s  w h ic h  w e re  n o n - s p i n y  o r  w h ic h  
p o s s e s s e d  v e r y  few  s tu b b y  o r  s e s s i l e  s p i n e s .  We 
c o n c lu d e  t h a t  t h e s e  d e n d r i t e s  b e l o n g  t o  n o n - s p i n y  
s t e l l a t e  c e l l s .  R a r e l y ,  a  CT a x o n  c o l l a t e r a l  s y n a p s e d  
w i t h  a  s p i n e  b e l o n g i n g  t o  a n  H R P - l a b e l e d  d e n d r i t e  o f  a 
CT c e l l .  T he n u m b e rs  o f  CT a n d  TC s y n a p s e s  v a r i e d  
g r e a t l y  am ong d e n d r i t e s  o f  d i f f e r e n t  c e l l s .  S u p p o r t e d  
b y  N . I . H .  # NS 2 0 1 4 9 - 0 3 ,  BSF # 3 2 0 1 /8 3 .

387.2 THE BARRELS OF RODENT SOMATOSENSORY CORTEX ARE 
DIRICHLET DOMAINS. S. S en ft* (SPON: Robt. Grubb). D epts. of 
Neurology and N eurosurgery and McDonnell C enter for Studies of Higher 
Brain Function, Washington University School of M edicine, S t. Louis, MO 
63110.

Rodent som atosensory cortex  contains columnar ce ll groups, nam ed 
"barrels”, which respond principally to  movements of single facial 
vibrissae. A t le a s t tw o m ajor questions rem ain  unanswered: What are  th e  
forces which c re a te  barrels, and what functional advantages proceed from 
this type of neural organization?

We have identified a geom etrical property of barrels which may 
clarify  research  into both the ir ontogeny and operation. Namely, we have 
been able to  ch a ra c te rize  them  as D irichlet domains. A D irichlet domain 
is a bounded region having th e  property th a t all points within i t  a re  nearer 
to  a specific ("center") point inside th a t region than to  th e  corresponding 
cen ter point of any other region. Domain boundaries, the refo re , a re  
defined mutually by the perpendicular bisectors betw een neighboring 
centers, and in two dimensions form networks of convex polygons. 
D irichlet domains occur widely in nature -  from crysta l packing to  animal 
nesting behavior -  and often  a re  c rea ted  through a process of nucleation 
followed by isotropic com petition for te rrito ry .

C ortices from adult and neonatal mice were rem oved, fla ttened , fixed, 
and frozen-sectioned a t  75 microns parallel to  the pial surface. Barrels 
were stained for cytochrom e oxidase. Images of the se  sections were 
obtained by video microscopy, then d igitized and contrast-enhanced with 
a Grinnell im age processor. D irichlet domains were fit ted  to  the  images 
by in-house program s based on a num erical method (Honda, Int. Rev. 
C ytol. 81, 1981).

Barrels were found, both by visual inspection and by num erical 
c rite ria , to  conform closely to  D irichlet domains. This finding suggests 
th a t nucleating  events (thus fa r  unobserved) may in itia te  a com petitive 
form ation of barrels. Furtherm ore, th is resu lt may provide clues to  barrel 
function. A problem faced  by the nervous system , considered from the 
point of view of decision theory, is to  m atch  a rb itrary  values of input to  a 
fixed se t of responses. An e ffic ien t theo re tica l solution to  this problem is 
to  impose D irichlet domains on the  input space -  w ith a  "center" for each 
possible response. Then every input value will au tom atically  be 
associated with its  closest, most appropriate, reac tion . In neural te rm s 
th is s tra teg y  will resu lt in regions having uniform response cha rac te ris tic s  
and can relax requirem ents for precise labelling of a ffe ren t projections.

Similar p a ttern s  seen in other co rtica l and sub-cortical areas of the 
brain suggest th a t D irichlet construction  could be a w idespread means of 
neuronal organization.

(Supported by NIH grant 17763).

387.3 RECEPTIVE FIELD ARCHITECTURE IN THE WHISKER REPRESENTATION 
OF RAT SOMATOSENSORY CORTEX. T.J. Pincince* and J.P. Donoghue, 
(SPON: A. Megela-Simmons). Center for Neural Science, Brown University, 
Providence RI 02912.

The receptive field (RF) properties o f neurons in the primary somatosensory 
cortex (SI) were characterized as part of a larger study to identify the network 
properties of assemblies of cortical neurons. The RF properties of over 200 single 
cells in the SI whisker representation were recorded extracellularly in urethane 
anesthetized rats.

Three different response patterns characterize SI neurons: (a) "unidirectional- 
phasic" neurons (60% o f total population) exhibit a transient burst of activity at 
either onset or offset o f whisker displacement, (b) "bidirectional-phasic" cells 
(32%) exhibit transient responses to both the onset and offset of stimulation, (c) 
"pseudo-tonic" cells (8%) respond continuously to sustained, low amplitude 
whisker vibration which other cell types could not follow. Stable displacements of 
the whiskers evoked only a phasic response in "pseudo-tonic" cells. Cells with 
tonic activity related to whisker displacement could not be found.

Cells were classified on a  1 to 4 scale according to response amplitude and the 
ability to follow a 1 Hz natural whisker stimulus. Scaling was corroborated by post 
stimulus time histograms. Class 1 cells responded consistently to small, low 
velocity manually or mechanically controlled whisker displacements; peak response 
to whisker displacement exceeded 50 Hz. Class 4 cells were unresponsive to 
peripheral stimulation. Layer TV cells were the most responsive in SI: 72% of these 
cells were Class 1 or 2. Class 4 cells accounted for 28% of the total population of 
SI cells but only 10% of layer IV cells. Only 40% of superficial and deep layer cells 
were Class 1 or 2 and over 35% of the cells were Class 4. Thus neurons in these 
layers are less responsive than in layer IV.

RF size, orientation and row preference were characterized for individual cells. 
Average RF size was between 2 and 3 whiskers. Single-whisker units did not 
constitute the majority of cells recorded in SI. Single-whisker RFs comprised 34% 
of all cortical cells, but 52% of layer IV cells. Most cells in the superficial (57%) 
and deep layers (88%) had multiple-whisker RFs. Within the total population, RF 
size and response amplitude were uncorrelated.

A RF is said to have a row preference if all the whiskers in the receptive field are 
found in the same row. Eighty-five percent of the cells with two-whisker RFs had a 
row preference but only 45% of the cells activated by 3 or more whiskers exhibit a 
row preference. Orientation is defined as the location of the primary whisker, the 
whisker that drives the cell best, relative to the other whiskers that lie within the 
cell's RF. Seventy-one percent of the cells had oriented RFs and 73% are oriented 
with the primary whisker most caudal.

Thus all SI cells appear to be phasically activated by whisker stimulation and the 
majority of cells in SI have multiple-whisker RFs that are characterized by slight 
row preference and caudal orientation. These results suggest that precise perception 
of the environment by the animal would require integrative network properties, 
perhaps mediated by the size, shape and orientation of RFs in SI. (Supported by 
NIH grant NS22517 and ONR #N0014-81-K-0136)

387.4 INFLUENCE OF LOCAL CORTICO-CORTICAL CIRCUITS ON LAYER V 
RECEPTIVE FIELDS IN RAT SIBARRELFIELD CORTEX. J.L.U. Guise 
and J.K . Chapin. D ept. of Cell Biology and Anatomy, Univ. of Texas Health 
Science Center, Dallas, TX  75235.

The aim  of this study was to  determine w hether the large receptive fields 
(R F’s) of layer V neurons in the barrelfield region of the prim ary somatosen
sory (SI) cortex of the ra t are dependent on local cortico-cortical circuits. In 
neuroanatomical studies we have shown th a t granular aggregates (barrels) in 
layer IV of this region receive the strongest ventrobasal thalam o- cortical inputs, 
whereas layer V receives the strongest cortico-cortical inputs. Furtherm ore, R F ’s 
of single neurons recorded in layer IV include only one or a  few whiskers, while 
R F ’s in layer V are much larger, often encompassing all of the mystacial whiskers.

The experimental protocol involved: 1) microelectrode penetration of bar
relfield cortex and determ ination of a  layer IV neuronal RF in order to  precisely 
localize the position in the barrelfield, 2) driving the electrode down to  layer V 
to  find a  neuron with a  large RF, 3) generation of post-stim ulus histograms of 
the response to  standardized vibratory stim ulation of each whisker in the RF, 4) 
driving a  bipolar stim ulating electrode (100μm  diameter;20μm  tip) into another 
barrel, usually 3-7 barrels away (about 2mm), 5) stim ulating through the elec
trode (0.1ms pulses; 1 Hz; 10-60μA) to  check for direct orthodrom ic responses, 6) 
passing current through the electrode (100μA;5s) to  lesion the area, 7) testing 
the response of the layer V neuron again to  vibration of the whisker associated 
w ith the  lesioned barrel, and 8) histological reconstruction of the lesioned area 
a t the site of the stim ulating electrode.

Both layer IV and V neurons typically responded to  vibration of the center 
whisker in the ir R F’s w ith 6-10ms latencies. However, response latencies of layer 
V units increased as whiskers progressively more distant from RF centers were 
stim ulated. Microstimulation of another barrel produced orthodrom ic responses 
of l-3m s latency in layer V  neurons, whereas most layer IV neurons did not 
respond to  microstimulation. After lesioning the  o ther barrel, th e  recorded layer 
V neuron no longer exhibited the clear, short-latency response previously elicited 
by vibration of the whisker corresponding to  the lesioned barrel. However, the 
absence of the normal post-excitatory inhibition unmasked a  weak, longer-latency 
response. The recorded unit still responded normally to  vibration of other off- 
center whiskers, and of the center whisker.

These results provide evidence suggesting th a t the large size of layer V R F ’s is 
based on local cortico-cortical projections, an hypothesis which is also supported 
by our neuroanatomical dem onstration th a t supra- and especially infra-granular 
layers receive the vast m ajority of local cortico-cortical input. Local SI cortical 
circuits may therefore function to  produce a  convergence of inputs from adjacent 
cortical regions.
Supported by NSF grant BNS 841979, NIAAA grant AA 06965 and the Ida M. 
Green Fellowship from the AAUW.
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387.5 2DG LABELED POPULATIONS OF NEURONS AND THEIR 
RELATIONSHIP TO WHISKER COLUMNS IN MOUSE SMI (BARREL) 
CORTEX. J.S. M cCasland and T.A. Woolsey. Depts. of Neurology and 
N eurosurgery and McDonnell C en ter for Studies of H igher Brain Function, 
Washington U niversity School of M edicine, St. Louis, MO 63110.

We previously reported  (Soc. N eurosci. A bstr. 11, 751, 1985) a 
modified high-resolution 2DG technique for convenient histological 
processing, im proved label re ten tion  com pared with the original protocol, 
and com patib ility  w ith o ther histochem ical procedures. This method was 
used to  label functional columns in barre l co rtex  following single-whisker 
(C3-only) stim ulation  in the behaving anim al, and dem onstrate  the 
presence, particu larly  in layers II and III, of la rger num bers of labeled 
ce lls in the s tim ulated  column than are found in the corresponding column 
in normals (all whiskers in tac t). We a ttr ib u te  this increase in labeling 
a f te r  a  decrease in overall whisker stim ulation  to  the absence of 
inhibitory influences, normally produced in the  C3 column by the 
ac tiva tion  of neighboring whiskers.

These findings have led  us to  focus on the  re la tive  numbers of 
ac tiva ted  neurons in neighboring columns, and the spatia l pattern ing  of 
these  neurons w ithin each column. Our analysis points to  two main 
conclusions:

F irs t, by constructing  polar plots analogous to  those used to  measure 
orien tation  se lec tiv ity  in visual co rtica l neurons, we find in th e  C3-only 
case th a t each column shows a  substan tial mean vec to r (substantially  
skewed polar distribution re la tive  to  barre l centers) which is quite sim ilar 
from one tangen tial section to  the next, suggesting th a t sm all portions of 
whisker columns, or polar "zones", show tight functional coupling 
throughout the  vertica l ex ten t of th e  column in d iffe ren t co rtica l layers. 
There a re  indications th a t these zones extend beyond the barrel-defined  
column boundaries.

Second, by com paring to ta l  labeled ce ll counts fo r the  barrel-defined  
columns we confirm  an asym m etry observed by Durham e t al. in which 
more ac tiv a ted  ce lls a re  found in the an terio r barrel columns (D row) 
corresponding to  ven tral whiskers. In th e  C3-only case, how ever, this 
asym m etry  is reversed , so th a t more labeled cells are  found in B row 
columns than in D. This reversal of functional asym m etries is consistent 
w ith the idea th a t functional connections in this system  are  p referen tia lly  
m aintained by those neurons which a re  norm ally more heavily stim ulated , 
so th a t the  C3-derived term inals would be found p referen tia lly  in the less- 
stim ulated  columns of the B row whiskers. This model leads to  te stab le  
predictions.

(Supported by N.I.H. G rants NS17763 and NS07057).

387.6 C o r t ic a l  P ro je c tio n  P a tte rn s  of the  M edial D iv is io n  of th e  
N ucleus P o s te r io r  Thalam i in  the  Rat. S. M. Lu* and C.-S. Lin 
(SPON :B .R .Schofield). Dept of Anatomy, Duke Univ. Med. C tr .,  
Durham, N.C. 27710.

The medial d iv is io n  of the nucleus p o s te r io r thalam i (POm) 
in  the  r a t  may have s e v e ra l  p a r ts .  Thus, the  c o r t i c a l  
p ro je c t io n s  have been dem onstra ted  to  te rm in a te  in  s e v e ra l  
som atosensory  and motor a re a s . S im i la r ly ,  th e  ascending 
a ffe re n t p ro jec tions  from the sp in a l cord and cerebellum  only 
te rm in a te  in  c e r ta in  p o r tio n s  o f the  POm. The purpose o f the  
presen t study is  to  examine whether the POm can be subdivided on 
the basis  of d ifferences  in c o r t ic a l  p ro jec tion  pa tte rn s.

E i th e r  a m ix tu re  of HRP and WGA-HRP or PHA-L was in je c te d  
io n to p h o r e t i c a l ly  in to  e i th e r  th e  POm or th e  som atosensory 
c o r te x . The tra n s p o r te d  HRP were v is u a l iz e d  by r e a c t in g  th e  
s e c t io n s  w ith  d ia m in o b e n z id in e  m ethods and h eav y  m e ta l  
i n t e n s i f i c a t i o n .  Immunocytochemical methods were used to  
lo c a liz e  the transported  PHA-L.

R etrogradely labe led  neurons are observed in both POm and 
the ventrobasal complex (VB) a f te r  in jec tio n  of HRP in to  e ith e r 
layer I or the middle lay e rs  of the primary somatosensory cortex 
(SI). The labe led  neurons in POm are re s tic te d  to  i t s  l a te r a l  
reg io n  nex t to  th e  m edial bo rder o f th e  VB. The number of 
la b e le d  neurons i s  g re a te r  in  POm than  in  VB a f t e r  la y e r  I 
in je c tio n s . More labe led  neurons are observed in both POm and 
VB a f t e r  in je c t io n s  in  th e  m iddle la y e r s ,  bu t the  number o f 
labe led  c e l l s  is  g rea te r in VB than in POm.

Following PHA-L in je c tio n s  in to  the l a te r a l  portion of POm, 
la b e le d  axons and te rm in a ls  can be found in S I, secondary 
somatosensory cortex (SII) and the premotor area (area 6). The 
te rm ina ls  are p rim arily  in lay e rs  I and IV in SI and S II, and in 
la y e r s  I and I I I  in  th e  prem otor a rea . In SI, the  la b e le d  
te rm ina ls  are d is trb u ted  unevenly: they are concentrated in the 
sep ta l areas of the b a rre l f ie ld ,  but are evenly d is tr ib u te d  in 
the  n o n -b a rr e l  p o r tio n s  o f SI. By comparing th e  lam inar 
p ro je c t io n  p a t te rn s  of VB and POm, we found th a t  POm p ro je c ts  
more h e a v i ly  to  la y e r  I and l e s s  h e a v i ly  to  la y e r  IV. In th e  
b a r r e l  f i e l d ,  th e  axon a r b o r iz a t io n s  from th e  two n u c le i  a re  
in te rd ig ite d  with each o ther, th a t is  VB axons arborize  in the 
center of the in d iv id u a l b a rre l , w hile the POm axons arborize  in 
the surrounding sep ta l regions.

Since more neurons are labe led  in POm follow ing in jec tio n s  
in  th e  m iddle  la y e rs  than  a f t e r  la y e r  I in je c t io n s ,  two 
populations of neurons may e x is t in POm with d if fe re n t laminar 
p ro jec tions . Furthermore, i t  is  l ik e ly  th a t a more medial and 
ro s t r a l  p a rt of POm may p ro jec t to motor area. We are c u rren tly  
in v e s tig a tin g  th is  p o s s ib il i ty .
(S upported by NI H g ra n t 06233 to  C.S.L.)

387.7 AXONAL TRAJECTORIES BETWEEN THE VENTROBASAL COMPLEX 
AND SOMATOSENSORY CORTEX IN THE MOUSE. K.L. Bernardo* and 
T. A. Woolsey. D ept. of N eurological Surgery, Division of Exp. Neurology 
and N eurosurgery & McDonnell C en ter fo r Studies of H igher Brain 
Function, Washington U niversity School of Medicine, St. Louis, MO 63110.

Point to  point w hisker-related topographic maps have been found a t  all 
th re e  cen tra l s ta tions in  the som atosensory system  of the  mouse. 
A lthough topography is re ta ined  a t  these  endpoints, l i t t le  is known about 
th e  o rganization  of th e  fibers connecting these  points. N earest neighbor 
relationships m ight or might not be re ta ined  by a ffe re n t projection fibers. 
We have recen tly  been able to  dem onstrate  tha lam ocortical axon 
tra c jec to rie s  d irectly .

An in v itro  brain slice p reparation  (Bernardo e t  al., J . Neurosci. M eth., 
in press) has been used to  label th ird  order a ffe re n t fibers in th e  
som atosensory system  of th e  mouse w ith horseradish peroxidase. In 400- 
800 micron brain slices the  en tire  pathway betw een the ventrobasal 
com plex (VB) and som atosensory co rtex  was labeled. The tha lam ocortica l 
fibers a re  organized into a  plexiform  system  of bundles which appears to  
be fairly  constan t from anim al to  anim al. The principal finding is th a t 
n earest neighbor relationships of individual fibers a re  not re ta ined  a t 
many poin ts along th e  pathway.

Bundles o f fibers pro jecting  from  VB course betw een regularly  spaced 
groups of VB neurons. Third order a ffe re n t fibers o ften  leave VB by way 
of th e  fibe r bundle closest to  th e ir  perikarya, but they  do n o t invariably 
do so. This abolishes n earest neighbor relationships fo r these  axons before 
they  have even le f t  VB. Once la te ra l to  the com plex, th e  axon bundles 
converge upon and trav erse  th e  re ticu la r nucleus of th e  thalam us. Axon 
bundles then  ro ta te , analogous to  the coiling of fibers in a  strand  of rope 
about a cen tra l axis. This accounts for the well known 180° ro ta tion  
betw een tha lam ic and co rtica l maps. L aterally , fiber bundles converge 
and diverge, in a  fairly  com plex fashion, w ithin the  in ternal capsule (IC). 
Individual axons have not been found to  b ifu rca te  proxim al to  the 
subcortical w hite m a tte r  (SCWM), so th a t nea re st neighbor relationships 
a re  once again abolished w ithin th e  IC. Individual fibers diverge widely 
a f te r  single bundles of fibers reach  a  point ju s t proxim al to  th e  SCWM.

A t the  level of the  SCWM affe re n t fibers have been found to  make a 
sm all dorsally concave loop prior to  taking one of tw o possible courses: 
some of the  fibers will ascend d irec tly  in to  th e  overlying cortex , usually 
with a transverse ascen t, angled tow ards the  dorsal su rface; o ther fibers 
will run in the  SCWM for a  variable  d istance prior to  ascending in to  the 
co rtex . We conclude th a t fibers running in th e  SCWM, and through the  
co rtex , "seek out" appropriate  co rtica l regions to  reestab lish  the nea re st 
neighbor relationships th a t ex ist in VB.

Supported by USPHS G rants NS 072 05 and NS17763.

387.8  SPECIFICITY OF THALAMOCORTICAL CONNECTIONS IN THE RAT 
SOMATOSENSORY SYSTEM. P.W. L and , D .J .  Sim ons and  S .A . B u f f e r ,  
J r .  D e p t . o f  N e u ro b io lo g y , Anatomy and C e l l  S c ie n c e ,  D e p t . o f 
P h y s io lo g y  and C e n te r  f o r  N e u ro s c ie n c e ,  U n iv . o f  P i t t s b u r g h ,  
S ch . o f  M ed ., P i t t s b u r g h ,  PA 15261.

P h y s i o lo g i c a l  and a n a to m ic a l  s t u d i e s  i n  r o d e n ts  h av e  found  a 
s o m a to to p ic  r e p r e s e n t a t i o n  o f  t h e  m y s t a c ia l  v i b r i s s a e  w i th in  th e  
v e n t r o b a s a l  com plex  (VB) o f  th e  th a la m u s .  R e c e n t ly ,  we i d e n t i 
f i e d  m e ta b o lic  and s t r u c t u r a l  c o r r e l a t e s  o f  t h i s  so m a to to p y  in  
VB o f a d u l t  r a t s  u s in g  a h i s to c h e m ic a l  s t a i n  f o r  th e  enzyme 
c y to ch ro m e  o x id a s e  (CO ). L ik e  t h e  b a r r e l s  i n  l a y e r  IV o f th e  
s o m a to se n so ry  c o r t e x  (S m l) , th a la m ic  b a r r e l o i d s  (Van d e r  L o o s, 
1976) r e v e a l e d  by CO h i s t o c h e m i s t r y  a r e  a r r a n g e d  in  a p a t t e r n  o f  
row s and a r c s  s im i l a r  t o  th e  d i s t r i b u t i o n  o f  v i b r i s s a e  on th e  
f a c e .  In  o r d e r  t o  a s s e s s  th e  s p e c i f i c i t y  o f  c o n n e c t io n s  b e tw een  
i n d iv i d u a l  b a r r e l s  i n  Sml and t h e i r  c o r r e s p o n d in g  b a r r e l o i d  in  
VB, a d u l t  L ong-E vans r a t s  r e c e iv e d  io n to p h o r e t i c  d e p o s i t io n s  o f  
HRP i n  l a y e r  IV o f  Sml u n d e r  t r ib ro m o e th a n o l  a n e s t h e s i a .  
T w e n ty - fo u r  h o u r s  l a t e r ,  a n im a ls  w ere  d e e p ly  a n e s t h e t i z e d  w ith  
e t h e r  and p e r f u s e d  t r a n s c a r d i a l l y  w i th  2% p a ra fo rm a ld e h y d e  and 
1.5% g lu ta r a ld e h y d e  i n  0 .1  M p h o s p h a te  b u f f e r  (pH 7 . 4 ) .  S ec
t i o n s  th ro u g h  th e  c o r t i c a l  i n j e c t i o n  s i t e  and VB w ere r e a c t e d  
w i th  c o b a l t - i n t e n s i f i e d  DAB a f t e r  w h ich  th e y  w ere  r in s e d  in  
0 .1  M b u f f e r  and  r e a c t e d  f o r  CO. An a d ja c e n t  s e r i e s  o f  th a la m ic  
s e c t i o n s  w ere  p r e p a r e d  a c c o rd in g  to  a TMB p ro c e d u re .

When HRP d e p o s i t io n s  w ere  c o n f in e d  to  t h e  C O -rich  h o llo w  o f  a  
s i n g l e  b a r r e l ,  80 t o  100% o f  r e t r o g r a d e ly  l a b e l e d  th a la m ic  
n e u ro n s  w ere  l o c a t e d  in  th e  b a r r e l o i d  iso m o rp h ic  to  th e  i n j e c t e d  
b a r r e l .  I n j e c t i o n s  n e a r e r  th e  s id e  o f  t h e  b a r r e l  b u t  s t i l l  
w i th in  th e  C O -re a c tiv e  h o llo w  te n d e d  to  y i e l d  a  g r e a t e r  num ber 
o f  l a b e l e d  c e l l s  i n  n o n -c o r r e s p o n d in g  b a r r e l o i d s .  I n j e c t i o n s  
t h a t  sp an n ed  th e  s e p ta  b e tw een  b a r r e l s  l a b e l e d  c e l l s  d i s t r i b u t e d  
among a d jo in in g  b a r r e l o i d s .  I n t e r e s t i n g l y ,  none o f  th e  i n j e c 
t i o n s  p ro d u ce d  s i g n i f i c a n t  r e t r o g r a d e  l a b e l in g  o f  c e l l s  in  
a d ja c e n t  l a y e r  IV b a r r e l s .

T h ese  r e s u l t s  a r e  i n  a c c o rd  w i th  p r e v io u s  s tu d i e s  o f  th e  r a t  
Sml c o r t e x .  F o r e x a m p le , a p p ro x im a te ly  90% o f  n e u ro n s  r e c o rd e d  
w i t h in  t h e  b a r r e l  h o llo w s  h av e  r e c e p t iv e  f i e l d s  r e s t r i c t e d  to  
th e  one a p p r o p r i a t e  f a c i a l  w h is k e r .  The d a ta  a l s o  s u g g e s t  t h a t  
a  c e r t a i n  p r o p o r t io n  o f  th e  c e l l s  w i th  m u lt iw h is k e r  r e c e p t iv e  
f i e l d s  i n  l a y e r  IV c o u ld  r e s u l t  from  d i r e c t  c o n v e rg e n c e  o f  
i n p u ts  fro m  2 ( o r  m ore) b a r r e l o i d s  o n to  s in g l e  c o r t i c a l  b a r r e l s .  
I n  l a y e r  IV , i n h i b i t o r y  i n t e r a c t i o n s  among d i f f e r e n t  w h is k e rs  
may b e  m e d ia te d  i n d i r e c t l y  by c e l l s  i n  n o n -g ra n u l a r  la m in a e .

S u p p o r te d  by g r a n t  CC-48 from  th e  H e a l th  R e se a rc h  and 
S e r v ic e s  F o u n d a tio n  o f  th e  U n ite d  Way, NIH g r a n t  N SI9950 and a  
S tu d e n t  R e s e a rc h  F e l lo w s h ip  from  th e  U n iv e r s i ty  o f  P i t t s b u r g h  
M e d ic a l A lum ni Fund.
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387.9 SENSORY DEPRIVATION BY NEONATAL WHISKER TRIMMING 
ALTERS FUNCTIONAL ORGANIZATION IN SmI "BARREL" CORTEX. 
D .J. Simons and P.W. Land. C en ter fo r N euroscience, and D ept. of 
Physiology and D ept. of Neurobiology, Anatom y and Cell Science, Univ. 
of P ittsburgh Sch. of Medicine, P ittsburgh, PA 15261.

The functional e ffec ts  of neonatal ta c ti le  sensory deprivation were 
examined in adult ra ts  whose m ystacial vibrissae were rem oved by 
simple whisker trim m ing. R ats had e ithe r row-C vibrissae or all 
whiskers excep t those in row-C trim m ed to  w ithin 1 mm of the skin 
surface from birth  to  45-60 days of age, a f te r  which the clipped hairs 
were allowed to  regrow for 3-8 weeks. G lass m icropipettes were used to  
examine the  ex trace llula r ly-recorded ac tiv ity  of individual neurons in 
the cytochrom e-oxidase rich cen te rs  of the layer IV barrels in response 
to  controlled deflections of the vibrissae produced by e lectrom echanical 
s tim ulators. D ata were obtained from  deprived and non-deprived barrels 
(i.e. corresponding to  trim m ed and in tac t whiskers respectively) and 
from norm al animals. R esults showed th a t cells in non-deprived barrels 
had response properties sim ilar to  those in control, i.e. normal, barrels. 
By con tras t unusual properties w ere observed for most, but not all, cells 
in deprived barrels. These abnorm alities included a) increased ra tes  of 
spontaneous ac tiv ity , b) exceptionally  vigorous (in te rm s of 
spikes/stim ulus) discharges to  whisker deflections, and c) decreased 
se lec tiv ity  to  whisker d isplacem ents a t d iffe ren t deflection  angles. 
Many cells in deprived barrels  could be strongly driven from whiskers 
associa ted  with adjacent deprived or non-deprived barrels, w hereas 
neurons in non-deprived barrels were driven weakly or not at a ll by 
whiskers associated with adjacent deprived barrels. Interestingly, 
response profiles from deprived barrels lacked the  pronounced 100 msec 
period of post-exc ita to ry  suppression th a t ch a rac te rizes  the profiles 
observed in normal and in non-deprived barrels.

These results may re flec t a lte ra tions  in in traco rtica l inhibitory 
mechanisms and/or abnorm al pa tte rn s  of a ffe ren t input to  the barrels 
from thalam ic relay nuclei. The findings underscore the im portance of 
early sensory experience in establishing the functional organization of 
the som atosensory cortex .

Supported by NIH G rant N s-19950 and United Way G rant CC48.

387.10 SPATIAL DISTRIBUTION OF INTRINSIC CORTICAL NEURONS THAT EXCITE OR 
INHIBIT LAYER 2/3 PYRAMIDAL CELLS: A PHYSIOLOGICAL STUDY OF NEO
CORTEX IN VITRO. L.R. Silva* and B.W. Connors (SPON: M.F. Davies). 
Dept. o f Neurology, Stanford Univ. Sch. of Med., S tanford , CA 94305.

Although anatomical stud ies have revealed some aspects of in t r a 
c o rtic a l connections, l i t t l e  is  known about th e ir  functional prop
e r t i e s .  We have approached th is  problem by recording from s ing le  
neurons while chem ically exciting  small groups of presynaptic 
c e l l s .  Coronal s l ic e s  o f r a t  somatosensory cortex (400 μm th ick ) 
were prepared using standard techniques. While recording in tr a -  
c e l lu la r ly  from physio log ically  id e n tif ie d  pyramidal c e l ls  in layer 
2 /3 , L-glutamate (2-3 mM; 20-70 pl ) was applied to  the s l ic e  by 
pressure e je c tio n  from a m icropipette (10 μm t i p ) .  In tra c e llu la r  
responses were recorded during Glu app lication  in layers 2-6 a t a 
s e r ie s  o f la te ra l  d istances from the recording e lec tro d e . At the 
end of the experiment, Glu e jec tio n  s i te s  were marked and the s l ic e  
resectioned and stained  with cresyl v io le t ,  to  id e n tify  c o rtic a l 
lay e rs .

Glu applied near the recording s i te  d ire c tly  excited  the impaled 
c e l l .  More la te r a l ly ,  Glu app lication  in layer 2/3 re su lted  in a 
prominent s e t o f IPSPs (up to 10 mV hyperpolarizing responses when 
the membrane po ten tia l was held ju s t  below f ir in g  th resh o ld ). 
IPSPs were sometimes preceded by a much b r ie fe r  depo la riz in .  EPSP. 
IPSPs could be evoked by Glu app lications  up to  650 μM la te ra l  to 
the recording s i t e .  A pplication o f Glu in layer 4 predominantly 
generated EPSPs. This was observed with Glu stim uli a t la te ra l  
d istances up to  500 μM. Glu-evoked in h ib ito ry  responses were a lso 
observed from layer 4 , although much le ss  frequen tly . Glu app lica 
tio n  in layer 5 re su lted  in IPSPs or in a b r ie f  EPSP followed by a 
more prominent IPSP. Layer 6 app lication  a lso  ty p ic a lly  resu lted  
in IPSPs, although ex c ita to ry  responses were observed. Glu-evoked 
in h ib itio n  arose from a t le a s t  two d iffe re n t types o f IPSP: 1) a 
fa s t  response th a t  reversed around -69 mV (n=5); 2) a longer 
la tency  response th a t reversed around -84 mV (n=5). When bicucul
l ine methiodide (500 μm) was pressure e jected  near the recording 
s i t e ,  Glu app lication  th a t had previously caused a prominent IPSP, 
or a mix o f EPSP and IPSP, re su lted  in a la rge  ex c ita to ry  response. 
This occurred when Glu was applied in layers  2-6.

These data suggest th a t glutamate d ire c tly  excites  both e x c ita 
to ry  and in h ib ito ry  c o rtic a l neurons in layers  2-6 , and th a t th is  
may be useful in revealing  aspects of in tra c o r tic a l  c i rc u i t ry .  In 
p a r tic u la r ,  1) layer 2/3 pyramidal c e l ls  receive strong ex c ita tio n  
from layer 4 , and strong in h ib itio n  from layers 2 /3 , 5 and 6; 2) 
the in h ib itio n  is  made up o f a t le a s t  two kinds o f IPSP and is  a t 
le a s t  p a r t ia l ly  blocked by b icu cu llin e .

Supported by the K lingenstein Fund, NIH grants NS 12151 and NS 
01016, and a NSF Predoctoral Fellowship.

387.11 PYRAMIDAL TRACT NEURONS WITH OTHER SUBCORTICAL 
COLLATERALS IN THE SOMATOSENSORY CORTEX OF THE ADULT 
RAT. (SPON: S . E .  F i s h )  R.w. R h o a d e s , K.A. K o ra l e k  and 
H .p .  K i l l a c k e y . D e p t . o f  P s y c h o b i o l o g y ,  U n i v e r s i t y  o f  
C a l i f o r n i a ,  I r v i n e ,  CA 92717 .

D u r in g  t h e  p a s t  s e v e r a l  y e a r s  a t t e n t i o n  h a s  been  
f o c u s e d  on  c o r t i c a l  n e u r o n s  w h ich  i n i t i a l l y  s en d  
p r o c e s s e s  t o  m u l t i p l e  t a r g e t s  and  l a t e r  e l i m i n a t e  one  
p r o c e s s .  However,  t h e  p r e s e n c e  and  d i s t r i b u t i o n  o f  
c o r t i c a l  n e u r o n s  w h ich  p r o j e c t  t o  m u l t i p l e  t a r g e t s  i n  
t h e  a d u l t  a n im a l  h a s  r e c e i v e d  l e s s  a t t e n t i o n .

We a d d r e s s e d  t h i s  q u e s t i o n  w i t h  t h e  f o l l o w i n g  d o u b le  
l a b e l  p a r a d i g m .  G roups  o f  r a t s  w e re  i n j e c t e d  w i t h  two 
d i f f e r e n t  f l u o r e s c e n t  r e t r o g r a d e  t r a c e r s  ( f a s t  b l u e  and 
e i t h e r  d i a m i d i n o  y e l l o w  o r  f l u o r o - g o l d )  i n t o  two 
d i s t i n c t  t a r g e t s .  I n  one  g r o u p  o f  r a t s  one  t r a c e r  was 
i n j e c t e d  i n t o  t h e  p y r a m i d a l  t r a c t  be low  t h e  d e c u s s a t i o n  
a t  h i g h  c e r v i c a l  l e v e l s  and  a s ec o n d  t r a c e r  was 
i n j e c t e d  i n t o  t h e  b r a i n s t e m  t r i g e m i n a l  co m p lex .  I n  a 
s ec o n d  g ro u p  o f  r a t s  one  t r a c e r  was i n j e c t e d  i n t o  t h e  
s u p e r i o r  c o l l i c u l u s  and  t h e  s e c o n d  t r a c e r  was i n j e c t e d  
i n t o  e i t h e r  t h e  p y r a m i d a l  t r a c t  (be low  t h e  d e c u s s a t i o n )  
o r  t h e  b r a i n s t e m  t r i g e m i n a l  c o m p le x .  A f t e r  an  
a p p r o p r i a t e  s u r v i v a l  t i m e ,  t h e  r a t s  w e re  s a c r i f i c e d  and 
t h e i r  b r a i n s  p r e p a r e d  f o r  h i s t o l o g i c a l  a n a l y s i s .  The 
r e s u l t a n t  s e c t i o n s  w e re  exam ined  w i t h  a l i g h t  
m i c r o s c o p e  u n d e r  e p i f l u o r e s c e n c e  i l l u m i n a t i o n .

A l l  c o m b i n a t i o n s  o f  i n j e c t i o n s  r e s u l t e d  i n  some 
d o u b l e  l a b e l e d  c e l l s  i n  s o m a t o s e n s o r y  c o r t e x  and 
a d j a c e n t  c o r t i c a l  r e g i o n s .  I n  c a s e s  i n v o l v i n g  s u p e r i o r  
c o l l i c u l u s  i n j e c t i o n s ,  d o u b l e  l a b e l e d  n e u r o n s  w e re  
s c a t t e r e d  t h r o u g h o u t  t h e  r e g i o n  i n  w h ich  b o t h  
p o p u l a t i o n s  o f  s i n g u l a r l y  l a b e l e d  c e l l s  w ere  
i n t e r m i x e d .  T h u s ,  t h e y  d i d  n o t  a p p e a r  t o  be  
d i f f e r e n t i a l l y  d i s t r i b u t e d .  However,  n e u r o n s  w h ich  
w e re  d o u b l e  l a b e l e d  f rom  t h e  s p i n a l  c o r d  and t h e  
b r a i n s t e m  t r i g e m i n a l  com plex  w e re  d i f f e r e n t i a l l y  
d i s t r i b u t e d .  The m a j o r i t y  o f  t h e s e  d o u b l e  l a b e l e d  
n e u r o n s  w e re  l o c a t e d  i n  t h e  c o r t i c a l  r e g i o n  w h e re  t h e  
l im b  and f a c e  r e p r e s e n t a t i o n  o f  p r i m a r y  s o m a t o s e n s o r y  
c o r t e x  a b u t .  O th e r  d o u b l e  l a b e l e d  n e u r o n s  w e re  
s c a t t e r e d  among s i n g l e  l a b e l e d  n e u r o n s  i n  t h e  c o r t i c a l  
a r e a s  l a t e r a l  and  p o s t e r i o r  t o  p r i m a r y  s o m a t o s e n s o r y  
c o r t e x .
( S u p p o r t e d  by NIH NS17234 t o  H . P . K . ,  and  DE06528 and 
BNS-85-17537 t o  R.W.R.)

387.12 CORTICOCORTICAL CONNECTIONS OF THE RAT SOMATOSENSORY 
c o r t e x . J .  O l a v a r r i a ,  R. C. V a n  Sluyte r s. and H .P. 
K i l l a c k e y  S c h o o l  o f  O p to m e try  and  N e u r o b io lo g y  G roup ,  
U n iv .  o f  C a l i f . ,  B e r k e l e y ,  CA 94720 and D e p t . o f  
P s y c h o b i o l o g y ,  U n iv .  o f  C a l i f . ,  I r v i n e ,  CA 92717 .

We h av e  r e c e n t l y  r e p o r t e d  t h a t  t h e  o v e r a l l  p a t t e r n  
o f  c a l l o s a l  p r o j e c t i o n s  i n  t h e  r a t  s o m a t o s e n s o r y  c o r t e x  
a r e  b o t h  more  e x t e n s i v e  and d e t a i l e d  t h a n  had been  
p r e v i o u s l y  r e p o r t e d  ( O l a v a r r i a  e t  a l . ,  B r .  R es .  
2 9 1 :3 6 4 ,  1 9 8 4 ) .  In  t h e  p r e s e n t  s t u d y ,  we h av e  exam ined  
t h e  c o n t r i b u t i o n  o f  d i s c r e t e  p a r t s  o f  p r im a r y  
s o m a t o s e n s o r y  c o r t e x  (S I)  t o  t h e  o v e r a l l  p a t t e r n  o f  
c o r t i c o c o r t i c a l  c o n n n e c t i v i t y .

A d u l t  p ig m e n te d  r a t s  r e c e i v e d  s i n g l e  i n j e c t i o n s  o f  
a b o u t  0 . 1  u l  o f  h o r s e r a d i s h  p e r o x i d a s e  (HRP) i n  S I .  
A f t e r  24 h o u r s  t h e  r a t s  w e re  s a c r i f i c e d  and  t h e  b r a i n s  
rem oved .  B oth  c o r t i c e s  w e re  s e p a r a t e d  from  t h e  r e s t  o f  
t h e  b r a i n ,  f l a t t e n e d ,  s e c t i o n e d  p a r a l l e l  t o  t h e i r  
s u r f a c e  and  r e a c t e d  f o r  HRP h i s t o c h e m i s t r y  u s i n g  
t e t r a m e t h y l b e n e z i d i n e  f o r  t h e  chrom ogen .

A s i n g l e  i n j e c t i o n  o f  HRP i n t o  SI  r e s u l t s  i n  
m u l t i p l e  f o c i  o f  l a b e l  i n  b o t h  t h e  i p s i l a t e r a l  and 
c o n t r a l a t e r a l  h e m i s p h e r e s .  I p s i l a t e r a l l y ,  t h e r e  a r e  a t  
l e a s t  f o u r  f o c i  o f  l a b e l  i n  o t h e r  n e o c o r t i c a l  a r e a s :  
(1) r o s t r a l l y  i n  m o to r  c o r t e x ,  (2) c a u d a l l y  i n  t h e  
c o r t e x  b e tw ee n  S I  and v i s u a l  c o r t e x ,  and  p o s t e r i o r  and 
l a t e r a l  t o  S I  (3) i n  S I I  and  (4) i n  a s e p a r a t e  a r e a  
r o s t r a l  t o  S I I  w h ich  i n  t h e  s q u i r r e l  h a s  b een  
d e s i g n a t e d  t h e  p a r i e t a l  v e n t r a l  a r e a  (PV) ( K r u b i t z e r  e t  
a l . ,  J . C .N ., i n  p r e s s ,  1 9 8 6 ) .  The f o c u s  o f  l a b e l  i n  
b o t h  S I I  and  PV c l e a r l y  s h i f t s  i n  r e l a t i o n s h i p  t o  t h e  
i n j e c t i o n  s i t e  i n  S I .  Fo r  ex am p le ,  an  i n j e c t i o n  i n t o  
t h e  f a c e  r e g i o n  o f  S I  p r o d u c e s  a  band  o f  l a b e l  t h a t  i s  
c o n t i n u o u s  a c r o s s  d o r s a l  p o r t i o n s  o f  S I I  and  PV, w h i l e  
an  i n j e c t i o n  i n t o  t h e  h i n d  l im b  r e p r e s e n t a t i o n  i n  SI  
r e s u l t s  i n  s e p a r a t e  f o c i  o f  l a b e l  a t  o p p o s in g  e x t r e m e s  
o f  t h e  v e n t r a l  p o r t i o n s  o f  S I I  and  PV. T h i s  s u g g e s t s  
t h a t  t h e s e  two a r e a s  a r e  t o p o g r a p h i c a l l y  o r g a n i z e d  w i t h  
r e s p e c t  t o  b o t h  S I  and t h e  body s u r f a c e .

In  t h e  c o n t r a l a t e r a l  h e m i s p h e r e ,  t h e  d e n s e s t  f o c u s  
o f  l a b e l  was l o c a t e d  i n  t h e  h o m o to p ic  p o r t i o n  o f  S I .  
I n  a d d i t i o n ,  l e s s  d e n s e  l a b e l  c o u l d  be  d e t e c t e d  i n  S I I ,  
PV and m o to r  c o r t e x  i n d i c a t i n g  t h a t  t h e  r a t  c o r p u s  
c a l l o s u m  i n t e r c o n n e c t s  h e t e r o l o g o u s ,  a s  w e l l  a s  
hom ologous  c o r t i c a l  a r e a s .
(S u p p o r t e d  by g r a n t s  NS17234,  EY02193 and BN S84-18738 .)
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387.13 NEONATAL INFRAORBITAL NERVE SECTION ALTERS THE 
PATTERN OF CALLOSAL CONNECTIONS IN SOMATOSENSORY 
CORTEX OF THE RAT. K .A .K o ra le k  and H . P . K i l l a c k e y . 
D e p t . o f  P s y c h o b i o l o g y ,  U n i v e r s i t y  o f  C a l i f o r n i a ,  
I r v i n e ,  CA 92717 .

I n  t h e  p a r i e t a l  c o r t e x  o f  t h e  r a t ,  c a l l o s a l  
p r o j e c t i o n  n e u r o n s  and t h e i r  t e r m i n a t i o n s  a r e  
d i s t r i b u t e d  i n  a p a t t e r n  w h ich  b o t h  s u r r o u n d s  and  i s  
embedded w i t h i n  p r i m a r y  s o m a t o s e n s o r y  c o r t e x .  The 
p r e s e n t  s t u d y  d e m o n s t r a t e s  t h a t  t h i s  d i s t r i b u t i o n  can  
be  m o d i f i e d  by  a p e r i p h e r a l  m a n i p u l a t i o n  a t  b i r t h .

The i n f r a o r b i t a l  n e r v e  o f  n e o n a t a l  S p rag u e -D aw ley  
r a t s  was s e v e r e d  u n i l a t e r a l l y  and  t h e  p u p s  w ere  
a l l o w e d  t o  grow up t o  30 -3 5  d a y s  o f  a g e .  Under 
k e t a m in e  a n e s t h e s i a ,  m u l t i p l e  (40 t o  50) i n j e c t i o n s  
o f  HRP (Sigma t y p e  VI) w e re  p l a c e d  i n  t h e  c o r t e x  
i p s i l a t e r a l  o r  c o n t r a l a t e r a l  t o  t h e  n e r v e  c u t ,  s o  a s  
t o  be  e v e n l y  d i s t r i b u t e d  t h r o u g h o u t  p a r i e t a l  c o r t e x .  
A f t e r  a  24 h o u r  s u r v i v a l  p e r i o d ,  t h e  a n i m a l s  w ere  
p e r f u s e d  and t h e  n o n - i n j e c t e d  h e m is p h e r e  was 
f l a t t e n e d ,  s e c t i o n e d  t a n g e n t i a l l y  and p r o c e s s e d  w i t h  
t e t r a m e t h y l b e n z i d i n e .

The p a t t e r n  o f  d i s t r i b u t i o n  o f  c a l l o s a l  
p r o j e c t i o n s  i s  n o t  d e t e c t a b l y  a l t e r e d  i n  t h e  
h e m is p h e r e  i p s i l a t e r a l  t o  t h e  l e s i o n .  However,  i n  
t h e  h e m is p h e r e  c o n t r a l a t e r a l  t o  t h e  n e r v e  c u t ,  t h e  
p a t t e r n  d i f f e r s  c o n s i d e r a b l y  from  n o r m a l .  F i r s t ,  
w i t h i n  p r i m a r y  s o m a t o s e n s o r y  c o r t e x ,  l a b e l e d  c e l l s  
and  f i b e r s  w h ich  n o r m a l l y  fo rm  a l a t t i c e - l i k e  p a t t e r n  
a ro u n d  t h e  r e p r e s e n t a t i o n s  o f  t h e  v i b r i s s a e  a r e  
m i s s i n g .  I n s t e a d ,  t h e r e  a r e  a b e r r a n t  c l u s t e r s  o f  
l a b e l e d  c e l l s  and  t e r m i n a t i o n s  w i t h i n  p o r t i o n s  o f  t h e  
a f f e c t e d  r e g i o n .  S e c o n d ,  t h e  d e n s e  c o n t i n u o u s  band 
o f  r e t r o g r a d e  and  a n t e r o g r a d e  l a b e l i n g  n o r m a l l y  
p r e s e n t  a l o n g  t h e  p o s t e r o - l a t e r a l  b o r d e r  o f  p r i m a r y  
s o m a t o s e n s o r y  c o r t e x  i s  d i s r u p t e d .

The d i f f e r e n t  p a t t e r n s  o f  d i s t r i b u t i o n  o f  c a l l o s a l  
p r o j e c t i o n s  i n  n o rm a l  a n i m a l s  and i n  a n i m a l s  whose  
i n f r a o r b i t a l  n e r v e s  h av e  b een  s e v e r e d  s u g g e s t  t h a t  
p e r i p h e r a l  i n p u t  p l a y s  a r o l e  i n  s h a p i n g  t h e  
d i s t r i b u t i o n  o f  c a l l o s a l  p r o j e c t i o n s  i n  b o t h  p r i m a r y  
and  n o n - p r i m a r y  s e n s o r y  c o r t i c a l  r e g i o n s .
( S u p p o r t e d  by NIH g r a n t  # NS 17234-06  t o  H .P .K . )

387.14 MORPHOLOGICAL CHANGES IN RAT SOMATOSENSORY CORTEX 
FOLLOWING PRENATAL LIMB REMOVAL. D .R . D a w so n  a n d  H.P. 
K i l l a c k e y , D e p t . o f  P s y c h o b i o l o g y ,  U n i v e r s i t y  o f  
C a l i f o r n i a ,  I r v i n e ,  CA 92717

R e c e n t l y  we r e p o r t e d  t h e  e x i s t e n c e  o f  d e t a i l e d  
m o r p h o l o g i c a l  p a t t e r n s  o u t s i d e  o f  t h e  c o r t i c a l  
v i b r i s s a e  f i e l d ,  i n  r e g i o n s  o f  r a t  s o m a t o s e n s o r y  cortex  
c o e x t e n s i v e  w i t h  t h e  p h y s i o l o g i c a l  r e p r e s e n t a t i o n s  of 
t h e  f o r e l i m b  and h i n d l i m b .  These  r e g i o n s  w ere  found  to 
p o s s e s s  c o n s i s t e n t  i n t e r n a l  o r g a n i z a t i o n  when r e a c t e d  
f o r  t h e  enzyme s u c c i n i c  d e h y d r o g e n a s e  (SDH), and t h e i r  
c o n f i g u r a t i o n  c o u l d  be  d i s r u p t e d  by d e p r i v i n g  t h e  
c o r t e x  o f  no rm a l  p e r i p h e r a l  i n p u t  ( n e r v e  s e c t i o n  o r  
l im b  rem ova l)  on t h e  day  o f  b i r t h .  The p r e s e n t  s tu d y  
ex am in es  c h a n g e s  i n  t h e s e  same c o r t i c a l  p a t t e r n s  in  
r e s p o n s e  t o  p r e n a t a l  p e r i p h e r a l  i n s u l t .

R a t s  w ere  v i s u a l i z e d  i n  u t e r o  on em b ry o n ic  day  16 of 
g e s t a t i o n  (spe rm  p lu g  = day  1 ) and a s m a l l  i n c i s i o n  was 
made i n  t h e  u t e r u s .  The f o r e l i m b  was e x p o se d  and 
c a u t e r i z e d ,  and  t h e  i n c i s i o n  s u t u r e d .  N a t u r a l  b i r t h  
o c c u r r e d  on E 22 o r  23 .  On p o s t n a t a l  day  14 ,  p ups  were 
s a c r i f i c e d  u n d e r  e t h e r  a n e s t h e s i a  and p e r f u s e d  w i t h  10% 
g l y c e r o l .  C o r t e x  was s e p a r a t e d  f rom u n d e r l y i n g  w h i te  
m a t t e r  and f l a t t e n e d  b e tw ee n  g l a s s  s l i d e s .  The t i s s u e  
was q u ic k  f r o z e n  i n  i s o p e n t a n e ,  c u t  i n  a c r y o s t a t ,  and 
r e a c t e d  f o r  SDH.

P r e n a t a l  rem ova l  o f  t h e  l im b  p r o d u c e s  p r o f o u n d  
d i s r u p t i o n s  o f  t h e  n o rm a l  p a t t e r n  w i t h i n  t h e  c o r t i c a l  
fo r ep a w  r e g i o n ,  r a n g i n g  f rom random c l u s t e r s  t o  
homogeneous b l u r s .  The t o t a l  p e r c e n t  o f  a r e a  d e v o te d  to 
t h e  f o r ep a w  d o e s  n o t  ch an g e  ( r e l a t i v e  t o  t h e  norm al  
c o n t r a l a t e r a l  p a t t e r n ) . The a d j a c e n t  c o r t i c a l  hindpaw 
r e g i o n ,  h o w ev er ,  d o e s  i n c r e a s e  i n  s i z e  i n  r e s p o n s e  to  
c o m p l e t e  f o r e l i m b  r e m o v a l ,  i n  some c a s e s  by a s  much as 
100% ( r e l a t i v e  t o  t h e  c o n t r a l a t e r a l  h indpaw r e g i o n ) .  
The h indpaw  r e g i o n  o f  c o r t e x  seems t o  i n c r e a s e  by 
in v a d i n g  t h e  r e g i o n  o f  low SDH a c t i v i t y  w hich  l i e s  
b e tw ee n  t h e  fo r ep a w  and h indpaw  r e p r e s e n t a t i o n s .  Other 
r e g i o n s  a d j a c e n t  t o  t h e  fo r ep a w  r e g i o n ,  s u ch  a s  t h e  
r e p r e s e n t a t i o n  o f  t h e  lo w er  l i p ,  show no i n c r e a s e  in  
s i z e  f o l l o w i n g  t h e  same m a n i p u l a t i o n .  We t e n t a t i v e l y  
i n t e r p r e t  t h e s e  f i n d i n g s  t o  be  a r e f l e c t i o n  o f  t h e  
c l o s e  p r o x i m i t y  o f  t h e  two l im b  r e p r e s e n t a t i o n s  a t  the  
l e v e l  o f  t h e i r  f i r s t  s y n a p t i c  s t a t i o n s  i n  t h e  b r a i n ,  
and  a r e  c u r r e n t l y  i n v e s t i g a t i n g  t h i s  i n  g r e a t e r  d e t a i l .
(S u p p o r t e d  by N .S .F .  G r a n t  # BNS 84-18715  t o  H .P .K .)

387.15 SOMATOSENSORY CORTEX TOPOGRAPHY AFTER NERVE REPAIR IN NEONATAL 
MARMOSET MONKEYS. J .T .  W all, M.F. H u erta , & J .H . K aas. 
V a n d e rb il t U n iv e r s ity , N a s h v ille , TN 37240.

The p rim ate  hand i s  in n e rv a te d  by th e  m edian, u ln a r ,  and 
r a d ia l  n e rv es . I f  neona ta l marmosets a re  re a re d  w ith  se c tio n e d  
and l ig a te d  median n e rv es , a normal to p o g rap h ica l re p re s e n ta 
t i o n  o f  th e  hand does n o t develop i n th e  prim ary som atosensory 
(a re a  3b) c o r te x  (H uerta  e t  a l . ,  t h i s  v o lu me ) .  The p re s e n t 
s tudy  asked two q u e s tio n s . ( 1 ) Follow ing median nerve s e c t io n  
in  neona ta l m arm osets, i s  c o r t i c a l  topography d i f f e r e n t  i f  
th e  se c tio n e d  nerve i s  re p a i re d , in s te a d  o f  l ig a te d ?  (2) Does 
a normal hand re p re s e n ta t io n  develop a f t e r  neona ta l nerve 
r e p a i r ,  o r  a re  abnormal to p o g ra p h ica l p a t te r n s ,  l i k e  th o se  
seen  a f t e r  nerve  r e p a i r  in  a d u l t  monkeys (Wall e t  a l . ,  J .  
N eu ro sc i. ,  6 , 1986, 2 1 8 ), developed in s te a d ?

The median n erves  o f  1-week o ld  marmosets were se c t io n e d  
and r e p a i re d .  One y e a r  l a t e r ,  th e  to p o g rap h ica l o rg a n iz a tio n  
i n th e  c o r t i c a l  a re a  3b hand re p re s e n ta t io n  was a s se s se d  w ith  
m u l t iu n i t  mapping methods in  ketam ine a n e s th e tiz e d  an im als.

There were two m ajor f in d in g s .  (1) The topography i n 
marmosets w ith  re p a ire d  nerves  d i f f e re d  from th e  topography 
in  marmosets w ith  l i g a te d  n e rv e s . A fte r  l i g a t i o n ,  th e  r e p re 
s e n ta t io n  o f  th e  median nerve sk in  on th e  r a d ia l  hand was 
m iss in g , and th e  c o r t i c a l  zone norm ally r e p re s e n tin g  t h i s  sk in  
was taken  over by re p re s e n ta t io n s  o f  hand reg io n s  t h a t  rem ained 
in n e rv a te d  by o th e r  n e rv e s . In c o n t r a s t ,  a f t e r  r e p a i r  a re p re 
s e n ta t io n  o f  th e  r a d ia l  hand reappeared  in  th e  c o r t i c a l  zone 
t h a t  was taken  over by o th e r  nerves a f t e r  l i g a t i o n .  (2) The 
topography in  marmosets w ith  r e p a ire d  nerves was abnorm al. 
A fte r  r e p a i r ,  neurons a t  some c o r t i c a l  s i t e s  d id  n o t have 
normal r e c e p tiv e  f i e ld s :  some s i t e s  had abnorm ally la rg e  
re c e p tiv e  f i e ld s  o r  f i e ld s  on d isco n tin u o u s  zones o f  s k in , 
w hereas o th e r  s i t e s  were u n responsive  to  cu taneous s t im u l i .  
In  a d d i t io n ,  normal to p o g ra p h ica l g ra d ie n ts  f o r  d i g i t  and 
palm i n pu ts  in  th e  ro s tro c a u d a l c o r t i c a l  d i r e c t i o n ,  and fo r  
r a d ia l  and u ln a r  hand in p u ts  in  th e  la te ro m ed ia l d i r e c t i o n ,  
were n o t always c l e a r .  S im ila r  c o r t i c a l  a b n o rm a li t ie s  have 
been observed  a f t e r  nerve r e p a i r  i n a d u l t  monkeys.

These f in d in g s  su g g es t th a t :  (1) d e n e rv a t io n - re la te d  c o r t i 
ca l changes a re  r e v e r s ib le  in  n eo n a te s , (2) normal c o r t i c a l  
r e p r e s e n ta t io n s  a re  n o t always r e e s ta b l is h e d  a f t e r  neona ta l 
nerve  r e p a i r ,  and (3) n eona ta l and a d u l t  c i r c u i t s  may have 
s im i la r  l im i t a t i o n s  in  t h e i r  c a p a c ity  to  norm alize i npu t 
d is o rd e r s  a f t e r  nerve r e p a i r .

(S upported  by g ra n ts  NS21105 and NS16446.)

387.16 ELECTRICAL STIMULATION OF A PERIPHERAL CUTANEOUS NERVE 
RESULTS IN WIDESPREAD CHANGES IN CORTICAL RECEPTIVE FIELDS 
G.H. Recanzone*, T.T. Allard*, W.M. Jenkins. and M.M. Merzenich. 
Coleman Mem. Lab., UCSF, San Francisco CA 94143.

The effects of electrical stimulation of a peripheral cutaneous 
nerve on primary somatosensory cortex (SI), within and far 
removed from the zone of cortical representation of the 
stimulated nerve, was investigated in a series of normal adult 
cats. Each cat was anesthetized with sodium pentobarbitol and the 
ulnar nerve in the distal forelimb was electrically stimulated at 
levels that massively excited large myelinated afferents at 20 
PPS for 6-8 hours. Tungsten microelectrodes (~1 MΩ@ 1kHz) were 
used to define multi-unit cutaneous receptive fields (RF) in SI 
before and after electrical nerve stimulation. Iridium floating 
microelectrodes were used to define cutaneous RFs at a given 
cortical site prior to and every hour during the stimulation period.

Receptive field sizes increased progressively in all cats. RFs 
monitored with floating electrodes showed clear increases within 
2 hours. A comparison of RF size before stimulation and after 6-8 
hours of stimulation showed that RFs increased in area from 1.3X 
to 7.8X (mean =  3.2X). Similar changes of RF size were also 
observed outside of the cortical representation of the stimulated 
nerve, for example, in the representation of the hindpaw.

Receptive field locations commonly changed following 
electrical stimulation. In some cases, RFs at a given cortical site 
moved from one digit to another following electrical stimulation. 
These changes were seen in the cortical representations of both 
the forepaw and the hindpaw.

Preliminary results indicate that these progressive, 
nerve-stimulation induced changes in cortical receptive fields are 
reduced or reversed by the systemic administration of naloxone.

Research supported by NIH Grants NS-10414, GM-07449, 
NS-07363, and the Coleman Fund.
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387.17 THALAMO-CORTICAL SYNAPTIC EXCITATION ANTAGONIZED BY EXCITATORY 
AMINO ACID BLOCKERS IN SOMATOSENSORY PATHWAYS. J . - I .  Oka, T.P. 
Hicks and R.S. M etherate. Depts. of Med. P h y s io l., The Univer
s i ty  of Calgary, Calgary, A lberta , T2N 4N1 and M icrosurgical Res. 
Labs., Roy. Vic. Hosp. McGill U., M ontreal, Quebec H3A 1A1.

Whereas the  re lay  of somatic sensory inform ation is  e n tire ly  
routed through the thalamus of mammals, very l i t t l e  inform ation 
is  av a ilab le  to  date concerning the  pharmacological id e n tity  of 
the ex c ita to ry  synaptic tran sm itte rs  of the fu nc tiona lly  d is t in c t  
c la sses  o f thalam ic neurones subserving th is  m odality. The recent 
in troduction  o f new c lasses  of re cep to r-sp ec ific  an tagon ists  fo r 
the  ex c ita to ry  amino acids has enabled the d ire c t  te s t in g  of the 
hypothesis th a t these  substances act as thalam o-cortical t ra n s 
m itte rs . Recently Tsumoto e t a l . (In p ress) has suggested th a t in 
the  primary visual re lay  system to  cortex  from the la te ra l  geni
cu la te  nucleus, glutamate and/or a sp a rta te  probably are ac tiv e  in 
such ex c ita to ry  p rocesses. We have te s ted  th is  idea in the 
tha lam o-cortical re lay  system of the c a t 's  somatic sensory path
way, jo in ing  the ven tro p o ste rio r la te r a l i s  nucleus (VPL) and the 
primary somatosensory co rtex .

Of 95 c e l ls  recorded ex trace l l u la r ly ,  40 c e l ls  were examined 
with a t le a s t  one amino acid an tagon ist through one or more com
p le te  s e r ie s  o f t e s t s ,  using: 1) e le c tr ic a l  stim ula tion  of the 
VPL to  ac tiv a te  c e l ls  s y n a p tic a l l y , as well as using 2) l ig h t ,  
t a c t i l e  stim u la tion  o f the  cutaneous surface to  a c tiv a te  c e l ls  
n a tu r a l ly  and f in a l ly ,  using 3) the amino acid ag o n is ts , qu is- 
qualate  and N-m ethyl-D-aspartate (NMDA) or d ,1-homocysteate (DLH) 
to  a c t iv a te  the c e l ls  m ic ro io n to p h o re tic a l l y . Twenty-three te s ts  
on these  40 c e l ls  demonstrated concomitant antagonism of q u is 
q u a la te - and NMDA/DLH-induced ex c ita tio n  with the  b lockers, CIS- 
PDA, kynurenic ac id , high doses o f 2APV, o r GDEE, a t times when 
a irp u ff  induced e x c ita tio n  o r e le c tr ic a l  a c tiv a tio n  o f the c e l ls  
was incompletely e lim inated . With another 18 t e s t s ,  a se le c tiv e  
reduction by 2APV of NMDA/DLH-induced e x c ita tio n s  was demonstrated 
concomitant with a lack o f reduction , or only a weak in te rfe ren ce  
with the a irp u ff  or tac tile -ev o k ed  response, or o f the synaptic 
a c tiv a tio n  following e le c tr ic a l  stim u la tion  o f VPL.

One possib le  in te rp re ta tio n  of these data  is  th a t i t  is  lik e ly  
th a t  an ex c ita to ry  amino acid is  the endogenous synaptic t ra n s 
m itte r  o f  some, or many, thalam o-cortical neurones, and th a t the 
exact nature o f the  post-synap tic  recep tors is  l ik e ly  to  be of the 
non-NMDA type. Furthermore, i t  must be considered th a t  some o ther 
non-amino acid tra n sm itte r  mediates some add itiona l component of 
the e x c ita to ry  response. An add itiona l hypothesis is  th a t more 
than one population o f amino acid recep tors may jo in t ly  be in 
volved in the synaptic process.

Supported by the MRC of Canada and the A lberta H eritage 
Foundation fo r Medical Research.

387.18  IONTOPHORETIC APPLICATION OF BETA-ALANINE, GLYCINE, TAURINE AND THEIR 
ANTAGONIST, STRYCHNINE, IN CAT SOMATOSENSORY CORTEX. N .T rem blay*, 
R .W arren* and R.W.Dykes. D e p a r tm e n t o f  Neurology and Neurosurgery, 
M cGill U n iv e rs ity , M ontreal, Quebec, Canada.

Io n to p h o re tic  tech n iq u es  a re  a  u s e fu l  way to  t e s t  hypotheses 
about mechanisms u n d e rly in g  th e  f u n c t i o n a l  p r o p e r t i e s  o f  c o r t i c a l  
neurons. In  p rim ary  som atosensory  c o rte x , neurons a re  d iv is ib le  in to  
fu n c t io n a l ly  d i s t i n c t  c la s s e s  based upon t h e i r  adequate s tim u lu s  and 
a d a p ta t io n  r a te .  In  a re a  3b c e l l s  may be c la s s i f i e d  as  e i t h e r  r a p id ly  
ad ap tin g  (RA) o r s lo w ly  a d ap tin g  (SA) to  su s ta in e d  s t im u l i  and may be 
d i f f e r e n t i a t e d  f u r t h e r  by th e  p re s e n c e  o r  a b se n c e  o f  a  r e c e p t iv e  
f i e l d ,  t h e i r  t h r e s h o ld ,  and l e s s  o f te n  by t h e i r  d i r e c t i o n a l  
s e l e c t i v i t y  and re s p o n s e  l a b i l i t y .  By b lo c k in g  GABA-mediated 
in h ib i t io n  w ith  b ic u c u l lin e  m eth iod ide , Dykes e t  a l  (1984) showed an 
in c re a se  in  r e c e p tiv e  f i e l d  s iz e  in  RA reg io n s  b u t n o t in  SA reg io n s . 
The p r e s e n t  s tu d y  was d e s ig n e d  to  lo o k  f o r  a n o th e r  i n h i b i t o r y  
t r a n s m i t te r  which m ight c o n tro l  re c e p tiv e  f i e l d  s iz e  in  SA reg io n s . 
S try ch n in e  was employed a s  an a n ta g o n is t  because i t  i n te r f e r e s  w ith  
th re e  p u ta t iv e  in h ib i to r y  n e u ro tr a n s m itte r s ,  B -a lan in e , g ly c in e  and 
ta u r in e .

C ats were a n e s th e tiz e d  w ith  sodium p e n to b a rb ita l  (35mg/kg) and a 
cranio tom y perform ed to  expose th e  som atosensory co rtex . Carbon f ib e r s  
w ere i n s e r t e d  i n to  th e  c e n t r a l  b a r r e l  o f  5 - b a r r e l  m ic r o p ip e t te  
a s s e m b l ie s .  T hese w ere  p u l le d ,  and th e  b a r r e l s  f i l l e d  w i th  th e  
f o l l o w in g  s o lu t io n s  i s t r y c h n in e  h y d ro c h lo r id e  (.01M,pH3.5; in  NaCl 
165mM), L - g lu ta m ic  a c id  (0.5M ,pH8.0), B -a la n in e  (0.5M ,pH 3.5), and 
NaCl 3M as  a  c o n tro l  fo r  c u rre n t  a r t i f a c t s .

D u rin g  d a ta  c o l l e c t i o n ,  s e t s  o f  t e n  s o m a t ic  s t i m u l i  w ere 
d e liv e re d  a t  two second in te r v a l s  once every  m inute. Two hundred and 
tw en ty -fo u r  c e l l s  were s tu d ie d . S try ch n in e  was te s te d  in  both  RA and 
SA r e g io n s .  T h ree  e f f e c t s  w ere  d o c u m e n te d :( i) In  RA r e g io n s ,  th e  
rec e p tiv e  f i e l d  in c re a se d  in  11 o u t o f  27 cases  whereas none o f  the  11 
r e c e p t iv e  t e s t e d  i n  SA r e g io n s  e n la r g e d ,  ( i i )  I n  11 o f  24 c a s e s  a  
r e c e p t iv e  f i e l d  was r e v e a le d  i n  RA r e g io n s  and o n ly  2 o f  28 c e l l s  
t e s t e d  i n  SA r e g io n s  d e v e lo p e d  a  r e c e p t iv e  f i e l d ,  ( i i i ) l n  15 o f  51 
c e l l s  te s te d  in  RA zones s try c h n in e  reduced th e  th re sh o ld  fo r  som atic  
s t i m u l i  b u t  o n ly  1 o f  39 c e l l s  i s o l a t e d  i n  SA zo n es  show ed t h i s  
e f f e c t .  In  a  seco n d  s e r i e s  o f  e x p e r im e n ts ,  we t e s t e d  B - a la n in e ,  
g ly c in e  and ta u r in e  in  o rd e r  to  examine t h e i r  e f f e c ts  on som atosensory 
c o r t i c a l  n e u ro n s .  We o b ta in e d  no e v id e n c e  t h a t  one o f  th e  t h r e e  
hyp o th esized  in h ib i to r y  n e u ro tr a n s m it te r s  c o n tro l le d  re c e p tiv e  f i e l d  
s i z e  i n  SA r e g io n s .  N e v e r th e l e s s ,  n e u ro n s  w ere m ost e f f e c t i v e l y  
in h ib i te d  by B -a lan ine . In  16 o f  16 cases  B -a lan in e  (5-25nA) decreased  
th e  responses to  p e r ip h e ra l  s t im u l i .  S try ch n in e  an tagon ized  th e  e f f e c t  
Produced by B -a lan in e  in  9 o f  11 c e l l s .  More eq u iv o ca l r e s u l t s  were 
o b ta in e d  w i th  g ly c in e  and t a u r i n e  w h ich  w ere  l e s s  e f f e c t i v e l y  
an tagon ized  by s try c h n in e .
(Supported by MRC o f  Canada and FRSQ o f  Quebec.)

387.19 GLUTAMIC ACID DECARBOXYLASE, CHOLECYSTOKININ AND SOMATOSTATIN 
IMMUNOREACTIVITIES OF SOMATOSENSORY CORTEX AND THALAMUS OF THE 
RACCOON. C .-S .  L i n , S.M . L u , G .P . S ta n d a g e  and  G .S . D o e ts c h . 
D ep t. o f  Anatomy, Duke U n iv e rs ity  M edical C en te r , Durham, NC 27710 
and  D e p ts .  o f  A natom y, S u rg e ry  (N e u ro s u rg e ry )  and  P hy sio lo g y , 
M edical C o llege  o f G eo rg ia , A ugusta, GA 30912.

T he c o m p a r a t i v e l y - e n l a r g e d  a n d  h i g h l y - d i f f e r e n t i a t e d  
som atosensory  c o rte x  o f the  raccoon  h as  been  u sed  r e c e n t l y  a s  a 
model to  s tu d y  b a s ic  a s p e c ts  o f fu n c t io n a l  c e re b ra l  p l a s t i c i t y  and 
i t s  p o s s i b l e  a n a to m ic a l  s u b s t r a t e s .  The aim  o f  th e  p r e s e n t  
e x p e r im e n ts  w as to  e x t e n d  t h e s e  s t u d i e s  by e x a m in in g  some 
neurochem ical f e a tu r e s  o f  th e  ra c c o o n  s o m a to se n so ry  c o r t e x  and  
t h a l a m u s .  S p e c i f i c a l l y ,  we d e te rm in e d  th e  d i s t r i b u t i o n  and 
morphology o f  n e u ro n s  t h a t  a r e  im m u n o re a c tiv e  to  g lu tam ic  a c id  
decarb o x y lase  (GAD), c h o le c y s to k i n in  (CCK) and so m a to s ta tin  (S S ).

G A D -im m unoreactive n e u ro n s  w ere found  in  a l l  l a y e r s  o f  th e  
c o r t e x  and  a l s o  in  th e  w h ite  m a t t e r .  M ost rem arkab le were the 
many G A D -posltlve c e l l s  th a t  were lo c a te d  in  la y e r  I  and the  w h ite  
m a tte r  compared to  o th e r  s p e c ie s ,  such a s  th e  r a t ,  c a t  and monkey. 
A l l  GAD-i m m u n o re a c t iv e  n e u r o n s  h ad  th e  c h a r a c t e r i s t i c s  o f  
n o n -p y ram i d a l  c e l l s ;  m ost d i s p la y e d  e i t h e r  a  m u l t i p o l a r  o r  
b i t u f te d  morphology.

I n  th e  th a lam u s, th e  d i s t r i b u t io n  o f  GAD-immunoreactive neurons 
v a r ie d  g r e a t ly  from  one n u c l e a r  r e g io n  to  a n o th e r .  VPL and VPM 
were found to  be very  s p a r s e ly  la b e le d ,  c o n ta in in g  on ly  s c a t t e r e d  
G A D - p o s i t l v e  n e u ro n s  t h a t  w ere t y p i c a l l y  s m a l l  in  s i z e .  I n  
c o n t r a s t ,  VPI was densely  packed w ith  GAD-immunoreactive c e l l s .

C o r t i c a l  neurons t h a t  w ere im m u n o re a c tiv e  to  CCK were lo c a te d  
p r im a r ily  in  la y e r s  I I / I I I ,  V and VI; la b e le d  c e l l s  o c c a s i o n a l l y  
w ere  fo und  in  l a y e r  I .  V ery  few , i f  a n y , C C K -positive neurons 
were p re s e n t  in  th e  w h ite  m a t t e r .  The m orphology o f most o f the 
C C K -positive c e l l s  was m u l t ip o la r ,  b ip o la r  o r  b i tu f t e d .

SS-im m unoreactive neurons were found in  la y e r s  I I / I I I ,  V and  VI 
o f  th e  c o r t e x  and  a l s o  in  th e  w h ite  m a t te r .  A few SS-posi t i ve 
c e l l s  w e r e  l o c a t e d  i n  l a y e r  I .  T h e  m a j o r i t y  o f  t h e  
SS-im m unoreacti ve neurons were e i t h e r  b l t u f t e d  o r  m u l t i p o l a r  in  
m orphology.

T he r e s u l t s  show t h a t  th e  d i s t r i b u t i o n  o f  n e u ro n s  t h a t  a r e  
im m unoreactive to  GAD, CCK and  SS in  th e  som atosensory  c o r te x  o f 
th e  ra c c o o n  i s  s i m i l a r  to  t h a t  in  o th e r  s p e c i e s .  H ow ever, a 
c o n s id e ra b le  number o f im m unoreactive neurons a r e  lo c a te d  in  la y e r  
I  and th e  w h ite  m a tte r  o f  the  raccoon , b u t n o t  in  o th e r  a n im a ls .  
The d i s t r i b u t i o n  o f  G A D -p o s itiv e  neurons in  th e  thalam us o f  the  
raccoon  i s  a l s o  s im i la r  to  t h a t  in  o th e r  s p e c ie s ,  ex c ep t f o r  the 
d ram atic  d if f e re n c e  between th e  s p a r s e ly - la b e le d  VPL/VPM com plex  
and th e  d e n s e ly - la b e le d  VPI n u c le u s .

Supported  by NIH g ra n t  NS06233 and NSF g ra n t  BNS-8419035.

387.20 GABAERGIC MODIFICATION OF TEMPORAL CODING TO HIGH FREQUENCY 
STIMULI IN S II. K. Alloway and H. Burton. Dept. Anatomy & 
Neurobiology, Washington Univ. Sch. Med., S t. Louis, MO 63110.

GABAergic in h ib ito ry  c ir c u its  r e s t r ic t  the recep tive f ie ld  s ize  
of neurons in the primary somatic sensory cortex (Dykes et a l . ,  J . 
N europhysiol., 1984). We have extended those findings to  neurons 
in  the second somatic sensory c o r tic a l area (SII) (Alloway and 
Burton, Somatosens. Res., 1986). Our analysis suggested th a t GABA
erg ic  c irc u its  may lim it the temporal f id e l i ty  of SII neurons that 
respond to  low frequency (10-50 Hz) v ib ra tio n s . Here we report the 
re su lts  from neurons that respond to  high frequency (>200 Hz) 
v ib ro ta c ti le  stim u la tion .

C ats, implanted with a chamber over S II, were placed in a sling  
apparatus and non-traum atically  immobilized. The animals were 
re sp ired  with n i trous oxide and 1% halothane. During iso la tio n  of 
neuronal a c t iv i ty ,  the  animals were paralyzed and halothane was 
b r ie f ly  discontinued. Single u n its  were recorded  with a P t- I r  wire 
in  the c en tra l b a rre l of a 9 b a rre l g lass p ip e tte . Side b a rre ls  
contained 0.3 M glutam ate, 0.25 M (GABA, 2.0 M NaCl, and 5-6 mM 
b icucu lline  methiodide (BMI). Electrode penetrations were made in  
an area of SII th a t receives inputs from Pacinian receptors in the 
d is ta l  forelim b. V ib ro tac tile  stim ulation  was provided by a modi
fied  acoustic speaker con tro lled  by a microcomputer; a PDP 11/34 
computer co llec ted  and sto red  spike discharges fo r on- and o ff 
lin e  data an a ly sis .

Neuronal responses (n = 13) to  high frequency mechanical sinu
soids have been analyzed fo r changes in  %entrainment (%E) and f re 
quency following p ro b ab ility  (FFP). %E (peak ha lf-cycle  spike 
count divided by to ta l  spike count) varied across neurons but 
usually  increased with increasing stimulus amplitudes (10-110 
microns). In neurons responding best to  300 Hz, average %E was 
74.8%. BMI (25-75 nA) and glutamate (25-150 nA) fa ile d  to  improve 
the mean %E a t p referred  (300 Hz) or nonpreferred (<300 Hz) 
frequencies. In 7-8 neurons, however, BMI reduced the threshold  
amplitude needed to  e l i c i t  periodic  discharges.

All neurons normally f ired  on in te rm itten t cycles, a re su lt 
th a t was re f le c te d  by values of FFP ([peak h a lf  count minus re 
maining h a lf count] divided by number of cycles) below 1. Thus, 
FFPs ranged from .005 to  .131 fo r 300 Hz stim u li a t amplitudes of 
50-60 microns. BMI and glutamate s ig n if ic a n tly  increased the aver
age FFP values by 54% (n = 11) and 40% (n = 10), re sp ec tiv e ly . In 
two neurons that responded only to  the i n i t i a l  onset of v ib ra tio n , 
both drugs caused the c e lls  to  discharge in te rm itten tly  during 
stim u la tion .

These re su lts  suggest th a t GABA c irc u its  do not act to  segregate 
submodality inputs to  S II, but may lim it temporal f id e l i ty  and, 
thereby, transform  the temporal code representing  a c tiv ity  in 
peripheral channels. -  Supported by NINCDS grant NS22012.
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387.21 CHOLINERGIC M ODULATION O F N EURONAL RESPONSES TO 
PERIPHERAL STIMULATION IN RAT SOMATIC SENSORY CORTEX. 
J.P. Donoghue and K.L. Carroll* . Center for N eural Science, B row n 
University, Providence R I 02912.

D iffuse afferents to cerebral neocortex, such as the basal forebrain 
cholinergic pathway, have been postulated to modulate the cortical processing 
o f specific sensory inputs. To address this possibilty, the effect o f 
iontophoretically applied acetylcholine (ACh) on sensory response properties 
in the primary somatic sensory (SI) cortex was investigated in urethane 
anesthetized albino rats. Single neurons in the SI whisker representation 
were recorded during natural stimulation o f the mystacial vibrissa under three 
conditions: (a) with no applied drug, (b) during local ACh application and (c) 
after a five minute recovery period. Laminar distribution o f cells was 
identified by correlating electrode depth and normal discharge characteristics 
with histological recontructions of electrode tracts.

ACh application increased the response elicited by whisker stimulation 
(termed a Type I effect) in most SI neurons. Peak discharge under these 
conditions increased an average o f 81% over control. O f cells with Type I 
responses, 75% showed an increase in both peak response and  
background discharge; the remainder exhibited an increase in peak response 
with little or no change in background activity. Frequently, these cells could 
not be activated by peripheral stimulation in the control state, but in the 
presence o f ACh, whisker deflection evoked a clear response without 
increasing background activity. G lutamate application to  the same cells 
however, increased both sensory response and background discharge.

Type II effects, found in 20% of recorded SI cells, were characterized by 
a  depression o f the sensory evoked discharge during ACh application. 
U sually the Type II effect was a accom panied by a decrease in and 
background activity. In others, the decrease in peak response was coupled 
with a paradoxical increase in  background activity. Type I and Type II 
effects were similar in that both w ere evoked at com parable current 
intensities (Type I-40±3 vs. Type II-34±4 nA) and antagonized by atropine.

Type I and Type II effects were largely segregated into different cortical 
lamina. O f the cells tested in supra and infragranular layers 88% had Type I 
responses. Only 18% o f layer II and III cells affected by ACh were 
classified Type II; layer V cells showed only Type I effects. In contrast, 
70% o f layer IV cells showed decreased sensory responses during ACh 
application.

These studies show that muscarinic cholinergic actions can markedly 
enhance the effectiveness o f sensory inputs to certain SI neurons, while 
suppressing sensory activation in others. The laminar segregation o f this 
differential action o f ACh may increase the contribution o f supra and 
infragranular layers and diminish the contribution o f the granular layer in 
processing sensory input from the whiskers. These effects may provide a 
mechanism for selective attention and gating o f sensory information in 
cerebral neocortex. Supported by NIMH grant #MH40972.

CORTICAL AND SUBCORTICAL ORGANIZATION III

388.1 THE ROLE OF THE FRONTAL CORTEX IN COGNITIVE-MOTIVATIONAL INTER
ACTIONS: A NETWORK THEORY. D.S. L e v in e , D ep t. of M athem atics, 
U niv. o f Texas a t  A r lin g to n , A rlin g to n , TX 76019.

N eural netw ork  models a re  suggested  to  e x p la in  a  v a r i e ty  of 
c l i n i c a l  and le s io n  d a ta  on th e  mammalian p r e f r o n ta l  c o r te x . The 
o r b i t a l  f r o n ta l  c o r te x ,  v ia  i t s  co n n ec tio n s  w ith  th e  lim b ic  system , 
hypothalam us, and r e t i c u l a r  fo rm a tio n , i s  suggested  to  be invo lved  
in  th e  m ed ia tio n  o f in c e n tiv e  m o tiv a tio n  toward o r away from spe
c i f i c  s t im u l i .  T h is su g g es tio n  i s  based  on th e  p e r s e rv a t io n  and 
enhanced re a c t io n  to  n o v e lty  th a t  occu rs  w ith  f r o n ta l  damage. Hy
p o th e se s  a re  proposed abou th  th e  e x c i ta to ry  o r in h ib i to r y  n a tu re  
of some co n n ec tio n s  to  and from th e  o r b i t a l  a re a .

The d o r s a l  f r o n ta l  c o r te x ,  v ia  i t s  conn ec tio n s  w ith  secondary  
senso ry  a re a s  o f th e  c o r te x ,  i s  suggested  to  be i nvolved in  th e  
e x p e c ta t io n  of one s tim u lu s  g iven  th e  occu rren ce  of a n o th e r . Re
la t io n s h ip s  a re  d isc u sse d  w ith  th e  co n tin g e n t n e g a tiv e  v a r i a t i o n ,  
c o ro l la ry  d is c h a rg e , and th e  coding of h ig h e r -o rd e r  tem poral 
chunks o f s t im u l i .  I t  i s  shown how a t t e n t io n  can be b ia se d  to 
ward lo n g e r tim e sequences o f s t im u l i  in  p re fe re n c e  to  s h o r te r  
sequences. F in a l ly ,  th e  in c o rp o ra tio n  o f m o tiv a t io n a l d a ta  in to  
b e h a v io ra l p la n s  i s  ana lyzed  u s in g  d i f f u s e  co n n ec tio n s  between 
th e  o r b i t a l  and d o rs a l  a re a s  of th e  f r o n ta l  c o r te x .

388.2 TOPOGRAPHIC ORGANIZATION OF CORTICO-CORTICAL CONNECTIONS OF THE 
PREFRONTAL COMPONENT OF MEDIAL PRECENTRAL CORTEX IN RATS. 
R.L. Reep and J .V . Corwin* SPON:(Don W. W alker). D epts. of 
P h y s io lo g ic a l S ciences  and N eu roscience , Univ. o f F lo r id a ,  
G a in e s v i l le ,  FL 32610; and D ept. o f  Psychology, Univ. of 
New O rle a n s -L a k e fro n t, New O rlean s , LA 70148.

M edial p r e c e n tr a l  c o r te x  l i e s  between th e  c in g u la te  and 
som atic sen so rim o to r a r e a s ,  and ex tends  from th e  f r o n ta l  po le  to  
r e t r o s p l e n ia l  c o r te x . I t s  r o s t r a l  p o r tio n  (rPCm) belongs to  
p r e f r o n ta l  c o r te x  by v i r t u e  o f i t s  conn ec tio n s  w ith  th e  raedio- 
d o rs a l tha lam ic  n u c le u s . We have found, on th e  b a s is  o f HRP 
and a u to ra d io g ra p h ic  s tu d ie s ,  th a t  rPCm engages in  u n iq u e ly  
w idspread  c o r t i c o - c o r t i c a l  co n n e c tio n s . L ike o th e r  ro d en t 
p r e f r o n ta l  fie ld s ,rP C m  has co n n e c tio n s  w ith  lim b ic  and para lim b ic  
r e g io n s . However, i t  a lo n e  a ls o  has r e c ip ro c a l  co n n ec tio n s  w ith  
v i s u a l ,  som atic  se n so ry , and a u d ito ry  a r e a s .  In  th e  v is u a l  
and som atic  sen so ry  a r e a s ,  e f f e r e n t s  from rPCm te rm in a te  in  
w e ll d e f in ed  columns 300-500um in  d ia m e te r. L abeling  i s  
h e a v ie s t  in  la y e r s  I ,  I I I  and V. O ccas io n a lly  th e  spacing  
between a d ja c e n t columns i s  a lso  about 500um, su g g es tin g  th a t  
e f f e r e n t s  from o th e r  so u rces  i n t e r d i g i t a t e  w ith  th o se  from 
rPCm. E f fe re n ts  to  th e  a g ra n u la r  s u b f ie ld  of r e t r o s p l e n ia l  
c o r te x  a re  focused  in  la y e r  I ,  d i f f u s e  in  deeper la y e r s .  
L abeling  i s  con tinuous in  th e  m e d io la te ra l  and ro s tro c a u d a l 
dim ensions th roughou t t h i s  te rm in a l f i e l d .  O ther i p s i l a t e r a l  
c o r t i c a l  reg io n s  to  w hich rPCm p ro je c ts  a re  th e  l a t e r a l  
a g ra n u la r , a n t e r io r  c in g u la te ,  and p re s u b ic u lu a r  f i e l d s .  In  
caudal PCm and c o n t r a la t e r a l  rPCm, la b e l in g  appears  d if fu s e  
th roughou t a l l  c o r t i c a l  la y e r s  and no columns a re  seen . rPCm 
p r o je c ts  b i l a t e r a l l y  and d i f f u s e ly  to  th e  in s u la r  and e n to rh in a l 
c o r t i c e s .  V e n tro la te ra l  o r b i t a l  co r te x  re c e iv e s  a b i l a t e r a l  
p ro je c t io n  te rm in a tin g  p r im a r ily  in  la y e r s  I ,  I I I  and V. 
Q u a n ti ta t iv e  g ra in  coun ts  w i l l  be p re sen ted  f o r  many o f th e se  
te rm in a l f i e l d s .

In  view  o f th e  above f in d in g s ,  and th e  ro le  o f rPCm in  
b e h a v io ra l n e g le c t ,  we co n s id e r  rPCm to  be a unique m ultim odal 
a s s o c ia t io n  reg io n  o f ro d en t p r e f ro n ta l  c o r te x ,  d is tin g u is h e d  
la rg e ly  by i t s  d iv e r s i ty  o f i s o c o r t i c a l  co nnec tions  in  a d d i tio n  
to  more ty p i c a l  co n n e c tio n s  w ith  lim b ic  and p a ra lim b ic  re g io n s .

S u p p o rte d  by t h e  U n iv e r s i ty  o f  F l o r i d a  D iv is io n  o f  S p o n so red  
R e s e a rc h  and  by t h e  M axw ell F und.
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388.3 LAMINAR ORIGIN OF CORTICAL PROJECTIONS TO THE FRONTAL CORTEX IN 
THE RHESUS MONKEY. H. Barbas. Depts. of Health Sciences and 
Anatomy, Boston Univ. and Sch. of Med., Boston, MA 02215.

The laminar o r ig in  of c o r t i c a l  pro jec t ions  to  the  f r o n ta l  
cortex was studied in  17 adu l t  rhesus  monkeys with the  use of. 
the re trograde  t ranspo r t  of horseradish peroxidase (HRP). The 
f r o n ta l  regions in jec ted  with HRP included the  premotor cortex,  
an te r io r  pe r ia rcua te ,  p e r ip r in c ip a l i s ,  v e n t ro la te ra l  area  12, 
and o rb i t a l  area 11. Counts of re trograde ly  labeled neurons 
were obtained from every 20th sec t ion  throughout the e n t i r e  
cerebral  cortex .  The boundaries of a rch i tec ton ic  zones 
containing HRP labe led neurons were determined from matched 
sec t ions  s ta ined  fo r  the  v isu a l iza t io n  of c e l l  bodies, myelin, 
or a ce ty lcho l ines te rase .  Labeled neurons were grouped in to  
systems of pro jec t ions  r e f le c t in g  th e i r  o r ig in  in  v isua l ,  
somatosensory, auditory ,  or motor c o r t i c e s .  Within each system, 
in  tu rn ,  labeled neurons were c l a s s i f i e d  in to  one of f ive  
categor ies  representing gradations of a rch i tec ton ic  
d i f f e r e n t ia t i o n .

Most labe led neurons were located in  layers  I I I  and V, with a 
few in  VI. In a l l  systems s tudied ,  pro jec t ions  which orig inated  
from the l e a s t  a rch i te c to n ica l ly  d i f f e r en t ia te d  areas  (ca te 
gory 1) arose mainly from layers  V and VI. A gradual increase  
in  supragranular labe ling  was observed in  regions which showed 
an increasing laminar d i f f e r e n t ia t i o n  (ca tegories  2-5) .

The r e s u l t s  suggest th a t  the  laminar o r ig in  of f ro n ta l ly  
d irec ted  pro jec t ions  depends on the laminar organization of the 
regions which give r i s e  to  the pro jec t ing  a f fe ren t  f ib e r s .  
F rontal ly  d irec ted  pro jec t ions  from limbic c o r t i c e s ,  which show 
a rudimentary laminar organization,  emanate mainly from the deep 
laye rs .  Pro jections  from increasingly  more d i f f e r en t ia te d  
co r t i c e s  a r i s e  progressively from the upper, or supragranular,  
lay e rs .  Thus, as the c o r t i c a l  a rch i te c tu re  gradually  changes 
from limbic areas  toward the primary c o r t i c e s ,  the o r ig in  of 
f ro n ta l ly  d irec ted  pro jec t ions  gradually  s h i f t s  from 
predominantly in fragranu lar  to  predominantly supragranular 
laye rs .

Supported by NSF grant  BNS 83-15411.

388.4 DEMONSTRATION OF INDIVIDUAL FIBERS FROM THE SUBSTANTIA INNOMI
NATA TO THE FRONTAL CORTEX OF THE RAT, USING PHASEOLUS VULGARIS 
LEUCOAGGLUTININ (PHA-L). K.M. Carnes & J.L . P r ice . Dept. of 
Anatomy & Neurobiology, Washington Univ. Sch. Med., S t. Louis, 
MO 63110.

Kidney bean l ect i n(PH A -L) was used as an anterograde axonal 
tra c e r  to  labe l f ib e rs  from the magnocellular areas of the basal 
fo rebra in  (especially  the v en tra l pallidum and other p a rts  of 
the substan tia  innominata). Cells in these regions provide in 
puts to  a l l  n o n -s tr ia ta l  p a rts  of the telencephalon, including 
the cerebral cortex , amygdaloid complex and o lfac to ry  bulb; a 
high proportion of the f ib e rs  to  the neocortex have been re
ported to  be cho linerg ic  (Mesulam e t a l . ,  Neuroscience 10:1185- 
1201, 1983).

Iontophoretic or pressure in jec tio n s  of PHA-L were made 
through m icropipettes; a f te r  su rv ival periods of 7-14 days the 
animals were k ille d  and th e ir  brains reacted immunohistochemi- 
ca lly  with antibodies against PHA-L (Gerfen and Sawchenko, Brain 
Res. 290:219-238, 1984). Complete se rie s  of sections were taken 
through the ro s tr a l  p a rt of the hemisphere, in order to  allow 
reconstruc tion  of ind iv idual labeled f ib e rs  in  the fro n ta l 
cortex; a 1-in-5 se r ie s  of sections was taken through the re 
mainder of the b ra in .

Small in jec tio n s  (ca. 500 μm in  diameter) in  the substan tia  
innominata labeled f ib e rs  in many p a rts  of the cerebral cortex , 
from the fro n ta l cortex to  the en torh inal cortex , as well as in 
the amygdala and o lfac to ry  bulb. In the fro n ta l cortex labeled 
f ib e r  segments with v a r ic o s it ie s  were found in a l l  lay e rs , but 
were concentrated in  the su p e rf ic ia l (I and II)  and deep (V and 
VI) lay e rs .

Reconstruction of. sing le  f ib e rs  from s e r ia l  sections suggests 
th a t ind iv idual f ib e rs  have d iffe re n t morphologies, with some 
ramifying in the deeper layers of the cortex , and others concen
tra te d  in the su p e rf ic ia l layers. The branches of individual 
f ib e rs  appear to  be concentrated w ithin an area about 1 mm in 
diam eter, although d is ta l  f ib e r  segments may extend 0.5 mm be
yond th is  l im it. In add ition , separate f ib e rs  labeled from a 
re s t r ic te d  in jec tio n  (and therefo re  a r is in g  from nearby c e ll  
somata) may be concentrated w ithin the same 1 to  2 mm area of 
the cortex . These re su lts  are in  agreement with previous data 
from double retrograde tra c e r  experiments, which indicated  th a t 
ind iv idual c e lls  in  the substan tia  innominata p ro jec t to  re 
s t r ic te d  areas (ca. 1-1.5 mm) of the cerebral cortex (Price and 
S tern , Brain Res. 269:352-356, 1983).

Supported by NIH grants NS09518 and AG05681. KMC was also  
supported by NIH GM07200, Medical S c ie n tis t .

388.5 AFFERENT CONNECTIONS OF THE PREFRONTAL CORTEX IN CAT: A RETROGRADE 
ANALYSIS UTILIZING HRP AND DIAMIDINO YELLOW. G.S. Ruffa*, D.D. 
Spencer, C.A. Greer, M.L. Schwartz and S.S. Spencer, Sections of 
Neurosurgery, Neuroanatomy and Department o f Neurology, Yale Univ. 
Sch. of Med., New Haven, CT 06510.

The a ffe re n t input to the p refron tal cortex  in c a t was studied 
u t i l iz in g  the re trograde  tran sp o rt of horseradish peroxidase (HRP) 
or diamidino yellow (DY). Prefrontal cortex  (PFC) in both humans 
and monkeys has been found to be e ssen tia l fo r the performance of 
c e r ta in  cogn itive  behaviors (Goldman- Rakic e t  a l . ,  Hndbk. Child 
Psych. B iol. In f . Develop., 1983) and in humans is  frequen tly  
noted fo r the development o f m edically in tra c ta b le  e p ile p tic  fo c i. 
We wished to examine the p o s s ib il i ty  th a t topographical v a ria tio n  
in the a f fe re n t connections o f the PFC may be re la te d  to the sus
c e p t ib i l i ty  o f d if f e r e n t regions o f the  PFC to kindling  (Spencer 
e t  a l . ,  Soc. Neurosci. A b st., 1986).

Adult ca ts  were anesthe tized  and the region o f the presylv ian  
sulcus pressure in jec ted  with e ith e r  0.6ul o f 2% DY o r 2% WGA- 
HRP. Following a 2 - 7 day survival the  animals were perfused and 
ro u tin e ly  processed fo r e ith e r  fluorescence microscopy (DY) o r 
with TMB fo r HRP lo c a liz a tio n . A lte rna te  sec tions were stained  
with cresyl v io le t  (DY) o r coun terstained  with neutral red (HRP) 
fo r anatomical o r ie n ta tio n . The loca tion  and re la t iv e  density  
o f re tro g rad e ly  lab e lled  ce ll bodies was determined with l ig h t  
microscopy and p lo tted  on drawings o f corresponding transverse  
sec tio n s .

The p a tte rn  o f la b e llin g  was comparable fo r  DY and HRP in jec ted  
ca ts  and was generally  c o n sis ten t with p rio r s tud ies  o f PFC, 
p a r tic u la r ly  th a t o f Cavada & Reinoso-Suarez (JCN, 242:293, 1985). 
The densest p a tte rn  of label was found w ithin the d if f e r e n t 
cy to a rch itec to n ic  regions o f the ip s i la te r a l  PFC as well as in 
the homotopic PFC o f the c o n tra la te ra l hemisphere. Moderate 
label was found in the ip s i la te r a l  c ingu la te  gyrus, a n te r io r  
ectosy lv ian  area and w ithin the  cortex  o f the  entorh inal and 
the suprasylvian s u lc i .  Moderate la b e llin g  o f c e ll bodies was 
a lso  found w ithin the cortex  o f the c o n tra la te ra l en torhinal 
su lcus. F in a lly , la b e llin g  was observed in several thalamic 
n u c le i, with the densest concentration  in mediodorsal nucleus.

The r e s u lts  w ill be discussed r e la tiv e  to  subdivisions o f the 
PFC th a t  may d i f f e r  in the ex ten t and topography of th e ir  a ffe re n t 
connections and th e ir  s u s c e p tib il i ty  to  k ind ling .

Supported in p a rt by Epilepsy Foundation o f America, C.G. 
Swebilius Foundation and NINCDS 19430.

388.6 REGIONAL DEVELOPMENT OF THE HUMAN FRONTAL NEOCORTEX: 
CHANGING PATTERNS OF ACETYLCHOLINESTERASE ACTIVITY 
I, Kostović , Dept. of Anatomy, Medical Faculty, Zagreb, Yugoslavia

Previous histochemical evidence from this laboratory has demonstra
ted the existence of acetylcholinesterase (AChE) reactive basal fore- 
brain and thalamic inputs to the developing human frontal cortex. Now 
we report data on the early regional development and changing chemo- 
archltectonic patterns of AChE reactivity in the human frontal cortex. 
We performed a correlated histochemical and Nissl study on postmortem 
brain tissue of fetuses, infants, children and adults, ranging from 8 
weeks of gestation (w.g.) to 26 years. Although local differences in 
AChE reactivity exist in the subplate and marginal zone as early as 18 
w.g., first regional differences in chemoarchitectonics appear between 
22. and 26. w.g., when basolateral cortex can be distinguished from 
dorsolateral prepolar cortex by presence of strong AChE reactivity of 
subplate zone and discrete band within the cortical plate. The precen
tral cortex displays weaker activity restricted mainly to the subplate 
and marginal zone. AChE reactive nonpyramidal cells of subplate and 
marginal zone are distributed throughout different cortical regions. 
Between 26. and 28. w.g. (several weeks prior to the first regional 
cytoarchitectonic differentiation of the frontal cortex into precentral 
motor, "premotor" and prefrontal cortex) there is a dramatic increase 
In staining density within the prospective layer IV of the cortical plate. 
In the basolateral prefrontal cortex AChE staining is extremely dense 
within the layer IV and lower part of layer III with the appearance of 
columnar pattern. The premotor and the precentral cortex show only 
the modest laminar staining. In the early postnatal cortex one can ob
serve the dramatic decrease in staining density within the layer IV, 
disappearance of columnar pattern and of dense band in the marginal 
zone. Concomitantly, there is gradual (deep to superficial) appearance 
of AChE reactive neurons in cortical layers and by third postnatal 
month layers VI and V contain numerous AChE reactive neurons. In 
two specimens (11 and 14 years) AChE reactivity has been also found 
in pyramidal cells of layer III of frontal cortex (no specimens from 8 
postnatal month to 11 years have been analyzed). In young adults (23 
and 26 years) frontal cortex shows an increase in the intracortical 
fibre staining and strong pericellular and cellular staining of pyramidal 
cells in layers III and V (Kostovid, Neurosci Abstr 8/2:933, 1982). In 
conclusion, AChE input from "noncholinergic" (thalamus) and "cholin
ergic" (basal forebrain) structures densely innervates cortical neuropil 
during the early cytoarchitectonic differentiation of the frontal lobe. 
The dramatic changes of chemoarchitectonics during postnatal areal de
velopment indicate prolonged involvement of cholinergic and "cholineste- 
rasic" systems in the development of cortical innervation and suggest 
"plasticity" of the human cortex during neonatal period, childhood and 
puberty.
(Supp. by YugoSlav-U.S. Joint Board grant No. 698 and SIZ-V SRH).
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388.7 KINDLED FOCI IN THE PREFRONTAL CORTEX OF THE CAT: METABOLIC ANALY
SES WITH 2-DEOXYGLUCOSE. D.D. Spencer, S.S. Spencer, G. Ruffa*, 
J. Partington* and C.A. Greer, Sections of Neurosurgery, Neuro
anatomy and Department o f Neurology, Yale Univ. Sch. of Med., 
New Haven, CT 06510.

In humans with fro n ta l lobe e p ile p tic  foci metabolic stud ies 
have shown a decrease in a c t iv i ty  proximal to the focus during in - 
t e r ic ta l  periods. Most animal models of ep iltogen ic  events have 
focussed on m etabolic s tud ies during ep iltifo rm  a c t iv i ty  in regions 
o ther than the fro n ta l lobes. We wished to e s ta b lish  (1) the sus
c e p t ib i l i ty  of p refron tal cortex  (PFC) in the c a t to e le c tr ic a l  
kindling  and (2) the c h a ra c te r is t ic s  of m etabolic a c t iv i ty  w ithin 
PFC during in te r ic ta l  periods.

Four ad u lt female ca ts  were kindled d a ily  via b ipo lar s tim ula
tio n  of the PFC u n til they reached c r i te r io n ,  e ith e r  5 consecutive 
generalized  seizu res or a maximum o f 120 s tim u la tio n s . At 72 h rs. 
following the fin a l kindling session the ca ts  were adm inistered 
100 uCi/kg of 14C-2-deoxyglucose (2DG) and sac rif ic ed  45 min. 
l a te r .  The brains were ro u tin e ly  processed fo r 2DG au to rad io 
graphy and the brain sec tions subsequently s tained  with cresyl 
v io le t  fo r h is to lo g ica l c o rre la tio n .

Two principal s tim ulation  s i te s  were h is to lo g ic a lly  id e n tif ie d , 
d o rso la te ra l PFC and dorsomedial PFC. Each of these  areas produced 
seizures which were c l in ic a l ly  d is t in c t .  The cats  stim ulated in 
the d o rso la te ra l region required more stim uli to reach c r i te r io n  
than did ca ts  stim ulated in the dorsomedial region o f the PFC. 
2DG analyses revealed th a t ca ts  stim ulated  in the d o rso la te ra l PFC 
had decreased 2DG uptake adjacent to the s tim ulation  s i t e  and in 
creased 2DG uptake in ip s i la te r a l  en torhinal and prepyriform co r
tex . In c o n tra s t , ca ts  stim ulated in the dorsomedial region ex
h ib ited  increased 2DG uptake ad jacen t to the stim ulus s i t e  as well 
as in the ip s i la te r a l  in su la r cortex  and areas 2, 4 and 6.

The re s u lts  demonstrate a d iffe r in g  s u s c e p tib il i ty  to kindling 
in subdiv isions of the  PFC co rre la ted  with d if f e r e n t c lin ic a l 
c h a ra c te r is t ic s  o f the induced seizures and d if f e r e n t in te r ic ta l  
m etabolic p a tte rn s . These observations w ill be discussed re la tiv e  
to p a ra lle l s tud ies  on the a f fe re n t connections of the PFC (Ruffa 
e t  a l . ,  1986).

Supported in part by Epilepsy Foundation of America, The 
C.G. Swebilius Foundation and NINCDS 19430.

388.8  CORTICAL AREAS IN THE MEDIAL FRONTAL LOBE OF THE CAT. 
S .Y . M u sil*  and C .R . O lso n  (SPON: R.W. C h o le w ia k ). D e p t . o f  
P sy c h o lo g y , P r in c e t o n ,  N .J .  0 8 5 4 4 .

The m e d ia l  f r o n t a l  lo b e  o f  th e  c a t  i s  th o u g h t to  c o n ta in  
s e v e r a l  c o r t i c a l  a r e a s .  H ow ever, r e g io n a l  v a r i a t i o n s  o f  f r o n t a l  
lo b e  c y to a r c h i t e c t u r e  a re  g ra d u a l  and have g iv e n  r i s e  to  
c o n f l i c t i n g  sy s te m s  o f  a r e a l  p a r c e l l a t i o n .  As an in d e p e n d e n t  
m eans f o r  c h a r a c t e r i z i n g  and d e l i m i t in g  f r o n t a l  lo b e  a r e a s ,  we 
h ave  a s s e s s e d  r e g io n a l  v a r i a t i o n s  in  a f f e r e n t  c o n n e c t i v i t y .  We 
r e p o r t  h e re  on p a t t e r n s  o f  r e t r o g r a d e  l a b e l in g  o b se rv e d  
f o l lo w in g  25 d e p o s i t s  o f  d i s t i n g u i s h a b l e  r e t r o g r a d e  t r a c e r s  in  
16 c a t s .

A n te r io r  c i n g u l a t e  c o r t e x  (A C), d e f in e d  a s  c o r t e x  w i th  
th a la m ic  in p u t  from  th e  a n te ro m e d ia l  th a la m ic  n u c le u s  (AM) b u t 
n o t  from  th e  m e d io d o rsa l  n u c le u s  (MD), was c o n f in e d  to  a zone 
above  and im m e d ia te ly  r o s t r a l  to  th e  c o rp u s  c a llo s u m . T r a c e r s  
d e p o s i te d  in  t h i s  r e g io n  w ere t r a n s p o r t e d  to  a s s o c i a t i o n  c o r t e x  
th ro u g h o u t  th e  f r o n t a l  lo b e  and to  p o s t e r i o r  l im b ic ,  i n s u l a r  and 
e n to r h i n a l  t e r r i t o r i e s .

M ed ia l f r o n t a l  c o r t e x ,  d e f in e d  as  c o r t e x  w i th  s t r o n g e r  in p u t  
from  MD th a n  from  AM, o c c u p ie s  th e  re m a in d e r  o f  th e  m ed ia l 
f r o n t a l  lo b e .  P r o j e c t io n s  from  th e  m e d io d o rsa l  th a la m ic  
n u c le u s ,  th e  v e n t r a l  com plex  o f  th e  th a la m u s ,  th e  i n s u l a  and 
p o s t e r i o r  l im b ic  c o r t e x  te r m in a te  th ro u g h o u t m ed ia l f r o n t a l  
c o r t e x  and e x h ib i t  to p o g ra p h y  w i th  r e s p e c t  to  th e  d o r s o v e n t r a l  
c o r t i c a l  a x i s .  I n  c o n t r a s t ,  p r o j e c t i o n s  from  o th e r  b r a in  
r e g io n s  a r e  s p a t i a l l y  r e s t r i c t e d  and p r o v id e  a b a s i s  f o r  
d e m a rc a tin g  th r e e  d i s c r e t e  c o r t i c a l  d i v i s i o n s ,  a s  d e s c r ib e d  
b e lo w .

I n f r a l i m b i c  c o r t e x  ( I L ) ,  w h ich  o c c u p ie s  th e  v e n t r o p o s t e r io r  
r im  o f  th e  m e d ia l  f r o n t a l  lo b e ,  i s  u n iq u e  in  r e c e i v in g  in te n s e  
p r o j e c t i o n s  from  p r im a ry  o l f a c t o r y  ( p r e p i r i f o r m )  c o r t e x  and from  
th e  h ip p o cam p a l su b ic u lu m .

The m e d ia l  f r o n t a l  ev e  f i e l d  (MFEF), a d o r s a l  s t r i p  a d ja c e n t  
to  th e  c r u c i a t e  s u lc u s ,  i s  d i s t i n g u i s h e d  by in p u t  from  v i s u a l  
a s s o c i a t i o n  c o r t e x ,  in c lu d in g  a r e a  7 .

I n te r m e d ia t e  p r e f r o n t a l  c o r t e x  ( I P F ) ,  l o c a t e d  be tw een  IL and 
MFEF, r e s e m b le s  t h e s e  a r e a s  in  r e c e i v in g  a f f e r e n t s  from  f r o n t a l ,  
i n s u l a r  and p o s t e r i o r  l im b ic  a s s o c i a t i o n  a r e a s .  I t  d i f f e r s  from  
them  in  l a c k in g  s u b ic u l a r ,  o l f a c t o r y  and v i s u a l  a s s o c i a t i o n  
c o n n e c t io n s .  IP F , a s  d e f in e d  h e r e ,  in c lu d e s  c o r t e x  commonly 
r e g a r d e d  as  " p r e l im b ic " ,  b u t  o u r r e s u l t s  do n o t s u p p o rt  th e  
i n t e r p r e t a t i o n  o f  p r e l im b ic  c o r t e x  a s  a d i s c r e t e  e n t i t y .

In  c o n c lu s io n ,  we have  a n a ly z e d  p a t t e r n s  o f  a f f e r e n t  
c o n n e c t i v i t y  th ro p o u g h o u t th e  c a t ’ s m ed ia l f r o n t a l  lo b e  and have 
u se d  th e  r e s u l t s  a s  a b a s i s  f o r  d e l i m i t i n g  f o u r  c o r t i c a l  a r e a s .

388.9  THE ORGANIZATION OF THE CONNECTION OF THE PREFRONTAL CORTEX WITH 
THE PREMOTOR AREA IN MACAQUE MONKEYS. T . A r i k u n i ,  K .W a ta n a b e *  
a n d  K .K u b o t a .  D e p t . o f  N e u r o p h y s i o l o g y ,  P r i m a t e  R e s e a r c h  
I n s t i t u t e ,  Kyo to  U n iv . ,  I n u y a m a , A i c h i , 4 8 4 , J a p a n .

The e f f e r e n t  and  a f f e r e n t  c o n n e c t i o n s  o f  t h e  p r e f r o n t a l  c o r t e x  
( a r e a s  8A a n d  45 o f  W a l k e r )  w i t h  t h e  p r e m o t o r  a r e a  ( a r e a  6 o f  
B ro d m an n )  w e r e  i n v e s t i g a t e d  i n  m a c a q u e  m o n k e y s  by  m e a n s  o f  
a n t e r o g r a d e  a n d  r e t r o g r a d e  l a b e l i n g  t e c h n i q u e s .  U n d e r  a d e e p  
p e n t o b a r i t a l  a n e s t h e s i a  a s i n g l e  d o s e  o f  w hea t  germ a g g u l u t i n i n  
c o n j u g a t e d  h o r s e r a d i s h  p e r o x i d a s e  (WGA-HRP) (0 .1  u l ,  10%, S ig m a  
VI) was i n j e c t e d  i n t o  v a r i o u s  p a r t s  o f  t h e  a r c u a t e  c o r t e x  i n  s i x  
Macaca f u s c a t a  and  one Macaca r h e s u s . A f t e r  a s u r v i v a l  t im e  o f  
3 d a y s ,  m o n k e y s  w e r e  d e e p l y  a n e s t h e t i z e d .  And t h e  b r a i n s  w e r e  
p e r f u s e d  t h r o u g h  t h e  h e a r t  by  a m i x t u r e  o f  g l u t a r a l d e h y d e  
( 1 .2 5% ),  p a r a f o r m a l d e h y d e  (1.0%) a n d  p h o s p h a t e  b u f f e r  (pH 7 . 2 ) ,  
a n d  r e m o v e d  i m m e d i a t e l y .  Th ey  w e r e  c u t  a t  50 um on  a f r e e z i n g  
m i c r o t o m e .  E v e r y  f o u r t h  s e c t i o n  was  c o l l e c t e d  and  t r e a t e d  w i t h  
TMB, some o f  whi ch were  c o u n t e r s t a i n e d  l i g h t l y  by 1% n e u t r a l  r e d  
s o l u t i o n .  The s e c t i o n s  were  ex amined  by l i g h t  m ic r o s c o p y  u n d e r  
b r i g h t -  and  d a r k - f i e l d  i l l u m i n a t i o n .

F o l l o w i n g  a s i n g l e  i n j e c t i o n  o f  WGA-HRP i n t o  a r e a  8A, 
l a b e l e d  t e r m i n a l s  and  c e l l s  a p p e a r e d  d o r s o m e d i a l l y  i n  one  o r  two 
c i r c u m s c r i b e d  s i t e s  o f  a re a .  6,  and d o r s o l a t e r a l  l y  a l s o  i n  one  o r  
tw o  c i r c u m s c r i b e d  s i t e s  o f  a r e a  6 ,  c o n s i s t i n g  o f  1 - 6  v e r t i c a l  
b a n d s ,  b e i n g  t h e  w i d t h  r a n g i n g  f ro m  250 t o  350 um. I n  e a c h  b a n d ,  
l a b e l e d  t e r m i n a l s  were  found  t h r o u g h o u t  t h e  e n t i r e  c o r t i c a l  d e p th  
o f  t h e  p r e m o t o r  a r e a .  L a b e l e d  c e l l s  were  l o c a t e d  m a i n l y  i n  l a y e r s  
I I I  and  V, and  s p a r s e l y  i n  l a y e r s  I I ,  IV , and  VI o f  t h e  p r e m o t o r  
a r e a .  A c l o s e r  e x a m i n a t i o n  r e v e a l e d  t h a t  one  band  c o n s i s t e d  o f  a 
d e n s e l y  p a c k ed  c o r e  and  a l e s s e r  p a c k ed  p e r i p h e r a l  zone .  When 
b a n d s  a p p e a r e d  i n  g r o u p s  o f  two  t o  s i x ,  t h e r e  w e r e  s p a c e s  
d e v o i d  o f  b o t h  t e r m i n a l  a n d  c e l l u l a r  l a b e l i n g s  o r  o f  s p a r s e l y  
l a b e l e d  t e r m i n a l  a n d  c e l l u l a r  l a b e l i n g s  b e t w e e n  b a n d s  a t  
i n t e r v a l s  o f  100 t o  500 um. R e c o n s t r u c t i o n  o f  s e r i a l  s e c t i o n s  
sh o w e d  t h a t  t h e s e  b a n d s  e x t e n d e d  i n  a l o n g i t u d i n a l  o r  o b l i q u e  
d i r e c t i o n ,  b u t  n o t  i n  a t r a n s v e r s e  d i r e c t i o n .

F o l l o w i n g  a s i n g l e  i n j e c t i o n  o f  WGA-HRP i n t o  a r e a  45,  s i m i l a r  
f i n d i n g s  w e r e  o b t a i n e d .  L a b e l e d  t e r m i n a l s  a n d  c e l l s  a l w a y s  
a p p e a r e d  i n  tw o  c i r c u m s c r i b e d  s i t e s  o f  t h e  p r e m o t o r  a r e a :  o n e  
l o c u s  i n  t h e  d o r s o l a t e r a l  p r e m o t o r  a r e a  a n d  t h e  o t h e r  l o c u s  i n  
t h e  d o r s o m e d i a l  p r e m o t o r  a r e a .  T hey  a l s o  c o n s i s t e d  o f  s e v e r a l  
b a n d s .

I t  was  c o n c l u d e d  t h a t  i n  t h e  monkey  c e l l s  o f  s m a l l  a r e a s  o f  
t h e  p r e f r o n t a l  c o r t e x  ( a r e a s  8A and  45) p r o j e c t  t o  m u l t i p l e  s i t e s  
o f  t h e  p r e m o t o r  a r e a  a n d  p r o j e c t e d  s i t e s  o f  t h e  p r e m o to r  a r e a  
r e c i p r o c a l l y  p r o j e c t  t o  t h e  same o r i g i n a l  a r e a s  o f  t h e  p r e f r o n t a l  
c o r t e x .

388.10  POSTERIOR GRANULAR FRONTAL CORTEX IN THE PROSIMIAN PRIMATE GALAGO: 
ANATOMICAL EVIDENCE OF HOMOLOGY WITH THE FRONTAL EYE-FIELD OF 
HIGHER PRIMATES. T.M. P re u ss  and P .S .  G o ld m an -R ak ic , S e c tio n  o f 
N eu ro an a to m y , Y a le  U n iv e r s i ty  S ch o o l o f  M e d ic in e , New H aven, CT 
0 6 510 .

The f r o n t a l  c o r t e x  o f  h i g h e r  p r im a te s  c o n ta in s  s e v e r a l  a re a s  
m arked by a  g r a n u la r  l a y e r  IV . By c o n t r a s t ,  th e  f r o n t a l  c o r te x  of 
n o n -p r im a te  mammals i s  a g r a n u l a r .  I n  o r d e r  to  r e c o n s t r u c t  th e  
e v o lu t i o n  o f  h ig h e r  p r im a te  g r a n u la r  f r o n t a l  c o r t e x ,  we have ex
am ined f r o n t a l  c o r t i c a l  anatom y i n  a  p ro s im ia n  p r im a te  s p e c i e s ,  
G alago  c r a s s i c a u d a tu s  ( t h i c k - t a i l e d  b u s h b a b y ) . P ro s im ia n s  a r e  
p a r t i c u l a r l y  u s e f u l  f o r  e v o lu t io n a r y  s t u d i e s  a s  th e y  p o s s e s s  a 
c o m b in a tio n  o f  a n c e s t r a l  m ammalian and d e r iv e d  p r im a te  t r a i t s .

E x a m in a tio n  o f  th e  c y t o a r c h i t e c t u r e  o f  G alago f r o n t a l  c o r te x  
r e v e a l s  a  r e g io n  w i th  a  g r a n u la r  l a y e r  IV , a l th o u g h  G alago ap p ears  
to  p o s s e s s  few er a r c h i t e c t o n i c  s u b d iv i s io n s  o f  g r a n u la r  f r o n t a l  
c o r t e x  th a n  do h ig h e r  p r im a te s .  We h av e  so  f a r  i n v e s t i g a t e d  one 
o f  t h e s e  s u b d iv i s io n s ,  th e  p o s t e r i o r  g r a n u la r  a r e a  (G rP ) , in  de
t a i l ,  u s in g  i n j e c t i o n s  o f  WGA-HRP, w hich  in v o lv e d  GrP i n  3 c a s e s ,  
and an  i n j e c t i o n  o f  t r i t i a t e d  am ino a c id s  i n  l a t e r a l  p o s t e r io r  
p a r i e t a l  c o r t e x ,  w h ich  r e s u l t e d  i n  d e n se  a n te r o g ra d e  l a b e l in g  of 
G rP. GrP p o s s e s s e s  c h a r c t e r i s t i c s  w h ich  s t r o n g ly  s u g g e s t  t h a t  i t  
i s  hom ologous to  t h e  l a t e r a l  f r o n t a l  e y e - f i e l d  (FEF; W a lk e r 's  
a r e a s  8a and  45) o f  h ig h e r  p r im a te s .  T h ese  i n c lu d e :  (1) la r g e  
l a y e r  V p y ra m id a l  c e l l s  i n  a d d i t i o n  to  a  d i s t i n c t  g r a n u la r  la y e r  
IV ; (2 ) d e n se  r e c i p r o c a l  c o n n e c t io n s  w i th  a  l a r g e - c e l l e d ,  l a t e r a l  
(m u ltifo rm )  s u b d iv i s io n  o f  t h e  th a la m ic  m e d io d o r s a l  n u c le u s  (MD) 
d i s t i n g u i s h a b l e  from  an  a d j a c e n t ,  s m a l l - c e l l e d  ( p a r v i c e l l u l a r )  
s u b d iv i s io n ;  (3) s t r o n g  r e c i p r o c a l  c o n n e c t io n s  w i th  p a r i e t a l  a re a  
7 a s  w e l l  a s  c o n n e c t io n s  w i th  v i s u a l  a s s o c i a t i o n  a r e a s ; (4) a very 
d e n se  p r o j e c t i o n  to  th e  i n te r m e d ia t e  g re y  l a y e r  o f  t h e  s u p e r io r  
c o l l i c u l u s  and a  l i g h t e r  p r o j e c t i o n  to  th e  s t r a tu m  o p tic u m .

The com plex  o f  a n a to m ic a l  f e a t u r e s  w h ich  c h a r a c t e r i z e s  h ig h e r  
p r im a te  FEF, and i t s  l i k e l y  hom ologue i n  G a la g o , i s  n o t  found in  
n o n - p r im a te s .  F o r i n s t a n c e ,  n o n -p r im a te  f r o n t a l  o cu lo m o to r  a re a s  
a r e  a g r a n u l a r ,  th e  l a t e r a l  p a r t  o f  MD (w ith  w hich  th e y  a r e  con
n e c te d )  c a n n o t be s u b d iv id e d  i n t o  d i s t i n c t  m u lt ifo rm  and p a r v i 
c e l l u l a r  s u b n u c le i ,  and t h e i r  p r o j e c t i o n  to  t h e  te c tu m  i s  l i g h t  
and e s s e n t i a l l y  r e s t r i c t e d  t o  th e  i n te r m e d ia t e  g re y  l a y e r  (Segal 
e t  a l . , E x p . B ra in  R e s . ,  5 1 : 4 2 3 -4 3 2 , 1 9 8 3 ). The d e t a i l e d  s im ila r 
i t i e s  b e tw een  G alago  GrP and h ig h e r  p r im a te  FEF, and th e  d i f f e r 
e n c e s  b e tw e en  p r im a te s  and n o n - p r im a te s ,  s u g g e s t  t h a t  p r im a te  
f r o n t a l  c o r t e x  p o s s e s s e s  m o d i f ic a t io n s  o r  s p e c i a l i z a t i o n s  o f 
o c u lo m o to r  c i r c u i t r y ,  and t h a t  t h e s e  m o d i f ic a t io n s  e v o lv e d  very  
e a r l y  i n  p r im a te  h i s t o r y ,  p r i o r  to  th e  d iv e rg e n c e  o f  p ro sim ia n s  
and higher prim ates,
S u p p o rte d  by NSF 831867 , MH 3 8546 , and  MH 0 9 146 .
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388.11 FOREBRAIN AFFERENTS TO AGRANULAR PREFRONTAL CORTEX DEMONSTRATED 
BY FAST BLUE AND HORSERADISH PEROXIDASE RETROGRADE LABELING IN 
THE RA BB IT. S h e r y l  R. G in n , C h a r l e s  M. G ib b s * , S h i r l e y  L. 
B u c h a n a n  a n d  D. A. P o w e l l . N e u r o s c i e n c e  L a b . ,  WJB D o rn  VA 
H o s p i ta l  and U n iv . o f  S o u th  C a r o l in a ,  C o lum bia SC.

T h e  f r o n t a l  c o r t e x  h a s  l o n g  b e e n  i m p l i c a t e d  i n  m e d i a t i n g  
l e a r n i n g  and memory p r o c e s s e s .  P r e v io u s  r e s e a r c h  from  o u r  l a b o r a 
t o r y  ( J  Comp P h y s io l  P s y c h o l  9 6 :7 5 5 - 7 7 4 , 1982) i n d i c a t e s  t h a t  th e  
m id l in e  f r o n t a l  c o r t e x  i s  in v o lv e d  i n  t h e  i n i t i a l  p r o c e s s i n g  o f  
i n f o r m a t i o n ;  i . e . ,  l e s i o n s  i n  t h i s  a r e a  a t t e n u a t e  a u to n o m ic , b u t  
h av e  no e f f e c t  on s o m a to m o to r ,  c o n d i t i o n i n g .  I n  an  a t t e m p t  t o  
e x p l o r e  t h e  a n a t o m i c a l  s u b s t r a t e s  i n v o lv e d  in  a u to n o m ic  c o n d i
t i o n e d  r e s p o n s e s ,  New Z e a l a n d  a l b i n o  r a b b i t s  ( O r y c t o l a g u s  
c u n i c u l u s ) o f  b o th  s e x e s  r e c e iv e d  u n i l a t e r a l  p r e s s u r e  i n j e c t i o n s  
o f  t h e  f l u o r e s c e n t  d y e  F a s t  B lu e  ( 4 %, 0 .2  μ l )  o r  h o r s e r a d i s h  
p e r o x i d a s e  (H R P; 2 5 - 5 0 %, 0 . 0 5 - 0 . 2  μ l )  i n  a g r a n u l a r  p r e f r o n t a l  
c o r t e x .  I n j e c t i o n s  w ere  made b e g in n in g  2 .0  mm a n t e r i o r  t o  b reg m a  
a n d  c o n t i n u i n g  r o s t r a l l y  t o  10 mm a n t e r i o r  t o  bregm a in  d i f f e r e n t  
a n im a ls .  A ll  i n j e c t i o n s  w e re  m ade 1 mm l a t e r a l  t o  t h e  m i d l i n e  
an d  w e re  p l a c e d  1 . 0 - 3 . 0  mm below  th e  d u r a l  s u r f a c e .  F o l lo w in g  a 
2 - 6 day s u r v i v a l  p e r io d ,  a n im a ls  w e re  s a c r i f i c e d  a n d  t h e  t i s s u e  
p r o c e s s e d  f o r  e i t h e r  f l u o r e s c e n t  dye a n a ly s i s  w ith  a  L e i t z  D ia lu x  
20 m ic ro sc o p e  e q u ip p e d  w ith  L e i tz  F lu o re s c e n c e  f i l t e r s  A ( e x c i t a 
t i o n - 3 6 0  NM) a n d  D ( e x c i t a t i o n - 3 9 0  NM) o r  r e a c t e d  f o r  HRP 
a n a l y s i s  a c c o r d i n g  t o  t h e  t e t r a m e t h y l  b e n z i d i n e  p r o c e d u r e  o f  
Mesulam ( J  H is to ch em  Cytochem  2 6 :1 0 6 - 117, 1 9 7 8 ).

L a b e le d  c e l l s  w ere  o b s e rv e d  in  b o th  i p s i l a t e r a l  and c o n t r a l a t 
e r a l  p r e f r o n t a l  c o r t e x .  A m o d era te  number o f  l a b e l e d  c e l l s  w ere 
o b s e r v e d  i n  t h e  d o r s a l  p o r t i o n  o f  t h e  a n t e r i o r  c l a u s t r u m .  
S c a t t e r e d  c e l l s  w e re  a l s o  o b s e rv e d  i n  th e  d ia g o n a l  band o f  B roca  
a n d  t h e  b a s a l  f o r e b r a i n ,  p a r t i c u l a r l y  t h e  n u c l e u s  b e s a l i s  o f  
M e y n e r t ,  Som e l a b e l e d  c e l l s  w e re  fo u n d  i n  t h e  i p s i l a t e r a l  
v e n t r a l  te g m e n ta l  a r e a  a n d  l a t e r a l  h y p o t h a l a m u s .  H o w e v e r , t h e  
h e a v i e s t  l a b e l  w as fo u n d  i n  t h e  i p s i l a t e r a l  th a la m u s ;  th e  m ed io - 
d o r s a l  N .,  t h e  v e n t r o l a t e r a l  N. an d  v e n t r o m e d i a l  N. s h o w in g  t h e  
h e a v i e s t  l a b e l i n g .  L a b e l  was a l s o  o b s e rv e d  in  t h e  a n te r o m e d ia l  
n u c l e u s  a s  w e l l  a s  m i d l i n e  t h a l a m i c  n u c l e i ,  i n c l u d i n g  t h e  
p e r i v e n t r i c u l a r  N. and  N. r e u n i e n s .  T h ese  r e s u l t s  a r e  s i m i l a r  t o  
t h o s e  p r e v i o u s l y  r e p o r t e d  i n  r a t  a n d  m o n k e y  a n d  p r o v i d e  a n  
a n a to m ic a l  b a s i s  f o r  f u r t h e r  s tu d i e s  o f  th e  a g r a n u la r  p r e f r o n t a l  
c o r t e x  d u r in g  a s s o c i a t i v e  l e a r n i n g .

S u p p o r te d  by VA I n s t i t u t i o n a l  R e s e a rc h  Funds
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389.1 D EFICITS IN UNIMANUAL AND BIMANUAL TAPPING IN PATIENTS 
WITH FRONTAL-LOBE LESIONS. G. L e o n a r d * ,  B . M i ln e r  an d  
L . J o n e s . M o n t r e a l  N e u r o l o g i c a l  I n s t i t u t e ,  M c G i l l  
U n i v e r s i t y ,  M o n t r e a l ,  Q u e b e c , C an a d a  H3A 2B 4 .

L e s i o n s  i n v o l v i n g  t h e  f r o n t a l  c o r t e x  in  b o th  hum an 
an d  n o n -h u m a n  p r i m a t e s  im p a i r  t h e  e x e c u t i o n  o f  c o m p le x  
m o to r  a c t s ,  e v e n  th o u g h  th e  p r e c e n t r a l  g y r u s  i s  s p a r e d  
( D e u e l ,  1 9 7 7 ; K o lb  and  M i l n e r ,  1 9 8 1 ) .  In  t h e  m o n k e y , 
u n i l a t e r a l  l e s i o n s  o f  t h e  s u p p le m e n ta r y  m o to r  c o r t e x  
g i v e  r i s e  t o  d e f i c i t s  in  b im a n u a l  t a s k s  w h e re  t h e  tw o 
h a n d s  m u s t  p e r f o r m  d i f f e r e n t  a c t i o n s  s i m u l t a n e o u s l y  
( B r in k m a n ,  1 9 8 4 ) .  T h e  p r e s e n t  s t u d y  e x a m i n e s  t h e  
p e r f o r m a n c e  o f  p a t i e n t s  w i th  u n i l a t e r a l  e x c i s i o n s  from  
e i t h e r  t h e  f r o n t a l  o r  t e m p o r a l  c o r t e x  on t h r e e  m o to r  
t a s k s ,  u s i n g  t h e  a p p a r a t u s  ( T h u r s t o n e ,  1944) show n 
b e lo w .  S u b j e c t s  c o m p le t e d  t h r e e  t a s k s  o f  i n c r e a s i n g  
d i f f i c u l t y ;  (1 ) r e p e t i t i v e  u n im a n u a l  t a p p i n g  (15  s )  on 
o n e  s e c t o r ;  (2 ) s e q u e n t i a l  u n im a n u a l  t a p p i n g  (30  s )  on 
t h e  f o u r  s e c t o r s  i n  n u m e r i c a l  s e q u e n c e ;  a n d  (3 )  
b im a n u a l  t a p p i n g  (30  s ) , in  w h ic h  t h e  s u b j e c t  h ad  to  
t a p ,  in  t h e  sam e n u m e r i c a l  s e q u e n c e ,  t h e  s e c t o r s  o f  tw o 
p l a t e s  t h a t  w e re  n u m b e red  in  d i f f e r e n t  c o n f i g u r a t i o n s .  

In  a l l ,  151 p a t i e n t s  an d  60 
n o rm a l c o n t r o l  s u b j e c t s  w e re  t e s t e d   
The p a t i e n t s  w e re  a s s i g n e d  t o  t h e  
f o l l o w i n g  f o u r  g r o u p s  on t h e  b a s i s  
o f  s i d e  an d  s i t e  o f  c o r t i c a l  e x c i 
s i o n ;  ( 1 ) l e f t  f r o n t a l  ( n = 1 3 ) ; (2 ) 
r i g h t  f r o n t a l  ( n = 2 2 ) ; (3 ) l e f t  t e m p o r a l  (n = 6 6 ) ; a n d  (4 ) 
r i g h t  t e m p o r a l ( n = 5 0 ) . W i th in  t h e  f r o n t a l - l o b e  g r o u p s ,  
t h e  e x c i s i o n s  v a r i e d  w i th  r e s p e c t  t o  s i z e  an d  l o c u s ;  
a l l  r e m o v a ls  in v o l v e d  t h e  l a t e r a l  c o r t e x  ( s p a r i n g  t h e  
p r e c e n t r a l  g y r u s ) , a n d  m any a l s o  i n v a d e d  t h e  m e d ia l  
f r o n t a l  r e g i o n .  A l l  s u b j e c t s  w e re  r i g h t - h a n d e d .

F o r  a l l  g r o u p s  t h e  r i g h t  h a n d  w a s  c o n s i s t e n t l y  
f a s t e r  t h a n  t h e  l e f t  on t h e  u n im a n u a l  t a s k s .  On a l l  
t h r e e  t a s k s  t h e  l e f t  a n d  r i g h t  t e m p o r a l - l o b e  g r o u p s  
p e r f o r m e d  n o r m a l l y .  In  c o n t r a s t ,  b o t h  t h e  l e f t  a n d  
r i g h t  f r o n t a l - l o b e  g r o u p s  w e re  i m p a i r e d  w i t h  e i t h e r  
h a n d  on  t h e  s e q u e n t i a l  t a p p i n g  t a s k ,  a n d  t h e y  a l s o  h a d  
a d e f i c i t  on  b i m a n u a l  t a p p i n g .  F o r  t h e  r e p e t i t i v e  
t a s k ,  o n l y  w om en  w i t h  f r o n t a l - l o b e  l e s i o n s  w e r e  
i m p a i r e d .  T he d e f i c i t s  on  t h e s e  t a s k s  b o r e  no  o b v io u s  
r e l a t i o n  t o  t h e  l o c u s  o r  e x t e n t  o f  f r o n t a l - l o b e  
r e m o v a l .  O ur f i n d i n g s  d e m o n s t r a t e  t h a t  t h e  f r o n t a l  
c o r t e x  p l a y s  a c r i t i c a l  r o l e  i n  t h e  e x e c u t i o n  o f  t h e s e  
m o t o r  t a s k s ,  a n d  t h a t  t h e  e f f e c t s  o f  u n i l a t e r a l  
f r o n t a l - l o b e  l e s i o n s  a r e  m a n i f e s t e d  b i l a t e r a l l y .

389.2 E F F E C T S  OF N EO CORTICAL L E S IO N S  ON F IN G E R -F O R C E  
COORDINATION IN HUMAN SUBJECTS. L . A. JON ES, M o n t r e a l  
N e u r o l o g i c a l  I n s t i t u t e ,  M c G il l  U n i v e r s i t y , M o n t r e a l ,  
Q u e b e c , C a n a d a  H3A 2B 4.

R e c e n t  s t u d i e s  o f  m o t o r  f u n c t i o n  i n  n o n - h u m a n  
p r i m a t e s  h a v e  d e m o n s t r a t e d  v a r i o u s  k i n d s  o f  m a n u a l 
i m p a i r m e n t  f o l l o w i n g  l e s i o n s  i n v o l v i n g  t h e  f r o n t a l  
c o r t e x .  S m ith  e t  a l .  (1 9 8 1 )  r e p o r t e d  t h a t  u n i l a t e r a l  
l e s i o n s  o f  t h e  s u p p l e m e n t a r y  m o to r  a r e a  i n  m o n k ey s 
r e s u l t  i n  c h a n g e s  i n  t h e  f o r c e s  g e n e r a t e d  d u r i n g  
p r e h e n s i l e  g r a s p i n g ;  t h e r e  i s  a  s i g n i f i c a n t  i n c r e a s e  i n  
t h e  r a t e  o f  f o r c e  c h a n g e  d u r i n g  t h e  d y n a m ic  p h a s e  o f  
g r a s p i n g  an d  t h e  m ean s t a t i c  f o r c e  i s  a l s o  h i g h e r .

T h i s  s tu d y  e x a m in e d  t h e  p e r f o r m a n c e  o f  p a t i e n t s  w i th  
u n i l a t e r a l  e x c i s i o n s  f ro m  e i t h e r  t h e  r i g h t  f r o n t a l  
( n = 1 3 ) , r i g h t  t e m p o r a l  (n= 18 ) o r  l e f t  t e m p o r a l  ( n = 2 0 ) 
l o b e ,  a n d  o f  n o r m a l  c o n t r o l  s u b j e c t s  ( n = 1 4 ) ,  on  a 
f o r c e - t r a c k i n g  t a s k .  S u b j e c t s  w e r e  r e q u i r e d  t o  
g e n e r a t e  a t a r g e t  f o r c e ,  w h ic h  r a n g e d  fro m  10% t o  40% 
o f  t h e  maximum f i n g e r  f o r c e ,  by  i s o m e t r i c a l l y  f l e x i n g  
e i t h e r  o n e ,  tw o o r  t h r e e  f i n g e r s .  The t im e  t a k e n  to  
p r o d u c e  t h e  c o r r e c t  f o r c e  o r  c o m b in a t io n  o f  f o r c e s  w as 
r e c o r d e d .  T he s u b j e c t ' s  h a n d  w as p o s i t i o n e d  s o  t h a t  
t h e  d i s t a l  i n t e r p h a l a n g e a l  j o i n t  o f  e a c h  o f  t h e  f o u r  
f i n g e r s  r e s t e d  on a s t r a i n - g a g e  f o r c e  t r a n s d u c e r .  An 
o f f s e t  w as a d d e d  t o  t h e  o u t p u t  o f  t h e  f o r c e  a m p l i f i e r ,  
a n d ,  u s i n g  a d i g i t a l  m e te r  a s  f e e d b a c k ,  t h e  s u b j e c t ' s  
t a s k  w a s  t o  g e n e r a t e ,  a s  q u i c k l y  a s  p o s s i b l e ,  
s u f f i c i e n t  f o r c e  w i th  a  d e s i g n a t e d  f i n g e r  o r  f i n g e r s  t o  
r e d u c e  t h e  o f f s e t  t o  z e r o .  The m e te r  p r o v id e d  an  e r r o r  
s i g n a l  o f  t h e  summed a b s o l u t e  d i f f e r e n c e  b e tw e e n  t h e  
a c t u a l  f o r c e s  e x e r t e d  an d  t h e  t a r g e t  f o r c e s .

T h e  t i m e  t a k e n  t o  p r o d u c e  t h e  t a r g e t  f o r c e s  
i n c r e a s e d  m o n o t o n i c a l l y  w i t h  t h e  n u m b e r o f  f i n g e r s  
i n v o l v e d  i n  t h e  t a s k .  T h e r e  w e r e  n o  d i f f e r e n c e s  
b e tw e e n  t h e  s u b j e c t  g r o u p s  in  t h e  t im e  t a k e n  t o  r e a c h  
t h e  t a r g e t  w hen u s i n g  o n e  o r  tw o  f i n g e r s .  H o w e v e r , 
o n l y  p a t i e n t s  w i t h  e x c i s i o n s  f ro m  t h e  r i g h t  f r o n t a l  
l o b e  w e r e  s i g n i f i c a n t l y  s l o w e r  t h a n  n o rm a l c o n t r o l  
s u b j e c t s  w hen g e n e r a t i n g  a  s e t  o f  f o r c e s  w i t h  t h r e e  
f i n g e r s ,  a n d  t h i s  d e f i c i t  w a s  b i l a t e r a l .  T h e  
i m p a i r m e n t  i n  f o r c e  c o o r d i n a t i o n  s e e n  i n  t h e  r i g h t  
f r o n t a l - l o b e  g r o u p  c o u l d  r e f l e c t ;  (1 ) a  d e f i c i e n c y  in  
u s i n g  e x t e r n a l  f e e d b a c k  t o  m o d u l a t e  t h e  f o r c e s  
g e n e r a t e d ,  a n d / o r  (2 ) an  i n e f f i c i e n c y  i n  m o n i t o r i n g  t h e  
m o to r  o u t p u t  t o  t h e  f i n g e r s ,  i n c l u d i n g  k n o w in g  w h a t 
f o r c e  w a s  b e i n g  p r o d u c e d  b y  w h ic h  f i n g e r .  T h e s e  
h y p o t h e s e s  a r e  c u r r e n t l y  b e i n g  i n v e s t i g a t e d .
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389.3 TH E EFFECTS OF H U M A N  A G IN G  ON P3 PO TEN TIA LS IN 
STIM ULUS-RESPONSE INCOMPATIBILITY TASKS. C. Christensen. A. 
Pfefferbaum*, J. Ford*, and B. Kopell* Dept. Psychology, Vassar College and 
Veterans Administration Medical Center, Palo Alto, CA 94304.

W e have recently shown that effects o f stimulus-response incompatibility on 
reaction time (RT) and P3 latency depend on the nature o f the task in young 
adults (Pfefferbaum et al., EEG Clin. Neurophysiol., in press). In this study we 
compare the behavioral and electrophysiological responses o f young and older 
adults on these same tasks.

Ten young (20±2 yr) and ten older (70±3 yr) women were tested with an ERP 
paradigm that used the words “left,” “right,” “LEFT,” and “R IG H T ” as stimuli. 
The stimulus sequence was presented as several separate runs with varying 
response instructions. S s  were instructed to make left or right button presses 
according to 1) the meaning o f the stimulus (WORD task), 2) the case in which 
the stimulus was written (CASE task), or 3) both the case and meaning of the 
stimulus (CASE/WORD task). In each task, half of the trials called for a 
response that was incompatible with the stimulus. For all three tasks an 
additional stimulus sequence was presented in which stimulus evaluation was 
made more difficult by blurring o f the words.

Reaction times and P3 latencies were shortest for both groups in the WORD, 
followed by the CASE, then the CASE/WORD tasks. Across tasks older Ss  
responded about 120 m sec. more slowly than did young Ss  and their P3 
latencies were prolonged by approximately 55 msec. RTs o f older Ss were 
especially  long in  CASE/W O RD , though there w as not an associated 
prolongation o f P3 latency. The effects o f degrading the stimulus lengthened RT 
in all tasks; incompatibility had the same effect in all but the CASE task. P3 
latency increased with degrading but it increased on incompatible trials only in 
the WORD task. These effects were observed in both young and older Ss

T he results fo r young Si. suggest tha t P3 latency is increased by 
incompatibility in the W ORD task because they adopt a speeded, automatic 
response strategy that may predispose to parallel stim ulus and response 
processing. M ore cautious responding leading to serial processing in the 
CASE/WORD task would limit the extent to which a P3 effect of incompatibility 
is observed. The pattern o f results for older S i is similar to that o f younger Ss  
The bias toward more cautious responding by older Ss reported by others did not 
change the ir strategies in the W ORD task in ways that rem oved the 
incompatibility effect on P3 latency.

This work was supported by the M edical Research Service o f the Veterans 
Administration and institutional support from Vassar College.

389.4 OLFACTORY FUNCTION AND HEMODIALYSIS: TREATMENT EFFECTS. 
P. Conrad*, J .  Corwin*, L. K atz* , G. LeFavour*, M. Serby*, J .  
R o tro sen* . (SPON: H. Ryer) P sy c h ia try  S erv ice  (116A), NY VA 
M edical C en te r, NY, NY 10010.

There i s  ev idence  th a t  h em od ia ly sis  may have an e f f e c t  on 
n e u ro lo g ic a l fu n c t io n in g . For exam ple, d e m y e lin iz a tio n , p e r 
ip h e ra l  neuropathy  and d e s tru c t io n  o f th e  axon c y l in d e r  have been 
a s s o c ia te d  w ith  h em o d ia ly sis  (Thomas, 1976). As w e ll ,  plasm a 
c h o lin e  le v e ls  have been shown to  be in v e r s e ly  c o r r e la te d  w ith  
nerve  conduc tion  v e lo c i ty  in  peop le re c e iv in g  ch ro n ic  h em od ia ly sis  
( d ia ly s a n d s ) . B asal plasm a ch o lin e  le v e ls  asym ptote a t  approx
im ate ly  tw ice normal and a re  n o t ap p re c ia b ly  low er a f t e r  a 
d ia ly s i s  s e s s io n  (Rennick e t  a l . ,  1975). T his observed change in  
c h o lin e  le v e ls  i s  a p p a ra n tly  unique in  com parison to  commonly 
measured urem ic to x in s .  B e h a v io ra lly , Schiffm an e t  a l .  (1978) 
dem onstra ted  reduced a b i l i t y  to  judge q u a l i t a t iv e  odor d if fe re n c e s  
and reduced hedon ic resp o n ses  in  d ia ly s a n d s .

We in v e s t ig a te d  th e  r e l a t i o n s h ip  among o lf a c to ry  i d e n t i f i c a t i o n ,  
memory, le a rn in g  and d i a ly s i s  as  fo llo w s . We a d m in is te red  a 
2 0 -item , 4 0 - t r i a l  y e s /n o  o l f a c to ry  id e n t i f i c a t i o n  ta s k  and a 
Buschke S e le c tiv e  Reminding l i s t  le a rn in g  ta s k  1/2 hour b e fo re  
and a g a in  1/2 hour a f t e r  a d i a ly s i s  s e s s io n  to  10 s u b je c ts .  
S tandard  la b  v a lu e s  were a l s o  reco rded  b e fo re  and a f t e r  a t r e a t 
m ent. E leven age-m atched c o n tro ls  rec e iv e d  th e  o lf a c to ry  t e s t  
once.

R e su lts  were th a t  o l f a c to ry  perform ance was s ig n i f i c a n t ly  
w orse a t  b a s e l in e  fo r  d ia ly sa n d s  as  compared to  norm als; o lf a c to ry  
perform ance w orsened s ig n i f i c a n t ly  a f t e r  a d i a ly s i s  tre a tm en t as 
compared to  b a s e l in e .  There w ere, how ever, no p a r a l l e l  changes 
in  memory s c o re s  from b a s e l in e  to  p o s td ia ly s i s .

Because th e re  was no d ec re a se  in  perform ance on th e  cogn i
t i v e ly  h a rd e r  memory ta s k  and th e re  was a w orsening on th e  e a s ie r  
o l f a c to ry  t a s k ,  we h y p o th e sized  th a t  th e  a c u te  d e f i c i t  was n o t 
due to  anem ia, f a t ig u e ,  d is e q u ilib r iu m  r e l a te d  to  th e  a c tu a l  
tre a tm e n t o r u rem ia . The p h y s io lo g ic a l mechanisms u n d e rly in g  th e  
a c u te  and ch ro n ic  o l f a c to ry  d e f i c i t s  a re  unknown. I t  i s  p o s s ib le  
th a t  a  neurochem ical o r o th e r  su b stan ce  n ec essa ry  fo r  o lf a c to ry  
i n t e g r i t y  i s  be in g  removed a c u te ly  by th e  d i a ly s i s  procedure  o r 
i s  c h ro n ic a lly  u n a v a ila b le  in  m e tab o lic  o r  S t ru c tu r a l  p o o ls . 
Given th e  unique b eh a v io r o f plasm a ch o lin e  le v e ls  du rin g  th e  
d ia ly s i s  t r e a tm e n t, and th e  su g g e s tiv e  f in d in g s  a s s o c ia t in g  
c h o lin e  d y s re g u la tio n  and n e u ra l d y s fu n c tio n  in  d ia ly s a n d s , 
c h o l in e - r e la te d  system s a re  p o s s ib le  c a n d id a te s  f o r  th e  mechanism.

389.5 THE RELATIONSHIP OF SOME VISUAL AND PERCEPTUAL VARIABLES TO 
INDIVIDUAL DIFFERENCES IN MOTION SICKNESS SUSCEPTIBILITY. R.L. 
Ladowsky and K .-P . O ssenkopp. D epartm ent o f  Psychology, 
U n iv e rs ity  o f  W estern O n ta r io , London, Canada N6A 5C2.

A lthough th e  in d u c tio n  o f  m otion s ic k n e ss  depends on th e  
p re sen ce  o f  an i n t a c t  v e s t i b u la r  ap p a ra tu s  in  man and o th e r  
s p e c ie s  (P hys. R e v ., 1970, 50 , 1 ) ,  in d iv id u a l d if f e re n c e s  in  
m otion  s ic k n e ss  s u s c e p t i b i l i t y  (MSS) do n o t appear to  be r e l a te d  
to  v e s t i b u la r  s e n s i t i v i t y  (A v ia t. Space E nv iron . M ed., 1976, 47 , 
93 1 ). The p re s e n t  s tu d y  examined w hether in d iv id u a l  d if f e re n c e s  
in  some v is u a l  and p e rc e p tu a l v a r ia b le s  m ight ac coun t f o r  
in d iv id u a l  d i f f e re n c e s  in  s u s c e p t i b i l i t y  to  m otion s ic k n e s s .

T h ir ty  m ales and 30 fem ales were g iven  two m otion s ic k n e ss  
q u e s t io n n a ire s  to  com plete . One q u e s tio n n a ire  re q u ire d  s u b je c ts  
to  make o v e r a l l  s e l f  r a t in g s  o f  MSS w h ile  th e  o th e r  
q u e s t io n n a ire  examined developm ental a s p e c ts  o f MSS. S u b jec ts  
were a l s o  g iv en  s e v e ra l  pap e r and p e n c i l  t e s t s  which a re  
co n s id e red  to  be v i s u a l -p e r c e p tu a l  in  n a tu re .  An e y e s ig h t 
exam ination  m easured n e a r  and f a r  a c u i ty ,  b o th  m onocularly  and 
b in o c u la r ly ,  n ea r and f a r  v e r t i c a l  and l a t e r a l  p h o r ia , and 
s te r e o p s i s .  The d u ra t io n  o f  th e  s p i r a l  movement a f t e r e f f e c t  was 
a l s o  m easured in  each s u b je c t .  F in a l ly ,  MSS w h ile  e x e cu tin g  
head  movements in  a r o ta t in g  c h a i r  was m easured u s in g  th e  
W ell-B eing  S ca le  o f  Reason and Brand (1975, Academic P r e s s ) .

In  m ales and fem ales th e  c o r r e l a t i o n s  betw een MSS in  th e  
r o ta t in g  c h a i r  and o v e r a l l  s e l f - r a t i n g s  o f  MSS were r  = .4 9 , 
p <  .0 5 , and r  = .5 1 , p <  .0 5 , r e s p e c t iv e ly .  In  m a les , th e  
c o r r e l a t i o n s  o f  ch ildhood  and ad u lthood  MSS w ith  c h a i r  r o ta t io n  
s u s c e p t i b i l i t y  were r  = .6 1 , p <  .05 and r  = .3 0 , p <  .0 5 , 
r e s p e c t iv e ly ,  and in  fem a le s , th e  c o r r e l a t i o n s  o f  ch ildhood  and 
adu lthood  MSS w ith  c h a ir  s u s c e p t i b i l i t y  were r  = .7 0 , p <  .05 
and r  = .3 6 , p < .0 5 ., r e s p e c t iv e ly .

S p ir a l  movement a f t e r e f f e c t  d u ra t io n s  were found to  be 
s ig n i f i c a n t ly  lo n g e r in  s u s c e p tib le  them in  r e s i s t a n t  
in d iv id u a ls  (p <  .0 5 ) ,  a s  h a s  p re v io u s ly  been  re p o r te d  (B r. J .  
P s y c h o l., 1968, 59 , 385; A v ia t. Space E nv iron . M ed., 1976, 47 , 
9 3 1 ), b u t  t h i s  m easure appeared  to  p r e d i c t  c h a ir  r o ta t io n  
s u s c e p t i b i l i t y  s c o re s  more s tro n g ly  th a n  i t .  p re d ic te d  
q u e s tio n n a ire  MSS s c o re s . O ther v is u a l -p e r c e p tu a l  t e s t s  
appeared  to  c o r r e l a te  more h ig h ly  w ith  q u e s tio n n a ire  sc o re s  th an  
w ith  c h a ir  s c o re s . In  a p rev io u s  s tu d y  th o se  m ales and fem ales 
who in d ic a te d  r e l a t i v e l y  poor v is io n  on a  q u e s tio n n a ire  a ls o  
r a te d  them selves as  s ig n i f i c a n t ly  more s u s c e p tib le  to  m otion 
s ic k n e s s . In  t h i s  s tu d y , no s in g le  m easure o f  e y e s ig h t was 
h ig h ly  c o r r e la te d  w ith  any o f  th e  MSS m easures. The r e s u l t s  o f 
t h i s  s tudy  su g g es t t h a t  a  v a r i e ty  o f  f a c to r s  a re  r e l a te d  to  MSS 
and th a t  th e  r e l a t i v e  im portance o f  each f a c to r  may depend on 
th e  way in  which s u s c e p t i b i l i t y  to  m otion s ic k n e ss  i s  m easured.

389.6 DEFICITS IN LEFT-HEMISPHERE LINGUISTIC FUNCTION IN 
TURNER'S SYNDROME. W. H e l l e r *  a n d  J .  Levy*  ( S P O N : P .  
T u e t i n g ) .  D e p t s .  o f  P s y c h i a t r y  a n d  B e h a v i o r a l  S c i e n c e s ,  
Univ .  o f  C h icago ,  C h icago ,  IL 60637

D i c h o t i c - l i s t e n i n g  s t u d i e s  c o n s i s t e n t l y  r e p o r t  t h a t  
women w i t h  T u r n e r ' s  s y n d r o m e  (T S) ,  who t y p i c a l l y  h a v e  
i m p a i r e d  v i s u o - s p a t i a l  a b i l i t y  b u t  n o r m a l  v e r b a l  IQ 
(VIQ),  show s m a l l e r  r i g h t - e a r  a d v a n t a g e s  (REA's) t h a n  
n o rm a l  women. To a c c o u n t  f o r  t h i s ,  v a r i o u s  a u t h o r s  (e .g .  
Gordon and G a l a t z e r ,  P s y c h o n e u r o e n d o c r in o l o g y , 1980,  5, 
2 2 5 - 2 3 4 )  h a v e  p r o p o s e d  t h a t  l a n g u a g e  i s  r e p r e s e n t e d  i n 
b o t h  h e m i s p h e r e s ,  r e s u l t i n g  i n  n o r m a l  l e f t - h e m i s p h e r e  
(LH) s p e c i a l i z a t i o n  f o r  v e r b a l  f u n c t i o n  and i m p o v e r i s h e d  
r i g h t - h e m i s p h e r e  (RH) s p e c i a l i z a t i o n  f o r  v i s u o - s p a t i a l  
f u n c t i o n .  I f  s o ,  t h e  r e d u c t i o n  i n  REA's i n  TS women 
s h o u l d  be d u e  t o  e n h a n c e d  l e f t - e a r  (LE) r e l a t i v e  t o  
n o rm a l  r i g h t - e a r  (RE) p e r f o r m a n c e .  Howeve r ,  i n s p e c t i o n  
o f  t h e  d a t a  r e p o r t e d  i n  G ordon  a n d  G a l a t z e r  (1 9 8 0 )  
r e v e a l s  t h a t  s m a l l e r  REA 's  w e r e  d u e  t o  r e d u c e d  RE 
p e r f o r m a n c e  i n  TS women. To i n v e s t i g a t e  t h e  p o s s i b i l i t y  
t h a t  TS women h a v e  a  d e f i c i t  i n  LH f u n c t i o n ,  a s  s u g g e s t e d  
by t h e s e  d a t a  and  by r e p o r t s  t h a t  TS women a r e  i n f e r i o r  
t o  n o rm a l  women in  v e r b a l  f l u e n c y  (Waber , Dev. Med. C h i l d  
N e u r o l . ,  1 9 7 9 ,  2 1 , 5 8 - 7 0 )  an d  i n  d i g i t  s p a n  ( S i l b e r t  e t  
a l . ,  B e h a v .  G e n . ,  1 9 7 7 ,  7 ( 1 ) , 1 1 - 1 2 ) ,  u n i l a t e r a l  
v e r t i c a l l y - o r i e n t e d  n o n s e n s e  s y l l a b l e s  w e r e  
t a c h i s t o s c o p i c a l l y  p r e s e n t e d  t o  t h e  r i g h t  a n d  l e f t  
v i s u a l - f i e l d  (RVF a n d  LVF) o f  16 TS women a n d  35 a g e - ,  
S E S - ,  a n d  V I Q - m a tc h e d  c o n t r o l s .  P r i o r  r e s e a r c h  (L ev y ,  
H e l l e r ,  B a n i c h  an d  B u r t o n ,  J .  Exp.  P s y c h . :  Hum. P e r c e p t .  
P e r f . , 19 8 3 ,  9 , 3 2 9 - 3 5 9 )  h a s  shown t h a t  t o p - l e t t e r  (TL) 
e r r o r s  a r e  e q u a l l y  common i n  t h e  tw o  f i e l d s ,  w h e r e a s  
b o t t o m - l e t t e r  (BL) e r r o r s  a r e  m o re  f r e q u e n t  i n  t h e  LVF. 
T h e r e f o r e ,  a n a l y s i s  o f  e r r o r  p a t t e r n s  y i e l d s  a  m o re  
s e n s i t i v e  m e a s u r e  o f  h e m i s p h e r i c  s p e c i a l i z a t i o n  f o r  
l i n g u i s t i c  p r o c e s s i n g  t h a n  t o t a l  c o r r e c t .  F o r  b o t h  TS 
a n d  n o r m a l  women, BL e r r o r s  w e r e  m o re  f r e q u e n t  t h a n  TL 
e r r o r s  ( p < . 0 1 ) ,  a n d  m o r e  s o  f o r  t h e  LVF ( p < . 0 0 0 1 ) ,  
r e f l e c t i n g  t h e  l i n g u i s t i c  s u p e r i o r i t y  o f  t h e  LH. TS 
women made more RVF e r r o r s  t h a n  c o n t r o l s  p < .025 ) ,  b u t  
LVF e r r o r s  d i d  n o t  d i f f e r  b e t w e e n  g r o u p s ,  r e s u l t s  t h a t  
a r e  s i m i l a r  t o  t h o s e  o f  Gordon and G a l a t z e r  (1980) .  The 
r e d u c e d  RVF p e r f o r m a n c e  o f  TS w om en w a s  d u e  t o  a 
s e l e c t i v e  i n c r e a s e  i n  BL e r r o r s  f o r  t h e  RVF ( p < . 0 1 ) ,  
i n d i c a t i n g  t h a t  l i n g u i s t i c  e n c o d i n g  f o r  t h e  LH w as  
s i g n i f i c a n t l y  re d u c ed  f o r  TS women. For  LVF p e r f o r m a n c e ,  
e r r o r  p a t t e r n s  were  i d e n t i c a l  f o r  TS and n o rm a l  women, 
d i s c o n f i r m i n g  t h e  h y p o t h e s i s  t h a t  l a n g u a g e  r e p r e s e n t a t i o n  
i s  g r e a t e r  i n  t h e  RH o f  TS c o m p a r e d  t o  n o r m a l  women.
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3 8 9 .7 ABNORMALITIES IN EEG AND CEREBRAL BLOOD FLOW IN PARANOID 
SCHIZOPHRENICS DURING ACTIVATION. J .  H erm an, M. D evous* , 
H. R offw arg, J .  R aese , L . J en n in g s* , F . B onte* , R. Paulman*, 
R. G regory* , and P . Rampy*. D epartm ents o f P s y c h ia t ry , N uclear 
M edicine and M edical Computing R esources C e n te r , U niv. o f Texas 
H ea lth  Sci ence C tr .  and D a lla s  V ete ran s  A d m in is tra tio n  M edical 
C e n te r , D a lla s ,  Texas 75235.

The EEG o f sch iz o p h re n ic s  d i f f e r s  from norm als, e s p e c ia l ly  in  
f r o n ta l  (M orih isa e t  a l . ,  Arch Gen P s y c h ia t r , 719, 1983) and l e f t  
h e m is p h e r ic  r e g io n s  (G u en th e r e t  a l . ,  B io l  P s y c h i a t r , 249 , 
1986). A b n o rm alitie s  in  the  above s tu d ie s  a re  made more e v id e n t by 
p ro ced u re s  r e q u ir in g  s p e c i f i c  m ental a c t i v i t i e s .  D iffe re n c e s  
between sc h iz o p h re n ic s  and norm als in  EEG c o r r e l a te  re g io n a l ly  w ith  
d e c re a s e d  g lu c o s e  u p ta k e  (Buchsbaum  e t  a l . ,  Drug R e s , 193 , 
1982). W einberger e t  a l . ,  (Arch Gen P s y c h ia t r , 114, 1986) found 
p a t ie n t s  and c o n tro ls  to  be in d i s t in g u is h a b le  a t  r e s t  by rCBF. 
However, th e  b lood flow  o f  sc h iz o p h re n ic s  d ec reased  in  d o r s o la te r a l  
p r e - f r o n ta l  c o r te x  d u rin g  th e  W isconsin Card S o r t  (WCS), a ta sk  
re q u ir in g  b i l a t e r a l  f r o n ta l  c o r t i c a l  involvem ent.

We r e p o r t  a s tudy  o f  tw enty  male in p a t ie n t s ,  in c lu d in g  12 
p aran o id  sc h iz o p h re n ic s  (PS) and e ig h t  non -parano id  sch iz o p h re n ic s  
(NPS) who were compared to  te n  normal male c o n t ro ls  (NC), matched 
fo r  age and handedness. EEG was c o l le c te d  from 6 l e f t  and 6 r ig h t  
10-20 s i t e s  on each hem isphere. RCBF was measured by th e  th re e  
d im e n s io n a l  te c h n iq u e  o f  dynam ic s in g le - p h o to n  e m is s io n  
com puterized  tonography (DSPECT). R es tin g  measurements and th e  
a c t iv a t io n  p rocedu re  (WCS) were perform ed w ith  sim u ltaneous 
m easurement o f rCBF and EEG. EEG segm ents f r e e  o f eye movement 
a r t i f a c t  were tran sfo rm ed  to  th e  frequency  domain. Mean v a lu es  of 
power in  d e l t a ,  t h e t a ,  a lp h a  and b e ta  f re q u e n c ie s  were c a lc u la te d  
f o r  each reco rd in g  s i t e .  V alues o f  rCBF fo r  com parison to  EEG 
s i t e s  were e x t r a c te d  from th e  3D p seu d o -co lo r im ages.

A c o n d itio n s  by groups e f f e c t  in  EEG was e v id e n t in  d e l t a  and 
s ig n i f i c a n t  in  a lp h a  fre q u e n c ie s  in  p r e - f r o n t a l ,  f r o n ta l  and mid
tem poral s i t e s  (P= .0 5 8 ) . NCs and NPSs ev idenced  a c t iv a t io n  (low er 
am plitude) in  th e se  f re q u e n c ie s  a t  th e se  s i t e s .  The PS group , 
how ever, showed an o p p o s ite  e f f e c t  in  d e l t a  and a lpha  a t  th e  
f ro n ta l- te m p o ra l  s i t e s :  t h e i r  am plitude was c o n s is te n t ly  in c re a se d  
(d e a c tiv a tio n )  by th e  WCS. Blood flow , when computed as a r a t i o  of 
r e g io n  o f  i n t e r e s t  t o  w hole h e m isp h e re  v a l u e ,  d e c re a s e d  
nons ig n i f i c a n t ly  in  PSs b u t n o t NCs o r NPSs du rin g  th e  WCS. The 
d e c re a se s  were observed  in  b i l a t e r a l  s u p e r io r  f r o n t a l ,  r ig h t  m iddle 
and in f e r io r  f r o n t a l ,  and r i g h t  s u p e r io r ,  m iddle and in f e r io r  
tem poral re g io n s . The reduced rCBF in  PSs was a ls o  su ggested  by 
v is u a l  in s p e c tio n  o f a c t iv a te d  im ages. Thus, th e  WCS in  PSs 
induced b i l a t e r a l - f r o n t a l  d e a c t iv a t io n  in  EEG, bu t co n firm a to ry  
ev idence  from rCBF re q u ire s  f u r th e r  a n a ly s is .

389.8  EFFECTS OF CORTICOTROPIN-RELEASING FACTOR ON PLASMA ACTH AND 
CORTISOL CONCENTRATIONS IN SCHIZOPHRENIA. P .B . C h a p p e l l , * M.A. 
S m ith . J .C .  R i t c h i e , K .R .R . K r is h n a n ,*  D. R eed , * J .  R i v i e r , * 
W.W. V a le  and C .B . N e m e ro ff . D e p t. P s y c h ia t r y ,  Duke U n iv . Med. 
C t r . ,  Durham, NC 27710 , S a lk  I n s t i t u t e ,  La J o l l a ,  CA 92138.

C o r t i c o t r o p i n - r e l e a s i n g  f a c t o r  (CRF) i s  a 41 amino a c id  
p e p t id e  w id e ly  d i s t r i b u t e d  in  th e  mam m alian CNS. I t  f u n c t io n s  
a s  a h y p o t h a l a m i c  h y p o p h y s io t r o p ic  horm one, s t i m u l a t i n g  
p i t u i t a r y  ACTH and β- e n d o r p h in  s e c r e t i o n  in  l a b o r a to r y  a n im a ls  
and hum ans. I t  h a s  b e e n  p o s tu l a t e d  t h a t  CRF may p la y  a c e n t r a l  
r o l e  i n  r e g u l a t i n g  th e  b e h a v io r a l ,  au tonom ic  and e n d o c r in e  
r e s p o n s e s  to  s t r e s s .  C l in i c a l  s t u d i e s  have d e m o n s tra te d  t h a t  
p a t i e n t s  w i th  endogenous d e p r e s s io n ,  a n o re x ia  n e rv o s a  and p a n ic  
d i s o r d e r  have a b lu n te d  ACTH re s p o n s e  to  exogenous CRF when 
com pared to  th e  r e s p o n s e s  o f  norm al c o n t r o l  s u b je c t s .  M oreover, 
p r e v io u s  w ork from  o u r  l a b o r a to r y  and t h a t  o f  Gold and h i s  
c o l le a g u e s  h a s  shown t h a t  CSF c o n c e n t r a t i o n s  o f  C R F -lik e  
im m u n o re a c tiv ity  a r e  e le v a t e d  i n  p a t i e n t s  w i th  endogenous 
d e p r e s s i o n  an d  a n o r e x i a ,  s u p p o r t i n g  a h y p o th e s i s  t h a t  
h y p e r s e c r e t io n  o f  CRF may u n d e r l i e  th e  h y p e r c o r t i s o le m ia  o f  
th e s e  d i s o r d e r s .  I n  c o n t r a s t ,  CSF CRF c o n c e n t r a t i o n s  a re  n o t  
e le v a t e d  i n  s c h iz o p h r e n ic  p a t i e n t s .  The p u rp o se  o f  th e  p r e s e n t  
s tu d y  was to  a s s e s s  th e  ACTH and c o r t i s o l  re s p o n s e s  to  CRF in  
s c h iz o p h r e n ia .

E ig h t  p a t i e n t s  ( se v e n  m ale  and one f e m a le , mean age 34 ± 3) 
t h a t  f u l f i l l e d  R e s e a rc h  D ia g n o s t ic  C r i t e r i a  (RDC) f o r  s c h iz o 
p h r e n ia  w ere s tu d i e d .  T h ree  m et c r i t e r i a  f o r  u n d i f f e r e n t i a t e d ,  
two f o r  p a ra n o id ,  one f o r  r e s i d u a l  and two f o r  s c h i z o a f f e c t i v e  
s u b ty p e .  F o u r w ere m e d ic a t io n - f r e e  and f o u r  w ere m a in ta in e d  on 
lo w -d o se  n e u r o l e p t i c s .  E ig h t  norm al v o lu n te e r s  ( se v e n  m ale and 
one fe m a le ,  mean age 34 ± 2 ) s e rv e d  as  c o n t r o l s .

O vine CRF ( l μg /k g )  was a d m in is te r e d  a s  an  IV b o lu s  a t  2000 
h o u rs  and b lo o d  sam p les  w ere o b ta in e d  o v e r  th e  fo llo w in g  two 
h o u rs  f o r  m easu rem en t o f  ACTH and c o r t i s o l .  P lasm a ACTH 
c o n c e n t r a t i o n s  w ere m easu red  by a s e n s i t i v e  and s p e c i f i c  
rad io im m u n o a ssa y , and c o r t i s o l  by a m o d i f ic a t io n  o f  M u rp h y 's  
c o m p e t i t iv e  p r o t e i n  b in d in g  r a d io a s s a y .

No s i g n i f i c a n t  d i f f e r e n c e s  in  th e  ACTH and c o r t i s o l  r e s p o n s e s  
to  CRF w ere d e t e c t e d ,  c o n f i rm in g  a p re v io u s  s tu d y  by  G old  and 
h i s  c o l l e a g u e s .  T h e re  was no d i f f e r e n c e  i n  re s p o n s e  to  CRF in  
one p a t i e n t  t h a t  was s tu d i e d  b o th  d r u g - f r e e  and d u r in g  
a n t i p s y c h o t i c  d ru g  th e r a p y .  The g r e a t e s t  ACTH re s p o n s e  o c c u r r e d  
i n  tw o u n d i f f e r e n t i a t e d  s c h iz o p h r e n ic s  who w ere a c t i v e ly  
h a l l u c i n a t i n g  d u r in g  th e  s tu d y .  I t  w ould a p p e a r  t h a t  th e  
h y p o th a l a m i c - p i tu i t a r y - a d r e n a l  a x is  i n  p a t i e n t s  w i th  c h ro n ic  
s c h iz o p h r e n ia  i s  n o t  s e v e r e ly  d y s re g u la te d  as  i t  i s  i n  
d e p r e s s io n ,  a n x ie ty  and a n o re x ia .

389.9 DISTRIBUTION OF ERPS FROM SCHIZOPHRENICS AND NORMALS: MODALITY, 
TASK, AND STIMULUS SIGNIFICANCE. A lthea  M.I.Wagman, A. Sum m erfelt, 
W illiam  T. C a rp e n te r , and Douglas H e in r ic h s . Maryland P s y c h ia t r ic  
R esearch  C en te r, B a ltim o re , MD 21228.

A number o f ERP s tu d ie s  com paring s c h iz o p h re n ic s  (SZ) to  
norm als (N) have found d im in ished  P3 in  ta sk s  r e q u ir in g  d e te c t io n  
o f a  low p r o b a b i l i ty  s tim u lu s  in  th e  o d d -b a l l  paradigm . These 
s tu d ie s  d i f f e r  somewhat in  f in d in g s  reg a rd in g  re sp o n s iv en ess  of 
th e  SZ P3 to  s tim u lu s  and ta s k  c o n d i t io n s . This s tu d y  approached 
th e  r e s o lu t io n  o f t h i s  problem  by a s s e s s in g  s e v e ra l components of 
th e  ERP in  bo th  th e  v is u a l  and a u d ito ry  m oda lity  to  determ ine 
w he the r: 1) SZ P3 was u n u su a lly  low in  b o th  m o d a lit ie s  2) th e  SZ 
am p litude  re d u c t io n  was due to  th e  i n a b i l i t y  o f s tim u lu s  p a ra 
m eters  to  engage th e  P3 3) th e  d if f e re n c e  between SZ and N was 
co n fin ed  to  th e  P3 4 ) th e  topo logy  o f th e  ERP was d i f f e r e n t  in  
th e  two g roups.

E igh teen  s e q u e n t ia l ly  a d m itte d , d ru g - f r e e ,  DSMIII SZ o u t
p a t ie n t s  consen ted  to  p a r t i c i p a t e .  T h e ir  perform ance was compared 
to  th a t  o f  18 SADS-L Ns. S ch izo p h ren ics  were te s t e d  du rin g  th e  4 th  
week of a d ru g - f re e  p e r io d . Symptoms of p sy ch o s is  were ra te d  on 
th e  t e s t  day w ith  BPRS. In  th e  a u d ito ry  p ro ced u re , Ss i d e n t i f i e d  
low p ro b a b i l i ty  h igh  frequency  to n e s  under "A ttend" in s t r u c t io n s  
o r  read  an a r t i c l e  w h ile  th e  same h ig h  and low frequency  tones  
were p re se n te d  in  th e  "Igno re" c o n d i tio n . The v is u a l  ta s k  re q u ire d  
resp o n se  to  one o f  3 s p a t i a l  p a t te r n s  which o cc u rre d  in f r e q u e n tly .  
The o rd e r  of p re s e n ta t io n  o f th e se  p rocedu res  was random ized 
a c ro s s  Ss. ERPs were reco rd ed  from b i l a t e r a l  f r o n ta l  and c e n tr a l  
e le c tro d e s  and Pz. A nother e le c tro d e  was p laced  over Cz fo r  the  
a u d i to ry  and Oz fo r  th e  v is u a l  ta s k .  For a l l  t a r g e t  id e n t i f i c a t i o n  
p rocedu re s  Ss were i n s tru c te d  to  w ithho ld  response  of th e  r ig h t  
fo r e f in g e r  u n t i l  th e  end o f th e  ERP sam pling p e r io d .

P r in c ip a l  component a n a ly s is  was used to  develop  4 o rth o g o n a l 
components to  e x p la in  v a r ia n c e  in  each  m od a lity  f o r  th e  groups 
in d e p e n d e n tly . These s o lu t io n s  produced components which could  be 
i d e n t i f i e d  a s  Slow Wave, P3, P2, and N1 fo r  each  g roup . A second 
a n a ly s is  which combined th e  d a ta  from bo th  groups was used to  
e v a lu a te  between group d if f e re n c e s  fo r  each component w ith in  each 
m o d a lity . There was s im i la r i ty  between th e  groups oh th e  P3 
component when s t im u li  were to  be ig n o re d , and when p ro b a b i l i ty  
a lo n e  was th e  r e le v a n t  v a r i a b le .  Both groups produced la rg e  
r e a d in e s s  p o te n t ia l s  w h ile  w a itin g  to  respond  to  t a r g e t s .  
S ch iz o p h ren ics  were i m paired r e l a t i v e  to  norm als p r im a r ily  in  th e  
a c t iv a t io n  o f th e  P3 component by low p r o b a b i l i ty  s t im u li  on ly  
when they  were ta s k  r e le v a n t .

(S upported  by g ra n ts  MH 35996 and MH 32595 NIMH).

389.10 POST-STROKE MOOD DISORDERS: IN-HOSPITAL PROGNOSTIC FACTORS AT 
ONE AND TWO YEAR FOLLOW-UP. A. W. Forreste r* , R. G. Robinson, 
(SPONS Barry Gordon) The Johns Hopkins Univ Sch Med., Bal t .  MD.

In a prospective study of 103 stroke p a tie n ts , p sych iatric  
examinations consisting  of the Present S tate  Examination (PSE), 
Hamilton Depression Rating Scale (HDRS), Zung Depression Scale 
(ZDS) to quantify  depression; Mini-Mental Status Examination 
(MMSE) to  measure cognitive impairment; the Johns Hopkins 
Functioning Inventory (JHF I), to measure a c t iv it ie s  of da ily  
liv in g  (ADL); and the Social Functioning Exam (SFE) were made 
during the acute post-stroke  period and a t  one and two years 
follow-up.

In previous s tu d ies , we have reported th a t lesion  location  is  
the most important variab le  in  determining the sev erity  of 
p ost-stroke  depression (Robinson e t  a l ,  Brain 107, 81, 1984). 
Over the f i r s t  6 months of follow-up, however, th e re  was an 
important in te rac tio n  between depression and impairment 
variab les with depression in -h o sp ita l p red ic ting  ADL 6 months 
la te r  and vice versa . In the presen t study, we examined the 
re la tio n sh ip  between in -h o sp ita l measures and outcome a t  one and 
two years follow-up. In h o sp ita l measures of depression were 
s ig n fican tly  co rrela ted  with these measures a t  1 year follow-up 
(N=35) (PSE, r=.64; HDRS r=.56; ZDS r= .24). In add ition , there 
was a s ig n if ic a n t re la tio n sh ip  between depression as measured 
in -h o sp ita l and the JHFI (ADL) scores a t  1 year follow-up (r = 
.52, .32 and .26 fo r ZDS, PSE and HDRS re sp ec tiv e ly ). No 
s ig n if ic a n t co rre la tio n s  were found between JHFI scores 
in -h o sp ita l and depression scores a t  1 year follow-up. In 
c o n tra s t, among p a tie n ts  interviewed a t  2 years post-stroke  (n = 
41), there was a s ig n if ic a n t, but weaker re la tio n sh ip  between 
in -h o sp ita l depression and JHFI scores a t  2 years follow-up (r = 
.33, p < .05, .22 NS, .18 NS fo r ZDS, PSE and HDRS).

These data suggest th a t, over the f i r s t  year post-stroke , 
the existence and sev erity  of depression may have an important 
impact on the course of recovery in  a c t iv i t ie s  of da ily  liv in g . 
Other work (not presented here) has a lso  demonstrated th a t 
between one and two years post-stroke  there was a s ig n if ic a n t 
improvement of depression scores in p a tie n ts  with major 
depression in -h o sp ita l. Thus, the weakened re la tio n sh ip  between 
depression  and ADL during the period between one and two years 
p ost-stroke  may r e f le c t  improving depression scores without 
concomitant changes in ADL's. This is  con sisten t with our 
previous finding th a t impairment does not cause depression or 
lead to i t s  recovery but th a t once depression e x is ts  i t  can 
s ig n if ic a n tly  impact on da ily  a c t iv i t i e s .
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389.11 ACUTE EFFECTS OF ETHANOL ON EVENT-RELATED POTENTIALS IN A 
SUSTAINED ATTENTION TASK. J.M. S tap leton , J .R . Rohrbaugh, 
R. Parasuraman,* H.W. Frowein,* E.A. Zubovic,* M. Linnoila* 
and M.J. Eckardt. Section of C lin ical Brain Research, 
Laboratory of C lin ical S tud ies, NIAAA, Bethesda, MD 20892.

E ven t-re lated  p o te n tia ls  (ERPs) and behavioral performance 
measures were recorded from 12 normal volunteers following 
acute ethanol adm in istra tion  (0, 0 .45, 0.80 or 1.05 g/kg in i t i a l  
dose + 0.24 g/kg/h maintenance dosing) during a task which has 
previously been shown to  be sen s itiv e  to decrements re la ted  to 
time on task (Nuechterlein e t  a l . ,  1983, Science 220:327). 
ERPs were recorded from standard 10-20 system s i te s  (Fpz, Fz, 
Cz, Pz, Oz, C3, C4), using a Grass polygraph with a time con
s ta n t of 12 sec and a half-am plitude high-frequency cu to ff a t 
70 Hz, and d ig itiz e d  online a t  a ra te  of 200 Hz. T r ia ls  con
ta in in g  eyeblink or o ther a r t i f a c ts  were dele ted  during aver
aging. Ethanol was adm inistered o ra lly ,  with orange ju ice  
added to  make a constan t volume, and the in i t i a l  dose was 
consumed over a 30-min period . Testing began a t  90 and 180 min 
a f te r  the beginning of drinking . V isually degraded stim uli 
(s in g le  d ig its )  were presented a t a 1 sec ISI with a ta rg e t 
p ro b ab ility  of 25% and a keypress response required .

The th ree  ethanol doses produced peak blood ethanol lev e ls  
of 42, 74, and 92 mg% with s ig n if ic a n t and l in e a r  d ifferences 
in sub jec tive  level of perceived in to x ica tio n . B ehaviorally , 
ethanol impaired performance overall as ind icated  by number of 
h i t s ,  or by the signal de tection  measures of s e n s it iv ity  d 
prime or a  prime, with a l in e a r  dose-response curve. In 
add ition  to  th is  overal l  e f fe c t ,  the higher ethanol doses 
enhanced the decrement in performance over time.

The ERP measures showed a d ife re n t p a tte rn  of re s u l ts .  P3 
showed a d o se-re la ted  decrease in amplitude and increase in 
la ten cy , but no e f fe c t  of time on ta sk . N2 was le ss  sen s itiv e  
to  the e f fe c ts  of e thano l, and showed a small but re lia b le  
decrease in amplitude and increase in latency across time. 
There were no s t a t i s t i c a l l y  s ig n if ic a n t e ffe c ts  on N1 of ethanol 
or time on ta sk . None of the ERP measures showed an in te rac tio n  
of ethanol dose with time on ta sk , as was evident in the be
havioral performance measures.

These data in d ica te  th a t ethanol does impair performance 
in susta ined  a tte n tio n  ta sk s , a finding th a t may have p ra c t i 
cal relevance in s i tu a tio n s ,  such as d riv ing , th a t  requ ire  
continuous performance. They a lso  suggest th a t the mechanism 
of the decrement in performance over time in these tasks is  
independent of the mechanism of ERP changes a t  le a s t  in terms 
of ethanol s e n s i t iv i ty .

389.12 NEUROPHYSIOLOGICAL AND COGNITVE CHANGES IN RECENTLY DETOXIFIED 
ALCOHOLICS R.F. K aplan*, K.A. Yurko, and J .T . B ecker.
U n iv e rs ity  o f C on n ec ticu t H ea lth  C en te r, Farm ington, CT 06032

The a lco h o lism  l i t e r a t u r e  su g g es ts  th a t  EEG a b n o rm a litie s  and 
c o g n i tiv e  d y s fu n c tio n  a s s o c ia te d  w ith  ch ro n ic  a lco h o l m isuse a re  
a t  l e a s t  p a r t i a l l y  r e v e r s ib l e  fo llo w in g  th e  c e s s a t io n  of 
d r in k in g . From a c l i n i c a l  p e r s p e c t iv e  th e  tim e cou rse  of 
c o g n i tiv e  reco v e ry  i s  im p o rtan t because tre a tm en t in te rv e n t io n  
ty p i c a l ly  in v o lv es  p sycho therapy  and e d u c a tio n a l program s. The 
d a ta  p re s e n te d  h e re  a re  p re l im in a ry  f in d in g s  from a la rg e r  
in v e s t ig a t io n  designed  to  examine n eu ro p h y s io lo g ic a l and 
c o g n itiv e  changes fo llo w in g  c e s s a t io n  of d r in k in g .

The s u b je c ts  were f iv e  male a lc o h o lic s  (X̅ age=42 y e a rs , X̅ 
education= 13 y e a rs )  w ith  a t  l e a s t  n in e  y ea rs  of problem  d rin k in g  
who were r e c r u i te d  from th e  A lcohol Treatm ent C en te r, U n iv e rs ity  
o f C o n n ec tic u t. Each s u b je c t was s tu d ie d  re p e a te d ly  a t  day 6 , 
21, and 45, r e s p e c t iv e ly .  E ig h t channels o f b ip o la r  EEG were 
reco rd e d  from th e  l e f t  and r i g h t  f r o n t a l ,  tem poral, 
c e n t r o - p a r ie ta l  and o c c ip i t a l  reg io n s  of th e  s k u ll  and 
q u a n t if ie d  u s in g  power s p e c t r a l  d e n s ity  methods. Each s u b je c t 
was a ls o  ad m in is te red  th re e  com parable forms of a neuropsych
o lo g ic a l  t e s t  b a t te r y  in c lu d in g  th e  D ig it  Symbol S u b s t i tu t io n  
T e s t ,  th e  V erbal P a ire d -A s s o c ia te  L earning  T e s t , th e  Symbol 
D ig it  S u b s t i tu t io n  T e s t ,  th e  S troop  Color T e s t , th e  Sym bol-D igit 
P a ire d  A sso c ia te  L earn ing  T e s t ,  th e  W itk in 's  Embedded F ig u res  
T e s t ,  th e  Four Word S h o rt- te rm  Memory T est and th e  FAS.

A re p e a te d  m easures m u l t iv a r ia te  a n a ly s is  of v a r ia n c e  (MANOVA) 
was used  to  examine th e  EEG and b e h a v io ra l s c o re s . Pearson 
c o r r e l a t i o n  c o e f f i c ie n t s  were c a lc u la te d  to  examine r e l a t i o n 
sh ip s  betw een th e  q u a n t if ie d  EEG sc o re s  and sco re s  on th e  
n e u ro p sy ch o lo g ica l t e s t s .  The r e s u l t s  showed in c re a se d  a b so lu te  
power in  th e  a lpha  (9-12 Hz) frequency  from th e  tem poral and 
o c c ip i t a l  re g io n s  and in c re a se d  a b s o lu te  power in  th e  th e ta  (5-8 
Hz) frequency  from bo th  th e  f r o n ta l  and o c c ip i t a l  le ad s  between 
days 6 and 45. There were a ls o  s ig n i f i c a n t  improvements over 
tim e in  perform ance on th e  W itk in ’s Embedded F ig u res  T e s t , a 
t e s t  of v is u o p e rc e p tu a l s k i l l s ,  th e  S troop T e s t , a t e s t  of 
p e rc e p tu a l in te r f e r e n c e  and on th e  FAS, a t e s t  o f v e rb a l 
f lu e n c y . Of p a r t i c u l a r  i n t e r e s t  were th e  h igh  c o r r e la t io n s  
between EEG th e ta  and a lp h a  power and t e s t  perform ance fo r  th e se  
th r e e  t e s t s  a t  each  t e s t  p o in t .  In  co n c lu s io n  i t  appears th a t  
th e r e  i s  b o th  n o rm a liz a tio n  of th e  EEG and s p e c i f ic  ty p es  o f 
c o g n i tiv e  reco v e ry  o c c u rr in g  d u rin g  th e  f i r s t  45 days o f th e  
a l c o h o l i c s ' a b s tin e n c e  and a r e la t io n s h ip  between th e se  changes.

This r e s e a rc h  was su ppo rted  by NIAAA A lcohol R esearch  C en ter 
G rant #5 P50 AA03510.

389.13 MEMORY FOR SEMANTIC ORGANIZATION IN PICTURES 
FOLLOWING DAMAGE TO LANGUAGE REGIONS IN THE LEFT HEMI
SPHERE. D. W. Z a i d e l . D e p t . o f  P s y h o l o g y ,  UCLA, L os 
A n g e le s ,  CA 9 0 0 2 4 .

As in  language, p i c t o r i a l  o rg a n iz a tio n  conveys sem antic  
in fo rm a tio n  whic h  can  be s tu d ie d  s y s te m a tic a l ly  a f t e r  b r a in  damage. 
P ic tu r e s  a re  c lo s e r  to  a  v e r i d ic a l  r e p r e s e n ta t io n  o f  r e a l i t y  
th a n  language and p ro v id e  an  a l t e r n a t iv e  method o f  p rob ing  th e  
co n c e p tu a l/se m a n tic  system  in  th e  b r a in .  H ere, th e  r e l a t i o n s h ip  
betw een memory fo r  p i c t o r i a l  sem an tic s  and language was s tu d ie d  in  
p a t i e n t s  who have s u f fe re d  from s p e c i f i c  ty p e  o f  language b reak 
down due to  s tr o k e .  The damage was lo c a l iz e d  in  f r o n ta l  v e rsu s  
p o s te r io r  reg io n s  in  th e  l e f t  hem isphere and r e s u l te d  in  
n o n flu e n t (N=8) o r  in  f lu e n t  ap h a s ia  (N=7), r e s p e c t iv e ly .

Memory was measured in  two s e p a ra te  s e r ie s  o f  s tim u lu s  scenes 
w ith  10 s t im u li  p e r  s e r i e s .  There were 3 ty p e s  o f  scen es : o rg a 
n iz e d  ( r e a l - l i f e  a rran g e m en t), uno rgan ized  (random arran g e m en t), 
o r  incongruous (seem ing r e a l - l i f e  arran g em en t). The ta s k  was to  
reco g n ize  s in g le  f ig u re s  and e n t i r e  scenes  in  s e p a ra te  5 -ch o ice  
a r r a y s .  Responses were in d ic a te d  th rough  p o in t in g .  For each  
s tim u lu s  s e r ie s  th e re  were 20 re sp o n se s , 10 fo r  s in g le  f ig u re s  
and 10 f o r  whole scen es .

The r e s u l t s  showed a d is s o c ia t io n  betw een th e  two g roups o f 
p a t i e n t s  on a l l  3 ty p e s  o f  sem antic  o rg a n iz a tio n . Perform ance o f 
th e  n o n flu e n t p a t i e n t s  was s im i la r  to  t h a t  o f  norm al c o n tro l 
s u b je c ts  and to  nonaphasic  p a t i e n t s  w ith  f r o n ta l  lobe  damage 
(Z a id e l, D. W., INS P ro ceed in g s , 1985) w hereas th e  f lu e n t  group 
was s im i la r  to  nonaphasic  p a t i e n t s  w ith  p o s te r io r  l e f t  hem isphere 
damage (Z a id e l, D. W ., B ra in , 106, 1986). A d i s s o c ia t io n  
betw een memory f o r  s in g le  f ig u re s  and whole scenes was p re s e n t 
on ly  in  th e  n o n flu e n t g roup.

Taken to g e th e r ,  th e  r e s u l t s  su g g es t (1) th a t  p i c t o r i a l  
sem an tic s  as  l i n g u i s t i c  sem an tic s  a re  d is s o c ia b le  and subserved  
by d i f f e r e n t  c o r t i c a l  reg io n s  in  th e  l e f t  (and r ig h t )  hem isphere, 
and (2) th a t  th e  s t r u c tu r e  o f  th e  p i c t o r i a l  sem antic  system  i s  
independen t o f  th e  i n t e g r i t y  o f  th e  l i n g u i s t i c  system  i t s e l f .

389.PO SPATIAL APHASIA IN BRAIN DAMAGED SIGNERS U. B e l lu g i ,  H. P o iz n e r* . 
N e u r o l i n g u i s t i c s  L a b o r a to r y ,  The S a lk  I n s t i t u t e  f o r  B io lo g ic a l  
S tu d ie s ,  La J o l l a ,  CA 92037.

A m erican  S ig n  Language (ASL) d i s p l a y s  th e  com plex  l i n g u i s t i c  
s t r u c t u r e  fo u n d  i n  spo k en  la n g u a g e s ,  b u t  co n v ey s much o f  i t s  
s t r u c t u r e  by m a n ip u la t in g  s p a t i a l  r e l a t i o n s ,  th u s  e x h ib i t i n g  
p r o p e r t i e s  f o r  w h ich  e a ch  o f  th e  h e m is p h e re s  o f  h e a r in g  p e o p le  
shows a  d i f f e r e n t  p red o m in an t f u n c t io n in g .  The s tu d y  o f  b r a i n 
damaged d e a f  s ig n e r s  o f f e r s  a  p a r t i c u l a r l y  r e v e a l in g  v a n ta g e - p o in t  
f o r  u n d e r s ta n d in g  th e  o r g a n i z a t i o n  o f  h ig h e r  c o g n i t i v e  f u n c t io n s  
i n  t h e  b r a i n ,  and how m o d if ia b le  t h a t  o r g a n i z a t i o n  may b e .  We 
h ave  had  th e  u n iq u e  o p p o r tu n i ty  to  a n a ly z e  th e  breakdow n o f  s ig n  
la n g u a g e  fo l lo w in g  l o c a l i z e d  l e s i o n s  to  th e  l e f t  h e m is p h e re . These 
s tu d i e s  a r e  p a r t  o f  a  s y s te m a t ic  p rogram  w hich  ex am in es  th e  e f f e c ts  
o f  b r a i n  l e s i o n s  on s ig n  la n g u a g e  p r o c e s s in g  and on s p a t i a l  
c o g n i t i o n  in  d e a f  s ig n e r s  w i th  e i t h e r  l e f t  o r  r i g h t  h em isp h e re  
l e s i o n s .

We p r e s e n t  new a n a ly s e s  o f  g ra m m a tic a l  breakdow n f o r  a  v i s u a l  
g e s t u r a l  la n g u a g e .  We found  one p a t i e n t  who shows a  c o m p le te  
ag ram m atism ; t h a t  i s ,  sh e  o m its  a l l  g ra m m a tic a l  m a rk e rs ,  even  
when th e y  o c c u r  on s in g l e  s ig n s ,  p ro d u c in g  e x tr e m e ly  s h o r t  ungram
m a t i c a l  s ig n  u t t e r a n c e s .  Her p a t t e r n  o f  d e f i c i t s  p a r a l l e l s  th o se  
fo u n d  i n  h e a r in g  p a t i e n t s  w i th  s im i l a r  l e s i o n s .  A n o th e r p a t i e n t  
shows a  d i f f e r e n t  p a t t e r n  o f  g ra m m a tic a l  im p a irm en t i n v o lv in g  in 
a p p r o p r i a t e  a d d i t i o n s  and s u b s t i t u t i o n s  o f  g ra m m a tic a l  m a rk e rs ,  
w h ich  i n  ASL a r e  su p e rim p o se d  m ovem ents c o -o c c u r r in g  w i th  th e  s ig n . 
F u th e rm o re , i n  t h i s  p a t i e n t ,  t h e r e  i s  b reakdow n o f  s y n t a c t i c  
m ech an ism s, w h ich  i n  ASL a r e  co n v ey ed  by m a n ip u la t in g  s p a t i a l  
r e l a t i o n s .  U n lik e  t h e  p r e v io u s  p a t i e n t ,  h i s  a p h a s ia  i s  m o d a li ty  
s p e c i f i c ,  u n iq u e  to  s ig n e d  r a t h e r  th a n  spo k en  la n g u a g e .  In  con
t r a s t  t o  th e  s ig n  la n g u a g e  d e f i c i t s  o f  t h e s e  l e f t  l e s io n e d  p a t ie n ts ,  
n o n lan g u a g e  s p a t i a l  c o g n i t i v e  p r o c e s s in g  was l a r g e l y  i n t a c t .

T h ese  r e s u l t s ,  s e e n  i n  th e  p e r s p e c t i v e  o f  o th e r  c o n v e rg in g  
e v id e n c e  from  r i g h t  h e m isp h e re  l e s io n e d  s ig n e r s  ( B e l l u g i ,  P o iz n e r  
& K lim a , MIT P r e s s ,  i n  p r e s s ) ,  show t h a t  th e  u n d e r ly in g  s p e c i a l 
i z a t i o n  o f  th e  l e f t  h e m isp h e re  f o r  la n g u a g e  d o es  n o t  r e s t  upon 
speech or sound.
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389.PO patterns of visual perceptual impairment in  man suggest multiple 
CORTICAL VISUAL SYSTEMS. P .  J .  E s l i n g e r . D ep a rtm en t o f  
N e u ro lo g y , U n iv . o f  Iowa C o lle g e  o f  M ed ., Iowa C i ty ,  IA 52242 .

Im p a irm e n ts  o f  v i s u a l  p e r c e p t io n  o f te n  o c c u r  a f t e r  damage to  
p o s t e r i o r  c e r e b r a l  r e g i o n s .  The im p a irm e n ts  c an  be q u i t e  
d i f f e r e n t  i n  n a tu r e ,  co m prom ising  o n ly  " s p a t i a l "  a s p e c t s  o f  p e r 
c e p t io n  o r   o n ly  " p a t t e r n  r e c o g n i t i o n "  a s p e c t s  o f  p e r c e p t io n .  
T h ese  b e h a v io r a l  d i f f e r e n c e s  a r e  h y p o th e s iz e d  to  be d e p e n d e n t  
upon th e  l o c a t i o n  o f  c e r e b r a l  dam age. We s tu d i e d  2 g ro u p s  o f  
p a t i e n t s  who showed v a s t l y  d i f f e r e n t  p a t t e r n s  o f  v i s u a l  p e r 
c e p tu a l  im p a irm e n t fo llo w in g  c e r e b r a l  i n f a r c t i o n ,  l o c a l i z e d  w i th  
a  s ta n d a r d  m ethod o f  CT s c a n  a n a l y s i s .  The f o u r  p a t i e n t s  o f  
Group 1 w ere s e v e r e ly  im p a ire d  on s ta n d a r d iz e d  t e s t s  o f  s p a t i a l  
p e r c e p t io n  w h i le  p a t t e r n  r e c o g n i t i o n  was n o rm a l. The l e s i o n s  i n  
t h i s  g ro u p  w ere l o c a l i z e d  t o  th e  p a r i e t a l  lo b e .  The 5 p a t i e n t s  
o f  Group 2 showed c l e a r  im p a irm e n t i n  p a t t e r n  r e c o g n i t i o n  t e s t s  
( e . g . ,  f a c i a l  d i s c r i m i n a t i o n ) ,  b u t  n o rm a l s p a t i a l  p e r c e p t io n .  
The l e s i o n s  i n  t h i s  g ro u p  w ere l o c a l i z e d  to  th e  i n f r a c a l c a r i n e  
r e g io n  and o c c ip i t a l - t e m p o r a l  j u n c t i o n .

The r e s u l t s  i n d i c a t e  t h a t  d i s s o c i a t i o n s  i n  v i s u a l  p e r c e p tu a l  
p e rfo rm a n c e  may be a s s o c i a t i e d  w i th  d i f f e r e n t  l o c i  o f  c e r e b r a l  
dam age. The s p a t i a l  a s p e c t s  o f  v i s u a l  p e r c e p t io n  a p p e a r  to  be 
m e d ia te d  th ro u g h  s u p e r i o r  v i s u a l  sy s te m  s t r u c t u r e s  ( s u p r a c a l c a -  
r i n e  and  p a r i e t a l  c o r t i c e s ) ,  w h i le  p a t t e r n  a n a ly s i s  and r e c o g n i 
t i o n  i s  m ore c l o s e l y  a s s o c i a t e d  w i th  i n f e r i o r  v i s u a l  sy s te m  
s t r u c t u r e s  ( i n f r a c a l c a r i n e  and te m p o ra l  c o r t i c e s ) .  T o g e th e r  
w i th  o t h e r  n e u ro p s y c h o lo g ic a l  f in d i n g s  from  human and non-hum an 
p r im a te  s t u d i e s ,  th e  r e s u l t s  s u p p o r t  th e  e x i s t e n c e  o f  s u p e r i o r  
and  i n f e r i o r  v i s u a l  c o r t i c a l  sy s te m s  d e v o te d ,  r e s p e c t i v e l y ,  to  
s p a t i a l  and  p a t t e r n  r e c o g n i t i o n  a s p e c t s  o f  v i s u a l  p e r c e p t io n .  
S u p p o rte d  by NIH G ra n t P01 NS 1 9 6 3 2 -0 2 .
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390.1 DOSE RELATED PHYSIOLOGIC, BEHAVIORAL, AND COGNITIVE EFFECTS OF 
INTRAVENOUS NICOTINE IN NAIVE HUMAN SUBJECTS. P.A. Newhouse, T. 
Sunderland* , K. Thompson*, P.N . T a r io t* , H. W e ingartne r* , and 
D.L.  Murphy*, LC5-CNS, NIMH, B ethesda , MD,  20892

N ic o tin e , a c e n t r a l l y  a c tin g  c h o l in e rg ic  a g o n is t ,  has been 
re p o r te d  to  have a range of p h y s io lo g ic , b e h a v io ra l,  and 
c o g n i tiv e  e f f e c t s  in  th e  human i n c lud ing  autonom ic s t im u la t io n ,  
hormonal r e l e a s e ,  and enhancement o f memory. However, most p r io r  
i n v e s tig a tio n s  u s in g  c ig a r e t t e s  have been hampered by f a i l u r e  to  
c o n tro l th e  dose and r a t e  o f a d m in is tr a t io n ,  o r to  accoun t fo r  
o th e r  e f f e c t s  of smoking, and u sin g  ch ro n ic  sm okers, who a re  
presum ably to l e r a n t ,  as s u b je c ts .  In an a ttem p t to  co n tro l th e se  
f a c to r s  and as  p a r t  o f a study  exam ining th e  f e a s i b i l i t y  o f us ing  
n ic o t in e  in  A lzh e im er 's  D isease  where th e re  appears to  be a lo s s  
o f  c e n tra l  n ic o t in i c  r e c e p to r s ,  we e v a lu a te d  th e  e f f e c t s  o f a 
range of i n travenous doses of n ic o t in e  in  n aive  s u b je c ts .

11 normal nonsmoking v o lu n te e rs  (ag es  21 to  57, mean 32) 
re c e iv e d  s in g le  b l in d  60 m inute con tinuous i n fu s io n s  o f n ic o t in e  
b i t a r t r a t e  o r  p lacebo  by p e r ip h e ra l v e in . Doses were 0 .1 2 5 , 
0 .2 5 , and 0 .5  ug/kg/m i n of n ic o t in e  b ase . Blood p re s s u re ,  p u ls e , 
and EKG w ere m onitored  by te le m e try . C o g n itiv e  t e s t i n g  and 
b eh a v io ra l r a t in g s  (bo th  s u b je c t and o b se rv e r)  were perform ed 
b e fo re , d u r in g , and a f t e r  drug a d m in is tr a t io n .  Blood was drawn 
fo r  plasma n ic o t in e  and le v e ls  o f  ACTH, p r o la c t in ,  and c o r t i s o l .

R e s u lts  showed th a t  th e re  were s ig n i f i c a n t  dose dependent 
r i s e s  in  s y s to l i c  and d i a s t o l i c  Blood p re s su re  and p u lse  w ith  a 
l i n e a r  shaped dose response  cu rv e . Tem perature and r e s p i r a to ry  
r a t e  showed no dose r e l a t i o n s h ip .  Peak plasma n ic o t in e  v a lu es  
w ere i n th e  10-20ng/ml range s im i la r  to  t h a t  seen a f t e r  smoking. 
ACTH and c o r t i s o l  showed sm all b u t c o n s is te n t  i n c re a se s  during  o r  
i m m ediately a f t e r  drug i n fu s io n s  a t  th e  0 .25  (ΔMAX ACTH=9.0pg/ml, 
AMAX c o r t i s o l=5.74m g/dl  and th e  0 .5  (ΔMAX ACTH=15.15pg/ml, ΔMAX 
c o r t i so l= 7 .85m g/d l) do ses . P ro la c t in  showed no dose r e la te d  
changes. P re lim in a ry  r e s u l t s  o f c o g n itiv e  t e s t i n g  showed 
In c re a se s  In s h o r t  term  f r e e  r e c a l l  on drug versu s  b a s e l in e  a t  
th e  0 .25  and 0 .5  dose accompanied by d ec rease  i n i n tru s io n  e r r o r s  
a t  th e  0 .5  d o se . There was a ls o  ev idence fo r  b e t t e r  delayed 
r e c a l l  o f  p re v io u s ly  remembered Item s on drug as compared to  
b a s e l in e  a t  th e  0 .25  dose . B ehav io ra l e f f e c t s  i ncluded dose 
r e l a te d  i n c rea se s  in  s u b je c t ra te d  a n x ie ty , i r r i ta b i l i ty ,  and 
f e a r  accompanied by a sense  o f d ec reased  a l e r tn e s s .  These 
e f f e c t s  d id  n o t appear to  be due to  p h y s ica l s id e  e f f e c t s  as  
th e s e  were n o t marked a t  any do se , a lthough  th e re  were marked 
i n t e r i ndi vi dual v a r ia t io n s  i n b eh av io ra l re sp o n se . These s tu d ie s  
p ro v id e  ev id en ce  o f s p e c i f ic  dose r e l a te d  e f f e c t s  of n ic o t in e  on 
a v a r ie ty  o f system s and p ro v id e  a b a s is  f o r  f u r th e r  
i n v e s t ig a t io n  o f th e  c e n tra l  and p e r ip h e ra l e f f e c t s  of n ic o t in e  
and n ic o t in e  c h o l in e rg ic  a g o n is t s .

390.2 QUANTAL RATE OF PSYCHOBIOLOGIC CLOCK.M .C ly n e s , M .Rynn*, R e se a rc h  
C e n te r ,  N .S.W . C o n s e rv a to r iu m  o f  M u sic , Sydney 2 0 0 0 , A u s t r a l i a .

R e c e n t s t u d i e s  (1) a p p e a re d  t o  show a  q u a n tu m iz a t io n  i n  t h e  
r a t e  o f  p s y c h o b io lo g ic  c lo c k s  in v o lv e d  i n  t h in k i n g  and  p e r fo rm in g  
m u s ic ,  o f  0 .4 8  ± .02  p e r c e n t ,  a b o u t  one t e n t h  o f  a  m etronom e s t e p .  
T h is  was o b s e rv e d  i n  170 p e r fo rm a n c e s  o f  a  to p  s t r i n g  q u a r t e t  
(Sydney S t r i n g  Q u a r te t )  o v e r  a  num ber o f  y e a r s .  They a l s o  showed a  
d e g re e  o f  s t a b i l i t y  o f  o v e r a l l  t im in g ,  in d e p e n d e n t  o f  e n v iro n m e n t, 
o f  t h e  o r d e r  o f  0.4% i n  p e r fo rm a n c e s  y e a r s  a p a r t .

We now c o n f i rm  t h e  q u a n ta l  f in d i n g s  w i th  a  s tu d y  o f  t h e  h i s t o 
g r a p h ic  d i s t r i b u t i o n  o f  9 0 ,0 0 0  t a p  i n t e r v a l s  (30 ru n s )  c a r r i e d  o u t  
by  a  n o n - m u s ic ia n ,  t h e  t a p s  b e in g  i n  a c c o rd a n c e  w i th  r e p e a t e d l y  
th o u g h t  ( n o t  p l a y e d ,  o r  h e a rd )  11 b a r s  o f  M o z a r t 's  C o n c e r to  K467. 
The s u b je c t  p ro d u c e d  3000 t a p s  a t  e a c h  e x p e r im e n ta l  ru n  c o r r e s 
p o n d in g  t o  69 r e p e t i t i o n s  o f  t h e  11 b a r s ,  p a u s in g  b e tw een  s u c c e s s 
iv e  r e p e t i t i o n  f o r  a  few  s e c o n d s .  Each  m e n ta l ly  th o u g h t  p e rfo rm 
an c e  h ad  44 t a p s .  I n t e r v a l s  b e tw e en  t a p s  w ere m easu red  t o  a  
r e s o l u t i o n  o f  10 -5  s e c  and  s to r e d  on a  c o m p u te r.

I t  h ad  b e e n  fo u n d  p r e v i o u s ly  w i th  t a p p in g  t o  th o u g h t  m u sic  by 
m u s ic ia n s  (2) t h a t  t a p p in g  t im e s  becom e m ore s t a b l e  a s  l a r g e r  
g ro u p s  o f  t a p s  a r e  in c lu d e d  i n  a  s a m p le , s . d .  3.9% f o r  s in g l e  t a p s ,  
1.2% f o r  g ro u p s  o f  10 t a p s ,  0.8% f o r  g ro u p s  o f  100 t a p s ,  0.4% f o r  
g ro u p s  o f  1000 t a p s .  T h is  i n d i c a t e s  t h a t  t h e  s t a b i l i t y  o f  m u s ic a l  
c o n c e p ts  e x c e e d s  t h e  a b i l i t y  t o  e x e c u te  t h e  c o r r e s p o n d in g  p a t t e r n  
i n  any  one i n s t a n c e .  T h u s , m eans f o r  e a c h  m u sic  e x c e r p t  (44 t a p s )  
w ere  c o n s id e r e d  f o r  q u a n tu m iz a t io n  r a t h e r  th a n  i n d iv i d u a l  t a p s , 
w h ich  a l s o  i n c lu d e  th e  e f f e c t s  o f  m u s ic a l  m ic r o s t r u c t u r e  (3 , 4 ) ,  
and  n o i s e  o f  t h e  n e u ro m u s c u la r  e f f e c t o r  sy s te m . 2070 m eans w ere 
p l o t t e d  i n  a  h i s to g r a m ,  r e l a t i v e  t o  t h e  m ed ian  v a lu e  f o r  e a c h  r u n ,  
and  showed a  s t r i k i n g  quan tum  s i z e  o f  0 .4 6  p e r c e n t .  (T h is  c o r r e s 
p o n d s  t o  2 .3  m i l l i s e c o n d s  p e r  t a p  a t  t h e  o b s e rv e d  t a p  r a t e ) .

The n o n -m u s ic ia n ,  w h i le  show ing  m ore th a n  t h r e e  t im e s  t h e  
s p re a d  o f  t im in g  f l u c t u a t i o n s  fro m  one m e n ta l  p e rfo rm a n c e  t o  th e  
n e x t  th a n  m u s ic ia n s ,  was y e t  s u b je c t  t o  t h e  same q u a n ta l  p s y c h o -  
b i o lo g i c  c lo c k  r a t e  -  t h u s ,  u n l ik e  t h e  s t a b i l i t y  t h a t  r e l a t e s  t o  
m u s ic a l  c o n c e p ts ,  t h e  q u a n tu m iz a t io n  i s  n o t  r e l a t e d  t o  m u s ic a l  
a b i l i t y  o r  p r o f i c i e n c y ,  b u t  i s  r a t h e r  a  b a s i c  phenom enon o f  t h e  
p s y c h o b io lo g ic  c lo c k  t h a t  u n d o u b te d ly  i s  a l s o  in v o lv e d  i n  a c t 
i v i t i e s  and  s e r i a l  b e h a v io r  o t h e r  th a n  m u s ic a l  th o u g h t .  The 
quan tum  i n  t h e  r a t e  seem s t o  r e f l e c t  d i s c r e t e n e s s  w i t h in  t h e  
p s y c h o b io lo g ic  c lo c k .
1 . C ly n es ,M . and  W a l k e r , J . : M usic  P e r c e p t io n , 4 ,  1 ,  i n  p r e s s .
2 . C ly n es ,M . and  W a lk e r ,J . :  i n  M u sic , Mind and  B r a in , t h e  N euro

p s y c h o lo g y  o f  M u sic , e d .  M .C ly n e s , 1 7 1 -2 1 6 , P lenum , NY, 1982.
3 . C ly n e s ,M .: P u b l .  R o y a l S w ed ish  A cad . o f  Mus. ,  3 9 ,7 6 -1 8 1 ,1 9 8 3 .
4 . C ly n e s ,M .: P u b l .  R oyal S w ed ish  A cad . o f  Mus. ,  4 7 ,3 -1 5 ,1 9 8 5
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390.3 RECENT ADVANCES IN NEUROCOGNITIVE PATTERN ANALYSIS. 
Alan S. Bevins. EEG Systems Laboratory, 1855 Folsom 
St., San Francisco, CA 94103

We use the generic term “Neurocognitive Pattern (NCP) 
Analysis" to refer to procedures being developed to 
extract spatiotemporal neurocognitive patterns from the 
unrelated "noise" of the brain. Recordings with up to 
64 scalp channels during highly controlled tasks are 
now routine in our laboratory, as is the extended 
signal processing sequence required to extract minute 
neurocognitive signals from gigabyte sets of single 
tria l data. More robust measures of the degree of 
"functional interdependency" between electrodes have 
been developed and applied to a bimanual visuomotor 
task recorded with 26 channels from 7 people. The 
results were clear-cut and consistent with prior 
neuropsychological models of the rapidly shifting 
cortical network accompanying expectancy, stimulus reg
istration and feature extraction, response preparation 
and execution, and "updating" to feedback about 
response accuracy. Predictive patterns have been 
identified which distinguish tria ls  that subsequently 
had accurate or inaccurate performance. Along with 
pilot analyses of intracerebral recordings in a primate 
model, these results suggest that it is possible to 
characterize "functional interdependencies" of 
event-related processing between local neural areas by 
measuring the wave congruence and lag time of appropri
ately preprocessed low-frequency macropotentials. Many 
of these results cannot be explained by single 
equivalent current dipole source models, but could, in 
principle, be understood in the context of a 
distributed network of specialized processing nodes. 
However, unique determination of this network is a 
formidable problem, since event-related signals emitted 
by each node are obscured by unrelated brain activity 
and are overlapping both in time and in space when 
recorded at the scalp. We are attacking this problem 
with a number of technical developments: use of 
magnetic resonance images to relate the EEG electrode 
positions to underlying cortical structures; use of 
spatial deconvolution to remove the "blurring" effect 
of conduction through skull and scalp; and incorpora
tion of multichannel WEB data.
This research is supported by the National Institutes 
of Neurological and Communicative Diseases and Strokes, 
the National Science Foundation, and the Air Force 
Office of Scientific Research.

390.4 BRAIN STATE AND ATTENTIONAL MECHANISMS IN THE 
TRANSITION TO A DE-EXCITED STATE OF CONSCIOUSNESS: A 
NEUROPSYCHOLOGICAL MODEL OF TRANSCENDING: A .T . 
A r e n a n d e r . CNRG, D e p t .  o f  B i o l . a n d  P h y s i o l .  S c i . ,  
M a h a r i s h i  I n t e r n a t i o n a l  U n i v . ,  F a i r f i e l d ,  IA  5 2 5 5 6 .

R e s e a r c h  on t h e  T r a n s c e n d e n t a l  M e d i t a t i o n  (TM) 
t e c h n i q u e  h a s  fo u n d  c h a n g e s  i n  e l e c t r o e n c e p h a l o -  
g r a p h i c ,  r e s p i r a t o r y ,  c a r d i o v a s c u l a r ,  a n d  o th e r  
p h y s i o l o g i c a l  p a r a m e t e r s  s u g g e s t i v e  o f  a  s t a t e  o f  d e 
e x c i t a t i o n  o f  t h e  n e r v o u s  s y s t e m .  D u r in g  t h e  p r o c e s s  
o f  d e - e x c i t a t i o n  o r  t r a n s c e n d i n g ,  s u s t a i n e d  p e r i o d s  
o f  m a rk e d  c o h e r e n c e  in  b r a i n  a c t i v i t y  a n d  s p o n ta n e o u s  
r e s p i r a t o r y  s u s p e n s i o n  a r e  c l o s e l y  c o r r e l a t e d  w i th  
s u b j e c t i v e  r e p o r t s  o f  a w a r e n e s s  w i t h o u t  t h o u g h t .  A 
m o d e l i s  p r o p o s e d  t o  e x p l a i n  t h e  p r o c e s s  o f  t r a n s 
c e n d in g  t h a t  i s  b a s e d  u p o n  c o g n i t i v e  a n d  n e u r a l  
m e c h a n is m s  s i m i l a r  t o  t h e  w e ll - k n o w n  o r i e n t i n g  r e f l e x  
( OR) .

A c c o r d in g  t o  t h e  m o d e l ,  o r i e n t i n g  a n d  h a b i t u a t i n g  
p r o c e s s e s ,  c o o r d i n a t e d  by  t h e  p r e f r o n t a l  c o r t e x  an d  
t h e  b a s a l  f o r e b r a i n  (P F B F ), i n t e r a c t  t o  p ro d u c e  a 
s e q u e n c e  o f  p r o g r e s s i v e  d e - e x c i t a t i o n s  o f  n e u r a l  
a c t i v i t y ,  w h i l e  c o n s c i o u s  a w a r e n e s s  i s  m a i n t a i n e d .  
T he b r a i n s t e m  (BS) c o r e ,  i n  p a r t i c u l a r  t h e  m e se n 
c e p h a l i c  r e t i c u l a r  f o r m a t i o n  a n d  t h e  l o c u s  c o e r u l e u s ,  
a r e  s u g g e s t e d  t o  b e  i n v o l v e d  i n  m a i n t a i n i n g  a w a r e n e s s  
b y  p r o d u c i n g  ORs t o  t h e  s t i m u l u s  a t  e a c h  s t a g e  i n  th e  
s e q u e n c e  o f  d e - e x c i t a t i o n .  T he r e g u l a t i o n  o f  a t t e n -  
t i o n a l  p r o c e s s e s  d u r i n g  t r a n s c e n d i n g  may b e  b a s e d  
u p o n  a n  i n t e g r a t e d  h i e r a r c h y  o f  c o n t r o l  s y s t e m s ,  
i n c l u d i n g  PFB F, BS, h ip p o c a m p a l ,  a n d  a m g y d a lo id  
e l e m e n t s  c o n v e r g i n g  on t h e  t h a l a m o c o r t i c a l  s y s t e m . 
An i m p o r t a n t  a s p e c t  o f  t h e  o r i e n t i n g  m e c h a n is m s  in  
t h e  m o d e l a r e  n e u r a l  r e f e r e n c e  s y s t e m s ,  c o o r d i n a t e d  
b y  a  h ip p o c a m p a l - b a s e d  c o m p a r a t o r ,  t h a t  e v a l u a t e  t h e  
c h a n g in g  c o n f i g u r a t i o n  o f  b o th  s t i m u l u s  a n d  b r a i n  
s t a t e .  C o n s i s t e n t  w i th  OR t h e o r i e s ,  t h e  p r o c e s s  o f 
t r a n s c e n d i n g  w o u ld  m a r k e d ly  e n h a n c e  t h e  s i g n a l - t o -  
n o i s e  r a t i o  o f  t h e  n e u r a l  s y s t e m  a n d  f a c i l i t a t e  th e  
c o n s c i o u s  a n a l y s i s  a n d  p e r c e p t i o n  o f  m odes o f  c o g n i 
t i v e  a c t i v i t y  n o t  o r d i n a r i l y  a v a i l a b l e  t o  c o n s c i o u s  
a w a r e n e s s .  T h e  model o f  t r a n s c e n d i n g  i s  s u p p o r t e d  by 
a  l a r g e  b o d y  o f  c o g n i t i v e  n e u r o s c i e n c e  r e s e a r c h  on 
b r a i n  s t a t e  a n d  a t t e n t i o n a l  m e c h a n is m s .

390.5 L a te n c y  o f  L a t e  P o s i t i v e  C o m p o n e n ts  a n d  M emory f o r  P r o t o 
t y p e s  i n  Im m e d ia te  a n d  D e la y e d  T e s t i n g  C o n d i t i o n s .  J . G . 
B a n g h a r t , R .M . V a r d a r i s , J .  L i n d s e y *, J .  M a t i c i c * a n d  
D. S c h a f e r *. D e p t . o f  P s y c h o lo g y ,  K e n t S t a t e  U n i v e r s i t y ,  
K e n t OH 4 4 2 4 2 .

I t  h a s  r e c e n t l y  b e e n  s u g g e s t e d  t h a t  LPC l a t e n c y  r e 
f l e c t s  a  q u a l i t a t i v e  d i f f e r e n c e  a t  e n c o d in g  b e tw e e n  r e 
m em b ered  a n d  f o r g o t t e n  i t e m s  ( N e v i l l e  e t  a l . ,  1 9 8 6 ; J o h n  
s o n  e t  a l . , 1 9 8 5 ) .  P o s n e r  a n d  K e e le  (1 9 7 0 )  f o u n d  t h a t  
p r o t o t y p e s  w e re  re m e m b e re d  b e t t e r  t h a n  i n s t a n c e s  i n  a  
b e h a v i o r a l  t a s k .  T h e  p u r p o s e  o f  t h i s  s t u d y  w as t o  i n v e s t  
i g a t e  t h e  d i f f e r e n c e s  b e tw e e n  p r o t o t y p e s  a n d  t h e i r  i n 
s t a n c e s  b e h a v i o r a l l y  a n d  e l e c t r o p h y s i o l o g i c a l l y .

R i g h t - h a n d e d  m a le  s t u d e n t s  v o l u n t e e r e d  f o r  t h e  s t u d y .  
S u b j e c t s  w e re  a s s i g n e d  t o  t h e  im m e d ia te  t e s t i n g  g r o u p ( I ) 
o r  t h e  d e l a y e d  g r o u p  (D ) , a n d  l e a r n e d  t o  c a t e g o r i z e  a 
s e r i e s  o f  d o t  p a t t e r n s .  A f t e r  90 t r i a l s  s u b j e c t s  i n  I  
w e re  a s k e d  t o  c a t e g o r i z e  a n o t h e r  s e t  o f  s t i m u l i  w h ic h  
c o n s i s t e d  o f  p r o t o t y p e s ,  n o n i n s t a n c e s  a n d  o l d  i n s t a n c e s .  
S u b j e c t s  i n  D w e re  t e s t e d  o n  t h e  sam e s t i m u l i  a  w eek  
l a t e r .

ERPs w e re  c o l l e c t e d  d u r i n g  b o t h  p h a s e s  o f  t h e  e x p e r i 
m e n t f ro m  e l e c t r o d e s  a t t a c h e d  t o  F z ,  Cz a n d  P z .  EOG w as 
m o n i to r e d  a n d  t r i a l s  c o n t a i n i n g  e y e -m o v e m e n t w e re  e x c l u 
d e d  f ro m  a n a l y s i s .  Raw d a t a  t r i a d s  w e re  a v e r a g e d  i n  
g r o u p s  o f  f i f t e e n .  T he c o m p o n e n ts  P 2 ,  P 3 ,  P4 a n d  P5 w e re  
t h e  m a x im a l p o s i t i v e  p e a k s  f ro m  200 t o  600  m s e c .R e s u l t s  
i n d i c a t e d  t h a t  b e h a v i o r a l l y  p r o t o t y p e s  w e re  f o r g o t t e n  a t  
a  f a s t e r  r a t e  t h a n  i n s t a n c e s .  P r o t o t y p e s  h a d  s h o r t e r  l a t 
e n c i e s  t h a n  i n s t a n c e s  i n  I  a n d  D a t  f r o n t a l  a n d  c e n t r a l  
l o c a t i o n s  ( e x c e p t  f o r  P5 a t  Cz i n  D ) . L a te n c y  a t  P z w as 
l o n g e r  f o r  p r o t o t y p e s  t h a n  f o r  i n s t a n c e s  f o r  P 3 ( D ) ,  P4 
(D a n d  I )  a n d  P 5 ( D ) .  L a t e n c y  f o r  n o n i n s t a n c e s  w as  e i t h e r  
i n t e r m e d i a t e  b e tw e e n  p r o t o t y p e s  a n d  i n s t a n c e s  o r  e q u i v a 
l e n t  t o  i n s t a n c e s .  L a t e n c y  f o r  P3 f o r  n o n i n s t a n c e s  w as 
s h o r t e r  i n  I  t h a n  D a t  a l l  e l e c t r o d e  l o c a t i o n s .

T h e  r e s u l t s  a p p e a r  t o  r e f l e c t  e n c o d in g  d i f f e r e n c e s  b e  
tw e e n  p r o t o t y p e s  a n d  i n s t a n c e s  w i t h  m o re  e l a b o r a t i o n  a s s 
o c i a t e d  w i t h  p r o t o t y p e s  a t  t h e  f r o n t a l  a n d  c e n t r a l  l o c a 
t i o n s .  T he f i n d i n g  t h a t  f o r  P 3 ,  P4 a n d  P5 l a t e n c y  f o r  
p r o t o t y p e s  a t  P z w as l o n g e r  t h a n  f o r  i n s t a n c e s  a n d  n o n in 
s t a n c e s  s u g g e s t s  t h a t  l a t e  p o s i t i v e  c o m p o n e n ts  r e c o r d e d  
f ro m  t h e  p a r i e t a l  l o c a t i o n s  r e f l e c t  a  f a c t o r  o t h e r  t h a n  
t h e  q u a l i t a t i v e  m e m o r ia l  f a c t o r  r e c e n t l y  p r o p o s e d .

390.6 REPETITION EFFECTS ON INTRACRANIAL EVENT RELATED 
POTENTIALS RECORDED DURING LEXICAL DECISION. M.E.Smith. 
G. H e i t .  E.Hal g r e n . Bra in  Research I n s t i t u t e ,  UCLA, and, 
VA Southwest Regional E p il ep sy  C en te r ,  Los Angeles,  CA.

We have d e sc r ib e d  th e  component s t r u c t u r e  of human 
medial  temporal lobe e v e n t - r e l a t e d  p o t e n t i a l s  (MTL-ERPs) 
d u r ing  r e c o g n i t i o n  memory, and the  manner in which those  
components d i f f e r  between re p ea te d  and nonrepea ted  words 
(Smith e t  a l ,  SNS 9:647; SNS 10:846; E lec t roenceph . 
C l in .  N e uorphys io l . 63 :145-159) .  Components with  s im i la r  
i n t r a c r a n i a l  d i s t r i b u t i o n  a r e  a l s o  observed  during 
l e x i c a l  d e c i s i o n  t a s k s ,  where s u b j e c t s  a r e  req u ir ed  to 
d i s c r im i n a t e  words from nonsense  l e t t e r  s t r i n g s .  
R e p e t i t i o n  improves b e h av io ra l  performance in t h i s  task 
( e .g .  Forbach e t  a l ,  Mem. k Cognit  2 :3 3 7 ) ,  a l th ough  t h i s  
e f f e c t  was not o b ta in ed  in th e  amnesic p a t i e n t  H.M. 
( G a b r ie l i  e t  a l ,  SNS 10 :383).  In th e  p r e s e n t  study  we 
compare th e  e f f e c t s  of s t im u lu s  r e p e t i t i o n  on MTL-ERPs 
reco rded  d u r in g  l e x i c a l  d e c i s i o n  with  th o se  obtained 
du r in g  r e c o g n i t i o n  memory. Record ings were obtained 
from m u l t i p l e  e l e c t r o d e s  implan ted  b i l a t e r a l l y  in the 
amygdala, hippocampus,  and p a ra  hippocampal gy rus ,  of 8 
p a t i e n t s  be ing  e v a lu a te d  f o r  s u r g i c a l  t r e a tm e n t  of 
e p i l e p s y .  In th e  l e x i c a l  d e c i s i o n  t a s k ,  h a l f  of the 
words were very  common, and h a l f  were l e s s  common, in 
term s of f requency  of occurence  in th e  language. 
R e p e t i t i o n s  were s e p e r a t e d  by an average  lag  of 2.5 
m in u tes ,  and 60 in te r v e n in g  i tem s.  S u b je c t s  were 
r e q u i r e d  to  d i s c r im i n a t e  words from nonwords. In the 
r e c o g n i t i o n  t e s t ,  s u b j e c t s  were r e q u i r e d  to  d e te c t  
r e p e t i t i o n s  of p r e v io u s ly  p re s e n te d  words. As in our 
e a r l i e r  s t u d i e s ,  bo th  t a s k s  e l i c i t e d  a c h a r a c t e r i s t i c  
sequence of l o n g - la te n c y  MTL-ERPs. Item r e p e t i t i o n  had a 
s i m i l a r  e f f e c t  in bo th  t a s k s ,  with  a u s u a l ly  nega tive  
component o ccu r in g  a t  400-500 ms ("MTL-N4”) be in g  la rge r  
t o  nonrepea ted  words, and a l a t e r  t y p i c a l l y  p o s i t iv e  
component o c cu r in g  550-650 ms ( "MTL-P3" ) t h a t  was 
l a r g e s t  to  re p ea te d  words. In l e x i c a l  d e c i s i o n  t h i s  
d i f f e r e n c e  was l a r g e r  f o r  uncommon words than  f o r  common 
words. However only  small  e f f e c t s  of r e p e t i t i o n  were 
seen  f o r  nonwords. These e f f e c t s  p a r a l l e l  th o se  found in 
b e h av io ra l  s t u d i e s ,  s u g g e s t in g  t h a t  l im bic  s t r u c t u r e s  
p lay  an im por ta n t r o l e  in th e  r e p e t i t i o n  priming  e f f e c t s  
seen in l e x i c a l  d e c i s i o n ,  in a d d i t i o n  to  c o n t r i b u t i n g  to 
o v e r t  judgments of r e c e n t  memory f a m i l i a r i t y .
Supported  by NIH g ra n t  NS18741 and th e  V e terans  Adminis
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390.7 PRECORTICAL GATING IN THE HUMAN VISUAL SYSTEM DURING SELECTIVE 
ATTENTION: A TOPOGRAPHICAL ANALYSIS. M. Oakley*, R.G. Eason, and 
T. McCandies*. Dept. of Psychology, UNCG, Greensboro, N.C. 27412.

In 1983 Eason, Oakley, & Flowers reported th a t in te rn a l canthus 
recordings of averaged VER-components corresponding in latency and 
p o la r ity  to  the b-wave and a f te rp o te n tia l  of the human ERG can be 
modulated by se lec tiv e ly  attend ing  to  peripheral loca tions in the 
v isua l h a lf - f ie ld  in which task -re lev an t stim uli appear (P hysio l. 
Psych. ,  1983). These r e s u lts  were re p lica ted  in two followup ex
periments (Eason, B ull. Psychon. S oc ., 1984). Even though neuro- 
anatomical evidence fo r the existence of c en trifu g a l f ib e rs  in  the 
op tic  nerve of mammals, including humans, continues to  mount (Itay a - 
Br. Res. ,  1985; Terubayashi, e t  a l , Neurosci. L et. ,  1983; Larsen & 
Moler, Acta Ophthal. ,  1985; Wolter, Graefes Arch. Ophthal. , 1979), 
considerable skepticism  remains as to  th e ir  ex istence . P a rtly  for 
th is  reason, and p a rtly  because the 1983 findings have not been rep
lic a te d  by others (Mangun, e t a l . ,  Psychophysiol. ,  1986), the ques
tio n  of p re co rtic a l gating  a t  a r e t in a l  leve l remains highly con
tro v e rs ia l.  Indeed many cognitive s c ie n t is ts  remain sk ep tica l as 
to  whether p re co rtic a l gating  occurs a t  any leve l as a function of 
a tte n tio n  and other behavioral s ta te s .

Using stim uli too weak to e l i c i t  measurable ERGs, and with e lec 
trodes placed a t  f ro n ta l scalp reg ions, Oakley, e t a l (Soc. Neuro
s c i .  A bstr. ,  1985) recen tly  reported prelim inary evidence fo r pre
c o r tic a l  gating  during se lec tiv e  a tte n tio n  a t  s i te s  c en tra l to  the 
re t in a . They found a negative p o ten tia l with a peak latency of 
approximately 50 msec (recorded a t Fp2 and Fp4) to  be s ig n if ic a n tly  
g rea te r when sub jects attended to  the peripheral sp a tia l  loca tion  
of a given h a lf - f ie ld  in which task -re lev an t stim u li appeared than 
when they attempted to  ignore th a t same lo ca tio n .

The present work re p lic a te s  and extends these find ings . Two 
experiments have been conducted. In Experiment I the same para
digm and procedures were used as in the 1985 study. In add ition  to 
fro n ta l scalp lo ca tio n s , data have been obtained from c e n tra l, 
p a r ie ta l ,  and o c c ip ita l areas over both hemispheres. An early  com
ponent (40-60 msec) recorded a t  a l l  e lectrode  s i te s  was a ffec ted  by 
the a tte n tio n  manipulation except a t  C3 and C4. Also, the a tte n 
tio n  e ffe c t tended to  be more pronounced in r ig h t  hemisphere re 
cordings.

In Experiment I I  the angular d istance from the point of f ix a 
tio n  to  the s i te  of r e t in a l  stim ulation  was varied to  assess wheth
er the observed a tte n tio n  e f fe c t could be an a r t i f a c t  produced by 
sub jects inadverten tly  sh if t in g  th e ir  eyes toward the re levan t 
v isua l f ie ld .  The re s u lts  negate th is  p o s s ib i l ity .

The re s u lts  of these stu d ies provide fu rth e r support fo r pre
c o r tic a l  gating  during sp a tia l  se lec tiv e  a tte n tio n  in  humans.

390.8  SACCADES AND SWITCHING OF SPATIAL ATTENTION: EVOKED POTENTIALS. 
L . A n llo -V e n to *  and M.R. H a r te r  (SPON: W.L. S a l in g e r ) .  P sy c h . D ep t. 
U n iv . o f  N o rth  C a r o l in a  a t  G re e n s b o ro , G re e n s b o ro , N .C . 27412.

S e l e c t iv e  a t t e n t i o n  to  a c e r t a i n  p o in t  i n  v i s u a l  s p a c e  do es  n o t  
r e q u i r e  a  c o n c o m ita n t  s h i f t  i n  g a z e . H ow ever, t h e r e  a r e  u n i t s  i n  
th e  b r a i n  t h a t  re sp o n d  w i th  i n c r e a s e d  f i r i n g  i n  a n t i c i p a t i o n  o f  a 
s a c c a d e  to w a rd s  a  r e l e v a n t  v i s u a l  l o c a t io n .  T h is  s tu d y  e lu c i d a t e s  
th e  e f f e c t  t h a t  an im m inen t s a c c a d e  h a s  on ERP m ea su res  o f  v i s u a l  
s e l e c t i v e  a t t e n t i o n  i n  hum ans.

E ig h t  a d u l t  fe m a le s  w ere s u b je c t s  i n  th e  s tu d y .  T hree  s u c c e s 
s iv e  s t i m u l i  c o n s t i t u t e d  one t r i a l .  A s m a l l  re d  a rro w , p o in t in g  
to  l e f t  o r  r i g h t ,  was f l a s h e d  i n  th e  c e n te r  o f  th e  v i s u a l  f i e l d  and 
s e rv e d  a s  a  cue to  i n d i c a t e  w h ich  f i e l d  was r e l e v a n t .  T h re e -h u n d re d  
m i l l i s e c o n d s  l a t e r ,  a  r e d  s q u a re  o r  c i r c l e  (S 1) a p p e a re d  8 .5  
d e g re e s  i n  th e  l e f t  o r  r i g h t  f i e l d .  A t h i r d  s m a l le r  re d  s q u a re  o r  
c i r c l e  (S2) was f o v e a l ly  p r e s e n te d  300 m sec a f t e r  S I .  In  th e  
S accad e  c o n d i t i o n ,  s u b je c t s  w ere  r e q u i r e d  to  move t h e i r  e y e s  i n  th e  
d i r e c t i o n  o f  S1 when i t  a p p e a re d  i n  th e  r e l e v a n t  v i s u a l  f i e l d .  
When S2 m atched  S1 i n  s h a p e ,  th e y  had  to  re sp o n d  by l i f t i n g  t h e i r  
in d e x  f i n g e r  from  a r e a c t io n - t i m e  m ic r o s w itc h .  In  th e  N o -sa c ca d e  
c o n d i t i o n ,  s u b je c t s  f i x a t e d  on th e  c e n te r  o f  th e  s c r e e n  a t  a l l  
t im e s ,  and o n ly  resp o n d e d  to  th e  m atch  b e tw een  S 1 and S2 when S 1 
a p p e a re d  i n  th e  d i r e c t i o n  s ig n a l e d  by th e  a rro w . ERPs w ere 
r e c o rd e d  from  o c c i p i t a l  ( 0 1 -0 2 ) ,  p a r i e t a l  (P 3 -P 4 ) , and f r o n t a l  
(F 3-F 4) e l e c t r o d e s .  S a ccad es  w ere  r e c o rd e d  o n - l i n e  (EOG s), and 
th o s e  t r i a l s  i n  w hich  th e  s u b je c t  f a i l e d  to  p e rfo rm  th e  eye  
movement t a s k  a d e q u a te ly  w ere e x c lu d e d .

S e l e c t iv e  a t t e n t i o n  e f f e c t s  w ere m a n if e s te d  i n  a  n e g a t iv e  
d e f l e c t i o n  p e a k in g  a t  a b o u t 150 m sec a f t e r  S 1 (N150 o r  N1) , and 
p re c e d in g  th e  s a c c a d e  by a p p ro x im a te ly  50 m sec . I n c r e a s e d  N150 
a m p l i tu d e  was fo und  o v e r  th e  h e m isp h e re  c o n t r a l a t e r a l  to  th e  
r e l e v a n t  v i s u a l  f i e l d .  T h is  e f f e c t  was g r e a t e s t  o v e r  p a r i e t a l  
c o r t e x ,  a l th o u g h  i t  was a l s o  e v id e n t  o v e r  th e  o c c i p i t a l  and f r o n t a l  
s i t e s .  The la t e n c y  o f  t h i s  a t t e n t i o n  e f f e c t  i n d i c a t e s  t h a t  
s u b je c t s  s w itc h e d  t h e i r  a t t e n t i o n  w i th in  450 m sec a f t e r  th e  
p r e s e n t a t i o n  o f  th e  a rro w .

P r e - s a c c a d ic  e f f e c t s  w ere  e v id e n c e d  i n  an  o v e r a l l  r e d u c t io n  o f  
N150 a m p l i tu d e  o v e r  o c c i p i t a l  and p a r i e t a l ,  b u t  n o t  f r o n t a l  
c o r t i c a l  a r e a s .  At th e  p a r i e t a l  e l e c t r o d e s  an i n t e r a c t i o n  was a l s o  
fo u n d  b e tw een  a t t e n t i o n  and p r e - s a c c a d i c  e f f e c t s ,  show ing t h a t  th e  
a n t i c i p a t i o n  o f  a  s a c c a d e  re d u c e d  th e  a m p li tu d e  o f  N150 f o l lo w in g  
r e l e v a n t ,  b u t  n o t  i r r e l e v a n t  S l s .

T hese  r e s u l t s  c o r r o b o r a te  i n  p a r t  p r e v io u s  f in d in g s  i n  s in g l e  
u n i t  s t u d i e s  (W u rtz , R.H. e t  a l . , P ro g . P s y c h o b io l .  P h y s io l .  P s y c h . , 
9 :4 3 ,  1980) i n  t h a t  th e y  show c h a n g es  i n  n e u r a l  a c t i v i t y  r e s u l t i n g  
from  th e  a n t i c i p a t i o n  o f  a  s a c c a d e  to  a  r e l e v a n t  l o c a t i o n .  They 
may i n d i c a t e  t h a t  su c h  a c t i v i t y  e x e r t s  an i n h i b i t o r y  e f f e c t  upon 
o n g o in g  a t t e n t i o n a l  p r o c e s s e s .

390.9  P1-N 1-P2 AMPLITUDE LATERALIZATION DURING CPT PERFORMANCE 
R. J .  S t r a n d b u r g ,  J .  T. M arsh , W. S . Brown, R. F . A sarnow * , 
D. G u th r ie * , D ep a rtm en t o f  P s y c h ia t r y ,  UCLA S c h o o l o f  M e d ic in e , 
Los A n g e le s , CA 90024

P r e v io u s l y ,  we d e m o n s tra te d  s i g n i f i c a n t  r i g h t  l a t e r a l i z a t i o n  
o f  th e  N1 ERP com ponent a t  p a r i e to - t e m p o r a l  l e a d s  d u r in g  p e r 
fo rm an ce  o f  th e  sp a n  o f  a p p re h e n s io n  t a s k  (S pan) w h ich  r e q u i r e s  
d e t e c t i o n  o f  a  b r i e f l y  p r e s e n te d  (50  m sec) t a r g e t  l e t t e r  w i t h in  
a  12 l e t t e r  a r r a y .  T h is  m ig h t  r e p r e s e n t  th e  s e l e c t i o n  o f  an  
i n i t i a l  p a r a l l e l  p r o c e s s in g  s t r a t e g y  f o r  l o c a t i n g  th e  t a r g e t  
w i t h in  th e  a r r a y  ( i n  c o n t r a s t  t o  a  s e r i a l  s c a n )  th u s  p r e f e r e n 
t i a l l y  e n g a g in g  th e  r i g h t  h e m is p h e re .

In  t h i s  s tu d y  we em ploy a  v e r s i o n  o f  th e  c o n tin u o u s  p e r 
fo rm an ce  t a s k  (CPT) w h ich  d o e s  n o t  i n v o lv e  v i s u a l  s e a r c h  b u t  
d o e s  r e q u i r e  d i s c r im i n a t io n  o f  a  f ix e d  t a r g e t  among s p a t i a l l y  
v a ry in g  d i s t r a c t o r s .  S in g le  d i g i t s  w ere  p r e s e n te d  a t  a  f i x a 
t i o n  p o i n t  e v e ry  1 .2 5  s e c  f o r  50 m sec and  w ere  s u rro u n d e d  by up 
to  n in e  d i s t r a c t o r  d i g i t s .  S u b je c t s  w ere  r e q u i r e d  to  re s p o n d  to  
th e  r e p e t i t i o n  o f  t h e  same d i g i t  on s u c c e s s iv e  t r i a l s  w h ich  
o c c u r r e d  on 18% o f  t h e  s t im u lu s  p r e s e n t a t i o n s .  R ig h t  h an d ed  
c o l l e g e  s tu d e n t s  (7  m a le , 8 f e m a le )  w ere  s tu d i e d .

ERPs w ere  r e c o r d e d  from  th e  19 I n t e r n a t i o n a l  1 0 -2 0  System  
l o c i  r e f e r e n c e d  to  l in k e d  e a r l o b e s .  L a t e r a l  an d  v e r t i c a l  ey e  
m ovem ents w ere  m o n ito re d  s e p a r a t e l y  w i th  b i p o l a r  l e a d s .  A 
2 .5  s e c  ep o ch  i n c lu d in g  b o th  th e  t a r g e t  and p re c e d in g  s t im u lu s  
was d i g i t i z e d  o n l in e .  P e a k - to - p e a k  m easu rem en ts  w ere  made f o r  
th e  P1-N 1-P2 co m p lex . I n  a d d i t i o n ,  b a s e l i n e  t o  p e a k  a m p l i tu d e  
was m ea su red  f o r  t h e  P3 com ponen t.

We o b s e rv e d  a  s i g n i f i c a n t  r i g h t  l a t e r a l i z a t i o n  f o r  th e  P1-N 1 
and N1-P2 m e a su re s  a t  t h e  T5/T6 l e a d s .  W h ile  t h e r e  was some 
s u g g e s t io n  o f  r i g h t  l a t e r a l i t y  a t  P 3 /P 4 , t h i s  was n o t  s t a t i s t i 
c a l l y  s i g n i f i c a n t ,  n o r  was l a t e r a l i z a t i o n  o b s e rv e d  a t  0 1 /0 2  
w h ere  t h e s e  co m ponen ts w ere  l a r g e s t  o r  a t  any  o t h e r  l a t e r a l  
s u g g e s t in g  a  h ig h  d e g re e  o f  l o c a l i z a t i o n .  R e p l ic a t in g  p r e v io u s  
f i n d i n g s ,  t h e  t h i r d  p o s i t i v e  com ponent (P450) was s i g n i f i c a n t l y  
g r e a t e r  to  t a r g e t s  th a n  n o n - t a r g e t s .  We d id  n o t ,  h o w ev er, ob
s e r v e  l a t e r a l  asym m etry  f o r  t h i s  com ponen t.

T e n t a t i v e l y ,  we s u g g e s t  t h a t  th e  r i g h t  l a t e r a l i z a t i o n  o v e r  
v i s u a l  a s s o c i a t i o n  a r e a s  f o r  b o th  t h e  Span and  CPT i s  n o t  s im p ly  
th e  outcom e o f  s p a t i a l  l o c a l i z a t i o n  b u t  th e  i n i t i a l  e s t a b l i s h 
m ent o f  f ig u r e /g r o u n d  r e l a t i o n s h i p s  b e tw e en  t a r g e t  and  d i s t r a c 
t o r s .  F u r th e r  on i n  p r o c e s s in g  (P3) t h i s  asym m etry  d i s a p p e a r s .

390.10 SHORT-TERM MEMORY FOR SPATIAL LOCATION: A TARGET DIRECTED 
LOCOMOTION TASK IN NORMAL HUMAN SUBJECTS. R.E. Steenhuis and M.A. 
Goodale. Dept. of Psychology, U niversity of Western O ntario, 
London, O ntario , N6A 5C2.

A recent demonstration th a t human subjects are able to  walk 
very accurate ly  without visual feedback to  a ta rg e t placed up to  
21 m away has been in te rp re ted  as evidence fo r an accurate 
short-term  memory fo r sp a tia l locations (Thomson, J .  Exp. Psychol. 
9 :427-443, 1983). Thomson found th a t performance accuracy 
depended on time taken to  reach the ta rg e t and not on ta rg e t 
d is tan ce . Subjects walking with eyes closed could be as accurate 
as they were with v is io n , providing they reached the ta rg e t w ithin 
8 s of la s t  viewing. Performance accuracy was found to  decrease 
dram atically  i f  the subject took more than 8 s to  reach the 
ta rg e t .  The present study was undertaken to  in v estig a te  fu r th e r 
the proposed short-term  memory fo r sp a tia l lo ca tio n .

In these experim ents, sub jects  walked with eyes open or closed 
to  a ta rg e t placed a t d iffe re n t d istances (3 m in te rv a ls  up to  21 
m away) in a co rrido r or in an open f ie ld .  In some experiments, 
delays were introduced between viewing the  ta rg e t and walking so 
th a t a d istance previously reached w ithin 8 s would now take more 
than 8 s to  reach . In a ll  the experim ents, when sub jects  walked 
with eyes c losed , a lin e a r  re la tio n  between ta rg e t d istance and 
performance accuracy was found. As the d istance to  the  ta rg e t 
increased accuracy decreased. The d istance to  ta rg e ts  more than 3 
m away was s ig n if ic a n tly  underestim ated. Not su rp ris in g ly , with 
v is io n , performance was highly accurate a t a ll  d is tan ces . Delays 
of 4 s or le s s ,  which increased the time from viewing the ta rg e t 
to  completion of a walk to  more than 8 s a t some d is tan ce s , did 
not produce a s ig n if ic a n t e ffe c t on performance fo r walks with 
eyes c losed . Performance accuracy was the same a t a given 
d istance whether the walk took more than 8 s or le ss  than 8 s . 
However, 30 s delays produced a s ig n if ic a n t decrease in accuracy 
a t a ll  d is tan ce s . Thus, the re la tio n  between accuracy and 
d istance remained l in e a r .  No evidence of an abrupt decrease in 
accuracy of the type previously reported was found under any 
cond ition . Moreover, sub jects  walking with eyes closed did not 
perform a t d istances beyond 3 m as i f  they had v is io n , even when 
they were given p ra c tic e .

No support was found fo r a highly accurate and tra n s ie n t 
short-term  memory of sp a tia l location  which al l ows subjects 
walking with eyes closed to  perform as i f  v ision is  av a ilab le . 
Rather performance accuracy was found to  depend on d istance and on 
a more slowly decaying short-term  memory. Supported by Grant No. 
A6313 from the Natural Sciences and Engineering Research Council 
of Canada to  M.A. Goodale.
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390.11 SELECTIVE ATTENTION ALTERS HUMAN AUDITORY SENSORY PRO
CESSING AT 2 0 - 5 0  MSEC. M.W o l d o r f f * ,  J . C . H a n s e n , an d  
S . A . H i l l y a r d , D e p a r tm e n t  o f  N e u r o s c i e n c e s ,  UCSD, La 
J o l l a ,  C a l i f o r n i a  9 2 0 9 3 .

R e c o r d in g s  o f  E v e n t - R e l a t e d  P o t e n t i a l s  ( E R P 's )  w e re  
u s e d  t o  a d d r e s s  t h e  c o n t r o v e r s y  a s  t o  w h e th e r  s e l e c t i v e  
a u d i t o r y  a t t e n t i o n  i n  hum ans i n v o l v e s  " g a t i n g "  o r  
f i l t e r i n g  o f  i r r e l e v a n t  s e n s o r y  i n p u t  a t  lo w e r  l e v e l s  
o f  t h e  a u d i t o r y  p a th w a y .  T he e a r l i e s t  ERP c h a n g e  t h a t  
h a s  b e e n  c o n s i s t e n t l y  e l i c i t e d  b y  a t t e n d e d  s t i m u l i  i s  
t h e  n e g a t i v e  "Nd w a v e " ,  w h ic h  o n s e t s  a s  e a r l y  a s  60 
m s e c .  H i l l y a r d  e t  a l .  ( S c i e n c e , 1 8 2 :1 7 7 - 1 8 0 ,  1 9 7 3 )  
s u g g e s t e d  t h a t  t h e  Nd w ave may r e f l e c t  an  e a r l y  
" s t i m u l u s  s e t "  s e l e c t i o n  o f  a n  a t t e n d e d  c h a n n e l  o f  
i n p u t .  The p o s s i b i l i t y  e x i s t s ,  h o w e v e r ,  t h a t  g a t i n g  o f  
i r r e l e v a n t  c h a n n e l  i n p u t s  c a n  s t a r t  a t  e v e n  e a r l i e r  
l e v e l s  o f  t h e  a u d i t o r y  p a th w a y s .

To i n v e s t i g a t e  f u r t h e r  t h e  p o s s i b i l i t y  o f  s h o r t  
l a t e n c y  a t t e n t i o n  e f f e c t s ,  10 s u b j e c t s  w e re  p r e s e n t e d  
w i t h  d i c h o t i c  t o n e  s e q u e n c e s  c o n s i s t i n g  o f  v e r y  b r i e f  
t o n e  p i p s  o f  5 0 0 0  Hz ( l e f t  e a r )  a n d  3 4 0 0  Hz ( r i g h t  e a r )  
a t  a  h i g h  r a t e  ( c a .  5 / s e c ) .  T he t a s k  w as t o  l i s t e n  
s e l e c t i v e l y  t o  t h e  t o n e s  i n  o n e  e a r  a t  a  t i m e  an d  t o  
p r e s s  a  b u t t o n  u p o n  d e t e c t i n g  o c c a s i o n a l  " t a r g e t "  t o n e s  
o f  s l i g h t l y  l e s s e r  i n t e n s i t y  t h a n  t h e  60  dB SL " s t a n 
d a r d "  t o n e s .  Two p a r a l l e l  r e c o r d i n g  s y s t e m s  w e re  
e m p lo y e d :  o n e  a p p r o p r i a t e  f o r  B r a i n s t e m  E v o k ed  
R e s p o n s e s  (B E R 's )  a n d  t h e  o t h e r  f o r  t h e  l o n g e r  l a t e n c y  
w a v e s .  To v e r i f y  t h e  e x p e r i m e n t a l  e f f e c t s ,  a  c o m p le t e  
r e p l i c a t i o n  w i t h  16 new  s u b j e c t s  w as  c a r r i e d  o u t  u s i n g  
d i f f e r e n t  t o n e  p i p  p a r a m e t e r s .

S w i t c h i n g  a t t e n t i o n  f ro m  o n e  e a r  t o  t h e  o t h e r  h a d  no 
e f f e c t  on  t h e  B E R 's .  T h u s t h e s e  d a t a  p r o v i d e d  no  e v i 
d e n c e  f o r  p r e - t h a l a m i c  g a t i n g  o r  m o d u l a t i o n  a s  a  
m e c h a n is m  f o r  e a r l y  s e l e c t i v e  a t t e n t i o n .  The a u d i t o r y  
E R P 's  d i d ,  h o w e v e r ,  show  a  s i g n i f i c a n t  m o d u l a t i o n  i n  
t h e  m i d - l a t e n c y  r a n g e  i n  b o th  e x p e r i m e n t s .  T he m id 
l a t e n c y  a t t e n t i o n  e f f e c t  a p p e a r e d  a s  a  g r e a t e r  p o s i 
t i v i t y  t o  a t t e n d e d  e a r  s t i m u l i  i n  t h e  l a t e n c y  r a n g e  
2 0 - 5 0  m sec  o v e r  c e n t r a l  a n d  f r o n t a l  s c a l p  a r e a s .  T h i s  
" P 2 0 -5 0  w av e"  p e a k e d  a t  a  l a t e n c y  s i m i l a r  t o  t h a t  o f  
t h e  m i d - l a t e n c y  c o m p o n e n t P a ,  a  w ave t h a t  may r e f l e c t  
a c t i v i t y  f ro m  p r im a r y  a u d i t o r y  c o r t e x  ( C e l e s i a ,  B r a i n , 
9 9 :4 0 3 - 4 1 4 ,  1 9 7 6 ; K ra u s  e t  a l . .  E l e c t r o e n c e p h . c l i n . 
N e u r o p h y s i o l . ,  5 4 : 2 7 5 - 2 8 7 ,  1 9 8 2 ) .  B e c a u s e  o f  t h e  s h o r t  
o n s e t  l a t e n c y  o f  t h i s  ERP e f f e c t ,  t h e s e  d a t a  s t r o n g l y  
s u p p o r t  t h e  h y p o t h e s i s  t h a t  s e l e c t i v e  a u d i t o r y  a t t e n 
t i o n  c a n  b i a s  p r o c e s s i n g  o f  i n p u t s  a t  a n  e a r l y  s t a g e .

390.12 THE SPATIAL ALLOCATION OP VISUAL ATTENTION AS INDEXED BY EVENT- 
RELATED BRAIN POTENTIALS. G.R. Mangun* & S. A. H i l ly a r d . D epart
ment o f  N eu rosc iences , U n iv e rs ity  o f  C a l ifo rn ia ,  San D iego, La 
J o l l a ,  C a l i f o rn ia  92093

Numerous b e h a v io ra l s tu d ie s  have in v e s t ig a te d  how p ro c e ss in g  
re s o u rc e s  a re  a l lo c a te d  ac ro s s  th e  v is u a l  f i e l d  d u rin g  focused  
a t t e n t io n .  One concept th a t  has emerged i s  th a t  o f  an a t t e n t io n -  
a l  " s p o t l ig h t"  c o n s is t in g  o f  a  sm all (≤ 1 degree) d i s c r e te  zone 
o f  f a c i l i t a t i o n  a t  an a tte n d e d  lo c a t io n .  In  c o n t r a s t ,  o th e r  
b e h a v io ra l r e s u l t s  su g g es t t h a t  th e  e f f e c t s  o f  a t t e n t io n  f a l l  o f f  
co n tin u o u s ly  a s  a  fu n c t io n  o f  d is ta n c e  from an a tte n d e d  locus  
( i . e . ,  a  s p a t i a l  g r a d i e n t ) .  We have p re sen ted  e le c tro p h y s io lo g i
c a l  d a ta  w hich i s  in  l i n e  w ith  e i th e r  a  d i f fu s e  s p o t l i g h t  o r g ra 
d ie n t  model o f  a t t e n t io n  (Mangun, G.R. & H il ly a rd , S .A ., Soc. 
N eu ro sc i. A b s tr . 11: 879, 1985). To f u r th e r  map th e  s p a t i a l  d is 
t r i b u t io n  o f  a t t e n t io n  th e  p re s e n t s tu d y  used e v e n t- r e la te d  b r a in  
p o te n t ia l s  (ERPs) to  index v is u a l  p ro c e ss in g  as  th e  lo cu s  o f  a t 
t e n t io n  was s h i f t e d  ac ro s s  th e  v is u a l  f i e l d s .

S tim u li c o n s is t in g  o f  v e r t i c a l l y  o r ie n te d  b a rs  were f la sh e d  a t  
th r e e  lo c a t io n s :  one in  each o f  th e  l a t e r a l  v is u a l  f i e l d s  ( 5 . 3 
d eg rees  e c c e n t r i c i t y )  and one on th e  v e r t i c a l  m e rid ia n . With eye 
p o s i t i o n  m a in ta ined  on a  c e n t r a l  p o in t ,  s u b je c ts  were in s tru c te d  
to  a t te n d  to  each p o s i t io n  in  tu r n  d u rin g  s e p a ra te  expe rim en ta l 
ru n s  in  o rd e r  to  d e te c t  in f re q u e n t s h o r te r  b a rs  ( i . e . ,  t a r g e t s ) .  
TRPs to  l a t e r a l  s t im u li  were compared when a t t e n t io n  was d ire c te d  
to  them , a s  opposed to  when i t  was d ir e c te d  to  th e  ra id lin e  o r op
p o s i te  f i e l d  s t im u l i .

S e le c t iv e  v i s u a l - s p a t i a l  a t t e n t io n  was ev id e n t in  th e  ERPs as  
an am p litude  m odulation  o f  th e  evoked f r o n to - c e n tr a l  N150 and 
p a r i e t a l  N175 components and o f  an evoked P135/N185/P230/N280 
sequence over o c c ip i t a l  s c a lp  when th e  evoking s tim u lu s  was a t 
tended  as  compared to  when i t  was n o t a t te n d e d . A ttended s t im u li  
a l s o  e l i c i t e d  b ro ad e r "endogenous" c e n t r a l  N270 and p a r i e t a l  N280 
components t h a t  could  be d is s o c ia te d  from th e  am p litude  enhance
ment o f  th e  e a r l i e r  ERP com ponents. A tte n t io n a l  g ra d ie n ts  ap
peared  as  s y s te m a tic  d ec re a se s  in  am plitude  o f  th e  sen so ry  com
ponen ts  o f  th e  ERP f o r  th e  l a t e r a l  s t im u li  a s  a t t e n t io n  was 
focused  a t  in c re a s in g  d is ta n c e s  from th e  lo c u s  o f  th e  evoking 
s t im u l i .

In  summary, th e  e f f e c t s  o f  a t t e n t io n  to  p o in ts  in  space a re  
f i r s t  seen  in  th e  ERP as  enhancements o f  th e  e a r ly  exogenous 
waves which e x h ib i t  graded d e c re a se s  in  am plitude as a t t e n t io n  i s  
s h i f t e d  a c ro s s  th e  v is u a l  f i e l d .  T h is i s  fo llow ed  by lo n g e r l a 
te n c y  a t t e n t io n - r e l a t e d  waves which a re  s p e c i f i c  f o r  th e  a tten d ed  
s t im u l i  and p robab ly  endogenous in  n a tu r e .

390.13  THE EFFECTS OF SELECTIVE ATTENTION ON SCALP-RECORDED SOMATOSENSORY 
EVOKED POTENTIALS IN HUMANS. G. M cC arthy  and  C .C . Wood, VA M e d ic a l 
C e n te r ,  W est H aven , CT and Y a le  U n i v e r s i ty  S c h o o l o f  M e d ic in e , New 
H aven, CT 06516

We r e p o r t  a  s tu d y  o f  t h e  e f f e c t s  o f  s e l e c t i v e  a t t e n t i o n  on 
so m a to s e n s o ry  ev oked  p o t e n t i a l s  (SEPs) e l i c i t e d  by l e f t  and r i g h t  
m ed ian  n e rv e  sh o c k s  d e l i v e r e d  p e rc u t a n e o u s ly  t o  t h e  w r i s t s .  
F o u r te e n  s u b je c t s  r e c e iv e d  c o n s t a n t - c u r r e n t  sh o c k s  d e l i v e r e d  
ran d o m ly  t o  t h e  two w r i s t s  w i th  i n t e r v a l s  o f  3 0 0 -5 0 0  m sec . On 10% 
o f  t h e  t r i a l s  a  lo w e r i n t e n s i t y  t a r g e t  sh o c k  was p r e s e n t e d .  In  
A t te n d - L e f t  c o n d i t i o n s ,  s u b j e c t s  w ere  r e q u i r e d  to  r e s p o n d  w i th  a  
f o o t  p r e s s  t o  t a r g e t s  on  th e  l e f t  s i d e  and t o  ig n o re  a l l  s t i m u l i  
on th e  r i g h t .  I n  A t te n d - R ig h t  c o n d i t i o n s ,  r e s p o n s e s  w ere made to  
r i g h t  s i d e  t a r g e t s  o n ly .  B e h a v io ra l  d a t a  i n d i c a t e d  t h a t  f o c u s in g  
a t t e n t i o n  to  a  s in g l e  s id e  s i g n i f i c a n t l y  im proved  p e rfo rm a n c e  o v e r  
a  d iv id e d  a t t e n d e d  c o n d i t i o n .

SEPs ev o k ed  by n o n - t a r g e t s  on th e  a t t e n d e d  s id e  w ere  com pared  
to  t h e  SEPs ev oked  by  th e  same s t i m u l i  when th e  o t h e r  s id e  was 
a t t e n d e d .  The p r e s y n a p t ic  n e rv e  v o l l e y  r e c o r d e d  o v e r  t h e  b r a c h i a l  
p le x u s  d id  n o t  ch an g e  a s  a  f u n c t i o n  o f  a t t e n t i o n  c o n d i t i o n .  The 
f i g u r e  b e lo w  p r e s e n t s  SEPs from  f r o n t a l  ( F ) , c e n t r a l  (C ) , and 
p a r i e t a l  (P ) s c a lp  on th e  s id e  i p s i l a t e r a l  ( l e f t )  and 
c o n t r a l a t e r a l  ( r i g h t )  t o  t h e  s t i m u l u s .  S o l id  and  d a sh ed  l i n e s  
i n d i c a t e  s t i m u l i  d e l i v e r e d  t o  t h e  a t t e n d e d  and u n a t te n d e d  s i d e s ,  
r e s p e c t i v e l y .  The i n i t i a l  c o r t i c a l  r e s p o n s e s  o v e r  th e  
c o n t r a l a t e r a l  s i d e  w ere  u n a f f e c te d  by th e  a t t e n t i o n a l  m a n ip u la t io n .  
The m ost c o n s i s t e n t  f in d i n g  was a  ram p -sh a p e d  p o s i t i v e  o f f s e t  f o r  
a t t e n d e d  s t i m u l i  o v e r  t h e  i p s i l a t e r a l  s c a l p  b e g in n in g  a t  a b o u t  22 
m sec and  c o n t in u in g  t o  a b o u t 125 m sec . T h is  was fo llo w e d  by an  
en h a n ce d  p o s i t i v e  p e a k  a t  190 m sec . O ver t h e  c o n t r a l a t e r a l  s c a l p ,  
a  much s m a l le r  n e g a t iv e  o f f s e t  b e tw e en  5 0 -1 0 0  m sec was o b ta in e d ,  
fo llo w e d  by  a  n e g a t iv e  o f f s e t  a t  140 m sec .

S u p p o r te d  by th e  V e te ra n s  A d m in is t r a t io n  and  by  NIMH G ra n t 
M H-05286.

390.14 Chemical Anatomy o f  th e  Human P inea l Gland 
D. L arry  Sparks and John C. Hunsaker I I I
S an d ers -B ro w n  R e se a rc h  C e n te r  on A ging and D e p a rtm e n ts  o f  
P athology and N eurology, U n iv e rs ity  o f  Kentucky; and Kentucky 
S ta te  M edical Examiners Program , L ex ing ton , KY 40536.

I t  has been e s ta b l is h e d  in  an im als  th a t  n o rep in ep h rin e  (NE) 
s t im u la te s  th e  c i r c a d ia n  p ro d u c tio n  o f  m e la ton in  in  th e  p in ea l 
g land by i nduction  o f  th e  r a t e  l i m i t in g  enzyme f o r  m e la ton in  
s y n th e s is ,  N -acety l T ra n sfe ra se . Evidence a ls o  in d ic a te s  th a t  
th e  s u p e r io r  c e r v i c a l  g a n g l io n  (SCG) i s  c r i t i c a l  in  t h i s  
p e r i p h e r a l  n o rad ren e rg ic  in n e rv a tio n  o f  th e  p in e a l g land. In 
hum ans, th e  p in e a l  g la n d  i s in n e r v a te d  a n t e r i o r l y  v ia  th e  
h a b e n u la r  com p lex  (h a b e n u la  and f i b e r s  o f  th e  p o s t e r i o r  
commi s u re ) , and p o s te r io r ly  v ia  axons which cou rse  w ith  th e  
G reat ve in  o f  Galeto, a lthough  th e  anatom ic path  by which th e  
SCG in n e rv a te s  th e  p in e a l i s u n c lea r .

We r e p o r t  a HPLC method to  s im u lta n e o u s ly  d e te rm in e  ca tech o l 
and i n d o le  c o n te n t  i n human p in e a l  g la n d ;  i n c lu d in g  NE, 5- 
hydroxy tryp tophan , no rm e tap h rin e , ho m o v an illic  a c id ,  s e ro to n in  
(5-HT), 5 -hydroxyi n d o le a c e t ic  a c id  (5-HIAA), N -acety l s e ro to n in  
and m ela to n in . The le v e ls  o f  NE, 5-HT and 5-HIAA a re  h ig h e r in  
th e  p in e a l  g la n d  th a n  i n i t s  s u r ro u n d in g  p e r i - v a s c u l a r  
s tr u c tu r e s .  There i s  an a n t e r io r  to  p o s te r io r  d ec re a se  in  NE 
c o n te n t w ith in  th e  p in e a l from s u b je c ts  known to  be awake j u s t  
p r io r  to  d ea th . This g ra d ie n t o f  NE rough ly  co in c id e s  w ith  th e  
d i s t r i b u t io n  o f  Bodian p o s i t iv e  f i b e r s ,  a p p a re n tly  e n te r in g  th e  
p in e a l v ia  th e  h abenu lar complex.

In th e  p in e a l  g la n d  from  s u b j e c t s  d y in g  in  t h e i r  s l e e p ,  
th e re  i s a h ig h ly  s ig n i f i c a n t  (3 to  5 fo ld )  i n c rea se  in  th e  NE 
c o n te n t  in  th e  p o s t e r i o r  p o r t i o n  o f  th e  p in e a l  g la n d . In 
a d d i t i o n ,  u n ifo rm  l e v e l s  o f  N - a c e t y l - s e r o t o n i n ,  th e  d i r e c t  
p r e c u r s o r  to  m e la to n in ,  a r e  found  in  th e  p in e a l  from  th e s e  
s u b je c ts ,  b u t no m e la ton in  i s  d e te c ta b le .  The chem ical anatomy 
o f  th e  human p in e a l gland w il l  be d iscu ssed  i n r e l a t i o n  to  i t s  
a f f e r e n t  in n e rv a tio n , as  w i l l  th e  p o s s ib le  f o re n s ic  u t i l i t y  o f 
th e se  p re l im in a ry  o b se rv a tio n s .

(S u p p o rte d  in  p a r t  by th e  NIH [1 POl AG05119 ] )
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390.15 THE INFLUENCE OF GENDER AND HANDEDNESS O N MANUAL PERFORMANCE IN THE 
SIMULTANEOUS BLOCK DESIGN TASK. J .  DeLuca*, D.A. R a s ile * , M.E. 
Kov a le s k i* , R.G. B u rr ig h t*  and P . J .  Donovick. D ept. Psychology, 
SUNY Binghamton, Binghamton, NY 13901.

Th e  p r e s e n t  in v e s t ig a t io n  was d esig n ed  t o  ad d re ss  w hether hand 
u se  p re fe re n c e  i n  a  v is u o -c o n s tru c t iv e  ta s k  can  be  m odulated  by 
a c t iv a t io n  o f  s p e c ia l i z e d  c o g n i t iv e  system s w hich appear t o  be  m ost 
dependen t on r i g h t  c e re b ra l  hem isphere fu n c t io n in g .

Male and fem ale c o l le g e  s tu d e n ts  w ere ad m in is te re d  a  cannon 
l a t e r a l i t y  ex am ination  and based  on t h e i r  r e s u l t s ,  p la c e d  in t o  one 
o f  o u r  handedness c a te g o r ie s  ( c l e a r ly  r i g h t ;  le a n in g  r i g h t ;  
le a n in g  l e f t ;  c l e a r ly  l e f t ) . Each s u b je c t  was th e n  p re s e n te d  w ith  
a  p r in t e d  p ic tu r e  o f  a  d e s ig n  and asked  t o  s im u ltan e o u sly  c o n s tru c t  
two r e p l ic a s  o f  th e  d e s ig n , one w ith  each  hand. I t  was hypothe
s iz e d  t h a t  i f  hem isp h eric  a ro u s a l has  an  asym m etric in f lu e n c e  on 
manual a c t i v i t y ,  th e n  th e  s p a t i a l  n a tu re  o f  th e  b lo c k  d es ig n  ta s k  
shou ld  r e s u l t  i n  a c t iv a t io n  o f  th e  r i g h t  hem isphere , le a d in g  to  
a  r e l a t i v e  in c re a s e  i n  l e f t  hand a c t i v i t y  when compared w ith  hand 
usage  on a  " n e u tra l"  (presum ably n o n la te r a l iz e d )  t a s k .

A n a ly s is  o f  hand p re fe re n c e  i n  th e  s im u ltaneous b lo c k  d e s ig n  
ta s k  d id  r e v e a l  a  s ig n i f i c a n t  o v e r a l l  p re fe re n c e  f o r  th e  l e f t  hand 
i n  c o n s tru c t io n  o f  th e  d e s ig n s  fo r  b o th  m ales and fem a le s . T h is 
s tro n g  l e f t  hand p re fe re n c e  was observed  among b o th  r i g h t  handed 
and l e f t  handed s u b je c ts .  How ever, th e  m agnitude o f  t h i s  l e f t  
hand p re fe re n c e  was g r e a t e r  i n  r i g h t  h an d e rs . F u rtherm ore , sex  
i n t e r a c t e d  w ith  handedness. T hat i s ,  among r i g h t  h a n d e rs , m ales 
showed a  g r e a t e r  p re fe re n c e  f o r  th e  l e f t  hand th a n  fem ales i n  
s im u ltan eo u s b lo c k  d es ig n  c o n s tru c t io n ;  b u t  among l e f t  h a n d e rs , 
fem ales shewed a  g r e a t e r  l e f t  hand p re fe re n c e  th a n  m a les .

These r e s u l t s  p r e s e n t  th e  f i r s t  ev id en ce  t h a t  a  s im u ltan e o u s, 
b i l a t e r a l  b lo c k  d e s ig n  p r e s e n ta t io n ,  ana logous t o  t h a t  observed  
in  d ic h o t ic  l i s t e n in g  and d ic h h a p tic  s t im u la t io n ,  y ie ld s  l a t e r a l  
p re fe re n c e s  w hich a r e  c o n s is te n t  w ith  c u r r e n t  m odels o f  p e rc e p tu a l 
asymmetry i n  th e  c e re b ra l  hem ispheres o f  humans. W hile f u r th e r  
work i s  c l e a r ly  r e q u i r e d ,  th e  sim u ltan eo u s b lo c k  d e s ig n  ta s k  
u l t im a te ly  may s e rv e  a s  a  v a lu a b le  r e s e a rc h  and c l i n i c a l  to o l  f o r  
th e  N eu ro p sy ch o lo g ist in t e r e s t e d  i n  c e re b r a l  l a t e r a l i z a t i o n .

390.PO  RIGHT HEMISPHERE SUPERIORITIES: MORE APPARENT THAN REAL? M.S. 
G a z z a n ig a  and C .S .  S m y l i e * .  D e p t . o f  N e u ro lo g y ,  C o r n e l l  Univ .  Med. 
C o l . ,  New York , NY 10021.

R ig h t  h e m is p h e re  damaged p a t i e n t s  have r e p e a t e d l y  e x h i b i t e d  
d e f i c i t s  i n  t a s k s  u s i n g  s t i m u l i  t h a t  a r e  d i f f i c u l t  t o  v e r b a l l y  
i d e n t i f y  such  as t h e  r e c o g n i t i o n  o f  u n f a m i l i a r ,  s i m i l a r - l o o k i n g  
f a c e s  a s  w e l l  as o t h e r  h a r d - t o - n a m e  s t i m u l i .  In l i k e  m anne r ,  s p l i t -  
b r a i n  p a t i e n t s  have  e x h i b i t e d  s u p e r i o r  p e r fo rm a n c e  on s i m i l a r  t e s t s  
from th e  r i g h t  a s  opposed  t o  t h e  l e f t  h a l f  b r a i n .  R e s u l t s  o f  t h i s  
k in d  a r e  commonly i n t e r p r e t e d  to  s u g g e s t  t h e  r i g h t  b r a i n  i s  s p e 
c i a l i z e d  f o r  c e r t a i n  p e r c e p t u a l  f u n c t i o n s .  At i s s u e  i s  w h e th e r  o r  
n o t  t h e  r i g h t  b r a i n  i s  s t r u c t u r a l l y  d i f f e r e n t  from th e  l e f t  o r  
w h e t h e r  t h e  s u p e r i o r  p e r f o r m a n c e  r e f l e c t s  p r o c e s s i n g  s t r a t e g i e s  
t h a t  r e s u l t  from t h e  l e f t  b r a i n  b e in g  u n e q u i v o c a l l y  dom in an t  f o r  
l an g u a g e  e n c o d in g .  In  s h o r t ,  do t h e  l e f t  b r a i n ' s  a u t o m a t i c  a t t e m p t s  
t o  v e r b a l l y  encode  h a r d - t o - n a m e  s t i m u l i ,  i n t e r f e r e  w i t h  a s im p le  
p e r c e p t u a l  t a s k ?  In  t h e  p r e s e n t  s t u d y ,  a c a l l o s u m  s e c t i o n e d  s p l i t -  
b r a i n  human was s e r i a l l y  p r e s e n t e d  two h a rd - t o - n a m e  c o l o r  s t i m u l i ,  
w i t h  an i n t e r s t i m u l u s  i n t e r v a l  ( i s i )  o f  e i t h e r  1000 o r  180 msec .  
The s t i m u l u s  p a i r  was random ly  p r e s e n t e d  t o  t h e  l e f t  o r  r i g h t  b r a i n  
and a s im p le  y e s / n o  judgment  on w h e th e r  t h e  two s t i m u l i  were t h e  
same was made. In  an e x p e r i m e n t a l  r u n  t h e  f i r s t  b l o c k  o f  40 t r i a l s  
u t i l i z e d  a slow i s i ,  f o l l o w e d  by 40 t r i a l s  w i t h  a f a s t  i s i ,  f o l 
lowed by a b l o c k  o f s low i s i  t r i a l s .  The r e s u l t s  r e v e a l e d  no s i g 
n i f i c a n t  d i f f e r e n c e  in  error r a t e  be tw een  t h e  two h e m i s p h e r e s ,  b u t  
a h i g h l y  s i g n i f i c a n t  d i f f e r e n c e  i n  r e a c t i o n  t im e s  (RTs) when t h e  
two c o l o r e d  s t i m u l i  were  s e p a r a t e d  i n  p r e s e n t a t i o n  by 1000 m sec .  
In  t h i s  c o n d i t i o n ,  t h e  l e f t  b r a i n  was up t o  250 msec s lo w e r  t h a n  
t h e  r i g h t  i n  c a r r y i n g  o u t  t h e  judgm ent (p < . 0 0 5 ) .  However,  t h e r e  
was no RT d i f f e r e n c e  w i t h  a 180 msec i s i .  In  a d d i t i o n ,  f o l l o w  up 
t e s t s  a l s o  showed a l e f t  b r a i n  s u p e r i o r i t y  f o r  c o l o r e d  s t i m u l i  t h a t  
Were e a s y - t o - n ame, such as r e d ,  g r e e n  and b l u e .  Th e  r e s u l t s  s u g g e s t  
t h a t  when t he l e f t  h e m i s p h e r e ' s  a u to m a t i c  v e r b a l  en c o d in g  p r o c e s s e s  
a r e  a c t i v a t e d  i n  an e f f o r t  t o  name and encod e  h a rd - t o - n a m e  s t i m u l i ,  
e x t r a  r e s o u r c e s  a r e  drawn upon t h a t  slow  down and p o t e n t i a l l y  i n 
t e r f e r e  w i t h  t h e  l e f t  b r a i n ' s  c a p a c i t y  t o  make a s im p le  p e r c e p t u a l  
j u d g m e n t .  Such r e p o r t e d  d e f i c i t s  a r e  a lw ay s  r e l a t i v e  t o  t h e  r i g h t  
b r a i n ,  wh ich  d o e s  n o t  a u t o m a t i c a l l y  name and v e r b a l l y  encod e  new 
i n f o r m a t i o n  and t h e r e b y  i s  f r e e  t o  r e s p o n d  d i r e c t l y  t o  t h e  p e r 
c e p t u a l  t a s k .  (Aided  by USPHS G r a n t  1 RO1 NS 22626-0 1 .)

390.PO SEQUENTIAL RECALL WITHOUT DIRECT CONNECTIONS: A POSSIBLE BASIS FOR 
SINGLE-INTERVAL SENTENCE CONSTRUCTION IN HEBBIAN NETWORKS.
R. M a r t in . C h e m is try  D e p t . ,  B ro o k ly n  C o l le g e ,  B ro o k ly n , NY 11210.

M odels o f  s e q u e n t i a l  r e c a l l  t y p i c a l l y  r e l y  on t r a i l s  o f  
s t r e n g th e n e d  c o n n e c t io n s  t h a t  t r a n s m i t  d i s c h a r g e  a c t i v i t y  d i r e c t l y  
from  e a c h  s e t  o f  c e l l s  t o  t h e  n e x t  w i th in  e a c h  s e q u e n c e . T h is  
a p p ro a c h  a p p e a r s  in a d e q u a te ,  h o w ev er, when c o n n e c t io n  t r a i l s  a r e  
h i g h ly  i n t e r tw in e d  and  c o n n e c t io n s  t h a t  g u id e  r e c a l l  c o r r e c t l y  i n  
some s i t u a t i o n s  i n c r e a s e  th e  l i k e l i h o o d  o f  "w rong t u r n s "  a t  o t h e r  
t im e s .  W hile  i t  i s  p o s s ib l e  t o  e n v is io n  s u p e r o r d in a t e  command 
c e l l s  t h a t  c o r r e c t l y  g u id e  r e c a l l  a c r o s s  s m a l l  num bers o f  su ch  
c r i s s c r o s s e d  c o n n e c t io n  t r a i l s  (much a s  sw itch m en  m anage r a i l y a r d  
t r a f f i c  ( 1 , 2 ) ) ,  c u r r e n t  n e tw o rk  m o d els  a p p e a r  u n a b le  to  cope w i th  
t h e  much l a r g e r  c o n n e c t io n  t a n g l e s  t h a t  form  when h u n d re d s  o r  t h o u 
s a n d s  o f  p a th w ay s  c r o s s  r e p e a t e d l y  i n  m ore com plex  n e t s .  An 
a t t r a c t i v e  m ethod  by w h ich  t o  n a v ig a t e  th ro u g h , su c h  a p p a r e n t ly  i n 
t r a c t a b l e  t a n g l e s  i s  t o  e l i m in a t e  o r  s e v e r e ly  w eaken l i n k s  b e tw e en  
n e u ro n s  w i t h in  e a c h  s e q u e n c e ,  and  to  r e l y  i n s t e a d  on s u p e r o r d in a t e  
c e l l s  t h a t  r a d i a t e  s t i m u l a t i o n ,  i n  one s t e p  o r  t im e  i n t e r v a l ,  
d i r e c t l y  t o  s e p a r a t e  g ro u p s  o f  s u b o r d in a te  c e l l s .  S e q u e n t i a l  
r e c a l l  w i l l  o c c u r  i f  s u b o r d in a te  u n i t s  t h a t  r e c e i v e  t h e  g r e a t e s t  
am ount o f  s t i m u l a t i o n  d i s c h a r g e  f i r s t ,  i f  c e l l s  t h a t  a r e  somewhat 
l e s s  e f f e c t i v e l y  s t i m u l a te d  f i r e  n e x t ,  . . .  , and  i f  th e  l e a s t  s t im 
u l a t e d  c e l l s ,  a t  t h e  en d  o f  t h e  s e q u e n c e ,  d i s c h a r g e  l a s t .  T h is  
m ethod  o f  " s t i m u l a t i o n  g r a d i e n t  s e q u e n c in g "  r e q u i r e s  t h a t  l a t e r a l  
i n h i b i t i o n  p r e v e n t  c e l l s  a t  d i f f e r e n t  p o s i t i o n s  a lo n g  th e  g r a d i e n t  
from  f i r i n g  c o n c u r r e n t l y ,  and  t h a t  l i n k s  be  s t r e n g th e n e d  and  w eak
en e d  a c c o r d in g  to  a p p ro x . s i x  s ta n d a r d  l e a r n in g  r u l e s ,  w h ich  e l s e 
w h ere  h a v e  b e e n  shown t o  e n a b le  u se  o f  c o n c e p t  h i e r a r c h i e s  and  
m a n ip u la t io n  o f  c o n c e p ts  w i t h in  one  s te p  o r  tim e  i n t e r v a l  ( 3 ) .  
S t im u la t io n  g r a d i e n t  s e q u e n c in g  a p p e a r s  t o  b e  a  c o m p u ta t io n a l  
m ethod o f  s u f f i c i e n t  pow er - -  i n  c o m b in a tio n  w i th  o t h e r  m echanism s 
 - - t o  p ro d u c e  g r a m m a tic a l ly  and  l o g i c a l l y  c o r r e c t  s e n te n c e s  b e c a u s e  
d i r e c t  l i n k s  b e tw e en  c e l l s  t h a t  g e n e r a t e  e a c h  k in d  o f  s e n te n c e  a r e  
a b s e n t  o r  i n e f f e c t i v e .  As a  r e s u l t  t h e r e  i s  v i r t u a l l y  no  i n t e r f e r 
e n c e  b e tw e en  c o n n e c t io n  p a th s  r e s p o n s i b l e  f o r  s e n te n c e  g e n e r a t io n  
an d  " e n ta n g le m e n t  e r r o r s "  a r e  a v o id e d .

(1 ) M a r t in ,  R. (1 9 8 6 ) .  An i n i t i a l  fram ew ork  f o r  s im u la t io n s  o f  
d i s c o n t in u o u s  r e c a l l  an d  i n f e r e n c e  i n  m u l t i l a y e r e d  n e rv e  n e tw o rk s .  
I n :  I n t e l l i g e n t  S im u la t io n  E n v iro n m e n ts ,  P .A . L u k e r & H .H . A d e ls -  
b e r g e r ,  e d s . ,  SCS S im u la t io n  S e r i e s  1 7 ( 1 ) ,  8 0 -8 6 .

(2 )  M a r t in ,  R. (1 9 8 6 ) .  A p r e l im in a r y  m odel o f  n e u r a l  m echanism s 
f o r  s e n te n c e  p r o d u c t io n .  I n :  S im u la t io n  a t  th e  F r o n t i e r s  o f  S c ie n c e ,  
J .  Y oung, D.W. I n g a l l s  & R. H aw k in s , e d s . ,  SCS: San D ie g o , 3 0 -3 5 .

(3 ) M a r t in ,  R. (1 9 8 6 ) .  Use o f  e x p l i c i t  c o n s t r a i n t s  t o  e v a lu a t e  a  
p o t e n t i a l l y  u n iq u e ,  n e u r a l  m odel f o r  s i n g l e - i n t e r v a l  c o n c e p t  m an ip 
u l a t i o n .  I n :  M o d e ll in g  and  S im u la t io n  M ethodo logy  in  t h e  A r t i f i 
c i a l  I n t e l l i g e n c e  E r a ,  M.B. E lz a s  e t  a l . ,  e d s . ,  f o r th c o m in g .
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391.1 BEHAVIORAL AND BIOLOGICAL EXPLANATIONS FOR EXCESSIVE 
PREGNANCY-ASSOCIATED WEIGHT GAINS D .J .  BOWEN* AND J.W . DRYDEN* 
(SPON:M. L e e ) .  D e p t. o f  P sy c h o lo g y , T exas Tech U n iv . ,  L ubbock, 
TX 79409 .

Some women g a in  e x c e s s iv e  w e ig h t d u r in g  a n d /o r  a f t e r  t h e i r  
p r e g n a n c ie s .  P o s s ib l e  e x p la n a t io n s  f o r  t h i s  phenomenon in c lu d e  
i n c r e a s e s  in  sw ee t food co n su m p tio n  and b i o l o g i c a l  c h a n g es  t h a t  
o c c u r  d u r in g  and a f t e r  p re g n a n c y . Two s tu d i e s  u s in g  r a t s  w ere 
c o n d u c te d  to  exam ine th e s e  e x p la n a t io n s .  In  S tu d y  One p re g n a n t  
and n o n - p re g n a n t  n a iv e  fem a le  A lb in o  r a t s  w ere p ro v id e d  w ith  
e i t h e r  b la n d  chow o r  b la n d  chow p lu s  a  30% w /v  g lu c o s e  s o l u t i o n .  
At Day 20 o f  p reg n a n c y  and a t  Day 20 o f  th e  p o s tp a r tu m  p e r io d  
o n e - h a l f  o f  th e  r a t s  from  e a c h  p re g n a n c y -b y -fo o d  g ro u p  were 
k i l l e d ,  a d ip o s e  t i s s u e  pad s  w ere w e ig h e d , and a d ip o s e  c e l l  s i z e  
and num ber a n a ly s e s  w ere p e rfo rm e d . In  S tu d y  Two m u l t ip a r o u s  
and p r im ip a r o u s  fem a le  A lb in o  r a t s  w ere p ro v id e d  w i th  e i t h e r  
b la n d  food  o r  b la n d  fo o d  p lu s  g lu c o s e  s o lu t io n  b e f o r e ,  d u r in g ,  
and a f t e r  p re g n a n c y . D u rin g  and a f t e r  p re g n a n c y  a d ip o s e  t i s s u e  
was rem oved from  e a c h  r a t ,  and s e v e r a l  b io c h e m ic a l  a n a ly s e s  w ere 
p e rfo rm e d .  Body w e ig h t ,  co n su m p tio n  o f  b o th  f o o d s ,  and w a te r  
c o n su m p tio n  w ere m easu red  d a i l y  b e f o r e ,  d u r in g  and a f t e r  
p reg n a n c y  in  b o th  s t u d i e s .  C onsum ption  o f  sw e e t fo o d ,  b u t  n o t  
o f  b la n d  fo o d ,  in c r e a s e d  d u r in g  and a f t e r  p r e g n a n c y .  B oth  
a d ip o s e  t i s s u e  w e ig h ts  and c e l l  s i z e  i n c re a s e d  d u r in g  p re g n a n c y . 
A f te r  p reg n a n c y  r a t s  p ro v id e d  w i th  g lu c o s e  s o l u t i o n s  and n o t 
a llo w e d  to  l a c t a t e  g a in e d  th e  m ost a d ip o s e  t i s s u e  o f  any g ro u p . 
R e s u l ts  o f  b o th  s tu d i e s  i n d i c a t e  t h a t  b o th  b e h a v io r a l  and 
b i o l o g i c a l  v a r i a b l e s  a r e  in v o lv e d  in  e x c e s s iv e  w e ig h t  g a in s  
a s s o c i a t e d  w i th  p re g n a n c y .

391.2  N6 (L-2-PHENYLISOPROPYL) ADENOSINE, AN ADENOSINE A1 AGONIST, 
STIMULATES FOOD INTAKE IN SATED RATS. A .S . L e v in e ,  M. G ra c e * , 
C . J .  B i l l i n g to n * ,  D.D. K rah n * . N e u ro e n d o c rin e  R e se a rc h  L a b o ra 
t o r y ,  VA M ed ica l C e n te r ,  M in n e a p o l is ,  MN 55417 .

Some o f th e  c e n t r a l  a c t i o n s  o f  o p io id s  a r e  th o u g h t to  be me
d i a t e d  by a d e n o s in e .  O p io id s  s t i m u l a te  f e e d in g  in  n o n -d e p r iv e d  
r a t s ,  b u t d e c re a s e  food in ta k e  in  h u n g ry  a n im a ls  (p e rh a p s  due to  
t h e i r  s e d a t in g  e f f e c t s ) .  We p r e v io u s ly  r e p o r t e d  t h a t  c e n t r a l  
a d m i n i s t r a t i o n  o f a d e n o s in e  r e s u l t s  in  a d e c re a s e  in  food consump
t io n  in  food  d e p r iv e d  r a t s  (P h a rm a c o l.  B iochem . B ehav. 1 9 :2 3 -2 6 , 
1 9 8 3 ) . In  th e  p r e s e n t  s tu d y  we e v a lu a te d  th e  e f f e c t  o f  th e  A1 
a d e n o s in e  a g o n i s t ,  N6 ( L - 2 - p h e n y l i s o p ro p y l )  a d e n o s in e  (L -P IA ), 
on food in ta k e  in  n o n -d e p r iv e d  r a t s .  I n t r a c e r e b r o v e n t r i c u l a r  
a d m i n i s t r a t i o n  o f L-PIA  to  r a t s  a t  0900 h o u rs  ( l i g h t s  on) i n 
c r e a s e d  food i n ta k e  a t  a v a r i e ty  o f  d o se s  o v e r  a  4 h o u r  p e r io d  
( T a b le ) .

Food I n ta k e  (g )
0 -1  h r 0 -2  h r 0-4 hr

S a l in e 0 0 .1  ± 0 . 1 0.1±0.1
L-PIA :10 μ g 1 .4  ± 0 .4 1 .8  ± 0 . 4 † 1.8±0.4†

1 μ g 0 .9  ± 0 .4 1 .8  ± 0 . 7 † 2.0±0.7†
0 .1  μ g 0 .8  ± 0 .8 0 .8  ± 0 .8 1.0±0.8

We n e x t  a d m in is te r e d  L-PIA  to  r a t s  f o r  4 days a t  0900 h o u r s .  
As h a s  been  d e m o n s tra te d  f o r  o p io id  l i g a n d s ,  R-PIA en h an ced  food 
i n ta k e  m ore on th e  4 th  day o f a d m i n i s t r a t i o n  com pared to  th e  i s t  
day o f i n j e c t i o n  ( T a b le ) .

Food I n ta k e ( g /2  h r )
DAY 1 DAY 4

S a l in e 0 .1  ± 0 .0 3 0
L-PIA 10 μ g 0 .4  ± 0 .3 2 .5  ± 0 . 8 †

1 μ g 0 .7  ± 0 .2 2 .0  ± 0 . 9 †
0 .1  μ g 0 .5  ± 0 .2 0 .9  ± 0 .5

The a d e n o s in e  a n t a g o n i s t ,  c a f f e i n e ,  f a i l e d  to  s u p p re s s  L-PIA (10 
μ g) in d u ce d  f e e d in g  f o l lo w in g  p e r i p h e r a l  a d m i n i s t r a t i o n  ( T a b le ) .  
High d o se s  o f  p e r i p h e r a l l y  a d m in is te r e d  n a lo x o n e  (10 m g/kg) de
c re a s e d  L-PIA  in d u ce d  f e e d in g .

Food I n ta k e
( g /h r )

Saline 0 .4  ± 0 .4
L-PIA + Sal 1 .8  ± 0 .1
L-PIA + NLX(10 mg/kg) 0 .3  ± 0 .2
L-PIA + Caff(5 mg/kg) 1 .8  ± 0 .7

These d a ta  s u g g e s t  t h a t  th e  a d e n o s in e  l ig a n d  L-PIA a f f e c t s  fee d 
in g  b e h a v io r  in  a s im i l a r  m anner to  o p i o id s .

391.3 NALTREXONE SUPPRESSES FOOD INTAKE IN OBESE MEN. T. A. Spiegel* , 
E. E. Shrage r , M. Morrison*, A. J . Stunkard*, C. P. O'Brien and 
E. S t e l l a r . Obesity Research Group, Department o f P sych iatry , 
U niversity  o f Pennsylvania, Ph ilade lph ia , PA 19104.

Food intake of 13 obese male volunteers was measured in lab
o ra to ry  lunches Monday to  Friday fo r 3 consecutive weeks. In a 
double-blind procedure, sub jects  were given increasing doses of 
naltrexone (25 to  200 mg/day) the f i r s t  4 days of the second week. 
There was a s ig n if ic a n t reduction in food intake averaged across 
the 4 drug days compared to the f i r s t  placebo week. (Mean 
reduction = 30%; F = 11.0; df = 2,24; p = .0003). However, the 
suppression o f  food intake did not occur u n til the second day on 
the drug and food intake remained suppressed on Friday of the drug 
week (when placebo was g iven). This p a tte rn  o f suppression in 
food intake was seen in 11 o f the 1 3  su b jec ts , whose mean 
reduction in food intake across days 2 to  5 of the drug week was 
45%. Food intake was not reduced during the drug week in the 
o ther 2 su b jec ts . Food intake remained suppressed in 9 o f the 
sub jec ts  in the placebo week following the drug week. Water 
intake was not a ffec ted .

Rates of ingestion during meals and sub jec tive  ra tin g s  of 
p a la ta b il i t y , hunger, and emptiness suggested th a t the drug 
reduced a p p e tite  ra th e r than promoting an early  onset of s a t ie ty .

Six sub jec ts  reported nausea or o ther adverse reactions on one 
or two days during the drug week. Food intake of these sub jects  
was suppressed. However, food intake was a lso  suppressed in 5 of 
the 7 sub jec ts  who did not report adverse reac tio n s. Transaminase 
leve ls  were a lso  e levated  a t  the end o f the experiment in 3 
su b jec ts .

Weight changes during the drug week were minimal in 9 o f the 
sub jects  (mean change = +.02 lb s ) . The o ther 4 sub jec ts  lo s t 3 
to 7. 2 lb s. during the drug week.

These re s u lts  suggest th a t an endogenous opioid system may be 
involved in the regu lation  o f ap p e tite  and food intake in man. 
However, the continued suppression of food Intake in sub jects  
a f te r  the drug week suggests th a t a conditioned ta s te  aversion 
may have caused the reduction in food in take, e sp ec ia lly  in 
sub jec ts  reporting nausea.

391.4 DELAY OF CANCER ANOREXIA FOLLOWING INJECTION OF 6-HYDROXYDOPAMINE 
INTO THE CORPUS STRIATUM. T. Foley-Nelson, W.T. Chance, J .L . 
Nelson, L. Cao* and J .E . F ischer* . Dept. Surgery, U niversity  of 
C incinnati Medical Center, C inc innati, Ohio 45267.

The development of anorexia is  a major com plicating fa c to r in 
the aggressive therapy of cancer. Our previous re s u lts  employing 
in su lin  treatm ents to  co rrec t cancer anorexia suggested complex 
a lte ra tio n s  in dopamine (DA) metabolism in the corpus stria tum  (CS) 
and nucleus accumbens (NA) of tumor-bearing r a ts .  To permit a more 
d ire c t  assessment of the ro le  of brain DA in mediating cancer an
o rex ia , endogenous s to re s  of DA were reduced in these brain areas 
using 6-hydroxydopamine (6-OHDA) and the e f fe c ts  of methylcholan- 
threne (MCA)-induced sarcomas on food in take were then examined. 
Adult (282±3 g ) ,  male, F ischer 344 ra ts  were tre a te d  with desmethyl- 
imipramine (30 mg/kg, ip) and anesthe tized  with e th e r. Sixteen of 
these ra ts  received b ila te ra l  in jec tio n s  (3 u l) o f 6-OHDA (4 ug/ul) 
in to  e i th e r  the corpus stria tum  (A = +1.5 mm from bregma, L = ±3.0 
mm, V = -5 .5  mm) or nucleus accumbens (A = +3.2 from bregma, L = 
±2.0 mm, V = -8 .0  mm), while an add itiona l 12 ra ts  were subjected 
to  control O perations. to  a id  the recovery of feeding following 
surgery , wet mash was o ffered  to  the ra ts  fo r the next 7 days. One 
week following surgery , MCA sarcomas were transp lan ted  (sc) in a ll 
the 6-OHDA-treated and h a lf  of the control r a t s ,  and the ra ts  were 
returned to  a d ie t  of r a t  chow p e l le ts .  S ig n ific an tly  reduced food 
in take was f i r s t  observed in the tumor-bearing control (TB-C) ra ts  
22 days a f te r  tra n s p la n t,  while s ig n if ic a n t anorexia was delayed in 
the 6-OHDA-CS group u n til  day 27. Analysis o f variance across days 
21 to  28 revealed s ig n if ic a n t group d ifferences  in food intake 
between nontumor-bearing and TB-C ra ts  as well as between nontumor
bearing and 6-OHDA-NA ra ts .  No s ig n if ic a n t d ifferences  were ob
served fo r th is  period between nontumor-bearing and 6-OHDA-CS or 
between TB-C and 6-OHDA-NA groups. Therefore, only the TB ra ts  
tre a te d  with 6-OHDA in the CS demonstrated a s ig n if ic a n t reduction 
in anorexia. Examination of neuro transm itte r changes in the CS and 
NA revealed s ig n if ic a n t decreases of DA in the CS fo r  6-OHDA-CS 
(35%) and 6-OHDA-NA (24%) groups, with no a lte ra tio n s  in DA metabo
l i t e s  fo r these  groups. G reater and more sp ec if ic  reductions were 
observed in the NA with s ig n if ic a n t reductions in DA (58%), 3- 
methoxytyramine (50%), 3,4-dihydroxyphenylacetic acid (28%) and 
homovanillic acid (36%), occurring only in the 6-OHDA-NA group. 
Therefore, these re s u lts  suggest th a t  a l te ra tio n s  in s t r i a ta l  DA 
metabolism may be im portant in the e tio logy  of cancer anorexia, and 
th a t  the anorexia may be su b jec t to  manipulation with the proper 
dopaminergic pharmacological agent.

[Supported by USPHS-NCI g ran t CA 363253
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391.5 RAPID DEVELOPMENT OF TOLERANCE TO CONTINUOUS, PERIPHERAL 
ADMINISTRATION OF SATIETIN. V. E. MENDEL, D ep ts. An. P h y s io l . ,  
An. S c i .  and Food In ta k e  L a b ., Univ. o f  C a l i f . ,  D av is, CA 
95616.

S a t i e t i n ,  a  50kd g ly c o p ro te in  is o la te d  from human plasm a 
(hSAT) produces a n o rex ia  in  r a t s  which have been f a s te d  from 0 
to  96 h r s .  A ll  p rev io u s  s tu d ie s  o f  hSAT b u t one have used 
s in g le  bo lu s  i n j e c t io n s .  That s tu d y  by Mendel e t  a l . , 1986, 
r e p o r te d  a  con tinuous d ec re a se  o f  food in ta k e  by r a t s  r e c e iv in g  
fo u r c o n se c u tiv e  d a i ly  bo lu s  ICV in je c t io n s  (25µg r a t –1day–1 ). 
The o b je c t iv e  o f  th e  p re s e n t s tu d y  was t o  de te rm ine  w hether 
c o n tin u o u s , i n t r a p e r i t o n e a l  in fu s io n  o f  hSAT would h o ld  food 
consum ption below norm al.

T h ir ty -s e v e n  r a t s  w ere d iv id e d  in to  f iv e  g roups. Gr. I  
(n=7) ,  s a l i n e ;  Gr. I I  (n=8 ) ,  1 .0  mg/kg; Gr. I I I  (n=7 ) , 0 .5  

mg/kg;  Gr. IV (n=8 ) ,  0 .25  mg/kg and Gr. V (n=5) untreated 
controls. A l l  rats were fed Purina Lab Chow for 7 days before 
su rg e ry  d u rin g  w hich fo o d 'in ta k e  (F I ) ,  w a te r in ta k e  (Wl) and 
body w eigh t (BW) w ere measured d a i ly .  S urgery  was perform ed 
under c h lo r a l  h y d ra te  a n e s th e s ia  d u rin g  th e  l a s t  two h r .  o f  
l i g h t  (900–1100H). A lze t pumps (Model 2001) were im plan ted  and 
r a t s  r e tu rn e d  to  t h e i r  home cage . (Two r a t s  w ere l o s t  t o  in f e c 
t i o n ,  Gr. I  and Gr. I I I ) .  Food and w ate r in ta k e  d ec reased  in  
a l l  groups fo llo w in g  s u rg e ry . Food intake/BW  d ec reased  s ig n f i -  
c a n tly  more in  Gr. I I  th a n  in  th e  o th e r  groups (P<0 .0 1 ) on th e  
f i r s t  day fo llo w in g  s u rg e ry . On th e  2nd day p o s t- s u rg e ry , FI/BW 
was s i g n i f i c a n t ly  le s s  in  Gr. I I  and IV when compared to  Gr. I .  
A fte r  day 2 no d if fe re n c e s  between Gr. I  and hSAT groups were 
observed fo r  th e  n ex t 5 days . Body w eight was s ig n i f i c a n t ly  
reduced in  a l l  groups fo llo w in g  su rg e ry  when compared to  th e  
i n t a c t  an im a ls . Gr. I  and I I  con tin u ed  to  lo s e  w eigh t f o r  th e  
n ex t 2 days th e n  began to  g a in  w eigh t d u rin g  th e  rem ain ing  4 
d ay s; Gr. I I I  a l s o  l o s t  w eigh t on Day 2 p o s ts u rg e ry . Water 
in ta k e /fo o d  in ta k e  r a to  (W I/Fl) was s ig n i f i c a n t ly  h ig h e r 
(P<0.01 ) th a n  Gr. I  on Day 2 in  groups I I  and IV. A tr e n d  to  
consume more w ate r p e r u n i t  FI co n tin u ed  u n t i l  Day 6 . One mg/kg 
in t r a p e r i t o n e a l  bo lu s  in j e c t io n  o f  hSAT has been re p o r te d  to  be 
th e  low est e f f e c t iv e  p e r ip h e ra l  dose b u t when g iven  co n tin u o u s ly  
i t  appears  t h a t  to le r a n c e  r a p id ly  deve lops a f t e r  w hich food 
in ta k e  i s  n o t reduced . These r e s u l t s  q u e s tio n  w hether s a t i e t i n  
i s  a  p h y s io lo g ic a l c o n t r o l l e r  o f  food in ta k e .

391.6 ESTROGEN BASED CONDITIONED TASTE AVERSION: A NEUROETHOLOGICAL 
MODEL OF ANOREXIA NERVOSA. C .R .G ustavson and 
J . C. G ustavson*. P s y c h ia t r ic  Ethology L a b o ra to ry , U niv .o f Texas 
M ed.Branch,G alveston,TX  77550.

Our proposed model c o n ta in s  3 com ponents: ( l)E s tro g e n s  
produced a t  s ex u a l m a tu ra tio n  cause m a la ise  in  fem ales th a t  
( 2)have experienced  d is ru p tio n  o f normal n e u ro lo g ic a l 
o rg a n iz a tio n  d u rin g  f e t a l  developm ent due to  mild CNS 
m a sc u lin iz a tio n . The m ild ma s c u l i n iz a t io n  may have r e s u l te d  
from a v a r i e ty  o f in t r a u te r in e  ev e n ts  ( e . g . ,  m aternal 
p a tho logy , p o l lu ta n t s ,  o r  m edical tre a tm e n ts  such as  
d i e t h y l s t i l b e s t r o l ) . The n e t r e s u l t  i s  an a l te r e d  response 
( i l l n e s s )  to  the p resence  o f estrogens, which do not become 
abundant u n t i l  maturation. The estrogen p r o d u c e d  i l l n e s s  
establishes a series o f  co n d itio n ed  ta s t e  a v e rs io n s , making 
a v a i la b le  foods u n p a la ta b le  and p r e c ip i t a t in g  d r a s t i c  w eight 
l o s s .  The d ram atic  w eight lo s s  i s  accompanied by reduced 
p ro d u c tio n  o f th e  n a u sea tin g  e s tro g e n , and w eight g a in s  a re  
accompanied by a r e tu rn  of m a la ise . (3 ) In  coping w ith  th i s  
feedback lo o p , an evolved b e h a v io ra l s ta r v a t io n  system  i s  
in a p p ro p r ia te ly  evoked, p o s s ib ly  v ia  b a s ic  m e tabo lic  changes 
such as  k e t o s i s .  The b e h a v io ra l d e t a i l s  o f the s ta rv a t io n  
system  appear b iz a r r e  in  a n u t r i t i o n a l ly  abundant 
environm ent. C oncom ittant changes in  s o c ia l  in te r a c t io n s  a re  
e s p e c ia l ly  r e f l e c te d  w ith in  the fam ily  s e t t in g

E xperim en tal r e s u l t s  from 3 s tu d ie s  have v e r i f i e d  th e  
i l l n e s s  p roducing  p o te n t ia l  of e s tro g e n . A dult male r a t s  
in je c te d  w ith  e s t r a d io l  fo llo w in g  consum ption o f a f la v o r fu l  
f lu i d  r e a d i ly  ac q u ired  av e rs io n s  to  t h i s  f l u i d ,  w hereas 
id e n t ic a l ly  t r e a te d  fem ales f a i l e d  to  ac q u ire  th e  a v e rs io n . 
Follow -up ex l p e r ime n ts  c o n t ro l l in g  f o r  p o te n t ia l  e s tro g e n  
induced anorexia have ind ica ted  th a t postnata l l y androgenized 
fem ale r a t s  would upon m a tu ra tio n  ac q u ire  av e rs io n s  w ith  th i s  
p roceedu re .

391.7 EFFECTS OF ANOREXIGENIC DRUGS ON APPETITIVE AND CONSUMMATORY 
BEHAVIOR. D .L. W olgin, F lo r id a  A tla n t ic  U n iv ., Boca Raton, FL 
33431

In  o rd e r to  d is s o c ia te  the e f f e c t s  o f ano rex ig en ic  d rugs on 
a p p e t i t iv e  and consummatory b e h a v io r , r a t s  were g iven  sweeten
ed m ilk  fo r  30 min e i th e r  in  b o t t l e s  or by in fu s io n  through an 
in t r a o r a l  c a n n u la . In  the  f i r s t  experim en t, amphetamine (AMP; 
0 ,. 25 ,. 5 , & 1 mg/kg) had no e f f e c t  on the in tak e  of cannu la- 
fed r a t s ,  but suppressed  the in ta k e  of b o t t l e - f e d  r a t s  a t the 
two h ig h e s t d o ses . A lthough in c rea sed  a c t iv i t y  was observed 
a t  the  h ig h e s t do se , b o t t l e - f e d  r a t s  drank le s s  than cann u la -  
fed  r a t s a t  each dose o f the d rug .

F enflu ram ine  (FEN; 0 , 2 .5 ,  5 , & 10 mg/kg) produced a dose- 
dependent dec re a se  in  in ta k e  w ith  bo th  methods o f fe e d in g , but 
th e  e f f e c t  was g r e a te r  in  b o t t l e - f e d  r a t s .  A lthough FEN had 
marked s e d a t iv e  e f f e c t s  a t  th e  two h ig h e s t d o se s , b o t t l e - f e d  
r a t s  d rank  le s s  than  can n u la -fed  r a t s  a t  each dose o f the  
d ru g .

In  a f in a l  experim en t, th e  e f f e c t  o f AMP (1 mg/kg) was 
a s se s se d  in  a co n d itio n e d  av e rs io n  paradigm . Rats were given  
fo u r c o n d itio n in g  t r i a l s  in  which a. 1% sodium s acch a rin  so lu 
t io n  was provided fo r 15 min follow ed by an in je c t io n  o f AMP. 
A gain , b o t t l e - f e d  r a t s  showed g re a te r  su p p ress io n  o f in ta k e  
th an  ca n n u la -fed  r a t s .  This d if f e re n c e  was no t due to  d i f f e r 
ences in  c o n d itio n in g  because when, sw itched to  b o t t l e s ,  th e  
can n u la  g ro u p 's  in ta k e  f e l l  to  th e  le v e l o f th e  b o t t l e  
g r o u p 's .  Taken to g e th e r ,  th e se  r e s u l t s  dem onstra te  th a t  
an o rex ig en ic  drugs a f f e c t  the a p p e t i t iv e  phase of feed ing  more 
than  the  consummatory p h ase .

391.8 TOLERANCE TO AMPHETAMINE ANOREXIA: RESISTANCE TO EXTINCTION AND 
RAPID REACQUISITION. A. S treather and R. E. Hinson. Dept. of 
Psychology, Univ. of Western Ontario, London, O ntario, N6A 5C2 
Canada.

The p resen t experiment investiga ted  conditions which lead to  a 
lo ss of to lerance to  amphetamine anorexia. T hirty  s ix  r a ts  were 
in jec ted  with 3 mg/kg AMP ip  followed 20 minutes la te r  by 30 
minutes access to  milk. A fter 22 sessions milk consumption had 
increased from a mean of 3.75 ml to  17.00 ml. Next, these 
to le ra n t animals were s p l i t  in to  four groups: One group continued 
to  received milk contingent on AMP (CONT-CONT), a second group 
received milk 24 h r a f te r  AMP (CONT-NONCON), and two o ther groups 
were not given AMP, of which one received sa lin e  followed by milk 
(CONT-SAL), while the o ther received ne ith e r in jec tio n  nor milk 
(CONT-O). All animals were maintained a t  85% ad l ib  weight during 
th is  phase. Tests fo r to lerance to  anorexia were given 12, 24, 48 
and 72 days in to  th is  phase. As expected, the CONT-CONT group 
acquired more to le rance . Unexpectedly to le rance  was not lo s t  in 
any o ther group. In order to  determine i f  o ther conditions might 
lead to  a lo ss of to le ran ce , a l l  animals were next l e f t  
undisturbed in  th e ir  home cages fo r 21 days with ad l ib  food and 
w ater. At the end of th is  time a l l  animals were reduced to  85% ad 
l ib  and given an AMP anorexia t e s t .  All animals had become 
s ig n if ic a n tly  le s s  to le ra n t . F in a lly , a l l  animals were once again 
given milk contingent on amphetamine as during the o rig in a l 
acq u is itio n  phase. Reacquisition of to lerance occurred w ithin six  
adm inistrations of AMP compared to  22 in jec tio n s  required during 
o r ig in a l tra in in g .

The above findings demonstrate th a t once to lerance to  AMP 
anorexia has developed, i t  i s  very re s is ta n t  to  ex tin c tio n  in 
ra ts  maintained a t  85% ad l i b . I t  appears th a t ad l ib  access to  
food i s  necessary i f  to lerance to  AMP-anorexia is  to  be 
extinguished. Furthermore, even when to lerance is  apparently 
to ta l ly  extinguished i t  i s  acquired more rapidly  during a 
reacq u is itio n  phase than during o r ig in a l tra in in g .

Ju s t as procedures o ther than simply the adm inistration  of the 
drug are needed fo r to lerance to  develop to  AMP-induced anorexia, 
the withdrawal of drug i s  not by i t s e l f  su ff ic ie n t  to  bring about 
a lo ss of to le rance .
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391.9 BRAIN UPTAKE INDEX OF L-CARNITINE AND PALMITIC ACID IN BRAIN SITES 
ASSOCIATED WITH FEEDING IN LEAN AND OBESE ZUCKER RATS.- R .B .S . 
H a rr is  and R. J .  M artin . Departm ent Foods and N u tr i t io n ,  U niver
s i t y  of G eo rg ia , A thens, GA 30602

A lthough f a t t y  a c id s  a re  a minor energy s u b s t r a te  in  th e  b r a in ,  
s p e c i f ic  reg io n s  o x id ize  f a t t y  a c id s  a t  h igh  r a t e s .  I t  has been 
shown th a t  f a t t y  a c id  m etabolism  in  th e  l a t e r a l  (LH) and v e n tro 
m edial hypothalam us (VMH) o f r a t s  change in  response  to  a s h i f t  in  
p e r ip h e ra l  energy ba lance  s ta tu s  (K asser e t  a l . ,  Am. J .  P h y s io l . ,  
1985). In  a d d i t io n ,  in  v ivo  b ra in  up take o f m e ta b o lite s  was found 
to  be a l t e r e d  in  f a s te d  r a t s  (K asser e t  a l . ,  P h y s io l.  Behav. 
36:1161, 1986). Hypothalamic uptake o f p a lm ita te  was in c rea sed  
300%. This p a t te r n  was a lso  observed in  th e  b ra in  stem , where 
p a lm ita te  up take was 75 to  185% h ig h e r  in  f a s te d  than  in  fed  r a t s .

In  t h i s  s tudy  we examined th e  b ra in  up take  p a t te rn  o f p a lm ita te  
in  th e  Zucker f a t t y  r a t .  T his anim al model of o b e s ity  i s  h y p er- 
phag ic and may a ls o  d is p la y  th i s  unique p a t te r n  o f f a t t y  ac id  
up take in  reg io n s  o f th e  b ra in  a s s o c ia te d  w ith  fe e d in g . We a lso  
measured b ra in  up take  of c a rn i t i n e  s in c e  th i s  i s  a c o fa c to r  fo r  
f a t t y  ac id  up take in to  m ito ch o n d ria . The b ra in  up take  index of 
L -c a rn i t in e  and p a lm it ic  a c id  in  th e  LH, MH, c o rte x  (CTX) and a rea  
postrem a (AP) o f le an  and obese Zucker r a t s  was determ ined . E igh t 
week o ld  fem ale Zucker r a t s  were a n e s th e t iz e d .  A 0 .2  ml volume of 
Krebs R inger b ic a rb o n a te  b u f f e r ,  c o n ta in in g  1 .0  mM p a lm ita te ,  0 .25  
mM c a r n i t i n e ,  2% BSA, 5 uCi/m l 3H20 , 1 µCi/m l 14C - l-L -c a rn i t in e  
and 4 uCi/m l 14C - l-p a lm it ic  a c id  was in je c te d  in to  th e  c a ro t id  
a r t e r y .  F if te e n  seconds l a t e r  th e  r a t  was d e c a p ita te d  and the  
b ra in  removed. B ra in  reg io n s  were d ig e s te d  o v e rn ig h t in  Doles 
s o lu t io n .  3H20 and c a rn i t i n e  were i s o la te d  from th e  p a lm ita te  by 
s e p a ra t in g  and w ashing th e  aqueous and hep tane  la y e r s  o f th e  
s o lu t io n .  C a rn i tin e  uptake appeared  to  be fo u rfo ld  h ig h e r  than  
th a t  o f  p a lm ita te  in  a l l  a re a s  excep t CTX. Uptake was h ig h e s t in  
AP and low est in  CTX. There were no phenotype d if fe re n c e s  in  
u p ta k e . P a lm ita te  up take  was s im i la r  in  th e  LH, VMH and CTX and 
in c re a se d  in  th e  AP. AP p a lm ita te  up take  was h ig h e r  f o r  obese 
than  le an  r a t s .  These d a ta  p a r a l l e l  th o se  made of c a rn i t i n e  
p a lm ity l t r a n s f e r a s e  (CPT) in  s im i la r  b ra in  a re a s  from 
Sprague-Dawley r a t s  (M artin  e t  a l . ,  in  p r e s s ,  1986). T his s tudy  
su g g es ts  th a t  th e re  i s  s ig n i f i c a n t  up take o f b o th  c a rn i t i n e  and 
p a lm ita te  in  th e  b r a in .  The pheno typ ic  d if f e re n c e s  in  p a lm ita te  
up take in  th e  b ra in  stem  a re a  c o n ta in in g  th e  AP may be of 
im portance in  th e  d e fe c tiv e  2‒deoxy-D -glucose response  of th e  
Zucker f a t t y  r a t  (Ikeda e t  a l . ,  Am. J .  P h y s io l. 239:E379, 1980) 
s in c e  i t  has been shown to  be th e  m ajor s i t e  o f 2DG s tim u la t io n  of 
feed in g  ( R i t t e r  e t  a l . ,  Science 213:451, 1981).

391.10 HYPOTHALAMIC OBESITY IS REVERSED BY DEXAMETHASONE BUT NOT BY 
CORTICOSTERONE. S.A. Assimon* and R.M. Gold (SPON: N.R. C arlso n ). 
Departm ent of Psychology, D iv is io n  o f N euroscience and B ehavior, 
U n iv e rs ity  of M assa ch u se tts , Amherst, MA 01003.

P a r a s a g i t t a l  k n ife  c u ts  a lo n g sid e  the  p a r a v e n tr ic u la r  nucleus 
of th e  hypothalam us (PVN) produce o v e re a tin g  and o b e s ity  in  r a t s .  
The PVN i s  a ls o  th e  hypothalam ic s i t e  of o r ig in  of c o r t ic o t ro p in 
r e le a s in g  f a c to r s .  S ince PVN k n ife  c u ts  d is ru p t  th e  hypo thalam ic- 
p i tu i t a r y - a d r e n a l  a x i s ,  perhaps th i s  a l te r e d  fu n c tio n in g  m ediates 
th e  o b e s i ty .

PVN k n ife  c u ts  (KC) o r sham su rg ery  were perform ed on th i r t y  
fem ale r a t s .  They then  rece iv ed  e i th e r  c o r t ic o s te ro n e  (CORT) 
(4 , 8 , 16, 32 m g/kg), dexamethasone (DEX) (0 .0 5 , 0 .1 , 0 .2  m g/kg), 
o r v e h ic le .

At 4 and 8 mg/kg, CORT d id  no t in f lu e n c e  th e  k n ife -c u t  induced 
w eight g a in . At th e  h ig h e r d o ses , CORT enhanced th e  w eight ga in . 
In  c o n t r a s t ,  DEX a t te n u a te d  th e  k n if e - c u t  induced w eight g a in . 
A lso , DEX sometimes produced g ly c o su r ia  in  PVN-KC r a t s .  I n s u l in  
(5 o r 8 u /kg) m itig a te d  the  w eight lo s s  o f PVN-KC r a t s  exposed to  
DEX b u t d id  n o t promote w eight g a in .

The d i f f e r e n t i a l  e f f e c t s  of th e se  2 g lu c o c o r tic o id s  may l i e  
in  th e  f a c t  th a t  CORT and DEX have d i f f e r e n t  n eg a tiv e  feedback 
e f f e c t s  on th e  h y p o th a la m ic -p itu ita ry  ax is  as suggested  by 
d i f f e r e n t i a l  b ind ing  a f f i n i t i e s  a t  h y p o th a la m ic -p itu ita ry  a x is  
(DeKloet e t  a l . ,  1977) and th e i r  d i f f e r e t n i a l  a b i l i t y  to  in h ib i t  
CRF and ACTH a t  th e se  s i t e s  (Sakakura e t  a l . , 1981).

391.11 REVERSAL OF ADRENAL DEFICITS BY ACTH DOES NOT REVERSE HYPOTHALAMIC 
KNIFE-CUT OBESITY. A. Sylvan*, J.M . W att*, J . S . M eyer, R. M. G old, 
S . Gath* & L. C re v ie r* . N euroscience and B ehav io r, Psychology 
D epartm ent, U n iv e rs ity  o f M assa ch u se tts , Am herst, MA 01003.

H ypothalam ic k n ife  cu ts  a lo n g sid e  th e  p a r a v e n tr ic u la r  nucleus  
(PVN) r e l i a b l y  produce o b e s ity  and h yperphag ia . We have p re 
v io u s ly  dem onstrated  th a t  th e se  cu ts  a ls o  produce a d re n a l d e f i c i t s .  
They d im in ish  th e  c o r t ic o s te ro n e  response  to  e th e r  s t r e s s  and 
reduce a d re n a l s i z e .  I f  th e se  d e f i c i t s  a re  th e  r e s u l t  o f damage 
to  CRF axons as  they  e x i t  th e  PVN, then  th e  ACTH response  to  
s t r e s s  should  a ls o  be d im in ish ed . We th e re fo re  measured s t r e s s  
e l i c i t e d  ACTH 15 days a f t e r  b i l a t e r a l  k n ife  c u ts  and found th a t  
ACTH le v e ls  were in  f a c t  reduced .

K nife c u ts  produce o b e s ity  and low er ACTH le v e l s .  A drenalec
tomy b locks  o b e s ity  and r a i s e s  ACTH le v e l s .  T h e re fo re  we 
examined th e  e f f e c t  of exogenous ACTH on k n ife  cu t o b e s i ty .  
S u b jec ts  were 40 Sprague-Dawley (C harles  R iver) fem ale r a t s  
m a in ta ined  on P u rin a  Mouse Chow. Subcutaneous in j e c t io n s  o f ACTH 
g e l (8 u n i t s )  o r v e h ic le  were g iven  tw ice  d a i ly  f o r  f i f t e e n  days 
a f t e r  k n ife  cu t o r sham su rg e ry .

As ex p ec ted , th e  k n ife  c u ts  produced ra p id  w eight g a in  and 
hyperp h ag ia . A drenal w eigh ts  and c o r t ic o s te ro n e  response  to  
e th e r  were d im in ished  by th e  k n ife  c u t s .  ACTH a d m in is tr a tio n  
r e s u l te d  in  r e v e r s a l  of th e  a d re n a l d e f i c i t s  produced by th e  
k n ife  c u t s .  However, ACTH had no e f f e c t  on body w eight g a in  or 
food in ta k e .  These r e s u l t s  su p p o rt our p rev io u s  f in d in g s  th a t  
k n ife  c u ts  compromise th e  hypothalam ic p i t u i t a r y  a d re n a l a x i s .  
However, they  su g g est th a t  th e  o b e s ity  i s  n o t m ediated  by changes 
in  ACTH o r c o r t ic o s te ro n e  le v e l s .  These f in d in g s  do n o t r u le  out 
a r o le  fo r  CRF in  th e  c o n tro l  of food in ta k e .

391.12 EFFECTS OF ADRENALECTOMY AND HYPOTHALAMIC KNIFE-CUTS ON WHITE 
BLOOD CELLS. E .J . Weeks J r .* , M. Y anik* and R.M. G old. Psychology 
D epartm ent, U n iv e rs ity  of M assa ch u se tts , A m herst, MA 01003.

We have p re v io u s ly  shown th a t  o b e s ify in g  p a r a s a g i t t a l  hypotha
lam ic k n if e - c u ts  p laced  a lo n g sid e  th e  p a r a v e n tr ic u la r  nucleus  of 
th e  hypothalam us (PVN) low er bo th  ACTH and c o r t ic o s te ro n e  le v e ls  
in  serum, and a r r e s t  ad re n a l grow th. The c u ts  accom plish  th i s  
presum ably by sev e rin g  CRF p o s i t iv e  axons. Adrenalectom y (ADX) 
a ls o  low ers c o r t ic o s te ro n e  (CORT) le v e l s ,  b u t e le v a te s  ACTH.

In  fem ale r a t s ,  adrenalec tom y in c re a se d  th e  t o t a l  w h ite  blood 
c e l l  (WBC) count from 12,140 to  23,900 c e l l s / u l ,  a l l  o f the  
in c re a s e  being  a t t r i b u t a b l e  to  lym phocytes. ADX reduced th e  num
b er o f m onocytes. PVN cu ts  a lone  had no e f f e c t  on WBC (13,860) 
o r monocyte co u n ts . When bo th  ADX and PVN c u ts  were combined, 
the  WBC's in c re a s e  was m itig a te d  (1 5 ,9 8 3 ), and th e  monocytes were 
no lo n g e r su p p ressed .

These d a ta  su g g est th a t  ACTH and CORT have opposing a c tio n s  
on WBC’ s . ACTH appears  to  in c re a s e  th e  number o f lym phocytes 
and th e  t o t a l  WBC co u n t, w h ile  su p p re ss in g  m onocytes. CORT, in  
c o n t r a s t ,  appears  to  d ec rease  lym phocytes w hile  s tim u la t in g  
m onocytes. Im p lic a tio n s  fo r  a p p e t i t e  r e g u la t io n  v ia  monocyte 
hormones w i l l  be d is c u sse d .

(SPON A. Trehub)



THURSDAY PM FEEDING AND DRINKING IV 1453

391.13 PLASMA CORTICOSTERONE, GLUCOSE, AND BODY WEIGHT AS A 
FUNCTION OF TIME OF DAY AFTER A 19 HOUR DEPRIVATION. 
S .L .  S o m m e r v i l l e * , V . J .  P e r e z ,  a n d  C . J .  S m i t h * . D e p t .  
o f  P s y c h o lo g y ,  T e x a s  T e ch  U n i v e r s i t y ,  L u b b o c k , TX 7 9 4 0 9 .

S t u d i e s  e m p lo y in g  fo o d  d e p r i v a t i o n  o f t e n  f a i l  t o  
r e c o g n i z e  b a s i c  c h a n g e s  d u e  t o  t im e  o f  d a y  i n  t h e i r  
i n t e r p r e t a t i o n  o f  p h y s i o l o g i c a l  o r  b e h a v i o r a l  d a t a .  
T h i s  s t u d y  e x a m in e d  t h e  e f f e c t s  o f  fo o d  d e p r i v a t i o n  
h e l d  c o n s t a n t  f o r  a l l  a n i m a l s ,  b u t  i n i t i a t e d  a n d  
t e r m i n a t e d  a t  d i f f e r e n t  t i m e s  o f  d a y .  S i x t y - f o u r  a d u l t  
m a le  C D -I m ic e  w e re  w e ig h e d  a n d  s t a r t e d  on  a  19 h o u r  
fo o d  d e p r i v a t i o n  s c h e d u l e  d e s ig n e d  s o  t h e  p e r i o d s  e n d e d  
a t  o n e  o f  e i g h t  t i m e s :  0 7 0 0 h  ( h o u r s ) , 0 8 0 0 h , 0 9 0 0 h , 
1 0 0 0 h , 1 9 0 0 h , 2 0 0 0 h , 2 1 0 0 h , a n d  2 2 0 0 h . A n im a ls  w e re  
r e - w e ig h e d  a n d  d e c a p i t a t e d  a t  t h o s e  t i m e s  a n d  t r u n k  
b lo o d  w as c o l l e c t e d  f o r  f l u o r o m e t r i c  d e t e r m i n a t i o n s  o f  
p la s m a  c o r t i c o s t e r o n e  (PC) a n d  p la s m a  g l u c o s e  (P G ) . 
D a ta  o b t a i n e d  fro m  t h e  PC, PG, a n d  b o d y  w e ig h t  c h a n g e s  
w as a n a ly z e d  b y  u n i v a r i a t e  ANOVA's. P a i r w i s e  
c o m p a r i s o n s  b e tw e e n  m eans w e re  d e t e r m i n e d  u s i n g  
n o n - d i r e c t i o n a l  t - t e s t s .

D u r in g  m o rn in g  h o u r s ,  t h e r e  w as a  d e c l i n i n g  p a t t e r n  
i n  t h e  p e r c e n t a g e  o f  b o d y  w e ig h t  l o s t ,  w i t h  t h e  
g r e a t e s t  l o s s  (10%) o c c u r r i n g  a t  0 7 0 0 h , w h i l e  i n  
e v e n in g  h o u r s ,  t h e r e  w as an  i n c r e a s i n g  p a t t e r n  o f  
w e ig h t  l o s t ,  w i t h  t h e  g r e a t e s t  am o u n t (7%) o c c u r r i n g  a t  
2 2 0 0 h . E a ch  o f  t h e s e  p a t t e r n s  c o i n c i d e  w i t h  c y c l e s  o f  
n o c t u r n a l  l i p o g e n e s i s  a n d  d i u r n a l  l i p o l y s i s .  The 
maximum l e v e l s  f o r  PC ( 2 3 .2  ug%) w e re  r e p o r t e d  a t  0 7 0 0 h  
a n d  a t  1 900h  ( 1 6 .6  u g % ). The l e v e l s  o f  PC fo rm  a 
p a t t e r n  i n d i c a t i v e  o f  t h e  n e u r o r e g u l a t o r y  c y c l e  o f  
g l u c o c o r t i c o i d  r e l e a s e ,  w i t h  t h e  g r e a t e s t  r e a c t i v i t y  t o  
s t r e s s  ( d e p r i v a t i o n )  o c c u r r i n g  d u r i n g  m o rn in g  h o u r s .  
S i m i l a r  p a t t e r n s  w e re  a l s o  n o t e d  i n ‘PG l e v e l s ,  w i t h  t h e  
maximum ( 1 3 8 .0  ug% a n d  1 2 5 .8  ug%) o c c u r r i n g  a t  07 0 0 h  
a n d  1 9 0 0 h , r e s p e c t i v e l y .  T h e s e  f i n d i n g s  may b e  
e x p l a i n e d  b y  r e g u l a t o r y  m e c h a n is m s  c o n t r o l l i n g  
m e t a b o l i c  p r o c e s s e s  a n d  u l t i m a t e l y  g l u c o s e  u t i l i z a t i o n .  
W h e n ev e r d e p r i v a t i o n  p a r a d ig m s  a r e  e m p lo y e d , t h e s e  
f i n d i n g s  i n d i c a t e  t h a t  t h e  t im e  o f  d a y  fo o d  d e p r i v a t i o n  
i s  i n i t i a t e d  a n d  t e r m i n a t e d  m u s t b e  c o n s i d e r e d .  
C o n s t a n t  d e p r i v a t i o n  l e n g t h s  a r e  n o t  s u f f i c i e n t  t o  
e n s u r e  t h a t  a l l  a n i m a l s  a r e  r e s p o n d i n g  i n  t h e  sam e 
m a n n e r .  The e f f e c t s  o f  n e u r o r e g u l a t o r y  c y c l e s  on  
a c t i v i t y  l e v e l s ,  p a t t e r n s  o f  l i p o l y s i s  a n d  l i p o g e n e s i s ,  
a n d  c o n s u m m a to ry  b e h a v i o r s  a r e  s u p p o r t e d  b y  t h e s e  
r e s u l t s .

391.14 ALDOSTERONE'S INFLUENCE ON SELECTION OF DIETARY MACRONUTRIENTS. 
T .L . Thom as, A.W. K n eh an s, and L .D . D e v e n p o r t . D ep a rtm en t o f  
P sy c h o lo g y , U n iv e r s i ty  o f  Oklahom a, Norm an, OK 73019.

A ld o s te ro n e  (A ldo) h a s  p o t e n t  e f f e c t s  on w e ig h t  g a in  and f a t  
m e ta b o lis m . F re e  f e d  a n im a ls  e x h i b i t  d o s e - r e l a t e d  w e ig h t  g a in s  
r e l a t i v e  to  c o n t r o l s ,  and im p a ire d  w e ig h t  l o s s  and d e c re a s e d  s u r 
v i v a l  r a t e s  d u r in g  r e s t r i c t i o n ,  d e s p i t e  h a v in g  l a r g e r  f a t  pad s  
( 1 ,3 ) .  T h is  w e ig h t  g a in  i s  in d e p e n d e n t  o f  A ld o 's  e f f e c t s  on sodium  
and p o ta s s iu m  r e t e n t i o n  and d o es  n o t  depend upon o r  i n t e r a c t  w i th  
g o n a d a l  horm ones o r  o v a rie c to m y  ( 2 ) .  B lood a n a ly s e s  r e v e a l  d e 
p r e s s e d  F re e  F a t ty  A cid  and B lood U rea N i t ro g e n  l e v e l s ,  i n d i c a t i n g  
im p a ire d  f u e l  m o b i l i z a t i o n .  To d e te rm in e  w h e th e r  t h i s  a l t e r e d  
m e ta b o lism  w ould  i n f l u e n c e  d i e t a r y  p r e f e r e n c e s ,  a n im a ls  w ere a llo w e d  
to  s e l f - s e l e c t  among th e s e  s o u rc e s  o f c a l o r i e s .

To a c c o m p lish  t h i s ,  4 0 -d a y -o ld  m ale  S p rague-D aw ley  r a t s  (S a sc o , 
Omaha) w ere a d re n a le c to m iz e d  (ADX) and g iv e n  A ldo re p la c e m e n t o f 
0 . 2 5 , o r  125 u g /k g /2 4  h r .  d e l i v e r e d  by m ini-pum p ( A l z e t ) . Sham 
o p e r a t e s  w ere  a l s o  i n c lu d e d  a s  c o n t r o l s .  F o lo w in g  a  48 h o u r 
re c o v e ry  p e r i o d ,  a n im a ls  w ere  g iv e n  f r e e  a c c e s s  to  fo o d  cups co n 
t a i n i n g  e a ch  o f th e  m a c r o n u tr i e n t s  ( 4 ) .  I n ta k e s  and w e ig h t  g a in s  
w ere re c o rd e d  d a i l y .  A n im als w ere  s a c r i f i c e d  by d e c a p i t a t i o n  and 
b lo o d  was c o l l e c t e d  f o r  a n a l y s i s .  I n s p e c t io n  f o r  p o s s ib l e  a d re n a l  
r e g e n e r a t i o n  and m ini-pum p p e rfo rm a n c e  to o k  p la c e  a t  t h i s  t im e .

A ld o - in f u s e d  a n im a ls  e x h ib i t e d  a  d o s e - r e l a t e d  i n c r e a s e  i n  p r e 
f e r e n c e  f o r  f a t  r e l a t i v e  to  ADX c o n t r o l s .  P r o t e i n  i n ta k e s  a l s o  
te n d e d  to  i n c r e a s e  i n  r e s p o n s e  to  A ld o , b u t  t h i s  e f f e c t  was d o s e -  
d e p e n d e n t .  T hese  f in d i n g s  d e m o n s tra te  m in e r a l o c o r t i c o i d  
p o t e n t i a t i o n  o f  f a t  p r e f e r e n c e  and  c a l o r i c  i n t a k e .  In  a d d i t i o n ,  
t h i s  p r o f i l e  o f  n u t r i e n t  s e l e c t i o n  r e s u l t e d  i n  l a r g e r  w e ig h t  g a in s  
by A ldo g ro u p s  th a n  h av e  p r e v io u s ly  b e e n  o b s e rv e d  in  s in g l e  d i e t  
e x p e r im e n ts .
1 . D e v e n p o r t,  L .D .,  Goodw in, K .G ., & H o p k in s , P . ,  P h a rm ., B io c h e m ., 

& B e h . , 2 2 :7 0 7 –7 09 , 1985.
2 . D e v e n p o r t,  L .D .,  T o r r e s ,  A . ,  P h y s io . & B eh . , 3 3 :7 4 5 –749, 1984.
3 . D e v e n p o r t,  L .D .,  M u rra y ,C .G ., and T o r r e s ,  A . ,  Beh. N e u r o s c i . ,  

9 7 :6 6 7 –6 6 9 , 1983.
4 . T e p p e r , B . J . ,  K a n a re k , R .B . ,  J . N u t r . , 1 1 5 :6 9 9–709, 1985.

391.15 HYPOTHALAMIC REGULATION OF THERMOGENESIS: STIMULATION OF THE 
PARAVENTRICULAR NUCLEUS ELICITS THERMAL RESPONSES IN BROWN ADIPOSE TISSUE 
M.H. Brown Department of Psychology and Neuroscience Program, Michigan State 
University, E. Lansing, Ml 48824.

Brown adipose tissue ( BAT) is important both for nonshlverlng and for diet- induced 
thermogenesis. While metabolic mechanisms of thermogenesis have been well 
characterized ( Phvslol Rev. 64: 314–386, 1984), relatively little is known about 
central neural mechanisms that might regulate thermogenesis. Interscapular BAT ( IBAT) 
is innervated by sympathetic nerves that originate from cervical and upper thoracic 
segments of the spinal cord. Injections of retrogradely transported neural tracers into 
this region of the spinal cord result in labelled cells in several hypothalamic structures 
including the ventromedial nucleus (VMN), the lateral hypothalamic area ( LHA) and the 
paraventricular nucleus ( PVN e.g. . Neurosci Lett. 17: 307–312,19801). Thus, 
anatomical pathways for possible neural regulation of thermogenesis have been described.

Recent experiments have provided evidence that the hypothalamus may indeed influence 
metabolic function in BAT. Electrical stimulation of the YMN but not the LHA causes 
increased lipogenesis in IBAT ( Nature. 2 8 4 :62–63, 1980) and an initial 0.2 ’C 
decrease followed by a 0.8 *C rise In the temperature of IBAT ( Nature. 289: 401–402, 
1981). The thermal response is similar to that elicited by electrical stimulation of the 
nerves that innervate IBAT as well as to the thermal response of the tissue to 
intraventricular injection of norepinephrine ( NE [ Perkins et al. Amer J  Physiol. 232  
R101 éR109,1977]). The possibility exists, however, that an additional hypothalamic 
nucleus, the PVN, may be involved in the regulation of BAT and thermogenesis. 
Noradrenergic fibers arising from the medulla ascend through the hypothalamus and some 
of these terminate in the PVN ( Br Res Rev. 4: 275–325 ,1982). Among these ascending 
fibers are axons that pass ventrally and medially to the VMN. Thus, the thermal and 
lipogentc responses in BAT following stimulation of the VMN may be due to indirect 
stimulation of noradrenergic inputs to the PVN. While the possibility that the PYN is 
involved In regulation of thermogenesis apparently has not been directly tested, 
Zeisberger e t a l.(In: Jansky, L. [ed] Deopressed Matabolism and Cold Thermogenesis. 
Prague, Czechoslovokia, Charles University, 1975, p. 182– 187) reported that Injection 
of norepinephrine (1 ug in 1ug) into the brains of guinea pigs caused increased body 
temperatures, particularly in interscapular adipose tissue, and a 50% increase in resting 
oxygen consumption. The authors did not specify which neural structures were included in 
the injection site, however, it  appears that the PVN was among the hypothalamic sites 
affected by the injection. The present investigation was carried out to test whether 
thermal responses in BAT following stimulation of the VMN are due to indirect stimulation 
of the PVN through stimulation of fibers of passage. Electrical stimulation (a 30 s train of 
square-wave pulses 0.5 ms in duration at a frequency of 50 Hz and a constant current of 
60 or 100 uA) at sites between the VMN and the PVN or just lateral to the PVN resulted in 
thermal responses in IBAT that were similar to those reported by Perkins e t .al. after 
stimulation of the VMN. An injection of NE bitartrate (1 ug in 0.33 ug of saline) aimed at 
a site just lateral to the PVN also produced a thermal response in BAT. These results 
suggest that the PVN Is involved in the neural regulation of thermogenesis in BAT. 
(Supported by NIMH Grant MH 37877 toA. A. Nunez.)

391.16 COLD EXPOSURE DURING LONG DAYS IN SYRIAN HAMSTERS: 
EFFECT OF PINEALECTOMY ON ENERGY BALANCE. F .A .C a p u t o * 
S .H o f f ma n * . G .S m ith *  a n d  N .E .R o w la n d  ( SPON: G.M . 
Hope). Dept Psychol, Univ Florida, Gainesv ille FL32611

Syrian hamsters (m. auratus) with free access to 
running wheels undergo testicular regression in the 
cold with a stimulatory photoperiod. We now examine 
whether th is effect i s  reversible by pinealectomy.

Adult male hamsters were housed in a L14:10D cycle 
at 23°C. Half of the animals were housed in running 
wheels (exercise EX condition) and the other half were 
in standard cages (sedentary SED condition). After 
adaptation, half of the EX and SED groups were pineal- 
ectomized (PX); the remaining hamsters received a sham 
craniotomy (SH). Two wks la ter, one half of the hams
t e r s  i n  each  o f  the 4 groups were placed in cold (4°C) 
with the L14:D10 cycle s t i l l  imposed. The remainder

stayed in the warm (23°C) . Body weight, food 
intake and activity (EX groups) were recorded for 7 
wk. Hamsters were then sacrificed for measures which 
included interscapular brown fat (IBAT) and testes 
weights, and plasma glucose concentration.

Cold exposure increased food intake in a ll groups. 
IBAT weight was increased in SH groups, and cold de
creased weight gain except in EX/SH condition. Cold 
exposure also caused testicular regression, and this 
was exacerbated by EX in the SH but not PX groups. 
Thus, the cold + EX effect was slightly attenuated by 
PX. These data indicate that cold is a sufficient 
stimulus for gonadal changes, and this is not entirely 
dependent upon the pineal. Instead, considerations of 
energy homeostasis seem important. [NSF BNS- 8216528).

Group 
(Ns 6-8)

Food
(g/24h)

ABWT
(g/7wk)

Testes
(g/pr)

IBAT
(g>

PGlu 
(g/1)

Wheel
(krev)

SH/23/SED 11.2 25.4 3.44 .24 .92  — — —

SH/23/EX 12.6 16.9 3.46 .18 .96 11.4
SH/4/SED 17.0* 6.2* 2.26* .34* .99  — — —

SH/4/EX 23.2* 21.0 1.15* .28* 1.13 1.1*
PX/23/SED 11.0 24.9 3.48 .27 .96  — — —

PX/23/EX 13.3 16.3 3.82 .22 .93 11.9
PX/4/SED 20.4* 5.0* 2.41* .33 1.06  — — —

PX/4/EX 23.5* 4.7*# 2.09*# .23 1.13 1.6*

Cold differs from corresponding warm condition *P<.05; 
PX differs from corresponding SH group #P<.05, *P<.07.
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391.17 MONOSODIUM GLUTAMATE-INDUCED ALTERATIONS IN FEEDING BEHAVIOR, 
BLOOD PRESSURE AND NEUROPEPTIDE Y LEVELS. D.R. Wallace, S.M. 
Gabriel and R. Dawson. Department of Pharmacodynamics, College of 
Pharmacy, University of Florida, Gainesville, FL 32610.

Monosodium glutamate (MSG) administered neonatally to rodents 
results in significant neuronal degeneration in the arcuate 
nucleus of the hypothalamus (ANH) and other circumventricular 
organs. As a consequence of the neurotoxic action of MSG, a 
complex constel l ation of neuroendocrine, neurochemical and 
behavioral disturbances is manifested. The present study examined 
normal and pharmacologically stimulated feeding, basal blood 
pressure and neuropeptide levels in MSG-treated and control ra ts .

Male rats were injected with ei ther  MSG (4 mg/g) or 18.7% NaCl 
(w/v) on postnatal days 2 and 4 (MSG-Lo) or postnatal days 2, 4, 6 
and 8 (MSG-Hi). One group of adult MSG-treated and control rats 
were examined for defici ts  in pharmacological l y el ic i ted  feeding, 
deprivation induced feeding and baseline feeding measures. A 
second group of adult MSG-treated and control rats had basal blood 
pressure measured using the t a i l  cuff method. All rats were 
checked for pi tui tary, tes ticu lar  and optic nerve atrophy. 
Neuropeptide Y (NPY) content was measured by radioimmunoassay in 
brain regions taken from MSG-Hi, MSG-Lo and control ra ts .

Twenty-four hour food intake was not significantly reduced in 
MSG-Hi or MSG-Lo compared to controls, however, the MSG-Hi 
consumed significantly (p<0.05) less food in the dark part of the 
light  cycle than controls. MSG-Hi consumed signif icantly (p<0.05) 
less food than controls af ter  a 48 h fast  and both MSG-Hi and 
MSG-Lo lost  signif icantly (p<0.005) more body weight in response 
to the 48 h fast than controls. Log dose-response curves using 
diazepam, guanfacine and morphine were performed and food intake 
responses to the antagonist yohimbine, idazoxan and naloxone were 
also evaluated in MSG-Hi, MSG-Lo and control ra ts .  MSG-Hi ate 
significantly (p<0.05) less than controls during the dark phase 
and significantly (p<0.05) more than controls during the light 
phase of the light cycle in response to naloxone (1 mg/kg). Both 
MSG-Hi and MSG-Lo demonstrated an attenuation in morphine 
(1 mg/kg) stimulated food intake when compared to controls. 
MSG-Lo consumed significantly (p<0.05) more food than controls in 
response to guanfacine (0.01 mg/kg). MSG-Hi and MSG-Lo showed a 
significant (p<0.05) attenuation of diazepam stimulated feeding 
when compared to controls. Blood pressure (mmHg + SE) was 
significantly (p<0.001) reduced in MSG-Hi (113 + 3) and MSG-Lo 
(112 2) versus controls (127 + 2). NPY levels (pg/mg wet wt. ± 
SE) were signif icantly (p<0.00l)  reduced in the hypothalamus of 
MSG-Hi (508 + 38) and MSG-Lo (504 + 22) compared to controls (763 
+ 53), but differences were not present in other brain regions.

In summary, MSG treatment (Hi or Lo) resulted in significant 
al terations in feeding behavior, blood pressure and hypothalamic 
NPY content.

391.18 POSSIBLE SENSORY INNERVATION OF RAT INGUINAL-SUBCUTANEOUS FAT. 
D.S. H a ll ,  J .  Dark and R.B. F ishm an, D ept. o f Psychology, Unlv. of 
C a l if o rn ia ,  B erke ley , CA 94720

E arly  ana tom ical d a ta  su g g es ts  th a t  a f f e r e n t  in n e rv a tio n  does 
n o t a r i s e  from w h ite  ad ipose  t i s s u e  (H avel, R . J . ,  Handbook o f 
P h y s io l. , S ec t. 5 : 575–582, 1965). Because s e v e ra l  o b se rv a tio n s  
suggested  to  us th a t  t h i s  may n o t n e c e s s a r i ly  be th e  c a se , we un
derto o k  to  r e -e v a lu a te  th i s  q u e s tio n  u s in g  c u r re n t an a tom ical pro
ce d u re s .

Under ch lo ro p en t a n e s th e s ia ,  a s in g le  c r y s ta l  o f 'T rue  B lue ' 
(TB) f lu o re s c e n t t r a c e r  was in p la n te d  in to  in g u in a l-su b cu tan eo u s  
f a t  o f male r a t s .  The in c is io n  in  th e  f a t  pad was c lo se d  immedi
a te ly  w ith  an a p p l ic a t io n  o f m e th y l-a c ry la te  (Krazy g lu e ; T.C. 
Bour & A.O. Humbertson, Soc. N eu rosci. A b st. ,  1985) to  p rev en t 
sp read  o f th e  t r a c e r .  Animals were au to p s ie d  5–7 days l a t e r  and 
d o rs a l ro o t g a n g lia  (DRG) and co rrespond ing  s p in a l  cord from T–10 
to  L–5 were d is s e c te d  and examined h i s to l o g ic a l ly .  The in g u in a l 
f a t  pad and u n d erly in g  muscle and o v e rly in g  s k in  a lso  were observ
ed fo r  p resence  o f  f lu o re sc e n c e .

F lu o re sc e n t c e l l  b od ie s  were c o n s is te n t ly  observed in  DRG's 
T–13 to  L–2 and o f te n  in  L–3 as w e ll .  The d e n se s t la b e l l in g  of 
c e l l s  was always in  L–1 and L–2. The number of la b e l le d  c e l l s  per 
DRG ranged from 2–  20; how ever, th e se  numbers may re p re s e n t un
d e re s t im a te s  because TB c r y s ta l  s iz e  v a r ie d  between anim als and 
in  no case  d id  f lu o re sc e n c e  com pletely  o r even ly  f i l l  th e  f a t  pad. 
No ev idence of t r a c e r  was seen  in  m otorneurons w ith in  th e  sp in a l 
co rd , in d ic a t in g  th a t  th e  TB d id  n o t sp read  to  a d ja c e n t m uscle. 
L ikew ise , n e i th e r  s k in  nor m uscle evidenced f lu o re sc e n c e .

These d a ta  c l e a r ly  in d ic a te  th a t  n e u ra l p ro cesse s  presumably 
m ed ia ting  senso ry  in fo rm atio n  a r i s e  from in g u in a l w h ite  ad ipose  

t i s s u e .  The n a tu re  o f t h i s  in fo rm a tio n , i t s  s p e c i f ic  s i t e  of or
ig in ,  and i t s  c e n t r a l  d e s t in a t io n  rem ain unknown.

Supported by NIH G rants HD–14595 and NS–19790.
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392.1 MOLECULAR CLONE OF THE cDNA FOR DARPP-32, A DOPAMINE- AND 
CYCLIC AMP-REGULATED INHIBITOR OF PROTEIN PHOSPHATASE‒1. 
R.M. Lewis. T. K u rih ara* . J .  E is le r*  and P. G reengard . 
L abo ra to ry  o f  M olecular and C e l lu la r  N eu roscience , The 
R o c k e fe lle r  U n iv e rs ity , New York, N.Y. 10021.

DARPP–32 (dopamine- and c y c l ic  A M P-regulated 
p h o sp h o p ro te in , Mr=32 ,000) i s  a  c y to s o l ic  p r o te in  which i s  
p h o sp h o ry la ted  in  response  to  dopamine o r 8 -b ro m o -cy c lic  AMP 
in  i n t a c t  n eu rons . When p h o sp h o ry la ted , DARPP–32 i s  an 
e f f e c t iv e  i n h i b i to r  o f  p ro te in  p h o sp h a ta se -1. DARPP–32 and 
p hospha ta se  i n h i b i t o r -1 c o n ta in  re g io n s  o f  p e p tid e  sequence 
homology. P h ospho ry la ted  DARPP–32 i s  depho sp h o ry la ted  most 
e f f i c i e n t l y  by phosphatase-2A  o r -2B ( c a l c in e u r in ) . DARPP- 
32 i s  en r ic h e d  in  re g io n s  o f  th e  nervous system  co n ta in in g  
dopam inergic nerve  te rm in a ls . W ith in  th e se  r e g io n s , DARPP- 
32 appears  to  be lo c a l iz e d  in  c e l l s  p o s se ss in g  D -l dopamine 
re c e p to r s  (dopamine re c e p to r s  coup led  to  a d e n y la te  c y c la s e ) . 
As one s te p  tow ards s tu d y in g  th e  c o n t ro l  o f  e x p re ss io n  o f 
DARPP–32, we have c lo n ed  th e  cDNA fo r  bovine DARPP–32.

Poly  A+ RNA i s o la te d  from bov ine cau d a te  n u c leu s  was used 
to  prim e cDNA s y n th e s is  in  th e  Okayama-Berg p la sm id  p rim er.
A new l i n k e r  DNA was developed  from a m od ified  p o r t io n  o f 
th e  la c  i  and la c  z gene o f  pUC18, which allow ed  th i s  
p la sm id  to  a c t  as an e x p re ss io n  v e c to r .  The l i b r a r y  was 
sc reen e d  w ith  two s y n th e t ic  o lig o riu c le o t id e  p robes d e r iv ed  
from a g lu ta m a te - r ic h  re g io n  o f  DARPP‒32. One probe 
co n ta in e d  a l l  p o s s ib le  codons fo r  th e  p e p tid e  sequence o f 
t h i s  re g io n ; th e  second probe co n ta in e d  two sequences based  
on codon usage and p o te n t ia l  the rm al s t a b i l i t y .  P a r t i a l ,  
n u c le o tid e  sequences o f  fo u r  c lo n es  which h y b r id iz e d  w ith  
b o th  p robes were determ ined , and th e  d e r iv e d  p e p tid e  
sequences were compared w ith  th e  known p e p tid e  sequence o f 
DARPP–32 to  confirm  th e  id e n t i t y  o f  th e  c lo n e s . C olonies 
from th re e  o f  th e se  c lo n es  cou ld  a ls o  b in d  m onoclonal 
a n t ib o d ie s  to  DARPP–32. The in s e r t  from th e  lo n g e s t c lone  
(– 1700 bp) was used  to  probe N orthern  b lo t s  o f  bov ine 
ca u d a te  p o ly  A+ RNA. Two bands (–1700 and -1900 bp) were 
d e te c te d . The p o te n t ia l  s ig n if i c a n c e  o f  th e  two p o ly  A+ 
RNAs i s  under in v e s t ig a t io n ,  and th e  e n t i r e  sequence o f  the  
cDNA fo r  DARPP–32 i s  b e in g  d e r iv e d .

392.2 Isolation  and Sequence o f  a cD N A  E n cod in g  B ovin e  
C h rom ogran in  A. A.L. Iacangelo*. H .-U. A ffolter* and L.E. 
Eiden*: E. Herbert*: and M .Grim es* (SPON: J.A. Ruth). Lab. of 
Cell Biology, NIMH, Bethesda, M D 20892; Institute for Advanced 
Biom edical Research, The Oregon H ealth Sciences U niversity , 
Portland, OR 97201; and Dept. o f  Chem istry, Univ. o f Oregon, 
Eugene, OR 97403.

Chromogranins are a family of acidic glycoproteins located within the 
secretory vesicles o f the adrenal medulla. Chromogranin A is the major 
protein o f this family, comprising 40% of the soluble protein o f the 
secretory vesicle. Chromogranins are released with catecholamines and 
enkephalins from chromaffin cells upon cholinergic stimulation. The 
function o f chromogranin A is unknown, but recently chromogranin A 
was show n to bind calcium , ind icating  a possib le  role in 
neuroendocrine secretion. A cDNA encoding prechromogranin A was 
isolated from a bovine adrenomedullary clone bank, and sequenced. 
Using this cDNA, we have determ ined the prim ary structure of 
chromogranin A and studied the distribution o f its messenger RNA in 
neuroendocrine tissues.

A cDNA library, constructed from adrenal chromaffin cell mRNA by 
the method o f Okayama and Berg, was screened for the presence of a 
cDNA encoding chromogranin A by hybridization with a 30-residue 
oligonucleotide probe. Four clones were isolated: the longest clone, 
pCHRG4A, was subcloned into M13 and sequenced.

Chromogranin A, as determined by the sequence o f pCHRG4A, is a 
48.3 kD protein, with an apparent m olecular weight of 75 kD by 
polyacrylamide gel electrophoresis. Chromogranin A contains eight 
pairs of basic amino acid residues; these may represent cleavage sites for 
the generation o f smaller polypeptides from the parent chromogranin 
molecule. This protein is rich in glutamic acid which occurs frequently 
as oligoglutamic acid. The N-term inal am ino acid sequence of 
chromogranin A, as determined from the cDNA, is identical to the 
partial sequences reported for human and bovine chromogranin A and 
parathyroid secretory protein I. Chromogranin A is similar to rat β- 
granin, a 21 kD protein isolated from beta cells o f the pancreatic islets, 
differing by a single amino acid from the sequence o f the first 14 amino 
acids o f β-granin.

Chromogranin A is encoded by a 2100 base mRNA which is present 
in the parathyroid and adrenal glands, pituitary, and caudate nucleus of 
the brain by N orthern blot analysis and in situ hybridization 
histochemistry (Siegel et al. this volume). Chromogranin A mRNA is 
most abundant in the parathyroid, where its presence and sequence 
similarity to secretory protein I suggest that these two proteins are 
identical. The chromogranin A  mRNA was also detected in rat adrenal 
gland and in tissue from a human pheochromocytoma.
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392.3 TRANSLATION OF TYROSINE HYDROXYLASE mRNA IN XENOPUS OOCYTES. A. 
Weiner* & K.L. O'Malley* (SPON: J .  Schwob). Washington Univ. 
Sch. Med., S t. Louis, MO 63110.

We are in te res ted  in defining the s tru c tu ra l c h a ra c te r is tic s  
of ty rosine  hydroxylase th a t con tribu te  to  i t s  ov e ra ll enzymatic 
a c t iv i ty .  A cloned cDNA for th is  catecholamine b iosyn thetic  
enzyme allows fo r s i t e  sp ec ific  m odifications th a t can subse
quently be tra n s la te d  in  v itro  to  assess a c t iv ity  le v e ls . 
Xenopus oocytes provide a convenient expression system in  which 
a large v a rie ty  of foreign mRNAs have been tra n s la te d . We have 
used th is  system to  te s t  the e ffic ien cy  and s t a b i l i ty  in  tra n s 
la tio n  of TH mRNA derived from a ra t pheochromocytoma c e l l  l in e , 
PC12. Poly A+-mRNA was prepared from PC12 c e l ls  th a t had been 
tre a te d  with 1 µM dexamethasone and 1 mM dibutyryl cAMP, agents 
known to  induce TH mRNA le v e ls . Poly A+ RNA was then micro- 
in jec ted  in to  mature oocytes by estab lished  techniques. Control 
oocytes were in jec ted  with s t e r i l e  w ater. Both groups were then 
incubated fo r various time periods in B arth 's modified medium at 
19°C. In oocytes in jec ted  with RNA, TH a c t iv ity  increased over 
a 13-day time period reaching lev e ls  12-fold higher than water- 
in jec ted  c o n tro ls .

Because TH is  an iron-contain ing p ro te in , these re s u lts  imply 
oocytes contain su ff ic ie n t amounts of iron  fo r incorporation  
in to  newly synthesized TH molecules. A dditiona lly , TH mRNA ap
pears to  be s ta b le , enzymatic a c t iv ity  accumulated in  a l in e a r  
fashion over the 2-week period assayed. We now plan to  in je c t 
oocytes with RNA tran scrib ed  from a TH cDNA in which sp ec ific  
mutations can be made. In te re s tin g ly , in  w ater-in jec ted  oocytes 
an endogenous low lev e l of ty rosinase  a c t iv ity  was d e tected .

392.4 IDENTIFICATION & INTERRELATIONSHIP OF GENES ENCODING CATECHOL
AMINES BIOSYNTHETIC ENZYMES. E. Brown*. D. Kursar*. G. Coker* & 
K.L. O'Malley* (SPON: T .J. C icero). Washington Univ. Sch. Med., 
S t. Louis, MO 63110

As p a rt of our ongoing in v estiga tion  of the s tru c tu re  and 
regu la tion  of the  genes encoding catecholamine b iosyn thetic  
enzymes, we have iso la ted  ra t genomic clones corresponding to  
messages tran scrib ed  by ty rosine  hydroxylase (TH) and a c lo sely  
re la te d  gene (O'Malley, J .  Neurosci. Res., 1986, in p re ss ) . The 
ra t  TH codes fo r a mature messenger RNA of approximately 1.9 kb. 
This message is  derived from a gene of approximately 7 kb iso
la ted  on a sing le  phage clone spanning 12 kb. We have ten ta 
t iv e ly  id e n tif ie d  the c losely  re la ted  ra t adrenal cDNA as coding 
fo r dopamine β-hydroxylase (DβH). Genomic b lo ttin g  data sug
gests th a t the TH  gene and the gene p u ta tiv e ly  encoding DBH may 
be contiguous in  the chromosome. To in v estig a te  th is  p o ss ib il
i ty ,  we have iso la ted  genomic DNA corresponding to  the ra t 
adrenal clone . This clone encodes a mature mRNA of 5.5 kb de
rived from a sing le  copy gene th a t is  a t le a s t 20 kb in length . 
Under moderate stringency conditions, th is  gene and the TH gene 
cross-hybrid ize , suggesting a high degree of homology between 
them. We are rescreening a ra t genomic l ib ra ry  in  order to  
obtain the complete adrenal gene, and possib ly  the link  between 
i t  and the  TO gene.

The TO mRNA and phenylalanine hydroxylase (PH) mRNA are 50% 
homologous (Ledley e t a l . ,  Biochemistry 24:3389, 1985), suggest
ing th a t these two pro teins evolved from a common ancestor. 
These authors suggested th a t there  are two major domains in PH 
and TH , a conserved region responsible for hydroxylase a c tiv ity  
and a non-conserved region contribu ting  to  su b stra te  sp e c if ic i ty  
and reg u la tio n . Ledley et a l .  report th a t th is  boundary is  
marked by an intron/exon ju nction . We find  such a junction  in  
the  TH  gene a t the  position  marked by the homologous and non- 
homologous domains* These re su lts  suggest a sim ilar organi
zation  between the two genes. Further ch arac te riza tio n  w ill 
provide in sig h t in to  the evolution and s tru c tu ra l re la tio n sh ip  
between the TH  and PH genes.

392.5 NUCLEOTIDE SEQUENCE OF FELINE GLUTAMIC ACID DECARBOXYLASE. 
Y. K obavashi* . D.L. Kaufman*, and A ,J , To b in (SPON: N. 
W ex le r) . D epartm ent o f  B io logy , M olecu lar B iology 
I n s t i t u t e ,  and B ra in  R esearch  I n s t i t u t e ,  U n iv e r s ity  o f 
C a l i f o rn ia ,  Los A ngeles, CA 90024.

In  our c o n tin u in g  s tu d ie s  o f  developm ental r e g u la t io n  
in  GABAergic neu ro n s , we have an a ly zed  th e  n u c le o tid e  
sequence o f  a cDNA c o n ta in in g  most o f  th e  cod ing  re g io n  o f 
g lu tam ic  a c id  decarb o x y lase  (GAD) from f e l i n e  b r a in .  This 
c lo n e , o b ta in e d  from a lambda g t -11 f e l i n e  o c c ip i t a l  c o r te x  
l i b r a r y ,  c o n ta in s  2 .3  kb o f  f e l in e  cDNA a d ja c e n t to  codon 
1006 o f  E. c o l i  b e ta -g a la c to s id a s e .  The fu s io n  p ro te in  
r e s u l t in g  from th e  b a c t e r i a l  t r a n s c r i p t i o n  and t r a n s l a t i o n  
o f  t h i s  recom binant i s  en z y m a tic a lly  a c t iv e ,  c o n v e rtin g  
g lu tam a te  to  GABA and CO2 (Kaufman, e t  a l . ,  S c ie n c e . in  
p r e s s ) . We have subcloned  th i s  i n s e r t  in to  M13 mp10 and 
d eterm ined  i t s  com plete n u c le o tid e  sequence .

The sequence shows an open re a d in g  fram e o f  a t  l e a s t  
521 amino a c id s ,  c o n s is te n t  w ith  our e s tim a te s  o f  th e  
m o lecu la r s iz e  o f  GAD (>60kD). Comparison o f  th e  f e l in e  
GAD sequence w ith  sequences in  two la rg e  d a ta b a se s  r e v e a ls  
no s ig n i f i c a n t  hom ologies.. When compared w ith  com plete and 
p a r t i a l  sequences o f  o th e r  p y rid o x a l enzymes, th e  GAD 
sequence was homologous o n ly  w i t h  th e  p y r id o x a l b in d in g  
s i t e  o f  DOPA decarb o x y lase  from p o rc i ne k idney  (B ossa, e t .  
a l . ,  Biochem. B iophvs. Re s . Comm. 78. 177–184, 1977). GAD 
a l s o  shows e x te n s iv e  homology w ith  th e  DOPA decarb o x y lase  
o f  D ro so p h ila  ( J .  H irsh , p e rs o n a l com m unication). The 
s i m i l a r i t i e s  among th e se  enzymes su g g e s ts  t h a t  
n e u ro tra n sm it te r -p ro d u c in g  enzymes m ight have a c lo s e r  
e v o lu tio n a ry  r e l a t i o n s h ip  th a n  do p y rid o x a l phosphate 
enzymes in  g e n e ra l.

We a re  c u r r e n t ly  e x ten d in g  our a n a ly s is  to  human GAD 
cDNAs.

T h is work was su p p o rted  by a  g ra n t to  AJT from NIH (#NS 
22256) and a program  p r o je c t  g ra n t to  Dr. A.V. 
D elgado-E scueta (#P01 NS 21908). DLK i s  su p p o rted  by a 
USPHS T ra in in g  G ran t in  C e ll and M olecu lar B io logy (#GM 
07185).

392.6 DISTRIBUTION AND LOCALIZATION OF NOVEL NEURAL POLYPEPTIDES 
STUDIED WITH IMMUNOLOGICAL AND MOLECULAR PROBES. JL 
Hempstead*, R. Z iai* , L. Sangameswaran*, G. Goodall* and J . I .  
Morgan* (SPON: M. J .  S ed iv ec ). Roche In s t. Molec. B io l.,  
Nutley, NJ 07110.

The develop ing  cerebellum  expresses th ree  polypeptides; a 
hexadecapeptide  termed c e reb e llin , a pu ta tive  calcium binding 
p ro te in  named PEP–19 and an immature neuronal marker, NSP. We 
have follow ed the developmental expression of these molecules 
in  c ereb e llu m  and a neuroblastom a l in e  using  
im m unocytochem istry, RIA, HPLC and in  s i t u  h y b r id iz a tio n  
confirm ed by n o rth e rn  t r a n s f e r  a n a ly s is .  The re s u lts  show 
th a t  both c e r e b e l l in  and PEP–19 are r e s tr ic te d  to  c e reb e lla r 
P u rk in je  c e l l s  and t h e i r  le v e l of e x p re ss io n  in c re a se s  
d ra m a tic a l ly  a f t e r  b i r t h .  C erebe llin  was found by HPLC and 
RIA to  be p re s e n t e x c lu s iv e ly  in  c e r e b e l la  from ch ick en , 
mouse, r a t ,  r a b b i t ,  dog and man, and is  thus re la tiv e ly  well 
conse rved . The p h y lo g e n e tic  d i s t r i b u t io n  of PEP–19 is  in 
hand. While c e reb e llin  is  r e s tr ic te d  to  cerebellum , PEP–19 is  
a ls o  found by HPLC and immunocytochemistry to  be present 1n 
GABAergic neurons in  o th e r  b ra in  reg io n s  such as o lfac to ry  
b u lb . However, cereb e llu m  is  th e  r i c h e s t  sou rce  of th e  
polypeptide.

NSP was found by in s i tu  hyb rid iza tion  to  be present in a ll  
f e t a l  and n eo n ata l neu rons . HPLC showed no s ig n i f i c a n t  
v a r ia t io n s  in the concentration  of NSP from one brain  region 
to  another. NSP 1s not found in ju v en ile  or ad u lt r a t  b ra in . 
I t  i s  d e te c ta b le  In h igh  c o n c e n tr a tio n s  in a neuroblastoma 
c e l l l in e . Upon quasi d if f e r e n t ia tio n  of these c e l ls  the level 
o f NSP drops p re c ip i to u s ly  to  5% o f I t s  value in log phase 
c u l tu r e s .  The mechanism of tra n s c r ip tio n a l control w ill be 
discussed .
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392.7 MOLECULAR CLONING OF A NOVEL BRAIN- SPECIFIC 
POLYPEPTIDE, PEP‒19. L. Sangameswaran*, R. Zi a i* ,  J .  
Hempstead* and J .  Morgan* (SPON: D. M arshall). Dept. of 
N e u ro sc ien ces , Roche I n s t ,  o f Mol. B io l . ,  N u tley , NJ 
07110.

We have p re v io u s ly  shown th a t  by ra p id  i s o l a t i o n  
p ro ced u res  and HPLC mapping te ch n iq u es  peptide markers 
could  be I d e n t i f i e d  from s p e c if ic  regions of the b rain . 
One such p e p t id e ,  d e s ig n a te d  PEP‒19, was p u r i f ie d  to  
homogeneity from adu lt r a t  cerebel l um. I t  had a molecular 
w eigh t o f 7 .6  kDa and c o n ta in ed  61 amino a c id s  w ith a 
b locked  N -term inus. The peptide was sequenced following 
p r o te o ly t ic  and chem ical fragm entation . Although PEP‒19 
has a unique sequence i t  bears a lim ited  sequence homology 
w ith  S‒100 and o th e r  calc ium  binding p ro te in s . I t  is  a 
developm ental1y  re g u la te d  p o ly p e p tid e  in  th a t  th e  
c o n c e n tr a tio n  in c reased  from 0.1 nmol /g  of cerebellum  a t  
b i r t h  to  2 nm ol/g a t  20 days p o s t partum . A dult r a t  
c ereb e llu m  i s th e  predominant source of PEP‒19. By HPLC 
i t  was a ls o  d e te c te d  in  o lfa c to ry  bulb but not in o ther 
re g io n s  o f th e  b ra in .  Inmunocytochemical s tu d ies  showed 
PEP‒19 to  be lo c a l iz e d  in  P u rk in je  c e l l s  and s t e l l a t e  
neurons in r a t  cerebellum .

In v itro  t ra n s la tio n  s tu d ies  with poly A+ mRNA iso la ted  
from a d u l t  r a t  cereb e llu m  in d ic a te d  th e  7 .6  kDa 
p o ly p e p tid e  to  be th e  p rim ary  t r a n s l a t i o n  product. We 
have r e c e n t ly  i s o la te d  c lo n es  from a r a t  b ra in   
l i b r a r y  screen ed  w ith  th e  an tib o d y  a g a in s t  PEP‒19. 
Sequencing of these clones are c u rren tly  in progress.

392.8 ISOLATION AND ANALYSIS OF GENES INVOLVED IN SPECIFIC 
NEURAL PROCESSES IN THE BRAIN OF THE SONGBIRD, S 
CANARIA. D  F. C lay to n , M. E. H uecas*, and F. 
Nottebohm. The R o c k e fe lle r  U n iv e r s ity , New York, NY 
10021

The m o lecu la r a n a ly s is  o f  genes in f lu e n c in g  th e  
s t r u c t u r e  and fu n c t io n  o f  h ig h e r  nervous s y s te n s  
r e q u i r e s  an  a p p ro p r ia te  ex p e rim en ta l s u b je c t .  The 
so n g b ird  o f f e r s  un ique  advan tages  f o r  such  a  s tu d y : 
la rg e  and d i s c r e t e  b r a in  n u c le i  a r e  d e d ic a te d  to  th e  
le a rn in g  and p ro d u c tio n  o f  a  complex b u t an a ly z a b le  
b e h a v io r , song . A number o f  fundam ental n e u ra l 
p ro c e sse s  a r e  d is p la y e d  in  th e  song c o n tro l system , 
in c lu d in g  n eu ro g en e sis  (even in  a d u l t s ) ,  le a rn in g ,  
senso ry -m o to r in t e g r a t io n ,  l a t e r a l i z a t i o n  o f fu n c t io n  
and horm one-dependency.

We a r e  now engaged in  th e  p ro d u c tio n  and s c reen in g  
o f  cDNA l i b r a r i e s  from  s p e c i f i c  re g io n s  o f  th e  canary  
b r a in .  L ib r a r ie s  a r e  c o n s tru c te d  in  v e c to r s  u t i l i z i n g  
SP6/T7 t r a n s c r ip t i o n  p rom oters t o  f a c i l i t a t e  secondary  
s c re e n in g  and a n a ly s is  by in  s i t u  h y b r id iz a t io n .  Our 
g o a l i s  t o  i s o l a t e  c lo n e s  w hich m eet one o r  more o f  th e  
fo llo w in g  c r i t e r i a :  th e y  a r e  a )  ex p ressed  u n iq u e ly  in  
c e l l s  p a r t i c i p a t in g  i n  th e  song c o n tro l system ; b) 
e x p re ssed  i n  v e n t r i c u l a r  zone c e l l s  w hich c o n t r ib u te  t o  
a d u l t  n eu ro g e n e sis ; o r  c) d i f f e r e n t i a l l y  ex p ressed  
d u rin g  s p e c i f i c  f u n c t io n a l o r  s ea so n a l s t a t e s  o f  th e  
song c o n tro l  n u c le i .  Our s t r a t e g i e s  f o r  accom plish ing  
t h i s  go a l w i l l  be p re s e n te d , a s  w e ll a s  o u r i n i t i a l  
r e s u l t s .

392.9 IDENTIFICATION OF cDNA CLONES FOR RAT2 CATECHOL-Q2METHYL-TRANSFERASE 
(COMT). Mµ  Grossman,  XO2 B re a k e fie ld ,  A Foote* ,  CR C re v e lin g 3, R 
W einstein  and B Zhao.  D ept. P e d s ., Temple Univ. Sch. o f  Med., 
P h i l a . ,P A  19133; 2M olec. N eu ro g en e tics . S h riv e r  C t r . ,  Waltham, MA 
02254; 3Lab. B ioorgan ic Chem., NIH-NIAMDD, B ethesda, MD 20205.

C a te c h o l-0 -m e th y ltra n s fe ra se  (COMT: EC 2 .1 .1 .6 )  m e tab o lize s , by 
0 -m e th y la tio n , th e  ca techo lam ine  n e u ro tra n sm it te rs  dopamine, ep in e 
ph rin e  and n o rep in ep h rin e , c a tech o l s t e r io d s ,  and th e  ca tech o l 
d rugs L-DOPA, alpha-m ethyl DOPA and is o p ro te re n o l . I t  has been 
e s ta b l is h e d  th a t  m u ltip le  m o lecu lar w eigh t and i s o e l e c t r i c  p o in t 
forms o f  th e  enzyme e x i s t  in  a v a r ie ty  o f ro d en t t i s s u e s .  The ex a c t 
n a tu re  o f th e  r e la t io n s h ip  o f th e  forms o f COMT to  each o th e r  has 
n o t been d eterm ined , however, th e  use o f  a cDNA f o r  th e  COMT enzyme 
may help  re s o lv e  th i s  q u e s tio n .

To ach ieve  th i s  g o a l , we have made use o f a w ell c h a ra c te r iz e d  
r a b b i t  an ti-se ru m  to  h ig h ly  p u r if ie d  r a t  l i v e r  COMT enzyme. 
I n i t i a l l y  an mRNA was is o la te d  by th e  p rocedure o f polysome 
im m unoadsorption. When th e  im m une-specific mRNA was t r a n s l a te d  i n 
vitro , i t  coded fo r  a s in g le  p o ly p e p tid e  o f MW 23,000 and p i 5 .2 , 
th a t  o f th e  m ajor so lu b le  COMT enzyme.

In a d d i t io n ,  th e  an tiserum  was used to  screen  a r a t  l i v e r  cDNA 
l ib r a r y  (donated  by R ichard  Hynes, MIT) which was cloned in to  th e  
e x p re ss io n  v e c to r  lambda g t 11. With t h i s  v e c to r , hyb rid  p ro te in s  
s p e c i f ie d  by th e  in s e r te d  cDNAs a re  made. Screening  o f a n t ig e n -p ro 
ducing c lo n es  from th i s  l i b r a r y  i s  ach ieved  through im m obiliza tion  
o f lambda phage p laques on n i t r o c e l lu lo s e ,  in d u c tio n  o f  ex p re ss io n  
w ith  isop ropy l t h i o - β -D -g a lac to p y ran o sid e  (IPTG) and in cu b a tio n  
w ith  COMT an tise ru m . By th i s  procedure we have id e n t i f i e d  two 
groups o f c lo n es  from s e p a ra te  sc re e n in g s . Seven p u ta tiv e  p o s i t iv e  
( pp) c lo n es  were d e te c te d  from a f i r s t  sc reen in g  o f  abou t 70,000 
p laques and s ix  from an o th e r sc reen in g  o f about 14,000 p la q u es . 
This g iv e s  a combined frequency  o f about 0.1%, which is  s l i g h t ly  
below th a t  o f  our e s tim a te  o f th e  abundance o f th e  C0MT mRNA in  r a t  
l i v e r ,  based on im m un e-p rec ip ita tio n  o f COMT p ro te in  from t r a n s l a 
t io n  p roducts  o f  t o t a l  po ly  A mRNA 1n vitro. B lo t a n a ly s is  o f 
p la q u e -p u r if ie d  c lo n es  has rev e a le d  th a t  c lo n es  RL 24, RL 28, and 
RL 13, as w ell as c lo n es  RL 30 and RL 26, c ro s s -h y b r id iz e  on 
S outherns and a lso  h y b rid iz e  to  th e  same s iz e  m essage, from r a t  
l i v e r ,  on N ortherns (abou t 2 kb and 1.8 kb r e s p e c t iv e ly ) . ' A ll o f 
th e  c lo n es  have been s ize d  and range from 0 .22  kb to  0 .7  kb.

Experim ents a re  underway to  confirm  one o r more o f th e se  c lo n e s . 
These in c lu d e  p o s i t iv e  hyb rid  s e le c t io n ,  b lock ing  In vitro t r a n s l a 
t i o n  o f r a t  COMT mRNA, N orthern  b lo t  a n a ly s is ,  In situ  h y b r id iz a 
t io n  a n a ly s is ,  n u c le o tid e  and amino a c id  sequence a n a ly s is ,  and 
o th e r  c ro s s -h y b r id iz a t io n  p ro ced u re s. S evera l o f th e se  s t r a t e g ie s  
in c o rp o ra te  th e  a id  o f th e  p u r if i e d  COMT mRNA. T his work was 
suppo rted  in  p a r t  by a g ra n t from th e  S c o tt is h  R ite  S ch izoph ren ia  
R esearch Program, N .M .J ., U .S.A.

392,10 PHENYLETHANOLAMINE N-METHYLTRANSFERASE: STUDIES ON mRNA AND GENE 
STRUCTURE. D.K.Batter, S.R.D'Mello*, L.M.Boyle*, A .E .G io io*and 
B.B.Kaplan. Molecular Neurobiology Program, Western Psychiatric 
Ins t i tu te  & Clinic, Univ. of Pittsburgh Sch. Med., Pittsburgh, PA 
15213

P henyle thano lam ine  N -m eth y ltran sfe rase  (PNMT) catalyzes the 
conversion of norepinephrine to epinephrine, thereby contributing 
to  the expression of the  adrenergic phenotype. To understand the 
molecular mechanisms regu lating  the synthesis of th is  enzyme, we 
have begun stud ies on the PNMT gene and i t s  mRNA (B atter et a l., 
T ran s . Amer. Soc. Neurochem. 17: 294,1986). We report here a 
fu r th e r  ch arac te riza tio n  of PNMT cDNA clones, and a PNMT genomic 
clone.

Beginning with a cDNA lib ra ry  constructed from bovine adreno- 
medullary RNA, a clone containing a 650 bp in s e r t complementary to 
PNMT mRNA was id en tified  (Kaplan e t a l . ,  1985 In: "Gene Expres
sion in Brain," C. Zomzely-Neurath and W.A. Walker (E ds.), Wiley & 
Sons, N.Y. pp. 1–22). This in se r t was used as a probe in northern 
b lo t analy sis  iden tify ing  PNMT mRNA as a s ing le  band approximately 
1100 nucleotides in length. R es tric tio n  fragments of PNMT cDNA 
were subcloned in to  M13 mpl8 and mpl9 vectors and sequenced using 
the Sanger dideoxy chain term ination method. The absence of a 
3 ‘-term inal s tre tc h  of poly(A) residues suggested th a t our cDNA 
corresponded to  an in te rna l region of the mRNA. Rescreening of the 
cDNA lib ra ry  has te n ta tiv e ly  id e n tifie d  a clone overlapping the 650 
bp clone which contains a poly(A) ' t a i l ' . Sequencing of th is  clone 
w ill permit the charac te riza tion  of the 3 '-end of PNMT mRNA.

PNMT gene s tru c tu re  was i n i t i a l ly  investigated  using Southern 
a n a ly sis . The 650 bp cDNA was used to probe re s tr ic t io n  enzyme 
d ig e s ts  o f bovine brain DNA. Autoradiography revealed a small 
number of hybrid ization  signals per d ig e s t ,  co n sis ten t with the 
presence of a s ing le  copy of the PNMT gene per haploid genome. The 
650 bp cDNA was then employed to screen a bovine genomic library  
fo r clones containing coding portions of the  PNMT gene. After 
screening 1.5 × 106 pfu, one recombinant phage (λ PI) was iso la ted . 
A re s t r ic t io n  map fo r λPl was constructed and ex on-con ta in ing  
fragments id e n tif ie d  by Southern b lo ttin g . These exon-containing 
fragments were sub-cloned in to  M13 vectors and sequenced by the 
Sanger dideoxy technique. To da te , a comparison of th is  data with 
the cDNA sequence has allowed id e n tif ic a tio n  of two exons (and, 
th e re fo re , one in tro n ) . In add ition , the o rien ta tio n  of PNMT gene 
tra n sc r ip tio n  has been determined. B lo tting  experiments with the 
3 '-end  cDNA probe and oligonucleotide-extended tra n s c r ip ts  should 
enable us to  id en tify  the remaining exonic reg ions, complete the 
ch a rac te riz a tio n  of the gene, and u ltim ately  e luc idate  the primary 
s tru c tu re  of PNMT. (Work supported by USPHS G rants MH00518, 
MH29670 and NS19608).
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393.11 COMPLEMENTARY DNA CLONING OF HETEROGENEOUSLY DISTRIBUTED MONKEY 
CORTEX RNAs. G.H. T rav is , C.C.G. Naus, J.H . M orrison. J.G . 
Sutcliffe* (SPON: W.G. Young). Research I n s t i tu te  of Scripps 
C lin ic, La Jo lla , C a lif. 92037.

The cerebral cortex possesses strik in g  morphologic and laminar 
heterogeneity of neurons. One explanation for th i s  is  th a t  c e lls  
from d iffe ren t a reas o r of d if f e r e n t  morphologic c la s s  express 
unique se ts  of pro teins. This suggested to  us th a t an analy s is  of 
individual c o r t ic a l  p ro te in s  w ith a heterogeneous d is tr ib u tio n  
pattern  would be useful fo r  d e lin e a tin g  new n eura l pathways and 
possibly shedding lig h t on the function of s p e c if ic  c e l l  groups. 
In th i s  study we used su b tra c tiv e  h y b r id iz a t io n  to  id e n t i fy  
complementary ENA (cDNA) clones representing messenger RNAs (mRNAs) 
p resen t in c e reb ra l co rtex  but absent from cerebellum . This 
strategy  was designed to  eliminate mRNAs encoding proteins required 
by a l l  neurons, in addition to  p ro te in s  p re sen t s p e c if ic a l ly  in 
g l ia l  c e lls .

Cytoplasmic poly(A)+ RNA was prepared  from primary v isu a l, 
motor, d o rsa l p re fro n ta l  co rtex  and cerebellum  of young adu lt 
monkeys (Macaca fa sc ic u la ris ) . A cDNA lib ra ry  was constructed  in 
pUC18 using RNA from the three co rtica l areas. Radio-labelled cDNA 
from cortex was hybridized to  an excess of cerebellar RNA, and the 
s in g le -s tra n d e d  DNA was s e p a ra te d  from DNA-RNA h y b rid s  on 
hydroxyapatite. The unhybridized cDNA frac tion  was used to  probe 
25,000 clones from the cortex lib ra ry . Approximately 1,200 clones 
were selected and probed p a ir-w ise  w ith  u n s u b t r a c t e d  cDNA from  
cortex and cerebellum. Forty-eight clones g iv ing  a d i f f e r e n t ia l  
signal were used to  probe Northern b lo ts  con ta in ing  RNA from the 
three co rtica l areas, cerebellun and monkey l iv e r .  E ight clones 
gave hybridization signals in cortex but not in  cerebellum . Four 
others gave signals in cerebellum a t lower abundance than co rtex . 
All of these su b tra c tiv e -se le c te d  clones were "b ra in  sp e c ific "  
(absent in liv e r  RNA). Clones were analyzed by Northern b lo ts with 
RNA from 6 d if fe r e n t  monkey b ra in  re g io n s . A he te ro g en eo u s 
d istrib u tio n  pattern  was observed with each clone. Selected cDNAs 
were subcloned into an SP6 in v itro  transcrip tion  vector, and used 
to  make probes for in s i tu  hybridization analysis on monkey b rain  
s e c tio n s . On a c e l lu la r  l e v e l ,  nov e l r e g io n a l  and lam inar 
d istrib u tio n  patterns were observed (see Naus e t a l . ,  th is  issue).

These resu lts  are in agreement with the hypothesis tha t neuronal 
heterogeneity is  re lated  to  the expression of unique se ts  of mRNAs 
by d iffe ren t c e lls . However, only a small po rtio n  of RNA species 
displayed regional sp e c ific ity  between cortex and cerebellum. Thus 
i t  appears u n lik e ly  th a t  a l l  n e u ro n a l h e te ro g e n e i ty  can be 
accounted for by region exclusive expression of moderately abundant 
RNAs. We are continuing our characterization of these clones both 
a t the level of gene expression and by the d is tr ib u tio n s  of th e ir  
encoded proteins through sequence analysis.

392.12 SINGLE COPY AND REPETITIVE TRANSCRIPTS IN THE MURINE 
CEREBELLUM U .A .O .H e i n l e i n * 1 , H .S c h a a l * 1 , D .G o ld o -  
w i t z , a n d  W . W i l l e .  1 I n s t .  f o r  G e n e t i c s ,  U n iv .  o f  Co
lo g n e ,  D -5 0 0 0  Kö l n  4 1 ,  F .R .G .  a n d  D e p t . o f  A n a to m y , 
Thom as J e f f e r s o n  U n i v . ,  P h i l a d e l p h i a ,  PA 19107

An a t t e m p t  w as m ade t o  i d e n t i f y  c e r e b e l l u m - s p e c i f i c  
cDNA s e q u e n c e s  by s c r e e n i n g  a  c D N A - l ib r a r y  i n  t h e  pcD - 
s y s t e m  d e r i v e d  f ro m  a d u l t  c e r e b e l l a r  p o ly (A ) 'R N A s  
( W i l l e  e t  a l . ,  S o c . N e u r o c i . A b s t r . 1 1 :7 9 8 ,  1 9 85 ; 
S c h a a l  e t  a l . ,  s u b m i t t e d ) .  I n  p r i n c i p l e ,  we a p p l i e d  a 
t h r e e  s t e p  d i f f e r e n t i a l  s c r e e n i n g  p r o c e d u r e :  c o lo n y  
s c r e e n i n g ,  S o u th e r n  a n d  a n d  N o r th e r n  b l o t  a n a l y s i s .  
I n  t h e  tw o f o r m e r  c a s e s  ss-cD N A s fro m  c e r e b e l l u m  (C b) 
a n d  t o t a l  b r a i n  m in u s  c e r e b e l l u m  ( T B ) ,  r e s p e c t i v e l y ,  
h a v e  b e e n  u s e d  a s  p r o b e s .  As c o n t r o l s  s e r v e d  ss-cD N A s 
fro m  l i v e r  a n d  k id n e y .

A f t e r  t h e  s e c o n d  s c r e e n i n g  a p p r o x .  40% o f  t h e  s e 
l e c t e d  c l o n e s  c o n t a i n e d  r e p e t i t i v e  e l e m e n t s .  Two 
c l o n e s ,  b o th  c o n t a i n i n g  L l  s e q u e n c e s  ( V o l iv a  e t  a l . ,  
N u c le i c  A c id s  R e s .  1 1 :8 8 4 7 ,  1 9 8 3 ) ,  i d e n t i f y  a n  a b u n 
d a n t  l a r g e  t r a n s c r i p t  (R N ase  s e n s i t i v e  ! )  p r e d o m i
n a n t l y  t r a n s c r i b e d  i n  t h e  Cb o f  m ouse  a n d  r a t .  T h i s  
t r a n s c r i p t  h a s  n e i t h e r  b e e n  fo u n d  i n  p o ly (A )R N A  o f  
T B " , k id n e y  a n d  l i v e r ,  n o r  i n  n e o n a t a l  C b . I n  N o r th e r n  
b lo ts  of t o t a l  RNA the s ign a l  in mouse and r a t  Cb is  
a t  l e a s t  20 – 3 0 f o l d  m o re  i n t e n s e  t h a n  i n  T B , th y m u s , 
m u s c l e ,  s p l e e n ,  l i v e r ,  l u n g  a n d  h e a r t .  We c o n f i r m e d  
t h e s e  d a t a  by l o c a l i z i n g  t h e  L l - l i k e  t r a n s c r i p t  i n  
c e r e b e l l a r  g r a n u l e  c e l l s  e x c l u s i v e l y .

One o f  t h e  c D N A -c lo n e s , C ebA 847 , c o n t a i n s  a  s i n g l e  
c o p y  p o r t i o n  a n d  a  r e p e t i t i v e  e l e m e n t .  The s i n g l e  co p y  
p a r t  h y b r i d i z e s  w i th  tw o  t r a n s c r i p t s  ( a p p r o x .  2 .2  a n d  
2 .5  k b )  o f  Cb p o ly  (A )'R N A  e x c l u s i v e l y : , t h e  r e p e t i t i v e  
e l e m e n t  r e c o g n i z e s  an  a d d i t i o n a l  t r a n s c r i p t  o f  a b o u t  
0 . 5  kb  i n  d i f f e r e n t  t i s s u e s .  T he cDNA h a s  b e e n  s e 
q u e n c e d ,  a n d  g e n o m ic  a n d  cDNA c l o n e s  fro m  b o th  p o r 
t i o n s  h a v e  b e e n  i s o l a t e d .  W h ile  t h e  a n a l y s i s  o f  l o n g e r  
s i n g l e  co p y  cDNA c l o n e s  ( d e r i v e d  fro m  a  g t l l  l i b r a r y ;  
D . B a r t h e l s  f ro m  o u r  l a b 1 ) i s  i n  p r o g r e s s ,  t h e  a n a l y s i s  
o f  t h e  r e p e t i t i v e  e l e m e n t  r e v e a l e d  t h e  f o l l o w i n g  p r o 
p e r t i e s :  NO m em ber o f  t h e  know n r e p e t i t i v e  f a m i l i e s ;  
i n t e r s p e r s e d  i n  a p p r o x .  10+ c o p i e s  p e r  genom e; a b o u t  
0 . 3– 0 . 4  kb  lo n g  ( g e n o m ic a l ly  w i t h  d i f f e r e n t  f l a n k i n g  
s e q u e n c e s  ( H e i n l e i n  & W i l l e ,  i n  p r e p a r a t i o n ) .

T h i s  w o rk  h a s  b e e n  s u p p o r t e d  by g r a n t s  W i5 6 3 /3 – 2 
a n d  / 3 – 3 fro m  t h e  D e u ts c h e  F o r s c h u n g s g e m e i n s c h a f t  SPP 
" B io c h e m ie  d e s  N e r v e n s y s te m s "  t o  W.W.

392.13 MOLECULAR CLONING AND SEQUENCING OF THE cDNA FOR AN OLFACTORY 
NEURON SPECIFIC PROTEIN: OMP. K. E. R ogers*. P. D a s g u p ta *, M. 
G r i l l o * .  U. G ubler** , F. L. M arg o lia . *Roche I n s t .  M olec. B io l , 
and *D ept. M olec. G e n e tic s , Roche Res. C t r . ,  N u tley , NJ 07110

O lf a c to r y  m arker p ro te in  (OMP) i s  a d eve lopm en ta lly  r e g u la te d  
p r o t e i n  o f  unknown fu n c t io n  lo c a te d  e x c lu s iv e ly  in  chem oreceptor 
n e u ro n s  o f  th e  n a s a l  e p i th e l iu m .  In  o r d e r  to  i n v e s t i g a t e  th e  
r e g u l a t i o n  o f  OMP gene e x p re s s io n , a cDNA l i b r a r y  en rich ed  fo r  
OMP-mRNA was c o n s t r u c t e d  in  th e  p lasm id  pMG-5. The l i b r a r y  was 
s c r e e n e d  f o r  OMP-cDNAs u s in g  a s y n t h e t i c  o lig o d eo x y n u c leo tid e  
p ro b e  w hose se q u e n c e  was p re d ic te d  from e s ta b l is h e d  amino a c id  
se q u e n c e  d a t a .  Upon s c r e e n i n g  8000  c o l o n i e s , 4 c lo n e s  w ere 
i d e n t i f i e d  c o n t a in in g  a p p ro x im a te ly  f u l l  le n g th  in s e r t s  o f  2 .3  
k i l o b a s e s .  The c lo n e s  w ere shown to  c o n ta in  O M P -sp ec ific  
s e q u e n c e s  by t h e i r  a b i l i t y  to  h y b r id  s e l e c t  OMP-mRNA o u t  o f  
o l f a c t o r y  m u co sa l p o ly  A+mRNA a s  d e m o n s tra te d  by i n  v i t r o  
t r a n s l a t i o n  o f  th e  s e l e c t e d  mRNA and s u b se q u e n t 
im m u n o p re c ip i t a t io n  o f  th e  p r o d u c t s .  The com plete n u c le o tid e  
se q u e n c e  o f  one c lo n e  was d e te rm in e d . T his dem onstra ted  th a t  
th e  cDNA indeed  co n ta in ed  th e  com plete OMP coding reg io n  o f  486 
n u c le o t id e s ,  fo llow ed  by 1630 n u c le o tid e s  3 ' u n tr a n s la te d  re g io n . 
T h is  l a t t e r  i n c lu d e d  th e  p o ly a d e n y la t io n  s ig n a l  16 n u c le o tid e s  
u p s tre a m  o f  th e  polyA t a i l .  No o th e r  open read in g  frame la rg e r  
th a n  7 codons was o b s e rv e d  in  r e g i s t e r .  A p o r t i o n  5 ' t o  th e  
c o d in g  re g io n  i s  ab se n t from t h i s  c lo n e . The changes in  OMP mRNA 
f o l lo w in g  o l f a c t o r y  b u lb e c to m y  w ere exam ined  by RNA b l o t  
h y b r i d i z a t i o n  u s in g  th e  l a b e l l e d  cDNA. These s tu d ie s  in d ic a te d  
t h a t  th e  l e v e l s  o f  OMP mRNA d e c lin e d  s ig n i f i c a n t ly  w ith in  a  few 
d ay s  fo l lo w in g  b u lb e c to m y  and  b eg an  to  i n c r e a s e  
a p p ro x im a te ly  4 weeks p o st-bu lbectom y . The s iz e  o f th e  OMP mRNA 
rem ained unchanged. OMP mRNA was n o t d e te c te d  in  14 n o n -o lfa c to ry  
t i s s u e s ,  which arg u es  th a t  no o th e r  mRNA a r i s e s  from th e  OMP gene 
by d i f f e r e n t i a l  s p l i c i n g  o f  th e  p r im a ry  t r a n s c r i p t  and  t h a t  
c r y p t i c  u n exp ressed  OMP mRNA i s  n o t p re s e n t in  any o th e r  t i s s u e .  
H ow ever, OMP-mRNA was p r e s e n t  n o t on ly  in  o lf a c to ry  e p ith e liu m  
b u t a ls o  a t  low le v e ls  in  o l f a c to ry  bu lb  where OMP p o s i t i v e  c e l l s  
h av e  n o t  b ee n  d e t e c t e d .  The unexpected  p resen ce  o f  OMP-mRNA in  
o l f a c t o r y  b u lb  was c o n f irm e d  by in  v i t r o  t r a n s l a t i o n  and  
im m u n o p re c ip ita tio n  o f  th e  p ro d u c ts . T his ev idence  su g g es ts  th a t  
OMP-mRNA i s  e i t h e r  a x o n a l ly  t r a n s p o r t e d  o r  e x i s t s  i n  a c e l l  
p o p u la t io n  w h ich  h a s  n o t  been  im m unoh is tochem ica lly  d e te c te d . 
R e c e n t ly ,  we h av e  i s o la te d  3 Charon 4A phages which c o n ta in  OMP 
gene s e q u e n c e s  from  a Hae I I I  r a t  genomic l i b r a r y .  These c lones  
a r e  c u r r e n t l y  b e in g  c h a r a c t e r i z e d  to  f a c i l i t a t e  s tu d y  o f  th e  
r e g u la t io n  o f  OMP gene e x p re s s io n .

392.14 CLONING AND EXPRESSION OF MESSENGER RNA FOR VITAMIN 
D-DEPENDENT CALCIUM BINDING PROTEIN. G.D. F ran tz  T. .L, 
Wood1* . S . C h ris ta k o s* 4 , and A .J . Tobin1,2,3 (SPON: 
R.P. Saneto). 1Department of Biology,2 Molecu la r  
Biology In s t i tu te ,  and 3Brain Research In s t i tu te ,  
U niversity  of C a lifo rn ia , Los Angeles, CA 90024; and 
4Department of Biochemistry, New Jersey  Medical School, 
Newark, NJ 01703.

Mammalian 28 kD v itam in  D -dependent ca lc ium  b in d in g  
p ro te in  (CaBP) i s  found p r im a r ily  in  b r a in  and k idney . The 
h ig h e s t c o n c e n tra t io n  o f  CaBP i s  in  th e  ce reb e llu m , where, 
in  th e  r a t ,  i t  com prises 1- 2% o f  th e  t o t a l  so lu b le  
p ro te in .  Imm unocytochemistry r e v e a ls  t h a t  CaBP is  present 
in  s p e c i f i c  neuron types  th ro u g h t th e  b r a in .  In  th e  
ce reb e llu m , CaBP i s  l im ite d  to  th e  P u rk in je  c e l l s .

In  o rd e r  to  s tudy  th e  r e g u la t io n  o f  CaBP ex p re ss io n , we 
have o b ta in ed  a p u ta t iv e  CaBP cDNA from a lambda g t-1 1  
mouse c e r e b e l l a r  cDNA l i b r a r y .  Out o f 40,000 independen t 
recom binants sc reen e d , one r e a c te d  s tro n g ly  w ith  a 
p o ly c lo n a l an tib o d y  to  CaBP. T h is recom binant co n ta in e d  a 
1 .2  kb i n s e r t .

We have used  th i s  p u ta t iv e  CaBP cDNA to  s tu d y  th e  
appearance o f  CaBP RNA in  r a t  ce reb e llu m , k idney , and 
l i v e r .  Both ce rebellum  and k idney  c o n ta in  th re e  RNA 
s p e c ie s  (1 .9 ,  2 .8 , and 3 .2  kb) th a t  h y b r id iz e  to  our probe 
a t  r e l a t i v e ly  h ig h  s tr in g e n c ie s  (0 .1  X SSC, 5 5 °). The 
ce rebe llum  c o n ta in s  s ig n i f i c a n t ly  more CaBP RNA than  
k idney ; l i v e r  c o n ta in s  no d e te c ta b le  CaBP RNA.

We have subcloned  th e  p u ta t iv e  CaBP cDNA in to  M13 mpl8 
and in to  pIB I76. We a re  now d e te rm in in g  i t s  n u c le o tid e  
sequence by th e  dideoxy method. We have used  th e  pIBI 
subclone to  produce s in g le  s tra n d e d  RNA probes fo r  in  s i t u  
h y b r id iz a t io n .  T his w i l l  a llow  us to  determ ine  th e  
c e l l u l a r  d i s t r i b u t io n s  o f  CaBP RNA in  th e  b r a in  and to  
s tu d y  i t s  r e g u la t io n  d u rin g  developm ent and in  response  to  
v ita m in  D d e p r iv a tio n .

This work was su p p o rted  by g ra n ts  to  AJT from NIH (#NS 
20356 and NS 22256) and to  SC from NIH (#NS 20270) and NSF 
(#PCM 84–02840). TLW has been su p p o rted  in  p a r t  by USPHS 
T ra in in g  G rant #GM-07191 in  I n te g r a t iv e  B iology.



1458 MOLECULAR BIOLOGY OF GENE EXPRESSION AND NUCLEIC ACIDS VII THURSDAY PM

392.15 REGIONAL VARIATIONS IN CHOLECYSTOKININ GENE EXPRESSION 
IN THE RAT BRAIN.M.Voigt andG.Uhl. Dept. of Neurology and the 
Howard Hughes Medical Institute, Massachusetts G eneral Hospital and 

H arvard Medical School, Boston, MA 02114.
Cholecystokinin (CCK) satisfies most of the criteria  for a 

neurotransm itter: it is synthesized, stored, and released by neurons, 
it binds to specific receptors in the brain, and it can alter the 
firing  rates of neurons. We are currently  examining the dynamics of 
CCK in the brain from the aspect of modulation of gene expression. As 
an in itia l step, we have studied the distribution  of neurons 
containing CCK mRNA w ithin the ra t brain using the techniques of in 
situ hybridizaton and N orthern analysis.

Male Sprague-Dawley rats were used for all experiments. For in situ 
experiments, anesthetized rats were perfused with 2% paraform aldehyde 
/0.5 % glutaraldehyde /66% buffered  lysine /0.2% sodium periodate, the 
brain removed and soaked overnight in diethylpyrocarbonate-treated 
sucrose. Coronal sections (10 um) were cut on a cryostat, thaw-mounted 
onto slides and subsequently treated with 0.2 N HC1 followed by a 
proteinase K (1 ug/m l at 37° C) digestion. Sections were then 
incubated overnight w ith synthetic oligonucleotide probes. These 
probes are complementary to CCK mRNA sequences and are multiply- 
labeled with 35S. The sections were then rinsed extensively, 
dehydrated and apposed to LKB ultrafilm  in order to generate film 
autoradiogram s of hybridization. N orthern analysis was carried out by 
extracting total RNA using a centrifugation technique. Following 
phenol/chloroform  extraction and ethanal precipitation, total RNA was 
run on a sizing denaturing agarose gel and transfered to a nylon 
membrane for detection. The probe used was an anti-mRNA sense cRNA 
(CCK cDNA insert generously provided by J. Dixon) labeled with 32P. 
A fter an overnight hybridization period, the blot was washed at a 
level of high stringency and film  autoradiogram s produced after 
exposure to X -ray film  for 1-48 hours.

Regional analysis of CCK mRNA content by in situ hybridization 
dem onstrated a visual ranking of structures paralleling 
immunohistochemical findings: cortex=hippocampus > ventral tegmental 
area > hypothalam us > substantia nigra = striatum . A distinct laminar 
d istribution  in cortex and hippocampus was observed, w ith high grain 
densities found selectivley over the deep layers in the pyriform  and 
entorhinal cortices. More moderate levels of hybridization were found 
over the ventral tegmental area, w ith m ardkedly less densities 
overlying the substantia nigra and Edinger-Westphal nucleus. For 
N orthern analysis, hybridization densities on autoradiogram s were 
quantita ted  using computerized densitometry. The rank-order of CCK 
mRNA distribution detected with this method closely followed that 
observed with in situ hybridization: hippocampus = cortex > ventral 
mesencephalon > hypothalamus > spinal cord > stria tum  > cerebellum.

392.16 GLUTAMIC ACID DECARBOXYLASE (GAD) MESSENGER-RNA IN BRAIN 
AND PERIPHERAL TISSUES OF RATS 
N. J .K . T i l la k a r a tn e * and A .J. Tobin (SPON: M. W ex ler). 
D epartm ent o f  B io logy, M olecular B iology I n s t i t u t e ,  and 
B rain  R esearch  I n s t i t u t e ,  U n iv e rs ity  o f  C a l if o rn ia ,  Los 
A ngeles, CA 90024

G lutam ic a c id  d ecarboxy lase  (GAD) c a ta ly z e s  th e  
p ro d u c tio n  o f  GABA. The b r a in  c o n ta in s  s e v e ra l 
e l e c t r o p h o r e t ic a l l y  d i s t i n c t  forms o f  GAD, w hich a re  
thou g h t to  be e n t i r e l y  in  neu rons . S ev e ra l groups have 
re p o r te d  GAD enyzm atic a c t i v i t y  and im m unoreactiv ity  in  
nonneu ra l t i s s u e s ,  in c lu d in g  o v id u c t, k idney , h e a r t ,  l i v e r ,  
b lood  v e s s e ls ,  t e s t i s ,  and ad re n a l g la n d s . T his a c t i v i t y  
may r e s u l t  from th e  a l t e r e d  e x p re ss io n  o f  th e  gene fo r  
n eu ro n a l GAD o r th e  e x p re ss io n  o f  a second GAD gene. We 
have r e c e n tly  c h a ra c te r iz e d  a cDNA c lone  c o n ta in in g  most o f 
th e  coding  sequence fo r  GAD from f e l in e  b r a in .  (Kaufman, 
e t  a l . ,  S c ie n c e . in  p re s s ;  K obayashi, e t  a l . ,  in  
p re p a ra tio n )  U sing th i s  cDNA, we have und ertak en  to  
examine th e  d i s t r i b u t io n  and s iz e s  o f  GAD mRNAs in  s e v e ra l 
n e u ra l and nonneu ra l t i s s u e s ,  as w e ll as in  s e v e ra l  r a t  
c e l l  l i n e s .

Among th e  b r a in  reg io n s  te s t e d  th e  ce rebellum  c o n ta in s  
th e  h ig h e s t  c o n c e n tra t io n  o f  GAD mRNA. GAD RNA com prises 
abou t 3 p a r t s  p e r  m i l l io n  o f  t o t a l  c e r e b e l l a r  RNA, o r  about 
0 .  015% o f  c e r e b e l l a r  po ly  (A) RNA. C e re b ra l c o r te x , 
s t r ia tu m , and hypothalam us c o n ta in  d e c re a s in g  amounts o f 
GAD RNA. In  a l l  b r a in  reg io n s  examined, GAD RNAs m ig ra te  
as a s in g le  component o f  3 .7  kb. A 3 .7  kb GAD RNA i s  a lso  
p re s e n t in  PC12 c e l l s  induced w ith  NGF, in  C6 gliom a c e l l s ,  
and in  B103 neurob lastom a c e l l s .

We a ls o  f in d  d e te c ta b le  GAD RNAs in  s e v e ra l p e r ip h e ra l  
t i s s u e s ,  a lth o u g h  a t  c o n c e n tra t io n s  50–100 tim es le s s  than  
in  ce reb e llu m . In  l i v e r ,  k idney , and t e s t e s ,  GAD cDNA 
h y b r id iz e d  to  p o ly  (A) RNAs o f  2 .3  and 1 .0  kb a t  low 
s tr in g e n c y  (2 X SSC, 2 0 ° ). The form er sp e c ie s  i s  long 
enough to  encode a f u l l  le n g th  (66 kD) GAD p o ly p e p tid e ; th e  
l a t t e r  i s  n o t. Only in  th e  case  o f  t e s t i s  RNA d id  
h y b r id iz a t io n  w ith  GAD cDNA p e r s i s t  a f t e r  w ashing a t  
r e l a t i v e l y  h ig h  s tr in g e n c y  (0 .1  X SSC, 50°) We a re  now 
exam ining th e  n a tu re  o f  th e  two novel GAD RNAs in  the  
t e s t e s .

T his work was su p p o rted  by g ra n ts  to  AJT from NIH (#NS 
20356 and NS 22256). NJKT was su p p o rted  by fe llo w sh ip s  
from th e  American A ss o c ia tio n  fo r  U n iv e rs ity  Women, Phi 
Beta Kappa, and th e  U rsu la  Mandel F ellow sh ip .

CELL-SURFACE MACROMOLECULES

393.1 NEUROBLASTOMA CELL LINES EXPRESS BAND 3 GLYCOPROTEIN 
PREFERENTIALLY DURING CELLULAR DIFFERENTIATION. M.F.D. 
N o tte r1, M.M.B. Kay2* and 3.F. L eary3*. 1D ept. Neurobiology and 
A natom y, and 3Pathology, Univ. of R ochester School of Med. and 
D entistry , R ochester, NY 14642 and 2Lab. of M olecular and Clinical 
Immunology, and th e  Div. of G eria tric  Med., Olin E. Teague V eterans' 
C en ter, Texas A &5c M Univ. Coll, of Med., Tem ple, Texas 76501.

Changes in th e  ce ll su rface during developm ent of th e  nervous system  
have been exam ined by using d iffe ren tia ting  neuronal ce ll lines as models. 
In th e  present study, th e  am ount of band 3 glycoprotein present on the  
su rface m em brane of m ito tic  and d iffe ren tia ted  neuroblastom a cells was 
quantified by im m unofluorescence and flow cy tom etry . Band 3 
glycoprotein found in the  m em brane of red  blood cells and, im portantly , in 
neurons has been shown to  be a lte red  during aging. A mouse 
neuroblastom a line, N2 A B-I, was exposed to  prostaglandin E 1 (10 ug/m l) 
and dibutyryl cyclic adenosine monophosphate (500 ug/m l) which has been 
shown to  induce morphological and biochem ical d iffe ren tia tion  of these 
cells a f te r  four days. M itotic and d iffe ren tia ted  N2 AB-I cells w ere 
labeled with specific antibody to  band 3 protein and then stained  w ith 
fluorescently  labeled secondary antibody. Q uantification  of fluorescence 
per single, living ce ll indicated th a t d iffe ren tia ted  cells expressed more 
band 3 antigen than  m ito tic  cells. These cells w ere also exam ined for 
band 3 antigen expression through th e  ce ll cycle by double labeling 
experim ents. Living cells w ere exposed to  band 3 antibody followed by 
fluorescein labeled secondary antibody; ce lls w ere then fixed and tre a ted  
w ith propidium iodide for DNA analysis. R esults showed th a t a f te r  
norm alization for ce ll s ize , ce lls in G0C 1 of the  ce ll cycle or th e  resting  
s tage  expressed more band 3 pro tein  than  cells in any o ther s tage .

A human neuroblastom a, IMR-32 was d iffe ren tia ted  and tre a te d  w ith 
antibody to  band 3. Fluorescence microscopy revealed  th a t contro l cell 
cu ltures bound very l i t t le  antibody while d iffe ren tia ted  cu ltu res showed 
in tense stain ing  of ce ll bodies and all neurites. Flow cy tom etric  analysis 
of fluorescence antibody binding also indicated  th a t m ito tic  human cells 
bound no antibody while d iffe ren tia ted  cells expressed significant levels 
of this pro te in .

These studies suggest th a t d iffe ren tia tion  of neuronal ce lls is 
accom paned by an increase in specific  ce ll su rface  glycoproteins and th a t 
neural ce ll lines may be used for aging studies in the  nervous system .

Supported in p a rt by NS19711 to  M.F.D.N.

393.2 TH E REGULATION O F N-CAM  IN M OUSE NEUROBLASTOM A, 
NG108-15, CELLS. J .R  M oskai  A,E, Schaffner. M ,. Giovanni*. and G. 
Rougon*. LCB, NIMH, LNP, NINCDS, LBG, NHLBI, NIH, Bethesda, 
M D 20892 and Lab. Immunol., INSERM-CNRS, Marseilles, France.

The regulation of specific cell-surface glycoconjugates, which include 
the neural cell adhesion molecule, N-CAM , appears to be im portant for 
proper neural development. N-CAM has been suggested to play a role in 
neuron-myotube interactions and higher levels are found in embryonic, 
preinnervated muscle compared to innervated adult muscle. In order to 
further study the regulation and function o f this and other glycoconjugates 
NG108-15 cells were chosen as a model system. This neuroblastoma x 
glioma hybrid is capable o f both biosynthesizing N-CAM  and synapse 
formation. In these experiments, an 125I-labelled anti-N-CAM monoclonal 
antibody was used to analyze im munoblots o f solubilized membrane 
proteins.

In one study NG108-15 cells were exposed to a variety of compounds 
for 48 hr and their effects on N-CAM  expression was assessed. Retinoic 
ac id  (1 .6  µ M ) a n d  th e  p o te n t  tu m o r  p ro m o te r ,  
phorbol-12-myristate-13-acetate (0.16 µM), caused a 2 to 3-fold elevation in 
both the 180 kD and 140 kD forms o f N-CAM. Phorbol (0.16 µM ) had no 
effect. In contrast, dibutyrl cyclic AMP (Im M ) had an inhibitory effect 
(>50%) under these conditions.

In a second study, dibutyrl cyclic A M P-treated (Im M : 7 days) 
NG108-15 cells were cocultured with fetal rat myotubes for 3 days. N-CAM 
levels were compared to identically treated, cultures o f NG108-15 cells 
alone, muscle alone or NG108-15 cells cultured in the presence o f muscle 
exudate (prepared from muscle cultures by scraping and washing in the 
presence o f phosphate buffered saline). In the cocultures, the concentration 
of the 180 kD form o f N-CAM was unchanged compared to muscle alone. 
The concentrations o f the 140 kD and 120 kD forms o f  N-CAM  were 
reduced 3 to 4-fold relative to N G108-15 or m uscle cultured alone. 
Comparing NG108-15 cells cultured in the presence of muscle exudate with 
NG108-15 cells cultured alone, a 6-fold reduction in the concentration o f 180 
kD N-CAM  was observed; the level o f the 140 kD  N-CAM  remained 
unchanged and the 120 kD N-CAM increased in concentration greater than 
10-fold. This was 4-fold higher than in muscle cultured alone and 10-fold 
higher than in cocultures.

These results suggest that the regulation o f the expression o f N-CAM is 
under com plex contro l, perhaps involv ing  g lycosylation , cyclic 
AM P-dependent protein kinase and protein kinase C. Changes in the 
concentration o f the different molecular forms o f N-CAM, in both nerve and 
muscle, may be a prerequisite for synapse formation.
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393.3 HISTOCHEMICAL LOCALIZATION OF HYALURONIC ACID IN 
DEVELOPING AND MATURE RAT CEREBELLUM J.A .R ioellino. R.U. 
M areolis and R.K. M argolis. New York U niversity  M edical C enter, New 
York, NY 10016, and S ta te  U niversity  o f New York, H ealth  Sciences 
C en ter a t  Brooklyn, Brooklyn, NY 11203

We have recen tly  developed a highly sensitive and specific biological 
probe fo r the  histochem ical d e tec tion  o f hyaluronic acid a t  the  light and 
e lec tron  m icroscopic levels (J. H istochem . C ytochem .. 33:1060, 1985). In 
this procedure, proteoglycan aggregates w ere iso la ted  by CsCl density 
grad ien t cen trifugation  a f te r  ex trac tio n  from  a transplantable ra t 
chondrosarcom a, and d igested  by clostripain  to  yield the  hyaluronic acid 
binding region as a com plex w ith hyaluronic ac id  and link pro te in . For the 
histochem ical visualization  o f hyaluronic acid, the  hyaluronic acid binding 
region/link p ro te in  com plex was b io tiny la ted  in the  presence o f hyaluronic 
acid, and the  b io tinyla ted  probe, which was separa ted  from  hyaluronic 
acid by gel f iltra tio n  in the presence o f 4 M guanidine HC1, was used in 
conjunction w ith avidin-peroxidase. For contro l sections, we have 
prim arily  re lied  upon the  known ability  o f hyaluronic acid oligosaccharides 
o f specified  sizes to  inhibit its  binding to  m acrom olecular hyaluronic 
acid. We have also dem onstrated  th a t tre a tm en t o f tissue sections with 
S treptom vces hyaluronidase com pletely  prevents staining by the 
HA-binding complex. This enzym e is specific fo r hyaluronic acid and 
shows no p ro tease  ac tiv ity  under our conditions.

Light microscopy o f ea rly  postnatal r a t  cerebellum  showed strong 
staining in the presum ptive w hite m a tte r , and to  a lesser ex ten t as a 
reticu lum  in the  granular layer. During the  f irs t tw o weeks a f te r  birth , 
when the  m ajor developm ental changes occur in r a t  cerebellum , the re  is 
also a  band o f in tense staining which is in itia lly  p resen t a t  the  base of the 
m olecular layer, near the  apical tips o f the  m aturing Purkinje cell 
dendrites. This band o f staining progresses tow ards th e  pial su rface as the 
Purkinje cell dendritic  arbor shows norm al branching and upward 
expansion, closely followed by the  growing clim bing fibers. In con trast to  
developing brain, in the  m atu re cerebellum  th e re  appears to  be 
in tracellu la r staining o f Purkinje ce lls as well as diffuse staining 
throughout the  m olecular layer, and the  v irtua l disappearance o f staining 
around m yelinated axons. E lectron  m icroscopy dem onstrated  th a t the 
stain ing  in ea rly  postnata l brain  is alm ost en tire ly  ex tracellu la r, and in 
th is resp ec t closely resem bles th a t which we previously found in 
im m unoelectron m icroscopic studies on th e  localization  o f chondroitin 
su lfa te  pro teoglycan in developing brain  (J. Cell Biol.. 99:1117 and 1130, 
1984). Also as in the  case o f the  chondroitin su lfa te  proteoglycan, there 
is in tra-axonal and m em brane staining o f parallel fibers. During the early 
stages o f brain  developm ent, ex tracellu la r hyaluronic acid may provide a 
highly hydrated  and easily  pene trab le  m atrix  through which neuronal 
m igration may tak e  p lace, befo re the in terce llu la r space decreases to  its 
much sm aller dimensions in m atu re brain.

393.4 MOLECULAR CLONING OF NILE GLYCOPROTEIN-RELATED cDNA 
PROBES. P. Saiovic. D .J. Ennulat. D.G.B. Leonard. K. Kaplan. A.L. 
P rochlantz, E.B, Ziff. M.L, Shelanski and L.A. G reene. D epartm ents of 
Pharm acology and Biochem istry, New York U niversity M edical Center, 
New York, NY 10016.

The NILE glycoprotein (GP) is an N GF-inducible su rface com ponent of 
PC 12 cells th a t is also widely d istribu ted  in the nervous system , and tha t 
has recen tly  been shown to  be indistinguishable from  the high- 
m olecular-w eight species o f the brain antigens LI and Ng-CAM. This 
molecule is thought to  have a function in regulating cell adhesion in the 
developing nervous system .

We have used polyclonal anti-N ILE an tisera  to  screen  a λg t11 cDNA 
library  made from  N G F -trea ted  PC 12 cells. Four m olecular probes have 
been iso la ted  th a t encode parts  o f the apoprotein and/or re la ted  
proteins. These probes are  1600, 800, 330, and 300 bp long, respectively, 
and in N orthern  blots they recognize a fam ily o f 3 messages having 
lengths o f about 3.4 kb, 2.4 kb, and 1.9 kb. Only the  longest probe 
hybridizes  to  all th ree  mRNA's, while the sho rter probes bind to  either 
one or tw o o f them . These m essages are  found in PC 12 cells and brain, 
but not in liver or o ther tissues th a t do not express the NILE GP or 
re la ted  sm aller com ponents. M oreover, two o f the m essages are  found 
to  be m odestly but reproducibly up-regu la ted  by NGF in PC 12 cells.

The recom binant phages containing these inserts produce fusion 
pro teins th a t share specific epitopes w ith the NILE GP (and a species 
which in PC 12 cells has an SDS-PAGE Mr o f 140– 150 kDa) but not 
w ith o ther proteins. This was shown by using nitrocellulose filters  
coa ted  w ith fusion p ro te in  to  immunoabsorb specific ac tiv ities  from 
polyclonal and polyvalent an tisera. M aterial elu ted  from  the filters  
specifically  im m unoprecipitates NILE GP and a tra c e  o f the  140-150 kDa 
species from  PC 12 cells labelled w ith 35s - methionine or
3H -fucose. O ther ac tiv itie s  p resen t in the  original serum are  not 
specifically  absorbed by recom binant fusion protein. F ilte rs  made with 
nonrecom binant λg t l l  do not absorb anti-N ILE GP activ ity .

As a  com plem entary approach, we have used the technique of 
D N A -m ediated gene tra n sfe r to  g enera te  mouse L cells (a fibroblast 
line) tran sfec ted  w ith r a t  genom ic DNA and se lec ted  fo r expression of 
NILE GP by im munostaining. One such clone synthesizes substantial 
am ounts o f 200 kDa glycoprotein th a t is specifically  im m unoprecipitated 
by anti-N ILE antiserum . The cells also contain  DNA sequences th a t are 
recognized in Southern blots by the above described 1.6 kbp cDNA probe, 
but th a t a re  lacking in un transfec ted  cells. These lines o f evidence, 
taken  in sum, indicate  th a t we have iso la ted  cDNA probes for the NILE 
GP and/or re la ted  proteins. Supported by NIH G rant NS 16839 (to M.L.S. 
and L.A.G.), CA 16239 (to  E.B.Z.), NS 07178 (to  P.S.), and NIGMS 
Training G rant 5T32 GM078308-11 (D.G.B.L.).

393.5 PC12 CELLS AS A MODEL FOR NEURON/EXTRACELLULAR 
MATRIX INTERACTIONS.  K.J. Tomaselli*, C.H..D a m sk y *  
a n d . L . F .  Ri c h a r t  : (S P O N ;D .C le g g )  D e p t .  o f  P h y s i o lo g y  
a n d  D e p t s .  o f  S to m a to lo g y  a n d  A n a to m y , UCSF, S an  
F r a n c i s c o ,C A ,9 4 1 4 3 .

L a m in in  s u b s t r a t e s  p r o m o te  n e u r i t e  o u tg r o w th  fro m  
a  v a r i e t y  o f  c e n t r a l  a n d  p e r i p h e r a l  n e u r o n s .  We h a v e  
sh o w n  p r e v i o u s l y  t h a t  t h e  n e u r o n - l i k e  c e l l  l i n e  
P C 1 2 , a f t e r  p r i m i n g  w i t h  n e r v e  g r o w th  f a c t o r ,  
r e g e n e r a t e s  n e u r i t e s  w hen  p a s s a g e d  o n t o  l a m i n i n  
c o a t e d  s u b s t r a t e s  ( T o m a s e l l i  a n d  R e i c h a r d t  (1 9 8 4 )  
S o c .  f o r  N e u r o s c i .  1 0 , 4 0 ) .  T h i s  r e s p o n s e  i s  s i m i l a r  
t o  t h a t  o f  n e o n a t a l  r a t  s y m p a t h e t i c  n e u r o n s  g ro w n  on  
l a m i n i n .  To s t u d y  t h e  i n t e r a c t i o n  b e t w e e n  PC12 c e l l s  
a n d  l a m i n i n ,  we h a v e  d e v i s e d  a n  a s s a y  t h a t  
d e m o n s t r a t e s  d o s e  d e p e n d e n t  b i n d i n g  o f  PC12 c e l l s  t o  
s u b s t r a t e s  c o a t e d  w i t h  l a m i n i n  d e r i v e d  f ro m  t h e  
m u r i n e  EHS s a r c o m a .  M a x im a l a t t a c h m e n t  i s  s e e n  
w i t h i n  tw o  h o u r s  o n  s u b s t r a t e s  c o a t e d  w i t h  10  u g /m l 
l a m i n i n .  T h i s  a t t a c h m e n t  i s  s p e c i f i c  s i n c e  i t  i s  
b lo c k e d  b y  a n t i b o d i e s  t o  l a m i n i n  b u t  n o t  b y  
a n t i b o d i e s  t o  c o l l a g e n  IV . I n  a d d i t i o n ,  a n  
a n t i s e r u m  t o  a  h e p a r i n - b i n d i n g  f r a g m e n t  o f  l a m i n i n  
( E 3 ) , p r o d u c e d  b y  d i g e s t i o n  w i t h  e l a s t a s e ,  b l o c k s  
a t t a c h m e n t  o f  PC12 c e l l s  t o  u n d i g e s t e d  l a m i n i n .  
A n t i b o d i e s  t o  t h i s  f r a g m e n t  p r e v i o u s l y  h a v e  b e e n  
sh o w n  t o  b l o c k  t h e  r e s p o n s e s   o f  p e r i p h e r a l  n e u r o n s  
t o  l a m i n i n  ( E d g a r  e t  a l .  (1 9 8 4 )  EMBO J .  2 : 1 4 6 3 -  
1 4 6 8 ) .  A t t a c h m e n t  t o  s u b s t r a t e s  c o a t e d  w i t h  c o l l a g e n  
IV  i s  n o t  b lo c k e d  b y  e i t h e r  a n t i - l a m i n i n  o r  a n t i - E 3  
s e r u m , b u t  i s  b lo c k e d  b y  a n  a f f i n i t y  p u r i f i e d  
a n t i s e r u m  t o  c o l l a g e n  IV . We a r e  c u r r e n t l y  
c h a r a c t e r i z i n g  m o l e c u l e s  o n  t h e  s u r f a c e  o f  PC12 
c e l l s  t h a t  m e d i a t e  a t t a c h m e n t  t o  t h e s e  
e x t r a c e l l u l u a r  m a t r i x  a d h e s i v e  p r o t e i n s .
( S u p p o r t e d  b y  NIH G r a n t  NS 1 9 0 9 0  t o  LFR)

393.6 DISTRIBUTION OF A "FIBRONECTIN" RECEPTOR, FIBRONECTIN, 
LAMININ AND HEPARAN SULFATE PROTEOGLYCAN DURING AVIAN 
NEURAL CREST MIGRATION. D. M. Krotoski, C. Domingo and M. 
B ronner-F raser. Developm ental Biology C en ter, University o f California, 
Irvine, California , 92717

The CSAT antibody recognizes a 140 kD cell surface recep to r complex 
involved in adhesion to  fibronectin  and laminin (Horwitz, e t  al., J . Cell 
Biol. 101: 2134-2144, 1985). Injection of CSAT antibody into the 
mesencephalon results in pertu rbation  of cranial neural c re s t m igration 
(B ronner-Fraser, Dev. Biol., in press). These results suggest th a t the 
CSAT antigen  may play an im portant functional role during neural crest 
m igration. H ere, we describe the  distribution of the CSAT antigen 
toge ther w ith fibronectin  (FN) and laminin (LM), the ex tracellu la r m atrix  
(ECM) molecules to  which it binds. In addition, we have examined the 
distribution of heparan su lfa te  proteoglycan (HSPG), since th is molecules 
has been shown to  complex with laminin.

The distribution  of CSAT was examined during neurulation, neural 
c res t m igration, and gangliogenesis. In the head, CSAT im m unoreactivity 
was visible surrounding all the  cells w ithin the neural tube prior to  
migration; la te r  CSAT was visible on m igrating neural c re s t cells. FN, 
LM, and HSPG w ere present in the  m atrix  surrounding prem igratory 
neural c res t cells. During neural c re s t migration these molecules lined 
the pathways followed by cranial neural c res t cells. CSAT 
im m unoreactivity  was also detec ted  on the the  basal surface of epithelial 
tissues such as the  ectoderm , neural tube, notochord, derm om yotom e, 
and dorsal ao rta . FN, LM, and HSPG im m unoreactivity  w ere observed in 
the basem ent membranes surrounding these epithelial tissues. In the 
trunk region, high levels of CSAT im m unoreactivity  w ere seen on neural 
c res t cells. During neural c re s t em igration, FN, LM, and HSPG were 
seen in the th in  m atrix  betw een the  dorsal neural tube and ectoderm . 
During neural c re s t m igration, FN, LM, and HSPG w ere observed in the 
sclerotom e of each som ite. However, none of the ECM m olecules were 
selectively  d istributed  in the an terio r half of the sclero tom e where 
neural c re s t cells m igrate .

A fter cessation of neural c res t m igration, CSAT, FN, LM, and HSPG 
were de tec tab le  on the  basal su rface o f the neural tube, derm omyotom e, 
notochord, and ec toderm . High levels of CSAT im m unoreactivity  were 
observed around cells w ithin the dorsal root and sym pathetic ganglia. In 
con tras t, only low levels of FN, LM, and HSPG im m unoreactivity  were 
noted w ithin the  ganglia, though a ll th ree  ECM molecules surrounded the 
ganglia. In the  sclero tom e, FN, LM, and HSPG im m unoreactivity  
appeared to  increase a f te r  ganglion form ation in com parison to  levels 
during th e  tim e o f ac tive  neural c re s t m igration. The dynam ic levels of 
CSAT, FN, LM, and HSPG in the em bryo suggest th a t a balance of 
su rface-substratum  adhesions may contribute to  in itia tion , m igration, and 
localization  of neural c res t cell populations. (Supported by USPHS HD- 
15527-01 and MOD 1-896).
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393.7 ANALYSIS OF RETINAL SYNAPTIC MEMBRANE GLYCOPROTEINS. L. M. 
Snyder* and N. G. F . Cooper (SPON: B. J .  M cLaughlin). D ept. of 
Anatomy and N eurobio logy, U n iv e rs ity  o f T ennessee , Memphis, TN 
38163.

S ynap tic  membrane o lig o sa c c h a r id e s  a re  im p lic a ted  in  neu ronal 
in t e r a c t io n s  du rin g  the  developm ent and m a tu ra tio n  of synapses . 
The o b je c tiv e  o f th e  p re s e n t in v e s t ig a t io n  i s  to  determ ine th e  
r e l a t i v e  m o lecu lar w eigh ts (M r), l e c t i n  b in d in g  s p e c i f i c i t i e s ,  
and t r i t o n  s o lu b i l i t y  o f s y n a p tic  plasma membrane (SPM) a s s o c i
a te d  o l ig o sa c c h a r id e s  so th a t  a n t ib o d ie s  to  s p e c i f i c ,  p a r t i a l l y  
c h a ra c te r iz e d  o lig o sa c c h a r id e s  can be p rep a re d . SPM en rich ed  
f r a c t io n s  from th e  r e t in a s  of ha tched  ch icks  a re  SDS s o lu b il iz e d  
and ana lyzed  w ith  po lyacry lam ide g e l e le c t r o p h o r e s i s . T rito n  
s o lu b le  and in s o lu b le  f r a c t io n s  a re  ana lyzed  by e le c tro n  m icro
scopy, g e l e le c tro p h o re s is  and a ls o  w ith  l e c t i n  t r e a te d  W estern 
b l o t s .  L e c tin  a f f i n i t y  chrom atography i s  used to  o b ta in  f r a c 
t i o n s  e n r ic h e d  in  o l i g o s a c c h a r i d e s  from  th e  t r i t o n  s o lu b le  
component o f SPM. The d a ta  d em onstra tes  th a t  th e  major Concana- 
v a lin -A  (Con-A) b ind ing  o l ig o sa c c h a r id e  of th e  SPM f r a c t io n  has 
an Mr o f 42,000 (GP42). GP42 a ls o  b inds su c c in y la te d  Wheat Germ 
A g g lu t in in  (sWGA) b u t n o t  P ea n u t A g g lu t in in  (PNA) o r  Limax 
Flavus (LFA) and th e re fo re  i t  i s  an a s ia lo g ly c o p ro te in  r ic h  in  
mannose and glucosam ine r e s id u e s .  LFA, a s i a l i c  a c id  s p e c i f ic  
l e c t i n  b in d s  most a v id ly  to  h ig h  m o lecu lar w eight p ro te in s  in  
SPM -blots. GP42 i s  a T r i to n  s o lu b le  component o f the  SPM and is  
n o t , th e r e f o r e ,  a s s o c ia te d  w ith  th e  c y to s k e le ta l  s u b s t ru c tu re  of 
sy n ap ses . P o ly s p e c i f ic  a n t ib o d ie s  r a is e d  a g a in s t whole SPM 
reco g n ize  GP42 in  w estern  b lo t s  and m onospec ific  a n t ib o d ie s  to  
i t  a re  c u r r e n t ly  being  p repared  th rough  use o f Con-A a f f i n i t y  
column e n rich ed  f r a c t io n  o f GP42. PNA b inds to  3 p ro te in  bands 
w ith  Mr's  o f 67,000 (GP67), 100,000 and 150,000, in  Western 
b lo t s  o f SPM. GP67 a ls o  b inds  sWGA su g g es tin g  th a t  i t  c o n ta in s  
both  ga lac to sam ine  and g lucosam ine r e s id u e s . These PNA b ind ing  
g ly c o p ro te in s  a re  t r i t o n  in s o lu b le .  By e le c tro n  m icroscopy th e  
t r i t o n  in s o lu b le  f r a c t io n  i s  seen  to  be en rich ed  w ith  sy n a p se s . 
The PNA b in d in g  o l ig o sa c c h a r id e s  may th e re fo re  be a s s o c ia te d  
w ith  th e  c y to s k e le ta l  s u b s t ru c tu re  p re se n t in  sy n ap ses . This 
s y n a p tic  f r a c t io n  a ls o  c o n ta in s  6 Con-A b in d in g  p ro te in s  w ith  
M r's th a t  range between 90,000 and 200,000. A f f in i ty  chrom ato
graphy o f  th e  t r i t o n  in s o lu b le  o lig o sa c c h a r id e s  i s  c u r re n t ly  
b e in g  i n v e s t i g a t e d ,  so  t h a t  m o n o s p e c if ic  a n t ib o d ie s  can  be 
p re p a re d . Supported by NIH/NEI g ra n t EY‒02708.

393.8 PROTEOGLYCAN SYNTHESIS IN PURIFIED CULTURES OF RETINAL 
NEURONS AND PHOTORECEPTORS. L.. N e e d h a m , R . A d l e r  
a n d  A.  T . H e w i t t  (S PO N : J .  L i n d s e y ) .  Wynn C e n t e r ,  
W ilm e r  I n s t i t u t e ,  J o h n s  H o p k in s  U n i v e r s i t y  S c h o o l  
o f  M e d ic in e ,  B a l t i m o r e ,  MD 2 1 2 0 5 .

I t  i s  now c l e a r  t h a t  e x t r a c e l l u l a r  m a t r i x  ( ECM) 
m o l e c u l e s  p l a y  i m p o r t a n t  r o l e s  i n  r e g u l a t i n g  n e u r o n a l  
s u r v i v a l  an d  d i f f e r e n t i a t i o n .  H o w e v e r, t h e r e  i s  much 
l e s s  i n f o r m a t i o n  r e g a r d i n g  t h e  s y n t h e s i s  o f  t h e s e  
m o l e c u l e s  by CNS n e u r a l  c e l l s  i n  g e n e r a l  and  n e u r o n s  
i n  p a r t i c u l a r .  T h e  a v a s c u l a r ,  c o n n e c t i v e  t i s s u e -  
f r e e  n e u r a l  r e t i n a  o f  t h e  c h i c k  em bryo  i s  a s o u r c e  
o f  ECM m o l e c u l e s ,  a l t h o u g h  w h e t h e r  t h e y  a r e  g l i a l  
o r  n e u r o n a l  i n  o r i g i n  h a s  n o t  b e e n  d e t e r m i n e d  ( M o r r i s ,  
A r c h .  Bi o c h e m .  B i o p h y s . .  2 3 5 :1 2 7 *  1 9 8 4 ) .  We r e p o r t  
h e r e  b io c h e m i c a l  e x p e r i m e n t s  sh o w in g  t h a t  p r o t e o g l y c a n s  
a r e  a c t i v e l y  s y n t h e s i z e d  i n  p u r i f i e d  c u l t u r e s  o f  
r e t i n a l  n e u r o n s  a n d  p h o t o r e c e p t o r s  w h ic h  a r e  f r e e  
o f  c o n t a m i n a t i o n  by g l i a l ,  c o n n e c t i v e  t i s s u e ,  e n d o t h e l i a l  
and  p ig m e n te d  e p i t h e l i a l  c e l l s .

C u l t u r e s  p r e p a r e d  a s  d e s c r i b e d  by A d le r  e t  a l .,  
( J .  C e l l  B i o l .,  9 9 :1 1 7 3 , 19 8 4 ) and  g row n in  p o l y o r n i t h i n e -  
c o a t e d ,  100 mM d i s h e s  f o r  6 d a y s ,  w e re  l a b e l e d  f o r  
2 4 - 7 2  h r s  w i th  3 H- g i u c o s a min e  ( 7 .5  µ C i /m l )  and  
(2 5  µ C i / m l ) .  M e t a b o l i c a l l y  l a b e l l e d  p r o t e o g l y c a n s  
i n  t h e  m ed ium , a s s o c i a t e d  w i th  t h e  c e l l s ,  and  a t t a c h e d  
t o  t h e  s u b s t r a t u m ,  w e re  i s o l a t e d  by  i o n - e x c h a n g e  
c h r o m a t o g r a p h y  a n d  c h a r a c t e r i z e d  b y  g e l  f i l t r a t i o n  
c h r o m a t o g r a p h y  a n d  s u s c e p t i b i l i t y  t o  d e g r a d a t i o n  
by  e n z y m a t i c  and  c h e m ic a l  t r e a t m e n t s .  N o n d i a l y z a b l e , 
s u l f a t e d  m a c r o m o l e c u l e s  e l u t e d  f ro m  a DEAE c o lu m n  
a t  > 0 . 3 5  M N a C l ,  a s a l t  c o n c e n t r a t i o n  s u g g e s t i v e  
o f  h i g h l y  c h a rg e d  p r o t e o g l y c a n s .  CL-4B e l u t i o n  p r o f i l e s  
i n d i c a t e  d i f f e r e n c e s  i n  t h e  s i z e  d i s t r i b u t i o n s  o f  
p r o t e o g l y c a n s  f o u n d  in  t h e  m edium  c o m p a re d  t o  t h o s e  
w h ic h  a r e  s u b s t r a t u m - b o u n d .  I n  a d d i t i o n ,  w h i le  b o th  
c h o n d r o i t i n  s u I f a t e / d e r m a t a n  s u l f a t e  a n d  h e p a r a n  
s u l f a t e  a r e  fo u n d  in  e a c h  c o m p a r tm e n t ,  t h e  p r o p o r t i o n s  
o f  t h e s e  g l y c o s a m i n o g l y c a n s  v a r y ,  w i t h  t h e  m ed iu m  
c o n t a i n i n g  p r e d o m in a n t ly  c h o n d r o i t i n  s u l f a t e / d e r m a t a n  
s u l f a t e .  W h ile  f u r t h e r  a n a l y s i s  o f  s e p a r a t e  n e u r o n a l  
a n d  p h o t o r e c e p t o r  p o p u l a t i o n s  ( P o l i t i  a n d  A d l e r ,  
I n v .  O p h t h a l m o l .  & V i s .  S c i e n c e . 1 9 8 6 ,  i n  p r e s s )  
i s  r e q u i r e d  t o  d e t e r m i n e  e x a c t  c e l l u l a r  o r i g i n ,  t h e s e  
s t u d i e s  sh o w  t h a t  c u l t u r e s  c o n t a i n i n g  b o th  n e u r o n s  
an d  p h o t o r e c e p t o r s  a r e  a c t i v e l y  e n g a g e d  in  p r o t e o g l y c a n  
s y n t h e s i s  and  s e c r e t i o n .

S u p p o r te d  by  USPHS g r a n t s  EY 0 4 8 5 9 .

393.9 CELLULAR EXPRESSION OF THY-1 IN THE AVIAN RETINA. 

P.L. J e f f re y , A.M. Sheppard and I.G . Morgan* (Sponsor: J.A .P . 
Rostas) The C h ild ren 's  Medical Research Foundation, The 
U niversity  of Sydney, N.S.W. 2050 and *Department of 
Behavioural Biology, A ustra lian  National U niversity , Canberra, 
A.C.T. 2601 AUSTRALIA.

The c e ll type /s  which express Thy‒1 in the re tin a  has been 
the  sub jec t of much in v e s tig a tio n , s p e c if ic a l ly ,  whether the 
re tin a l  ganglion c e l ls  account fo r a l l  the Thy-1 expression 
(B arnstab le, C .J .,  and Drager, U .C., 1984, Neuroscience 11, 
847–855) or whether amacrine and b ip o la r c e l ls  con tribu te  to  the 
s ta in in g  present 1n the inner plexiform  lay e r (IPL) (P erry , V.H., 
M orris, R .J .,  and Raisman, 6 . ,  1984, J . Neurocytol. 13, 809–824). 
To in v e s tig a te  which ce ll type express Thy-1 in the day old 
avian re tin a  we have used drugs which are  known to  s p e c if ic a lly  
a b la te  c e ll types of the re tin a  in conjunction with monoclonal 
SB1‒20.11 sp ec if ic  fo r  Thy-1 and an in d ire c t immunoperoxidase 
s ta in in g  technique (Sheppard e t  a l . These Proceedings, 1986) to  
id e n tify  Thy-1 s ta in in g  7 days a f te r  In tr a v i tre a l  in je c tio n  of 
the  drugs.

S tain ing  fo r Thy-1 in the IPL lay e r following in tr a v itr e a l  
in je c tio n  of co lch icine  (1.25 nmoles, which re s u lts  in almost 
to ta l  d estru c tio n  of ganglion c e l ls )  decreases to  almost 
background over a th ree  week period . The width of the IPL and 
i nner nuclear lay e r (INL) remain constan t. In jec tio n s  of low 
doses of kai nic acid (40 nmoles, re su ltin g  mainly in loss of 
am acrines, and h a lf  of the b ip o la r cel l s) and NMDA (2 µmoles, 
which only a ffe c ts  amacrine c e l ls )  r e s u lt  in a narrowing of the 
INL, due to  c e ll lo s s ,  and a decreased s ta in in g  toge ther with a 
th inning  of the  IPL. There is  a lso  a decreased s ta in in g  in the 
o p tic  f ib re  lay e r (OFL).

High doses of kain ic  acid (120 nmoles, which removes 
horizon tal c e l ls  as well as amacrine c e l ls  and h a lf  of b ipo la r 
c e l ls )  shows a fu r th e r  reduction in the in te n s ity  of s ta in in g  
and width o f the  IPL and INL. In a d d itio n , s ta in in g  in the  OFL 
i s correspondingly reduced in in te n s ity  and accompanied by a 
fu r th e r  reduction in w idth.

One possib le  in te rp re ta tio n  of the disappearance of 
s ta in in g  a f te r  co lch in ine treatm ent is  th a t  Thy-1 has an 
exclusive ganglion c e ll lo c a liz a tio n . Furthermore, the 
reduction i n s ta in in g  a f te r  amacrine and b ip o la r ab la tion  may 
rep resen t a down regu la tion  of Thy-1 expression due to  removal 
of i nput to  the  ganglion c e l l s .

Supported by the  N ational Health and Medical Research Council 
of A u stra lia .

393.10 INCREASED SENSITIVITY OF THY-1 LOCALIZATION IN CHICKEN CENTRAL 
NERVOUS SYSTEM.
A.M. Sheppard, P.L. Je ffrey  and P.W. French. 
The C h ild ren 's  Medical Research Foundation, The U niversity  of 
Sydney, N.S.W. A ustra lia  2050

Studies on the lo c a liz a tio n  and developmental expression 
of Thy‒1 in the chicken cen tra l nervous system previously 
u ti l iz e d  a monoclonal antibody BSJ‒1 on c ry o s ta t sections with 
a modified PAP immunohistochemical technique (P.L. Je ffrey  e t 
a l . (1985) Society fo r Neuroscience, 11, 1105). In order to 
improve s e n s i t iv i ty  in immunoblotting and immunohistochemical 
assays we have ra ised  a panel of monoclonal an tibodies of 
d if f e r e n t subclasses to chicken Thy-1 (P.W. French and P.L. 
J e ffrey  (1985) Aust. Soc. Immunol. 15th Ann. Meeting). In 
conjunction with a po lyester wax embedding technique u t i l is in g  
the in d irec t immunoperoxidase method we have investigated  
fu r th e r  the expression of Thy‒1 in cerebellum and re tin a .

In day old chick cerebel l um, Thy‒1 was loca lized  
p rin c ip a lly  to  the molecular lay e r in assoc iation  with Purkinje 
c e ll d en d rite s . In co n tra s t to  c ry o s ta t sec tio n s , intense 
in tr a c e l lu la r  s ta in in g  of Purkinje c e ll bodies and dendrites 
was seen. A le s s e r  degree of s ta in in g  was apparent on the 
in te rn a l g ranular lay e r. S tain ing  fo r Thy‒1 in day old re tin a  
was loca lized  to  the op tic  f ib re  layer and the inner plexiform 
layer (IPL). This p a tte rn  of s ta in in g  supports an assoc iation  
of the antigen with re tin a l ganglion c e l l s ,  although add itional 
asso c iatio n  of Thy-1 with amacrine and b ipo la r c e ll processes 
in the IPL cannot be discounted.

At Edl5, in the cerebellum , the Thy‒1 s ta in in g  is  intense 
w ithin Purkinje c e ll bodies and in the apical extension th a t 
qives r is e  to  the d en d ritic  t re e .  The sta in in g  subsequently 
(Edl8) becomes s tronger as the a rb o riza tio n  of the Purkinje 
c e ll dendrites  occurs. Concurrently, s ta in in g  increases in the 
in te rn a l granule lay e r which corresponds to  the time of 
formation of glom erula-1ike type contacts between granule 
c e l l s ,  mossy f ib r e s ,  golgi c e l ls  and Purkinje c e ll c o l la te r a ls .

During development of the re t in a ,  Thy‒1 expression is  
associated  with the op tic  f ib re  layer and with the outgrowth 
and establishm ent of the area of contact between the ganglion 
ce ll dendrites  and the c e l ls  of the IPL, namely, amacrine and 
b ip o la r c e l l s .

Supported by the National Health & Medical Research 
Council of A u stra lia .
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393.11 IMMUNO-LABELLING FOR FREEZE-FRACTURE: A NEW TECHNIQUE APPLIED TO 
A FIBRONECTIN AND LAMININ RECEPTOR. D C. Quic k and 
P  C. L etou rneau . D ept. o f  C ell B iology St Neuroanatomy, 
Univ. o f  M innesota, M inneapo lis , MN 55455.

A new te chn ique  was developed fo r e le c tro n  m icroscopy th a t  
com bines f r e e z e - f r a c tu r e  w ith  th in - s e c t io n in g .  The te chn ique  has 
p o te n t ia l  fo r a wide v a r ie ty  o f  a p p l ic a t io n s ,  bu t th e  i n i t i a l  
t e s t  o f  i t s  u s e fu ln e ss  was focused on id e n tify in g  im m uno-labelled 
f ib ro n e c tin - la m in in  re c e p to rs ' in  f r e e z e - f r a c tu r e  r e p l i c a s .

Chick h e a r t  c e l l s  were d is s o c ia te d  from 8– 10 day embryos and 
p la te d  on 4 mm round c o v e rs l ip s .  A fter 2 days o f  c u l tu r e ,  th e  
c e l l s  were la b e l le d  w ith an tib o d y  to  a g ly c o p ro te in  complex th a t  
appears  to  be a f ib ro n e c t in  and lam inin  re c e p to r  (k in d ly  provided 
by Dr. A. H orw itz, Univ. o f  P ennsy lvan ia ; Decker e t  a l . ,  1984, J 
C e ll B iol 9 9 :1393 ). The c e l l s  were l i g h t l y  f ix e d  and a secondary  
an tib o d y  was a p p l ie d , la b e l le d  w ith c o l lo id a l  g o ld . Then, the 
c e l l s  were fixed  in  2% g lu ta ra ld e h y d e , washed, and incubated  in  
30% g ly c e ro l o v e rn ig h t. The c e l l s  were f ra c tu re d  in  a B alzers  
a p p a ra tu s , u s in g  the  tech n iq u e  fo r double r e p l ic a s  o f  c e l l  mono- 
la y e r s  (Yee e t  a l . ,  1978, Proc N atl Acad Sci 75 :3004 ). Immedi
a t e ly  a f t e r  f r a c tu r in g ,  p la tinum  (P t)  was evapora ted  onto the 
f ra c tu re d  s u r fa c e s  a t  a 45 degree ang le  as  i s  u sual fo r f r e e z e -  
f r a c tu r e ;  how ever, no carbon film  was a p p lie d . The c o v e rs l ip s  
c a rry in g  la b e l l e d ,  f r a c tu r e d ,  Pt-shadowed c e l l s  were submerged in 
b u ffe r  and g ly c e ro l was washed out o f  the  c e l l s  o v e rn ig h t. At 
t h i s  s ta g e , an o p tio n a l tre a tm en t was to  osm icate  th e  c e l l s  in  
o rd e r to  b e t t e r  see them in  tra n sm iss io n  e le c tro n  m icroscopy. 
The c e l l s  were dehydrated  and i n f i l t r a t e d  w ith epoxy r e s in ,  s t i l l  
a ttach e d  to  th e  c o v e rs l ip s .  Each c o v e rs l ip  was f lo a te d  upside  
down on a sm all c o n ta in e r  o f  uncured epoxy, and the epoxy was 
then  hardened . The c o v e rs l ip  was p rie d  o f f ,  le av in g  the  c e l l s  
(w ith  th e i r  g o ld - la b e l le d  a n t ib o d ie s  and Pt shadow) embedded ju s t  
below th e  s u rfa c e  o f  th e  epoxy s tu b . The specim ens were th in -  
sec tio n ed  in  a p lane p a r a l l e l  to  th e  c e l l  monolayer and viewed by 
tra n sm iss io n  e le c tro n  m icroscopy ( le ad  and uranium s ta in in g  i s  
o p t io n a l ) .  Where th e  p lane o f  se c t io n in g  passed from th e  i n t e r 
io r  o f  a c e l l ,  a c ro s s  th e  f r a c tu r e  p lane and in to  empty sp ace , 
p a r t  o f  th e  f r a c tu r e  r e p l ic a  could  be seen , look ing  very  s im i la r  
to  a co n v en tio n a l f r e e z e - f r a c tu r e  r e p l ic a  b u t superim posed on 
p a r t  o f  th e  th in - s e c t io n  im age. Where the  f r a c tu r e  p lane passed 
through  membrane co n ta in in g  im m uno-labelled r e c e p to r s ,  gold 
p a r t i c l e s  were seen superim posed w ith  f r e e z e - f r a c tu r e  s u r fa c e .

P re lim in a ry  d a ta  re v e a l no f r e e z e - f r a c tu r e  p a r t i c l e s  o r p i t s  
th a t  a re  congruen t w ith g o ld - la b e l le d  f ib ro n e c tin - la m in in  
r e c e p to r s .  This m ight mean th a t  the  re c e p to r  i s  f r a c tu re d  in  the 
same p lane as th e  membrane b i l a y e r ,  or th a t  the  la b e l le d  p a r t  o f  
th e  r e c e p to r  i s  n o t a trans-m em brane s t r u c tu r e .

(Supported by NSF g ra n t BNS 83–00313 and NIH g ra n t HD19950.)

393.12 REINNERVATION OF ENDPLATE-FREE MUSCLES: ACETYLCHOLINE RECEPTORS AND 
PROTEOGLYCAN. Diana Card L inden . O cc id en ta l C o lleg e , B iology D ept. 
Los A ngeles, CA 90041.

The en d p la te  zone was s u rg ic a l ly  removed from a d u l t  Rana p ip ie n s  
cutaneous p e c to r is  m uscles to  e l im in a te  sy n a p tic  c e l l  s u rfa c e  mole
c u le s .  Then th e  o p era ted  m in i-m uscles were re in n e rv a te d  w ith  th e  
o r ig in a l  n e rv e . Sanes e t  a l  (1978) suggested  th a t  u n id e n tif ie d  
m olecules in  th e  s y n a p tic  b a s a l lam ina of m uscle may be invo lved  in  
p ro v id in g  chem otac tic  guidance fo r  a r e in n e rv a tin g  n e rv e . In  th e  
p re s e n t r e s e a rc h , r e in n e rv a tio n  o f th e  e n d p la te - f re e  m uscle was 
done to  s tudy  1) th e  tem poral r e la t io n s h ip  between fu n c t io n a l in 
n e rv a t io n  and, p o s ts y n a p tic  accum ulation  of a c e ty lc h o lin e  re c e p to rs  
(AChR), heparan  s u l f a t e  p ro teo g ly can  (HSP), c h o l in e s te ra s e  (C he), 
and muscle f ib e r  c o n tra c t io n ;  and 2) w hether accum ulations of HSP 
a re  im portan t in  d e term in ing  th e  s i t e  of nerve  a ttach m en t. The 
AChR and HSP were id e n t i f i e d  by u s in g  rhodam ine-labeled  α-bungaro - 
to x in  and a f lu o re sc e in - ta g g e d  m onoclonal an tibody  to  HSP, r e s p e c t
iv e ly .  The an tibody  was a g i f t  f r o m  D r .M .J .  Anderson, univ .  C al
g a ry . Nerve te rm in a l s t r u c tu r e  and Che were examined a f t e r  f lu o r 
e sc e n t d a ta  were c o l le c te d  in  each m uscle, u s in g  th e  n i t r o b lu e  t e t -  
razo lium  tech n iq u e  of L e tin sk y  & DeCino (1980).

The c u t ends of th e  o p era ted  m uscle f ib e r s  hea led  im m ediately , 
g ra d u a lly  len g th en ed , and th e  muscle was alm ost com pletely  re g en e r
a te d  by 46 day s . One week a f t e r  su rg e ry , th e  cu t m uscle f ib e r s  d id  
n o t c o n tra c t in  response  to  nerve  s tim u la t io n  and d id  n o t have any 
new accum ula tions of AChR, HSP o r Che. By 19 days some m uscle f i 
b e rs  a d ja c e n t to  th e  s i t e  o f nerve  im p la n ta tio n  c o n tra c te d  in  r e 
sponse to  nerve  s tim u la t io n  up to  2 Hz. The nerve  c o n ta c ts  had 
sm all c lu s t e r s  of AChR p o s ts y n a p t ic a l ly , b u t lacked  dense accumu
la t io n s  of HSP and Che. J u n c tio n a l AChR/HSP s ta in in g  on th e  m edial 
unopera ted  dene rva ted  ju n c tio n s  was norm al. As th e  le n g th  of r e in 
n e rv a t io n  in c rea sed  more e n d p la te - f re e  muscle f ib e r s  became in n e r 
v ated  and c o n tra c te d  in  response  to  nerve  s t im u la t io n .  In  a d d itio n , 
th e  m uscle f ib e r s  w ith  more m ature synapses p ro g re s s iv e ly  responded 
to  h ig h e r  fre q u e n c ie s  of nerve s tim u la t io n  (up to  50 H z). 25 and 
46 days a f t e r  r e in n e rv a t io n ,  HSP was c o lo c a liz e d  w ith  s y n a p tic  AChR 
e s p e c ia l ly  a t  la r g e r  AChR ac cum ula tions . These r e s u l t s  suggest 
th a t  in  s u r g ic a l ly  a l te r e d  e n d p la te - f re e  m uscles, th e  motor nerve  
does n o t grow to  p r e - e x i s t in g  accum ula tions o f HSP an d /o r AChR, 
b u t th a t  th e  nerve  induces AChR and then  p robab ly  HSP. These ex
perim en ts  do n o t r u le  ou t o th e r  ro le s  f o r  HSP in  th e  o rg a n iz a tio n  
o f s y n a p tic  m o lecu les . I t  i s  p o s s ib le  th a t  th e  nerve  induces HSP, 
and th en  a f t e r  th e  HSP has accum ulated , th e re  i s  a s t im u la t io n  of 
f u r th e r  d i f f e r e n t i a t i o n  of th e  n e rv e , AChR c l u s t e r s ,  HSP, and Che. 
This re se a rc h  was supported  by g ra n ts  from th e  M uscular D ystrophy 
A sso c ia tio n  and Research C o rp o ra tio n .

393.13 PRELIMINARY IDENTIFICATION OF POLYPEPTIDES ASSOCIATED WITH THE 
SARCOLEMMAL ORTHOGONAL ARRAY. J.D . H atton, G. F. Cox, A. L. M ille r , 
J . A. Nichol* and M. H. Ellism an. Lab. Neurocytology, Dept. Neuros
ciences and Di v.  Neu ro su rg e ry , U.C.S.D., La J o l la ,  CA 92093.

Electron microscopy of free z e -fra c tu re  rep lic a s  from the sa r- 
colemmas of fa s t- tw itc h  muscle f ib e rs  reveals orthogonal arrays of 
p a r t ic le s .  The biochemical nature of macromolecules associated  
with the sarcolemmal orthogonal array  was in vestigated  using mus
c le  fragments and iso la ted  sarcolemmal v e s ic le s . Muscle fragments 
incubated in v itro  with the  le c tin  Concanavalin A (con A) exh i
b ited  a c lu s te r in g  of orthogonal arrays in to  local patches. 
Treatment with o ther le c tin s  did not re s u lt in the  c lu s te r in g  of 
a rray s . C lustering  was in h ib ited  by the  add ition  of c(-methyl - D- 
mannoside, a ligand which a lso  binds to  con A. These re s u lts  
in d ica te  th a t the orthogonal a rrays (or associated  components) 
sp e c if ic a lly  bind con A. Sarcolemmal v esic le s  from rab b it sacros- 
p in a lis  (SAC) and ra t  extensor digitorum  longus (EDL) (both p r i 
m arily fa s t- tw itc h )  and ra t  soleus (SOL) (p rim arily  slow -tw itch) 
were obtained by a combination of low -salt f ra c tio n a tio n  and 
sucrose density  g radient c en tr ifu g a tio n . SDS polyacrylamide gel 
e lec tro p h o resis  (SDS-PAGE) of p ro te in s and glycoproteins s o lu b il
ized from these  v esic le s  revealed several bands. Four of these 
bands were present in gels from both the  rab b it and ra t  f a s t -  
tw itch  muscle sarcolemmal preparations (th a t contained a rra y s ) , 
ye t were absent in gels from ra t  slow -tw itch muscle sarcolemmal 
p reparations (not bearing a rra y s ) . An enrichment in v e sic le s  con
ta in in g  arrays was achieved by binding SAC sarcolemmal v esic le s  to  
con A-Sepharose 4B beads. SDS-PAGE analysis  of a rray-enriched 
v esic le s  from the  con A beads revealed enrichment of th ree  major 
bands a t M 93,000, 54,000 and 49,000. These enriched bands 
c o rre la te  with th ree  of the  four bands common to  fa s t- tw itc h  EDL 
and SAC, ye t are absent in slow -tw itch SOL sarcolemmal p repara
t io n s .  Thus, several lin e s  of evidence suggest th a t a t le a s t  one 
of th ree  p ro te in s of approximately 49, 54 and 93 kD molecular 
weight are  candidate components of the  sarcolemmal orthogonal 
a rray . Since the  c( subunit of the  Na-K ATPase is  a sarcolemmal 
p ro te in  whose molecular weight i s  near th a t  of one of the  array 
candidate p ro te in s (93 kD), we deemed i t  important to  t e s t  fo r 
th is  possib le  id e n ti ty .  I t  was determined th a t no Na-K ATPase 
inm unoreactivity  was present w ithin the array  enriched frac tio n  by 
both inwnunoblotting and enzyme linked immunosorbent assay . A nti
bodies again st both p u rif ied  guinea pig and ra t  ATPase fa ile d  to  
s ta in  the  93 kD band in immunoblots. Further, an tibod ies ra ised  
against the  array  enriched m aterial showed no s ig n if ic a n t binding 
to  the  ATPase by ELISA. Thus, we have defined possib le  candidate 
p ro te in s  th a t  c o rre la te  with the orthogonal a rray , have determined 
th a t these  are not Na-K ATPase re la ted  and have produced an tib o 
d ies  to  th is  array  enriched preparation  th a t should be useful fo r 
fu r th e r  ch a rac te r iz a tio n .

393.14 UBIQUITIN-ANTIBODIES INHIBIT THE NEURON-SPECIFIC HIGH AFFINITY 
UPTAKE OF CHOLINE, NE, 5 ‒HT, GABA, GLUTAMATE, AND ASPARTATE IN 
RAT BRAIN SYNAPTOSOMES. E.M, Meyer, C. W est*, S .P . Baker, J .H . 
Ju d k in s* , and V. Chau*. D epts. o f Pharmacology, B iochem istry , and 
Anatomy, Univ. of F lo r id a , G a in e s v i l le ,  FL 32610.

U b iq u itin  i s  a 76 amino ac id  re s id u e  p ro te in  found in  a l l  eukar
y o te s . One o f th e  most h ig h ly  conserved p r o te in s ,  u b iq u i t in  i s  
c o v a le n tly  lin k ed  to  amino groups of ac cep to r  p ro te in s  as a form 
of p o s t - t r a n s l a t i o n a l  m o d if ic a tio n  th a t  may u n d e r l ie  many p ro cesse s  
rang ing  from c e l lu l a r  in te r a c t io n s  to  rap id  p r o te o ly s is .  These 
c e l l u l a r  in t e r a c t io n s  in  p a r t i c u l a r  may invo lv e  enhanced reco g n i
t io n  o f s p e c i f ic  c e l l u l a r  plasm a membrane p ro te in s  th a t  have been 
"u b iq u in a te d " . We th e re fo re  in v e s t ig a te d  w hether u b iq u i t in  was 
a s s o c ia te d  w ith  s e v e ra l  n e u ro n -s p e c if ic  t r a n s p o r t  p r o te in s ,  u s in g  
a n t ib o d ie s  to  u b iq u i t in  th a t  were p u r i f i e d  by a S ep h aro se-u b iq u i-  
t i n  a f f i n i t y  column and f u r th e r  c h a ra c te r iz e d  by im m unoblotting. 
These u b iq u i t in - a n t ib o d ie s  bound to  i n t a c t  r a t  c e re b ra l c o r t i c a l  
synaptosom es in  a s a tu r a b le  manner, w ith  maximal b in d in g  observed 
( le s s  th an  0 . 5% o f th e  t o t a l  membrane p ro te in )  a t  10–20 ug/m l a f t e r  
30 min a t  37°, u s in g  io d in a te d  p ro te in -A  fo r  q u a n t i f ic a t io n .  Using 
s im i la r  in c u b a tio n  c o n d i tio n s , 10 ug/m l of th e  a n t ib o d ie s  in h ib i te d  
th e  synaptosom al h ig h  a f f i n i t y  up take o f la b e l le d  c h o lin e , NE, 5 - 
HT, GABA, g lu tam a te , and a s p a r ta te  by 88%, 32%, 29%, 36%, 53%, and 
49%, r e s p e c t iv e ly .  In  th e  c h o l in e rg ic  system , which was th e  f i r s t  
to  be s tu d ie d  more c lo s e ly ,  t h i s  u p ta k e - in h ib i t io n  was tim e- and 
d o se-dependen t, w ith  in h ib i t i o n  p a r a l l e l in g  b in d in g . F u r th e r , th e  
an tib o d y -in d u ced  in h ib i t i o n  o f c h o lin e  up take and coupled ACh syn
th e s i s  was blocked o r reduced by p re tre a tm e n t w ith  p re tre a tm e n t 
w ith  5% TCA o r Sepharose-bound u b iq u i t in ,  r e s p e c t iv e ly .  Pre-immune 
IgG bound to  synaptosom es in  an a p p a re n tly  n o n -s a tu ra b le  manner 
and d id  n o t a f f e c t  h igh  a f f i n i t y  ch o lin e  up take and a c e ty la t io n .  
S ig n if i c a n t ly ,  th e se  u b iq u i t in - a n t ib o d ie s  had no e f f e c t  on m uscar
in i c  r e c e p to r  b in d in g  to  la b e l le d  QNB or on ACh r e l e a s e ,  dem onstra
t in g  th e  s p e c i f i c i t y  o f th e  e x t r a c e l lu la r  u b iq u i tin -b in d in g  fo r  
n e u ro n -s p e c if ic  t r a n s p o r te r s  as opposed to  re c e p to rs  o r any of th e  
p ro te in s  a s s o c ia te d  w ith  t r a n s m it te r  r e le a s e  and m aintenance o f 
membrane p o te n t ia l s .  These r e s u l t s :  1) show th e  p o te n t ia l  o f th i s
an tib o d y  p re p a ra tio n  fo r  p a r t i a l l y  p u r ify in g  membrane t r a n s p o r te r s ;  
and 2) su g g est a p o s s ib le  c e l l - r e c o g n i t io n  ro le  fo r  u b iq u in a te d  
t r a n s p o r t e r s .
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393.15 CEREBELLAR GANGLIOSIDE ABNORMALITIES IN THE NERVOUS MUTANT 
MOUSE. T.N. Seyfried, D. Bernard*and R.K. Yu.  Dept. of 
Biology, Boston College, Chestnut H ill, MA 02167, and 
Dept. of Neurology, Yale University, Sch of Medicine.

Gangliosides are a family of cell-surface glycosphingolipids 
th a t are most concentrated in the vertebrate CNS and are thought 
to play a role in neuronal d iffe ren tia tio n  and synaptogenesis. 
The d istrib u tio n  of cerebellar gangliosides was studied in adult 
( 7 3 + 2  days) nervous (nr/ n r) mutant mice which experience a 
degeneration of 50 to 90 percent of their Purkinje c e lls . This 
neuronal loss is  associated with s ign ifican t reductions in cere
b ellar weight and ganglioside concentration. The cerebellar dry 
weights (mg) and the ganglioside concentrations (ug N-acetylneur- 
aminic acid per 100 mg dry weight) in nr/ nr mice and age-matched 
normal litterm ates (+/?) are 7.4 + 0.3 mg and 13.2 + 0.4 mg, re
spectively; and 411.7 + 4.8 ug and 438.5 + 2.1 ug; respectively. 
Abnormalities were also observed for the concentration of certain  
ganglioside species. Most noteably, GTla is  sign ifican tly  reduced 
by 42%, and GD3 is  sign ifican tly  increased by 29% in the nr/ nr mice 
compared to the +/? mice. The nr/ nr mice also express a s lig h t 
but s ign ifican t, reduction in GTlb. No ganglioside abnormalities 
were observed between the nr/ nr and +/? mice in cerebral cortex. 
We previously found reduced cerebellar GTla content in other mu
tan ts tha t also lose Purkinje c e lls , i . e . ,  sg/sg, pcd/pcd and Lc/+. 
GTla is  not reduced, however, in wv/wv mice tha t lose mostly gran
ule c e lls . The findings in nr/nr mice therefore support our hypo
thesis tha t GTla is  enriched in Purkinje c e lls . GDla, which is  en
riched in mature granule c e lls , is  not reduced in the nr/nr mice. 
Since we previously found tha t GD3 is  a good marker for reactive 
g lia  in neurological disease, the elevated GD3 concentration in the 
n r/nr mice indicates a mild g lio s is . Our findings with nr/nr 
and the other neurological mutants indicate tha t gangliosides can 
be used as cell-surface markers for monitoring changes in the cyto- 
architecture of the mouse cerebellum. Supported by NSF grant 
(BNS8305449) and NIH grant 11853.

393.16 EXPRESSION OF THE LIMBIC SYSTEM ASSOCIATED MEMBRANE PROTEIN 
(LAMP) ON CULTURED NEURONS AND NEUROBLASTOMA CELLS. P. L e v it t  
and V. Cooper*. D ept. Anatomy, M edical C o llege o f P enn ., 
P h i la d e lp h ia , PA 19129.

The lim b ic  system  a s s o c ia te d  membrane p ro te in  (LAMP) i s  a 
c e l l  s u r fa c e  g ly c o p ro te in  on th e  c e l l  somata and d e n d r i te s  of 
neurons com prising  lim b ic  system  reg io n s  in  mammals. Axons and 
f ib e r  t r a c t s  a re  n o t im m unoreactive in  th e  a d u l t ,  b u t a re  
t r a n s i e n t l y  s ta in e d  d u ring  developm ent. In  o rd e r  to  a s s e s s  the  
tim e co u rse  o f e x p re ss io n  and c e l lu l a r  d i s t r i b u t io n  o f LAMP 
du rin g  developm ent, immunocytochemical s ta in in g  w ith  a 
m onoclonal an tib o d y  was perform ed on prim ary  monolayer c u l tu re s  
and N2A neurob lastom a c e l l s  a t  v a r io u s  s ta g e s  of 
d i f f e r e n t i a t i o n .  The hippocam pal fo rm ation  was ex c ised  and 
d is s o c ia te d  fo r  monolayer c u l tu r in g  a t  embryonic day 16, 3 days 
p r io r  to  in  s i t u  d e te c t io n  o f LAMP. By f o r ty - e ig h t  hours a f t e r  
p la t in g ,  im m unoreactive c e l l  somata and s h o r t  p ro cesse s  were 
ev id e n t in  l i v e  c u l tu r e s ,  in d ic a t iv e  o f th e  d i s t r i b u t io n  o f 
LAMP a t  th e  e x t r a c e l lu la r  s u r fa c e . S ta in in g  was s p a t i a l l y  
r e s t r i c t e d  on th e  membranes, found in  d i s t i n c t  c l u s t e r s .  
U l t r a s t r u c tu r a l  immunocytochemical exam ination  confirm ed th i s  
p a tchy  d i s t r i b u t io n .  The p a t te r n  o f c e l l u l a r  s ta in in g  remained 
th e  same du rin g  th e  14 day c u l tu r e  p e r io d . In c re a se s  in  
im m unoreactiv ity  were a t t r ib u t e d  to  growth o f n e u r i te  a rb o rs  in 
th e  c u l tu r e  system  over tim e . In  o rd e r to  c h a ra c te r iz e  th e  
f ib e r  c la s s  and c e l l  ty p es  e x h ib i t in g  th e  im m unoreactiv ity , 
double im m unofluorescence was perform ed w ith  a m onoclonal 
an tib o d y  to  n eu ro filam e n t (NF) p ro te in  and an an tib o d y  to  g l i a l  
f i b r i l l a r y  a c id ic  (GFA) p ro te in .  Double la b e le d  LAMP and NF 
p ro c e sse s  were found th roughou t th e  c u l tu r e s .  No LAMP/GFA 
im m unoreactive c e l l s  were p re s e n t in  th e  m a te r ia l .  N2A c e l l s  
e x h ib ite d  id e n t ic a l  pa tchy  s u r fa c e  LAMP im m unoreactiv ity . Both 
th e  somata o f c lu s t e r s  o f im mature, f la t te n e d  c e l l s  and la rg e , 
d i f f e r e n t i a t e d  p ro c e s s -b e a r in g  c e l l s  were im m unostained, 
in d ic a t in g  th a t  m orpho log ica l d i f f e r e n t i a t i o n  i s  n o t a 
p r e r e q u i s i t e  fo r  LAMP e x p re ss io n . The s tu d ie s  dem onstra te  th a t 
th e  e p i to p e  reco g n ized  by th e  LAMP m onoclonal an tib o d y  i s  
d is t r i b u te d  on th e  e x t r a c e l lu la r  su r fa c e  o f on ly  neurons in  the 
prim ary  c u l tu r e s  and th a t  du rin g  c e l l  d i f f e r e n t i a t i o n ,  
membranes com prising  th e  soma, axon and d e n d r i te  ex p re ss  th e  
s y s te m -s p e c if ic  a n t ig e n .
Supported  by th e  March o f Dimes R esearch  G rant 1-919 and NSF 
BNS 85–19647

393.17 SEPARATION O F TW O D ISTINCT POPULATIONS OF NEURONS 
FROM CHICK CILIARY GANGLION. D.L. Needels. M. Nieto-Sampedro. 
and C.W. Cotman. Department o f Psychobiology, University o f California, 
Irvine, CA 92717.

It has been known for some tim e that ciliary ganglion neurons and 
nonneurons from 8 day chick embryo can be separated from each other, based 
on the greater adhesivity o f the nonneurons to untreated tissue culture plastic. 
This separation is dependent on some as yet uncharacterized com ponents) of 
fetal calf serum that differentially inhibits the attachment o f neurons relative to 
nonneurons. As a class, all o f  the neurons in the ciliary ganglion are less 
adhesive than the nonneurons.

W e report here that subpopulations o f neurons can also be separated from 
each other on the basis o f their adhesion to plastic in the presence o f Serum 
Plus (a commercially available supplemented serum). Approximately half of 
the neurons plated in Serum Plus attach immediately to the plastic (within 15 
minutes), but die other half do not attach for up to 90 minutes. Fuithurmore, 
these two population o f neurons have different properties in culture. Extract of 
injured rat brain contains a neurotrophic factor capable o f supporting the short
term (24 h) survival o f all o f the neurons in ciliary ganglion. The less adhesive 
neurons can be quantitatively supported for greater than 2 weeks by such 
extracts, however the second population slowly dies during the first week in 
culture. Thus, the two populations o f neurons show different sensitivities to 
brain-derived trophic factors. Secondly, the more adhesive neurons tend to 
aggregate in culture, whereas the less adhesive neurons remain isolated from 
each other.

The ciliary ganglion consists o f two major classes o f neurons, ciliary and 
choroid, that innervate different target muscles. W hile we have no direct 
evidence that the subpopulations separated here correspond to ciliary and 
choroid neurons, the relative proportions are consistent with this notion. 
Alternatively, we may be separating neurons that are in different developmental 
stages; if  so, the differences in adhesivity and sensitivity to trophic factors may 
be functionally relevant. In principle, subpopulation o f neurons from other 
sources could be separated from  each other and from  nonneurons by 
manipulating the relative levels o f attachment factors and inhibitors (using 
either serum or purified components).

Supported by NIH postdoctoral fellowship 1F32 NSO7476-01A1 (DLN) 
and NIMH grant M H 19691–16 (CWC).

393.18 GADOLINIUM-LABELED MONOCLONAL ANTIBODIES PERMIT MAGNETIC 
RESONANCE IMAGING OF HUMAN T CELLS IMPLANTED IN CANINE BRAIN. 
S. Kornguth, P. T u rsk i* , W. Perman*, R. Reale*, T. K alinke*, 
and R. S chu ltz* . U n iv e rs ity  o f W isconsin, Madison, W isconsin 
53706.

Two d i f f e r e n t  m urine m onoclonal an ti-hum an T c e l l  
a n t ib o d ie s , th a t  were c o v a le n tly  coupled d i r e c t l y  and 
in d i r e c t ly  to  gado lin ium  (Gd), bind s p e c i f i c a l ly  to  human T 
c e l l s  im p lan ted  in  can ine  b ra in . This b ind ing  was a t  a 
c o n c e n tra t io n  o f  Gd s u f f i c i e n t  to  d e l in e a te  th e  im plan ted  c e l ls  
and to  d is t in g u is h  them from surround ing  b ra in  t i s s u e  w ith  a 
1.5 T e lsa  m agnetic resonance (MR) im ager. These G d-labeled  
im m unoglobulin p re p a ra tio n s  d id  no t bind bovine T c e l l s  a t  a 
c o n c e n tra t io n  s u f f i c i e n t  to  be d e te c te d  on MR im ages. These 
G d-labeled  a n t ib o d ie s  y ie ld  c e l l - s p e c i f i c  c o n tr a s t  in  MR 
im ages.

A p ro te in  s o lu t io n  co n ta in in g  th e  im m unoglobulins was 
re a c te d  w ith  th e  d ian h y d rid e  o f  DTPA; the  DTPA a c ts  as a m etal 
c h e la to r  and as a p ro te in  c ro s s l in k in g  agen t. As an example, a 
1 ml s o lu t io n  (pH 8.6) co n ta in in g  100 ug o f  m onoclonal 
an tib o d y , 2.0 mg g e l a t i n  and 2.5 mg bovine serum album in was 
added r a p id ly  to  d ry  DTPA (1–2 mg). A f te r  16 hours a t  4°C, the 
p ro te in -bound  DTPA was se p a ra te d  from f re e  DTPA by g e l 
f i l t r a t i o n .  The DTPA-protein complex, in  c i t r a t e  b u ffe r  (pH 
6.5, 0.1 M), was re a c te d  w ith  gadolin ium  c h lo r id e . In  some 
c a se s , 153–Gd was added to  th e  – Gd to  determ ine  the  ex ten t 
o f  p ro te in  m o d if ic a tio n . The f re e  Gd was removed by g e l 
f i l t r a t i o n .  There were app ro x im ate ly  10 DTPA re s id u e s  per 
p ro te in  in  th e  m odified  p ro te in  m ix tu re .

I s o la te d  human o r bovine monocytes were im p lan ted  in to  the 
b ra in s  o f  a n e s th e tiz e d  dogs. The c e l l s  were in je c te d  in  a 
volume o f  40 u l  c o n ta in in g  12 m il l io n  c e l l s .  S ubsequently  the 
b lo o d -b ra in  b a r r i e r  was d is ru p te d  by the i n t r a a r t e r i a l  
in j e c t io n  o f hyperosm otic  m ann ito l (25%) through a c a th e te r  
p laced  a t  th e  branch o f  th e  i n t e r n a l  and e x te rn a l  c a ro t id .  The 
G d-labeled  m onoclonal an tibody  p re p a ra tio n s  were then  
in tro d u ced  through th e  same c a th e te r .  F o r ty -e ig h t to  seven ty - 
two hours l a t e r  th e  b ra in s  were imaged. MRI rev ea led  a 
m arkedly decreased  T1 (h igh  s ig n a l  in t e n s i ty  TE=25, TR=200 msec) 
r e la te d  to  th e  human T c e l l  im p lan ts . There was no evidence of 
Gd a c t i v i t y  a t  th e  s i t e  o f  bovine T c e l l s .  N e ith e r c o n tro l 
m urine gam m a-globulin  coupled to  Gd, nor m urine an ti-hum an  T 
c e l l  a n t ib o d ie s  uncoupled to  Gd c o n tra s te d  th e  human T c e l l s  in  
th e  b ra in . As a consequence o f  b ind ing  G d-labeled  antihum an T 
c e l l  im m unoglobulins to  T c e l l s ,  th e  i n t r a c r a n i a l  mass 
co n ta in in g  10-12 m il l io n  c e l l s  in  a d ia m e te r le s s  than  4 mm was 
r e a d i l y  v is u a l iz e d .
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394.1 ROLE OF CENTRAL NORADRENERGIC AND PITUITARY ADRENAL SYSTEMS IN 
REGULATION OF BETA AND ALPHA ADRENOCEPTOR FUNCTION IN RAT CNS. 
E.A. S tone , B .S. McEwen, A .S. H errera*  and K.D. C a r r , D ept. 
P s y c h ia t . ,  New York Univ. Sch. Med., New York, NY 10016 and The 
R o ck e fe lle r  U n iv ., New York, NY 10021.

C atecholam ines s tim u la te  th e  fo rm ation  of c y c l ic  AMP (cAMP) in  
r a t  b ra in  by a c t iv a t io n  of bo th  b e ta  and a lpha  ad ren o c e p to rs . 
R ecent f in d in g s  have suggested  th a t  the  b e ta  component of the 
response  may be re g u la te d  c h ie f ly  by the  n o rad ren e rg ic  system  and 
th e  a lp h a  component p r im a r ily  by the  p i t u i t a r y  a d ren a l system . 
The p re s e n t study  was undertaken  to  t e s t  th i s  by d eterm in ing  how 
each ad re n e rg ic  component i s  a l te r e d  by ch ro n ic  in c re a s e s  and 
d ec re a se s  in  the a c t i v i t i e s  of th e se  system s.

C e n tra l n o ra d re n e rg ic  a c t i v i t y  was c h ro n ic a l ly  in c rea sed  or 
dec reased  in  se p a ra te  groups of r a t s  by rep ea ted  tre a tm en t w ith  
the NE uptake i n h i b i to r ,  desm ethylim ipram ine (DMI, 10 mg/kg, i . p . ,  
tw ice d a i ly ,  10 days) or by 6–\OHDA induced le s io n  of the  d o rs a l 
n o ra d re n e rg ic  bundle (DNB, two w eeks), r e s p e c t iv e ly .  P i tu i t a r y  
ad re n a l a c t i v i t y  was c h ro n ic a lly  in c re a se d  or d ec reased  by 
rep e a te d  a d m in is tr a tio n  of ACTH1–24 (50 U /kg/day, s . c . ,  10 days) 
or by hypophysectomy (2 w eeks), r e s p e c t iv e ly .  The cAMP response  
to  b e ta  and a lpha  ad re n e rg ic  r e c e p to r  s tim u la t io n  was assayed in  
c e re b ra l  c o r t i c a l  s l i c e s  by p re v io u s ly  p u b lish ed  methods using  
is o p ro te re n o l to  a c t iv a te  the  b e ta  response and 6- f lu o r o -  
n o rep in ep h rin e  the  a lp h a .

I t  was found th a t  the  b e ta  response was a l te r e d  s e le c t i v e ly  by 
tre a tm e n ts  a f f e c t in g  n o rad ren e rg ic  fu n c tio n  w hereas th e  a lpha  
response  was a f fe c te d  s e le c t i v e ly  by tre a tm e n ts  a f f e c t in g  
p i t u i t a r y  ad ren a l fu n c t io n . Thus DMI (n o ra d re n e rg ic  in c re a s e )  and 
DNB le s io n  (n o ra d re n e rg ic  d e c re a se ) produced a dec rease  and 
in c re a s e  r e s p e c t iv e ly  in  b e ta  re c e p to r  fu n c tio n  w hereas ACTH 
( p i t u i t a r y  ad ren a l in c re a s e )  and hypophysectomy ( p i t u i t a r y  ad ren a l 
d e c re a se )  produced a d ec re ase  and in c re a s e  r e s p e c t iv e ly  in  a lpha  
re c e p to r  fu n c t io n .  P re lim in a ry  f in d in g s  suggest th a t  the  a lpha  
response  a f fe c te d  by p i t u i t a r y  a d ren a l a c t i v i t y  i s  of the  a lp h a -1 
a d re n e rg ic  su b ty p e .

I t  i s  concluded th e re fo re  th a t  the  b e ta  and a lpha  a d ren e rg ic  
components o f the  cAMP response  to  ca techo lam ines  a re  re g u la te d  by 
the  n o rad re n e rg ic  and p i t u i t a r y  a d ren a l system s re s p e c t iv e ly .  The 
r e s p e c t iv e  ro le s  of ACTH and c o r t ic o s te ro n e  in  th e  p i t u i t a r y  
ad ren a l e f f e c t s  a re  c u r r e n t ly  under in v e s t ig a t io n .  The f in d in g  
th a t  the  n o rad re n e rg ic  system  r e g u la te s  b e ta  and no t a lp h a -1 
ad ren o cep to r fu n c tio n  may s ig n ify  th a t  th e se  r e c e p to rs  have 
d i f f e r e n t i a l  s u s c e p t i b i l i t y  to  re g u la t io n  by th e i r  ag o n is t 
(n o re p in e p h rin e )  or a re  su b je c t to  d i f f e r e n t  deg rees of ag o n is t 
exposu re . (Supported  by g ra n ts  MH22768, MH08618 and NS07080).

394.2 Structural Derivatives of pindolol: Factors Influencing inter
action  with Central Beta-Adrenergic Receptors In v ivo . S.M. 
Tejani-Butt* and D.J. Brunswick* (Spon.: p. Conway), Dept. of 
p sy c h ia try , Univ. of Pennsylvania School of Medicine and Neuro
psychopharmacology U nit, veterans Adm inistration Medical Cen te r, 
P h ilade lph ia , PA 19104.

A lthough (– )– 125I- io d o p in d o lo l (IPIN) can be used to  la b e l  
b e ta - a d re n e rg ic  re c e p to r s  in  th e  c e n tr a l  nervous system  (CNS) in  
v iv o  ( J .  Pharm. Exp. T herap. 235:1 , 1985) use o f t h i s  lig a n d  fo r  
re c e p to r  imaging s tu d ie s  in  humans may be l im ite d  due to  i t s  r e l a 
t i v e ly  poor p e n e tra t io n  in to  th e  CNS. A s e r ie s  o f d e r iv a t iv e s  r e 
la te d  to  p in d o lo l was th e re fo re  sy n th es iz ed  in  an e f f o r t  to  d e t e r 
mine th e  f a c to r s  th a t  m ight in f lu e n c e  th e  p e n e tra tio n  and in t e r 
a c t io n  o f  th e se  compounds w ith  c e n tr a l  b e ta - re c e p to r s   in  v iv o . The 
s y n th e s iz e d  compounds v a r ie d  in  the  s u b s t i tu e n t  a t  th e  te rm in a l 
amino end o f  th e  m o lecu le ; t h e i r  s t r u c tu r e s  were confirm ed using  
p ro to n  n u c le a r  m agnetic  reso n an ce , mass sp ec tro sco p y  and e lem en ta l 
a n a ly s i s .  The a f f i n i t y  o f  th e se  compounds fo r  b e ta - r e c e p to r s ,  a s  
m e asu red  by th e i r  in h ib i t i o n  o f th e  b ind ing  o f IPIN to  r a t  c o r t i 
c a l  o r  c e re b e l la r  membranes in  v i t r o ,  ranged from 2 to  100 fo ld  
l e s s  than  p in d o lo l . The most p o te n t compounds had IC50 v a lu e s  o f 
app rox im ate ly  5nM. These compounds v a r ie d  w idely  in  t h e i r  l ip o p h i-  
l i c i t y  (abou t 1000 f o ld ) ,  a s  measured by th e i r  d i s t r i b u t io n  co e f
f i c i e n t s  between phosphate b u f fe r  and n -o c ta n o l a t  pH 7 .4 .  Evalua
t i o n  o f  th e  a b i l i t y  o f  th e se  d e r iv a t iv e s  to  d is p la c e  th e  b ind ing  
o f  IPIN in  th e  b ra in  upon system ic  a d m in is tra tio n  p ro v id e s  an a s 
se s sm e n t o f  w hether th e  d e r iv a t iv e s  p e n e tra te  and in t e r a c t  w ith  
c e n tr a l  b e ta - re c e p to r s  in  v iv o .

A pproxim ately 2 uCi IPIN was in je c te d  in tra v e n o u s ly  in to  male 
Sprague-Dawley r a t s  (200-250g) f iv e  m inu tes  a f t e r  th e  in je c t io n  o f 
e i t h e r  u n la b e lle d  d e r iv a t iv e  o f p in d o lo l o r  s a l i n e .  Two hours l a 
t e r  r a d i o a c t i v i ty  was m easured in  c o r te x  (CX), ce rebellum  (CB), 
and  b ra in s tem  (BS). The potency o f  th e  compounds fo r  d is p la c in g  
IPIN  b in d in g  in  v iv o  in  th e  CX and CB were h ig h ly  c o r r e la te d  w ith  
th e  IC50 v a lu es  from co m p etitio n  experim en ts determ ined  in  v i t r o  
( r  CX= 0 .8 7 ; r cb.= 0 .9 2 ) . By c o n t r a s t ,  in c re a s in g  th e  l i p o p h i l i c i t y  
o f  rCX=he se  compounds d ec reased  th e  potency in  v iv o  ( r cx =0.65 ; r cb= 
0 .6 9 ) .  This r e s u l t  was somewhat unexpected a s  i t  was a n t ic ip a te d  
t h a t  l i p o p h i l i c i t y  would in c re a s e  th e  p e n e tra tio n  and in te r a c t io n  
o f  th e se  compounds w ith  b e ta - re c e p to r s  in  v iv o . I t  i s  concluded 
from  t h i s  s tu d y  o f c lo s e ly  r e l a te d  d e r iv a t iv e s  o f p in d o lo l th a t  
h igh  a f f i n i t y  f o r  th e  re c e p to r  ap p ears  to  be th e  most im portan t 
p ro p e r ty  o f  th e  compounds in f lu e n c in g  t h e i r  in t e r a c t io n  w ith  cen
t r a l  b e ta - r e c e p to r s .  A f te r  some lim it in g  v a lu e  o f  l i p o p h i l i c i t y  
i s  reached in c re a s in g  l i p o p h i l i c i t y  may a c tu a l ly  d ec re a se  potency 
in  v iv o . (Supported by Research Funds from th e  v e t .  A in. and USPHS 
MH 36761).

394.3 A PROCEDURE FOR DETECTING α2- ADRENERGIC RECEPTOR-MEDIATED INHIBI
TION OF ADENYLATE CYCLASE IN RAT BRAIN SLICES: INFLUENCE OF IMI- 
PRAMINE. R .S . Duman, S. Nomura* and S .J .  Enna. D epts. Pharmacology 
and N eurobiology and Anatomy, U n iv e rs ity  of Texas M edical School, 
P .O. Box 20708, Hou s to n , Texas 77025.

A lthough an α2-a d re n e rg ic  rece p to r-m e d ia ted  in h ib i t i o n  o f 
ad e n y la te  c y c la se  has been observed in  p e r ip h e ra l t i s s u e s ,  c e l l  
c u l tu r e s ,  and b ra in  p a r t i c u l a t e  f r a c t io n s ,  i t  has n o t been d e te c 
t a b le  in  b ra in  s l i c e s .  In  f a c t ,  i t  has r e c e n tly  been re p o rte d  th a t  
α2–adre n e rg ic  a g o n is ts  augment n e u ro t ra n s m it te r  r e c e p to r - s tim u la te d  
cAMP accum ula tion  in  r a t  b ra in  s l i c e s  ( P i l c , A. and Enna, S . J . ,  
J .  Pharm acol. Exp. T herap . ,  in  p r e s s ) ,  su g g es tin g  th a t α2-a d re n e r -  
g ic  s i t e s  may n o t be n e g a tiv e ly  coupled to  ad e n y la te  c y c la se  in  
t h i s  p re p a ra t io n .  On th e  o th e r  hand, i t  i s  co n c e iv ab le  th a t  any 
in h ib i to ry  e f f e c t  may be obscured  by th e  augm enting a c t io n  in  b ra in  
s l i c e s .  The p re s e n t study  was undertaken  to  ad d ress  t h i s  is s u e  by 
exam ining th e  e f f e c t  o f α-a d re n e rg lc  ag e n ts  on fo r s k o lin - s t im u la te d  
cAMP accum ulation  in  r a t  b ra in  s l i c e s .  For th e  s tu d y , fo r s k o l in -  
s tim u la te d  cAMP accum ulation  was measured in  r a t  b ra in  c e re b ra l 
c o r t i c a l  s l i c e s  u s in g  a p re la b e l in g  te ch n iq u e . I t  was found th a t 
6- f lu o ro n o re p in e p h r in e , c lo n id in e  and UK-14,304 caused a concen
tra tio n -d e p e n d e n t i n h ib i t i o n  o f fo r s k o lin - s t im u la te d  cAMP accumu
l a t i o n  in  th i s  p re p a ra t io n ,  w hereas p h en y lep h rin e , an  
α 1  – a g o n is t ,  was in a c t iv e  in  t h i s  re g a rd . M oreover,  α-  
a d re n e rg ic  re c e p to r  a n ta g o n is ts  were found to  be more p o te n t than  
 α1-a d re n e rg ic  ag e n ts  in  r e v e r s in g  th e  in h ib i to ry  response  to  UK- 
14 ,304. Chronic (14 days) a d m in is tr a tio n  of im ipram ine (10 mg/kg, 
i . p . )  s i g n i f i c a n t ly  reduced th e  a b i l i t y  o f  UK-14,304 to  in h i b i t  
f o r s k o lin - s t im u la te d  cAMP accum ula tion  in  r a t  c e re b ra l c o r t i c a l  
s l i c e s .  The r e s u l t s  suggest th a t  r a t  b ra in  s l i c e s  p o sse ss   α2-  
a d re n e rg ic  r e c e p to r s  th a t  a re  n e g a tiv e ly  coupled to  ad e n y la te  
c y c la se  and in d ic a te  th a t  th e  fu n c t io n a l response  to  th e se  s i t e s  
can be examined in  th i s  p r e p a ra tio n  when th e  enzyme i s  s tim u la te d  
d i r e c t l y ,  such  as w ith  f o r s k o l in .  The d a ta  w ith  im ipram ine in d i 
c a te d  th a t  th e  ch ro n ic  a d m in is tr a tio n  of t h i s  a n t id e p re s s a n t  down- 
r e g u la te s  th e se   α2-a d re n e rg ic  r e c e p to r s ,  le n d in g  b iochem ical 
su p p o rt to  b e h a v io ra l and e le c tro p h y s io lo g ic a l  r e s u l t s  su g g es tin g  
th a t  a n t id e p re s s a n ts  may a t te n u a te   α -a d re n e rg ic  r e c e p to r  respon 
s iv e n e ss  in  b r a in .  (Supported  in  p a r t  by USPHS g ra n ts  MH‒36945 
and MH‒00501).

394.4 ACUTE AND CHRONIC STRESS AFFECT ALPHA.-ADRENOCEPTORS IN SPECIFIC 
BRAIN REGIONS OF THE RAT. I .  Nukina, G.B. Glavin and F.S. LaBella. 
Dept. of Pharmacology & Therapeutics, Univ. of Man. Winnipeg, Man. 
R3E OW3

Various forms of s tre s s  promote decreases in  levels of 
noradrenaline (NA) and an increase in  NA turnover in  brain. Brain 
adrenoceptors also  appear to  be influenced by s tre s s , and 
subsensitiv ity  of beta-adrenergic responses following repeated 
exposure to  s tre s s  has been reported. But the e ffec ts  of s tress  on 
alpha-adrenoceptors in  brain  are le ss  c lea r. In  the present 
studies, the e ffe c ts  of acute and chronic s tre s s  on the s ta te  of 
alpha-adrenoceptors in  nine brain  negions.were examined using the 
specific  alpha--adrenoceptor antagonist, (3H) -rauwolscine (H-Rau) 
(Perry, B.D. and U'Prichard, D.C., European J .  pharmaco l . ,  76:461, 
1981).

The acute stressed  ra ts  were restrained in  supine position for 
3 h r  a t  4–6°C. The chronic stressed  ra ts  were restrained for 1 hr 
once daily  fo r 10 days. Stressed and control r a ts  were decapitated 
and amygdala, hippocampus, hypothalamus, cerebral cortex, pons 
plus medulla oblongata, basal ganglia, thalamus, midbrain and 
cerebellum were dissected on ice. Acute s tre s s  led to  changes in 
3H-Rau binding in  specific  brain  regions. A decrease in  Bmax 
occurred in  the  amygdala and in  the hippocampus, but an increase 
in  the  midbrain. The Kd was decreased in  the amygdala and 
increased in  the midbrain. Chronic s tre s s  led to  an increase in 
Bmax in  the amygdala and the midbrain but a decrease in  the 
pons/med. The Kd was increased in  the  midbrain but decreased in 
the hypothalamus.

Thus, acute exposure to  an endogenous agonist (stress-induced 
NA release) might cause desensitization  of alpha2-adrenoceptors 
but chronic exposure might cause normalization o r supersensitivity  
of a lp h a 2-adrenoceptors in  the  hippocampus and amygdala. On the 
other h n d , both acute and chronic s tre s s  increased the number of 
alpha2-adrenoceptors in  the mid brain . These differences in 
regional b rain  alpha2-adrenoceptor responses to  s tre s s  are 
puzzling. However, the  midbrain may have an important ro le  in 
physiological response to  s tre s s . We conclude th a t there is  
sig n ifican t regional brain  v a r ia b ility  in  the physiological 
regulation of alpha2-adrenoceptors in  response to  s tre s s  and these 
regional discrepancies might be due to  d ifferences in  the ra tio  of 
p re- and post-synaptic alpha2,  -adrenoceptors, in  time related 
d ifferences in  noradrenaline turnover and/or in  the heterogeneity 
of b rain  alpha2,  -adrenoceptors. (Supported by the Medical Research 
Council of Canada and Manitoba Health Research Council).



1464 ADRENERGIC RECEPTORS THURSDAY PM

394.5 [3h ]UK14,304 BINDS AT MULTIPLE ALPHA2-ADRENERGIC AFFINITY STATES 
IN HUMAN PREFRONTAL CORTEX:GTP INHIBITS BINDING AT THE HIGHEST 
AFFINITY STATE IN BOTH NORMAL SPECIMENS AND PRESUMPTIVE SUICIDES. 
R. C. G ilk eso n * , M. A, C arlso n * , A. C. Andorn* (SPONS: A. H a la r is )  
D epartm ent of P sy c h ia try , Case W estern R eserve U n iv e rs ity  School o 
M edicine and C leveland  M e tro p o lita n  G eneral H o s p i ta l ,  C leveland , 
Ohio 44109

[3 H]UK14,304 b inds  r a p id ly  and re v e r s ib ly  to  a t  l e a s t  two h igh  
a f f i n i t y  s t a t e s  w ith  a lp ha2-a d re n e rg ic  s e l e c t i v i t y  in  p a r t i c u l a te  
membrane f r a c t io n s  of human p r e f r o n ta l  c o r te x . Rate a s s o c ia t io n  
s tu d ie s  a t  21°C showed th a t  th e  b in d in g  of [ 3H]UK14,304 reached a 
s te a d y - s t a te  a t  30 min which was m ain ta ined  fo r  a t  l e a s t  2 h r s .  
In  r a t e  d i s s o c ia t io n  s tu d ie s  u s in g  1 µM c lo n id in e  as  th e  
c o m p e tito r , a q u ic k ly  d is s o c ia t in g  component ( t ½. = 2 .0  min) and 
a more slow ly  d is s o c ia t in g  component ( t ½. = 20 min) were 
dem onstra ted  a t  0 .8  nM [3H]UK14,304. S catchard  tra n sfo rm a tio n s  
of th e  s a tu r a t io n  d a ta  o b ta in ed  a t  90 min in c u b a tio n  were 
b ip h a s ic .  The h igh  a f f i n i t y  component had a KD of 88 µM and a 
Bmax of 15 fmols/mg p ro te in ,  and th e  low a f f i n i t y  component had a 
KD of 850 µM and a Bmax of 30 fmols/mg p ro te in .  The s e l e c t i v i t y  
of [3H]UK14,304 b in d in g  was c h a r a c t e r i s t i c  o f a lp h a 2-a d re n e rg ic  
b in d in g  s i t e s .  IC50 's  w ere: UK14.304 – 1.1 nM; c lo n id in e  ‒ 1.7 
nM; ( - ) -e p in e p h r in e  -  1 .7  nM; yohim bine -  9 .2  nM, (+ )‒ep in ep h rin e  
-  240 nM; (d l) -p ro p ra n o lo l  -  1,000 nM; p ra z o s in  – 5,100 nM. In  
S catchard  tra n sfo rm a tio n s  of s a tu r a t io n  d a ta  in  th e  p resen ce  of 1 
mM GTP, th e  h ig h e s t  a f f i n i t y  component (KD) = 88 pM) was a b s e n t . 
We examined th e  d e n s ity  of th e  h ig h e s t a f f i n i t y  s t a t e  in  normal 
b ra in s  and in  th o se  from p resum ptive s u ic id e s .  No s ig n i f i c a n t  
d if f e re n c e  in  th e  d e n s ity  o f th e  h igh  a f f i n i t y  s t a t e  was no ted  
between age matched normal (N=10) and presum ptive s u ic id e s  
(N=13). GTP was an e f f e c t iv e  in h i b i to r  of h igh  a f f i n i t y  b ind ing  
in  bo th  normal and s u ic id e  b r a in s .  A tre n d  tow ard d e c lin in g  
t o t a l  r e c e p to r  d e n s ity  w ith  age was no ted  in  both  norm als and 
s u ic id e s .

394.6 REVERSAL OF STRESS-INDUCED DELAYED RESPONSE DEFICITS IN RHESUS 
MONKEYS BY CLONIDINE AND NALOXONE Amy F .T . Arns te n  and P .S . 
G oldman-Rakic, S ec tio n  o f Neuroanatomy, Y ale M edical School, New 
Haven, CT 06510.

Humans exposed to  loud n o ise  s t r e s s  e x h ib i t  c o g n itiv e  d e f i c i t s  
th a t  a re  consonant w ith  d y sfu n c tio n  o f th e  p r e f r o n ta l  co r te x  
(PFC) (J .  Exp. P sycho l. 102:62 , 1974). In  nonhuman p r im a te s , 
le s io n s  of th e  d o r s o la t e r a l  PFC cause d e f i c i t s  on delayed 
response ta s k s .  We reasoned  th a t  i f  n o ise  s t r e s s  d is ru p ts  PFC 
fu n c t io n , monkeys exposed to  t h i s  s t r e s s o r  should d is p la y  
im paired  delayed  response  perform ance. A ccord ing ly , young a d u lt 
rh e su s  monkeys were tr a in e d  on th e  delayed  response  ta s k  w ith  
v a r ia b le  d e lay s  rang ing  between "0" sec and the  tem poral in t e r v a l  
p re v io u s ly  determ ined  to  y ie ld  perform ance o f approx im ately  75% 
c o r r e c t .  W ithin t h i s  ran g e , 5 d i f f e r e n t  d e la y s , determ ined 
in d iv id u a l ly  fo r  each an im al, were quasi-random ly  d i s t r i b u te d  
over the  30 t r i a l s  th a t  made up a d a i ly  t e s t  s e s s io n . S tre s s  
c o n s is te d  of exposure to  100 db wide band n o is e  e i th e r  fo r  30 min 
im m ediately p r io r  to  te s t in g  o r du rin g  the  t e s t  s e s s io n . For 
c o n tro l s e s s io n s  th e  sound was m ain ta ined  a t  60 db , the  le v e l  of 
normal background masking n o is e .

Exposure to  the  n o ise  s t r e s s  e i th e r  b e fo re  or du rin g  te s t in g  
r e l i a b ly  im paired  delayed  response  perform ance a t  th e  longe r 
d e lay  in t e r v a l s .  Perform ance d ec lin e d  by a t  l e a s t  21%, and one 
monkey was reduced to  chance le v e ls  of re spond ing . As w ith  
f r o n ta l  l e s io n s ,  s t r e s s  d id  n o t d is tu rb  perform ance a f t e r  the  "0" 
sec d e la y s . These r e s u l t s  suggest th a t  e r ro r s  a t  the  longer 
d e lay s  d id  n o t a r i s e  s o le ly  from n o n s p e c if ic  changes in  
m o tiv a tio n  o r senso rim o to r fu n c t io n , b u t r a th e r  invo lved  
a l t e r a t i o n s  in  c o g n itiv e  p ro cesse s  r e l a te d  to  th e  PFC. In  o rder 
to  in v e s t ig a te  the  p o s s ib le  involvem ent o f o p io id  and 
n o rad ren e rg ic  (NE) system s in  th i s  s t r e s s  re sp o n se , an im als were 
then  in je c te d  w ith  e i th e r  th e  o p ia te  a n ta g o n is t ,  naloxone (0 .5  
m g/kg), o r th e  a lp h a-2  ad ren e rg ic  a g o n is t ,  c lo n id in e  (0 .04  
m g/kg), p r io r  to  s t r e s s  exposu re . The a lp h a -2  NE system  i s  
c r i t i c a l  fo r  p roper fu n c tio n in g  of the  PFC (Science 230:1273, 
1985), and the  dose o f c lo n id in e  used h ere  appears to  a c t a t  
p o s t- s y n a p tic  re c e p to rs  in  th i s  reg io n  ( i b i d ) . N e ith e r c lo n id in e  
nor naloxone a l te r e d  th e  perform ance of young monkeys under 
normal n o ise  c o n d i tio n s . However, when th e se  drugs were 
a d m in is te red  p r io r  to  100 db n o is e ,  s t r e s s - in d u c e d  d e f i c i t s  in  
delayed response  perform ance were am e lio ra ted  com ple te ly . These 
r e s u l t s  su g g es t th a t  (1) s t r e s s  induces PFC d y s fu n c tio n  and (2) 
th i s  d e f i c i t  may be rev e rse d  by pharm aco log ica l ag en ts  th a t  
e i th e r  p ro te c t  NE from in h ib i t i o n  by o p io id  s tim u la t io n  
(n a lo x o n e ), o r com pensate fo r  NE lo s s  by s tim u la t in g  
p o s t- s y n a p tic  r e c e p to r  mechanisms ( c lo n id in e ) .

394.7 QUANTITATIVE ASSESSMENT OF THE DEVELOPMENT OF  α2-ADRENOCEPTOR 
RECOGNITION SITES AND REGULATION IN RAT CEREBRAL CORTEX. 
E. Kunkel-Bagden*, J.M . S to lk * , and D. U 'P ric h a rd * . D ept. of 
P sy c h ia try , Univ. o f Md., B a ltim ore , MD 21228.

The developm ent of  α2 –ad ren o c ep to r re c o g n itio n  s i t e s  and th e i r  
r e g u la t io n  by guanine n u c le o tid e s  (GPP) and d iv a le n t  c a tio n s  
(Mg+2) was s tu d ie d  in  r a t  c e re b ra l  c o r te x . A 2 × 2 m a tr ix  design  
was used to  examine in t e r a c t io n s  between th e  a g o n is ts ,  
p -am in o c lo n id in e  (PAC) and UK‒14304 (UK), and th e  a n ta g o n is t ,  
rauw o lsc ine  (RAU), u t i l i z i n g  ra d io la b e l le d  and u n la b e lle d  l ig a n d s .  
D e ta ile d  co m p etitio n  curves were done in  th e  fo llow ing  
co m b in a tio n s:

Hot a g o n is t  vs co ld  a g o n is t
Hot a g o n is t vs co ld  a n ta g o n is t
Hot a n ta g o n is t  vs co ld  a g o n is t
Hot a n ta g o n is t  vs co ld  a n ta g o n is t

A n a ly sis  of th e  com piled d a ta  s e t  by "L igand” (Munson & 
Rodbard) enab led  us to  q u a n t i t a t iv e ly  e s tim a te  s i t e  d e n s i t ie s  fo r  
m u ltip le  s ta t e s  of th e  a l l o s t e r i c   α2‒ad re n o c e p to r . One s i t e  
d isp la y ed  h igh  a f f i n i t y  fo r  a n ta g o n is t  and low a f f i n i t y  fo r  a g o n is t 
( S i te  # 1 ), w h ile  an o th e r (S i te  #2) d isp la y ed  low a f f i n i t y  fo r  
a n ta g o n is t  and h ig h  a f f i n i t y  f o r  a g o n is t .  KD v a lu es  f o r  PAC and 
RAU w ere:

P aram eter N S i te  # I S i te  #2
KD[RAU] 9 3.05+0.35nM 59 .1+8.5nM
Kd[PAC] " 21 .5+2.5nM 0 .7 0 +0.10nM
B (fm ol/m g) " 70.3+5 .1 6 9 .1+6 .7

GPP in c re a se d  th e  r e l a t i v e  abundance o f a n ta g o n is t - p r e f e r r in g  s i t e s  
(# 1 ) , w hile  Mg+2 in c re a se d  th e  abundance o f a g o n is t - p r e f e r r in g  
s i t e s  (# 2) ,  a s  th e  r a t i o s  o f th e  b ind ing  s i t e  d e n s i t i e s  below 
i l l u s t r a t e .
S i te l : S i t e 2 1.08 no a d d i tio n s
S i te 1: S i te 2 1.72 + 10‒5m GPP (NH)p
S ite 1: S i te 2 0.43 +3 × 10 –4 Magnesium
The t o t a l  number of s i t e s  (143 12.3 fmol/mg) was u n a ffe c te d  by GPP 
or Mg+2.

At p o s t - n a ta l  days 14 and 7 th e  a n ta g o n is t- p r e f e r r in g  s i t e  (#1) 
and a g o n is t - p r e f e r r in g  s i t e  (#2) had KD v a lu es  s im i la r  to  th o se  
in  a d u l ts  f o r  PAC (o r  UK) and RAU. T o ta l s i t e  d e n s ity  in  day 14 was 
40% g r e a t e r  than  a d u l t s ,  but r e g u la t io n  of th e  r e l a t i v e  abundance 
o f s i t e s  #1 and #2 by GPP and Mg+2 rem ained com parable to  a d u l ts .  
T o ta l s i t e  d e n s i ty  in  day 7 r a t s  was 50% g r e a t e r  than  a d u l ts ;  
however w hile  r e g u la t io n  of s i t e  d i s t r i b u t io n  by GPP appeared  
norm al, Mg+2 f a i l e d  to  a l t e r  th e  d i s t r i b u t io n  o f a n ta g o n is t-a n d  
a g o n is t - p r e f e r r in g  s i t e s  in  a p r e d ic ta b le  manner.
(Supported  by USPHS MH 32842).

394.8 DIFFERENTIAL AUTORADIOGRAPHIC DISTRIBUTIONS OF (3H)RAUWOLSCINE AND 
(3H)IDAZOXAN ARE CONSERVED ACROSS RODENT AND PRIMATE SPECIES. C.L. 
B oyajian  and F.M. L e s l ie ,  U n iv e rs ity  o f C a l if o rn ia ,  Irv ine ,C A  92717

We have p re v io u s ly  re p o rte d  th a t  two  α2-ad ren o c ep to r  a n ta g o n is ts , 
(3H )rauw olscine (RAUW) and (3H )idazoxan (IDAZ), e x h ib i t  d if f e re n 
t i a l  ana tom ica l d i s t r i b u t io n s  and pharm aco log ica l b ind ing  p ro f ile s  
in  r a t  b ra in  (B oyajian , C.L. et : a l . ,  Soc. N e u ro sc i. A b str . 11:1043, 
1985). This r e p o r t  p ro v id es  ev idence th a t  th e se  ra d io la b e le d  bind
ing  s i t e s  a re  d i f f e r e n t i a l l y  lo c a l iz e d  in  monkey b ra in  (macaca fas -  
c i c u la r i s )  in  a manner th a t  c lo s e ly  p a r a l l e l s  the  ana tom ical d i s t 
r ib u t io n s  observed in  r a t  b r a in .  Q u a n ti ta t iv e  a u to rad io g rap h ic  
te ch n iq u es  were used to  determ ine b in d in g  s i t e  d e n s i t ie s  f o r  both 
ra d io lig a n d s  in  numerous monkey b ra in  a r e a s . C ry o s ta t-c u t t i s s u e  
s e c t io n s  (20pm) were thaw-mounted onto subbed s l id e s  and incubated  
w ith  (3H)RAUW o r (3H)IDAZ in  th e  p resen ce  and absence o f 10µM phen- 
to lam ine  to  d e f in e  s p e c i f ic  b in d in g . Follow ing in c u b a tio n  and 
w ashes, th e  s e c t io n s  were d e s s ic a te d ,  then  exposed to  (3H) s e n s i t iv e  
f ilm  fo r  s e v e ra l  weeks to  v i s u a l iz e  a u to ra d io g ra p h ic  g r a in s .  Auto
ra d io g ra p h ic  images were q u a n t i ta t iv e ly  ana lyzed  by com puterized 
d en s ito m e try . The ra d io lig a n d  b in d in g  s i t e s  were pharm aco log ica lly  
c h a ra c te r iz e d  by c o n s tru c tin g  d o se-resp o n se  curves f o r  in h ib i t io n  
o f th e  b in d in g  o f e i th e r  ra d io lig a n d  by v a r io u s  i n h i b i to r s .  P re
lim in a ry  d a ta  in d ic a te  th a t  rau w o lsc in e , idazoxan , p ra z o s in  and 
s p iro p e r id o l  in h i b i t  (3H)RAUW v e rsu s  (3H)IDAZ b in d in g  w ith  d i f f e r 
e n t r e l a t i v e  p o te n c ie s  (Ki=1.94nM, 6.0nM, 55nM, 1440nM fo r  (3H)RAUW 
and 14nM 1.68nM, 336nM, 3920nM fo r  (3H)IDAZ), su g g es tin g  th a t  these  
ra d io lig a n d s  la b e l  he terogeneous p o p u la tio n s  o f  α2-a d ren o c ep to r 
s i t e s  in  monkey b r a in .  Q u a n ti ta t iv e  a u to ra d io g ra p h ic  a n a ly s is  of 
s a tu r a t io n  curves in d ic a te s  th a t  th e  d e n s ity  o f h igh  a f f i n i t y  rad 
io l a b e l l in g  i s  g r e a te r  fo r  (3H)IDAZ (Kd=0.73nM) in  s e v e ra l monkey 
b ra in  a re a s  as compared to  (3H)RAUW (KD=1.40nM). (3H)IDAZ b ind ing  
i s  most dense in  hypothalam us, c e n t r a l  g rey , amygdala, d o r s a l pons 
and hippocampus (800–2300fmol/mg p r o t e in ) . M oderately dense la b e l 
ing  fo r  (3H)IDAZ appears in  f r o n ta l  c o r te x , tem poral c o r te x , caud
a t e ,  putamen, a n te ro -v e n tr a l  tha lam us, ce rebellum  and s u b s ta n t ia  
g e la t in o s a  (500–700fm ol/m g). Less dense la b e l l in g  i s  observed in  
r e t i c u l a r  tha lam us, v e n t r a l  a n t e r io r  tha lam us, g lobus p a l l id u s  and 
s p in a l  co rd  (150–400fm ol/m g). In  c o n t r a s t ,  (3H)RAUW la b e l l in g  i s  
r e s t r i c t e d  to  few er b ra in  a r e a s ,  w ith  h ig h e s t g ra in  d e n s i t ie s  appa
r e n t  in  c a u d a te , putamen and pons (400–750fmol/mg).  Hippocampus, 
f r o n ta l  c o r te x , tem poral c o r te x , ce rebellum  and s u b s ta n t ia  g e l a t i n 
osa c o n ta in  m oderately  dense (3H)RAUW la b e l l in g  ( 100–250fm ol/m g). 
O ther b ra in  a re a s  e x h ib i t  low er le v e ls  o f (3H)RAUW b in d in g  (<100 
fm ol/m g). The s im i la r i ty  of th e  ana tom ica l lo c a l i z a t i o n  p a t te rn s  
o f (3H)RAUW and (3H)IDAZ la b e l le d  s i t e s  ac ro ss  r a t  and monkey 
s p e c ie s  su g g es ts  th a t  th e  r e la t io n s h ip  between  α2-ad re n o c e p to rs  and 
th e  p h y s io lo g ic a l fu n c tio n s  they  subse rve  i s  conserved in  th e  
phylogeny o f mammalian b r a in .  (S upported by NS 19319).
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394.9 ALPHA-2 TYPE OF ADRENOCEPTORS MEDIATE THE RESPONSE OF RAT HIPPO
CAMPAL PYRAMIDAL NEURONS TO NOREPINEPHRINE IN VIVO. O. Curet* 
and C. de Montigny (SPON: L. V achon). C en tre  de rech e rch e  en 
s c ie n c e s  n e u ro lo g iq u es , U n iv e rs ite  de M on trea l, Canada H3C 3J7 .

The p re s e n t s tu d y  was undertaken  to  c h a ra c te r iz e  th e  n a tu re  
o f  th e  ad ren o c ep to r m ed ia ting  th e  response  o f  hippocam pal pyram i
d a l  neurons to  m ic ro io n to p h o re tic  a p p l ic a t io n  o f  no rep in ep h rin e  
(NE) in  v iv o  in  th e  r a t .

Male Sprague-Dawley r a t s  (270-290 g) were a n e s th e t iz e d  w ith  
c h lo r a l  h y d ra te  (400 mg/kg, i . p . ) .  F iv e -b a r re l le d  m ic ro p ip e tte s  
were used to  reco rd  from CA3 hippocampal pyram idal neu rons . The 
fo llo w in g  s o lu t io n s  were used fo r  m ic ro io n to p h o re s is : NE, 0 .1  M; 
oxym e tazo line , 0 .01  M; c lo n id in e ,  0 .1  M; idazoxan , 0 .01  M; p ip e -  
roxane, 0 .1  M; yohim bine, 0 .01 M; phen to lam ine , 0 .01 M; a c e ty l 
c h o l in e ,  0 .02  M; ϒ-am inohydroxybu ty ric  a c id  (GABA), 0 .01 M; is o 
p ro te re n o l 0 .1  M. A ll s o lu t io n s  were in  0 .2  M N acl, a t  pH: 4. 
Smal l  c u r r e n t s  o f a c e ty lc h o lin e  (-1  to  4 nA) were used to  a c t iv a 
t e  s i l e n t  o r  slow ly  d isc h a rg in g  u n i t s .

A ll a g o n is ts  used had a  su p p re ssa n t e f f e c t  on hippocam pal py
ram idal neuron f i r i n g  a c t i v i t y .  However, sm all c u r r e n t s  o f NE 
were c o n s is te n t ly  e f f e c t iv e  w hereas much h ig h e r  c u r r e n ts  o f  c lo 
n id in e ,  oxym etazo line and is o p ro te re n o l were re q u ire d  to  o b ta in  a 
s im i la r  degree  o f su p p re s s io n . System ic in j e c t io n s  o f  idazoxan 
(2 mg/kg, i . v . ) ,  a  s e le c t i v e   α2 ad ren o c ep to r a n ta g o n is t ,  comple
t e ly  blocked th e  e f f e c t  o f  NE, w hereas p ro p an o lo l (4 mg/kg, i . v . )  
and p ra z o s in  (0 .5  mg/kg, i . v . ) ,  which a re  s e le c t i v e  β and α1 
ad ren o c ep to r a n ta g o n is ts  r e s p e c t iv e ly ,  had no o r  l i t t l e  e f f e c t  on 
th e  response  o f  th e se  neurones to  NE. Only h igh  doses  o f  idazo 
xan (10 mg/kg, i . v . )  blocked th e  e f f e c t s  o f  c lo n id in e ,  oxym etazo
l i n e  and is o p ro te re n o l ,  w ith o u t a l t e r i n g  th e  e f f e c t  o f  GABA. To 
v e r i f y  i f  th e  e f f e c t  o f  in trav en o u s  idazoxan on NE was ta k in g  
p la c e  a t  th e  le v e l  o f  th e  neuron reco rd e d , idazoxan , p ip e ro x an e , 
yohim bine and phento lam ine were a p p lie d  m ic ro io n to p h o re tic a lly . 
A ll fo u r  a n ta g o n is ts  r e a d i l l y  an tag o n ized  th e  e f f e c t  o f  NE. Clo
n id in e  a p p lie d  w ith  a  c u r r e n t  w hich had no o r  l i t t l e  e f f e c t  on 
th e  f i r i n g  a c t i v i t y  o f  pyram idal neurons a l s o  an tagon ized  th e  
e f f e c t  o f  NE.

In  co n c lu s io n , th e  r e s u l t s  o b ta in ed  w ith  th e  a n ta g o n is ts  
su g g es t th a t  th e  su p p re ss io n  o f  th e  f i r i n g  a c t i v i t y  o f r a t  hippo
campal pyram idal neurons by m ic ro io n to p h o re tic  a p p l ic a t io n s  o f  NE 
in  v iv o  i s  m ed iated  by an  α2 type o f  ad re n o c e p to r . Howe v e r ,  th e  
r e s u l t s  o b ta in ed  w ith  th e  a g o n is ts  c l e a r ly  in d ic a te  th a t  th i s  
ad ren o c ep to r i s  d i f f e r e n t  from th e   α2 a d re n e rg ic  a u to re c e p to r  
s in c e :  1) c lo n id in e  and oxym etazoline a re  much le s s  p o te n t than  
NE; 2) c lo n id in e  a n tag o n ize s  th e  e f f e c t  o f  NE; 3) much h ig h e r  do
s e s  o f  idazoxan a re  req u ired  to  b lock  th e  e f f e c t s  o f  c lo n id in e  
and oxym etazoline than  to  b lock  th a t  o f NE.

S uppo rted , in  p a r t ,  by M.R.C. g r a n t  MA-6444 to  C. de M.

394.10 IN-VIVO DIALYSIS MEASUREMENTS IN RAT THALAMUS: EFFECTS 
OF THE ALPHA-ADRENERGIC ANTAGONIST YOHIMBINE. C.W. 
BRADBERRY*, M .P . BRAZELL* a n d  R .N , ADAMS. (SPO N : R.BOR- 
CHARDT) D e p t .  o f  C h e m is t r y ,  U n iv .  o f  K a n s a s ,  L a w re n c e ,  
K a n s a s ,  6 6 0 4 5

P e r f u s i o n  e x p e r i m e n t s  w e r e  p e r f o r m e d  i n  r a t  t h a l 
a m u s ,  u s i n g  a l o o p  s t y l e  d i a l y s i s  p r o b e .  T h e  e x p e r i 
m e n t s  w e r e  p e r f o r m e d  o n  a w a k e ,  f r e e l y  m o v in g  a n i m a l s  
t h e  d a y  f o l l o w i n g  l o o p  i m p l a n t a t i o n .  T h e  e f f e c t s  o f  
s y s t e m i c  a d m i n i s t r a t i o n  o f  t h e  a l p h a - 2  a d r e n e r g i c  r e 
c e p t o r  b l o c k e r  y o h i m b i n e  (5  m g /k g )  w e r e  i n v e s t i g a t e d .  
D i h y d r o x y p h e n y l a c e t i c  a c i d  ( d o p a c )  l e v e l s  i n  t h e  e x 
t r a c e l l u l a r  s p a c e  w e r e  e n h a n c e d  500% b y  t h i s  t r e a t m e n t .  
B a s a l  l e v e l s  o f  n o r e p i n e p h r i n e  (N E) w e r e  n o t  a lw a y s  
m e a s u r e a b l e ,  b u t  w h en  t h e y  w e r e ,  t h e y  i n c r e a s e d  b y  3 0 0 -  
4 0 0 % . W hen y o h i m b i n e  w as  a d m i n i s t e r e d  i n t o  t h e  t h a 
la m u s  v i a  t h e  d i a l y s i s  l o o p ,  t h e  i n c r e a s e s  i n  d o p a c  
w e r e  m u ch  l e s s  p r o n o u n c e d  (1 2 5 % ) .  T h e  c h a n g e s  i n  d o 
p a c  l e v e l s  i n  t h e  t h a l a m u s  a r e  m o s t  l i k e l y  r e f l e c t i n g  
t h e  e f f e c t s  o f  y o h i m b i n e  on  NE n e u r o n s  w h o s e  c e l l  b o 
d i e s  a r e  i n  t h e  l o c u s  c o e r u l e u s  ( L C ) .  I t  h a s  b e e n
sh o w n  ( S a lz m a n  a n d  R o t h ,  J_. P h a r m a c o l . E xp .  T h e r .,  2 1 2 :  
6 4 , 1 9 8 0 )  t h a t  t y r o s i n e  h y d r o x y l a s e  (TH ) i n  NE n e u r o n s  
i s  r a p i d l y  a c t i v a t e d  b y  s t i m u l a t i n g  t h e  LC , a n d  c a n  
a l s o  b e  a c t i v a t e d  b y  s y s t e m i c  a d m i n i s t r a t i o n  o f  a l p h a -  
a d r e n e r g i c  a n t a g o n i s t s  ( G y s l i n g  a n d  R o t h ,  i n  F u n c t i o n  
a n d  R e g u l a t i o n  o f  M o n o a m in e  E n z y m e s .  B a s i c  a n d  C l i n i 
c a l  A s p e c t s ,  U sd i n  e t  a l .  e d s .,  p .  8 3 ,  1 9 8 1 ) .  T h i s  
i n c r e a s e d  TH a c t i v i t y  c o u l d  l e a d  t o  i n c r e a s e d  d o p a m in e  
l e v e l s  i n  t h e  c y t o p l a s m ,  w h e r e  m i t o c h o n d r i a l  m o n o a m in e  
o x i d a s e  c o u l d  c o n v e r t  so m e  t o  d o p a c .

L o c a l l y  a p p l i e d  y o h i m b i n e  c o u l d  b e  a c t i n g  on  t h e  
p r e s y n a p t i c  a l p h a - 2  r e c e p t o r s  w h ic h  m e d i a t e  a n  i n h i b i 
t i o n  o f  NE r e l e a s e .  S y s t e m i c  a d m i n i s t r a t i o n  a l l o w s  
i n t e r a c t i o n  a t  b o t h  t h e  p r e s y n a p t i c  s i t e s ,  a n d  t h e  
s i t e s  on  t h e  c e l l  b o d i e s  i n  t h e  LC w h ic h  r e g u l a t e  c e l l  
f i r i n g  r a t e .

394.11 CLONIDINE'S SITE/S OF ACTION IN THE NETJROCIRCUI TRY FOR THE NOCICEP
TIVE JAW-OPENING REFLEX. A.L. C u r tis  and J .  Marwah. N euroscience 
L a b o ra to ry , D ept. o f P a th o l . ,  Un iv . Med. & D ent, o f  New J e r s e y , 
Camden, N .J . 08103.

The r a t  m a x illa ry  to o th  pu lp  stim u la tio n (T P S ) evoked law -opening 
reflex (JO R ) i s  an o r a l - f a c i a l  r e f l e x  g e n e ra lly  u t i l i z e d  as  a n o c i
c e p tiv e  paradigm . The th re sh o ld  fo r  e l i c i t i n g  th e  electrom yogram  
(dEMG) from th e  d ig a s t r ic u s (o n e  o f th e  law opening m uscles) was 
u t i l i z e d  as an index o f n o c ic e p tio n . Both c lo n id in e (C u r t is  & 
Marwah, Exp. N eu ro l. 9 1 (3 ):5 2 4 , 1986) and morphine r a p id ly ,  
r e v e r s ib ly  and s i g n i f l ca n t l y in c re a se d  th e  TPS-dEMG th re s h o ld . 
Yohimbine (an a lp h a -  ad ren o cep to r a n ta g o n is t)  b u t n o t p ra z o s in  (an 
a lp h a , ad ren o c ep to r a n ta g o n is t)  o r  naloxone (a mu re c e p to r  a n t
a g o n is t)  an tagon ized  th e  e f f e c t s  o f c lo n id in e . C onverse ly , naloxone 
bu t n o t yohim bine an tagon ized  th e  e f f e c t s  o f m orphine. N e ith e r  n a l 
oxone o r  yohim bine an tagon ized  th e  th re sh o ld  e le v a tin g  e f f e c t s  of 
p e n to b a rb i ta l .  A lpha2- ad ren o cep to r a g o n is ts  ( e .g .  n ap h a zo lin e , 
ST-91 and 4 hyd ro x v c lo n id in e ) th a t  do n o t e a s i ly  c ro ss  th e  blood 
b ra in  b a r r i e r  were devoid o f e f f e c t s  on th e  TPS-dEMG th re s h o ld . 
C lon id ine  e l i c i t e d  a b ip h a s ic  e f f e c t  on mean a r t e r i a l  p re s s u re  
(MAP)- a t r a n s i e n t  p re s s o r  response  fo llow ed bv a s u s ta in e d  d ep re s 
s o r  e f f e c t .  The e f f e c t s  o f c lo n id in e  on MAP and dEMG th re sh o ld  were 
no t d i r e c t l y  r e l a te d .  In  a d d i t io n ,  c lo n id in e  had no e f f e c t  on dEMG 
th re sh o ld  as e l i c i t e d  by s tim u la t io n  o f th e  p e r ip h e ra l  end o f the  
m otor nerve (c u t o r  i n t a c t )  to  th e  d ig a s t r ic u s  o r on th e  dEMG 
e l i c i t e d  by th e  s tim u la t io n  o f  th e  c u ra r iz e d  d ig a s t r i c u s .  I t  i s  
concluded th a t  c lo n id in e  in c re a s e s  TPS-dEMG th re sh o ld  bv 
s p e c i f i c a l l y  in t e r a c t in g  w ith  c e n t r a l l y  lo c a te d  a lp h a ? 
a d re n o c e p to rs .
(Supported  in  p a r t  by g ra n ts  from NIDA (D A  ‒ 04158)  and the  
American H eart A sso c ia tio n  ( 83 ‒ 757)

394.12 AMILORIDE AS A PROBE OF ION MODULATION OF  α1-  AND  α2 -ADRENERGIC 
RECEPTORS. M.J. Howard, M.D. Mullen*, and P.A. In se l* . Division 
of Pharmacology, U niversity of C alifo rn ia , San Diego, La J o l la ,  
C alifo rn ia  92093

A lpha-adrenergic receptors mediate a v a rie ty  of neural and 
hormonal responses to  catecholam ines. The binding of agonist a t 
 α 1  and  α2-adrenergic recep tors  is  modulated by sodium; in 
general, sodium has been shown to decrease the a f f in i ty  for 
agon ist binding. Amiloride, by v irtu e  of i t s  com petitive in te r 
action  with several membrane-associated sodium tran sp o rt s i te s  
has been useful as a tool in stud ies of sodium ion permeation. 
We have used am iloride to probe the in te rac tio n  of sodium with 
alpha-adrenergic recep to rs .,

We used r a t  renal c o rtic a l membranes and the Madin -Darby 
Canine Kidney (MDCK) ce ll lin e  in tis su e  cu ltu re  as model systems 
fo r examining  α 1  and  α2-adrenergic recep to rs . Radioligand 
binding s tud ies  demonstrated th a t am iloride bound to  both alpha- 
adrenergic receptor subtypes with an a f f in i ty  lower than th a t of 
the e lectrogen ic  sodium channel but s im ila r to  th a t of the Na+/H+ 
exchanger. The order of potency fo r am iloride analogues in compe
t i t i v e  binding stu d ies  ind icated  th a t in te ra c tio n  a t  adrenergic 
recep tors  was d if f e r e n t than a t  the membrane-associated tran sp o rt 
s i t e s .  Both benzamil and e thylisopropyl am iloride (EIPA) were 
more potent than am iloride. Benzamil was s l ig h tly  more potent 
than EIPA  α1 -recep to rs  but these two analogues were approxi
mately equlpotent a t  the  α5 -recep to r. Amiloride was a competitive 
i n h ib ito r a t  the -recep to r as ind icated  by an increase in the 
Kd fo r [ 3H]-prazosin binding w ithout a change in the maximal 
number o f b in d in g  s i t e s  (Bmax). A m iloride  competed fo r  
[3H]-rauwolseine binding a t  a2-recep to rs  with a mixed type of 
in h ib itio n ; both the Kd and Bmax were a lte re d  in the presence of 
am iloride.

Results of com petitive binding stud ies i ndicated th a t am ilor- 
ide binds to  a s ing le  c la ss  of receptor binding s i te s  with a Hill 
slope c lose  to 1. The guanine nucleotide Gpp(NH)p was unable to 
decrease the a f f in i ty  of am iloride in d ica tin g  th a t  am iloride is  
an an tagon ist a t  alpha-adrenergic recep to rs . Sodium appeared to 
i ncrease  α2-recep to r a f f in i ty  fo r am iloride while having no 
e f fe c t  on  α2 -recep to r a f f in i ty .  The re s u lts  show th a t  α2- 
recep tors  may be associated  with and modulated by an am iloride
sen s itiv e  sodium tra n sp o rt s i te  but th a t assoc iation  with a 
sodium t r a n s p o r t  s i t e  i s  no t l i k e ly  to  be a fe a tu re  o f 
 α1 -adrenergic  recep to rs . We conclude th a t am iloride might be a 
useful probe fo r membrane receptors associated  with a d isc re te  
sodium tran sp o rt mechanism.

This work was supported in p a rt by GM31987 and HL35847.
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394.13 VENTRAL BUNDLE TRANSECTION DECREASES LOCUS COERULEUS SENSITIVITY TO 
ADRENERGIC REUPTAKE BLOCKERS WHILE INCREASING RESPONSIVENESS TO NOXIOUS 
STIMULATION. P. G. Simson. P. E. Simson and J .  M. Weiss. Department of 
P sychiatry, Duke U niversity  Medical Center, Durham, NC 27710.

Alpha-2 adrenergic receptors on neurons of the locus coeruleus (LC) 
regu la te  ( in h ib it)  the f ir in g  of the LC. The o rig in  of term inals th a t 
supply tran sm itte r  to  stim ulate these receptors is  not c le a r . Whereas i t  
was o rig in a lly  thought th a t term inals were found on recu rren t c o l la te ra ls  
of LC axons (Aghajanian, Cedarbaum & Wang, Brain Res. 136:570-577, 1977), 
recen t stud ies c a l l  th is  in to  question (Andrade & Aghajanian, J . 
N eurosci., 4:161-170, 1984). The present experiment examined whether 
a ffe re n ts  from the ven tra l noradrenergic bundle (VB) might supply 
term inals which regu la te  f ir in g  of the LC. Several groups have observed 
noradrenergic a ffe re n ts  to  the LC a ris in g  from c e l l  groups of the VB 
(Cedarbaum & Aghajanian, J .  Comp. Neurol. .  178:1-16, 1978; Savchenko & 
Swanson, Brain Res. Rev. 4:275-325, 1982). The VB is  comprised of 
noradrenergic f ib e rs  o rig inating  in  Al and A2 c e l l  groups of the medulla 
and receives contributions from more ro s t r a l  A5 and A7 c e l l  groups as w ell 
(O'Donohue, Crowley & Jacobowitz, Brain Res. 172, 1979:87-100).

In order to  asce rta in  whether the VB a ffe re n ts  to  the LC play any 
functional ro le  in  regu lating  the f ir in g  of the LC, the VB was b i la te ra l ly  
transected  caudal to  the LC and ex trace llu la r  recordings were obtained 
from LC neurons. Coordinates fo r b i l a te r a l  kn ife -cu t lesions aimed a t  the 
VB were derived from O'Donohue, Crowley and Jacobowitz (Brain Res. Rev. 
172:87-100, 1979) and transected  the VB where i t  contains ascending fib e rs  
from the Al and A2 c e l l  groups, but not those of A5 o r A7. Single u n it 
recordings of LC neurons were made between 12 and 20 days p o s t-le s io n .

I f  term inals on VB pro jections supply tran sm itte r  which stim ulates 
alpha-2 receptors on LC neurons, then tran sec tio n  of the VB should produce 
pred ic tab le  changes in  LC f ir in g .  F i r s t ,  we compared responsiveness of LC 
neurons to  noxious periphera l s tim ulation  (paw compression [PC]).
Previous re s u lts  in  our laboratory (Simson & Weiss, accompanying ab s tra c t)  
showed th a t pharmacological blockade of alpha-2 recep to rs increases 
responsiveness of LC neurons to  PC. I f  VB supplies tran sm itte r  to  
stim ulate alpha-2 receptors on LC, then tran section  of VB should produce 
e ffe c ts  sim ilar to  blockade of these recep to rs . VB-lesioned r a t s  indeed 
were more responsive to  PC than co n tro ls . Second, we examined the 
effec tiveness of desmethylimipramine (DMI) in  in h ib itin g  LC a c t iv i ty .  
DMI blocks reuptake of norepinephrine and thereby heightens stim ulation  
of alpha-2 recep to rs . Results indicated th a t DMI a t  a l l  doses employed 
was s ig n if ic a n tly  le ss  e ffec tiv e  in  inh ib itin g  f ir in g  of LC neurons in 
VB-lesioned animals than in  co n tro ls , thereby ind icating  th a t VB-lesioned 
animals have decreased NE ava ilab le  to  alpha-2 receptors in  the LC.

Since a l te ra t io n s  in  the response of LC neurons to  sensory and 
pharmacological manipulations were produced by tran sec tion  of the VB, 
these r e s u lts  suggest th a t the VB plays a functional ro le  in  regu lating  
the f ir in g  of the LC.

394.14 ALPHA-ADRENERGIC ANTAGONISTS INCREASE THE RESPONSIVENESS OF 
LOCUS COERULEUS NEURONS TO EXCITATORY STIMULATION WITHOUT 
ALTERING SPONTANEOUS ACTIVITY. P. E. Simson and J. M. Weiss. Dept. 
of Psychiatry, Duke University Medical Center, Durham, NC 27710.

The locus coeruleus (LC) is inhibited by adrenergic agonists acting 
through a lp h a-2 recep to rs. When this phenomenon was discovered by 
Aghajanian and his colleagues, it was initially believed that the activation of 
a lp h a-2 adrenoreceptors inhibited LC firing by producing a period of 
quiescence following a burst of LC firing (Aghajanian, G. K., Cedarbaum, J. 
M. and Wang, R. Y., Brain Research, 136:570-577, 1977). As evidence for 
this, blockade of alpha-2 adrenoreceptors reduced this post-burst quiescence. 
However, more recen t studies from this same group (Andrade, R. and 
Aghajanian, G. K., J. Neurosci., 4:161-170, 1984) now suggest that quiescence 
following a burst of LC firing is not dependent on activation of alpha-2 
adrenoreceptors, but rather results from inherent membrane changes in ionic 
conductance. Thus, the nature of the alpha-2 adrenoreceptor mediated 
inhibition of the LC remains unclear. Since the LC responds phasically to 
sensory inputs, the present study examined the possibility that alpha-2 
adrenoreceptors inhibit the LC by regulating the initial excitability of LC 
neurons. To te st this hypothesis, the effec t of blockade of alpha-2 
adrenoreceptors on the responses of LC neurons to excitatory stimulation 
was studied.

Extracellular recordings of LC neurons were obtained in fifty one male 
Sprague Dawley rats. Compression of the contralateral hind paw was found 
to produce a burst of LC activity followed by a quiescent interval. In the 
f ir s t  e x p e rim en t, th e  alpha-2 adrenergic antagonist idazoxan was 
intravenously administered. This drug markedly potentiated the responses of 
LC neurons to contralateral hind paw compression (PC) a t doses far below 
those which altered the spontaneous activity of the LC. This increase in LC 
responsiveness after idazoxan treatm ent was accompanied by decreased 
suppression (i.e., reduced quiescence) in the initial period following the 
termination of PC. In the second experiment, a large increase in the 
response of LC neurons to PC was achieved when low doses of idazoxan 
were infused directly into the LC, thereby showing that the alpha-adrenergic 
antagonist increases the responsiveness of LC neurons to PC, rather than 
increasing the amount of input to the LC. In the third experiment, the 
alpha-adrenergic  antagonist yohimbine also increased the responsiveness of 
LC cells to PC, dem onstrating tha t the effects seen in the first two 
experiments are not limited to one particular alpha-adrenergic antagonist. In 
the final experiment, idazoxan was found to exacerbate the response of LC 
neurons to peripheral injection of nicotine, showing that the potentiation of 
LC responsiveness by alpha-adrenergic antagonists is not limited to noxious 
cutaneous stimulation.

The finding  th a t  a lp h a - 2 a d re n e rg ic  an ta g o n is ts  in c rea se  the 
responsiveness of LC neurons to excitatory stimulation at doses far below 
those required to a lter baseline activity suggests that alpha-2 adrenergic 
receptors in the LC function to modulate the excitability of LC neurons to 
incoming stimuli.
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395.1 QUANTITATIVE ASSESSMENT AND COMPARISON OF LHRH- 
IMMUNOREACTIVE NEURONS IN YOUNG, MIDDLE-AGED AND OLD 
FEMALE MICE. L.L. Don C arlos* , G.E. Hoffman and C .E. F inch. 
(SPON: J .A. Finkelstein) D ept. of Neurobiology and Anatomy, Univ. of 
R ochester Sch. of Med., R ochester, NY 14642 and Andrus Gerontology 
C tr., USC, Los Angeles, CA 90089.

R eproductive senescence in fem ale mice is associated with a cessation 
of the  cyclic luteinizing hormone surge th a t may be due to  age-re la ted  
changes in luteinizing hormone releasing hormone (LHRH) regulation . 
Hoffman and Finch (Neurobiol. Aging 7:45, 1986) recen tly  reported  th a t 
no d ifferences exist in the number of LHRH-IR (LHRH-imm unoreactive) 
neurons in middle aged (15-16 mo) C57BL/63 fem ale mice com pared to  
young adults (5-6 mo). The present study was perform ed to  extend these 
observations and to  exam ine the  possibility th a t, while numbers of LHRH- 
IR neurons do not change into m iddle-age, 1) numbers of LHRH-IR 
neurons may decrease a f te r  the ir function ceases; 2) age-re la ted  
a ltera tions  in LHRH-IR neuron morphology occur, and 3) LHRH-LHRH 
in teractions decrease w ith age . Im m unocytochem ically identified  LHRH 
neurons were examined in young adult (5-6 mo, n=5), m iddle-aged (16-17 
mo, n=5) and old (22-23 mo, n=6) C57BL/63 fem ale m ice. All animals 
w ere ovariectom ized 2 mo prior to  sacrifice to  elim inate the  e ffec ts  of 
ovarian steroids on LHRH sto res. Beginning 900 µm ro stra l to  OVLT, 
every sixth section was exam ined through 4860µ m. LHRH-IR cells were 
exam ined by an observer blind to  the  age of the  anim al for 1) to ta l 
numbers of LHRH-IR cells; 2) morphology (either sm ooth, irregular or 
unknown); and 3) LHRH-IR fiber apposition on LHRH-IR cells or 
dendrites. Estim ated ce ll to ta ls  w ere obtained by multiplying ce ll counts 
by 6. The results a re  presented in tabu lar form , expressed as mean and 
standard  e rro r of th e  mean for each group, rounded to  th e  nearest whole 
number (contacted  cells = any cell morphology).

Young M iddle-age Old
LHRH Cells 1211+ 103 1207 + 114 1107 + 58
Smooth 197 ± 33 130+ 11 127 + 15
Irregular 314 + 51 293 + 28 287 + 46
C ontacted 601 + 57 488 ± 37 535 + 47

The da ta  w ere analyzed by analysis of variance. No sta tis tic a lly  
significant d ifferences w ere obtained for any of the param ete rs exam ined. 
C ategoriza tion  of cell morphology into smooth or irregular classes was 
d ifficu lt for the m ajority of ce lls. H ence, s truc tu ra l co rre la te s  of 
functional d ifferences in LHRH regulation during aging may not be 
discerned a t the  light m icroscopic level. These studies may indicate th a t 
the  LHRH system  is res is tan t to  neuron loss despite functional 
decrem ents. Supported by the  NIA (AG 0046 and T32 AG 107) and NIH (NS 
13725).

395.2 ORAL ADMINISTRATION OF ESTRADIOL INDUCES AGE-LIKE REPRODUCTIVE 
ACYCLICITY IN C57B 1/6J MICE. S. Koham a*,P. May, C. F in c h  
D ep artm en t o f  B io lo g y , U .S .C .,  Los A n g e le s , CA 90089-0191

Exogenous e s t r a d i o l  (E2) g iv e n  to  i n t a c t  fem a le  m ice v i a  depot 
i n j e c t i o n  o r  s u b c u ta n e o u s  im p la n ts  in d u c e s  an  a g e - l i k e  l o s s  o f  cy
c l i c i t y  (Mobbs e t  a l . ,  B io l  Repro 3 0 :5 5 6 , 1 9 8 4 ). In  o r d e r  to  b e t t e r  
e v a lu a t e  th e  d o s e - r e s p o n s e  r e l a t i o n s h i p  b e tw een  E2 and c y c l i c i t y ,  
E2 was a d m in is te r e d  o r a l l y  v i a  th e  d r in k in g  w a te r .  The o r a l  ro u te  
o f  E2 a d m i n i s t r a t i o n  a llo w s  a n o n - in v a s iv e , s t r e s s - f r e e  and more 
c o n t r o l l a b l e  m ethod f o r  s tu d y in g  E 2 -d e p en d e n t e f f e c t s .  The in g e s 
t i o n  o f  E2 r e s u l t s  i n  a  d i u r n a l  p a t t e r n  o f  exogenous E2 t h a t  i s  
s u f f i c i e n t  f o r  s t i m u l a t i o n  o f  E 2 -d e p en d e n t ch a n g es  i n  p h y s io lo g ic a l  
m a rk e rs  (Gordon e t  a l . ,  N e u ro s c ie n c e  S o c .A b s. 1 6 4 .7 , 198 5 ).

In  S tu d y  I ,  0 o r  850 ug E 2 /k g  w t/d a y  was a d m in is te r e d  o r a l l y  fo r  
6 o r  12 w eeks to  i n t a c t  4 mo o ld  C57B 1/6J m ic e ; p o s t - t r e a tm e n t  cy
c l i c i t y  was e v a lu a t e d .  O ra l  E2 p r o g r e s s iv e l y  i n c r e a s e d  th e  o c c u r-  
an c e  o f  p erm an en t p o s t - t r e a tm e n t  a c y c l i c i t y  to  100% by 12 weeks o f 
E2 e x p o s u re  (p< 0 .0 5  c h i - s q u a r e ) .  A s i n g l e  0 .2  mg sc  d o se  o f  E2 
v a l e r a t e  (EV) was g iv e n  to  a n o th e r  g ro u p  o f  i n t a c t  fe m a le s  a s  a 
p o s i t i v e  c o n t r o l  f o r  th e  i n d u c t io n  o f  a c y c l i c i t y .  The EV group  as 
e x p e c te d  was a c y c l i c  w i t h in  4 w e e k s , w h i le  v e h ic l e  c o n t r o l s  r e 
m ained  c y c l i c .  T hese  d a ta  w ere  r e p l i c a t e d  i n  S tudy  I I .  S tu d ie s  I 
and I I  i n d i c a t e d  t h a t  o r a l l y  a d m in is te r e d  E2 was e f f e c t i v e  in  i n 
d u c in g  a c y c l i c i t y  i n  i n t a c t  fem a le  m ic e , b u t  d id  n o t  p ro v id e  i n 
fo rm a tio n  on th e  m in im a l t im e -d o s e  l e v e l  o f  E2 n e c e s s a r y  f o r  th e  
e f f e c t .

In  s tu d y  I I I ,  o v a r ie c to m iz e d  (ovx) m ice w ere t r e a t e d  f o r  6 weeks 
w i th  0 ,  5 0 , 450 o r  850 ug E 2 /kg  w t /d a y .  A l l  g ro u p s  th e n  r e c e iv e d  
o v a r ia n  g r a f t s  and v a g in a l  c y c l i c i t y  was a s s e s s e d .  U n lik e  S tu d ie s  
I  and I I ,  o r a l  E2 d id  n o t  in d u c e  s i g n i f i c a n t  a c y c l i c i t y .  O v e r a l l ,  
c y c l i c i t y  i n  m ice w i th  g r a f t s  d e c l in e d  w i th  a d v a n c in g  a g e ,  a s  ex
p e c te d  (MANOVA p < 0 .0 0 1 ) ,  b u t  E2 t r e a tm e n t  had  no e f f e c t .  The p re 
s e n c e  o f  t h e  o v a ry  d u r in g  o r a l  E2 t r e a tm e n t  may c a u se  e le v a t e d  
s t e r o i d a l  l e v e l s ,  a n d /o r  an i n c r e a s e d  tim e  p e r io d  o f  s t e r o i d  ex 
p o s u re  n o t  s e e n  i n  ovx m ic e . T h e r e f o r e ,  i n  S tu d y  IV ovx m ice w ere 
t r e a t e d  w i th  v e h ic l e  o r  850 ug E 2 /kg  w t /d a y  f o r  12 w eek s; t h e n ,  
w ere  g iv e n  o v a r i a n  g r a f t s  and c y c l i c i t y  was m o n ito re d .  The 12 weeks 
o f  E2 t r e a tm e n t  c a u se d  60% o f  th e  m ice to  become p e rm a n e n tly  a c y c l 
i c  by 3 m onths p o s t - t r a n s p l a n t ,  w h e re a s  100% o f  th e  c o n t r o l s  w ere 
c y c l in g  (p < 0 .0 0 5  c h i - s q u a r e ) .  T h u s, h ig h  b u t  n o t  p h a rm a c o lo g ic a l  
d o s e s  o f  E2 can  c a u se  an a g e - l i k e  r e p r o d u c t iv e  d e f i c i t  in d e p e n d e n t  
o f  th e  o v a r i e s .  H ow ever, i n t a c t  a n im a ls  t r e a t e d  w i th  E2 go i n to  an 
a c y c l i c  s t a t e  much s o o n e r  th a n  ovx a n im a ls ,  s u g g e s t in g  o v a r ia n  
c o n t r i b u t i o n s  a c c e l e r a t e  t h e  E 2 -in d u c e d  a c y c l i c  s t a t e .

T h is  s tu d y  was s u p p o r te d  by NIA T r a in in g  G ra n t T32-AG00093.
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395.3 ESTIMATION OF IN VIVO LHRH RELEASE IN MIDDLE-AGED AND YOUNG FEMALE 
RATS BY PUSH PULL PERFUSION OF THE MEDIOBASAL HYPOTHALAMUS. B .S . 
Rubin and R .S. B rid g e s . D epartm ent of Anatomy and C e l lu la r  B io logy , 
Harvard M edical S chool, B oston , MA 02115.

M iddle-aged (MA) fem ales show a t te n u a te d  LH su rges  on p ro e s tru s  
and fo llo w in g  ovariectom y (ovx) and s te ro id  tre a tm e n t. S evera l 
l i n e s  of ev idence  suggest th a t  a l t e r a t i o n s  in  LHRH r e le a s e  may be 
re s p o n s ib le ,  in  p a r t ,  f o r  t h i s  a g e - re la te d  d im u n itio n  in  gonado tro 
p in  s e c r e t i o a  We have r e c e n tly  re p o r te d  (N eurobiology o f A ging, 
6 :3 0 9 , 1985) th a t  th e  d ec reased  LH su rge  induced in  o vx 'd  s te ro id  
t r e a te d  MA fem ales does n o t r e s u l t  from dec reased  hypothalam ic 
LHRH c o n te n t;  LHRH le v e ls  measured in  MA fem ales were a s  h igh  or 
h ig h e r than  le v e ls  in  i d e n t ic a l ly  t r e a te d  young (Y) an im als . In  
th e  p re s e n t s tu d y , we a ttem p ted  to  e s tim a te  LHRH re le a s e  in  th e  
two age groups u s in g  th i s  s te r o id  primed model and th e  push p u l l  
p e r fu s io n  method (PPP) p ioneered  by Levine and Ramirez fo r  LHRH 
measurement (E ndocrino logy . 107:178, 1980). R eg u la rly  c y c lin g  Y 
(3-4 months o ld ) and MA fem ales (10-12 months) e x h ib i t in g  le n g th 
ened e s tro u s  c y c le s  were o vx ’d and one week l a t e r  were im planted  
w ith  PPP gu ide  cannu lae  d ir e c te d  toward th e  median eminence (ME). 
T hree weeks a f t e r  ovx, fem ales were in je c te d  w ith  e s t r a d io l  benzo
a t e  (4 µg / l 00g BW; Day 0) and p ro g es te ro n e  (0 .8  m g /l00g BW, Day 2, 
10 am). At 1 pm on Day 2 , in n e r  cannu lae  assem b lie s  were in s e r te d  
and a r t i f i c i a l  CSF was pushed th rough  th e  cannu lae  and drawn up a t  
a r a t e  o f 20 µ 1 /m in . Samples were c o l le c te d  on ic e  fo r  12 m inute 
in t e r v a l s  u n t i l  7 pm and LHRH was measured in  th e  p e r fu s a te s  by 
RIA w ith  anti-LHRH, EL-14 (E llinw ood , W .E., P e p tid e s . 6 :45 , 1985).

Peak le v e ls  o f LHRH measured in  7 MA and 9 Y fem ales w ith  v e r i 
f ie d  cannu lae  p lacem ents in  th e  m edial b a s a l hypothalm us (MBH) 
c lo se  to  o r in  th e  ME d id  n o t d i f f e r  (mean Y = 2 .8 +0.7  pg; mean MA 
= 4 .6 + 1 .8 pg; p>0 .2 0 ) . O v e ra ll LHRH p r o f i l e s ,  how ever, d id  d i f f e r  
in  th e  two age g roups. A g r e a te r  p e rce n tag e  of th e  sam ples c o l 
le c te d  from MA fem ales (65%) co n ta in ed  le v e ls  o f LHRH below th e  
d e t e c t a b i l i t y  o f th e  a ssay  (<0 .2  pg) than  d id  sam ples o b ta in ed  from 
Y an im als (21%; p < 0 .0 0 1 ) . T his d if f e re n c e  i s  ex em p lified  fu r th e r  
when mean LHRH v a lu e s  o f th e  sam ples from th e  1 hour tim e p erio d  
p r io r  to  th e  LHRH peak a re  compared in  th e  two age groups (mean Y 
= 1 .2  pg; mean MA = 0 .3pg , p < 0 .0 2 5 ) . The d a ta  c o l le c te d  th u s  f a r  
sug g est th a t  low er le v e ls  of LHRH may be re le a s e d  in to  th e  p i t u i 
ta ry  p o r ta l  system in  MA an im als in  th e  hou rs  p r io r  to  th e  tim e of 
th e  LH su rg e . Such a d e c re a se  o f LHRH r e l e a s e  i n  MA fem ales could 
r e s u l t  in  reduced LHRH prim ing of th e  p i t u i t a r y  p r io r  to  th e  tim e 
o f peak LHRH r e le a s e  and th e reb y  c o n tr ib u te  to  th e  reduced LH surge  
observed in  MA fem ales . T h is  r e s e a rc h  was suppo rted  by NIH G rant 
R23 HD 19174 awarded to  BSR and NIMH G rant K02 MH 00536 to  RSB

395.4 ACETYLCHOLINE RELEASE AND HIGH ENERGY METABOLITES IN NEOSTRIATAL 
SLICES FROM YOUNG ADULT AND AGED RATS. M.S. Weller and C.H. 
Lee*. U niversity of Wisconsin-Madison, School of Pharmacy, 
Madison, WI 53706.

Several neurochemical s tudies have addressed the question of 
age-rela ted  changes in cholinergic systems of cen tra l nervous 
tis su e . In the neostriatum s p ec if ic a lly , age-re la ted  changes in 
acetylcholine (ACh) synthesis (Sims e t a l . ,  J . Neurochem. 38: 
488, 1982) and drug-induced re lease  of radioi sotopi cal l y labe lled  
ACh (Thompson e t a l . ,  Bra in  Res. 299: 169, 1984) have been 
observed. The purpose of the present study was to  determine 
whether endogenous as well as newly synthesized ACh re lease  from 
ra t  neostriatum is  changed in aged ra ts  and whether d ifferences in 
n e o str ia ta l s lic e  energy metabolism could account fo r changes in 
ACh re lease .

S lices were prepared from the neostriatum of young adu lt (10- 
month) and aged (28-month) Fischer 344 r a ts ,  preincubated i n Krebs 
Ringer (KR) bicarbonate buffer a t 36°C fo r 1 h r, then tran sfe rred  
to fresh  KR buffer or KR buffer with 25mM K+ (each containing 
eserine , 30 µM) to  monitor, re spec tive ly , spontaneous and 
potassium-stimulated ACh and choline (Ch) re lease . ACh and Ch 
were determined by gas chromatography mass spectrom etry. 
Spontaneous re lease  of ACh from n eo str ia ta l s lic e s  from aged ra ts  
was not s ig n ific an tly  d iffe ren t from co n tro l, but potassium- 
stim ulated ACh re lease  was s ig n ific a n tly  depressed by 38% (p<.001; 
n=4). Spontaneous and potassium depolarized re lease  of Ch and the 
tis su e  concentration of ACh and Ch were sim ila r i n both 
p reparations. These re s u lts  confirm the re s u lts  of o ther 
investigations and demonstrate th a t endogenous as well as 
iso to p ica lly  labelled  ACh re lease  is  depressed sp ec if ic a lly  in the 
neostriatum of aged ra ts .

Since changes in high-energy m etabolites could influence ACh 
re lease  from the aged s l ic e s ,  tis su e  leve ls  of high-energy 
m etabolites, i . e . ,  adenylate m etabolites (ATP, ADP, AMP) and 
phosphocreatine (PCr), were measured over 8 hrs by the lu c ife r in -  
luc lfe rase  technique (Lust e t  a l . ,  Anal. Biochem. 110: 258, 
1981). ATP levels were 18-20% lower in aged s l ic e s  during the 
f i r s t  90 min, but a f te r  2 hr ATP concentrations were s im ila r in 
both age groups. Also, PCr/ATP ra tio s  and the energy charge of 
the s lic e s  exhibited s im ilar rapid ra te s  of recovery (30 min) and 
sim ila r s teady -sta te  values a f te r  2 hrs (PCr/ATP ra t io :  2.38 ± 
0.21, young adu lt, and 2.43 ± 0.08, aged group. Energy charge: 
0.78 ± 0.04, young adult and 0.79 ± 0.02, aged group). This 
possible re la tio n  between decreased ACh re lease  during decreased 
ATP levels should be guarded against in such assays. (Supported 
by PMA Foundation Research S ta r te r  Grant and NIH Grant AG05953).

395.5 AGE-RELATED DENDRITIC CHANGES IN THREE POPULATIONS OF STRIATAL 
NEURONS IN THE C57BL/6NNIA MOUSE. J .A .R a fo ls  and T.H. M cN eill. 
D ept. of Anatomy, Wayne S ta te  U n iv ., Sch. of M ed., D e tro i t  MI 48201 
and D ept. of N eurology, Univ. o f R o ch e ste r, R o ch e ste r, N.Y. 14642.

The Van d er Loos m o d if ic a tio n  o f th e  Golgi-Cox method and 
morphom etric an a ly se s  were used to  examine a g e - re la te d  changes in  
d e n d r i t ic  pa ram ete rs  of th re e  d i f f e r e n t  p o p u la tio n s  of s t r i a t a l  
(caudate-putam en) neu rons . S ix  age groups (3 ,6 ,1 0 ,2 0 ,2 5  and 30 
months) were re p re s e n te d  in  t h i s  s tu d y . In  a l l  age g roups, th e  
medium sp iny  neuron (sp in y  I )  and two ty p es  o f asp in y  neurons 
(asp iny  I  and I I )  were ana lyzed  ( c l a s s i f i c a t i o n  a f t e r  D iF ig lia  e t  
a l . ,  B rain  R es. 114: 245, 1976). The sp iny  I  neuron was 
c h a ra c te r iz e d  by a medium s iz e d  (11-17 urn) soma, fo u r to  e ig h t  
s p in e - f r e e  d e n d r i t ic  tru n k s  and numerous sp in e - la d e n  d e n d r i te s .  
W ithin t h i s  ty p e , how ever, th re e  su b p o p u la tio n s  were d is tin g u is h e d  
in  a l l  age groups based  on measurements o f t o t a l  d e n d r i t ic  le n g th s .  
With advancing  age th e re  was s h i f t  in  th e  d i s t r i b u t io n  of th e se  
su b p o p u la tio n s  such th a t  neurons w ith  s h o r te r  d e n d r i t ic  a rb o rs  
(< 700um) predom inated  in  th e  o ld e r  groups (20 ,25  and 30 m onths). 
Concom itant w ith  d ec re a se s  in  d e n d r i t ic  le n g th  o th e r  changes observed 
in  th e  o ld e r  groups included-; 1) i r r e g u la r  sw e llin g s  o cc u rr in g  
p r im a r ily  on th e  d is ta lm o s t segm ents o f th e  d e n d r i te s ,  2) changes 
in  sp in e  d e n s ity  (bo th  inc rem ents and decrem ents) a long  the dendrites, 
and 3) p resence  of e c to p ic  sp in e s  on th e  soma and d e n d r i t ic  t ru n k s . 
In  c o n t r a s t  the a sp in y  I  neuron had a medium s iz e d  (13-22um) soma 
and th in  v a r ic o s e  d e n d r i te s .  With advancing  age th e  t o t a l  le n g th  
of th e  d e n d r i t ic  a rb o r  o f some o f  th e se  neurons in c re a se d  due to  
bo th  an in c re a s e  in  th e  number of d e n d r i t ic  b ranch ing  p o in ts  and the 
le n g th  o f th e  d i s t a l  d e n d r i te s .  F in a l ly  th e  asp in y  I I  neuron was the 
th i r d  type an a ly zed . This c e l l  had a l a r g e ,  bulbous soma (23-35 urn), 
3-5 th ic k  d e n d r i te s  tru n k s  and th in  v a r ic o s e  d e n d r i te s  many of which 
recu rved  around th e  soma. Some sp in e s  were found in  a l l  ages bu t 
p r im a r ily  in  th e  younger g roups. With advancing  age th e  t o t a l  length 
o f th e  d e n d r i t ic  a rb o r  o f some of th e se  neurons a ls o  in c re a se d  due 
to  le n g th en in g  of th e  d e n d r i t ic  tru n k s  and te rm in a l d e n d r i te s .  In  
a d d i t io n ,  in  th e  o ld  mouse (30 month o ld ) a few of th e se  neurons 
e x ib i te d  i r r e g u la r  sw e llin g s  on th e  d is ta lm o s t d e n d r i te s  suggestive  
o f e a r ly  r e g re s s iv e  changes. Our d a ta  shows th a t  each p o p u la tio n  of 
s t r i a t a l  neurons undergo unique m orpho log ica l changes w ith  ag in g . 
I t  a lso  in d ic a te s  th a t  w ith  advancing  age some b u t n o t a l l  th e  
neurons o f a g iven  p o p u la tio n  may undergo com pensatory growth o r 
r e g re s s io n  o f t h e i r  d e n d r i t ic  a rb o rs .  T his su g g est in  tu rn  a 
s e le c t i v e  s e n s i t i v i t y  o f some c e l l s  to  th e  ag ing  p ro c e s s e s . 
Supported by PHS g ra n t AG03254 and a g ra n t from th e  Wayne S ta te  
U n iv e rs ity  N euroscience Program.

395.6 CHOLINERGIC AND GABAERGIC PROJECTIONS FROM PALLIDAL AND 
PERIPALLIDAL REGIONS TO THE NEOCORTEX OF THE CAT: DEMONSTRATION 
BY DOUBLE PEROXIDASE LABELING OF THEIR NEURONS OF ORIGIN. R .S . 
F is h e r , J .S . A sai* , B.H. W ainer, N.A. Buchwald and M.S. 
Levine. M ental R e ta rd a tio n  R esearch C en te r, UCLA School o f  
M edicine, 760 Westwood P la z a , Los A ngeles, CA 90024 and 
Departm ent o f  Pharm acological and P h y s io lo g ic a l S c ie n ces . 
U n iv e rs ity  o f Chicago, Chicago, I I  60637.

The e x is te n c e  o f  c h o lin e rg ic  and GABAergic a f f e r e n t s  to  th e  
f ro n ta l  and o c c ip i t a l  po le  n e o c o r t ic a l  reg io n s  o f  th e  c a t  were 
in dependen tly  and d i r e c t l y  dem onstrated  by th e  s p e c i f ic  double 
p ero x id ase  la b e l in g  o f ag ra n u la r  n e u ro tra n sm it te r  m arkers 
(c h o lin e  acety ltransferase-C H A T  and g lu tam ic  a c id  
decarboxylase-GAD, th e  s y n th e t ic  enzymes o f  a c e ty lc h o lin e  and 
GABA, re s p e c t iv e ly )  and a g ra n u la r  c o n n e c tiv i ty  m arker (HRP). 
Based on c o r r e l a t i v e  l i g h t  and e le c tro n  m icro scop ic  
i d e n t i f i c a t i o n ,  th e  t r a n s m it te r  m arkers and th e  c o n n e c tiv i ty  
marker were a s s o c ia te d  w ith  d i f f e r e n t  o rg a n e l le s  w ith in  th e  
p e r ik a ry a l cytoplasm  o f th e  t r a c t ' s  neurons o f  o r ig in .

Doubly la b e le d  (CHAT + HRP; GAD+HRP) neurons were p re v a le n t 
and lo c a te d  in  o v erlap p in g  ana tom ical reg io n s  in  th e  m edial 
s e p ta l  n u c leu s , th e  v e r t i c a l  and h o r iz o n ta l  lim bs o f  th e  nuc leus  
o f  th e  d iag o n a l band, th e  s u b s ta n t ia  innom inata and th e  g lobus 
p a l l id u s  in  s p e c i f i c a l ly  s ta in e d  s e c t io n s  o b ta in ed  from 4 c a se s . 
Both ty p es  o f  p ro je c t io n  neurons were polym orphic w ith  medium to  
la rg e  som atic  a re a s  and fu s ifo rm  to  s p h e r ic a l som atic  sh ap es . 
W hile neurons s in g ly  la b e le d  by th e  c o n n e c tiv i ty  m arker were 
more fre q u e n t a f t e r  HRP in je c t io n s  in to  th e  f r o n ta l  p o le , doub ly  
la b e le d  neurons co n ta in in g  HRP combined w ith  CHAT o r  GAD were 
ev id e n t fo r  bo th  th e  f r o n ta l  and o c c ip i t a l  p o le  c a se s . These 
r e s u l t s  in d ic a te d  th a t  b a s a l fo re b ra in  p ro je c t io n s  to  th e  
n eoco rtex  a re  heterogeneous because th ey  may be m ed iated  by 
e i t h e r  a c e ty lc h o lin e  o r GABA. To our knowledge, t h i s  i s  th e  
i n i t i a l  dem onstra tion  o f  an e x t r a c o r t i c a l  sou rce  o f  GABAergic 
in p u ts  to  n e o c o r t ic a l  t a r g e t  neu rons . Supported  by USPHS G ran ts  
AG01558, HD05958, NS17661 and HD04583.
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395.7 BASAL FOREBRAIN NEURONS WITH AXON COLLATERALS TO WIDELY 
SEPARATED CORTICAL TARGETS: A DOUBLE RETROGRADE TRANSPORT STUDY 
IN THE CAT. M.K. Boylan* C. Adams, C. Cepeda*, R .S . F is h e r , 
B.H. W ainer, N.A. Buchwald and M. S.  L e v in e . M ental 
R e ta rd a tio n  Research C en te r, U n iv e rs ity  o f  C a l i f o rn ia ,  760 
Westwood P la z a , Los A ngeles, CA 90024 and D epartm ent o f 
P harm aco log ical and P h y s io lo g ic a l S c ie n ces , U n iv e rs ity  o f 
C hicago, C hicago, IL 60637.

The b a s a l fo re b ra in  (BF) p ro v id e s  a w idespread  in n e rv a tio n  o f 
th e  c e re b ra l  c o r te x  (CX). We have shown th a t  BF neurons send 
axonal c o l l a t e r a l s  to  a d ja c e n t s i t e s  in  th e  n eo co rtex  in  th e  
c a t .  However, th e  e x is te n c e  and e x te n t  o f axonal b ran ch in g  o f 
BF neurons rem ains c o n t ro v e r s ia l .

The e x te n t o f c o r t i c a l  in n e rv a tio n  p rov ided  by s in g le  BF 
branched axons was a s se s se d  u s in g  double r e tro g ra d e  la b e l in g .  
H o rse rad ish  p ero x id ase  (HRP) and th e  f lu o re s c e n t  m arker n u c le a r  
ye llow  (NY) were p r e s s u re - in je c te d  in to  two d i f f e r e n t  
i p s i l a t e r a l  c o r t i c a l  s i t e s  in  a d u l t  c a t s .  One group o f  an im als 
(N=3) rece iv ed  marker in je c t io n s  in to  th e  m edial p r e c ru c ia te  and 
a n t e r io r  e c to s y lv ia n  g y r i  ( p r e /e c to ) ;  a second group (N=4) 
r e c e i v e d  i n j e c t i o n s   gyrus  and  the 
caudal m arg inal gyrus (p re /m arg ). A f te r  p e ro x id ase  
h is to c h e m ic a l p ro c e ss in g  (TMB method) s in g le  and d o u b le - la b e le d  
neurons were found w ith in  a l l  a re a s  o f th e  BF ( th e  g lobus 
p a l l id u s  (GP), th e  b a s a l nuc leus  o f  M eynert, th e  v e r t i c a l  and 
h o r iz o n ta l  lim bs o f  th e  d iag o n a l band o f  B roca, and th e  m edial 
s e p ta l  n u c le u s ) . For bo th  in j e c t io n  com binations , s in g le -  and 
d o u b le - la b e le d  neurons a ro se  p redom inate ly  from th e  s u b s ta n t ia  
innom inata and GP and le s s  f re q u e n t ly  from th e  o th e r  BF a r e a s .  
Both branched and unbranched axons a ro se  from s im i la r  
p o p u la tio n s  o f  m edium -sized polym orphic neurons lo c a te d  in  
o v e rlap p in g  BF re g io n s . A la rg e r  p ro p o r tio n  o f  HRP-NY c e l l s  
p ro je c te d  to  th e  p r e /e c to  than  to  th e  pre /m arg  c o r t i c e s .

These r e s u l t s  su g g es t th a t  th e  axons o f  s in g le  BF neurons can 
in n e rv a te  w idely  s e p a ra te d  c o r t i c a l  t a r g e t s  over a r e l a t i v e l y  
u n r e s t r i c te d  in t e r c o r t i c a l  d is ta n c e .  W ith in  our s e r i e s  o f  
experim en ts on BF c o l l a t e r a l s  to  th e  CX, d o u b le - la b e le d  BF c e l l s  
have been seen  in  a l l  c o r t i c a l  in j e c t io n  com binations t e s t e d .  
T h is in d ic a te s  th a t  c o l l a t e r a l i z a t i o n  o f  BF neurons may be a 
common occu rrence  a lth o u g h  th e se  c o l l a t e r a l s  may a r i s e  o n ly  from 
a  sm all p o p u la tio n  o f  c e l l s  fo r  each  com bination  o f  c o r t i c a l  
t a r g e t s .  S upported by USPHS G ran ts  AG01558, HD05958, NS17661 
and HD04583.

395.8 ELECTROPHYSIOLOGICAL PROPERTIES OF BASAL FOREBRAIN NEURONS: 
EFFECTS OF ANESTHESIA. (C Cepeda*, N.A. Buchwald, and M.S. 
Levine. M ental R e ta rd a tio n  Research C en te r. U n iv e rs ity  
C a l if o rn ia ,  Los A ngeles. 760 Westwood P laz a . Los A ngeles, CA 
90024.

These experim en ts were designed  to  compare th e  e f f e c t  of 
v a r i a t i o n  o f a n e s th e t ic  on th e  n eu ro p h y s io lo g ica l a c t i v i t y  of 
b a s a l fo re b ra in  (BF) neurons. C ats were a n e s th e tiz e d  e i th e r  
w ith  a m ix tu re o f flu o th an e  and n i t r o u s  ox ide o r w ith  
 α- c h lo r a lo s e . V a r ia t io n  in  th e  a n e s th e t ic  produced a s e r ie s  of 
changes in  spontaneous and evoked a c t i v i t y  o f BF n eu rons . In 
c h lo ra lo s e  a n e s th e tiz e d  c a ts  neurons f i r e d  l e s s  r a p id ly  and 
d isp la y e d  more e x c i ta to ry  responses when th e i r  in p u ts  were 
a c t iv a te d .  Of more im portance, however, p ro p o r t io n a te ly  more BF 
neurons were a n t id ro m ic a lly  a c t iv a te d  by c o r t i c a l  s t im u la t io n  in 
c h lo ra lo s e  a n e s th e tiz e d  anim als in d ic a t in g  th a t  th e  a n e s th e t ic  
co n d itio n  may determ ine which recorded  neurons a re  co n s id e red  BF 
p ro je c t io n  c e l l s .

A t o t a l  o f 82 neurons was recorded  from 15 c a ts  a n e s th e tiz e d  
w ith  f lu o th an e  and n i t r o u s  oxide and 86 neurons in  9 ca ts  
a n e s th e tiz e d w ith  c h lo ra lo s e . In  anim als re c e iv in g  flu o th a n e  and 
n i t r o u s  oxide th e  m a jo rity  o f c e l l s  (46%) e x h ib ite d  f i r i n g  ra te s  
o f  more than  5 s p ik e s /s e c .  About 40% o f th e  neurons had slow er 
f i r i n g  r a te s  ( in te r s p ik e  in t e r v a l s  between 200-1000 m sec). The 
rem ainder d isp la y e d  a c tio n  p o te n t ia ls  in f re q u e n tly  ( 10%) o r were 
s i l e n t  (4%). In  c a ts  a n e s th e tiz e d  w ith  c h lo ra lo s e  BF neurons 
e x h ib ite d  slow er f i r i n g  r a t e s .  P ro p o r tio n a te ly , more neurons 
were encoun tered  w ith  th e  slow er f i r i n g  r a te s  (28%) o r were 
s i l e n t  (12%). In  bo th  types  o f p re p a ra tio n s  th e  p a t te r n s  of 
spontaneous f i r i n g  were d iv e r s e . Many neurons d isch a rg ed  in  
b u r s t s .  About 8% o f th e  neurons e x h ib ite d  rhythm ic or 
sem i-rhythm ic p a t te r n s ,  f i r i n g  a t  abou t 3 s p ik e s /s e c .

The resp o n siv en ess  o f BF neurons to  a f f e r e n t  a c t iv a t io n  was 
a s se s se d  by e l e c t r i c a l  s t im u la t io n  o f amygdala and p re c ru c ia te  
c o r te x . The p ro p e r t ie s  o f re sponsive  neurons were s im i la r  in  
bo th  p re p a ra tio n s  (44% and 80% o f th e  neurons responded to  
c o r t i c a l  and amygdala s tim u la t io n , r e s p e c t iv e ly ,  in  flu o th an e  
a n e s th e tiz e d  c a ts  w h ile  47% and 80% o f th e  neurons responded to  
c o r t i c a l  and amygdala s tim u la t io n , r e s p e c t iv e ly ,  in  c h lo ra lo se  
a n e s th e tiz e d  an im a ls) . In  c o n t r a s t ,  e x c i ta to ry  resp o n ses  were 
encoun tered  more fre q u e n tly  in  th e  c h lo ra lo s e  a n e s th e t iz e d  than 
in  th e  f lu o th an e  a n e s th e tiz e d  p re p a ra tio n  ( c o r t i c a l  s tim u la tio n : 
46% c h lo ra lo s e  vs 21% f lu o th a n e , amygdala s tim u la t io n :  53% 
c h lo ra lo s e  vs 35% flu o th a n e ) . The p ro p o rtio n  o f  BF neurons th a t 
d isp la y e d  an tid ro m ic  responses to  c o r t i c a l  s t im u la t io n  was also  
g re a te r  in  c h lo ra lo s e  a n e s th e tiz e d  anim als (7.5% vs 1.5% in 
c h lo ra lo s e  vs flu o th an e  a n e s th e tiz e d  p r e p a ra t io n s ) .  Supported 
by USPHS AG 01558 and HD 05958.

395.9 ELECTROPHYSIOLOGICAL PROPERTIES OF BASAL FOREBRAIN NEURONS: 
RESPONSES TO MICROPHORETIC APPLICATION OF PUTATIVE 
NEUROTRANSMITTERS. M.S. L evine, C. Cepeda*, and N.A. 
Buchwald. M ental R e ta rd a tio n  R esearch  C en te r. U n iv e r s ity  
C a l if o rn ia ,  Los A ngeles. 760 Westwood P la z a . UCLA Los A ngele s, 
CA 90024.

These s tu d ie s  were designed  to  a s s e s s  th e  e f f e c t s  o f  
m ic ro p h o re tic  a p p l ic a t io n  o f  p u ta t iv e  n e u ro t ra n s m it te r s  on th e  
n eu ro p h y s io lo g ic a l a c t i v i t y  o f  b a s a l fo re b ra in  neurons in  
c h lo ra lo s e -a n e s th e t iz e d  c a ts  (n= 9). The e f f e c t s  o f  g lu tam a te  
(1M), gamma-aminobutyric a c id  (GABA) (1M), ca rb ach o l (0.2M) and 
k a in ic  a c id  (0.2M) were determ ined . G lutam ate produced a sh a rp , 
s h o r t - la te n c y  e x c i ta to ry  response in  64% (32/50) o f  th e  neurons 
te s t e d .  GABA produced a v a r ia b le  la te n c y  in h ib i to r y  response  in  
91% (52/57) o f  th e  neurons t e s t e d .  Changes in  f i r i n g  r a t e s  
produced by e i t h e r  g lu tam ate  o r GABA te rm in a ted  r a p id ly  a f t e r  
e je c t i o n  c u r re n ts  were tu rn e d  o f f .  C arbacho l, produced 
lo n g - la te n c y  e x c i ta to r y  responses  in  38% (15/40) o f  th e  n eu ro n s . 
In  a  m a jo r ity  o f  th e  neurons th e  in c re a s e s  in  f i r i n g  produced by 
ca rb ach o l con tinued  a f t e r  d rug  e j e c t i o n  was te rm in a te d . A ll 
neurons responded to  k a in ic  a c id  (8/ 8 ) w ith  marked e x c i ta to r y  
re sp o n ses . As w ith  ca rbacho l spontaneous f i r i n g  rem ained 
e le v a te d  in  th e se  neurons a f t e r  k a in ic  a c id  a p p l ic a t io n  was 
d is c o n tin u e d .

The responses  to  e l e c t r i c a l  s t im u la t io n  o f  b a s a l f o re b ra in  
a f f e r e n t s  from th e  p r e c ru c ia te  c o r te x  and amygdala were compared 
w ith  th e  responses to  th e  m ic ro p h o re tic  a p p l ic a t io n  o f  
g lu tam a te , GABA and ca rb a ch o l. The m a jo r ity  o f  th e  neurons 
(11/13) th a t  responded to  p r e c ru c ia te  c o r t i c a l  s t im u la t io n  w ith  
e i t h e r  e x c i ta t io n  o r e x c i ta t io n  fo llow ed  by in h ib i t i o n  were a l s o  
e x c i te d  by g lu tam a te . S im i la r ly  most neurons t h a t  d id  n o t 
respond w ith  e x c i ta t io n  to  th e  c o r t i c a l  s tim u lu s  were 
n o n -resp o n s iv e  to  g lu tam a te  (9 /1 3 ) . Amygdala s tim u la t io n  
produced b o th  e x c i ta to r y  and in h ib i to r y  re s p o n s e s . A ll  neurons 
respond ing  to  s tim u la t io n  o f  th e  amygdala were in h ib i te d  by 
GABA. About 65% (9 /14 ) o f  th e  neurons e x c i te d  by am ygdala 
s tim u la t io n  were a l s o  e x c i ta te d  by c a rb a c h o l. These c e l l s  d id  
n o t respond to  c o r t i c a l  s t im u la t io n .

These r e s u l t s  in d ic a te  t h a t  b a s a l fo re b ra in  neurons may 
re c e iv e  an e x c i ta to r y  g lu tam in e rg ic  in p u t .  These neurons a l s o  
re c e iv e  GABAergic in h ib i to r y  in p u ts .  A p ro p o r tio n  o f  them a re  
a l s o  s e n s i t i v e  to  ca rb a c h o l, a  c h o l in e rg ic  a g o n is t .  S upported  
by USPHS AG 01558 and HD 05958.

395.10 AGE-RELATED DECREMENTS IN THE POTENTIATION OF ENDOGENOUS DOPAMINE 
RELEASE FROM SUPERFUSED RAT STRIATAL SLICES BY MUSCARINIC AGONISTS. 
J .A . Jo sep h , T.K. Dalton* and W.A, Hunt* . The Armed F orces 
R adiobio logy R esearch  I n s t i t u t e ,  B ethesda , MD 20814-5145.

P rev io u s  experim en ts  have in d ic a te d  th a t  th e  r e le a s e  o f  s t r i a ta l  
dopamine (DA) i s  c o n tro l le d  by in h ib i to r y  DA a u to re c e p to rs  ( e g .,  
P a rk e r and Cebeddu, JPET, 232: 492, 1985), and th a t  th e  a c t iv i ty  
o f  th e se  DA a u to re c e p to r s  i s  m odulated v ia  c h o l in e rg ic  
h e te ro re c e p to r s  lo c a te d  on n i g r o s t r i a t a l  DA nerve  te rm in a ls .  
Thus, m u sca rin ic  a g o n is ts  p o te n t ia te  th e  K+ evoked re le a s e  o f 
bo th  endogenous EA and [3H] DA r e le a s e  from th e  s tr ia tu m  ( e g . ,  
R a i te r i  e t  a l ,  JPET, 228: 209, 1984). S ince  d im in u tio n  o f  
s t r i a t a l  fu n c tio n in g  seems to  be a c o n s is te n t  f in d in g  in  aged 
an im als r e s u l t in g  in  such changes a s  d e c l in e s  in  psychomotor 
perfo rm ance, i t  was o f  i n t e r e s t  to  de te rm in e  i f  th e  r e la t io n s h ip  
between DA a u to re c e p to r s  and c h o l in e rg ic  h e te ro re c e p to r s  m ight be 
a l te r e d  as  a  fu n c t io n  o f  ag in g . S t r i a t a l  t i s s u e  s l i c e s  (300 mu) 
o b ta in ed  from m ature (6 mo) m idd le aged (12 and 18 m o), and 
sen escen t (W ista r r a t s )  were p laced  in  50 u l  s u p e rfu s io n  chambers 
and su p erfu sed  a t  th e  r a t e  o f  124 u l/m in  w ith  a m od ified  
K rebs-R inger b a s a l r e le a s e  medium c o n ta in in g  ( in  mM) NaHC03 21, 
g lu c o se  3 .4 ,  NaH2P04 1 .3 ,  EGTA 1, MgC12. 93, NaCl 127, KC1 2 .5  
(Ph 7 .4 ) A f te r  a  30 min e q u i l ib r a t io n  p e r io d , a 5 min b a s e l in e  
f r a c t io n  was c o l le c te d  frcm  each cham ber. The medium was then  
sw itched  to  one c o n ta in in g  30 mM KC1, CaC12.2H20 1.26 mM ( in  
p la c e  o f  EGTA), and NaCl 57 Mm in  a d d i t io n  to  th e  ccmponents 
d e sc r ib e d  above (Ph 7 .4 ) .  To t h i s  "Hi KC1 b u ffe r"  was added one 
o f  fo u r  c o n c e n tra t io n s  (0 , 100 uM, 500 uM, and ImM) o f  a 
p a r t i c u l a r  m u sca rin ic  a g o n is t  ( i . e . o x o tre m o rin e , c a rb a c h o l, 
p i lo c a rp in e  and b e th a n e c o l) . S ix  5 min f r a c t io n s  were taken  
d u rin g  d e p o la r iz a t io n  w ith  h i  KC1. DA r e le a s e  was a s se s se d  in  
th e s e  f r a c t io n s  u s in g  h ig h  perform ance l iq u id  chrom atography 
coupled  to  e le c tro c h e m ic a l d e te c t io n .  R e s u lts  showed th a t  DA 
r e l e a s e  d u rin g  b a s e l in e  was n e g l ig ib le  f o r  bo th  young and o ld .  
No d if f e re n c e s  were seen  among th e  s t r i a t a l  t i s s u e  o b ta in ed  frcm 
th e  v a r io u s  g roups o f  an im als in  KC1-induced re le a s e  o f  DA 
w ith o u t m u sca rin ic  a g o n is ts  ( e g . ,  m atu re  r e le a s e  = 58.09 + 10.66 
pmoles/mg p r o te in ,  24 mo = 70.28 + 14.40 pmoles/mg p r o te in ) .  
However, when m u sca rin ic  a g o n is ts  were added th e  KC1-induced 
r e le a s e  o f  DA was enhanced in  s t r i a t a l  t i s s u e  o b ta in ed  frcm a l l  
th e  g roups b u t th e  24 mo g roup  ( e g . ,  peak ca rb ach o l enhancement 
m atu re 253%, 12mo 165%, 18 mo 172% 24 mo 5%). These f in d in g s  
su g g es t t h a t  seme o f  th e  decrem ents in  s t r i a t a l  fu n c tio n in g  may 
be tra c e d  to  a g e - r e la te d  a l t e r a t i o n s  in  ch o lin e rg ic -d o p am in e rg ic  
in t e r a c t io n s  such th a t  DA a u to re c e p to rs  a re  no lo n g e r under 
adequate  in h ib i to r y  c o n tro l  by th e  c h o l in e rg ic  h e te ro re c e p to r s .
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395.11 REDUCTIONS IN NEUROTRANSMITTER RECEPTORS IN TEMPORAL CORTICES OF 
AGED RHESUS MONKEYS. M.V. Waqster, P.J. Whitehouse, L.C. Walker, 
K.A. Yagaloff*†, P.R. Ha r t i gt ,  K.A. Marcus* and D.L. Price. 
Neuropathology Laboratory, The Johns Hopkins University School of 
Medicine, Baltimore, Maryland 21205-2182; †Department of Biology, 
The Johns Hopkins University, Baltimore, Maryland 21218.

L it t le  is known about age-related neurotransmitter receptor 
changes in the cerebral cortices of nonhuman primates. Using in 
vitro receptor autoradiography, we mapped the distr ibution of 
cholinergic ([3H] N-methyl scopolamine and [3H] pirenzepine) and 
serotoninergic ([125I] lysergic acid diethylamide) receptor 
binding in temporal cortex in 17 rhesus monkeys (Macaca mulatta) 
ranging in age from 2-22 years. The number of monkeys in the four 
age groups and their  approximate ages included: five animals, two 
years old; 2-3 animals, 6-7 years old; two animals, 13 years old; 
and 6-7 animals, 18-22 years old. [3H] N-methyl scopolamine 
(using carbachol to displace high-affinity agonist si tes  and 
atropine to measure nonspecific binding si tes)  was selected to 
measure high- and low-affinity agonist muscarinic cholinergic 
receptor subtypes. A 36% decrease in low-affinity agonist binding 
concentration and a 31% decrease in high-affinity agonist binding 
concentration was demonstrated in 18-year old monkeys as compared 
to two-year old animals. [3H] Pirenzepine, a novel antagonist 
that binds to a subtype of cholinergic receptor, showed a 21% 
decrease in binding in the older animals. Lysergic acid 
diethylamide binding sites were diminished by 64% in the oldest 
monkeys. For all ligands, the oldest group of monkeys had 
significantly fewer binding sites than the youngest group (ANOVA, 
p <0.05). Data from monkeys at intermediate ages suggest that the 
number of receptor binding sites declines throughout the age range 
studied, but additional subjects are needed to determine the rate 
of decline. Future studies of receptor populations will allow 
delineation of age-related alterat ions of receptors in brains of 
aged nonhuman primates. Tissues were obtained from the Regional 
Primate Research Center at the University of Washington, supported 
by NIH grant RR 00166.

395.12 AGONIST SUBTYPES OF THE MUSCARINIC CHOLINERGIC RECEPTOR IN FRONTAL 
CORTEX OF AGED RATS. N.W. Pedigo. Depts. of Pharmacology and 
Anesthesiology, Univ. of Kentucky Medical C tr. ,  Lexington, KY 
40536

Previous studies have shown an age-related loss of muscarinic 
receptors in r a t  fron ta l cortex, as indicated by reduced numbers 
of 3H-quinuclidinyl benzilate (3H-QNB) binding s i te s  ( i . e . ,  
decreased Bmax) without changes in the a f f in ity  (Kd) of 3B-QNB 
for i t s  receptor. However, i t  i s  not known whether th is  loss of 
3H-QNB binding s i te s  represents a se lective decline in agonist 
subtypes of the muscarinic receptor. Subtypes of the muscarinic 
cholinergic receptor in r a t  brain and other tissues have been 
characterized in radioligand binding experiments by shallow 
displacement curves fo r muscarinic agonist drugs, such as 
oxotremorine or carbachol. In these stud ies, oxotremorine 
inh ib ition  of 3H-QNB binding was analyzed by nonlinear, 
i te ra tiv e  cu rve-fitting  procedures (SAS, NLIN) based on a model of 
two independent s i te s  with high a f f in ity  (KH) or low a f f in ity  
(KL) fo r  the muscarinic agonist. Binding parameters derived 
f r om such data included KH Kl and A, A being the proportion 
of to ta l  binding s i te s  having high a f f in ity  for oxotremorine. 
Values for KH, Kl and A in fron ta l cortex (FC) of young (3 
months o ld ), adult (9 months old) and senescent (27 months old) 
Fischer 344 ra ts  are provided in Table 1:

Age A(%) KH(µM) Kl(viM)
3 months 12.2 0.27 7.4
9 months 12.8 0.13 7.4

27 months 13.3 0.12 7.8

Analysis of variance s ta t is t ic s  revealed no age-related changes in 
the binding parameters for high- and low -affinity  agonist subtypes 
of the muscarinic receptor. Similar re su lts  were seen in hippo
campus (HC), corpus striatum  (CS) and hypothalamus (HY). KH and 
KL values were sim ilar in the d iffe ren t brain regions, but the 
proportion of h igh-affin ity  s i te s  varied sign ifican tly  
(HY > FC > CS = HC). These re su lts  indicate th a t agonist subtypes 
of the muscarinic receptor may not be se lectively  affected  by 
aging, despite the overall loss of 3H-QNB binding s i te s  which 
occurs with advanced age. However, possible age-related 
a lte ra tio n s in the regulation of these s i te s  or coupling of 
muscarinic receptors to  second messenger systems requires further 
study. (Supported in part by grants f r om the American Federation 
fo r Aging Research and National In s titu te s  on Aging, 
AG-06390-01).

395.13 EFFECTS OF AGE ON SERUM MELATONIN LEVELS AND BINDING SITES FOR 
MELATONIN AND GABA. O .M. P u l id o *  and L .P .  N i l e s  (SPON: G. S m ith ). 
D ep a rtm en t o f  N e u ro s c ie n c e s ,  M cM aster U n i v e r s i t y ,  H a m ilto n , O n ta r io  
Canada L8N 3Z5.

The b i o s y n t h e t i c  c a p a c i ty  o f  th e  p i n e a l  g la n d  a p p e a r s  to  be 
s i g n i f i c a n t l y  red u c e d  i n  aged  mammals and  an  a g e - r e l a t e d  d e c re a s e  
i n  serum  l e v e l s  o f  t h e  p i n e a l  ho rm one, m e la to n in ,  h a s  b een  
o b s e rv e d  in  aged  m ale  S y r ia n  h a m s te r s .  I n  t h e  p r e s e n t  s tu d y  we 
h av e  m a in ta in e d  d i u r n a l  c i r c u l a t i n g  l e v e l s  o f  m e la to n in  i n  young 
and o ld  m ale  Long Evans hooded r a t s .  I n  o r d e r  to  d e te rm in e  th e  
r e l a t i o n s h i p  b e tw een  m e la to n in  l e v e l s  and  b in d in g ,  we h a v e  m ea su r
ed 3H -m e la to n in  b in d in g  a t  two p o i n t s  i n  th e  d i u r n a l  c y c le  in  
co m p a ra b le  g ro u p s  o f  a n im a ls .  H igh a f f i n i t y  b in d in g  o f  th e  
t r i t i a t e d  ϒ- a m in o b u ty r ic  a c id  (GABA) a g o n i s t ,  3H -m uscim ol, was a l s o  
d e te rm in e d .

Young (2 -3  m onths o ld )  and aged  (2 1 -2 3  m onths o ld )  r a t s  w ere  
m a in ta in e d  u n d e r  a  14L:10D l i g h t i n g  c y c le  w i th  l i g h t s  on from  5 
a .m . to  7 p .m . Serum m e la to n in ,  a s  m easu red  by ra d io im m u n o a ssa y , 
e x h ib i t e d  a  m arked  c i r c a d i a n  rh y th m  w i th  low  l e v e l s  d u r in g  th e  d ay 
tim e  and e le v a t e d  l e v e l s  d u r in g  d a rk n e s s  i n  young a n im a ls .  A 
d i u r n a l  c y c le  i n  serum  m e la to n in  was a l s o  p r e s e n t  i n  aged  r a t s ;  
h o w ev er, t h e i r  horm one l e v e l s  w ere  lo w e r  a t  a l l  t h e  tim e s  
e x am in ed .

In  young a n im a ls ,  3H -m e la to n in  (20  nM) b in d in g  in  h y p o th a la m ic  
m em branes was s i g n i f i c a n t l y  h ig h e r  a t  9 a .m . th a n  a t  10 p .m . In  
c o n t r a s t ,  aged  a n im a ls  d id  n o t  show s i g n i f i c a n t  d i f f e r e n c e s  i n  
b in d in g  w h ich  rem a in e d  e le v a t e d  a t  th e  two t im e s  e x am in ed .

H igh a f f i n i t y  GABA r e c e p t o r  b in d in g ,  a s  m easu red  w i th  3H- 
m uscim ol (5 nM ), was s i g n i f i c a n t l y  lo w e r i n  t h e  h ippocam pus o f 
aged  r a t s  a s  com pared w i th  young a n im a ls .  C o n v e r s e ly , aged  
a n im a ls  e x h ib i t e d  h ig h e r  b in d in g  i n  c e r e b e l l a r  m em branes.

T h ese  f in d i n g s  a r e  c o n s i s t e n t  w i th  r e p o r t s  t h a t  c i r c u l a t i n g  
m e la to n in  l e v e l s  a r e  r e d u c e d  w i th  ag e  and t h a t  n e u r o t r a n s m i t t e r  
r e c e p t o r s  u n d e rg o  a g e - r e l a t e d  c h a n g es  i n  th e  m am m alian CNS. The 
s i g n i f i c a n t  d i f f e r e n c e  i n  m o rn in g  and  n ig h t t im e  3H -m e la to n in  
b in d in g  i n  young a n im a ls  a p p e a r s  to  b e  due to  d o w n - r e g u la t io n  o f  
c e n t r a l  b in d in g  s i t e s  f o r  t h i s  horm one d u r in g  d a r k n e s s ,  when p eak  
c i r c u l a t i n g  l e v e l s  o c c u r ,  s in c e  m e la to n in  r e a d i l y  c r o s s e s  t h e  
b l o o d - b r a in  b a r r i e r .

S a t u r a t i o n  e x p e r im e n ts  w i l l  be  c a r r i e d  o u t  i n  o r d e r  to  c o n firm  
th e  above  f i n d i n g s  and to  d e te rm in e  w h e th e r  c h a n g es  i n  b in d in g  s i t e  
d e n s i t y  o r  a f f i n i t y  a r e  in v o lv e d .

(S u p p o rte d  by th e  G e r o n to lo ty  R e s e a rc h  C o u n c il  o f  O n ta r io  and 
th e  O n ta r io  M en ta l H e a l th  F o u n d a t io n ) .

395.14 ALPHA-1-ADRENERGIC RECEPTORS ARE ALTERERED IN SPECIFIC BRAIN 
AREAS OF AGED FEMALE RATS. N.G. WeiI and and P.M. Wise. Department 
of Physiology, School of Medicine, U niversity  of Maryland, 
Baltimore, MD 21201.

The progressive loss of estrous  c y c l ic ity  in female r a ts  is 
a ssoc iated  with f i r s t ,  an increase in ir re g u la r i ty  of cycles, 
secondly, a stage of constant vaginal estrous (CE), and f in a l ly  a 
period of p e rs is te n t d ie stro u s  (PD). The noradrenergic system is 
an important reg u la to r of lu te in iz in g  hormone (LH) sec re tio n , and 
evidence suggests th a t a c tiv a tio n  of aipha(α) -1 -adrenergic 
recep to rs  is p re re q u is ite  to  an LH surge. We measured α-1 
recep to rs  in old and young females to  determine whether the loss 
of c y c l ic ity  in aging females is a ssoc iated  with a localized  
decline  of α- 1 recep to rs  only in those regions which control 
LH re lea se  or a more generalized  decline  throughout the b rain , 
and whether any observed changes are re la te d  to  the vaginal smear 
p a tte rn s  of the animals.

Four groups of female Sprague-Dawley ra ts ; young estro u s, 
young d ie s tro u s , old CE and old PD, were K illed  a t 1000 h. Serum 
was assayed by RIA fo r e s trad io l and LH. The b ra in s were frozen 
and sectioned a t 20u. We used 3H-prazosrn, a s p ec if ic  a-1 
an tagon ist, and computerized q u a n tita tiv e  autoradiography to 
measure the density  of recep to rs  in sp ec if ic  brain  nuc le i.

The density  of a-1 recep to rs  in old PD ra ts  declined in 
medial p reop tic  nucleus (MPN), the median eminence (ME), and the 
pineal gland, whereas the density  increased in the ventral medial 
nucleus (VMN) and the premamillary nucleus d o rsa lis . In co n tra st, 
in CE ra ts  the age-associated  decline  was observed only in the 
pineal gland and an increase only in VMN. No estrous versus 
d ie stro u s  d iffe ren ces  were found in the young animals. No age- or 
vaginal sm ear-re la ted  d iffe ren ces  were observed in the 
suprachiasm atic nucleus, arcuate  nucleus, or caudate putamen. LH 
concentrations in serum were basal and equivalent in a ll  groups. 
Serum E2 leve ls  in old CE ra ts  were elevated  over those in PD 
ra ts  but only to leve ls  observed in young d iestro u s  females.

In conclusion, the decrease in density  of a  recep to rs  with 
age in PD r a ts  occurs only in sp ec if ic  brain  regions, MPN, ME, 
and p inea l, which reg u la te  LH sec re tio n . An increase is observed 
in VMN, another estrogen responsive area which is involved with 
sexual behavior. in old CE ra ts ,  the a lte ra tio n s  in the density  
of recep to rs  are more lim ited . I t is  possib le  th a t constan tly  
e levated  leve ls  of E2 may p a r t ia l ly  p ro tec t the animals from the 
age-associated  a l te ra tio n s  in α-1 recep to r concentrations. 
Therefore, ag e-re la ted  changes in the density  of a  recep tors  
do not involve a generalized  decline  in brain , but ra th e r  appear 
to  be loca lized  and p rogressive. These changes are more extensive 
in PD r a ts  which are  in a la te r  stage of reproductive decline. 
Supported by NIH AG-0537 to  NGW and AG-02224 to  PMW.
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395.15 AGE-RELATED CHANGES IN RAT CEREBELLAR NE RELEASE AND 
ADRENO-RECEPTIVITY EVALUATED WITH IN OCULO BRAIN 
GRAFTS. A.-C. Granholm, G,A. G erhardt+. A. S eiger* . 
L. Olson* . B .J . Hoffer and M. R. Palmer . Depts. of 
Pharmacology and +P sy c h ia try , Univ. of Colorado H ealth 
S ci. C n tr . , Denver, CO, USA 80262 (ACG, GAG, BJH and 
MRP) and Dept. of H istology, K arolinska I n s t i tu te ,  
Stockholm S104 01 Sweden (AS and LO).

Changes in  c e re b e lla r  noradrenerg ic transm ission  
during senescence in the  r a t  were measured using 
homologous b rain  g ra f ts  in  ocu lo . The dynamics of 
p resynap tic  NE re lease  were evaluated  using in  vivo 
e lec tro ch em istry  with nafion-coated  g raphite-epoxy
c a p i lla ry  e lec tro d e s , which are  h ighly  s e le c tiv e  fo r  
th e  monoamine n eu ro tra n sm itte rs . P ostsynap tic  
s e n s i t iv i ty  of Purkin je neurons to  catecholam ine was 
determined by perfusing  the a n te r io r  eye chamber w ith 
known concen trations of norepinephrine (NE) d isso lved  
in a balanced s a l t  so lu tio n . NE e l i c i t s  a dose- 
dependent slowing of P urkin je neuron discharge in  both 
young (3-6 months) and old (20-22 months) c e re b e lla r  
g ra f ts .  H ill p lo ts  dem onstrated th a t  the  dose- 
response re la tio n sh ip s  in  both age groups were lin e a r  
and p a ra l le l  to  one another. Aged tra n sp la n t Purkin je 
neurons m anifested a marked and h ighly  s ig n if ic a n t  
s u b se n s itiv i ty  to  NE with an EC50 of 583 uM, as 
compared w ith an EC50 of only 15.9 uM in  the young 
g ra f ts .  C o lla te ra ls  of autonomic ground plexus of the  
i r i s  innervate  the g ra f ts  with p resynap tic  
noradrenerg ic f ib e rs  which can be re f le x ly  a c tiv a ted  
by a l te r in g  illu m in a tio n  of the  r e t in a .  As 
illu m in a tio n  is  increased , the re le a se  of 
catecholam ine from these  sym pathetic f ib e rs  decreases. 
A mean change in  the  e x t ra c e l lu la r  e le c tro a c tiv e  
species of 4.2 uM (from in  v i t ro  norepinephrine 
c a l ib ra t io n  curves) was found in  young c e re b e lla r  
g r a f ts .  E quivalent s tim u li induced a mean change of 
only 2.3 uM in  aged g ra f ts . No d iffe re n ce  in  th e  time 
course of the  e lectrochem ical response was observed. 
Taken to g e th e r, these r e s u lt s  revea l both a marked 
postsynap tic  su b se n s itiv i ty  to  NE in  neuronal ta rg e ts  
and a more modest reduction  in  NE re le a se  w ith 
senescence. In so far as these changes can be found in  
is o la te d  c e re b e lla r  g ra f ts  in  ocu lo ; they apparently  
develop independent of e x t r in s ic  input from o ther 
b ra in  reg ions.

Supported by USPHS gran ts  AG 04418 and ES 02011 
and by the Swedish Medical Research Council.

395.16 QUANTITATIVE AUTORADIOGRAPHIC ANALYSIS OF [125I]PINDOLOL BINDING IN RAT 
BRAIN: CHANGES IN β-ADRENERGIC RECEPTOR DENSITY WITH AGING. J .A M ille r ,  
B.J. H offer and N.R. Z ahn iser (SPON: J.H. O 'Brien). Dept. Pharmacology, 
Univ. Colorado Hl t h . Sci. Ctr., Denver, CO 80262.

Responsiveness to  catecholamines and the density  of ce rta in  adrenergic 
receptors decrease with age. β-adrenergic receptor density  decreases in 
r a t  p in e a l ,  s t r i a t a l  and c e r e b e l l a r  membranes (Greenberg and Weiss, 
Science 201: 61 -63, 1978). A dd itionally , Maggi e t  a l .  (Life Sci. 24: 367- 
374, 1979) reported decreases in  β-adrenergic receptor number in  cerebel
lum and brainstem, but not ce rebra l cortex in  aged ra ts .  These reports 
suggest th a t a g e -re la te d  changes may be reg io n -sp ec if ic . Quantitative 
autoradiography provides the s p a tia l  reso lu tio n  to  examine region-specific 
receptor changes; we have used th is  technique to  measure the binding of 
[125I]pindolol (IPIN), a 0-receptor an tagonist, to  s l ic e s  of brain tissue 
from young and o ld  r a ts . Whole brains from young (4 mo) and o ld  (19 mo and 
25 mo) F ischer 344 r a t s  were quickly frozen and s lic e d  a t  a thickness of 
10µm.  The s l ic e s  were incubated in  a 20 mM Hepes buffer (pH 7.4) contain
ing 154 mM NaCl and IPIN a t f in a l  concentrations of 10-1000 pM (saturation 
iso th e rm s) f o r  30 min a t  37°C. N onspecific  b ind ing  was d efin ed  as the 
binding remaining in  the presence of 1 µM 1 -propranolo l. The s l ic e s  were 
washed in  ic e -co ld  Tris-HCl buffer fo r 10 min and then rinsed  in ice-cold 
water fo r 10 sec. S lide s  and [14C] - la b e led  brain paste standards were 
apposed to  LKB U ltro film  fo r 24 hrs; a standard curve was generated for 
each sheet of film . The autoradiographs were then analysed with a Spatial 
Data Systems Eyecom Model 850 image an a ly s is  computer system using a new 
nonlinear curve f i t t in g  procedure to  approximate the standard curve. In 
agreement with e a r l ie r  rep o rts , decreases in  0-adrenergic receptor density 
in the cerebellum  and brainstem, but no change in  the cortex , from the 
aged animals were observed (Table 1). A dd itionally , the re  was a la rge age- 
re la te d  decrease in  the Bmax fo r IPIN in  the thalamus but no change in the 
hippocampus (Table 1). The receptor density  fo r the young animals ranged 
from 55-66 fmol/mg pro te in  in  the d iffe re n t brain regions. The a f f in ity  of 
these receptors was not d iffe re n t in  any of the brain areas examined in 
the young and o ld  r a ts  and ranged from 86-160 pM. The Scatchard transform
atio n  of these data displayed simple s in g le - s i te  binding in  these areas. 
The region of the substan tia  n igra was a lso  examined; however, i t  dis
played c u rv i lin e a r  Scatchard p lo ts . These r e s u l ts  w il l  be fu rth e r analyzed 
using a m u l t i - s i t e  nonlinear curve f i t t in g  program and pharmacological 
experiments to  determine the nature of these binding s i te s .  Localized 
changes w ithin these brain regions, as w ell as other more d iscree t areas 
w il l  be examined. The re s u l ts  demonstrate th a t with aging, β-adrenergic 
recepto r  density  decreases in  a nonhomgeneous manner in  the r a t  CNS.

Table 1. Density      of IPIN   binding        sites   (Bmax; %    of 4 no   values)
AGE (mo) Cortex Hippocampus Thalamus Cerebellum Brainstem

4 100 100 100 100 100
19 109 108 133 87 65
25 89 86 54 71 51

This work was supported by grants USPHS AG 0W18 and ES 02011.

395.17 GLUTATHIONE REDUCTION MIMICS MPTP NEUROTOXICITY AND AGE- 
CORRELATED CHANGES IN DOPAMINE NEURONS IN SUBSTANTIA NIGRA OF THE 
C57BL/6NNia MOUSE. T.H. M cN eill, L.L . Koek* J.W . Haycock and 
D.M. G ash. D epts. N eurology and N eurobiology and Anatomy, Univ. 
R o ch e ste r, R o ch e ste r, NY 14642 and R o c k e fe lle r  U n iv e rs ity , New 
York, NY 10021.

P rev ious  s tu d ie s  have re p o r te d  a g e -c o r re la te d  changes in  
dopamine (DA) p e r ik a ry a  o f th e  s u b s ta n t ia  n ig ra  (SN) in  th e  
C57BL/6NNia mouse. These changes a re  c h a ra c te r iz e d  by a 
p ro g re s s iv e  accum ulation  o f l i p o f u s c in ,  a m arkedly reduced DA 
co n ten t p e r c e l l  and an in c re a se d  number o f l a r g e ,  f lu o re s c e n t 
axonal d i l a t i o n s  in  DA f i b e r s .  S im i la r ly , o th e r  s tu d ie s  have 
shown th a t  MPTP tre a tm e n t damages DA neurons in  mice and causes a 
re d u c t io n  in  c o n ten t o f g lu ta th io n e  (GSH) in  th e  SN. S ince i t  i s  
known th a t  GSH i s  u t i l i z e d  as a  scavenger of c e l l u l a r  f r e e  ' 
r a d ic a ls  and p lay s  an im p o rtan t r o le  in  d e t o x if ic a t io n  and 
c e l lu l a r  r e p a i r  a f t e r  exposure to  n eu ro to x in s  such as  MPTP, i t  
was o f i n t e r e s t  to  de term ine  i f  th e  re d u c tio n  o f GSH would mimic 
th e  m orpho log ica l changes found in  DA neurons o f th e  SN as  a 
r e s u l t  o f MPTP to x i c i t y  o r  norm al ag in g .

For our s tu d y , male C57BL/6NNia mice (3 and 6 m on ths-o f-age) 
were t r e a te d  w ith  MPTP (2 × 50 mg/kg s . c . )  o r  w ith  th e  
i n t r a c e l l u l a r  in h i b i to r  o f GSH, b u th io n in e  s u lfo x in e ,  (BSO) (3 
m m ol./kg, i . p . ) .  T issu es  w ere p rocessed  f o r  l i g h t  m icro scop ic  
im m unocytochem istry u s in g  a n t i s e r a  f o r  ty ro s in e  hydroxy lase  o r 
p repared  fo r  h is to f lu o re s c e n c e  exam ination  o f ca tech o lam in es . 
R e su lts  from our s tu d y  su g g es t th a t  d e p le tio n  o f GSH has a 
d i f f e r e n t i a l  e f f e c t  on s e le c te d  p o p u la tio n s  o f DA c e l l s  o f th e  
m idb ra in  which p ro je c t  to  d i f f e r e n t  reg io n s  o f th e  c o rte x  and 
s tr ia tu m  and a re  s im i la r  in  appearance to  th o se  m orpho log ica l 
changes w hich have been re p o r te d  p re v io u s ly  w ith  advancing  age 
and fo llo w in g  MPTP a d m in is tr a t io n .  In  BSO t r e a te d  mice dopa
m in erg ic  p e r ik a ry a  o f th e  p a rs  com pacts (A9) showed a m arkedly 
reduced DA co n te n t pe r c e l l  as  determ ined  by m ic ro s p e c tro -  
f lu o ro m e try , an in c re a se d  accum ula tion  o f l ip o f u s c in  and an 
in c re a s e d  number o f l a r g e ,  f lu o re s c e n t  axonal d i l a t i o n s  in  
dopam inergic f i b e r s .  However A9 neurons s ta in e d  immunocyto- 
ch em ica lly  f o r  TOH appeared  s im i la r  to  c o n t r o ls .  In  a d d i t io n ,  DA 
neurons in  th e  v e n t r a l  p o r tio n  o f th e  v e n t r a l  tegm en ta l a re a  
(VTA) were u n a ffe c te d  by drug tre a tm e n t. These d a ta  su g g est th a t  
m orpho log ica l changes in  DA neurons o f th e  SN fo llo w in g  GSH 
re d u c tio n  a re  s im i la r  in  appearance to  th o se  seen  in  normal ag ing  
and fo llo w in g  MPTP tre a tm e n t and su p p o rt th e  n o tio n  th a t  a common 
c e l lu l a r  d e fe c t may u n d e r l ie  a l l  th re e  c o n d i t io n s .  In  a d d i t io n ,  
th e se  d a ta  p rov ide  su p p o rt f o r  th e  use o f MPTP as a  model to  
s tu d y  norm al ag ing  o f DA neurons o f th e  SN in  C57BL/6NNia m ice. 
Supported by UPS g ra n ts  AG 00300, AG 05445 and NS 15109.
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396.1 OLFACTORY MUCOSA TRANSPLANTED INTO THE SENSORY DEAFFERENTED 
OLFACTORY BULB IN ADULT HAMSTER. E.E. M orrison and R.M. C ostanzo. 
Dept. Physiology and Biophysics. Medical College of Virginia, 
Richmond, VA 23298.

After olfactory nerve axotooy there is  a retrograde 
degeneration of mature olfactory neurons followed by an increase 
in  basal ce ll m itotic ac tiv ity  which generates new neurons. These 
new neurons develop and grow th e ir axons centrally  to reinnervate 
the olfactory bulb. Recently, i t  has been shown that neonatal 
olfactory neurons can survive transplantation into the eye and 
brain parenchyma or neonatal and adult ra ts . New olfactory 
neurons are produced, mature and grow axons into the host but do 
not form glomeruli. In the present experiment we have examined 
the in teraction  between olfactory neurons when transplanted into 
the sensory deafferented olfactory cortex (bulb) of adult (2-3 mo) 
hamsters. Following olfactory nerve transectioa a s tr ip  of teflon 
tape was placed between the bulb and cribrirorm plate blocking 
sensory reinnervation. Donor tissue, septal mucosa (2mmx) from 
neonate hamsters (P 6-11) was transplanted via a glass rod within 
a mid dorsal incision on the bulb. Animals were fixed with Bouins 
and processed for LM examination at 25, 35, 45. and 50 days 
survival. Regenerating olfactory axons from the host nasal cavity 
were prevented from reaching the bulb by the teflon  tape and 
formed neuromas. The host glomerular layer lacked olfactory 
axons, appeared pale and glomeruli were homogenous in  texture and 
smaller (40-60 um) than on the control side. The transplants 
survived within the adult olfactory bulb and organized into 
vesicles lined by olfactory neuroepithelium containing mature 
neurons that resembled the in s itu  organization. In some regions 
of the transplant olfactory neurons migrated from the 
neuroepithelium into the lamina propria and into the host bulb 
tissue . We observed numerous m itotic figures within the 
transplant neuroepithelium and among the migrating olfactory 
neurons within the lamina propria. Unmyelinated axons from the 
transplant neuroepithelium formed large fasc ic les within the 
lamina propria. The transplant axon fasc ic les grew toward and 
entered the glomerular layer of the host bulb where they formed a 
tangled neuropile. Transplant axon bundles were often observed 
adjacent and in  intimate contact with periglomerular c e lls  and 
existing  glomeruli.

The re su lts  have successfully demonstrated for the f i r s t  time 
the survival of olfactory neurons when transplanted into adult 
hamster olfactory bulb. The deafferented environment provides 
target s ite s  to the transplanted neurons and allows a unique 
opportunity to examine specific ce ll- ta rg e t interaction . The 
degree of transplant-host connectivity are currently being 
examined a t the EM level.

Supported by VCU Grants-In-Aid to EEM and NIH NS16741 to RMC.

396.2 OLFACTORY BULB GRAFTS INTO PREPYRIFORM CORTEX AND HIPPOCAMPUS. 
M. E. G ross .*  J .  N. K o tt .  L. E. Westrum and R. H. Schmidt 
(SPON: P . D. Swanson). D ep ts. o f N eu ro log ica l S urgery , 
B io lo g ic a l S tru c tu re  and P sychology, Univ. of W ashington, 
S e a t t l e ,  WA 98195, USA.

Numerous models a re  being  used in  the  r a p id ly  expanding 
f i e ld  o f n e u ra l g r a f t in g .  An e x c e l le n t  system w ith  unique 
a r c h i te c tu r e  and c o n n e c tiv i ty , which has rece iv ed  l i t t l e  o r no 
a t t e n t io n  in  th e se  s tu d ie s ,  i s  th e  o lf a c to ry  bu lb  (OB) and 
p rep y rifo rm  o r o lf a c to ry  c o r te x . We a re  undertak ing  
experim en ts aimed a t  in v e s t ig a t in g  th e  m orphologica l even ts 
a s s o c ia te d  w ith  th e  im p lan ta tio n  o f d is s o c ia te d  f e t a l  OB c e l l s  
in to  a d u lt r a t s .

O lfa c to ry  b u lb s  from f e t a l  r a t s  o f known g e s ta t io n a l  ages 
a re  d is s o c ia te d  in  t r y p s in .  S ubsequen tly , su spensions a re  
im planted th rough  a cannula e i th e r  m anually  o r us ing  a 
s te r e o ta x ic  in s trum en t in to  a d u lt  h o s ts .  P a r a l l e l  e x p e ri
ments used whole OB, from s im i la r  dono rs . A reas re c e iv in g  
g r a f t s  in c lu d e : hippocampus and a n te r io r  o r p o s te r io r  
p rep y rifo rm  c o r te x . A dult h o s ts  were p rep a re d , in  th e  case 
o f p rep y rifo rm  p re p a ra t io n s ,  by e i th e r  sm all su rfa c e  le s io n s  
o f th e  co rtex  o r by a d e a ffe re n tin g  OB rem oval.

P re lim in a ry  l i g h t  m icroscopy o f c e l l  and f ib e r  s ta in e d  
m a te r ia l  from th e  im planted  s i t e s  shows c e l l s  w ith  s ta in in g  
c h a r a c te r i s t i c s  and m orpho log ica l f e a tu re s  o f OB c e l l  ty p e s . 
An e s p e c ia l  f in d in g  in  se v e ra l o f th e  p re p a ra tio n s  is  th e  
occu rrence  o f appa ren t g lo m e ru lu s - lik e  fo rm a tio n s , i . e .  
c i r c u la r  reg io n s  o f n e u ro p il (20 -  100 / µm in  d iam eter) 
surrounded by c a p s u le - lik e  c e l l s  and la rg e  neurons.

These o b se rv a tio n s  suggest th a t  a number o f OB c e l l  types 
rem ain " v ia b le "  and e x h ib i t  s t r u c t u r a l  elem ents o f the  

donor organ fo r  se v e ra l weeks a f t e r  im p la n ta tio n . D e ta ils  
o f t h i s  t r a n s p la n ta t io n  model a re  being  pursued w ith  
emphasis on c e l l  id e n t i f i c a t i o n  and s y n ap tic  o rg a n iz a tio n .

(S upported  by NIH G ran ts NS 09678 and NS 20482 and a g ra n t 
from th e  G raduate School (A rts  and S c ie n c e s ) , Univ. o f 
W ashington. LEW i s  an a f f i l i a t e  of th e  CDMRC a t  th e  Univ. o f 
W ashington.)

396.3 FETAL NEOCORTICAL TISSUE SURVIVES TRANSPLANTATION INTO ADULTS 
IN AN ISCHEMIC CORTICAL SITE. A. J u s tic e , A. W. Deckel*, and 
R. G. Robinson. Dept. of Psychiatry, Johns Hopkins Univ. 
School of Med., Baltimore, MD 21205.

One of the most clinically important neuropathological 
conditions in man is that resulting from cerebral ischemia 
(CVA).  Not only are CVAs the third leading cause of 
morbidity in the US but treatment is largely inadequate. One 
method that may someday prove useful for the treatment of 
deficits resulting from various types of neuropathology 
involves the transplantation of healthy neural tissue into 
damaged brain. While the transplant method has recently 
become widespread in animal models of clinical conditions, 
surprisingly little  attention has been paid to its possible 
utility in the treatment of ischemic brain damage. We report 
here preliminary results indicating that fetal neural grafts 
will grow in an ischemic site in which host tissue dies.

The middle cereb ral a r te ry  of ad u lt r a ts  was permanently 
tie d  with 6-0 s i lk  on the la te ra l  aspect of the b ra in . This 
procedure produces f a i r ly  d isc re te  lesions (approximately 2 -  
4 mm diameter) in  the d o rso la te ra l f ro n to p a rie ta l cortex , 
extending through a l l  c o r tic a l  lay e rs . Four to six teen  days 
a f te r  l ig a tio n , 3 u l of embryonic day 16 neocortex was 
asp ira ted  in to  a g lass c ap illa ry  tube and in jec ted  in to  the 
cortex  in  the area of the le s io n . Two months la te r  animals 
were sac r if ic e d  and th e ir  b rains were processed fo r n is s l  
s ta in in g . The tran sp lan ts  survived well and d if fe re n tia te d , 
p a r tly  replacing the necro tic  tis su e  and f i l l i n g  in  the 
cav ity  l e f t  by the in f a rc t .  G liosis was generally  apparent 
around the g ra f t  and often  within i t ,  but th is  response was 
v a riab le .

I t  i s  encouraging fo r fu tu re  research th a t transp lan ts 
w ill  survive in areas lacking a normal vascular supply 
and where the host tis su e  is  d ie ing . Experiments are under 
way to discover what connections may have been made between 
g ra f t  and host and to determine i f  behavioral d e f ic i ts  
re su ltin g  from the ischemic lesion  can be reversed by the 
g ra f t .

396.4 NEURAL TRANSPLANTS: INTERFACE AND CONNECTIVITY. J .  Brasko and 
G.D. Das* . D ept. o f B io lo g ic a l S c ie n ces , Purdue U n iv e rs ity , West 
L a fa y e tte , IN 47907.

Follow ing t r a n s p la n ta t io n ,  embryonic n e u ra l t i s s u e s  a re  o b ser
ved to  grow, d i f f e r e n t i a t e ,  and become in te g ra te d  w ith  the  h o s t 
b r a in .  A developm ental a n a ly s is  o f th e se  even ts  was perform ed to  
in v e s t ig a te  th e  e s ta b lish m e n t o f in te r f a c e  reg io n s  and th e  forma
t io n  o f connections  between th e  t r a n s p la n ts  and the  h o s t parenchy
ma.

N e o co rtica l t i s s u e ,  3 .5  mm in  volume, from 17-day r a t  embryos 
was t r a n s p la n te d  in to  th e  r ig h t  c e re b e l la r  hem isphere of a d u lt r a t  
h o s ts  (D as, '7 4 , '7 9 ) .  One s e t  o f h o s t anim als was s a c r i f i c e d  a t 
v a r io u s  tim es between 1 and 90 days fo llow ing  su rg ery  and th e i r  
b ra in s  were su bsequen tly  p rocessed  fo r  C-V, H&E, and B odian 's  
P ro ta rg o l h is to lo g y . A second s e t  o f h o s ts  rece iv ed  e l e c t r o l y t i c  
le s io n s  o f th e  l e f t  pons between 1 and 90 days p o s t - t r a n s p la n ta 
t io n  and th e  development o f a f f e r e n ts  to  th e  t r a n s p la n ts  was 
s tu d ie d  by u s in g  th e  Fink-H eim er te chn ique  fo r  d eg e n era tin g  axons.

M icroscopic a n a ly s is  in d ic a te d  th e  p resence  o f densely  packed 
a rea s  o f v ia b le  tr a n s p la n t  t i s s u e  in  c lo se  a p p o s itio n  to  th e  host 
b ra in  24 hours a f t e r  su rg e ry . Two days l a t e r ,  th e  tr a n s p la n t  had 
ach ieved  i n i t i a l  parenchymal a ttachm ent w ith  th e  h o s t b ra in . From 
days 4-5  onward, reg io n s  of t r u e  n e u ro p il were seen to  develop 
between th e  t r a n s p la n t  and th e  h o s t ce rebe llum , which became the 
in te r f a c e  between th e  two t i s s u e s .  By day 15, t r a n s p la n ts  had 
grown la rg e  and co n ta in ed  ag g reg a tes  o f c e l l s  se p a ra te d  by bundles 
o f f in e  c a l ib e r  axons c o u rs in g  through th e  tr a n s p la n t  n e u ro p il. 
These bundles com prised a system  of i n t r i n s i c  tr a n s p la n t  connec
t i o n s ,  p re s e n t during  th e  whole 90-day p e rio d  under s tu d y . In  
a d d i t io n ,  e x t r in s ic  connections  from the  pons were seen to  pene
t r a t e  th e  t r a n s p la n ts  from th e  ad ja c e n t h o s t g ran u le  c e l l  or 
m edu lla ry  la y e r s ,  a ls o  beg inn ing  on day 15. I n i t i a l l y ,  d if fu s e  
patch es  o f ingrow th were ev id en t ju s t  in s id e  th e  t r a n s p la n ts ,  
c lo se  to  in te r f a c e  re g io n s . In  tim e , axons grew to  p ro g re s s iv e ly  
deeper a rea s  o f th e  t r a n s p l a n ts ,  o f te n  by f a s c ic u la t in g  between 
c lu s t e r s  o f tr a n s p la n t  neurons or around th e  bundles o f i n t r i n s i c  
t r a n s p la n t  f i b e r s .  While th e  amount o f such ingrow th to  the  
tr a n s p la n ts  seemed to  in c re a se  w ith  tim e, not a l l  in te g ra te d  
in te r f a c e  reg io n s  were tra v e rse d  by growing axons. Thus, w hile  an 
in t e r f a c e  p rov ides  an e s s e n t i a l  s u b s t r a te  fo r th e  e s ta b lish m e n t of 
t r a n s p la n t /h o s t  b ra in  c o n n e c t iv i ty ,  i t s  mere p resence  does not 
g u aran tee  th a t  such connections  w i l l  be formed. In s te a d , o th e r 
f a c to r s ,  such as th e  n a tu re  o f th e  in te r f a c e  re g io n s , th e  degree 
o f t r a n s p la n t  d i f f e r e n t i a t i o n ,  and th e  e x te n t o f t r a n s p la n t /h o s t  
b ra in  h is to p a th o lo g y , a re  a lso  seen to  in f lu e n c e  th e  es ta b lish m e n t 
o f c o n n e c tiv i ty  between t r a n s p la n t  and h o s t b ra in  t i s s u e s .

Supported by N .I.H . G rant No. NS-08817



1472 TRANSPLANTATION IV THURSDAY PM

396.5 NEOCORTICAL TRANSPLANTS IN THE SPINAL CORD: N ATURE AND INGROWTH 
OF PERIVASCULAR FIBERS IN THEM. G.D. Das*, J .  Brasko and M.S. 
R ie d l* . (SPON: R.W. WALLACE). D ept. o f  B io lo g ic a l S c ie n ces , Purdue 
U n iv e rs ity , W. L a fa y e tte , IN 47907.

N eural t r a n s p la n ta t io n  in  s p in a l co rd , p a r t i c u l a r ly  fo llow ing  
an ex te n s iv e  le s io n ,  invo lves  an in t e r a c t io n  between the  growing 
t r a n s p la n ts  and v a r io u s  p a th o lo g ic a l re a c t io n s  in  the  s p in a l co rd . 
Of th e  v a r io u s  r e a c t io n s  a f f e c t in g  th e  s u rv iv a l and in te g ra t io n  o f 
t r a n s p la n ts  is  re g e n e ra tio n  o f th e  damaged b lood v e s s e ls  w ith 
th e i r  f ib e r s  and th e i r  p e n e tra tio n  in to  th e  t r a n s p l a n ts .

A dult Long-Evans hooded r a t s ,  under deep a n a e s th e tic  c o n d itio n , 
rec e iv e d  ex te n s iv e  s u rg ic a l  le s io n s  in  th e  s p in a l cord a t  T8-T9. 
The le s io n s  c re a te d  c a v i t i e s  in  th e  s p in a l co rd . The s p in a l cord 
t i s s u e  was removed from the c a v i t i e s ,  and n e o c o r t ic a l  t i s s u e  from 
15- and 16-day r a t  embryos was tra n s p la n te d  in tra p a re n c h y m a lly . 
The h o s t anim als were k i l l e d  in  a developm ental sequence between 1 
day and 18 months a f t e r  the  s u rg e ry . One s e t  of s p in a l cords w ith  
t r a n s p la n ts  was h is to lo g ic a l ly  p ro cessed  fo r  CV, H&E, and B od ian 's  
p ro to rg a l s t a i n s ,  and th e  o th e r  s e t  fo r Golgi-Cox im pregnation .

V a s c u la r iz a t io n  o f t r a n s p la n ts  was seen to  fo llow  a w e ll-  
d e fin ed  tim e co u rse . At f i r s t  th e  damaged blood v e s s e ls  r e t r a c te d  
from the  tra u m atized  t i s s u e .  This was follow ed by p r o l i f e r a t i o n  
and sp ro u tin g  o f new blood v e s s e ls  o f i r r e g u la r  c a l ib e r .  They 
p e n e tra te d  th e  tr a n s p la n ts  a t  a f a s t  r a t e ,  p ro v id in g  a dense 
netw ork o f c a p i l l a r y  beds . D uring f u r th e r  development th e re  was 
an in d ic a t io n  o f re d u c tio n  in  th e  d e n s ity  o f c a p i l l a r i z a t i o n .  In  
th e  f in a l  s ta g e  blood v e s s e ls  appeared  to  p e n e tra te  in to  the 
tr a n s p la n ts  from a l l  a s p e c ts ,  in c lu d in g  the  g l i a l  s c a r  fo rm ations 
p a r t i a l l y  su rround ing  them.

Along w ith  the  p e n e tra tin g  blood v e s s e ls  a la rg e  number of 
p e r iv a s c u la r  f ib e r s  a lso  were seen to  p e n e tra te  th e  t r a n s p la n ts .  
They were o f f in e  c a lijb e r , long , wavy, and c lo s e ly  adheran t to  the  
blood v e s s e ls .  As they  en te red  the  t r a n s p l a n ts ;  they  branched 
p ro fu s e ly , each branch o f ye t f in e r  c a l ib e r .  They p e n e tra te d  the 
t r a n s p la n ts  very  deep, and were seen to  te rm in a te  around the 
neurons as f in e  b a s k e ts . The blood v e s s e ls  p ro v id in g  such p e r i 
v a s c u la r  f ib e r s  were la rg e  a r t e r io l e s  and venu les c lo se  to  the  
in te r f a c e  between the  t r a n s p la n ts  and the  s p in a l t i s s u e .  Some 
p e r iv a s c u la r  f ib e r s  were seen to  e n te r  from g l i a l  s c a r  fo rm ations 
th a t  p a r t i a l l y  surrounded th e  t r a n s p l a n ts ;  and some p e n e tra te d  
in to  th e  w h ite  m a tte r  o f th e  h o s t s p in a l  co rd . On m orpho log ica l 
b a s is  they  were ev a lu a te d  as th e  autonomic f ib e r s  m ainly  from th e  
sym pathetic  system .

These f in d in g s  showed th a t  th e  p e r iv a s c u la r ,  r a th e r  autonom ic, 
f ib e r s  a re  capab le  o f ex te n s iv e  re g e n e ra tio n , and p e n e tra tio n  in to  
the  tr a n s p la n ts  as w e ll as th e  h o s t b ra in  t i s s u e .  I t  is  p o s s ib le  
th a t  o f te n  they  may be m is id e n ti f ie d  as the  re g e n e ra tin g  axons of 
th e  s p in a l  co rd . (Supported  by N .I.H . R esearch G rant No. NS-08817).

396.6 FINE STRUCTURAL ASPECTS OF CAPILLARIES WITHIN TRANSPLANTED 
CEREBRAL CORTEX. J .M . Krum and J .M . R o s e n s te in . D e p t. o f  
A natom y, G eorge W ash ing ton  U n iv . S ch . o f  M ed ., Wash. D.C. 
20037.

A n g i o g e n e s i s ,  th e  f o r m a t io n  o f  new b lo o d  v e s s e l s ,  i s  
e s s e n t i a l  f o r  s u r v iv a l  o f t r a n s p l a n t e d  n e u ro n a l t i s s u e  and 
m ust o c c u r  r a p i d ly  to  p re v e n t  is c h e m ic  dam age. T h is  study 
d e s c r ib e s  the tem poral p a t te rn  of v a s c u la r  deve lo p m en t w i th in  
g r a f t e d  f e t a l  CNS t i s s u e  a t  the  u l t r a s t r u c t u r a l  le v e l .  P ieces 
o f  E17-E21 W is ta r  r a t  p a r i e t a l  c o r t e x  w ere p l a c e d  in  th e  
f o u r th  v e n t r i c l e  o f c o n s p e c i f i c  n e o n a ta l  r e c ip ie n t s .  A fte r 
s u r v iv a l  t im e s  o f  one day -  s ix  m o n th s , h o s t  a n im a ls  w e re  
p e r fu s e d  w ith  aldehydes and p rocessed  fo r e le c tro n  m icroscopy. 
Some r e c i p i e n t s  w ere g iv e n  an i n t r a v a s c u l a r  i n j e c t i o n  o f  
h o r s e r a d i s h  p e ro x id a s e  (HRP) w hich was allow ed to  c i r c u la t e  
fo r  30 m inutes p r io r  to  p e r fu s io n .

W ithin the  f i r s t  p o s t - o p e r a t i v e  w eek, t r a n s p l a n t  v e s s e l s  
e x h i b i t e d  i n t a c t  i n t e r e n d o t h e l i a l  j u n c t i o n s ,  i n t r a lu m in a l  
p ro cesses  and d isco n tin u o u s  b a s a l ' laminae.  At b ran ch  p o i n t s ,  
" s e a m le s s "  sp ro u ts  were o f te n  p re s e n t ,  c o n s is tin g  of th ickened  
endothelium  la ck in g  ju n c tio n a l complexes and c o n ta in in g  la rg e  
am ount o f  rough  en d o p la sm ic  re t ic u lu m . A s tro c y tic  p rocesses  
c o n ta c tin g  the  ab lu m in a l e n d o th e liu m  w ere r a r e l y  s e e n .  HRP 
was r e a d i l y  ta k e n  up in to  tr a n s e n d o th e l ia l  o rg a n e l le s  and was 
p re sen t w ith in  deve lop ing  n e u r i t e s .  O c c a s io n a l ly ,  f ra g m e n ts  
o f  d e g e n e r a t i n g  v e s s e l s  w e re  a p p a r e n t ;  p e r i v a s c u l a r  
m acrophages were fre q u e n tly  observed .

At l a t e r  p o s t-o p e ra t iv e  tim e s , c a p i l l a r y  endo thelium  became 
m ore m a tu re  in  a p p e a ra n c e ,  w ith  few er lum inal p ro cesses  and 
w e ll-d e f in e d  b a sa l lam inae. However, HRP was s t i l l  p r e s e n t  in  
e n d o t h e l i a l  v e s i c l e s  and b a s a l  lam ina , su g g es tin g  th a t  th e se  
c e l l s  may not be m e ta b o lic a l ly  norm al. P e r iv a s c u la r  c u f f s  o f 
in f l a m m a to r y  c e l l s  w e re  a p p a re n t  a round  some t r a n s p l a n t  
c a p i l l a r i e s  in  a d d itio n  to  abnorm al fo rm a tio n s  o f a s t r o c y t i c  
end f e e t .  T hese  r e s u l t s  i n d i c a t e  t h a t  v e s s e ls  w ith in  f e t a l  
c o r t i c a l  t r a n s p la n ts  do no t show com pletely  normal deve lo p m en t 
e s p e c i a l l y  w ith  re g a rd  to  p e r iv a s c u la r  c e l lu l a r  r e la t io n s h ip s  
and, p o s s ib ly , e n d o th e lia l  t r a n s p o r t  m ech an ism s. (S u p p o rte d  
by N S-17468).

396.7 STIMULUS-EVOKED INCREASE IN  GLUCOSE UTILIZATION IN  TRANSPLANTED 
RAT  FETAL SOMATOSENSORY CORTEX. B.B.Levin.C.Wilimot.A.Dunn-Meyn e ll. 
Neurol. Serv. VA Med. C tr., E. Orange, 07019, Neurosci. Dept., 
NJ Med. Sch., Newark, NJ, 07103.

Fetal (E15-16) somatosensory cortex was unilaterally 
transplanted into the barrel receptor field  (B R F) of adult 
male (250-300g) ra ts ("homotypic transplant"). Three to 6 mo 
la te r, swaddled awake ra ts were given 50 µCi 14C-2-deoxyglucose 
(14C-2DG; 50 Ci/mole), iv, while having their vibrissae stroked 
b ila tera lly  at a rate of 3-4 Hz for 45 min. This procedure 
increases local cerebral glucose u tilisa tion  (LCGU) over the 
BRF in normal ra ts . Following decapitation, the brains were 
processed for 14C-2DG autoradiography by standard procedures. 
Controls included: 1) b ila tera l vibrissal stimulation in 
rats with fe ta l cerebellar implants into either host BRF, 
occipital or frontal cortex or fe ta l somatosensory cortex 
implants into host frontal or occipital cortex; 2) fe ta l 
somatosensory cortex into host BRF or frontal cortex in 
unstimulated ra ts . Autoradiograms were read by outlining 
the transplant from the thionine-stained section and reading 
the 14C-2DG uptake (LCGU) over the comparable autoradiographic 
image. Average LCGU in transplants from 8 controls did not 
differ significantly from each other in any parameter and 
results were thus pooled. Average LCGU values integrated 
over the entire transplant in the 4 ra ts with homotypic implants 
and b ilateral vibrissal stimulation ( 121 + 2) was 15% higher 
than controls (105 + 5 µmol/l00g/min; p<0.05). The areas 
of most intense transplant uptake were defined as those 
transplant LCGU values which were greater than hippocampal 
LCGU+1 Std dev in the same section of brain. There was 40% 
greater LCGU in these areas in transplants from 
vibri ssal-stimulated ra ts with homotypic transplants (167 
+ 15) than in transplants from control ra ts 
(119 + 4 µ mol/l00g/min; p<0.01). These data suggest that 
fe ta l somatosensory cortex can become integrated into the 
BRF of adult ra ts to the degree that afferent thalamic impulses 
generated by vibrissal stimulation will increase glucose 
u tilisa tion  in the transplanted tissue i f  i t  is  located, within 
the appropriate cortical receptive area.

396.8 REMOVAL AND REIMPLANTATION OF SOMATOSENSORY CORTEX IN MICE: CON
SEQUENCES TO THE BARRELFIELD. F.L. Andres* and H. Van der Loos* 
(SPON: G. Innocen ti). I n s t i tu te  of Anatomy, U niversity  of Lau
sanne, Switzerland.

The v ib rissa l f o l l ic le s  in the mouse whiskerpad are topolo
g ic a lly  connected to  the ba rre ls  in the c o n tra la te ra l somatosen
sory co rtex . The b a rre ls  develop on postnatal day 3 through 6. Re
c en tly , we have observed th a t  b a rre lf ie ld s  s t i l l  develop in pieces 
of p a rie ta l cortex th a t  were removed and reim planted, in the same 
place and with the same o r ie n ta tio n , on the day of b ir th  (PO) or 
on postnatal days 1 or 3 (Pl or P3) (Andres, F.L. and Van der 
Loos, H., Dev. Brain Res. 20:115-121, 1985). We now wanted to know 
whether a c r i t ic a l  age existed  a f te r  which no barrel f ie ld  would 
form in the somatosensory co rtex , a f te r  s im ila r operations. To 
answer th is  question we have removed and reimplanted a piece of 
p a rie ta l cortex  in the same place and with the same o rie n ta tio n , 
in 79 mice from a C3H s t r a in .  The operations were made on PO, PI, 
P2, P3, P5, P6, P7, P8 or P9. F if ty  one mice survived and were 
processed fo r h isto logy . Their brains were cut coronally  to  fac i
l i t a t e  the id e n tif ic a tio n  of the lim its  of the reimplanted cortex 
and of i t s  lam ination. In 29 cases the reimplanted cortex could be 
id e n tifie d  and in 17 cases b a rre l- l ik e  s tru c tu re s  had developed. 
The "b a rre lf ie ld s"  were obtained from the coronal sec tio n s , by 
means of a computer program which perm itted the  reconstruction  of 
the  reimplanted pieces of cortex and th e ir  ro ta tio n  in space. In 
th is  way the b a rre l- l ik e  s tru c tu re s  and the formed "b a rre lfie ld s"  
could be v isu a lized , as i f  obtained from sections tangential to 
the p a rie ta l co rtex . "B arre lfie ld s"  were found in the pieces of 
somatosensory c o rtic e s  reimplanted a t  d if fe re n t ages up to  post
nata l day 9. In the cases operated up to postnatal day 3, the 
b a rre lf ie ld s  may have developed as a consequence of regrowth of 
in te rru p ted  thalam ocortical axons or ingrowth of new ones. How
ever, the "b a rre lf ie ld s"  of the cases operated a t  ages in which 
the ba rre ls  had already been formed, may have remained without 
receiv ing  new thalamic p ro jec tio n s . We do not know i f  the whiskers 
in the corresponding whiskerpad re -e s ta b lish  functional connec
tions  with the " b a rre lf ie ld s " .  We are  p resen tly  performing experi
ments to  answer th is  question. Support: Swiss NSF, grant 3.158.
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396.9 SYNAPTIC COMPOSITION O F NEOCORTICAL 
TRANSPLANTS IN MICE. L .M..Smith. M. Diprete. and F.F.Ebner 
Brown University, Providence, R.l. 02912.

When embryonic neocortex differentiates in the environment of adult 
neocortex there is almost no ingrowth of axons from the host thalamus or 
corpus callosum. Nonetheless, many synapses still develop in the 
donor cortex, even in the absence of sensory fiber activity (Smith & 
Ebner, Neurosci. Abst. 1983). In this study we have used transplants to 
ask whether the density of synapses and the ratio of round vesicle- 
asymmetrical (RA) and flat vesicle-symmetrical (FS) contacts onto 
cortical neurons is altered in the absence of normal sensory fiber 
activation. The fine structure was examined in neocortical transplants 
taken from E14 and E18 embryos after short term (one week) and long 
term (six weeks) survival in the neocortex of adult host mice. Six 
animals were analyzed from each donor group, from each survival 
period, and from age-matched controls.

The numerical density of axon terminals in transplants of both donor 
groups was decreased by 20% when compared with control cortex. 
Asymmetrical membrane differentiations in these transplants were 
decreased by 20% of control values, as were contacts on spines. These 
differences between transplants and controls may reflect the absence of 
specific afferents in the transplants since it has been estimated that 
approximately 20% of the innervation of neocortex comes from extrinsic 
fiber systems that form asymmetrical synapses upon dendritic spines. 
The normal 8.5:1.5 ratio of RA to FS synapses, however, was 
indistinguishable in transplant and control cortex. Comparisons 
between the two age groups showed that E18 transplants contained 
30% more F terminals than E14 transplants. This difference is consistent 
with previous light microscopic findings showing glutamic acid 
decarboxylase immunoreactive neurons in E18 transplants comparable 
to the host cortex, but no such labeled neurons in E14 tranplants.

Qualitative observations indicate that 1) dendritic spines in the 
transplants rarely contain a spine apparatus, 2) R terminals and dendritic 
spines are smaller and more irregular in shape, 3) F terminals are 
usually larger than controls with long, well defined symmetrical 
membrane differentiations, and 4) polyribosomes are frequent in 
transplant dendritic spines and in dendrites subjacent to synapses after 
short survivals.

We conclude that cortical neurons exert precise control over the 
number and the ratio of excitatory to inhibitory synapses made on their 
receptive surfaces even in the absence of normal extrinsic sensory fiber 
inputs. The atrophy in the transplants of the RA contacts and the 
hypertrophy of the FS contacts in the transplants suggests, however, that 
the extrinsic sensory inputs may be necessary for the final regulation of 
synaptic maturation (supported by NIH grant #NS-13031)

396.10 fetal cortex transplants attenuate thalamic atrophy caused by 
NEONATAL FRONTAL CORTEX LESIONS: WGA-HRP AND AMINO ACID STUDIES 
OF CONNECTIONS BETWEEN MOTOR CORTEX AND THALAMUS OF NEONATALLY 
LESIONED RATS WITH AND WITHOUT TRANSPLANTS. F.R . Sharp and M.F. 
G onzalez. D ent. N eurology, UCSF and SFVAMC, S .F . ,  CA 94121.

Removal of f r o n ta l  c o r te x  a t  b i r t h  causes i p s i l a t e r a l  th a lam ic  
a trophy  in  th e  a d u lt  b r a in .  M oreover, s t im u la t io n  o f the  in t a c t  
motor c o r te x  in  th e se  n e o n a ta lly  le s io n e d  s u b je c ts  m e ta b o lic a l ly  
a c t iv a te d  thalam us b i l a t e r a l l y ,  w hereas s im i la r  s t im u la t io n  of 
ju v e n ile  le s io n ed  s u b je c ts  a c t iv a te d  thalam us u n i l a t e r a l l y  
(S harp , F. R ., and Evans, K ., D evelop. B rain  Res. ,  6 :1 , 1983). 
S ince i t  was no t known how th e  tha lam ic  atrophy  and b i l a t e r a l  
a c t iv a t io n  occu rred  fo llo w in g  n eo n a ta l f r o n ta l  c o r te x  l e s io n s ,  
co nnections  between r a t  motor c o r te x  and thalam us were examined 
in  n eo n a ta l and ju v e n ile  le s io n e d  s u b je c ts .

WGA-HRP and amino a c id s  were in j e c t e d . in to  th e  in t a c t  motor 
c o r te x  o f a d u lt  r a t s  fo llo w in g  n eo n a ta l o r ju v e n ile  removal of 
the  o p p o s ite  c o r te x .  The r e s u l t s  show th a t  motor c o r te x  p ro je c ts  
b i l a t e r a l l y  to  thalam us in  s u b je c ts  w ith  one motor c o r te x  removed 
a t  b i r t h  o r a t  30 days o f age . In  a d d i t io n ,  motor c o r te x  re c e iv e s  
a f f e r e n ts  on ly  from i p s i l a t e r a l  thalam us in  normal newborns and 
in  a d u l ts  fo llo w in g  removal of one motor c o r te x  a t  1 o r 30 days 
o f ag e . Thalamic a trophy  appears to  develop  because tha lam ic 
neurons i p s i l a t e r a l  to  n eo n a ta l motor c o r te x  le s io n s  d ie  a f t e r  
t h e i r  normal c o r t i c a l  t a r g e t  has been removed. These neurons 
cannot sp ro u t in to  th e  c o n t r a la t e r a l  c o r te x  because i t  i s  a lread y  
p a r t i a l l y  in n e rv a te d  a t  b i r t h .

To t e s t  th e  h y p o th e sis  th a t  f e t a l  c o r t i c a l  t r a n s p la n ts  
might dec re a se  the  th a lam ic  atrophy  observed , two groups of r a t s  
had one f r o n ta l  c o r te x  removed a t  b i r t h .  One group had f e t a l  
f r o n ta l  c o r te x  from 18 day o ld  embryos p laced  in  th e  c a v i t i e s  
and the  o th e r  had gelfoam  p laced  in  th e  c a v i ty .  N inety days 
fo llo w in g  su rg e ry , bo th  groups were s a c r i f i c e d  and tha lam ic  
a rea s  measured a t  th re e  l e v e l s .  The th a lam ic  a rea s  i p s i l a t e r a l  to  
th e  su rv iv in g  f e t a l  t r a n s p la n ts  were s ig n i f i c a n t ly  g re a te r  
than  in  s u b je c ts  which had c o r t i c a l  le s io n s  and rece iv ed  no 
t r a n s p l a n t s .  This could be due to  t r a n s p la n t  tro p h ic  e f f e c t s  on 
th e  n eo n a ta l ho st tha lam us, host c o r te x , o r b o th . In je c t io n s  of 
WGA-HRP in to  th e  h o s t thalam us dem onstrated  an te ro g rad e  and 
re tro g ra d e  la b e l in g  in  th e  t r a n s p l a n t s .  The dem onstra tion  of h o s t 
tha lam ic  p ro je c tio n s  to  th e  t r a n s p la n t  su g g es ts  the  tr a n s p la n t  
s e rv es  as a ta r g e t  fo r  deve lop ing  tha lam ic  neurons which might 
have o th e rw ise  d ied  fo llo w in g  n eo n a ta l c o r t i c a l  le s io n s .  These 
r e s u l t s  a ls o  in d ic a te  th a t  the  n eo n a ta l c o r t i c a l  in ju ry  might 
be am e lio ra ted  by the  f e t a l  c o r t i c a l  t r a n s p l a n ts ,  and th a t  th i s  
system  could be u s e fu l fo r  a ssay in g  th a la m o c o r tic a l tro p h ic  
f a c to r s  in  v iv o .

396.11 ADULT BRAIN TRANSPLANTS FACILITATE BEHAVIORAL 
RECOVERY. J .P . Kesslak, L. Calin*, A W alencewicz*, C.W. Cot man. 
D epartm ent o f Psychobiology, U niversity o f California, Irvine, CA 92717

Transplants of adult neurons have not been shown to  survive well or 
fac ili ta te  behavioral recovery . Survival of transplants may be enhanced 
by introducing a  delay betw een host injury and im plant o f donor tissue 
(Gage e t  al, N ature, 1984; N ieto-Sampedro e t  a l, PNAS, 1982). 
Embryonic fron ta l co rtex  transp lan ts have been found to  survive and 
fac ili ta te  behavioral recovery on a  reinforced  a lternation  task (Kesslak 
e t  a l, Exp Neurol, 1986; Labbe e t  al, Science, 1983). We now 
dem onstrate  th a t transp lan ts of adult fron ta l co rtex  also survive and 
a c ce le ra te  recovery .

Male Sprague-Dawley ra ts  received  fron ta l co rtex  ablations followed 
by em bryonic or adult fron ta l co rtex  transplants. Animals w ere then 
te sted  on a  reinforced  alternation  task  un til reaching a  crite rion  of 
19/20 co rrec t on 2 consecutive days. Embryonic fron ta l co rtex  
transp lan ted  im m ediately a f te r  the ablation  showed poor survival and did 
no t increase the  ra te  o f recovery on the a lternation  task  (p >. 10). Both 
adult and em bryonic transplants, when introduced a f te r  a  delay, survived 
and increased the ra te  o f recovery  com parable to  undamaged controls (P, 
<. 05). Functional recovery may be due to  establishm ent of neuronal 
connections or b iochem ical in teractions betw een host and transp lan t. 
Establishm ent o f neuronal connections may not be necessary to  increase 
the  ra te  of recovery a f te r  fron ta l cortex" ablation , since transplanted  
g lial ce lls also have been shown to  significantly  increase recovery 
(Kesslak e t  al, Exp Neurol, 1986).

The hippocam pal form ation was used to  fu rther exam ine the role of 
transp lan ts in a  system  where specific connectiv ity  may be more 
essential. Kainic acid lesions were used to  selectively  elim inate CA3 
pyram idal cells, and w ere followed by delayed (10 days) injectons of 
adult or em bryonic hippocampal suspensions. Animals w ere te sted  on a  
forced-choice a lternation  task  to  a  crite rion  of 5 consecutive days o f a t  
le as t 7/8 co rrec t choices. Both em bryonic and adult transplants survived 
and acce le ra ted  the ra te  of recovery (p <. 05), but neither com pletely 
am elio rated  the behavioral d e fic it on the a lternation  task . These results 
suggest th a t re la tive ly  m ature neurons can  survive transp lan tation  and 
enhance the ra te  of recovery a f te r  brain injury.

Supported by NIMH MH19691-16 and the M acArthur Foundation.

396.12 FETAL CORTICAL TRANSPLANTS INTO PARTIALLY HEMISECTED MEDULLA OF 
ADULT RAT: PRELIMINARY STUDIES. M.F. Ja c q u in , W.E. Renehan, B.G. 
K lein  & B.H. H a lla s . D ep ts. o f N euroscience & Anatomy, New York 
C ollege  o f O steo p a th ic  M edic ine, Old W estbury, NY 11568.

We have begun to  ad d re ss  3 q u e s t io n s :  1) Can im planted  f e t a l  
b ra in  t i s s u e  p ro v id e  a  "b ridge"  f o r  re g e n e ra tio n  o f c e n t r a l l y  ax o - 
ta n iz e d  tr ig e m in a l (V) axons? 2) What  a re  th e  s t r u c t u r a l  and func
t i o n a l  c h a r a c t e r i s t i c s  o f tr a n s p la n te d  neurons, and o f h o s t V 
axons which in n e rv a te  a  t r a n s p la n t?  Do they  assume p ro p e r t ie s  of 
b ra in s tem  V neu ro n s , o r  do th e y  ex p re ss  p redeterm ined  
m orphologies? 3) What a re  th e  p ro je c t io n s  o f tr a n s p la n te d  neurons? 
The V system  was chosen s in c e  a  g r e a t  d e a l i s  known reg a rd in g  i t s  
normal a d u l t  o rg a n iz a t io n ,  developm ent and response  to  in ju ry .

Twenty a d u l t  r a t s  had a  1×1 mm p ie c e  o f 16-day f e t a l  som atosen
so ry  c o r te x  tr a n s p la n te d  in to  th e  s i t e  o f a  f r e s h  p a r t i a l  m edu lla
ry  h em isec tio n  a t  th e  le v e l  o f th e  obex. In  a l l  c a s e s ,  th e  le s io n  
sev ered  m ost, i f  n o t a l l ,  o f th e  descend ing  V s p in a l  t r a c t  and nu
c le u s .  Tw enty-four t o  60 days l a t e r ,  t r a n s p la n t  s t r u c tu r e  and fun
c t io n  were a s s e s s e d . C ortex  con tin u ed  to  develop  and d i f f e r e n t i a t e  
in  th e  m e d u lla , f i l l i n g  th e  le s io n  s i t e .  A nterograde HRP tr a n s p o r t  
frcm  th e  V g an g lio n  rev e a le d  a  la rg e  number o f la b e le d  prim ary  a f 
f e r e n t  f i b e r s  descending th rough  th e  l a t e r a l  edges o f t h e  t r a n s 
p l a n t ,  many o f which resumed t h e i r  d e sc e n t in  th e  cau d a l V s p in a l 
t r a c t  t o  in n e rv a te  th e  caudal m edu lla  and c e rv ic a l  s p in a l  c o rd . 
D iffu se  te rm in a l la b e l  was observed  in  th e  t r a n s p l a n t ,  most notab
ly  in  i t s  ou te rm ost p o r t io n s .  Labeled "grow th co n e -l ik e "  s t r u c 
tu r e s  were a l s o  v i s ib l e  in  t h i s  re g io n . When WGA-HRP was u sed , 
t r a n sn e u ro n a lly  la b e le d  c e l l s  were a l s o  observed  in  donor t i s s u e . 
T ra n sp la n ts  s ta in e d  h e a v ily  f o r  cytochrom e o x id ase  w ith  some r e g i 
ons showing more a c t i v i t y  th an  o th e r s ;  how ever, a  b a r r e l - l i k e  
s ta in in g  p a t te r n  c h a r a c t e r i s t i c  of normal c o r te x  and b ra in s tem  was 
never o b serv ed . In tra a x o n a l reco rd in g  and HRP la b e l in g  experim en ts 
re v e a le d  lo w -th re sh o ld , fa s t-c o n d u c tin g  V p rim ary  a f f e r e n t s  te rm i
n a tin g  in  th e  t r a n s p l a n t .  T h e ir  a rb o rs  appeared  somewhat more t o r 
tu o u s  th a n  norm al, w ith  a  sm a lle r  number o f te rm in a l b o u to n s . I n j 
e c t io n s  o f 2 axons in  one t r a n s p l a n t  a l s o  p rov ided  s tro n g  ev idence  
f o r  a l t e r a t i o n s  in  V p rim ary  a f f e r e n t  topography . I n t r a c e l l u l a r  
reco rd in g  and HRP la b e lin g  experim en ts  re v e a le d  a  la rg e  number o f 
spon taneously  a c t iv e  donor c e l l s  w ith o u t V a f f e r e n t  in p u t . Some of 
th e se  w ere s u c c e s s fu l ly  s ta in e d  and had s t e l l a t e - l i k e  m orphologies 
w ith  small-medium s iz e d  s o ma ta  and r e s t r i c t e d ,  m u l t ip o la r  dend
r i t e s .  T h e ir  axons d id  n o t e x i t  th e  t r a n s p l a n t .  A sm all number o f 
c e l l s  were reco rded  th a t  re c e iv e d  convergen t V in p u ts ,  though they  
were n o t s ta in e d  and , th e r e f o r e ,  may n o t be o f donor o r ig in .  
R etrog rade  HRP and f lu o re s c e n t  t r a c in g  experim en ts showed a  very  
sm all number o f t r a n s p la n t  c e l l s  p ro je c t in g  to  h o s t c e rv ic a l  
s p in a l  co rd  o r  th a lam u s. C e re b e lla r  o r  p o n tin e  in j e c t io n s  d id  no t 
la b e l  any c e l l s  in  tr a n s p la n te d  t i s s u e .  S uppo rt: DE07662, ADA.



1474 TRANSPLANTATION IV THURSDAY PM

396.13 TRANSPLANTATION OF SEROTONERGIC NEURONS INTO THE TRANSECTED SPINAL 
CORD OF ADULT RATS. A. Privat°, H. Mansour°,+ M.Geffard  and 
F .Sand illon° , U-249 INSERM, In s t i tu t  de B iologie, 34060 
Montpel l i e r ,  and*IBCN CNRS 33000 Bordeaux, FRANCE

Serotonergic neurons of the raphe nuclei p ro je c t to the dorsal 
and ventral horns and the in te rm edio la te ra l columns of the spinal 
cord. The aim of the presen t study was to re s to re  th is  innervation 
a f te r  spinal cord trans  ection  by tra n sp lan ta tio n  of foe ta l raphe 
neuron suspension below the sec tion .

Twenty ad u lt Sprague-Dawley male ra ts  underwent a complete 
sec tion  of the spinal cord a t  lower tho rac ic  le v e l. One week la te r  
2-5/µl of a c e ll suspension of sero tonergic  (5-HT) neurons were 
in jec ted  2 mm below the sec tio n . The primordium of the raphe 
nuclei was d issec ted  from 14 days fo e tu ses , mechanically d isso 
c ia ted  in glucose enriched b u ffer, and concentrated to 30,000 c e l ls  
p e r /µl.  A fter a survival of 10 days to 8 months, the animals were 
s ac rif ic ed  by in traca rd iac  perfusion  of aldehyde f ix a t iv e ,  and the 
spinal cord was processed fo r the immunocytochemical detection  
of 5-HT. Control spinal animals w ithout tran sp lan ts  displayed a 
to ta l  absence of 5-HT immunoreactive m a te ria l. Conversely, a l l  the 
transp lan ted  animals showed many immunoreactive p e ricarya , whose 
axons pro jected  over more than 20 mm in the grey m atte r, exh ib iting  
an innervation  p a tte rn  s im ila r to  th a t o f in ta c t  animals. U ltra - 
s tru c tu ra l 5-HT imrnunocytochemistry d isclosed  typ ical synapses 
in the an te r io r  horn and in te rm edio la te ra l columns, morphologically 
s im ila r to those o f co n tro ls .

Recent stud ies (Mas M. e t  A1. Brain Res. 342, 128,  1985) have 
shown th a t e rection  and e jacu la tio n  in ra ts  a re  dependant upon 
the in te g r ity  of the  5-HT innervation  of the cord. Using the 5-HT 
uptake in h ib ito r  Zim elidine, via in trap e rito n ea l in je c tio n , we have 
confirmed th a t spinal ra ts  were unable to  e ja c u la te , whereas 
transp lan ted  animals showed e jacu la tio n  re flexes  q u a li ta t iv e ly  and 
q u a n tita tiv e ly  s im ila r to those of in ta c t  animals.

These r e s u lts  demonstrate th a t transp lan ted  sero tonerg ic  neurons 
are able to survive and mature in a transec ted  spinal cord, to  
e s ta b lish  synaptic con tacts  with th e ir  presumptive ta rg e ts  and to 
re s to re  sp ec ific  re fle x e s . Work is  now in progress to evaluate 
s im ila r parameters a f te r  tra n sp la n ta tio n  of dopaminergic and 
noradrenergic neurons.

( Supported by a DRET g ran t 84-126)

396.14 FLECTROPHYSIOLOGICAL ACTIVITY OF LARGE NEURAL TRANSPLANTS IN THE 
MICRENCEPHALIC RAT. M.H. Lee, M. D onadio,* A. Rabe, J .  
Majkowski* and H.M. W isniew ski*. New York S ta te  O ffice  of 
M ental R e ta rd a tio n  and D evelopmental D i s a b i l i t i e s ,  I n s t i t u t e  fo r 
B asic Research in  Developmental D i s a b i l i t i e s ,  S ta te n  Is la n d ,  NY 
10314.

Using the  m icren cep h a lic  r a t  as a model, we a re  seek ing  to  
determ ine w hether co n g e n ita l b ra in  ab n o rm a litie s  and a s s o c ia te d  
fu n c t io n a l d e f i c i t s  could be c o r re c te d  by n eu ra l t r a n s p la n ts .  
Severe c e re b ra l h y p o p la sia  was produced in  the o f f s p r in g  of 
Long-Evans r a t s  by in je c t in g  them w ith  a 30 mg/kg dose of 
m ethylazoxym ethanol a c e ta te  on g e s ta t io n  day 15. Such an im als, 
though g ro s s ly  norm al, a re  known to  show b e h a v io ra l,  
e le c tro p h y s io lo g ic a l  and neurochem ical a b n o rm a li t ie s . T issue  
from alm ost the  e n t i r e  c e re b ra l c o r te x  (10-30 mm)  o f 17-18 d 
o ld  normal f e t i  was p laced  in to  the pos t e r i o r  co r te x  o f 10-12 d 
o ld  m icren cep h a lic  r a t s .  At 6-12 week\s a f t e r  t r a n s p la n ta t io n  
the  s o lid  tr a n s p la n ts  had occupied the  in t r a c r a n i a l  space over 
the  m idbrain  tectum . T he ir s iz e  and appearance v a r ie d  from 
anim al to  an im al. Even w ith  the  la r g e s t  tr a n s p la n ts  (abou t 200 
min3 ) , th e re  was no evidence o f com pression in  th e  ho st b r a in .  
The t r a n s p la n ts  co n s is te d  o f a dense p o p u la tio n  of 
no rm al-appearing  neu rons , m ye lina ted  f ib e r  b u n d le s , n e u ro g lia l  
e lem ents and n e u ro p i l .  C o r t ic a l  lam inar o rg a n iz a tio n  was 
p re se n t in  a few lo c i .  The tr a n s p la n ts  o f te n  in te r fa c e d  w ith 
the  c e re b ra l c o r te x , hippocampus, c o l l i c u l i ,  p o s te r io r  tha lam us, 
and ce reb e llu m .

EEG and evoked p o te n t ia ls  were recorded  from the  t ra n sp la n te d  
r a t s  a t  3-4 months a f t e r  t r a n s p la n ta t io n  u s ing  10 s ta in le s s  
s te e l  e p id u ra l screw s (d iam ete r o f 0 . 6mm) c h ro n ic a lly  im planted 
over the  ho st c e re b ra l c o r te x  and the  t r a n s p l a n t .  
N orm al-appearing EEG, c o n s is tin g  of v a r io u s  frequency bands, was 
recorded  from b ip o la r  and monopolar c o n f ig u ra tio n s  lo c a te d  over 
th e  t r a n s p l a n t .  F urtherm ore , du rin g  b eh a v io ra l change from 
awake to  s lee p  s t a t e ,  a concom itant EEG t r a n s i t i o n  occurred  in 
the  t r a n s p la n t  w ith  an in c re a se  in  h igh v o ltag e  slow wave 
a c t iv i t y  s im i la r  to  th a t  seen in  th e  ho st b r a in .  V isual evoked 
p o te n t ia ls  w ith  prom inent e a r ly  components were recorded  from 
the  t r a n s p l a n t ,  s im i la r  to  those  seen in  the  u n g ra fted  
m icren cep h a lic  r a t .  In some an im als, the  EEG co n ta ined  
spontaneous e p i le p t ifo rm  d is c h a rg e s , which were lo c a liz e d  in  the 
t r a n s p la n t  w ithou t sp read in g  to  the  ho st b r a in .  These 
o b se rv a tio n s  suggest th a t  the la rg e  mass o f t r a n sp la n te d  normal 
f e t a l  b ra in  t i s s u e ,  w hile d is p la y in g  e l e c t r i c a l  a c t i v i t y  o f i t s  
own, was a lso  fu n c t io n a l ly  r e la te d  to  the  ho st b r a in .

396.15 THE EFECTS OF FETAL SEPTAL CELL TRANSPLANTS IN RATS WITH 
SELECTIVE FIMBRIA-FORNIX LESIONS: A BEHAVIORAL AND HISTOLOGICAL 
STUDY. C.KELCHE, J . C. DALRYMPLE-ALFORD. J.C.CASSEL and 
B.E.WILL, ( SPON:G. Gmelin). Lab. de Neurobiologie des
Comportements, U niversite  Louis P asteur, 67000 Strasbourg, 
France.

The aim o f our study  was to  I n v e s t ig a te  1) w hether 
hippocam pal g r a f t s  a re  ab le  to  com pensate fo r  b eh a v io ra l 
d e f i c i t s  induced by s e le c t i v e  le s io n s  o f the  septo-h ippocam pal 
pathways and 2) w hether such s e le c t i v e  d e a f f e r e n ta t io n s  o f the 
hippocampus could  a f f e c t  s u rv iv a l and developm ent of th e  g r a f t s .

T h ir ty —one d ay -o ld  fem ale r a t s  o f the Long—Evans s t r a i n  
su s ta in e d  e i t h e r  a b i l a t e r a l  le s io n  o f the  m edial f im b ria  ( F i ) ,  
a le s io n  o f the  d o rs a l f o rn ix  (F o ) , a com bination  o f th e se  (F F ), 
or sham su rg e ry  (S h a ). Ten days l a t e r ,  th e  r a t s  w ith  le s io n s  
were a l lo c a te d  to  e q u a lly  s iz e d  subgroups re c e iv in g  e i t h e r  
in trah ip p o cam p al in j e c t io n s  (2x2ul p e r s id e )  of d is s o c ia te d  
f e t a l  (EDI7) s e p ta l  c e l l s  (F IT , FoT, FFT) o r a second sham 
o p e ra t io n . Five and te n  months a f t e r  g r a f t in g ,  b eh a v io ra l 
perform ance was ev a lu a te d  in  a 8—arm r a d i a l  maze. Three 
dependent v a r ia b le s  were taken  in to  acco u n t: th e  number o f 
e r r o r s ,  the  number o f arms v i s i t e d  b e fo re  com m itting the  f i r s t  
e r r o r  and cho ice  sequence . F ive months a f t e r  su rg e ry , a l l  
n o n -g ra f te d  r a t s  w ith  le s io n s  made more e r r o r s  and v i s i t e d  fewer 
arms b e fo re  the  f i r s t  e r r o r  than  sham -operated r a t s .  These 
d e f i c i t s  were ex a cerb a ted  in  a l l  g ra f te d  r a t s .

Ten months a f t e r  su rg e ry , Fi and FF (b u t n o t Fo) r a t s  s t i l l  
made more e r r o r s  than  sham -operated  r a t s .  The "n e g a tiv e "  e f f e c t  
o f th e  g r a f t  was observed on ly  in  Fi T and FoT r a t s .  The number 
o f  arms v i s i t e d  b e fo re  the f i r s t  e r r o r  was n o t s ig n i f i c a n t ly  
d i f f e r e n t  between g roups. These r e s u l t s  were complemented by an 
a n a ly s is  o f cho ice  sequence s t r a t e g i e s  c la s se d  a s  e i th e r  
" o r ie n ta t i o n " ,  "m apping", " a d ju s t in g "  o f "no d e c is io n " .

A fte r  b e h a v io ra l t e s t i n g ,  the  r a t s  were s a c r i f i c e d  fo r  
ana tom ica l and h is to c h em ica l an a ly se s  (N is s l  s t a in in g ,  
a c e ty lc h o l in e s t e r a s e -  and im m uno-h istochem istry ) .  P re lim in a ry  
r e s u l t s  showed th a t  one y ea r a f t e r  ta n s p la n ta t io n :  1) a l l  
g ra f te d  r a t s  had su rv iv in g  im p la n ts , m ostly  in  bo th  in j e c t io n  
s i t e s ,  2) a l l  g r a f t s  e x h ib ite d  marked a c e ty lc h o l in e s te r a s e 
p o s i t iv e  s ta in in g ,  however 3) the  s iz e  o f th e  g r a f t  was 
le s io n - lo c u s -d e p e n d e n t (F1T>FFT>FoT). More d e ta i l e d  h i s to lo g ic a l  
an a ly se s  a re  underway and w i l l  be taken  In to  accoun t f o r  the 
d is c u s s io n  o f the  p re s e n t f in d in g s .

396.16 SEROTONIN NEURON TRANSPLANTS: ELECTROPHYSIOLOGICAL UNIT ACTIVITY 
OF INTRAHIPPOCAMPAL RAPHE GRAFTS IN FREELY MOVING CATS. M.E. 
T rulson, A. Hosseini and T .J . T rulson. Dept. Anatomy, C oll. Med., 
Texas A&M Univ., College S ta tio n , TX 77843.

Several s tud ies have examined g ra ftin g  of serotonin (5HT)- 
containing raphe neurons in to  adult host b ra in . Even though 
grafted  5HT neurons may be viable in the host b ra in , i t  is  not 
ce r ta in  whether these neurons disp lay  a c t iv ity  s im ila r to  tha t 
found in a normal, in ta c t adult b ra in . A recent study demonstrat
ed th a t grafted  5HT neurons displayed many of the same e le c tro 
physiological membrane p roperties  of non-grafted neurons. Using 
in tr a c e l lu la r  recording techniques, Segal and Azmitia (Brain Res., 
364, 1986, 162-166) reported th a t g rafted  5HT neurons in ra t brain 
disp lay  slow membrane time co nstan ts , high input re s is tan ce , a 
potent 4-ami n o pyrid ine-sensitive  tra n s ie n t outward re c tif ic a tio n , 
and lacked inward r e c tif ic a tio n  in response to  hyperpolarization 
curren t pu lses. While grafted  neurons may possess the membrane 
p roperties  c h a ra c te r is t ic  of in ta c t non-grafted c e l l s ,  no studies 
have been conducted to  determine whether they d isplay the same 
physiological p roperties  as found in an in ta c t b ra in . We recorded 
the  e lectrophysio log ica l a c t iv ity  of 5HT neurons g rafted  from 
fe ta l  cat brain in to  a host cat brain in free ly  moving c a ts .  
Fourty day old cat fe tuses served as the source of immature 5HT 
neurons. Pregnant females were anesthetized  by i .v .  pentobarbital 
and the fe tuses were su rg ica lly  removed under s te r i l e  conditions, 
th e ir  brains removed and the mesencephalic m idline, containing the 
dorsal (RD) and median (NCS) raphe n u c le i, was d issected  free . 
The g ra ftin g  procedures were a m odification of the ce ll suspension 
method of BjSrklund e t a l . (Acta Physiol. Scand. Suppl. 533, 1983, 
1-10). The t is su e  suspension was in jec ted  in to  the dorsal 
hippocampus of young adult female cats  (2 .0 -2 .3  kg). After a 
4-week recovery period , the cats  were anesthetized  and received 
macro- and m icro-electrode im plants, as previously described 
(Brain Res. 163, 1979, 135-150). After a 2-week recovery period 
e le c tro p h y s io lo g ic a l u n it  reco rd in g s  were made from th e  g ra f te d  
5HT neurons. These recordings revealed th a t the g rafted  5HT ce lls  
displayed the c h a ra c te r is t ic  rhythmic discharge p a tte rn  found in 
the RD of anesthetized  ra ts  or free ly  moving c a ts .  However, 
g rafted  neurons recorded from the hippocampus showed no change in 
a c t iv ity  across the sleep-waking cycle, in dramatic con trast to  
the  profound changes th a t occur in the RD in in ta c t c a ts ,  in which 
the c e l ls  are v ir tu a lly  s i le n t during REM sleep . Also, these 
neurons were not responsive to  phasic auditory or visual s tim u li, 
or as are RD c e l ls  in in ta c t c a ts .  Fluorescence histochem istry 
revealed large numbers of 5HT cell bodies in the hippocampus of 
g rafted  c a ts .  These data question whether such t is su e  g ra fts  can 
re s to re  functional a c t iv ity  in the centred 5HT system.
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396.17 ELECTROPHYSIOLOGICAL PROPERTIES OF SEPTAL NEURONS GRAFTED INTO HIPPO
CAMPUS. L.J. Reece* and P.A. Schwartzkroin (SPON: T. Kennedy). Dept. 
Neurological Surgery, Univ. Washington, Seattle , WA 98195

The technique of g rafting  feta] CNS neurons has raised  a host of ques
tions about p roperties developed by these neurons a f te r  relocation. The 
focus of many studies has been the evaluation of behavioral recovery, ex
pression of appropriate neurotransm itters and corresponding synthesizing 
enzymes, and the demonstration of establishment of functional synaptic 
contact. The e lec tr ica l properties of the grafted  ce lls  themselves, how
ever, have not been closely examined. Since these ce lls  not only develop 
and d iffe re n tia te  in a new environment, but are  deprived of th e ir  normal 
a fferen t connections, i t  is  important to  study th e ir  ce llu lar properties.

Much of th is  recent transp lan t work has been performed in the septo- 
hippocampal system. Using the in v itro  hippocampal s lic e  preparation, we 
have examined the electrophysiology of r a t  fe ta l septa l neurons grafted  
into the hippocampus. Septal ce lls  were dissected from embryonic day 13-15 
fetuses, digested in trypsin  and dissociated by tr itu ra tio n . 1-2 ul were 
then in jected  s tereo tax ica lly  into the r ig h t hippocampus of adult female 
Sprague-Dawley ra ts  which had received u n ila te ra l transactions of the fim- 
bria /fo rn ix . The hippocampal and g ra f t ce ll physiology were examined a t 4 
to  12 weeks a f te r  the surgery.

Grafts were often v isib le in  the slice, but a lte rn a te  slic es  were taken 
fo r h isto logica l verifica tion  of g ra f t location by Nissl, AChE or ChAT 
staining. Slices used fo r electrophysiology were also taken for h isto logi
cal analysis. Stimulation of the g ra f t resu lted  in a depolarization of sev
era l millivolts, an increase in  RIN, and an increase in  fir in g  frequency of 
hippocampal pyramidal cells. The g rafts, therefore, appear to  function 
sim ilarly to  normal septa l innervation, which is  known to  be primarily 
cholinergic.

Recordings from the g ra f t i t s e lf  revealed th a t the transplanted ce lls 
probably receive a variety  of inputs from the host hippocampus. The g ra ft 
can be effec tive ly  stim ulated from several locations in  the host, depending 
on the placement of the g ra f t within the hippocampus. Cells of the medial 
sep ta l nucleus have been reported to  be cholinoceptive; th is  ACh sensitiv 
ity  was also seen in the grafted  cells. Application of cholinergic agonists 
resu lted  in  ce ll depolarizations of several millivolts, an increase in R,  
and an increase in f ir in g  frequency. In several cases, a b rie f hyperpolar
ization  preceded the depolarization. Since these hyperpolarizations were 
accompanied by a decrease in  ce ll input resistance, i t  is  like ly  th a t th is  
e ffec t was mediated by inhib itory  interneurons.

Supported by NIH grants NS 15317 and GM 07108.

396.18 LOCUS COERULEUS TRANSPLANTS REVERSE CENTRAL ANGIOTENSIN I I  
DRINKING RESPONSE DEFICITS IN 6-HYDROXYDOPAMINE LESIONED RATS. 
J .T . Cunningham*, A. McRae-Degueurce, S. B e i l in ,  S. Landas*, L.D. 
W ilk in , & A.K. Johnson. D epts. of Psychology & Pharmacology & th e  
C ard io v ascu la r C en te r, Univ. of Iowa, Iowa C ity , IA 52242 & 
INSERM U-259, Bordeaux, F rance.

In traparenchym al in je c t io n s  of 6-hydroxydopamine (6 -OHDA) in to  
th e  v e n t r a l  median p re o p t ic  nucleus  (vMnPO) and th e  organum vascu - 
losum of th e  lam ina te rm in a l is  (OVLT) which produce n o rad ren e rg ic  
d e p le tio n s  w i l l  b lock  d r in k in g  and p re s so r  responses  produced by 
in t r a v e n t r i c u la r  ( i . v . t . )  or system ic an g io n ten s in  I I  (ANG I I )  
(B e i l in ,  Landas, B hatnagar, & Johnson, Fed P roc. 43: 1070, 1984). 
F urtherm ore, n o rad ren e rg ic  n e u ra l tr a n s p la n ts  in to  th e  v e n t r a l  lam
in a  te rm in a l is  have been shown to  re v e rs e  th e  d r in k in g  response  
d e f i c i t  to  p e r ip h e ra l  ANG I I  (McRae-Degueurce, B e i l in ,  Landas, & 
Johnson, B rain  Res. in  p r e s s ) .  The p re se n t experim ent was conduct
ed to  determ ine i f  locus  co e ru leu s  (LC) tr a n s p la n ts  in to  6 -OHDA 
le s io n e d  vMnPO would r e s to r e  d rin k in g  responses  to  c e n tr a l l y  ad
m in is te re d  ANG I I  as  w e ll as to  p e r ip h e ra l ly  ad m in is te red  ANG I I .

Normal male Sprague-Dawley r a t s  were p resc reen ed  fo r  w ater con
sum ption of a t  l e a t  2 .5  ml fo llow ing  subcutaneous ( s . c . )  ANG I I  in 
je c t i o n s  (1 .5  m g/kg). The r a t s  then  rece iv ed  in je c t io n s  of e i th e r  
v e h ic le  (2 u l)  o r 6-OHDA (4 ug/2 u l)  in to  th e  vMnPO. Two weeks 
a f t e r  su rg e ry , th e  r a t s  were r e te s te d  w ith  s . c .  ANG I I  and th e  6 -  
OHDA le s io n ed  r a t s  were d iv id ed  in to  3 groups. One group (LC- 
TRANS) rece iv ed  in je c t io n s  in  th e  vMnPO w ith  c e l l  su spensions  th a t  
were p repared  from th e  LC of 17 day old  r a t  f e tu s e s .  The second 
group (Cx-TRANS) rece iv ed  in je c t io n s  of d is s o c ia te d  c e re b ra l c o r t i 
c a l c e l l s  from th e  same dono rs, and th e  th i r d  group (CONT) served 
as tim e c o n tro ls .  Two months p o s t - t r a n s p l a n ta t io n ,  a l l  anim als 
were te s te d  w ith  s . c .  ANG I I  and then  in s trum en ted  w ith  cannulae 
in to  t h e i r  r ig h t  l a t e r a l  v e n t r i c l e .  Follow ing recove ry  from s u r 
g e ry , they  were te s te d  fo r  d r in k in g  resp o n ses  to  i . v . t .  ANG I I  (100 
ng/2  u l)  and ca rb ach o l (250 ng /2  u l ) . In  th e  p o s t- le s io n  d rin k in g  
t e s t ,  a l l  6-OHDA le s io n ed  r a t s  d rank s ig n i f i c a n t ly  le s s  than  sham- 
le s io n e d  c o n tro ls  to  s . c .  ANG I I .  A fte r  t r a n s p la n ta t io n ,  th e  LC- 
TPANS group drank s ig n i f i c a n t ly  more than  e i th e r  th e  Cx-TRANS 
group or th e  CONT group in  response  to  bo th  s . c .  and i . v . t .  ANG I I  
a d m in is tr a tio n . The d rin k in g  resp o n ses  of th e  LC-TRANS group were 
com parable to  th e  s . c .  and i . v . t .  ANG I I  d rin k in g  resp o n ses  of th e  
sham -lesioned  r a t s .  There were no betw een-group d if fe re n c e s  ob
served  fo r  ca rb ach o l induced d r in k in g . These r e s u l t s  in d ic a te  th a t  
LC tr a n s p la n ts  can re v e rs e  d r in k in g  d e f i c i t s  to  both  system ic and 
c e n tr a l  ANG I I  produced by 6-OHDA le s io n s  of th e  vMnPO.
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397.1 PRIMATE NEURAL TRANSPLANTS: I .  NEURDCHEMICAL CHARACTERIZATION OF 
1-METHYL- 4-PHENYL- 1 ,2 ,3 ,6-TETRAHYDROPYRIDINE (MPTP) EFFECTS IN 
AFRICAN GREEN MONKEYS. J.D. Elsworth, A.Y. Deutch, D.E. Redmond, 
J r . .  J .R. Sladek, J r . ,  and R.H. Roth. Depts. Pharmacol. & 
Psychiat., Yale Univ., New Haven, CT 06510; Dept. Neurobiol. & 
Anatomy, Univ. Rochester, Rochester, NY 14642.

Motor abnormalities induced by MPTP in  monkeys are remarkably 
sim ila r to  those suffered  by p a tie n ts  w ith  Parkinson's disease 
(PD). In both cases the  n ig ro s tr ia ta l pathway i s  damaged. 
However, in  PD the  biochemical d e f ic its  are  not uniform within th is  
system and o ther areas such as the ventral tegmental area (A10) and 
i t s  projections are affected . Thus, the biochemical changes in  the 
MPTP-treated monkey have now been more carefu lly  compared with 
those known to  occur in  PD.

Four male Cercopithecus aethiops sabaeus were trea ted  with 5 
doses o f 0.4 mg/kg IM MPTP over 5 days. They were sacrificed  two 
months la te r ,  together with seven untreated contro ls. Regions were 
punched from frozen coronal s lic e s . Dopamine (DA) and 
norepinephrine (NE) were measured by HPLC and homovanillic acid 
(HVA) and 3-methoxy-4-hydroxyphenylglycol (MHPG) by GC-MS.

HVA concentration was s lig h tly  reduced (30%) in  the central 
region of substantia nigra (A9) by MPTP; although in  the most 
disabled monkey the  lo ss of DA was marked in  both central and 

(90%), but not la te r a l  regions of A9. However, even 
including asynptcmatic animals there was gross depletion of 
s t r i a ta l  DA concentration (75-99%) a t  a l l  analyzed s ite s , 
indicating  th a t  to x ic ity  i s  in i t ia l ly  exerted a t  the terminal 
lev e l. The putamen and caudate were equally affected , but DA loss 
was more marked do rso laterally  than ventromedial ly . DA 
concentration in  the la te ra l  region of the  re tro rubral f ie ld  (A8), 
Which pro jec ts to  the  striatum , was reduced by 45%, while the 

p a r t of A8 was spared. DA content in  th e  dorsal region of 
A10 was (60%), but the  ven tral A10 region appeared 
s l i ght ly  elevated. DA depletion in  the  septum was substantial 
(63%), compared with th a t  in  the nucleus accumbens (31%), which may 
re f le c t  innervation o f the  septum by dorsal  A10. As in  PD, the HVA 
to  DA ra tio  was elevated a f te r  MPTP, which may re f le c t  increased 
turnover in  surviving neurons. NE concentration was elevated in 
th e  AS region by MPTP, although non-significant decreases 
were noted in  the  dorsal A10 region and cerebellum. CSF MHPG 
lev e ls  were lower a f te r  MPTP, but th is  was not so marked as the 
drop in  CSF HVA concentration (75%).

These changes in  DA and NE concentration and metabolism indicate 
th a t  the  MPTP-treated monkey resembles PD b e tte r  than orig inally  

supposed and provides an excellent model fo r te s tin g  the  functional 
e ffe c ts  o f transplanted dopamine neurons.

Support by MH14092, Axion/St. K itts  Biomedical Research 
Foundations, and American Parkinson's Disease Association.

397.2 PRIMATE NEURAL TRANSPLANTS. II. HISTOFLUORESCENCE 
CORRELATES OF DEGENERATION OF THE NIGROSTRIATAL 
DOPAMINE SYSTEM FOLLOWING MPTP. V. B ruem m er*, T.3. Collier, 
D.E. Redmond, 3r.t R.H. Roth, and J.R . Sladek, Jr. (SPON: M.L. Blair). 
D ept. of Neurobiology and Anatomy, Univ. of Rochester Sch. of Med., 
R ochester, NY 14642; D epts. of Psychiatry and Pharmacology, Yale Univ. 
Sch. of Med., New Haven, CT 86510.

As a corollary to  the neurochem ical analyses presented in the 
preceding ab s trac t by Elsworth and colleagues, we have examined 
catecholam ine histofiuorescence in some of the sam e African green 
monkeys reported  therein . A dditionally, asym ptom atic monkeys trea ted  
with MPTP as well as un trea ted  control monkeys were examined. Brain 
tissue was prepared for fluorescence analysis w ith the Falck-H illarp 
technique and dopamine (DA) system s were analyzed qualita tively with 
respect to  the  e ffec t of MPTP on cell bodies and axons. 
H istofiuorescence also was examined w ith quantita tive 
m icrospectrofluom etric techniques to  assess intraneuronal DA content 
w ithin perikarya of the substantia nigra and term inals in the s tria tum . 
U ntreated  monkeys exhibited typical patterns of DA fluorescence in the 
n ig rostriata l system . Perikarya w ere m oderately intensely fluorescent, 
ascending preterm inal axons appeared as delica te  profiles and the 
stria tum  displayed intense, diffuse fluorescence. Sym ptom atic, MPTP- 
tre a ted  monkeys, in con tras t, showed a 72% reduction in number of 
fluorescent DA neurons in the substantia nigra. Ascending axons appeared 
swollen and intensely fluorescent which is consistent with the appearance 
of degenerating axons. A sym ptom atic, M PT P-treated monkeys displayed 
a  transitional p ic ture, w ith a  62% reduction in number of DA neurons in 
the substantia nigra and the presence of swollen axons as they coursed 
through the ventral tegm ental a rea . F luorescence in the stria tum  also 
was reduced. All M PTP-treated monkeys, w hether sym ptom atic or 
asym ptom atic, also exhibited increased fluorescence in perikarya of 
rem aining nigral DA neurons. This suggests either an accum ulation of 
tran sm itte r  proximal to  the  site  of axonal degeneration in damaged 
neurons, or the possibility of increased neuronal ac tiv ity  in a  population of 
nigral neurons which may be undamaged following MPTP intoxication. In 
addition, numerous nigral neurons showed an apparent displacem ent of DA 
fluorescence by granular, yellow, lipofuscin fluorescence. Several stages 
of lipofuscin accum ulation were seen ranging from low levels within 
neurons of m oderate DA in tensity  to  neurons with only lipofuscin 
fluorescence. These neuroanatom ical da ta  support the view th a t MPTP 
induces n ig rostriata l degeneration by initia lly  affec ting  term inals with 
re trograde  degeneration ensuing in ascending axons. This degeneration of 
the  DA system  is rem iniscent of th a t observed in Parkinson's disease. 
Supported by the  Axion and St. K itts Biomedical Research Foundations, 
AG 00847, and an ADRDA Faculty  Scholar Award.
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397.3 PRIMATE NEURAL TRANSPLANTS. III. SURGICAL PROTOCOL FOR 
FETAL CNS GRAFTS INTO MPTP-TREATED ADULT MONKEYS. T.3. 
Collier, D.E. Redmond, Jr., D.R. Feikin*, P.N. Foster*. L. Kaplowitz*, V. 
Lewis*, L.M. Salzer*, R.H. Roth, and 3.R. Sladek, Jr. Dept. of 
Neurobiology and Anatomy, Univ. of Rochester Sch. of Med., Rochester, 
NY 14642; Dept. of Psychiatry, Yale Univ. Sch. of Med., New Haven, CT 
86510.

Three adult male African green monkeys (Cercopithecus aethiops 
sabaeus) received grafts of fetal brain derived from the substantia nigra 
(SN), hypothalamus, or dorsolateral pons; the latter containing the region 
of the locus coeruleus (LC) and subcoeruleus (SC). Each monkey had been 
treated with MPTP 3-4 weeks previously and exhibited signs of 
parkinsonism prior to neural grafting as reported in the accompanying 
abstract by Redmond and colleagues. Graft recipients were given routine 
supportive care for surgery. Predetermined stereotaxic coordinates were 
utilized for placement of fetal CNS into the recipient striata or cerebral 
cortex.

Dissection of fetal tissue was performed following hysterotomy under 
sterile conditions. Fetal brains were held in oxygenated Eagles medium 
and the selected sites were microdissected. Tissue to be transplanted was 
minced, drawn into 19 gauge cannulae and stereotaxically delivered to the 
host brains. Two hosts (S092 and S054) simultaneously received SN from a 
single African green monkey fetus (17cm CRL). Solid tissue grafts were 
implanted bilaterally into the head and body of the caudate nucleus. 
Three injections were made at each of six penetration sites. Initial 
implants were performed at 30 minutes after removal of the fetus; final 
implants occurred 80 minutes later. The third host (SI 14) received 
control grafts from an early gestational fetus (1.3cm CRL). The SN was 
implanted bilaterally into the cingulate cortex; hypothalamus was placed 
into the left striatum - lateral ventricle and LC-SC was implanted into 
the right striatum - lateral ventricle. Routine post-operative care was 
provided for each animal. Immunosuppresant drugs were not utilized in 
this experiment.

The anatomical, biochemical and behavioral correlates of these fetal 
CNS grafts as reported in the accompanying abstracts support the 
interpretation that these grafts survived, grew, and interacted with the 
host brain in a functional sense. Supported by the Axion and St. Kitts 
Biomedical Research Foundations, AG 00847, and an ADRDA Faculty 
Scholar Award.

397.4 PRIMATE NEURAL TRANSPLANTS: IV. BEHAVIORAL CHANGES IN AFRICAN GREEN 
MONKEYS FOLLOWING MPIP DETOXICATION AND TRANSPLANTATION OF FETAL 
NEURONS. D.E. Redmond, J r . ,  J . P. Fenerty*, R.H. Roth, J .R. Sladek, 
J r . Dept. P sy ch ia t., Yale U niv., New Haven, CT 06510; Dept. 
N eurobiol. & Anatomy, Univ. Rochester, Rochester, NY 14642.

The biochemical and h is to p a th o lo g ica l e f fe c ts  o f  MPTP reported 
in  previous s tu d ie s  in  monkeys and in  accompanying re p o rts  from our 
program support MPTP e f f e c ts  a s  an experim ental P a rk inson 's  Disease 
model. The f a c t  th a t  th e  dopamine p recu rso r L-DOPA produces 
su b s ta n tia l  improvement in  MPTP-induced and id io p a th ic  PD fu rth er 
suggests th a t  replacem ent o f m issing dopamine neurons by 
tra n s p la n ta tio n  might produce improvement in  func tion . This motor 
and behav ioral model th e re fo re  might serve to  dem onstrate possible 
fu n c tio n a l consequences o f in te g ra tio n  o f g ra f te d  neurons w ith the 
h o s t b ra in .

Nineteen male Cercopithecus aeth iops sabaeus were tre a te d  IM 
w ith  0.3 to  0.4 mg/kg doses o f MPTP adm inistered 5 o r  6 tim es over 
a 5 day p eriod , w ith  app rop ria te  s a lin e - tre a te d  co n tro l monkeys. 
Behavioral ra tin g s  were made by observers who d id  no t know which 
monkeys received  MPTP o r  which g ra f ts  had survived in  th re e  of 
th e se  monkeys. Ratings measured trem or, e f f e c t  o f  in te n tio n , motor 
freez in g , e a tin g  problems, delayed in i t i a t io n  o f  movement, speed of 
movement, and responses to  th re a ts ;  e igh teen  spontaneous behaviors 
were a lso  scored p e r u n i t  tim e.

There was v a r ia b i l i ty  in  MPTP e f f e c ts  on behavior. With 
id e n tic a l  doses and trea tm ent schedules, same animals were 
asymptomatic, w hile o th e rs  showed s ig n if ic a n t  and pe rs is ten t 
behav ioral changes, and some d ied , w ithout w eight lo s s ,  associated 
w ith  profound motor freez ing  and incoord ina tion . A ll animals with 
any behavioral impairment were given adequate food and water by 
hand to  m aintain  n u tr i t io n  and hydration .

Behavioral changes began a f t e r  2 o r 3 doses in  some monkeys, and 
most changes progressed over th e  nex t 2 weeks following MPTP 
ad m in is tra tio n . A ll th re e  anim als g ra f te d  w ith  f e ta l  neurons, as 
described  in  th e  accompanying p re sen ta tio n  by C o llie r  e t  a l  were 
sev e re ly  park insonian  p r io r  to  g ra f t in g  and req u ired  hand feeding. 
The two w ith  la rg e  numbers o f TOH-positive c e l l  g r a f ts  in  the 
s tria tu m  (S092 & S054) shewed behav ioral improvements correla ting  
w ith  increased  CSF HVA concen tra tions . These improvements 
increased  u n t i l  s a c r i f ic e  70 days a f t e r  g ra f t in g . The third 
g ra f te d  animal (S114) remained profoundly impaired and d ied  56 days 
a f t e r  g ra f t in g . Another monkey, which was n o t g ra f te d , remained 
parkinsonian  during  th i s  tim e p eriod . These d a ta  suggest that 
f e ta l  neuronal g ra f ts  may reve rse  MPTP e f fe c ts  in  monkeys, but 
longer term s tu d ie s  a re  needed to  confirm  th e se  p romising 
p re lim inary  observations.

Support by Axion/St. K itts  Biomedical Research Foundations, 
RSCDA DA00075 and RSA MH00643 to  D.E.R.

397.5 PRIMATE NEURAL TRANSPLANTS. V. NEUROANATOMICAL 
ANALYSIS OF SURVIVAL AND GROWTH OF FETAL CNS GRAFTS IN 
MPTP-TREATED ADULT AFRICAN GREEN MONKEYS. J.R. Sladek, Jr., 
T.J . Collier, S.N. Haber, R.H. Roth, and D.E. Redmond. Dept. of 
Neurobiology and Anatomy, Univ. of Rochester Sch. of Med., Rochester, 
NY 14642; Depts. of Psychiatry and Pharmacology, Yale Univ. Sch. of 
Med., New Haven, CT 86510.

Immunohistochemicai staining for tyrosine hydroxylase (TOH - Eugene 
Tech, Allendale, New Jersey) was performed according to established 
procedures (Haber and Nauta, Neurosci. 9:245, 1983) in each monkey 
which received fetal neuronal transplants described in the preceding 
abstracts. Non-grafted monkeys also were examined. Monkeys receiving 
fetal substantia nigra (SN) into the caudate nucleus (i.e. S092 and S054) 
were perfused with paraformaldehyde at 10 weeks after transplantation. 
The control monkey (i.e. SI 14), in which SN was grafted into inappropriate 
cortical sites, was perfused following death on day 56 after grafting. 
Neuroanatomical maps were prepared in each animal depicting the 
location of fetal grafts as well as the number and position of TOH- 
positive neurons in the host striatum and cerebral cortex. S092 and S054 
possessed numerous TOH neurons throughout the striatum, on the order of 
60,000 and 15,000, respectively. Beaded processes of these neurons 
ramified extensively throughout the neuropil and were often more 
extensively branched in S054. TOH-positive cells were found in clusters 
most apparent in S092 in the vicinity of the cannula tracks, and were seen 
in high densities at the rostral boundaries of the striatum which suggests 
either a migration, perhaps along nigrostriatal routes, or an induction of 
TOH from an endogenous neuronal pool. These neurons were not seen in 
the monkey (SI 14) which failed to show behavioral improvement. Plugs of 
grafted tissue were seen within the striatal neuropil in each monkey; in 
S054 they extended bilaterally into the lateral ventricles and contained 
TOH-positive neurons and fibers. SN grafts were found bilaterally in 
cingulate cortex in the control (SI 14). Each graft contained dense 
clusters of branched TOH-positive neurons. Neuronal processes extended 
throughout the grafted tissue, but did not cross the graft-host interface. 
Grafts containing TOH neurons and fibers from hypothalamus and LC-SC 
were seen in the caudate and lateral ventricle in SI 14 and exhibited 
features reminiscent of donor regions with respect to neuronal georhetry 
and spatial relationships, e.g. the pontine graft contained large, 
multipolar TOH neurons adjacent to smaller, densely packed TOH neurons 
comparable in appearance to the LC-SC region in primates. These 
findings provide evidence for the survival and growth of 
catecholaminergic neurons from fetal brain grafted into neurologically 
impaired adult monkeys and support the behavioral observations of 
improvement of parkinsonism in MPTP-treated monkeys (S092 and S054) 
presented in the accompanying abstract. Supported by the Axion and St. 
Kitts Biomedical Research Foundations, and grant AG 00847.

397.6 FETAL DOPAMINE CELL TRANSPLANTATION AS A TREATMENT FOR PARKINSON'S 
SYNDROME IN BONNET MONKEYS. C.R. Freed, J.B. Richards*, E.  
AIianiello*, R. Peterson*, L. Ruppe*, S. Singh*, and M. Reite, 
Depts. of Med., Pharm., Ob/Gyn., and Psych., Univ. Colo. Health 
Sci. C tr., Denver, CO 80262.

The Parkinsonian syndrome produced by N-methylphenyItetra- 
hydropyridine (MPTP) in man and in other primates has provided a 
useful model for studying treatment of Parkinson's disease. 
Preliminary reports indicate that transplantation of fetal 
dopamine ce lls  may improve neurologic performance in Parkinsonian 
monkeys (Bakay et a l  Soc. Neurosci. Abstracts II: 1160, 1985; 
Redmond et al , Lancet, in press, 1986). We have studied the 
behavioral effect of fetal substantia nigra tissue  transplanted 
un ila tera lly  into caudate and putamen of MPTP lesioned monkeys 
which had been pretrained to perform a motor task. Five male 
Bonnet monkeys (maccaca radiata) were food deprived and trained to 
pull a lever for a food reward following a light cue. They were 
trained to an FR 10 schedule with each arm. Performance was 
alternated from side to  side randomly under computer control. In 
addition to the lever pulling task, animals were timed during 
reaching tasks and other fine motor control tasks. A to tal of ten 
t r ia l s  with each arm made up a daily session. Following 
optimization of motor performance, animals were lesioned with MPTP 
h y d ro c h lo r id e . They were in je c te d  w ith  0.5 mg/kg i.m. of the drug 
every other day and motor performance was monitored on the day 
following each injection. An effo rt was made to control the 
severity of the lesion so that some performance in the trained 
task persisted. Motor behavior was followed for four weeks after 
stab iliza tio n  of the MPTP syndrome. Fetal tissue  was obtained 
from monkeys 12 to  20 weeks gestation as determined by ultrasound. 
This age range corresponded to  biparietal diameters of 22 to 50 mm 
and crown-rump lengths of 7 to 18 cm. Substantia nigra was 
dissected as a block from the ventral th ird  of the mesencephalon 
using caudal hypothalamus and anterior pons as the rostral caudal 
boundaries. The tissue  was minced into pieces smaller than I mm 
in size and then drawn into an 18 gauge sta in less steel needle for 
injection. Under pentobarbital anesthesia, the recipient animals 
were injected with tissue  un ila tera lly  into caudate, putamen, and 
globus pal Iidus at a to tal of 24 site s  through 7 tra c ts . Tissue 
was injected via an infusion pump at 2µ l per min with a 2 µl  
injection at each s i te .  Improvement in motor performance was 
assessed both with the lever pulling task and with the reaching 
and fine motor tasks. Two months after transplant, animals were 
anesthetized and sacrificed by cardiac perfusion with 
formaldehyde-glutaraldehyde and dopamine ce lls  in striatum were 
identified by histofluorescence.
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397.7 FUNCTIONAL DOPAMINE TRANSPLANTS IN THE STRIATUM OF BILATERALLY 
DOPAMINE-DEPLETED NEONATAL RATS. R.K. C arder* , A .M .S nyder-K eller, 
R.D.Lund, (SPONrV.K. N e il s e n ) , D ep t. of N eurobio logy, Anatomy and 
C e ll S cience and C en ter fo r  N eu roscience , Univ. o f P i t t s b u rg h ,  
Sch. of M edicine P i t t s b u rg h ,  PA 15261

Dopamine (D A )-dep leting  le s io n s  o f th e  n i g r o s t r i a t a l  pathway 
have d e v a s ta tin g  b e h a v io ra l consequences when made in  a d u l t  r a t s ,  
b u t minimal e f f e c t s  when perform ed on n eo n a te s . These n eona tes  
a re  in s e n s i t iv e  to  DA re c e p to r  a n ta g o n is ts  (Bruno e t  a l . , Behav. 
N eu ro sc i. 771-775, 1985) and have an enlargem ent o f th e  
s e ro to n in e rg ic  p ro je c t io n  from th e  raphe nucleus to  th e  s tr ia tu m  
(Snyder e t  a l . ,  J. Comp. N eu ro l. 245: 274-281, 1986). Embryonic 
n ig r a l  c e l l s  p laced  in  m ature s tr ia tu m  have been shown to  
am e lio ra te  many o f th e  d e f i c i t s  caused by D A -depleting  le s io n s  in  
a d u l t  r a t s  (B jo rk lund , e t  a l . ,  B rain R es. 199: 307-333, 1980). 
We have begun to  in v e s t ig a te  th e  im pact o f DA-rich g r a f t s  p laced  
in to  th e  immature s tr ia tu m  on th e  p l a s t i c  resp o n ses  fo llo w in g  DA 
d e p le tio n  in  n eo n a te s .

U n i la te r a l  g r a f t s  o f D A-rich c e l l  suspensions  were in je c te d  
in to  th e  s tr ia tu m  of 5 day o ld  b i l a t e r a l l y  6-hydroxydopamine 
le s io n ed  r a t s  as w e ll as  in t a c t  an im als. Im m unohistochem istry 
fo r  ty ro s in e  h yd roxy lase  rev e a le d  th a t  embryonic DA neurons were 
ab le  to  su rv iv e  in  bo th  c a se s . C e lls  were o f te n  h ig h ly  d isp e rse d  
th roughou t th e  s tr ia tu m , v e n t r i c l e  and septum , and appeared to  
s u rv iv e  e q u a lly  w e ll in  a l l  th e se  lo c a t io n s .  The DA neurons 
showed e x te n s iv e  f ib e r  outgrow th in to  th e  s tr ia tu m , a t  tim es 
in n e rv a tin g  over h a l f  o f th e  s tr ia tu m .

In o rd e r  to  examine th e  fu n c t io n a l  s ig n if i c a n c e  o f th e se  
g r a f t s ,  an amphetamine ro ta t io n  t e s t  was employed. Amphetamine 
e l i c i t e d  a tu rn in g  away from th e  s id e  w ith  th e  t r a n s p la n t  in  
b i l a t e r a l l y  le s io n e d  an im als. Turning was most in te n s e  in  th e  
case  o f more d o r s a l ly  lo c a te d  t r a n s p l a n t s .  No tu rn in g  was seen 
in  th e  n o n -le s io n ed  anim als w ith  u n i l a t e r a l  t r a n s p la n ts  nor in  
le s io n e d  anim als w ith o u t t r a n s p l a n ts .

These d a ta  dem onstra te  th a t  u n i l a t e r a l  DA t r a n s p la n ts  can 
su rv iv e  in  n eona tes  and send ou t e x te n s iv e  p ro cesse s  in to  th e  
s tr ia tu m . These g r a f t s  appear to  be fu n c t io n a l  in  th a t  th e se  
anim als tu rn  in  response  to  amphetamine. Experim ents a re  now 
underway to  determ ine  i f  th e  DA t r a n s p la n t  a l t e r s  th e  development 
o f com pensatory changes in  th e  s tr ia tu m  of an im als D A -depleted as 
in f a n t s .

Supported by NIH g ra n ts  EY05283, EY05308, NS19608 and MH09045.

3 9 7 .8  REINNERVATION OF THE DOPAMINE DEPLETED STRIATUM OF ADULT WEAVER 
MUTANT MICE BY GRAFTED MESENCEPHALIC DOPAM INER6IC NEURONS. 
L.C. T riarhou . W.C. Low and EL G h e tti. Depts of Pathology and 
P hysio logy  & B io p h y s ic s , In d ian a  Univ. Sch. o f Med., 
Indianapolis, IN 46223.

A progressive dep le tion  of s t r i a t a l  dopamine (DA) has been 
shown in the weaver mutant mouse (Schmidt e t a l . ,  J . Neurosci.. 
2: 376-380, 1982). In the presen t study, we transp lan ted  
embryonic g ra f ts  of su b s tan tia  n igra (SN) into the la te r a l  
ventricle of adult weaver mice to te s t whether genetically normal 
g rafts survive in the mutant host environment and innervate the 
host brain parenchyma. Moreover, we examined the SN of the weaver 
re c ip ie n ts  and of age-matched con troL s (+/+) by ty ro s in e  
hydroxylase (TH) i mmunocytochemi s try  to determine whether the 
s t r i a t a l  DA deficiency is  due to an abnorm ality of axon 
co lla te ra ls  or to a specific nigral depletion. Donor tissue was 
obtained from the ventral mesencephalic flexure of normal mouse 
embryos at gestational day 15 and stereotaxically  implanted into 
the la tera l ventricle of 18 mutants. Recipients were perfused 36- 
SI days postoperatively. TH immunoreactive neurons in the SN pars 
compacts of mutant hosts were approxim ately 80% fewer than in 
co n tro ls  a t comparable anatom ical levels . G rafts were found 
within the ventricle, attached to the caudate-putamen complex of 
the host. DA neurons were id e n tif ie d  by immunocytochemical 
labeling  with antiserum  against TH. The same neurons were 
negative for DA β-hydroxylase (DBH). The diameter of such neurons 
ranged from 8 to 18 µm. Grafts contained an estimated 130-830 TH 
positive neurons. Fine TH immunoreactive fibers were detectable 
w ithin the host caudate in the v ic in ity  of the mesencephalic 
g rafts , while they were not detectable in the con tralatera l, non- 
grafted caudate. The depth of reinnervation of the host caudate 
was up to 250 µm. These find ings (a) dem onstrate a severe 
decrease of DA neurons in the SN of the weaver mutant, (b) 
provide evidence for a g ra ft-h o s t in te g ra tio n , and (c) suggest 
th a t g ra ftin g  of mesencephalic DA neurons may be e f fe c tiv e ly  
applied  to n ig r o s t r ia ta l  degenerations of genetic  e tio logy . 
(Supported by PHS grant R01-NS14426 to B.G., and S07-RR5371 and 
R03-AG5575 to W.C.L.).

3979 DOPAMINE NEURON TRANSPLANTS: ELECTROPHYSIOLOGICAL UNIT ACTIVITY 
OF INTRASTRIATAL NIGRAL GRAFTS IN FREELY MOVING CATS. V.M. 
Trulson and M.E. T rulson. Dept. Anatomy, C oll. Med., Texas A&M 
Univ., College S ta tio n , TX 77843.

Much research has been devoted to  tran sp lan tin g  fe ta l brain 
tis su e  in to  adult host anim als. One of the most commonly studied 
systems is  the dopamine (DA)-containing su b stan tia  n ig ra . Most of 
these stud ies u ti l iz e d  fe ta l  su b stan tia  nigra t is su e  g rafted  in to  
the  DA innervated caudate nucleus of adu lt re c ip ien t anim als. 
These g ra fts  have been shown to  be capable of re -e s tab lish in g  DA 
innervation  of a host caudate, forming u l t r a s tru c tu ra l ly  normal 
synapses w ithin a previously denervated caudate. These g ra f ts  
have also  been shown to  re s to re  a v arie ty  of motor and sen so ri
motor d e f ic i ts  associated  with d estruction  of the DA pathway. 
Because the  behavioral d e f ic i ts  are reversed by nigral g ra fts  i t  
is  assumed th a t the g rafted  DA neurons are spontaneously active  in 
the  host b ra in . However, evidence fo r spontaneous a c t iv ity  of 
g rafted  DA neurons has not been presen ted . We examined the a c t iv 
i ty  of sing le  DA neurons a f te r  g ra ftin g  from fe ta l cat brain to  
adult host cat b ra in . Adult female cats  received a u n ila te ra l 
6-hydroxydopamine (6-OHDA) in jec tio n  in to  the rig h t n ig ro s tr ia ta l  
bundle (12 µg free  base in 6 µl of sa lin e-asco rb ic  a c id ) . Cats 
were selec ted  on the  basis  of th e ir  bias to  turn  towards the ip s i-  
la te ra l  side of the 6-OHDA in je c tio n  in response to  a 2 mg/kg 
( i . p . )  dose of d-amphetamine. The g ra f ts  were adm inistered as a 
ce ll suspension, using a m odification of the method of B j r k ӧund 
e t a l .  (Acta Physio l. Scand. Suppl. 522, 1983, 1-10). Four g ra f t 
ed deposits  (each 5 µl) were given in to  the  denervated r ig h t 
caudate nucleus. Five months a f te r  g ra f tin g , the amphetamine- 
induced ro ta tio n a l t e s t  was repeated . Grafted cats  showed no 
tu rn ing  b ia s , whereas 6-OHDA-lesioned non-grafted cats  continued 
to  show a strong bias fo r ip s i la te r a l  tu rn in g . M icroelectrodes 
were implanted in to  the tis s u e  g ra f t ,  using techniques previously 
described (Neurosci. Biobehav. Rev., 9, 1985, 283-297). S ingle 
u n its  recorded from the in t r a s t ia ta l  n ig ral g ra f ts  revealed th a t 
these neurons displayed some of the c h a ra c te r is t ic  parameters of 
DA neurons, i . e . ,  long duration  action  p o te n tia ls  (>2 msec) and 
t r i -p h a s ic  waveform. However, these neurons discharged at a 
fa s te r  ra te  and never displayed the decremental burst p a tte rn  seen 
in in ta c t ,  non-grafted anim als. Thus, these neurons behaved more 
lik e  DA neurons recorded in  v itro  (Neuroscience, 12, 1984, 
793-801) than DA neurons recorded in vivo in an in ta c t  animal. 
Grafted DA neurons were in h ib ited  by l ow doses of apormorphine or 
amphetamine, and these responses were blocked by h a loperido l. 
Therefore, DA autoreceptors appear to  be in ta c t  on g rafted  
neurons. Fluorescence histochem istry  revealed large numbers of 
DA-containing ce ll bodies in the  recording s i t e  w ithin the 
caudate.

397.10 NEURONAL XENOGRAFTS FROM HUMAN FETUSES TO THE EYE AND 8RAIN OF 
IMMUNOSUPPRESSED RATS: STRUCTURAL AND FUNCTIONAL DEVELOPMENT IN 
OCULO AND DOPAMINERGIC REINNERVATION Of HOST STRIATUM. I  
S trӧmberq*, M. Bygdergan*,  B J. Hoffer2, .  Freedman-2 , M. 
Goldstein3 , L7 5 lion*, A. Seiger* Dept. of Histology, Karolinska 
Inst., 1Dept. of Gynecology, Karol inska Hosp., 104 01 Stockholm, 
Sweden, 2Dep t. o f , Pharmacology, Univ. of Colorado Med. C tr., 
Denver, CO 80262, 3Dept. of Psychiatry, New York Univ. Med. Ctr., 
NY, NY 10016.

Syngeneic g ra f ts  of fe ta l  brain tis su e  in rodents are 
powerful tools in studies of brain development and connectivity. 
Such grafts can also ameliorate experimentally induced impairment 
of central nervous function. We now report in itia l resu lts  from 
grafting human fetal tissues to the anterior chamber of the eye 
and to the brain of adult rats innunosuppressed with cyclosporin 
A. M aterial was obtained from non-v iab le  fe tu ses using a 
protocol approved by the Karolinska Institu te  Ethical Committee. 
Tissues from week 8-11 were prepared fo r g ra ftin g . Locus 
coeruleus, raphe pallidus, parietal cerebral cortex, hippocampus, 
cerebellum, spinal cord, dorsal root ganglia, adrenal medulla and 
heart muscle a ll  survived grafting to immunosuppressed hosts. In 
spite of daily  cyclosporin (10 mg/kg), approximately 50% of the 
in trao o cu la r g ra f ts  d e te r io ra te d , w hile the  re s t  became 
vascularized and grew in the eye. Central monoamine neurons were 
often able to innervate adjacent areas of the host i r i s .  Human 
fe ta l  p a rie ta l cerebral cortex g ra f ts  increased th e ir  s ize  
s e v e r a l - f o l d .  The p resence  o f ty ro s in e  hy d ro x y lase  
immunoreactive nerve terminals in such grafts suggested ingrowth 
of noradrenergic fibers from the host i r i s .  Electrophysiological 
recordings from cortical transplants one month a fte r grafting 
re v e a le d  sp o n tan eo u s ly  a c t iv e  neurons w ith  immature 
e lec tro p h y sio lo g ica l c h a ra c te r is t ic s .  Chromaffin c e l ls  were 
strongly catecholamine-fluorescent, had elongated shapes, and 
tended to form nerve fibers on a sympathetically denervated host 
I r i s .  Heart muscle from a 9-week fe tu s  showed spontaneous 
rhythmic contractions in oculo. Sympathetic nerve fibers had 
Innervated the heart graft from the host i r i s .  Fetal substantia 
nigra was also grafted to  cav ities  overlying striatum in animals 
with a u n ila te ra l  6-hydroxydopami ne-i nduced dopaminergic 
denervation  of stria tum . Such g ra f ts  grew and ty ro sin e  
hydroxylase-immunohistochemistry revealed large numbers of c e ll 
bodies in the graft as well as many immunoreactive nerve fibers 
both in the graft neuropil, and invading the dopamlne-denervated 
host striatum. Apomorphine-induced rotational behavior in these 
animals was reduced by the human substantia nigra grafts. We 
conclude th a t  human fe ta l  brain tis s u e  can be su cce ss fu lly  
grafted to  immunosuppressed ra t hosts. The technique opens new 
p o s s ib i l i t ie s  to  study human brain development, maturational 
disturbances and neurodegenerative diseases.
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397.11 DOPAMINE METABOLITES IN THE VENTRICULAR CSF OF RATS STUDIED WITH 
MICRODIALYSIS. F.S. Adams*, J.B. Becker, and T.E. Robinson 
(SPON: C.M. BUTTER). Dept. of Psychology, University of Michigan, 
Ann Arbor, MI 48104-1687.

Dopamine (DA) and serotonin metabolites can easily be detected 
in the ventricular  CSF of rats by using push-pull techniques, but 
the exact source of these metabolites has not been well character
ized. The present study employs microdialysis and selective lesion 
techniques to assess the amount and source of these metabolites.

To determine the relat ive contribution of the nigrostria ta l DA 
system to monoamine metabolites found in the lateral  ventricles, 
ra ts were given unilateral 6-OHDA lesions of the substantia nigra 
(SN). Two weeks la ter , rotation in response to the DA agonist, 
apomorphine, was used as a prelimenary assessment of s t r ia ta l  DA 
denervation. The CSF was then sampled in rats anesthetized with 
ethyl urethane, by stereotaxically inserting microdialysis probes 
into both lateral ventricles near the medial surface of the s t r i 
atum. Artificial CSF was infused at a rate of 1 ul/min and samples 
collected over 15 min intervals into tubes containing perchloric 
acid to s tabil ize the metabolites, and dihydroxybenzylamine (DHBA) 
as an internal standard. After a 2 hour baseline collection period, 
animals received an injection of haloperidol and samples were col
lected for an additional 2 hours. The concentration of homovanil- 
l ic acid (HVA), dihydroxyphenylacetic acid (DOPAC), and 5-hydroxy- 
indole-3-acetic acid (5-HIAA) in the dialysate was analyzed by 
HPLC-EC and expressed in units of pmol/ul in CSF. The.concen
trations of metabolites from the intact  side were compared to those 
from the denervated side, as well as to the levels from a group of 
animals that  had received sham lesions of the SN. Following d ia l
ysis , the animals were killed by decapitation and their  brains 
rapidly removed and dissected on ice. Bilateral tissue punches from 
the striatum, nucleus accumbens, and olfactory tubercle were taken, 
and DA and DOPAC assayed by HPLC-EC af ter  alumina extraction to de
termine the extent of DA depletion. Placement of the dialysis 
probes was confirmed histologically. Studies to date have shown 
that although there is a great reduction in DA metabolites on the 
side of a 6-OHDA lesion, easily measurable concentrations remain, 
even after  extensive s t r ia ta l  DA depletion. Research is in 
progress to identify the source of the remaining metabolites.

(Supported by NIH NS22157 and The American Parkinson's Disease 
Foundation)

397.12  CATECHOLAMINE RELEASE FROM TISSUE GRAFTS IN THE LATERAL 
VENTRICLE STUDIED BY MICRODIALYSIS IN FREELY MOVING 
RATS. J i l l  B. Becker, Terry E. Robinson, and William J. Freed. 
Department of Psychology and Neuroscience Laboratory Building, 
The University of Michigan, Ann Arbor, MI 48104 and St. Elizabeth's 
Hospital, The National Institute of Mental Health, Washington, 
D. C. 20032.

It  is well established that grafts of catecholamine (CA)-rich 
t issue into the lateral  ventricle or striatum can al leviate 
some of the symptoms associated with unilateral nigrostria ta l 
dopamine (DA) depletion. It  has been assumed that the release 
of DA from these gratfs is responsible for the recovery of 
function, but th is  has not been explicitly  demonstrated. In the 
study to be presented we correlate the release of CA from adrenal 
chromaffin cells grafted into the lateral  ventricle with changes 
in rotational behavior in freely moving ra ts .

Female Long-Evans rats received unilateral 6-hydroxydopamine 
lesions of the substantia nigra and 2 guide cannulae were 
chronically implanted above the lateral  ventricle in the lesioned 
hemisphere. The efflux of CA and indolamine metabolites into the 
lateral ventricle was measured in freely moving rats by 
introducing a microdialysis probe into the ventricle through the 
caudal cannula. Animals were placed in a large bowl and 
a r t i f i c ia l  cerebrospinal fluid  (CSF) was infused at  a constant 
rate of 1 ul/min. After 1 hour of dialysis , to allow release 
to stabil ize,  samples were collected at 15 min intervals in 
collection vials that contained 0.05 N perchloric acid (to 
stabil ize the compounds in the dialysate) and dihydroxybenzyl
amine (as an internal standard). Two baseline samples were 
collected, then each animal received 3 mg/kg d-amphetamine 
sulfate ( s .c .)  and ventricular dialysate samples were collected 
for an additional 2 hours. Rotational behavior was simultaneously 
recorded on videotape for subsequent analysis. Samples were 
assayed the same day by HPLC-EC. Values in CSF were calculated 
from the percent recovery that had been determined for the probe 
in vitro prior to the dialysis .

After this in i t ia l  screening, animals received an implant 
of adrenal chromaffin cells by injection through the rostral  
cannula. The dialysis/rotational behavior procedure was repeated 
at  various time intervals af ter  t issue implant. Experiments 
are s t i l l  in progress. Results will be presented at the meeting.

(Supported by NIH #NS-22157 and The American Parkinson's Disease 
Foundation).

397.13 SUBSTANCE P-LIKE AND TYROSINE HYDROXYLASE-LIKE IMMUNOREACTIVITY 
IN FETAL SUBSTANTIA NIGRA GRAFTED TO CATECHOLAMINE DENERVATED 
STRIATUM: A DUAL-LABEL ULTRASTRUCTURAL STUDY. Thomas J . M ahalik ' 
In g r id  S t r ӧmborg2 ,  Lars o l s o n 2and Thomas E. F in g er1. 1Dept. C e l l .  
& S t r u c t .  B io l .  U. C o lo  Med S ch , D en v e r CO. a n d 2 D ept. o f  
H is to lo g y , K a ro lin k sk a  I n s t i t u t e ,  S tockholm , Sweden.

G ra f ts  o f f e t a l  s u b s ta n t ia  n ig ra  to  th e  s tr ia tu m  can reduce 
th e  s e v e r i t y  o f  a num ber o f  b e h a v io r a l  d e f i c i t s  p ro d u c e d  by 
d e p l e t i o n  o f  s t r i a t a l  c a te c h o la m in e s .  I n  a d d i t i o n ,  g r a f t -  
d e r i v e d  c a te c h o la m in e r g ic  ax o n s  fo rm  s y n a p s e s  and  r e l e a s e  
dopam ine w i th in  th e  h o s t  CNS. T hese  and  o th e r  o b s e r v a t io n s  
s u g g e s t  t h a t ,  t o  a c e r t a i n  e x t e n t ,  f e t a l  n i g r a l  g r a f t s  become 
i n t e g r a t e d  i n t o  th e  h o s t  CNS. In  o r d e r  t o  d e te rm in e  th e  
s p e c i f i c i t y  o f g r a f t - h o s t  in te rc o n n e c tio n s , th e  d i s t r i b u t io n  of 
s u b s ta n c e  P - l i k e  (SPLI) and  t y r o s i n e  h y d o x y la s e - l i k e  (THLI) 
im m unoreactive m a te r ia l  in  th e  s u b s ta n t ia  n ig ra  o f th e  a d u l t  r a t  
was compared w ith  th e  d i s t r i b u t io n  o f THLI and SPLI m a te r ia l  in  
f e t a l  s u b s ta n t ia  n ig ra  g r a f te d  to  th e  d en e rv a ted  s tr ia tu m  of th e  
a d u l t  r a t .  S in c e  th e  p r im a ry  a n t i s e r a  w ere g e n e ra te d  in  
d i f f e r e n t  s p e c ie s , p e ro x id ase  l a b e l  was used  to  id e n t i f y  reg io n s  
im m unoreactive f e r  su b stan ce  P, w h ile  a c o l l o i d a l  g o ld  l a b e l  was 
used  to  lo c a l i z e  ty ro s in e  h y d ro x y la se  im m unoreac tiv ity .

Sprague-D aw ley r a t s  were used  f o r  s tu d ie s  o f norm al a d u l ts .  
I n  th e  s u b s t a n t i a  n ig r a  o f  th e s e  r a t s ,  we fo u n d  t h a t  SPLI axon 
te rm in a ls  make sy n a p tic  c o n ta c ts  w ith.T H L I d e n d r i te s  and c e l l  
b o d ie s. Our f in d in g s  su p p o rt th e  id e a  t h a t  s t r i a t a l  substance  
P -c o n ta in in g  neurons d i r e c t l y  in f lu e n c e  th e  a c t i v i t y  o f n ig r a l  
dopam inergic neurons i n  th e  norm al r a t  CNS.

For s tu d ie s  o f g ra f te d  n ig r a l  m a te r ia l ,  a d u l t  fem ale  S prague- 
Dawley r a t s  were g iv e n  u n i l a t e r a l  in j e c t io n s  o f  6-OHDA (4 u g /8  
u l )  in to  th e  r i g h t  s u b s ta n t ia  n ig ra ,  fo llo w e d  6 weeks l a t e r  by a 
'd e la y e d  c a v i t y '  g r a f t  o f  f e t a l  s u b s t a n t i a  n ig r a .  A f t e r  an  
a d d i t i o n a l  6 t o  9 m onth p e r i o d ,  th e  r a t s  w ere p r e p a r e d  f o r  
u l t r a s t r u c t u r a l ,  d u a l - l a b e l  im m u n o cy to ch em is try . I n  f e t a l  
s u b s t a n t i a  n ig r a  g r a f t s  we o b s e rv e d  many SPLI t e r m i n a l s  and 
num erous THLI d e n d r i t e s ,  ax o n s  and  c e l l  b o d ie s .  We a l s o  
o b s e rv e d  SPLI t e r m i n a l s  i n  c o n t a c t  w ith  THLI c e l l  b o d ie s  and 
prox im al d e n d r i te s . These c o n ta c ts  were m o rp h o lo g ic a lly  s im i la r  
t o  th e  s y n a p s e s  t h a t  we o b s e rv e d  i n  n o rm a l a d u l t  s u b s t a n t i a  
n ig r a .

T hese  o b s e r v a t io n s  s u g g e s t  two p o s s ib le  hypo theses. F i r s t ,  
n i g r a l  g r a f t s  may c o n ta in  i n t r i n s i c  SPLI n e u ro n s  t h a t  sy n a p se  
upon d o p a m in e rg ic  c e l l s .  A l t e r n a t i v e l y ,  s u b s ta n c e  P n e u ro n s  
from  th e  h o s t  s t r i a t u m  may se n d  ax o n s  i n t o  n i g r a l  g r a f t s .  I n  
e i t h e r  c a s e ,  i t  a p p e a r s  t h a t  b o th  n o rm a l a n d  g r a f t e d  
d o p a m in e rg ic  n e u ro n s  o f  th e  s u b s t a n t i a  n ig r a  r e c e iv e  d i r e c t  
in p u t from su b stan ce  P neurons.

Supported  by NIH g ra n t NS 09199 and th e  Swedish MRC.

397.14 t ritia ted  thymidine analysis of neostriatal primordia transplanted 
TO ADULT NEOSTRIATA. J .P .  M cA lliste r  I I  and A. N o re lle * . 
D epartm ents o f Anatomy and N eurosurgery , Temple U n iv e rs ity  School 
o f M edic ine, P h ila d e lp h ia , PA 19140.

P rev ious  id e n t i f i c a t i o n  o f embryonic n e o s t r i a t a l  t i s s u e  
tr a n s p la n te d  in to  e i t h e r  in t a c t  o r le s io n e d  h o s t n e o s t r i a ta  
has been based p u re ly  on c y to a r c h i te c tu r a l  c r i t e r i a .  The 
p o s s i b i l i t y  rem ains th a t  neurons could have tr a n s lo c a te d  from the 
a d ja c e n t h o s t in to  the  t r a n s p l a n t ,  or th a t  t r a n sp la n te d  c e l ls  may 
in t e g r a t e  w ith  the a d ja c e n t h o s t t i s s u e .  To u nequ ivoca lly  d e te r 
mine the  o r ig in  o f th e  t r a n s p la n te d  neu ro n s , we have tagged e i th e r  
th e  donor o r h o s t t i s s u e  w ith  t r i t i a t e d  thym idine and examined the 
t r a n s p la n t  and h o s t n eo s tr ia tu m  fo r  la b e l le d  c e l l s .  Pregnant ra ts  
received 2 in trap e rito n e a l in je c tio n s  of 3H-thymidine (spec. a c t .  
6.7Ci/mM, dose 5 uC i/g  body w t.)  on days 12 and 13 o f g e s ta t io n  
(E 12,E 13), day 0 being  the day o f sperm p o s i t i v i t y .  For e x p e ri
m ents in  which th e  tr a n s p la n te d  c e l l s  were la b e l le d ,  E14 s t r i a t a l  
r id g e s  were d is s e c te d  from th e  embryos o f donors th a t  rece iv ed  
3H -thym id ine. These n e o s t r i a t a l  p rim ord ia  were d is s o c ia te d  in  
0.1Z try p s in  and tra n s p la n te d  in to  e i th e r  th e  i n t a c t  n e o s tria tu m  
o f a d u l t  h o s t s , o r  in to  n e o s t r i a ta  th a t  had been le s io n e d  5 days 
p re v io u s ly  w ith  k a in ic  a c id  (3  nm ol). In  o rd e r  to  determ ine i f  
some c e l l s  w ith in  the  t r a n s p la n t  a r i s e  from the  h o s t ,  a second 
s e r ie s  o f an im als were p repared  in  which on ly  the  h o s ts  rece iv ed  
3H -thym id ine . H osts were s a c r i f i c e d  30-80 days p o s t - t r a n s p la n ta 
t io n ;  t h e i r  b ra in s  were embedded in  p a r a f f in ,  se c tio n e d  a t  a 
th ic k n e s s  o f 15 urn and p rocessed  by ro u tin e  au to ra d io g ra p h ic  
m ethods. At p r e s e n t ,  on ly  the  a n a ly s is  o f la b e l le d  donor t i s s u e  
tr a n s p la n te d  in to  i n t a c t  n e o s t r i a ta  i s  com plete . T ra n sp lan ts  up 
to  2mm in  d iam ete r were lo c a te d  in  th e  m iddle o f th e  h o s t 
n e o s tr ia tu m  and w ith in  the  o v e rly in g  c e re b ra l  c o r te x  along  the 
n eed le  t r a c k .  These tr a n s p la n ts  were u s u a lly  se p a ra te d  from the 
a d ja c e n t h o s t t i s s u e  by a reg io n  o f in te n s e  g l i o s i s .  In te n se ly  
and m odera te ly  la b e l le d  neurons were found in  a l l  p a r ts  o f  the 
t r a n s p l a n t s .  These c e l l s  were s im i la r  to  h o s t n e o s t r i a t a l  neurons 
by being  round o r po lygonal in  shape , 12-25 urn in  d iam eter and 
c o n ta in in g  a th in  rim  o f  cy top lasm . A pproxim ately 40% o f a l l  
neurons w ith in  the  t r a n s p la n t  co n ta in ed  some l a b e l .  O ccasiona lly  
la b e l le d  neurons were lo c a te d  w ith in  th e  su rround ing  g l i o t i c  
re g io n , b u t never in  th e  a d ja c e n t h o s t n e o s tr ia tu m  o r c e re b ra l 
c o r te x .  G lia l  c e l l s  were seldom la b e l le d  w ith in  the tr a n s p la n t  or 
in  any p a r t s  o f th e  h o s t b r a in .  However, in  th e  g l i a l  s c a r ,  la b e l 
was p re se n t in  c e l l u l a r  fragm ents and w ith in  g l i a l  c e l l s ,  and may 
re p re s e n t d e b r is  from tra n s p la n te d  c e l l s  th a t  had d ie d . These 
r e s u l t s  dem onstrate  th a t  a t  l e a s t  p a r t ,  i f  n o t a l l ,  o f  the  neurons 
com prising  n e o s t r i a t a l  im p lan ts  a re  d eriv ed  from embryonic d o no rs .
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397.15 EVIDENCE suggesting minimal connectivity between neostriatal 
GRAFTS AND HOST BRAIN. P.D . W alker*, J .S .  Way*, and J .P .  
M cA llis te r  I I  (SPON: J .  K enning). D epartm ents o f  Anatomy and 
N eu rosurgery , Temple U niv. Sch. Med., P h ila d e lp h ia , PA 19140.

N e o s t r ia ta l  (NS) p rim ord ia  t ra n sp la n te d  in to  a d u l t  NS have been 
shown to  reduce b e h a v io ra l d e f i c i t s  r e s u l t in g  from i n t r a s t r i a t a l  
e x c ito x ic  le s io n s  (D eckel e t  a l . , 1983; Isac so n  e t a l . ,  1984). 
However, i t  i s  u n c le a r  i f  th i s  recovery  i s  m ediated by d i r e c t  axo
n a l co n n ec tio n s  w ith  the t r a n s p l a n t .  L e c tin  pero x id ase  (WGA-HRP) 
la b e l l in g  was employed to  determ ine i f  a f f e r e n t  and e f f e r e n t  con
n e c tio n s  e x i s t  between NS g r a f t s  and the  h o s t b r a in .  Adult r a t s  
rece iv e d  u n i l a t e r a l  o r b i l a t e r a l  i n t r a s t r i a t a l  in je c t io n s  of d i s 
s o c ia te d  E14 NS f iv e  days a f t e r  k a in ic  a c id  (KA) le s io n s  as d e s
c r ib e d  p re v io u s ly  (M cA llis te r  e t  a l . ,  1985). One to  two months 
l a t e r ,  tr a n s p la n te d  anim als rece iv ed  WGA-HRP in je c t io n s  d i r e c t l y  
in to  the  t r a n s p la n t  o r v e n t r a l  m idbrain  o f th e  h o s t .  I n je c t io n  
s i t e s  w ith in  th e  t r a n s p la n t  were r e s t r i c t e d  to  the g r a f t  i t s e l f .  
R e tro g rad e ly  la b e l le d  neurons and axonal l a b e l l in g  were found 
w ith in  reg io n s  o f th e  t r a n s p la n t  r o s t r a l  and caudal to  the  i n j e c 
tio n  s i t e .  However, no la b e l was found in  the  h o s t b r a in .  These 
d a ta  sug g est i n t r i n s i c  con n ec tio n s  e x i s t  w ith in  NS g r a f t s ,  but 
no e x t r i n s i c  c o n n e c tiv i ty  i s  e s ta b l is h e d  w ith  the  h o s t b r a in .  In 
anim als th a t  re c e iv e d  v e n t r a l  m idbrain  WGA-HRP i n j e c t io n s ,  r e t r o 
g rad e ly  la b e l le d  neurons were found in  th e  in t a c t  h o s t NS. A nter
ograde axonal la b e l l in g  was lo c a te d  w ith in  reg io n s  o f i n t a c t  and 
KA damaged NS a d ja c e n t to  the  g r a f t s .  A nterograde r e a c t io n  p ro 
d uct was found in  p e r ip h e ra l  lo c a tio n s  w ith in  the  g r a f t .  Label in  
th e se  reg io n s  was ex trem ely  sp a rse  and d id  n o t ex tend  more than 
200 µm in to  the  t r a n s p l a n t .  The la b e l l in g  p a t te rn  was ch a ra c 
te r iz e d  by f in e  g ra in s  ty p ic a l  o f axon te rm in a ls ,  as w ell as 
l i n e a r  a r ra y s  co n s id e red  to  be p re te rm in a l axons. In  many in s ta n 
c e s , t h i s  an te ro g ra d e  la b e l was lo c a te d  in  reg io n s  p opu la ted  p re 
dom inantly  by g l i a l  c e l l s .  R a re ly , r e t ro g ra d e ly  la b e l le d  neurons 
were lo c a te d  in  th e se  p e r ip h e ra l zo n es. In  c o n t r a s t ,  n e a rly  a l l  
reg io n s  o f the  g r a f t s  con ta in ed  an abundance o f n eu ro n s , and th e se  
a re a s  were devoid o f  a n te ro -  o r r e tro g ra d e  re a c t io n  p ro d u c t. 
These r e s u l t s  in d ic a te  th a t  a f f e r e n t  and e f f e r e n t  co nnections  b e t 
ween th e  t r a n s p la n t  and h o s t b ra in  a f t e r  1-2 months a re  ex trem ely  
sp a rse  o r a b s e n t .  I t  i s  p o s s ib le  th a t  p e r ip h e ra l reg io n s  con
t a in in g  re a c t io n  p roduct might r e p re s e n t t r a n s i t io n  zones between 
h o s t b ra in  and t r a n s p l a n t .  The o r ig in  o f la b e l le d  c e l l s  and 
w hether th e  la b e l le d  axons a re  te rm in a tin g  w ith in  h o s t o r g r a f t  
t i s s u e  rem ains in  q u e s t io n .  T h e re fo re , mechanisms o th e r  than  
tr a n s p la n t -h o s t  c o n n e c tiv i ty  may be re s p o n s ib le  fo r  b e h a v io ra l 
recove ry  a f t e r  NS g r a f t in g .

397.16 LOCATION OF FETAL STRIATAL TRANSPLANTS AS AN IMPORTANT DETERMINANT 
FOR BEHAVIORAL RECOVERY OF STRIATAL LESIONED RATS. M. G iordano. S.H. 
H ouser, K.H. R usse ll*  and P.R . S anberg. B ehav io ral N euroscience 
L ab., Ohio U n iv e rs ity , A thens, O h io '45701, and Div. o f  P sy c h o b io l., 
Univ. o f  C in c in n a ti M edical C en te r, C in c in n a t i ,  Ohio 45267.

F e ta l n e u ra l t i s s u e  t r a n s p la n ts  have been shown to  re v e rs e  beha
v io r a l  and b iochem ical d e f ic ie n c ie s  produced by b ra in  le s io n s  in  a 
v a r ie ty  o f  anim al m odels. In  p a r t i c u l a r  such tr a n s p la n ts  have been 
shown to  r e v e rs e  th e  h y p e ra c t iv i ty  th a t  fo llow s k a in ic  a c id  (KA) 
le s io n s  o f  th e  s tr ia tu m . The r e s u l t s ,  however, have been v a r ia b le  
p o s s ib ly  due to  th e  lo c a tio n  o f  th e  t r a n s p l a n t .  The p re s e n t s tudy  
examined th e  e f f i c a c y  o f  p la c in g  th e  t r a n s p la n ts  d i r e c t l y  in to  the  
le s io n e d  s tr ia tu m .

The e f f e c t  o f  f e t a l  s t r i a t a l  r id g e  (day 17) tr a n s p la n ts  on th e  lo  
comotor b eh a v io r o f  s t r i a t a l  k a in ic  ac id  le s io n e d  r a t s  (Sprague-Daw 
le y ) was examined. S ev era l locom otor a c t i v i t y  v a r ia b le s  were mea
su red  u s in g .D ig is c a n -16 m onitors (Omnitech E le c t ro n ic s ) .  In  o rd e r  
to  avoid  th e  placem ent o f  th e  t r a n s p la n t  w ith in  th e  v e n t r i c l e s ,  4 
u l o f . f e t a l  t i s s u e  were in je c te d  more l a t e r a l  to  th e  m id line  (2 .6  
mm) than  in  p rev io u s  s tu d ie s .  In  a d d i t io n , HRP h is to c h e m is try  was 
used to  d e te c t  connections  between tr a n s p la n t  and h o s t b ra in .

P re lim in a ry  com parisons o f  th e  d a ta  showed th a t  th re e  weeks a f t e r  
th e  KA le s io n s ,  th e  le s io n e d  anim als appeared h y p e ra c tiv e  w ith  r e s 
p e c t to  th e  c o n tro l group. Ten weeks a f t e r  th e  t r a n s p l a n t ,  th o se  
anim als re c e iv in g  th e  f e t a l  t i s s u e  reduced t h e i r  a c t i v i t y  to  th e  
le v e l o f  th e  c o n tro l s u b je c ts .  In  c o n t r a s t ,  th e  le s io n e d  only 
group rem ained h y p e ra c tiv e .

H is to lo g ic a l  exam ination  o f  th e  b r a in s ,  showed th a t  th e  m a jo rity  
o f  th e  t r a n s p la n ts  were sm all and deeply  embedded in  th e  a n t e r io r  
p o r tio n  o f  th e  s tr ia tu m , none were found to  grow w ith in  n o r n ea r 
th e  l a t e r a l  v e n t r i c l e s .  I t  has indeed  been d i f f i c u l t  to  f in d  c le a r  
c u t b oundaries  between th e  h o s t b ra in  and th e  t r a n s p l a n t .  Those 
b ra in s  which d id  n o t re c e iv e  th e  f e t a l  t r a n s p l a n t ,  showed v e n tr ic u 
l a r  d i l a t i o n .  HRP h is to c h e m is try  showed some ev idence o f  c o n n e c ti
v i t y  between h o s t b ra in  and t r a n s p l a n t .

These r e s u l t s  appear to  su p p o rt th e  id e a  th a t  ana tom ical i n t e r a c 
t io n  between h o s t b ra in  and t r a n s p la n t  i s  n ec essa ry  to  o b ta in  beha
v io r a l  reco v e ry . They a lso  suggest th a t  a more d ram atic  b eh a v io ra l 
recove ry  can be o b ta in ed  when th e  t r a n s p la n t  i s  com pletely  embedded 
in  th e  h o s t t i s s u e ,  r a th e r  than  n e a r  o r  w ith in  th e  v e n t r i c l e s .

Supported  by P r a t t  Family and F r ie n d s , H e re d ita ry  D is. F oun., Hun 
t i n g to n 's  D is. Found. Amer., MH40127 and Omnitech E le c t ro n ic s .

397.17 TRANSPLANTATION OF DIFFERENT VOLUMES OF FETAL STRIATUM: EFFECTS ON 
LOCOMOTION AND MONOAMINE BIOCHEMISTRY. A. W., Deckel and R. G  
Robinson.  Dept . of Ps yc h i a t r y ,  Johns Hopkins Univ.  Sch.  Med., 
Ba l t i c  MD 21205.

Kainic acid l e s i o n s ,  in female r a t s ,  cause l o n g - l a s t i n g  changes 
in locomotor  behavior s  t h a t  are  p a r t i a l l y  r emediat ed by 
t r a n s p l a n t i n g  f e t a l  s t r i a t u m ( s t r )  i n t o  t he  l e s i oned area .  
Previous  work sugges ted t h a t  the  number of t r a n s p l a n t e d  f e t a l  s t r  
c e l l s  p o s i t i v e l y  c o r r e l a t e d  wi th t he  ex t ent  of t r a n s p l a n t - i n d u c e d  
recover y .  This experiment  examined i f  d i f f e r e n t  volumes of f e t a l  
s t r i a t a l  t r a n s p l a n t s  d i f f e r e n t i a l l y  a f f e c t e d  the  behavior  or br a i n  
b iochemi s t r y  of male r a t s  at  extended t ime per i ods  post  s urgery.

F o r t y - e i g h t  male Sprague-Dawley r a t s ,  weighing 200-300 grams,  
were as s igned to one of f i v e  groups.  Four groups rece ived  
b i l a t e r a l  l e s i ons  (0.8 ugs ka i n i c  ac id in 0.4 u l s  PBS, 0.1 u l / 90  
sec) of the  a n t e r i o r  medial  s t r  fol l owed,  one week l a t e r ,  by 
t r a n s p l a n t s  of E16 s t r  placed d i r e c t l y  i n t o  t he  l e s i oned s t r .  
Tr anspl ant ed  animals  r ece i ved  d i f f e r e n t  volumes of non t r yps i n i zed  
donor t i s s u e ,  i nc l ud i ng ;  1) 6.0 u l , 2) 3.0 u l , 3) 1.5 u l , and 4) 0 
ul of donor s t r i a t um.  The f i f t h  group r ec i eved  sham l es ions / sham 
t r a n s p l a n t s .  Beginning 25 weeks p o s t - l e s i o n ,  spontaneous 
locomot ion dur ing the dark,  per iod and dur ing a per i od of food 
d e p r i va t i on  was a s ses sed  in an animal a c t i v i t y  moni tor .  In 
a d d i t i o n ,  dayt ime locomot ion was measured for  2 hour per i ods  
fo l l owi ng i n j e c t i o n  of s a l i n e  (1.0 ml7100 kg) ,  amphetamine (1.0 
mg/100 gms),  apomorphine (0.2 mg/100 gms) , and scopolamine (0.8 
mg/100 gms).  Animals were s a c r i f i c e d  by d e c a p i t a t i o n ,  and NE, DA, 
and DOPAC HPLC biochemi s t r y  was done in f r o n t a l  c o r t ex ,  s t r i a t u m,  
and s u b s t a n t i a  n igr a  via  t he  method of e l ec t rochemica l  d e t e c t i on .

In contradistinction to fem ale rats, which demonstrate 
cont inued h y p e r ac t i v i t y  at  comparable pe r i ods  fol l owi ng kai n i c  
ac id s t r  l e s i o n s ,  and ac u t e l y  l es ioned male r a t s ,  which a l so  
demonst rat e  an i nc r ea s e  in locomot ive behavior ,  the  ka i n i c  acid 
l es ioned animal s  were hygoac t iye  compared to  c o n t r o l s  ac ross  the 
d i f f e r e n t  c ond i t i ons .  Under the  s a l i n e  co n d i t i o n ,  d i f f e r i n g  
volumes of t r a n s p l a n t s  had a dose r e s p o n s e - l i k e  e f f e c t  on 
locomot ive behavi or ,  wi th a c t i v i t y  being g r e a t e s t  ( i . e . ,  s i mi l a r  
t o  c on t r o l s )  in t he  1.5 group,  l e s s  in t he  3 . 0 ,  and s i g n i f i c a n t l y  
reduced in t he  6.0 group.  The 6 .0 group a l s o  was hypoac t ive  
compared to  c o n t r o l s  in t he  va r i ous  other  cond i t i ons  of 
locomot ion,  whi le  the  1.5 and 3.0 groups va r i a b l y  remediat ed the  
l e s i oned- i nduce d  hypo a c t i v i t y .  As the  volume of t he  t r a n s p l a n t  
i nc r ea s ed ,  c o r t i c a l  l e v e l s  of NE i nc r eased  in a dose- r esponse  
manner,  whi le s t r  DOPAC/DA l e v e l s  n o n s i g n i f i c a n t l y  dec l i ned .  
ACKNOWLEDGEMENT: This work was suppor t ed by a grant  from the 
Hunt i ng t on ' s  Disease Foundat ion of America.

397.18 HOST NIGRAL FIBERS MAY GROW INTO STRIATAL GRAFTS. F.C. Zhou, 
C.D. Hull, M.S. Levine and N.A. Buchwald. Mental R etardation  
Research Center, UCLA School of Medicine, 760 Westwood P laza, 
Los Angeles, CA 90024.

In  s e v e ra l b r a in - g r a f t  p ro ced u re s , rep lacem ent o f 
e x p e rim en ta lly  d es tro y e d  o r in h e re n tly  la c k in g  neu ro n a l 
s t r u c tu r e s ,  has r e s u l te d  in  a l l e v i a t io n  o f p a th o lo g ic a l 
symptoms. For example, r a t s  in  which n e o s t r i a t a l  le s io n s  a re  
made may e x h ib i t  a co n s id e ra b le  degree  o f  h y p e ra c t iv i ty .  T his 
can be a l l e v i a te d  by g r a f t in g  embryonic n e o s tr ia tu m  (NS) in to  
th e  le s io n e d  h o s t b ra in .  The e x te n t to  which t h i s  a l l e v i a t i o n  
i s  dependent on newly formed co n n ec tio n s  between th e  g r a f t  and 
th e  h o s t b ra in  was in v e s t ig a te d .

Ibotenic  acid  le sio n s  were made u n i la te ra l ly  in  the host NS 
or su b stan tia  n ig ra  (SN) region. F eta l (g e s ta tio n a l day 14) NS 
tis su e  was then transp lan ted  in to  the NS or SN region of the 
lesioned host b ra in . Six to  7 weeks la te r ,  300nl of 5% WGA-HRP 
were in jec ted  in to  the host SN (n=5). The animals were then 
sac rif ic ed  and processed. HRP-TMB reaction  products were 
observed a l l  along the n ig ra l in je c tio n  s i t e s .  Retrogradely 
marked neuronal somata were observed in  a l l  areas of the host 
s tria tum  and adjacent pallidum . No neurons in  the tra n sp lan t 
were marked. This re s u lt  was taken to  mean th a t axons of 
transp lan ted  NS neurons did not reach the host SN. The 
behavioral recovery a f te r  s t r i a t a l  tran sp lan t cannot be due to  
new s t r ia to -n ig r a l  connections.

To examine h o s t-g ra f t n ig ro - s tr ia ta l  connec tiv ity  animals 
receiv ing  s t r i a t a l  g ra f ts  in  the NS (n=4) or ad jacent to  (above) 
the SN (n=3) were processed fo r immunocytochemical s ta in in g  of 
n ig ra l dopamine neurons.  A ntisera to  the catecholamine 
synthesizing  enzyme, ty rosine  hydroxylase (TH) were used to  
produce a marker. TH positive fibers innervated the host NS 
h e a v ily . There was a ls o  some ev idence o f  sp ro u tin g  o f  h o s t 
s t r i a t a l  axons. These sp ro u ts  were sp a rse  i f  th e  g r a f te d  NS was 
p la ced  in  th e  h o s t NS. They were h e a v ie r , however, i f  th e  
g ra f te d  embryonic t i s s u e  was p la ced  in  o r nea r th e  SN. W hether 
o r n o t th e  h o s t SN neurons make sy n a p tic  c o n ta c t w ith  NS c e l l s  
i s  s t i l l  n o t c l e a r ,  a lth o u g h  Walsh e t .  a l .  ( a d ja c e n t p o s te r )  
have e le c tro p h y s io lo g ic a l  ev idence th a t  neurons in  NS g r a f t s  may 
respond s y n a p tic a l ly  to  e x t r a - g r a f t  e l e c t r i c a l  s t im u la t io n .  
Supported  by USPHS G rant HD05958.
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397.19 INTRACELLULAR STUDY OF TRANSPLANTED STRIATAL NEURONS. J .P .  
W alsh, C.D. H u ll, M.S. L ev ine , F .C . Zhou and N.A. Buchwald. 
M ental R e ta rd a tio n  R esearch C en te r. U n iv e rs ity  C a l i f o r n ia ,  Los 
A ngeles. 760 Westwood P la z a . Los A ngeles, CA 90024.

I n t r a c e l l u l a r  reco rd s  were o b ta in ed  from f e t a l  n e o s t r i a t a l  
(NS) neurons g ra f te d  in to  a d u l t  r a t  b r a in .  NS c e l l s  o b ta in e d  
from fe tu s e s  ( g e s ta t io n a l  age=14 days) were in s e r te d  in to  th e  NS 
o f  a d u l t  h o s t r a t s .  Three weeks a f t e r  g r a f t in g ,  b ra in  s l i c e s  
(350 to  500µm th ic k )  were p rep ared  fo r  i n t r a c e l l u l a r  re c o rd in g . 
Upon v is u a l  in s p e c tio n , th e  g r a f t  appeared  as  a s e p a ra te ,  
en c ap su la te d  s t r u c tu r e  w ith in  th e  h o s t NS. Neurons in  th e  g r a f t  
had r e s t in g  membrane p o te n t ia l s  o f -55  to  -70  mV and cou ld  
g e n e ra te  a c t io n  p o te n t ia ls  o f 60 to  80 mV. The neu ro n a l 
membrane responses to  i n t r a c e l l u l a r l y  a p p lie d  c u r r e n t  p u ls e s  
p rov ided  in p u t r e s is ta n c e s  o f  32+2 MS2 and tim e c o n s ta n ts  o f  
1 3 .5+7 msecs (n=4).

E l e c t r i c a l  s t im u la t io n  o f h o s t NS b o rd e rin g  th e  t r a n s p l a n t  
produced bo th  EPSPs and IPSPs in  th e  g r a f te d  NS neu ro n s . In  
th re e  neurons, s t im u la t io n  evoked EPSP-IPSP com plexes w ith  
la te n c i e s  o f 1 ,2  and 4 m secs. In  2 o f th e s e ,  th e  e x c i ta to r y  
component seemed to  be evoked a t  low er s tim u lu s  in t e n s i t y  th an  
th e  in h ib i to ry  component. In  5 neurons th e  EPSP was evoked 
w ith o u t an accompanying in h ib i to ry  component and in  a n o th e r 5 
neu rons , s t im u la t io n  evoked in h ib i to r y  resp o n ses  w ith o u t EPSPs. 
Mean la te n c i e s  in  a l l  13 ca se s  were 2 .3 +1 .2  m secs. In  th e  5 
ca se s  in  w hich EPSPs appeared  a lo n e , p o te n t ia l  d u ra t io n s  v a r ie d  
from 15-30 m secs. At th re sh o ld , a c t io n  p o te n t ia l s  s im i la r  in  
am plitude  to  th o se  o c c u rr in g  w ith  c u r re n t  in j e c t io n  were 
g en e ra te d . When IPSPs appeared  a lo n e , t h e i r  d u ra t io n s  v a r ie d  
from 30-37 m secs. In  one ca se  th e  IPSP was re v e rse d  by 
h y p e rp o la r iz in g  c u r re n ts  a t  a membr ane p o te n t ia l  c o n s is te n t  w ith  
th e  equilibrium  p o te n t ia l  fo r  C l .  The f a c t  t h a t  p o t e n t ia l s  
were evoked in  g r a f t  neurons by s t im u la t io n  o f  th e  h o s t t i s s u e  
may in d ic a te  th a t  con n ec tio n s  were formed between th e  h o s t b ra in  
and th e  g r a f t ,  p o s s ib ly  by ingrow th o f  h o s t axonal e lem en ts . 
V e r i f i c a t io n  o f t h i s  p o s s i b i l i t y  r e q u ire s  f u r th e r  c a re fu l  
p h y s io lo g ic a l and ana tom ical o b s e rv a t io n s . (S upported  by USPHS 
HD 05958 and HD 07032).

397.20 THE USE OF COLLOIDAL GOLD-LABELLED CELL SUSPENSIONS AS A MARKER 
FOR INTRACEREBRAL TRANSPLANTATION. S.C. A rd izzon i* , G.W. A rendash, 
and A. M ichaels* (SPON:S. S w ih a r t) . Departm ent of B io logy, U niver
s i t y  o f South F lo r id a , Tampa, FL 33620.

A new tech n iq u e  has been developed to  m onitor th e  s u rv iv a l and 
movement of t r a n s p la n te d  n eu rons . T his procedure  has s ig n i f i c a n t  
advan tages because i t  i s  s im p le , r a p id ,  and ap p a re n tly  a permanent 
c e l l u l a r  la b e l  w ith  no obvious harm to  tra n sp la n te d  c e l l s .  The 
la b e l le d  c e l l s  can be observed in  th e  l i g h t  o r e le c tro n  m icroscope.

C e lls  were la b e l le d  w ith  c o l lo id a l  gold (which i s  in e r t  in  c e l ls )  
by e n c a p su la tin g  th e  gold  in  Sendai v iru s  enve lopes . The go ld - 
co n ta in in g  membrane v e s ic le s  were fused  w ith  p rev io u sly  fro zen  or 
f r e s h ly  p repared  nucleus  b a s a l i s  m a g n o ce llu la r is  (nBM) c e l l  su s
pensions  from d is s e c te d  f e t a l  r a t  b ra in s  (D18). A fte r  th e  c e l l s  
were washed by c e n tr i f u g a t io n ,  th e  c h o l in e r g ic - r ic h ,  la b e l le d  nBM 
c e l l  su spensions  were then  tr a n s p la n te d  in to  th e  co rte x  and corpus 
s tr ia tu m  of neona te  r a t s  or in to  s e v e ra l f r o n to - p a r i e ta l  co rtex  
s i t e s  of nBM -lesioned a d u l t  r a t s .  R e c ip ie n ts  were s a c r i f i c e d  a t  
e i th e r  10 o r 30 days fo llow ing  t r a n s p la n ta t io n  and th e i r  b ra in s  
p rocessed  fo r  l i g h t  m icroscopy.

In  neona te  r e c i p ie n t s ,  g o ld - la b e le d  c e l l s  were p re s e n t a t  both 
cortical and s tr ia ta l infusion sites. In adult nBM-lesioned reci
p ie n ts ,  la rg e  numbers of g o ld - la b e le d  t r a n s p la n t  c e l l s  were found 
in  th e  v i c in i t y  of c o r t i c a l  in fu s io n  s i t e s  a t  both  10 and 30 days 
a f t e r  t r a n s p l a n ta t io n ,  e s p e c ia l ly  i f  th e  c e l l  su spensions  had been 
f r e s h ly  p repared  on th e  day o f t r a n s p la n ta t io n .  However, nBM c e ll  
su spensions  p re v io u s ly  fro zen  fo r  6 months p r io r  to  g o ld - la b e l lin g  
showed e x c e l le n t  s u rv iv a l .  A d d itio n a lly , a d ram atic  m ig ra tio n  of 
g o ld - la b e le d  neurons from c o r t i c a l  in fu s io n  s i t e s  in  a d u lt  r e c ip i 
en ts  to  th e  e x c ito to x in - le s io n e d  nBM (a d is ta n c e  of 3-4 mm) was 
observed .

These r e s u l t s  suggest th a t  g o ld - la b e l in g  of n eu rona l c e l l  sus
p ensions  w i l l  be a pow erfu l new to o l  f o r :  1) in v e s t ig a t in g  the 
developm ent (m ig ra to ry  p a t te r n s ,  morphology, and s y n ap tic  connec
t i v i t y )  of t r a n s p la n te d  c e l l s ,  and 2) m on ito ring  th e  v i a b i l i t y  of 
t r a n s p la n te d  c e l l s  in  v iv o .
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398.1 INCREASED HEART RATE AND PLASMA LEVEL OF B-LIPOTROPIN 
DURING A COMPETITIVE ORAL EXAMINATION. J.L. Meyerhoff, M.A. 
Oleshansky, E.H. Mougey*, H.R. Smith*, S.R. Hursh*, L.K. Wittig*, H.E. 
Wood*, C.R. Glass* and D.B. Arnkoff*. Dept. of Medical Neurosciences, 
Walter Reed Army Institute of Research, Washington, D.C. 20307-5100, 
and Dept. of Psychology, Catholic University, Washington, D.C. 20064.

8-Lipotropin (β-LPH) and ACTH are derived from the same precursor 
molecule, stored in the same granules and thought to be concomitantly 
released from the anterior pituitary gland in response to stress. We have 
previously reported increased plasma levels of B-LPH after vigorous 
physical exercise. The present study was undertaken to  determine whether 
β-LPH would also rise during the purely psychological challenge of a 
competitive oral examination.

A. Soldier of the Month. contest is held regularly and is entered by 
young, healthy enlisted U.S. Army personnel. Each contestant is 
interviewed courteously but rigorously for 30 min by a panel of six senior 
non-commissioned officers. The winners are chosen on the basis of 
apppearance and bearing, as well as knowledge of Army procedures, 
protocol and regulations. Some of the contestants volunteered to be 
studied during this competition and gave informed consent for heart rate 
monitoring (N=8) and/or blood sampling (N=5) during the interview. Heart 
rate was monitored using a PMS-8 portable physiological monitoring system 
(Vitalog Corp., Redwood City, CA). Blood was collected through an 
intravenous line attached to a Cormed pump (Medina, N.Y.) which withdrew 
blood continuously at 0.1 ml/min between samples and at 5.0 ml/min at 
discrete sampling times. Samples were collected: (A) after 30 minutes of 
sitting in a quiet waiting room prior to the interview; (B) 5 minutes after 
beginning the interview; (C) 20 minutes after beginning the interview; (D) 5 
minutes after finishing the interview and returning to the waiting room; 
and (E) after sitting in the waiting room for another 15 minutes. Plasma 
levels of β-LPH and cortisol were determined by radioimmunoassay.  β-LPH 
was separated from  β-EP with Prep Pak 500/C18 (Waters Associates, 
Milford. MAI.

A B C D E
 β-LPH (pg/ml) 130+18 190+19 181+30 130+24 121+22
Cortisol (µ g%) 15.0+2.1 15.2+1.2 18.2+1.2 17.7+2.7 13.7+0.7
Heart Rate 88+3.8 123+9.2 113+9.3 93+4.5 84+3.3

Prior to the interview, resting heart rate as well as plasma  β-LPH and 
cortisol levels were elevated compared to resting values in other studies 
from our laboratory. We attribute this to apprehension about the upcoming 
interview. Five minutes after beginning the interview, the heart rate and 
plasma  β-LPH level increased 40% over point A. These values remained 
elevated for fifteen minutes and returned to  initial levels a fter the subjects 
returned to the waiting room. The plasma cortisol level tended to increase 
toward the end of the interview. The present study demonstrates that 
acute psychological stressors can produce rapid increases in heart rate and 
plasma  β-LPH levels over the elevated baselines associated with 
apprehension.

398.2 PLASMA CATECHOLAMINE RESPONSES TO MENTAL AND PHYSICAL 
STRESSORS. M. Oleshansky, J. Zoltick*, J. Meyerhoff, K, Kennelly*, J. 
Knapik* and F.D rews*, Dept of Medical Neurosciences, Div of NP, Walter 
Reed Army Institute of Research, Washington, D.C. 20307 and Army 
Physical Fitness Research Institute, Carlisle Barracks, PA 17013.

We are currently undertaking a study of the relationship of Type A 
behavior with acute responsivity to stress. We have completed a series of 
pilot experiments to determine the magnitude of physiological and 
hormonal responses to a variety of physical and mental stressors, including 
moderate and maximal exercise as well as two cognitive tasks. Preliminary 
findings for plasma catecholamines are presented below.

In the first study, seventeen healthy male subjects, age 39.8+2.5 years 
(mean + S.E.M.), exercised on a treadmill until exhausted at a constant rate 
of 3.3 mile/hr with a 5% increase in grade every three min. Mean maximal 
exercise treadmill test (MAX ETT) time was 15.2+0.7 min. In a second 
study, fifteen additional male subjects, age 43.6+1.2 years, were studied 
during and after either four min of cognitive testing or twenty min of 
moderate treadmill exercise (MOD ETT). Cognitive testing consisted of 
mental arithmetic (n=10) or the Stroop Color-Word Dissociation Task 
(n=4). The MOD ETT consisted of walking on a treadmill at 3.3 mile/hr at a 
grade sufficient to exercise the subjects at 60% maximal VO2 based on a 
previously determined maximal VO2 (n=6). Blood was collectedfor two min 
with a Cormed blood withdrawal system: (REST) thirty min after resting 
supine (before maximal ETT) or sitting (cognitive tests); (STAND) fifteen 
min after standing, just prior to exercise; (TEST) upon exercising to a heart 
rate of 140 beats/min or during the second two min of cognitive testing; 
(MAX) immediately following maximal exercise; and (RECOVERY) fifteen 
min after the stressor. Plasma was assayed for norepinephrine (NE) and 
epinephrine (EPI) utilizins HPLC with electrochemical detection.
NE (pg/ml) REST STAND TEST MAX RECOVERY
MAX ETT: 290+39 588+69 1357+138 1991+241 650+70
MOD ETT: 511+52 1242+183 334+31
MENTAL MATH: 416+34 512+34 455+56
STROOP TASK: 352+45 351+20 387+25
EPI (pg/ml) REST STAND TEST MAX RECOVERY
MAX ETT: 81+9 115+15 255+36 333+47 141+26
MOD ETT: 81+16 141+34 68+14
MENTAL MATH: 68+11 130+24 82+13
STROOP TASK: 94+31 114+41 75+36

sanding resulted in a doubling or plasma Nt levels over resting supine 
levels while sitting appeared to give intermediate NE levels. Moderate 
treadmill exercise produced a doubling of NE and EPI levels and further 
increases were seen after a maximal ETT. The cognitive tests appeared to 
produce disproportionately larger increases in plasma EPI levels than in NE  
levels as previously reported for psychological stressors. Mental math  
appeared to be a substantially better psychological stressor than the Stroop 
task. Future studies are directed at investigating the relationship of Type 
A behavior with these acute stress responses.
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398.3 elevated serum dehydroepiandrosterone sulfate levels in  older, 
EXPERIENCED PRACTITIONERS OF THE TRANSCENDENTAL MEDITATION AND TM- 
SIDHI PROGRAMS. J .L .  G la se r* , J .L . Bririd*+, M. E isn e r* , R. K. 
W a llace . D ep t. of P h y s io lo g ic a l and B io lo g ic a l S c ie n ces , M aharish i 
I n t l . U n iv ., F a i r f i e ld ,  IA 52556 and O re n tre ic h  Foundation fo r  Adv. 
of S c i . ,  NYC, NY 10021+

Serum le v e ls  of the  ad ren a l androgen, d eh y d roep iand roste rone  
s u l f a t e  (DHEAS) a re  c lo s e ly  c o r r e la te d  w ith  age in  man (O ren tre ich  
N, B rind JL , e t . a l .  1984, J  C lin  E ndocrino l Metab 5 9 :551 ), and 
h ig h e r  le v e ls  o f DHEAS or DHEA may c o n tr ib u te  to  th e  p re v e n tio n  of 
a g e - r e la te d  d is e a s e .  Long-term  a d m in is tr a tio n  of DHEA to  v a r io u s  
mouse s t r a i n s  in h i b i t s  th e  developm ent of spontaneous and chem ica l
ly  induced tumors. In v itro . DHEA inhibits super oxide radical 
p ro d u c tio n  in  human polym orphonuclear le u k o c y te s , which could  be a 
mechanism fo r  th i s  a n ti- tu m o r a c t i v i t y  and i t s  in h ib i t io n  o f a u to 
immune d is e a se s  in  m ice.

S ince p rev io u s  s tu d ie s  have shown th a t  o ld e r  in d iv id u a ls  p r a c t i 
c ing  th e  T ran scen d en ta l M ed ita tio n  (TM) te chn ique  tend  to  have low
e r  sc o re s  on a s ta n d a rd iz e d  t e s t  designed to  e s tim a te  p h y s io lo g ic a l 
age , we h y po thesized  th a t  o ld e r  TM p r a c t i t io n e r s  would have e l e v a t 
ed serum DHEAS le v e ls  c h a r a c t e r i s t i c  of a younger p o p u la tio n .

Serum DHEAS le v e ls  were measured in  252 men and 74 women who 
were expe rienced  p r a c t i t io n e r s  of TM and th e  TM-Sidhi program s, and 
compared acco rd in g  to  sex and f iv e -y e a r  age grouping to  799 men and 
173 women who were n o t TM p r a c t i t i o n e r s .  The mean DHEAS le v e ls  in  
th e  TM group were h ig h e r  in  a l l  f iv e  of th e  age groups measured in  
women. There were no sy stem a tic  d if f e re n c e s  in  younger men, b u t 
e le v a t io n s  were observed in  TM p r a c t i t io n e r s  in  s ix  of seven f iv e -  
y ea r age groups over 40 y e a rs . The mean p e rce n tag e  of DHEAS e le v a 
t io n  over normal v a lu e s  was 23% fo r  men over 40 and 47% fo r  women 
over 45. ANOVA rev ea led  s ig n i f i c a n t  sy s tem a tic  e f f e c t s  due to  age 
and TM p r a c t ic e  accou n tin g  fo r  d if f e re n c e s  in  group mean DHEAS 
le v e l s .  For TM p r a c t ic e ,  p=.0001 fo r  a l l  women and p=.0026 fo r  a l l  
men. I d e n t i f i a b l e  d if fe re n c e s  in  d i e t ,  o b e s i ty ,  and e x e rc is e  in  
th e  TM group were n o t s ig n i f i c a n t  c o v a r ia te s  in  acco u n tin g  fo r  d i f 
fe re n c e s  in  DHEAS le v e ls .

For men and women, DHEAS was h ig h e s t in  th e  youngest age groups 
and d ec lin e d  p ro g re s s iv e ly  w ith  age to  reach  le v e ls  in  th e  seven th  
and e ig h th  decades which were only 20% of peak le v e l s .  The mean 
l e v e ls  measured in  th e  o ld e r  m e d ita to rs  were com parable to  le v e ls  
in  n o n -m e d ita to rs  f iv e  to  te n  y e a rs  younger. The co n c lu sio n  th a t  
r e g u la r  p r a c t i t i o n e r s  of TM have h ig h e r  DHEAS le v e ls  su g g es ts  th a t  
some c h a r a c t e r i s t i c s  of th e  TM group may be m odifying th e  u su a l 
a g e - r e la te d  d e t e r io r a t io n  in  DHEAS secretion . I t  a lso  
su g g es ts  th a t  th e re  may be p re v e n tiv e  h e a l th  b e n e f i t s  a c c ru in g  from 
th e  re g u la r  p r a c t ic e  of TM; we have elsew here found subnormal DHEAS 
le v e ls  in  a p o p u la tio n  w ith  endem ica lly  poor h e a l th .

398.4 PHYSIOLOGICAL AND BIOCHEMICAL CHARACTERIZATION OF 
NON-PHARMACOLOGICALLY INDUCED PANIC ATTACKS. S.W.Woods*. 
D. S . C harney. C.A.McPherson*, A.H Gradman* . G .R.H eninger (SPON: 
M.H.Sheard) D ep t. o f  P sy c h ia try , Y ale U niv. Sch. o f  Med., New 
Haven, CT., 06508.

A p an ic  a t ta c k  i s  a sev ere  form o f  p a th o lo g ic  human an x ie ty . 
The n eu ro b io lo g ic  mechanisms u n d e rly in g  p an ic  a t ta c k s  a re  
im p o rtan t b u t r e l a t i v e ly  o bscu re . Most p rev io u s  in v e s t ig a t io n s  
in  th i s  f i e l d  have s tu d ie d  d rug -induced  p an ic  a t ta c k s .  In  o rder 
to  in v e s t ig a te  th e  p a thophysio logy  o f  non -ph arm aco lo g ica lly  
induced  p an ic  a t ta c k s ,  18 d ru g -f re e  agoraphob ic p a t ie n t s  and 13 
m atched h e a lth y  s u b je c ts  were s tu d ie d .

ME.THO D S  :. Each pafclenfc underw ent s tr u c tu r e d  exposure to  an 
in d iv id u a l iz e d  phobic s t i u a t io n .  The d u ra t io n  o f  exposure ranged 
from 30 to  55 m inu tes . H eart r a t e  and b lood  p re s s u re  were 
reco rd e d  u s in g  am bulatory  m o n ito rs . Blood sam ples fo r  
d e te rm in a tio n  o f  plasm a f r e e  3 -m ethoxy-4-hydroxyphenylglycol 
(MHPG), c o r t i s o l ,  growth hormone, and p r o la c t in  were o b ta in ed  30 
and 5 m inutes b e fo re , a t  th e  m id -p o in t o f , and 15, 30, 45, 60, 
90, 120, and 150 m inutes a f t e r  exposure . Each h e a lth y  s u b je c t 
was m atched to  a p a t i e n t  f o r  age , sex , and ex a c t p rocedure 
b e fo re , d u rin g , and a f t e r  exposure.

RESULTS: F if te e n  p a t ie n t s  ex p e rien ce d  p an ic  a t ta c k s  l a s t in g  
an average o f 20 .5  m inutes du rin g  exposure . B ehav io ra l m easures 
documented a g re a te r  in c re a s e  in  a n x ie ty  in  th e  p a t ie n t s  than  in  
h e a lth y  s u b je c ts .  P a t ie n ts  ex p e rien c in g  p an ic  a t ta c k s  d isp la y ed  
s ig n i f i c a n t ly  g re a te r  peak in c re a s e s  (mean +  SEM) in  h e a r t  r a te  
(23 + 3 v s , 1 2 + 2 b e a ts /m in , p <. 01) b u t n o t b lood  p re s su re  or 
plasm a f re e  MHPG (0 .8  + 0 .1  v s . 0 .9  + 0 .1  ng /m l, N .S .) .  C o r tiso l 
(5 .8  + 1 .5  v s . 2 .4  + 0 .9  m cg /d l, p <. 0 8 ), growth hormone (7 .5  + 
1 .7  v s . 1 3 . 8 + 4 .7  n g /m l, N .S . ) ,  and p r o la c t in  (0 .7  + 0 .4  v s . 3.2 
+ 1 .1  ng /m l, p <. 05) in c re a s e s  a ls o  were n o t s ig n i f i c a n t ly  
g r e a te r  in  p a t ie n t s  th an  in  h e a lth y  s u b je c ts .

COMMENT: In c re a se d  n o ra d re n e rg ic  a c t i v i t y  o cc u rr in g  during  
non-drug induced p an ic  a t ta c k s  may be too  b r i e f  o r too  r e s t r i c t e d  
in  r e g io n a l l o c a l i z a t i o n  to  a f f e c t  plasm a MHPG. The 
n eu roendoc rine  e f f e c t s  o f  p an ic  a t ta c k s  in  agoraphob ic p a t ie n t s  
appear to  be le s s  marked than  n eu roendoc rine  e f f e c t s  o f  acu te  
f e a r  in  h e a lth y  s u b je c ts  r e p o r te d  in  p rev io u s  s tu d ie s .  The 
e f f e c t s  o f  p an ic  a t ta c k s  on h e a r t  r a t e ,  b lood  p r e s s u re , and 
hormone s e c r e t io n  may be d im in ished  by " a d a p ta tio n "  o r 
d e s e n s i t iz a t io n  o f  n e u ra l system s su b se rv in g  th e se  fu n c t io n s  as a 
r e s u l t  o f  th e  r e c u r r e n t  p an ic  a t ta c k s  w hich c h a ra c te r iz e  
ago raphob ia . R ecent advances in  th e  assessm en t o f  n eu ro b io lo g ic  
fu n c t io n in g  in  humans may h e lp  e lu c id a te  th e  mechanisms 
u n d e rly in g  p an ic  a t ta c k s .  Supported  by: MH25642, MH30924, and 
MH38007.

398.5 FOOD-THWARTING AND NALOXONE EFFECTS ON THE BEHAVIOR OF DOMESTIC 
CHICKENS. N.S. W illiam s and P. E l ia s * . B iology D ep t., Simmons 
C o lleg e , B oston , MA 02115.

F ood -thw arting  has been shown to  in c re a s e  s te re o ty p e d  pacing  
in  dom estic c h ick en s . I t  has a ls o  been shown th a t  s t r e s s -  
induced grooming in  r a t s  and ch ickens  can be blocked by 
naloxone.

In  th e  p re s e n t s tu d y , two experim en ts were conducted to  
determ ine  i f  s t r e s s - in d u c e d  pac ing  could  be b locked by 
p re tre a tm e n t w ith  na loxone. H eavy-hybrid ch ickens  (3-5 Kg) 
were t r a in e d  to  expect feed in g  a f t e r  food d e p r iv a t io n .  In 
th e  f i r s t  expe rim en t, they  were t r a in e d  fo r  10 days and then  
exposed random ly to  fo u r tre a tm e n ts :  no fo o d - th w a r t in g /s a l in e ,  
fo o d - th w a r t in g /s a l in e ,  fo o d -th w a rtin g /n a lo x o n e , no food - 
th w artin g /n a lo x o n e . In  th e  second expe rim en t, b ird s  were 
t r a in e d  fo r  14 days and th e  fo u r th  tre a tm e n t was o m itte d . 
F ood -thw arting  c o n s is te d  o f p re s e n tin g  hungry b ird s  w ith  
food covered  w ith  a c l e a r  p l a s t i c  p l a t e .  Naloxone HCl  doses 
were 0 .0 5 , 2 .0  and 4 .0  mg/Kg and were in je c te d  s . c .  in  th e  
f i r s t  experim ent and i . p .  in  th e  second.

The r e s u l t s  o f th e se  s tu d ie s  in d ic a te d  th a t  w h ile  food - 
thw arted  ch ickens  paced and moved th e i r  heads in  a s te re o ty p e d  
manner s ig n i f i c a n t ly  more than  non -thw arted  c o n t r o ls ,  
p re tre a tm e n t w ith  naloxone had no s ig n i f i c a n t  e f f e c t  on 
pac ing  or s te re o ty p e d  head m ovem ents.-

3986 SEX DIFFERENCES IN THE EFFECTS OF GONADECTOMY ON SENSITIZATION 
TO REPEATED, INTERMITTENT RESTRAINT STRESS. Dianne M. Camp* and 
Terry E. Robinson (SPON: R. E. Davis). Department of Psychology 
and Neuroscience Laboratory Building, The University of Michigan, 
Ann Arbor, MI 48104-1687.

The repeated, intermittent administration of amphetamine (AMPH) 
produces a progressive and enduring enhancement in many AMPH- 
stimulated behaviors. I t  has been suggested that this behavioral 
sensit ization may be due to AMPH's action as a stressor,  partly 
because repeated, intermittent stress also enhances the behavioral 
response to a subsequent AMPH injection. We have shown previously 
that the development of AMPH sensit ization is influenced by sex and 
endogenous gonadal hormones. Females show more robust sensitiza
tion than males, and castration of males enhances the development 
of sensit ization to AMPH. The present experiment was designed to 
determine if  sensitization to stress is similarly influenced by sex 
and gonadal hormones, as would be predicted if  the sensit ization to 
AMPH is due to AMPH's action as a st ressor.

Two weeks after  gonadectomy (GDX) or a sham operation, adult 
male and female Holtzman rats were restrained by wrapping them in 
towels for 3 hrs daily for ei ther  5 or 15 days, or were le f t  undis
turbed. Ten days after  the last restra in t  session the animals were 
given an i .p . injection of AMPH, and AMPH-induced stereotyped 
behavior and locomotion were quantified. To control for sex d if fe r 
ences in the metabolism of AMPH intact  males received a higher dose 
(3.5 mg/kg) than GDX males, intact  females and GDX females 
(3.0 mg/kg).

Five daily sessions of restrain t  st ress produced an enduring 
enhancement in overall stereotypy scores and repetitive head/limb 
movements in intact  females, GDX females and GDX males, but not in 
intact  male ra ts .  After 15 res tra in t  sessions these AMPH-induced 
behaviors were enhanced in all  groups, although the increase in 
overall stereotypy in intact males did not quite reach s ta t i s t ica l  
significance. In addition, prior stress produced changes in the 
pattern pf AMPH-induced locomotion in all  groups, but the pattern 
in intact  males differed from that of the other three groups. In 
contrast,  previous stress enhanced repetitive sniffing behavior to 
the same extent in all  4 groups.

I t  is concluded that the presence of a tes ticu lar  hormone either  
directly or indirectly attenuates the development of sensitization 
produced by either  repeated AMPH treatment or repeated restrain t  
stress .  Interestingly, the enhancement in plasma corticosterone 
produced in response to daily footshock stress is affected by GDX 
in the same manner as reported here (Hennessy et a l . ,  JCPP, 91:770, 
1977). These findings suggest that the sensitization produced by 
AMPH and stress may be similar, and support the idea that some of 
the enduring effects of AMPH on brain and behavior are related to 
i ts  action as a stressor.
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398.7 NEURAL AND ENDOCRINE RESPONSES TO FOOTSHOCK STRESS IN RATS 
SENSITIZED TO AMPHETAMINE. T.E. Robinson, J :B. Becker, E. Young*, 
H. Akil and E. Castaneda. Departments of Psychology and Psychiatry, 
Neuroscience Laboratory Bldg, and Mental Health Research Inst i tu te ,  
The University of Michigan, Ann Arbor, MI 48104-1687.

The repeated intermittent administration of amphetamine (AMP) 
produces an enduring hypersensitivity to the motor stimulant effects 
of a subsequent AMP 'challenge1, and th is  behavioral sensitization 
is accompanied by enduring changes in brain dopamine (DA) systems. 
However, animals sensitized to AMP may be hypersensitive to many 
other stimuli tha t  activate catecholamine systems, including s t ress
ful stimuli. For example, prior AMP treatment enhances the behav
ioral response to subsequent ta i l  pinch stress ,  and stress has been 
reported to precipitate psychotic episodes in former AMP addicts. 
To determine if  prior experience with AMP alters  selected brain DA 
or endocrine responses to subsequent footshock stress ovariectomized ' 
female rats received either: (1) one injection of 3.0 mg/kg AMP, 
once every 3-4 days for a total of 10 injections (AMP-pretreated); 
(2) a series of saline injections (SAL-pretreated); or (3) were le f t  
undisturbed (nonhandled controls; NH). Seven days after  the las t 
injection the animals were killed by decapitation following either  
0 min, 5 min (30 shocks) or 30 min (180 shocks) of discontinuous 
footshock (1.3 mA shocks of 0.5 sec duration). Selected brain 
regions were assayed for DA and i ts  metabolites. Plasma was assayed 
for N-acetylated-beta-endorphin (N-END; as an index of pituitary  
intermediate lobe ac tiv i ty) .

It  was found that:  (1) In some brain regions AMP pretreatment 
altered the response of DA neurons to footshock. For example, in 
the medial frontal cortex (MFC), hypothalamus (HYP) and dorsolateral 
striatum (STR) 5 min of footshock produced a greater decline in DA 
concentrations and a greater elevation in DOPAC/DA ratios in AMP- 
pretreated rats than in NH controls. (2) In some brain regions 
repeated SAL pretreatment also altered the response to footshock. 
For example, in STR and nucleus accumbens 5 min of footshock pro
duced a greater decline in- DA concentrations and a greater elevation 
in DOPAC/DA ratios in SAL-pretreated rats than in NH controls. 
(3) The dopaminergic response to footshock varied greatly over time 
in a regionally specific manner. For example, after 30 min of foot
shock DA concentrations had returned to control levels in the MFC, 
but were significantly elevated in the HYP. (4) Footshock elevated 
plasma N-END concentrations in all  groups, but to a significantly 
greater extent in AMP-pretreated than in control rats.

I t  is concluded that sensit ization to AMP is accompanied by 
enduring (at least 7 days) changes in some neural and endocrine 
responses to subsequent footshock stress in a time-dependent and 
regionally specific manner, and that in some instances repeated 
stressful experiences (SAL injections) can produce comparable 
effects.

398.8 i s  AMPHETAMINE-INDUCED STEREOTYPY A COPING RESPONSE TO STRESS? 
G.H. Jones* , G. M itt-leman*, and T.W. Robbins* (SPON: B .J . 
Sahakian) U n iv e rs ity  o f  Cambridge, D epartm ent o f  E xperim ental 
Psychology, Cambridge, U.K.

The n e u ra l and neurochem ical b ases  o f am phetam ine-induced 
s te re o ty p y  a re  r e l a t i v e ly  w ell u n d e rs to o d , b u t th e re  has been 
r e l a t i v e ly  l i t t l e  re s e a rc h  in to  th e  fu n c t io n s , i f  any, o f  th i s  
abnorm al b e h a v io r . One p o s s i b i l i t y  i s  t h a t  amphetamine (AMPH) 
s te re o ty p y  may re p re s e n t  a coping response  to  s t r e s s .  Evidence 
fo r  t h i s  h y p o th e s is  in c lu d e s : 1) AMPH causes  p h y s io lo g ic a l and 
neurochem ical changes s im i la r  to  th o se  observed  du rin g  s t r e s s ,  
and c r o s s - s e n s i t i z a t io n  between AMPH and a v a r i e ty  o f s t r e s s o r s  
has been re p o r te d . 2) The in t e n s i ty  o f  AMPH s te re o ty p y  i s  
in flu e n c e d  by b e h a v io ra l coping co n tin g e n c ie s  (Maclennan and 
M aier, S c ie n c e , 219:1091, 1983). 3) P o ss ib ly  r e l a te d  beh av io r 
such as  sch ed u le -in d u ced  p o ly d ip s ia  appears  to  r e g u la te  plasm a 
c o r t ic o s te ro n e  (CCS) le v e ls  (B re t t  and L evine, JCPP, 93:946, 
1979). T h is experim en t examined th e  tim e cou rse  o f  th e  
r e l a t i o n s h ip  between AMPH-induced s te re o ty p y  and h y p e ra c t iv i ty  
and a neu roendocrine  index o f  s t r e s s ,  plasm a CCS bo th  in  i n t a c t  
r a t s  and in  an im als w ith  s e le c t i v e ,  b i l a t e r a l  dopamine (DA) 
d e p le tio n s  in  th e  caudate  (CD) o r  nuc leus  accumbens (N.ACC). 
R ats were in je c te d  w ith  5 mg/kg d-AMPH o r  s a l in e  ( i . p . )  and 
p la ced  in  p h o to c e ll  a c t i v i t y  ca g es . A fte r  e i t h e r  15, 30, 60, 90 
o r  120 min p o s t in j e c t io n ,  s te re o ty p y  was ra te d ;  r a t s  were 
s a c r i f i c e d  and b lood was c o l le c te d  fo r  d e te rm in a tio n  o f plasm a 
CCS le v e l s .  Follow ing AMPH in j e c t io n ,  r a t s  w ith  
6-hydroxydopam ine le s io n s  o f  th e  CD (DA d e p le tio n  70-80%) and 
u n le s io n ed  c o n tro ls  bo th  showed s ig n i f i c a n t  CCS e le v a t io n ,  
maximal a t  30 min p o s t i n j e c t io n .  However, th e  CD group CCS 
response  rem ained s ig n i f i c a n t ly  e le v a te d  a t  60, 90 and 120 min 
p o s t i n j e c t io n .  This le s io n  s ig n i f i c a n t ly  a t te n u a te d  s te re o ty p y  
and a ls o  s ig n i f i c a n t ly  in c re a se d  locom otor a c t i v i t y  a t  a l l  tim e 
p o in t s .  N.ACC le s io n s  (DA d e p le tio n  85-99%) f a i l e d  to  in c re a s e  
CCS le v e ls  r e l a t i v e  to  c o n tro ls  fo llo w in g  AMPH in j e c t io n ,  b u t 
leng thened  th e  la te n c y  o f  th e  CCS re sp o n se . This le s io n  reduced 
locom otor a c t i v i t y  a t  a l l  tim e p o in ts  and s te re o ty p y  was 
u n a f fe c te d . These r e s u l t s  in d ic a te  th a t  CCS le v e ls  a re  
in c re a se d  in  r a t s  showing re d u c t io n s  in  b e h a v io ra l s te re o ty p y  
b u t t h a t  no c l e a r  r e l a t i o n s h ip  e x i s t s  between amphetamine 
locom otor a c t i v i t y  and th e  CCS re sp o n se . This i s  c o n s is te n t  
w ith  th e  h y p o th e s is  t h a t  s te re o ty p y  may r e p re s e n t ,  in  p a r t ,  a 
coping  response  to  s t r e s s .

398.9 SENSITIZING EFFECTS OF AMPHETAMINE ON STRESSOR-INDUCED ALTERATIONS 
IN INTRACRANIAL SELF-STIMULATION IN RATS. W .J. Bowers and Z.  Amit. 
D ept. Psychology, C oncordia U n iv e rs ity , M ontrea l, Canada H3G IM8.

Exposure to  u n c o n tro l la b le  s t r e s s o r s  has been shown to  a l t e r  
th e  re w a rd in g /m o tiv a tio n a l v a lu e  o f  i n t r a c r a n i a l  s e l f - s t im u la t io n  
(ICSS ) in  m ice. These a l t e r a t i o n s  a r e  r e g io n - s p e c i f ic  ( i . e . ,  o ccu r 
on ly  in  b r a in  re g io n s  where s t r e s s o r s  a l t e r  dopamine (DA) 
tu rn o v e r) and can  be e l im in a te d  by c h ro n ic  d e s ip r  amine 
a d m in is tr a t io n .  To d a te ,  however, th e s e  a l t e r a t i o n s  in  ICSS have 
been re p o r te d  o n ly  in  m ice, w h ile  th e  neurochem ical e f f e c t s  o f 
u n c o n tro l la b le  s t r e s s o r s  have been no ted  in  a  v a r i e ty  o f  s p e c ie s .  
The p re s e n t  in v e s t ig a t io n  examined th e  e f f e c t s  o f  two s t r e s s o r s  
( r e s t r a i n t  and in e sc ap ab le  foo tshock ) on ICSS from b ra in  re g io n s  
where DA a c t i v i t y  i s  e i t h e r  s e n s i t i v e  ( th e  v e n t r a l  tegm ental a re a , 
VTA) o r  in s e n s i t iv e  ( s u b s ta n t ia  n ig r a ,  SN) to  th e  e f f e c t s  o f  
s t r e s s o r s .  Fo llow ing  su rg e ry  response  ra te - f re q u e n c y  cu rv es  were 
o b ta in e d  f o r  ICSS from th e  SN o r  VTA. Once s ta b l e  respond ing  was 
o b ta in e d , th e  r a t s  were p la ced  in  w ire  mesh r e s t r a i n e r s  f o r  1 h r 
o r  were p la c e d  in  a  s im i la r  environm ent f o r  1 h r  and w ere then 
te s t e d  f o r  ICSS. No c o n s is te n t  a l t e r a t i o n s  in  respond ing  were 
n o ted  from e i t h e r  b r a in  re g io n . A s e p a ra te  group o f  r a t s ,  
im p lan ted  and t r a in e d  in  th e  same manner, were exposed to  e i t h e r  
30 o r  60 in e sc a p a b le  fo o tsh o ck s  (500 uA, 6 sec  d u ra t io n , 60 sec  
IT I) o r  p la c e d  in  i d e n t ic a l  chambers f o r  th e  same p e r io d  o f  tim e 
b u t re c e iv e d  no shock and were t e s t e d  i im e d ia te ly  t h e r e a f t e r .  Once 
a g a in , no a l t e r a t i o n s  in  respond ing  f o r  ICSS in  e i t h e r  b ra in  
re g io n  were found . These r e s u l t s  su g g es t t h a t  e i t h e r  th e  s t r e s s o r -  
induced a l t e r a t i o n s  in  ICSS n o te d  in  mice do n o t g e n e ra l iz e  to  
r a t s  o r ,  more l i k e ly ,  r a t s  cure more r e s i s t a n t  to  th e  b e h a v io ra l 
e f f e c t s  o f  th e se  s t r e s s o r s .  I f  th e  l a t t e r  i s  indeed  th e  c a s e , th en  
m a n ip u la tio n s  which m odestly  a l t e r  DA a c t i v i t y  sho u ld  s e n s i t i z e  
an im als  to  th e  e f f e c t s  o f  s t r e s s o r s .  To examine t h i s  p o s s i b i l i t y  
r a t  were im p lan ted  and t r a in e d  a s  above and were exposed to  e i t h e r  
30 in e sc a p a b le  fo o tsh o ck s  o r  no shock . Im m ediately  fo llo w in g  th e  
s t r e s s o r  an im als  were in j e c t e d  w ith  d-am phetam ine ( .1 0  o r . 25 
mg/k g) and te s t e d  f o r  ICSS 15 min l a t e r .  R eg a rd le ss  o f  th e  
e le c tro d e  s i t e  o r  th e  d o se , a d m in is tr a tio n  o f  th e  d rug  a lo n e  d id  
n o t produce any s ig n i f i c a n t  changes in  re sp o n d in g . However, th e  
com bination  o f .  25mg/kg o f  amphetamine and shock tre a tm e n t 
p roduced a  s ig n i f i c a n t  s h i f t  in  th e  cu rv e  f o r  r a t s  w ith  e le c tro d e s  
in  th e  VTA b u t n o t th e  SN. The. 10 mg/k g dose combined w ith  shock 
tre a tm e n t f a i l e d  t o  a l t e r  ICSS re g a rd le s s  o f  th e  e le c tro d e  s i t e .  
Thus r a t s  appear to  be l e s s  s u sc e p ta b le  t o  th e  e f f e c t s  o f  th e s e  
s t r e s s o r s  on ICSS th an  m ice. However, th e  p r e s e n t  d a ta  su g g es t 
th a t  p r io r  s e n s i t i z a t i o n  o f  th e  a p p ro p r ia te  neurochem ical system  
w ith  amphetamine p re d isp o s e s  r a t s  t o  th e  shock -induced  a l t e r a t i o n s  
in  ICSS.

398.10 MEASUREMENT OF ECCRINE SWEAT IN UNANESTHETIZED RATS. J .F .  Ross* 
and E.A. NEWMANN* (SPON: WM. C. DEGROAT) P ro c te r  and Gamble Co., 
Miami V alley  Labs, C in c in n a t i ,  OH 45247.

Reported m ethods (se e  below) fo r  a s s e s s in g  e c c r in e  ( s t r e s s  
r e l a te d )  sw eating  in  r a t s  a r e  d i f f i c u l t  to  perform  and to  
i n t e r p r e t  because they  re q u i r e  a n e s th e s ia /s u rg e ry  an d /o r 
c h e m ic a l /e le c t r ic a l  s t im u la t io n  to  induc e/m easure sw eating . We 
r e p o r t  h e re  a sim ple method fo r  inducing  and m easuring sw eating  
in  co n sc io u s  r a t s  w ith o u t pharm acologic p re tre a tm e n t. Both h in d - 
f e e t  of a d u l t  Sprague-Dawley r a t s  were p laced  in to  p l a s t i c  
"b o o ts " , and sweat from th e  p la n ta r  f o o t  pads c o l le c te d  on f i l t e r  
paper l i n e r s  du rin g  45 min of r e s t r a i n t  s t r e s s  in  a F is h e r  roden t 
r e s t r a in in g  d ev ic e . Sweat on l i n e r s  was weighed to  n e a re s t  0 .1  
mg, and th e  mean o f bo th  f e e t  used to  c a lc u la te  group (g e n e ra lly  
N=8) x ̄ + SD. E le c t ro ly te s  were e x tra c te d  from boo t l i n e r s  in  0 .5  
ml hot d e io n iz e d , d i s t i l l e d  w ate r and measured by atom ic ab so rp 
t io n  sp ec tro sco p y  (Na+) or flam e photom etry (K+) .

B ase lin e  sweat v a lu e s  f o r  c o n tro l  male r a t s  (350-450 gm) from 
d i f f e r e n t  c o n tro l  experim en ts were 8 .0  mg compared w ith  5 .2  mg 
from fem ales (250-300 gm). Average c o e f f i c ie n t  of v a r i a t i o n  was. 

25. These d a ta  compare w ith  p re d ic te d  v a lu e s  f o r  maximum 
(ch em ica lly  induced) sweat of 5-8 mg/paw-hr c a lc u la te d  from in -  
v i t r o  s tu d ie s  o f s in g le  sweat g lands  (2 .8  n l /g la n d -h r  × 2500 
gl ands/paw ) o r d i r e c t  measurement o f sweat w t. (5 mg/40 min) 
o b ta in ed  in  a n e s th e tiz e d  r a t s  by p ip e t t in g  sweat d rops  from f e e t  
coa ted  w ith  m in e ra l o i l  (S ato  & S a to , J .  P h y s io l . :  274, 37-50, 
1978; Q u a tra le  & Laden, J .  I n v e s t .  D erm ato l.: 51, 502-4, 1968). 
E s tim a te s  (x ̄ + SE) of Na+ (3 8 .6  + 4 .8  meq/1) and K+ (151 + 14 meq/1) 
c o n c e n tra t io n  a ls o  compared w ith  p rev io u s  e s tim a te s  from sweat 
o b ta in ed  by more la b o r io u s  te c h n iq u e s , and t o t a l  K+ c o r re la te d  
w ith  sweat w t. ( r= 0 .8 7 ) . Sweating was n o t s ig n i f i c a n t ly  a f fe c te d  
(4 .7 +0.8  v s . 5 .3+1 .0  mg) by d ra m a tic a lly  in c re a s in g  environm ental 
te m p era tu re  (2 3 .3 °  v s .  37.7°C) su g g es tin g  th a t  sw eating  was 
s t r e s s - r e l a t e d  and n o t th e rm o reg u la to ry . Sw eating d id  n o t 
h a b i tu a te  d u rin g  fo u r re p e a te d  t e s t s ,  su g g es tin g  th a t  th e  
r e s t r a i n t  p rocedu re  i s  p sy c h o lo g ic a l ly  s t r e s s f u l  and may e l i c i t  
maximal sweat r a t e s .  As expec ted , scopolam ine HBr (0 .0 0 8 -0 .5  
mg/kg SQ) reduced sw eating  by up to  65%. However, p ilo c a rp in e  
(1 .0 , 1 0 .0  mg/kg SQ) f a i l e d  to  in c re a s e  sw e a tin g , a g a in  su g g e s t
ing th a t  sw eating  was a lre a d y  maximal.

T h is model o f f e r s  s ig n i f i c a n t  advan tages  ( i . e . ,  te c h n ic a l ly  
s im p le , con sc io u s  r a t s ,  e l im in a te  need fo r  e l e c tr i c a l /c h e m ic a l  
s t im u la t io n )  r e l a t i v e  to  p rev io u s  te c h n iq u e s , bu t f u r th e r  
m o d if ic a tio n s  may be re q u ire d  to  red u ce  b a s e l in e  sweat r a t e s  so 
th a t  p rocedu re s  w hich in c re a s e  sw eating  can be ev a lu a te d .
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398.11 EMOTIONAL RESPONSIVITY AND PAIN PERCEPTION IN RATS WITH 
AMYGDALOID LESIONS. C.V. Grijalva, E.D. Levin, M.M. Morgan, and 
B. Roland. Department of Psychology and Brain Research Institute, 
UCLA, Los Angeles, CA 90024.

It recently has been proposed that the medial amygdala participates 
in an ancillary pain system while the lateral region functions as an 
inhibitory area during stressful experiences. In support of this 
hypothesis, it was demonstrated that the severity of stress-induced 
gastric pathology can be attenuated or increased by either lesions of 
the medial or lateral amygdala, respectively (Henke, Neurosci. Biobehav. 
Rev. 6; 381, 1982).

To further examine the role of the amygdala in emotional behavior 
and pain perception, two experiments were conducted in a group of 
control male albino rats (N = 8) or groups with either medial (N = 7) or 
lateral (N = 8) amygdaloid lesions. In the first experiment rats were 
tested for exploratory locomotion in an unbaited elevated 8-arm radial 
maze. The arms were each 10 cm wide and 80 cm long and had no sides. 
The propensity of rats to journey down arms of an elevated maze 
without walls has been used as a measure of anxiety (Pellow, et al.J.  
Neurosci. Methods 14; 149, 1985). Three preoperative sessions were 
conducted by permitting animals to freely explore until they had 
entered all eight arms, slipped off the maze or five minutes had 
elapsed. Choice behavior was measured as the number of arms entered 
until the first time an arm was re-entered (entries to repeat). Response 
speed was measures as the number of seconds taken for each arm entry 
(sec/entry). Three weeks after the lesions, rats were tested for two 
sessions on the maze. The medial group made choices at a faster rate 
than controls while the lateral group made choices at a slower rate. In 
the orthogonal contrasts for the sec/entry measure, the comparison of 
the controls (28.7 +5.0) vs the lesioned groups was not significant, but 
the comparison of the lateral (113.1+30.3) vs the medial group 
(79.0+24.8) was significant (p<.025). Rats in the lateral group did not 
make enough choices to calculate entries to repeat. The control group 
did not significantly change from pretest to postest, while the medial 
group showed a mariginally significant increase in entries to repeat 
(3.1+0.3 to 4.2+.3, p<.051).

In a second experiment rats were subjected to two measures of pain 
sensitivity; (1) tail-flick test to assess nociception as measured by a 
spinal reflex or (2) hot-plate test as a measure of a supraspinal 
response. No significant differences were found between groups.

Although no differences were found between groups on the tests 
for pain perception, the differences in maze performance suggest that 
the lateral and medial amygdaloid area may play reciprocal roles in 
stress perception. The hesitancy of rats in the lateral group in making 
arm entries suggested that they were more intimidated by the maze, 
whereas the faster rates of arm entries and increased number of entries 
into novel arms by the medial group may indicate that these animals are 
less anxious or intimidated.

398.12 MODIFICATION OF BIOCHEMICAL AND NEUROENDOCRINE EFFECTS OF 
PHYSOSTIGMINE IN RATS BY ALTERATIONS IN ENVIRONMENTAL 
TEMPERATURE. D.R _ Kinney.  M.B. N ichols and R.P. M aiokel. 
D ep t. o f  P h arm a co lo g y  & T o x ic o lo g y , S ch o o l o f  P harm acy  & 
Pharm acal S c ien ces , Purdue Univ., West L a fa y e tte , IN 47907.

A p r e v io u s  r e p o r t  from  t h i s  l a b o r a to r y  (N ic h o ls ,  M.B., e t  a l ., 
The P h a rm a c o lo g is t ,  1986, in  p r e s s )  h a s  p r e s e n te d  d a t a  on th e  
t im e  c o u rs e  o f  e f f e c t s  o f  s i n g l e  d o s e s  o f  p h y s o s t ig m in e  (0 .2 5 , 
0 .5 0 ,  0 .7 5  m g /k g , s .o . )  on a n u m b e r o f  b i o c h e m i c a l  and  
n e u ro e n d o c r in e  p a r a m e te r s  o f  a d u l t ,  m ale  S p rag u e-D aw ley  r a t s  
m ain ta ined  a t  an en v ironm en ta l te m p era tu re  o f  23°C. The p re s e n t 
paper ex tends  th e se  s tu d ie s  to  s im i la r  dosage in  r a t s  m ain ta ined  
a t  e n v i ro n m e n ta l  te m p e r a tu r e s  o f  16°C and 4°C. G roups o f  4-6 
r a t s  were dosed w ith  v e h ic le  ( d i s t i l l e d  w ate r) o r  physostigm ine  
and d e c a p i t a t e d  a t  t im e  p o in t s  r a n g in g  from  0.5 h r  t o  96 h r s  
p o s t -d o s a g e .  Body te m p e r a tu r e s  w ere m easu red  by r e c t a l  p ro b e  
j u s t  p r i o r  t p  d o sag e  and a g a in  j u s t  p r i o r  t o  d e c a p i t a t i o n .  The 
m agnitude o f  p hysostigm ine-induced  hypotherm ia was g r e a t e r  a t  th e  
lo w e r  e n v i ro n m e n ta l  te m p e r a tu r e s ,  a l th o u g h  th e  d u r a t io n  o f  
hypotherm ic a c t io n  o f  th e  drug was pro longed on ly  a t  th e  h ig h e s t 
d o se . The e f f e c t s  o f  th e  d ru g  d o sag e  on p la sm a  c o r t i c o s t e r o n e  
were a l s o  m od ified , s in c e  th e  low er env ironm en ta l te m p era tu re s  
p e r  s e  a c te d  a s  s t r e s s f u l  s t i m u l i  o v e r  th e  f i r s t  2 h o u rs  o f  
exposure. The g r e a t e s t  AUC d i f f e r e r t i a l  betw een physostigm ine- 
dosed and v e h ic le - t r e a te d  r a t s  was seen  a t  th e  in te rm e d ia te  dose 
(0 .5 0  m g /k g ) o f  t h e  d ru g  i n  r a t s  a t  a 4°C e n v i r o n m e n t a l  
t e m p e r a tu r e ,  in  c o n t r a s t  t o  th e  r e s u l t s  a t  23°C w h ich  showed a 
v i r t u a l l y  l i n e a r  d o s e - e f f e c t  r e l a t i o n s h i p .  P la sm a  f a t t y  a c id s  
o v e r  th e  f i r s t  2 h o u rs  o f  e x p o s u re  had som ew hat o f  an i n v e r s e  
d o s e - e f f e c t  r e l a t i o n s h i p  in  r a t s  a t  b o th  th e  23°C and 4°C 
e n v i ro n m e n ta l  te m p e r a t u r e s ,  w ith  th e  o v e r a l l  e f f e c t s  b e in g  
g r e a t e s t  a t  th e  h ig h e s t  e n v iro n m e n ta l  t e m p e r a tu r e .  P lasm a 
g l u c o s e  l e v e l  d o s e - e f f e c t  r e l a t i o n s h i p s  i n  r e s p o n s e  t o  
p h y s o s t ig m in e  w ere  n o t  s i g n i f i c a n t l y  a l t e r e d  by  v a r y i n g  
env ironm en ta l te m p era tu re s . Thus, th e  e f f e c t s  o f  physostigm ine , 
a s h o r t - a c t in g  r e v e r s ib le  in h i b i to r  o f  a c e ty lc h o lin e s te r a s e ,  a re  
r e f l e c t e d  in  : ( I )  an  h y p o th e rm ia  w h ich  i s  r e l a t e d  t o  th e  
env ironm en ta l te m p e ra tu re , ( I I )  s t im u la t io n  o f  th e  hypothalam us- 
p i t u i ta r y - a d r e n o c o r t ic a l  a x is  which i s  a d d i t iv e  to  t h a t  produced 
by low ered  env iro n m en ta l te m p e ra tu re , ( I I I )  e le v a tio n  o f p lasm a 
g lu co se  le v e ls  caused by ad ren a l m edu lla ry  d isc h a rg e , and (IV) 
an  in v e r s e  d o s e - e f f e c t  r e l a t i o n s h i p  in  te rm s  o f  p la sm a  f a t t y  
a c id s . (S upported by USAMRDC c o n tra c t  DAMD 17-85-C-5099-)

398.13 EFFECT OF ETHANOL ON HEART RATE, ECG AND BLOOD PRESSURE 
IN ANESTHETIZED AND STRESSED AND NONSTRESSED CONSCIOUS 
MALE RATS. M. Gra f fy  S p a rro w * , H. Roqqen d o r f * , and  W.H. 
V o g e l , (S pon ; T .A . H a r e ) ,  D e p t . o f  P h a rm a c o lo g y , Thomas 
J e f f e r s o n  U n i v e r s i t y ,  P h i l a d e l p h i a ,  PA 19107 .

The i n f l u e n c e  o f  e th a n o l  on th e  c a r d i o v a s c u l a r  s y s te m  
w as s t u d i e d  in  a n e s t h e t i z e d  and c o n s c io u s  n o n s t r e s s e d  
r a t s .  In  a n e s t h e t i z e d  a n im a ls  (k e ta m in e /a c e p ro m a z in e  o r  
p e n t o b a r b i t a l ) , e th a n o l  showed no e f f e c t  on h e a r t  r a t e  
o r  ECG. In  c o n s c io u s  n o n s t r e s s e d  r a t s ,  m o d e ra te  d o s e s  
o f  e th a n o l  ( 1 g /k g ,  ip )  i n c r e a s e d  h e a r t  r a t e  s i g n i f i 
c a n t l y  (3 4 5 +9 v s .  461+38 b p m ). The i n c r e a s e  was u n 
a f f e c t e d  by  a t r o p i n e  p r e t r e a tm e n t  b u t  was re d u c e d  by 
p r o p r a n o lo l  and  r e s e r p i n e .  T h u s , e th a n o l - in d u c e d  
t a c h y c a r d i a  i s  a p p a r e n t ly  due  t o  d i r e c t  s t i m u l a t i o n  o f  
t h e  s y m p a th e t ic  n e rv o u s  s u p p ly  t o  t h e  h e a r t .  B lood  
p r e s s u r e  was o n ly  s l i g h t l y  re d u c e d  by e th a n o l  (1 1 8 +3 v s .  
110+2 nun H g ) . I m m o b i l iz a t io n  c a u s e d  b e h a v i o r a l  e x c i t a 
t i o n ,  m arked  t a c h y c a r d i a  (3 2 7 +12 v s .  506+8 bpm) and i n 
c r e a s e d  b lo o d  p r e s s u r e  (1 1 7 +4 v s .  13 5 +5 mm H g ). E th a -  
n o l - p r e t r e a t e d  r a t s  w e re  c o n s id e r a b ly  c a lm e r  d u r in g  th e  
s t r e s s  p e r i o d ,  and  th e  s t r e s s - i n d u c e d  r i s e  in  b lo o d  
p r e s s u r e  was a n ta g o n iz e d  by  e th a n o l  (1 2 1 +3 v s .  128+3 
mm H g ) . H ow ever, i n c r e a s e s  in  h e a r t  r a t e  d u r in g  th e  
30 m in im m o b i l iz a t io n  p e r io d  w ere  u n ch an g ed  by  e th a n o l  
p r e t r e a t m e n t  (3 4 2 +28 v s .  49 9 +27 bpm ). No m a jo r  c h an g e s  
i n  ECG w ere  n o te d  d u r in g  th e s e  s t u d i e s .  T hese  d a ta  
d e m o n s t r a te  t h e  d i f f e r e n t i a l  e f f e c t s  o f  e th a n o l  in  
a n e s t h e t i z e d  and c o n s c io u s  r a t s ,  i n  th e  a b se n c e  o r  
p r e s e n c e  o f  a  s t r e s s o r .

S u p p o r te d  by G ra n t AA06017 from  th e  D ep a r tm e n t o f  
H e a l th  and  Human S e r v i c e s .

398.14 THE EFFECT OF ALCOHOL ON PLASMA CATECHOLAMINE STRESS 
RESPONSES IN THE SAME INDIVIDUAL MALE AND FEMALE RATS; A 
CORRELATION STUDY. G.T. L iv e z e y , N. B a la b k in s ,  and  W.H. 
V o g e l, D ep t. P h a rm a c o lo g y , Thomas J e f f e r s o n  U n iv e r s i t y ,  
P h i la d e lp h ia ,  PA 19107

I n d i v i d u a l  m a le  and  fe m a le  S p rag u e -D aw ley  r a t s  w ere  
im p la n te d  w i th  in d w e l l i n g  ju g u l a r  c a t h e t e r s ,  a l lo w e d  t o  
r e c o v e r ,  and  s u b je c t e d  t o  r e s t r a i n t  s t r e s s  b o th  w i th  and 
w i th o u t  p r e t r e a t m e n t  w i th  l g /k g  a lc o h o l  ( i . p . ,  20% w /v  in  
w a te r ) . P lasm a n o re p in e p h rin e  (NE) and ep in e p h rin e  (E) w ere 
d e te rm in ed  p r i o r  to  r e s t r a i n t  (b a s e lin e , t im e  0) and a t  5, 
15 and 30 m in u te s  a f t e r  t h e  o n s e t  o f  im m o b i l i z a t io n .  The 
a r e a  u n d e r  t h e  s t r e s s  re s p o n s e  c u rv e  (AUC) w as c a l c u l a t e d  
f o r  e a c h  c a te c h o la m in e  in  e a c h  i n d i v i d u a l  b o th  w i th  and 
w ith o u t e th a n o l.

G re a t  i n d i v i d u a l  and  s e x - d e p e n d e n t  d i f f e r e n c e s  w ere  
n o ted . Fem ales d is p la y e d  g r e a te r  p lasm a re sp o n se  le v e l s  and 
i n t e r i n d i v i d u a l  v a r i a b i l i t y  (NE m ore th a n  E ), a s  w e l l  a s  
r e l a t i v e l y  d e lay ed  re sp o n se  peak s , w ith  o r  w ith o u t a lc o h o l,  
when compared to  m ales.

In  g e n e ra l ,  a lc o h o l p re tre a tm e n t  r e s u l te d  in  s ig n i f i c a n t  
in c re a s e s  in  th e  b a s e l in e  le v e l s  and d e c re a s e s  in  th e  t o t a l  
s t r e s s  r e s p o n s e  o f  b o th  c a t e c h o la m in e s .  The i n c r e a s e s  in  
b a s e l in e s  d id  n o t s ig n i f i c a n t l y  c o n t r ib u te  t o  th e  d e c rea s e s  
in  th e  t o t a l  re sp o n se s . A lcohol p re tre a tm e n t  a ls o  r e s u l te d  
in  a r e d i s t r i b u t i o n  o f  th e  re sp o n se s  (d e lay  o f th e  peak) in  
many a n im a ls , p a r t i c u l a r l y  among th e  fem a le s .

W ithou t a lc o h o l ,  th e  s in g le  t im e  p o in t  m ost p r e d ic t iv e  
o f  t h e  e n t i r e  r e s p o n s e  (AUC) w as a t  5 m in u te s .  F o l lo w in g  
a lc o h o l,  t h i s  p r e d ic t iv e  v a lu e  was found a t  l a t e r  t im e s  (15 
o r  30 m in u te s ).

Among th e  more s i g n i f i c a n t  c o r r e la t io n s  n o ted , we found 
t h a t  th o s e  an im a ls  d is p la y in g  th e  h ig h e s t  s t r e s s  re sp o n se s  
w ith o u t a lc o h o l a ls o  d is p la y e d  th e  g r e a t e s t  s t r e s s  re sp o n se  
r e d u c in g  e f f e c t s  o f  a lc o h o l .  T hus, o u r  d a t a  s u p p o r t  th e  
" te n s i o n  r e d u c t io n  h y p o th e s i s "  o f  a lc o h o l  consum ption (H. 
C a p e l l  and  P. H erm an, Q .J. S tu d . A lco h . 3 3 :3 3 -6 4 , 19 7 2 ), 
and a ls o  p la c e s  th o s e  in d iv id u a ls  w ith  th e  h ig h e s t  s t r e s s  
r e s p o n s e s  a t  g r e a t e s t  r i s k  o f  in c r e a s e d  u s e  and a b u se  o f  
a l c o h o l ,  s i n c e  th e y  w i l l  d e r iv e  t h e  m o s t " b e n e f i t "  from  
a lc o h o l 's  s t r e s s  re sp o n se  re d u c tio n  e f f e c t .

S u p p o r te d  by  G ra n t AA06017 fro m  t h e  D e p a r tm e n t o f  H e a l th  
and Human S e rv ic e s
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398.15 ADRENAL RELEASE OF MET-ENKEPHALIN AND OTHER NEUROPEPTIDES DURING 
HYPOTENSIVE HEMORRHAGE IN HALOTHANE ANESTHETIZED CATS. D. Gaumann* 
T. Yaksh*, D. Roddy*, S. Michener*, D. Nelson* and D. Lucas* (SPON: 
J . Daube). Crit . Care Ser., Dept. of Anesthesiol. and Med.; Dept. 
of Neurosurg. Res.; and GI Hormone Research Laboratory, Mayo 
Clinic, Rochester, MN 55905.

Hypotensive hemorrhage (HTH), a strong activator of the 
sympatho-adrenal axis, was induced in cats, to evaluate the adrenal 
outflow of different neuropeptides: met-enkephalin (ENK), neuro
tensin (NT), neuropeptide Y (NPY), vasoactive intestinal  polypep
t ide (VIP) and cholecystokinin (CCK).

Two groups of cats (group I, n=4, HTH; group II ,  n=4, paral le l ,  
non-bled control) were studied under halothane anesthesia (0.8 
vol%). 1 hr after cannulation of the femoral artery (A), femoral 
vein (V) and adrenal vein (Ad), baseline samples for ENK, NT, NPY, 
VIP and CCK were taken. 1 hr la ter ,  following induction of HTH in 
group I, samples were repeated at the three collection s i tes .  All 
neuropeptides were detected by selective radioimmunoassays. Except 
for NPY, that showed higher adrenal than venous and ar terial 
levels, the plasma baseline levels for the different neuropeptides 
were practically the same at all collection s i te s .  HTH (34% blood 
loss, MABP 46 mm Hg) led to a marked increase of ENK, NT and NPY in 
the Ad, and of VIP in the V. The percent increase of ENK was 
highest (Fig. 1). No changes were observed in the control group 
(MABP 118 mm Hg) at any time point. Based on AV differences, NPY, 
ENK and NT are secreted by the adrenal; and HTH evokes their 
release in a differential way. In contrast , VIP is secreted by 
extra-adrenal sources which are also activated by HTH, plasma CCK 
is not modulated by HTH.

Baseline Neuropeptide Levels (pg/ml + SEM) in Cats (n = 8)
Source CCK VIP NPY NT ENK

Ad 23.5+7.4 34. 5+5.0 1405+T14 35.5+6.4 52.5+7.6
V 22.5+2.1 34.8+5.9 985+60 30.5+5.6 39.9+7.0
A 23.3+2.5 36.1+5.9 987+43 34.4+6.3 38.0+5.5

Figure 1. % increase of baseline 
values of CCK, VIP, NPY, NT and 
ENK in Ad, V, A during HTH ( □ ) .  
Black bars ( ■ )  represent control 
animals which were not subjected 
to hemorrhage.

(Supp. by NS16541, TY; Burroughs Wellcome Res. Fellow for 1986, DG)

398.16 THE B-ENDORPHIN AND MONOAMINERGIC RESPONSE TO STRESS IN THE 
DEVELOPING RAT PUP. L .J .  Iny* , D.H. A itken* , C. G ian o u lak is* , 
R. Palmour and M .J. Meaney. Douglas H o sp ita l R esearch C en tre  
and D ep t. o f P sy c h ia try , M cGill U n iv ., M ontria l H4H 1R3 Canada.

A part from th e  h y p o th a la m ic -p itu ita ry -a d re n a l (HPA) system , 
l i t t l e  i s  known abou t th e  response  to  s t r e s s  in  th e  deve lop ing  
an im al. During th e  f i r s t  two weeks of l i f e  in  th e  r a t ,  pups 
e x h ib i t  a c o n s id e ra b ly  dampened HPA response  to  a v a r ie ty  of 
s t r e s s o r s ,  as in d ic a te d  by reduced le v e ls  of both c o r t ic o s te ro n e  
and a d re n o c o r tic o tro p in . This p e rio d  of HPA q u iesence  has been 
r e f e r r e d  to  as th e  « s tr e s s  hyporesponsive  p e r io d » , and may be 
co n s id e red  as an a d a p tiv e  response  to  th e  m etabo lic  needs of th e  
deve lop ing  an im al, thus  p ro te c tin g  i t  a g a in s t exposure to  th e  
c a ta b o lic  g lu c o c o r t ic o id s .

In  o rd e r  to  examine th e  g e n e ra l i ty  o f th i s  phenomenon, we have 
compared th e  s t r e s s  response  in  o th e r  neu roendocrine  system s of 
Long-Evans r a t s  3 , 7, 14, 21, and 35 days of age w ith  th a t  of 
a d u l t  an im a ls . C on tro l an im als were q u ic k ly  removed from th e i r  
home cages and s a c r i f i c e d .  S tre s se d  anim als were removed from 
th e i r  home cages and e i t h e r  exposed to  e th e r  fumes fo r  2 m inu tes , 
fo llow ed  3 m inutes l a t e r  by d e c a p i ta t io n ,  o r handled  by th e  
expe rim en ter fo r  5 m inutes fo llow ed  by d e c a p ita t io n .  Follow ing 
d e c a p i ta t io n ,  tru n k  blood was c o l le c te d  and th e  b ra in s  were 
q u ic k ly  removed and p laced  on dry  i c e .  A ll samples were s to re d  a t  
-70°C u n t i l  a s say ed .

Plasma B -endorphin (u n e x tra c te d )  and c o r t ic o s te ro n e  le v e ls  were 
determ ined  by radioim m unoassay. At each age s tu d ie d , bo th  e th e r  
and h a n d lin g  s t r e s s  r e s u l te d  in  s ig n i f i c a n t  ( p < .0 5 )  e le v a tio n s  
of B -endo rph in -l ik e  im m unoreactiv ity  (B-EPLIR) compared to  
c o n t r o ls .  M oreover, b a s a l B-EPLIR le v e ls  were h ig h e r  ( p < .0 1 )  in  
anim als 3 , 7 , and 14 days o f age than  in  a d u l ts .  In  c o n t r a s t ,  
b a s a l c o r t ic o s te ro n e  t i t e r s  were low du ring  th e  f i r s t  two weeks 
of l i f e ,  and n o t u n t i l  th e  second to  th i r d  week was th e re  
ev idence fo r  a s tr e s s - in d u c e d  in c re a s e  in  HPA a c t i v i t y .  These 
d a ta  suggest th a t  a d re n o c o r tic o tro p in  and B-endorphin s e c re t io n  
under bo th  r e s t in g  and s t r e s s  c o n d itio n s  d i f f e r  in  th e  develop ing  
an im a l.

M onoaminergic a c t i v i t y  was ana lyzed  in  m ic ro d is sec ted  b ra in  
reg io n s  u s in g  h ig h -p re s s u re  l iq u id  chrom atography w ith  
e lec tro c h e m ic a l d e te c t io n .  The r e s u l t s ,  th u s f a r ,  re v e a l a 
p a t te r n  th a t  i s  s t r ik i n g ly  s im i la r  to  th a t  seen  in  th e  HPA system . 
Thus, f o r  exam ple, s e ro to n in  le v e ls  in  th e  f r o n ta l  c o r te x  a re  
low d u ring  th e  f i r s t  two weeks o f l i f e ,  and n o t u n t i l  Day 21 is  
th e re  ev idence fo r  a s e ro to n in e rg ic  response  to  s t r e s s  in  th i s  
re g io n .

These r e s u l t s  in d ic a te  th a t  th e re  i s  c o n s id e ra b le  v a r i a t i o n  in  
th e  m a tu ra tio n  of th e  s t r e s s  response  ac ro ss  neu roendocrine  
sy stem s .

398.17 LOnG- teRM EFFECTS OF EXPOSURE TO MAGNETIC RESONANCE IMAGING: NO 
SIGNIFICANT CHANGES IN SURVIVABILITY, BODY GROWTH, ORGAN WEIGHTS 
AND STRESS RELATED HORMONE LEVELS IN MALE RATS. F .S . P ra to * , 
G.C. T eskey, K .-P . Ossenkopp, N.K. In n is * , and P. H arris*  (SPON: 
F .S . Tepperm an). Research I n s t i t u t e ,  S t.  J o se p h 's  H o sp ita l and 
Departm ent o f  Psychology, U n iv e rs ity  o f W estern O n ta r io , London, 
Canada N6A 5C2.

Although exposure to  a v a r i e ty  o f m agnetic f i e l d  c o n d itio n s  
h as  been shown to  in f lu e n c e  a number o f b io lo g ic a l  sy stem s, th e  
lo n g -te rm  e f f e c t s  o f such exposure have re c e iv e d  minimal 
ex p e rim en ta l exam ination . N uclear M agnetic Resonance Imaging 
(MRI) i s  a pow erfu l n on invasive  d ia g n o s t ic  p rocedu re  t h a t  i s  
grow ing in  p o p u la r i ty .  A lthough a number o f la b o ra to ry  s tu d ie s  
have found no im mediate adverse  e f f e c t s  o f ac u te  exposure to  th e  
m agnetic  and rad io -fre q u e n c y  f i e ld s  a s s o c ia te d  w ith  MRI, th e  
p o s s i b i l i t y  t h a t  lo n g -te rm  e f f e c t s  m ight occur h as  n o t been 
examined in  anim al m odels.

The p re s e n t  study  examined th e  e f f e c t s  o f re p e a te d  ac u te  
exposure to  MRI on th e  s u r v iv a b i l i t y  and s t r e s s  r e l a te d  
p h y sio logy  in  151 Long-Evans male r a t s .  S u b jec ts  in  th e  
ex p e rim en ta l group were exposed d a i ly  to  th e  MRI p ro ced u re  fo r  
23 .2  m inu tes on f iv e  su c c e ss iv e  days (Treatm ent 1) o r  on 
tw en ty -one su c c e ss iv e  days (Treatm ent 2 ) . Sham exposed anim als 
re c e iv e d  id e n t ic a l  t re a tm e n ts  ex c ep t t h a t  th e  m agnetic  and 
ra d io -fre q u e n c y  f i e ld s  a s s o c ia te d  w ith  MRI were n o t p r e s e n t .  A 
group o f u n tre a te d  c o n tro l  r a t s  was a ls o  m ain ta in ed  in  th e  
anim al co lony . A f te r  13 to  22 months p o s t-ex p o su re  th e  
s u rv iv in g  anim als (n = 120) were eu th an ize d  and t h e i r  whole 
body, s p le e n , h e a r t ,  thym us, and a d re n a l w eigh ts  were o b ta in e d . 
Blood sam ples were tak en  fo r  assay  o f a d r e n o c o r tic o tro p ic  
hormone (ACTH) and c o r t ic o s te ro n e  l e v e l s .  Red and w h ite  b lood  
c e l l  coun ts  and hem oglobin c o n te n t were a ls o  reco rd e d . 
S t a t i s t i c a l  a n a ly s is  o f th e se  d a ta  f a i l e d  to  p ro v id e  any 
ev idence  fo r  changes in  s u r v iv a b i l i t y  and s t r e s s  r e l a te d  
physio lo g y  in  th e  MRI exposed r a t s  r e l a t i v e  to  sham-exposed and 
c o n tro l  an im als. These r e s u l t s  f a i l  to  ch a lle n g e  th e  view th a t  
MRI i s  a s a fe  d ia g n o s t ic  p ro ced u re .

(Supported by a N a tio n a l H ealth  R esearch and Development 
Program g ra n t w ith  F .S . P ra to  as  p r in c ip a l  in v e s t ig a to r )
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399.1 SUPPRESSION OF NOCTURNAL CEREBROSPINAL FLUID MELATONIN BY HIGH 
IRRADIANCES OF BROADBAND AND MONOCHROMATIC LIGHT IN THE 
CYNOMOLOGUS MACAQUE. G.C. B ra in a rd , B.E. N orth rup* , P .L . 
Podolin* and M.D. R o llag * . D epartm ents of N eurology and 
N eurosurgery , J e f f e r s o n ,  Med. C o l.,  P h ila d e lp h ia , PA 19107 and 
D epartm ent of Anatomy, USUHS, B ethesda , MD 20814.

The purpose of the  fo llo w in g  study  was to  develop  a model fo r  
exam ining how p h o tic  in p u t r e g u la te s  neuroendocrine  param ete rs in  
a c o lo r - s ig h te d  anim al s p e c ie s  which i s  p h y lo g e n e tic a lly  c lo se  to  
humans. S p e c i f ic a l ly ,  c e re b ro sp in a l f lu id  (CSF) m e la ton in  co n ten t 
was used as a m arker fo r  neuroendocrine  and c irc a d ia n  
re sp o n s iv en ess  to  p h o tic  s t im u l i .  Four a d u lt male Cynomologus 
macaque monkeys, w eighing 3-4 kg each , were used in  th i s  s tu d y . 
Each anim al was h a b itu a te d  to  a l ig h t :d a r k  cy c le  (L:D 1 4 :1 0 ), 
r o u tin e  h and ling  and s h o r t- te rm  c h a ir  r e s t r a i n t .  For CSF 
sam pling , monkeys under Ketamine a n e s th e s ia  had a c a th e te r  
in s e r te d  by lumbar punctu re  (L4 -5 ) and advanced cephalad  to  
th e  foramen magnum. C a th e te r p o s i t io n  was confirm ed 
r a d io g ra p h ic a l ly .  Animals were then  p laced  in  a p rim ate  c h a ir  and 
g iven  f r e e  access to  food and w a te r. CSF was co n tin u o u s ly  
w ithdrawn (1 m l/h r)  by a p e r i s t a l t i c  pump and a u to m a tic a l ly  
c o l le c te d  by a f r a c t io n  c o l le c to r  fo r  48 to  72 h o u rs . M ela tonin  
was q u a n t if ie d  by radioim m unoassay. Normal c i r c a d ia n  rhythm s of 
m e la ton in  p ro d u c tio n  were documented in  each an im al, w ith  peak 
le v e ls  o cc u rr in g  du rin g  th e  n ig h t and low le v e ls  du ring  th e  day 
(B ra in ard  e t  a l . ,  A nat. Rec. 211:25 , 1985). During th e  n ig h t ,  on 
s e p a ra te  o c c a s io n s , in d iv id u a l anim als were exposed to  a one hour 
p u lse  of monochromatic green  l i g h t  ( λ max 500 nm, 102nm h a l f  peak 
bandw idth) a t  i r r a d ia n c e s  of 0 .1 ,  12, 24 o r 60 uW/cm.  The 
monochromatic l i g h t  was produced by a tu n g s ten  bulb  and c o llim a ted  
w ith  condensing le n s e s .  The l i g h t  was f i l t e r e d  w ith  a g la s s  
in f ra re d  f i l t e r ,  a g la s s  narrow  band in te r f e r e n c e  f i l t e r  and g la s s  
n e u t r a l  d e n s ity  f i l t e r s  ( O r ie l ) .  S u rp r is in g ly ,  th e  above 
ir r a d ia n c e s  caused only  30% or le s s  CSF m e la ton in  s u p p re ss io n . To 
a s c e r ta in  i f  h ig h e r  i n t e n s i ty  l i g h t  could produce a g re a te r  
su p p ress io n  o f CSF m e la to n in , 2 of th e  anim als were exposed to  a 
one hou r  p u lse  of broadband w h ite  l i g h t  (app rox im ate ly  2,000 
uW/cm2). The w h ite  l i g h t  was produced by th e  same ap p a ra tu s  
d e sc rib ed  above w ith o u t an in te r f e r e n c e  f i l t e r .  B rig h t w h ite  
l i g h t  suppressed  m e la ton in  by a t  l e a s t  60%. These d a ta  in d ic a te  
th a t  r e l a t i v e ly  h igh  l i g h t  i r r a d ia n c e s  a re  req u ire d  to  p e r tu rb  CSF 
m e la ton in  in  th e  Cynomologus macaque. Since h igh  in t e n s i ty  
l i g h t  i s  req u ire d  to  suppress m ela ton in  in  humans, th e  Cynomologus 
may be a good anim al model fo r  un d ers tan d in g  p h o tic  r e g u la t io n  of 
neuroendocrine  and c irc a d ia n  param ete rs in  humans. Supported by 
th e  L ig h tin g  R esearch I n s t i t u t e ,  The P f e i f e r  F oundation , The L igh t 
R esearch Foundation and USUHS P ro to co ls  R07039 and C07049.

399.2 EEG CHANGES IN CORTEX, AMYGDALA AND HIPPOCAMPUS, DURING LIGHT AND 
DARK, AFTER PINEALECTOMY IN THE RAT. J .H . Peck, G .M ille r* , 
M. D avis* , and L .J .  G ro ta . D ept. of Psychology, I th a c a  C o llege , 
I th a c a ,  NY 14850.

The p in e a l g land has been im p lic a ted  in  a v a r ie ty  d is o rd e rs  in 
c lu d in g  e p i le p s y , p a rk in so n ’s d is e a se  and seaso n a l a f f e c t iv e  d is 
o rd e rs . A number of in v e s t ig a to r s  have shown b e h a v io ra l and EEG 
e f f e c t s  of p inealec tom y fo llow ed by in je c t io n s  of p in e a l concen
t r a t e  o r m e la to n in . Our p a s t work a ttem p ted  to  study  th e se  f in d 
in g s  by u s in g  an an tibody  to  m e la to n in . U n fo rtu n a te ly , c o n tro l 
problems p reven ted  a c l e a r  in t e r p r e ta t io n  o f th e  d a ta . This study 
was an a ttem p t to  r e p l ic a t e  and extend s tu d ie s  which showed a 
r e la t io n s h ip  between p inealec tom y and b ra in  a c t i v i t y .

Male C harles R iver r a t s  (CD) 90-120 days o ld  were e i th e r  p in e -  
a lec tom ized  o r sham o p era ted  u s ing  a s u c tio n  te ch n iq u e . One p a i r  
of s t a i n le s s  s t e e l  bone screw s served  as  c o r t i c a l  e le c tro d e s  on 
each hem isphere. Depth e le c tro d e s  were a lso  im planted  in  th e  
amygdala and hippocampus c o n t r a la t e r a l  to  each o th e r .  The r a t s  
recovered  fo r  1 week and EEG was recorded  d u ring  th e  l i g h t  and 
dark  phases of t h e i r  d a i ly  c y c le . No e f f o r t s  were made to  p reven t 
th e  r a t s  from s le e p in g  and hence g en e ra tin g  low frequency high 
v o lta g e  o u tb u rs ts  o r " s le e p  s p in d le s ."

R esu lts  showed th a t  low frequency h igh  v o lta g e  o u tb u rs ts  were 
p re se n t in  a l l  reco rd s  excep t th e  sham n ig h t re c o rd s . In th e  sham 
r a t s ,  h igh  v o lta g e  a c t iv i t y  was sim u ltan eo u sly  p re se n t in  both  
c o r te x e s ,  th e  amygdala and hippocampus. In  th e  p inealec tom ized  
r a t s ,  th e  am ygdala, and to  a l e s s e r  e x te n t th e  hippocampus, d id  n o t 
g en e ra te  h igh  v o lta g e  a c t iv i t y  a lo n g .w ith  th e  c o r te x .  R ecordings 
showing th e  range of r e s u l t s  w i l l  be p re se n te d .

399 3 STUDIES OF ARGININE VASOTOCIN IMMUNOACTIVITY IN OVINE PINEAL GLAND 
AND SUBCOMMISSURAL ORGAN. 
M.M. P rech e l* , T.K. Audhya* and W.H. Simmons (Spon: I .  H eld ). 
D ep t. of B iochem istry , Loyola Univ. Med. C t r . ,  Maywood, IL 60153.

The b io lo g ic a l  o r im m unological a c t i v i t y  of a rg in in e  v a so to c in  
has been found in  r a t ,  ham ster (P rech e l e t . a l . ,  J .  P in . Res. 
1 :175 , 84 ), bovine (P av e l, Endocrinology 89 :613, 71) and human 
(G eelan , e t . a l . , P ep tid e s  2 :459 , 81) p in e a l g la n d s , and a ls o  in  
r a b b i t  (Rosenbloom and F is h e r ,  E ndocrinology 96:1038, 75) and bo
v in e  (P av e l, E ndocrinology 89 :613, 71) subcom m issural organs (SCO). 
In  two sp e c ie s  o f la b o ra to ry - r a i s e d  ro d en ts  (P rech e l e t . a l . , J .  
P in . Res. 1 :175 , 84) a rg in in e  v a s o to c in  im m unoactiv ity  (iAVT) ex
h ib i te d  a c irc a n n u a l rhythm w ith  e le v a te d  le v e ls  p re s e n t only  in  
August (P rech e l e t . a l . , E ndocrinology 112:1474, 83 ). The purpose 
o f t h i s  s tudy  was to  look fo r  AVT im m unoactiv ity  in  th e  p in e a l and 
SCO o f sheep , and to  de te rm ine  w hether th e  p in e a l iAVT co n ten t of 
th e se  dom estic  an im als , housed out of d o o rs , a ls o  v a r ie d  du ring  
A ugust.

A ll t i s s u e s  w ere c o l le c te d  from lambs 6-9 months o ld , a t  
C h ia p e tt i  Lamb Packing Co. (C hicago, IL , USA) from Ju ly  to  S ep t. 
1983. P in e a l g lands  w ere d is s e c te d  in to  a n t e r io r  and p o s te r io r  
h a lv e s . Subcomm issural organ sam ples c o n s is te d  of th e  ependymal 
l i n in g  o f th e  ro o f o f th e  c e re b ra l  aqueduct j u s t  caudal to  th e  
p in e a l s t a l k .  T issu es  w ere fro zen  on dry  ic e  w ith in  30 m inutes 
a f t e r  d ea th  o f an im als and th en  s to re d ^ a t  -80°C . The g lands wgre 
l a t e r  w eighed, homogenized in  0 .1  N a c e t ic  ac id  c o n ta in in g  10 M 
p e p s ta t in  (an a c id  p ro te a s e  i n h ib i to r )  and then  h e a t d ena tu red  to  
p r e c i p i t a t e  la rg e  p ro te in s .  S u p ern a tan ts  were assayed fo r  iAVT by 
radioim m unoassay (F ernstrom  e t .  a l . , Endocrinology 106:243, 80).

AVT-immunoactivity was p re s e n t in  a l l  SCO and p in e a l sam ples 
assayed  to  d a te . SCO sam ples con ta in ed  h ig h e r  a c t i v i t y  per mg wet 
w eight o f t i s s u e  than  p in e a l g la n d . While th e re  was no d if f e re n c e  
in  iAVT c o n c e n tra t io n  between a n t e r io r  and p o s te r io r  p in e a l reg io n s  
th e  hormone was d i s t r i b u te d  non-un ifo rm ly  th rough  th e  ependyma 
c o n ta in in g  th e  SCO. L evels of ov ine  p in e a l iAVT in c re a se d  in  mid- 
August and then  d e c lin e d  aga in  by Septem ber; v a lu es  v a r ie d  from 
500 to  4500 pg iA VT/gland. The d i lu t io n  curve of th e  ov ine  p in e a l 
e x t r a c t  d id  no t p a r a l l e l  th e  AVT s tan d a rd  cu rv e .

The r e s u l t s  o f th i s  s tudy  in d ic a te  th a t  AVT an d /o r s im i la r  neuro 
hypophyseal p e p tid e s  a re  p re s e n t in  ov ine  p in e a l g lands and SCO- 
c o n ta in in g  t i s s u e .  A lso , p in e a l p e p tid e  le v e ls  in c re a s e  9 - fo ld  fo r  
a s h o r t  tim e in  A ugust. Thus, th e  August p in e a l iAVT peak seen 
p re v io u s ly  in  la b o ra to ry  r a t s  and ham sters (P rech e l et . a l . ,  J .  P in  
Res. 1 :175 , 84) i s  a lso  c h a r a c t e r i s t i c  o f  sheep , a sh o rt-d a y  b reed 
ing  s p e c ie s ,  m ain ta ined  in  a n a tu r a l  h a b i t a t .

Supported by NIH Grant NS 20252 to  WHS.

399 4 PARAVENTRICULAR CONTROL OF HAMSTER PHOTOPERIODISM: DESCENDING 
PATHWAYS AND RESPONSE TO MELATONIN. E.  L.  B ittm an and M.  N.  Lehman, 
D ept. o f Zoology, U n iv e rs ity  o f M assach u se tts , A m herst, MA. 01003 
and D ep t. of Anatomy and C e ll B io logy , Columbia U n iv e rs ity , New 
York, N.Y. 10032

S hort days a r r e s t  ham ster re p ro d u c tio n  through a mechanism 
which in v o lv es  th e  su p rach iasm atic  n u c le i  (SCN), p a r a v e n tr ic u la r  
n u c le i  (PVN), s u p e r io r  c e rv ic a l  g a n g lia  (SCG) and p in e a l g land . 
P ro je c tio n s  from th e  r e t in a  to  th e  SCN, th e  SCN to  th e  PVN, and th e  
th e  PVN to  th e  in te rm e d io la te r a l  s p in a l  cord a re  b e liev ed  to  
re g u la te  sym pathetic  p re g a n g lio n ic s  which c o n tro l p in e a l m ela ton in  
s e c r e t io n .  To determ ine w hether descending in f lu e n c e s  of th e  PVN 
a re  ex e rted  through a cro ssed  o r uncrossed  pathway, we removed th e  
l e f t  SCG and produced u n i l a t e r a l  PVN le s io n s  on e i th e r  the  l e f t  
(IP S I) o r r ig h t  (CONTRA) s id e .  A f te r  10 weeks o f 10L:14D, t e s t i s  
w eigh ts (TW) were sh a rp ly  reduced in  IPSI ham sters (0 .91+0 .38  g, 
mean+SEM), su g g es tin g  the  pathway i s  a t  l e a s t  p a r t ly  un cro ssed . In  
c o n t r a s t ,  CONTRA le s io n s ,  b i l a t e r a l  PVN d e s t ru c t io n ,  and b i l a t e r a l  
ganglionectom y were com parably e f f e c t iv e  in  b lo ck ing  gonadal 
re g re s s io n  (TW of 2 .89+0 .2 0 , 3 .24+0 .0 7 , and 2 .50+0 .27g , 
r e s p e c t iv e ly ) .  Thus the  pathway i s  p redom inantly  un cro ssed .

We measured p in e a l m e la ton in  c o n ten t in  groups of ham sters 
k i l l e d  a t  4h in t e r v a l s  11 weeks a f t e r  b i l a t e r a l  SCN o r PVN le s io n s  
and t r a n s f e r  to  10L:14D. Low le v e ls  ( l ess  than  150 p g /g land ) were 
found th roughou t th e  day and n ig h t in  both  g roups. Does PVN c o n tro l 
of m e la ton in  rhythms f u l l y  account fo r  i t s  r o le  in  the  
p h o to p e rio d ic  response?  To f in d  o u t, we ch a llen g ed  long day 
ham sters w ith  exogenous m e la ton in  fo r  8 weeks. Three d a i ly  
in j e c t io n s  (25 ug a t  3h in t e r v a l s  beg inn ing  6 .5h  b e fo re  dusk) 
produced gonadal re g re s s io n  d e s p i te  d e s tru c t io n  o f th e  SCN (TW 
0 .99+ .1 8 g ) , PVN (TW 0 .45+ .05g) o r  SCG (TW 0 .49+ .0 5 g ). Thus n e i th e r  
th e  SCN nor th e  PVN p lays  a c r i t i c a l  r o le  as a m e la ton in  t a r g e t .  
Damage to  th e  re tro c h ia s m a tic  a re a , however, p reven ted  gonadal 
resp o n ses  to  3 d a i ly  in je c t io n s  (TW 2.65+ . 45g). T estes  of 
gang lionectom ized  and SCN le s io n e d  ham sters in je c te d  once d a i ly  
w ith  m e la ton in  0 .5h  b efo re  dusk rem ained la rg e  (TW 2.96+ . 19g and 
3 .01+ .2 0 g ) . S u rp r is in g ly ,  gonads of 9 o f 12 PVN le s io n e d  ham sters 
re g re s s e d  com plete ly  in  response  to  such tre a tm e n ts  (group mean TW 
1.13+ .39g v s . 0 .67+ .25g fo r  in t a c t  c o n t r o ls ) .  Thus le s io n s  which 
d is ru p t  m e la ton in  rhythms and re p ro d u c tiv e  pho toperiod ism  a re  not 
e q u iv a le n t in  t h e i r  in f lu e n c e  on resp o n s iv en ess  to  m e la to n in . 
Supported by NIH g ra n ts  NS20279, HD20018, and HD20463.



1486 NEUROENDOCRINE CONTROL: OTHER II THURSDAY PM

399.5 PINEALOCYTE GRANULAR VESICLES IN RATS AND MICE ARE NOT CORRELATED 
WITH SEROTONIN AND MELATONIN LEVELS OVER A LIGHT:DARK CYCLE. 
J.A. McNulty*. L.M. Fox*, S .J. Li sco* (SPON: F. LaVelle). Dept. of 
Anatomy, Loyola Univ. S tritch  School of Med., Maywood, IL 60153.

Granular vesicles (GV) have been implicated in the storage/ 
release of pineal products (e .g .,  indoles and peptldes/proteins). 
In the present'study, we applied quantitative morphological and 
biochemical techniques to the pineal gland of both mice and ra ts  
to determine whether numbers of GV are correlated with physiologic 
changes in Indole compounds over a ligh t:dark  cycle. These 
species were selected because the frequency of GV in plnealocytes 
of the mouse is  several fold greater than in  the r a t .  Male, young 
adult mice (outbred ICR stra in )  and Sprague-Dawley ra ts  were 
sacrificed  a t  m id-light and mid-dark of a 12:12 L:D cycle. Glands 
were processed e ither for routine TEM or frozen for assay of 
indoles by reverse-phase liquid chromatography with electro 
chemical detection as previously described (McNulty J .A ., e t  a l . 
Endocrinology 117: 1035, 1985). Number of GV were counted in 6 
grid sp a c e s(300 mesh) in the d is ta l and proximal th irds of each 
gland. Number of GV/unlt area were divided by mean diameter (=100 
nm) x section thickness (-80 nm) to estimate the volume density of 
GV. These data were m ultiplied by the volume density of 
plnealocytes x to ta l volume of gland (calculated from se ria l thick 
(2um) sections) to estimate to ta l number of GV/gland. The resu lts 
of morphometric and biochemical analyses are presented below: 

GV/gland (×l07) 5HT/gland (ng) Melatonln/gland (ng)
Day 3.90 (+0.3) 95.0 (+4.9) nd

RAT
Night 9.12 (+1.2)* 27.8 (+3.2)* 2.75 (+0.3)*

Day 5.64 (+1.5) 9.01 (+1.3) nd
MOUSE

Night 2.05 (+0.3)* 7.83 (1.09) nd
n = 5-6 for each time point; nd -  not detectable;
* -  p<0.01 compared to davtlme levels . 

The biochemical data indicate that indole levels in the mouse are 
not cyclical over a 24 h photoperiod and we confirm by d irec t 
measurement with HPLC the observation that the pineal gland in 
certa in  s tra in s of mice does not synthesize s ign ifican t amounts of 
melatonin (Ebihara, S. e t a l . ,  Science 231: 491, 1986). The 
l a t te r  finding suggests that GV do not contain melatonin, a t  lea s t 
in the mouse. This corre la tive study further suggests that 
pinealocyte GV do not contain physiologically Important stores of 
5HT since 1) the mouse gland contains the same number of GV as the 
r a t  gland during the daytime, but only 1/10 the levels of 5HT, 2) 
day/night 5HT levels do not vary in the mouse gland, but there is  
a sign ifican t nocturnal decline in GV numbers and 3) 5HT levels in 
the ra t  gland decline a t  night when GV numbers Increase.

399.6 EVIDENCE FOR NEURAL MEDIATION OF VIP ACTIVITY IN THE DOGFISH 
RECTAL GLAND. S. R. Ch ipki n*, J .S . Stoff*, N. Aroni n. Uni v. of 
Massachusetts Medical School, Worcester, MA 01605.

The rectal gland of the spiny dogfish, Squalus acanthias, 
secretes sodium chloride a t a concentration close to  th a t of 
seawater to  maintain sa lt  balance. Vasoactive In testinal peptide 
(VIP) has been shown to  i ncrease chloride secretion i nto ductal 
flu id  by a cyclic AMP-mediated Na+ -K+ ATPase mechanism. 
Immunoreactlve VIP (1 VIP) i s detectable by radioimmunoassay i n the 
venous effluent of the i solated perfused gland. The localization 
of 1 VIP i n the dogfish rectal gland i s not known. We therefore 
studied by i mmunohi stochemi stry  the d istribu tion  of  IVIP at the 
ligh t and electron microscopic level i n th is  model system of i on 
transport.

Rectal glands perfused with e ith er buffered 5% acrolein or 4% 
paraformaldehyde containing 0.1% glutaraldehyde were sectioned (20 
µm) on a vi bratome and processed for i mmunohi stochemi stry  by 
e ither avi di n-bi o tion complex (ABC) or peroxidase anti -peroxidase 
(PAP) methods using VIP anti sqrum at a dilution of 1:800. 
Processed tissues were e ith er mounted with gelatin  for ligh t 
microscopy, or prepared for electron microscopy by treatment with 
2% osmium te tro x i de (1 hr) and uranyl acetate (2 hr) and then 
embedded i n Epon. U ltrathi n sections were cut se ria lly  and 
mounted on formvar-coated s lo t g rids. Specific sta ining was 
detected i n a ll specimens using both fixatives and both 
techniques. The combination of acrolein perfused glands prepared 
by the ABC method yielded the most i mmunoreacti vi ty . 
Preabsorption with VIP antibody (100µg/ml ) resulted i n l oss of 
specific i mmunoreacti vi ty . At the ligh t microscopic level, I VIP 
was observed i n thick fibers which traversed the f i bro-membranous 
capsule of the rectal gland and formed extensive arborizations i n 
the capsule. In the parenchyma of the rectal gland, smaller 
IVIP-contai ni ng fibers were noted within connective tissu e  and i n 
close approximation to  tubule c e lls .  These smaller fibers often 
ended i n bouton term inals. At the u ltra structu ra l lev e l, I VIP 
axons i n the f i bro-membranous capsule were unwye l i nated and 
entered the rectal gland within a connective tissu e  bundle, where 
some I VIP terminals were found. Immunoreactlve fibers tha t 
entered the parenchyma frequently terminated on the basal side of 
tubule c e lls .  There was no evidence of termination on the apical 
side of the tubule. The boutons i n the capsule within the 
connective tissue  bundle and parenchyma contained vesicles of 
d ifferent shape and s ize , with reaction product i n dense core 
vesicles (60-120nM).

These findings suggest tha t the VIP regulation of  chloride 
secretion by the tubule ce ll i n the dogfish rectal gland i s 
neurally mediated. Supported i n part by NIH AM 01126-04, 
2T32AM-07302, AHA81-164, and BRSG from UMMS.

399.7 CENTRAL CHANGES IN NOREPINEPHRINE TURNOVER IN RESPONSE TO 
REDUCED EXTRACELLULAR FLUID VOLUME. L.D. Wilkin. X. Patel*. P. 
Schmid* and A.K, Johnson. Depts. Anatomy, Psychology, 
Pharmacology and In ternal Medicine, Univ. of Iowa, Iowa City,
IA 52242.

Brainstem noradrenergic c e ll  groups partic ipa te  in  the neural 
c ircu itry  serving to relay cardiovascular i nformation to 
preoptic and anterior hypothalamus. Projections from these 
noradrenergic regions to  the basal forebrain areas are thought 
to  be involved in  feedback of blood pressure and blood volume 
information. Pathways have been demonstrated from the Al and 
A2 c e ll  groups to the paraventricular nucleus (PVN), the 
supraoptic nucleus (SON), and the median preopti c nucleus 
(MnPO), regions i nvolved in  control of body flu id  homeostasis. 
Central depletion of catecholamines has been shown to  disrupt 
flu id  balance regulation via impaired drinking responses and 
vasopressin secretion in  response to  systemic challenges. 
However, the- ro le  of noradrenergic inputs to the an terio r 
hypothalamus has remained unclear as in tracerebral in jections 
of noradrenergic agonists have been shown both to  stim ulate and 
to  in h ib it vasopressin secretion. In the present study, the 
ro le  of noradenergi c input to the an terio r hypothalamus was 
studied by examinatipn of norepinephrine turnover during 
reduction of systemic ex tracellu lar flu id  volume.

E xtracellu lar flu id  volume was decreased iso-osmotlcally by 
subcutaneous 5 ml in jections of 30% polyethylene glycol (PEG), 
a concenration known to  increase th i r s t  and vasopressin 
release . NE turnover was assessed by measuring the .decline of 
NE concentration in  brain micropunches four hours a f te r  
adm inistration of 300 mg/Kg α-methyl tyrosine alone or PEG and 
α-methyl tyrosine. Several hypothalamic areas were 
investigated, i ncluding the MnPO, PVN, SON, subfornical organ, 
preoptic area, ventromedial hypothalamus, and posterior 
hypothalamus. Volume depleted animals showed sign ifican tly  
increased NE turnover in  the MnPO, an important area for 
in tegration  of flu id  balance information. The preoptic area 
and the SON showed trends toward increased NE turnover in  these 
animals. All other areas showed no difference in  NE turnover 
between volume depleted and normal animals. These re su lts  are 
consistent with previous findings tha t NE terminals in  the MnPO 
are important in  control of flu id  balance and support the 
hypothesis tha t basal forebrain NE projections fa c i l i ta te  
th i r s t  and vasopressin secretion.

Supported by NIH grants HL-32192, HL-14388 & HL-20768 and by 
the Veterans Administration.

399 8 DIURETIC AND NATRIURETIC PHENOMENA IN THE CONSCIOUS SPINAL RAT 
INDUCED BY EXPERIMENTAL INFUSIONS OF DISTILLED WATER AND ISOTONIC 
GLUCOSE SOLUTIONS INTO THE THIRD CEREBRAL VENTRICLE. A. Guevara- 
Roj as*. M.P. Rosas-Arellano*. B. Barrera-Mera and P. Vergara- 
Aragon*. Depto. de Fisiologi a , Facultad de Medicina, UNAM. Apdo. 
Postal 70250 and Depto. de Neurociencias, In stitu to  de Investiga- 
ciones en Fisiologla Celular, UNAM. México 04510, D. F.

Evidence for a sodium sensor involved in water drinking are in 
-the sense that i t  is  located in close vecinity of the th ird  
cerebral ven tric le . On the other hand, the existance of a sodium 
hypothalamic sensor responsible of the severe reduction of the 
renal excretion of water and sodium in response to intense over 
hydration by stomach tube of female dogs (Guevara-Rojas 1974), has 
also been postulated. In order to explore the role of the central 
nervous system on the neuroendocrine mechanisms controlling the 
ex trace llu la r f lu itis , we studied the modification of sodium and 
water excretion in conscious unrestrined ra ts .  That'response was 
studied under the e ffec ts of the microinjection of d is t i l le d  water 
or isotonic glucose solution (5µl in 10 min.). The cannula (No.21) 
had been ste reo tax ica lly implanted into the th ird  cerebral 
ventricle of the r a ts .  Female Wistar ra ts  were used. A vesical 
poliethylene tube (pp 190) fixed into the bladder of these animals. 
This cannula permitted to  obtain a l l  the urine a t fixed in tervals 
of time. The animals were given free access to water and food 
u n til the begining of the experiment. Then they received by 
stomach tube d is t i l le d  water, isotonic NaCl  solution or 5% NaCl  
solution in a volume equivalent to 3% b.w. The urine was collected 
every 15 min. u n til  i t s  volume showed a defin ite  decreasing 
tendency. D estilled water and isotonic glucose 5% were injected 
into the th ird  ventricle as soon as the d iuresis became increased. 
Shortly a f te r  the hydration with d is t i l le d  water the urinary volume 
progressively increased (0.01-0.19 ml/min.) as c lassica lly  
described by E.B. Verney. A d iscrete n a triu res is  was also noted 30 
min. a f te r  the hydration. And i t  was followed by a clear and 
energic retention o f sodium. As soon as the ventricular perfusion 
sta rted  astrong an tin a triu res is  contrasted with the increased 
output o f water which also followed the ventricular microinjection. 
In order to  suppress any peripheral reflex  influence, a spinal 
cord transection (T8) was performed and the te s ts  repited  one or 
two days la te r .  A delay and decrease in the renal excretion of 
water and sodium from 15 to 60 min. followed to the application of 
d is t i l le d  water in the th ird  cerebral ventricle of the spinal 
preparations.
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3999 EFFECT OF INTRACISTERNAL INJECTION OF-PROSTAGLANDIN E2 (PGE2) AND 
INDOMETHACIN ON GASTRIC SECRETION IN RATS. G. Kauffman*, Y. Tache 
and E. Kolve* (SPON: A. Yuwiler). Milton S. Hershev Medical 
Center, Division of General Surgery, Hershey, Pennsylvania 17033 
and Center for Ulcer Research and Education, VA Medical Center, 
Department of Medicine, UCLA, Los Angeles, CA 90073.

Growing pharmacologic evidence indicates that the central 
nervous system (CNS) regulation of gastric function may involve 
brain neuropeptides as well as PGE2 (Science 222, 935-937, 1983; 
Europ. J. Pharmacol. 91, 245, 1983). We further investigated the 
possible role of prostaglandins in the CNS regulation of gastric 
secretion. In 24 h-fasted rats under urethane anesthesia for the 
duration of the experiment, the pylorus was ligated and a double 
lumen cannula was inserted in the forestomaeh. The in let  and 
outlet of the double cannula was continuously perfused with 3 
ml/min saline solution adjusted to pH 5.5. The perfusate was 
t i t ra te d  with 0.02 M NaOH to the end point of 5.5 using an 
automatic t i t r a to r .  The acid output was recorded every 2 min by 
the use of a zero suppressor adaptor. The low basal acid 
secretion (0.16 + 0.1 µmol/10 min) was stimulated by baclofen (4 
mg/kg s . c . ) .  The peak response of acid (5.62 + 1.06 mol/10 min), 
was observed within 5 8 + 3 min, and maintained at this level for 
90 min in rats injected intracisternally  with saline every 30 min. 
When step doses of PGE2, 1, 3 and 10 µg or 16,16 dimethyl PGE2, 
10, 30 and 100 ng were injected intracisternally  at 30 min 
intervals a dose dependent inhibition of baclofen stimulated 
gastric acid output was observed. Suppression of acid secretion 
was observed within 3.7 + 0.5 min following intracisternal 
injection of PGE2 or the analog. The 10µ g dose of PGE2 given 
in tracisternally  completely suppressed gastric acid secretion and 
infused intravenously had no effect . Intravenous doses of PGE2 
significantly inhibiting baclofen stimulated gastric secretion 
were 30-100 µg. Intracisternal indomethacin (0.5 mg, -1 h) modify 
neither basal nor baclofen stimulated gastric secretion and higher 
doses (0.75- 1 mg) induced acute lung vascular injury and 
le tha l i ty  within 10 min. Intracisternal indomethacin (0.1-0.5 mg) 
induced a dose dependent inhibition of PGE2 generation (ng/g wt 
tissue) in gastric fundus from 285 + 6 (saline group) to 3.9 + 0.5 
(indomethacin, 0.5 mg group) and decreased PGE2 content in the 
cerebrospinal fluid (saline: 3.6 + 0.7; indomethacin 0.2 + 0.1 
ng/ml n=5). These results demonstrated that intracisternal PGE2 
acts centrally to inhibit  baclofen stimulated gastric acid 
secretion. No evidence suggests that  endogenous PG may exert a 
tonic inhibitory effect on gastric secretion.

399 10 BEHAVIORAL AND ENDOCRINE EFFECTS OF INTRATHECAL CAPSAICIN 
IN FEMALE RATS. T.R. Kino*. P.W. Nance and D.M. Nance. Depts. of 
Anatomy and Medicine, Faculty of Medicine, Dalhousie University, Halifax 
N.S. B3H 4H7, Canada.

Neural feedback from the gonads and the reproductive tract is believed to 
play an integral role in normal reproductive function. In order to assess 
the role of primary sensory afferents in endocrine control? the effects of a 
single intrathecal injection of capsaicin into the lumbosacral region on 
estrous cycles, ovarian compensatory hypertrophy, female sexual behavior, 
fertility and pseudopregnancy were tested. The effects of cervical probing 
on lordotic behavior and immobilization were also tested in capsaicin 
treated and control rats. Additionally, the long-term effects of capsaicin 
on noxious heat and pressure stimulation were tested as well as any 
possible interactions with the analgesic effects of cervical probing. 
Neurotoxic effects of the capsaicin were assesed by immunocytochemical 
localization of substance P in the spinal cord of the animals. Ovarian 
function and sexual receptivity were unaltered by intrathecal capsaicin. 
Despite their apparent normal mating behavior, only 13% of the capsaicin 
treated females delivered pups compared to 100% of the control rats. In 
keeping with this, cervical probing or vaginal stimulation was less 
effective in inducing pseudopregnancy in the capsaicin treated rats. As 
measured by the development of a deciduoma by the uterus in response to 
local trauma induced four days following cervical probing at proestrous, 
less than 25% of the capsacin treated ra ts  showed a positive decidual 
response vs 100% of the controls. Consistent with the loss in the 
endocrine response to cervical probing, the facilitation in the lordotic 
response and immobilization typically produced by cervical probing was 
diminished or absent in the capsaicin treated rats. Intrathecal capsaicin 
attenuated responsiveness to noxious heat as shown by near maximal 
tailflick latencies. There were no group differences in response to the 
pressure algometer te s ts  on the hind paws. The analgesic effects of 
cervical probing on the pressure algometer te s ts  were normal in the 
capsacin treated rats. The immunocytochemical results indicated a 
substantial reduction in substance P in the dorsal horns of the capsacin 
treated ra ts , relative to the vehicle injected controls. These results 
indicate that intrathecal capsacin has an effect in adult female ra ts  that is 
specific to the endocrine and behavioral consequences of cervical or vaginal 
stimulation. The long-term analgesic effects of intrathecal capsaicin were 
specific to the tailflick te sts . Whether substance P mediates any of the 
endocrine or behavioral effects of cervical stimulation remains to be 
established. Research supported by MRC of Canada and the Dalhousie 
Medical Research Foundation.

399.11 LONG-TERM DISRUPTION OF HORMONAL RHYTHMS FOLLOWING A 
SINGLE EXPOSURE TO SOMAN. G.J. Kant, T.-M. Shih, J.R. Leu, T_.G . 
Raslear*, V.R. Jimmerson and E.H. Mougey*. Dept of Medical 
Neurosciences, Walter Reed Army Institu te of Research,  Washington DC 
20307 and Basic Pharmacology Branch, US Army Medical Research 
Institute of Chemical D efense, Aberdeen Proving Ground, Maryland 21010.

Exposure to organophosphorus (OP) compounds has been reported to 
cause long-term  physiological and behavioral e ffec ts . Animal studies have 
shown tha t a single exposure to  soman, an OP tha t irreversibly inhibits 
acety lcholinesterase, may produce marked neuronal degeneration. It has 
also been reported th a t a single exposure to  the organophosphate, DFP, 
may disrupt circadian rhythms of eating and m otor ac tiv ity  in rats  for more 
than two weeks. Disruption of behavioral rhythms was observed even a fte r  
the animals had resumed eating normal to ta l amounts of food. These 
studies suggest tha t exposure to  OPs may a ffec t neuronal pathways 
involved in the regulation of biological rhythm s. Since some hormones 
display marked circadian rhythms, the present study was conducted to 
assess the e ffec ts  of a single exposure to  soman on hormonal rhythm s.

Rats were allowed two weeks of acclim atization  to  the animal housing 
facility  and lighting regimen (lights on from 0600 to  1800) prior to  soman 
adm inistration. Rats were injected with 100 ug/kg soman s.c. (0.9 LD50) or 
vehicle and replaced in the ir home cages. Two weeks following soman 
adm inistration , control and som an-treated  ra ts  were killed every tw o hours 
for a 26 hr period. Trunk blood was collected  in heparinized beakers and 
Trasylol was added to  plasma to  inhibit peptidases. Rectal tem pera tu res 
were recorded from each carcass as an additional index of circadian 
rhythm .

Plasma corticosterone , prolactin , and growth hormone were measured 
by radioimm unosassays. Substantial d ifferences in levels of these hormones 
were seen in som an-treated  rats as com pared to Controls. Levels of 
prolactin were suppressed at all tim e points relative to  controls. Growth 
hormone levels were also suppressed in som an-treated  ra ts  a t most tim e 
points. Both co n tro l and som an-treated  rats displayed marked rhythms in 
co rticosterone but the usual la te  afternoon rise in plasma corticosterone 
levels was shifted to  ea rlie r tim e points in the som an-treated  ra ts. In 
addition, afternoon tem peratu res were elevated  in som an-treated  rats  as 
com pared to  controls.

The results of this experim ent dem onstrate th a t a single exposure to 
soman may have long-lasting effec ts  on neuroendocrine function. The 
mechanisms for these effec ts  are not known. However, the observed 
changes in levels of the hormones measured are sim ilar in direction to 
reported e ffec ts  of cholinergic agonists, e.g. i.v .t. adm inistration of 
acetylcholine inhibits prolactin release. Thus the changes seen in the 
present experim ent may reflec t increased cen tra l levels of acetylcholine at 
cen tra l synapses involved in regulation of neuroendocrine function.

399.12 DESCENDING SEROTONERGIC PROJECTION TO THE CAUDAL NEUROSECRETORY 
COMPLEX. S .L . Cohen and R.M. K r ie b e l. D epartm ent o f Anatomy and 
N eurobiology, U n iv e rs ity  o f  Vermont, B u rlin g to n , VT 05405

S evera l b ra in stem  n u c le i  th a t  p ro je c t  to  th e  caudal n eu ro se
c re to ry  complex (CNC) o f  p o e c i l id s  have been id e n t i f i e d  w ith  HRP 
tr a c in g  te ch n iq u e s . Im m unohistochemical s tu d ie s  showed many s e ro to 
n e rg ic  f ib e r s  in  th e  CNC, and th e  red u c tio n  in  f ib e r  number th a t  
fo llow ed t r a n s e c t io n  o f  th e  sp in a l cord in d ic a te d  th a t  th e  o r ig in  
o f  some o f  th e se  f ib e r s  was r o s t r a l  to  th e  CNC. This re p o r t  d e s 
c r ib e s  th e  s p e c i f ic  b ra in s tem  o r ig in  o f  th e  descending s e ro to n e rg ic  
p ro je c t io n  to  th e  n e u ro s e c re to ry  n u c leu s . F ish  were a n e s th e tiz e d  
w ith  MS-222 and wrapped in  m oist gauze f o r  p ro te c t io n .  The sp in a l 
column was v is u a l iz e d  by t r a n s i l lu m in a t io n  o f  th e  caudal p edunc le , 
and an in c is io n  was made th rough  th e  m uscu la tu re  o v e rly in g  th e  3rd  
-5 th  p re te rm in a l v e r te b ra e .  An in s e c t  p in  coa ted  w ith  F ast Blue 
(FB) was in s e r te d  in to  th e  exposed s p in a l co rd . A f te r  2 m in ., th e  
p in  was removed, and th e  wound was packed w ith  gelfoam . The f i s h  
were a n e s th e tiz e d  a f t e r  10 days and p e rfu sed  w ith  4% para fo rm ald e
hyde in  phosphate b u f f e r .  The b ra in stem  was t r a n s v e rs e ly  s ec tio n ed  
on a f re e z in g  microtom e, and im m unofluorescent s ta in in g  fo r  s e ro to 
n in , (an ti-5H T; Immunonuclear, GAR-FITC; Cappel) was c a r r ie d  ou t a t  
4°C on f r e e - f l o a t i n g  s e c t io n s .  Neurons co n ta in in g  bo th  FB and FITC 
la b e ls  were seen on ly  in  th e  nuc leus  r e t i c u l a r i s  i n f e r i o r i s  o f  th e  
low er m edu lla . These c e l l s  had a  long c e l l  soma a x is  o f  20-30um, 
and were sp h e ro id a l in  shape. T h e ir  s p e c i f ic  lo c a tio n  was u s u a lly  
w ith in  300um o f  m id lin e , and a s im i la r  d is ta n c e  beneath  th e  i n f e r i 
o r  bo rd er o f  th e  m edial lo n g i tu d in a l fa s c ic u lu s  (MLF). About tw ice 
as  many r e t ro g ra d e ly  la b e l le d  c e l l s  th a t  were n o t s e ro to n in  p o s i 
t i v e  were counted in  th e  same reg io n  as th e  double la b e l le d  c e l l s ,  
in d ic a t in g  th a t  th e  r e t i c u l a r  p ro je c t io n  to  th e  CNC i s  n o t s o le ly  
s e ro to n e rg ic . The r e s u l t s  o f  th e se  experim ents w ith  FB g e n e ra lly  
confirm ed our HRP tr a c in g  s tu d ie s  w ith  one e x c ep tio n . A nother popu
la t io n  o f  p ro je c t io n  neurons was no ted  w ith  th e  FB method in  th e  
low er and m iddle m edu lla . T his group o f  c e l l s  was in te rm in g led  w ith  
th e  f a s c i c le s  o f  th e  MLF in  th e  s u p e r io r  a sp ec t o f  t h i s  f ib e r  bun
d le .  These c e l l s  had a long a x is  o f  15-20um, bu t were on ly  4-6um 
w ide. The s iz e  and shape o f  th e se  neurons may have p rev en ted  th e  
accum ulation  o f  s u f f ic i e n t  q u a n t i t i e s  o f  cy top lasm ic  HRP to  be de
te c ta b l e .  A f f in i ty  o f  th e  f lu o re s c e n t m arker to  bo th  n u c le a r  and 
cy top lasm ic  components makes t h i s  la b e l more r e a d i ly  dem onstrable 
in  sp in d le -sh a p ed  c e l l s .  The n e u ro t ra n s m it te r  o f  th e se  c e l l s  i s  un
known. The p re sen ce  o f  se ro to n e rg ic  p ro je c t io n  neurons to  th e  CNC 
in  reg io n s  o f  th e  m edulla  b e l ie v e d  to  p ro je c t  to  th e  hypothalam us 
su g g es ts  th a t  th e se  b ra in s tem  neurons may co o rd in a te  th e  ou tp u t o f 
th e  c r a n ia l  and caudal n e u ro se c re to ry  system s. 
Supported by NSF-BNS- 8206452
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399.13  ELECTRICAL PROPERTIES OF CELL MEMBRANES IN THE CORPORA ALLATA OF 
THE COCKROACH, DIPLOPTERA PUNCTATA. C .S . Thompson and S .S .  T o b e* . 
D e p t. o f  Z o o lo g y , U n iv e r s i ty  o f  T o ro n to ,  T o ro n to ,  O n ta r io ,  
Canada M5S 1A1.

R e c e n t s tu d i e s  o f th e  b i o s y n t h e s i s  and r e l e a s e  o f j u v e n i l e  
horm one (JH ) by th e  c o rp o r a  a l l a t a  (CA) o f  th e  c o c k ro a c h ,  
D ip lo p te r a  p u n c ta t a  h av e  i n d i c a t e d  t h a t  i n t r a c e l l u l a r  c a lc iu m  
l e v e l s  a r e  im p o r ta n t  in  th e  r e g u l a t i o n  o f th e s e  p r o c e s s e s .  The 
s m a ll c e l l s  o f  th e  CA a r e  e l e c t r i c a l l y  c o u p le d ,  th u s  p e r m i t t in g  
c u r r e n t  to  b e  i n j e c t e d  i n t o  one c e l l  and membrane r e s p o n s e s  to  be 
r e c o rd e d  from  o t h e r  c e l l s  o f  th e  g la n d .  In  n orm al s a l i n e  c u r r e n t -  
v o l ta g e  r e l a t i o n s  a r e  l i n e a r  i n  th e  h y p e r p o l a r i z in g  d i r e c t i o n  and 
show a d e c re a s e  in  membrane r e s i s t a n c e  ( a n d /o r  gap ju n c t i o n  
c o n d u c ta n c e )  i n  th e  d e p o la r iz i n g  d i r e c t i o n .  In  th e  p re s e n c e  o f 
t h e  p o ta s s iu m  c h a n n e l  b l o c k e r s  t e t r a e t h y l  ammonium io n s  and 
4 - a m in o p y r id in e ,  p o s i t i v e  c u r r e n t  i n j e c t i o n  e l i c i t s  s e c o n d a ry  
mem brane r e s p o n s e s .  T h e se  r e s p o n s e s  a r e  b lo c k e d  by c o b a l t  and  
lan th a n u m  io n s  and by  c a lc iu m - f r e e  s a l i n e  th e y  a r e  n o t  b lo c k e d  
by t e t r o d o to x i n  o r  s o d iu m - f r e e  s a l i n e .  A ls o ,  a  p ro n o u n ced  a f t e r 
h y p e r p o l a r i z a t i o n  fo l lo w s  se co n d a ry  membrane r e s p o n s e s .  T h ese  
o b s e r v a t io n s  a r e  c o n s i s t e n t  w i th  t h e  h y p o th e s i s  t h a t  t h e r e  a r e  
v o l t a g e - s e n s i t i v e  c a lc iu m  c h a n n e ls  p r e s e n t  i n  th e  CA c e l l  
m em branes.

L u c i f e r - y e l lo w  i n j e c t i o n s  show t h a t  n e u r o s e c r e to r y  n e u ro n s  in  
th e  p a r s  l a t e r a l i s  o f  th e  p ro to c e re b ru m  sen d  ax o n s to  th e  CA by 
way o f n e r v i  c o r p o r i s  c a r d i a c a  I I .  E l e c t r i c a l  s t i m u l a t i o n  o f t h i s  
n e rv e  h y p e r p o l a r i z e s  CA c e l l s  a s  d o es  b a th  a p p l i c a t i o n  o f 
o c to p a m in e . In  b o th  c a  s e s  th e  e f f e c t  i s  b lo c k e d  by p h e n to la m in e . 
R a d io e n zy m a tic  a s s a y  o f  th e  CA and th e  b r a i n  r e v e a l s  th e  p re s e n c e  
o f o c to p a m in e . El e c t r i c a l  s t i m u l a t i o n  o f o t h e r  axon t r a c t s  
i n n e r v a t in g  th e  CA e l i c i t s  d e p o la r iz i n g  re s p o n s e s  r e s e m b lin g  
c o n v e n tio n a l  e x c i t a t o r y  p o s t s y n a p t ic  p o t e n t i a l s .  T h u s, n e u ro n s  
i n n e r v a t i n g  th e  CA may r e g u l a t e  th e  b io s y n t h e s i s  and r e l e a s e  o f  
JH by c o n t r o l l i n g  th e  m embrane p o t e n t i a l  o f  CA c e l l s  w h ic h , in  
t u r n ,  d e te rm in e  th e  c a lc iu m  c o n d u c ta n c e  o f th e  CA c e l l  m em branes. 
S u p p o r te d  by o p e r a t in g  g r a n t s  to  SST from  N a tu ra l  S c ie n c e s  and 
E n g in e e r in g  R e se a rc h  C o u n c il  o f  Canada and USPHS.

399.14 CHARACTERIZATION OF INSULIN BINDING IN HYPOTHALAMUS OF 
THREE GENOTYPES OF ZUCKER RAT BY IN VITRO QUANTITATIVE 
AUTORADIOGRAPHY. B.J. Wilcox, E.S. Corp*, D.P. Fiqlewicz*, D.M. 
Dorsa, M.R.C. Greenwood, D. Porte, Jr.*, D.G. Boskin. University of 
Washington and Veterans Administration Medical Center, Seattle, WA 
93108 and Vassar College, Poughkeepsie, NY, 12601

Physiological and behavioral evidence supports functional roles for 
insulin as a neuromodulator in the hypothalamus. Among these are 
regulation of food intake and body weight. Specific insulin binding has 
been localized by autoradiography to several hypothalamic areas including 
the arcuate, dorsomedial and paraventricular nuclei. This evidence 
suggests the hypothesis that altered hypothalamic insulin binding may be a 
contributing factor in obesity. Therefore, we have now measured insulin 
binding in individual hypothalamic nuclei of the genetically obese Zucker 
rat using in vitro quantitative autoradiography, a method which allows 
measurement of binding in small, discrete areas. For this study, brains 
from 4 animals from each of the three Zucker genotypes (Fa/Fa, 
homozygous lean; Fa/fa, heterozygous lean; fa/fa, obese) were perfused 
with 0.9% saline. The brains were removed and frozen on dry ice. Slide- 
mounted 10 µm frozen sections of the hypothalamus were labeled with 
(125-1)-monoiodinated human insulin (0.1 nM; S.A.=237 µCi/µg) to determine 
total binding. Nonspecific binding was determined with addition of 1µM 
unlabeled porcine insulin. Radiolabeled sections were then apposed to 
LKB Ultrofilm for five days. The autoradiographic images produced were 
examined by computer digital image analysis and the amount of 
radioactivity bound per mm2was determined for each hypothalamic 
area. Preliminary results indicated a 20% increase of insulin binding 
associated with the dorsomedial (DMN) and arcuate (ARC) nuclei of the 
obese rat hypothalamus as compared to the heterozygous and homozygous 
lean litterm ates. No difference in concentration of insulin binding was 
detected in association with the ventromedial nucleus or cingulate gyrus 
(an extrahypothalamic area of high insulin binding). This result indicates 
that the increase of specific insulin binding in the brain of the obese 
animal is not a result of an overall binding disturbance but is localized to 
discrete nuclear areas. Because the DMN and the ARC are nuclear areas 
implicated in control of numerous neuroendocrine functions including body 
weight regulation, the results of the present study support the hypothesis 
that altered insulin binding in the DMN and ARC may contribute to the 
obesity observed in the obese Zucker rat. (Supported by NIH Grants Am 
17047, AM 17844, AM 12829, NS 20311, and the Veterans Administration).

399.15CENTRAL NOREPINEPHRINE DEPLETION ATTENUATES HYPERGLYCEMIA CAUSED 
BY CHRONIC TREATMENT WITH DEXAMETHASONE. R .J . B ia l ik .  B .S . 

Stevenson* and D.C.S. Roberts. Dept.or psycnol ogy, C arle to n  University, Ottawa,Canada. KIS 5B6
Recent ev idence in d ic a te s  th a t  c e n t r a l  n o rep in ep h rin e  (NE) 

system s a re  invo lved  in  th e  c o n tro l of blood g lu c o se . We nave 
in v e s t ig a te d  th e  e f f e c t  of b ra in  NE d e p le tio n  on blood g lucose  
changes caused by g lu c o c o r t ic o id s .  Chronic tre a tm en t w ith  
g lu c o c o r t ic o id s  i s  known to  produce hyperglycem ia in  expe rim en ta l 
an im als and man. We now re p o r t  th a t  d e p le tio n  of b ra in  NE 
a t te n u a te s  th e  r i s e  in  blood g lu co se  caused by im p la n ta tio n  of a 
dexam ethasone (DEX) p e l l e t  in  male r a t s .

L esions of th e  d o rs a l and v e n t r a l  NE system s were achieved 
by in fu s io n s  of 2 u l (c o n ta in in g  4 ug of 6-hydroxydopam ine, t r e e  
b a se ; in to  th e  ascend ing  f ib e r s  of each NE system . The le s io n  
reduced le v e ls  of NE to  30% in  th e  hypothalam us, 15% in  th e  
c o r te x  and 7% in  th e  nippocam pus.

G lu co c o rtico id  p e l l e t s  (25% DEX & 75% c h o le s te r o l ,  100 mg 
each ; were im plan ted  under th e  sk in  a t  the  back of th e  neck 
d u rin g  l i g h t  e th e r  a n e s th e t ic .  Blood g lu co se  was measured in  
ap p rox im ate ly  100 u l of blood c o l le c te d  from a sm all in c is io n  in  
th e  t a i l .  Blood g lu co se  le v e ls  were determ ined p r io r  to  
im p la n ta tio n  of th e  DEX p e l l e t  and on each of th e  nex t fo u r days.

In  th e  Table i t  can be seen  th a t  NE d e p le tio n s  d id  not 
a f f e c t  b a s e l in e  blood g lu co se  le v e ls  (Day 0 ; but a t te n u a te d  th e  
hyperglycem ia caused by th e  DEX p e l l e t .  This e f f e c t  was most 
ev id en t fo u r  days fo llo w in g  im p la n ta tio n  of th e  p e l l e t .  

Mean (SEm; b lood g lu co se  le v e ls  (m g /d i; and body w eight (gram s; 
to r  NE d ep le te d  and sham le s io n e d  r a t s  b e fo re  and fo u r days 
fo llo w in g  im p la n ta tio n  of DEX p e l l e t s .
Group Blood Glucose Levels ! Body Weight

Day 0 1 2 3 4 ! . 0 1 2 3 4
6-OHDA 89 105 116 151 152 ! 348 332 316 309 302(SEM) (4) (5) (10) (20) (2 6 ) ! ( 9 ) (10) (8 ) (8) ( 9 )
SHAM 95 122 131 170 205 ! 339 318 303 296 286

(SEM) (2) (4) ( 6 ) (15) (2 6) ! (12) ( 11) ( 11) (11) ( 11)
I t  i s  presumed th a t  DEX causes hyperglycem ia by e f f e c ts  

e n t i r e l y  in  th e  p e r ip h e ry . The e f f e c t s  of DEX th a t  would a f f e c t  
b lood g lu co se  le v e ls  a re  1) th e  l i b e r a t io n  of f a t t y  a c id s  and 
amino a c id s  from p e r ip h e ra l t i s s u e s  (w hich causes w eight l o s s ,  
See th e  T ab le) and 2) th e  f a c i l i t a t i o n  of h e p a tic  g luconeogenesis  
(which causes an in c re a s e  in  blood g lu c o se ) .

In  o rd e r  f o r  b ra in  NE le s io n s  to  have reduced DEX 
hyperg lycem ia , th e  le s io n s  e i t h e r  reduced th e  e f f e c t s  of DEX on 
p e r ip h e ra l  t i s s u e  ca tab o lism  o r enhanced th e  u t i l i z a t i o n  of 
g lu c o se . in  th e  ta b le  i t  can be seen  th a t  NE d e p le tio n  d id  not 
a f f e c t  th e  w eight lo s s  caused by DEX, th e r e fo r e  i t  i s  assumed 
th a t  p e r ip h e ra l  t i s s u e  ca tab o lism  was n o t a f f e c te d .  The d a ta  a re  
then  su g g e s tiv e  th a t  NE d e p le tio n s  le ad  to  f a c i l i t a t i o n  of 
g lucose u t i l i z a t i o n .  I t  would be of i n t e r e s t  to  de term ine  w hether 

NE d e p le tio n s  cause g e n e ra l m e tab o lic  a l t e r a t i o n s  o r w hether 
th e se  e f f e c t s  a re  s p e c i f i c  to  th e  s i t u a t io n  s tu d ie d  h e re .

These f in d in g s  may have b eh a v io ra l re lev an ce  s in c e  we have 
re p o rte d  th a t  s im i la r  tre a tm e n t w ith  DEX p e l l e t s  im pairs  
a c q u is i t io n  of a  sh u ttle b o x  avoidance response  bu t th i s  
im pairm ent was n o t observed in  NE d e p le te d  r a t s  ( B ia l ik ,  Pappas & 
R o b e rts , Hormones & B ehav io r, 1984, 18, p . 1 2 ) . (S upported  by MRC)
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400.2 CRH SYSTEMS IN NOVELTY-INDUCED BEHAVIORS. N.H. Kalin* and J .E . 
Sherman* (SPON: L. Heystrand). Psychiatry Service, William S. 
Middleton Memorial Veterans Hospital, Madison, WI 53705, and 
Dept. of Psychiatry, Univ. of Wisconsin School of Medicine, 
Madison, WI 53792.

There is evidence implicating corticotropin-releasing hormone 
(CRH) in both hypothalamic and extrahypothalarnic mechanisms 
underlying the stress response. Intracerebroventricular (ICV) 
CRH produces pituitary-adrenocortical activation,  autonomic ac t i 
vation, and behaviors hypothesized to be stress related.  To pur
sue the role of CRH systems in the mediation of s tress-re lated 
behaviors, we studied the effects of ICV-CRH in rats exposed to 
novelty. We selected environmental novelty as a stressor because 
i t  potently e l i c i t s  hormonal and behavioral changes.

ICV-CRH (0, 30, 300, and 3000 ng) was administered to rats in 
the same environment. One group of rats had been habituated to 
th is  environment before testing; for the other group, the envi
ronment was novel. Novelty significantly increased rearing, 
walking, and latency to respond on the hot-plate t e s t ,  and sig
nificantly  decreased sleeping and grooming. In both the novel 
and familiar tes t  situations, CRH (300 and 3000 ng) significantly 
increased grooming, walking, self-gnawing, and burrowing and 
decreased sleeping and rearing. CRH did not affect hot-plate 
responding. Thus CRH had the same qualitative effect  as novelty 
on sleeping and walking, but in the doses tested CRH did not 
selectively enhance these behaviors in the novel condition. In 
contrast, CRH had effects opposite to those of novelty on rearing 
and grooming.

These data demonstrate that ,  in our paradigm, CRH does not 
selectively enhance novelty-induced behaviors. For some behav
iors ,  CRH had effects opposite to those induced by the stressor.

400.3 INFLUENCES OF CORTICOTROPIN-RELEASING FACTOR (CRF) ON SHOCK 
INDUCED FIGHTING IN RATS. A. T az i* , R. D an tzer* -, KL 
LeMoal- , and G. F, Koob. Scripps C lin ic  and Research 
Foundation, 10666 N. Torrey Pines Rd, La J o l l a ,  CA USA; 

INSERM U-259, Psychobiologie des Comportements Adaptatifs, rue 
Camille Saint-Saeus, 33077, Bordeaux, France.

Corticotropin releasing-factor is a 41-amino acid polypeptide 
released by the hypothalamus th at stim ulates p itu ita ry  ACTH 
production and thus trig g ers  the c la ss ic a l neuroendocrine 
response to s tre s s . Several stud ies have demonstrated that 
infusion of CRF into the rat brain po ten tia tes the behavioral 
response to  s tre ss fu l stim u li, as measured in co n flic t and 
s ta rtle  paradigms.

We have recently studied the effects of CRF on shock-induced 
fighting (SIF) in ra ts. In the SIF paradigm, two ra ts  exposed 
to inescapable shock exhibit a se rie s  of behavioral changes, 
culminating at high shock intensities with aggressive attacks. 
Since CRF has been reported to potentiate the behavioral reponse 
to stress, we predicted that in traven tricu lar infusion of CRF 
should potentiate SIF.

Twenty-two male Wistar rats were implanted with indwelling 
steel cannulae aimed at the latera l ventricle. One week la te r , 
animals were grouped in p a irs ; both animals in each p a ir  
received intraventricular (icv) in jection  of e ith e r rCRF (0.1 
µg/2 µl) (n=6 pairs) or saline vehicle, (n=5 pairs) and 30 min 
later each pair was placed in a box with an e le c tr if ie d  grid 
floor. Electric shocks (0.5 mA in ten sity , 500 msec duration) 
were adm inistered in groups of 10 p u lse s , w ith a 1 sec 
inter-pulse interval. Each train  of 10 shocks was separated by 
45 sec without shock. Three mutually exclusive behaviors were 
recorded according to th e ir  high occurrence in each tra in  of 
shocks: fighting (upright position and strikes exchange between 
the ra ts); boxing position (upright position  with no s trik es 
exchange); and no in terac tion  (mainly freezing and escape 
attemp ts ) . Sessions were repeated on 5 consecutive days. No 
differences were detected between CRF- and sa lin e -in jec ted  
animals on the f i r s t  t e s t  day, but CR F-injected animals 
exhibited s ig n ifican tly  more SIF days 2 - 5 ;  ANOVA with 
repeated measures on sessions revealed a significant main effect 
of CRF treatment.

Our results confirm previous reports that CRF potentiates the 
behavioral response to stress. Our current investigations are 
aimed at parametric studies of CRF dose and shock in tensity . 
SIF is  a sen sitiv e  animal model w ith which to  study the 
neuroendocrine substrates of stress-induced behavioral changes 
in the ra t.

400.1 WITHDRAWN

400.4 BAM-18-INDUCED ANALGESIA AND HYPERALGESIA IN THE RAT 
TAIL-FLICK TEST. K.E. Stevens. F.M. Leslie. C.J. Evans. J.D. Barchas. 
J.D. Belluzzi and L. Stein. Department of Pharmacology, University of 
California, Irvine, CA 92717 and Departments of Psychiatry and Behavioral 
Science, Stanford University, Stanford CA 94305

A new opioid peptide containing 18 amino acid residues has recently 
been isolated from bovine adrenal medulla (Evans, et al., Fed. Proc., 
44:422, 1985). Known as BAM-18, it is a derivative of the pro-enkephalin 
A molecule (Pittius, et al., Br. Res., 304:127, 1984), and is found in high 
concentrations in many areas of the central nervous system including 
striatum, hypothalamus, pons/medulla and spinal cord (Evans, et al 
Fed. Prod., 44:422, 1985). We have found that BAM-18 binds with high 
affinity to both µ and α receptors (ki=0.29 nM and 0.84 nM, respectively) 
and might therefore be expected to exhibit potent analgesic activity. To 
test this idea, we implanted cannulas in the lateral ventricle of male 
Sprague-Dawley rats. One week after surgery, the animals were placed in 
restrainers for 30 minutes and then were tested in the D’Amour tail-flick 
paradigm. The tip of the rat’s tail was blackened. Light intensities were 
adjusted for each animal to yield baseline latencies of 7-9 seconds. After 
baseline readings, the animals received an ICV injection of either BAM-18 
(0.1, 0.5, 1.0, 5.0, 10 or 50 µg) in 20µ l  of modified Ringer’s solution or 
Ringer’s alone. Tail-flick latencies were determined every 2 minutes for 
30 minutes. Statistically. significant analgesia was observed only with the 
50 µg dose from the 8th-20th minute of testing (see Fig.). However, 
comparable analgesia is obtained with only 0.5 µg of morphine, ICV 
(McGregor, et al., Life Sci., 23:1371," 1978). Hyperalgesia was observed at 
2 min for all doses but was most pronounced at 5 µg. BAM-18-induced 
(10 µg) analgesia was reversed by injection of 10 mg/kg naloxone HCl, 
but the hyperalgesia was not blocked. This suggests that the hyperalgesia 
is not mediated through opiate receptors.
(Supported by AFOSR Grant 84-0325 and NIH Fellowship DA-05288-01.)

400.5 CCK-8-S ANTAGONIZES THE ANALGESIC ACTIVITY OF MORPHINE IN THE 
TAIL FLICK PROCEDURE, BUT NOT IN THE HOT PLATE NOR THE ACETIC 
ACID-INDUCED WRITHING ASSAYS USING THE MOUSE. B. S. Barbaz. 
N. R. Hall* and J . M. Liebman. Neurosci. Res., Res. Dept., 
Pharma. Div., CIBA-GEIGY Corp. Summit, NJ 07901.

The sulfated octapeptide form of cholecystokinin (CCK-8), 
when administered systemically a t microgram doses, has 
been reported to antagonize morphine-induced elevations of 
t a i l  f lick  latencies in ra ts (Faris e t a l . ,  Science 219: 
310-312, 1983). Paradoxically, however, higher doses of 
CCK-8-S cause analgesia in irritan t-induced writhing te s ts  
and in the hot p late te s t  (Zetler, Neuropharmacology 19: 
415-422, 1980; Barbaz e t a l . ,  Neuropharmacology, in press, 
1986). These observations raise  the question of whether 
the CCK-induced antagonism of morphine occurs only in  the 
t a i l  f lick  assay or whether i t  can be demonstrated in other 
models of nociception and with other opioid analgesics. 
The present experiments compared the antagdnism of morphine 
and U-50,488H by CCK-8-S, using d ifferen t assays of 
nociception.

In a l l  assays, the doses of morphine and other analgesics 
were selected to produce a 60% minimum effec t or >60% 
increase over control latencies. Confirming previous studies 
using ra ts , CCK-8-S (1 .25, 2 .5 and 5.0 ug/k g i . p . )  
s ign ifican tly  antagonized elevations of t a i l  f lick  latencies 
by morphine (23 mg/kg i . p . ) .  Higher and lower doses of 
CCK-8-S were ineffec tive, indicating an inverted U-shaped 
function. However, CCK-8-S (2 .5  and 5.0 ug/k g i . p - ) did not 
antagonize the analgesic ac tiv ity  of morphine (2 .6  mg/k g 
i . p . )  in the acetic  acid-induced writhing assay, nor the 
morphine-induced elevation (3 .0  mg/k g i . p . )  of mouse hot 
p late jump latencies.

The e ffec ts of CCK-8-S were assessed upon t a i l  f lick  
response changes induced  by U-50,488H, a putative kappa 
agonist and meptazinol, a reputed mu-1 agonist. A t doses of 
2.5 and 5.0 ug/kg i . p . ,  CCK-8-S did not antagonize the 
elevation of t a i l  f lick  latencies induced by U-50,488H 
(14 mg/kg i . p . ) , but did antagonize meptazinol-induced 
(30 mg/k g s .c .)  increases in t a i l  f lick  latencies.

The present studies, therefore, have extended the reported 
antagonism of morphine by CCK-8-S from the ra t to the mouse, 
but they indicate tha t th is  effec t is  not demonstrable in a l l  
analgesia assays, nor with a l l  opioid drugs. The action of 
CCK-8-S may be selective for neuronal substrates th a t are 
regulated by mu receptors and are involved in spinal 
nociceptive reflex responding.
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400.6 SELECTIVE ANTAGONISM BY PROGLUMIDE AND CR-1409 OF THE ANTI
WRITHING ACTIONS OF CCK-8-S, CCK-4 AND RELATED PEPTIDES IN THE 
MOUSE. F. G. Ambrose*, W. L. Autry*, J . M. Liebman and 
B. S. Barbaz (SPON: J . J . Welch). Neurosci. Res., Res. Dept., 
Pharma. Div., CIBA-GEIGY Corp., Summit, NJ 07901.

Antinociceptive effects are produced in  mice by three 
forms of cholecystokinin (CCK), namely the su lfated  octapeptide 
(CCK-8-S), the unsulfated octapeptide (CCK-8-U) and the 
C-terminal tetrapeptide (CCK-4) (Zetler, Neuropharmacology 19: 
415-422, 1980; Barbaz e t a l . ,  Neuropharmacology, in press, 
1986). In various analgesia assays, these three peptides 
produce unique antinociceptive p ro files th a t d if fe r  from those 
of other gas tric  neuropeptides (neurotensin and bombesin) or 
morhpine (Barbaz e t a l . ,  Neuropharmacology, in press, 1986). 
I f  these actions of the various forms of CCK are indeed mediated 
by CCK receptors, then they should be blocked by CCK antagonists, 
but the analgesic effects of other peptides should be unaffected. 
Proglumide has been characterized as a CCK antagonist but as 
having re la tiv e ly  low potency (Hahne, e t  a l . ,  Proc. N atl. Acad. 
Sci. USA 78: 6304-6308, 1981). Recently, another glutaramic 
derivative, CR-1409, has been reported to  be approximately 
10,000 times more potent than proglumide as a CCK antagonist in 
peripheral tissue (in  v itro ) (Makovec, e t a l . ,  Arzneim.-Forsch. 
36: 98-102, 1986). Using proglumide and CR-1409, the present 
experiments assessed the sp ec ific ity  for CCK receptors of the 
analgesic actions of various forms of CCK, as compared with other 
neuropeptides.

The mouse phenylquinone writhing te s t  was used, and doses of 
peptides and morphine were selected to have equivalent a n ti
writhing efficacy. By themselves, neither proglumide (1 -  100 
ug) nor CR-1409 (1 -  30 ug), administered in tracerebro- 
ven tricu larly  (ICV), had any appreciable anti-w rithing ac tiv ity . 
The anti-w rithing e ffec ts of CCK-8-S (10 ug) and CCK-4 (1 ug) 
were blocked by CR-1409 (ED50 approximately 1.7 ug for antagonism 
of e ither peptide). However, CR-1409 did not block the 
antinociceptive actions of CCK-8-U (100 ug) nor of morphine (0.3 
ug) in PQW. Proglumide, like CR 1409, antagonized the 
anti-w rithing ac tiv ity  of ICV CCK-8-S or CCK-4 (ED50 -  37 ug ICV 
against CCK-8-S and 14 ug against CCK-4) but not th a t of CCK-8-U. 
Surprisingly, proglumide also blocked the analgesia produced by 
morphine (antagonism ED50 = 8 ug ICV). Proglumide did not 
antagonize the anti-w rithing actions of e ither bombesin or 
neurotensin. These resu lts indicate tha t the anti-w rithing (and 
by implication, a t lea s t some of the antinociceptive) actions of 
CCK-8-S and CCK-4 are mediated by CCK receptors. Other receptors 
apparently mediate the anti-w rithing e ffec ts of CCK-8-U and other 
g as tric  neuropeptides.

400.7 CHOLECYSTOKININ OCTAPEPTIDE (CCK 8) ANTINOCICEPTION -  
POTENTIATION BY ENZYME INHIBITORS. K.M. P i t ta w a y * ,  R .G . 
H i l l  and J .  H ughes* . P a rk e -D a v is  R e se a rc h  U n i t ,  New 
A d d en b ro o k e ' s  H o s p i ta l  S i t e ,  H i l l s  R oad, C am b rid g e . 
CB2 2QB, U.K.

T h ere  i s  c o n f l i c t i n g  e v id e n c e  in  t h e  l i t e r a t u r e  c o n c e rn in g  
t h e  a n t i n o c i c e p t iv e  p r o p e r t i e s  o f  CCK 8 .  The a c t i o n s  
o f  CCK 8 have  t h e r e f o r e  b een  i n v e s t i g a t e d  in  a num ber 
o f  a n a lg e s ia  t e s t s  a f t e r  s u b c u ta n e o u s ,  i n t r a c e r e b r o v e n t r i c u l a r  
and  i n t r a t h e c a l  a d m i n i s t r a t i o n .  R e s u l t s  from  d ru g  t r e a t e d  
a n im a ls  w ere  com pared  w i th  t h e  a p p r o p r i a t e  v e h ic l e  c o n t r o l s  
and  s t a t i s t i c a l  s i g n i f i c a n c e  t e s t e d  u s in g  th e  Mann W hitney  
U t e s t .

S u b c u tan e o u s  a d m i n i s t r a t i o n  o f  CCK 8 p ro d u ce d  s i g n i f i c a n t  
a n t i n o c i c e p t io n  10 m in u te s  a f t e r  i n j e c t i o n  in  t h e  r a t  
t a i l  im m e rs io n , and  paw p r e s s u r e  t e s t s  and  in  t h e  mouse 
a c e t y l c h o l i n e  in d u c e d  w r i th in g  t e s t ,  t h e  lo w e s t  e f f e c t i v e  
d o s e s  b e in g  0 .0 5  m g/kg , 3 .3 3  m g/kg and  1 .1 1  m g/kg r e s p e c t i v e l y .  
A f t e r  i n t r a t h e c a l  a d m i n i s t r a t i o n ,  CCK 8 (30 and  300 ng) 
p ro d u ce d  a n a lg e s ia  and  3 µg and  15 µg p ro d u ce d  h y p e r a lg e s i a  
i n  t h e  r a t  paw p r e s s u r e  t e s t ,  b o th  e f f e c t s  b e in g  m axim al 
5-10  m in u te s  a f t e r  i n j e c t i o n .  CCK 8 a n a lg e s ia  (30 ng) 
was a l s o  d e t e c t e d  in  t h e  r a t  t a i l  im m ersio n  and  t a i l  
f l i c k  t e s t s .  When CCK 8 was g iv e n  i n t r a c e r e b r o v e n t r i c u l a r l y  
t o  m ic e , d o s e s  o f  3 -3 0  µg p ro d u ce d  s i g n i f i c a n t  a n t i n o c i c e p t io n  
i n  t h e  h o t  p l a t e  t e s t ,  t h e  m axim al e f f e c t  b e in g  o b s e rv e d  
w i th in  t h e  f i r s t  10 m in u te s  a f t e r  i n j e c t i o n .  The a n t i n o c i c e p t iv e  
e f f e c t  o f  CCK 8 u n d e r  any  o f  t h e  t e s t  s i t u a t i o n s  was 
n o t  acco m p an ied  by m o to r i n c a p a c i t a t i o n  o r  any  o th e r  
o v e r t  s id e  e f f e c t s .  The f i n d i n g  t h a t  th e  maximum a n t i n o c i c e p t iv e  
e f f e c t  o f  CCK 8 o c c u rs  w i th in  5 -10  m in u te s  a f t e r  i n j e c t i o n  
(by any o f  t h e  r o u t e s  t e s t e d )  s u g g e s t s  t h a t  i t s  a c t i o n  
may be l im i t e d  by m e ta b o lism  and  in d e e d  th e  l e v e l  o f  
a n t i n o c i c e p t io n  p ro d u ce d  by CCK 8 a f t e r  i n t r a c e r e b r o v e n t r i c u l a r  
i n j e c t i o n  in  t h e  mouse h o t  p l a t e  t e s t  c o u ld  be in c r e a s e d  
by c o a d m in is t r a t io n  o f  a m ix tu re  o f  p e p t id a s e  i n h i b i t o r s  
( c a p t o p r i l ,  b e s t a t i n  and  t h io r p h a n ,  25 µg e a c h ) .  Each 
i n h i b i t o r  a lo n e  had  l i t t l e  e f f e c t  on CCK 8 a n a lg e s ia  
an d  th e  i n h i b i t o r s  th e m s e lv e s  w ere  n o t  a n a lg e s i c .  The 
i n h i b i t o r s  u se d  a r e  l i k e l y  t o  p r o t e c t  a g a in s t  t h e  d e g ra d a t io n  
o f  b o th  CCK 8 and  e n d o g e n o u s ly  r e l e a s e d  o p io id s  and  i t  
i s  l i k e l y  t h a t  b o th  o p io id  and  n o n -o p io id  m echanism s 
a r e  r e s p o n s i b le  f o r  CCK 8 a n a lg e s i a .

400.8 FURTHER EVIDENCE FOR VAGAL INVOLVEMENT IN THE PERIPHERAL 
PEPTIDERGIC MODULATION OF NOCICEPTION. J.L. Steinman, P.L Faris* 
and J. W. Olney (SPON: J.H. Thurston).  V A  Medical Center, 
Sepulveda CA 91232 and Washington Univ, St. Louis, MO 63110.

Peripherally circulating opioid peptides may have antinocicep
tive effects .  With McLaughlin and Baile, we have demonstrated 
that  sequestration of peripherally circulating β-endorphin 
attenuates the antinociceptive effects of morphine (M) (Science 
226, 1215, 1984). Adams et al (Fed Proc 45, 916, 1986) found an 
increase in plasma opioid concentrations following M administra
tion. Collectively, these findings suggests that peripheral 
opioids, released in response to M, are one component involved in 
determining the magnitude of the antinociceptive response to M. 
In addition to opioids, non-opioid peptides may also act peripher
a l ly  to influence nociception. We have previously demonstrated 
that neutralization of peripheral cholecystokinin- (CCK) 
potentiates morphine analgesia.

Randich and Maixner (PB & B 21, 441, 1984) have suggested that 
peripheral opioids may act on vagal receptors to influence noci
ception. They reported that cervical vagotomy (VAG-X) reduces the 
antinociceptive effects of both an enkephalin analog and foot- 
shock. Since VA,G-X attenuates the effects of CCK on other behav
iors ,  i t  is possible that the vagus is also involved in mediating 
the attenuation of M antinociception by intraperitoneal (IP) CCK 
(Science 219, 310, 1983). The present study was undertaken to 
assess the effect  of VAG-X on both M antinociception and CCK 
attenuation of the antinociceptive action of M.

Male rats received bilateral  sub-diaphragmatic VAG-X (n=14) or 
sham surgeries (n=14). Within each surgical group, rats were 
given CCK (5ug/kg) or saline (S) IP and 20 min l a te r ,  all animals 
received l 0mg/kg morphine IP. Tail fl ick latencies were recorded 
at  20 min intervals af ter  the f i r s t  injection. As in previous 
studies CCK attenuated M antinociception in sham controls.  VAG-X 
significantly attenuated M antinociception. However, CCK did not 
further reduce the M suppression of a nociceptive reflex in VAG-X 
ra ts .  These findings support vagal involvement in nociception and 
suggest that the effects of peripheral CCK on food intake and 
antinociception may be mediated by a common vagal pathway.

Mean Tail Flick Latencies (+SEM)
Drug Surgery 40 60 80 100
S-M ShamA,B 4.5(.45) 5.4(.39) 4.5( .5) 4.5( .57)
S-M VAG-XB 3.1(.18) 4 .0 ( .45) 3 .9( .33) 2.7( .15)
C-M ShamA 3.3( .17) 4.3(.5) 4.0(.46) 2.9(.3)
C-M VAG-X 3.3(.16) 3 .6( .4) 3.0( .2) 2.9(.37)
Ap<0.03 Bp<0.04

[RSDA MH00595 (PLF), a Monsanto Co grant and RSA MH38894 (JWO)]

400.9 BEHAVIORAL AND BIOCHEMICAL ANALYSIS OF CR1409, A NEW 
CHOLECYSTOKININ ANTAGONIST. Maria-Th. K altw asser,* Barbara 
Petrack and Jacqueline N, Crawley. Unit on Behavioral 
Neuropharmacology, C lin ical Neuroscience Branch, National 
I n s t i tu te  of Mental H ealth, Bethesda, MD 20892 and Ciba-Geigy 
Corp, Summit, NJ 07901.

Our understanding of the functional s ign ificance  of 
endogenous cholecystokinin (CCK) is  hampered by the  dearth  of 
potent and sp ec ific  CCK an tag o n ists . A new d e riv a tiv e  of 
proglumide, CR1409 (Rotta Research Laboratoriurn, Milano, 
I ta ly ) ,  was te s ted  fo r i t s  a b i l i ty  to  block the  " sa tie ty "  
syndrome induced by p e riphe ra lly  adm inistered CCK and fo r i t s  
a c t iv i ty  in d isp lacing  125I-CCK-8 binding in both brain 
and pancreas in the  r a t .

CR1409 was adm inistered fiv e  minutes before CCK-8-sulfate 
in both mice and r a ts ,  which were then te s ted  fo r fiv e  minutes 
in an open f ie ld  exploration  paradigm, and fo r  th i r ty  minutes 
in a p a la tab le  food consumption paradigm (Crawley, S tiv e rs , 
Hommer, Skirboll and Paul, JPET 236:320, 1986). CR1409 
s ig n if ic a n tly  blocked the reductions in feeding and approaches 
to  a novel o b je c t, and the  cumulative duration  of pauses, 
induced by CCK (5 ug/kg, i . p . ) ,  a t doses of CR1409 1-10 mg/kg 
i .p .  in mice and 10 mg/kg i .p .  in r a ts .  CR1409 had no e ffe c t 
when adm inistered alone on exploration  or feeding a t doses of 
10 mg/kg i .p .  in mice or r a t s ,  but a t a dose o f 25 mg/kg i .p .  
in r a ts ,  CR1409 reduced feeding and exploratory param eters, 
suggesting a mixed agon ist-an tagon is t p ro f ile .

Displacement of 125i - cck- 8 binding to  mouse c o rtic a l 
membranes and mouse pancreatic  membranes by CR1409 was assayed 
a t concentrations of 2-200 nM fo r pancreas and 0.2-2 µM fo r 
cerebral cortex  (Wennogle, Steel and Petrack, L ife Sciences 
36:1485, 1985). The IC50 values were found to  be 13.7 nM 
fo r  pancreas and 2.6 µM fo r co rtex . H ill p lo ts  y ielded  values 
of approximately 1.2 in both t is s u e s .  Our re s u lts  suggest 
th a t  CR1409 is  a potent com petitive in h ib ito r  of CCK-8 in the  
gu t, but may be considerably le ss  ac tiv e  in b ra in . This 
finding  th a t  CR1409 is  s e le c tiv e  fo r p eriphera l-type  CCK 
recep to rs , fu r th e r  supports the  hypothesis th a t  co rtic a l and 
pancreatic  receptors fo r  CCK are pharmacological d if f e r e n t .
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400.10 INTRA-ACCUMBENS INJECTIONS OF CCK BLOCK THE HYPERLOCOMOTION AND 
POTENTIATE THE STEREOTYPY PRODUCED BY D-AMPHETAMINE. F .W eiss , 
J .C .H o r v i t z ,  J.G.Mann* and A. E t te n b e rg . Department of  Psychology, 
U n iv e r s i t y  of  C a l i f o r n i a ,  Santa Barbara , CA 93106.

Although i t  is  well e s t a b l i s h e d  th a t  th e  o c t a p e p t id e  c h o le c y s to 
k in in  (CCK) c o e x i s t s  w ith  dopamine (DA) w i th in  a subpopula t io n  of 
mesolimbic neurons ,  th e  p r e c i s e  fu n c t io n a l  s i g n i f i c a n c e  of  t h i s  co
e x i s t e n c e  remains u n c l e a r .  Last yea r ,  we rep o r ted  t h a t  ICV a p p l i c 
a t i o n  of CCK produced a r ed u c t io n  in the  locomotion and a p o t e n t i a 
t i o n  in th e  s te r e o ty p y  induced by th e  i n d i r e c t  DA a g o n i s t ,  d-amph
etam ine  (AMP)(Ettenberg S Weiss, Soc. Neurosci .  Abst r . ,  1985, 11, 
618) . Such r e s u l t s  might be accoun ted f o r  by a d i f f e r e n t i a l  a c t io n  
of  CCK in th e  nucleus  accumbens (NAS) and th e  caudate  nuc leus ;  the 
DA te rm in a l a r e a s  be l iev ed  to  be r e s p o n s ib le  f o r  AMP-induced loco
motion & s t e r e o ty p y ,  r e s p e c t iv e l y .  One might,  f o r  example, propose 
t h a t  CCK a c t s  as  an a n t a g o n i s t  o f  mesolimbic  and as  an a g o n i s t  of  
n i g r o s t r i a t a l  DA f u n c t io n .  However, CCK was comple te ly  i n e f f e c t i v e  
to  induce e i t h e r  i p s i -  o r  c o n t r a l e t e r a l  r o t a t i o n  in AMP-treated 
r a t s  fo llowing  u n i l a t e r a l  a p p l i c a t i o n  d i r e c t l y  in to  th e  caudate  
(Weiss 6 E t ten b e rg ,  Soc. Neurosci .  A b s t r . ,  1985, 11, 618) . Together  
th e se  d a t a  sugges t t h a t  both the  lo co m o to r -a t t en u a t in g  and s t e r e o 
ty p y - p o t e n t i a t i n g  e f f e c t s  of  CCK in AMP-treated r a t s  r e s u l t e d  from 
a peptide-DA in t e r a c t i o n  w i th in  th e  NAS. To t e s t  t h i s  h y p o th e s i s ,  
we examined th e  e f f e c t s  o f  CCK on AMP hyperlocomotion and s t e r e o 
typy fo llowing b i l a t e r a l  p ep t id e  a d m in i s t r a t i o n  in to  th e  NAS.

Rats underwent b i l a t e r a l  s t e r e o t a x i c  im pla n ta tion  of guide 
cannulae  in to  th e  NAS. Each r a t  rece ived  e i t h e r  a 1 or  3mg/kg s . c .  
i n j e c t i o n  of  D-AMP fo llowed ,  15 min l a t e r ,  by a c e n t r a l  a p p l i c a t 
ion of  CCK (0, 20ng, 200ng, 2ug) o r  h a lo p e r id o l  (5ug) . S t im u lan t -  
induced locomotion was measured, beg inning  1 min p o s t - i n f u s i o n ,  in 
in d iv id u a l  p h o to c e l l -equipped chambers. S te reo typy  was as ses sed  
using a 4-p t  r a t i n g  s c a l e  by a t r a in e d  o bserver  who was unaware of 
th e  t r e a tm en t  c o n d i t i o n s  of  th e  r a t s .  Behavioral measures  were t a k 
en a t  5 min in t e r v a l s  over a s i n g l e  90 min se s s io n .  CCK produced an 
in v e r se  dose-dependent e f f e c t  on both AMP b ehav io rs . However, drug-  
induced locomotion was a t t e n u a t e d  by the  p e p t id e  w hile  s te re o ty p ed  
behav io rs  were r e l i a b l y  in c reased  by CCK. In both c a s e s ,  maximum 
e f f e c t s  were observed  w ith  th e  s m a l le s t  (20ng) dose.  Haloperidol 
a l s o  reduced locomotion and p o te n t i a t e d  s te r e o ty p y .  These d a t a  sug
g e s t  t h a t  CCK se rv es  as  a DA a n t a g o n i s t  w i th in  th e  NAS and t h a t  the 
p o t e n t i a t i o n  of  s te re o ty p ed  behav io r  observed fo llowing ICV a p p l i c 
a t i o n  of  the  p ep t id e  does not r e q u i r e  a DA a g o n i s t  a c t io n  in the 
cauda te  - -  the  a r e a  presumed to  media te  the  s t e r e o t y p i c  response to  
AMP. Such r e s u l t s  might be accoun ted f o r  by th e  Robbins & E v e r i t t  
Response Competit ion  Hypothesis which p o s t u l a t e s  a mutually  compet
i t i v e  fu n c t io n a l  r e l a t i o n s h i p  between the  mesolimbic  and n ig r o 
s t r i a t a l  DA systems. A ddi t iona l  s t u d i e s  a re  c u r r e n t l y  underway to  
mo re  c l o s e l y  examine t h i s  h y p o th e s i s  w i th  r e s p e c t  to  CCK’s a c t i o n s .

400.11 THE HYPERACTIVITY PRODUCED BY INTRA-MEDIAN RAPHE (MR) 
INJECTIONS OF MUSCIMOL AND SP5-11 ARE MEDIATED BY DISTINCT 
NEURONAL MECHANISMS. J.M. P a r is  and S.A. L orens. Dept. 
Pharmacology, S t r i t c h  School o f  M edicine, Loyola Univ. o f 
Chicago, Mayvood, IL 60153

In tra -m id b ra in  MR in j e c t io n s  o f th e  GABA-A a g o n is t ,  
muscimol (25-200 ng in  0 .5  u l v e h ic le ;  Pharm. Biochem. Behav. 
17:973, 1982), and o f  th e  m e ta b o lic a l ly  s ta b l e  su b stan ce  P 
(SP) ana log , (p G lu -5 , M ePhe-8, S ar-9 ) SP5-11 (10-1000 ng in  
0 .5  u l v e h ic le ) ,  produce dose-dependen t in c re a s e s  in  
locom otor a c t i v i t y  (LMA) as  measured in  p h o to c e ll chambers. 
Ib o te n ic  ac id  (8 .0  ug in  2 .0  u l b u f fe r )  le s io n s  o f th e  MR 
blocked  th e  h y p e ra c tiv e  e f f e c t s  o f  bo th  muscimol (100 ng) and 
SP5-11 (1 .0  ug) in d ic a t in g  th a t  th e  LMA e f f e c t s  o f th e se  
ag e n ts  a re  dependent on i n t a c t  MR p e rik a ry a  and a re  no t due 
to  t h e i r  sp read  o u ts id e  th e  HR. Intra-M R in j e c t io n  o f th e  
s e ro to n in  (5HT) n e u ro to x in , 5 ,7 -d ihyd roxy tryp tam ine  (6 .0  ug 
in  1 .5  u l v e h ic le )  a f t e r  p re tre a tm e n t w ith th e  dopamine and 
n o rep in ep h rin e  (NE) up take  in h ib i to r ,  nom ifensine m aleate  (15 
mg/kg, ip ) ,  blocked th e  LMA e f f e c t  o f  SP5-11 (1 .0  ug) bu t no t 
muscimol (100 ng). In c o n t r a s t ,  intra-M R in j e c t io n  o f th e  
ca techo lam ine  n eu ro to x in , 6-hydroxydopam ine (6 .0  ug in  1 .5  u l 
v e h ic le )  a f t e r  p re tre a tm e n t w ith  th e  NE uptake in h ib i to r ,  
des ip ram ine  (15 mg/kg ip ) ,  e l im in a te d  th e  LMA e f f e c t s  o f both 
SP5-11 and muscimol. Intra-M R in j e c t io n s  of th e  5HT-1A 
a g o n is t ,  8-OH-DPAT (6 .0  ug in  0 .5  u l o r  100 n g /0 .025  u l/m in  
fo r  60 min) a ls o  le d  to  in c re a se d  LMA. These o b s e rv a tio n s  
su g g es t t h a t  1) a c u te  s u p p re ss io n  o f th e  f i r i n g  r a t e  of 
intra-M R 5HT neurons can produce h y p e ra c t iv i ty ;  2) a c t iv a t io n  
o f  intra-M R SP re c e p to r s  can su p p re ss  th e  a c t i v i t y  o f  5HT 
neurons and th e reb y  e le v a te  LMA; 3) th e  in c re a s e s  in  LMA 
produced by a c t iv a t io n  o f MR GABA-A re c e p to r s  a re  m ediated by 
non-5HT neu rons; and, 4) th e  LMA e f f e c t s  o f both  muscimol and 
SP5-11 a re  m ediated d i r e c t l y  o r  i n d i r e c t ly  v ia  dopamine 
te rm in a ls  o r  p e r ik a ry a  lo c a te d  in  th e  HR.

400.12 EFFECTS OF NALOXONE AND CHOLECYSTOKININE ON FOOD AND WATER 
INTAKE IN THE BRATTLEBORO RAT. R. Yirmiya*, M. D. Holder*, and 
J . Garcia* (SPON: B.M. Wenzel). Mental Retardation Research 
Center, Neuropsychiatric In s titu te , University of C alifornia, 
Los Angeles, CA 90024.

One s i te  in which both naloxone and cholecystokinine 
(CCK) were shown to suppress feeding is  the paraventricular 
nucleus (PVN) of the hypothalamus. Since neurons in the PVN 
contain vasopressin and project to limbic and brainstem nuclei 
involved in visceral and gustatory functions, an effe ren t 
vasopressinergic system may be involved in th is  suppression. We 
investigated th is  hypothesis using Brattelboro ra ts  (HODI), 
which are homozygous for diabetes insipidus, lacking the a b il i ty  
to  synthesize vasopressin. In the f i r s t  experiment, 10 HODI and 
15 age-matched Long-Evans (LE) ra ts  were food deprived for 14 
hours, and then injected with naloxone (2.5 mg/kg) or sa line . 
Thirty minutes la te r  the food was returned and food and water 
consumption were measured a fte r  1, 3 and 4 hr. This procedure 
was repeated 5 days la te r ,  with the ra t to in jection  assignments 
reversed so th a t each ra t received both naloxone and sa line . 
Naloxone suppressed the food consumption of both HODI and LE but 
the suppression was greater for the HODI (F(1,23)=4.19, p<0.05). 
Water consumption was equally reduced in both HODI and LE. In 
the second experiment, conducted 2 weeks a f te r  the f i r s t ,  the 
same ra ts  were food deprived for 6 hours and then in jected  with 
CCK-8 (2.5 μg/kg) or sa line . Food was returned one minute 
a f te r  the in jection  and food and water consumption were measured 
30 and 60 minutes la te r . This procedure was repeated 2 days 
la te r ,  so th a t each ra t received both in jections. Food intake 
was reduced equally for both HODI and LE. Water intake was not 
reduced. The resu lts suggest tha t the suppression of feeding by 
both naloxone and CCK does not require an in tac t 
vasopressinergic system. The reason for the greater e ffe c t of 
naloxone on suppressing food intake in HODI is  not c lear. One 
p o ss ib ility  is  tha t vasopressin modulates the effec t of opiates 
on feeding in normal ra ts .

400.13 MICROINJECTIONS OF RAT HYPOTHALAMIC GROWTH HORMONE-RELEASING 
FACTOR (rhGRF) INTO THE SUPRACHIASMATIC NUCLEUS (SCN) STIMULATES 
FOOD INTAKE IN FREE-FEEDING RATS. F . J .  V accarino  and M. Hayward* 
D epartm ents o f Psychology and P sy c h ia try , U n iv e rs ity  o f  T oronto , 
100 S t .  George S t r e e t ,  T oron to , O n ta rio  M5S 1A1

R esearch  from ou r la b o ra to ry  in d ic a te s  t h a t  in t r a c e r e b r o v e n tr i 
c u la r  (icv ) a d m in is tr a tio n  o f  rhGRF in  picom ole doses can stim u
l a t e  food in ta k e  in  b o th  food -d ep riv ed  and n o n -food -dep rived  r a t s  
(N atu re , 314:6007, 1985; Soc. N eu ro sc i. A b s t r . ,  1985). F u rth e r 
f in d in g s  dem o n stra tin g  th a t  p e r ip h e ra l  in j e c t io n s  o f  rhGRF or 
grow th hormone do n o t in f lu e n c e  fe e d in g , su g g es t t h a t  th e  feed in g 
enhancing  e f f e c t s  o f  rhGRF may be c e n t r a l l y  m ed ia ted . C o n s is ten t 
w ith  t h i s  n o tio n  a re  re c e n t  im m unocytohistochem ical f in d in g s  
( J .  Comp. N eu r., 237:100-115, 1985; P e p tid e s , 5:1071-1075, 1984) 
in d ic a t in g  t h a t  in  a d d i t io n  to  bein g  p re s e n t in  th e  median emin
en ce , p rox im al to  th e  p o r ta l  v e s s e ls ,  rhGRF i mm unoreactive te rm in 
a l s  a re  a l s o  p re s e n t  in  v a r io u s  c e n tr a l  s i t e s  d i s t a l  to  reg ions  
d i r e c t l y  a s s o c ia te d  w ith  th e  p o r ta l  b lood  system . In  an e f f o r t  to  
e lu c id a te  p o s s i b l e  c e n t r a l  s i t e s  m ed ia ting  th e  s tim u la to ry  e f f e c ts  
o f  rhGRF on feed in g  we examined th e  e f f e c t s  o f rhGRF m icro
in j e c t io n s  in to  th e  SCN (a reg io n  c o n ta in in g  rhGRF im m unoreactive 
te rm in a ls )  on food in ta k e  in  f r e e - fe e d in g  r a t s .

The food (P u rina  Rat Chow) and w ate r in ta k e  o f a d u lt  male 
W ista r r a t s  w ith  cannu la im p lan ts  aimed a t  th e  SCN was measured 
f o r  a  90 m inute p e r io d  (15:30 -  17:00) on s ix  co n secu tiv e  days 
fo llo w in g  a 60 m inute exposure to  f r e s h  food . On th e  seventh  day, 
r a t s  were t e s t e d  f o r  food and w ate r in ta k e  fo llow ing  intra-SCN  
m ic ro in je c tio n s  o f  one o f  th e  fo llo w in g  rhGRF d o ses: 0 .0  (vehicle), 
0 .0 1 , 0 .1  o r  1 .0  p icom oles. RhGRF was ad m in is te red  in  a 0.5μ l  
volume o f  0.01% a s c o rb ic  a c id  v e h ic le  o ver 60 seconds u s ing  a 30 
gauge in j e c t o r .

The r e s u l t s  d em onstra te  t ha t  in tra-SC N  m ic ro in je c tio n s  o f  rhGRF 
produce a s ig n i f i c a n t  dose-dependen t in c re a s e  in  food in ta k e . The 
mean food in ta k e  (grams) ± S.E.M. fo llo w in g  m ic ro in je c tio n s  o f  0 .0 ,  
0 .0 1 , 0 .1  and 1 .0  picom oles was 0 .83  ± .3 1 , 1 .64 ± .44 , 2 .22 ± .49 
and 3.13  ± .3 5 , r e s p e c t iv e ly .  M ic ro in je c t io n s  o f rhGRF in to  
re g io n s  o u ts id e  th e  SCN d id  n o t appear to  in f lu e n c e  food in ta k e .
No s ig n i f i c a n t  e f f e c t  o f  rhGRF on w ate r in ta k e  was observed.
There were no s ig n i f i c a n t  d if f e re n c e s  in  b a s e l in e  food in ta k e  
a c ro s s  th e  fo u r  SCN groups t e s t e d .

The p re s e n t  r e s u l t s  su g g es t t h a t  th e  SCN may be an im portan t 
s i t e  in  th e  m ed ia tio n  o f  th e  c e n t r a l  f a c i l i t a t o r y  e f f e c ts  o f  
rhGRF on food in ta k e .

This r e s e a rc h  was sup p o rted  by NSERC g ra n t  #U0443 to  FJV.
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400.14 EFFECTS OF CHRONIC NALOXONE ON MACRONUTRIENT SELECTION AND 
CIRCADIAN FEEDING IN THE ZUCKER RAT. J.R. Andrade* and M.J. Lewis, 
Dept. of Psychology, Howard University, Washington, D.C. 20059.

Elevated levels of the opiate beta-endorphin have been impli
cated in the development of hyperphagia and hypertrophy in the 
genetically obese mouse and Zucker r a t .  Acute injections of the 
opiate receptor blocker naloxone have been shown to abolish over
eating and suppress weight gain in both obesities. The purpose 
of th is  research was to examine the effects of chronic administra
tion of naloxone on macronutrient selection and circadian feeding 
in the Zucker ra t.

All animals were maintained on an isocaloric se lf-se lec tion  
d iet regimen which consisted of protein, carbohydrate, and fat 
ra tions. Following baseline measures of the macronutrient d ie ts, 
lean and obese Zucker ra ts  were matched on body weight and were 
implanted subcutaneously with either 5 naloxone (10 mg/pellet) 
or 5 lactose control slow release p e lle ts . On Day 1 measures of 
diet selection were recorded a t 2, A, and 6 hours. On Days 2-6 
measures of d iet selection were recorded during the ligh t (begin
ning 0900) and dark (beginning 1700) of the 24 hour cycle. Analy
s is  of the data showed that in obese and lean ra ts  naloxone sig 
n ifican tly  suppressed a l l  d ie ts during the f i r s t  2 hours; however, 
fa t consumption returned to baseline during the second 2 hr. per
iod (four hour measurement) in lean ra ts  and only during the la s t 
2 hr. (six hour measurement) in obese ra ts . Over the five day 
period, naloxone sign ifican tly  suppressed a l l  d ie ts in obese ra ts  
during the ligh t and dark cycles. In lean rats, naloxone also sig
n ifican tly  decreased carbohydrate consumption during both cycles; 
however, there was an increase in fa t consumption in both cycles.

These data are consistent with other data suggesting that nal
oxone may produce i t s  anorexic effects by primarily suppressing 
carbohydrate intake. These data also support our previous re
search indicating that naloxone has d iffe ren tia l e ffects on ligh t 
versus dark cycle feeding.

Supported in part by grant DHHS RR08016 and Howard University, 
GSAS, Terminal Fellowship and Trustee Scholarship.

400.15 ANESTHETIC MODIFICATION OF ELECTROCONVULSIVE SHOCK (ECS) EFFECTS 
ON THYROTROPIN RELEASING HORMONE (TRH) IN RAT FOREBRAIN REGIONS.
A. Sattin and M.J. Kubek. R.L. Roudebush VA Medical Center and 
Depts. of Psychiatry and Anatomy, Indiana Univ. Sch. of Med., 
Indianapolis, IN 46223.

We have previously characterized an apparent seizure-dependent 
increase in TRH in specific limbic and cortical regions following 
single and repeated ECS (Abstr. Soc. Neurosci. 11: 622, 1985; Life 
Sci . 34: 1149, 1984 and 36: 315, 1985). The increase in TRH is 
maximal af ter  3 alternate-day ECS. In pyriform cortex (PYR) a 
significant intermediate TRH increase is seen 2 days after  only 
one ECS and by 2 days af ter  3 ECS i t  is 8-fold higher than in sham 
ECS controls. TRH remains signif icantly elevated in PYR for up to 
12 days af ter  the third ECS. Thus, of all regions studied PYR 
appears to be the most sensit ive and responsive to the effects of 
ECS on TRH.

During the f i r s t  decade of cl inical  application of ECT no anes
thesia was used. At present, the peripheral motor effects of the 
seizure are reduced or eliminated by i .v .  pre-treatment with 
muscarinic blockade, methohexital (ME) and succinylcholine (SDC) 
with no apparent diminution of the cl inical antidepressant effect.  
Therefore, i f  the documented effects of ECS on limbic TRH were 
relevant to human antidepressant treatment the TRH response should 
not be eliminated by anesthetic modification in rats provided that 
a seizure discharge occurs in the brain.

Young male S-D rats were injected via ta i l  vein with full  anes
thetic and neuromuscular blockade doses of glycopyrillate , ME and 
SDC then intubated and mechanically ventilated for 15-20 min with 
97% O2-3% CO2 . Following insertion of subdermal EEG scalp elec
trodes they were given transauricular ECS, 30 mA (a.c .)  × 1.5s or 
sham ECS. One technically adequate EEG recording showed increased 
amplitude × 6s, then decreased × 20s. Two days la ter  all rats were 
sacrif iced and TRH was determined by specific RIA in eleven fore
brain regions.

Preliminary data showed no significant difference between con
trol and experimental TRH levels in any region except for PYR where 
Sham ECS and ECS values were 1.72 ± 0.18 (n=4) and 2.93 ± 0.34 
(n=4) pg/mg ww, respectively (p<0.02, student- t) .  The lack of 
effect in hippocampus, amygdala and cortex is consistent with our 
previous results in unanesthetized rats wherein TRH content of PYR 
was also increased following a single ECS.

Since anesthesia and motor paralysis did not eliminate the PYR 
response to one ECS we believe that the tonic-clonic motor activity 
during ECS is not responsible for the TRH response.

Further work will be required to confirm this finding, deter
mine the effect,  i f  any, of anesthesia alone and extend these 
observations to repeated ECS. Supported by VA Research Service.

400.16 BOMBESIN: EFFECT ON THE ETHOGRAM OF ETHANOL SATIATION AND BLOOD 
ETHANOL LEVELS. G.W. Glazner* and P.J. Kulkosky* (SPON: P. 
Schnur). Dept. of Psychology, Univ. of Southern Colorado, Pueblo, 
CO 81001

Experiments have recently shown that peripheral injection of 
bombesin-like peptides potently and specifically  inhibits consump
tion of ethanol solutions in the ra t .  The effect of bombesin on 
the ethogram of ethanol sa t ia tion  and blood ethanol levels was 
characterized for bombesin tetradecapeptide (BBS-14) and nonapep
tide (BBS-9). Nine naive male Sprague-Dawley rats were deprived 
of  water for 23 hours. Rats were injected with i .p .  saline and 
allowed access to 5% w/v ethanol for 45 minutes daily, followed by 
15 mi n access to water. During ethanol access behavioral observa
tions were made with the technique of Gibbs et a l . (Soc. Neurosci. 
Abstr. , 6: 530, 1980). Observations of behaviors were made at 
tone-cued  1 min intervals and classified into categories of 
ethanol drinking, feeding, standing, grooming, resting, and a 
category including all  other behaviors. After an adaptation 
period of 8 days, rats were randomly assigned to receive i .p .  in
jections of  ei ther  saline or BBS-14 (1, 2, or 4  μg/kg). Bombesin 
signif icantly  reduced ethanol intake at all doses, (ps<0.05). 
Analysis of observational data revealed significant decreases in 
total  observations of feeding and drinking, and a significant in
crease in resting behavior-after 4μ g/kg BBS-14. These rats were 
then adapted to a schedule of 30 min access to 5% w/v ethanol 
followed by 30 min access to water. Rats received i .p .  injection 
of  saline or BBS-9 (4μ g/kg) prior to ethanol. At the conclusion 
of ethanol access and at 30 min intervals to 150 min after  ethanol 
presentation,  a 0.1 ml blood sample was taken from the ta i l  of 
each ra t  and enzymatically assayed for ethanol content using the 
method described by Cornell and Veech (Anal. Biochem., 132: 418, 
1983). BBS-9 signif icantly  reduced ethanol intake as did BBS-14 
(ps<0.05). Bombesin signif icantly  reduced blood ethanol levels 
(p<0.05).  These results are consistent with the idea that  a 
bombesin-like peptide may act as an endogenous ethanol sa t ie ty  
factor.  (Supported by NIH Grant No. RR-08197).

400.17 SUBSTANCE P ANTAGONISTS BLOCK CARBACHOL-INDUCED "BOXING" 
BEHAVIOR AT THE POSTSYNAPTIC SITE OF A TRIPLE COEXISTENCE IN 
THE RAT PREFRONTAL CORTEX. J i l l  A. Stivers* and Jacqueline N. 
Crawley (SPON: K. Heidenreich). Unit on Behavioral 
Neuropharmacology, Clinical Neuroscience Branch, National 
Inst i tu te  of Mental Health, Bethesda, MD 20892.

Substance P (SP), corticotropin releasing factor (CRF) and 
acetylcholine (Ach) coexist in a population of neurons in the 
dorsolateral tegmental nucleus (NTDL) in the rat (Crawley, et 
a l ,  Peptides. 1985). Microinjection of the cholinergic 
agonist, carbachol, 1-5 ug b ilateral ly  into the terminal 
region of the NTDL in the medial anterior cerebral cortex, 
produced an unusual motor behavior resembling boxing, in which 
the rat stands in an upright posture and repet itively moves 
the forepaws. Electroencephalographic analysis revealed high 
amplitude, synchronous sharp wave spiking from bifrontal and 
fronto-occipital cortical  electrodes, temporally correlated 
with the "boxing" behavior, suggesting that this motor pattern 
is an unusual form of seizures. "Boxing" was blocked by 
intraperitoneal treatment with standard anticonvulsants, 
including diazepam (2mg/kg), clonazepam (0.5 mg/kg) and 
pentobarbital (10 mg/kg). Microinjection with Ach (80ug) + 
physosti gmine (20 ug) mimicked carbachol-induced "boxing", and 
intraperitoneal injections of atropine (5 mg/kg) but not 
mecamylamine (3 mg/kg) blocked carbachol -induced "boxing", 
suggesting a muscarinic cholinergic mechanism. Topographical 
analysis demonstrated a decline in "boxing" at s i tes  more than 
1 mm rostra l ,  caudal, la te ra l ,  dorsal and ventral to the 
medial anterior cortex s i te  of bilateral  carbachol 
microinjection. Unilateral microinjection of carbachol (6-8 
ug) induced more contralateral  than ipsi la teral  "boxing".

Coinjection of coexisting peptides and cholinergic agonists 
revealed a modulatory action of SP and CRF on carbachol- 
induced "boxing". SP (1 ug) significantly potentiated 
carbachol-induced "boxing", while CRF (100 ng) significantly 
inhibited carbachol-induced "boxing". Neither peptide induced 
"boxing" when microinjected alone. Two peptides also 
localized in the medial anterior cortex but not coexisting 
with Ach, galanin (up to 400 ng) and calcitonin gene related 
peptide (up to 200 ng), had no effect  on carbachol-induced 
"boxing".

Two antagonists of substance P, 
[D-Pro2,D-Phe7,D-Trp9]-Substance P (500 ng), and 
[D-Pro2,D-Trp7,9]-Substance P (500 ng) significantly 
blocked carbachol-induced "boxing". These results suggest an 
endogenous function for SP in f ac i l i ta t ing  cholinergic 
seizures in the prefrontal cortex, circumscribing the 
postsynaptic s i te  for an Ach-SP-CRF coexistence.
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401 SPECIAL LECTURE. MULTIPLE TYPES OF CALCIUM-CHANNEL IN NEURONS 
AND MUSCLE CELLS AND THEIR MODULATION BY NEUROTRANSMITTERS.
R.W. Tsi e n , C.D. Benham, A.P. Fox, P. H ess, D. Lipscom be, 
E.W. M cCleskey, D.V. M adison, R.L. R osenberg . Departm ent of 
P hysio logy , Y ale U niv. Sch. of Med. New Haven, CT 06510.

Calcium e n try  through v o lta g e -g a te d  Ca channels is  a v i t a l  l in k  
between membrane d e p o la r iz a t io n  and d iv e rse  c e l l u l a r  re sp o n se s . We 
have s tu d ie d  p ro p e r t ie s  o f m u ltip le  types o f Ca ch an n e l, th e i r  
c o -e x is te n c e  w ith in  in d iv id u a l c e l l s ,  and th e i r  e x p re ss io n  ac ro ss  
the  spectrum  o f e x c i ta b le  t i s s u e s .

Patch clamp re c o rd in g s  on c e l l  bod ies  o f c u l tu re d  ch ick  senso ry  
neurons re v e a l th re e  ty p es  o f Ca channel w ith  d i f f e r e n t  k in e t ic s  
and conductance p ro p e r t ie s  (Nowycky e t  a l . ,  N ature 316, 440 ) .  A 
channel w ith  la rg e  Ba conductance (L) c o n tr ib u te s  lo n g - la s t in g  
c u r re n t a t  s tro n g  d e p o la r iz a t io n s ;  a r e l a t i v e ly  t in y  conductance 
(T) u n d e r l ie s  a t r a n s i e n t  c u r re n t a c t iv a te d  a t  weak 
d e p o la r iz a t io n s ;  a th i r d  type o f channel (N) w ith  u n i ta ry  Ba 
conductance in te rm e d ia te  between T and L a lso  c o n tr ib u te s  decaying  
c u r r e n t .  N -type Ca channels r e q u ire  s tro n g ly  n eg a tiv e  p o te n t ia ls  
fo r  com plete removal o f in a c t iv a t io n  (u n lik e  L) and s tro n g  t e s t  
p u lse s  fo r  a c t iv a t io n  (u n lik e  T ). L -type channels  d i f f e r  from th e  
o th e r  types in  t h e i r  r e l a t i v e  s e n s i t i v i t y  to  d ih y d ro p y r id in e s . 
T -type channels s tan d  o u t in  c e r t a in  o th e r  r e s p e c t s :  they  a re  more 
r e s i s t a n t  to  b lock  by Cd than  N and L -type c h a n n e ls , and a re  only 
weakly and re v e r s ib ly  in h ib i te d  by th e  p e p tid e  to x in  ω-CgTx VIA 
w h ile  N and L -type  channels a re  p e r s i s te n t ly  blocked (McCleskey e t  
a l . ,  B iophys. J .  49 , 431a ) .  The to x in  b inds w ith  h igh  a f f i n i t y  to  
b ra in  synaptosomes (Cruz & O liv e ra , 1986), and to  d e te rg e n t-  
s o lu b i l iz e d  synaptosom al membranes.

Some examples o f th e  v a r ie d  e x p re ss io n  o f Ca channel ty p e s :
ch ick  DRG T N L Nowyoky e t  a l . ,  1985
r a t  DRG T N L Perpey e t  a l . ,  t h i s  v o l.
r a t  hippocam pal T ? L (D.V.M .); Brown e t  a l .  1985
r a t  sym pathetic* - N L H irn ing  e t  a l . ,  t h i s  v o l.
f ro g  sym pathetic* - N L (D .L .)
r a t  type 2 a s tro c y te T - - B arres e t  a l . ,  1985
gu inea p ig /dog  h e a r t T - L N iliu s  e t  a l . ,1 9 8 5 ;  B ean ,1985
ra b b i t  a r t e r y  smooth T - L Aaronson e t  a l . ,  1986

*In sym pathe tic  neu rons , "N" la b e ls  a Ca c u r re n t component th a t  
in a c t iv a te s  much more slow ly  than  N -type Ca c u r re n ts  in  ch ick  DRG 
neurons bu t i s  s im i la r  in  s e v e ra l o th e r  r e s p e c t s .  T his c u r re n t 
p lay s  a dominant r o le  in  m ed ia ting  K -induced n o rep in ep h rin e  (NE) 
r e le a s e  (H irn ing  e t  a l . ,  th i s  volum e).

Examples o f a d re n e rg ic  m odulation  o f N and L -type  Ca channels 
have been found . Is o p ro te re n o l enhances L c u r re n ts  in  h e a r t  c e l l s ;  
NE a c tin g  on α- re c e p to r s  in c re a s e s  L c u r re n ts  in  a r t e r i a l  
smooth muscle c e l l s ;  NE d ec re a se s  th e  in a c t iv a t in g  c u r re n t 
(presum ably N) in  fro g  sym pathetic  n eu rons .

4 0 2  SYMPOSIUM. THE NEUROBIOLOGY OF SLEEP: IMPLICATIONS FOR SLEEP DISORDERS
MEDICINE. W.C. Dement , S ta n f o r d  U n iv . Sch . Med. (C h a irm an ); M.H. C h a se , 
J.M . S i e g e l , UCLA Sch. M ed.; C.A. C z e i s l e r , H arv a rd  Sch . M ed.; J.M . Orem, 
T exas T ech  Sch . M ed.; A. R e c h t s c h a f f e n , U n iv . C h ica g o ; H .P. R o ffw a rg , 
U niv . T exas H e a lth  S c i .  C n t r .

I t  i s  now a s a fe  e s t im a te  t h a t  100 m i l l i o n  A m ericans s u f f e r  from  a 
d ia g n o s a b le  s le e p  d i s o r d e r .  F u r th e rm o re , th e  m ost p r o s a i c  and u b iq u ito u s  
e v e n ts ,  s n o r in g  and d o z in g  o f f  in  th e  d a y tim e , c an  be th e  c r u c i a l  s ig n s  o f  a 
l i f e  th r e a t e n in g  s le e p  d i s t u r b a n c e .  I n  th e  p a s t  d e c a d e , a  new b r a i n - r e l a t e d  
c l i n i c a l  d i s c i p l i n e ,  s l e e p  d is o r d e r s  m e d ic in e , h a s  b e en  e s t a b l i s h e d ,  and 
s k i l l e d  p r a c t i t i o n e r s  a r e  c u r r e n t ly  d e a l in g  w ith  s l e e p  prob lem s in  o v e r  a 
th o u sa n d  m e d ic a l c e n t e r s .  Two fu n d a m e n ta l p r i n c i p l e s  o f  s le e p  d is o r d e r s  
m e d ic in e  a r e  d e a th ,  s l e e p  i s  a  k in sm an  o f  d e a th ,  t h a t  i s  we a re  more l i k e l y  
to  d ie  when a s le e p  th a n  when awake o f  a l l  c a u s e s ,  and  t h a t  h a b i tu a l  s le e p  
tim e  i s  one o f  th e  b e s t ,  i f  n o t  th e  b e s t ,  p r e d i c t o r  o f  lo n g e v i ty .

S le e p  d is o r d e r s  m e d ic in e  owes a  c o n s id e r a b le  d e b t  t o  b a s ic  s le e p  
r e s e a r c h .  More germ ane to  t h i s  o c c a s io n  i s  t h a t  th e  p r a c t i c e  o f  s le e p  
d i s o r d e r s  m e d ic in e  i s  a  c o l l e c t i v e ,  s t r o n g  v o ic e  c a l l i n g  f o r  an a c c e l e r a t i o n  
o f  b a s ic  s l e e p  r e s e a r c h .  Today n e a r ly  5 b i l l i o n  p e o p le  s le e p  o r  a t te m p t to  
s le e p  w ith  e ac h  r o t a t i o n  o f  th e  e a r t h .  Even tho u g h  u n d e rs t a n d in g  o f  t h i s  
m ost fu n d a m e n ta l o f  human c h a r a c t e r i s t i c s  rem a in s  a  trem endous c h a l le n g e ,  i t  
i s  a x io m a t ic  t h a t  th e  s l e e p  s t a t e s  a r e  a c t i v e  and  a c t i v e l y  in d u c ed , and  t h a t  
th e y  a re  p u r p o s e f u l .

T h is  symposium was o r g a n iz e d  by th e  C l i n i c a l  S le e p  S o c ie ty  and th e  
A s s o c ia t io n  o f  S le e p  D is o r d e r s  C e n te rs  t o  p r e s e n t  new and i n t e r e s t i n g  tr e n d s  
in  u n d e rs t a n d in g  th e  s le e p i n g  b r a i n  an d  i t s  im p a c t on th e  w aking b r a in  and 
to  u n d e r l i n e  s t r o n g ly  th e  r e le v a n c e  o f  b a s i c  r e s e a r c h  f o r  b e t t e r  t r e a tm e n t  
and  c u re s  o f  p a t i e n t s  s u f f e r i n g  a w ide  ra n g e  o f  s l e e p  r e l a t e d  i l l n e s s e s .

The fu n d am e n ta l q u e s t io n  i s  "Why d o e s  th e  s le e p i n g  b r a in  f a i l  to  
p e rfo rm  i t s  t a s k s  i n  so  many p e o p le ? ” One su c h  t a s k  i s  to  m a in ta in  th e  
v i t a l  p r o c e s s e s ,  b r e a th in g  and c a r d io v a s c u la r  f u n c t i o n s .  The way in  w hich  
th e  s l e e p i n g  b r a i n  h a n d le s  such  t a s k s  i s  d i f f e r e n t  from  th e  w aking b r a i n .  
F a i lu r e  i s  much more l i k e l y  t o  o c c u r  d u r in g  s l e e p .  D r. Jo h n  Orem w i l l  
d i s c u s s  s t u d i e s  o f  th e  CNS r e g u la t i o n  o f  r e s p i r a t i o n  and  h i s  s tu d i e s  o f  th e  
f i r i n g  p a t t e r n s  o f  r e s p i r a t o r y  c e l l s  a c r o s s  th e  s le e p /w a k e  c y c le  and t h e i r  
r e le v a n c e  t o  th e  a v i r u l e n t  and  s e r i o u s  p ro b lem  o f  s l e e p  apnea  syndrom es.

D r. M ic h ae l Chase w i l l  d i s c u s s  th e  l a t e s t  w ork  on  m o to r i n h i b i t i o n  
d u r in g  REM s l e e p  and th e  r e le v a n c e  o f  th e s e  m echanism s to  th e  c a t a p l e c t i c 
s e i z u r e s  o f  n a rc o le p s y .

D r. Je rom e  S ie g e l  w i l l  d i s c u s s  s t u d i e s  o f  m e d u lla ry  c e l l s  t h a t  f i r e  
o n ly  d u r in g  REM s l e e p  in  b o th  c a t s  a nd  n a r c o l e p t i c  d o g s . T hese  c e l l s  may 
m e d ia te  no rm al REM s l e e p  m o to r i n h i b i t i o n .

D r. A lla n  R e c h t s c h a f f e n  w i l l  p r e s e n t  an u p - to - d a t e  a cc o u n t o f  h i s  
ongo in g  c o m p re h en s iv e  s t u d i e s  on th e  p h y s io l o g ic a l  e f f e c t s  o f  s le e p  
d e p r iv a t io n .  T hese  s t u d i e s  p ro v id e  c o m p e ll in g  e v id e n c e  t h a t  s le e p  s e rv e s  a 
v i t a l  f u n c t i o n  - -  t h a t  we c a n n o t s u r v iv e  w ith o u t  i t .

D r. Howard R o ffw a rg  w i l l  d i s c u s s  th e  r o l e  o f  REM s le e p  in  th e  d e v e lo p 
m e n ta l m a tu r a t i o n  o f  th e  mammalian c e n t r a l  n e rv o u s  sy s te m . T h is  w ork b e g in s  
to  an sw er th e  o n to g e n e t i c  r i d d l e ,  "Why i s  t h e r e  so  much REM s le e p  in  th e  
new born o rg an ism ?"

D r. C h a r le s  C z e i s l e r  w i l l  d i s c u s s  fu n d a m e n ta ls  of  th e  o r g a n iz a t io n  o f  
th e  c i r c a d i a n  sy s te m  in  man and i t s  r e le v a n c e  to  j e t  la g  and r o t a t i n g  s h i f t  
w ork . The o r g a n iz e r s  hope t h a t  th e  sym posium  w i l l  ex p o se  a new v i s t a  o f  th e  
s le e p i n g  b r a i n  to  n e u r o s c i e n t i s t s ,  and  r e v e a l  th e  m u l t ip le  r e s e a r c h  
o p p o r tu n i t i e s  o f  th e  b a s i c  m echanism s o f  th e s e  m y s t e r io u s  s t a t e s .  Such 
r e s e a r c h  w i l l  p ro v id e  know ledge v i t a l  a n d  n e c e s s a r y  t o  th e  p r a c t i c e  o f  
m e d ic in e .

D r. W illia m  Dement w i l l  c h a i r  th e  sym posium  and  w i l l  p r e s e n t  b o th  an 
o v e rv ie w  o f  s l e e p  d i s o r d e r s  and  a  d i s c u s s io n  o f  r e c e n t  w ork on n e u ro c h em ica l 
a b n o r m a l i t ie s  i n  th e  q u i n t e s s e n t i a l  s l e e p  d i s o r d e r  o f  n a rc o le p s y .

403 SYMPOSIUM. SPINAL CORD NOCICEPTIVE PATHWAYS. G.J. 
Giesler. J r ., University of Minnesota (Chairperson); G.J. Bennett, 
National Institute of Dental Research; C.J. Vierck, University of 
Florida; W.D. Willis, Marine Biomedical Institute, R.P. Yezierski, 
University of Mississippi.

For more than 75 years the spinothalamic tract in primates has been 
thought to be the pathway primarily responsible for conveying 
nociceptive information to the brain, and ultimately to consciousness. 
As a result, the spinothalamic tract has been, and continues to be, the 
focus of a large number of anatomical and functional studies. 
However, it is becoming increasingly clear that several other spinal 
pathways perform important roles in nociception, roles distinct from 
those of the spinothalamic tract. These other pathways are thought 1) 
to underlie the recovery of pain that occurs following disruption of 
the spinothalamic tract, 2) to provide input to neurons at the origin of 
pathways that descend to control pain processing in the spinal cord, 
and 3) to underlie nociception in non-primates. The goal of the 
proposed symposium is to present an overview of our current 
understanding of these pathways and to assess the contributions of 
each to pain processing. Willis will summarize the current 
understanding of the spinothalamic tract in cats and monkeys. 
Bennett will describe his anatomical and physiological studies of the 
post synaptic dorsal column pathway in the cat. In addition, Bennett 
will discuss his recent studies of the large number of lamina I neurons 
that project to analgesia-producing areas of the midbrain. Yezierski 
will present findings from his recent series of studies on the 
spinomesencephalic tract. Giesler will discuss the contrasting roles in 
nociception of the post synaptic dorsal column and 
spinocervicothalamic systems in different species. Vierck will discuss 
the effects of disrupting various spinal pathways on nociception. He 
will also discuss the role of various cord areas in the recovery of 
nociception following cordotomy.
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404 .1 DIFFERENT MODES OF NPY RECEPTOR ACTIVATION MAY REGULATE LH SECRE
TION AND FEEDING BEHAVIOR. S.P. Kalra, W.R. Crowley and P.S. 
Kalra, Dept. OB-Gyn, Univ. Fla. Col. Med., Gainesville, FL 32610 
and Dept. Pharmacology, Univ. Tenn, Memphis, TN.

Neuropeptide Y (NPY) is abundant in the rat hypothalamus and a 
large body of evidence shows that i t  may participate in the regula
tion of gonadotropin secretion and food intake. To determine the 
modality of NPY discharge that may normally evoke gonadotropin and 
feeding responses, the effects of bolus and continuous infusions of 
NPY into the third ventricle of the rat brain were studied. A bo
lus intraventricular injection of NPY (0.1-2.2 nmol) stimulated LH 
release in a dose-related fashion in estradiol benzoate, progester
one (EBP)-primed ovariectomized (ovx) rats,  but inhibited LH re
lease in steroid-unprimed ovx rats.  However, similar NPY adminis
tra t ion  uniformly stimulated vigorous feeding in a dose-related 
fashion in both these treatment groups. The effects of continuous 
long-term (3 hr) infusion of NPY on these responses were different. 
In unprimed ovx ra ts ,  NPY infusion at the rate of 0.23 and 1.17 
nmol/h promptly suppressed LH release as seen after bolus NPY in
jection; af ter  100 min of infusion complete cessation of episodic 
LH secretion occurred. Lower concentrations of NPY (0.04 nmol/h) 
ei ther  produced a similar degree of suppression (2 rats)  or dras
t ic a l ly  reduced only the amplitude of LH episodes (4 ra ts ,  10.0 ± 
2.0 ng/ml) as compared to that in control, saline-infused rats 
(35.0 ± 5.7 ng/ml). Quite unexpectedly, while bolus injections 
stimulated LH release,  continuous long-term NPY infusion in EBP 
rats at the rate of 0.23, 1.17 or 3.52 nmol/h failed to stimulate 
LH release. On the other hand, regardless of previous treatment 
history (ovx or ovx + EBP) these rats displayed feeding behavior 
during the course of continuous NPY infusion in a dose-related 
fashion. Infusion of 0.23 nmol/h produced significant increase in 
food intake over that seen in saline infused rats (saline = 0.4 ± 
0.2, EBP = 3.6 ± 0.7, unprimed = 1.1 ± 0.4 g/3h) and 1.17 nmol/h 
evoked maximal responses (EBP = 9.0 ± 1.8, unprimed = 7.5 ± 1.0 
g/3h). Therefore, collectively these studies show that differing 
modalities of NPY receptor activation in the hypothalamus may be 
involved in the regulation of LH secretion and feeding behavior. 
Since NPY administration ei ther  as a bolus dose or continuous in
fusion uniformly suppressed LH release in unprimed, ovx rats ,  we 
suspect that hypothalamic NPY receptor activation may be normally 
curtailed drastically  to allow postovariectomy LH hypersecretion; 
in EBP-treated and perhaps in intact ra ts ,  excitation of LH release 
may require intermittent NPY receptor activation. Stimulation of 
food intake can be triggered by each of the two modalities of ad
ministration and increased feeding behavior can be sustained in 
satia ted rats for a long time with continuous NPY receptor activa
t ion. (Supported by NIH HD 08634 (SPK) and 13703 (WRC)).

404.2 ANGIOTENSIN RECEPTOR-MEDIATED CATECHOLAMINE SECRETION FROM CULTURED 
BOVINE ADRENAL CHROMAFFIN CELLS V. L. Boyd* and M. P. Printz . 
Division of Pharmacology M-013H, Univ. of C a lif . at San Diego, La 
Jo lla ,  CA 92093.

Angiotensin II (AI I ), the active peptide of the renin angio
tensin system (RAS), acts on receptors on a variety of t issues. 
These si tes include peripheral t issues such as l iver ,  anterior 
pi tuitary  and kidney, as well as the central nervous system and 
adrenal medulla, neural crest derivatives. Our laboratory has 
recently shown that the AII receptor differs between these two 
groups of tissues with respect to gunanine nucleotide sensitivity. 
In order to investigate the neural AII receptor at the cellular 
level studies have been carried out on primary cultures of bovine 
adrenal chromaffin ce l ls .

Cells were isolated using the method of Levitt (Levitt B.G. 
Phys. Rev. 64:1103 1984) including cell enrichment with Percoll 
gradient centrifugation. Primary cultures of bovine adrenal 
medullary cells were maintained in DME/F12 medium containing 10% 
FCS for 5-7 days before being used. We have recently reported that 
these cells possess AII receptors with a Kd of 0.7 nM and a Bmax of 
36,000 si tes /ce l l  (Boyd V.L. and Printz M.P. Fed. Proc. 45:789 1986 
[abst]) .  Additionally, an increase in Bmax can be seen with percoll 
purification. In order to extend these studies receptor 
autoradiography was performed on both crude ( i . e . ,  no percoll 
purification) and purified cell preparations after  crosslinking the 
[(125)- I ]AII ligand to i t s  receptor. Autoradiography provides 
further evidence that the percoll gradient purifies cells that 
possess AII receptors. Morphological analyses do not predict 
binding abil i ty  since not all cells with the same morphology bind 
AII equally well. Therefore, our previous report of 36,000 
si tes /ce l l  is an underestimate.

The functional response of the cells to AII was also studied. 
In the adrenal medulla i t  has been shown, in vivo and in vi tro , 
that AII stimulates release of catecholamines. However, AII 
stimulated catecholamine secretion from cultured chromaffin cells 
has yet to be described. Our preliminary studies reveal that AII is 
capable of inducing a 2-fold increase in epinephrine (EPI) over 
basal levels, which is approximately 50% of carbachol stimulated 
EPI release.  AII does not increase carbachol-induced release. 
Norepinephrine secretion is not significantly stimulated by AII 
alone, but the peptide does increase carbachol-induced secretion.

These cells are easily obtained in large numbers. Therefore, 
having a cell  system that  possesses AII receptors that  are 
functionally responsive makes this an attractive system for 
studying the neural AII receptor.

404.3 NEUROTRANSMITTER REGULATION OF RELEASE OF HYPOTHALAMIC 
CORTICOTROPIN-RELEASING FACTOR (CRF). M .J. Owens, * M.A. Smith 
and C.B. Neme r o f f  (SPON: E. Bus s e ) .  D epts. Pharm acol.  and 
Psych i a t . ,  Duke Univ. Med. C t r . ,  Durham, N .C ., 27710.

C onsiderab le  co n tro v e rsy  e x i s t s  concern ing  th e  ro le  o f 
v a r io u s  n e u r o t r a n s m it te r s  in  m odulating  a c t iv i t y  o f the 
h y p o th a la m ic -p i tu i ta ry -a d re n a l  (HPA) a x is .  N orep ineph rine , 
a c e ty lc h o lin e  and s e ro to n in  have been re p o r te d  to  s tim u la te  HPA 
a c t iv i t y  by some in v e s t ig a to r s ,  w hereas o th e rs  have re p o r te d  
th a t  th e se  n e u ro tra n sm it te rs  i n h i b i t  HPA a c t iv i t y .  Naloxone 
in c re a s e s  plasm a ACTH and c o r t i s o l  c o n c e n tra t io n s  in  man, y e t  
some in v e s t ig a to r s  have re p o r te d  th a t  morphine s tim u la te s  CRF 
re le a s e  from r a t  hypo tha lam i. These e a r ly  s tu d ie s  were 
conducted u s ing  a b io a ssa y  in  which a p e r fu s a te  though t to  
c o n ta in  CRF was used  to  r e le a s e  ACTH from p i t u i t a r y  c e l l  
c u l tu r e s .  B ioassays such as th e se  la c k  s p e c i f i c i t y  because ACTH 
can be r e le a s e d  by a v a r i e ty  o f su b stan ces  ( e .g . ,  v a s o p re s s in , 
o x y to c in , e p in e p h r in e ) . In  th e  p re s e n t s tu d y , we have 
determ ined  the  e f f e c t s  o f s e v e ra l su b stan ce s  on CRF re le a s e  
u s in g  a s p e c i f ic  and s e n s i t iv e  (1 .25  pg CRF/tube) ra d io 
immunoassay (RIA) th a t  u t i l i z e s  125I-Tyr°-rC R F as a t r a c e r .

Male Sprague-Dawley r a t s  were d e c a p ita te d  and a hypothalam ic 
b lo ck  was d is s e c te d  u s in g  r o s t r a l - c a u d a l  b oundaries  o f the  o p t ic  
chiasm and mammillary b o d ie s , r e s p e c t iv e ly ,  and d o r s a l ly  to  a 
p o in t j u s t  above the  th i r d  v e n t r i c l e .  Two such b lo ck s  were 
im m ediately  p la ced in  a t e s t  tube  co n ta in in g  0 .6  ml o f  a 
m od ified  K reb’ s -H e n se le it  b u f fe r  which was gassed  w ith  95% 
O2/5% CO2 and the  pH a d ju s te d  to  7 .4  a t  37°C. At 
te n  m inute in t e r v a l s  the  b u f fe r  was removed and s to re d  a t  
-70°C u n t i l  assayed  fo r  CRF. The b u f fe r  was re p la c e d  by 
e i th e r  f r e s h  b u f fe r  in  the  case  o f b a s a l r e l e a s e ,  o r by b u f fe r  
co n ta in in g  the n e u ro tra n sm it te r  o r  drug under in v e s t ig a t io n .  
B asal r e le a s e  was measured fo r  f iv e  co n secu tiv e  te n  m inute 
i n t e r v a l s ,  and th en  th e  t e s t  substance  was added du rin g  the 
50-60 m inute in t e r v a l  and once ag a in  re s tim u la te d  du rin g  the 
80-90 m inute in t e r v a l .

By the  40-50 m inute epoch, b a s a l r e le a s e  had s t a b i l i z e d  to  
6 .8  pg CRF/500μ l  in c u b a tio n  b u f f e r .  High po tassium  
c o n c e n tra t io n s  [40mM KCl ] s tim u la te d  CRF re le a s e  1100% above 
b a s a l l e v e l s .  S e ro to n in  [10μM], naloxone [10μM] and ca rbacho l 
[10μM] s tim u la te d  CRF re le a s e  500%, 325% and 300% above b a s a l 
l e v e l s ,  r e s p e c t iv e ly .

These s tu d ie s  a re  concordan t w ith  th e  h y p o th e sis  th a t  
s e ro to n in , a c e ty lc h o lin e  and o p io id -c o n ta in in g  neurons re g u la te  
CRF r e l e a s e .  The absence o f e f f e c t s  in  p rev io u s  s tu d ie s  u s ing  
minced hypothalam i su g g est th a t  th e  p ro je c t io n s  o f  CRF neurons 
from the  PVN to  the  median eminence must be i n t a c t  to  respond to  
s e ro to n in  and a c e ty lc h o lin e .

404.4 INTRACEREBROVENTRICULAR in f u s io n  of o xytocin  m o d if ie s  neuronal-  
g l ia l  AND SYNAPTIC RELATIONSHIPS IN THE ADULT HYPOTHALAMUS. D.A. 
P o u la in * ,  C. M ontagnè s e * ,  F . R o d r ig u e z * , J .D .  V in c e n t  and  D.T. 
T h e o d o s is * . INSERM, U .1 7 6 , ru e  C a m ille  S a i n t - S a ë n s ,  F -33077 
BORDEAUX-Cedex, F ra n c e .

G l i a l  e n v e lo p m e n t o f  n e u ro n s  and  th e  e s ta b l i s h m e n t  o f  s y n a p tic  
c i r c u i t r y  a r e  th o u g h t  t o  o c c u r  d u r in g  d e v e lo p m e n t and th e n  to  
re m a in  u n ch an g ed  u n d e r  n o rm a l c o n d i t i o n s .  H ow ever, in  th e  s u p ra 
o p t i c  (SON) and p a r a v e n t r i c u l a r  n u c l e i  o f  t h e  a d u l t  h y p o th a la m u s , 
c o n ta i n in g  n e u ro n s  t h a t  s e c r e t e  t h e  h o rm o n es, o x y to c in  and 
v a s o p r e s s in ,  b o th  t h e s e  p a ra m e te r s  a r e  m o d if ia b l e ,  u n d e r  p h y s io 
l o g i c a l  s t i m u l i .  Upon s t i m u l a t i o n  o f  t h e  o x y t o c i n - s e c r e t i n g  
s y s te m , g l i a l  c o v e ra g e  o f  o x y to c in  n e u ro n e s  d im in is h e s  and 
c o n t ig u o u s  c e l l  b o d ie s  and  d e n d r i t e s  become d i r e c t l y  ju x ta p o s e d  ; 
t h e  n e u ro n e s  a l s o  r e c e i v e  an  in c r e a s e d  s y n a p t i c  i n p u t ,  from 
t e r m in a l s  t h a t  c o n ta c t  two a d ja c e n t  p o s t - s y n a p t i c  e le m e n ts  
s im u l t a n e o u s ly  (T h e o d o s is  e t  a l . , 1986 , N e u ro s c ie n c e ,  1 7 , 661- 
6 7 8 ) .  The m o d i f ic a t io n s  a r e  r e v e r s i b l e  and  g l i a l  r e i n s e r t i o n  
o c c u r s  o n ce  t h e  sy s tem  i s  no lo n g e r  a c t i v a t e d .  In  o r d e r  to  se e  
w h e th e r  o x y to c in  i t s e l f  i s  r e s p o n s i b l e  f o r  t h e s e  a n a to m ic a l  
c h a n g e s ,  we s tu d i e d  th e  e f f e c t s  o f  i n t r a c e r e b r o v e n t r i c u l a r  
a d m i n i s t r a t i o n  o f  o x y to c in  upon th e  s t r u c t u r e  o f  th e  SON. U sing  
m in io s m o t ic  pumps d e l i v e r i n g  f l u i d  a t  0 . 5 μ l / h ,  s y n th e t i c  
o x y to c in ,  i t s  a n a lo g u e ,  4 - T h r - o x y to c in ,  v a s o p r e s s in  ( e a c h  a t  
2 μg /m l)  o r  v e h ic l e  ( a r t i f i c i a l  CSF) w ere in f u s e d  c o n tin u o u s ly  
i n t o  t h e  3 rd  v e n t r i c l e  o f  n o n - l a c t a t i n g  r a t s  f o r  7 d a y s . U l t r a 
s t r u c t u r a l  a n a ly s e s  o f  th e  SON i n d ic a t e d  t h a t  i n f u s i o n  o f  
o x y to c in ,  o r  i t s  a n a lo g u e ,  a l t e r e d  th e  m orpho logy  o f  th e  n u c le u s  
t o  an  e x t e n t  s i m i l a r  t o  t h a t  o b s e rv e d  a f t e r  n o rm a l s t i m u l a t i o n  
( e . g .  l a c t a t i o n )  : c lo s e  t o  45% o f  a l l  n e u r o s e c r e to r y  c e l l  b o d ie s  
w ere d i r e c t l y  a p p o sed  t o  e a c h  o t h e r  o r  t o  a d ja c e n t  d e n d r i t e s ,  a s  
com pared  to  10% in  t h e  c o n t r o l s  ( v a s o p r e s s i n -  o r  v e h ic l e - i n f u s e d  
r a t s ) . The p r o p o r t io n  o f  c e l l  b o d ie s  s h a r in g  th e  same sy n a p se  
a l s o  i n c r e a s e d  o n ly  i n  t h e  SON o f  a n im a ls  in f u s e d  w ith  o x y to c in  
o r  i t s  a n a lo g u e  (fro m  6 t o  14% ). Im m unocy tochem ica l a n a ly s i s  
show ed t h a t  t h e  a n a to m ic a l  c h a n g es  a f f e c t e d  a lm o s t  e x c lu s iv e ly  
o x y to c in e r g i c  n e u ro n e s  and  n o t  a d ja c e n t  v a s o p r e s s in  c e l l s .  Our 
o b s e r v a t io n s  su g g e s t  t h a t  t h e  n e u ro a n a to m ic a l  c h a n g es  i n  th e  
m a g n o c e l lu la r  n u c le i  a r e  u n d e r  h orm onal c o n t r o l  and  p ro v id e  
e v id e n c e  t h a t  a  n e u ro p e p t id e  can  a c t  c e n t r a l l y  t o  m odify  th e  
r e l a t i o n s h i p  o f  p a r t i c u l a r  n e u ro n e s  and  t h e i r  s u r r o u n d in g  g l i a l  
c e l l s .
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404.5 8 -GLYCINE-des-16-LEUCINE-24-D-ARGININE-SALMON CALCITONIN AFFECTS 
THE FIRING RATE OF NEURONS IN RAT HYPOTHALAMUS. M. J .  Twery, R. 
L. Moss, and R. C. OrlowsKi1*. Dept. P hysiology, Univ. Texas 
H lth . S c i. C tr . ,  D allas , TX 75235 and 1Armour P harm aceu tical Co., 
Kankakee, IL 60901.

C a lc ito n in  (CT) is  capab le  of a l t e r in g  th e  f i r i n g  r a t e  of 
in d iv id u a l r a t  fo re b ra in  neu rons . In o rd e r  to  de term ine  w hether 
th e  serum ca lc ium -low ering  b io lo g ic a l  a c t i v i t y  of th e  hormone is  
im portan t in  i t s  a c tio n  on neurons, th e  e f f e c t s  of salmon CT 
(sCT) and an analogue, 8 -g ly c in e -d e s -1 6 - le u c in e -2 4 -D- a rg in in e -  
salmon CT (CTA), on neuronal e l e c t r i c a l  a c t i v i t y  were compared. 
Experim ents were perform ed on 13 male, Long-Evans r a t s  (312-532 
g) a n e s th e tiz e d  w ith  u re th an e  (1 .3  mg/kg, IP ). In  v ivo  e x t r a c e l 
lu l a r  re c o rd in g  of in d iv id u a l neurons and th e  a p p l ic a t io n  of 
chem icals were accom plished th rough  a s in g le  m u l t ib a r re l  
e le c tro d e  (c e n te r  rec o rd in g  b a r re l  4-15 mΩ). S y n th e t ic  salmon CT 
(4413 MRC U /  mg, 0 .1  mM) and CTA (2 .5  MRC U/mg, 0 .1  mM) were 
p repared  in  d i s t i l l e d  w ate r, and io n to p h o re t ic a l ly  e je c te d  (10-30 
nA, 30 s e c ) .  The e f f e c t s  of p ep tid e  a p p l ic a t io n  were c a te g o riz e d  
based on p e rc e n t change in  f i r i n g  r a t e  c a lc u la te d  from th e  mean 
f i r i n g  r a t e  (Hz) d u ring  tre a tm e n t and im m ediately p r io r  to  
a p p l ic a t io n  of p e p tid e .

Io n to p h o re tic  a p p l ic a t io n  of CTA a l te r e d  th e  f i r i n g  r a t e  of 15 
o u t of 34 neurons lo c a liz e d  to  th e  hypothalam us. CTA dep ressed  
th e  f i r i n g  r a t e  in  5 of 8 v en trom ed ia l, 4 of 7 dorsom edial, 3 of 
6 a n te r io r ,  and 1 of 4 a rc u a te  hypothalam ic neu rons . In ad d i
tio n , 2 of 9 neurons lo c a liz e d  to  th e  p o s te r io r  hypothalam us were 
e x c ite d  by tre a tm e n t w ith  CTA. F u r th e r  t e s t i n g  of 29 hypo
tha lam ic  neurons determ ined  th a t  th e  m a jo r ity  (19 of 29) respond 
ed to  sCT in  a manner which resem bled t h e i r  response  to  CTA. One 
neuron was ex c ite d , 7 neurons in h ib ite d , and 11 neurons u n a f f e c t
ed by a p p l ic a t io n  of e i t h e r  p e p tid e . In a d d itio n , 4 neurons 
appeared  to  possess  membrane s e n s i t i v i t y  o n ly  to  CTA and 6 
neurons appeared  to  possess  membrane s e n s i t i v i t y  on ly  to  sCT. No 
neurons were observed to  respond in an o p p o s ite  manner to  CTA and 
sCT. These r e s u l t s  confirm  a p rev ious  r e p o r t  from  th i s  la b o ra 
to ry  t h a t  a subpop u la tio n  of neurons in th e  r a t  hypothalam us pos
se sse d  membrane s e n s i t i v i t y  to  sCT. The r e s u l t s  a ls o  show th a t  
CTA is  cap ab le  of a f f e c t in g  neu ronal a c t i v i t y  in  a manner s im i la r  
to  sCT, even though th i s  analogue lacks th e  α - h e l ic a l  secondary  
s t r u c tu r e  of i n t a c t  sCT w hich is  im portan t f o r  h igh  po tency  in 
low ering  serum calcium . F u r th e r  s tu d ie s  u s in g  a d d i t io n a l  ana
logues of CT a re  needed to  c h a ra c te r iz e  th e  neu ronal membrane 
a c tio n  of t h i s  hormone and determ ine  which reg io n s  of th e  p ep tid e  
a re  r e s p o n s ib le  f o r  i t s  c e n tr a l  a c tio n s .

This work was suppo rted  by NIH G rant NS-10434 to  R. L. M. 
M. J .  T. has been a r e c ip ie n t  of NRSA (NS 07677).

404.6 CALCITONIN GENE-RELATED PEPTIDE MIMICS SLOW SYNAPTIC EXCITATION IN 
MYENTERIC NEURONS OF GUINEA-PIG SMALL INTESTINE. J.M . Palmer*, M. 
Schemann*, K. Tantura* and J .D . Wood. D ept. o f  P h y s io l . ,  C o llege  o f  
M edic ine, Ohio S ta te  U n iv e rs ity , Columbus, Ohio 43210

C a lc ito n in  g e n e -re la te d  p e p tid e  (CGRP) i s  a  37 amino a c id  p e p tid e  
encoded by th e  c a lc i t o n in  gene and produced in  n e u ra l t i s s u e  by 
s p e c i f i c  RNA p ro c e s s in g . CGRP-like im mu n o re a c t iv i ty  i s  d i s t r i b u te d  
e x te n s iv e ly  in  th e  m y en te ric  and submucosal p le x u se s  o f  th e  e n t e r ic  
nervous system  su g g es tin g  a  r o le  f o r  CGRP a s  a  n e u ro t ra n s m it te r  o r  
neu rom o d u la to r. Our aim  was t o  in v e s t ig a te  th e  e f f e c t s  o f  CGRP on 
th e  e l e c t r i c a l  b eh a v io r o f  e n t e r ic  g an g lio n  c e l l s  from g u in e a -p ig  
sm all i n t e s t i n e .  C onventional i n t r a c e l l u l a r  methods w ith  3M 
KCl - f i l l e d  m ic ro e le c tro d e s  w ere used  t o  re c o rd  and in j e c t  e l e c t r i 
c a l c u r r e n t  in  neurons from m yen te ric  p lex u s  p re p a ra tio n s  s u p e r-  
fu sed  w ith  carboxygenated  Krebs s o lu t io n  in  v i t r o . CGRP and 
th y ro c a lc i to n in , w hich i s  c o - t r a n s c r ib e d  from th e  same gene, were 
a p p lie d  e i t h e r  in  th e  s u p e rfu s io n  s o lu t io n  o r  by m ic ro e je c tio n  from 
f in e - t ip p e d  p ip e t te s  w ith  n it ro g e n  p u ls e s  o f  c o n tro l le d  am p litude  
and d u ra t io n .  A p p lic a tio n  o f  s y n th e t ic  human and r a t  CGRP 
(0 . 1nM-1uM) to  AH/Type 2 m y en te ric  neurons mimicked slow  s y n a p tic  
e x c i ta t io n  (slow  EPSP). The e x c i ta to r y  a c t io n s  o f  CGRP c o n s is te d  o f  
membrane d e p o la r iz a t io n  ran g in g  from 5-30 mV t h a t  was 
dose-dependen t (ED50 = 10nM), dec re a sed  membrane conduc tance , 
d ec re a sed  am p litude  o f  p o s t- s p ik e  h y p e rp o la r iz in g  p o te n t ia l s ,  and 
in c re a s e d  p r o b a b i l i t y  o f  a c t io n  p o te n t ia l  d isc h a rg e  w ith  o ccu rren ce  
o f  spontaneous sp ik e s  and s tim u lus-evoked  r e p e t i t i v e  sp ik e  
d is c h a rg e . D ecreased membrane conductance was in d ic a te d  by an in 
c re a se d  s lo p e  o f  ohmic c u r re n t -v o lta g e  r e l a t i o n s h ip s .  L ines on 
th e s e  p lo t s  b e fo re  and d u rin g  a p p l ic a t io n  o f  CGRP in t e r s e c te d  a t  a 
membrane p o te n t ia l  n ea r th e  e s tim a te d  K+ e q u ilib r iu m  p o te n t ia l .  
T h is su g g ested  t h a t  th e  e x c i ta to r y  a c t io n  o f  CGRP in vo lved  c lo s u re  
o f  K+ c h a n n e ls . A p p lic a tio n  o f  s y n th e t ic  human th y ro c a lc i to n in  d id  
n o t a l t e r  e l e c t r i c a l  b eh a v io r o f  AH/Type 2 neu rons . E l e c t r i c a l  be
h a v io r  o f  S/Type 1 neurons was u n a f fe c te d  by CGRP and 
th y r o c a lc i to n in .  CGRP e x e rte d  i t s  e f f e c t s  a f t e r  b lockade o f  axonal 
sp ik e  conduc tion  and s y n a p tic  tra n sm is s io n  in  te tro d o to x in  
( 0 .3 - 1uM), and d u rin g  s u p e rfu s io n  o f  16 mM Mg2+-1 .2 5  mM Ca2+ Krebs 
s o lu t io n  in d ic a t in g  CGRP had a d i r e c t  a c t io n  on th e  im paled 
neu ro n s . Our r e s u l t s  a r e  c o n s is te n t  w ith  a 
n eu ro tran sm itte r /n e u ro m o d u la to ry  r o le  f o r  CGRP in  th e  e n t e r ic  n e rv 
ous system  and su g g es t t h a t  i t  may p a r t i c i p a t e  in  lo c a l 
neurohum oral r e g u la t io n  o f  g a s t r o i n t e s t i n a l  e f f e c to r  system s. 
(Supported  by NIH g ra n t  AM26742 to  J .D .W ., NRSA AM07308 to  J .M .P ., 
DFG award Sche-267/1-1  t o  M .S ., and O verseas V is i t in g  R esearcher 
Program o f  Tokai U n iv e rs ity  t o  K .T .)

404.7 BOMBESIN: PREFERENTIAL DEPRESSION OF DORSAL HORN NEURONES 
IN THE SPINAL CORD OF THE CAT. Y. De Koninck* and J.L. 
Henry . Depts. Physiol, and Anaes. Res., McGill Univ., 
Montreal, Que., H3G 1Y6

The presence of bombesin-like immunoreactivity and 
bombesin binding s ite s  in laminae I-IV of the dorsal horn 
of the cat spinal cord as well as the depolarising effect 
of th is  peptide on primary afferent terminals in  the toad 
spinal cord implicate th is  amphibian peptide or a peptide 
of sim ilar nature as a possible chemical mediator of 
sensory transmission. The present study was done to  
determine the effec ts  of iontophoretic application of 
bombesin on dorsal horn neurones in vivo. Thirty-one cats 
were anaesthetized with alpha-chloralose (60mg/Kg i.v .)and 
spinalised a t the L1-L2 level. Spinal segments 
L5-L6 were exposed for recording. M ultibarrelled 
micropipettes were used to  record ex trace llu la r single unit 
spike ac tiv ity  and to  apply the following by iontophoresis: 
bombesin (1mM in  165mM NaCl , pH 5,5), Na-L-glutamate (1M; 
pH 7,4), substance P (1mM in  165 NaCl , pH 5,5) and other 
peptides. Selected s ite s  were marked with Pontamine Sky 
Blue for h isto logical iden tifica tion  of positive s ite s  of 
recording. Of 20 neurones found a t  depths of less than 
1 500μm, 13 were depressed by bombesin, 1 was excited and 
the remaining 6 were unaffected. Of 24 neurones found a t 
depths greater than 1 500μm, i  was excited and 23 remained 
unaffected (even though a l l  were excited by glutamate and 
12 of the 18 tested  were excited by substance P). 
Typically, the depression s tarted  a t  40-60s a f te r  the 
beginning of the application, reached a maximum 60-80s 
la te r  and outlasted the application by up to  6min. This 
depression was observed on on-going ac tiv ity  (n=10) as well 
as on excitatory responses induced by application of 
noxious heat (n=3) and by low threshold mechanical 
stim ulation (n=2) to  the receptive fie ld . In three tr i a ls ,  
naloxone (up to  0,3mg/Kg, i .v .)  fa iled  to  block th is  
depression. These resu lts  indicate th a t bombesin has a 
depressant effec t on neurones in  the dorsal horn, in 
p articu la r upon those in  the upper laminae. These resu lts  
thus provide physiological evidence to  support the possible 
involvment of a bombesin-like peptide as a chemical 
mediator of synaptic transmission in  spinal sensory 
pathways.
(Sponsored by the Canadian MRC; YDK is  a s tag ia ire  en 
recherche of the FRSQ.)

404.8 BIOCHEMICAL IDENTIFICATION OF NEUROPEPTIDE Y AND PEPTIDE YY RECEP
TORS IN GUT AND BRAIN. M.W. Walker* and R .J . M ille r  (SPON: J .  
Cowan). D ept. o f  Pharm acol. & P h y s io l. S c ie n ces , Univ. of C hicago, 
Chicago, IL 60637.

N europeptide Y (NPY) and p e p tid e  YY(PYY) a re  homologous members 
o f  th e  p a n c re a tic  p o ly p e p tid e  fam ily . NPY i s  found in  neurons 
th roughou t th e  c e n tr a l  and p e r ip h e ra l  mammalian nervous system , 
in c lu d in g  th e  sm all i n t e s t i n e .  PYY i s  found p r im a r ily  in  endocrine  
c e l l s  o f th e  g u t. NPY was a p o te n t i n h i b i to r  o f s h o r t  c i r c u i t  cu r
r e n t  ( I s c )  when added to  th e  s e ro s a l  s id e  o f r a b b i t  i l e a l  mucosa 
mounted in  U ssing cham bers: ΔI s c  max = -50μA cm-2 and EC50 = 3 × 
10- 8M. Is o to p ic  f lu x  s tu d ie s  showed th a t  1 × 10-7 M NPY in c rea sed  
m u c o sa l- to -s e ro s a l Na+ and Cl-  f lu x  and d ecreased  se ro sa l-to -m u co 
s a l  Cl-  f lu x .  N orep inephrine  e x e r ts  a s im i la r  e f f e c t  th rough b in d 
in g  to  th e  α2-a d re n e rg ic  r e c e p to r . We te s te d  w hether NPY stim u
la te d  th e  r e le a s e  o f n o rep in ep h rin e  by p r e - t r e a t i n g  th e  t i s s u e  w ith  
yohim bine, an α 2 -a d re n e rg ic  b lo c k e r . Yohimbine had no e f f e c t ,  how
e v e r , on th e  NPY resp o n se . This su g g es ts  th e  p resen ce  o f  a unique 
re c e p to r  fo r  N PY-like s t r u c tu r e  on th e  e n te ro c y te s . PYY was even 
more p o te n t as an i n h i b i to r  o f I s c :  ΔIs c  max = -60μA cm-2  and EC50 
= 2 × 10- 9M. Rat p a n c re a tic  p o ly p e p tid e  (RPP), an o th er member o f 
th e  p a n c re a t ic  p o ly p e p tid e  fam ily , caused no response  a t  concen
t r a t io n s  up to  10-6 M. Recepto r  b in d in g  s tu d ie s  in  r a b b i t  ileum  
were perform ed w ith  PYY-I125 as th e  la b e le d  l ig a n d . The p e p tid e  was 
io d in a te d  w ith  ch loram ine T and p u r i f i e d  to  homogeneity w ith  HPLC. 
R ecep to rs were d e te c te d  th roughou t th e  ileum , in c lu d in g  th e  submu
cosa  p lu s  c i r c u l a r  and lo n g i tu d in a l  m uscle (6 .3  fm ol/m g), th e  mu
cosa  (0 .12  fm ol/m g), and th e  e n te ro c y te s  (0 .0 1  fm ol/m g). (Weight 
r e f e r s  to  p r o t e in ) . R ecep to rs were a lso  d e te c te d  in  r a t  ileum , 
w hole gu t (3 .1  fm ol/m g). S tu d ie s  a re  c u r r e n t ly  underway w ith  NPY- 
I1 25 as th e  la b e le d  l ig a n d . Rat b ra in  synaptosom es and c u l tu re d  
c e l l  l in e s  w ere a lso  used  as re c e p to r  b in d in g  assay s  fo r  u s in g  bo th  
PYY-I125 and NPY-I125. As w ith  PYY, NPY was io d in a te d  w ith  c h lo r 
amine T and p u r i f i e d  to  hom ogeneity w ith  HPLC. S p e c if ic  b in d in g  of 
PYY-I125 was > 95%. S ca tchard  p lo t s  u s in g  PYY-I125 rev ea led  two 
c la s s e s  o f  b in d in g  s i t e s :  Kd1 = 2 × 10- 11M and Kd2 = 3 × 10- 9M. 
PYY-I125 was d isp la c e d  by NPY (IC50 = 7 × 10-10M), RPP (IC50 =  1 ×  
10- 7m) and SCMC-MNPY-1, a s y n th e t ic  NPY ana log  (IC 50 = 6 × 10- 9M) . 
S p e c i f ic  b in d in g  o f  NPY-I125 was > 85%. S catchard  p lo t s  u s in g  NPY- 
I 1 25 ag a in  rev e a le d  two c la s s e s  o f b in d in g  s i t e s :  Kd1 = 5 × 10- 11M 
and Kd2 = 1 × 10- 9M. NPY-I125 was d is p la c e d  by PYY (IC 50 = 3 × 
10-1 0M) and RPP (IC 50 =  1  ×  10- 7M) . NPY-I125 a lso  bound s p e c i f i 
c a l ly  to  d o rs a l ro o t gang lion  c e l ls  c u l tu re d  from two day o ld  r a t  
pups. No b in d in g  was observed on F -11 (u n d if f e r e n t ia te d  and d i f 
f e r e n t ia t e d )  o r on PC12 ( d i f f e r e n t ia te d )  n eu ro n a l c e l l  l i n e s ,  o r on 
HSWP f ib r o b la s t  c e l l s .  Thus, we have dem onstrated  th a t  NPY and PYY 
a re  p o te n t m odulators o f  i l e a l  I s c  and we have developed h igh  a f 
f i n i t y  la b e le d  lig a n d s  to  f a c i l i t a t e  th e  in v e s t ig a t io n  o f re c e p to r  
i n t e r a c t io n s .
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404.9 EVIDENCE THAT CHOLECYSTOKININ IS A NEUROTRANSHITTER IN 
THE INFERIOR MESENTERIC GANGLION OF GUINEA PIG. M. A. 
Schumann* and D. L. Kreulen (SPON: P. Consroe). Dept. of Pharmacology, 
Coll. of Med., Univ. of Arizona, Tucson, AZ 85724.

Cholecystokinin (CCK)-like immunoreactivity has been localized in 
neurons with ce ll bodies residing in the  intram ural ganglia of the  colon and 
axons term inating in th e  in fe rio r m esenteric ganglion (IMG) of guinea pig. 
The physiological significance of neuronal CCK in sympathetic p reverteb ra l 
ganglia is  unknown. The purpose of these experiments was to  determine 
whether CCK functions as a neurotransm itter producing slow 
depolarizations in th e  IM G, especially those slow depolarizations produced 
by colon distension. In  vitro  IM G prepara tions with a segment of the  colon 
a ttached  were utilized to  conduct in tracellu la r microelectrode recordings 
of poten tia ls  e lic ited  in ganglionic neurons by nerve stim ulation, colon 
distension and application of CCK8. CCK8 delivered by pressure-ejection  
from a single p ipe tte  ad jacen t to  the  recording electrode triggered  a slow 
depolarization with 1-5 sec onset and ra te  of rise (1.6 ± 0.4 mV/sec) in 95% 
of the  neurons te s ted . The ED50 fo r depolarization averaged 1.1 ±  0.5 
pmoles (9 cells). The nonsulfated form of CCK8 was tw ice as po ten t as the 
su lfated  form and equipotent with CCK30-33. In  59% of the cells the 
depolarization was associated with a decrease in input resistance  (Rin) and 
in  20% with an inc rease . The remaining cells showed no change in Rin . 
CCK8-evoked slow depolarization was similar to  the  slow depolarization 
produced e ither by colon distension or by e lec trica l stim ulation of lumbar 
colonic nerves in terms of changes in Rin , amplitude, and time course. 
CCK8 also increased  th e  frequency (300%) and amplitude (200%) of 
continuous fa s t nicotinic exc itato ry  postsynaptic poten tia ls  evoked by 
con tractions of th e  colon. Upon repea ted  (<2 min in tervals) or prolonged 
adm inistration of CCK8, neurons became desensitized to  th e  fu rthe r 
application of CCK8. However, th e re  was no cross-desensitization  
between CCK8 and substance P (SP) or vasoactive in tes tin a l peptide. In 
addition, spantide (SP antagonist) blocked the  response to  p ressu re-e jec ted  
SP in 5 out of 6 neurons, while leaving the  same cells fully responsive to  
CCK8. In 50% of ce lls te s ted  th e  slow depolarization induced by e ither 
nerve stim ulation or colon distension was blocked by previous 
desensitization  to  CCK8. These resu lts  support the hypothesis th a t CCK8 
or a re la ted  peptide is  a neurotransm itter mediating peripheral reflex  
activ ity  involving th e  colon and th e  IMG. Support HL01136, HL27781, 
AM 36289.

404.10 NEUROTENSIN F A C IL IT A T E S  SY N A PT IC  TR A N SM ISSIO N  IN G UINEA P IG  
IN F E R IO R  M ESENTERIC GANGLION BY P O S T - AND PR E SY N A PTIC  M ECHANISM S.
W.H. Stapelfeldt* and J.H. Szurszewski. Department of Physiology 
and Biophysics, Mayo Medical School, Rochester, MN 55905.

Immunohistochemical studies in guinea pigs have demonstrated 
neurotensin(NT) like immunoreactivity in nerve fibers originating 
in the spinal cord, leaving i t  via the ventral roots and forming 
nerve terminals around cells of the inferior mesenteric ganglion 
(IMG) (Reinecke, M., Neurosci. Lett . , 37:37, 1983). The aim of 
the present study was to determine a possible physiological role 
of NT in this sympathetic ganglion. The IMG and i ts  nerve trunks 
were dissected from adult male guinea pigs, pinned out in an 
organ bath and superfused with an oxygenated Krebs solution at 
37°C. Intracellular recordings were made with 3M KCl f i l led  
glass micropipets (35-55 MΩ) and nerve trunks were stimulated 
with bipolar platinum electrodes. Superfusion of NT (1-5 μM) 
caused a depolarization in 74% of examined neurons (42 of 57 
ce l ls ,  n = 35). Two different types of depolarizing responses 
were observed. In the f i r s t ,  in 31% of responding ce lls ,  
depolarization reached steady state  during the presence of NT 
(3.3 ± 0.5 mV, range 2-6 mV). This effect was not blocked by 
either  hexamethonium (10 μM), atropine (10 μM), low calcium 
(1 mM Ca++, 15 mM Mg++) or leucine-enkephalin (50 μM) indicating 
a postsynaptic s i te  of action. In the second type of response, 
in 69% of responding ce l ls ,  the depolarization was transient 
(max 5.1 ± 0.5 mV, range 2-10 mV, duration 2.5 ± 0.1 min), even 
in the maintained presence of NT. The transient response was 
not blocked by hexamethonium (10-100 μM) or atropine (10 μM). 
However, i t  was blocked by low calcium, leu-enkephalin (50 μM) 
and capsaicin (3 μM) suggesting a presynaptic s i te  of action 
involving a noncholinergic opiate- and capsaicin-sensitive 
mechanism. Therefore, the effect of NT on slow EPSPs was 
studied. In 4 of 5 neurons tested, e lec tr ica l ly  evoked slow 
EPSPs in the presence of NT were greater in amplitude and 
longer in duration compared to slow EPSPs evoked in normal Krebs 
solution. These data further support the concept that NT acted 
presynaptically to f a c i l i ta te  slow synaptic transmission. Both 
types of depolarizing responses to NT were associated with an 
increase of input resistance, a production of action potentials in 
response to intracellular  injection of subthreshold depolarizing 
pulses and a conversion of e lec tr ica l ly  evoked subthreshold fast 
EPSPs to spikes. Thus both responses fac i l i ta ted  synaptic trans
mission. In conclusion, these findings demonstrate a facili ta ting 
action of NT upon synaptic transmission in IMG by post- and 
presynaptic mechanisms. The NT-ergic fibers may thus represent 
a central efferent pathway that f ac i l i ta te s  ongoing synaptic 
activi ty  in the IMG. (Supported by AM 17632 and DFG Sta 252/1-1.)

404.11 DIFFERENTIAL PARALYTIC ACTIONS OF INTRATHECAL VASOPRESSIN, 
OXYTOCIN AND OTHER PEPTIDES IN RATS. J.B. Long, E.E. Echevarria* 
and J.W. Holaday. Neuropharm. Br., Dept. of Med. Neurosci., Div. of 
Neuropsych., Walter Reed Army Inst. of Res., Wash., D.C. 20307-5100.

Arg8-vasopressin (AVP) and oxytocin (OXT) are distributed throughout 
the rat CNS and, following their central administration, elicit a variety of 
responses unrelated to their pituitary functions. Both AVP and OXT induce a 
loss of posture and rotational behavior ("barrel rolling") following i.c.v. 
injection. Additionally, following intrathecal (i.t.) injection, AVP produces a 
transient hindlimb (HL) flaccidity. Several other peptides, including 
dynorphin (DYN), somatostatin (SOM), Substance P antagonists, Neuro
peptide Y, bacitracin and the delta opioid receptor antagonist ICI 174864 
(ICI) also produce "barrel rolling" and HL paralysis following i.c.v. and i.t. 
injection, respectively. These similarities suggest that these diverse peptides 
may share common mechanisms of action. In these studies, we characterized 
and compared the motor effects of i.t. AVP, OXT, lys8-vasopressin (LVP) 
and several related molecules with the i.t. actions of SOM, DYN and ICI.

Peptides were injected through PE 10 catheters into the spinal subarach
noid space of male S-D rats at the lumbar enlargement. HL motor function 
was evaluated using a 0-3 grading scale and tail-flick latencies were 
recorded. AVP and LVP (0.6 pmoles to 1.8 nmoles) produced a dose-related 
HL paralysis, with loss of motor function appearing within 2-3 min of in
jection and generally lasting 10-30 min. OXT significantly elevated tail- 
flick latencies and disrupted motor function, but only with doses exceeding 
1 nmole. Pressinoic acid and AVP fragment (4-9) ([pGlu4, Cyt6]-AVP (4-9)) 
failed to alter motor or nociceptive function with doses as high as 25 
nmole. In contrast to SOM, DYN and ICI, the paralytic actions of AVP, LVP 
and OXT were always transient. The short durations of these actions were 
not due to rapid enzymatic degradation of these peptides since: 1) effects 
were not prolonged by peptidase inhibitors, and 2) effects of the amino
peptidase-resistant analog deamino [arg8]-vasopressin were similarly short
lasting. The paralytic actions of AVP, LVP and OXT, but not DYN, SOM and 
ICI, were absent in rats injected 10 min earlier with V1 receptor antagonists 
(0.4 nmoles, i.t.), suggesting that effects of AVP, LVP and OXT, but not 
DYN, SOM and ICI, were mediated through V1 receptors. However, we sub
sequently observed that 1) pretreatm ent with non-paralytic doses of OXT 
also selectively blocked paralytic actions of AVP, LVP and OXT, but not 
DYN, SOM or ICI, and 2) these V1 antagonists alone produced paralysis at 
higher doses. Additionally, immediately following recovery from AVP, LVP 
or OXT-induced paralysis, rats were refractory to paralytic actions of AVP, 
LVP and OXT but not DYN, SOM or ICI. Similar desensitizations were not 
seen after recovery from SOM or DYN-induced paralysis. Results indicate 
that AVP, LVP and OXT induce HL paralysis: 1) with relative i.t. potencies 
paralleling i.c.v. potencies for barrel rolling, and 2) through recognition sites 
and/or mechanisms not shared with SOM, DYN, or ICI. These effects of 
AVP, LVP and OXT are also distinguished by their transient nature, 
antagonism by V1 antagonists and tachyphylaxis to repeated injections.

404.12 THYROTROPIN RELEASING HORMONE (TRH) FAILS TO ANTAGONIZE 
THE PARALYTIC EFFECTS OF INTRATHECAL DYNORPHIN A (1-13) AND 
A SUBSTANCE P ANTAGONIST. A. Martinez-Arizala*, J.B. Long, E.E. 
Echevarria* and J.W. Holaday. Neuropharm. Br., Dept. of Med. Neurosci., 
Div. of N.P., Walter Reed Army Inst. Research, Washington, DC 20307-5100.

Improved neurological recovery following TRH treatm ent in traumatic 
spinal cord injury was proposed to involve actions of TRH as a physiological 
opioid antagonist. Endogenous opioids were implicated in the pathophysio
logy of spinal cord injury since the opioid antagonist naloxone improved 
neurologic outcome following spinal trauma. Among the opioids, Dynorphin 
A (Dyn A)-related peptides have been suggested as the mediators of spinal 
cord injury since Dyn A, but not other opioid peptides: 1) increases progress
ively at the injury site following spinal cord trauma, and 2) produces hind
limb (HL) paralysis following intrathecal (i.t.) injection in rats. While unique 
among opioids, these paralytic actions of Dyn A are shared by several neuro
peptides, including a number of Substance P antagonists. Recently, the 
neuronal damage produced by i.t. injection of the Substance P antagonist 
Spantide was shown to be eliminated by TRH (Freedman et al, Exp. Br. Res.- 
62:175,1986). If: 1) Dyn A is a principle mediator in the pathophysiology of 
spinal cord injury, and 2) therapeutic effects of TRH in spinal cord injury 
involve opposition of Dyn A actions, then TRH may oppose the deleterious 
actions of i.t. Dyn A, similar to that reported for Spantide. Therefore, we 
examined the ability of TRH to antagonize HL paralytic actions of i.t. Dyn A 
(1-13) and the SP antagonist (D-Arg1D-Pro2D-Trp7,9Leu11 SP) (SPA) in rats.

Male S-D rats (350g) were prepared with external jugular catheters (PE 
50) and i.t. catheters (PE 10) terminating in the spinal subarachnoid space at 
the level of the lumbar enlargement. The next day, motor function was 
evaluated using a 0-3 point scale at 0.25, 1, 2, 4, and 24 hrs following i.t. 
injection of Dyn A (1-13) (25 nmoles) or SPA (0.7 and 1.7 nmoles), and either 
i.t. or i.v. injection of TRH or vehicle. TRH was injected i.t. (10 μ g) 5 min 
before injection of Dyn A (1-13) or SPA. For i.v. studies, TRH was injected 
60 min (5 mg/kg) and immediately (2 mg/kg) before injection of Dyn A (1-13) 
or SPA, as well as hourly (2 mg/kg) for 4 hrs following these injections.

Dyn A (1-13) and SPA produced an immediate flaccid HL paralysis and a 
pronounced respiratory impairment with pulmonary edema which resulted in 
30 and 50% mortality, respectively. Saline and TRH alone (i.t. and i.v.) did 
not alter HL motor function, although TRH produced tail-rattling (i.t.) and 
wet-dog shakes (i.v.). TRH (i.t. or i.v.) failed to improve neurological func
tion or mortality following Dyn A (1-13) or SPA. Thus, although TRH was 
reported to decrease morphological damage produced by the closely related 
SP antagonist Spantide, we were unable to demonstrate any effects of TRH 
on neurologic outcome or survival using a similar protocol. The disparity in 
the therapeutic effects of TRH in injury-induced paralysis versus the 
absence of TRH antagonism of i.t. Dyn A (1-13) paralysis suggests that: 1) 
different pathophysiological mechanisms or species differences are involved 
in these two models of spinal cord injury, and 2) salutary effects of TRH in 
spinal cord injury do not involve an antagonism of endogenous Dyn A actions.
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405.1 P a t t e r n  Resp o n ses  from Monkey P r im a ry  V i s u a l  C o r t ex :  R e t i n o t o p i c  
map and r e c e p t i v e  f i e l d  p r o p e r t i e s .  B. v an  D i j k * ,  G. D a g n e l i e *  
and H. S p e k r e i j s e * (sp on :  ENA). N e t h e r l a n d s  O p h th a lm ic  R e s e a rc h  
I n s t i t u t e ,  P.O.Box 12141, 1100 AC Amsterdam t h e  N e t h e r l a n d s .

The p r o j e c t i o n  o f  t h e  c e n t r a l  5 d e g r e e s  o f  v i s u a l  f i e l d  o n to  
R h e s u s  p r i m a r y  v i s u a l  c o r t e x  ( V 1 ) was  d e t e r m i n e d  w i t h  a 
s u b d u r a l l y  i m p l a n t e d  s t a i n l e s s  s t e e l  e l e c t r o d e  a r r a y .  A complex  
l o g  map g a v e  an  a d e q u a t e  d e s c r i p t i o n  b o t h  o f  t h e  p o s i t i o n  o f  
maximum s e n s i t i v i t y  f o r  p a t t e r n e d  s t i m u l i ,  and o f  t h e  e l e m e n t  
s i z e  t h a t  y i e l d s  o p t i m a l  r e s p o n s e s .  On t h e  o t h e r  hand t h e  s m a l 
l e s t  e l e m e n t  s i z e  t h a t  y i e l d s  r e c o r d a b l e  r e s p o n s e s  p r o v e d  t o  be 
n e a r l y  i n d e p e n d e n t  o f  e c c e n t r i c i t y .

Each e l e c t r o d e  was fou n d  t o  sum p a s s i v e l y  a c t i v i t y  from a 
3× 3mm2 p a t c h  o f  V1. The a r e a  o f  v i s u a l  f i e l d  from wh ich r e s p o n s e s  
c o u l d  be e l i c i t e d  a t  e a ch  e l e c t r o d e  was e s t i m a t e d  u s i n g  na rr o w  
s t r i p e s  o f  p a t t e r n e d  s t i m u l i .  We o b s e r v e d  t h a t  t h e  w i d t h s  o f  
t h e s e  so  c a l l e d  " r e c e p t i v e  f i e l d s "  c o u l d  a l s o  be d e s c r i b e d  by a 
c o m p l e x  l o g  map. F o r  e l e c t r o d e s  c l o s e  t o  t h e  m i d l i n e  o f  t h e  
v i s u a l  f i e l d  t h e  i n p u t  from t h e  i p s i l a t e r a l  h a l f  f i e l d  was s u b 
s t a n t i a l ,  e x t e n d e d  up t o  3 d e g r e e s .

The s e n s i t i v i t y  p r o f i l e  o f  t h e s e  r e c e p t i v e  f i e l d s  was fou n d  t o  
be d e p e n d e n t  on s t i m u l u s  c o n f i g u r a t i o n .  I f  two r e g i o n s  o f  a b o u t  
e q u a l  s e n s i t i v i t y  w i t h i n  t h e  r e c e p t i v e  f i e l d  o f  a s i n g l e  e l e c 
t r o d e  a r e  s t i m u l a t e d  w i t h  d i f f e r e n t  c o n t r a s t s ,  t h e n  t h e  t o t a l  
r e s p o n s e  i s  c l o s e  t o  t h e  r e s p o n s e  f r o m  t h a t  r e g i o n  w h i c h  i s  
s t i m u l a t e d  most s t r o n g .  On t h e  o t h e r  hand ,  i f  s i m u l t a n e o u s l y  t h e  
c e n t e r  a n d  a l e s s  s e n s i t i v e  r e g i o n  a r e  s t i m u l a t e d ,  t h e n  t h e  
r e s p o n s e  from t h e  c e n t r a l  a r e a  i s  m o d u la t e d :  i f  t h e  two r e g i o n s  
a r e  c l o s e  t h e  r e s p o n s e  i s  d i m i n i s h e d ;  i f  t h e y  a r e  s p a t i a l l y  
s e p a r a t e d  t h e  r e s p o n s e  i s  e n hanced .

From t h e s e  e x p e r i m e n t s  t h e  c o n c l u s i o n  can be drawn t h a t  t h e  
r e s p o n s e s  i n  Rhesus V1 e v o k e d  by t h e  o n s e t  o f  p a t t e r n  a r e  d r i v e n  
by a  r e l a t i v e l y  wide  a r e a  f o r  s m a l l  p a t t e r n e d  f i e l d s  and by a 
s m a l l e r  a r e a  f o r  l a r g e r  p a t t e r n e d  f i e l d s .  T h i s  s u g g e s t s  a fo rm o f  
s p a t i a l  op ponency  a t  t h e  l e v e l  o f  l o c a l  mass r e s p o n s e s  i n  V1.

405.2 VISUAL MOTION PROCESSING IN PRIMATE AREA 17: EVIDENCE FROM MASS 
NEURONAL ACTIVITY. G. D a g n e l i e * )  B.W. v a n  D i j k *  an d  H. S p e k 
r e i j s e *  (SPON: ENA). N e th e r la n d s  O p h th a lm ic  R e se a rc h  I n s t i t u t e ,  
Am sterdam , N e th e r la n d s * ) .

E v id e n ce  f o r  e a r l y  v i s u a l  m o tio n  p r o c e s s in g  in  h ig h e r  a n im a ls  
h a s  th u s  f a r  been  fo u n d  in  two ty p e s  o f  s tu d i e s :  r e c o r d in g s  o f 
d i r e c t i o n a l l y  s e l e c t i v e  (DS) c e l l s  in  r e t i n a ,  l a t e r a l  g e n i c u l a t e  
and c o r t e x  o f  mammals, and p s y c h o p h y s ic a l  s t u d i e s  in  man. The 
a b sen c e  o f  e x p l i c i t l y  DS c e l l s  whose DS c h a r a c t e r  i s  n o t  d ep en 
d e n t  on th e  ty p e  o f  p a t t e r n  p r e s e n te d  a s  a  s t i m u l u s ,  p r i o r  to  th e  
c o r t i c a l  l e v e l  in  p r im a te ,  h as  d i r e c t e d  th e  a t t e n t i o n  o f  e l e c t r o 
p h y s i o l o g i s t s  to  p r im a te  c o r t e x  a s  th e  i n i t i a l  s ta g e  in  m o tio n  
p r o c e s s i n g .  W ith in  c o r t e x ,  t h e  i d e n t i f i c a t i o n  o f  a r e a  MT in  
monkey a s  an a r e a  s p e c i a l i z e d  in  m o tio n  p r o c e s s in g  may h a v e  l e d  
some s c i e n t i s t s  t o  o v e r l o o k  t h e  p o s s i b i l i t y  t h a t  a l s o  i n  V1 
g e n u in e  m o tio n  d e t e c t io n  i s  t a k in g  p l a c e .  E x te n s iv e  e x p e r im e n ts  
i n  o u r  l a b o r a t o r y  i n  man ( s c a l p  e l e c t r o d e s )  an d  a l e r t  m onkey 
( s c a l p  and s u b d u ra l  e l e c t r o d e s )  h a v e  shown, h o w ev er, t h a t  t h i s  
a r e a  c o n ta in s  an e a r l y  l o c a l  m o tio n  p r o c e s s in g  m echanism , and 
t h a t  t h i s  m echanism  can  be s tu d i e d  e l e g a n t l y  th ro u g h  V i s u a l l y  
Evoked P o t e n t i a l s  (VEPs).

The e v id e n c e  t h a t  we h a v e  c o l l e c t e d  f o r  th e  e x i s t e n c e  and th e  
n a tu r e  o f  t h i s  m echanism  can  be sum m arized  a s  f o l l o w s :
-  l o c a l  m o tio n  o n s e t  and o f f s e t  e a ch  e l i c i t  a  c h a r a c t e r i s t i c  VEP 

waveform
-  th ro u g h  p r o j e c t i o n  s tu d i e s  in  monkey, a s  w e l l  as  v i a  d ip o le  

l o c a l i z a t i o n  in  man, th e  s o u rc e s  o f  t h e s e  p o t e n t i a l s  h a v e  been 
l o c a t e d  u n e q u iv o c a l ly  in  a r e a  17

-  t h e s e  VEPs show a s im p le  and c o n s i s t e n t  d ep en d en ce  on s t im u lu s  
p a ra m e te r s

-  t h e s e  VEPs can  be e l i c i t e d  by c e r t a i n  ty p e s  o f  m o tio n  i l l u s i o n ,  
w h ereas  a  v a r i e t y  o f  c l o s e l y  r e l a t e d  s t i m u l i  t h a t  do n o t  l e a d  
to  a  m o tio n  p e rc e p t  do n o t  y i e l d  s i m i l a r  VEPs e i t h e r

-  th e  m echanism  u n d e r ly in g  th e s e  VEPs i s  s t r i c t l y  m o n o cu la r
-  in  a l l  o u r e x p e r im e n ts ,  c o r r e l a t o r s  o f  th e  R e ic h a r d t  ty p e  a re  

b e s t  s u i t e d  to  a c c o u n t f o r  th e  d a ta .
T h e re fo re  we f e e l  f r e e  to  c la im  t h a t  o u r e x p e r im e n ts  y i e l d  

s o l i d  e v id e n c e  f o r  th e  e x i s t e n c e  o f  m o tio n  d e t e c t in g  u n i t s  in  
p r im a te  V1 , and f o r  t h e i r  w o rk in g  p r i n c i p l e  o f  R e ic h a rd t  c o r 
r e l a t o r s  .

*) 1 s t  a u th o r 's  p r e s e n t  a d d re s s :  P h y s i o lo g i c a l  O p t ic s  Lab, W ilm er 
Eye I n s t i t u t e ,  Jo h n s  H opkins M e d ic a l S c h o o l,  B a l t im o r e ,  MD 21205.

405.3 FUNCTIONAL AND MORPHOLOGICAL IDENTIFICATION OF DOUBLE 
AND SINGLE OPPONENT COLOR CELLS IN LAYER IVC OF THE 
MONKEY'S STRIATE CORTEX. Charles R.  M ichael, bDept. of 
Physiology and V ision, Yale Medical School, 333 Cedar 
S t . ,  New Haven, CT. 06510.

Using tungsten  m icroelectrodes I have re-examined 
la y e r  IVCb w ith long, oblique p e n e tra tio n s . In 
agreement wi th  my e a r l ie r  s tu d ie s , I found c lu s te r s  of 
non-orien ted  double opponent co lo r c e l ls  which were 
separated  by regions contain ing  on and o ff  cen te r Type 
I I I  neurons. In  a co lo r c lu s te r  a l l  of th e  c e l l s  had 
th e  same red /g reen  double opponent f ie ld  o rgan iza tion . 
A few c e l l s  were s in g le  opponent Type I  u n i t s ; they 
always had on cen te rs . Having confirmed th e  presence 
and th e  p ro p e rtie s  of th e  opponent co lo r c e l l s  in  IVCb , 
I  then stu d ied  them w ith m icrop ipette  e lec tro d es  f i l l e d  
w ith horserad ish  peroxidase (HRP). I  recorded 
in t r a c e l lu la r ly  from th e  c e l l s ,  fu n c tio n a lly  
ch ara c te rized  them and then f i l l e d  them with HRP. A ll 
double opponent c e l l s  recovered h is to lo g ic a lly  were 
found to  be spiny s t e l l a t e  neurons w ith sp h e ric a l, non
o rien ted  d e n d r itic  arbors confined to  IVCb . Their 
axons p ro jec ted  upward to  lower la y e r I I I  where they 
formed te rm inal f ie ld s  s im ila r  in  s iz e  to  the  
supragranular cytochrome oxidase (CO) b lobs. A 
combined s ta in in g  procedure fo r  HRP and CO revealed  
th a t  th e  double opponent spiny s t e l l a t e  c e l l s  p ro jec ted  
to  th e  b lobs. Most o ften  they term inated in  a s in g le  
blob? in  th re e  in stan ces th e i r  axons branched to  end in  
two ad jacen t b lobs. I t  seems reasonable to  assume, 
then , th a t  th e  p ro p e rtie s  of the  red /g reen  double 
opponent co lo r c e l l s  which Livingstone and Hubei found 
in  th e  blobs may be generated p rim arily  by inpu ts from 
th e  spiny s te l l a t e  c e l ls  in  lay er IVCb . When the 
s in g le  opponent Type I  co lo r c e l l s  were recovered, they 
always were smooth s t e l l a t e  neurons. Their beaded axons 
a rborized  lo c a lly , c lo se  to  th e i r  own d e n d ri tic  f ie ld s  
in  IVCb . Since both spiny and smooth s t e l l a t e  c e l l s  in  
IVCb. rece iv e  e x c ita to ry  con tac ts  from the  axons of 
opponent co lo r neurons in  th e  p a rv o ce llu la r g en icu la te  
la y e rs , th ese  c e l ls  could rep resen t th e  e a r l i e s t  stages 
in  c o r t ic a l  co lo r p rocessing . The smooth s te l l a t e  
c e l l s  may make in h ib ito ry  con tac ts  on th e  spiny 
s t e l l a t e s  to  produce double opponency from s in g le  
opponent co lo r in p u ts . The spiny s te l l a t e s  could then 
pass th i s  inform ation up to  the  co lo r c e l l s  in  the  
b lobs. Supported by NIH Grant EY 00568.

405.4 RELATIONSHIPS BETWEEN COLOR-SPECIFIC CELLS IN CYTOCHROME OXIDASE- 
RICH PATCHES OF MONKEY STRIATE CORTEX. D.Y. T s 'o ,  C.D. G ilb e r t ,  
and T.N. W iesel. L abo ra to ry  of N eurobio logy, The R o ck e fe lle r  
U n iv e rs ity , NY, NY 10021

U sing m u ltip le  v e r t i c a l  p e n e tra tio n s  o f two reco rd in g  
e le c tro d e s  in to  the s u p e r f ic i a l  la y e rs  o f the  cytochrome ox id ase - 
r ic h  b lob  reg io n s  of the monkey s t r i a t e  c o r te x , we have s tud ied  
the  fu n c t io n a l a r c h i te c tu r e  and, through c ro s s - c o r r e la t io n  
a n a ly s is ,  th e  i n t r i n s i c  co nnections  w ith in  and between the b lo b s . 
We found a predom inance of u n o rie n ted  c e l l s ,  in c lu d in g  Type I  
(c o lo r  opponent c e n te r -s u r ro u n d ) , Type I I  (c o lo r  opponent c e n te r -  
o n ly ) , Type I I I  (broadband c e n te r - s u r ro u n d ) , and Type IV 
(broadband, to n ic  red  su rro u n d ), confirm ing  much o f the e a r l i e r  
r e p o r t  of L iv in g s to n e  and H ubei*. However, few tru e  double 
opponent c e l l s  were found. In s te a d  a la rg e  p ro p o rtio n  o f c o lo r  
c e l l s  e x h ib ite d  m odified  Type I I  p ro p e r t ie s ,  having  an 
a n ta g o n is t ic  broadband su rround . A ll c o lo r  c e l l s  in  in d iv id u a l 
p e n e tra tio n s  were of the  same c o lo r  opponency, re d /g re e n  or 
b lu e /y e l lo w . M u ltip le  c lo s e ly  spaced p e n e tra tio n s  in to  the same 
b lob  a lso  y ie ld e d  c o lo r  c e l l s  of the same c o lo r  opponency, 
su g g es tin g  th a t  an in d iv id u a l b lob  i s  c o lo r  system  s p e c i f ic .  
Along in d iv id u a l p e n e tr a t io n s ,  c lu s t e r s  o f c e l l s  having  the same 
re c e p tiv e  f i e ld  type were en co u n te red . Some c o lo r  and n on -co lo r 
c e l l s  were found th a t  were much more resp o n s iv e  to  moving s t im u li  
(o f  any o r ie n ta t io n  and d i r e c t io n )  r a th e r  than  s ta t io n a ry  f la sh in g  
s t im u l i .  O rien ted  c e l l s  having  c o lo r  s e l e c t i v i t y  have been found 
in  p e n e tra tio n s  o f b lob  re g io n s , su g g es tin g  a c lo se  p rox im ity  
between o r ie n te d  and u n o rie n ted  c o lo r  c e l l s .

C ro s s -c o r re la t io n  a n a ly s is  dem onstrated  in te r a c t io n s  only 
between b lob c e l l s  o f the  same c o lo r  opponency. In  a d d i t io n ,  
th e se  in te r a c t io n s  tended to  occur between c e l l s  of the  same 
re c e p tiv e  f i e ld  ty p e , and were observed w ith in  a s in g le  b lob and 
between c e l l s  in  two d i f f e r e n t  b lo b s . For example, we have found 
peaked corre logram s between two red-ON green-OFF Type I I  c e l l s  
w ith in  a s in g le  b lob  and in  two d i f f e r e n t  b lo b s , b u t n o t between a 
red-ON green-OFF and a blue-ON yellow-OFF Type I I  c e l l  in  two 
d i f f e r e n t  b lo b s . These co rre log ram s r e f l e c te d  monosynaptic and 
common in p u t i n t e r a c t io n s .  Some c o r r e la t io n s  have been found 
between c o lo r  s e le c t iv e  and non -co lo r s e le c t iv e  o r ie n te d  c e l l s  
hav ing  the  same o r ie n ta t io n .  The in te r a c t io n s  between c o lo r  c e l l s  
in  th e  b lob  reg io n s  a re  an o th er example o f the  s p e c i f i c i t y  of 
h o r iz o n ta l  conn ec tio n s  in  th e  s t r i a t e  c o r te x .
(S upported  by g ra n ts  EY05253, BNS9318794 and BNS8351738.)
* L iv ingstone  and Hubei (1984), J .  N eu ro sc i. 4 : 309-356.
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405.5 local c ir c u it s  and ocular dominance columns in  monkey striate  
CORTEX. L.C . K atz , C.D. G ilb e r t  & T.N. W iesel. L a bo ra to ry  o f 
N eurob io logy , The R o ck e fe lle r  U n iv ., 1230 York A ve., NY NY 10021.

In  macaque s t r i a t e  c o r te x , g e n ic u lo - c o r t ic a l  a f f e r e n ts  a re  
r i g i d ly  seg reg a ted  in to  a l t e r n a t in g ,  p a r a l l e l ,  eye s p e c i f ic  bands 
in  la y e r  4 , which form the ana tom ical b a s is  o f o c u la r  dominance 
columns (ODC). C e lls  in  la y e r  4 a re  e x c lu s iv e ly  m onocular, w h ile  
b in o c u la r  c e l l s  occur in  bo th  su p ra -  and in f r a g ra n u la r  la y e r s .  We 
examined where i n t r i n s i c  c o r t i c a l  c i r c u i t s  f i r s t  in te g r a te  v is u a l  
in fo rm a tio n  from the  two eyes by s im u ltan e o u sly  v is u a l iz in g  o c u la r  
dominance columns in  la y e r  4 and the d e n d r i t ic  and axonal a rb o rs  
o f in d iv id u a l la y e r  4 c e l l s .

G en ic u la te  lam inae re la y in g  in fo rm a tio n  from one eye were 
in je c te d  w ith  a 5% s o lu tio n  of the f lu o re s c e n t ,  an te ro g ra d e ly  
tr a n s p o r te d  t r a c e r ,  te tram ethy lrhodam ine is o th io c y a n a te  (TRITC) in  
DMSO; su b seq u en tly  b ra in  s l i c e s  were p repared  from the  s t r i a t e  
c o r te x .  Under e p if lu o re s c e n c e  i l lu m in a t io n ,  o c u la r  dominance 
columns were c l e a r ly  v i s ib l e  in  l iv in g  t i s s u e  as sh a rp ly  defin ed  
p a tch es  o f TRITC la b e l in  la y e rs  4A, 4Cα  and 4 C β . A to t a l  o f 30 
sp iny  and asp inous neurons in  la y e r  4Cβ  were then  i n t r a c e l lu l a r ly  
in je c te d  w ith  lu c i f e r  ye llow .

Most c e l l s  nea r ODC bo rd ers  had asym m etric d e n d r i t ic  f i e ld s .  
D en d rite s  e i th e r  tu rned  v e r t i c a l l y  a t  b o rd e rs , recu rved  back to  
t h e i r  "home" ODC, or ex tended s h o r te r  p ro cesse s  in  the d i r e c t i o n  
o f the b o rd e r . A few c e l l s ,  a t  the bo rd er between two colum ns, had 
d i s t i n c t  clumps of d e n d r i te s  in  each column. These r e s u l t s  a re  
c o n s is te n t  w ith  p h y s io lo g ic a l f in d in g s  th a t  re v e a l on ly  monocular 
c e l l s  in  4Cβ , b u t f u r th e r  suggest th a t  a sm all p o p u la tio n  of 
b in o c u la r  c e l l s  ( th o se  w ith  d e n d r i te s  in  both  columns) e x i s t s  a t  
column b o rd e rs .

In  c o n t r a s t  to  the d e n d r i te s ,  most axons cro ssed  ODC bo rd ers  
and a rb o riz e d  w ith in  the a d ja c e n t column. The a rb o r iz a t io n  in  
la y e r  4 was u s u a l ly  denser in  the "home" column; however c e l l s  
w ith  d e n d r i te s  in  two columns had more even ly  d i s t r i b u te d  axons. 
The axons o f many 4Cβ c e l l s  ascended , and, as p re v io u s ly  noted 
(Lund & Boothe JCN 159:305, 1975) a rb o riz e d  in  la y e r  3 . These 
c o l l a t e r a l s  had a g r e a te r  ta n g e n tia l  e x te n t than  those  in  la y e r  4 .

These o b s e rv a tio n s  suggest th a t  b in o c u la r  i n t e r a c t io n s ,  e i th e r  
e x c i ta to ry  o r in h ib i to r y ,  can occur even w ith in  la y e r  4 , v ia  
c o l l a t e r a l s  o f c e l l s  in  la y e r  4 C β . However, the  r e l a t i v e ly  sp a rse  
co n n ec tio n s  imply th a t  the  p r in c ip le  locus  fo r g e n e ra tin g  
b in o c u la r  c e l l s  is  w ith in  la y e r  3, v ia  the more w idespread  
ta n g e n t ia l  a rb o rs  in  la y e r  3. I f  the h o r iz o n ta l  c o l l a t e r a l s  
c ro s s in g  columns in  la y e r  4 p r im a r ily  c o n ta c t in h ib i to ry  c e l l s ,  
th i s  c ro ss-co lum nar in n e rv a tio n  could  sh arp en , r a th e r  than  red u ce , 
th e  se g re g a t io n  between the  two eyes a t  e a r ly  s ta g e s  o f c o r t i c a l  
p ro c e s s in g .

Supported by EY05739, BNS9318794 and EY05253.

405.6 COLUMNS IN STRIATE AND PRESTRIATE MONKEY CORTEX 
USING 2-DEOXY-D-GLUCOSE AND CYTOCHROME OXIDASE MARKERS.
M .L .J. Crawford and J-T . de Faber* .
Sensory S ciences  C en ter, U. o f  Texas, Houston, Texas 
and th e  Eye H o sp ita l Rotterdam , The N eth e rlan d s .

S t i m u l i  from  d i f f e r e n t  s e n s o ry  s y s te m s  a r e  p ro c e s s e d  in  
c o r te x  by c l u s t e r s  o f  c e l l s ,  o r  colum ns. Using th e  combined 2-DG 
au to rad io g rap h y  and cytochrom e o x id a s e  s t a i n i n g  te c h n iq u e s ,  we 
show how d i f f e r e n t  v i s u a l  s t im u l i  a c t i v a t e  a v a r i e ty  o f  ty p i c a l  
p a t te r n s  in  bo th  s t r i a t e  and p r e s t r i a t e  c o r te x  o f  macaque.

In  V1, b la c k  and w h ite ,  d r i f t i n g  lu m in a n c e  c o n t r a s t  (LC) 
g r a t in g s  hav ing  m u l t ip l e  o r ie n ta t io n s  produce a con tinuous 2-DG 
b an d  i n  L a y e r  4Ca, w h i l e  t h e  sam e g r a t i n g  o f  a s i n g l e  
o r i e n t a t i o n  p ro d u c e s  an  i n t e r r u p t e d  band in  th e  same l a y e r .  
C ytochrom e o x id a s e  s t a i n i n g  v e r i f i e s  th e  la m in a r  l o c a t i o n  
i n d i c a t i n g  a m a g n o c e l l u la r  LGN in p u t  t o  t h i s  l a y e r .  C o lo r  
c o n t r a s t  (CC) g r a t in g s  produce co n tin u o u s , b u t d e n s ity -m o d u la ted , 
bands in  L ayers 4A and 4Cb, th e  main p a r v o c e l lu l a r  LGN in p u ts  to  
v i s u a l  c o r t e x .  The s p a t i a l  c o r r e l a t i o n  betw een  2-DG and CO 
d e n s i t i e s  in  Layers 2-3 d i f f e re d  w ith  th e  k ind  o f  s t im u lu s . With 
CC p a t te r n  s t im u la t io n  th e r e  was > 70% s p a t i a l  o v e r la p ,  w ith  < 
25% o v e r l a p  w ith  LC s t i m u l a t i o n .  T h is  i s  i n  ag ree m en t w ith  
e l e c t r o p h y s ic a l  d a ta  su g g e s tin g  more c o lo r  coded c e l l s  w ith in  CO 
b lo b s  than  between. In  experim en ts u s in g  b i - d i r e c t i o n a l  d r i f t in g  
g r a t i n g s ,  th e  2-DG p a t t e r n  a p p e a r s  m ore crow ded ; th e  2-DG h o t 
s p o ts  te n d in g  to  merge o r  appear in te rc o n n e c te d .

In  V2 c o r te x , CC s t im u l i  produced 2-DG d e n s i t ie s  w ith  a h igh 
s p a t i a l  co rrespondence w ith  CO d e n s i t i e s ,  bo th  form ing a s t r i p e 
l i k e  p a t t e r n .  M u l t i p l e  o r i e n t a t i o n s  o f  CC g r a t i n g s  seem to  
a c t i v a t e  c e l l s  w ith in  ev e ry  o th e r  CO s t r i p e ,  w h ile  a CC g ra t in g  
o f  s in g le  o r ie n ta t io n  a c t iv a t e d  c e l l s  in  ev e ry  CO s t r ip e .  The 
s p a t i a l  c o r re s p o n d e n c e  be tw een  2-DG and CO was l e s s  w ith  LC 
s tim u la t io n .

In  c o r t i c a l  a r e a  V4, CC g r a t i n g s  p ro d u c e  2-DG d e n s i t i e s ,  
w h ile  LC g ra t in g s  do n o t.

In  c o r t i c a l  a r e a  V5, a LC g r a t i n g  o f  m u l t i p l e  d r i f t  r a t e s  
produce d i f f e r e n t ia te d  2-DG up take.

These f in d in g s  a re  in  accord  w ith  e l e c t ro p h y s io lo g ic a l  and 
neu ro an a to m ica l f in d in g s  from o th e r  l a b o r a to r ie s .  (Supported by 
NS19342).

405.7 A THEORY FOR THE USE OF VISUAL ORIENTATION INFORMATION WHICH 
EXPLOITS THE COLUMNAR STRUCTURE OF STRIATE CORTEX. M.A.Paradiso. 
Neurobiology Group, University of C alifornia, Berkeley, CA 94720

Most c e lls  in the s t r ia te  cortex of higher mammals are 
orien tation  selective and th e ir  o rientation  preferences change 
progressively through "columns" running perpendicular to the 
co rtica l surface. Hubei and Wiesel define a "hypercolumn" as a 
block of co rtica l c e lls  in which a l l  orien tation  preferences are 
represented for a small portion of the visual f ie ld .

I have analyzed the performance of a hypothetical neural 
network modeled a f te r  a visual hypercolumn. Limits on the 
precision of orientation  estimation and discrim ination are 
calculated for a network which ex trac ts orien tation  information 
from the pattern  of a c tiv ity  in the hypercolumn with maximum 
efficiency . These lim its are functions of single unit response 
properties such as orientation  tuning width, response amplitude 
and response v a r ia b ility  as well as the degree of organization in 
the network. The analysis demonstrates tha t a network of modest 
size is  capable of re liab ly  discrim inating orien tation  with a 
precision exceeding human performance (about 1/2 deg) even though 
the individual c e lls  are responsive over a range of tens of 
degrees. The orientation  discrim ination threshold is  a roughly 
lin ear function of orien tation  tuning width, the variance of 
responses, and the degree of disorder in the network. In 
con trast, discrim ination threshold is  a highly nonlinear function 
of the number of c e lls  in the hypercolumn. One finds that 
performance depends more c r i t ic a l ly  on the number of c e lls  than 
on the single unit properties. This finding predicts changes in 
o rientation  discrim ination threshold with eccen tric ity  which 
have been confirmed experimentally. The model system's 
performance is  also  consistent with psychophysical data in two 
situa tions in which human performance is  not optimal. F irs t , 
interference with orientation  discrim ination occurs when multiple 
stim uli ac tiva te  c e lls  in the same hypercolumn. Second, 
systematic erro rs  in the estimation of orien tation  can occur when 
a stimulus is  composed of in tersecting  lin e s . The magnitude of 
these " t i l t  illusions" is  a function of the enclosed angle 
between the lin e s .

In summary, performance of the model hypercolumn p ara lle ls  
human performance under both optimal and non-optimal  conditions. 
This suggests that the mammalian brain may e ffic ie n tly  ex tract 
orien tation  information on the basis of overall hypercolumn 
a c tiv ity , thus overcoming the u n re liab ility  of single u n its . The 
relationships between network parameters and the precision of 
orien tation  estim ation and discrim ination may serve as a f i r s t  
approximation to the performance of a real hypercolumn.
(Supported by the M iller In s titu te  for Basic Research in Science)

405.8 PRONOUNCED ARCHITECTONIC DIFFERENCES BETWEEN MONOCULAR AND 
BINOCULAR SEGMENTS OF THE MONKEY'S STRIATE CORTEX. R. W. Williams 
and P. Rakic. Section of Neuroanatomy, Yale Medical School, New Haven CT 06510.

Primary visual cortex (area 17) of primates is considered a homogeneous field made 
up of a few thousand essentially identical hypercolumns. However, the number and 
types of connections within functionally distinct subregions of area 17 vary, particularly 
with respect to the relative number of thalamic afferents subserving the two eyes. Thus, 
part of area 17 receives an input only from the ipsilateral eye (this region corresponds to 
the optic disc of the other eye), while a larger area representing the far periphery of the 
visual field receives an input only from the contralateral eye. We have assessed the size 
and cell composition of area 17 with reference to regional variation. Brains of 5 rhesus 
monkeys were embedded in celloidin, cut at 35 μm, and stained with cresyl violet. The 
area, width, and volume of area 17 were measured. Neuron and glial cell densities were 
assessed in regions representing monocular and binocular periphery, the blind spot, and 
central visual fields. Cells were counted from pia to subplate at 2500X using DIC optic and 
a high resolution camera attached to an image analysis computer. Neurons were 
distinguished from glia by staining, size, and shape. Nuclei that intersected any one of 
three of the six surfaces of the sampling box (including one of the cut surfaces) were 
excluded from the counts thus abolishing a need for the Abercrombie correction.

The area of striate cortex ranged from 500 to 700 mm2; volume from 650 to 900 mm3. 
Neuron number varied between 280 million and 440 million, on average twice as high as 
previously reported. Regions of area 17 subserving monocular and binocular vision differ 
markedly in thickness and in the relative numbers of neurons in corresponding layers. 
Although the average cell density was nearly constant, the extreme monocular periphery 
that has reciprocal connections with only the three contralateral layers of the lateral 
geniculate nucleus was 20-30% thinner than central binocular cortex. This reduction was 
seen in all layers but was greatest in layers 5 and 6 (layers that are the source of 
subcortical projections to the superior colliculus and lateral geniculate nucleus), and 
consequently, the fraction of neurons present in these layers was reduced from 30% in 
probes of central representation to less than 20% in peripheral representation. There was 
a relatively gradual reduction in the thickness of cortex moving from more central 
binocular sites toward the binocular periphery, a finding that may correlate with the 
two-fold reduction in the width of ocular dominace stripes in the binouclar periphery 
(LeVay et al., '85, J. Neurosci. 5 :486.) The most dramatic reduction in overall thickness, to 
under 40% of the central average in one case, was noted in a region that is likely to 
correspond to the blind spot. The structural heterogeneity of area 17 was obvious in each 
cardinal plane of section and was not due to differences in patterns of cortical folding or 
angle of cutting. (Qualitatively similar differences were also noted in the striate cortex of 
an adult human.) We conclude that [1] the striate cortex of rhesus monkeys contains 
about twice as many neurons as previously estimated, and that [2] there are consistent 
diffferences in the thickness and cellular demography of parts of this cortex that subserve 
binocular and monocular vision, differences that are most marked in the infragranular 
layers. A preliminary developmental analysis indicates that this structural heterogeneity is 
present at birth. As we show in our companion study (Rakic & Williams, this vol.), these 
differences in neuronal demography and cortical thickness are dependent on normal 
retinal input and are regulated in part by binocular interactions.

Supported by EY02593 and NS 22807.
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405.9 THALAMIC REGULATION OF CORTICAL PARCELLATION: AN EXPERIMENTAL 
PERTURBATION OF THE STRIATE CORTEX IN RHESUS MONKEYS. P. Raki c 
and R.W. W illiam s , S ec tio n  o f Neuroanatomy, Yale U n iv e rs ity  
School of M edic ine, New Haven, CT 06510.

The c e re b ra l  c o r te x  i s  composed o f m o rp h o lo g ica lly  and 
f u n c t io n a l ly  d i s t i n c t  c y to a rc h i te c to n ic  a re a s  th a t  can be f u r th e r  
subd iv ided  in to  r a d i a l  columnar modules hav ing  la y e r - s p e c i f i c  
c h a r a c t e r i s t i c  r e c ip ro c a l  conn ec tio n s  w ith  th a lam ic  n u c le i .  We 
reasoned  th a t  th e  p o s s ib le  re g u la to ry  developm ental r o le  of the  
p e rip h e ry  v ia  th a lam ic  a f f e r e n ts  in  th e  s p e c i f ic a t io n  of a r e a l ,  
r a d i a l ,  and lam inar d i f f e r e n t i a t i o n  of th e  c o rte x  could  be te s te d  
i f  we were ab le  to  e x p e rim en ta lly  a l t e r  the  s iz e  o f in d iv id u a l 
tha lam ic  n u c le i  a t  e a r ly  embryonic s ta g e s ,  le av in g  the r e s t  of 
th e  thalam us in t a c t .  For th i s  p u rpose , b in o c u la r  e n u c le a t io n  was 
perform ed on 4 monkey embryos between E59 and E65, a f t e r  a l l  
neurons of th e  l a t e r a l  g e n ic u la te  nucleus  (LGd) have been 
g en e ra ted  (R ak ic, '7 7 , J .  Comp. N eu ro l. 176:2 3 ) , b u t w e ll b e fo re  
t h e i r  axons have p e n e tra te d  th e  deve lop ing  c o r t i c a l  p la te  (R ak ic, 
'7 6 , N ature 261:4 6 7 ). A fte r  e n u c le a t io n , embryos were re tu rn e d  
to  th e  u te r u s ,  d e l iv e re d  a t  f u l l  term  (E165), and s a c r i f i c e d  
between 3 months and 3 y ea rs  o f a g e . The LGd in  en u c lea ted  
anim als was s m a lle r , devoid of la y e r s ,  and co n ta in ed  400,000- 
500,000 neurons compared to  1 .3  m i l l io n  in  c o n t ro ls .  The 
o c c ip i t a l  lobe d isp la y ed  d ram atic  changes in  i t s  p a t te r n  of 
f o ld in g ,  in c lu d in g  th e  appearance o f new g y r i  and deep f i s s u r e s .  
A nterograde and re t ro g ra d e  t r a n s p o r t  o f HRP showed topograph
i c a l l y  w e ll d e fin ed  r e c ip ro c a l  co nnec tions  between th e  LGd and 
th e  o c c ip i t a l  lo b e . D esp ite  sev ere  a b n o rm a li tie s  of th e  LGd and 
th e  absence of any r e t i n a l  in p u t ,  s t r i a t e  c o r te x  could  be r e a d i ly  
i d e n t i f i e d  and developed th e  norm al complement of la y e rs  and 
s u b la y e rs . A lthough the  number of neurons per r a d i a l  u n i t  
rem ained the  same as in  c o n t ro ls ,  u n ex p ec ted ly , la y e r s  IVC and 
V I, which have m ajor r e c ip ro c a l  co nnec tions  w ith  the  LGd, were 
r e l a t i v e ly  w ider than  th o se  la y e r s  n o t re c e iv in g  th a lam ic  in p u t . 
The most d ram atic  change was a s ig n i f i c a n t  re d u c t io n  in  the  a rea  
o f s t r i a t e  c o r te x . The re d u c t io n  was rough ly  p ro p o r tio n a l to  the 
lo s s  in  th e  number o f LGd neu rons: from 500-700 mm2 in  age 
matched c o n tro ls  (W illiam s and R ak ic , t h i s  v o l . )  to  200-280 mm2 
in  ex p e rim en ta l c a se s .

We conclude th a t :  [1] th e  number and p a t te r n  o f c e re b ra l 
c o n v o lu tio n s  depends in  p a r t  on normal developm ent o f th a lam ic  
a f f e r e n t s ;  [ 2 ] th e  s iz e  o f c y to a rc h i te c to n ic  f i e ld s  may be 
re g u la te d  by th e  number o f th e se  a f f e r e n t s ;  [3] a lth o u g h  the  
number o f r a d i a l  c o r t i c a l  u n i t s  i s  reduced by a d ec re a se  in  
th a lam ic  a f f e r e n t s ,  th e  number o f neurons w ith in  u n i t s  rem ains 
c o n s ta n t;  and [4] th e  b a s ic  topography o f g e n ic u lo c o r t ic a l  and 
c o r t ic o g e n ic u la te  conn ec tio n s  can be e s ta b l is h e d  in  th e  absence 
o f s ig n a ls  from the  r e t i n a .  Supported by EY02593 and NS22807.

405.10 CORTICAL NEURON RESPONSES AND PERCEPTUAL ORGANIZATION. 
E . P e t e r h a n s *  a n d  R . von  d e r  H e y d t*  (SPON: H .R . 
Lü s c h e r ) .  D e p a r tm e n t  o f  N e u r o lo g y ,  U n i v e r s i t y  
H o s p i t a l  Z u r i c h ,  CH -8091 Zü r i c h ,  S w i t z e r l a n d .

A d o t t e d  l i n e  c a n  b e  a s  c o n s p ic u o u s  i n  p e r c e p t i o n  a s  
a  s o l i d  l i n e .  A few  i s o l a t e d  s p o t s  m ov ing  i n  s y n c h ro n y  
c a n  m im ic  a  s o l i d  o b j e c t .  To l e a r n  m ore  a b o u t  t h e  
c o r t i c a l  p r i n c i p l e s  o f  v i s u a l  c o d i n g ,  we h a v e  s t u d i e d  
n e u r o n a l  r e s p o n s e s  t o  s u c h  s t i m u l i  i n  r h e s u s  m onkeys 
d u r i n g  b e h a v i o r a l l y  in d u c e d  f i x a t i o n .

I n  V1 we fo u n d  t h a t  c o n t i n u i t y  a c r o s s  t h e  r e c e p t i v e  
f i e l d  w as i m p o r t a n t ;  ro w s o f  d o t s  r e g u l a r l y  e v o k e d  
w e a k e r  r e s p o n s e s  t h a n  b a r s  o f  e q u a l  l i g h t  f l u x ,  a n d  
t i n y  g a p s  i n  b a r s  o r  e d g e s  o f t e n  c a u s e d  d r a m a t i c  
d e c r e m e n t s .  I n  a s im p le  c e l l ,  a  g a p  a s  s m a l l  a s  4 m in 
a r c  a b o l i s h e d  t h e  r e s p o n s e .

In V2, some c e lls  responded to a row of fine dots 
( s i z e  1 , a n d  s p a c i n g  24 m in  a r c ,  t y p i c a l l y )  e q u a l l y  
w e l l  a s  t o  a  s o l i d  b a r  o f  much h i g h e r  f l u x .  When t h r e e  
s p o t s  w e re  m oved a s  i f  f i x e d  on  a  r o d  (e g  6 m in  a r c  
s q u a r e s  s p a c e d  6 0 -1 2 0  m in  a r c ) ,  som e c e l l s  i n  V2 
r e s p o n d e d ,  a n d  w e re  s e l e c t i v e  f o r  t h e  o r i e n t a t i o n  o f  
t h e  ' r o d ' a s  f o r  t h e  o r i e n t a t i o n  o f  a  s o l i d  b a r ;  w hen 
e a c h  s p o t  w as p r e s e n t e d  a l o n e ,  o r  t h e  t h r e e  w e re  m oved 
a s y n c h r o n o u s ly ,  t h e  c e l l s  r e s p o n d e d  much l e s s ,  o r  n o t  
a t  a l l .  (W ith  a s y n c h r o n o u s  m o t io n ,  t h e  s p o t s  a r e  no  
lo n g e r  p e r c e i v e d  a s  a  s i n g l e  o b j e c t . )  O f te n  t h e  sam e 
n e u r o n s  a l s o  s i g n a l l e d  c o n t o u r s  o f  i l l u s o r y  f i g u r e s ,  
s i m i l a r l y  a s  d e s c r i b e d  e a r l i e r  (R . v o n  d e r  H e y d t ,  E . 
P e t e r h a n s  a n d  G. B a u m g a r tn e r ,  S c i e n c e ,  2 2 4 :1 2 6 0 , 1 9 8 4 ) .  
I n  t h i s  c a s e ,  t h e  s p a t i a l  a l i g n m e n t  o f  l o c a l  f e a t u r e s  
( l i n e  e n d s  a n d  c o r n e r s )  see m e d  t o  b e  i m p o r t a n t .

T h u s , c o m p a re d  t o  V1 , t h e  r e p r e s e n t a t i o n  o f  v i s u a l  
i n f o r m a t i o n  i n  V2 d e p e n d s  l e s s  on  l o c a l  s t i m u l u s  
f e a t u r e s  s u c h  a s  lu m in a n c e ,  p a t t e r n  o f  l i n e ,  a n d  
c o n n e c t e d n e s s ,  b u t  a p p e a r s  t o  b e  r e l a t e d  m ore  t o  o b j e c t  
q u a l i t i e s  s u c h  a s  s p a t i a l  c o h e r e n c e .  S i m i l a r  a s  i n  
p e r c e p t i o n ,  t h i s  q u a l i t y  may be  d e r i v e d  fro m  
c o n n e c t e d n e s s  a s  w e l l  a s  f ro m  s p a t i a l  a l i g n m e n t  o r  
s y n c h ro n y  o f  m o v e m en t.

S u p p o r te d  by S w iss  NF g r a n t  3 . 9 3 9 .  8 4 .

405.11 SPATIAL PERIODICITY DETECTION IN MONKEY VISUAL CORTEX. 
R. von d e r  H eydt* , E. P e te rh an s*  and M.R. D u r s t e l e r . 
D ep t. o f  N euro logy , U n iv e r s i ty  H o sp ita l Z u ric h , CH-8091 
Z u ric h , S w itz e r la n d

R esponses o f  v i s u a l  c o r t i c a l  neurons to  s p a t i a l l y  
p e r io d ic  and a p e r io d ic  s t im u l i  were s tu d ie d  in  rh e su s  
monkeys d u r in g  b e h a v io ra l ly  induced  f i x a t io n .  C e lls  
were found t h a t  responded  to  g r a t in g s  o f  c e r t a i n  
p e r io d i c i ty  and o r i e n t a t io n ,  b u t n o t to  a p e r io d ic  
s t im u l i ,  even a t  h ig h  c o n t r a s t .  In  23 o f  475 u n i t s  
s tu d ie d  (5%) in  V1, and 7 o f  465 (1.5%) in  V2, s in g le  
b a r s  evoked l e s s  th a n  1 /10 o f  th e  g r a t in g  re sp o n s e s , o r 
had even in h ib i to r y  e f f e c t s .  Most o f th e s e  u n i t s  gave 
unm odulated re p o n se s  to  d r i f t i n g  g r a t i n g s ,  and were 
u n s e le c t iv e  f o r  d i r e c t i o n  o f  d r i f t .  Those in  V1 were 
o f te n  m onocular, and were n e a r ly  alw ays found in  th e  
su p ra g ra n u la r  la y e r s  (m o stly  2+ 3). They p r e f e r r e d  h ig h  
s p a t i a l  f re q u e n c ie s  (peaks a t  3 .6 -1 9  c /d e g , m edian 8 .5 ,  
in  V1 ) ,  and were o f te n  s h a rp ly  tun ed  (bandw id ths a t  
h a l f  am p litu d e  0 .4 3 -1 .4  o c t ,  m edian 1 .0 ,  in  V1) .  W ith 
optimum freq u e n cy  g r a t i n g s ,  s p a t i a l  summation was found 
o v er 4-14 g r a t in g  c y c le s  (m edian 7 .5 ) .

In  s p i t e  o f  t h e i r  p re fe re n c e  f o r  h ig h -fre q u e n c y  
g r a t i n g s ,  how ever, th e y  f a i l e d  to  s ig n a l  h ig h -fre q u e n c y  
F o u r ie r  com ponents in  c r u c i a l  t e s t s :  Square-w ave 
g r a t in g s  o f  1 /3  th e  optimum freq u e n cy  produced no 
re sp o n s e s , a lth o u g h  t h e i r  t h i r d  harm onic components 
p re se n te d  a lo n e  were q u i te  e f f e c t i v e .  B ars and edges 
evoked no re sp o n s e s , a lth o u g h  from t h e i r  F o u r ie r  
s p e c t r a  and th e  b an d -p ass  tu n in g  o f th e  u n i t s ,  one 
would have p r e d ic te d  s i g n i f i c a n t  re sp o n se s  on th e  
l i n e a r  s p a t i a l  f i l t e r  assu m p tio n . These r e s u l t s  co u ld  
n o t be r e c o n c i le d  w ith  a l i n e a r - f i l t e r  p lu s  th r e s h o ld  
model e i t h e r ;  in  o rd e r  to  su p p re s s  re sp o n se s  to  h ig h e r  
harm onics one would have to  assume h ig h  o u tp u t 
th r e s h o ld s ,  b u t th e  c e l l s  had low c o n t r a s t  th r e s h o ld s  
f o r  g r a t i n g s .  A n o n - l in e a r  model was p roposed  in s te a d .

S in ce  h ig h - fre q u e n c y  com ponents a r e  e s s e n t i a l  f o r  
th e  p e rc e p t io n  o f  b a r s  and square-w ave g r a t i n g s ,  and 
s in c e  o u r c e l l s  d id  n o t s ig n a l  th e s e  com ponents, we 
concluded  t h a t  th ey  a r e  n o t in v o lv ed  in  any s p e c t r a l  
a n a ly s i s  o f  th e  s t im u lu s .  They seem to  be s p e c ia l iz e d  
f o r  d e te c t in g  p e r i o d i c i t y ,  and may be used  f o r  
p e rc e p t io n  o f  t e x t u r e .  I t  i s  p o s s ib le  t h a t  some o f  th e  
s tu d ie s  d e s ig n ed  to  i n v e s t i g a t e  s p a t ia l - f r e q u e n c y  
c h a n n e ls  in  human v i s io n  have t e s te d  in  f a c t  th e  
perfo rm ance o f  such p e r io d i c i ty  d e t e c to r s .

S upported  by Sw iss NF g r a n t  N r. 3 .9 3 9 .8 4

405.12 OPTICAL IMAGING OF CORTICAL ACTIVITY WITHOUT VOLTAGE-SENSITIVE 
DYES. A. G rin v a ld , E. L ieke*, R.D. F ro s t ig ,  C.D. G ilb e r t  and 
T.N. W iese l. Lab. o f N eurobio logy, The R o ck e fe lle r  U n iv ., New 
York, NY 10021, IBM T .J .  Watson Res. C t r . ,  Yorktown H e ig h ts , NY 
10598 and The Weizmann I n s t i t u t e  o f S c ience , Rehovot, I s r a e l .

O p tic a l mapping of the c o r t i c a l  su rfa c e  o f f e r s  se v e ra l 
advan tages over co n v en tio n a l e le c tro p h y s io lo g ic a l  and ana tom ical 
te ch n iq u es : One can map a r e l a t i v e ly  la rg e  reg io n  a t  h igh  
s p a t i a l  r e s o lu t io n  in  m in u tes , one can o b ta in  su ccess iv e  maps to  
d i f f e r e n t  s t im u li  in  the  same c o r t i c a l  a re a  and one can fo llow  
v a r ia t io n s  in  response  over tim e. V oltage s e n s i t iv e  dyes have 
opened the p o s s i b i l i t y  fo r u s ing  th i s  approach in  the  in t a c t  
b r a in .  However, p re s e n t ly  a v a i la b le  dyes may produce i r r e v e r s ib le  
photodynamic damage or pharm aco log ical s id e  e f f e c t s .  Thus 
o p t ic a l  imaging o f the  a c t i v i t y  from u n s ta in ed  c o rte x  based on 
i n t r i n s i c  s ig n a ls  would be p a r t i c u l a r ly  v a lu a b le .

In  experim en ts on the  c o r t ic e s  o f r a t s ,  c a ts  and monkeys we 
d isco v e red  th a t  the  in t e n s i ty  o f r e f le c te d  l i g h t  from u n s ta in ed  
c o rte x  d ec reased  over reg io n s  o f a c t iv e  c o r te x . The o p t ic a l  
s ig n a l ,  which was 6 to  10 seconds in  d u ra t io n , had a r is e t im e  of 
1 to  2 seconds and o f te n  inc luded  a la rg e  un d ersh o o t. The 
am plitude of the  a c tiv i ty -d e p e n d e n t o p t ic a l  s ig n a l changed by 
0.05% to  2% depending on the  w aveleng ths, the  s tim u lu s  param ete rs 
and the  an im al. I t  i s  no t y e t c le a r  i f  th i s  in  v ivo  s ig n a l i s  
r e l a te d  to  the  l i g h t  s c a t te r in g  s ig n a ls  th a t  were d e te c te d  in  
o th e r  p re p a ra tio n s  in  v i t r o . Since the  p re s e n t s ig n a ls  were 
la rg e r  in  p rox im ity  to  the  a r t e r i e s ,  t h e i r  o r ig in  may be r e la te d  
to  a lo c a l a c tiv i ty -d e p e n d e n t m e tabo lic  changes.

We used a 10 × 10 photodiode a r ra y  to  determ ine i f  the 
i n t r i n s i c  o p t ic a l  s ig n a l can be used fo r  th e  mapping o f c o r t i c a l  
a c t i v i t y .  We f i r s t  mapped in d iv id u a l b a r r e l s  in  the  r a t  
som atosensory c o r te x  by s tim u la t in g  in d iv id u a l w h isk e rs . The map 
o b ta in ed  w ith o u t dyes was confirm ed by o p t ic a l  mapping w ith  f a s t  
v o l ta g e - s e n s i t iv e  dyes . In  the c a t and monkey v is u a l  c o r te x  we 
o b ta in ed  s ig n a ls  in  response  to  s tim u la t io n  by h o r iz o n ta l  or 
v e r t i c a l  d r i f t i n g  g r a t in g s .  The p a t te rn  o f a c t i v i t y  recorded  by 
th e  photodiode a r ra y  was no t uniform , b u t showed c le a r  peaks and 
v a l le y s .  Though the  la r g e s t  s ig n a ls  were a s s o c ia te d  w ith  
a r t e r i e s ,  re g a rd le s s  of s tim u lu s  o r ie n ta t io n ,  ta k in g  the r a t i o  of 
the  maps, on a p ix e l-b y -p ix e l  b a s i s ,  y ie ld ed  a s tr ip e d  p a t te rn  o f 
a c t i v i t y  independent o f the p o s i t io n s  o f a r t e r i e s .  We confirm ed 
th a t  th e  o p t i c a l  maps corresponded to  o r ie n ta t io n  columns by 
reco rd in g  s in g le  u n i t s  in  m u ltip le  (30 to  60) p e rp en d icu la r  
e le c tro d e  p e n e tr a t io n s .  The correspondence between the o p t ic a l  
and e le c tro p h y s io lo g ic a l  maps was very  c lo se  (p <  0 .0 5 ) .

The above approach th e re fo re  o f f e r s  prom ise fo r use in  a 
number o f exp e rim en ta l and c l i n i c a l  s i tu a t io n s .

Supported by NIH g ra n ts  NS14716 and EY05253, NSF g ra n ts  BNS 
9318794 and 8351738, by th e  U .S. A irfo rc e  and by IBM.
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4 0 6 . 1 D ISTRIBU TIO N  O F  SYNAPSES AND D EN D RITIC  SPINES ON T H E  SURFACES 
O F  RU BRO SPIN A L NEU RON S. A STUDY EM PLO Y IN G  H IG H  VO LTA G E 
EL E C T R O N  M IC R O SC O PY  O F  IN TRA CELLU LA R LY  STAINED CELLS.
C.J. Wilson, F. Murakami*, H. Katsumaru* and N. Tsukahara. Dept. o f Anatomy and 

Neurobiol., Univ. o f Tennessee, Memphis, Memphis, Tennessee and Dept. o f Biophys. Eng., 
Fac. Eng. Sci., Osaka University, Toyonaka, Osaka 560, Japan.

Studies o f rubrospinal neurons have demonstrated that synapses formed by two major 
excitatory inputs to these neurons, one from the cerebral cortex and one from the interpositus 
nucleus o f the cerebellum, are differentially distributed on the surface o f the postsynaptic cells. 
This differential distribution, with cortical afferents ending distally and cerebellar afferents ending 
proximally, has been shown to be associated with dramatic differences in the time courses o f 
postsynaptic potentials evoked in rubrospinal neurons by activity in individual axons o f these 
pathways. In addition, both the synaptic potential shapes and the synaptic locations have been 
shown to be modified by a variety o f  treatments. Interpretation o f the relationship between 
synaptic function and location on the cell requires precise information on the morphological 
features o f the rubrospinal neurons, and especially on the structure o f  dendritic and somatic 
appendages involved directly in the synapses. Rubrospinal neurons were identified in anesthetized 
cats by antidromic activation from the contralateral rubrospinal tract, and injected with horseradish 
peroxidase. Tissue sections containing the injected cells were postfixed in osmium tetroxide and 
embedded in plastic. These sections were subsequently sectioned at thicknesses ranging from 2 to 5 
μm, and these sections were examined in the light microscope. Certain o f these sections were 
selected for high voltage election microscopic study (using the Hitachi H-1250M at the Japanese 
National Institute o f  Physiological Sciences). Others o f  these sections were reembedded and thin 
sections cut from them for examination at conventional accelerating voltage.

The surface o f the rubrospinal neuron exhibited two clearly distinguishable zones. The 
proximal region o f  the cell included the soma and the proximal 200-300 μm  o f the dendrites. 
There the cell is covered with an extraordinary number o f extremely fine straight appendages. 
They surround and invaginate the  many axon terminals that cover the surface o f the rubrospinal 
neuron in this region. Synaptic contacts were made longitudinally on these hair-like spines from 
both o f th e two major axon terminal types that contact this part o f  the cell. These are: (1) the 
boutons with round vesicles and asymmetrical contacts that are known to arise from the 
cerebello-rubral pathway and (2) the  boutons with pleomorphic vesicles and symmetrical junctions 
that have been previously shown to contain glutamate decarboxylase and that arise from neurons 
intrinsic to  red nucleus. These spines probably function primarily to increase the  synaptic surface 
area o f the proximal part o f  the rubrospinal neuron. The more distal portion of the dendritic tree of 
the rubrospinal neuron had a  very different appearance, and the transition between the two zones on 
the surface o f the rubrospinal neuron was very abrupt. The dendrites in the distal region were more 
branched, and exhibited many dendritic appendages. The latter were o f  three major types. One was 
a large spine with a cup-shaped head that formed the principal postsynaptic component o f a 
glomerulus that also involved an axon terminal and often a presynaptic dendrite. The number of 
these was estimated to be at least 1000/cell, and usually was higher. The second type of 
appendage was a long thin filiform appendage that usually occurred around the spines. These 
appendages could form complicated lacy networks in the area around the dendrites. Although they 
were occasionally postsynaptic, a large portion o f  the surface area o f  these appendages was free of 
synaptic contacts. The third type o f  appendage was a  spherical one containing many residual 
bodies. Synapses were seen on the shafts o f  distal dendrites, but they were very rare in comparison 
to the arrangement seen on the proximal dendrites. Examination o f  boutons degenerating after 
cortical lesions demonstrated that cortico-rubral axons end both onto dendritic shafts and in the 
glomeruli formed by the spines.

4 0 6 .2 A PLANT LECTIN, PEANUT AGGLUTININ, BINDS SPECIFICALLY AT THE 
NEUROMUSCULAR JUNCTION IN THE FROG. C.E. S m ith * and C .-P. Ko. 
D ep a rtm en t o f  B io lo g ic a l  S c ie n c e s ,  N eu ro b io lo g y  S e c t io n ,  
U n iv e rs ity  o f S outhern  C a l ifo rn ia ,  Los A ngeles, CA 90089-0371.

M olecules in  th e  e x t r a c e l lu la r  m a tr ix  (ECM) in f lu e n c e  th e  
d i f f e r e n t i a t i o n  o f  n e u r a l  t i s s u e .  In  an  a t te m p t  to  i d e n t i f y  
m o lecu les  co n c e n tra te d  a t  synapses w ith  p o te n t ia l  synap togen ic 
f u n c t io n s ,  we u sed  p e a n u t a g g l u t i n i n  (PNA) to  d is c o v e r  a 
g ly c o c o n ju g a te  t h a t  i s  r e s t r i c t e d  to  th e  ECM of th e  f ro g  
neurom uscu lar ju n c tio n . To the  b es t of our know ledge, th i s  i s  
th e  f i r s t  re p o r t  of the  unique lo c a l i z a t i o n  of PNA re c e p to rs  in  
th e  neurom uscu lar ju n c tio n .

F l u o r e s c e n t  d e r i v a t i v e s  o f  PNA b in d  a v i d l y  and  
s p e c i f i c a l l y  to  th e  n e u ro m u s c u la r  r e g io n ,  o u t l i n i n g  th e  
p e r ip h e r y  o f th e  n e rv e  t e r m in a l  a r b o r i z a t i o n  in  th e  f ro g  
c u ta n e o u s  p e c t o r i s  m u s c le . G a r te r  sn ak e  c o s to - c u ta n e o u s  
neurom uscu lar ju n c tio n s  a lso  s ta i n  in te n s e ly  w ith  d e r iv a t iz e d  
PNA, w h ile  mouse diaphragm s ta in in g  is  f a i n t .  D o u b le -s ta in in g  
w i t h  e i t h e r  f l u o r e s c e n t l y - t a g g e d  a lp h a - b u n g a r o to x in  o r  
K a rn o v sk y 's  c h o l i n e s t e r a s e  s t a i n  c o n f i rm s  t h a t  PNA b in d in g  
o c c u rs  s p e c i f i c a l l y  a t  th e  n e u ro m u sc u la r  j u n c t io n .  T hat 
f l u o r e s c e n t  s t a i n i n g  r e p r e s e n t s  b in d in g  o f  th e  l e c t i n  to  a 
j u n c t i o n - s p e c i f i c  ca rb o h y d ra te  was dem onstra ted  by in h ib i t io n  
w i t h  b o th  a s i a l o f e t u i n ,  a g l y c o p r o t e i n  c o n t a i n i n g  th e  
r e c o g n itio n  sequence, and n a t iv e  l e c t i n .

To f u r t h e r  l o c a l i z e  th e  P N A -rec ep to r s i t e  we p e r fo rm e d  
s e v e r a l  e x p e r i m e n t s .  F i r s t ,  p r o t e a s e  an d  c o l l a g e n a s e  
tr e a tm e n ts ,  known to  d ig e s t  th e  ECM in  th e  f ro g  neurom uscular 
ju n c tio n , com p le te ly  remove PNA b ind ing  s i t e s .  C onversely , a 
second procedure  which rem oves ju n c t io n a l  cy toplasm  and plasm a 
membrane w h ile  sp a r in g  ECM c o n s t i tu e n ts  has no e f f e c t  on PNA 
b ind ing . In  t h i s  p rocedure we dene rva ted , f ro z e  and s u rg ic a l ly  
rem oved a l l  b u t a t h i n  b r id g e  o f  m u sc le  c o n ta in in g  e n d p la te  
re g io n s . Ten days post o p e ra t io n , f ib e r s  com p le te ly  d egenera te  
w h ile  PNA re c e p to r s  a re  r e ta in e d  a t  s y n ap tic  s i t e s  in  th e  ECM 
as  c o n f irm e d  by c h o l i n e s t e r a s e  s t a i n i n g .  T hese  r e s u l t s  
in d ic a te  th a t  th e  PNA re c e p to r  i s  c lo s e ly  a s s o c ia te d  w ith  th e  
ECM in  th e  n e u ro m u s c u la r  ju n c t io n .  A d d i t i o n a l l y ,  e l e c t r o n  
m icroscopy o f peroxidase-PNA s ta in e d  ju n c tio n s  a lso  a s s ig n s  the 
l e c t i n  r e c e p to r  to  the ECM su rround ing  th e  nerve te rm in a l w ith  
r e a c t io n  p roduct ab sen t from th e  s y n ap tic  c l e f t .

F lo u re sce n t d e r iv a t iv e s  o f PNA a p p lie d  in  s i t u  on the fro g  
c u ta n e o u s  p e c t o r i s  p e r s i s t  in  v iv o  f o r  a t  l e a s t  th r e e  w eeks. 
A d d itio n a lly , the  l e c t i n  does not block  spontaneous m in ia tu re  
n o r  evoked e n d p la te  p o t e n t i a l s  in d ic a t in g  th a t  f lu o re sc e n t ly -  
ta g g e d  PNA h as  p o t e n t i a l  a s  a v i t a l  s t a i n  f o r  n e u ro m u sc u la r  
ju n c t io n s .  B o th  th e  p e r s i s t e n t  n a tu r e  o f in  v iv o  PNA b in d in g  
and i t s  p h y s io lo g i c a l  c o m p a t i b i l i t y  make th e  l e c t i n  an 
a t t r a c t i v e  probe fo r  in v e s t ig a t in g  synap togen ic  fu n c tio n s  of a 
r e c e p t o r  s p e c i f i c a l l y  c o n c e n t r a t e d  i n  j u n c t i o n a l  ECM. 
(su p p o rted  by NIH and MDA g ra n ts )

406.3  PURIFICATION OF A NERVE TERMINAL ANCHORAGE PROTEIN 
FROM ELECTRIC ORGAN. S.S. Carlson#, E. E r te r#, P. Caroni*^  and 
R.B. Kelly+ . *Dept. of Physiology and Biophysics, University of 
Washington, Seattle, WA 98195. and +Dept. of Biochemistry and 
Biophysics, University of California, San Francisco, CA 94143. (^Present 
address: Hir forschungs-Institut, Universitat Zurich, August Forel Strasse 1, 
Zurich, Switzerland.)

The electric organ nerve terminal is attached to the synaptic basal lamina 
presumably by integral membrane proteins of the presynaptic plasma 
membrane. We have purified an extracellular matrix protein whose physical 
properties suggest that it is one of these anchorage proteins. The protein was 
identified because it shares an antigenic site with a proteoglycan component of 
synaptic vesicles. It too behaves like a proteoglycan, but is much larger than 
the synaptic vesicle component. It is solubilized from extracellular matrix 
fractions only under denaturing conditions in the presence of detergent; it elutes 
from DEAE sephacel at pH 4.9 only at high ionic strength; and it binds to 
laminin affinity columns from which it can be eluted by heparin. Upon gel 
filtration under reducing and denaturing conditions, it behaves as a 
proteoglycan with a molecular weight of about 1 million. This large highly 
charged molecule can be readily reconstituted into liposomes, which indicates 
that it posseses the hydrophobic domain of an integral membrane protein. By 
immunoelectron microscopy the antigen is found both in synaptic vesicles and 
on the plasma membrane of the nerve terminal. We have purified this molecule 
from an electric organ extracellular matrix fraction approximately 700 fold 
using a combination of gel filtration, sedimentation velocity, and ion exchange 
chromatography. Further, we have identified a molecule of similar charge and 
size in the mammalian spinal cord. Since this is the first protein described 
which links the nerve terminal to the extracellular matrix, we propose calling it 
terminal anchorage protein one (TAP-1).

406.4 A SYNAPTIC VESICLE PROTEIN WITH A SELECTIVE DISTRIBUTION IN SPINAL 
CORD AND BRAIN. T.C. R itc h ie ,  M.A. Thomas*, C.L. O lson*, S .S . 
K anekar*, and J .D . C o u lte r . D ep t. o f Anatomy, Univ. o f Iowa, Iowa 
C ity , IA 52242.

A m onoclonal an tib o d y  g en e ra ted  a g a in s t r a t  b ra in  synaptosomes 
lo c a l iz e s  to  a h ig h ly  s e le c t i v e  p o p u la tio n  o f nerve te rm in a ls  in  
th e  s p in a l  cord and b ra in  (see  o th e r  a b s t r a c ts  t h i s  volum e). The 
S-7B8 a n tib o d y , when employed fo r  im m unocytochem istry, produces 
p u n c ta te  s ta in in g  o f nerve te rm in a ls  in  th e  s u p e r f ic i a l  lam inae o f 
th e  s p in a l  d o rs a l horn . In  th e  b r a in ,  th e  an tibody  produces 
in te n s e  s ta in in g  o f  nerve te rm in a ls  a s s o c ia te d  w ith  p rim ary  
sen so ry  sy stem s, and o th e r  s e le c te d  a rea s  o f h igh  nerve te rm in a l 
d e n s i ty ,  in c lu d in g  th e  c e re b e l la r  c o r t i c a l  m o lecu lar la y e r ,  and 
c e r t a in  s y n a p tic  la y e r s  o f th e  hippocampus. Immunocytochemical 
s ta in in g  i s  ab sen t in  n eu rona l c e l l  bod ies  and axons, as w e ll as 
in  non-neu ronal end o crin e  t i s s u e s  in c lu d in g  th e  ad re n a l m edu lla , 
th y ro id ,  panc reas  and a n t e r io r  p i t u i t a r y .

The S-7B8 a n t ib o d y  appears to  be d ir e c te d  a g a in s t a s y n ap tic  
v e s ic le  membrane p r o te in .  E le c tro n  m icroscopy o f th e  s p in a l 
d o rs a l horn  shows t h a t  th e  an tib o d y  s ta in s  a sub p o p u la tio n  of 
nerve  te rm in a ls  and th a t  th e  s ta in in g  i s  a s s o c ia te d  w ith  s y n ap tic  
v e s ic le s .  A nalyses o f synaptosom al f r a c t io n s  on a s o l id  phase 
immunobinding a ssay  in d ic a te  t h a t  b in d in g  o f  th e  an tib o d y  i s  
a b o lish e d  by tre a tm e n t o f synaptosomes w ith  p r o te o ly t i c  enzymes 
(p ro n ase , t r y p s in ) .  E x tra c tio n  o f l i p id s  from synaptosomes w ith  
ch lo ro fo rm /m ethano l does n o t a f f e c t  S-7B8 an tibody  b in d in g  to  th e  
in s o lu b le  r e s id u e . The S-7B8 a n t ig e n  i s  l i k e ly  to  be an in t e g r a l  
membrane p ro te in  s in c e  r e l a t i v e ly  h igh  c o n c e n tra t io n s  o f d e t e r 
g en ts  (T r i to n  X-100, Z w it te rg e n ts )  a re  re q u ire d  to  s o lu b i l iz e  th e  
p r o te in  from synaptosom al membranes, and i t  i s  n o t s o lu b il iz e d  
w ith  h igh  s a l t  (1 .0  M NaCl ) .  These r e s u l t s  a re  c o n s is te n t  w ith  
th e  su g g e s tio n  th a t  th e  S-7B8 an tibody  b inds  to  an in t e g r a l  
membrane p ro te in  o f s y n a p tic  v e s ic le s  in  a sub p o p u la tio n  o f CNS 
nerve  te rm in a ls .

S ynap tic  v e s ic le  membrane components w ith  fu n c tio n s  common to  
a l l  s e c re to ry  v e s ic le  membranes would be expected  to  have a 
u b iq u ito u s  d i s t r i b u t io n  in  th e  nervous system . In  c o n t r a s t ,  th o se  
v e s ic le  membrane elem ents invo lved  in  th e  s y n th e s is ,  s to ra g e  o r 
r e le a s e  o f a s p e c i f ic  n e u ro t ra n s m it te r  o r w ith  some o th e r  
s p e c ia l i z e d  fu n c t io n , such as m aintenance o f s p e c i f ic  s y n a p tic  
c o n ta c ts ,  would be s e le c t i v e ly  d i s t r i b u te d .  In  view o f th e  h ig h ly  
s p e c i f ic  p a t t e r n  o f immunocytochemical s ta in in g  in  th e  b ra in  and 
s p in a l  co rd  rev ea led  by th e  S-7B8 a n tib o d y , th e  v e s ic le  membrane 
p ro te in  recogn ized  by th e  antib o d y  seems l i k e ly  to  have a unique 
ro le  in  sy n a p tic  fu n c t io n .

S upported by NIH g ra n t NS23379.
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406.5 PROTEIN P38 IS SELECTIVELY ASSOCIATED WITH SMALL SYNAPTIC VESICLES 
IN NEURONS AND WITH VESICLES DISTINCT FORM PEPTIDE-CONTAINING 
SECRETORY GRANULES I N ENDOCRINE CELLS.  F .  N avone*,. R. J a h n +, G. Di  
G ioi a *, P. G reenga rd + and P . De C a m il l i*. *CNR C en ter fo r  
Cy topharm ac. and D ep t. o f  Med. Pharmac., Univ. o f  M ilano, I t a ly ,  

+L ab o ra to ry  o f  M olecu lar and C e l lu la r  N eu roscience , The 
R o c k e fe lle r  U n iv e r s ity , New York, NY, 10021.

P38 i s  a  m ajor i n t r i n s i c  g ly c o p ro te in  o f  th e  membrane o f 
s y n a p tic  v e s ic le s  which has r e c e n t ly  been  p u r i f i e d  and p a r t i a l l y  
c h a ra c te r iz e d  (Jahn  e t  a l . , PNAS 82:4137-4142, 1985; Wiedenmann 
and F ranke, C e ll 41:1017-1028, 1985, Rehm e t . a l . , EMBO J .  5:535- 
541, 1986). We have now c a r r i e d  o u t a s y s te m a tic  a n a ly s is  o f the 
d i s t r i b u t io n  o f  P38 in  th e  nervous system  and we have compared 
th i s  d i s t r i b u t io n  w ith  th a t  o f  sy n ap s in  I ,  an e x t r i n s i c  membrane 
p r o te in  p re s e n t  a t  th e  cy to p lasm ic  s u r fa c e  o f  a l l  sm all sy n ap tic  
v e s ic le s .  L ig h t m icroscopy im m unocytochem istry r e v e a le d  an alm ost 
id e n t i c a l  d i s t r i b u t io n  o f  th e  two p ro te in s  a t  v i r t u a l l y  a l l  nerve 
te rm in a l-c o n ta in in g  re g io n s  o f  th e  c e n t r a l  and p e r ip h e ra l  nervous 
system . In  a d d i t io n ,  th e  two p r o te in s  were found by q u a n t i ta t iv e  
immunochemistry to  be p re s e n t  a t  a rou g h ly  c o n s ta n t s to ic h io m e tr ic  
r a t i o  (c lo s e  to  1) in  a l l  o f  s e v e ra l  m ajor a re a s  o f  the  b ra in  
exam ined. W ith in  nerve  te rm in a ls , P38, l i k e  sy n ap s in  I ,  was  found 
by EM immunogold to  be lo c a l i z e d  on a l l  sm all s y n a p tic  v e s ic le s  
b u t n o t on la rg e  d en se -co re  v e s ic le s ,  i . e .  th e  s e c re to ry  
o rg a n e l le s  which c o n ta in  p e p tid e  n e u ro t r a n s m it te r s .  In  s p i t e  of 
t h i s  v e ry  s im i la r  d i s t r i b u t io n  in  th e  nervous system , P38 
im m u n o rea c tiv ity , b u t n o t sy n ap s in  I  im m u n o rea c tiv ity , was a lso  
found in  a v a r i e ty  o f  endoc rine  c e l l s  s p e c ia l i z e d  fo r  v e s ic u la r  
s e c r e t io n ,  in c lu d in g  ch ro m affin  c e l l s  o f  th e  a d re n a l, c e l l s  o f the 
d i f f u s e  n eu roendoc rine  system  o f  th e  th e  g u t, en d o c rin e  c e l l s  of 
th e  p an c re as  and p i t u i c y t e s . EM immunogold re v e a le d  th a t  in  th e se  
en d o c rin e  c e l l s  P38 was lo c a l iz e d  on smooth s u r fa c e d  v e s ic le s  o f 
v a r i a b le  s iz e  and w ith  c l e a r  c o n te n t which were s c a t te r e d  
th ro u g h o u t th e  cy top lasm  and were c o n c e n tra te d  in  th e  G olgi a re a . 
P e p tid e -c o n ta in in g  s e c re to ry  g ra n u le s  were u n la b e le d . P38 
im m unoreactiv ity  in  en d o c rin e  c e l l s  was found to  be accoun ted  fo r  
by a  p r o te in  w ith  e le c t r o p h o r e t ic  m o b ili ty  s l i g h t l y  d i f f e r e n t  from 
th a t  o f  b r a in  P38, b u t such d if f e re n c e  was e l im in a te d  by 
d e g ly c o s y la t io n  o f  th e  m olecu le .

Our f in d in g s  in d ic a te  t h a t :  a ) in  neurons th e  b iochem ical 
c h a r a c t e r i s t i c  o f  th e  membrane o f  sm all s y n a p tic  v e s ic le s  a re  
d i s t i n c t  from th o se  o f  th e  membrane o f  la rg e  d en se -co re  v e s ic le s ;  
b ) v i r t u a l l y  a l l  sm all sy n a p tic  v e s ic le s  o f  neurons sh a re  a t  l e a s t  
c e r t a in  b iochem ica l f e a tu r e s  (p resen ce  o f  P38 and sy n ap s in  I  on 
t h e i r  membrane in  a rough ly  c o n s ta n t s to ic h io m e tr ic  r a t i o ) ; c) 
en d o c rin e  c e l l s  c o n ta in  v e s ic le s  which a re  b io c h e m ic a lly  r e l a te d  
to  sm all s y n a p tic  v e s ic le s  o f  neurons and a re  d i s t i n c t  from 
c l a s s i c a l  s e c re to ry  g ra n u le s .

406.6 A Rapid I s o la t io n  o f Synapsin I :  A Neuron S p e c if ic  S p e c tr in  
B inding P ro te in .  K.E. K rebs*, I .S .  Zagon and S.R. Goodman* 
(SPON: T.C. P r i t c h a r d ) . D epts. o f  Anatomy and P hysio logy , D iv . 
o f C e ll  and Mol. B io logy , The M.S. H ershey Med. C t r . ,  The 
P ennsy lvan ia  S ta te  U n iv e rs ity , H ershey, PA 17033

We have developed a one chrom atographic s te p  i s o la t io n  
p ro to c o l fo r  th e  neuron s p e c i f ic  p ro te in  sy napsin  I .  Synapsin I  
was e x t ra c te d  from dem yelinated  b ra in  membranes w ith  2M KCl , 2% 
T r i to n  X-100, 5 mM NaPO4 , 0.4mM DFP, pH 7 .2  a t  37°C fo r  30 min. 
The sy n ap s in  I  e x t r a c t  was s t i r r e d  w ith  3g carboxym ethyl 
c e l lu lo s e  (5 mM NaPO4, 20 mM KCl , 0.05% Tween 20, pH 8 .0 ) ,  
poured in to  a column ( 1 × 5 cm), and washed w ith  20 ml o f the  
above b u f f e r .  The sy napsin  I  was e lu te d  from th e  column w ith  a 
100 ml l i n e a r  g ra d ie n t o f 0 .02  M KCl  to  0 .10  M KCl  in  5 mM 
NaPO4, pH 8 .0 ,  0.05% Tween 20. The sy napsin  I  e lu te d  between 
50-70 mM KCl  (peak  f r a c t io n  a t  60 mM  KCl ) . The f i n a l  y ie ld  was 
0 .48  mg sy napsin  I  from 6.17  g mouse b r a in ,  o r 0 .08  mg/g b r a in .  
This y ie ld  i s  te n  fo ld  h ig h e r  than  th e  g r e a t e s t  y ie ld  y e t 
re p o r te d  fo r  t h i s  p ro te in .  The a u t h e n t i c i ty  o f th e  sy napsin  I  
i s o la te d  by t h i s  p rocedu re  i s  dem onstrated  by: 1) co m ig ra tion  
w ith  a u th e n tic  sy napsin  I a and Ib a t  76 and 70 kDal r e s p e c t iv e ly  
on SD S-polyacrylam ide g e l s ;  2) c r o s s r e a c t iv i t y  w ith  an tibody  
s p e c i f ic  a g a in s t sy napsin  I ;  3) n e a r ly  i d e n t ic a l  (95% p e p tid e  
homology) two d im ensional chym otrypti c io d o p e p tid e  maps of 
a u th e n tic  sy napsin  I  and th e  p ro te in  p u r i f i e d  by th i s  p ro to c o l. 
Synapsin I  i s o la te d  by t h i s  p rocedu re  r e t a in s  i t s  fu n c t io n a l 
p r o p e r t ie s ,  dem onstrated  by th e  a b i l i t y  o f sy n ap sin  I  to  
s t im u la te  th e  fo rm a tion  o f a b ra in  s p e c tr in (2 4 0 /2 3 5 ) /s y n a p s in  
I /F - a c t in  te rn a ry  com plex, as  determ ined  by a low sh ea r f a l l i n g  
b a l l  v isco m etry  a s s a y . In cu b a tio n  o f s p e c t r in  (0 .0135 mg/ml) 
and F -a c t in  (0 .50  mg/ml) w ith  in c re a s in g  [sy n ap sin  I ]  
(0 .006 -0 .025  mg/ml) r e s u l te d  in  a 25% in c re a s e  in  v i s c o s i ty  over 
th a t  f o r  sy napsin  I  (0 .025  mg/ml) and F -a c t in  (0 .5 0  m g/m l), o r 
s p e c t r in  (0.0135 mg/ml) and F -a c t in  (0 .50  mg/ml) a lo n e . This 
novel p ro to c o l th e re fo re  has th e  advantage o f be ing  a r a p id ,  
h ig h  y ie ld  p rocedu re  th a t  r e t a in s  th e  fu n c t io n a l p ro p e r t ie s  of 
sy napsin  I .  T his work was su ppo rted  by th e  N a tio n a l I n s t i t u t e s  
o f H ealth  G ran ts NS-19357 and HL-26059 awarded S.R.G. and 
NS-21246 to  I .S .Z .  and S.R.G. S.R.G i s  an E s ta b lis h e d  
In v e s t ig a to r  o f th e  American H eart A sso c ia tio n .

406.7 IN VIVO TURNOVER OF BRAIN SPECTRIN: STIMULATION OF 
DEGRADATION BY DEPOLARIZATION. W.Bodsch,* M .Baudry, and 
G.Lynch (SPON:H.Koopowitz). Center for the Neurobiology of Learning 
and Memory. UC Irvine, CA 92717, U.S.A.

Brain spectrin is a major cytoskeletal protein which has been post
ulated to play roles analogous to its erythrocyte counterpart, such as 
regulation of cell surface receptor d istribution and cell shape. It is an 
excellent substrate for calcium -dependent proteases (calpain) and it has 
been proposed that calpain-induced degradation of brain spectrin as a 
result of high frequency electrical stim ulation of various hippocampal 
pathways leads to long-term changes in synaptic efficacy (Lynch and 
Baudry, Science, 1984, 224: 1057-1062). The present study was directed 
at testing some aspects of this hypothesis by investigating the in vivo 
synthesis and degradation of brain spectrin.

The time-course of brain spectrin synthesis was determ ined by meas
uring the amount of labeled spectrin following in traventricu lar infusion 
of 35S-m ethionine fo r various periods of time. B rain spectrin  is 
synthesized rapidly, w ith a ratio  of α / β  subunits of about 2/1 in the 
soluble compartment; it is rapidly incorporated into the cytoskeletal 
com partm ent of synaptosom al frac tions  w ith equim olar am ounts of 
α  and β -subunits. This suggests tha t the attachm ent of the -subunit 
to cytoskeletal elements regulates the incorporation of spectrin into the 
cytoskeleton. Five to six hours a fter this incorporation, a m ajor break
down product of the α -subunit w ith a Mr of 140,000, and previously 
id en tif ied  as a product generated by calpain -induced  proteolysis of 
brain spectrin, appears in both the soluble and cytoskeletal compart
ments. This result suggests that calpain-m ediated degradation of brain 
spectrin in the cytoskeleton is a dynam ic process and that spectrin is 
turning over relatively rapidly (estimated half-life  of about 4-5 hours).

We next investigated the effec t of prolonged depolarization on the 
form ation of this major breakdown product in hippocampus of rats 
w hich had received a continuous in fusion  of 35m ethionine for 4-5 
hours, i.e., at a time when the amount of labeled breakdown product is 
very low in control animals. Induction of spreading depression by local 
applications of KCl in hippocampus resulted in a 2-3 fold increase in 
the amount of labeled breakdown product. This result suggests that the 
rate of spectrin degradation can be be greatly accelerated by depolariza
tion and strengthens the hypothesis tha t calpain-induced spectrin degra
dation  is a plausible triggering  m echanism  fo r ac tiv ity-dependent 
changes in synaptic efficacy.

Supported by AFOSR grant 86-0099 to G.L. and NS-18427 to M.B.

406.8 BIOCHEMICAL AND MORPHOLOGICAL CHARACTERIZATION OF FREE AND TUBULIN- 
ASSOCIATED FORMS OF THE SOLUBLE NEURONAL CALMODULIN-DEPENDENT PRO
TEIN KINASE I I  H. LeVine, I I I *, and N.E. Sahyoun* (SPON: S.K .Burgess 
D epartm ent o f M olecular B io logy, Wellcome R esearch L a b o ra to r ie s , 
R esearch  T ria n g le  P ark , NC 27709.

The s o lu b le  form o f th e  calmod u li n -dependen t p ro te in  k in a se  type 
I I  from r a t  f o r e -  and m idb ra in  reg io n s  i s  re so lv e d  in to  two s p ec ie s  
by ion  exchange chrom atography on DEAE-Fractogel fo llo w in g  calmod
u lin -S e p h a ro se  a f f i n i t y  chrom atography. The enzyme e lu t in g  a t  a low 
io n ic  s tr e n g th  co rresponds to  th e  k in a se  p u r i f i e d  by s e v e ra l  la b s .  
The l a t e r  e lu t in g  enzyme i s  o b ta in ed  in  complex w ith  tu b u l in  and 
s e v e ra l  h igh  Mr p ro te in s .  The u n a sso c ia te d  form o f th e  k in a se  does 
n o t exchange in to  o r  c o p r e c ip i t a te  w ith  th e  tu b u lin -c o n ta in in g  form 
and b o th  forms rechrom atograph on io n  exchange in  t h e i r  r e s p e c t iv e  
p o s i t io n s .

S ubun its  o f th e  k in a se  in  t h i s  complex have been id e n t i f i e d  by 
th e i r  c h a r a c t e r i s t i c  in c re a s e  in  ap p a re n t Mr upon au tophospho ry la
t i o n ,  calm odulin  b in d in g , tw o-d im ensional IEF/SDS-PAGE, and by two- 
d im ensional io d o p e p tid e  m apping. The r a t i o  o f enzyme su b u n its  to  
tu b u l in  and th e  h ig h  Mr p ro te in s  rem ains c o n s ta n t th rough  g e l p e r 
m eation  chrom atography and sed im en ta tio n  v e lo c i ty  c e n tr if u g a t io n .  
Hydrodynamic p aram ete rs  d e riv ed  from th e se  s tu d ie s  dem onstrate  th a t  
th e  tu b u l in - a s s o c ia te d  enzyme i s  la r g e r  than  th e  u n asso c ia ted  en
zyme and d is p la y s  h e te ro d is p e r s e  b eh av io r as  w e ll .  The same complex 
o f p ro te in s  c o p re c ip i t a te s  w ith  a  m onoclonal an tib o d y  to  th e  k in a se . 
E le c tro n  m icroscopy o f n e g a tiv e ly  s ta in e d  complex re v e a ls  an i n t e r 
e s t in g  u l t r a s t r u c t u r e  d i s t i n c t  from th a t  o f th e  u n asso c ia te d  enzyme. 
These two s p e c ie s  o f enzyme th u s  r e p re s e n t d is t in g u is h a b le  forms o f 
th e  ca lm odulin -dependen t p ro te in  k in a s e , w ith  th e  tu b u li n -a s s o c ia 
te d  form p o s s ib ly  r e p re s e n t in g  a  p u ta t iv e  p re c u rs o r  o f th e  c y to sk e l
e t a l  form o f th e  k in a se  s in c e  th e  complex SDS-PAGE p ro te in  p a t te rn  
i s  co n ta in ed  in  th a t  o f th e  p o s ts y n a p tic  d e n s ity .
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406.9 AUTOPHOSPHORYLATION REVERSIBLY REGULATES THE Ca2+/CALMODULIN- 
DEPENDENCE OF Ca2+/CALMODULIN-DEPENDENT PROTEIN KINASE I I .  Y. 
L ai*,  A. C. N airn*, and P. G reenga rd  (SPON: Mike Browning).
D ept. M olecu lar and C e l lu la r  N eu roscience , The R o c k e fe lle r  
U niver s i t y ,  New York, New York 10021.

Ca2+/c a lm o d u lin  (CaM )-dependent p r o te in  k in a se  I I  (Ca/CaM 
K inase I I ) ,  p u r i f i e d  from r a t  fo r e b ra in ,  i s  known to  c o n ta in  tw o 
ty p es  o f  s u b u n it ,  α (Mr 50 ,000) and β/ β ' (Mr 6 0 ,0 0 0 /5 8 ,0 0 0 ), 
b o th  o f  which undergo Ca2+ /CaM -dependent aut o p h o sp h o ry la tio n  
th rough  an in tra m o le c u la r  mechanism. In  th e  p re s e n t  s tu d y , we 
have s tu d ie d  th e  e f f e c t  o f  t h i s  au to p h o sp h o ry la tio n  r e a c t io n  on 
th e  a c t i v i t y  o f  th e  enzyme. A u top h o sp h o ry la tio n  o f  Ca/CaM 
k in a se  I I  c o n v e rted th e  enzyme to  one th a t  was a lm ost f u l l y  
independen t o f  Ca2+/CaM fo r  i t s  a c t i v i t y .  No change in  the  
t o t a l  a c t i v i t y ,  m easured in  th e  p re sen ce  o f  Ca2+/CaM, was 
observed . M oreover, d ep h o sp h o ry la tio n  o f  au to p h o sp h o ry la ted  
Ca/CaM k in a se  I I  w ith  p r o te in  p hosphata se  2A r e su l te d  in  an 
enzyme th a t  was ag a in  t o t a l l y  dependent on Ca2+/CaM fo r  i t s  
a c t i v i t y .  A u to phospho ry la tion  o f  Ca/CaM k in a se  I I  a ls o  r e s u l te d  
in  th e  enzyme becoming more l a b i l e  to  h e a t .  For example, i f  
au to p h o sp h o ry la tio n  was c a r r i e d  o u t a t  30°C, an ap p a re n tly  
i r r e v e r s i b l e  lo s s  o f  a c t i v i t y  was observed . This lo s s  o f 
a c t i v i t y  cou ld  n o t be re v e rs e d  by p r o te in  p hospha ta se  2A. Thus, 
au to p h o sp h o ry la tio n  and d ep h o sp h o ry la tio n  r e g u la te  th e  Ca2+/CaM 
req u irem en t o f Ca/CaM k in a se  I I .

In  o rd e r  to  de term ine  w hether one o r b o th  s u b u n its  o f th e  
enzyme a re  re s p o n s ib le  f o r  th e  g e n e ra tio n  o f  Ca2+/CaM- 
independence , we examined th e  e f f e c t  o f au to p h o sp h o ry la tio n  on 
isozym es o f  Ca/CaM k in a se  I I  th a t  c o n ta in  d i f f e r e n t  r a t i o s  of 
th e  α and β s u b u n its . F o reb ra in  Ca/CaM k in a se  I I  (d e sc r ib e d  
above) c o n ta in s  p redom inan tly  th e  α  su b u n it .  C e re b e lla r  Ca/CaM 
k in a se  I I  and s k e le ta l  m uscle Ca2+/CaM -dependent glycogen 
sy n th ase  k in a se  c o n ta in  p redom inan tly  th e  β s u b u n it .  
A u top h o sp h o ry la tio n  a ls o  c o n v e rted  th e  c e r e b e l l a r  and s k e le ta l  
mus c le  isozym es to  sp e c ie s  th a t  were p a r t i a l l y  independen t o f 
Ca2+/CaM fo r  a c t i v i t y .  These r e s u l t s  su g g es t th a t  
au to p h o sp h o ry la tio n  o f  bot h α and β s u b u n its  may be re s p o n s ib le  
f o r  th e  g e n e ra tio n  o f  Ca2+/C aM -independence.

F o re b ra in  Ca/CaM k in a se  I I  was found to  have 2 
au to p h o sp h o ry la tio n  s i t e s  on th e  α su b u n its  and 3 on th e  β 
s u b u n its . P h o sp h o ry la tio n  o f  on ly  2-4 o f  th e  e s tim a te d  27 
ava i l ab le  s i t e s  in  th e  holoenzyme appeared  to  be s u f f i c i e n t  fo r  
Ca2+/CaM -independent a c t i v i t y  to  o cc u r. For b o th  su b u n its , 
th re o n in e  re s id u e s  were i n i t i a l l y  au to p h o sp h o ry la ted , w ith  
s e r in e  re s id u e s  b e in g  p h o sp h o ry la ted  a t  a much slow er r a t e .

406.10 ATYPICAL SYNAPTIC VESICLES IN HIPPOCAMPAL MOSSY FIBER BOUTONS 
FOLLOWING RECURRENT LIMBIC SEIZURES. R.M. Pico, J .  Athani kar*, C.E. 
Ribak and C. Gall. Department of Anatomy and Neurobiology, University of 
Cal i fornia, Irvine, CA 92717.

A unilateral electrolytic lesion restricted  to the h ilar region of the dentate 
gyrus in itia tes  a series of b ila te ra l hippocampal seizures which end 8-12hr post
lesion. Light, microscopic immunocytochemical investigation has shown that met
enkephalin i mmunoreactivity (ENK-I) in  the mossy fiber projections to CA3 is  
affected by the seizure activ ity  (Gall, in  preparation). The principal changes are 
seen a t  12hr postlesion when ENK-I is  virtually  depleted in  the mossy fibers, and 
a t  4 days postlesion when ENK-I is  dramatically increased b ilaterally  in  the axonal 
and terminal fie lds. Control levels of ENK-I return 14 days postlesion. The 
present analysis was made to determine the ultrastructural features of mossy fibers 
a t  these experimental time points and to  compare them with the normal morphology of 
mossy fibers.

Seven adult male Sprague Dawley rats  received a unilateral hilus lesion while 
under ketamine/xylazine anesthesia. These subjects were the n observed over the 
next 10hr f or  class 5 motor seizures, and were found to display 5-10 per ra t . At 
11hr postlesion 4 experimental ra ts  were anesthetized with sodium pentobarbital and 
perfused with aldehyde solutions. At 4 days postlesion 3 experimental ra ts  were 
also prepared in  th is  manner. A series of control ra ts  were used for normal morph
ology. Vibratome sections were collected from the hippocampus contralateral and 
posterior to the lesion, and a portion of CA3b was microscopically dissected from 
each tissue section. These sections were postfixed in  osmium, dehydrated and 
embedded in  Epon/Araldite. Silver thin sections were collected on copper mesh 
grids, stained with uranyl acetate and lead c itra te  and examined with a Philips 300 
electron microscope.

A characteristic feature of the mossy fiber terminal boutons is  the orderly ac
cumulation of small agranular round vesicles 35-45nm in  diameter (Amaral & Dent, 
JCN, 195, 1981). In a l l  11hr postlesion hippocampi, a large percentage of the 
mossy fiber terminal profiles contained a heterogeneous population of agranular 
vesicles with many enlarged clear vesicles distributed among the central vesicular 
array. Moreover, these terminals contained fewer dense core vesicles than is  
typically found in  control samples. At 4 days postlesion the mossy fiber profiles 
contained a homogeneous collection of small agranular vesicles but lacked the large 
vesicles seen a t  11hr postlesion. A more prominent feature of the 4 day postlesion 
mossy fiber boutons was an increase in  the number of dense core vesicles and the 
intensity of the ir staining. In addition, an unusual organelle, electron-dense 
multivesicular bodies, were found in  many mossy fiber axons and boutons suggestive 
of a precursor to the dense core vesicles.

Previous reports indicate that an increase in  exocyto t ic  profiles involving 
dense core vesicles occurs in  the mossy fiber boutons following chemically-induced 
hippocampal seizures (e .g ., Nitsch & Rinne, J . Neurocy to l. , 10, 1981). Our 
findings suggest that the dense core vesicles undergo additional seizure-related 
changes, and these events coincide with the reported fluctuations in  mossy fiber 
ENK-I localization. Thus, the possibility  exists that enkephalin may be stored in 
the dense core vesicles of the mossy fiber system. Supported by NIH MHO93555 (RMP), 
NSF BNS8417098 and RCDA NS00915-10 (CG).

406.11 THE CENTRAL IMPULSE ACTIVITY OF A CRAYFISH MOTONEURON REGULATES 
ITS NEUROMUSCULAR SYNAPTIC PROPERTIES. G.A. L n e n ic k a  and H.L. 
A tw ood, D ep t. o f  P h y s io lo g y , U n iv e r s i t y  o f  T o ro n to , T o ro n to , 
Canada M5S 1A8

I n c r e a s i n g  th e  im p u ls e  a c t i v i t y  o f  a p h a s ic  m o to n eu ro n  ( th e  
f a s t  e x c i t o r  t o  th e  c r a y f i s h  c law ) th rough  in  v ivo  s t im u la t io n  
h as  been p re v io u s ly  shown to  a l t e r  th e  neurom uscu lar synapses  so 
t h a t  th e y  resem b le  th o s e  o f  a to n ic  m otoneuron. These changes in  
n e u r o m u s c u la r  s y n a p t i c  p r o p e r t i e s  in c lu d e :  l e s s  i n i t i a l  
t r a n s m i t t e r  r e le a s e ;  g r e a te r  r e s is ta n c e  to  s y n a p tic  f a t ig u e ;  and 
an in c re a s e  in  th e  volume o f  m ito ch o n d ria  in  th e  motor te rm in a ls  
(J . N e u ro s c i .  5: 459; J .  P h y s io l .  364: 26P).

We h av e  p r e v i o u s l y  show n t h a t  i n c r e a s in g  th e  s u b th r e s h o ld  
s y n a p t i c  i n p u t  t o  th e  f a s t  c l o s e r  e x c i t o r  (FCE) p ro d u c e s  a 
s m a l l e r ,  th o u g h  q u a l i t a t i v e l y  s i m i l a r  ch a n g e  in  n e u ro m u sc u la r  
s y n a p t i c  p h y s i o l o g y  ( N e u r o s c i .  A b s t r .  1 1 : 1 2 8 8 ) . T h e se  
ex p e rim en ts  su g g es ted  th a t  in c re a se d  im pu lse  a c t i v i t y  in  th e  FCE 
may a c t  t o  p ro d u c e  t r a n s f o r m a t io n  o f  n e u ro m u s c u la r  s y n a p s e s  
th ro u g h  an  in c r e a s e  in  th e  c e n t r a l  a c t i v i t y  o f  t h e  m o to n eu ro n . 
In  o r d e r  t o  t e s t  t h i s  d i r e c t l y ,  we d e v e lo p e d  a p ro c e d u re  t o  
a n t id ro m ic a l ly  s t im u la te  th e  FCE w ith o u t in c re a s in g  th e  a c t i v i t y  
o f i t s  neurom uscu lar synapses.

E l e c t r o d e s  w e re  im p la n te d  a t  th e  b a s e  o f  th e  m e ro p o d ite  t o  
s t i m u l a t e  t h e  FCE and o v e r  th e  c l o s e r  m u sc le  t o  r e c o r d  th e  FCE 
myogram as  p re v io u s ly  d e sc r ib e d  (J. N eurosci. 5: 459). P r io r  to  
in  v iv o  s t i m u l a t i o n ,  a  cube o f  g e l a t i n  c o n t a in i n g  10uM TTX was 
p la c e d  a g a i n s t  th e  n e rv e  d i s t a l  t o  th e  s t i m u l a t i o n  e l e c t r o d e s .  
T h is  p ro ced u re  no rm a lly  b locked  o rth o d ro m ic  FCE im pu lses  w ith in  
10 m i n u t e s .  T he FCE w as th e n  e l e c t r i c a l l y  s t i m u l a t e d  
a n t id ro m ic a l ly  f o r  tw o hours a t  12 Hz in  1 sec  t r a i n s  d e l iv e re d  
eve ry  2 sec . At th e  end o f  s t im u la t io n  th e  TTX block  was removed 
and im pu lse  co n duc tion  was no rm a lly  r e s to r e d  w ith in  30 m inu tes .

The c o n d i t i o n i n g  re g im e n  w as d e l iv e r e d  d a i l y  t o  one o f  th e  
p a i r e d  c la w s  f o r  3 c o n s e c u t iv e  d a y s . One day  a f t e r  th e  f i n a l  
c o n d itio n in g  p e r io d  th e  FCE EPSPs w ere m easured in  c lo s e r  m uscle 
f ib e r s  o f  th e  c o n d itio n e d  and c o n t r a l a t e r a l  c o n tro l  c law s. The 
c o n d i t i o n i n g  p ro c e d u re  w as fo u n d  t o  d e c r e a s e  i n i t i a l  FCE EPSP 
a m p l i tu d e  by 48% and  re d u c e  s y n a p t i c  f a t i g u e  by 90%. T h u s, th e  
a d a p ta tio n  o f  th e  neurom uscu lar synapses to  in c re a s e d  a c t i v i t y  i s  
t r i g g e r e d  by in c r e a s e d  c e n t r a l  e l e c t r i c a l  a c t i v i t y  o f  th e  
m otoneuron.

P r e l i m in a r y  e v id e n c e  i n d i c a t e s  t h a t  l o c a l  a p p l i c a t i o n  o f  
c o l c h i c i n e  (a b lo c k e r  o f  f a s t  a x o n a l t r a n s p o r t )  t o  th e  n e rv e  
d u rin g  c h ro n ic  s t im u la t io n  p re v e n ts  th e  d ec re a se  in  i n i t i a l  EPSP 
a m p litu d e . Thus, some fa c to r ( s )  whose p ro d u c tio n  i s  re g u la te d  by 
c e n t r a l  e l e c t r i c a l  a c t i v i t y  may be tr a n s p o r te d  to  th e  te rm in a ls  
to  c o n tro l  i n i t i a l  t r a n s m i t t e r  r e le a s e .

406.12 RELATIONSHIP BETWEEN SYNAPTIC SIZE AND TARGET CELL SIZE 
IN THE PARASYMPATHETIC CARDIAC GANGLION OF XENOPUS 
LAEVIS. Peter B. Sargent. Division of Biomedical Sciences, U niversity of 
California, Riverside, CA 92521.

The parasym pathetic ganglion cells in the heart of the frog Xenopus 
laevis are innervated by preganglionic axons which term inate on the cell 
body and its axon in a number of synaptic boutons. Electrophysiological 
analysis of e.p.s.p.’s elicited from  the unipolar ganglion cells by pregan
glionic nerve stim ulation in adult frogs indicates tha t ganglion cells are 
innervated by 1-4 axons and tha t the average number of inputs per cell is 
1.6 (Heathcote and Sargent, unpublished results). In adult frogs there is also 
a direct relationship between the number of boutons on the ganglion cell 
body and its size: larger cell bodies have more synaptic boutons in propor
tion to their increased surface area [Sargent, P.B., J. Physiol. 343(1983)85- 
104]. In the present study, I sought to determ ine whether this relationship is 
due prim arily  to differences in convergence or to differences in synaptic 
size. Do larger cell bodies have more boutons because they tend to be 
innervated by more preganglionic axons or because each innervating pre
ganglionic axon tends to supply them with more boutons? To address this 
question I investigated whether the cell bodies of ganglion cells are multiply 
innervated, and, if  so, whether the extent of convergence can account for 
the known correlation between somatic size and bouton number. The exper
im ental rationale was to stain single preganglionic axons innervating indi
vidual cell bodies and then to determ ine whether there are any boutons on 
the cell body which cannot be accounted for by the stained axon. Pre
ganglionic axons innervating the cardiac ganglion were filled with HRP and 
stained brown by using diam inobenzidine as a substrate. In order to 
visualize all the synaptic boutons in the ganglion, I used immunocytochemi
cal techniques to locate the binding sites for a monoclonal antibody which 
binds to synaptic vesicles and which quantita tively  stains synaptic boutons 
in the cardiac ganglion (no. 48, a generous g ift of Dr. Louis Reichardt, Uni
versity of California , San Francisco). Bouton staining was done using the 
ABC technique, and boutons were rendered blue-purple by using 
chloronaphthol as a substrate. Following this procedure boutons supplied by 
the filled  preganglionic axons rem ained brown while all other boutons were 
blue-purple. Ganglion cells whose somata were innervated by only a single 
filled  preganglionic axon were then analyzed. All the boutons on such cells 
were invariably brown and arose from  the stained axon (121 cells examined 
in 10 ganglia). Blue-purple boutons were found on cells whose somata were 
not supplied by filled  axons as well as on the axons of many cells. This 
suggests tha t all ganglion cell bodies are supplied by a single preganglionic 
axon, and that additional inputs to the cell, when present, must be located 
on the ir axons. Furtherm ore, this result indicates tha t larger ganglion cell 
bodies have more boutons because the single axon that innervates them 
supplies them with more boutons. Thus, there is a direct correlation 
between target cell size and synapse size in the cardiac ganglion. 
(Supported by the NSF and the AHA.)
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407.1 THE DEVELOPMENT OF PROPRIOSPINAL PATHWAYS IN CHICK EMBRYO SPINAL 
CORD. A. Shneiderman, N. Okado, R. W. Oppenheim and R. Shiba* 
(SPON: P. B. Smith). Department of Anatomy, Bowman Gray School 
of Medicine of Wake Forest University, Winston-Salem, NC 27103 
and Department of Anatomy, University of Tsukuba, Tsukuba, Japan.

Recent studies have shown that most supraspinal projections 
to cervical and lumbar cord of the chick develop between 
embryonic day (E)5 (stage 26) and E10 (stage 36) (Okado, N. and 
Oppenheim, R., J . Comp. Neurol. ,  232: 143-161, 1985). The onset 
of propriospinal projections very likely  occurs ea r lie r  than th is 
although there is only one report in the li te ra tu re  that has 
addressed th is problem in the chick (Nornes, H., e t a l . ,  J . Comp. 
Neurol. ,  192: 119-132, 1980). By the use of in ovo and in v itro  
preparations we have begun to study the ontogeny o f  propriospinal 
pathways and projections between E3 (stage 19) and E10. Small 
amounts of recrystallized  HRP or WGA-HRP on the tip s of Minuten 
insect pins or glass micropipettes were inserted into various 
regions of spinal cord (cerv ical, brachial, thoracic, lumbar). 
Embryos were allowed to survive for 5-24 hrs a f te r  which they 
were processed for HRP histochemistry using TMB, DAB or DAB with 
heavy metal in tensifica tion  procedures on e ither frozen (50-80 μ) 
or Vibratome (80-100 μ) sections. At present, only cases in 
which injections were made into lumbar segments 2-5 have been 
analyzed in d e ta il. At stage 21 (E3.5) labelled interneurons can 
be found 2-4 segments rostral to the in jection . P rior, to th is 
(stages 19-20), labelling is only found within and approximately 
one segment rostral to the injected segment. The e a r lie s t 
labelled ce lls  are found in various parts of what will become 
lamina VII, especially adjacent to the prospective la tera l 
funiculus, and many of these are commisural neurons whose 
labelled axons can often be followed through the ventral 
commisure. By stages 22-23 (E3.5-4.0) increased numbers of 
labelled ce lls  appear in lamina VII extending as far as six 
segments ro stra l to the injection s i te  ( i . e . ,  in thoracic 
segments). From stage 24 (E4.5), lumbar injection resu lts in 
labelled ce lls  in brachial segments. By stage 27 (E5.5) labelled 
ce lls  are found in lamina VI in brachial segments and between E6 
(stage 29) and E10 labelled ce lls  progressively appear in laminae 
I ,  I I ,  IV, V, VIII and X, sim ilar to the adult condition. 
Preliminary analysis of labelled neurons in lumbar segments 
following thoracic or brachial injections indicates a sim ilar 
spatio-temporal pattern of labelling as ju s t described. Thus, by 
E4 (stage 24) there are neuroanatomical interconnections between 
lumbar, thoracic and brachial regions that could be the basis for 
previously described intersegmentally organized m otility  and 
electrophysiological patterns (Provine, R., Brain Res., 
29:155-158, 1971).

407.2 ROLE OF THE SUBVENTRICULAR ZONE IN GROWTH AND 
GUIDANCE OF CALLOSAL AXONS.
B .F .S c h n e i d e r  and  J .  S i l v e r
D e p t .  o f  D e v e lo p m e n ta l  G e n e t i c s  an d  A natom y 
C a se  W e s te rn  R e s e r v e  U n i v e r s i t y ,  C le v e l a n d ,  OH 4 4 106

D u r in g  f e t a l  d e v e lo p m e n t  t h e  s u b v e n t r i c u l a r  z o n e  
c o m p r i s e s  an  a r e a  o f  p r o l i f e r a t i n g  c e l l s  w h ic h  fo rm s  
b e tw e e n  th e  v e n t r i c u l a r  g e r m in a l  c e l l s  an d  th e  
i n t e r m e d i a t e  l a y e r ,  an d  w h ic h  a p p e a r s  t o  c o n s i s t  o f  
p r e c u r s o r  c e l l s  f o r  n e u r o n s  an d  m a c r o g l i a .  A p r e v i o u s  
s tu d y  i n  o u r  l a b o r a t o r y  s u g g e s t e d  t h a t  s u b v e n t r i c u l a r  
c e l l s  may be a  p r e f e r r e d  s u b s t r a t e  f o r  g ro w th  o f  
c a l l o s a l  a x o n s .  I n  t h e  p r e s e n t  s tu d y  we h a v e  p e r t u r b e d  
t h e  s u b v e n t r i c u l a r  z o n e  i n  f e t a l  m ic e ,  an d  h a v e  
o b s e r v e d  t h e  s u b s e q u e n t  g ro w th  o f  c a l l o s a l  a x o n s .

P e r t u r b a t i o n s  o f  t h e  s u b v e n t r i c u l a r  z o n e  w e re  
a c c o m p l i s h e d  i n  tw o d i f f e r e n t  w a y s : 1 ) u s in g  a n e e d l e ,  
w h ic h  w as p a s s e d  t h r o u g h  t h e  c o r t e x  an d  i n t o  a l a t e r a l  
v e n t r i c l e  on e m b ry o n ic  d ay  1 6 ; 2 ) u s in g  w h o le  body  x -  
i r r a d i a t i o n  (1 2 5  R) o f  p r e g n a n t  m ice  on E 1 4 . B r a i n s  
w e r e  t a k e n  f r o m  t r e a t e d  a n d  c o n t r o l  a n i m a l s  b e t w e e n  E 1 7  
an d  p o s t n a t a l  day  2 f o r  l i g h t  an d  e l e c t r o n  m ic r o s c o p ic  
e x a m i n a t i o n .

A f t e r  x - i r r a d i a t i o n  o r  n e e d l e - l e s i o n i n g  a s i m i l a r  
p a t t e r n  o f  d i s r u p t e d  a x o n a l  g ro w th  w as o b s e r v e d .  B o th  
t r e a t m e n t s  p ro d u c e d  b r e a k s  i n  t h e  s u b v e n t r i c u l a r  zo n e  
o r  e l i m i n a t e d  p a t c h e s  o f  s u b v e n t r i c u l a r  c e l l s .  I n  th e  
i r r a d i a t e d  a n i m a l s  t h e  r e m a in d e r  o f  t h e  c o r t e x  w as 
t h i n n e r  t h a n  u s u a l ,  b u t  w as i n t a c t .  I n  l e s i o n e d  a n i m a l s  
t h e  c o r t i c a l  t i s s u e ,  t h r o u g h  w h ic h  t h e  n e e d le  p a s s e d ,  
a p p e a r e d  to  mend i t s e l f  r e a d i l y .

When c a l l o s a l  a x o n s ,  g ro w in g  to w a r d s  t h e  m i d l i n e ,  
e n c o u n te r e d  a r e a s  w i th  a b n o rm a l s u b v e n t r i c u l a r  t i s s u e ,  
t h e y  e i t h e r  f o l l o w e d  a p a t h  w h ic h  k e p t  th e m  i n  c o n t a c t  
w i th  s u b v e n t r i c u l a r  c e l l s  -  e v e n  i f  t h i s  d e s c r i b e d  a 
d e a d -e n d  r o u t e  i n t o  t h e  v e n t r i c l e  -  o r ,  w h e re  p a t c h e s  
o f  s u b v e n t r i c u l a r  c e l l s  w e re  a p p a r a n t l y  e l i m i n a t e d ,  
t h e y  f a i l e d  t o  c o n t i n u e  n o rm a l g ro w th  to w a rd  t h e  
m i d l i n e ,  an d  i n s t e a d  fo rm e d  a n e u r o m a - l ik e  s t r u c t u r e .  
I n  t h e  i r r a d i a t e d  a n i m a l s  few  a x o n s  r e a c h e d  t h e  
r a i d l i n e ,  an d  th u s  t h e y  w e re  e i t h e r  a c a l l o s a l  o r  had  
much s m a l l e r  t h a n  n o rm a l c o r p u s  c a l l o s i .  I n  l e s i o n e d  
a n i m a l s  t h e  g ro w th  o f  a x o n s  a p p e a r e d  n o rm a l i n  a r e a s  
w h e re  t h e  s u b v e n t r i c u l a r  z o n e  w as n o t  d i s r u p t e d .

T he r e s u l t s  o f  t h i s  s t u d y  a r e  c o n s i s t e n t  w i th  t h e  
h y p o t h e s i s  t h a t  s u b v e n t r i c u l a r  c e l l s  a r e  a  p r e f e r r e d  
s u b s t r a t e  f o r  g ro w th  o f  c a l l o s a l  a x o n s .

407.3 AXONAL GUIDANCE IN AVIAN SYMPATHETIC PREGANGLIONIC 
NEURONS. J . W. Yip. D epartm ent of Physiology, School of M edicine, 
U niversity of P ittsburgh, P ittsburgh, PA 15261.

The p a tte rn s  of preganglionic projections in th e  avian sym pathetic 
system  are  highly specific. Preganglionic axons arising from  the  T1 
spinal segm ent, for exam ple, p ro ject predom inantly in the ro s tra l 
d irection  w hereas T4 preganglionic axons p ro ject predom inantly in the  
caudal d irection . This p a tte rn  of preganglionic projections, moreover, is 
co rrec t from the ou tse t, suggesting th a t th e re  are  specific cues for the  
guidance of these  axons.

In a rece n t study, I have investigated w hether ta rg e t cues are  
required fo r th e  guidance of preganglionic axons by examining the  
preganglionic projections in em bryos deprived of the ir cerv ical and 
thoracic  sym pathetic  ganglia through rem oval of th e  neural c res t. My 
resu lts  indicate  th a t ta rg e t cues are  not required for the establishm ent 
of the co rrec t pa tte rn s  of preganglionic pro jections, since preganglionic 
axons deprived of th e ir  ta rg e t ganglia still p ro ject in the proper 
directions.

To exam ine if the  ro s tra l or caudal projections of preganglionic 
neurons a re  determ ined s tr ic tly  by th e ir  segm ental origins in the  spinal 
cord, segm ents of the tho racic  spinal cord w ere translocated . In one se t 
of experim ents, the  tho racic  segm ents T1 to  T4 w ere ro ta ted  180° along 
the  rostro -caudal axis, and in another, segm ents T1 to  T4 were 
transp lan ted  to  the ce rv ica l level where preganglionic neurons are  
norm ally absent. Following ro ta tion  a t the  thoracic  level, preganglionic 
axons p ro jec t according to  th e ir  new segm ental locations, i.e ., T4 
preganglionic neurons (which are  now focated rostrally) p ro ject rostrally , 
and T1 preganglionic neurons (which are now located  caudally) p ro ject 
caudally. By con tras t, T1 and T4 preganglionic neurons translocated  to  
ce rv ical levels no longer p ro ject predom inantly in e ith e r a  ro s tra l or 
caudal d irection , but p ro ject more or less equally in both d irections. 
These resu lts  indicate th a t the d irections of preganglionic projections 
a re  not s tr ic tly  determ ined by th e ir  in itia l segm ental origins in the  spinal 
cord but appear to  depend on fac to rs  in the  tissue environm ent outside of 
it.

Supported by BNS82-10028 and by a  Basil O'Connor S ta r te r  R esearch 
G rant from  the  March of Dimes B irth D efects  Foundation.

407.4 ANATOMICAL AND PHYSIOLOGICAL DISTORTION OF THE XENOPUS 
RETINOTECTAL PROJECTION BY ANTIBODIES TO N-CAM.
S. E. F raser, S. C arhart, B. A. Murray*, C.-M . Chuong, and G. M. 
Edeltnan. Dept o f Physiology & Biophysics, University of California, 
Irvine, CA 92717, and The R ockefeller University, New York, NY 10021.

The neural ce ll adhesion molecule (N-CAM) m ediates a dominant 
neuron-neuron adhesion, is ubiquitous in the nervous system  of developing 
and m ature verteb ra te s, and undergoes m ajor a ltera tions in both 
distribution and am ount during developm ent. To determ ine the role of this 
defined in terce llu la r adhesion in the  form ation of neuronal maps, agarose 
im plants containing antibodies specific for Xenopus N-CAM w ere inserted 
into the  te c tum  and the ir e ffec ts  on th e  projection followed with 
anatom ical and physiological techniques.

Both monoclonal and polyclonal antibodies against N-CAM altered  the 
re t in o te c ta l projection as determ ined by horseradish peroxidase (HRP) 
tracing . Following labelling o f the en tire  optic nerve with HRP and 
processing o f the brains with diaminobenzidine & cobalt, the region of the 
tectum  near the  im plant showed a decreased density of optic nerve 
innervation. The antibodies also d isto rted  the p attern  of the re tin o te c ta l 
projection and decreased the  precision of the projection as determ ined by 
electrophysiological techniques. The size of the recep tive  fields recorded 
in the  tec tum  w ere significantly  (p<.005) enlarged.

The specificity  o f the immune reagen ts was shown by the ir ability to 
im m unoprecipitate Xenopus N-CAM and to  inhibit m em brane vesicle 
aggregation. The inhibition o f aggregation was neu tralized  by 
preincubation of the  antibodies w ith purified N-CAM. Rabbit antibodies 
against the brain m em brane, depleted  in anti-N -CA M  ac tiv ity , w ere used 
as the  contro l reagen t. These antibodies bound to  the  te c ta l  m embranes, 
but had no e ffe c t on e ithe r the aggregation o f brain m em brane vesicles or 
on the density or the pa tte rn  of the  projection.

The d istortion  o f the re tin o te c ta l projection by anti-N -C A M  became 
de tec tab le  a f te r  th ree  days and was maxim al by eight to  ten  days. The 
antibody spread from the im plant w ithin hours to  fill most o f one te c ta l 
lobe, where i t  rem ained a t  de tec tab le  levels for five to  six days. The 
delayed e f fe c t o f the antibody and the lack o f any blind regions o f the 
re tina  argue th a t the  e ffec ts  do not resu lt from dam age of the re tina  or 
optic nerve fibers. The tim e-cou rse  is consistent w ith the  antibody 
disrupting an on-going dynamic process o f neurite  sprouting and re trac tion  
which appears to  underlay the outw ardly s ta tic  re t in o te c ta l projection.

This work extends our previous work by dem onstrating an anatom ical 
co rre la te  o f the physiological d istortion  o f the projection, by establishing 
the specificity  o f the  reagen ts for Xenopus N-CAM, by docum enting the 
spread of the  perturbing antibodies from the  im plant, and by including a 
more re levan t contro l reagen t. The results fu rther support th e  conclusion 
th a t N-CAM m ediated ce ll adhesion plays an im portant role in the 
form ation and m aintenance of topographic neural projections.

Supported by NSF (BNS11224), McKnight Scholars Award, and NIH 
(Jacob Jav its  C en ter o f Excellence and HD09635).
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407.5 INVOLVEMENT OF CREST MIGRATION IN CREATING AXON BOUNDARIES AT THE 
TECTAL MIDLINE. M ichael R. P oston* and J e r ry  S i lv e r  (SPON: M .J. 
K a tz ). D ept. D evelop. G en e tic s  and Anatomy, Case W estern R eserve 
U n iv ., Sch. o f  M ed., C leve land , OH 44106.

In  th e  v e r te b r a te  embryo, o p t ic  f i b e r s  from th e  r e t i n a l  gang
l i o n  c e l l s  in n e rv a te  th e  e n t i r e  s u r fa c e  o f th e  o p t ic  te c tu m . How
e v e r , th e  f ib e r s  which have a r r iv e d  a t  one t e c t a l  lobe  ra r e ly  
grow a c ro s s  th e  m id lin e  to  in n e rv a te  th e  o th e r  even though a 
p o te n t ia l  avenue o f  grow th, th e  fu tu r e  ro o f o f th e  S y lv ia n  aque
d u c t , i s  p r e s e n t .  We have s tu d ie d  th e  developm ent o f  th e  t e c t a l  
m id lin e  in  tim ed ch icken  embryos in  hopes o f  g a in in g  in s ig h t  in to  
th e  q u e s tio n  o f  why t h i s  reg io n  i s  r e f r a c to r y  to  th e  passage o f 
axons. I t  has been sug g ested  th a t  th e  m arg inal en d fee t o f  th e  
n eu ro ep ith e liu m  p ro v id e  a p re fe r re d  s u r fa c e  fo r  th e  growth o f 
o p t ic  axons ( S i lv e r ,  J .C .N . , 223, 1984; S i lv e r  and R u tish a u se r , 
Dev. B i o l . , 106, 1984). A q u es tio n  th a t  rem ained was w hether 
some n a tu r a l l y  o cc u rr in g  d is ru p tio n  o f  th e  end foo t zone m ight 
c r e a te  a boundary where o p tic  axons would n o t grow, s im i la r  to  
th e  " g l i a l  k n o t" , a  s t r u c tu r e  t h a t  may p la y  a r o l e  in  p a r t i t i o n 
in g  f i b e r s  o f th e  o p t ic  and o lf a c to ry  system s a t  th e  chiasm  of 
ch ick  embryos (P o sto n , R u tish a u se r and S i lv e r ,  N e u ro sc i. A b s tr . , 
15, 1984). I n  o rd e r  to  ad d re ss  t h i s  q u e s tio n  in  E6-8  ch ick  embry
o s , TEM and im m unohistochem ical te ch n iq u es  u s ing  a n t ib o d ie s  to  
NCAM, 8D9 and HNK-1 a n t ig e n s  were used to  s t a i n  neu rons , axons 
and su p p o rt c e l l s .  As th e  o p tic  f i b e r s  a r r iv e d  a t  th e  tectum  on 
E6 , we observed  an unexpected  phenomenon: a number o f axons ap
proach ing  th e  t e c t a l  m id lin e  p ro je c te d  o u t o f th e  b ra in  and in to  
th e  mesenchyme im m ediately d o rs a l to  th e  m id lin e . The p ro cess  of 
axon m isguidance con tinued  fo r  a t  l e a s t  two more days (E 7 -8 ) . The 
axons e x i te d  th e  n eu ro ep ith e liu m  th rough  gaps in  th e  e n d fe e t and 
th e  g l i a l  l i m ita n s . During t h i s  same tim e p e rio d  we observed th a t  
a p o p u la tio n  o f  very la rg e  c e l l s  m igra ted  a c ro s s  th e  g l i a l  l im i
ta n s  e x c lu s iv e ly  a t  th e  t e c t a l  m id lin e . The m ig ra to ry  c e l l s  were 
p o s i t i v e  fo r  th e  HNK-1 a n t ig e n  (a  m arker exp ressed  by m ig ra tin g  
n e u ra l c r e s t )  b u t n e g a tiv e  fo r  th e  NCAM a n t ig e n , w h ile  o th e r  
c e l l s  a t  th e  t e c t a l  m id lin e  were n e g a tiv e  fo r  bo th  HNK-1 and 
NCAM. At such l a t e  s ta g e s  (E6- 8 ) th e  HNK-1 p o s i t i v e  c e l l s  may be 
a p o p u la tio n  o f  n e u ra l c r e s t  th a t  c o n tr ib u te s  to  th e  fo rm a tion  o f  
th e  m esencephalic  n u c leu s  o f th e  tr ig e m in a l nerve  by m ig ra tin g  
back in to  th e  b r a in .  We h y p o th e size  th a t  th e  la rg e  HNK-1 p o s i t iv e  
c e l l s  which m ig ra te  a c ro s s  th e  g l i a l  l im ita n s  d is ru p t  th e  en d fe e t 
o f  th e  m id lin e  t e c t a l  n eu ro ep ith e liu m . Nearby axons th a t  might 
o th e rw ise  have c ro ssed  th e  m id lin e  a re  in s te a d  m isrou ted  th rough  
d is c o n t in u i t i e s  in  th e  g l i a l  l im ita n s  and o u t in to  th e  mesen
chyme. T h is com bination  o f  novel phenomena may c o n s t i tu te  a 
mechanism fo r  c r e a t in g  an a x o n - re f ra c to ry  boundary between th e  
two lo b e s  o f th e  o p t ic  te c tum .

Supported  by NIH EY05952.

407.6 REGENERATING OPTIC AXONS OF GOLDFISH DO NOT GROW ON THE BASAL 
LAMINA. S.S. Easter, J r . and C. Malinoski*. University of 
Michigan, Ann Arbor, MI 48109.

New ganglion ce lls are added to the goldfish retina at i ts  
edge, the ora te rm in a ls , throughout l i f e .  Their new axons 
grow on the innermost surface of the re tina , in contact with 
the basal lamina of the retinal inner lim iting membrane and, 
more cen tra lly , in contact with the basal lamina of the pia. 
In the peripheral nervous system, the basal lamina around 
Schwann tubes is an important substrate for peripheral axonal 
regeneration; and in v itro , a component of the basal lamina, 
laminin, is  an effective substrate for axonal growth. These 
several observations suggest that axonal regeneration in the 
goldfish optic nerve might recapitulate de novo development. 
Accordingly, we examined regenerating optic axons electron 
microscopically to see i f  regenerating axons grow along the 
basal lamina.

Normal and crushed optic nerves were prepared with standard 
methods for transmission electron microscopy. The normal 
optic nerve is  divided into interleaving fascicles surrounded 
by astrocytic cytoplasm and a basal lamina. In the crushed 
nerve, the axons degenerate downstream from the lesion but the 
fascicular organization is maintained; that is ,  fascicles are 
surrounded by astrocytic cytoplasm and basal lamina, as 
normally. At 5 and 10 days post crush, all regenerating axons 
were found in the centers of the fasc ic les , separated by 
degenerating debris and astrocytic cytoplasm from the basal 
lamina. We conclude that the regenerating axons do not retrace 
the original path.

We have not yet identified  the substrate followed by the 
pioneering axons. However, one series of 435 sections, which 
included hundreds of bundles of axons, yielded many growth 
cones. All contacted other axons extensively. We conclude 
that other axons are the preferred substrate when they are 
present. (Supported by EY-00168 to SSE.)

407.7 GUIDANCE OF REGENERATING BULLFROG MOTOR AXONS. M.T. Lee and P.B. 
F a r e l . D ept. P h y s io l . ,  UNC Sch. o f M ed., Chapel H i l l ,  NC 27514.

Numerous s tu d ie s  p ro v id e  i n d i r e c t  su p p o rt th a t  axons re g e n e r
a t in g  in  th e  p e r ip h e ra l  nervous system  a re  guided  by empty 
sh e a th s  co n ta in ed  w ith in  th e  d i s t a l  nerve  stump. A ccording to  
t h i s  id e a , r e g e n e ra tin g  axons n o n - s p e c i f i c a l ly  e n te r  dene rv a ted  
en d o n e u ria l sh e a th s  a t  th e  s i t e  o f n erve  t r a n s e c t io n .  Once 
having  e n te re d  a sh e a th , an axon i s  con fined  and fo rced  to  fo llow  
th e  pathway la id  down by th e  sh e a th . We have been t e s t i n g  th i s  
ideal by exam ining th e  re g e n e ra tio n  o f h ind lim b  motoneurons in  
ta d p o le s  o f th e  b u l l f r o g ,  Rana c a te s b e ia n a .

V e n tra l ro o ts  (VRs) 8 , 9 , & 10, which supp ly  m otor axons to  
th e  h ind lim b , were tr a n s e c te d  on one s id e  o f ta d p o le s  a t  s ta g e s  
X I-X V III. A f te r  35 - 124 days, th e  segm ental in n e rv a tio n  o f 17 
h ind lim b  nerv es  was determ ined  on both s id e s ,  by reco rd in g  th e  
an tid ro m ic  a c t i v i t y  e l i c i t e d  in  VRs 8 , 9 , & 10 in  response  to  
shocking  each  limb n e rv e . For th e se  ex p e rim en ts, th e  CNS was 
removed to  exc lude  s y n a p t ic a l ly  evoked p o te n t ia l s  from th e  VRs. 
Such re c o rd in g s  re v e a l t h a t  th e  d i s t r i b u t io n  o f axons from each 
tr a n s e c te d  VR i s  n e a r ly  i d e n t ic a l  to  norm al. For exam ple, normal 
and re g e n e ra tin g  axons from VR 10 a re  found in  o n ly  1 o f th e  3 
b ranches o f th e  c r u r a l  n e rv e , and in  4 o f th e  6 b ranches o f th e  
p rofundus p o s te r io r  n e rv e , even though th e y  grow in  c lo se  
p ro x im ity  to  th e  o r ig in s  o f a l l  o f th e s e  b ran ch e s. I t  i s  
u n l ik e ly  t h a t  t h i s  r e s u l t s  from an a c t iv e  s e le c t io n  of p a r t i c u l a r  
pathways by th e  re g e n e ra tin g  axons, s in c e  re t ro g ra d e  la b e lin g  
s tu d ie s  (F a re l  & Bemelmans, in  p re s s )  in d ic a te  t h a t  motoneurons 
tr a n s e c te d  a t  th e s e  s ta g e s  re in n e rv a te  t a r g e t s  n o n - s p e c i f i c a l ly .  
In s te a d ,  th e  r e e s ta b lis h m e n t o f a normal p a t te r n  o f segm ental 
in n e rv a tio n  su g g es ts  t h a t  th e  re g e n e ra tin g  axons a re  somehow 
c o n s tra in e d  from e n te r in g  n erv es  o u ts id e  th e  normal t e r r i t o r y  of 
t h e i r  VR. T his c o n s t r a in t  may be p rov ided  by th e  den e rv a ted  
sh e a th s  th rough  w hich th e  axons e lo n g a te .

R eg en era tin g  m otor axons can d iv id e  and send b ranches to  more 
th an  one m uscle, as  dem onstra ted  by se v e rin g  a m uscle n e rv e , 
s t im u la t in g  i t s  p roxim al stum p, and ob serv in g  th e  c o n tra c tio n  o f 
o th e r  m uscles (CNS rem oved). As in  o th e r  sy stem s, much o f th i s  
b ranch ing  occu rs  a t  th e  t r a n s e c t io n  s i t e .  However, a d d i t io n a l  
b ranches form w ith in  th e  c r u r a l  and s c i a t i c  p le x u se s  a t  th e  base 
o f th e  lim b , s in c e  in te r -n e rv e  com munication rem ains a f t e r  th e  
s p in a l  n e rv es  a re  tr a n s e c te d  j u s t  p rox im al to  th e  p le x u se s , and 
s in c e  HRP a p p lie d  to  one lim b nerve  la b e ls  branches in  o th e r  
n e rv es  in  such reduced p r e p a ra t io n s .  We a r e  now in  th e  p ro cess  of 
com paring th e  b ranch ing  p a t te r n s  o f re g e n e ra tin g  axons w ith  th o se  
o f norm al axons, in  o rd e r  to  de term ine  w hether th e  pathway 
c o n s t r a in ts  on re g e n e ra tin g  axons m ight be p rov ided  by e n d o n e u ria l 
s h e a th s , which shou ld  branch o n ly  a t  s i t e s  o f b ranch ing  o f th e  
axon o r ig i n a l l y  su rrounded  by each sh e a th .

407.8 HYPOTHALAMIC NEURONS DISPLAY MORPHOLOGICALLY IDENTIFIABLE AXONS 
AND DENDRITES THAT GROW AND DIFFERENTIATE RAPIDLY IN A THREE- 
DIMENSIONAL EXTRACELLULAR MATRIX. Penelope W. C o a tes , K erri Ming- 
H sin Meyer* and S u z e tte  S tu b b le f ie ld * . Dept. C ell B io l .  & A n a t.,  
Texas Tech Univ. HSC, Sch. Med. Lubbock, TX 79430.

We have p r e v io u s ly  shown t h a t  s in g le ,  unconnected c e re b ra l or 
s p in a l  n e u ro n s  r a p i d ly  e x h i b i t  c h a r a c t e r i s t i c  d i f f e r e n t i a t e d  
f e a tu r e s  in c lu d in g  two m o rp h o lo g ica lly  d i s t i n c t  types  o f processes 
-  axons and d e n d r i te s  -  when c u l tu re d  in  a th re e -d im e n sio n a l (3-D) 
e x t r a c e l l u l a r  m a tr ix  (ECM) c o n s i s t i n g  o f  a h y d ra te d  c o l la g e n  
l a t t i c e  (Cochran & C oates, S o c .N eu ro sc i.A b s.1 1:762 , 1985; Coates, 
Dev. B rain  R es.2 5 :1 1 -2 0 , 1986). We now d e m o n s tra te  t h a t  s in g le  
h y p o th a la m ic  n e u ro n s  a l s o  have th e  c a p a c i ty  to  exp ress s im ila r  
c h a r a c t e r i s t i c s .  H ypo thalam i from  em bryon ic  d .8 - 9  c h ic k s  were 
d i s s o c i a t e d  by g e n t le  t r i t u r a t i o n  and enzym atic tre a tm e n t. C ells 
were p la te d  a t  105 c e l ls /m l which a s s u re d  t h a t  n e u ro n s  would be 
w id e ly  s e p a r a t e d  and no t in  p h y s ic a l c o n ta c t w ith  o th e r  c e l l s  or 
p r o c e s s e s .  W ith in  24 h o u r s ,  many n e u ro n s  i n i t i a t e d  axon and 
d e n d r i t i c  o u tg r o w th  i n t o  th e  m a t r i x  as  e v id e n c e d  by phase 
m icroscopy o f l iv in g  c u l tu r e s  and scanning  e le c tro n  m ic ro sco p y  o f 
fix e d  c u l tu r e s .  Axons grew r e l a t i v e ly  s t r a i g h t .  N is s l  and s i lv e r  
s t a i n e d  w hole m ounts r e v e a le d  w e ll  d i f f e r e n t i a t e d  m onopo lar, 
b ip o la r  and m u ltip o la r  neurons. V a r ic o s i t ie s  were p re s e n t on some 
axons. Growth cones were prom inen t. A q u a n t i t a t i v e  a n a ly s i s  o f 
g ro w th  and d i f f e r e n t i a t i o n  was perform ed using  an image a n a ly s is  
system  coupled to  a phase c o n t r a s t  m icroscope and m ic ro co m p u te r . 
D ata  from  th r e e  in d e p e n d e n t e x p e rim e n ts  were compared using  an 
ANOVA m u l t ip l e  ra n g e  t e s t .  A f te r  1 d . in  c u l t u r e ,  mean axon 
le n g th  was 192 (±14) um/neuron and reached 395 (± 25) um/neuron by 
d . 3 . The mean le n g th  o f  th e  e n t i r e  d e n d r i t i c  t r e e / n e u r o n  
in c r e a s e d  from  54 (± 11) um to  113 (± 1 9) um o v e r  th e  same time 
p e r i o d .  The com bined t o t a l  p ro c e s s  le n g th  t h a t  a n eu ro n  was 
c a p a b le  o f  g e n e ra t in g  in  3 d . a v e ra g e d  508 ( ±34) um. Rate of 
growth fo r  axons and d e n d r i te s  was 169 u m /d ., which i s  w ith in  the 
ra n g e  o f  r a t e s  f o r  slow  tr a n s p o r t  o f  c y to s k e le ta l  components and 
su g g es ts  th a t  growth i s  l in k ed  to  t h i s .  D iffe ren c es  in  th e  number 
o f  prim ary  p ro c e s s e s , branch p o in ts ,  segm ents and t e r m in a l s  were 
n o t  s t a t i s t i c a l l y  s i g n i f i c a n t ,  a l th o u g h  d i f f e r e n c e s  betw een 
in d iv id u a l hypothalam ic neurons were obvious v i s u a l ly .  These da ta  
dem onstra te  th a t  hypothalam ic neurons have an in h e re n t c a p a c ity  to  
develop  axons and d e n d r i te s  when c u l tu r e d  in  a 3-D ECM and th a t  
t h i s  i s  n o t  d e p e n d e n t on c o n t a c t  w ith  o th e r  n e u ro n s  o r  non
n eu ronal c e l l s .  Thus, th e  c u l tu r e  sy stem  p ro m ise s  to  p ro v id e  a 
c o n v e n ie n t  v e h i c l e  w ith  w hich  to  s tu d y  in h e r e n t  p r o p e r t ie s  o f 
s in g le  hypothalam ic neurons and th e  in f lu e n c e  o f e x t r in s ic  f a c to r s  
in c lu d in g  o th e r  c e l l s  and  f a c t o r s ,  on i n d i v i d u a l  n e u r o n s .  
(Supported  in  p a r t  from TTUHSC BSRG, th e  APA and SITRF)
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407.9 NICOTINIC CHOLINERGIC BLOCKING AGENTS ENHANCE 
PROCESS OUTGROWTH BY SOLITARY RAT RETINAL 
GANGLION CELLS IN CULTURE. M.P. Frosch, M.D. Phillips*, E. 
Aizenman, D.L. Tauck and S.A. Lipton. Dept. of Neuroscience, The 
Children’s Hospital and Harvard Medical School, Boston, MA 02115.

Rat retinal ganglion cells from postnatal animals (7 to 12 days) were 
identified with fluorescent labels, dissociated and cultured as 
previously described (Leifer et al., Science 224;303, 1984). During 
patch-clamp recordings, these central neurons displayed nicotinic 
responses to acetylcholine (ACh) similar to autonomic ganglia and 
Renshaw cells (Lipton et al., Soc. Neurosci. Abstr., 1986). One day 
after plating cultures in d-tubocurarine or mecamylamine (10 μM), the 
proportion of solitary retinal ganglion cells that had regenerated 
processes longer than the diameter of the cell body increased relative 
to control by 78 and 89%, respectively (p  < .001). The total length of 
processes per cell also increased by 40-45% with these drugs 
compared to control. In contrast, atropine (10 μM) did not significantly 
increase process outgrowth; this concentration of atropine did not alter 
cholinergic currents measured in whole-cell patch clamp. Moreover, 
bicuculline methiodide and picrotoxinin (10 μM) which block the large 
currents induced by GABA (1-100 μM) in these cells (Tauck et al., ibid, 
1986) did not affect process outgrowth. These results suggest a 
degree of specificity to the effect of nicotinic antagonists on the 
plasticity of process outgrowth.

The enhancement of process outgrowth by nicotinic blockers 
suggested that ACh might be present in the culture medium. To 
measure endogenous ACh, cultures were incubated with 3H-choline 
followed by high energy electrophoresis of the culture fluid to separate 
radiolabelled ACh from precursor; 3H-ACh was found in the culture 
medium in nM concentrations. Thus, the growth enhancing effect of 
nicotinic antagonists may be due to removal of inhibition of growth by 
tonic levels of ACh. Since several workers have shown that there is a 
spontaneous 'leak' of ACh in the intact retina, the effects of nicotinic 
cholinergic drugs on process outgrowth in culture may reflect a control 
mechanism for growth of retinal ganglion cell processes in vivo.

Funded by NIH grants EY05477, NS00879, NS07264 and a Mary 
and Alexander P. Hirsch Award from Fight for Sight Inc., New York 
City.

407.10 NEURONAL CELL ADHESION MOLECULES AND CYTOTACTIN ARE COLOCALIZED 
AT THE NODE OF RANVIER F r a n c o is  R ie g e r ,  Jo a n n e  K. D a n i lo f f , 
M a r t in e P in c o n-R aymond,* Ka th r y n  L. C r o s s in * ,  M a rt in  G rum et, and 
G e ra ld  M. E d e lma n . L a b o ra to ry  o f  D ev e lo p m en ta l and M o le c u la r  
Bi o l o g y , The R o c k e f e l l e r  U n i v e r s i ty ,  New Yo r k ,  New York ., 11021, 
and Groupe de Bi o lo g i e  e t  P a th o lo g ie  N euromu s c u l a i r e s , I n s t i t u t  
N a t io n a l  de l a  S a n te  e t  de l a  R ech e rch e  M e d ic a le , P a r i s ,  F ran ce

Two n e u ro n a l  c e l l  a d h e s io n  m o le c u le s  (CAMs) , n e u r a l  CAM, 
N-CAM, and n e u r o n - g l ia  CAM, Ng-CAM, m e d ia te  b in d in g  betw een  
n e u ro n s  and be tw een  n e u ro n s  and g l i a .  An e x t r a c e l l u l a r  m a tr ix  
p r o t e i n ,  c y t o t a c t i n ,  h as  a l s o  been i d e n t i f i e d  t h a t  i s  in v o lv e d  
i n  g l ia - n e u r o n  i n t e r a c t i o n s .  Imm u n o cy to ch em ica l and u l t r a 
s t r u c t u r a l  g o ld  m ethods have been  used  to  show t h a t  Ng-CAM, 
N-CAM, and c y t o t a c t i n  a r e  h ig h ly  c o n c e n t r a t e d  a t  n odes o f  
R a n v ie r  o f  th e  a d u l t  c h ic k e n  and m ouse. In  c o n t r a s t ,  unmye
l i n a t e d  a x o n a l f i b e r s  w ere u n ifo rm ly  s t a i n e d  by a n t i b o d i e s  to  
b o th  CAMs. Bo th  N-CAM and Ng-CAM w ere e n r ic h e d  in  th e  n o d a l 
ax op lasm  and axolemma o f  m y e lin  te d  f i b e r s  a s  w e ll  a s  w i th in  
th e  n o d a l r e g io n s  o f  th e  m y e l in a t in g  Schwann c e l l .  In  c h ic k  
em bryos a t  em bryon ic  day 1 4 , b e fo r e  m y e l in a t io n  had o c c u r r e d ,  
s m a l l - c a l i b e r  f i b e r s  showed p e r io d i c  c o in c i d e n ta l  a c c u m u la t io n s  
o f  th e  two CAMs, w ith  f a i n t  l a b e l in g  in  th e  a x o n a l r e g io n s  
be tw een  a c c u m u la t io n s .  On th e  o th e r  h an d , c y t o t a c t i n  was found 
on Schwann c e l l s  and in  c o n n e c t iv e  t i s s u e .  by em bryon ic  day 
1 8 , n o d a l a c c u m u la t io n s  o f  CAMs were f i r s t  o b se rv e d  in  a few 
medium- and l a r g e - c a l i b e r  f i b e r s .  Im m unoblot a n a ly s e s  i n d i 
c a te d  t h a t  E to  A c o n v e rs io n  o f  N-CAM o c c u r re d  w h ile  n odes were 
fo rm in g  w ith  a p r o g r e s s iv e  d e c re a s e  in  th e  amount o f  Ng-CAM and 
N-CAM. S c i a t i c  n e rv e s  o f  mouse m u ta n ts  w ith  d e f e c t s  in  c e l l  
i n t e r a c t i o n s  showed a b n o r m a l i t ie s  in  th e  d i s t r i b u t i o n  p a t t e r n s  
and am ount o f  Ng-CAM, N-CAM and c y t o t a c t i n ,  t h a t  w ere c o n s i s 
t e n t  w ith  th e  known m o rp h o lo g ic a l  n o d a l  d i s o r d e r s .  In  t r e m b le r  
( +/ T r ) ,  i n te n s e  s t a i n i n g  f o r  b o th  CAMs a p p e a re d  a l l  a lo n g  th e  
f i b e r s  and t he am ounts o f  N-CAM in  th e  s c i a t i c  n e rv e  were found 
to  be i n c r e a s e d .  In  m ice w ith  m o to r e n d p la te  d i s e a s e  ( med/ med) ,  
Schwann c e l l s  s ta i n e d  i n t e n s e ly  f o r  c y t o t a c t i n ,  in  c o n t r a s t  to  
norm al Schwann c e l l s  w h ich s ta i n e d  o n ly  s l i g h t l y .  A l l  o f  th e s e  
f in d in g s  a r e  c o n s i s t e n t  w ith  th e  h y p o th e s i s  t h a t  s u r f a c e  
m o d u la t io n  o f  n e u ro n a l  CAMs m e d ia te d  by s ig n a l s  s h a re d  betw een  
n e u ro n s  and g l i a  may be n e c e s s a r y  f o r  e s t a b l i s h i n g  and  m ain
t a i n i n g  th e  no d es  o f  R a n v ie r .  S u p p o rte d  by g r a n t s  from  INSERM, 
CNRS, and F o n d a tio n  pour l a  R ech e rch e  M e d ic a le  (F R ) , a S e n a to r  
J a c o b  J a v i t s  C e n te r  o f  E x c e lle n c e  i n  N e u ro s c ie n c e  G ran t 
( NS-227 8 9 ) ,  USPHS g r a n t s  AM-04250, HD-16530, HD-09635 ( GME) and 
P o s t d o c t o r a l  F e l lo w s h ip  NS-07636 ( J KD ).

4 0 7 .11 IDENTIFICATION OF A PERIPHERAL NERVE ANTIGEN THAT 
PROMOTES AXONAL REGENERATION. A.W. Sandrock* and W.D. 
Matthew. Dept. of Neurobiology, Harvard Medical School, 25 Shattuck St., 
Boston, MA 02115

In mammals, severed neuronal axons of peripheral nerves regenerate 
readily, whereas axons of the central nervous system fail to regrow effectively. 
Ramon y Cajal was the first to postulate that the rapid regeneration of peripheral 
axons was made possible by the presence of "neurotrophic substances" in the 
environment of elongating growth cones, and that the relative inability of central 
axons to regenerate was due to the absence of these substances in CNS tissue 
rather than an inherent defect of these neurons. This hypothesis has received 
furthur confirmation by the recent experiments of Albert Aguayo et al., who 
have demonstrated that many types of CNS neurons possess the ability to 
elongate axons for considerable distances when provided with a supportive 
environment, e.g., a peripheral nerve graft.

In an effort to identify the "neurotrophic substances" which may underlie 
these phenomena, we raised a panel of monoclonal antibodies against antigens 
specific to the PNS, by repeatedly tolerizing Balb/c mice to adult rat spinal cord 
(by concurrent injections with cyclophosphamide) and immunizing with the distal 
stump of previously transected adult rat sciatic nerve. All of the 15 antibodies 
that were judged to be "PNS-specific" by immunocytochemistry were tested for 
their binding to peripheral nerve neurite-promoting activities in an in vitro bio
assay which we have previously described (Sandrock and Matthew, Soc. Neurosci. 
Abstr. 11: 592, 1985). This assay relies on the ability of monoclonal antibodies 
against putative neurite-promoting molecules to interfere with the outgrowth of 
sympathetic fibers from rat superior cervical ganglia that have been explanted 
onto fresh-frozen cryostat sections of sciatic nerve. Of the antibodies tested, 
only 3 significantly reduced the rate of axonal regeneration in the assay. The 
inhibition of neurite outgrowth by two of these antibodies, called PC1C5 and 
PC2A3, was virtually complete.

Both PC1C5 and PC2A3 appear to stain the basal lamina of Schwann cells 
in peripheral nerve and of myocytes in skeletal muscle. Since the distribution of 
these antigens was similar to that of laminin, we examined the binding of the 
antibodies to purified mouse EHS sarcoma laminin, by RIA and ELISA. There 
was no detectable binding. This experiment, coupled with the finding that these 
antibodies do not stain any structures in kidney, lead us to conclusion that the 
antigens are not laminin. The antigens are present in medium conditioned by 
dissociated cell cultures of mouse sciatic nerve non-neuronal cells, and appears to 
stain a subset of these cells intracellularly. We are currently characterizing these 
antigens biochemically and examining their role in axonal regeneration in vivo.

(This work was supported by NINCDS Grant No. NS02253 and MSTP Grant No. 
GM07753.)

407.12 ULTRASTRUCTURAL IDENTIFICATION OF SYMPATHOHIPPOCAMPAL AXONS USING 
ANTEROGRADE TRANSPORT OF WGA-HRP. K.A. Crutcher and C. Marfurt.
Dept. of Anatomy, Univ. of Utah Sch. of Med., Salt Lake City, UT 
84132 and Dept. of Anatomy, NW Center for Med. Ed., Indiana Univ. 
Sch. of Med., Gary, IN 46408.

Loss of septohippocampal neurons results in colla teral sprouting 
of perivascular sympathetic axons into the dentate gyrus and CA3 
region of the hippocampus. The only published u ltrastructural data 
on th is sprouting response has been limited to the sprouts 
associated with penetrating blood vessels. Fascicles of sympathetic 
axons were found to be separated from both the blood vessel and the 
adjacent neuropil by basal lamina (Crutcher and Chandler, Brain 
Res., 308:177, ’84). In order to identify sympathohippocampal 
axons not isolated by basal lamina an u ltrastructural marker is 
required.

We used wheat germ agglutinin-conjugated horseradish peroxidase 
(WGA-HRP) as an anterograde tracer to label sympathetic axons for 
u ltrastructural identification. Sprague-Dawley rats received 
either a medial septal lesion or a control lesion of the tissue 
overlying the septum but not resulting in septohippocampal 
denervation. A 2% solution of WGA-HRP was injected into the 
superior cervical ganglion 4-8 weeks following the lesion and, in 
some cases, the ganglion was reinjected with WGA-HRP 24 hours 
la ter. Three days following the in i t ia l  injection the animal was 
perfused with aldehydes. If successful labeling of sympathetic 
axons in the i r is  was obtained, transverse vibratome sections 
through the dorsal hippocampal formation were reacted for HRP using 
a modification of the TMB procedure. Following the reaction some 
hippocampal sections were mounted for light microscopic analysis 
and others were osmicated, dehydrated and embedded in Spurrs resin 
for thin sectioning.

HRP-filled fibers were clearly visible at the LM level within 
the dentate gyrus from the septal-lesioned animals but not in 
control-lesioned rats. The vast majority of labeled fibers appeared 
to be associated with the parenchymal vasculature. Electron 
microscopic examination of unstained thin sections revealed HRP 
reaction product within axonal and vesicle-filled  profiles, a ll  of 
which, so far, have been found closely associated with blood 
vessels. Since the majority of HRP-labeled fibers were not 
separated from the neuropil by basal lamina, the perivascular 
environment may be more favorable for axonal growth than the 
surrounding neuropil. Axonal elongation may occur more readily in 
the perivascular environment due to the presence of basal lamina 
or to the perivascular accumulation of the hippocampal NGF-like 
growth-promoting factor (Collins and Crutcher, th is meeting). 
(Supported by NIH grant #NS-17131 and NSF grant #BNS-8501269.)
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408.1 COMPARTMENTALIZATION OF ANTEROGRADELY AND RETROGRADELY TRANSPORTED 
ORGANELLES IN AXONS AND GROWTH CONES FROM CHICK OPTIC TECTUM.
T .P .O . Cheng and T .S . R eese, Lab. o f N eurobio logy, NINCDS, NIH, a t  
the  M arine B io lo g ic a l L a b ., Woods H ole, MA 02543.

The d i s t r i b u t io n  of v a r io u s  o rg a n e l le s  a long  m ic ro tu b u le s  in  
axons and growth cones has been examined in  d e t a i l  on the  
assum ption  (C e l l ,  40 :4 5 5 , '8 5 )  th a t  o rg a n e l le s  c o n ta c tin g  
m ic ro tu b u le s  a re  engaged in  f a s t  axona l t r a n s p o r t .  O p tic  te c ta  
from 6 ¼- 6½ day o ld  ch icken  embryos were q u ic k -fro z e n  and then  
f r e e z e - s u b s t i tu te d  in  acetone-osm ium  te t ro x id e  (5%). F ive axon 
segm ents, each te n  um lo n g , and fo u r  e n t i r e  growth cones were 
r e c o n s tru c te d  from a l ig n e d  s e r i a l  e le c t ro n  m icrog raphs. 
A pproxim ately 90% of m icro tu b u le  segm ents in  re c o n s tru c te d  axons, 
as w e ll as  tw o - th ird s  o f th o se  in  growth cones, were co n tac te d  by 
o r g a n e l le s .  Most la rg e  vacu o les  c o n tac te d  s e v e ra l  m ic ro tu b u le s  in  
axons, bu t u s u a lly  only  one m icro tu b u le  in  a  growth cone. The 
p resen ce  of m icro tu b u le  segm ents which d id  n o t c o n ta c t o rg a n e l le s  
prompted us to  ask  w hether th e re  i s  a c la s s  o f m ic ro tu b u le s  which 
never c o n ta c ts  o rg a n e l le s .  A n a ly s is  o f 38 m icro tu b u le  segments 
ex tend ing  through  th e  e n t i r e  10 um long axona l segm ents i n d ic a te d  
th a t  th e  observed d i s t r i b u t io n  o f o rg a n e l le s  f i t s  b e t t e r  w ith  th e  
P o isson  d i s t r i b u t io n  g en e ra ted  by assum ing th a t  90-100% o f th e  
m ic ro tu b u le s  c o n ta c t o rg a n e l le s  than  w ith  th e  d i s t r i b u t io n  
g en e ra ted  by assum ing th a t  on ly  75% do . Thus, th e re  a r e ,  a t  th e  
m ost, on ly  a sm all number o f m ic ro tu b u le s  in  axons which do no t 
c o n ta c t o rg a n e l le s .

M icro tubu les  t y p i c a l ly  form f a s c i c le s  in  axons which en c lo se  
sm all v e s ic le s .  Large v ac u o les  l i e  o u ts id e  o f bu t a ls o  f r e q u e n tly  
c o n ta c t th e se  f a s c i c l e s .  Most o f th e  v e s ic le s  and v acuo les  in  
axons c o n ta c t m ic ro tu b u le s  b u t most o f th o se  in  grow th cones do 
n o t .  M ic ro tu b u le -c o n ta c tin g  o rg a n e l le s  in  axons a re  evenly  
d is t r i b u te d  a long  m ic ro tu b u le s ; in  c o n t r a s t ,  th ey  a re  p re v a le n t 
on ly  in  th e  most p roxim al domains o f growth cones where th e  
f a s c i c u la r  c o n f ig u ra tio n  o f m ic ro tu b u le s  i s  s t i l l  e v id e n t. On the  
assum ption  th a t  c o n ta c t w ith  a m icro tu b u le  i s  a s s o c ia te d  w ith  
t r a n s p o r t ,  and th a t  sm all v e s ic le s  m ed iate  a n te ro g rad e  tr a n s p o r t  
w h ile  l a r g e r  v ac u o les  m ediate  r e tro g ra d e  t r a n s p o r t ,  i t  appears  
th a t  th e  v e s ic le s  in  a n te ro g rad e  tr a n s p o r t  a re  con fined  to  th e  
in s id e  o f m icro tu b u le  f a s c i c le s  w hereas th o se  in  r e tro g ra d e  
tr a n s p o r t  l i e  o u ts id e  th e  f a s c i c l e s .  The v e s ic le s  in  a n te ro g rad e  
tr a n s p o r t  a ls o  appear to  be unloaded in  a s p e c i f ic  domain o f th e  
t e c t a l  growth cone which i s  s l i g h t ly  proxim al to  th e  mid-segm ent 
o f th e  growth cone where v acu o les  d e s tin e d  fo r  r e tro g ra d e  
tr a n s p o r t  a re  loaded onto  m ic ro tu b u le s . We conclude th a t  th e re  
a re  s e p a ra te  zones along growth cone m ic ro tu b u le s  where o rg a n e l le s  
a re  in tro d u ced  o r removed from f a s t  axona l t r a n s p o r t ;  we propose 
th a t  o rg a n e l le  b in d in g  to  m ic ro tu b u le s  i s  in h ib i te d  by p ro te in s  
(o r o th e r  f a c to r s )  in  th e  d i s t a l  segment o f th e  grow th cone.

408.2 REGENERATION-ASSOCIATED CHANGES IN PHOSPHORYLATION OF OPTIC NERVE 
PROTEINS IN VIVO. Denis C. L a rrivee  and Bernice G rafs te in . Dept. o f  
P hysio logy, C o rn e ll U n iv ers ity  Medical College, New York, NY 10021

Follow ing axotomy, th e  r e t in a l  g an g lio n  c e l ls  o f th e  g o ld f ish  
show g re a t ly  inc reased  p roduction  o f  RNA and p ro te in , in c lu d in g  a 
s u b s ta n t ia l  in c rease  in  th e  sy n th e s is  o f p ro te in s  th a t  a re  conveyed 
by axona l t r a n s p o r t  and th a t  a re  presum ably e s s e n tia l  f o r  
re c o n s t itu t io n  o f th e  o p tic  axons. In an in v e s t ig a t io n  o f  th e  ro le  
o f p ro te in  pho sp h o ry la tio n  in  reg en e ra tio n , norm al g o ld f ish  and 
g o ld f ish  in  which th e  o p tic  t r a c t s  had been sectioned  3 weeks 
e a r l ie r  were in jec ted  in t r a o c u la r ly  w ith in o rg a n ic  32P. Six o r  17 
h o u rs  a f t e r  th e  in je c tio n  th e  anim als were s ac r ific ed , th e  op tic  
nerves excised, and th e  nerve  p ro te in s  separa ted  by 2-d im ensional 
g e l e lec tro p h o re s is . More th a n  20 p ro te in s , ran g in g  from 19 to  180 
kD and pI 4.4-6.8, were seen to  be phospho ry la ted , and many o f them 
increased  th e i r  in c o rp o ra tio n  o f 32P d u rin g  reg en e ra tio n . Five 
p ro te in s  d isp layed  p a r t ic u la r ly  ro b u s t in c reases  in  la b e ll in g . Among 
th e se  was an ac id ic  (pI 4.5) 45 kD p ro te in , which undergoes a 
d ram atic  in c rease  in  sy n th e s is  d u rin g  g o ld f ish  o p tic  nerve  
reg en e ra tio n  (Benowitz e t  a l., J . N eurosci. 1: 300, 1981). Three 
p ro te in s  showed decreased up take  o f rad iophospha te  d u rin g  
reg en e ra tio n , d esp ite  s ig n if i c a n t  in c reases  in  th e i r  in c o rp o ra tio n  
o f 3H- p ro lin e .

In o rd er to  id e n tify  p ro te in s  th a t  could become phospho ry la ted  
a lo n g  th e  course  o f  th e  o p tic  nerve, excised nerves were incubated  
in  32P-c o n ta in in g  medium. Under th e se  cond itions , th e re  was 
l i t t l e  i f  any  la b e l l in g  o f th e  5 p ro te in s  th a t  had shown a la rg e  
reg en e ra tio n -a s so c ia te d  in c rease  in  32P in c o rp o ra tio n  fo llow ing  
in t ra o c u la r  in jec tio n . Thus these  p ro te in s  a re  phospho ry la ted  in  
th e  r e t in a l  g an g lio n  c e l l  bodies p r io r  to  th e i r  e n try  in to  th e  
axons.

Both re g e n e ra tin g  and norm al nerves  incubated  w ith 32P showed 
s tro n g  la b e l l in g  o f in te rm ed ia te  f ilam e n t p ro te in s  and a number o f 
o th e r  p ro te in s , ran g in g  from 50 to  58 kD and pI 4.9-6.4. I f  th e  
axons were caused to  degenera te  by rem oving th e  r e t in a  one week 
b efo re  th e  incuba tion , la b e l l in g  o f th e se  p ro te in s  was abolished , 
a l th o u g h  a c tiv e  p ro te in  sy n th e s is  in  th e  g l i a l  c e l ls  s t i l l  
continued. This su g g es ts  th a t  phosp h o ry la tio n  o f  th e se  p ro te in s  is  
dependent upon th e  in t e g r i t y  o f  th e  o p tic  axons.

This research  was supported  by NIH Research G ran t NS-14967 and 
T ra in in g  G ran t NS-07138.

408.3 FAST AXONAL TRANSPORT IN EXPERIMENTAL DIABETIC POLINEUROPATHY. 
ANALYSIS OF INDIVIDUAL POLYPEPTIDES. R. Medori*, L. Autilio 
Gambetti, H. Jenich* and P. Gambetti. In s titu te  of Pathology, 
Case Western Reserve University, Cleveland, OH 44106.

In previous studies we observed that slow transport is not 
uniformly impaired in the BB ra t ,  a model of genetically 
determined diabetes. Transport of major polypeptides migrating 
with the component b of the slow transport (SCb) is slowed down 
about 40%, whereas that of polypeptides migrating with the 
component a (SCa) is slowed down 20%.

We now examined transport of major polypeptides migrating with 
the fast component of axonal transport. BB rats were injected 
in the lumbar spinal cord with 35S-methionine two months a f te r  
onset of diabetes. Animals were sacrificed six hours la te r .  
The sc ia tic  system was cut into 5 mm segments which were 
processed individually for 1 and 2 dimension gel electrophoresis 
and fluorography. Polypeptides of approximately 147, 107, 58, 
53, 43 and 21 Kd were examined. The d istribu tion  of radio
a c tiv ity  associated with these polypeptides along the sc ia tic  
system was determined by densitometry of the fluorograms. In 
controls the peak of radioactiv ity  related to these polypeptides 
was at approximately 55 mm from the spinal cord while in diabetic 
animals the peak was at 45 mm from the cord.

I t  is concluded tha t fast transport is delayed in the BB rat 
and that the impairment of the polypeptides migrating with the 
fast transport is uniform affecting d ifferen t polypeptides to 
the same extent.

Our studies show that all types of anterograde transport are 
affected in th is  model of genetically  determined diabetes. The 
SCb is the most severely affected whereas the fast component 
and the SCa are less impaired. I t  is therefore like ly  that 
the impairment of SCb plays a major role in the degeneration 
of the axons which in th is  animal model takes place at advanced 
stages of diabetes. (Supported by grants from the Diabetes 
Association of Greater Cleveland and NS #14509)

408.4 ACRYLAMIDE INHIBITS RETROGRADE TRANSPORT IN HEN SCIATIC 
NERVE. M.I. Sabri, A. Moretto* and Spencer, P.S. Institute of 
Neurotoxicology, Albert Einstein College of Medicine, Bronx, NY 10461

Repeated exposure of animals to the neurotoxin acrylamide results in 
hindlimb paralysis associated with distal axonal degeneration of affected 
nerves. The biochemical mechanism underlying axonal degeneration is 
unknown. Recent studies from our laboratory have shown that single 
injections of acrylamide result in a dose-dependent impairment of 
retrograde transport (RT) in the sciatic nerve of rodents within hours of 
dosing. Repeated daily doses of acrylamide led to a progressive 
reduction in transported material and distal axonal degeneration. We 
have extended this research in an avian species to determine whether 
acrylamide produces RT deficits prior to axonal degeneration. Adult 
white Leghorn hens (1.5 -1.8 kg) were given a single injection of 
acrylamide (100 mg/kg; i.p.) and RT of 125I-tetanus toxin was studied in 
sensory and motor neurons following the injection of 125I-tetanus toxin 
(10 uCi) in the gastrocnemius muscle. Acrylamide (100 mg/kg) did not 
reduce RT as. measured by the accumulation of 125I-tetanus toxin in 
dorsal root ganglia and ventral spinal cord 35 h after dosing. This 
suggested either that acrylamide has no effect on RT in chicken neurons 
or that the effect of acrylamide lasts only a few hours after dosing. To 
investigate the latter, we studied the action of acrylamide on RT at 3, 
6.5 and 48 hours after dosing. One hour before the injection of 
acrylamide (100 mg/kg i.p.) or saline, 125I-tetanus toxin was injected 
into the gastrocnemius muscle and the rate of RT was determined by the 
position of the leading edge of 125I in the sciatic nerve measured at 4 h 
and 7.5 h after radiolabel injection. Acrylamide virtually blocked RT 
without altering the uptake of radiolabel in the nerve. However, when 
the radiolabel was injected 48 hours after dosing, the position of the 
leading edge of retrogradely transported 125I-tetanus toxin was 
unaltered compared to saline treated animals. These data show that a 
single injection of acrylamide impairs the RT initially and that RT 
returns to normal velocity within 48 hours. Repeated disruption of RT 
appears to be associated with the induction of axonal degeneration.

Supported by NS 19611, OH00851 and OH02065.
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408.5 LOCAL NERVE PROTEIN SYNTHESIS DURING EARLY NEUROMA 
DEVELOPMENT AND WALLERIAN DEGENERATION. J . R . S o t e l o  J r . ,  
R. C o r r e a - L u n a *  an d  C . B e n e c h * . B io p h y s i c s  D i v i s i o n .  
I n s t .  I .  B i o l .  C le m e n te  E s t a b l e .  M o n te v id e o - U ru g u a y .

L o c a l  N e rv e  P r o t e i n  S y n t h e s i s  (LN PS) w as s t u d i e d  
i n  t h e  P r o x im a l  S tum p (P S )  an d  D i s t a l  S tum p (D S) o f  
s e c t i o n e d  r a t  s c i a t i c  n e r v e s .  P r o t e i n s  w e re  l a b e l e d  
w i th  a t r i t i a t e d  a m in o a c id  p o o l  ( 3 H - g l y c i n e ,  
3 H - l e u c i n e ,  3 H - p h e n y l a l a n i n e ,  3 H - a s p a r t i c  a c i d  and  
3 H - l y s i n e )  50 μ C i i n  e a c h  n e r v e .  A m in o a c id  p o o l was 
s u p p l i e d  s i m u l t a n e o u s l y  t o  b o th  PS an d  DS o f  t h e  n e r v e s  
-w h ic h  w e re  c r u s h e d  a n d  l i g a t e d  p r e v i o u s l y  4 cm away 
fro m  t h e  DRG -  a s  a s o l u t i o n  (50μ C i/5 0 μ l) f i l l i n g  a 
t r o u g h  o f  p o l y e t h i l e n e  p l a c e d  a ro u n d  e a c h  n e r v e  and  
s e a l e d  in  b o th  e n d s  w i th  s i l i c o n e  g r e a s e .  L a b e l i n g  was 
m ade f o r  30 m in  an d  a f t e r  23h  an d  30 m in , 3 d a y s ,  4 
d a y s  an d  8 d a y s  a f t e r  c r u s h i n g .  When l a b e l i n g  w as 
a c c o m p l i s h e d  b o th  s tu m p s  w e re  e x c i z e d  an d  p r o c e s s e d  f o r  
l i g h t  m ic r o s c o p e  a u t o r a d i o g r a p h y  a s  i t  h a s  b e e n 
d e s c r i b e d  e l s e w h e r e  (E x p . N e u r o l .  7 6 : 7 2 - 8 2 ,  1 9 8 2 ) ,  
b u t  h a v in g  t h e  s p e c i a l  c a r e  t h a t  b o th  s tu m p s  w e re  n o t 
s e p a r a t e d  u n t i l  w a s h in g  an d  d e h y d r a t i o n  w as n o t 
a c c o m p l i s h e d .  A u t o r a d i o g r a p h i e s  h a s  b e e n  q u a n t i t i z e d  
u s i n g  a c l o s e d  TV c i r c u i t  a t t a c h e d  t o  t h e  m ic ro s c o p e  
an d  an  X-Y p l a i n  d i g i t i z e r  c o n n e c te d  t o  DEC PDP-11 
c o m p u te r .  G r a in  d e n s i t y  p e r  100 μ m2 h a s  b e e n 
c a l c u l a t e d  i n  m y e l in  an d  a x o p la s m  o f  b o th  s tu m p s  a n d 
p r o m e d i a t e d .  Mean g r a i n  d e n s i t y  o f  M y e lin  ( MD) a n d 
a x o p la s m  (AD) o f  DS w e re  a lw a y s  lo w e r  t h a n  i n  P S , bu t 
a l lw a y s  s i g n i f i c a n t  d i f f e r e n t  fro m  b a c k g ro u n d .  I n  b o t h 
s tu m p s  MD w as g r e a t e r  th a n  AD. As i t  i s  show n i n  th e

f i g u r e ,  e v o l u t i o n  o r  p r o t e i n  
s y n t h e s i s  i n  PS i s  q u i t e  
d i f f e r e n t  th a n  in  DS; s i n c e  
3 rd  d a y ,  p r o t e i n  s y n t h e s i s  
i n c r e a s e s  ( b e g i n n i n g  o f  
o u t g r o w t h ) ,  w h i l e  i n  DS 
s lo w ly  d i s m i n i s h .  A c t i v i t y  
i s  n o t  d u e  t o  s o l u b l e  
c o n t a m i n a n t s  s i n c e  PS an d  DS 
w e re  w ash ed  t o g e t h e r .  G r a in  
d e n s i t y  d i m i n u t i o n  i n  t h e  
f i b e r s  o f  DS s u g g e s t s  t h a t  
LNPS d e p e n d s  on t h e  
c o n n e c t i o n  t o  t h e  n e u r o n a l  
so m a. S u p p o r te d  by OAS & MEyC

408.6 ABSOLUTE SPECIFICITY FOR RETROGRADE FAST AXONAL TRANSPORT 
DISPLAYED BY LIPID DROPLETS ORIGINATING IN THE AXON OF AN 
IDENTIFIED APLYSIA NEURON IN VITRO. M .J. Savage*, D .J. Goldberg 
and S. S chacher. (SPON:E. S h a p iro ) . Departm ent o f Pharmacology 
and C en ter fo r  N eurobiology and B ehav io r, Columbia U n iv e rs ity  
C o llege  o f P&S, New York C ity , NY 10032.

An o rg a n e l le  moving in  an axon by f a s t  axonal t r a n s p o r t  
t r a v e l s  e s s e n t i a l l y  in  one d i r e c t i o n .  How th e  o rg a n e l le  comes 
to  a c q u ire  t h i s  d i r e c t i o n a l  s p e c i f i c i t y  i s  n o t un d ers to o d . 
Because o rg a n e l le s  o r ig in a t in g  in  th e  c e l l  body t r a v e l  
a n te ro g ra d e ly  and th o se  o r ig in a t in g ,  o r m o d ified , in  th e  axon 
ending  t r a v e l  r e t r o g ra d e ly ,  i t  i s  a t t r a c t i v e  to  th in k ,  and has 
been suggested, th a t d irec tio n a lity  is  conferred on organelles 
a t  th e se  s i t e s .  I t  would be in t e r e s t i n g  to  see  i f  an o rg a n e l le  
o r ig in a t in g  n e i th e r  in  th e  c e l l  body nor th e  axon end ing , b u t in  
th e  axon, would dem o n stra te  a d i r e c t i o n a l  s p e c i f i c i t y .  Using 
v ideo-enhanced c o n t r a s t - d i f f e r e n t i a l  in te r f e r e n c e  c o n t r a s t  
m icroscopy t o  s tu d y  o rg a n e l le  movement and developm ent in  th e  
g ia n t  c e re b ra l  neuron (GCN) o f A p lysia  c a l i f o r n ic a  in  c u l tu r e ,  
we have id e n t i f i e d  such  an o rg a n e l le  and have s tu d ie d  i t s  
t r a n s p o r t  c h a r a c t e r i s t i c s .  S p h e r ic a l,  membranated o rg a n e l le s  up 
to  3um in  d ia m e te r developed in  la rg e  numbers s im u ltan e o u sly  
th roughou t th e  axon o f  th e  GCN growing in  c u l tu r e .  These were 
l i p id  d r o p le ts ,  s in c e  th e y  f lu o re sc e d  in  th e  p resen ce  o f  n i l e  
red  and appeared  dark  in  e le c tro n  m icrographs a f t e r  f ix a t io n  
w ith  g lu ta ra ld e h y d e  and osmium t e t r o x id e .  E igh ty  in s ta n c e s  of 
re t ro g ra d e  f a s t  axonal t r a n s p o r t  were observed fo r  l i p id  
d ro p le ts  whose d ia m e te r ranged from 0 .3 -1 .4um . These d ro p le ts  
e x h ib ite d  an a b s o lu te  d i r e c t i o n a l  s p e c i f i c i t y  fo r  r e t ro g ra d e  
tr a n s p o r t  s in c e  n o t one in s ta n c e  o f  a n te ro g rad e  movement was 
observ ed . They a re  th e  la r g e s t  s p h e r ic a l  o rg a n e l le s  re p o rte d  to  
move by f a s t  axonal t r a n s p o r t .

C le a r ly ,  an o rg a n e l le  need n e i th e r  o r ig in a te  nor be m odified  
in  th e  axon ending to  be s p e c i f ie d  fo r  r e tro g ra d e  t r a n s p o r t .  I t  
i s  p o s s ib le  t h a t  th e  c e l l  body i s  th e  on ly  s i t e  im p o rtan t in  
c o n fe r r in g  d i r e c t i o n a l i t y ,  w ith  o rg a n e l le s  th e re  being  coded fo r  
an te ro g ra d e  t r a n s p o r t .  R etrog rade  t r a n s p o r t  may occur sim ply  
because o f  th e  absence o f t h i s  cod ing . A l te rn a t iv e ly ,  th e  s i t e  
o f  o r ig in  cou ld  be in s ig n i f i c a n t  in  d e te rm in ing  d i r e c t i o n a l i t y ,  
w ith  o rg a n e l le  s iz e  being  th e  c r i t i c a l  f a c to r ,  sm all o rg a n e l le s  
moving a n te ro g ra d e ly  and la rg e  o rg a n e l le s  r e t ro g ra d e ly .

DEVELOPMENT AND PLASTICITY: AGING III

4 0 9 .1 age- r el a t ed  changes in lh  p u l s e  a m p l it u d e  a n d  f r e Quen cy  a f t e r  
CASTRATION: EFFECT OF LONG-TERM OVARIECTOMY. BREEDING AND NALOXONE.
P.M. W ise, E.M. Dü k e r * , W. W u ttk e * . D e p t . o f  P h y sio l., U. o f  MD, 
S c h o o l o f  M edic ine, B a ltim o re , MD 21201 a n d  F r a u e n k l in ik , A b te ilu n g  
Klin. u. E x p tl. E n d o k rin o l.,  U. Gö t t i n g e n .  D 3 4 0 0  Gö t t i n g e n ,  FRG

L o n g - te rm  o v a r ie c to m y  a n d  m ultiple p r e g n a n c i e s  d e la y  
a g e - r e l a t e d  d e t e r i o r a t i o n  o f  r e p r o d u c t i v e  p o t e n t i a l  in r o d e n t s .  
L o n g -te rm  o v a r ie c to m y  e x t e n d s  t h e  p e r io d  d u r in g  w hich o ld e r  r a t s  
c a n  r e s p o n d  p o s i t iv e ly  t o  e s t r a d io l .  R a t s  t h a t  h a v e  b e e n  b r e e d e r s  
ex h ib it  e s t r o u s  c y c le s  a n d  a r e  f e r t i l e  lo n g e r  t h a n  v i rg in s .  We 
t e s t e d  w h e th e r  lo n g - t e r m  o v a r ie c to m y  a n d  m ultiple p r e g n a n c i e s  
d e c e le ra te d  a g e - r e l a t e d  d e c r e a s e s  in t h e  f r e q u e n c y  a n d  am p litu d e  
o f  LH p u lse s  o b s e r v e d  a f t e r  o v a r ie c to m y .

We d e te r m in e d  LH p u ls e  a m p litu d e  a n d  f r e q u e n c y  in 4 g r o u p s  o f  
o v a r ie c to m iz e d  (OVX) r a t s :  (1) y o u n g  ( 3 - 4  mo.) v irg in  s h o r t - t e r m  
OVX (S T -O V X ). ( 2 ) old (1 8 -2 2  mo.) v irg in  LT-OV X, (3 )  old v irg in  
lo n g -te rm  OVX (LT-O V X ) a n d  (4 )  old r e t i r e d  b r e e d e r  ST-O V X  r a t s .  
ST-OVX r a t s  w ere  OVX 2 w ks. p r io r  t o  u s e :  LT-OVX r a t s  w e re  OVX a t  
4 mo. o f  a g e , a p p ro x im a te ly  14-18 mo. p r io r  t o  t h e  e x p e r im e n t .  
R e tire d  b r e e d e r s  w e re  u s e d  a s  b r e e d e r s  b y  t h e  com m erc ia l s u p p lie r  
f ro m  2 t o  10 mo. o f  a g e  a n d  t h e n  w e r e  m a in ta in e d  in o u r  anim al 
f a c i l i ty  u n til  t h e y  w e re  u s e d .  R a t s  w e re  im p la n te d  w ith r ig h t  
a t r i a l  c a n n u la e  a n d  t h e  n e x t  d a y  w e re  b led  a t  10 min. i n t e r v a l s  
f o r  3 h. T o  t e s t  w h e th e r  p u ls a t i l i ty  o f  LH c o u ld  b e  r e s t o r e d  by  
s u p p r e s s i n g  t h e  in h ib i to r y  e f f e c t s  o f  o p i a t e s ,  r a t s  w e re  b led  f o r  
1 h  a n d  t h e n  t r e a t e d  w ith  n a lo x o n e  (2  o r  10 m g /k g ,  i.v .) a n d  b led  
f o r  a n  a d d it io n a l  3 h.

A p u ls a t i l e  p a t t e r n  o f  LH s e c r e t i o n  w a s  o b s e r v e d  in all y o u n g  
ST-OVX r a t s :  m ean  i n t e r p u l s e  i n t e r v a l  w a s  4 0 .8 ±3.46  min a n d  m ean  
p u ls e  a m p litu d e  w a s  2.91±0 .2 9  n g /m l. In c o n t r a s t ,  old v irg in  
ST-OVX r a t s  e x h ib ite d  lo w er b a s a l  LH c o n c e n t r a t i o n s  a n d  61% 
e x h ib ite d  n o  p u l s e s  d u r in g  t h e  e n t i r e  3 h i n te r v a l .  In t h o s e  old 
v i rg in  ST-O V X  t h a t  did e x h ib it  LH p u l s e s ,  t h e  i n t e r p u l s e  i n te r v a l  
in c r e a s e d  4 - f o ld  a n d  p u ls e  am p litu d e  d e c r e a s e d  5 5 % c o m p a re d  t o  
young  r a t s .  LT-OVX an d  b r e e d in g  r e s t o r e d  b a s a l  LH c o n c e n t r a t i o n s  
t o  t h o s e  o b s e r v e d  in y o u n g  r a t s ,  s ig n i f ic a n t ly  d e c r e a s e d  
i n t e r p u l s e  i n t e r v a l  a n d  i n c r e a s e d  p u ls e  a m p litu d e  c o m p a re d  t o  old 
v irg in  ST-O V X  r a t s .  A lth o u g h  n a lo x o n e  s t im u la te d  LH t r a n s i e n t l y  
in all g r o u p s  o f  r a t s ,  i t  did n o t  r e s t o r e  a  p u ls a t i l e  p a t t e r n  o f  
s e c r e t i o n  in old v irg in  ST-O V X  n o r  f u r t h e r  im p ro v e  t h e  LH 
s e c r e t io n  p a t t e r n  in old LT-OV X o r  old ST-O V X  r e t i r e d  b r e e d e r s .

T h e s e  d a t a  in d ic a te  t h a t  a g e - r e l a t e d  c h a n g e s  in t h e  p a t t e r n  o f  
c a s t r a t io n - in d u c e d  LH s e c r e t i o n  c a n  b e  a t t e n u a t e d  b y  lo n g - t e r m  
o v a riec to m y  a n d  b r e e d in g ,  a n d  t h a t  t h e s e  c h a n g e s  a r e  n o t  r e g u l a t e d  
by  a n  o p ia te  m ech an ism . T h e  r e s u l t s  s u g g e s t  t h a t  lo n g - t e r m  
e x p o s u r e  t o  c y c lic  i n c r e a s e s  in e s t r a d io l  m ay d e l e t e r io u s ly  a f f e c t  
t h e  n e u r a l  " p u ls e  g e n e r a t o r " .

4 0 9 .2 AGING CHANGES IN INNERVATION OF LHRH NEURONS IN MALE 
RAT PREOPTIC AREA. J .W . Wi t k i n .  D e p t . o f  A natom y & 
C e l l  B io l o g y ,  C o l .  U n iv . C o l l .  P & S.  New Y o rk , NY 
1 0 0 3 2 .

T he num ber and  d i s t r i b u t i o n  o f  an d  s y n a p t i c  i n p u t  
to  im m u n o c y to c h e m ic a l l y i d e n t i f i e d  l u t e i n i z i n g  
h o r m o n e - r e l e a s i n g  h o rm o n e  (LHRH) n e u r o n s  and  t h e i r  
p r o c e s s e s  i n  th e  m a le  r a t  b r a i n  p r e o p t i c  a r e a  w ere  
c o m p a re d  in  young  a d u l t  ( 2 - 4  m os) and  m id d le  ag e d  
(1 2 - 1 4  m os) a n i m a l s .  A t th e  l i g h t  m i c r o s c o p ic  l e v e l  
t h e r e  w e re  no a g e  d e p e n d e n t  d i f f e r e n c e s  i n  n u m b e rs  o f  
n e u r o n s  n o r  in  t h e i r  d i s t r i b u t i o n  in  th e  b r a i n .  A t 
th e  e l e c t r o n  m i c r o s c o p ic  l e v e l  t h e  d i s t r i b u t i o n  o f  
r e a c t i o n  p r o d u c t  w i t h i n  th e  n e u r o n s  was s i m i l a r  i n  a l l  
r e s p e c t s .  The s y n a p t i c  i n p u t  to  LHRH n e u r o n s  and 
n o n i d e n t i f i e d  n e u r o n s  i n  th e  sam e t i s s u e  b lo c k s  was 
m e a s u re d  and  r e p o r t e d  a s  p e r c e n t  o f  m em brane t h a t  
show ed  s y n a p t i c  m o d i f i c a t i o n .  D e n d r i t e s  w e re  m ore 
d e n s e l y  i n n e r v a t e d  th a n  p e r i k a r y a  o f  b o th  LHRH and 
n o n i d e n t i f i e d  n e u r o n s .  S y n a p t i c  i n p u t  to  LHRH 
p e r i k a r y a l  an d  d e n d r i t i c  m em brane was one  f i f t h  t h a t  
to  n o n i d e n t i f i e d  e l e m e n t s .  S y n a p t i c  i n p u t  to  LHRH 
p e r i k a r y a l  m em brane was t h r e e  t im e s  a s  d e n s e  i n  th e  
m id d le  ag e d  a s  y o u n g  a d u l t  s a m p le ,  w h i le  s y n a p t i c  
i n p u t  to  LHRH d e n d r i t i c  m em brane d id  n o t  c h a n g e  w i th  
a g e .  T h e re  w e re  no a g in g  c h a n g e s  i n  p e r c e n t a g e  o f  
m em brane w i th  s y n a p t i c  m o d i f i c a t i o n  i n  n o n i d e n t i f i e d  
e l e m e n t s .  S y n a p s e s  w e re  a l s o  c l a s s i f i e d  on th e  b a s i s  
o f  t h e i r  s y n a p t i c  v e s i c l e  c o n t e n t .  T h e re  w e re  
p r o p o r t i o n a t e l y  m ore  s y n a p t i c  b o u to n s  c o n t a i n i n g  ro u n d  
c l e a r  th a n  p le o m o r p h ic  v e s i c l e s  i n  th e  yo u n g  s a m p le .  
The p r o p o r t i o n  o f  s y n a p s e s  w i th  p le o m o r p h ic  v e s i c l e s  
i n c r e a s e d  w i th  a g e  o n to  b o th  LHRH an d  n o n i d e n t i f i e d  
p e r i k a r y a .  The p r o p o r t i o n  o f  s y n a p s e s  c o n t a i n i n g  
e l e c t r o n  d e n s e - c o r e  v e s i c l e s  d e c r e a s e d  s l i g h t l y  w i th  
a g e  o n to  b o th  LHRH an d  n o n i d e n t i f i e d  n e u r o n s .
S u p p o r te d  by USPHS AG 05366
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409.3 NORADRENERGIC MARKERS, NEUROPEPTIDE-Y AND ENKEPHALINS IN AGING 
HUMAN SYMPATHETIC GANGLION. A.L.J. Hervonen, R. Järvi*, Jari Kois
tinaho* and Pauli Heleń. Laboratory of Gerontology, University of 
Tampere, P.O. box 607, SF 33101 Tampere, Finland.

The sympathetic ganglia provide a useful model for studying 
aging in the nervous system. The homogenous population of adrener
gic neurons shows well defined age-related changes: Decline of 
cytoplasmic catecholamine sto res, compensatory increase of tyro
sine hydroxylase ac tiv ity , accumulation of lipopigments and neuro
melanin in the cytoplasm. Aging in the sympathetic ganglia is 
associated with increasing heterogeneity: Some neurons accumulate 
signs of oxidative damage and loose the noradrenergic markers 
sooner than others.

The purpose of the present study was to correlate the l i popig
ment accumulation and tyrosine hydroxylase immunoreactivity with 
the Neuropeptide-Y-like- and Enkephalin-like-(NPYL and ENKL) 
immunoreactivities. The s te lla te  ganglia were obtained from 
both operations and from cadavers. The age range was from 16 to 
92 years. The peroxidase anti peroxidase double staining was 
used.

Number of neurons innervated by enkephalin containing nerves 
declined with age. The neurons in contact with ENKL-nerves were 
larger and accumulated less lipopigments. The ENKL-innervated 
neurons were devoid of tyrosi ne hydroxylase immunoreactivity. 
NPYL immunoreactivity was restric ted  only to ce lls  also showing 
tyrosine hydroxylase immunoreactivity.

ENKL-immunoreactivity seems to be associated with a subpopula
tion of neurons which loose the tyrosine hydroxylase ac tiv ity  
early but show wery l i t t l e  age pigment accumulation. On the o th e r  
hand, neurons with both NPYL- and tyrosine hydroxylase immunoreac
tiv i ty  showed heavy loadi ng with lipopigments. This pigment 
shares the htstochemical properties of neuromelanin.

Two main conclusions were drawn: F irs t , higher level of meta
bolic ac tiv ity , as shown by tyrosine hydroxylase and NPYL-immuno
reacti v ity  leads to enhanced accumulation of neuromelanin type 
lipopigments. Second, ENKL-in nervated neurons show less degenera
tive changes, which may be due to the enkephalin mediated inh ib i
tion of ce llu la r metabolism or trophic effects of the peptide.

The neuromelanin type of lipopigment derives from catechol
amines. I t  is  possible tha t the toxic effects of some intermedia
tes of melanin have caused a compensatory burst of tyrosine 
hydroxylase a c tiv ity  which ends up with loss of compensatory 
reserves and neuronal death.

409.4 BIOCHEMICAL FUNCTIONAL EXPRESSION OF DOPAMINE D2 RECEPTORS IS NOT 
MODIFIED BY AGING. A .V a le rio * , M.Memo, C .M issa le , M .P izzi* , 
L .C a s t e l l e t t i * , L .T r iv e l l i* ,  S .Govoni, M .Trabucchi, P .F .Spano. In s t  
P harm aco l., Sch. o f  Med., Univ. o f B re sc ia , I t a ly  and I n s t . o f  Phar 
m acol. Univ. o f  Milano and Roma, I t a ly .

A la rg e  body o f  d a ta  have shown a g e - re la te d  dec rease  in  v a rio u s  
dopam inergic (DA) f e a tu r e s .  R ad io recep to r b in d in g  s tu d ie s  in  v i t r o  
in  bo th  anim al and human t i s s u e  have rev ea led  a d e c lin e  in  D2 recep 
to r  c o n c e n tra t io n  w ith  age , w ith  no change in  th e  d is s o c ia t io n  con
s t a n t .  Q u ite  r e c e n t ly ,  th e  s ig n if ic a n c e  o f th e se  d a ta  has been en
phasized  by s tu d ie s  showing th a t  a d ec rease  in  th e  number o f  DA re  
c e p to rs  w ith  age can be dem onstrated  in  th e  l iv in g  human b r a in  
th rough p o s itro n  em ission  tomography a f t e r  i . v .  in je c t io n  o f  11C-3, 
N-methyl - s p ip e ro n e . However, th e  drowback o f t h i s  approach i s  th a t 
in  v i t r o  o r in  v ivo  re c e p to r  measurement does n o t r e f l e c t  fu n c t io 
n ing  o f th e  re c e p to r  i t s e l f .  In  our la b o ra to ry , we f i r s t  found th a t 
D1 DA re c e p to r s ,  as measured by s tim u la t io n  o f ad e n y la te  cy c lase  
(AC) a c t i v i t y ,  a re  markedly reduced in  v a r io u s  DA b ra in  reg io n s  of 
o ld  an im als. In  t h i s  study  we ev a lu a te d  a d i r e c t  index o f f u n c t io 
n a l e x p re ss io n  o f  D2 DA re c e p to rs  in  young (3 -4  months) and o ld  (20 
24 months) r a t s .  D2 DA r e c e p to r s  were s tu d ie d  by m easuring th e  inhi 
b i to ry  a c tio n  o f DA on b a sa l AC a c t iv i t y  in  n eo s tria tu m  and the  in 
h ib i to ry  a c t i v i t y  o f DA on V IP -s tim u la ted  AC a c t iv i t y  in  th e  p i t u i 
t a r y .  The c y c l ic  AMP g e n e ra tin g  system  in  s t r i a t a l  homogenates is  
s tim u la te d  by DA and o th e r  DA a g o n is ts ,  g iv in g  an index o f D1 recep 
to r  fu n c t io n . However, when SCH 23390, a s p e c i f ic  D1 a n ta g o n is t  is  
p re s e n t in  th e  in c u b a tio n  medium, DA and o th e r  DA ag o n is ts  dose-de
penden tly  in h i b i t  AC a c t i v i t y .  This a c tio n  has been pharm acological 
ly  c h a ra c te r iz e d  as a s tim u la t io n  o f D2 DA re c e p to r s .  We found tha t 
DA and b ro m o crip tin e  posses  th e  same potency in  in h ib i t in g  cy c lic  
AMP fo rm a tion  in  s t r i a t a l  homogenates o f young and o ld  r a t s .  The 
IC50 and Vmax v a lu es  o f  DA fo r  th i s  e f f e c t  were v i r t u a l l y  superimpo 
s a b le  fo r  young and o ld  an im als. On th e  c o n tra ry , DA in h ib i te d  VIP- 
s tim u la te d  AC a c t iv i t y  to  a g r e a te r  e x te n t in  p i t u i t a r y  membranes 
from o ld  r a t s  than  in  th o se  from young an im als. These r e s u l t s  ind i
c a te  th a t  D2 DA re c e p to rs  in  th e  p i t u i t a r y  became su p e rs e n s it iv e . 
The f in d in g  th a t  D2 DA re c e p to r  fu n c tio n  i s  unm odified during  aging 
has to  be reco u n c ile d  w ith  th e  d a ta  showing decreased  number of D2 
b in d in g  s i t e s .

409.5 PROTEIN PHOSPHORYLATION DURING AGING IN DOPAMINERGIC RAT BRAIN 
AREAS. S. Govoni, R.A. Rius,* F. B a t ta in i ,  P .F . Spano and M. 
T rabucchi. I n s t i t u t e  o f  P harm aco log ical S c ie n ces , U n iv e rs ity  o f 
M ilan , D epartm ent o f  Pharmacology a nd T h e ra p e u tic s , U n iv e rs ity  o f 
B re sc ia  and C hair o f  T oxicology, 2nd U n iv e rs ity  o f Rome, Roma 
Tor V erg a ta , I t a l y .

The p re s e n t s tu d y  in v e s t ig a te s  th e  e f f e c t  o f ag ing  on c y c l ic  
AMP dependent p h o sp h o ry la tio n  o f p h o sphop ro te in s  s p e c i f i c a l ly  
a s s o c ia te d  w ith  dopam inergic nerve te rm in a ls .
Male Sprague Dawley r a t s  (Crl:COBS CD (SD) BR) aged 3 and 24 months 
were o b ta in ed  from C harles  R iver (C alco , I t a l y ) .  P a r t i c u la te  and 
c y to s o l ic  f r a c t io n s  o f s tr ia tu m  (S) and nuc leus  accumbens (N .A .) 
were p rep ared  and th e  p h o sp h o ry la tio n  o f  endogenous p ro te in s  
measured ac co rd in g  to  Walaas e t  a l .  ( J .  N eu rosc i. 4 :8 4 , 1984). 
SD S-polyacrylam ide g e l e le c tro p h o re s is  was c a r r ie d  o u t a s  d e ta i l e d  
by K rueger e t  a l .  ( J .  B io l. Chem. 252:2764, 1977). In  th e  
p a r t i c u l a t e  f r a c t io n s  o f bo th  S and N.A. o f aged r a t s  cAMP 
s tim u la te d  32P in c o rp o ra tio n  was le s s  in  th e  bands co rrespond ing  to  
a MW o f 80 (S: -37%, N .A .: -26% ), 60 (S: -24%, N .A .: -26%) and 55 
(S: -23%, N .A .: -25%) K d a l to ns .
A reduced  cAM P-stim ulated 32P in c o rp o ra tio n  was observed a ls o  in  
s e v e ra l p ro te in  bands o f th e  c y to s o l ic  f r a c t io n s  p repared  from S 
and N.A. o f  aged r a t s .  In  p a r t i c u l a r  a s ig n i f i c a n t  d ec re ase  was 
observed in  th e  p ro te in  bands co rresp o n d in g  to  th e  fo llo w in g  
m o lecu la r w e ig h ts: 130 K, 98 K, 81 K, 55 K, 50 K, 45 K, 32 K. 
Com plexively th e  r e s u l t s  in d ic a te  t h a t  th e  cAMP dependent phospho
r y la t io n  o f  s e v e ra l  p ro te in  bands i s  reduced in  S and N.A. o f aged 
r a t s .
The d ec reased  p h o sp h o ry la tio n  o f  th e  80 K band in  th e  p a r t i c u l a te  
f r a c t io n  may be r e le v a n t  to  th e  age r e l a te d  changes in  n e u ro tra n 
sm iss io n  s in c e  t h i s  p ro te in  band re p re s e n ts  sy napsin  1 which i s  
a s s o c ia te d  and r e g u la te s  s y n a p tic  v e s ic le s  t r a f f i c .
The 32 K p h o sphop ro te in  in  th e  s o lu b le  f r a c t io n  i s  DARPP-32, which 
i s  s p e c i f i c  f o r  dopam inoceptive neurons and i s  lin k ed  to  dopamine D1 
r e c e p to r s .  The d ec reased  p h o sp h o ry la tio n  o f  t h i s  p ro te in  band 
f u r th e r  s t r e s s  th e  concept t h a t  th e  e f f e c to r  system s lin k ed  to  
dopamine D1 re c e p to r s  p re s e n t an a g e - r e la te d  d e f i c i t .

409.6 AGING OF THE CHOLINERGIC SYSTEM: COMPARATIVE AUTORADIOGRAPHY OF 
MUSCARINIC RECEPTORS IN YOUNG AND AGED RAT BRAINS. R. Duvdevani*, 
V. G reenberger* , M. Segal* and A. Biegon (SPON: A. Mayevsky).
Weizmann I n s t i t u t e  o f  S c ie n ce , Rehovot, I s r a e l .

C ogn itiv e  d e f i c i t s  a s s o c ia te d  w ith  aging  may be th e  r e s u l t  of 
changes in  c h o l in e rg ic  tra n sm iss io n  in  th e  b r a in .  One approach to 
te s t in g  th i s  h y p o th e sis  i s  to  c o r r e l a te  c h o lin e rg ic  m arkers in  
young and o ld  anim als w ith  c o g n itiv e  fu n c t io n . C h o lin erg ic  musca
r i n i c  r e c e p to r  b in d in g  in  66 d i s c r e te  b ra in  reg io n s  and n u c le i was 
examined in  two groups o f  young and aged r a t s ,  by q u a n t i ta t iv e  
au to rad io g rap h y  o f  t r i t i a t e d  q u in u c lid in y l b e n z i la te  ( 3H-QNB). 
The s u b je c ts  were 7 young (8 months) and 7 o ld  (24-33 months) 
hooded r a t s ,  and 8 young (4 months) and 8 o ld  (31 months) W istar 
r a t s .  Animals o f  b o th  s t r a i n s  were f i r s t  run  in  an open f i e ld  and 
a w ate r maze, th en  s a c r i f i c e d  and th e i r  b ra in s  p ro cessed  fo r  quan
t i t a t i v e  au to rad io g rap h y  o f  m u sca rin ic  re c e p to r s  (Rainbow e t  a l . ,  
J .  N eu rosc i. Methods 5 : 127, 1982). C ry o s ta t s e c t io n s  were l a 
b e led  w ith  1nM 3H-QNB and non s p e c i f ic  b in d in g  was d e fin ed  in  the 
p resen ce  o f  excess a t r o p in .  T iritu m  m ic ro sca le s  (Amersham) were 
used  to  co n v e rt f ilm  d e n s ity  to  r e le v a n t  c o n c e n tra t io n  u n i t s ,  and 
th e  au to rad iogram s were ana lyzed  by a v ideo-cam era based  computer
iz ed  image a n a ly s is  system . C h o lin e rg ic  m u sca rin ic  b in d in g  was 
reduced by up to  60% in  s p e c i f ic  re g io n s  o f  th e  aged r a t  b ra in . 
The most s ig n i f i c a n t  re d u c t io n s  were found in  th e  m edial septum, 
s u b s ta n t ia  innom inata , n ucleus  b a s a l i s  m a g n o c e llu la r is ,  v e n tra l  
p a llid u m , h o r iz o n ta l  limb o f  th e  d iagonal band and caudate  nucleus. 
S ig n if i c a n t  re d u c t io n s  were a lso  found in  th e  a n t e r io r  c in g u la te  
c o r te x , f r o n to p a r ie ta l-m o to r  c o r te x  and th e  locus co e ru le u s . 
These re d u c t io n s  a re  found in  bo th  s t r a i n s .  No changes were found 
in  o th e r  a re a s  sam pled, e .g .  th a lam ic  and hypothalam ic n u c le i ,  
p a r t s  o f  th e  hippocam pal fo rm a tio n , s t r i a t e  c o r te x , amygdaloid 
n u c le i ,  s u b s ta n t ia  n ig ra  and ce rebe llum . These f in d in g s  a re  co re
la te d  w ith  th e  r e s u l t s  o f  a c e ty lc h o lin e s te r a s e  h is to c h e m is try  and 
b e h a v io ra l t e s t s  perform ed on th e  same an im als.
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409.7 DEFICITS IN TRANSMITTER PHENOTYPIC PLASTICITY IN AGED SYMPATHETIC 
NEURONS. J .E .  A dler and I .B . B lack . D iv is io n  o f D evel. Neu
ro lo g y , C o rn e ll Univ. Med. C o l l . ,  N .Y ., NY 10021.

We have p re v io u s ly  rep o rte d  th a t  s t r ik in g  tr a n s m it te r  p l a s t i 
c i ty  occurs in  ad u lt r a t  sym pathetic  g a n g l ia , but f a i l s  du ring  
senescence: th e  10 -fo ld  in c re a se  in  substance  P (SP) consequent 
to  e x p la n ta t io n  o f ad u lt g a n g lia  to  c u l tu r e  is  absent in  aged 
g a n g l ia . To a s c e r ta in  w hether d e f i c i t s  a re  i n t r i n s i c  to  sene
s c e n t  g a n g l i a ,  and w h e th e r o th e r  f u n c t io n s  a r e  a f f e c t e d ,  we 
examined the scope o f th e  d e f ic ie n c y .  To determ ine w hether aged 
neurons have lo s t  normal resp o n s iv en ess  to  t r a n s - s y n a p t ic  s ig 
n a l s ,  aged (2 y r . )  and a d u l t  (6  m o.) r a t s  w ere s u b je c te d  to  
u n i l a te r a l  d e c e n tr a l iz a t io n  (d en e rv a tio n )  o f th e  su p e r io r  c e rv i 
c a l gan g lio n  (SCG). Surgery e l i c i t e d  the  norm al, 2 -fo ld  r i s e  o f 
SP in  a d u l t  g a n g l i a ,  b u t f a i l e d  to  e l e v a t e  p e p t id e  in  aged 
g a n g l i a ,  s u g g e s t in g  t h a t  d e f i c i t s  a r e  a) i n t r i n s i c  to  aged 
neurons i n v iv o , and b) not p e c u l i a r i t i e s  o f c u l tu r e .  F u r th e r , 
the  d e f ic ie n c y  in  v i t r o  d id  not sim ply r e f l e c t  delayed respon
s iv e n e s s , s in c e  pro longed c u l tu r e  fo r 3 wks. d id  not evoke a 
r i s e  in  aged g an g lio n  SP, w h ile  c o n t ro l ,  a d u lt g a n g lia  m ain ta ined  
h igh  le v e ls  o f p e p tid e .

To determ ine w hether f a u l ty  p l a s t i c i t y  a f fe c te d  o th e r  t r a n s 
m i t t e r  c h a r a c t e r s ,  we exam ined g a n g l io n  s o m a to s t a t i n  (S S ) , 
ty ro s in e  hydroxy lase  (TH) and ch o lin e  a c e ty l t r a n s f e r a s e  (CAT). 
SS, a n o th e r  SCG p e p t id e  i s  a l s o  r e g u la te d  by t r a n s - s y n a p t i c  
s t im u l i .  Upon e x p la n ta t io n , SS in  ad u lt g a n g lia  behaved s im i la r 
l y  to  SP, i n c r e a s in g  m a rk ed ly  d u r in g  th e  f i r s t  week b e fo r e  
a t t a i n i n g  p la te a u  l e v e l s .  In aged g a n g l i a ,  h o w ev e r, th e  SS 
re s p o n s e  was o n ly  50 % o f  c o n t r o l ,  s u g g e s t in g  th a t  d e f i c i e n t  
r e g u la t io n  ex tends to  o th e r  n eu ro p e p tid e s . In marked c o n t r a s t ,  
c a ta ly t i c  a c t i v i t y  o f  TH and CAT responded id e n t ic a l ly  in  aged 
and a d u lt g a n g l ia . F u r th e r , phase m icroscopy dem onstrated  th a t  
m o rp h o lo g ic  c h a r a c t e r i s t i c s , such  as n e u r i t e  e x t e n s io n  w ere 
id e n t ic a l  in  c u l tu r e s  o f a d u lt and aged g a n g lia . Our s tu d ie s  
suggest th a t  aged neurons a re  s p e c i f i c a l ly  d e f i c ie n t  in  pep
t i d e r g ic  bu t not a d ren e rg ic  or c h o lin e rg ic  t r a n s m it te r  re g u la 
t i o n .  We are  c u r r e n t ly  d e f in in g  the  d e fe c t iv e  m olecu lar mecha
nisms underly ing  the  lo s s  o f p e p tid e rg ic  p l a s t i c i t y .  (S upported 
by NIH Grant B .R.S.G. S07 RR05396 and G rants from th e  H ere d ita ry  
D isease F oundation , American F e d e ra tio n  fo r  Aging Research and 
A lzh e im er's  D isease  and R ela ted  D iso rders  A sso c .) .

409.8 LOCUS COERULEUS: COMPUTERIZED 3-DIMENSIONAL ANALYSIS 
OF DEGENERATION IN ALZHEIMER'S AND DOWN'S DISEASES.
V.M.Ingram, H.M.Moore*, J .H .K oen ig* , D .E .Parry* and 
C .H .M ille r* , D ept. o f B io logy , M assachuse tts  I n s t i t u t e  
o f Technology, Cambridge, MA 02139.

The lo cu s  co e ru leu s  i s  one o f s e v e ra l  a re a s  of th e  
b ra in  s u f f e r in g  v ery  sev e re  n eu rona l d e g en e ra tio n  in  
advanced A lzh e im er 's  d is e a s e  (AD). The beg inn ing  and 
th e  p ro g re ss  o f th e  d e g e n e ra tiv e  changes in  d i f f e r e n t  
p a r t s  o f  th e  lo cu s  co e ru le u s  and in  th e  o th e r  a f fe c te d  
a re a s  a re  unknown. Every Down's syndrome (DS) in d i 
v id u a l over th e  age o f 35 y e a rs  shows s im ila r  and very 
sev e re  d e g e n e ra tiv e  changes; th e  changes a re  a ls o  in  
th e  lo cu s  co e ru le u s  and th e  o th e r  a f f e c te d  a re a s .  We 
have begun a lo n g itu d in a l  s tu d y  o f th e  d eg en e ra tin g  
lo cu s  co e ru leu s  in  Down's b ra in s  o f  d i f f e r e n t  ages, 
u s in g  t h i s  c o n d itio n  as  a p u ta t iv e  model fo r  th e  deve
lopm ent o f  A lzh e im er 's  d is e a s e .  The lo cu s  co e ru leu s  
was chosen because i t s  fu n c t io n a l  com plex ity  and wide
sp read  e f f e r e n t  f i e l d s ,  as  w e ll as i t s  c le a r  in v o lv e 
ment in  th e  d is e a se  p ro c e ss , le a d s  one to  exp ec t t h i s  
group o f  neurons to  p la y  key ro le s  in  AD e t io lo g y .

Autopsy m a te r ia l ,  f ix e d  in  fo rm a lin  o r 
parafo rm aldehyde, was b locked  to  c o n ta in  th e  p a r t  of 
th e  b ra in s tem  which in c lu d e s  th e  lo cu s  c o e ru le u s . 
S e r ia l  fro zen  co ro n a l s e c t io n s  were mounted and 
s ta in e d  w ith  a monoclonal an tib o d y  to  ty ro s in e  hydroxy
la s e  o r  w ith  c re s y l  v io l e t  o r  w ith  h e m a to x y lin /eo s in . 
The monoclonal an tib o d y  re v e a le d  v ery  c l e a r ly  th e  
n o ra d re n e rg ic  neurons o f  th e  lo cu s  co e ru le u s  and th e  
su b c o e ru le u s ; in  a d d it io n  n o ra d re n e rg ic  neurons o f the  
la te ra l  tegmentum are iden tified . In th e ir  d is tin c t 
and c h a r a c t e r i s t i c  lo c a t io n s ,  th e  dopam inergic neurons 
o f  th e  s u b s ta n t ia  n ig ra  and o f th e  v e n tr a l  tegmentum 
a re  a ls o  seen  w ith  th e  same a n tib o d y . R eco n stru c tio n  
o f lo c i  c o e ru le i  from d i f f e r e n t  specim ens i s  from 
o u t l in e s  o f in d iv id u a l c e l l s  and o f n u c le i  u s in g  th e  
th re e -d im e n s io n a l so ftw are  program s o f  th e  Z e iss  
V ideoplan I I  o r th e  R & M B iom etrics  B ioquant. In 
e i t h e r  system  p se u d o ro ta tio n  o f th e  s t r u c tu r e s  allow s 
one to  lo c a l iz e  and compare th e  deg en era ted  p o r tio n s  
o f  th e  lo c i  c o e ru le i  d ra m a tic a lly  and c l e a r ly .  For 
exam ple, an i n i t i a l  com parison o f th e  lo cu s  coe ru leu s  
o f a 64 -year o ld  DS b ra in  w ith  t h a t  o f a 73 -year o ld  
normal b ra in  shows s t r i k in g  [ >90 %] lo s s  o f neurons 
in  c e r t a in  p a r t s  o f th e  s t r u c tu r e .  The a n a ly s is  o f 
th e s e  and o th e r  specim ens c o n tin u e s .
[Supported  by g ra n ts  MOD 1-909 and USPHS AG04792.]

409.9 EFFECT OF AGE AND GENDER ON RESTING AND VISUALLY ACTIVATED 
CEREBRAL GLUCOSE METABOLISM. F. Y o sh ii* , W.W. Barker* , J .Y . 
C h an g * ,  A. A p ic e l l a * ,  M. G in s b e rg , A. Emran* and R. D u a ra . 
Mt. S in a i M edical C t r . ,  Miami Beach, FL 33141 and Univ of Miami 
School o f M edic ine, Miami, FL 33101.

R es tin g  and v is u a l ly  a c t iv a te d  c e re b ra l  g lucose  m e tab o lic  r a t e s  
(rCMRglc) in  mg/100g/m in were measured by PET u sin g  [F -18] f lu o ro 
deoxyglucose (FDG). Follow ing th e  i n j e c t i o n  o f  FDG, s u b j e c t s  
rem a in ed  aw ake w ith  e y e s  c o v e re d  f o r  30 m in. and were then  
scanned. O v e ra ll ,  CMRglc was 6 .22  ±  1.53  in  16 r e s t i n g  m ales and 
8 .08  ±  1 .98  in  18 r e s t i n g  fem ales (p  = 0 .0 1 ) .  CMRglc tended to  
dec re a se  w ith  age in  fem ales ( r  = -0 .4 6 , p = 0 .0 9 ) b u t no t in  
males ( r  = -0 .2 7 ,  p = 0 .3 0 ) .  M etabo lic  r a t e s  norm alized  to  th e  
sen so ri-m o to r  c o r t ic e s  (w hich were used a s  r e fe re n c e  re g io n s  in  
th e se  s tu d ie s )  showed re d u c tio n  w ith  age in  th e  r ig h t  and l e f t  
p r e f ro n ta l  re g io n s  in  m ales and fem ales ( r  = -0 .4 8  p = 0 .004 ; r  = 
-0 .4 1 ,  p = 0 .0 1 5 , r e s p e c t iv e ly )  and in c re a s e s  w ith  age in  th e  
r i g h t  and l e f t  o c c ip i t a l  re g io n s  ( r  = 0 .42  p = 0 .013 ; r  = 0 .37  p = 
0 .0 3 2 , r e s p e c t iv e ly ) .

In  14 fem ales and 5 m ales FDG/PET s tu d ie s  were perform ed in  
v is u a l ly  a c t iv a te d  s t a t e s  w h ile  view ing co lo red  p ic tu r e s .  Normal
iz ed  v a lu es  were u s e d , to  compare young and e ld e r ly  r e s t i n g  and 
v is u a l ly  a c t iv a te d  s u b je c ts .  In  12 young v i s u a l l y  a c t i v a t e d  
s u b j e c t s  ( a g e :  4 6 .8  ± 8 .7  y r s . )  compared to  16 young r e s t in g  
s u b je c ts  (age 38 .6  ± 12 .5  y r s . )  s ig n i f i c a n t  (p < 0 .0 5 ) in c re a s e s  
were found in  th e  r ig h t  and l e f t  o c c ip i t a l  lo b e s  ( 10% and 9%), th e  
r ig h t  s u p e r io r  tem poral reg io n  ( 10%) and th e  l e f t  m edial tem poral 
reg io n  (13%). In  7 e ld e r ly  v is u a l ly  a c t iv a te d  s u b je c ts  (age : 67 .4  
± 2 .9  y r s . )  compared to  18 e ld e r ly  r e s t i n g  s u b je c ts  (age 69 .7  ± 
5 .8  y r s . )  no s ig n i f i c a n t  in c re a s e s  were found in  any b ra in  reg io n  
b u t a tre n d  (p < 0 . 10) to  in c re a s e  was found in  r ig h t  and l e f t  
p r e f ro n ta l  ( 6% and 7%), r ig h t  o r b i t o - f r o n ta l  ( 11%), l e f t  o c c ip i t a l  
( 10%), l e f t  s u p e r io r  p a r i e t a l  ( 6%) and r ig h t  in f e r io r  p a r i e t a l  
( 8%) re g io n s . In  th e  e n t i r e  group o f v is u a l ly  a c t iv a te d  s u b je c ts  
in c re a s e s  w ith  age in  th e  l e f t  s u p e r io r  p a r i e t a l  ( r  = 0 .5 1 , p = 
0 .0 2 ) and in  th e  l e f t  i n f e r io r  p a r i e t a l  ( r  = 0 .5 1 , p = 0 .0 2 ) 
re g io n s  were found.

Our f in d in g s  show th a t  fem ales have 25-30% h ig h e r CMRglc v a lu es  
than  m ales. O v e ra ll , in  th e  r e s t i n g  s t a t e  th e  p r e f r o n ta l  reg io n s  
show re d u c tio n  in  norm alized  v a lu es  w ith  in c re a s in g  age and th i s  
i s  accompanied by in c re a s e s  in  th e  o c c ip i t a l  r e g io n s .  V is u a l  
a c t iv a t io n  produces in c re a s e s  in  norm alized  v a lu es  in  th e  o cc ip 
i t a l  and tem poral re g io n s  in  young s u b je c ts  bu t no s ig n i f i c a n t  
e f f e c t  in  e ld e r ly  s u b je c ts  who show a tre n d  tow ards a more d if fu s e  
p a t te rn  o f a c t iv a t io n .  The absence of p r e f ro n ta l  re d u c t io n  in  th e  
e ld e r ly  in  th e  v is u a l ly  a c t iv a te d  s t a t e  i s  a ls o  n o ta b le .

409.10 BLOOD BRAIN BARRIER (BBB) CHOLINE TRANSPORT IN AGED RATS. A.D. 
Mooradian*, (SPON: Jerome Siegel), GRECC, VA Medical Center, 
Sepulveda, CA 91343

In vivo choline is transported from plasma to the brain mostly 
via a carrie r mediated transport mechanism. Since the brain 
cholinergic system has been implicated in the pathophysiology of 
diseases commonly affecting the elderly , we were interested in 
determining the effect of aging on the kinetics of BBB choline 
transport. The carotid artery single injection technique of 
Oldendorf was used to measure the brain uptake index (BUI) of 
choline in the forebrain of Fischer 344 rats at d ifferent choline 
concentrations. 3H tryptamine was used as the internal reference 
substance. In the young (2 month old) rats anesthetized with 
pentobarbital (50 mg/kg), the cerebral blood flow as determined 
from the efflux rate of 3H2O was found to be 0.67 ml/min/gm. 
The saturable uptake of choline in th is  model was characterized 
with a single kinetic system with a mean Km of 69 uM and Vmax of 
1.4 nmol/min/gm. The Kd was 5 ul/min/gm.

Young rats were compared to old (24 month old) for choline BUI 
at three d ifferen t concentrations of choline. BUI (%) results 
are expressed as mean ± SEM.

Chol ine 
conc . (mM) Young Old P

0.028 (n=6) 24.3 ± 2.4 27.3 ± 4.6 (n=3) N.S.
0.128 (n = 6) 21.9 ± 2.9 8.1 ± 2.5 (n=3) <0.025
0.528 (n=5) 15.4 ± 2.4 4.6 ± 2.9 (n=3) <0.05

These results suggest th a t: (1) the kinetics of BBB choline 
transport is  substantially  altered in the aged ra t; and (2) the 
high degree of v a r ia b i l i ty  in choline BUI of aged ra ts  may 
re flec t the v ariab ility  in the effect of aging on BBB transport 
k inetics.
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409.PO SPARING OF FUNCTION AFTER BILATERAL HEMISECTIONS OF THE MID
THORACIC SPINAL CORD IN NEONATAL RATS IS NOT DUE TO DESCENDING 
CONNECTIONS. J.M. Cullen* and D.J. Stelzner (SPON: M.J. Lyon) 
Dept. of Anatomy and Cell Biology, SUNY Health Science Center at 
Syracuse, Syracuse, NY 13210.

Developing axons from various regions of the mammalian CNS 
often grow around a lesion placed in a normal pathway by taking an 
aberrant route through in tact neural tissue to reach normal target 
areas. Such anomalous growth sometimes underlies the sparing of 
function seen afte r injury to the developing CNS. In the present 
study, opposite-sided spinal hemisections were made in the mid
thoracic spinal cord of rats (N=36) less than 24 hrs. old. Hemi
sections overlapped slig h tly  at the midline and were separated by 
one cord segment. When mature, all rats exhibited supportive, 
locomotor and placing reactions, behaviors not observed in rats 
given opposite-sided hemisections at one month of age (Anat. Rec. 
214: 27A, 1986). To see whether the behavior of the neonatal 
operates might be related to anomalous growth around the lesions, 
8 animals received a complete spinal transection two segments 
rostral to the neonatal injury at one month of age. Immediately 
a f te r  the transection , supportive, placing and locomotor responses 
were seen in the hindlimbs of a ll ra ts . Function returned to 
pretransection levels over the 5 day postoperative testing  period 
in 6 of 8 cases. The re-emergence of these behaviors strongly 
suggests that axonal growth or regrowth around the neonatal injury 
did not contribute to the sparing of function seen in the neonatal 
operates. In addition, Fink-Heimer staining of degenerating axons 
5 days a fte r transection gave l i t t l e  evidence of descending axonal 
growth past the caudal neonatal injury s i te ,  even though viable 
spinal cord remained between lesions and degenerating axons f ille d  
th is  zone. Controls for degeneration staining showed no degenera
tion in the cord of 35 day old neonatal operates (N=4) who did not 
receive the spinal transection , while exuberant degeneration 
appeared distal to a spinal transection in a second group of con
tro ls  (N=4) who did not have neonatal lesions. These findings are 
presently being confirmed in the remaining neonatal operates using 
the tracers HRP and t r i t ia te d  proline. The sparing of function in 
newborn operates is likely  to be associated with in trin s ic  
properties of the spinal cord caudal to the neonatal lesion s i te s , 
comparable to the sparing seen afte r complete spinal cord trans
ection in the neonatal ra t .  This work was supported by NINCDS 
grants NS07539 (JMC), NS14096 (DJS) and by a grant from the 
Eastern Paralyzed Veterans (JMC).

409.12 NEUROFILAM ENTOUS SWELLINGS IN PROXIM AL AXONS OF 
P U R K IN JE  CELLS IN D U C ED  BY A T H IO L-PR O T EIN A SE 
INHIBITOR. G.O. Ivy, J.T. Do*, M. Baudry and G. Lynch. Center for 
the Neurobiology of Learning and Memory, Univ. of California, Irvine, 
CA 92717.

We have previously shown that infusion of high concentrations of 
leupeptin, a thiol proteinase inhibitor into brains of young rats, induces 
the accumulation of intracellular dense bodies that morphologically and 
histochemically resemble lipofuscin, a hallm ark of aging and certain 
disease states (Ivy et a l., Science, 226:985, 1984). Since changes in 
neurofilam ents (NF) are another prominent feature of aging and of var
ious pathological conditions, we decided to investigate the possibility 
that leupeptin can elicit changes in NF.

Young adult rats were im planted with leupeptin (n=7) or saline (n=5) 
filled osmotic minipumps connected to the lateral cerebral ventricle. The 
rats were sacrificed by decapitation after 2 to 10 weeks of infusion 
and their brains removed and quickly frozen. Sections were processed 
for immunocytochemistry using antibodies to NF 68kd or NF 200kd 
(Boehringer-Mannheim). A dditional sections were stained with toluidine 
blue or the PAS method.

In cerebellum, both antibodies decorated prim arily basket cell termi
nals around Purkinje (Pk) perikarya and various axons of the inner 
molecular layer, granule cell zone and white matter. However, in leu
peptin treated rats, the proximal axons of many Pk neurons contained 
large varicosities that were recognized by both antigens. These axonal 
swellings were often elongated and contained one or more bulbous pro
trusions; they strongly resembled those tha t form in Amyotrophic Lat
eral Sclerosis. The perikarya of these affected  cells, as well as the 
basket term inals around them, also stained  more densely w ith both 
antibodies than did those of Pk cells that did not have swollen axons 
or Pk cells in control rats. In rats treated with leupeptin for the 
longest periods tested both the dendrites of Pk cells and axons of the 
inner molecular layer were more prominently labelled by the NF anti
bodies than were those of control rats. Also, while some folia were 
denuded of Pk cells, as determined by Nissl stains, the basket cell 
terminals in these areas were still anti-N F positive.

There are a number of possible explanatons for the effects described 
here. Calcium activated thiol proteinases (calpains) are among the tar
gets of leupeptin and these enzymes are known to degrade NF proteins. 
Conceivably then, inh ib ition  of calpain ac tiv ity  could d istu rb  the 
turnover equation for the NFs, leading eventually to an accumulation 
too great to be processed by the axonal transport system. Possibly 
related to this is the recent finding that ventricular infusion of leupep
tin causes a selective increase in spectrin (also a substrate for calpain) 
and the NF triplet (Siman et al, submitted). In any event, these results 
reinforce our previous suggestion that perturbations in proteinase acti
vity result in some of the most prominent hallmarks of aging and cer
tain disease states. Supported by NIA grant #AG00538.
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410.1 WHAT REALLY DETERMINES THE RESTING POTENTIAL OF THE NERVE CELL?
D. C . C hang . D e p t . o f  P h y s i o l ,  o f  M ol. B io p h y s l ,  B a y lo r  C o l l . 
o f  M ed ., H o u s to n , Tx 77030 .

I t  i s  g e n e r a l l y  assum ed t h a t  t h e  r e s t i n g  p o t e n t i a l  o f  a 
n e rv e  c e l l  i s  d e te rm in e d  by a  m ix tu re  o f  c h e m ic a l  p o t e n t i a l s  
o f  K+ and  Na+, a s  d e s c r ib e d  by  th e  Goldman -  H odgkin  -  K atz  
(GHK) e q u a t io n .  U sin g  th e  s q u id  g i a n t  axon a s  a  b i o l o g i c a l  
m o d el, we s tu d i e d  how th e  r e s t i n g  p o t e n t i a l  (V) v a r i e d  a s  a 
f u n c t i o n  o f  i n t e r n a l  and  e x t e r n a l  i o n i c  c o n c e n t r a t i o n s .  We 
fo u n d  t h a t ,  a l th o u g h  th e  [K]o -  d ep en d en ce  o f  V u n d e r  h ig h  
e x t e r n a l  Na c o u ld  be  f i t t e d  w i th  th e  GHK e q u a t io n ,  t h i s  f i t t i n g  
was f o r t u i t o u s .  When one r e d u c e d  th e  e x t e r n a l  Na+, th e  GHK 
e q u a t io n  c o u ld  no lo n g e r  d e s c r i b e  th e  [K]o -  d e p e n d en c e  o f  
t h e  r e s t i n g  p o t e n t i a l .  F u r th e rm o re ,  th e  GHK e q u a t io n  f a i l e d  
to  d e s c r i b e  th e  e f f e c t s  o f  [K ]i and  [N a]o on V u n d e r  th e  
c o n d i t i o n  o f  low e x te r n a l  K+ c o n c e n t r a t i o n .

One p o s s ib l e  e x p la n a t io n  f o r  th e  f a i l u r e  o f  t h e  GHK e q u a t io n  
i s  t h a t  th e  a s su m p tio n  o f  e q u i l i b r iu m  b e tw een  th e  K+ a c t i v i t i e s  
a t  th e  o u t e r  s u r f a c e  o f  t h e  membrane and  i n  t h e  e x t e r n a l  s o lu t io n  
may b e  v i o l a t e d .  By m o d ify in g  t h i s  a s s u m p tio n ,  we a r e  a b le  
t o  d e r i v e  a  new e l e c t r o d i f f u s i o n  e q u a t io n  w hich  v a r i e s  s l i g h t l y  
from  th e  GHK e q u a t io n .  T h is  m o d if ie d  e q u a t io n  a p p e a r s  t o  
d e s c r i b e  t h e  e f f e c t s  o f  [K]o , [ K ] i ,  [Na]o and  [N a ]i on V 
s a t i s f a c t o r i l y .

Our s tu d y  s u g g e s t s  t h a t  t h e  n e rv e  c e l l  h a s  a  m echanism  o f  
r e g u l a t i n g  i t s  r e s t i n g  p o t e n t i a l .  The membrane a c t s  a s  a 
p o t e n t i a l  b u f f e r ,  w h ich  a u to m a t i c a l l y  l i m i t s  t h e  membrane 
p o t e n t i a l  t o  a  p r e - s e t  v a lu e .  The K+ g r a d i e n t  i s  r e q u i r e d  
m a in ly  t o  c h a rg e  t h e  membrane c a p a c i t o r .  Once th e  c h e m ic a l  
p o t e n t i a l  o f  K+ e x c e e d s  th e  p r e - s e t  membrane p o t e n t i a l ,  th e  
r e s t i n g  p o t e n t i a l  becom es s e l f - r e g u l a t e d  and  i s  no lo n g e r  
s e n s i t i v e  t o  t h e  v a r i a t i o n  o f  i n t e r n a l  o r  e x t e r n a l  c o n c e n t r a t i o n s  
O f  K+.

(Work s u p p o r te d  p a r t i a l l y  by  ONR c o n t r a c t  N 00014-85-K -0424 
and  NSF g r a n t  BN S-84-06932)

410.2 INFERRED INTERNAL STRUCTURE OF THE ACETYLCHOLINE RECEPTOR PORE
John A. D an i. S e c tio n  o f  M olecu lar N eu rob io logy , Y ale Univ. Sch. 
o f  M ed., New Haven, CT 06510

F u n c tio n a l n ic o t in i c  a c e ty lc h o lin e  re c e p to r s  (AChRs) a re  
composed o f  f iv e  g ly c o sy la te d  p o ly p e p tid e  s u b u n its  in  a  m olar 
s to ic h io m e try  o f  α 2 β γ δ .  A ll o f  th e  AChR s u b u n its  have been 
c lo n ed  and th e  amino a c id  sequences used  to  model th e  s u b u n its  
o rg a n iz a tio n  in to  a  transm embrane s t r u c t u r e  (Guy, B iophys. J .  
45 :2 49-261 , 1884 ; Finer-M oore & S tro u d . PNAS USA 81:155-159, 
1984 ) .  The models p ropose t h a t  transm embrane h e l ic e s  se rv e  as 
s ta v e s  o f  a  b a r r e l  to  form a  h y d ro p h il ic  channel l in e d  w ith  
p o la r  o r  charged  amino a c id  s id e  c h a in s . The r e c e p to r  has been 
e s tim a te d  to  be abou t 14 nm lo n g , w ith  7 nm ex ten d in g  
e x t r a c e l lu l a r ly  and 4.5 nm ex ten d in g  in to  th e  cy top lasm  (B risson  
& Unwin, N atu re  315:474-477. 1 985 ). The e x te rn a l  e n tra n c e  o f 
th e  po re  i s  fu n n e l shaped w ith  a  3 nm open ing  th a t  narrow s to  
abou t 0 .8  nm d ee p e r in  th e  p o re , and ev idence  su g g e s ts  th a t  the 
s u b u n its  have d i f f e r e n t  le n g th s  t h a t  do n o t match up a t  th e  
cy to p lasm ic  end. The prim ary  g o a l o f  t h i s  work i s  to  p rov ide  
in fo rm a tio n  abou t th e  i n t e r n a l  s t r u c t u r e  o f  th e  po re  by 
e s t im a t in g  th e  le n g th  o f  i t s  n a rro w es t c ro s s  s e c t io n .

The le n g th  o f  th e  narrow  re g io n  o f  th e  channel can be 
determ ined  in d i r e c t ly  by e s tim a t in g  th e  number o f  w a te r 
m o lecu les  t h a t  occupy t h i s  re g io n . The e s tim a te  can be made by 
m easuring  s trea m in g  p o te n t i a l s ,  w hich d i r e c t l y  in d ic a te  th e  
number o f  w a te r m olecu les coup led  to  th e  t r a n s p o r t  o f  a  c a tio n . 
I f  th e  perm eant c a t io n  com p le te ly  f i l l s  th e  narrow  c ro s s  
s e c t io n ,  th e n , a s  i t  p a s se s  th rough  th e  ch a n n e l, a l l  th e  w ater 
m o lecu les  in  th e  narrow  re g io n  w i l l  be pushed a lo n g  in  f r o n t  o f 
th e  c a t io n .  A po re  w ith  a  long  narrow  re g io n  w i l l  g iv e  a  la rg e  
s trea m in g  p o te n t ia l  because many w a te r  m olecu les would have to  
be coup led  to  th e  t r a n s p o r t  o f  th e  l a r g e s t  perm ean t. The 
s trea m in g  p o te n t ia l  a s s o c ia te d  w ith  a  perm eant ( tr ie th a n o la m in e )  
t h a t  i s  ex p ec ted  to  f i l l  th e  narrow  c ro s s  s e c t io n  o f  th e  AChR i s  
sm a ll,  in d i c a t in g  th a t  th e  narrow  re g io n  i s  s h o r t .

A nother i n d i r e c t  way to  e s tim a te  th e  le n g th  o f  th e  narrow  
re g io n  i s  to  de te rm in e  th e  number o f  c a t io n s  i t  can  h o ld . I f  
th e  narrow  re g io n  i s  v e ry  s h o r t ,  th e n , due to  io n - io n  re p u ls io n , 
i t  w i l l  o n ly  be a b le  to  h o ld  one c a t io n  a t  a  tim e . One o f  the  
s t r o n g e s t  p ie c e s  o f  ev idence  f o r  s in g le  occupancy o f  th e  narrow 
re g io n  i s  i f  th e  p e rm e a b il i ty  r a t i o  o f  two perm eants rem ains 
c o n s ta n t  o v e r a  w ide c o n c e n tra t io n  ran g e . In  th e  AChR, 
PL i/P NH4 was found to  rem ain c o n s ta n t when th e  c o n c e n tra t io n  
was cnanged o v e r a  15 fo ld  ran g e . Along w ith  o th e r  t r a n s p o r t  
d a ta ,  t h i s  r e s u l t  a l s o  in d i c a t e s  t h a t  th e  narrow  reg io n  i s  
s h o r t .  S upported  by NIRA NS 21229.
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410.3 TOPOLOGICAL LOCALIZATION OF A C-TERMINAL REGION OF THE 
VOLTAGE-DEPENDENT SODIUM CHANNEL USING ANTIBODIES 
RAISED AGAINST SYNTHETIC PEPTIDES.  R.D. G o r d o n * , W.E. 
F i e l e s *,  D.L.  Sc h o t l a n d * , R. H o g u e - A n g e l e t t i  a nd  R. L . 
B a r c h i . U n i v .  o f  P e nn .  S ph .  o f  M e d i c i n e ,  P h i l a d e l p h i a  
PA 19104 .

A s e r i e s  o f  o l i g o p e p t i d e s  h a v e  b e e n  s y n t h e s i z e d  
c o r r e s p o n d i n g  t o  d e f i n e d  r e g i o n s  o f  t h e  p r i m a r y  
s eq ue nc e  o f  t h e  v o l t a g e  d e p e n d e n t  sodium c h a n n e l  from 
E l e o t r o p h o r u s  e l e c t r i c u s . The p u r i t y  o f  e a c h  p e p t i d e  
was  c o n f i r m e d  by a m i n o  a c i d  a n a l y s i s  and  p e p t i d e  
s e q u e n c i n g .  A n t i s e r a  h a v e  been r a i s e d  t o  e a c h  p e p t i d e  
and t h e s e  a n t i s e r a  a r e  b e i n g  u s ed  t o  p r o b e  t h e  t o p o l o g y  
o f  t h e  s o d i u m  c h a n n e l  w i t h i n  e l e o t r o p l a x  m e mb r a n e s .  
One a n t i s e r u m  ( J enny)  r a i s e d  a g a i n s t  a r e g i o n  n e a r  t h e  
C - t e r m i n u s  ( a mi n o  a c i d  r e s i d u e s  1 7 8 1 - 1 7 9 2 )  h a s  b e e n  
mos t  f u l l y  c h a r a c t e r i z e d .  Th i s  a n t i s e r u m  s p e c i f i c a l l y  
i m m u n o - r e a c t s  w i t h  t h e  i m m o b i l i z e d  s y n t h e t i c  p e p t i d e  i n  
s o l i d  p ha se  r a d i o i m m u no as sa y .  The s p e c i f i c i t y  o f  t h i s  
a n t i s e r u m  was  s hown by t h e  s p e c i f i c  b i n d i n g  o f  125I  
a n t i b o d i e s  t o  a 280 kDa p r o t e i n  i n  w e s t e r n  b l o t s  o f  an 
e n r i c h e d  f r a c t i o n  o f  s o l u b i l i z e d  e l e c t r o p l a x  v e s i c l e s .  
E x a m i n a t i o n  o f  e l e o t r o p l a x  m e mb ra ne s  a t  t h e  l i g h t  
m i c r o s c o p i c  l e v e l  by i mmunof l u o r e s c e n t  l a b e l l i n g  showed 
t h a t  o n l y  t h e  i n n e r v a t e d  m e m b r a n e  f l u o r e s c e n t l y 
l a b e l l e d  w i t h  t h i s  a n t i s e r u m .  No d e t e c t a b l e  l a b e l l i n g  
o f  t h e  n o n - i n n e r v a t e d  membrane was o b s e r v e d ,  c o n s i s t a n t  
w i t h  t h e  known d i s t r i b u t i o n  o f  t h e  s o d i u m  c h a n n e l  
w i t h i n  t h i s  t i s s u e .  The b i n d i n g  o f  a n t i b o d i e s  t o  t h e  
s o d i u m  c h a n n e l  i n  w e s t e r n  b l o t s  a n d  i n  c r y o s t a t  
s e c t i o n s  o f  e l e c t r o p l a x  c o u l d  be  b l o c k e d  by  t h e  
s y n t h e t i c  p e p t i d e  ( a t  c o n c e n t r a t i o n s  = 50uM).  When 
e l e c t r o p l a x  m e mb r a n e s  w e r e  e x a m i n e d  a t  t h e  EM l e v e l  
w i t h  o o l l o i d a l  g o l d  l a b e l l e d  a n t i b o d i e s ,  e x t e n s i v e  
l a b e l l i n g  o f  t h e  membr ane  was c o n f i r m e d ,  w i t h  no 
s i g n i f i c a n t  l a b e l l i n g  o f  t h e  non  i n n e r v a t e d  membrane,  
c y t o p l a s m ,  o r g a n e l l e s  o r  e x t r a c e l l u l a r  s p a c e .  
I n s p e c t i o n  o f  t h e  l a b e l l e d  i n n e r v a t e d  membrane r e v e a l e d  
t h e  p r e s e n c e  o f  g o l d  p a r t i c l e s  a s s o c i a t e d  w i t h  t h e  
c y t o p l a s m i c  s u r f a c e .  I n  t y p i c a l  f i e l d s  more t h a n  9 0 % 
o f  t h e  g o l d  p a r t i c l e s  we r e  on t h e  i n t r a c e l l u l a r  s i d e .  
We c o n c l u d e  t h a t  t h e  C - t e r m i n a l  r e g i o n  o f  t h e  s o d i u m  
c h a n n e l  i s  e x p o s e d  on t h e  c y t o p l a s m i c  s i d e  o f  t h e  
e l e c t r o p l a x  membrane,  t h i s  f i n d i n g  i s  c o n s i s t e n t  w i t h  
c u r r e n t  m o d e l s  o f  t h e  t e r t i a r y  s t r u c t u r e  o f  t h e  sodium 
ch a n n e l .  T o p o l o g i c a l  mappi ng  o f  a d d i t i o n a l  p e p t i d e s  i s  
i n  p r o g r e s s .

410.4 CATION-SELECTIVE, TTX-SENSITIVE INFLUX BY RECON
STITUTED VOLTAGE-SENSITIVE Na CHANNELS CHEMICALLY 
ACTIVATED WITH N-BROMOACETAMIDE. E.C. Cooper* and W.S. 
Agnew (SPON: W. James). Yale University School of Medicine, New 
Haven, CT 06510

Brief treatment of the internal surface of nerve and muscle 
cell membranes with proteases or group-specific peptide-cleaving 
reagents, such as N-bromoacetamide (NBA), abolishes inactivation 
of the Na currents of the action potential, but has little effect 
on activation or ion selectivity (Oxford, G.S., et al., (1978) J . 
Gen. Physiol. 71:227; Patlak, J. & Horn, R. (1982) J. Gen. 
Physiol. 79:333). It has not been possible, however, in 
native membrane preparations to identify sites of proteolysis 
which may be associated with inactivation gating. Reconstituted 
Na channels purified from Electrophorus electricus (Rosenberg et 
a l. (1984) Proc. Natl. Acad. Sci., U.S.A. 8T:5594; Tomiko, 
S.A., et al. (1986) Biochem 25:2164) provide a convenient 
preparation in which to identify the sites of functionally 
specific chemical modifications. The channels are reincorporated 
in random orientation, permitting access to either surface of the 
molecule, and the channels are amenable to either biochemical 
screening or electrical recording.

In ion-tracer influx studies with reconstituted vesicles, 
treatment with 2.5 uM batrachotoxin (BTX), enhanced 22Na+ influx 
5-12 fold over controls (1% ethanol vehicle). Influx was blocked 
50-70% by 1 uM external TTX and ~100% by internal plus external 
TTX, suggesting that protein orientation is nearly random and 
external TTX blocks right-side out facing channels. Conversely, 
the membrane impermeant anesthetic QX-314 preferentially 
blocked inside-out oriented channels. Dual label radio-tracer 
influx assays were conducted with combinations of 22Na+, 42K+, 
86Rb+ and 137Cs+. Control incubations (without BTX) revealed 
low, non-selective tracer influx. BTX-activated influx, however, 
was distinctly ion selective. Permeability ratios, based on 
relative initial B T X -ac tiv a ted  u p ta k e ,  w e re  N a +(1 .0 ): K+(0 .14): 
Rb+(0.045): Cs+(0.03).

Vesicles treated with external NBA (500uM) exhibited a 2-3 fold 
increase in 22Na+ uptake over NBA-free controls, with little or 
no increase in 86Rb+ uptake. This ion-selective NBA-activated 
influx was insensitive to 1 uM external TTX but was completely 
blocked by internal plux external TTX, and by external QX-314 
( K 1/2~0.5 mM). NBA-activated flux was generally ~50% of that BTX- 
activated influx which was not blocked by external 1uM TTX. 
These results suggest that NBA acts upon inside-out facing Na 
channels to activate an ion-selective conductance, as might be 
expected if inactivation gating had been eliminated.

410.5 SELECTIVITY SEQUENCE OF METAL AND ORGANIC CATIONS FOR BATRACHO
TOXIN-MODIFIED RECONSTITUTED Na CHANNELS PURIFIED FROM ELECTRO
PHORUS ELECTRICUS. S.A. Tom iko* & W.S. Ag new D e p 't o f  P h y s i o l 
ogy, Y ale U n iv e r s ity  School o f M edic ine , New Haven, CT 06510

A v o l t a g e - s e n s i t iv e  cyan ine  dye (d iS- C3 - (5)) was used  to  mea
s u r e  t h e  h y p e r p o l a r i z a t i o n  g e n e ra te d  by r e c o n s t i t u t e d  v o l t a g e -  
d e p e n d e n t so d iu m  c h a n n e ls  in  th e  p r e s e n c e  o f  d i f f e r e n t  Na+ g r a 
d i e n t s .  The v o l t a g e  g r a d i e n t  g e n e ra te d  a c r o s s  th e  v e s i c l e  mem
b ran es  was c o l la p s e d  by v a r io u s  m onovalent c a t io n s  in  p ro p o r tio n  
to  t h e i r  p e r m e a b i l i t i e s  th rough  th e  b a tra c h o to x in  (BTX )-activated 
c h a n n e ls .  P u r i f i e d  Na c h a n n e l  p r o t e i n  fro m  e e l  e l e c t r o p l a x  w as 
r e c o n s t i t u t e d  a s  b e f o r e  (Tom iko, e t  a l . ,  B io c h em ., 1986) a f t e r  
d i a ly s i s  in  84 mM Na2SO4 , 10 mM HEPES, 1 mM EGTA, pH 7.4. Recon
s t i t u t e d  v e s i c l e s  w e re  e n l a r g e d  by f r e e z e - t h a w - s o n i c a t i o n  (0.5 
se c ) , and d i lu te d  10 fo ld . V e s ic le s  w ere in cu b a ted  40 m in a t  30°C 
± BTX (2.5 uM, in  e th a n o l  a t  1% f i n a l ) .  S am p le s  w e re  e l u t e d  
th rough  sm a ll colum ns o f  Dowex 50X8-100 w ith  a  6 fo ld  ex c ess  o f 
is o s m o la r  e t h a n o la m in e ,  10 mM im id a z o le  s o l u t i o n  (pH 7.4 w i th  
H2SO4 ) ,  t o  rem ove a l l  e x t e r n a l  N a +. They w ere  m ixed  1 t o  1 w i th  
i s o s m o la r  e th a n o la m in e ,  10 mM im id a z o le  s o l u t i o n s  (pH 7.4 w ith  
H2SO4 ) t h a t  c o n ta in e d  0 .05  o r  5.07 mM Na2SO4. F lu o r e s c e n c e  
(6.1×10-7 M d iS -C 3- (5 ) ,  in  e th a n o l a t  0.5% f in a l )  was m easured in  
a  s p e c tro f lu o ro m e te r  ( e x c i ta t io n  645 nm). The d if f e re n c e  betw een 
r e f e r e n c e  f l u o r e s c e n c e  (sam e [dye] in  3 m l e th a n o l )  and  s a m p le  
f lu o r e s c e n c e  5.9 m in  a f t e r  d y e  a d d i t i o n  w as s e t  = 100%. Mono
v a l e n t  c a t i o n  a s  th e  s u l f a t e  (5  mM), n i t r a t e  (5 mM) o r  c h l o r i d e  
(10 mM) s a l t  was th en  added. The d i f f e re n c e  betw een t h i s  s ig n a l  
100 se c  a f t e r  s a l t  a d d i t io n  and th e  re fe re n c e  was ex p re ssed  r e l a 
t i v e  t o  100%. The f r a c t io n  >100% f o r  Na+ was s e t  =1, and s ig n a ls  
f o r  th e  o th e r  c a t i o n s  w e re  com pared  w i th  t h a t  v a lu e .  V e s i c l e s  
in c u b a te d  in  e t h a n o l  v e h i c l e  a lo n e  d id  n o t  h y p e r p o l a r i z e ,  n o r  
d e p o l a r i z e  on a d d i t i o n  o f  Na+ s a l t .  B T X -a c t iv a te d  v e s i c l e s  h y 
p e rp o la r iz e d  in  p ro p o r tio n  to  e x te rn a l  [Na+] ,  and d e p o la r iz e d  to  
abou t th e  same f in a l  le v e l  upon a d d i tio n  o f ex cess  e x te rn a l  Na+. 
H y p e r p o la r i z a t io n  w as b lo c k e d  by add ing  BTX to g e th e r  w ith  d ib u 
c a in e  (0.1 mM) o r  TTX (1 uM) + QX-222 (3 mM). The ra n k  o r d e r  o f  
c a t i o n  p e r m e a b i l i t y  th ro u g h  B T X -m od ified  c h a n n e ls  w as T 1 (1.4)>  
N a(1 .0)~  L i (1 .0)>  NH4 (0.6)>  fo rm a m id in e (0 .5 )> g u a n i d in e (0 .4)>  
K (0.2)> Rb(0.1) > Cs (0.02) -  m e th y la m in e (0 .0 2 ) . B o th  th e  h ig h  T1+ 
p e rm e a b il i ty  r e l a t i v e  to  Na+, and th e  d i f f e re n c e  in  p e rm e a b il i ty  
betw een NH4+ and g u an id in e  a r e  d ia g n o s t ic  o f  th e  p e rm ea tio n  s e le c 
t i v i t y  c h a n g e s  in d u c e d  in  v o l t a g e - d e p e n d e n t  Na c h a n n e ls  by BTX 
(c .f .  K hodorov e t  a l . ,  N e u ro s c i . ,  1978 ). Thus i t  seem s l i k e l y  
t h a t  BTX d o e s  n o t  s im p ly  a c t  a s  an  a l l o s t e r i c  m o d u la to r  w h ich  
in c re a s e s  th e  p r o b a b i l i t y  t h a t  ch an n e ls  a r e  open.

410.6 EFFECT OF LOCAL ANESTHETICS ON THE DISSOCIATION RATE OF THE 
BATRACHOTOXIN-SODIUM CHANNEL COMPLEX. C. R. C reve ling* , G. A. 
Lewandowsky, and J .  W. Daly*. L abo ra to ry  of B ioorgan ic C hem istry, 
NIDDK, NIH, B ethesda , M aryland 20892.

[3H ]B atracho tox i n-B ( [ 3H] BTX-B), a s t e r o id a l  a lk a lo id ,  b inds 
s p e c i f i c a l ly  w ith  h igh  a f f i n i t y  to  a s in g le  s i t e  a s s o c ia te d  w ith  
th e  v o l ta g e - s e n s i t iv e  component o f sodium ch a n n e ls . α-S co rp ion  
to x in  b inds  s p e c i f i c a l ly  to  an o th e r s i t e ,  th e reb y  s h i f t i n g  th e  
channel toward th e  open o r conduc ting  s t a t e ,  and enhances th e  
s p e c i f ic  b in d in g  o f [3H]BTX-B. Local a n e s th e t ic s  b ind  s p e c i f i 
c a l ly  to  a s i t e  o r s i t e s  a s s o c ia te d  w ith  th e  channe l, the reby  
s h i f t i n g  th e  channel tow ards a c lo sed  o r  nonconducting s t a t e  and 
m arkedly d ec re a s in g  th e  s p e c i f ic  b in d in g  o f [3H]BTX-B. A wide 
v a r i e ty  o f lo c a l  a n e s th e t ic s  and compounds w ith  lo c a l  a n e s th e t ic  
a c t i v i t y  have been shown to  c o m p e titiv e ly  i n h i b i t  th e  b ind ing  of 
[3H] BTX-B. Recent S tu d ie s  (Postma and C a t t e r a l l ,  Mol. Pharm. 25: 
219, 1983) sug g est th a t  th e  co m p e titiv e  in h ib i t i o n  o f b ind ing  of 
[3H]BTX-B i s  on ly  ap p a ren t and i s  due to  an a l l o s t e r i c  in c re a s e  
in  th e  d i s s o c ia t io n  r a t e  o f [3H]BTX-B.

We re p o r t  th e  e f f e c t  o f lo c a l  a n e s th e t ic s  on th e  d is s o c ia t io n  
r a t e  o f [ 3H]BTX-B from sodium channels in  a  synaptoneurosom e 
p re p a ra tio n  from guinea p ig  c e re b ra l  c o r te x  (H o llingsw orth  e t  a l . ,  
J .  N euroscience 5 :2240, 1985) in  th e  p resence  and absence o f 
s p e c i f ic  lig a n d s  fo r  th e  BTX-binding s i t e .  The d is s o c ia t io n  r a t e  
fo r  [ 3H]BTX-B in  th e  p resence  o f excess  BTX-B exp ressed  as  T1/2 
was 31 .3  ±  3 .2  min. True co m p e titiv e  lig a n d s , such as  BTX,  
a c o n itin e  and v e r a t r id in e ,  d id  not a f f e c t  th e  d is s o c ia t io n  r a t e .  
A l i n e a r ,  co n c en tra tio n -d ep e n d en t in c re a s e  in  th e  d is s o c ia t io n  
r a t e  o f th e  [3H]BTX-B complex was dem onstrated  fo r  22 compounds 
w ith  lo c a l  a n e s th e t ic  a c t i v i t y  in  th e  p resence  and absence o f 
v e r a t r id in e .  The c o n c e n tra t io n  dependence o f t h i s  e f f e c t  was 
determ ined  fo r  15 compounds rang ing  in  in h ib i t i o n  potency from 
d ib u c a in e  (Ki = 0 .6  μM) to  p ro ca in e  (Ki = 49 μM). The in c re a s e  
in  d is s o c ia t io n  o f [3H]BTX-B was determ ined a t  3-5 co n c e n tra t io n s  
o f lo c a l  a n e s th e t ic .  Double r e c ip ro c a l  p lo t s  o f th e  in c re a s e  in  
r a t e  r e l a t i v e  to  th e  d is s o c ia t io n  r a t e  o f BTX-B a g a in s t th e  con
c e n tr a t io n  o f lo c a l  a n e s th e t ic  was a l i n e a r  fu n c t io n . The 
h o r iz o n ta l  in t e r c e p t  y ie ld e d  th e  EC50 v a lu e  fo r  each lo c a l  
a n e s th e t ic .  Comparison of th e  in h ib i t i o n  c o n s ta n ts ,  Ki , w ith  th e  
EC50 fo r  th e  lo c a l  a n e s th e tic - in d u c e d  in c re a s e  in  th e  d is s o c ia t io n  
r a t e  y ie ld e d  a 1 :1  r e la t io n s h ip  ( r  = 0 .9 4 ) . Thus, th e  in h ib i t i o n  
o f b in d in g  i s  a  d i r e c t  consequence o f th e  in c re a s e  in  th e  
d is s o c ia t io n  r a t e  c o n s ta n t f o r  [ 3H]BTX-B.
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410.7 TWO SODIUM CURRENTS IN DISSOCIATED BULLFROG SYMPATHETIC NEURONS.
Stephen W. J o n e s . D ept. N eurobiology and B ehav io r, SUNY a t  Stony 
Brook, NY 11794, and (p re s e n t a d d re ss ) D ept. Physio logy  and 
B io p h y s ic s, Case W estern R eserve U n iv e rs ity , C leveland , Ohio 44106.

C e ll bo d ie s  of b u l l f r o g  sym pathetic  neurons have two k in e t ic a l ly  
and p h a rm aco lo g ica lly  d i s t i n c t  sodium c u r r e n t s .  One i s  r e l a t i v e ly  
la rg e  and f a s t ,  and i s  s e n s i t i v e  to  te tro d o to x in  (TTX) and s a x i
to x in  (STX); th e  o th e r  i s  b locked by cadmium and STX, b u t n o t TTX.

1 μM TTX blocked  76 ± 3% (n=15) of th e  peak inw ard c u r re n t a t  
+10 mV; 10 μM TTX had l i t t l e  o r no a d d i t io n a l  e f f e c t .  10 nM TTX 
blocked 38 ± 3% (n=6) of th e  c u r r e n t ,  c o n s is te n t  w ith  a Kd ~  10 nM 
fo r  th e  T T X -sensitive  c u r r e n t .

The c u r re n t rem aining  in  0 .1 -1 0  μM TTX in a c t iv a te d  more slow ly  
than  th e  t o t a l  c u r re n t  (see  f ig u re  below ). F urtherm ore , th e  TTX- 
r e s i s t a n t  c u r re n t was b locked  by 200 μM cadmium (88 ± 2%, n = 4 ), 
w hereas th e  t o t a l  c u r re n t was b locked  only  25 ± 1% (n=5) [see  a lso  
Bowers, B rain  Res. 340: 143 (1 985 )].

The T T X -re s is ta n t, cadmium s e n s i t i v e  c u r re n t  appears  to  be a 
sodium c u r r e n t ,  as  (1) i t  i s  reco rded  in  Mn2+ , which i s  poo rly  
perm eant in  most ca lcium  c h a n n e ls , (2) th e  r e v e r s a l  p o te n t ia l  of 
th e  T T X -re s is tan t c u r re n t  depends on th e  e x te rn a l  sodium co n c e n tra 
t io n  ( s h i f t i n g  4 8 ±  2  mV /10-fold change in  sodium, fo r  1/2 o r 1/3 
normal sodium, n = 4 ), and (3) th e  T T X -res is tan t c u r re n t i s  la rg e ly  
b locked  by 1 μM STX (see  f ig u r e ) .

Even in  a s in g le  c e l l ,  sodium c u r re n ts  can be h e te ro g en eo u s . 
This d iv e r s i t y ,  l i k e  th a t  of po tass ium  and ca lcium  c u r r e n t s ,  may 
prove to  be fu n c t io n a l ly  im p o rtan t.

Supported by NIH g ra n ts  NS 20751 to  SWJ and NS 18579 to  Dr. Paul 
R. Adams. I  a ls o  thank  Jim  Cummings fo r  com puter programming and 
C la ire  Adams fo r  p re p a rin g  th e  c u l tu r e s .

M ethods: B u llf ro g  sympathe
t i c  neurons were d is s o c ia te d  
by th e  method of K u ff le r  & 
Sejnow ski [ J . P h y s io l. 341: 
257 (1 9 8 3 )], c u l tu re d  a t  4°C 
fo r  0-40 days , and v o lta g e  
clamped w ith  0 .5 -2  MΩ p a tch  
p ip e ts  in  th e  w h o le -c e ll  
c o n f ig u ra t io n ,  u s ing  a d i s 
con tinuous s in g le  e le c tro d e  
v o lta g e  clamp. The p ip e ts  
co n ta in ed  (mM) CsCl 103, 
NaCl 9, TEA·Cl 5 , CsHEPES 
2 .5 ,  CsEGTA 1, pH 7 .3 ; th e  

e x t r a c e l lu l a r  s o lu t io n  was NaCl 9 7 .5 , TEA·Cl 20, MnCl2  4 , T r is  base  
2 .5 , t i t r a t e d  to  pH 7 .3  w ith  HCl . Records shown a re  ave rag ed , le ak  
s u b tra c te d ,  d ig i t i z e d  a t  25 kHz, and f i l t e r e d  (3 kHz c u r r e n t ,  10 
kHz v o lta g e ) .  C on tro l re c o rd s  in c lu d e  recove ry  from each drug .

410.8 A CADMIUM- AND TETRODOTOXIN-RESISTANT VOLTAGE-DEPENDENT TRANSIENT 
INWARD CURRENT I S  PRESENT IN CULTURED RAT AND MOUSE SPINAL NEURONES 
* D.G .  Owen a n d  J . L .  B a r k e r . ( S p o n :  C. B o u r q u e )  MRC N e u r o p h a r m a 
c o l o g y  U n i t ,  T he  S c h o o l  o f  P h a r m a c y ,  2 9 / 3 9  B r u n s w i c k  S q . ,  L o n d o n  
WC1N 1AX, UK. a n d  LNP, NINCDS, NIH,  B e t h e s d a ,  MD 2 0 8 9 2 ,  USA.

U n d e r  c o n d i t i o n s  o f  C s +- l o a d i n g  we h a v e  o b s e r v e d  a  t r a n s i e n t  
i n w a r d  c u r r e n t  a c t i v a t e d  a t  t h e  l e v e l  o f  t h e  r e s t i n g  m em b ra n e 
p o t e n t i a l  f o l l o w i n g  h y p e r p o l a r i z i n g  v o l t a g e  s t e p s .  T h i s  a p p e a r s  t o  
b e  d i s t i n c t  f r o m  I C l ( c a )  ( Owen e t  a l , 1 9 8 4 )  a n d  o t h e r  C a 2+ - d e p e n 
d e n t  c u r r e n t s  a c t i v a t e d  by  d e p o l a r i z a t i o n .  R e c o r d i n g s  w e r e  made 
f r o m  r a t  s p i n a l  c o r d  n e u r o n e s  a n d  P A C S - s o r t e d  m o u se m o t o n e u r o n e s  
( S c h a f f n e r  e t  a l , 1 9 8 3 )  a f t e r  a b o u t  4 w e e k s  i n  c u l t u r e .  E l e c t r o d e s  
w e r e  f i l l e d  w i t h  e i t h e r  CsCl  o r  C s 2SO4 a n d  t h e  b a t h  s o l u t i o n  
c o n t a i n e d  TEA a n d  1 μ M TTX. I n  a  p r o p o r t i o n  o f  c e l l s  ( c a  10%) a  
d e p o l a r i z i n g  o v e r s h o o t  o r  ' b o u n c e '  o c c u r r e d  f o l l o w i n g  e l e c t r o t o n i c  
h y p e r p o l a r i z i n g  r e s p o n s e s  t o  n e g a t i v e  c u r r e n t  i n j e c t i o n ,  s o m e t i m e s  
t r i g g e r i n g  C a 2+ a c t i o n  p o t e n t i a l s  o r  C a 2+- a c t i v a t e d  Cl -  d e p o l a r i 
z i n g  p o t e n t i a l s .  U n d e r  v o l t a g e - c l a m p  i t  was a p p a r e n t  t h a t  t h e  
' b o u n c e '  w a s  d u e  t o  a  t r a n s i e n t  i n w a r d  c u r r e n t  ( I b ) a c t i v a t e d  
f o l l o w i n g  h y p e r p o l a r i z i n g  s t e p s .  I b t u r n e d - o n  s l o w l y  ( t i m e  t o  p ea k 
a b o u t  8 0  ms)  a n d  i n a c t i v a t e d  e x p o n e n t i a l l y  w i t h  t i m e  ( t a u = 1 9 0  ms a t  
- 6 0  mV). Th e a c t i v a t i o n  a n d  i n a c t i v a t i o n  c u r v e s  d i d  n o t  o v e r l a p  
a n d  l a y  q u i t e  h y p e r p o l a r i z e d  ( t h r e s h o l d  f o r  a c t i v a t i o n  was c a  - 7 5  
mV). I b wa s  s u b s t a n t i a l l y  r e s i s t a n t  t o  C d 2+ (2 0 0  μ M) a n d  wa s o n l y  
s l i g h t l y  r e d u c e d  i n  a  b a t h i n g  s o l u t i o n  n o m i n a l l y  f r e e  o f  C a 2 + . I n  
some c e l l s  d e p o l a r i z i n g  v o l t a g e  s t e p s  a c t i v a t e d  a  t r a n s i e n t  a n d  
r e l a t i v e l y  s u s t a i n e d  i n w a r d  c u r r e n t  ( t h r e s h o l d s  - 3 5  mV t o  - 4 0  mV 
a n d  - 2 5  mV t o  - 3 0  mV r e s p e c t i v e l y ) ,  b o t h  o f  w h i c h  w e r e  a b o l i s h e d  in  
C d 2+ o r  z e r o  C a 2 + , i n  c o n t r a s t  t o  I b . S i m i l a r l y  I C l ( C a ) , w h i c h  i s  
d e p e n d e n t  on  C a 2+ e n t r y  f o r  a c t i v a t i o n ,  wa s  a b o l i s h e d  by C d 2+. 
F u r t h e r m o r e ,  w h e r e a s  B a 2+ i n h i b i t s  a c t i v a t i o n  o f  I C l ( C a ) ( Owen e t  
a l , 1 9 8 4 )  a n d  e n h a n c e d  C a - d e p e n d e n t  c u r r e n t s  a c t i v a t e d  a t  
d e p o l a r i z e d  p o t e n t i a l s ,  I b wa s  u n a f f e c t e d .  Th e e s t i m a t e d  r e v e r s a l  
p o t e n t i a l  f o r  I b f r o m  p a i r e d  v o l t a g e  s t e p  e x p e r i m e n t s  wa s c a  0 mV 
i n  t h e  p r e s e n c e  a n d  a b s e n c e  o f  C d 2+ w h i c h  t o g e t h e r  w i t h  t h e  a b o v e  
s u g g e s t s  t h a t  C a 2+ i s  n o t  a  m a j o r  c h a r g e  c a r r i e r .  N e i t h e r  Cl -  o r  
Na+ a r e  l i k e l y  t o  be i n v o l v e d  s i n c e  i n  c e l l s  r e c o r d e d  w i t h  CS2 SO4 
e l e c t r o d e s  I b w a s  s t i l l  c l e a r l y  i n w a r d  a t  p o t e n t i a l s  m o re  
d e p o l a r i z e d  t h a n  ECl a n d  s u b s t i t u t i o n  o f  90% o f  N a + h a d  l i t t l e  
e f f e c t  u p o n  I b c u r r e n t s .  F u r t h e r  e x p e r i m e n t s  a r e  r e q u i r e d  t o  
d e t e r m i n e  t h e  p r e c i s e  i o n i c  d e p e n d e n c e  o f  t h i s  c u r r e n t  a n d  u n d e r  
w h a t  c i r c u m s t a n c e s  I b may p e r f o r m  a p h y s i o l o g i c a l l y  r e l e v a n t  r o l e .

Owen,  D . G . ,  S e g a l ,  M. a n d  B a r k e r ,  J . L .  ( 1 9 8 4 )  N a t u r e , 3 1 1 ,  5 6 7 - 5 7 0 .  
S c h a f f n e r ,  A . E. , S t  J o h n ,  P . A .  a n d  B a r k e r ,  J . L .  ( 1 9 8 3 ) S o c . 
N e u r o s c i .  A b s t r ., 9 ,  p 7 .

410.9 A DROSOPHILA GENE WITH HOMOLOGY TO THE VERTEBRATE Na+ CHANNEL L. 
S a lk o ff , A. B u tle r* , M. Hiken*, A. Wei, K. G iffen * , C. Ifu n e*  and 
G. M an d e l* ,̂ . D ept. A nat. & N e u r o b io l . ,  W ashington U n iv e rs ity  Sch. 
o f Med., St .  L ou is, MO 63110, and ^D ept. Med., T u fts  New England 
Med. C t r . ,  B oston, MA 02111.

We have is o la te d  a D rosoph ila  genomic c lone  c o n ta in in g  a gene 
sequence w ith  c lo se  homology to  th e  v e r te b r a te  sodium channel 
(Noda, e t  a l . ,  N ature 320 :188). The coding  reg io n  o f the  
D rosoph ila  gene segment i s  homologous to  th e  v e r te b r a te  gene 
membrane spanning reg io n s  S 3 , S4,S5, and S6 o f th e  4 th  in t e r n a l ly  
rep ea ted  homology u n i t .  We have c u r r e n t ly  sequenced an open 
read in g  frame o f 588 bp coding fo r  196 amino a c id s ;  107 a re  
i d e n t ic a l  to  the  e e l  sodium channe l. Most d if f e re n c e s  a re  
c o n s e rv a tiv e  and t o t a l  c o n se rv a tio n  i s  g r e a te r  than  80%. By in  
s i t u  h y b r id iz a t io n  to  po ly ten e  chromosomes th e  c lone  was mapped to  
th e  c y to g e n e tic  lo cu s  60 D-E on th e  r ig h t  arm o f th e  2nd 
chromosome. T his p o s i t io n  i s  c lo se  to  but n o t c o in c id e n t w ith  th e  
re p o rte d  p o s i t io n  o f the  s e iz u re  locus  (60 B-C). M utations a t  th i s  
locus  co n fe r te m pera tu re-induced  s e iz u re  and p a r a ly s is  (Jack so n , 
e t  a l . ,  N ature 308 :189). One mutant a l l e l e  a l t e r s  th e  a f f i n i t y  o f 
th e  s a x ito x in  b ind ing  component f o r  th e  l ig a n d . The diagram  below 
shows th e  S6D membrane spanning reg io n  and compares th e  sequences 
o f Rat ( to p ) ,  Eel (m idd le) and D rosoph ila  (b o tto m ). Of 28 amino 
a c id s  shown, 20 in  D rosoph ila  a re  i d e n t ic a l  to  Rat o r E e l. There 
a re  no m ajor no n co n serv a tiv e  d if fe re n c e s  in  th i s  re g io n . In  many 
p o s i t io n s  th e  p re c is e  hydrophobic s id e  ch a in s  o f th e  amino a c id s  
appear to  be v i t a l .

Supported by NSF G rant BNS 8311024 and a  g ra n t from th e  E s th e r  A. 
and Joseph K lin g e n s te in  Fund

410.10 CLONING OF DROSOPHILA MELANOGASTER SEQUENCES HOMOLOGOUS TO THE 
VOLTAGE-SENSITIVE SODIUM CHANNEL GENE FROM ELECTROPHORUS 
ELECTRICUS. D.W. G il* , J .K . Keen* and L.M. H a ll .  D epartm ent of 
G en e tic s , A lb e rt E in s te in  C ollege of M edicine, Bronx, NY 10461.

We a re  c lo n in g  the  gene fo r  the a lpha  su b u n it o f the 
v o l ta g e - s e n s i t iv e  sodium channel from D rosoph ila  m elanogaster as 
an approach to  s tu d y in g  the m olecu lar b a s is  of sodium channel 
fu n c t io n  and r e g u la t io n .  A number of d i f f e r e n t  m utants have been 
i d e n t i f i e d  in  D rosoph ila  which e f f e c t  p ro p ag a tio n  o f a c tio n  
p o te n t ia ls  a n d /o r  the  p ro p e r t ie s  of 3H -sa x ito x in  b ind ing  to  sodium 
ch a n n e ls . A fte r  c lo n in g  the gene fo r  sodium channels from 
D ro so p h ila , we w i l l  use i n  s i t u  h y b r id iz a t io n  to  s a l iv a ry  gland 
chromosomes to  determ ine w hich, i f  any, o f th e se  m utants id e n tify  
the  s t r u c t u r a l  gene fo r  th i s  channel. In  a d d i t io n ,  sequencing of 
the  D rosoph ila  sodium channel gene w i l l  p rov ide  f u r th e r  
in fo rm atio n  concern ing  h ig h ly  conserved reg io n s  o f the channel and 
thus a id  i d e n t i f i c a t i o n  o f f u n c t io n a l ly  im p o rtan t amino ac id  
sequences of v e r te b r a te  and in v e r te b ra te  ch an n e ls .

Two o lig o n u c le o tid e  probes complementary to  the S4 and S5 
transmembrane reg io n s  of the E lec tro p h o ru s  e l e c t r i cus sodium 
channel gene have been sy n th es iz ed  u s ing  deoxyinosine in  the th ird  
p o s i t io n  fo r  amino a c id s  w ith  d eg enera te  codons. The sequences 
chosen a re  h ig h ly  conserved in  the cDNA from e l e c t r i c  e e l  and r a t  
b ra in  (Noda e t  a l . , N a tu re , 320:188, 1986). A recom binant lambda 
phage l i b r a r y  of D rosoph ila  genomic DNA was screened  w ith  the 
la b e le d  probes a t  h igh  s tr in g e n c y  u sing  the tetramethylammonium 
ch lo r id e  wash p rocedure  in  which the m e lting  tem pera tu re  o f the 
h y b r id iz in g  DNA s tra n d s  is  i ndependent of the  base com position  and 
dependent only  on the le n g th  of m atching sequence (Wood e t  a l . , 
P ro c . N a tl .  Acad. Sci . USA, 82:1585, 1985). Under wash co n d itio n s  
th a t  re q u ire  a t  l e a s t  20 base p a i r in g s  fo r  h y b r id iz a t io n  to  occur, 
n in e  p o s i t iv e  c lones  were id e n t i f i e d  from app rox im ate ly  250,000 
p la q u es . These c lones  a re  being  c h a ra c te r iz e d  by r e s t r i c t i o n  
enzyme d ig e s t io n  and in  s i t u  h y b r id iz a t io n  to  D rosoph ila  s a l iv a ry  
gland p o ly ten e  chromosomes to  determ ine how many d i s t i n c t  genes 
a re  re p re se n te d  by the c lo n e s . Two c r i t e r i a  a re  being  used to  
determ ine which o f the  d i s t i n c t  c lo n e (s )  encode reg io n s  o f a 
D rosoph ila  sodium channel a lpha  s u b u n it. Because D rosoph ila  
sodium channels a re  only  found in  n eu ronal t i s s u e  and a re  la rg e  
p r o te in s ,  sodium channel c lones  should  p r e f e r e n t ia l ly  h y b rid iz e  to  
h e a d -s p e c if ic  mRNA th a t  i s  app rox im ate ly  8 kb long . In  a d d i t io n ,  
the  d i s t i n c t  c lo n e (s )  w i l l  be sequenced by s tan d a rd  dideoxy 
n u c le o tid e  m ethodology. The sequences w i l l  be compared w ith  the 
e l e c t r i c  e e l  and r a t  b ra in  cDNA sequences to  id e n t i f y  the c lones 
w ith  s tr o n g e s t  homology in  an open read in g  fram e.



FRIDAY AM ACTION POTENTIALS AND ION CHANNELS XI 1513

410.11 NEUROPHYSIOLOGICAL DEFECTS IN SEIZURE AND ENHANCER OF SEIZURE 
MUTANTS IN THE GIANT FIBER PATHWAY OF ADULT DROSOPHILA. J .C . 
N elson*, D.P. K asbekar*, and L.M. H a ll  (SPON: R .J . Wyman), D ept. o f 
B io l . ,  Yale U ., New Haven, CT 06511.

We used th e  G iant F ib e r  (GF) pathway to  look  fo r  tem p era tu re  
induced d e fe c ts  in  D rosoph ila  m u ta tio n s  s e iz u re  and enhancer o f 
s e iz u re  [e (s e i ) ] . No n eu ro p h y s io lo g ic a l d e fe c ts  have been re p o r te d  
in  s e iz u re  ( i s o la te d  by G anetsky), and e ( s e i ) i s  a  new m u ta tion  
is o la te d  by i t s  in t e r a c t io n  w ith  s e iz u r e . The sodium channel 
b lo c k e r, s a x i to x in ,  has a l t e r e d  b in d in g  in  s e iz u re  f l i e s  compared 
to  w ild - ty p e  f l i e s  (Jackson  e t  a l ,  N ature 308:189, 1984). Thus, 
th e  s e iz u re  gene p roduct i s  though t to  be inv o lv ed  in  th e  
p ro d u c tio n  an d /o r s t r u c tu r e  o f th e  v o lta g e  ga ted  sodium ch an n e l.

B ra in  s t im u la t io n  e x c i te s  th e  GFs, which descend in to  th e  
th o ra c ic  n e u ro p ile  and make two e l e c t r i c a l  synapses . These two 
synapses e x c i te  th e  T e rg o tro c h a n te ra l motoneuron which d r iv e s  th e  
jump m uscle (TTM), and th e  P e r ip h e ra lly  Synapsing In te rn e u ro n  which 
chem ica lly  synapses on to  th e  motoneurons t h a t  e x c i te  th e  wing 
d ep re sso r m uscles (DLMs) (King and Wyman, J .  N eurocytology 9 :753 , 
1980). We reco rded  spon taneous a c t i v i t y  (SA) and GF s tim u la te d  
resp o n ses  from th e  DLMs, TTMs, and wing e le v a to r  m uscles (DVMs). 
The DVMs respond to  GF s t im u la t io n  by an unknown pathway.

We have found th a t  h y p e ra c t iv i ty  and r i g i d  p a r a ly s is  in  e ( s e i )  
and s e iz u re  a t  h igh  te m p era tu re s  i s  due to  spontaneous a c t i v i t y  
(SA). The normal f l i g h t  motor p a t te r n  e x c i te s  th e  DLMs and DVMs a t  
~6 Hz (Harcombe and Wyman, J .  Comp. Phys .  123:271 , 1978). Heat 
p u lse s  to  44°C fo r  4 m inutes never induced SA in  w ild - ty p e  f l i e s  
(n= 7). M utant f l i e s  were h e a t pu lsed  to  42.5°C fo r  2-5 m inutes and 
re tu rn e d  to  22°C. s e iz u re  f l i e s  had co n tinuous SA from 10 to  50 
Hz (DLMS, n=16 ) .  The SA induced b eh a v io ra l h y p e ra c t iv i ty ,  and more 
induced r i g i d  p a r a ly s is  in  s e iz u re  (~37-41°C). The SA in  e ( s e i )  
f l i e s  v a r ie d  on a continuum : from no DLM a c t i v i t y  to  DLM a c t iv i t y  
a t  40 Hz (n= 26). High tem p era tu re  does n o t cause p a r a ly s is  in  
e ( s e i )  f l i e s ,  but th e  SA causes h y p e ra c t iv i ty .  Double m utan ts o f 
s e iz u r e , e (s e i ) have h ig h e r r a t e s  o f a c t i v i t y  (40 to  >80 Hz), and 
low er te m p era tu res  a t  which SA and b eh a v io ra l p a r a ly s is  s t a r t  (<35- 
37°C). We found no d e fe c ts  in  axon conduc tion  o r sp ik e  i n i t i a t i o n  
when s t im u la t in g  th e  GFs d i r e c t l y .  D if fe re n t  i n i t i a t i o n  s i t e s  o f 
SA e x i s t  f o r  each m u ta tion  w ith in  GF pathway neurons.

nap, p a ra , and t ip -E  a re  a d d i t io n a l  m utants though t to  a f f e c t  
sodium ch a n n e ls . They d i f f e r  from s e iz u re  and e ( s e i )  in  th a t  they  
b lock  neu ronal conduc tion  o r sp ik e  i n i t i a t i o n  in  neurons, in s te a d  
o f  in c re a s in g  th e  a c t i v i t y  in  neurons. In  a d d i t io n ,  double m utan ts 
o f  nap, p a ra , and t ip -E  enhance each o th e r ,  w h ile  they  a l l  su p p ress  
s e iz u re  (G anetzky, J .  N eurogen, 3 :19 . 1986; Jackson  e t  a l . ,  J. 
Neurogen. 3 :1 , 1986) .  Thus, i f  s e iz u re  and e ( s e i )  a f f e c t  th e  
sodium channel, they  p robab ly  a c t  to  keep th e  channel open.
S uppo rt: NIH -  GM75027-08; NS-07314.

410.12 ELIMINATION OF RAPID ADAPTATION FROM AN INSECT SENSORY NEURON BY 
CHLORAMINE-T. A.S. F rench . Department o f  Physio logy,  U n iv e r s i ty  
o f  A lb e r t a ,  Edmonton, Canada T6G 2H7.

The cockroach femoral t a c t i l e  sp ine  i s  a mechanoreceptor  in 
which th e  response to  a s t e p  deformat ion i s  a b u r s t  o f  a c t io n  
p o t e n t i a l s  ceas in g  complete ly  a f t e r  about 1 s .  This r a p id  adap
t a t i o n  has s im i l a r  dynamic p r o p e r t i e s  to  a range o f  o th e r  v e r t e 
b r a t e  and i n v e r t e b r a t e  sensory  r e c e p to r s .  The a d a p ta t i o n  can 
a l s o  be demons trated  by d i r e c t  e l e c t r i c a l  s t im u la t i o n  o f  th e  
s in g l e  sensory  neuron in  the  base o f  th e  s p in e ,  showing t h a t  i t  
occurs  during  a c t i o n  p o t e n t i a l  encoding, not t r a n s d u c t io n .  One 
p o s s i b l e  mechanism fo r  r a p id  sensory  a d a p ta t i o n  i s  a slow in a c 
t i v a t i o n  o f  sodium c u r r e n t .  Oxidiz ing ag en ts  such as  Chloramine-T 
(CT) s e l e c t i v e l y  e l im i n a te  sodium i n a c t i v a t i o n  in  a range of  
n eu ra l  t i s s u e s ,  so we have examined the  e f f e c t s  o f  CT on the  t a c 
t i l e  sp ine  neuron.

Experiments were performed on i s o l a t e d  legs  from ad u l t  cock
roaches .  T a c t i l e  sp in es  were amputated above the  sensory  neuron 
and m ic ro e l ec t ro d e s  (0 .5  M NaCl , 5 MΩ) were advanced in t o  th e  
lumen a d j a c e n t  to  th e  axon-soma ju n c t io n .  S t im u la t in g  c u r r e n t  
was d r iv en  by a co n s ta n t  vo l tag e  t o  c u r r e n t  co n v e r te r  and moni
to r e d  by a v i r t u a l  ground c i r c u i t .  Action p o t e n t i a l s  were de
t e c t e d  e x t r a c e l l u l a r l y  from nerve  5. CT was a p p l ied  through th e  
sp ine  lumen d i s s o lv e d  in  cockroach s a l i n e .  A f te r  CT a p p l i c a t i o n  
a su p r a th r e s h o ld  p u ls e  was a p p l ie d  a t  10 s i n t e r v a l s  u n t i l  double 
sp ik es  appeared .  CT was then  removed and th e  o x id a t io n  stopped  
with  sodium m e t a b i s u l f i t e .  The t i s s u e  was r i n s e d  s e v e r a l  times 
in  s a l i n e .  The th r e s h o l d  p r o p e r t i e s  o f  t r e a t e d  and u n t r e a te d  
neurons were measured by determining  the  s t r e n g t h - d u r a t i o n  r e l a 
t i o n s h i p  fo r  c u r r e n t  p u l s e s  by an automated procedure .

CT had dram at ic e f f e c t s  on the  dynamic p r o p e r t i e s  o f  th e  t a c 
t i l e  sp in e  neuron,  co n v e rt in g  i t  from a r a p id ly  adap t in g  to  a 
t o n i c a l l y  f i r i n g  r e c e p to r .  Measuring th e  rh eo b as ic  c u r r e n t  as  a 
fu n c t io n  o f  background c u r r e n t  showed a l a rg e  s h i f t  in  the  t h r e s h 
o ld  o f  the  neuron which depended on th e  le n g th  o f  t r ea tm en t  and 
the  membrane p o t e n t i a l .  P re l im ina ry  experiments  with  o th e r  o x i 
d iz in g  agen ts  i n d i c a t e  t h a t  N- c h lo r o su c c in im id e , w ith  s i m i l a r  
chemical r e a c t i v i t y  to  CT, has  almost i d e n t i c a l  e f f e c t s  on rap id  
a d a p ta t i o n ,  whi le  N-bromoacetamide, a s t r o n g e r  o x id i z in g  agen t ,  
d e s t ro y s  e x c i t a b i l i t y  without f i r s t  a f f e c t i n g  a d a p ta t i o n .  These 
r e s u l t s  sugges t t h a t  r ap id  ad a p ta t i o n  in  t h i s  neuron i s  caused by 
a sodium c u r r e n t  whose i n a c t i v a t i o n ,  while d i f f e r e n t  in  temporal 
behavio r  to  th e  more f a m i l i a r  sodium c u r r e n t ,  has a s im i l a r  chem
i c a l  b a s i s .

Supported by The Canadian Medical Research Council and The 
A lb e r ta  H er i t age  Foundation fo r  Medical Research .
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411.1 ELECTROPHYSIOLOGICAL EFFECTS OF THE PSYCHOMOTOR STIMULANT, 
FENCAMFAMINE, ON MIDBRAIN DOPAMINE NEURONS. R.T. Matthews. 
Dept. Anatomy, Texas A&M University, College Station, Texas 
77843.

Fencamfamine is a psychomotor stimulant that has appeared on 
the U.S. i l l i c i t  drug market as a substitute for cocaine. 
Behavioral studies on fencamfamine in rodents have shown that i t  
causes increased locomotor activity  and stereotyped behavior and 
i t s  actions are blocked by the dopamine receptor antagonist, 
haloperidol (Hotovy, et a l . ,  Arzneim.-Forsch, 11:20, 1961; 
DeLucia, et a l . ,  Gen. Pharm. , 15:407, 1984).  Biochemical studies 
suggest that fencamfamine does not directly stimulate dopamine 
(DA) receptors or block DA catabolism by monoamine oxidase, but 
i t  does increase DA metabolite levels and block catecholamine 
uptake into cerebral nerve terminals (Seyfried, Biochem. Pharm. ,  
32:2329, 1983). Reserpine plus α-methyltyrosine, but neither 
drug alone, attenuated the behavioral effects of fencamfamine 
suggesting that  fencamfamine may be an indirect DA agonist of the 
non-amphetamine type. In the present study, single unit 
recordings were performed in chloral hydrate anesthetized male 
rats and the effects of systemic or microiontophoresed 
fencamfamine on the spontaneous activity of midbrain DA neurons 
were measured. Standard single unit extracellular recording 
technics were used with ei ther tungsten or 5-barrel micropipette 
electrodes.  Mesotelencephalic DA neurons were identified by 
their  long duration (≥ 2 msec) action potentials,  burst f iring 
patterns,  tr iphasic wave form and location within the A9/A10 cell 
group area of the midbrain. Fencamfamine (0.25-16.0 mg/kg, i .v . )  
dose-dependently decreased the f iring rates of both A9 and A10 DA 
neurons and this effect  was reversed by haloperidol (0.1 mg/kg, 
i . v . ) .  Some neurons were not completely inhibited by the highest 
doses of fencamfamine although low doses of apomorphine (10-70 
μg/kg, i .v . )  could further inhibit  f iring rates of these 
neurons. Reserpine plus α-methyltyrosine, but not 
α-methyltyrosine alone, prevented the f iring rate inhibition by 
fencamfamine administration. Fencamfamine (0.2 mM, pH 4.0) 
microiontophoresed from 5-barrel pipettes onto neurons inhibited 
f iring of A9 DA neurons. These data are in general agreement 
with previous studies which suggest that fencamfamine is an 
indirectly acting DA agonist whose pharmacological profile 
resembles that of non-amphetamine psychomotor stimulants. In 
addition, fencamfamine at high doses may have additional 
unidentified effects on some DA neurons which limits i t s  abil i ty  
to decrease spontaneous f iring ra tes.  (Supported by NIMH Grant 
MH40774).

411.2 ELECTROPHYSIOLOGICAL EFFECTS OF APOMORPHINE AND CIS-FLUPENTIXOL 
ON MEDIAL PREFRONTAL CORTICOMESENCEPHALIC NEURONS IN THE RAT.
S.L . P e te rso n , J .S .  S t.  Mary* and N.R. H arding*. D ept. of Med. 
Pharmacology and T oxicology, Texas A&M U n iv e rs ity , C o llege S ta 
t i o n ,  TX 77843.

The deep la y e rs  of the  m edial p r e f ro n ta l  c o r te x  (PFC) re c e iv e  
dopam inergic in n e rv a tio n  from the v e n tr a l  tegm ental a rea  (VTA) 
and co n ta in  neurons which p ro je c t back to  th e  VTA. The sy n a p tic  
tra n sm iss io n  in  the c o r t i c a l  component of th i s  r e c ip ro c a l  in n e r
v a t io n  i s  b e liev ed  to  be m ediated in  p a r t  by dopamine (F erron  
e t  a l . ,  B rain  R es. , 302:257, 1984) and th i s  s tudy  was designed 
to  t e s t  th a t  h y p o th e s is .

The spontaneous a c t i v i t y  of neurons in  the PFC of c h lo ra l hy
d ra te  a n e s th e tiz e d  r a t s  was s tu d ie d  u sing  s in g le  u n it  e x t r a c e l 
l u l a r  reco rd in g  te c h n iq u e s . Only neurons w ith  la rg e  am plitude 
(0 .5 -2 .0  mV), p o s i t iv e  f i r s t  d e f le c t io n  a c tio n  p o te n t ia ls  th a t  
were a n t id ro m ic a lly  s tim u la te d  from the VTA were s tu d ie d . E lec
t r i c a l  s t im u la t io n  of th e  VTA (1 .0  msec. p u ls e , 200-400 μ A, 1 
pps) induced a 40-400 msec (x̄ = 140) in h ib i t i o n  of the spon tane
ous a c t i v i t y  of th e  PFC neurons th a t  occu rred  10-30 msec (x̄ = 
19) a f t e r  th e  s tim u lu s , presum ably a r e s u l t  of the a c t iv a t io n  of 
VTA p ro je c tio n s  to  th e  PFC.

C is - f lu p e n tix o l  (1 .0  mg/kg, iv )  s ig n i f i c a n t ly  reduced the  VTA 
m ediated in h ib i t i o n  o f PFC n eu ronal a c t i v i t y  in  12 o f 19 (63%) 
neu rons . C is - f lu p e n tix o l  a lso  decreased  the  average spontaneous 
f i r i n g  r a t e  of the  neurons as compared to  v e h ic le  tre a tm e n t ( s a 
l i n e ,  iv ,  n=8). The v e h ic le  tre a tm en t had no e f f e c t  on the VTA 
m ediated in h ib i t i o n  of the  spontaneous f i r i n g  r a t e .

Apomorphine (25 μg /k g , iv )  reduced the spontaneous a c t i v i t y  
of th e  PFC neurons (n=7) to  an average o f 37% of th e  p r e in je c 
t io n  r a t e .  C is - f lu p e n tix o l  (1 .0  mg/kg, iv )  blocked the response 
of the  same neurons to  a subsequent in je c t io n  of the  same apo
morphine dose.

The r e s u l t s  in d ic a te  th a t  the  a c t i v i t y  of th e  PFC e f f e r e n t  
neurons can be in f lu en ced  by endogenous dopamine or dopamine 
a g o n is ts .  The in h ib i to r y  e f f e c t  induced by VTA s tim u la t io n  i s  
p robab ly  m ediated in  p a r t  by dopamine as the  in h ib i t i o n  was 
blocked by c i s - f l u p e n t ix o l  in  63% of the neu rons . Apomorphine 
produced a c i s - f l u p e n t ix o l  s e n s i t i v e  d ep ress io n  of the spontane
ous f i r i n g  r a t e  in  a l l  c e l l s  te s te d  su g g estin g  a more profound 
response  of PFC neurons to  exogenous dopamine a g o n is ts .  Al
though i t  has been proposed th a t  VTA m e so c o rtica l neurons do n o t 
respond to  DA a g o n is ts  or a n ta g o n is ts ,  neurons in  th e  c o r t i c a l  
a re a  they  in n e rv a te  a re  resp o n s iv e  and should  be co nside red  a 
s i t e  of a c tio n  of such d ru g s .

(S upported by a PMA Foundation  Research S ta r t e r  G rant)
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411.3 ELECTROPHYSIOLOGICAL EVALUATION OF A PARTIAL AGONIST- 
ANTAGONIST OF DOPAMINE RECEPTORS. M.F.Piercey and 
W.E.Hoffmann*. CNS Diseases Research, The Upjohn Company, 
Kalamazoo, MI 49001.

Biochemical experiments have suggested that the ergot derivative 
trans-dihydrolisuride (THDL) is a partial agonist-antagonist of central 
dopamine (DA) receptors (Eur. J . Pharmacol. 97:111, 1984). We have now 
tested TDHL for its effects on firing rates of DA neurons located in the 
substantia nigra pars compacta (SNPC) of chloral hydrate anesthetized 
rats. Using extracellular single-barrelled microelectrodes, DA neurons 
were identified by their long duration, positive-negative action potentials, 
and their slow bursting pattern of spontaneous firing, as well as by the 
location of recording sites through histological recoveries of dye deposits 
(JPET 185:560, 1973). Like haloperidol and clozapine which are full DA 
receptor antagonists, TDHL antagonized the depression in DA neuron firing 
induced by systemic amphetamine. However, where full antagonists 
completely reversed the amphetamine effect, TDHL could do so only 
partially, the maximal effect being around half. Like DA agonists, but 
unlike DA antagonists, TDHL also depressed the spontaneous firing rates of 
DA neurons. But, whereas the full agonist apomorphine completely 
inhibited firing of DA neurons, TDHL only depressed firing rates by about 
half, even at high doses. These data confirm the original characterization 
of TDHL as a partial DA agonist-antagonist.

411.4 IN VIVO EFFECTS OF SELECTIVE D1 AND D2 DOPAMINE (DA) RECEPTOR 
AGONISTS ON A9 DA NEURONAL ACTIVITY IN RATS. M.D. K ellan d , 
D. C la rk * ,  and L.A. Chiodo. Lab. of N europhysio logy, Center fo r  
C e ll B io logy , S in a i R esearch I n s t i t u t e ,  D e tr o i t ,  MI 48235

B ehav io ra l and b iochem ical s tu d ie s  have shown th a t  s e le c t iv e  D1 
DA re c e p to r  a g o n is ts ,  w h ile  e x h ib itin g  few e f f e c t s  of t h e i r  own, 
can in f lu e n c e  th e  a c t io n s  of s e le c t iv e  D2 DA re c e p to r  a g o n is ts .  
For exam ple, th e  s e le c t iv e  D1 a g o n is t SKF38393 has been shown to  
reduce th e  in h ib i to ry  e f f e c t s  of the s e le c t iv e  D2 a g o n is ts  pergo
l i d e  and LY171555 on s t r i a t a l  DA tu rn o v e r . Since th i s  e f f e c t  may 
be m ediated  by a l t e r a t i o n s  in  DA n e rv e  im p u lse  f lo w , we a r e  
c u r r e n t ly  examining th e  a c t io n s  o f SKF38393 and LY171555, e i th e r ,  
a lone o r in  com bination , on A9 DA c e l l  f i r i n g .

S ta n d a rd  e x t r a c e l l u l a r  s in g le - u n i t  reco rd in g  tech n iq u es  were 
used to  m onito r th e  a c t i v i t y  of A9 DA neurons in  v iv o  in  a n e s th e 
t i z e d ,  a d u l t  m a le  r a t s .  In t r a v e n o u s  i n j e c t i o n s  o f LY171555 
d o se -d e p e n d e n tly  in h ib i te d  th e  f i r i n g  of A9 DA neurons (ED50 = 
5.7 ± 1 .5  μg /k g , N=10). This e f f e c t  was re v e rse d  by th e  s e le c t iv e  
D2 a n ta g o n is ts  1- s u lp i r i d e  and h a lo p e r id o l ,  bu t not by the  s e le c 
t i v e  D1 a n ta g o n is t  SCH23390. SKF38393 d id  n o t i n h i b i t  th e  f i r i n g  
o f th e se  neurons a t  d o se s  up to  2 0 .5  m g/kg (N = 5). F o llo w in g  
a 4 m inute p re tre a tm e n t w ith  SKF38393 (1 .0  mg/kg i . v . )  th e re  was no 
s ig n if i c a n t  change in  th e  LY171555-induced in h i b i t i o n  o f A9 DA 
neu ronal f i r i n g  r a t e  (ED50 = 5.7 ± 1 . 2  μg /k g , N=9).

A rnt (1985) showed t h a t  SKF38393, w h ich  h a s  o n ly  m in im al 
b eh a v io ra l e f f e c t s  in  normal an im als, produces locom otor s tim u la 
t io n  in  r a t s  a d m in is te red  ch ro n ic  r e s e rp in e ,  su g g es tin g  a s e n s i t i 
z a t io n  o f D1 r e c e p to r s  fo llo w in g  th i s  tre a tm e n t. In  r a t s  adm in is
te re d  r e s e rp in e  fo r  4 days (2 .0  mg/kg s . c .  d a i l y )  in t r a v e n o u s  
SKF38393 s t i l l  f a i l e d  to  i n h i b i t  th e  f i r i n g  of A9 DA neurons a t  
doses up to  20 .5  mg/kg (N=4). O bse rvation  of awake r a t s  in je c te d  
w ith  SKF38393 (1 5 .0  m g/kg s . c . )  f o l lo w in g  th e  same re s e rp in e  
p re trea tm en t confirm ed A rn t 's  f in d in g s .

Under th e  p re se n t c o n d itio n s , we have dem onstrated  th a t  w hile 
s tim u la t io n  of D2 re c e p to r s  produces an  i n h i b i t i o n  o f DA c e l l  
f i r i n g ,  a c t iv a t io n  o f e i th e r  normal or s e n s i t i z e d  D1 re c e p to rs  is  
w ith o u t e f f e c t .  In  a d d i t io n ,  D1 r e c e p to r  s t im u la t io n  d id  not 
in f lu e n c e  th e  e f f e c t s  o f a D2 re c e p to r  a g o n is t .  C urren t in v e s t ig a 
tio n s  w ith  th e se  compounds a re  proceed ing  in  the  p a ra ly zed  r a t  
p r e p a r a t i o n .  (S uppo rted  by g ra n ts  from th e  American Parkinson 
D isease  A ssoc, and T o u re tte  Syndrome A ss o c .) .

411.5 CHOLECYSTOKININ OCTAPEPTIDE (CCK-8) MODULATES THE ACTIVITY OF 
NIGROSTRIATAL DOPAMINE (DA) NEURONS. A.S. Freeman and L.A. Chiodo. 
Center fo r  C ell Biology, Sinai Research In s t i tu te , D etro it, MI 
48235.

DA/CCK co-localization  in the substantia nigra zona compacta 
(A9) i s  confined to  i t s  medial and extreme la te ra l  (pars la te ra lis )  
aspects. A9 c e lls  excited by i .v .  and microiontophoretic su lfated  
CCK-7 have been found only in these areas (Skirboll e t  a l . ,  Neuro
sc i 6:2111, 1981) and we have observed sim ilar responses to  the 
b io log ically  prevalent CCK-8. Although i t  is  te mptin g  to  conclude 
th a t CCK-8 actions in the midbrain are re s tr ic ted  to  regions of 
extensive DA/CCK coexistence, our preliminary electrophysiological 
data suggest th a t CCK-8 exerts widespread modulatory e ffe c ts  on 
midbrain DA c e lls .  This work focuses on iden tified  (antidromically 
a c tiv a te d  from th e  caudate nuc.) ra t n ig ro s tr ia ta l DA neurons 
located in an area of A9 (middle th ird ) which is  devoid of CCK- or 
DA/CCK-containing c e ll  bodies. After a stab le  firin g  ra te  was 
obtained, su lfated  CCK-8 was injected i .v .  a t  a dose (8 μg/kg) 
known to  t r a n s ie n t ly  s tim u la te  DA/CCK neuronal f irin g  and to  
modulate the responsiveness of those c e lls  to  the inhib itory  action 
of apomorphine (APO); un it a c tiv ity  was monitored for an additional 
10 min p rio r to  i .v .  APO adm inistration. Sulfated CCK-8 had no 
e f fe c t  on th e  f i r in g  ra te s  o f  10 n ig ro s tr ia ta l  DA c e lls  but 
stimulated the f irin g  ra tes of 6 others (mean ra te  increase of 
37%). These excitations lasted  between 2 and 5 min. The respon
siveness of these neurons to  subsequent doses of APO was correlated 
with the i n i t i a l  e ffe c t of CCK-8. Cells whose f irin g  ra tes were 
unaffected by CCK-8 displayed enhanced se n sitiv ity  to  the inhibi
tory  e ffe c t of APO compared to  contro ls; diminished se n s itiv ity  to  
APO was observed in c e lls  in i t ia l ly  excited by CCK-8.

These preliminary re su lts  show, for the f i r s t  time, the effec ts  
o f CCK-8 on th e  a c t iv i ty  and subsequent APO se n s itiv ity  of a 
population of DA neurons iden tified  by antidromic ac tivation . Our 
re su lts  suggest th a t CCK-8 can modulate the e ffe c t of a DA agonist 
despite having no d iscernib le e ffe c t of i t s  own and also show th a t 
a small percentage of n ig ro s tr ia ta l DA c e lls  originating in an area 
of A9 devoid of DA/CCK co-localization  are excited by sulfated  
CCK-8. F inally , i .v .  injection  of su lfated  CCK-8 (but not unsul
fated CCK-8) resulted in an increase in the number of spontaneously 
active DA neurons encountered in A9 and A10. Together, these find
ings support our hypothesis th a t CCK-8 has widespread modulatory 
e ffe c ts  on midbrain DA systems independent of DA/CCK co-localiza
tion  and suggest th a t the complexity of CCK-8 actions on midbrain 
DA neuronal populations is  g reater than once thought. (Supported 
by American Parkinson Disease Assoc. and Tourette Syndrome Assoc.)

411.6 ELECTROPHYSIOLOGICAL AND PHARMALOGICAL CHARACTERIZATION OF IDENTI
FIED NIGROSTRIATAL AND MESOACCUMBENS DOPAMINE NEURONS.
D. C la rk *  and L .A . C hiodo (SPON: R .B . H olm an). L aboratory  of 
N europhysio logy, C enter fo r  C e ll B io logy , S in a i Research I n s t i t u te ,  
D e tr o i t ,  MI 48235

R ecent ev idence from e le c tro p h y s io lo g ic a l  s tu d ie s  has suggested 
th a t  b ra in  dopamine (DA) neurons in n e rv a tin g  d i f f e r e n t  fo reb ra in  
a re a s  a r e  n o t homogeneous and a r e  r e g u la te d  in  a d i f f e r e n t  manner. 
For exam ple, DA neurons p ro je c t in g  to  th e  p r e f ro n ta l  c o rtex  (PFC) 
e x h ib i t  a h ig h e r  f i r i n g  r a t e  and g re a te r  b u rs tin g  a c t iv i t y  than 
n i g r o s t r i a t a l  DA neurons (NS-DA) w hich p r o j e c t  t o  th e  cau d a te  
n u c le u s . While th e  l a t t e r  neurons po sse ss  so m ato d en d ritic  DA auto
re c e p to r s  re sp o n s iv e  to  DA a g o n is t s ,  PFC-DA c e l l s  appear devoid of 
th e se  r e g u la to ry  s i t e s .  In  th e  p re se n t s tu d y , we have used e x tra 
c e l lu l a r  s in g le - u n i t  re c o rd in g  te ch n iq u es  to  com pare th e  b a sa l 
a c t i v i t y  and pharm aco log ica l s e n s i t i v i t y  of a n t id ro m ic a lly  a c tiv a 
te d  NS-DA neu ro n s , and mesoaccumbens DA c e l l s  (MA-DA) w hich in n e r
v a te  th e  nucleus accumbens. In  a d d i t io n ,  we decided  to  determ ine 
w hether th e  an tid ro m ic  a c t iv a t io n  i t s e l f  can a l t e r  b a sa l DA neuro
n a l a c t i v i t y  and pharm aco log ica l s e n s i t i v i t y .  A ntidrom ic a c t iv a 
t io n  (100-500 μs e c ,  0 . 5 - 3 .0  mA) o f DA n e u ro n s  p ro d u ced  only  
t r a n s i to r y  a l t e r a t i o n s  in  f i r i n g  r a t e  and p a t te r n .  The in h ib ito ry  
a c t io n s  of DA a g o n is ts  were id e n t ic a l  in  c e l l s  whose p ro je c tio n  
a re a  was determ ined e i th e r  b e fo re  or a f t e r  drug tre a tm e n t, ind ica
t in g  th a t  an tid ro m ic  a c t iv a t io n  d id  n o t  a l t e r  p h a rm a c o lo g ic a l 
s e n s i t i v i t y .  The mean b a s a l f i r i n g  r a t e  and th e  percen tage  of 
d isc h a rg e s  o cc u rr in g  w ith in  b u rs ts  d id  no t d i f f e r  between NS-DA 
(3 .6  ± 0 .3 /s e c ;  5 .3  ±  2.7%) and MA-DA (4 .0  ±  0 .3 /s e c ;  10.1 ± 4.0%) 
neu ro n s . In  a d d i t io n ,  the  dose-dependent in h ib i to ry  e f f e c t s  of the 
d i r e c t - a c t in g  DA a g o n is ts  apomorphine (ED50: 12.0 ± 1 .8 , 7 .9  ±  1.5 
Mg/kg fo r  NS-DA and MA-DA, re s p e c t iv e ly )  and B-HT 920 (ED50: 2.3 ± 
0 .5 ,  2 .8  ±  1.1 μg /k g ) on th e  two DA c e l l  p o p u la tio n s  w ere not 
s t a t i s t i c a l l y  d i f f e r e n t .  As observed p re v io u s ly , d if f e re n c e s  in  
th e  spontaneous reco v e ry  of c e l l  f i r i n g  fo llo w in g  in h ib i t i o n  by 
th e s e  a g o n is ts  were o b served ; NS-DA neurons e x h ib ite d  a s ig n i f i 
c a n t ly  f a s t e r  r e c o v e ry  in  th e  10 m in u te s  fo l lo w in g  complete 
i n h ib i t i o n  than  d id  MA-DA neu ro n s . The two c e l l  p o p u la tio n s  were 
e q u a lly  re sp o n s iv e  to  in h i b i t i o n  by in trav en o u s  d-amphetamine (1.2 
±  0 .3 ,  1 .1  ±  0 .2  m g/kg); th e  p o p u la tio n  d if fe re n c e s  in  spontaneous 
reco v e ry  were le s s  pronounced th a n  observed w ith  th e  d ir e c t- a c t in g  
DA a g o n is t s .  These f in d in g s  suggest th a t  th e  b a s a l a c t i v i t y  and 
pharm aco log ical s e n s i t i v i t y  ( to  in trav en o u s  DA a g o n is t  a d m in is tra 
t io n )  a re  s im i la r  f o r  DA neurons in n e rv a tin g  th e  caudate  or the 
n u c leu s  accumbens. However, d if f e re n c e s  in  r e c o v e ry  have  been 
observed  and a f u r th e r  c h a ra c te r iz a t io n  i s  ongoing. (Supported  by 
g ra n ts  from th e  American P ark in son  D isease  A sso c . and  T o u re t te  
Syndrome A ssoc .)
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411. 7 D2 DOPAMINERGIC ’GATING' IN THE NUCLEUS ACCUMBENS OF SIGNAL TRANS
MISSION FROM THE HIPPOCAMPUS TO THE PEDUNCULOPONTINE NUCLEUS.
C.R. Yang* and G .J. Mogenson (SPON: M.A. Cook). D ept. o f P h y s io l
ogy, U n iv e rs ity  o f W estern O n ta r io , London, Canada N6A 5C1.

The nuc leus  accumbens (NAC) re c e iv e s  converging  a f f e r e n t  in p u ts  
from th e  hippocampus (HIPP) and th e  m esolim bic dopam inergic n eu r
ones of th e  v e n t r a l  tegm en ta l a re a  (VTA). In  tu rn ,  HIPP s ig n a ls  
a re  re la y e d  v ia  th e  NAC to  th e  s u b p a ll id a l  reg io n  (SP) which in 
c lu d es  th e  s u b s ta n t ia  innom inata and th e  l a t e r a l  hypothalam us. A 
descending p ro je c t io n  from th e  SP to  th e  peduncu lopon tine nucleus  
(PPN), a p a r t  of th e  m esencephalic  locom otor reg io n  (MLR), has a lso  
been dem onstra ted . S ince HIPP s ig n a ls  reach  th e  SP a re a  v ia  the  
NAC and a c t iv a t io n  of th e  VTA dopam inergic neurones m odulates the 
e x c i ta to ry  in p u t to  th e  NAC, i t  i s  o f i n t e r e s t  to  in v e s t ig a te  whe
th e r  HIPP s ig n a ls  w i l l  reach  SP-PPN neurones and w hether th e se  
s ig n a ls  a re  in f lu e n c e d  by a dopam inergic 'g a t i n g ' mechanism in  th e  
NAC.

E x t r a c e l lu la r  s in g le  u n i t  reco rd in g s  were o b ta in ed  in  th e  SP r e 
g ion  o f u re th a n e -a n a e s th e tiz e d  r a t s .  SP-PPN neurones were i d e n t i 
f ie d  by th e i r  an tid ro m ic  resp o n ses  to  e l e c t r i c a l  s t im u la t io n  (200- 
800 μA, 0 .15  ms, 1 .0  Hz) o f th e  PPN and th e  a d ja c e n t l a t e r a l  p o r
t io n  of th e  c e n t r a l  g ray . 156 SP neurones were a n t id ro m ic a lly  
a c t iv a te d  by PPN s tim u la t io n  and 76% (118 neurones) of them had no 
spontaneous d isc h a rg e  a c t i v i t y .  However, 30 (19%) spon taneously  
d isc h a rg in g  SP-PPN neu ro n es , a n t id ro m ic a lly  a c t iv a te d  by PPN stim u
la t i o n ,  were in h ib i te d  o r th o d ro m ica lly  (mean o n se t la te n c y  = 19 ms) 
by HIPP s tim u la t io n .  The in h ib i to ry  resp o n ses  o f 8 o f th e se  neu r
ones were s e le c t i v e ly  a t te n u a te d  by LY171555 (2 .5  μg /0 .2  μ l ), a 
dopamine D2 a g o n is t ,  b u t n o t by SKF38393 (2 .0  μg /0 .2  μ l ) , a dopa
mine D1 a g o n is t ,  m ic ro in je c te d  s e q u e n t ia l ly  in to  th e  m ed ial NAC v ia  
a s t a i n l e s s  s t e e l  d o ub le -cannu lae  (p< 0 .02 ). In  2 groups of 10 SP 
neu ro n es , n o t a n t id ro m ic a lly  a c t iv a te d  by PPN s tim u la t io n ,  t h e i r  
in h ib i to ry  resp o n ses  to  HIPP s tim u la t io n  were s e p a ra te ly  te s te d  
w ith  th e  D1 and D2 a g o n is ts  in je c te d  in to  th e  NAC. LY171555 (D2) 
in je c te d  in to  th e  NAC produced a s ig n i f i c a n t ly  g r e a te r  a t te n u a t io n  
[F (3 ,2 9 )= 8 .4 ; p<0.05; n=10] of th e  in h ib i to r y  response  than  
SKF38393(DI) [F (3 ,3 1 )= 2 .8 7 ; p<0.05; n=10] d u ring  th e  15 min p o s t
in j e c t io n  p e r io d . Taken to g e th e r  th e se  r e s u l t s  su g g es t th a t  SP 
neurones p ro je c t in g  d i r e c t l y  to  th e  PPN, a p a r t  of th e  MLR, convey 
HIPP s ig n a ls  w hich a re  m odified  by a D2-m ediated 'g a t i n g ' mechanism 
in  th e  NAC. This HIPP-NAC-SP-PPN pathway appears  to  convey HIPP 
s ig n a ls  to  th e  b ra in s te m -s p in a l cord  movement g e n e ra tin g  s i t e  (PPN) 
and th e se  s ig n a ls  can be 'g a te d ' by a D2 mechanism in  th e  NAC. 
(Supported  by M edical R esearch C ouncil o f Canada).

411.8  ELECTROPHYSIOLOGICAL EVIDENCE FOR AUTORECEPTORS ON DOPAMINERGIC 
MESOCORTICAL NEURONS. R.F. G ariano*, J.M. T epper, S .F . Sawyer* , 
S .J .  Young*, & P.M. Groves (SPON: R.B. L iv in g s to n ) . Dept. 
P sy c h ia try , Univ. C a l if o rn ia ,  San D iego, La J o l l a  CA 92093.

D opaminergic n i g r o s t r i a t a l  neurons p o sse ss  a u to re c e p to rs  on th e  
c e l l  body and te rm in a l reg io n s  which r e g u la te  spontaneous f i r i n g  
r a t e  and dopamine (DA) r e le a s e .  In  n i g r o s t r i a t a l  DA neu ro n s , lo c a l 
or sy stem ic  a d m in is tr a tio n  o f DA ag o n is ts  r e v e r s ib ly  reduces the  
e x c i t a b i l i t y  o f s t r i a t a l  DA te rm in a ls  to  d i r e c t  e l e c t r i c a l  s tim u
l a t i o n ,  e f f e c t s  th a t  a re  m ediated by a u to re c e p to r  a c t iv a t io n  (1 ) . 
I t  has been proposed on b iochem ical and e le c tro p h y s io lo g ic a l  
grounds th a t  DA neurons in  th e  a d ja c e n t v e n t r a l  tegm ental a rea  
(VTA) p ro je c t in g  to  f r o n ta l  and c in g u la te  c o r t ic e s  la ck  such au to 
re c e p to r s  (2 ) . This view has been re c e n tly  ch a llen g e d  (3 ,4 ) .  We 
have a p p lie d  th e  method of te rm in a l e x c i t a b i l i t y  t e s t in g  to  the  
m e so c o rtic a l DA system  to  t e s t  fo r th e  p resen ce  of te rm in a l au to 
re c e p to rs .

E x t r a c e l lu la r  reco rd in g s  from th e  a re a  o f th e  VTA and m edial 
s u b s ta n t ia  n ig r a  were ob ta in ed  from u re th a n e -a n e s th e tiz e d  male 
a lb in o  r a t s  (200-350 gm) w ith  s tim u la t in g  e le c tro d e s  im planted  in  
th e  f r o n ta l  c o r te x . A t o t a l  o f 56 c e l l s  was id e n t i f i e d  as DAergic 
m e so c o rtic a l neurons based on e x t r a c e l lu la r ly  reco rded  waveform, 
an tid ro m ic  a c t iv a t io n  from f r o n ta l  c o r te x ,  and l a t e r  h i s to lo g ic a l  
v e r i f i c a t io n  o f reco rd in g  s i t e .  The average f i r i n g  r a t e  of th e se  
c e l l s  was 2 .9  ± 0 .2  Hz. Local (10 μM) o r in trav en o u s  (0 .5  mg/kg) 
a d m in is tra tio n  of amphetamine d ecreased  te rm in a l e x c i t a b i l i t y  in  
6 of 11 neurons te s te d .  The d ec re a se s  were com parable in  m agnitude 
to  th o se  observed in  n i g r o s t r i a t a l  neurons. Two a d d i t io n a l  c e l l s  
w ith  v a r ia b le  spontaneous f i r i n g  r a t e s  ex h ib ite d  a s ig n i f i c a n t  
in v e rse  c o r r e l a t i o n  ( r  = - 0 .7 2 ,  p < 0.001) between f i r i n g  r a t e  and 
te rm in a l e x c i t a b i l i t y  over tim e , su g g es tin g  th a t  th e se  au to recep 
to r s  a re  resp o n s iv e  to  moment-to-moment f lu c tu a t io n s  in  endogenous 
DA r e le a s e .  The la c k  o f e x c i t a b i l i t y  changes found in  f iv e  c e l l s  
may in d ic a te  an absence o f a u to re c e p to rs  on th e se  c e l l s  or th a t  the  
s i t e  o f e l e c t r i c a l  s t im u la t io n  was in  n o n -te rm in a l axonal reg io n s  
w ith in  f r o n ta l  c o r te x . Our r e s u l t s  p rov ide  e le c tro p h y s io lo g ic a l  
ev idence fo r p h y s io lo g ic a l ly  fu n c t io n a l te rm in a l a u to re c e p to rs  on 
a t  l e a s t  some DAergic m e so c o rtic a l neu rons . F u rth e r work i s  needed 
to  determ ine what p ro p o rtio n  o f  th e se  c e l l s  po sse sses  a u to re c e p to r s .

Supported by g ran ts  DA-02854 from NIDA to  P.M.G. and NIGMS N a tl . 
Res. S erv ice  Award 07198 from th e  UCSD M edical School MSTP to  R.F.G.
1. J.M. Tepper e t  a l .  B rain  R es. 309:317 (1984)
2. M .J. Bannon e t  a l .  N atu re 296(5856) :444 (1982)
3. F. Fadda e t  a l .  B ra in  R es. 293:67 (1984)
4. P.D. Shepherd & D.C. German. E u r. J . Pharm acol. 98 (3 -4 ) :455 

(1984)

411.9 ELECTROPHYSIOLOGICAL EFFECTS OF NICOTINE ON DOPAMINE MID-BRAIN 
NEURONS. K-W.P. Yoon*, G.L. G essa*, V. Boi *, L. N aes*, G. Mereu 
and T.C. W e stfa ll (SPON: K. Sm ith ) . D ep ts. o f  Pharmacology and 
N eu rosurgery , S t .  L ouis Univ. School o f  M edic ine, S t .  L ou is, MO 
63104 and I n s t . o f  P harm aco l., Univ. o f  C a g l ia r i ,  09100, I t a l y .

N ic o tin e , th e  a c t iv e  in g re d ie n t  in  tobacco  smoke, i s  w e ll known 
to  p roduce m u ltip le  psychopharm aco log ica l, b e h a v io ra l and neuro
chem ical e f f e c t s  in  th e  c e n t r a l  nervous system . L ike s e v e ra l 
o th e r  drugs o f  abuse, th e  rew ard ing  and s t im u la n t e f f e c t s  o f  
n ic o t in e  appear to  be lin k e d  to  i t s  a c t iv a t io n  o f  some c e n tr a l  
dopamine neu rons . N ic o t in ic  r e c e p to r s  have been observed  in  
dopam inergic a re a s  such as th e  s u b s ta n t ia  n ig ra  p a r s  compacta (A9), 
v e n t r a l  tegm en ta l a re a  (A10) , s t r ia tu m  and nu c leu s  accumbens. 
M oreover, n ic o t in e  has been shown to  s tim u la te  m otor b e h a v io r in  
r a t s ,  as  w e ll as  to  in c re a s e  dopamine s y n th e s is  and r e le a s e  from 
th e  s tr ia tu m  and n u c leu s  accumbens.

I t  has been p re v io u s ly  re p o r te d  t h a t  th e  s y s te m a tic  a d m in is tra 
t i o n  o f n ic o t in e  in c re a s e s  th e  f i r i n g  r a t e  o f A9 c e l l s  (C la rke , 
P .B .S . e t  a l . ,  B r. J .  Pharmac. (1985) 85:827 -835 ). However, th e re  
have been no r e p o r t s  d e s c r ib in g  th e  e f f e c t  o f  th e  drug on A10 
neurons which may be more im p o rtan t in  th e  m ed ia tio n  o f  th e  
rew ard ing  and r e in fo rc in g  p r o p e r t ie s  o f  p sy ch o s tim u lan t d rugs . 
We have ad m in is te red  n ic o t in e  in tra v e n o u s ly  w h ile  re c o rd in g  s in g le  
u n i t  a c t i v i t y  from A9 o r  A10 c e l l s .  S ince  i t  has been observed  
t h a t  g e n e ra l a n e s th e t ic s  may d is ru p t  th e  pharm aco log ica l resp o n ses  
o f  th e se  neu ro n s , experim en ts  were c a r r i e d  o u t u s in g  c h lo r a l  
h y d ra te  (400 mg/kg) a n e s th e s ia  as  w ell as  lo c a l ly  a n e s th e tiz e d  
an im als p a ra ly z e d  w ith  d - tu b o c u ra r in e  (5 m g/kg). I t  was observed  
t h a t  n ic o t in e ,  in  a range o f doses between 50 and 200 μg /k g , 
enhanced th e  a c t i v i t y  o f  A9 c e l l s  up to  some 25% above th e  b ase
l i n e  in  b o th  g e n e ra l and lo c a l  a n e s th e t iz e d  p r e p a ra t io n s .  However, 
th e  same range o f  doses was more e f f e c t iv e  in  s tim u la t in g  A10 c e l l s  
in  lo c a l  a n e s th e t iz e d  r a t s  in c re a s in g  up to  70% above b a s e l in e  
t h e i r  f i r i n g  r a t e .  In  c o n t r a s t ,  th e  m a jo r ity  o f  th e se  c e l l s  were 
te m p o ra r ily  d ep ressed  in  deep ly  a n e s th e t iz e d  an im als. A ll o f th e  
above e f f e c t s  were r e v e rs e d  and p rev en ted  by mecamylam ine sug
g e s tin g  th e  invo lvem ent o f n ic o t in i c - c h o l in e r g ic  r e c e p to r s .  More
o ver a f t e r  n ic o tin e - in d u c e d  s t im u la t io n ,  low doses o f  apomorphine 
(10-50 μg/k g) in h ib i te d  th e  f i r i n g  r a t e  as  in  c o n tro l  r a t s  sug
g e s t in g  th a t  dopamine r e c e p to r s  a re  n o t d i r e c t l y  in v o lv ed  in  th e  
n ic o t in e  a c t io n .

Our r e s u l t s  su p p o rt th e  id e a  t h a t  n ic o t in e  enhances dopamine 
tra n sm is s io n  and dem onstra te  i t s  g r e a t e r  e f f e c t  on A10 m eso-lim bic 
and meso- c o r t i c a l  th a n  on n i g r o - s t r i a t a l  dopam inergic neu rons .

S upported  in  p a r t  by USPHS NS16215, DA 02668 and NS 07254 to  
T.C.W. and I t a l i a n  MPI and F id ia  Res. Lab. to  G.M.

411.10 DOPAMINE HYPERPOLARISES NEURONES IN THE RAT SUBSTANTIA NIGRA 
ZONA COMPACTA IN VITRO BY INCREASING POTASSIUM CONDUCTANCE.
M.G. Lacey*, N.B. Mercuri & R.A. North. Neuropharmacology 
Laboratory, M .I.T. 56-245, Cambridge, MA 02139.

The f ir in g  r a te  of dopamine (DA)-containing neurones in  the 
su b s tan tia  n ig ra  zona compacta (SNC) has been shown to  be 
reduced by DA in vivo. The ion ic  mechanism underlying th is  
e f fe c t  was determined in  the p resen t experiments.

In tra c e llu la r  recordings were made from neurones in  the SNC 
id e n tif ie d  under v isu a l con tro l in  coronal s l ic e s  (300 μm) of 
r a t  mesencephalon. The s l ic e s  were to ta l ly  submerged in  and 
continuously superfused by oxygenated, bicarbonate-buffered  
a r t i f i c i a l  cerebrosp inal f lu id  containing 2 .5  mM K a t  36°C. The 
neurones o f the SNC generally  f i re d  ac tion  p o te n tia ls  spon
taneously a t  ra te s  o f  1-5 Hz. The f ir in g  ra te  was reduced by DA 
(3-100 μM) in  a concentration-dependent manner. H yperpolarising 
the neurones to  -60 mV by cu rren t in jec tio n  abolished c e l l  
f i r in g ;  under these cond itions 95% o f neurones showed a hyper
p o la r isa tio n  accompanied by a decrease in  input re s is tan ce  in  
response to  DA. In the presence o f 10 μM cocaine the amplitude 
of the hyperpo larisa tions induced by DA (0.3-30 μM) was 
increased , reaching a maximum value o f 15 mV. Reversible and 
reproducib le hyperpolarising  responses were evoked by b r ie f  
ap p lica tio n s  o f  DA from the t ip  o f a m icropipette ; these  were 
reduced in  amplitude when the membrane was hyperpolarised by 
cu rren t in je c tio n  and the response reversed p o la r ity  a t  a 
membrane p o te n tia l  negative to  -100 mV. A sin g le  e lectrode 
voltage clamp am p lifie r (Dagan 8100) was used to  measure 
membrane c u rre n ts . B rie f app lica tio n s o f DA caused tra n s ie n t 
outward cu rren ts  a t  holding p o te n tia ls  o f -60 mV, which became 
sm aller a t  more negative p o te n tia ls  and reversed p o la r ity  nega
tiv e  to  -100 mV. Comparison o f  s te ad y -s ta te  I/V  p lo ts  (obtained 
with slow voltage ramps) in  the presence and absence of DA was 
a lso  used to  measure DA cu rre n ts .

The mean rev e rsa l p o te n tia l fo r DA in  2 .5  mM K obtained with 
these th ree  methods was -109.5 ± 2.3 mV (n=7 c e l l s ) .  In 10.5 mM 
K the rev e rsa l p o te n tia l o f the DA hyperpo larisa tion  was -67 mV. 
The correspondence o f  rev e rsa l p o te n tia l of the DA response to 
the  expected equilibrium  p o te n tia l fo r K io n s, together with the 
c lose to  Nerns t ia n  s h i f t  in  10.5 mM K, in d ica te s  th a t  DA 
increases potassium conductance in  these neurones.

Supported by DA03161 and MH40416.
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411.11 LOCALLY APPLIED DOPAMINE ALTERS ACTIVITY OF VENTRAL 
PALLIDAL/SUBSTANTIA INNOMINATA CELLS. T.C. Napier and G.R. 
B reese. Bio. Sci. Res. C tr., Univ. North Carolina School of 
Medicine, Chapel Hill, NC 27514

Neurons of the  ven tra l pa llidum /substantia  innominata (VP/SI) 
a re  often  excited, in a dose-re lated  fashion, following 
adm inistration of apomorphine. These excitations a re  readily  
antagonized by subsequen t haloperidol trea tm en ts1. VP/SI 
responses to system ically adm inistered dopamine (DA) agonists 
may be mediated ind irec tly  th ro u g h  a lte ra tions of a DA sensitive  
a ffe ren t system  (eg. ven tra l stria tum  o r nucleus accumbens). 
However, recen t re p o rts  provide evidence th a t DA agonists may 
also d irec tly  influence VP/SI cells. For example, DA, DOPAC and 
HVA are  p re sen t in VP/SI tissue  and are  g rea tly  reduced 
following 60HDA lesions of the  su b stan tia  n ig ra2. The p resen t 
s tu d y  electrophysiologically charac te rizes the  effects of locally 
applied DA on firing  of VP/SI cells. Extracellularly recorded 
single u n its  (n=37) were sampled from VP and SI regions in 
chloral hy d ra te  anesthetized  ra ts . VP/SI neurons were 
predom inately biphasic, with a  fir ing  frequency  of 15±4 Hz and 
dem onstrated reg u la r as  well as irreg u la r fir ing  pa tte rn s . 
Approximately half of the  cells te sted  to date were sensitive  to 
m icroiontophoretically applied DA (0.2 M, 20-120 nA) with a 
supp ression  of fir ing  frequency  occu rring  more often than  ra te  
potentiations (75% v s  25%). Local application of the  D1 agonist 
SKF38393 (0.02 M, 20-140 nA) elicited neuronal responses in 42% 
of the  cells te sted  and a decrease  in firing  was most often 
observed . Systemic adm inistration of the  D1 an tagonist, SCH23390 
(0.01-0.5 gm /kg i.v.), sligh tly  a ttenuated  e ffects  of locally applied 
DA b u t a  complete blockade has never been observed. 
Haloperidol (0.1-0.5 g /k g  i.v .), a  D2 an tagon ist, did not cause a 
ro b u s t antagonism  of DA-induced ra te  changes. However, in the  
m ajority of cells te sted , sim ultaneous adm inistration of both 
an tagon ists  did block responses to  iontophoretically e jected  DA. 
These experim ents provide physiological evidence for a 
dopaminergic component to  neuronal in tegra tion  of VP/SI cells 
which likely involves both D1 and D2 DA recep to r sub types.

1 Napier, T.C. and G.R. Breese, Neurosci. A bstr. 11:1076, 1985.
2 Guela, C. and  J.T. Slevin, Neurosci. A bstr. 11:902, 1985.

411.12 INTERACTIONS BETWEEN D-1 AND D-2 RECEPTORS WITHIN THE RAT 
MESOACCUMBENS DOPAMINE SYSTEM: ELECTROPYSIOLOGICAL STUDIES.
S.R . W achtel and F .J .  W hite (SPON: D.P. O 'B rien ) . Neuropsycho
pharm acol. L ab ., Univ. o f I l l i n o i s ,  Champaign, IL 61820.

The e x is te n c e  o f two sub types  o f dopamine (DA) re c e p to rs  w ith in  
th e  CNS i s  now w e ll e s ta b l is h e d .  The D-1 re c e p to r  i s  d e fin ed  as 
t h a t  re c e p to r  a t  which DA s t im u la te s  ad e n y la te  c y c la s e , whereas 
the  D-2 recep tor i s  e ith e r  unlinked to  the  cyclase or mediates an 
in h ib i t i o n  o f i t s  a c t i v i t y .  In  p rev io u s  e le c tro p h y s io lo g ic a l  
s tu d ie s  (W hite and Wang, J .  N eu ro sc i. 6 , 1986), we have 
dem onstrated  th e  e x is te n c e  o f bo th  re c e p to r  sub types w ith in  th e  
r a t  nu c leu s  accumbens (NAc), each o f which is  a s s o c ia te d  w ith  an 
in h ib i t i o n  o f NAc n eu ronal a c t i v i t y .  In  c o n t r a s t ,  th e  im pulse
r e g u la t in g  DA a u to re c e p to r  on A10 DA neurons w ith in  th e  v e n t r a l  
tegm en ta l a re a  (VTA) which in n e rv a te  th e  NAc appear to  be 
e x c lu s iv e ly  o f th e  D-2 sub type (W hite and Wang, JPET, 231, 1986). 
However, in  s p i t e  o f th e  la ck  o f in h ib i to ry  e f f e c t  o f in travenous 
( i . v . )  o r  io n to p h o re tic  SKF-38393 (a  D-1 s e le c t i v e  a g o n is t)  on A10 
DA n eu ro n a l f i r i n g ,  th e  D-1 s e le c t i v e  a n ta g o n is t  SCH-23390, when 
a d m in is te red  i . v . ,  caused  an in c re a s e  (15-46%) in  th e  f i r i n g  o f 4 
o u t o f 6 A10 DA neurons. These f in d in g s  sug g est p o s s ib le  
in t e r a c t io n s  between D-1 and D-2 re c e p to r s  w ith in  th e  
mesoaccumbens DA system . Such in te r a c t io n s  have been fu r th e r  
in v e s t ig a te d  in  th e  p re s e n t expe rim en ts.

In  t h e  f i r s t  e x p e r im e n ts ,  we t e s t e d  t h e  p o s s i b i l i t y  t h a t  th e  
D-1 a g o n is t  SKF-38393 m ig h t a l t e r  t h e  r a t e  s u p p re s s a n t  e f f e c t  o f  
t h e  D-2 s e l e c t i v e  a g o n is t  q u i n p i r o l e  (LY-171555). SKF-38393 (0 .1 - 
3 .1  m g/kg , i . v . )  f a i l e d  t o  a l t e r  e i t h e r  t h e  f i r i n g  r a t e s  o f  A10 DA 
n e u ro n s  o r  t h e  p o te n c y  o f  q u i p i r o l e  (1-31 μg /k g ,  i . v . )  t o  i n h i b i t  
t h e s e  c e l l s .  H ow ever, SCH-23390 (50-150 μg /k g ,  i . v . )  in c r e a s e d  
th e  f i r i n g  o f  3 o u t  o f  10 A10 DA c e l l s  t h a t  h ad  b een  i n h i b i t e d  by 
q u i n p i r o l e .  We h av e  o b ta in e d  s i m i l a r  r e s u l t s  when SCH-23390 was 
a d m in i s t e r e d  fo l lo w in g  a p o m o rp h in e - in d u c e d  i n h i b i t i o n .

In  experim en ts designed  to  determ ine  how i . v .  SCH-23390 might 
in c re a s e  A10 DA a c t iv i t y  when th e r e  a re  no D-1 r e c e p to r s  on th e  
A10 DA c e l l s ,  we used an tid ro m ic  s tim u la t io n  tech n iq u es  to  explore 
th e  p o s s i b i l i t y  th a t  NAc-VTA feedback pathways m ight be involved 
in  t h i s  e f f e c t .  We have a n t id ro m ic a lly  id e n t i f i e d  8 NAc neurons 
which p ro je c t  to  th e  VTA. Two o f th e se  c e l l s  were in h ib i te d  by 
io n to p h o re tic  SKF-38393, an e f f e c t  which was blocked by SCH-23390. 
Thus, th e  ra te -e n h a n c in g  e f f e c t s  o f SCH-23390 on a subpopu la tion  
o f A10 DA c e l l s  may be i n d i r e c t ly  m ediated  by neu ro n a l feedback 
pathw ays. A p paren tly , on ly  a p o r tio n  o f NAc-VTA feedback f ib e r s  
em anate from NAc neurons p o sse ss in g  D-1 r e c e p to r s .  T h e re fo re , 
in t e r a c t io n s  between D-1 and D-2 re c e p to rs  w ith in  th e  meso
accumbens DA pathway may occur p r im a r ily  p o s ts y n a p tic a l ly  r a th e r  
th an  d i r e c t l y  on A10 DA c e l l s .  (Supported  by a PMAF R esearch 
S t a r t e r  G ran t, th e  Univ. o f I 11. R esearch  Board, and DA-04093).

411.13 ELECTROPHYSIOLOGICAL EFFECTS OF COCAINE IN THE MESOACCUMBENS 
DOPAMINE SYSTEM: STUDIES IN THE NUCLEUS ACCUMBENS. F .J .  W hite . 
N europsychopharm acol. L a b ., Univ. I l l i n o i s ,  Champaign, IL 61820.

The nu c leu s  accumbens (NAc) i s  known to  be invo lved  in  th e  
r e in fo rc in g  e f f e c t s  o f c o c a in e . Our p rev io u s  s tu d ie s  have 
in d ic a te d  t h a t ,  in  c h lo r a l  h y d ra te  a n e s th e tiz e d  r a t s ,  
io n to p h o re tic  ( io n to )  a d m in is tr a tio n  o f coca in e  p o te n t ia te s  th e  
in h ib i to r y  e f f e c t s  o f dopamine (DA) on NAc neurons (W hite, Soc 
N eurosci A b st, 11, 1985). These r e s u l t s  su g g es t t h a t  cocaine  
in c re a s e s  DA n eu ro tran sm iss io n  w ith in  th e  NAc by b lo ck in g  th e  DA 
reu p tak e  mechanism. S im ila r  e f f e c t s  o f co ca in e  occur in  som ato
d e n d r i t ic  reg io n s  o f mesoaccumbens A10 DA neurons w ith in  th e  
v e n t r a l  tegm en ta l a re a  w hich, a long  w ith  feedback in h i b i t i o n ,  
cau ses  a su p p re ss io n  o f t h e i r  a c t i v i t y  (E inhorn  and W hite, th i s  
volum e). When th e  e f f e c t s  o f io n to -c o c a in e  on NAc neurons and A10 
DA neurons were d i r e c t l y  compared in  th e  p re s e n t s tu d ie s ,  coca in e  
(0.01M) was s ig n i f i c a n t ly  more p o te n t a t  in h ib i t i n g  NAc c e l l s .  
T h is was s u rp r is in g  s in c e  A10 DA a u to re c e p to rs  a re  more s e n s i t i v e  
to  DA th a n  p o s ts y n a p tic  DA re c e p to r s  in  th e  NAc. In  a d d i t io n ,  
co ca in e  was a more p o te n t in h i b i to r  o f NAc neurons th an  was DA. 
These r e s u l t s  su g g es t t h a t  bo th  DA and non-DA mechanisms a re  
invo lved  in  c o c a in e 's  e f f e c t s  w ith in  th e  NAc. S ince  co ca in e  a lso  
i n h i b i t s  s e ro to n in  (5-HT) re u p tak e  and s in c e  th e  NAc r e c e iv e s  5-HT 
in p u ts  from th e  d o rs a l raphe n u c le u s , we have s tu d ie d  a  p o s s ib le  
5-HT involvem ent in  th e  e f f e c t s  o f  coca ine  on NAc c e l l s .

As p re v io u s ly  re p o r te d  (W hite, Pharmacol Biochem Behav, 24 , 
1986), ionto-5-H T (0.3M) produced two e f f e c t s  on NAc c e l l s .  Most 
c e l l s ,  w hether spon tan eo u sly  a c t iv e  o r  d r iv e n  to  f i r e  by io n to 
g lu tam a te  (0.1M ), were in h ib i te d  by low 5-HT e j e c t io n  c u r re n ts  
(5-20nA ). However, 5-HT in c re a se d  th e  a c t i v i t y  o f  a  s u b se t o f 
sp o n tan eo u sly  a c t iv e  NAc c e l l s .  In  c o n t r a s t ,  DA in h ib i te d  th e  
a c t i v i t y  o f bo th  ty p e s  o f NAc neu ro n s . Cocaine was more p o te n t a t  
i n h ib i t i n g  th o se  c e l l s  on w hich bo th  DA and 5-HT were in h ib i to r y  
as compared to  th o se  on which 5-HT was e x c i ta to r y .  In  a d d i t io n ,  
co c a in e  was more p o te n t th a n  e i t h e r  5-HT o r  DA a lo n e . Low 
e j e c t io n  c u r re n ts  (2-4nA) o f  co c a in e  p o te n t ia te d  th e  in h ib i to r y  
e f f e c t s  o f  bo th  DA and 5-HT on NAc c e l l s .  The s e le c t i v e  DA up take  
in h i b i to r  GBR-12909 (0.01M) p o te n t ia te d  th e  e f f e c t s  o f DA b u t n o t 
th o se  o f  5-HT and, by i t s e l f ,  produced an in h ib i t i o n  o f a c t i v i t y  
which was s ig n i f i c a n t ly  l e s s  th a n  th a t  produced by c o c a in e . The 
D-2 DA a n ta g o n is t  1 - s u lp i r i d e  (0.05M) com plete ly  b locked th e  
e f f e c t s  o f DA, p a r t i a l l y  b locked th e  e f f e c t s  o f co c a in e , b u t 
e x e r te d  no e f f e c t  on th o se  o f 5-HT. The lo c a l  a n e s th e t ic  p ro ca in e  
(0.01M) d id  n o t a l t e r  th e  f i r i n g  r a t e s  o f  NAc n eru o n s. These 
r e s u l t s  in d ic a te  t h a t  co ca in e  i s  a p o te n t in h i b i to r  o f most NAc 
c e l l s  because i t  b locks  th e  re u p tak e  o f bo th  DA and 5-HT, each  o f 
which i s  in h ib i to r y  on most NAc c e l l s .  (S upported  by a PMAF 
R esearch  S t a r t e r  G ran t, BRSG NIH RR-7030 and NIDA G rant DA-04093).

411.14 ELECTROPHYSIOLOGICAL EFFECTS OF COCAINE IN THE MESOACCUMBENS 
DOPAMINE SYSTEM: STUDIES IN THE VENTRAL TEGMENTAL AREA. L.C. 
Einhorn* and F .J .  W hite (SPON: W.G. Wood). Neuropsychopharmacol. 
L a b ., Univ. o f I l l i n o i s ,  Champaign, IL 61820.

B eh av io ra l ev idence has dem onstrated  t h a t  th e  re in fo rc in g  
p ro p e r t ie s  o f  coca in e  a re  m ed ia ted , a t  l e a s t  in  p a r t ,  by th e  
mesoaccumbens dopamine (DA) system  p ro je c t in g  from th e  A10 DA 
c e l l s  w ith in  th e  v e n t r a l  tegm en ta l a re a  (VTA) to  th e  nucleus 
accumbens (NAc). We have r e c e n tly  re p o r te d  t h a t  in trav en o u s  (iv )  
a d m in is tr a tio n  o f co caine  to  c h lo r a l  h y d ra te  a n e s th e tiz e d  r a t s  
causes  a dose-dependen t p a r t i a l  in h ib i t io n  (50-60%) o f th e  
a c t i v i t y  o f  id e n t i f i e d  mesoaccumbens A10 DA neurons (W hite, Soc 
N eurosci A b st, 11, 1985). A lthough t h i s  e f f e c t  appeared  to  be due 
to  c o c a in e 's  a b i l i t y  to  b lock  th e  DA n eu rona l up take  mechanism, 
o th e r  e f f e c t s  o f co caine  were n o t ru le d  o u t. Because cocaine  also 
i n h i b i t s  th e  reu p tak e  o f n o rep in ep h rin e  (NE) and s e ro to n in  (5-HT) 
and e x e r t s  lo c a l  a n e s th e t ic  e f f e c t s ,  we exp lo red  th e  p o s s ib le  
r o le s  o f th e s e  v a r io u s  mechanisms in  th e  in h ib i to ry  e f f e c t s  of 
co c a in e  on A10 DA c e l l s .  A d m in is tra tio n  o f th e  ca techo lam ine 
up take  in h ib i to r  nom ifensine and th e  s e le c t i v e  DA up take  in h ib ito r  
GBR-12909 r e s u l te d  in  a dose-dependen t su p p re ss io n  o f A10 u n it  
a c t i v i t y  com parable to  th a t  observed w ith  cocaine  (0 .1 -3 .1  mg/kg, 
i v ) .  In  c o n t r a s t ,  n e i th e r  th e  s e le c t i v e  NE up take  in h i b i to r ,  
d e s ip ra m in e , nor th e  s e le c t i v e  5-HT up take  in h i b i to r ,  f lu o x e tin e , 
caused  any s ig n i f i c a n t  a l t e r a t i o n  o f A10 DA neu ro n a l a c t i v i t y .  
The lo c a l  a n e s th e t ic  p ro ca in e  caused  a  t r a n s i e n t  in c re a s e  in  the  
a c t i v i t y  o f most c e l l s  te s t e d .  In  m ic ro io n to p h o re tic  experim ents, 
GBR-12909 (0.01M, 20nA) caused a p a r t i a l  su p p res io n  o f A10 DA u n it 
a c t i v i t y  s im i la r  to  t h a t  p re v io u s ly  found w ith  coca in e  w h ile  
p ro c a in e  (0.01M 40nA) f a i l e d  to  a l t e r  n eu ro n a l a c t i v i t y .

In  a d d i t io n ,  because we have p re v io u s ly  shown th a t  
m ic ro io n to p h o re tic  a p p l ic a t io n  o f cocaine  on to  A10 DA c e l l s  caused 
on ly  a weak (15-20%) in h ib i t i o n  o f  A10 DA c e l l s  w h ile  s im i la r  
a d m in is tr a t io n  in  th e  NAc r e s u l te d  in  a s ig n i f i c a n t ly  g re a te r  
in h ib i t i o n  (W hite, t h i s  volum e), we sought to  de term ine  w hether 
NAc-VTA neu ro n a l feedback pathways m ight be invo lved  in  th e  
e f f e c t s  o f iv  co c a in e . R ats re c e iv e d  u n i l a t e r a l  ib o te n ic  ac id  
(5 -6  μg )  in je c t io n s  in to  th e  NAc to  d e s tro y  neu ro n a l som ata. 
Follow ing 5-7 days o f p o s to p e ra tiv e  reco v e ry , th e  in h ib i to ry  
e f f e c t s  o f iv  coca in e  on A10 DA c e l l s  were s ig n i f i c a n t ly  reduced 
as compared to  th o se  observed in  sham o p era ted  c o n t ro ls .

These r e s u l t s  in d ic a te  t h a t  th e  e f f e c t s  o f  cocaine  on A10 DA 
neurons a re  due to  a l t e r a t i o n s  in  DA a c t i v i t y  r a th e r  th a n  5-HT, NE 
o r  lo c a l  a n e s th e t ic  e f f e c t s .  In  a d d i t io n ,  bo th  im p u lse -reg u la tin g  
s o m a to d e n tr i t ic  DA a u to re c e p to rs  and in h ib i to ry  NAc-VTA feedback 
p ro c e sse s  appear to  be invo lved  in  th e  e f f e c t s  o f iv  coca ine  on 
A10 DA n eu rons . (S upported  by a PMAF R esearch  S t a r t e r  G ran t, BRSG 
NIH RR-7030 and NIDA G rant DA-04093).
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411.15 NEURONAL RESPONSIVENESS TO BIOGENIC AMINES AND GABA IN RAT CINGU
LATE VS PARIETAL CORTEX: COMPARATIVE MICROIONTOPHORETIC STUDY.
M. Beauregard* and A. F erron  (SPON: R.A. B e n o i t) . C en tre  de 
rech e rch e  en  s c ie n c e s  neu ro lo g iq u es  (Dép . p h y s io lo g ie ) , U n iv e rs i
t é  de Montréa l ,  Montréa l  (Qué . ) ,  Canada H3C 3J7 .

The c in g u la te  and th e  p a r i e t a l  c o r te x  o f  r a t  b o th  re c e iv e  a  
t r i p l e  monoamine in n e rv a tio n , by dopamine (DA), n o ra d re n a lin e  
(NA) and s e ro to n in  (5-HT) a f f e r e n t s .  Whereas NA and 5-HT axon 
te rm in a ls  a re  r e l a t i v e ly  abundant and d is t r i b u te d  to  eve ry  la y e r  
in  th e se  two c o r t i c a l  r e g io n s , th e  DA te rm in a ls  a re  a l s o  found in  
g r e a t  number and in  eve ry  la y e r  o f th e  c in g u la te  c o r te x ,  b u t they  
a r e  o n ly  s c a rc e  and s t r i c t l y  co n fin ed  to  la y e r  VI in  th e  p a r i e t a l  
c o r te x  (D e sc a rr ie s  e t  a l . ,  1986). In  c o n t r a s t ,  th e  d e n s ity  o f 
GABAergic nerve c e l l  bo d ie s  and axon te rm in a ls  ap p ears  to  be 
f a i r l y  un ifo rm  th roughou t bo th  c o r t i c a l  r e g ions (M ugnaini e t  
O e r te l ,  1985). The e f f e c t  o f  th e se  t r a n s m it t e r s  on spon taneously  
a c t iv e  neurons o f  th e  c in g u la te  and th e  p a r i e t a l  c o r te x  was com
pared  by m ic ro io n to p h o re s is  in  u re th a n e -a n a e s th e tiz e d  r a t s .  The 
re sp o n s iv en ess  to  m ic ro io n to p h o re tic a lly  a p p lie d  DA (0 .5  M, pH 
4 ) ,  NA (0 .5  M, pH 4 ) ,  5-HT (0 .1  M, pH 4) and GABA (1 .0  M, pH 4) 
was a s s e s se d  w ith  th e  IT50 method, i . e .  by measurement o f  th e  
c u r r e n t  ( in  nA) X tim e ( in  sec ) re q u ire d  to  o b ta in  a  50% d ep re s
s io n  o f  f i r i n g  r a t e .  Both c o r t i c a l  re g io n s  were examined in  th e  
same r a t s ,  m ost o f  th e  d a ta  f o r  th e  p a r i e t a l  c o r te x  being  ob
ta in e d  from deep la y e r  n eu rons .

A v a s t  m a jo r ity  o f  spon taneously  a c t iv e  neurons in  bo th  th e  
c in g u la te  and th e  p a r i e t a l  c o r te x  responded by d e p re ss io n  o f 
t h e i r  t i r i n g  r a t e  to  a l l  o r  e i t h e r  one o f  th e  b io g e n ic  am ines and 
to  GABA. There were no s ig n i f i c a n t  d if f e re n c e s  in  IT50 v a lu es  
f o r  NA (632 ± 72 v s  711 ± 177 nC) and fo r  5-HT (667 ± 70 v s  616 ± 
143 nC) between th e se  two re g io n s . However, re sp o n s iv en ess  to  DA 
was n e a r ly  tw ice  low er in  c in g u la te  than  in  p a r i e t a l  c o r te x  (1732 
± 336 v s  1016 ± 154 nC ). In  th e  ca se  o f GABA, a  re v e rs e  observa
t i o n  was made, c in g u la te  c e l l s  showing fo u r  tim es h ig h e r  respon 
s iv e n e ss  th an  th e  p a r i e t a l  neurons (56 ± 9 v s  209 ± 30 nC).

These d a ta  su g g es t th a t  th e  p resen ce  o f  DA te rm in a ls  e x e r t s  a 
profound in f lu e n c e  on th e  re sp o n s iv en ess  o f  c o r t i c a l  neurons to  
t h i s  b io g e n ic  amine and to  GABA, b u t n o t to  NA o r  5-HT. The 
low er DA re sp o n s iv en ess  in  more d en se ly  D A -innervated c o r te x  
( c in g u la te )  cou ld  r e f l e c t  a  g r e a t e r  c a p a c ity  f o r  reu p tak e  a n d /o r  
a  re g io n a l d if f e re n c e  in  s e n s i t i v i t y  o f D1 a n d /o r  D2 p o s ts y n a p tic  
r e c e p to r s .  The w eaker re sp o n s iv en ess  to  GABA in  th e  l e s s  d en se ly  
D A -innervated c o r te x  ( p a r i e ta l )  s u g g e s ts  a  m odulatory  in te r a c 
t i o n  between th e s e  two t r a n s m i t t e r s ,  u n le s s  th e  i n t r i n s i c  p ro p e r
t i e s  o f  th e  GABA system  d i f f e r  between c o r t i c a l  r e g io n s .
(S upported  by g r a n t  MA-8666 from th e  M edical R esearch C ouncil o f 
Canada)

411.16 ELECTROPHYSIOLOGICAL PROPERTIES OF DOPAMINE-SENSITIVE NEURONS 
IN SUBSTANTIA NIGRA TISSUE SLICES. N.L. S i lv a  and B .S . Bunney  
D e p a rtm e n ts  o f  P s y c h ia t r y  an d  Pharm acology, Y ale U n iv e rs ity  
School o f  M edic ine, New Haven, CT 06510

I d e n t i f i e d  dopam ine (DA) n e u ro n s  h a v e  b e e n  o b s e rv e d  in  
v iv o  to  f i r e  in  two ty p e s  o f  p a t t e r n s :  1) a  s lo w  i r r e g u l a r  
s p ik in g  mode and 2) a  b u r s t  f i r i n g  mode. I n t r a c e l l u l a r  s tu d ie s  
have shown th a t  DA n e u ro n s  h a v e  a  s lo w  d e p o l a r i z a t i o n  (SD) 
w h ich  r e s u l t s  i n  a n  a c t i o n  p o t e n t i a l  (AP) w hich i s  fo llow ed  
by an  a f t e rh y p e rp o la r iz a t io n  (AHP). I t  i s  b e l i e v e d  t h a t  t h i s  
i s  a n  i n t r i n s i c  pacem ak e r m odu la ted  by a f f e r e n t s  to  produce 
th e  i r r e g u l a r  an d  b u r s t  f i r i n g  p a t t e r n s  o f  th e  DA n e u ro n . 
R e c e n t ly ,  D A - s e n s i t iv e  n e u ro n s  i n  th e  n i g r a l  t i s s u e  s l i c e  
w ere r e p o r te d  to  e x h i b i t  c h a r a c t e r i s t i c s  w h ich  a r e  s i m i l a r  
t o  t h o s e  fo u n d  i n  v iv o , ex c ep t t h a t  th e y  have a  v e ry  r e g u la r  
f i r i n g  p a t t e r n .  We f u r t h e r  ex am in ed  th e  f i r i n g  p a t t e r n  o f  
D A -sen s itiv e  neu rons  i n  v i t r o , u t i l i z i n g  in t r a c e l lu la r  recording 
te c h n iq u es  and in v e s t ig a te d  th e  e f f e c t  o f  DA on th e s e  c e l l s .

M id b r a i n  t i s s u e  s l i c e s  (3 0 0 -4 0 0 μm) w ere  p r e p a r e d  from  
200-250gm m ale Sprague Dawley r a t s .  S l i c e s  w ere  p la c e d  i n t o  
a n  a i r  i n t e r f a c e  r e c o r d in g  cham ber w h ich  w as c o n t in u o u s ly  
p e rfu s e d  w ith  an  o x y g e n a te d  n u t r i e n t  medium an d  m a in ta in e d  
a t  3 6 .5 cC. The p e r f u s a t e  c o u ld  b e  r a p i d l y  sw itched  between 
n o rm a l an d  DA c o n t a in i n g  m ed ia  (1 -1 0 0  μ M ). I n t r a c e l l u l a r  
e le c t ro d e s  (50-70 Megohms) w ere f i l l e d  w ith  3M KCl .

I n t r a c e l l u l a r  re c o rd in g s  o f  D A -se n s itiv e  n e u ro n s  r e v e a le d  
t h a t  th e y  p o sse ss  an  in p u t r e s i s ta n c e  ran g in g  between 100-200 
Megohms and a  tim e c o n s ta n t o f  3 7 .5  ± 5 ms. H y p e r p o la r iz in g  
c u r r e n t  p u ls e s  d em onstra ted  a  n o n lin e a r  c u r r e n t -v o lta g e  r e l a 
tio n s h ip .  The A P 's  w ere  o f  lo n g  d u r a t i o n  (>2mS) an d  f i r i n g  
r a t e s  w e re  s lo w  ( 0 .5 - 5  s p k / s ) . A ll  c e l l s  e x h ib i te d  a  r e g u la r  
f i r i n g  p a t t e r n .  As w as d e s c r i b e d  i n  v i v o , a  SD (11  ± 3mV, 
210 ± 60 ms) i n i t i a t e d  e a c h  AP (50-55mV) w hich was fo llow ed  
by an  AHP. The SD, f i r i n g  r a t e  an d  f i r i n g  th r e s h o l d  w ere  
v o l t a g e  s e n s i t i v e .  The i n t r o d u c t io n  o f  DA was a s s o c i a t e d  
w ith  a  dose-dependen t h y p e rp o la r iz a t io n  and d e c re a se  in  f i r i n g  
r a t e , a lo n g  w i th  a  d e c r e a s e  i n  i n p u t  r e s i s t a n c e  w hich  was 
m a in ta in ed  when th e  membrane p o t e n t i a l  w as m a n u a lly  c lam ped  
to  r e s t i n g  l e v e l s .  These e f f e c t s  w ere an tag o n ize d  by s u lp ir id e .

These r e s u l t s ,  o b ta in e d  from  s l i c e s  i n  w h ich  m ost i f  n o t  
a l l  a f f e r e n t s  a r e  c u t ,  su p p o rt th e  i n  v iv o  s tu d ie s  s u g g e s tin g  
t h a t  DA c e l l s  h a v e  i n t r i n s i c  pacem ak e r a c t i v i t y  w h ic h  i s  
m od ified  by in p u ts  e x te rn a l  t o  th e  s u b s ta n t ia  n ig r a  to  produce 
th e  d i f f e r e n t  f i r i n g  p a t te r n s  observed  in  v iv o .

S u p p o r te d  by The American P a rk in s o n 's  D isease  A ss o c ia tio n , 
a  Jam es Hudson Brown-Alexander B. Coxe F e l lo w s h ip ,  MH 28849 
& MH25642.

4 1 1 .17 E X C IT A B IL IT Y  P R O P E R T IE S  OF MEDIAL F OREBRAIN BUNDLE 
AXONS OF PU TATIV E A 10  DOPAMINE CE LLS. J . S .  Y e o m a n s ,  N . T  
M a id m e n t*  a n d  B . S . B u n n e y . D e p t .  P h a r m a c o l o g y ,  Y a l e  
U n i v .  S c h o o l  o f  M e d i c i n e ,  New H a v e n ,  CT 0 6 5 1 0 .

P u t a t i v e  v e n t r a l  t e g m e n t a l  d o p a m i n e  c e l l s  w e r e  
r e c o r d e d  e x t r a c e l l u l a r l y  a n d  a n t i d r o m i c a l l y  a c t i v a t e d  
b y  e l e c t r i c a l  s t i m u l a t i o n  o f  t h e  m e d i a l  f o r e b r a i n  
b u n d l e  a t  t h e  l e v e l  o f  t h e  p r e o p t i c  a r e a  i n  r a t s .  T h e  
c e l l s  w e r e  i d e n t i f i e d  b y  l o c a t i o n ,  w a v e f o r m ,  
s p o n t a n e o u s  f i r i n g  r a t e ,  a n t i d r o m i c  l a t e n c y  a n d  
c o l l i s i o n  t e s t s .  T h e  a b s o l u t e  r e f r a c t o r y  p e r i o d s ,  
m e a s u r e d  w i t h  t e s t  p u l s e s  1 . 5  t o  3 t i m e s  c u r r e n t  
t h r e s h o l d ,  r a n g e d  f r o m  1 . 2  t o  2 . 5  m s e c .  M in im u m  l a t e n c y  
v a r i e d  f r o m  5 . 0  t o  11  m s e c ,  a s  m e a s u r e d  a t  t h e  p e a k  o f  
t h e  i n i t i a l  s e g m e n t  s p i k e .  C o l l i s i o n  i n t e r v a l s  w e r e  
n e a r  t h e  a n t i d r o m i c  l a t e n c y ,  a n d  c o n s i d e r a b l y  l e s s  t h a n  
t h e  l a t e n c y  p l u s  t h e  a b s o l u t e  r e f r a c t o r y  p e r i o d .

T h e  l a t e n c y  o f  a n t i d r o m i c  s p i k e s  i n  a  g i v e n  c e l l  
v a r i e d  b y  a s  m u ch  1 . 5  m s e c ,  d e p e n d i n g  o n  w h e n  t h e  
s t i m u l u s  w a s  d e l i v e r e d  r e l a t i v e  t o  s p o n t a n e o u s  s p i k e s .  
W hen t w o  p u l s e s  w e r e  d e l i v e r e d ,  t h e  l a t e n c y  f o l l o w i n g  
t h e  s e c o n d  p u l s e  w a s  m o re  r e l i a b l e ,  a l w a y s  b e i n g  
l o n g e s t  a t  i n t e r p u l s e  i n t e r v a l s  s l i g h t l y  l o n g e r  t h a n  
t h e  a b s o l u t e  r e f r a c t o r y  p e r i o d  a n d  s h o r t e s t  a t  
i n t e r p u l s e  i n t e r v a l s  f r o m  2 0  t o  2 0 0  m s e c  ( t h e  
s u p e r n o r m a l  p e r i o d ) .  T h e  p e a k  o f  s u p e r n o r m a l  p e r i o d  
c o n d u c t i o n  w a s  s i m i l a r  t o  t h e  i n t e r s p i k e  i n t e r v a l  o f  
b u r s t s  o b s e r v e d  s p o n t a n e o u s l y ,  s u g g e s t i n g  t h a t  b u r s t i n g  
f a v o r s  f a s t  c o n d u c t i o n  t h r o u g h  a x o n s .

I n  s e v e r a l  c e l l s  MFB s t i m u l a t i o n  b e l o w  a n t i d r o m i c  
t h r e s h o l d  r e s u l t e d  i n  a  b u r s t  o f  f i r i n g s .  T h e  l a t e n c y  
o f  t h e  f i r s t  a c t i o n  p o t e n t i a l  w a s  3 0 - 1 0 0  m s e c  a n d  w a s  
f o l l o w e d  b y  1 - 4  s p i k e s  w i t h i n  a  f e w  h u n d r e d  m s e c ,  t h e n  
a  r e l a t i v e l y  i n a c t i v e  p e r i o d  f o l l o w e d  b y  a  r e t u r n  t o  
n o r m a l  s p o n t a n e o u s  f i r i n g .  T h i s  s u g g e s t s  t h a t  MFB 
s t i m u l a t i o n  w i t h  s i n g l e ,  h i g h - c u r r e n t  s t i m u l a t i n g  
p u l s e s  ( 8 0 0  uA  a n d  a b o v e ,  0 . 5  m s e c  d u r a t i o n  p u l s e s )  c a n  
s y n a p t i c a l l y  a c t i v a t e  DA c e l l s  t o  p r o d u c e  a  s i n g l e  
b u r s t .

T h e  c u r r e n t - d i s t a n c e  r e l a t i o n s h i p ,  t e s t e d  i n  4  c e l l s  
b y  m o v in g  t h e  s t i m u l a t i n g  e l e c t r o d e  p a s t  t h e  a x o n ,  w a s  
a p p r o x i m a t e l y  p a r a b o l i c  ( I  = K d  e x p  2 ) ,  w i t h  K r a n g i n g  
f r o m  1 0 0 0  t o  2 0 0 0  uA /m m  e x p  2 f o r  0 . 5  m s e c  p u l s e s .  
T h i s  a l l o w s  c a l c u l a t i o n  o f  t h e  r a d i u s  o f  t h e  f i e l d  o f  
d o p a m i n e  a x o n  e x c i t a t i o n  a t  a n y  c u r r e n t .
( S u p p o r t e d  b y  NSERC C a n a d a  g r a n t  t o  J . Y . ,  T h e  W e l l c o m e  
T r u s t ,  T h e  G u a r a n t o r s  o f  B r a i n  t o  N. M.  a n d  NIMH g r a n t s  
M H 2 8 8 4 9 -1 0  a n d  M H 25642 t o  B . S . B . )

411.18 EFFECTS OF DOPAMINE AGONISTS ON SLOW AND FAST FIRING DOPAMINE 
NEURONS. L.T. Meltzer and C.L. Christoffersen*. Warner-Lambert/ 
Parke-Davis Pharmaceutical Research, Ann Arbor, MI 48105

There is recent evidence that the baseline f iring rate of 
dopamine (DA) neurons can influence the percent inhibition 
produced by different DA agonists. In the present study, we have 
extended these observations by evaluating the cumulative IV 
dose-response curves for EMD 23 448, pergolide (PER), lisuride 
(LIS), apomorphine (APO), and (-)3PPP (-3P) on slow (<4 Hz) and 
fast  (>4 Hz) f iring DA neurons. Extracellular single-unit  
recordings were obtained from chloral hydrate anesthetized male 
S-D rats .  DA neurons were identified by standard cr i te r ia .  
Unless sta ted,  doses are cumulative.

Slow Firing Neurons. APO (32 ug/kg), PER (10 ug/kg), and EMD 
(200 ug/kg) produced complete inhibition (100%) of slow firing DA 
neurons. LIS (40 ug/kg) completely inhibited 5 of 6 DA neurons. 
-3P (640 ug/kg) produced near-complete (93%) inhibition of slow 
firing DA neurons. Thus, all  these DA agonists show full or near 
full agonist act ivi ty  on slow firing DA neurons.

Fast Firing Neurons. APO (128 ug/kg) and PER (40 ug/kg) 
produced complete inhibition of fast fi ring DA neurons. In 
contrast, EMD (4.0 mg/kg), -3P (5.1 mg/kg), and LIS (1.28 mg/kg) 
produced only partial inhibition (60%) of fast f iring DA neurons. 
Thus, APO and PER exhibit full agonist activity  while EMD, -3P, 
and LIS exhibit partial agonist activity  on fast  f iring DA neurons 
when a cumulative dose-response is determined. However, when 
doses of EMD (0.5 mg/kg) and LIS (.64 mg/kg) which produced 
partial  inhibition (60%) in the cumulative dose-response curve 
were injected as bolus doses, they produced near complete inhibi
tion (>90%) of fast f iring DA neurons. Thus, LIS and EMD can 
display full DA agonist activity  similar to APO and PER. However, 
i t  appears that a dose of LIS or EMD in some way effects a 
subsequent dose's ab i l i ty  to produce inhibition. This is not 
observed with APO and PER. In contrast, a large bolus dose of -3P 
(2.5 mg/kg) s t i l l  only produced a partial inhibition (46%) of fast 
f iring DA neurons. Thus, as reported previously, -3P appears to 
be a partial  DA agonist.

For all compounds, the percent inhibition produced by the same 
dose was greater in slow compared to fast  f iring DA neurons. 
However, the magnitude of the inhibition in actual HZ was always 
equal or greater in fast  compared to slow firing cells .  This 
suggests that  there are no intrins ic  differences between these 
a rb i t ra r i ly  defined cell populations in their  response to DA 
agonists.
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411.19 M ID B R A IN  DO PAM INE N EU RO N S IN  G E N E T IC  M OUSE 
S T R A IN S : N EU RO N A L R E S P O N S E  P R O P E R T IE S . G . L .  
B e r n a r d i n i* ,  S . G . S p e c ia le , a n d  D . C . G e rm a n  (S P O N : E . O r r ) .  
D e p t s .  o f  P h y s io l ,  a n d  P s y c h i a t . ,  U n iv .  o f  T e x a s  H e a l th  S c i .  
C n t r . , D a l la s ,  T X  75235 .

T h e r e  a r e  s t r a i n - d e p e n d e n t  d i f f e r e n c e s  in  m id b r a in  
d o p a m in e  (D A ) n e u r o n s .  T h e  B A L B /c  m o u se ;  ( a )  e x h ib i t s  
m o re  D A - re la te d  b e h a v io r  ( F in k  & R e is ,  B r a in  R e s .  
2 2 2 :3 3 5 ,1 9 8 1 ) ;  ( b )  h a s  m o re  D A  ty p e - 2  r e c e p t o r s  in  t h e  
s t r i a t u m  (H e lm e s te  & S e e m a n , P s y c h i a t . R e s . 7 :3 5 1 ,1 9 8 2 ) ;  
a n d  ( c )  h a s  m o re  m id b r a in  DA n e u r o n s  ( F in k  & R e is ,  
1 9 8 1 ;G e rm a n  e t  a l .  N e u r o s c i .  A b s t r .  9 :1 1 5 0 , 1983) t h a n  
t h e  C B A  s t r a i n .  I n  o r d e r  to  d e te r m in e  h o w  s in g le  DA 
n e u r o n s  f u n c t io n  in  n u c le i  o f  d i f f e r e n t  s iz e s  w e h a v e  
m ad e  i n  v iv o  r e c o r d in g s  f ro m  t h e  m id b r a in  DA n e u r o n s  in  
B A L B /c  a n d  C B A  m o u se  s t r a i n s .  We f o u n d  t h a t  t h e  
m id b r a in  DA n e u r o n s  f i r e d  s ig n i f ic a n t ly  s lo w e r  in  t h e  
B A L B /c  t h a n  in  t h e  C B A  s t r a i n  ( S a n g h e r a  & G e rm a n ,  
N e u r o s c i .  Ab s t r .  1 0 :9 5 0 , 1 9 8 4 ) , b u t  t h e  B A L B /c  n e u r o n s  
w e r e  s ig n i f ic a n t ly  m o re  s e n s i t i v e  to  a u to r e c e p t o r  
s t im u la t io n  t h a n  th o s e  in  t h e  C B A  (W a lk e r  e t  a l .  
N e u r o s c i .  A b s t r .  1 1 :8 9 0 , 1 9 8 5 ) .

T h e  p u r p o s e  o f  t h e  p r e s e n t  s t u d y  w a s  to  d e te r m in e  
w h e t h e r  t h e  s t r a i n  d i f f e r e n c e  in  m id b r a in  DA n e u r o n a l  
f i r i n g  r a t e  w a s  d u e  to  a  d i f f e r e n c e  in  a f f e r e n t  d r iv e  
o n  t h e s e  n e u r o n s  o r  a  d i f f e r e n c e  i n t r i n s i c  to  t h e  
m id b r a in .  S in g le  c e ll  r e c o r d in g  t e c h n i q u e s  w e re  u s e d  
in  t h e  in  v i t r o  s l ic e  p r e p a r a t i o n .  C o ro n a l  m id b r a in  
s e c t io n s  w e re  c u t  a t  400 p m  t h i c k n e s s .  J u s t  a s  w e 
o b s e r v e d  i n  v i v o , t h e  in  v i t r o  f i r i n g  r a t e s  o f  DA 
n e u r o n s  in  t h e  B A L B /c  m ice w e r e  s ig n i f ic a n t l y  s lo w e r  
t h a n  t h e  f i r i n g  r a t e s  in  t h e  C B A  m ice ( 2 . 8 5  ±  0 .1 9  
v s .  3 .8 4  ±  0 .2 2  im p u l s e s / s e c . , n = 1 5 /g r o u p ,  p  < 0 .0 0 1 ) .  
We a ls o  o b s e r v e d  t h a t  t h e  c e l ls  in  b o t h  s t r a i n s  
u n i fo r m ly  f i r e d  w i th  a n  i r r e g u l a r  p a t t e r n  ( v s .  b u r s t  
f i r i n g  p a t t e r n ) . T h e s e  d a t a  a r e  c o n s i s t e n t  w i th  t h e  
h y p o t h e s i s  t h a t  ( a )  b a s a l  DA n e u r o n a l  f i r i n g  r a t e s  a r e  
i n v e r s e ly  r e l a t e d  to  t h e  n u m b e r  o f  n e u r o n s  in  t h e  
n u c l e u s ,  a n d  ( b )  b u r s t  f i r i n g  p a t t e r n s ,  e x h ib i t e d  b y  
som e DA n e u r o n s ,  a r e  d e p e n d e n t  u p o n  a f f e r e n t  i n p u t s  to  
t h e s e  c e l l s .  R e s e a r c h  s u p p o r t e d  b y  NIMH g r a n t  M H-30546 
a n d  t h e  D a lla s  A r e a  P a r k in s o n is m  S o c ie ty .

411.20 Io n to p h o re t ic a l ly  a p p lie d  exogenous dopamine produced d i f f e r e n t  
e le c tro p h y s io lo g ic a l  response  in  accumbens neurons from th a t  o f 
endogenous dopamine re le a s e d  by VTA s t im u la t io n .  C.Y. Yim and 
G .J. Mogenson, Departm ent of P hysio logy , U n iv e rs ity  o f W estern 
O n ta rio , London, O n ta r io , Canada, N6A 5C1.

We have p re v io u s ly  re p o r te d  th a t  p u l s e - t r a in  s tim u la t io n  of 
th e  v e n t r a l  tegm en ta l a re a  (VTA) produced c o n s is te n t  membrane 
d e p o la r iz a t io n  o f neurons in  th e  nu c leu s  accumbens (NAcc) and 
a t te n u a te d  EPSPs evoked from amygdala (AMY) o r hippocam pal (HIPP) 
s t im u la t io n  (Yim and Mogenson, B rain  Res. 3 6 9 :347 -352 , 1986). The 
e f f e c t s  of VTA s tim u la t io n  were a t te n u a te d  by dopamine (DA) 
a n ta g o n is ts  such as h a lo p e r id o l ,  s u lp i r id e  o r c lo z a p in e , 
su g g es tin g  th a t  th e  response  was m ediated  by DA re le a s e d  by 
a c t iv a t io n  o f th e  m esolim bic DA pathway. We r e c e n tly  compared 
th e se  resp o n ses  to  th o se  produced by io n to p h o re t i c a l ly  a p p lie d  DA 
and found s im i la r  as  w e ll as  d i f f e r e n t  e f f e c t s .

I n t r a c e l l u l a r  reco rd in g s  were made from neurons in  th e  nucleus 
accumbens o f u re th a n e -a n e s th e tiz e d  r a t s  in  s i t u  u s in g  m u l t ib a r re l  
m ic ro e le c tro d e s  which perm it s im ultaneous i n t r a c e l l u l a r  reco rd in g  
and e x t r a c e l lu la r  io n to p h o re tic  a p p l ic a t io n  o f p u ta t iv e  
t r a n s m it t e r s .  Evoked p o s ts y n a p tic  p o te n t ia l s  (PSPs) fo llow ing  
s tim u la t io n  of th e  AMY o r HIPP were reco rded  and th e  e f f e c t s  of 
VTA s tim u la t io n  and io n to p h o re t i c a l ly  a p p lie d  DA on th e se  PSPs were 
compared. From a p re lim in a ry  s e r ie s  o f 11 ex p e rim en ts, i t  was 
found th a t  bo th  VTA s tim u la t io n  and io n to p h o re t i c a l ly  ap p lie d  DA 
produced c o n s is te n t  membrane d e p o la r iz a t io n  accompanied by an 
in c re a s e  in  membrane conductance and an a t te n u a t io n  o f EPSP evoked 
from amygdala o r hippocam pal s tim u la t io n .  Membrane d e p o la r iz a tio n  
produced by DA (10-15 mV) was g r e a te r  than  th a t  produced by VTA 
s tim u la t io n  (5-10 mV) bu t a t te n u a t io n  of th e  EPSP was q u a n t i ta t iv e 
ly  s im i la r  in  bo th  c a se s . However, VTA s tim u la t io n  produced a 
s e le c t i v e  a t te n u a t io n  of th e  evoked EPSP le av in g  a l a t e  IPSP 
u n a ffe c te d  w hereas io n to p h o re t i c a l ly  ap p lied  dopamine a t te n u a te d  
b o th . M oreover, in  neurons th a t  re c e iv e  convergen t in p u t from 
bo th  th e  AMY and th e  HIPP, VTA s tim u la t io n  u s u a lly  produced 
p r e f e r e n t ia l  a t te n u a t io n  o f th e  evoked response  from AMY s tim u la 
t i o n .  I o n to p h o re t ic a l ly  a p p lie d  DA, on th e  o th e r  hand, d id  not 
show such s e l e c t i v i t y  and always produced s im i la r  a t te n u a t io n  of 
resp o n ses  from AMY and HIPP s t im u la t io n .  We conclude from th e se  
experim en ts th a t  resp o n ses  produced by io n to p h o re t i c a l ly  ap p lied  
exogenous DA may n o t be a l l  p h y s io lo g ic a l and th a t  th e  a c tio n  of 
DA in  th e  s tr ia tu m  may depend on s p e c i f ic  s i t e s  of a c t io n  and 
perhaps on th e  c o - re le a s e  o f o th e r  t r a n s m it te r  su b s tn a c e s . 
(suppo rted  by MRC o f Canada.)

411.21 INCREASED e x c it a b il it y  of non- dopam ine c el l s  in  ventral m idb ra in  
OF RAT TO DA AGONISTS IS CORRELATED WITH HYPERMOTILITY AND ORAL 
STEREOTYPY. M. E . O ld s , D iv i s io n  o f  B io lo g y , C a l i f o r n i a  I n s t i t u t e  
o f  T e c h n o lo g y , P a s a d e n a , C a l i f o r n i a  9 1 1 2 5 .

The r e s p o n s e s  o f  i d e n t i f i e d  non-DA c e l l s  i n  v e n t r a l  te g m e n ta l  
a r e a  (VTA) and s u b s t a n t i a  n ig r a  (SN) to  dopam ine (DA) a g o n i s t s  
w ere i n v e s t i g a t e d  w i th  th e  e x t r a c e l l u l a r  r e c o r d in g  te c h n iq u e  in  
b e h a v in g  r a t s .  In  e a c h  s u b j e c t ,  m u l t i -  and s i n g l e - u n i t  a c t i v i t y  
was re c o rd e d  s im u l ta n e o u s ly  from  7 e l e c t r o d e s ,  sh ap ed  i n t o  3 
b u n d le s  o f  3 w ir e s  e a c h ,  o f  d i f f e r i n g  l e n g t h s .  The c e l l s  w ere 
i d e n t i f i e d  by t h e i r  b i p h a s i c ,  s h o r t  d u r a t i o n  a c t i o n  p o t e n t i a l s  
(< 2 .0  ms) and h ig h  r a t e s  o f  f i r i n g  (>20 s p i k e s / s ) .  M otor a c t i v i t y  
was re c o rd e d  w ith  th e  o p e n -e n d e d  w ire  t e c h n iq u e  i n  w hich  m ovem ents 
o f  lo c o m o tio n  g e n e ra te d  h ig h  c o u n ts  and m ovem ents o f  th e  h ead  and 
m outh , low  c o u n ts .  S y s te m ic  d -am p h e tam in e  ( 5 .0  m g/kg) and 
ap o m o rp h in e  ( 3 .0  m g/kg) in d u c e d  h y p e r m o t i l i t y / s t e r e o t y p y  and l a r g e  
i n c r e a s e s  i n  u n i t  d i s c h a r g e .  T hese  e f f e c t s  w ere d o s e - r e s p o n s iv e  
w i th  d o s e s  o f  1 .0  and  2 .0  mg d -am p h e tam in e  r e s u l t i n g  i n  i n c r e a s e s  
o f  lo w er m a g n itu d e , s h o r t e r  d u r a t i o n ,  and more v a r i a b i l i t y .  
S y s te m ic  ap o m o rp h in e  ( 3 .0  m g/kg)  a l s o  in d u c e d  l a r g e  i n c r e a s e s  i n  
movem ent and u n i t  c o u n ts ,  b u t  o f  s h o r t e r  d u r a t i o n  th a n  th o s e  se e n  
w i th  am p h e tam in e . Lower d o s e s  o f  ap o m o rp h in e  ( 0 .7 5  mg and 1 .5  mg) 
in d u c e d  r e s p o n s e s  o f  l e s s  d u r a t i o n  and  lo w e r m a g n itu d e .

A n a ly s is  o f  th e  i n c r e a s e s  in d u c e d  by d -am p h e tam in e  showed t h a t  
86% o f  th e  r a t s  showed 100% i n c r e a s e  i n  movement c o u n ts ,  65% 
showed 200% i n c r e a s e ,  and 46% showed 300% i n c r e a s e .  F or u n i t s ,  
64% showed 100% i n c r e a s e ,  19% showed 200% i n c r e a s e ,  and 11% showed 
300% i n c r e a s e  ( c r i t e r i o n :  i n c r e a s e  had  to  be s u s t a i n e d ,  w i th o u t  
i n t e r r u p t i o n ,  d u r in g  th e  15-130  m in i n t e r v a l  o f  th e  150 min p o s t 
i n j e c t i o n  p e r i o d .  P r e t r e a tm e n t  w i th  h a lo p e r id o l  ( 1 .5  m g/kg) 
s e v e r e ly  a t t e n u a t e d  th e  i n c r e a s e s  i n  movement and u n i t  c o u n ts  to  
d -am p h e tam in e  ( 5 .0  m g /k g ) .

P r e t r e a tm e n t  w i th  a  s u b a n e s t h e t i c  d o se  o f  u r e th a n e  (600 m g/kg) 
t o  p r e v e n t  th e  e x p r e s s io n  o f  lo c o m o tio n  b u t  n o t  h ead  and  m outh 
m ovem ents le d  t o  an a t t e n u a t e d  r e s p o n s e  i n  VTA b u t  n o t  i n  SN to  d -  
am phetam ine ( 5 .0  m g /k g ) . D -am phetam ine ( 5 .0  m g/kg) g iv e n  t o  r a t s  
w i th  b i l a t e r a l  e l e c t r o l y t i c  l e s i o n s  i n  n .  accum bens in d u c e d  an 
a t t e n u a t e d  m o to r r e s p o n s e  b u t  n o rm a l n e u ro n a l  r e s p o n s e s .

T h ese  d a ta  a r e  i n t e r p r e t e d  t o  mean t h a t  (1) a  s u b p o p u la t io n  o f 
non-DA n e u ro n s  i n  VTA and SN t r a n s m i t  s i g n a l s  r e l a t e d  t o  th e  DA 
m o to r f u n c t i o n ,  (2 ) th e   r e s p o n s e  o f  th e s e  c e l l s  to  DA a g o n is t s  
d e p e n d s  upon th e  s t i m u l a t i o n  o f  DA r e c e p t o r s ,  (3 ) th e  non-DA c e l l s  
i n  VTA may t r a n s m i t  t o  p re m o to r  n e u ro n s  s i g n a l s  r e l a t e d  t o  
lo co m o to r  m ovem ents, th e  non-DA c e l l s  i n  SN, s ig n a l s  r e l a t e d  t o  
o r a l  s t e r e o ty p y ,  and (4 ) t h e  r e s p o n s e  o f  th e s e  c e l l s  t o  DA 
a g o n i s t s  may a l s o  d epend  on th e  r e l e a s e  o f  DA i n  SN-VTA, s in c e  
l e s i o n s  o f  n . accum bens and v e n t r a l  s t r i a t u m  re d u c e d  th e  m o to r b u t  
n o t  th e  n e u ro n a l  r e s p o n s e  t o  a m p h e tam in e .
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412.1 EFFECT OF DOPAMINERGIC AGONISTS AND ANTAGONISTS ON α-MSH RELEASE 
FROM RAT PITUITARY. W .F ra tta , L .L ai* and G .L .G essa* . I n s t i t u t e  
o f  Pharm acology, U n iv e rs ity  o f  C a g l ia r i ,  C a g l ia r i ,  I t a l y .

I t  i s  khown th a t  α -MSH re le a s e  from th e  in te rm e d ia te  lobe o f  
p i t u i t a r y  i s  under in h ib i to ry  dopam inergic c o n t ro l .  " In  v i t r o "  
s tu d ie s  had shown th a t  such in h ib i to ry  c o n tro l i s  s p e c i f i c a l ly  
m ediated by Dopamine D2 type  re c e p to r .  (K .T su ru ta  e t  a l . ,  Natu
r e ,  292; 463; 1980). We have te s te d  th e  e f f e c t  o f  s e le c t i v e  Dopa
mine D1 and D2 a g o n is ts  and a n ta g o n is ts  on α -MSH le v e ls  in  r a t  
p lasm a, w ith  th e  purpose to  v e r i f y  w hether th e  " in  v ivo" α -MSH 
re le a s e  i s  e s s e n t i a l l y  re g u la te d  as  shown by " in  v i t r o "  s tu d ie s .  
Our r e s u l t s  in d ic a te  th a t  ( - )  S u lp ir id e ,  a s p e c i f ic  D2 re c e p to r  
a n ta g o n is t , i s  ex trem ely  p o te n t in  in c re a s in g  α -MSH le v e ls  in  
r a t  plasm a. In  f a c t ,  30 ' a f t e r  a s in g le  dose o f  100 μ g/Kg o f  (-) 
S u lp ir id e ,  α-MSH le v e ls  in  r a t  plasm a in c re a s e  o f  abou t 200% and 
r e tu rn  to  c o n tro l v a lu es  60 ' a f t e r  tre a tm e n t. The h igh  potency 
o f  ( - )  S u lp ir id e  may reaso n ab ly  su g g es t t h a t  i t s  e f f e c t  on α -MSH 
r e le a s e  i s  d i r e c t l y  m ediated  a t  p i t u i t a r y  l e v e l ,  s in c e  t h i s  dose 
i s  f a r  low er th an  th o se  a c t iv e  a t  SNC le v e l .  The D2 a g o n is t  
LY 171555 cau ses  a dose dependent d ec re a se  o f  α -MSH le v e ls  in  
r a t  plasm a in  a dose range between 10 and 100 μ g/Kg. These doses 
a re  th e  same known as  f u l l y  e f f e c t iv e  fo r  th e  c e n tr a l  e f f e c t s  
m ediated by LY 171555. On th e  c o n tra ry , th e  new compound SCH 
23390, wich has been c h a ra c te r iz e d  as  a p o te n t and s e le c t i v e  cen
t r a l  D1 a n ta g o n is t ,  does n o t show any e f f e c t  on p la sm a α-MSH l e 
v e ls  w ith  doses up to  500 μ g/K g. Only h ig h e r  doses s ig n i f i c a n t ly  
in c re a s e  th e  le v e ls  o f  r a t  plasm a α - MSH. However, a t  th e se  doses 
th e  s p e c i f i c i t y  o f  SCH 23390 a s  D1 a n ta g o n is t  i s  very  q u e s tio n a 
b le .  Thus, th e se  d a ta  confirm  th e  r o le  o f  th e  Dopamine D2 rece p 
to r  as  s p e c i f ic  r e g u la to r  o f  α -MSH re le a s e  from p i t u i t a r y  i n t e r 
m ediate lo b e . F urthem ore, th e  s e le c t i v e  response  o f   α -MSH r e l e a 
se  to  th e  s p e c i f ic  D1 and D2 lig a n d s  m ight o f f e r  an i n t e r e s t i n g  
model o f  fu n c t io n a l  a c t i v i t y  to  s tudy  and to  d i f f e r e n t i a t e  dopa
m inerg ic  a g e n ts  on th e  b a s is  o r  t h e i r  s p e c i f i c i t y  f o r  th e  two 
ty p es  o f  Dopamine re c e p to r s  " in  v iv o " .

412.2 EFFECTS OF HYPOTHALAMIC ELECTRICAL STIMULATION ON THE ACTIVITIES 
OF DOPAMINERGIC AND 5-HYDROXTRYPTAMINERGIC NEURONS IN THE MEDIAN 
EMINENCE. J.W. Gunnet* and K.E. Moore. (Spon: J. Thornburg) 
Dept. Pharmacol ./Toxicol. ,  Michigan State Univ., East Lansing, 
MI 48824.

The median eminence (ME) is innervated by tuberoinfundibular 
dopaminergic (TIDA) neurons and 5-hydroxytryptaminergic (5-HT) 
neurons. The cell bodies of TIDA neurons are located in the 
arcuate nucleus (ARN). 5-HT cell bodies are located in the 
midbrain but the dorsomedial nucleus (DMN) of the hypothalamus 
is also believed to contain cell bodies of intrahypothalamic 
5-HT neurons. In the present study electr ical stimulation  was 
applied to regions in the medial hypothalamus in an effort  to 
activate these intrahypothalamic 5-HT neurons and to locate 
possible afferents to TIDA neurons.

Ovariectomized Long Evans rats were anesthesized with Equi
thesin (3 ml/kg) and given bilateral e lectr ical  stimulation 
(biphasic 1 msec pulses, 10 Hz, 200 uA peak-to-peak) of the 
ARN, DMN or ventromedial nucleus (VMN). The ac t iv i t ies  of DA 
and 5-HT neurons were determined by measuring the rates of pre
cursor accumulation (DOPA or 5-HTP) in the ME following injection 
of the aromatic L-amino  acid decarboxylase inhibitor,  NSD 1015. 
In the in i t ia l  experiment NSD 1015 (100 mg/kg, i .p . )  was given 
at the s ta r t  of the 30 min stimulation period. Stimulation 
of the ARN and the DMN but not the VMN increased DOPA levels 
in the ME. There were no changes in 5-HTP accumulation in the 
ME regardless of the region stimulated. When the frequency 
of DMN stimulation was varied (0, 5, 10, 20 and 50 Hz) only 
stimulation at  5 and 10 Hz increased DOPA accumulation (15 min 
a f te r  NSD 1015 25 mg/kg, i .v . )  in the ME.

DA released from TIDA neurons in the ME acts at the anterior 
pitu i tary  to inhibit  the secretion of prolactin. To determine 
i f  DMN  stimulation increases DA release from TIDA terminals, 
serial measurements of plasma prolactin concentrations were 
made during DMN stimulation. There was a significant decline 
in prolactin levels af ter  15 min of DMN stimulation at 5 and 
10 Hz. DMN stimulation (10 Hz, 30 min) in male rats causes 
an increase in DOPA accumulation in the ME similar to that seen 
in female rats.  The effect  of DMN stimulation was also determined 
when basal TIDA neuronal ac t iv i ty  was elevated by haloperidol 
(1 mg/kg,i .p.,  24 hr) or depressed by bromocriptine (3 mg/kg,i.p., 
24 hr). Regardless of the in i t ia l  rate of DOPA accumulation, 
stimulation of the DMN (10 Hz, 30 min) increased DOPA levels 
in the ME. These results are  not consistent with the presence 
of putative 5-HT neurons originating in the DMN and projecting 
to the ME, but do suggest the existence of afferent neurons, 
projecting from or passing through the DMN, which stimulate 
TIDA neuronal activity . (Supported by USPHS grant NS9174.)

412.3 ATRIOPEPTIN I I I  INCREASES THE NEUROSECRETORY ACTIVITY OF 
TUBEROHYPOPHYSEAL DOPAMINE NEURONS. K.T. Demarest and L . I . 
Fedoronko * . Depts of  Physio lo gy  and Pharmacology/Toxicology, 
Michigan S t a t e  Univer s i t y ,  East Lansing , MI 48824.

Hemorrhage and deh y d ra t io n  have been dem onst ra te d  to  in c rease  
the n e u r o s e c r e to r y  a c t i v i t y  of  tube rohypophyseal  dopamine n eurons . 
These two p h y s io lo g i c a l  s t a t e s  a re  a l s o  a s s o c i a t e d  w i th  an 
in c re a s e d  s e c r e t i o n  of  v a s o p r e s s in  from the n e u r o in te r m e d ia t e  lobe 
of  the  p i t u i t a r y .  Recent s t u d i e s  have dem onst ra ted  t h a t  the 
hemorrhage-  and d eh y d ra t io n - in d u c ed  in c reas e  in v a s o p r e s s in  can be 
i n h i b i t e d  by the  systemic  a d m in i s t r a t i o n  of a t r i o p e p t i n  I I I .  I t  
has  a l s o  been s u g g es ted  t h a t  v a s o p re s s in  r e l e a s e  may be i n h i b i t e d  
by tube rohypophyseal  dopamine n eurons .  The o b j e c t i v e  of the 
p r e s e n t  s tu d y  was to  de termine  i f  tube rohypophyseal  dopamine 
neurons  a r e  s t im u la t e d  by a t r i o p e p t i n  I I I .  A t r io p e p t in  I I I  was 
a d m in is te re d  v i a  in t r av en o u s  or i n t r a c e r e b r a l  v e n t r i c u l a r  
i n f u s io n s  a t  do ses  of 0 . 9  u g /u l /3 0  min or 10 ug/10 u l ,  
r e s p e c t i v e l y .  Dopamine neuronal  a c t i v i t y  was e s t im a te d  by 
measuring  the r a t e  of DA s y n t h e s i s  and tu rnove r  in the 
n eu ro in te r m e d ia t e  lo b e ,  median eminence, and the s t r i a tu m  which 
a r e  t h e  t e r m i n a l  r e g i o n s  o f  t h e  t u b e r o h y p o p h y s e a l ,  
t u b e r o in f u n d ib u l a r ,  and n i g r o s t r i a t a l  dopamine neuronal  system s , 
r e s p e c t i v e l y .  Dopami ne s y n t h e s i s  was e s t im a te d  by measuring  the 
r a t e  of  d ih ydro x y p h en y la lan in e  (DOPA) accumula tion  fo l l o w in g  NSD 
1015 a d m i n i s t r a t i o n .  Dopamine tu rn o v e r  was determined by the r a t e  
a l p h a - m e t h y l ty r o s in e  induced d e c l in e  of  dopamine c o n c e n t r a t i o n s  
a f t e r  0 ,  30, and 40 m in u te s .  Dopamine and DOPA c o n c e n t r a t i o n s  
were an a ly sed  by a rad ioenzym a t ic  a s s a y .  A s i g n i f i c a n t  in c rease  
in dopamine s y n t h e s i s  and tu rn o v e r  was dem onst ra ted  in the 
n eu ro in te r m e d ia t e  lobe f o l lo w in g  both the in t r av en o u s  ( v e h i c l e ,  
0 . 666±0 .0 4 ;  a t r i o p e p t i n  I I I ,  1 .22±0 . 1 9) or i n t r a c e r e b r a l  
v e n t r i c u l a r  ( v e h i c l e ,  0 .8 1 ±0 .0 7 ;  a t r i o p e p t i n  I I I , 1 .92±0 .2 1)  
in f u s io n s  of a t r i o p e p t i n  I I I  compared to  v e h i c l e  t r e a t e d  c o n t ro l  
r a t s .  No change in dopamine s y n t h e s i s  or tu rn o v e r  was observed  in 
the  median eminence or s t r i a t u m .  These expe rim ents  sug g es t  t h a t  
a t r i o p e p t i n  I I I  s e l e c t i v e l y  s t i m u l a t e s  the tube rohypophyseal  
dopamine n eurons , t h e r e f o r e  a t  l e a s t  p a r t i a l l y  su p p o r t in g  the 
h y p o th e s i s  t h a t  the  tube rohypophyseal  dopamine neurons  may media te  
th e  a t r i o p e p t i n  I I I - in d u ced  i n h i b i t i o n  of  v a s o p r e s s in  s e c r e t i o n .  
(S uppor ted  by a Biomedical Research  Suppor t Grant from the  Co ll ege 
of O s teo p a th ic  Medic ine ,  Michigan S t a t e  U n i v e r s i t y ) .

412.4 HALOPERIDOL EFFECT ON HUMAN PLASMA BETA ENDORPHIN LEVELS: DOSE 
RESPONSE AND EFFECT OF DEXAMETHASONE. M.M. Murburg, R.C. V eith, 
G. McDonald and D.M. Dorsa* (SPON: C.W. WILKINSON). S e a ttle  VA 
Medical Cen te r  and Departments o f P sychiatry , Medicine and Phar
macology, U niversity  o f Washington School o f Medicine, S e a tt le ,  
WA 98195.

Dopamine (DA) plays an im portant ro le  in  reg u la tin g  re lea se  
o f be ta  endorphin (βE) and re la te d  peptides from the neuro in te r
mediate lobe (NIL) in  a number o f spec ies, while c o rtic o s te ro id s  
ex ert feedback-inh ib ition  over re le a se  o f βE from the a n te r io r  
lobe (AL). We have p reviously  reported  th a t intravenous (IV) 
adm in is tra tion  o f the  DA an tagon ist ha loperido l to  normal young 
men increases plasma le v e ls  o f beta  endorphin-like immunoreac
t i v i t y  (β E-LI) and c o r t is o l .  Here, we attem pt to  define dose 
response c h a ra c te r is t ic s  o f th is  e f f e c t ,  and a lso  to  determine 
whether co rtic o s te ro id s  in h ib i t  the  response. T h irty -th ree  nor
mal-weight male nonsmokers, aged 20 to  37, w ithout p sy ch ia tr ic  
o r medical d iso rde rs  o r substance abuse, were stud ied  a f te r  one 
week o f abstinence from alcohol o r drugs o f any kind. Fourteen 
o f these  su b jec ts  were randomly assigned to  receive pretreatm ent 
w ith placebo capsules (N=7) o r dexamethasone 1.5 mg p .o . (N=7) 
a t  11:00 p.m. the  n igh t before the  study. The remaining 19 sub
je c ts  received no p re trea tm ent. A ll su b jec ts  fa s ted  except fo r 
water from midnight the  n igh t before the study.

On the  morning o f the study, IV c a th e te rs  were in se r te d , and 
a f te r  a 30-m inute r e s t  period , th ree  base line  blood samples were 
drawn. Haloperidol 0.05 mg/kg IV was then given to  su b jec ts  
tak ing  dexamethasone o r placebo the  n igh t before; the  remainder 
o f su b jec ts  were randomly assigned to  receive IV s a lin e  placebo 
(N=6), or IV ha loperido l 0.015 mg/kg (N=5) o r 0.030 mg/kg (N=8). 
A ll m edications were given on a double-blind b a s is . Following 
in je c tio n , blood samples were taken a t  5, 10, 15, 20, 30, 45, 
60, 75, 90, 105, 120, 150, 180 and 210 m inutes.

We found a dose-re la ted  increase  in  βE-LI following IV halo
p e rid o l (F=3.82; DF 3,22; p < 0.025, ANOVA). Peak increases 
from b ase line  βE-LI were 10.9 ± 2 .0 , 23.0 ± 6 .8 , 38.2 ± 4.3 and 
46.3 ± 11.7 pg/ml (x̄ ± SEM) fo r  su b jec ts  given placebo, 0.015 
mg/kg and 0.03 mg/kg and 0.05 mg/kg, re sp ec tiv e ly . Dexametha
sone, compared to  placebo, suppressed both b ase line  βE-LI lev e ls  
(16.1 ± 2.1 vs 23.4 ± 2.1 pg/ml, p < 0.01, t  te s t )  and haloperi
d o l- induced peak increases in  βE-LI (7 .2  ± 1.4 vs 46.3 ± 12.6 
pg/ml, p < 0 .01 , t  t e s t ) .  We conclude th a t neuroregulatory 
mechanisms which a re  s p e c i f i c  to  th e  NIL ( in h i b i t i o n  o f  3E 
re lea se  by DA) or the  AL ( in h ib itio n  o f βE re lea se  by c o rtic o 
s te ro id s)  in  o th e r sp ec ies, in te ra c t  to  regu la te  βE re lea se  in to  
plasma in  humans.
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412.5 A COMPARTMENTALIZED CHAMBER FOR STUDYING THE RELEASE OF DOPAMINE 
(DA) FROM THE ISOLATED HYPOTHALAMO-NEUROHYPOPHYSIAL COMPLEX. 
P a u l A. G a r r is *  and N ira  B e n -J o n a th a n . (SPON: J o se p h  D iM icco ). 
D e p a rtm e n t o f  P h y s io lo g y  and B io p h y s ic s ,  In d ia n a  U n iv e r s i t y  
School o f  M edicine, In d ia n a p o lis , In d ian a  46223.

We have r e c e n tly  shown th a t  DA from  th e  r a t  p o s te r io r  p i t u i t a r y  
(PP) p a r t i c i p a t e s  i n  th e  r e g u l a t i o n  o f  a n t e r i o r  p i t u i t a r y  
p r o la c t i n  s e c r e t io n .  G iven th a t  th e  sh o rt p o r ta l  v e sse ls  l in k in g  
th e  p o s te r io r  and a n t e r io r  lo b e s  a re  in a c c e s s ib le  to  ca n n u la tio n , 
i n  v i t r o  s tu d ie s  must be employed to  de te rm in e  th e  r e g u la t io n  o f  
DA r e l e a s e  from  th e  PP. The o b j e c t i v e s  o f  t h i s  s tu d y  w ere  to :  
1) develop  a  te ch n iq u e  f o r  m easuring  DA r e le a s e  from an i s o la te d  
hypothalam o-PP com plex, and 2) compare DA re le a s e  under d i f f e r e n t  
en d o c rin e  s t a t e s .  T issu e  e x p la n ts  from  m ale r a t s  c o n ta in in g  th e  
m e d ia l b a s a l  h y p o th a la m u s  (MBH), p i t u i t a r y  s t a l k  and PP w ere  
p l a c e d  i n  a s p e c i a l l y  d e s ig n e d  c h a m b e r .  The MBH a n d  PP 
com partm ents w ere i s o la te d  by a  s l id i n g  p a r t i t i o n  w ith  a notch  
th rough  w hich th e  i n t a c t  p i t u i t a r y  s t a l k  tr a v e r s e d . Leakage of 
f l u i d  b e tw e e n  th e  tw o c o m p a r tm e n ts  w as 0 .05%/h .  The PP w as 
in c u b a ted  w ith  t r i t i a t e d  DOPA (2 uCi) f o r  1 h, fo llo w e d  by 2h o f 
c h a se . DA r e l e a s e  was e l i c i t e d  by e l e c t r i c a l  s t i m u l a t i o n  v i a  
p la tin u m  e le c tro d e s  p laced  a lo n g sid e  th e  PP o r MBH. T r i t i a te d  DA 
(3H-DA) was d eterm ined  by HPLC w ith  a  r a d io a c t iv e  flow  d e te c to r .  
T h ree  i d e n t i c a l  1 m in  t r a i n s  o f  p u l s e s  (10 Hz, 0 .5  m sec , 10 V) 
w ere d e l iv e re d  to  th e  PP 20 min a p a r t .  3H-DA re le a s e  was s im i la r  
f o r  e a c h  t r a i n ,  c o m p r is in g  a b o u t 2 .5 % o f  th e  t o t a l  t i s s u e  3H-DA 
c o n t e n t  w h ich  a v e ra g e d  a b o u t 50 ,000  dpm. T h e re  w as n e g l i g i b l e  
r e l e a s e  o f  3H-DA b e f o r e  and  a f t e r  s t i m u l a t i o n .  F re q u e n c y -  
dependent r e le a s e  was examined in  m ale, o v a riec to m ize d  (OVEX) and 
OVEX r a t s  im p lan ted  w ith  e s t r a d io l  p e l l e t s  (OVEX+E2). Male PP, 
s t i m u la t e d  w i th  5 , 10 and 20 Hz, r e l e a s e d  1, 2 a n d 3% o f  t o t a l  
3H-DA, r e s p e c t iv e ly .  In  c o n t r a s t  to  m ales, th e  same fre q u e n c ie s  
c a u se d  a  s i g n i f i c a n t l y  h ig h e r  r e l e a s e  o f  3H-DA from  PP o f  OVEX 
and OVEX+E2 . E l e c t r i c a l  s t i m u l a t i o n  o f  m a le  MBH a l s o  evoked a 
frequency -dependen t r e le a s e  o f 3H-DA from th e  PP. However, t h i s  
re q u ire d  h ig h e r  f r e q u e n c ie s  (10, 20 and 40 Hz) and r e s u l t e d  in  a 
lo w er p e rc e n t o f r e le a s e d  3H-DA.

C o n c lu s io n s :  1) The c o m p a r tm e n ta l iz e d  chamber i s  w e ll  s u i te d  
fo r  s tu d y in g  horm onal c o n tro l o f  DA r e l e a s e  from  th e  hypothalam o
neurohypophysia l complex. The advan tage o f  t h i s  method i s  th a t  
th e  tu b e ro in fu n d ib u la r  DA neurons rem ain  i n t a c t ,  w ith  c e l l  bo d ie s  
in  th e  MBH and nerve  te rm in a ls  i n  bo th  th e  MBH and PP. 2) There 
a r e  marked d i f f e re n c e s  i n  th e  amount o f  DA r e le a s e d  from  th e  PP 
under d i f f e r e n t  en d o c rin e  s t a t e s ,  which could  be c o r r e la te d  w ith  
th e  p o s t u l a t e d  r o l e  o f  DA fro m  th e  PP i n  s u p p r e s s in g  p r o l a c t i n  
s e c r e t io n .  S upported by NIH g ra n t NS 13234.

412.6 ANTERIOR PITUITARY DOPAMINE IS INFLUENCED BY ESTRADIOL AND 
PROGESTERONE, BUT NOT BY 5-ALPHA-DIHYDROTESTOSTERONE. N .T elford  
and C .E .F in ch . Department of B io lo g ica l Sciences and Andrus 
G erontology C en ter, U n iv e rs ity  of Southern C a l if o rn ia ,  Los 
A ngeles, CA 90089-0191.

E s t r a d io l  (E2) induces up to  5 -fo ld  in c re a se s  in  a n te r io r  
p i t u i t a r y  dopamine (DA) in  C57BL/6J fem ale mice (T e lfo rd , e t  a l . ,  
Neur oeudocr in o lo g y , 1 9 8 6 ,  in  p r e s s ) . To asse s s  th e  e f f e c te s  o f  
o th e r  gonadal s te ro id s  on p i t u i t a r y  DA, ovariectom ized  (OVX) mice 
were t r e a te d  w ith  p ro g este ro n e  (P) or 5-α -d ih y d ro te s to s te ro n e  
(DHT) in  th e  absence or presence of E2 (c a . 20 pg E2/ml serum ). 
The a n te r io r  p i t u i t a r y  was assayed fo r  DA by rev ersed -p h ase  HPLC 
w ith  e lec tro c h em ica l d e te c t io n .

P ro gesterone  (c a . 35 ng P/ml serum) alone had no e f f e c t  on 
p i t u i t a r y  DA, y e t in h ib i te d  by 50% th e  in c re a se  in  p i t u i t a r y  DA 
produced by exogenous E2. DHT alone had no e f f e c t  on p i t u i t a r y  
DA, and did  not a f f e c t  the E2-induced in c re a se  in  p i t u i t a r y  DA.

As fem ale mice approach m id lif e ,  e s tro u s  cyc les  leng then  and 
e v e n tu a lly  c e a se . This c e s s a t io n  of c y c le s , which occurs in  about 
50% of the  mice in  our colony by 12-13 months of age , is  
accompanied by to n ic  s e c re t io n  from the  p o ly f o l l ic u la r  o v aries  of 
m oderate le v e ls  of E2 r e l a t i v e ly  unopposed by P. We p rev io u sly  
dem onstrated  th a t th e se  a l te r e d  o v arian  s e c re t io n s  a re  re sp o n s ib le  
f o r  the  a g e - re la te d  4-5 fo ld  in c re a se  in  p i t u i t a r y  DA in  female 
m ice, and th a t  removal of the o v a rie s  from aging mice causes 
p i t u i t a r y  DA to  d e c lin e  to  le v e ls  comparable to  those seen in  
young c y c lin g  mice (T e lfo rd , e t  a l . ,  i b i d . ) .  To fu r th e r  confirm 
th a t  o v a rian  E2 unopposed by P i s  re sp o n s ib le  fo r  the a g e -re la te d  
in c re a s e  in  a n t e r io r  p i t u i t a r y  DA, OVX and E 2-rep laced  or in ta c t  
mice were t r e a te d  w ith  P. P rogesterone  an tagon ized  th e  E2-induced 
in c re a s e  in  p i t u i t a r y  DA in  aging (12 month) m ice, as was seen in  
th e  young (6 month) m ice. P rogesterone  had no e f f e c t  on p i tu i t a r y  
DA in  in t a c t  young m ice, but decreased  p i t u i t a r y  DA in  in t a c t  
ag ing  mice to  le v e ls  in d is t in g u is h a b le  from those  seen in  young 
in t a c t  m ice, in d ic a t in g  th a t  d ec re a s in g  the E2/P r a t io  can 
a t te n u a te  th e  a g e - re la te d  in c re a s e  in  p i t u i t a r y  DA. The 
antagonism  of both the E2-induced and the a g e -re la te d  in c re a se s  in  
p i t u i t a r y  DA by P i s  f u r th e r  ev idence th a t th e  a g e -re la te d  
in c re a s e  in  p i t u i t a r y  DA i s  caused by to n ic  E2 s e c r e t io n  from the 
p o ly f o l l i c u la r  o v a r ie s .

E s t r a d io l  i s  th e  only gonadal s te ro id  in v e s t ig a te d  which 
in c re a s e s  p i t u i t a r y  DA. DHT alone o r in  com bination w ith  E2 has 
no e f f e c t  on p i t u i t a r y  DA. P rogesterone  alone has no e f f e c t  on 
p i t u i t a r y  DA, but can an tagon ize  the  e f f e c t  of exogenous or 
endogenous E2.

This work was supported  by NIA g ra n t AG00443 (CEF) and NIA 
t r a in in g  g ran t AG00093 (NT).

412.7 PULSATILE ACTH SECRETION IN RHESUS MONKEYS: VARIATION WITH 
TIME OF DAY AND RELATIONSHIP TO CORTISOL. M. Carnes, N.H. 
Kalin*, S.J.Lent*, C.M. Barksdale*, and M.S.Brownfield. 
William S. Middleton Veterans Hospital, 2500 Overlook 
Terrace, Madison, WI 53705, and Univ. of Wis. School of Vet. 
Med., 2015 Linden Dr., Madison, WI 53706.

The circadian rhythm of p itu ita ry  ACTH secretion has been 
well characterized. Recently, using narrow sampling 
in tervals, very frequent "micropulses" of ACTH have been 
described in humans, dogs, horses and ra ts.

To assess the variation in ACTH "micropulse" parameters 
which contribute to the overall circadian rhythm of the 
pituitary-adrenal axis, four chair-restrained rhesus monkeys 
were continuously bled and samples were collected a t one- 
minute in tervals for up to 70 minutes a t three d ifferen t 
times of day: 530, 1100, and 1730 hours. S ignificant pulses 
were iden tified  by a threshold crite rion  method. Pulse 
amplitude (amp), frequency (freq), interpeak interval (IPI), 
and mean levels were computed for ACTH and co rtiso l.

ACTH
time mean freq mean amp mean IPI mean level
(hr) (#/hr ± SE) (pg/ml ± SE) (min ± SE) (pq/ml ± SE)

530 2.4 ±  0.7 25.3 ± 5.0 18.0 ± 4.3 55.2 ±  7.51100 2.3 ± 0.6 15.0 ± 1.8 16.3 ± .2.8 47.2 ± 8.8
1730 2.3 ± 0.9 11.4 ± 1.0 13.3 ± 3.4 42.4 ± 4.6

CORTISOL
time mean freq mean amp mean IPI mean level
( h r ) (#/hr ±SE) (ug/dl ± SE) (min ± SE) (ug/dl ± SE)

530 4.1 ± 1.5 16.2 ± 2.4 12.7 ± 3.5 39.6 ± 3.7
1100 3.1 ± 1.0 13.3 ± 2.1 16.2 ± 6.1 32.5 ±6 . 3
1730 2.3 ± 0.7 12.6 ± 3.1 17.6 ± 6.5 18.9 ± 1.6

ACTH pulse amplitude and mean levels of both ACTH and 
cortiso l showed sign ifican t correlations with time of day 
and were s ign ifican tly  higher (p<.05) a t 530hr than at 
1730hr. No sign ifican t correlation was found between time 
of day and the other pulse parameters or within pulse 
parameters at d ifferen t times of day for e ither ACTH or 
co rtiso l. Levels of ACTH and cortiso l were s ign ifican tly  
correlated as were th e ir  pulse frequencies.

In conclusion, 1) pulses of ACTH and cortiso l occur in 
non-human primates; 2) differences in pulse amplitude but 
not frequency or i nterpulse interval may contribute to the 
circadian variation in mean ACTH levels; and 3) a 
relationship appears to ex ist between the frequencies of 
ACTH and cortiso l pulses.

412.8 DIFFERENTIAL PLASMA CORTICOSTERONE RESPONSES TO ELECTRICAL 
STIMULATION OF THE MEDIAL SEPTAL-DIAGONAL BAND COMPLEX.
Dunn and D. M ille r* . D ept. of A n a t., Sch. Med., O ral R oberts 
U n iv ., T u lsa , OK 74171.

P rev ious s tu d ie s  re p o r te d  from th i s  la b o ra to ry  have shown 
th a t  e l e c t r i c a l  s t im u la t io n  o f c y t o a r c h i t e c tu r a l l y  d i s t i n c t i v e  
s i t e s  w ith in  sev e ra l lim b ic  fo re b ra in  a rea s  produces d i f f e r 
e n t i a l  changes in  plasma c o r t ic o s te ro n e  l e v e l s .  To fu r th e r  
pursue th e  q u es tio n  o f d i f f e r e n t i a l  lim b ic  in f lu e n c e s  on 
p i tu i ta r y - a d r e n a l  fu n c tio n  blood samples o b ta in ed  p r io r  to  and 
fo llo w in g  e l e c t r i c a l  s t im u la t io n  of th e  m edial s e p ta l-d ia g o n a l 
band complex of u re th an e  ( 1 .3 g ·Kg- 1 ) a n e s th e tiz e d  fem ale r a t s  
were assayed  (RIA) fo r  plasm a c o r t ic o s te ro n e  (Cpd B) l e v e ls .

Hippocampal EEG, ECG, h e a r t  r a t e ,  mean a r t e r i a l  p re s su re  and 
r e s p i r a t io n  were m onitored and tim ed blood samples (0 .2m l) were 
o b ta in ed  from a c a th e te r iz e d  t a i l  a r t e r y .  Samples were taken 
a t  0 .5  min. p r io r  to  and a t  5 , 10, 15 and 30 min. a f t e r  i n i t i 
a t io n  o f s t im u la t io n  (m onophasic square waves, 100μA, 50HZ, 0 .5  
msec, 1 sec on/1 sec o f f  f o r  30 m in .) .  For purposes o f p lo t 
t in g  Cpd B responses to  s tim u la t io n  a change in  plasma Cpd B 
was co n sid e red  d i f f e r e n t  from no change when th e  average  of the  
5 , 10, 15 and 30 min. samples d ev ia te d  by more than  10% from 
th e  p re -s tim u lu s  l e v e l .  However, s t a t i s t i c s  were d e riv ed  from 
Cpd B responses  grouped acco rd in g  to  s tim u la t io n  s i t e .

Whereas no change in  Cpd B le v e ls  were observed fo llow ing  
sham s tim u la t io n  o r s t im u la t io n  o f s e v e ra l fo re b ra in  f ib e r  
system s, s t im u la t io n  of th e  m edial s e p ta l-d ia g o n a l band complex 
produced v a r ie d  changes in  plasm a Cpd B le v e l s .  S tim u la tio n  of 
th e  m edial s e p ta l  nucleus (MS) and th e  nucleus  of th e  d o rs a l 
d iv is io n  o f th e  v e r t i c a l  lim b o f th e  d ia g o n a l band (VDBD) 
produced marked d ec re a se s  in  plasma Cpd B l e v e l s .  In  c o n tra s t  
s t im u la t io n  of th e  nucleus  of th e  v e n tra l  d iv i s io n  of th e  
d iag o n a l band (VDBD) produced an in c re a s e  in  plasma Cpd B 
l e v e l s .  The o v e ra l l  change in  plasma Cpd B fo llo w in g  MS, VDBD 
and VDBV s tim u la t io n  was - 20%, - 14% and +22% re s p e c t iv e ly .  In 
a l l  ca ses  th e  g r e a te s t  change in  Cpd B le v e ls  occu rred  a t  15 
min (-23%, -18% and +28%). Plasma Cpd B resp o n ses  to  
s tim u la t io n  of th e  nucleus  of th e  h o r iz o n ta l  lim b of th e  
d iag o n a l band (HDB) produced v ary ing  and in c o n s is te n t  r e s u l t s .

These d a ta  a re  c o n s is te n t  w ith  our p rev ious  o b s e rv a tio n s  and 
o f f e r  a d d i t io n a l  support f o r  th e  su g g es tio n  th a t  d i f f e r e n t i a l  
c o n tro l mechanisms re s id e  w ith in  as w ell as between lim b ic  
fo re b ra in  a r e a s .
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412.9 CHANGES IN CONCENTRATIONS OF SERUM PROLACTIN, CORTICOSTERONE, 
THYROXINE, PITUITARY PROLACTIN AND HYPOTHALAMIC 
CATECHOLAMINES IN RESPONSE TO THE STRESS OF LOW AMBIENT 
TEMPERATURE. D.L. P a lazzo lo *  and S.K. Q u ad ri, Kansas S ta te  
U n iv e rs ity , M anhattan, KS 66506.

C o n ce n tra tio n s  o f serum p r o la c t in ,  c o r t ic o s te ro n e ,  
th y ro x in e , p i t u i t a r y  p r o la c t in  and hypothalam ic 
ca techo lam ines  were determ ined in  a d u l t  male Sprague-Dawley 
r a t s  du rin g  exposures to  low am bient te m p era tu re s . S epara te  
groups o f r a t s  were d e c a p ita te d  a f t e r  a 4 .5  h r exposure to  22 
( c o n t r o l ) ,  - 5 ,  -10  and -20C. Hormones were determ ined by 
radioim m unoassays and ca techo lam ines by h igh  perform ance 
l i q u id  chrom atography w ith  e le c tro c h e m ic a l d e te c t io n .  Serum 
p r o la c t in  c o n c e n tra t io n s  dec reased  s ig n i f i c a n t ly  (P < 0 .05) 
from 10 .0  ± 1 .3  ng/m l a t  22C to  6 .0  ± 0 .8 ,  4 .4  ± 0 .4  and 4 .3  ± 
0 .3  ng/m l a f t e r  4 .5  h rs  o f exposures to  - 5 ,  -10 and -20C, 
r e s p e c t iv e ly .  P i tu i t a r y  p r o la c t in  le v e ls  in c rea sed  
s ig n i f i c a n t ly  (P < 0 .05 ) from 1 .4  ± 0 .2  μg/mg a t  22C to  2 .3  ± 
0 .1  and 2 .0  ± 0 .1  μg/mg a f t e r  exposures to  -10  and -20C, 
r e s p e c t iv e ly .  The in c re a s e  in  p i t u i t a r y  p r o la c t in  
c o n c e n tra t io n  a t  -5C (1 .8  ± 0 .1  μg/mg) was n o t s ig n i f i c a n t .  
This in v e rse  r e l a t i o n s h ip  between serum p r o la c t in  and 
p i t u i t a r y  p r o la c t in  c o n c e n tra t io n s  in d ic a te d  th a t  co ld  s t r e s s  
caused a d ec re a se  in  th e  r e le a s e  o f p r o la c t in .
C o rtic o s te ro n e  c o n c e n tra t io n s  in c re a se d  s ig n i f i c a n t ly  (P < 
0 .05 ) from th e  31.0 ± 12.2 ng/m l a t  22C to  218.4 ± 2 9 .7 , 
303.7 ± 62 .2  and 465.8  ± 78.7 ng/m l a f t e r  4 .5  h rs  of 
exposures to  - 5 ,  -10 and -20C, r e s p e c t iv e ly .  Serum thy ro x in e  
showed an in c re a s e  from 8 .1  ± 1 .0  μg /d l  a t  22C to  12.5 ± 1 .4  
μg /d l  a f t e r  exposure to  -20C (P < 0 .0 5 ) . A lthough serum 
th y ro x in e  c o n c e n tra t io n s  were e le v a te d  a f t e r  exposures to  -5C 
(9 .9  ± 0 .9  μg /d l )  and -10C (9 .5  ± 0 .9  μg /d l ) ,  th e se  
e le v a tio n s  were n o t s ig n i f i c a n t  (P < 0 .4 ) .  Hypothalam ic 
dopamine and n o rep in ep h rin e  le v e ls  rem ained unchanged du ring  
exposure to  -5C, b u t exposure to  -10C produced a d ec re ase  
from 0 .27  ± 0 .05  a t  22C to  0 .03  ± 0 .03  ng/mg in  dopamine and 
from 1 .9  ± 0 .2  a t  22C to  0 .4  ± 0 .1  ng/mg in  n o rep in ep h rin e  (P 
< 0 .05) in d ic a t in g  an in c re a se d  re le a s e  of dopamine which 
in tu rn  le d  to  a d ec rease  in  th e  r e le a s e  o f p r o la c t in .  
I n te r e s t in g l y ,  a f t e r  exposure to  -20C, hypothalam ic 
c o n c e n tra t io n s  o f bo th  dopamine and n o rep in ep h rin e  in c re a se d  
back to  th e  c o n tro l  le v e l ,  in d ic a t in g  the  p o s s i b i l i t y  o f an 
in c re a s e  in  b o th  th e  s y n th e s is  and r e le a s e  of ca techo lam ines  
a t  t h i s  te m p era tu re .

412.10 BRAIN AND PITUITARY GLUCOCORTICOID FEEDBACK IN CHRONIC STRESS.
E.A. Young*, M.F. Dallman and H. Aki l . (SPON. G. Q uarton ), M ental 
H ea lth  R esearch I n s t i t u t e ,  U n iv e rs ity  of M ichigan, Ann A rbor, MI 
48109-0720 and D epartm ent of P hysio logy , U n iv e rs ity  of C a l ifo rn ia ,  
San F ra n c isc o , CA 94143.

We have p re v io u s ly  dem onstrated  th a t  ac u te  s t r e s s  in  a naive 
r a t  le ad s  to  a b lu n ted  response  o f th e  a n t e r io r  p i t u i t a r y  in  v i t r o  
to  s tim u la t io n  w ith  oCRF. In  c o n t r a s t ,  in  an animal which has 
been exposed to  fo o tshock  s t r e s s  one h a l f  hour d a i ly  f o r  14 days , 
a c u te  s t r e s s  produces a p o te n t ia t io n  of the a n te r io r  p i t u i t a r y 's  
response to  oCRF in  v i t r o . We suggested  th a t  a change in  the 
a n t e r io r  p i t u i t a r y 's  s e n s i t i v i t y  to g lu c o c o r tic o id  neg a tiv e  
feedback might be invo lved  in  t h i s  p o te n t ia t io n  seen in  acu te  
s t r e s s  combined w ith  c h ro n ic  s t r e s s .  When a n t e r io r  p i t u i t a r y  c e l l  
suspensions  from anim als which have been c h ro n ic a lly  s tr e s s e d  (one 
h a l f  hour of in te r m i t te n t  foo tshock  d a i ly  f o r  14 days) a re  
in cuba ted  w ith  oCRF, g lu c o c o r tic o id  (dexamethasone or 
c o r t ic o s te r o n e ) ,  o r  a com bination o f g lu c o c o r tic o id  and oCRF, we 
no lo n g e r see th e  s te ro id  induced antagonism  of CRF s tim u la ted  
r e le a s e  th a t occurs in  p i t u i t a r y  c e l l  suspensions  from normal 
r a t s .  In  f a c t ,  we see a 50% in c re a s e  in  CRF s tim u la te d  re le a s e  in  
th e se  suspensions from c h ro n ic a lly  s tr e s s e d  r a t s  w hile we see a 
50% d ec re ase  in  CRF s tim u la te d  re le a s e  in  a n te r io r  lobe 
su spensions  from c o n tro l  unhandled r a t s .  S ince in  v i t r o  we see 
p o s i t iv e  feedback a t  the p i t u i t a r y ,  w hile  in  v ivo  th e  le v e ls  of 
ACTH, B-Endorphin and c o r t ic o s te ro n e  a t  the end o f the 30 m inute 
s t r e s s  s e s s io n  a re  id e n t ic a l  fo llo w in g  the f i r s t  s t r e s s  se s s io n  
(ac u te  s t r e s s )  or the  15th s t r e s s  se s s io n  (ch ro n ic  s t r e s s /a c u te  
s t r e s s ) ,  we examined an o th er s te ro id  feedback paradigm , f a s t  
feedback , to  a s s e s s  changes in  s te ro id  s e n s i t i v i t y  in  v iv o .

F as t feedback i s  b e lie v e d  to  r e f l e c t  p r im a r ily  hypothalam ic 
in h ib i t i o n  o f CRF re le a s e  d u ring  th e  cou rse  o f s t r e s s ,  and th u s  to  
be invo lved  in  th e  " tu rn in g  o f f "  of the s t r e s s  resp o n se . Rats 
were g iven  a 5 m inute swim s t r e s s  im m ediately fo llow ing  an 
in j e c t io n  of e i t h e r  c o r t ic o s te ro n e  o r s a l i n e .  Blood was c o l le c te d  
a t  th e  end o f the s t r e s s  and 25 m inutes p o s t s t r e s s .  There was no 
d i f fe re n c e  in  plasma le v e ls  of ACTH o r  B-Endorphin fo llow ing  5 
m inutes of s t r e s s  between s a l in e  in je c te d  o r c o r t ic o s te ro n e  
in je c te d  r a t s .  N e ith e r was th e re  a d if f e re n c e  between acu te  
s t r e s s  and ch ro n ic  s t r e s s /a c u te  s t r e s s  groups in  th e i r  response to 
s a l in e  o r c o r t ic o s te ro n e  a t  th i s  5 m inute p o in t .  T w enty-five 
m inutes a f t e r  the end o f s t r e s s ,  the  c o r t ic o s te ro n e  in je c te d  r a t s  
showed s ig n i f i c a n t ly  low er plasm a ACTH and B-Endorphin le v e ls  than 
s a l in e  in je c te d  r a t s .  There was no d if fe re n c e s  in  plasma ACTH 
le v e ls  between c o r t ic o s te ro n e  in je c te d  groups 25 m inutes po st 
s t r e s s .  We conclude th a t  d e s p ite  th e  dem onstra tion  of 
g lu c o c o r tic o id  p o s i t iv e  feedback a t  th e  p i t u i t a r y  in  v i t r o , th e se  
c h ro n ic a lly  s tr e s s e d  anim als show normal f a s t  feedback .

412.11 THE ACTH SECRETORY RESPONSE TO ARGININE VASOPRESSIN IN MAJOR 
DEPRESSION. R.S. Jaeckle, J.F . Lopez*, R.G. Kathol and W.H. 
Mel l er* . Neuroscience Program, Department of Psychiatry, and 
Department of Internal Medicine, University of Iowa College of 
Medicine, Iowa City, Iowa 52242

Arginine Vasopressin (AVP) is a brain peptide tha t potentiates 
corticotropin releasing hormone in stimulating ACTH secretion 
from the p itu ita ry . We have used AVP to assess the HPA axis 
function in both healthy controls and patients with major depres
sion (MD) (DSM-III). Twenty control (C) subjects and 24 MD 
patients received 0.18 pressor-units/kg body weight of AVP in tra 
muscularly. Plasma ACTH was measured immediately prior to in jec
tion and every 15 minutes a f te r  injection for 1-1/2 hrs. Six of 
the MD patients were dexamethasone non-suppressors (NS) and 17 
were suppressors (S). There were no sign ifican t age or sex d if 
ferences between depressed patients and control subjects. There 
were no sign ifican t differences in baseline or peak ACTH levels 
or in the maximal increase (Δmax) ACTH levels between C, NS and 
S. When the groups were divided by gender, female controls had a 
s ign ifican tly  higher peak ACTH (55.0±30.2 pg/ml) than male con
tro ls  (34.6±15.6 pg/ml), males with MD (30.8±18.1 pg/ml) and fe 
males with MD (33.6±14.2 pg/ml) (ANOVA DUNCANS MULTIPLE RANGE 
TEST, p<0.04). No sex differences were found in baseline ACTH 
levels. No correlations were found between the ACTH response to 
AVP and age in any of the groups.

A stepwise regression analysis in the MD group revealed no 
sign ifican t correlations between the ACTH response to AVP and 
severity of depression, weight, age of onset, length of il ln e ss , 
number of depressive episodes or dexamethasone suppression te s t  
s ta tu s . Since most of the MD patients were on psychotropic 
medications, we divided the MD groups on those taking d ifferen t 
classes of medications (TCA, MA0I, Lithium and antipsychotic). 
No sign ifican t differences were found in baseline, Δmax and peak 
ACTH levels between groups.

Our findings suggest tha t: 1) the ACTH response to AVP is  not 
impaired in depressed p a tien ts, unlike the ACTH response to CRF; 
2) females may have higher ACTH response to AVP than males; 3) 
there seems to be no correlation between age and the ACTH re
sponse to vasopressin in healthy controls and in MD patien ts; 4) 
chronic psychotropic administration does not seem to sign ifican t
ly impair the ACTH response to AVP in humans.

412.12 ACTH RESPONSE TO HYPOGLYCEMIC STRESS IN MAJOR DEPRESSION. J.F . 
Lopez*, R.S. Jaeckle and R.G. Kathol Department of Psychiatry, 
Neuroscience Program and Department of Internal Medicine, 
University of Iowa College of Medicine, Iowa City, IA 52242

Dysfunction of the hypothalamic-pituitary-adrenal (HPA) axis 
in major depression (MD) can be examined by studying the secre
tion of ACTH following insulin-induced hypoglycemia (IH). In 
th is  study we analyze the relationship of the ACTH response to 
age, sex, severity of depression, duration of the depressive 
episode, duration of the illn e ss , age of onset (or age a t the 
time of the f i r s t  episode), and number of depressive episodes. 
We administered 0.15 units/kg IV of regular insulin to 20 healthy 
controls and 21 inpatients with MD (DSM-III). Plasma ACTH levels 
were assayed a t regular in tervals for 3 hrs. a f te r  insulin 
infusion. Twelve of the MD patients were dexamethasone 
suppressors (S) and five were dexamethasone non-suppressors (NS). 
Four of the MD patients did not have a DST. There were no age or 
sex differences between the MD and control groups.

MD patients had sign ifican tly  lower ACTH peaks (p<0.004) and 
Δmax ACTH (p<0.004) than controls. There were no differences 
between S and NS MD patients. No baseline ACTH differences were 
found between the three groups. There were sign ifican t positive 
correlations between age and peak ACTH levels as well as age and 
Δmax ACTH levels for a ll groups. The age effect was greater for 
MD patients (R=0.66, p<0.004 for peak ACTH; R=0.61, p<0.008 for 
Δmax) than for controls (R=0.54, p=0.014 for peak ACTH; R=0.54, 
p=0.13 for Δmax). Female controls had higher peak and Δmax ACTH 
levels than male controls or male or female MD patients (ANOVA, 
Duncans Multiple Range Test, p<0.001).

A stepwise linear regression analysis in MD patients revealed 
tha t Δmax ACTH was positively correlated with the age of onset of 
MD (p<0.004) and negatively correlated with duration of the 
current MD episode (p<0.03). Peak ACTH levels were also 
negatively correlated with duration of the MD episode (p<0.002), 
and positively correlated with the age of onset (p<0.005). These 
findings suggest: 1) In MD patien ts , abnormal ACTH secretory 
responses to IH may not be reflected  by the DST; 2) Age and sex 
are confounding variables in studies of ACTH responses to IH; 3) 
Age of onset of MD and length of the current MD episode are also 
correlated with ACTH responses to IH.
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412.13 REDUCED SOMATOSTATIN mRNA LEVELS IN HYPOPHYSECTOMIZED RATS 
DETERMINED BY IN SITU HYBRIDIZATION. K.V. Rogers*, L. V ic ian *, 
R.A. S te in e r  and D.K. C lifton* . Depts o f O b s te tr ic s  and 
G ynecology, Physio logy and B iophysic s, and Psychology, U n iv e rs ity  
o f W ashington, S e a t t l e ,  W ashington 98195.

P h y s io lo g ic a l ev idence su g g ests  th a t  hypothalam ic so m a to sta tin  
(SRIF) in h i b i t s  p i t u i t a r y  GH re le a s e  and th a t  GH a c ts  v ia  
s h o rtlo o p  feedback to  s tim u la te  SRIF s e c r e t io n .  Hypophysectomy 
(hypox) reduces hypothalam ic SRIF c o n ten t in  r a t s ,  an e f f e c t  
which may be a t t r ib u t a b le  to  a change in  SRIF s y n th e s is , s to ra g e  
o r r e l e a s e .  We te s te d  th e  h y p o th e sis  th a t  hypox would reduce 
hypothalam ic SRIF s y n th e t ic  c a p a c ity , as r e f l e c te d  by a re d u c tio n  
in  SRIF mRNA le v e l s .  Using in  s i t u  h y b r id iz a t io n  and a 
com puterized  image a n a ly s is  system , we measured SRIF mRNA s ig n a l 
w ith in  in d iv id u a l c e l l s  in  th e  p e r iv e n tr ic u la r  nucleus of male 
r a t s .  We compared i n t r a c e l lu l a r  SRIF mRNA s ig n a l  in  hypox (n=3) 
v s . sham hypox (n=3) r a t s .  Four days fo llo w in g  su rg ery  anim als 
were perfu sed  w ith  4%  paraform aldehyde co n ta in in g  10% su cro se  and 
t h e i r  b ra in s  were fro zen  and se c tio n ed  a t  10 um. S ec tio n s  were 
p r e t r e a te d  w ith  p ro te in a s e  K and a c e t ic  anhyd ride , then  incubated  
o v e rn ig h t a t  45°C w ith  e i th e r  a 3 5 -S -lab e led  r ib o n u c le o t id e  probe 
complementary to  proSRIF mRNA or a noncom plem entary, c o n tro l ,  
probe . Follow ing in c u b a tio n  s e c t io n s  were t r e a te d  w ith  RNAse, 
washed, dipped in  pho tograph ic  em ulsion and exposed fo r  7 days. 
Developed s l id e s  were c o u n te rs ta in e d  w ith  c re s y l  v io l e t ,  
random ized and read  b l in d ly  under d a rk f ie ld  i l lu m in a t io n .  SRIF 
mRNA s ig n a l  le v e ls  in  p e r iv e n tr ic u la r  c e l l s  were s ig n i f i c a n t ly  
reduced from 91 . 5 ± 8 .5  in  c o n tro l an im als to  56.4 ± 3 . 4 in  
hypox an im als, r e p re s e n tin g  a 38.4% re d u c tio n  (p < 0 .0 2 ). These 
r e s u l t s  dem onstrate  th a t  SRIF s y n th e t ic  c a p a c ity  i s  in flu e n c e d  by 
th e  p resence  o f th e  p i t u i t a r y .  We in f e r  th a t  GH may feed  back to  
r e g u la te  th e  s y n th e s is  o f so m a to sta tin  in  th e  p e r iv e n tr ic u la r  
nucleus  o f th e  hypothalam us. This system  re p re s e n ts  an example of 
th e  re g u la t io n  o f CNS n eu ropep tide  gene ex p re ss io n  by a 
c i r c u la t in g  p i t u i t a r y  hormone. (S upported by NIH G rant HD-12629)

412.14 GROWTH HORMONE-RELEASING FACTOR AND TYROSINE HYDROXYLASE IMMUNO- 
REACTIVE NEURONS IN TRANSPLANTED FETAL MEDIOBASAL HYPOTHALAMUS. 
T.O .Bruhn, P .A .T resco* , E .L .P .A nthony*, and I.M .D .Jackson . D ivi
s io n  o f  E ndocrino logy , Brown U n iversity /R hode Is la n d  H o s p i ta l , 
P rov idence , R .I .  02902.

P rev ious s tu d ie s  have shown th a t  tre a tm e n t o f  n eo n a ta l r a t s  
w ith  monosodium g lu tam a te  (MSG) r e s u l t s  in  a  d e s tru c t io n  o f 
grow th horm one -re lea sing  fac to r-im m u n o reac tiv e  (GRF-i) neurons 
in  th e  a rc u a te  nuc leus  and a  d ram a tic  re d u c t io n  o f  grow th ho r
mone s e c r e t io n  from th e  p i t u i t a r y  g la n d . We undertook e x p e ri
m ents to  examine w hether GRF-i neurons cou ld  be rep laced  in  
M SG-lesioned r a t s  by g r a f t in g  f e t a l  m ed iobasal hypothalam us in to  
th e  th i r d  v e n t r i c l e .

F e ta l  (18 days g e s ta t io n )  m ed iobasal hypothalam us o r  c e re b ra l  
c o r te x  was d is s e c te d  from normal donors and g r a f te d  under s t e r 
i l e  c o n d itio n s  in to  th e  t h i r d  v e n t r i c l e  o f  M SG-treated r a t s  v ia  
a  20g s t a i n l e s s  s t e e l  c a n n u la . 30-40 days a f t e r  t r a n s p la n ta t io n ,  
r a t s  were in je c te d  w ith  150 μ g  c o lc h ic in e  in to  th e  l a t e r a l  ven
t r i c l e  and p e rfu sed  w ith  h e p a rin iz e d  s a l i n e  and 2.5% a c ro le in  24 
h a f t e r  th e  c o lc h ic in e  tre a tm e n t. GRF-i and ty ro s in e  hydroxy
la s e -  im nunoreactive  (TH -i) neurons were v is u a l iz e d  w ith  th e  ABC 
o r  PAP te c h n iq u e . V iab le  g r a f t s  were found in  app rox im ate ly  
80-90% o f  a l l  t r e a te d  r a t s .  G ra f ts  were lo c a te d  in  th e  th i r d  
v e n t r i c l e  w ith  v a r ia b le  v e n t r a l / d o r s a l  p o s i t io n  and a  v a r ia b le  
deg ree  o f  in te g r a t io n  w ith  th e  h o s t hypothalam ic t i s s u e .  Numer
ous (20->200) GRF-i and TH-i neurons were found in  hypothalam ic 
t r a n s p la n ts  b u t n o t in  c o r t i c a l  g r a f t s .  Median em inence in n e rv a
t i o n  by g r a f te d  GRF-i neurons was ach ieved  in  some an im als w ith  
t r a n s p l a n ts  in  a  v e n t r a l  p o s i t i o n .  When g r a f t s  were lo c a te d  
d o r s a l ly  in  th e  t h i r d  v e n t r i c l e ,  median em m inence-like s t r u c 
tu r e s  developed w ith in  th e  g r a f te d  t i s s u e .

In  c o n c lu s io n , o u r  s tu d ie s  dem onstra te  th a t  GRF-i and TH-i 
neurons deve lop  in  tr a n s p la n te d  f e t a l  m ediobasal hypothalam us. 
The g r a f te d  neurons may se rv e  a s  a  rep lacem en t o f  th o se  c e l l s  
w hich had been p re v io u s ly  d es tro y e d  by MSG tre a tm e n t.

412.15 MEASUREMENT OF HYPOTHALAMIC GROWTH HORMONE RELEASING FACTOR (rGRF) 
IN MALE AND FEMALE RATS. S.M. G a b r ie l ,  W .J. M illa rd , T.M. Badger, 
J .B . M a rtin , D epartm ents o f  N eurology and G ynecology, 
M assach u se tts  G enera l H o s p i ta l ,  B oston MA 02114 and C o llege  o f  
Pharmacy, U n iv e rs ity  o f  F lo r id a ,  G a in e s v i l le  FL 32610.

R ats e x h ib i t  s e x u a l ly  d im orph ic p a t te r n s  o f  g row th  hormone 
s e c r e t io n .  W hile m ale r a t s  have h ig h  am p litude  g row th  hormone 
p u ls e s  w hich a r e  low in  frequency  (3 -4  h o u rs ) , p u l s a t i l e  grow th  
hormone s e c r e t io n  in  th e  fem ale i s  low er in  am p litu d e , h ig h e r  in  
freq u en c y , and does n o t v a ry  a p p re c ia b ly  a c ro s s  th e  e s tro u s  c y c le . 
F urtherm ore , o u r  la b o ra to ry  has shown th a t  th e s e  p a t te r n s  do n o t 
depend s o le ly  on th e  g o n ad a l s t e r o id  environm ent during  e a r ly  
developm ent, b u t r a t h e r  d is p la y  rem arkab le p l a s t i c i t y  t o  changes 
in  th e  ongoing g o n ad a l s t e r o i d  m i l ie u .  These d i f f e re n c e s  canno t 
be f u l l y  ex p la in e d  by changes in  p i t u i t a r y  grow th  hormone respon
s e s  t o  g o n ad a l s t e r o i d s ,  g row th  hormone re le a s in g  f a c to r  (rGRF), 
o r  s o m a to s ta tin .

To determ ine  th e  involvem ent o f  hypo thalam ic rGRF in  th e se  
s e x u a l ly  d im orph ic  p a t t e r n s  o f  grow th  hormone s e c r e t io n ,  we have 
developed a  radioim m unoassay f o r  rGRF. A n tib o d ie s  to  rGRF(1-43) 
were g e n e ra te d  in  r a b b i t s  and 125I-rGRF(1 -43 ) was r a d io la b e le d  
using  ch lo ram ine-T  and p u r i f i e d  w ith  a  sephadex G-50 column. Under 
e q u ilib r iu m  c o n d i t io n s ,  th e  a s sa y  has an  ED50 o f  50 fm o les , w h ile  
under d is e q u i l ib r iu m  c o n d i t io n s ,  th e  ED50 i s  12 fm oles w ith  a  
s e n s i t i v i t y  o f  ap p ro x im ate ly  2 fm o les . O n a  m olar b a s i s ,  th e  
a ssay  d is p la y s  10% c r o s s r e a c t iv i t y  w ith  [H is1 , Nl e27] hGRF(1-32) 
am ide, 1% c r o s s r e a c t iv i t y  w ith  hGRF (1 -44) amide and hGRF(1-4 0 ) ,  
and no s ig n i f i c a n t  c r o s s r e a c t iv i t y  w ith  g lu c ag o n , s e c r e t i n ,  
v a s o a c t iv e  i n t e s t i n a l  p o ly p e p tid e  o r  p e p t id e - h i s t id in e - i s o l e u c in e .  
Acid e x t r a c t s  o f  r a t  hypothalam us c o e lu te  w ith  rGRF s ta n d a rd  using  
HPLC. C o n ce n tra tio n s  o f  rGRF in  whole m ale r a t  hypothalam us were 
4 .7 9  ±  0 .2 4  n g . More th a n  90% o f  rGRF im m u n o re a c t iv i ty  was 
lo c a te d  in  th e  m ed ia l b a s a l  hypothalam us, w ith  d e te c ta b le  amounts 
a l s o  in  th e  a n t e r io r  h y p o th a lam u s-p reo p tic  a r e a .  P re lim in a ry  
s tu d ie s  su g g e s t t h a t  th e r e  a r e  no d i f f e re n c e s  in  hypothalam ic rGRF 
le v e ls  in  c a s t r a te d  m ale and fem ale r a t s .  S tu d ie s  a r e  c u r r e n t ly  
in  p ro g re s s  t o  de te rm in e  w hether changes in  hypo thalam ic rGRF 
o ccu r in  resp o n se  t o  g onada l s t e r o id  tr e a tm e n ts .  S upported  by 
AM26252 t o  JBM and AM07561 to  SMG.

412.16 SYMPATHETIC INNERVATION TO THE RAT PITUITARY GLAND. J. 
F ran ze r* , P. Beaston-Wimmer*, and A .J . Smolen (SPON: W.H. 
B r id g e r ) . D ep t. o f  Anatomy, The M edical C o llege  o f P a .,  
P h i la d e lp h ia ,  PA 19129.

The s u p e r io r  c e rv ic a l  gan g lio n  (SCG) has been im p lic a ted  in  
th e  re g u la t io n  o f v a r io u s  en d o c rin e  fu n c t io n s  because i t  i s  
known to  p ro v id e  in n e rv a tio n  to  s e v e ra l  endoc rine  s t r u c tu r e s ,  
in c lu d in g  th e  p in e a l  and th y ro id  g la n d s . C a rd in a li  e t  a l .  ( J .  
N eural T ra n sm issio n . 5 2 :1 -2 1 , 1981) have proposed th a t  th e  SCG 
fu n c t io n s  as  a  p e r ip h e ra l  n eu roendoc rine  c e n te r ,  p ro v id in g  
in n e rv a tio n  d i r e c t l y  to  th e  p i t u i t a r y  g land  and to  th e  b a s a l 
hypothalam us. To d a te ,  th e  p resen ce  o f sym pathetic  axons in  
th e  p i t u i t a r y  has been examined by b iochem ical te ch n iq u es  
(measurement o f ca techo lam ine  le v e ls  a f t e r  ganglionectom y) o r 
by in t e r p r e ta t io n  o f ca techo lam ine  h is to f lu o re s c e n c e  (p resen ce  
o f co a rse  f i b e r s ) .  The co n c lu s io n s  from th e se  e a r l i e r  s tu d ie s  
were t h a t  sym pathetic  axons p rov ided  some in n e rv a tio n  to  th e  
p o s te r io r  p i t u i t a r y  and th e  median em inence, bu t th a t  t h i s  
in n e rv a tio n  was r e s t r i c t e d  to  b lood v e s s e ls .  In  th e  p re s e n t 
s tu d y , we reexam ined th e  q u e s tio n  o f sym pathetic  in n e rv a tio n  to  
th e  p i t u i t a r y  u s in g  th e  h ig h ly  s e n s i t i v e  and s p e c i f i c  te ch n iq u e  
o f  an te ro g ra d e  tr a n s p o r t  o f a co n ju g a te  o f h o rs e ra d is h  
p e ro x id ase  and w heat germ a g g lu t in in  (HRP-WGA). A pproxim ately 
10 u l  o f  a 3% s o lu t io n  o f HRP-WGA was in je c te d  by p re s s u re  in to  
th e  SCG o f  a d u l t  Sprague-Dawley r a t s .  A fte r  a  1-2 day s u rv iv a l 
p e r io d , th e  an im als were p e rfu sed  w ith  a m ix tu re  o f  a ld eh y d es , 
and 50 um fro zen  s e c t io n s  o f th e  p i t u i t a r y  and hypothalam us 
were r e a c te d  w ith  te tra m e th y lb e n z id in e  and hydrogen pero x id e  to  
d em onstra te  s i t e s  o f f a s t  an te ro g ra d e  t r a n s p o r t  (axon 
te rm in a ls ) .  The p o s te r io r  p i t u i t a r y  re c e iv e s  a f a i r l y  sp a rs e  
sy m p ath e tic  in n e rv a tio n , w ith  v a r i c o s i t i e s  d i s t r i b u te d  
th ro u g h o u t t h i s  reg io n  o f th e  g la n d . The in n e rv a tio n  does n o t 
appear to  be r e s t r i c t e d  to  th e  v a s c u la tu re ,  b u t r a th e r  seems to  
invade th e  parenchyma. The in te rm e d ia te  lobe o f th e  p i t u i t a r y  
r e c e iv e s  l i t t l e ,  i f  any sym pathetic  in n e rv a tio n . The a n t e r io r  
lobe  o f th e  p i t u i t a r y  i s  in n e rv a te d  by sym pathetic  f ib e r s  to  an 
even g r e a t e r  e x te n t th an  th e  p o s te r io r  lo b e , and th e  
in n e rv a tio n  appears  to  be c o n c e n tra te d  around p a r t i c u l a r  c e l l  
c l u s t e r s .  In  a d d i t io n ,  th e r e  i s  a d i s t i n c t  p ro je c t io n  to  th e  
median em inence reg io n  o f th e  hypothalam us. In  th e se  
lo c a t io n s ,  as  w e ll ,  th e  sym pathetic  in n e rv a tio n  does n o t appear 
to  be r e s t r i c t e d  to  th e  v a s c u la tu r e .  E le c tro n  m icro scop ic  
s tu d ie s  a re  in  p ro g re ss  to  e lu c id a te  th e  sy n a p tic  a s s o c ia t io n s  
o f  th e  sym pathetic  in n e rv a tio n  o f th e  p i t u i t a r y  g land  and 
median em inence.
(S upported  by NINCDS G rant NS15952 to  A .J .S .)
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412.17 RECORDINGS FROM KITTEN MAGNOCELLULAR NEUROENDOCRINE CELLS USING 
THE HYPOTHALAMIC SLICE PREPARATION. M. Fagan* and R. D. Andrew, 
Anatomy D e p t . ,  Q u e e n 's  U n i v e r s i t y ,  K in g s to n ,  O n t. C an ad a , K7L 3N6.

R a t h y p o th a la m o -n e u ro h y p o p h y s ia l  n e u ro n s  a r e  a  m odel f o r  
v e r t e b r a t e  n e u ro e n d o c r in e  s y s te m s .  T h ese  m a g n o c e l lu la r  n e u ro 
e n d o c r in e  c e l l s  (MNCs) i n  s u p r a o p t ic  and p a r a v e n t r i c u l a r  n u c le i  
(SON and PVN) r e l e a s e  v a s o p r e s s in  o r  o x y to c in  from  axon  t e r m in a l s  
i n  t h e  n e u ro h y p o p h y s is .  E l e c t r o p h y s i o l o g ic a l  s t u d i e s  u s in g  th e  
c o ro n a l  h y p o th a la m ic  s l i c e  p r e p a r a t i o n  h av e  s u p p o r te d  and  e x te n d e d  
i n  v iv o  r e c o r d in g s  from  r a t  MNCs. In  p a r t i c u l a r ,  t h i s  p r e p a r a t i o n  
h a s  f a c i l i t a t e d  i n t r a c e l l u l a r  s t u d i e s  o f  en d o g en o u s b u r s t i n g  and  
o s m o s e n s i t i v i t y  by th e s e  c e l l s .  H ow ever, i t  i s  u n c le a r  t o  w hat 
e x t e n t  t h e  e l e c t r o p h y s i o lo g y  o f  th e  r o d e n t  m a g n o c e l lu la r  n e u ro 
e n d o c r in e  sy s te m  i s  r e p r e s e n t a t i v e  o f  h i g h e r  mammals. We h av e  
exam ined  t h i s  sy s te m  in  k i t t e n  a t  t h e  l e v e l  o f  t h e  s i n g l e  MNC t o  
d e te rm in e  s i m i l a r i t i e s  and  d i f f e r e n c e s  w i th  t h e  r a t  c o u n te r p a r t .

K i t t e n s  ( 0 .3  -  1 .0  k g) w ere a n e s t h e t i z e d  w i th  K etam ine  ( 0 .3 5  
m l/k g )  and  q u ic k ly  d e c a p i t a t e d .  The h y p o th a la m u s  was b lo c k e d  and  
500 μ m s l i c e s  w ere  p e r f u s e d  w i th  o x y g e n a te d  s a l i n e  i n  a  H a a s - ty p e  
ch am b er. An a r r a y  o f  t h r e e  b i p o l a r  c o n c e n t r ic  e l e c t r o d e s  was 
p la c e d  0 .5  mm d o r s a l  t o  t h e  SON and an  e x t r a c e l l u l a r  m ic r o p ip e t te  
(2 M NaCl o r  3 M K+a c e t a t e ;  R= 15-25  MΩ ) p o s i t io n e d  i n  SON.

A t o t a l  o f  54 c e l l s  w ere r e c o r d e d  e x t r a c e l l u l a r l y  (46  i n  SON; 
8 i n  PVN). Of t h e s e ,  3 w ere s i l e n t ,  2 f i r e d  i n t e r m i t t e n t l y ,  4 
f i r e d  s lo w ly  (< 1 Hz) and  45 w ere  c o n tin u o u s  (1 -  11 H z ) . In  
c o n t r a s t  t o  r a t  w here  r e p e t i t i v e  b u r s t i n g  i s  a s s o c i a t e d  w i th  
in c r e a s e d  v a s o p r e s s in  r e l e a s e ,  s p o n ta n e o u s  p h a s ic  f i r i n g  by k i t t e n  
MNCs was r a r e l y  s e e n ,  a s  p r e v i o u s ly  r e p o r t e d  i n  t h e  i n t a c t  c a t  
(K oizum i and Y a m a sh ita ,  1 9 7 8 ) . A lth o u g h  commonly o b s e rv e d  in  
s l i c e s  from  r a t ,  s te a d y  K+ i o n to p h o r e s i s  from  th e  r e c o r d in g  
e l e c t r o d e  d id  n o t  p ro m o te  p h a s ic  f i r i n g  i n  9 o f  9 MNCs t e s t e d  i n  
k i t t e n .  T hese  c e l l s  s im p ly  in c r e a s e d  t h e i r  f i r i n g  r a t e .  A lso  
u n l ik e  th e  r a t ,  b r i e f  e x c i t a t o r y  o r th o d ro m ic  i n p u t  t o  k i t t e n  MNCs 
o n ly  r a r e l y  t r i g g e r e d  a  b u r s t  o f  a c t i o n  p o t e n t i a l s  (3 o f  22 c e l l s ) .

T h ese  f in d i n g s  s u g g e s t  t h a t  t h e  i n t r i n s i c  m echanism  p ro m o tin g  
b u r s t i n g  i n  t h e  r a t  (Andrew and D udek, 1984) i s  l e s s  d e v e lo p e d  i n  
th e  c a t .  T h is  was f u r t h e r  s u p p o r te d  by i n t r a c e l l u l a r  r e c o r d in g s  
from  k i t t e n  SON. In  4 o f  4 MNCs, t h e  a b i l i t y  t o  g e n e r a t e  a  
p l a t e a u  p o t e n t i a l ,  ( th e  s lo w  d e p o la r i z a t i o n  d r iv i n g  s p o n ta n e o u s  
o r  ev o k ed  b u r s t i n g  i n  r a t  MNCs), was a b s e n t  o r  re d u c e d .  T h e r e f o r e ,  
b o th  e x t r a c e l l u l a r  and i n t r a c e l l u l a r  r e c o r d in g s  i n d i c a t e  t h a t  th e  
d i f f e r e n c e s  i n  MNC f i r i n g  p a t t e r n s  b e tw e en  r a t  and  c a t  r e s u l t s  t o  
a  l a r g e  e x t e n t  from  th e  red u c e d  a b i l i t y  o f  c a t  MNCs t o  s u p p o r t  
en d o g en o u s b u r s t i n g .

K o izu m i, K. and  Y a m is h i ta ,  H. J .  P h y s i o l . 2 8 5 , 341 (1978)
Andrew, R .D . and  D udek, F .E .  J .  N e u r o p h y s io l . 5 1 , 552 (1984)

412.18 PITUITARY-ADRENAL RESPONSE IN YOUNG CONGENITALLY HYPOTHYROID 
(h y t / h y t) MICE. L.M. Ju á re z * , M.T. S ta rk * , and L.A. Meserve* 
(SPON: R.M. K an tne r). Department o f B io lo g ic a l S c ien ces , Bowling 
Green S ta te  U n iv e rs ity , Bowling G reen, OH 43403.

A pprop ria te  development of the p i tu i ta r y - a d r e n a l  response to  
s t r e s s f u l  s t im u l i ,  as m ediated by the  hypothalam us, i s  im portan t 
f o r  the  h o m eosta tic  w e ll-b e in g  of mammals. Young roden ts  expe r
ien ce  what has been term ed a r e l a t i v e  s t r e s s  n o n -responsive  perio d  
d u ring  th e  f i r s t  two weeks of l i f e ,  only a f t e r  which tim e does a 
g en e ra l s t r e s s o r  cause a pronounced e le v a tio n  in  c i r c u la t in g  le v e ls  
of th e  ad ren a l g lu c o c o r tic o id , c o r t ic o s te ro n e .  P rev ious s tu d ie s  in  
ou r lab  have dem onstrated  th a t  in d u c tio n  o f hypothyroid ism  in  young 
r a t s  and mice by feed in g  the m other the chem ical g o itro g en  th io 
u r a c i l  p ro longs  th e  s t r e s s  non -resp o n siv e  p e r io d  (Meserve and 
Leathem, J .  E n d o c rin o l. , 90:403, 1981). At l e a s t  in  15 day o ld  
th io u ra c i l-e x p o s e d  r a t s ,  the f a i l u r e  to  respond to  s t r e s s  appears 
to  be the  r e s u l t  o f s e v e re ly  dep ressed  hypothalam ic co n ten t of b io 
a c t iv e  (Meserve and P e a r lm u tte r , Hormone M etab. R e s ., 10:488, 1983) 
and immunoactive (M eserve, Hormone M etab. R es. ,  12:674, 1974) 
c o r t ic o t ro p in - r e le a s in g  f a c to r  (CRF). The re la t io n s h ip  between 
hypo thyro id ism  and delayed development o f s t r e s s  response in  the 
above s tu d ie s  i s  weakened by the  p o s s i b i l i t y  th a t  th io u r a c i l  i s  
d i r e c t l y  m odifying hypothalam ic CRF s y n th e s is .

The development a t  Jackson Labs (Bar H arbor, ME) of th e  C·RF/J- 
h y t s t r a i n  of mouse which i s  c o n g e n ita l ly  hypo thy ro id  in  th e  homo
zygous, h y t / h y t , c o n d itio n  has made i t  p o s s ib le  to  re-exam ine the 
development of p i t u i ta r y - a d r e n a l  response w ith o u t the confound of 
th i o u r a c i l .  The p re s e n t s tudy  was done to  compare hypothalam ic CRF 
le v e ls  and in c re a s e  in  c i r c u la t in g  c o r t ic o s te ro n e  15 min a f t e r  
e th e r  s t r e s s  in  h y t / h y t mice and th e i r  p h en o ty p ic a lly  normal 
l i t t e r m a te s  a t  15, 20, 25 and 30 days o f age. E x tra c ts  of hypo
tha lam i from u n s tre s s e d  mice were assayed  fo r  CRF co n ten t by ra d io 
immunoassay (RIA) us ing  k i t s  purchased  from P en in su la  Labs 
(Belmont, CA). C irc u la t in g  c o r t ic o s te ro n e  le v e ls  were determ ined 
b e fo re  s t r e s s  o r 15 min a f t e r  exposure to  e th e r  fumes u s ing  RIA 
k i t s  purchased  from Cambridge M edical D iag n o s tics  ( B i l l e r i c a ,  MA).

Hypothalamic CRF co n ten t was approx im ately  50 pg le s s  in  
h y t / h y t mice than  in  normal l i t t e r m a te s  a t  15, 20, and 25 days of 
age , b u t the  d if fe re n c e  was n o t s t a t i s t i c a l l y  s ig n i f i c a n t .  
However, 30 day o ld  hypo thy ro id  pups had s ig n i f i c a n t ly  le s s  hypo
th a lam ic  CRF than  d id  c o n tro ls  (169.5 vs 238.9 pg /hypo thalam us). 
H ypothyroidism  d id  not a l t e r  c i r c u la t in g  c o r t ic o s te ro n e  le v e ls  but 
s t r e s s  response was s ig n i f i c a n t ly  a t te n u a te d  in  h y t / h y t pups, a t  
l e a s t  a t  20 days o f age . S ince th e  hypothalam us appears to  con
ta in  s u f f i c i e n t  CRF to  e l i c i t  a normal response a t  th i s  age , i t  i s  
p o s s ib le  th a t  th e  a t te n u a t io n  i s  th e  r e s u l t  of a subnormal re le a s e  
o f CRF as re c e n tly  suggested  in  r e l a t i v e ly  s t r e s s  n o n -responsive  
r a t s  (Walker e t  a l . ,  E ndocrino logy , 118:1445, 1986).

412.19 NEONATAL INJECTIONS OF MSG INHIBIT THE DEVELOPMENT OF NEUROPEPTIDE 
Y IN THE RAT HYPOTHALAMUS AND POSTERIOR PITUITARY. J .  K. McDonald, 
P . C o llin s*  and C.A. R eich* . D ep t. of Anatomy & C ell B io logy, 
Emory U niv. Sch. o f M ed., A tla n ta , GA 30322.

The a r c u a t e  n u c le u s  (AR) o f  th e  h y p o th a la m u s  c o n ta in s  num erous 
n e u ro p e p t id e  Y (NPY) im m u n o re a c tiv e  p e r ik a r y a  w hich p r o j e c t  axons 
t o  o th e r  h y p o th a la m ic  n u c le i  su ch  a s  th e  m e d ia l  p r e o p t i c  n u c le u s  
( Chronwal l ,  P e p t id e s  1985). NPY i s  a l s o  lo c a t e d  in  b r a in s te m  
c a te c h o la m in e r g ic  n e u ro n s  w hich  p r o j e c t  f i b e r s  t o  t h e  h y p o th a la m u s  
(Saw chenko e t  a l . ,  J .  Comp. N e u r o l . 1985). NPY-l a b e l ed f i b e r s  a re  
fo und  in  th e  i n f u n d i b u la r  s tem  and in  th e  p o s t e r i o r  p i t u i t a r y  o f  
t h e  r h e s u s ,  o r a n g u ta n ,  and human (T ig g e s  e t  a l . ,  S o c . N e u ro sc i. 
A b s t r . 1986; P e l l e t i e r  e t  a l . ,  C e l l  T i s s . R es .  1984). 
F u r th e r m o r e ,  NPY e x e r t s  d i r e c t  and i n d i r e c t  e f f e c t s  on th e  s e c r e 
t i o n  o f  l u t e i n i z i n g  horm one (LH) and g ro w th  horm one (GH) from  th e  
a n t e r i o r  p i t u i t a r y  (McDonald e t  a l . ,  S o c . N e u r o s c i . A b s t r .  1984; 
PNAS 1985).

I n je c t io n s  o f MSG d e s tro y  neurons in  th e  AR and a l t e r  normal 
grow th and developm ent. In  t h i s  study  we have analyzed th e  e f f e c ts  
o f  n eo n a ta l tre a tm en t w ith  MSG on th e  development of 
N PY -inm unoreactiv ity  in  th e  hypothalam us and p o s te r io r  p i t u i t a r y .  
Sprague-Paw ley r a t s  were in je c te d  i . p .  w ith  MSG (4  mg/g B.W. in  
0.9% s a l in e )  on p o s tn a ta l  days 2 , 4 ,  6 and 8 w h ile  l i t te r m a te  
c o n tro ls  rece iv ed  10% s a l i n e .  R ats were s a c r i f i c e d  by d e c a p ita tio n  
on days 9 ,  14, 21 and 6 5 ,  th e  b ra in s  removed, p o s te r io r  p i t u i t a r i e s  
c o l le c te d  and hypo thalam ic t i s s u e  d is s e c te d  from th e  p re o p t ic -  
su p ra c h ia sm a tic  reg io n  to  th e  a n t e t i o r  a sp ec t o f th e  mammillary 
b o d ie s . The p o s te r io r  p i t u i t a r i e s  were pooled from each group. 
T issu e s  were homogenized in  cold 0 .2  N HCl, c e n tr ifu g e d  and th e  
s u p e rn a ta n t removed fo r measurement o f NPY u sin g  an an tise rum  and 
RIA developed in  our la b . The body w eights and n aso -an a l le n g th s  
o f  MSG t r e a te d  anim als were s ig n i f i c a n t ly  le s s  than  c o n tro ls  on 8 ,  
9 , 21 and 65 days o f age . On day 65 , th e  w eigh ts o f th e  a n te r io r  
p i t u i t a r i e s ,  a d re n a ls  and o v a r ie s  of M SG-treated r a t s  were s i g n i f i 
c a n t ly  le s s  than  th o se  o f c o n t ro ls .  MSG tre a tm e n t caused a rap id  
and s ig n i f i c a n t  re d u c t io n  (50%) in  th e  hypothalam ic co n ten t o f NPY 
by day 9 which was s u s ta in e d  a t  days 14, 21 and 65 when compared to  
c o n tro ls  ( a l l  P <0.001, S tu d e n t 's  t - t e s t ) .  The c o n c e n tra tio n s  of 
NPY in  th e  pooled p o s te r io r  p i t u i t a r i e s  from M SG -treated r a t s  were 
l e s s  th an  c o n tro ls  a t  a l l  tim es examined. These r e s u l t s  
dem o n stra te  th a t  n eo n a ta l in je c t io n s  o f MSG in h i b i t  th e  normal 
developm ent o f  hypo thalam ic NPY, p robab ly  by d e s tro y in g  a rc u a te  
neurons which sy n th e s iz e  NPY. These e f f e c t s  o f MSG on hypothalam ic 
le v e ls  o f NPY shou ld  be conside red  when in te r p r e t in g  th e  r e s u l t s  of 
MSG tre a tm e n t on normal development e s p e c ia l ly  in  view o f p rev ious  
r e p o r t s  which have d esc r ib e d  d i r e c t  and in d i r e c t  e f f e c t s  o f NPY on 
LH and GH s e c r e t io n .  Supported by th e  March o f Dimes B ir th  D efects  
Foundation  and NIH HD-19731.

412.20 RAPID TRANSPORT OF HORSERADISH PEROXIDASE TO NEURAL PARENCHYMA AND 
PITUITARY FOLLOWING INFUSION INTO THE LATERAL VENTRICLE. S. Saporta 
and C.P. Phelps, Dept. Anat., Coll. Med., Univ. S. F la ., Tampa, 
FL 33612.

The access ib ility  of substances released into the cerebral spi
nal flu id  (CSF) to various areas of the central nervous system has 
been of in te rest for a number of years. We have recently begun 
to study the transport of substances in the CSF by examining the 
d istribu tion  of horseradish peroxidase (HRP) in the central ner
vous system of male and female Sprague-Dawley ra ts (200-300g) at 
various times a fte r  infusion of 10μl of 50% HRP over a 4-5 min 
interval into the la te ra l ventricle. Following survival times 
from 4 min to 24 hrs, the animals were perfused with mixed alde
hydes and 60μm frozen sections of the brain, brainstem and p itu i
tary were reacted for HRP with diaminobenzidine dihydorchloride 
or tetramethylbenzidine as the chromagen.

Within 4 min a fte r  the s ta r t  of HRP infusion, reaction product 
was present within neural parenchyma along ventricular and pial 
surfaces and was present in deeper areas of parenchyma along large 
penetrating a r te rie s . Diffuse HRP label appeared in progressively 
greater amounts in the posterior vs. the anterior p itu itary  lobe 
during the f i r s t  10 min a fte r  injection. The intermediate lobe of 
the p itu itary  consistently remained unlabeled. Penetrating a r te r
ies in various areas of the brain, especially in the cerebral cor
tex and the hypothalamus, exhibited cuff-like densities of HRP 
reaction product throughout the ir length. In some areas of brain 
and brainstem, homogeneously labeled neurons which presumably sent 
a t  least one process into the paravascular HRP cuff, or into HRP 
f ille d  parenchyma along ventricular or pial surfaces were seen. 
When animals were allowed to survive for 24 hr a fte r infusion of 
HRP, reaction product was found in perivascular ce lls  and in a 
large number of labeled neurons which were predominantly labeled 
with granular HRP reaction product. No HRP was present in cuff
like arrangements. Colchicine (75-200μg) given 24 hrs before HRP 
infusion into the la te ra l ven tricle failed  to significantly  de
crease the number of cuff-like HRP blushes around penetrating a r
te r ie s  or the number of homogeneously labeled neurons 10 min a fte r 
infusion. Five minutes a f te r  an intravenous bolus of 50mg of HRP 
in mice, a number of homogeneously labeled neurons were seen in 
areas which do not have an in tac t blood-brain barrier. The resu lts 
of these studies suggest that CSF circulation and paravascular 
circulation (see Rennels, M.L. e t a l . ,  Brain Res. 326:47, 1985) is 
a rapid, e ffic ien t route for the transport of a variety of sub
stances to neurons, as well as the adeno- and neurohypophysis.

(Supported by a grant from The Whitehall Foundation)
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412.21 SUSTAINED-BRAIN SPECIFIC DELIVERY OF ESTRADIOL DERIVATIVES USING 
A NOVEL CHEMICAL REDOX SYSTEM. K.S. E s te s* , M.E . B rew ster* , E. 
Shek*, and N. Bodor* (SPON: W. S te rn ) .  P harm atec, I n c . ,  A lachua, 
FL 32615 and C ollege  o f Pharmacy, U n iv e rs ity  of F lo r id a ,  G aines
v i l l e ,  FL 32610.

A b ra in  s p e c i f ic  chem ical drug d e l iv e ry  c a r r i e r ,  based on i n t e r 
conve rs ion  of a l i p o p h i l i c  d ih y d ro p y rid in e  and h y d ro p h il ic  
py rid in iu m  s a l t  drug c a r r i e r  and analogous to  th e  NADH ⇄  NAD+ 
redox system , was shown ca pab le  o f s u s ta in e d  and s p e c i f ic  d e l iv e ry  
of dopamine to  b ra in  t i s s u e s  (S cience  221:65 , 1983). When th i s  
chem ical d e l iv e ry  system  (CDS) was a p p lie d  to  e s t r a d io l  (E2), 
c a s t r a te d  r a t s  t r e a te d  w ith  17β - [ 1-m e th y l- (1,4 -d ih y d ro p y r id in y l)  
carbony l]oxy  e s t r a - 1,2 ,5 ( 1 0 ) - t r i e n - 3 - o l  (CDS-E2) showed supp ressed  
serum LH fo r  more than  24 days in  c o n t r a s t  to  th e  4 day LH d ec re ase  
in  an im als t r e a te d  w ith  equim olar E2. T his a c t i v i t y  could  n o t be 
a t t r i b u t e d  to  p e r ip h e ra l  E2 o r CDS-E2 l e v e l s .  Three new CDS’ s 
w ere sy n th e s iz e d  w ith  E2 d e r iv a t iv e s  to  op tim ize  CDS p e n e tra t io n  
and " lo c k  in "  by th e  b lood  b r a in  b a r r i e r  (BBB). A CDS fo r  th e  
3 -ben zo a te  e s te r  of E2 (CDS-3Bz-E2) and fo r  3 , 1 7 -b is ( 1,4 -d ih y d ro 
t r ig o n e l l in a te )E 2  (CDS-2-E2) were p rep are d  by re a c t in g  e s t r a d io l -  
3 -benzoa te  and E2, r e s p e c t iv e ly ,  w ith  n ic o t in o y l  c h lo r id e  fo llow ed 
by q u a te rn iz a t io n  w ith  m ethyl io d id e  and re d u c t io n . An e th in y l  
e s t r a d io l  (EE) CDS was s y n th es iz ed  by re a c t in g  EE w ith  n ic o t in i c  
anhyd ride  fo llow ed by p r e f e r e n t i a l  p h en o lic  h y d ro ly s is , 
q u a te rn iz a t io n  and re d u c t io n  to  y ie ld  CDS-EE. Serum LH was 
determ ined  by radioim m unoassay from sam ples c o l le c te d  12 and 18 
days p o s t- tr e a tm e n t in  r a t s  ovariec tom ized  14 days p r io r  to  
tre a tm e n t w ith  CDS-E2 (0 .5  mg/Kg), o r equim olar c o n tro ls  of 
e s t r a d io l  v a l e r a te  (EV) o r EE. On day 12, serum LH was supp ressed  
76%, 72%, 53% and 80% in  CDS-E2, CDS-2-E2, CDS-3Bz-E2 and CDS-EE 
t r e a te d  r a t s ,  r e s p e c t iv e ly ,  compared to  c o n t ro ls .  In  c o n t r a s t  
LH was n o t d i f f e r e n t  from c o n tro ls  on day 18 p o s t- tr e a tm e n t w ith  
CDS-2-E2 o r CDS-3Bz-E2, b u t rem ained more than  80% d ecreased  
compared to  c o n tro ls  in  CDS-E2 and CDS-EE t r e a te d  r a t s .  U te rin e  
and p i t u i t a r y  w eigh ts were n o t d i f f e r e n t  between r a t s  showing 
supp ressed  and non -supp ressed  LH v a lu es  on day 18. I t  appears 
th a t  th e  1 7 -e s te r  lin k ag e  i s  im p o rtan t in  de term in ing  th e  a b i l i t y  
of th e  CDS to  m a in ta in  a slow  and s u s ta in e d  r e le a s e  of e s tro g e n . 
T his a p p l ic a t io n  of CDS to  s te r o id s  which norm ally  p e n e tra te  th e  
BBB can be e x te n s iv e ly  used to  s p e c i f i c a l ly  d e l iv e r  drugs 
c e n t r a l l y  in  a su sta in ed -m an n er, th e  d u ra t io n  of which can be 
c o n tro l le d  by chem ical des ig n  as  w e ll as  dose.

LIMBIC SYSTEM AND HYPOTHALAMUS III

413.1 BILATERAL MICROINJECTION OF GABA SYNTHESIS INHIBITORS INTO THE 
POSTERIOR HYPOTHALAMUS (PH) ELICITS AVERSIVE REACTIONS. A.  
Shekhar, * J .A . DiMicco &. J .N . H ing tge n . D e p ts . of Pharmacology & 
T oxicology and P s y c h ia t ry , In d ian a  U n iv e rs ity  School of M edic ine, 
I n d ia n a p o li s ,  In d ia n a  46223.

P rev ious  s tu d ie s  have shown th a t  b lockade of GABA in  th e  PH 
e l i c i t s  c a rd io - r e s p i r a to r y  s tim u la t io n  s im i la r  to  th a t  seen du ring  
a d efen se  r e a c t io n  in  a n e s th e tiz e d  r a t s ,  and locom otor a c t i v i t y  
su g g es tin g  a " f l i g h t "  response  in  conscious  r a t s .  This f l i g h t  
response  was q u a n t if ie d  as  number of c ro s s in g s  and r e a r in g s .  These 
resp o n ses  were a ls o  seen when th e  GABA blockade was induced w ith  
th e  GABA s y n th e s is  in h ib i to r  i s o n ia z id  (INH), b u t th e  tim e to  peak 
e f f e c t  was much lo n g e r (24±1 m in .)  as compared to  GABA a n ta g o n is ts  
(6 -  10 m in .) .  Even though t h i s  g ro ss  locom otor a c t iv a t io n  
su g g es ts  an a v e rs iv e  e f f e c t  judg ing  from th e  w ell c o -o rd in a te d  
"escape" r e a c t io n s ,  a n o n -s p e c i f ic  a c t iv a t io n  of locom otion could 
n o t be ex c lu d ed . T h e re fo re , male r a t s  were t r a in e d  in  an a v e rs iv e  
paradigm  of av o id ing  fo o t shocks by p re s s in g  a le v e r  (Sidman; RS 
20: SS 1 0 ) . Guide cannu lae  were s te r e o ta x ic a l ly  p laced  b i l a t e r a l l y  
in  th e  PH where m ic ro in je c tio n  of th e  GABA a n ta g o n is t  b ic u c u ll in e  
m eth iod ide  (BMI) 25 ng in c rea sed  h e a r t  r a t e  under a n e s th e s ia .  
A f te r  a reco v e ry  p e r io d  of 4 -  5 d ay s , 70 ug of INH was m icro - 
in je c te d  b i l a t e r a l l y  in to  th e  PH and th e  r a t s  were p laced  in  th e  
a v e rs iv e  paradigm . INH in c re a se d  th e  avoidance responses  
g r a d u a l ly ,  a t t a i n in g  peak e f f e c t s  by .30 m in . in  c o n t r a s t  to  BMI 
which in c re a se d  avo idance beh av io r im m ediately (tim e to  peak 
e f f e c t s  5 - 1 0  m in .) .  However, GABA b lockade f a i l e d  to  in c re a se  
le v e r  p re s s in g  in  an approach paradigm , where th e  r a t s  o b ta in ed  
sweetened m ilk  by p re s s in g  a le v e r  (VI 1 ) .  These r e s u l t s  suggest 
th a t  GABA s y n th e s is  i n h i b i to r s ,  l i k e  th e  a n ta g o n is ts ,  may 
s p e c i f i c a l ly  s t im u la te  an a v e rs iv e  d r iv e  when in je c te d  b i l a t e r a l l y  
in to  th e  PH, and th a t  th e  tim e cou rse  of th i s  e f f e c t  co rresponds 
to  th o se  o f t h e i r  c a rd io - r e s p i r a to r y  and locom otor e f f e c t s .  
(S upported  by g ra n ts  USPHS NS 19883 and PHS MH 17107, NIMH.)

413.2 FIRING of single cells in entorhinal cortex is location 
SPECIFIC AND PHASE LOCKED TO HIPPOCAMPAL THETA RHYTHM. G.J. 
Quirk* and J.B. Ranck, Jr.,  Dept. of Physiology, Downstate Medical 

C t r . ,  S U N Y ,  B r r o k l y n  N . Y . ,  1 1 2 0 3 .Single neurons in the hippocampus have been shown to fire when 
the rat is in a particular location. The entorhinal cortex supplies 
the hippocampus with processed sensory information through the 
perforant path, which arises from layers II and III. Employing 
techniques similar to those used in hippocampus, entorhinal cells 
were examined for spatial and other firing correlates.

Rats were trained to retrieve food pellets in simple geometric 
enviroments until they would run almost continuosly, at which time 
they were implanted with movable and f ixed electrodes in 
entorhinal cortex and hippocampus, respectively. The firing rate of 
an isolated entorhinal cell was then correlated with the rat’s 
position using an automatic system developed by Muller and Kubie. 
After simultaneous monitoring of the action potential rate and the 
animal's position, a color coded rate map was produced for each 
cell comparing rates of firing and location of the rat throughout a 
16 minute session. The majority of cells analyzed in this way 
yielded maps that showed, upon visual inspection, a reproducable 
spatial pattern. Both spatial and non spatial cells were seen in 
several cortical laminae, including layers II and III.

Previous work from this laboratory has shown a generator of 
theta rhythm in entorhinal cortex. In order to study firing 
correlates, EEG was recorded from both hippocampus (CA1) and 
entorhinal cortex and was stored on video tape along with the unit 
for later analysis. Theta rhythm was recorded from CA1 and used as 
a trigger for examining the spike train. A pronounced rythmicity 
was observed with the majority of cells firing 30 degrees after the 
peak negativity of CA1 theta (p=.002, Rayleigh’s test). This 
rythmicity was found in both place and non-place cells, and in cells 
exhibiting high rates and low rates. Fox. et. al., observed, in 
walking rats, a majority of cells in Ammon’s horn and dentate gyrus 
firing at a similar time in the theta cycle (Exp. Brain Res., in press).

In addition to its projection to  hippocampus from superficial 
layers, the entorhinal cortex receives a projection from 
hippocampus in deep layers. Place correlates in the entorhinal 
cortex, therefore, could represent a spatial input to the hippocamus, 
a spatial output of the hipocampus, or some interaction between the 
two. The phasic firing observed supports a recent claim that 
connections through entorhinal cortex are critical for hippocampal 
theta in walking rats (Vanderwolf, et. al., Brain Res., 347:58, 1985).

Supported by NIH grant NS 14497.
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413.3 R h y t h m i c a l l y  B u r s t i n g N eurons  o f  t h e  M ed ia l  
S e p tu m /N u c le u s  o f  t h e  D ia g o n a l  Band Are  E x c i t e d  by 
B i c u c u l l i n e . B .S .  G ivens  and  G.R. B r e e z e . C u r r i c u lu m  
in  N e u r o b io lo g y  and B i o l o g i c a l  S c i e n c e s  R e s e a r c h  
C e n t e r ,  U n i v e r s i t y  o f  N o r th  C a r o l i n a  S ch o o l  o f  
M e d ic in e ,  C h ap e l  H i l l ,  NC 27514

A p o p u l a t i o n  o f  n e u r o n s  o f  t h e  m e d ia l  s ep tum  and 
t h e  v e r t i c a l  l im b  o f  t h e  n u c l e u s  o f  t h e  d i a g o n a l  band  
(MS/DB) i s  known t o  have  a r h y t h m i c a l l y  b u r s t i n g  
p a t t e r n  o f  a c t i v i t y .  T hese  c e l l s  a r e  b e l i e v e d  t o  
r e c e i v e  a GABAergic i n h i b i t o r y  i n p u t  from n e u r o n s  o f  
t h e  l a t e r a l  s ep tu m .  To t e s t  w h e th e r  o n g o in g  GABA 
a f f e r e n t  a c t i v i t y  t o  MS/DB c e l l s  u n d e r l i e s  t h e i r  
r h y th m ic  b u r s t i n g  p a t t e r n ,  t h e  r e s p o n s e  o f  s i n g l e  
b u r s t i n g  n e u r o n s  t o  l o c a l l y  a d m i n i s t e r e d  b i c u c u l l i n e  
was a s s e s s e d  in  u r e t h a n e  a n e s t h e t i z e d  r a t s .

S i n g l e  u n i t s  were  r e c o r d e d  e x t r a c e l l u l a r l y  t h r o u g h  
a g l a s s  m i c r o p i p e t t e  w hich  was a t t a c h e d  t o  a f i v e -  
b a r r e l  p i p e t t e  f o r  d ru g  a d m i n i s t r a t i o n .  MS/DB n e u r o n s  
e n c o u n t e r e d  in  t h i s  s t u d y  f i r e d  a t  a  mean b u r s t  
f r e q u e n c y  o f  4 . 1  b u r s t s  p e r  s e c o n d  ( r a n g e  = 3 . 0 - 5 . 4 )  
w i t h  an a v e r a g e  o f  7 a c t i o n  p o t e n t i a l s  p e r  b u r s t  
( r a n g e  = 2 - 1 6 ) .  In  a l l  u n i t s  t e s t e d ,  u n i l a t e r a l  f o r n i x  
s t i m u l a t i o n  l e d  t o  a p e r i o d  o f  i n h i b i t i o n  (mean 
d u r a t i o n  = 245 ms) i n  t h e  s p o n t a n e o u s  a c t i v i t y  o f  
MS/DB n e u r o n s .  In  83 % o f  t h e  c e l l s ,  t h i s  p e r i o d  o f  
i n h i b i t i o n  was f o l l o w e d  by a r e s e t t i n g  o f  t h e  b u r s t i n g  
p a t t e r n  w hich  was t i m e - l o c k e d  t o  t h e  s t i m u l u s . 
I o n t o p h o r e t i c  a p p l i c a t i o n  o f  b i c u c u l l i n e  ( m e t h i o d i d e ;  
5mM; 10 -50  nA) t o  t h e s e  MS/DB c e l l s  c o n s i s t e n t l y  
i n c r e a s e d  s p o n t a n e o u s  f i r i n g  r a t e  i n  a  d o s e  r e l a t e d  
m anne r .  S i m i l a r  r e s p o n s e s  w ere  e l i c i t e d  by p r e s s u r e  
e j e c t i o n  (5 - 5 0  p s i  x s e c )  o f  b i c u c u l l i n e .  Maximal 
i n c r e a s e s  o c c u r r e d  w i t h i n  20 s e c o n d s  o f  d ru g  
a p p l i c a t i o n  and l a s t e d  3 0 -180  s e c o n d s  a f t e r  t h e  
e j e c t i o n  c u r r e n t  o r  p r e s s u r e  was t e r m i n a t e d .  
B i c u c u l l i n e - i n d u c e d  r a t e  i n c r e a s e s  r e f l e c t e d  t h e  
a p p e a r a n c e  o f  i n t e r b u r s t  s p i k e s  in  a d d i t i o n  t o  an 
i n c r e a s e  i n  t h e  number o f  s p i k e s  p e r  b u r s t .  The b u r s t  
f r e q u e n c y  ( 4 . 1  b u r s t s /  s e c )  r e m a in e d  u n c h an g e d .  E very  
u n i t  t e s t e d  was i n h i b i t e d  by i o n t o p h o r e t i c a l l y  a p p l i e d  
GABA and t h i s  r e s p o n s e  was r e v e r s i b l e  by b i c u c u l l i n e  
e j e c t e d  w i t h  e i t h e r  p r e s s u r e  o r  an i o n t o p h o r e t i c  
c u r r e n t .  These  d a t a  s u p p o r t  t h e  h y p o t h e s i s  t h a t  t h e r e  
i s  a t o n i c a l l y  a c t i v e  GABAergic i n p u t  t o  r h y t h m i c a l l y  
b u r s t i n g  n e u r o n s  o f  t h e  MS/DB which  a c t s  t o  s u p p r e s s  
c e l l  f i r i n g  b o t h  b e tw ee n  a s  w e l l  a s  w i t h i n  b u r s t s .  
S u p p o r t e d  by HD-03110 and MH-14277.

413.4 RAT MEDIAL FRONTAL CORTEX SINGLE UNIT RESPONSES TO ELECTRICAL 
STIMULATION OF HIPPOCAMPUS AND AMYGDALA. K.G. R u it*  and E .J . 
N eafsey . D epartm ent o f Anatomy, Loyola U n iv e rs ity  M edical C en te r, 
2160 S. F i r s t  Avenue, Maywood, IL 60153.

Our la b o ra to ry  has p re v io u s ly  re p o rte d  a d i r e c t  p ro je c t io n  from 
th e  in f ra lim b ic  and p re lim b ic  reg io n s  o f r a t  m edial f r o n ta l  c o r te x  
(MFC) to  th e  v ag a l s o l i t a r y  n ucleus  (T e rre b e rry  and N eafsey , BR 
278, 1983), and we have a ls o  found th a t  s t im u la t io n  o f th e  MFC 
evoked changes in  h e a r t  r a t e ,  blood p re s s u re , g a s t r i c  m o t i l i ty  and 
r e s p i r a t io n ,  prom pting us to  la b e l  th i s  reg io n  th e  " v is c e ra l"  
motor c o r te x  (H urley-G ius and N eafsey , BR 365, 1986). Major 
a f f e r e n t  p ro je c t io n s  to  th i s  p o r tio n  of th e  MFC a r i s e  in  th e  
b a s o la te r a l  nuc leus  (BL) of th e  amygdala (K re tte k  and P r ic e ,  JCN 
172, 1977) and th e  CA1 and s u b ic u la r  reg io n s  o f th e  hippocampal 
fo rm a tio n  (H) (Swanson, BR 217, 1981). The p re s e n t study  examined 
th e  e f f e c t  o f e l e c t r i c a l  s t im u la t io n  of th e se  lim b ic  s t r u c tu r e s  on 
s in g le  u n i t  a c t i v i t y  in  th e  MFC.

R ats were a n e s th e tiz e d  w ith  c h lo r a l  h y d ra te  (400 mg/kg, IP ) and 
p laced  in  a s te r e o ta x ic  fram e. The c o r te x  on one s id e  was 
exposed, and c o n c e n tr ic  b ip o la r  s t im u la t in g  e le c tro d e s  p o s itio n e d  
s te r e o ta x ic a l ly  in  th e  BL and H. S tim u la tio n  param ete rs were 
s in g le  o r  d ua l p u lse s  of 0 .15  msec d u ra t io n , c u r r e n t  in t e n s i ty  
between 200-500 uamps. A g la s s  in s u la te d  tu n g s te n  m ic ro e lec tro d e  
was used to  reco rd  u n i t  resp o n ses  in  th e  MFC between 3 and 4 mm 
r o s t r a l  to  bregma and from th e  s u r fa c e  to  6 mm below i t .  U n it 
responses  were e v a lu a te d  from PST h is to g ra m s, cumsum graphs and 
d o t r a s t e r  o s c il lo s c o p e  d is p la y s .  Marking le s io n s  were made along 
each e le c tro d e  tr a c k  to  f a c i l i t a t e  h i s to lo g ic a l  re c o n s t ru c t io n .  

W ith in  th e  MFC, 60-70% of th e  neurons responded to  e i th e r  BL or 
H stimulation, with most responsive cells located between 2 and 6 
mm from the cortical surface. Most of these cells (80%) were 
e f fe c te d  by bo th  BL and H s tim u la t io n .  The i n i t i a l  response  to  BL 
s tim u la t io n  was e i t h e r  an d ec re ase  (48%) o r  in c re a s e  (20%) in  
f i r i n g  r a t e ;  th e  i n i t i a l  response  to  H s t im u la t io n  was a d ec re ase  
in  f i r i n g  r a t e .  The la te n c y  o f th e  e a r l i e s t  change in  a c t i v i t y  to  
e i t h e r  BL o r H s tim u la t io n  was abou t 15 msec. The predom inant 
e f f e c t  o f bo th  amygdala and hippocam pal s tim u la t io n  appeared  to  be 
a d ec re a se  in  th e  f i r i n g  r a t e  of MFC c e l l s ;  th e se  " in h ib i to ry "  
p e r io d s  could  l a s t  f o r  300-400 msec. The zone o f re sp o n s iv e  c e l l s  
o v e rlap s  th e  c o r t i c a l  o r ig in  o f th e  d i r e c t  p ro je c t io n  to  th e  
s o l i t a r y  n u c le u s , in d ic a t in g  th a t  th e  lim b ic  system  has ready 
access  to  c e n tr a l  v is c e r a l  c o n tro l system s. The concep t of th e  
lim b ic  system  as  th e  " v is c e r a l  b ra in "  (MacLean, EEG 4 , 1952) s t i l l  
appears  to  have m e r i t .
Supported by NIH g ra n t NS16146 and BRSG and P o t t 's  Fund g ra n ts  
from Loyola U n iv e rs ity .

413.5 EPILEPTIFORM ACTIVITY AND SPREADING DEPRESSION IN THE ABSENCE OF 
EXTRACELLULAR Mg2+ IN THE RAT HIPPOCAMPAL FORMATION. I .  Mody, 
J .D .C . Lambert* and U. Heinemann*. Max P lanck I n s t i t u t e  fo r  
P sy c h ia try , 8033 M a r tin s r ie d , F .R . Germany.

The e f f e c t  o f  low ering  Mg2+ on th e  neu ro n a l a c t i v i t y  and chan
ges in  f r e e  e x t r a c e l lu l a r  Ca2+ c o n c e n tr a t io n ( [Ca 2+] 0 ) was s tu d ie d  
in  hippocam pal s l i c e s .  Twenty to  f o r ty  m inutes fo llo w in g  th e  
washout o f Mg2+, when i t s  le v e l  d e c lin e d  to  le s s  th an  0 .1  mM, 
spontaneous f i e l d  p o te n t ia l s  developed in  th e  CA1 and CA3 re g io n s , 
b u t n o t in  th e  d e n ta te  g y ru s . Recorded e x t r a c e l lu l a r ly ,  th e se  
p o te n t ia l s  o cc u rre d  w ith  a  frequency  o f  abou t 0 .3 -0 .5  Hz and , in  
th e  pyram idal c e l l  la y e r  o f  CA3, c o n s is te d  o f  2-5 mV p o s i t iv e  
d e f le c t io n s  w ith  2-10 superim posed p o p u la tio n  s p ik e s ,  l a s t in g  40- 
100 ms. In  th e  s t r .  py ram idale o f  CA1, th e  f i e l d  p o te n t ia l  t r a n 
s ie n t s  were u s u a lly  b ip h a s ic ,  w ith  am p litudes  g e n e ra lly  le s s  th an  
3 mV. I n t r a c e l l u l a r  reco rd in g s  from CA3 pyram idal c e l l s  re v e a le d  
t h a t  th e  t r a n s i e n t s  were a s s o c ia te d  w ith  20-30 mV paroxysm al de
p o la r iz a t io n  s h i f t s  (PDS) w ith  superim posed b u r s ts  o f a c t io n  po
t e n t i a l s ,  b u t no s ig n i f i c a n t  changes in  RMP o r  Rn o f  th e  c e l l s .  
In  c o n t r a s t ,  i n  CA1 p y ra m id a l  n e u ro n s ,  i t  was EPSP/IPSP s e q u e n c e s  
t h a t  acco m p an ied  th e  t r a n s i e n t s ,  s u g g e s t in g  t h e i r  s y n a p t i c  o r i g i n .  
T h is  h y p o th e s i s  was a l s o  s u p p o r te d  by  th e  f in d i n g  t h a t  s u r g i c a l  
i s o l a t i o n  o f  a r e a  CA3 from  CA1 r e a d i l y  a b o l i s h e d  t h e  sp o n ta n e o u s  
a c t i v i t y  i n  CA1, b u t  n o t  i n  CA3. P e r f u s io n  o f  th e  NMDA r e c e p t o r  
a n t a g o n i s t  2-APV (30μM) o r  e l e v a t i o n  o f  [ Ca2+] 0 t o  3-4 mM a l s o  
a t t e n u a t e d ,  o r  r e v e r s i b l y  b lo c k e d ,  t he  s p o n ta n e o u s  a c t i v i t y .

D ecreases in  [C a 2 + ]0 , produced by orthodrom ic s tim u la t io n  (20 
H z/10s) and m easured w ith  io n - s e le c t iv e  m ic ro e le c tro d e s , were a ls o  
enhanced in  th e  absence o f  Mg2+. The in c re a s e s  in  th e  Ca2+ r e s 
ponses were u s u a l ly  maximal n ea r th re s h o ld  s tim u lu s  i n t e n s i t i e s , 
and were b locked  by r a i s in g  [C a2 + ]0  to  3 .6  mM. In  low Mg2+, h igh  
i n t e n s i t y ,  su p ra th re s h o ld  r e p e t i t i v e  s t im u la t io n  a l s o  caused  
sp read in g  d e p re ss io n  (SD) to  deve lo p .

SDs cou ld  be evoked in  a l l  hippocam pal a re a s  s tu d ie d ,  in c lu d in g  
th e  d e n ta te  g y ru s , and were c h a ra c te r iz e d  by 30-40 mV d e p o la r iz a 
t io n s  o f  th e  neurons to g e th e r  w ith  n e g a tiv e  f i e l d  p o te n t ia l  s h i f t s  
o f  10-15 mV and d ec re a se s  in  [C a2 + ]0  by 1 .2 -1 .4  mM, la s t in g  fo r  
1-2 min. S ynap tic  tra n sm is s io n  rem ained im paired  in  ex cess  o f  2 
min fo llo w in g  th e  SDs. P e rfu s io n  o f  30μM 2-APV r e v e r s ib ly  b locked  
th e  te ta n c  s tim u la t io n - in d u c e d  SDs, s u g g es tin g  th e  involvem ent o f 
NMDA type  re c e p to r s .

The p re s e n t  f in d in g s  show th a t  in  th e  absence o f e x t r a c e l lu la r  
Mg2+ spontaneous e p i le p t ifo rm  a c t i v i t y  deve lops  in  th e  CA3 reg io n  
o f  th e  hippocam pus, which p ro p ag a tes  to  a re a  CA1. The u n d e rly in g  
mechanism fo r  t h i s  type  o f  a c t i v i t y  and th e  in d u c tio n  o f  SD may 
be th e  re d u c t io n  o f su r fa c e  charge sc re e n in g  to g e th e r  w ith  th e  
rem oval o f th e  v o ltag e -d ep e n d en t b lockade o f NMDA re c e p to r s .

413.6 INDUCTION OF DELAYED SYNCHRONIZED BURSTS IN THE CA2/CA3 REGION OF 
RAT HIPPOCAMPAL SLICES IN THE ABSENCE OF EPILEPTOGENIC AGENTS. 
S.M. Bawin, A.R. Sheppard, I . Shahhal*, M.D. Mahoney* and 
W.R. Adey. Departments of Physiology and Neurosurgery, Loma Linda 
University and VAMC, Loma Linda, CA 92357.

I t  is  well known that weak afferent stimulation of the CA2/CA3 
area of d is i nhi bited hippocampal s lices resu lts in delayed syn
chronized bursts (DSBs) which are synaptically transmitted to the 
CA1 region. DSBs are thought to re flec t progressive recruitment 
of bursting neurons via a local network of recurrent excitatory 
processes in the CA2/CA3 area (Wong, RKS and Traub, RD, 
J .  Neurophysiol. ,  49:442-471, 1983)

We studied the effec ts of weak repetitive  stimulation of mossy 
fibers or Schaffer co lla te ra ls  on fie ld  potentials evoked in the 
CA2/CA3 and CA1 cell layers of hippocampal slices perfused with 
control solution and with pen ic illin  (PEN) a t various concentra
tions (0.25 to 3.4 mM). Bipolar stimulating electrodes in either 
pathway were used for te s t  pulse stimulation (0.2 Hz) or repeti
tive stimulation with sinusoidal currents (10 sec wave tra in s a t 
60 Hz, amplitude 10-50 uA). Much greater 60 Hz currents are used 
in kindling epilepsy. The te s t  pulse in ten sities  were suffic ien t 
to evoke short-latency population spikes (primary PSs) i n control 
solution, or DSBs in the PEN containing solutions.

Although te s t  pulses during perfusion with control solution 
induced only primary PSs prior to 60 Hz stim ulation, DSBs were 
evoked regularly in both CA2/CA3 and CA1 regions during and 
following wave tra in s . DSBs occurred whether the sine wave was 
delivered in the mossy or Schaffer tra c ts , and lasted from a few 
sec to >10 min. Others have reported post-tetanic potentiation 
of primary responses and afterdischarges resembling DSBs 
following 10 sec, 13 Hz pulse tra in s in the lower and upper 
dentate blades (Yamamoto, C and Chujo, T, Exp. Neurol. ,  58:242- 
250, 1978). However, in our studies sinusoidal stimulation did 
not potentiate the primary PSs.

Adding PEN fa c ilita te d  DSB in itia tio n  and transmission in a 
concentration dependent manner. During 60 Hz stimulation "spon
taneous" DSBs occurred between te s t pulses. A ftereffects lasting  
up to 3 min varied from DSB potentiation to complete suppression 
as epileptiform activ ity  increased in the tissue prior to 
sinusoidal stim ulation. The suppression of DSBs may have been 
due to pathological conditions created by local intense bursting.

In summary, weak repetitive  stimulation of CA2/CA3 afferents 
in the absence of d isinhib iting  agents can induce long-lasting 
potentiation of the synaptic elements responsible for DSBs. Weak 
in te ric ta l discharges reaching the hippocampus and reverberation 
between the CA1 and CA2/CA3 areas could prime DSB mechanisms and 
fa c il i ta te  further epileptiform discharges.

Supported by Veterans Administration and Department of Energy.
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413.7 P R O T E C T I O N  A G AI NS T  HYP OXI A BY HI GH GL UCOS E -  A STUDY 
U S I N G  THE I N  V I T R O  H I P P O C A MP A L  S L I C E .  C . A .  W e s t * ,  A.  
S c h u r r , K . H . R e i d  a n d  C . B . S h i e l d s . L a b o r a t o r y  f o r  
C e l l u l a r  N e u r o s c i e n c e ,  ACCRU,  D e p t s .  o f  A n e s t h e s i o l o g y ,  
P h y s i o l o g y  a n d  S u r g e r y ,  U n i v .  L o u i s v i l l e ,  S c h .  o f  M e d . ,  
L o u i s v i l l e ,  KY 4 0 2 9 2

T h e  e f f e c t  o f  h i g h  ( 2 0  mM) a n d  l o w  ( 5  mM) g l u c o s e  
l e v e l s  o n  s y n a p t i c  a c t i v i t y  a n d  o n  t h e  s e n s i t i v i t y  t o  
h y p o x i a  i n  b r a i n  s l i c e s  w a s  e x a m i n e d .  400  μ m r a t  
h i p p o c a m p a l  s l i c e s  w e r e  m a i n t a i n e d  i n  a  d u a l  
c o m p a r t m e n t  i n t e r f a c e  c h a m b e r  s u p p l i e d  w i t h  h u m i d i f i e d  
9 5 % O2 / 5 % CO2 a n d  a r t i f i c i a l  CSF ( ACS F)  c o n t a i n i n g  t h e  
s t a n d a r d  l e v e l  o f  1 0  mM g l u c o s e .  E v o k e d  p o p u l a t i o n  
s p i k e s  f r o m  t h e  CA1 c e l l  l a y e r  w e r e  c o n t i n u o u s l y  
r e c o r d e d  ( 1 / m i n )  f r o m  o n e  s l i c e  p e r  c o m p a r t m e n t  
f o l l o w i n g  o r t h o d r o m i c  s t i m u l a t i o n  o f  S c h a f f e r  
c o l l a t e r a l s .  A f t e r  1 5  m i n  o f  b a s e l i n e  r e c o r d i n g s ,  
s l i c e s  i n  o n e  c o m p a r t m e n t  w e r e  p e r f u s e d  w i t h  e i t h e r  5 
o r  2 0  mM g l u c o s e / A C S F  w h i l e  c o n t r o l  s l i c e s  i n  t h e  o t h e r  
c o m p a r t m e n t  c o n t i n u e d  t o  b e  p e r f u s e d  w i t h  t h e  s t a n d a r d  
( 1 0  mM) ACSF.  A f t e r  6 0  m i n ,  t h e  s l i c e s  w e r e  e x p o s e d  t o  
h y p o x i a  ( 9 5 % N2 / 5 % C O2 ) f o r  e i t h e r  1 0  o r  2 0  m i n ,  
f o l l o w e d  b y  r e c o v e r y  f o r  3 0  m i n  ( 9 5 % O2 / 5 % C O 2 ) .  
A d d i t i o n a l  s l i c e s  i n  t h e  c h a m b e r  w e r e  t e s t e d  f o r  t h e i r  
r e s p o n s e  t o  o r t h o d o m i c  s t i m u l a t i o n ;  t h e  p r e s e n c e  o f  a  
p o p u l a t i o n  s p i k e ( > 1 mV) w a s  c o n s i d e r e d  r e c o v e r y  o f  
s y n a p t i c  f u n c t i o n .

T h e  h i g h  a n d  l o w  g l u c o s e  l e v e l s  h a d  n o  a p p a r e n t  
e f f e c t  o n  t h e  p r e - h y p o x i a  p o p u l a t i o n  s p i k e  b u t  
s i g n i f i c a n t l y  a f f e c t e d  r e c o v e r y  o f  s y n a p t i c  f u n c t i o n  
a f t e r  h y p o x i a .  N i n e t y - t h r e e  p e r c e n t  ( 3 8 / 4 1 )  o f  t h e  2 0  
mM g l u c o s e  s l i c e s  e x p o s e d  t o  1 0  m i n  h y p o x i a  r e c o v e r e d  
a s  c o m p a r e d  t o  4 1 % ( 1 3 / 3 7 )  o f  t h e  1 0  mM g l u c o s e  
c o n t r o l s  ( p < . 0 0 0 5 ) .  N o n e  ( 0 / 2 5 )  o f  t h e  5 mM g l u c o s e  
s l i c e s  r e c o v e r e d  a f t e r  t h i s  i n s u l t .  S i m i l a r l y ,  7 3 #  
( 3 0 / 4 1 )  o f  t h e  h i g h  g l u c o s e  s l i c e s  e x p o s e d  t o  20 m i n  
h y p o x i a  r e c o v e r e d  w h i l e  n o n  ( 0 / 3 9 ) o f  t h e i r  c o n t r o l  
c o u n t e r p a r t s  s h o w e d  s y n a p t i c  a c t i v i t y .  T h e  r e s u l t s  
s h o w  a  d o s e - d e p e n d e n t  r e l a t i o n s h i p  b e t w e e n  g l u c o s e  
l e v e l s  a n d  t h e  r e c o v e r y  f r o m  h y p o x i a  o f  s y n a p t i c  
f u n c t i o n  i n  i s o l a t e d  b r a i n  t i s s u e .

413.8 SENSITIVITY OF SYNAPTIC ACTIVITY IN THE CA1 REGION OF THE 
HIPPOCAMPAL SLICE PREPARATION TO HYPOXIA: EFFECTS OF TEMPERATURE 
AND ACSF POTASSIUM CONCENTRATION ON PROBABILITY OF RECOVERY. 
K. H. R e id , A. S c h u r r ,  C. A. W est* , M. T sen g *, C. B. S h ie ld s  and 
H. L. Edmonds, J r .*  L abo ra to ry  fo r  C e l lu la r  N euroscience, ACCRU, 
D epts. o f  P hysio logy , A n esthesio logy , Anatomy and S urgery , School 
o f M edic ine, U n iv e rs ity  of L o u is v i l le ,  L o u is v i l le  KY 40292.

H ippocam pal s l i c e s  from  200 -300  g S p rag u e -D aw ley  r a t s ,  c u t  
400μ th ic k ,  were m a in ta in ed  in  an in t e r f a c e  chamber f o r  2-3 hours 
b e f o r e  b e in g  s u b je c te d  to  h y p o x ia . The h y p o x ic  i n s u l t  was 
produced by changing th e  h u m id ifie d  gas flo w in g  over th e  s l i c e s  
(1 l i t e r / m i n )  f r o m  95% o x y ge n / 5 %  c a r b o n  d i o x i d e  t o  95% 
n itrogen /5%  carbon d io x id e  fo r  a p e rio d  o f 10 m in u tes , fo llo w ed  
by a r e t u r n  t o  95% o x y g en /5 %  c a rb o n  d i o x i d e .  S y n a p t i c  
re sp o n s iv en ess  was ev a lu a te d  by s t im u la t in g  S ch a ffe r  c o l l a t e r a l s  
o n c e /m in u te  a t  2x th r e s h o l d ,  and  r e c o r d in g  th e  CA1 p o p u la t io n  
sp ik e . S l ic e s  w ere co n s id e red  u n responsive  i f  s t im u la t io n  a t  2x 
t h r e s h o l d  d id  n o t evoke a r e s p o n s e  > 1 mV in  a m p l i tu d e .  The 
t y p i c a l  p re -h y p o x ic  r e s p o n s e  a t  2x th r e s h o l d  w as 10-20  mV in  
am p litu d e .

At 34°C , w i th  5 mM K+ in  th e  m edium , th e  h y p o x ic  i n s u l t  
r e l i a b l y  rendered  30-50% of th e  s l i c e s  exposed u n responsive  a f t e r  
r e s to r a t io n  o f norm al oxygenation . Changes in  te m p era tu re  had a 
m arked e f f e c t  on th e  p e r c e n ta g e  o f s l i c e s  r e t a i n i n g  s y n a p t i c  
r e s p o n s iv e n e s s  (T a b le  1). C hanges in  ACSF K+ l e v e l  a l s o  had a 
marked e f f e c t ,  as  shown in  Table 2. In  p a r t i c u l a r ,  K+ le v e ls  in  
excess  o f 6.5 mM, w hich produced h y p e re x c ita b le  s l i c e s ,  g r e a t ly  
re d u c e d  th e  a b i l i t y  o f  s l i c e s  to  r e c o v e r  e l e c t r i c a l  a c t i v i t y  
a f t e r  a s ta n d a rd  hypoxic in s u l t .

TABLE 1
Tem perature o f in c u b a tio n R e c o v e re d /to ta l s lic e s  te s te d

40 °C 1/89 1%
37 12/74 16%
34 78/126 62%
31 81/83 98%
28 70/75 93%

TABLE 2
C o n ce n tra tio n  o f po tassium R e c o v e re d /to ta l s l i c e s  te s te d

2 .5  mM 80/89 90%
5 .0 78/126 62%
6 .5 54/100 54%
7 .5 11/72 15%

P re lim in a ry  d a ta  in d ic a te s  th a t  n e i th e r  feedback in h ib i t io n  
(an tid ro m ic -o r th o d ro m ic  s t im u la t io n )  nor feed -fo rw ard  in h ib i t io n  
(o r th o d r o m ic - o r th o d r o m ic  h e t e r o s y n a p t i c  s t i m u l a t i o n )  shows 
s e le c t i v e  v u ln e r a b i l i ty  to  t h i s  form o f hypoxic in s u l t .

413.9 2-DEOXYGLUCOSE UPTAKE IN NORMOXIC AND HYPOXIC RAT HIPPOCAMPAL 
SLICES. M.T. T sen g*, A. S c h u r r ,  G .D . M cClure J r .*,  K .H . R e id  and  
B.M. R ig o r . L ab . f o r  C e l l u l a r  N e u ro s c ie n c e ,  ACCRU, D e p ts .  o f  
A natom y, A n e s th e s io lo g y  and  P h y s io lo g y ,  U n iv . o f  L o u i s v i l l e  
S c h o o l o f  M e d ic in e , L o u i s v i l l e ,  KY 40292 .

D em ise o f  h y p o x ic  b r a i n  t i s s u e  c a n  p a r t l y  be a t t r i b u t e d  t o  
t h e  a c c u m u la t io n  o f  a n a e r o b ic  g l y c o l y t i c  end  p r o d u c t s  su c h  a s  
l a c t a t e .  An in c r e a s e d  g lu c o s e  u p ta k e  and  u t i l i z a t i o n  a f t e r  
h y p o x ic  i n s u l t  h a s  b e e n  d o cu m en ted . Among th e  v a r io u s  m o d els  
f o r  s tu d y  o f  i s c h e m ia /h y p o x ia ,  t h e  h ip p o ca m p a l s l i c e  
p r e p a r a t i o n  h a s  become i n c r e a s i n g l y  p o p u la r .  W hile  t h e  
e le c t r o p h y s i o lo g y  o f  t h e  h y p o x ic  s l i c e  p r e p a r a t i o n  i s  w e l l  
d o cu m en ted , l i t t l e  i s  known a b o u t  th e  t im e  c o u rs e  o f  g lu c o s e  
u p ta k e ,  i t s  u t i l i z a t i o n ,  an d  th e  f o rm a tio n  o f  l a c t i c  a c i d .  In  
t h i s  s tu d y  [3H ] 2 -d e o x y g lu c o s e  (2DG) was u se d  t o  d e te rm in e  th e  
tim e  c o u r s e  o f  g lu c o s e  u p ta k e  u n d e r  n o rm o x ic  and  h y p o x ic  
c o n d i t i o n s  i n  r a t  h ip p o ca m p a l s l i c e s .  S l i c e s ,  400 um t h i c k ,  
w ere  p r e p a r e d  from  a d u l t  m ale  r a t s  im m e d ia te ly  a f t e r  
d e c a p i t a t i o n  and  e q u i l i b r a t e d  f o r  1 h r  i n  a  l i n e a r  f lo w  d u a l  
cham ber w here  th e y  w ere  s u p e r f u s e d  w i th  ACSF (40 m l/h r )  i n  a  
h u m id i f ie d  a tm o sp h e re  o f  95%O2/5%CO2 a t  34°C . S l i c e s  i n  one 
co m p artm en t w ere  s u b je c t e d  t o  a  10 m in h y p o x ic  e p is o d e  
(95%N2 /5%CO2 ) w h i le  th o s e  i n t h e  o t h e r  re m a in e d  u n d e r  n o rm o x ic  
c o n d i t i o n s .  Ten m in p r i o r  t o  h y p o x ic  c h a l l e n g e ,  ACSF 
c o n ta in in g  50 μ C i/m l 2DG was i n t r o d u c e d .  S l i c e s  w ere a l lo w e d  
t o  r e c o v e r  f o r  an  a d d i t i o n a l  6 0 -9 0  m ih d u r in g  w h ic h , a t  10 m in 
i n t e r v a l s ,  s a m p le s  w ere  rem oved from  b o th  c o m p a rtm e n ts , d r i e d ,  
w e ig h ed  and  s o l u b i l i z e d  t o  d e te rm in e  2DG in c o r p o r a t i o n  by 
s c i n t i l l a t i o n  c o u n t in g .  A d d i t io n a l  s l i c e s  w ere f ix e d  and  
em bedded f o r  h i s t o l o g i c a l  and  a u to r a d io g r a p h ic  s t u d i e s .  
Com pared t o  t h a t  i n  n o rm o x ic  s l i c e s ,  2DG u p ta k e  a f t e r  h y p o x ia  
was e l e v a t e d .  S ix ty  t o  90 m in a f t e r  h y p o x ic  c h a l l e n g e ,  2DG 
u p ta k e  c o n tin u e d  t o  r i s e  w h i le  n o rm o x ic  c o n t r o l s  b e g a n  t o  
p l a t e a u .  M o rp h o lo g ic a l  d a t a  r e v e a l e d  a  d i f f e r e n t i a l  
p r e s e r v a t i o n  o f  CA1 p y ra m id a l  c e l l s  a lo n g  th e  t h ic k n e s s  o f  t h e  
s l i c e  b e tw een  th e  a i r - l i q u i d  i n t e r f a c e  and  th e  subm erged  
s u r f a c e .  M o reo v e r, p o c k e ts  o f  p y ra m id a l  c e l l s  e x h ib i t e d  h ig h e r  
2DG in c o r p o r a t i o n .

Our r e s u l t s  showed t h a t  t h e  o n s e t  o f  in c r e a s e d  g lu c o s e  
u p ta k e  a f t e r  h y p o x ic  i n s u l t  i s  r a p i d  and  t h a t  su c h  e n h a n ce d  
u p ta k e  i s  s u s t a i n e d  f o r  a t  l e a s t  90 m in . The p r e s e n t  r e s u l t s  
a r e  i n  a c c o rd a n c e  w i th  o t h e r  s t u d i e s .  The h ip p o ca m p a l s l i c e  
p r e p a r a t i o n  th u s  a p p e a r s  t o  b e  a  s u i t a b l e  m odel f o r  c r i t i c a l  
e v a lu a t io n  o f  p o s t - h y p o x ic  e v e n ts .

413.10 PROTECTION AGAINST HYPOXIA BY TAURINE - A STUDY USING THE IN 
VITRO HIPPOCAMPAL SLICE. A. Schurr, M.T. Tseng* and B.M. Rigor. 
Lab. for Cellular Neuroscience, ACCRU, Depts. of Anesthesiology 
and Anatomy, Univ. of Louisville Sch. of Med., Louisville, KY 
40292

The ra t hippocampal slice  preparation (Schurr, A. e t a l , Comp. 
Biochem. Physiol. 82A:701, 1985) has been used in the present stu
dy as an in v itro  model for a study of cerebral hypoxia and pos
sib le pharmacological protection against i t .  Damage brought about 
by a standardized hypoxic in su lt was assessed electrophysiologi
cally and h isto logically  in the presence and absence of a protec
tive agent. Hypoxia-induced Ca2+ influx has been implicated as 
having a major role in producing irreversib le  damage in neuronal 
tissue (Hansen A .J ., Physiol. Rev. 65:101, 1985). Reoxygenation- 
derived free radicals have also been suggested to produce such da
mage (Demopoulos H.B. e t a l , Acta Physiol. Scand. Suppl. 492: 
91, 1980).

Taurine, a sulfur-containing amino acid, is  a putative modula
to r of Ca2+ fluxes across neuronal membranes. I ts  ex tracellu lar 
level increases sign ifican tly  a f te r  ischemia in rabbit hippocam
pus (Hagberg, H. e t a l , J. Cereb. Blood Flow Metab. 5:413, 1985) 
and i t s  decreased level in brain tissue postnatally coincides 
with a decrease in resistance to hypoxia.

Pretreatment of hippocampal slices with taurine almost doubled 
the recovery rate of synaptic function (orthodromically evoked 
population spike) from hypoxic in su lt in CA1 pyramidal neurons. 
Taurine's protective effec t was dose-dependent and biphasic. 
Among the control s lic e s , 49% (n=126) exhibited recovery of synap
t ic  function a f te r  10 min hypoxia. Of the experimental s lice s , 
64% (n=22; n .s .) ,  88% (n=42; P<.005), 94% (n=19; P<.005) and 30% 
(n=20; n .s .)  displayed recovery of synaptic function when treated 
with 0.5, 1.0, 2.0 and 5.0 mM taurine, respectively. A 15 min 
hypoxic in su lt resulted in only 20% (n=25) recovery of synaptic 
function in control slices while 1.0 mM taurine increased the re
covery rate to 88% (n=26; P<.005). Histological assessment re
vealed fewer dark or edematous ce lls  in taurine-treated  slices 
a f te r  hypoxia as compared to control slice s. When control slices 
were incubated in bathing medium containing no Ca2+, the amplitude 
of the population spike fe ll 50% over a period of 40 min (slope = 
-0.57). Inclusion of 1.0 mM taurine in the above medium slowed 
the amplitude decline (12%; slope = -0.25) over the same period of 
time.

These resu lts demonstrate tau rin e 's  anti hypoxic potential. We 
hypothesize that the in vivo elevation of cerebral taurine a fte r  
hypoxia is produced by oxidation of thiol compounds (cysteine, 
glutathione) by oxygen free radicals. Increased taurine slows 
down Ca2+ influx thus reducing irreversib le  neuronal damage.
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413.11 HYPOTHALAMIC TEMPERATURE-SENSITIVE NEURONS AND THEIR 
REGIONAL INTERACTIONS IN  HORIZONTAL TISSUE S L IC E S .
Jav  B. Dean* and Jack  A. B o u lan t. Departm ent of 
P hysio logy , Ohio S ta te  U n iv e rs i ty , Columbus, OH 43210

T h erm osensitive  neurons in  th e  p r e o p tic  reg io n  and 
a n te r io r  hypothalam us a re  known to  be im p o rtan t in  
th e  r e g u la t io n  o f  body te m p e ra tu re . In  in t a c t  
a n im a ls , th e s e  same neurons have been shown to  
r e c e iv e  ascend ing  in p u ts  from th e  cauda l hypothalam us 
and low er b ra in  stem . R o s tra l  hypo thalam ic  neurons 
a re  a ls o  known to  communicate w ith  m iddle and caudal 
hypo thalam ic  n u c le i .  P re v io u s ly , we have used 
h o r iz o n ta l  t i s s u e  s l i c e s  to  s y s te m a tic a l ly  map th e  
lo c a t io n s  o f te m p e ra tu re - s e n s i t iv e  and in s e n s i t iv e  
neurons th ro u g h o u t th e  e n t i r e  hypothalam us of th e  
r a t .  The p re s e n t  s tu d y  in v e s t ig a te d  re g io n a l 
in t e r a c t io n s  between hypo thalam ic  n u c le i  by 
d e te rm in in g  n eu rona l re sp o n se s  to  tem p e ra tu re  changes 
bo th  lo c a l ly  and in  rem ote a re a s  o f th e  s l i c e .  
H o riz o n ta l t i s s u e  s l i c e s  r e s te d  d i r e c t l y  over th re e  
therm odes t h a t  allow ed independen t therm al 
s t im u la t io n  o f d i s c r e t e  r o s t r a l ,  m idd le , and caudal 
hypo thalam ic  re g io n s . Therm ocouples m easured t i s s u e  
tem p e ra tu re s  in  th e se  th r e e  lo c a t io n s .  As in  p rev io u s 
s tu d ie s ,  l o c a l ly  w a rm -sen s itiv e  and c o ld - s e n s i t iv e  
neurons were reco rd ed  in  a l l  m ajor hypótha lam ic  
n u c le i .  The m a jo r ity  o f neurons reco rd ed  in  each a rea  
were c l a s s i f i e d  as  in s e n s i t iv e  to  lo c a l  tem p era tu re  
changes. These te m p e ra tu r e - in s e n s i t iv e  neurons a lso  
d id  n o t respond to  changes in  rem ote te m p e ra tu re s . On 
th e  o th e r  hand, in  th e  septum , a n te r io r  hypothalam us 
and l a t e r a l  hypothalam us (a d ja c e n t to  th e  f o r n ix ) , 
neurons were reco rd ed  t h a t  responded  to  remote 
therm al s t im u la t io n s ,  w h ile  lo c a l  tem p e ra tu re s  were 
h e ld  c o n s ta n t .  T h is su g g e s ts  t h a t  th e rm o se n s itiv e  
s y n a p tic  netw orks ex tend  th ro u g h o u t th e  hypothalam us 
and may se rv e  to  e x p la in  th e  in f lu e n c e  o f tem p era tu re  
on a v a r ie ty  o f h o m eo sta tic  sy stem s. In  a d d it io n , 
most rem o te -re sp o n s iv e  neurons were w a rm -sen s itiv e  to  
lo c a l  tem p e ra tu re s  b u t c o ld - s e n s i t iv e  to  remote 
te m p e ra tu re s . T h is su p p o rts  a p re v io u s  co n ten tio n  
t h a t  n eu rona l c o ld - s e n s i t i v i t y  i s  s t ro n g ly  l in k e d  to  
s y n a p tic  in p u t.
(Supported by NIH, NSF & American H eart g r a n ts . )

413.12 ANALYSIS OF HIPPOCAMPAL THETA RHYTHM SHOWS THAT CORRECT LOCATION 
OF CURRENT SOURCES AND SINKS GENERATING EGG PATTERNS CAN REQUIRE 
DC RECORDING. S .E . Fox and M. S te w a rt, Departm ent of P hysio logy , 
D ownstate M edical C en ter, SUNY, Brooklyn, NY 11203.

The DC component o f th e  p o te n t ia l  f i e ld s  of hippocam pal th e ta  
rhythm v a r ie s  s u b s t a n t i a l l y  w ith  depth  (G erbrandt and Fow ler, Prog 
in  B rain  Res 54:109 -116 , 1980). C u rren t sou rce  d e n s ity  (CSD) 
a n a ly s is ,  a w eighted second d e r iv a t iv e  o f th e  v o lta g e  w ith  re s p e c t 
to  d ep th , in d ic a te s  th e  magnitude and s ig n  o f th e  transmembrane 
c u r re n t as a fu n c tio n  of depth (N icholson and Freeman, J Neuro
p h y s io l 38:356-368, 1975). CSD an a ly se s  in c lu d in g  th e  DC compo
n en ts  may d i f f e r  from th o se  d eriv ed  from AC an a ly se s . For th e  
hippocam pal th e ta  rhythm , in c lu s io n  o f th e  la rg e  DC components 
a l t e r s  th e  magnitude and even th e  s ig n  of the  computed t r a n s 
membrane c u r re n t a t  some s i t e s .

A n esth esia  w ith  u re th an e  induces long bou ts o f 4-5 Hz th e ta  
rhythm in  r a t s .  P r o f i le s  of th e  peak to  peak am plitude of th i s  
rhythm using  AC reco rd in g s  show one maximum on th e  b asa l d e n d r i t ic  
s id e  of CA1 and an o th er nea r th e  hippocampal f i s s u r e ,  w ith  a phase 
s h i f t  and n u ll  lo c a te d  between them.

Methods and equipment were op tim ized  fo r  s ta b le  DC monopolar 
reco rd in g  from two s i t e s .  A s ta t io n a ry  m icro p ip e t near the  
hippocam pal f i s s u r e  served  as a p h a s e -re fe re n c e  fo r  reco rd in g s  
from a moveable e le c tro d e  th a t  was passed through th e  c o n tra 
l a t e r a l  hippocampus. Changes in  CSD evoked by s tim u la t io n  of the  
v e n t r a l  hippocam pal commissure and e n to rh in a l c o r tex  were used to  
id e n t i f y  th e  lam inar p o s i t io n  of th e  moveable p ip e t .

The DC CSD a n a ly s is  in d ic a te d  th re e  m ajor s i t e s  fo r  t r a n s 
membrane c u r re n ts :  1) a b a s a l d e n d r i t ic  s in k  in  CA1 having  a 
maximum magnitude a t  th e  p o s i t iv e  peak o f th e  re fe re n c e  th e ta  
rhythm , 2) a s in k  near th e  le v e l  of th e  hippocam pal f i s s u r e  whose 
maximum occu rred  on th e  n eg a tiv e  peak of th e  re fe re n c e  th e ta ,  and 
3) an a p ic a l  d e n d r i t ic  source in  CA1 th a t  re ta in e d  a r e l a t i v e ly  
co n s ta n t m agnitude throughou t th e  th e ta  cy c le .

W hether a s in k  re p re s e n ts  an " a c tiv e "  o r an " e le c t ro to n ic  
transm embrane c u r re n t depends on th e  d i r e c t i o n ,  lo c a t io n  and io n ic  
b a s is  o f th e  u n d erly in g  conductance changes. For example, an 
a c t iv e  s in k  can be produced by lo c a l  EPSPs, w h ile  an e le c t ro to n ic  
s in k  can be produced by d i s ta n t  IPSPs. The a c t iv e  v s . e l e c t r o 
to n ic  d e c is io n  about any source o r s in k  must be based on inform a
t io n  o th e r  than  CSD. In c re a se s  in  th e  am plitude of CA1 p o p u la tio n  
sp ik es  (R udell and Fox, B rain  Res 294:350- 353, 1984) and in  th e  
p ro b a b i l i ty  of f i r i n g  of CA1 pyram ids (Fox, W olfson and Ranck, 
Exp B rain  Res, in  p re s s ,  1986) on th e  p o s i t iv e  phase of th e  d e n ta te  
r e fe re n c e  th e ta  rhythm a re  c o n s is te n t  w ith  th e  n o tio n  th a t  th e re  i s  
a ne t e x c i ta t io n  o cc u rrin g  a t  th e  b a s a l CA1 c u r re n t s in k  in  th i s  
s tu d y , su g g es tin g  th a t  i t  may be due to  lo c a l  EPSPs. (Supported 
by NIH NS17095.)

413.13 TWO POPULATIONS OF RHYTHMICALLY BURSTING NEURONS IN THE SEPTAL NUCLEI ARE 
REVEALED BY ATROPINE. M. Stewart and S. E. Fox. Dept. Physiology, Downstate Med. Ctr., 
SUNY, Brooklyn, NY 11203.

In rats, a large amplitude rhythmic EEG "theta" pattern can be recorded from the 
hippocampal formation during a set of well-defined behaviors (Vanderwolf, EEG Clin. 
Neurophys., 26: 407, 1969). A similar EEG pattern is seen in animals anesthetized with 
urethane. Petsche, Stumpf, and Gogolak (EEG Clin. Neurophys., 14:202, 1962) identified 
cells in the medial septal nucleus and nucleus of the diagonal band of Broca (MSN-NDBB) 
that burst at the frequency of the hippocampal theta rhythm and suggested that they "paced" 
the rhythm. Many of these rhythmically bursting septal neurons project to the 
hippocampus. Lesions of MSN-NDBB abolish the hippocampal theta rhythm. The 
urethane-induced theta rhythm is also abolished by systemic administration of muscarinic 
cholinergic receptor blockers, so cholinergic synapses have been assumed to be involved in 
the generation of this theta rhythm. Since the excitability of hippocampal neurons is 
modulated by theta rhythm (Rudell and Fox, Brain Res., 294: 350, 1984), these septal 
"pacemaker" cells may be a major modulatory influence on information flow through the 
hippocampus.

Extracellular recordings were made from rhythmically bursting neurons in the 
septum of urethane anesthetized rats. Atropine sulfate (25mg/kg i.v.) was given to 
completely abolish the hippocampal theta rhythm. Some rhythmic neurons (7 of 12) 
continued to to burst at the theta frequency; others (5 of 12) lost their rhythmic firing 
pattern within seconds of atropine administration. This was comparable in time course to 
the elimination of the hippocampal theta rhythm (see figure). Bursting neurons that 
remained rhythmic after atropine were characterized by a significantly greeter firing 
rate (X̄ = 11.0 spikes/burst) than those bursting neurons that lost their rhythmic activity 
after atropine (X̄=4.2 spikes/burst) [t=2.605, p<0.05].

These findings demonstrate the presence of two types of rhythmically bursting neurons 
in the rat septum. The elimination of the theta rhythm by atropine may be due to blockade 
of transmission between these two populations of rhythmically bursting septal neurons, 
disrupting the “pacemaker", or by blockade of septo-hippocampal transmission at the 
hippocampus. These alternatives are illustrated with a model of the septo-hippocampal 
protections.

413.14 N E U R O P H Y S IO L O G IC A L  E V ID E N C E  F O R  R E C IP R O C A L  
CONNECTIONS BETWEN THE CINGULATE CORTEX AND THE BASAL 
FOREBRAIN IN THE RAT. D.M. Finch and A.M. Tan*. Reed Neurological 
Research Center and Brain Research Institute, University of California, Los 
Angeles, CA 90024.

A variety o f studies have shown projections from the basal forebrain to the 
neocortex. Connections between the basal forebrain and the cingulate cortex, 
however, have not been well characterized. Here, we studied the neuronal 
responses o f rat cingulate neurons to electrical stimulation of the basal forebrain, 
and vice versa. Adult male Sprague-Dawley rats were anesthetized with Chloral 
Hydrate (400 mg/kg, ip) or Urethan (1.5 g/kg), and were prepared for in vivo 
intracellular recording. Stimulation sites (using 0.2 msec duration pulses of 
100-500 μ A intensity) were located in the nucleus o f the diagonal band of 
Broca, or in immediately adjacent tissue. Recording sites were in the posterior 
cingulate cortex (area 29). Stimulation of the basal forebrain evoked antidromic 
responses in cingulate neurons. These were characterized by an abrupt rise of 
the action potential from baseline in the absence o f an EPSP. About 38% of the 
encountered cingulate neurons were activated antidromically. Most of the 
responsive cells were located in layer V. Response latencies varied from 0.4- 
1.4 msec. W e estimated the distance between the stimulating and recording 
sites, and computed conduction velocities. The conduction velocities were fast, 
varying from 8.6-30 m/sec, with a mean o f 20 m/sec. No clear evidence for 
orthodromic excitatory responses was seen, although a few cells showed 
evidence of hyperpolarizations in response to stimulation.

The positions o f the stimulating and recording electrodes were reversed in 
order to examine the effects of electrical stimulation of the cingulate cortex on 
neurons w ithin the nucleus o f the diagonal band. No clear orthodromic 
responses were seen in this sample, but 71% of the encountered diagonal band 
neurons were activated antidromically at short latency (0.4-0.6 msec) by 
cingulate stimulation. These latencies corresponded to conduction velocities of 
21.7-26 m/sec, with a mean o f 24.9 m/sec. The present results suggest the 
presence of reciprocal, fast-conducting pathways between the basal forebrain 
and the cingulate cortex. Further studies are necessary to characterize the 
physiological action o f the projections.

Supported by NIH grant NS23074.
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413.15 LOCAL SYNCHRONOUS EPILEPTIFORM ACTIVITY IN CA1 RECORDED 
USING A 32 ELEMENT PLANAR MICROELECTRODE ARRAY

J. L.  Novak* and B. C.  W heeler* (SPON: B. O akley I I ) .
D epartm ent o f  E l e c t r i c a l  and  Comp u te r  E n g in eerin g , U n iv e r s ity  o f  
I l l i n o i s ,  1406 W est G reen S t r e e t ,  Urbana, IL 61801.

Synchron ized  e p i le p t if o rm  b u r s t s  a r e  i n i t i a t e d  in  th e  CA2/CA3 
re g io n  and  a r e  p ro p ag a ted  a lo n g  th e  S c h a ffe r  c o l l a t e r a l  pathw ays, 
p ro v id in g  th e  o rthodrom ic in p u t  t o  CA1. A lthough la te n c y  to  
b u r s t in g  o n s e t i n  CA1 in c re a s e s  w ith  d is ta n c e  f r om CA3, th e  
p o p u la tio n  s p ik e s  w ith in  a  b u r s t  a s  re co rd e d  u s in g  p a i r s  o f  
co n v e n tio n a l m ic ro e le c tro d e s  a r e  n o t  h ig h ly  sy n ch ro n ized . 
(S chw artzk ro in , P . A. and  P r in c e , D. A ., B ra in  R e s . , 147, 
1 978). B ecause o f  th e  p re se n c e  o f  h ig h ly  lo c a l iz e d  sy n ch ro n iz in g  
mechanisms p r e s e n t  in  t h i s  p re p a ra t io n ,  i t  seems l i k e l y  t h a t  
th e r e  e x i s t  some re g io n s  o f  c e l l s  w hich f i r e  in  synchrony d u rin g  
th e  p ro p a g a tio n  o f  an  e p i le p t if o rm  f i e l d  b u r s t .

In  o rd e r  t o  i d e n t i f y  th e s e  lo c a lly -sy n c h ro n iz e d  a r e a s ,  we used 
a  32 e lem ent a r r a y  o f  p h o to e tch ed  m ic ro e le c tro d e s  t o  make 
re c o rd in g s  on  th e  s u r fa c e  o f  t r a n s v e rs e  h ippocamp a l  s l i c e s  from 
m ale Sprague-Dawley r a t s .  The 20 μ m d ia m e te r  p la tin u m -p la te d  
e le c t ro d e s  a r e  a rran g e d  in  a  4 by  8 m a tr ix  on 200 μm c e n te r s .  
The g la s s  a r r a y  s u b s t r a te  se rv e d  a s  th e  s l i c e  chamb e r  f lo o r ,  and 
was cove red  by  gauze w hich  was p e r fu se d  w ith  E a r le 's  B alanced 
S a l t  S o lu t io n  c o n ta in in g  100 μ M p ic r o ta x in .  A h o le  was opened in  
th e  gauze o v e r th e  e le c tro d e  m a tr ix  and th e  b r a i n  s l i c e  was l a i d  
d i r e c t l y  on  th e  a r r a y .  The CA1 s .  p y ram idale  was p o s i t io n e d  
a lo n g  th e  lo n g  a x i s  o f  th e  a r r a y  and a  b ip o l a r  s t a i n l e s s  s t e e l  
e l e c t ro d e  was u sed  f o r  mossy f i b e r  s t im u la t io n  (100 μs  p u ls e s ,  
100 -  500 μ A ). S ix te e n  amp l i f i e d  (gain  = 5000 o r  25000) s ig n a l s  
w ere samp le d  s im u lta n e o u s ly  (5 kH z/channel) ,  and th e  d a ta  w ere 
s e n t  t o  an  AT&T PC6300 com puter f o r  a n a ly s is  and s to ra g e .

The s im u ltan eo u s  re c o rd in g s  r e v e a le d  t h a t  th e  p a t t e r n  o f  
a c t i v i t y  d u rin g  a  p o p u la tio n  b u r s t  v a r i e s  s i g n i f i c a n t ly  o v e r  th e  
s u r fa c e  o f  CA1. The la te n c y  to  th e  o n s e t o f  b u r s t in g  a s  reco rd e d  
a lo n g  th e  S c h a ffe r  c o l l a t e r a l s  i n  s .  rad ia tu m  in c re a s e d  
ap p ro x im a te ly  l i n e a r l y  w ith  d is ta n c e  from  CA3. A maximum d e la y  
o f  1 .6  ms o v e r a  600 μ m d is ta n c e  was o b serv ed . I n  th e  s .  
p y ram id a le , th e  la te n c y  in c re a s e d  w ith  d is ta n c e  i n  a  much l e s s  
re g u la r  f a s h io n . N eare r CA3, some e v e n ts  w ere n e a r ly  synchronous 
(no d e la y  betw een  e l e c t r o d e s ) ,  b u t  la r g e  d e la y s  (2 .4  ms) w ere 

observ ed  betw een o th e r  e le c t ro d e s  f u r th e r  from  CA3.
These d a ta  s u g g e s t t h a t  columns o f  CA1 r e c e iv e  s e r i a l  d r iv in g  

in p u t v i a  th e  S c h a ffe r  c o l l a t e r a l s ,  and  t h a t  th e  p ro p a g a tio n  o f 
th e  b u r s t  re sp o n se  i s  m o d ified  by o th e r  sy n ch ro n iz in g  and 
p ro p a g a tio n  mechanism s.

S upported  by  NIH BRSG RR07030, a  3M F a c u lty  Development G ran t, 
and by  a  GTE F e llo w sh ip  G ran t.

413.16 M O N O SY N A PT IC  C O M M IS S U R A L  F E E D -F O R W A R D  G ABA - 
INHIBITION OF FASCIA DENTATA IN RAT HIPPOCAMPUS. T.L. Babb, 
W.J. Brown,*  W. Kupfer* and J. Pretorius.* Brain Research Institute, Division of 
Neuropathology and Department of Neurology. UCLA Calif. 90024.

Early studies o f inhibition in the mammalian hippocampus described all 
inhibitory circuits as local, recurrent or intrinsic ("feed-back"), based on 
anatomical (Lorente de No J. fur Psychologie und Neurologie 1934, 46:113) 
and histochemical studies (Storm-Mathieson and Fonnum J. Neurochem. 1971, 
18:1105) Recent physiological (Buzsaki & Eidelberg. B rain Res 1981, 
230:346) and anatomical (Seress & Ribak J . N eurocyto l. 1984, 13:215) studies 
have hypothesized a "feed-forward" inhibition from one dentate gyrus to 
contralateral dentate. T he inhibitory circu it proposed was a projection through 
the hippocampal commissure by axons of granules that would monosynaptically 
excite inhibitory interneurons in the hilus o f the contralateral dentate which 
would, in turn, inhibit granule cells.

The present study has demonstrated another type of "feed-forward" 
inhibition. We have demonstrated GAD+(GABA-releasing) neurons in the hilus 
of the dentate that project monosynaptically via the hippocampal commissure to 
end in the contralateral dentate gyrus. This "feed-forward" inhibitory circuit is 
more direct than the other proposed circuit, and it demonstrates that inhibitory 
interneurons may have long axons to inhibit neurons over 1-3 mms. distal and 
into different anatomical regions. Rats were injected with HRP in dorsal 
hippocampus (CA1 or fascia dentata), left for 24 hrs. to allow retrograde 
transport to cells of origin, and fixed for HRP histochemistry. Frozen sections 
(30μ ) were processed first for HRP with cobalt intensification that allowed 
visualization o f cells containing black granules. Immediately, alternate sections 
were processed for glutamic acid decarboxylase (GAD+) using a DAB 
procedure that made GAD+ cell bodies appear brown. All double-labelled cells 
(brown cytoplasm with black granules) were identified as inhibitory neurons 
projecting contralaterally. Double-labelled cells were found in the left fascia 
dentata (FD) only with HRP injected in the right FD, never when the HRP was 
in the right CA 1. Also, H RP product was found in the hippocampal 
commissure with the FD-HRP injection.

GABAergic axons from the contralateral dorsal subiculum also projected 
into the fascia dentata; however there were no other double-labelled neurons in 
contralateral Ammon's horn. Ipsilaterally, inhibitory neurons projected into the 
fascia dentata. That is, with the HRP injection in the right FD, GAD+/ HRP 
double-labelled neurons were numerous in all fields of ipsilateral Ammon's horn 
and subiculum. This demonstrates a much greater divergence o f basket cell 
inhibitory axons than previously thought. This distant inhibitory influence was 
reciprocal because double-labelled neurons with HRP in CA1 ipsilaterally : most 
in FD, several in all Ammon’s hom  fields and a few in ipsilateral dorsal 
subiculum. In conclusion, this study has dem onstrated for the first time 
inhibitory axons projecting via both the hippocam pal com missure and 
intrahippocampal pathways for several mms. from their cell bodies, presumably 
providing monosynaptic inhibition o f distant hippocampal neurons. Supported 
by NS02808.

413.17 OPEN-FIELD GREGARIOUSNESS AND CHANGES IN EMOTIONALITY FOLLOWING 
ELECTROLYTIC, AF64A AND KAINIC ACID LESIONS OF THE SEPTUM. 
D .A .Johnson, B .E .P o le n ch a r, C-H.Chang*, & M .M .P atterson , 
D epartm ent o f  Psychology, Ohio U n iv e rs ity , A thens, OH 45701.

S e p ta l le s io n s  were produced in  r a t s  v ia  chem ical 
a d m in is tr a tio n  o f  AF64A o r k a in ic  ac id  to  determ ine i f  s e le c t iv e  
d e s tru c t io n  by chem ical means would mimick th e  changes in  
e m o tio n a lity  and g re g a rio u sn e ss  seen a f t e r  co n v en tio n a l 
e l e c t r o l y t i c  l e s io n .  In fu s io n  o f  k a in ic  ac id  (.3ug  in  .3 u l o f 
v e h ic le )  produced sm all le s io n s  o f  th e  septum , in v o lv in g  only  
about 10% o f  th e  s t r u c t u r e .  Larger le s io n s  were d i f f i c u l t  to  
o b ta in  as dosages la rg e r  than  .3ug u s u a lly  r e s u l te d  in  
hippocam pal and in fra te m p o ra l damage o r dea th  o f th e  an im al. 
In fu s io n  o f  AF64A ( 1nm in  .5 u l o f  v e h ic le )  r e s u l te d  in  le s io n s  
which more c lo s e ly  approxim ated th e  damage produced by 
e l e c t r o l y t i c  means. The major d if f e re n c e  between e l e c t r o l y t i c  
and AF64A le s io n s  was sp a r in g  o f  th e  fo rn ix  when AF64A was u sed . 
In fu s io n  o f  v e h ic le  on ly  d id  no t produce any n o tic e a b le  le s io n .

A fte r  a 1 month reco v e ry  p e r io d , th e  anim als were observed 
and ra te d  fo r  e m o tio n a lity  (d u ring  han d lin g ) on each o f  15 
c o n secu tiv e  days u s in g  th e  King e m o tio n a lity  s c a le .  On each day 
a f t e r  being  ra te d  fo r  e m o tio n a lity  th e  anim als were p laced  by 
p a i r s  in  a Latane o p e n - f ie l d and c o n ta c t tim e was reco rded  fo r  5 
min. C ontact tim e was d e fin ed  as  cum mulative number o f  seconds 
sp en t in  any type  o f  p h y s ic a l c o n t a c t .

A n a ly sis  o f  v a r ian ce  o f  th e  e m o tio n a lity  d a ta  rev ea led  th a t  
e l e c t r o l y t i c  s e p ta l  and AF64A tr e a te d  anim als d isp la y ed  
s ig n i f i c a n t ly  g r e a te r  e m o tio n a lity  du rin g  th e  f i r s t  few days o f 
o b s e rv a t io n , bu t d id  n o t d i f f e r  s ig n i f i c a n t ly  from th e  o th e r  
groups du rin g  th e  second h a l f  o f our o b s e rv a t io n s . By c o n t r a s t ,  
ka in ic  a c id  t r e a te d  an im als were more s im i la r  to  e l e c t r o l y t i c  
le s io n e d  anim als in  amount o f  o p e n -f ie ld  c o n ta c t tim e . Both 
k a in ic  a c id  t r e a te d  and e l e c t r o l y t i c  le s io n e d  groups d isp la y ed  
s ig n i f i c a n t ly  h ig h e r c o n ta c t tim es than  AF64A or v e h ic le  c o n tro l 
g roups . Because we found th a t  k a in ic  ac id  le s io n s  were 
r e s t r i c t e d  to  th e  m edial septum , th e se  r e s u l t s  appear to  su p p o rt 
e a r l i e r  work su g g es tin g  th a t  m edial s e p ta l  damage which r e s u l t s  
from e l e c t r o l y t i c  le s io n  i s  th e  c r i t i c a l  f a c to r  in  p o s to p e ra tiv e  
in c re a s e s  in  s o c ia l  g re g a rio u sn e ss  ( c . f .  Poplawsky & Johnson, 
Phys. & B eh ., 11:845, 1973). While le s io n  s i t e  i s  c r i t i c a l  to  
changes in  g re g a r io u sn e ss , our d a ta  a ls o  suggest th a t  th e  amount 
o f  damage may be an im p o rtan t v a r ia b le  a f f e c t in g  e m o tio n a lity , 
i . e .  AF64A produced a g r e a te r  amount o f  damage and h ig h e r 
subsequen t e m o tio n a lity  s c o re s .  The p re s e n t r e s u l t s  su p p o rt th e  
n o tio n  th a t  th e  e f f e c t s  o f  e l e c t r o l y t i c  s e p ta l  le s io n s  may be 
d iv i s a b le  th rough  th e  use o f  chem ical ag en ts  which s e le c t i v e ly  
d e s tro y  s p e c i f i c  n e u ra l c o n te n t.

413.18 SUPRAMAMMILLARY INFLUENCES ON HIPPOCAMPAL PHYSIOLOGY: FACILITATION 
OF GRANULE CELL RESPONSIVITY TO PERFORANT PATH STIMULATION.
S .J .Y .  M izu m o ri, C .A . B a rn e s ,  B .L . M cNaughton an d  J .  K e i th * . 
B e h a v io ra l  N e u ro s c ie n c e  P ro g ram , P sy c h o lo g y  D e p a r tm e n t,  U n iv e r s i ty  
o f  C o lo ra d o ,  B o u ld e r ,  CO 80 3 0 9 .

C e r ta i n  b r a in s te m  n u c le i  a r e  th o u g h t  t o  m o d u la te  t h e  f lo w  o f  
in fo r m a t io n  th ro u g h  th e  h ip p o ca m p u s . I n  p a r t i c u l a r ,  i t  h a s  b een  
s u g g e s te d  t h a t  t h e  su p ra m a m m illa ry  com plex  (SuM) r e p r e s e n t s  a  r e 
l a y  s t a t i o n  f o r  m ed ian  r a p h é  an d  r e t i c u l a r  f o rm a tio n  m o d u la to ry  
i n f l u e n c e s  on d e n ta t e  g r a n u le  c e l l s  (W inson, J . ,  IBRO, M o n .S e r. 11 : 
1 3 1 , 1 9 8 4 ) . The f i r s t  e x p e r im e n t  r e p o r t e d  h e re  a s s e s s e d  th e  i n f l u 
e n c e  o f  SuM s t i m u l a t i o n  on th e  d e n ta t e  g r a n u le  c e l l  r e s p o n s e  t o  
p e r f o r a n t  p a th  s t i m u l a t i o n . The se co n d  e x p e r im e n t  a s s e s s e d  w h e th e r  
t h e  SuM s p ik e  f a c i l i t a t i o n  o b s e rv e d  in  E x p e r im e n t 1 m ig h t  be 
m e d ia te d  th ro u g h  s e p t a l  n e u ro n s .  The l a t t e r  i s s u e  was o f  i n t e r e s t  
b e c a u s e  o f  t h e  known r e c i p r o c a l  c o n n e c t io n s  b e tw e en  th e  SuM and 
se p tu m , an d  t h e  f i n d i n g  t h a t  s t i m u l a t i o n  o f  t h e  m e d ia l  sep tum  a l s o  
r e s u l t s  i n  g r a n u le  c e l l  s p i k e - f a c i l i t a t i o n  (Sw anson, L.W. and  
Cowan, W.M., J .  Comp. N e u r o l . ,  1 8 6 :6 2 1 , 1979; A lv a re z -L e e fm a n s , F .S .  
an d  G ard n er-M ed w in , A .R .,  J .  P h y s i o l . ,  2 4 9 :1 4 P , 1 9 7 5 ) .

M ale F i s c h e r -3 4 4  r a t s  w ere a n e s t h e t i z e d  w i th  N em b u ta l. Two 
p u l s e s  (1 0 -1 5  V, 2 .5  m sec a p a r t )  w ere d e l i v e r e d  t o  t h e  SuM 10 msec 
b e f o r e  p e r f o r a n t  p a th  s t i m u l a t i o n .  Com pared t o  b a s e l i n e  ev o k ed  
r e s p o n s e s ,  SuM p r e s t im u l a t io n  s i g n i f i c a n t l y  f a c i l i t a t e d  t h e  p o p 
u l a t i o n  s p ik e  o f  t h e  g r a n u le  c e l l  r e s p o n s e  w i th o u t  a f f e c t i n g  th e  
EPSP, a  f i n d i n g  s i m i l a r  t o  t h a t  d e s c r ib e d  by W inson (1984) and  t o  
t h e  e f f e c t s  o f  m e d ia l  sep tum  p r e s t i m u l a t i o n .  In  a d d i t i o n ,  i t  was 
fo u n d  t h a t  t h e  m ag n itu d e  o f  s p ik e  f a c i l i t a t i o n  was r e l a t e d  t o  
p la c e m e n t o f  t h e  e l e c t r o d e  w i th in  t h e  SuM r e g i o n .  P r e s t i m u l a t i o n  
o f  l a t e r a l  ( i p s i l a t e r a l )  SuM r e s u l t e d  i n  a  p o p u la t i o n  s p ik e  t h a t  
was 82 ± 18% (mean ± S .E .) +  l a r g e r  th a n  b a s e l i n e ,  w h i le  p r e s t im u l a 
t i o n  o f  t h e  m e d ia l  p o r t i o n  o f  SuM r e s u l t e d  in  a  25 ± 7% i n c r e a s e .  
The r e g i o n a l  s p e c i f i c i t y  o f  t h e  s p ik e  f a c i l i t a t i o n  e f f e c t  i s  in  
a g re e m e n t w i th  t h e  t r a n s p o r t  s tu d y  by  H ag lu n d , Sw anson, an d  Köh l e r  
(J .  Comp. N e u ro l . ,  2 2 9 :1 7 1 , 1984) w hich  i n d i c a t e d  l a t e r a l  SuM t o  
c o n ta in  m ore c e l l s  t h a t  p r o j e c t  t o  t h e  d e n ta t e  th a n  m e d ia l  SuM.

S t im u la t io n  o f  t h e  m e d ia l  sep tum  r e s u l t e d  i n  an  a v e ra g e  i n c r e a s e  
i n  t h e  g r a n u le  c e l l  p o p u la t i o n  s p ik e  r e s p o n s e  t o  p e r f o r a n t  p a th  
s t i m u l a t i o n  o f  100%. No e f f e c t  on th e  EPSP was o b s e rv e d .  E l e c t r o 
l y t i c  l e s i o n s  o f  t h e  sep tu m  e l i m in a te d  t h e  s e p t a l  s p i k e - f a c i l i t a 
t i o n  e f f e c t  w i th o u t  a f f e c t i n g  SuM s p ik e  f a c i l i t a t i o n .  T h is  f in d in g  
s u g g e s t s  t h a t  t h e  SuM e f f e c t  on  g r a n u le  c e l l  e x c i t a b i l i t y  i s  n o t  
m e d ia te d  th ro u g h  m e d ia l  s e p tu m .

S u p p o r te d  by  AG-00376, F 32-A G -05375, an d  N S -20331.

+ S ta n d a rd  e r r o r s  r e f e r  t o  c o m p a r iso n s  a c r o s s  a n im a ls .
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413.19 BEHAVIORAL M O D U L A T I O N  O F  S E P T A L  I N F L U E N C E S  
ON HIPPOCAMPAL EXCITABILITY. E .J .  G reen, C.A. B arnes, and B .L. McNaughton, D ep t. o f 
Psychology U n iv e rs ity  o f C olorado, B ou lder, CO 80309.

E le c t r i c a l  s t im u la t io n  o f th e  m edial s e p ta l  (ms) reg io n  p r io r  to  
a c t iv a t io n  o f th e  p e r fo r a n t  p a th  (pp) can r e s u l t  in  a marked in 
c re a se  in  th e  am plitude o f  th e  pp-evoked g ran u le  c e l l  p o p u la tio n  
s p ik e  (PS) in  th e  f a s c ia  d e n ta ta  (FD) ( e .g . ,  A lvarez-Leefm ans and 
Gardner-M edwin, 1975; F a n tie  and Goddard, 1982; McNaughton and 
M il le r ,  1984). While t h i s  phenomenon has  been e x te n s iv e ly  s tu d ie d  
in  a n e s th e tiz e d  an im als, th e re  i s  l i t t l e  d a ta  which ad d re ss  th e  
e f f i c a c y  o f ms m odulation  in  behaving an im a ls . We have compared th e  
a b i l i t y  o f ms p r e - s t im u la t io n  to  m odulate g ran u le  c e l l  resp o n ses  
du rin g  v a r io u s  b e h a v io ra l s t a t e s .

R ats were im plan ted  w ith  e le c tro d e s  fo r  ch ro n ic  s t im u la t io n  o f 
th e  ms and pp , and re co rd in g  o f evoked f i e l d  p o t e n t ia l s  and EEG in  
FD. Ms m odulation  o f  g ran u le  c e l l  e x c i t a b i l i t y  was a s se s se d  du ring  
fo u r b e h a v io ra l s t a t e s :  1) walking on a t r e a d m i l l ,  du rin g  which th e  
EEG was dom inated by rhythm ic slow a c t iv i t y  ( t h e t a ) ; 2) s i t t i n g  
q u ie t ly  in  th e  same a p p a ra tu s , c h a ra c te r iz e d  by i r r e g u la r  EEG ac 
t i v i t y ;  3) w h ile  th e  anim als were a n e s th e t iz e d  w ith  sodium p en to 
b a r b i t a l ;  and 4) awake and u n re s tra in e d  in  t h e i r  home cages 24 h r  
fo llo w in g  recove ry  from a n e s th e s ia .

P re - s tim u la t io n  o f ms r e s u l te d  in  a s ig n i f i c a n t  PS in c re a s e  in  
each b e h a v io ra l s t a t e ,  a lthough  th e  e f f e c t  v a r ie d  markedly among 
s t a t e s .  R ats te s t e d  in  t h e i r  home cages e x h ib ite d  up to  a 3 - fo ld  
in c re a s e  in  PS a re a .  By c o n t r a s t ,  th e  same r a t s  under a n e s th e s ia  
e x h ib ite d  as  much as  a 1 2 -fo ld  in c re a s e .  These in c re a s e s  re tu rn e d  
to  p r e - a n e s th e t ic  le v e ls  w ith in  24 h r .  R ats w alking on th e  t r e a d 
m ill  e x h ib ite d  in c re a s e s  ave rag ing  only  abou t o n e - th ird  o f th o se  
observed  when th e  r a t s  were s i t t i n g  q u ie t ly  in  th e  same a p p a ra tu s . 
The m s-induced in c re a s e s  in  PS a rea  were n o t accoun ted  fo r  by 
changes in  b a s e l in e  PS a c ro ss  b e h a v io ra l s t a t e s .

These r e s u l t s  in d ic a te  t h a t  a c t iv a t io n  o f hippocam pal a f f e r e n ts  
o r ig in a t in g  in  o r  p a ss in g  through  ms can have a s u b s t a n t i a l  e f f e c t  
on g ran u le  c e l l  e x c i t a b i l i t y  in  conscious  an im a ls , and th a t  th e  
e f f e c t  i s  dependent upon th e  b e h a v io ra l s t a t e  o f th e  an im al. P re 
v io u s  r e p o r t s  showed th a t  sodium p e n to b a rb i ta l  p o te n t ia te s  GABA- 
m ediated  in h ib i t i o n  in  th e  FD (Douglas e t  a l . ,  1983). The r e s u l t s  
o f th e  a n e s th e t ic  exp e rim en t, in  co n ju n c tio n  w ith  ana tom ica l e v i 
dence fo r  GABAergic p ro je c t io n s  from m edial s e p ta l  nu c leu s  to  
hippocampus (K ohler e t  a l . ,  1984), p ro v id e  su p p o rt f o r  th e  idea  
t h a t  th e  s e p ta l  p r e - s t im u la t io n  e f f e c t  i s  m ediated  by in h ib i t i o n  o f 
GABAergic in h ib i to r y  in te rn e u ro n s  (B ilkey  and Goddard, 1985).

Supported by AG-003376, F32AG-05345, and NS-20331.

413.20 TEMPERATURE AND pH EFFECTS ON EVOKED RESPONSES FROM HAMSTER HIPPOCAMPAL 
SLICES. M.P. Thomas* , P .J. Eckerman*, J.M. H orow itz. D epartm ent of 
Animal Physiology, U niversity of C alifo rn ia , Davis, CA 95616.

Previous work has shown th a t hippocampal CA1 pyramidal neurons can 
be e x c ite d  by S ch affe r c o l l a t e r a l  s t im u la t io n  a t  low er bath 
temperatures in  s lic e s  from ground s q u irre ls  (10°C) than in  s lic e s  from 
r a t s  (14°C) (Hooper e t  a l . ,  J . Thermal B io l. 10:35-40, 1985). 
Moreover, in  s lic e s  from hibernating hamsters, population spikes can be 
evoked a t  lower bath tem peratures than in  s lic e s  from nonhibernating 
hamsters. We are presently  investiga ting  the mechanisms responsible for 
th i s  d i f f e r in g  te m p era tu re  s e n s i t i v i t y  between h ib e rn a tin g  and 
no n h ib e rn a tin g  an im als. Based on s tu d ie s  by Malan e t  a l .  (R esp ir. 
Physiol., 17:45-61, 1973) of acid-base s ta te s  in  hibernating animals, 
we investigated  the e ffe c ts  of pH changes on evoked responses using the 
in  v itro  hippocampal s lic e  preparation.

Hippocampal s l i c e s  were p repared  from ham ste rs  as d esc rib ed  
p rev io u sly  (Hooper e t  a l .) .  E x t r a c e l lu la r  evoked responses  were 
recorded from area CA1 following Schaffer c o l la te ra l  s tim ulation . The 
pH of the bathing medium was a lte red  by varying the concentration of 
CO2 in  the gas bubbled through the media reservo ir (from 4% to  10%), 
w ith a buffer containing 26 mM bicarbonate ion. S lice temperature was 
varied using an ex ternal water bath.

We have observed th a t as s l ic e  temperature i s  lowered, the width of 
th e  p o p u la tio n  sp ik e  i s  c o n s is te n t ly  in c rea sed . In  one s e t  of 
ex p e rim en ts, p o p u la tio n  sp ik e  w idth  was measured as pH was v a ried  
between 7.5 and 7.1, w ith s lic e  temperature constant. These responses 
were compared with responses to  id e n tic a l s tim ulation  parameters in  the 
same s lic e , as temperature was varied between 25 and 20°C w ith CO2 
concentration held constant. Analysis of variance showed a s ig n ifican t 
d ifference in  spike width between 25 and 20°C w hile no s ig n ifican t 
d ifference was seen as pH was a lte red  and temperature held constant. 
Thus the lower threshold for evoking e le c tr ic a l  a c tiv ity  in  s lic e s  from 
hibernating vs. nonhibernating hamsters does not appear to  be due to 
d if fe re n tia l  responses to  the acid-base s ta te  of the bathing solution. 
(Supported by NASA grant NAG2-341)

413.21 AMYGDALOID NEUROPEPTIDES IN TEMPORAL LOBE EPILEPSY: A 
PRELIMINARY STUDY. M.L. Estes, H. Lüders* and C.H. Block. 
D epartm ents of Pathology, Neurology and Brain and Vascular Research, 
C leveland Clinic Foundation, C leveland, OH 44106.

The am ygdala is a  com plex an terio r and m esial tem poral nucleus. 
Although am ygdala is easily  kindled and has been studied as an anim al 
model o f tem poral lobe epilepsy, the hippocampus has been the focus of 
the m ajority o f research . In anim al models of epilepsy, a lte ra tions  of 
pu ta tive  neu ro transm itters , including neuropeptides, occur in 
hippocampus. In human hippocampus from epileptic pa tien ts, 
a lte ra tions  in neu ro transm itters  have also been found. It is not known 
i f  th e re  a re  changes in these tran sm itte rs  in the am ygdala of pa tien ts  
with epilepsy; however, pathologic abnorm alities in am ygdala have 
been dem onstrated  in tem poral lobe epilepsy. These studies were 
undertaken to  ch a ra c te rize  and com pare pu ta tive  neuro transm itters  in 
norm al tissues w ith tissue obtained from patien ts  undergoing tem poral 
lobectom y for in trac tab le  epilepsy.

Brain tissue was processed for im m unocytochem istry. Briefly, a t 
the tim e of lobectom y, surgically rem oved m esial tem poral tissue from 
th ree  pa tien ts  was o riented  and placed in 10% buffered form alin. 
Frozen tissue was sectioned a t  30 μm in a  coronal plane using a  sliding 
m icrotom e. Serial sections w ere incubated overnight in antibodies 
genera ted  against substance P (SP), som atostatin  (SS), methionine 
enkephalin (ENK) and neurotensin (NT). The avidin-biotin technique 
w ith diaminobenzidine as the chrom agen was used for im m unocyto
chem ical localization . Control tissue was obtained a t  postm ortem  
w ithin ten  hours o f death from brains of pa tien ts  with no neurologic 
abnorm alities. The tissue was oriented  and processed in a sim ilar 
manner to the surgical tissue.

Im m unoreactive fibers for all substances w ere found in both the 
con tro l and surgical tissue. Specifically , SP and SS im m unoreactive 
perikarya w ere found within th e  am ygdala. In addition, dense plexuses 
of SP fibers w ere p resen t, while few er fibers containing SS, ENK and 
NT w ere sca tte red  in the  am ygdala. While we have dem onstrated  the 
ex istence o f neuropeptides in both the contro l tissue and tissue from 
epileptic  p a tien ts  d ifferences in the ir distributions rem ain to  be 
determ ined. Q uantita tive studies a re  being undertaken for 
com parative analyses of these tissues.

413.22 GLYCOGEN PHOSPHORYLASE REACTIVITY IN THE ENTORHINAL PROJECTIONS TO 
THE HIPPOCAMPUS. C.W. Harley and J. O'Keefe* Psychology Dept., 
MUN, St. John's, Nfld. A1B 3X9 and Anatomy Dept., Univ. Coll. Lond. 
London, England WC1E 6BT

In the present study a histochemical method was used to examine 
glycogen phosphorylase 'A' distr ibution in the projections of 
entorhinal cortex to hippocampus in the rat brain. Glycogen 
phosphorylase A is detected by incubating tissue under conditions 
which promote glycogen formation. The newly formed glycogen can be 
visualized by reaction with iodine. Color differences in iodine 
staining reflect the presence of specific glycogen branching 
patterns.

The staining pattern obtained in the present study suggests the 
form of glycogen produced is common to both the origin and terminal 
areas of the entorhinal-hippocampa1 projection system. A distinct 
continuous color band, of orange or golden hue, characterizes layer 
3 of both medial and lateral entorhinal cortex. A similarly well- 
defined band of the same color was observed in the hippocampal 
target area of the layer 3 projection, co-extensive with the 
molecular layer of CA1 adjacent to the hippocampal f issure. Layers 
1 and 2 of entorhinal cortex were demarcated from layer 3 by a 
brown coloration which was sometimes more intense in layer 1 and 
often discontinuous in appearance. The same brown staining 
occurred in the middle and outer layers of the dentate gyrus 
molecular layer and In the adjacent molecular layer of CA3, 
projection targets of layer 2 entorhinal ce l ls .  Iodine staining 
was not seen in the dentate granule cells or pyramidal cells and 
the inner segment of the dentate molecular layer was typically 
unreactive.

A str iking feature of glycogen distribution in the dentate 
molecular layer was the appearance of discrete reactive patches 
of 30-50 μM which formed a "leopard spot" pattern throughout the 
entorhinal projection area when sections were taken parallel to 
the cell body layer.

Microinjections of 0.2-0.3μL of 0.1M glutamate appeared to 
activate glycogen phosphorylase along the injection cannula. 
Intensification of staining was only seen in the projection targets 
of the entorhinal ce l ls ,  i .e .  the CA1 molecular layer and the 
dentate gyrus molecular layer, immediately adjacent si tes  were not 
activated.
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413.23 HIPPOCAMPAL PLACE CELLS: CLASSIFICATIONS, CLARIFICATIONS AND 
MANIPULATIONS. L. T. Thompson* & P. J .  B es t, N euroscience Program, 
U n iv e rs ity  o f  V irg in ia ,  C h a r lo t t e s v i l l e ,  VA 22903.

P as t work from our lab  has focused bo th  on q u a n tify in g  h ippo
campal p la ce  u n i t  a c t i v i t y  and i t s  b e h a v io ra l c o r r e l a te s ,  and upon 
d e f in in g  senso ry  s t im u li  and n eu rona l c i r c u i t r y  n ec essa ry  fo r  the 
q u a l i t a t iv e  e x p re ss io n  o f p la ce  f i e ld  a c t i v i t y .  The p re s e n t study  
re p o r ts  th a t  fu n c t io n a l p la ce  c e l l  c la s s e s  d e fin ed  bo th  q u a n t i ta 
t i v e ly  and q u a l i t a t iv e l y  a re  determ ined by env ironm ental p la ce  
s t im u l i ,  r a th e r  than  by i n t r i n s i c  p ro p e r t ie s  o f any given c e l l .  
B o th  p l a s t i c i t y  a n d  s t a b i l i t y  o f  t h e  f u n c t i o n a l  s t a t e s  o f  p l a c e  
c e l l s  w e re  e x a m in e d .

S in g le  u n i t  a c t i v i t y  was reco rded  from th e  CA1 hippocam pal c e l l  
f i e ld  in  50 fre e ly -b e h a v in g  Long-Evans r a t s .  The r a t s  were te s te d  
in  th re e  d i f f e r e n t  env ironm ents, under a v a r i e ty  o f b e h a v io ra l con
d i t i o n s .  Hippocampal u n i ts  were d iv id ed  in to  com plex-spike (CS) or 
th e ta  (TH) c e l l s ,  a f t e r  q u a n t i ta t iv e  a n a ly s is  o f  t h e i r  e l e c t r o 
p h y s io lo g ic a l p r o p e r t ie s .  The s p a t i a l  f i r i n g  c o r r e l a te s  o f over 
200 p la ce  c e l l s  were then  ana lyzed .

The s p a t i a l  lo c a t io n  o f the  r a t  w ith in  a p a r t i c u l a r  environm ent 
was observed to  be a s u f f i c i e n t  c o n d itio n  to  evoke r e l i a b l e  changes 
in  th e  f i r i n g  r a t e s  o f CS p la ce  c e l l s .  The f i r i n g  o f CS c e l l s  was 
r e a d i ly  d iv id ed  in to  s ix  m ajor c la s s e s  a f t e r  a n a ly s is  o f t h e i r  
p la ce  f i e ld  topology w ith in  a g iven environm ent. This c l a s s i f i c a 
t io n  schema i s  on ly  s l i g h t ly  m odified  from an e a r l i e r  schema, which 
was based  upon a sm a lle r  pool o f p la ce  c e l l  d a ta  (O lton  e t  a l . ,  
1978). C la sses  inc lu d ed  b e h a v io ra lly  s i l e n t  c e l l s ,  pure O N -ce lls , 
pure O F F -ce lls , and com binations o f the  l a t t e r  two c l a s s e s .  The 
fu n c t io n a l c la s s  to  which a c e l l  was ass ig n ed  based  upon i t s  
a c t i v i t y  in  one environm ent was n o t a p r e d ic to r  o f i t s  fu n c t io n a l 
c la s s  in  an o th e r environm ent. Some m an ip u la tio n s  o f senso ry  
s t im u l i  were found to  produce r e l i a b l e  changes in  p la ce  f i e ld  
topo lo g y , w ith o u t a l t e r i n g  the  c e l l ’s fu n c t io n a l c l a s s ,  w h ile  o th e r  
m an ip u la tio n s  a l te r e d  the  c e l l ’ s c la s s  (e . g. from an O N -cell to  an 
O F F -c e ll) . We r e l i a b ly  he ld  more than  10 c e l l s  fo r  long p e rio d s  
(days) in  s ta b le  environm ents w ith o u t ob serv in g  fu n c t io n a l c la s s  
changes in  th e se  c e l l s .  P lace  c e l l  c la s s e s  a re  th e re fo re  hypothe
s iz e d  to  r e p re s e n t s t a b i l i z e d  n eu ronal fu n c t io n a l s t a t e s ,  w ith  
p l a s t i c i t y  m odulated by s p a t i a l  s t im u l i .

The f i r i n g  o f TH p la ce  c e l l s  was found to  be le s s  p la c e  s p e c i f ic  
than  th a t  o f CS p la ce  c e l l s ,  w ith  le s s  ro b u s t changes in  f i r i n g  
r a t e s  d e l im i tin g  a f i e ld .  Although no a ttem p t was made to  d i s t i n 
gu ish  b e h a v io ra lly  s i l e n t  TH c e l l s ,  bo th  ON and OFF c l a s s i f i c a t i o n s  
could  be ap p lie d  to  TH c e l l  f i e ld  to p o lo g ie s . TH c e l l  p la c e  f i e ld s  
were le s s  r e l i a b l e  than  th o se  o f CS c e l l s ,  s in c e  s p a t i a l  lo c a tio n  
was n o t always s u f f i c i e n t  to  evoke changes in  TH c e l l  f i r i n g  r a t e .  
Thus, th e  fu n c t io n a l s t a t e  o f TH c e l l s  was le s s  s p e c i f i c a l ly  de
te rm ined by s p a t i a l  s t im u l i .

413.24 WHEEL-RUNNING ACTIVITY AFTER THE IONTOPHORETIC INJECTION OF 
KAINIC ACID INTO THE VENTROLATERAL HYPOTHALAMUS OF RATS. W.E. 
G lad fe lte r and R .J. Mi l le c c h ia , Dept. Physiology, West V irg in ia 
U niversity  Medical Center, Morgantown, WV 26506.

B ila te ra l  e le c tro ly t ic  le s io n s placed in the v e n tro la te ra l 
hypothalamus of r a ts  produces a decrease in wheel-running a c tiv 
i ty  to  10% of p reoperative le v e ls . Since these les ions destroy 
both neurons in t r in s ic  to  the la te r a l  hypothalamus and f ib e rs  of 
passage through th is  region, the id e n tity  of the neural su b stra te  
th a t must be destroyed to  produce these r e s u l ts  needs to  be 
determined to know whether the hypothalamus plays a ro le  in the 
con tro l of wheel-running behavior. The neurotoxin kain ic  acid , 
when in jec ted  lo ca lly  in to  the b rain , has been reported  to 
destroy neurons in t r in s ic  to  the s i t e  of in jec tio n  but leave 
undamaged the f ib e rs  of passage through th is  s i t e .  When kain ic  
acid  is  in jec ted  in to  the l a te r a l  hypothalamus of r a ts  by means 
of an infusion pump, wheel-running a c t iv i ty  is  decreased, and the 
magnitude of the decrease in th is  behavior appears to be d irec tly  
proportional to the magnitude of the hypothalamic damage produced 
by the ka in ic  ac id . In ad d itio n , wheel-running behavior a f te r  
the in jec tio n  of ka in ic  acid  is  sim ila r to th a t exhib ited  a f te r  
the placement of e le c tro ly t ic  le s io n s , i . e . ,  i t  i s  decreased both 
when the r a ts  are l e f t  undisturbed and when they are being cared 
fo r. However, damage to  s tru c tu re s  ou tside of the hypothalamus 
is  o ften  produced when ka in ic  acid is  in jec ted  by infusion pump 
in to  the l a te r a l  hypothalamus. Tissue damage has been observed 
in the thalamus, the pyriform cortex , the amygdaloid complex, the 
hippocampus, the zona in c e r ta , and the basal ganglia.

In an e f fo r t  to  produce damage to  the la te r a l  hypothalamus 
without concomitant damage to extra-hypothalam ic s tru c tu re s , 
kain ic  acid  was in jec ted  ion to p h o re tica lly  in to  the la te r a l  
hypothalamus of a small group of r a t s .  P relim inary re su lts  from 
8 r a ts  in d ica te  th a t extra-hypothalam ic damage a f te r  the ion
to p hore tic  in jec tio n  of ka in ic  acid is  much le s s  than th a t 
observed a f te r  the in jec tio n  of kain ic  acid  by an infusion pump, 
but neuronal lo ss i s  sometimes observed in the region of the 
amygdaloid complex and the pyriform cortex . The magnitude of the 
decrease in wheel-running a c t iv i ty  appears to be d ire c tly  propor
tio n a l to  the magnitude of the tis su e  damage in the la te r a l  
hypothalamus. However, wheel-running a c t iv i ty  is  decreased only 
during the time the r a ts  are l e f t  undisturbed. During the time 
the r a ts  are being cared fo r, th e ir  wheel-running a c tiv ity  is  a t 
the same lev e l i t  was p reoperative ly  during th is  tim e. More data 
is  needed before the ro le  of the hypothalamus in the con tro l of 
wheel-running behavior can be postu la ted  with some degree of cer
ta in ty .  (Supported by WVU Med. Corp. and NIH Biomed. Res. Grant 
5 SO7 RRO5433-18.)

413.25 EFFECTS OF TETRAHYDROCANNABINOL AND CANNABIDIOL ON HIPPOCAMPAL 
ACTIVITY IN THE INTACT, AWAKE RAT. D.M. Wilkison. Dept. of 
Pharmacology and Toxicology, Medical College of Wisconsin, 
Milwaukee, Wisconsin 53226.

Delta-9-tetrahydrocannabinol (THC) has been shown to have 
potent effects on the neurophysiology of the limbic system. 
Various authors have ascribed the behavioral changes induced by 
THC intoxication to changes in electrophysiological and 
neurochemical events in the septal-hippocampal system. The 
several electrophysiological studies have not led to a unified 
hypothesis as to the actions of THC in the hippocampal formation. 
We have previously reported the d iffe ren tia l effects of THC on 
the perforant path/dentate response and the commissural CA1 
response in urethane-anesthetized ra ts . This report de ta ils  the 
actions of THC and the nonpsychoactive cannabinoid, cannabidiol 
(CBD) in the in tac t, awake ra t.

Hooded Long-Evans rats were implanted stereotaxically  under 
pentobarbital anesthesia. Pairs of electrodes were aimed at 
e ither the dentate/perforant path or the CA1/cCA3 s ite s . 
Commencing one week a fte r  surgery, each ra t received a single 
dose, ip , of THC (2 to 16 mg/kg) or CBD (20 to 80 mg/kg) on a 
randomized weekly schedule. Full input/output curves (6 stimulus 
in ten sitie s )  were established prior to drug administration and 
15, 45 and 120 minutes a f te r . Electrodes were in cell layers 
recording classical negative population spikes superimposed upon 
positive synaptic po ten tials. Each component was separately 
analyzed.

THC produced a dose-dependent decrease (20 to 50%) in the 
CA1 response to commissural stimulation in chronically implanted 
ra ts . This was most sign ifican t a t the low threshold stimulus 
in ten sitie s  and most consistent a t 8 and 16 mg/kg. These effects 
were observed in the spike response and the synaptic potential. 
The data suggest the in trin s ic  coupling of spike generation and 
synaptic a c tiv ity  was not altered by THC. In contrast, THC did 
not s ign ifican tly  a l te r  the dentate response to perforant path 
stimulation in conscious ra ts . CBD in doses 5 times those of THC 
was without effect on the hippocampal response to afferent 
stim ulation.

These data substantiate ea r lie r  findings from th is 
laboratory of the actions of THC in urethane-anesthetized ra ts . 
The finding that CBD did not have such effects is  supportive of 
the hypothesis that the effects of THC on CA1 are likely  related 
to the psychoactive properties of the drug. This study was 
supported by NIDA R01 DA 03785.

413.26 VAGAL NERVE-OLFACTORY BULB PATHWAY: AN EVOKED POTENTIALS STUDY.
L . L . J im é n e z -M o n tú f a r * , D. E . G a rc í a - D í a z * , R . G u e v a r a - A g u i l a r  
a n d  M. J .  W a y n e r . (S P ON: L . C in t r a - M c G lo n e ) .  D e p to .  de F i s i o l o g í a ,  
F a c .  de  M e d ic in a ,  UNAM, M ex ico  0 4 5 1 0 , D. F . , a n d  D i v i s i o n  o f  L i f e  
S c i e n c e s ,  U n i v e r s i t y  o f  T e x a s  a t  S an  A n to n io ,  S an  A n to n io ,  TX. 
7 8 2 8 5 .

We h a v e  a l r e a d y  d e m o n s t r a te d  t h e  e x i s t e n c e  o f  a  f u n c t i o n a l  
c o n n e c t i o n  b e tw e e n  v i s c e r a l  v a g a l  a f f e r e n t s  a n d  c e l l s  o f  t h e  p e r i 
g l o m e r u l a r  l a y e r  o f  t h e  o l f a c t o r y  b u l b  ( OB ) . S in c e  t h e  r o s t r a l  
p o r t i o n  o f  t h e  n u c l e u s  o f  t h e  t r a c t u s  s o l i t a r i u s  (N TS) r e c e i v e s  
a f f e r e n t s  f ro m  t h e  to n g u e  a n d  m o u th  a s s o c i a t e d  w i t h  t h e  V , V I I ,  IX , 
a n d  X c r a n i a l  n e r v e s ,  i t  i s  u n d o u b t e d l y  i n v o l v e d  i n  t a s t e  a n d  
p o s s i b l y  i n g e s t i o n .  T h i s  p o r t i o n  o f  t h e  NTS s e n d s  d i r e c t  c o n n e c 
t i o n s  t o  h y p o t h a l a m i c  a n d  a m y g d a lo id  s t r u c t u r e s  r e l a t e d  t o  e a t i n g .  
T he p u r p o s e  o f  t h i s  s t u d y  w as t o  e s t a b l i s h  t h e  c o n n e c t i o n s  b e tw e e n  
v a g a l  a f f e r e n t s  a n d  t h e  r o s t r a l  p o r t i o n  o f  t h e  NTS, l a t e r a l  h y p o 
th a l a m u s  (LH ) a n d  t h e  OB. E x p e r im e n t s  w e re  c o n d u c te d  o n  tw e lv e  
W i s t a r  r a t s '  a n e s t h e t i z e d  w i t h  c l o r a l  h y d r a t e .  E v o k e d  p o t e n t i a l s  i n  
t h e  OB, LH a n d  r o s t r a l  p o r t i o n  o f  t h e  N TS, w e re  r e c o r d e d  a f t e r  
c e r v i c a l  v a g u s  n e r v e  s t i m u l a t i o n .  I n  t h e  OB a  14 t o  16 m sec  p o t e n 
t i a l  w as r e c o r d e d  o n l y  a t  t h e  p e r i g l o m e r u l a r  l a y e r ,  t h o u g h ,  a  
r a p i d  c o m p o n e n t a p p e a r e d  d e e p e r ,  p r o b a b l y  a t  t h e  g r a n u l a r  l a y e r .  
I n  t h e  LH, a n  e v o k e d  p o t e n t i a l  c o u l d  b e  o b s e r v e d  w i t h  a  l a t e n c y  
o f  3 t o  5 m s e c . The tw o  c o m p o n e n ts  o b s e r v e d  i n  t h e  r o s t r a l  NTS 
o c c u r  w i t h  2 t o  3 ,  a n d  5 t o  7 m sec  d e l a y s .  When t h e  r o s t r a l  NTS 
w as s t i m u l a t e d  a n d  t h e  e v o k e d  p o t e n t i a l s  w e re  r e c o r d e d  i n  t h e  OB 
a n d  i n  t h e  LH, t h e  l a t e n c y  t o  t h e  p e a k  c h a n g e  i n  t h e  OB w as 7 .5  
t o  8 .5  m sec  a n d  3 .5  t o  4 .5  i n  t h e  LH. T he e a r l y  OB e v o k e d  r e s p o n s e s  
by  v a g u s  n e r v e  s t i m u l a t i o n  a r e  s t i l l  d i f f i c u l t  t o  i n t e r p r e t ,  b u t  
t h e  l o n g  l a t e n c y  15 m sec  a v e r a g e  r e s p o n s e  a p p e a r s  c l e a r l y  i n  t h e  
s u r f a c e  o f  t h e  OB a n d  w as e l i m i n a t e d  w hen t h e  r o s t r a l  NTS w as 
d e s t r o y e d .  O t h e r  d a t a  i n d i c a t e  a  l a t e n c y  o f  8 m se c  f o r  t h e  e v o k e d  
p o t e n t i a l s  f r o m  t h e  NTS t o  t h e  OB. An e x a m in a t io n  o f  t h e  e v o k e d  
p o t e n t i a l s  i n  t h e  NTS i n  r e s p o n s e  t o  v a g a l  s t i m u l a t i o n  r e v e a l e d  
tw o  c o m p o n e n ts ;  t h e  l o n g e s t  l a t e n c y  c o m p o n e n t w as 7 m s e c . A p p a r e n t 
l y  t h i s  c o m p o n e n t r e p r e s e n t s  t h e  a c t i v i t y  o f  a  g r o u p  o f  s lo w  
f i b r e s  w h ic h  s y n a p s e  i n  t h e  NTS a n d  t h e n  t h i s  i s  a d d e d  t o  t h e  
8 m se c  l a t e n c y  o b s e r v e d  f o r  e v o k e d  r e s p o n s e s  i n  t h e  OB t o  v a g a l  
n e r v e  s t i m u l a t i o n  r e s u l t i n g  t h i s  i n  a  15 m se c  l a t e n c y .  A f t e r  
e l e c t r o l y t i c  l e s i o n  o f  NTS, t h e  e v o k e d  p o t e n t i a l s  i n  LH b y  v a g a l  
n e r v e  s t i m u l a t i o n  w e re  n o t  a b o l i s h e d .  T h e s e  r e s u l t s  i n d i c a t e  t h a t  
t h e  p a th w a y  f ro m  t h e  v a g u s  n e r v e  t o  o l f a c t o r y  b u l b  t r a v e l s  t h r o u g h  
t h e  NTS b u t  p r o b a b ly  n o t  t h r o u g h  t h e  LH.

S u p p o r t e d  i n  p a r t  b y  CONACYT G r a n t  PCSA B EU -002187.
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413.27 SUBFORNICAL ORGAN STIMULATION INFLUENCES THE EXCITABILITY OF 
SEPTAL NEURONS PROJECTING TO THE PARAVENTRICULAR NUCLEUS IN THE 
RAT. S.D. Donevan and A.V. Ferguson. Dept. of Physiology, 
Queen's University, Kingston, Ontario, Canada, K7L 3N6.

The subfornical organ (SFO) is  a ci rcumventricular structure 
tha t mediates drinking, and the increased plasma vasopressin 
concentrations observed in response to intravenous angiotensin 
I I . Anatomical studies have revealed efferen t projections from 
SFO to the paraventricular (PVN) and supraoptic (SON) nuclei. 
Although e lec trica l stimulation of SFO enhances the ex c itab ility  
of the majority of oxytocin and vasopressin secreting neurons in 
the SON and PVN, inhibitory effects are also observed. This 
suggests that polysynaptic pathways may also be involved in 
connecting the SON and PVN with the SFO. Neurons in the medial 
septum and the adjacent diagonal band of Broca (MS-DBB) have 
anatomical connections with the SFO, PVN and SON. The SFO has 
been shown to i nfluence the ex c itab ility  of MS-DBB neurons that 
project to the SON. The present study examines the e ffec t of 
e lec trica l stimulation in the region of the SFO on the 
e x c itab ility  of MS-DBB neurons tha t project to the PVN.

Male Sprague-Dawley ra ts  (140-320 g) anesthetized with 
urethane (1.4 g/kg) were used in a ll experiments. A stimulating 
electrode was implanted, using stereotaxic coordinates, in the 
region of the SFO. The medial basal hypothalamus was exposed 
through a transpharyngeal approach, and a stimulating electrode 
lowered into the region of the PVN. E xtracellular single unit 
recordings were obtained from MS-DBB neurons using 2.0 M 
NaCl-filled glass micropippetes. Neurons were antidromically 
iden tified  according to standard c r i te r ia  of an a ll or nothing 
constant latency response a t threshold; the ab ility  to follow 
high frequency (200 Hz) stim ulation; and the presence of 
co llision  cancellation between antidromically evoked and 
spontaneous action potentials occurring within the c r itic a l 
period. Recordings were obtained from 214 MS-DBB neurons, 53 of 
which were antidromically iden tified  as projecting to the region 
of the PVN. The effects of SFO stimulation were tested on 28 of 
these c e lls , of which 78% responded with short latency (20.78 ± 
0.84 ms, SEM), short duration (10.58 ± 1.06 ms) increases in 
e x c ita b ility . The remaining neurons ( 22%) were unaffected by SFO 
stim ulation.

These resu lts indicate th a t the SFO has a predominantly 
excitatory e ffec t on MS-DBB neurons antidromically identified  as 
projecting to the PVN. I t  suggests tha t th is  may be a 
polysynaptic pathway through which the SFO influences the 
ac tiv ity  of oxytocin and vasopressin secreting neurons in the 
PVN.
Acknowledgments: Supported by MRC of Canada

413.28 PERSEVERATIVE SPONTANEOUS TURNING: A NEW BEHAVIORAL 
MEASURE OF HIPPOCAMPAL DAMAGE. G.A. M ickley*, J .L .  
Ferguson*, C. A ld erk s , T .J .  Nemeth and B.A. Dennison. 
B ehav io ra l S c iences  D epartm ent, Armed Forces 
R adiobio logy R esearch  I n s t i t u t e ,  B e thesda , MD 
20814-5145.

Exposure o f  th e  neonate to  focused  X ray s  produces 
d i s c r e te  le s io n s  o f  th e  d e n ta te  g r a n u la r - c e l l  la y e r  o f 
th e  hippocampus. T h is b ra in  damage m o d ifie s  th e  
b eh a v io r o f  th e  r a t  by s tim u la t in g  spontaneous 
locom otion and in h ib i t in g  th e  a c q u is i t io n  o f p a ss iv e  
avoidance (B ayer, S .A . e t  a l . ,  N ature New B io l . 242: 
222-224, 1973). Here we re p o r t  a newly d isco v e red  
b eh a v io ra l c o r r e l a te  o f  ra d io g en ic  hippocampal damage: 
p e rs e v e ra tiv e  spontaneous tu rn in g .

The c e re b ra l  hem ispheres o f  n eo n a ta l r a t s  were 
sy m m etrica lly  exposed to  x -ra y s  u sing  a procedure  
s im i la r  to  t h a t  d e sc r ib e d  by Bayer e t  a l . (B rain  R es. 
B u l l . 2: 153-156, 1977). This p ro to c o l produces 
s e le c t i v e  damage to  th e  g r a n u la r - c e l l  la y e r  o f  th e  
hippocampal d e n ta te  g y ru s . O ther an im als were sham 
i r r a d ia te d .  Ten- t o  25-w eek-old s u b je c ts  were p laced  in  
la rg e  bowls and spontaneous tu rn in g  was recorded  over 
a t  l e a s t  5 , 30-m inute s e s s io n s .  We a l s o  measured 
s e v e ra l o th e r  b e h a v io rs : spontaneous locom otion , 
spontaneous a l t e r n a t io n  in  a  T-maze, and a c q u is i t io n  o f  
a  p a ss iv e  avoidance ta s k .

R ad ia tio n -in d u ced  hippocampal damage caused  r a t s  
to  e x h ib i t  lo n g e r  b o u ts  o f  tu rn s  in  th e  same d i r e c t io n .  
Once they  began tu rn in g ,  i r r a d ia te d  r a t s  p e rse v e ra te d  
in  t h a t  tu rn in g  to  an e x te n t s i g n i f i c a n t ly  g r e a t e r  than  
th e  sh a m -ir ra d ia te d  s u b je c ts .  I r r a d ia te d  r a t s  a l s o  had 
a more pronounced l a t e r a l  b ia s .  However, th e  rad io g en ic  
enhancement in  bou t le n g th  could  n o t be a t t r ib u t e d  
s o le ly  to  th e  g r e a t e r  l a t e r a l  b ia s  o f  th e  i r r a d ia te d  
an im a ls . The i r r a d ia te d  r a t s  a l s o  showed re ta rd e d  
a c q u is i t io n  o f  a  p a s s iv e  avoidance ta sk  and s ome 
enhancement in  m easures o f  spontaneous locom otor 
a c t i v i t y .  R ats w ith  ra d ia tio n -in d u c e d  hippocampal 
damage d id  n o t e x h ib i t  p e rs e v e ra tio n  in  th e  spontaneous 
e x p lo ra tio n  o f  th e  arms o f  a T-maze.

These d a ta  confirm  some o f  th e  p re v io u s ly  re p o rte d  
b eh a v io ra l c o r r e l a te s  o f  hippocam pal damage. F u rth e r 
th e  d a ta  su g g es t th e  u s e fu ln e ss  o f  o bserv ing  
spontaneous tu rn in g  a s  an in d ic a to r  o f  d i s c r e te  
hippocampal damage produced by n eo n a ta l X i r r a d i a t i o n .

413.29 AFTER DISCHARGES IN THE HIPPOCAMPUS FOLLOWING LOCAL 
TETANIZATION. K.A. Desborough* and L.S. Leung, Depts. of 
Clinical Neurological Sciences, Physiology and Psychology, Univ. 
Western Ontario, London, Canada N6A 5C5.

Following a short (1-10 sec) tra in  of repetitive  stimulation 
delivered to the hippocampal CA1 region, the following sequelae 
of afterdischarges (AD) was seen: (1) a s ilen t period of 2-4 
sec, (2) a large primary (1°) AD usually alvear-surface 
negative and deep positive, (3) a period of suppressed 
hippocampal EEG, (4) a secondary (2°) hippocampal AD, and at 
3-6 min latency, (5) 15-25 min of enhanced (up to 10 times 
normal) fa s t (30-70 Hz) waves. The 2° hippocampal AD was 
preceded by or simultaneous with large AD at the amygdaloid 
electrodes. Large heat lesions of the amygdala (N=4) or 
e lec tro ly tic  lesions of the medial septum (N=10) were not 
successful in abolishing the 2° hippocampal AD. However, 2 ra ts 
with s tr ia  terminal is  lesions and 2 ra ts  with b ila te ra l 
aspiration lesion of the entorhinal cortex did not have the 2° 
hippocampal AD. Fast waves were reversed 180° across surface 
and deep CA1 electrodes. The fa st wave increase was blocked by 
atropine su lfate  (25-50 mg/kg i .p . ) ,  scopolamine hydrochloride 
(5 mg/kg i .p .)  and medial septal lesions, but was enhanced by 
pilocarpine (25 mg/kg i .p . ) .

I t  was concluded that the 2° hippocampal AD may depend on 
reverberation of neural c ircu itry  involving the ventral 
hippocampus (e.g. subiculum) and the entorhinal cortex. The 2° 
AD recorded from amygdala electrodes may partly  re flec t 
spreading of a c tiv itie s  from the la t te r  structures. On the 
other hand, the increase in fa s t waves afte r tetanization 
requires an in tac t septohippocampal, muscarinic cholinergic 
input, and may depend on an enhanced cholinergic input or an 
increased response. The long (15-25 min) duration of increased 
fa s t waves is  sim ilar to tha t of enhanced cholinergic 
supersensitivity  to acetylcholine described in the hippocampal 
slice  after tetanization  (Burchfield e t a l . Science 204: 1096, 
1979).

413.30 EFFECTS OF COOLING INFEROTEMPORAL CORTEX AND AMYGDALA ON MONKEY 
AMYGDALA AND LATERAL HYPOTHALAMIC NEURAL ACTIVITY DURING FEEDING 
BEHAVIOR. T. Ono, M. Fukuda*. K. Nakamura* and H. N ish ijo * . 
D ep t. of P h y s io l . ,  Fac. of M ed., Toyama Med. and Pharmaceu. 
U n iv ., S u g ita n i, Toyama 930-01, Japan .

I t  has been re p o rte d  th a t  monkey amygdala (AM) and l a t e r a l  
hypothalam ic (LHA) neurons responded a t  th e  s ig h t  of food and 
nonfood du rin g  o p eran t b a r p re s s  feed in g  behav io r (Fukuda e t  a l . ,  
B rain  Res, in  p r e s s ,  1986; Ono e t  a l . ,  B rain  Res. B u ll . 11: 
515-518, 1983; R o lls  e t  a l . ,  B rain  Res. 130: 229-238, 1977). In  
th e  study  re p o rte d  h e re , fu n c t io n a l and n eu rona l in t e r a c t io n  
between th e  in fe ro tem p o ra l c o r te x  (ITCx) and th e  AM d u ring  
op eran t ba r p re s s  feed in g  by th e  monkey were in v e s t ig a te d  by 
induc ing  r e v e r s ib le  d e f i c i t s  w ith  co o lin g  probes c h ro n ic a lly  
im planted  b i l a t e r a l l y  over th e  dura of th e  a n t e r io r  ITCx in  one 
monkey. We s im i la r ly  in v e s t ig a te d  r e l a t i o n s  between th e  AM and 
th e  LHA by b i l a t e r a l  co o lin g  of th e  l a t e r a l  p a r t  o f th e  AM in  two 
monkeys.

The a c t iv i t y  o f 43 AM neurons was ana lyzed . Before ITCx 
co o lin g , each AM neuron was c l a s s i f i e d  in to  one of 4 groups based 
on i t s  response  p a t te rn :  6 responded s e le c t i v e ly  to  th e  s ig h t  of 
food (food r e l a t e d ) , 11 responded s e le c t i v e ly  to  th e  s ig h t of 
nonfood (nonfood r e l a t e d ) , 21 responded to  th e  s ig h t  of bo th  food 
and nonfood (a ro u s a l r e l a t e d ) , and 5 d id  n o t respond (no 
re s p o n s e ) . ITCx co o lin g  changed th e  spontaneous f i r i n g  r a t e s  of 
15 AM neurons (2 in c re a s e d , 13 d e c re a se d ) . Of 17 neurons th a t  
responded p r im a r ily  to  th e  s ig h t  o f food o r nonfood, th e  
re sp o n s iv en ess  o f 8 (47 %) changed from s e le c t iv e  to  n o n s e le c tiv e  
when th e  ITCx was coo led . The a c t iv i t y  o f 55 LHA neurons was 
an a ly zed . Of th e s e ,  22 were food r e l a t e d ,  6 were in g e s t io n  
r e l a te d  (responded du rin g  in g e s t io n  of fo o d ) , 22 were a ro u s a l 
r e l a t e d ,  and 5 d id  no t respond . AM co o lin g  changed th e  
spontaneous f i r i n g  r a t e  o f 21 LHA neurons (12 in c re a s e d , 9 
d e c re a s e d ) . V isu a l resp o n ses  o f 9 food r e la te d  neurons and 2 
a ro u s a l r e la te d  neurons were dep ressed  by AM c o o lin g . In g e s tio n  
r e l a te d  responses  of 3 of 6 food r e l a te d  AM neurons were no t 
a f f e c te d  by ITCx c o o lin g , b u t resp o n ses  of 3 in g e s t io n  r e la te d  
LHA neurons (3 /6 ) were dep ressed  by AM co o lin g .

We concluded th a t  v is u a l  in fo rm atio n  r e l a te d  to  d is c r im in a tio n  
between food and nonfood flow s s e q u e n t ia l ly  th rough  th e  ITCx and 
th e  AM to  th e  LHA, and dynamic in te r a c t io n  among th e se  s t r u c tu r e s  
i s  im portan t in  a s s o c ia t in g  s tim u lu s  w ith  re in fo rc em e n t, i . e .  
rew ard o r nonrew ard.

This work was p a r t ly  supported  by th e  Japanese M in is try  of 
E ducation , Science and C u ltu re  G ran ts -in -A id  fo r  S c ie n t i f i c  
R esearch , 59770087, 60440028, and S p ec ia l P ro je c t R esearch , 
60216010.
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413.31 THE S T R I A  T E R M I N A L I S  I S  A Z I N C  C O N T A IN IN G  PATHWAY. 
C . J .  F r e d e r i c k s o n ,  J .  P e r e z - C l a u s e l l * ,  G .  D a n s c h e r * ,  
a n d  J . G . D u e s l e r  J r .  ( S P O N :  G. M o u s h e g i a n )  L a b .  
f o r  N e u r o b i o l o g y , U n i v .  o f  T e x a s  a t  D a l l a s ,  
R i c h a r d s o n .  TX 7 5 0 8 0  a n d  I n s t i t u t e  o f  A n a t o m y  B ,  
A a r h u s ,  D e n m a r k .

T h e  a d v e n t  o f  n e w  s i l v e r - a m p l i f i c a t i o n  ( D a n s c h e r  
I n :  F r e d e r i c k  s o n  e t  a l . ,  T h e  N e u r o b i o l o g y  o f  Z i n c .  
B . ,  A . R .  L i s s  ( 1 9 8 4 )  p p .  2 3 7 )  a n d  f l u o r e s c e n c e  
( F r e d e r i c k s o n  e t  a l . ,  J .  N e u r o s c i .  M e t h .  s u b m i t t e d )  
h i s t o c h e m i c a l  m e t h o d s  h a s  r e c e n t l y  m a d e  i t  p o s s i b l e  
t o  i d e n t i f y  z i n c - r i c h  r e g i o n s  o f  t h e  CNS w i t h  v i r t u a l  
c e r t a i n t y .  T h e  c o n t e m p o r a r y  m e t h o d s  i n d i c a t e  t h a t  ( a )  
CNS z i n c  s t a i n i n g  i s  a l m o s t  e n t i r e l y  r e s t r i c t e d  t o  
r e g i o n s  o f  n e u r o p i l ,  a n d  ( b )  i n  n e u r o p i l ,  t h e  
s t a i n i n g  i s  l i m i t e d  t o  t h e  v e s i c l e s  o f  c e r t a i n  a x o n  
b o u t o n s  ( P e r e z - C l a u s e l l  fit D a n s c h e r  B r a i n  R e s .  ( 1 9 8 5 )  
3 3 7 : 9 1 )

We a r e  c u r r e n t l y  s e a r c h i n g  f o r  t h e  c e l l s  o f  o r i g i n  
o f  s o m e  o f  t h e  z i n c - c o n t a i n i n g  t e r m i n a l  p l e x u s e s  i n  
t h e  CN S.  O n e  o f  t h e s e  z i n c - r i c h  t e r m i n a l  f i e l d s  
e n c o m p a s s e s  t h e  B e d  N u c l e u s  o f  t h e  S t r i a  T e r m i n a l s  
( B N S T )  a n d  s u b j a c e n t  p e r i h y p o t h a l a m i c  r e g i o n s ,  
i n c l u d i n g  t h e  o u t e r  c a p s u l e  o f  t h e  V e n t r o  M e d i a l  
H y p o t h a l a m u s  (VMH) a n d  t h e  V e n t r a l  P r e m a m m i l l a r y  
N u c l e u s  ( V P N ) .  We h a v e  f o u n d  t h a t  t h e  z i n c  s t a i n i n g  
t h r o u g h o u t  t h e  B N S T ,  VMH, a n d  VPN i s  c o m p l e t e l y  
a b o l i s h e d  b y  p r i o r  i p s i l a t e r a l  i n t e r u p t i o n  o f  t h e  
s t r i a  t e r m i n a l i s ,  a c c o m p l i s h e d  b y  e i t h e r  s i m p l e  
t r a n s e c t i o n  o f  t h e  s t r i a  o r  b y  a m y g d a l a r / s u b i c u l a r  
e l e c t r o l y t i c  l e s i o n  o f  t h e  o r i g i n s  o f  t h e  s t r i a .  
C o n t r o l  l e s i o n s  i n  t h e  n e o c o r t e x ,  h i p p o c a m p u s ,  a n d  
c a u d a t e / p u t a m e n  h a v e  n o  a p p a r e n t  e f f e c t  o f  t h e  
s t a i n i n g  i n  t h e  B N S T / V H M / V P N  z o n e .  We c o n c l u d e  t h a t  
z i n c  s t a i n i n g  i n  t h e  BNST /V M H/V PN r e g i o n  r e f l e c t s  t h e  
p r e s e n c e  o f  z i n c - r i c h  b o u t o n s  w h i c h  d e r i v e  f r o m  a x o n s  
t r a v e l i n g  t h r o u g h  t h e  s t r i a  t e r m i n a l i s .

P a r a l l e l  s t u d i e s  n o w  i n  p r o g r e s s  s u g g e s t  t h a t  b o t h  
t h e  c o r t i c o - s t r i a t a l  p a t h w a y  a n d  t h e  h i p p o c a m p o 
s e p t a l  p r o j e c t i o n s  m a y  a l s o  b e  f i b e r  s y s t e m s  w h i c h  
h a v e  z i n c  i n  t h e  a x o n  b o u t o n s .  O n e  i n t e r e s t i n g  
g e n e r a l i z a t i o n  e m e r g i n g  f r o m  t h e s e  s t u d i e s  o f  t h e  
z i n c - c o n t a i n i n g  p a t h w a y s  i s  t h a t  t h e  p r e p o n d e r a n c e  o f  
t h e  z i n c - r i c h  f i b e r  s y s t e m s  a r e  o f  l i m b i c  a n d / o r  
c e r e b r o c o r t i c a l  o r i g i n .  ( S u p p o r t e d  b y  D a n i s h  M e d i c a l  
C o u n c i l  g r a n t s  t o  C J F  a n d  GD a n d  N IH -B S R G  8 0 7 - R R 0 7 1 3 3  
t o  C J F ) .

GABA PATHWAYS

414.1 IN VITRO AND IN VIVO MODELS OF IMINO ACID - NEUROTOXICITY
M iller, S ., Giacobini, E., Gutierrez, M.d.C.* and Kim, J.S.* 
(SPON: J. Couch). Departments of Pharmacology and Pediatrics, 
So. I l l . Univ. Sch. Med., Springfield, IL 62708 USA

Excitatory amino acids, naturally occurring in brain, such as 
glutamic acid may act as neurotoxins. This effect is believed to 
be mediated by a postsynaptic receptor mechanism. Other examples 
of neurotoxic amino acids are kainic, quisqualic, ibotenic, 
quinolinic and monocysteic acids. Recently, endogenous inhibitory 
imino acids such as pipecolic acid (PA) have also been found to be 
neurotoxic. Elevated blood and tissue concentrations of PA, a 
major metabolite of lysine in brain, are associated with a severe, 
destructive and demyelinating process in affected infants with 
hypotonicity and mental re tardation . Mouse fe ta l cortical neurons 
were harvested and grown in modified Eagle's medium and treated by 
the addition of 3 and 5 nmole/ml PA. The cultures were grown, 
sequentially harvested and enzyme determinations were performed. 
Cultures predominantly affected by the presence of PA are those 
with cholineacetyltransferase (CAT) ac tiv ity . Glutamic acid 
decarboxylase (GAD) ac tiv ity  is not affected in th is model. The 
absolute levels of CAT/GAD are adversely affected by increasing 
levels of PA added to the culture medium p articu larly  during days 
7-10 of growth. Our study in mice in vivo shows that the offspring 
of mothers injected during pregnancy with 250 mg/kg PA demonstrate 
a significant decrease in both cortical and whole brain DNA 
content. Pups injected a fter bir th demonstrated no adverse 
e ffe c ts . Therefore, a high and steady level of PA comparable to 
cerebral levels in human hyperpipecolatemia can induce a neurotoxic 
effec t in the fe ta l mouse brain. Both in v itro  and in vivo resu lts 
suggest that the c r itic a l period for neurotoxic effect is prenatal, 
probably due to a selective vulnerability  of developing neurons to 
high PA. Damage to specific types of neurons may explain the 
mental subnormality evident in infants with hyperpipecolatemia. 
(Supported in part by SIU Central Research Grant)

414.2 GABA AND TAURINE SYSTEMS IN CONTROL AND ISCHEMIC RAT HIPPOCAMPAL 
FORMATION. J .-Y . Wu1, C .-T . L in 1, J .  W. L iu 1* and F. F. Johanson2*
1D ept. P h y s io l . ,  M ilton  S. Hershey Med. C t r . , Penn S ta te  U niv ., 
H ershey, PA and 2 In s t i t u t e  o f N e u ro p a th o l., Univ. Copenhagen, 
Denmark.

The changes o f GABA and ta u r in e  neurons and t h e i r  p ro cesse s  in  
th e  r a t  hippocam pal fo rm a tion  a f t e r  t r a n s i e n t  c e re b ra l ischem ia 
were in v e s t ig a te d  by immunocytochemical lo c a l i z a t i o n  o f th e i r  
r e s p e c t iv e  s p e c i f ic  m arkers, nam ely, g lu tam ate  decarboxy lase 
(GAD) and c y s te in e  s u l f i n i c  ac id  d ec arboxy lase  (CSAD). T ra n sien t 
c e re b ra l  ischem ia was induced in  r a t s  by l i g a t io n  o f bo th  common 
c a ro t id  a r t e r i e s  f o r  20 min a f t e r  e l e c t r i c  c a u te r iz a t io n  of 
v e r t e b r a l  a r t e r i e s .  The c o n tro l an im als were sham o p era ted  b u t 
had no ischem ia . A ll r a t s  were in t r a v e n t r i c u la r ly  in je c te d  w ith  
20 μg o f c o lc h ic in e  2 days b e fo re  th ey  were s a c r i f i c e d .  In  area  
CA1 o f sham o p e ra ted  an im als, GAD-immunoreactivity (GAD-IR) was 
found in  th e  somata o f some in te rn e u ro n s  and in  many neuronal 
p ro c e sse s  and te rm in a ls  in  s tra tu m  o r ie n s  (SO) and s tra tum  
rad ia tum  (SR ). Numerous p u n c ta te  GAD-IR su rround ing  pyram idal 
neurons and some in te rn e u ro n s  in  SO and SR were seen . Very few 
b a s k e t pyram idal c e l l s  were s ta in e d .  The pyram idal neurons were 
n o t s ta in e d .  In  ischem ic hippocam pus, most pyram idal neurons 
showed d i f f e r e n t  deg rees o f  d e g e n e ra tio n , n o ta b ly  w ith  sh rinkage  
o f c e l l  body. A lthough p u n c ta te  GAD-IR su rround ing  th e  pyram idal 
neurons were m odera te ly  reduced , no s ig n i f i c a n t  changes fo r  
GAD -positive in te rn e u ro n s  in  SO and SR were observed . S im ila r  
r e s u l t s  were a ls o  found in  a re a s  CA2 and CA3 . In  th e  ta u r in e  
system , CSAD-IR was seen  in  th e  somata o f some pyram idal b a sk e t 
neurons and some in te rn e u ro n s  in  SO and SR in  CA1 a rea  o f sham 
o p e ra ted  an im als. Some p u n c ta te  CSAD-IR su rround ing  pyram idal 
neurons were a ls o  found. The pyram idal neurons were n o t s ta in e d . 
In  ischem ic c o n d itio n , no s ig n i f i c a n t  changes o f CSAD-IR in  th e  
somata o f in te rn e u ro n s  in  SO and SR and in  some pyram idal b a sk e t 
neurons in  a rea  CA1 were observed . However, p u n c ta te  CSAD-IR 
su rro u n d in g  pyram idal neurons were m arkedly reduced . The same 
f in d in g s  were a lso  observed in  a re a s  CA2 and CA3 . Hence, i t  i s  
concluded th a t  th e  GAD p o s i t iv e  o r CSAD-positive in te rn e u ro n s  and 
pyram idal b a s k e t neurons appear to  be le s s  v u ln e ra b le  to  ischem ic 
damage th a n  pyram idal neurons which a re  n o t GABAergic nor t a u r i 
n e rg ic  neu rons . (Supported  in  p a r t  by NIH g ra n ts  NS-20978, 
NS-20922 and EY-05385).
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414.3 COMPARISON OF GABAERGIC AND TAURINERGIC NEURONS IN CONTROL AND 
ISCHEMIC RAT DENTATE GYRUS. C .-T . L in 1, J .  W. L iu ,1* F. F. Johan
son,2* and J .-Y . Wu1 . 1Dept. P h y s io l . ,  Penn S ta te  U n iv ., H ershey, 
PA 17033 and 2I n s t i t u t e  of N europathology, Univ. Copenhagen, Den
mark.

G lutam ate decarboxy lase  (GAD) and c y s te in e  s u l f in i c  ac id  d ec a r
boxy lase  (CSAD), s p e c i f ic  marker fo r  GABAergic and ta u r in e rg ic  
n eu rons , r e s p e c t iv e ly ,  were id e n t i f i e d  in  th e  sham o p era ted  (con
t r o l )  and ischem ic r a t  d e n ta te  gyrus by im m unohistochem istry. 
The ischem ia was induced by l i g a t io n  of bo th  common c a ro t id  
a r t e r i e s  fo r  20 min a f t e r  e l e c t r i c  c a u te r iz a t io n  of v e r te b r a l  
a r t e r i e s .  In  th e  c o n tro l d e n ta te  gy ru s , GAD-immunoreactivity 
(GAD-IR) was seen in  th e  somata o f some in te rn e u ro n s  ( s t e l l a t e  
c e l l s )  in  m o lecu lar la y e r  and of a few in te rn e u ro n s  in  th e  h i l a r  
re g io n . Numerous p u n c ta te  re a c t io n  p roduc ts  su rround ing  g ranu le  
c e l l s ,  in te rn e u ro n s  in  th e  h i l a r  re g io n , and th e  pyram idal neu
rons in  a rea  CA4 , as w ell as in  th e  m o lecu lar la y e r  were found. 
No pyram idal neurons nor g ranu le  c e l l s  were s ta in e d .  In  th e  
ischem ic d e n ta te  gyrus GAD co n ta in in g  in te rn e u ro n s  were s t i l l  
v i s ib l e  in  th e  m o lecu lar la y e r  and o c c a s io n a lly  in  th e  h i l a r  
re g io n . However, th e  number of G AD-positive p ro cesse s  and th e  
s ta in in g  in t e n s i ty  were m arkedly reduced. Some g ran u le  c e l l s  and 
pyram idal c e l l s  in  a rea  CA4 showed d eg e n e ra tiv e  change, n o ta b ly  
w ith  sh rinkage of t h e i r  som ata. When sham op era ted  r a t  d e n ta te  
gyrus was s ta in e d  w ith  anti-CSAD, i t  was found th a t  more d e n ta te  
b a sk e t c e l l s ,  in te rn e u ro n s  in  th e  h i l a r  reg io n  and in te rn e u ro n s  
( s t e l l a t e  c e l l s )  in  m o lecu lar la y e r  were s ta in e d  w ith  anti-CSAD 
than  anti-GAD. Some pyram idal b a sk e t neurons in  th e  a rea  CA4 
a lso  con ta ined  CSAD-IR. The p u n c ta te  r e a c tio n  p ro d u c ts  su rround 
ing  g ran u le  c e l l  bod ies and pyram idal c e l l s  in  a rea  CA4 were no t 
as dense as GAD-IR c o n ta in in g  te rm in a ls . No such p u n c ta te  r e a c 
t io n  p ro d u c ts  were seen su rround ing  in te rn e u ro n s  in  th e  h i l a r  
reg io n  and in  th e  m olecu lar la y e r .  The g ran u le  c e l l s  and pyram
id a l  c e l l s  in  th e  a rea  CA4 con ta ined  no CSAD-IR. In  th e  ischem ic 
c o n d itio n , CSAD-IR was s t i l l  re ta in e d  in  some in te rn e u ro n s  ( s t e l 
l a t e  c e l l s )  and neu ronal p ro cesse s  in  bo th  th e  m olecu lar la y e r  
and in  th e  h i l a r  reg io n . However, d e n ta te  b a sk e t c e l l s  arid 
d e n ta te  pyram idal b a sk e t c e l l s  showed no o r ex trem ely  weak immu
n o s ta in in g . S im ila r ly  alm ost no CSAD-IR co n ta in in g  te rm in a ls  
su rround ing  th e  d e n ta te  g ran u le  c e l l s  and pyram idal neurons in  
a rea  CA4 could be d e te c te d . These f in d in g s  sug g est th a t  GAD 
c o n ta in in g  in te rn e u ro n s  appear to  be le s s  v u ln e ra b le  than  CSAD 
c o n ta in in g  in te rn e u ro n s  to  th e  ischem ic damage. (Supported  in  
p a r t  by NIH g ra n ts  NS-20978, NS-20922 and EY-05385).

414.4 DISTRIBUTION AND ULTRASTRUCTURE OF NEURONS IN PIRIFORM CORTEX 
DISPLAYING IMMUNOREACTIVITY TO GABA AND GAD AND HIGH AFFINITY 
3H-GABA UPTAKE. L.B. Haberly, S.L. Feig* and D.J. Hansen* (SPON: 
T. Duff), Dept. of Anatomy, Univ. Wisconsin, Madison, WI 53706.

GABAergic neurons in piriform cortex of the opossum have been 
iden tified  with antisera to a GABA-BSA conjugate (Fex e t a l . ,  Br. 
Res. 366:106) and glutamic acid decarboxylase (GAD; Oertel e t 
a l . ,  Neurosci. 6 :2689) and by the presence of high a ffin ity  
3H-GABA uptake. Three d istinctive populations have been 
identified  on the basis of morphology, laminar d istribution  
patterns and differences in anterior-posterior location: 
horizontal c e lls , spherical soma ce lls  and multipolar c e lls .

Horizontal ce lls  have large somata and are restric ted  to layer 
Ia of anterior piriform cortex. They are darkly stained by both 
GABA-BSA and GAD antisera but are labeled by 3H-GABA uptake only 
a t distances of 1 mm or more from injection s ite s . This la te r  
observation suggests a lack of local axonal arborizations. These 
ce lls  clearly correspond to the spiny soma horizontal neurons 
previously described with Golgi and EM methods (Haberly, JCN 
213:163; Haberly & Feig, JCN 216:69). They appear to be 
specialized for mediation of a rapid, feedforward inhibitory 
process.

Spherical soma ce lls  are moderately small in size (10-13 μm) 
and d istinctive by virtue of a thin rim of cytoplasm and thin 
dendrites that arise  abruptly from the cell body. They are found 
in all layers of piriform cortex and in the underlying endopiri
form nucleus, but a striking feature is  a concentration in layers 
Ib and II in posterior piriform cortex in contrast to a relative 
absence in these layers an terio rly . These ce lls appear to 
correspond to the "neurogliaform" neurons observed in a Golgi 
study (Haberly, JCN 213:163) that have locally arborizing 
unmyelinated axons. Electron microscopy revealed a high density 
of symmetrical and asymmetrical synapses on dendrites but a low 
density on somata. I t  is  postulated tha t these ce lls  are 
responsible for the slow, K+ mediated inhibitory process observed 
in piriform cortex (see Tseng & Haberly, th is volume).

Multipolar ce lls  are concentrated in the deep part of layer 
III  and the subadjacent endopiriform nucleus in both anterior and 
posterior parts of piriform cortex. V ariability in u ltrastruc
ture suggests the presence of a t leas t two subpopulations. I t  is 
postulated tha t these ce lls are responsible for the well-known 
feedback, Cl- mediated IPSP.

Preliminary resu lts have also been obtained with a GAD 
antiserum in the ra t. The same three neuron populations can be 
distinguished, although laminar patterns are less d is tin c t and 
the superficial horizontal ce lls  are more irregular in shape and 
confined to the immediate v icin ity  of the la teral olfactory 
t ra c t . Supported by NSF grant BNS-8311118 to L.B.H.

4 1 4 .5 GABA RELEASE IN THE GLOBUS PALLIDUS AFTER A DOPAMINERGIC 
DENERVATION CAUSED BY 6-OHDA. J .S e g o v ia* , U. Tossman*, M. G a rc ia - 
Munoz and U. U ngers ted t* . (SPON: A.M. Lopez-Colome) I n s t i t u t e  of 
C e l lu la r  P hysio logy , U.N.A.M., P. O. Box 70-600, Mexico D.F.

There i s  ev idence showing th a t  th e  s t r i a t o - p a l l i d a l  p ro je c t io n  
c o n ta in s  GABA (Fonnum, F. e t  a l ,  B rain  R es. ,143 :1 2 5 ,1 9 7 8 ). I t  has 
a ls o  been dem onstrated  u s in g  b iochem ical and e le c tro p h y s io lo g ic a l  
te ch n iq u es  th a t  th i s  pathway i s  in h ib i to r y  upon p a l l i d a l  c e l l s  
(L av ine , M.S. e t  a l ,  Exp. N e u ro l.,44 :448 ,1974 ; M a ll ia n i , A. e t  a l ,  
B rain  R es. ,  6 :341 ,1 9 6 7 ). Furtherm ore th e  GABAergic descend ing  p a th 
ways from th e  s tr ia tu m  have been r e l a te d  to  th e  motor a c t i v i t y  in 
duced by s tim u la t io n  of dopamine re c e p to rs  (S ch ee l-K ru g e r, J . ,  A cta 
N euro l. S can d .,6 5 ,S u p p l.90 :4 0 ,1 9 8 2 ).

The p re s e n t experim en ts were designed  to  study  th e  e f f e c t  of 
s t r i a t a l  dopamine d en e rv a tio n  in  th e  " in  v ivo"  overflow  of GABA in  
th e  g lobus p a l l id u s ,  u s in g  th e  in t r a c e r e b r a l  d ia ly s i s  te ch n iq u e .

Male Sprague-Dawley r a t s  (140-160 g) were a n e s th e tiz e d  w ith  a 
m ix tu re  o f a i r  and h a lo th an e  and f ix e d  to  a s te r e o ta x ic  fram e. A 
u n i l a t e r a l  m ic ro in je c tio n  of 6-hydroxidopam ine ( 6-OHDA) (8ug/4 u l 
o f s a l in e  w ith  0 . 2% a s c o rb ic  a c id )  was a p p lie d  to  th e  m edial f o re 
b ra in  b und le . Two weeks a f t e r  th e  o p e ra tio n  th e  r a t s  were te s te d  
w ith  apomorphine (0 .05  mg/kg, s . c . )  to  s e le c t  th e  s u c c e s s fu l ly  de
n e rv a te d  an im als  (U n g e rs ted t, U. e t  a l ,  Chemical T ransm ission : 75 
y e a r s .  Academic P re s s , 326 ,1981). Four weeks a f t e r  th e  le s io n  the  
r a t s  were te s te d  fo r  th e  r e le a s e  o f GABA in  th e  g lobus p a l l id u s .  
The r a t s  were a n e s th e tiz e d  and p laced  on a s te r e o ta x ic  fram e, two 
d i a ly s i s  p robes (C arnegie M edicin) were b i l a t e r a l l y  im plan ted  in  
bo th  n u c le i .  Samples were c o l le c te d  every  10 min. At th e  end of 
each experim ent 100 mmoles o f po tassium  c h lo r id e  were added to  the  
p e r fu s in g  medium. The p e r fu s a te s  were determ ined fo r  GABA u sing  
HPLC a f t e r   o -ph tha ldehyde d e r iv a t i z a t i o n  (L in d ro th , P. e t  a l ,  
A nal. Chem., 51 :1667 ,1979).

In  c o n tro l u n le s io n ed  anim als GABA r e le a s e  was s im i la r  on bo th  
hem ispheres: 1 .8±0.1  and 1 .9±0 .2  (pm oles/10 u l  o f p e r fu s a te  ± SD), 
as  w e ll as  th e  in c re a s e  caused  by the  d e p o la r iz a t io n  w ith  po tassium  
c h lo r id e  (60 .3±26; 62 .9± 11). On th e  le s io n e d  s id e  th e re  was a sm all 
in c re a s e  in  GABA re la e s e  e i th e r  b e fo re  o r a f t e r  po tassium  s tim u la 
tio n  which was in  c o n t r a s t  w ith  a v ery  marked d ec rease  on the  
c o n t r a la t e r a l  s id e .

The r e s u l t s  su g g est th a t  a lth o u g h  in  c o n tro l  r a t s  th e  overflow  
of GABA i s  s im i la r  on bo th  hem ispheres, th e  dopam inergic denerva
t io n  in  th e  s tr ia tu m  induces a s l i g h t  in c re a s e  in  th e  r e le a s e  of 
GABA on th e  i p s i l a t e r a l  s id e  and a very  marked dec re a se  on th e  
c o n t r a la t e r a l  n u c le u s . These e f f e c t s  were em phasized a f t e r  
po tassium  c h lo r id e .  I t  i s  su ggested  th a t  GABA re le a s e  in  globus 
p a l l id u s  i s  s u b je c t to  c o n tro l  maybe by dopamine c ro ssed  f i b r e s .
J .S .h a d  a sc h o la rsh ip  from th e  Swedish I n s t i t u t e .
This work was p a r t i a l l y  su ppo rted  by a g ra n t from CONACyT.

4 1 4 .6 GABA "A" RECEPTORS MODULATE THE RELEASE OF GABA IN NIGRA COMPACTA 
AND GABA "B" IN RETICULATA. B. F lo rán*, I .  S i lv a * and J .  Aceves*: 
(SPON.: Jo rge  Hernán d ez ). D ept. o f P hysio logy , B iophysics and 
N eu rosciences . C entro de In v e s t ig a c ión d e l IPN. 07000 Méx ic o , D.F. 
Méx ic o .

In  th e  l a s t  m eeting , we re p o r te d  th e  p robab le  p resence  o f 
GABAergic type "A" a u to re c e p to rs  in  n ig ra  compacta b u t n o t in  
r e t i c u l a t a .  This was d eriv ed  from th e  b ic u c u ll in e  s e n s i t iv e  in h i 
b i t io n  by muscimol o f GABA re le a s e  in  compacta b u t n o t in  r e t i c u 
l a t a .  Here we have exp lo red  th e  p o s s ib le  p resence  o f type "B" r e 
c e p to rs  in  bo th  n ig ra  compacta and r e t i c u l a t a .

The experim en ts were done in  s l i c e s  o f n ig ra  compacta o r r e t i c 
u l a t a .  The t i s s u e s  were loaded w ith  t r i t i a t e d  GABA in  th e  presence  
o f β-a la n in e  (1 μM), and th e  p e rfu s io n  s o lu tio n  con ta ined  
n ip e c o tic  a c id  (10 μM). R elease was evoked by h igh  (15 mM) K, 
which was m ain ta ined  e le v a te d  th roughou t th e  experim en t.

B aclofen  (100 μM) in h ib i te d  GABA re le a s e  from n ig ra  r e t i c u l a t a  
b u t had no e f f e c t  on th e  r e le a s e  from com pacta. B ic u c u llin e  (10 
μM) a ls o  in h ib i te d  r e le a s e  from r e t i c u l a t a  b u t s tim u la te d  re le a s e  
from com pacta.

The r e s u l t s  su g g est th e  p resence  o f type "B" r e c e p to r s ,  whose 
a c t iv a t io n  m odulates e i t h e r  d i r e c t l y  ( a u to re c e p to rs )  o r in d i r e c t ly  
(h e te ro re c e p to rs )  th e  r e le a s e  o f GABA in  n ig ra  r e t i c u l a t a .  
B ic u c u ll in e , which by i t s e l f  enhances (p robab ly  by b lock ing  a c t i 
v a t io n  o f a u to re c e p to rs )  th e  r e le a s e  in  n ig ra  com pacta, ap p a re n tly  
a c t iv a t e s  GABA "B" r e c e p to r s  p re s e n t in  n ig ra  r e t i c u l a t a ,  th a t  
i s ,  i t  behaves as a GABA a g o n is t  f o r  th e se  r e c e p to r s .  (Supported 
by CONACyT o f M exico).
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414.7 THE EFFECT OF NIPECOTIC ACID ON THE UPTAKE AND RELEASE OF 3H-GABA 
AND 3H-β-ALANINE FROM RAT HIPPOCAMPAL SLICES. L.J.Brahce* (Spon: 
J. French), R.D.Schwarz and T.A.Pugsley Warner-Lambert/Parke-Davis 
Pharmaceutical Research Division, Ann Arbor, MI 48105

Gamma-aminobutyric acid (GABA), the major inhibitory neurotrans
m itter in the CNS, is released by depolarization of GABAergic 
neurons and removed from the synapse by high a ffin ity  uptake 
systems present in both neurons and g lia l ce lls . Biochemical and 
autoradiographic evidence indicates that in ra t brain s lice  prep
arations, 3H-GABA uptake is predominantly neuronal, while uptake 
of 3H-β -alanine is re la tive ly  selective for g lia l uptake of GABA. 
Recently, nipecotic acid has been shown to promote the spontaneous 
release of GABA as well as to inh ib it uptake, via the same carrie r 
mechanism. However, the re la tive  contribution of neuronal and g lia l 
uptake systems to the increased release of GABA by th is  agent has 
not been established. The purpose of th is  study was to investi
gate the effects of nipecotic aci d on uptake  and release of GABA 
in both neurons and g lia , using 3H-GABA and 3H-β-alanine.

In the uptake experiments, hippocampal s lices were incubated at 
37° C with or without te s t compound for 15 min.; either 3H-GABA or 
3H-β-alanine was added and the slice s incubated for 2 or 15 min., 
respectively. The incubation was stopped by rapid f i l t r a t io n  of 
the samples, followed by a wash with cold 0.9% sa line. In the 
release experiments, the hippocampal slice s were incubated a t 37° 
C with either 3H-GABA or 3H-β-alanine for 15 min., washed three 
times and then incubated for 15 min. in the presence or absence of 
te s t compound. Tissue and medium were then sep ara ted  by rapid 
cen trifugation . High a ffin ity  uptake of both 3H-GABA and 3H-β - 
-alanine was Na+ - and energy-dependent; but the rate of uptake of 
3H-β-alanine was much slower. Chemical sp ecific ity  was also d if 

ferent as shown by the selective inhibition of neuronal uptake by 
2,4-diaminobutyric acid (DABA) and g lia l uptake by 4 ,5 ,6 ,7 - te tra 
hydroisoxazolo[4,5-c]pyridin-3-ol (THPO). Nipecotic acid inhibited 
uptake in both assays in a stereospecific manner, the (-)-isomer 
having IC50 values of 5.2 and 32.0 M in the 3H-GABA and 3H-β- 
alanine assays, respectively, and the (+)- isomer having IC50 
values of 52.0 and 50.0 M, respectively. The spontaneous release 
of 3H-GABA was shown to be both Ca++ -independent and Na+ -dependent, 
suggestive of a carrie r- mediated process. Nipecotic acid markedly 
increased spontaneous release a t concen tra tions that affected 
uptake, with the (-)-isomer showing the greatest effect (67% 
increase at 100 μM). While spontaneous release of 3H-β-alanine was 
also Ca++ - independent and Na+ -dependent, the effect of 
(-)-n ipecotic acid was much less pronounced (26% increase a t 100 μ  
M). In conclusion, th is  study indicates that nipecotic acid 

inh ib its uptake of GABA into both neurons and g lia , while also 
increasing spontaneous release from both types of ce lls .

414.8 GABA AND GAD-LIKE IMMUNOREACTIVITY IN THE PRIMATE RETINA.
E. Agardh, B. E h inger, D ept. o f  Ophthalmology, U n iv e rs ity  o f  Lund, 
Sweden and J .-Y . Wu, D ep t. o f  P hysio logy , The M ilton S. Hershey 
M edical C en te r, The P ennsy lvan ia S ta te  U n iv e rs ity , H ershey, PA.

GABA im m unoreactiv ity  was s tu d ie d  and compared w ith  GAD immuno
r e a c t iv i t y  in  th e  r e t in a e  o f baboon, cynomolgus monkey and man. 
The c e n tr a l  and p e rp h e ra l p a r t s  o f th e  r e t in a e  were in v e s t ig a te d  
s e p a ra te ly  in  cynomolgus monkey and man. The same kind o f s t r u c 
tu r e s  were s ta in e d  w ith  bo th  a n t i s e r a .  C e lls  w ith  a p o s i t io n  c o r
respond ing  to  am acrine c e l l s  were s ta in e d ,  as w ell as th e  in n e r 
p lex ifo rm  la y e r  and some c e l l s  in  th e  gang lion  c e l l  la y e r .  The 
o u te r  p lex ifo rm  la y e r  and some c e l l s  w ith  th e  p o s i t io n  and con
f ig u ra t io n  o f  h o r iz o n ta l  c e l l s ,  a lso  appeared im m unoreactive. In 
some re g io n s , more p r e c is e ly  th e  c e n tr a l  p a r t s  o f  th e  r e t i n a ,  
s ta in in g  was observed in  b ip o la r - l i k e  c e l l s ,  in  baboon w ith  both 
a n t i s e r a ,  in  man w ith  GABA an tise ru m . I t  i s  p o s s ib le  th a t  h o r i 
z o n ta l c e l l s  as w ell as c e n t r a l l y  l o c a l i zed b ip o la r - l i k e  c e l l s ,  
may p lay  a p rev io u sly  unsuspected  ro le  in  GABAergic tra n sm iss io n  
in  th e  p rim ate  r e t i n a .

414.9 LOW GLUCOSE PROMOTES THE EVOKED RELEASE OF ASPARTATE AND GLUTAMATE AND 
INCREASES THE RATIO OF ASPARTATE TO GLUTAMATE RELEASED AND RETAINED IN 
SLICES OF HIPPOCAMPUS. J .C . Szerb and P.A.O'Regan*, Dept.of Physiol.and 
Biophys. Dalhousie Univ. H alifax , N.S. B3H 4H7, Canada.

Glutamate (GLUT) i s  a tra n sm itte r  and a precursor of GABA in  the 
CNS, in  add ition  to  i t s  m etabolic function . Glucose (GLUC) and 
glutamine (GLN) a re  the two main precursors of GLUT. Changing the 
a v a ila b i li ty  of GLN in  5 mM GLUC a ffe c ts  the Ca2+-dependent evoked 
re lease  of only GLUT but not of GABA (J.Neurochem. 44,1724-1731,1985). 
This study was undertaken to  see the e f fe c t of reducing the 
a v a i la b i l i ty  of GLUC, the o ther precursor of GLUT, on the evoked 
re lease  of tra n sm itte r  amino ac id s .

Longitudinal 0 .4  mm th ick  s lic e s  of hippocampus were superfused w ith 
so lu tions containing 5, 1 or 0.2 mM GLUC without o r with 0.5 mM GLN 
added. Six 10 min samples were co llec ted  and during samples 3 and 4 
e i th e r  e le c tr i c a l  f ie ld  stim ulation  or 50 mM K+ was applied . Released 
and re ta ined  amino ac ids were analyzed by HPLC.

In 5 mM GLUC about 10 times more GLUT than a sp arta te  (ASP) was 
released  by f ie ld  stim ulation . GLN increased the evoked re lease  of 
both , but the re la tiv e  re lease  of the two did not change. In 0.2 mM 
GLUC the evoked re lease  of both GLUT and ASP was g rea tly  po ten tia ted , 
but the enhancement o f ASP re lease  was much g re a te r , so th a t the r a t io  
of released  ASP to  GLUT changed from 0.1 to  0 .5  both in  the absence or 
presence of added GLN. The ra t io  of ASP to  GLUT retained  by the s lic e s  
a lso  increased five  fo ld  in  0 .2  mM GLUC. 90 % of the enhanced re lease  
of ASP and GLUT in  the presence of 0.2 mM GLUC and 0.5 mM GLN was 
Ca2+-dependent and TTX-se n s itiv e . E le c tric a l f ie ld -s tim u la tio n  did not 
evoke the re lease  of GABA. 1 mM GLUC had only threshold e ffe c ts  on ASP 
and GLUT re lea se  and content.

The e f fe c t of d if fe re n t concentrations of GLUC on high K+-induced 
re lease  of ASP and GLUT was s im ilar to  th a t seen w ith e le c tr ic a l ly  
induced re lea se . However, the high-K+ evoked re lease  of GABA decreased 
in  0.2 mM GLUC and 0.5 mM GLN increased only the depressed re lease  of 
GABA in  0.2 mM GLUC.

R esults suggest th a t reduced supply of GLUC increases the Ca2+-  
dependent re lease  of exc ita to ry  tra n sm itte rs , by a mechanism which may 
involve decreased uptake o r increased re lea se . In add ition , low GLUC 
increases the proportion of ASP in  glutam atergic te rm inals, probably 
by causing the accumulation in  the Krebs cycle of oxaloacetate , the 
precursor of ASP. Thus, glutam atergic term inals re lease  ASP and GLUT 
in  d if fe re n t proportions, depending on th e ir  metabolic s ta te .  In 
c o n tra s t, GABA re lease  can be a ffec ted  by GLN or GLUC only when the 
a v a i la b i l i ty  of both i s  severely lim ited , because normally the 
a c t iv i ty  of GAD w ill be ra te  lim itin g .

(Supported by the Medical Research Council of Canada.)

414.10 CORRELATION BETWEEN VIMENTIN AND GABA IMMUNOREACTIVITIES AND 
3H-GABA UPTAKE IN INTACT RABBIT RETINA AND RETINAL CELL CULTURES. 
H .G hazit,* D.W.Beaton*and N .N.Osb o rn e* (SPON:C.D.B r id g e s ) .N u ff ie ld  
Lab. of Ophthalmology, U n iv e rs ity  of Oxford, Oxford OX2 6AW, U.K.

A utoradiography shows th a t  i n t a c t  r a b b i t  r e t i n a  exposed to  
3H-GABA f o r  30 mins i s  a s s o c ia te d  predom inan tly  w ith  th e  M üll e r  
c e l l s .  These same c e l l s  a ls o  " s ta in "  p o s i t i v e ly  f o r  v im en tin  u s in g  
a m onoclonal a n tib o d y . However, in  r e t i n a l  c u l tu r e s  th e re  i s  a 
la c k  of c o r r e l a t i o n  between c e l l s  ta k in g  up 3H-GABA and s ta in in g  
p o s i t i v e ly  f o r  v im en tin  im m unoreactiv ity  ( 1 ,2 ,3 ) .  The v im en tin - 
p o s i t iv e  c e l l s  in  new c u l tu r e s  (4-6  hours) have a s im i la r  
appearance b o th  i n  s iz e  and shape w ith  c e l l s  ta k in g  up 3H-GABA. 
The v im e n tin -p o s i tiv e  c e l l s  in  o ld e r  c u l tu r e s  (2-13 days) a re  very 
d i s t i n c t i v e ,  be in g  much la r g e r .  The v im e n tin -p o s i tiv e  c e l l s  in  
o ld e r  c u l tu r e s  a ls o  la c k  p ro cesse s  and from th e i r  morphology a re  
i d e n t i f i e d  as M ül l e r  c e l l s  ( 1 ,2 ) .  In  c o n t r a s t ,  th e  GABA-accumulat
in g  c e l l s  a re  "n eu ro n e -lik e "  in  shape and can a ls o  be s ta in e d  f o r  
endogenous GABA u s in g  a p o ly c lo n a l an tise ru m . P ro cess in g  the  
i n t a c t  r e t i n a  f o r  th e  l o c a l i s a t io n  of GABA i s  c o n s is te n t  w ith  th i s  
im p ress io n  because GABA-immunoreactivity i s  found e x c lu s iv e ly  in  
neu rones , p a r t i c u l a r ly  th e  am acrine c e l l s  ( 2 ) .  However, GABA- 
im m unoreac tiv ity  i s  never found to  be a s s o c ia te d  w ith  th e  M ül l e r  
c e l l s  i n  th e  i n t a c t  r e t i n a ,  even i f  th e  r e t in a  was p re v io u s ly  
in c u b a ted  in  exogenous GABA.

The p re s e n t r e s u l t s  show th a t  th e re  i s  a la c k  o f c o r r e la t io n  
betw een up take  and lo c a l i s a t io n  of GABA in  th e  i n t a c t  r e t in a  
b u t n o t in  r e t i n a l  c u l tu r e s .  I t  a l s o  appears th a t  v im en tin  can 
be used  as a m arker f o r  lo c a l i s in g  M ül l e r  c e l l s  bo th  i n  in t a c t  
r e t i n a  and in  r e t i n a l  c u l tu r e s .

(1) Osborne, N .N., Morgan, B ., Ghazi, H. and Beaton, D.W. ( in  
p r e p a r a t io n ) .

(2) O sborne, N.N. in :  E r ic  K. Fe r n s t r öm Symposium on Systems 
in  normal and d e g e n e ra tin g  r e t i n a  ( e d t s .  B. E hinger and E . Agardh) 
E ls e v ie r  P ress  ( in  p r e s s ) .

(3 ) Osborne, N .N., P a te l ,  S . ,  Beaton, D.W. and N euhoff, V. 
(1986) C e ll and T issue  R esearch . 243: 117-123.
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414.11 LOCALIZATION OF L-GLUTAMIC ACID DECARBOXYLASE (GAD) AND GABA 
TRANSAMINASE (GABA-T) IMMUNOREACTIVITY IN THE RAT SUPERIOR 
CERVICAL GANGLION. O.Häppöl ä 1 ,  H.Pä iv ä r i n t a 1 ,  S .S o in i la 2 ,  J.-Y .W u3 
and P .P a n u la1 . 1D epartm ent o f Anatomy and 2N eu ro b io lo g ica l Re
sea rc h  U n it, U n iv e rs ity  o f  H e ls in k i , S iltav u o ren p e n g e r 20 A, 
SF-00170 H e ls in k i , F in la n d , 3D epartm ent o f  P hysio logy , P ennsyl
v an ia  S ta te  U n iv e rs ity , M ilton  S. Hershey M edical C en te r, H ershey, 
PA 170033.

GABA has been proposed to  be one o f the  main in h ib i to r y  neu ro 
t r a n s m it te r s  in  the  c e n tr a l  nervous system . In  a d d i tio n  to  th e  
CNS, GABA has r e c e n tly  been id e n t i f i e d  in  d i f f e r e n t  p e r ip h e ra l 
mammalian t i s s u e s .  There i s  b iochem ical ev idence  th a t  GABA and the  
G ABA-synthesizing enzyme, L -g lu tam ic a c id  d ecarboxy lase  (GAD), a re  
p re s e n t in  th e  r a t  s u p e r io r  c e rv ic a l  gan g lio n  (SCG). Pharm acologi
c a l s tu d ie s  have in d ic a te d  th a t  GABA re c e p to rs  a re  p re s e n t in  the  
sym pathetic  g a n g lio n  and GABA has been shown to  m odulate g a n g lio 
n ic  n e u ro tra n sm iss io n . The aim o f  th e  p re s e n t s tu d y  was to  examine 
the  lo c a t io n  o f  the  GABA-synthesizing enzyme, L -g lu tam ic ac id  de
ca rb o x y la se   and the  G A B A -inactivating enzyme, GABA transam inase  
(GABA-T), in  th e  r a t  SCG by in d i r e c t  im m unofluorescence techn ique 
and by im m unoelectron m icroscopy w ith  s p e c i f i c  a n t i s e r a  ra is e d  
a g a in s t  th e  co rresp o n d in g  enzymes.

A dult Sprague-Dawley r a t s  were p e r fu s io n - f ix e d  w ith  4% p a ra 
form aldehyde, and in d i r e c t  im m unofluorescence method was ap p lied  
on 10 μm c r y o s ta t  s e c t io n s .  For e le c tro n  m icroscopy, f ix a t io n  w ith  
2% paraform aldehyde and 0.1% g lu ta ra ld e h y d e  was u sed , and PAP met
hod was ap p lie d  on 40 μm v ibra tom e s e c t io n s .  The s e c t io n s  were 
t r e a te d  w ith  1% OsO4 and embedded in  a m ix tu re  o f Epon and A ra ld i
t e .

In  the  SCG, a la rg e  number o f  GAD- and GABA-T-immunoreactive 
p r in c ip a l  nerve (PN) c e l l s  were d e te c te d . In  a d d i t io n ,  s e v e ra l 
sm all GAD- and GABA-T-immunoreactive c e l l s  (10-20 pm in  d iam ete r) 
were observed . The sm all c e l l s  o ccu rred  as s o l i t a r y  c e l l s  o r  in  
c l u s t e r s  and resem bled sm all in te n s e ly  f lu o re s c e n t  (SIF) c e l l s  
in  s iz e  and morphology. The sm all GAD-immunoreactive c e l l s  showed 
a ls o  ty ro s in e  hydroxy lase  im m unoreactiv ity  in  c o n secu tiv e  s e c t io n s .  
In  im m unoelectron m icroscopy, s o l i t a r y  GAD- and s e v e ra l GABA-T- 
im m unoreactive p r in c ip a l  neurons were d e te c te d  e x h ib i t in g  even ly  
d i s t r i b u te d  cy top lasm ic  s t a i n ig .  GABA-T, b u t n o t GAD, immunoreac
t i v i t y  was a ls o  lo c a l iz e d  in  th e  s a t e l l i t e  c e l l s  o f  th e  SCG.

The p re s e n t immunocytochemical r e s u l t s  p rov ide  ev idence  th a t  
th e  r a t  SCG c o n ta in s  an i n t r i n s i c  n eu rona l system  showing h i s to 
chem ical m arkers f o r  GABA s y n th e s is  and in a c t iv a t io n ,  b u t i t s  func
t i o n a l  r o le  in  th e  m odulation  o f  g a n g lio n ic  n eu ro tran sm iss io n  r e 
mains to  be e s ta b l is h e d .

414.PO PROPERTIES OF MONOCLONAL ANTIBODIES TO CHICKEN BRAIN GLUTAMIC ACID 
DECARBOXYLASE (GAD). D .I .  G o t t l i e b ,  Y .-C . Chang* & J .E .  Schwob. 
D e p t. Anatomy & N e u ro b io lo g y , W ash ing ton  U n iv . S ch . M ed ., S t .  
L o u is ,  MO 63110

F our h y bridom a l i n e s  w hich s e c r e t e  m o n o clo n a l a n t ib o d ie s  t o  GAD 
w ere p ro d u ce d  by im m unizing  m ice w ith  p a r t i a l l y  p u r i f i e d  GAD p r e p 
a r a t i o n s  from  c h ic k  b r a i n ,  f u s in g  t h e i r  s p le e n s  and s e l e c t i n g  
h y b rid o m as in  an a s s a y  b a s e d  on th e  a b i l i t y  t o  im m u n o p re c ip ita te  
GAD a c t i v i t y .  Four s t a b l e  c lo n e s  (GAD 1-4) w ere s e l e c t e d  and 
e s t a b l i s h e d  a s  p erm an en t c e l l  l i n e s .  Radioimmune a s s a y s  o f  t i s s u e  
e x t r a c t s  show c h ic k e n  and r a t  b r a in  a r e  r i c h  in  GAD-1 a n t ig e n .  
C o n c e n t r a t io n s  i n  m u sc le , g u t ,  k id n e y  and l i v e r  a r e  a t  l e a s t  25- 
f o ld  lo w er ( th e  l i m i t s  o f  t h e  a s s a y ) .  GAD-1 a l s o  b in d s  t o  a n t ig e n  
in  t h e  m ouse , r a t ,  r a b b i t ,  c a t  and monkey b r a i n  b u t  f a i l s  t o  b in d  
t o  enzyme in  t h e  g o l d f i s h  b r a i n .  T h u s , t h e r e  i s  a t  l e a s t  one con
s e rv e d  e p i to p e  on th e  GAD o f  h ig h e r  v e r t e b r a t e s .  In  t h e  c h ic k  and  
r a t  r e t i n a ,  GAD-1 and 2 s ta i n e d  th e  in n e r  p le x if o rm  l a y e r  h e a v i ly .  
S t a in in g  o f  t h e  o u t e r  p le x i f o rm  l a y e r  i s  e i t h e r  v e ry  l i g h t  o r  
a b s e n t . In  t h e  c h ic k  and r a t  c e re b e llu m  th e  i n h i b i t o r y  n e u ro n s  
shown by o t h e r s  t o  be GABAergic s t a i n ,  w h e re a s  known non-GABAergic 
e le m e n ts  a r e  u n s ta in e d .

GAD-1 was im m o b iliz e d  on A f f i- G e l  10 t o  form  an im m u n o a ff in i ty  
co lu m n . Most o f  t h e  GAD a c t i v i t y  in  c ru d e  c h ic k e n  b r a i n  e x t r a c t s  
i s  rem oved by p a s sa g e  o v e r  th e  co lum n. B a s ic  pH b u f f e r s  w ere u sed  
t o  e l u t e  t h e  enzyme r e s u l t i n g  in  i n c r e a s e s  in  e n z y m e -s p e c if ic  
a c t i v i t y  o f  a p p ro x im a te ly  5 0 - f o ld .  The im m u n o a ff in i ty  e n r ic h e d  
enzyme h a s  a Km f o r  g lu ta m ic  a c id  o f  1.3 mM and i s  i n h i b i t e d  by 
t h e  known GAD i n h i b i t o r  AOAA. SDS-PAGE a n a ly s i s  o f  th e  colum n 
e l u a t e  r e v e a l s  s e l e c t i v e  e n ric h m e n t o f  p r o t e i n s  o f  62 and  64 kd  
M r. T hese  p r o t e i n s  c o m ig ra te  w ith  GAD a c t i v i t y  on su b se q u e n t 
r e c h ro m a to g ra p h y  on DEAE-HPLC. Two f u r t h e r  l i n e s  o f  e v id e n c e  
i n d i c a t e  t h a t  t h e  62 and 64 kd b an d s a re  GAD. T h ese  b an d s a r e  
e n r ic h e d  by im m u n o a ff in i ty  c h ro m a to g ra p h y  on GAD-3 colum ns even  
th o u g h  GAD-1 and 3 r e c o g n iz e  d i f f e r e n t  e p i to p e s  on th e  GAD m ole
c u l e .  F i n a l l y ,  th e  a f f i n i t y - p u r i f i e d  62 and  64 kd b an d s a r e  
r e c o g n iz e d  on W estern  b l o t s  by th e  anti-G A D  a n tis e ru m  p re p a re d  by 
O e r te l  e t  a l .  ( J . N e u ro s c i.  6: 2689, 1 9 8 1 ).
S u p p o r te d  by g r a n t s  from  NINCDS and th e  M cDonnell C e n te r  f o r  
S tu d ie s  o f  H ig h e r B ra in  F u n c t io n .
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415.1 CHANGES IN ROTATIONAL BEHAVIOR INDUCED BY FOOD DEPRIVATION IN 
THE LONG-EVANS RAT J. Carlson* and S.D. Gl ic k . (SPON: B. 
Svare) Department of Pharmacology and Toxicology, Albany 
Medical College, Albany, N.Y. 12208

Recent work in th is laboratory has focused upon changes in 
rotational behavior induced by various stressors. Previously 
we have reported that uncontrollable footshock stress altered 
the in tensity  and direction of d-amphetamine induced rotation 
in unlesioned Sprague-Dawley r a ts  in a manner th a t was 
dependent upon the animal's sex and p re -e x is tin g  ro ta tio n a l 
b ias (Carlson and G lick, Soc. Neurosci. Abstr. 11:870, 1985). 
These sex and bias dependent e f fe c ts  were s im ila r  to those 
previously found for the rotational effects of cocaine (Glick 
e t . a l . ,  Science, 221:775, 1983).

In the Long-Evans r a t ,  cocaine induces bias-dependent 
rotational effects ( le f t  > right) that are not sex-dependent 
and these e f fe c ts  are  s im ila r  to those previously  observed 
fo r uncon tro llab le  footshock s t r e s s  in th is  s t r a in .  The 
presen t s tu d ie s sought to  extend the g e n e ra lity  of these 
s tress effects using food-deprivation as a stressor.

Two days of food-deprivation  s e le c tiv e ly  enhanced d- 
amphetamine-induced rotational behavior in le f t-ro ta tin g  rats 
while decreasing th is  behavior in righ t-ro tating  ra ts . One 
day of food deprivation produced opposite e ffec ts , enhancing 
ro ta tio n  in r ig h t-b ia se d  ra ts  and decreasing ro ta tio n  in 
left-b iased  ra ts . The opposing effects of d ifferent amounts 
o f d e p r iv a t io n  were com parable to  th o se  found fo r  
u n c o n tro l la b le  and c o n t r o l la b le  fo o tsh o ck  s t r e s s ,  
re sp e c tiv e ly . These data are discussed with regard to the 
d ifferen tia l effects of s tress in i ts  various forms on le f t  
and righ t sides of the brain (Supported by DA03817-02).

415.2 CLASSICAL CONDITIONING OF AMPHETAMINE-INDUCED ROTATION IN 
UNLESIONED RATS. K.L.Drew* and S .D .G lick . D ept. of Pharmacology 
and T oxico logy , Albany M edical C o lleg e , Albany, NY 12208

I n ta c t  r a t s  c i r c l e  in  response  to  d-amphetamine (d-A) and 
apomorphine (a p o ) , and in  most r a t s ,  th e  d i r e c t io n  of th e  c i r c l i n g  
behav io r i s  c o n s is te n t  a c ro s s  rep ea ted  t e s t i n g s .  Carey (1986) 
c l a s s i c a l l y  co n d itio n e d  d-A -induced and apo-induced c i r c l i n g  
behav io r in  r a t s  w ith  u n i l a t e r a l  60HDA le s io n s  of th e  s u b s ta n t ia  
n ig r a .  The d i r e c t io n  of th e  co n d itio n e d  c i r c l i n g  resp o n ses  were 
th e  same as  th e  d i r e c t io n  o f th e  drug-induced  re sp o n ses . E l ia s  e t  
a l . ,  (1983) c l a s s i c a l l y  co n d itio n e d  d-A -induced c i r c l i n g  behav io r 
in  un le sio n ed  r a t s  but d id  n o t c h a ra c te r iz e  th e  d ir e c t io n  o f th e  
co n d itio n e d  c i r c l i n g  re sp o n se . P r e s e n tly , we have c l a s s i c a l l y  
co n d itio n e d  d-A -induced c i r c l i n g  behav io r in  two s t r a i n s  o f 
un le sio n ed  r a t s  and th e  d i r e c t io n  o f th e  co n d itio n ed  c i r c l i n g  i s  
th e  same as  th e  d rug-induced  c i r c l i n g .

Two groups o f fem ale Spraque Dawley r a t s  rece iv ed  1.25 mg/kg of 
d-A once per day fo r  2 days . In  th e  c l a s s i c a l l y  co n d itio n e d  (CC) 
group th e  ro to m ete r ap p a ra tu s  was p a ire d  w ith  th e  peak e f f e c t  of 
th e  drug w hile  in  th e  pseudocond itioned  (PC) c o n tro l group th e  
ro to m ete r ap p a ra tu s  was never p a ired  w ith  th e  d rug . On day 3 both 
groups were in je c te d  w ith  s a l in e  p r io r  to  placem ent in  th e  
ro to m ete r a p p a ra tu s . Follow ing s a l i n e  th e  CC group made 
s ig n i f i c a n t ly  more n e t tu rn s  than  th e  PC group ( t= 7 .2 0 3 , p<0.001) 
and th e  d i r e c t io n  o f th e  co n d itio n e d  c i r c l i n g  response  (CR) was 
th e  same as  th e  d rug-induced  re sp o n se . S ig n if i c a n t  s e n s i t i z a t io n  
o f th e  d-A -induced tu rn in g  behav io r was observed on th e  second d-A 
t r i a l  ( t= 3 .2 9 , p< 0 .02 ). The c o n tr ib u tio n  o f th e  CR to  th e  
s e n s i t i z a t io n  has no t been d eterm ined . In  two a d d i t io n a l  
independen t experim en ts 0 .1  mg/kg of h a lo p e r id o l blocked th e  
c o n d itio n e d  c i r c l i n g  b e h a v io r. F u tu re  experim en ts a re  planned to  
c h a ra c te r iz e  more f u l l y  th e  neurochem ical n a tu re  of th e  CR.

S im ila r  r e s u l t s  were o b ta in ed  w ith  fem ale Long Evans r a t s  
excep t th a t  th e  CR and th e  s e n s i t i z a t io n  of th e  d-A -induced 
response  were s ig n i f i c a n t  fo llo w in g  4 bu t n o t 2 d-A t r i a l s .  
P re s e n tly  we a re  a t tem p tin g  to  c l a s s i c a l l y  c o n d itio n  apo-induced 
c i r c l i n g  in  Long Evans r a t s .  P re lim in a ry  r e s u l t s  sug g est th a t  apo- 
induced c i r c l i n g  (10 mg/kg) i s  n o t as  e a s i ly  co n d itio n e d  as d-A- 
induced c i r c l i n g  a lthough  th e  m agnitudes o f th e  drug-induced  
resp o n ses  a re  s im i la r .  The study  o f co n d itio n e d  c i r c l i n g  behav io r 
should  fu r th e r  our unders tan d in g  of th e  n e u ra l b a s is  and 
p l a s t i c i t y  o f p e r s i s te n t  d i r e c t i o n a l  p re fe re n c e s ; i t  should a ls o  
p rov ide  a novel paradigm fo r  in v e s t ig a t in g  th e  n e u ro b io lo g ic  b a s is  
of le a rn in g  as  w ell a s  fo r  s tu d y in g  th e  r o le  of c o n d itio n in g  in  
a l t e r e d  drug resp o n ses  and re la p s e  in  drug ad d ic te d  in d iv id u a l s .  
(S upported  by NIDA g ra n t DA 03817).
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415.3 INTERACTION BETWEEN SPONTANEOUS LATERALIZATION AND THE 
BEHAVIORAL AND ENDOCRINE EFFECTS OF ASYMMETRIC NEOCORTICAL 
ABLATIONS IN RATS. G. LaHoste*, V. C astagné* , P. Mormè de*, 
P. Neveu*, M. Le Moal (SPON: J . J .  B ouyer). L a b o ra to ire  de 
P sy ch o b io lo g ie  des Comportements A d a p ta t i f s ,  INSERM U.259, 
U n iv e rs ity  Bordeaux I I ,  Domaine de C a r r e i r e ,  Rue C am ille 
S a in t-S a ën s , 33077 Bordeaux Cedex. F rance .

Recent s tu d ie s  su g g es t th a t  l a t e r a l i z a t i o n  o f fu n c t io n  may be 
a b a s ic  p ro p e rty  o f b ra in  o rg a n iz a tio n  w ith  w idespread  
e v o lu tio n a ry  s ig n i f i c a n c e .  However, nonhuman l a t e r a l i t y  can be 
d is t in g u is h e d  from th a t  in  humans by the  r e l a t i v e  la c k  o f 
r e la te d n e s s  betw een v a r io u s  b e h a v io ra l asym m etries. To ad d ress  
th i s  is s u e ,  we have sought to  id e n t i f y  fu n c t io n a l asym m etries 
which may be p r e d ic t iv e  o f o th e r  b eh av io rs  under d i f f e r e n t  
c o n d i tio n s . A dult male r a t s  were c a te g o r iz e d  as l e f t - t u r n i n g  
(LT) o r r ig h t - tu r n in g  (RT) on th e  b a s is  o f t h e i r  spontaneous 
d i r e c t i o n a l  b ia s  when g iven  d-amphetamine ( 1 .2  mg/kg i . p . )  and 
observed fo r  r o ta t io n a l  beh av io r in  s tan d a rd  p l a s t i c  bow ls. The 
e f f e c t s  o f asym m etric n e o c o r t ic a l  a b la t io n s  were then  a sse sse d  
w ith  reg ard  to  d-am phetam ine-induced r o ta t io n  and o p e n - f ie ld  
a c t i v i t y .  As such le s io n s  m ight induce n eu roendoc rine  changes 
which in  tu rn  cu ld  m ediate  b e h a v io ra l e f f e c t s ,  we a ls o  measured 
plasma p r o la c t in  (PRL), ACTH, and c o r t ic o s te r o id s  (CS) a t  
s a c r i f i c e .  Shallow  c o r t i c a l  k n if e - c u ts  (<1 mm) ex ten d in g  from 
lambda 12 .0  mm r o s t r a l  and from 1 .0  to  5 .0  mm l a t e r a l  from 
m id lin e , were made on th e  r ig h t  (n=10) ,  l e f t  (n= 10), o r both 
(n=8 ) s id e s ;  a c o n tro l group re c e iv e d  sham su rg e ry  (n= 10). These 
groups c o n ta in ed  ap p rox im ate ly  equa l number o f LT and RT r a t s .  
D ire c t io n  o f am phetam ine-induced r o ta t io n  was n o t changed by the  
a b l a t i o n s .  However, LT r a t s  were more s e n s i t i v e  th an  RT r a t s  to  
th e  p o s to p e ra tiv e  amphetamine (p < .01) re g a rd le s s  o f s u rg ic a l  
tre a tm e n t. B i l a t e r a l  le s io n s  d ec reased  t o t a l  a c t i v i t y  in  both  LT 
(p< .06) and RT r a t s  (p< .001) bu t the  number o f tu rn s  in  the 
dominant d i r e c t i o n  was reduced on ly  in  RT r a t s  (p < .0 4 ). Open 
f i e ld  a c t i v i t y  was h ig h ly  e le v a te d  in  a l l  r a t s  b e a rin g  b i l a t e r a l  
a b la tio n s  (p< . 001) w hereas r ig h t - s id e d  le s io n s  produced 
h y p e ra c t iv i ty  on ly  in  RT r a t s  (p < .0 0 1 ). PRL le v e ls  were e le v a te d  
compared to  shams in  LT r a t s  b ea rin g  l e f t - s id e d  o r b i l a t e r a l  
le s io n s  (p < .0 5 ) . ACTH and CS were c o r r e la te d  w ith  open f i e ld  
a c t i v i t y  and v a r io u s  m easures o f d-am phetam ine-induced r o ta t io n  
(p< .05) b u t on ly  in  RT r a t s .

We c o n c lu d e  t h a t  t h e  d -a m p h e ta m in e - in d u c e d  r o t a t i o n  t e s t  i s  
i n d i c a t i v e  o f  a m ore g e n e ra l  p r o p e r ty  o f  b r a i n  l a t e r a l i z a t i o n  
s in c e  b e h a v io r a l  and  e n d o c r in e  c h an g es  fo l lo w in g  a sy m m e tr ic  
n e o c o r t i c a l  l e s i o n s  a r e  s t r o n g l y  d e p e n d e n t  on th e  p r e o p e r a t i v e  
d i r e c t i o n  o f  r o t a t i o n .

415.4 EVIDENCE OF CORTICAL LATERALIZATION IN A VISUAL REACTION TIME TASK 
IN RATS. G. M it t le m a n ,*  I .Q . W hishaw, and T.W. R o b b in s*  (SPON: E .S . 
V a le n s t e in ) .U n iv .  o f  C am b rid g e , D e p t. o f  Exp. P s y c h . , C am b rid g e , U.K.

A lth o u g h  c l e a r  a n a to m ic a l  and n e u ro c h e m ic a l  a sy m m e tr ie s  h ave  
b e e n  d e s c r ib e d  in  a n im a ls ,  w hich  may be a n a lo g o u s  t o  th o s e  o b s e rv e d  
i n  hum ans, e v id e n c e  o f  f u n c t i o n a l  asym m etry in  th e  c o g n i t i v e  
a s p e c t s  o f  b e h a v io r  h a s  b een  more e l u s i v e .  We r e p o r t  h e re  e v id e n c e  
o f  s t r i k i n g  f u n c t i o n a l  a sy m m e tr ie s  in  i n t a c t  r a t s  i n  a  " n e g le c t"  
p a ra d ig m  t h a t  p r e d i c t s  th e  e f f e c t  o f  h e m id e c o r t ic a t io n  on p e r f o r 
m ance. R a ts  w ere t r a i n e d  t o  h o ld  t h e i r  h e a d s  i n  th e  c e n t r a l  h o le  o f  
a s p e c i a l l y  d e s ig n e d  cham ber u n t i l  a b r i e f  (200 m se c ) , e c c e n t r i c  
v i s u a l  s t im u lu s  was p r e s e n te d  t o  one o r  th e  o t h e r  s id e  o f  th e  h ead  
i n  t h e  h o l e s  a d ja c e n t  t o  th e  c e n t r a l  o n e . F o llo w in g  p r e s e n t a t i o n  o f  
th e  e c c e n t r i c  s t im u lu s ,  r a t s  w ere r e q u i r e d  t o  r e p o r t  th e  p r e s e n c e  
o f  t h e  l i g h t  by  m oving t h e i r  h e a d  to w a rd  i t  and  i n t e r r u p t i n g  t h e  
p h o t o c e l l  beam w i th in  t h e  a p p r o p r i a t e  h o l e .  M easures o f  p e rfo rm a n c e  
in c lu d e d  d i s c r im i n a t io n  a c c u ra c y  and  r e a c t io n  tim e  t o  rem ove th e  
h ead  from  th e  c e n t r a l  h o l e .  F o llo w in g  t r a i n i n g ,  i t  was found  t h a t  a 
m a jo r i t y  o f  th e  r a t s  c o n s i s t e n t l y  e x h ib i t e d  a s i g n i f i c a n t  asym m etry 
i n  r e a c t i o n  tim e  t o  th e  v i s u a l  s t i m u l i .  T h is  d i f f e r e n c e  in  r e a c t io n  
t im e  b e tw een  r i g h t  and  l e f t  s t i m u l i  c o u ld  be e x a g g e ra te d  by 
p r e v e n t in g  u n i l a t e r a l  v i s u a l  in p u t  w ith  an  ey e  p a tc h ,  and  was 
c o r r e l a t e d  w i th  r o t a t i o n a l  d i r e c t i o n  f o l lo w in g  am phetam ine (1 .2  
m g/kg i . p . ) .  B ased  on th e s e  a s y m m e tr ie s ,  th e  c e r e b r a l  h e m isp h e re  
c o n t r a l a t e r a l  t o  t h e  m ore r a p i d l y  d e te c t e d  s t im u lu s  was d e s ig n a te d  
a s  "d o m in a n t"  f o r  t h i s  t a s k ;  th e  i p s i l a t e r a l  h e m isp h e re  was 
d e s ig n a t e d  a s  " n o n -d o m in a n t" .  A l l  r a t s  th e n  r e c e iv e d  a 
h e m id e c o r t ic a t io n  o f  e i t h e r  th e  "d o m in a n t"  o r  "n o n d o m in an t"  c o r t e x  
by a s p i r a t i o n  u n d e r  v i s u a l  g u id a n c e .  The e f f e c t s  o f  rem oving  th e  
"d o m in a n t"  o r  "n o n d o m in an t"  c o r t e x  w ere s t r i k i n g l y  d i f f e r e n t .  
F o l lo w in g  rem o v a l o f  t h e  "d o m in an t"  c o r t e x  r a t s  re sp o n d e d  
e x c u lu s iv e ly  t o  th e  s id e  i p s i l a t e r a l  t o  th e  l e s i o n  r e g a r d l e s s  o f  
w h ich  s id e  t h e  s t im u lu s  was p r e s e n t e d .  T h is  d e f i c i t  a p p e a re d  to  be 
p e rm a n e n t a s  t h e r e  was no r e c o v e ry  o v e r  4 p o s to p e r a t i v e  m o n th s . 
T hese  r a t s  w ere a l s o  in c a p a b le  o f  u s in g  c o m p e n sa to ry  s t r a t e g i e s  to  
m e d ia te  t h e  t a s k .  In  c o n t r a s t ,  r a t s  t h a t  had  th e  "n o n -d o m in an t"  
c o r t e x  rem oved showed r e l a t i v e l y  m inor b i a s e s  t o  re sp o n d  
i p s i l a t e r a l l y  and w ere e s s e n t i a l l y  u n im p a ire d  i n  d i s c r im i n a t io n .  
The b e h a v io u r a l  e f f e c t  o f  a  "d o m in an t"  h e m id e c o r t ic a t io n  c o u ld  n o t 
b e  r e p ro d u c e d  by p r e o p e r a t i v e  p a tc h in g  o f  e i t h e r  ey e  t o  p r e v e n t  
u n i l a t e r a l  v i s u a l  i n p u t ,  s u g g e s t in g  t h a t  th e  d e f i c i t  was n o t  
s e n s o ry  in  n a tu r e .  Nor w ere t h e s e  d e f i c i t s  s im p ly  due to  a  m otor 
i n c a p a c i t y  t o  r e s p o n d  t o  c o n t r a l a t e r a l  s t i m u l i  a s  a l l  r a t s  ten d e d  
t o  make p re m a tu re  r e s p o n s e s  t o  b o th  i p s i l a t e r a l  and  c o n t r a l a t e r a l  
r e s p o n s e  h o le s  b e f o r e  t h e  s t i m u l i  w ere p r e s e n t e d .  T hese r e s u l t s  
i n d i c a t e  t h a t  h e m id e c o r t ic a t io n  im p a i r s  h ig h e r  o r d e r  p r o c e s s e s  o f  
s e n s o ry -m o to r  i n t e g r a t i o n  b u t  t h i s  im p a irm e n t d ep en d s  upon 
p r e - e x i s t i n g  d i f f e r e n c e s  i n  f u n c t i o n a l  l a t e r a l i z a t i o n .

415.5 DEVELOPMENTAL TRENDS OF CORPUS CALLOSUM PARAMETERS IN THE RAT. 

A .S . B e r r e b i ,  R .H . F i tc h * ,  D .L . R a lp h e * , V .L . F r i e d r i c h  J r . ,  and 
V.H. D e n e n b e rg .

P re v io u s  work h a s  d e m o n s tra te d  t h a t ,  i n  a d u l t  r a t s ,  th e  
c r o s s - s e c t i o n a l  a r e a  o f  th e  c o rp u s  c a llo s u m  i s  l a r g e r  i n  m ales  
th a n  in  f e m a le s .  A d d i t io n a l ly ,  h a n d lin g  s t i m u l a t i o n  i n  in f a n c y  
i n t e r a c t s  w i th  sex  t o  f u r t h e r  i n c r e a s e  t h e  a r e a  o f  th e  m ale  
c a llo s u m  r e l a t i v e  t o  t h a t  o f  th e  fe m a le .

T h is  s tu d y  was d e s ig n e d  t o  f u r t h e r  i n v e s t i g a t e  th e  o n to g en y  
o f  t h e s e  d i f f e r e n c e s .  L i t t e r s  w ere random ly  a s s ig n e d  t o  e i t h e r  
th e  h a n d lin g  o r  c o n t r o l  t r e a tm e n ts  a t  b i r t h .  H an d lin g  was adm in
i s t e r e d  f o r  t h r e e  m in u te s  d a i l y  th ro u g h o u t  th e  p re -w e a n in g  p e r io d  
o f  20 d a y s .  M ale and fem a le  l i t t e r m a t e s  w ere a n e s t h e t i z e d  and 
p e r f u s e d  a t  21 , 4 2 , 70 , and  110 d a y s  o f  a g e .  T h e ir  b r a i n s  w ere 
s e c t io n e d  s a g i t t a l l y  f o r  l i g h t  m ic ro s c o p ic  e x a m in a tio n .  M orpho
m e t r ic  a n a ly s e s  y i e ld e d  m ea su res  o f  c a l l o s a l  a r e a ,  w id th ,  p e r i 
m e te r ,  and  l e n g t h .  In  a d d i t i o n ,  e a ch  o f  t h e s e  p r im a ry  m ea su res  
was a d ju s t e d  f o r  b r a i n  w e ig h t  d i f f e r e n c e s .  A u n i t l e s s  m easu re  o f  
c a l l o s a l  "fo rm " was o b ta in e d  by d i v id i n g  th e  s q u a re  o f  th e  p e r i 
m e te r  by th e  a r e a .

B etw een 21 and  110 d a y s  o f  ag e  t h e  i n c r e a s e  i n  c a l l o s a l  a r e a  
was 74%, i n  w id th  52%, in  p e r im e te r  20%, and  i n  l e n g th  17%. I n 
c o m p a r is o n , b r a i n  w e ig h t  in c r e a s e d  29% and body w e ig h t  500% o v e r  
t h i s  i n t e r v a l .  A Sex e f f e c t  f o r  c a l l o s a l  l e n g th  was fo u n d  w i th  
t h e  m ale  c a llo s u m  b e in g  lo n g e r  a t  a l l  a g e s .  Sex m ain e f f e c t s  and 
Sex X Age i n t e r a c t i o n s  w ere  fo u n d  f o r  c a l l o s a l  a r e a  and  p e r im e te r :  
t h e  g ro w th  c u rv e s  d iv e r g e d  o v e r  t im e  w i th  t h e  m ale s  h a v in g  th e  
l a r g e r  v a lu e s .  The e f f e c t s  o f  h a n d lin g  d id  n o t  become s i g n i f i c a n t  
u n t i l  110 d a y s  o f  a g e . A t t h a t  t im e  t h e r e  w ere Sex X H an d lin g  
i n t e r a c t i o n s  i n v o lv in g  c a l l o s a l  a r e a ,  w id th ,  and  fo rm . In  a l l  
i n s t a n c e s  h a n d lin g  i n c r e a s e d  m a le -fe m a le  d i f f e r e n c e s  r e l a t i v e  t o  
t h o s e  o f  n o n h a n d le d  c o n t r o l s .  T h e r e f o r e ,  h a n d lin g  and  sex  a p p e a r  
t o  a f f e c t  d i f f e r e n t  c a l l o s a l  p a ra m e te r s .

415.6 INTERHEMISPHERIC TRANSFER OF VISUAL LEARNING IN 
PIGEONS -  E f f e c t s  o f  u n i l a t e r a l  r o t u n d a l  l e s i o n  -  
S .W a ta n a b e .  D e p a r tm e n t  o f  P s y c h o l o g y ,  K e io  U n i v e r s i t y  
M ita  2 - 1 5 - 4 5 ,  M in a t o - k u ,  T o k y o ,  J a p a n .

P r e v i o u s l y  we r e p o r t e d  t h a t  u n i l a t e r a l  r o t u n d a l  
l e s i o n  a f t e r  m o n o c u la r  d i s c r i m i n a t i o n  c a u s e d  d e f i c i t s  
in  i n t e r o c u l a r  t r a n s f e r  o f  t h i s  l e a r n i n g  w h e re a s  
u n i l a t e r a l  OPT l e s i o n  d i d  n o t  (S h im iz u  e t  a l . , 1 9 8 5 ) .  
H o w e v e r ,  u n i l a t e r a l  r o t u n d a l  l e s i o n  e i t h e r  i n  t h e  
t r a i n e d  h e m is p h e r e  o r  u n t r a i n e d  h e m is p h e r e  c a u s e d  
d e f i c i t s  i n  t r a n s f e r  a n d  we s u g g e s t e d  t h a t  t h e  f o r m e r  
d e f i c i t s  i n d i c a t e d  m e m o ry -a c c e s s  d e f i c i t  a n d  t h e  
l a t t e r  s e n s o r y  d e f i c i t .  I n  t h e  p r e s e n t  e x p e r i m e n t  
u n i l a t e r a l  r o t u n d a l  l e s i o n  w as m ade b e f o r e  a n d  a f t e r  
t h e  m o n o c u la r  d i s c r i m i n a t i o n  t o  e x a m in e  t h i s  p o i n t .  
I f  th e  le s io n  in  th e  u n tra in e d  hem isphere r e s u l t s  in  
d e f i c i t s  in  bo th  b e fo re  and a f t e r  c o n d itio n s  and the  
le s io n  in  th e  t r a in e d  hem isphere causes d e f i c i t  only  
when th e  le s io n  made a f t e r  th e  o r ig in a l  le a rn in g , 
s e p a ra tio n  o f memory-access d e f i c i t  and sensory  
d e f i c i t  w i l l  be su p p o rted .

P ig e o n s  w e re  d i v i d e d  i n t o  f o u r  g r o u p s .  L e s io n  
w as m ade i n  t h e  t r a i n e d  h e m is p h e r e  ( c o n t r a l a t e r a l  t o  
t h e  e y e  f o r  t h e  o r i g i n a l  t r a i n i n g )  f o r  t h e  f i r s t  tw o  
g r o u p s  a n d  i n  t h e  u n t r a i n e d  h e m is p h e r e  ( c o n t r a l a t e r a l  
t o  t h e  e y e  f o r  t r a n s f e r  t r a i n i n g )  f o r  t h e  o t h e r  tw o  
g r o u p s .  T he f i r s t  g r o u p  r e c e i v e d  t h e  l e s i o n  b e f o r e  
m o n o c u la r  d i s c r i m i n a t i o n  t h e n  t e s t e d  i n t e r o c u l a r  
t r a n s f e r .  T he s e c o n d  g r o u p  r e c e i v e d  t h e  l e s i o n  
a f t e r  t h e  s u b j e c t s  l e a r n e d  t h e  m o n o c u la r  d i s c r i m i n a t i o n  
t h e n  t e s t e d  i t s  t r a n s f e r .  T he t h i r d  a n d  f o u r t h  g r o u p s  
r e c e i v e d  l e s i o n  b e f o r e  a n d  a f t e r  t h e  m o n o c u la r  l e a r n i n g  
r e s p e c t i v e l y ,  b u t  t h e  l e s i o n  w as m ade i n  t h e  u n t r a i n e d  
h e m is p h e r e .  T he d i s c r i m i n a t i o n  t a s k  w as a  h o r i z o n t a l -  
v e r t i c a l  l i n e  d i s c r i m i n a t i o n  i n  a n  o p e r a n t  c h a m b e r  
w i t h  a  s i n g l e  k e y .

T he f i r s t  g r o u p  r e q u i r e d  l o n g e r  t r a i n i n g  s e s s i o n s  
t o  a c c o m p l i s h  t h e  o r i g i n a l  l e a r n i n g  b u t  show ed  c l e a r  
i n t e r o c u l a r  t r a n s f e r .  On t h e  o t h e r  h a n d ,  t h e  s e c o n d  
g r o u p  sh o w ed  d e f i c i t s  i n  t r a n s f e r .  T h e s e  r e s u l t s  
s u g g e s t  1 ) t h e  p i g e o n s  c a n  l e a r n  m o n o c u la r  
d i s c r i m i n a t i o n  w i th  a  h e m is p h e r e  t o  t h e  v ie w in g  e y e ,  
b u t  2 ) t h e  p i g e o n s  u s e  c o n t r a l a t e r a l  h e m is p h e r e  f o r  
m o n o c u la r  d i s c r i m i n a t i o n  w hen b o th  h e m is p h e r e s  
a r e  a v a i l a b l e .
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415.7 VISUAL RECEPTIVE FIELD PROPERTIES OF CORPUS CALLOSUM FIBRES IN 
NORMAL AND SPLIT CHIASM CATS. L. Richer*, F. Lepore, M. P tito  and 
J.-P . Guillemot. Dép. de Psychologie, Univ. du Québec and Univ. de 
Montréa l ,  C.P. 6128, Succ. A, Montréa l ,  Québec, H3C 3J7

The corpus callosum (CC), the principal neocortical commissure, 
is involved in the inter-hemispheric transfer of sensory informa
tion . Previous electrophysiological and anatomical experiments 
have shown that neurons belonging to the principal visual cortical 
areas (17, 18, 19, la tera l suprasylvian area-LSA) send information 
to the other hemisphere through axons crossing in the caudal 
portion of the CC. In order to determine the properties of th is  
information, the present study examined the visual receptive 
fie ld  (RF) properties of callosal axons.

Acute recordings were carried out in the conventional manner 
using curarized and N20:02 anesthetized normal and split-chiasm 
cats . The recording s i te  in the splenium of the CC was visually 
identified  using an operating microscope and the electrodes 
consisted of glass micropipettes having an impedence of 6-10 MOhm. 
Fibre ac tiv ity  was amplified and displayed in the conventional 
manner. In some cases PSTH were computed in order to evaluate 
more quantitatively the properties of these axons.

The resu lts in normal cats indicated that most of the ce lls  
were binocular and that th e ir RFs were on or near the vertical 
meridian, on both sides of the horizontal meridian. RF areas were 
in general fa ir ly  large, along the range of those found in LSA. 
These RFs were also c lassified  according to Hubei and Wiesel 
hierarchical model and the three types of units were found, a l 
though most were of the complex type. A seven point ocular 
dominance d istribu tion  was also computed (the d ifferen t classes 
refer to le f t  eye and righ t eye dominance and not to the c la ssic 
al ip sila te ra l-co n tra la te ra l eye dominance). The d istribu tion  was 
sim ilar to that found in the visual corteces, as were the o rien t
ation and directional properties of the RFs. The recording in the 
CC of split-chiasm cats i ndicated that the number of binocular 
ce lls  was d rastica lly  reduced and only a small proportion remain
ed binocular. The other RF properties of these axons were however 
sim ilar to those of the normal cats .

These resu lts suggest that callosal neurons essen tia lly  
transmit sensory information and that they are probably involved 
in various functions, such as interhemispheric transfer of 
la tera lized  information and mid-line fusion.

Supported by NSERC and FCAR.

415.8 REGIONAL VOLUMETRIC ASYMMETRIES IN NEW AND OLD WORLD 
MONKEYS. A. Brown*, D. J. Woodward & M-C de Lacoste (SPON: C. E. 
Ginn, Jr.). D ept. of Cell Bio. & A nat. UTHSCD, Dallas, TX  75235.

This study was undertaken to  examine regional volumetric asymmetries in 
ceboids and cercopithecoids. In previous studies we have delineated left/right 
regional volumetric asymmetries in a  group of Lemuridae species and in homi
noids, including humans. Results have suggested th a t although there may be 
species-specificity within the prim ate order for patterns of asymmetry, overall 
integrated prosencephalic indices of asymmetry do not correlate w ith phyloge
netic s ta tu s, brain weight, encephalization or degree of telencephalic fissuration; 
although in humans, a t least, they may vary w ith the  gestational age of the de
veloping fetus (deLacoste & Horvath, 1985).

Complete anterior to  posterior series of coronal sections from  cerebra (cut 
a t 10-20μm) of eight ceboid or cercopithecoid species were photographed and 
digitized. Sectional and regional volumes as well as regional and integrated in
dices of asymmetry were computed using the laboratory CARP system, SPSSx, 
d a ta  transform ation programs to  interface between CARP and SPSSx and a  set 
of algorithms developed for these purposes. Anatomical delimiters varied with 
the species bu t included the coronal sulcus, genu of the corpus callosum, supe
rior branch of the precentral sulcus, inferior branch of the post-central gyrus, 
Sylvian fissure, intraparietal sulcus, parallel sulcus, parieto-occipital sulcus, cal
carine complex and lunate sulcus.

Species of new world monkeys confirmed our previous finding of a lack of cor
relation between the "complexity” or size of a  prim ate brain and its integrated index of asymmetry: the nearly lissencephalic brains of Saguinus oedipus mani

fested indices of asymmetry comparable to  those found in either the prosimians 
or subhum an hominoids. Both the new and old world monkeys exhibited the 
most significant asymmetry in retrocalcarine cortex, a  pa tte rn  which appears 
to  be characteristic of prim ates (deLacoste et al, 1986). Prefrontal cortex fea
tured  as the second most highly asymmetrical region. The other prosencephalic 
regions examined manifested variable b u t consistently lower regional indices of 
asymmetry. Our preliminary analysis further suggests th a t in some species of 
new world monkeys there may be a  reversal of the patterns of asymmetry, de
pending on the sex of the case, w ith males exhibiting a right hemisphere bias 
across regions and, conversely, females showing a left hemisphere bias. At this 
point, we do not know if these trends are simply a  reflection of small sample 
sizes. Futherm ore, we have yet to  determine if this same p attern  is manifest in 
old world monkeys. Should a sex-related reversal in patterns of asymmetry of 
regional volumetric asymmetries prove to  be a  common occurence in prim ate 
cerebra, we hope to  relate our findings to  existing ethological observations. 
Supported by NSF BNS 8316764 & NIH HD 21711-01 (MCL) and the Biological 
Humanics Foundation. We gratefully acknowledge the use of Dr. H. S tephan’s 
prim ate brain collection a t the M ax-Planck Institu te  for Brain Research in 
Frankfurt, Germany.

415.9 HEMINEGLECT AND LOCALIZATION OF FUNCTION IN THE BRAIN. R.K. Deuel. 
Depts. of Ped. and Neurol., Wash. Univ. Sch. of Med., St. Louis, 
MO 63110.

Young adult cynomologus monkeys were studied with a battery of 
behavioral tests for symmetry of responses to visual and somatosen
sory stimuli delivered in the unilateral and b ilateral simultane
ous modes. Each upper extremity was tested as well as for strength 
manual dexterity and abil i ty  to use tac t i le  exploration to obtain 
bait.  Testing was carried out 5 to 7 days before a unilateral cor
tical excision from either  the frontal periarcuate or posterior 
parietal association cortex.

Perfect symmetry was represented by a contralateral over ipsi
lateral ratio on behavior tasks of 1.00. Preoperatively the medi
an frontal ratio was 1.03 and the median parietal 1.02. Animals 
were retested 3 to 6 days postoperatively. The median frontal sym
metry rat io was then .37 and the parietal .32 indicating a marked 
impairment contralateral to the small cortical excision. Quanti
tative 14C2deoxyglucose autoradiography (2DG) was used to study 
brains of half the animals that were killed within 7 days of the 
cortical excision. The other half were studied with serial be
havior batteries until asymmetries were largely recovered 4 to 10 
weeks af ter  operation (median frontal index = .8 5 , parietal =.91) 
and then studied with 2DG. Throughout the study animals were 
handled in accordance with the NIH Guide for the Care and Use of 
Laboratory Animals. Distributed foci of decreased isotope density 
was found in the acute postoperative sta te .  Foci af ter  the fron
tal lesion included thalamic nMD, mf-pc, nVA, nVL, the caudate, 
putamen, Globus Pallidus and deep layers of the Superior Collicu
lus. After the parietal lesion thalamic nLP, pulvinar, nVL, nVPL 
and lateral geniculate, the Globus Pallidus, caudate, the deep 
and superficial layers of the Superior Colliculus and the s t r ia te  
cortex were affected. In recovered monkeys these foci were im
proved.

Findings suggest: (1) Distant structures are dysfunctional 
af ter  association cortex lesions, and their  dysfunction plays a 
role in the generation of the observed symptoms of the cortical 
lesion, and (2) more than one network of structures may control 
la terally  directed attention.

415.10 ASYMMETRIES IN NEGLECT WITH UNILATERAL LESIO N S OF 
RIGHT v s .  LEFT MEDIAL PRECENTRAL PREFRONTAL CORTEX IN 
RATS J . V . CORWIN*, S . K a n t e r * ,  F . C a p u t o *  a n d  R. L. 
R e e p . D e p t . o f  P s y c h o l o g y ,  U n iv .  o f  New O r l e a n s ,  New 
O r l e a n s ,  LA 7 0 1 4 8  a n d  D e p t s .  o f  N e u r o s u r g . ,  P s y c h o l . 
an d  P h y s i o .  S c i . ,  U n iv .  o f  F l a . ,  G a i n e s v i l l e ,  FL 3 2 610

L a t e r a l i z a t i o n  o f  f u n c t i o n  i s  r e c o g n i z e d  a s  one  o f  
t h e  m a jo r  c h a r a c t e r i s t i c s  o f  human b r a i n  o r g a n i z a t i o n ,  
b u t  r e p o r t s  o f  a n a t o m i c a l  a n d  b e h a v i o r a l  
l a t e r a l i z a t i o n  i n  n o n  h u m a n s  a r e  a r e l a t i v e l y  new  
p h e n o m e n o n . We r e p o r t  on a b e h a v i o r a l  a s y m m e tr y  i n  
r e s p o n s e  t o  l e s i o n s  o f  m e d i a l  p r e c e n t r a l  p r e f r o n t a l  
c o r t e x  t h a t  p ro d u c e d  s e v e r e  n e g l e c t  i n  r a t s .

T h e  s u b j e c t s  w e re  46  L o n g - E v a n s  h o o d e d  r a t s :  23 
r e c e i v e d  a u n i l a t e r a l  l e s i o n  o f  t h e  l e f t  m e d i a l  
p r e c e n t r a l  p r e f r o n t a l  c o r t e x ,  a n d  23 r e c e i v e d  a 
u n i l a t e r a l  l e s i o n  o f  t h e  r i g h t  m e d i a l  p r e c e n t r a l  
p r e f r o n t a l  c o r t e x .  B e h a v i o r a l  t e s t i n g  f o r  n e g l e c t  
c o n s i s t e d  o f  r a t i n g  t h e  d e g r e e  o f  o r i e n t a t i o n  t o  t h e  
p r e s e n t a t i o n  o f  v i s u a l ,  a u d i t o r y ,  s o m a t o s e n s o r y  a n d  
n o c i c e p t i v e  s t i m u l i  i n  a s e r i a l  f a s h i o n  t o  t h e  l e f t  
a n d  r i g h t  s i d e s  o f  t h e  b o d y .  T h e  d e g r e e  o f  
o r i e n t a t i o n  w as r a t e d  by a n  e x p e r i m e n t e r  who w as 
" b l i n d "  w i th  r e s p e c t  t o  t h e  h e m is p h e r e  dam ag ed .

The r e s u l t s  o f  b e h a v i o r a l  t e s t i n g  i n d i c a t e d  t h a t  a 
u n i l a t e r a l  l e s i o n  o f  m e d i a l  p r e c e n t r a l  p r e f r o n t a l  
c o r t e x  p r o d u c e s  s e v e r e  n e g l e c t  a c r o s s  a l l  m o d a l i t i e s  
t e s t e d  r e g a r d l e s s  o f  t h e  h e m is p h e r e  d am ag ed , h o w e v e r ,  
t h e  n a t u r e  o f  t h e  b e h a v i o r a l  f i n d i n g s  d e p e n d e d  on th e  
h e m i s p h e r e  d a m a g e d . T h e  23  s u b j e c t s  w i t h  a  l e f t  
m e d i a l  p r e c e n t r a l  p r e f r o n t a l  c o r t e x  l e s i o n  a l l  h a d  
s e v e r e  n e g l e c t  on th e  c o n t r a l a t e r a l  s i d e  o f  th e  b o d y . 
T h e  23  s u b j e c t s  w i t h  a r i g h t  h e m i s p h e r e  l e s i o n  
d e m o n s t r a t e d  a d i f f e r e n t  p a t t e r n .  N in e  s u b j e c t s  
d e m o n s t r a t e d  c o n t r a l a t e r a l  n e g l e c t ,  9 d e m o n s t r a t e d  
i p s i l a t e r a l  n e g l e c t ,  a n d  5 d e m o n s t r a t e d  a u n i q u e  
p a t t e r n  o f  i n i t i a l  s e v e r e  c o n t r a l a t e r a l  n e g l e c t  
f o l l o w e d  by s e v e r e  i p s i l a t e r a l  n e g l e c t .

The h i s t o l o g i c a l  r e s u l t s  i n d i c a t e d  t h a t  t h e  l e s i o n s  
i n  t h e  l e f t  a n d  r i g h t  h e m i s p h e r e  g r o u p s  w e r e  
i d e n t i c a l .  F u r t h e r ,  t h e r e  w e re  no d i f f e r e n c e s  am ong  
t h e  l e s i o n s  i n  t h e  t h r e e  b e h a v i o r a l  s u b g r o u p s  
r e s u l t i n g  fro m  dam age t o  t h e  r i g h t  h e m is p h e r e .

T he p r e s e n t  r e s u l t s  f u r t h e r  s u p p o r t  t h e  c o n t e n t i o n  
t h a t  t h e  r o d e n t  b r a i n  i s  a s y m m e t r i c a l l y  o r g a n i z e d  w i th  
r e s p e c t  t o  som e b e h a v i o r s ,  an d  e x t e n d s  t h e  f i n d i n g s  o f  
h e m i s p h e r i c  l a t e r a l l y  t o  t h e  m e d i a l  p r e c e n t r a l  
p r e f r o n t a l  c o r t e x .
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416.1 CONNECTIONS OF THE SUPERIOR COLLICULUS IN THE MUSTACHE BAT, 
PTERONOTUS PARNELLII. E. C ovey, W. C. H a l l  and J. K o b le r . 
D ep ts . S u rg e ry  (O to la ry n g o lo g y )  and Anatomy, Duke U n iv e rs ity  
M edical C en ter, Durham, N. C. 27710

The m u stach e  b a t ,  P te r o n o tu s  p a r n e l l i i , d ep en d s a lm o s t  
e x c lu s iv e ly  on e c h o lo c a tio n  to  n a v ig a te  and c a p tu re  f ly in g  prey. 
T h i s  a d a p t a t i o n  i s  r e f l e c t e d  in  t h e  l a r g e  and h i g h l y  
d i f f e r e n t i a t e d  a u d i to r y  s t r u c t u r e s  o f  th e  c e n t r a l  n e rv o u s  
sy s te m . In  c o n t r a s t ,  th e  e y e s  and c e n t r a l  v i s u a l  p a thw ays 
appear rud im enta ry . N e v e r th e le s s ,  th e  s u p e r io r  c o l l i c u l u s ,  a 
s t r u c tu r e  u s u a l ly  a s s o c ia te d  w ith  o r ie n t in g  th e  ey es, i s  la rg e  
and w e ll  deve loped  in  t h i s  sp ec ie s .

The a f f e r e n t  and e f f e r e n t  c o n n e c t io n s  o f  th e  s u p e r io r  
c o l l i c u l u s  in  P te r o n o tu s  w ere s tu d ie d  u s in g  r e t r o g r a d e  and 
a n te r o g r a d e  t r a n s p o r t  o f  w heat germ a g g l u t i n i n  c o n ju g a te d  to  
HRP. The p ro je c t io n  from th e  r e t in a  to  th e  s u p e r io r  c o l l i c u l u s  
i s  ve ry  sm a ll and o ccup ies  a s t r i p  o n ly  about 50 μ m th ic k  on th e  
o u te r  s u r f a c e .  The re m a in d e r  o f  th e  s u p e r io r  c o l l i c u l u s  
c o n s i s t s  o f  l a y e r s  w h ich , in  t h e i r  c y t o a r c h i t e c t u r e  and 
c o n n e c t io n s ,  a p p e a r  to  be e q u i v a l e n t  to  th e  in t e r m e d ia te  and 
deep la y e r s  o f  o th e r  mammals.

T hese l a y e r s  r e c e iv e  e x t e n s iv e  a f f e r e n t  p r o j e c t i o n s  from  
m otor s t r u c t u r e s ,  e s p e c i a l l y  t h e  s u b s t a n t i a  n i g r a  p a r s  
r e t i c u l a t a  and th e  deep c e r e b e l l a r  n u c le i .  A ffe ren t p ro je c tio n s  
from  a u d i to r y  s t r u c t u r e s  a r e  q u i t e  p ro m in e n t, e s p e c i a l l y  as  
com pared to  th e  r e t i n a l  i n p u t .  T hese  a u d i to r y  p r o j e c t i o n s  
o r ig in a te  in  th e  c e n tr a l  and p e r i c e n t r a l  reg io n s  o f  th e  in f e r io r  
c o l l i c u l u s  ( IC ) , th e  a n t e r o l a t e r a l  p e r i o l iv a r y  n u c leu s  (ALPO) 
and th e  r o s t r a l  p a r t  o f  th e  d o r s a l  n u c le u s  o f  th e  l a t e r a l  
lem niscus (DNLL). The p ro je c t io n s  from IC and ALPO a re  m ain ly  
i p s i l a t e r a l , b u t th o s e  from  DNLL a r e  b i l a t e r a l .  The s u p e r io r  
c o l l i c u l u s  a l s o  r e c ie v e s  p ro je c t io n s  from c o r te x , in c lu d in g  a 
very  r o s t r a l  reg io n  which may be homologous to  f r o n ta l  c o r tex  in  
o th e r  mammals.

The main e f f e r e n t  p ro je c t io n s  a re  to  th e  c o n t r a l a t e r a l  m edial 
r e t i c u l a r  fo rm ation  and in f e r io r  o l i v e  v ia  th e  p re d o rs a l b und le , 
and to  th e  i p s i l a t e r a l  l a t e r a l  m idbrain  tegmentum and l a t e r a l  
p o n tin e  n u c le i .  The ascend ing  p ro je c t io n s  to  th e  d iencephalon  
a re  r e l a t i v e l y  sp a rse .

Taken to g e t h e r ,  t h e s e  r e s u l t s  s u g g e s t  t h a t  th e  s u p e r io r  
c o l l i c u l u s  in  th e  e c h o lo c a t in g  b a t  i s  p r i m a r i l y  i n v o l v e d  in  
o r ie n t in g  th e  e a rs  an d /o r body in  response  to  a u d ito ry  s t im u l i .  
(S u p p o rte d  by G ra n ts  BNS 8 2 -1 7 3 5 7 , BNS 8 1 -0 9 7 9 4 , NIH NS-21748 
and PHS EY-04060).

416.2 THE INFLUENCE OF PASSIVE EYE ROTATION ON CAT SUPERIOR COLLICULUS 
NEURONS J .S .  N e l s o n * ,  M. A.  M e r e d i th  a n d  B.E. S t e i n . (SPON: J.A . 
A s t r u c )  D e p t . o f  P h y s i o l . & B io p h y s .  a n d  D e p t .  A n a t . , Med. C o l .  
V a.. Richmond, VA 23298.

E x t r a o c u l a r  p r o p r i o c e p t i v e  i n p u ts  to  s u p e r i o r  c o l l i c u l u s  (SC) 
c e l l s  h a v e  b e e n  p r e v i o u s l y  d e m o n s t r a t e d  i n  c h l o r a l o s e -  
a n e s t h e t i z e d  c a t s .  The p r e s e n t  e x p e r i m e n t s  w e re  i n i t i a t e d  t o  
d e te rm in e  th e  p a t t e r n  o f  e x t r a o c u l a r  p r o p r i c e p t i v e  c o n v e rg e n c e  on 
v i s u a l ,  a u d i t o r y  and so m a to se n so ry  SC c e l l s  and  t o  exam ine th e  
i n t e r a c t i o n s  t h a t  m ig h t  o c c u r  a s  a  r e s u l t  o f  c o m b in a t io n  o f  
p r o p r i o c e p t i v e  and v i s u a l  o r  a u d i to r y  s t i m u l i .

C a t s  w e re  a n e s t h e t i z e d  w i th  c h l o r a l o s e  (n = 7 ), k e ta m in e  h y 
d r o c h l o r id e  (n=3) o r  sodium  p e n to b a r b i t a l  (n=2) and w ere p a ra 
ly z e d  and  r e s p i r e d  w ith  75% N20 and 25% 02. The i p s i l a t e r a l  eye 
was r o t a t e d  1 -1 5 °  a t  5 0 -1 0 0 0 °  / s e c  by a  s c l e r a l  s u tu r e  a t t a c h e d  to  
a  m o v in g - c o il  v i b r a t o r  and m o n ito re d  by a s e a r c h  c o i l .  A t o t a l  o f  
230 c e l l s  w ere s tu d i e d  in  th e s e  d i f f e r e n t  a n e s t h e t i c  c o n d i t io n s .

Eye r o ta t io n  e l i c i t e d  responses  in  th e  m a jo rity  (35/52; 67%) 
o f  c e l l s  i n  c h l o r a l o s e  a n e s t h e t i z e d  a n i m a l s .  As i n  p r e v i o u s  
r e p o r t s ,  e y e  r o t a t i o n  r e s p o n s e s  c o n s i s t e d  o f  a b r i e f  b u r s t  o f  
im p u lse s  o f  v a r i a b l e  r e l i a b i l i t y ,  l a t e n c y ,  num ber and  f re q u e n c y . 
In  some c e l l s ,  e i t h e r  v i s u a l  o r  a u d i t o r y  s t i m u l i  c o u ld  d e p re s s  
r e s p o n s e s  t o  e y e  r o t a t i o n  a n d  t h e  r e v e r s e  w as a l s o  o b s e r v e d .  
S u r p r i s i n g l y ,  h o w ev er, m ost (77%) o f  th e  c e l l s  s tu d i e d  r e q u i r e d  
eye  r o t a t i o n  a m p l i tu d e s  (> 1 0 ° )  and v e l o c i t i e s  ( > 4 0 0 ° / s e c )  t h a t  
w e re  n e a r  o r  a b o v e  t h e  f e l i n e  o c u lo m o t o r  r a n g e .  T h ey  w ere  
n e i t h e r  s e n s i t i v e  t o  s u p r a t h r e s h o l d c h a n g e s  i n  a m p l i t u d e  and  
v e l o c i t y ,  n o r  d id  th e y  h a v e  a m p l i tu d e  th r e s h o ld s  t h a t  c o u ld  be 
r e l a t e d  t o  t h e i r  a n t e r i o r - p o s t e r i o r  SC l o c a t i o n s ,  a s  w o u ld  be 
e x p e c t e d  on  t h e  b a s i s  o f  t h e  s t i m u l u s - e v o k e d  e y e  m ovem ent map 
w i t h i n  t h e  SC. O f t e n  t h e  r e s p o n s e s  t o  e y e  r o t a t i o n  w e re  
i n d i s t i n g u i s h a b l e  f ro m  t h a t  e v o k e d  by b r i s k  t a p s  t o  an y  body 
s u r f a c e  o r  l o u d  s o u n d s ,  e v e n  in  c e l l s  l o c a t e d  i n  la m in a e  
( s u p e r f i c i a l )  t h a t  r a r e l y  r e c e i v e  n o n - v is u a l  i n p u ts .  T hese eye 
r o t a t i o n  r e s p o n s e s  a p p e a r e d  t o  d e p e n d  on  t h e  p r e s e n c e  o f  
c h l o r a l o s e .  No e y e  r o t a t i o n  r e s p o n s e s  w e re  e v o k e d  in  c e l l s  
(n=178) s tu d i e d  when o th e r  a n e s t h e t i c s  w ere u sed  and  ey e  r o t a t i o n  
com bined  w ith  o th e r  s e n s o ry  s t i m u l i  p ro d u ce d  no i n t e r a c t i o n s  in  
th e s e  c e l l s .  T h ese  d a ta  r e p l i c a t e  p r e v io u s  r e p o r t s  d e m o n s tra t in g  
t h a t  p a s s i v e  ey e  r o t a t i o n  can  e v o k e  r e s p o n s e s  in . SC c e l l s  u nder 
c h l o r a l o s e  a n e s t h e s i a .  H o w e v e r, no  e v i d e n c e  c o u l d  be o b t a i n e d  
h e r e  t o  i n d i c a t e :  (A) t h a t  t h e  a c t i v i t y  o f  t h e s e  c e l l s  c a n  co d e  
t h e  p a r a m e t e r s  o f  a n  e y e  m o v em en t o r  (B) t h a t ,  u n d e r  n o n -  
c h l o r a l o s e  a n e s t h e t i c  c o n d i t i o n s , r e s p o n s e s  c a n  e i t h e r  be 
i n i t i a t e d  by p a s s i v e  e y e  r o t a t i o n  o r  t h a t  e y e  r o t a t i o n  c a n  
s i g n i f i c a n t l y  a f f e c t  th e  p r o c e s s in g  o f  o t h e r  s e n s o ry  s t i m u l i .

S u p p o r te d  by NIH g r a n t  NS 23543.

416.3 A  TOPOLOGICAL INVESTIGATION OF THE MULTISENSORY ORGANIZATION OF THE 
TORUS SEMICIRCULARIS OF THE RAINBOW TROUT. N.A.M. S c h e l la r t* , L .J .A . 
N e d e rs tig t*  and M. Kamermans* (SPON: European N euroscience 
A s s o c ia tio n ) , Lab. o f M edical P h y s ic s , U niv. o f Amsterdam, M eiberg
d re e f  15, 1105 AZ A m sterdam -Zuidoost, The N e th e rlan d s .

In  th e  to ru s  s e m ic i r c u la r is ,  a homologue o f th e  mammalian 
c o l l i c u lu s  i n f e r i o r ,  a c o u s t ic o l a te r a l  (Ac1) as w e ll as v is u a l  (V) 
p ro c e ss in g  occu rs  i n V s e n s i t i v e ,  Ac1 s e n s i t i v e  and Ac1-V s e n s i t iv e  
u n i t s .  The s i t e  o f rec o rd in g  of 76 Ac1 , 95 V and 40 Ac1-V u n i t s ,  
a l l  encoun tered  a t  o r sometimes j u s t  below th e  to ru s  s e m ic i r c u la r is ,  
has been examined s t a t i s t i c a l l y .  D e ta i ls  on th e  c a lc u la t io n  o f th e  
p o s i t io n  o f th e  e le c tro d e  t i p ,  th e  senso ry  s tim u la t io n  e t c .  have 
been g iven  elsew here  (N e d e rs tig t and S c h e l la r t ,  P f lüg e rs  A rch, 406, 
151-157).

The th re e  named m o d a lity  ty p es  can be found a l l  over th e  to ru s .  
With reg a rd  to  th e  d ep th  o f rec o rd in g  and th e  ro s tro -c a u d a l  
p o s i t i o n ,  p re fe re n c e  has been found n e i th e r  f o r  th e  m o d a lity  nor 
f o r  th e  resp o n se  s ig n s  (ON and OFF behav iour to  0 .7  s tone b u r s ts  
o r  f l a s h e s ) ;  n e i th e r  a com bination  o f th e se  c h a r a c t e r i s t i c s .  The 
Ac1 and Ac1-V u n i t s  a re  d is t in g u is h e d  in  L u n i t s  (on ly  s e n s i t iv e  
below 125 Hz; 11%), A u n i t s  ( s e n s i t i v e  above 125 Hz; 34% and B 
(broadband; 50%) u n i t s .  S ince re c o rd in g s  from th e  l a t e r a l  l i n e  
n erve  never showed a peak s e n s i t i v i t y  above 100 Hz and always 
e x h ib ite d  a s tro n g  h igh  frequency  a t te n u a t io n ,  th e  A u n i t s  a re  
supposed to  be fed  e x c lu s iv e ly  by th e  o t o l i t h  system s. The B 
u n i t s  were e s p e c ia l ly  encoun tered  in  th e  m iddle and caudal p a r t  o f 
th e  to ru s  and th e  A u n i t s  more r o s t r a l l y .  AV c e l l s ,  showing a 
p re fe re n c e  fo r  th e  r o s t r a l  p a r t ,  a re  r e l a t i v e l y  more numerous than  
BV c e l l s .  S u p e r f ic ia l l y ,  in  th e  lam ina ted  p a r t  o f th e  to r u s ,  
e s p e c ia l ly  th e  B u n i t s  and v e n t r a l l y  th e  A and L u n i t s  a re  found. 
Along th e  m e d io la te ra l  a x is  no to p o lo g ic a l p re fe re n c e  was observed 
fo r  e i t h e r  monomodal o r bim odal c e l l s .

In  th e  to r u s ,  c l u s t e r s  (maybe columns o r i r r e g u la r  s la b s  more o r 
l e s s  p e rp e n d ic u la r  to  th e  to ru s  s u r f a c e ) ,  0 .04  -  0 .12  mm in  w id th  
can be found dom inated by e i th e r  V o r Ac1 u n i t s .

(Supported  by th e  N eth e rlan d s  O rg an iza tio n  fo r  th e  Advancement 
o f Pure R esearch  -  ZWO)

416.4 INPUTS TO SYRINGEAL MUSCLES IN THE ZEBRA FINCH
David Vicario, The R ockefeller University, New York, NY 10021

Previous work has shown th a t auditory responses can be 
obtained from the  motor nucleus (nXIIts) and motor nerve th a t 
supply the  muscles of the syrinx, th e  bird vocal organ (Williams & 
N ottebohm , 1985). The present study examines this system to  
determ ine 1) How individual syringeal muscles are  represented  in 
nXIIts; and 2) How sound stim uli a ffe c t ac tiv ity  in those muscles 
and the  motorneurons th a t contro l them .

In anaesthetized  adult male zebra finches, EMG ac tiv ity  was 
recorded sim ultaneously in 4 syringeal muscles. Low -current 
m icrostim ulation was applied a t  many s ites in nXIIts in order to  
map e ffec tiv e  zones fo r the  ac tivation  of the individual muscles. 
EMG responses to  sound stim uli, including th e  bird’s own song, 
song syllables and pure tones, were also recorded. Auditory 
responses w ere also recorded from single-units and multi-unit 
c lu sters  in nXIIts  of aw ake zebra finches w ith chronic im plants.

M icrostim ulation revealed th a t NXIIts is organized in to  partia lly  
overlapping but separable zones which contro l single muscles, 
arranged along the  rostro-caudal axis of the  nucleus. The ventral 
and dorsal muscles have the la rgest domains and are  most clearly  
separated ; they  are  located  a t the  ro s tra l and caudal ends of the 
nucleus, respectively . Short-la tency e ffec ts  were lim ited to  
ipsilate ral muscles, and th e  map was very sim ilar from bird to  
bird. The mapping of nXIIts provides a  foundation for fu rther 
work on the  detailed  organization of the  song control pathway, 
using physiological and anatom ical techniques.

In anaesthetized  birds, EMG responses to  both natu ra l and 
a rtif ic ia l sound stim uli w ere observed in th e  muscle groups 
studied. These responses typically  consisted of phasic "on" 
responses w ith a  la tency  of 50-100 ms, depending on th e  stim ulus. 
While individual muscles som etim es showed larger responses to  
ce rta in  song syllables, in genera l, th e  muscles responded phasically 
to  the  onset of all th e  sounds presented .

Auditory responses were also presen t in the aw ake bird, but 
n a tu ra l song and its  constituen t syllables were more e ffec tive  than 
pure tones or w hite noise. Many neurons studied showed variable 
or labile responses, o ften  influenced by the ir rhythm ic ac tivation  
during th e  expiratory  phase of respiration . However, some 
individual neurons responded selectively  to  particu lar syllables in 
p articu lar sound contexts; units sim ultaneously recorded a t  one site  
had sim ilar response pattern s . The possible ro le of these auditory 
responses in sound processing or song production is a t  presen t 
unknown. The overall spatial d istribution of neurons with 
responses to  stim uli w ith specific acoustic fea tu res , and the 
projection of those neurons to  the  d iffe ren t ta rg e t muscles are 
cu rren tly  being examined. (Supported by a  Winston Fellowship)
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416.5 CENTRAL GENERATION OF NATURAL ACTION SERIAL ORDER. K.C. Berridge 
and J.C . F en tress. Dept of Psychology, U niversity of Michigan, 
Ann Arbor, MI 48104 and Dalhousie U niversity , Halifax, Nova 
S co tia .

The behavioral stream of fa c ia l grooming or of ta s te - e l ic i te d  
ingestiv e /av e rs iv e  consummatory actions of r a ts  can be viewed as a 
long se rie s  of individual movements linked together to  form func
tio n a l sequences. In order to  a sce rta in  the  sequencing ru les th a t  
determine how these actions are linked tog e th e r, many thousands of 
spontaneous grooming and e l ic i te d  in g estiv e /av e rs iv e  actions were 
videotaped and scored with a microcomputer. Information analyses 
of sequential ste reotypy, tab u la tio n  of the sequential tr a n s it io n s  
between sing le  actions and between action  groups, and visual in 
spection fo r lin ea r  action  chains, were employed to  expose under
lying ru les of behavioral sequencing. Information analysis showed 
th a t  Markov and h igher-order sequential dependencies characterized  
both grooming and in g estiv e /av e rs iv e  sequences. T ransition  
ana lysis  revealed th ree  global ru le s : action  perseveration , 
paired a lte rn a tio n , and a lte rn a tin g  perseveration  (a lte rn a tio n  of 
bou ts). Together these ru les account fo r  approximately 75% of a ll  
sequential t r a n s it io n s  during grooming and ta s te - e l ic i te d  inges
tio n /av e rs io n . In ad d itio n , a sp e c ific  fourth  ru le  of lin ea r 
chaining was found to  apply only to  fa c ia l  grooming.

Peripheral deafferen ta tio n  was used to  a sce rta in  the ro le  of 
somatosensory cues and feedback in the generation of these se r ia l  
p a tte rn s . B ila te ra l d eafferen ta tio n  of the mandibular and 
m axillary branches of the trigem inal nerve elim inated t a c t i l e  
sensation  from the ro s tra l  face and mouth while preserving motor 
fun c tio n . Neither the overall degree of sequential stereotypy (H) 
of grooming or ingestive  sequences nor the generation of any of 
the  natu ral sequencing ru les were affec ted  by trigem inal d ea ffe r
e n ta tio n . These natu ral ru le s  thus appear to  be specified  by the 
b rain  w ithout need of somatosensory feedback.

Previous observations have led us to  suggest th a t  somatosensory 
processing may be suppressed during the performance of grooming 
l in e a r  chain sequences. To t e s t  the hypothesis th a t  somatosensory 
suppression is  important to  the successful completion of grooming 
lin e a r  chains, Kainic acid lesions of the  corpus striatum  were 
made (a s tru c tu re  reported to  be involved in the modulation of 
trigem inal sensory responsiveness). Unlike dea ffe ren ta tio n , 
s t r i a t a l  lesions s p e c if ic a lly  disrupted  the performance of 
grooming lin ea r  chains. These data suggest the striatum  may 
f a c i l i t a t e  the  cen tra l pa ttern ing  of action  se r ia l  o rder.

416.6 MECHANICALLY EVOKED RESPONSES OF PERIORAL MUSCLES DURING 
FINE FORCE CONTROL. S. M. Barlow and R. Netsell. Speech Physiology 
Laboratory, Boys Town National Institute, Omaha, NE 68131.

Recent evidence suggests that fine motor skills, such as manipulation and 
orofacial motor control, are more dependent on peripheral mechanosensory 
inputs than gross motor behaviors. A number of cutaneous mechanorecep
tors located within skin and muscle exhibit their greatest sensitivity to small 
amplitude input signals. Furthermore, the linkage between these afferent sys
tems and their target efferents of segmental and suprasegmental systems is 
greatest during the modulation of small forces.

The purpose of the present investigation was to characterize the 
mechanosensitivity of perioral muscle subgroups during fine force control in 
normal adults. A linear motor was used to deliver taps, with displacements 
ranging from 0.5 to 2.5 millimeters, to select areas of skin surrounding the 
mouth. Single and multiple motor unit activity was recorded from six sites in 
the lower face; including medial and lateral placements within orbicularis oris 
inferior (OOIm, OOIl), orbicularis oris superior (OOS), and mentalis (MT). Sub
jects were required to generate fine levels of force in different vector orienta
tions using select perioral muscles in the presence of a mechanical stimulus. 
Subjects monitored their ongoing force output in reference to a computer 
generated target signal simultaneously displayed on a digital oscilloscope. 
The magnitude of upper and lower lip bias forces ranged from 0.05 to 0.75 
Newtons (N). Preliminary results suggest a high degree of response 
specificity among select muscles of the lower face. Individual components of 
the perioral response, with latencies ranging from 14 to 20 milliseconds, were 
found to be highly dependent upon the active, subject-generated, forces in 
select perioral structures. Further, evidence for muscle interdependence was 
found between OOIl and MT, in that, systematic tradeoffs were observed in 
motor unit excitability between these two muscle groups within the range of 
force examined. The differential excitability of muscle subgroups in the lower 
face to mechanosensitive inputs reveals a level of fractionation and sculptur
ing of the motoneuron pool beyond current neuroanatomical specification.

(Supported by NINCDS grant NS19624)

416.7 NEURONAL RELAXATION OSCILLATIONS IN THE HUMAN BRAIN: EVIDENCE FROM 
INTRA-HEMISPHERIC CHOICE REACTION TIME EXPERIMENTS. E. Pöppel and 
Th. Steinbach* In st. fur Med. Psychol., Goethestr. 31, and Inst. f ür 
Rechtsmedizin, Frauenlobstr. 7a, 8 München 2, FRG

Histograms of choice reaction time are often multimodal (Pöppel, 
E., Naturwiss. 55: 449, 1968; Psychol. Forsch.34:1, 1970). The temporal 
interval separating the two, three or sometimes even four modes in 
such histograms is  usually 30 to 40 ms. Multimodalities with similar 
intervals between modes have also been observed in latency 
distributions of stimulus-triggered eye movements like saccades 
(Frost, D., Pöppel, E., Biol. Cybern. 23:39, 1976) and pursuit eye 
movements (Pöppel, E., Logothetis, N. Naturwiss. 73: in press, 1986). 
Why are multimodalities not reported more often? This is  probably due 
a violation of sta tionarity . In case of instationarity , the variance 
of responses necessarily increases and thus, an in trin s ic  multimodal 
response characteristic might be masked. Using an intrahemispheric 
intermodal stimulus condition the question of multimodality in reac
tion time experiments was tested again. Visual or auditory stimuli 
were presented in random order, either to the le f t  or to the right 
hemisphere, and the subject had to respond with a GO-response as fast 
as possible. In order to prevent instationarity  due to learning, the 
subject was trained extensively. A plateau for mean reaction time was 
reached after several thousand single reactions. The in te r tr ia l 
interval varied randomly between 2 and 5 s. In order to prevent insta
tionarity  due to different stimulus probabilities within the in te r
t r ia l  intervals, the s ta tis t ic a l  probability of stimulus occurrence 
decayed exponentially; thus, the subjective probability of stimulus 
occurrence remained constant for successive bins within the in te r
t r ia l  interval. Furthermore, to prevent insta tionarities due to phy
siological changes dependent on circadian variations, a ll  experi
mental sessions were scheduled for the same time of the day. With 
these conditions s ta tis t ic a lly  significant multimodal histograms for 
visual or auditory choice reaction time were obtained quite often 
provided a large number of single t r ia ls  was collected. Alcohol 
appears to affect the modal characteristics of the histograms. The 
multimodalities of histograms can be explained on the basis of neuro
nal relaxation oscillations. Every stimulus triggers after a constant 
transduction time a neuronal osc illa tion  with a period of 30 to 40 ms. 
Responses to sensory stimuli are phase-locked to these oscillations. 
Such a neuronal osc illa tion  may provide the temporal framework for a 
discrete sampling of stimuli. I f  sensory information would be 
processed continuously such multimodalities in histograms would not 
be possible. The same is  true i f  one would assume a pendulum-like 
neuronal osc illa tion  which would run continuously. A neuronal 
relaxation osc illa tion  appears to define the formal structure in 
which information from different sense-modalities can be related to 
each other in an economical way. (Supported by DFG PO 121/8).
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417.1 HRP FIBER LABELING IN THE BASAL GANGLIA: A POST MORTEM 
STUDY. S.N. Haber1 and T. Eskin.2 Dept. of Neurobiol. and Anat.1 and 
Dept. of Pathology2, Univ. of Rochester Sch. of Med., Rochester, NY 
14642.

One of the primary goals of tracing pathways in the central nervous 
system of animals is to gain some understanding of the neuronal pathways 
in the human brain. Anterograde and retrograde methods generally 
depend upon active transport of molecules in the axon, and thus injection 
of tracer molecules are made in the living animal. However, axonal 
uptake of HRP has been reported during degeneration of axons (Olson and 
Malmgren, 1980, Neurosci. Lett. 20:135) and in vitro experiments in fish 
(Ekstron, 1985, Neurosci. Methods 15:21). We present here evidence of 
the ability to use HRP injections in post mortem brain material to study 
short fiber pathways.

Experiments used both human and monkey material. Brains were 
removed at autopsy and coronal blocks (1 cm thick) were cut through the 
basal ganglia. Pressure injections of WGA-HRP were made through a 
glass pipette into the internal segment of the globus pallidus or into the 
ventral pallidum. The blocks were incubated for 2, 24, or 48 hours in 
culture medium at 37°C. The blocks were then fixed in 4 
paraformaldehyde for 2-4 days. Tissue was then sectioned serially at 50 
and processed with the TMB (Mesulam, J. Histochem. Cytochem. 26:10 
1978) proceedure or the DAB method.

The results showed fibers streaming out from the injection sites in the 
pallidal structures and forming bundles as they traveled medially towards 
the internal capsule and the striatum. These fiber bundles could be traced 
for at least 8 mm. Labeled cell bodies surrounded the injection site 
although none were detectable within the core of the injection site. Cells 
relatively close to the injection site were completely labeled giving the 
impression of a Golgi-impregnated cell. Cells at some distance from the 
injection site appeared less heavily labeled. These results show that 
axonal uptake of HRP occurs in post mortem material and that the 
material fills axons for a distance of at least 8 mm. Furthermore there 
were labeled neurons at least 4-5 mm from the injection site. Thus post 
mortem injections of WGA-HRP could be a useful method for studying 
short projections in human post mortem material.

417.2 NEWLY ESTABLISHED ENTOPEDUNCULO-STRIATAL PROJECTIO NS 
EMERGE FROM ENTOPEDUNCULO-HABENULAR PROJECTION NEURONS. 
M. T a k a d a *  and  T. H a t t o r i . D e p t . o f  A n a to m y , U n iv . o f  
T o r o n t o ,  T o r o n t o ,  O n t a r i o ,  C an ad a  M5S 1A8.

D i r e c t  p r o j e c t i o n s  fro m  th e  e n t o p e d u n c u l a r  n u c l e u s  
(E p ) to  th e  s t r i a t u m  w e re  e x a m in e d  i n  th e  r a t  u s in g  
r e t r o g r a d e  t r a c i n g  t e c h n i q u e s .  A f t e r  i n j e c t i n g  WGA-HRP 
i n t o  th e  c a u d o p u ta m e n  (CPU), l a b e l e d  f i b e r s  c o u ld  be  
t r a c e d  m e d i a l l y  to  go th r o u g h  and  t e r m i n a t e  i n  b o th  th e  
g lo b u s  p a l l i d u s  (GP) and  Ep i p s i l a t e r a l  to  th e  i n j e c 
t i o n .  S u r p r i s i n g l y ,  H R P - p o s i t iv e  n e u r o n a l  p e r i k a r y a  
w e re  o b s e r v e d  in  th e  Ep a s  w e l l  a s  i n  th e  G P. T h e se  
l a b e l e d  Ep n e u r o n s  w e re  m edium  i n  s i z e  an d  r e s t r i c t e d  
to  th e  r o s t r a l  1 /3  o f  t h e  n u c l e u s ,  i n  w h ic h  th e y  w ere  
d i s t r i b u t e d  a s  o v e r l a p p e d  w i th  th e  t e r m i n a l  f i e l d s  from  
th e  GPU.

B ased  on th e  d a t a  t h a t  th e  r o s t r a l  2 /3  o f  t h e  Ep 
( l i m b i c  p o r t i o n  o f  t h e  E p) p r o j e c t s  to  th e  l a t e r a l  
h a b e n u l a r  n u c l e u s  ( 1 Hb) ( 1 ) ,  th e  s e c o n d  e x p e r i m e n t  was 
d e s ig n e d  to  d e t e r m i n e  w h e th e r  th e  Ep c e l l s  p r o j e c t i n g  
to  th e  CPU h a v e  a x o n a l  b r a n c h i n g  to  th e  1H b . F o l lo w in g  
t r u e  b lu e  (TB) i n j e c t i o n  i n t o  th e  CPU an d  d ia m id in o  
y e l lo w  (DY) i n j e c t i o n  i n t o  th e  1H b, T B - p o s i t i v e  n e u r o n s  
i n  th e  r o s t r a l  1 /3  o f  th e  Ep n e v e r  f a i l e d  to  be d o u b le  
l a b e l e d  w i th  DY . As m ig h t  be e x p e c t e d ,  t h e s e  T B - l a b e l e d  
Ep n e u r o n s  h a v e  n e v e r  b e e n  d o u b le  l a b e l e d  w i th  DY 
i n j e c t e d  i n t o  th e  c e n t r e  m e d i a n - p a r a f a s c i c u l a r  c o m p lex  
o r  v e n t r o a n t e r i o r - v e n t r o l a t e r a l  c o m p le x  o f  t h e  th a la m u s  
an d  n u c l e u s  t e g m e n t i  p e d u n c u l o p o n t i s  p a r s  c o m p a c ts .  In  
f a c t ,  t h e s e  l a t t e r  n u c l e i  h a v e  b e e n  e s t a b l i s h e d  to  
r e c e i v e  i n p u t s  o n ly  from  th e  c a u d a l  1 /3  o f  th e  Ep 
(m o to r  p o r t i o n  o f  t h e  Ep) ( 1 ) .

The p r e s e n t  s tu d y  c l e a r l y  i n d i c a t e  t h a t  s i n g l e  Ep 
n e u r o n s  o f  th e  r o s t r a l  1 /3  o f  th e  n u c l e u s  i n n e r v a t e  
b o th  th e  CPU an d  1H b, t h u s  p l a y i n g  a c r i t i c a l  r o l e  i n  
i n t e g r a t i n g  th e  m o to r  and  l i m b i c  f u n c t i o n s  i n  th e  b a s a l  
g a n g l i a ,  t o g e t h e r  w i th  t h e  GP (2 )  and  s u b s t a n t i a  n i g r a  
p a r s  c o m p a c ts  ( 3 ) .

( S u p p o r te d  by th e  M e d ic a l  R e s e a r c h  C o u n c i l  o f  C an a d a )

R e f e r e n c e s
1 v a n  d e r  Kooy D. & C a r t e r  D .A . ,  B r a in  R e s . ,  211 

(1 9 8 1 )  1 5 -3 6 .
2 T a k a d a  M. e t  a l . , N e u r o s c i .  L e t t . ,  i n  p r e s s .
3 T a k a d a  M. & H a t t o r i  T . ,  B r a in  R e s . ,  i n  p r e s s .

417.3 CORTICAL AND THALAMIC EXTRASTRIATE VISUAL AFFERENTS TO CAT 
STRIATUM: PUTATIVE VISUOMOTOR CIRCUITS. B.V. Updyke, D ept. A n a t., 
LSU Med. C t r . ,  New O rlean s , LA 70112.

V isu a l a f f e r e n t s  to  c a t s t r ia tu m  were s tu d ie d  w ith  in je c t io n s  
of 3H -p ro lin e  in  p h y s io lo g ic a l ly  id e n t i f i e d  c o r t i c a l  v is u a l  a re a s ,  
and w ith  WGA-HRP in j e c t io n s  of ca udate  and s u p e r io r  c o l l i c u lu s .

C o r t i c a l  v is u a l  a f f e r e n t s  to  caudate  te rm in a te  in  a zone which 
a d jo in s  th e  prim ary  m o to r - re c ip ie n t zone r o s t r a l l y  and s h i f t s  to  
the  dorsom edial edge of caudate  p o s te r io r ly .  W ithin th i s  zone, 
th e  upper f i e l d  quad ran t i s  re p re s e n te d  d o r s a l ly ,  th e  low er f i e ld  
quadran t v e n t r a l l y ,  and c e n tr a l  gaze l a t e r a l l y .  C o r t ic a l  v is u a l  
a f f e r e n t s  a ls o  te rm in a te  in  a sm all zone a t  th e  p o s te r o l a te r a l  
m argin o f putamen; to pog raph ic  o rg a n iz a tio n  o f th e se  p ro je c t io n s  
resem bles th o se  to  c a u d a te . The patchy  n a tu re  of bo th  p ro je c t io n s  
su g g es t th a t  they  may i n t e r d i g i t a t e  w ith  o th e r  a f f e r e n ts  to  the  
same s t r i a t a l  zone. S parse c o n t r a la t e r a l  p ro je c t io n s  a re  a lso  
e v id e n t .

I n je c t io n s  of WGA-HRP in to  th e  caudate  v i s u a l - r e c ip i e n t  zone 
r e s u l t  in  dense re tro g ra d e  la b e l in g  in  v is u a l  a re a s  ALLS, PLLS, 
DLS, VLS and PS, m oderate la b e l in g  in  a re a s  20a, 20b, 21a and 21b, 
and very  s p a rse  la b e l in g  w ith in  a re a s  AMLS and PMLS. Dense 
r e t ro g ra d e  la b e l in g  a ls o  occu rs  in  th e  e c to s y lv ia n  v is u a l  a re a , 
s p le n i a l  v is u a l  a re a ,  a re a  7 , c in g u la te  g y ru s , a n t e r io r  
e c to s y lv ia n  g y ru s , and th e  c a t 's  p re s y lv ia n  and v e n t r a l  c ru c ia te  
eye f i e ld s  (G u itto n  & Mandl, B ra in  R e s ., '7 8 ; Schlag & Schlag-R ey, 
B rain  R e s . , ’ 70).

The same WGA-HRP in j e c t io n s  of caudate  r e s u l t  in  dense 
re tro g ra d e  la b e l in g  w ith in  l a t e r a l  p o s te r io r  complex zones L P i, 
LPm, LP1- r  and LPs-v (Updyke, JCN, ’83) and su p ra g e n ic u la te  
n u c leu s . WGA-HRP in j e c t io n s  in  s u p e r io r  c o l l ic u lu s  e s ta b l i s h  
th a t  each of th e se  tha lam ic  s u b d iv is io n s  a lso  re c e iv e  ascend ing  
p ro je c t io n s  from s u p e r f ic i a l  o r in te rm e d ia te  t e c t a l  la y e r s .

Thus, th a lam ic  zones which re c e iv e  te c to - th a la m ic  p ro je c t io n s ,  
and th e  e x t r a s t r i a t e  c o r t i c a l  a re a s  w ith  w hich they  in te rc o n n e c t 
(G ra y b ie l, B ra in  Behav. E v o l .,  '7 2 ; Raczkowski and R o sen q u is t, 
J .  N e u ro s c i. ,  '8 3 ; Symonds e t  a l . ,  N e u ro s c i. ,  '8 1 ) ,  p rov ide  v is u a l  
in p u ts  w hich converge along  w ith  eye f i e l d  in p u ts  upon a common 
zone w ith in  s tr ia tu m . In  th i s  c o n te x t, s t r i o - n i g r a l  (Royće & 
L a in e , JCN, '8 4 ; Szabo, Exp. N e u ro l.,  '70 ) and n ig r o - t e c t a l  
(G ray b ie l, B ra in  R e s ., '7 8 ; Jayaram an e t  a l . ,  B rain  R e s ., '77 ) 
p ro je c t io n s  may be co n s id e red  lin k s  in  more ex te n s iv e  c o n tro l 
lo o p s . C o l le c t iv e ly ,  th e se  pathways appear to  form a b a s ic  
s u b s t r a te  f o r  v isuo -m o to r in t e g r a t io n .
Supported by NEI g ra n ts  EY01925 and EY05724.

417.4 EFFERENT CONNECTIONS OF THE NUCLEUS ACCUMBENS AND THE STRIATUM 
IN THE LIZARD GEKKO GECKO. F .T . R usschen, A .J . Jonker* and 
W .J .A .J. Sm eets* , D ept. o f  Anatomy, V r i je  U n iv e r s i t e i t ,  
Amsterdam, The N e th e rlan d s .

Imm unohistochem ical te ch n iq u es  were used  to  id e n t i f y  in  the 
gekko p o s s ib le  homologues o f  s t r u c tu r e s  which in  mammals belong 
to  th e  b a s a l g a n g l ia . Thus, th e  n u c leu s  accumbens (Acc), 
s t r ia tu m  ( S t r ) , v e n t r a l  pa llid u m  (VP), g lobus p a l l id u s  (GP), 
en to p ed u n cu la r nu c leu s  (E n t) , v e n t r a l  tegm en ta l a re a  (VTA) and 
th e  p a rs  r e t i c u l a t a  o f  th e  s u b s ta n t ia  n ig r a  (SNr) were 
i d e n t i f i e d  on th e  b a s is  o f  s p e c i f i c  su b stan ce  P- and /o r 
e n k e p h a lin - l ik e  im m unoreactive s ta in in g  p a t t e r n s . The VTA and 
th e  p a rs  com pacta o f  SN (SNc) were fu rth e rm o re  c h a ra c te r iz e d  by 
th e  p re sen ce  o f  dopamine im m unoreactive neu ro n s . I n je c t io n s  o f 
th e  t r a c e r s  PHA-L and HRP were p la ced  in  v a r io u s  p o r tio n s  o f  Acc 
and S t r  in  o rd e r  to  f i l l  th e  s t r i a to f u g a l  pathw ays. The major 
e f f e r e n t  p ro je c t io n s  from bo th  Acc and S t r  a re  to p o g ra p h ic a lly  
o rg an ized . From Acc f ib e r s  d i s t r i b u t e  to  VP, and from th e re  
co u rse  v e n t r a l l y  in  th e  m edial f o re b ra in  b und le . C audally  in  the 
hypothalam us th i s  bundle forms a s u p e r f i c i a l l y  lo c a te d  sh ee t 
w hich c o n tin u e s  in to  VTA. V a r ic o s i t ie s  a re  p re s e n t  th roughout 
th e  e n t i r e  r o s tro c a u d a l e x te n t  o f  th i s  pathw ay. A dd itio n a l 
p ro je c t io n s  were found to  th e  p re o p t ic  a re a  and to  m edial 
p o r t io n s  o f  th e  hypothalam us. The cau d a l p o r t io n  o f  Acc a lso  
p r o je c ts  to  th e  i n t e r c o l l i c u l a r  n u c le u s . P ro je c t io n s  from the 
s tr ia tu m  a re  d i r e c te d  to  GP. From h e re , f ib e r s  run  caudalw ard in  
th e  l a t e r a l  fo re b ra in  bund le (1fb ) where they  d i s t r i b u te  
v a r i c o s i t i e s  to  E n t. T erm inal f ib e r s  a re  a l s o  d is t r i b u te d  to  the  
re g io n  o f  th e  su p rap ed u n cu la r n u c le u s . F u r th e r  c a u d a lly  SNr i s  
d en se ly  in n e rv a te d . T h is te rm in a l f i e l d  co n tin u e s  c a u d a lly  and 
d o rso m ed ia lly  in to  th e  i n t e r c o l l i c u l a r  n u c le u s . Only th e  most 
cau d a l p a r t  o f  th e  s tr ia tu m  p r o je c ts  to  th e  lam in a r nucleus  o f 
th e  to ru s  s e m ic i r c u la r is  and th e  a d ja c e n t p e r iv e n tr ic u la r  
s tra tu m  griseum , as  w e ll as  to  th e  cau d a l m esencephalic  and the 
rhom bencephalic tegmentum. With th e  ex c ep tio n  o f  th e  globus 
p a l l id u s ,  which has a  dense e n k e p h a lin  im m unoreactive p le x u s , 
and th e  su p rap ed u n cu la r n u c le u s , a l l  th e  p re s e n t ly  id e n t i f i e d  
pathways and te rm in a l f i e ld s  c o in c id e  w ith  a re a s  o f  dense 
s u b stan ce  P im m u n o reac tiv ity . T h is  makes t h i s  p e p t id e , o r  a 
r e l a te d  ta c h y k in in , a  l i k e ly  t r a n s m it t e r  c a n d id a te  f o r  th e se  
p r o je c t io n s .  Thus, th e  o rg a n iz a tio n  o f  th e  o u tp u ts  o f  Acc and 
S t r  in  th e  gekko shows m ajor s i m i l a r i t i e s  w ith  th a t  in  mammals. 
F u r th e r  in v e s t ig a t io n s  a re  n e c e ssa ry  to  determ ine  w hether 
hom ologies e x i s t  between th e  su p rap ed u n cu la r nu c leu s  and the 
i n t e r c o l l i c u l a r  n u c leu s  o f  th e  gekko and th e  mammalian 
su b th a lam ic  and peduncu lopon tine  n u c le i ,  r e s p e c t iv e ly .
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417.5 MORPHOLOGY OF EFFERENTS FROM DORSAL VENTRICULAR RIDGE TO 
STRIATUM IN TURTLES. J. Nautiyal* and P. S. Ulinski. Dept. 
Anatomy, Univ. Chicago, Chicago, IL 60637

The an te r io r  dorsal ven tr icu la r  ridge (ADVR) is a 
subcortical t e l encephal ic s t ruc tu re  that receives sensory 
pro jec tions  from the thalamus in r e p t i l e s  and b irds .  In 
t u r t l e s ,  ADVR contains  a visual region cal led  dorsal area that 
receives visual information via the opt ic  tectum and nucleus 
rotundus and has a subsequent pro jec tion  to  the st riatum. 
Since the s tr ia tum can influence the tectum through i t s  
pro jections  to the substant ia  nigra and prectectum (Reiner et  
a l . ,  1981), understanding the organization of the projection 
from dorsal area to  the s tr ia tum is an important step in 
determining the sequence of events by which visual  information 
to the telencephalon modulates t e c ta l  a c t iv i ty  during visual  
orien t ing  behaviors.

We studied the organization of the pro jection  from the 
dorsal area of ADVR to the s tr ia tum by placing smal l , 
iontophoretic  in jections  of horseradish peroxidase in the 
dorsal area of red-eared tu r t l e s  ( Pseudemys s c r ip ta  e le gans). 
These in jections  produced an orthograde, Golgi- l ike f i l l i n g  of 
axons running from dorsal area to the st riatum. Labeled axons 
issue from the in jec tion  s i t e  in concentr ic a rcs,  running 
v e n t ro la te r a l l y in approximately the transverse  plane. They 
course through the dorsa l ,  small-celled  region of the str ia tum, 
continue ventromedial l y into the la rge-ce l led  region of the 
s tr ia tum and u lt im ate ly  reach the junc tion of the st ria tum with 
the diencephalon. Individual f ib e rs  are  th ick ,  about 2 μm in 
diameter, and smooth. They occasionally  bear branches that 
leave the parent axon a t  oblique angles.  These branches are 
th in ,  less than 1 μ m in diameter, and bear fusiform 
v a r ic o s i t i e s  (about μm 1 × 1.5 μm) a t in te rva ls  of about 1-2 
μm.

The pro jec tion  from ADVR to the s tr ia tum is topographic in 
the sense tha t  indiv idual,  r e s t r i c t e d  domains in dorsal area 
p ro jec t  to  cu rv i l inea r  t r a j e c to r i e s  within the str ia tum in an 
orderly manner. However, there  is no indication that the thick 
parent axons are  presynaptic to s t r i a t a l  neurons, so that 
information from a p a r t i c u la r  region of dorsal area is car r ied  
in a divergent manner to  a re la t iv e ly  large region of the 
s tr ia tum by the th in ,  varicose  c o l l a t e r a l s .  A given s t r i a t a l  
neurons i s ,  therefore ,  l ike ly  to  receive convergent pro jections  
from several neurons located in d i f f e r en t  regions of the dorsal 
area of ADVR. (Supported by funds from the Brain Research 
Foundation of Chicago)

4 1 7 .6 TWO-NEURON, TRANS-PALLIDAL CONDUCTION LINE FROM THE SUPERFICIAL 
LAYERS OF THE OLFACTORY TUBERCLE TO THE MEDIODORSAL NUCLEUS OF 
THE RAT THALAMUS. D .S. Zahm and L. H eim er. D ep t. of Anatomy, S t. 
Louis Univ. Sch. o f M ed., S t.  L ou is, MO 63109 and D epts. of 
O tolaryngo logy  - Head and Neck Surgery  and N eurosurgery , Univ. o f 
V irg in ia  Sch. o f M ed., C h a r lo t t e s v i l l e ,  VA 22908.

On th e  b a s is  o f c y to lo g ic  c r i t e r i a  and th e  immunocytochemical 
c h a ra c te r  o f i t s  sy n a p tic  in p u t , a group o f medium -sized c e l l s  in  
th e  polymorph la y e r  o f th e  o l f a c to ry  tu b e rc le  (Tu) o f th e  r a t  has 
been co n sid e red  as  a p o te n t ia l  v en tra lm o st c o u n te rp a r t  o f th e  
th a lam o p e ta l p ro je c t io n s  o f th e  g lobus p a l l id u s  and 
en topeduncu la r n u c leu s . In  our p rev io u s  s tu d ie s  th e se  v e n t r a l  
neurons were examined a t  EM r e s o lu t io n s  fo llo w in g  re tro g ra d e  
tr a n s p o r t  o f HRP from th e  m ed iodorsal nuc leus  o f th e  thalam us 
(MD) and in c u b a tio n  in  g lu tam a te  d ec arboxy lase  (GAD) an tise rum  
w ith  and w ith o u t c o lc h ic in e  p re tre a tm e n t. The r e s u l t s  confirm ed 
th e  th a lam o p e ta l n a tu re  o f th e  " p a l l i d a l - l i k e "  c e l l s  in  th e  Tu 
and dem onstrated  t h a t  some th a lam o p e ta l c e l l s  e x h ib ite d  
p e r ik a ry a l  GAD im m unoreactiv ity .

A lthough i t  has been shown th a t  p a l l i d a l - l i k e  neurons in  th e  
Tu re c e iv e  a m ajor in p u t from th e  s u p e r f ic i a l  la y e r s  of th e  Tu, 
i t  has n o t been r ig o ro u s ly  confirm ed th a t  th a lam o p e ta l c e l l s  
re c e iv e  t h i s  p ro je c t io n .  This im portan t q u e s tio n  has now been 
ad d ressed  by d em onstra ting  d eg e n e ra tin g  boutons c o n ta c tin g  HRP 
co n ta in in g  neurons fo llo w in g  lam inar h e a t le s io n s  o f th e  
s u p e r f ic i a l  la y e r s  of th e  o lf a c to ry  tu b e rc le  and in je c t io n s  of 
HRP in  th e  MD. R e tro g rad e ly  la b e le d  neurons were medium to  la rg e  
and, very  f r e q u e n t ly ,  a lm ost e n t i r e l y  covered  w ith  boutons which 
made p r im a r ily  sym m etrical synapses . L arge , s t r a i g h t  d e n d r i te s  
which extended  from th e  la b e le d  neurons lik e w is e  were n e a rly  
covered  by bouton " s le e v e s " .  T w enty-four hours a f t e r  a 
s u p e r f ic i a l  Tu le s io n ,  th e  number o f e le c tro n  opaque, 
d eg e n e ra tin g  boutons was g r e a t ly  in c re a se d  in  th e  i p s i l a t e r a l  
polymorph la y e r  o f th e  Tu compared to  th e  u n le s io n ed  
c o n t r a la t e r a l  s id e .  The d eg e n e ra tin g  boutons alm ost e x c lu s iv e ly  
co n ta c te d  d e n d r i te s  o r p e r ik a ry a  o f c e l l s  w ith  " p a l l id a l "  
c h a ra c te r  and in p u t . Many o f th e  neurons c o n tac te d  by 
d e g e n e ra tin g  boutons were r e t ro g ra d e ly  la b e le d  a f t e r  in je c t io n  of 
HRP in to  th e  MD. The r e s u l t s  o f th e se  s tu d ie s  have confirm ed 
th a t  a tw o-neuron, t r a n s - p a l l id a l  conduc tion  l i n e  ex tends from 
th e  s u p e r f ic i a l  lam inae o f th e  Tu to  th e  MD. This f in d in g  
supplem ents th e  growing body o f ev idence  t h a t  th e  Tu i s  an 
in t e g r a l  component o f th e  b a s a l g a n g lia .

417.7 COLLATERALIZATION OF PALLIDAL EFFERENTS AS REVEALED BY 
FLUORESCENT TRACERS L.C. Schmued* . J .F. Fallon (SPON: S. 
Loughlin). Dept. of Anatomy, University of California a t Irvine, Irvine, 
CA, 92717

The purpose of this study was to determine collateralization 
patterns of pallidal efferents in the albino ra t. The pallidal regions 
examined included globus pallidus, ventral pallidum and entopeduncular 
nucleus. The first portion of this study involved determining the 
efferent termination sites of these pallidal regions. This was 
accomplished by injecting either PHA-L or WGA-HRP into a pallidal 
region, and subsequently processing the tissue for either 
immunofluorescence or HRP histochemistry. The efferent targets of 
the pallidum were then mapped. These efferent termination sites were 
found to include prefrontal cortex, caudate-putamen, ventrolateral 
thalamus, habenula, subthalamic nuclei, substantia nigra, and pedunculo 
pontine region.

The next phase of the study involved injecting the aforementioned 
pallidal efferent sites with a combination of different fluorescent 
retrogradely transported tracers. The most frequently employed 
combination of tracers was Fluoro-Gold, Propidium Iodide, and either 
Bisbenzamide or Nuclear Yellow. Thus, the presence of more than one 
of these tracers within the cell body of pallidal neurons indicates that 
these neurons send collaterals to the regions receiving the injections of 
the tracers.

Using this paradigm, we saw a  number o f  examples of collateralized 
pallidal efferents. Collateralization of pallidal neurons to the 
ventrolateral thalamus and either the substantia nigra or the 
pedunculopontine nucleus was observed. In addition, collateral 
projections to both the substantia nigra, and the pedunculopontine 
nucleus was also present. Further studies employing three tracers 
indicated that a number of the neurons in each pallidal region project to 
the substantia nigra and pedunculopontine region. Some ventral pallidal 
and globus pallidus neurons also send a third collateral to the thalamus. 
With regards to ascending projections, a few neurons demonstrated 
branched projections to the caudate-putamen and pre-frontal cortex. 
Additionally, some large cells of the medial globus pallidus and ventral 
pallidum showed evidence of collateral projections to the prefrontal 
cortex and to the substantia nigra/VTA region.

These results support the findings of previous studies indicating that 
basal ganglia outputs from pallidal neurons reach many cortical, 
striatal, diencephalic and mesencephalic sites. Furthermore, individual 
neurons of the dorsal, ventral and internal pallidum may simultaneously 
affec t extrapyradmidal motor strutures a t multiple forebrain, midbrain, 
and pontine levels. Supported by NIH grant NS 15321 and NIMH 
predoctoral grant MH 09121-01.

417.8 CORTICONIGRAL PROJECTIONS FROM AREA 6 IN THE RACCOON. 
S. T. S akai and D. Tanaka, J r . , D ep t. of Anatomy, M ichigan S ta te  
U n iv ., E ast L ansing , MI 48824.

A lthough i t  i s  known th a t  c o r t i c a l  a re a  6 p ro je c ts  s tro n g ly  to  
a number o f b a s a l g a n g l ia - r e la te d  n u c le i ,  the p resence  of a p ro 
je c t i o n  from a re a  6 to  th e  s u b s ta n t ia  n ig ra  (SN) i s  n o t w e ll docu
mented. A u to rad iog raph ic  s tu d ie s  have shown th a t  a rea  6 p ro je c ts  
to  SN in  th e  monkey. C o r tic o n ig ra l p ro je c t io n s  have a lso  been 
re p o r te d  in  th e  r a t ,  b u t i t  i s  n o t c l e a r  i f  th e se  p ro je c tio n s  
emanate from a com parable c o r t i c a l  a re a . F ind ings reg ard in g  a 
c o r t ic o n ig r a l  p ro je c t io n  in  th e  c a t  a re  eq u iv o ca l and th e re  a re  no 
s tu d ie s  th a t  have dem onstrated  t h i s  system  in  any o th e r  sp ec ie s  of 
c a rn iv o re . As par t o f our s e r ie s  of s tu d ie s  on a rea  6 p ro je c tio n s  
in  c a rn iv o re s , we chose to  in v e s t ig a te  the  e x te n t and d i s t r i b u t io n  
of c o r t ic o n ig r a l  p ro je c t io n s  a r i s in g  from a re a  6 in  the  raccoon.

In  th e  racco o n , th e  SN i s  composed of a t  l e a s t  3 c y to a rc h i te c -  
to n ic  s u b d iv is io n s : p a rs  r e t i c u l a t a  (S N r), p a rs  compacta (SNc), 
and p a rs  l a t e r a l i s  (SN1). The SNc i s  a w e ll de fin ed  c e l l - r i c h  
a re a  composed of dense ly  packed c e l l s  c o n ta in in g  d ark ly  s ta in e d  
N is s l  su b stan ce . I t  i s  lo c a te d  w ith in  the caudal 3 /4  of the 
n u c leu s . SNr i s  a c e l l - p o o r  zone bounded v e n t r a l ly  by the 
c e re b ra l  peduncle and ex tend ing  throughout the  le n g th  of SN. SN1 
i s  th e  s m a lle s t d iv i s io n  of SN and forms a sm all w in g -lik e  ex ten 
s io n  l a t e r a l  to  SNr. I t  c o n ta in s  c e l l s  w ith  a low to  m oderate 
packing  d e n s ity .

Follow ing in je c t io n s  of t r i t i a t e d  le u c in e  and p ro lin e  in to  
a re a  6 , un ifo rm ly  d is t r i b u te d  s i l v e r  g ra in s  of m oderate d e n s ity  
were observed o v e rly in g  most of the  m e d io la te ra l  e x te n t of the  
i p s i l a t e r a l  SNc. This la b e l  ex tended th roughou t th e  ro s tro c a u d a l 
e x te n t o f th e  subnucleus. S ilv e r  g ra in s  of low d e n s ity  were a ls o  
observed o v e rly in g  SN1 w h ile  in  SNr, s i l v e r  g ra in s  in d ic a t iv e  of 
la b e le d  f ib e r s  were d e te c te d  o v e rly in g  th e  m edial 1 /3  of th e  
subnucleus. In  a d d i t io n ,  the r e t r o ru b r a l  a re a  and th e  v e n t r a l  
tegm en ta l a re a  of T sa i co n ta in ed  s i l v e r  g ra in s .  No la b e l  was 
no ted  o v e rly in g  th e  c o n t r a la t e r a l  SN.

The p re s e n t f in d in g s  confirm  th e  e x is te n c e  of d i r e c t  
c o r t i c o n ig r a l  p ro je c t io n s  from a re a  6. These d a ta  a re  in t e r e s t i n g  
s in c e  a re a  6 has been im p lic a ted  in  the  i n i t i a t i o n  of movement and 
as such may e x e rt  an un ique in f lu e n c e  on th e  SNc, a reg io n  
i n t r i n s i c a l l y  t i e d  to  o th e r  b a s a l g a n g lia  s t r u c tu r e s .
(Supported by NIH NS 18551, NS 16991, and BRSG funds awarded to  
th e  C o llege  of O steo p a th ic  M ed ic in e).
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417.9 PATTERNS OF SYNLTTIC CONTACTS UPON INTRACELLULCBTLY LABELED
NIGROSTRIATAL NEURONS IN THE RAY. I, Grofova, H, Kita and
S.T, Kltal. Depts. of AnTtomy, Michigan Stute Univ., EaEt
LBnsing, Mc 48824 and Unit, of Tennvvtee, Mecphis, TN S8163

Previous ultrastructural studies have noticed remahkable 
diffenenves in the denn^. of nevne temiihavs in the pass coi^icta 
(SNC) and pars reticulata ( SeC^) of the subcbansva ni^a. Whilg 
thg robust dendtitas in the SNK ore ridcly invvsted by t erniina]. 
boutcns, syna]lsc conivcli on veintbtes in the SN. srs infvequecn.
It is therefore a ssumnd that the majoruty o f eyntvl:ic nf.erentv 
to the dopamsnetnUa nigroeiriutal SN. selb imptogv nn the* henhrau 
dendvbUes of these c ells whig. pi enntraes <1 ein toto the SN^
AlThough the nigrosiriutal ceKs are conutntraeld in the SNU) they 
can also be found wiihin the SN.. We have prsvisusly reposiud that 
thg dendtbUes of nigroeiriutal S51TO. oeurcns estebltoh a surh more 
extensivs dendvitic field in the SNR Yhan the nivaaeiriaasc sN. ..
neurons and majithus receive richer and posiihty diiaerent eyytvlc 
in^ut. Totest this hypts^g^ wetiave p estormid i uentitative 
mohuUsmumh.e analyses of the d istribetioi o f e yntpito b oetcni e n 
tww SNR oells and tww SNC s eUs whkh mere to^tolugtoaly an^ir 
mohuhsgogicaily identtceeh as nigraeirietsl prssumahse tobrysnergia 
neurons and intracellularly labeled wiih HRP.

Samplss wein selected from 50 urn thick plsstic-entoedded seehtons. 
whigh were further cut in 2-3 um thick sertol sectaons ans inspeshn 
ed in thg ligat mitaascope. Eato 1 abeled p rouufe wai e denlfied 
and inchoated on drawings of reconsteucted ceKs. Su.ca.le seeint 
thgn section contvininv the soma, proxima1 de^vites (de^titec 
up to 100 urn 1 istant f rom the si oma.. diatal de^tites ( tenniiat 
dendr.Ues in the SNR and SNC) and intehuldhbtl posieons of an pvus  
1000 um torg sagittally oriented dentotoe of ani of fhe ntoro- 
striadal SI. cells wein remohrntd on t block face and bhin- 
sectititd. The length o £ the si omaidendribic meibians op^su1 b y 
synaptto teomtoais, dendv.tas and o toer nonutynttSsc p> rsltos w ai 
mehtlred frem electroi mihragraphs using the B toquem .mars 
Anatyste System. Syn^s^ profifes related to the labeled ceUs . 
were classiffen into 3 distinct types using prsvisuscy esteblished 
critenia. In both SNC snd SNR oigraulrimtsl ce^s, the highest 
synaptto denstoy wai encournlced on lryxima1 denfcites an. .idel 
portion of venttal dendvtoas and. the next h ighest on toe s omita. 
Althoich thg synapse denttiy wai somei^t higher on the somato lnl 
proximrl dendriees of SNR ceKs than on the SNC selto, it shagley 
declinv0 on lomg sagitaal dento.tas conivined in the SNR an. ivnn 
miru so on distal poriion of doriue decriv.tes conivcned in the 
Boto SNC and SNR cells simi1ar diitribetion pa^crns of fhe
thgen boutoi types.

The observation suggeat that the extensiee dentoites of fNR 
nigrosteiatal cells are of minn imprslance for the receptton of 
synaptsc afferents and i^ia1 be involved in otoer functicns e

Su^ssied by NI. grant NS)U383‘

417.10 INTRACELLULAR RECORDING AND HRP STAINING OF RAT NIGRAL NEURONS.
J.M. Tepper, S.F. Sawyer*, S.J. Young*, and P.M. Groves. Dept. 
Psychiatry M-003, Univ. Calif., San Diego, La Jolla CA 92093.

Despite the abundance of data concerning the neuropharmacology 
and neurophysiology of substantia nigra dopaminergic (DA) neurons, 
relatively little is known about the role of afferent input in 
modulating the activity of these cells.

Intracellular recordings and HRP injections were obtained in 
urethane-anesthetized rats from nigral neurons, identified as DA or 
non-DA on the basis of established electrophysiological criteria. 
Most DA neurons responded to stimulation of the ipsilateral dorso-
lateral neostriatum with antidromic spikes, consisting usually of 
the initial segment (IS) spike only (63%), or occasionally of a 
full IS-SD spike (mean latency = 15.8 ms). A prominent, long- 
lasting hyperpolarization followed spontaneous or antidromic full 
spikes, which was not apparent following antidromically evoked IS 
spikes. Although non-DA nigral neurons in pars reticulata respond-
ed to striatal stimulation with pronounced IPSPs (mean onset 
latency - 8.5 ms), IPSPs were not apparent in DA neurons. Elec-
trical stimulation of the ipsilateral globus pallidus also gave 
rise to antidromic responses in DA neurons (mean latency - 6.5 ms). 
These antidromic responses almost always consisted of the IS spike 
only (92%), which was observed riding on a short latency (mean 
onset =3.7 ms) IPSP which could be reversed with injections of 
hyperpolarizing current. Non-DA reticulata neurons also responded 
to pallidal stimulation with IPSPs (mean onset latency = 3.5 ms). 
While many pars compacts neurons exhibited spontaneous activity 
typical of DA neurons in extracellular recordings, a significant 
proportion of neurons, later identified as DA on the basis of their 
intracellularly recorded action potential waveform and duration and 
antidromic responses, were silent prior to impalement.

At the light microscopic level, HRP-labelled DA compacts neurons 
were of medium size (15-25 ym) and emitted 3 or 4 primary dendrites, 
which branched very sparsely. Although most of the dendritic 
arborization appeared to follow the borders of the pars compacta 
in coronal section, one dendrite, usually the largest,- descended 
ventrally into pars reticulata. DA dendrites were largely smooth 
and non-varicose, with occasional spine-like appendages, mostly on 
the distal regions of the dendrites. The axons of compacta neurons 
emerged from the cell body or primary dendrites and, within substan-
tia nigra, were unmyelinated, of extremely fine caliber, and dis-
played irregularly spaced varicosities. The axon of one particu-
larly well-stained non-DA pars reticulata neuron collateralized near 
the cell body and appeared to form autaptic connections on the 
proximal regions of two large, ventrally directed dendrites.

This research was supported, in part, by the Office of Naval 
Research (contract N00014-85-K-0699), and by the National Institute 
on Drug Abuse (grants DA-02854 and DA-00079 to P.M.G.).

417.11 DOPSiLBLADLLIDG STUDY OF EFSERLLT COSSIITSCNS OF SUUiLCgLBIC 
NUIC/US IN THC TQUIiREL MOCST! A.I^.aIiut and Y . SmUt. LaB. Se
NeIhnbio'loiie< saE. °&1., Univesnite LaDll. ta/sdi.

The cellular origin and decjrte of oolloteralzatioi of the 
subtCal smortriatal, subtoa1 amsll]ra'l and sulcal dmotal 1 idal {rsm 
jetitoi] In thg squicrel nor1^ (SaCsit1 sc(llreilti sere stidibd 
us ™. Iehiin-coi]untteh toiiuitdiah f«ytul-l^ls (WG^R1), nutiesh 
ytlloi IN.) and ffst blue .FB), as retro^ade tracertl In a 
firei txpey<mtlttt sroipc<mptistog.4 an-itals, IO-HR. iar tojtce 
ten in left: putasrr (PUTi and riggt calldnbd nudito (CO). 
Fouicy-eigtt houic after injectwns. nulnrour setrograde.n la, 
beleh ceKs were! tornd to subtoa1 amir n ulcus .ST.), bilateral 
ly. On OUT-tojectet side labeled nettcni (x:illdud in .the etoaiuy 
lodetui twr-lhirda of ST., ohrohue <oi CD-injtct«< side they were 
confinvh to thg testtoullebl third of STR. In a seihailt<heyi- 
mrrtal gaoip, FB nas -injected dn PUT end NY in su^toela ni]rt 
(SC) in oneltotrtbe whiohus sB Lai detovsred in 0) pnd .Y to .W
in tcr othor tnimlll, FB Lnd NY Lere injtcted on the same tide. 
48 ant 1.8 oours toefere sacsK'ice, respeyhleely. Agiin, n ethnur 
cantatotov Oho omar -in,j^<^t^ .n PUT ccn^sd the enlre dobne 
ladetui twi-ihirdc of STH whiotut toose p•yUi^tlng to CD pere 
canfinth oo Oho ventrornleal toird of STbl. Nestcum yabeeed from 
SN injetttoi olsooccumuii .o the vestotnie1<cl third of STO grre 
toin wire cloiely toteemtogled wito those prsniclng to CD. 
HowirhSe only a ffo scat.eted doud c-< nbeced oe^o sere foeici 
affet CD/SC 'injecti©^ reveal.h . toot ves° few STIi nettcni sed° 
axei sol1 aterals to CD pndSN. In a toird ^^yemethtt grtu^ FB. 
wrs injet led in SN and oY to ^Kido. .GP- on the same
s(da in twi oki 1]^. In those anitali selhnnl ooh 1].ding tot;
teaiat Injecieh In GP were signiticintTy morn tivmroui than thosi 
d.sdtoiih after PUT .njectioi (secaid c^rtl^iis au. they Lteikingly 
oitnv^l)neeh neurons projectint tomsl sN .hat remaiiaJ co^ifed 
to tltg ventrunHal thtod of .Tl. Nestcui pmUicUng toward GP 
oicurru0 in virteclly all regions tf .Tl. guc toey cleaHy prs. 
vailod in thg soitrul twi-lhirds of this 00^100^ In coiiraudl 
ntdnol] projecti^ tom^d SN were mon abumtoa1 to toe saadic1 
totonl tr sTe gnd decreesed pry^itue1i^i^ in tumlhc to toe rostoa1 
twi-toirda of thg nucleus. It wai estinnted that: .O6 of al. 
rutoo^u.alyt'la.cto0 seurons in STC gontointd the tracer inrtctad 
in OR tarsm s0% of neurons totoled wito the tracer detovsreul in 
SC. A|E)yyuleatoty 10-20U of oil poylilve STC gettcm io ®^^ found 
to bc double-<aic<eh after GPRSC. tojectiois ant. i^oi I of then wem 
ly.^ at thg1 totottoia betoiet thg twi poputoiLtoit of single- 
lo^ieeoh neurons. The!»e 'ftotto^ reveal that STF. to pHeatoe 
projects tinCi morn profuse^ to GP snd PUTT tom SN md CT). wito 
oily o mtootlUy of neurons tending axier collaterals toward strtu- 
pyll1tbl strudiudee ond SN. (Supplied byWC mil R1ECC1

417.PO an  TLTBACLHCCTUCAC BOWY LF THA ENTTCEITPCTSAR c LATEA.C
HAgLLTSAB C RIOECT/AN IN THA SAY. AN SM CTWY LOW gMB RLACTED
WGi-HRg INLSCSOEROL TRCOn^G RECTNIQUE- Si Yul  Shu* and io MOn 
BaL- aSPCI: R.O. NeSsoni Dept. NeIrnnUuel| Fourth MOCitari 
MeCiebl ScCool, Sim. ShHnnsii Ch/na

A Laror afleadud source dn ihe hatsrnU habenulac nucleue'eLHbl 
ariues £^.1 toe dndmpryuncular nntdeue (EPI, hoMevn^i the 
uldrastructurnU mornhologr tf fhon terhila]s erdsryg Crfm hP 
wiilng tHB hag yemarnem endear. We repost here our obiervationi 
on the hon>hoMogr tf fP ixin teenlila]s yhrch gne onterogradily 
laO^eCod biih V/Gi-RRP.

A T% WGWRRI Ioirtdon to t .05 M CcC^ eu^^e^ir .pH 1.6) war 
torledid aorimprorelUdally Lntm UP of fhr ont wtih gto5- linlro- 
piytyte. ThC hAi-HRI war deliveshU bn tossing a positiva ourrent 
of f uA Too  U-lh uto. ThC raU war peyfueny after 2 days with m
fifa^tdre ho(rtdon toniisting af it paylUlemarddbhMt and 1.250 
gluSnraldihyde to t.l M cCsophate Ohef^if' .pH 1.4). The brain 
war eeyhnoned an v libretime ot 100 um toegtnbts. The snctioai
were oemolnd aito Mhr OMC technomge onl inamtoed with o ltgaa 
milrouienil SuUsequentlm, tHb wnr diasyednr cut and poytfiatn 
wito M% osi I. nedi at 453c Noo  U to l hours and aOalieV an bloc 
wito o aylrnUld athrMiVic nmnit a estate. ThC tissue onr them 
deboMrated, tmOhdded in Vpsni cui w ito o ShB-l u1drainilantome 
anl ixonimV aito o SBP-12 olochnrn pilroscopil

At t he 0 ioht m torosuonic lews, daak bluec d ensely tabieed 
tetontoaVd eere hoarc torMugnaMl LHb. At the otecOnon pSlloscopic 
leod/the OaO^eeoo^ iecoiihaVs eere theatified bn thcir content of 
onu 0x ^1011 ornutalsinke ORgcTMC Limoilon vhyductSl M>sC of the 
labdod bethdraVs eofier axiedendrViUc ayntpses with ottocm 
syybltlical or aslybltlical syntptic nnntacts. 0csalllyal]l, 
labdod beihitoaVs eoamUng asllibltlicnl axo-spindic or symmetrical 
8X1-10(11.0 lyntviss eere olso ubierves <

ThC demoics ef fhii studc Lugnest tori sit leaet too typts oh 
syybvisy ers Ooemeh by th ifOeaduh axon tiroUials on Vlb neuroni, 
anl bhai they ta. tams Oibfeeomd syntptic notionv
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417.13 INTERRELATIONS OF THE SPINOTHALAMIC, CEREBELLOTHALAMIC AND THALAMO- 
STRIATAL PROJECTIONS IN THE INTRALAMINAR NUCLEI: AN ANTEROGRADE- 
RETROGRADE TRACING STUDY IN THE CAT. M. B entivoglio , D. M inciacchi* 
M. M olinari, A. S bricco li*  and G. Macchi*. In s t i tu te  of Neurol ogy, 
Catholic U niversity , 00168 Rome, I ta ly .

Spinothalamic and cerebello thalam ic f ib e rs  represen t the main 
subcortical a ffe re n ts  to  the a n te r io r  in tralam inar n u c le i. The 
in tra lam inar e ffe re n ts  are  heavily d is tr ib u te d  upon the stria tum  
and are widely d is tr ib u te d  upon the cerebral co rtex . The present 
study was aimed a t in v estig a tin g  in the c a t the topographical 
in te r r e la tio n s  between the in tra lam inar c e l ls  p ro jec ting  to  the 
head of the caudate and the afferents from spinal cord or deep 
c e reb e lla r  n u c le i. A simultaneous an terog rade-re trog rade  fluo rescen t 
trac in g  s tra teg y  was here adopted. The tra c e r  Fast Blue (FB) was 
used to  label an terogradely the a ffe re n ts  to  the in tra lam inar 
nuc le i. Evans Blue (EB) was used to label re trograde ly  the in tr a 
laminar c e l ls  p ro jec ting  to  the caudate. In one group of cats  FB 
was in jec ted  in the grey and white m atter of the cerv ical cord and 
EB was in jec ted  ip s i la te r a l ly  in the head of the caudate. In another 
group FB was in jec ted  e ith e r  in the superio r c e reb e lla r  peduncle or 
in the deep c e reb e lla r  nuclei and EB was in jec ted  in the con tra 
la te ra l  caudate. All of the in je c tio n s  were made under deep Nembutal 
anesthesia . The d is tr ib u tio n  of spinal or c e reb e lla r  term inals and 
thalamocaudate c e l ls  was c a re fu lly  studied  in the cen tra l la te ra l  
(CL), paracen tral (Pc) and cen tra l medial (CeM) n u c le i. In the 
f i r s t  group of animals overlap between the anterograde labeling  
from the spinal cord was observed in the p o s te r io r p a rt of the 
a n te r io r  in tra lam inar n u c le i, e sp ec ia lly  in CL. In the second group 
of animals the overlap between the anterograde labe ling  from cere
bellum and the in tralam inar-caudate  c e l ls  was heavier than in the 
preceding cases and was concentrated in the dorsal p a rt of CL, 
throughout most of i t s  an te ro p o ster io r ex ten t.

In some of the previous cases the re trograde tra c e r  Diamidino 
Yellow (DY) was a lso  in jec ted  in the primary motor co rtex . These 
cases allowed the study of the two populations of c e l ls  labeled 
from caudate and motor cortex  and the a ffe re n ts  e i th e r  from spinal 
cord or cerebellum . The anterograde labeling  from spinal cord or 
cerebellum overlapped ex tensively  the in tra lam inar c e l ls  labeled 
from the motor co rtex . Further, i t  was observed in these cases th a t 
spinal or cerebel l a r a ffe re n ts  overlapped in CL the areas containing 
the EB-DY double labeled c e l l s ,  i . e .  the neurons branching to both 
motor cortex and caudate.

The present resu l ts  in d ica te  th a t the a n te r io r  in tra lam inar 
nuclei convey to  basal ganglia as wel l  as motor cortex the input 
from spinal cord and cerebel l um. The in tra lam inar nuclei may thus 
provide the s tru c tu ra l c o rre la te  fo r a powerful subcortical and 
su b co rtico co rtica l sensorim otor in te g ra tio n .

417.14 FLUORO-GOLD LABELS PATCHES OF STRIATAL NEURONS AFTER STRIATAL 
INJECTION INTO TWO-DAY OLD RATS. A.M. Snyder-Keller, 
M.J. Zigmond, and R.D. Lund. Dept. of Neurobiology, Anatomy and 
Cell Science and Center fo r Neuroscience, University of 
P ittsburgh, Pittsburgh, PA 15261.

The use of the new tra c e r  Fluoro-Gold (Fl uorochrome, 
Inc.) to  label neurons projecting to  the region injected has 
been described by Schmued and Fallon (Soc. Neurosci. Abs. 
11: 199, 1985). We have used th is  tra c e r  to  label neurons 
retrogradely in  the raphe nucleus and substantia nigra a f te r  
in jections in to  r a t  striatum  a t  two days of age. Four days 
a f te r  single injections of 20-30 n l Fluoro-Gold were made into 
the ro s tra l striatum , numerous labelled  c e lls  were found in  both 
regions. Nigral c e lls  were densely labelled  with considerable 
f i l l in g  of dendrites, while raphe neurons were c learly  labelled 
but le ss  dense. Comparable numbers of labelled  c e lls  were s t i l l  
obtained a f te r  survival times of one month or greater.

An examination of the injected striatum  e ith e r  four days 
or four weeks a f te r  in jection  a t  two days of age revealed 
patches of c e lls  th a t had concentrated the Fluoro-Gold. These 
patches were present in  both dorsal and ventral striatum , and 
often a t  some distance from the p ip e tte  placement. When these 
sections were processed fo r immunocytochemistry using an 
antibody to  tyrosine hydroxylase, dopamine "islands" were 
revealed Which overlapped precisely  the patches of Fluoro-Gold- 
labelled  neurons. On other sections, AChE histochemistry 
revealed a p a r tia l contiguity of AChE-rich zones and Fluoro-Gold 
patches, Which was most complete in  the la te ra l  and caudal 
portions of the striatum . In animals given in traven tricu lar 
in jections of 6-hydroxydopamine to  destroy dopamine terminals 
e ith e r  before or a f te r  the Fluoro-Gold in jection , patches of 
labelled  neurons were s t i l l  seen. The patches o f labelled 
neurons were not seen in  animals given Fluoro-Gold injections 
a f te r  the f i r s t  ten  days of age.

Since patches of Fl uoro-Gold-labelled neurons correlated 
d irec tly  with the d is trib u tio n  of dopamine term inals a t  the time 
of in jection , early  in jections of th is  tra c e r  can be used to  
mark the dopamine islands which otherwise are not easily  
revealed in  older animals. Furthermore, since destruction of 
dopamine term inals did not a ffe c t the appearance of Fluoro-Gold- 
labelled  patches, the a b il i ty  of those neurons to  concentrate 
Fluoro-Gold must represent an in tr in s ic  property of those 
neurons to  which dopamine term inals in i t ia l ly  pro ject.
(Supported in  p a rt by NS19608 and EY05308.)

417.15 three- dimensional reconstructions of a striosomal network in  the 
CAUDATE NUCLEUS OF ADULT CATS. M .Martone*,  P .M .G roves, S .J.Y oung* 
and D.M.Armstrong (SPON: R .K atzm an). D e p t's  of N eurosciences and 
P s y c h ia try , UCSD School of Med. San D iego, CA 92093.

The mammalian n e o s tr ia tu m  has been com partm en talized  based on 
p a t te rn s  o f h is to c h e m ic a l s ta in in g ,  r e c e p to r  lo c a l i z a t i o n  and a f 
f e r e n t  and e f f e r e n t  c o n n e c tio n s . One s e r ie s  o f com partm ents con
s i s t s  o f zones app rox im ate ly  300μ  in  c ro ss  s e c t io n ,  termed s t r i o -  
som es, which can be id e n t i f i e d  in  th e  l i g h t  m icroscope by th e i r  
h ig h  le v e ls  o f e n k e p h a lin - l ik e  im m unoreactiv ity  (ELI) and low le v 
e l s  o f AChE r e a c t iv i t y  compared to  th e  su rro u n d in g  m a trix  (G rayb ie l 
e t  a l , N eu ro sc i. , 6 :3 7 7 , 1981). In d iv id u a l s tr io so m e s  can be f o l 
lowed th rough s e v e ra l  s e c t io n s  su g g es tin g  th a t  they  a re  p a r t s  of 
3 -d im ensional s t r u c tu r e s  w ith in  th e  n e o s tr ia tu m .

In  th e  p re s e n t s tu d y , th e  3 -d im ensional o rg a n iz a tio n  o f th e se  
com partm ents in  th e  caudate  nucleus  of a d u l t  c a ts  was in v e s t ig a te d  
u s in g  c o m p u te r-a s s is te d  3-D s te re o  r e c o n s t ru c t io n s .  The s tr io so m e s  
were la b e l le d  u s in g  a n t ib o d ie s  to  le u -e n k e p h a lin . S e r ia l  50μ  co ro 
n a l (N=2) o r h o r iz o n ta l  (N=l) s e c t io n s  were cu t th rough th e  head 
and body of th e  caudate  n u c leu s . Every o th e r  o r every  th i r d  s e c 
t io n  was incu b a ted  w ith  a n t ib o d ie s  to  le u -e n k e p h a lin  (Immunonucle- 
a r )  a t  a d i l u t io n  o f 1:2000 and p rocessed  u s in g  p e ro x id a s e -a n t i
p ero x id ase  im munocytochemistry w ith  n ic k e l c h lo r id e  (N iC l2) in te n 
s i f i c a t i o n .  On in d iv id u a l  s e c t io n s ,  th e  s tr io so m e s  appeared  as 
d i s c r e te  p a tch es  o f in te n s e  ELI a g a in s t  a l i g h t e r  s ta in in g  back
ground. Camera lu c id a  d raw ings  were made o f each s e c t io n  showing 
th e  o u t l in e  o f th e se  p a tch es  and th e  caudate  n u c leu s . Each draw
in g  was then  tra c e d  in to  th e  com puter u s in g  a h igh  r e s o lu t io n  
d ig i t i z in g  t a b l e t .  S ec tio n s  were a lig n ed  u sin g  th e  o u t l in e  o f th e  
caudate  and m ajor b lood v e s s e ls  fo r  r e g i s t r a t i o n .

P re lim in a ry  an a ly se s  of r e c o n s t ru c t io n s  of 3 b r a in s ,  bo th  r ig h t  
and l e f t  s id e s ,  in d ic a te  th a t  th e  p a tch es  seen  in  in d iv id u a l s e c 
t io n s  o v erlap  a c ro s s  s e c t io n s  to  form a h ig h ly  in te rc o n n e c te d  3- 
d im ensional s t r u c tu r e  w ith in  th e  head and body o f th e  ca u d a te . In  
some c a s e s , in d iv id u a l  p a tch es  could  be fo llow ed fo r  over 50 se c 
t io n s  (5mm). A c o n s is te n t ly  observed p a t te r n  was th e  fo rm ation  of 
b ranches r a d i a t i n g  d ia g o n a lly  from th e  v e n t r ic u l a r  edge ac ro ss  th e  
w id th  o f th e  ca u d a te . Sm aller b ranches were o f te n  seen  ex tend ing  
from th e se  b ranches to  form r in g - l ik e  s t r u c tu r e s  o f v a r ia b le  d ia 
m e te r. Comparisons between anim als su g g es t th a t  c e r t a in  fe a tu re s  
o f th e  o v e ra l l  p a t te r n  a re  s im i la r  from anim al to  an im al. Addi
t i o n a l  re c o n s t ru c t io n s  in  bo th  th e  c a t and r a t  as w e ll as more 
q u a n t i ta t iv e  a n a ly se s  a re  in  p ro g re s s .

This work was suppo rted  by g ra n ts  ONR N00014-85-K-0699 and 
PHSDA 00079 to  PMG, USPHS 1 T32 GM08107-01 to  MM and AG05344 to  
DMA.

417.16 A STRIATAL MOSAIC REVEALED BY LECTIN BINDING AND TRITIATED FUCOSE 
INCORPORATION IN THE EARLY POSTNATAL MOUSE. T .F .O ' B ie n * ,  D.A. 
S te in d le r ,  and N.G.F. Cooper (SPON: R .C a ld w e ll) . D ept. o f Anatomy 
and N eurob io loby , Univ. of Tenn./M emphis,  Memphis,TN 38163

Numerous s tu d ie s  have examined th e  com partm ental o rg a n iz a tio n  
of th e  mammalian n e o s tr ia tu m , n o tin g  the  p resence  o f d i s t i n c t  
mosaic p a t te rn s  seen  in  neurochem ical or axonal tr a c in g  p rep a ra 
t io n s  (O lson e t  a l . ,  B rain  R es. ,4 4 :2 8 3 ,  '7 2 ; Butcher and Hodge, 
B rain Res. ,1 0 6 :2 2 3 , '76; Goldman and N auta, J .com p .N euro l.,1 7 1 : 
3 6 9 , '7 7 ; Herkenham and P e r t ,  J .N e u ro sc i. ,2 :1 1 2 9 ,  '8 2 ; G rayb ie l, 
P rog .B rain  R es. ,5 8 :2 4 7 , '8 3 ; G erfen , J .com p .N euro l. ,2 3 6 :4 5 4 , '8 5 ) .  
' S tr io so m e s ' (G ray b ie l and R agsdale, PNAS, 7 5 :5 7 2 3 , '7 8 ) have now 
been dem onstrated  u s ing  h is to c h em ica l d e te c tio n s  of t r a n s m it t e r s ,  
enzymes such as  a c e t ly c h o l in e s te r a s e , o r in  au to rad io g rap h s  
fo llo w in g  la b e l in g  o f o p ia te  r e c e p to r s .  In  th e  p re se n t s tu d y , we 
have examined s u b s t ru c tu re  w ith in  th e  n eo s tr ia tu m  of e a r ly  p o s t
n a ta l  mice u s in g  le c t i n  b ind ing  and in c o rp o ra tio n  of th e  g lycan  
3H f u c o s e .  P o s t n a t a l  day 2 ICR m ice w ere a n e s t h e t i z e d  and 
r e c e iv e d  i n t r a p e r i t o n e a l  i n j e c t i o n s  o f 3H fu c o s e  (NEN), and 
su rv iv ed  lh r-19days a t  which tim e they  were c a rd ia c  p erfu sed  w ith 
mixed a ld eh y d es . P a r a s a g i t ta l  and f la t te n e d  ta n g e n tia l  vibratom e 
s e c t io n s  were in cu b a ted  in  pero x id ase  la b e le d  peanut a g g lu tin in  
(PNA) o r b io t in y la te d  PNA, and re a c te d  fo r  perox idase  c ty o -  
c h e m is try . Some s e c t io n s  were f u r th e r  p rocessed  fo r  a u to ra d io 
g raphy . H istochem ical la b e l in g ,  in d ic a t iv e  o f PNA b in d in g , was 
ex trem ely  pronounced in  th e  s tr ia tu m  on p o s tn a ta l  day 6, and took 
th e  form of r in g s  and oblong s t r u c tu r e s  which c o n tr ib u te d  to  a 
v a r ie g a te d  m osaic. These s t r u c tu r e s  a re  o f te n  doughnut-shaped, 
c o n s is tin g  o f in te n s e  o u te r  rim s o f la b e lin g  w ith  l i g h te r  
c e n te r s .  S ta in in g  i s  g e n e ra lly  more in te n s e  in  th e  d o rs a l h a l f  of 
th e  s tr ia tu m , w ith  bo th  th e  l e c t i n - p o s i t iv e  is la n d s  and su rround
ing  a re a s  becoming l i g h t e r  approach ing  th e  v e n t r a l  s t r ia tu m . 
A u to rad ig rap h ic  la b e lin g  of 3H fucose in c o rp o ra tio n  in  the  
s tr ia tu m  i s  very  s im i la r ,  and th e  mosaic p a t te rn s  a re  more su b tle  
and la b e l in g  o f f a s c i c le s  more conspicuous in  th e se  p r e p a ra tio n s . 
We b e l ie v e  th a t  th e  unique s t r i a t a l  la b e lin g  p a t te rn s  d esc rib ed  
here  r e l a t e  to  boundaries of s tr io s o m e s , in  keeping  w ith  s im i la r  
o b se rv a tio n s  made on hidden boundaries o f deve lop ing  'b a r r e l s '  in  
th e  som atosensory c o rte x  of mice a ls o  us ing  l e c t i n  re c o g n itio n  of 
p a r t i c u l a r  g ly c o sy la te d  m olecules (Cooper and S te in d le r ,  J . comp. 
N euro l. , 2 4 9 , '8 6 ) .  We a lso  b e l ie v e  th a t  both l e c t i n  b ind ing  and 3H 
fucose in c o rp o ra tio n  a re  predom inan tly  a s s o c ia te d  w ith  g l i a l  
e lem ents and r e l a te d  p a t te rn  fo rm ation  m olecules du ring  th i s  
pe rio d  (S te in d le r  and Cooper, J . comp. N euro l.2 4 9 ,  '8 6 ; Cooper and 
S te in d le r ,  B rain  R es. ,  '8 6 ) ,  and thus  th e se  p a t te rn s  observed in  
th e  s tr ia tu m  m ight r e f l e c t  an e a r ly  p o s tn a ta l  s t a b i l i z a t i o n  of 
th e  n e o s t r i a t a l  m osaic. Supported by NIH/NINCDS g ra n t NS-20856,
WEI grant EY-02708, and the UT Memphis Center for Neurosci ence.
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417.17 BRAIN ACETAMINOPHEN MEASUREMENT BY IN VIVO DIALYSIS, I N VIVO 
ELECTROCHEMISTRY AND TISSUE ASSAY: A COMPARISON OF NEUROCHEMICAL 
TECHNIQUES IN THE RAT. K.E. Sabol* and C.R. Freed, (SPON: T. 
Audesirk). Depts. of Med. and Pharm., Univ. Colo. Health Sci . 
Ct r . ,  Denver, CO 80262.

The i n  vi vo d ia ly s i s  technique for monitoring neurochemical 
a c t i v i t y  in bra in has provided an improvement on push-pull methods 
by reducing t i s s u e  damage by the cannula. Wages and Just ice  
(Analy. Chem., in press,  1986) have developed a concentr ic  cannula 
and incorporated i t  into a system of online analysis  of the 
d ia ly sa te  using HPLC with electrochemical (EC) de tec t ion .  With 
instrumentation sim ilar to  t h e i r s ,  we have compared in vivo 
d ia ly s i s  with in vivo electrochemis try and d i re c t  t i s s u e  assay 
using the EC de tectab le  drug acetaminophen (APAP). Urethane 
anesthetized male Sprague-Dawley ra ts  300-450 g were implanted 
with d ia ly s i s  cannulae (850 u diameter) in the  l e f t  s tr ia tum. 
Ringer's  solu tion with 10 uM para-aminophenol as an internal  
standard and 1.0 mM glu ta th ione as an ant i -oxidant  was perfused 
through the cannula a t a ra te  of 1.58 u l/min. The cannula outflow 
tube was connected to  a computer contro l led  pneumatically 
act ivated  Rheodyne 7013 HPLC in jection  valve with a 5 ul sample 
loop using low volume tubing (2.43 u l / f t ) .  The column was I × 100 
mm packed with 3 u Adsorbosphere CI8 and the EC detecto r  was an 
LC4B (Bioanaly t ica l  Systems). Samples were automatically  injected 
every 10 min. After baseline  recordings were made, 75 mg/kg APAP 
was in jected i .p .  and s t r i a t a l  levels  were monitored by d ia ly s i s .  
In other experiments, r a t s  were implanted with EC electrodes  and 
injected with APAP. The EC peak for APAP was f o l l owed and 
compared to  the d ia ly s i s  peak. In a th i rd  group of experiments, 
anesthetized animals were in jected with APAP and decapitated a t 
in te rva ls  a f te r  the  in jec t ion .  S t r i a ta l  t i s s u e  was d is sected and 
assayed for APAP. In a fourth experiment, in v i t ro  est imates  of 
d ia ly s i s  e f f ic iency  were made by placing d ia ly s i s  cannulae in a 
beaker containing 100 uM APAP. The in vivo d ia ly s i s  experiments 
showed tha t  APAP reached a peak concentrat ion of 17.1 ± 1.4 uM 
(n=6) 80 min a f te r  the  in jec t ion  of APAP. The EC peak for 
acetaminophen was maximal 70 min a f te r  drug in jec t ion .  The shapes 
of the APAP curves measured by EC and d ia ly s i s  were the same. 
Direct t i s s u e  assay of APAP showed a peak t i s s u e  concentrat ion of 
232 ±  16 uM (n=6) 50 min a f te r  drug in jec t ion .  Thus, the d ia ly s i s  
concentrat ion was only 7% of the  APAP in the t i s su e  and the peak 
t i s s u e  content occurred 20-30 min before the  peak EC and d ia ly s i s  
measurements. I n v i t r o  recovery e f f ic iency  of APAP by d ia ly s i s  
was 28%. We conclude tha t  d ia ly s i s  and in vivo EC o ffer  equivalent  
measurements of ex t ra c e l lu l a r  f lu id  APAP. D ia lysis  e ff ic iency 
appears to  be less  in vivo than in v i t ro  possibly because of slow 
t i s su e  d if fus ion  of APAP or concentrat ion of APAP in t r ac e l l u la r ly .

417.18 DEVELOPMENTAL CHANGES IN THE DISTRIBUTION OF STRIATONIGRAL 
TERMINALS. Gord F is h e l l*  and Derek van der Kooy (Spon. P. S tew art) 
Departm ent of Anatomy, U n iv e rs ity  of Toron to , T oron to , Canada M5S 
1A8.

The s tr ia tu m  can be d iv id ed  in to  two com partm ents, th e  patch  
and m a tr ix , se p a ra te d  on th e  b a s is  of a f f e r e n t  and e f f e r e n t  con
n e c t io n s ,  neurochem icals  and re c e p to r  ty p e s . R ecently  we have 
shown th a t  th e  c e l l  bo d ie s  of th e  e a r l i e s t  p ro je c tio n s  of th e  
s t r i a t o n i g r a l  pathway (E18-E20) p rov ide  an embryonic m arker o f what 
w i l l  become th e  a d u lt  pa tch  compartment of th e  s tr ia tu m . M atrix  
neurons ( in  a second wave of p ro je c t io n s )  send axons to  th e  sub
s t a n t i a  n ig ra  (SN) d u ring  the  f i r s t  p o s tn a ta l  week. The d is p a r i ty  
in  th e  developm ental tim ecou rses of s t r i a to n ig r a l  neurons o r ig in a t 
ing  from th e  patch  and m a trix  compartments allow s us to  ask i f  the  
p atch  and m a trix  neurons te rm in a te  in  d i f f e r e n t  reg io n s  of th e  SN 
and w hether th e se  te rm in a l p a t te rn s  change du ring  developm ent. The 
SN d i s t r i b u t io n  o f s t r i a t o n i g r a l  te rm in a ls  was compared to  th a t  of 
ty ro s in e  hydroxy lase  (a m arker fo r  dopamine p e r ik a ry a ) . The a n t
ero g rad e  axonal t r a c e r  Rhodamine is o th io c y a n a te  (RITC) was in 
je c te d  in to  embryonic (E) o r p o s tn a ta l  (PND) s tr ia tu m . A fte r 
v a r ia b le  s u rv iv a l p e rio d s  ( in  o rd e r to  a s s e s s  developm ental changes) 
embryos o r pups had th e i r  b ra in s  removed and SN s e c t io n s  were 
p rocessed  fo r  im m unofluorescent v is u a l iz a t io n  of ty ro s in e  hydroxy
la s e .  A ll ca ses  in v o lv in g  bo th  RITC in je c t io n s  and s a c r i f i c e  d u r
ing  th e  f i r s t  p o s tn a ta l  week in d ic a te  th a t  th e  s t r i a t a l  p ro je c t io n  
i s  a lm ost s o le ly  to  th e  p a rs  r e t i c u l a t a  p o r tio n  o f th e  SN (as i t  i s  
in  th e  a d u l t ) .  Thus, p o s tn a ta l  s t r i a to n ig r a l  te rm in a ls  a re  comple
m entary to  ty ro s in e  hydroxy lase  which i s  lo c a te d  p r im a r ily  in  th e  
p a rs  com pacta p o r tio n  o f th i s  n u c le u s . However, in  ca ses  w ith  
em bryonic RITC in j e c t io n s  and s a c r i f i c e  (E19-E20) a la rg e  ov erlap  
between s t r i a t o n i g r a l  te rm in a ls  and dopamine neurons was observed 
in  th e  SN. E19-E20 re p re s e n ts  the e a r l i e s t  tim e a t  which the 
patch  compartment i s  d is c e rn ib le  in  th e  s tr ia tu m . Remarkably, 
r a t s  in je c te d  w ith  th e  an te ro g rad e  t r a c e r  RITC a t  embryonic tim es 
and s a c r i f i c e d  a t  PND2 and 10 rev ea led  th a t  th e  e a r ly  s t r i a to n ig 
r a l  te rm in a ls  had s o r te d  them selves in to  a complementary r e l a t i o n 
sh ip  to  dopamine p e r ik a ry a  id e n t ic a l  to  th a t  observed in  p o s t-  
n a t a l l y  in je c te d  an im als. The t r a n s i e n t  o v erlap  o f s t r i a to n ig r a l  
te rm in a ls  w ith  dopamine neurons in  th e  SN may p lay  a r o le  in  the 
developm ent and d i f f e r e n t i a t i o n  o f bo th  p a tch  neurons in  th e  
s tr ia tu m  and dopamine neurons in  th e  SN. In  a d d i t io n ,  the  e a r ly  
dopamine n i g r o s t r i a t a l  and e a r ly  s t r i a to n ig r a l  p ro je c tio n s  may 
p rov ide  p io n e e r s u b s t r a te  pathways fo r  each o th e r .  Although we 
observed no d if fe re n c e s  in  th e  p o s tn a ta l  d i s t r i b u t io n  o f patch  
and m a tr ix  s t r i a to n ig r a l  te rm in a ls , an EM study  may re v e a l q u an ti
t a t i v e  o r sy n a p tic  d if f e re n c e s  between th e  te rm in a tio n s  o f these  
two d i s t i n c t  s t r i a t a l  p o p u la tio n s .

417.19 LONG-TERM CHANGES IN SYNAPTIC ORGANIZATION OF THE MOTOR THALAMUS 
OF THE CAT AFTER ITS DEAFFERENTATION FROM SUBSTANITA NIGRA. K. 
K u l ta s - I l in s k y , C. C u thbert*  and I .  I l i n s k y . D ep t. o f  Anatomy, 
U n iv e rs ity  o f Iowa C ollege o f M edicine, Iowa C ity , IA 52242.

S u b s ta n tia  n ig ra  p a rs  r e t i c u l a r i s  (SNr) g iv e s  r i s e  to  a GABA- 
e rg ic  in h ib i to r y  pathway th a t  in  th e  c a t  te rm in a te s  in  th e  
v e n t r a l  a n t e r io r  (VA) and v e n t r a l  m edial (VM) th a lam ic  n u c le i .  
The u l t r a s t r u c t u r a l  f e a tu r e s  and sy n a p tic  s i t e s  o f  th i s  pathway 
on th a la m o c o r tic a l p ro je c t io n  neurons (TCPN) were d esc r ib e d  in  
d e t a i l  e a r l i e r .  In  th e  p re s e n t s e r ie s  o f experim en ts long -term  
ev e n ts  caused  by d eg e n e ra tio n  o f n ig ro th a la m ic  f ib e r s  were 
s tu d ie d . S te r e o ta c t ic  in je c t io n s  o f ib o te n ic  o r k a in ic  a c id  were 
made in  th e  SNr. Animals were s a c r i f i c e d  a t  1 week, 2 weeks, 
1 .5 , 3 , 6 and 12 months p o s t le s io n .  Samples from th e  VA and VM 
were p ro cessed  fo r  e le c tro n  m icroscopy, and s u b je c te d  to  f u r th e r  
q u a l i t a t i v e  and q u a n t i t a t iv e  a n a ly s is .  The i n i t i a l  measurements 
were done from th e  m icrographs u s in g  th e  B ioquant image a n a ly s is  
system . The r e s u l t s  were th e n  p ro cessed  by W ilbur IBM system  
u sin g  a program s p e c i a l l y  designed  fo r  th e  pu rp o se . A la rg e  
number o f p a ram ete rs  were th u s  an a ly zed , in c lu d in g  th e  ty p e s , 
s iz e s  and number o f  boutons c o n ta c tin g  d i f f e r e n t  o rd e r  d e n d r i te s  
o f th a la m o c o r tic a l p ro je c t io n  neu ro n s , % o f d e n d r i t ic  membrane 
le n g th  apposed by g l i a  and th e  d e n d r i te s  o f  lo c a l  c i r c u i t  neu
rons (LCN), d e n s ity  o f d i f f e r e n t  type  boutons and s y n a p tic  
co n ta c ts  on th e  TCPN d e n d r i te s ,  e t c .   The r e s u l t s  o f th e  a n a ly 
s i s  in d ic a te  t h a t :  1. A lthough th e  i n i t i a l  d eg e n e ra tio n  p ro cess  
and rem oval o f  d e b r is  i s  r a th e r  f a s t  and com plete by second 
week, s in g le  d eg e n e ra tin g  te rm in a ls  can be observed as l a t e  as 3 
months p o s t le s io n .  2 . The s i t e s  o r ig i n a l l y  occup ied  by n ig r a l  
boutons become occup ied  by g l i a  whose a p p o s i t io n a l  le n g th  on th e  
d e n d r i te s  i s  s t i l l  in c re a s e d  a t  6 months p o s t le s io n .  3 . The 
d e n s i ty  o f  sy n a p tic  boutons w ith  sym m etrical c o n ta c ts  (c h a ra c 
t e r i s t i c  o f  n ig r a l  bou tons) keeps d e c re a s in g  up to  1 y e a r  p o s t 
le s io n .  4 . The s ig n s  o f  sy n a p tic  rem odeling in  in d iv id u a l sub
d iv is io n s  o f th e  m otor n u c le i  d i f f e r  depending on th e  o r ig in a l  
com position  o f a f f e r e n t  and lo c a l  in p u ts  on TCPN d e n d r i te s  i . e .  
zone o f o v e rlap  o f  n ig r a l  and p a l l i d a l  p ro je c t io n s  v s . pure  
n ig r a l  t e r r i t o r y .  Thus, in  some reg io n s  th e  number o f c o n ta c ts  
made by LCN on TCPN d e n d r i te s  appear to  be in c re a se d  w hereas in  
o th e rs  rem aining  in t a c t  te rm in a ls  ten d  to  expand. These d a ta  
su g g es t t h a t  slow p l a s t i c i t y  type  ch a n g es  occur in  th e  a d u l t  
m otor thalam us a f t e r  i t s  d e a f f e r e n ta t io n  from th e  in h ib i to r y  
n ig r a l  a f f e r e n t s .  Supported  by NINCDS g ra n t R0119280.

417.20 CATACHOLAMINE NEURONS IN THE OPOSSUM MIDBRAIN. James C. H a z le tt 
and George F. M a rtin , D ept. Anatomy and C e ll B io logy , Wayne S ta te  
U n iv e r s ity , D e tr o i t ,  M ichigan and D ep t. of Anatomy, The Ohio S ta te  
U n iv e rs ity , Columbus Ohio.

As a p re lu d e  to  ongoing s tu d ie s  of m eso te le n cep h a lic  co n n ec tiv 
i t y  and development in  th e  opossum, ca tacho lam ine  neurons were 
id e n t i f i e d  in  4 a d u lt  opossums u sing  ty ro s in e  hyd roxy lase  and 
p ro cess in g  by PAP im m unocytochem istry. In  th e  d o rs a l m idbrain  
ca tacho lam ine  c e l l s  were observed in  m edial p o r tio n s  o f th e  d o rsa l 
raphe nuc leus  ca u d a lly  and w ith in  th e  c e n tr a l  g ray , p a rs  v e n t r a l i s  
r o s t r a l l y .  More v e n t r a l l y ,  a t  l e a s t  s ix  id e n t i f i a b l e  c e l l  groups 
co n ta in ed  such neu rons . C audally  a few of them were p re s e n t in  
th e  deep tegmentum and in  th e  a d ja c e n t peduncu lopon tine tegm ental 
a re a  (TgPP); w hereas a t  s l i g h t ly  more r o s t r a l  le v e l s ,  they  were 
found in  th e  caudal end o f th e  s u b s ta n t ia  n ig r a ,  p a rs  com pacta. 
From th i s  p o in t r o s t r a l l y ,  th e  p a rs  compacta expanded and was 
c h a ra c te r iz e d  by th e  p resen ce  of numerous ca tacho lam ine neurons. 
The p a rs  r e t i c u l a t a  and p a rs  l a t e r a l i s  of th e  s u b s ta n t ia  n ig ra  
co n ta in ed  on ly  a m oderate number o f such c e l l s .  C atacholam ine 
neurons were a ls o  found th roughou t th e  e n t i r e  lo n g i tu d in a l  
e x te n ts  o f th e  nuc leus  l i n e a r i s  and v e n t r a l  tegm enta l a rea  (VTA) 
as  w e ll a s  w ith in  th e  deep tegmentum v e n t r a l  and l a t e r a l  to  th e  
red  n u c le u s .

Due to  f o r tu i to u s  s ta in in g  of d e n d r i t ic  p ro c e s s e s , many neurons 
in  th e  above m entioned lo c i  could  be c l a s s i f i e d  as i s o d e n d r i t ic .  
F u rth e r  c o n firm a tio n  of t h i s ,  p lu s  in fo rm a tio n  p e r t in e n t  to  th e  
con n ec tio n s  o f th e se  c e l l s ,  has been o b ta in ed  from th e  r e s u l t s  of 
HRP in j e c t io n s  in to  v a r io u s  le v e ls  o f th e  caudate  nucleus  and 
putamen. A lthough we p re s e n t ly  la c k  th e  c o lo c a l iz a t io n  d a ta  fo r  
TH r e a c t iv i t y  and HRP im m unoreactive n eu rons , i t  i s  c le a r  th a t  
neurons in  a l l  o f th e  ca tacho lam ine  c e l l  groups l i s t e d  above 
p ro je c t  to  th e  n e o s tr ia tu m . F urtherm ore , i t  appears  th a t  th e  
lo c a t io n  o f ca tacho lam ine  neurons in  th e  opossum 's m idbra in  i s  
com perable to  th a t  re p o rte d  fo r  th e  r a t  (H okfelt e t  a l . '8 4 ) .  
W hile o th e r  a s p e c ts  o f th e  opossum m e so te le n cep h a lic  system  must 
be examined in  o rd e r  to  e s ta b l i s h  f u r th e r  m orpho log ica l and 
neurochem ical s i m i l a r i t i e s ,  we would p r e d ic t  th a t  most of th e  
s u b s t r a te s  observed in  o th e r  s p e c ie s  w i l l  be recogn ized  in  th e  
opossum.

Supported by N a tio n a l S cience Foundation  G rant BNS-8118455 to  JCH 
and N a tio n a l S cience F oundation  G rant BNS-8309245 to  GFM.
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418.1 HETEROGENEOUS CORTICORETICULAR PROJECTIONS IN THE RAT. D.B. 
Newman. D ept. of Anatomy, Uniformed S erv ices  U n iv e rs ity , 
B ethesda , MD 20814.

C o r t i c o r e t ic u la r  f ib e r  system s were examined in  a d u lt  a lb in o  or 
hooded r a t s  using  e i th e r  an te ro g rad e  tr a n s p o r t  of HRP-WGA (w ith  
TMB h is to c h e m is try )  o r  an an te ro g rad e  d eg e n e ra tio n  tech n iq u e  ( th e  
W iitanen s t a i n ) .  HRP-WGA in je c t io n s  or le s io n s  were made in to  the 
p r e f ro n ta l  c o r te x , th e  prem otor (m ed ial a g ra n u la r)  c o r te x , the  
c in g u la te  c o r te x , v a r io u s  p a r ts  of the  prim ary motor (MI) c o r te x , 
th e  face  a re a  of prim ary som atosensory c o r te x , prim ary a u d ito ry  
c o r te x , and prim ary and secondary  v is u a l  c o r t i c e s .  The h e a v ie s t  
c o r t i c o r e t i c u l a r  p ro je c tio n s  a r i s e  from the  p r e f ro n ta l  and 
prem otor c o r t i c e s .  The face  and tru n k  a rea s  of MI a lso  g ive  r i s e  
to  r e l a t i v e ly  s tro n g  c o r t i c o r e t i c u l a r  in p u ts .  The arm a rea  of MI 
g ives  r i s e  to  fewer c o r t i c o r e t i c u l a r  f ib e r s  than  th e  face  or tru n k  
a r e a s ,  and th e  le g  a rea  few er s t i l l .  C o r t i c o r e t ic u la r  f ib e r s  
em anating from som atosensory , a u d i to ry , and v is u a l  c o r t ic e s  a re  
r a th e r  s p a r s e ,  and a re  c h ie f ly  d ire c te d  to  r o s t r a l  b ra in stem  
le v e l s .  W ithin th e  upper b ra in stem  the d en ses t c o r t i c o r e t i c u l a r  
p ro je c tio n s  a re  to  s m a l l- c e l le d  r e t i c u l a r  n u c le i (such  as 
peduncu lopon tine and su b co eru leu s) which in  tu rn  p ro je c t  
e x te n s iv e ly  to  the  g ia n t - c e l le d  rhom bencephalic r e t ic u lo s p in a l  
n u c le i .  Thus, c o r t i c o r e t i c u l a r  p ro je c tio n s  to  the  upper b ra in stem  
t a r g e t  r e t i c u l a r  " c o r r e la t iv e "  c e n te r s .  C onversely , 
c o r t i c o r e t i c u l a r  p ro je c tio n s  to  the  lower b ra in stem  d i s t r i b u t e  no t 
on ly  to  s m a l l- c e l le d  " s ta g in g "  r e t i c u l a r  n u c le i ,  but a lso  d i r e c t l y  
to  g ia n t - c e l le d  r e t ic u lo s p in a l  n u c le i  such as g ig a n to c e l lu la r is  
and ma g n o c e l lu l a r is . C o r t i c o r e t ic u la r  p ro je c t io n s  to  the  upper 
b ra in stem  te rm in a te  p redom inately  i p s i l a t e r a l  to  the  c o r t i c a l  
in je c t io n s  s i t e ,  w hereas m edullary  c o r t i c o r e t i c u l a r  p ro je c tio n s  
d i s t r i b u t e  b i l a t e r a l l y .  This ag ree s  w ith  p rev ious  fin d in g s  th a t  
r e t ic u lo s p in a l  p ro je c tio n s  from the  upper b ra in stem  are  
i p s i l a t e r a l ,  w hereas r e t ic u lo s p in a l  p ro je c tio n s  from the  lower 
b ra in stem  are  b i l a t e r a l .  Whereas c o r t i c o r e t i c u l a r  f ib e r s  from 
prem otor and tru n k  motor a rea s  te rm in a te  h e a v ily  in  somatomotor 
b ra in s tem  r e t i c u l a r  n u c le i ,  c o r t i c o r e t i c u l a r  f ib e r s  from the 
p r e f ro n ta l  c o rtex  send dense p ro je c tio n s  to  autonomic b ra in stem  
r e t i c u l a r  n u c le i such as the  raphe n u c le i ,  p a ra b ra c h ia l  complex, 
and v e n t r o la t e r a l  m edu lla . The face  a rea  of the  motor c o r te x  
p ro je c ts  to  m edullary  r e t i c u l a r  n u c le i  c lo se ly  a s s o c ia te d  w ith  the 
tr ig e m in a l system , such as r e t i c u l a r i s  p a rv o c e l lu la r is  and 
d o r s a l i s .  F in a l ly ,  c o r t i c o r e t i c u l a r  f ib e r  system s re s p e c t the  
r e t i c u l a r  n u c lea r  boundaries d e l in e a te d  p re v io u s ly  on the  b a s is  of 
c y to a rc h i te c to n ic  or d e n d ro a rc h ite c to n ic  c r i t e r i a .
Supported by DOD-USUHS G rant R07059

418.2 t h e  ORGANIZATION OF THE MAGNOCELLULAR REGION OF THE RED 
NUCLEUS OF THE MACAQUE MONKEY: AN ELECTRON MICROSCOPIC 
STUDY. Diane D. Ralston, Antonia Milroy* and Henry J. Ralston, III. 
Dept. Anatomy, Univ. California, San Francisco, CA 94143

The fine structure of the magnocellu lar region of the macaque red 
nucleus (RNmc) has been examined in normal monkeys; in animals which 
have had cortical (Ctx) projections to RNmc labeled by degeneration 
following lesions of motor Ctx, or by injections of 3H leucine into motor 
Ctx followed by autoradiography (ARG) of RNmc; and RNmc tissue stained 
for the immunolocalization of gamma-aminobutyric acid (GABA) identified 
by GABA antibody (ImmunoNuclear) coupled to peroxidase-antiperoxidase 
(PAP) using the method of Sternberger. All animals were anesthetized with 
intramuscular ketamine (10 mgs/kg) followed by intravenous pentobarbital 
(28 mgs/kg). Sterile surgical procedures were used in those animals having 
lesions or microinjections of 3H leucine.

The fine structure of normal RNmc reveals numerous large neurons 
which frequently exhibit granules, probably lipofuscin. The neurons often 
are indented by cap illaries, w ith only a thin (0.1 um) glial process 
intervening between capillary basal lamina and neuronal cell body. The 
synaptic population is characterized by the heterogeneity of its constituent 
synaptic profiles, which are classified as follows: terminals of 2-4 um 
diameter with numerous round vesicles (R); profiles of similar size but with 
a pale axoplasmic matrix and numerous round vesicles (PR); large profiles 
(4-6 um) which contain round vesicles and which form the central element 
(C) in synaptic glomeruli; small profiles (1um) with rounded vesicles (SR); 
profiles of 2-4 um diameter with numerous granular vesicles (GV); profiles 
ranging from 2-5 um in diameter with numerous pleomorphic vesicles (PI); 
profiles which frequently can be seen to arise from dendrites, or to have 
ribosomes, and which contained scattered pleomorphic vesicles—these 
structures are identified as presynaptic dendrites (PSD).

The synaptic relationships of these various profiles are complex. R 
profiles are presynaptic to dendrites of all sizes, to neuronal somas and to 
PSDs. PR contact dendrites of all sizes and somas, but are not seen to 
contact PSDs. Cs are presynaptic to small dendrites, to spines and PSDs. 
SR synapses upon somas, all sizes of dendrites and upon PSDs. GV contact 
all sizes of dendrites. PI contacts somas, all sizes of dendrites, and PSDs. 
PSDs are synapsed upon by R, C, PI and SR, and contact somas and all sizes 
of dendrites. PSDs often participate in synaptic triads, being postsynaptic 
to R or SR, and presynaptic to dendrites or somas.

Following Ctx lesions, many Cs exhibit prominent neurofilamentous 
degeneration, indicating that this profile is of cortical origin. GABA 
antibody stains some Pls, PSDs and dendrites. The GABA positive Pls and 
PSDs synapse upon non-staining somas and large and medium dendrites. 
These findings indicate that Ctx projections terminate upon dendritic 
spines and PSDs, but that Ctx terminals are not postsynaptic to vesicle- 
containing profiles. GABA, which has been shown to be an inhibitory 
transmitter in RN, is contained in axons with pleomorphic vesicles, and in 
presynaptic dendrites. (Supported by NS-23347 from NIH).

418.3 THE MORPHOLOGY OF THE RED NUCLEUS AND THE ORIGINS OF 
ITS  SPINAL TRACT. A STUDY IN THE RAT. R .N . STROMINGER* 
AND N .L . STROMINGER. D e p a r tm e n t  o f  A n a to m y , A lb a n y  
M e d ic a l  C o l l e g e ,  A lb a n y , NY 1 2 2 0 8 .

C y t o a r c h i t e c t u r a l  o b s e r v a t i o n s  i n d i c a t e  t h a t  t h e  r e d  
n u c l e u s  (RN) o f  t h e  a l b i n o  r a t  i s  c o m p r i s e d  o f  t h r e e  
n e u r o n a l  p o p u l a t i o n s  w h ic h  c a n  b e  c l a s s i f i e d  a c c o r d i n g  
t o  c h a r a c t e r i s t i c s  o f  t h e  N i s s l  s u b s t a n c e .  N e u ro n s  w i th  
c o a r s e  N i s s l  b o d i e s  o c c u p y  t h e  c a u d a l  e n d  o f  t h e  RN a n d  
e x t e n d  in  d i m i n i s h i n g  n u m b e r t o  t h e  r o s t r a l  t i p .  
N e u ro n s  w i t h  f i n e l y  g r a n u l a r  N i s s l  m a t e r i a l  a r e  t h e  
p r e d o m in a n t  t y p e  a t  t h e  r o s t r a l  e n d  o f  t h e  RN. T hey  
i n t e r d i g i t a t e  w i th  t h e  c o a r s e  n e u r o n s  e x c e p t  a t  t h e  
c a u d a l  e n d .  C o a r s e  n e u r o n s  a r e  m u l t i a n g u l a r  i n  s h a p e  
a n d  t e n d  t o  b e  l a r g e r  t h a n  t h e  f i n e  o n e s ,  a l t h o u g h  
t h e r e  i s  b r o a d  o v e r l a p  i n  a r e a s .  F in e  c e l l s  t e n d  t o  
h a v e  s m o o th  c o n t o u r s  a n d  o f t e n  a r e  s u r r o u n d e d  b y  
p e r i n e u r o n a l  g l i a l  s a t e l l i t e  c e l l s .  T he t h i r d  n e u r o n a l  
p o p u l a t i o n  i n  t h e  RN i s  r e f e r r e d  t o  a s  a c h r o m a t i c  
b e c a u s e  o f  s c a n t  c y t o p l a s m i c  s t a i n i n g .  T h e s e  c e l l s  a r e  
a l m o s t  u n i f o r m l y  s m a l l e r  t h a n  t h e  o t h e r  t y p e s  a n d  a r e  
d i s t r i b u t e d  th r o u g h o u t  t h e  RN. T hey  a r e  r e g a r d e d  a s  
i n t e r n e u r o n s .

I n j e c t i o n s  o f  HRP a t  d i f f e r e n t  l e v e l s  o f  t h e  s p i n a l  
c o r d  e s t a b l i s h e d  t h a t  t h e  c o a r s e  n e u r o n s  on  t h e  
c o n t r a l a t e r a l  s i d e  a r e  t h e  s o u r c e  o f  t h e  r u b r o s p i n a l  
t r a c t .  T he RN i s  t o p o g r a p h i c a l l y  o r g a n i z e d  w i t h  t h e  
d o r s o - m e d i a l  p a r t  p r o j e c t i n g  t o  t h e  c e r v i c a l  s p i n a l  
c o r d ,  t h e  v e n t r a l - v e n t r o m e d i a l  p a r t  t o  t h e  lu m b a r  c o r d  
a n d  i n t e r m e d i a t e  l o c a t i o n s  t o  t h o r a c i c  l e v e l s .  F u r t h e r ,  
c o a r s e  n e u r o n s  f ro m  t h e  e n t i r e  r o s t r o - c a u d a l  d im e n s io n  
o f  t h e  RN c o n t r i b u t e  f i b e r s  t o  t h e  r u b r o s p i n a l  t r a c t .

C o m p a r is o n s  w i t h  d a t a  fro m  s t u d i e s  i n  m o n k ey , 
c h im p a n z e e  a n d  hum an b r a i n s t e m s  l e a d  t o  t h e  c o n c l u s i o n  
t h a t  i n  man t h e  r u b r o s p i n a l  t r a c t  i s ,  a t  m o s t ,  s m a l l .  
I n  p r i m a t e s  t h e r e  i s  a p r o g r e s s i v e  h y p e r t r o p h y  o f  t h e  
f i n e  n e u r o n s  c o u p l e d  w i t h  a  r e d u c t i o n  in  t h e  n u m b e r o f  
c o a r s e  o n e s .  T h e r e  a r e  f e w e r  t h a n  5 0 0  c o a r s e  n e u r o n s  i n  
t h e  hum an RN a n d  m any o f  t h e s e  may e m i t  f i b e r s  t h a t  
d e s c e n d  o n ly  t o  t h e  l e v e l  o f  t h e  f a c i a l  n u c l e u s .

418.4 PONTOMEDULLARY RETICULAR FORMATION NEURONS RELATED TO HEAD MOVE
MENT IN BEHAVING CATS: CONVERGING INPUTS FROM MOTOR CORTEX, DEEP 
SUPERIOR COLLICULUS, MIDBRAIN TEGMENTUM VESTIBULAR NUCLEI, AND 
SPINAL CORD. S. S. Suzuki and J .  M. S iege l. V. A. Med. C t r . , 
Sepulveda, CA 91343 and Dept. of Psych iarty , UCLA Sch. of Med., 
Los Angeles, CA 90024.

Previous s tud ies  in th is  laboratory  on the behavioral co rre 
la te s  of pontomedullary r e t ic u la r  formation (PMRF) neurons in un
re s tra in ed  cats  ind ica ted  th a t most of these neurons dischage 
maximally in re la tio n  to  sp ec if ic  movements, p a rtic u la r ly  those of 
the  head. Although a g rea t deal is  known about the e ffe re n t and 
a ffe re n t connections of PMRF cel l s based on a number of anatomical 
and acute el ectrophysio logical s tu d ie s , the re la tio n sh ip  between 
the behavioral ro le  of PMRF head movement c e l ls  and th e i r  connec
t iv i ty  is  unknown. We have in v estig a ted  th is  re la tio n sh ip  by 
examining the orthodromic and antidromic responses of behavioral l y 
id e n tif ie d  head movement-related PMRF c e l ls  to  e le c tr ic a l  stim ula
tio n  of several head movement-rel ated s tru c tu re s  in behaving c a ts .

Cats were i mplanted with PMRF m icrodrives containing moveable 
32 um microwires as well as s tim ulating  e lectrodes in the motor 
cortex  (MC), deep layers  of superio r co llic u lu s  (SC), midbrain 
tegmentum (MT), v e s tib u la r  nuclei (VN), and cerv ical/lum bar cord 
(C2/L1). EMG e lectrodes  were implanted in to  th ree  major neck 
muscles (sp len iu s , b iven ter c e rv ic is ,  complexus) b i la te r a l ly .  The 
a c t iv ity  of each is o la ted  PMRF cel l  was observed system atical l y 
during various movements and sensory stim ulation  to  determine i t s  
sensorimotor c o rre la te s .  Unit and EMG responses to  sing le  pulse 
stimul a tion  of the above s tru c tu re s  were processed by a computer.

The re s u lts  may be summarized as follow s. (1) Many PMRF head 
movement c e ll s  were an tid rom ically  ac tiv a ted  by spinal cord stim 
u la tion  a t C2 and/or L1 . Most had fa s t  conduction v e lo c itie s  
(about 100 m /s). (2) Head movement-related c e l ls  in the PMRF 
responded orthodrom ically with short la ten c ie s  (including  those 
w ithin monosynaptic ranges) to  s tim ulation  of MC, SC, MT, VN, and 
C2/L1. Most of these  c e l ls  were ac tiv a ted  from more than one 
s i t e .  B ila te ra l a c tiv a tio n  was commonly observed from a l l  these  
s i te s  but c o n tra la te ra l dominance was evident with SC stim ula
t io n . (3) Short la tency orthodromic u n it responses usually  
occurred 1-4 ms e a r l ie r  than neck EMG responses following MC, SC, 
and VN stim u la tio n .

These observations support our hypothesis th a t head movement- 
re la te d  re ticu lo sp in a l neurons in  the  PMRF mediate d ire c tio n a lly  
sp ec ific  head movements based on command inpu ts from the MC, SC, 
VN, and spinal cord. Our data on converging inputs a lso  suggest 
th a t the  same re ticu lo sp in a l neurons are u ti l iz e d  fo r head move
ment generation in  d iffe re n t behavioral contexts ( e .g . ,  voluntary 
head movements and head movements trig g ered  by v is u a l, aud ito ry , 
somatosensory, and v e s tib u la r  s t im u li) .
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418.5 INTRACELLULAR HRP INJECTIONS REVEAL TWO CLASSES OF mPRF NEURONS 
WITH DIFFERENT CAUDAL PROJECTION PATTERNS. A. M itan i* , K. I to * , 
Y. M ita n i* , and R.W. M cCarley. Lab. N e u ro s c i., D ept. P s y c h ia t . ,  
H arvard Med. S ch ./B rock ton  VAMC, B rockton , MA 02401

The m edial p o n tin e  r e t i c u l a r  fo rm ation  (mPRF) has been im p li
ca ted  in  c o n tro l o f ev en ts  r e l a te d  to  th e  s leep-w ak ing  cy c le  and 
motor a c t i v i t y  by a number o f b eh a v io ra l and p h y s io lo g ic a l 
s tu d ie s .  However, any s p e c i a l i z a t i o n  o f n eu rona l ty p e s /p ro je c t io n  
p a t te rn s  th a t  might m ediate  th e se  e f f e c t s  has no t been d e f in e d . In  
o rd e r  to  examine c e l lu l a r  morphology and p ro je c t io n s  we in je c te d  
HRP in t r a c e l l u l a r l y  in to  e l e c tro p h y s io lo g ic a l ly  i d e n t i f i e d  mPRF 
neurons in  a n a e s th e tiz e d  a d u lt  c a ts  and v is u a l iz e d  th e  HPR s t a i n 
ed neurons in  f r o n ta l ,  p a r a s a g i t t a l ,  o r  h o r iz o n ta l  s e c t io n s .

The p resence  o f two types  o f neurons was d e fin ed  by caudal 
p ro je c t io n  p a t te r n .  Type I neurons had axons th a t  coursed  m e d ia lly  
and then  tu rned  ca u d a lly  in to  the  param edian f a s ic u lu s  th a t  con
ta in s  axons d e s tin e d  fo r  the  m edial r e t i c u lo s p in a l  t r a c t  in  co rd ; 
axons were tra c e d  fo r  5-7 mm (N=20 neurons s tu d ie d ) .  Mean axon 
d iam ete r was 3 .3  um. These neurons were la rg e  w ith  m u l t ip o la r ,  
e l ip s o id  somata w ith  sh o rt and long axes ave rag ing  44 .9  and 69.7 
um. D e n d r it ic  f i e ld s  were la rg e  and n e a rly  uniform  in  a l l  th re e  
p la n e s , w ith  means: 1373 um, AP (N = ll) ; 1745 um ML (N=16); and 
1596 um d o rs o v e n tra l ly  (N=13). Only 4 neurons had th e  p re fe re n 
t i a l  a rb o r iz a t io n  p e rp e n d ic u la r  to  th e  long a x is  o f the  b ra in  stem 
("p o k e r-ch ip "  arrangem ent) d e sc r ib ed  in  G olgi d a ta  from young 
an im als. In  c o n t r a s t ,  Type I I  neurons had axons th a t  coursed  d i 
r e c t l y  ca u d a lly  to  e n te r  th e  b u lb a r  r e t i c u l a r  fo rm a tio n . Mean 
axon d iam ete r was 2 .5  um (N=4 neurons thus  f a r  an a ly zed ; p < .02 
v s . Type I axons, Mann-Whitney t e s t ) .  Type I I  neurons had medium
s iz e d  m u ltip o la r  c e l l  bod ies  w ith  mean s h o r t and long axes o f 
36 .9  and 46 .9  um, s ig n i f i c a n t ly  le s s  than  Type I  neurons (p < .02 
fo r  s h o r t and p < .001 fo r  long a x i s ,  Mann-Whitney t e s t s ) .  Type 
I I  neurons a lso  had le s s  e x te n s iv e  d e n d r i t ic  a rb o r iz a t io n :  1038 
um, AP; 1688 um, ML; and 1131 um d o rs o v e n tra l ly . Both types had 
non -sp iny  o r s p a rs e ly  sp iny  d e n d r i te s  th a t  o r ig in a te d  from 6-8 
tru n k s  and had ex te n s iv e  b ran ch in g ; in  bo th  types  axons a ro se  
from c e l l  bod ies  o r proxim al d e n d r i te s .  These d a ta  suggest th a t  
mPRF has a t  le a s t  two ca u d a lly  p ro je c t in g  n eu rona l groups: One 
group (Type I )  i s  r e t i c u l o - s p i n a l  neurons c h a ra c te r iz e d  by la rg e 
s ize d  som ata, d e n d r i t ic  f i e l d s ,  and axons. The o th e r  (Type I I )  i s  
r e t i c u l o - r e t i c u l a r  neurons w ith  m edium -sized som ata, d e n d r i t ic  
f i e l d s ,  and axons. This typo logy  should  no t be taken  to  be an 
e x c lu s iv e  c a ta lo g : in  a d d i tio n  to  th e se  ty p e s , neurons w ith  
axonal p ro je c t io n s  r o s t r a l l y  and w ith in  mPRF were a ls o  observed .

418.6 COMBINED RETROGRADE-IMMUNOHISTOCHEMICAL EVIDENCE 
THAT THE PEDUNCULOPONTINE TEGMENTAL NUCLEUS DOES 
NOT PROJECT TO EXTRAPYRAMIDAL MOTOR STRUCTURES. H. J .  
Lee*. D. B. Rye. B. H. Wainer. Dept. Pharm. and Phys. Sciences, Univ. 
of Chicago, Chicago, IL 60637.

Previous studies suggest that the pedunculopontine tegmental 
nucleus (PPTn) is reciprocally connected with the extrapyramidal 
motor system  (EPMS) and may play a  role in Parkinson’s  syndrome 
(Moon-Edley and Graybiel, '83). Others implicate the PPTn in rapid 
eye movement (REM) sleep  (Sakai, '85) and diffuse cortical arousal 
(Shute and Lewis, '67). Many of these  studies define the subprimate 
PPTn as  an area  of mesopontine tegmentum which is labeled from 
injections of anterograde tracers into the basal ganglia. Recently, we 
have defined the rat PPTn (Rye et. a l., '85) a s  a  large celled, 
cholinergic nucleus. Distinct from the PPTn is a  medially adjacent 
group of smaller, noncholinergic cells which are also distinguished 
from the PPTn by their reciprocal connections with the substantia 
nigra. Given these  contrasts, this a rea  has been referred to a s  the 
midbrain extrapyramidal a rea  (MEA) by Rye et. al..

We investigated additional efferent connections of the PPTn and 
MEA with the EPMS using combined choline acetyltransferase 
immunohistochemistry of the PPTn and WGA-HRP retrograde tracing 
from the EPMS. The MEA represents the major source of tegmental 
innervation to the motor cortex, neostriatum, both segm ents of the 
globus pallidus, and subthalamus. Conversely, the PPTn does not 
provide a  major projection to these  EPMS structures.

In a  second set of experiments, the PPTn w as found to represent a 
major source of tegmental innervation to the VA/VL thalamic portion of 
the EPMS. Moreover, PPTn projections were identified to other 
"specific" a s  well a s  "nonspecific” thalamic nuclei. This finding is in 
contradistinction to thalamic projections from the surrounding reticular 
formation which are identified only after WGA-HRP injections in 
"nonspecific" nuclei. This body of evidence suggests a  possible role 
for PPTn pathways in global thalamic functions such as  the "reticular 
activating system" and REM sleep, rather than a  primary role in motor 
function. The adjacent MEA represents an additional component of the 
EPMS and may correspond to the "m esencephalic locomotor region". 
Supported by USPHS grants NC-17011, HD-04583, 5T32-GM07281.

418. 7 MORPHOLOGY OF VESTIBULOSPINAL AND RETICULOSPINAL AXONS 
TERMINATING IN THE UPPER CERVICAL SPINAL CORD OF THE CAT. 
A. Holmes, M. Neuber and P.K. Rose, Department of Physiology, 
Queen's U niversiy, Kingston, O ntario , K7L 3N6.

Most s tu d ies  of the anatomy of descending spinal pathways have 
been concerned with th e ir  term ination in the cerv ical or lumbar 
enlargem ents. In c o n tra s t , r e la tiv e ly  l i t t l e  is  known about the 
term inal d is tr ib u tio n  of descending systems a t  o ther level s of 
the  spinal cord , p a rt ic u la r ly  the upper cerv ical segments which 
innervate  neck m uscles. E lectrophysi o log ical s tud ies  have shown 
th a t  neck motoneurons receive monosynaptic connections from a t  
le a s t  seven brainstem  descending pathways. The aim of the 
presen t experiments was to  describe the s tru c tu re  of axons i n the 
upper cerv ical spinal cord which o rig in a te  from brainstem  regions 
with known monosynaptic connections to  neck muscle motoneurons.

PHA-L was i ontophoretical l y in jec ted  in to  the v e stib u la r 
complex or regions ju s t  ventra l to  the v e s tib u la r  complex a t  the 
ju n c tio n  of the medulla and pons. Following a 14-19 day 
p o s t- in je c tio n  su rv iv a l, the ABC method was used to  v isu a lize  
PHA-L label l ed axons and axon col l a te r a ls .  Smal l  numbers of 
axons in the ip s i la te r a l  and c o n tra la te ra l la te ra l  funiculus and 
ven tra l funiculus gave r i s e  to  c o l la te r a l s which arborized  and 
term inated in the grey m atte r. The q u a lity  of s ta in in g  was equal 
to ,  i f  not b e t te r ,  than th a t  seen in previous experiments using 
i n tra-axonal in je c tio n s  of HRP. Prel iminary an a ly sis  of the 
term ination  zones has revealed two p a tte rn s . F i r s t ,  p ro jec tions  
from the descending v estibu l a r nucleus to  the ven tra l horn were 
modest. The major term ination  zone was located  in the 
in term ediate  zone and dorsal horn including lamina IV. These 
term ination  zones were seen ip s i la te r a l  and c o n tra la te ra l to  the 
in je c tio n . In jec tio n s  ven tra l to the medial v e s tib u la r  nucleus 
in  a zone previously reported  to  have few descending connections 
led  to  s ta in in g  of axon c o l la te r a l s  throughout the ven tra l horn, 
ip s i la te r a l  to  the in je c tio n . The g re a te s t concentration  of 
term inal s were found in lamina IX and along the medial wall of 
the ven tra l horn. The con tra l a te ra l p ro jec tion  was re la tiv e ly  
sparse and was l argely  found in the cen tra l regions of l amine VII 
and V III.

These resu l t s  in d ica te  th a t  descending connections from the 
v e s tib u la r  nuclei and immediately ad jacen t a reas are more 
ex tensive than previously recognized. Some p ro jec tio n s  are 
confined to  small regions of the ven tra l horn. Since neck muscle 
motoneurons have d en d ritic  tre e s  which p ro jec t throughout much of 
the  ven tra l horn, the connections of these descending systems may 
be r e s tr ic te d  to  a small region of the d e n d ritic  tre e .
(Supported by MRC of Canada)

418.8 SPINAL PROJECTING NUCLEI IN THE BRAINSTEM OF A GALEOMORPH SHARK, 
HETERODONTUS FRANCISCI. W.L.R. C ru c e  and  R.G. N o r t h c u t t . 
N eurobiology D epartm ent, N o rth eas te rn  Ohio U n iv e r s i t ie s  C ollege of 
M e d ic in e , R o o ts to w n , OH 44272 and N eu ro b io lo g y  U n it ,  S c r ip p s  
I n s t i t u t e  of Oceanography and D epartm ent o f N eurosciences, School 
o f  M e d ic in e , U n iv e r s i t y  o f C a l i f o r n i a  San D iego , La J o l l a ,  CA 
92093.

C ruce and Newman ( '8 4 ,  Amer. Zool . 24 :7 3 3 -7 5 3 ) h y p o th e s iz e d  
th a t  th e  r e t i c u lo s p in a l  n u c le i  of non-mammals e x h ib i t  a le v e l  of 
c o m p le x i ty  c o m p a ra b le  to  t h a t  o f m am m als. The o r g a n i z a t i o n  of 
r e t i c u l a r  n u c l e i  in  th e  th o rn b a c k  g u i t a r f i s h ,  P l a t y r h i n o i d i s  
t r i s e r i a t a  (C ruce  and N o r th c u t t ,  '8 5 , N e u ro s c i.  Abs. 11: 1313) 
s u p p o r ts  t h i s  h y p o th e s i s ,  b u t a c o m p a ra b le  s tu d y  in  a s h a rk  
( S c y l i o r h i n u s , S m eets and T im e r i c k ,  '8 1 , JCN 202 :4 7 3 -4 9 1 ) o n ly  
d is tin g u is h e d  th e  th re e  c l a s s i c a l  s u b d iv is io n s  ( s u p e r io r , m iddle, 
and  i n f e r i o r )  o f  th e  r e t i c u l a r  f o r m a t i o n .  T h e r e f o r e  we 
i n v e s t i g a t e d  th e s e  p a th w a y s  i n  a n o t h e r  g a le o m o rp h  s h a r k ,  
H e te rodon tu s , w hich e x h ib i ts  a le v e l  o f o rg a n iz a tio n  com parable to  
S c y l i o r h in u s . We i n d i c a t e  s u s p e c te d  h o m o lo g ie s  by a d o p t in g ,  
p a r t i c u l a r l y  f o r  r e t i c u l a r  n u c l e i ,  th e  m am m alian  nam es (u s in g  
th o s e  o f Newman, '8 5 , J .  H i r n f o r s c h .  2 6 ;1 8 7 -2 2 6 , 3 8 5 -4 1 8 ). These 
h y p o th e s e s  o f  h o m o lo g ie s  m u s t be t e s t e d  by s u b s e q u e n t  
im m unocytochem ical and h o d o lo g ica l s tu d ie s .

Seven horned sh ark s  (190-550 g ., 30-43 cm.) re c e iv e d  u n i l a te r a l  
p lacem ents o f h o rs e ra d is h  p e ro x id a s e  (com bined  w ith  DMSO a n d /o r  
ly s o le c i th in  and d r ie d  on a p in  o r in to  c r y s ta ls )  in to  th e  r o s t r a l  
s p in a l  cord (segm ents 2-5). A fte r s u rv iv a l p e rio d s  of 4-12 days 
in  s e a  w a te r  a t  11-18 d e g re e s  C., th e  a n im a ls  w ere p e r f u s e d ,  th e  
b ra in s  removed and s e c t io n e d , and s e c t io n s  were r e a c te d  w ith  th e  
te tr a m e th y l benzidene p rocedure .

The fo llo w in g  n u c le i  were i d e n t i f i e d  and found to  p ro je c t  to  
th e  s p in a l  co rd : r e t i c u l a r i s  d o r s a l i s ,  r e t i c u l a r i s  v e n t r a l i s  pars  
a lp h a ,  r e t i c u l a r i s  v e n t r a l i s  p a r s  b e t a ,  d e s c e n d in g  t r i g e m i n a l ,  
r e t i c u l a r i s  g ig a n to c e l lu la r i s ,  r e t i c u l a r i s  m a g n o c e llu la r is ,  raphe 
ob scu ru s , raphe magnus, r e t i c u l a r i s  p a r v o c e l lu la r is ,  r e t i c u l a r i s  
p a r a g ig a n to c e l lu la r i s  l a t e r a l i s ,  m agnoce llu la r o c ta v a l ,  descending 
o c t a v a l ,  r e t i c u l a r i s  p o n t i s  c a u d a l i s  p a r s  a lp h a ,  r e t i c u l a r i s  
p o n t i s  c a u d a l i s  p a r s  b e t a ,  n u c l e u s  "B" , l o c u s  c o e r u l e u s ,  
r e t i c u l a r i s  s u b c o e r u l e u s , r e t i c u l a r i s  p o n t i s  o r a l i s  p a r s  
l a t e r a l i s ,  r e t i c u l a r i s  p o n tis  o r a l i s  p a rs  m ed ia li s ,  i n t e r s t i t i a l  
nucleus  of C a ja l ,  ru b e r , E d inger-W estpha l, p o s te r io r  tubercu lum , 
v e n t r o m e d ia l  t h a la m ic ,  c e n t r a l  p r e t e c t a l ,  and p e r i v e n t r i c u l a r  
p r e t e c ta l  p a rs  d o r s a l i s .

T hese r e s u l t s  a r e  c o m p a ra b le  to  th e  m am m alian  l e v e l  o f 
o r g a n i z a t i o n  in c lu d in g  th e  p re s e n c e  o f  a r u b r o s p in a l  p a th w a y . 
Supported in  p a r t  by g ra n ts  from th e  S ta rk  County U nited Way and 
NIH RR05806 (WLRC) and NIH NS11006 and EY02485 (RGN).
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418.9 CATECHOLAMINERGIC INNERVATION OF THE SPINAL CORD IN THE 
NORTH AMERICAN OPOSSUM, DIDEL PHIS VIRGINIANA. R.R. 
Pindzola, G.F. Martin, and R.H. Ho. Department of Anatomy and 
Neuroscience Program, The Ohio State University, Columbus, Ohio 43210

Catecholamine-containing axons and perikarya were visualized 
using antibodies to tyrosine hydroxylase in the indirect antibody 
peroxidase antiperoxidase technique (PAP) of Sternberger. Axons showing 
tyrosine hydroxylase-like immunoreactivity, hereafter referred to as 
catecholaminergic, were most abundant in the superficial layers of the 
dorsal horn (laminae I-IV), in the intermediolateral cell column, in the 
sacral parasympathetic nucleus and around the central canal (lamina X). 
The axons destined for the dorsal horn traverse the dorsolateral funiculi. 
Catecholaminergic axons were also found in the ventral horn (laminae VII- 
IX) where their densest distribution was a t thoracic and lumbar spinal 
levels. The density of axons in the ventral horn, particularly in lamina IX, 
appeared to be less than in the ra t (personal observations). The 
distribution of catecholaminergic neurons in the brain was similar to that 
in the ra t (personal observations) except that few of them were present 
dorsal and dorsolateral to the superior olive (the A5 group of Dahlstör m  
and Fuxe, '64, Acta Physiol Scand. 62 (sup. 232): 3). Brainstem 
catecholaminergic neurons giving rise to spinal projections were identified 
using the PAP technique in combination with histochemical processing for 
cells retrogradely labelled by horseradish peroxidase injections of the 
cervical (C3) spinal cord (Bishop and Ho, ’85, Brain Res. 331: 195). 
Double labelled neurons were located in the periventricular nucleus of the 
hypothalamus and related areas, the ventral part of the locus coeruleus, 
the locus coeruleus pars alpha, the lateral part of the pontine reticular 
nucleus, and several nuclei of the ventrolateral medulla. Our results 
suggest that the innervation of the spinal cord by catecholaminergic axons 
and the distribution in the brain of catecholaminergic neurons are similar 
in the opossum and rat, although differences in innervation density and 
the location of the A5 group may exist. These data provide the basis for 
interpreting the results of ongoing studies on the development of 
catecholaminergic projections to the spinal cord. (Supported by BNS- 
8309245 and NS-10165).

418.10 UNMYELINATED AXONS IN THE WHITE MATTER OF THE MAMMALIAN 
THORACIC SPINAL CORD: NORMAL MORPHOMETRY AND A QUESTION OF 
ORIGIN. A. R. Blight and M, Sobeih*. Depts. of Neurosurg. and 
Physiol. & Biophys., New York Univ. Med. Ctr., New York, NY 10016.

By comparison with large myelinated axons, unmyelinated 
fibers of the mammalian spinal cord are relatively little known and 
poorly understood. While studying the reaction of spinal axons to 
injury, it became necessary to examine some of the normal 
characteristics of unmyelinated fibers.

A line-sampling technique developed for light microscopy 
(N eu ro sc ien ce  10, 521) was adapted for electron microscopic (e.m.) 
sampling. A normal adult female cat was fixed by perfusion with 
glutaraldehyde and a transverse section of the T9 cord was divided 
into sectors and embedded for conventional e.m. Contiguous sections 
from around the circumference of the white matter were sampled to 
a depth of 600 μm from the pial surface. In other experiments, 
horseradish peroxidase (HRP) transport was examined in dorsal and 
ventral tracts isolated from adult rat, guinea-pig and cat spinal cord, 
maintained in vitro for 12 to 24 hr. (Neuroscience  15, 1). One end of 
the isolated tract was exposed to 4% HRP solution while the rest was 
superfused with oxygenated Krebs solution.

In qualitative agreement with findings in the sacral spinal cord 
(Chung et al. 1985, J . c o m p . N e u r o l . 2 3 4 . 117), large numbers of 
unmyelinated fibers were found in all regions of the cord cross- 
section, particularly concentrated in the dorsolateral funiculi. 
These fibers occurred mostly in small, often radially oriented 
bundles. The average caliber (defined here as the minor axis of an 
approximately elliptical cross section) was 0.42 ± 0.20 μm, yet, of the 
axons in the sample smaller than 0.6 μm dia., more than 35% were 
myelinated. Excluding the dorsolateral funiculi, the proportion of 
unmyelinated fibers in the total population was of the order of 20%, 
(though they occuppied less than 0.5% of the cross sectional area).

The HRP-stained tracts showed longitudinally running fibers 
that were stained continuously within a few millimeters of the end 
exposed to HRP solution, but that at greater distances were distinctly 
stained only at nodes of Ranvier. A significant proportion of such 
nodes showed a fine collateral branch of less than 1 μm dia., leaving 
the parent axon and coursing through the cord towards the gray 
matter. Such collaterals tended to associate in flattened, radially 
directed bundles, and were continuously stained with HRP, rather 
than showing nodal accumulations like their parent axons.

Comparing the HRP and e.m. data, it appears a large proportion 
of unmyelinated axons seen in transverse section are collaterals of 
myelinated fibers rather than true longitudinal elements. The size 
of this collateral contingent may be defined more clearly by further 
quantitative analysis. (Supported by NS-21122 from NIH, NINCDS).

418.11 AN AUTORADIOGRAPHIC STUDY OF ASCENDING PROJECTIONS FROM THE 
PONTINE AND MESENCEPHALIC RETICULAR FORMATION IN THE RAT. 
R .P. Ve r t e s ,  R. W altzer*  and G.F. M a rtin . M ercer U n iv e rs ity , Sch. 
of M edic ine, Macon, GA 31207 and D ep t. of Anatomy, The Ohio S ta te  
U n iv e rs ity , School of M edic ine, Columbus, Ohio 43210.

T w enty-five r a t s  rece iv ed  in je c t io n s  of t r i t i a t e d  le u c in e  a t  
v a r io u s  s i t e s  w ith in  th e  p o n tin e  and m esencephalic  r e t i c u l a r  f o r 
m ation  (PRF and MRF). A fte r  a p o s t - in j e c t io n  s u rv iv a l  p e rio d  of 
12-14 days , th e  r a t s  were k i l l e d ,  t h e i r  b ra in s  removed and p ro 
cessed  acco rd ing  to  p re v io u s ly  d esc r ib ed  a u to ra d io g ra p h ic  te c h 
n iques  (M artin  e t  a l . ,  JCN 187:373, 1979). The p re s e n t a n a ly s is  
d e s c r ib e s  p ro je c t io n s  from th e  r e t i c u l a r  n u c le i ,  p o n tis  c a u d a lis  
(RPC), p o n tis  o r a l i s  (RPO) and th e  m esencephalic  RF.

The m a jo rity  of la b e le d  f ib e r s  from RPC ascended through th e  
h e a r t  of th e  b ra in s tem  tegmentum w ith in  F o r e l 's  t r a c tu s  f a s c i c -  
ulorum (FTF) g iv in g  o f f  p ro fu se  p ro je c t io n s  to  th e  PRF and MRF in  
ro u te .  Term inal la b e l in g  w ith in  th e  pons was found in  th e  l a t e r a l  
p a ra b ra c h ia l  n u c leu s , th e  p o n tin e  c e n t r a l  gray (CG) and th e  p o n tin e  
n u c leu s . In  th e  m idb ra in  la b e le d  f ib e r s  coursed  d o r s a l ly  from FTF 
to  in n e rv a te  in te rm e d ia te  la y e rs  o f th e  s u p e r io r  c o l l ic u lu s  (SC) 
and th e  a n t e r io r  and m edial p r e t e c t a l  n u c le i ;  and v e n t r a l l y  to  in 
n e rv a te  the  r e t r o ru b r a l  a re a  (RR), VTA and th e  l a t e r a l  mammillary 
n u c leu s . At th e  caudal di encephalon  la b e le d  RPC f ib e r s  d iv id ed  in to  
d i s t i n c t  d o rs a l and v e n t r a l  b u n d le s . The d o rs a l  bundle d is t r i b u te d  
p r im a r ily  to  th a lam ic  in t ra la m in a r  n u c le i  and th e  v e n t r a l  bundle to  
zona in c e r ta  (Z I) , f i e ld s  of F o r e l ,  th e  l a t e r a l  h y p o th a la m ic - la t
e r a l  p re o p tic  a re a s  (LH-LPO) and l i g h t ly  to  th e  l a t e r a l  g e n ic u la te  
nuc leus  (LGN). A ll of th e se  p ro je c t io n s  were b i l a t e r a l .  Labeled 
RPO f ib e r s  a ls o  ascended w ith in  F o r e l 's  bundle and d is t r i b u te d  to  
many of th e  same s i t e s  which rece iv e d  axons from RPC. These in 
cluded th e  MRF, th e  p o n tin e  and m idbrain  CG, RR, SC, th e  p r e t e c ta l  
r e g io n , LGN, in t ra la m in a r  th a lam ic  n u c le i ,  VTA, LH-LPO and zona 
in c e r ta .  In  a d d i t io n ,  la b e le d  RPO f ib e r s  in n e rv a te d  s u b s ta n t ia  
n ig ra  p a rs  com pacts, th e  m edial mammillary n u c le u s , th e  supramam- 
m il la ry  reg io n  as  w e ll as th e  rhomboid (RH) and la te r o d o r s a l  n u c le i  
of th e  tha lam us. Very h e a v ily  la b e le d  a re a s  inc lu d ed  th e  a n t e r io r  
p r e t e c t a l  n u c le u s , SC, Z I, LGN and th e  c e n t r a l  l a t e r a l  in t r a la m in a r  
n u c leu s . RPO p ro je c t io n s  were s tr o n g e s t  i p s i l a t e r a l l y . The bu lk  of 
la b e le d  MRF f ib e r s  jo in e d  th e  FTF. The d ie n c e p h a lic  d i s t r i b u t io n  of 
MRF f ib e r s  was w idesp read . Labeled th a lam ic  n u c le i  in c luded  the 
p a r a f a s c ic u l a r , c e n t r a l  l a t e r a l ,  c e n t r a l  m e d ia l, p a r a c e n tr a l ,  
v en tro m ed ia l, LGN, RH, reu n ien s  as w e ll a s  th e  th a lam ic  r e t i c u l a r  
n u c leu s . The l a t e r a l ,  d o r s a l and a n t e r io r  n u c le i  of th e  h y p o th a l
amus were m odera te ly  la b e le d  and th e  SC was h e a v ily  la b e le d .

M ajor te rm in a tio n  s i t e s  f o r  PRF and MRF f ib e r s  in c lu d ed  p re -  
oculom otor n u c le i  and d ie n c e p h a lic  n u c le i  w ith  w idespread  c o r t i c a l  
and s u b c o r t i c a l  p ro je c t io n s .  Supported by NSF G rants BNS-8403544 
to  RPV and BNS-8309245 to  GFM.

418.12 THE NEURONS OF THE INFERIOR OLIVE IN GUINEA PIG. B .E .P eterson*  
and R .E .F o s te r . (SPON: S. McMaster) U.S. Army M edical Research 
I n s t i t u t e  o f Chemical D efense, Aberdeen P roving Ground, MD 21010

The in f e r io r  o l iv e  ( IO) o f mammals has been d iv id ed  in to  th re e  
prim ary s u b d iv is io n s : The p r in c ip a l  o liv e  (PO), th e  m edial a c ces
so ry  o l iv e  (MAO), and the  d o rs a l accesso ry  o liv e  (DAO). The neu
rons in  th e se  th re e  su b d iv is io n s  a re  among th e  more unique c e l l s  
in  th e  b ra in  in  bo th  t h e i r  n e u ro p h y s io lo g ica l (Benardo and F o s te r , 
N eu rosci. A bsts . 11:1027) and m orphologica l p ro p e r t ie s  (Ramon y 
C a ja l,  1909). We have s tu d ie d  th e  neurons o f th e  in f e r io r  o liv e  
in  a d u lt  guinea p ig s  u s in g  co n v en tio n a l N i s s l - s t a in  methods and a 
m odified  Golgi-K opsch p rocedu re . From the  N is s l - s ta in e d  p re p a ra 
t i o n s ,  th e  c y to a rc h i te c to n ic  c h a r a c te r i s t i c s  o f th re e  common sub
d iv is io n s  were r e a d i ly  id e n t i f i e d .  We observed th e  PO to  have 
d ark er s ta in in g  c e l l s  than  th e  MAO and DAO and to  be th e  most 
d ensely  popu la ted  w ith  c e l l s  (28 - 55 × 103/mm3) . In  c o n t r a s t ,  
th e  packing  d e n s ity  o f c e l l s  in  th e  MAO and DAO was in  th e  range 
o f 16 - 30 × 103/mm3 . F u r th e r , i t  was observed th a t  th e  somata o f 
th e  neurons in  a l l  th re e  s u b d iv is io n s  a re  o b liq u e -sp h e ro id  in  
p r o f i l e  w ith  th e  long c e l lu l a r  a x is  d ire c te d  in  th e  co rona l p lane 
(mean s iz e :  c o ro n a l = 18.3 μm, p a r a s a g i t t a l=  15 .8μm). Based on a 
survey o f th e  G olgi m a te r ia l ,  i t  was appa ren t th a t  th e  10 c e l l s  
were o f two unique r a d i a t e - c e l l  types ( I  and I I ) .  Three dim ension
a l  com puter-aided  an a ly ses  o f th e  d e n d r i te s  o f 10 c e l l s  in d ic a te d  
th a t  th e re  was l i t t l e  d if f e re n c e  among c e l l  types when the  p a ra 
m eters o f  d e n d r i t ic  le n g th  and s u rfa c e  a rea  were c a lc u la te d .  How
e v e r, th e  m easures o f the b ranch ing  index and d e n d r i t ic  a rbo r 
volume ( th e  s m a lle s t box th a t  ju s t  c ircu m scrib e s  th e  d e n d r i t ic  
a rb o r)  were q u ite  h e lp fu l in  d is tin g u is h in g  c e l l  ty p e s . A type I 
neuron had a r e l a t i v e ly  d i f f u s e ,  unbranched d e n d r i t ic  a rb o r which 
occupied  a volume o f .13 mm3 . Type I I  c e l l s ,  on th e  o th e r  hand, 
had d e n d r i te s  which were h ig h ly  branched and massed about the  c e l l  
body, a t  tim es c re a t in g  complex s p i r a l s .  The s p i r a l s  appeared to  
be o f a p p ro p ira te  dim ension to  be e n c ir c l in g  th e  soma o f nearby 
neu rons , perhaps making c o n ta c t th ru  gap ju n c tio n s . The compact 
d e n d r i t ic  f i e ld s  occupied a volume o f  .007 mm3 . W ithin the  type 
I I  c a teg o ry  o f IO neurons, th e re  was a v a r ia t io n  in  d e n d r i t ic  
a rb o r iz a t io n  such th a t  th e  c e l l s  were fu r th e r  d iv id ed  in to  types 
I I a and I I b . Type I I b c e l l s  - t r a n s i t i o n a l  between type I  and type 
I I a c e l l s -  had th e  h igh  b ranch ing  index o f a type I I a c e l l ,  bu t 
d e n d r i t ic  volume m easures s im i la r  to  type I neurons. F in a l ly ,  the  
c e l l  types  were d i f f e r e n t i a l l y  d is t r i b u te d  ac ro ss  th e  su b d iv is io n s  
w ith  type  I  neurons being  encoun tered  in  the  MAO and DAO, w hile  
type I I  c e l l s  were found in  a l l  th re e  s u b d iv is io n s . Thus, in  com
p a riso n  to  p rev ious  d e s c r ip t io n s  o f IO neurons in  o th e r  mammals, 
th e se  d a ta  suggested  th a t  bo th  IO c e l l  types and th e i r  d i s t r i b u 
t io n  w ith in  th e  su b d iv is io n s  a re  h ig h ly  conserved a c ro ss  p la c e n ta l  
mammals.
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418.13 THE VISCEROTOPIC ORGANIZATION OF THE NUCLEUS AMBIGUUS IN THE RAT 
D.A. Hopkins, J.A. Armour and D. Bieger (SPON: J .G . R u th e rfo rd ) . 
D epts. of Anatomy and Physio logy  and B io p h y s ic s ,  Dal h o u s ie  
U n iv e rs ity ,  H a lifa x , N .S ., B3H 4H7, and F acu lty  of M edicine, 
Memorial U niversity , S t. Jo h n 's , Newfoundland, A1B 3V6.

The nucleus ambiguus (NA) has been reported  to  in n e rv a te  both 
b ranch iom eric  m u scu latu re  and v is c e ra  in c lu d in g  the  pharynx, 
la ry n x , oesophagus, h e a r t  and stomach in th e  r a t  and o th e r  
spec ies. However, the l i te r a tu r e  is  con trad ic to ry  or confusing as 
to  how d if f e re n t regions of the NA innervate s p e c i f i c  s t r u c tu r e s  
or o rg an s . T h e r e f o r e ,  a s y s te m a t ic  i n v e s t i g a t i o n  o f th e  
v iscero top ic  o rganization  of the NA was u n d ertak en . In 70 r a t s  
0 .5-10 .0  μl of HRP, WGA-HRP, c h o le ra  toxin-HRP or f lu o re s c e n t  
tra c e rs  were in jected  into the IXth, Xth and XI th  c r a n ia l  nerves 
and th e ir  major branches as well as the organs su p p lied  by th e se  
nerves. Seria l sections in one of th ree  planes were processed for 
HRP histochem istry  (Mesulam, 1978).

The r e s u l t s  dem onstra te  th a t  the  NA com prises a number o f 
d is t in c t  subdivisions each of which innervates a sp ec ific  organ or 
group o f m uscles. The com pact fo rm a t io n  o f th e  NA o r th e  
so -called  re tro fa c ia l  nucleus, lo ca ted  d o r s a l ly  and im m ediately 
caudal to the fa c ia l n u c le u s , c o n ta in s  c lo s e ly  packed fu s ifo rm  
c e l ls  with lo n g itu d in a lly  oriented  dendrites  which remain la rg e ly  
w ithin the boundary o f th i s  p a r t  o f th e  n u c leu s . These c e l l s  
in n e rv a te  the oesophagus acco rd ing  to  a c ru d e  r o s t r o c a u d a l  
topography , such  t h a t  n eu ro n s  p r o j e c t i n g  to  th e  p ro x im al 
oesophagus via the superior laryngeal nerve form a cone around the 
r o s t r a l  pole o f the compact fo rm atio n . L abeling  p r e v io u s ly  
reported in th i s  s u b d iv is io n  a f t e r  t r a c e r  in je c t io n s  in to  the 
stomach or heart can be a ttr ib u te d  to  spread  to  the  oesophagus. 
Contiguous and c a u d o v e n tra l to  th e  com pact fo rm a tio n  i s  a 
c y l i n d r i c a l  column o f  n e u ro n s  w hose d e n d r i t e s  r a d i a t e  
v e n tro la te ra l l y. This d iv is io n  c o n s t i tu te s  the  main source of 
pharyngeal motoneurons. The caudal aspect o f the  NA c o n s is ts  of 
4-5 c lu s te rs  of large motoneurons which in n e rv a te  the  vo ice  box 
except fo r the c ric o th y ro id  m uscle. The m otoneurons supp ly ing  
th is  muscle overlap with the ro s t r a l  pharyngeal r e p r e s e n ta t io n . 
Vagal preganglionic neurons p ro je c tin g  to  the  h e a r t  a re  lo c a ted  
w ith in  an ag g reg a te  o f lo o s e ly  packed neurons o c cu p y in g  th e  
v e n tra l  m edulla ry  tegmentum caudal to  the f a c ia l  nucleus and 
v e n tro la te ra l to the oesophageal, pharyngeal and la ry n g ea l c e l l  
columns.

In c o n c lu s io n , th e  r e s u l t s  suggest th a t  the  NA in n e rv a te s  
s t r ia te d  muscle groups prominently involved in swallowing and th a t 
i t s  v iscero top ic  o rg an iza tio n  may hold c lu e s  to  the  fu n c tio n a l 
organization  of the d e g lu titiv e  p a tte rn  generato r.

Supported by MRC (Canada).

418.14 AFFERENT PROJECTIONS FROM THE UPPER ALIMENTARY TRACT IN THE RAT. 
D. B ieger and D.A. H opk ins, F a c u l ty  o f M ed ic in e , M emorial 
U niversity  of Newfoundland, S t. Jo h n 's , Newfoundland,  A1B 3V6 and 
Dept. of Anatomy, Dalhousie U niversity , H alifax, Nova S c o tia ,  B3H 
4H7.

I t  is  well recognized th a t the nucleus of the  s o l i t a r y  t r a c t  
(NTS) is the p r in c ip a l r e c ip ie n t  o f to p o g ra p h ic a lly  o rgan ized  
sensory in p u ts  from th o ra c ic  and abdominal v is c e ra .  However, 
th e re  is  a d e a r th  o f anatom ical in fo rm a tio n  on th e  c e n t r a l  
term ination of a ffe re n t f ib e rs  from the pharynx and oesophagus. 
In order to determine the d is tr ib u tio n  of such a f fe re n ts ,  HRP and 
WGA-HRP were in jected  in 20 ra ts  in to  the m uscular tu n ic s  o f the  
upper a lim en tary  t r a c t  or c ra n ia l  nerves supp ly ing  the  t r a c t .  
Following survival tim es o f 1 to  2 days, b ra in s  were processed  
according to the method of Mesulam (1978).

In jec tio n s  of tra c e r  into the tunica p ropria  of the  c e r v ic a l ,  
tho rac ic  or abdominal oesophagus re s u l te d  in dense an te ro g rad e  
la b e lin g  b i l a t e r a l l y  o f a c y t o a r c h i t e c t o n i c a l l y  d i s t i n c t  
subdivision of the NTS, i r r e s p e c t iv e  o f the  oesophageal le v e l .  
After pharyngeal in jec tio n s  anterograde label was observed in two 
d is t in c t  reg io n s  o f th e  NTS and in the p a ra tr ig e m in a l is la n d s  
(P T I) . Term inal f i e ld s  o f pharyngo-oesophageal and g a s t r i c  
p ro jec tions  to the NTS displayed a laterom edial d is p o s i t io n  with 
minimal overlap.. Comparisons o f a f f e r e n t  la b e lin g  a f t e r  nerve 
versus muscle in jec tio n s  revealed th a t a ffe re n ts  from pharynx and 
oesophagus reach  the  NTS v ia  the s u p e r io r  la ry n g e a l ,  c e rv ic a l  
vagus and glossopharyngeal nerves whereas pharyngeal a f f e re n ts  to 
the  PTI were la r g e ly ,  i f  not e x c lu s iv e ly ,  connected w ith the  
glossopharyngeal nerve. Transection of the l a t t e r  nerve markedly 
reduced s ta in ing  of the acid phosphatase-positive neuropil w ith in  
the ip s i la te r a l  PTI. The pharyngeal branch of the vagus nerve was 
found to  c o n tr ib u te  a small p ro je c tio n  to  an a rea  o f the  NTS 
receiv ing  a heavier p ro jec tion  from the glossopharyngeal nerve.

We c o n c lu d e :  ( i )  t h e r e  i s  a d i s c e r n i b l e  v i s c e r o t o p ic  
segregation of pharyngeal , oesophageal and g a s t r i c  a f f e re n ts  to 
the NTS; ( i i )  oesophageal a ffe ren ts  term inate within a subnucleus 
which in turn p ro jec ts  to  oesophagomotor neurons o f the  compact 
formation of the nucleus ambiguus; ( i i i )  f ib res  term inating in the 
PTI may represen t nociceptive v is c e ra l  a f f e r e n ts  o r ig in a t in g  in 
the rostra lm ost alim entary t r a c t .

Supported by MRC (Canada).

418.15 BARORECEPTORS AND SYMPATHETIC AFFERENTS ARE NOT REQUIRED FOR 
MEDULLARY INHIBITION OF MUSCLE TONE OR ITS REVERSAL BY BLOOD 
PRESSURE REDUCTION. Y. Y. L ai and J .  M. S ie g e l .  N eu ro b io l. R e s .,  
VAMC Sepu lveda, CA 91343 and D ep t. o f  P sy c h ia try , UCLA School o f 
M edic ine, Los A ngeles CA 90024.

S tim u la tio n  o f th e  m edial m edu lla ry  r e t i c u l a r  fo rm a tion  (MMRF) 
p roduces a to n ia  o f th e  a n t ig r a v i ty  m uscles in  d e c e re b ra te  a n i 
m als. A c tiv a tio n  o f t h i s  a re a  i s  b e lie v e d  to  be re s p o n s ib le  f o r  
m uscle a to n ia  du rin g  REM s le e p .  We have found th a t  MMRF induced 
m uscle a to n ia  can be in h ib i te d  o r re v e rse d  by tre a tm e n ts  which 
low er blood p re s s u re  (BP), in c lu d in g  a d m in is tr a tio n  o f hypo ten 
s iv e  d ru g s , hem orrhage, and o b s tru c t io n  of th e  i n f e r io r  vena 
cava . In  th e  p re s e n t experim en t, we have in v e s t ig a te d  th e  r o le  
o f b a ro re c e p to r s , and sym pathetic  a f f e r e n t s  o r ig in a t in g  below th e  
c e rv ic a l  l e v e l ,  in  MMRF induced in h ib i t i o n .

The expe rim en ts  were perform ed on p r e c o l l i c u la r  d e c e re b ra te , 
u n a n e s th e tiz e d  c a t s .  B ip o la r e le c tro d e s  were im plan ted  in to  th e  
s p le n iu s ,  o c c ip i to s c a p u la r i s ,  and b iv e n te r  c e rv i c is  m uscles b i 
l a t e r a l l y .  A s t a i n l e s s  s t e e l  monopolar m ic ro e le c tro d e  was p laced  
in  th e  m ed ial m edulla  a t  P 8 to  14, L  1, and H -7 to  -9 . MMRF 
s t im u la t io n  was d e l iv e re d  in  300 msec t r a in s  o f 0 .2  msec r e c t a n 
g u la r  c a th o d a l p u ls e s  a t  100 Hz, w ith  c u r re n t  i n t e n s i ty  between 
20 and 50 μA. Electrom yogram s were reco rded  and d ig i t i z e d  fo r  
com puter a n a ly s is .

S tim u la t io n  o f th e  MMRF produced b i l a t e r a l  in h ib i t i o n  o f 
m uscle to n e . D uring BP re d u c tio n , id e n t ic a l  s t im u la t io n  param e
t e r s  produced no change o r in c re a s e d  m uscle to n e , as  we have 
p re v io u s ly  r e p o r te d . In  th r e e  p re p a ra tio n s  bo th  common c a ro t id  
a r t e r i e s ,  th e  in t e r n a l  and e x te rn a l  c a ro t id  a r t e r i e s  th e  pharyn
g e a l a r t e r i e s  and th e  H ering n erv es  were t i e d  o f f  to  i s o l a t e  th e  
c a ro t id  s in u s .  MMRF induced in h ib i t i o n  and i t s  r e v e r s a l  by BP 
re d u c tio n  were u n a f fe c te d . The a d d i t io n  o f b i l a t e r a l  vagotomy 
d id  n o t i n t e r f e r e  w ith  e i t h e r  phenomenon. In  two p r e p a ra t io n s ,  
s p in a l  t r a n s e c t io n  a t  th e  c e rv ic o - th o ra c ic  ju n c t io n  combined w ith  
l i g a t i o n  o f th e  common c a ro t id s  and b i l a t e r a l  vagotomy was 
perform ed. T h is a ls o  d id  n o t a l t e r  MMRF induced in h ib i t i o n  o r 
i t s  r e v e r s a l  by blood p re s s u re  re d u c t io n .

These r e s u l t s  le ad  us to  h y p o th e size  t h a t  th e  c o n tro l  o f MMRF 
induced in h ib i t i o n  by BP does n o t r e q u ire  e i t h e r  p e r ip h e ra l  
b a ro re c e p to rs  o r  sym pathetic  a f f e r e n t s  and may in s te a d  be 
m ed iated  by d i r e c t  e f f e c t s  o f blood flow  v a r i a t i o n s  on th e  b r a in 
stem . S ince  we have found t h a t  la rg e  in c re a s e s  in  h e a r t  r a t e  
p recede  c a ta p le x y , th e  sudden lo s s  o f m uscle to n e  c h a r a c t e r i s t i c  
o f  th e  n a rco lep sy  syndrome, v a r i a t i o n s  in  b ra in s tem  blood flow  
may a l s o  be a f a c to r  in  t r i g g e r in g  and b lo ck in g  th e s e  ep iso d e s  
( S lee p . 9 :216-221, 1986).

(S upported  by th e  M edial R esearch  S e rv ic e  o f th e  V. A ., PHS 
g ra n t NS14610 and NSF g ra n t BNS 00023.)
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419.1 MEAL PATTERNS OF OBESE AND LEAN ZUCKER RATS TREATED WITH EOS, A 
GABA-T INHIBITOR. T. W. Castonguay*, D. V. Coscina, and J . S. 
S te rn . Food Intake Laboratory and N utrition  D ept., U. C. Davis, 
D avis, CA 95616 and Section of Biopsychology, Clarke In s t i tu te  of 
P sych iatry , Univ. of Toronto, Toronto, O ntario , Canada M5T 1R8.

Brain gamma-aminobutyric acid (GABA) plays an im portant, ye t 
not thoroughly understood, ro le  in the control of food in take and 
body weight. GABA appears to  serve an important in h ib ito ry  
function in ingestive  behaviors. The GABA transam inase in h ib ito r  
ethanolam ine-0-s u lfa te  (EOS) re lia b ly  suppresses in take fo r 
several days in both normal and hyperphagic ra ts  when in jec ted  
in tr a c is te r n a l ly .  Unlike ra ts  given access to  highly pa la tab le  
foods, or hypothalam ically lesioned r a ts ,  obese Zucker ra ts  are 
re frac to ry  to  EOS treatm ent. The present study s e t out to 
describe the feeding p a tte rn s  of young, female g en e tica lly  obese 
(and hyperphagic) Zucker ra ts  tre a ted  with one of th ree  doses (0, 
50 μg, and 100 μg EOS). Feeding p a tte rn s  of obese animals were 
compared to  s im ila rly  tre a te d  lean female Zucker ra t  li t te rm a te s .

A fter an 8 day base line  period , both obese and lean ra ts  
were l ig h tly  anesthetized  with Metofane (methoxyflurane) and 
given an in tr a c is te rn a l in jec tio n  of 100 μg EOS dissolved in 
20 μl s a lin e . Six days l a t e r ,  the same ra ts  were in jec ted  with 
50 μg EOS. F in a lly , 10 days l a t e r ,  each r a t  was in jec ted  with 
the 0 yμg dose. Results from these t r i a l s  ind icated  th a t EOS 
treatm ent was e ffe c tiv e  in suppressing the food in take of both 
lean and obese r a ts .  The duration of the suppression was dose 
re la te d , with the 100 μg dose suppressing food in take fo r 3 days, 
the 50 μg dose suppressing food in take fo r 1 day, and the 0 μg 
dose f a il in g  to  suppress intake a t a l l .  Obese ra ts  given the 
100 μg dose decreased intake from an average of 24.4 g/day to 
18.1 g/day. By c o n tra s t , lean ra ts  given the 100 μg dose 
decreased in take from an average of 18.1 g/day to  10.5 g/day. 
S im ila rly , the 50 μg dose reduced the intake of the obese ra ts  
from 24.5 g/day to  20.5 g/day. Lean ra ts  s im ila rly  tre a ted  
reduced th e ir  in take from 16.3 g/day to  9.4 g/day. Q uan tifica
tio n  of the suppression in terms of meal frequency and s ize  w ill 
be presented , as w ill neurochemical analyses confirming the 
e fficacy  of EOS treatm ent. Results w ill be discussed in terms of 
th e ir  p o ten tia l use in the treatm ent of obesity .

4 1 9 .2 THE PYRAZOLOQUINOLINE CGS 8216, A PUTATIVE BENZODIAZEPINE RECEPTOR 
INVERSE AGONIST: SELECTIVE EFFECTS ON INGESTION IN THE RAT. 
S .J . Cooper, L.B. E s ta l l*  and T.C. Kirkham*, Departm ent o f 
Psychology, U n iv e rs ity  o f  Birmingham, Birmingham B15 2TT, U.K.

S ince benzod iazep ine  re c e p to r  (BZR) a g o n is ts  (e .g . diazepam , 
ch lo rd iaze p o x id e) enhance th e  consum ption o f food in  many 
mammalian s p e c ie s , we expected  th a t  BZR lig a n d s  which a c t  as 
'in v e r s e  a g o n is t s ' (Polc , P. e t  a l ,  N-S A rch. P harm acol. ,  321: 260, 
1982) shou ld  produce an o p p o s ite  e f f e c t  on food in ta k e .  The b e ta -  
ca rb o lin e  FG 7142 (N' -m e th y l-β-carb o lin e-3 -carb o x am id e) was shown 
to  reduce  feed in g , b u t i t  a lso  had an a n t id ip s o g e n ic  e f f e c t  
(Cooper, S .J .  and E s t a l l ,  L .B ., N eu rosci. B iobehav. R ev ., 9 :5 , 
1985). We have now in v e s t ig a te d  th e  e x te n t to  which th e  p y razo lo - 
q u in o lin e  CGS 8216 (2 -p h en y lp y ra z o lo -(4 ,  3 -c ) -q u in o lin e -3 (5 H )-o n e ) , 
a weak BZR in v e rse  a g o n is t ,  has more s e le c t i v e  e f f e c t s  on 
in g e s t io n a l  resp o n ses  in  th e  male r a t .

In  an e x te n s iv e  s e r ie s  o f ex p e rim en ts, our r e s u l t s  to  d a te  show 
th a t  CGS 8216, ad m in is te red  in t r a p e r i t o n e a l ly  in  doses up to  
40 mg/kg, reduced th e  consum ption o f  (i) p a la ta b le  sweetened and 
o i ly  mashes by nondeprived  r a t s ;  ( i i )  m ilk and su cro se  s o lu tio n s  
by nondeprived  r a t s ;  ( i i i )  a 30% su cro se  s o lu t io n  in  sham -feeding 
r a t s  w ith  a g a s t r i c  f i s t u l a ;  (iv) had on ly  a modest e f f e c t  on th e  
consum ption o f s ta n d a rd  la b . chow by fo o d -d ep riv e d , w a te r-d e p riv ed  
and nondeprived  r a t s ;  (v) had l i t t l e  o r  no e f f e c t  on th e  
consum ption o f  w ate r o r  a 0.9% NaCl s o lu t io n  by w a te r-d e p riv ed  
r a t s .  The a n o re c tic  e f f e c t  o f  CGS 8216 in  nondeprived  r a t s  
consuming a m ilk s o lu t io n  o r  in  sham -feeding r a t s  consuming a 
30% su cro se  s o lu t io n  was re v e rse d  by th e  BZR a n ta g o n is t  flu m azep il 
(R ol5-1788). T his in d ic a te s  t h a t  th e  e f f e c t  was most l i k e ly  

m ediated  a t  BZRs.
I t  has been shown t h a t  bo th  FG 7142 and CGS 8216 in c re a s e  

plasm a c o r t ic o s te ro n e  le v e ls  in  th e  r a t .  We found th a t  
adrenalec tom y had no e f f e c t  on th e  a n o re c tic  e f f e c t  o f e i th e r  
compound in  nondeprived  r a t s  fed  a p a la ta b le  sw eet mash. 
F urtherm ore, a d e ta i l e d  b eh a v io u ra l a n a ly s is  u s in g  a tim e-sam pling  
p rocedu re  showed th a t  CGS 8216 (in  doses up to  40 mg/kg) had no 
g en e ra l b e h a v io u ra l ly -d is ru p tiv e  e f f e c t s .  We conclude t h a t  th e  
a n o re c t ic  e f f e c t  o f  CGS 8216 i s  n o t secondary  to  an in c re a s e  in  
plasm a c o r t ic o s te ro n e  le v e l  o r to  b eh a v io u ra l im pairm ent. The 
p y razo lo q u in o lin e  CGS 8216 appears th e r e fo r e  to  have s e le c t iv e  
e f f e c t s  on in g e s t io n ,  and may prove im p o rtan t as an a n o re c tic  
agen t which a t te n u a te s  feed in g  resp o n ses  to  p a la ta b le  foods.

TCK was su ppo rted  by C iba-G eigy, Summit, NJ.

419.3 SEROTONIN TURNOVER IS ALTERED IN LIMBIC AND BRAIN STEM STRUCTURES 
AFTER INGESTION OF IMBALANCED AMINO ACID DIETS. D.W. Gietzen, M. 
Malek*, P.M.B. Leung* and Q.R. Rogers: Dept. Physiol . Sci. and 
Food Intake Lab. Univ. Cal i f .  Davis, CA 95616.

Animals will  re l i a b ly  reduce th e i r  food intake i f  given a d ie t  
containing d isproportionate  amounts of amino acids . The brain 
has been shown to be involved in th i s  response. Spec if ica l ly ,  
lesions of several limbic bra in areas,  prepyriform cortex (PPC), 
an te r io r  c ingula te  cortex (AC), hippocampus (HIP), septum (SEP) 
and amygdala (AMYG) a l t e r  e i t h e r  the i n i t i a l  or adaptive phase of 
r a t ' s  responses to an imbalanced amino acid d ie t  (IMB). 
Pharmacological manipulations have implicated serotonin  (5HT) in 
the adaptive phase of these  responses. In order to  invest igate  
fu r th e r  the  ro le  of 5HT in th i s  phenomenon, we estimated 5HT 
turnover using the r a t i o  of the  5HT metabol ite , 5-hydroxy indole 
a ce t ic  acid (5HIAA), to 5HT a f t e r  HPLC with electrochemical 
de tection .  Samples were taken as micropunches or d is sected  from 
14 d is c re te  bra in areas  of r a t s  3.5 hr a f t e r  presenta tion  of a 
mild imbalanced d ie t ,  limited in isoleucine (ILE-IMB), which was 
before the onset of the feeding depression, or 2.5 hr a f t e r  
threonine 1 MB (THR-IMB), a more severly  imbalanced d ie t ,  a t  which 
time the food in take of the  I MB  group was s ig n i f i c a n t ly   
depressed. A para l l el group fed ILE-IMB decreased th e i r  food 
intake by 6 hr. In the  ILE-IMB group, k i l l e d  before the onset 
of a s ig n i f i c a n t  decrease in food intake, 5HT turnover was 
increased to  155% of th a t  in basal d ie t  contro ls  (BAS) in raphe, 
153/ in the nucleus of the s o l i t a r y  t r a c t  (NTS), 218% in LC, and 
140/ in HIP, and decreased to  71% in PPC. In the group fed 
THR-1MB, increased 5HT turnover was a lso seen; 133% of BAS in the 
PPC, 131 %  in AC and 186/ in the  locus ceruleus  (LC), with a 
decrease to  48/ of BAS in SEP. Thus, in PPC, an area associated  
with the i n i t i a l  phase of the  feeding response, 5HT turnover was 
reduced before the depression of feeding and increased 
afterwards.  Lesions of medial and dorsal raphe nuclei have not 
affec ted  the responses to  IMB, but both SEP and HIP have been 
implicated in the  adaptive phase. Para l le l  increases  in 5HT 
turnover in the  LC with both d ie t s  are  in te res t ing ,  s ince  we have 
recent ly  reported th a t  concentrat ions of norepinephrine (but not 
5HT) were decreased in PPC from r a t s  fed both THR- and ILE-IMB.
However, in NTS, LC and AC, values fo r  the  corrected d ie t  control
group were a lso  increased r e l a t i v e  to  BAS. 5HT turnover was not 
a l te red  in any of 7 o ther  bra in  areas  te s ted ,  including 3 
hypothalamic areas  and a sec tion  containing several amygdaloid 
nucle i.  We conclude tha t  a l t e r a t io n s  in the serotonergic  
a c t iv i ty  of some limbic and bra in  stem s t ru c tu re s  may play a ro le  
in the r a t ' s  responses to  IMB.

(Supported by USPHS-NIH Grants AMO13252, AMO7355 and AM07557)

419.4 INTAKE OF PROTEIN-FREE AND AMINO ACID DIETS BY RATS GIVEN 
INTRACEREBROVENTRICULAR INJECTIONS OF A THREONINE- 
DEVOID AMINO ACID MIXTURE. W.J.Hortmon* and Q.R. Rogers. Food 
Intake Laboratory and Dept. Physiol. Sci., Univ. Calif., Davis, CA 95616.

Rats decrease intake of a diet devoid of threonine (thr) in 15 to 30 min 
or imbalanced with respect to thr by 2 h. The brain has been implicated 
as the critical site where the amino acid effect is sensed by the animal. 
This experiment was performed to examine the effect of a localized state 
of amino acid disproportion in the brain on food intake.

Eight male Sprague-Dawley rats were housed in meal pattern modules 
and trained to a 12:12 h light-dark cycle and 6 h daily feeding of thr basal 
(control) diet containing 12% amino acids. Chronic cannulas (22 ga) were 
implanted in the right lateral ventricle for daily injection (10 μl) 5 min 
before the feeding period. Each rat received injection of artificial 
cerebrospinal fluid (ACSF) on 6 non-consecutive days, a mixture of 12 
amino acids (310 mM) (2 days) or the same mixture without thr (277 mM) 
(2 days). On test days protein-free (amino acid-free) diet was given for I 
h after icv injection and thr basal diet was fed for the remaining 5 h of 
the feeding period. Fifteen min cumulative food intakes were 3.7, 3.7, 
and 3.6 g (p > 0.10) following injections of ACSF, the complete and the 
thr-devoid amino acid mixtures, respectively. Intake of thr basal diet 
(after ACSF injection) was 4.0 g a t 15 min. Injection of complete or thr- 
devoid amino acid mixture did not affect 30 or 60 min intake of protein- 
free diet (p > 0.10). Six hour food intakes after amino acid injection did 
not differ from those after ACSF injection, without injection or with 
control diet alone (p > 0.10). Within 5 days after the feeding experiment 
cisternal CSF was collected 7 min after injections of the amino acid 
mixtures. Thr concentrations in CSF were 103 to 1065 nmoles/ml 
following injection of the complete mixture and 21 to 69 nmoles/ml after 
injection of the thr-devoid mixture. CSF concentrations of the other 
amino acids present in the mixture were elevated 5 -  100 times normal by 
the injections. The elevated concentrations were similar after injection 
of the complete or the thr-devoid mixture (p> 0.10).

These results demonstrate that rats were able to tolerate an acute 
marked alteration from the normal proportions of CSF amino acid 
concentrations without decreasing food intake. Reduction of CSF and 
brain thr concentrations which have been associated with the depressed 
food intake response to thr deficient diets may be more important than 
marked disproportionalities among CSF or brain amino acid 
concentrations in affecting food intake. (Supported in part by NIH Grants 
AM 13252 and AM07355.)
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419.5 SWALLOWING DURING ONGOING INGESTIVE BEHAVIOR. J.M . K aplan* and 
H .J . G r i l l  (SPON. F.W. F lynn ). Departm ent o f Psychology and 
I n s t i t u t e  fo r  N eu ro lo g ica l S c ie n ces , U n iv e rs ity  o f P ennsy lvan ia .

S u rp r is in g ly  l i t t l e  a t t e n t io n  has been paid  to  th e  r e p e t i t io n  
o f th e  d is c r e te  sw allow ing a c t io n  du rin g  ongoing in g e s t iv e  
b ehav io r in  i n t a c t ,  u n an e s th e tiz e d  r a t s .  The sw allow ing p a t te r n  i s  
a c a u sa l f a c to r  in  th e  m odulation  o f in g e s t io n  r a t e  d u ring  
m ealtak ing  ( in g e s t io n  r a t e  = swallow frequency  x average  swallow 
volum e). In  a d d i t io n ,  sw allow ing and o th e r  orom otor a c t io n s  
( l i c k in g ,  chewing, e t c . )  must be c o o rd in a ted  fo r  e f f i c i e n t  and 
u n in te r ru p te d  in g e s t iv e  b eh a v io r . We examined th e  orom otor and 
pharyngeal a c t i v i t y  of non -dep rived  a d u l t  r a t s  re c e iv in g  
c o n tro l le d  i n t r a o r a l  in fu s io n s  o f 0 .1  M su cro se  s o lu t io n s  
d e l iv e re d  a t  0 .5 , 1 .0 , o r 1 .5  m l/m in. At l e a s t  1 week p r io r  to  
t e s t i n g ,  in t r a o r a l  cannu lae were in s e r te d  and two f in e  w ire  
e le c tro d e s  were im plan ted  in  th e  in f e r io r  pharyngea l c o n s t r i c to r  
m uscle f o r  ch ro n ic  EMG re c o rd in g . During t e s t  s e s s io n s ,  a v ideo 
f r a m e - s p l i t t e r  was used to  s im u ltan eo u sly  reco rd  th e  r a t ' s  
orom otor behav io r and an o s c il lo s c o p e  d is p la y in g  th e  EMG a c i t i v i t y  
a s s o c ia te d  w ith  sw allow ing.

I n t r a o ra l  in fu s io n s  of th e  su cro se  s o lu t io n  were a c t iv e ly  
in g e sted  by a l l  s u b je c ts .  Mean sw allow ing frequency  in c re a se d  
a c ro s s  in fu s io n  r a t e s  (2 1 .4 8 , 31.86 and 40 .70  swallows per 
min, r e s p e c t iv e ly ,  fo r  th e  0 .5 ,  1 .0  and 1.5 ml/min in fu s io n s ) .  
Average swallow volumes (= in fu s io n  ra te /sw a llo w  frequency) a lso  
in c re a se d  dem onstra ting  th a t  ad ju stm en t o f bo th  sw allow ing 
p aram ete rs  combine to  accomodate changes in  in fu s io n  r a t e .  The 
r e s u l t s  o f our in t r a o r a l  in fu s io n  study  ag ree  c lo s e ly  w ith  th o se  
o b ta in ed  in  a re c e n t s tudy  of sw allow ing d u ring  v o lu n ta ry  d r in k in g  
(W eijnen e t  a l ,  1984). In  th a t  s tu d y , t h i r s t y  r a t s  were t r a in e d  
to  l i c k  a t  a spout which d e l iv e re d  w ate r a t  d i f f e r e n t  r a t e s .  In  
each s tu d y , swallow frequency  and swallow volumes co v a ried  a c ro ss  
f lu i d  d e l iv e ry  r a t e s .  A lso , a b s o lu te  v a lu es  fo r  th e se  two 
sw allow ing p aram ete rs  were in  agreem ent a c ro ss  c o n d itio n s  o f th e  
two expe rim en ts.

S ucrose in fu s io n  a lso  produces rhythm ic movements o f th e  jaw 
and tongue w ith  an average  in t e r v a l  between movements o f ap
p rox im ate ly  160 msec. The inter-m ovem ent in t e r v a l s  a s s o c ia te d  
w ith  th e  o n se t o f sw a llo w -re la te d  EMG a c t i v i t y  were leng thened  by 
20 msec o r  more. I t  i s  in t e r e s t i n g  th a t  i n t e r - l i c k  in t e r v a l s  
a s s o c ia te d  w ith  swallow o n se t du rin g  v o lu n ta ry  d r in k in g  (W eijnen e t  
a l ,  1984) were a lso  pro longed by about 20 msec (bo th  ty p e s  of 
movements a re  em itted  a t  about th e  same freq u en c y ).

We conclude th a t  th e  i n t r a o r a l  in fu s io n  methodology p ro v id e s  a 
h igh  degree o f s tim u lu s  c o n tro l  w h ile  producing  o ropharyngea l 
b eh a v io rs  ty p ic a l  o f v o lu n ta ry  f lu id  in g e s t io n .
Supported by ITG-MH15092 and NIH-AM21397.

419.6 EFFECTS OF BRAIN NOREPINEPHRINE DEPLETION ON BURN-INDUCED CHANGES 
IN FEEDING AND METABOLISM. J .L . Nelson, W.T. Chance, T. Foley- 
Nelson, M.W. Kim* and J .E . F ischer* . Dept. of Surgery, Univ. of 
C inc innati, C inc innati, OH 45267.

Although hypermetabolism and weight loss has been associated  
with increased norepinephrine (NE) leve ls  in major burn trauma, the 
e ffe c ts  of d ire c t  a l te ra tio n  of brain NE on these parameters have 
not been in vestigated . Therefore, brain NE was s p e c if ic a lly  de
p le ted  in 18 ra ts  (297±2 g) by b ila te ra l  in jec tio n s  (30 ug/2 u l) of 
the neurotoxin, 6 -hydroxydopamine (6-OHDA) in to  the locus coeruleus. 
Control (C) ra ts  (n=18) were subjected to s im ila r procedures, but 
no in jec tio n s  were adm inistered. Two weeks la te r  12 of the 6-OHDA 
and 11 of the C ra ts  were anesthesized (50 mg/kg, sodium pento
b a rb ita l)  and subjected to a 30% body surface area fu ll-th ic k n ess  
open flame burn (25 sec ). This treatm ent produces a fu ll-th ick n ess  
burn, destroying the free  nerve endings th a t mediate pain from 
cutaneous sources. Thus, the animals experienced minimal pain 
a f te r  the burn trauma. Only h a lf of the 6-OHDA ra ts  survived the 
burn, while only 1 of the nontreated ra ts  died sh o rtly  a f te r  the 
burn trauma. Both groups of burned (B) ra ts  exhib ited  a sho rt 
period (3 days) of anorexia, th a t changed to hyperphagia by day 11 
post burn. T hirty  min assessment of re s tin g  energy expenditure on 
postburn days 10 and 17 revealed increased metabolic ra te s  fo r both 
6-OHDA-B and C-B groups, as compared to nonburned co n tro ls . No 
s ig n if ic a n t d ifference  in metabolic ra te  was found between the 
6-OHDA-B and C-B groups. However, the 6-OHDA-B ra ts  gained body 
weight a t a s ig n if ic a n tly  (p<0.01) increased ra te  compared to  C-B 
ra ts  across the 28 days of postburn measurement, suggesting a 
decrease in hypermetabolism th a t was not observed in 30 min asse ss 
ment of re s tin g  energy expenditure. As presented in the following 
ta b le ,  assessment of amine neuro transm itte r leve ls  (ng/g) by HPLC 
on postburn day 28 revealed increased NE leve ls  in the hypothalamus 
and nucleus accumbens of C-B r a ts ,  which were severely  and se lec 
t iv e ly  depleted by the 6-OHDA treatments.

Hypothalamus Nucleus Accumbens
Group NE Dopamine Serotonin NE Dopamine Se ro tonin
C-Non B 1715±80 441±28 1220±121 516±46 5538±304 1302±79
6-OHDA-Non B 262±63* 479±30 1145±41 80±13* 4384±287 1208±161
C-B 2131±109* 460±22 1149±12 652±62 4627±223 1329±58
6-OHDA-B 332±28* 501±121 1222±121 54±8* 5072±536 1301±79

*p<0.01 vs C-Non B
Since h a lf  of the NE-depleted ra ts  died sh o rtly  a f te r  the burn 

trea tm ent, maintenance of normal NE leve ls  is  important fo r acute 
surv ival of burn trauma. However, reduction of elevated  brain NE 
concentrations in B ra ts  appears to reduce catabolism  and may re 
duce hypermetabolism, allowing these ra ts  to gain weight a t  fa s te r  
ra te s .
[Supported by grant 15874 from Shriners H ospitals of North America]

419.7 REGULATION OF BODY WEIGHT BY MONOAMINERGIC MECHANISMS IN THE RAT 
NTS. S .E . S pence r, P .J .  Gordon,* A.F. Sved, W.T. Talman, D epart
ment of N eurology and D ig es tiv e  D isease  C en te r, U n iv e rs ity  of 
Iowa, and V.A. M edical C en te r, Iowa C ity , IA 52242, and V.A. 
M edical C en te r, E ast O range, NJ 07019.

P rev ious  s tu d ie s  have suggested  th a t  th e  caudal m edial 
n ucleus  t r a c tu s  s o l i t a r i u s  (cmNTS) i s  im portan t in  th e  re g u la 
t io n  o f body w e ig h t, but th e  chem ical mechanisms of t h i s  regu 
la t io n  a re  no t known. In  t h i s  s tu d y , we sought to  determ ine th e  
e f f e c t s  on w eight g a in  when n o rad re n e rg ic  and s e ro to n e rg ic  
mechanisms in  th e  cmNTS were d is ru p te d . Tw enty -five a d u lt male 
Sprague-Dawley r a t s  were in d iv id u a l ly  housed  in  an environmen
t a l l y  c o n tro l le d  room and w eight ga in  (5-7  g m /d /ra t)  was moni
to re d  fo r  7-10 days. F ive groups matched fo r  w eight were 
s tu d ie d .  R ats were a n e s th e tiz e d  (h a lo th an e )  and p laced  in  a 
s te r e o ta x ic  fram e. G lass p ip e t te s  (O.D. 50 μm) were s te r e o ta x i -  
c a l ly  p laced  in to  th e  cmNTS th rough a p a r t i a l  o c c ip i t a l  c r a n i 
otomy and 0 .5  μL o f e i t h e r  5 ,7  d ihydroxy tryp tam ine  (5 ,7  DHT) (6 
μg ) ,  6 hydroxydopamine (6 OHDA) (2 μ g ) o r  v e h ic le  (0.01% a s c o r
b ic  a c id )  was i n s t i l l e d  in to  each s id e  of th e  cmNTS. In  5 r a t s ,  
5 ,7  DHT (6 p g /0 .5  μ l ) was i n s t i l l e d  in to  th e  l a t e r a l  cuneate  
n u c le i  b i l a t e r a l l y .  Each dose was g iven  over 10 min and th e  
p ip e t te  rem ained in  p lace , f o r  5 m inutes a f t e r  in fu s io n .  A ll 
r a t s  re c e iv in g  5 ,7  DHT and th e i r  sham c o n tro ls  were p r e t r e a te d  
w ith  desm ethy li mipramine (DMI) (25 mg/kg I .P . )  30 m inutes b e fo re  
c e n tr a l  m ic ro in je c t io n s .  The sc a lp  was c lo se d  and anim als 
re tu rn e d  to  t h e i r  home ca g es . At 7 and 14 days p o s t-o p e ra t iv e -  
ly ,  th e  mean gram w eight change was – 16.4 ± 5 .0  (x̅ ± SEM) and 
+19.2 ± 2 .2  fo r  r a t s  re c e iv in g  v e h ic le  o n ly , -1 8 .8  ± 5 .4  and 
+16.0 ± 5 .1  fo r  r a t s  w ith  v e h ic le  and DMI p re tre a tm e n t, -2 5 .6  ± 
5 .4  and +5.4 ± 4 .4  fo r  6 OHDA r a t s ,  -4 4 .6  ± 6 .3  and -3 .8  ± 4 .2  
fo r  r a t s  w ith  5 ,7  DHT in to  th e  cmNTS, and -1 4 .6  ± 5 .6  and +20.8 
± 4 .2  fo r  r a t s  w ith  5 ,7  DHT in to  th e  l a t e r a l  cu neate  n u c le i .  
The 15-20 gm p o s t-o p e ra t iv e  w eight d i f f e re n c e  between 5 ,7  DHT 
and c o n tro l groups p e r s is te d  fo r  6 weeks o f o b s e rv a t io n . H is to 
lo g ic  e v a lu a tio n  of th e  b ra in  stem  of c o n tro l and expe rim en ta l 
an im als showed no d if fe re n c e  in  th e  degree o f t i s s u e  damage. 
B iochem ical a n a ly s is  o f th e  cmNTS 42 days a f t e r  in j e c t io n  of 5 ,7  
DHT showed a 70% d ec re ase  in  NTS s e ro to n in  co n ten t v e rsu s  
c o n tro l (pg 5HT/μg p r o te in ) .  P rev ious  s tu d ie s  in d ic a te  th a t  6 
OHDA (4 μg t o t a l )  in  th e  NTS reduces n o ra d re n a lin e  by 60%. 
(S nyder, D.W., C irc  Res 43:662 , 1978). We conclude th a t  b i l a t 
e r a l  in j e c t io n s  o f 5 ,7  DHT o r 6 OHDA in to  cmNTS can e l i c i t  
s i g n i f i c a n t  w eight lo s s  and th a t  s e ro to n in  and n o ra d re n a lin e  may 
be invo lved  in  r e g u la t io n  o f body w eight by th e  NTS.
S upported in  p a r t  by R01-HL32205 and VA M erit Review Tab 18. 
WTT i s  an E s ta b lis h e d  I n v e s t ig a to r  w ith  th e  Amer. H eart A ssoc.

419.8 Cholinergic and Alpha-Adrenergic Interaction With Glucagon in  the 
Reduction of Food Ingestion. D.A. VanderWeele, D.R. Talbert* and 
B.L. Macrum* Dept. of Psychology, Occidental College, Los Angeles, 
CA 90041.

Pancreatic glucagon has been observed to  reduce food intake 
in  a number of species and feeding situa tions . Glucagon also 
possesses an a b il i ty  to  stim ulate the release of pancreatic insulin  
and insu lin  has recently  been shown to  be capable of producing a 
suppression of food intake. The present experiments assessed the 
in teraction  of insu lin  secretion during exogenous glucagon admin
is tra tio n  in  affecting  food intake by e ith e r  stim ulating (alpha- 
adrenergic) or reducing insu lin  release (cholinergic).

Rats were adapted to  4-hr fa s ts  beginning a t  lig h t onset 
(0800). At 1150 separate groups of subjects (minimum of 6 per 
group) were given in jections of sa line , atropine methyl n itra te  
(125 ugAg body weight), or phentolamine (300 or 500 ugAg).  Ten 

minutes la te r ,  separate groups received glucagon (400 ug/kg d is
solved in DMSO) or DMSO alone such th a t the following groups of 
animals were tested : saline/glucagon, atropine/glucagon, pbento- 
lamine/glucagon, saline/DMSO, atropine/DMSO and phentolamine/DMSO. 
Food was immediately returned following the second in jection  and 
animals were allowed to  feed for one hr, during which measurements 
of intake were recorded.

Glucagon by i t s e l f  s ign ifican tly  reduced food intake in  the hr 
following i t s  in jection  by 32 to  42%. When glucagon was combined 
with a pretreatment of atropine, a nonsignificant reduction in  food 
ingestion occurred (0 to  29%). When glucagon was combined with a 
pretreatment of phentolamine, sign ifican t reductions of 70 to  80% 
of ingestion were produced. When administered alone, atropine 
produced a reduction of 14 to  28% and phentolamine a reduction of 
43 to  68%, neither re su lt  sign ifican t because of considerable 
within-group v a riab ility .

Taken together these re su lts  are consistent with the in te r
pretation  th a t ra ising  the insu lin  levels contiguously with exo
genous glucagon in jection  enhances the a b ility  of glucagon to  
reduce eating (phentolamine) while reducing insu lin  release 
(atropine) renders glucagon le ss  effective in  reducing ingestion. 
I t  i s  certa in ly  possible th a t other variables can contribute to  the 
phentolamine e ffe c t (aversive conditions) and a ta s te  aversion 
paradigm is  currently  under use to  assess th is  p o ss ib ility .

P a rtia lly  supported by research development funds fo r the 
faculty  of Occidental College.
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419.9 DIURNAL VARIATIONS IN HYPOTHALAMIC MET-ENKEPHALIN CON
CENTRATIONS DURING A MEAL. C . L . M cL au g h lin . C . A . B a ile  
and M. A. De l l a - Fer a   W ashington U niv. Med. S chool, S t. 
L o u is , MO 63110.

E vidence su g g e s ts  t h a t  h y p o th a lam ic  m e t-e n k e p h a lin  
c o n c e n tr a t io n s  v ary  w ith  th e  f e d / f a s t e d  and o b e s e /le a n  
c o n d i t io n s  o f  r a t s .  The p r e s e n t  ex p erim en t was d es ig n ed  
t o  in v e s t i g a t e  th e  in f lu e n c e  o f  t h e  d iu r n a l  v a r i a t i o n  
on m e t-e n k e p h a lin  c o n c e n tr a t io n  changes w ith  fe e d in g . 
Groups o f  9 Sprague-D aw ley m ale r a t s  i n i t i a l l y  w eigh ing  
(255+3 g) w ere fo o d -d e p r iv e d  d u r in g  th e  1 2 -h r l i g h t  o r  
d a rk  p o r t io n  o f  th e  d iu r n a l  c y c le , th e n  s a c r i f i c e d  im
m e d ia te ly  o r  a f t e r  a m eal. M e t-en k ep h a lin  c o n c e n tra 
t i o n s  were m easured in  e x t r a c t s  o f  th e  s u p ra o p t ic  
n u c le u s  (SON), p a r a v e n t r ic u la r  n u c le u s  (PVN), and 
a n t e r i o r  (AH), v e n tro m e d ia l (VMH), d o rso m ed ia l (DMH) o r  
l a t e r a l  (LH) hypothalam us. Meal s i z e  in  d a rk -d e p r iv e d  
r a t s  was 3 tim e s  t h a t  in  l ig h t -d e p r iv e d  r a t s  (1 5 .9  vs 
5 .0  g , p < .0 1 ) . A cross f e d / f a s t e d  c o n d i t io n s  m et- 
e n k e p h a lin  c o n c e n tr a t io n s  were h ig h e r  in  l i g h t -  th a n  
d a rk -d e p r iv e d  r a t s  in  th e  PVN (139 vs 110 pg/mg t i s s u e ,  
P < .0 5 ) , AH (105 v s 89 pg/mg, p < .0 5 ) and VMH (185 vs 157 
pg/mg,  p < .0 1 ) and, a c ro s s  c y c le s ,  were h ig h e r  in  f a s te d  
th a n  fe d  r a t s  in  th e  PVN (147 vs 103 pg/mg, p < .0 3 ) . 
A n a ly s is  o f  a hunger x c y c le  i n t e r a c t i o n  re v e a le d  t h a t ,  
a f t e r  l i g h t  d e p r iv a t io n ,  c o n c e n tr a t io n s  w ere h ig h e r  in  
f a s te d  th a n  fe d  r a t s  in  th e  SON (100 v s 68 pg/mg, 
p < .01 ) and VMH (209 vs 161 pg/mg, p< .02 ) and concen
t r a t i o n s  w ere h ig h e r  in  fe d  th a n  f a s te d  r a t s  in  th e  SON 
(105 vs 59 pg/mg, p < .0 1 ) . When meal s i z e  a f t e r  d a rk  
d e p r iv a t io n  was r e s t r i c t e d  t o  t h a t  a f t e r  l i g h t  d e p r i 
v a t io n ,  m e t-e n k e p h a lin  c o n c e n tr a t io n s  w ere n o t d i f 
f e r e n t  from th o s e  a f t e r  a meal in  l ig h t -d e p r iv e d  r a t s ,  
e x c e p t in  th e  AH, w here c o n c e n tr a t io n s  were more l i k e  
th o s e  o f  f a s te d  th a n  fe d  r a t s  (67 v s 68 pg/mg, NS). 
When th e  same e s t im a te d  c a l o r i c  lo ad  t h a t  th e  l i g h t -  
d e p r iv e d  r a t s  consumed ad l ib i tu m  was g iv e n  by gavage 
in  l ig h t -d e p r iv e d  r a t s ,  c o n c e n tr a t io n s  d id  n o t  d i f f e r  
from  th o s e  d u r in g  an ad l i b  meal e x c e p t in  th e  VMH, 
where c o n c e n tr a t io n s  were more l i k e  th o s e  o f  f a s te d  
r a t s  (216 vs 209 pg/mg t i s s u e ,  NS). Thus, h y p o th a lam ic  
m e t-e n k e p h a lin  c o n c e n tr a t io n s  change d i f f e r e n t i a l l y  
w ith  f e e d in g  w ith in  th e  hypothalam us and e x h ib i t  
d iu r n a l  v a r i a t i o n .  S in ce  m e t-e n k e p h a lin  an a lo g u es 
s t im u la te  fe e d in g  when a d m in in s te re d  in  s p e c i f i c  a re a s  
o f  th e  b r a in  a s  w e ll a s  th e  c e r e b ro s p in a l  f l u id  
system , th e s e  f in d in g s  p ro v id e  f u r t h e r  su p p o r t  f o r  th e  
r o l e  o f  o p ia te  p e p t id e s  in  th e  c o n t r o l  o f  food in ta k e . 
S upported  by g r a n t s  from  Monsanto and NIH 20000.

419.10 ETHANOL PREFERENCE IN ADULTHOOD IS AFFECTED BY BRIEF POSTNATAL 
EXPOSURE TO ETHANOL IN ARTIFICIALLY REARED RAT PUPS. B.S. F ish er*  
and W.C. Lynch. D epartm ent o f Psychology, Montana S ta te  U n iv e rs ity , 
Bozeman, MT 59717.

P rev io u s  s tu d ie s  sug g est t h a t  p r e n a t a l  o r e a r ly  p o s tn a ta l  expo
su re  to  a lc o h o l  may p red isp o se  an im als  tow ard g r e a te r  a lc o h o l 
to le r a n c e  o r p re fe re n c e  l a t e r  in  l i f e  (e.g., Bond, N.W. and 
D iG u is to , E.L., P sychopharm  46 :1 6 3 , 1976; R eyes, E. e t  a l . ,  RSA 
Abst. 217:115, 1984). Due to  numerous m e th o d o lo g ica l problem s, 
however, i n t e r p r e ta t io n  o f th e se  r e p o r ts  rem ains u n c e rta in . In 
o rd e r  to  overcome problem s o f n u t r i t io n ,  c r o s s - fo s te r in g  s t r e s s ,  
and u n c e r ta in ty  about a lc o h o l  dosage, we r e c e n t ly  e s ta b l is h e d  th e  
method o f a r t i f i c i a l l y  re a r in g  r a t  pups in  i s o l a t i o n  from p o s tn a ta l  
m a te rn a l in f lu e n c e s  (M esser, M. e t  a l .  J .  N u tr i t  98:404, 1969 and 
Samson,. H.H. and D iaz, J . In  F e ta l  a lc o h o l  syndrome: Animal s tu d 
ie s .  CRC P re ss , 1982). B r ie f ly ,  th e  method c o n s is ts  o f im p lan tin g  
a ch ro n ic  in t r a g a s t r i c  can n u la  in  4 day o ld  r a t  pups th a t  a re  then 
re a re d  in  in d iv id u a l  in c u b a to r  cups u n t i l  weaning (p o s tn a ta l  day 
18). D uring t h i s  p e r io d  pups a re  fed  by tim ed in fu s io n  o f p r e c i s e 
ly  c o n t r o l le d  amounts of an a r t i f i c i a l  d i e t  c o n s is t in g  o f  evapo
ra te d  m ilk  supplem ented w ith  v itam in s  and m in e ra ls .

A newly designed , in e x p en s iv e , sy r in g e  pump c a p ab le  o f feed in g  
10 an im als  s im u lta n e o u s ly  was d eve loped  in  th e  cou rse  of th e se  
s tu d ie s .  Pumps in c lu d e  in t e r n a l  tim in g  c i r c u i t s  fo r  s im p le  b u t 
a c c u ra te  s p e c i f ic a t io n  o f th e  d e l iv e r y  p e r io d  of each feed  c y c le . 
A H urst LAS s te p p in g  motor p ro v id e s  p re c is e  c o n tro l  o f form ura 
volum e pumped in  each c y c le . These pumps have p roven  h ig h ly  r e l i 
a b le  f o r  th e  d e l iv e r y  o f 0.2 to  10.0 ml o f  d i e t  in  each 23 h r 
p e r io d .

In p re l im in a ry  s tu d ie s ,  te n  ba tch es  o f Holtzman a lb in o  r a t  pups 
were s tu d ie d . Each b a tch  o f 10 o r 20 pups was t r e a te d  w ith  e th a n o l 
d u rin g  a l l  o r p a r t  o f  th e  p e r io d  from day 4-10 p o s tn a t a l l y  w ith 
doses in  v a r io u s  b a tch es  rang ing  from 3 to  5% (v /v ) . D uring th e  
prew eaning p e rio d , growth r a te s  were m onitored  and r e f l e x  t e s t s  
were used to  a s s e s s  motor developm ent and th e  ac u te  e f f e c t s  of 
e th a n o l. At v a r io u s  tim es a f t e r  weaning an im als  were t e s te d  u sing  
e i t h e r  s i n g l e - b o t t l e  (in take) o r tw o -b o tt le  (p reference) t e s t s  to  
de term ine  th e  e f f e c t s  o f  e a r l y  e th a n o l on l a t e r  e th a n o l p re fe re n c e .

Growth r a te s  were u n e ffe c te d  by e th a n o l. R e flex  measures in d i 
ca ted  wide v a r i a b i l i t y  in  th e  ac u te  response  to  e th a n o l w ith pups 
g e n e ra l ly  showing a d e p re ss io n  of b a s ic  motor responses d u rin g  th e  
p e r io d  o f  exposure and fo r  1 o r  2 days lo n g e r a t  most. Subsequent 
a lc o h o l  in ta k e  and p re fe re n c e  t e s t s ,  n e v e r th e le s s ,  suggested  an 
enhanced e th a n o l to le r a n c e /p r e f e r e n c e  in  p r e v io u s ly  exposed a n i 
m als, l a s t i n g  fo r  a p e r io d  o f a t  l e a s t  3 months. O ther f in d in g s  
in c lu d e d  a h ig h ly  s ig n i f i c a n t  e f f e c t  o f e a r ly  e th a n o l on th e  dev 
elopm ent o f c a te r a c ts  and somewhat dec reased  b ra in /b o d y  w eight 
r a t i o s  in  pups  10 t o  18 d ays  o f  age .

419.11 ANOREXIA,  WEIGHT LOSS, AND BRAIN SEROTONIN (5H T) IN 
OBESE RATS TREATED CHRONICALLY (OSMOTIC MINIPUMP) WITH 
LOW DOSES OF D-FENFLURAMINE. J.C arlton & N.E.Rowland 
Dept Paychol, Univ Florida, Gainesv i l l e FL 32611.

D-fen flu ramine (FEN; I somerid eR) i s matabolizad 6x 
more rapidly in ra ta  than humans (approx. plasma half 
l iv es 3 va 18 h r ) . Thus, single daily  in jections to 
ra ta  may ba a poor animal model of chronic FEN admin- 
i s tra tio n . In the present experiments, we examine the 
e ffec ts  of chronic subcutaneous FEN adm inistration by 
osmotic minipump (Al zet)  to Sprague-Dawley (SD) r a ts .

Study A. 6mo old male r a ts (mean weight 600g) wer e 
infused with 0,3 or 6 ag FEN/kg/24hr for 6 days . Chow 
intake was suppressed by over  50x on the f i r s t  day. 
This anorec tic  ef f ec t dec reased across days, but was 
st i l l  s ig n ifican t a f ter  6 days a t t he higher  dose . The 
FEN-treat ed groups lost  5 -10% body weight during the 
f i r s t  3 days , than main ta in ed th is  weight loss .

Study B. 6mo old f emale r a t s (mean weight 400g) 
wer e i nfused with 0,3 or 6 ag FEN /kg/24hr for 6 days . 
Both doses of FEN produced a comparable suppression of 
chow intake throughout the 6 days , and marked weight 
loss during the f i r s t  3 days . (Half of th e r a ts in 
th is  s tudy wer e r et i r ed breeders, and the r est  age- 
matched unbrad contro ls : th ere was no d if ference 
between these groups .) Brain 5HT w e r e  wer e unaltered 
by the 3 mg dose, but wer e 70% r educed by 6 ag/kg FEN.

Study C. 2mo old f emale r a ts were f ed ei th er  chow 
or a "super market " d iet  con sisting  of sweet ened cond- 
ensed milk, cookies and chow for 11 wk. At the and of 
th is t i me the chow groups weighed 396g and the super-  
market  groups 482g. Half of the ra ta  in each group 
than were infused with FEN (3 ag/kg/24 hr for 4 wk), 
under  the same d ietary  conditions . FEN t r eat ed r a t s 
in i t ia l ly  lost  weig h t. then t ended to  sustain  th i s 
los s . The a ffec t  was grea ter  in the super market  group. 
The anorexia was modest, and was man ifest  against  chow 
ra ther  than sweet ened milk . Whan the FEN was diacont- 
inuad# body weights r eturned to  normal within 1 weak.

These s tud ies show th a t 3 ag/kg/day FEN, a dose 
which in r a t s is  comparable to  the c lin ic a l dose of 
0 .5 mg/kg/day, can produce sus ta in ed weight los s . This 
seems to  ba more pronounced in older  and/or obese 
f emales than in males or l ean f emales. Further , th is 
low dose i s not associatad with brain 5HT dep letions .

Isomer i deR and financial support f r om Serv ier  Labs

419.12 AUTORADIOGRAPHIC ANALYSIS OF THE NEURAL CORRELATES OF INGESTION 
AND BEHAVIORAL ACTIVATION IN 6-DAY-OLD RAT PUPS.
L. M. T e rry , C. B. P h ife r  and W. G. H a ll .  D epartm ent of 
P sychology, Duke U n iv e rs ity , Durham, NC 27706.

In fa n t r a t s  deprived  o f food, w a te r, m aternal c a re , and th e  
o p p o rtu n ity  to  su ck le  w i l l  in g e s t  o r a l ly  in fu sed  m ilk and become 
b e h a v io ra lly  a c t iv e  ( l ocomote, p robe , and r o l l )  du ring  in g e s t io n .  
In g e s tio n  depends on sim ple n u t r i t io n a l  d e p r iv a tio n , w hile  
b e h a v io ra l a c t iv a t io n ,  which may be r e la te d  to  m o tiv a tio n  and 
rew ard , r e q u ire s  both n u t r i t i o n a l  d e p r iv a tio n  and m aternal 
d e p r iv a tio n . We examined th e  e f f e c t s  o f both d e p r iv a tio n a l s t a t e s  
and in g e s t iv e  s tim u la t io n  on r e l a t i v e  n e u ra l m e tabo lic  a c t iv i ty  
us ing  [14-C] 2-deoxyglucose au to rad io g rap h y .

At 5 days of age , pups were e i th e r :  1) deprived  fo r  24 h r in  
a warm in c u b a to r  ( in c u b a to r -d e p r iv e d , producing in g e s t io n  and 
a c t iv a t io n ) ,  2) p laced  w ith  a n o n - la c ta t in g fo s te r-m o th e r  
( f o s te r -d e p r iv e d ,  producing  in g e s t io n  a lo n e ) , o r 3) rem ained w ith  
t h e i r  l a c ta t in g  mother (non d ep riv ed , no in g e s t io n  or a c t iv a t io n ) .  
At th e  end o f th e  d e p r iv a tio n  p e r io d , pups were p laced  in  a warm 
t e s t  chamber and e i th e r  fed  m ilk through o r a l  cannu las  or not 
fe d . 2-DG in c o rp o ra tio n  took p la ce  during  th e  e n t i r e  1 h r 
in g e s t iv e  t e s t .  At th e  co n c lu sio n  o f te s t in g  pups were s a c r i f i c e d  
and b ra in  s e c t io n s  were p repared  by s tan d a rd  a u to rad io g rap h ic  
m ethods. F o r ty -e ig h t f r o n ta l  s e c t io n s  (o lf a c to ry  bu lb s  through 
m edulla) from each b ra in  were matched to  a s e t  o f re fe re n c e  
s e c t io n s .  Using th e  N is s l - s ta in e d  t i s s u e  as  a gu id e , 140 
neuroana tom ical reg io n s  were id e n t i f i e d  (each  on 3-10 s e c t io n s )  
and th e i r  o p t i c a l  d e n s i t i e s  were m easured. M easurements were 
transfo rm ed  to  Z -sco re s  and averaged among b ra in s  w ith in  groups 
to  p rov ide  an index o f r e l a t i v e  o p t ic a l  d e n s ity  fo r  each re g io n . 
These ave rages  were used fo r  betw een-group com parisons.

N u tr i t io n a l  d e p r iv a tio n  a lo n e  o r in  com bination w ith  m aternal 
d e p r iv a tio n  caused changes in  r e l a t i v e  n e u ra l a c t i v i t y  in  
hypothalam ic and b ra in stem  re g io n s ; th e  major d if f e re n c e s  in  
a c t i v i t y  between th e  two d e p r iv a t io n a l  s t a t e s  occurred  in  
tha lam ic  n u c le i .  F u r th e r , changes in  n e u ra l a c t i v i t y  a s s o c ia te d  
w ith  sim ple in g e s t io n  appeared  in  th e  b a sa l g a n g lia  and b ra in stem  
senso ry  and motor n u c le i .  For an im als th a t  were b e h a v io ra lly  
a c t iv a te d  in  response  to  m ilk , n e u ra l a c t i v i t y  in c rea sed  in  th e  
nucleus  o f th e  h o r iz o n ta l limb o f th e  d iag o n a l band o f B roca, and 
in  c e r t a in  th a la m ic , hypothalam ic and b ra in stem  n u c le i .  These 
r e s u l t s  begin  to  re v e a l th e  com plexity  o f th e  in te r a c t io n s  
between m o tiv a t io n a l s t a t e s  and a p p e t i t iv e  beh av io rs  in  
deve lop ing  mammals.

Supported by NICHD G rant HD-17457.
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419.13 modulation of glucagon sa tiety  by p eriprandial  events associated 
WITH previous MEALS. S.C . W eatherford  and s .  R i t t e r . C o llege  
o f  V e te rin a ry  M edicine, W ashington S ta te  U n iv ., Pullm an WA 99164.

The e f f i c a c y  o f  glucagon (GL) as  a s a t i e t y  hormone appears  to  
be s u b je c t to  d iu rn a l v a r i a t i o n .  Our r e s u l t s  su g g es t th a t  the  
d iu rn a l  d i s t r i b u t io n  o f  spontaneous m eals may c o n tr ib u te  to  t h i s  
e f f e c t .  We found th a t  th e  s a t i e ty  e f f e c t  o f  GL i s  more 
c o n s is te n t  d u rin g  th e  dark  phase o f  th e  l i g h t  c y c le  i f  an im als 
a re  food d ep rived  fo r  6-8  h r p r io r  to  th e  feed in g  t e s t .  
However, d u rin g  the  l i g h t  phase , GL su p p re sse s  feed in g  in  
nondeprived  r a t s .  These r e s u l t s ,  combined w ith  th e  f a c t  th a t  
r a t s  norm ally  e a t freq u e n t m eals a t  n ig h t and f a s t  spon taneously  
d u rin g  th e  day, sug g est th a t  some consequence o f  re c e n t food 
in g e s t io n  might m odulate GL's e f f e c t  on subsequen t m eals. We 
te s te d  th i s  h y p o th e sis  by a llow ing  r a t s  to  e a t two sm all m eals 
o f  in s ta n t  b re a k fa s t  (5 ml) d u rin g  a 7 h r f a s t ,  4 and 6 h r p r io r  
to  a feed in g  t e s t  conducted 1 h r a f t e r  dark  o n s e t .  We found 
th a t  th e  s a t i e ty  e f f e c t  o f  GL was b locked by th e  in g e s t io n  o f 
th e se  two m eals. We in v e s t ig a te d  p o s s ib le  p e r ip r a n d ia l  ev e n ts  
which might m ediate  t h i s  b lockade . I n s u l in ,  GL, and CCK a re  
g a s t r o i n t e s t i n a l  p e p tid e s  re le a s e d  d u rin g  a m eal. T h e re fo re , we 
gave in s u l in  (100 m u/kg), GL (100 μg /k g ) , CCK (2 μg /kg) o r 
s a l i n e  in  a co u n te rb a lan ced  d es ig n  6 hr p r io r  to  th e  GL t e s t .  
Like th e  sm all m eals, in s u l in  and GL blocked GL's s a t i e t y  
e f f e c t ,  bu t CCK d id  n o t . Thus, food in ta k e  and i t s  m e tab o lic  o r 
endoc rine  consequences may m odulate th e  e f f i c a c y  o f  G L's s a t i e t y  
e f f e c t  in  t e s t s  conducted d u rin g  th e  dark  phase o f  th e  c i r c a d ia n  
l i g h t  c y c le .

NIH g ra n t ROl NS21086.

419.14 THE INTERACTION OF A FOOD PRELOAD AND HYPOTHALAMIC 
STIMULATION ON THE TIME COURSE OF CHOLECYSTOKININ- 
INDUCED SUPPRESSION OF FOOD INTAKE. T. R. Maone and S. M. 
Feldman. Department of Psychology, New York University, New York, NY 
10003.

A discrete trials paradigm was used to investigate the time course of 
satiety caused by exogenously administered sulfated cholecystokinin octa- 
peptide (CCK: 5-10 μg/kg ip) in rats. Daily feeding sessions consisted usu
ally of 32 feeding bouts (trials), during which a dish of wet mash (3:2 w/w, 
water and rat chow) was available during delivery of 30-sec trains of electri
cal stimulation to the lateral hypothalamus (ESLH: 0.1 msec pulses @60 
pps). The discrete trials paradigm revealed that the transition from pre-CCK 
ingestion rates to a state of virtually complete anorexia took place over at 
least one transition trial, which was not due to the pharmacokinetics of CCK 
(Maone et al., Soc. Neurosci. Abstr., 10:301, 1984). The transition process 
was seen to occur during stimulation-induced feeding following changes in 
physiological state that had been caused by the introduction of exogenous 
CCK or brain stimulation (ESLH, de novo or via a contralateral feeding 
electrode). In addition, experience with ESLH-induced feeding within a ses
sion appeared to maximize the anorectic effect of subsequently administered 
CCK (Maone and Feldman, Proc. Abstr. East. Psychol. Assn., 57:60, 1986).

We next investigated the separate influences of prior experience with brain 
stimulation and/or food, within a session, on the time course of CCK- 
induced anorexia, i.e., on its onset (transition) and recovery. By varying the 
conditions of the initial 8 feeding trials, we established four different 
within-session “ histories” of physiological states prior to injection of CCK 
or physiological saline: food only (no ESLH); ESLH only (no food); food 
and ESLH; no food/no ESLH. Results showed that a preload (history) of 
food prior to administration of CCK or saline had no effect on the initial 
rate of eating (transition) induced by ESLH. The effect of the preload was 
manifest only later in the session, retarding recovery from CCK, or 
accelerating the decrease in rate of intake following saline injection. By 
contrast, histories that included ESLH had a substantial attenuating effect on 
the initial rate of intake. When the preload was the result of ESLH-induced 
feeding, the effect of the load was evident throughout the feeding session, 
and the response to CCK was maximized.

We conclude that the initial introduction of ESLH within a session caused 
a motivational state that transiently overwhelmed satiety cues caused by a 
preload of food or exogenous CCK. It was only during the period of transi
tion that the cues (presumably peripheral in origin) became centrally 
integrated to produce a change in behavior appropriate to the new physiolog
ical state. The combination of ESLH and food interacted with CCK to pro
duce a maximum anorectic effect, probably due to the recruitment of central 
and peripheral satiety mechanisms.

419.15 EFFECTS OF GASTRIC LOADS ON SHAM FEEDING IN DOGS. T.  J .  
K a lo g e ris*, R. D. R e id e lb e rg e r* , T .  E.  Solomon* , and V .  E. 
Mendel (SPON: P. H. S. J en ). D epts. o f M edicine and Physio logy , 
U niv . o f  M is s o u r i  M ed ic a l S ch o o l and Trum an V.A. H osp ., 
Colum bia, MO 65201.

The stom ach may p la y  an im p o rtan t r o le  in  th e  s h o r t- te rm  
c o n tro l  o f food in ta k e .  The im portance o f g a s t r i c  f a c to r s  — 
d is te n s io n ,  d is te n s io n  r a t e ,  and n u tr i e n t  composition of food — 
under d i f f e r e n t  feed in g  c o n d itio n s  (e .g . le n g th  o f p r io r  food 
d e p riv a tio n )  in  g a s tr ic -m e d ia te d  s a t i e t y  i s  u n c le a r . To ad d ress  
these issues, we have developed an experim ental model using dogs 
equipped w ith  esophagea l f i s t u l a s  and g as tro d u o d en a l ca n n u la s . 
The esophagea l f i s t u l a  can be c lo se d  o r  opened to  a llo w  norm al 
o r  sham feed in g . The gastro d u o d en a l cannu la  p e rm its  e i t h e r  
con finem en t o f an in g e s te d  o r in fu se d  load  to  th e  stom ach o r 
em ptying  o f  g a s t r i c  c o n te n ts  in to  th e  duodenum. In p re l im in a ry  
s tu d ie s ,  e f f e c t s  o f g a s t r i c  lo ad s  co n fin ed  to  th e  stom ach on 
sham feeding of a liq u if ie d  food (0.83 kcal/m l) were examined in  
dogs ad ap ted  to  a s in g le ,  d a i ly  30-min feed in g  p e r io d . When 
in g e s t e d  fo o d  d r a in e d  from  th e  e s o p h a g e a l  f i s t u l a  (sham 
fee d in g ) , food in ta k e  was 2 to  3 fo ld  g r e a te r  th an  th a t  w hich 
o c c u r r e d  when in g e s t e d  fo o d  e n t e r e d  th e  s to m a c h . G a s t r i c  
in f u s io n s  o f  l i q u i d  fo o d  (250, 500, o r  1000 ml) w ere 
adm inistered during sham feeding a t  a ra te  s im ila r  to  the dogs' 
feeding ra te  (200 ml/min). The 250 ml load had no e f fe c t on sham 
feeding; the 500 ml and 1000 ml lo a d s . decreased sham feeding by 
37% and 78%, r e s p e c t iv e ly .  We th en  com pared th e  e f f e c t  o f 
in fu s io n  o f 750 ml o f food v e rsu s  0.15 M NaCl on sham feed in g . 
Both lo ad s  d ec re ased  meal s iz e  by 70%. These r e s u l t s  su g g est 
t h a t  g a s t r i c  d is te n s io n  p roduces a d o s e - r e la te d  s a t i e t y  e f f e c t  
in  dogs adapted to  a s ing le  d a ily  meal. (This work was supported 
by NIH t r a in in g  g ra n t PHS AM07355 and th e  M edical Research 
S e rv ic e  o f th e  V ete rans A d m in is tra tio n .)
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420.1 CHOLINERGIC INPUT TO THE SUBFORNICAL ORGAN FROM THE LATERODORSAL 
TEGMENTAL NUCLEUS. R, W allace Lind and Gwenda R. Gnadt*. N eural 
Systems Lab, Howard Hughes M edical I n s t i t u t e  and S alk  I n s t i t u t e ,  
La J o l l a ,  CA 92037.

For s e v e ra l y e a rs  th e re  has been in t e r e s t  in  th e  source  o f an 
a c e ty lc h o lin e -c o n ta in in g  in p u t to  th e  s u b fo rn ic a l organ  (SFO). 
The p resen ce  o f  a c e ty lc h o lin e  was f i r s t  in d ic a te d  by th e  work o f 
Lewis and Shute (1967) u s in g  c h o l in e s te ra s e  h is to c h e m is try . The 
fu n c t io n a l  im portance o f  th i s  a f f e r e n t  co n n e c tio n  was suggested  
by Simpson and R o u tte n b e rg 's  (1972) d isco v e ry  th a t  in j e c t io n  o f 
a c h o l in e rg ic  a g o n is t ,  ca rb a ch o l, d i r e c t l y  in to  th e  SFO e l i c i t s  
a s h o r t- la te n c y  d r in k in g  resp o n se . Mangiapane and Simpson 
(1979) dem onstra ted  th e  independence o f t h i s  e f f e c t  from 
a n g io te n s in - in d u c e d  d r in k in g , and ex tended  th e  fu n c tio n s  of 
a c e ty lc h o lin e  in  th e  SFO to  in c lu d e  a p re s s o r  e f f e c t  (1983).

The p re s e n t work employed modern n eu roana tom ica l te chn iques  
to  determ ine  th e  lo c a t io n  o f c h o l in e rg ic  neurons th a t  send 
p ro je c t io n s  to  th e  SFO. I n je c t io n s  o f  th e  r e t r o g ra d e ly  t r a n s 
p o r te d  f lu o re s c e n t  dye, F a s t B lue , in to  th e  SFO id e n t i f i e d  a 
number o f  p u ta t iv e  n e u ra l in p u ts  th a t  have been  d esc rib ed  
e lsew here . Of p a r t i c u l a r  i n t e r e s t  h e re  was th e  i d e n t i f i c a t i o n  
o f  c e l l s  in  th e  la te r o d o r s a l  tegm en ta l nu c leu s  (LDT). Immuno- 
h is to c h e m ic a l s ta in in g  w ith  a m onoclonal an tib o d y  to  c h o l in e - 
a c e ty l t r a n s f e r a s e  (k in d ly  p ro v id ed  by Dr. F e lix  E ckenste in ) 
in d ic a te d  th a t  many o f  th e  neurons in  th e  LDT th a t  send axons to  
th e  SFO c o n ta in  th e  s y n th e t ic  enzyme fo r  a c e ty lc h o lin e . 
I n je c t io n s  o f  th e  an te ro g ra d e ly  tr a n s p o r te d  l e c t i n  PHA-L in to  
th e  LDT r e l i a b l y  la b e le d  f ib e r s  in  p e r ip h e ra l  p a r t s  o f th e  SFO, 
where c h o l in e s te ra s e - p o s i t iv e  f ib e r s  a re  c o n c e n tra te d . These 
te ch n iq u es  have n o t i d e n t i f i e d  any o th e r  so u rces  o f  c h o lin e rg ic  
in p u ts  to  th e  SFO.

The LDT i s  th ough t to  in n e rv a te  p ara sy m p a th e tic  p r e -g a n g l i
o n ic  neurons in  th e  s a c r a l  co rd , and re c e n t ly  i t  has been shown 
to  g ive  r i s e  to  b ro ad ly  d i s t r i b u te d  fo r e b ra in  p ro je c t io n s .  The 
p re s e n t  f in d in g s  su g g es t a p a r t i c i p a t io n  in  c e n tr a l  f lu id  
b a lan ce  r e g u la t io n .

420.2 SYNAPTIC INPUT FROM ENKEPHALINERGIC AXONS TO 
GLUCORECEPTOR NEURONS IN THE HYPOTHALAMIC VENTROMEDIAL 
NUCLEUS(VMH). S .  I n a g a k i , S .  K i t o ,  Y. K u b o t a * ,  M. 
F u k u d a ,  T. O n o ,  M. Yamano* a n d  M. T o h y a m a * , 3 r d  D e p t . 
o f  I n t .  M e d . ,  H i r o s h i m a  U n i v .  S c h .  o f  M e d . ,  K a s u m i , 
H i r o s h i m a ,  7 3 4 ,  D e p t .  o f  P h y s i o l . ,  Toyama Med. 
P a r m a c e u .  U n i v ,  T o y a m a ,  9 3 0 - 0 1 ,  D e p t . o f  N e u r o a n a t o m y ,  
O s a k a  U n i v .  Med. S c h . ,  K i t a - k u ,  O s a k a ,  5 3 0 ,  J a p a n

A c o m b i n a t i o n  o f  i n t r a c e l l u l a r  i n j e c t i o n  o f  
h o r e s e r a d i s h  p e r o x i d a s e  (HRP) i n t o  t h e  VMH g l u c o r e c e p -  
t o r  n e u r o n s  a n d  i m m u n o h i s t o c h e m c i a l  s t a i n i n g  f o r  
e n k e p h a l i n ( E N K )  a l l o w e d  u l t r a s t r u c t u r a l  v i s u a l i z a t i o n  
o f  i n t e r r e l a t i o n s  b e t w e e n  s u c h  e l e c t r o p h y s i o l o g i c a l l y  
i d e n t i f i e d  n e u r o n s  a n d  E N K - im m u n o r e a c t iv e ( E N K - I R )  
t e r m i n a l s .  A d u l t  m a l e  r a t s  w e r e  d e c a p i t a t e d  a n d  a b o u t  
500 -  700 μm t h i c k  c o r o n a l  t i s s u e  s l i c e s  w e r e  c u t .  To 
i d e n t i f y  t h e  g l u c o r e c e p t o r  n e u r o n s ,  g l u c o s e  w as  
e x p e r i m e n t a l l y  v a r i e d  f r o m  5 . 5  t o  20 mM. A f t e r  
i d e n t i f i c a t i o n  o f  g l u c o r e c e p t o r  n e u r o n s  b y  e x t r a c e l l u 
l a r  r e c o r d i n g ,  HRP w as  i n j e c t e d  i n t r a c e l l u l a r l y  a n d  
p r o c e s s e d  f o r  i m m u n o h i s t o c h e m i c a l  p r o c e d u r e s  f o r  ENK.

The e f f e c t  o f  g l u c o s e  l e v e l  w as  t e s t e d  o n  114 VMH 
n e u r o n s  i n  18 s l i c e s .  The s p o n t a n e o u s  f i r i n g  r a t e  w as  
2 . 5  ± 1 . 7  s p i k e s / s  (mean  ± SD, n = 1 1 4 ) .  When g l u c o s e  
i n c r e a s e d  t o  20 mM, 27 n e u r o n s  (23 .7% ) r e s p o n d e d ,  a n d  
t h e  r e m a i n i n g  87 (7 7 .3 % ) w e r e  u n c h a n g e d .  Of t h e  27 
r e s p o n d i n g  n e u r o n s ,  16 (59 .2% ) i n c r e a s e d  t h e i r  
d i s c h a r g e  r a t e s  u p o n  g l u c o s e  a p p l i c a t i o n  a n d  7 (25 .9 % ) 
s h o w e d  a n  i n c r e a s e  f o l l o w e d  b y  a  d e c r e a s e .  The 
d i s c h a r g e  r a t e s  o f  f o u r  n e u r o n s  (14 .8% ) d e c r e a s e d .

A c c o r d i n g  t o  t h e  d e s c r i p t i o n  by  Ono e t  a l .  
g l u c o r e c e p t o r  n e u r o n s  w e r e  1 0 - 2 0  um i n  d i a m e t e r  a n d  
m u l t i p o l a r  w i t h  m o r e  t h a n  3 p r i m a r y  d e n d r i t e s  r a n g i n g  
w i d e l y  i n  t h e  VMH a n d  some p r o j e c t i n g  o u t  o f  t h e  VMH. 
W i th  e l e c t r o n  m i c r o s c o p e  g l u c o r e c e p t o r  n e u r o n s  h a d  
m o d e r a t e l y  d e v e l o p e d  c y t o p l a s m i c  o r g a n s  a n d  a n  i n d e n t e d  
n u c l e u s .  T h e y  a l w a y s  r e c e i v e d  s y n a p t i c  i n p u t s  f r o m  
n o n - l a b e l e d  t e r m i n a l s  o n  t h e i r  s o m a ,  a n d  d e n d r i t i c  
s h a f t s  a n d  s p i n e s .  A g l u c o r e c e p t o r  n e u r o n  h a s  a 
d e n d r i t e  e x t e n d i n g  t o w a r d  t h e  t h i r d  v e n t r i c l e .  T h i s  
d e n d r i t e  w as  o b s e r v e d  t o  b e  c l o s e l y  a p p o s e d  b y  10 
ENK-IR a x o n a l  b o u t o n s  u n d e r  l i g h t  m i c r o s c o p e .  I t  w as  
t h e n  d e t e r m i n e d  b y  e x a m i n i n g  s e r i a l  u l t r a t h i n  s e c t i o n s  
t h a t  7 o f  t h e s e  s i t e s  r e c e i v e d  s y n a p t i c  i n p u t s  d i r e c t l y  
f r o m  ENK-IR a x o n a l  b o u t o n s .  T h i s  u l t r a s t r u c t u r a l  
e v i d e n c e  w e l l  a g r e e s  w i t h  t h e  d i r e c t  e x c i t a t o r y  e f f e c t  
o f  ENK o r  m o r p h i n  o n  VMH g l u c o r e c e p t o r  n e u r o n s .

420.3 ALTERATIONS IN REGULATORY BEHAVIORS INDUCED BY MEDIAL 
SEPTAL LESIONS AND SUPERIOR CERVICAL GANGLIONECTOMY. 
L. E . H a r r e l l,.... D.  S. P a r s o n s * , A.  P e a g l e r * & T. S. B a r l o w * .  
Dept .  N e u r o l o g y ,  VAMC and Univ .  Alabama Med. C t r . ,  
Bi rmingham,  Al a .  35294.

S t u d i e s  f rom our  l ab  s u g g e s t  t h a t  p e r i p h e r a l  
s y m p a t h e t i c  i n g r o wt h  f o l l o w i n g  med i a l  s e p t a l  l e s i o n s  
(MS) i s  d e t r i m e n t a l  t o  r e c o v e r y  o f  p e r f o r m a n c e  i n  an 
a p p e t i t i v e  s p a t i a l  memory t a s k  b u t  may a l l o w  s u b j e c t s  
t o  r e g u l a t e  t h e i r  body w e i g h t s  i n  a more normal  
manner .  Body w e i g h t ,  f ood & w a t e r  cons u mp t i o n  we r e ,  
t h e r e f o r e ,  s t u d i e d  under  ad l i b i t u m  and 
p h a r m a c o l o g i c a l  s t r e s s  c o n d i t i o n s .

T h i r t y - f o u r  male  r a t s  were  a s s i g n e d  t o  one  o f  
f o u r  s u r g i c a l  g r o u p s :  c o n t r o l  (CON), MS, s u p e r i o r  
c e r v i c a l  g a n g l i o n e c t o m y  (GX) or  l e s i o n  + 
g a n g l i o n e c t o m y  (MSGX). S u b j e c t s  were  f o l l o w e d  8 days  
p r i o r  t o  and 38 d a y s  f o l l o w i n g  s u r g e r y .  F o l l o w i n g  
t h i s ,  p h a r m a c o l o g i c a l  s t r e s s o r s  ( i s o p r o t e r e n o l 
2 5 u g / k g ,  h y p e r t o n i c  NaCl { 1M} 10m l / k g ,  2 - d e o x y - D-  
g l u c o s e  500mg/kg,  or  e p i n e p h r i n e  120ug/ kg ;  IP)  were  
a d m i n i s t e r e d .  Core  t e m p e r a t u r e s  were  t h e n  mea s u r e d .

Twenty- two a n i m a l s  c o mp l e t e d  t h e  s t u d y :  Con 
( n=7) , MS ( n =5 ) ,  GX (n=6>) ,  MSGX ( n = 4 ) .  No d i f f e r e n c e s  
were  o b s e r v e d  p r e - o p e r a t i v e l y . P o s t - o p e r a t i v e l y , body 
w e i g h t  f e l l  f o l l o w i n g  s u r g e r y ,  ove r  t ime  a l l  g r o u p s  
g a i n e d  w e i g h t .  However ,  a n i m a l s  wi t h  MSGX were  
l i g h t e r  t h a n  MS or  GX a n i m a l s  (which were  e q u i v a l e n t ) ,  
who in  t u r n  were  l i g h t e r  t h a n  c o n t r o l s  ( p < . 0 0 0 1 ) .  
Hypophagia  was o b s e r v e d  i n  t h e  GX and MSGX a n i m a l s  
when compared t o  t h e  MS and CON g r o u p s  ( p < . 0 5 ) ,  w h i l e  
h y p e r d i p s i a  was s e e n  i n  t h e  MS and GX g r o u p s  ( p < . 0 0 1 ) .  
A d m i n i s t r a t i o n  o f  bo t h  1M NaCl and i s o p r o t e r e n o l  
i n c r e a s e d  d r i n k i n g  i n  a l l  a n i m a l s  ( p < . 0 0 1 ) ,  w i t h  t h e  
MSGX group  consuming s i g n i f i c a n t l y  l e s s  t h a n  a l l  
o t h e r s  ( p < . 0 2 5 ) .  Food i n t a k e  i n c r e a s e d  f o l l o w i n g  2-DG 
( p < . 0 0 0 1 ) ,  w h i l e  e p i n e p h r i n e  t r e a t m e n t  p r o d u c ed  
a n o r e x i a  o n l y  i n  t h e  MS group  (p < . 0 5 ) .  H y p e r t h e r m i a  
was found  i n  t h e  GX and MSGX g r o u p s .

The r e s u l t s  o f  t h i s  s t u d y  s u g g e s t  t h a t  b o t h  t h e  
MS r e g i o n  and SCG c o n t r i b u t e  t o  t h e  m a i n t e n a n c e  o f  
normal  r e g u l a t o r y  b e h a v i o r s ,  w i t h  combined l o s s  o f  
t h e s e  n e u r a l  s y s t e m s  r e s u l t i n g  i n  s e v e r e  d i s t u r b a n c e s ,  
b o t h  q u a l i t a t i v e l y  and q u a n t i t a t i v e l y  d i f f e r e n t  f rom 
e i t h e r  MS or  GX. Al t hough  t h e  MS group  c l e a r l y  
r e g u l a t e d  b e t t e r  t h a n  t h e  MSGX g r o u p ,  i t  i s  u n c l e a r  
whe t he r  t h i s  i s  due  t o  i n g r o wt h  or  j u s t  t h e  p r e s e n c e  
o f  t h e  SCG.

420.4 EXTERNAL ACTIVATION OF INGESTIVE MOTIVATIONAL BEHAVIOR IN 
RATS WITH LATERAL HYPOTHALAMIC LESIONS. B. Roland, C.V. 
Grijalva, and N. Dess. Department of Psychology and Brain Research 
Institute, UCLA, Los Angeles, CA 90024.

Lateral hypothalamic (LH) damage produces aphagia, anorexia, 
gastric pathology and sensorimotor dysfunctions (Grijalva & Lindholm, J . 
comp. physiol. Psychol. 94:164, 1980). Yet, behavioral deficits are 
generally not taken into account as contributing factors to the LH 
syndrome. Weingarten (Appetite 5:147, 1984) demonstrated the 
importance of behavioral cues in feeding regulation, in nonlesioned rats. 
He showed that the initiation of feeding is determined by both internal 
energy depletion cues and external food-related cues. Food intake was 
regulated within a 24 hour period, and conditioned cues (light and 
buzzer) had an influence on the initiation and distribution of meals 
throughout the day.

The present study was conducted to determine the effects of a 
preoperative food-related conditioned cue (buzzer) either alone or in 
combination with preoperative dieting on recovery of feeding in LH 
lesioned male rats. Prior to surgery one group was maintained at normal 
body weight by allowing them to eat two daily meals (10:30 a.m and 
7:30 p.m.) preceded by a 4 min buzzer (Group NW, n = 6). A second 
group was dieted to 85% body weight over a 10 day period by giving 
rats access to one restricted meal, also preceded by the buzzer (Group 
D, n = 8). The third group was fed ad-lib and exposed to a random 
presentation of the buzzer (Group A, n = 7), and served as an 
unconditioned control group. Conditioning occurred over a 10 day 
period, after which all groups received bilateral anodal electrolytic LH 
lesions (1.2 ma/ 10 sec) under sodium pentobarbital anesthesia (50mg/kg, 
i.p.).

The results indicated that although the buzzer did not facilitate 
recovery of feeding, it did partially override the motivation/arousal 
deficit exhibited by LH damaged rats (Campbell & Baez, J . comp. 
physiol. Psychol. 87:142, 1974; Shoham & Teitelbaum, Physiol. Behav. 
28: 323, 1982). Feeding was initiated in the presence of the buzzer by 
83% of the NW rats, in contrast to 0% of the A rats. Rats in the dieted 
group either ate prior to presentation of the buzzer or showed little 
response to the buzzer. In addition, it was necessary to coax 50% of 
the NW rats to initiate feeding, while only 23% of the A rats needed 
the extra coaxing. This suggests that the preoperatively conditioned NW 
group may be relying on external food-related cues to initiate eating to 
a greater extent than the nonconditioned A group. The present results 
suggest that the rate of functional recovery of feeding behaviors in LH 
lesioned rats may be dependent on the extent to which motivational and 
behavioral processes are externally activated by food-related cues, and 
by the degree to which animals are affected by concomitant 
physiological disorders. (Supported by UCLA university research grant 
3820).
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420.5 EFFECTS OF β-CHLORNALTREXAMINE ON FOOD INTAKE. B .A . 
Gosnell and A .S . Levine. D ept. of P hysio l., U. Texas Hi h . Sc i. 
C t r . ,  Dailas, T X 75235 and V .A . Medical C tr . ,  Minneapolis, MN 
55417.

β-chlornaltrexam ine (β-CNA) is an u ltralong-lasting  opioid 
recep tor an tagonist which decreases the  analgesic potency of 
morphine and inhibits the development of tolerance to morphine 
(Portoghese e t a l . ,  J .  Med. Chem. 22:168, 1979). Since opioid 
peptides and recep tors  a re  though t to con tribu te  to the  regulation 
of feeding , we have examined the  effects of β-CNA on food 
in take, body weight and the responses to two d ru g s  which 
stimulate in take.

All te s ts  were performed on male Sprague-Dawley ra ts  with 
cannulas implanted into the  rig h t lateral cerebral ven tric le . In 
the  firs t experim ent, food intake was measured a fte r ra ts  were 
given in tracereb roven tricu lar (icv) injections of dynorphin  A 
(DYN, 5 μg ) ,  neuropeptide Y (NPY, 5 μg) or saline. As 
expected , both DYN and NPY increased food in take. On the  
following d ay , a similar experim ent was performed except th a t all 
ra ts  were p re -trea ted  with an icv injection of β-CNA (5 μg) 2 h rs  
before the injections of DYN, NPY or saline. In th is  tr ia l,  
ne ither d ru g  significantly  increased food in take. When tested  
again in an identical manner on the next day (w ithout fu r th e r 
β-CNA treatm ent) DYN and NPY again stim ulated in take. In 
another group  of similarly trea ted  ra ts ,  it was noted th a t 24-hr 
food intake a fte r β-CNA injections was only 21-51% of the  intake 
in the 24 h r period immediately p rio r to injections. During the 
second day a fte r injections, intake was still 38-58% of 
pre-injection values. By the  th ird  d ay , intake had almost 
re tu rn ed  to normal. A corresponding drop in body weight was 
also observed .

Another experim ent m easured the effect of β-CNA on intake 
a fte r 24 h r food deprivation . One g roup of ra ts  received icv 
β-CNA injections (10 μg ) 2 h rs  before the  deprivation period 
began; another group  received β-CNA 22 h rs  a fte r deprivation . 
A control g roup received saline injections only. Two h rs  a fte r 
the  final in jections, food was re tu rn ed  to the cages and intake 
was m easured. β-CNA reduced 4 and 24 h r food intake equally 
when given e ither before or a fte r the  deprivation period .

These re su lts  are  consisten t with the hypothesis th a t opioids 
are  involved in the control of food intake and su g g est th a t β-CNA 
may be a useful d rug  for fu r th e r  research  in th is  a rea . 
Additional work is needed, however, to rule out the  possibility 
th a t these  effects a re  simply due to malaise or some other 
non-specific effect of the d ru g . (Supported  by NIH G rant NS 
23565 and the V eterans A dm inistration).

420.6 EXAMINATION OF PYLORIC CHOLECYSTOKININ (CCK) RECEPTORS. T.H. 
Moran and P .R . McHugh. D epartm ent o f P sy c h ia try , Johns Hopkins 
U niv. Sch. o f Med., B a ltim o re , MD 21205.

P re v io u s ly , we have proposed th a t  some a s p e c ts  o f CCK’s 
s a t i e t y  a c t io n  d e r iv e  from i t s  g a s t r i c  in h ib i to ry  a c t io n s .  
S p e c i f ic  r e c e p to rs  f o r  CCK have been dem onstrated  in  th e  
c i r c u l a r  m uscle o f the gastro d u o d en a l ju n t io n  o f the r a t .  
R ecep to rs a re  most dense in  th e  d i s t a l  p y lo r ic  s p h in c te r .  In  
o rd e r  to  f u r th u r  c h a ra c te r iz e  th e se  re c e p to r s ,  we examined the 
r e l a t i o n s h ip  o f th e se  re c e p to rs  to  v ag a l CCK re c e p to r s ,  w hether 
a s im i la r  CCK re c e p to r  d i s t r i b u t io n  could  be dem onstra ted  in  
monkey and man, and what r o le  th e se  r e c e p to rs  may p la y  in  the 
c o n t ro l  o f g a s t r i c  em ptying and fe e d in g . T o ta l subd iaph ram atic  
vagotom ies were perform ed in  Sprague-Dawley r a t s  and anim als 
were s a c r i f i c e d  1, 2, 4 , and 6 weeks l a t e r .  The p y lo ru s  and 
so rro u n d in g  duodenal and g a s t r i c  segm ents ex ten d in g  0 .5  cm from 
the p y lo r ic  s p h in c te r  were r a p id ly  removed and f ro z e n . S lid e  
mounted 25 um t i s s u e  s e c t io n s  taken from the t i s s u e  sam ples were 
in cu b a ted  in  th e  p resen ce  o f 400pM I(125)CCK-33 as  p re v io u s ly  
d e s c r ib e d . A lte rn a te  s e c t io n  were a l s o  incu b a ted  in  th e  
p resen ce  o f 1 um u n la b e lle d  CCK-8 to  determ ine the e x te n t  o f non 
s p e c i f ic  b in d in g . Vagotomy d id  n o t reduce the o v e r a l l  number o f 
CCK re c e p to rs  a t  any p o s to p e ra tiv e  tim e p o in t .  There was an 
ap p a re n t d ec re a se  in  r e l a t i v e  d e n s i ty  b u t th i s  co in c id ed  w ith  a 
w ider re c e p to r  d i t r i b u t i o n  which r e s u l te d  from the lo s s  in  
t i s s u e  tone fo llo w in g  vagotomy. These r e s u l t s  in d ic a te  th a t  
v aga l and p y lo r ic  CCK re c e p to rs  r e p re s e n t  d i f f e r e n t  re c e p to r  
p o p u la tio n s .

High d e n s i t i e s  o f CCK re c e p to rs  were p re s e n t  in  th e  c i r c u la r  
m uscle la y e r s  o f the p y lo ru s  s p h in c te r  in  bo th  monkey and man. 
In  the monkey s p e c i f ic  submucosal b ind ing  was a l s o  e v id e n t in  
the g a s t r i c  an trum . Thus, as  the  in h ib i t i o n  in  feed in g  i s  
s im i la r  a c ro s s  s p e c ie s ,  so to  i s  the d i s t r i b u t io n  o f g a s t r i c  CCK 
re c e p to r s .  In  o rd e r  to  de term ine  the ro le  o f th e se  r e c e p to rs  in  
g a s t r i c  em ptying, th e  e f f e c t  o f IV CCK on g a s t r i c  em ptying was 
examined f lu ro s c o p ic a l ly  in  rh esu s  monkeys. CCK c l e a r ly  
c o n tra c te d  the p y lo r ic  s p h in c te r  and d i s t a l  g a s t r i c  antrum 
p re v e n tin g  em ptying from the stom ach. A lte ra t io n s  in  duodenal 
m o t i l i ty  were no ted  as  w e ll .  T his p a t te r n  o f CCK re c e p to r  
d i s t r i b u t io n  a c ro ss  sp e c ie s  and p h y s io lo g ic a l response to  CCK 
su p p o rt a mechanism fo r  CCK induced s a t i e ty  dependent in  p a r t  on 
the in h ib i t i o n  o f g a s t i c  em ptying. (Supported  by AM-19302)

420.7 EFFECTS OF CHOLECYSTOKININ, BOMBESIN AND TOXINS ON OXYTOCIN 
SECRETION AND GASTRIC EMPTYING: IMPLICATIONS FOR MECHANISMS 
OF INHIBITION OF FEEDING. M onica J .  M cCann*, J o s e p h  G. 
V e r b a l i s , a n d  Edw ard  M. S t r i e k e r . D e p a r tm e n ts  o f  P sy c h o lo g y  
a n d  M e d ic in e ,  U n iv . o f  P i t t s b u r g h ,  P i t t s b u r g h ,  PA 15260 .

C h o le c y s to k in i n  (CCK) a n d  b o m b e s in  (BBS) a r e  known t o  
r e d u c e  f o o d  i n t a k e  i n  r a t s ,  a n d  b o t h  d e c r e a s e  g a s t r i c  
e m p ty in g . T h e se  e f f e c t s  a r e  c o m p a ra b le  t o  t h o s e  s e e n  a f t e r  
d e l i v e r y  o f  n u t r i e n t s  t o  t h e  i n t e s t i n e s  a n d  t h e r e f o r e  may 
r e f l e c t  a c t i v a t i o n  o f  p a t h w a y s  i n v o l v e d  i n  m e d i a t i n g  
s a t i e t y .  H ow ever, i t  h a s  b e e n  s u g g e s te d  t h a t  CCK a n d  BBS 
i n s t e a d  i n h i b i t  f o o d  i n t a k e  b y  c a u s in g  m a la i s e .  To r e s o l v e  
t h i s  c o n t r o v e r s y ,  i t  w o u ld  b e  d e s i r a b l e  t o  h a v e  p r o c e d u re s  
t h a t  c o u ld  d i f f e r e n t i a t e  s a t i e t y  fro m  m a la i s e .

To e v a l u a t e  t h e  s p e c i f i c i t y  o f  t h e  o b s e rv e d  d e c r e a s e s  i n  
g a s t r i c  e m p ty in g  s e e n  w i t h  p e p t i d e s ,  we e x a m in e d  t h e  
e f f e c t s  o f  t o x i n s  t h a t  a r e  known t o  p ro d u c e  l e a r n e d  t a s t e  
a v e r s i o n s  o n  g a s t r i c  e m p ty in g  i n  r a t s .  E m p ty in g  o f  10% 
g lu c o s e  s o l u t i o n  w as v i r t u a l l y  h a l t e d  a f t e r  i p  a d m in i s t r a 
t i o n  o f  L iC l (3 mEg /k g )  o r  CuSO4 (5  m g/kg) f o r  m ore th a n  1 
h o u r ,  a  d u r a t i o n  w h ic h  p a r a l l e l s  t h e  s u p p r e s s i o n  o f  fo o d  
i n t a k e .  T h u s ,  d e c r e a s e s  i n  e m p ty in g  a r e  n o t  u n iq u e  
t o  c o n d i t i o n s  a s s o c i a t e d  w i th  s a t i e t y  a n d  t h e r e f o r e  g a s t r i c  
e m p ty in g  d o e s  n o t  d i s t i n g u i s h  s a t i e t y  fro m  m a la i s e .

We h a v e  p r e v i o u s l y  r e p o r t e d  t h a t  Cu SO4 a n d  L iC l s t im u la 
t e d  d o s e - d e p e n d e n t  s e c r e t i o n  o f  o x y t o c i n  (OT) b u t  n o t  
a r g i n i n e  v a s o p r e s s i n  i n  m a le  r a t s .  B e c a u s e  t h e s e  r e s u l t s  
s u g g e s t e d  t h a t  OT l e v e l s  m ig h t  r e p r e s e n t  a  q u a n t i f i a b l e  
m a rk e r  o f  v i s c e r a l  i l l n e s s  i n  r a t s  w hen o t h e r  s t i m u l i  t o  OT 
s e c r e t i o n  a r e  a b s e n t ,  we s t u d i e d  OT s e c r e t i o n  i n  r a t s  a f t e r  
a d m i n i s t r a t i o n  o f  CCK a n d  BBS. CCK (0 .1 - 1 0 0  u g /k g ,  ip )  
c a u s e d  d o s e -d e p e n d e n t  i n c r e a s e s  i n  p la sm a  OT m e a s u re d  5 an d  
15 m in  a f t e r  i t s  i n j e c t i o n ,  t o  l e v e l s  c o m p a ra b le  t o  t h o s e  
o b s e r v e d  a f t e r  i n j e c t i o n  o f  L i d  o r  CuSO4 . I n  c o n t r a s t ,  
BBS (1 -1 0 0  u g /k g ,  ip )  c a u s e d  n o  s i g n i f i c a n t  e l e v a t i o n  o f  
p la s m a  OT . B o th  p e p t i d e s  s i g n i f i c a n t l y  r e d u c e d  fo o d  in t a k e  
a t  t h e  h ig h e r  d o s e s .  T h u s , CCK b u t  n o t  BBS p ro d u c e d  an  
e l e v a t i o n  i n  p la sm a  OT t o  l e v e l s  s i m i l a r  t o  t h o s e  o b s e rv e d  
a f t e r  i n j e c t i o n  o f  n a u s e a - p r o d u c in g  a g e n t s .

C o l l e c t i v e l y ,  t h e s e  r e s u l t s  a r e  c o n s i s t e n t  w i th  CCK 
a c t i v a t i o n  o f  c e n t r a l  n a u s e a  p a th w a y s  t o  a c c o u n t  f o r  a t  
l e a s t  p a r t  o f  i t s  a b i l i t y  t o  r e d u c e  fo o d  c o n s u m p tio n , b u t  
i n d i c a t e  t h a t  BBS l i k e l y  a c t s  v i a  d i f f e r e n t  m ech an ism s. 
H ow ever, t h e  i n h i b i t o r y  e f f e c t s  o f  b o th  p e p t i d e s ,  a s  w e l l  
a s  t o x i c  a g e n t s ,  o n  g a s t r i c  e m p ty in g  im p l i e s  t h a t  t h i s  may 
r e p r e s e n t  a  common e f f e c t  o f  a l l  t r e a t m e n t s  t h a t  r e d u c e  
fo o d  i n t a k e .  (S u p p o r te d  b y  MH25140 a n d  AM 16166).

420.8 FEEDING INDUCED BY CCK ANTAGONIST, BENZOTRIPT: LOCALIZATION IN 
THE PVN. D. Schw artz , B. Dori man* & and B. G. Hoebel . Dept. 
Psychology, P r in ce to n  U n iv ., P r in c e to n , NJ 08544.

I f  CNS c h o le c y s to k in in  (CCK) p la y s  a  r o l e  i n  s a t i e t y ,  th e n  
CCK a n t a g o n i s t s  sh o u ld  e l i c i t  f e e d in g  when i n j e c t e d  in  
a p p r o p r i a te  p la c e s  i n  th e  b ra in , and th e  e f f e c t  should  be 
lo c a l iz e d  to  sp e ci f i c  re g io n s .

In  th e  f i r s t  expe rim en t, e ig h t  m ale r a t s  w ith  cannu las  in  
th e  p a r a v e n tr ic u la r  nuc leus  (PVN) o f th e  hypothalam us, were 
g iv e n  0 .3  u l  i n j e c t io n s  o f  b e n z o tr ip t  u n i l a t e r a l l y  in  th e  
day tim e. B e n z o tr ip t  a t  doses o f  0 .0 0 3 , 0 .0 1 5 , 0 .0 3 , 0 .1 8 , 
0 .7 5 , and 1.5 ug induced  P u rin a  p e l l e t  in ta k e  o f  2 .2 9 , 2 .95* , 
2 .7 7 * , 2 .6 6 * , 3 .3 1 * , and 3 .01*  gm, r e s p e c t iv e ly ,  d u rin g  th e  
th re e  h o u rs  p o s t i n j e ct i o n  (* p < .0 5 ). When CCK-8 was added to  
th e  0 .3  u l i n j e c t io n ,  b e n z o tr ip t - i n d u c e d  f e e d in g  was n o t 
s t a t i s t i c a l l y  d i f f e r e n t  from s a l in e .  B ase lin e  food in ta k e  
fo llo w in g  0 .3  u l o f  s a l i n e  was s ta b l e  a t  1 .4  gm b e fo re  and 
a f t e r  th e  above t e s t s .  As a lo c a l i z a t i o n  c o n tro l ,  0 .75  ug 
b e n z o tr ip t  in j e c t e d  1 .5  mm deeper i n  th e  b ra in  o f th e  same 
r a t s  in d u ced on ly  1 .9  gm food in ta k e .

In  o rd e r  t o  f u r th e r  t e s t  th e  ana tom ica l s p e c i f i c i t y  o f  th e  
phenomenon, 1 .5  ug o f  b e n z o tr ip t  and s a l i n e  w ere i n je c te d  a t  
23 s i t e s  v e n t r a l ,  d o rs a l and l a t e r a l  to  th e  PVN and 6 s i t e s  in  
th e  PVN. At a l l  s i t e s  i n  th e  PVN, b e n z o tr ip t - in d u ced fe e d in g  
exceeded co n tr o l  i n ta k e  by a t  l e a s t  1 gm. C l u s t e r s  o f  
n e g a tiv e  s i t e s  w ere observed i n  th e  l a t e r a l  hypothalam us and 
th e  a n t e r io r  hypothalam us below th e  PVN. These d a ta  le n d  
s u p p o r t  t o  th e  h y p o th e s i s  t h a t  en d o g en o u s CCK n o rm a lly  
su p p re sse s  fe e d in g  by an  a c t io n  on re c e p to r s  i n  a t  l e a s t  one 
d i s c r e te  b ra in  r e g io n , th e  PVN.
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420.9 CAPSAICIN ATTENUATES THE SATIETOGENIC EFFECTS OF SOME INTESTINAL 
NUTRIENTS BUT NOT OTHERS. D. Yox and R.C. R i t t e r . Dept of 
VCAPP, C o llege  o f  V e te rin a ry  M edic ine, W ashington S ta te  
U n iv e r s ity , Pullm an, WA 99164, and WOI R eg ional Program in  
V e te rin a ry  M edical E ducation , U n iv e r s ity  o f  Idaho , Moscow, ID 
83843.

C ap sa ic in  i s  a n e u ro to x in  t h a t  damages sm all unm yelinated  
sen so ry  neu ro n s . We have p re v io u s ly  d em onstra ted  t h a t  c a p sa ic in  
a t te n u a te s  su p p re ss io n  o f  sham in g e s te d  su cro se  s o lu t io n  (15%) 
in  response  to  sy stem ic  in j e c t io n s  o f  c h o le c y s to k in in  
o c ta p e p tid e  o r i n t e s t i n a l  in fu s io n s  o f  L -p h e n y la la n in e  (Yox and 
R i t t e r ,  1985). We have ex tended  th e se  s tu d ie s  to  in v e s t ig a te  
f u r th e r  th e  e x te n t  to  which c a p s a ic in  m ight in t e r f e r e  w ith 
su p p re s s io n  o f  food in ta k e  by s p e c i f i c  n u t r i e n t s  in fu sed  
s e p a ra te ly  in to  th e  sm all in t e s t i n e .  I s o c a lo r i c  (1 .3  k c a l/1 0  
ml) s o lu t io n s  (pH 7 .2 -7 .4 )  o f  ca rb o h y d ra te , f a t t y  a c id  or 
p r o te in  were made is o to n ic  (300 mOsm/kg) by adding  a p p ro p ria te  
q u a n t i t i e s  o f  NaCl. These s o lu t io n s  were in fu s e d  in to  th e  upper 
sm all i n t e s t i n e  o f  sham feed in g  r a t s  t r e a te d  w ith  c a p s a ic in  or 
th e  v e h ic le .  Sham in g e s t io n  o f  15% su c ro se  s o lu t io n  was 
m easured and th e  p e rc e n t su p p re ss io n  o f  in ta k e  was c a lc u la te d  
r e l a t i v e  to  a  b a s e l in e  e s ta b l is h e d  d u rin g  i n t e s t i n a l  in fu s io n  of 
is o to n ic  s a l in e  on a p rev io u s  day. The in ta k e  d a ta  a re  shown in  
th e  fo llo w in g  ta b le :

% S upp ression  (Mean±S .E .)
In fu s a te C ap sa ic in V ehic le

O le ic  a c id  (C18) 1 2 .6±6.8 5 5 . 3 ±  9 . 5 (p=0 .001)
O ctano ic a c id  (C8) 7 . 8 ± 4 . 4 4 . 7 ±  7 . 5 (p=0 .68 )
M altose 8 . 8 ± 9 . 5 4 9 . 0 ± 1 3 . 6 ( P = 0 . 0 2 )
C asein  h y d ro ly s a te 1 5 . 3 ± 6 . 1 2 4 . 5 ±  6 . 1 ( P = 0 . 3 2 ) .

These d a ta  show th a t  i n t r a i n t e s t i n a l  in fu s io n  o f  o le ic  ac id , 
m a lto se  o r h y d ro lyzed  c a s e in  su p p re sse d  su c ro se  in ta k e  in  
v e h ic le  t r e a te d  r a t s ,  w h ile  o c ta n o ic  a c id  d id  n o t .  C apsaic in  
tre a tm e n t a t te n u a te d  th e  s u p p re ss io n  o f  su c ro se  in ta k e  produced 
by in fu s io n s  o f  o le a te  and m a lto se  b u t n o t c a s e in .  P re lim in a ry  
r e s u l t s  in d ic a te  t h a t  in h i b i t i o n  o f  g a s t r i c  em ptying by 
i n t r a i n t e s t i n a l  n u t r i e n t s  i s  n o t im paired  by c a p sa ic in  
tre a tm e n t. We th e r e fo r e  conclude th a t  c a p s a ic in  s e n s i t iv e  
neurons m ed iate  some b u t n o t a l l  i n t e s t i n a l  s a t i e t y  s ig n a ls  and 
th a t  c a p s a i c in 's  e f f e c t  on in g e s t io n  does n o t depend on g a s t r i c  
d i s te n t io n  o r  a l t e r e d  g a s t r i c  em ptying.

T his work was su p p o rted  by NIH g ra n t RO1 NS20561.

420.10 DELAY OF GASTRIC EMPTYING BY SEROTONERGIC COMPOUNDS: DISSOCIATION 
WITH EFFECTS ON FOOD INTAKE. J.M . M ille r* . R .S . Feldman*, and J .F .  
M cElroy*, (SPON: J .  MEYER). D iv is io n  o f N euroscience and B ehav io r, 
D epartm ent o f Psychology, U n iv e rs ity  o f M assach u se tts , Amherst, MA 
01003.

F enflu ram ine (FEN) i s  w idely  b e l ie v e d  to  e x e r t  i t s  a p p e t i t e  
su p p re ssa n t e f f e c t  th rough  th e  re le a s e  an d /o r d e p le tio n  o f b ra in  
s e ro to n in  (5-H T). A l te rn a t iv e ly ,  i t  has been proposed th a t  FEN 
produces i t s  a n o re c t ic  e f f e c t  by slow ing g a s t r i c  em ptying. However, 
i t  i s  u n c le a r  w hether th e  p h arm aco lo g ica lly  a c t iv e  ag e n t a f t e r  
sy stem ic  a d m in is tr a tio n  i s  th e  p a re n t compound i t s e l f  o r th e  
d e a lk y la te d  m e ta b o lite  n o rfen flu ra m in e  (NORFEN), s in c e  bo th  
compounds induce a n o rex ia  and low er b ra in  5-HT c o n c e n tra t io n s . The 
p re s e n t s tudy  examined th e  e f f e c t  o f NORFEN and o f o th e r  a n o re c t ic  and 
hyperphag ic compounds on g a s t r i c  em ptying.

E igh teen  h food dep riv ed  r a t s  were fed  5 .0  g o f  wet mash (1 :1 , 
powdered chow:w a te r) .  Drugs were in je c te d  I .P .  15 min a f t e r  
f e e d in g , and 4 h le tte r  th e  r a t s  were k i l l e d ,  stomachs removed, and th e  
food rem ain ing  d eterm ined .

FEN and NORFEN d elayed  g a s t r i c  em ptying e q u ip o te n t ly  in  a  dose 
response  fa s h io n , su g g es tin g  th a t  NORFEN may be th e  
p h a rm aco lo g ica lly  a c t iv e  compound. A lte rn a t iv e ly  th e  d e lay  
produced by NORFEN may be due to  a pharm aco log ica l a c t io n  s im i la r  to  
t h a t  o f FEN. Maximal d e lay  o f g a s t r i c  em ptying was produced by non- 
a n o re c t ic  doses o f FEN (1 -2 .5  m g/kg), d em onstra ting  th a t  th e  d e lay  o f 
g a s t r i c  em ptying i s  in  i t s e l f  in s u f f i c i e n t  to  produce a n o re x ia .

G a s tr ic  em ptying was s im i la r ly  delayed  by o th e r  a p p e t i t e  
su p p re ssa n ts  such as  f lu o x e t in e ,  5-HT i t s e l f ,  and th e  5-HT p re c u rs o r  
5-HTP. The d e lay  in  g a s t r i c  em ptying produced by 5-HTP was p reven ted  
by p r io r  tre a tm e n t w ith  th e  p e r ip h e ra l  d ecarboxy lase  in h i b i to r  R04- 
4062, in d ic a t in g  th a t  g a s t r i c  em ptying can be delayed  th rough  
in c re a s e d  p e r ip h e ra l  5-HT a c t i v i t y .

S u rp r is in g ly ,  g a s t r i c  em ptying was s im i la r ly  delayed  by th e  
hyperphag ic compounds (and 5-HT re c e p to r  a n ta g o n is ts )  m e thyserg ide , 
c in n a n s e r in , and cy p ro h ep tad in e . Taken to g e th e r  w ith  th e  FEN d a ta ,  
th e se  r e s u l t s  dem onstra te  th a t  th e  e f f e c t  o f  s e ro to n e rg ic  compounds 
on g a s t r i c  em ptying can be d is s o c ia te d  from th e i r  e f f e c t s  on e a tin g  
b eh a v io r .

420.11 AREA-POSTREMA-LESIONED RATS RESPOND TO INSULIN INJECTIONS BUT 
MAY SHOW DEFICITS IN INSULIN RESPONSE TO INFUSED GLUCOSE. Jon 
N. K o tt. Nancy J .  Kenney. S tephen C. Woods. & D an ie l P o r te . J r . , 
U n iv e rs ity  o f W ashington, S e a t t l e ,  WA 98195

R ats w ith  le s io n s  of th e  a re a  postrem a and su b ja c e n t caudal 
m ed ia l a s p e c t of th e  nucleus  of th e  s o l i t a r y  t r a c t  (AP/cmNTS) 
e x h ib i t  reduced food in ta k e  and body w eig h t. As bo th  p e r ip h e ra l 
and c e n t r a l  in s u l in  le v e ls  have been c lo s e ly  t i e d  to  body w eight 
r e g u la t io n  and s in c e  c o n s id e ra b le  in s u l in  b ind ing  occu rs  in  th e  
AP/cmNTs re g io n , i t  seems p la u s ib le  th a t  a b la t io n  o f th i s  reg io n  
may im pair e i th e r  th e  r e le a s e  of o r th e  response  to  in s u l in .

To examine th e  e f f e c t  o f AP/cmNTS le s io n s  on th e  response  of 
r a t s  to  exogenous in s u l i n ,  7 le s io n e d  and 7 sham -lesioned  r a t s  
were g iven  d a i ly  subcutaneous in je c t io n s  a t  g ra d u a lly  in c re a s in g  
doses (5 -10  days a t  each dose le v e l )  o f pro tam ine z in c  in s u l in  
(P Z I) . An a d d i t io n a l  7 le s io n e d  and 6 sham -lesioned  r a t s  
rec e iv e d  eq u a l volume in j e c t io n s  of is o to n ic  s a l i n e .  I n je c t io n s  
were begun 45 days a f t e r  le s io n in g .  At doses of .5 ,  1, 2 and 4 
U/kg, PZI had no e f f e c t  on food in ta k e  o f e i th e r  le s io n e d  o r 
sham -lesioned  r a t s .  At 8U/kg, average d a i ly  in ta k e  o f PZI- 
t r e a te d  le s io n e d  r a t s  in c re a se d  to  25.6 ± 0 .9  g compared w ith  an 
average o f 20 .9  ± ,  2 .1  g f o r  s a l i n e - t r e a te d  le s io n e d  r a t s  
( t ( 1 2 ) =2 .0 2 , p < .0 5 ) . Sham -lesioned r a t s  in je c te d  w ith  th i s  dose 
o f PZI consumed an average o f 28 .6  ± 0 . 7 g per day w hile  t h e i r  
s a l i n e - in j e c te d  c o n tro ls  took  25 .3  ± 1 .2  g p er day ( t ( 11) =2 .2 5 , 
p < .025 ).

Plasma in s u l in  le v e ls  of le s io n e d ,  sham -lesioned  and w e ig h t-  
reduced n e u ro lo g ic a l ly  i n t a c t  r a t s  du rin g  in tra v e n o u s  in fu s io n  
o f 50% g lu co se  ( .0 2  m l/m in) a re  being  m easured. The in fu s io n  
c o n tin u es  fo r  4 h r  and blood samples a re  taken  from th e  
c o n t r a l a t e r a l  ju g u la r  v e in  a t  30-min in t e r v a l s  beg inn ing  45 min 
p r io r  to  th e  s t a r t  of th e  g lu co se  in fu s io n  and co n tin u in g  fo r  
1 .75  h r  a f t e r  th e  c e s s a t io n  of th e  in fu s io n .  Plasma i s  assayed  
fo r  g lu co se  by th e  g lu co se  ox idase  method and fo r  i n s u l i n  by 
radioim m unoassay. P r e l i m in ia ry  r e s u l t s  in d ic a te  t h a t ,  f o r  r a t s  
te s t e d  w ith in  th e  f i r s t  2 wks a f t e r  AP/cmNTS a b la t io n ,  plasma 
in s u l in  le v e ls  o f  norm al-w eight and w eigh t-reduced  
n e u ro lo g ic a l ly  i n t a c t  r a t s  in c re a s e  r a p id ly  and p la te a u  w ith in  
th e  f i r s t  15 min o f th e  g lu co se  in fu s io n .  Plasma in s u l in  le v e ls  
of th e  le s io n e d  r a t s ,  on th e  o th e r  hand, may r i s e  g ra d u a lly  and 
n o t peak fo r  up to  2 h r  a f t e r  th e  o n se t of th e  in fu s io n .  Thus, 
w h ile  AP/cmNTS-lesioned r a t s  in c re a s e  food in ta k e  in  resp o n se  to  
a d m in is tr a t io n  o f exogenous in s u l i n ,  t h e i r  in s u l in  p ro d u c tio n  
a n d /o r  r e le a s e  in  response  to  e le v a te d  plasma g lu co se  may be 
im p a ire d .
Supported by th e  G raduate School R esearch Fund o f th e  U. o f WA

420.12 EFFECTS OF AREA POSTREMA LESIONS WITH VARIED AMOUNTS OF SOLITARY 
NUCLEUS DAMAGE ON WATER INTAKE AND WATER, SODIUM AND POTASSIUM 
EXCRETION. A nita  J . B hatia ,  Douglas A. F i t t s ,  Jon N. K ott and 
Nancy J .  Kenney, U n iv e rs ity  of W ashington, S e a t t l e ,  WA 98195

A ro le  f o r  th e  a rea  postrem a (AP) and su b jac en t ca u d a l-m e d ia l  
a s p e c t of th e  nucleus of th e  s o l i t a r y  t r a c t  (cmNTS) in  w ater 
in ta k e  and w a te r , Na+ and K+ e x c re tio n  has been suggested  by 
s e v e ra l s tu d ie s .  I t  has f u r th e r  been suggested  th a t  the  
c r i t i c a l  b ra in  s tr u c tu r e s  fo r  th e se  d is ru p tio n s  i s  th e  cmNTS 
r a th e r  than  th e  AP i t s e l f .  To t e s t  th i s  h y p o th e s is , u r in e  
volum e, and Na+ and K+ e x c re tio n  o f 5 sham -lesioned  ( c o n t r o l ) ,  5 
AP/cmNTS-lesioned (APX) and 6 AP/cmNTS-lesioned r a t s  w ith  more 
ex te n s iv e  cmNTS damage (APX+) were measured during  th e  f i r s t  24 
h r  a f t e r  th e  a b la t io n .  A ll r a t s  were dep rived  of both  food and 
w ater du rin g  th i s  t e s t  p e r io d . In  a d d i t io n ,  w ater in ta k e  was 
m onitored  fo r  a l l  r a t s  from day 2 to  day 21 a f t e r  th e  a b la t io n .

There were no d if fe re n c e s  in  u r in e  volume among th e  3 groups 
d u rin g  th e  f i r s t  24 h r  a f t e r  th e  a b la t io n .  In  a d d i t io n , Na+ 
e x c re tio n  (um ol/100g /24  h r )  and Na+ co n c e n tra t io n  (mmol/1) were 
s im i la r  fo r  c o n t r o l ,  APX and APX+ r a t s  du rin g  th i s  tim e p e r io d . 
There was a tendency toward decreased  u r in a ry  K+ c o n c e n tra t io n  
by th e  APX r a t s  when compared to  c o n t ro ls .  The APX and APX+ 
r a t s  d id  no t d i f f e r  in  K+ c o n c e n tra t io n . A ll groups were 
s im i la r  in  K+ e x c re t io n ,  u r in e  o sm o la lity  and osm olar e x c re tio n .

On th e  f i r s t  day o f food and w ater a c c e s s , APX+ r a t s  drank 
le s s  w ate r (m l/100g) than  d id  th e  c o n t ro ls .  R ats in  th e  APX 
group d id  no t d i f f e r  from e i th e r  th e  APX+ r a t s  o r th e  c o n tro ls  
in  w ate r in ta k e  on th i s  d ay . Follow ing th i s  day , w ater in ta k e s  
o f th e  APX+ r a t s  in c rea sed  and no d if fe re n c e s  in  d a i ly  w ater 
consum ption were observed through day 21 a f t e r  th e  a b la t io n .

These d a ta  do no t suppo rt e a r l i e r  r e p o r ts  o f d iu r e s i s  
im m ediately  fo llo w in g  AP/cmNTS a b la t io n  b u t do suggest th a t  
changes of w ater in g e s t io n  may r e s u l t  w ith  in c re a se d  damage to  
th e  s o l i t a r y  n u c le u s . Long term  e f f e c t s  of sm all and la rg e  
AP/cmNTS le s io n s  on th e se  param ete rs a re  c u r r e n t ly  being 
e v a lu a te d .

Supported by the  G raduate School R esearch Fund o f th e  U n iv e rs ity  
o f W ashington and PHS g ra n t NS-22274 to  DAF



1556 FEEDING AND DRINKING VI FRIDAY AM

420.13 EFFECT OF AREA POSTREMA LESIONS ON DIETARY CHOICE OF 
RATS FED DISPROPORTIONATE AMOUNTS OF DIETARY AMINO 
ACIDS. P.M.B. Leung*, D.W. Gietzen and Q.R. Rogers (SPON: R.L. 
Kitchell). Dept. of Physiological Sci., Sch. of Vet. Med., Univ. of 
California, Davis, CA 95616.

Electrolytic lesions were placed in Area Postrema (AP) of adult 
Sprague Dawley rats. Animals with AP lesions (APL) became chronically 
hypophagic and maintained body weight at a lower level. Earlier we 
reported that APL showed similar food intake depression as did intact 
controls (INT) when fed a threonine (thr)-imbalanced amino acid diet 
(IMB) with thr as the most limiting amino acid for growth, but exhibited 
facilitated adaptation when fed a high-protein (75% casein) diet (HP) 
(Leung, P.M.B. e t al. Fed. Proc. 45:1091, 1986). In the present dietary 
choice studies, APL and INT were offered the choice between 2 identical 
low-protein (6% casein) diets (LP) for 3 weeks before they were allowed 
to choose, in sequence, between a protein-free diet (PF) and either IMB or 
a balanced thr basal amino acid diet (BAS). Following re-equilibration 
with LP presented in both food containers for 14 days, the animals were 
subjected to the choice between LP and HP for 2 weeks, then fed HP for 4 
days and the choice repeated. The 2 identical food containers in choice 
regimens were rotated daily a t random from side to side and among all 
animals tested. Foods and water were offered ad libitum. APL and INT 
a te  randomly from 2 food containers containing LP showing no side 
preference. Both APL and INT preferred PF after the first day. PF 
comprised 80.6±4.2% (mean ± S.E.) and 75.5± 10.0% of combined total food 
intake in choice regimen for APL and INT, respectively, during the entire 
choice period. When BAS replaced IMB after the PF vs IMB choice, BAS 
comprised 52.9±4.8% and 72.2±7.3% of combined total food intake in 
choice regimen for APL and INT, respectively, during the 14-day choice 
period. All animals again ate randomly during LP re-equilibration prior to 
the choice between LP and HP. APL consumed more HP in the choice 
regimen during the 4-week choice period. The protein-energy selected, 
expressed as % of total caloric intake, during each 2-week period before 
and afte r the exclusive HP feeding were 31.2± 10.6% and 34.7± 11.8%, 
respectively, for APL and 10.7±2.1% and 8.9±1.3%, respectively, for 
INT. Terminal hemi-forebrain concentrations of norepinephrine (NE), 
vanilylmandelic acid, dopamine (DA), homovanillic acid, 5- 
hydroxytryptamine (5-HT) (serotonin), and 5-hydroxyindoleacetic acid 
were assayed by HPLC in animals from the lesioned and the intact 
groups. No differences in turnover index were observed for NE, DA, and 
5-HT between APL and INT. The observed feeding and dietary choice 
behavior differences between APL and INT when fed IMB and HP is 
consistent with our suggestion that different mechanisms control food 
intake of amino acid-imbalanced and high-protein diets. (Supported by 
USPHS NIH grant #AM13252 and AM07557.)

420.14 FAs t  AND SLOW DUODENAL GLUCOSE INFUSIONS INCREASE 
FOOD INTAKE IN MEAL-FED RABBITS. L . O ’ F a r r e l l ,  
A. A c e v e d o -C ru z * , and  P . J .  G e is e lm a n .  N e u r o s c ie n c e  
P ro g ra m  an d  D e p a r tm e n t  o f  P s y c h o lo g y ,  UCLA, Los 
A n g e le s ,  CA 9 0 0 2 4 .

S low  i n t r a d u o d e n a l  g lu c o s e  i n f u s i o n  (1 m l /m in )  
h a s  p r e v i o u s l y  b e e n  show n to  d e c r e a s e  s u b s e q u e n t  chow 
i n t a k e ,  w h i l e  f a s t  i n f u s i o n  (3  m l /m in )  i n c r e a s e s  i t .  
T h i s  f e e d i n g - e n h a n c e m e n t  e f f e c t  may be d u e  to  i n c r e a s e d  
i n t e s t i n a l  a b s o r p t i o n ,  i n c r e a s e d  i n s u l i n  r e l e a s e  and  
r e s u l t a n t  h y p o g ly c e m ia ,  and  i n c r e a s e d  l i p o g e n e s i s .

A n im a ls  g iv e n  t h e i r  fo o d  f o r  r e s t r i c t e d  p e r i o d s  
( m e a l - f e d )  a b s o r b  g lu c o s e  m ore r a p i d l y  and  g a in  m ore 
w e ig h t  a s  f a t  t h a n  do f r e e - f e e d i n g  a n i m a l s .  M eal 
f e e d e r s  a l s o  l e a r n  t o  i n c r e a s e  t h e i r  i n s u l i n  s e c r e t i o n  
w i th  t h e  e x p e c t a t i o n  o f  f o o d .  T h e se  d a t a  l e d  t o  t h e  
h y p o t h e s i s  t h a t  d i f f e r e n t  p a t t e r n s  o f  m e a l - t a k i n g  may 
c o n t r i b u t e  t o  t h e  s a t i a t i n g  and  f e e d in g - e n h a n c e m e n t  
e f f e c t s  o f  g l u c o s e .

F e m a le  New Z e a la n d  r a b b i t s  w e re  c h r o n i c a l l y  
im p la n t e d  w i th  d u o d e n a l  c a n n u la e  an d  w e re  a d a p te d  to  
a s c h e d u l e  i n  w h ic h  fo o d  w as a v a i l a b l e  f o r  o n ly  4 h o u r s  
d a i l y .  R a b b i t s  w e re  i n f u s e d  i n t r a d u o d e n a l l y  (1 0  m l/ 
3 kg) w i th  0 .3  M g lu c o s e  o r  0 .1 5  M s a l i n e  a t  t h e  r a t e  
o f  3 m l/m in  in  one  g ro u p  and  1 m l/m in  in  t h e  o t h e r .  A 
mock c o n d i t i o n  w as a l s o  t e s t e d .

F o l lo w in g  r a p i d  g lu c o s e  i n f u s i o n ,  m e a l - f e d  r a b b i t s ,  
l i k e  f r e e - f e e d i n g  r a b b i t s ,  i n c r e a s e d  t h e i r  f o o d  i n t a k e  
d u r i n g  th e  f i r s t  30 m in p o s t i n f u s i o n . H o w e v e r, u n l i k e  
f r e e - f e e d i n g  r a b b i t s ,  t h e  m e a l - f e e d i n g  r a b b i t s  t h a t  
r e c e i v e d  s lo w  i n t r a d u o d e n a l  g lu c o s e  i n f u s i o n s  a l s o  
show ed  an  i n c r e a s e  in  fo o d  i n t a k e  d u r in g  th e  f i r s t  30 
m in .

The p r e s e n t  r e s u l t s  s u g g e s t  t h a t  m e a l - t a k i n g  
b e h a v io r  d e t e r m i n e s  w h e th e r  g lu c o s e  i s  s a t i a t i n g  o r  
h u n g e r  s t i m u l a t i n g .

S u p p o r te d  by N a t i o n a l  S c i e n c e  F o u n d a t io n  u n d e r  g r a n t  
n o .  BNS 8 7 -1 7 3 7 7  t o  P JG .

420.15 BLOOD GLUCOSE LEVELS FOLLOWING INTRADUODENAL INFUSION 
OF GLUCOSE IN THE RABBIT. P . J .  G e is e lm a n ,  L . 
O '  F a r r e l l ,  an d  A. A c e v e d o - C r u z * . D e p a r tm e n t  o f  
P s y c h o lo g y  an d  N e u r o s c i e n c e  P ro g ra m , UCLA, 
L o s  A n g e le s ,  CA 9 0 0 2 4 .

We p r e v i o u s l y  fo u n d  t h a t ,  w hen i n f u s e d  i n t o  t h e  
duodenum  a t  a s lo w  r a t e  (1  m l /m i n ) ,  g l u c o s e  s u p p r e s s e d  
s u b s e q u e n t  chow i n t a k e  i n  t h e  r a b b i t .  H o w e v e r , when 
g l u c o s e  w as i n f u s e d  i n t o  t h e  duodenum  a t  a r a p i d  r a t e  
(3  m l /m i n ) ,  t h e  r a b b i t s  n e a r l y  d o u b le d  t h e i r  fo o d  
i n t a k e  d u r i n g  t h e  f i r s t  h a l f  h o u r  p o s t i n f u s i o n .  
E l e v a t e d  i n s u l i n  l e v e l s  may be i n v o l v e d  in  t h e  m e d ia 
t i o n  o f  t h i s  g l u c o s e - i n d u c e d  f e e d i n g - e n h a n c e m e n t  
e f f e c t .  The m e c h a n ism  by w h ic h  i n s u l i n  p r o d u c e s  t h e  
f e e d i n g - e n h a n c e m e n t  e f f e c t  c o u ld  be t h e  r e s u l t a n t  
d e c r e a s e  i n  b lo o d  g l u c o s e .  We a r e  c u r r e n t l y  i n v e s t i 
g a t i n g  t h i s  h y p o t h e s i s .

F e m a le  New Z e a la n d  r a b b i t s  w e re  c h r o n i c a l l y  
im p la n t e d  w i th  d u o d e n a l  an d  j u g u l a r  c a n n u l a e .  F o l 
lo w in g  r e c o v e r y ,  r a b b i t s  w e re  i n f u s e d  i n t r a d u o d e n a l l y  
( 1 0  m l /3  kg BW) w i th  0 . 3M g l u c o s e  o r  0 .15M  s a l i n e  
d e l i v e r e d  a t  t h e  r a t e  o f  3 m l /m in  o r  1 m l /m in .  R a b b i t s  
w e re  a l s o  s u b j e c t e d  t o  a mock c o n d i t i o n .  S e r i a l  
s a m p le s  o f  b lo o d  w e re  co l l e c t e d  f ro m  t h e  j u g u l a r  
c a n n u la e  b e g i n n in g  a t  30 m in p r i o r  t o  i n f u s i o n  o r  mock 
c o n d i t i o n  ( b a s e l i n e ) .  F o l l o w i n g  i n f u s i o n  o r  mock 
c o n d i t i o n ,  chow  i n t a k e  w as m o n i to r e d  f o r  f o u r  h o u r s .

W i th in  30 m i n u te s  f o l l o w i n g  f a s t  i n f u s i o n  o f  g l u c o s e  
i n t o  t h e  d u o d en u m , b lo o d  g lu c o s e  l e v e l s  f e l l  t o  t h e i r  
l o w e s t  p o i n t ,  w h ic h  w as a p p r o x i m a t e l y  72% o f  b a s e l i n e .  
B o th  t h e  h y p o g ly c e m ic  an d  t h e  f e e d i n g - e n h a n c e m e n t  
e f f e c t s  o f  r a p i d  i n t r a d u o d e n a l  i n f u s i o n  o f  g l u c o s e  w ere  
o b s e r v e d  d u r i n g  t h e  f i r s t  h a l f  h o u r  p o s t i n f u s i o n . 
F o l lo w in g  f a s t  i n f u s i o n  o f  s a l i n e  o r  t h e  m ock p r o 
c e d u r e ,  h o w e v e r ,  b lo o d  g l u c o s e  v a l u e s  r e m a in e d  a b o v e  
b a s e l i n e  t h r o u g h o u t  t h e  f o u r - h o u r  m e a s u re m e n t  p e r i o d .  
D a ta  f o l l o w i n g  s lo w  i n f u s i o n  o f  g l u c o s e  w i l l  a l s o  be 
p r e s e n t e d .

T he a b o v e  r e s u l t s  a r e  c o n s i s t e n t  w i th  t he 
h y p o t h e s i s  t h a t  t h e  f e e d i n g - e n h a n c e m e n t  e f f e c t  f o l l o w 
i n g  r a p i d  i n t r a d u o d e n a l  i n f u s i o n  o f  g l u c o s e  i s  m e d ia t e d  
by h y p o g ly c e m ia  o r  a m e t a b o l i c  c o r r e l a t e .

S u p p o r te d  by N a t i o n a l  S c i e n c e  F o u n d a t i o n  u n d e r  
g r a n t  n o .  BNS 8 4 -1 7 3 7 7  t o  P JG .

420.16 FEEDING INDUCED BY LOW DOSES OF DYNORPHIN1- 17 INJECTED IN THE 
VTA. B. G. H oebel and S . Scharfm an. Dept. Psychology, 
P rin c e to n  U n iv ., P r in c e to n , NJ 08544

The q u e s tio n  was w hether o p ia te s  would induce feed in g  a t  
th e  same m esolim bic dopamine c e l l  body s i t e  where they have 
been  shown to  in d u c e  locom otor and behav io r re in fo rc em e n t 
e f f e c t s  (P . W. G lim cher, A. A. G iovino, D.H. M argolin & B. G. 
H oebel, Behay . Ne u r o s c i . 98 :262-268 , 1984).

E leven fem ale r a t s  w ere p repared  w ith  26 ga guide cannu las 
and 33 ga i n j e c t o r s  i n  th e  VTA (A 2 .2 , L 0 .6 ,  V 6 .5  perpend ic
u la r  below th e  c o r t i c a l  s u r f a c e ) .  B i l a te r a l  in j e c t io n s  o f  0 .3  
u l were g iv en  in  daytim e a t  1430 h r s ,  and P u rina  p e l l e t  in ta k e  
w as m e asu red  e v e ry  45 m in f o r  4 h r s .  Morphine s u l f a t e  
( s a l i n e ,  0 .3  ug , 0 .6  ug and 1 .2  u g /s id e )  was g iven  every  th i r d  
day. R ats became h y p e ra c tiv e , th en  began e a t in g  abou t 90 min 
p o s t in je c t io n  and consumed 4 gm (p< 0.05) o f food , compared to  
1.9 gm fo r  s a l in e  c o n t ro ls ,  by th e  end o f  4 h r s .

Nine o f th e  same r a t s  re c e iv e d  s a l i n e ,  2 ug and 4 ug o f  
d - a la 2-m et5-enkepha linam ide (DALA). Food in ta k e  was s im i la r  
t o  t h a t  w i th  m o rp h in e  b u t s t a r t e d  s o o n e r  (45  m in ) and  
h y p e ra c t iv i ty  was l e s s  e v id e n t.

E ig h t o f th e  r a t s  th e n  re c e iv e d  dynorph in1- 17 ( s a l i n e ,  7 
ug , 0 .7  ug and 0 .0 7  ug and s a l i n e  ag a in  i n  th a t  o rd e r ) .  The 
h ig h e s t dose (7 ug = 3 nanomols) caused  c a ta le p sy  fo r  about 1 
h r  fo llow ed  by a mean food in ta k e  o f  4 .9  gm. The low est dose 
(0 .0 7  ug  = 30 picom ols) caused  abou t 5 min o f  im m obility  
fo llow ed  by 4 gm o f food in ta k e  (ran g e  0 to  11 gm).

E ig h t r a t s  g iven  10 ug o f  naloxone b i l a t e r a l l y  a te  th e  same 
amount a s  when g iven  s a l i n e ;  naloxone d id  not su p p re ss  daytim e 
e a t in g .

These r e s u l t s  show th a t  o p ia te s  in j e c t e d  in  th e  VTA induce 
fe e d in g  w ith  a de layed  tim e course s im i la r  to  th a t  seen  a f t e r  
in j e c t io n s  i n  th e  p a r a v e n tr ic u la r  hypothalam us (S . McLean & B. 
G. H oebel, Pe p t id e s , 4 :287 -292 , 1983) and l a t e r a l  hypothalam us 
(P .  S c o t t ,  K. J a w a h a r la l ,  & B. G. H oebel, E a st. Psy c h o l. 
A ssoc. Ab s t r . , 5 5 :106 , 1985). The la rg e  fe e d in g  e f f e c t  o f low 
doses  o f  dynorphin  in  some r a t s  s u g g e s ts  t h a t  kappa re c e p to r s  
a re  in v o lv ed  in  t h i s  hyperphag ia phenomenon.
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420.17 D-l AND D-2 RECEPTOR ANTAGONISTS REDUCE INITIAL RATE OF INTAKE IN 
SHAH FEEDING RATS. J . D . Davis .  L.H. Schn e i d e r .  J . G ibbs and G.P. 
Sm ith. D ept. o f Psychology, Univ. o f 1 1 1 ., Chicago, IL , 60680 and 
D ep t. o f  P s y c h ia t r y ,  E a tin g  D iso rd ers  I n s t .  & Bourne Lab, NY 
H o sp ita l-C o rn e ll Med. C t r . ,  W hite P la in s ,  NY 10605.

Dopamine (DA) re c e p to r  b lockade has been shown p re v io u s ly  to  
reduce th e  in ta k e  of p e l l e t s  and sweet s o lu tio n s  and to  reduce th e  
sham in ta k e  o f su cro se  s o lu tio n s  by food d ep rived  r a t s .  This 
reduced in ta k e  caused by DA re c e p to r  blockade could  be due to  a 
change in  p a l a t a b i l i t y  o f th e  t e s t  d ie t s  o r  to  an im pairm ent of 
m o to r f u n c t io n .  In  o rd e r  to  d i s t i n g u i s h  between th e se  two 
a l t e r n a t iv e s ,  th e  Davis and Levine model ( Psych. Rey . 1977, 8 4 , 
379-412) was used to  ana ly ze  th e  sham in ta k e  fu n c t io n s  g en e ra ted  
by r a t s  in g e s t in g  a 10% su cro se  s o lu tio n  fo llo w in g  p r e t r e a tmen t 
w ith  v a r io u s  D -l and D-2 r e c e p to r  a n t a g o n i s t s .  This model 
p ro v id es  a m easure of p a l a t a b i l i t y  by e s tim a tin g  th rough  curve 
f i t t i n g  th e  i n i t i a l  r a t e  of in g e s t io n  and t e s t s  th e  motor fu n c t io n  
by e s tim a tin g  th e  r a t e  of decay o f in g e s t io n .

M ethods. Male Sprague-Dawley r a t s  were c h ro n ic a lly  im planted  
w ith  a s t a i n l e s s  s t e e l  g a s t r i c  ca n n u la  (n=22; 315-395g) and 
adap ted  to  30-min access  to  a 10% ( 0 .3 m) su c ro se  s o lu tio n  a f t e r  4h 
45 min p e l l e t  d e p r iv a tio n  and v e h ic le  in je c t io n  ( i . p . ) .  The D-2 
re c e p to r  a n ta g o n is ts  r a c lo p r id e  ( 0 .1 ,  0 .2 ,  0 .4  & 0 .8  mg-kg– 1 ) ,  
h a lo p e r id o l (0 .0 2 5 , 0 .0 5 , 0 .1 ,  0 .2  & 0 .4  mg–kg–1) ,  pim ozide (0 .25  
mg-kg–1) ,  s u l to p r id e  (10 , 20 & 40 mg-kg–1 ) ,  and ( - ) - s u l p i r i d e  (100 
mg-kg–1) as w ell as th e  D-1 re c e p to r  a n ta g o n is t  SCH 23390 (0 .0 1 2 5 , 
0 .0 2 5 , 0 .0 5 , & 0 .1  mg-kg–1) were in je c te d  ( i . p . )  p r io r  to  t e s t s .  
In ta k e  was m easured a t  3-min in t e r v a l s  and th e se  d a ta  were f i t t e d  
by th e  l e a s t  s q u a re s  m ethod to  e x p o n e n t ia l  decay  fu n c tio n s  
r e s u l t in g  in  an e s tim a te  o f th e  i n i t i a l  r a t e  o f d r in k in g  and r a t e  
o f decay o f in g e s t io n .

R e s u lts . For a t  l e a s t  one dose th a t  s i g n i f i c a n t ly  in h ib i te d  
30 -m in  in ta k e , a l l  of th e  DA re c e p to r  a n ta g o n is ts  reduced th e  
i n i t i a l  r a t e  o f in ta k e  w ithou t a f f e c t in g  th e  h a l f  l i f e  o f th e  r a t e  
o f decay.

C o n c lu s io n s . The re d u c tio n  in  th e  i n i t i a l  r a t e  o f in ta k e  
w i t h o u t  a change in  th e  r a t e  o f  decay  a f t e r  DA r e c e p to r  
a n ta g o n is ts  i s  c o n s is te n t  w ith  a change in  th e  p a l a t a b i l i t y  of th e  
su cro se  s o lu t io n ,  but no t w ith  an im pairm ent of m otor fu n c t io n . 
S ince p a l a t a b i l i t y  of su cro se  i s  p o s i t iv e ly  r e l a te d  to  th e  sensory  
a n d /o r hedonic in t e n s i ty  o f th e  su cro se  s o lu t io n ,  th e  r e s u l t s  a re  
f u r t h e r  e v id e n c e  t h a t  a n ta g o n is m  o f  d o p am in e rg ic  mechanisms 
reduces  th e  in ta k e  of sucro se  by d ec re a s in g  i t s  sensory  a n d /o r 
h e d o n ic  e f f e c t s  r a t h e r  th a n  by i n t e r f e r i n g  w ith  i n g e s t i v e  
movements. [S upported  by MH09400 (LHS); MH15455, MH40010 & RSA 
MH00149 (GPS); RSDA MH70874 (JG )] .

420.18 DOPAMINE D1 and D2 RECEPTORS IN RELATION TO PALATABLE FOOD 
CONSUMPTION IN THE RAT. I. Rusk* and S .J .  Co o p er. (SPON: L .J . 
Bindman) D ept. Psychology, U n iv e rs ity  o f  Birmingham, Birmingham 
B15 2TT, U.K.

A d i s t i n c t i o n  has  been drawn between dopamine D1 and D2 re c e p to rs  
(Kebabian, J.W. and C aine, D .B ., N a tu re , 277: 93, 1979). A number 
o f  d rugs have been sy n th e s is e d  r e c e n tly  which a re  s e le c t iv e  
a g o n is ts  and a n ta g o n is ts ,  r e s p e c t iv e ly ,  f o r  th e  two ty p e s  o f  
dopamine re c e p to r .  Our aim i s  to  a s s e s s  the  r e l a t i v e  c o n tr ib u tio n s  
o f  th e  dopamine re c e p to r  sub types to  dopam inergic involvem ent in  
th e  c o n tro l  o f  feed in g  re sp o n se s . In d iv id u a lly -h o u se d  male b la c k -  
hooded r a t s  (G eneral s t r a i n ,  250-350g) were f a m il ia r iz e d  w ith  
exp e rim en ta l p ro c e d u re s , and were adap ted  to  30-min d a i ly  
p r e s e n ta t io n  o f  a h ig h ly  p a la ta b le  sw eet mash d u rin g  th e  l i g h t  
p e r io d  and in  th e  homecage. The anim als were n e i th e r  food nor 
w a te r-d e p r iv e d .
The s e le c t i v e  D2 re c e p to r  a g o n is t  RU24213 ( in je c te d  i . p .  30 min. 
b e fo re  th e  feed in g  t e s t )  produced a s ig n i f i c a n t  re d u c t io n  in  th e  
amount o f  food consumed a t  10 mg/kg b u t  n o t a t  0 .1  o r  1 .0  mg/kg. 
In ta k e  was reduced  from 2 2 .7g to  9 .3g  a f t e r  tre a tm e n t w ith  th e  
h ig h e s t  dose . L ikew ise , th e  p o te n t s e le c t i v e  D2 re c e p to r  a g o n is t 
N-0437 (2 -(N -N -p ro p y l-N -2 -th ien y le th y lam in o )-5 -h y d ro x y te t ra lin  
h y d ro c h lo r id e ) , when in je c te d  i . p .  15-20 min. b e fo re  th e  feed in g  
t e s t ,  p roduced a marked re d u c t io n  in  p a la ta b le  food Consumption. 
At 1 .0  mg/kg N-0437 reduced  food in ta k e  by 60.4% and by 70.2% a t  
3 .0  mg/kg. These d a ta  in d ic a te  t h a t  dopam inergic a c tio n  a t  th e  
D2 re c e p to r  can produce a pronounced a n o re c tic  e f f e c t  in  th e  r a t .  
T h is  co n c lu sio n  was su ppo rted  by th e  f in d in g  th a t  th e  e f f e c t  o f 
N-0437 a t  1 .0  mg/kg was re v e rs e d  by th e  s e le c t i v e  dopamine D2 
re c e p to r  a n ta g o n is t  YM 09151-2 (0 .01  m g/kg). In  la r g e r  d o ses , 
YM 09151-2 i t s e l f  (0 .1  and 1 .0  mg/kg) produced d o s e - re la te d  
re d u c t io n s  in  food consum ption in d ic a t in g  th a t  b lockade o f  
dopam ine 's e f f e c t  a t  D2 r e c e p to r s  can b r in g  about change in  feed in g  
a c t iv i t y .  D-amphetamine (0 .3 -3  mg/kg) had a d o s e - r e la te d  e f f e c t  
on feed in g , p roducing  a v i r t u a l l y  com plete su p p re ss io n  o f  food 
in ta k e  a t  3 mg/kg.
The s e le c t i v e  D1 re c e p to r  a g o n is t  SK & F 38393 had o n ly  a r e l a t i v e ly  
m odest e f f e c t  on p a la ta b le  food consum ption. At 30 mg/kg ( i .p . )  
food in ta k e  was reduced by 29.5%. There were no re d u c t io n s  in  
food in ta k e  a t  3 o r  10 mg/kg. At p re s e n t  th e se  d a ta  su g g es t t h a t  
th e  dopamine D2 re c e p to r  may be more im p o rta n tly  invo lved  in  
dopam in erg ica lly -m ed ia ted  a n o rex ia  in  th e  r a t .  F u rth e r  s tu d ie s  a re  
underway to  a s s e s s  w hether th e re  a re  in t e r a c t io n s  between drug 
e f f e c t s  m ed iated  a t  dopamine D1 and D2 r e c e p to r s .
N-0437 was k in d ly  p rov ided  by Dr. A.S. Horn; YM 09151-2 and RU 
24213 were donated  by Yamanouchi P h arm aceu tica l Co. and R oussel 
UCLAF r e s p e c t iv e ly .

420.19 NEUROANATOMICAL REGIONS OF THE CHICK BRAIN INVOLVED IN MONITORING 
AMINO ACID DEFICIENT DIETS. J . D. Firman* and W. J . Kuenzel (SPON: 
M.M.Beck). Dept. of Poultry  S c i. ,  Univ. of Maryland, College Park, 
MD 20742.

S ig n ific an t decreases in food in take are noted when chicks are 
fed a d ie t  d e fic ie n t or imbalanced with re spec t to  amino acids (AA). 
In jec tio n s  of the growth lim itin g  AA in to  the ca ro tid  a r te ry  w ill 
re s to re  food in take to  normal lev e ls  while in jec tio n s  in to  the 
jugu la r vein do not re s to re  the decreased in take . Several regions of 
the  r a t  brain (amygdala and prepyriform  cortex) have been im plicated 
in th is  process. I t  has been proposed th a t recep tors  in these 
regions may monitor AA balance and thus regu la te  food in take . The 
o b jec tive  of th is  study was to  determine i f  homologous regions of the 
chick brain are involved in the a b i l i ty  of chicks to  d iscrim inate  
between a complete d ie t  and one d e fic ie n t in tryptophan.

Four regions of the chick brain  were studied  in a s e r ie s  of ex
perim ents. These regions included the n. taen iae  (Tn), fro n ta l 
a rch istria tu m  (FA), ventra l a rch istria tu m  (AV), and the pyriform 
cortex (CPi). Procedures ou tlined  below were s im ila r fo r each 
experiment. F orty -e igh t chicks were placed on a commercial d ie t  fo r 
1 week. They were then caged in groups of two and adjusted to a 
complete sem i-purified  d ie t  fed in two id en tic a l feed ers. A fter 
th is  adjustment period chicks were placed on a d ie t  90% d e fic ie n t in 
tryptophan ( t r p ) .  A fter 3 days, on the d e fic ie n t d ie t  chicks were 
given a choice of the  two d ie ts .  Chicks generally  selec ted  60-80% of 
to ta l  in take from the complete d ie t .  A fter determining th a t b ird s 
could se le c t the contro l d ie t  over the d e f ic ie n t,  surgery was 
performed on the 48 chicks (24 operated; 24 shams). The same 
sequence of d ie ts  was given p o st-o p e ra tiv e ly  to  determine i f  any 
d iffe ren ces  in se lec tio n  occurred. A fter completion of the ex p eri
ment chicks were sac rif ic ed  and b rains examined h is to lo g ic a lly  to 
determine proper lesion  placement. Data were analyzed using 
repeated measures ANOVA.

Comparisons of percent se lec tio n  of d ie ts  by shams to  operated 
b ird s  ind icated  no s ig n if ic a n t d iffe ren ces  in FA, AV, and Tn 
lesioned chicks. R esults of an add itiona l study comprised of knife 
cu ts  is o la tin g  the CPi and a re spec tive  contro l group showed th a t the 
l a t t e r  se lec ted  s ig n if ic a n tly  more (80.04% + /-6 .92 ; x̅ ± S.E.M.) of 
the complete d ie t  than the CPi k n ife -cu t chicks (60.85% + /-6 .92) a t 
P<.01. These re s u lts  suggest the pyriform cortex  may be involved in 
monitoring AA balance.
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421.1 VULNERABILITY OF THE DEVELOPING BRAIN IN EXPERIMENTAL GROWTH 
RETARDATION. S. R ees,*  A. Booking,* R. H ard ing ,*  (SPON: F. GÜLDNER) 
D epartm ent o f P hysio logy , Monash U n iv e rs ity , C lay ton , V ic to r ia  3168 
A u s t r a l i a .

I t  i s  now accep ted  th a t  o f a l l  in f a n ts  w eighing le s s  th an  2 .5  kg 
a t  b i r t h ,  app rox im ate ly  one th i r d  a re  grow th r e ta rd e d  o r s m a l l- fo r -  
g e s ta t io n a l  age and n o t sim ply p rem ature (Gruenwald, B io l. N eonate, 
5 :2 1 5 , 1963). These in f a n ts  have ev idence  o f ch ro n ic  in t r a u te r i n e  
hypoxia and m a ln u tr i t io n  a t  b i r t h  (Robinson B r.M ed .B u ll. 35 :137, 
1979). Most c a tc h  up p h y s ic a l ly  w ith in  th e  f i r s t  y e a rs  o f l i f e ,  
however a s ig n i f i c a n t  p ro p o r tio n  s u f f e r  from p e r s i s te n t  p h y s ic a l 
and n e u ro lo g ic a l h an d icap s . At p re s e n t i t  i s  n o t c l e a r  w hether 
s p e c i f ic  s t r u c u tu r a l  a b n o rm a li t ie s  u n d e r l ie  th e  i n t e l l e c t u a l  and 
motor d e f i c i t s  observed  in  th e se  c h i ld r e n .  In  an a ttem p t to  answer 
t h i s  q u e s tio n  we have been s tu d y in g  th e  f e t a l  b ra in  in  an anim al 
model o f ch ro n ic  p la c e n ta l  in s u f f ic ie n c y ,  th e  growth re ta rd e d  f e tu s  
produced by th e  ca ru n c lec to m ised  ewe.

In  t h i s  p rocedu re  app rox im ate ly  80% o f th e  en d o m etria l c a ru n c le s  
( p o te n t ia l  a ttachm en t s i t e s )  in  th e  ewe were removed p r io r  to  
co n c ep tio n , th e reb y  red u c in g  th e  s iz e  o f th e  p la c e n ta  in  a 
subsequen t pregnancy and producing  a growth r e ta rd e d  f e tu s .  In  
th e s e  f e tu s e s  (n=8) a t  139±ld(term  = 147d) th e  w eigh t of th e  b ra in  
& ce rebe llum  was s ig n i f i c a n t ly  reduced by 21% when compared w ith  
age matched c o n tro ls  (p < 0 .0 0 2 ) . Our i n i t i a l  h i s to l o g ic a l  s tu d ie s  
have been on th e  ce reb e llu m , m otor and v is u a l  c o r t i c e s  and th e  
hippocampus and we have shown th a t  th e se  s t r u c tu r e s  a re  a l l  
m arkedly a f f e c te d  in  growth r e t a r d a t io n .  Q u a n ti ta t iv e  s tu d ie s  on 
p a r a s a g i t t a l  s e c t io n s  o f th e  c e re b e l la r  verm is have shown a 
s ig n i f i c a n t  re d u c t io n  in  th e  a re a s  o f each o f th e  la y e r s  in  th e  
ce rebe llum  (p < 0 .0 5 ) ,  a d ec re ase  in  th e  w id th  o f th e  m o lecu lar 
la y e r ,  (p < 0 .0 5 ) a tendency fo r  th e  l i n e a r  d e n s ity  o f P u rk in je  
c e l l s  to  be in c re a s e d  and fo r  th e  w id th  e x te rn a l  g ra n u la r  la y e r  to  
be d ec reased  in  grow th r e ta rd e d  b ra in s  compared w ith  c o n t r o ls .  
N euronal d e n s i t i e s  in  th e  v is u a l  and motor c o r t i c e s  and in  th e  
pyram idal la y e r  o f  th e  hippocampus o f th e  grow th r e ta rd e d  b ra in  
were a l l  s i g n i f i c a n t ly  g r e a te r  th an  c o n tro ls  (p < 0 .0 5 ) .

These r e s u l t s  su g g est th a t  ch ro n ic  p la c e n ta l  in s u f f ic ie n c y  
a f f e c t s  b ra in  developm ent by r e ta rd in g  th e  developm ent o f neu ro n a l 
p ro c e sse s  in  th e se  a re a s  and in  th e  ca se  o f  th e  ce reb e llu m , by 
red u c in g  th e  p r o l i f e r a t i o n  o f g ran u le  c e l l s .  Such s t r u c t u r a l  
a b n o rm a li t ie s  cou ld  a f f e c t  th e  p a t te r n  o f n eu ro n a l c o n n e c tiv i ty  and 
cou ld  be a s s o c ia te d  w ith  fu n c t io n a l  and b eh a v io u ra l d e f i c i t s .  
Supported by th e  N a tio n a l H ealth  & M edical R esearch  C ouncil of 
Australia.

421.2 CORPUS CALLOSUM DEFECTS AND MATERNAL ENVIRONMENT IN  THE BALB/c 
MOUSE: EFFECTS OF OVARIAN GRAFTING. B . B u lm a n -F le m in g  a n d  D. 
W a h l s t e n . D e p t . o f  P s y c h o lo g y  U n i v e r s i t y  o f  W a t e r l o o ,  W a t e r l o o ,  
O n t a r i o ,  C a n a d a , N2L 3G 1.

M ice  o f  t h e  i n b r e d  s t r a i n  BALB/c h a v e  a n  h e r e d i t a r y  d e f e c t  o f  
t h e  c o r p u s  c a l l o s u m  (CC) i n  w h ic h  a b o u t  20% o f  t h e  a n i m a l s  show  a  
s e v e r e  r e d u c t i o n  i n  s i z e  o r  a  t o t a l  l a c k  o f  t h e  s t r u c t u r e  a t  
m i d l i n e .  P r e v i o u s  w o rk  h a s  d e m o n s t r a t e d  t h a t  CC d e f i c i e n c y  i s  
c o m p l e t e ly  r e c e s s i v e  b u t  i s  n o t  d u e  t o  a  s i n g l e  g e n e  ( W a h ls te n ,  
J .  H e r e d . (1 9 8 2 , 7 3 : 2 8 1 -2 8 5 )  a n d  i s  s e n s i t i v e  t o  e n v i r o n m e n ta l  
i n f l u e n c e s  ( W a h l s t e n ,  D e v e lo p .  B r a i n  R e s . , 1 9 8 2 , 5: 3 5 4 -3 5 7 ;  
W a h l s t e n ,  B r a i n  R e s .  1 9 8 2 , 2 3 9 : 3 2 9 - 3 4 7 ) .  T he p r e s e n t  w o rk  u s e d  
o v a r i a n  g r a f t i n g  t o  i n v e s t i g a t e  t h e  e f f e c t s  o f  a n  F l  h y b r i d  
m a t e r n a l  e n v i r o n m e n t  on  t h e  i n c i d e n c e  o f  CC d e f e c t s  i n  BALB/c m ic e

R e c i p r o c a l  c r o s s e s  b e tw e e n  C 5 7 B L /6 J  m ic e  a n d  p ig m e n te d  BALB 
m ic e  p r o d u c e d  t h e  F l  dam s u s e d  i n  t h e  s t u d y .  A t b e tw e e n  6 a n d  10 
w e e k s  o f  a g e ,  27 F l  a n d  27 BALB dam s w e re  o v a r i e c t o m i z e d  a n d  
g r a f t e d  w i t h  BALB/c o v a r i e s  f r o m  d o n o r s  o f  l i k e  a g e  u s i n g  t h e  
m e th o d  o f  J o n e s  a n d  K ro h n  (J .  E n d o c r i n . , 1 9 6 0 , 2 0 : 1 3 5 -1 4 6 )  w i t h  
m in o r  c h a n g e s .  A l l  g r a f t e d  m ic e  w e re  p a i r e d  w i t h  BALB/c s i r e s  2 
w e e k s  a f t e r  s u r g e r y ,  a n d  t h e  r e s u l t i n g  l i t t e r s  w e re  w e a n e d  a t  30 
d a y s  a n d  s a c r i f i c e d  a t  100  d a y s  o f  a g e .  L i t t e r s  f r o m  u n g r a f t e d  
BALBs w e re  a l s o  i n c l u d e d  i n  t h e  s t u d y .  D e p e n d e n t  m e a s u r e s  o f  
i n t e r e s t  i n c l u d e d  l i t t e r  s i z e ,  b i r t h  a n d  w e a n in g  w e i g h t s ,  a n d  
100  d a y  m e a s u r e s  o f  b o d y  w e i g h t ,  b r a i n  w e i g h t ,  a n d  a r e a s  o f  CC, 
a n t e r i o r  (AC) a n d  h ip p o c a m p a l  (HC) c o m m is s u r e s  a t  m i d l i n e  a s  
d e t e r m in e d  f r o m  t r a c i n g s  m ade f r o m  f r o z e n  s e c t i o n s  a n d  q u a n t i f i e d  
u s i n g  a  d i g i t i z i n g  m o rp h o m e try  p r o g r a m .

T he p r i n c i p a l  f i n d i n g s  o f  t h e  s t u d y  w e r e :
1) BALB/c o f f s p r i n g  o f  F l  h y b r i d  dam s h a v e  h e a v i e r  b o d i e s  a t  

b i r t h ,  w e a n in g  a n d  a t  100  d a y s  o f  a g e  a n d  h e a v i e r  b r a i n s  a t  100 
d a y s  o f  a g e  t h a n  do  BALB/c p u p s  o f  g r a f t e d  o r  u n g r a f t e d  BALB d am s.

2) T he l a r g e r  AC a n d  HC a r e a s  o f  BALBs f ro m  F l  dam s w e re  
a t t r i b u t a b l e  t o  t h e i r  l a r g e r  b r a i n s .

3) No s i g n i f i c a n t  d i f f e r e n c e s  w e re  d e t e c t e d  am ong BALB o f f 
s p r i n g  f ro m  u n g r a f t e d  BALB dam s o r  g r a f t e d  BALB o r  F l  dam s i n  
n u m b e r o f  a n i m a l s  w i t h  d e f e c t i v e  CC ( a r e a  l e s s  t h a n  0.8m m 2 ) .

4) Among a n i m a l s  h a v i n g  CC a r e a s  i n  t h e  n o rm a l  r a n g e ,  t h o s e  
f r o m  F l  d am s h a d  l a r g e r  CC a r e a s  t h a n  t h o s e  f ro m  BALB d a m s; 
h o w e v e r ,  t h i s  w a s p r o b a b l y  a  c o n s e q u e n c e  o f  a  v e r y  s m a l l  b u t  
p o s i t i v e  c o r r e l a t i o n  b e tw e e n  CC a r e a  a n d  b r a i n  w e ig h t  i n  BALB/c 
m ic e .

( T h i s  w o rk  w as s u p p o r t e d  i n  p a r t  b y  G r a n t  A 4878 t o  D.W. fro m  
t h e  N a t u r a l  S c i e n c e s  a n d  E n g i n e e r i n g  R e s e a r c h  C o u n c i l  o f  C a n a d a  
a n d  b y  a n  O n t a r io  G r a d u a te  S c h o l a r s h i p  t o  B .B - F .  T he t e c h n i c a l  
a s s i s t a n c e  o f  K a th r y n  B lo m , G le n n a  S m ith  a n d  W a l t e r  Z a g a j a  i s  
g r a t e f u l l y  a c k n o w le d g e d . )

421.3 PRENATAL PHENOBARBITAL EXPOSURE AND THE DEVELOPMENT OF POSTNATAL 
PTE-INDUCED SEIZURES. S. K. S o b rian , C.L. Brown*, D.L. Tuck* and 
H. J ames * . D ept. o f  P harm aco l., Howard U niv. Med. School, 
W ashington, D.C. 20059.

We have re c e n t ly  shown (S ob rian  & N andedkar, Pharm acol. 
Biochem. & Behav. , May, 1986) th a t  in  r a t ,  p re n a ta l  exposure to  
p h e n o b a rb ita l (PB) p ro te c ts  male and fem ale o f f s p r in g  from 
p e n ty le n e te tra z o le  (PTZ)-induced m inim al and maximal s e iz u re s .  
To determ ine  th e  age a t  which th i s  p r o te c t io n  develops and i f  
s e n s i t i z a t io n  to  PTZ s e iz u re s  o c c u rrs  in  th e  pups th e  fo llo w in g  
stu d y  was conduc ted .

On g e s ta t io n  days 15-21, Sprague Dawley r a t s  were exposed to  
30 m g/kg/day o f PB d e l iv e re d  by s . c .  im plan ted  osm otic pumps ; 
c o n tro ls  rec e iv e d  pumps c o n ta in in g  0.9% s a l in e .  Females 
d e l iv e re d  n a t u r a l l y ; l i t t e r s  were c u l le d  to  10-12 a t  b i r t h .  On 
p o s tn a ta l  days (PND) 5 ,1 0 ,1 5 ,2 0  and 25 male and fem ale o f f s p r in g  
from bo th  groups were in je c te d  w ith  20,35 o r 50 mg/kg o f  PTZ and 
seven in d ic e s  o f  co n v u ls iv e  b eh a v io r were sco red . The 30 mg/kg 
dose o f  PB produced plasm a le v e ls  o f 26 .28 ± 0 .67  ug/m l in  th e  
m o th e rs ; a t  b i r t h ,  plasm a le v e ls  in  fem ale and male o f f s p r in g  
were 23.28 ±  1 .88  ug/m l and 18.39 ± 2 .43  ug /m l, r e s p e c t iv e ly .  
P re n a ta l  exposure to  PB d id  n o t a l t e r  th e  le n g th  o f  g e s ta t io n ,  
l i t t e r  s iz e ,  th e  m a le /fem ale  pup r a t i o  o r  s e v e ra l in d ic e s  o f 
m a te rn a l b e h a v io r . D iffe re n c e s  in  pup body w eigh ts p re s e n t a t  
b i r t h  (PB o f f s p r in g  were sm a lle r  than  c o n t ro ls )  d id  n o t p e r s i s t  
d u rin g  th e  prew eaning p e r io d  bu t reap p eared  a t  PND 25. In 
c o n tro l  pups o n ly  50 mg/kg o f PTZ induced s e iz u r e - l ik e  b eh a v io r 
and on ly  a t  PND 5 and 10. P re n a ta l  exposure to  PB e l im in a te d  
PTZ-induced s e iz u r e - l ik e  beh av io r a t  PND 5. However, a t  PND 10, 
bo th  35 and 50 mg/kg o f  PTZ induced s e iz u re s  in  PB o f f s p r in g .  
M oreover, th e  c o n v u ls iv e  e f f e c t  o f  PTZ was s t i l l  seen a t  PND 15 
and 20 w ith  th e  h ig h e r  dose o f  PTZ. S ev e ra l o th e r  in d ic e s  o f 
n e o n a ta l co n v u ls iv e  b eh a v io r were a l s o  a l t e r e d  by p r e n a ta l  PB 
exposu re . H ead/lim b movements were in c re a s e d  by 50 mg/kg PTZ in  
bo th  p re n a ta l  g roups . However, on ly  PB o f f s p r in g  showed an 
in c re a s e  in  t h i s  b eh a v io r  fo llo w in g  35 mg/kg o f  PTZ a t  PND 20 
and 25. With re s p e c t  to  Body R o ta tio n , ag a in  on ly  50 mg/kg o f 
PTZ enhanced t h i s  b eh a v io r in  p r e n a ta l  c o n t ro ls .  In  p r e n a ta l  PB 
o f f s p r in g ,  a l l  3 doses o f  PTZ in c re a se d  Body R o ta tio n  b u t th e  
e f f e c t  was age r e l a t e d ,  w ith  low er doses e f f e c t iv e  a t  PND 25. 
S im ila r  changes were observed fo r  S trau b  T a i l .

These r e s u l t s  in d ic a te  th a t  in  c o n t r a l  pups, PTZ a c ts  as a 
co n v u lsan t d u rin g  th e  f i r s t  10 p o s tn a ta l  days a t  a dose which 
induces maximal s e iz u re s  in  a d u l ts  (50 m g/kg). P re n a ta l  exposure 
to  PB in  doses th a t  produce human th e r a p e u tic  plasma le v e ls  
appears  to  s e n s i t i z e  o f f s p r in g  to  PTZ. C onvulsive beh av io r i s  
seen  in  PB o f f s p r in g  u n t i l  PND 20 and PTZ can enhance o th e r  
co n v u lsiv e  b eh a v io rs  a t  doses in e f f e c t iv e  in  c o n t ro ls .

421.4 PRENATAL EXPOSURE TO PHENCYCLIDINE: EFFECTS ON BIRTH, DEVELOPMENT 
AND BEHAVIOR. T.A. F ico and C. VanderWende. R utgers U n iv e rs ity , 
D epartm ent of Pharm acology, P .O. Box 789, P isca taw ay , NJ 08854.

P hen cy c lid in e  (PCP) abuse by p regnan t women has been re p o rte d  
r a i s in g  q u e s tio n s  of s a fe ty  fo r  th e  f e tu s .  The fo llo w in g  s tu d ie s  
were conducted to  determ ine w hether d i f f e r e n t  p e r io d s  of p re n a ta l  
exposure to  PCP m odified  (1) b i r t h  and l i t t e r  developm ent, (2) male 
p o s tn a ta l  a g g re ss iv e  b ehav io r and (3) male p o s tn a ta l  s e n s i t i v i t y  
to  PCP-induced locom otor a c t i v i t y  and a ta x ia .

P reg n an t, CF-1 dams were in je c te d  d a i ly  w ith  e i th e r  PCP (5 , 10, 
20, 40 mg/kg, sc) o r s a l in e  du rin g  mid (E6-15) o r l a t e  (E12-18) 
g e s ta t io n .  The number of l i v e  b i r t h s ,  b i r t h  w eight and a n o g e n ita l 
d is ta n c e  were reco rd e d . The l i t t e r s  were c u l le d  to  s ix  m ales and 
c ro ss  fo s te re d  to  u n tre a te d  dams. On day 35, th e  mice were te s te d  
fo r  PCP-induced locom otor a c t i v i t y  and a ta x ia  or were in d iv id u a l ly  
housed to  t e s t  fo r  a g g re ss io n . B eginning on th e  second day of 
i s o la t io n  and every  o th e r  day th e r e a f te r ,  a bu lbectom ized , con- 
s p e c i f ic  was added to  th e  home cage of th e  t e s t  anim al fo r  a 15 min 
a g g re ss io n  t e s t .  This co n tinued  u n t i l  e i th e r  the  t e s t  mouse 
i n i t i a t e d  a f ig h t  o r 15 t e s t  days e la p se d . Latency to  f i r s t  f ig h t ,  
number of f ig h t s  and t o t a l  f ig h t in g  tim e were reco rd e d . For the 
p o s tn a ta l  s e n s i t i v i t y  experim en t, each anim al was in je c te d  w ith  
e i th e r  PCP (2 .5 ,  5 .0 ,  7 .5  mg/kg, sc) o r s a l in e  and im m ediately 
p laced  in  an a c t iv i t y  chamber; locom otor a c t i v i t y  and a ta x ia  were 
reco rded  fo r  one hou r. The a ta x ia  was sco red  fo r  20 sec p e rio d s  
a t  5 min in t e r v a l s  u s in g  th e  r a t in g  s c a le  of C a s te l la n i  and Adams 
(Eur. J .  Pharm acol. 73, 143, 1981).

There was a s ig n i f i c a n t  e f f e c t  of tre a tm en t on body w eight a t  
P21 and P35 b u t n o t a t  b i r t h .  Male o f f s p r in g  exposed to  40 mg/kg 
d u ring  mid g e s ta t io n  had a s ig n i f i c a n t ly  s h o r te r  a n o g e n ita l 
d is ta n c e  than  a l l  o th e r  tre a tm e n t g roups. The number of pups/ 
l i t t e r  dec reased  w ith  in c re a s in g  doses of PCP. The mean la te n c y  
in  days to  f ig h t  was decreased  in  a l l  tre a tm e n t g roups. In  pups 
p re n a ta l ly  exposed to  20 mg/kg du rin g  E12-18, 5 mg/kg PCP caused 
in c re a se d  locom otor a c t i v i t y  w hile  7 .5  mg/kg caused a decreased  
resp o n se . This may r e s u l t  from an enhanced a ta x ia  a t  th e  h ig h e r 
dose.

Supported by P re d o c to ra l F ellow sh ip  1 F31 DA05273-01 from 
NIDA to  T.A .F .
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421.5 ALTERATION OF BRAIN SEROTONIN METABOLISM IN RAT PUPS EXPOSED PRE- 
NATALLY TO ETHANOL. M.C. Yu and J.R . McGee, Dept. of Anatomy, New 
Jersey Medical School, Newark, N.J .  071037.

Considerable evidence has accumulated indicating th a t exposure 
to  alcohol in utero re su lts  in certain  cognitive and behavioral 
d e f ic its . In th is  study, we report on a lte ra tio n  in the level of 
CNS neurotransmitter serotonin and i t s  metabolite 5-hydrozyindole 
acetic  acid (5-Hi AA) in 1-day old ra ts  exposed to  ethanol during 
gestation.

Female ra ts  were fed 10% ethanol for 2 weeks prior to concep
tion  i n order to adapt them to  alcohol consumption. These dams, 
rendered pregnant on the f i r s t  day (positive vaginal smear), were 
then fed a graded regimen of ethanol of 10, 30 and 50%, success
ively , during the 3 weeks of pregnancy. Rat chow was given ad 
libitum. Another group of pregnant dams, the contro l, was given 
water. Alcohol consumption was monitored on alternate  days. At 
b ir th , the body weights of neonates were recorded prior to sacri
f ic e . Tissues from the hippocampus and the cerebellum were d issec t
ed out rapidly frozen a t  -80°C un til use. The tissues were homo
genized i n 10 volumes of 0.1N perchloric acid containing lng/ul 
di hydroxybenzylamine as i nternal standard, centrifuged and f i l t e r 
ed and the supernatant was used for quantitative assay by high 
performance liquid  chromatography with electrochemical detection.

The body weight of the ethanol exposed pups was less than the 
control group, being 4.6g versus the 6.1g of the control. The 
amount of serotonin i n the hippocampus of the pups exposed to 
alcohol was s ign ifican tly  greater than the con tro l, being 71.2 ng/g 
as compared to 55.0ng/g of control. The level of 5-H1AA was also 
i ncreased i n the alcoholic pups, being 251ng/g versus 198ng/g of 
contro l. In the cerebellum, the values of serotonin and 5-H1AA 
were greater i n the ethanol-exposed pups than the con tro l, but the 
difference was not s ta t is t ic a l ly  sign ifican t.

The resu lts  of the present study i ndicate that chronic exposure 
to  alcohol during gestation caused a lte ra tio n  i n serotonin and i ts  
metabolite i n the hippocampus, but had only a small e ffec t on the 
cerebellum i n 1-day old pups. Studies are i n progress to correlate 
the neurochemical a lte ra tio n  with morphologic m anifestation.

421.6 THE TIME OF ORIGIN OF NEURONS IN RAT MOTOR CORTEX IN EXPERIMENTAL 
FETAL ALCOHOL SYNDROME. M.W. M il l e r . D ep t. o f  Anatomy, U n iv e rs ity  
o f  M edicine and D e n tis t ry  o f New J e r s e y ,  School o f O s teo p a th ic  
M edicine and R.W. Johnson M edical S choo l, P isca taw ay , NJ 08854.

P re n a ta l  exposure to  e th a n o l has profound e f f e c t s  upon th e  
d eve lop ing  c e n t r a l  nervous system . Exam ination o f human and 
ro d en t o f f s p r in g  o f  a lc o h o l consuming m others shows th a t  th ey  have 
b e h a v io ra l d e f i c i t s  in c lu d in g  motor d y s fu n c tio n , a  la c k  o f f in e  
m otor c o o rd in a tio n , m en ta l r e t a r d a t io n ,  and le a rn in g  and memory 
d e f i c i t s  and s t r u c t u r a l  a l t e r a t i o n s  in c lu d in g  m icrocepha ly , 
abnorm al c o r t i c a l  a r c h i te c tu r e ,  and dysmorphic pyram idal neu rons . 
These c l i n i c a l  and ex p e rim en ta l d a ta  in d ic a te  th a t  e th a n o l a f f e c t s  
th e  developm ent o f m otor a re a s  o f c e re b ra l  c o r te x .  The p re s e n t 
s tu d y  d e s c r ib e s  th e  e f f e c t s  o f  p r e n a ta l  exposure to  e th a n o l on th e  
tim e o f  o r ig in  o f c o r t i c a l  neu rons .

P regnan t Long-Evans r a t s  w ere fed  a l iq u id  d i e t  c o n ta in in g  6 .7 % 
e th a n o l (v /v )  o r  p a i r - f e d  an is o c a lo r i c l i q u id  c o n tro l  d i e t .  They 
w ere weaned o n to ' a  l i q u id  d i e t  b eg inn ing  on g e s ta t io n a l  day (GD) 6 
and m a in ta in ed  on i t  f o r  th e  rem ainder o f  th e  p regnancy. Each 
fem ale was i n je c te d  w ith  t r i t i a te d  thym idine once d u rin g  th e  
p e r io d  from GD 12-23. At 2-3 months o f  ag e , pups were s a c r i f i c e d .  
The b r a in s  w ere p ro cessed  by s tan d a rd  a u to ra d io g ra p h ic  te ch n iq u es  
so  th a t  neurons g en e ra ted  on th e  day o f  in j e c t io n  could  be 
id e n t i f i e d  by th e  p re sen ce  o f  s i l v e r  g ra in s  o ver t h e i r  n u c le i .

In  pups o f  c o n t ro l- f e d  an im a ls , th e  g e n e ra tio n  o f c o r t i c a l  
neurons fo llow ed  an i n s i d e - to -o u ts id e  p a t te r n ,  i . e .  deep neurons 
were born  p r io r  to  neurons lo c a te d  in  s u p e r f ic i a l  la y e r s .  Three 
changes w ere observed  in  e th a n o l- fe d  r a t s .  (1) The p e r io d  du rin g  
which c o r t i c a l  neurons w ere g en e ra ted  was delayed  by one day and 
leng thened  by two d ay s . In  c o n tro l  r a t s  th e  g e n e ra tio n  p e r io d  was 
from GD 13-21 and in  e th an o l-ex p o sed  an im als i t  wa s  from GD 14-23. 
(2 ) The number o f  neurons born  on a  s p e c i f i c  day was s ig n i f i c a n t ly  
l e s s  (5-50%) th a n  in  th e  c o n tro l  an im a ls . (3) E a rly -g e n e ra te d  
n eu ro n s , i . e . ,  th o se  born  on GD 13-19, fo llow ed  th e  normal 
i n s i d e - to -o u ts id e  sequence , how ever, la te -g e n e ra te d  n eu ro n s , i . e . ,  
th o se  born  on GD 20 -23 , d id  n o t .  About 90% o f  th e  neurons born  on 
GD 20 w ere n o t in  la y e r  I I  ( a s  they  were in  c o n tro l  r a t s ) ,  r a th e r  
th e se  la te -g e n e ra te d  neurons w ere d i s t r i b u te d  in  la y e r s  V and VI. 
M oreover, neurons bo rn  on GD 21-23 w ere lo c a te d  in  la y e r  VI and in  
th e  w h ite  m a tte r .  These e c to p ic  neurons were n o t r e a d i ly  v i s ib l e  
i n  Ni s s l - s t a i ned s e c t io n s  f o r  d e s p i te  th e se  changes, c o r t i c a l  
lam inae rem ain d i s t i n c t .

These d a ta  show th a t  e th a n o l a l t e r s  th e  g e n e ra tio n  and th e  
m ig ra tio n  o f  c o r t i c a l  neu ro n s . Such developm ental a b n o rm a li tie s  
may u n d e r l ie  th e  b e h a v io ra l and s t r u c t u r a l  changes c h a r a c te r i s t i c  
o f  c h i ld re n  w ith  f e t a l  a lc o h o l e f f e c t s .

T h is re s e a rc h  has been funded by AA 06916.

421.7 EFFECTS OF IN UTERO EXPOSURE TO ETHANOL ON SYNAPTOGENESIS IN LAYER 
I OF MOTOR CORTEX. M.J .  Druse-Ma n te u f fe l , W.E.Rathbun*. J.A.McNul ty* 
and C. Nyqui s t - B a ttle #. Departments of Biochemistry & Biophysics 
and Anatomy, Loyola U niversity  S tr i tc h  School of Medicine, Maywood, 
IL 60153 and #The School o f Basic L ife  Sciences, U niversity  of 
M issouri, Kansas C ity , MO 64110.

Previous work from th is  and o th e r lab o ra to rie s  have shown th a t 
in u te ro exposure to  ethanol a l t e r s  the development of the cerebral 
cortex  In terms o f the  concentration  of neu ro transm itte rs  and 
neu ro transm itte r recep tors  (K elly, G.M. e t  a l .  Exp. N euro l., 91: 
219, 1986; Rathbun, W. and M.J. Druse, J .  Neurochem., 44: 57. 1985) 
and the a rb o riza tio n  of pyramidal d end rite s  (Hammer,  R.P. and A.B. 
S cheibel, Exp. Neurol. , 74: 587, 1981). However, a t  the time the 
p resen t study was in i t ia te d ,  l i mited inform ation was av a ilab le  about 
the influence of in u te ro  exposure to  ethanol on synaptogenesis in 
the co rtex . Thus, the p resen t study examined the  influence of 
chronic maternal ethanol consumption, p r io r  to  p a r tu r i t io n ,  on 
synaptogenesis in layer 1 o f  the motor cortex  o f 19-day-ol d ra t 
o ffsp rin g . The molecular layer ( l ayer I) was examined because of 
the  ea r ly  timing of i t s  development. The motor cortex  was chosen 
because o f evidence o f motor problems in ch ild ren  a f f l i c te d  with 
the  fe ta l  alcohol syndrome (FAS). The re s u lts  of these  s tu d ies  
demonstrated th a t the  19- day-old o ffsp rin g  o f ra ts  th a t were p a ir -  
fed , using contro l o r 6 .6% (v/v) e thano l-con tain ing  liq u id  d ie ts  
on a chronic b asis  p r io r  to  p a r to r i t io n ,  had a comparable th ickness 
of c o r tic a l layer I as well as a comparable density  of synapses and 
d is tr ib u tio n  of paramembranous density  lengths in layer I . Thus, 
evidence by th is  and o th e r lab o ra to rie s  o f c o r tic a l neuro trans
m itte r  and d e n d ritic  abnorm alities  a re  not re fle c te d  in synaptic 
changes in layer I of the  motor cortex  a t  19 days. i t  is  possib le  
th a t synaptogenesi s i s a ffec ted  In o th e r a reas o f the  cerebral 
cortex  o r a t  another s tage o f development.

Supported by a g ran t from the USPHS (AA 03490).

421.8 ADULT MALE AND FEMALE RATS EXHIBIT MICROENCEPHALY AND INCREASED 
LOCOMOTION WHEN EXPOSED TO HIGH BUT NOT LOW BLOOD ALCOHOL CON
CENTRATIONS AS NEONATES. S .J .  K e lly , D.R. P ie rc e  and J .R . W est. 
D ep t. o f  Anatomy, U n iv e rs ity  o f  Iowa, Iowa C ity , IA 52242.

We re p o r te d  p re v io u s ly  t h a t  p o s tn a ta l  a lc o h o l a d m in is te red  in  
a condensed regim en designed  to  produce h ig h  b lood  a lc o h o l con
c e n tr a t io n s  (BACs) can cause m icroencephaly  t h a t  i s  s t i l l  d e te c 
ta b le  in  90 day o ld  fem ale r a t s .  We now r e p o r t  t h a t  t h i s  a ls o  
h o ld s  t r u e  f o r  male r a t s  and fu r th e rm o re , condensed a lco h o l 
exposure in c re a s e s  locom otion  in  b o th  n eona tes  and a d u l ts .

A lcohol was ad m in is te red  to  r a t s  v ia  an a r t i f i c i a l  r e a r in g  
te ch n iq u e  (Samson and D iaz , in  F e ta l  A lcohol Syndrome, V ol. I I I , 
E .L . Abel ( e d .)  1982, pp . 131-150; West e t  a l . ,  A lcohol 1 :213- 
222, 1984). A lcohol-exposed r a t s  were g iven  6 .6  g /kg  o f  e th a n o l 
condensed in to  8 hours ( fe e d in g s  ev e ry  2 h o u rs) o r  sp read  u n i
form ly over 24 hours eve ry  day from p o s tn a ta l  day 4 to  10. The 
condensed a lc o h o l exposure r e s u l te d  in  mean peak BACs o f  411 
m g/dl and mean low BACs o f  45 m g/d l. Uniform a lc o h o l exposure 
r e s u l te d  in  s ta b l e  mean BACs o f  85 m g /d l. A gastro s tom y  c o n tro l 
group Was a r t i f i c i a l l y  re a re d  on m ilk  form ula a lo n e . A su ck le  
c o n tro l group was re a re d  norm ally  w ith  dams. Some pups were 
s a c r i f i c e d  a f t e r  th e  l a s t  feed in g  on p o s tn a ta l  day 10. O ther 
an im als were t e s t e d  f o r  a c t i v i t y  on days 20 , 30 and 90 and th en  
s a c r i f i c e d .

S evere re d u c t io n s  i n  b r a in  w eigh t were d e te c te d  in  th e  c e re 
brum, ce rebellum  and b ra in s tem  o f  b o th  male and fem ale r a t s  g iven  
condensed a lc o h o l exposure a t  10 days a f t e r  b i r t h .  These d e f i c i t s  
were s t i l l  p re s e n t  a t  90 days a f t e r  b i r t h  in  b o th  se x e s . M ild 
m icroencephaly  e x h ib ite d  a t  day 10 by male and fem ale r a t s  ex
posed to  un ifo rm  a lc o h o l a d m in is tr a t io n  was even le s s  ro b u s t a t  
day 90 . Locomotion was in c re a s e d  a t  day 20 in  o n ly  th o se  male and 
fem ale r a t s  g iven  condensed a lc o h o l exposu re . T his d i f f e re n c e  was 
no lo n g e r s ig n i f i c a n t  a t  30 days a f t e r  b i r t h  p o s s ib ly  because o f  
an in c re a s e  in  v a r ia n c e . At day 90 , male and fem ale r a t s  sub
je c te d  to  condensed a lc o h o l exposure as n eona tes  once ag a in  
e x h ib ite d  in c re a s e d  locom otion  when compared to  r a t s  g iven  u n i
form a lc o h o l ex p o su re , a r t i f i c i a l  r e a r in g  a lo n e , o r  normal 
r e a r in g .

Thus, a p a t t e r n  o f  a lc o h o l a d m in is tr a tio n  t h a t  induces h igh  
BACs in  n e o n a ta l r a t s  can produce perm anent m icroencephaly  as 
w e ll a s  lo n g -te rm  a l t e r a t i o n s  in  m o to ric  b eh a v io r in  r a t a  o f  bo th  
sexes  w hereas a lc o h o l a d m in is tr a t io n  t h a t  r e s u l t s  in  low BACs 
does n o t .  (Supported  by NIAAA g ra n t AA05523 to  J .R .W .).
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421.9 DIETARY EXPOSURE TO A SOY LECITHIN PREPARATION: ALTERATIONS OF 
SYNAPTOGENESIS IN DEVELOPING RAT BRAIN. J.M. B e l l , W.L. 
Whitmore*, G. Barnes*, F .J .  S e id le r* , and T.A. Slo tk in  Dept. of 
Pharmacology, Duke Univ. Med. C t r . , Durham, NC 27710

Commercially av a ilab le  soy le c ith in  p reparations (SLP) have 
become a panacea fo r  a wide va rie ty  of symptoms in the  lay popula
tio n . However, d ie ta ry  ingestion  of la rge  amounts of SLP may be 
p o te n tia lly  harmful to  developing organisms, e i th e r  through high 
lev e ls  of l ip id  or choline components: e i th e r  c o n stitu en t can 
a l te r  neuronal m aturation or func tion . Recent animal s tu d ies  have 
shown th a t neurological impairments occur following pe rina ta l 
ingestion  of SLP, e f fe c ts  which may a r is e  from underlying abnor
m a litie s  in the  polyamine pathway which regu la tes c e l lu la r  r e p l i 
c a tio n , as well as la te r  changes in synaptic a c t iv i ty .  I f  such 
biochemical and functional changes are re la te d , then se le c tiv e  
changes in synaptic dynamics should be occuring. Accordingly, the 
curren t study examined the e ffe c ts  of SLP exposure on the develop
ment of c e l lu la r  re p lic a tio n  as well as on pre- and postsynaptic 
measures of synaptogenesis.

Reduced cerebral cortex lev e ls  of DNA in SLP-exposed animals 
ind icated  a permanent reduction in number of c o rtic a l c e l l s .  To 
assess i f  th is  d e f ic i t  was associated  with a primary cho linerg ic  
e f f e c t ,  choline a ce ty ltran s fe ra se  a c t iv i ty ,  a marker fo r presynap- 
t i c  nerve term inal a c t iv ity  was measured, and found to  be s ig n i f i 
can tly  elevated  in SLP-exposed animals during preweaning growth. 
I f  th is  index is  in d ic a tiv e  of hyperinnervation or increased a c t i 
v ity  of cho linerg ic  neurons, then postsynaptic down-regulation of 
responsiveness should occur. Such was the  case: carbacho l's  s t i 
mulatory e f fe c ts  on 33Pi incorporation  in to  phospholipids (an 
e f fe c t mediated by muscarinic recep to rs) was reduced in SLP- 
tre a te d  o ffsp rin g . This e ffe c t was probably not due to  a genera
lized  in te rfe ren ce  with phospholipid metabolism, as basal 
(unstim ulated) incorporation  was s ig n if ic a n tly  e levated  and stimu
la tio n  with another neuro transm itte r (dopamine) was not reduced. 
F in a lly , since cho linerg ic  tone is  a modulator of catechol aminegic 
neurotransm ission, norepinephrine and dopamine turnover were 
measured: again , SLP-exposed animals showed postweaning changes 
co n sis ten t with a lte ra tio n s  in impulse a c t iv i ty .  In conclusion, 
i t  appears th a t pe rina ta l exposure to  an SLP-enriched d ie t re s u lts  
in  pertu rba tions  in the  developmental p ro f ile  of cen tra l synapses. 
I t  is  lik e ly  th a t the net e ffe c t of the SLP d ie ta ry  influence on 
development co n sis ts  of both ch o lin e rg ic -re la te d  e ffe c ts  as well 
as more generalized pertu rba tion  of CNS m aturation.
(Supported by USPHS HD-09713 and MH-40939).

421 :10 CONTROL OF BRAIN GROWTH DURING NEONATAL MALNUTRITION OR 
OVERNUTRITION: ORNITHINE DECARBOXYLASE (ODC) AND MACROMOLECULES. 
T.A. S lo tk in , K. Queen*, A.P. S lo tk in* , J.M. Bell and F .J . Seidler* 
Dept. of Pharmacology, Duke Univ. Med. C tr . ,  Durham, NC 27710.

N u tritional s ta tu s  of neonatal ra ts  was manipulated by a lte r in g  
l i t t e r  s ize  to  5-6 pups (small l i t t e r )  or 16-17 pups ( l arge 
l i t t e r ) ,  compared to  a Standard l i t t e r  s ize  of 10-11 pups. In 
order to  evaluate biochemical mechanisms which operate to  buffer 
the  brain from growth re ta rd a tio n , comparisons were made between 
spared brain  regions (cerebellum , cerebral co rtex , midbrain + 
brainstem) and a tis su e  which is  not spared (h e a rt) :  evaluations 
included assessment of ODC (an enzyme whose a c t iv ity  con tro ls  
macromolecule synthesis during development) as well as DNA, RNA 
and p ro te in . The re d is tr ib u tio n  of pups did not adversely a ffe c t 
maternal caretak ing : th e re  was no evidence fo r maternal depriva
tio n ,  which is  charac te rized  by an acute (hours) decrease in ODC. 
N evertheless, the  long-term (days) ontogenetic p a tte rn  of ODC was 
a ffec ted  sp e c if ic a lly  in the h e a r t, where th e re  was a sustained 
increase  in the small l i t t e r  and a reduction in the large l i t t e r ,  
r e la t iv e  to  the normal group. These two pa tte rn s  are p red ic tiv e  
of an acce le ra tio n  and delay of macromolecular development, 
re sp ec tiv e ly . In the  h e a r t, growth enhancement and re ta rd a tio n  
v/ere re ad ily  achieved by manipulation of l i t t e r  s iz e ,  with a l te r a 
tio n s  of as much as 40% apparent by weaning; these  e ffe c ts  were 
comparable to  those on body weight. A cquisition of c e l ls  by ca r
diac t is s u e  (DNA content) was s im ila rly  a ffec ted ; s p e c if ic i ty  
toward re p lic a tin g  cardiac cel l s was demonstrated by the predomi
nance of e ffe c ts  on DNA compared to  other macromolecules (RNA, 
p ro te in ) . In f a c t ,  RNA per ce ll (RNA/DNA) was su b s ta n tia lly  
increased in the  grow th-retarded group and suppressed in the 
growth-enhanced anim als. In c o n tra s t , ODC in developing brain 
regions was generally  uninfluenced by l i t t e r  s ize  and weights were 
w ithin 10% of normal values. Cell a cq u isitio n  was protected 
(small e ffe c ts  on DNA) and RNA was maintained a t the same level 
regard less of n u tr i tio n a l s ta tu s .  Although a ll 3 regions were 
buffered from n u tr i tio n a l e ffe c ts  re la tiv e  to  the h e a r t, the cere
bellum, which undergoes major phases of re p lic a tio n  and d iffe ren 
t ia t io n  la te r  than the o ther two regions (and co inc iden ta lly  with 
s im ila r events in the heart) was the le a s t p ro tec ted . These data 
support the view th a t  in tr a c e l lu la r  control mechanisms involving 
ODC and i t s  enzymatic products, the  polyamines, p a rtic ip a te  in the 
adjustment of macromolecule synthesis and acq u isitio n  in deve
loping brain tis su e  to  n u tr i tio n a l deprivation  or enhancement. 
Control mechanisms which p ro tec t the brain  appear to  be dependent 
upon the degree of d if f e r e n t ia tio n  of each brain region.

(Supported by USPHS HD-09713)

421.11 effects of taurine d eficiency  on the rat retina  during development. 
Norma Lake, Naseema M alik* , and L u isa  De M arte* , D ep ts . of 
O phthalmology and P h y sio lo g y , M cGill U n iv e r s ity , M o n trea l, Canada 
H3G 1Y6.

The ro le  o f ta u r in e  in  th e  growth and developm ent of mammals i s  
u n c le a r ,  a lth o u g h  th e r e  i s  much ev idence  th a t  le v e ls  in  f e t a l  and 
n e o n a ta l CNS du rin g  developm ent a re  h ig h e r  than  a d u l t .  High le v e ls  
o f ta u r in e  a re  p re s e n t in  m ilk  and a re  t r a n s f e r r e d  to  n eo n a ta l 
o rgans b e fo re  w eaning. T aurine  in  m ilk  i s  though t to  be im p ortan t 
f o r  th e  n u t r i t i o n  of th e  neona te  a t  a tim e when i t  may have a 
p a r t i c u l a r ly  h igh  need fo r  ta u r in e  due to  ra p id  grow th , and when 
i t s  c a p a c ity  fo r  b io s y n th e s is  i s  im m ature. We have developed a 
method fo r  d e p le tio n  of ta u r in e  in  th e  m ilk  o f l a c t a t i n g  r a t s  by 
tre a tm e n t w ith  th e  ta u r in e  t r a n s p o r t  a n ta g o n is t ,  g u a n id in o e th y l 
su lfo n a te  (GES). Pups suck led  by such m others have r e t i n a l  ta u r in e  
le v e ls  45% of c o n tro l  th roughou t n u rs in g , in d ic a t in g  th e i r  
dependence on d ie ta r y  ta u r in e  d u ring  th i s  tim e (L ake, Neurochem. 
Res. 1983, 8 :8 8 1 ) , and th e  i n a b i l i t y  of t h e i r  b io s y n th e t ic  c a p a c ity  
to  com pensate fo r  d ie ta r y  la c k  o f ta u r in e  — a mechanism which 
p r o te c ts  a d u l t  r a t s .  In  th e  p re s e n t s tu d ie s  we have examined in  
a lb in o  and pigm ented s t r a i n s ,  rhodopsin  and DNA c o n te n t, and 
r e t i n a l  m orphology, m easuring  th e  w id th  o f r e t i n a l  la y e r s  a t  300 μ 
in t e r v a l s  a c ro s s  th e  r e t i n a  along  th e  v e r t i c a l  m erid ian  p ass in g  
th rough  th e  o p tic  nerve  head , and o b serv in g  f in e  s t r u c tu r e  in  th e  
e le c tro n  m icro scope. The pups were suck led  by m others g iven  
ta u r in e - c o n ta in in g  ( c o n t r o l )  o r ta u r in e - f r e e  d i e t s ,  and r e g u la r  
d r in k in g  w a te r, o r  w a te r c o n ta in in g  1% GES. We examined pups a t  20 
p o s tn a ta l  days ( j u s t  p r io r  to  w ean ing ), 29 d ay s , and 41 days . Pups 
examined a f t e r  weaning were m a in ta ined  on th e  same d ie t  as t h e i r  
m other and d rank  e i t h e r  r e g u la r  w ate r o r w ate r c o n ta in in g  1% GES.

Whereas in  a d u l t  r a t s  t a u r in e - f r e e  d i e t s  a re  w ith o u t e f f e c t ,  and 
GES-induced ta u r in e  d e f ic ie n c y  p r im a r ily  a f f e c t s  th e  p h o to re c e p to r  
c e l l  l a y e r ,  pups suck led  by m others on ta u r in e - f r e e  d ie t s  and 
r e g u la r  w ate r had marked m orpho log ica l a b n o rm a li t ie s ,  n o t l im ite d  
to  p h o to re c e p to r  c e l l s .  These were enhanced by a d d i t io n  o f GES to  
th e  d rin k in g  w ate r of th e  m other a n d /o r  th e  pup a f t e r  w eaning. 
P a r t i c u la r l y  s t r i k i n g  were th e  re d u c t io n s  in  th e  in n e r  p le x ifo rm  
and g an g lio n  c e l l  l a y e r .  In  many ca ses  th e  s u p e r io r  r e t i n a  was 
more a f f e c te d  th an  th e  i n f e r io r  r e t i n a ,  c o n s is te n t  w ith  our 
h y p o th e s is  th a t  th e  damage observed  in  r e t i n a l  ta u r in e  d e f ic ie n c y  
i s  m ediated  in  p a r t  th rough  i n crea sed  v u ln e r a b i l i ty  to  l i g h t  damage 
( I n v e s t .  O ph thal. V is . S c i .  1986, 2 7 :s u p p l ,  5 7 ). I t  appears  th a t  th e  
d eve lop ing  r e t i n a  i s  more and d i f f e r e n t ly  s e n s i t i v e  to  ta u r in e  
d e f ic ie n c y  th an  th e  a d u l t ,  and th a t  i t  i s  a  p ru d en t m easure to  add 
ta u r in e  to  th e  low ta u r in e  fo rm u la tio n s  o f te n  s u b s t i tu t e d  fo r  
b r e a s t  m ilk  in  human n eo n a te s . S upported by th e  M edical R esearch  
C ouncil and th e  N a tio n a l R e t in i t i s  P igm entosa F oundation  o f Canada.

421.12 REHABILITATION IN RATS MALNOURISHED DURING LACTATION: 
DENDRITIC ARBORIZATION AND SYNAPTIC TERMINALS OF THE 
CEREBRAL CORTEX. A.  G. A n g u lo -C o lm en a re s  and J .  L. 
C o lm e n a re s . C e n tro  de I n v e s t i g a c i o n e s  Biomé d i c a s ,  
U n iv e r s id a d  F r a n c i s c o  de M ira n d a , C o ro , V e n e z u e la .

The e f f e c t s  o f  p r o t e i n  m a l n u t r i t i o n  and  th e  
p o s s i b i l i t y  o f  r e h a b i l i t a t i o n  h av e  b een  s tu d i e d  in  th e  
s o m a to s e n s o ry  c o r t e x  o f  t h e  r a t .  P r e g n a n t  S p ra g u e -  
Dawley a n im a ls  w ere  g iv e n  e i t h e r  a 24% ( c o n t r o l ,  C) o r 
8% (m a ln o u r is h e d ,  M) p r o t e i n  d i e t  b e g in n in g  a t  day 10 
o f  g e s t a t i o n  and c o n t in u in g  u n t i l  40 d a y s .  In  a d d i t i o n ,  
a t  day  20 o f  g e s t a t i o n ,  a  g ro u p  o f  m a ln o u r is h e d  a n im a ls  
w ere  s u b je c t e d  to  a r e h a b i l i t a t i n g  t r e a tm e n t  
( r e h a b i l i t a t e d ,  R) c o n s i s t i n g  o f :  a )  f e e d in g  th e  
a n im a ls  a 24% c a s e in  d i e t ,  b ) l e a v in g  th e  pups  w ith  
t h e i r  m o th e r u n t i l  th e y  w ere  40 d a y s  o ld  and  c )  
r e d u c in g  th e  l i t t e r  s i z e  from  8 to  4 p u p s . O b s e rv a t io n s  
w ere  made on t i s s u e  from  a n im a ls  20 d a y s  (C and  M 
g ro u p s )  and  40 d ay s  (C , M and R g ro u p s )  f i x e d  by 
v a s c u la r  p e r f u s i o n  o f  a ld e h y d e s .  The so m a to se n so ry  
c o r t e x  from  one h e m is p h e re  was em bedded in  A r a l d i t e ,  
and  t h a t  from  th e  c o n t r a l a t e r a l  s i z e  was p ro c e s s e d  f o r  
G o lg i s t a i n i n g .

E l e c t r o n  m ic ro g ra p h s  o f  l a y e r  I  w ere  t a k e n  in  a r e a  
3 o f  t h e  s o m a to s e n s o ry  c o r t e x .  S y n a p t ic  t e r m in a l  
d e n s i t y  was m easu red  in  t h e  m ic ro g ra p h s  and  was fo u n d  
s i g n i f i c a n t l y  re d u c e d  in  t h e  m a ln o u r is h e d  a n im a ls  
(p < 0 .0 0 5  ) a t  20 and  40 d a y s .  F o llo w in g  th e  
r e h a b i l i t a t i o n  t r e a tm e n t  th e  s y n a p t i c  d e n s i t y  o f  th e  
p r e v io u s ly  m a ln o u r is h e d  a n im a ls  was n o t  d i f f e r e n t  from  
t h a t  o f  t h e  c o n t r o l  g ro u p  a t  40 d a y s .

In  G o lg i p r e p a r a t i o n s ,  S h o l l  a n a l y s i s  o f  th e  b a s a l  
d e n d r i t i c  a r b o r i z a t i o n  o f  l a y e r  I I / I I I  p y ra m id a l 
n e u ro n s  showed s i g n i f i c a n t  d i f f e r e n c e s  from  c o n t r o l s  in  
t h e  m a ln o u r is h e d  a n im a ls .  In  th e  r e h a b i l i t a t e d  g ro u p  
t h e  d e n d r i t i c  a r b o r i z a t i o n  had  p a r t i a l l y  re c o v e r e d  by 
40 d a y s .  T h ese  o b s e r v a t i o n s  s u p p o r t  o u r  th e o r y  t h a t  a 
n o rm al s t r u c t u r e  o f  t h e  c e r e b r a l  c o r t e x  may be a c h ie v e d  
f o l lo w in g  e a r l y  m a l n u t r i t i o n  i f  a d e q u a te  
r e h a b i l i t a t i o n ,  in c lu d in g  a d e la y e d  w e an in g , i s  
p ro v id e d  f o l lo w in g  th e  s t a g e  o f  d e p r i v a t i o n .  (T h is  
r e s e a r c h  was s u p p o r te d  in  p a r t  by CONICIT g r a n t  CICS-4 
and  F u n d a c i te  C e n tro  O c c id e n te  g r a n t  F 1 - 2 4 - 0 1 - 8 3 ) .
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421.13 EFFECT OF A VITAMIN B-6 DEVOID DIET AND AGING ON BRAIN AND PLASMA 
PYRIDOXAL-5-PHOSPHATE AND ERYTHROCYTE ASPARTATE AMINOTRANSFERASE 
ACTIVITY IN RATS. E .F . Cochary*, S.N. G ersho ff* , J .A . Sadowski*, 
(Spons: J . J .  Tecce) The School of N u tr it io n  and USDA Human 
N u tr i t io n  R esearch C enter a t  T u fts  U n iv e rs ity , B oston, MA 02111.

P y rid o x a l-5 -p h o sp h a te  (PLP), the  a c t iv e  form of v itam in  B6, i s  
re q u ire d  fo r  over f i f t y  b iochem ical r e a c t io n s  in  the mammalian 
system . PLP-dependent r e a c t io n s  which occur in  the  CNS in c lu d e  
n e u ro tra n sm it te r  s y n th e s is ,  glycogen d eg ra d a tio n  and p ro te in  
m etabolism . N u tr i t io n a l  su rveys have re v e a le d  th a t  th e  e ld e r ly  
may be a t  r i s k  of deve lop ing  a v itam in  B6 d e f ic ie n c y . The b io 
chem ical consequences of such a d e f ic ie n c y  have no t been w ell 
s tu d ie d ,  b u t w i l l  be ad d ressed  in  th i s  a b s t r a c t .

P y ridox ine  (PN) s ta tu s  was s tu d ie d  in  m ale, F344 r a t s  aged 3 
w eeks, 3 months and 12 months fed  a se m i-p u r if ie d  d ie t  fo r  12 
weeks. The d ie ta ry  groups were 1) B 6 -S u ff ic ie n t (7mg PN:HCl/kg 
d ie t )  2) B6-Devoid (Omg PN:HCl/kg d ie t )  and 3) P a ir - f e d .  B rain 
PLP was measured a t  12 weeks and plasm a PLP and e ry th ro c y te  As
p a r t a te  A m ino transferase  A c tiv i ty  C o e f f ic ie n t (EGOT A.C.) were 
measured a t  weeks 0 ,1 ,2 ,4 ,6 ,9  and 11. There was an a g e - re la te d  
d if fe re n c e  in  the  b ra in  PLP c o n c e n tra t io n  o f the B 6 -S u ff ic ie n t r a t  
as w e ll as a s ig n i f i c a n t  d e c lin e  in  b ra in  PLP when r a t s  were fed  
a v itam in  B6-Devoid d i e t .  (The b ra in  PLP v a lu es  shown below are  
exp ressed  as  ng PLP/mg b ra in  dry w e ig h t) .

Age B6-Sufficient (X̅±SEM) B6-Devoid(X̅±SEM) % Decrease
3 weeks 8 .89  ± 0.12 4.29  ± 0 .1 1 51.7%
3 months 9.22 ±  0 .19 5.09  ±  0.22 44.8%
12 months 9.80 ±  0 .42 5.57 ± 0 .23 43.2%
Plasma PLP c o n c e n tra t io n  dropped more ra p id ly  and to  a lower le v e l 
in  th e  3 month B6-Devoid r a t  than  in  the 12 month B6-Devoid r a t .  
The plasm a PLP o f the  3 week B6-Devoid r a t  dropped most r a p id ly .  
The change in  EGOT A.C. was a lso  the  most s ev ere  in  the  young r a t .

Thus, b ra in  PLP, plasm a PLP and EGOT A.C. dem onstrated  age- 
r e l a te d  d if fe re n c e s  w ith  the  most severe  changes observed in  the 
youngest B6-Devoid r a t s .  The consequences of th e se  d if fe re n c e s  
may be im portan t fo r  the  normal fu n c tio n in g  of the  CNS d u ring  
ag ing  and m e rit f u r th e r  in v e s t ig a t io n .

421.14 PLASMA ZINC TRANSPORT IN NORMAL AND KINDLED ADULT CATS. M.B. 
Sterman, M.N. Shouse* and M.D. F a irch ild * . V.A. Medical Center, 
Sepulveda, CA and UCLA Sch. of Med., Los Angeles, CA 91343.

The importance of zinc uptake and tran sp o rt regu la tion  in r e la 
tion  to  seizure  mechanisms has been a top ic  of re -eva lua tion  due 
to  recen t findings suggesting a p ro tec tiv e  ra th e r than a pathalog- 
ica l ro le  fo r th is  cation  (Porsche, E. IRCS Med. S c i. ,  11:599, 
1983; Sterman, M.B. In : Kindling 3 , J . Wada, e d . , Raven, in  P ress, 
1986; Howell, G.A. e t  a l , Soc. Neurosci. Abs. ,  12: in P ress, 1986). 
Since l i t t l e  is  known about zinc regu la tion  in the ad u lt c a t ,  the 
animal used in our s tu d ie s , we sought to  1) determine th is  anim al's 
plasma response to  various leve ls  of d ie ta ry  loading, and 2) com
pare th is  in normal and previously kindled animals.

Twenty-four ad u lt cats  were assigned to  th ree  feeding groups of 
e ig h t each. Each group consisted  of four naive, control animals 
and four animals who had completed a standardized kindling process 
a t  le a s t  30 days p rio r  to en try  in to  the study. The th ree  groups 
were provided with normal laborato ry  food for. four weeks, and then 
sh ifted  to  food and water containing 400, 800 and 1200 ppm z inc , 
re sp ec tiv e ly , fo r an add itional four weeks. All were housed under 
special circumstances which assured th e ir  iso la tio n  from environ
mental z inc . Venous blood samples were drawn a t  weekly in te rv a ls  
across th is  e ig h t week paridyme, and plasma d e riv itiv e s  subjected 
to  atomic absorption spectrom etry fo r determ ination of zinc and 
copper concen trations.

The re s u lts  of th is  study can be summarized as follow s: (1) P las
ma Cu leve ls  were not influenced by any of the Zn loading d ie ts  
used here; (2) 400 ppm Zn in d ie t  produced no s ig n if ic a n t changes 
in plasma Zn lev e ls  among both normal and kindled anim als; (3) 800 
ppm zinc in d ie t  produced a s ig n if ic a n t e levation  in plasma con
cen tra tio n  l a s t in g  fo r one week in kindled animals only; (4) 1200 
ppm Zn in d ie t  produced a s ig n if ic a n t e levation  of plasma Zn con
cen tra tion  in both normal and kindled groups and th is  e f fe c t  was 
susta ined . Kindled animals showed a trend towards higher le v e ls .

These findings confirm our previous observations with 700 ppm 
loading, and in d ica te  th a t interm ediate leve ls  of Zn supplementa
tion  are indeed accompanied by a se le c tiv e  increase in plasma con
cen tra tio n  in animals made suscep tib le  to  seizures through the 
kindling  process. We have in te rp re ted  th is  finding as suggesting 
an increased limbic t is su e  u t i l iz a t io n  of zinc under conditions 
of abnormal s tim u la tion . (Supported by the Veterans Administra
tio n ) .
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422.1 GLUTATHIONE DEPLETION MARKEDLY ENHANCES DRUG-INDUCED HEARING 
LOSS-POSSIBLE MECHANISM OF OTOTOXICITY. D.W.Hoffman, 
C.A.Whitworth*, N. Joyner-Triplett* and L.P.Rybak. Depts of 
Psychiatry, Pharmacology, and Surgery, SIU Sch. of Med., 
Springfield, IL 62708.

One of the most in teresting  and as yet unexplained phenomena 
in drug tox ic ity  is  the profound enhancement of the tox ic ity  of 
loop d iu re tic s such as ethacrynic acid (ETA) by the concurrent 
adm inistration of an aminoglycoside an tib io tic . This combination 
can re su lt in irreversib le  deafness and kidney damage a fte r  a 
single combined adm inistration of quite modest doses of these 
drugs. No mechanism has been proposed which can account for th is  
potent synergy with important c lin ic a l implications.

Glutathione (GSH) is  a tripep tide  which plays a major role 
in the detoxification of e lec troph ilic  drugs and metabolites and 
active oxygen formed during drug metabolism. This reaction is  
catalysed by GSH S-transferases. ETA and related  d iu re tics are 
known to  be potent inh ib ito rs of GSH S-transferases, and have 
been reported to  bind irreversib ly  to  these enzymes. Inhibition 
or inactivation of th is  important detoxification mechanism may be 
the cen tral factor in the potentiation of the to x ic itie s  of the 
aminoglycosides and loop d iu re tic s , and may also be involved in 
the to x ic itie s  of radiation therapy, c isp la tin  and other drugs.

Buthionine sulfoximine (BSO) is  a compound designed to  spe
c if ic a lly  lower GSH levels in tissu e  by the inhib ition  of GSH 
synthetase (Meister, A., S c i., 220:472,1983), without ac tiv ity  on 
other drug metabolizing pathways (Drew, R. and Miners, J .O ., 
Bioc. Pharmacol., 33:2989,1984). When chinchillas are pretreated 
with (400-800 mg/kg,  IP) to  reduce in tra ce llu la r GSH levels , the 
to x ic ity  of a combination of 10 mg/k g ETA and 100 mg/k g KA, which 
causes no change in the auditory brainstem response (ABR) of the 
ch inch illa , re su lts  in complete deafness and d is tin c t 
morphological damage when a single dose of these drugs i s  given 
a f te r  a single dose of BSO. The kidney, which has a rapid GSH 
turnover and is  therefore especially  susceptible to  GSH depletion 
by BSO, also  demonstrates severe damage a f te r  th is  treatment. A 
sim ilar rapid turnover of GSH and resulting  lim ited capacity to 
detoxify reactive intermediates and free rad icals may determine 
auditory vulnerab ility  to  th is  tox ic ity .
Acknowledgements: This work has been supported by the SIU 
Central Research Committee (DWH), NIH Fellowship NS 07715 (NJT), 
and NIH NS 22530 (LPR).

422.2 EVIDENCE OF THERAPEUTIC, AS WELL AS BEHAVIORALLY TOXIC ACTIONS OF 
GANGLIOSIDES IN RATS. S.B. Sparber, R.B. Messing, B. Berra*#, 
G. Seran* and M.S. Huang* . Dept. of Pharmacology, Univ. of 
Minnesota Med. S ch l. ,  M inneapolis, MN 55455 and # Is t .  F is io l .  Gen. 
e Chim. B io l.,  Milan, I ta ly .

Trim ethyltin  (TMT; 6 mg/kg, p .o .)  produces cy to to x ic ity  in 
hippocampus and o lfac to ry  cortex (Chang e t  a l , Neurobeh Tox Ter 
5:337,1983) and impairs learning of delayed reinforcem ent auto
shaped behavior (Cohen e t  a l , Neurosci Abs 10:1205,1984). 
Gangliosides (GS) have been reported to exert therapeu tic  e ffe c ts  
a f te r  brain lesions (e .g . Toffano e t  a l ,  Acta Physiol Scand 122: 
313,1984), and the p resen t experiment was the re fo re  undertaken to 
assess the e ffe c ts  of GS in normal and TMT-treated r a ts .

Male Long Evans ra ts  (N=40; mean b.w. 487±5 gm) were implanted 
i .p .  with Alza osmotic mini pumps (model #2002) and infused con tin 
uously with 1.2 mg/day of p u rified  mixed GS ex tracted  from c a lf  
b ra in , or with H2 O veh ic le . Two days a f te r  im plantation , h a lf of 
the ra ts  in each group (n=10) were trea ted  with TMT and the o ther 
h a lf  with H2 O; 19 days la te r  the pumps were removed. Food dep ri
vation over the next week was followed by 12 t r ia ls /d a y  learning 
sessio n s, fo r a to ta l of 120 t r i a l s .  Control ra ts  (H2 O + H2 O) 
learned the task a t  the expected r a te ,  while TMT + H2 O ra ts  
fa ile d  to do so. GS + H2 O ra ts  learned s ig n if ic a n tly  more slowly 
than c o n tro ls , but GS treatm ent counteracted the learning d e f ic i t  
induced by TMT; both groups given GS performed s im ila rly . These 
data ind ica te  th a t the d e f i c i t  induced by the neurotoxin TMT may 
be prevented or a ttenuated  by one or more GS, but th a t GS may also 
produce a learning impairment. To fu r th e r  t e s t  the e ffe c ts  of 
these substances on behavior, the ra ts  were shaped to lever press 
fo r food and tested  (beginning 53 days a f te r  TMT treatm ent) in an 
operant progressive fixed r a tio  task  (L ichtblau & Sparber, 
Neurobeh Tox Ter 4:557,1982) in which the number of lever presses 
required to obtain a food p e l le t  was doubled d a ily  u n til an FR128 
schedule of reinforcem ent was a tta in ed . All groups responded 
s im ila rly  on continuous reinforcem ent, but animals trea ted  with 
TMT did not increase responding as much as con tro ls  as the req u ire 
ment was augmented, responding a t  lower leve ls  fo r a ll  schedules 
≥ FR8. The two groups tre a ted  with gangliosides a lso  responded 
le ss  than con tro ls  fo r ra tio s  ≥ FR16. These re s u lts  thus para
l ell ed those seen in the autoshaping te s t .

GM1 ganglioside has recen tly  been reported to produce opposite 
e f fe c ts  on blood flow, deoxyglucose uptake and phosphorylation of 
p ro te in s on the lesioned side of r a t s ' b rains compared with the 
co n tra la te ra l non-lesioned side (Agnati e t  a l , Acta Physiol Scand 
125:43,1985). I t  remains to be determined i f  such neurochemical 
changes are a re f le c tio n  of GS po ten tia l fo r nervous system 
to x ic ity .

P a r t ia l ly  supported by USPHS R01 HD20111 and K07 ES00123.
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422.3 LYSERGIC ACID DIETHYLAMIDE (LSD) ADMINISTRATION FOR 5 DAYS 
SELECTIVELY DECREASES SEROTONIN2 RECEPTOR BINDING IN RAT BRAIN. 
N. S. Buckholtz, D. X. Freedman and W. Z. P o tte r .* National 
I n s t i tu te  of Mental H ealth , Laboratory of C lin ical Science, 
Bethesda, MD 20892.

We previously reported th a t daily  adm in istra tion  of d -ly se rg ic  
acid diethylam ide (LSD; 260 μg/kg) fo r 10 days decreased binding 
to  sero ton in2 (5-hydroxytryptamine2 , 5-HT2) but not 5-HT1 
recep tors in brain membranes from ra ts  k ille d  24 hr a f te r  the  
la s t  in je c tio n , as measured by 3H-LSD binding in the presence 
of c inanserin  and 5-HT resp ec tiv e ly  (Buckholtz, N.S. e t a l . ,  Eur. 
J .  Pharmacol. 109:421, 1985). In the present se r ie s  of s tu d ie s , 
the  se le c tiv e  5-HT2 ligand 3H -ketanserin was used. We f i r s t  
found th a t the same in jec tio n  schedule and dose as above produced 
a decrease in the number of receptors in cortex (Bmax: LSD = 188 
fmol/mg p ro te in , s a lin e  = 292 fmol/mg p ro te in ) without a change in 
a f f in i ty  (KD: LSD = .33 nM, sa lin e  = .34 nM). Since we were 
in te re s ted  in the possib le  re la tio n sh ip  of th is  change to  
behavioral to le rance  to LSD, we switched to a dose (130 μg/kg) and 
in jec tio n  schedule (5 days) previously shown to  produce to le ran ce . 
We again found a decrease in Bmax in cortex (LSD = 279, sa lin e  = 
358 fmol/mg prot) w ithout a change in KD (LSD = .34 nM, sa lin e  
= .34 nM). A decrease was a lso  present 24 hr a f te r  3 daily  
in je c tio n s  but not 24 hr a f te r  a s ing le  in je c tio n . At 48 hr a f te r  
the la s t  of 5 in je c tio n s  of LSD, th e re  was le ss  of a decrease in 
5-HT2 binding, perhaps ind ica ting  recovery toward base line . To 
evaluate the regional d is tr ib u tio n  and s p e c if ic i ty  of the change 
a f te r  5 days of LSD, in add ition  to  3H -ketanserin binding to  
5-HT2 recep to rs , we a lso  measured binding to the following 
recep to rs: 5-HT1A [ 3H-8-hydroxy-2-(di-n -propylamino) 
t e t r a l i n ] ;  5-HT-1b ( 125I-cyanopindolol in the presence of 
30 μM iso p ro te ren o l); beta-adrenerg ic  (3H -dihydroalprenolol); 
α1-adrenerg ic  (3H -prazosin); α2 -adrenergic (3H-rauwolseine, 
3H -para-am inoclonidine); D2-dopaminergic (3H -spiperone); 
and the 5-HT uptake s i t e  ( 3H-imipramine). The only consis ten t 
recep to r change was the decrease in 3H -ketanserin binding in a ll 
brain areas evaluated (co rtex , hippocampus, midbrain, hypothala
mus, s tria tu m , pons/m edulla). These data are suggestive evidence 
fo r  a se le c tiv e  involvement of 5-HT2 recep tors  in the develop
ment of to le rance  to  LSD's behavioral e f fe c ts .  (Supported in 
part by the Howard Pack Foundation).

422.4 ACUTE IMIPRAMINE TREATMENT ENHANCES A CONDITIONED PLACE PREFERENCE 
FOR COCAINE IN A NOVEL TEST. Z. Pap*, V. H inton*, R. B enarroch*, J .  
Rosecan*, and N. G eary . Psychology D epartm ent, Columbia U n iv ., New 
York, NY 10027.

A novel ap p a ra tu s  was used to  in v e s t ig a te  c o c a in e 's  potency to  
suppo rt a co n d itio n e d  p la c e  p re fe re n c e  (CPP). On drug d ay s , r a t s  
were in je c te d  i . p .  w ith  5 o r 10 mg/kg co c a in e  HCl  10 min b e fo re  
being  p laced  in  a  w h ite  45×45×30 l wh cm open-topped box fo r  20 min. 
On a l t e r n a t in g  c o n tro l  days th e y  were in je c te d  w ith  s a l in e  and 
p la ced  in  a b la c k  box. C o n tro l r a t s  re c e iv e d  s a l in e  each day. 
CPPs were t e s t e d  in  a 91×91×30 cm box. Three q u ad ran ts  o f th e  
f lo o r  and a d ja c e n t e x te r io r  w a lls  were b la c k ; one quadran t was 
w h ite . An X-shaped p a r t i t i o n  w ith  w all c o lo r s  m atching th e  fac in g  
quad ran t was p laced  so i t s  low er edge was 15 cm above th e  cage 
f lo o r .  R a ts  were put in  th e  m iddle o f  th e  box and tim e spen t in  
each  quadran t was reco rd ed  fo r  10 min. A f te r  4 c o n d itio n in g  c y c le s , 
th e  5 mg/kg dose e l i c i t e d  a  s ig n i f i c a n t  CPP, b u t th e  10 mg/kg dose 
d id  no t (see  T a b le ) . Four a d d i t io n a l  c o n d itio n in g  c y c le s  d id  not 
f u r th e r  in c re a s e  th e  CPP fo r  5 mg/kg co c a in e . Thus, under th e s e  
c o n d i t io n s ,  an a p p ro p r ia te  co ca in e  dose e l i c i t s  a  s t a b l e ,  ro b u s t 
CPP.

T r ic y c l ic  a n t id e p re s s a n ts  have been re p o r te d  by human cocaine  
ab u se rs  to  a t te n u a te  c o c a in e 's  e f f e c t s .  T h e re fo re , we in je c te d  
15 mg/kg im ipram ine 2 h b e fo re  a CPP t e s t .  T h is a c u te  im ipram ine 
tre a tm e n t enhanced, r a th e r  th a n  b lock ed , th e  e x p re ss io n  o f th e  
co c a in e  CPP. F u rth e r  experim ents w i l l  examine th e  e f f e c t s  o f 
ch ro n ic  im ipram ine tre a tm e n t on th e  fo rm ation  and ex p re ss io n  o f 
co ca in e  CPPs.

P e rcen t o f CPP T est Spent in  White Quadrant
White/Black  
Paired Drug

After 
4 Cycles

After 
8 Cycles

After 
Imipramine

s a l / s a l 12 .9  ± 3 .0 15.0 ± 3 .6 1 4 .5  ± 4 .0
5 mg c o c . / s a l 39 .9  ± 4 .0 a 41 .2  ± 3 .1 a 63 .3  ± 9 .8 ab

10 mg c o c . / s a l 21 .6  ± 4 .9 — —

aS ig n if i c a n t ly  la rg e r  th a n  s a l / s a l
b S ig n if i c a n t ly  la r g e r  th a n  l a s t  t e s t  b e fo re  im ipram ine

422.5 STRIATAL CHOLINERGIC DISTURBANCE INDUCED BY HALOPERIDOL: CAT & 
ACHE. S .P . M ahadik, H. Laev*, F. V ilim , A. Korenovsky* , S .E . 
K arpiak.  D iv. N eu ro sc ien ce , NYS P s y c h ia t r ic  I n s t . ,  D ep ts. o f  
Biochem. & M olecular B iophys, and P s y c h ia t ry , C o l l . o f  P hys. & 
S u rg ., Columbia U ., NY, NY 10032.

A d m in is tra tio n  o f  h a lo p e r id o l t o  r a t s  ca u ses  a  s t r i a t a l  cho
l i n e r g i c  d is tu rb a n c e  by rem oving to n i c  in h ib i t i o n  o f  i n t r i n s i c  
c h o l in e rg ic  neurons a s  shown by in c re a s e d  a c e ty lc h o lin e  (ACh) 
tu rn o v e r .  We e a r l i e r  r e p o r te d  t h a t  th e  in c re a s e  in  ACh tu rn o v e r  
i s  a s s o c ia te d  w ith  an  in c re a s e  in  th e  10s [" fu n c t io n a l" ]  form  o f  
a c e ty lc h o l in e s te r a s e  (AChE) a f t e r  7 and 21 days o f  h a lo p e r id o l 
t r e a tm e n t .  To s tu d y  th e  mechanisms u n d e rly in g  t h i s  c h o l in e rg ic  
d is tu rb a n c e  fo llo w in g  lo n g -te rm  (c h ro n ic )  h a lo p e r id o l tre a tm e n t ,  
we have m easured c h o l in e  a c e ty l t r a n s f e r a s e  (CAT) & AChE a c t i v i 
t i e s ,  and  examined th e  immunoh is to c h e m ic a l l o c a l i z a t i o n  o f  CAT. 
Male Sprague-D aw ley r a t s  (250gr) w ere in j e c t e d  w ith  h a lo p e r id o l 
(2m g/kg/day i . m . ) f o r  7 ,1 4 ,2 0  & 40 d ay s . C o n tro ls  r e c e iv e d  s a 
l i n e .  Two o f  th e  40 day r a t s  were used  f o r  CAT h is to c h e m is t ry . 
F or measurement o f CAT and AChE, s t r i a t a  w ere d i s s e c te d  and en
zymes w ere e x t r a c te d  w ith  b u f f e r  c o n ta in in g  T r i to n  X-100. CAT was 
de te rm ined  by ra d io m e tr ic  a s s a y  u s in g  [3 ]H -ch o lin e  and AChE by E l -  
lm a n 's  s p e c tro p h o ta me t r i c  a s s a y  in  th e  p re sen ce  o f  0 .lnM ISO- 
CMPA. S t r i a t a l  CAT a c t i v i t y  in c re a s e d  by 24% and  11% r e s p e c t iv e ly  
a f t e r  7 and 14 days o f  t r e a tm e n t ,  and d ec re a sed  by 26% a f t e r  40 
days o f  t r e a tm e n t .  No change in  CAT was seen  a f t e r  20 d a y s . L ig h t 
m ic ro sco p ic  im m unohistochemi c a l  a n a ly s is  o f  CAT was done w ith  
bo th  a v id in - b io t in  and p e rox id a s e -a n t ip e ro x id a s e  u s in g  r a t  mono
c lo n a l  an tib o d y  (B oehringer-M annheim ). S t r i a t a l  CAT r e a c t i v i t y  in  
40 day h a lo p e r id o l t r e a t e d  r a t s  was m arkedly d ec re a sed  in  bo th  
neu ro n a l p e r ik a ry a  and n e u ro p il  com pared w ith  s a l i n e  c o n t r o ls .  
The d e c re a se  ap p eared  to  be l a r g e r  th a n  t h a t  d e te c te d  by chem ical 
a n a ly s is  su g g e s tin g  a  pronounced u l t r a s t r u c t u r a l  change in  s t r i 
a t a l  c h o l in e rg ic  n eu ro n s . AChE showed 10% to  35% in c re a s e s  a f t e r  
7 t o  20 days o f  t r e a tm e n t ,  r e tu rn in g  to  c o n t ro l  l e v e l s  o r  below 
(~12%) a f t e r  40 days o f  d rug  tr e a tm e n t .  The i n i t i a l  in c r e a s e s  in  
CAT & AChE a f t e r  s h o r t- te rm  tre a tm e n t (7-14 day s )  r e f l e c t  adap
t i v e  changes in  re sp o n se  t o  in c re a s e d  c h o l in e rg ic  a c t i v i t y .  The 
d e c re a se s  ob serv ed  a t  40 days in d ic a te  a  h y p o c h o lin e rg ic  s t a t e  
has  been e s ta b l is h e d  in  th e  s t r ia tu m . Such a  h y p o c h o lin e rg ic  
s t a t e  may be re s p o n s ib le  f o r  i n i t i a t i o n  and  p e r s is te n c e  o f  e x -  
tra p y ra m id a l syndromes t h a t  a r e  a s s o c ia te d  w ith  lo n g -te rm  neuro
l e p t i c  tre a tm e n t o f  s c h iz o p h re n ic  p a t i e n t s .

422.6 EFFECT OF CHRONIC ANTIDEPRESSANT DRUG TREATMENT ON TRH 
RESPONSIVENESS AND RECEPTORS IN THE RAT CNS. M.A. S i l l s  and D.M. 
Jaco b o w itz . L a bo ra to ry  o f C l in ic a l  S c ien ce , NIMH, B ethesda , MD 
20892.

T h y ro tro p in - re le a s in g  hormone (TRH) has been suggested  to  a c t 
as  a neurom odulator in  th e  CNS, based  in  p a r t  on i t s  w idespread  
d i s t r i b u t io n  in  th e  CNS, and i t s  a b i l i t y  to  e x e r t  numerous 
ex trah y p o th a lam ic  e f f e c t s .  For exam ple, TRH has been shown to  
a f f e c t  dopam inerg ic, c h o l in e rg ic  and s e ro to n in e rg ic  system s. 
D uring th e  p a s t s e v e ra l y e a r s ,  th e re  has been an in c rea sed  
i n t e r e s t  in  th e  p o s s ib le  involvem ent o f TRH in  a n t id e p re s s a n t 
drug a c t io n .  T his was based in  p a r t  on the  r e s u l t s  from s e v e ra l 
groups th a t  dem onstra ted  th a t  TRH can p o te n t ia te  th e  e f f e c t s  of 
im ipram ine. To i n v e s t ig a te  f u r th e r  w hether TRH may be invo lved  in  
th e  mechanism o f a c t io n  o f a n t id e p re s s a n t  compounds, th e  p re s e n t 
s tudy  examined th e  e f f e c t  o f rep ea ted  tre a tm e n t w ith  th e  
t r i c y c l i c  a n t id e p re s s a n t  desip ram ine  (DMI), o r th e  monoamine 
ox idase  in h i b i to r ,  n ia la m id e , on th e  a b i l i t y  o f th e  TRH analog  
MK-771 (L -p y ro -2 -a m in o a d ip y l-h is tid y l- th ia z o l id in e -4 -c a rb o x a m id e )  
to  e l i c i t  w et-dog sh ak es , and on TRH re c e p to r s  in  th e  r a t  CNS. 
Animals were t r e a te d  re p e a te d ly  e i t h e r  w ith  desip ram ine  (10 mg/kg 
b . i . d .  fo r  14 d a y s ) , n ia lam id e  (40 mg/kg b . i . d .  f o r  7 days) o r 
s a l in e  ( b . i . d .  fo r  7 o r 14 d a y s ) . Twenty fo u r hours a f t e r  th e  
l a s t  tre a tm e n t d o se , an im als were e i t h e r  ch a llen g ed  w ith  a t e s t  
dose o f MK-771 fo r  b e h a v io ra l experim en ts o r were s a c r i f i c e d  fo r  
a u to ra d io g ra p h ic  ex p e rim en ts. A ll in j e c t io n s  were ad m in is te red  
i . p .

In  th e  b eh a v io r ex p e rim en ts, th e  number o f head shakes th a t  
o ccu rred  du rin g  th e  30 min tim e p e r io d  a f t e r  in j e c t io n  o f MK-771 
was d eterm ined . R epeated a d m in is tr a tio n  o f desip ram ine  o r 
n ia lam id e  reduced th e  a b i l i t y  o f MK-771 to  e l i c i t  w et-dog shakes 
a t  doses o f 0 .7 ,  1 .0 , 3 .0  and 10 mg/kg. The maximum response  to  
MK-771 in  th e  c o n tro l  group was app rox im ate ly  62 w et-dog shakes 
w hereas n ia lam id e  and DMI reduced th e  maximal response  to  MK-771 
by 70 and 50 p e rc e n t ,  r e s p e c t iv e ly .

In  th e  a u to ra d io g ra p h ic  ex p e rim en ts, r a t  b ra in  s e c t io n s  were 
in c u b a ted  w ith  10 nM 3H -(3 -m e th y l-h is tid in e 2)-TRH (3H-MeTRH). 
A f te r  in c u b a tio n  fo r  2 h r s  a t  0 ° , th e  d r ie d  s l id e s  were exposed 
to  LKB U ltro f i lm  fo r  2 m onths. The r e s u l t s  from th e se  experim en ts 
in d ic a te  th a t  ch ro n ic  tre a tm e n t w ith  bo th  a n t id e p re s s a n t 
compounds produced s ig n i f i c a n t  a l t e r a t i o n s  in  th e  b in d in g  o f 
3H-MeTRH in  r a t  b r a in .  In  p a r t i c u l a r ,  s p e c i f ic  b in d in g  was 
reduced by 20% in  th e  n u c leu s  o f th e  d ia g o n a l band (n . b a s a l i s )  
and by 15-25% in  th e  p o s te r io r  c o r t i c a l  nuc leus  o f th e  am ygdala. 
Thus, th e  p re s e n t s tu d ie s  in d ic a te  th a t  TRH re sp o n s iv e n e s s , as 
w e ll  a s  th e  b in d in g  o f 3H-MeTRH in  c e r t a in  b ra in  a r e a s ,  a re  
reduced subsequen t to  ch ro n ic  a n t id e p re s s a n t drug tre a tm e n t.
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422.7 EFFECT OF CLONIDINE WITHDRAWAL ON CARDIOPULMONARY CONTROL DURING 
SLEEP. S.DeMesquita, S .A .Skolik ,* and M .M .Griffith*. Department 
of Physiology, Marshall Univ. Sch. of Med., Huntington, WV 25704.

Abrupt cessation  of chronic infusion  of clonid ine (CLON) in 
normotensive ra ts  has been assoc iated  with the appearance of 
periods of la b ile  hypertension (Thoolen, M.J.M.C., e t a l . ,  J. 
Pharm. Pharmacol. 33:232, 1981). In order to  determine the cause 
of these hypertensive periods, th is  study in vestigated  the e ffe c t 
of various doses of CLON on sleep p a tte rn  and cardiopulmonary 
regu la tion  during CLON withdrawal.

Four ad u lt (6.7±0.8 months of age) (mean±S.E.) male Sprague- 
Dawley ra ts  (540.7±16.1 g) were each implanted with a chronic 
indw elling a r te r ia l  cannula, EEG and EMG electrodes and monitored 
fo r re sp ira to ry  ra te  (chest pneumograph), blood pressure and 
sleep/wake s ta te  before , during and a f te r  s .c . infusion  of 500 μg 
CLON/kg/day fo r seven days by an A lzet mini-osmotic pump. An 
add itiona l 12 ad u lt (4.4±0.2 months of age) male Sprague-Dawley 
ra ts  (507.3±9.1 g) were implanted with e lectrodes only and moni
to red  fo r sleep/wake s ta te  during and a f te r  s .c .  infusion  of 
s a lin e , 30 or 300 μg CLON/kg/day fo r seven days by mini-osmotic 
pump. All ra ts  were monitored fo r 3.5h (0900 to  1230). All 
records were scored in to  Wake, Rapid Eye Movement sleep (REM), or 
Non-REM sleep (NREM) s ta te s  and tabu la ted . Cardiopulmonary data 
were analyzed from a to ta l  of 16 REM periods (32 min), 80 min of 
NREM sleep p r io r  to the REM periods and 20 min of qu ie t Wake.

REM sleep was abolished a t the 300 and 500 pg/kg/day CLON dose 
ra te s  and showed a s ig n if ic a n t (P<0.05) rebound a t  17h (33.4±6.3%; 
3 0 .6±7.3% re sp .)  and 41h (23.1±2.2%; 21.0±5.6% re sp .)  a f te r  CLON 
pump removal as compared to  the sa lin e  control (13.3±3.1%) and the 
pre-CLON control (10.8±3.8%) re sp ec tiv e ly .

While CLON s ig n if ic a n tly  (P<0.05) lowered s y s to lic ,  d ia s to l ic ,  
and mean blood p ressures as well as heart and re sp ira to ry  ra te s ,  
th e re  was no s ig n if ic a n t d ifference  in cardiopulmonary data between 
the pre- and post-CLON conditions during e ith e r  the Wake or the 
NREM s ta te s .  Only the REM s ta te  a t  17h post-CLON term ination  
showed s ig n i f i c a n t  cardiopulmonary increases:

REM SLEEP*
S ysto lic  Blood Heart Rate Respiratory

Condition Pressure (mmHg) (beats/m in) Rate (breaths/m in)
pre-CLON 1 36  ±  5 339 ± 15 96 ± 5

17h post-CLON 160 ± 5** 389 ± 10** 111 ± 7**
*N=4; **P<0.05 from pre-CLON, paired  Student' s t - t e s t

The re s u lts  of th is  study in d ica te  th a t  the periods of high 
blood pressure noted during c lonid ine withdrawal are associated  
with REM sleep periods and are exacerbated by the REM sleep rebound 
caused by abrupt clon id ine withdrawal.

422.8 INFLUENCE OF PERINATAL EXPOSURE ON THE EFFECTS INDUCED BY DIPHENYL- 
HYDANTOIN IN ADULT B6C3F1 MICE: BEHAVIORAL AND MORPHOLOGICAL 
CONSIDERATIONS. G.C. Haggerty, P .J . Kurtz*, B.D. Carlton*, 
A.C. P e te rs , and R.S. Chhabra*. B a tte lle  L aboratories, Columbus, 
OH 43201 and National Toxicology Program, NIEHS, Research 
Triangle Park, NC 27709

Diphenylhydantoin (DPH) is  a widely used a n tie p ile p tic  agent 
known to  cross the human p lacenta and induce a p a tte rn  of growth 
and developmental abnorm alities which are known co lle c tiv e ly  as 
the Fetal Hydantoin Syndrome. A dditionally , i t  has been reported 
th a t e p ile p tic  p a tien ts  ch ron ica lly  tre a ted  with DPH exh ib it 
e f fe c ts  such as a tax ia  and generalized movement d isorders 
(Kooiker and Sumi, Neurology, 68-71, 1974). The ob jective  of the 
presen t study was to  determine whether DPH exposure during early  
development modifies the behavioral e ffe c ts  (including  spontan
eous motor a c t iv i ty ,  g rip  s tren g th , thermal s e n s i t iv i ty ,  and 
acoustic  s t a r t l e  re flex ) produced by subsequent chronic DPH 
dosing in adu lt mice. In ad d itio n , since chronic DPH treatm ent is  
known to  induce c e reb e lla r degeneration in man and anim als, 
c e reb e lla r  tis su e  from selec ted  male and female mice was examined 
fo r u ltr a s tru c tu ra l  changes.

Female mice were exposed to  dosed or control feed fo r 60 days 
p rio r  to  breeding, and throughout breeding, g e s ta tio n , and la c ta 
tio n . At two months of age, the young were assigned to  chronic 
dose groups. Behavioral te s t in g  took place a t 2, 11, and 26 months. 
The re s u lts  of the chronic study ( a f te r  24 months of adu lt dosing) 
are presented here.

Female mice received higher concentrations of d ie ta ry  DPH than 
males (600 versus 300 ppm high dose) and showed more obvious 
behavioral changes a f te r  24 months of exposure. Q ualita tive  
observations of a tax ic  g a it  and tremors were augmented by quan ti
ta t iv e  measurements of forelim b and hindlimb weakness and decreased 
thermal s e n s i t iv i ty  in the high dose females. These e f fe c ts  were 
a ttr ib u te d  to  adu lt dosing and were not exacerbated by perina ta l 
DPH exposure. Despite these functional changes, u ltra s tru c tu ra l  
abnorm alities were not observed in the cerebellum of e ith e r  the 
males or females exposed to  DPH. In conclusion, i t  appears th a t 
the spectrum of behavioral changes observed in female mice, 
s im ila r to  th a t reported in humans exposed to  long-term DPH, may 
occur without obvious changes in c e reb e lla r morphology. Further
more, s u s c e p tib il i ty  to  the e f fe c ts  of DPH on behavioral function 
was not increased by pe rin a ta l exposure.

422.9 REGIONAL DIFFERENCES IN THE BINDING OF (3H) PRAZOSIN IN RAT 
BRAIN FOLLOWING IMINODIPROPIONITRILE ADMINISTRATION. Tammy 
Braun*. Allan E. Johnson, Bruce S. McEwen and Jean Cadet 
(SPON: C hristine T. F isch e tte ). Neuropsychiatry Branch. 
NIMH, St. E lizabeth 's  H ospital, Washington D C ., 20032, and 
Rockefeller U niversity, New York, N.Y. 10021

Chronic adm inistration  of Im inodipropionitrile (IDPN) has 
been shown to induce a complex behavioral syndrome which is  
sim ilar to symptoms c h a ra c te r is tic  of neurodegenerative 
d isorders. This syndrome consists of hyperactiv ity , 
spasmodic neck dyskinesias, c irc lin g  behavior and increased 
s ta r t l e  responses. The behavioral e ffe c ts  of IDPN can be 
reversed by sp e c ific  dopaminergic, adrenergic and opiate 
receptor b lockers. In v itro  binding assays have shown that 
the concentration of α1-adrenergic receptors are increased in 
caudate following IDPN adm inistration . In th is  study, we 
used tr itiu m -se n s itiv e  film  autoradiography to survey the 
e ffe c ts  of IDPN on α1-recep tors in several areas of ra t brain 
with (3H) Prazosin (PRAZ).

Adult male ra ts  were trea ted  with IDPN ( 100mg/kg, ip) or 
an equal volume of sa lin e  for 7 days and k il le d  by 
decap ita tion  21 days a f te r  the term ination of drug 
treatm ent. In v itro  (3H)PRAZ binding was assessed in  μ m 
coronal sections by previously published methods (Johnson et 
a l . ,  Neurosci. a b s tr . ,  1985). ‘ B riefly  s lic e s  were thawed 
and preincubated for 30 min. in  T ris buffer (50mM, pH7.7, 
room temperature) followed by incubation in buffer 
containing l.OnM (3H)PRAZ ± 10μM Phentolamine. S lices were 
then rinsed  twice fo r 5 min. each in  ice  cold buffer, dipped 
in  cold b id is t i l le d  water and rap id ly  a i r  dried . Labeled 
s lic e s  were exposed to LKB U ltrofilm  along with p la s tic  
t r itiu m  standards for 6 weeks. Binding was measured using a 
computer a s s is te d  spot densitometer th a t converted op tica l 
density  to fmoles/mg p ro te in  using a standard curve derived 
from tr itiu m  standards (Berck and Rainbow, J . Neurosci. 
Meth.. 13: 231, 1985).

In th is  study, IDPN treatm ent enhanced PRAZ binding in 
sp e c ific  layers of cortex and in  sp e c ific  regions of the 
thalamus ( l a te ra l  dorsal geniculate , la te r a l  poste rio r nu.) 
and in  the paraven tricu la r hypothalamic nucleus.

This study fu rth er im plicates the adrenergic system in  the 
involvement of the behavioral e f fe c ts  of IDPN and id e n tif ie s  
add itional stru c tu res which may play a ro le  in th is  model of 
neurodegenerative diseases. The e ffe c ts  of IDPN on other 
adrenergic receptors (α2 and β ) have yet to be determined. 
Supported by NS07080 and NS07911.

422.10 ACUTE HEXAMETHONIUM: EFFECTS ON BEHAVIOR IN RATS GIVEN 
CHRONIC DOSES OF NICOTINE. Edward L ev in . G aylord  
E l l i s o n , Ciema Salem *, M urray J a r v ik  and E lle n  G r i t z * 
Dept o f  P sycho logy , D ep t. o f  P s y c h ia try  and Cancer 
C o n tro l C e n te r , UCLA, Los A ngeles , CA 90024.

R a ts  c h r o n ic a l ly  g iv e n  n ic o t in e  and t h e i r  c o n t r o ls  
w ere g iv en  a c u te  d o se s o f  0, 10, o r  20 mg/kg o f  
hexam ethonium  (HEX), a p e r ip h e ra l  n ic o t in e  r e c e p to r  
b lo c k e r ,  on th e  4 th  and 8 th  days o f  n ic o t in e  
a d m in is t r a t io n  and on th e  day a f t e r  w ith d ra w a l. Food 
and w a te r  consum ption  and sp o n tan eo u s b e h a v io r  was 
o b se rv ed  f o r  two m in u tes ev e ry  f i f t e e n  m in u tes f o r  th e  
2 h o u r p e r io d  a f t e r  HEX i n j e c t i o n .  N ic o tin e  
s i g n i f i c a n t l y  d e c re a se d  th e  amount o f  food consumed and 
d e c re a se d  o b se rv ed  fe e d in g  b e h a v io r .  I t  a l s o  d e c reased  
e x p lo ra to ry  s n i f f i n g  and in c re a s e d  tim e  sp e n t r e s t i n g .  
No s i g n i f i c a n t  e f f e c t s  o f  hexam ethonium  on th e  n ic o t in e  
in to x i c a t io n  w ere n o ted  o f  th e  4 th  day , a t  th e  h e ig h t 
o f  th e  n ic o t in e  e f f e c t s .  On th e  8 th  day , th e  r a t s  g iven  
10 mg/kg o f  HEX showed s i g n i f i c a n t l y  in c re a se d  
e x p lo ra to ry  s n i f f i n g  (p< .001) and s i g n i f i c a n t l y  
in c re a s e d  o b se rv ed  fe e d in g  b e h a v io r  ( p c .0 5 ) . However, 
d e s p i te  th e  s i g n i f i c a n t  in c r e a s e  in  o b se rv ed  feed in g  
b e h a v io r ,  t h e r e  was no change in  th e  amount o f  food 
a c tu a l ly  e a te n .  R a ts  g iv en  th e  h ig h e r  dose  o f  20 mg/kg 
d id  n o t show th e s e  e f f e c t s .  A f te r  w ith d raw al from 
n ic o t in e ,  b o th  o b se rv ed  e a t in g  b e h a v io r  and th e  amount 
o f  food consumed r e tu rn e d  to  c o n t r o l  l e v e l s .  These d a ta  
show t h a t  b lo ck ad e  o f  p e r ip h e ra l  n i c o t i n i c  r e c e p to r s  
can  a l l e v i a t e  some o f  th e  b e h a v io ra l  e f f e c t s  o f  ch ro n ic  
n i c o t in e  in to x i c a t io n .  The e f f e c t  o f  HEX in  in c r e a s in g  
o b se rv ed  fe e d in g  b e h a v io r  w ith o u t a f f e c t in g  th e  amount 
o f  food consumed, shows t h a t  th e s e  b e h a v io rs  can be 
p h a rm a c o lo g ic a lly  d i f f e r e n t i a t e d  and t h a t  p o s s ib ly  some 
a s p e c ts  o f  t h e i r  n e u ra l  c o n t r o l  may be d i f f e r e n t .  The 
p e r ip h e r i a l  mechanisms in v o lv e d  co u ld  in c lu d e  
sy m p a th e tic  and v a g a l in n e rv a t io n  o f  th e  l i v e r .  (The 
r e s e a rc h  was su p p o rte d  by a g r a n t  from th e  MacArthur 
F o u n d a tio n . Ed L evin was su p p o rte d  by NIMH t r a i n in g  
g r a n t  15795.)
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422.11 CONTINGENT TOLERANCE TO DIAZEPAM'S ANTICONVULSANT EFFECT ON 
AMYGDALOID KINDLED SEIZURES IN THE RAT. M .J .  MANA, J . P . J .  PINEL 
and C.K. KIM. D ep t. o f  Psychology, Univ. o f B r i t i s h  Colum bia, 
Vancouver, B .C ., Canada. V6R 1W5.

C on tingen t to le ra n c e  i s  to le ra n c e  th a t  deve lops  
p r e f e r e n t ia l ly  to  th e  e f f e c t s  o f a drug on resp o n ses  t h a t  have 
occu rred  during  p e r io d s  o f drug exposure . Most s tu d ie s  o f 
co n tin g e n t to le ra n c e  use th e  b e fo re -a n d -a f te r  d e s ig n ; on each 
t r i a l ,  th e  s u b je c ts  in  one group (B efore Group) a r e  in je c te d  
w ith  th e  drug b e fo re  th e  t e s t  re sp o n se , w hereas th e  s u b je c ts  in  
th e  o th e r  group (A fte r  Group) a re  no t in je c te d  u n t i l  a f t e r  th e  
re sp o n se . On th e  t e s t  t r i a l ,  a l l  s u b je c ts  re c e iv e  th e  drug 
b efo re  th e  t e s t  response  so th a t  th e  le v e l o f  to le ra n c e  to  th e  
e f f e c t s  o f th e  drug on th e  response  can be a s s e s se d . S u b je c ts  
in  th e  B efore Group f re q u e n t ly  dem onstrate  s ig n i f i c a n t ly  more 
to le ra n c e  than  do th e  s u b je c ts  in  th e  A fte r Group. Such 
to le ra n c e  i s  term ed "co n tin g e n t to le ra n c e "  because i t s  
development i s  c o n tin g e n t upon th e  occu rrence  o f th e  t e s t  
response  du ring  th e  p e r io d s  o f drug exposure.

In th e  p re s e n t s tu d y , we dem onstrated  c o n tin g e n t to le ra n c e  
to  d iazepam 's  a n t ic o n v u lsa n t e f f e c t .  During th e  to le r a n c e  
development phase, each  o f th e  23 k in d led  r a t s  s e rv in g  as  
s u b je c ts  rece iv ed  10 b id a i ly  diazepam in j e c t io n s  (2 mg/kg, 
I . P . ) ,  and 10 b id a i ly  b ip o la r  am ygdaloid s t im u la t io n s  (400 A, 
60 Hz, 1 s ) .  The r a t s  in  th e  Before Group (n = l l )  re c e iv e d  
diazepam 1 h r b e fo re  each s tim u la t io n ,  w hereas th o se  in  th e  
A fte r group (n=12) re c e iv e d  th e  drug 1 h r  a f t e r  each 
s t im u la t io n .  On th e  t e s t  t r i a l ,  th e  r a t s  in  bo th  g roups 
rece iv ed  diazepam 1 h r  b e fo re  s t im u la t io n , so th a t  th e  e f f e c t  
of th e  drug on th e  d u ra t io n  o f th e  fo re lim b  c lo n u s  e l i c i t e d  by 
th e  t e s t  s t im u la t io n  cou ld  be a s s e s se d .

There was a  s t r ik i n g  d i f fe re n c e  in  th e  to le ra n c e  d isp la y e d  
by th e  groups on th e  t e s t  t r i a l  ( F (1 ,4 2 )= 3 9 .9 , p < .0 0 0 1 ). The 
r a t s  in  th e  A fte r  Group d isp la y ed  no to le ra n c e  a t  a l l  to  
d iazepam 's  a n t ic o n v u lsa n t e f f e c t ;  th e  t e s t  dose com ple te ly  
blocked f o r e l i mb c lo n u s  in  every  r a t .  In  c o n t r a s t ,  th e  r a t s  in  
th e  B efore Group were a lm ost t o t a l l y  to l e r a n t ;  th e  mean 
d u ra tio n  o f c lonus  e l i c i t e d  by th e  t e s t  s t im u la t io n  (M=35.3 s )  
was alm ost a s  long a s  th a t  e l i c i t e d  in  th e  absence o f d ru g s .

T his dem o n stra tio n  i s  im p ortan t fo r  two re a s o n s . F i r s t ,  i t  
p ro v id es  su p p o rt fo r  th e  idea  th a t  to le ra n c e  d eve lops  to  a 
d ru g 's  e f f e c t s  r a th e r  than  to  i t s  p resence ; to le ra n c e  does not 
develop to  drug e f f e c t s  th a t  a re  not allow ed to  m a n ife s t 
th em se lv es. Second, i t  i d e n t i f i e s  a f a c to r  p o te n t ia l ly  
im p o rtan t in  th e  developm ent o f to le ra n c e  to  a n t i e p i l e p t i c  
d rugs in  th e ra p e u tic  s i t u a t io n s .

422.12 A CHRONIC METHOD FOR DRUG ADMINISTRATION INTO LOWER 
BRAINSTEM IN AWAKE RATS: BEHAVIORAL EFFECTS OF SURGERY. 
Gery Schulte is*  and Joe L. Martinez J r .  (SPON: H. R ig te r). 
Dept. of Psych., Univ. C a l i f . ,  Berkeley, 94720.

Using a new technique fo r in je c tin g  drugs in to  do rsa l 
hindbrain  regions of unanesthetized  r a t s ,  we assessed the 
e f fe c ts  of the su rg ica l procedure on two behaviors. Our 
technique involves im plantation  of a 25mm s ta in le s s  s te e l  
guide cannula (GC), 23 gauge, according to  the following 
s te reo tax ic  coord inates: AP -6.0mm from Bregma, c a r r ie r  
angled 46- 47. 5° from the v e r t ic a l ,  11.2mm below sk u ll 
su rface . At the  time of in je c tio n , an inner cannula (IC) of 
v a riab le  length  i s  in se r te d . P recise  ML placement, c a r r ie r  
angle , and IC leng th  a re  determined by the sp ec ific  
s tru c tu re  to  be cannulated. Accessible s tru c tu re s  include 
the area  postrema, nucleus tra c tu s  s o l i ta r iu s ,  XII nucleus, 
d o rsa l motor X, medullary r e t ic u la r  form ation, nucleus 
g r a c i l i s ,  and nucleus cuneatus.

Behavioral s tu d ies  were conducted on 7 operated (OP) 
su b jec ts  (GC coord inates: c a r r ie r  angle 47°, ML 0.8mm 
b i la te r a l ly ) ,  6 sham operated (SHAM) su b jec ts , and 9 
unoperated con tro ls  (UNOP ) . The f i r s t  study assessed the 
e f fe c ts  of surgery on open f ie ld  locomotor a c t iv i ty ,  
beginning on the f i r s t  day a f te r  surgery and continuing 
every 3 days fo r  5 weeks. Both SHAM and UNOP groups showed 
s ig n if ic a n t decreases in  a c t iv i ty  over days (F[11,  143]=4 .99, 
p<.001), but the  SHAM group crossed s ig n if ic a n tly  more lin e s  
than the  UNOP group throughout te s t in g  (F[1,13]=7.52, 
p<.03). Only OP sub jec ts  exh ib ited  a tax ia  on Day 1, and th is  
rap id ly  d isappeared. OP and SHAM groups showed no 
d iffe ren ces  in  o v e ra ll a c t iv i ty  (F=.681), although th e re  was 
a s ig n if ic a n t in te ra c tio n  between groups and days 
(F[11,121]=2.53, p<.012). The second study measured 
a c tiv e  avoidance performance over an 8 t r i a l  tra in in g  
session . There were no s ig n if ic a n t d ifferen ces  among any 
of the  groups on e ith e r  average la tency  to  reach the safe 
compartment or to ta l  number of avoidances. Thus, surgery did 
no t a f fe c t  shock-motivated lea rn in g , desp ite  e levating  open 
f ie ld  a c t iv i ty  over UNOP b ase lin es .

Our new technique has severa l advantages. I t  allows 
adm in is tra tion  of drugs to  unanesthetized anim als, in  acute 
or chronic s tu d ie s , and enables in je c tio n s  in to  m ultip le  
regions of the same nucleus using the  same GC placement. The 
angle of en try  a llow s fo r  cannulation of stim ctures caudal 
to  obex. F in a lly , the  indw elling cannula re s u l ts  in  no 
la s t in g  a ta x ia . (Supported by ONR NOOO14-83-K-0408)

422.13 RELEASE OF ENDOGENOUS AMINO ACIDS FROM SLICES OF MOUSE BRAIN 
FOLLOWING METHYLMERCURY POISONING. J .N . Reynolds* and W.J. Racz* 
(SPON: C. R om ero -S ie rra ). D ept. o f  Pharmacology and T oxicology, 
Q ueen 's U n iv e rs ity , K ingston , O n ta rio , Canada, K7L 3N6.

M ethylm ercury (MM) p o iso n in g  r e s u l t s  in  a c h a r a c t e r i s t i c  
p a t te r n  o f  n e u ro lo g ic a l symptoms which may r e f l e c t  lo s s  o f  s p e c i f ic  
c e l l  ty p e s  an d /o r  a l t e r a t i o n s  in  s p e c i f ic  n e u ro t ra n s m it te r  system s 
w ith in  th e  c e n tr a l  nervous system . The purpose o f  th e se  e x p e r i
ments was to  examine th e  r e le a s e  o f  endogenous amino a c id  n eu ro 
t r a n s m it t e r  su b stan ce s  r e g io n a l ly  in  th e  mouse b ra in  fo llo w in g  a 
n eu ro to x ic  dose o f  MM.

Male, Swiss w hite  mice (25 g) re c e iv e d  o ra l  doses o f  m e thy l
m ercury c h lo r id e  a t  a dose o f  8 mg H g/kg/day f o r  7 days. Animals 
were m onitored  fo r  symptoms o f  MM in to x ic a t io n .  At 1, 5 and 10 
days a f t e r  th e  l a s t  dose o f  MM, an im als were s a c r i f i c e d  and s l i c e s  
(300 μm) o f  ce reb e llu m  and c e re b ra l c o r te x  p rep are d  f o r  s u p e r
fu s io n  ex p e rim en ts. The spontaneous and 35 mM K+-s tim u la te d  
r e le a s e  o f  a s p a r t a te ,  g lu tam a te , g lu tam in e , g ly c in e , ta u r in e  and 
γ -am inobu ty ric  a c id  (GABA) were determ ined  by h igh  perform ance 
l iq u id  chrom atography coupled  w ith  f lu o re sc e n c e  d e te c t io n .

Animals which re c e iv e d  MM developed symptoms o f  in to x ic a t io n  
(decreased  locom otor a c t i v i t y ,  d ec reased  body w eigh t, a ta x ia ,  
weakness o r  p a r a ly s is  o f  h ind lim bs) which ranged from n e g l ig ib le  
to  se v e re . T w enty-four hours a f t e r  th e  l a s t  dose o f  MM, th e  35 mM 
K+-s tim u la te d  r e le a s e  o f  g lu tam a te  and GABA were d ec reased  to  75% 
o f  c o n tro l in  c e r e b e l l a r  s l i c e s  o b ta in ed  from t r e a te d  an im als. 
However, 5 and 10 days a f t e r  th e  l a s t  dose o f  MM, th e  K+- s tim u la te d  
r e le a s e  o f  g lu tam a te  from c e r e b e l l a r  s l i c e s  in c re a se d  to  150% o f  
c o n t r o l ,  whereas GABA re le a s e  was unchanged. Also 5 days a f t e r  th e  
l a s t  dose o f  MM, th e  spontaneous r e le a s e  o f  ta u r in e  was s i g n i f i 
c a n t ly  e le v a te d  (127% o f  c o n tro l)  in  s l i c e s  o f  c e re b ra l  c o r te x  
o b ta in ed  from M M -treated an im als. Thus, MM can produce a l t e r a t i o n s  
in  s p e c i f i c  amino a c id  n e u ro t ra n s m it te r  system s a t  d i f f e r e n t  tim es 
du rin g  in to x ic a t io n .  P e r s is te n t  changes in  th e  r e le a s e  o f  g lu t a 
mate in  th e  ce rebe llum  i s  c o n s is te n t  w ith  th e  p ro p o sa l th a t  th e  
c e r e b e l l a r  g ran u le  c e l l ,  w hich u t i l i z e s  g lu tam a te  as  i t s  
t r a n s m i t t e r  su b s ta n c e , i s  p a r t i c u l a r ly  s e n s i t i v e  to  th e  n eu ro to x ic  
e f f e c t s  o f  MM. A lte r a t io n s  in  c e r e b e l l a r  fu n c t io n  a re  proposed to  
u n d e r l ie  some o f  th e  n e u ro lo g ic a l symptoms (e .g .  a ta x ia )  which 
c h a ra c te r iz e  MM p o iso n in g .

422.14 INTRACEREBROVENTRICULAR CORTICOTROPIN-RELEASING FACTOR (CRF): 
EFFECTS ON EXPLORATORY BEHAVIOR AND SOCIAL INTERACTION. 
A .J . Dunn, C.W. B erridge*  a n d  S .E . F i l e . Dept o f N euroscience, 
U n iv e rs ity  o f  F lo r id a ,  G a in e s v i lle , FL 32610, and School of 
Pharmacy, U n iv e rs ity  o f London, London WC1N 1AX, England.

CRF e x i s t s  in  a number o f ex trah y p o th a lam ic  b ra in  s i t e s ,  and 
CRF-binding s i t e s  a re  d is t r i b u te d  th roughou t the  b r a in .  ICV 
in je c t io n  o f CRF causes  a g e n e ra l b e h a v io ra l a c t iv a t io n  in  roden ts  
and p o te n t ia te s  th e  b e h a v io ra l e f f e c t s  o f exposure to  a novel 
env ironm ent. R e su lts  o b ta in ed  in  the  open f i e ld - c o n f l i c t  t e s t  were 
o p p o s ite  to  those  observed a f t e r  a d m in is tr a tio n  of b en z o d iaze p in es , 
su g g es tin g  th a t  CRF augments the  anx iogen ic  o r s t r e s s f u l  a s p e c ts  of 
a novel env ironm ent. These and o th e r  d a ta  have in s p ire d  the hypo
th e s i s  th a t  CRF a c ts  as a g e n e ra l a c t iv a t in g  f a c to r  du ring  s t r e s s ,  
a l t e r i n g  the  a c t i v i t y  o f th e  p i tu i t a r y - a d r e n a l  a x i s ,  th e  sym pathet
ic  nervous system , and th e  c e re b ra l c a tech o lam in e rg ic  system s.

In  experim en ts w ith  m ice, we used a novel m ulticorapartm ent 
chamber (MCC) s im i la r  to  th a t  used p re v io u s ly  fo r  r a t s  (A rnsten  e t  
a l . ,  P harm. Biochem. Behav. 22 :803, 1985). Morphine (1 .7 5  mg/kg) 
reduced the  mean tim e p er c o n ta c t w ith  env ironm enta l s t im u l i ,  and 
tended to  make th e  anim als h y p e ra c tiv e . Naloxone (0 .7 5  mg/kg) 
p reven ted  th e  e f f e c t  o f m orphine, w ith  no observ ab le  b eh a v io ra l 
e f f e c t  by i t s e l f .  A h ig h e r  dose (1 .2 5  mg/kg) o f naloxone 
s ig n i f i c a n t ly  in c re a se d  th e  mean s tim u lu s -c o n ta c t tim e. L ikew ise, 
a 30 min p erio d  o f r e s t r a i n t  d ec reased  th e  mean s tim u lu s -c o n ta c t 
tim e . T h is e f f e c t  o f  s t r e s s  was p reven ted  by a dose o f naloxone 
th a t  had no e f f e c t  in  th e  absence o f s t r e s s  (0 .7 5  m g/kg). These 
r e s u l t s  r e p l ic a t e  p rev io u s  s tu d ie s  in  r a t s  (A rnsten  e t  a l . ,  1985).

ICV CRF (75 ng) reduced th e  mean s tim u lu s -c o n ta c t tim e , w ithou t 
s ig n i f i c a n t ly  a l t e r i n g  locom otor o r grooming b e h a v io rs . This 
re d u c t io n  in  mean s tim u lu s -c o n ta c t tim e was p reven ted  by na loxone.

Thus, o p ia te s ,  s t r e s s ,  and CRF a l l  d ecreased  the  mean s tim u lu s -  
c o n ta c t tim e in  th e  MCC. F urtherm ore , th e  e f f e c t s  o f a l l  th re e  
tre a tm e n ts  were com plete ly  an tagon ized  by naloxone.

In  r a t s ,  ICV CRF (100 and 300 ng) d ec reased  s o c ia l  in t e r a c t io n  
and in c re a se d  grooming in  a f a m il i a r  env ironm ent, w ith o u t a f f e c t in g  
locom otion o r  r e a r in g .  D ecreased s o c ia l  in t e r a c t io n  has been 
in te r p r e te d  to  in d ic a te  anx iogen ic  b e h a v io r , and has been observed 
p re v io u s ly  w ith  ACTH ( F i le  & C la rk e , P harm. Biochem. Behav. 
12:711- 715, 1980) and c a f f e in e .  This e f f e c t  o f CRF was 
co u n te ra c te d  by c h lo rd iaze p o x id e  (CDP 5 mg/kg IP ) ,  b u t th e  e f f e c t  
o f CDP on locom otor a c t i v i t y  and re a r in g  was n o t a l te r e d  by CRF.

These r e s u l t s  in  bo th  r a t s  and mice su p p o rt f u r th e r  the  id e a  
th a t  c e re b ra l  CRF i s  anx io g en ic  and th a t  i t  m ight m ediate c e r t a in  
b e h a v io ra l resp o n ses  in  s t r e s s .  The pharm aco log ica l d a ta  im p lic a te  
bo th  o p io id  and benzod iazep ine  re c e p to rs  in  the  responses to  CRF.

This re se a rc h  was suppo rted  by NIMH (MH 25486).
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423.1 SU IC ID E TRANSPORT ACTIVITY OF ABRIN ( A ) ,  MODECCIN 
(M ) AND VOLKENSIN (V ) IN RAT PERIPHERAL NERVOUS 
SYSTEM . T .N . O e l t m a n n ,  F . S t i r p e ,  a n d  R .G . Wi l e y  
(SPON: G. P a t t e r s o n )  L a b o r a t o r y  o f  E x p e r i m e n t a l  N eu
r o l o g y ,  VAMC, N a s h v i l l e ,  TN 3 7 2 0 3 .

T h e  s u i c i d e  t r a n s p o r t  t e c h n i q u e ,  a n a t o m i c a l l y  
s e l e c t i v e  d e s t r u c t i o n  o f  n e u r o n s  u s i n g  a x o n a l l y  
t r a n s p o r t e d  c y t o t o x i n , h a s  p ro v e n  u s e f u l  i n a n a t o m i 
c a l ,  n e u r o c h e m i ca l  a n d  n e u r o p h y s i o l o g i c a l  s t u d i e s .  
T h e  t o x i c  l e c t i n ,  r i c i n ,  i s an  e f f i c i e n t ,  u n s e l e c -  
t i ve s u i c i d e  t r a n s p o r t  a g e n t  i n p e r i p h e r a l  n e r v e s .  
T h e  p r e s e n t  s t u d y  s o u g h t  t o  d e t e r m i n e  i f t h e  t o x i c  
l e c t i n s ,  A,  M a n d  V a r e  e f f e c t i v e  a n d / o r  s e l e c t i v e  
s u i c i d e  t r a n s p o r t  a g e n t s  i n t h e  v a g u s ,  h y p o g l o s s a l  
a n d  s c i a t i c  n e r v e s .  A,  M a n d  V ( 0 .2  -  2 u g )  w e r e  
d i s s o l v e d  i n p h o s p h a t e  b u f f e r e d  s a l i n e  c o n t a i n i n g  
0.1% F a s t  G re e n  dye  an d  p r e s s u r e  m i c r o i n j e c t e d  s u b -  
e p i n e u r a l l y  i n t o  n e r v e s  o f  a n e s t h e t i z e d  a d u l t ,  m a le  
S p r a g u e - D a w l e y  r a t s .  O ne n e r v e  w a s  i n j e c t e d  w i t h  
o n e  t o x i n  i n  e a c h  o f  26 r a t s .  A f t e r  33 h r s  -  5 d ,  
a n i m a l s  w e re  r e a n e s t h e t i z e d  an d  p e r f u s e d  t r a n s c a r -  
d i a l l y  w i t h  a l d e h y d e  f i x a t i v e  f o l l o w e d  by  30% s u 
c r o s e .  B r a i n s t e m s ,  s p i n a l  c o r d s  a n d  g a n g l i a  w e r e  
s e c t i o n e d  i n  a c r y o s t a t  a n d  s e c t i o n s  s t a i n e d  w i t h  
c r e s y l  v i o l e t  and  L u x o l F a s t  B l u e / c r e s y l  v i o l e t .  A t 
t h e  d o s e s  s t u d i e d ,  a l l  t h r e e  t o x i n s  w e r e  e f f e c t i v e  
a n d  u n s e l e c t i v e  i n  d e s t r o y i n g  s e n s o r y  a n d  m o t o r  
n e u r o n s  p r o j e c t i n g  a x o n s  t h r o u g h  t h e  i n j e c t e d  
n e r v e s .  The o r d e r  o f  p o te n c y  w as V> M>A. C o n c u r r e n t  
a d m i n i s t r a t i o n  o f  l a c t o s e  (1 g / k g ,  i . p . )  w a s  u s e f u l  
i n  p r o t e c t i n g  a n i m a l s  f ro m  th e  s y s t e m i c  t o x i c i t y  o f  
A a n d  V b u t  n o t  M. T h e  t i m e  c o u r s e  a n d  s e q u e n c e  o f  
h i s t o p a t h o l o g i c a l  c h a n g e s  a p p e a r e d  i d e n t i c a l  t o  th e  
e f f e c t s  o f r i c i n  e x c e p t  t h a t  A,  and  to  l e s s e r  d e g r e e  
M p r o d u c e d  g r e a t e r  l e u k o c y t e  i n f i l t r a t e s  a r o u n d  
p e r i k a r y a  o f  p o i s o n e d  n e u r o n s  t h a n  e i t h e r  r i c i n  o r  
V. We c o n c l u d e  t h a t  A,  M a n d  V a r e  e f f e c t i v e ,  
u n s e l e c t i v e  s u i c i d e  t r a n s p o r t  a g e n t s  i n  t h e  r a t  
p e r i p h e r a l  n e r v o u s  s y s t e m .  T h e y  do  n o t  a p p e a r  t o  
o f f e r  a n y  c l e a r  a d v a n t a g e  o v e r  r i c i n  i n  t h i s  s e t 
t i n g .  ( T h i s  w o rk  s u p p o r t e d  by th e  V e te r a n s  A d m in i s 
t r a t i o n  R e s e a r c h  S e r v i c e ,  t h e  C o n s i g l i o  N a z i o n a l e  
d e l l e  R i c e r c h e  a n d  t h e  M i n i s t e r o  d e l l a  P u b b l i c a  
I s t r u z i o n e ,  Rom e, I t a l y . )

423.2 MODECCIN AND VOLKENSIN ARE EFFECTIVE SUICIDE TRANS
PORT AGENTS IN RAT C N S. R .G .W i l e y , F . S t i r p e  a n d  
T .N .O e ltm a n n . L a b o r a t o r y  o f  E x p e r i m e n t a l  N e u r o lo g y ,  
VAMC, N a s h v i l l e ,  TN 3 7 2 0 3 .

R i c i n  i s  an  e f f e c t i v e  s u i c i d e  t r a n s p o r t  a g e n t  in  
t h e  p e r i p h e r a l  n e r v o u s  s y s t e m  b u t  n o t  w i t h i n  t h e  
CNS. I t  h a s  b e e n  h y p o t h e s i z e d  t h a t  r i c i n  d o e s  n o t  
w o rk  i n  t h e  CNS b e c a u s e  i t  i s  n o t  b o u n d  t o  n e r v e  
t e r m i n a l  s u r f a c e  m e m b r a n e s  o f  CNS n e u r o n s .  I n  t h e  
p r e s e n t  s t u d y ,  we s o u g h t  t o  d e t e r m i n e  i f  t h e  t o x i c  
l e c t i n s  a b r i n  ( A ) ,  m o d e c c in  (M) a n d  v o l k e n s i n ( V)  
w h ic h  e a c h  h a v e  d i f f e r e n t  o l i g o s a c c h a r i d e  b i n d i n g  
s p e c i f i c i t i e s  a r e  e f f e c t i v e  s u i c i d e  t r a n s p o r t  a g e n t s  
w i t h i n  t h e  CNS. T h e  t o x i n s  d i s s o l v e d  i n  p h o s p h a t e  
b u f f e r e d  s a l i n e  w e r e  p r e s s u r e  m i c r o i n j e c t e d  u n d e r  
s t e r e o t a c t i c  g u id a n c e  i n t o  th e  c a u d a te  n u c l e u s  o f  23 
a n e s t h e t i z e d  a d u l t  m a le  S p r a g u e - D a w l e y  r a t s .  O ne 
c a u d a t e  n u c l e u s  w as i n j e c t e d  w i th  one  t o x i n  i n  e a c h  
r a t .  A l l  i n j e c t i o n s  w e r e  0 .1  u l  a n d  c o n t a i n e d  
0 . 0 1 7 - 0 . 2  ug  o f  A, 0 . 0 0 3 - 0 . 4  ug  o f  M o r  0 .0 0 2 - 0 .0 5  
ug  o f  V . L a c t o s e  (1 g / k g ,  i . p . )  w a s  g i v e n  t o  a l l  
a n i m a l s  a t  t h e  t i m e  o f  t h e  t o x i n  i n j e c t i o n .  A f t e r  
2 -1 3  d , a n i m a l s  w e re  r e a n e s t h e t i z e d  an d  t r s n s c a r d i -  
a l l y  p e r f u s e d  w i t h  a l d e h y d e  f i x a t i v e .  F o r  r o u t i n e  
h i s t o l o g y ,  b r a i n s  w e r e  s e c t i o n e d  i n  a c r y o s t a t  a n d  
s t a i n e d  w i th  c r e s y l  v i o l e t .  F o r  c a t e c h o l a m i n e  h i s -  
t o f l u o r e s c e n c e , f i x e d  b r a i n s  w e r e  s e c t i o n e d  i n  a 
V ib r a t o m e ,  d r i e d  o n to  s l i d e s  and  m o u n te d  in  m i n e r a l  
o i l .  M and  V a t  a l l  d o s e s  p ro d u c e d  c e l l  l o s s  i n  th e  
i p s i l a t e r a l  s u b s t a n t i a  n i g r a ,  v e n t r a l  t e g m e n t a l  a r e a  
an d  i n t r a l a m i n a r  t h a la m u s  w i t h i n  48 h r s .  A t a l l  b u t  
th e  l o w e s t  d o s e ,  th e  a b o v e  l e s i o n s  w e re  c o m p le t e  and  
a c c o m p a n ie d  by a s e v e r e  n e u r o l o g i c a l  s y n d ro m e  d e v e l 
o p in g  b e tw e e n  3 6 -4 8  h r s  p o s t i n j e c t i o n  and  c h a r a c t e r 
i z e d  by  f o r c e d  c o n t r a v e r s i v e  c i r c l i n g .  A l l  t h r e e  
t o x i n s  p r o d u c e d  n e c r o s i s  a t  th e  i n j e c t i o n  s i t e  b u t  A 
d i d  n o t  p r o d u c e  d i s t a n t  l e s i o n s  a t  a n y  d o s e .  We 
c o n c l u d e  t h a t  M a n d  V a r e  e f f i c i e n t  s u i c i d e  t r a n s 
p o r t  a g e n t s  w i t h i n  t h e  r a t  CNS. T h e s e  a g e n t s  s h o u ld  
p ro v e  e x t r e m e l y  u s e f u l  i n  m a k in g  a v a r i e t y  o f  u n iq u e  
l e s i o n s  f o r  a n a t o m i c a l ,  n e u r o c h e m i c a l  an d  n e u r o p h y s 
i o l o g i c a l  e x p e r i m e n t s .  ( T h i s  w o rk  w as s u p p o r t e d  by 
t h e  V e t e r a n s  A d m i n i s t r a t i o n  R e s e a r c h  S e r v i c e ,  t h e  
C o n s i g l i o  N a z i o n a l e  d e l l a  R i c e r c h e  and  th e  M i n i s t e r o  
d e l l a  P u b b l i c a  I s t r u z i o n e ,  Rom e, I t a l y . )

423.3 COLLOIDAL GOLD FLUORESCENT MICROSPHERES: A NEW RETROGRADE 
FLUORESCENT/EM PROBE. J. Quattrochi, R. Madison, Kljavin* 
and R. L. Sidman (SPON: B.  Seckel). Dept. of Neurology and 
Neu ro p a t h o lo g y , H arvard M edical S choo l, and D ept. of 
Neuroscience, Children's Hospital, Boston, MA 02115.

Rhodamine la tex  microspheres recently  have been introduced 
as a re tro g rad e  t r a c e r  fo r  su p e rio r  neuronal la b e lin g  w ith 
epifluorescent microscopy. However, microspheres do not allow 
u ltra s tru c tu ra l analysis of fluorescent labeled ce lls . We have 
developed a new co llo idal gold fluorescent microsphere which 
now perm its  accu ra te  u l t r a s t r u c tu r a l  id e n t i f ic a t io n  of 
fluorescent retrograde labeled neurons.

A reaction suspension of activated microspheres (25 mg/ml, 
0.02 -  0.2 um) was incubated with various d ilu tions of protein 
A -co llo id a l gold (15 nm, Janssen Pharm aceutica) in  0.01 M 
phosphate buffer, pH 8.0, a t  25 degrees C for 6 hrs, then a t  4 
degrees C fo r  24 h rs . The suspension was layered  onto a 
gradient of 20% (wt/wt) sucrose over layered with 5% sucrose 
b u ffered  a t  pH 8.0 w ith  0.01 M g lycine  and cen tr ifu g ed  a t  
200,000 g fo r 10 min. Microspheres were recovered, resuspended 
in  buffer, monodispersed on a mesh copper grid , and conjugation 
with co llo idal gold confirmed with the electron microscope a t  
60 kV.

A liquo ts of 0.5 to  1.5 u l were assayed fo r  re tro g rad e  
transport by ex tracellu lar m icropipette pressure in jec tion  into 
the l e f t  motor cortex of mice a t  60 postnatal days of age. At 
four days postin jection , animals were anesthetized and perfused 
with 4% buffered paraformaldehyde, 0.5% glutaraldehyde. The 
b ra in  was removed and cu t in to  a coronal s e r ie s  of 200 um 
se c tio n s  placed in  cold 20% buffered  sucrose. F luorescen t 
n e u ro n a l p r o f i l e s  w ere i d e n t i f i e d  w ith  a compound 
epifluorescent computer microscope in  the con tra la tera l motor 
co rtex  fo llow ing  re tro g rad e  t ra n sp o r t  of m icrospheres by 
commissural axons. After sections were processed with a routine 
EM p ro to co l, lab e led  neurons dem onstrated in t r a c e l lu la r  
co llo idal gold allowing u ltra s tru c tu ra l in  vivo confirmation of 
retrograde labeling by co llo idal gold microspheres. We have 
begun to  apply th is  new trace r  technique to  the bulbospinal 
p ro je c tio n  network of th e  re sp ira to ry  brainstem  using 
microspheres individually conjugated with d iffe ren t sizes of 
c o l lo id a l  gold. Our purpose i s  to  examine u l t r a s t r u c tu r a l  
co n n ec tiv ity  between se p a ra te  r e sp ira to ry  assem blies each 
re tro g ra d e ly  lab e led  w ith  a d if f e r e n t  s iz e  gold marker and 
previously inaccessible with ex isten t neuroanatomical methods.

Supported by NIH grants EY04930, EY05317 (RM), NS22404 (RM), 
NS20822, NS07264, and a Mental Retardation Core Grant HD18655 
to  Children's Hospital.

423.4 MODIFICATION -OF TRANSPORT SPECIFICITY OF HORSERADISH PEROXIDASE: 
ANTEROGRADE AND TRANSNEURONAL PROPERTIES. T.L. N ea l and R.G. 
Carey. D iv is io n  o f N eurob io logy , Barrow N eu ro lo g ica l I n s t i t u t e ,  
Phoenix, AZ 85013.

H o r s e r a d is h  p e ro x id a s e  (HRP), an enzyme commonly u sed  in  
n eu roana tom ical t r a c in g ,  e x h ib i t s  p r e d o m in a n t ly  r e t r o g r a d e  as  
opposed to  an te ro g rad e  tr a n s p o r t  p ro p e r t ie s  fo llo w in g  c o r t i c a l  
o r  s u b c o r t i c a l  e l e c t r o p h o r e t i c  i n j e c t i o n s .  I n t r a o c u l a r  
i n j e c t i o n s  o f  a 30% s o l u t i o n  o f  b u f f e r e d  HRP r e s u l t  in  
v i s u a l i z a t i o n  o f p r o j e c t i o n s  to  th e  known r e t i n a l  r e c i p i e n t  
a r e a s  ( e . g . ,  s u p e r i o r  c o l l i c u l u s ,  p re te c tu m  and l a t e r a l  
g e n i c u l a t e  n u c l e u s ) ,  b u t w ith  no e v id e n c e  o f  t r a n s n e u ro n a l  
a c t i v i t y .  On th e  o th e r  h an d , HRP t h a t  h as  been  c o n ju g a te d  to  
th e  l e c t i n  wheat germ a g g lu t in in  (WGA) using  a m o d if ic a tio n  o f 
th e  p r o to c o l  o f  Nakane and Kawaoi (1 9 7 4 ) i s  known to  p ro d u ce  
a n te r o g r a d e  and r e t r o g r a d e  t r a n s n e u r o n a l  t r a n s p o r t  from  
i n t r a o c u l a r  i n j e c t i o n s  (C a re y  and N e a l ,  1985) and to  e x h i b i t  
d en se  a n te r o g r a d e  a s  w e l l  a s  r e t r o g r a d e  t r a n s p o r t  from  
e l e c t r o p h o r e t i c  b r a i n  i n j e c t i o n s .  We h a v e  found t h a t  th e  
u n re a c te d  HRP i s o l a t e d  from  th e  c o n ju g a t io n  mix d e m o n s tra te s  
s i m i l a r  t r a n s n e u r o n a l ,  a n t e r o g r a d e ,  and r e t r o g r a d e  t r a n s p o r t  
p r o p e r t i e s .

C o n ju g a tio n  o f  HRP to  th e  l e c t i n  WGA i s  a c h ie v e d  u s in g  a 
m o d i f ic a t io n  o f  th e  Nakane and Kawaoi (1974) p r o to c o l .  HRP i s  
t r e a te d  w ith  d in i tro f lu o ro b e n z e n e  and sodium p e rio d a te  fo llo w ed  
by r e d u c t io n  w ith  sodium  b o ro h y d r id e  in  th e  p re s e n c e  o f  WGA. 
S ep a ra tio n  o f th e  ensu ing  con juga te  from u n reac ted  HRP and WGA 
i s  accom plished  by Sephadex G -150 co lum n ch ro m a to g ra p h y . The 
c o n j u g a t e  o b t a i n e d  fro m  t h i s  p r o c e d u r e  e x h i b i t s  s t r o n g  
a n te ro g ra d e , r e t ro g ra d e ,  and tra n sn e u ro n a l tr a n s p o r t  p ro p e r t ie s .  
I n t r a o c u l a r  i n j e c t i o n s  o f  a 10% s o l u t i o n  o f  b u f f e r e d  WGA/HRP 
co n ju g a te  produce in te n s e  la b e l in g  o f c e l l s  and /o r te rm in a ls  in  
such a re a s  as th e  s u p e r io r  c o l l i c u l u s  and p a ra b ig e m in a l, l a t e r a l  
p o s te r io r ,  p r e t e c t a l ,  and l a t e r a l  g e n ic u la te  n u c le i .  Term inal 
l a b e l in g  a l s o  i s  observed  in  s t r i a t e  c o r te x . HRP i s o la te d  from 
th e  r e a c t io n  mix and in je c te d  in t r a o c u l a r ly  as  a 10-30% b u ffe re d  
s o l u t i o n  d e m o n s t r a te s  a n t e r o g r a d e  and r e t r o g r a d e  t r a n s p o r t  
p r o p e r t i e s  i d e n t i c a l  to  th e  WGA/HRP c o n ju g a te .  C o r t i c a l  
in j e c t io n s  o f th e  m odified  HRP r e s u l t  in  dense te rm in a l l a b e l in g  
in  a d d i t i o n  to  th e  c e l l u l a r  l a b e l i n g  r o u t i n e l y  e l i c i t e d  by 
n a t i v e  HRP. The m echan ism s by w hich  th e  Nakane and Kawaoi 
p ro c e d u re  m o d i f ie s  th e  t r a n s p o r t  c h a r a c t e r i s t i c s  o f  th e  
unconjugated  HRP a re  c u r r e n t ly  under in v e s t ig a t io n .  H ypotheses 
b a s e d  on a l t e r a t i o n s  i n  c a r b o h y d r a t e  c o n f i g u r a t i o n  o r  
m o d if ic a tio n s  in  charge a re  being  c r i t i c a l l y  e v a lu a te d .

Supported by BRSG RR05872.
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423.5 IMPROVED HRP DETECTION IN THE LIGHT AND ELECTRON MICROSCOPES. 
A. F o e r s te r , D epartm ent of N eu rosc iences , McMà s te r  U n iv e r s ity , 
H am ilton, O n ta r io , Canada L8N 3Z5.

A method th a t  u ses  th e  r e a c t io n  o f g lu co se  and g lu co se  ox id ase  
(GOD) to  g e n e ra te  hydrogen p erox ide  in  a TMB-HRP r e a c t io n  m ix tu re  
has been found to  p ro v id e  a g r e a te r  y ie ld  o f c r y s t a l l i n e  TMB-HRP 
product and le s s  background la b e l l in g  than  th e  a d d i t io n  o f hydrogen 
p erox ide  to  th e  s tan d a rd  Mesulam r e a c t io n  m ix tu re . To m easure t h i s  
improvement th e  two r e a c t io n s  were compared on a d ja c e n t s e c t io n s  of 
th e  s u p e r io r  c o l l ic u lu s  la b e l le d  by a n te ro g rad e  tr a n s p o r t  o f HRP 
from an in t r a o c u la r  in j e c t io n  in  th e  a n e s th e tiz e d  r a t ,  f ix e d  w ith  
1% parafo rm aldehyde, 1.25% g lu ta ra ld e h y d e , 2% DMSO in  0 .1  M phos
p h a te  b u f fe r  (pH 7 .4 ) ,  and immersed in  th e  same f ix a t iv e  fo r  2h a t  
4° C. V ibratom e s e c t io n s ,  80 μm, were re a c te d  in  0 .05  M a c e ta te  
b u f fe r  (pH 3 .3 ) f o r  l i g h t  m icroscopy and phosphate b u f fe r  (pH 6 .0 ) 
fo r  EM. For TMB-GOD, p re in c u b a tio n  fo r  20 min in  0.08% ammonium 
brom ide, 0.1% sodium n i t r o f e r r i c y a n id e ,  2% g lu c o se , 0.48% TMB, was 
fo llow ed by in c u b a tio n  w ith  th e  a d d i t io n  o f 100 u n i t s / 100 ml of GOD 
(Sigma #G-6500). The Mesulam m ix tu re  con ta in ed  0.03% H2 O2 . 20 min 
in c u b a tio n s  were g e n e ra lly  o p tim a l. For l i g h t  m icroscopy, s e c t io n s  
were b r i e f ly  washed in  th e  b u f fe r  and mounted. For EM, s e c t io n s  
were osm icated  fo r  one h a t  room tem p era tu re  in  2% OsO4 in  0 .1  M 
phosphate b u f fe r  (pH 6 .0 ) ,  dehydra ted  in  80%, 90% and 3 × 100% 
ace to n e  fo r  7 min each , and embedded in  S p u r r 's  r e s in .  U lt r a th in  
co ro n a l s e c t io n s  of th e  upper 300 μm of th e  SC were cu t and g r id  
s ta in e d  w ith  le a d  c i t r a t e .  In  th e  l i g h t  m icroscope th e  GOD 
r e a c t io n  produced much le s s  a r t e f a c t  and a deeper s ta in in g  of HRP 
than  seen in  th e  a d ja c e n t Mesulam m a te r ia l ,  e s p e c ia l ly  n o t ic e a b le  
in  s e c t io n s  th a t  had been s to re d  fo r  days . In  th e  EM th e  number 
o f membrane-bounded p r o f i l e s  th a t  co n ta in ed  TMB-HRP c r y s ta l s  was 
counted in  th e  s u p e r f ic i a l  reg io n  o f th e  s tra tu m  griseum  su p er
f i c i a l e (SGS), i . e .  m ajor zone of o p t ic  te rm in a tio n s . In  th e  TMB- 
GOD-reacted m a te r ia l  th e re  was app rox im ate ly  tw ice  th e  number of 
such p r o f i l e s  as  in  th e  M esulam -reacted s e c t io n .  Even more 
s t r i k i n g ,  c r y s ta l s  in  m ye lina ted  axon p r o f i l e s  were seen on ly  
r a r e ly  in  th e  Mesulam m a te r ia l ,  b u t were r e l a t i v e ly  common in  th e  
TMB-GOD.

In  th e  s e c t io n s  th e re  were on av e rag e  about 20 la b e l le d  
p r o f i l e s  (alm ost a l l  te rm in a ls )  p e r 900 μm2 o f th e  upper 60 μm of 
SGS, which r e c e iv e s  a dense o p tic  p ro je c t io n .  I f  th e  "d ia m ete r"  of 
th e se  te rm in a ls  i s  tak en  to  be 2 μm o r  l e s s ,  th en  one can e s tim a te  
a low er l im i t  f o r  t h e i r  t o t a l  number in  t h i s  zone as abou t 3 × 106 . 
I f  a l l  o f th e  ap p rox im ate ly  120,000 axons in  th e  o p t ic  nerve  had 
c o n tr ib u te d  to  t h i s  p o p u la tio n , then  on average each axon would 
pro v id e  a t  l e a s t  25 bou to n s . S ince many u n la b e led  presum ptive 
o p t ic  te rm in a ls  were seen , t h i s  i s  a g ro ss  u n d e re s tim a te .

(Supported  by MRC Canada)

423.6 TRACT-TRACING WITH HRP AND COBALT IN POST-MORTEM HUMAN BRAINSTEM. 
T.G. Beach* and E.G. McGeer (SPON: P.C.K. Leung). Kinsmen 
Laboratory of Neurological Research, Dept of Psychiatry , Univ. of 
B ritish  Columbia, Vancouver, B .C., V6T 1W5, Canada.

The in troduction  of anterograde and retrograde tra c e rs  has 
revolu tionized  experimental neuroanatomy. U nfortunately, these  
techniques usually involve the in jec tio n  of a compound in to  the 
liv in g  brain and so cannot be used for the e luc idation  of human 
neuroanatomy. C ertain of these methods have been adapted to in 
v itro  p repara tions , however, and we have found tha t m odifications 
of these published methods (J .F . l i e s ,  B. Mulloney, Brain Res. 
30:397, 1971; P. Ekstrom, J .  Neurosci. Meth. 15:21, 1985) are 
su cc e ss fu l in  d em onstra ting  connections in  th e  post-m ortem  human 
brainstem and adjacent cerv ical spinal cord. Five human autopsy 
cases were used; th e ir  ages ranged from 70 to  92. All had died 
without evidence of neurological d iso rd e r. Post-mortem delay 
ranged from th ree  to  five  hours. Three of these were used for HRP 
stud ies (using the method of Ekstrom cited  above), and two fo r 
cobalt s tud ies (using a lib e ra l m odification of lie s  and Mulloney, 
c ited  above). For the HRP method: HRP c ry s ta ls  were applied 
d ire c tly  to  the righ t dorsal columns at the Cl le v e l, rinsed away 
with PBS a f te r  5 minutes, and the e n tire  brainstem incubated in 
Dulbecco's modified Eagle medium a t 4°C fo r 24-48 hours. Two mm 
transverse  s lic e s  were taken and immersed fo r one hour in 2.5% 
glutaraldehyde a t room tem perature, then le f t  overnight in 15% 
sucrose/PBS a t 4°C. 50-100μm sections were cut on a freezing  
microtome and were reacted with a diam inobenzidine/nickel ammonium 
su lfa te  so lu tion  for 20 minutes. The cobalt method involved back
f i l l i n g  the stumps of cran ial nerves III and IV by t r a i l in g  the 
nerves in to  Eppendorf tubes f i l le d  with 0.3M CoCl2 and sealed with 
vase line . The e n tire  brainstem with attached Eppendorf was incuba
ted in PBS at 4°C fo r 48 hours, s liced  in to  2mm transverse  segments 
fo r 400 μm sections on the freezing  microtome, reacted with 1% 
ammonium su lfid e  fo r 20 minutes a t room tem perature, fixed in 2.5% 
glutaraldehyde at room tem perature, and e ith e r  mounted d ire c tly  
onto s lid e s  (400μm sec tions) or embedded in p a ra ffin  and sectioned 
a t 10μm (2mm s l ic e s ) .  Upon examination, the HRP-treated sections 
showed heavy te rm in a l-lik e  labeling  in the ip s i la te r a l  dorsal horn 
up to  the spinal cord-medullary tra n s it io n  (about 3-4 mm). The 
substan tia  ge la tinosa was espec ia lly  heavily labe led . A few la b e l
ed neuronal perikarya were seen in the ip s i la te r a l  dorsal horn. 
Labeled axons were seen in the ip s i la te r a l  fa sc icu li g ra c il is  and 
cuneatus up to  1 cm from the app lication  s i t e .  C obalt-trea ted  sec
tions  displayed labeled perikarya and fib e rs  w ithin the cen tra l 
courses of the tre a ted  nerves. This represented a tra v e lle d  d is 
tance of 1-2.5 cm. As these observations are en tire ly  consisten t 
with knowledge regarding these pathways, both methods appear to  be 
su itab le  fo r tra c t- t r a c in g  in post-mortem human brainstem .

423.7 DENSE FILLING OF NEURONS AND GLIA CELLS AND THEIR PROCESSES WITH 
HRP APPLIED TO PRE-FIXED TISSUE. G.H. Kageyama and R .L . Meyer, 
Dev. B io l .  C en te r , U niv. o f C a l i f . ,  I r v in e ,  CA 92717.

H o rse rad ish  p e ro x id ase  (HRP) has proven to  be a  v a lu a b le  
t r a c e r  f o r  n e u ro b io lo g ic a l re s e a rc h  in  l i v e  t i s s u e .  The p re s e n t 
s tu d y  exam ines i t s  u s e fu ln e ss  f o r  la b e l in g  c e l l s  in  p re - f ix e d  
t i s s u e .  Of s e v e ra l  methods o f f ix a t io n  and HRP a p p l ic a t io n ,  th e  
fo llo w in g  worked w e ll :  HRP + 2% DMSO was a p p lie d  to  t i s s u e  th a t  
had been p re - f ix e d  w ith  2.5% paraform aldehyde and 1.5% 
g lu ta ra ld e h y d e  fo r  a  p e r io d  o f 1 hour to  s e v e ra l  m onths, e i th e r  
by im m ersion o r b e s t  by t r a n s c a r d ia l  p e r fu s io n . A fte r  tho rough ly  
r in s in g  th e  t i s s u e  in  0 .1  M P04 b u f f e r ,  HRP was e i t h e r  in je c te d  
in t o  f ix e d  b ra in  s l i c e s  o f m ice, r a t s  or c a t s  w ith  a  H amilton 
s y r in g e , o r was a p p lie d  to  th e  o p t ic  nerve  o f  g o ld f is h  w ith  a 
s h o r t  p ie c e  o f p o ly e th y le n e  tu b in g  glued in to  p la ce  and capped 
w ith  ta cky  wax. A fte r  1-14 days a t  4°C, v ibra tom e o r f ro zen  
s e c t io n s  were c u t  a t  20-60 μm and re a c te d  w ith  e i t h e r  Adams' 
( '7 7 )  in t e n s i f i e d  DAB r e a c t io n ,  o r H anker-Y ates re a g e n t .  Three 
c o n d itio n s  were p a r t i c u l a r ly  im p o rtan t f o r  s u c c e s s fu l f i l l i n g :  
good f ix a t io n  to  p re se rv e  membranes, long a p p l ic a t io n  p e rio d  to  
a llo w  fo r  i n t r a c e l l u l a r  d i f f u s io n ,  and minimal e x t r a c e l lu la r  
d i f fu s io n  to  reduce  background. When th e s e  c o n d itio n s  were m et, 
we found s o l id  f i l l i n g  o f n eu rons , in c lu d in g  d e n d r i te s ,  axons and 
te rm in a l a rb o rs  f o r  d is ta n c e s  o f  s e v e ra l  hundred μm 's . In  
mammals, s e le c t i v e  i n j e c t io n  in to  th e  d e s ire d  n u c leu s  o r f ib e r  
t r a c t  a llow ed  v is u a l iz a t io n  o f s in g le  n eu ro n s , neu ro n a l c l u s t e r s ,  
d e n d r i t ic  b u n d le s , bund le s  o f g l i a l  p ro c e s s e s , and te rm in a l 
a r b o r iz a t io n s  o f axons. In  g o ld f i s h ,  o p t ic  nerve  axons and 
te rm in a l a rb o r iz a t io n s  were d en se ly  f i l l e d  to  p o s te r io r  tectum  (a  
d is ta n c e  o f  abou t 5 m m 's). L arger d iam ete r a x o n s  an d /o r 
d e n d r i te s  tended  to  be p r e f e r e n t i a l l y  f i l l e d  in  sh o r t- te rm  
in j e c t io n s .  O c c a s io n a lly , t r a n s c e l lu l a r  la b e l in g  o f neurons and 
g l i a  was a l s o  o bserved , presum ably by d i f fu s io n  a c ro s s  b reak s  in  
th e  axon-neuron o r  a x o n -g l ia  membranes. E le c tro n  m icroscopy 
re v e a le d  c l e a r ly  lo c a l iz e d  e le c tro n  dense r e a c t io n  p ro d u c t and 
e x c e l le n t  u l t r a s t r u c t u r a l  d e t a i l  o f  bo th  la b e le d  p r o f i l e s  and 
u n la b e led  su rro u n d in g  n e u ro p i l .

T h is  method has a  number o f  p o te n t ia l ly  u s e fu l  a p p l ic a t io n s :  
B iopsied  o r  im mersion f ix e d  t i s s u e  may be u sed . S ev e ra l re g io n s  
o f  one b ra in  may be in d e p en d en tly  la b e le d .  By d is s e c t io n ,  
in j e c t io n s  may be made under d i r e c t  v is u a l  c o n t r o l .  R apidly 
o c c u rr in g  e v e n ts  can  be " fro z e n "  in  tim e by f i x a t io n .  E f f o r t s  a t  
i n j e c t in g  s in g le  c e l l s  in  f ix e d  t i s s u e  a re  now in  p ro g re ss  w ith  
th e  hope o f  exam ining bo th  th e  g ro ss  morphology and 
u l t r a s t r u c t u r e  o f s in g le  c e l l s .

T h is  work was suppo rted  by NIH G rant No. 16319 and a Monsanto 
P o s td o c to ra l T ra in in g  Fund.

423.8 NONSPECIFIC ASSOCIATION OF DIAMINOBENZIDINE-HORSERADISH PEROXIDASE 
CHROMAGEN WITH SUBCELLULAR ORGANELLES OF THE NERVOUS SYSTEM. 
Michael R. W ells and Urmi Vaidya. Neurochemistry Research Labor
a t o r i e s (151S) ,  V eterans A dm in istra tion  and Department of Physio
logy, George Washington U niversity , Washington, D.C. 20422.

The h o rs e ra d ish  p e ro x id a se  (HRP)induced o x id a tio n  of 3 ' ,  
3 '-diaminobenzidine (DAB) i s  o ften  used in a ttem p ts  to  lo c a l iz e  
m olecu les in the  nervous system . As c o n tro l p rocedu res  fo r  
immunocytochemistry u sually  focus on the nonspecific in te r a c t io n s  
o f the  prim ary  an d /o r secondary  a n t i s e r a  w ith in  t is s u e s ,  the 
adsorption o f th e  chromagen i t s e l f  w ith in  th e  t i s s u e  to  sub- 
c e l l u a l r  o rg a n e lle s  i s  no t o f te n  c o n s id e re d . At th e  u l t r a -  
s tru c tu ra l le v e l,  however, nonspecific adsorption and d iffu sio n  of 
chromagen even over short d istances could obscure the prospective 
s u b c e l lu la r  l o c a l iz a t io n  of a molecule (Novikoff, J . Histochem. 
Cytochem. 28: 1036, 1980). To examine the possib le  art i fa c ts  which 
could  a r i s e  from n o n s p e c if ic  reac tio n  of DAB chromagen with CNS 
tis s u e s ,  HRP was in fu sed  in to  s e c tio n s  o f c e re b ra l  c o rtex  and 
im m ediate ly  re a c te d .  A dult r a t s  (300 g. body w t.) were perfused 
through the heart with 4.5% paraformaldehyde, 0.5% g lu ta ra ld eh y d e  
in 0 .1  M cacodyl a te ,  pH 7.4. Coronal sections of cerebral cortex 
were made a t 30-40 um on a vibratome. Sections were s to red  fo r  12 
hours a t 4°C in  phosphate  b u ffe red  s a l in e  c o n ta in in g  2 mg/ml 
g lycine to quench a ll f ree  aldehyde groups. HRP (Sigma type VI) 
was in tro d u ced  in to  s e c tio n s  by two methods: (1) sec tions were 
soaked in a 100ug/ml so lu tion  of HRP in phosphate buffered  s a l in e  
in  0.3% T r ito n  × 100 o v e rn ig h t;  (2) s ec tio n s  were sonicated 30 
minutes in 100 ug/ml HRP in phosphate buffered sa lin e . In both in 
s ta n c e s ,  s e c t io n s  were reacted  immediately with DAB according to 
the method of Graham and Karnovsky (1966). Tissues were postfixed 
w ith 2% osmium te tro x id e ,  f l a t  embedded in Epon and sectioned on 
an ultram icrotom e. Sections were examined u n s ta in ed  or s ta in e d  
with uranyl a ce ta te . In both infusion procedures, HRP-DAB reaction  
product was formed in the t is s u e  m atrix and associated  non s p e c i f 
ic a l ly  with su b ce llu la r o rg an e lle s . The reaction  was exaggerated 
in sonicated t i s s u e s .  Chromagen could be seen a s s o c ia te d  in a 
nonrandom manner w ith c e l l  membranes, ribosom es, m itochondria, 
m icro tub lu les, postsynaptic d e n s it ie s ,  presynaptic v e s ic le s ,  c e l l  
n u c le a r  chrom atin  and n u c le o l i .  The b ind ing  in some instances 
mimicked " s p e c if i c "  p a t te rn s  o f b ind ing  in immunocytochemical 
p repa ra tions . This in d ica tes  th a t while the presence or absence of 
a molecule in a p a r tic u la r  region of a c e l l may be d e te c te d  w ith 
DAB chromagen, i t s  p rec ise  u ltra s tru c tu ra l  lo c a liza tio n  may not be 
r e l ia b le .  The d a ta  su g g es t th a t  n o n s p e c if ic  a d so rp tio n  of DAB 
chromagen may produce serious a r t i f a c ts  which must be considered 
in the in te rp re ta tio n  of the su b ce llu la r lo c a liz a tio n  of molecules 
a t the u ltr a s tru c tu ra l  level in nervous system.
Supported by the Veterans A dm inistration.
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423 9 COMPARATIVE STUDY OF QUINOLINE COMPOUNDS AS REAGENTS FOR THE 
HISTOFLUOROMETRIC DETECTION OF ZINC IN HIPPOCAMPUS AND OTHER 
BRAIN REGIONS. E .  J .  K a s a rsk is , D .  Ri ngo*, and C.  J .  
F red e rick so n * . D ept. N eurology, VA and Univ. Kentucky Med .  
C t r s . , Lexington  KY 40536 and U niv. Texas a t  D a lla s , R ichardson 
TX 75080.

S tu d ie s  from our la b o r a to r ie s  have e s ta b l is h e d  2 -m e th y l-8 - 
h y d roxyqu ino line  (M-HQ) a s  a h is to f lu ro m e t r ic  probe o f th e  Zn 
poo l lo c a l iz e d  to  th e  hippocam pal mossy f ib e r  p ro je c t io n  (Soc. 
N eu ro sc i. A b s tr . 11:438, 1985). The p re s e n t in v e s t ig a t io n  
determ ined  th e  s p e c i f i c i t y  and i n t r i n s i c  f lu o re sc e n c e  o f  a 
s e r ie s  o f q u in o lin e  c h e la te s  w ith  c a t io n s  o f n e u ro b io lo g ic a l 
re lev an ce  (Zn, Ca, Mg).

The fo llo w in g  compounds were s tu d ie d : 8-hydroxyquinol in e  
(HQ); M-HQ; 8 -h y d ro x y q u in o lin e -5 -su lfo n ic  a c id  (SA-HQ); and N- 
(6 -m e th o x y -8 -q u in o ly l)-p -to lu n e su lfo m an id e  (TS-HQ). E x c ita -  
t io n /e m is s io n  maxima were determ ined fo r  th e  c h e la te s  formed by 
a d d i t io n  o f each  q u in o lin e  and equim olar amounts o f e i t h e r  Zn, 
Ca, o r Mg (ImM in  EtOH). For h i s to l o g ic a l  s tu d ie s ,  s e c t io n s  o f 
fro z e n  b ra in  were c u t a t  40 um, thaw-m ounted, s ta in e d  w ith  
q u in o lin e s  (0.01% w/v in  a c e to n e ) , and examined w ith  a L e itz  
f lu o re sc e n c e  m icroscope.

The q u in o lin e  c h e la te s  o f  Zn e x h ib ite d  th e  g r e a t e s t  
f lu o re sc e n c e  compared to  e i t h e r  Ca o r Mg. On an equim olar 
b a s i s ,  th e  i n t e s i t y  s e r ie s  f o r  th e  Z n -q u in o lin e s  was: TS-HQ > 
M-HQ > HQ > SA-HQ (1 0 0 :6 :3 :1 ) .  M oreover, bo th  TS-HQ and M-HQ 
showed a g r e a t  s e l e c t i v i t y  f o r  Zn w ith  a  f lu o re sc e n c e  in t e n s i ty  
r a t i o  o f  app rox im ate ly  10:1 com paring e i t h e r  Zn:Ca o r  Zn:Mg. 
F luo rescence  v a r ie d  l i n e a r l y  over a wide range o f Zn 
c o n c e n tra t io n s  in  v i t r o .

As w ith  M-HQ, th e  hippocam pal mossy f i b e r  p ro je c t io n  was 
in te n s e ly  f lu o re s c e n t  a f t e r  s ta in in g  w ith  TS-HQ. However, th e  
g r e a te r  TS-HQ f lu o re sc e n c e  id e n t i f i e d  o th e r  b ra in  reg io n s  
p o s i t i v e  fo r  Zn in  th e  fo llo w in g  rank  o rd e r :  hippocampus > 
amygdala > c e re b ra l  is o c o r te x  ex c lu d in g  la y e r  4 > bed n u c leu s  
o f  s t r i a  te rm in a l is  > l a t e r a l  septum > s tr ia tu m . S e n s i t i v i ty  to  
changing Zn c o n c e n tra t io n s  was dem onstra ted  by o b serv in g  
in c re a s in g  f lu o re sc e n c e  d u rin g  p o s tn a ta l  developm ent o f  th e  
mossy f ib e r  system . These r e s u l t s  in d ic a te  th e  p o te n t ia l  
u t i l i t y  o f  TS-HQ in  in v e s t ig a t in g  th e  neuroanatom ic 
d i s t r i b u t io n  and fu n c t io n  o f Zn in  th e  CNS. (Supported  by th e  
VA R esearch  S e rv ic e  and G ran ts  Nos. AA05931, NS00768).

423 10 MICROPHOTOMETRIC DETERMINATION OF SUCCINIC 
DEHYDROGENASE (SDH) ACTIVITY FROM TISSUE SECTIONS 
USING AN IMAGE PROCESSING SYSTEM. C.E. B lanco* . G.C. 
S le e k , R.D. S ack s* , and V.R. Edge r t o n . D ep t. o f  Res
p i r a t o r y  D ise a se s , C ity  o f  Hope M edical C e n te r, 
D u a r te , CA 91010 and D ep ts . o f  Anatomy and 
K in e s io lo g y , UCLA School o f  M edicine, Los A ngeles, CA 
90024.

A method f o r  q u a n t i fy in g  th e  SDH a c t i v i t y  o f 
m uscle f i b e r s  in  c r o s s - s e c t io n  was d ev e lo p ed , which 
u se s :  th e  r e d u c t io n  o f  n i t r o b lu e  te t r a z o l iu m  (NBT) to  
i t s  d ifo rm azan  a s  th e  r e a c t io n  in d i c a to r ;  1-m ethoxy- 
p h en az in e  m e th o su lfa te  (mPMS) a s  th e  exogenous e l e c 
t r o n  c a r r i e r ?  and sodium a z id e  to  i n h i b i t  cytochrom e 
o x id a s e . The re d u c t io n  o f  one mole o f  NBT to  i t s  
d ifo rm azan  i s  c h e m ic a lly  e q u iv a le n t  to  th e  fo rm a tio n  
o f  one mole o f fu m a ra te . D e n s ito m e tr ic  m easurem ents 
were made u s in g  a m icroscope in te r f a c e d  to  an image 
p ro c e s s in g  system  (IP S ) . Measurement e r r o r  a t t r i b u 
ta b l e  to  th e  uneven r e c e p t io n  o f  l i g h t  by th e  sc an n er 
was red u ced  to  4% by a r i t h m e t i c a l ly  s u b t r a c t in g  an 
"empty" image from th e  sam ple im age. S ince  NBT 
d ifo rm azan  has a maximum abso rb an ce  a t  a w aveleng th  
o f  560 nm, an in te r f e r e n c e  f i l t e r  was used  to  l im i t  
th e  s p e c t r a l  ran g e  o f  th e  v id eo  sc a n n e r . The g rey  
l e v e l s  (0 to  255) o f  th e  IPS were c o n v e rte d  to  o p t i 
c a l  d e n s i ty  (O .D .) u n i t s  based  on c a l i b r a t i o n  w ith  a 
p h o to g ra p h ic  d e n s i ty  stepw edge. A l i n e a r  r e l a t i o n 
sh ip  was obse rv ed  betw een th e  m easured O.D. and th e  
NBT d ifo rm azan  c o n c e n tr a t io n  o f  a s e r i e s  o f  g e l s .

The in c u b a tio n  medium co m p o sitio n  w hich o p tim ized  
th e  enzym atic  r e a c t io n  in c lu d e d : 80 mM s u c c in ic  a c id ,  
1 .5  mM NBT, 1 mM mPMS, 0 .75  mM sodium a z id e ,  5 mM 
EDTA in  a 100 mM p h o sp h a te  b u f f e r  (pH =7.60). The 
s u b s t i t u t i o n  o f  p h en az in e  m e th o su lfa te  and cy an id e  
w ith  mPMS and a z id e  s i g n i f i c a n t l y  reduced  th e  amount 
o f  n o n s p e c if ic  s t a in in g .  The enzym atic  r e a c t io n  
( i . e .  change in  O .D .) was l i n e a r  w ith  r e s p e c t  to :  1) 
th e  tim e  o f in c u b a tio n  ( fo r  a t  l e a s t  10 m in ); and 2) 
s e c t io n  th ic k n e s s  (from  4 - 2 0  um). The a d d i t io n  o f 
m alon ic  a c id  to  th e  in c u b a tio n  medium in h ib i t e d  th e  
r e a c t io n .  These d a ta  su g g e s t t h a t  th e  SDH a c t i v i t y  
o f  s in g le  m uscle f i b e r s  can  be m easured in  t i s s u e  
s e c t io n s .  
(S u p p o rted  by NIH g r a n ts  HL29999-03 and NS16333.)

423.11 THE POTATO AS MODEL NEURON: or COUNTING SECTIONED CELLS. R.D. Rose & Daniel 
Rohrlich*. Dept. of Neurobiology and Behavior & In s t i tu te  fo r Theoretical 
Physics, SUNY, Stony Brook NY 11794

Typical ly  c e l l  count co rrec tions (e.g. Abercrombie 1946 Anat. Rec.) 
depend on the a b i l i ty  to  d is tin g u ish  subcellu la r s tru c tu res  (e.g. 
nucleoli) and fragments of these s tru c tu res  produced during sectioning. 
While i t  is  easy to  d is tingu ish  in tensely  labeled somal p ro f ile s  in 
sectioned m a te ria l, i t  is  o ften  d i f f i c u l t  to  recognize subcellu lar 
s tru c tu res  and p a rtic u la r ly  some of th e ir  sm aller fragments.

We use the histogram of p ro f ile  sizes and section  thickness to  
reconstruc t the number of somata present. P ro file s  are  recognizable somata 
or somal fragments. The la rg e s t p ro f ile s  come from the la rg e s t ce lls . 
Large c e lls  w ill  ty p ica lly  produce sm aller p ro f ile s  as w ell. Assuming 
c e lls  to  be spherical, the re la tiv e  frequency, i.e. kernel, of such 
sm aller p ro f ile s  can be ca lcula ted . From the number of p ro f ile s  in the 
right-m ost histogram bin, which contains the la rg es t p ro f ile s , the number 
of c e lls  of th a t s ize  is  determined. The righ t-m ost bin of the p ro f ile  
histogram is  thus tra n sla ted  in to  a number of c e lls  of th a t size. The 
kernel then p rescribes the number of p ro f ile s  to  be subtracted from a l l  
the o ther b ins to  co rrec t for sm aller p ro f ile s  generated from the la rg es t 
c e lls . This procedure is  repeated for the new p ro f ile  d is tr ib u tio n , 
recursively . Thus the measured p ro f ile  histogram is  tran sla ted  in to  a c e ll  
size  histogram. Summing the number of c e lls  in each bin gives an accurate 
reconstructed c e l l  number (see e.g. Fig. 1 below). Note th a t a c e ll  size  
histogram is  a by-product of (h is  method (Fig. 2).

Most somata, however, a re  not spherical. The a b i li ty  of the  technique 
to  reconstruc t, from s lic e s , non-sphe r ic a l c e l ls  was te s ted  using Long 
Island potatoes (a va rie ty  chosen fo r i t s  p a r tic u la r ly  gnarled 
morphology). 92 potatoes were slic ed  a t  25mm. The s lic e s  were used fo r the 
reconstructions i l lu s tra te d .

Reconstruction from ( i)  a sample of 30 neurons in tra c e l lu la r ly  labeled 
w ith Lucifer, and ( i i )  a computer sim ulation of those same c e l ls ,  showed 
th a t missing sm all or unrecognizable p ro f ile s  does not s ig n ifican tly  
a ffe c t re s u lts .  S t i l l  o ther sim ulations ind ica te  th a t th is  method is  
robust in  th a t i t  is  in sen s itiv e  to  section  thickness, sample size  and 
somal morphology. The method is  especia lly  usefu l fo r densely labeled 
c e lls  or cases where the c e l l  s ize  d is tr ib u tio n  is  desired. Supported by 
NIMH 08323 (RDR), NSF-FHY 81-09110A (DR) & NIH NS14889 & NS16996 to  L. 
Mendel1.
Figure 1: E ffec t of Bin Width Figure 2: A Sample Reconstruction

Used fo r Analysis Bin Width = 5 mm

423.12 MORPHOLOGIC APPEARANCE AND PROJECTIONS OF NEURONS IN CAT 
LUMBAR PARAVERTEBRAL CHAIN GANGLIA. W.H. P ercy ,*  J .  Walsh* & 
J .  K r ie r . D epartm ents o f  Physio logy  and B iom echanics, Michigan 
S ta te  U n iv e rs ity , E ast Lansing , MI 48824-1101.

Experim ents were performed to  study  in  v i t r o  th e  
m orphologic appearance o f neurons in  th e  c a t  lumbar 
p a ra v e r te b ra l g an g lia  and to  determ ine i f  t h i s  could be 
c o r re la te d  w ith  i d e n t i f i a b le  e le c tro p h y s io lo g ic a l 
c h a r a c t e r i s t i c s .  L e ft o r r ig h t  L3, L4 o r L5 g a n g lia  were 
pinned ou t in  v i t r o  and c e l l s  im paled w ith  60-80M Ω r e s is ta n c e  
e le c tro d e s  f i l l e d  w ith  a 5% h o rs e ra d is h  peroxidase(HRP)/3M  KCl 
s o lu t io n .  HRP was in je c te d  in to  c e l l s  by passage o f 
d e p o la r iz in g  c u r re n t p u lse s  (1 .5 -2 .5nA , 200msec, 0 .5H z, fo r 5 
min) through th e  reco rd in g  e le c tro d e .  C e lls  were c l a s s i f i e d  as 
"g rad ea b le"  or "n o n -g radeab le"  on th e  b a s is  o f  th e  number o f 
f a s t  sy n a p tic  p o te n t ia ls  evoked du rin g  e l e c t r i c a l  s tim u la t io n  
o f  p reg a n g lio n ic  f ib e r s .  C e lls  f i l l e d  by i n t r a c e l lu l a r  HRP 
in j e c t io n  were found to  have two c h a r a c te r i s t i c  appearances. 
[50% : n=5] were s p h e r ic a l w ith a c e l l  r a d iu s  o f  15-20μ and 
surrounded w ith  a dense d e n d r i t ic  network c o n s is tin g  o f 
upwards o f  12 f ib e r s .  The rem ainder [50% : n=5] were fu s ifo rm  
being  10–30μ in  th e  s h o r t  a x is  and 40-8μ  in  th e  long a x is , 
w ith  a t o t a l  o f  fewer than  10 long  (up to  600μ) p ro je c tio n s  
from th e  p o le s . P ro je c tio n s  from th e  fu s ifo rm  c e l l s  were 
always seen to  run in  a caudal to  r o s t r a l  o r ie n ta t io n  w hile  
p ro je c t io n s  from th e  s p h e r ic a l c e l l s  showed no obvious 
p o l a r i t y .  There was no appa ren t c o r r e la t io n  between e i th e r  
ty p e  o f  c e l l  and th e  number o f f a s t  sy n a p tic  p o te n t ia l s ,  
a c tio n  p o te n t ia l s ,  transm embrane p o te n t ia l  o r th e  a c tio n  
p o te n t ia l  d isch a rg e  o f  th e  c e l l  in  response  to  th e  passage o f 
d e p o la r iz in g  c u r re n t p u ls e s . S econdly, to  in v e s t ig a te  in  v ivo 
v i s c e r a l ,  ascend ing  and descending p ro je c tio n s  o f th e se  
neurons e i th e r  lumbar co lo n ic  and h y p o g as tr ic  nerves were 
s e c tio n ed  b i l a t e r a l l y  or both p a ra v e r te b ra l cha in s  were 
se c t io n e d  between L3 and L4 o r between L5 and L6. The 
a p p ro p r ia te  cu t ends were p laced  in  HRP fo r  1 .5 -2  hou rs . At 72 
hours bo th  l e f t  and r ig h t  cha in s  were removed. R etrograde 
axonal t r a n s p o r t  experim en ts showed (a ) t h a t  th e  p ro p o rtio n s  
o f  c e l l s  p ro je c t in g  to  th e  v ic e ra  were:
L e f t  : L1( 0 ) ,L 2 (14%),L3(75% ),L4(10%),L 5 (1%): T o ta l c e l l s  2376 
R ig h t: L1(0),L2(26% ),L3(65% ),L4(8% ), L5(0) : T o ta l c e l l s  1720 
and (b) th a t  p ro je c t io n s  o f c e l l s  descend w ith in  th e  chain  
over fo u r (T13-L3) and th re e  (L2-L5) segm ents and ascend fo r 
a t  l e a s t  two (L6-L 4). (AM29920)
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423.13 AN IMPROVED GOLGI STAIN FOR FORMALIN-FIXED ADULT HUMAN MATERIAL. 
E. Armstrong and B. P a rk e r*, D epartm ent of "Anatomy, L ou isiana  
S ta te  U n iv e rs ity  M edical C en te r, New O rlean s , LA 70112-1393.

D ichrom ate G olgi te ch n iq u es  a re  w idely  used to  v is u a l iz e  
d e n d r i t ic  sh ap es . O ptim al im pregnation  of neurons in  t i s s u e  which 
has been f ix e d  by im mersion in  10% n e u t r a l  b u ffe re d  fo rm a lin  i s  
p ro b le m a tic , and th i s  poses s e r io u s  problem s fo r  v is u a l iz in g  
neurons in  human t i s s u e .  We have m odified  B ra ite n b e rg  e t  a l . ' s  
te chn ique  (S ta in  T echnol. 42 , 1967) to  in c re a s e  the  number of 
f u l l y  im pregnated  neurons and dec re a se  the  tim e re q u ire d  fo r  
p ro c e ss in g  a d u l t  human t i s s u e .

T issu e  b lo ck s  were taken  from human and o th e r  p rim ate  b ra in s  
f ix e d  by im mersion in  10% n e u t r a l  b u ffe re d  fo rm a lin . The b locks  
a re  lo o s e ly  wrapped in  c o t to n  gauze and p laced  in  a 3% po tassium  
dichrom ate s o lu t io n  in to  which a second o x id iz e r ,  3% H2O2, i s  
added. A wooden s t i c k  h o ld s  th e  gauze down and c e n te r s  th e  t i s s u e  
in  th e  s o lu t io n .  The s o lu t io n  i s  microwaved fo r  6-8 h o u rs . The 
t i s s u e  i s  pu t in to  a f r e s h  s o lu t io n  of e q u iv a le n t c o n c e n tra t io n s  
o v e rn ig h t. The n ex t m orning t i s s u e  b lo ck s  a re  submerged in  a 3% 
K2Cr2O7 so l u t io n w ith o u t any H2O2 and ag a in  microwaved fo r  6-8 
h o u rs . F ollow ing th i s  the  b lo c k  i s  p laced  in to  a f r e s h  3% 
dichrom ate s o lu t io n  o v e rn ig h t. The n ex t morning th e  t i s s u e  i s  
r in s e d  and th en  p laced  in  100 ml 0.75% AgNO3 fo r  2-4 days. We 
s e c t io n  w ith o u t embedding th e  t i s s u e  in  c e l lo id in  (we ro u tin e ly  
c u t a t  100-150 um). The d eh y d ra tio n  and c le a r in g  s te p s  fo llow  
s ta n d a rd  G olgi p ro ced u re s .

P yram idal c e l l s ,  p a r t i c u l a r ly  th o se  in  the  low er c o r t i c a l  
la y e r s ,  a re  th e  most f r e q u e n t ly  im pregnated neu rons . Spines a re  
e a s i ly  v is u a l iz e d  on th e i r  d e n d r i te s .  Except fo r  th e  proxim al 
ends , axons a re  n o t seen . Small s te l la te - s h a p e d  neurons a re  
o c c a s io n a lly  s ta in e d .  Both g l i a  and blood v e s s e ls  a re  a lso  
im pregnated , b u t g e n e ra lly  n o t in  s u f f i c i e n t  p ro fu s io n  to  obscure 
th e  neu rons .

Supported by NSF G rant BNS-8204480.

423.14 IMMUNOCYTOCHEMICAL EVIDENCE FOR GM1 GANGLIOSIDE IN LARGE, CARBONIC 
ANHYDRASE CONTAINING DORSAL ROOT GANGLION CELLS OF THE RAT.
B. R obertson* and G. G ra n t. D ep t. o f Anatomy, K aro lin ska  I n s t i t u t e t ,  
S-104 01 Stockholm, Sweden.

In a p rev io u s  study in  which e i th e r  WGA-HRP o r choleragenoid-HRP 
(B-HRP) was in je c te d  in to  the  r a t  L5 d o rsa l ro o t gang lion  (DRG) 
m arkedly d i f f e r e n t  la b e l l in g  p a t te rn s  were found in  the s p in a l grey 
m a tte r  w ith  th e  two t r a c e r s  (R obertson , B. and G ran t, G. N eu ro sc i. 
14 :895-905, 1985). The m arg inal zone and the  s u b s ta n t ia  g e la tin o s a  
were th e  most in te n s e ly  la b e l le d  reg io n s  fo llo w in g  WGA-HRP in j e c 
t i o n s .  These reg io n s  were alm ost devoid of la b e l l in g  fo llow ing  B- 
HRP in j e c t io n s ,  a f t e r  which th e  deep d o rsa l horn and th e  v e n tr a l  
horn showed dense la b e l l in g .  A g re a te r  number of la rg e  than  sm all 
c e l l s  appeared  to  be la b e l le d  in  th e  in je c te d  g a n g lia . Since i t  i s  
g e n e ra lly  accep ted  th a t  la rg e -d ia m e te r  DRG c e l l s  have m yelina ted  
p ro cesse s  which te rm in a te  in  th e  deep d o rsa l horn and v e n tra l  horn , 
th e se  r e s u l t s  suggest th a t  B-HRP i s  taken  up and tra n sp o r te d  prim a-  
r i l y  by la rg e -d ia m e te r  DRG neu rones.

In  th e  p re s e n t study th e  lo c a l i z a t i o n  o f th e  GM1 g a n g lio s id e , the 
re c e p to r  fo r  c h o le ra to x in  and c h o le rag en o id , the  b ind ing  subun it of 
c h o le ra to x in , was s tu d ie d  in  th e  r a t  L5 DRG. Female Sprague Dawley 
r a t s  were p e rfu sed  w ith  4% paraform aldehyde and 14% of a s a tu ra te d  
s o lu tio n  of p i c r i c  ac id  in  0.1 M PBS. F ive m icrons th ic k ,  ad ja c e n t 
c ry o s ta t  s e c t io n s  were cu t from th e  L5 DRG. H alf of th e  s e c t io n s  
were f i r s t  incubated  w ith  cho le rag en o id  and tr e a te d  immunocytoche- 
m ic a l ly . C holeragenoid  im munoreactive c e l l s  were then  examined fo r 
th e  p resence  o f one of th e  fo llow ing  enzymes o r n e u ro p ep tid e s : c a r 
bon ic  anhyd rase , f lu o r i d e - r e s i s ta n t  a c id  phosphatase (FRAP), sub
s tan c e  P (SP) and so m a to sta tin  (SOM).

The r e s u l t s  show th a t  a subpopu la tion  of the  DRG neurones ex h i
b i t  ch o le rag en o id  im m u n o reac tiv ity . The m a jo rity  of th e se  were 
la rg e -d ia m e te r  neu ro n es . The s tro n g e s t im m unoreactiv ity  was found 
in  a s s o c ia t io n  w ith  the  neu ronal plasm a membrane, but in te n s e  s t a i 
n ing  was a lso  seen in  th e  cytoplasm . A la rg e  p a r t  of th e  ch o le rag e 
no id  p o s i t iv e  c e l l s  a lso  showed carbon ic  anhydrase im m unoreactiv ity . 
A few c e l l s  were im m unoreactive to  cho le rageno id  and p o s i t iv e  to  
FRAP and a few were im m unoreactive bo th  to  cho le rag en o id  and SP. 
Im m unoreactiv ity  bo th  to  ch o lerageno id  and to  SOM o ccu rred  only  in  
one c e l l .

This study  p ro v id e s  evidence fo r  th e  lo c a l i z a t i o n  of the  GM1 r e 
c e p to r  predom inan tly  in  la rg e -d ia m e te r  DRG neurones and fo r  th e  pre
sence o f ca rb o n ic  anhydrase im m unoreactiv ity  in  a la rg e  p a r t  of 
th e se  neu rones .

423.15 DIFFERENTIAL STAINING TECHNIQUES FOR SENSORY AND MOTOR NERVE 
AXONS AND TERMINALS. R. B u tle r  and I.M . Payk*, Department o f 
Anatomy, McMaster U n iv e rs ity , H am ilton, O n ta r io , L8N 3Z5.

We m odified  U n gew itter’s (S ta in  Technol. 26, 73 (1951)) and 
Beermann and C assens’ (S ta in  T echnol. 51 , 173 (1976)) 
n o n -s e le c t iv e  s i l v e r  methods fo r  p e r ip h e ra l  nerve axons and th e i r  
te rm in a ls  by le n g th en in g  th e  tim e fo r  th e  p r e s ta in in g  tre a tm e n t 
o f  s e c t io n s ,  a d ju s t in g  th e  tim es o f  v a r io u s  s ta g e s  o f  th e  
s ta in in g  p rocedu res  and s e le c t in g  re a g e n ts  w ith  minimal c h lo r id e  
and su lp h a te  im p u r i t ie s .  These methods were ap p lied  to  B ou in 's  
f ix e d  m a te r ia l  embedded in  wax w ith  s e r i a l  s e c t io n s  up to  100 μm 
th i c k ,  c u t lo n g i tu d in a l ly .  The U ngew itter m o d if ic a tio n  s ta in e d  
sen so ry  axons and th e i r  te rm in a ls  very  w ell bu t f a i le d  to  g ive  
good im pregnations o f  motor f i b r e s .  In a d d i t io n ,  i t  marked 
in t r a f u s a l  muscle f ib r e s  w ith  a peppery s i l v e r  d e p o s it  w h ile  
s p a r in g  e x t r a fu s a l  f i b r e s .  The Beerman and Cassen method y ie ld ed  
e x c e l le n t  d e t a i l s  o f  motor axons and t h e i r  te rm in a ls  bu t r e s u l t s  
were very  poor on senso ry  f i b r e s .  Both senso ry  and motor methods 
worked re g a rd le s s  o f  w hether th e  n eu ra l e lem ents were m ature , 
r e g e n e ra tin g  o r  n e o n a ta l ,  and in  a wide v a r ie ty  o f  an im als. Both 
methods c o n s is te n t ly  y ie ld e d  p a le  backgrounds in  th e s e  th ic k  
s e c t io n s .  For both  m ethods, s l id e s  w ith  wax s e c t io n s  should be 
l e f t  in  dewaxing xy lene o v e rn ig h t and moved to  f r e s h  xylene th e  
fo llo w in g  day . Each o f  th e  subsequen t a lc o h o ls  should  be a t 
le a s t  one hour in  d u ra t io n .  We f e e l  th a t  th e  long dewaxing i s  
im portan t in  ac h iev in g  p a le  background's when working w ith 
s k e le ta l  m uscle. We a lso  f e e l  th a t  xylene has an adve rse  e f f e c t  
on s i l v e r  s t a in s  and as a r e s u l t ,  ex tended tim es in  a lco h o l i s  
re q u ire d  to  remove th e  dewaxing x y le n e . F in a l c le a r in g  b efo re  
mounting should  be kep t as s h o r t  as p o s s ib le .  For th e  U ngew itter 
m ethod, th e  u rea  fo r  th e  te ch n iq u e  must have c h lo r id e  le v e ls  o f  2 
ppm o r l e s s  and s u lp h a te  le v e ls  o f 3 ppm o r l e s s .  The U ngew itter 
im pregnation  p ro cess  ( s i lv e r - u r e a  fo llow ed by u rea ) has to  be 
rep e a te d  2 o r  3 tim es b e fo re  nerve  f ib r e s  tu rn  b la c k . The 
backgrounds rem ain very  p a le  when r e s ta in in g  tim es a re  k ep t to  15 
m in. and reduc ing  tim es a re  kep t to  3 min.

Supported by g ra n ts  from th e  O n tario  March o f  Dimes and th e  
M uscular D ystrophy A sso c ia tio n  o f  Canada.

423.16 PEROXIDASE CYTOCHEMICAL APPROACHES REVEAL THE VASCULATURE OF THE CMS AND OF NEURAL 
AND NON-NEURAL GRAFTS. R. Broadwell, H. Charlton*, B. Balin*, and M. Saleman . 
Uhiv . Maryland Sch. Mad., Balto., MD, 21201, and Univ. Oxford, Oxford , England.

The vascular network of the fetal/adult primate and subprimate CMS, including 
circumventricular organs (e.g . median eminence, pituitary gland, choroid plexus, 
e tc .) , and solid CMS neural and non-neural allografts placed into the brain paren
chyma or cerebral ventricles of an adult host is  visualized by applying peroxidase 
cytochemistry in three different ways. Native HRP (type VI) is  injected into the 
jugular vein (1 mg/2 gm body wt) just prior to perfusion-fixation of the brain or 
is  delivered into the aorta (0.5% subsequent to perfusion-fixation. The third 
approach u tilizes  brains from animals not receiving exogenous HRP; these brains are 
fixed by immersion, and vibratome sections are incubated for endogenous peroxidase 
activ ity  in red blood ce lls retained within the cerebral vascular tree. Cerebral 
vessels in animals receiving intravenous HRP are outlined strikingly with peroxi
dase reaction product as seen in bright and dark field light microscopy when TMB, 
as opposed to DAB, is  used as the chromagen; vessels o f the circumventricular 
organs are not discernable due to  the dense concentration of reaction product, a 
consequence o f blood-borne HRP that has exited fenestrated capillaries supplying 
these s ite s . Ultrastructurally , reaction product coats the luminal surface of the 
cerebral endothelia and/or is  sequestered in endocytic organelles and dense bodies 
within the endothelial ce lls . HRP infused into the aorta of fixed animals likewise 
obscures the circumventricular organs but f i l l s  the lumen of non-fenestrated ves
sels throughout the brain when incubated in DAB or TIB solutions; the cytoplasm of 
a l l  endothelia and that of ce lls and processes in circumventricular organs are 
inundated with reaction product which suggests that the normally impermeable plas- 
malemma becomes permeable to protein in  the fixed brain. Endogenous HRP activity  
of red ce lls , revealed best with DAB, readily outlines the microvasculature 
throughout the cerebral gray and white matter and a l l  circumventricular organs. The 
three approaches applied to transplanted tissues demonstrate that the vasculariza
tion of 16-19 day fetal/1 day neonatal neural grafts is  not well-defined a t light 
and EM levels prior to seven days following intracerebral placement; conversely, 
the vascularization of non-neural grafts (anterior pituitary gland) is  prominent 
prior to  three days. This difference may reflect the inherent low vascularity of 
brain versus that of pituitary tissue. Neural grafts secured from donor CNS sites 
expected to possess a blood brain barrier, regardless of where within the host CNS 
the allografts are placed, contain blood vessels that are not leaky to blood-borne 
HRP and, therefore, contribute to the formation of a blood-brain barrier. Pitui
tary grafts exhibit fenestrated vasculature that permits blood-borne HRP to enter 
the graft and surrounding host parenchyma. In this feshion, circumvention of the 
blood-brain barrier is  possible. The results suggest that microvasculature indige
nous to the allograft is  retained and establishes continuity with cerebral micro- 
vasculature of the host. The peroxidase cytochemica l approaches for visualization 
of CNS vasculature have additional potential application to studies of stroke, 
trauma, and neoplasia. Supported by NIH/N3NCDS grant #18030.
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423.17 HISTOCHEMICAL STAINING AND X-RAY MICROANALYTICAL IMAGING OF 
ALUMINUM IN AMYOTROPHIC LATERAL SCLEROSIS AND PARKINSONISM- 
DEMENTIA OF GUAM. P. Pi ccardo* , R. Y anagihara* , R.M. G arru to * , 
C .J . G ibbs, J r . *  and D.C. G ajdusek . L aborato ry  of C en tra l 
Nervous S y s te m S tu d ie s , N a tional I n s t i t u t e s  of H ea lth , B ethesda, 
MD 20892.

We p re v io u s ly  dem onstrated  the d e p o s it io n  of aluminum in  the 
p e r ik a ry a  and d e n d r i t ic  p ro cesses  of n e u r o f ib r i l l a r y  ta n g le  
(N F T )-bearing hippocampal neurons in  Guamanian p a t ie n t s  w ith 
am yotrophic l a t e r a l  s c le r o s i s  (ALS) and park inson ism -dem entia  
(PD) by using  w av e len g th -d isp e rs iv e  spectrom etry  coupled to a 
c o m p u te r-co n tro lle d  e le c tro n  beam x -ray  m icroprobe. While th is  
novel techn ique  a f fo rd s  a h igh  degree of s e n s i t i v i ty  and s p e c i
f i c i t y ,  the p ro cess in g  time req u ired  to g en e ra te  a s in g le  
com puterized  image of aluminum to r  an a rea  measuring 1 mm2 i s  
l 6 hou rs . We th e re fo re  in v e s t ig a te d  the s u i t a b i l i t y  of h i s to -  
chem ical s ta in in g  fo r the lo c a l i z a t i o n  of aluminum p r io r  to x -ray  
m ic ro a n a ly tic a l imaging of a rea s  of s p e c i f ic  i n t e r e s t  w ith in  a 
g iven  t i s s u e  s e c t io n . C ry o s ta t - c u t ,  10 μm th ic k  s e r i a l  s e c t io n s  
of fo rm a lin - f ix e d  b ra in  and s p in a l cord t i s s u e s  from 3 Guamanian 
p a t ie n t s  w ith  ALS and 6 w ith  PD and from 6 n e u ro io g ic a l ly  and 
n eu ropatho l o g i c a l y  normal Guamanian and C aucasian  c o n tro ls  were 
s ta in e d  fo r  aluminum, using  solochrom e a z u rin e  and morin. 
A d jacen t 20 um th ic k  s e c t io n s  were mounted onto s p e c t ro s c o p ic a l
ly  pure carbon d isc s  fo r  x -ray  imaging to v e r ify  the s e n s i t i v i t y  
and s p e c i f i c i t y  of the h is to c h e in ica l s t a in s .

H istochem ical s ta in in g  fo r  aluminum using  solochrom e az u rin e  
o r morin p rovided a r a p id , sim ple and r e l i a b l e  means of id e n t i f y 
ing  a rea s  and s t r u c tu r e s  of i n t e r e s t  fo r  c lo s e r  s c ru tin y  by x -ray  
m ic ro a n a ly s is . N euronal p e r ik a ry a , d e n d r i t ic  p ro cesses  and the 
w a lls  of some blood v e s s e ls  were a lum inum -positive . In  some 
c a se s , the d e p o s it io n  of aluminum was r a tn e r  d i f f u s e ,  p a r t i c u l a r 
ly  in  the w hite  m a tte r . F lu o re sc e n t s ta in in g  fo r  aluminum using  
morin proved to be eq u a lly  s e n s i t iv e  and s p e c i f i c ,  but provided 
l e s s  m orpho log ica l d e t a i l  than solochrom e a z u rin e . Al t hough the 
minimum d e te c ta b le  l im it s  to r  aluminum w ith  the s ta in in g  p roce
dures a re  no t known, t he low er d e te c tio n  l im i t  of our x -ray  
m ic ro a n a ly tic a l techn ique  is  10- 100 ppm dry w eigh t. We b e liev e  
solochrom e and morin s ta in in g ,  as v e r i f ie d  by x -ray  m icroanaly 
s i s ,  p rov ides  a u s e fu l and r e l i a b l e  means of su rvey ing  m u ltip le  
an a to m ica l reg io n s  fo r  aluminum d e p o s it io n  in  n a tu r a l ly  o cc u rrin g  
and ex p e rim en ta lly  induced n eu ro d eg en era tiv e  d is o rd e r s .

423. 18 METHODS FOR EDITING AND EVALUATING ACCURACY IN A SEMI
AUTOMATIC CELL RECOGNITION SYSTEM FOR NEUROANATOM- 
ICAL STUDIES.
S.A. Hayden*. B.G. Border. W.K. Smith. S. Askari*, D.C. German. D.S. 
Schlusselberg and D.J. Woodward. (SPON: W.J. Gonyea). Depts. of Cell 
Bio. and Anat., Psychiat., and Physiol., Univ. of Texas Hlth. Sci. Ctr. at 
Dallas, Texas 75235.

A routine task in neuroanatomical research is the identification and graph
ical plotting of locations of neurons in sections of brain tissue examined in 
the light microscope. Significant progress has been made toward developing a 
visual recognition system suitable for recognizing clearly stained neurons ob
served in video images obtained from a light microscope. An important step 
in the evaluation of a practical system is the development of efficient means 
for manual editing of acquired information and for evaluating the sources of 
error.

Through the C A R P  system (Computer Aided Reconstruction Package), 
the host computer controls stepper motors on a light microscope stage to scan 
a user-defined region of a given section. This region is divided into scanning 
rectangles which are sequentially digitized into a video frame buffer and ana
lyzed by a high-speed microprogrammable graphics processor. The basic cell 
recognition program , which requires about one second per video field, scans 
the digitized image for shades between a pair of intensity thresholds and sub
sequently identifies the region bounded by pixels outside the threshold range. 
Regions axe accepted as cells if the size and shape parameters are within 
user-determined values. Positions of cells and descriptors of size and shape 
are stored in a database for numerical analysis and two- or three-dimensional 
graphical imaging.

Editing options include first the ability of the user to decide whether each 
region is a cell or an artifact, both from the video image and from the view 
in the microscope. This allows a direct evaluation of error for repeated au
tomatic scanning at different parameter settings until optimum accuracy in 
counting is attained. Video images of multiple cell regions which are con
nected or overlapping can be edited manually so that the blob recognition 
programs will resolve separate regions. The database can be scanned to se
lect large, small or oddly shaped regions for sequential inspection by the user. 
More complex edge detection and region examination routines can be applied 
to selected regions.

Initial applications have involved counting of neurons in the primate sub
stantia nigra, using either neuromelanin pigment or tyrosine hydroxylase 
staining. Preliminary trials have shown an overall factor of ten improvement 
in speed over manual counting with greater than ninety percent accuracy in 
comparison with a human observer. The method may be applicable to a wide 
range of immunochemically stained neuronal populations.
Support from the Biological Humanics Foundation, DA 8SS8, AA 3901 and 
NS 20030.
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424.1 EFFECT OF PARATHYROID HORMONE ON INTRA-AXONAL 
ORGANELLE TRANSLOCATION. A.C. Breuer, M.B. Atkinson* and 
M.P. Lynn*. Departments of Brain and Vascular Research and 
Neurology, Cleveland Clinic Foundation, Cleveland, OH 44106.

Both primary and secondary hyperparathyroidism (HP) may result in 
a reversible neuromuscular syndrome characterized by muscle 
weakness, atrophy, fasciculations and neurogenic changes on muscle 
biopsy, all resembling Amyotrophic Lateral Sclerosis (ALS). In HP the 
syndrome is associated with high parathyroid hormone (PTH) levels, not 
with uniformly high serum calcium levels (Patten e t al., Ann Int Med 
80: 182-193, 1974) and its mechanism remains unknown. We report the 
effect of direct application of PTH on fast axonal transport in excised 
axons from ra t sciatic nerves. Isolated fascicles were teased apart and 
bidirectional organelle translocation visualized in individual axons by 
differential interference contrast optics using analog and digital image 
enhancement techniques. Organelle translocations were measured by 
computer methods. Controls were observed in oxygenated buffer and 
test samples in identical buffer to which 0.05 μg/ml PTH was added. 
PTH increased mean anterograde organelle speed by 14.1% (PTH 1.63 ± 
0.06; Control 1.40 ± 0.04 μm/sec, p < 0.01) and increased mean 
retrograde speed by 14.7% (PTH 2.11 ± 0.03; Control 1.80 ± 0.03 
ym/sec, p < 0.001, Student's t-test). The PTH augmented mean 
anterograde speed is of interest as increased mean anterograde speed 
of organelles is also seen in motor nerve from ALS patients, a finding 
recently demonstrated in our laboratory. The PTH effect on 
retrograde organelle speeds is different from that seen in untreated 
ALS axons where mean retrograde speed is decreased. Our findings 
provide evidence on a cellular level of an effect of PTH on fast axonal 
transport.

424.2 DIRECT OBSERVATION OF AXON FUNCTION IN-VIVO. W. Levy, R. 
Rumpf, T. Spagnolia. University of Missouri Health Science Center, 
Columbia, Missouri 65212

We are using a system for the study of axon function and regeneration 
in-vivo, where the sciatic nerve of a rat is passed through a chamber over 
an AVEC/DIC type microscope. For axon transport studies in fifty rats, a 
surgical exposure of the sciatic nerve was carried out with removal of 
some of the adjacent muscles and preservation of blood supply to the 
nerve. Under an operating microscope, in Hank's solution with 4 millimolar 
glucose and carboxygen bubbling, the epinerium was dissected free of the 
nerve and the perinerium incised. The nerve was then passed through the 
chamber where enzymatic dissociation was carried out, with Worthington 
CLS collagenase solution and a multi-roller peristaltic pump to provide 
circulation of the enzyme. One percent thrombin was added to the 
chamber, and norepinephine to the nerve proximal and distal to the 
chamber to prevent bleeding during this time. At the end of the 
approximately 2 hour dissociation period a DeFonbrune micromanipulator 
was used to pare the nerve leaving only a single layer of axons without 
morphological damage evident. Microscopy was done using an AVEC/DIC 
system and a Hughes image processor. Axonal transport in this preparation 
is not significantly different from transport rates in teased preparations. 
A high percentage of axons, 80-90%, transport in good preparations. HRP 
applied distal to the chamber is present in axons proximal to the chamber 
several hours later. Morphological damage to axons is substantially less in 
this system than in teased preparations. Axon injury effects on transport 
are currently being assessed.

A separate version of the chamber chronically implanted in the rat 
sciatic nerve, shows in growth from a proximal stump at 0.8 mm/day with 
repeated observations. Axons can be identified in the chamber along with 
cells resembling tissue culture in appearance. This may be useful for 
investigating regeneration conditions in vivo, where individual axons can be 
observed and their conditions of growth manipulated.
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424.3 STIMULATION OF DENDRITIC TRANSPORT BY ANTIMITOTICS 
V . J .  R o b e r t s  a n d  C . G o r e n s t e i n .  D e p a r t m e n t  o f  
P h a rm a c o lo g y , U n i v e r s i t y  o f  C a l i f o r n i a , I r v i n e ,  CA 
9 2 7 1 7 .

A s i n g l e  i n j e c t i o n  o f  c o l c h i c i n e  i n t o  th e  l a t e r a l  
c e r e b r a l  v e n t r i c l e  o f  t h e  r a t  c a u s e s  a r a p i d  
r e d i s t r i b u t i o n  o f  l y s o s o m e s  f ro m  t h e i r  n o r m a l  
l o c a l i z a t i o n  i n  n e u r o n a l  c e l l  b o d ie s  i n t o  d e n d r i t e s .  
T h i s  r e d i s t r i b u t i o n  c a n  be s e e n  w i t h i n  2 h o u r s  and  
p e r s i s t s  f o r  a t  l e a s t  66 h o u r s  ( R o b e r t s  e t  a l . ,  S o c . 
N e u r o s c i .  A b s t .  1 1 ; 1 3 0 5 , 1 9 8 5 ) .  S in c e  c o l c h i c i n e  
b i n d s  t o  t u b u l i n  a n d  i n h i b i t s  m i c r o t u b u l e  
p o l y m e r i z a t i o n ,  we s p e c u l a t e  t h a t  t h e  m ovem ent o f  
l y s o s o m e s  i n t o  d e n d r i t e s ,  f o l l o w i n g  c o l c h i c i n e  
t r e a t m e n t ,  i s  d u e  to  th e  d i s r u p t i o n  o f  m i c r o t u b u l e s .

I n  o r d e r  to  t e s t  t h i s  h y p o t h e s i s  f u r t h e r ,  t h e  
l o c a l i z a t i o n  o f  ly s o s o m e s  w as e x a m in e d  f o l l o w i n g  
t r e a t m e n t  w i th  a v a r i e t y  o f  m i c r o t u b u l e  p o i s o n s .  
A l t h o u g h  t h e  V in c a  a l k a l o i d s ,  v i n b l a s t i n e  a n d  
v i n c r i s t i n e ,  b in d  to  a d i f f e r e n t  t u b u l i n  s i t e  th a n  
c o l c h i c i n e ,  t h e y  c a u s e  a r e d i s t r i b u t i o n  o f  ly s o s o m e s  
s i m i l a r  t o  t h a t  s e e n  w i th  c o l c h i c i n e ,  a t r o p o l o n e  
d e r i v a t i v e .  P o d o p h y l l o t o x i n , a n o n - t r o p o l o n e  
a l k a l o i d ,  h a s  b e e n  r e p o r t e d  to  c a u s e  a m ore r a p i d  l o s s  
o f  m i c r o t u b u l e s  an d  to  be  m ore p o t e n t  i n  i n h i b i t i n g  
m i t o s i s  and  a x o n a l  t r a n s p o r t  t h a n  c o l c h i c i n e .  We 
o b s e r v e  t h a t  p o d o p h y l l o t o x i n  i s  l e s s  p o t e n t  th a n  
c o l c h i c i n e  i n  c a u s i n g  a r e d i s t r i b u t i o n  o f  n e u r o n a l  
ly s o s o m e s .  C o lc e m id  an d  c o l c h i c i n e  h a v e  n e a r l y  
i d e n t i c a l  s t r u c t u r e s ,  b in d  to  t h e  sam e t u b u l i n  s i t e  
an d  a r e  e q u i v a l e n t  m i c r o t u b u l e  p o i s o n s .  N e v e r t h e l e s s ,  
t r e a t m e n t  w i th  c o l c e m id  r e s u l t s  i n  a r e l a t i v e l y  w eak 
and  s h o r t  l i v e d  r e d i s t r i b u t i o n  o f  ly s o s o m e s  i n t o  
d e n d r i t e s .  L u m i c o l c h i c i n e , an  i n a c t i v e  a n a lo g  o f  
c o l c h i c i n e ,  d o e s  n o t  b in d  t u b u l i n  n o r  d o e s  i t  in d u c e  a 
r e d i s t r i b u t i o n  o f  n e u r o n a l  l y s o s o m e s .

We s p e c u l a t e  t h a t  t h e  m e c h a n is m  o f  th e  s e l e c t i v e  
r e d i s t r i b u t i o n  o f  n e u r o n a l  ly s o s o m e s  fro m  t h e  c e l l  
body  i n t o  d e n d r i t e s  i s  d e p e n d e n t  u p o n  d ru g  b i n d i n g  to  
t u b u l i n  an d  t h e  s u b s e q u e n t  d i s r u p t i o n  o f  m i c r o t u b u l e s .  
H o w e v e r , t h e  m e c h a n ism  i s  d i f f e r e n t  fro m  t h a t  w h ic h  
i n h i b i t s  m i t o s i s  an d  a x o n a l  t r a n s p o r t  and  may i n v o l v e  
a  n o v e l  d e n d r i t i c  t r a n s p o r t  s y s t e m .

S u p p o r te d  by  NS 18994

424.4 A 3H NSP STUDY OF RETROGRADE AXONAL TRANSPORT FOLLOWING NERVE 
CRUSH INJURY. D .J . F ink , D. P u rk iss*  and M. M ata. Neurology 
R esearch L a b o ra to ry , U n iv e rs ity  o f M ichigan and VA M edical C en te r, 
Ann A rbor, MI 48105.

In  response  to  c ru sh  in ju r y ,  neurons whose axons p ro je c t  from 
th e  CNS in to  th e  p e r ip h e ry  undergo a sequence o f m orphologic and 
b iochem ical a l t e r a t i o n s  cu lm in a tin g  in  nerve re g e n e ra tio n . I t  
has long been assumed th a t  th e  s ig n a l  o r s ig n a ls  t r ig g e r in g  and 
to  some e x te n t c o n t ro l l in g  th e  r e a c t io n  of th e  c e l l  body to  the  
d i s t a n t  in ju ry  must in v o lv e  a b iochem ical s ig n a l  which ascends 
from th e  axon to  th e  c e l l  body.

Using th e  3H N su cc in im id y l p ro p io n a te  ( 3H NSP) method to  study  
re t ro g ra d e  tr a n s p o r t  from th e  axon to  th e  c e l l  body, we have found 
th a t  th e re  i s  a s p e c i f ic  r a t e  o f accum ulation  o f la b e le d  p ro te in s  
in  th e  c e l l  bo d ie s  o f motor and senso ry  neurons a f t e r  r a d io a c t iv e  
in  v ivo  c o v a len t la b e l in g  o f axonal p ro te in s .  In  o rd e r to  f u r th e r  
d e l in e a te  th e  r o le  of th e se  r e t ro g ra d e ly  t ra n sp o r te d  p ro te in s  in  
th e  response  to  in ju r y ,  we undertook  th e  c u r re n t s tu d y .

Male Sprague Dawley r a t s  were a n e s th e tiz e d  w ith  c h lo ra l  h y d ra te  
and th e  s c i a t i c  nerve  crushed  w ith  a  J e w e le r 's  fo rc e p s . At 1 , 3 , 
5 , o r  7 days a f t e r  in ju ry  th e  anim al was re a n e s th e t iz e d  and th e  
nerve in je c te d  w ith  1 m ic r o l i t e r  of s a l in e  co n ta in in g  120 m icro - 
C u rie s  o f 3H NSP a t  p o in t 1-2 cm proxim al to  th e  in ju ry .  One day 
o r 7 days a f t e r  3H NSP in je c t io n  th e  anim als were s a c r i f i c e d  and 
th e  amount of TCA p r e c ip i t a b le  r a d io a c t iv i ty  in  th e  L4, L5 and L6 
d o rs a l ro o t g a n g lia  and in  th e  v e n t r a l  horn  o f lumbar s p in a l  cord 
determ ined . The amount of t r a n s p o r t  was d e fin ed  as th e  amount of 
r a d io a c t iv i ty  i p s i l a t e r a l  to  in j e c t io n  minus c o n t r a l a t e r a l .

T ran sp o rt to  th e  c e l l  bo d ie s  1 day a f t e r  3H NSP in j e c t io n  was 
n o t changed from c o n tro l a t  a l l  th e  tim e p o in ts  s tu d ie d ,  a lthough  
th e re  were tre n d s  which were n o t s t a t i s t i c a l l y  s ig n i f i c a n t .  
A ccum ulation a t  th e  c e l l  b od ie s  7 days a f t e r  3H NSP showed 
s ig n i f i c a n t  a l t e r a t i o n s .  T ran sp o rt to  th e  senso ry  motor neu ronal 
somata tended to  in c re a s e  s h o r t ly  a f t e r  c ru sh  b e fo re  r e tu rn in g  to  
normal l e v e l s ,  w h ile  t r a n s p o r t  to  th e  m otor n eu ronal p e r ik a ry a  
was reduced e a r ly  a f t e r  c ru sh .

We have p re v io u s ly  found th a t  th e  accum ula tion  in  th e  c e l l  body 
a t  7 days a f t e r  3H NSP in j e c t io n  i s  reduced in  in to x ic a t io n  w ith  
IDPN and a ls o  e a r ly  in  ex p e rim en ta l d ia b e te s .  The d if fe re n c e s  
between th o se  changes and th e  changes seen  a f t e r  nerve cru sh  
su g g es t th a t  th e  r e t ro g ra d e ly  t ra n sp o r te d  la b e le d  components may 
p la y  a r o le  in  th e  r e g u la t io n  of th e  c e l l u l a r  response  in  th e se  
d i f f e r e n t  c o n d i tio n s .

424.5 AN ANTISERUM AGAINST TUBULIN, WHICH INHIBITS AXONAL TRANSPORT, 
UNIQUELY DEFINES A SUBSET OF CLONES FROM A RAT BRAIN cDNA LIBRARY. 
K.M. Johnston, D. van der Kooy, J.A . Connolly and R. Dunn*, Dept. 
o f Anatomy, *Dept. of Medical G enetics, Un iv. of Toronto, Toronto, 
CANADA, M5S 1A8

In two previous re p o rts , we demonstrated in h ib itio n  o f b id irec 
tio n a l axonal tra n sp o rt i n the presence o f NS-20 polyclonal a n t i 
serum against tu b u lin . This e f fe c t  was described both in v ivo , in  
r a t  b ra in , and in  v i t r o , i n extruded squid axoplasm. Other a n t i 
sera  ag a in st tub u l in , fo r  example PC-5, did not have th is  in h ib i
to ry  e f f e c t .  We suggested th a t  NS-20 an tibod ies may be unique to  
a s p e c if ic  ep itope on the tubu lin  molecule c r i t i c a l  in  the  mechan
ism of axonal tra n sp o rt. A lte rn a tiv e ly , i t  is  possib le  th a t  NS-20 
an tibod ies to  tubu lin  re a c t w ith a unique form o f tubu lin  th a t  
plays a major ro le  i n axonal tra n sp o rt.

In  o rder to  fu r th e r  in v e s tig a te  the unique e f fe c t  o f NS-20 a n t i 
serum, we have screened a r a t  brain  cDNA lib ra ry  with both NS-20 
and PC-5 a n tis e ra  to  determine i f  both a n tise ra  have the same 
binding a c t iv i t i e s  with each tubu lin  clone. S p e c if ic a lly , a λg t l l  
expression l ib ra ry  was used to  in fe c t  E. co li Y1090 and recombinant 
plaques screened using the antibody probes. NS-20 p o s itiv e  clones 
were then id e n tif ie d  by tra n s fe r  to  n itro c e llu lo s e  f i l t e r s ,  incu
bation  with primary antiserum , followed by i ncubation with an 
a lkaline-phosphatase  conjugated secondary antibody. Duplicates of 
each f i l t e r  were te s ted  with PC-5 antiserum .

We found th a t ,  of the 24 NS-20 p o sitiv e  c lones, none were c ross- 
reac tiv e  with PC-5 antiserum , even though the PC-5 antiserum  
s trong ly  reacted  with a number o f clones from th e complete lib ra ry . 
These prelim inary r e s u lts  suggest th a t  NS-20 binding to  tu bu lin  is  
d is t in c t ly  d if f e r e n t from th a t  o f PC-5. The question of whether 
th is  d is t in c tio n  i s based oh one unique tu bu lin  epitope o r a 
unique tubu lin  gene sequence i s now being in v estig a ted . Further 
experiments w ill examine the re la tio n sh ip  o f NS-20 s p e c if ic i ty  with 
i t s  in h ib ito ry  e f fe c t  on axonal tra n sp o rt.

424.6 ISOLATION OF VESICLES FROM BOVINE BRAIN THAT CONTAIN RAPIDLY TRANS
PORTED PROTEINS. Benson, R . J . J . , E. H irsch* and R.E. F in e* , D epts. 
of Anatomy and B iochem istry , Boston U niv. Sch. of Med., B oston, MA 
02118

I s o la t io n  o f co a ted  v e s ic le s  from bovine b ra in  u s ing  su c ro se  
d e n s ity  g ra d ie n t c e n tr if u g a t io n  (P e a rse , B.M.F. 1975. J .  Mol. B io l. 
9 7 :93-98) r e s u l t s  in  a mixed p o p u la tio n  o f v e s ic le s ,  bo th  coa ted  
and smooth. We have assayed  th e se  crude p reps  fo r  th e  p resen ce  of 
a c e ty lc h o l in e s te r a s e  (AChE) and m uscarin ic  a c e ty lc h o lin e  re c e p to rs  
(AChR's) and found th e  v e s ic le s  c o n ta in  bo th  m o lecu les . The 
predom inant form of th e  AChE i s  th e  G4 form a lth o u g h  th e  G1 form i s  
a l s o  p r e s e n t .  Both AChE and th e  m usca rin ic  AChR undergo ra p id  axon- 
t r a n s p o r t .

Using a d e n s i ty  s h i f t  te ch n iq u e  th a t  a llo w s us to  s e p a ra te  AChE- 
c o n ta in in g  v e s ic le s  (Helmy, S. e t  a l .  1986. C e ll 4 4 :4 97 -506 ), we 
show th a t  a lth o u g h  we s h i f t  80-90% of th e  AChE, we s h i f t  on ly  20- 
30% of th e  p ro te in  in  th e  p rep s . S ince coa ted  v e s ic le s  com prise 
th e  m a jo r ity  of th e  p ro te in  in  th e  p re p , i t  appears  th a t  th e  AChE 
i s  co n ta in ed  in  th e  r e l a t i v e ly  p ro te in -p o o r  smooth v e s ic le s .  I f  we 
compare p reps  made from ax o n -r ic h  reg io n s  o f th e  b ra in  to  ones from 
axon-poor r e g io n s , ag a in  m ost o f th e  AChE s h i f t s ,  b u t a c o n s is te n t 
ly  sm a lle r  p e rce n tag e  o f th e  p ro te in  s h i f t s  in  th e  ax o n -r ic h  p rep s . 
Coated v e s ic le s  from th e se  reg io n s  ( l a rg e ly  from g l i a l  c e l l s  s in c e  
axons do n o t c o n ta in  many coa ted  v e s ic le s )  p robab ly  do n o t c o n ta in  
AChE to  any g r e a t  d eg ree .

In  o rd e r  to  de term ine  th e  so u rce  of th e  AChE and AChR's we f in d  
in  our m a te r ia l ,  we employed ag a ro se  ge l e le c tro p h o re s i s  which has 
been used to  p u r ify  co a ted  v e s ic le s  to  hom ogeneity (R ubenste in , 
J .L .R . e t  a l .  1981. J .  C e ll B io l. 89 :357 -361 ). Crude v e s ic le s  from 
b r a in ,  when e le c tro p h o re se d  on th e  g e ls  y ie ld  two bands m ig ra tin g  
toward th e  anode: a f a s t e r  m ig ra tin g  band c o n ta in in g  homogeneous 
coa ted  v e s i c l e s ,  and a more slow ly  m ig ra tin g  band c o n ta in in g  smooth 
v e s ic le s  ran g in g  from 70-150 nm in  d ia m e te r. S ta in in g  of th e  g e ls  
f o r  AChE a c t i v i t y  r e v e a ls  th a t  most o f th e  AChE c o -m ig ra te s  w ith  
th e  smooth v e s ic le s .  Crude v e s ic le s  assayed  fo r  m usca rin ic  AChR's 
show 90% s p e c i f ic  3H-QNB b in d in g . When th e se  v e s ic le s  a r e  subse
q u en tly  run  on ag a ro se  g e l s ,  th e  r a d io a c t iv i ty  c o -m ig ra te s  w ith  
th e  smooth v e s ic le s .

In  a d d i t io n  to  t h e i r  c o n ta in in g  two ra p id ly  t ra n sp o r te d  p ro 
t e i n s ,  th e se  smooth v e s ic le s  a re  o f i n t e r e s t  b ecause  they  a r e  seen 
on ag a ro se  g e ls  o f coa ted  v e s ic le s  p repared  from b ra in  o n ly , and 
n o t from o th e r  t i s s u e s  we have examined. These in c lu d e  l i v e r ,  
ad ip o se  t i s s u e  and s k e le ta l  m uscle. We th e r e fo r e  p ropose th a t  they  
a re  unique to  nervous t i s s u e ,  a re  invo lved  in  th e  p ro cess in g  o f 
r a p id ly  tra n s p o r te d  p r o te in s ,  and may be in te rm e d ia r ie s  in  ra p id  
axonal t r a n s p o r t .

T his work was suppo rted  by NIA AG05894-13.
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424.7 THE TRANSPORT RATE AND ORGANIZATION OF NEUROFILAMENTS DIFFER 
IN SOMATIC MOTOR AND PARASYMPATHETIC OCULOMOTOR AXONS
P.Paggi, R.L.Price* and R.J.Lasek. Bio-architectonics Center, 
Case Western Reserve University, Cleveland, Ohio 44106, and 
Dept. of C e ll. and Dev. Bio l .;  University "La Sapienza", 
00185 Rome, Ita ly .

Studies of the axonal transport of radiolabeled 
cytoskeletal proteins can provide Information about the 
transport charac te ris tics  of the cytoskeletal polymers in 
axons (Lasek, R .J ., J.C ell Bio l. 99:212s, 1984). We compared 
the transport kinetics of the cytoskeletal polymers in the 
functionally d is tin c t axon populations of the oculomotor 
system i n chickens - -  somatic-motor (M) axons and 
preganglionic parasympathetic (P) axons.

Three week old chickens received i njections of 35S- 
methioni ne i n the cerebral aqueduct and were sacrificed from 
1 to  93 days a f te r  i njection. Labeled proteins were analyzed 
in segments of the oculomotor nerve, which contains the M and 
P fib res; in the c ilia ry  ganglion, where the P terminals are 
located; and in the somatic-motor branches of the oculomotor 
nerve where M axons course. The radiolabeled proteins were 
subjected to  one and two-dimensional SDS-PAGE, fluorography 
and were quantified by counting the excised bands.

The rate of neurofi l ament (NFP) transport was 0.26 
mm/day in P axons and 0.73 mm/day i n M axons. In M axons, 
most of the tubulin moved coordi nately with the NFP and a 
small fraction moved with SCb. By con trast, i n P axons most 
of the tubulin moved with SCb and a relatively  small fraction 
moved with the NFP. These resu lts suggest th a t the dynamic 
structural relationships th a t determine the rate of 
microtubule and neurofi l ament transport d iffe r  in the M and P 
axons.

Ul trastru c tu ra l analyses of the M and P axons show th a t 
neurofi l aments are more densely packed in the P axons than in 
the M axons. The average packi ng density of the 
neurofi l aments was 496/um2 i n P axons and 347/um2 i n M axons. 
The tig h t packing of the neurofi l aments in the P axons may 
r e s tr ic t  th e ir  mobility and contribute to  the 3-fold slower 
rate of neurofi l ament transport i n P axons than i n M axons.

424.8 SOME STABLE AXONAL MICROTUBULES DO NOT UNDERGO SLOW 
AXONAL TRANSPORT. D .F .  W a ts o n , J .W . G r i f f i n ,  a n d  P .N . 
H o ffm a n . D e p t . o f  N e u r o lo g y  a n d  D e p t . o f  
O p h th a lm o lo g y , J o h n s  H o p k in s  U n i v e r s i t y ,  B a l t i m o r e ,  MD 
2 1 2 0 5 .

A x o n a l t u b u l i n  i s  p r e s e n t  a s  u n a s s e m b le d  s u b u n i t s  
a n d  a s  a s s e m b le d  m i c r o t u b u l e s  (M T), i n c l u d i n g  MT t h a t  
a r e  u n u s u a l l y  s t a b l e  t o  c o l d  a n d  c a l c iu m  e x p o s u r e .  
I n  o r d e r  t o  d e t e r m i n e  w h e th e r  t h e r e  m ig h t  b e  m u l t i p l e  
p o o l s  o f  i n t r a - a x o n a l  MT, we m e a s u re d  t h e  t o t a l  
u n a s s e m b le d  t u b u l i n ,  c o l d - l a b i l e  MT a n d  s t a b l e  MT i n  
n e r v e  a n d  c o m p a re d  th e m  t o  t h e  t u b u l i n  a n d  MT 
u n d e r g o i n g  s lo w  a x o n a l  t r a n s p o r t . R a t  s c i a t i c  n e r v e  
s e g m e n t s ,  c o n t a i n i n g  35S - l a b e l e d  t u b u l i n  m o v in g  w i th  
e i t h e r  s u b c o m p o n e n t a  o r  b o f  s lo w  a x o n a l  t r a n s p o r t ,  
w e re  h o m o g e n iz e d  i n  100 mM P IP E S /50%  g l y c e r o l /5% 
DMSO/1 mM E G T A /0 .5  mM MgCl 2 . A h i g h - s p e e d  s u p e r n a t a n t  
( 4 2 5 ,0 0 0  g f o r  15 m i n u t e s ) ,  c o n t a i n i n g  u n a s s e m b le d  
t u b u l i n  w as p r e p a r e d .  T he p e l l e t  w as  e x t r a c t e d  1 h a t  
0° C i n  b u f f e r  w i t h o u t  g l y c e r o l /  DMSO, a n d  a g a i n  w as 
c e n t r i f u g e d  t o  p r o d u c e  a  p e l l e t  c o n t a i n i n g  s t a b l e  MT. 
T o t a l  a l p h a  o r  b e t a  t u b u l i n  i n  a l i q u o t s  o f  t h e  
u n a s s e m b l e d ,  c o l d - l a b i l e ,  a n d  s t a b l e  MT f r a c t i o n s  w as 
m e a s u re d  b y  a n  e n z y m e - l i n k e d  im m u n o a ssa y  s y s te m  
e m p lo y in g  s p e c i f i c  m o n o c lo n a l  a n t i b o d i e s .  T r a n s p o r t e d  
t u b u l i n  w as m e a s u re d  i n  a l i q u o t s  o f  t h e  sam e f r a c t i o n s  
b y  s c i n t i l l a t i o n  c o u n t i n g  o f  t h e  l a b e l  i n  t u b u l i n  
b a n d s  c u t  f ro m  g e l s .  T he f r a c t i o n  o f  t u b u l i n  p r e s e n t  
a s  s t a b l e  MT w as t h e  sam e i n  s u b c o m p o n e n ts  a  a n d  b o f  
s lo w  a x o n a l  t r a n s p o r t  ( 4 8 .6 ± 3 .3  % s t a b l e )  w h i l e  a 
l a r g e r  f r a c t i o n  o f  t o t a l  t u b u l i n  b y  im m u n o a ssa y  w as 
s t a b l e  ( 5 6 .4 ±2 .6  %; n= 16 n e r v e s ,  p < 0 .0 1 ) .  T he a m o u n t 
o f  a l p h a  a n d  b e t a  t u b u l i n  w as e q u a l  i n  a l l  f r a c t i o n s .  
T u b u l in  a n d  s t a b l e  MT i n  n o n - a x o n a l  s t r u c t u r e s  w e re  
m e a s u re d  b y  l o c a l  p r o t e i n  l a b e l i n g  o f  i n t a c t  n e r v e  
t r u n k s ,  a n d  by  im m u n o a s s a y  on  d i s t a l  n e r v e  s tu m p s  
a f t e r  W a l l e r i a n  d e g e n e r a t i o n  o f  a x o n s .  N o n -a x o n a l  MT 
do  n o t  a c c o u n t  f o r  t h e  d i f f e r e n c e  i n  r e s u l t s  b e tw e e n  
t o t a l  a n d  t r a n s p o r t e d  t u b u l i n .  T he a m o u n t o f  n o n -  
a x o n a l  t u b u l i n  i s  s m a l l ,  a n d  t h e  f r a c t i o n  o f  s t a b l e  MT 
i n  n o n - a x o n a l  s t r u c t u r e s  i s  l e s s  t h a n  i n  t o t a l  n e r v e .  
T h e s e  d a t a  i n d i c a t e  t h a t  a x o n s  c o n t a i n  h i g h l y  
s t a b i l i z e d  MT t h a t  do  n o t  move a t  n o rm a l r a t e s  o f  s lo w  
a x o n a l  t r a n s p o r t .  T he r e s u l t s  s u g g e s t  t h a t  a x o n s  
c o n t a i n  a p o o l  o f  s t a t i o n a r y  MT w h ic h  may s lo w ly  
e x c h a n g e  w i t h  t h e  MT u n d e r g o i n g  a x o n a l  t r a n s p o r t .

424.9 CHARACTERIZATION AND DISTRIBUTION OF PHOSPHORYLATED AND 
NONPHOSPHORYLATED SUBUNITS OF SQUID NEUROFILAMENTS. R . S .  
Cohen, H. C. P a n t ,  S. House* and H. G aine r. D ept. o f Anatomy, 
U n iv . o f  I l l i n o i s  a t  C h ic ag o , C h ic a g o , IL 60612 , L ab. o f  
P r e c l i n i c a l  S tu d ie s ,  NIAAA, R o c k v i l l e ,  MD 20852, L ab. o f  
N eurochem istry  and Neuroimmunology, NICHHD, B ethesda, MD 20205 
and th e  M arine B io lo g ic a l L a b o ra to ry , Woods H ole, MA 02543.

M onoc lo n a l a n t ib o d ie s  t o  s q u id  n e u r o f i l a m e n t  (aNFP) and 
i n t e r m e d i a t e  f i l a m e n t  ( a I FA) p r o t e i n s  w e re  u se d  a s  p ro b e s  f o r  
th e  b io c h em ica l and im m unocytochem ical a n a ly se s  o f  n e u ro fila m e n t 
s t r u c t u r e ,  d i s t r i b u t i o n ,  and  f u n c t io n  in  th e  s q u id  g i a n t  axon 
(GA) and s t e l l a t e  g a n g l io n  (SG). On W e ste rn  b l o t s  th e  aNFP 
a n t i b o d y  s t a i n e d  t h e  220 kDa an d  h ig h  m o le c u la r  w e ig h t 
com ponents o f n e u ro f i la m e n ts  in  th e  GA, w h ile  th e  a I FA an tibody  
la b e l e d  th e  60 kDa p r o t e i n  in  th e  GA and th e  60 kDa and 65 kDa 
p r o te in s  in  th e  SG. D ephosphory lation  o f  axop lasm ic p ro te in s  by 
a l k a l i n e  p h o s p h a ta s e  r e s u l t e d  i n  a  d e c r e a s e  i n  th e  m o le c u la r  
w eigh t o f  b o th  th e  220 kDa and HMW com ponents and a concom itan t 
l o s s  o f  r e a c t i v i t y  w i th  th e  aNFP a n t ib o d y  on W e ste rn  b l o t s ,  
su g g es tin g  th a t  t h i s  an tib o d y  i s  s p e c i f i c  f o r  th e  p h o spho ry la ted  
e p ito p e  in  th e  n e u ro fi la m e n t. In c rea se d  dep h o sp h o ry la tio n  o f th e  
220 kDa p r o t e i n  le d  t o  an en h a n ced  im m u n o s ta in in g  o f  th e  
r e s u l t a n t  190 kDa p o ly p e p tid e  by th e  a I FA an tib o d y , in d ic a t in g  
th a t  th e  p h o spho ry la ted  e p i to p e  may mask th e  conserved  ep ito p e  
r e c o g n i z e d  by  a I FA. L i g h t  an d  e l e c t r o n  m i c r o s c o p i c  
im m u n o c y to c h e m is try , u s in g  c o l l o i d a l  g o ld  a s  a p ro b e , w as 
p e r fo rm e d  on s e c t i o n s  o f  LR W h ite  em bedded GA and SG. S i l v e r  
en h a n cem e n t o f  th e  g o ld  w as p e r fo rm e d  t o  v i s u a l i z e  i t  a t  th e  
l i g h t  m icroscope le v e l .  In te n se  la b e l in g  by th e  aNFP an tibody  
w as se e n  in  th e  GA. The a I FA a n t ib o d y  la b e l e d  th e  g l i a l  c e l l s  
a ro u n d  th e  GA i n t e n s e l y ,  w h i le  l a b e l i n g  o f  th e  GA, i t s e l f ,  w as 
lo w e r  th a n  t h a t  w i th  th e  aNFP a n t ib o d y .  In  th e  SG, th e  a I FA 
an tib o d y  p red o m in an tly  la b e le d  g l i a l  c e l l s .  N uclear membranes o f 
g an g lio n  and g l i a l  c e l l s ,  " is la n d s"  o f f i la m e n ts  w ith in  g ang lion  
c e l l s ,  and th e  cy top lasm  o f gan g lio n  c e l l s  w ere a l s o  la b e le d  by 
th e  a I FA a n t ib o d y .  The aNFP a n t ib o d y  la b e l e d  o n ly  th e  s m a l l  
ax o n s  w i th i n  th e  SG. The aNFP a n t ib o d y  i s  s p e c i f i c a l l y  
a s s o c i a t e d  w i th  th e  " b e a d - l ik e "  p o r t i o n s  and c r o s s - b r i d g e s  on 
th e  axona l n e u ro f i la m e n ts . The a I FA an tib o d y  i s  a s s o c ia te d  w ith  
r e l a t i v e l y  sm oo th  f i l a m e n t s  i n  g a n g l io n  and g l i a l  c e l l s .  No 
r e a c t iv i t y  f o r  e i t h e r  an tib o d y  was seen  in  synapses . The 65 kDa 
p ro te in  may re p re s e n t g l i a l  f i la m e n ts  and th e  60 kDa p ro te in  may 
re p re s e n t  th e  low m o lecu la r w e ig h t su b u n it in  th e  n e u ro f i la m e n t, 
w hich may be form ed an d /o r  o rgan ized  in  " is la n d s "  o f f i la m e n ts  
w i th i n  g a n g l io n  c e l l s .  T hese  r e s u l t s  i n d i c a t e  t h a t  th e  
fo rm a tio n , p h o sp h o ry la tio n , and  d e g r a d a t io n  o f  n e u r o f i l a m e n ts  
a r e  re g io n a l ly  s e g reg a ted  w ith in  th e  neuron. Supported by NIH 
G rant 15889.

424.10 AXONALLY TRANSPORTED PROTEOGLYCANS IN GOLDFISH OPTIC NERVE. 
J .  Elam an d  J .  R i p e l l i n o , D ep t. B io . S c i . , F l o r i d a  S t a t e  U niv . 
T a l la h a s s e e ,  FL 32306.

We r e p o r t  on f u r t h e r  a n a ly s i s  o f  p r o te o g ly c a n s  fo u n d  t o  be 
a x o n a l ly  t r a n s p o r t e d  t o  t h e  1 0 0 ,0 0 0  x g f r a c t i o n  o f  g o l d f i s h  o p t ic  
te c tu m . ( se e  R i p e l l i n o  & E lam , T ra n s  Am Soc Neurochem  1 3 :224 
(1 9 8 2 ) ) .  G o ld f is h  w ere  i n j e c t e d  in  t h e  r i g h t  ey e  w i th  35SO4 and 
t h e i r  l e f t  t e c t a  rem oved 17h l a t e r .  T e c ta  w ere hom ogen ized  in  1mM 
p h o s p h a te  b u f f e r  c o n ta in in g  0.25M s u c ro s e  and  a  m ix tu re  o f  p r o te a s e  
i n h i b i t o r s .  H om ogenates w ere c e n t r i f u g e d  a t  1 0 0 ,0 0 0  x g f o r  1 h , 
th e n  th e  p e l l e t s  r e s u s p e n d e d  in  h o m o g e n iz a tio n  b u f f e r  and  r e c e n 
t r i f u g e d .  S u p e r n a ta n ts  w ere  com bined  and  d i a ly z e d  t o  rem ove 
u n in c o r p o r a te d  35SO4.

The d i a ly z e d  s u p e r n a t a n t ,  c o n ta in in g  21% o f  a x o n a l ly  t r a n s 
p o r te d  35SO4, was s u b je c t e d  t o  io n  e x ch an g e  c h ro m a to g ra p h y  on DEAE 
c e l l u l o s e  u t i l i z i n g  a  l i n e a r  NaCl  g r a d i e n t .  A s u l f a t e d  g ly c o p ro 
t e i n  f r a c t i o n  was e lu t e d  a t  0.2M NaCl an d  a  f r a c t i o n  t h a t  c o n ta in e d  
5% o f  th e  s u p e r n a t a n t  p r o t e i n  and  53% o f  t h e  s u p e r n a t a n t  r a d i o 
a c t i v i t y  was i s o l a t e d  a t  0.5M NaCl . The m a t e r i a l  in  t h i s  l a t t e r  
f r a c t i o n  was d i a l y z e d ,  d i g e s t e d  w i th  p ro n a s e  and  a n a ly z e d  f o r  th e  
p r e s e n c e  o f  g ly c o s a m in o g ly c a n s  (GAGs) by f r a c t i o n a t i o n  w i th  c e ty l -  
p y r id in iu m  c h l o r i d e .  50% o f  t h e  r a d i o a c t i v i t y  was r e c o v e re d  in  a 
GAG f r a c t i o n  r e p r e c i p i t a t e d  w i th  e t h a n o l - a c e t a t e .  C e l lu lo s e  
a c e t a t e  e l e c t r o p h o r e s i s  showed 69% o f  t h i s  r a d i o a c t i v i t y  c o m ig ra te d  
w i th  s ta n d a r d  h e p a ra n  s u l f a t e  (HS) and  d i s a p p e a re d  f o l lo w in g  
t r e a tm e n t  w i th  h e p a r a t i n a s e .  The r e m a in in g  31% o f  th e  r a d i o 
a c t i v i t y  c o -m ig ra te d  w i th  s ta n d a r d  c h o n d r o i t in  s u l f a t e  (CS) A o r  C 
and  d i s a p p e a re d  fo l lo w in g  t r e a tm e n t  w i th  c h o n d r o i t in a s e  AC.

G el e x c lu s io n  c h ro m a to g ra p h y  o f  t h e  i n t a c t  p r o te o g ly c a n  
f r a c t i o n  on S e p h a ro se  CL6B y i e l d e d  a  s in g l e  r a d i o a c t i v e  p e a k . 
A d d i t io n  o f  4M g u a n id in e  HCl  s t i l l  y i e l d e d  a  s in g l e  p e a k  b u t  a 
b r o a d e r  s i z e  d i s t r i b u t i o n .  No s u b f r a c t i o n s  o f  e i t h e r  t h e  DEAE o r  
CL6B p e a k s  w ere  fo u n d  t o  c o n ta in  e x c lu s i v e l y  HS o r  CS, s u g g e s t in g  
t h a t  t h e  two GAGs may b e  a t t a c h e d  t o  t h e  same p r o t e i n  c o r e .

An a d d i t i o n a l  8-10% o f  a x o n a l ly  t r a n s p o r t e d  35SO4 was r e l e a s e d  
from  th e  1 0 0 ,0 0 0  x g p e l l e t  by w a sh in g  w i th  h y p o to n ic  b u f f e r  l a c k 
in g  s u c r o s e .  The f r a c t i o n ,  p u t a t i v e l y  r e l e a s e d  from  s e q u e s t e r e d  
s i t e s  by l y s i s ,  was e n r ic h e d  i n  p r o te o g ly c a n  r e l a t i v e  to  s u l f a t e d  
g l y c o p r o t e i n s  an d  c o n ta in e d  m ore HS r e l a t i v e  t o  CS th a n  th e  
o r i g i n a l  s u p e r n a t a n t .  Of t h e  70% o f  35SO4 re m a in in g  in  th e  
1 0 0 ,0 0 0  x g p e l l e t ,  a p p ro x im a te ly  1 /3  was re c o v e re d  in  HS & CS, 
in  p r o p o r t io n s  s i m i l a r  t o  th e  s u p e r n a t a n t .
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424.11  POWERING OF AXONAL BULK TRANSPORT BY HYPERDENSE PARTICLES AND 
DIFFERENTIAL SENSITIVITIES OF ANTERO- AND RETROGRADE TRANSLOCATOR 
MECHANISMS. B. Edmonds* and E. K oen ig . D ep t. P h y s io lo g y , D iv . 
N eurobio logy, SUNY a t  B u ffa lo , B u ffa lo  NY 14214.

In  a  p r e v io u s  r e p o r t  (K o en ig , e t  a l . ,  1985 J .  N e u ro s c i . 5 :715 ) 
a fo rm  o f  a x o n a l b u lk  t r a n s p o r t  w as d e s c r ib e d  f o r  g o l d f i s h  
r e t i n a l  g a n g l io n  c e l l  (RGC) ax o n s  r e g e n e r a t i n g  in  v i t r o ,  w h ich  
was c h a ra c te r iz e d  by b i d i r e c t i o n a l  s a l t a t o r y  b e h a v io r  o f  l a r g e  
v a r i c o s i t i e s  c o n ta in in g  c y to s k e le ta l  and cytomem branous e lem en ts ; 
h o w e v e r , m ovem ents o f  v a r i c o s i t i e s  w ere  g e n e r a l l y  in f r e q u e n t*  
T r a n s p o r t  o f  s m a l l  p a r t i c l e s ,  c a l l e d  i n t e r v e n i n g  p h a s e -d e n s e  
i n c l u s i o n s  ( IP D Is ) ,  was a l s o  d e s c r ib e d  w h ich  had a 1 0 - f o ld  
g r e a t e r  v e l o c i t y .  B e h a v io r  o f  IP D Is  i n c l u d e d  f o r m in g  
v a r i c o s i t i e s  de novo , a s  w e l l  a s  IP D Is  p a s s in g  th ro u g h , f u s in g  
w ith , o r  be ing  re le a s e d  from p re e x is t in g  v a r i c o s i t i e s .  We now 
r e p o r t  a  mechanism fo r  th e  m o t i l i ty  o f  v a r i c o s i t i e s  t h a t  appears 
to  be m e d ia te d  by a  d ynam ic  i n t e r a c t i o n  b e tw e e n  h y p e rd e n s e  
p a r t i c l e s  (HDPs), a s u b c la s s  o f IPD Is, and v a r i c o s i t i e s .

A lk a l in iz a t io n ,  u s in g  ammonium c h lo r id e ,  in c re a s e s  frequency  
o f  m ovem ent o f  v a r i c o s i t i e s  and r e d u c e s  p h a se  d e n s i t y  o f  
v a r i c o s i t i e s  so t h a t  i n t e r n a l  in c lu s io n s  become v i s ib l e .  Time- 
la p s e ,  p h a s e -c o n tra s t  m ic ro sco p y  r e v e a l s  t h a t  one o r  m ore HPDs 
a r e  g e n e r a l l y  p o s i t i o n e d  i n  t h e  l e a d i n g  p o le  o f  m o v in g  
v a r i o o s i t i e s ,  where th ey  may cause  an ex c re ssen c e  to  form . The 
c o r r e l a t i o n  o f  movement w ith  r e q u i s i t e  lo c a t io n  o f  m o tile  HDPs 
s u g g e s t s  t h a t  HDPs becom e " e n tra p p e d "  i n  v a r i c o s i t i e s ,  and i f  
l o c a l  c o n s t r a i n t s  on  v a r i c o s i t i e s ,  w h ic h  may i n v o l v e  
transm em brane in t e r a c t io n s  w i th  s u b s t r a tu m ,  a r e  o v e r r id d e n  o r  
rem oved, v a r i c o s i t i e s  a re  m o b iliz ed . These r e s u l t s  in d i c a t e  t h a t  
a  s im p le  k in e s in - l ik e  t r a n s lo c a to r  mechanism d esc r ib e d  fo r  s in g le  
o r g a n e l l e s  (V a le , e t  a l . ,  1985 C e l l  41 :3 9 ) i s  s u f f i c i e n t  to  
e x p l a in  b u lk  t r a n s p o r t  a s  c h a r a c t e r i z e d  by m o t i l e  a x o n a l 
v a r i c o s i t i e s .

A lk a l in iz a t io n  a l s o  red u ces  mean v e lo c i ty  o f  IPDIs by a lm o s t 
3 0 - f o ld ,  and v i r t u a l l y  h a l t s  a n t e r o g r a d e l y  d i r e c t e d  IP D Is . In  
m ild ly  p e rm eab iliz e d  p re p a ra t io n s  a t  n e u t r a l  pH, o rth o v a n ad a te  (5 
uM) s e le c t i v e ly  b lo c k s  re t ro g ra d e  t r a n s p o r t  o f  IPD Is, in c lu d in g  
HPDs, w h ile  100 uM vanada te  r e v e r s ib ly  i n h i b i t s  a l l  b id i r e c t io n a l  
m ovem ents. T hese r e s u l t s  s u g g e s t  t h a t  tw o  t r a n s l o c a t o r  
m echanism s fo r  d i r e c t i o n a l  movements may e x i s t  in  RGC axons which 
p o sse ss  d i f f e r e n t  v anadate  and pH s e n s i t i v i t i e s .  These f in d in g s  
co n firm  and extend th o se  re p o rte d  f o r  d is p e rs e d  and re c o n s t i tu te d  
squ id  axoplasm  (V ale, e t  a l .  1985 C e ll 43:623).

Supported by PHS g ra n t  NS21843 from NINCDS.

424.12 ORGANELLES ORGANIZE MICROTUBULES INTO TRANSIENT B A S K E T S :A  
SERIAL EM 3D RECONSTRUCTION OF SYSTEMS OF AXONAL MICROTUBULES 
M.M. G reenberg and J .K. S tevens.  P la y fa i r  N euroscience U n it, 
Toronto W estern H o sp ita l ; and D ep ts. of Anatomy and Surgery  (MMG) 
and D ep t. of P hysio logy (JKS), U n iv e rs ity  of T oronto, T oronto, 
Canada.

Lasek (B rain  Res 7 :6 3 0 ; e t  a l ,  JCB 9 9 (1 ) :2 1 2 s ) , A llen e t  a l 
(JCB 100:1763), M artz e t  a l  (C e ll Mot 4 (2 ) :7 7 , and Vale e t  a l  
(C e ll  40 :449) have c h a ra c te r iz e d  th e  r e la t io n s h ip  of o rg a n e l le s  
in  axonal t r a n s p o r t  to  m ic ro tu b u le s . At th e  EM le v e l ,  we (and 
many o th e r s )  have o f te n  observed o rg a n e l le s  s i tu a te d  in  a 
"b ask e t"  o f m ic ro tu b u le s . The q u es tio n  a r i s e s  of w hether m icro
tu b u le s  i n t r i n s i c a l l y  c o n fig u re  them selves in to  th e se  b ask e ts  or 
w hether o rg a n e l le s  co n fe r th i s  o rg a n iz a tio n  upon lo c a l 
m ic ro tu b u le s . To answer th i s  q u es tio n  we s e r i a l l y  reco n sru c ted  
m ic ro tu b u le s  and o ry a n e l le s  in  unm yelinated murine s c i a t i c  axons. 
U sing c o m p u te ra ss is ted  te ch n iq u es , we c re a te d  a system  of v ec to rs  
which both s p e c i f ie d  the  r e l a t i v e  p o s i t io n s  of m icro tubu les  in 
each bask e t and id e n t i f i e d  t h e i r  s e q u e n t ia l  o rd e r . The in d iv i 
d ual m icro tu b u les  in  th e se  b ask e ts  were then fo llow ed th rough  
s e r i a l  s e c t io n s ,  and v e c to rs  were drawn fo r  a l l  of them. By 
com paring th e  s e q u e n t ia l  v ec to rs  f o r  each o r ig in a l  b a sk e t, we 
cou ld  tr a c e  th e  f a te  of the  m ic ro tu b u les . R esu lts  in d ic a te  th a t 
m ic ro tu b u les  of a given baske t d is p e rs e  a f t e r  th e  o rg a n e l le  in  
th e  baske t has passed  th rough . They o f te n  reform  them selves in to  
new sm a lle r  o r la rg e r  b a sk e ts  acco rd ing  to  th e  s iz e  of an 
o rg a n e l le  th a t  may appear, and o th e rw ise  weave a more random 
co u rse  th rough the  axon. B askets of m icro tubu les  could be seen 
in  th e  sub-axolemmal spaces as w e ll; th e  members of th e se  a lso  
moved c e n t r ip e t a l l y  to  jo in  o th e r  b a sk e ts  around o rg a n e l le s . 
O ther than  th e se  subaxolemmal c o n f ig u ra tio n s , no b ask e ts  seen in  
th e  axon were u n asso c ia ted  w ith  an o rg a n e l le  e i th e r  in  th e  same 
o r in  an im m ediately p reced ing  s e c t io n .  We conclude th a t  m icro
tu b u le s  do no t form b ask e ts  by th em selves, but r a th e r  th a t  i t  may 
be th e  o rg a n e l le s  which co n fe r th e se  c o n f ig u ra tio n s  upon lo c a l 
m ic ro tu b u le s . S ince m icro tubu les  a re  observed l in in g  the  
i n t e r n a l  rim  of the  axolemma, i t  i s  p o s s ib le  th a t  a p roduct in  or 
on membranes i s  re s p o n s ib le .

S upport: MRC Canada MT7345, and NIH fe llo w sh ip .

424.13 BIOCHEMICAL ALTERATIONS INDUCED BY 2,5-HEXANEDIONE: 
COMPARATIVE EFFECTS OF NEUROFILAMENT PROTEIN CROSSLINKING, 
PHOSPHORYLATION AND PROTEOLYSIS. D.M. Lapadula*, E. Suwi ta* and 
M.B. Abou-Donia (SPON: M.M. Abou-Donia), Dept. of Pharmacology, 
Duke University Medical Center, Durham, NC 27710.

Several biochemical mechanisms have been proposed to account 
for the accumulation of neurofilaments present in axons a fte r 
administration of 2,5-hexanedione. These include protein-protein 
crosslinking, blockage of protein phosphorylation and inhibition 
of proteolytic breakdown of neurofilaments. In addition, 
2,5-hexanedione has been demonstrated to affect axoplasmic 
transport. Animals were treated with 1% 2,5-hexanedione in 
th e ir  drinking water for 2 weeks. Spinal cord neurofilament 
proteins were isolated by the axonal floatation  method and pro
te in  phosphorylation (15 μg protein) was assessed in a 50 mM 
Pipes buffer (pH 6.5) in the presence of Mg++ (10 mM), Ca++ (50 
μM ), [γ32p]ATP (5 μM) and either calmodulin (1 μg) or 
trifluoperazine (50 μM). Proteins were separated by sodium 
dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) 
and subjected to autoradiography. Microdensitometry was used to 
quantitate differences between control and treated animals. 
Protein phosphorylation of all three neurofilament t r ip le t  pro
teins was sign ifican tly  decreased (68K, 50%; 160K, 36%; 210K, 
33% of control ) in treated  animals. At the same time, neurofila
ment proteins from a separate set of control and treated animals 
were found to be crosslinked, as demonstrated by reac tiv ity  to 
anti-neurofilament antibodies of higher molecular weight pro
te in s (greater than 250K) in SDS-polyacrylamide gels. In a 
separate experiment, ra ts  were treated for 63 days with 0, 0 .1 , 
0.25, 0 .5 , or 1% 2,5-hexanedione in th e ir  drinking water and 
spinal cord cytoskeletal proteins were iso lated . High molecular 
weight crosslinks as well as a diminished amount of proteolytic 
degradation products were evident in a dose dependent manner in 
treated  animals. These data suggest that a single mechanism may 
not account for the accumulation of neurofilaments in hexacarbon 
induced neuropathy but several mechanisms may combine to produce 
the accumulation of neurofilaments which are pathognomic of th is  
neuropathy. Supported in part by NIOSH grant No. OHO 0823.

424.14 DENDRITIC TRANSPORT OF RNA IN HIPPOCAMPAL NEURONS IN CULTURE. L.  
Davis, G. Banker, and O. Steward. Depts. of Neuroscience and 
Neurosurgery, U n iv ersity  of V irg in ia  School of Medicine, 
C h a rlo ttesv ille , V irginia, 22908, and Dept. of Anatomy, Albany 
Medical College, Albany, New York 12208.

Although the p roperties of axonal transport have been well 
characterized (Grafstein and Forman, 1980, Physiol. Rev.,  60:1167, 
1980), dendritic  transport i s  less well understood. Because 
dendrites contain protein synthetic machinery, the transport of 
labeled proteins in to  dendrites is  obscured by local synthesis. 
However, RNA synthesis is  re stric ted  to the nucleus so th a t the 
transport of newly synthesized RNA can be readily followed. In 
th is  study we determine the ra te  of transport of 3H-RNA into  
dendrites following pulse-labeling with 3H-uridine.

Hippocampal c e lls  were obtained from 18 day embryonic ra ts , 
plated onto polylysine-treated glass covers lips and maintained in 
serum free medium for 15-17 days. At th is time, dendrites can be 
distinguished from axons on the basis of a number of c r i te r ia  
(B a rtle tt and Banker, J .  Neurosci., 4:1944, 1984). Cells were 
incubated for one hour with 3H-uridine, then b r ie f ly  rinsed in 
medium to remove the 3H-label l ed precursor. Sane cultures were 
fixed immediately; others were returned to a medium containing an 
excess of unlabeled urid ine as a chase for 3, 6, 9, 12, 18, 24, 
36, or 48 hours. Following the chase period, the cultures were 
fixed with paraformaldehyde and processed for autoradiography. 
Labeled neurons from each chase condition were selected randomly 
using predetermined microscope stage coordinates. The distance of 
migration within each dendritic  process was determined, and the 
mean distance of migration was calculated a t each time interval.

When cells were fixed a t the end of the labeling period, label 
was found only over the nucleus. With increasing time, labeled 
RNA traveled progressively further in to  the dendrites, reaching 
the  t ip s  of the  d e n d rite s  a f t e r  12-24 h r s .  There was no 
detectable labeling of the axons a t  any tim e. Our r e s u l ts  
ind icate  a se lec tive  transport of RNA in to  dendrites a t a rate 
comparable to that of slow axoplasmic transport. Supported by 
NS23094.
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424.15 EFFECT OF INTRAOCULAR TETRODOTOXIN (TTX) ON AXONAL TRANSPORT OF 
Na,K-ATPASE IN RAT OPTIC NERVE. S.C. Specht, A.E. Colón-Mage*, 
E. del Valle* and S. Castro-Hernandez. Lab. of Neurobiology and 
Dept. of Pharmacology, Univ. Puerto Rico Sch.of Med., San Juan, 
P.R. 00936.

Axonal transport of Na,K-ATPase was evaluated in rats which 
had received intraocular injections of c itra te-buffered  TTX 
(15 μl of 1 mM), c itra te  alone or a puncture wound into the 
v itreal chamber. The retinae were labeled in vivo by in tra 
ocular injection of {35S}methionine (250 μCi) a t 6 h a f te r  
treatment. Incorporation was stopped a t 2 h with an intraocular 
injection (15 μl) of solution containing cycloheximide (20 mg/ml) 
and unlabeled methionine (0.8 mM). Axonal transport was inhibited 
a t 6 h with intraocular colchicine (5 μl of 5 mg/ml). For axonal 
transport studies, animals were killed 6 or 24 h a f te r  {35s} 
methionine. Labeling was evaluated by SDS-PAGE of enzyme isolated 
from the re tin a , optic nerve and tr a c t ,  and la tera l geniculate 
bodies and superior co llic u l i . Retinal synthesis of enzyme was 
assessed in animals k illed  2 h a f te r  labeling. Enzymatic ac tiv ity  
of the Na,K-ATPase and {3H}ouabain binding were also evaluated in 
treated retinae.

After 6 hours of treatment, enzymatic ac tiv ity  and {3H}ouabain 
binding were increased in the retina and axonally transported 
Na,K-ATPase recovered from optic nerve endings was enriched in 
the alpha(+) isozyme. {Supported by NIH grants NS 07464 and 
SO 6RR 08102.}

424.16 fast AXONAL TRANSPORT IN CERVICAL AND LUMBAR ANTERIOR HORN CELLS 
IN WOBBLER MOUSE MOTOR NEURON DISEASE. K. K urahash i* , H. 
M itsum oto, G. Bunge* N eurom uscular Res Lab. C leveland  C lin ic  
F oundation , C lev e lan d , Ohio 44106

Motor neuron d is e a se  in  th e  w obbler mouse i s  c l i n i c a l l y  
c h a ra c te r iz e d  by p a r a l y s i s ,  a tro p h y , and c o n tra c tu re s  in  
fo re lim b  m uscles . However, h ind lim b  m uscles a re  n e a r ly  sp a red . 
We have been in v e s t ig a t in g  th e  mechanism o f s e le c t i v e  n eu rona l 
involvem ent in  th i s  m odel, s in c e  th e  re a s o n (s )  why c e r t a in  
m otoneurons a re  p re p o n d e ra n tly  a f f e c te d ,  w h ile  o th e r s  a re  n o t ,  
may e x p la in  a common p a th o g e n e tic  p ro cess  in  motor neuron 
d is e a s e s .  R eg e n era tiv e  c a p a c ity  a f t e r  nerve  c ru sh  i s  m arkedly 
im paired  in  w obbler c e rv i c a l  motoneurons (M itsum oto: Muscle
N erve, 1985), w hereas t h a t  in  lum bar motoneurons i s  found to  be 
norm al (M itsumoto e t  a l :  Soc N eurosci A b s tr , 1985). S ince the  
axona l r e g e n e ra tio n  i s  s u s ta in e d  by axona l t r a n s p o r t  in  a d d i t io n  
to  n eu ro n a l p ro te in  s y n th e s is ,  we s tu d ie d  f a s t  axona l t r a n s p o r t  
to  an a ly ze  d if f e re n c e s  between the two sy stem s. H o rse rad ish  
p ero x id ase  (HRP) was in je c te d  in  fo re lim b  o r h indlim b m uscles in  
bo th  groups of an im als and HRP was re a c te d  w ith  te tra m e th y l 
b e n z id in e  in  s e r i a l  f ro z e n  s e c t io n s  of s p in a l  co rd . The 
e a r l i e s t  appearance  o f HRP in  th e  a n t e r io r  horn c e l l s  was 
examined a t  d i f f e r e n t  tim es a f t e r  i n j e c t io n  under a b r ig h t /d a rk  
f i e l d  m icroscope. In  th e  fo re lim b  system , HRP was found a t  2 ½ 
h r s .  in  bo th  c o n tro ls  and w obbler m ice. T h e ir  e s tim a te d  r a t e s  
were 210-240 and 190-210 mm/day, r e s p e c t iv e ly .  In  th e  h ind lim b , 
the  r a t e  was id e n t ic a l  in  bo th  g ro u p s, e s tim a te d  as 220-240 
mm/day. Thus, th e re  seems to  be no s ig n i f i c a n t  d if f e re n c e s  in  
re t ro g ra d e  tr a n s p o r t  between th e  two groups of an im als in  both 
sy stem s. To s tu d y  a n te ro g ra d e  f a s t  t r a n s p o r t ,  a m ix tu re  of 
t r i t i a t e d  le u c in e  and p r o l in e ,  a d ju s te d  to  160 u C i/u l,  was 
s t e r e o t a c t i c a l l y  m ic ro in je c te d  in to  the  c e rv ic a l  v e n t r a l  horn 
and th e  tr a n s p o r te d  r a d i o a c t i v i ty  was counted  in  1 mm 
c o n se c u tiv e  nerve  segm ents, a t  1 and 2 h r s .  a f t e r  i n j e c t io n  in  
c o n t r o ls ,  and 2½ and 3½ h r s .  in  w obbler m ice. The w obbler 
fo re lim b  nerve  had a d e layed  t r a n s p o r t  ap p earin g  in to  th e  nerve 
segm ents and th e  r a t e  was e s tim a te d  as 140-190 mm/day, whereas 
i t  was 340-380 mm/day in  c o n t r o ls .  An abnorm al f a s t  an te ro g ra d e  
tr a n s p o r t  may p la y  an im p o rtan t r o le  in  s e le c t i v e  neu ro n a l 
involvem ent o f c e rv i c a l  m otoneurons in  th i s  motor neuron 
d is e a s e .  The s tu d y  in  th e  h ind lim b  i s  under p ro g re s s .

424.17 TRANSMITTER SPECIFIC RETROGRADE TRANSPORT IN APLYSIA. L.M. 
O lson and J.W. J a o k le t , D ep t. o f  B io l . ,  SUNY-Albany, NY 12222

T ra n sm itte r  s p e c i f i c  r e t ro g ra d e  tr a n s p o r t  was te s te d  in  
A p lysia  u s in g  th e  p a i re d ,  s e ro to n e rg ic  m e ta c e re b ra l g ia n t  
neurons (MGN's) o f  th e  c e re b ra l  g a n g lio n . Each neuron has a 
s in g le  p ro cess  th a t  b i f u r c a te s  w ith in  th e  c e re b ra l  g a n g lio n . 
One axonal branch t r a v e l s  to  th e  buccal g an g lio n  th rough  th e  
i p s i l a t e r a l  c e re b ra l-b u c c a l (C-B) co n n e c tiv e  where i t  forms 
e x te n s iv e  s y n a p tic  c o n ta c ts  w ith  buccal n eu ro n s . The o th e r  
axonal branch t r a v e l s  in  th e  i p s i l a t e r a l  l i p  nerve  to  
in n e rv a te  buccal m u scu la tu re .

The bucca l g a n g lio n , c o n ta in in g  MGN te rm in a ls ,  was 
i s o la te d  from th e  c e re b ra l  g an g lio n  by a  v a s o lin e  s e a l  
between a  two-chambered in c u b a tio n  chamber and exposed to  
t r i t i a t e d  t r a n s m it t e r s  [ s e ro to n in  ( 3h 5-HT), 3H DOPA, and 
dopamine ( 3h DA)], f o r  18 hours a t  15° C. The l i p  n e rv e , 
c o n ta in in g  th e  o th e r  MGN axonal b ran ch , was c u t c lo se  to  th e  
c e re b ra l  g a n g lio n . A f te r  w ashing , g a n g lia  were p rocessed  fo r  
au to rad io g rap h y  and s l id e s  were exposed f o r  one month.

A f te r  in c u b a tio n  o f  th e  b uccal g a n g lia  i n  3h 5-HT, la b e l  
was prom inent in  th e  MGN soma and i t s  axon in  th e  C-B 
co n n e c tiv e . The MGN' s  were th e  o n ly  c e re b ra l  g ang lion  
neurons la b e le d ,  s u g g e s tin g  th a t  up take a n d /o r  t r a n s p o r t  o f 
s e ro to n in  i s  l im ite d  to  s e ro to n e rg ic  n eu ro n s . The l i p  nerve  
axona l b ran ch d id  n o t c o n ta in  l a b e l .  3H DOPA a l s o  was t r a n s 
p o rte d  by th e  MGN, so  th e s e  s e ro to n e rg ic  te rm in a ls  do n o t 
d is c r im in a te  between DOPA and 5-HT. However, no o th e r  c e re 
b r a l  g a n g lio n  neurons were la b e le d ,  so  DOPA i s  a l s o  excluded 
by non-am inerg ic  n eu ro n s . P re lim in a ry  experim en ts  in d ic a te  
t h a t  DA i s  n o t ta k en  up a n d /o r  tr a n s p o r te d  by th e  MGN.

5-HT up take  may occur a t  s e ro to n e rg ic  s y n a p tic  membranes, 
b u t n o t a t  som atal membranes. Exposure o f  th e  c e re b ra l  
g an g lio n  to  3H 5-HT la b e ls  30-40 c e re b ra l  g an g lio n  neurons 
( s im i la r  to  th o se  d esc r ib ed  by s e ro to n in  im m unofluorescence, 
G o ld s te in  e t  a l . ,  1985) b u t th e  MGN do n o t l a b e l .  Labeled 
neurons appear to  be s e ro to n e rg ic  neurons t h a t  have te rm in a ls  
w ith in  th e  o e re b ra l g a n g lio n , and accum ulate  la b e l  by r e t r o 
g rade t r a n s p o r t  a f t e r  s y n a p tic  u p ta k e . The MGN have few o r 
no te rm in a ls  w ith in  th e  c e re b ra l  g a n g lio n , and so  could  n o t 
accum ulate l a b e l .

The ana to m ica l s e p a ra t io n  o f  MGN te rm in a ls  and soma in  
s e p a ra te  g a n g lia  makes A p ly sia  an id e a l  system  in  which to  
examine th e  s p e c i f i c i t y  and c h a r a c t e r i s t i c s  o f  t r a n s m it te r  
s p e c i f i c  r e t ro g ra d e  t r a n s p o r t .  Our r e s u l t s  show th a t  
re t ro g ra d e  tr a n s p o r t  o f  3H 5-HT may be l im ite d  to  
s e ro to n e rg ic  n eu ro n s , b u t th a t  i t s  u p ta k e / t r a n s p o r t  system  
does n o t exc lude  th e  r e l a te d  am ine, DOPA. NSF BNS 8206245

424.18 NEUROFILAMENT PROTEINS IN THE AXOPLASM OF CRAYFISH. S. H a lls1*, 
C.R. Wang2*, R.A. S h e l le r1 , W .J. Mandy2* and G.D. B i t tn e r 1 . D epart
ments o f Zoology1 and M icrobio logy2 , U n iv e rs ity  o f Texas a t  A ustin , 
A u stin , Texas 78703.

Axonal t r a n s p o r t  i s  though t to  occur by mechanisms in v o lv in g  
n eu ro fila m e n ts  (NF) and m icro tu b u les  (MT) (see  Ochs, S. (1982) Axo
p lasm ic tr a n s p o r t  & i t s  r e l a t i o n  to  o th e r  nerve fu n c t io n s , J .  Wiley 
& Son, NY). However, i t  has g e n e ra lly  been s ta te d  th a t  th e  axons 
o f a rth ro p o d s  do no t co n ta in  N F 's , a lthough  such axons have la rg e  
numbers o f MT's and e x h ib i t  axonal t r a n s p o r t  (see  Lane, N .J . (1985) 
Comprehensive In s , P h y s io l . ,  Bidchem. , & Pharm acol. 5 , 9-21 , G. 
K erkut & L. G i lb e r t ,  Pergammon P re s s ,  NY). In  th e  c r a y f is h  v e n tra l  
nerve  cord (VNC) th e re  a re  axoplasm ic m a trix  f ila m e n ts  (AMF) assoc
ia te d  w ith  th e  MT's. These AMF's a re  though t to  be homologous w ith  
mammaliam m icro tu b u le  a s s o c ia te d  p ro te in s  (MAP's) and may be in 
volved in  axonal t r a n s p o r t .

We re p o r t  th a t  th e  axoplasm o f c ra y f is h  VNC's n o t on ly  co n ta in  
MAP's and M T's, but a lso  N F -like  m a te r ia l  th a t  have e p ito p es  th a t  
a re  recogn ized  by m onoclonal a n t ib o d ie s  d ire c te d  a g a in s t the  200, 
160 and 68 kd mammaliam N F 's . VNC's were d is s e c te d  from c ra y f is h  
(Procam barus c l a r k i i ) in  th e  p resence  o f Ca++- f r e e  van H aarevelds 
s o lu t io n  c o n ta in in g  5mM EGTA and 0 .5  le u p e p tin  (VH b u f f e r ) .  The 
axoplasm was ex truded  in to  a v e s s e l co n ta in in g  100 μ l  o f VH b u ffe r  
and homogenized. A liq u o ts  o f th e  homogenate were s e r i a l l y  d i lu te d  
and ap p lie d  to  a n i t r o c e l lu lo s e  membrane fo r  d o t-b lo t  a n a ly s is .  
N o n -sp e c ific  b in d in g  s i t e s  were blocked by in c u b a tin g  th e  membrane 
o v e rn ig h t in  5% BSA-PBS b u f fe r  a t  4°C. Prim ary a n t ib o d ie s  were 
a p p lie d  to  th e  membrane a t  th e  optimum c o n c e n tra t io n  and incubated  
fo r  2 h rs  a t  20°C, then  washed (4X) w ith  PBS-1% Tween 20 fo r  30 
m ins. The second an tibody  coupled to  HRP was then  ap p lie d  to  the  
membrane and fo r  2 h rs  a t  20°C and then  washed as b e fo re . The HRP 
r e a c t io n  p roduct (HRP-RP) was developed u s in g  th e  DAB p rocedu re . 
HRP-RP axoplasm ic d o t-b lo ts  rev ea led  p o s i t iv e  re a c t io n s  to  α  and β  
tu b u l in ,  MAP's, NF (200kd), NF (160 kd) and NF (68 kd) p ro te in s ,  
su g g es tin g  th e  p resen ce  o f MT and NF components in  th e  axoplasm. 
HRP-RP d o t-b lo ts  o f th e  axoplasm gave n e g a tiv e  r e s u l t s  to  g l i a l  f i l 
ament a c id ic  p ro te in s  (GFAP) a n t ib o d ie s ,  su g g es tin g  minimal g l i a l  
con tam ina tion  o f  th e  axoplasm d u ring  e x t r a c t io n .  E le c tro p h o re tic  
and W estern t r a n s f e r  a n a ly se s  o f axoplasm suppo rt th e  d a ta  from d o t-  
b lo t  a n a ly s e s . We a re  c u r r e n t ly  p u rsu ing  th e  lo c a t io n  and d i s t r i b 
u tio n  o f th e  N F -like  m a te r ia l  in  th e  axons o f th e  c ra y f is h  by im
m uno-e lec tron  m icroscopy.

Our r e s u l t s  reg a rd in g  th e  occu rrence  o f N F -like  m a te r ia l  in  th e  
axons o f  an arth ro p o d  a llow s th e  g e n e ra l iz a t io n  o f th e  NF-MT hypo
t h e s i s  o f axonal t r a n s p o r t  to  be ap p lie d  to  t h i s  phylum.

Supported by NS 19764 & TATRP 14-9700 to  GDB.
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425.1 ANTENNAPEDIA, A HOMEOTIC REGENERATE IN THE WALKING STICK C arausius 
m orsus: SENSORY PROJECTIONS. J .S .  Edwards, G.R. Reddy,* and M.U. 
R an i,*  Zoology D ept. Univ. of Wash. S e a t t le  WA 98195.

I t  has been known fo r  many y ea rs  th a t  th e  an tenna o f th e  
w alk ing  s t i c k  in s e c t  C arausiu s  morosus (Phasm ida), when severed  a t  
th e  d i s t a l  end o f the  second segment d u rin g  an e a r ly  i n s t a r ,  
re g e n e ra te s  in  th e  form o f a le g  (S chm id t-Jensen , 1913). In  i t s  
most com plete form th e  re g e n e ra te  i s  composed of fem ur, t i b i a  and 
a ta r s u s  composed o f 4 segments w ith  a p a i r  o f claw s f la n k in g  a 
te rm in a l pad.

We have compared th e  c e n tr a l  senso ry  p ro je c tio n s  of 
an ten n ap ed ia  re g e n e ra te s  in  C arausius w ith  th o se  o f th e  
h o m e o tic a lly  transfo rm ed  an tenna o f th e  an tennaped ia  m utant in  
D ro so p h ila . In  C a ra u s is , as in  D rosoph ila  (S to ck e r e t  a l , 1976, 
S tocker and Lawrence, 1981) th e  prim ary  p ro je c t io n  i s  
p redom inan tly  to  th e  o lf a c to ry  lo b e , where normal an tennae 
a f f e r e n ts  te rm in a te . In  C arausiu s  some axons bypass th e  o l f a c to ry  
lobe  and te rm in a te  b e s id e  th e  co rp o ra  p ed u n c u la ta . O ther axons 
wander e x te n s iv e ly  th rough bo th  i p s i -  and c o n t r a la t e r a l  n e u ro p i le .

The p r o j e c t i o n  o f  th e  n orm al t a r s u s  t o  a t h o r a c i c  g a n g lio n  
in c lu d e s  a  d i s t i n c t i v e  b i l a t e r a l l y  sy m m e tr ic a l  g lo m e ru lu s  t h a t  
maps th e  p a i r  o f  c la w s .  No e v id e n c e  o f  th e  c h a r a c t e r i s t i c  c law  
p r o j e c t i o n s  was found  i n  th e  b r a i n s  o f  a n im a ls  w i th  h o m eo tic  
a n te n n a e .

The m o rp h o g e n e tic  r u l e s  f o r  g e n e r a t in g  s e n s o r y  p r o j e c t i o n s  o f  
h o m eo tic  m u ta n ts  i n  D ro s o p h ila  a p p e a r  t o  a p p ly  a l s o  t o  h o m eo tic  
r e g e n e r a te s  i n  C a r a u s iu s .

R e fe re n c e s
S c h m id t-J e n s o n , O.H. 1913 H om eotisk  R e g e n e ra t io n  a f  a n te n n e s  
h os en  Phasm ide ( C a ra u s iu s  m o ro su s ) V id e n sk . m ed d e l. d a n s k . 
n a tu r h .  f o r e n .  66:113.
S to c k e r ,  R .F . ,  E d w ard s , J . S . ,  P a lk a ,  J . ,  S c h u b ig e r ,  G. 1976 
P r o j e c t io n  o f  s e n s o r y  n e u ro n s  from  a h o m eo tic  m u ta n t 
a p p e n d ag e , A n te n n a p e d ia  i n  D ro s o p h ila  m e la n o g a s t e r . D e v e l . 
B i o l .  5 2 :2 1 0 -2 2 0 .
S to ck e r, R .F .,  Lawrence, P.A. 1981 Sensory p ro je c t io n s  from 
normal and h o m e o tic a lly  tran sfo rm ed  an tennae in  D ro so p h ila . 
D evel. B io l . 82:224-237.

Supported by NIH g ra n t NB 07773 to  J .S .E .

425.2  LUCIFER YELLOW-CHDYE COUPLING IN NORMAL AND REGENERATED DORSAL 
GIANT FIBERS OF Lumbricus terrestris. A.W. Lyckman and G . D. Bittner. Department of 
Zoology, University of Texas, Austin, TX, 78712.

The dorsal giant fibers (DGFs) which mediate the escape response of the earthworm are 
segmental interneurons composed of electrically coupled giant axons. There are three DGFs, 
the medial giant fiber (MGF) and two lateral giant fibers (LGF's). The LGF's are electrically 
coupled and thus function physiologically as a single giant fiber. Using intracellular recording 
and dye injection, we are investigating the mechanisms and specificity of regeneration of 
transected DGFs.

Results from intracellular micro-iontophoresis and pressure microinjection of Lucifer 
yellow-CH (LYCH) into normal giant axons show: ( 1) LYCH rapidly fills the injected giant 
axon, its dendritic processes, neurites and cell body, completely highlighting the entire cell. 
(2) LYCH preferentially adheres to the axolemma, mitochondria, vesicles and cytoskeletal 
elements of the axon as visualized in plastic cross-sections of glutaraldehyde fixed tissue under 
epiflourescence. This indicates that LYCH binds to cytoplasmic elements and does not remain 
evenly distributed in the axoplasm. (3) LYCH dye coupling is far more rapid and complete 
between electrically coupled LGA's than between electrically coupled MGA's. This indicates 
that the gap junctions in both the septa of the LGF and in the area of contact between the 
neurites of contralateral LGFs are far more permeable to LYCH than are the gap junctions in 
the septa of the MGF. The marked difference between LGF's vs. MGF gap junction 
permeability to LYCH is due to differences in the intrinsic structures of the gap junctions of 
the LGFs vs. MGF and/or differences in the regulation of gap junction permeability in the 
LGFs vs. MGF.

Results from LYCH injection into regenerating transected DGFs show: (1) At early 
stages of regeneration (<1 wk post-transection) when regenerating DGFs have not restored 
electrical coupling across the transection site, there is also no LYCH dye coupling between 
DGF's across the transection site as seen in whole mount under epiflourescence. (2) At later 
stages of regeneration (>2 mos post-transection) when both the LGFs and MGF have restored 
normal electrical coupling across the transection site, there is strong LYCH dye coupling 
between MGFs across the lesion site and between LGF's across the lesion site as seen in 
whole mount under epiflourescence. LYCH dye coupling between the DGFs across the lesion 
is probably due to the formation of new gap junctions and/or membrane fusion between giant 
axons that become electrical coupled across the lesion site. (3) Plastic cross-sections of 
injected whole mounts show each giant axon crosses the transection site in bundles of up to 
four large diameter, LYCH-filled, regenerated axonal processes wrapped in a glial sheath. We 
have not detected LYCH-filled processes that project aberrantly in the nerve cord.

These results with LYCH injection confirm previous physiological results (Birse and 
Bittner, J. Neurophysiol. 45: 724, 1981) that transected DGF's reconnect without 
misconnection. Our on-going experiments are investigating cellular mechanisms which 
contribute to cell-specific functional reconnection of transected DGF's, in particular the 
subcellular basis of electrical coupling between giant axons and the pathfinding ability of 
regenerating axonal processes. Our current results with intracellular injection of LYCH 
indicate that LYCH will continue to be a useful marker for identifying regenerating processes. 
Further, the differential permeability of gap junctions of LGF's vs. MGF's may indicate 
differences in the cellular and molecular properties of gap junctions of DGF's that are 
important to the specificity of electrical coupling seen in regenerating DGFs.

425.3 Recovery of swimming following spinal 
transection is enhanced at lower temperatures 
in larval sea lamprey. Jo s e p h  A v e rs  and C ric k e t 
W ilbur* . Marine Science Center, Northeastern University, East 
Point, Nahant, MA 01908

Larval sea lamprey, Petromyzon marinus can recover several 
behaviors following complete "cervical" spinal cord transection. 
W e have utilized a quantitative behavioral assay (Science 221: 
1 3 1 2 -1 3 1 4 )  to determ ine the effects o f reduced holding 
temperature on the dynamic organization of recovered swimming 
movements and the order o f behavioral recovery. We found that 
(1). The period and propagation time of swimming movements of 
ammocoetes which recover at lower temperatures (ca. 13°) closely 
approximates that of normal ammocoetes. In contrast, specimens 
which recover at room temperature (21°-23°), exhibit the shorter 
period and propagation time range characteristic of transformed 
adults. Intersegmental phase lag and body curvature were similar in 
all cases and the dynamic párameters of swimming are strongly 
related to specimen length. (2). Lampreys take longer to recover 
when held at 13° than at 21°. The latency to achievement of the four 
stages of swimming, as well as crawling, burrowing and aversive 
w ithdraw al behaviors all are increased by 50 to 80%. (3), 
Differences also occur in descending modulation of swimming. 
Greater than 90% of specimens held at 21°-23° are able to orient to 
gravity during swimming within 50-90 days following transection. 
The ability to orient to gravity recovers gradually in specimens 
held at 13° and by 120 days only ~70% of specimens orient 90% 
dorsal side up. We conclude that lampreys take longer to recover at 
lower temperatures, but recover more normal behavior.
Supported by NSF Grant BNS-8406880.

425.4 ELECTROPHYSIOLOGICAL p r o p e r t ie s  of regenerated  axons following  
LESIONS DURING EARLY AND LATE MATURATION. C.M. Bowe1 , C. H i ld e 
b ra n d * 2 , J .D .  K o c s is l  and  S .G . Waxman1 . 1D ep t. o f  N e u ro lo g y , P a lo  
A lto  VA M e d ic a l C e n te r  and  S ta n fo r d  U n i v e r s i ty ,  S t a n f o r d ,  CA 94304 
and 2D ep t. o f  Anatomy, K a r o lin s k a  i n s t i t u t e t ,  S to c k h o lm , Sweden.

F o llo w in g  i n ju r y  d u r in g  a d u lth o o d ,  r e g e n e r a te d  m ammalian m y el
in a t e d  ax o n s  e x h i b i t  a  p ro m in e n t  s e n s i t i v i t y  t o  p h a rm a c o lo g ic a l  
b lo c k a d e  o f  p o ta s s iu m  c h a n n e ls  w i th  4 -a m in o p y r id in e  (4-AP) n o t  
o b s e rv e d  in  h e a l t h y ,  m a tu re  n e rv e  f i b e r s .  T h is  r e s p o n s e  t o  4-AP, 
p e r s i s t i n g  beyond  2 y e a r s  fo llo w in g  i n j u r y ,  c o n s i s t s  o f  a  c h a ra c 
t e r i s t i c  compound a c t i o n  p o t e n t i a l  l a t e  n e g a t i v i t y  w i th  a d i s 
t i n c t i v e  " r ip p l in g "  p a t t e r n  and  th e  p r e s e n c e  o f  b u r s t s  o f  a c t i o n  
p o t e n t i a l s  r e c o r d e d  from  s in g l e  f i b e r s .  I t  h a s  b een  p ro p o se d  
t h a t  t h i s  r e s p o n s e  r e f l e c t s  a  r e o r g a n iz a t io n  o f  i o n ic  c h a n n e ls  
and  th e  a c t i v e  p a r t i c i p a t i o n  o f  4-AP s e n s i t i v e  p o ta s s iu m  co n d u c
t a n c e  in  e le c t r o g e n e s i s  o f  t h e  a c t i o n  p o t e n t i a l  i n  r e g e n e r a te d  
a x o n s .

The p r e s e n t  s tu d y  exam ined  th e  e l e c t r o p h y s i o l o g i c a l  p r o p e r t i e s  
o f  r e g e n e r a te d  r a t  s c i a t i c  n e rv e s  fo l lo w in g  l e s i o n in g  d u r in g  m at
u r a t i o n .  S c i a t i c  n e rv e  c ru s h e s  w ere  p e rfo rm e d  on 1 week t o  4 
m onth o ld  W is ta r  r a t s .  F o l lo w in g  a  r e c o v e r y  p e r io d  o f  6 -2 1  
m o n th s , a n im a ls  w ere  s a c r i f i c e d ,  s c i a t i c  n e rv e s  e x c is e d  and p h y s 
i o l o g i c a l  p r o p e r t i e s  o f  w ho le  n e rv e  r e s p o n s e s  exam ined in  v i t r o  
d u r in g  s u p e r f u s io n  w i th  K r e b 's  s o l u t i o n  and K r e b 's  s o lu t io n  co n 
t a i n i n g  1 mM 4-A P. W hile  compound a c t i o n  p o t e n t i a l s  r e c o rd e d  from  
c o n t r o l  n e rv e s  (N=24) showed o n ly  m o d est e f f e c t s  o f  e x p o s u re  t o  
4-AP, t h o s e  re c o rd e d  from  a l l  r e g e n e r a te d  n e rv e s  (N=45) d e v e lo p e d  
a  p ro m in e n t  d e la y e d  n e g a t i v i t y  f o l lo w in g  4-AP. N erv es  l e s io n e d  
a f t e r  3 w eeks o f  age  d e m o n s tra te d  t h e  c h a r a c t e r i s t i c  " r i p p l in g "  
p a t t e r n  p r e v i o u s ly  d e s c r ib e d  fo llo w in g  a d u l t  l e s i o n s ,  w h i le  t h o s e  
l e s i o n e d  a t  y o u n g e r  a g e s  h ad  a  m ore c o n tin u o u s  r e t u r n  t o  b a s e l i n e .  
E x a m in a tio n  o f  r e c o v e r y  c y c le  p r o p e r t i e s  and  a b i l i t y  t o  fo l lo w  
s t i m u l i  p r e s e n t e d  a t  f a s t  f r e q u e n c ie s  i n d i c a t e d  t h a t  f u n c t io n  in  
t h e  r e g e n e r a te d  n e rv e s  from  r a t s  l e s io n e d  a t  t h e  y o u n g e r  a g e s  was 
l e s s  a f f e c t e d  by  4-AP th a n  t h a t  o b s e rv e d  in  t h e  o l d e r  l e s io n e d  
g ro u p s .  M o rp h o lo g ic a l  s t u d i e s  d e m o n s tra te d  a  g r e a t e r  num ber o f  
s h o r t  i n t e r n o d a l  l e n g th s  i n  r e g e n e r a te d  a x o n s from  th e  o l d e r  
l e s i o n  g ro u p  com pared  t o  b o th  c o n t r o l s  and  th e  y o u n g e r l e s i o n  
g ro u p .

T hese  d a ta  s u g g e s t  t h a t  4-AP s e n s i t i v i t y  may b e  r e l a t e d  t o  
a b n o r m a l i t i e s  in  t h e  a x o - g l i a l  o r g a n i z a t i o n  o f  r e g e n e r a te d  f i b e r s  
and  t h a t  t h e  m echanism s u n d e r ly in g  t h i s  o r g a n i z a t i o n  a r e  i n f l u 
e n c ed  by  ag e  a t  t h e  tim e  o f  l e s i o n in g .

T h is  work was s u p p o r te d  by g r a n t s  from  th e  VA and NIH.
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425.5 DECLINE IN SYNAPTIC POTENTIALS OF IDENTIFIED AXONS DURING 
REGENERATION IN THE CRAYFISH. P.C. Prosser* and S.J. Velez. 
Department of Biological Sciences, Dartmouth College, Hanover, NH 
03755

The superficial flexor muscles of the crayfish Procambarus 
clarkii have been used to study regeneration of specific neuro
muscular connections by identifiable neurons under a variety of 
experimental conditions (Ely & Velez, J . Neurophysiol. 4 7 : 656- 
665; Hunt & Velez, J . Neurophysiol. 4 7 : 666-676; Clement, Taylor 
& Velez, J. Neurophysiol. 49: 216-226) . The motoneurons in this 
system innervate a field  of around 40 muscle fibers from a medial- 
to -la tera l direction forming a position-dependent connectivity 
map. We have reported previously the changes in connectivity 
patterns that are generated i f  regeneration proceeds when the 
target fibers are missing or when the nerve is  transplanted to the 
middle of the muscle field . In these experiments the neurons were 
regenerating a complete set of new terminals a fte r complete 
axotomy. We now report work in which neurons are le f t  innervating 
part of the muscle field  and some, due to a lack of target area, 
are forced to regenerate back into the same field . The superficial 
flexor nerve is  cut a t the center of the muscle field  and a l l  the 
la te ra l muscle fibers are removed. The medial field  remains 
innervated by axons 1 , 2 and 3 as regeneration begins. Crayfish 
were examined a t regular intervals a fte r the operation by 
monitoring the spontaneous activity  of the nerve in isolated 
abdomens and matching individual spikes with intracellular 
recordings of muscle junction potentials. After a few days, the 
synaptic potentials recorded from the medial fibers for axons 1, 2 
& 3 decline in amplitude. Cold treatment a t th is time reveals that 
synaptic potentials could s t i l l  be recorded from individual fibers, 
an indication that connections that could not be detected under 
normal physiological conditions were s t i l l  present. After six 
weeks, axon 4, which rarely innervates medial fibers, began to 
regenerate i t s  contacts over the medial muscle population. At 
eight weeks, synaptic potentials recorded for axon 1 are s t i l l  
below normal values, those recorded for axons 2 & 3 approach 
control values and by now axon 4 is  found innervating the entire 
muscle field . These results suggest that these neurons respond 
to partia l axotomy by a decline in synaptic potentials and that 
axon 4 is  able to expand into an innervated axea in the absence of 
i ts  normal target area.

425.6 BEHAVIORAL RECOVERY IN SPINAL TRANSECTED LAMPREY DOES 
NOT REQUIRE SPECIFIC BEHAVIORAL FEEDBACK. S. Park*. 
J.A. Snedeker* and M.E. Selzer. Dept. Neurology, Univ. 
of Pennsylvania, Philadelphia, PA 19104

Sea lamprey larvae recover several types of behavior 
following complete spinal transection (Rovainen, C.M., 
J. Comp. Neurol., 168:545, 1976; Selzer, M.E., J. Physiol., 
277:395, 1978). This is  accompanied by regeneration 
of functioning synaptic connections between neurons on 
opposite sides of the lesion (Mackler, S.A. and Selzer, 
M.E., Science, 229:774, 1985). The regeneration seems 
to be specific both in the direction of axon growth (Yin, 
H.S., Mackler, S.A. and Selzer, M.E., Science, 224:894, 
1984) and in the selection of postsynaptic targets (Mackler, 
S.A. and Selzer, M.E., Soc. Neurosci. Abstracts, 1985). 
While th is  sp ecific ity  might be mediated by chemoaffinity, 
i t  could also be "molded" or a t least p a rtia lly  determined 
by behavioral feedback during recovery. In th is case, 
assuming that the quality  of the recovered behavior reflec ts 
the correctness of the synaptic reconnections, one might 
expect that the recovery i t s e l f  would depend upon the 
a b ility  of the animal to attempt the behaviors during 
convalescence. This was tested by comparing the rate 
of recovery of larval lampreys restrained in closed glass 
tubes with those allowed to move freely .

Larval sea lampreys 4-5 years old received a spinal 
transection a t the level of the 7th g i l l .  At weekly 
in tervals the following were plotted: 1 ) staging of 
recovery of swimming on an ordinal scale (0-7); 2) swimming 
speed; 3) speed of crawling on dry surface; 4) ab ility  
to crawl forward out of a glass pipet; 5) a b ility  to 
crawl backwards out of a pipet. There was no significant 
difference between the two groups in the rates of recovery 
of any of these parameters. Both groups achieved an 
asymptotic phase of recovery by 9 weeks. However, while 
control larvae took 0.3-0.6 sec to swim 20 cm, recovered 
animals took an average of 2-5 sec. Recovered behaviors 
were lo st in a ll animals upon retransection.

We conclude that the observed behavioral recovery 
in spinal transected lamprey larvae is based on axonal 
regeneration and that whatever correctness of synaptic 
reconnection is required for th is recovery is not dependent 
on behavioral feedback. (Supported by NIH Grants NS14837 
and RR05415.)

425.7 PROBABILITY OF REGENERATION AS A FUNCTION OF DISTANCE 
OF AXOTOMY FROM THE CELL BODY IN LAMPREY BRAIN NEURONS.
J.A. Snedeker* and M.E. Selzer (SPON. D.H. Silberberg). 
Dept. of Neurology, Univ. of Pennsylvania, Philadelphia, 
PA 19104.

Previous data based on in tra ce llu la r HRP injections 
suggested that giant reticulospinal axons of larval sea 
lampreys transected at the cloaca regenerated less well 
than those cut in the g ill region (Yin, H.S. and Selzer, 
M.E., J . Neurosci. ,  3:1135, 1983). We wished to know 
i f  th is was true of other cell types and whether i t  refected 
a continuous function of distance of axotomy from the 
cell body. In previously untransected larval sea lampreys 
4-5 years old HRP-soaked Gelfoam plegettes were implanted 
a t the s ite  of a spinal cut. Wholemounts of the brain 
were prepared a fte r  10-14 days and maps made of neurons 
with projections to each of four spinal levels. An average 
of 1037 neurons ± 51 SEM projected to the level of the 
7th g i l l .  Only 364 neurons ± 24 projected to the level 
of the cloaca. Intermediate numbers projected to levels 
a t 25% and 50% of body length.

In the experimental group, animals were transected 
a t the above levels and allowed to recover up to 210 
days. HRP was then injected 5mm below the scar and wholemounts 
of brain examined for labeled ṅeurons 12 days la te r .
In animals injected 1 to 3 weeks post-transection ( i .e .  
before regeneration occurs) v irtu a lly  no brain ce lls  
were labeled, suggesting that HRP does not reach the 
brain ce lls  by diffusion across or around the scar. 
Beyond 95 days a f te r  transection a t the cloaca 27% of 
the projecting ce lls  were labeled, while a f te r  transection 
a t the 7th g ill 41% were labeled. For the previously 
studied giant ce lls  (Muller and Mauthner neurons) the 
numbers were 18% and 50%, confirming the previous study. 
However, a t intermediate distances the proportion of 
labeled ce lls  was not sign ifican tly  lower than a t the 
7th g i l l .

We conclude tha t: 1) the regenerative capacities 
of the small  spinal-projecting neurons of the lamprey 
brain are sim ilar to that of the giant reticulospinal 
neurons; and 2) regenerative capacity is  not a linear 
function of distance from the cell body. Instead the 
probability of regeneration drops off sharply a t between 
50% and 75% of body length. (Supported by NIH grants 
NS14837 and RR05415.)

425.8 ULTRASTRUCTURAL ANALYSIS OF AXONAL REGROWTH FOLLOWING LESIONS IN 
THE RAT VISUAL SYSTEM. S.E. Dyson*, A.R. Harvey* and S.K. Gan* 
(SPON :J.O. Willoughby). Dept. Anat.& Human Biol, Univ. of West. 
A ustralia., Nedlands,W.A. 6009.Australi a.

It has generally been believed tha t axons of adult mammalian 
retinal ganglion ce lls do not regenerate after injury. Recently 
however, i t  has been shown that the conditions appropriate for 
optic fib re  regrowth can be provided by peripheral nerve grafts 
(So K.F & Aguayo A.J. Brain Res. 328:349, 1985). It appears that 
the local non-neuronal environment of the grafts, in particular 
the presence of Schwann ce lls , is an important factor which 
fa c il i ta te s  regrowth. We have recently shown that retinal axons 
regrow through glial and connective tissue membranes which form 
over lesion s ite s  in the ra t visual system (Harvey A.R. e t al 
Brain Res. 368:141, 1986). A detailed analysis of the cellu lar and 
non-cel l ular organization of the newly formed membranes may 
provide insight into the reasons why the membranes constitute a 
permissive microenvironment for the regrowth and maintenance of 
retinal axons. To th is  end we have studied the cellu lar 
composition of the membrane, i ts  u ltrastructural organization and 
the relationship between non-neuronal ce lls  and regrowing axons.

Suction lesions were made in the le f t  pretectum and rostral 
superior colliculus of anaesthetized, 10-18 day old hooded ra ts . 
Animals were sacrificed a t postoperative days 15-256. The presence 
of optic axons in the membrane was established by the HRP-TM3 
technique in 40μm frozen sections. Adjacent frozen sections were 
osmlcated, dehydrated and embedded for u ltra -th in  sectioning.

The membranes which formed over the lesion cavity had a set of 
consistent structural features. They possessed a limiting surface 
of fibroblasts and were composed of glial ce lls , macrophages, 
endothelial ce lls , pericytes and collagen. Dense in terd ig ita ting  
lamellae of glial cytoplasm were commonly found in close proximity 
to  cluste rs of myelinated and unmyelinated axons. These glial 
ce lls  contained numerous filaments and had a basal lamina on parts 
of the ir membrane surface, but th is  coating was not found on 
surfaces adjacent to  the axons. The ce lls  possessed the 
morphological features of reactive astrocytes (Munoz-Garcia D. & 
Ludwin S.K. J.Neuroimmunol . 8:237,1985).

The myelin sheaths surrounding larger axons were examined in 
order to determine th e ir origin: (1) Ultrastructural features 
normally associated with peripheral myelin were absent, (2) The 
periodicity of myelin in the membranes (12.1 ± .12nm -  mean ± S.E) 
was shown to  be equivalent to  tha t of other central structures 
(fornix 12.7 ± .16nm and superior colliculus 12.3 ± .11nm). In 
normal nervous tissue , the periodicity of peripherally derived 
myelin is 10-15% greater than that of central myelin. It appears 
therefore that in the membranes, the myelin surrounding the 
regrowing axons was centrally derived.
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425.9 REGENERATION OF OPTIC AXONS IN THE MOUSE RETINA. M.B. H ouston, 
C .F. L agenaur, and R.D. Lund, D ep t. of N eurob io logy , Anatomy and 
C e ll S c ie n ce , and C en ter fo r  N eu rosc ience , Univ. o f P i t t s b u rg h ,  
Sch. o f M ed., P i t t s b u rg h ,  PA 15261

The involvem ent o f c e l l  su r fa c e  a n t ig e n s  in  n e u r i te  outgrow th  
in  v i t r o  has been examined u s in g  a m onoclonal an tibody  d ire c te d  
a g a in s t th e  m urine neu ro n a l c e l l  s u r fa c e  g ly c o p ro te in  M6, 
(Lagenaur e t  a l . ,  Soc. N eu ro sc i. A b s tr . ,  10:759 , 1984). The 
fo llo w in g  experim ent was undertaken  to  observe  th e  e f f e c t s  of 
anti-M 6 on n e u r i te  outgrow th  in  v iv o .

A dult CD-1 a lb in o  m ice re c e iv e d  tem poral r e t i n a l  le s io n s  w h ile  
under t r i b r om oethanol a n e s th e s ia .  Some an im als th e n  re c e iv e d  
0 . 5μ l in t r a o c u la r  in j e c t io n s  o f e i t h e r  an tib o d y  (15μg) o r s a l in e  
im m ediately  fo llo w in g  th e  le s io n ,  o r  1 week p o s t le s io n  (PL). 
O thers re c e iv e d  no f u r th e r  tre a tm en t fo llo w in g  th e  le s io n .  
Animals were p e rfu sed  a t  v a r io u s  s u rv iv a l  tim es (up to  37 d a y s ) , 
and w hole r e t in a e  were s ta in e d  u s in g  a m o d if ic a tio n  o f B o y c o tt 's  
n e u r o f i b r i l l a r  s t a i n  f o r  o p t ic  axons.

P e r ip h e ra l  to  th e  l e s io n ,  in  a l l  c a s e s , th e  p o p u la tio n  of 
c e l l s in  th e  gan g lio n  c e l l  la y e r  became s u b s t a n t i a l l y  reduced 
w ith  tim e , b u t c la s s  I  c e l l s  rem ained and became more in te n s e ly  
s ta in e d  as  compared w ith  a d ja c e n t u n in ju re d  r e t i n a .  Lesi oned 
axons o f th e  s u rv iv in g  c e l l s  in  r e t in a e  u n tre a te d  w ith  a n tib o d y , 
e x h ib ite d  profound re g e n e ra tiv e  c a p a b i l i t i e s ,  form ing a dense 
p o ly d i r e c t io n a l  a rb o r iz a t io n  p rox im al to  th e  le s io n  s i t e .  
Animals t r e a te d  w ith  an tib o d y  im m ediately  fo llo w in g  th e  le s io n  
e x h ib ite d  ou tg row th , bu t a t  l e s s  th an  10 days PL s u b s t a n t i a l l y  
l e s s  than  th a t  observed in  u n tre a te d  an im als. Animals t r e a te d  
w ith  an tib o d y  1 week PL and allow ed to  s u rv iv e  fo r  1 to  2 w eeks, 
a ls o  e x h ib ite d  some ou tg row th , bu t th e  e x te n t o f a r b o r iz a t io n  was 
le s s  th an  th o se  u n tre a te d  of th e  same s u rv iv a l  tim e . A ntibody 
d id  n o t a f f e c t  gan g lio n  c e l l  d e n s ity  o r f a s c i c u l i  in  u n le s io n ed  
a re a s  o f su rround ing  r e t i n a .

Our r e s u l t s  in d ic a te  th a t  du rin g  th e  f i r s t  f iv e  weeks f o l 
low ing axotomy in  th e  a d u l t  mouse r e t i n a ,  s e le c t i v e  c e l l  d ea th  
o ccu rs  in  th e  gan g lio n  c e l l  la y e r ,  w ith  th e  c la s s  I  c e l l s  rem ain
ing  v i r t u a l l y  u n sca th ed . We propose th a t  axonal re g e n e ra tio n  in  
th e  m urine r e t i n a  i s  a s e le c t i v e  phenomenon con fined  to  th e  c la s s  
I  c e l l s  and th a t  th e  c e l l  s u r fa c e  g ly c o p ro te in  M6 i s  im p o rtan t in  
th i s  p ro c e s s .

Supported  by NIH g ra n t EY05308.

425.10 LONG-TERM CONSEQUENCES OF NEONATAL TRANSECTION OF THE 
INFRAORBITAL NERVE IN RAT ARE NOT INFLUENCED BY REESTABLISHMENT 
OF PERIPHERAL CONNECTIONS. N.L. C h ia ia , P.R. Hess and R.W. 
Rhoades. D ept. o f Anatomy, U n iv e rs ity  of M edicine and D e n tis try  
o f New Je rsey -S ch o o l o f O steo p a th ic  M edicine & R utgers M edical 
S chool, P isca taw ay , NJ 08854.

T ra n sec tio n  of th e  i n f r a o r b i t a l  ( IO) nerve in  newborn r a t s  
r e s u l t s  in  th e  d ea th  of numerous tr ig e m in a l (V) g ang lion  c e l l s  
and a marked d is ru p tio n  o f th e  c e n tr a l  re p re s e n ta t io n s  o f the  
mys t a c i a l  v ib r i s s a e .  We sought to  determ ine w hether th e  
lo n g -te rm  consequences of 10 nerve  t r a n s e c t io n  r e f l e c t  th e  
co n n e c tio n s  t h a t  re g e n e ra te  axons make w ith  th e i r  p e r ip h e ra l 
t a r g e t s .  Two groups of an im als were s tu d ie d . In  one group 
(N=6), th e  10 nerve was t ra n s e c te d  on th e  day of b i r t h  and the 
an im als were allow ed to  grow to  m a tu rity  w ithou t f u r th e r  
m a n ip u la tio n . In  a second group (N=13), th e  10 nerve was 
t r a n s e c te d  on th e  day o f b i r t h  and aga in  a t  w eekly i n t e r v a l s .  At 
35-45 days of age , a l l  r a t s  had a m ix tu re  of HRP and WGA-HRP 
a p p lie d  to  th e  IO nerve proxim al to  th e  p o in t of t r a n s e c t io n ( s ) . 
L ab e lled  c e l l s  in  th e  V g ang lion  were counted and m easured, and 
th e  t r a n s g a n g lio n ic  t r a n s p o r t  to  th e  tr ig e m in a l b ra in s tem  n u c le a r  
complex (TBNC) was e v a lu a te d . The e f f i c a c y  of rep ea ted  c u t t in g  
o f th e  IO nerve fo r  th e  p rev en tio n  of re g e n e ra tio n  was ev a lu a te d  
by in j e c t in g  d iam idino  yellow  (DY) in to  the  v ib r i s s a l  pad 2 days 
p r io r  to  th e  HRP la b e l l in g  experim en t. The p resence  of DY-HRP 
d o u b le - la b e l le d  c e l l s  in  th e  g ang lion  was taken  as ev idence th a t 
IO nerve f ib e r s  had reached a p o r tio n  of th e  IO p e r ip h e ra l f i e ld .  
The r e s u l t s  in  th e  two groups were very  s im i la r .  The average 
number o f H R P-labelled  IO g ang lion  c e l l s  in  th e  r a t s  l e s i oned 
on ly  on th e  day o f b i r t h  was 4,392 ( s d .= 1 ,316); th a t  in  the  
anim als s u b je c te d  to  rep ea ted  c u ts  was 4,244 (sd .= 8 6 4 ). The 
average  c e l l  d iam ete r fo r  971 la b e l le d  neurons measured from the  
s in g le  t r a n s e c t io n  group was 22 .0  μm (sd .= 8 .2 )  and th a t  fo r  935 
c e l l s  measured in  th e  anim als su b je c te d  to  m u ltip le  c u ts  was 21.5 
μm ( s d .= 6 .6 ) .  Numerous c e l l s  in  th e  r a t s  s u b jec ted  to  a s in g le  
le s io n  o f th e  IO nerve  were la b e l le d  w ith  bo th  HRP and DY. No 
such neurons were observed in  th e  anim als su b je c te d  to  m u ltip le  
t r a n s e c t io n s .  The tra n sg a n g lio n ic  la b e l l in g  in  th e  TBNC in  the  
two groups was a ls o  v i r t u a l l y  i d e n t ic a l .  Only very  sp a rse  la b e l  
was observed in  p r in c ip a l i s ,  o r a l i s ,  i n t e r p o la r i s  and the  
m a g n o ce llu la r p o r tio n  of ca u d a li s . In  c o n t r a s t ,  very  heavy 
la b e l l in g  was v i s ib l e  in  la y e r s  I and I I  of subnucleus c a u d a lis .  
These r e s u l t s  dem onstra te  th a t  th e  long -te rm  e f f e c t s  o f n eo n a ta l 
IO nerve t r a n s e c t io n  upon g ang lion  c e l l  s u rv iv a l  and in n e rv a tio n  
o f th e  TBNC by th i s  V b ranch  a re  n o t in f lu en ced  by re g e n e ra tio n  
o f damaged axons.

Supported by DE 06528 and BNS 8517537 (R .W .R .). N.L.C. was 
suppo rted  by NRSA NS 07774.

425.11 MORPHOLOGY OF AXOTOMISED MOTOR NEURONS WHICH REINNERVATE THEIR 
TARGET. E.H. M urphy(1) ,  D.E. K lio n s * (1) ,  R. D iR ienzo*(1) and R. 
B aker( 2 ) . ( 1)D ept. o f  A n a t.,  Med. C o ll .  PA, P h i l a . ,  PA 19129; 
(2 )D ep t. o f  P h y s io l. & B io p h y s ic s, NYU Med. C t r . ,  New York, NY 
10016.

F ollow ing axotomy, th e  soma o f a neuron undergoes a 
r e t ro g ra d e  r e a c t io n  which may in c lu d e  b reak ing  up o f N is s l  
b od ie s  and n eu ro n a l h y p e rtro p h y , along  w ith  changes in  n eu ro n a l 
m etabolism  in c lu d in g  an in c re a s e  in  RNA s y n th e s is .  When 
s u c c e s s fu l re g e n e ra tio n  o c c u rs , th e  m e tab o lic  changes re v e rs e  
w ith  tim e , b u t long -term  changes in  n eu ro n a l morphology have 
n o t been d e s c r ib e d .

We have se c t io n e d  th e  t r o c h le a r  nerve  u n i l a t e r a l l y  in  a d u l t  
c a t s .  The s e c t io n  was made d i s t a l  to  th e  d e c u ss a t io n  a t  th e  
s i t e  where th e  nerve  co u rses  between th e  ce rebellum  and 
i n f e r io r  c o l l i c u lu s .  Follow ing a s u rv iv a l  p e r io d  o f  2-3 
m onths, HRP was in je c te d  in to  th e  s u p e r io r  o b liq u e  m uscle, and 
th e  t r o c h le a r  nu c leu s  was examined fo r  th e  p resen ce  o f  HRP 
f i l l e d  c e l l s  in d ic a t in g  s u c c e s s fu l  re g e n e ra tio n  by th e s e  
neurons to  th e  o r ig in a l  t a r g e t .

In  norm al c a t s ,  th e  t r o c h le a r  nu c leu s  c o n ta in s  ap p rox im ate ly  
1200 n eu ro n s , most o f  which a re  f i l l e d  w ith  HRP fo llo w in g  a 
s u p e r io r  o b liq u e  in j e c t io n .  In  th e  t r o c h le a r  n u c leu s  o f 
axotom ised  c a t s ,  th e  n eu ro n a l p o p u la tio n  was s ig n i f i c a n t ly  
reduced . Fewer th an  200 neurons had s u c c e s s fu l ly  re in n e rv a te d  
th e  s u p e r io r  o b liq u e  m uscle as  in d ic a te d  by HRP f i l l i n g  b u t a 
N is s l  c o u n te r s ta in  re v e a le d  o th e r  t r o c h le a r  neurons w hich had 
n o t r e in n e rv a te d  th e  s u p e r io r  o b liq u e  m uscle.

The soma s iz e  o f th o se  neurons which had s u c c e s s fu l ly  
re g e n e ra te d  and re in n e rv a te d  th e  s u p e r io r  o b liq u e  m uscle was 
g r e a t ly  in c re a s e d . In  th e  norm al c a t ,  th e  mean soma d iam ete r 
o f  HRP f i l l e d  c e l l s  was 2 6 .4 μm. In  2 axotom ised c a ts  th e  mean 
soma s iz e  o f HRP f i l l e d  c e l l s  was 5 3 .2 μm and 4 8 .2 μm. The 
r e s u l t s  in d ic a te  t h a t  s ig n i f i c a n t  neu ro n a l h y pertrophy  p e r s i s t s  
a f t e r  s u c c e s s fu l  re g e n e ra tio n  has o cc u rre d . T his su g g e s ts  th a t  
th e  c e l l  lo s s  in  th e  t r o c h le a r  n u c leu s  has reduced c o m p e titio n  
a t  th e  t a r g e t  r e s u l t in g  in  hypertro p h y  o f  s u rv iv in g  c e l l s .  
S upported  by EY02485 and EY02007.

425.12 REGROWTH OF FACIAL AND HYPOGLOSSAL AXONS FOLLOWING CRUSH INJURY. 
S.K. Jacob, T.E. Durica and J.M. Kerns. Dept. of Anatomy, Rush 
Medical College, Chicago, IL 60612.

We have reported that facial and hypoglossal motoneurons 
survive crush injury as long as 60 days postoperative (dpo). 
Observations of behavior reveal a sign ifican t functional recovery 
in affected musculature by 21 dpo following a crush injury. This 
study u tilized  horseradish peroxidase (HRP) to retrogradely label 
these motoneurons a f te r  injury. This method will show what 
percentage of neurons have successfully regrown th e ir  axons be
yond the crush injury s ite .

In four adult male hamsters the right facial and hypoglossal 
nerves were located, the perineurium was marked with a fine su
ture and crush was performed a t the suture s i te  with forceps for 
60 sec. Animals were observed a t 30 dpo for a return in facial 
and hypoglossal muscular function. These nerves were located, 
cut ju s t d ista l to the suture point, and the proximal segment 
soaked in a 30% HRP solution within a cap illary  tube for 15 min. 
These animals were perfused 48 hours la te r  and brainstems 
sectioned a t 50μ on a Vibratome. Sections were prepared for HRP 
histochemistry, reacted with the TMB method, and counterstained 
with neutral red. All labelled profiles in every other section 
were counted throughout each nuclear group. No contralateral 
labelling was observed. Control data was obtained from a 
separate series of normal animals labelled with HRP in the same 
manner.

Preliminary resu lts indicate a decreased number of labelled 
p rofiles in each nuclear group 30 days a f te r  nerve crush. Only 
70% of the ce lls  in the facial motor nucleus were labelled , while 
only 60% of the hypoglossal neurons were labelled. We stress 
tha t th is is not due to neuronal cell loss, since previous work 
has shown no neuronal cell death a t 30 dpo following crush injury 
in these nuclear groups. Routine histological examination of 
these neurons reveal that they have a re la tive ly  normal appear
ance and do not show any degenerative changes. There are some 
neurons that do not regrow th e ir axons beyond the crush s i te  and 
yet are capable of surviving without reestablishing th e ir  normal 
peripheral connections. I t  would seem that functional recovery 
of the affected musculature does not require reinnervation by 
a ll of the neurons of the nuclear group.
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425.13 REGENERATION OF THE V II I th  CRANIAL NERVE IN THE BULLFROG. ANATOMIC 
AND PHYSIOLOGIC VERIFICATION. A. Newman,* A. K u ru v illa ,*  
J .  E ic h e l ,*  and V. Honrubia (SPON: L. K a r a v i t i ) .  Div. o f Head and 
Neck S urgery , UCLA School o f Med., Los A ngeles, CA 90024.

A combined ana tom ica l and p h y s io lo g ic a l s tu d y  was made o f  the 
c a p a b i l i ty  o f  c e n t r a l  r e g e n e ra tio n  o f  th e  v e s t ib u la r  nerve  in  the  
b u l l f r o g  Rana c a te s b e ia n a . H o rse rad ish  p ero x id ase  la b e lin g  
te ch n iq u es  were used to  e v a lu a te  ana to m ica l changes. P o s tu ra l 
head d e v ia tio n  and th e  com pensatory movement o f the  head in  
response  to  l a t e r a l  t i l t s  ( r o l l )  were measured to  e v a lu a te  
fu n c t io n a l reco v e ry  a f t e r  v a r io u s  s u rg ic a l  p ro ced u re s  in  th re e  
g roups o f an im als.

Group I  an im a ls , in  which th e  l e f t  VI I I t h  nerve  was s u r g ic a l ly  
se c t io n e d  a t  th e  ro o t ,  showed com plete recove ry  o f  p o s tu re  and 
response  to  t i l t  75 days a f t e r  su rg e ry  owing to  CNS com pensation 
o r  re g e n e ra tio n  o f neu rons . L abeling  o f  th e  VI I I t h  nerve 
p e r ip h e ra l  to  the  s i t e  o f  su rg e ry  rev e a le d  t h a t  la rg e  numbers o f 
re g e n e ra te d  prim ary  a f f e r e n t s  were p r e s e n t  in  th e  CNS and 
p ro je c te d  to  th e  v a r io u s  v e s t i b u la r  n u c le i  in  a p a t te r n  s im i la r  to  
t h a t  o f normal an im als  (K u ru v illa  e t  a l . ,  Laryngoscope 95: 
692-707, 1985). L abeling  o f in d iv id u a l b ranches o f th e  re g e n e ra te d  
V I I l th  nerve showed th a t  re g e n e ra te d  f i b e r s  p ro je c te d  to  th e  same 
s p e c i f ic  a re a s  in  th e  v a r io u s  v e s t i b u la r  n u c le i  a s  in  normal 
an im als  (Suarez e t  a l . ,  Laryngoscope 95: 1238-1250, 1985).

In  Group I I  an im als  the  l e f t  g ang lion  was s u r g ic a l ly  removed. 
Three months a f t e r  su rg e ry  p o s tu re  had recove red  by ab o u t 75% and 
r e f l e x e s  to  t i l t  were a lm o s t normal owing to  CNS com pensation . 
A fte r  subsequen t s e c t io n in g  o f th e  r i g h t  V I I I th  nerve th e  r e f le x e s  
d isap p e a red , then  g ra d u a lly  re tu rn e d  to  t h e i r  p re o p e ra tiv e  le v e l s .  
E i th e r  ana tom ical r e in n e rv a t io n ,  which was confirm ed h i s to l o g i 
c a l ly ,  o r CNS com pensation cou ld  acco u n t f o r  t h i s  reco v e ry .

The l e f t  la b y r in th in e  organ o f Group I I I  an im als  was s u r g ic a l ly  
removed. The fu n c t io n a l beh av io r o f  th e se  an im als  was s im i la r  to  
t h a t  o f Group I I  an im als  a f t e r  th e  f i r s t  o p e ra t io n . Removal o f 
th e  l e f t  VI I I t h  nerve g ang lion  150 days l a t e r  d id  n o t produce 
s ig n i f i c a n t  changes in  p o s tu re  o r  r e f le x e s  to  t i l t .  In  a th i r d  
o p e ra t io n , two months a f t e r  the  second one, the r i g h t  VI I I t h  nerve 
and gang lion  were removed. T h is  le d  to  lo s s  o f to n i c i t y  and 
absence o f  bo th  p o s tu ra l  head changes and r e a c t io n  to  t i l t  s t im u li  
t h a t  p e r s is te d  even a f t e r  two a d d i t io n a l  m onths. In  th e se  an im als  
w ith  a b s e n t v e s t i b u la r  n e rv e s , th e  reco v e ry  o f  fu n c t io n  observed 
in  Group I I  an im als, whose r i g h t  VI I I t h  nerve was allow ed  to  
re g e n e ra te , d id  n o t  occu r.

Thus, v e s t i b u la r  nerve re g e n e ra tio n  in  th e  a d u l t  b u l l f r o g  i s  
accompanied by reco v e ry  o f  to n ic  and p o s tu r a l  c o n t ro l .

(S upported  by g ra n ts  from NINCDS, Hope fo r  H earing R esearch 
F oundation  and the  Pauley  F o u n d a tio n .)

425.14 REGULATION OF CHLORIDE AND ACh CHANNELS IN MUSCLE MEMBRANE.
R .  David Heathcote and William J. Betz, Department of Physiology, 
U. of Colo. Sch. of Med., Denver, CO 80262.

Skeletal muscle membrane Cl channels and extrajunctional acet
ylcholine (ACh)-gated channels appear to be regulated in opposite 
directions. For example, in normal adult muscle chloride conduc
tance (GCl) is  relatively high, while extrajunctional ACh sensiti
vity is low. During development and after denervation, the reverse 
is  true.

In order to investigate this anti-coordinate ion channel regu
lation we have developed an in vitro organ culture preparation of 
adult rat lumbrical muscle. Muscles were pinned through a stain
less steel mesh to a ste rile  sylgard-lined dish, covered with a 
shallow layer of Trowell's T-8 medium, and incubated at 37° C on a 
rocker plate which alternately exposed the muscle to culture 
medium and to a 95% O2/ 5% CO2 atmosphere. Under these conditions 
the small lumbrical muscles remained healthy in v itro , responding 
with a vigorous twitch to electrical stimulation after 7-12 days 
in culture.

Following various periods of culture,GCl and the amount of 
extrajunctional ACh rceptors (AChR’s) were measured. GC1 was cal
culated as the difference between input conductance in normal 
Ringer and in Cl -free Ringer (Cl replaced by isethionate). AChR’s 
were assessed by measuring the binding of 125I - α-bungarot o x i n , 
subtracting the signal due to  endplate b in d in g . E x tra ju n c t io n a l 
AChR's appeared and GCl fe ll with time in vitro in a fashion 
resembling that observed i n vivo after denervation.

We have asked whether the inverse expression of the two chan
nels is  rigidly linked. Approximately 6 days after denervation in 
vivo, 48% of the fiber input conductance was due to chloride 
whereas in contralateral innervated muscles, GCl was 73% of the 
total conductance. Extrajunctional ACh binding in denervated mus
cle was 5 times greater than that seen at innervated endplates. 
Matched pairs of denervated and control muscles were placed in 
organ culture. Cycloheximide, a blocker of protein synthesis was 
added to the cultures and decreased extrajunctional AChR expres
sion by approximately 50$ each day. Yet the conductance to chlor
ide remained low.

The fact that GCl did not rise after blocking AChR expression 
in denervated muscles shows that the usual anti-coordinate expres
sion of Cl  and ACh channels is  disrupted under these conditions. 
The degree of independence of expression of Cl and ACh channels is 
not yet known.

Supported by grants from NIH (NS10207) and MDA.

425.15 CONNECTIVE TISSUE CELLS THAT ACCUMULATE IN THE JUNCTIONAL REGION 
OF DENERVATED MUSCLE ARE ANTIGENICALLY RELATED TO FIBROBLASTS. 
E liz a b e th  A. Connor, Shlomo R o tshenker, and U .J . McMahan. D ept. o f  
N eurobio logy, S tan fo rd  U n iv ., S ta n fo rd , CA 94305.

We p re v io u s ly  dem onstrated  th a t  d e n e rv a tio n  o f  bo th  fro g  and 
r a t  s k e le ta l  m uscles r e s u l t s  in  a s e le c t i v e  accum ula tion  o f 
co n n e c tiv e  t i s s u e  c e l l s  in  th e  ju n c t io n a l  reg io n  o f  th e  m uscles. 
Such c e l l s  may p lay  a  c r i t i c a l  r o le  in  r e e s ta b l is h in g  
neurom uscular fu n c tio n  a f t e r  nerve  damage; co n n e c tiv e  t i s s u e  c e l l s  
make and degrade e x t r a c e l lu la r  m a tr ix , and e x t r a c e l lu l a r  m a trix  o f  
nerve and m uscle i s  d i r e c t l y  invo lved  in  re g e n e ra tio n  o f  th e  
neurom uscular ju n c t io n .  We hypo th esized  th a t  th e se  c e l l s  a re  
d e riv ed  from th e  f ib r o b la s t s  th a t  norm ally  r e s id e  in  th e  m uscle 
an d /o r  n e rv e . T his h y p o th e sis  i s  based on two o b s e rv a t io n s . 
F i r s t ,  th e  s t r u c tu r e  o f  th e  accum ulated c e l l s  i s  s t r ik i n g ly  
s im i la r  to  th a t  o f  f ib r o b la s t s  in  normal m uscle and n e rv e . 
Second, th e  in c re a se d  c e l l  number in  th e  ju n c t io n a l  reg io n  o f 
dene rv a ted  m uscle r e s u l te d  from c e l l  d iv i s io n ;  th e  co n n ec tiv e  
t i s s u e  c e l l  n u c le i  in c o rp o ra te d  t r i t i a t e d  thym id ine . The aim o f 
th e  experim ent d e sc r ib ed  h e re  was to  t e s t  w hether th e  accum ulated 
c e l l s  were in  f a c t  d e riv ed  from f ib r o b l a s t s .

We made a l i b r a r y  o f  m onoclonal a n t ib o d ie s  (Mabs) a g a in s t  th e  
ju n c t io n a l  reg io n  o f  dene rva ted  fro g  m uscle. Two o f  th e se  Mabs 
s ta in e d  co n n e c tiv e  t i s s u e  c e l l s .  In  in n e rv a te d  m uscles, th e  
s ta in e d  c e l l s  were few in  num ber. The s ta in e d  c e l l s  had th e  same 
s iz e ,  shape and d i s t r i b u t io n  as  c e l l s  p re v io u s ly  id e n t i f i e d  as  
f i b r o b l a s t s .  In  d enerva ted  m uscles, th e  Mabs s ta in e d  a  h igh  
d e n s ity  o f  co n n e c tiv e  t i s s u e  c e l l s  in  th e  ju n c t io n a l  reg io n  o f 
m uscle f i b e r s .  The ju n c t io n a l  s ta in in g  p a t te r n  o f  th e  Mabs was 
d e te c te d  by e lev en  days postaxotom y and p e r s is te d  fo r  up to  te n  
weeks o f  ch ro n ic  d e n e rv a tio n . Mabs a l s o  s ta in e d  a few c e l l s  in  
th e  sev ered  n e rv e , which were p robab ly  f i b r o b l a s t s .  No o th e r  
s t r u c tu r e s  in  nerve o r  m uscle ( in c lu d in g  Schwann c e l l s ,  
p e r in e u r ia l  c e l l  o r  m uscle s a t e l l i t e  c e l l s )  were l a b e l l e d .  These 
o b se rv a t io n s  a re  c o n s is te n t  w ith  th e  h y p o th e sis  th a t  th e  c e l l  th a t  
accum ulate  in  ju n c t io n a l  reg io n s  o f  dene rva ted  m uscle a re  
f i b r o b l a s t s .

425.16 ALTERATIONS IN THE MOLECULAR COMPOSITION OF MUSCLE FIBERS IN 
THE PERIJUNCTIONAL REGION OF DENERVATED FROG MUSCLES. S.  
R otshenker and E. A. Connor. (SPON: R. N itk in ) .  D ept. o f  
N eurobio logy, S tan fo rd  U n iv e rs ity , S ta n fo rd , CA 94305.

D enervation  o f  a s k e le ta l  m uscle r e s u l t s  in  s e v e ra l 
s t r ik in g  changes in  th e  s t r u c tu r e  and fu n c tio n  o f  muscle 
f i b e r s .  Some o f  th e se  changes a re  confined  to  s i t e s  o f  the 
form er neurom uscular ju n c tio n s  w hile  o th e rs  ex tend th e  f u l l  
le n g th  o f  the  muscle f i b e r s .  We dem onstra te  here  a novel 
d en e rv a tio n -in d u ced  a l t e r a t i o n  which in v o lv es  th e  reg io n  o f  
m uscle f ib e r s  th a t  su rrounds the  form er ju n c t io n a l  s i t e s ,  the  
p e r i ju n c t io n a l  reg io n .

We ra is e d  monoclonal a n t ib o d ie s  a g a in s t denerva ted  frog  
m uscles and used them to  s ta i n  fro zen  c ro s s  s e c t io n s  o f  both 
normal and denerva ted  m uscles fo r  f lu o re sce n ce  m icroscopy. 
S ev era l o f  th e  monoclonal a n t ib o d ie s  s ta in e d  only 
neurom uscular ju n c tio n s  in  normal m uscles. In  c ro ss  se c t io n s  
o f  th e  m uscles, where ju n c t io n a l  s i t e s  occupied approx im ately  
10$ o f  a muscle f ib e r  p e r im e te r , th e  s ta i n  lin e d  th a t  p o rtio n  
o f  th e  muscle f ib e r  su rfa c e  th a t  was co e x ten s iv e  w ith  th e  high 
c o n c e n tra t io n  o f  a c e ty lc h o lin e  re c e p to rs  a t  th e  ju n c tio n . On 
th e  o th e r  hand, in  c ro s s  s e c t io n s  o f  denerva ted  muscle the  
s ta i n  o u tl in e d  th e  e n t i r e  p e r im e te r  o f  some muscle f ib e r  
p r o f i l e s .  The s ta in in g  was con fined  to  th o se  muscle f ib e r  
p r o f i l e s  se c tio n e d  th rough o r n ea r form er s y n a p tic  s i t e s  
in d ic a t in g  th a t  w hile  th e  s ta in in g  on denerva ted  muscle f ib e r s  
covered a b ro ad er a rea  than  in  normal m uscles, i t  was cen te red  
on th e  ju n c t io n a l  reg io n  and extended only  s e v e ra l te n s  o f  
m icrons beyond i t .  The a l te r e d  s ta in in g  p a t te rn  was f i r s t  
observed e lev en  days a f t e r  d en e rv a tio n  and p e r s is te d  w ithou t 
change fo r  te n  weeks. No s ta in in g  was observed in  whole 
mounts o f  muscle in d ic a t in g  th a t  th e  m olecules recogn ized  by 
th e  a n t ig e n s  a re  i n t r a c e l l u l a r .  T his change in  th e  m olecu lar 
com position  o f  th e  muscle f ib e r  su r fa c e  in  i t s  p e r i ju n c t io n a l  
reg io n  i s  co e x ten s iv e  w ith  changes th a t  occur in  the  
co n n ec tiv e  t i s s u e  su rround ing  each muscle f ib e r  (Connor e t 
a l . , th i s  volum e). Experim ents a re  c u r r e n t ly  underway to  
determ ine i f  th e se  co e x ten s iv e  changes a re  c a u sa l ly  r e la te d  
and what r o le ,  i f  any , they  p lay  in  th e  re g e n e ra tio n  o f  the  
neurom uscular ju n c tio n .
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4 2 5 .1 7  INHIBITION OF POLYAMINE SYNTHESIS IN REGENERATING NERVE.
L. T. Kremzner, S .L. Tei telbaum , and J .A. Downey 
(SPON:R.E. B a rre tt) .
Dept. of Rehabi l i t a t ion Medic i ne, Col l ege of P hysicians and 
Surgeons, Columbia University, New York, NY 10032.

In an e a r lie r  study (Fed Proc 44(5): 1790,1985), we reported 
th a t  fo l l owing a crush Injury to  th e  r a t  s c i a t ic  nerve the  
concen tra tion  of polyamines (p u tre sc ln e  (PUT), sperm idine 
(SPD) and spermine (SPM)) In nerve Increased s ig n if ic a n tly . 
Dally I.p. Injections of spermine 50 μmoles/kg/day were found 
to  accelerate the In itia tion  of functional recovery.

We have now determined th e  e f fe c ts  of In h ib itin g  PUT 
sy n th e sis  using al pha-(di f l uoromethyl )o rn i t h ine (DFMO), an 
I r r e v e r s ib le  In h ib ito r  of o rn ith in e  decarboxylase, on nerve 
polyamines and nerve regeneration.

Two days p r io r  to  nerve crush , male r a ts  (200-225 g) were 
divided Into two groups, those receiv ing  drinking water 
con tain ing  2% (w/v) DFMO and a con tro l group. The s c ia t ic  
nerve was crushed using hem osta tic forceps. Functional 
recovery was determined by measuring the distance between foot 
d ig its  when the spreading reflex  was e lic ite d ; d ig it extension 
was recorded using an IBM photocopier. Polyamines and DFMO 
lev e ls  were determ ined using HPLC with a post-column 
o-phthaldehyde deriv it iz a t ion. DFMO decreased PUT In sc ia tic  
nerve of naive r a ts  to  less  than one h a lf of normal. In the 
nerve crushed group DFMO reduced PUT only proximal to  the  
crush s i t e ;  d is ta l  to  th e  crush PUT was e levated . SPD was 
unaffected  by DFMO In th e  naive group but elevated  In th e  
proximal segment of crushed nerve. DFMO trea tm en t elevated  
SPM in naive and nerve crushed sc ia tic  nerve. DFMO treatm ent 
depressed spinal cord lev e ls  of PUT to  a g re a te r  ex ten t than 
sc ia tic  nerve PUT and also sign ifican tly  reduced SPD but not 
SPM lev e ls . DFMO had no s ig n if ic a n t  e f fe c t  on th e  ra te  of 
functional recovery from nerve crush r e la t iv e  to  th e  water 
con tro l group. These f in d in g s , In conjunction  with our 
e a r l ie r  studies, suggest th a t the concentration of SPM, or a 
SPM metabolite stim ulates nerve regeneration. (Supported by 
Heineman Foundation. DFMO was a g i f t  of MerrelI Dow Research 
In s t i tu te .)

425.18 TIME COURSE OF CHANGES IN POSTTRANSLATIONAL PROTEIN MODIFICATION 
BY AMINO ACID ADDITION IN THE RAT SCIATIC AND OPTIC NERVES AFTER 
CRUSH INJURY R.V. R iccio , S. Shyne-Athwal, G. Chakraborty*, E. 
Gage* and N.A. Ingogl ia . Dept. Physiology, New Je rsey  Medical 
School, Newark, NJ 07103 and Dept. Dev. Biochem., New York State 
Inst. Dev. D isa b ilitie s , Staten Island, NY 10314.

Previous experiments have demonstrated that posttransla tional 
protein modification by amino acid addition sharpl y i ncreases in 
the sc ia tic  nerve and decreases i n the optic nerve of ra ts  up to 
2 hrs post-c ru sh , when compared to normal in ta c t  c o n tro ls . 
(Shyne-Athwal e t al  Science (1986) 231:603-605), The cu rren t 
study compared the posttransla tional addition of 3H-Arg, 3H-Lys 
and 3H-Leu to protein in these systems a t time in te rv a ls  up to 3 
weeks post-crush. We have also examined histo logical changes i n 
the nerve induced by the crush and p a r t ia l ly  characterized the 
proteins modified by 3H-Lys using 2-dimensional polyacrylam ide 
gel electrophoresis (2D-PAGE).

The posttransla tional incorporation of each amino acid tested 
increased sig n ifican tly  in the i njured sc ia tic  nerve at 6 and 14 
days post-c ru sh , w hile increasing  only a t 6 days post-crush  in 
the optic nerve. Regional analysis of the regenerating sc ia tic  
nerve ind ica ted  th a t  the  increases in these reac tio n s  were 
associa ted  with the portion  of nerve containing the advancing 
axonal tip s . H istological examination of the optic nerve showed 
th a t the increased m odifica tion  a c t iv i ty  coincided with the 
appearance of bulbous axonal enlargements. These structures were 
not p resen t at e a r l i e r  or l a te r  time p o in ts , times when 
m odifica tion  re a c tio n s  were also depressed. Autoradiograms from 
2D-PAGE of sc ia tic  nerve proteins modified by 3H-Lys 6 days a fter 
crush in ju ry  showed la b e lin g  of basic  p ro te in s  p rim a rily  in 
m olecular weight ranges of 18 Mr, 30-40 Mr, 80-100 Mr). These 
r e s u l t s  dem onstrate th a t  p o s ttr a n s la tio n a l  m odification  of 
specific nerve proteins by amino acids occurs during regeneration 
of the s c ia t ic  nerve p r im a rily  in the region of th e  advancing 
t ip s  of the growing axons, and in o p tic  nerves, a t a time 
co inciden t with the form ation of bulbous axonal enlargem ents. 
(Supported by Grants NS07501 and NS19148 from NIH).

4 2 5 .1 9  MOLECULAR CLONING OF cDNAs FOR INTERMEDIATE FILAMENT PROTEINS EXPRESSED IN THE 
GOLDFISH REGENERATING VISUAL PATHWAY. P. Tesser* and N. Schechter. Departments 
of Biochemistry, and Psychiatry and Behavioral Science, SUNY at Stony Brook, New 
York 11794.

We are Investigating the structure and expression of neuronal intermediate 
filament proteins synthesized by retinal ganglion cells in the goldfish visual 
system. We have shown that significant increases In the synthesis of neuro- 
f i lament proteins ON1 and ON2 occur during optic nerve regeneration and such 
Increases correlate with an elevation In the production of specific mRNAs for 
these proteins. A peak of ON1/ON2 mRNA synthesis occurs approximately 20 days 
after optic nerve crush.

We are isolating cDNA clones corresponding to the ON proteins to further 
characterize their Involvement in the regeneration process. A cDNA library was 
prepared from RNA Isolated from retinas during optic nerve regeneration. cDNA 
synthesis was performed by reverse transcribing poly (A) + RNA purified from 20 day 
post-crush retinas. After second strand synthesis utilizing RNase H and DNA 
polymerase, cDNAs were methylated, tailed with Eco R1 linkers, and cloned in 
lambda gt 11. We have been able to generate an expression library of 
approximately 106 recombinant clones. This library is being screened with 
antisera specific for these neurofilament proteins. Positive clones are being 
confirmed by their ab ility  to direct the in vitro  production of transcripts 
encoding the ON proteins. The synthetic transcripts are translated In vitro into 
proteins and the products identified by immunoprecipit a t ion and gel 
electrophoresis.

Certain intermediate filament proteins are associated with neurons undergoing 
development or regeneration . Included in th is  group i s vimentin which is 
transiently expressed in neurons during embryogenesis and continuously expressed 
In the olfactory epithelium of adult mammals. The sequencing of ON cDNA clones 
will allow us to compare and contrast structural characteristics between the 
goldfish proteins and these other intermediate filament proteins. All inter
mediate filament proteins share common structural features located within a highly 
conserved 40 kdal core region. However, we expect structural features located 
within the variable amino- and carboxyl- terminal regions outside the core to be 
responsible for imparting certain intermediate filament proteins with functions 
related to nerve development and regeneration. Because of the unique character
istics of the goldfish visual system, i .e .,  Its capacity for both plasticity  and 
regeneration, we speculate that the variable regions of the goldfish Intermediate 
filam ent p ro te ins have evolved to  meet the physiological demands of these 
processes. A molecular link is suggested between the regenerating goldfish visual 
pathway and neurogenesis In other systems In terms of Intermediate filament 
expression.

This research is supported by a grant from the National Institute of Health 
(EY-05212) to N.S.

4 2 5 .2 0  IMMUNOHISTOCHEMICAL LOCALIZATION OF INTERMEDIATE FILAMENT PROTEINS OF NEURONAL AND 
NON-NEURONAL ORIGIN IN THE REGENERATING GOLDFISH VISUAL PATHWAY. P.S. Jones*, P. 
Tesser* and N. Schechter (SPON.: W. Quitschke). Depts. of Pharmacological 
Sciences, Biochemistry, and Psychiatry and Behavioral Science, SUNY at Stony 
Brook, NY 11794.

We prepared polyclonal antibodies to the 58Kd goldfish intermediate filament 
proteins (ON proteins) for histological studies to determine whether the ON 
proteins could be used as markers for different structures involved In nerve 
regeneration In the goldfish visual system. Previous biochemical studies showed 
that the ON proteins are the predominant intermediate filament proteins In the 
goldfish optic nerve (Quitschke, W. and Schechter, N., J. Neurochem. 42:569, 
1984). These studies Indicated that ON1 and ON2 are neuronal proteins while ON3 
and ON4 are of non-neuronal origin. In addition, the levels of ON1 and ON2 are 
profoundly influenced by nerve degeneration and regeneration, whereas ON3 and ON4 
are not influenced (Qultschke, W. and Schechter, N., J. Neurochem., 41:1137, 
1983). Two sets of antibodies were used in immunohistochemical localization 
studies in goldfish optic nerve and retina under normal and regenerative 
conditions to  confirm these biochemical observations and to demonstrate their 
specificities as histological markers with which to monitor regeneration.

Anti -ON1/ ON2 reactivity on sections of normal optic nerve is consistent with 
intra-axonal staining. Staining with anti-ON3/ON4 results in a non-neuronal 
pattern similar to the astrocytic staining observed with anti-GFAP and mammalian 
optic nerve (Dahl , D. and Bignami , A., Brain Res., 61:279, 1973). During degen
eration of the goldfish optic nerve the histological results parallel those of 
previous biochemical studies. At nine days after surgery, the levels of ON1 and 
ON2 decreased substantially in both enucleated and crushed tissue. A loss of 
axonal structure was also observed. Conversely, very l i t t l e  change in the 
anti -ON3/ON4 staining pattern Is observed with respect to both morphology and 
staining Intensity. This suggests that there is l i t t l e  or no gliosis in the 
goldfish optic nerve at this time point after nerve Injury.

Very l i t t l e  anti -ON1/ON2 reactivity is observed In normal retina. However, at 
20 days after optic nerve crush, when ON1 and ON2 synthesis is at its  maximum, 
there Is significant reactivity In the retinal ganglion cell layer, thus 
confirming the neuronal origin of these proteins. Incubations of both normal and 
regenerating retina with anti-ON3/ON4 results In the staining of cells in the 
Inner nuclear layer. These cells appear to be the axonless horizontal ce lls , a 
neuronal cell type which shares some properties of gl ial ce lls , and which has been 
shown to react with anti-v imentin antibodies In mammals (Drager, U., Nature, 
303:169, 1983).

These results demonstrate the development of Immunological probes with which to 
study novel Intermediate filament proteins associated with nerve regeneration in 
the goldfish visual system.

This research Is supported by a grant from the National Institutes of Health 
(EY-05212) to  N.S.
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426.1 the pond s n a il , an anim al  model for  the study of agin g  p r o c e s s e s  at 
THE NEURONAL LEVEL. C. J a n s e * ,  M. van  d e r  R o e s t* , J .J .M .  Bedaux* and 
W. S l o b * . (Spon: E u ro p ean  N e u ro s c ie n c e  A s s o c i a t i o n ) . D e p a rtm en t o f  
B io lo g y ,  V r i j e  U n i v e r s i t e i t , 1007 MC A m sterdam , The N e th e r la n d s .

S u r v iv a l  c h a r a c t e r i s t i c s  and c h a n g es  o f  c e l l u l a r  f u n c t io n s  w i th  
age w ere s tu d i e d  in  th e  pond s n a i l  Lymnaea s ta g n a l i s .
S u r v iv a l  c h a r a c t e r i s t i c s . L a b o r a to r y -b r e d  Lymnaea  h a s  s u r v i v a l  
c h a r a c t e r i s t i c s  s p e c i f i c  f o r  a g in g  a n im a ls .  A t an age  o f  a b o u t  200 
d a y s  d e a th  r a t e  i n c r e a s e s  c o n s id e r a b ly  i n d i c a t i n g  th e  s t a r t  o f  
s e n e s c e n c e .  The m ed ian  age  (50% s u r v i v a l )  i s  re a c h e d  a t  a b o u t  330 
d a y s ,  10% s u r v i v a l  i s  r e a c h e d  a t  a b o u t  460 d a y s  o f  age  and maximum 
age i s  a b o u t  600 d a y s .  Egg l a y in g  c e a s e d  a t  an age o f  a b o u t  450 d a y s . 
C e l l u l a r  f u n c t io n s ,  r e c o v e r y  a f t e r  dam age. R eco v ery  o f  th e  t e n t a c l e  
r e f l e x  a f t e r  damage o f  s e n s o r y  in p u t  was s tu d i e d .  W ith age th e  
tim e  n e e d ed  f o r  r e c o v e r y  o f  r e f l e x  f u n c t io n  i n c r e a s e s  from  a b o u t 20 
w eeks ( a t  an ag e  o f  a b o u t  80 d a y s)  t o  40 w eeks ( a t  an age  o f  a b o u t  
300 d a y s ) . R eco v e ry  o f  s e n s o r y  c o n n e c t io n s  was n o t  im p a ire d  w ith  
age and  th e  r e f l e x  c o u ld  a lw a y s  be ev oked  n o rm a lly  v i a  undam aged 
p a th w a y s . I t  i s  c o n c lu d e d  t h a t  r e s t o r a t i o n  o f  s y n a p t i c  c o n n e c t io n s  
in  Lymnaea i s  im p a ire d  w i th  a g e . N e u r o p h y s io lo g ic a l  s t u d i e s  i n d i 
c a te  t h a t  s i m i l a r  p r o c e s s e s  o c c u r  a t  t h e  c e l l u l a r  l e v e l .
C e l l u l a r  f u n c t i o n s ,  b i o p h y s i c a l  p r o p e r t i e s . In  two e l e c t r i c a l l y  
c o u p le d  i d e n t i f i e d  n e u r o s e c r e to r y  c e l l s  a g e - r e l a t e d  c h a n g es  w ere 
fo u n d  in  a n im a ls  b e tw e e n .6 0 -3 6 0  d a y s  o f  a g e . C o u p lin g  e f f i c i e n c y  
d e c re a s e d  from  60% in  young a n im a ls  t o  30% i n  o ld  a n im a ls .  I n d i 
c a t i o n s  w ere o b ta in e d  t h a t  t h i s  d e c re a s e  i s  due t o  an i n c r e a s e  o f  
t h e  r e s i s t a n c e  o f  th e  e l e c t r i c a l  sy n a p se  b e tw een  th e  c e l l s .  
In  young a n im a ls  t h e  c e l l s  f i r e d  n e a r l y  s y n c h ro n o u s ly  (d e la y  a b o u t  
5 m se c ) .  The d e la y  in c r e a s e d  t o  30-40  m sec i n  o ld  a n im a ls .  The 
f i r i n g  f r e q u e n c y  d e c re a s e d  w i th  a g e . T h is  d e c re a s e  was c o r r e l a t e d  
w i th  c h a n g es  i n  th e  r e p o l a r i z a t i o n  p h a se  o f  th e  a c t i o n  p o t e n t i a l s .

From th e  above f i n d i n g s  i t  i s  c o n c lu d e d  t h a t  i n  Lymnaea n e u ro n a l  
f u n c t io n s  ch an g e  w i th  a g e . The u n d e r ly in g  m echanism s o f  th e s e  
c h a n g es  w i l l  be s tu d i e d .

426.2 AGE-RELATED HEARING LOSS IN BDF1 MICE AS EVIDENCED BY 
THE BRAINSTEM AUDITORY EVOKED POTENTIAL. D.W. 
Shucard, M.W. Church. Department of Neurology, S ta te  
U n iv e rsity  of New York a t  B uffa lo , and Research 
I n s t i tu t e  on Alcoholism , B uffa lo , NY 14222.

A ge-re la ted  hearing  lo ss  was s tu d ied  in  unanes
th e t iz e d  female BDF1 mice using  brainstem  au d ito ry  
evoked p o te n t ia l  (BAEP) la te n c y - in te n s i ty  (L-I) 
p r o f i le s  and BAEP th re sh o ld s . Five d i f f e re n t  age 
groups were s tu d ied : 3-4 months, 5 .5-7  months, 9-10 
months, 12 months and 18 months.

While BAEP audiom etry has been used p rev io u sly  to  
c h a ra c te riz e  a g e -re la te d  hearing  lo ss  in  sev e ra l 
mouse s t r a in s ,  the  p re sen t study d i f f e r s  from these  
s tu d ie s  in  se v e ra l ways. F i r s t ,  p revious mouse 
s tu d ie s  used a n es th e tiz ed  anim als. However, recen t 
d a ta  have in d ic a te d  th a t  a n e s th e tic s  can in flu en ce  
th e  BAEP. In th e  p re sen t study , using  a technique 
developed in  our lab o ra to ry , we were ab le  to  record  
BAEPs from un an esth e tized  mice. Second, most s tu d ie s  
have not ev aluated  anim als across the  n a tu ra l a d u lt 
l i f e  span. In t h is  in v e s tig a tio n  anim als as o ld  as 
18 months were examined. F in a lly , in  the  p re sen t 
study we used the  techniques of BAEP L-I p ro f i le s  and 
BAEP th resh o ld s  to  examine a g e -re la te d  hearing  
changes. Most p revious animal in v e s tig a tio n s  of 
aging d id  not sy s te m a tic a lly  examine th ese  v a r ia b le s .

The fin d in g s in d ic a te d  th a t  r e la t iv e  to  the 
youngest group, BAEP th resh o ld  d a ta  showed s h i f t s  in  
au d ito ry  s e n s i t iv i ty  ranging from +6 dB fo r the  5 .5 - 
7-m onth-old group to  +71 dB fo r  the  18-m onth-old 
group. The BAEP L-I p r o f i le s  of o ld e r mice were 
c o n s is te n t w ith recru itm en t-ty p e  sen so rin eu ra l
(coch lear) h earing  lo sse s . No evidence of
re tro c o c h le a r  involvement was observed.

426.3 MORPHOLOGICAL EFFECTS OF HOUSING ENVIRONMENT AND VOLUNTARY 
EXERCISE ON CEREBRAL CORTEX AND CEREBELLUM OF OLD RATS J.E.Blacky, 
R.Parnisari,* E.Eichbaum,* & W.T.Greenough College of Medicine, 
Depts of Psychology & Anatomical Sciences, Neural & Behavioral 
Biology Program, University of Illin o is , Urbana, IL 61801

Previous reports of experience-induced changes in dendritic 
branching of mature and senescent animals have neglected the 
potential contribution of physical exercise obtained by rats in a 
complex environment. This report describes different patterns of 
synaptic p la s tic ity  in ra ts housed in a complex environment vs. 
r a ts  allowed v o lun tary  ex e rc ise  in  an o therw ise  sim ple  
environment. Thirty-nine ra ts  in the laboratory of G. Winocur 
were reared in groups of 4-6 until 22 months old and then placed 
indiv idually  for 3 months in e ith e r a mesh cage with toys, an 
empty cage in a re la tive ly  noisy room, or a qu iet empty cage. 
They were then given 3 weeks of behavioral testing and sent to 
Illin o is . After acclimation, these 26-month-old ra ts were either 
placed in a complex environment (EC) with other rats and changing 
sets of toys, or placed individually with a running wheel in an 
isolated-exercise (IX) cage for 80 days. Gol gi-Cox stained layer 
IV s te lla te  and layer III  pyramidal cells of occipital cortex and 
cerebellar Purkinje cells were analyzed for numbers and lengths 
of dendritic branches and the amount and location  of dendritic  
m ateria l with respect to  the soma. The s te l la te  c e lls  were 
subcategorized by soma shape and branching p a tte rn . The apical 
and b as ila r  dendrites of the pyramidals and the main and spiny 
branches of Purkinje cells were analyzed separately.

EC neurons generally had more dendritic material than baseline 
animals in three of the four ste lla te  cell types as well as the 
ap ical dendrites of the pyramidal cells . The basilar dendrites 
of the IX animals had significantly  more dendritic  m aterial in 
the middle region than both the baseline and EC animals. The 
amount of dendritic m aterial in th is  region was sig n ifican tly  
corre lated  with the mean amount of wheel running per day (r=.75 
Spearman rank, p<.025). Spiny and main branches of Purkinje 
cells generally showed a significant degenerative effect of aging 
for both EC and IX ra ts  re la tiv e  to  the baseline r a ts .  Spiny 
branches of EC ra ts had more material in their middle region, but 
less a t  their ends than those of IX ra ts . The main branches of 
EC ra ts  had more m aterial than those of IX ra ts in their outer 
regions. Overall, regions of some cell types were insensitive to 
both housing and exercise, while other regions were sensitive 
primarily to exercise or primarily to  complex experience. These 
re su lts ,  taken with previous work, suggest that the degenerative 
changes attributed to aging are not entirely inevitable, and may 
be influenced by extrinsic factors, including physical exercise 
and complex experience.

Supported by the Retirement Research Foundation.

426.4 CAPILLARY MORPHOLOGY IN VISUAL CORTEX OF MIDDLE-AGED, BUT NOT 
OLD, RATS IS ALTERED BY HOUSING ENVIRONMENT K.R.Isaacs, 
J.E.Black,  M.Polinsky,* & W.T.Greenough College of Medicine, 
Depts of Psychology & Anatomical Sciences, Neural & Behavioral 
Biology Program, University of Illin o is , Urbana, IL 61801

Post-weanling rats raised in complex environments (EC) with 
other rats and toys have significantly greater tissue volume and 
more synapses per neuron in visual cortex than rats paired in the 
social condition (SC), or reared in isolation (IC) (Turner & 
Greenough, Brain Res, 329, 1985). These same EC rats have larger 
fractions of tissue potentially filled  with blood, closer packing 
of capillaries, and slightly larger mean vessel diameter in 
visual cortex than those of SC or IC rats (Black, Sirevaag, & 
Greenough, in preparation). The closer packing of capillaries, 
in the face of expanded volume of neuropil, suggests that new 
capillaries were formed under housing conditions that may have 
substantially increased local metabolic requirements. To 
determine whether similar effects occurred in older animals, one 
micron sections of expoxy-embedded visual cortex were obtained 
from 8 middle-aged (12 mos) and 9 senescent (22 mos) rats reared 
for 50 days in either a complex environment (EC) or a social 
condition (SC). Estimates of volume fraction, capillary density, 
and capillary diameter were obtained from drawings of layers I-IV 
a t 1250X. Compared to the middle-aged SC ra ts, the middle-aged 
EC animals on average had significantly higher densities of small 
capillaries, lower densities of larger vessels, smaller blood 
volume fractions, and nearly equal distances from a random point 
in tissue to the nearest vessel. Preliminary estimates of 
neuronal density point towards greater cortical volume in the EC 
animals.

The higher density of small vessels of EC rats tended to 
maintain the distance between vessels in the face of expanding 
cortex volume, suggesting that mature rats can form hew 
capillaries in visual cortex under conditions likely to increase 
local metabolic requirements. New capillaries may remain smaller 
because of an age-related impairment in vessel proliferation, 
which was reduced 35% in the skin of middle-aged ra ts (Yamaura & 
Matsuzawa, Exp Gerontol, 15, 1980). The expansion of neuropil, 
spreading out pre-existing blood vessels, may explain the lower 
density of larger vessels and the decreased blood volume fraction 
in the middle-aged EC ra ts. The senescent animals showed similar 
but non-significant trends in these measures. This is  the f ir s t  
report of experience-induced morphological changes in brain 
microvasculature of mature animals.

Supported by the Retirement Research Foundation.
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426 5 CHRONIC INTRACEREBRAL INFUSION OF NERVE GROWTH FACTOR (NGF) 
IMPROVES MEMORY PERFORMANCE IN COGNITIVELY IMPAIRED AGED RATS 
F.H. G age1 , K. W i c t o r i n 2, W. F i s h e r 2 , L.R. W il l ia m s 1 ,  S. V aron3 , 
and A._ Bj o rk lu n d 2. D ept. o f  N eu rosciences1, UCSD, La J o l l a ,  CA, 
D ept. o f  H is to lo g y  2, Univ. o f Lund, Lund, Sweden, Dept. o f 
B iology3 , UCSD, La J o l l a ,  CA.

We have p re v io u s ly  dem onstra ted  th a t  a su b p o p u la tio n  of aged 
r a t s  can be b e h a v io ra lly  c h a ra c te r iz e d  as be ing  im paired  in  
le a rn in g  and memory perfo rm ance. This im pairm ent is  c o r re la te d  
w ith  a s ig n i f i c a n t  d ec re ase  in  re g io n a l m e tab o lic  a c t i v i t y  in  th e  
hippocampus and f r o n ta l  c o r te x . S ubsequently  we have dem onstra ted  
th a t  f e t a l  g r a f t s  o f b a s a l fo re b ra in  r ic h  in  c h o lin e rg ic  neurons 
can im prove th e  perform ance of th e se  ag e -im p aired  r a t s ,  in  an 
a t r o p in e - s e n s i t i v e  m anner, su g g es tin g  th e  d e f i c i t  and improvement 
a re  r e l a te d  to  th e  c h o lin e rg ic  system . More r e c e n tly  we have 
dem onstra ted  th a t  a p p ro x im a te ly  70% o f th e  c h o l in e rg ic  neurons in  
th e  s e p ta l  d iag o n a l band reg io n  d ie  fo llo w in g  f im b r ia - fo rn ix  
le s io n s ,  and th e  c e l l  d ea th  can be p reven ted  by ch ro n ic  in fu s io n  
o f NGF in to  th e  l a t e r a l  v e n t r i c l e  a d ja c e n t to  th e  s e p ta l  reg io n . 
W ith t h i s  background in fo rm a tio n  we te s te d  th e  h y p o th e s is  th a t  th e  
p o s i t i v e  e f f e c t s  o f c h ro n ic a l ly  in fu sed  NGF on c h o l in e rg ic  neurons 
would a m e lio ra te  th e  ap p a ren t c h o l in e rg ic  r e l a te d  c o g n itiv e  
im pairm ent in  aged r a t s .

Out of 75 aged r a t s  o r ig i n a l l y  te s t e d  25 w ere c h a ra c te r iz e d  as 
im paired  in  th e  M orris w ate r-m aze ta s k .  A ll 25 ag e -im p a ired  r a t s  
had cannu la im p lan ted  in  t h e i r  l a t e r a l  v e n t r i c l e .  The cannulae 
w ere a t ta c h e d  to  Al z e t o sm o tic  m ini-pum ps, th rough w hich cy to 
chrome C (N=10) o r NGF (n=13) was in fu sed  fo r  4 weeks. C o n tro ls  
(n = 13) re c e iv e d  v e h ic le  or no tre a tm e n t. NGF was in fu sed  a t  a 
r a t e  of 0.5 u l / h r  a t  a dose of 2 ug/wk. One week a f t e r  su rg ery  
th e  r a t s  w ere t e s te d  on th e  M orris  w ater-m aze fo r  5 co n secu tiv e  
days. The an im als  w ere then  g iven  a r e s t  p e rio d  of 11 days, and 
then  w ere t e s te d  ag a in  fo r  4 days. At th e  end o f th e  second 
t e s t  p e rio d  th e  an im als  w ere p rocessed  fo r  m orphom etric a n a ly s is  
u s in g  AChE and n i s s l  s ta in in g .  No s ig n i f i c a n t  d if f e re n c e  
betw een th e  two groups w ere o b ta in ed  during  th e  f i r s t  t e s t  
p e r io d , how ever, th e  r a t s  w hich re c e iv e d  NGF where s ig n i f i c a n t ly  
im proved in  th e  swim-maze perform ance d u ring  th e  second t e s t .
This was evidenced bo th  in  swim tim e and d is ta n c e ,  thus  i t  i s  
u n l ik e ly  th e  e f f e c t  o f NGF was on m otor perfo rm ance. Of p a r t i 
c u la r  n o te  was th e  s ig n i f i c a n t  im provement th a t  th e  NGF t r e a te d  
r a t s  showed on th e  f i r s t  t r i a l  o f th e  second t e s t  in d ic a t in g  
they  remembered th e  ta s k  b e t t e r  than  th e  n o n tre a te d  an im als. 
H is to lo g ic a l  a n a ly s is  of th e  b a s a l fo re b ra in  i s  now in  p ro g re ss .

These p re l im in a ry  f in d in g s  a re  su g g e s tiv e  o f a r o le  f o r  NGF in  
th e  fu n c t io n a l  im provement o f ag e -im p aired  an im a ls .

426.6 A NEW STUDY OF CEREBROVASCULAR ACTIVATORS ON THE BLOOD FLOW AND 
SPINAL REFLEXES OF AGED ANIMALS. T .S h ib u y a 1, Y .W atan ab e* 1, 
T .M atsu d a * 1, H .S h im ura*  1 , N .M atsu n ag a* 1, N .I m a n is h i* 1 and 
T .M atsum iya*2 .  1) D e p t. o f  P h a rm a c o lo g y , Tokyo M ed ica l C o l le g e ,  
Tokyo 160 , J a p a n .  2) D e p t. o f  P h a rm aco lo g y , S ch o o l o f  M ed ic in e  
T o k a i U n i v e r s i t y ,  I s e h a r a  2 5 9 -1 1 , J a p an

In  J a p a n ,  a  l a r g e  p ro b lem  i s  t h a t  th e  u sa g e  o f  s p e c i f i c  d ru g s  
( c e r e b r o v a s c u la r  a c t i v a t o r s )  f o r  aged  p e rs o n s  h a s  i n c r e a s e d  w i th  
t h e  p r o lo n g a t io n  o f  th e  a v e ra g e  sp a n  o f  l i f e .  U n f o r tu n a te ly  th e  
p h a rm a c o lo g ic a l  p r o p e r t i e s  o f  t h e s e  d ru g s  a r e  n o t  w e l l  known. 
G e n e r a l ly ,  l a r g e  a n im a ls  ( p r i m a r i l y  d o g s) h av e  b een  u sed  f o r  
m e a s u r in g  th e  e f f e c t s  o f  t h e s e  d ru g s  on th e  b lo o d  flo w  o f  th e  
c a r o t i d  (CA ), fe m o ra l  (FA) and v e r t e b r a l  (VA) a r t e r i e s .  H ow ever, 
i t  i s  t ro u b le so m e  to  u s e  many l a r g e  a n im a ls  to  i n v e s t i g a t e  th e  
p h a rm a c o lo g ic a l  f u n c t io n s  o f  d r u g s .  We t h e r e f o r e  d e v e lo p e d  new 
m eth o d s f o r  s im u l ta n e o u s ly  m e a su r in g  th e  b lo o d  f lo w  i n  VA, FA and 
CA, and f u r t h e r  th e  n e u ro n a l  a c t i v i t i e s  o f  b o th  lu m b ar r o o t s  o f  
s m a l l  a n im a ls  ( e . g .  r a t s  o r  g u in e a  p i g s ) .  U sin g  th e  t r a n s i t - t i m e  
u l t r a s o n i c  volum e f lo w  m e te r ,  th e  b lo o d  f lo w  o f  VA, FA and CA, in  
t h e  r a t  w ere  1 .4 5 ±0 .4 4 ,  1 .9 3 ± 0 . 29 and 4 .2 6 ± 0 .6 8  m l/m in , r e s p e c 
t i v e l y ,  and f u r t h e r ,  i n  a  g u in e a  p i g ,  2 .4 6 ± 0 .3 4 ,  3 .5 2 ±0 .6 3  and 
7 .8 6 + 1 .0 2 ,  r e s p e c t i v e l y .  The b lo o d  f lo w  o f  VA and FA i n  o ld  r a t s  
(o v e r  20 m onths o ld )  was l e s s  th a n  t h a t  i n  young r a t s  (u n d e r  5 
m onths o l d ) . The a d m i n i s t r a t i o n  o f  p a p a v e r in e  i n c r e a s e d  th e  b lo o d  
f lo w  o f  CA, FA, and VA i n  r a t s  and  g u in e a  p i g s .  T hese i n c r e a s e s  
showed no d i f f e r e n c e s  be tw een  th e  s e v e r a l  a r t e r i e s  t e s t e d .  How ever, 
t h e  c e r e b r o v a s c u la r  a c t i v a t o r s  ( e . g .  i f e n p r o d i l  and e t c . )  en h an ced  
th e  b lo o d  f lo w  o f  VA m ore th a n  o f  FA i n  o ld  r a t s  and g u in e a  
p i g s .  The d u r a t i o n  o f  t h i s  enhancem ent in d u c e d  by th e  c e r e 
b r o v a s c u la r  a c t i v a t o r s  was o b v io u s ly  lo n g e r  (a b o u t  40 m in) th a n  
t h a t  by p a p a v e r in e .  In  th e  s tu d i e s  o f  s p in a l  n e u ro n a l  a c t i v i t i e s ,  
th e  o n s e t  t im e  o f  m o n sy n a p tic  r e f l e x  (MSR) o f  o ld  r a t s  was o b v i
o u s ly  lo n g e r  th a n  t h a t  o f  young r a t s .  F o r e v a lu a t in g  th e  pharm a
c o lo g i c a l  p r o p e r t i e s  o f  c e r e b r o v a s c u la r  a c t i v a t o r s ,  a n o x ic  m odel 
r a t s  w ere  p re p a re d  by th e  l i g a t i o n  o f  th e  l e f t  CA and th e  o n s e t  
t im e  and  p o te n c i e s  o f  t h e i r  MSR i n  th e  r i g h t  and l e f t  lum bar r o o t s  
w ere s im u l ta n e o u s ly  m easu red  u s in g  o u r  m o d if ie d  m eth o d . T hese  MSR 
w ere  exam ined on th e  1 s t ,  4 t h ,  8 th  and 1 5 th  d ay s  a f t e r  t h e  l i g a t i o n .  
The o n s e t  t im e  and p o te n c y  o f  r i g h t  lu m b ar MSR, w hich  i s  
c o n t r a l a t e r a l  to  th e  l i g a t i o n ,  w ere  r e m a rk a b ly  re d u c e d  u n l ik e  th o s e  
o f  th e  l e f t  lu m b ar MSR. T hese r e d u c t io n s  w ere  r e v e r s e d  a f t e r  th e  
a d m i n i s t r a t i o n  o f  c e r e b r o v a s c u la r  a c t i v a t o r s .  T hese  r e s u l t s  on th e  
s tu d i e s  o f  s im u l ta n e o u s ly  m e a su r in g  b lo o d  f lo w  o f  VA and  o t h e r  
a r t e r i e s ,  and n e u ro n a l  a c t i v i t i e s  o f  b o th  r i g h t  and l e f t  lum bar 
r o o t s  i n  t h e  s m a ll  a n im a ls  c an  be  u t i l i z e d  a s  new s c re e n in g  t e s t s  
f o r  e v a lu a t in g  th e  new p r o p e r t i e s  o f  c e re b r o v a s c u la r  a c t i v a t o r s .

426.7 D i f f e r e n t ia l  E f fe c ts  o f  P a r t i a l  D enervation  on Old v s . Young 
S o leus M uscle. J . M. Jacob* and N. Robbins (Spon: J .T .  
M ortim er). D ept. Develop. G ene tics  and A n a t., Case Western 
Reserve U n iv ., C leve land , OH 44106

Age changes re p o rte d  a t  th e  neurom uscular ju n c tio n  
(C a rd as is  1983; D rahota and Gutmann, 1961) may r e f l e c t  an 
i n a b i l i t y  o f  th e  motor neuron to  m a in ta in  i t s  f i e ld  o f  
in n e rv a t io n .  A fte r t r a n s e c t io n  o f  th e  L5 s p in a l  r o o t ,  
s o le u s  motor neurons expand th e  nerve te rm in a l f i e ld  5 - fo ld  
to  r e in n e rv a te  th e  dene rva ted  f ib e r s  (Brown and I ro n to n , 
1978; Brown, e t . a l . ,  1981). We used t h i s  paradigm to  study  
th e  s a f e ty  f a c to r  and s t r a te g y  o f  r e in n e rv a tio n  in  th e  o ld  
(25-27m) v s . young (5-7m) male CBF-1 mouse so le u s  m uscle a t  
30, 60 and 120 days a f t e r  p a r t i a l  d e n e rv a tio n .

The i n i t i a l  number o f  motor u n i t s ,  and th e  number 
rem aining  a f t e r  L5 t r a n s e c t io n ,  were s im i la r  in  young and 
o ld  m ice. F u n c tio n a l reco v e ry  ( in d i r e c t  is o m e tr ic  tw itc h  
te n s io n )  o f  th e  o p e ra ted  m uscles was com plete by 60d in  
young and o ld  m ice, w ith  a s im i la r  number o f  m uscle f ib e r s  
pe r motor u n i t .  However, in  o ld  (v s . young) mice c e r ta in  
p h y s io lo g ic a l pa ram ete rs  d id  n o t re c o v e r . Latency (d e lay  
from s tim u lu s  to  end p la te  p o te n t ia l  (epp) o n se t)  in  young 
mice was l e s s  than  1300usec in  60% o f  th e  m uscle f ib e r s  by 
60d and 120d but in  on ly  30% o f  f ib e r s  in  o ld  m ice. 
S im i la r ly ,  m in ia tu re  end p la te  p o te n t ia l  (mepp) frequency 
reco v e red  by 60d in  young, b u t n o t in  o ld ,  o p e ra ted  m uscle. 
In  o ld ,  b u t not young mouse m uscle , mepp am plitude dropped 
by 50% a t  60 and 120 days . F u r th e r ,  in  c o n t r a s t  to  young 
o p e ra ted  m uscles , in  th e  o ld  m uscle th e r e  was a s h i f t  to  low 
q u a n ta l c o n te n ts  in  a l l  f ib e r s  by 60d w ith  a s l i g h t  recove ry  
by 120d. At th a t  tim e , ab s o lu te  q u a n ta l co n te n t was s im i la r  
in  young and o ld  c o n t r o l .  M orphological an a ly se s  o f  th e  
nerve  te rm in a ls  a re  in  p ro g re s s .

In summary, a f t e r  p a r t i a l  d e n e rv a tio n , m otor u n i t  
number, f u n c t io n a l reco v e ry  and e x te n t o f  re in n e rv a tio n  a re  
s im i la r  in  young and o ld  m ice. However, in  o ld  m ice, 
t r a n s m it t e r  r e le a s e  reco v e red  more slow ly  and le s s  
co m p le te ly , and la te n c y  and mepp am plitude  d id  n o t recove r 
a t  a l l .  Thus, p a r t i a l  d en e rv a tio n  r e v e a ls  s p e c i f i c  d e f i c i t s  
in  th e  fu n c t io n a l re s e rv e  o f  ag ing  motor neurons even though 
g ro ss  fu n c t io n a l  r e s to r a t io n  i s  com plete . P o ss ib ly , 
c r i t i c a l  c e l l u l a r  components a re  r e - a l lo c a te d  to  m a in ta in  
adequate t r a n s m it t e r  o u tp u t a t  th e  expense o f  o th e r  le s s  
c r i t i c a l  s y n a p tic  fu n c t io n s  (Supported  by NIH g ra n ts  AG00795 
and T32-AG-00105.)

426.8 use OF THE AGING MOUSE STERNOCLEIDOMASTOID MUSCLE IN THE SEARCH FOR 
GENERALITIES ABOUT NEUROMUSCULAR SYNAPTIC AGING. N. Anis* and Norman 
Robbins. Developmental Genetics and Anatomy, Case Western Reserve School of 
Medicine, Cleveland, Chio 44106

Reported age changes a t the neuromuscular junction vary from one muscle 
type to another, and no hypothesis has been offered to account for these 
differences. For instance, in the aged (27-30 mo) CBF-1 hybrid mouse, 
transmitter release is  increased in soleus and ext. digitorum longus (EDL) 
but not in diaphragm (Banker e t a l . ,  1983). In old mice, nerve terminals in 
both soleus and EDL (Robbins 4 Fahim, 1985) but not in diaphragm 
(unpublished) are more complex and divided into small "regions". In order to 
te s t whether such regionalization was generally associated with increased 
transmitter release, morphologic and physiologic comparisons were made 
between young (5-8 mo) and old (24-27 mo) CBF-1 mouse sternocleidomastoid 
(SCM) muscle.

In zinc-iodide osmium-stained nerve terminals, neither nerve terminal 
area nor to ta l length of terminals changed with age. However, the number of 
isolated boutons or branches ("regions") increased from 10 to  22 per J unction 
and the longitudinal extent of terminals along the muscle fiber increased 
from 67 to  83 um (both age differences, n=20, p<0.01). Directly measured 
quantal content of transmitter release in low Ca/High Mg solution was 5.0 in 
young aid 3.6 in old mice (n=40-42 in 5-6 mice, p<0.001). Thus, there was 
nearly a 30% age-related drop in transmitter release, in contrast to  soleus 
in which release increased 2-3 fold (Kelly 4 Robbins, 1983). Therefore, 
regionalization of the terminal brandies is  not necessarily correlated with 
increased transmitter release. However, in soleus junctions, there were 6 
regions per junction in young muscle and 9.4 in old, and the longitudinal 
extent increased only 3 um with age (Robbins 4 Fahim, 1985). Therefore, we 
suggest that in SCM, the already highly regionalized junction in young mice 
was more readily compromised (more passive decay of depolarization in the 
more complex terminal arborization).

Mepp amplitude did not change with age in SCM (0.44 mV young vs. 0.49 mV 
in old, 46-47 fibers in 5-6 mice), even though i t  increased in muscles of 
C57BL mice (Anis 4 Robbins, 1984). However, extracellular recording of 
miniature endplate currents in directly visualized SCM junctions revealed 
that the decay time-constant was significantly lengthened fr om 1.1 (young) to 
1.25 msec (old) (p<0.001, 30-33 fibers in 4-6 mice a t each age). This 
resulted from a sh ift in a unimodal population of data. Thus, changes in 
receptor channel properties may be present in many aging neuromuscular 
junctions (see also Smith 4 Chapman, 1984) but are not always large enough to 
affect mepp amplitude.

We suggest that age changes a t the neuromuscular junction, once 
in itia ted , may be qualitatively similar in different muscles. Reported 
physiological differences may result from special features of the in itia l 
(young) condition, e.g. functional complexity, or from the sensitivity  of 
detection, e.g . voltage vs. current recording.

Supported by NIH AG00795.



FRIDAY AM DEVELOPMENT AND PLASTICITY: AGING IV 1581

426.9 EFFECTS OF EXERCISE ON RAT SKELETAL MUSCLE ACETYLCHOLINESTERASE 
MOLECULAR FORMS J.A.  Donoso,1, 2 E .J .  Gregory*1  and H.L. Fernan

dez1,3  Neuroscience Research Labora to ry , Veterans  A dm in is t ra t ion  

Medical C e n te r 1, Kansas C i ty ,  MO 6 4 128, and Departments of  Neuro- 
logy2, and Physio lo gy3, U n iv e r s i ty  of  Kansas Medical C en te r ,  Kan
sa s  C i ty ,  KS 6 6 103 (U.S.A.)

We have p rev io u s ly  shown t h a t  aging s k e l e t a l  muscles undergo 
a gradua l d ecrease  in t h e  a c t i v i t y  of a c e t y l c h o l i n e s t e r a s e  
(AChE), a s u i t a b l e  marker of  n e r v e - t a r g e t  c e l l  i n t e r a c t i o n s .  
In F i s h e r  344 male r a t  g r a c i l i s  muscles such decay s t a r t s  a t  
6-9 months of age and c o n t in u es  th roughout th e  a n im a l ' s  l i f e .  
Since  motor e n d p la te  AChE is  p a r t l y  main ta ined  by nerve-evoked 
muscle a c t i v i t y ,  we s tu d ie d  th e  e f f e c t s  of  enhanced motor 
a c t i v i t y  on AChE molecula r  forms from v a r io u s  s k e l e t a l  muscles 
o f  12 months old  r a t s .  Motor a c t i v i t y  was in c reased  v ia  t r e a d 
mill  t r a i n i n g  (8 .5  mt/min; 15 mt/min s p r i n t s  every  10 min fo r  
l h; 5 days/week) dur ing 4, 5, and 6 weeks. A f te r  12- 15h of 
th e  l a s t  t r a i n i n g  se s s io n  g r a c i l i s  ( f a s t ) ,  t i b i a l i s  ( f a s t )  and 
s o le u s  (s low ),  muscles were processed  f o r  s e p a r a t io n  of AChE 
forms in sucrose  g r a d i e n t s .  Under t h e s e  c o n d i t io n s  a l l  AChE 
forms remained r e l a t i v e l y  co n s ta n t  except f o r  IOS AChE which 
s i gn i f i c a n t ly in c reased  ( 100% over c o n t r o l ) i n f a s t ,  but  not 
in slow, muscles.  Addit ional t e s t s  showed t h a t  t h e  IOS AChE 
in c rease  was d i r e c t l y  r e l a t e d  t o  t h e  number of  t r a i n i n g  s e s 
s io n s  performed (30%, 60%, and 100% over  c o n t ro l  a f t e r  1, 2 
and 3 days o f  t r a i n i n g ,  r e s p e c t i v e l y ) .  While th e  mechanism(s) 
u n d e r lying t h i s  dram at ic change is  c u r r e n t ly under i n v e s t i g a 
t i o n ,  t h e  p re s en t  f in d in g s  in d i c a t e  t h a t  th e  IOS AChE inc rease  
is  a s p e c i f i c  response ( in  r e l a t i o n  t o  o th e r  AChE forms) of 
f a s t  muscles t o  en forced  e x e r c i s e .  A d d i t i o n a l l y ,  our  r e s u l t s  
im p l ic a te  t h i s  p a r t i c u l a r  form of  AChE as  th e  main enzyme 
re s p o n s ib le  fo r  te r m in a t in g  th e  ac t io n  of  th e  n e u r o t r a n s m i t t e r  
a c e ty l c h o l in e  a t  th e  neuromuscula r  j u n c t io n .  (Supported by 
th e  Medical Research S ervic e  of th e  Veterans  A d m in is t ra t io n )

426.10 DIFFERENTIAL KINETICS OF ACETYLCHOLINE SYNTHESIS AND 
CHOLINE UPTAKE IN FUNCTIONALLY DIFFERENT MUSCLES OF 
MATURE ADULT AND AGED RATS. M .R. Chapman* and D.O. 
S m ith  (SPON: D. G ilb o e ) . D e p a r tm e n t o f  P h y s io lo g y , 
U n iv e r s i t y  o f  W isc o n s in , M ad ison , WI 53706.

In  d iap h rag m  m u s c le s , t h e r e  i s  an a g e - r e l a t e d  i n c r e a s e  
in  a c e ty l c h o l in e  (ACh) e f f l u x .  T h is  i s  b a la n c e d  by a 
c o r r e s p o n d in g ly  f a s t e r  ACh s y n th e s i s  r a t e  an d , 
t h e r e f o r e ,  a s i m i l a r l y  f a s t e r  c h o l in e  (Ch) u p ta k e  r a t e .  
In  p h y s i o l o g i c a l l y  d i f f e r e n t  m u s c le s , h ow ever, s im i l a r  
c h a n g es  in  ACh m e ta b o lism  m igh t n o t o c c u r .  In d e e d , 
a g e - r e l a t e d  c h a n g es  in  g lu c o s e  u p ta k e ,  c a lc iu m  
h o m e o s ta s is ,  and e n d - p l a te  a r c h i t e c t u r e  in  d iap h rag m  have 
been  found to  be q u i t e  d i f f e r e n t  from  th o s e  in  e x te n s o r  
d ig i to ru m  lo n g u s  (EDL). T h e r e f o r e ,  we h ave  a s sa y e d  
c h o l in e  u p ta k e ,  ACh s y n t h e s i s ,  and r e l e a s e  in  EDL o f  
F i s c h e r  344 r a t s  aged 11 and 27 m onths (" m a tu re  a d u l t "  
and " a g e d ” , r e p s e c t i v e l y ) .

EDL m u s c le s  w ere in c u b a te d  30 min in  o x y g en a ted  K rebs 
R in g e r  b ic a r b o n a te  b u f f e r  c o n ta in in g  e s e r i n e  (50uM) and 
w ere s t im u la t e d  a t  1 Hz f o r  10 min to  a t t a i n  s te a d y -  
s t a t e  s t i m u l a t i o n  c o n d i t i o n s .  3H-Ch t r a c e r  was 
s u b s e q u e n t ly  added to  th e  b a t h in g  medium, and s t i m u l a t i o n  
was c o n t in u e d  fo r  v a r io u s  d u r a t io n s  up to  20 m in u te s .  
The m u sc le s  and th e  m edia w ere th e n  rem oved . M uscle ACh 
and Ch w ere e x t r a c t e d  u s in g  fo rm ic  a c i d / a c e t o n e ; b o th  
muscle and media ACh and Ch were then further concen
t r a t e d  u s in g  d ip i c r y la m in e  io n - p a i r i n g .  L e v e ls  o f  
en dogenous and l a b e le d  ACh and Ch w ere d e te rm in e d  u s in g  
r e v e r s e  p h ase  HPLC c o u p le d  w ith  e l e c t r o c h e m ic a l  d e t e c t i o n  
and s c i n t i l l a t i o n  c o u n t in g .

At e q u i l i b r i u m ,  t i s s u e  ACh and Ch l e v e l s  w ere low er 
b u t s p e c i f i c  a c t i v i t i e s  w ere h ig h e r  in  th e  aged a n im a ls .  
The tim e  to  h a l f - m a x im a l  3 H-ACh p r o d u c t io n  was 2 - f o ld  
lo n g e r  in  th e  27-m onth  r a t s ,  b u t t h e r e  was no s i g n i f i c a n t  
a g e - r e l a t e d  d i f f e r e n c e  in  t h e  r a t e  o f  3H-Ch u p ta k e .  
The r a t e  o f  ACh r e l e a s e d  in t o  th e  medium was l e s s ,  b u t 
th e  s p e c i f i c  a c t i v i t y  was h ig h e r  in  th e  aged a n im a ls .

D u rin g  a g in g  in  EDL, s lo w e r  ACh e f f l u x  i s  a p p a re n t ly  
c o u p le d  to  re d u c e d  ACh s y n t h e s i s .  H ow ever, t h i s  i s  n o t 
accom pan ied  by a c o r r e s p o n d i n g  d e c r e a s e  in  3H-Ch 
u p ta k e .  S in c e  t i s s u e  Ch l e v e l s  a r e  lo w e r , we e x p e c t t h a t  
Ch e f f l u x  m ust be g r e a t e r  in  th e  aged t i s s u e .  T h is  
a g e - r e l a t e d  s h i f t  in  th e  b a la n c e  betw een  ACh p ro d u c t io n  
and Ch a v a i l a b i l i t y  in  EDL i s  d i f f e r e n t  from  t h a t  in  
d ia p h ra g m .

S u p p o rte d  by NIH g r a n t  AG01572.

426.11 MUSCLE MEMBRANE PHOSPHOLIPID AND CHOLESTEROL 
COMPOSITION IN MATURE ADULT AND AGED RATS. K.D. 
W illia m s *  and D .O. S m i t h . D e p a r tm e n t o f  P h y s io lo g y , 
U n iv e r s i t y  o f  W isc o n s in , M ad ison , WI 53706 .

In  r a t  d iap h rag m  m u s c le s ,  t h e r e  i s  an a g e - r e l a t e d  
i n c r e a s e  in  a c e t y l c h o l i n e  (ACh) e f f l u x ,  r e s u l t i n g  in  
lo w e r s t e a d y - s t a t e  ACh l e v e l s .  S p e c i f i c a l l y ,  membrane 
p e r m e a b i l i t y  t o  a c e ty l c h o l in e  (ACh) i n c r e a s e s  2 - f o ld  
be tw een  th e  a g e s  o f  10 and 28 m o n th s . To e x p lo r e  th e  
p o s s i b l e  c a u s e s  f o r  t h i s  in c r e a s e d  le a k a g e  d u r in g  a g in g ,  
membrane c o m p o s i tio n  was a s s a y e d  in  d iap h rag m  m uscle  
o b ta in e d  from  F is c h e r  344 r a t s  aged 10 (" m a tu re  a d u l t " )  
and 28 (" a g e d " )  r a t s .

Im m e d ia te ly  a f t e r  d i s s e c t i o n ,  m u sc le s  w ere w e ig h e d , 
f r e e z e - c l a m p e d ,  and s to r e d  in  l i q u i d  n i t r o g e n  f o r  
s u b s e q u e n t a n a l y s i s .  Upon th a w in g , th e y  w ere 
hom ogen ized  in  d i s t i l l e d  w a te r  and l y o p h i l i z e d  to  
c o n s ta n t  w e ig h t .  L ip id s  w ere th e n  e x t r a c t e d  w ith  
h e x a n e : is o p ro p o n o l  ( 3 :2  v / v ) .  The w ashed e x t r a c t  was 
e v a p o ra te d  to  d r y n e s s ,  and th e  l i p i d s  w ere re s u s p e n d e d  in  
c h lo ro fo rm /m e th a n o l  (2 :1  v / v ) .  P h o s p h o l ip id s  w ere 
s e p a r a t e d  by t h i n - l a y e r  c h ro m a to g ra p h y , w ith  92 to  95 % 
re c o v e r y ,  and th e  am ounts o f  th e  v a r io u s  s e p a r a t e d  
com ponen ts  w ere d e te rm in e d  by a c o l o r i m e t r i c  p h o sp h o ru s  
a s s a y .  T o ta l  and f r e e  c h o l e s t e r o l  w ere d e te rm in e d  by an 
e n z y m a tic ,  c o l o r i m e t r i c  a s s a y .

T h e re  w ere no s i g n i f i c a n t  a g e - r e l a t e d  c h a n g es  in  t o t a l  
l i p i d  p h o sp h o ru s  c o n t e n t .  L ik e w is e ,  th e  r e l a t i v e  
p r o p o r t i o n s  o f  s p h in g o m y e lin , p h o s p h a t i d y lc h o l in e ,  
p h o s p h a t i d y l s e r i n e / i n o s i t o l , p h o s p h a t id y le th a n o la m in e ,  
and c a r d i o l i p i n  w ere u n a l t e r e d  w ith  a g e .

In  c o n t r a s t ,  a v e r a g e  ( ± s . e . )  t o t a l  c h o l e s t e r o l  
l e v e l s  i n c r e a s e d  fro m  7 .8  ( ± 0 .1 )  t o  8 .9  ( ± 0 .2 )  μ mol /g  
d ry  wt in  th e  10- and th e  28-m onth  a n im a ls ,  r e s p e c t i v e l y ;  
t h i s  in c r e a s e  i s  h ig h ly  s i g n i f i c a n t  (0 .0 1  l e v e l ) .  
S im i l a r l y  s i g n i f i c a n t  i n c r e a s e s  in  f r e e  c h o l e s t e r o l  and 
c h o l e s t e r o l  e s t e r s  c o n t r ib u t e d  to  t h i s  a g e - r e l a t e d  
e l e v a t i o n .  C hanges in  membrane c h o l e s t e r o l  o f  t h i s  
m a g n itu d e  m ig h t be e x p e c te d  to  d e c re a s e  membrane 
f l u i d i t y ,  and t h i s  may be r e l a t e d  to  th e  o b s e rv e d  c h a n g es  
in  p e r m e a b i l i t y .

S u p p o r te d  by NIH g r a n t  AG01572.

426.12 EFFECT OF AGING ON NORADRENERGIC INNERVATION IN RAT URINARY 
BLADDER. J . M. Jo h n s o n * , L. J . W a lla c e * and M. C. G e r a ld . D iv i s io n  
o f  P h a rm a c o lo g y , C o l le g e  o f  P harm acy , The Ohio S t a t e  U n i v e r s i ty ,  
C olum bus, Ohio 43210 .

U r in a ry  i n c o n t in e n c e ,  a f r e q u e n t  c l i n i c a l  p ro b lem  i n  th e  a g e d , 
m ig h t r e s u l t  i n  p a r t  from  a  d e c re a s e  i n  b la d d e r  s y m p a th e tic  to n e .  
A ccom m odation o f  i n c r e a s i n g  f l u i d  volum e by th e  u r in a r y  b la d d e r  i s  
d e p e n d en t upon th e  s y m p a th e tic  r e l e a s e  o f  n o r e p in e p h r in e  (NE) w hich  
r e l a x e s  t h e  b la d d e r  BODY ( β- r e c e p t o r  a c t i v a t i o n )  and c o n s t r i c t s  th e  
i n t e r n a l  s p h in c t e r  o r  BASE (α- r e c e p t o r  a c t i v a t i o n ) . N o ra d re n e rg ic  
n e u ro c h e m is t ry  was s tu d i e d  i n  BODY and BASE i n  b la d d e r s  from  m ale  
F i s c h e r  344 r a t s  aged  6 -7  ( I ) ,  15-17  ( I I ) ,  and 2 2 -24  ( I I I )  m o n th s .

BODY s i z e  in c r e a s e d  w i th  a g e ;  w et w e ig h ts  ( I )  6 2 .8 ± 3 .2 ,  ( I I )  
7 8 .6 + 3 .2  and ( I I I )  8 8 .8 ± 3 .4  (mg± SEM). BASE s i z e  d id  n o t  d i f f e r  
w i th  a g e . P r o t e i n  c o n te n t  was e q u iv a l e n t  f o r  a l l  g ro u p s .

BODY NE ran g e d  from  0 .3 2 - 0 .3 9  and  BASE from  3 .5 6 -4 .4 4  ng/mg t i s 
s u e .  NE c o n c e n t r a t i o n  d id  n o t  ch an g e  s i g n i f i c a n t l y  w i th  age  in  
e i t h e r  r e g i o n .  NE tu rn o v e r  r a t e  was e s t im a te d  by m e a su r in g  t i s s u e  
NE c o n te n t  4 h r s  a f t e r  α - m e t h y l - p a r a - ty r o s in e  (AMPT). AMPT 
d e c re a s e d  BODY NE by 17-30% i n d i c a t i n g  a  tu rn o v e r  in d e x  o f a p p ro x 
im a te ly  0 .0 2 3  ng  NE/mg t i s s u e / h r  w i th  no d i f f e r e n c e  due to  ag e . NE 
i n  BASE was n o t  a l t e r e d  by AMPT, s u g g e s t in g  a  v e ry  low tu rn o v e r  
r a t e  i n  t h i s  r e g io n .

T y ro s in e  h y d ro x y la s e  (TH) a c t i v i t y  i n  BASE ran g e d  from  2 0 2-243  
pm ol/m g p r o t / h r  i n  a l l  g ro u p s  and d id  n o t  d i f f e r  w i th  a g e .  TH 
a c t i v i t y  i n  BODY was b e lo w  d e t e c t a b l e  l i m i t s .  BODY MAO a c t i v i t i e s  
f o r  G roups I ,  I I  and I I I  w ere 1 3 9 .6 ± 8 .9 ,  1 1 9 .0 ± 1 3 .8 ,  and 1 1 9 .8 ± 1 2 .2  
nm oles/m g p r o t / h r ± SEM. BASE v a lu e s  w ere  8 9 .3 ±5 .9 ,  8 1 .4 ± 9 .0  and 
7 1 .1 ± 7 .0 .  The d a ta  s u g g e s t  a  d e c re a s e  i n  MAO a c t i v i t y  i n  b o th  
r e g io n s  w i th  i n c r e a s i n g  a g e . As b e f o r e ,  BODY in c r e a s e d  i n  s i z e  
w i th  a g e .

The com bined  d a ta  s u g g e s t  l i t t l e  i f  any a l t e r a t i o n  i n  n o r a d r e 
n e r g i c  i n n e r v a t i o n  o f  t h e  b la d d e r  w i th  i n c r e a s i n g  a g e .  T h is  i s  o f  
p a r t i c u l a r  i n t e r e s t  s in c e  t h e  BODY i n  2 2 -2 4  m onth a n im a ls  i s  30-40% 
l a r g e r  i n  s i z e  when com pared to  6 -7  m onth a n im a ls ,  and a  c o m p a ra b le  
d e c re a s e  i n  NE c o n te n t  and  MAO a c t i v i t y  b a se d  on mg t i s s u e  m ig h t 
be  e x p e c te d .  I t  i s  a p p a re n t  t h a t ,  a s  t h e  BODY i n c r e a s e s  i n  s i z e  
w i th  a g e ,  th e  new e le m e n ts  a r e  i n n e r v a te d .  I t  i s  c l e a r ,  h o w ev er, 
t h a t  b o th  n o r a d r e n e r g i c  i n n e r v a t i o n  and s y m p a th e tic  to n e  a r e  
r e g i o n a l l y  s p e c i f i c .  NE c o n c e n t r a t i o n  i n  BASE was a p p ro x im a te ly  
t e n  f o ld  g r e a t e r  th a n  t h a t  i n  BODY, and MAO a c t i v i t y  i n  BASE was 
lo w er th a n  t h a t  i n  BODY. The f in d in g  o f  a  g r e a t e r  NE tu rn o v e r  
r a t e  i n  BODY when com pared to  BASE s u g g e s t s  th e  im p o r ta n c e  o f  
s y m p a th e tic  to n e  i n  th e  fo rm e r  r e g i o n .  (NIA g r a n t  AGO4622)
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427. 1 CHARACTERIZATION OF NEUROTRANSMITTER PRODUCTION 
DURING NEURONAL DIFFERENTIATION OF EMBRYONAL 
CARCINOMA CELLS. S. Sharma* and M.F.D. N otter (SPON: C .  
Phelps). D ept. of Neurobiol. and A nat., Univ. of R ochester Sch. of Med., 
R ochester, NY 14642.

Mouse em bryonal carc inom a cells can be induced to  d iffe re n tia te  into 
neuron-like cells in v itro . We have studied n eu ro transm itter production in 
the  neurons form ed, by analysing catecholam ine (CA) production during 
re tino ic  acid-induced (RA) d iffe ren tia tion  of P19-O 1A1 cells.

Cells w ere induced to  d iffe re n tia te  by growing for 2 days in monolayer 
cu ltu re  in α CMEM, supplem ented with fe ta l and norm al ca lf serum , in the 
presence of 5× 10- 7m RA. They w ere grown for 2 m ore days in the same 
medium but as aggregates, and on day 5 the  aggregates w ere p la ted  on 
coverslips coated  w ith 0.1% gelatin . The cultures w ere 11-14 days old 
when te s ted . At this s tage , many cells had em erged from th e  aggregates, 
and appeared as a layer of neuron-like cells growing on a background of 
glia and fibroblast-like cells. The cu ltu res w ere te sted  in the  following 
ways: By im m unocytochem istry for neuron-specific enolase (NSE) and 
neurofillam ent protein (NF), both o f which are  specific m arkers of 
neuronal phenotype; by im m unocytochem istry for the enzym es a) tyrosine 
hydroxylase (TH), one of the  enzym es involved in dopam ine production, b) 
dopam ine B-hydroxylase (DBH), which converts dopam ine to  
norepinephrine and c) phenylethano lam ine-N -m ethyl tran sfe ra se  (PNMT), 
which converts norepinephrine to  epinephrine; by h istofluorescence , using 
th e  modified glyoxylic acid m ethod, which shows the  presence of the 
catecho lam ines dopam ine, and norepinephrine.

The neuron-like cells stained  positively for NSE and NF. These results 
support the  neuronal phenotype of these ce lls . In both cases the  non
neuronal cell types showed no stain ing . There was positive staining for 
TH, DBH and PNMT in som e, but not all of th e  neuronal ce lls . Some 
neuronal ce lls showed positive h istofluorescence . The non-neuronal cell 
types showed no TH, DBH or PNMT staining, and no histofluorescence .

The positive TH, DBH and PNMT results suggest th a t these neurons 
have th e  m achinery for synthesizing dopam ine, norepinephrine and 
epinephrine. The h istofluorescence shows th a t they do synthesize and 
accum ula te  dopam ine and/or norepinephrine, though it  cannot be 
concluded w hether e ithe r of these  is released  or w hether they are  
precursors for epinephrine production. The presence of PNMT does 
suggest th a t epinephrine is expressed. Not all of th e  neuronal cells show 
positive h istofluorescence , or positive TH, DBH or PNMT staining. O ther 
researchers  have reported  evidence for acety lcholine production by 
neuronal ce lls d iffe ren tia ted  from  the  P19 ce ll line, so it  would be 
in teres ting  to  see if acety lcholine and ca techolam ines a re  produced in the 
sam e cells, or if acety lcholine production is re s tr ic ted  to  the 
ca techo lam ine-negative population of neurons. This system  is a  useful 
one for studying mechanism s which d irec t the  developm ent of d iffe ren t 
neuronal ce ll types.

427.2 APPEARANCE OF PNMT mRNA IN THE FETAL RAT ADRENAL 
GLAND. M. Ehrlich, M. Evinger, G. Teitelm an and T.H. Joh. D ept. of 
Neurology, Cornell Univ. Med. Coll., New York, NY 10021.

During developm ent of the ra t  adrenal medulla, a discrepancy has been 
reported  betw een the ontogeny and in itia l expression of tyrosine 
hydroxylase (TH) and phenylethanolam ine N-m ethyl tran sfe ra se  (PNMT). 
M igrating cells from the neural c re s t invade the fe ta l adrenal anlage a t  
em bryonic day (E) 15-E16. Imm unocytochem ically, TH appears in the 
adrenal anlage on E16, and a t  E11-E12, in thoracic  ganglia a t  the level of 
the prim ordial adrenal and in m igrating cells. PNMT, how ever (Teitelm an 
e t  al., PNAS 1979; Bohn e t a l., Dev. Biol., 1981), does not appear in the 
fe ta l adrenal un til E17.5-E18. We sought to  determ ine w hether the 
in terval betw een the appearance of the TH and PNMT prote ins during 
developm ent of the  adrenal is due to  regulation of PNMT a t  the 
transcrip tional or translational level.

The full-length 1100 bp bovine PNMT-cDNA (Baetge e t  al., PNAS, in 
press), inserted  in the "antisense” orien tation  in the pSP65 vec to r, served 
as  a  tem p la te  for transcrip tion  of an RNA probe. L inearization of the 
plasmid with Hindlll, followed by transcrip tion  with SP6 polym erase in the 
presence of 32p-UTP, resu lts  in synthesis of a  full-length, RNA probe of 
high specific ac tiv ity  for PNMT mRNA. N orthern blot analysis of to ta l 
ce llu lar RNA prepared from adrenal glands of anim als of E16, E17, E18, 
E19, E21, p o stnata l day 7, and adult s tages produced strong hybridization 
signals to  PNMT mRNA beginning a t  E17. A weak hybridization signal 
was p resen t a t  E16. In addition, a  strong hybridization signal was con
sisten tly  seen a t  approxim ately 5500ntd, even when the cDNA nick-trans
la ted  PNMT probe was used. This band was not observed when hybrid
ization of the  PNMT probes was perform ed with bovine ribosom al RNA.

Th e s treng th  of the  hybridization signal a t  E17 w arranted  re-inves
tigation  of the appearance o f PNMT prote in . With the prepara tion  o f a 
new, specific PNMT an tisera , the sensitiv ity  of our im m unocytochem ical 
techniques was significantly  im proved. We then repea ted  the 
im m unocytochem ical study of the developing r a t  adrenal a t  selected  
em bryonic stages. In con tras t to  previous repo rts, a  large number of cells 
in the adrenal medulla stained positively a t  E17, and a sm aller, but 
s ignificant, number w ere positive a t  E16. Im m unocytochem istry of the 
adrenal and its precursors rem ained negative for PNMT on E14 and E15.

These results indicate  th a t PNMT mRNA and protein  a re  ac tually  
p resen t in the f e ta l  ra t  adrenal as early  as E16, and the refo re , th a t the 
appearance of PNMT a t  this s tage  is regulated  a t  the  transcrip tional 
level. Since this p recedes the norm al rise in endogenous stero ids a t  E17- 
E18 and the establishm ent of splanchnic innervation, these observations 
confirm  th a t these stim uli a re  not required for in itia l PNMT expression. 
We are p resently  investigating 1) w hether PNMT mRNA can be d etec ted  
by in situ hybridization prior to  E16, and 2) w hat the relationship is 
betw een the approxim ately 5500ntd band and the  1100n td  PNMT mRNA. 
(Supported by NIMH G rant 1 K11 MH00606-01 to  M. Ehrlich and MH 24285 
to  T.H. Joh)

427.3 NEONATAL BASAL FOREBRAIN LESIONS IN MICE INDUCE ABNORMAL CORTICAL 
MORPHOGENESIS. C.F. Hohmann, A.R. Brooks, M.L. Oster-Granite and 
J.T . Coyle. Dept. of Neuroscience, The Johns Hopkins University 
School of Medicine, Baltimore, MD 21205.

The maturation of murine neocortex begins several days before 
b irth  and continues into the second postnatal month. The most 
dramatic progress in d iffe ren tia tio n  and establishment of cortical 
connections occurs during the f i r s t  week postnatal (PN). While 
c e lls  of increasingly more superficial cortical layers undergo 
rapid d iffe ren tia tio n , many d ifferen t fiber systems ascend into 
cortex and begin to form connections. Among them are projections 
th a t are rather specific  for certain  neuronal populations such as 
thalamo-cortical and cortico-cortica l afferents. I t  appears to be 
necessary for co rtical c e lls  to be properly d ifferen tia ted  in 
order to be contacted by these axons. D ifferentiation of mutually 
connected co rtica l input and output systems must also be properly 
timed. I t  has thus been suggested that cortical cell d ifferen
t ia tio n  during the early PN period is  induced and regulated by the 
ingrowth of one or more modulatory afferent system(s) which 
include the NE, 5HT and ACh projections to cortex. The effec ts of 
norepinephrine depletion on cortical morphogenesis has previously 
been investigated with mixed re su lts . In the present study, we 
examined the impact of lesions of cortical afferents in the basal 
forebrain on maturation in neocortex.

Mice receiving unilateral e lec tro ly tic  lesions to th e ir ventro
medial globus pallidus, the primary source of cortical cholinergic 
innervation, at b irth  exhibited dramatic a ltera tions in the mor
phogenesis of th e ir  ip s ila te ra l fronto-parie ta l cortex. By 3-4 
days PN, a disorganization of cortical layer V was apparent in 
Nissl stained preparations. The large pyramidal shaped neurons 
charac te ris tic  for th is  layer were reduced in number, unevenly 
d istribu ted  and often lacked th e ir appropriate radial orientation . 
Many small, darkly N issl-stained c e lls , not normally found in the 
d ifferen tia ted  layer V, were interspersed among the large neurons. 
By PN day 7, the disturbance of the layer V cytoarchitecture had 
become less s trik ing  but disorganization of more superficial cor
tic a l layers became apparent. At PN day 14, all cortical layers 
were discernable but subtle disturbances in cell density and shape 
persisted  in Nissl stained sections, particu larly  in layers IV and 
V. Analysis of Golgi impregnated sections from PN day 30 and 
adult mice suggest that cortical cytoarchitecture remains abnor
mal.

Experiments are currently under way to establish  whether the 
observed changes in cortical morphogenesis are due to an error in 
migration, d ifferen tia tion  or cell survival. Furthermore, the 
sp ec ific ity  of the cortical dysgenetic effec ts to cortical choli
nergic afferents from the ventral* medial globus pallidus are 
discussed in an adjacent poster.

427.4 CORRELATION BETWEEN LESION INDUCED ABNORMAL CORTICAL DEVELOPMENT 
AND DEFICITS IN CORTICAL TRANSMITTER MARKERS. A.R. Brooks, C.F. 
Hohmann and J.T. Coyle. Dept. of Neuroscience, The Johns Hopkins 
University School of Medicine, Baltimore, MD 21205.

In the previous poster, we have shown that neonatal e lec to ly tic  
lesions of the ventromedial globus pallidus (VGP), the primary 
source of cortical afferents, lead to abnormal morphogenesis of 
the ip s ila te ra l neocortex. However, e lec tro ly tic  lesions of the 
VGP are not en tire ly  specific for the cholinergic neurons and may 
damage noradrenergic (NE) and serotonergic (5-HT) fibers t r a 
versing the area. The aims of the present study were to define 
the neurotransmitter specific ity  of the lesion and to correlate 
reduction's in cortical neurotransmitter markers to the observable 
morphologic altera tions.

Acetylcholinesterase (AChE) histochemistry was employed to 
assess morphologically the extent of the cholinergic denervation 
of the fronto-parie ta l cortex between postnatal (PN) day 3 and 
adulthood. In itia l ly  (PN day 3-5), the AChE depletion in cortex 
ip s ila te ra l to the  VGP lesion was marked and overlapped with the 
areas of abnormal cortical development. With increasing age of 
the animal, the AChE depletion became more subtle and enzyme 
levels became comparable to the contralateral hemisphere by 
approximately 30 days PN. Lesions not resulting in an AChE deple
tion also did not induce abnormal morphogenesis in cortex. 
Choline-acetyl transferase (ChAT) was measured between PND 4 and 30 
to verify the cholinergic depletion indicated by the AChE 
decreases. ChAT activ ity  was reduced by at least 29% during the 
f i r s t  postlesion week, reduced by 25% between days 7 and 10 and 
only decreased by 10% between days 12 and 15. Cholinergic fiber 
ingrowth into cortex thus appeared to be transien tly  impaired 
rather than eliminated. The time course of presynaptic choliner
gic marker recovery corresponded with the attenuation of morpholo
gical disturbances in cortical organization in Nissl sta ins.

NE and 5-HT levels were measured by HPLC with electrochemical 
detection during the f i r s t  postnatal week. NE decreases in cortex 
ip s ila te ra l to the lesion were e rra tic  and varied between 0 and 
70% depletion. However, 5-HT levels, measured in the same ani
mals, were reliab ly  reduced by 50% ip s ila te ra l to the lesion. In 
lig h t of the evidence that 5-HT may regulate cell cycle in neuro
genesis (Lauder, J.M., Psychoendocrinology, 1983), we are present
ly investigating whether 5,7-dihydroxytryptamine lesions are able 
to affect cortical morphogenesis in a way comparable to the basal 
forebrain e lec tro ly tic  lesions. Thus, VGP lesions of the neonatal 
mouse disrupt cortical morphogenesis. Neurochemical studies 
suggest a role for c o rtic a l  cholinergic and/or serotonergic pro
jections in the cortical dysgenesis.
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427.5 PRESENCE OF NEURONS IN THE VAGUS NERVE OF THE NEWBORN RATS AND 
THEI R RESPONSE TO THE CAPSAICIN INJECTION. Zar co de Coronado, I .  
Var ga s ,  H.L. * , Con t r e r a s , B ., M.A.* arid Coronado, M.R.*  D epto. de 
F is io lo g í a ,  F acu ltad  de M edic ina, UNAM. Apdo. P o s ta l  70250, Mé xico  
04510, D. F.

The c o n ta c t o f  th e  in g e s te d  food w ith  th e  d ig e s t iv e  mucosa from 
th e  mouth o n , im m ediatly  evoques th e  tra n sm is s io n  o f  s ig n a l s  to  th e  
e n t e r i c   and c e n t r a l  nervous sy stem s. These s ig n a l s  a re  fo llow ed  by 
th e  r e f l e x  re sp o n ses  which form th e  b a s ic  s u b s t r a te  f o r  th e  r e g u la 
t i o n  o f  th e  d ig e s t iv e  fu n c t io n  in c lu d in g  th e  in g e s t iv e  b eh a v io r. 
Because th e  newborn r a t s  e x h ib i t  complex and adequate in g e s t iv e  
b e h a v io r i t  i s  in t e r e s t i n g  to  s tu d y  th e  n e u ra l s t r u c tu r e  o f  th e  
a l im e n ta ry  ca n a l and some o f  t h e i r  chem ical p r o p e r t ie s .

Esophagi o f  j u s t  born r a t s  were used  to  make ra p id  G olgi s t a i n 
in g . The 50μ s l i c e s  observed  by l i g h t  m icroscopy showed a submucous 
and m ie n te r ic  p le x u se s  and a l s o  a  g re a t number o f  K u lts c h i ts k y  
c e l l s  (C o s te ro  y B arroso  Moguel) a t  a l l  l e v e l s  o f  th e  esophagus. 
The a d ja c e n t vagus nerve  p re s e n te d  n eu ro n a l c e l l s  a long  i t s  course 
t i l l  th e  p ro x im ity  o f  th e  stom ach. In  o rd e r  to  f in d  o u t w hether 
some o f  t h i s  neurons a r e  s e n s i t i v e  o r  n o t to  c a p sa ic in  th e  acuose 
e x t r a c t  o f  Capsicum annum was a p p lie d  around th e  c e rv i c a l  vagus 
lo o k in g  f o r  changes in  th e  body w eig h t, a s  a s ig n  o f  d is tu rb e d  
a f f e r e n t  in fo rm a tio n  to  th e  c e n tr a l  nervous system . In f a c t ,  a 
s i g n i f i c a n t  r e d u c t io n  o f  body w eight as compared w ith  c o n tro l 
a n im a ls , d u rin g  th e  p o s tn a ta l  developm ent, was th e  r e s u l t .

These d a ta  perm it th e  v e r i f i c a t i o n  o f  th e  a lre a d y  d esc r ib e d  
m otor and senso ry  p le x u s  in  th e  w a lls  o f  th e  esophagus in  th e  new
born r a t .  The p resen ce  o f  th e  n e u ra l e lem ents in  th e  vagus su g g es ts  
t h a t  n eu ro n s , whose o r ig in  cou ld  be p la ced  in  th e  b ra in stem  fo llow  
t h i s  way to  reac h  o th e r  p o r t io n s  o f  th e  d ig e s t iv e  system . I t  i s  
s u r p r is in g  th a t  in  th e  r a t  th e  m ig ra tio n  o f  neurons con tin u e  a f t e r  
th e  b i r t h .  In  humans, ch ick en s  and mice i t  occou rs  on ly  du rin g  
th e  i n t r a u te r in e  l i f e .  The response  to  c a p s a ic in  a p l ic a t io n  
in d ic a te  t h a t  im p o rtan t a f f e r e n c e s ,  SP m ed ia ted , to  in te g r a te  th e  
in g e s t iv e  and m e tab o lic  com ponents, n ec essa ry  to  th e  norm al som atic  
developm ent, were a l t e r e d  o r  e lim in a te d .

C o s te ro , I . ,  B arroso-M oguel, R. H ip e r te n s ión de o r ig e n  n eop lá s ic o .  
I ,  Tumor de cé lu l a s  b i l i a r e s  d e l o v a r io . Arch. I n s t .  C a rd io l. Mex. 
60 ( 1 ) 52-67, 1970

427.6 Quantitative analysis  of Purkinje cel l dendri tes  in normal and 
Lurcher ch imer ic  nice. K.W.T. Caddy, G. F ie ldman*, and 
K. Herrup. Dept. Physiol. Univ. Coll. London, and Dept. Human 
Genet ics ,  New Haven.

Heterozygous Lurcher nice (+/Lc) suffer  a cel l -autonomous 
postnatal  degeneration of 100% of th e i r  cerebe l la r  Purkinje 
c e l l s  (Caddy & Biscoe, Ph il . Trans. Roy. Soc. London, B 
287:167). In Lurcher <-> wild-type chimeras ,  the number of 
these cel l s  present i s  in termediate to the number found in +/Lc 
and +/+ animals and a l l  surviving Purkinje c e l l s  in the chimeras 
are of +/+ genotype. Cell counts of such chimeric cerebella  
have demonstrated that the r a t io  of granule c e l l s  to Purkinje 
c e l l s  i s  increased (by as much as 4.5 fold) above the values 
seen in normal animals (Wetts & Herrup, Dev.Brain Res. 10, 41). 
The present study seeks to e s tab l ish  whether the morphology of 
the dendri tes  of the remaining Purkinje  c e l l s  is  a l te red  by th is  
novel environment,

The Golgi-Cox technique was used to study dendrit ic  
morphology using e i the r  cornally  or s a g i t t a l l y  sectioned 
mate ria l.  Purkinje cel l body diameter, width of the dendri tic  
t r e e  and number of branch points  on the dendri t ic  t ree  were a l l  
measured using a drawing attachment on a Reichert microscope 
(150X and 400X). S t a t i s t i c a l  analysis  was performed using an 
unpaired two ta i l e d  Student' s  t - t e s t  (Tektronix Plot 50 
Software). The r e s u l t s  show no s ign i f ic an t  dif ference in the 
Purkinje cel l body diameter between the Lurcher chimeras and 
normals (P>0.2). However, dendri t ic  t ree  width measured in 
coronal sec t ions ,  shows a s ign i f ic an t  increase in the chimeras 
over the normal values (P<0.001). This indica tes  th a t ,  in the 
experimental animals, the Purkinje c e l l s  have lo s t  the planar 
o r ien ta t ion  exhibited in the normal. The number of dendri tic  
branch points  counted in s a g i t t a l  sections was s ig n i f ic an t ly  
less  in the chimera than in the normal (P<0.001)and the lengths 
of the spiny dendri te s  proved to be equal in both cases 
(P>0.7). This indica tes  both a reduced dendri t ic  area and to ta l  
dendrit ic  length in the chimera Purkinje c e l l s  r e la t iv e  to the 
normal.

Clearly the a l te red  environment of the Lurcher chimeric 
cerebellum can af fec t  the morphology of the wild-type Purkinje 
c e l l s .  The observed d if ferences  may re su l t  from an unforseen 
chimeric a r t i f a c t ,  although th i s  seems improbable since other 
neurones in the CNS appear normal. Analysis of Purkinje cel l 
dendri te s  in wild-type<->wild-type chimeras will resolve th i s  
question. Despite the increased granule: Purkinje cel l  r a t i o ,  
the dendri te s  of the Purkinje c e l l s  in these chimeric brains 
show clear evidence of reduced s ize  and branching complexity.

Supported by the MRC (8211231N,KC) and the NIH (NS20591,KH).

427.7 INTER-SPECIFIC HOUSE CHIMERAS TO STUDY WEAVER MUTANT GENE ACTION 
AND CELL LINEAGE IN THE CNS. D. G oldow itz , D ept. o f Anatomy, 
Thomas J e f f e r s o n  U n iv e rs ity , P h ila d e lp h ia , PA 19107.

The use of ch im eric  o r  te r a p a r e n ta l  m ice, made from a g g re g a t
ing  2 fo u r c e l l  embryos o f d i f f e r e n t  p a re n ta l  g eno types , i s  a 
pow erful tech n iq u e  to  examine c e l lu l a r  in te r a c t io n s  and lin e a g e .  
The a v a i l a b i l i t y  of a p e r fe c t  c e l l  marker ( i . e . ,  c e l l  autonomous 
and m arking a l l  c e l l s  a t  a l l  developm ental s ta g e s )  has been a 
m ajor l im i t a t i o n  o f th i s  te c h n iq u e . The new to o ls  of m o lecu lar 
b io lo g y  p re s e n t s p e c ia l  s o lu t io n s  to  th i s  problem . In  p a r t ic u 
l a r ,  s a t e l l i t e  DNA s p e c i f ic  to  Mus musculus but not to  Mus c a ro l l  
has been cloned  and used as a c e l l  marker by th e  tech n iq u e  o f in  
s i t u  h y b r id iz a t io n  o f th e  cDNA on musculus ↔  c a ro l i  ch im eric  
t i s s u e  (S ira c u sa  e t  a l . ,  JEEM 73:16 3 -1 7 8 ). The p re s e n t work uses 
t h i s  m arking system  to  s tu d y  th e  s i t e  of w eaver gene a c t io n  in  
homozygous w eaver (wv/ wv) m utant ↔ c a ro l i  ch im eras , and to  
examine p a t te r n s  o f c e l l  lin e a g e  in  th e  CNS.

Chimeras were made in  a s ta n d a rd  fa s h io n . A dult chim eras were 
p e rfu sed  w ith  s a l i n e  fo llow ed by a 3:1  95% ETOH: g l a c i a l  a c e t ic  
ac id  s o lu t io n .  B ra in s  were removed and p rocessed  fo r  p a r a f f in  
embedding and s e c t io n in g .  S ec tio n s  o f ch im eric  b ra in  were h y b rid 
iz ed  w ith  a cDNA clone  th a t  was complementary to  e i t h e r  M. c a ro l i  
o r  M. musculus s a t e l l i t e  DNA sequences.

The most obvious e x p re ss io n  o f th e  weaver m utant lo c u s , th e  
wv phenotype, i s  th e  d im in u tiv e  ce rebellum  due in  a la rg e  p a r t  to  
e x te n s iv e  g ra n u le  c e l l  d ea th :  A tw o -s tep  a n a ly s is  was perform ed 
on 3 wv/ wv↔ c a ro l i  ch im eras . F i r s t ,  c e re b e l la r  reg io n s  were 
sco red  as to  a + /+ , in te rm e d ia te  o r wv/ wv pheno type. Second, 
th e  genotypes o f g ra n u le , P u rk in je  and Bergmann g l i a  c e l l s  were 
examined in  th e se  d i f f e r e n t  pheno typ ic  a r e a s .  The on ly  c e l l  type 
th a t  had a c l e a r  c o r r e l a t i o n  w ith  th e  wv phenotype was th e  g ran u le  
c e l l .  T h is s tro n g ly  su p p o rts  th e  n o tio n  th a t  th e  g ra n u le  c e l l  i s  
a prim ary  s i t e  o f wv gene a c t io n  in  heterozygous (G oldow itz and 
M ullen, J .  N eu ro sc i. 2:1474-1485) and , now, homozygous m u tan ts . 
Exam ination o f wv gene a c t io n  in  r e l a t i o n  to  P u rk in je  and Bergmann 
g l i a  c e l l  phenotypes re q u ire s  a f i n e r  a n a ly s is  th a t  i s  p re s e n t ly  
underway.

The ce reb e llu m  o f in t e r s p e c i f i c  chim eras had lik e -g e n o ty p e  
c e l l s  g a th e red  in  la r g e r  ensem bles than  th e  f in e -g ra in e d  m osaicism  
found in  cons p e c i f i c  ch im eras, making th e  c o r r e l a t i o n  of genotype 
w ith  phenotype an e a s i e r  ta s k  to  accom plish . In  o th e r  a re a s  of 
th e  CNS, bo th  l im ite d  (w ith in  a d i s t i n c t  group of c e l l s ,  e .g .  
hippocam pal fo rm a tio n ) and more g lo b a l ( e . g . ,  d iencephalon  v s .  
te le n c e p h a lo n )  ensem bles o f lik e -g e n o ty p e  c e l l s  a re  found. This 
f in d in g  su g g e s ts  th a t  i n t e r s p e c i f i c  chim eras p re s e n t an e x p e r i
m ental system  w herein  c e l l  lin e a g e  a n d /o r  s o r t in g  e v e n ts  can be 
exam ined.

427.8 CLONES AND POLYCLONES IN RETINAS OF XENOPUS 
INTERSPECIFIC CELL-INJECTION CHIMERAE. S. O'Gorman*and R.K. 
Hunt* (SPON: G. Evans). The Salk Institute, La Jolla, CA 92037.

To prepare chimerae in which genetically marked CNS progenitors 
were introduced into the presumptive CNS at low densities, the 
blastocoel roof of a Xenopus borealis (Xb) donor was isolated and placed 
in Ca and Mg free saline and 10 to 50 dissociated donor cells were 
injected into blastocoels of albino Xenopus laevis hosts. Donors and 
hosts were stage 7-9 blastulae; all manipulations were completed before 
segregation of the prim ary em bryonic layers. Chim erae w ere sacrificed  
at early larval or postmetamorphic stages and serial paraffin sections 
were stained with quinacrine and examined under epifluorescent 
illumination to identify derivatives of the injected Xb cells on the basis 
of nuclear staining. Coherent patches of Xb cells, representing clones 
or polyclones descended from injected cells, were distributed 
throughout the CNS. CNS patch number sometimes exceded the 
number of cells injected, implying that ( 1) following incorporation into 
the presumptive CNS Xb cells divided and mixed with host cells, (2) a 
period of coherent growth followed mixing, and (3) some patches were 
clones descended from progenitors isolated before the onset of coherent 
growth, Cell-inject ion chimerae therefore represent a valuable 
approach for defining terminal lineages in a vertebrate CNS.

Retinal cytology was normal in all chimerae. Most retinal Xb 
patches were small (5-100 cells), populated all three nuclear layers, and 
were located within the proximal retinal regions that undergo early 
mitotic withdrawal. A few patches consisted of many thousands of 
cells and extended into peripheral retina as "pie slice" domains. These 
represented progeny of Xb cells that became established in the 
peripheral growth zone that generates neurons throughout larval and 
juvenile life. Thus, descendants of injected Xb cells participate in 
normal retinal development and their tangential distributions conform 
to known patterns of mitotic activity during retinal histogenesis.

Five patches (in three retinas from two chimerae) were found in 
which Xb cells were restricted to the ganglion cell layer. All five were 
located in the dorsal quadrant of proximal retina and, in light of 
published autoradiographic data, may represent the first retinal cells to 
withdraw from the mitotic cycle. Barring interspecific selection (which 
is unlikely because most Xb patches comprised multiple phenotypes), 
the data establish that some retinal progenitors produce lineages whose 
fates are restricted to a single laminar phenotype. The restriction 
could be dictated by temporal constraints: the first progenitors to enter 
terminal series of mitoses may produce vangards of postmitotic neurons 
that respond to local cues and become ganglion cells, the earliest 
phenotype to appear in the retina. Alternatively, the lineages derived 
from a few progenitors may more directly specify the cellular 
phenotype of the earliest ganglion cells.
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4 2 7 .9  EARLY POSTNATAL DEVELOPMENT OF GLIAL CELLS IN THE CANINE 
CERVICAL SPINAL CORD. K.Lord* and I.D.Duncan.* (SPON: M. 
Behan). Dept. of Med. Sci., School of Vet. Med., Univ. of 
Wisconsin, Madison, WI 53706.

This study was undertaken to provide a detailed analysis 
of normal g lia l cell development in the dog, and in 
addition to provide comparative data for ongoing investi
gations of abnormalities underlying myelin and g lia l cell 
development in the canine hypomyelinating mutant, the 
"shaking pup". To study the qualita tive and quantitative 
changes in the g lia l cell population of postnatal dogs, the 
cervical spinal cord of 20 beagle pups, ranging in age 
from 1-28 days, was prepared for ligh t and electron micro
scopy. Glial ce lls  in the la tera l corticospinal tra c t were 
c lassified  according to morphological c r i te r ia  as g lio - 
b lasts, oligodendrocytes, astrocytes and microglia, and 
quantified using a stereological method designed to correct 
for sampling bias.

G lioblasts predominate in the f i r s t  few days a fte r 
b irth , comprising 45% of the g lia , and then decline to 3% 
by 28 days. This group comprises a variety of cell types, 
including very immature, possibly multipotential ce lls , and 
others that are clearly  astrog lia l or oligodendroglial 
precursors. Oligodendrocytes can be subdivided into light 
and dark types, which d iffe r  in size, electron density, and 
in the amount and organization of th e ir  organelles. Light 
oligodendrocytes increase slig h tly  prior to myelination, 
peak a t 8 days (39%), and decrease slowly up to 28 days. 
Dark oligodendrocytes continue to increase throughout the 4 
week period, and are the predominant g lia l cell type at 28 
days (66%). The astrocyte and microglial cell populations 
remain re la tive ly  stable throughout the 4 week period.

These findings show that very immature, ind istinc t g lia l 
cell precursors coexist postnatally with d is tin c t cell 
types in the spinal cord of the dog. Glioblasts appear to 
be d ifferen tia ting  primarily into oligodendroglia, since 
there is  re la tiv e ly  l i t t l e  change in the astrocyte popu
lation. The growth of the oligodendrocyte population cor
relates with myelination in the la tera l corticospinal trac t, 
and both ligh t and dark oligodendrocytes appear to be 
actively involved in th is process. In ligh t of the present 
findings, detailed quantitative analysis of g lia l cell pop
ulations may demonstrate some fundamental differences in 
postnatal g lia l cell development in the "shaking pup". 
(Supported by the Kroc Foundation and NMS grant 1791-A-l)

427.10 GLIAL CELL DIVISION IN THE OPTIC NERVE OF THE MYELIN DEFICIENT 
RAT. KF Jackson*, JP Hammang*, ID Duncan* (SPON: V. Miletic) 
School of Veterinary Medicine, University of Wisconsin, 
Madison, WI 53706

The myelin deficient (md) ra t is a mutant of the Wistar 
s tra in , characterized by fa ilu re  of normal CNS myelination. 
Previous studies have reported an absence of myelin in the 
optic nerves and have suggested a slow decline in the 
oligodendroglial population, compared to controls (Dentinger 
et a l, 1985. Brain Res. 344 255-266). This study was designed 
to investigate glia l cell p ro liferation  in the optic nerve of 
the md ra t. 4 md ra ts  and 4 normal male litterrnates were pulse- 
-labelled with tr it ia te d  thymidine prior to perfusion with 
Karnovsky's aldehyde fixatives at 6, 8, 12, 18, and 25 days of 
age. The optic nerves were removed and the intracranial 
segments processed into epon blocks. Iμ  sections were taken for 
EM, and adjacent thick sections were taken for LM 
autoradiography. Labelling indices (LIs) were determined by 
counting labelled and unlabelled ce lls  in complete transverse 
sections of the optic nerve. There were no significant 
differences between to tal cell counts in the md and control 
ra ts  a t the ages studied. At 6, 8, and 12 days, LIs for md and 
controls were not significantly  d ifferen t. At 18 and 25 days, 
LIs were sign ificantly  higher (p < 0.05) in the md ra ts . 
Labelled ce lls were distributed throughout the parenchyma in 
all animals. Preliminary studies suggest that dividing ce lls 
are of both astrocytic and oligodendroglial origin, in md and 
control ra ts  at 12 days of age. Full iden tifica tion  and 
d ifferen tia l counts of dividing ce lls at all ages are presently 
underway. Dentinger et al reported an absence of myelin in the 
md rat optic nerve. This study indicates that at 8, 12, 18, and 
25 days, myelinated axons do occur, and in clusters similar to 
those reported in the jimpy mouse, although the myelin is 
poorly compacted and has few lamellae. The raised LIs in the 
older md ra ts suggest a trend of protracted proliferation  of 
g liob lasts in the CNS, analogous to the situation  described in 
the jimpy mouse (Privat et a l , 1982. Dev. Brain Res. 2 411-416. 
Skoff, 1982. Brain Res. 248 19-31). There is  no evidence of an 
increase, or reduction, of the g lia l cell population in the 
optic nerve. One possible explanation is that g lia l cell death 
may parallel increased cell division, and preliminary 
observations of dying ce lls  indicate that th is may be the case 
in the md ra t, as has been reported in jimpy (Knapp, Skoff and 
Redstone, 1986. In press, J. Neurosci).
(Supported by NMSS grant 1791-A-l to IDD).

427.11 IMMUNOHISTOCHEMICAL LOCALIZATION OF α 2 GLYCOPROTEIN 
( α 2GP) IN  CULTURED GLIAL CELLS OF RAT, K. A r im o to * ° ,N .R . 
B h a t ° + , E . G . B r u n n g r a b e r ° a n d  K .W a re c k a * ++ ’N e u r o c h e m is t r y  
R e s .  U n i t ° ,  M i s s o u r i  I n s t . o f  P s y c h i a t r y , D e p t . o f  B io 
c h e m i s t r y  U n iv .  o f  M i s s o u r i - C o l u m b i a , S c h .  o f  M e d .,  
S t . L o u is  MO 6 3 1 3 9 ,D e p t . o f  B i o c h e m i s t r y + ,  U n iv .  o f_  
K e n tu c k y  M ed. C t r . , L e x in g to n  KY 4 0 5 3 6 - 0 084  a n d  K l i n i k  
f u r  N e u r o l o g i e  ++ M e d i z i n i s c h e  H o c h s c h u le  L u b e c k , L u b e c k , 
W est G e rm an y .

T he b r a i n  s p e c i f i c  g l i a l  α 2GP h a s  b e e n  t h o u g h t  t o  b e  
i n v o l v e d  i n  t h e  p r o c e s s  o f  m y e l in  f o r m a t i o n . α2G P , g l i a l  
f i b r i l l a r y  a c i d i c  p r o t e i n ( G F A P ) ,g a l a c t o c e r e b r o s i d e ( G C )  
a n d  m y e l in  b a s i c  p r o t e i n ( M B P ) , a l l  o f  w h ic h  a r e  g l i a l  
m a r k e r s  w e re  i d e n t i f i e d  i n  c u l t u r e s  o f  new  b o r n  r a t  
b r a i n  c e l l s  u s i n g  im m u n o h is to c h e m ic a l  t e c h n i q u e .T h e  
p e r c e n t a g e  o f  t h e  g l i a l  c e l l s  t h a t  e x p r e s s e d  e a c h  o f  
t h e s e  m a r k e r s  w as r e l a t e d  t o  a c c o m p a n y in g  m o r p h o l o g i c a l  
c h a r a c t e r i s t i c s . A  p o p u l a t i o n  o f  g l i a l  p r e c u r s o r  c e l l s  
e x p r e s s e d  α 2GP a t  a n  e a r l y  s t a g e  o f  d e v e lo p m e n t .T h i s  
c e l l  p o p u l a t i o n  c o n s i s t e d  o f  s m a l l , p h a s e  d a r k  c e l l s  
t h a t  p r o l i f e r a t e d  i n  c u l t u r e  a n d  w e re  o v e r l a i d  on  t h e  
s u r f a c e  o f  f l a t  e p i t h e l i a l - l i k e  a s t r o c y t e s . T h e s e  
a s t r o c y t e s  c o n t a i n e d  GFAP b u t  d i d  n o t  r e a c t  w i t h  
a n t i b o d i e s  t o  α 2GP,GC a n d  M BP.The p e r c e n t a g e  o f  α 2GP-  
p o s i t i v e  c e l l s  t o  t h e  t o t a l  n u m b e r  o f  o v e r l y i n g  c e l l s  
d e c r e a s e d  f ro m  88% a t  6 d a y s  o f  d u l t u r e  t o  44% a t  23 
d a y s  o f  c u l t u r e . T h e  h e t e r o g e n e i t y  o f  t h e s e  o v e r l y i n g  
c e l l s  b ec am e  e s p e c i a l l y  m a rk e d  a f t e r  10 d a y s  o f  c u l 
t u r e . A l th o u g h  a m b ig u o u s  c e l l  fo rm s  w e re  p r e s e n t , t w o  
p r e d o m in a n t  t y p e s  o f  o v e r l y i n g  c e l l s  w e re  d i s t i n g u i s h e d  
m o r p h o l o g i c a l l y  a f t e r  f i x a t i o n . T h e  s m a l l e r  c e l l s  c o n 
t a i n e d  a  few  s h o r t  p r o c e s s e s  a n d  a  d a r k  n u c le u s .A m o n g  
t h i s  p o p u l a t i o n  t h e  p r o p o r t i o n  o f  α 2 G P - p o s i t i v e  c e l l s  
d e c r e a s e d  f ro m  96.7%  a t  6 d a y s  t o  31 .7%  a t  23 d a y s .T h e  
l a r g e r  c e l l s  h a d  l a r g e r  a n d  m o re  a b u n d a n t  p r o c e s s e s  a n d  
a n  e c c e n t r i c  n u c l e u s . T h e s e  c e l l s  S t a i n e d  p o s i t i v e l y  f o r  
GFAP a n d  α 2 G P .Of  t h e s e  c e l l s , 61 .4%  a n d  85 .4%  s t a i n e d  
p o s i t i v e l y  f o r  α 2GP a t  6 d a y s  a n d  17 d a y s , r e s p e c t i v e l y . 
We t e s t e d  m e c h a n i c a l l y  s e p a r a t e d  o v e r l y i n g  c e l l s  f ro m  
p r i m a r y  c u l t u r e  o f  new  b o r n  r a t  b r a i n  a n d  f o u n d  t h a t  
42 .5%  o f  t h e  c e l l s  w e re  α 2 G P - p o s i t i v e  a n d  23 .9%  GFAP-  
p o s i t i v e . W e  a l s o  e x a m in e d  a  g l i a l  c e l l  l i n e ( C 6 )  w h ic h  
a l s o  e x p r e s s e d  α 2G P.

S u p p o r t e d  b y  NIH g r a n t  NS20951CNRB) a n d  NSF g r a n t  
PCM 7-8-22944  (E G B ).

427.12 A RAT ASTROCYTE-SPECIFIC CELL-SURFACE ANTIGEN IDENTIFIED 
WITH A MOUSE MONOCLONAL ANTIBODY. Jerome R. Wujek and Richard 
A. Akeson. Children's Hospital Research Foundation, Cincinnati, OH 45229.

Cell-cell interactions between neurons and glial cells have been shown to play an 
important role in the development o f the nervous system. Some glial-neuronal 
interactions appear to be mediated by cell-surface constituents of astrocytes (Noble 
et al., J. Neurosci, 2: 1892, 1984). The strategy we have chosen for identifying 
the molecular basis for these and other interactions during development is to use 
monoclonal antibody (Mab) technology. W e used the following protocol to 
generate M ab's that are specifically reactive with cell surface antigens of 
astrocytes: Cultures o f glial cells were obtained by dissociation of the cerebral 
cortex o f day 1 postnatal Sprague-Dawley rats according to a modification of the 
technique o f Barkley et al. (J. Cell Physiol. 81: 271, 1973). The glial cultures 
were further enriched to 91% astrocytes (astrocytic enrichment was determined by 
immunofluorescence with antiserum to glial fibrillary acidic protein) by use o f a 
m odified immuno-adhesion protocol (Wysocki and Sato, P .N .A .S. 75: 2844, 
1978). CB6F1/J mice were immunized with suspensions o f live astrocytes that 
had been removed non-enzymatically from the culture dish. Later, dissociated 
spleen cells from these mice were fused with a non-secreting mouse myeloma line 
as previously described by Akeson and Warren (J. Neurosci. Res. 12: 41,1984). 
A ntibodies from the resulting hybridomas were screened by ELISA against 
cultures o f live astrocytes and live skin fibroblasts. Three separate candidate 
hybridom as were obtained that registered positively against astrocytes and 
negatively against skin fibroblasts. These three hybridomas were dilution cloned 
and then grown in mass culture. M ab's from these hybridomas were further 
tested for astrocyte-specific immunoreactivity by indirect immunofluorescence on 
live cultures o f CNS (brain and spinal cord) and PNS (dorsal root ganglion) 
neurons, non-astrocytic glial cells (oligodendrocytes and Schwann cells) and also 
non-neural cells (meningeal cells and skin fibroblasts). Two o f the candidate 
Mab's cross-reacted with cultures of live meningeal cells and thus were eliminated 
from further consideration. However, one clonal hybridoma cell line (designated 
M ab 54-3C4) did react positively w ith astrocytes, but did not display 
cross-reactivity with any o f the other cell types tested. Thus, by these criteria, 
Mab 54-3C4 appears to react with an astrocyte-specific cell-surface antigen. In a 
double-labelling im m unofluorescence experim ent w ith M ab 54-3C4 and 
anti-GFAP, it was found that only a subpopulation o f cultured cerebral cortex 
astrocytes were immunoreactive with Mab 54-3C4. In addition, this Mab may 
recognize an antigen which is d eve lopm en ta l regulated. Glial cells that had been 
dissociated from day 1 postnatal rats  and cultured for 3 days exhibited little or no 
reactivity by immunofluorescence. But glial cells cultured for 7 days or longer 
showed a marked increase in cell surface immunoreactivity with Mab 54-3C4. 
These results may reflect the acquisition and/or increased expression of a 
cell-surface antigen that is involved with differentiation or maturation of 
astrocytes. Further work is being done to characterize the molecular nature of this 
astrocyte-specific, cell-surface antigen and to determine its localization and 
developmental regulation within the mammalian CNS.
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427.13 PLASTICITY AND COMMITMENT IN OLIGODENDROCYTE DEVELOPMENT 
I l s e  Sommer* a n d  M ark N o b le * (SPON: P .D o h e r ty )
I n s t i t u t e  o f  N e u r o lo g y ,  L o n d o n , U .K .

T he o p t i c  n e r v e  (ON) o f  n e o n a t a l  r a t s  c o n t a i n s  a 
b i p o t e n t i a l  g l i a l  p r o g e n i t o r  c e l l  w i th  t h e  a b i l i t y  t o  
d e v e lo p  i n t o  e i t h e r  an  o l i g o d e n d r o c y t e  o r  a  s p e c i f i c  
a s t r o c y t i c  s u b p o p u l a t i o n ,  t h e  T ype 2 a s t r o c y t e  ( R a f f ,  
e t  a l . ,  N a t u r e , 3 0 3 :3 9 0 ,  1 9 8 3 ) .  O l ig o d e n d r o c y te - T y p e  2 
a s t r o c y t e  ( O -2A ) p r o g e n i t o r  c e l l s  a r e  in d u c e d  t o  d i v i d e  
w hen c u l t u r e d  in  m edium  c o n d i t i o n e d  by  T ype  1 a s t r o c y t e s  
(N o b le  an d  M u rra y ,  EMBO J . ,  3 :2 2 4 3 ,  1 9 8 4 ) ,  w h ic h  a r e  t h e  
f i r s t  d i f f e r e n t i a t e d  g l i a l  c e l l - t y p e  t o  a p p e a r  i n  t h e  ON 
(a n d  w h ic h  r e p r e s e n t  a s e p e r a t e  g l i a l  l i n e a g e ) .

E a r l i e r  s t u d i e s  on  o l i g o d e n d r o c y t e  d e v e lo p m e n t  show ed  
t h a t  c e l l s  r e c o g n i z e d  by  t h e  O4 a n t i b o d y  i n c l u d e  b o th  
o l i g o d e n d r o c y t e s  an d  t h e i r  p r e c u r s o r s  (Som m er an d  
S c h a c h n e r ,  D ev. B i o l . 8 3 :3 1 1 ,  1 9 8 1 ; N e u r o s c .  L e t . ,  2 9 : 
1 8 3 , 1 9 8 2 ) .  W hat i s  t h e  r e l a t i o n s h i p  b e tw e e n  ( O -2A ) 
p r o g e n i t o r  c e l l s  a n d  c e l l s  l a b e l e d  by  t h e  O4 a n t i b o d y ?  
We h a v e  fo u n d  in  n e o n a t a l  r a t  o p t i c  n e r v e  (ON) t h a t :
1) O 4 - p o s i t i v e  c e l l s  a p p e a r  in  d e v e lo p m e n t  a f t e r  t h e  

f i r s t  r e c o g n i z a b l e  O-2A  p r o g e n i t o r s .  H o w e v e r , in  
ON c e l l  s u s p e n s i o n s  o f  7 d a y  o l d  r a t s  ( t h e  a g e  a t  
w h ic h  t h e  O-2A p r o g e n i t o r  h a s  b e e n  m o s t i n t e n s i v e l y  
s t u d i e d ) , m o s t c e l l s  w i th  t h e  a n t i g e n i c  p h e n o ty p e  o f  
O-2A p r o g e n i t o r s  a r e  a l s o  O4 p o s i t i v e .

2) D e p l e t i o n  o f  ON c e l l  s u s p e n s i o n s  o f  O4- p o s i t i v e  c e l l s  
r e d u c e s  t h e  nu m b er o f  o l i g o d e n d r o c y t e s  a n d  a l s o  
r e d u c e s  t h e  n u m b er o f  t y p e  2 a s t r o c y t e s  w h ic h  a p p e a r  
i n  s u b s e q u e n t  c u l t u r e s .

3 ) E x p r e s s i o n  o f  t h e  O4 a n t i g e n  i s  a n e c e s s a r y  s t e p  i n  
t h e  d e v e lo p m e n t  o f  o l i g o d e n d r o c y t e s  b u t  n o t  o f  ty p e  
2 a s t r o c y t e s .  H o w e v e r , m any t y p e  2 a s t r o c y t e s  a r e  
O4 p o s i t i v e  in  c u l t u r e .

4 ) Many c e l l s  p r e l a b e l l e d  w i th  O4 a n t i b o d y  in  s u s p e n s i o n  
a r e  a b l e  t o  d e v e lo p  i n t o  t y p e  2 a s t r o c y t e s  w hen 
c u l t u r e d  f o r  2 d a y s  i n  a p p r o p r i a t e  c o n d i t i o n s ,  
w h e r e a s  G a l C - p o s i t i v e  o l i g o d e n d r o c y t e s  p r e l a b e l l e d  in  
t h e  sam e way o n ly  r a r e l y  do  s o .

5) H o w e v e r , O4- p o s i t i v e  c e l l s  o f  t h e  7 d a y  ON a r e  n o t  
s t i m u l a t e d  t o  d i v i d e  by  a s t r o c y t e  c o n d i t i o n e d  m edium  
(ACM). T h i s  i s  i n  s t r i k i n g  c o n t r a s t  t o  t h e  i n t e n s i v e  
p r o l i f e r a t i o n  o f  O-2A p r o g e n i t o r s  s e e n  in  ACM.

T h e s e  r e s u l t s  d e m o n s t r a t e  t h e  e x i s t e n c e  o f  an  
a n t i g e n i c a l l y  d e f i n a b l e  i n t e r m e d i a t e  s t a g e  b e tw e e n  t h e  
O -2A  p r o g e n i t o r  an d  t h e  o l i g o d e n d r o c y t e ,  w i th  p r o p e r t i e s  
d i f f e r e n t  f ro m  b o th  p r o g e n i t o r  an d  o l i g o d e n d r o c y t e .

427.14 A N  ABNORMALITY IN THE CELL CYCLE OF OLIGODENDROGLIA FROM JIMPY 
MICE. P .E . Knapp, W.P, B a r t l e t t  and R .P . S k o ff , D ep t. o f  Anatomy, 
Wayne S ta te  U n iv e rs ity  School o f  M edic ine, D e tro i t  MI 48201.

In  th e  jim py ( jp )  mouse, an  X -lin k e d  r e c e s s iv e  m u ta tio n , th e  
CNS o f  a f f e c te d  m ales i s  s e v e re ly  hypom yelinated . Female c a r r i e r s  
o f  th e  j p  gene (m osaics) have m yelin  d e f i c i t s  a t  e a r ly  ages b u t r e 
cover by 30D ( B a r t l e t t  and S ko ff, 1986, J . N eu ro sc i. In  P r e s s ) .  
A u to rad io g rap h ic  s tu d ie s  show th a t  o lig o d en d ro cy te s  from jp  anim als 
in c o rp o ra te  3h-  thym idine in to  t h e i r  n u c le i  in  numbers up to  10 
tim es t h a t  found in  norm al an im als (S k o ff , 1982, B ra in  R es . , 248: 
19 ). 3H -thym idine up tak e  in  th e  s y n th e s is  phase (S) o f  th e  c e l l  
c y c le  i s  c o n s id e red  to  be an index  o f  m i to t i c  a c t i v i t y .  A ccording
ly ,  th e  numbers o f  m i to t i c  f ig u re s  in  jp  CNS shou ld  in c re a s e  in  
c o r r e l a t i o n  w ith  th e  in c re a s e d  3h- thym idine la b e l in g .

We coun ted  b o th  3H -thym idine la b e le d  c e l l s  and m i to t i c  c e l l s  b e 
tw een l a t e  p rophase  and te lo p h a s e  in  1μ p l a s t i c  s e c t io n s  o f  j p ,  
m osaic and c o n tro l  s p in a l  c o rd s . In  norm al s p in a l  c o rd s , a t  a l l  
ages and a t  d i f f e r e n t  la b e l in g  in d ic e s ,  th e  r a t i o  o f  la b e le d :m ito t
i c  c e l ls ,  was always c lo s e  to  3 :1 . T h is 3 :1  r a t i o  r e f l e c t s  th e  f a c t  
t h a t  th e  S phase  o f  th e  norm al g l i a l  c e l l  c y c le  i s  much lo n g e r  th an  
th e  m i to t i c  phase  (M). In  4D jp  an im als th e  r a t i o  o f  la b e le d :m it -  
o t i c  c e l l s  was c lo s e  to  norm al, b u t by 14-15D i t  had in c re a s e d  to  
app rox im ate ly  8 :1 . By 20D, jp  s p in a l  co rd s  had  10 tim es more la b 
e le d  c e l l s  th a n  m i to t i c  c e l l s .  A t a l l  ages examined, th e  la b e le d : 
m i to t i c  c e l l  r a t i o  in  s p in a l  co rd s  o f  fem ale c a r r i e r s  was norm al.

The in c re a s e d  r a t i o  o f  la b e le d :m ito t i c  c e l l s  in d ic a te s  t h a t  as 
jp  an im als age , th e  norm al r e l a t i o n s h ip  betw een DNA s y n th e s is  and 
m ito s is  i s  e l im in a te d . A number o f  changes in  th e  c e l l  c y c le  could  
accoun t f o r  t h i s  phenomenon. We have r e c e n t ly  shown th a t  o lig o d en - 
d r o g l i a l  d e a th  i s  in c re a s e d  in  jp  CNS (Knapp e t  a l ,  1986, J . Neuro- 
s c i . In  P r e s s ) .  We b e l ie v e  t h a t  th e  e le v a te d  la b e le d :m ito t i c  c e l l  
r a t i o  m ight be due to  th e  d e a th  o f  j p  c e l l s  betw een S and M. What
ev e r  th e  mechanism beh ind  th e  c e l l  c y c le  ab n o rm ality  and th e  p re 
m atu re o lig o d e n d ro g lia l  d ea th , d a ta  from th e  fem ale c a r r i e r s  show 
th a t  th e y  a r e  most l i k e ly  secondary  e f f e c t s  o f  th e  j p  m u ta tio n . As 
m osaics , th e  fem ales c o n ta in  ro u g h ly  eq u a l p ro p o r tio n s  o f  normal 
and jp  c e l l s .  I f  a  c e l l  c y c le  ab n o rm ality  w ere th e  p rim ary  d e fe c t 
in  j p ,  m osaics shou ld  e x h ib i t  a  la b e le d :m ito t i c  c e l l  r a t i o  i n t e r 
m ed ia te  betw een th a t  o f  norm al and jp .  However, m osaic anim als 
m a in ta in  a  norm al tem poral r e l a t i o n s h ip  betw een DNA s y n th e s is  and 
d iv i s io n .  F urtherm ore, o lig o d e n d ro g lia l  d ea th  i s  n o t in c re a se d  in  
m osaics . These o b s e rv a tio n s  su p p o rt th e  id e a  t h a t  o lig o d en d ro g lia  
may n o t be th e  p rim ary  t a r g e t  o f  th e  j p  m u ta tio n , and th a t  m yelin  
com pensation in  th e  m osaic p ro v id e s  an environm ent more com patible 
w ith  o lig o d e n d ro g lia l  s u rv iv a l .  The tim in g  o f  o n s e t o f  th e se  ab
n o rm a li t ie s  in d ic a te s  t h a t  th e  d i f f e r e n t i a t i o n  o f  c e l l s  in  jp  anim
a l s  w hich a r e  com mitted to  th e  o l ig o d e n d ro g lia l  c e l l  l i n e  i s  com
prom ised  a t  an e a r ly  s ta g e . Supported  by NS 15338 and NS 18883.

427.15 ORIGIN OF RADIAL GLIAL CELLS IN MOUSE CEREBRAL CORTEX: 
A STUDY USING COMBINED IMMUNOHISTOCHEMICAL AND [ 3h ]THYMIDINE 
AUTORADIOGRAPHICAL LABELLING. J .P .  M isson*, M.A. Edwards, 
M. Yamamoto, V.S. C av in ess, J r . E.K. S h riv e r  C t r . , Waltham, MA 
02154, and Mass. G eneral H osp ., H arvard Med. S c h ., B oston, MA

R ad ia l g l i a l  c e l l s  (RGC) com prise a c la s s  of c e l l s  in  th e  
d eve lop ing  b ra in  which have th e i r  somata in  th e  s u b v e n tr ic u la r  
o r v e n t r ic u l a r  zones (VZ) and extend a r a d i a l  p ro cess  to  th e  
p la .  They a re  b e liev ed  to  p lay  a c r i t i c a l  r o le  in  g u id in g  the  
m ig ra tio n  of p o s tm i to tic  neurons and to  be a p ro g e n ito r  of 
p ro to p la sm ic  a s t r o c y te s .  In  th e  monkey, immunocytochemical 
s ta in in g  w ith  a n t ib o d ie s  to  th e  g l i a l  f i b r i l l a r y  a c id ic  p ro te in  
(GFAP) has rev ea led  th a t  RGC c o -e x i s t  w ith  neu ro n a l p re c u rso rs  
in  th e  VZ from e a r ly  s ta g e s  of neu rogenesis  and th a t  they 
ex p ress  t h i s  m arker p ro te in  a t  l e a s t  as e a r ly  as a te rm in a l 
m etaphase ( L e v i t t ,  Cooper and R ak ic, J . N eu ro sc i. 1 :2 7 , '8 1 ) .

The m onoclonal a n tib o d y , 8C7, appears to  reco g n ize  a 
ca rb o h y d ra te  e p ito p e  co n c en tra ted  in  RGC of th e  mouse b ra in  from 
as  e a r ly  as em bryonic day E10 (Edwards e t  a l ,  N eu ro sc i. A bst. 
12, ’8 6 ). The p re s e n t s tudy  in  th e  mouse neo co rtex  u ses th i s  
im m unohistochem ical m arker in  com bination  w ith  s h o r t- te rm  
[3H ]thym idine a u to ra d io g ra p h ic  la b e l l in g  to  ad d ress  a d d i t io n a l  
q u e s tio n s  about th e  p r o l i f e r a t i o n  of RGC: 1) do RGC them selves 
se rv e  as p ro g e n ito rs  f o r  a d d i t io n a l  RGC? and , 2) i f  so , does 
th e  g e n e ra tiv e  cy c le  in v o lv e  th e  same sequence o f som atic  
t r a n s lo c a t io n s  w ith in  th e  VZ as  shown by neu ro n a l s t em c e l ls ?

One o r two h rs  fo llo w in g  m a te rn a l in j e c t io n s  o f [3 H ]thym idine 
on E15, th e  embryos were f r e s h - f ro z e n .  C ry o s ta t s e c t io n s  taken  
through  n eo c o rtex  were s ta in e d  im m unohistochem ically  w ith  8C7 
(HRP-conjugated an ti-Ig M ; DAB re a c t io n )  and p rocessed  fo r  
a u to rad io g rap h y . In  ca ses  w ith  a s u rv iv a l  tim e of 1 h r ,  
a u to ra d io g ra p h ic  s i l v e r  g ra in s  a re  d e te c te d  over n u c le i  in  the  
o u te r  b u t n o t th e  in n e r  h a l f  of th e  VZ, w hereas a f t e r  2 h r some 
la b e l le d  n u c le i  appear in  th e  in n e r  h a l f  of th e  VZ. Some of 
th e se  c e l l s  showing DNA s y n th e s is  a ls o  e x h ib i t  8C7-immunoreac- 
t i v i t y .  Thus, th e  a n t ig e n s  recogn ized  by 8C7 a re  exp ressed  by 
some c e l l s  as  e a r ly  as th e  S and e a r ly  G2 phases o f th e  c e l l  
c y c le . For a few of d o u b le - la b e l le d  c e l l s ,  i t  was p o s s ib le  to  
id e n t i f y  an a p ic a l  r a d i a l  p ro c e s s , a f in d in g  c o n s is te n t  w ith  th e  
h y p o th e sis  th a t  RGC g e n e ra te  a d d i t io n a l  RGC. The appearance of 
d o u b le - la b e l le d  c e l l s  in  th e  deep VZ a f t e r  a s u rv iv a l  of 2 h r  
s u g g es ts  th a t  m i to t i c a l ly  cy c lin g  RGC show th e  same to -a n d - f ro  
n u c le a r  t r a n s lo c a t io n s  as n eu ro n a l p re c u rs o r  c e l l s .

[Supported  by a NATO F ellow sh ip  and NIH g ra n ts  HD21018, 
HD05515 and NS12005].

427.16 PROLIFERATION OF SCHWANN CELLS ASSOCIATED WITH UNMYELINATED FIBERS 
IN RESPONSE TO PARANODAL DEMYELINATION. J.W. G riffin t and J. 
Rosenfeld§ (SPON: R.S. Fisher). †Neuromuscular Laboratory; 
§Neuropathology Laboratory, The Johns Hopkins University School of 
Medicine, Baltimore, Maryland 21205-2182.

Recent studies have shown that vigorous Schwann cell 
p ro liferation  resu lts from paranodal demyelination and giant 
axonal swelling produced by B,B '-iminodipropionitrile (IDPN). 
Using electron microscopic autoradiography, we have previously 
found that Schwann cells associated with unmyelinated fibers, 
Schwann cells associated with myelinated fibers , and, as they are 
formed, supernumerary Schwann cells (not apparently associated 
with any fiber) undergo division. The present study was designed 
to identify  the predominant source giving rise  to new Schwann 
ce lls at early stages of th is lesion.

Using four d ifferent labeling protocols, we have systematically 
injected [3H] thymidine during IDPN intoxication. Using light and 
electron microscopic autoradiography, we identified the type and 
frequency of p ro liferating  cells in L4 and L5 dorsal roots six 
days after IDPN intoxication.

Schwann cells surrounding unmyelinated fibers were the 
predominant proliferating cell type in dorsal roots. During or 
shortly after mitosis, these Schwann cells often surround 
unmyelinated axons; however, these axons are no longer separated 
by intervening Schwann cell cytoplasmic processes. Some labeled 
Schwann cell perikarya formed long, thin, sta lk-like projections 
separating the nucleus from the regions containing unmyelinated 
axons.

These results raise the question as to how paranodal 
demyelination gives rise  to a signal stimulating proliferation  of 
Schwann cells in nearby unmyelinated fibers. We postulate either 
a diffusible mitogenic factor originating from nerve fibers 
undergoing paranodal demyelination or axonal sprouting at the 
nodal regions of affected axons. In th is case, contact between 
sprout axolemma and Schwann cells might provide the mitogenic 
signal. In either case, i t  is cl ear that paranodal demyelination, 
not associated with myelin or axonal  degeneration, provid e s  a 
strong signal for p ro liferation  of Schwann cells associated with 
unmyelinated fibers .






